PARALLEL SESSION ON MULTI-PARTICLE PRODUCTION
AND INCLUSIVE REACTIONS

NEW RESULTS FROM FERMILAB ON HADRON PRODUCTION
IN INCLUSIVE HADRON-HADRON INTERACTIONS

E.W.Beier
University of Pemsylvania, U.S.4.

In this report I will discuss recent results
from FNAL from three experiments on single par~
ticle inclusive hadron-hadron interactioms. All
the experiments measure the cross sections
for the reactions

a+ p—> C+X
+ * *
where @ and C are charged hadrons (T K, P )
and X represents undetected particles.
A Fermilab-Northeastern—~Northern-Illinois

collaboration/l/ has studied the processes
+
pp~ [Xe )+ x

at 4incident momenta of 200 and 400 GeV/c. The
spectrometer utilizes two half quadrupoles and
multiwire proportional chambers to measure the
momentum and angle of the secondary particle,
and scintillation and Cherenkov counters to
measure the secondary particle type. The kine—
matic region covered by the spectrometer is

-1.0 < X, € o

63 <p < 1.0 %7 .

The objective of the exXperiment is to measure

N

the single particle invariant cross section,
E @L;é at fixed S and especially at large X
and taetudy the S dependence at large X.
The cross sections for F+€nd ﬂ:-production
by 200 and 400 GeV/c protons is shown in Fig.la

as a function of the radial scaling va-
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riable XR:(Xi‘*Xf) at fixedR =0.5 GeV/c.
The absolute normalization of this pre-
liminary result 1s not yet available, but
the relative normalization is correct to +10
per cent. In fig.lb the ratio of these cross
sections at 200 and 400 GeV/c is displayed.
Although the cross sections vary by almost four
decades over the range of XR’ it 1s seen that
scaling holds to about +10 per cent up to XR::
~ 0.9.The authors report further that for K-
production scaling is valid to within + 20 per
cent to )(R:O.B. ‘

The University of Pennsylvania group/z/ with
which I am associated has measured the cross
sections for the reactions

‘Trt 1Tt

Ko prp—irkiyrX

P p*
as a function of § over a fixed region of phase
space in the fragmentation region of the target
proton. The spectrometer consists of a small
dipole magnet and multiwire proportional cham—
bers to measure the momentum and angle of the
secondary particle and scintillation and Cheren-
kov counters to measure the particle type. The
spectrometer measures particles in fixed angle
and momentum intervals in the laboratory cor-
responding approximately to EL: 0.3 GeV/c and
yLAB: 0.6, 0.4 and 0.2 for produced 7, K and
P respectively. Incident momenta of 4.6, 8,10,

12, 15, 20 and 24 GeV/c were measured at Brook-

haven and incident momenta of 150 and 250 GeV/c

were measured at Fermilab.

The objective of the experiment is to fiﬁ the
measured cff;ss se_titions to the form A+8 3/2
or A+B S 2+C-S as suggested by Mueller-Regge
theory, and then to extrapolate to S_/ =0 to
test the factorization of the Pomeron trajectory

Pomeron factorization regquires that for incident

particle types (X and a':
d%
£ J’;(agécj . 6up(a6)

3 ! >ec e
£ 5;; (a'C=c) S Cpy (4F)

.




The measured cross sections, integrated over
the acceptance of the spectrometer, are shown

o + ,
tor ¥, W', K and p production in Fig.2.
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The ratios of the intercepts at § =0 are given
in Table 1 where the guantityad is the invariant
cross section integrated over the spectrometer
acceptance. We conclude from Table 1 that Pome-

ron factorization holds quite well.

Table 1
Particle type 6““"(0‘/5&#‘3"’/
C=7" c=7"t c=p Diffractive
- part
Ad(ipre) -
0.63+0.03|0.62+0.03] 0.62+0.03] 0.61+0.03
ad(rp-c)
46(kp>€)| 0.60+0.06 |0.45+0.04]0.61+0.08 0.53+0.02
aé(pp>C)

The Fermiladb single Awm Spectrometer/j/ Group
has measured inelastic diffractive scattering in
conjunction with their measurements of elastic
scatterins. The reaction studied is frp->a+X

and /)

spectrometer covered the kinematic range

0.7<x,£ 10

LI *
where (/=TT K . The high resolution

0.05 </tl %

and the incident momenta ranged from 50 to 175

Gev/c.

This experiment has tested scaling by compa-

ring the invariant cross sections for PP = pX

at 70 and 175 GeV/c as a function of X, at /£l =

=0,3. Over the range 0.75€ X, £ 0.97 they find
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that scaling holds at a level of sensitivity of
10 per cent.

At high energy and X near unity, Hegge theory
suggests that the process Q#p—> J+X is domina-

ted by Pomeron exchange,
2 d3% . () 26@/3”»/2
167 S Baap (0] 6, (1,2)

Xdtdn?
whnere My is the mass of the system X , S, =1 Gev

leading to the relation

2

is the Regge scale factor,f%gaf) is the coupling
between the 1nc1dent hadron Q and the exchanged
Pomercn, and 5 'p(M& ) 1is the Pomeron-proton
total cross section. At large F&zéii should become
independent of MXZ

2
should thus be independent of M, . Figure 3a

sand the expression above

shows the quantityﬁf
X dtd

and,ﬁp scattering at different

Afz plotted as a function
of/ﬂ=for ip
average values of ¥ and with data at 140 and 175

GeV/c combined. One observes resonance production
atM~1600 MeV/c and no dependence on /szbetween

4 and 9 (Gev/cz)2
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Using the same phenomenology, the elastic

differential cross section arp-» a+p can be

written
e / R 2
dE = /érrs‘e"/ﬁﬂalP(t)/ /fgp,a,p(t)/«-

efbast
The implied factorization of the Regge residues

requires that 0/25 P

P 2
e - My M grdu? Epp (115, 8)

Tde
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be independent of incident particle type &. In
Fig.3b EK?/?,r and RFVRP are plotted as a
function of X for -# =0.1; 0.4 and 0.7. One
observes that as X—»{ , factorization holds
for all particle types and values of £ , but
for X significantly different from 4 the ratio
depends significantly on particle type and t .
For the mass range 4 é'ﬂf$9 (Gev/cz)z, or

0.975 2 X £ 0.995, the triple Regge formalism
adequately describes the high energy data, and

the "Pomeron~proton® total cross section
Y2/ ’ Y
6btp(t}: 2.9 eap (~Lout +0,35'{:} mé

is obtained. Defining the triple Pomeron coupling
constant atf=0, by

2 d%
e M grd i
ZC’- tot e
;ﬁ: elyst

the values of Z_ for all six particle types are
in statistical agreemeﬁf. The average value of
7, obtained from the 7 and p data 1s(Z)=0.80+.
+ 0.03 GevTl,
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MHOXECTEEHHOE POXTEHUE YACTHL
B PP -B3AMMOIEACTBUAX
W .M. I'pamenuuxuit

OLdAM, Jyoua

OzHo#t ¥3 BaXHHX X3PAKTODUCTHK HOYRNDYTHUX
B3auMogelicTBURt ABAAWTCH TONMONOPMYECKME CEUGHUS
¥ N&apaMeTpH, XapaKTODUM3YOHMMe MHOMOCTBEHHOCTE.
TOnONOTMYECKME CEUEHMS MIA DPp-B3auMmozeRcrauil
W3BECTHH BIJIOTE A0 uMnyasca I00 TsB/c. 3aBucu-
MOCTL CpeZHEil MHOZECTBEHHOCTH < Nek> 0T JHEPTHUM
npu Pnad 2 5 T'aB/c XOpOWO ONUCHBAETCH COOTHOWE-
AneM BuAd <Net> = (0,69%40,19)+(1,0540,05)bas 1/,
Mersme uHQODMAUMY O NOBEASHHMK £ Ncld MMEETCH IJA
pn -Baamozeficreull, oZHaKo, CymeCTRYLNUe AGH~
HHE CBUIETEALCTBYDT O TOM, YTO <"“>F" << ne4>ﬁ,
(pmc.I)/Z/.
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NccnenoBanne KOpPPeXAUKOHHEX ABNGHAK MOXeT
ZaTs nHbOpMEUMD 0 MeXaHMSMe B3aUMOZeHCTBMA. AHa-
I¥3 Koppenauuit no MHOX@CTBEHHOCTM 38PAKEHHHX
YacTHl, BHIGTADLAX B NEPEAHDD ¥ 3aIHLW nonyche-
PH, Z8€T OLEHKY COYSHMA AMPPIKLMOHHO! AMcCcoOUMa~
uud, PacnpezeneHne no MHOX8CTBOHHOCTHM "Blepen-
Haaan"/3'4/ ONpeeNAETCA KaK P(n,, ne) =
= &(nyg,n)fs 4 THE Ny W Mg = UNCTO YBCTHL B
nepezHedl ¥ 3azHed noxycpepax, COOTBETCTBEHHO.Pas~
ZeNuB 3TO AMCKPETHOe pacnpejelNoHMe HAa UETHYO
( hgyng ~ uerHHE) M HEYOTHYD ( Ay ,Ng —HEUSTHHO)
48CTH, MOXHO NPUONKXEHHO OLEHUT: HUXHUM npezen
ceveHMs AubparumoHOh AucCOunauMM &/ =P R,



Ins DPp -B3auMozeficTBull npn 22,4 TéB/c/S/ npu
IONONHNTENBHEX NDEATIONOXEHNAX, BHTEKADNHX W3
npocToit ﬂByxxounoHeETHoﬁ MOZEeNN, NOIYYEHO
q;@a = 0,II+0,03, uTo cornacyeTcs C paHes Io-
NYyYEHHHMY ZAHHHMU JIO @HEIM3Y CNEKTPa HEeZOCTaKk—
110798 Macc/s/. 3aBUCUMOCTD CDEZHOTO 3apaza Q> =
= (N, -n.)/nye 105 nepenHeH W 3amHel MomycPepu
Kak QYHKUWA A. JAAA IBYX KHTEDBaNOB GHCTPOT

npyu 22,4 PsB/c/7/ NpezCTaBIeHa HA PUC.2. MoxkHO

22.4 GeVe
pp- anything
000 <y*<05
e-05<y*< 0.0
s 00<y*<10
4-10<y*<00
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BUZBTH, UTO HaOlikAaeTcH yBelinueHHe (YMEHBIIGHME )

¢ R, CPEIHEro 3apaja B 3anHeit (mepegHeft) moaycde~

pax. AHanorvunuit s30dexT HaGmwzaeTcHA Tak®e ANA

pp~ H qp ~B3auMozneicTeull, NpHUYEM yBeJNUEHUE

3apAnoBOil aCHMMETDMM C DOCTOM B, B Dp~ Gonsue,

46M B DD~ W MOHBNE, YeM B 5P -B3aUMOZeRCTBUAX.
llayuesue ZBYXYGCTUYHHX KOPpeaguuil npxu

22,4 PsB/c/8/ npOBonmnocﬁvc NIOMOMBY KOppEeJflK-~

onHolt Pynruum C ( Y, Y2 ),Jﬁpencranneﬁﬂoﬁ B BUZe

PasnoKeHVA N0 NONYUHKIO3VBHHM NpoLecCcaM

o < ¢ J

C (99022 Clo %)+ Xl f,(5,)- fls) X, (1)
X (Pils) = P, (5))

TZe C:f(_«;lgt) ~ KODPENALMOHHAR QYHKUMA ANA COGH-
TMil ¢ ZaKHOX MHOXecTseHHOCTRR A  :

¢
n~90y
)

; L
€, (8,30 =L ls,%) - Lo (9)Puts,) (2)

¥ w,=6;/Ze;, . p”(y)=$_-'—”a’e‘;/d_9 , A¢ = uncxo
yacTul copra ( .
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Pagnoxenue (I) m03BOAAST OLEHMTH BEDXHMUi
npezZeN CyMMapHsX KOPOTK 0ZeficTBYIMX KODPeNALul
C;':z’- Sew €y ) KoppensunonHas QyHKUUS
C(Y, ¥, ), M300paKeHHAR HA DPUC.3, B BABUCHMOCTH
OT Y,=Y, UMEET ADKO BHDAKEHHHN INHK TipU Y, = Y=
=0, KoTopuii, OZHAKO, CBA33H C Ccymepuosuuueil co-
CTOSHUY C DE3NMUYHHEM UMCJIOM yYacTull. KoppenrsuuoH—
Haf ¢ynxuns Cgp , NOKA3AHHAT HA TOM KO DUCYH—
Ke, TaKke UMeeT MUK 1pu Y =Y =0, HO cyuecTBEH-
HO MeHBbuel#l BeauunHH. TaMm *e ANA CPABHEHUA NDPUBE—

ZIeHN HaHHNe Ans pp npu 69 I'aB/c (xpectw) M K p
npu 32 T'sB/c (ToukyM). BO3KOXHO, UTO HaGIwZaeMui
B <;a 2006KT CBA3AH C KUHEMATUYECKUMK KOPPEIALU-

MU o
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A3uMyTanbHHE KOPPENAlUM MCCAEZOBANUCE IS
peaxumit Fp»2i'21" 20+ 2Ty 2r*2n~ (m7?)
npu 5,7 FaB/c/9/. B pacnpezeneHuax MO a3UMYTaNE~
HOMYy yTIy $= QFCCDS[(PU Pu)/l&lle_inap TYOHOB OZ¥~
HAKOBOTO I Da3HOTO 3HAKA HAGINZAETCHA 33METHOE
pasnuuMe, OCOCEHHO NPU YMEHBUWEHUM DA3HOCTH NMpo-
ZOIBHEX ¥ NMON@PEYHHX KMNYIBCOB (DpUC.4). AHamOTWMY-
Euft 9QdeKT, 3HAUUTENEHO ADUE BHPaMeHHH,HACIOZI-
eTCA TaKKe Np¥ 22,4 T3B/C B MHKIN3WBHHX pEaKIN~
HX/IO/. KoagduuneHT acyMMeTpUM IJIA TOKAECTBEH-
HbhiX ¥ HETOXIECTBEHHHX [1aD pPaBEH BL =0,002+0,02
u 8”L=O,14010,OI,COOTEGTCTBGHHO. HaGnopaemuii ag—
GeKT MOXeT 6:xTh CBA33H C BIUSHUEM WHTEDPOEDPEHLMW

B napax TOXKIZECTBEHHHX YacTUI.
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BHzeneHNE SHCHKIWNSMBHHX KQHQNOB, B TOM UNC—
Jl6 QHHUTHWIAUKOHHHX, JETKO OCYWECTBIACMOE IIPU
CPaBHUTENBHO HECONBUUX DHEPTUAX, CTAHOBUTCH
Kpaiide 3aTpyIHUTENBHHM NpY uMnynrbcax px I0 TaB/c.
) paGOTe/II/ NpUBEZAEHH ZAHHHE IO OLEHKE CeueHuil
Pa3IUYHEX KAHAN0B B Dp~B3auMogeitcTsuax npu 9,1
I'aB/c. Oco6oe BHMMaHuUE B pafoTe yIeNeHO pasze-
JEHU0 HEOZHO3HAUHHX COOHTHA ¥ BHACNEGHUO AHHUIM-
JNALMOHHOTO KaHaia. llocnezHee OCOCEHHO TPYZHO B
CBA3YW C CONBUUM KONMYECTBOM HEMTPAABHHX YaCTHll,
BO3HUKAOUUX NPYM JHEUTUMNALWK,. I8 ONpezZeseHMA 70~
Au COOHTUN C Pa3HHM UYKMCHOM HEHTDPanbHoX 4YacTHI]
IDUMEHANCA METOZ NOATOHKW paclpejeieHudl mo Kpag—
patTy HezocTawuLeil MacCH.

B pesyznbrare gHaluaa OHIM ONPEZENEHH Ceue—
HUR Da3JNUHHX KaHanoB peakuuit. IlonHoe ceyeHue
QHHUTHAALMN B NUOHH OKAa3aloch pasHeM I13,2+0,5
MOH npu 6., = 57,5473 MOH. Bhiu ONpPEZENSHH TaK-
K€ CEeUEHUS DOXIUEHUA DPE30OHAHCOB Jo° , @’ ¥ n306a-
pi A** (A**) . VHKIO3UBHNE CEUEHMA DOXAGHUS £
u A** npusezenn B Tabm.l.

Ta6auua I

Jo°+
7,0+1,0

KoHneunoe

a EX N
COCTORHME Pt THOHN AT+

Ceuenne (MGH) 6,5+1,5 5,35+0,14

MoXHO BUIETH, UTO OTHOCUTEJIBHHN Bxﬂanjo -
ME30HOB B QHHUTWIALVOHHOM KaHAJNe OUEHD BENUK.

CeyeHMe NpoLecca Fp-’A"Z\“ paBHo 0,9+40,1
MGH, T.6. COCTABIAET 35% OT CEUEHMA DEAKUUU
Bp—>pPN A" | CieZyeT OTMETUTH, YTO 3T4 AOAH

nazaer ¢ sHeprmeil u npu 32 I'sB/c cocTaBuafeT
~ 15%/12/.
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Onpenenedue CEUSHUA DOXAGHUA KO—,14 A

W°~ME30HOB MCCHGZOBANOCH MU MMIYIBCAX 4,6,
9,I, 12, 22,4 u 32 Tap/c/13-15/,

MHKI0BABHLE COYEHUA DOKIOHUSA DTUX YSCTHI

NPUBEIEHH B Ta0l.C.

Tadauua 2
P (Teb/e) 46 9,1 2 22,4 32
ke B G G ok O
A 0:655 03 bt 0% 0
A 008 Ot 08t
e 7343 7844 594 6845

Bhiu 1OCTPOGHH MHBADUAHTHHE CEUGHMA A
WHKJIO3WEHKX NPOLECCOB C DPOEASHUEM \’°-qacmnu.
VHBapuaHTHAA QyHKUUA A(x) zns peaxumu pPprA

NpY DASHHX JHEDPI'WSX NDUBEAEHA Ha DUC.S. OWUGKH

Bp—A

® Cat b FHA-MLa (P oer)e)
Lt TR SIS PR IN

o Ludmila (22.4Gevrc)
cMihefle 52 Gevie)

1pgtinL)
3

_as
axapd

“<E
LB

F ol

Puc.5

B NONYUECHHHX Z8HHHX CIMEKOM BEJIUKM, UTOOH ClHe-
JaThk ONpeJelieHHHE BHBOJH 00 3SHEpIreTUuUecKol 3a-

sucumoctTy F(x)
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[IHEFRCEBHOE ODPASOBAHIE PESOHAHCOB

W LoYXYACTVYHUE HOPPERALIE BJW'ALBbAEHO£?¢CT5MﬁX
TPl f>= 40 r3s/C

B. T, I'puniyy

OdpezuHeHHH MHCTUTYT ANEPHLX MCCAENOBAHu,
JycHa

B HacTosmenM nOKNaze NpPeIzCTaBieHa YacTh pe-
3yAbTATOB 10 MCCAELOBAHND MHKIDN3MBHOIO DOXRNEHNA
DE30HAHCOB ¥ IBYXUACTUUYHHX KODPDPEAALNH BTODMUHHX
yactuy BJ1 P-B3auMOLefCTBUAX IpH P = 40 Ies/e,
[OJYYeHHHE COJBHOH Tpyunoit ¢usuxos OWIAN m umH-
CTUTYTOB CTpaH~YYaCTHU OHHH/I'A/. OCHOBHOE BHU-
MaHue B JOKnaze O6yreT YAEIEHO BOMPOCY ompeirele-
HUA BEPOATHOCTH O0DA3OBAHUA SCLMGBOHOB U u3Me-
HEeHEO Hauyx NpejcTabieHuit 0 IBYXYaACTUUHHX al3uU-
MYTaNBHHX KODpERANrIX BTODHUHHX NHOHOB C YUETOM
POEIEHMA DE30HAHCOB. JKCNepuMeHTanbHHA Marepman,
oxoxo 11000
GHI NMOXYYEH C NOMOMBLD JBYXMETDOBOJ IPONaHOBOR

—

Heynpyrux Ji P -BaanMojeiicTBui,

NYy3HPHKOBO!t KAMEDH, OGNYUEHHO HA CEPIYXOBCKOM

yckopuresue,

o
I. Ceuenye poxresud © -Me30HOB

B :r“f-B 3aUMONEACTBUAX, ONpEereseHHoe

OCMEenPUHATHM METOJOM IO CHERTDY
+
sdbexTrparx Mace (I T J-Me30H0B

OCHOBHHM UCTOYHMKOM HHQODMAIMK O DOXISHHM
© .
9 ~ME30HOB ABNAETCA CHEKTD SPPEKTHBHHX Macce

nap Zﬁtﬁ -Me30HOB, Ha pmc. I npuBeneHO HHKAD-

g

v

LHCAD KOMBHUHAL MU
g

g

Puc. 1



+ - -
3MBHOE pacnpereneHue M(T‘U‘)JMH i P -B3amo-
ZedCTBYA npy P= 40 TaB/c. CnnouHas AMHUA - (O~
HOBaA KpuBad M OYHKTUDHAA - Al pPOKCUMUDYLHAA
GyHKUMAL
F(M=(d—sp—Po) R(M) +

+ 5.8 p(M).,

oto B.B. o (M) + Rp p(M)
rie dn Pp - OTHOCHTENBHHE BKJIaLH DPE30OHAHCOB
9 —»T"’m 4 ‘?"'T T‘

IeneEue, HOPMUDOBAHHOE Ha CIMHULY. PYHELNN

Q(M)- (OHOBOE pacnpe-

bpe#tra~Burnepa (5.B.) ¢pamucs npn M= 770 3B,
L7 - 150 1o, €= 1 gus P -uesona u 1270 UsB,

I70 MaB, £-2 Ma,ﬂ.-meaoﬂa. Mo Takxe yuYMTHBAIN
ucxaxeHue QyEkuu# b,B., u3-3a SKCNEpPUMEHTANBHHX

TOTPEWHOCTe! B MBMEDEHUM M(“+‘ﬂ.2npaamnwocn
yueTa 3THX HOIpemHOCTeHd Ouja NpoBepeHa NIo pac-
npexeneHyn M(Ki) KOTOpOe COHIO ONDELEeNeHO MO
PaCHATHHEM Ti*_wesonau » srox xe 9KCIle pUMEeH~
re/Y/,

POHOBAA XpuBad @(M) ¢panacb B Buie

Pm)= K (m,) Fexpl- €M +c M)
rie M = M- 2M K - HOpMMDOBOUHHI KO03dOHH-~
HUEHT mfl, g, C- HO,IIOMpaeMHe napaMeTpH,

B pesynrTare Taxoro aHaiamuza CHAO TNOAYYEHO,

qTOo

6(§°) = (5,8+1,4) uoH.
B oToM Ciyyae ,uonﬂT -ME30HOB, 00Pa30BAHHHX HDH
pacnage . SD-vji*JT or BCex T -ME30HOB, COCTaBIAET
X (I5+4)% u NpaKTMYECKM He MEHAETCA B MHTEDBaNe
16-200 I'aB. gna 7'—._[’ -B3aUMOZERCT BIi,

OZHAKO CIejyeT oTMeTuTs, uro mpu €220 I'sB
"curnan" or fo ~-ME30Ha B CIEKTpax MG cocras-
nqer scero ymus (I0#20)%. IlosToMy 0T BHOODA
§oHOBOA KpuBOfl, OCOCEHHO B 00NaCTM PE3OHAHCA,
CymeCTBEHHO 3aBUCUT BeIMUMHA ceqeﬂnﬁ—s'(fo).
B cBfAsy C 9TMM MH MCCJeIOBaiyM BAUAHKE yueTa OI-
paXeHus pacnaza U)"37+37-77%a OlpereNeHye Be-

ANYMHE @(fo).

2. YueT BAMAHMA 00pasoBaHmA (D-1e30H0B

Ha crnextp M {77".%‘1 onpeneaeHne _ceyegui

©
poxnenud P=-u ¢ -Me30H0B

B cryvae 00pasoBaHKA L) -ME30HOB NPOIYKTH

WX pacnaios W=7 T° 1apT BKJAL B CHEKTD
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t -
M(TTT7) 5 ynrepsane uacc or 2, 5o (M - M) |
T.€, BOAN3N 9o-pe303aﬂca. Yyer pacnaniHHX nap
(31+J7 Jor W _xesonos NDUBOJUT K CHEIYDUEMY BULY
anIPOKCUMUDYLIER PYHKIUK:
FlM)=(d-p=pg=§10) P(M)+ap 5.8 (M) +
5.8.

* R BB (Mt by (M),

rie Lw(chxa BHUMC/IEHA C YYETOM MATPHUHOTO
anemenTa pacnaza (-»33. B pesynbTaTe annpoKCH-
Maluy SKCHEeDUMEHTANBHOIO CIEKTpa M(W*ﬁ-)@ynxumeﬁ
F@® owro noxyueno: §(PD= 13,3+1,4 uon,

§(W) = 10,041, uon n6E)= I,3+0,6 uon npu

J

00pa3OBaHHHX B De3yabTaTe pacnajos P —"Tl J u

= I1,37. B aroM cnyvae jgoud T+—Me3onos

+
W > T 01 peex BTOPHYHHX J’ ) COCTaBNAET
A= (50:5)8! Ecau npeznonomurs, uro S(p =95
¥ Yyuecrs 06pas3oBaHue At MOH)

n £—M630HOB, T0 A 7-’—70%.'

-uzodapy (=1

Takuu 00pa3oM, NPOBEJEHHOE MCCAEIOBAHME
IIOKa3HBaeT, UTO 3aMETHOE DOXIEeHMe &do—MeIiOHOB
MOXET CYUWECTBEHHO H3MEHNWTH NOJNYYEHHHE paHee jJaH-
HHE TI0 6'(539. B cBA3M C 3TMM MH TONHTAAKCH
OLIEHUTD 6'(“3) 00 CHexkTpaM 3(eKTHUBHEX Macc(m'&"}i?-
-cucreM, TIe F°-Me30HH BOCCTAHABAMBAIKCH 10 -
GeKTUBHO! MaCCe IBYX raMMa-KBaHTOB, 3aPerucTpu-
POBAHHHX B [IpONAHOBOY NYy3HPBLKOBOH# Kamepe, OIHaKo
crarucrtuka Hepemmra ( z 70031—0—M830HOB), 1 N03-
TOMy OTCDIa MOXHO CIeNaTh JMIb KaueCTBEHHOE
saxnpuenne, uro S(O) = (44I0) won.

TaxuM 06pasoM, TDPATUIMOHHHE METOJ ONpPENENe-
HUA CEUEeHMM 00pasoBaHma peszosascos npu € 22068
u3-3a GOJABWOro yYucna "JAOEHHX" KOMOMHalMi CTaHO-
BUTCA HeopdeKTnBHHM. OH, IO-BUIUMOMY, JA€T TONb-

KO HuxHop Cpamnuy 6(9°) .

3. ABMMYTAJIBHHE KODPDEAANNYU

lsyuenne XBYXUACTHYHHX a3UMyTalbHHX KOp-
pensuuit B Cﬁ} ~B3auMoselicTeuax npu P = 40 I'aB/c
noxa3alo, UTO KOSQUUIMEHT aCuMMETDUM
B =[N (P2) ~M(P<T2)]/ Vest.
MO®eT OHTH Teu NapaMeTpoM, KOTODHA NO3BOIMT
OnpejenaTh CeUEHUA DOXEIEHMA DE3OHAHCOB B MHKID-
3WBHHX MpOLeCcCax DM BHCOKKX DHEDPTUAX. (A//Q%%)

- ugcno nap nmonos ¢ yraom @ Z I2), iHa puc, 2


http://MeTo.ii

npusezeHH sapucumocty B or M(TT) npy pasuunLx
OrpaHMuEHKAX Ha PA3HOCTH OHCTPOT u MOxyled 1O~

NMEepeyHHX ¥MITYJALCOB NHUOHOB. I3 PHCYHKA BUILHO,

alt sy.ap

4 by<«Qs
A%‘D} Gevk

Ay s0S
Ayp, 402 Gavje

4y« 02
aR£026w)e

Pue. 2

uro npu AYs<02 u 8P 0,2 T'3B/c gas e -nap
MMEeTCH UEeTKMH CUTHAN, CBASZHHHE C g>°-ueaonou.
B 10 ze BpeMd,B pacnpefeneHudx no M(T'tﬂt/npn
TEX X€ OTDaHMYEHUAX OH OTCYTCTByeT. Takuu 06-
pason, napaerp B (M(F7)) asaserca Gonee uys-
CTBKTEJNBHNM WHEUKATODOM DE30HAHCOB, YeM TDaiu-
L{MOHHOE pacnperenenue IO M(TT),

B nocrezume roiu 6un0 OCHADYXEHO Da3AMuME
B MOBENEHUH d/V/dQ I TOENECTBEHHHX ¥ DAsHHX
nap nroHoB, (OHO 4acCTO CBA3HBAETCA C DHEKTOM

TOXZECTBEHHOCTH, OZHAKO yyeT DOXIEHMA pe3oHaH-
COB MOXeT CymeCTBEHHO YMEHBUNTH 3TO Das3jnvyue,

Ha puc. 3 npuBeneHH OTHOWEHUA BEPOATHOCTEH

t i) )
06pa30EaHUS (CIT I17) -nap k (3T /-napam. Ha
pKC. 4 MOCTDOEHH Te ®e DacnpeieneHus, HO NpH
3TOM OHJM MCKIDYEHH NapH (37 Lueaonos ¢
M =M(P7180 M3B. Kax sBuzHo, pasiuuue B nosene-
Huy OV/d P npaxtyuecxy mcuesio,
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JuTeparypa
H. Aarenos, K.[.Bumnesckaa, B,T,I'pwumH u Ip.
lpenpuur OMAM, I-9536, lIydma, I976.
H. Awrenos, K.O.Bumwescraa, B,T.I'puitvH m Ip.
"jiccaenoBanne DOXIEHMA DE3OHaHCoB B I P -
Bsaumogeficrsuax npr 40 I'sB/c", loxxnarn,
npexcrasaennut Ha VU MexnyHaponuyp KoHOe-
peHlyD No (uBuKe BHCOKMX sHepru# (Touaucy,
15-21 wona, 1976).
H, Asrenos, K.[.Bumeesckasa, B,I.Tpwmus ¥ 1p.
"JiccaegoBaHme 9(HEKTOB TOXLECTBEHHOCTH
¥ BARSABRSA DOXIEHUA 5?0-M630HOB Ha KOppensuuu
yacTui B 77 P -B3aumMoze#cTEnax npn P =40 T'sB/c",
Joknay, npercrasieHHyi Ha XVIl MexAyHapoIHyD
koudepeHuEp N0 Qu3KEe BHCOKWX sHepru# (Tou-
aucu, I5-21 mons, 1976).
H, Aurenos, K,0.Buunesckasg, B.I,Tpuums un Ip.
"U3ydyeHHe IBYXYACTHYHHX KOppenduumi ramuua-
EBAHTOR M 3aDAXEHHHX YactTyl BJQP-aaanno-
aecreuay npy P = 40 T2B/c", lorxagy,. nper-
crasreHHE} Ha XV MemIyHapoXHYD KOHpeDeHIHD
no ¢mauke Bucokmx 9Heprmi (Tomamcm, I5-2I mp-
na, 1976).

A2-9

INCLYSIVE PARTICLE AND RESONANCE PRODUCTION
Aachen-Berlin-Benn-CERN-Cracow-London-Vienna-Warsaw Collaboration
P.Sehmid

Switzerland

CERN, Geneva,

This talk summarises work on inclusive resonance production done by
the Aachen-Berlin~Bonu~CERN-Cracow-London-Vienna-Warsaw Collaboration
during the past year [1]. It is based onm about 1.1 million events coming
from the following bubble chamber experiments: ﬂ+p at 8, 16 and 23 GeV/c,
ﬂ_p at 16 GeV/c and K-p at 10 and 16 GeV/c. The resonances po, £, n, W,

& * A++ N 7_1‘
K 890* ¥ 1420, and L yqp5

~ separation of fragmemtation and central production of secondary

are studied, Results are presented on

particles;
~ universality of transverse momentum spectra;
- direct particle production and contributions from resonance decays.

The energy dependence of total production crogs sections of resonances is

discussed separately by P. Chliapanikov at this Conference.

SEPARATION OF FRAGMENTATION AND CENTRAL PRODUCTION OF SECONDAKY PARTICLES

. . + Sl
Longitudinal momentum spectra of o production in 7 p and 7 p inter—
actions at 16 GeV/c are very similar. Theay differ, however, from the

corresponding spectra in pp interactions at 24 GeV/c as seen in fig. 1.

INCLUSIVE  p° DENSITY IN 77p AND
pp INTERACTIONS
: .,v'p (16 Gewre 1 - THIS WORK ' 7
x Tt 116 Gevie ) ]

o a pp {24 Gev/c) Fip.I- Comparison of

o 10k X KeX X —

- E AR * N T ek xty *’* the c.m. rapidity dis-
=~ F *g* Fa ? ‘§ 4 4 - tribution of p® in 16
o % J  GeV/c y p imteractions

E3
3; | ¢ __} with the same in 16
- (ms _:_ + f E GeV/c 1*p (Ib) and
' " % 3 24 geV/c pp interacti-
- 1 ons (§).
|cf} L 1 L i L L
-2 -1 - 0 +1 +2

Whereas the spectra ceincide for y < 0, p production is much stronger in
the forward direction for @p than it is for pp interactions., The difference
can be interpreted as being due to different beam fragmentation. A quantit—

ative estimate of beam fragmentation aud central components can be obtained by
comparing invariant cross sections for p° production inm 'n+p with K*

A <*
3 K 890

i

production in K p interactions ar 16 GeV/c (fig. 2). is majoly

produced by kaon fragmentarion, the difference of the two spectra way be

considered as an estimate of the central component of p production. Using

the cross sections
upazn*p) = 4.7 % 0.4 ub

TeroKp) = 3.3 £ 0k mb

at 16 GeV/c the following estimates hava been nbtained

¥ =

oxﬁo = apo = 3.1 = .4 mt
C
apo = 1.6 £ 0.5 =
C,

Jx*o = ¢.2 @b

vhere F and C stand for fragmentation and central production, respactivel

These estimates are consistent with the interpretation of fig, I =25 giwen
above.
P + "
Similarly spectra for th i L
1 Z P r the production of 1385 and f 1385 BaY be
compared in K p interactions at 16 GeV/c (fig. 3}. If ¥ and I are produced
by a "central’ process, they should have the sare cross sectionm, as the

total charge of the initial state is zero.



- + 4+
- Kp—=Aex
‘» INVARIANT CROSS SECTION T o AT 8.2 AND 16.0 Gev/c A different technique has been
. ] o 0 K r T
FOR p? IN T p— p® X a T ' 3 used by the Birmingham- Brussels-
AND R*° IN K p—K"°X° ---eB.2Gevc ;
AT 6 GeV/c AND THE DIFFERENCE R —0l6.0 -u- (EPN- Mons Collaboration to separate
— . 1 fragmentation and central production
T ' ' [e3) ‘8¢ 3 e + . s ’
| 9$¢¢ of A's in K'p interactions at 8 and
00041 16 GeV/c (2). Contributions from beam
= o0l and tarpet fragmentation have been
/ € f cbtained by fitting triple-Regge ex-
0.003F / / ~or A nressions to the distributions of
° .
«g., = 000l L Lt large |[x| and by extrapolating them
. N fe- Kp—KTx kg E b to small |x| (Fig.4(a)). The central
0002 TP —pT X~ : * 8.2Geve
LA < 016.0 -« comanent of [ production is cbtain-
bl.o ™ ° P
|2 + / Fip.2 Comnarison of “o ot 9°’89¢ ed by subtracting the sum of the two
© R R . . =, e i
the invariant x-distri- o2 H ) frapmentation components from the
o.00- . . !
. 4/4‘ butions of P° in n-p .; { *?t overall spectrum (Fip.4(b)).
° V2 O : . w
w & A and K /o in K'p inte < oo ]
_ /A/ | . ractions at I6 GeV/c !
H
- e (1b) |
s 0002 /“# 7 0.00I | llA ol il I
/+ \ -0 05 O 05 10
’ \
/
0001 / \ DIFFERENCE Fig.4 a) Invariant x distribution for anroduction K'n interactions at 8.2
’ ,/+ GeV. The curves represent fits of triple Regge expressions to the frag-
y
;/i’ mentation regions.
ok *” ] b) Difference between data and fragmentation components of fig.4(a)
representing the central component of Aproduction.
) | N 2. UNTVEPSALITY OF TRANSVEPSE SPECTRA
-0.000 - - - . -
-0 -05 o 0.5 [Ke] Inclusive nz distributions of produced particles have been found to de-
. pend on the mass of the particle (3). Soectra for heavy particles are approxi-
x=p"/ . . R .
B/ Pmax matelv exnonential between n_f. =0 and 2 (CeV/c). For ligth particles like
+ nions and kaons the spectra have a much steeper slope at small n? which gra-
K p _.z (1385} +X at 16 GeV/c dually decreases to about the same slope as for heavy narticles above p%. I
2
+ - GeV/c). Apart f some structure at very small p., resonances turn out to
¢ ZTu385) ¥ 211385 (v from coure at very small o, ;
have spectra with an exponential fall-off out to about 2(GeV/c)“ with slopes
) T T T similar to the ones of heavy narticles. Some resonance spectra are shown in
o a Fig.5(a,b,c) and comared to spectra of pions and kaons,respectively.
3 300k 4 [ o ovmaurms o e o |
ol B 16 Gevc np INTERACTIONS .
- + T T ~ 1
X i
5 2oo-+ X ¢ . |
AR |
WP
2 H s pf
N - L 3 % ! Fig. PCdi i i
100 * * Fie.3 Comparison of H j £ T istributions for
¢ do / dx for r'(1385) c : e o
0 * 1 | 1 » and £~ (1385) production H { a) 1r+,a and f production in
= - . . El ¢ T interaction at I6
B b) ] at 16 cev/e K'p inte- H i CeV/c (1a).
:g raction {le). 3 i
= o e | 2 -
|N ] : . B DISTRIBUTION FOR A PRODUCTION
—  200r ! IN 16 Gevie 70, 75, K INTERACTIONS
b|x P | I I~
©|o 3 o5 e mp—ax
= 100t + 1 ot gev? |0'\ o Tp=A"X g
o + F\ a K p=B8%x xig?
® * .
© _ S 10 *
+ oF------- -t----1 "+— -—- 4 b) KO and K" production in K™n § % \\ 4
®
w + interactidl at 16 cev/e (ic). e
— i 7.
b= + o DISTRIBUTIONS FOR R® AND K™"(890) ; © 3\7 X 3
Sle -i00 l 1 PROOUCTION IN 16 Gev/e K'p INTERACTIONS q ~ -3.697
-1 0 +1| -

- + K*es0)

In the proton fragmentation region 1~ production should be small
as it requires double charpe exchange, whereas £ production is al-
lowed. Indeed the difference of two snmectra is very suggestive of a
fragmentation component. with the cross sections cz”(l('n}:().dli().f)s mb

and oy W (Kp) = 0.272 0.04 mb at 10 CeV/c (Ie) one arrives at fragmentation and

central camonents of .0'144-“..‘1..( e
. = 0.14+ 0.07 m . .
oy 27t 0.04 mb B . (Gewic)
C, = 0.27: 0,
a
I
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da'/dp:_

— [a}

E #
£

v

e Q/\«

o lGevre)?

+ o+ . . + -
c) a production in 7 p, v p and

K p inetraction at 16 GeV/¢ (Id).



. .. : ; This combined evidence leads to the conjecture of universality of
A surprisingly similar slope is found for all resonances studied

. . . P the slope of p_L2 spectra of directly produced particles. "Second order”
inclusively independant of the imitial state over a large range of lab.

. effects like

momenta (6 ~ 200 GeV/c, see Table 1), Moreover the same slope is found *

for "quasi~inclusive p_L2 distributions of 7 and w production [1f] (fig. 6). ~ systematic differences of slopes for certain bzams or produced psrticles
or

e - S - . - a slow decrease of slopas with increasing #nergy cannct be established
1§ DISTRIBUTION . w"p—(7 .. 5"} -chorged paricies ©

AT 16 Gevre with presently available data.
Sa IS
. § 7echorged particies Slope universality will be used in the following as a method of
. 9w chaged sartician L 3 A
b estimating production cross sectioms.
& s chorges porties
P +*
The first example concerns n and w production in 7 p interactions at
5 16 GeV/c [1f). With bubble chamber data these resonances can only be
3‘ observed when all other particles in the fimazl state sre charged (or
£ observed v7s). To compare them to p production, os should be studied in
¥ similar “quasi"-inclusive reactions, i.e. produced with charged particles
N
3

only. The ratio of the production cross section in the plz Tange where
all thres resonances have exponential distributions with almost identical

slopes is found to be

J:w:p =0.3:0.8:1.

¥ L Gewer Based on slope universality and om the similarity of x and y dist—

ributions [1f], these ratios ave assumed to be true also for the fully

. 2 . . . P . inclusive case and the following cross sections for n and w production
Fig. 6 Py distributions for the inclusive reactions
+ o are obtained:
7 p - (n, w, p ) + charged particles at 16 GeV/c [1£],
9, = 1.5 % 0.3 mb

g =4.0% 0.6 mb
ur

3. DIRECT PARTICLE PRODUCTION AND CONTRIBUTIONS FROM RESONANCE DECAYS

A4s cress sections for resonance production are large, many of the

TABLE T final particles observed are in fact decay products. With some plausible

assumptions [1h] it is straightforward to calculate the countribution of

2 .. . . . . .
stion r inclusive resonance produciion. ; : -
Slopes of p,” distributions for inc P the important resonances, the cross sections of which have been measured

1
i 2 GeV/ e fi i ield (T .
rResnnance Initial :12:::::; Slope of §5/dp_L Ref- at 16 GeV/c,to the final particle yield (Table II) Almost half of the
Produced State (Ge!}/c) (CeV/c) erence production cross section of the particles listed in Table II can be
N : accounted for by known resonances. As possible contributions from broad
o H 5 - PR
P Tp 12 3312 i gli : Elg\] or high mass resonances are difficult to measure, the numbers obtained can
22 3.0 £ 0.6 } {51} be used to get upper bounds for the fraction af directly produced particles.
1
i
H T p 16 2.95 £ g.z ¢ [ib]
{ i
1 i
; PP 12 i 3.6+ 0.6 1 [6] TABLE I
! 24 | 3.6 04 4 18]
147 2.7 + 0.5 [71
205 3.0 1.0 [8]
] . ]
£© W‘P 16 3.45 * 0.3 f1al Eartlcle H % from resonance in interaction
H T
| o | x -
w 'p 16 3.3 £ 0.15 8831 K | 45% X500 p
. *
PP 12 3.4 % 0.2 (6] 1z X ‘
24 3.7 % 0.3 I6} ‘ ; * we |
+ | A [ w0 i o T
n Tp 16 3.3 £ 0.3 1£] ! ; d L1385 | Kp, 71
| i
*- ‘ ~ 4 ie ! - . - :
K 90 Kp 16 2.9t 0.2 fle} Coa ! n 251 o‘,’o : o
i*ggo Kp 16 3,15 + 0.2 [1e] . j o 2.7 £ !
H H
15% @ ]
& oo 12 3.4 % 0.4 t61 ! 22 n ‘
i 4 7
890 24 2.8+ 0.3 {6] ! i
i v 45%
- : i | |
A T 16 3.6 ¢ 0.2
R This percentage holds for true As, i.e. after subtracting Z°s from
TP 16 3.6 * 0.2 {141 the observed A yield. ’
Kp 16 3.7 £ 0,2
H
£1385 p 16 : 3.6 * 0.15 (9]
Kp 4.2 3.7 % 0.2 (10}
10 3.4 0.3 [9% An experimental technique has been developed to establish differential
A4 % 0.25
- + 16 34 ls spectra of decay products which can then be subtracted from the overall
z G 16 3.8 £ 0.5 f9} ) )
1385 4 101 particle spectra. Such an analysis has been done for negative pions produced
) 3.9+ 0.3 lio . . S .
Kp [‘1(2) 3.3 £ 0.4 {5} in Tf*p interactions and for neutral kaoas in K p interactions both at 16 GeV/fe
16 2.9 % 0.3 [s] [1g]. As expected from pure kinematics, fig. 7(a) shows that decay pions are

A2-11



the more peaked at small plz the smaller the Q-value of the rescnance and the
heavier the mass recoiling against the pion. Summing up the contributions
of all meson resonances studied (fig. 7(b)), the particular form of the p-L2
spectrum of pions can well be reproduced. Because of the heavy recoiling mass,
pions coming from baryon resonances are expected to contribute even more to

2
the peak ot small o

the predictions are only valid for a large number of produced quarks, i.e.
high energies, the quantitative agreement between data and predictions is
surprisingly good for resonances not containing strange quarks. The pre-

dictions for ¢ and n production, however, are off by ome order of magnitude
which may indicate some dynamical mechanism like the Zweig-Iizuka rule for

suppressing these states.

I would like to thank the Birmingham-Brussels-CERN-Mons Collaboration
for allowing me to include unpublished results. I am especially grateful
to Drs. V. T. Cocconi, M. J. Couniham, H. G. Kirk, P. K. Malhotra, F. Mandl,
D. R. 0. Morrison and H. Saarikko for their assistance in preparing this
talk.
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decay (broken line) and difference of the two distributions "
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Having shown that pions g small p‘Lz mainly come from resonance
decays, one can try to get another upper bound on direct pion production
using the conjecture of slope universality. As seen in fig. +(2) the
pli spectrum ;f pions is compatible with the expomential ¢ spectrum above
Py ~ 0.8 GeV where decay-pions are expected to p;ay a less il;portant role,
Extrapolating the exponential spectrum at large p_L down to P, = 0, one
obtains an upper bound for direct pion production of 20Z of the total pion
yield. Taking into account the large plz tail of decay-pions one arrives
at a best estimate of about 10Z. 1In Table III we compare the production cress
cross sections for meson resonances and the estimate for directly produced
pions with quark model predictions by Anisovitch and Shekbier [4]. Although

TABLE III

Comparison of particle ratios in 16 GeV/e n'p interactions with quark
model predictions [4].

PARTICLE QUARK MODEL I “EXPERIMENTAL" 1‘
RATIO PREDICTION ! RESULT :
wrp 1 - 0.8 = 0.2

s e 11/18 = 0.14 0.39 + 0.03 i
‘n;/po 1/3 = 0.33 A 0.5 - 1.0

H - -

% "o/ OaLt s oo best e;i;zte PR

} o/0° 1/9 = 0.11 < 0.025

l w/n 19/11 = 1.7 l N 9,05 - 0,10
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[1b)- J.Bartke et al., Nuel.Phys.,B10T (1976)93.
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{1c] Inclusive Production of K (890) and K (1420) in K p Interactions
at 10 and 16 GeV/c, Aachen—Berlin~CERN-London-Vienna Collaboration,
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ASS0CIATED CORRELATION EFFECTS IW Fp-
INTERACTIONS AT 40 GeV/c

L.N.Abesalashvili, N.S.Amaglobeli, N.K.X{outsidi,
T.G.Makharadze, R.G.Salukvadze, L.A.Slepchenko,
Yu.V.Thevzadze, M.S.Chargeishvili

High tnergy WNuclear Physics Problem Laboratory,
Tbilisi St.University , USSR

Results of an experimental study of semi-in-
clusive reactions inJTp interactions at 40 GeV/c
are presented in this paper. The work was done
within the framework of the 2~m JINR propane
bubble chamber international collaboration/l/.
The results reported are based on the analysis
of ~10400 inelastic interactions. Data processing
was described elsewhere/z/.

The distribution of an associated multipli-
city as a function of transverse momentum of the

trigger 7i* —-meson from reaction
np =717 +(n-t)g* ... (D
is shown in fig.l. Data from JI N ~collisions (on

quasi-free neutrons of the carbon nucleus) are

also given for comparison.

a) LY
FPp~I* +(N-Dg+.. 40GeV/C | T n~=Ft +(n-i)p+... 406Gev/C

|
~sl | }
aQ K % l 7 | ;%
IR B m}{ |
T i ,T -
0 06 12 18 a2k o6 12 18 o4

P, 7t Gev/e

Fig.1.The associated charged multiplicity as
a function of transverse momentum of the
trigger 7i* —mesons.
A weak dependence of the associated multiplicity
on p, is seen for low p region (P £ 0.5 GeV/c),
whereas <n(p)> is nearly constant for higher P

The experimental results were approximated by

the expression
<nip)>=a+ b/p, @

deduced within the framework of the diffraction
excitation model for semi-inclusive reactionéB’%/
Small values of parameter b (e.gy for J1"~-mesons

b =0.08 +0.02) point & rather weak correlati-

ons between T and P~
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However it turns out that such behaviour of
the <nfp)> is the result of averaging over some
different dynamical effects that manifest them-
selves in different phase-space regions; that
we see in fig.2, where the associated multipli-
city dependence on p, is shown for different

kinematical regions of trigger Tit —mesons. Note

TP U 4 (n-1)gh 1 ... 40 GeV/C

a) Xge>02

| ’ b
SR 41 | $
t h ‘+ H ? 'i

B} -DR<X;. <02

| o

A
~~
d
=~ 5
c
Vo
6|
5
4
3
. 06 2 18 24 p.Gevt
=N
0 025 05 X=52

Fig.2. The same dependence in different
phase space regions of the trigger particle.

the following main features: i) the <nN(p)>
values in fragmentation regions — fig.2a) and
2¢c) are lower than in the central regilon -
fig.2b) because of the diffraction—type mecha-
nisms of the particle  production; II) an ap-
proximate constancy cf the <nfp)>— e.g.,in the
central region - is the result of the influence
of the process dynamics ~ the fact clearly
seen when comparing the experimental data with
Monte—Carlo gererated events/5/~ curve in the
fig.2b); III) the associated multiplicity for
the trigger Ji'-mesons from beam fragmentation
region shows tendency to increase.

Further analysis of the<n(p)>for fast Ji'—
mesons reveals that particles produced in the

central region are responsible for this rise

of the<n{p)>- fig.3b).
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Fig.3. The same dependence for trigger 7~
in the beam fragmentation region; associa—
ted particles in different phase space
regions.

So in this case we can't explain the rise
of the<n{p,)>for forward emitted JI -mesons by
means of the model of beam particle excitation
in the course of its interaction with the target
hadron constituents/é/.

When taking two subsets of associated partic-—
les: those having the same direction of the F;
as the trigger particle and the ones with the
opposite direction, the different behaviour of
the <n{p)> 4is seen — fig.4. Whereas the assocla-
ted multiplicity decreases in the same hemisphere
it has a tendency to rise in the opposite one -
while correlations of a kinematical origin pro-
duce a fall of the <n(p,)> in both hemispheres—

curves in the fig.4.

Fp—5 +(n-1)ae .40 Gev/e
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We have studied further the dependence
of the average transverse momentum of associated
particles on the value of p of the trigger par-
ticle. Qur data show an increase in the <p, >4
with the increase in the Pitug value- fig.5 -

which is well approximated by a linear dependence

<P1>ass:af +8‘. 1 teg (2

2
(e.g. for N'-mesons };4V= 5.86, 0,;=0.354+0.001,

§, =0.028 +0.003).

|72t 1 R R *... 406!‘/6
a5 r-p 4 kd’ //
9
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N $
v 4 °
o0
[eX13 4
42

ae 1.2 1.8

Pc Cel )

Fig.5. Th;‘;§erage transgérse momentum of

associated particles as a function of the
p; of the trigger particle.

When analysing the average associated P,
in different azimuthal cones we see that in the
cones with opening angle ¢ > 90° <P, % 1nCTRASES
when increasing Fﬁ of the trigger the more the
closer 1is y to 180° - f1g.6. However <P, %as
increases also for particles in the narrow cone
on the same side (p< 30°), whereas it decreases
in two other cones. It agrees rather well with
the big correlations observed at the ISR for
high p, particles in the cases of ¢ 2 0% and
v 180%7/,

Note 1ﬁ conclusion that the results repor—
ted here point at the assocjiated productions of
particles with P, greater than the average one

and the data do not contradict "jet—-type® models.

Fig.4. The same dependence for J7* -mesons
from .the central region in the same and
opposite hemispheres.,
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Fig.6. The same dependence in different
azlmuthal cones for the trigger Ji -meson.

The authors are grateful to the staff of
the 2-metre chamber intermational collaboration
and to the group of physicists and laboratory
assistants of the High Energy Nuclear Physics
Problem Laboratory of the Tbilisi State Univer-
sity.
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INVESTIGATION OF SOME INCLUSIVE DISTRIBUTIONS OF
AZrrpERONS AND KS ~MESONS TN £ € INTERACTIONS

AT 40 GEV/C

L.N,Abesalashvili, N,.S,Amaglobeli,L.T,Akhobadze,
D.V,Gersamia, M,A.,Dasaeva, T.L.Kchvachadze,
N.S.Koutsidi, R.G.Salukvadze, Yu,Thevzadze,
M.S.Chargeishvili

Tbilisi State University, USSR

In this paper we present resulis cn the inves-
tigation of some inclusive spectra of/1£:hyperons
and k,a-—mesons produced in X7 ana e interactions
at 40 GeV/c. (Symbol £ applies to the X -me-
son interactions with carbom without accounting
plon interactions with quasifree nucleens).

As an experimental material for physical inves-—
tigation were used events selected from the films
of 2m JINR propane chember, obtained in.jthneson
beam at the Sexrpukhov accelerator. Questions con-
cerning the measuring of%ﬁiLeventa and section
definltion of their production are considered in
papers/l/ and/z/. Distributions for Azz4and jZZ{:Z
interactlons are compared with corresponding

distributions for JT;;collisions.

o E
Momentum Characteristics of A-Hyperons_and A=
KA
Mesons

In Fig.I normalised momentum distr%?utiona
of Aaa.nd /\/,oparticles are presented for -/78, /2_-0/
and.ﬁ}b interactions. Comparison of distributions
for.ﬂ} and 4C collisions makes 1t possible to
examine the influence of nucleus over the consi-
dered distributions, It may be seen that in s
interactions the part of slow particles is
slightly higher and there 1s a tendency of dec—
reasing the number of particles with maximal mo-
menta, An average momenta ofldoand K;iparticles
in fLZ‘/interactions are less than inf;pcollisions
(see Table 1), Momentum distridutions of A ° and
k’; ~-particles for‘EZf;;teractions within the
range of errors coincide with corresponding
distributions for'ﬁ75collisions.

In Table I the average characteristics Ofvdg-
hyperons andfif—mesons produced in JSE, Vel and

- 12
JX Cinteractions are given.
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Table 1
I Sutd> | <Reai> 1 <R B | Xéw
. £ | 3,6740,22 | 3,5840, 22| 0,589 0, 018 3,2140,57 2,4/5
Ie K| 5,4340,20 | 5,38£0,20 | 0,45210,012 &, 1940,47, 1,7/6
. X | 3,3640,18 | 3,2620,18 | 0,490,014 | 3,920, 333,375
T yol b,6840,16 44&01510465wmo\3,65+0537y6
@] N[ 3,520,131 3,430, 13To 47840,010 | 3.7140,39 3.3/5
JC el 5,0140, 12| 4,90:0.11 0, 46940,007 ' 3,2840,42 8,3/6
T

In Table I one may see thet in JT‘C’ interac—
ltions meanly slower neutral strange particles

are produced than in pion-nuclecn interactions,
The average values of transverse momenta of Ao—
hyperons in l’fd /,2 JT‘CJ and Z/_O collisions cecin-
side, One may say the same of ,{’/g-mesons trans—

verse momenta, These facts show that transverse
momenta do not depend on the nature of colliding

particles.

One-Particle Inclusive Distributions of A°
Hyperons and £7-Mesons

The behaviour of normalized invariant differen-

£ ds
df,// d’P
hyperons and k’ -mesons fromd C‘/ I(’ 1,0 inte-

tial sections 2 1in lab. system for /( -

ractions was investigated. Integration by square

of transverse and longitudinal momentum leads to

the functions.

H, (/)4,):6-’:’ 7%
Ha (P1*)=&2, ﬁ ﬁo"c/ ape® P

Functions 4 (p,,) for A —hyperons and ﬁ’,—»mesons

Z

EA%

in lab,system of coordinates are given in Fig,2.

For comparison the relations of these values

are given too:
_ Hq (/’”)/i <
A= 1 (f/r)z »
It may be seen that Hy@,)for X7 ana /1—70
interactions slightly differs in the region of

low value of longitudinal momentum in the oase
° E

ot A -hyperons and ;-mesons as well., Our expe—

rimental distributions by square of transverse

- - 12
momentum in J[ p , A ¢ and /i Cinteractions up
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% ACON

to 1 (6eV/0)® are shown in Fig.3. (One may see
that functions Ha (/DJ./fOI‘ A% and Kyparticles
1nﬁ-C’ JL C/and /Llp collisions coinside within
the range of errors. Functions Hz&Dﬁ/for,{‘L
hyperons and (7 -mesons in the given interactions

(L)

were fitted by the exponent of the form /72
‘5/042‘
Ae

The results of fitting are given in Table I.

Coefficient B is the same for /5 (A (_L/and Vi 601_5.

From the comparison of different distributions
of,(o—hyperons and ;(/’a—-mesons from j[;D and o4
interactions ope may conclude that carbon nuc—
leus unsubstentially change the momentum and
angle characteristics of/(o and K;a—pa.rticles.
The influence of carbon nucleus is observed as
a displacement of momentum spectra of/(d andA);
particles to the smaller values, Secondary in-
teractiorns in Carbon nucleus play, apparently,

o o]
unimportant role in the production of .A a.ud,(f-

particles,
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l-'nesons in lab. system.



TV O-PARTICLE CORRELATIONS

F T L i E.P.Kistenev
o Xp-Ar.. b0Bbl - '
‘ 4 2 Tep Ao W & 1 IHEP, Serpukhov, USSR
A -t Blibie
3 rﬁ.}ﬁ 7 Gtv; — ,;7,*154 . .
% F%ilﬂ g, i Progress in correlation studies reached
1 e ar TS
1 Hf¢vlva ST e LSFL¥3;J in recent years makes it obvious that a real
g 1 ! - O = N :
L ¥ Hf_Tpfu, ;%mf oy .y understanding of the phenomena responsible
L %%ﬁg = I . )
L ji?ﬂJH | S ““ﬁ% 7 for the structure observed in correlations is
o b T | &1 : ‘
B ‘% Hf*fL Jl J x * . impossible without precise separation of the
O i . ﬁml + Xp~Kie. dDbie !
# I 1, L T i® production mechenisms playing a dominant role
ar A N
= ‘ i
* i I ! in different regions of the phase space. For
this reason this talk will be devoted mainly
Z 1 =3 to those results which provide information
LD ST g ¢ R ?
Ea 4 vk ® o 0 8 Qdmm)i # about the interplay between the correlations
> 3bic) .
Fig.2. and production dynamics.
Distribution of the function HI(P") to P, for
A° -hyperons and Kf— mesons,
T . . 1. Longitudinal Correlations in the
! ‘ : .
| Ii%:ﬁi;ﬁﬁf J 1 LA Central Region
1 AT W | ATTAe O

i
/

iR (bl

da's
e

u,(g')-g‘; Je

dp(naf)

The correlations are usually studied in
terms of correlation functions. The most popu—

lar definitions are the following:

() z )2 e ,{ p{/) ﬁd 7.5% ‘”%ﬂ'@)ﬁ,//p—z’/\

RIGE) = B S Ay B RIE)),

where /on/,é')z ) ,/an'v//pa/yzz—i olas,

-

WYy
0% &F

On o of

are one and two particle densities, Zk/.' types

of the particles in the pair.

T
I : 1 e
[ L0, UV
F - w
: /0y g =
T4 L ¥
' RN = IS
' yj>>Jf <
[
4- L
T
T -- { N 4
ot .+ g
O —— S S SR S 1 .
o 2 ) ) 1 ¥ I
#mmﬂ R (hbi*
Fig.3.

The inclusive correlation function can be

Dependence of the function H, (P2) on P?

for A'-hy-

perons

and KQ-mesons.

defined in a similar way and rewritten in terms

Straight 1lin

— the result of approximation of expe-—

rimental data from interactions.
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A2

of the components of semilinclusive processes
CrBA) =5 w, 0, (PiE) RENPIE) RIE))

where 7

* . -

(5 -
,./07,,92.

p =

The first term in this equation is the sum
of the semiinclusive correlation functions ta-
ken with the weights proportional to the topo-
logical cross sections.The second term is a
crossing term which originates from the mixing
of the semtinclusive spectra depending on the
multiplicity.The last term does not contain
any informatioa about the dynamical correla-—

/1

tions among the produced particles
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The semiinclusive correlations are pre=-
sented to the conference for 727,/2-6/'/0%7/’
PP /8/ and /7»49/ interactions in the energy
range 5-400 GeV/c. General structure of such

correlations is illustrated in fig. 1 where
the values of the semiinclusive correlation
functionsC, &, 5) are plotted against thefs)
for a fixed value of §(¥,%)=0 " (g and gy -
rapidities of the particles in pair).
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Fig. 1

a) The observed correlations are of short
range and the function C:(y,} y,)decreases sharply
from its value at 4 =4, =0.

b) The values in the central bin are of
compatible size for all the charge combinations.
In the framework of the simple cluster

emission model the shape of the semiinclusive
correlation function can be parametrized in the
form/ 10/

* . <SK(x-1> _ 2 (s )R O,
o = B2 (SGn) - o) AR,
where K - is the cluster multiplicity, /7y, %)=~
two particle density within the cluster. New

data of SRAB collaboration/ 7/ support the con-

clusion from PSB experimen‘b/m/ that the clusters

are entities with multiplicity independent
characteristics. As seen from data of fig. 2
where the values of <X(¥-/)>/<«> are functions
of the scaled multiplicity »/<n> the multipli-
city distribution within a cluster is broader
than 8 & ~function (<R (1K-1)>/<K>=Ke-4)and nar—
rower than a Poisson-like distribution (<K (w-4>/
K> = <Kk>(n-2)/4n>.The small values of <R(-D>ZK>
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in the figure imply an average number of charged
particles <&>% & which means that well known
resonances, such as vector or tensor bosons
could play a dominant role in the picture

observed.
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The effect of )9" -production on longitudi-
nal correlations was investigated by the BFGMOP
collaboration in JUP interactions at

11.2 Gev/e’®/ (fig. 3).

BFGMOP collaboration’ 8/

[
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Fig. 3

The p°-meson leads to the effect of for-
cing apart thell -pairs reducing thé short range
correlations im JUR" and 7R systems. This
conclusion coincides with a prediction made by
E.Levin and M.Ryskin in the context of multi-
peripheral model considering the alignment of
the resonances in the final state/le/.

The French-Soviet Union pp -collaboration
at 69 GeV/c previously reported the existence
of the maxima in semiinclusive correlation

function Co (=9 at v=9,=+4 for both



TS and WX combinations’ /. The corres-
ponding data are now available also in pp in-
teractions at 205 GeV/c/7/, Kp at 32 GeV/c’mq'/
and fp at 22.4 GeV/c/ 8/, The compilation of

the proton data for multiplicity n =40 is shown

in fig. 4. Positive correlations are present

e PP 205Gevic n=10 seag’?/

*
Caly, =y, ) o PP 6SGeVic n=10 F-SU
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002p T N o g
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-001} T
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Fig. 4

-1 0 1 -1 0 i

in &}l data. The same structure as at 69 GeV/c
is seen in the 205 GeV/c¢ data for < 3 pairs.
One of the possible explanation for the maxima
in Cn (9,29 at ¥,:=9,-% could be the anisotropy
of the resonance decay if they are produced in
aligned state.The central maximum aty =y,=0 can
be a manifestation of the second order interfe—
rence effect (see for example the minirapporteur
talk of M.Podgoretsky at this conference).

The data for 3K~ combinations are contra-
dictory, The dip at y=4,=0 seen in the
69 GeV/c data is absent at 205 GeV/c. More pre-
cise data are still needed to study this effect

in detail.

2. Joint Angular-Momenbum Correlations

The existence of the angular correlations
can be partly explained by the negative sign
in the right-hand part of the corresponding in-
clusive sum rule which can be written for iden-~
tical particles as 3fol:l.c;ws o P
(BB PP e £2= - SREP() 5

which means that wide open pairs are favoured

over narrow qunes.
Compilstion of the data for azimuthal
B =N (‘P>%)"N(“P<%)]/N-tgt

18 shown in fig.5/6/(lPis the opening angle

asymmetry defined as

in transverse momentum plane).
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Comparison for the different energies
and initial states suggests that at least for
small values of the rapidity difference A3 the
asymmetry B for like and unlike particles have
consistently a similar behaviour. Higher multi-
plicity and consequently more neutral particles
results 1n a decrease of asymmetry with energy
as 1s seen from this figure.

The constructive interference which exists

in the pairs of like particles/ 15/

can explain
the difference between the azimuthal correla-
tiong for like and unlike pairs only in the
threeshold region /757 =2 where the energy-
momentum vectors of the particles in pair are
almost equal. Outside this region the reso-
nance production can contribute to the observed
difference in the correlations. The correspon-
ding data are now available from a number of
experiments. Fig. © shows the results obtained
in %P experiments at 40 GeV/c/18/(a) and

11.2 Gev/e’®/ (v).
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Fig. 6

When p ~like combinations are excluded
from the data no clear distinction between the
distributions of the opening angle in transverse
momentum plane for like and unlike pion pairs
is left in &P data at 40 GeV/c’ %/ (fig.6a).



The elimination of the events with a
7% couple in the P -region from the total
sample makes the experimental data for unlike
pairs consistent within the errors with statisti-
cal model prediction (fig. 6b).. The situation
is different for like pairs where the decrease
of the asymmetry at small aY still exists

Let us summarize now the conclusions of
these two sections.

The data presented to the conference
support the existence of the positive short-
range correlations in rapidity space for both
like and unlike charge combinations. The de-
pendence of the semiinclusive correlation func-
tion on AY can be parametrized in the framework
of the independent cluster emission model with
cluster multiplicity<kK>¢ 2which means that
the resonances could play a dominant role in
the longitudinal correlations,even if no quan-—
titative connection has yet been established.

The angular correlations observed in the
JiJC systems are mainly of the kinematical ori-
gin., The difference between the like and unlike
charge pairs apart from the threshold region
where the interference effects could be essential

can be explained by the resonance production.
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RECENT RESULTS ON 32 GEV/C Kip AND Pp INTERAC-
TIONS IN THE MIRABELLEE BUBBLE CHAMBER

Presented by R.Barloutaud, DPhPE,CEV-Saclay,
France

This report is intended to be a summary of
the recent results obtained by the France-Soviet
Union and CERN-Scoviet Unileon Collaborations¥®
%ith the 4.6 m. MIRABELLE hydrogen bubble cham-
ber exposed at the Serpukhov accelerator to RF
separated K*, K~ and D beams at 32 GeV/c. These
results are based on the analysis of 100K, 80K
and 12K pictures of l<+, K and E experiments
respectively.

° + -

A1l events including V and e'e pairs have
been doubly scanned, measured on manual or
automatic devices and submitted to 4C kinematical
fits. Therefore, both inclusive and exclusive
studies have been carried out on these samples.
Four communications’ '™/ for the K+P , five for

theK—P /5=9/ and two for the ip/lo—ll/

experi-
ments were reported.

In this brief sketch of the results given in
these papers, the data cn the similar final sta-
tes obtained with the different beams will be
presented together allowing a useful compari-

+ - -
son between the K P, K P and Pp interactions.

I. INCLUSIVE STUDIES

1.1. Particle Multiplicities

[+
The T average multiplicity(h é}assumed to
g r

be equal to //é is almost identical in the
three experiment (1.89+0.05),(1.96+0.05) and
(1.80+0.15) for K+P, K P and pp interactions
respectively as well as its topological depen-
dence shown in fig.l. The shape of the {Nped

dependence is also quite compatible with the

" The laboratories involved in the Collabora-
tions are: Bruxelles, Mons, Paris, Saclay and
Serpukhov for the experiment; Aachen,Berlin,
CERN, Saclay, Serpukhov and Vienna for the K™p
experiment; Bruxelles, Mons, Saclay and Serpukhov
for the ‘PP -gxperiment,
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results obtained in HJ; and pp 1nteractions/l‘4
In the ﬂOBexperiment the average multiplicity
of each type of produced particle has been
evaluated Dby using the eguations of charge,
strangeness and baryonic number conservation and
some general hypothesis on the production of Ko,
K+and antibaryons. In particular, the average
multiplicity of 7r‘,‘-amd—”-_‘a.re found to be quite
compatible with the T multiplicity Ny > =
=1.87+0.07, <77ﬂ%>=1.96:0.10). The multiplicity
distribution of 7r+and T has also been derived.

It is presented in fig.2 and differs significantly

from the charged particle multiplicity distri-

bution since more than 20% of these particles

T
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are not pions. The dispersion D and the ccrrela-
tion coefficient‘f have been determined for WT+,
T and ﬂ_ multiplicity distributions; in the T°
case, the average value of the number of produ-
ced XX' pairs has been used. A general agreement
is found within the experimental errors between
these coefficients for ¥ and fo In particular,
j; is iompatible with zero for 7 and 7ra , and
the T distridbutions are compatible with a

Poisson distribution as seen in figure 2.

1.2. Associated Charged Multiplicities in K P
Interactions

The average charged particle multiplicity (N

of the system X associated to T 7Tffoz X <0,

K' A and identified protons (/D < 1. 2 Gev/c)
has been calculated as a function of r7x . Below
ff:af 40 Gevz, 1.e. mainly in the fragmentation
region of the incident particle, thef1fdependen—
ce of (Nx) is well described by the logarithmic
law (N> = a+5&Hx2with a coefficient § which is
about the same as the one describing the depen-
dence of the total multiplicity in the KP inte-
raction. Above 40 Gev2 the £ coefficient increa-
ses strongly especially for T and K inclusive
reactions, indicating that the values of (’7x>
found in the central region are larger than ex~
pected by the law describing the S dependence of
the charged multiplicity. A similar phenomenon
has been seen also in K+P interactions’ 17/,

1.3. Kn= Ko"‘ Ko

Production

The inclusive cross sections for the reactions
H
A+p—=K +X
are (7.6+0.2), (9.8+0.25) and (6.3+0.6) wb for
+
A=K",

with lower energy data shows a small increase

l<—and 5 respectively. Their comparison

for KiWD interactions and a more rapid riss for
Pp interactions. Using the cross sections for the
reactions K_P"> /\Kh“— X and KtP"’KnKn*' X

and some simple hypothesis on the K andTZ charge
distributions ameng the possible final states, the

percentage K/K (K/K"‘) in (K )D interac-
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tlons has been evaluated to be 10% (13%). As

it is impossible to separate accurately the

two strangeness components of the K'ﬂ, this
value has to be kept in mind before interpre—
ting quantitatively the K.1produ0fion properties
in KiP interactions.

n
The invariant cross section for K producti-

ona are presented as a function of X in fig.3.
e
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Pig.3. Invariant cross section as a
of X

function

These distributions are quite similar for K+F
and K}) interactions and they do not show any
strong variation with the data obtained at 16
or 14.3 GeV/c. Ir the Pp interactions 4in which
the symmetrical Kh distribution has been folded
around X=0 the errors are still too large to

draw any firm conclusion.

A systematic study of the approach to scaling
+
in K'p interactions has led to the following

conclusions:

+
2) 1in the K fragmentation region, no energy
variation is found between 16 and 32 GeV/c for

all sets of inclusive variables;

b) scaling is not observed im the proton frag-
mentation region where its approach is described
-4
by an § behaviour, suggesting the contribution

ot @ exchange (strangeness annihilation);

¢) in the central region the decrease of the
structure function found at low energy is not

observed between 16 and 32 GeV/c (see fig.4).
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Fig.4. Invariant cross sections at X=0
normalized to the tot‘al cross section, as
a function of (P \‘/".

tne

The same behaviour is found in K_P interactions.
4 general fit of the structure function to all
K+P available experimental data in the interval
x| £ 0.1 to a double Regge moldel including TR
(S-quependence ) and RR ( S—/zdependence) terms
1s also shown (curve of fig.4); it predicts a
rise of the structure function at X=0 above

~ 30 GeV/c and its asymptotic value.

1.4. A Production

The inclusive production oross section for A
( and Zo ) amounts to (0.8+0.08), (2.35+0.08)
and (1.7+0.3) mb in K+P , K'P and Pp interactions
respectively. A strong increase with incident
momentum of the K+P and pp cross sections is ob-
served, while for K‘-P there 1s a definite flatten-
ing in the decrease found at lower energy.

In K‘P interactions where the A are copiously
produced a detailed analysis has been done of the
different processes contributing to their pro-
duction. In particular,the dip which develops
near X=0 at 32 GeV/c in the invariant cross

section (fig.5) can be gqualitatively explained
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Fig.5. Invariant cross section as a function

of x .

by the simultaneous decrease of the hypercharge
annihilation processes (K_P* A+ hTI') which has a
rather .flat X dependence, and the increase of two
other processes. The firts one,(KTD*/\KR"’X)
occurs mainly 1in the proton fragmentation region;

from the K_i') SAK M+ X

to contribute to abount 50% of the whole A cross

cross section it is found

section. The second one (K'i:-—) ANN + X) plays a
role in the X>( region. Its relative intensity

is estimated from the K_P-) A+P+X cross sec—
tion derived from the events where a /A and an
identified proton are found; it amounts to ~ 13%
of the total cross section. This leaves only

37% for the contribution of the hypercharge anni-
hilation, for which the cross section decreases

0.7

with incident momentum as p'nc between 4 and
L

32 GevV/c.

+

A
1.5. Kggo  Production

+ .
» *
The production of Kggo and Kggo resonances 1is

very important in the Kfp and K_P —interactions
respectively. It is visible on fig.6 where the
KnTT+and Khﬂ:—mass distributions are shown.
These distributions fitted with a Breit-Wigner

function and a suitable background have led to the



Kp —K" WX
32 GaVic

2) K'p K m+X i

resonances have been calculated in the K__fraq—

mentation region in the G.J.frame. They show

a small amount of alignment and lead to a pro-

portion of ~ 70% of unnatural par;ﬁy exchange

+x .)(."
between the incident K and theK™ 1n the regi-

2
on M%<C.5 and ltKK*l<1 Gev?

II. EXCLUSIVE STUDIES

+
2.1. K‘E BElastic Scattering

Results have been presented
ce on K-P elastic scattering?
section (2.54+0.10 mb) and the
cross sectlion are in very good

the data obtained in a counter

at this Conferen-
the total cross
differential
agreement with

experiment (14)

3
£
E
®
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following cross sections: é (K* ) =(3.4+0.4)mb
and 6('(*—) =(3.940.5) mb. Taking into account
the proportion of EB(KP) previously found in
K*P(K}))interactions, this means tha: about one
third of the K°(R?) come from the K* (K*—)decays.
Comparing these data with lower energy ones one
does not see any obvious energy dependence,
although the variation cculd be compatlible with
that observed for K° (R?) . The structure functi-
cns which have been calculated as a function of
X (fig.7) are comparable forl(iznd K*’ and do
not display (for K*-) any significant energy
dependence when compared to 10 and 14.3 GeV/c

data. Finally the density matrix of these vector

10— 10
| 8) K°p — K00 X b) K —K%aeo) X
2 32 GeWe
E'f '°°E E 10°
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Fig.7. Invariant cross section as a function

of X .
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at 25 and 40 GeV/¢. The fig.8 presents the dif-

ferential cross section; the full line is a fit

h

K'p—K'p

32 GeVic

Fig.8. Differen-
tial cross sec-

&“ tion d?&f

for K P elastic

0o scattering; the

do/dt  (mb/Gev?)
4
7

full curve is

a Ae 9{:_ +Ct2f1t
to the data, and
E the dashed curve
1 is the fit to

. K+P elastic
scattering at

32 Gev/c/ls/.

1072 . .
) 02 04 06 o8 10 1.2
-t {Gav?)

gt+ct2
to Ae

obtained 1in the K+P elastic scattering at 32

. The dashed curve is the fit
GeV/c (15). A First cross over between the two
fitted distributions is found at|t,]=(0.164+0.05)
Gevz, which 1s in agreement with the values found
at lower energy (16) and recently in the 50-175

A

GeV energy range (17). A second cross over loca-
ted around 1.2 GeV2 and also reported at 14 GeV

(16) can also be guessed from the 32 GeV/c data.



A
2.2. Reactions Ap—> Ap+h("n)where
A= K¥ K 5

The cross sections of these reactions have
been measured)they are summarized 4in table.l.
The energy dependence of the four-bedy reactions
(h:ﬂ) shows 2 steeper decrease for K+ and 5
incident particles than for K , which can be
explained by a larger amount of 3 and 2 body
ZFQ-Af+)

present in these final states. The general beha-

¥yt
nen diffractive processes (as K 4 or

viour of the outgoing particles 1s illustrated

in 4,6 and 8 body reactions in fig.9, where the

f <P, > vensus < pf'> , K™p at 32 GeVic
T T

T T - T

K p—eK pntn"

T yls e
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Fig.9. Average direction in the C.M.system of
the particles emitted in 4,6 and 8 body reac-—
tions.

average C.M. directions 1s indicated for each
kind of particle., The leading effect of p and K~
is, as expected, strongly reduced when the num-—

ber of pions increases.

2.3. Diffraction Dissociation in 4 Body
Reactions

A simple way to present the clustering effects
+
in the four body reactions is to plot the W C.M.
rapidity versus themﬁ—b.m.rapidity as done in

£ig.10 for the K+, K™ and ? reactions. The popu-

lations of the sectors where y 7 has the same sign

as gw:-is larger than that of the two cther
- + -
sectors especially in K/)7F‘W firal state

-+ - P
where the K T T and the pT T threshold enhan-
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Fig.10. Scattered plot of the Yy, +versus Yy -
C.M. rapidity in the 4 body reactions.

cements dominate the reaction. In K+P'W+F—
and ﬁpTﬁhr final states, the sectors {,->0
and gn¢<()havest111 an important population
which is dominated by non-diffractive producti-
++ *0 + ~—
on of & and K3907 A* ana AT respectively.
The cross sections of the Ki‘lT+T\'—(Qt)and p"ﬂ'+‘n'—
diffractive enhancements defined as P‘Kﬁﬁf<1;
GeV and M,:nr"f’( 2.5 GeV are presented in tab-
le II. Thg:ratiosof these cross sections to the
elastic K F) and pp ones, given alsc in table II,
are equal within experimental errors in agree-

ment with the factorization requirements.

2.4. Principal Ax31s Analysis in the Reactions
K'p» Ko ana Kip~K¥p 27t 27w~
T T T T

An analysis of these two reactions has been
carried out by this method. The distributions
of COSA, where of 1s the generalized scattering
angle defined in the principal axis formalism,
have a slope,for the 4 and 6 body reactions of
(205+10) and (175+25), which is comparable to
that obtained in elastic scattering at 32 GeV/c
(195+9). Moreover for these two reactions the
outgoing particles are concentrated around a
principal plane revealing a certain amount of
planarity. Although these observations are dif-
ficult to interpret quantitatively, it is inte-
resting to see that some alignment subsists in
the 6 body event at this energy.

I would like to thank Dr. P.Granet for the
important part he took in the preparation of

this report.



Table I

Cross sections in mb for the reactions

K K'p+ (W) 2na Pp-=Pp+n (T'T)

+ i —

K'p Kp PP
n=l | 0.62+0,05 0.61+40.04 1.40+0.12
n=2 | 0.15+0.01 0.14+40.01 0.3340.06

n=3 0.050+0.006 0.060+0.308 0.14+0.04

Table II
Cross sections and ratios édgee for the dif-
fractive enhancements defined 55P1K71<3a5 Gev
and Mpﬂ"ﬂ'<2.5 GeV in 4 body reactions

Final pQ* PR~ NTKT NTKT N*
P - - P
state l’K“'“f“ LK 'IT+"T 'yr*rr- Lpﬁt’.ﬂ. L)P rr"'"‘

230420 235420 160420 177420 480480

(9+13%  (9.641)% (6.7+1.3)%(7.0+1.5)%(5.8+1)%
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JKCHEPHHEHT VTBHAE LAMHAHE OB LSMEPEHHN
PASHEPOB OBJACTI B3AKNOEEACTBEA
JeEKT TORIECTBEHHOCTH

M. V. doxropenxnit

OCpenuHeHyuit MHCTUTYT
lyCHa

ALEDHYX MCCAENOBaHMA,

I. JrcnepuMeHTaNbHHE DaCOTH, NpPSiCTaBlEH-
HHE Ha KOH(eDEHUND, BMECTEe ¢ ONYCANKOBAHHHMM
paHee, COZepEATl MH(ODMALMD O BIayMOXEWCTBUAX
WIP,')T’C s PP s PP M-}; N B uETepRaze MMIYILCOB
or I mo 200 TaB/c.

Bo3MORBOCTS KODDENALVOHHOI'0 W3MEDEHMA pas-
MEDOB MCTOYHUKA BIEDBHE OHIA NPOIEMOHCTPUDOBaHa
B cBasn ¢ T.H. opdexron & GL Plew.’t u nocne-
Iypmye SKCHEDpuUMeHTANbHHEe DACJOTH; Ha KOHpepeH-
oy - AOKﬂaﬂu/gmaé. OnHako NpUELUMAVAABHHE OCHORBH
KODPPENAUMOHHOTO METOIa B €r0 COBDEMEHHOM HOHM~
MaHu¥ pas3paCoTaHH B TeYeHWe NOCHEJHNX NATH
ner/5'8/. OcHoBHaa uned, B3aTad U3 aCTPOHO-
MMM/6’9/, UMEET CBOUM MCXOIHHM HYHKTOM KJIacCH-

4YeCKue pasoTH F.C.Popennxa/loﬂl*/,

JCTaHOBUBUETO
Hanuyye MHTEePOepEeHUMOHHHX CBOJCTB CBeTa, MC-
NYCKaeMOr0 He3aBMCUMHMY MCTOUHMKAMA. llpuMenu-
TEeXIBHO K NKOHaM 5Ta uIed JO0CTATGUHO WMPOXO 00-
CyxJZeHa B yKasaHHO# BHEE JImTepaTrype. Peudb umer
0 G03e-CuUMMeTDU3AUUN AMIIMTYIH DErucTpaluy IBYX
TOXNECTBEHHNX NVWOHOB, MCNYMEHHHX B DA3HHE MO-
MEHTH BDEMEHN ¥ ¥3 DA3HHX MEeCT M3NYyuaunero 00mne-
Ma. B pesynbTare BOBHMKANT MHTEpHEPSHIUOHHHE
ROppenadnyyu, NOBHEADIKE BEDPOATHOCTE DPETWCTpanuy
TOXJECTBEHHHEX NUOHOB C OIM3KVMM MMIYNLCaM¥,
CooTBeTCTBYRENE HODMYNH MOIENBHO 38BUCHMH,
HO mMenT 00myp CIDPYKTypy. Lcam, Hanpumep, uc-
TOUHMEK "BEKADYADTCA® O0JHOBDEMEHHO ¥ DACNONOXEHH
Ha NOBEPXHOCTE CiepH pazmyca R , & KX BpEMd
Evsun T > K,C‘, TO BEDOATHOCTH HACHNIEHHA INOHOB
C MMIyaBECaMH E M‘P: , \ Zki
W=Wo(4+ll), 4 =m& é_’ﬂfi‘_:] )
RO IANNEEN Xy
31eCH ‘{,0.-..- EFE» =P~ b, » G, - mpocmuma q Ha
NJI0CKOCTE, MEDHEeHINKYNADHYE F = —13—3- lHORM~
IenhVV; COOTBETCTBYET (OHOBOMY pacnperenexup Ces

‘nHTephepeHnyn, OOWYHO JAf BKCIEPUMEHTANbHOI'0
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onperenenna Wy 1COOIB3YRT mapu 7Tt IS, xord
TaKOX BHOOD TpelyeT eme CHEelraJbHOI'C O00CYRIEHMA.

Haoapzas xoppensmm nap A T ¥ u BN wox-
HO C IIOMOEBD (1) nauepurs napamerpuk u T .
HOXHO TaKxe ONpereauMThs (QOpMYy n3nyvampmeld o00xacTy,
€C/y COLOCTaBHThL DPE3YABTATH A4 Nap, BHACTADmMX
B Da3HHX HalDaBIeHUAX.

B o0meM Ciyuae OM3UYECKNH CMHCH BGHMQMHHqE
IOBOABHG CHOmeH, (Ha CIaroeTCd u3 CpPEelHero Bpe-
MEH) XV3HY KCTOUHUKOB GC;, pasdpoca MOMEHTOB
"BRINUEHNA" NCTOUHKEOB Ty ¥ "HPOZONBHOTO BpE-
uern" Ty = {; , rre¥ - cropocTs oTOUpaeM:X
IIKOKOB.,

[lpyr COBpEMEHHOM COCTOAHUM 3JKCHEeDUMEHTa
MOXHO HAueAThCHA ¥M3MEDUTDH TONBKO HEKOTODYD KOM~
OVHUDOBABHYD SOOEKTUBHYD Beanmxy‘t . B oTHOmE~
HUY BEAVUUVHH R crejyeT MOXUYEDKHYTH, UTO OHA CBA-
3aHa ¢ pacCrosHueM MEXIy MCTOUHMKAMM, HOCTaBIAD-
MUME TOXJIECTBEHHHE NUOHH C OAMBKMMM HMIYJIbLCaMu,
B cTaTmCTHYEGKMX CXeMax 5TO0 COBNANaeT ¢ MMOJHHMH
pasMepamy nanydammedl o0nacTyw, HO B MyAbTHIepude-
PUYECKUX MOIEendx R s BEDPOATHO, XapaKTEDUBYeT
PaCCTOSENE MEELY COCeIHUMM Y3JIaMy InarpamM. Sa-
MeTHM eme, YTO eCAN NINOHH DOXIapTCA He Hemocpen-
CTBEHHO, & B DPe3ynbTaTe pacnana JOCTATOYHO JoJ-
POXUBYHKX DPE3OHAHCOB, BEINUMHH R,M‘T;onpexenxmm-
¢4 NpogeroM y BPSMEHEM RNMBSHU 3THX DE30HAHCOB,

BHCKazHBaNKCh ONMaCeHud, yro I I ~B3amo~
Ie#CTBUA B KOHEYHOM COCTOfHUM MOTYT CymeCTBEHHO
¥CKa3uTh HApHCOBaHHYD KapTury, OueHKy, OpoBe-
LeHHHE B/EI/, [0Ka3amd, YTO ITO0 HE Tak.

2. JKCIEDMMEHTAJNBHHE DE3YIbTaTH INONYYEHH

5 pagorax/2 1218/

rie NpHBEXEHH CIEeKTDH iL
ANA pasnMuHMX 3Hadenwid 9, u CmexTpH 4, nnd
DA3AMUHHEX 3BHAUSHMH %1. Mapamerpu K uT wusmeps-
JMCH NYTeM CONOCTaBNEHWA LKBYMEDHHX Dacnpenenenui
noilu ?oc supaxennauy Tuna (I); GOHOM B COAB-
wMECTBE Cryuaes caygmiy maps AT T, Ha pue. I
¥ 2 NpUBEIEHH IAf NpuMeDa HEKOTODHE H3 HONydeH-

. T 2 5 e/ 18
HHX pacnpegenenuit (pmc. I wa’ /, 2 ns’ /).

DHC.
I3 COBOKYMHOCTYM YKA3aHHHX DPadoT C HECOMHEHHOCTHD
cleryeT Kak CaMO CYHeCTBOBAHME MHTEePDEDEeHINOH-
HHX KODDeNdlnif TOXZECTBEHHHX 4aCTull, Tak ¥

IBYMEDHHI XapaxTep 3Tors sddexra,
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B rafmune zaHa CBOZKA NOJNYYEHEHX DPE3YyAb-
TaToB, lI0 pAIy OCCTOATENBCTB MX CIEIYeT NOKa
YTO CUMTATh NpeIBAPKTENbHMMU. OTMETHM, B yaCT-

HOCTV, YTO B COJBUMHCTBE CIYyuaeB OTHOLEHNE
Wi(o,0) )
W(ao,oo)<

tuna (1), JTO MOEET OHTh CBA3AHO CO MHOT'MMM

, T.€, He COTAacyeTCs C (HOpMyaaMu

Tadauua
¥ pa-  Peaxumsa anynsc
Sotu Tokse’ R, c?,f
/2/ Fh-».?ﬂ—.&‘ﬂ"‘n I,041,6 1,29+0,06 1,47:"89%2
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/12/ KP>KPATLT™ 5. 05  0,6:0,08 «I,0
/IB/[OP—’PT"---»"&G 26,5  I,3+0,1 0,340,4
JT/TIPSTPLTUM™ 4425 L 40,8 40,6
—WEp3T 7" o0y Uilo)
/I5/ T p=>TH, A2 6 40 1,3+0,3  0,50,4
XCAITF,.., 26 5,IzI,5  2,0%2,2
5 Fop =y 0
/IG/WP:PfZ,i’;_X 11,2 I,0440,1 O,41+0,I5
> n3Tt I

/17 T p1 AL 5 g
16/ P p>TT., h26 22,1

NPVUMHAMA ; HE MCKIDYEHO, YTO CymeCTBEHHYD DONb
UTpapT OCOGEHHOCTM MCIONB30BAHHOIO (OHA. LNA
nap 7™ unTeppepeHnMONHNE KODDERALLy OTCYT-
CTBYNT B DaMkax NpOCTERWMX CTATHCTUUYECKUX MO-
Iened, HO OHM MOTYT MMETh MECTO HAA MyZbTHIEDL-
DeDUUECKNX CXEM ¥ fare IA4 TAKNX CTATMCTHUECKUX
Mozene#, B KOTODHX ME30HH 00pa3ypTCa B pe3yib-
TaTe pacCnaia NPOMEXYTOUHHX DE30HAHCOB. JTO
MOXeT TOHM3NTH oTHomerue ¥ (@Ko, 0) U HECKONBEO
usMenuTs napaMerpd R uC.H3 CKazaHHOro dcHa
BAEHOCTH CHEHMANBHOTO0 MIYUEHMS N CONOCTABJIEHUA
PasNMyHKX COOCOGOB K HCTPYMDOBAHMA gona’ 12515, 174
He MCKJINYEHO, YTO B HEKOTODHX CIydaix OKaxeTcd
11eNeCO00 PA3KHM NPUMEHSTh NPONENypH "IepeMeLy-
BAaHKA" BTODUUHHX UaCTUI, ONNCAHHHE B .

Bo BCex paGoTax beamumHa T 0Ka3atach ;0-
BonpHO Manoi(CT X R). [0CKOABEY OZHA M3 KOMIO-
- /6,197

HEHT ¥MEeT 4YyCTO IeOMeTDPHYECEYD IpUpony

VCTHHHOE BpSMA ZM3HWM €We MeHbile, UTO IJI0X0 COTI3-
CYeTCH C HayBHHMY CTATHCTHUECKHMU NDEjCT:#BlE-
Humm, Chezyer, BIpoueM, ¥MeTh B BEIY, UTO
wsMepsenoe sHaueHue U BaBUCHT OT CKOPOCTM HCTOU=
HuKa, KpoMe TOrO, ONMOKYM B ONperereHMy SHEepruk
TAKXEe MOTYT TNPWBECTH K (QUKTHBHOMY YMEHLUEHWD

Bemurms C .
/14-16/

Vi3 pacdoT s

O-BLIMMOMY, ClIeryer, uTO

B 3V£P -B3axMoZelCcTRRAX npK 2 6 BeamumHa

RV~4¥ W Mano 32BHCKT OT 3HAKA W YHEDPTUN Tep-
BMUHHX uaCTHI[ B uHTepBajie oT 4 xo 40 I'sB/c.
HHTEpEeCHO, UYTO Takoe K& 3HaAUGHNE R nonyueno

npu 8,25 PaB/c/I2/

u}>P npn 28,5 rap/e’ 1%/, vmaue BEIyT Ce68 aHHM-

YA 4
TaKxe I8 B3auMoIelcTBui K P

TUNANVOKHKE npoueccu. lpm uMnyasce (I+I,6) TeB/c
BENNYMEa R.npmmepno Takas ®e, Kak 114 ij—-n

PP —Baammoneﬁcrsmﬁ/g/. OpHaxo C yBelwWuyeHUEM
BHEprun R cunsuo pacrer/lg/. BmecTe C TeM napa-
MeTDH yIapa B mpoueccax C aHHurmadnuei, Io-Bu-
IVMOMY, B HECKONBKO Da3 MEeHBIE, UeM B Npoleccax
ges aHHMPMHﬂHMM/ZO/. IlpyuuHE 3TUX pasnuuui noka
YTO0 HEU3BECTHH.,

CnexyeT MOJUEpKHYTH, UTO "KODPENALUMOHHHE
pasMepu" He RONXHH 00A34TENBHO COBNAZarh C pas-
MepaMu, ONpeleifeMHMM U3 aHaiu3a NONEePeuHHX
MMIYALCOB BTODHUHHX UaCTull WJAM C INMO@BD JaH-
HHX 110 YNIDYTOMy DacCedHub, B KaxjioM u3 3THX
CIyyaeB MH MONyYaeM MHOODMAIMD O DasAMYHHX
CTOpOHAX CMJBHHEX B3awMogzeicTeui, IlosTOMy BCE
YKa3aHHHE MOIXO0ZH HAN0 CUNTaTh HEe KORKYDUDYD-
mUMY, & NONOIHARUUMY IDYT IDYra.

C cBA3K C ucCnefoBaHuAMy B 00NacCTV pend-
TUBEUCTCKO% AnepHO# (QMSMKE KHTEDECHH KODpPeXAlnyn
TOELECTBEHHHX YaCTHL, 0UDasypuuxCs BO B3auMO-
JeicTBuax C yvaCTueM Afep. B HacTodmee bpemd
V3BECTHH Takue peaynsrard moFF -koppeasimam
87 C -paanmozerictsuax npn 3,7 ros/c/ 17/ y
40 FaB/C/lS/. B ofeux padoTax OTMEYaeTCA CHIb-
c le ~B3ANMO~

BHACHUTH, Kak

HOE yBeJINUYEHMNE R 0 CpaBHEEHUD

neAcTeuAMu, [ HTEpEeCHO OHIO0 OH
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BeryTr cedali F-xoppenamyn (a Takme KOpPeAAlMy
MEeXNy CHCTDHMM NPOTOHAME) NIDE Nenexcie K sonee
THAXENILM AIpaM,

Buume yxe 0TMEUANOCH, YTO KODPEAANMOHHHE
aHanu3, B IDMHUKIE, NO3BONAET NOAYUXTDL HNPel-
CcTaBleHKe 0 (opMe m3ayvyanmeid oonactm. Takue no-
DHTEN OHAY NDEINDHHATH NDH EBYQGHMHDT%P ~B3anMo~
ﬂeﬂCTBHﬁ/IQ/ upp -aamsonetersui’ 2/, B ocenx
padorax NOJAYUCHH yKa3aHud Ha OTCTYNIACHUA OT Cje-
PH, OIHAKO B NEDPBOM CAyvYae Peydh uIer 00 2JIJuM-
copge, CraTOM B HanlpaBleHMy IBUXKEHMA [EDBMYHHX
yaCTHI, & BO BTODPOM CAYyYae - O BHTAHYTOM SJAnil-
coyne. JanvHeluee u3yyeHue 3TOr'0 BONMPOCA Npen-
CTaBJAET HECOMHEHHHH KHTEpecC.

Hoppensuun TOXIECTBEHHHX 4aCTHUI UMEPT, MNO-
BMIVMOMY, HENOCDEICTBEHHOE OTHONEEME K a3uMy-
TalbHHM KODPeNdumaM M K KOpPPeAUuSM NOHepevHHX
AMOYILCOB, HO BSTOT BONDOC BYXOIMT 3a DAMKM MoeH
TeMH, HepoCTaToOK BpeMEeHM He NO03BORAET ToKXe
0GCYIMTh METOJH ONDEIENcHNUA IapaMeTpa yiapa
¥ CONOCTaBUTDL MX C KOPDPENALUMOHHHM METOLOM,

JTOTOBHA BHBOI TAK0OB: K3YUeHHE KODDendguui
TOXNECTBEHHHX 4aCTull MOXeT jJaTb HOBHE BaXHHE
CBEJEHHA O CBOHCTBAX CHWIBHHX B3auWMOIEWHCTBUH,
€CAM YIaCTCA CYMECTBEHHO NOBHCHTL TOUHOCTH DK~
CIIepUMEHTaJbHHX JAHHHX, BepOATHO, 5T0 006CTOA-
TeNsCTBO NOTpedyeT (oNee WUPOKOTO MCIOAB30BAHNA
3NEKTPOHHHX METOLMK, XOTA NYBHPBKOBHE KAMEDH

TOX€ He CKasaay eme 3JeCh CBOEro [HoCJegHero
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MOLTIPLE PRODUCTION ABOVE 10*4 eV
N.N.Roinishvili

Institute of Physics of the Academy of Sciences
of GSSR, 1bilisi

1. Introduction

There aré 5 contributions presented to the
Conference concerning multiple production above
1014 ev.

i. The main problem discussed in all of
them is the following. Are the experimental data

15

at very high energy (v 10~ eV) in agreement

with extrapolations of data obtained at the

12 ev)?

accelerators (~v 10

In most of them the answer 1s more or less,
but negative,

ii. All the papers presented used an
indirect method of evaluating results.

As it is at present impossible to investi-
gate individual hadron-hadron interactions their
arguments are based on properties of nuclear-
electromagnetic cascades (NEC) induced by a
high energy hadron in the atmosphere or in solid
substance.

i1ii. Depending on lower energy limit of
detected particles two kinds of phenomena are
observed.

1. Extensive air showres (EAS) are NEC
at the age when they are almost in equilibrium
of their development. Main component of EAS are
electrons, muons and hadrons, the number of

5—106. Suitable arrangement

which 1s about 10
for their detection covers kmz. Threshold energy
B,y ~dMev.
2. x’ and hadron families are young NEC

in which a number of first step of generations
is detected. Main component of the families are
photons, electrons and hadrons. Suitable arran-—
gements are the so-called x-ray emultion cham-

bers (Eth~ (1-2) Tev).

2. EAS Results

EAS data are analysed in two contributions,
presented by Moscow State University/l/ and the

English~Polish group/z/.
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Fig.l shows the average cascade curve of
EAS at lOl5 eV/Z/. Full lirne denotes experimen-
tal data, dotted 1lines, various extrapolations
of accelerator data.
As is seen, EAS develops more rapidly

than it is expected.

500+ B

MUON. DENSITY - rip 2

ru(m)
Fig.2.(MSU result, presented by the English-

Polish group) Lateral distribution of the high
energy muons. The figure proves that the fast
development of EAS relates to the hadronic compo-
nent as well.

Another piece of information comes from cor—
relations between various components of EAS/l/.

The authors of both the contributions are
analysing a number of possible reasons of such
disagreement:

change of chemical composition of primary
cosmic ray,

increase of nucleon-antinucleon pair pro-
duction and others.

They came to the conclusion that the

best explanation is based on the assumption: the
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Fig.3. Multiplicity of muons in showers
with given number of electrons is by an
order of magnitude higher than expected.

-4
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Fig.4. Multiplicity of hadrons is by an
order of magnitude lower than expected.

\

Y.
average multiplicity increases as<h >~ E ¥

14

or even more rapidly above 10 ev.

3. Fapilies Results

During the last three years 7 Soviet and
2 Polish institutes exposed x-ray emulsion cham—
bers with total area~ 1000 m2 in Pamir moun-
tains (Pamir collaboration)/B/. Two reports
concerning the work are presented. The experimen—
tal one is based on analyses of 230 families
with total energy £ > 30 Tev (E°>>1014 ev).
The second report presents NEC calculations of
checked various models having inclusive spectra

like that obtained on the accelerators/4/.
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Flg.5 shows a typical property of used
models.
in C6 G rise only till 10** ev. Accord-

ot
ing to it inclusive spectra of pions change in

the whole region of x from O to 1. _
InC5and C4 G, =(3.66n F,+40F) mk
In C5 inclusive spectra changed as in C6,
and in C4 only the pionisation region viclates
the scaling.
It is shown in the report that the flux of
hadrons and photons obtained by Pamir collaboré-

tion can be explained better by C4 model.

The most direct result is presented in the
/3/

experimental paper of Pamir collaboration
(¥1g.6).It is integral distribution off’ va~
riable normalised to one family._}!is an ana-
log of x~variables for nuclear electronic
cascade.It is the fraction to total energy
carried out by given photonstzE/EiE .
In this analysis };Ln is independent of ZIE

and equal to 0.04.
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It can be shown that if scaling holds in
ragmentation region then f‘/spectra do rot
:pend on the X E .

As one can see from Fig.6, starting from

10t

4 ov f’spectra indicate that it is not the
faot. Unfortunately, statistics is still poor.
In the nearest future better statistics will be

available in Pamir experiment.

§4. Results Obtained by NEC in Solid
Substances

The serious change of elementary act at

1014

eV is presented by Lebedev Physical Insti-
tute/s/. By means of ionization calorimeter in
Tian Shan mountains, the authors were studying
NEC properties 1n lead. They observed that

1. The fraction of the energy of primary
hadron transferred to H°( /‘/f”: 17%) 1is inde-
pendent of the energy until 30 TeV.

1i. An attenuation length which at lower
energy is equal to31id'sharp1y increases at E

14

~ 1077 eV (Fig.7).
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One of the simplest explanation of the

result is the production of a new unstable par-
hh

ticle with GIOZK)Z or 3 times less than Gin [0‘&

RH5).

Papers contributed to the conference.
1. S.N.Vernov et al. 778/A2-110.
2. J.0lejniczak et al. 194/ A2-29.
3. V.K.Budilov et al., 169/ A2-1.
4, A.M.Dunaevsky et al. 803/A2-84,
5. V.P.Pavljuchenko et al. 168/A2-2,
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INCLUSIVE REACTIONS AT MEDIUM ENNRGIES

T,Kittel
University of YNijmegen, letherlands
Two interesting questions studied in inclu-
sive reactions at medium energies are those of
inclusive resonance production and strange baryon
production. The first has been treated by
P.Schmid/l/, so 1 can concentrate on strange
baryon production,
At medium energies, the inclusive K?)—» Ac)(c
cross section decreases like about [i::s. ,
- 5, <
while the A'p =K’/ cross section increases
s11gnt1y/ %/, me 7P > /1°X° structure function
shows approximate scaling forX 2 -0.8 between
5 and 205 GeV/c, while 1t grows by a factor 3 at
X=0 for 7;'/‘5—;/3')(0 in the same energy range/B{
A high statistics measurement of the ,Ao
polarization P in K?r» A° + pions at 4.2 GeV/é4/

shows (fig.1l) that P 1is positive for X< -0.5
Q5;:vvvx‘v|!,--.-;vnxﬁ

-

Polarization

Fig.l. Polarization of the A”and= from
Kp=>A®X® and Kp—=="xTat 4.2 Gev/e.

and negative above in this reaction. From compa-
rison to higher energies/B/ we deduce that P
decreases with energy forX<4 -0,5 while it is
constant for X> - 0.5. TheS_pola_rization from
K,—‘)”E—X+at 4.2 6ev/o/® is given in the same

figure, It compares well with that of the /\o

in the region where the/~ structure function is
large (X2 -0.5).,

On the other hand, the polarization of N
produced in /_I—ﬁ*> A°X%at 8 Gev/c/7/ vanishes
for 0 <X £ 0.6 and rises tof =1 forX->1l. In

F’ *b/lo)(ostudied at 5.7 CreV/c/4‘/ the /Iopolari—
zation is small or negative for X< 03 a similar

P - o =
behaviour is found for A's from KP»A + KK +

A2-32



pions at 4.2 GeV/4/. These observations are in
qualitative agreement with the similarities or
differences of the triple—Regge diagrams possibly
contributing to the above reactions.

Quantitative results can be obtained for the
effective trajectories in triple-Regge diagrams,
even at energies where the conditions for the
triple-Regge expansion-are not.satisfied, In
agreement with the observed polarization, the
p—trajectory was shown to dominate K—-!; A°
beam fragmentation at‘4.2,GeV/c/8/. For;)J&:Ao
target fragmentation at 4.2 GeV/c the effective
trajectory lies between -the K and Kﬂ%rajectory/sf
forK+—/;/loat 8.2 and 16 GeV/c/g/ the data are.

consistent with the K trajectory (fig.2).

Birmingham - Brussels - CERN -Mons  Collaboration

K'p —»AXT

=13
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Fig.2, BEffective trajectory poiptS‘forl(;-aAcxf*
target fragmentation, The dashed line is a fit
through the data at 8.2 and 16.0 GeV/c¢, the
solid line is the trajectory drawn through the
K, Q and L positions.

At medium energies, the mass distribution of
X 1is dominated by resonance production., Thils can
be described by the triple-Regge expansion_only
in an average sense/lo/. Tor target fragmentation
/,;_'f,:,\a at 4.2 GeV/c, the off-shell forward KK

andl(ﬁ?scattering amplitude is written as a sum

VENTS[0GE Gevic

—

NuMBE R

r o S

Fig.3. Missing mass produced against the Aoin

Kp » A®x° target fragmentation at 4.2 GeV/c
for ten tbAintervals between -I,0 and 0,0 GeVZ.
The curves are from the fit described in the text.

The inclusive (1385) cross section falls
forff?lJSB) production at medium energles and is
constant forE;t1385) production/lz/. While
Z-(1385) is predominantly produced around X =0,
§:+(1385) has a leading particle peak around

X= -0.8, in particular at 4.2 GCeV/c. The decay

+
distribution of 2 {1385) 1is in agreement with

prediction of the additive quark model.

References
——=SLELEREES

1. P.Schmid,"Inclusive Part. and Resonance Spectra
- an Attempt to Separate Directly Produced
Particles from Decay Products?” Invited talk
1n this session,

2. ANL-~Brussels-Kansas-Michigan-Tufts Collabora—
tion, B.Musgrave et al, "Inclusive Vo—Produc—
tion 1nK P Tnteraction at 6.5 GeV/c", Paper
366/42-59,

3, Dubna-Tbilisi~Kosice-Erevan-Minsk-Collaboration,
Yu.A.Budagov et al."Inclusive A°and K °~Produc—
tion 4n TP and i € Tnteractions at 5 GeV/c".
Paper 811 / A2-82,

of Veneziano four-point amplitudes plus diffractive 4, Amsterdam—-CERN-N1ijmegen-Oxford Collaboration

terms/ll/. Leaving 11 coupling constants as free
parameters gives the fit to theﬁ& distribution
shown in fig.3 for various t intervals., Five of
these eleven couplings determine the target frag-
mentation /)-’—(; >t . The mxdistribution for this
reaction is reproduced without further fitting,

also for various t intervals.

A2-33

"Study of A -Polarization in 4.2 (eV/c kf73

and 5,7 GeV/c }ED Tnteractions. Paper 272/A2-50.
5., I.Bartsch et al. Nucl.Phys., B40, 103 (1972);

S.U.Chung et al. Phys.Rev., D11, 1010 (1975);

M.Abramowlcz et al. Nucl.Phys., Bl05, 222

(1976).

6. Amsterdam—CERN-N1jmegen-0Oxford Collaboration

"A Study of Inclusive - Production from K™p

Interactions at 4.2 GeV/c" paper 276/A2-51.



8.
9.

10.

1i.

12.

Freiburg-Saclay-Zurich Collaboration, “Preli-
minary Results on Incl, Forward )ﬂ -?Production
inﬂt and k’p Interactions at 8 and 12 GeV/c®
Paper at this Conference.

R.Blokzijl et al. Nucl.Phys., B48, 401 (1975).
CERN-Birmingham-Rrussels~Mons Collaboration,
P.V.Chliapnikov et al. "The Reactions KCO'%&X
and k*p= A ¥++-at Incident Momenta of 8.2 and
16.0 GeV/c", paper 1060/A2-75.

Chan Hong-Mo, H.I.Miettinen and R.G.Roberts.
Nucl.Phys., BS54, 411 (1973).

Amsterdam~CERN-Ni jmegen-Oxford Collaboration,
R.Blokz1jl et al. Dual Analysis of Target
Fragmentation in F P »AX and K} >& ryat

4.2 GevV/c" paper 279/i42-78.
Aachen—Berlin-CERN-London-Vienna Collaboration,
®*Inclusive Production of §:t1(1385) in ‘ij
Interactions &t 10 and 1A JeV/c", paper
144/42-111.

I.D.Aljolhin et al., » S ™(1385) and K™ Reso-
nance Production in ﬁ"p Interactions at 4.35
and 4.85 GeV/c", paper 190/A2-23,
Amsterdam—c@FN—Nijmegen—Oxford Collaboration,
wStudy of = ~ (1385) Inclusive Production in
k?) Interactions at 4,2 GeV/c", paper
278/A2-52.

A2-34

INCLUSIVE J° aND / PRODUCTICN IN PIOK~PROTON

INPZRACTION. AT 5 GEV
v .

Yu.i,Budagov, L.Sandor

JINR, Dubna

One meter JINR propane bubble chamber colla-
boration (Dubna—Ko§10e~Tb1lisi~Yerevan—Minsk)
studied the inclusive neutral particle produc-—
tion (X% ¢, A5K°) in 5 GeV pilon-nucleon inte-
ractions. Some results are presented in this
report and compared with high energy experimental
data.

Previously we have measured the cross secti-
ons of many different exclusive reactions vJ@Bv
(0,2,4) charged particles + (1,2,3 4, 5)I°
and ./L-/_O""(U/Zﬁ')charged particles + (»} 1V"J+(),if['j"
Together with the data of other groups they form
almost a complete set of 5 Gevjib -scattering
partial cross sections/l/. This allowed one to
obtain new data on the multiparticle production.

The T multiplicity distribution at 5 GeV
is close to Poisson form with j;fi—0.0710.103
at 40 GeV this distribution becomes wider/z/.

The analysis of the total multiplicity
N=Np+N-*h, +4 distridbution for the reaction
£p= ﬂ*ltﬂ_I;ﬂang/at our energy and at 10,
16, 40 GeV (other groups measurements) shows/j/
that the logarithm of the integrated probability
oi’;b particle productionof(n) is a linear function
of the reduced multiplicity squared:??ﬁ)~(hﬂ%j

(see Fig.l).
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10 i
» —5¢dc 07
B 10— 04
T 16 ~— 14
° —40 —— 07

Fy=expeam-2%
af

a0t

00 (R-2)



The multiplicity distribution for the "newly
produced” particles n)=’fw£(cﬂ ~ the average
number of leading particles/4/) in 5-40 GeV in-
terval follows the KhO-scaling (¥ig.2). With oS

2 the universal funciion %”(Z’:h%;f;- nas
the form W (Z') = 122 zz)ezr/o (- “f/: %7

<n - 2>6(n)/6 inct

: ’ 3L Z' g i
Hegeet® 7 Ay

S |

o

[ p—
NS

Fig. 2

This function with o =0.7 describes satisfac-
tory also the charged-particie multiplicity dis~
tributions for the £p , Kp and pp ~interactions
above 20 GeV/s/»

The analysis of the correlations in the
yields ofv[%fand charged secondaries for 5-205
GeV dj; collisions gave the following resultsjé{
The dependence </ >,ij{6a)is satisfactorily
descrived by linear function ﬂ}b.}:0+gﬁ_ . The
values of the 5 parameter are the same within

error limits for theip andf%D interactions in the

whole energy interval studied.

Fig.3 represents the correlation integrals
fz';ndf;-as a function of incident momentum.
The approximating functionj;m =0.86-1.15 gHSJ +
+ 0.16 (€n 8)%s shown by the full line. The
dashed line corresponds to the relation :fo';
fovbens>

£ - — : ]
L Tp
o-fy
2t o b
{ .
i b [
RS
i
T
5 10 40 100 p,. Gevk
Fig. 3

The deviation from the dependence f}“f;75'
gives evidence to a noticeable contribution of
the long-range correlations. The experimental
data agree with the relation 7[;'—1 f;;ztéh-) H
within the Regge-Mueller approach it shows that
the contribution of diagrams with isospin J > 2

exchange is small.

The study of the scaling properties of the
semi-inclusive i cross sections for 5-205 GeV/c
Jf;b scattering/7/ shows that for the momentum
rangef%;<40 GeV/c the Dao-Whitmore relation
4n>6',,(19)/4,,¢>54~,,—>cp(;=‘£ﬁ)1s not valid(# -
the charged-particle multiplicity). At the same
time there is an obvious similarity of the
<n>6n (I%”ﬁ> 6cs distributions in the whole
energy interval studied. ¥e have noticed that
the variety of the experimental data may be re-
gularized if one introduces the scale transfor-
mation Z,~Z "2%};2 Withjgzconst.lt glves the
universal description fcr the whole experimental

results available.
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In Fig.4 the values of <h> @(ﬁ“j/zno(m
for 5 GeV - @ , 18,5 Gev - & , 25 geV - @
40 GeV — & , 100 GeV - © and 205 GeV - Wi P
collisions as a function of new variable Z, are
plotted. Solid line — approximating function
Y (z,)=0-21ep [%z,r&zz’z)

If the proposed energy dependence should be
valid at higher energies too, the result obtained
may be interpreted as the quantitative descrip—-
tion of the approach to asymptotics for the
<h> 6,.[/7"/4/7» 6.4 distribution.

We have measured the differential cross sec~
tion

£" %

£l LT S (eps)
Lpmar dxdps?

for the reaction «&;9‘>J/ +... at 5 Gev/c in
a large range of x and/&,using the statistics

oleooool—quanta/s/. The results are given in
Fig.5.
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The experimental data are satisfactorily
approximated by the function jﬁ,ﬁ):d,&?(-ﬁ/k/f%ﬂ)/
B=a,exp 503,042); where ¢, are the free parame-
ters. The function 7Qan)does not factorize with
respect toA and 4 at energy of 5 GeV.

/9/

We have shown earlier that the differential
a% 2

cross sectionsu/zrg7b 4?1 of the reaction

ﬁ;>°d/+ ... are energy independent a) in the

central region for 5-100 GeV interval and b) in

both fragmentation regions for 5-40 GeV primary

energy interval.
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Fig. 6

Fig.6 represents the normalized differential
cross sections 6{:/: f{}:ﬂ/p;)dpf for J/—production
in the momentum range of incoming particles
(X and P ) from 5 to 1500 GeV/c. The straignht
line is a handdrawn one. The essential feature

of this picture is a significant difference



from the analogous dependence for charged par-

ticle production.
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NET CHARGE DISTRIBUTION IN RAPIDITY AND TRANS-
VERSE MOMENTUM FOR SEMI-INCLUSIVE J P INTERAC—
TIONS AT 11.2 GEV/C

(Bologna, Firenze, Genova, Milanoc, Oxford, Pavia
Collaboration)

S.P.Ratti* - Instituto d41 Fisica Nucleare and
Sezlone I.N,F.N. — Pavia (Italy)

We present an analysis of the net charge den—
sity distributions inWpcollisions at 11.2 GeV/c,
studying how electric charge gets distributed,
for different topologies, as a function of rapi-
dity Y and transverse momentum Fyﬂ Following the
/152/

notations of previous papers we define;

n. 1 (dNTh /\/(“J
P@):= { _ ) _ i_:@
N d;? 403

(+,~)
where #} 1is the topology, av ’(ﬁ’ya/ﬁ’ is

+) =)
= Pn (P")_ﬁ)(ﬁ ’(1)

the pumber of positive (negative) particles pro-
duced in a given interval of any kinematical
variable ﬁ(in our case; Y and PT) and Nnis
the total number of events of a given topology.
The experimental data have been collected in
a~850.000 picture exposure of the CERN 2m HBC
exposed at the CERN PS to a T beam of 11.2
GeV/c. A total of 49593 two prongs, 107173 four
prongs and 36656 six prongs is used. When ne-
cessary, proton tracks have been identified with

/3,4/

a method developed by our collaboration

Fig.l, Charge density
distri utionsf(XhA)two
’ prongs: B)four prongs:
e ; C) six prongs; D) cut
four prongs 2
t70.4 (GeV/c)“.

* Co-authors are: R.Attendoli, E.Calligarich,
G.Cecchet, R.Dolfini, L.Mapelli (Pavia); A.Quare-—
ni-Vignudelli (Bologna); S.Berti, A.M.Cartacci
(Firenze); G.Tomasini, U.Trevisan (Genova);
G.Costa, L.Perini (Milano); D.Radojicic, G.Thomp-
son (Oxford).
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The charge density distributions in rapidity
JQ[Y are shown in figs. la,b,c. The data show
structures which were not clearly seen in pre-
vious similar analyses/l’2’5/. The sharp peak in
positive charge excess at Y-“-‘ -1.3 in two prongs
becomes, with increasing topology, broader and
smaller. For six prongs, the position of the ma-
ximum shifts atY=~-0.7. In the region of Y>0 ,
an interesting effect is present in two and four
prongs but not in six prongs. In figs.la and 1D,
two minima are visible arounin:: 0.8 andY‘-‘-’ 2.4,
The contributions to the two accumulations are

however of different importance. In fig.la the

excess at Y-L 1s = 5% and at Y; 1s P, = 8%, while

the opposite occurs in fig.lb. The charge excess
in six prong at-YZ(fig.lc) is P, *8%. A similar
behaviour could be seen in ref.(l) for 77;5 data,
but there the topologies were added and, as a re-

sult, the effect is smeared out.

Flg.2. Charge density distri-
- ) butions £/P,); A) two prongs;
Y B) four prongs; C) six prongs;
D) cut four prongs
£'>0.4 (GevV/c)2,

The distributions of p(/?’_)are shown in
figs.2a,b,c. Agaln, they display topology depen—
dent structures (positive excess at small Pr in
two and four prongs, no positive excess in two
prongs for [ % 0.4 Gev/c).

In figs.3a,b,c the distributions of the charge
densityP(Y;/a)are shown by means of equal-level

/ox;MKgJ=o.m 0.45 0.8} ... in
(0.08 GeV/c x 0.24). The structures,

curves:
units
whose presence was detected in figs.la,b, become
clear and separated. On the line of the most pro-
bable transverse momentum (/;_:: 0.25 GeV/c),
peaks in charge excess are well visible. The po-
sition of the positive charge excess for six

prongs at a smaller’Y7(fig.Bc) is due to the
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multiplicity and to the presence of the massive
nucleon., The splitting of the accumulation in
ﬁ;, is & consequence of tne following facts;
the F%— distributions are slightly different for
protons and for negative pions/6’7/; the total
negative charge Q:-3 is large in six prongs;

the position 1n‘Y’of the positive excess ip six
prongs 1is much nearer to}(zo than in two and
four prongs/6/. In figs. 3a and 3b, the positive
excess ( o« 0.8%) has similar extension and the
same position. The relative importance of the two

negative excesses forx{>0(e.g. at the level of

o~ —0.8%) is clearly seen from the filgures.

7  Fig. 3. Charge distri-

butions p(¥Y,p.) . Equal-
i level curvesj; L) two

< prongs; B)four prongs;
C) six prongs; D) cut

| four Prongs
T£> 044 %Gev/c)2.

00

An appealing explanation of the observed
complex structures is the leading particle effect
and/or diffraction dissociation, present in two
and four prongs, but not in six prongs, at our

energy.

To 1nvestigate this point we have performed
several cuts and selections on both two and four
prong events. For the sake of brevity, we show
how a very simple cut on four prongs supports
this explanation. In fact, by selecting t’> 0.4
(3ev/c)? (where tl=t;@an“(3” ~) all distributi-
ons of the four prong events are reduced identi-

cally to those of the six prong topology (apart
from the splitting ing of the positive @XCESS ).



For cut four prong events }9(3315 shown in
£1g.14; Plphn r1g.2a anaf)(y;ﬁ_)in fig.3d. The
cut antiselects about 40% of the four prongs
(61670 events surviving). The negative excess
at Yg disappears both in fig.1ld and in fig.3d;
the positive excess at small Br in fig.2d 1is
absent and the figures can be directly super-
imposed to figs.lc,3c and 2¢ respectively. A si-
milar procedure can be applied to the two prong

events.
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A SEARCH FOR NEW NEUTRAL PARTICLES PRODUCED IN
HIGHLY INELASTIC'nj'PROTON COLLISIONS AT
10.5 GEV/C

J.R.Ell1iott, L.R.Fortney, A.T.Goshaw, J.W.lamsa,
J.3.Loos, W.J.Robertson, W.D.Walker, W.M.Yeager
Physics Department, Duke University, Durham,
North Carolina 27706

C.R.Sun, S.Dhar
Physics Department, State University of New York,
Albany, New York 12222

In ‘recent years, detailed inclusive studies
have been made of the charged particle spectrum
coming from high energy hadronic interactions.

In contrast, many simple but basic properties

of the neutral particle spectrum still remain
unexplored. We have done an experiment which
makes an analysis of the neutral particle spec-
trum coming from 10.5 GeV/c 7 proton interacti-
ons in which a large fraction of the availabdble
energy goes into neutrals. The experiment is
designed to determime if all the energy carried
away by neutral particles can be accounted for
by photons, K°'s, A%'s and neutrons. It uses
the 47‘3011& angle detection properties of 2
bubble chamber and has two distinct advantages
over most other neutral particle searches. First,
it is sensitive to new neutral particles produced
in multineutral final states (in contrast to
missing mass experiments). In addition, it does
not rely upon any particular decay characteris-
tics of the neutral particle.

The data were taken from an exposure of the
SLAC 82'' bubble chamber filled with a hydrogen—
neon mixture (30 molar percent neon) and exposed
to a 10.5 GeV/o " beam. We select 2 and 4
prong events with one identified proton and net-
charge +2. This event sample consists of both
neon and hydrogen interactions with about 65%
of the events being free proton collisions. These
are dominated by the processes

TP —

— Fﬁon’v’+ (neutrals).

Ftp + (neutrals)

The event distribution as a function of the lon-
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gitudinal laboratory momentum of the neutrals

is shown in Fig.l. Most of this neutral momentum

is carried away by gamma rays coming from 7rnand

2” decays. For the purpose of this study, we will
group all short lived sources of gamma rays into

one category and measure their total contribu-

tion to the neutral momentum spectrum. This is
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Fig.l. Event distributions as a function of the
longitudinal momentum carried by all neutral
particles. a) F7D~> Ftp + (neutrals);

o) ”“‘P‘l’ 7T+,D 77+ (neutrals).
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done from the gamma ray pair production in the
hydrogen-neon liquid (the average gamma detecti-
on efficiency is 25%). The next most important
contribution to the neutral momentum comes from
x° production. We measure this from the K:—?T:’ T
decay (detection efficiency 75%) properly correc-
ted for neutral and Kt decays (3). The average
nﬁmber of gamma rays is 3.79 per event and of
(KZ+~K1_)'S is 0.18 per event.

The results of a longitudinal momentum balan-—
ce are plotted in Figure 2 and tabulated in
Table 1. The events have been divided into three

(GeV/e)

>

X
PL

<

T T i T T

2 4 6 8 10

P (NEUTRALS) (GecV/e)

L
Fig.2. Neutral longitudinal momentum carried by
particles other than Kc ‘s and Y's as a function
of the longitudinal momentum carried by all neut-
rals. Opven circles '”7>~9 ﬂ*P + (neutrals).

Solid circles 7,-7><—> ',T'"/D 7*r = + (neutrals).



neutral momentum regions and the neutral momen—
tum that cannot be accounted for Y's and K%s,

( pf‘> , is plotted separately for two prongs
(open circles) and four prongs (solid circles).
Some structure is indicated and the overall
missing neutral momentum is (0.83:0,27) GeV/c

per event. This wust be accounted for by neutrons
unless some unexpected neutral particle is pro-—
duced,

The requirement of an identified proton eli~
minates single neutron production from the free
proton interactions, but nﬁ'pair production is
possible. The neon interactions inecluded in our
event sample can, in addition, produce one or
more target fragmentation neutrons. The momentum
carried away by neutrons has been measured from
their secondary hadronic interactions in the hyd=-
rogen-neon liquid. A total of 46 neutral hadronic
stars were observed, of which 23 are predicted
to come from K° interactions as calculated
from the measuredi(;"Wfﬁﬂépectrum. After sub-
tracting the contribution of the Ka's, and assum—
ing that all the remaining neutral stars are
caused by neutrons, we find that .the average
longitudinal momentum carried by neutrons,(ﬁﬁ),
is (0.30+0.09) GeV/c per event. Table 1 shows
the contribution of neutrons to the neutral mo—
mentum in each event category. Finally, the last
two columns of the table give the momentum carri-
ed away by any neutral particle other than x"s,
K¢'s, A°'s, or neutrons.

0f the six event categories presented in
Table 1, only one shows a possibly significant
momentum imbalance. The If';b* ?T'P Ut events
with neutral momentum over 8 GeV/c have a missing
momentum of (2,9+1.0) GeV/c per event, However
a significance of 2.9 standard deviations does
not establish a new effect although it does
define an event category that should be studied
further. Averaged over all the events in our

data we find that the momentum carried away by

any new neutral particle is limited to (0.53+0.28)

GeV/c per event. This is within 2 subset of all

7T+pcollisions which is especially sensitive to
neutral particle production (over 50% of the col~
lision energy goes into neutrals), Expressing
this result relative to all inelastic twp and four
prongs implies that momentum balances to (3+2)%.
Therefore, on the level of a few percent, there
is no ‘"energy crisis" in these hadronic interac-
tions.

In conclusion , we find that the neutral par-
ticle spectrum produced 1in 10.5 GeV/c ﬁ*P‘—in-
teractions can be explalned in terms of neutrons,
A®'s, K°'s and photons. Any additional neutral
particles produced carry less than 5% of the

available momentum.

Table 1
Reaction Missing Neutral Momentum
x nevtra .
‘|[Charged Py, LPL > <P > 7 of total
Tracks, (n;ut/rals) GeV/cl/event | GeVic/event GeV/c/levgnt Momentum
e

2405 1.11-40.37 | 0,57 +0.23 0.54 +0.43 S5i4

o’ 5ta 8 1.12+0.52 | 0.04+0.16 1.08 +0.54 1045

8 to 11 0.32£0.56 | 0.02+0.21 0.30 £ 0.60 346

2105 0,78 +0.26 | 0.26 4 0.10 0.52 £0.28 513

prtatn” 5to8 0.56+0.51 | 0.77£0.24 | -0.21 + 0.5 245
8 to 11 3.48 4+ 0.85 | 0.60 +0.56 2,88 11,02 27 +10

A1l data 2to 11 0.83+0.27 } 0.30 +0.09 0.53 +0.28 5+3
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PLEWNARY REPORT

MULTIPARTICLE AND INCLUSIVE REACTIONS
',V.Chliapnikov

Institute for *ish snergy Physics, terpukhov,
USSR

An enormous amount of experimental and
theoretical results have been obtained within
the last few years in the field of multiparticle
production., Global description of multiparticle
final states in terms of only a few variables
in the framework of inclusive approach suggested
by Logunov and co-workers (19672/1/, the first
experimental evidence for scaling in hadron

y/2:3/

induced reactions (1969 the theoretical
formulation of the limiting fragmentation
hypothesis (LFH) by Yang and co-workers 096954/
y/5/

and of scaling by Feynman (1969 and all
subsequent development have been extremely
guccessful in enlarging our knowledge of

hadronic processes at high energies.,

Detailed discussions of the available data
have been the object of many thorough reviews
(see, for example/6"11/) where a host of very
important results have been collected. Many of
the new interesting results have been covered
in the invited and mini-rapporteur's talks in
the A2-gessgion of this conference. In my
embarassing position where I can but describe,
with some personal prejudices (and my inability
to understand everything), only a small part of
the imposing results presented in about 130
submitted contributions, I shall concentrate

your attention on the following subjects:

1. Total inclugive cross sgections
2. The approach to scaling in the fragmentation
and central regions,
3. Inclugive resonance production
- total cross sections
~ differential cross sections
- mechanisms.
4. Two-particle correlations
~ angular correlations

- space structure of events.

1. Total inclusive cross sections

Present results on the energy dependence
of the total inclusive ¥, I~ and ¥ cross

sections d;r = <n’.>6'f' in inelastic hadron

inel
collisions are compiled in fig.1. The increase
of the pion cross sections for pp data above

50 GeV/c is compatible with logs dependence.
The cross section ratio €M~ )/6@") changes
slowly from the value of 0.74%0,02 at 69
cev/e’ 12/ up 1o 0.80%0.08 at 303 Gev/c/11/ (see
Table 1), The ratio &'(T°)/6@@*) is 0.94%0,02

at 69 GeV/c/12/ and 1.01%0,10 at 303 GeV/c/11/.
It is of interest to note that O(¥ ) > @)=
#6°(F¥°) for K p interactions up to 32 GeV/c. The
energy dependence of the pilon cross sections in
reactions induced by the different beam

particles seems to be similar to that for pp



colligions. The charge congservation, leading
particle effect and the contribution of the
annihilation channels in Dp reactions explain

gone differences observed at low energies.,

[ Inclusive m7mar° cross sections
1201 -
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Fig,1. Inclusive 7, at ang o production cross
sectiong as a function of incident momentum
(compilation of published data; new data:
K™p 32 Gev/e/ 1575 5p 32 Gev/c/ 1%/, 22.aceviN7,
9.1 and 4.6 GeV/c/18’19/; xp5 C‘reV/c/zo/);

the lines are to guide the eye.

Table 1
Total inclusive cross section (in mb)
for Tt, ¥ and #° in pp and Kp interactions

at highest energies

PP Kp

121 ! 114 111,13/
Puas | 68" 100" 1208 "“4303™¥ 143’8 | 327

'GeVlc
o(Jr*)|785213 [918292{108411 12513 |256208(336%13
o(r)|575206|669213| 8622 |995231259:15]35.3218
o(Ir°)]740215]85 +8 h07+7 " [265¢9]27.2£10{353208

Neutral strange particle production cross
gections are showa in figs.2 and 3 for
k2(x°/K°), A and A, The K® cross section rises
by about a factor of 10 for pp interactions

between 12 GeV/c and the highest FNAL energies.

For X p interactions, the increase of the K-
production is consistent with logs dependence
through all energy range up to the highest beam
momentum of 205 GeV/c/23/. In pp collisions

the K® cross section is systematically higher
than in pp interactions and riseg as fagt as
in pp collisions through the Serpukhov-Fermilabd

energy range/1°'17’21/.
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Fig.2. Inclusive Kn,A and X production cross
gections as a function of incident momentum for
pip, :n"—'?p interactions (compilation of published
data; new data: pp 32 GeV/c/16/, 22,4 GeV/c’/17‘/,
12 Gev/e’?2/) 9.1 and 4.6 Gev/c/18; = 7p

205 Gev/e/23/, 5 Gev/c/2*4; the lines are

to guide the eye.

The A production cross section rises
between 5 and 50 GeV/c in pp collisions, but
ghows little energy dependence above 69 GeV/c;
It is about two times higher in pp interactions
than in pp and Jrip collisions in the Serpukhov-
Fermilab energy range, as it should be expected
if the /A production is dominated by the proton
fragmentation, The dominance of the fragmenta-
tion process over that of AR pair production

explains also a small energy variation of the
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A crogs section through the FNAL energy range.
The A production is small, but exhibits a
rapid increase with energy above 69 GeV/c in

a striking similarity with p production.

In fig.3 the neutral strange particle
cross sectiong for 32 GeV/c Kfp interactions
obtained by the France-US3R and CERN-USSR
Collaborations/15’25/ are compared with the

corresponding data at lower energies,

. o //@ / 1
L i %/‘/+ ,?
i AT _
s 47 .
L ‘_,/»+—?"+
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3
E 4 4} B
e L \‘\\%\K'D—-’/\X )
1 Peay . .
2k i 4
1ol e T Y
08T B

‘, o Kp—eAX + 4
& fragmentation
065 | wopex 4
o Wp—eAX
r & fragmentation .

Q4R * Kp—eAX

)=

|2 /‘/
02 R ‘/Q y B

L //A t
0 A o ---as s L
10 10

Py (Gevic)

Fig.3. Inclusive K*, A and A production croas
gsections as a function of incident momentum for
Ktp interactions (compilation of published
data; new data: K'p 32 Gev/c/?%/, 16, 8.2 and
5 Gev/c’2%/; k"p 32 Gev/e’15/, 16 ana 10
GeV/c/27/, 6.5 GeV/c/QS/); algo are shown
contributions of the A and Ji fragmentation
crogs sections in K+p interactions (ref./26/);

the lines are to guide the eye.

One observes & significant rise of the KO
production cross section for both the K+p and
the K p interactions (AGs1.5 mb) between 16
and 32 GeV/c , This increase may be at least
partly attributed to a higher kP2 pair produc-
tion: @XKK™) = 1.1%0.1 mb and 1,68%0.24 mv

in %725/ /157

and K p interactions at 32 GeV/c,
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respectively, It is of interest to note that
a significant amount of the KK~ pair production

has also been observed in the exclusive channels

in K'p interactions at 32 GeV/o/2%, Similer

effect was found by the France-USSR and CERN-
-USSR Collaborations in 32 GeV/c K'p
/307,

collisions

6K p - K pkTE"ate™)
6(X"p -+ K p2x2s)

= 0.18%0.05;

€(K p ~ K pK K 2% 2x")

D ==X - o.55%0.21 .
6(X"p =+ K p3w 3 )

The energy dependence of the A and A
production in K+p collisions resembleg in
character that observed in pp interactions at
gimilar energy range; the data are well
described by the loge dependence., In K p
interactions, the /A production cross section
falls with energy at low incident momenta, butv
aeems to be fairly constant between 10 and
32 GeV/c. The decrease of cross sections at
low energies is explained by the falling
contribution of the strangeness annihilation
process in virtual Kkt gcattering in the
reaction K p -+ A+ pions. As energy increases,
other mechanisms of the /A production such as

K'p - KK + pions, become more important (fig 4).

e R
o K'p—» AKK + X —

o " K'p ——» Aspians |
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o {mb)
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|
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|
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1 )
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=TTy

©
a
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Fig.4. Energy dependence of the A production
cross sections in the strangeness annihilation
process K p — A + pions (left hand scale) and
in the reaction K p—s AKK + X (right hand
scale) (from ref./31/).

This results in approximately energy independent

cross sections at 10-32 GeV/c incident momentum



range, From the present trend of data, one may
expect that A production in K p interactions

will start to increase at higher energies.,

2.1 The approach to scaling in the

fragmentation region

The approach to scaling in the target
fragmentation region hag been extensively
discussed during the past two years/7’8’32—34/.
However the conclusions differ, thus reflecting
the lack of the high statistics data in this
phase gpace region at the highest energies.
Indeed most of the ¥ datm measured at the CERN
ISR are confined to pp > 0.4 GeV/c or Yap > 0

while the bubble chamber data are integrated

over transverse momenta because of the poor

statistics,
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Fig.5. The approach to scaling in the proton
fragmentation region for inclusive xi production

/34/

(from ref. with some added published data).

Fig.5 summarizes the present situsation
with respect to the factorization and the
approach to scaling in proton fragmentation
into XY as measured in the bubble chamber
experiments, The hypothesis of limiting

/47

fragmentation is not valid in the whole
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avallable energy range. However the data at
highesat energy suggest, that a scaling limit
may exist, that it is being approached from
above and that the factorization may hold in
the limit of infinite energy.

More specifically, for reactions with no
exoticity combination (ab, abc, bc, ac) such as
J':p —o—:!riX, K'p —-m"X, Yp-—:n'_X (and moset
probably Dp —~IIX), one observes a strong
energy variation in entire energy range

consistent with the Mueller-Regge
/35,

predic-

36/ based on the generalized optical
/37,38/:

tions

theorem

3

P
dp (0)-1

2 2
= Alpp,pp©) + %%BR(pL,pT )8

[Tay {1

(2.1.1)

where the ofp (0) are the intercepts of the
exchainge Regge trajectories. For reections
where at least one of the ab, abc, or ac
combinations is exotic (Table 2), the situation

is not as straightforward.

Table 2
Exoticity of various combinations for the
reaction a + b -e ¢ + anything

Reaction ab abc ac bc

pp—J"X { Exotic | Exotic
T'p=I"X Exotic |Exotic
K*p =1 "X | Exotic | Exotic |Exotic

pp——I"*X |Exotic | Exotic

T p=T*X Exotic
K*'p=1r* X | Exotic | Exotic
Kp>T'X Exotic

For these reactions ithe energy variation is
much less pronounced but still exists even in
the Serpukhov-Fermilab energy range, where it
amounts to 10-20% . It appears/34/ that +the
rise from threshold, which is seen for pp—rwix
and K*p —=&"X resctions and is indicated for
K+p -=xtx reactions, is related to (ab) being

an exotic combination. For these reactions, a&s



cross sections are incressing, the prediction
(2.1.,1) can not be applied. The reactions

7'p -x"X, #p = "X (and perhaps, K p—+x7X),
which show a systematic but small energy
variation and which are characterizea by
having (ac) exotic, are again consistent with
an energy dependence predicted by (2.1.1).

It is of interest to test the above
relations between the exoticities of different
particle combinations and the energy
dependences of the x! inclusive cross section
in the beam fragmentation region. The study
of the reactions ¥ p-—w X and K p-= ¥'X
with only (ac) combination being exotic
(Table 2) may be of special interest.

The experimentel datea in the target
fragmentation region for heavy particles are
quite poor in high energy range. Very
qualitative picture of the approach to scaling
in proton fragmentation into neutral kaons K"

and A. is presented in fig.6,

Proton fragmentation region (qualitatively)
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Pig.6+ The approach to scaling in the proton
fragmentation region for inclusive K? and A

production (compilation of published data),

However it is interesting to note that the
trend of data is similar to that observed for
n: production. In particular, the factorization
holds in a first approximation, the energy

dependence seems to be small in the FNAL

energy range and the rise from threshold 1is

obgerved for all reactions with ab being
exotic, apart from K+p —K" 4+ X .

The exceptional behaviour of the
K+p - X% + X reaction may be related to the
presence of the strangeness annihilation
process in the virtual KJ'Y’.(+ gscattering, i.e.
the contribution of the f'- @ exchange, which
leads to an 8”1 behaviour of the structure
function (2.1.1)/36’39/. Indeed the data seem
to be compatible with such a picture (fig,7(a))
in the target fragmentation region, favouring

-1

an g dependence.
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Pig.T7. Energy dependence of the structure
furctions for reaction K+p-4- K®X : (a) in the
proton fragmentation regionf the lines are fits
to the 8.2-32 GeV/c data; (b) in the beam
fragmentation region; the lines are to guide

(from ref./zs/).

the eye
Another interesting experimental

observation made by the Prance~USSR and CERN-
-USSR Collaboration’2%/ ig the surprising
energy dependence of this reaction K+p-a- K*x
in the beam fragmentation and central regions.
The cross sections for this reaction in the
beam fragmentation region (fig.7(b)) are

decreasing with incident momentum between 5
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and 16 GeV/c/39/ following an s'1/2

dependence
as predicted by (2.1.1), but practically
coincide at 16 and 32 GeV/c¢. Fig.8 shows this
effect in more detail . One indeed observes
the scaling of the ddf/d(Mz/s) distributions

at 16 and 32 GeV/c over the entire range of

w/s .

France - USSR and CERN - USSR Collaborations
Birmingham-Brussels -CERN -Mons Collaboration
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Fig.8. The differential cross section,

dﬁ'/d(Mz/s), for reaction K+p -» K%X (from
re. /257y,

A similar effect has been found for reaction
K'p == K'X in the same energy range/4o/. It is
tempting to explain this surprising behaviour
by the higher contribution of the KPgR pair
production at 32 GeV/c (see above asection).
From this one may expect that, at least in the
central region; the observation of the early
scaling at 16-32 GeV/c incident momentum range
is accidental and the K" cross section should
start to increase at higher energies.

The mesgurements of the production of’mi,
Kt and protons in rip, Ktp and pip interactions
from 4 to 250 GeV/c in the target fragmentation
region have been made by Pennsylvania group/41<
using an electronic detector, in a fixed region
of phase space corresponding approximately to
Pp = 0.3 GeV/c and YiAR = 0.6, 0.4 and 0.2 for

produced I, K and p, respectively (fig.9).
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They have fitted the data to the expression

-1/2 1

A + Bs + Cg~ ' for production of pions in

Jip and pip collisiong and to the expression

-1/2

A + Bs for the statistically less

gignificant data.
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Fig.9. Energy dependence of the invariant
cross sections (integrated over the kinematic
region 0.3 & p%AB < 0.6 GeV/ce and

60.75° £ 6%, + 2222 £ 64.25°) for (a) ¥~

PraB
and (b) 7" production, The solid lines are

fite to A + Be~1/2 and A + Bs~V/2 4+ ¢ .

It seems that at least for the statigtically
most significant data of the reaction pp-»JTiX,
with ab combhination being exotic, the cross
gections systematically rise to asymptotic
limits in contrast to the bubble chamber data
(fig.5), where the cross sections rise glowly
and then fall to their asymptotic limit (note,
however, that the rapidity renges are different
in theme two experiments).

Since in the PS-FNAL energy range the
central production may contribute substantially
to the fragmentation region, the increased
precision of the experiments in different
regions of phase space is needed for
determination of the actual s-dependence of
the invariant cross section in the proton
fragmentation region., It is of interest to test
in detail whether the g-dependence indeed has

a form A + Bs"1/2 + o™t

If it does, we have
additional reason to believe (besides the facts

that the cross sections are rising in the



central region and for reactions pp % and
P - K*X the same is true in the fragmentation
region) that we do not understand either the
gingularity structures in the Regge language
or the dual properties of the Regge trajectories
(or both) in the scope of the simplest dual
Regge approach.

The tests of the factorization of the

leading Pomeron singularity

Ed26 (ap —» czgd3§ . Sioyler)
E4°6 (a'p = c)/a’p o 6.,:(a'p)

made by Pennsylvanis group/41/ by the
extrapolation of the fitted s-dependence to
g =~ oo (Table 3) show that the results are
within the predictions of the naive quark model
(¢(wp) = 6(Kp) = % 6(pp)) or the parametriza-
tion/42/ of the diffractive part of the total

cross sections, evalueted at Prap = 250 GeV/c.

Table 3

Tests of Pomeron Factorization

sggi: Asymptotic ratio for produced particle ¢ Predicted ratio
ratio | ¢=¥" c=®*  c=K'  c=p [Ret"¥ 0\:"’!“‘
m
gg-cc- 0632003 062003 0252018 062:00310.61¢002 067
lp(:—‘c 0602006 045:0.04 06120081053+002 067
=<

A similar conclusion is made by the SLAC

743/

group which has measured the ratios R of

inclusive particle and entiparticle cross
sections in AXp — A%X reactions (A =7, X, p)
at 10 and 14 GeV/c at 14| < 0.25 (GeV/c)Z,

The integration of R over the whole available
missing mass range yields R = 0,96%0,04 ,
0.90%0.02 and 1.02%0.02 for X%, % and pt
inelastic scattering, respectively, at 10.4
GeV/c. This indicates that the C = -1 exchanges
are very small for these reactions in contrast
to the elastic scattering, where the C = -1

exchanges are quite significant at these

energies.

In measurements at the CERN ISR of the
diffraction exitation processes, pp - {paar )+%
pp — p+X and pp-e (AK')+X at ¥8 = 53 Gev/44/,
factorization is shown té be valid tosz% for
(41 < 0.5(GeV/c)2. For 0.5« ttl< 1.1(Gev/c)?,
a pronounced breakdown in factorization is
however observed between the elastic and
inelastic diffractive cross sections. This can
be seen from fig,10 where the ratios of
collinear t¢ non-collinear events are plotted

ve,momentum transfer for sbove three reactions.

I.O'_—a) 4‘ 3:1’) %
E I\ I+ + : A
: o1} soractorization |
; %1 It 1°
I ' ] R
N +{+ ; | B2
o v * -
¢ I + 105
ep-*X 1 J
[ wpTA X o o]
a4 A°K® e X 1 + ]
ool H t
B Y- T R |- T\

-t (Gev/c)’

Fig.10. (a) Ratios Rp' R Ryg of collinear

pHI
to non-collinear events (corrected for loas of
non-collinear events) for reactions pp—wp + X,
Pp —— DI + X and pp —+(AK") + X at ¥ =

= 53 GeV vs., momentum transfer; (b) RP/Rp va, t
/44/).

{(from ref.

These ratios are related to the differential

cross sections of these reactions:

€,(d6,,/dt)

Rp = “-R_T—-_-_——_

]
_ Epomor (7465p/at)
£, (z6g/at) - P

(a6pp/dt)

]
€ oo

_ £px390y/at)

R .
'k (@6pp/dt)

AK

Factorization requires fp and

a-.:r:é'paur
f&K = &'sx - All these R parameters are seen
to agree with each other for {ti< O.S(Gerc)2,

but at itl> 0.5 the parameter Rp departs
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sharply, demonstrating & breakdown in Pomeron
factorization for elastic scattering. The
apparently different energy behaviour of the
inelastic creoss section for reactions

pp =~ p(n#) and pn —» p(px~) as compared to
the elastic ones over a broad energy'range
from 24 GeV up to the ISR energies is also

d/125/ to the breakdown of & single

relate
factorisable t-channel model, which predicts
that the elastic and inelastic diffractive
amplitudes should have the same energy
behaviour~:P.

The experimental values of Rp and ana
have been used to exiract the absolute
differential and total cross sections for
gsingle and double diffractive excitation at
¥5 = 53 cev/*4/, They were found to be 8.6%0.7ub
and 5.0%0,8mb, yielding a total elastic and

inelastic diffractive cross section of

6;1

+
+ GED + GbD = 21,3 ~1,1 mb,
or (49.4%2,5)% of the total cross section at
_ +
V8 = 53 GeV. The value of Ggp + Opp = 13.6=-1.1mb
is considerably larger than it is usually
agsumed and, in fact, is compatible with

sagturation of the Pumplin bound/45/

6.

;
airr %3 Opot = 6,

el *

The interesting approach to the behaviour
of inclusive cross section in the fragmentation
region has been suggested by Logunov and
co—workers/46/, Using the Jost-~Lehmann-Dyson
representation of the spectral function they
have shown that the inclusive cross section

may 'be written in the form

3 2
. d_§g= Y.a.(q ¥ )52, ) (2.1.2)

d-p
with q2=(pa—pc)2, v= 2p, (p,-p,) and
Y = 2pb(pa+pc)/9 . If the spectral function
has no singularities, then a(qz,v ) < 0,
otherwise a(q2,9 )>0. Pig.11 taken from
ret./#7/ shows that the function (2.1.2)

indeed describes the data, with very small
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dependence of a(qz,i’) and F(qz,v’) on ¥,

By, pp-—=m~X
3

“’% p, =02 2 2uGevic

=

(mb(Gevie)’)

Ed’ 1a%

3,

Fig.11. Inclusive cross sections for reaction
pp—> I "X as a function of the variable Y
the straight lines are to guide the eye
(from ref./47/).

Besides, a(q?‘,;’ )< 0 for reactions pp-»ar iX
and a(q2,9 )> 0 for reections pp ~= px/47/ and
K'p—+ KoX/48/ yith the strong leading particle
effects, For pp = 0.4 GeV/cz<pT> , & =3, This
givea 4% /a%p ~ (1 -x)>. The aimilar x
dependence is observed for the structure
function 'OWé(x) for deep inelastic acattering
at x=1, thus suggesting an interesting relation-
ship between the behaviour of inclusive
reactions in hadron-hadron collisions and the
deep inelastic scattering (see 8150/49/),

Moreover it seema/47/ that the invariant
crogs section ig factorisable in the
variables YH and Yé’ pertaining to the beam
and target fragmentation regions. In the ususl
y

variables
E + pp mTey E - p; mge”
£  commmseepnous  fI  AnRE—— e ewe———

r Xp
Vs Vs Vs Vs

%1
this implies

a’s
5 47wt (s )1 (x) (2.1.3)

where the function £(x) ~ (1-x)° in PD
collisions at x -+ 1, One of the possible

menifestations of eq.(2,1.3), related to the



deep inelastic scattering, is the mechanism

of the amalgamation of quarks from the

colliding hsdrons/so/.
a Fig.12. Mechanism of particle
% production resulting from the

amalgamation of quarks from
the colliding hadrons.

This analog of the familiar Drell-Yan mechanism
for production of lepton pairs in hadron-hadron

collisions (fig.12) gives

3
EQ-6 A
pp—-z;é- fq(x.,)fa(xz) (2.1.4)
with £(x) -9W2(x) and
= 1/2((x% + 41112/9)1/2 b3 x) (2.1.5)

X4,2

From eq.{(2.1.4) and (2,1.5) it follows that

3 2
4-6 A m
E ;;— =~ ;5 fq(x)fa(;;_,) (2.1.6)
X1
3
a-’s A m
E ES—— =] i fq(—;)fa(wm) (2.1.7)
Px+0 m

Thus this mechanism predicts the different
approaches to scaling in the fragmentation
and central regions (the energy dependence

ig defined by the variables m2/s and m/Y8 in
(2.1.6) and (2.1.7), respectively). Besides,
we see that the scale of energy is measured

in units of the mass m of the produced particle
(or in units of the transverse mass my if the
transverse momentum is taken into account).
Consequently the average multiplicities of the
different particles produced in hadron-~hedron
interactions msay follow/51/some universal
curve (1/m§)9(<nﬁa)/s) as seems to be the
case (fig.13), at least in a first approxima-
tion. This has also important implications

for the yield of particles in the hadron-
hadron collisions, since the factor A/m2 in
the eq.(2.1.4) may distort the simple quark

counting rules in the naive quark models (see

A2-50

gection 3). It is of interest that similar

conclusions have been reached in quite

different approaches/52'53/,
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Fig.13. (b) Average multiplicity of &%, k¥
and p as a function of s; (a) the same data as
in (b) obtained by the simple shifts of the
¥Z, X~ and § data to the average multiplicity
of the K+'a; the shifts along the <n> axis are
in the ratios of the corresponding mamses
squared (for deteils see ref./51/; the data
from ref./54/).

2,2 Triple-Regge region

The inelastic hadron diffraction at high
energy has been discussed by Kaidalov in his
repporteur's talk at this Conference. I shall
concentrate on some specific reactions in the
triple-Regge region.

The inclusive production of A, A ,=
and 5 *(1385) in the fragmentation regions has
been studied in several experiments/zs’ss-ss/.
Target fragmentation p-»J/\ can be associated
with the diagram in fig.14 with the exchange
Reggeon R represented by the K and X" (890)
trajectories. It has been shown that the
triple~-Regge model yields an approximate

description of fragmentation processes even



when extrapolated to cms energies of a few GeV.
Resonances in the M%
channels for

nonexotic (abc)

reactions can be

b accounted for in the

R TR R

Im 12 2w's o,

Tee BLE (VpntVp ) * BY® (Vg o)

Tae =0 (Vpa? Vo) B0 (Vg Vo) ©
Pt s BV

Oq and fi; are the adjustable parameters

pense of semi-local

/59/,

duality n

interesting attempt

V is the Yeneziano function

to explore more

Fig.14. Regge diagram for directly a dual

K

P A fragmentation. description of the

reggeon~particle
scattering in K p—AX (and Kp—»=" + X)
reaction at 4.2 GeV/c is made by the Amsterdam-
CERN-Nijmegen-Oxford Collaboration’/??/. They

use the usual Regge formula

)21h(t)

R(s',O,t)(ﬂ

2 2
e _1 ZTRAIT
2s!

ds'dt' 16k°s G 4F
(2.2.1)
where 7’§A ig the residual factor, but instead
of taking the triple-Regge limit, they describe
the RK scattering (fig.14) by introducing four-
point function Tp(s',t',t). The amplitude Ty
is written as a sum of two terms TR=T§ + T& .
The diffractive term Tg, which according +to
two-component duality may be extrapolated to
low s8', describes & non-resonance background
in inclusive distribution. The non-diffractive
amplitude TRq, which is applied as Veneziano
amplitude, explicitly reproduces M% channel
resonances.

Fig,15 shows the experimental d267dth
distributions for reaction K p—~» A+ X ,
together with the absolute predictions of the
above model. The overall agreement is very good,
although one observes a discrepancy in the
f ~w mass region for the two smallest |tl-bins.
Similar resulis were obtained for reaction
K'p-» Z'X. The relative contributions to the

integrated cross section evaluated separatly for

K and K* exchange are summarized in Table 4.

Amsterdam - CERN -Nijmegen-Oxford Coliaboration
K'p —= A +X, at 42GeVic
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Fig.15: Missing mass distributions in reaction
K'p-—»AX at 4.2 GeV/c for different t-
intervals with the absolute predictions of the

model (from ref./SS/).

Table 4

Relative contributions of K and K* exchange
in the reactions K p—eAX and K'p— Z'x

at 4.2 GeV/c for -t 3 (Gev/c)2

PA(E
Kp—=A<X | Kp—=t'sX

T f h,

ype of exchange ST T % 1 omby] %
Dual part of K exchange on 9 0.01 3
Diftractive part of K exchange | 0.33 28 016 40
Dual part of K™ exchange 0.51 43 008 | 20
Ditfractive part of K* exchange 0.23 20 015 37

One obaerves that the ratio of K* exchange
to K exchange is 1.7:1 for K p »AX and 1.3:1
for K'p -+ XX, while the ratio of the total
contributions from the diffractive and non-
diffractive terms is close to unity for
K p-»=AX and is 3.5 for K p-»=27X,

Similar results were obtained by the
Birmingham-Brussels-CERN-MONS Collaboration/ze/
in the triple-Regge analysie of the reaction
K*p-»-_AX at 8.2 and 16 GeV/c in the proton
fragmentation region. Here the exoticity of
(abc) implies the early scaling behaviour which

is indeed observed when the threshold effects
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are accounted for by introduction of the
variable (M2- M%h)/s instead of M2/s (Mths 2my
for reaction K*p-#-l\X and 2mp for reaction
K'p-AX). The fit to the triple-Regge formula

2 w2
a8 - 8 c (—bt)( ‘bh)1~2‘(t)
a0e/e)at | (pn2 ¢ ®

(2.2.2)

yields the trajectory «&(t)(fig.16) paseing
close to the mass squared values of the K, Q
and I mesons lying between K and Kx*

trajectories,

Birmingham - Brussels - CERN - Mons  Coltaboration

K'p —®AX""
=} B
o 82 Gevic 3 P
RAPTL N
160 -n - o /./,ﬁ“ﬁ/”
H(895)
Vs %00
1(Gev ") ol A
6 5 & 3 2 1 a7 3
-1
AL
A 3
/
[ - N
P 1

Pig.16. The effective trajectory o (t) resulting
from the triple-Regge fit of the reaction
K'p-> AX at 8.2 and 16 GeV/c; the dashed line
corresponds to a gimultaneous fit of expression
oL () mel ~o't to combined 8.2 and 16 GeV/c
trajectory points; the solid line results from
a simultaneous fit of the triple-Regge formula

(2.2.2) to the 8.2 and 16 GeV/c data (from
rei'./26/).

The beam fragmentation in the reactions

K*p -+ AX and K'p+ AX is shown to be present
although small at the energies of this
experiment. Its contribution ie evaluated by
setting the trajectory parameters in (2,2.2)

to the values of N, and GQitrujectoriea. Thus
one is able to estimate a complete fragmentation
contributions to these reections by integrating
digtribution functions (2.2,2) over the whole
Chew=-Low plots, The fragmentation contributions
do not account for all of the data., If central
production is defined as non-fragmentation
production; it can be evaluated by subtracting
the distributions predicted by (2.2.2) from the

observed distributions., The residual
distributions (fig.17) have indeed the
characteristics of the central component.

I+ is of interest to apply a similar procedure
for other inclusive reactions in order to
analyse in detail the central region as it
pertains to different incident and inclusive

particles.

a) K'Ip—v Axl'
« 8.2 Gevic
080 -u— ¢ :s 3
s3] 3 4
‘ }r (e i Fig.17. Inclusive
g omf’ *t 1] distributions for
i l'i H l i i reactions K+p -=AX
8 o001 il
:5 e K‘p——»Kx"' l and K+P — AX
3
?% o boeh pertaining to the
of e be
" §%99’ s central production
. g T (from ref. /26/) .
| Nﬁ 1
0.001 i Lt L 1
-5 -0S 0 05 0

The triple-Regge anslysis has also been
applied for description of inclusive production
of A, K° and A at small angles in pBe
interactions at 300 GgV/c/SS/. The resulis show
that the nuclear effects can be ignored in a
first approximation and confirm the relevance
of the triple-~-Regge parametrization to
inclusive production on the nucleus.

Thus the triple-Regge parametrization
successfully degscribes a large variety of
inclusive reactions in a wide energy range.
However, the parameters of leading singularities
obtained in TR fite should be treated with
caution, especially in the cases when the
inclusive particle can be the decay product of
the resonances., This has been beautifully
demonatrated by the Birmingham-Brussels-CERN-
Mons~Serpukhov Collaboration/so/ in the study
of the slow protons in the reaction K+p - pX
at 16 GeV/c. Pig.18(a) shows that the
substantial A'*(1236) production strongly



affects the shape of the inclusive spectra
and consequently the results of the triple-
Regge fit (fig.18(b). It is seen that after
removal of events sssociated with A™*(1236)
production, the data are consistent with the
dominance of an ffR coupling, although this
is not the case for total sample of inclusive

protons.,

F a) K'p—=p-+X at 16Gev/c ]

do{K'p—pX)/dM, (mb/GeV)

'
B
1 2 N 3 4
M (GeV)

149

rb) dodt aMirs) =alt) (MYrs) 7
L e atl
"“(P"”“G"’} Kp 16GevVIc d
L om(px*) <14CeV
oall K'p 143 Gevic / )
Y -
Pt /?/

\

b(t})

5708 54
t, (Gevie)

Fig.18. (a) Distribution of the missing mess ¥
to the proton in the reaction K+p - pX at
16 GeV/c. The events with the A 1(1236)
antiselection (m{px*)> 1,4 GeV) are shaded.
(b) The fitted values of b(t) in the triple-
Regge fit for reaction K+p - pX at 16 GeV/c
for all eventa, for events with m(pd)>1.4 GeV
and m(px¥ ) <1.4 GeV. Expected variations of

b(t) for several possible triple-Regge

couplings are shown as straight lines (from
ref./ 60/ .

2.3 The approach to séaling in the
central region

The British-Scandinavian-MIT Ccllaboration

(Bsm)/61»62/

hasg extended the measurement of
the inclusive I'I‘t, Kt ang pi' production at x=0
over the ISR energy range (234 V8 & 63 GeV) to

the smell pp regions: 0.04 €£pp<0.4 GeV/c for

¥l, 0.1€py€0.3 GeV/c for KX and
0.1 €Dy € 0.5 GeV/c for pl . These data together
/63/

with those at higher values of Pp are shown
in fig.19. The scaling limit is not reached in
the central region even at the ISR energies.
The average increase of the differential croas
section over the ISR energy range amounts to
36%2% and 41%2% for ¥ and ¥, 52t8% and
69%8% for K* and K, 815% and 84%6% for p
and p in the kinematical region covered by the

BSM experiments.

British - Scandinavian  and
British - Scandinavian-MIT Collaborations
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Fig.19. Energy dependence of the invariant

inclusive cross section of lt, p‘-", ¥t at

Qe = 90° for different p, values at ISR
energieas (V8=23,31,45,53 and 63 GeV) (the data
from ref,/61-63/y, ’

The particle flux at small Pp is dominated
by pions but the fraction of heavier particles,
kaons and nucleons, is growing almost linearly
with Ppe There is a more pronounces increase
with energy in the differential croas sections
for K% and pt at higher pq (fig.20) . However
the vexry low P pion cross sections seem to

increase more at small values of Pq
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British - Scandinavian - MIT Collaboration
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Pig.20. The cross section ratio,
Ra= 6, (63 GeV)/ 6 v (23 GeV), between

the invariant differential cross sections of

7t %% and pt at Y8 = 63 and 23 GeV as
£./61,62/),

a

function of py (from re

It is tempting to explain the latter effect by
the increase of the resonance production with
energy which leads to higher proportion of
pions produced from resonance decays at low Pp
values (see section 3). The ratio of particle
to antiparticle cross sections (fig.21) shows
for

the strongest variation with Pp and 8

protons and antiprotons, A large fraction of

British - Scandinavian -MIT Coifaborat or

30}

ERCR SN

|

\
T} Pig.21.
i

I

Particle/antiparticle
z ratio as a function
of pp at Ys = 23

and 63 GeV (from
ref./ez/).

20

PARTICLE /ANTIPARTICLE RATIO

protons at the lowest ISR energy and low Pp
appears to result from the fragmentation of
incoming particles, whereas at larger s and Py

p and § tend to be produced in equal numbers
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as expected in the central collisions,

A turnover is observed in the invariant
inclusive pT—distributions at low pp for pions
which is consistent with a Pp dependence

proportional to exp(—BmT) with B=7.1 GeV™!

1

for

¥ and B=7.2 GeV™' for ¥, where my  is

2, u2). The same

transverse mass (mT2= Pp + m
tendency to flatten off is found for

K*(B=6.6 GeV™') and K~ (B=7.09 GeV™'), but it
is not apparent for p and p data.

The significant violation of scaling at
x=0 in available energy renge may imply either
an unlimited increase of invariant inclusive
crogs section with s as predicted by some

/64/

theoretical models , or an asymptotically
constant cross section, The latter alternative
is advocated in the framework of the double-

765,66/

Regge expansion s, represented

graphically in fig.22,

EEEEE

3 3 & R

b b b b b b b b b b

Pig.22. The double-Regge expansion diagram
for inclusive reaction a+b -» c+X in the

central region. P and R are usual singularities

with effective intercepts o ;=1 and <p=1/2 .

which predicts
3 =prp(ey)e Zprp o)™ +

+§FPR(mT)e—y/2)+B-1/22FRR(mT) : (2.3.1)
R

The assumption that the separate vertices

)Sij(mT) are factorizeable gives

2@liwds) b
.Fij(m'r) = (=1)c T 5:53_ ¢ij(mT)o

(2.3.2)

2L+l
is a conjecture,

where the term (-1) J

inspired by the rising cross sections in the

central region/66/ Gii,&j are the intercepts



=5(0)=1 and &£, (0)=1/2 of the Pomeron and
Reggeon trajectories). The formulae (2.3.1)
and (2.3.2) have several important implications.
In particular they predict

i) the existence of the asymptotic plateau
in rapidity distribution with the same height
(1/6&)Ed35'/d3p = @,p(m,) for particle ¢ and
entiparticle c;

ii) an energy dependence of the average
multiplicity for the particles of type ¢
dclns

= a_+b lns + £ (2.3.3)

£<n >
i v

c”central

2
" JTJ Bpp (my) am2

with b = —-—.[ ———-—-5 dpg
PL=O

dpLde

(2.3.4)
Begides, the expression (2.3.1) relates the
energy dependence of inclusive cross section
to the shape of rapidity distributions at
different energies and through the expression
(2.3.2) one is able to relate the inclusive
apectra of particle c produced by different
incident particles. It has been shown/66'68/
that this approach describes the energy
dependence of inclusive cross sections and the
shape of rapidity distributions in the central
region for a number of inclusive reactions,
The important result is that the values of the
vertex functions fpp and Bpp in (2.3.1) are
about the same, Therefore one can not neglect
the last term when the low energy data are
included in the anelysis of the energy
dependence of inclusive cross sections in the
central region,

The compilation of the available high
energy data pertaining to the energy dependence
of production in the central region is
presented in fig.23, The present situation is
somewhat different from that expected several
years ago/7o/ (dashed line in fig.23 with b, =
=0,78). The scaling is not yet reached at
highest ISR energies. But the data suggest that

a secaling limit may exist, that it is being

approached frow helow and that factorization
may eventually hold. The double-Regge
formalism reproduces the trend of the data

up to the highest ISR energies.

Fig.23. Energy

dependence of the

o pp—eXX L

s op——e XX Nl
« Fp—e Ak W
o Fo—e XX IV
4« K=+ TX V

invariant inclusive
cross sections of I ¥
in the central region
oo (compilation of

‘fk\ publighed data; new
‘H\*\w'\\ data: pp-» 7t at
V8=23,31,45,53 and

AN 1 63 ¢ev/®1). The curves

are the results of the
t/66/ in

9 0z o4 06 08 w0 12

pt [oevic)™]

double~-Regge fi
(s,mT,y) gpace to pp+X L data at 12 and
24 Gev/c’69/,

The curves I and II in fig.23 represent the
results of the fit/66/ of formula (2.3.1) to
the pp-—WiX data at 12 and 24 GeV/c in
(s,y,m;) space. The curves IV and V are
obtained by using relation (2.3.2) with the
values of éaiﬁ and 5 Ii{+ known from the analyses
of the total cross sections., It is quite
surprising that the double~Regge analysis at
such low energies (which was made before the
high energy data above 100 GeV/c were obtained)
provides such promising description of data,
apart from some discrepancies for pp-» rtx
reaction, For reaction I p = X with the
strong leading particle effect the similar
trend is obvious with increasing energy. The
energy dependence is quite consistent with
that predicted by the formula (2.3.1) when
the value of bc is fixed to be the same as
for pp-»T < reactions (curve III in fig.23).
The situation with respect to an approach
to scaling in the central region for pp-’—Kgx

and K+p-—-K;X reactions is summarized in

fig.24 .
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Again the energy dependence of inclusive cross
gections for reaction pp —-K:X is consistent
with the double-Regge picture, The same,with
gome reservation, can be eaid about K*p-—-K;x
reaction, where the RR-term in (2.3,1) i=
responsible for the falling cross sections in
the 5-~16 GeV/¢ incident momentum rangelﬁa/ .
The cross secticn does not decrease any nore
between 16 and 32 GeV/c and the double-Regge
fit made by the France-USSR and CERN-USSR
Collaborationa’2?/ for 5-32 GeV/c data
predicts that the cross section should start
rising &t higher energies. The value of

b,= 0.152  0.030 for this reaction is quite
compatible with that for resction pp -+ K;x
(fig.24). Therefore kaon production in the
central region is also congistent with the
factorization hypothesis.

Thus, &lthough scaling in the central
region is strongly violated at present energies,
the available data seem to be consistent with
the existence of the asymptotic limit as
suggested in the framework of the double-Regge
approach. However the compilation made by the
British-Scandinavian-MIT Collaboration/61/
warns ug against possible preconception., The
invariant cross sections for pp-a-arix reactions

at x=0 and pn=0.2 GeV/c plotted versus s
(£ig.25), although consistent with double-Regge
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predictions, are compatible slsc with logs or
A + Be¥ (&> 0) dependences, i.e with no scaling
limit. More precise data are needed to clarify
this picture.

In this respect, it is also of great
interest to measure the multiplicity moments
in the restricted region of the phase space and
particularly in the pionization region .
According to the theoretical predictions’’1/,
the rise with energy of the moment {ncnd> for
inclusive reaction a+b - c+d + anything may be
as fast as s/ln"s (£>0) in the pionization
region. The siudiea of the associated
miltiplicities <n(M2)>for a number of inclusive
reactions a+b ~v-c+XM have shown that they
behave differently in the fragmentation and
central regions, exhibiting much steeper
M%—dependence in the central region/72-74/.

The energy dependence of the inclusive
cross sections in the central region (£ig.23,24)
and relations (2.3.3), (2.3.4) have very
importent implications for the energy dependence
of total charged multipliecity, which should have
the same form as (2.3.3) with the coefficient

of the logs term entirely determined*)

*)The contribution of the fragmentation

processes to the average charged particle

W

multiplicity is <n>fragm =8



by the central production., From the trend of
the data (fige.23,24) it follows that the
coefficient of the logs term in (2.3.3) for
the gverage charged multiplicity <n > is
of the order 2.5, i.e higher than usually
agsumed, Therefore one should be careful in
conparing the cosmic ray data on the
multiplicities of secondary particles at
1012- 1016 eV with the extrapolation of data
at lower energies.

However, the data on extensive air showers
geem to indicate even much faster growth of
the multiplicities of secondary particles at
cogmic ray energies/75/. Other data on cosmic

/76-78/ also

raya presented at this conference
indicate the devistion from scaling (for
details, see ref./79/). The evidence for
deviation from scaling at cosmic ray energies
is not, of course, surprising since the strong
violation of scaling is already apparent at
accelerator energiea {(figs.23-25)., What is
important is the degree of scaling violation
which may be either compatible with the
agymptotically constant cross-gections or
imply an unlimited increase of cross sections.
We wish to remind that the scale of energy in
the central region is ¥& as compared with s
in the fragmentation region. Therefore one

may expect quite new phenomena at much higher
energies than available at present accelerstors.
The analysis of secondary coamic ray
propagation in the atmosphere indicates that
this indeed happens at 1014~ 107¢ ev, It is
clear that the accelerators of new generation
with energies 2z 2 TeV and with the ISR's

are very much needed for quantitative studies

of all these interesting phenomena.

3. Inclusive resonance production

At present much attention is given to the
atudy of inclusive regonance production, There

are several reagcns for this. The main one is the

A2-5

abundant production of resonances, which may
account for e considerable fraction of the
cbaerved final state particles. Correlation
effects in multipion production suggest that
many piong result from the decay of higher
mags clugters., There ig increasing evidence
that the observed short range correlations
may in fact be due to the resonance production,
Moreover the resonances, being the "parent
particles™, Tepresent more of the primary
production features than do the observed
particles in which they decay, Thias ig
important for the test of various symmetry
models and production models, The study of the
spin density matrix of the resonance decay
provides & unique information on the dynamics
of production process, Finally, unexpectedly
large direct lepton production measured in
nucleon-nucleon interactions addes further
intersnt to the giudy of meson resonances,
which may account for at least a part of the

obgerved effect.

3.1 Inclusive production of meson

regonances

The energy dependence of the inclugive ¢°
and f cross sections in hadron-hadron
collisions is summarized in fig.26. Average
multiplicity of the ¢° and the ratio
<n(g°ﬁ/<n(mb)>- are also showﬁ. Following
ref.’83/ we define <n(¥ )> as the mean
number of the "created W-'S", in order to
take into account the strong leading particle
effect and the influence of the charge
conservation: <n(:wc)> =&n{@ )» -1 for I p
interactions and <n(¥ )> = <n(@")> for other
interactions., The data show a clear rise of
the 6(¢°), 6(f) and <«n(@°)> with
increasing energy which is consistent with
the 1ns dependence, The lines drawn in fig.26

(a) and (b) through the experimental points



give
6‘(9°)pp~ 2.41ng <n(_9°)>pp~ 0.081ns

6'(9°)“p_~ 1.11ns <n(_9°)>3p~ 0.041ns
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Fig,26. Energy dependence of the 9" and T
production (a) inclusive cross section of the
p° and f as a function of pr,p; (b) average
multiplicity of the _p° as a function of Prap’
(c) ratio <n(9°)>/<n(3l';)> as a function of
Pragpi the lines are drown to guide the eye
(the compilation of published data; new data:
T p 200 GeV/c’8%, 40 cev/c’81, 21 cev/c
(¥ p and ¥ n from T d data)/ae’/, 16 Ge‘-’/c/SB/;

5p 9.1 Gev/e/ 197y,

Thus there is a strong indication thet
the energy dependence of the 9° production is
about twice stronger for pp interactions in
the energy range now available, We may attiribute
this feature to the strong leading particle
effect in the charge exchange reactions
Itp*9°x (fig.27).

From the empirical fact that in the

S

region of x> 0.4 the x-digtributions for

reactions K p —» K*°(890)% and I p -+ p°X at
16 GeV/c elmost coincide/SB/, it is reasonable

to assume that the fragmentation component
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INVARIANT CROSS SECTION
FOR §° IN  Xp —ap°x°®

AND K*° IN Kp —a-K* 2°

AT 16 Gevic AND THE DIFFERENCE

Pig.27.
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The invariant x

e distributions of p°
7B oot xrompex 7) L in 3 p interactions
wld °”“ / and of ¥ °(890) in
& ooup /4 A/+ \/FFERENCE_
-1 & P 4/ * K”p interactions at
OpA= S \| - ..
T 16 GeV/c and their
ool Ll difference (from
x=p;p ref./83/).

of the p°® production is equal to the total
inclusive i*°(890) crogs gection, mince the
*°(890) production is dominated by the beam
fragmentation., Thus the central _p° production
can be evaluated by subtracting the K*°(890)
distribution from that of p°, The residual
distribution (fig.27) has indeed the
characteristics ¢f the central component, From
thia procedure one may conclude that the
fragmentation component of the .PG production
in ¥ p interactions is dominant at low
energies:

+
S eregn, (§°)=3:170.3 mb,

8, ontr, (pO)=1.650.5 mp/®3/

We have seen earlier thai for reactions
Irp ~=I"X and K'p - E”X where the beam
fragmentation is dominant, the energy dependence
of the cross sections in the central region ie
quite different from other reactions
(figs.23,24), although it tends to approaca

the same behaviour as the energy increases.
There is a strong reason to believe that the
same mechanism is responsible for energy
dependence of the p° production obgerved in
¥ p interactions. Moreover, one may assume

s'fmg.(g?),

when 6.'c entr,

the energy dependence of the 0’(5)°) and

that asymptotically, (.p" Is>

<’n(9°)> in .‘l't,':: interactions is the same as
in pp interactions,



From these considerations it follows that
the ratio R =<n(p°)>/&n(3r )> should.
asymptotically be the same for pp and I p
interactions and independent of energy. The
accuracy of the data does not allow to decide,
whether this agymptotic trend is established
at present emergies (fig.26(c)). The investiga-
tion of the energy dependence of the ratio R
is crucial for the test of the quark
models/84’85/. Anisovich and Shekter predk¢/84/
that agymptotically Rrp= Rpp= 0,18 when the
main contribution to the meson production
comes from the central region, The data at
low energies disegree with the equal values
of R and Rp

£.3% Y
of the beam fragmentation for reactions

s presumably due to the dominance

iy -~ p°k , At the highest energies now
availsble, Ru zst s, but are smaller than

predicted, Topreduie the value of R in the
above quark model one may introduce the short
range correlations between constituent quarks
(or partons). If the mesonic state of mass i
is formed as & bound state of quark and
antiguark {(with masses m, and m2), then the
rapidity difference between them

ay haln(Mz/(m1m2)). The probability to find
such pair vanishes with the rapidity difference
Ay as exp(~«ay), thus giving the factor
(Mz)_"of the SU(6) symmetry breaking. Such
considerations/ae/ lead to the ratios 9/r=0.07,
K/ =0.09 and K /¥ =0,10, if one assumes that
« =1, as seems to follow from several
theoretical considerations/52’53/ (for details

see section 2.1).

Fig.28 presents the compilation of data
pertaining to the K*(890) production., The
K*(890) cross section exhibits a significant
rige for pp and JIrp interactions, bui small
variation, if any, in Ktp interactions up to
32 GeV/c. The bulk of the K*{890) production

in Kip zpllisions takes place at low

A2-539

~
voT
w
o
=
—p-— ]
PR

,t

2k ol®) Kp—w K" K™} N
S KposkY
o pp e KU (KT 1
f.e EpoeR” i
9 T p-wK A/+

) (mb)
w
T

»
(Kssu

g

o T
) , b)

Loe) o 3 x n=2

i [ é s n=4

05- ! ® o

3 L % s a0

b Q.4+ ‘J;’ 9‘ - -
& Tt 1
% 03 g ; %J .
t Poe B 1
Y% 02— .

= _’A/+/ /
o —+ 1
e
- p
¢ . e
2 0 100

P (GeVic)

Fig.28. Energy dependence of the K (890)
production (&) inclusive cross section of the
K*(890) as a function of Prap § (c) fraction
of the K* mesons (XK°+ K°) coming from the
K*+(890) or i*"(890) decays in K:pinteractions
as a function of pp,p ; insert (b) shows the
prap dependence of the K™~ (890) production

in K p interactions for different final state
multiplicities’®7/ (compilation of published
data; new data: K p 32 GeV/c/87/, 16 and

10 Gev/e’2T/, x*p 32, 8.2 and 5 Gev/c/88/,
T7p 40 cev/e/BY/),

multiplicity events, but the contribution of
higher multiplicitiem increases with
energy/27'87/. The K' (1420) production is small,
amounting to about 10% of that of K (890) .
Avout 50% of all neutral kaons are produced via
the decays of K (890)'s. The K® and X' (890)
cross sections are larger in K p than in K+p
interactions, but their average multiplicities
per inelastic event are approximately the same
for K'p and XK™p intersctions (£ig.29).
Begically the energy behaviour of the K*
cross sections snd average multiplicities in
Kﬁp interactiona is quite similar to that of

the 90 in Irfp interactions in the same energy

range, because masses of these mesons are
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Fig.29. Average multiplicity of the K2 and
K" (890) per inelastic event in K'p and X7p
interactions (compilation of published data;

new data: the same 8&s in fig.28),
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Fig.30. The invariant x distributions for
K*(890) mesons produced in K p and K+p
interactions: (a) for reactions K'p-c—i*_(890)x
at 10, 16727/ ana 32 cev/c’®7/; (b) for reactions
K*p = K*T(890)X and K p-—» K ~(890) &t

32 GeV/c/88’87/.

comparable and both of them originate dominantly
from the beam fragmentation, Indeed most of
K*'s are produced in the forward direction

(fig.30), with no evidence for any significant

0 t
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production in the proton fragmentation region
and presumably small central production.
However, the data of the France-USSR and
CERN-USSR Collaborations at 32 GeV/c suggest
that the central K’ (890) production has started
to increase and would be much higher at the
energies of the future BEBC experiments,

We may now compare the average o° and K*
of

s, Where an

multiplicities with the predictions a8

"non-agymptotic" quark model/ss/
ettempt has been made to improve the original

/84/ the

quark model predictions s using
experimental information on the average particle
multiplicities. The model predictions <n(9°)>pp=
%0,30+0.151n(s/s ), <n(_9°)%:p = 0.45+0.151n(s/s )
(e, =55 ceve) are compared with the experimental

data in Table 5.

Table 5

The comparison of the measured vector meson
multiplicities in inelastic hadron collisions
with the predictions of a "non-asymptotic™"

quark modellsg/

Reaction P g |Average multiplicity
GeV/c |experiment |prediction
40’8 lo25+006 | 045
Tp—pox 157"°% [ 0362006 | 0.67
2007%% { 035004 | 075
69" 10202005 | 030
PPp"X 105" | 0332006 | 0:60
K'p—KyoX| 32 lo22420026| 0.41
Kp=HKpgoX| 32°7 10.22¢003] 0.4

*

Since the K (890) mesons in Kip interactions
are dominantly produced in the fragmentation
region, we compare their average multiplicities

/89/

with the model predictions in the
fragmentation region, From Table 5 it is clear
that the quark model disagrees with the
experimental data at the highest available
energies by a factor of 2,

The reaction K'p ~» K**(890) and
K'p -—-E*'(890)X may proceed via I=0 and I=1

exchanges with both exchange particles - B,



P - A2 and - f., The spin density matrix

elements of the K decay (Table 6) show an
important contribution of pion exchange at
32 GeV/c, a fact already known at lower

energies/92’93/.

Teble 6

K;9o gpin density matrix elements in Kip
reactions at 32 GeV/c for |tgg*]<1(Gev/c)?
and (sz/e) 4-0.5/87’88/

Reacti R oot Pu-FPig
eaction oo Py €Pi0 Pyt Py

K'p—>Kggo X |04620.08 |-002:0.08 |-0.03:007 | 29211

Kp—Kjg0X| 2422010 [ 007+ 008 [-0072006 | 18 * 06

The ratio of unnatural 6 " P00 t P11 ~ P11
to natural &' = 049+ P11 parity exchange
for both K' helicities ( A = O and 1) implies
a higher contribution of the unnatural parity
exchange in the region of ItKK*l< 1(GeV/c)2 and
(42/8)< 0.5, although an important part of the
K* production in both reactions proceeds throush
the natural parity exchange., Within the present
accuracy, the inclusive x-distributions of K*-
mesons in K¥p and K™p interactions are about
the seme in the shape (fig,30(b) and roughly
are in the ratio of the total inelastic K+p and
K™p cross sections, v

In fig.31 and 32 the transverse momentum
distributions of K ~(890) produced in K p
interactions and of g° and f mesons produced
in :rip interactions are compared with the
correaponding pTa-distributions of the neutrsasl
kaons and pions. We observe & well known fact
that the pTz—distributions of meson resonances
are roughly exponential in shape and have
approximately equal slopes at similar energies,
The low Py steep peak for ©° production in
ar'p/83’94/ and m*p/95/ interactions comes

from the contributions of the quasgi-two-body

processes (it is not seen for §°'s produced
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interactiona at 200 GeV/c/BO/.

in central region fig.32(a)) and disappears
with the increasing energy (fig.32(b)). The
p°/T and K" (890) /K™ ratios are quite small at
low pT2 region but they are increasing to near
unity as pT2 increases, This tendency is quite
atriking for 200 GeV/c where the 9°/m’+ ratio
is about 0,02 for the smallest values of pTZ .
This difference between the meson resonance
transverse momentum spectrum and that of pions
may be considered as a consequence of the decay
kinematics, since many pions are likely to
originate from the decays of resonances. It is

beautifully demonstrated by the



ABBCCHW Collaboration’ %/, The daughter pions
originating from the decay of the w and 1

resonances produced in & quasi-inclusive

reactions
xtp — w+ charged particles (3.1.1)
T¥p — n + charged perticles (3.1.2)

have much steeper p,l.z-distributions than the
corresponding parents, while the py -distribrtion
of :r_'a from the f decay is very similar +to
that of the £, The values of the exponential
slopes of pTz—distributions for n» w and _p°
in quasi-inclusive reactions are the same
within errors, and the x-distributions for n
and © in reactions (3.1.1) and (3.1.2) are
quite similar to the fully inclusive

distributions for _9°.
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Pig.33. Comparison (a) of the c.m. rapidity
distributions of & & from the decays of +the
N, @ , ¢°and £ and (b) of the pp2~distribu-
tions of ¥ s from the decays of the n, w,po+p
and £ with the corresponding distributions of
the inclusive I 's in 7*p interactions at

16 GeV/c, The data are normalized to G(IL) =
1.5 mb, () = 4,0mb, 6(p°) = 4.8 mb, .
(™) = 1.6 mb and 6(f) = 0.63 mb (from ref.S{.

In fig.33 the c.m. rapidity distributions
and pma—distributions of the daughter pions from
the ’l , W, 3 and f decays are compared with

-t
one another and with that of the inclusive X s.
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From the comparison of the rapidity
distributions one sees that the indirect pions
account for a larger fraction of the inclusive
pions in the beam fragmentation region than
elsewhere, In the very low p,I.2 region the
contribution of the pions from the <« decay
geems to be dominant, while at the high Pp
region the Jr-'s from the ¢ and f decay give
the most important contribution.

These experimental observations and the
analysis of the exclusive channels with n, @
and 9° production have permitted to evaluate
the inclusive yields of n, @ and f° in th
interactions at 16 GeV/c/97/:

n:w: ¢° = 0.34:0.9:1

with 6(p°) = 4.820.4 mb, 6( ) = 4.0%0,6 mb
and 6(n) = 1.5%0.3 mb, These estimates are in
agreement with the values of w/9° = 1,0%0,2
and 1,1%0.2 obtained in pp interactions at

12 and 24 GeV/c/98/ and the new results from
the CERN Tsr/99/ for reaction pp —» ppX (X =

¢r @ ,f,Az) in the restricted region of momentum

transfers t and the rapidity of the

pp1* Ppp2
central cluster g« 0.8 :

B (GeV) (wip) (wsp)t (Ag/f) <=t>(GeV)
49'% 078+013 3310 -
69'9% 066t013 089¢015 -

199/

235 052025 11%03 07%02 0.22£0.05
305" 08:05 07:03 08t03 0302007

The ABBCCLVW data/ 91/ also support the results
from the CERN ISR, showing the substantial
amount of the n production at large
transverse momenta/ 100/ , Thus pions from the
decays of @ , @ , n and f alone (6(f)=0.63 mb)
account for nearly 46% of all pions produced
in Itp interactions at 16 GeV/¢ and this
fraction is consistent with being stable in =

broad energy range.

The rL', # production is suppressed at least
at low energy experiments. The inclusive ¢
production amounts to 6'(¢)=158135)1b with
#/p° = 0.045%0,012 in pp interactions at



24 GeV/c/8’1o/. In I+p interactions at

16 GeV/c, #/p° % 2.5% and n'/e(5-10)%/97/,
The measurement of the ¢ production in = Be
and K Be experiments at 43 GeV/c in
Serpukhov/102/ by the studying of dimuon Juju—'
spectra has revealed no ¢ signal in W Be
interactions, but & very clean ¢ meson gignal
in K Be interactions (fig.34) with

6(K Be —» #X) = 2.0%0.5 mb/nucleus for x » 0.4.
This gives O(K™N — #X) = 0,43%¥0.11 mb for

x » 0.4, if one assumes the A2/3 dependence

of the ¢ production on nucleus. The ratio of
the cross sections for ¢ meson production in

¥ “Be and K Be interactions is (2.1%1.1)1072

for x » 0.4 .

SERPUKHOV
K+ Be—»g (L u”) X at 43 Gev

WF?,wffq for dimuone produced in
\ 1
3

Fig.34. Mams spectrum

RN K Be interactions at

. arbitrary units

N_ .1 43 GeV/c and the x and

2
i

4Gfax, arbitrary units

PPN

pTz-distributions of

the ¢ meson (from
101/,

ref./ the lines

in (a) and (b) remesent

the fites to the (1-x)

4NTsM (events! 20 Mev)

and exp(—Bp%) depen—~

Ui
i i
ﬂﬂm% Y %E%M%ﬁany
500 000 150G 2000

| Mev dences, respectively.

The x-distribution of #-meson (fig.34(a))
is well described by the 1-x dependence as it
follows from the Drell-Yan mechanism described
above and the dimensional counting/1o3/. The
similar (1-x)® dependence for spectra of the

9 w end Y is observed by the Boston

group! 104/

200 and 240 GeV/c. As expected, n=3 and n=1

in ¥ Fe and pFe interactions at

for x »0,5 in pFe and w¥»Pe collisions,
respectively.

The suppression of the & production in
rp and pp collisions may be a consequence of
Zweig's rule, which states that the two quarks

in a meson do not annihilate and the production
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and decay take place by connected quark
diagrams, The applicability of Zweig's rule has
been established in a study of the # production
in reactions pp —w K'K'K'K™ and pp - K'K~wwr™
at 3.6 GeV/c/105/. In reactions K p —»~ K w0 p
and K'p = K dp at 14.3 GeV/c/106/, the absence
of events with low pd masses in comparison with
low mass enhancement in the p«w mass spectrum
ig also a direct consequence of Zweig's rule,
The similar conclusion has been made in the
study of ¢ and «w production in exclusive
reactions in wp, Kp and pp interactions at

10 GeV/c/1°7/. Thus there is a peculiar situation
when the Zweig rule is operative in exclusive
reactions, but does not hold good in the case
of inclusive # production in pp collisions at
24 Gev/c/191/, 1In the latter experiment the ¢
production in association with an additional
pair of strange particles is found to be less
strong than the production via the nonstrange
component., An interesting suggestion to explain
this descrepancy has been made in two papers

/108,109/’ whers

contributed to this conference
one uses & sgimple d-q; analogy to postulate =
possible existence of the new excited state
P;-¢- dx o

The suppression of the ¢ and n' production
represents still another serious problem for

/84,85/

the simple quark models aa seen from the

the comparison of the model predictions with the
results of the I p experiments at 16 GeV/c/94/

(Table 7).

Table 7 °

Ratios of the inclusive cross sections of non-

gtrange mesons in Jr+p interactions at

16 GeV/c/94/ and the predictions of a simple
quark model/84/

Ratio [Prediction | Experiment
w [po 1 1

Niw " e 039:003
sipe | 119 0025
Mmoo (19 005 - 010

Tow! Far| 1114 05




If one takes into account the suppression
factor (M2)~1 for the meson of the mass M,
discussed earlier with respect to analogy with
the Drell-Yan mechaniam, the situation improves,
but only slightly.

Since the pions are frequently produced as
the resonance decay products one should make a
distinction between directly produced pions and
those from the decay of other particles., The
evaluation of fraction of the directly produced
pions, :II"DIR/ Iy Obtained in above
experiment/ 94/ by suming up all the
contributions to the total inclusive cross
section for :l+p ~» ¥~ + X from the decays of
the various known resonances (Table 7), is also
incompatible with the quark model prediction.
Another approach to evaluate the Wppp/ T,y
ratio uses the fact, that the high p,_.L.2 region
is dominated by the direct pion component., The
data indicate that a .90/3rDIR ratio is about
unity at pp>1 GeV/c for ap interactions at
16 GeV/c and slightly lower at 200 GeV/c (fig.32),
thus leading to ’DIR/-‘TALLc 0,2~0.3 . The
ratio .90/:"-DIR = 3 expected from the number of
spin polarization states in quark models seems
to be ruled out by the present data within a
factor of 3-4. However, if the above ratio
IDIR/ r ALL is corrected for the contribution

of ¥ /96/, then

yo
we obtain :”DIR/ JTALL“ 0.15 . This result is

and ‘.ll"f in the high Pp -region

still incompatible with quark model predictions.
It is also difficult to reconcile this very
rough estimate with the value of -"DIRNALL’G 0.5
obtained by summing up the resonance contribu-
tions, if the baryon resonsnce production is
not responegible for an appreciable fraction of

indirect pions,

3.2 Inclusive production of baryon

reaonances
Most of availsble information on baryon
regonance inclusive cross sections comes from

the studies of the A'" and A° resonance
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production in bubble chember experiments .
Therefore the daia are confined to the target
fragmentation region, where the slow protons
can be identified by ionization. The measurement
of the inclusive A*T(1236) cross section is
somewhat arbitrary since the A" is a wide
resonance and the different procedures are
used for evaluation of the background. The
overall features of the crose section dependence

on energy are summarized in fig.35 .
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Fig.35. Inclusive A''(1236) production cross
section as a function of incident momentum. The
A is defined in the 1.12 < M(pw*)<1.32 GeV
mass band (with some small deviations for some
of the data) and for |tl-cuts indicated in the
fig. The background is, however, evaluated by
different methods in different experiments. The
Breii-Wigner procedure is used to extract the
A*Y cross section in some experiments (compila-
tion of published data; new data: ¥ p 200
cev/e’®% | 147 Gev/e/M1Y | 40 Gev/o/8V/,

16 cev/e/ M5 atp 16 gevse/11V/, xp 32
GeV/c/87/, 16 Gev/c/111/).

For nonexotic (ebZ) pp, M 'p and K'p reactions,
cross sections fall at low incident momenta with

about the same rate, The ratios of the inclusive



cross sections for theae reactions are compatible
with the ratio of the corresponding total
inelastic pp, w+p and K+p cross sections, thus
supporting the factorization.

For pp collisions above 100 GeV/c, the
energy dependence of the att production levels
off at the value of 6( A™)=1.5 mb. The study
of the A'Y production at the CERN ISR in the
range 0 < pT40.7 GeV/c and x > 0.6 has
shown/“z/ that the A" cross section is
esgentially s-independent, 6(vV8=23 GeV)/6GHB =
35 GeV) = 1,03%0,03, between center of mass
energies Y8 = 23 GeV and 35 GeV. In +the
regtiricted range of variables
(1.16 < M(p7 )< 1.32 GeV, 0.86 < x < 0,92,
0.1<~t <0,5(GeV/c)?), the A'* production at
Vs = 30.4 GeV in the same experiment is found
to be consistent with the dominance of one-
~pion-exchange and particularly with the Chew-
-Low equation modified by the Dirr-Pilkuhn form
factor, The integration of this equation over
all variables yields an s-independent cross

section 6( A™)

= 4,5mb for production in both
hemispheres. This result is not incompatible
with the bubble chamber data above 100 GeV/c,
where the application of t-cuts leads to
underestimation of real croes sections.

For exotic ¥ p and K p reactions one
expects no energy dependence even at low
energies, Within limited statistics the data
are conaistent with this assumption. This trend
is clearly seen for Jr p collisions in a broad
energy range (fig.35), where the dats are
obtained with a similar experimental technique,
Prom the very rough comparison between the
trend of data for nonexotic K+p and m+p reac-
tions and approximately constant cross sections
for exotic K p and ;I p reactions, it follows
that the energy dependence for K+p and I+p
reactions should start to level off at FNAL
energies sbove 100 GeV/c, as it does for pp

collisions, Of course, the real energy dependece
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of the A‘* production in reactions initiated
by different incident particles at high energy
range may be quite different from that obtained
by a simple extrapolation of the low energy
data. It depends upon the leading exchange
mechanisns,

The analyses of the att decay angular
distributions and of the &'t spin matrix
elements in a number of experiments have
established a strong dominance of one-pion-
exchange at low {tl-values even at the CERN-ISR
energies., Extrapolation to the pion pole using
the Chew-Low formula, applied to the reaction
pp —- AT (1236)X at ¥5=30.4 Gev/ 112/ yielas
G'tot(w-p) in the range between 21.1%1,3 mb and
23.7t0.5 mb which is in good agreement with the
true value of 24.3 mb. The Chew-Low extrapolation
to the pion pole or the application of the
Reggeized one~pion-exchange model has permitted
to obtain the total KXI~ and W*TA~ cross
sections (fig.36) from the studies of reactions
Kip = A++X/113_115/, Jl'—p—’-nX/”e/ and
wtn ——pX/117/.

The XTI ~ total cross section is observed
to fall rapidly from the resonance region to
an asymptotic value of about 14~16 mb, The data
are consistent with the factorization
prediction Gft(l"':!f T)= 6, (:lr+p)6't (*"p)/6, (vp) .
The K~ total cross section measured up to
the c.m.energy 3.5 GeV seem to follow the same
trend but still e:;:ceed slightly the
factorization prediction in the energy range
available., One may speculate that this is due
to the existence of the numerous resonance
states in the nonexotic (X' ~) chammel. The
K™ar~ total cross section, in the exotic K ar~
channel, is much smaller than the Ktaor~ cross
section and tends to the asymptotic limit from
below, If this trend of the data indicated in
fig.36 will persist at higher energies one may
expect that the At production cross sections

in the target fragmentation region will be
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Fig.36. Total K+I', K°®~ and ¥'X¥~ cross

sections obtained from the analysis of the
reactions Kip — A*'X, 7¥'p -+ nX and

ﬂ-i-

n ~» pX as a function of X mass (i.e.energy
of K&, ¥ pystems in their rest frame);

the data from ref./113'117/.

equal for K'p and K™p and for #'p and o p
interactions, respectively, with

6 (PP)16,, (D) :6,, , (Kp)=6, (rp): 6, (0T):6, (Kx)

However the contribution of other isotopic one
exchange particles (9'A2)' which could mediate
these resctions, and the interference between
posgible exchanges may eventually lead to a
quite different results for all t-region.
Besides, the important part of the a** croams
section comes from the production and subsequent
decay of the diffractive systems p'.;r+:lr' where
the triple-Pomeron coupling and factorization of
the Pomeron should give somewhat different
predictions.

Very little information is available about
the A° inclusive production. We know that the
production of low masme pI+ and p¥~ systems is
strongly correlated by the diffractive production
of paxtar 7, Since this diffractive system is
generally assumed to be an isogpin 1/2 state,
there are nine times mofe AV e pa|’+ than

A° - pXx”, This explains the large background
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under the A° peak and maskes difficult the
study of the A° production, However, contrary
to what is often stated, I would like to stress
that the A° inclusive cross section may be
quite higher than the value of 1/9 from the
A*t cross section, since the diffractive
production of the pxtar ” state with I=1/2 ia
not the unique mechanism of tbhe A° production
at least at present energies, Specifically in
the low (tl -region, where tbe pion exchange

dominates one has the following relations:

6(pp —e A°X) = g(artp) (3.2,1)
6(pp = AT'X)  36(p)
s@ip = a°x) _ g@iat) (3.2.2)
s@ip &™) semi)
S(&ip —»a°X) - S(kizt) (3.2.3)

6(kip = AMx) 36 (kIx)

Just for example, the A inclusive croas
gections are found to be equal to 700f-100)4b
for reaction K'p -~ A"*X and to 9852180 gb for
reaction K p =+ A°X at 14,3 GeV/c high
statiatics experimentlﬂs/. In the same experi-
ment tbe ratio (3.2.3) for K p reaction as well
as the ratio 6(KTp = A'X)/6(X"p —» A°X) which
should be equal to 3 for any isospin 1 meson
exchange, have been specifically tested and

/113,118/

found to be compatible with the K'p and

K+p/114’119/ data. Thug the production and
decay of the A" and A° resonsnces may account
for considerable fraction of indirect pions
produced in hadron-hadron interactions,

An interesting attempt to separate the att
production over the entire kinematic region has
been made by ABBCCHLVW Collaboration in :ltp
and X"p experiments at 16 GeV/c/111/. Table 8

shows, that the total inclusive cross sections
of A'*(1236) are almost twice as high as those
obtained with a mass cut 1.12 < M(pd' )< 1.34GeV
and 1£1<0.6(GeV/c)? (shown in fig.35). The
increases with

fraction of At production

increagsing charged multiplicity end



Table 8
£f+production cross sections and the fraction
1
of produced A e per inelastic collision

at 16 GeV/c for different
/111/

charged multipli-

cities

Fraction (%)

Reaction| o, _ (mb)[; -
inet inclusive|2prongs|4prongs |6 prongs|8prongs

T 338 | 172 61 | 196 | 219 | 234
¥ p 1.41 6.6 - 75 | 105 | 180
K p 123 | 44 - 77 | 2o | 133

a substantial part (45 + 49%) of the A'* cross
gection comes from topologies with more than
four prongs.

Because of practical difficulties, there
is almost no informetion about inclusive
production of heavier N*'s which presumably
decay through a 3-body or cascade processes,
Some new information is obtained on strange
baryon Z,i(1385) production in K p

collisions/57’87’120/(fig.37).

*
Fig.37 Inclusive Z. (1385)

Kp—»30385) + X
T T
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production cross sections
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o385y | |
o £71385) )

o
=
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/57,87,120,121/);

o (mb)
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;
/
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the lines are to guide
Piab (Gevic)

the eye.

The decrease of the Z.1(1385) cross section
with energy seems to be similar with that
observed earlier for reaction K p-» AX (fig.3).
It is falling between 4.2 and 10 GeV/c but
then shows the tendency to level off in the
10-32 GeV/c incident momentum range, where the
Z* cross section is quite close to the X ™~
cross section which is essentially energy
independent., From the invariant x-distributions
(fig.38), one sees that £~ is produced
symmetrically about x=0, thus suggesting a

predominance of the central production.

10—

Kp—=Z%m8s1X  Kp—+3 1385)°X
o 42Gevic o 42Gevic

a0 - w- .10 ~u-
[ a6

E S S e Fig.38 The invariant
§1a¢“°°%it““g x-distributiogs for reac-
g qtﬁ}’ii ', 1 tien K'p +»Z7(1385)X

o 1} ) ‘ 2*%6‘ + ( the data from

g f ? refs./57”20’121/).

jm
e

x=p" 1P,

For each energy the =% and 2~ distributions
are the same in the forward direction, but
there is a strong excess of Z*'s in the
backward direction, which can be attributed to
a quasi-two-body hypercharge exchange processes
with a strong energy dependence, Indeed &
triple-Regge analysis of the Z*(1385)
production at 4.2 GeV/c in proton fragmentation
region, involving strangeness annihilation at
the K~ vertex, has ehown/57/ that the Regge
trajectory responsible for the strangeness
annihilation process KK ~» pions is consistent
with the f'-~ ¢ irajectory.

The information provided by the weak A~
decay in the two atep sequence
Z*7(1385)—= Y (A —~ pwr) has been used by the
Amsterdam~CERN-Nijmegen-Oxford Collaboratioﬁ57/
for the reconatruction of the complete2i+(1385)
spin density matrix in the reaction K'p —»
Z.*(1385)X at 4.2 GeV/c. Although the errors
in the polarization are large due to the
uncertainties introduced by the appreciable
amount of background, the conclusion is that
the Z*Y(1385) polarization in the region
|t;zl<0.5(<}ev/c)2 is small and compatible with
0, which is in agreement with the predictiond12%/
of the additive quark model. These results are
in remarkable contrast with the recent studies
of the inclusive A production in reaction

K p-».AX where the existence of significant
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polarization has been established (see

and references therein).
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Fig.39. (a) Variation of
the A\ polarization
N
-
PA=Z%T 1%1 q;n (usual
notations) with x for

reacticns K p -=_A +pions,

o 1 K p -»~ AKX + pions at
Fooniopens | Fo e /123/
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L ] .
i Tyt <1 14,3 cevse/ 124/,

e e e (b,c)A polarization for
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reactions K p-w.A. +pions,
Kp~ A+ KX + pione at 4.2 GeV/c and for
Pp=A+ X at 5.7 GeV/c in the region -1<x<-0.2

as a8 function of Pp o

Pig.39(a) shows that the /A polarization
in the region x<-0,5 exhibits different
bebaviour for the reactions
(3.2.4)

K™p —=A +KK +pions (3.2.5)
It is positive for reaction (3.2.4), while it

Kp —» A + pions

is slightly negative for reaction (3.2.5). For
events in the target fragmentation region
(-1« x<-0,2), a striking difference in the
lfA_ with increasing Pp is seen for these two
reactions in fig,39(b), whereas the B, for
strangeness nonannihilation process (3.2,5)

and for pp reaction pp-+ _A + X have a similar
dependence (fig.39(c)). The small magnitude of
the A polarization in proton fragmentation
region for pp interactions and for K"p interac-
tions with the off-mass-shell strangeness
nonannihilation process KK = KK + pions might
indicate that the above two processes

are

dominated by the Pomeron exchange.

4. Two-particle correlations

Many conclusions on the status of two-
particle correlations in rapidity space are now
completely different from those made at the time
of the Aix-en-Provence and London conference.
The importance of presenting results in terms
of gemi~inclusive correlations (shown by the
bubble chamber experiments in Serpukhov and
Permilab), of discriminating between particles
of different charges and of collecting the
reasonable statistics is well understood now
and it explains the drop in flow of experimental
(tut not theoretical) information on this subject.

A simple independent clugter emission
model still describes the most salieni features
of the data. But there is increasing evidence
that the copious resonance production may
explain to & large extent the short-range effects
observed in two-particle correlations. From my
personal point of view some of the most
significant evidence for such interpretation
comes from the stable structure of events in
& broad energy range.

Thus the Saclay-Ecole Polytechnique~
~Rutherford Collaboration/725/ has found a
striking similarity between the diffractive
excitation systems N—+» R , N —» N¥¥ and N-=AK
induced by K~ mesons at 14.3 GeV/c and protons

at ISR energies.

Fig.40, Comparison of

D pA'®" fragmentation
gystems in single dissocia-

1 tion mocess K p-» K~ (px'w™)

an¥raM (para)

at 14.3 GeV/c and in double

dissociation reaction

pp == (pFA”) (pA'T”) &t
2500 GeV/c: (a)pwar ness

(t) and (c)

I spectra; P +

1 subsystem mass spectra

AN 1AM (pIr*)
&
8
3
k.

(arbitrery units in fig.lc));

from ref./125/.

15 2¢ “O
Mip ) GeV

'S Z0 28
M{par*)Gev
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As an example fig,40 shows that the shapes of
the pnfn" and p.ll'+ effective mass spectra in
reactions K p == K (p¥ar™) at 14.3 GeV/c and
pp — (pa'® ™) (p¥'X~) &t 500 GeV/c are practically
the same, both for resonance components and

for overall fragmentation background.

Ecole Poletechnique - Rutherford -Saclay Collaboration
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Fig.41. Comparison of production differential
croass gections of. the low mass diffractive
NIT systems (from re./125/).

The production differential cross sections for
three sets of data (fig.41) display & similar
behaviour with a break at |t1=0.3 GeV2 and
relatively large slopes below the break, The
similarities of the invariant mass distributions,
decay angular distributions and differential
cross sections at c.m.,energies differing by an
order of magnitude indicate a remarkable energy
independence of the diffractive production
dynamics over this broad energy range.

The small energy dependence of the
correlation function R(y1, y2) in the central
region over & broad energy range is another
important feature of data, The CERN-USSR and
France-USSR Collaboration has shown/2%/ that
the behaviour of the semi-~inclusive correlation
function

— a6 d6”
Gn (Y1 -.‘{2) = m n = E?;(m)n(a?;)n

for reaction K'p ~»N"®"X is quite similar
between 12 and 32 GeV/c., In the study of the
energy dependence of two-particle rapidity

correlations in the central region for I p
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semi-inclusive reactions between 8 and 360GeV/c
the NDDCIMM Collaboration/126/ has presented
evidence that the central region correlation
maximum grows as logs. The semi-inclusive (--)
correlations are smaller and have less g
dependence than those for the (+-) pairs, where
the logs growth of semi-inclusive correlations
is quite strong., The latter fact is consistent
with the cluster emission phenomenology, but
can be as well explained by the growth of the
resonance production,

The only evidence against the resonance
interpretation of correlations seems to be a
somewhat higher average charged particle
multiplicity of "cluster" <k>z2-3/127'128/.
One should remember, however, that it is a
model dependent value and other estimates give
<k>$2 (for details see, for example/mg’l),
which is not inconsistent with the resonance
interpretation, Besides, the decay of baryon
resonances of high masses may result in higher
multiplicity of charged particles in a "cluster®

Following is a brief discussion of the
experimental data on two-particle correlations
presented to this conference, where the main
emphasisg is made on angular correlations,
interference correlations between the like
pions and on the spacial structure of
interaction region (for more detailas gee the
mini-raporteur's talks of Kistenev and

Podgoretsky at this conference).

4.1 Angulsr correlations

Azimuthal correlations are usually studied
in terms of the agymmetry parameter
A= (N(8y>3/2) - N(dp< /2))/(R(Bp> T /2) +
+ N(dp< ¥/2)), where the 4y is the aszimuthal
angle between the transverse momenta P and
pT2 of two particles, In Table 9 the
experimental values of A for like and unlike
pairs obtained in several experiments/130'133/

are shown.



Table 9
Asymmetry parameters A for like and unlike

pion pairs

B 1130/ 7p /3 w-p/¥2! | pp/I¥
(1-16) Gevic| 11.2GeV/c | 40 GeV/c [102 GeV/c
0182 £0.008 0.1074 =0.0008{0.06220006/0.040 +0.010
AUNLIKEW (3350006 0.1764 £0.0008)0.10620003/0.078 £ 0.010
Ay-AL 035320009b0690=000n 0.04420007|0.03820.01

Ay - 2L (296 *0.018]0.243 20.004 /0262 £0.04{0.322+008
AU TR

AL]KE(L)

Pig.42. Azimuthal

BFGMOP Cotlaboration ~p at11.2Gev/c

o)™, ke pavs D)‘wm”w ] asymmetry parameters
oo, ] et | for like and unlike
% 00 f 7 . . -
A~ 3 Lgt*\+—+ pairs in I p inter-
DN .
0-‘;",* \\ 1 °“?}* 1 actions at 11.2GeVA
I 1T 1 as & function of the
0 0

g i 4 0 ¢ 4 rgpidity difference
ay = Yq4<Vo
(a) for all events; (b) after removal of events

with a §'~ pair in the p° region (from
ref./131/).

In fig.42 the parameters A;, Ay in T p
/131/

experiment at 11.2 GeV/c are presented &s
a function of the rapidity difference Ay and
compared with the predictions of statistical
model, We observe the following important facts.
The high multiplicities of neutral particles

at higher energies result in decrease of AL,AU
and AU—AL with increasing s, whereas the ratio
(Ay-4y)/(Ay+A;) is constant within errors.

The difference between AU and AL is most
significant for small rapidity difference. The
asymmetry for unlike pairs tends to be
compatible with statistical model predictions
after removal of events in 9° mass band, but
persists for like psirs, Thus the rise of AU at
small Ay can be interpreted as a consequence of
resonance decay, whereas the drop of AL at small

Ay geems to be due to Bose-~Einatein

symmetrization effect.
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Since the resonance production influences
the angular asymmetries, it ie appropriate to
investigate angular correlations between
particles in terms of their effective mass M,
Indeed, effect of different origins, such as
resonances or Bose-Einatein statistics can
contiribute predominantly at Ay=0, while with

reapect to M these mechanisms could be separated.

Dubna - Moscow -Tbilisi Collaboration
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Fig.43. Azimuthal asymmetry parameter A for
(8) x*x~ and (b) At xt pairs as a function of
their effective mass M in T p interactions at
40 GeV/c; (c) the ratio of the azimuthal
distributions for like and unlike pairs for all
combinations and after removal of n ¥y~ pairs

from the ¢° mass band (from ref./134/).

The Dubna-Moscow-Tbilisi Collaboratior 134/
has studied asymmetry parameter A for ww ~
FL¥% pairs in T”p interactions at 40 GeV/c
as a function of their mass M (fig.43(a)). A
sharp maximum is observed at M-M9° for atwk~
pairs which is strongest at ay < 0,2 and
APT2< 0.2(GeV/c)2. NWo difference is seen in
the azimuthal distributions for like and unlike
pairs (fig.43(c)), when the ¥'® ~ pairs from o°
mass band are removed from the data,

The detailed study of the angular correla-
tions as functions of the effective mass has
been made by the Aschen-Berlin-Bonn-CERN-Cracow-

~Heidelberg-Warsaw Collaboration/135/ in 4 and



6 prong events of ¥ p interactions at 16 GeV/e
They present the results in terms of the
opening angle ¢ between the three-momenta Py
and Po of particles for pion-pion and proton-
pion pairs, which is studied as a function of
the two-particle mass M. The mean value of
cos ¢ as a function of M for like and unlike
charged pions is to a large extent determined
by kinematics. However, an influence of the
momentum configuration of resonance on the
opening angle is striking when for pion pairs
the difference

a5 I Tyt

dar:r(M) = Lcosd D> M <cota¢;“t > u

and for proton-pion pairs the difference

i

dp:r(M) = Lcosg? DM -{cosn‘pr-?M

is studied as a function of M

dyy(M)=<cos@, x'x">,~<cosg, x'7*

M
M'p—+X AT 16 GeVic  dy (M) |&
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Fig.,44. The distribution of the difference in
the opening angle # between the three momenta
of particles for unlike and like pion pairs es
a function of the effective mass M of the pair
for (a) p2x'®” final state, (b) p3& 28 final
state, (c) 4-prong events, (d) 6-prong events

in #*p interactions at 16 GeV/c (from re

A clear structures with the resonance signals
of p°,f,g mesons (fig.44) and of the AT (1236)

and AYTY(1890) (not shown) are visible. It is

£/1354,

of grest interest that resonances which are
not (or just hardly) seen in the corresponding
two-particle mass distributions, such as f,g,
and A'1(1890), are observed more clearly in
d(M) distributions. This is due to an increase
of the «cosd> caused by resonances, which
increase the probability for the longitudinal
momenta P14 and Pio to have the same sign and
even more so if they are produced peripherally.
Thus it seems reasonable to conclude that
the angular correlations are mainly of the
kinematical origin. The difference between the
like and unlike charged combinations outside
the threshold region, where the interference
effects could be essentisl, can be explained

by the resonance production.

4,2 Space gtructure of events

Let us consider now the interference
region near the threshold M=2m_ . The interest
to this region is motivated by the possibility
to study the dimensions of the region from
which pions are emitted, The first indication
that it is possible to measure the space-time
properties of the interaction region was
observed in the angular clustering of identical
pions (in terms of the opening angle ¢) known
as GGLP effect/136/. The measurement of the
range of the Bose-Einstein correlations in
units of pion Compton wave-length as formulated
by GGLP has been attempted in I p experiment
at 200 Gev/c’ 137/, It was shown that a'ar ~
correlations differ from the ¥~ I  correlations
only at small values of t12=(p1—p2)2. This
difference is accounted for if the range of the
Bose-Einstein correlations R = (1%0.25) fm,

More recently Kopylov and Podgordmky/138/
(see 3150/139’140/) have proposed to study the
dimengiona of the region from which pions are
emitted by means of second order interference
effects between identical pions., They argue

that the interference between identical pions



is constructive at small values of the

varisbles 9 and 9 defined as

N
9o = Eq=E, end q, = (F,-T)x0 ,

where 1 = (-p.1+-p"2)/l.p.1+-P.2‘. (q%-—v Mza.a - 4m§.

at q, = 0). The interference effect is

meagured in terms of ratic

(27, (q,R)/ (q,R))°

— ]+

»

1+ (‘rqo)2

(4.2.1)

where NL ig the number of pions of equal charge

and NB
/138/

obtained

is background. This expression is

in the framework of the

gtatigtical Pomeranchuk model, describing the

emiggion of pions from magsive point-like

centerg with the radius of the interaction

region R and the lifetime of the pion mource T.

The existence of Kopylov-Podgoretsky

effect is firmly established at

geveral

experiments/13°’141-147/. In all of them (as

for example is shown in fig.45) one

observes

a clear excess of like pion pairs at small

values of qt2

increasing q, and qt2

and 9 which decreases with

and finally disappears.
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Pig.45. The ratio of the normalized qt2

and %

spectra of like and unlike pions for two

intervals of q, and Qi s respectively, (from
ref./142’145’146/).
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The effect of the §° production on the qte and
q, digtributions is negligible in the region
of low qt2 and 9y affecting the shape of qtz—
distribution for unlike pion pairs only around
qtzz.0.40(GeV/c)2/130/. The estimates of the

interaction redius R obtained in several
/130,141-147/

experimenta are compiled in fig.46.
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Pig.46. Energy dependence of the interaction

(in refs./130’141-147/ it

(fair-ball) radius;
is obtained from the fits to the Kopylov-
Podgoretsky formula (4.2.1), in ref./137/

(®7p 200 GeV/c) am proposed by GGLP (see text))

R values for meson-proton interactions are all
in good agreement, being consistent with the
value of R~ 1fm, which is quite close to the
proton radius., The energy dependence seems to
be amall within present accuracy. However there
is some indication that interaction radius may
be different for different types of interaction.
Characteristic emission time of the pion source
was found to be small in all experiments., But
while in some of them cT < R/142’144’147/, in
others cT' > R/130’141’146/. This may suggest

different interpretstions of the
- /138,140/'(see &150/148/).

parameter

Another possibility of studying the
spacial structure of the interaction region

has recently emerged from the impact parameter

representation of inelastic reactions/149"152j.

7153/

In the paper the lower bounds by for the



root mean square impact parameters

2

n n -
<b"> 21‘)% =<Z (xi—r?)/(Zp?a‘xz»‘?k_Z X X.T.T.>
i

§3 1T

have been determined for annihilation,
production and coherent P induced reactions

in the 5-15 GeV/c incident momentum range

(Pp 5.7 GeV/c, pd 4.72 - 14.6 GeV/c), Here r.
is the transverse momentum of the i-th final-
state particle with xi=pi/p?ax, where p?ax is
the maximum allowed p; value calculated for
each kind of particle emitted in the studied
reactions., The results indicate that at a
given incident momentum, the bL decreases with
the number of final state particles for
annihilation and production processes., For the
coherent channel d —» $a X'~ the by
decreases with increasing incident momentum

as has already been observed/154/ in the

pp ~ ppr’w~ and X p -3 pI W " reactions

produced diffractively (fig.47).
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The impact parameter bounds for coherent
reactions were found to be about 2-3 times
larger than for production reactions and even
much larger (about 10 times) than for
annihilation channels. Thus pp annihilation to
mesons is more central than the production
reactions, This conclusion is in accord with

/155/ and seems to indicate

the earlier results
that the simple interpretation of pp annihila-
tion as responsible for difference between pp
and pp interactions has to be abandoned, since
elastic scattering data show that this difference

ig particularly peripheral in impact parameter.
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The impact parameter language is intimately
connected with the search of the planarity
effects in the momentum space, i.e, the
alignment of emitted particles in a preferred
direction in the transverse plane containing
the impact parameter vector. Several methods
have been proposed to measure a degree of a
posgible alignment of the final particles in the
transverse plane., In the framework recently

/156/

developed by Counihan one introduces the
principal axis as the direction for which the

sum of the>squares of the transverse momenta is
minimum, The principal axes are defined as the

Z(k)

eigenvectors of the matrix

d‘-ﬁ n ol
Q7 =2 Pip
i
where the sum includes all final state particles
in the event and o and ﬁ denote the 3 compmenis

of the momentum 3; . The eigenvalues
)‘k = Z (p“'i‘z'(k))2 describe the overall shape
3

of the final state in momentum space and are
ordered as /\1> )\2> )\3 . Thus defined

principal axis system is shown in fig,48.

Principal
ptane__, |

Fig.48. Definition of
the principal axis

gyatenm,

The Prance-USSR and CERN-USSR Collaborations’ 127/
have indeed observed the alignment of the final
state particles and the beam particle in the
reactions K'p -~ K'ps'ar™ and K'p ~» K'pontox™
at 32 GeV/c in thus defined principal plane.

The degree of this alignment seems to be higher
than can be expected from the ordering relation

( )1> A2> A3) . Even more surprising is the



behaviour of the differential cross sections
d6/dcosSyp and d6/dcos« in these reactions
(oL is the generalized scattering angle,seeh564o
They are consistent with exponential ashape
(£ig.49) for cos Oyp> 0.98 and cos«>0.98 with
the values of the slope:

for K'p » Ktow'z™

= 205510 By = 20410

Bgc
B, = 175%25 By = 168%24  for £tp - Ktponten”
which are quite close to the corresponding

value of the slope B ; = 19519 in the exponential
parametrization of the d6/dcos@ distribution of

elastic K+p scattering at the same energy.

France -USSR and CERN-USSR Cotiaborations Fig,49. The d6& /dcogGBP

- R, !
E\\ ﬁ\ . and d€ /dcoset distribu-
! s

b
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.x i

; axis system for reactions

1 \\ A 5 K+p-PK+er+Jt" and

T K kTpled)(2w) at

. tiong in the principal

K)/ ‘
s

.'K}’
- o

"\ 32 GeV/c (from rer./ 157/,

doid cosd , arbitrary  units

; . ! The scattering angle GBP
\ ‘ ORI
o \ : % ! ig defiped in fig.48, the

generalized scsitering
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angle o is defined as
the angle between the beam direction and the

game direction rotated by the matrix Q'ﬁs.

This means that the description of multiparticle
final states in principal axis variables is
quite similar to that of elastic scattering.
One might expect this for K'p — X'pr'ar reactim
where the diffractive channels are dominanfﬁsal
(indeed, B is slightly higher than Boy »
reflecting the well known fact that the slope
of the differential cross section d6/dt is
higher for diffractive system than for elastic
scattering). However the nearness of Bel and §£
for 6 particle siste is quite surprising and
invites further investigations.

In closing I would like to make a point of

gome genersal conclusions which the above
presentation leads us to draw.
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Y. Conclusions

1. Limiting fragmentation hypothesis as
formulated by Yang and co-workers ig compatible
with the present trend of data at the highest
accelerator energies within = 10% errors.

2. The Pomeron factorization seems to hold
with the seme accuracy at low momentum
transfers, However for -t > 0.5(GeV/c)?
pronounced breakdown in factorization is
indicated between the elastic and inelastic
diffraction cross sections.

3. The dramatic violation of scaling is
firmly established in the central region. The
accelerators of new generation with energies
2 2 TeV and with ISR's are very much needed
to choose between two very important
alterpatives: the existence of asymptotic limit
or unlimited rise of cross seciions with energy.

4. There is a strong evidence that hadron-
hadron reactions are dominated by resonance
production. As a consequence the cluster and
the short range order correlation effecta may
be to a large extent explained by resonance

production,
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