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In this report I will discuss recent results 
from PNAL from three experiments on single par-" 
tide inclusive hadron-hadron interactions. All 
the experiments measure the cross sections 
for the reactions 

a+ p c -f~y 9 
/ ± ± ±f 

where Q and C are charged hadrons ( F f K , p / 

and X represents undetected particles, 
A Fermilab-Northeastern-Northern-Illinois 

collaboration^"^ has studied the processes 

at incident momenta of 200 and 400 GeV/c. The 
spectrometer utilizes two half quadrupoles and 
raultiwire 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 l ( £ 0 

The objective of the experiment is to measure 
the single particle invariant cross section, 
£ dlA at fixed S and especially at large X 

and to study the S dependence at large X• 

The cross sections for TT^and T production 
by 200 and 400 GeV/c protons is shown in Fig.la 
as a function of the radial scaling va-

riable X^fXJ^ + X^) at fixed/J -0.5 GeY/c 
The absolute normalization of this pre­
liminary result is 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 X^, it is seen that 
scaling holds to about +10 per cent up to 
^ 0.9.The authors report further that for K-
production scaling is valid to within + 20 per 
cent to X^-0.8. 

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

as a function of S over a fixed region of phase 
space in the fragmentation region of the target 
proton. The spectrometer consists of a small 
dipole magnet and multlwire 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 p c: 0.3 GeV/c and 
U ^ 0.6, 0.4 and 0,2 for produced 7T £ 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 fit the 
measured cross sections to the form A + B S 

-V2 -i 
or A + B S +CS as suggested by Mueller-Hegge 
theory, and then to extrapolate to 5 =0 to 
test the factorization of the Pomeron trajectory 
Pomeron factorization requires that for incident 
particle types G and (X : 

Fig.la,b 
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The measured cross sections, integrated over 

the acceptance of the spectrometer, are shown 
- -r ,s + 

for W , W , K and p production in Fig.2. 

that scaling holds at a level of sensitivity of 

10 per cent. 

At high energy and X near unity, Kegge theory 

suggests that the process a*/>-» Q + X is domina­

ted by Pomeron exchange, leading to the relation 

Fig. 2 

The ratios of the intercepts at S ~0 are given 

in fable X where the quantity^ is the invariant 

cross section integrated over the spectrometer 

acceptance. We conclude from Table 1 that Pome-

ron factorization holds quite well. 

Table 1 

where Mx is the mass of the system X , 5a =1 GeV 2 

is the Regge scale factor,PQ£ijp is the coupling 

between the incident hadron a and the exchanged 
j Bp , z s 

Pomeron, and 6, ' (^ix^JXs t h e Pomeron-proton 
J Z JP/i 

total cross section. At large Mx 4 should become 
2 fret 

independent of Mx ,and the expression above 
2 

should thus be independent of , Figure 3a 

shows the quantity A / x — — r „ plotted as a function 

of /7 A ' for ///> and scattering at different 

average values of ~t and with data at 140 and 175 

GeV/c combined. One observes resonance production 

at/^-1600 MeV/c and no dependence on Mx between 

4 and 9 (GeV/c 2) 2. 

/3/ 

The Fermilab single Aw Spectrometer 7 Group 

has measured inelastic diffractive scattering in 

conjunction with their measurements of elastic 

scattering. Th*» reaction studied is Ô*p O +-X , 
±. t t 

where C( ~ 17/K '*nd p . The high resolution 
spectrometer covered the kinematic range 

a 7 < X„ £ I. o 

0.05- *ltl* 0.7 

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 Xfl at ft I * 

*0.3. Over the range 0.75*^^0.97 they find 

Fig. 3 

Using the same phenomenology, the elastic 

differential cross section c(rf>-> Q+p can be 

written 

The implied factorization of the Kegge residues 

requires that 
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be independent of incident particle type In 

are plotted as a 

function of X f o r -£ «0.1; 0.4 and 0.7. One 

observes that as X-*4 , factorization holds 

for all particle types and values of t , but 

for X significantly different from £ the ratio 

depends significantly on particle type and t . 

For the mass range 4éMx<9 (GeV/c ) , or 

0.975 £ X é 0.999, the triple Regge formalism 

adequately describes the high energy data, and 

the "Poraeron-proton* total cross section 

è £F(t)- 2.9 e*p(~l.o*t+ô.3i>é2) „g 
hot 

is obtained. Defining' the triple Pomeron coupling 

constant at if =0, by 

the values of 2̂  for all six particle types are 

in statistical agreement. The average value of 

2^ obtained from the If and p data is<'2^~0.80+ 

+ 0.03 GeV""1. 

References 

1. R.Kaamerud et al. 285/A2-53. 

2. E.W.Beier et al. 402/A2-58. 

3. Ferrailab Single Arm. Spectrometer Group 

"Inelastic Diffractive Scattering at Fermilab. 

Energies" to be published. 

MHOIECTBEHHOE POIflEHHE ÂCTHU 

B PP -B3AMMOjIE0CTBMftX 

M.M.rpaiieHsmKMft 

OEflH, JlyôHa 

OflHott M3 BaxHbix xapaKTepiacTMK Heynpyrnx 

B3a«M0^eiicTBMit HBJIHJOTCJH TonoJiorMHecKMe oenemn 

j& napaiieTPHt xapaKTepM3y»miïe MHoacecTBeHHocTB. 

Tonojiorw^ecKHe ce^eHMfl #JIH pp—b 3d MM ose UcTBifii 

H 3 B 6 C T H H B H W f c flO HlHiyJIBCa J00 TsB/C 3aBMCH-

M OCT I) Cpe^Heft MH0X6CTB6HH0CTM < f^cK> OT 3HeprHM 

npH P^a(5 P 5 TaB/c xoposo onwcbiBaeTCH cooTHome-

mi6M BM^a <^>= (0f69t0tI9;+(If05t0f05)^
/:[/. 

MeHBffle HH$opMauMH o noBe^eHHM <»c4> HiieeTCH AJIH 

pn -B3ai!IIOFLEFTCTBHTT, oflHaico, cyrçecTByiontHe AAH-

Hue CBM^eTOJIBCTByBT 0 TOM i tJTO < , M ^ I > < < ne4^> 

( P M C . I ) / 2 / . 

PHC. I 

MCCJie^OBaHHe KOppeJIHUHOHHbDC HBJieHMtt M 0 X 6 T 

AaTL MH$OpMaUM» 0 MexaEMSlfô B3aHM0flettCTBMH. AHa-

JIM3 KOppeJIHUHK no MHOXeCTBeHHOCTM 33PHK6HHUX 

qacTHu f BbuieTawiKHx B nepeflH»» ia 3aaH»io noj iyc$e-

p a , saeT oueHKy ce^eHHH AM$P3KUMOHHOM «MccouHa-

UHII* PacnpeaeJieHwe no MHOX8CTB6HHOCTH "Bnepea-

H a 3 a t f f / 5 f ^ onpe^ejiHGTCH KaK P(nf, nc)* 

* GT£n/,nf)/ç; , ne h ft| ^MCJIO ^acTHu B 

nepeflHeft u 3aaHeft no;iyc$epax, cooTBeTCTB6HHo.Pa3-

#ejiwB 3 T O ^MCKpeTHoe pacnpeaejieHiie HA ^eTHyw 

( hf% n$ - ^eTHHe) M HeneTHy» ( > y -He^eTHHe) 

qacTM, MOÏHO npHôJiMxeHHO 0U6HMTB HHIHMÎÈ npeaeji 

ce^eHHH au$paKUHOHHoîî flMccoiwauwM 
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ZbiH pp -B3aHM0seËCTBH^ npw 22,4 TsB/c^/ npa 

aOnOJIHHTeJIBHblX npesnOJIOJKeHHHX, BHTeKaBIIJKX H3 

npocToM ^ByxKOMiiOHeHTHOM MO^eJiM, nojiyqeHO 

SJ/fer = 0,11+0,03, UTO corJiacyeTCH c paHee no -

jiy^eHHHMM saHHHMH no aHajiM3y cneKTpa HeaocTaio-

max M a c c ^ / . 3aBHCHM0CTB cpe^nero 3apf l#a<$> = 

= (0+- V-l/n^ SJIH nepeaHeft H gaaHefô nonyc$epH 

K3K JyHKIJHH fa. #Hfl £ByX HHTepB3JI0B ÔHCTpOT 

npH 22,4 r sB /c^ 7 / npe^cTaBJiena Ha pwc .2 . Morao 

PMC.2 

BMseTB, HTO HadJiioaaeTCfl yBejiineHHe (yueHBiueHHe) 

c cpeflHero sapn^a B 3a#Heft (nepe^HeM) noJiyc$e-

pax . ÂHajiorM^HMiî 3$$e«T HaôJno^aeTCH TaK&e .zyiH 

pp- H /7yb -B3aMMo,a;eftcTBHft, npineM yBeJnreeHne 

3apnaoBOM acHMMeTpMM c pocTOM B pp- ÔOJIBUie, 

qeM B pp- H MeHiUie, *Ï8M B Tt'p -B3aWM0fleftCTBMHX. 

H3y^eHwe ^Byx^acTM^Hbix KoppejifluwM npH 

22,4 r o B / c ^ 8 / npoBOflHJiocB c noMomB» Koppejifluw-

oHHoft $yHKUMM^( </t f y x ) , npe#CTaBjieHHoft B Bwae 

pa3jioaceiîMfl no nojiyHHKJnosHBHHM npoueccaM 

PA3JIOACEHME ( I ) NOSBOJIAET OUGHHTB BSPXHHM 

NPEAEJI cyMMapHbix KOPOTKO^EWCTBYIOMMX KOPPEJI^uMH 

~ Z ^ V . KOPPEJIHUMOHHAN $yHKuwH 

C ( #̂ y t ) » H3OÔpaK0HHafl H3 PMC , 3 , B SaBMCMMOCTM 

OT ^ KMee? FLPKO BbipaaceHHHïi ÏÏHK npw ^ = 

=0, KOTopHM, osHaKo, CBH33H c cynepnQ3HH.weil c o -

CT0HHHË C PASJIH^iHHM ^HCJIOM ^ACTHU,. KoppejIHH,HOH~ 

Han $yHKUHH C$IL , NOK3 3aHHaH Ha TOM ace PWCYH-

K e , TaKace MMQGT ÏÏHK npw yt =ij, =0 , HO cymecTBeH-

HO MeHBinefi mwmuu. Tan me .zyifl cpaBHeHHH NPHBE-

#0HH .aaHHbie #JIH PP npw 69 rsB/c (KpecTH) w K~P 

npw 32 T3B/c (TO^KIO. BOSMOSCHO, ^TO HadjnoaaeMHi. 

B 3$$6KT CBH3aH C KHHeMaTH^eCKMMH KOPPEJIHUH-

HMM. 

PHC.3 

A3HMyTaJIBHHe KOppeJIHUHH HCCJIEFLOBAJIHCB SJIH 

peaKuwM pp+ZJS'Zir, Zir+Zn-r* % Zjr+2j?~ (nïï*) 

npw 5,7 T a B / c ^ / . B pacnpeaejieHMHx no a3HMyTajiB-

HOMy yrjiy fx, orccos[(pM pxl)//PjtçJna^ HHOHOB om-

HAKOBORO M pa3Horo 3HaKa HadJHoaaeTCH 3aMeTHoe 

PASJIHHME, ocodeHHo npw yMeHtmeHMW pa3H0CTM npo-

SOJIBHLIX H nonepe^Hbix MMnyjii>COB ( p w c . 4 ) . AnajiorM^-

HUM 3$$eKT, 3Ha^MTejiiHo flp^e Bbipa3ieeHHHiâ,HAÔJIK)fla-

eTCH T3K3KE npw 22,4 TsB/C B HHKJIK)3PÎBHHX peaKUH-

H X ^ / . K03$$HIJ,HeHT aCHMMeTpHH SJIH TOK^eCTBeH-

Hbix M HQTOiKTi.ecTBeHHhDC nap paBeH =0,002+0,02 

yi fi^O,140+0,01,COOTBETCTBEHHO. HaÔjiro^AEMH^ 3 $ -

$EKT MOJKeT DBITL CBH33H C BJIMHHH8M HHT6P$EPEHMIH 

B napax TOJKSECTBEHHBIX HacTMu;. 
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Onpe^eJieHMe ceqeHMH P O W H K H K 0 - , A -4 M 

/r°-Me30H0B MccJïesoBajioci) npM MMnyjiLcax 4,6, 

9 ,1 , 12, 22,4 K 32 r 3 B / c / I 3 * " 1 5 / . 

MHKJH03HBHH8 CO^GHHH pOHCfleHMfl 3TMX MaCTHD; 

npuBeflGHH ' B TadJi .2. 

TadJiMua 2 

KpawHe 3aTpysHHTeJiBHUM npw MMnyjiBcax p ^ I O rsB/c . 

B paôoTe / I I / npHBeaeHH saHHbie no ouemce ce<ieHHa 

pa SJIMMHKX KanajiOB B pp-BsaHMoaeMcTBMHx npw 9,1 

PsB/c. Ocodoe BHttManwe B padOTe y^ejieHo pa3&e-

JIGHMK) He0SH03HaMHbIX COÔHTMH M BblfteJIGHM) aHHHPM-

jiHUMOHHoro Kanaj ia, IIoejie^Hee ocoôeHHo Tpy^HO B 

CBH3M C Ô0JIB1HMM KOJIMMeCTBOM HGËTpaJIBHblX MaCTMU, 

B03HMKaiomMx npM aHHMrwJiflUMM. 2JIH onpe^eJieHMH £0-

JIM COdblTMM C pa3HMM ^MCJIOM HGMTpaJIBHblX âCTMI], 

npMMeHHJicfl M6T071 no^roHKM pacnpefleJieHMM no KBas-

paTy HeflocTaioqeM Maccu. 

B pe3yjiBTaTe aHajM3a 6b\m onpe^ejieHH c e ^ e -

HWH pa3JiHMHux K3H3JI0B peaKuwM. IIojiHoe ce^eHMe 

aHHMrMJIHUMM B ÏÏM0HH 0Ka3aJI0CB paBHbIM 13,2+0,5 

MÔH npw £^ o t = 57,5+73 MÔH. EHJIM onpe^eJieHH Tan-

ace ce^eHWH pojKfleHMH pe30HaHC0B j>° , w ° M H30Ôa-

Pbl • MHKJIK)3MBHHe Ce^eHHfl pOXfleHMH jO° 

H A** npHBeaeHbi B TaôJi . I . 

M03KH0 BM^GTB, ^T0 OTHOCMTeJIBHbIM BKJiaflp -

Me30HOB B aHHMrMJIHIIHOHHOM KaHaJIO O^eHB B6JIMK. 

Ce^eHMe npouecca pp-*£*A4* paBHO 0,9+0,1 

MÔH, T . e . cocTaBJineT 35% OT ce^eHMH peaKu,MH 

pp-*pp7l+n~ . CJieflyeT OTMÔTMTB, ^TO 3Ta AOJIH 

na^aeT c 3HeprweM H npw 32 TsB/c cocTaBjineT 

~ I 5 % / I 2 / . 

KHKJHQ3HBHHX npOIjeCCOB C pOSCSeHMGM V° -^aCTMU,, 

npM pa3Hux 3HeprHfix npme^ena na pwc .5 . OUIKÔKH 

PHC.5 

B nojiyqeHHbix aaHHHX CJIMIIIKOM BGJIMKM, ^TOÔH c ^ e -

jiaTB onpe^eJieHHHe BMBO^H OÔ SHepreTM^tecKoM 3a-

BMCMMOOTM F (X) 

JlMTepaTypa 

1. L.N.Abesalashvili et al. Phys.Lett.,52B,236 

(1974). 

2. H.Braun et al. Submitted paper to the Confe­

rence. 376/2A-95. 

3. D.R.Sulder. ANL/IHEP 7326 (1973). 

4. H.Graasler et al. Nuol.Phys., B90 461 (1975). 

5. E.G.Boos et al. Submitted paper to the Confe­

rence. 201/2A - 25. 
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6. E.G.Boos et al. Preprint JINR, El-9781,Dubna, 

1976. 

7. E.G.Boos et al. Submitted paper to the Confe­

rence 903/A4 - 8. 

8. E.GfBoos et al. Submitted paper to the Confe­

rence 161/A2 - 9 . 

9. H.W.Atherton et al. Submitted paper to the 

Conference 400/2A - 60. 

10. E.G.Boos et al. Submitted paper to the Confe­

rence 686/2A - 64. 

11. P.S.Gregory et al. Submitted paper to the 

Conference 683/2A - 102. 

12. M.A.Jabiol et al. Submitted paper to the 

Conference 1036/Al - 9 . 

13. li.T.Kegan et al. Submitted paper to the Con­

ference 682/2A - 63. 

14. O.Bertrand et al. .Submitted paper to the 

Conference 722/2A - 67. 

15. J.Manton et al. Submitted paper to the Confe­

rence 1035/2A - 90. 

IIHKJII03EBHOE OLPASOBAHHE PE30IIAHC0B 

M J^yXHACTKMHliE KOPPEJIaUB* B JTA^Bc AJ-iI.IOjIEiiCTiiIuiX 

nPJ-ï p = 40 T3B/G 

B.R.RPUHIMH 

OD'&ejIHHeHHHH HHCTHTyT H^EPHBLX HCCJiejl.OBAHHIL, 

JlyôHa 

B HACTOAMEII .NOKJIAME npe^ciaBJieHa vaoth P E -

3yJIBTaT0B NO KCCJI 6,11,0 BaHMK) HHKJIK)3MBH0r0 P03SJ3;eHHfl 

PE30HAHC0B M .HByx^aCTIWHHX KOppe^flUMM BTOpM^HLIX 

qacTHU B^TP-B3aMM0,II;EITCTBMHX NPW J> = 40 FaB/C, 

nojiytieHHHe DOJIBMOA RPYNNOIL (|)H3HKOB OïîHM H H H -

CTMTyTOB CTpaH-yMaCTHKE[ O I I H I ' / ^ ^ . OCHOBHOe BHM-

MaHne B .NOKJIA^e dy^EI y,a;EJIEH0 Bonpocy onpe^ejie-

HMH BepOflTHOCTM 0dpa30BaHHfl §°-Me3OH0B M M3MG-

HeHHD HauiHx npe-NCTABJIEHHÎÎ O ^ByxqaCTwqHHx a3H-

MyTaJIBHHX KOppejIHIÎKflX BTOpM^HHX nMOHOB C yqeTOM 

posweHHH pe30HaHCOB. 3KCNEPMMEHTAJIBHHM MaTepnaji, 

OKOJIO 11000 HEYNPYRNX 31 p -B3aHM0,B;EMCTBHH, 

dHJi nojiyqeH c NOMOINBD jpyxMeipoBOM NPONAHOBOM 

ny3HpBK0B08 KaMepH, ODJIŶ eHHOM Ha cepnyxoBCKOM 

ycKopHTejie. 

I . CÊ eHHG POSiteHHfl P°-Me30H0B 

B ^lg-B3aHM0jiegcTBHflx. onpejejieHHoe  

ODMENPKHFLTHM MEIOJUOM NO cneKTpy 

3(M)eKTKBHtJX MaCC (^X^Cfi J-Me30H0B 

OCHOBHUM MCTOHHHKOM HH$OpMaJWM 0 pOJWHHH 

^^-Me30H0B HBJIfleTCfl CneKTp 3#eKTHBHHX Mace 

nap 3T̂ J» -Me30H0B. Ha pnc. I npwBe^eHO KHKJIKV 
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3 H B H o e p a c n p e ^ e j i e H H e M C ^V ^ J I H jfp - B 3 a K M 0 -

« n e f l C T B H î î npw £ = 40 TGB/C. CnjiouiHaa j i K H M a - c p o -

HOBaa K p M B a a M nyHKTHpnaa - a n n p o K C M M K p y i o m a a 

œyHKUHfl: 

r^e OTHociiTejiBHLie B K j i a ^ t i p e 3 0 H a H C 0 B 

)̂0-*7\'*"̂ "" H Ĵ -̂ Tî̂ Tt ,9? (M)- ( p o H O B o e p a c n p e -

^ e j i e H H e , H o p M M p o B a H H o e H a e ^ H H H u y . <j?yHKu .MK 

BpeMTa-BMrHepa ( B . B . ) dpajiKCB npn ̂ 1 0 = 770 M 3 B , 

X£= 150 MsB, ^ = I ,&jHip*-Me30Ha H 1270 MsB, 

170 MsB, £ = 2 , n ; j i a ^ - M e 3 0 H a , MH TaKse yqHTHBajiH 

MCKasceHHe (JjyHKUMM B.B. M 3 - 3 a s K c n e p M M e H T a j i B H H x 

norpeuiHOdeK B H 3 M e p e H H M M fa ^ " ^ n p a B M J i B H O C T B 

yqeTa 3 T K X n o r p e n i H o c T e î î d H J i a nposepeHa no pac-

npeji;ejieHMio Mf ^ ) K O T o p o e dtuio onpe^ejieno no 

pacnajtHHM 0^~-Me3OHaM B GTOM s e sKcnepHMeH-

/ I / 

çpoHOBaa KpKBaa *$(M) dpajiacB B BH^e 

r%e " Md^n)" S-W^, K - HopMnpoBo^HHil KO3(|X|)M-

UweHT M Ci, no^dnpaeMHe napaueTpH. 

B pe3yjiBTaie T a n o r o aHaJiK3a ÔHJIO nojiy^eHO, 

STO 

£>C?°) = (5,8+1,4) MdH. 

B 3T0M cjiyqae ^ o j i a ' f t ' ^ - M e s o H O B , odpasoBaHHHx npw 

pacnajte . ^ ° - < Ï Ï +7ï~ O T Bcex^î^-MesoHOB,cocTaBjiaeT 

^ (15+4)$ H npa j cTM^ecKM He MeHaeTca B MHTepBajie 

16-200 TsB. ,5Jia T» 2 - B 3 a M M 0 , n e f t C T B H f t . 

O^HaKO cjie^yeT O T M C T M T B , m o npw £ £ 2 0 FsB 

"cwrHaji" OT j 3 ° - M e 3 0 H a B c n e K T p a x M (3**1*7 c o c i a B -

jiaeT B c e r o JIMIIIB (10*20)$. IÎ03T0My OT B H d o p a 

CpOHOBOM KpHBOM, OCOdeHHO B OdJiaCTM pe30HaHCa, 

cymecTBeHHO 3aBMCHT BenH^MHa ce^eHna — &C£°X 

B CBa3H C 3TMM M H HCCJiejlOBaJIH BJIHaHHe yqeTa OT-

pasceHna pacna^a Cv-*7î J iTTna onpe^ejieHwe B e -

2. y ^ e T B j i M a H H a odpa30BaHMH 6cJ-Me3QHOB  

na cneKTp M Ijfo jL onpejiejieHne ce^eHMfi 

POajteHHH ,P~ H -MG3QH0B 

B cjiyqae odpa30BaHMa &)-Me30H0B npo^yKTH 

MX p a c n a ^OB iO-J>7î'ibî 7î° ^aDT BKJia^n ; B cneKTp 

M(JhTl~) B M H T e p B a j i e M a c e OT ^^ÂOI^I^-^O) , 

T . e . BdjiM3H p^ -pe30HaHCa . YqeT pacna^Hbix nap 

^ R ^ J f ^OT ^ - M e 3 0 H 0 B n p H B O ^ M T K c j i e ^ y r o m e M y BK^y 

a n n p o K C M M M p y i o i n e M fyyimmn: 

rjre ^ ^ / ^ d H j i a BHMMCjieHa c y ^ e T O M uaTpaqHoro 

s j i e M e H x a p a c n a j j ; a B p e 3 y ^ B T a T e annpoKCn-

MaiiHM 3 K c n e p H M e H T a j i B H o r o c n e K T p a Mr7T^?(|)yHKUMeM 

F{J0 dbuio no^ytieHo: Ç(f°)= 13,3+1,4 MdH, 

10,0+1,1 MdH «6f0= 1,3+0,8 MdH npw 

= 1,37. B 3TOM c^yqae ^o;ia JT^"-Me30H0B, 

odpa30BaHHHx B pesyjiBTaTe pacnajîOB p°Ti^Ol M 

CP ^ JT ĴT T T ° O T B c e x BTopM^HBix CJT"̂  cocTaB^aeT 

(50+5)$/ ECJIM npe^nojioscMTB, q i o 6fpt)^^JT^^ 

M y ^ e c T B odpa30BaHMe A*^ -M30dapH ((T^ I MdH) 

M ^-MG30H0B, TO A ^ 7 0 $ / 

TaKKM odpa30M, npoBe,u;eHHoe H C C J i e ^ a B a H n e 

noKa3HBaeT, MTO 3aMeTHoe poayjeHMe j*)°-Me30H0B 

M o a e i c y m e c T B e H H O H3MeHHTB n o j i y ^ e H H H e paHee ^aH-

H H e no 6Tpt). B CBH3H C STMM MH nonHTajiMCL 

oueHMTB €(&) no c n e K T p a w 3(|x|)eKTHBHHx Macc^oi^n^-

-CKCTeM, TRe 3TD-Me30HbI BOCCTaHaBJIHBaJIHCB no 3 ( | ) -

àeKTMBHoil Macce . n B y x raMMa-KBaHTOB, 3aperHCTpH-

poBaHHHx B nponaHOBoM n y 3 i i p B K 0 B 0 M K a w e p e . O^HaKO 

CTaTMCTHKa HeBejiMKa ( ^ 7003T°-.Me30HOB)^ M nos -

TOMy O T C i m a M05CH0 c^ejiaTB JIHIHB Ka^ecTBeHHoe 

3aK^K)MeHMe, ^ITO €ÏU>) = ( 4 f I 0 ) MdH. 

TaKMM odpa30M, Tpa^Min^OHHHM MeTo.ii; onpe^ejie-

HHa c e ^ e H H f t odpasoBaHwa p e 3 0 H a H C 0 B npn EZ*206Q 

M3-3a dOJIBiUOrO MMCJia "^0KHHX n KOMdMHaUHM CTaHO-

BHTCa H63#eKTHBHHM. OH, nO-BM^MMOMy, ^aeT TO^B-

KO mmm rpaHMuy &(p°) . 

3 . Â 3 M M y T a ^ B H H e K o p p e j i a u M M 

K 3 y ^ e H H e ^Byx^acTKMHHx a3MMyTaJiBHHx Kop-

pe^amia B Jïjp -BsaMMO^eMcTBMax npwjp = 40 TsB/c 

n o K a s a J i o , qTO K O s d x p j i I ^ M e H T a C H M M e T p M M 

M o a c e T d H T B TeM n a p a î v i e T p O M , KOTOPHM no3BO^MT 

o n p e ^ e j i a T B c e ^ e H M a p o s ^ e H M a p e 3 0 H a H C 0 B B MHKJIIO-

3 H B H H X npoi^eccax n p M BUCOKMX 3 H e p r M H x # 

- ^IMCJIO n a p n n o H O B c y r j i O M ^ ^^Z)* Ha pwc. 2 
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npMBe^eHH 3aBHCH!,10CTH B OT M(*7TIR)npK pa3JIHMHb0C 

orpaHM^teHKflx HA pasHOCTB OucipoT M MO^yjiea n o -

nepe^HHx HMnyjiBCOB IÎKOHOB. 113 p w c y H K a BH#HO, 

MTO npw A ^ Û,2 M ̂ ^ 0 , 2 ToB/c ajia OïV-nap 

MMeeTCfl MeTKKtf C l i r H a J I , CBa3aHHNf t C J°-Me30HOM. 

B TO se Bpeiifl, B pacnpe^e^eHHflx n o M ^ ^ T P / n p K 

Tex z e o r p a H H M e H H f l x OH oicyTCTByeT. TaKHM od-

pa30M, napaweTp & (M(XJ?)) a B J i a e T c a doaee *iyB-

CTBKTeJIBHblM MH^MKaTOpOU p e 3 0 H a H C 0 B , Tpa^H-

UKOHHoe pacnpe^ejieHwe no 

B noc^e^HKe ro^u dujio o d H a p y i e H O pa3JiHHHe 

B noBe^eHHM JUia TOS^eCTBeHHUX M p a 3 H H X 

n a p n K O H O B . OHO MacTO CBa3biBaeTca c 3(JXJ>eKT0M 

TOK^ecTBeHHOCTM. O^Hajco yqeT posc^eHwa p e 3 0 H a H -

COB MOXeT CymeCTBeHHO yMeHBIBHTB 3T0 pa3JIHMMe. 

Ha pwc. 3 npuBefleHH oTHOiaeHi ia B e p o a T H o e i e f t 

o d p a 3 0 B a H n a - n a p K - n a p a i * . Ha 

pHC 4 nocTpoeHH Te se pacnpe^ejieH^a, HO npn 

9 T 0 M dblJIH M C O D ^ e H U napH (3îtïï"^.Me30H0B C 

MsB. KaK BMJKHO, pa3JiH^He B noBe^e-

HHM n p a K T H H e C K K MCye3JI0. 
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"îfey^eHHe . n B y x y a c T M ^ H H x Koppe;iHijHii ra io ia-

KBaHTOB H 3apflX6HHHX MaCTim B ̂ J>-B3aHMQ-
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INCLUSIVE PARTICLE AND RESONANCE PRODUCTION 

Aachen-Berlin-Bonn-CERN-Cracov-London-Vienna-Warsav Collaborât ion 

P.Schmid 

CERN, Geneva, Switzerland 

T h i s t a l k summar ises w o r k on i n c l u s i v e r e s o n a n c e p r o d u c t i o n done by 

t h e A a c h e n - B e r l i n - B o n n - C E R N - C r a c o w - L o n d o n - V i e n n a - W a r s a w C o l l a b o r a t i o n 

d u r i n g t h e p a s t y e a r [ 1 ] . I t i s b a s e d on a b o u t 1.1 m i l l i o n e v e n t s coming 

f r o m t h e f o l l o w i n g b u b b l e chamber e x p e r i m e n t s : t r + p a t 8, 16 and 23 G e V / c , 

TT~p a t 16 GeV /c and K~p a t 10 and 16 GeV /c . The r e s o n a n c e s p°, f , n , « , 

K* K* , n n A + + and I ± , o o c a r e s t u d i e d . R e s u l t s a r e p r e s e n t e d on 
8 9 0 1 4 2 0 , 1J»!> 

- s e p a r a t i o n o f f r a g m e n t a t i o n and c e n t r a l p r o d u c t i o n o f s e c o n d a r y 

p a r t i c l e s ; 

~ u n i v e r s a l i t y o f t r a n s v e r s e momentum s p e c t r a ; 

- d i r e c t p a r t i c l e p r o d u c t i o n and c o n t r i b u t i o n s f r o m r e s o n a n c e d e c a y s . 

The e n e r g y d e p e n d e n c e o f t o t a l p r o d u c t i o n c r o s s s e c t i o n s o f r e s o n a n c e s i s 

d i s c u s s e d s e p a r a t e l y by P . C h l i a p n i k o v a t t h i s C o n f e r e n c e . 

SEPARATION OF FRAGMENTATION AND CENTRAL PRODUCTION OF SECONDARY PARTICLES 

L o n g i t u d i n a l momentum s p e c t r a o f p ° p r o d u c t i o n i n tt p and tt p i n t e r ­

a c t i o n s a t 16 G e V / c a r e v e r y s i m i l a r . They d i f f e r , h o w e v e r , f r o m t h e 

c o r r e s p o n d i n g s p e c t r a i n pp i n t e r a c t i o n s a t 24 G e V / c as s e e n i n f i g . 1 . 

Whereas t h e s p e c t r a c o i n c i d e f o r y < 0 , p p r o d u c t i o n i s much s t r o n g e r in 

t h e f o r w a r d d i r e c t i o n f o r ttp t h a n i t i s f o r pp i n t e r a c t i o n s . The d i f f e r e n c e 

can be i n t e r p r e t e d as b e i n g d u e t o d i f f e r e n t beam f r a g m e n t a t i o n . A quantit­

a t i v e e s t i m a t e o f beam f r a g m e n t a t i o n and c e n t r a l components c a n be o b t a i n e d by 

o + * 
c o m p a r i n g i n v a r i a n t c r o s s s e c t i o n s f o r p p r o d u c t i o n i n 7t p w i t h K 

- . * 
p r o d u c t i o n i n K p i n t e r a c t i o n s a t 16 GeV/c ( f i g . 2 ) . As K is m a i n l y 

p r o d u c e d by k a o n f r a g m e n t a t i o n , t h e d i f f e r e n c e o f t h e two s p e c t r a may b e 

c o n s i d e r e d a s a n e s t i m a t e o f t h e c e n t r a l component o f p p r o d u c t i o n . U s i n g 

t h e c r o s s s e c t i o n s 

°pC ( T +p) = 4 . 7 ± 0 . 4 tub 

<x * D ( K ~ p ) - 3 . 3 ± 0 . 4 mb 

a t 16 GeV/c t h e f o l l o w i n g e s t i m a t e s h a v a b«en o b t a i a & i l ; t ' %-

K p 

cfpo - 1.6 ± 0.5 ab 

° K * ° " 0 , 2 m b 

w h e r e F and C stand f o r fragmentation and central production, respectively.-. 

These e s t i m a t e s a r e c o n s i s t e n t w i t h the interpretation of f i g . I a& g 

a b o v e . 

S i m i l a r l y s p e c t r a f o r the production of E * 1 3 8 t ; ^1385 0 1 1 1 7 

compared i n K p i n t e r a c t i o n s a t 16 G e V / c ( f i g . 3). I f £ + and £~ are p r o d u c e d 

by a " c e n t r a l " p r o c e s s , t h e y s h o u l d h a v e t h e same c r o s s s e c t i o n , a s the 

t o t a l c h a r g e o f t h e i n i t i a l s t a t e i s z e r o . 
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I n the p r o t o n f r a g m e n t a t i o n r e p i o n r " p r o d u c t i o n s h o u l d b e s m a l l 

a s i t r e q u i r e s d o u b l e c h a r p e e x c h a n g e , w h e r e a s I p r o d u c t i o n i s a l ­

lowed. Indeed the d i f f e r e n c e o f t w o s n e c t r a i s v e r y s u g g e s t i v e o f a 

f r a g m e n t a t i o n c o m n o n e n t . W i t h the c r o s s s e c t i o n s + ( K " n ) = 0 .41+0.OS mb 

and a E . ( K " p ) = 0 . 2 7 ± 0 .04 mb a t 10 C e V / c ( l e ) one a r r i v e s a t f r a p p e n t a t i o n and 

c e n t r a l components o f 

F 4 = 0 .14+ 0 .07 mb 

C . = 0 .27± 0 . 0 4 mb 

A di f f e r e n t t e c h n i q u e has been 

used by t h e Birmingham- B r u s s e l s -

CEPN- Mons C o l l a b o r a t i o n t o s e p a r a t e 

f r a g m e n t a t i o n and c e n t r a l p r o d u c t i o n 

o f A ' s i n K + p i n t e r a c t i o n s a t 8 and 

16 GeV/c ( 2 ) . C o n t r i b u t i o n s from beam 

and t a r g e t f r a g m e n t a t i o n h a v e been 

o b t a i n e d b y f i t t i n g t r i p l e - R e g g e e x ­

p r e s s i o n s t o t h e d i s t r i b u t i o n s o f 

l a r g e | x | and b y e x t r a p o l a t i n g them 

t o s m a l l |X| ( F i g . 4 ( a ) ) . The c e n t r a l 

comnonent o f I p r o d u c t i o n i s o b t a i n ­

e d by s u b t r a c t i n g t h e sum o f the two 

f r a g m e n t a t i o n components from t h e 

o v e r a l l spec t rum ( F i g . 4 ( b ) ) . 

F i g . 4 a ) I n v a r i a n t x d i s t r i b u t i o n f o r ô n r o d u c t i o n K p i n t e r a c t i o n s a t 8.2 

GeV. The c u r v e s r e p r e s e n t f i t s o f t r i p l e P e g g e e x p r e s s i o n s t o t h e f r a g ­

m e n t a t i o n r e g i o n s . 

b ) D i f f e r e n c e b e t w e e n d a t a and f r a g m e n t a t i o n components o f f i g . 4 ( a ) 

r e p r e s e n t i n g the c e n t r a l component o f A p r o d u c t i o n . 

2 . UNIVEPSAI.ITY OF TP/NSVEPSE SPECTPA 

I n c l u s i v e d i s t r i b u t i o n s o f p r o d u c e d p a r t i c l e s h a v e been found t o d e -
T 

pend on the mass o f the p a r t i c l e ( 3 ) . S n e c t r a f o r h e a v y p a r t i c l e s a r e a p p r o x i ­

m a t e l y e x p o n e n t i a l be tween =0 and 2 ( G e V / c ) . Fo r l i g t h p a r t i c l e s l i k e 
2 

n i o n s and kaons t h e s n e c t r a h a v e a much s t e e p e r s l o p e a t s m a l l p^, wh ich g r a ­

d u a l l y d e c r e a s e s t o about t h e same s l o p e as f o r h e a v y p a r t i c l e s above pi I 
2 

( G e V / c ) . A p a r t from some s t r u c t u r e a t v e r y s m a l l n_ , r e sonances t u r n ou t t o 
2 

have s p e c t r a w i t h an e x p o n e n t i a l f a l l - o f f out t o about 2 ( G e V / c ) w i t h s l o p e s 

s i m i l a r t o the ones o f h e a v y n a r t i c l e s . Some resonance s n e c t r a a r e shown i n 

F i g . 5 ( a , b , c ) and compared t o s p e c t r a o f p i o n s and k a o n s , r e s p e c t i v e l y . 
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A s u r p r i s i n g l y s i m i l a r s l o p e i s f o u n d f o r a l l r e s o n a n c e s s t u d i e d 

i n c l u s i v e l y i n d e p e n d e n t o f t h e i n i t i a l s t a t e o v e r a l a r g e r a n g e o f l a b . 

momenta ( 6 - 200 G e V / c , see T a b l e I ) . M o r e o v e r t h e same s l o p e i s f o u n d 

f o r " q u a s i " ~ i n c l u s i v e p ±

2 d i s t r i b u t i o n s o f n and u p r o d u c t i o n [ I f ] ( f i g . 6 ) . 

T h i s combined e v i d e n c e l e a d s t o t h e c o n j e c t u r e of universality o f 

t h e s l o p e o f p ^ s p e c t r a o f d i r e c t l y p r o d u c e d p a r t i c l e s . "Second o r d e r " 

e f f e c t s l i k e 

- s y s t e m a t i c d i f f e r e n c e s o f s l o p e s f o r c e r t a i n b « a a s o r p r o d u c e d p a r t i c l e s 

d i s t r i b u t i o n s f o r t h e i n c l u s i v e r e a c t i o n s 

TT+p -> ( n , w» p ° ) + c h a r g e d p a r t i c l e s a t 16 G e V / c [ i f ] . 

- a s l o w d e c r e a s e o f s l o p e s w i t h i n c r e a s i n g e n e r g y c a n n o t b e e s t a b l i s h e d 

w i t h p r e s e n t l y a v a i l a b l e d a t a . 

S l o p e u n i v e r s a l i t y w i l l be u s e d i n t h e f o l l o w i n g as a method o f 

e s t i m a t i n g p r o d u c t i o n c r o s s s e c t i o n s . 

• 

The f i r s t example c o n c e r n s n and tu p r o d u c t i o n m Î p i n t e r a c t i o n s a t 

16 G e V / c [ I f ] . W i t h b u b b l e chamber d a t a t h e s e r e s o n a n c e s c a n o n l y be 

o b s e r v e d when a l l o t h e r p a r t i c l e s i n t h e f i n a l s t a t e a r e c h a r g e d ( o r 

o b s e r v e d V ° s ) . To compare them t o P p r o d u c t i o n , P's s h o u l d be s t u d i e d i n 

s i m i l a r " q u a s i " - i n c l u s i v e r e a c t i o n s , i . e . p r o d u c e d w i t h c h a r g e d p a r t i c l e s 

2 

o n l y . T h e r a t i o o f t h e p r o d u c t i o n c r o s s s e c t i o n i n t h e p ^ r a n g e w h e r e 

a l l t h r e e r e s o n a n c e s h a v e e x p o n e n t i a l d i s t r i b u t i o n s w i t h a l m o s t i d e n t i c a l 

s l o p e s i s f o u n d t o be 

N : us : P - 0 . 3 : 0 . 8 : 1. 
Based o n s l o p e u n i v e r s a l i t y and o n t h e s i m i l a r i t y o f x and y d i s t ­

r i b u t i o n s [ I f 3, t h e s e r a t i o s a r e assumed t o be t r u e a l s o f o r t h e f u l l y 

i n c l u s i v e c a s e and t h e f o l l o w i n g c r o s s s e c t i o n s f o r n and ui p r o d u c t i o n 

a r e o b t a i n e d : 

« 1 . 5 ± 0 . 3 mb 

0 = 4 . 0 ± 0 . 6 mb 

Î . DIRECT PARTICLE PRODUCTION AND CONTRIBUTIONS FROM RESONANCE DECAYS 

S l o p e s o f d i s t r i b u t i o n s f o r i n c l u s i v e r e s o n a n c e p r o d u c t i o n 

As cross s e c t i o n s f o r r e s o n a n c e p r o d u c t i o n a r e l a r g e , many o f t h e 

f i n a l p a r t i c l e s o b s e r v e d a r e i n f a c t d e c a y p r o d u c t s . W i t h some p l a u s i b l e 

a s s u m p t i o n s [ i h ] i t is s t r a i g h t f a w a r d t o c a l c u l a t e t h e c o n t r i b u t i o n o f 

t h e i m p o r t a n t r e s o n a n c e s , t h e c r o s s s e c t i o n s o f w h i c h h a v e b e e n m e a s u r e 

a t 16 G e V / c , t o t h e f i n a l p a r t i c l e y i e l d ( T a b l e I I ) . A l m o s t h a l f o f t h e 

p r o d u c t i o n c r o s s s e c t i o n o f t h e p a r t i c l e s l i s t e d i n T a b l e I I c a n be 

a c c o u n t e d f o r by known r e s o n a n c e s . As p o s s i b l e c o n t r i b u t i o n s f r o m b r o a d 

o r h i g h mass r e s o n a n c e s a r e d i f f i c u l t , t o m e a s u r e , t h e numbers o b t a i n e d c a n 

b e used t o g e t u p p e r bounds f o r t h e f r a c t i o n o f d i r e c t l y p roduced p a r t i c l e s . 

TABLE I I 

T h i s p e r c e n t a g e h o l d s f o r t r u e A s , i . e . a f t e r s u b t r a c t i n g l°s f r o m 
t h e o b s e r v e d A y i e l d . 

An e x p e r i m e n t a l t e c h n i q u e has b e e n d e v e l o p e d t o e s t a b l i s h d i f f e r e n t i a l 

s p e c t r a o f d e c a y p r o d u c t s w h i c h can t h e n be s u b t r a c t e d f r o m t h e o v e r a l l 

p a r t i c l e s p e c t r a . Such an a n a l y s i s has b e e n done f o r n e g a t i v e p i o n s p r o d u c e d 

i n tt p i n t e r a c t i o n s and f o r n e u t r a l kaons i n K p i n t e r a c t i o n s b o t h a t 16 GeV/ 

[ l g ] . As e x p e c t e d f r o m p u r e k i n e m a t i c s , f i g . 7 ( a ) shows t h a t d e c a y p i o n s a r 
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the more peaked at small p^ 2 the smaller the Q-value of the resonance and the 
heavier the mass recoiling against the pion. Sunning up the contributions 

2 
of all meson resonances studied (fig. 7(b)), the particular form of the p ± 

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 
the peak oX small p^ . 

Fig. 7 p ±
2 distributions of TT~ production in IT p interaction at 16 GeV/c 

CM. 
a) Inclusive if distribution and spectra of tt s coming from n, u, P 

and f resonances 

b) Inclusive TT~ distributions, sum of all TT S from (N, w , P, f) 
decay (broken line) and difference of the two distributions 
(full line). 

Having shown that pions *4 small p^ 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. 4(a) the 
2 

p spectrum of pi< is compatible with the exponential P spectrum above 
p ^0.8 GeV where decay-pions are expected to play a less important role, 

. 2 2 Extrapolating the exponential spectrum at large p^ down to p^ = 0 , one 
obtains an upper bound for direct pion production of 20Z of the total pion 

2 
yield. Taking into account the large p^ tail of decay-pions one arrives 
at a best estimate of about 102. In Table III we compare the production cross 
cross sections for meson resonances and the estimate for directly produced 
pfbns with quark model predictions by Anisovitch and Shekhler [4]. Although 

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 <Ji and n production, however, are off by one 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. Counihan, 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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TABLE III 

C o m p a r i s o n o f p a r t i c l e r a t i o s i n 16 G e V / c TT + p i n t e r a c t i o n s w i t h q u a r k 
model p r e d i c t i o n s [4]. 
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ASSOCIATED CORRELATION EFFECTS IN jrp-

INTERACTIONS AT 40 GeV/c 

L.N.Abesalashvili, N.S.Amaglobeli, N.K.Koutsidi, 

T .G .Makharad ze , R.G.Salukvadze , L.A.Slepchenko , 

Yu.V.Thevzadze, M.S.Chargeishvili 

High Energy Nuclear Physics Problem Laboratory, 

Tbilisi St.University , USSR 

Results of an experimental study of semi-in­

clusive reactions in 7'rp 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^1^. 

The results reported are based on the analysis 

of ~10400 inelastic interactions. Data processing 

/2/ 

was described elsewhere7 7 . 

The distribution of an associated multipli­

city as a function of transverse momentum of the 

trigger T\± -meson from reaction 

71-P — 77* + (n-i)cA
 + .. . (1) 

is shown in fig.l. Data from Jl'fl-collisions (on 

quasi-free neutrons of the carbon nucleus) are 

also given for comparison. 

Fig.1.The associated charged multiplicity as 
a function of transverse momentum of the 
trigger Ti± -mesons. 

A weak dependence of the associated multiplicity 

on p± is seen for low p± region (px-£ 0.5 GeV/c), 

whereas <n(pj> is nearly constant for higher pL . 

The experimental results were approximated by 

the expression 

<n(Pl)> =a * V P x C2) 

deduced within the framework of the diffraction 

excitation model for semi-inclusive react ions'"3'L^ 

Small values of parameter B (e.g. for JÏ "-mesons 

6 =0.08 +0.02) point a rather weak correlati­

ons between FI and p x . 

However it turns out that such behaviour of 

the <Oj/pi)> 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 Ti- -mesons. Note 

Fig.2. The same dependence in different 

phase space regions of the trigger particle. 

the following main features: I) the <n(p±)> 

values in fragmentation regions - fig.2a) and 

2c) are lower than in the central region -

fig.2b) because of the diffraction-type mecha­

nisms of the particle production; II) an ap­

proximate constancy of the <n(pa)>- e . g i n the 

central region - is the. result of the influence 

of the process dynamics - the fact clearly 

seen when comparing the experimental data with 

/ 5 / 

Monte-Carlo generated events7 7 - curve in the 

fig.2b); III) the associated multiplicity for 

the trigger TT-mesons from beam fragmentation 

region shows tendency to increase. 

Further analysis of the <n(pj>for fast TT-

mesons reveals that particles produced in the 

central region are responsible for this rise 

of the <n(pi)> - fig. 3b) . 
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Fig.3. The same dependence for trigger Ti~ 
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(pA)>for forward emitted 71"-mesons by 
means of the model of beam particle excitation 
in the course of its interaction with the target 
hadron constituents'^. 

When taking two subsets of associated partic­
les: those having the same direction of the p^ 
as the trigger particle and the ones with the 
opposite direction, the different behaviour of 
the <n{px)> is seen - fig.4, Whereas the associa­
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(pJ)> in both hemispheres-
curves in the fig.4. 

We have studied further the dependence 
of the average transverse momentum of associated 
particles on the value of px of the trigger par­
ticle. Our data show an increase in the < p A > a s s 

with the increase in the p. , . value- fig.5 -
which is well approximated by a linear dependence 

< p > = O i + , (3) 
^ f x ' a s s 1

 1 I 1 hly 

(e.g. for Jî+-mesons J/̂  = 5-86, (^=0.354+0.001, 
6l «0.028 +0.003). 

Pig.5. The average transverse momentum of 
associated particles as a function of the 
pl of the trigger particle. 

When analysing the average associated p x 

in different azimuthal cones we see that in the 
cones with opening angle tp > 90° < p A > M S increases 
when increasing p^ of the trigger the more the 
closer is y to 180° - fig.6. However < p J L> a s s 

increases also for particles in the narrow cone 
on the same side (y< 30°), whereas it decreases 
in two other cones. It agrees rather well with 
the big correlations observed at the ISR for 
high p x particles in the cases of f z 0° and 
f * 1 8 0 o / 7 / . 

Note in conclusion that the results repor­
ted here point at the associated productions of 
particles with p x greater than the average one 
and the data do not contradict "jet-type11 models. 

^ Fig,4. The same dependence for 77- -mesons 
from -the central region in the same and 
opposite hemispheres. 
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Fig . 6 , The same dependence in different 

azimuthal cones for the trigger Ji"-meson. 

The authors are grateful to the staff of 

the 2-metre chamber international 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 

A -HYPERONS AND K° -MESONS IN J'C*INTERACTIONS 

AT 40 GEV/C 

L.N.Abesalashvili, N.S.Arnaglobeli,L.T. Akhobadze, 

D.V.Gersamia, M.A.Dasaeva. T.L.Kchvachadze, 

N.S.Koutsidi, R.G.Salukvadze, Yu.Theyzadze, 

M.S.Chargeishvili 

Tbilisi State University, USSR 

In this paper we present results cn the inves­

ti a 

tigation of some inclusive spectra of/J -hyperons 

and /^-mesons produced In Jl Cfand M ^interactions 

at 40 GeV/c. (Symbol applies to the ̂ -me­

son interactions with carbom without accounting 

pion interactions with quasifree nucléons). 

As an experimental material for physical inves­

tigation were used events selected from the films 

of 2m JINR propane chamber, obtained in ft -roe s on 

beam at the Serpukhov accelerator. Questions con­

cerning the measuring of -^-events and section 

definition of their production are considered in 

papers^ 1/ and^2/. Distributions for Jl~Hand J t d - 2 

interactions are compared with corresponding 

distributions for Jl p collisions. 

Momentum Characteristics of >4-Hyperons and ̂ y-

Mesons 

In Fig,I normalised momentum distributions 

of A and /^particles are presented for Jtd ^ Jt C* 

and 3[~jc> interactions. Comparison of distributions 

f or JTf and Jcd collisions makes it possible to 

examine the influence of nucleus over the consi­

dered distributions. It may be seen that in J£~d 

interactions the part of slow particles is 

slightly higher and there is a tendency of dec­

reasing the number of particles with maximal mo­

menta. An average momenta of Â° and -partie le s 

in Jld inter act ions are less than in JL p collisions 

(see Table I). Momentum distributions of A ° and 

Jf yj -particles for & C interactions within the 

range of errors coincide with corresponding 

distributions for Sip collisions. 

In Table I the average characteristics of , 

hyperons and -mesons produced in XC* and 

JÙ C interactions are given. 
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Table 1 

In Table I one may see that in Ji interac­

tions meanly slower neutral strange particles 

are produced than in pion-nucleon interactions. 

The average values of transverse momenta 

hyperons in M C , Je C and Jt p collisions coin-

side. One may say the same of -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°  

Hyperong and ̂ /-Mesons 

The behaviour of normalised invariant d if fere n-

tial sections i n lab.system for A -

hyperons and ^-mesons from inte­

ractions was investigated. Integration by square 

of transverse and longitudinal momentum leads to 

the functions. 

1 V y <Tcn J Up,, dpMZ 

Hz (H >- J J ' ' * ; 4 ' ' 

Functions H, Q>j,j fox A -hyperons and /^-mesons 

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

For comparison the relations of these values 

are given too: 

HiCf>„)rc-p 

It may be seen that Hi(J%)îot Jï d and A p 

interactions slightly differs in the region of 

low value of longitudinal momentum in the oase 

of A -hyperons and A ;-mesons as well. Our expe­

rimental distributions by square of transverse 

momentum in Jî p , Ji Cf and M C interactions up 

to 1 (GeV/c) 2 are shown in Fig.3. (One may see 

that functions Hz(p\)for X° /^/particles 

in and A p collisions coinside within 

the range of errors. Functions f/z(JPjlJf°rÀ ~ 
o 

hyperons and £-mesons in the given Interactions 

were fitted by the exponent of the form f^zffiJL h 

Je-**' • 
The results of fitting are given in Table I. 

Coefficient B is the same for HZ (pj^sxià Pz 

From the comparison of different distributions 

of À, -hyperon3 and X^-mesons from Ji'p and Ji> d 

interactions one may conclude that carbon nuc­

leus unsubstentially change the momentum and 

angle characteristics of// and £ -particles. 

The influence of carbon nucleus is observed as 

a displacement of momentum spectra of À ° and 

particles to the smaller values. Secondary in­

teractions in Carbon nucleus play, apparently, 

unimportant role in the production of Ji and/^f-
7 

particles* 

Fig.l. 

c 

Normalized momentum distribution of^ hyperon and 
K°-mesons in lab. system. 
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Fig.3. 
Dependence of the function Hp(P 2) on P 2 for/\c-hy-
perons and K£-mesons. 
Straight line - the result of approximation of expe­
rimental data from interactions. 

TWO-PARTICLE CORRELATIONS 
E.P.Kistenev 

IHEP, Serpukhov, USSR 

Progress in correlation studies reached 
in recent years makes it obvious that a real 
understanding of the phenomena responsible 
for the structure observed in correlations is 
impossible without precise separation of the 
production mechanisms playing a dominant role 
in different regions of the phase space. Por 
this reason this talk will be devoted mainly 
to those results which provide information 
about the interplay between the correlations 
and production dynamics. 

1. Longitudinal Correlations in the  
Central Region 

The correlations are usually studied in 
terms of correlation functions. The most popu­
lar definitions are the following : 

are one and two particle densities, t- %j - types 
of the particles in the pair. 

The inclusive correlation function can be 
defined in a similar way and rewritten in terms 
of the components of semi inclusive processes 
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The first term in this equation is the sum 
of the semi-inclusive 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 semirlnclusive spectra depending on the 
multiplicity.The last term does not contain 
any information about the dynamical correla­
tions among the produced particles /i/ 
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The semiinclusive correlations are pre­

sented to the conference for TZ'p^"^^,jop/^^ f 

pp7/8^ and p>Â^^ interactions in the energy 

range 5-400 GeV/c. General structure of such 

correlations is illustrated in fig. 1 where 

the values of the semi inclusive correlation 

functionsCT^o^) axe plotted against t h e ^ ^ g ) 

for a fixed value of a n d ^ -

rapidities of the particles in pair). 

C;(Y-.Y5)
 P P 2 0 5 G E V / C 

^ / 7/ 
5 B A B c o l l a b o r a t i o n 

Fig. 1 

a) The observed correlations are of short 

range and the function 0»*^,^decreases sharply 

from its value at -tSa. = o . 

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 

/10/ form' 

where K - is the cluster multiplicity, fCy,,^)-

two particle density within the cluster. New 

data of SBA.B collaboration^^ support the con-

elusion from PSB experiment' ' that the clusters 

are entities with multiplicity independent 

characteristics. As seen from data of fig. 2 

where the values of <#fc-')>/<A:> are functions 

of the scaled multiplicity the multipli­

city distribution within a cluster is broader 

than a S-function U-iJ >/<<>=Ko-Ajand nar­

rower than a Poisson-like distribution (<K(vi-4)>/ 

<K> cs. <t<>(vwA.)/<n>.The small values of <\L(*-£»/f\fi> 

in the figure imply an average number of charged 

particles <k>^ 2. which means that well known 

resonances, such as vector or tensor bosons 

could play a dominant role in the picture 

observed• 

Fig. 2 

The effect of p° -production on longitudi­

nal correlations was investigated by the BFGMOP 

collaboration in ̂ Cp interactions at 

11.2 GeV/c / 6 /(fig. 3 ) . 

Fig. 3 

The p°-meson leads to the effect of for­

cing apart the31-pairs reducing the short range 

correlations in TL"X + and lC7C systems. This 

conclusion coincides with a prediction made by 

E.Levin and M. By skin in the context of multi-

peripheral model considering the alignment of 

the resonances in the final state^ 1 2 / /. 

The French-Soviet Union pp -collaboration 

at 69 GeV/c previously reported the existence 

of the maxima in semiinclusive correlation 

function C*6*i=Sa) ats,-y £-±± for both 
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and^TCçomb:ina1<ions^^. The corres­
ponding data are now available also in pp in­
teractions at 205 GeV/c / 7 /, K > at 32 G e V / c / 1 V 

and pp at 22.4 GeVA/ 8 /. The compilation of 
the proton data for multiplicity " is shown 
in tig. 4. Positive correlations are present 

in all data. The same structure as at 69 GeV/c 
is seen in the 205 GeV/c data for 3CoC pairs. 
One of the possible explanation for the maxima 

(.«terrât y*,*2z*tl could be the anisotropy 
of the resonance decay if they are produced in 
aligned state.The central maximum atu^t^-ocan 
be a manifestation pf the second; order interfe­
rence effect (see for example the minirapporteur 
tali; of M. Podgoretsky at this conference). 

The data for TCTC combinations are contra­
dictory, The dip at 3x-yz=o seen in the 
69 GeV/c data is absent at 205 GeV/c. More pre­
cise data are still needed to study tliis effect 
in detail. 

2. Joint Angular-Momentum 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 follows 

which means that wide open pairs are favoured 
over narrow ones. 

Compilation of the data for azimuthal 
asymmetry defined as B ^ 0 (*>i)-N(^i ) ] / V : 

is shown in fig.5^^^(*fis the opening angle 
In transverse momentum plane). 

Fig. 5 

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

The constructive interference which exists 
in the pairs of like particles 7' 1^ can explain 
the difference between the azimuthal correla­
tions for like and unlike pairs only in the 
threshold region MT,TI ~%M&. 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. 6 shows the results obtained 
in. experiments at 40 GeT/c^ 1 6 / /(a) and 

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 Ot'P data at 40 GeV/c / 1 6 /(fig.6a). 
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The elimination of the events with a 

7L~*JC couple in the -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 A b 3 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 A y can be parametrized in the framework 

of the independent cluster emission model with 

cluster multiplicity<K> ^ 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 

Jï Jl. 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 K-p AND pp INTERAC­
TIONS IN THE MIRABELLSE 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-Soviet Union Collaborations* 
with the 4.6 m. MIRABELLE hydrogen bubble cham­
ber exposed at the Serpukhov accelerator to RF 
separated K +, K~ and p beams at 32 GeV/c, These 
results are based on the analysis of 100K, 80K 
and 12K pictures of K , K and p experiments 
respectively• 

\/° + ~ 

All events including V and e e pairs have 
been doubly scanned, measured on manual or 
automatic devices and submitted to 4-C kinematical 
fits. Therefore, both inclusive and exclusive 
studies have been carried out on these samples. 
Four communications^1""4"/ for the K^P , five for 
the K P/5"*9/ and two for the p p / 1 0 " 1 1 / experi­
ments were reported. 

In this brief sketch of the results given in 
these papers, the data on 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 

o 
The TT average multiplicity//)-^ assumed to 

be equal to /2 is almost identical in the 
three experiment (1.89+0.05),(1.96+0.05) and 
(1.80+0.15) for K^p, Kp and 'pp interactions 
respectively as well as its topological depen­
dence shown In fig.l. The shape of the ̂  ftp*} 

dependence is also quite compatible with the 

The laboratories involved in the Collabora­
tions are: Bruxelles, Mons, Paris, Saclay and 
Serpukhov for the K*p experiment ; Aachen,Berlin, 
CERN, Saclay, Serpukhov and Vienna for the K~p 
experiment; Bruxelles, Mons, Saclay and Serpukhov 
for the pp-experiment. 

results obtained in W p and pp interactions^1^7. 
In the Kp experiment the average multiplicity 
of each type of produced particle has been 
evaluated by using the equations of charge, 
strangeness and baryonic number conservation and 
some general hypothesis on the production of F\ , 

K^and antibaryons. In particular, the average 
multiplicity of and W are found to be quite 
compatible with the F multiplicity (\"F+,> = 
«1.87+0.07, (7?^-)-! . 96+0.10). The multiplicity 
distribution of 7T 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 
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are not pions. The dispersion D and the correla­
tion coefficient -f have been determined for ̂  , 
W and " multiplicity distributions; in the T 
case, the average value of the number of produ­
ced yjf pairs has been used. A general agreement 
is found within the experimental errors between 

± o 
these coefficients for ^ and F . in particular, 

X o 

J2 is ̂ compatible with zero for ^ and 5 and 
the T distributions 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 
of the system X associated to T ,7T f-foz X S ®? 

K", /I and identified protons (yD < 1.2 GeV/c) 
has been calculated as a function of fix • Below 
Mx — 40 GeV 2, i.e. mainly in the fragmentation 
region of the incident particle, the Mx dependen­
ce of (hxy is well described by the logarithmic 
law (f)x>- ar + £&A/ xwith 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 GeV 2 the £ coefficient increa-
ses strongly especially for TT and A inclusive 
reactions, indicating that the values of (^X^ 

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'' . 

n o o 
Production 

The inclusive cross sections for the reactions 

are (7.6+0.2), (9.8+0.25) and (6.3+0,6) mb for 
A= K + , K and p respectively. Their coin paris on 
with lower energy data shows a small increase 

± 
for Kp interactions and a more rapid rise for 
pp interactions. Using the cross sections for the 
reactions Kp-* A K*V X and K p K K + X 
and some simple hypothesis on the K and K charge 
distributions among Jthe possible final states, tt 
percentage ^/y? ( In K ^ K ) P interac­

tions has been evaluated to be 10$ (13$). As 
it is impossible to separate accurately the 
two strangeness components of the IS , this 
value has to be kept in mind before interpre­

ts 
ting quantitatively the K production properties 

± 

in K p interactions. 
The invariant cross section for K producti­

ons are presented as a function of X in fig.3. 

Fig.3. Invariant cross section as a function 
of X . 

These distributions are quite similar for K p 
and K p interactions and they do not show any 
strong variation with the data obtained at 16 
or 14.3 GeV/c« In the pp interactions in which 
the symmetrical r\ 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 &*p interactions has led to the following 
conclusions : 

a) in 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 in the proton frag­
mentation region where its approach is described 
by an S behaviour, suggesting the contribution 
of 0 exchange (strangeness annihilation); 

c) 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 )C=0 

normalized to the total cross section, as 

a function of (R V ^ . 
v Lnc ) 

The same behaviour is found in K p interactions. 

A general fit of the structure function to all 

K p available experimental data in the interval 

|X| 0.1 to a double Regge model including PR 

(S dependence ) and RR ( £ dependence) terms 

is also shown (curve of fig.4); it predicts a 

rise of the structure function at X-0 above 

'v 30 GeV/c and its asymptotic value. 

1.4. Production 

The inclusive production cross section for /\ 

( and J° ) 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 is 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 G-eV/c in the invariant cross 

section (fig.5) can be qualitatively explained 

Fig.5. Invariant cross section as a function 

of x . 

by the simultaneous decrease of the hypercharge 

annihilation processe which has a 

rather .flat X dependence, and the increase of two 

other processes. The firts one, (K p-* AKK + X) 

occurs mainly in the proton fragmentation region; 

from the K p-^À X cross section it is found 

to contribute to about 50% of the whole A cross 

section. The second one plays a 

role in the X>0 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 /v 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 K between 4 and 
une 

32 GeV/c. 

1.5. Kflso Production 

The production of Kjgo and ^$g0 resonances is 

very important in the K̂ p and K p -interactions 

respectively. It Is visible on fig.6 where the 
..n + h_— 

K T and K M mass distributions are shown. 

These distributions fitted with a Breit-Wigner 

function and a suitable background have led to the 

A2-23 



following cross sections: 6 (K ) «(3.4+0.4)mb 
and é(K* ) «(3.9+0.5) mb. Taking into account 
the proportion of K°(K°) previously found in 
K*p(K p)interactions, this means that about one 
third of the Kc( K c) come from the K* (K* ) decays. 
Comparing these data with lower energy ones one 
does not see any obvious energy dependence, 
although the variation could be compatible with 
that observed for K . The structure functi­
ons which have been calculated as a function of 
X (fig»7) are comparable for K and 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 

X 

Fig.8. Differen­
tial cross sec­
tion DÉ/DT 
for K~p elastic 
scattering; the 
full curve is 

to the data, and 
the dashed curve 
is the fit to 

K + p elastic 
scattering at 
32 GeV/c/ 1 5/. 

Bt+C± z 

to A € . The dashed curve is the fit 
obtained in the K+p elastic scattering at 32 
GeV/c (15). A first cross over between the two 
fitted distributions is found at| fc0|«(0.16+0.05) 

2 
GeV , which is in agreement with the values found 
at lower energy (16) and recently in the 50-175 
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. 

Fig.7. Invariant cross section as a function 
of X . 
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resonances have been calculated in the K frag­
mentation region in the G.J.frame, They show 
a small amount of alignment and lead to a pro­
portion of <-v 70% of unnatural parity exchange 
between the incident K and the K in the regi­
on 7 ^ 0 . 5 and | t K K*|< 1 GeV2 . 

II. EXCLUSIVE STUDIES 

2.1. K p Elastic Scattering 

Results have been presented at this Conferen­
ce on K p elastic scattering.- the total cross 
section (2.54+0.10 mb) and the differential 
cross section are in very good agreement with 
the data obtained in a counter experiment (14) 
at 25 and 40 GeV/c. The fig.8 presents the dif­
ferential cross section; the full line is a fit 



4 - — 

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 is indicated for each 

kind of particle. The leading effect of p andK 

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!T+C.M. 

rapidity versus the IT C.M.rapidity as done in 

fig.10 for the K +, K and p reactions. The popu­

lations of the sectors where jj-p* has the same sign 

as ^ 7 r- is larger than that of the two ether 

sectors especially in K~p TT*ir final state 

where the K TT+TT and the pTTTT threshold enhan-

Fig.10. Scattered plot of the y^-t versus _ 

C M . rapidity in the 4 body reactions. 

cements dominate the reaction. In K * p TT+T 

_ + — 

AND ppTTTT final states, the sectors yw->Q 

AND j^K 0HAVE still an important population 

which is dominated by non-diffractive producti-

on of A and *g9Q, A and A respectively. 

The cross sections of the K IT TT ((Jfjand p H 

diffractive enhancements defined as MKVTT ^ ^ 5 

GeV and Mpir+jT ^ 2.5 GeV are presented in tab­

le II. The ratios of these cross sections to the 

± 

elastic K p and pp ones, given also in table II, 

are equal within experimental errors in agree­

ment with the factorization requirements. 

2.4. Principal Axis Analysis in the Reactions  

K+p K+pTT-V" and K+p — K+p 2jT+ l l T 

An analysis of these two reactions has been 

carried out by this method. The distributions 

of 00$ç(, where o( is 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. 
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2.2. Reactions Ap~> Ap + h (" TT ) w h e r e  

A = K ^ K - p 

The cross sections of these reactions have 

been measured;they are summarized in table.1. 

The energy dependence of the four-body reactions 

shows a steeper decrease for K +and p 

incident particles than for K , which can be 

explained by a larger amount of 3 and 2 body 

ncn diffractive processes (as K*A + or A++£^+) 

present in these final states. The general beha­

viour of the outgoing particles is illustrated 

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



Table I 

Cross sections in mb for the reactions 

K*p-^ K*p + h (ïïY) and pp-+pp + h(V*T1~) 

Table II 

Cross sections and ratios ^/éet f o r t b e 

fractive enhancements defined as / ^ - ^ 1.5 GeV 

and MQJïïï<2 *5 GeV in 4 "body reactions 

(9+1)% (9.6+1)% (6.7+1.3)%(7 .0+1.5)%(5.8+1)% 
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3KCIIEPI'ïMEHT AIltïHE JIA1ÎHHE OB II3MEPE1ÎMII 

PA.3MEP0B OEJIACTI! B3AIîM0£EiiCTBIliI# 

to;kji,ectbehhocth 

M.KJIo^roperroiM 

Od'&ejr.MHeHHHM HHCTHTyx a^epHHx MCCJiejioBaKMM, 

J l y d H a f 

I . 3KenepiiMenx ajiBHH e padoxH, npe^CTaBJieH-

nue Ha KOHoiepeHiTO, BMecxe c o n y d J i H K O B a H H H M H 

panée, ço^eps&ai H H ç b o p M a n j o o B 3 a K M 0 # e a c T B H f l x 

JJ*pilï~C , p j 5 , ^ ^ i î j 5 h B KHTepBajie MMnyjiBCOB 

OT I £ 0 200 PsB/c. 

B03M0XH0CTB K o p p e j i n m i o H H o r o M S M e p e H M f l pas-

M e p o B M C T o q H H K a B n e p B H e d H j i a npo^eMOHexpHpoBana 

B C B H 3 H C X » H # 3t|xî)eKX0M G & L f ^ C M * / ^ H î l O C J i e -

^yemne 3KcnepHMeHxajîBHhie p a d O T H ; n a K0H ( { )epeH-

mit - ^ O K J i a ^ H ^ " " ^ . Q n H a i c o n p H H H H n i ï a j i B H M e OCHOBH 

K o p p e j î n m î O H H o r o MeTO^a B ero coBpeMeHHOM noHH-

MOHMH paspadOTaHH B T e q e H H e nocjieiHKX nnm 

jieT^~^. OcHOBHaa men, B 3 h t e h M3 acxpoHO-

i m i / 6 * 9 / , HMeei CBOHM HCXO^HHM nyHKTCM o a c c H -

M e c K M ô p a d O T H F. CPopejiMKa^ 0 ' ̂ , yCTanoBMBmero 

HaJîM^He MHTepopepeHUMOHHHX CBOllCTB CBeTa, HC-

n y c K a e M o r o nesaBHCMMHMM HCxoqHKKaMM. IIpHMeHH-

TGJIBHO K n n o H a M 3xa M ^ e n ^oc i aTO^HO înupoico o d -

cys^eHa B y i c a s a H H O i ! BHsae j iHTepaxype. Pe% M ^ g t 

o d o 3 e- CMMM e x pu 3 au,HM a M n j w x y u u p e m c x p a m i M ^Byx 

T 0 E ^ e C T B 6 H H H X IÎHOHOB, K C n y m e H H H X B pa3HHe M 0 -

M6HTH BpeMeHK m M3 pasHHX M e c T K3JiyqaK)mero odT>e-

wa. B pe3yjiBxaxe B O S H H K a r o T KHTep^epemjHOHHHe 

Koppenamm, noBHfflaiomHe BepoaxHocxB p e r H C x p a u r a 

XOZ^eCXBeHHHX IIHOHOB C dJÎH3KHMM H M ï ï y J I B C a M K * 

CooxBeTCTByjomHe éopMyjîH MO êjiBHO saBHCHMH, 

HO K M e î o x odmyio cxpyicxypy. ECJIM, H a n p j i M e p , H C -

ToqHMKH n BOE)qaioxca n
 o , n H O B p e M G H H O h p a c n o j i o s e H N 

Ha noBepxHOCTM ccpepH pegçKyca R , a HX BpeMg 

K K 3 H K *î ^ > HC} T O BepOHXHOCTB HadJIX^eHJî f l nMOHQB 

c m i n y j i B c a M H p M p 

i y a ^ f l ) , 4 . B ^ s a ^ . c i ) 

nJiocKOCXB, nepneH^HKyjiHpHyiD ~ _ J l_L . MHO 

xe^tlA/o cooxBOTCTByex cpoHOBOMy pacnpe^ejieHMK) des 

" M H T e p û e p e H U i H M , OdtraHO ^ j î h 3KcnepMMeHTajiBHoro 

Ha 

M H O M » 

onpe^ejieHHH W 0 KcnojiBsyrox napu ^ Jf^ XOTH 

xaKoM BHdop xpedyex enie c n e i m a j i B H o r o o d c y s ^ e H M H . 

HadJijo^afl KoppejiHUHii nap ÎJF"* <7T + M Ot~ M O K -

HO C n O M O m B K ) ( I ) H3MepMTB napawexpH H *u . 

M o k h o Taoce onpe^ejiMTB «opiiy H3Jiyqa©inel ! odJiaCTK, 

e c j i M conocxaBHTB pesyjïBxaiH ^ j ï h nap, BHjiexajoiïjMX 

b p a a H H x h nu pas j i e h m h x a 

B o d ^ e M cjiyqae raïiSM^ecKHM c m h c j i b g j î h ^ h h h ^ 

^ o b o ^ b h o c j i O K e H * O h a cjiaraexcn M3 epe^nero Bpe-

M 6 H H ' M 3 H H K C X O ^ H M K O B ^ d , paSdpOCa M0M6HT0B 

"BKJIOTGHHH" MCTOqHHKOB H "npO^OJIBHOrO Bpe-

MeHMw T 3 — y , r ^ e V ~ CKopocxB oxdMpaeMHx 

nKOHOB « 

IIpM coBpeMeHHOM cocxoHHJîH 3 K c n e p M M e H x a 

MOSHO Hâ eHXBCH MSMOpMXB XO^BKO HGKOTOpyK) KOM-

dMHHpOBaHHyîO 3#eKXHBHyK) BGJIHqHHy T . B O X H O I I i e -

HHM B e j î M q M H H R cjie^yex no^qepKHyxB, qxo oHa c b a -

3 a H a c paccxoiîHMeM M e ^ y MCxoqHHKaMK, nocxaBjïHD-

%mm xo^ecxBeHHMe n n o H H c d j iM3KMMH MMnyjiBCaMH. 

B cxaxHCXHMeçKMx exe^ax 9x0 coBna^aex c nojiHHMM 

p a 3 M e p a M H K3Jiyqai)meH odiacxM, h o b MyjîBXHnepM$e-

PHMecKiix MO^ejïflx R , BepoHiHO, xapaKxepH3yex 

paccxoHHHe ueny coce^HHMH y3JiaMH ^ M a r p a i m . 3a-

M e x H M eme, qxo ecjiK h h o h h pos^aDTca He Henocpe.ii;- 

ciBeHHO, a b pesyjîLTaxe paena^a ^ocxaxo^HO ^ O J Î -

r o K K B y m M x pe30HaHC0B, B e j i H q H H H ft vi ^onpe j re j iHKT-

c h n p o d e r o M m B p e n e H e M S H 3 H M 3 T h x pesoHaHCOB. 

BHCKa3HBajiHCB o n a c e H P i f i , mo^T0T-B3anMO-

^eUcxBHH b K O H e q n o M cocxoHHMH Moryx cyn^ecxBeHHO 

H C K a 3 H T B HapneoBaHHyK KapxHHy. OueHKii, npoBe-

^eHHbie B ^ ^ / , n o K a 3 a j î H , m x o 3 x 0 He xaK. 

2* SKcnepHMeHxajiBHue pesyjïBxaxH nojiy*ieHH 

B p a d O T a x ^ 2 ' 1 2 " " ^ , r^e npiiBe^eHH cneicxpu ^ 

RJIR pasjiH^iHHx 3Ha^eHKM ^ H cneKxpH <^O RJIR 

pasjOTHHx 3HaqeHnM ^ • IlapaMexpH k H3Mepn-

JTHCB nyxeM conocxaBJieHMa j i B y M e p H H x pacnpe^ejieHHH 

nO^ H \ C BHpaseHKHMH TMÎïa ( I ) ; dpOHOM B dOJIB-

uiMHCise cjiyqaes cjtymm napn Jf* T , Ha pwc. I 

h 2 npHBe^eHH j u i h n p n M e p a HeKOxopne H 3 nojiyqen-

h h x pacnpe^ejieHMft ( p n c . I H 3 ' / 2 y /

9 pnc. 2 h s ^ 1 8 / ) . 

Ï Î 3 coBOKynHOCXH yKasaHHux padox c HecoMHeHHoexB» 

cjiejryex KaK caMO eyqecxBOsaHMe M H i e p ç e p e K m i O H -

HHX K O p p e j I H m i M Î Q l ^ e C T B 6 H H H X qacxMU, xaK M 

ĵ ByMepHHË xapaKxep sxoro 3dxpeKxa. 
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B TadJiime ^ana CBo^Ka nojiy^eHHHx pe3yjiB-

TaiOB. Ilo pjyjy odCTOHTejiBCTB MX aneayeT noica 

MTO cqMTaTB npe^BapKTe^LHLam• OTMeTMM, B qacT-

HOCTH, *ÎTO B dOJIBIUHHCTBe CJiyqaeB OTHOUieHKe 

Yf(ûtù) * T # e # He cooacyeTCH c œopMyjiaMH 

Tuna ( I ) . 3TO Moaei dNTB CBH3aH0 co MHOTHMH 

TadJiMiia 

npn^KHaiai; He MCKJiiDMeHO, m o cymecTBeHHyD POJIB 

KrpaBT OCOÔeHHOCTK MCn0JIB30BrOHH0r0 (i)OHa. JlJIfl 

nap HHTepçepeHUMOHHHe KoppejiHUMK oTCyT-

CTBycT B paMKax npocTeaiiiHx CTaiKCTM^ecKiix MO-

jejieft, HO OHM MoryT MMÔTB Medo ^JIH MyjiBTunepM-

çepMMecKMX cxeM H #a$e RJIA Taicnx CTaTMCTH^ecKMx 

MO^ejieii, B KOTOPHX Me30HH odpasyioTCH B pesyjiB-

TaTe pacna^a npoMescyTO^HHx pe30HaHC0B. 3TO 

MOSCeT II0HH3MTB OTHOUieHMe M HeCKOJIBKO 

H3MeHMTB napaweTpH R- vfC. M3 CKa3aHHoro HCHa 

BascHOCTB cneuMajiBHoro M3y^eHMfl M conociaBJieHHH 

pa3JIH^HHX CnOCOÔOB KOHCTpyHpOBaHKfl o o H a ^ ^ 2 ' 1 5 ' 1 7 ^ 

He MCKJiro^eHO, m o B HeKOTopnx cjiyqanx OKaaceTCH 

ue;iecoodpa3HHM npnMeHHTB npoH.e,nypH "nepeMeiUM-

BaHHH" BTOpH^HHX MaCTHÏÏ,, OnMCaHHHe B ^ ^ . 

3o Bcex padOTax B e j i m m a . ^ 0Ka3ajiacB # o -

BOJILHO UBJIOVlCCC£ ft) • IÎOCKOJIBKy Ô Hcl M3 KOMI10-

HeHT^T KMeeT HHCTO reoMeTpKMecKyro npMpo.n.y7'0' 

KCTiiHHoe BpsMH &M3HH euje MeHBiue, MTO njioxo corjia-

cyeTCH c HaHBHHMH CTaTMCTM^ecKMMM npe^daBJie-

HHHMK. Cjie^yeT, Bnpo^eM, MMGTB B BHjiy, mo 

M3MepneMoe sHa^ieHMef 3aBHCMT OT CKopocTH MCTOW-

HHKa. KpoMe T o r o , o mud KM B onpe^ejieHMK aHeprai 

TaKse MoryT npuBecTH K rpKKTHBHOMy yMeHBineHMB 

BeJIĤ HHH *V . 

113 p a C o i / 1 ^ 1 6 ^ no-Bi^HMOMy, c^ej iyeT, ^ T O 

B T~ P -B3aMM0^e^CTBMHX npH Ĉ*^<S BeJIHMMHa 

(l^ d>f M Majio 3aBiiCKT OT 3HaKa n 3HeprMK nep -

BK^HHX ^acTHii; B piHTepsa^e OT 4 #0 40 TdB/c. 

KHTepecHO, ^ITO Tajcoe se 3Ha^eHMe R nojiy^eHo 

TaK^e .njia B3aiîM0^eîîCTBHîî K ĵb npw 8,25 TzB/c^^ 

K jbJb> npM 28,5 YzB/c^/. IlHa^e Be^yT cedfl aHHM-

rHJifln;H0HHHe npoueccu. Ilpn MnnyjiBce (1+1,6) FsB/c 

BejiM^MHa d npMMepHO TaKaa x e , KaK RJIR. Tp~ M 

-B3aHM0,i];eMCTBMM/2//

# OJO;HaKO c yBejipmeHHeM 

3HeprHM R CMJIBHO p a c T e T ^ ^ ^ . BnecTe c TCM napa­

MeTpH y^apa B npoiieccax c aHHMrMJiHH,Hew, HO-BH-

^MMOMy, B HecKOJiBKO pas MeHBme, neu B npoueccax 

de3 aHHMrM^HUMM^20^. IIPHMHHH 3THX pa3JiH^Hii noKa 

qTO HeH3BeCTHH. 

Gjie^yeT no^^epKHyTB, ^ T O "KoppejiniiHOHHHe 

pa3Mepnw He ROJIKKU 0dfl3aTe;iBH0 coBna^aTB c pa3-

MepaMM, onpe^ejifleiiHMH M3 aHajiH3a nonepeqHHx 

MMnyJIBCOB BTOPM^HHX MaCTMIÎ M JIM C nOMOIHBD ^dH-

HHX no ynpyroMy pacceflHMD. B KOX^OM H3 3TMX 

cjiyqaeB MH nojiyqaeM MH(popManMio o pa3JiH^Hiix 

CTOpOHaX CMJIBHHX B3aHM0^eîtCTBHÎÎ. ÏÏ03T0My BCe 

yKa3aHHHe no^xo^H Ha^o c^iHTaTB He KOHicypKpyiD-

mMMM, a jijonojiHHromHMK ^pyr .npyra. 

G CBH3M C MCCJie^OBaHMfllîM B OdJiaCTK pejifl-

TMBMCTCKOii H^epHOil $H3KKE MHTepeCHH KOppeJIHUKM 

TOaCHeCTBeHHHX ^aCTMU, 0Cipa3YK)mMXCH BO B3aMMO-

^eMcTBMHx c y^acTMeM H^ep. B HacToamee Bpenn 

M3B6CTHH TaKMe pe3yjiBTaTH noXff -Koppejian,MHM 

B7 C-B3aKM0^eMCTBMHx npM 3,7 roB/c /"^ / H 

40 YdB/c^1^^\ B odenx padOTax OTMe^aeTCH CMJIB-

Hoe yBejiw^eHMe R. no cpasHeHKio c JTf> -B3aMMo-

.HeiiCTBHflMH. IlHTepecHO dHJio 6u BHHCHKTB, KaK 
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Be^y i c e d f l X ^ K O P P E J I F L I J M H ( a xaiace K O P P E J I A M I H 

M E X J I Y ÔBiCTpHMM N P O T O H A J F F Î ) npn N E P E X O ^ E K D O J I E E 

Bniue yse O T M E ^ A J I O C B , MTO KOPPBJIHUMOHHHH 

A H A J Ï I Î 3 , B npMHUMne, N O 3 B O J I I I E T n o j i y ^ H T B npe^-

C T A B J I E H I I E o cpopMe M3«ny^aK)meri O D J I A C T K . TaKwe no-

N U T K H ôbijiYi npejinpHHflTH npn KsyneEmTf^p - B 3 A M M 0 ~ 

^ E I T C T B H I * / 1 ^ H ^ / > -BSaHMOJieËCïBMl/ 1 5 / . B odenx 

paôOTax nojiyneRu Y I C A S A H M H H A O T C T Y N J I E H H F L ox cgpe-

pn, oĵ HaKO B N E P B O M cjiyqae pem> M#ex od ojumn-

coime, c i ; A T O M B HanpasjieHMH J Ç B M S E H M F L N E P B H M H H X 

qacxHU, a BO B T O P O M çjiy^ae - o B H X I R A Y T O M ojuinn-

coH^e. JlajibHewmee P I S Y Q E H K E 3Toro B O N P O C A npeji;-

CTaBJiaeT H E C O M H E H H U M HHTepec. 

KoppejiauKM T O ^ E C T B E N H H X ^ A C T P I U HMODT, no -

BM^HMOMy, H E N O C P E ^ c x B O H H o e OTHoneHne K asMMy-

TaJiBHHM KoppejifliiHHM M K K O P P E J U M W A M nonepeqHHx 

HMnyJIBCOB, H O 9T0T BOnpOC BHXO.HMT 3a P 3 M K H M O 6 M 

T6MH* He^ocxaxoK BpeneHH He no3Bo;iflex x a s & E 

o d c y ^ M X L Meio^u onpê ejieHHfl N A P A M E I P A yjiapa 

H COnOCTaBKTB VIX C KOppejIflllMOHHHM MGTO^OM. 

KToroBHK B H B O ^ i T A K O B : M s y ^ E H P I E KoppejinitfiM 

T O K ^ E C X B E H H H X nacTm uoxei z&ih HOBHO Ba^Hne 

C B E J I E H E H 0 CBOHCTBaX C K J I B H H X B3aHM0ii;eMCIBHM, 

E C J I H y ^ A C X C A cymecxBeHHo IIOBHCHXL IOMHOCTB O K -

c n e P H M e H T a JI *>HHX ^aHHHx. BeponxHO, OTO odCToa-

X E J I B C T B O noTpedyeT dojiee U I K P O K O R O HcriojiB30BaHHfl 

O J I E K T P O H H H X M E T O ^ H K , XOTH N Y 3 H P B K 0 B N E K A M E P H 

T O S E He CKa3ajiH eme 3,u;ecB CBoero nocjie^nero 

cjiOBa. 
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MULTIPLE PRODUCTION ABOVE 10 x eV 
N.N.Roinishvili 

Institute of Physics of the Academy of Sciences 
of GSSn, Tbilisi 

1. Introduction 

There are 5 contributions presented to the 
Conference concerning multiple production above 
1 0 1 4 eV. 

I. The main problem discussed in all of 
them is the following. Are the experimental data 
at very high energy (~ iQ x y eV) in agreement 
with extrapolations of data obtained at the 
accelerators (*v i o 1 2 eV) ? 

In most of them the answer is 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• 

iii. 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 
which is about 10^-10^. Suitable arrangement 

2 
for their detection covers km . Threshold energy 
E t h~JMeV. 

2. y 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 (E t h~ (1-2) TeV). 

2, EAS Results 

EAS data are analysed in two contributions, 
presented by Moscow State University/"^ and the 
English-Polish group/ 2 / • 

0 400 600 
A T M O S P H E R I C D E P T H ( g / c m 2 ) 

Fig.l shows the average cascade curve of 
EAS at 1 0 1 5 e / 2 ^ . Full line denotes experimen­
tal data, dotted lines, various extrapolations 
of accelerator data. 

As is seen, EAS develops more rapidly 
than it is expected. 

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^ 1/. 

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 expeoted. 

Fig.4. Multiplicity of hadrons is by an 

order of magnitude lower than expected. 

average multiplicity increases as <n>^ E 

or even more rapidly above 10 
14 

eV. 

3. Families Results 

During the last three years 7 Soviet and 

2 Polish institutes exposed x-ray emulsion cham­

bers with total area~ 1000 m 2 in Pamir moun­

tains (Pamir collaborâtion)/"^. Two reports 

concerning the work are presented. The experimen­

tal one is based on analyses of 230 families 

with total energy £E .> 30 TeV ( £ ^ » 1 0 1 4 eV). 

The second report presents NEC calculations of 

checked various models having inclusive spectra 

like that obtained on the accelerators^4"/. 

Fig.5 shows a typical property of used 

models. 

In CS <^rise only till I O 1 4 eV. Accord­

ing to it inclusive spectra of pions change in 

the whole region of x from 0 to 1. 

in C5 and C4 Ç x(3. 6Ùt Eo + 40.9) n?£ 
In C5 inclusive spectra changed as in C6, 

and in C4 only the pionisation region violates 

the scaling. 

It is shown in the report that the flux of 

hadrons and photons obtained by Pamir collabora­

tion can be explained better by C4 model. 

The most direct result is presented in the 

/3/ 

experimental paper of Pamir collaboration' 

(Fig.6).It is integral distribution off va­

riable normalised to one family, JF is an ana­

log of x-variables for nuclear electronic 

cascade.lt is the fraction to total energy 

carried out by given photons ̂  £ 

In this analysis S^ih is Independent of I £ 

and equal to 0.04. 
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It can be shown that if scaling holds in 

.•agmentation region then -f f spectra do not 

apend on the . 

As one can see from Fig.6, starting from 

1 0 1 4 eV -^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 

1 0 1 4 eV is presented by Lebedev Physical Insti-

tute^/. By means of ionization calorimeter in 

Tian Shan mountains, the authors were studying 

NEC properties in lead. They observed that 

i. The fraction of the energy of primary 

hadron transferred to St° ( Kfr* 17$) is Inde­

pendent of the energy until 30 TeV. 

Ii. An attenuation length which at lower 

energy is equal to3A-n£ sharply increases at E 

~ 1 0 1 4 eV (Fig.7). 

One of the simplest explanation of the 

result is the production of a new unstable par­

ticle with 6!(czKj2 or 3 times less than <0. (Q* 
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INCLUSIVE REACTIONS AT MEDIUM ENERGIES 

ÏÏ.Kittel 

University of Nijmegen, ïietherlan&s 

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^1/, so I can concentrate on strange 

baryon production. 

At medium energies, the inclusive A X 

cross section decreases like about p * . 

/ L.AB 

while the Kp->K°Aoxoss section increases 

slightly^2/. The 7TP -> A °X° structure function 

shows approximate scaling forX£ -0.8 between 

5 and 205 GeV/c, while it grows by a factor 3 at 

X- 0 for T~P~+/(~~EX° i n "the same energy range 

A high statistics measurement of the A ° 

polarization P in K~~p-*> A° + pions at 4.2 GeV/^4y/ 

shows (fig.l) thatP is positive f or /é -0.5 

Fig.l. Polarization of the / andc; from 

K~p^> A ÙX'C and K~p~*>£~X^at 4.2 GeV/c. 

and negative above in this reaction. From compa­

rison to higher energies^/ we deduce that P 

decreases with energy forX^é. -0.5 while it is 

constant for - 0.5. The 3 polarization from 

K p - * H ~ X at 4.2 OeV/c/6/ is given in the same 

figure. It compares well with that of the A° 

in the region where thej^ structure function is 

large (X>^-0.5). 

On the other hand, the polarization of A 's 

produced in ifpA°X° at 8 GeV/c^
7^ vanishes 

for 0 < X ̂  0.6 and rises to/>=l forX-*l. In 

Pp-> A °X°studied at 5.7 0eV/cy/4'/ the A°polari­

zation is small or negative forX<û; a similar 
o o *— 

behaviour is found for/l's from K~p-+A +KK + 
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/4/ 

Birmingham - B r u s s e l s - C E R N - M o n s C o l l a b o r a t i o n 

K*p — • A * X** 

Fig.2. Effective trajectory points for JCp-»A X 

target fragmentation. The dashed line is a fit 

through the data at 8.2 and 16.0 GeY/c, the 

solid line is the trajectory drawn through the 

K, Q, and L positions. 

At medium energies, the mass distribution of 

X is dominated by resonance production. This can 

be described by the triple-Regge expansion only 

For target fragmentation 

p /\c at 4.2 GeY/c, the off-shell forward K K 

andK'*k scattering amplitude is written as a sum 

in an average sense' 

K a 0 

Fig.3. Missing mass produced against the A in 

K~p -> /) CX° target fragmentation at 4.2 GeY/c 

for ten t p A intervals between -1,0 and 0,0 GeY
2. 

The curves are from the fit described in the text. 

The inclusiveY. (1385) cross section falls 

f or£ (1385) production at medium energies and is 

constant for^(1385) production/12/. While 

21 (1385) is predominantly produced around X=0, 

£ + (1385) has a leading particle peak around 

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

distribution of 2.(1385) is in agreement with 

prediction of the additive quark model. 
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pions at 4.2 GeV' 7 . 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 Q 

p-trajectory was shown to dominate K —*r A 

beam fragmentation at 4.2 GeV/c/8/. For/3-~- A0 

target fragmentation at 4.2 GeV/c the effective 

trajectory lies between the K and ^trajectory/ 8/ 

f or K*~&A° a.% 8*2 and 16 GeY/c/9/ the data are. 

consistent with the K trajectory (fig.2). 
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INCLUSIVE X° AND / PRODUCTION IN PI0N-PR0T0f\ 

INTERACTION" AT 5 GEV 

Yu.A.Budagov, L.Sandor 

JINR, Dubna 

One meter JINR propane bubble chamber collar 

boration (Dubna-Kosice-Tbilisi-Yerevan-Minsk) 

studied the inclusive neutral particle produc­

tion (X^jfjA*,* * ) in 5 GeV* pion-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 ^ 

(0j2,4) charged particles + (7, 2, 3y 9y 6"J J[° 

and JZ'p'+fyZS)charged particles + 1 V°Ji^J(K'uJr 

Together with the data of other groups they form 

almost a complete set of 5 GeV^T/? -scattering 

partial cross sections / ! / This allowed one to 

obtain new data on the multiparticle production. 

The ̂ multiplicity distribution at 5 GeV 
00 

is close to Poisson form with -jz ~-0.07+0.10; 

at 40 GeV this distribution becomes wider^2/. 

The analysis of the total multiplicity 

0 ~n++tt-+f>o+'l distribution for the reaction 

Â~p—> rt+JC* fl.JÎ t^/c^j/at our energy and at 10, 

16, 40 GeV (other groups measurements) shows^^ 

that the logarithm of the integrated probability 

of particle production^] Is a linear function 

z 

of the reduced multiplicity squared : 7(n^ 

(see Fig.l). 



The multiplicity distribution for the "newly 

produced" particles n ~ H~ck ( <^ - the average 

number of leading particles^4'7) in 5-40 GeV in­

terval follows the KNO-scaling (Fig,2). With 

Q. the universal l'unetion (z*- / 7 y 4 / / / > nas 

the form ^ (*[) = j ^exp (~ -£ £ J 2 ) 

Fig. 

This function with U = 0.7 describes satisfac­

tory also the chargea-partiele multiplicity dis­

tributions for the JCp , £p and pp -interactions 

above 20 GeV^5/. 

The analysis of the correlations in the 

yields of Â and charged secondaries for 5-205 
/ a / 

GeV A p collisions gave the following results7 \ 

The dependence Zho > n f /Y^-jls satisfactorily 

described by linear function fffa)~Ct + - The 

values of the £ parameter are the same within 

error limits for the*p andpp interactions in the 

whole energy interval studied. 

Fig.3 represents the correlation integrals 

ft a n d a s a function of incident momentum. 

The approximating function =0«86-1.15 $>iS! • 

+ 0.16 3) is shown by the full line. The 

dashed line corresponds to the relation -f- -
L 

Fig- 3 

The deviation from the dependence *ôrfS* 

gives evidence to a noticeable contribution of 

the long-range correlations. The experimental 

data agree with the relation -j~z ~ ^ i~£<^ft~? ; 

within the Regge-Muelier approach it shows that 

the contribution of diagrams with isospin 2. 

exchange is small. 

The study of the scaling properties of the 

semi-inclusive Â cross sections for 5-205 GeV/c 

/7 / 

JLp scattering' shows that for the momentum 

range ̂ .-^ 40 GeV/c the Dao-Whitmore relation 

*6»(jcV/6t)*>St»^Cp(ï* Jty i s not valid (̂  -

the charged-particle multiplicity). At the same 

time there is an obvious similarity of the 

£h>*~i UV^Oo? Go distributions in the whole 

energy interval studied. We have noticed that 

the variety of the experimental data may be re­

gularized if one introduces the scale transfor­

mation ~ 2- y with p=const .It gives the 

h ̂ > J 

universal description for the whole experimental 

results available. 
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Fig. 4 

In Fig.4 the values of 6 « ( K Ù ) ^ h 

for 5 GeV - » , 18.5 GeV - 0 , 25 GeV - a , 

40 GeV - A , 100 GeV - O and 205 GeV - V U~p 

collisions as a function of new variable ^ 1 are 

plotted. Solid line - approximating function 

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 

<Zh> 6«(ft~y<f-> 6V* distribution. 

We have measured the differential cross sec­

tion 

Fig. 5 

The experimental data are satisfactorily 

approximated by the f unction ffa^^Qi&jP^Bkl + ft/i) 

0zaze,y? £ûjpjL
Z) ; where are the free parame­

ters. The function -~f(Jpj.)dQes not factorize with 

respect toA and pi at energy of 5 GeV. 

We have shown earlier^ that the differential 

cross sections Jf^r^^fJZ of the reaction 

%p*<f + ••• 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. 

' r 

for the reaction Ji~p~^JT +... at 5 Gey/c in 

a large range of x a n d ^ using the statistics 

of c10000^-quanta^ 3/. The results are given in 

Fig.5. 

Fig.6 represents ̂ the normalized differential 

cross sections H r = °y P^^fr^ for ̂ -production 

in the momentum range of incoming particles 

( A and p ) from 5 to 1500 GeV/c. The straight 

line is a handdrawn one. The essential feature 

of this picture is a significant difference 
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from the analogous dependence for charged par­

ticle production. 
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NET CHARGE DISTRIBUTION IN RAPIDITY AND TRANS-

TERSE MOMENTUM FOR SEMI-INCLUSIVE 7T~P INTERAC­

TIONS AT 11.2 GEV/C 

(Bologna, Firenze, Genova, Milano, Oxford, Pavia 

Collaboration) 

S.P.Ratti* - Instituto di Fisica Nucleare and 

Sezione I.N.F.N. - Pavia (Italy) 

We present an analysis of the net charge den­

sity distributions inF>collisions at 11.2 GeV/c, 

studying how electric charge gets distributed, 

for different topologies, as a function of rapi­

dity Y and transverse momentum f^* Following the 

/l 2/ 
notations of previous papers7 9 ' we define; 

where tl is the topology, ^ffl/c/f? i s 

the number of positive (negative) particles pro­

duced in a given Interval of any kinematical 

variable p (in our case; j and p^_) and ft/ is 

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 Î 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' 9 

Fig.l. Charge density 
d is t r ibut i ons/( YJ% A) tw o 
prongs; B)four prongs: 
C) six prongs; D) cut 
four prongs 9 

£>0.4 (GeV/CR. 

Co-authors are: R.Attendoli, E .Calligarieh, 
G.Cecchet, R.Dolfini, L.Mapelli (Pavia); A.Quare-
ni-Vignudelli (Bologna); S.Berti, A.M.Cartacci 
(Firenze); G.Tomasini, U.Trevisan (Geneva); 
G.Costa, L.Perini (Milano); D.Radojlcic, G.Thomp­
son (Oxford). 
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The charge density distributions in rapidity 

are shown in figs, la,b,c . The data show 

structures which were not clearly seen in pre­

vious similar analyses^ 1 , 2 > 5 / 7 The sharp peak in 

positive charge excess at -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 

an interesting effect is present in two and four 

prongs but not in six prongs. In figs.la and lb, 

two minima are visible around 0.8 a n d 2 . 4 . 

The contributions to the two accumulations are 

however of different importance. In fig.la the 

excess at i s 5 # and at lsj> 2^8#, while 

the opposite occurs in fig.lb. The charge excess 

in six prong at ¥ (flg.lc) i s j ^ 8 # . A similar 

behaviour could be seen in ref.(1) for ïïp data, 

but there the topologies were added and, as a re­

sult, the effect is smeared out-

multiplicity and to the presence of the massive 

nucléon. The splitting of the accumulation in 

^ , is a consequence of the following facts; 

the distributions are slightly different for 

protons and for negative p i o n s ^ ? ^ ; the total 

negative charge Q~~3 is large in six prongs; 

the position in Y of the positive excess in six 

prongs is much nearer toY~0 than in two and 

four prongs^6^. In figs. 3a and 3b, the positive 

excess ( Q.8$>) has similar extension and the 

same position. The relative importance of the two 

negative excesses forY>0( e*g* a * the level of 

d -0.8$) is clearly seen from the figures. 

The distributions of p^>Jare shown in 

figs.2a,b,c. Again, they display topology depen­

dent structures (positive excess at small in 

two and four prongs, no positive excess in two 

prongs for pr^Q*4 G e V / c ) . 

In figs.3a,b,c the distributions of the charge 

density^? (Y,Pr)are si*own by means of equal-level 

curves: 10**p(Yt pr)^ 0.0; 0.4; 0.8; ... in 

units ^ ( 0 . 0 8 GeV/c x 0.24). The structures, 

whose presence was detected in figs.la,b, become 

clear and separated. On the line of the most pro­

bable transverse momentum (/3_ ~ 0.25 GeV/O , 

peaks in charge excess are well visible. The po­

sition of the positive charge excess for six 

prongs at a smaller ) is due to the 

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 investigate 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 i!> 0.4 

(GeV/c) 2 (where t'"z£geMt«( ) all distributi­

ons of the four prong events are reduced identi­

cally to those of the six prong topology (apart 

from the splitting In/> of the positive excess). 
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For cut four prong events p(Y)ts shown in 
fig.Id; P(p fkn fig.2d andj^Yj^jin fig.3d. The 
cut antiselects about 4Q# of the four prongs 
(61670 events surviving). The negative excess 
at Y* disappears both in fig.Id and in fig.3d; 

2 

the positive excess at small in fig.2d is 
absent and the figures can be directly super­
imposed to figs.lc,3c and 2c respectively. A si­
milar procedure can be applied to the two prong 
events. 
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10.5 GEV/C 
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Physics Department, Duke University, Durham, 
North Carolina 27706 
C.R.Sun, S.Dhar 
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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 yr* proton interacti­
ons in which a large fraction of the available 
enexgj goes into neutrals. The experiment is 
designed to determine if all the energy carried 
away by neutral particles can be accounted for 
by photons, K^'s, A° ' s a n d neutrons. It uses 
the solid angle detection properties of a 
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 
SLA.C 82» » bubble chamber filled with a hydrogen-
neon mixture (30 molar percent neon) and exposed 
to a 10.5 GeV/c 77"*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 

n p s> jr p + (neutrals) 
—s> jjr^>ir*7T% (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 n and 

^ 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 

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 

K° production. We measure this from the ÏÏ^Tt" 

decay (detection efficiency 75$) properly correc-

ted for neutral and r\L decays (3). The average 

number of gamma rays is 3.79 per event and of 

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 

Fig.l. Event distributions as a function of the 

longitudinal momentum carried by all neutral 

particles, a) 7T̂ b-̂ > ÏÏ^p + (neutrals); 

*>) T*p"^* TT+p r V + (neutrals). 

Fig.2. Neutral longitudinal momentum carried by 

particles other than K° 1 s and y»s as a function 

of the longitudinal momentum carried by all neut­

rals. Open circles TT^p—^ 7T*p + (neutrals). 

Solid circles 7î*p-*> 'ïï^p ir^w" + (neutrals). 
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neutral momentum regions and the neutral momen­
tum that cannot he accounted for y *s and ^ c , s , 
(PL) > 1 3 Plotted separately for two prongs 
(open circles) and four prongs (solid circles). 
3ome structure is indicated and the overall 
missing neutral momentum is (Q.83+0.27) GeV/c 
per event. This must he 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 hn pair production is 
possible. The neon interactions included 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 measured Ks"> ̂ TV spectrum. After sub­
tracting the contribution of the K^'s, and assum­
ing that all the remaining neutral stars are 
caused by neutrons, we find that the average 
longitudinal momentum carried by neutrons,(P^*)> 
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 Y's, 
/< c ,s, A°fs, or neutrons. 

Of the six event categories presented in 
Table 1, only one shows a possibly significant 
momentum imbalance. The JTjP-» 7T̂ p TT^w events 
with neutral momentum over 8 GeY/c have a missing 
momentum of (2.9+1.0) GeY/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 
GeY/c per event. This is within a subset of all 

77 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 two and four 
prongs implies that mpmentum 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-
tiole spectrum produced in 10.5 GeY/c TT^p -in­
teractions can be explained in terms of neutrons, 
A 0 , s , K ° ' s a Q ( i photons. Any additional neutral 
particles produced carry less than 5$ of the 
available momentum. 

Table 1 
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P L E N A R Y R E P O R T 

MULTIPARTICLE AND INCLUSIVE REACTIONS 

P. 7. Chliapnikov 

Institute for Tn'.-h energy Physics, Serpukhov, 
USSR 

An enormous amount of experimental and 
theoretical results have been obtained within 
the last few years in the field of multipartacle 
production. Global description of multiparticie 
final states in terms of only a few variables 
in the framework of inclusive approach suggested 
by Logunov and co-workers (1967)^^, the first 
experimental evidence for scaling in hadron 
induced reactions (1969) * , the theoretical 
formulation of the limiting fragmentation 
hypothesis (LPH) by Yang and co-workers (1969 
and of scaling by Peynman (1969)^^ and all 
subsequent development have been extremely 
successful 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^""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-rapporteur1s talks in 
the A2-session 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 inclusive cross sections 
2 . The approach to scaling in the fragmentation 

and central regions. 
3# Inclusive 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 3T , jr and JT cross 
sections 6^ = < n j r^in°l i n i n e l a s t i c hadron 
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 6(3i~)/6Ç8+) changes 
slowly from the value of 0.74-0.02 at 69 

G e V / c / 1 2 / up to 0.80*0.08 at 303 GeV/c / 1 1 /(see 
Table 1). The ratio tf(Jr<>)/6(jr+) is 0.94*0.02 
at 69 G e V / c / 1 2 / and 1.01*0.10 at 303 GeV/c / 1 1 /. 
It is of interest to note that «"(or4*)» C(x~)» 
«6^(JT°) for K~p interactions up to 32 GeV/c. The 
energy dependence of the pion cross sections in 
reactions induced by the different beam 
particles seems to be similar to that for pp 
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collisions. The charge conservation, leading 
particle effect and the contribution of the 
annihilation channels in pp reactions explain 
some differences observed at low energies. 

Fig # 1« Inclusive H~9 3T+ and 3T° production cross 
sections as a function of incident momentum 
(compilation of published data; new data: 
K~p 32 GeV/c / 1 5 /; pp 32 GeV/c / l 6 /, 22.4GeY//17/, 

9 .1 and 4 .6 G e V / c / 1 8 ' 1 9 / ; X~p 5 G e V / c / 2 0 / ) ; 
the lines are to guide the eye* 

Table 1 

Total inclusive cross section (in mb) 
for 3T , 3T and JT in pp and Kp interactions 

at highest energies 

Neutral strange particle production cross 
sections are shown in figs.2 and 3 for 
K n(K°/K°),A and A . The K n cross section rises 
by about a factor of 10 for pp interactions 
between 12 GeV/c and the highest M A L energies. 

For 3T~p interactions, the increase of the K 
production is consistent with logs dependence 
through all energy range up to the highest beam 
momentum of 20p GeV/c 7 2 3 / . In pp collisions 
the K cross section is systematically higher 
than in pp interactions and rises as fast as 
in pp collisions through the Serpukhov-Permilab 
energy r a n g e ^ 1 0 * 1 7 ' 2 ^ . 

Fig.2. Inclusive K n,A and A production cross 
sections as a function of incident momentum for 
pip, 3T-p interactions (compilation of published 
data; new data: pp 32 GeV/c / l 6 /, 22.4 GeV/c / 1 7 /, 
12 GeV/c / 2 2 /, 9.1 and 4.6 GeV/c / 1 8 /; 3T~p 
205 Ge7/c^ 2 3 / r, 5 GeV/c^ 2 4 j^; the lines are 
to guide the eye. 

The A production cross section rises 
between 5 and 50 GeV/c in pp collisions, but 
shows little energy dependence above 69 GeV/c. 
It is about two times higher in pp interactions 
than in pp and xip 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 A^ pair production 
explains also a snail energy variation of the 
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A cross section through the FîïAL energy range. 

$he Â 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 sections for 32 GeV/c K±p interactions 

obtained by the Prance-USSR and CSRÏî-USSR 

Collaborât ions^-*'2'^ are compared with the 

corresponding data at lower energies. 

Pig.3- Inclusive K n,A and A production cross 

sections as a function of incident momentum for 

K^p interactions (compilation of published 

data; new data: K +p 32 GeV/c / 2 5 /, 16, 8.2 and 

5 GeV/c / 2 6 /; K~p*32 GeV/c / l 5 /, 16 and 10 

GeV/c / 2 7 /, 6.5 G e V / c / 2 8 / ) ; also are shown 

contributions of the A and A fragmentation 

cross sections in K +p interactions (ref.^ 2^); 

the Jines are to guide the eye. 

respectively. It is of interest to note that 

a significant amount of the K+K"" pair production 

has also been observed in the exclusive channels 

in K +p interactions at 32 GeV/c^ 2^. Similar 

effect was found by the France-USSR and CERÏÏ-

-USSR Collaborations in 32 GeV/c K~p 

I T • /30/ collisions : 

6*(K~p K"p23r+2oT) 

The energy dependence of the A and A 

production in K +p collisions resembles in 

character that observed in pp interactions at 

similar energy range; the data are well 

described by the logs dependence. In K~p 

interactions, the A production cross section 

falls with energy at low incident momenta, but 

seems 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 K~K + scattering 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)# 

One observes a significant rise of the K 

production cross section for both the K +p and 

the K~p interactions Gû0»1.5 mb) between 16 

and 32 GeV/c . This increase may be at least 

partly attributed to a higher K n K n pair produc­

tion: G*(KnKn) = 1.1 ±0.1 mb and 1,68±0.24 mb 

in K + p / 2 5 / and i T p / 1 5 / interactions at 32 GeV/c, 

Fig.4o 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~*-AKK + X (right hand 

scale) (from r e f . ^ 1 / f ) . 

This results in approximately energy independent 

cross sections at 10-32 GeV/c incident momentum 
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range. Prom 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 has been extensively 

/7 8 32—14/ 
discussed during the past two years '* *^ ^ . 
However the conclusions differ, thus reflecting 
the lack of the high statistics data in this 
phase space region at the highest energies. 
Indeed most of the If data measured at the CERN 
ISR are confined to PT > 0.4 OeV/c or 
while the bubble chamber data are integrated 
over transverse momenta because of the poor 
statistics. 

Fig*5* The approach to scaling in the proton 
fragmentation region for inclusiveTFI production 
(from ref. 7 3^ 7 with some added published data). 

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

available energy range. However the data at 
highest 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, be, ac) such as 
jr-p ~*-ir~X, K~"p —*-x""X, yp-*-jr"~X (and most 
probably pp —*-JRIX)F one observes a strong 
energy variation in entire energy range 
consistent with the Mueller-Regge predic-
tions 7 3^* 3^ 7 based on the generalized optical 
theorem 7 3 7» 3 8 /: 

where the «C^(0) are the intercepts of the 
exchange Regge trajectories. For reactions 
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 

fragmentât ion' /4/ Ls not valid in the whole 

For these reactions the energy variation is 
much less pronounced but still exists even in 
the Serpukhov-Fermilab energy range, where it 
amounts to 10-20% . It appears 7 3^ 7 that the 
rise from threshold, which is seen for pp-*-3T-X 
and K +p —•~or~"X reactions and is indicated for 
K +p -^-.Jr+X reactions, is related to (ab) being 
an exotic combination. For these reactions, as 
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cross sections are increasing, the prediction 
(2 .1*1) can not be applied. The reactions 
jr+p -*-3T~X, jr~p T + X (and perhaps, K~p ~iKr+X), 
which show a systematic but small energy 
variation and which are characterized 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 3fi inclusive cross section 
in the beam fragmentation region. The study 
of the reactions ir~p jr+X and K ~ p * or+X 
with only (ac) combination being exotic 
(Table 2) may be of special interest. 

The experimental data 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 n 

and JL is presented in fig.6, 

Pig.6- The approach to scaling in the proton 
fragmentation region for inclusive K n and «A. 
production (compilation of published data). 

However it is interesting to note that the 
trend of data is similar to that observed for 
JT* production. In particular, the factorization 
holds in a first approximation, the energy 
dependence seems to be small in the FNAI» 
energy range and the rise from threshold is 

observed for all reactions with ab being 
exotic, apart from K +p — K n + X . 

The exceptional behaviour of the 
K*p K n + X reaction may be related to the 
presence of the strangeness annihilation 
process in the virtual K̂ Y*"4* scattering, i.e. 
the contribution of the f f- 0 exchange, which 
leads to an s ^ behaviour of the structure 
function ( 2 . 1 . 1 ) / 3 6 , 3 9 / . Indeed the data seem 
to be compatible with such a picture (fig.7(a)) 
in the target fragmentation region, favouring 
an s~"̂  dependence. 

Pig.7. Energy dependence of the structure 
functions for reaction K + p — K n X : (a) in the 
proton fragmentation region: the lines are fits 
to the 8.2-32 GeV/c data; (b) in the beam 
fragmentation region; the lines are to guide 
the eye (from ref. / / 2 5 > /). 

Another interesting experimental 
observation made by the Prance-USSR and C3RN-
-USSR Collaboration' is the surprising 
energy dependence of this reaction K +p-*- K nX 
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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/39/ —1 /2 and 16 GeV/c following an s ' 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 do* /d(M /s) distributions 
at 16 and 32 GeV/c over the entire range of 
M 2/s , 

France-USSR and CERN - USSR Collaborations 
Birmingham-Brussels-CERN -Mons Collaboration 

They have fitted the data to the expression 
- 1 / P _ i 

A + Bs + Cs for production of pions in 
JT-p and p-p collisions and to the expression 

- 1 /2 
A + Bs for the statistically less 
significant data. 

Fig.9. Energy dependence of the invariant 
cross sections (integrated over the kinematic 
region 0.3 ̂  P ^ B ^ GeV/c and 

60.75° « Q L A B + * 64.25°) for (a) 3T ~ 
pLAB 

and (b) 3T production. The solid lines are 
fits to A + Bs"* 1 / 2 and A + B s ~ 1 / 2 + Cs""1 . 

Pig,8* The differential cross section, 
d^/d(M 2/s) s for reaction K+p -*» K nX (from 

K nX in the same energy range It is 
A similar effect has been found for reaction 
K""p 
tempting to explain this surprising behaviour 
by the higher contribution of the KnKn pair 
production at 32 GeV/c (see above section). 
Prom 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 n cross section should 
start to increase at higher energies. 

The measurements of the production of or-, 

K + and protons In 3T-p, K^p and pip interactions 
from 4 to 250 GeV/c in the target fragmentation 
region have been made by Pennsylvania group^^^ 
using an electronic detector, in a fixed region 
of phase space corresponding approximately to 
P T * 0.3 GeV/c and y M B = 0*6, 0.4 and 0.2 for 
produced , K and p, respectively (fig. 9). 

It seems that at least for the. statistically 
most significant data of the reaction pp - * » 3 r i x , 

with ab combination being exotic, the cross 
sections systematically rise to asymptotic 
limits in contrast to the bubble chamber data 
(fig.5), where the cross sections rise slowly 
and then fall to their asymptotic limit (note5 

however, that the rapidity ranges are different 
in these 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 s-dependence indeed has 
a form A + Bs " + Cs . If it does, we have 
additional reason to believe (besides the facts 
that the cross sections are rising in the 
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central region and for reactions pp-«»3r~ and 

pp K +X the same is true in the fragmentation 

region) that we do not understand either the 

singularity 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 

made by Pennsylvania group^4''^ by the 

extrapolation of the fitted s-dependence to 

s OO (Table 3) show that the results are 

within the predictions of the naive quark model 

(tf(jrp) » tf(Kp) » ^ ô"(pp) ) or the parametriza-

tion^ 4 2 / / of the diffractive part of the total 

cross sections, evaluated at Pjĵ g - 250 GeV/c. 

Table 3 

Tests of Pomeron Factorization 

A similar conclusion is made by the SLAC 

group^ 3^ which has measured the ratios R of 

inclusive particle and antiparticle cross 

sections in A±p A~X reactions (A = 3T, K, p) 

at 10 and 14 GeV/c at Itl + 0.25 (GeV/c) 2. 

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 K±, JT- and pi 

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 • (pjr+ar~")+l 

pp p+X and pp~*-(AK +)+X at Vs * 53 G e V / 4 4 / , 

factorization is shown to be valid to «5% for 

Itl < 0.5(CeV/c)2. For 0.5* Itl < 1.1 (GeV/c) 2, 

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 to non-collinear events are plotted 

vs.momentum transfer for above three reactions. 

-T (GEV/c) 

Fig.10. (a) Rat ios R , Rpjjjj. 9 ^AK collinear 

to non-collinear events (corrected for loss of 

non-collinear events) for reactions p p p + 2, 

PP P3T3T + X and pp ( A K + ) + X at Vs « 

=» 53 GeV vs. momentum transfer; (b) R^/R^ vs. t 

(from r e f . / 4 4 / ) . 

These ratios are related to the differential 

cross sections of these reactions: 

Factorization requires £ 5 5 p̂arçr a n â 

^iVK * A 1 1 these R parameters are seen 

to agree with each other for |t|< 0.5 (GeV/c ) , 

but at Itl^ 0.5 the parameter R p departs 
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sharply, demonstrating a breakdown in Pomeron 
factorization for elastic scattering. The 
apparently different energy behaviour of the 
inelastic cross section for reactions 
PP p(n3T+) and pn PCPAR") as compared to 
the elastic ones over a broad energy range 
from 24 GeV UP to the ISR energies IS also 
related^ 2-^ to the breakdown of a single 
factorisable t-channel model, which predicts 
that the elastic and inelastic diffractive 
amplitudes should have the same energy 

^P 
behaviour~s . 

The experimental values of R^ and R ^ ^ 
have been used to extract the absolute 
differential and total cross sections for 
single and double diffractive excitation at 
VS = 53 G e V ^ / ^ They were found to be 8.6*0.7mb 
and 5*0*0.8mb, yielding a total elastic and 
inelastic diffractive cross section of 

or (49.4*2.5)% of the total cross section at 
• s » 53 GeV. The value of <?SJ) + <fm * 13.6*1.1mb 
is considerably larger than it is usually 
assumed and, in fact, is compatible with 
saturation of the Pumplin bound/45/ 

*diff * \ *tot - ̂ el ' 

The interesting approach to the behaviour 
of inclusive cross section in the fragmentation 
region has been suggested by Logunov and 
co-workers^"k^. 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 
E i ? s h(q2

99 ) (2.1.2) 
d^p 1 

with Q 2 «(P A -P C ) 2 , 2p b(p A - P C ) and 
Y ~ 2p^(p a+p c)/9 . If the spectral function 
has no singularities, then a(q , î> ) < 0, 
otherwise a(q $i> ) > 0 . Pig. 11 taken from 
vefJ^^ shows that the function (2.1.2) 
indeed describes the data, with very small 

dependence of a(q , 9 ) and P(q , *? ) on ^ , 

Pig.11. Inclusive cross sections for reaction 
pp-** jr "X as a function of the variable y ; 

the straight lines are to guide the eye 
(from r e f / 4 7 / ) . 

Besides, A(q2,9 )-< 0 for reactions pp-*-or*X 
and A(q2.V ) > 0 for reactions pp ^if^^ and 
K +p-*- k ° X ^ 8 ^ with the strong leading particle 
effects. For p T 0.4 GeV/c«<p T> , A » 3 • This 
gives Ed-% /d 3p ~ (1 - x ) 3 . The similar x 
dependence is observed for the structure 
function vW 2(x) for deep inelastic scattering 
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 also^ 4^). 

Moreover it seems that the invariant 
cross section is factorisable in the 
variables and y^» pertaining to the beam 
and target fragmentation regions. In the usual 
variables 

where the function f (x) ~ (1-x) 3 in pp 
collisions at x-*-1. One of the possible 
manifestations of eq.(2.1.3) 9 related to the 
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deep inelastic scattering, is the mechanism 
of the amalgamation of quarks from the 
colliding hadrons 7^ 7. 

Pig.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 

x1,2 " 1 / 2 ( < * 2 + 4 m 2 / s ) 1 / 2 ± x) (2.1.5) 

Prom eq.(2.1.4) and (2.1.5) it follows that 

Thus this mechanism predicts the different 
approaches to scaling in the fragmentation 
and central regions (the energy dependence 
is defined by the variables m /s and m/Vs 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 m^ if the 
transverse momentum is taken into account). 
Consequently the average multiplicities of the 
different particles produced in hadron-hadron 
interactions may follow7-^ 7some universal 
curve (1/m c )<f(<m T } / B ) 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/m in 
the eq.(2.1.4) may distort the simple quark 
counting rules in the naive quark models (see 

section 3). It is of interest that similar 
conclusions have been reached in quite 
different approaches 7^ 2'^ 3 7. 

Fig. 13» (b) Average multiplicity of 3fi, KÎ 
and p as a function of s ; (a) the same data as 
in (b) obtained by the simple shifts of the 
JTi, K~ and p data to the average multiplicity 
of the K s; the shifts along the *n> axis are 
in the ratios of the corresponding masses 
squared (for details see ref. 7-* 1 7; the data 
from r e f . 7 5 4 7 ) . 

2.2 Triple-Regge region 

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

The inclusive production of A , A , S ~ 
and Z + (1385) in the fragmentation regions has 
been studied in several experiments72^*55-58/^ 
Target fragmentation p-»-A can be associated 
with the diagram in fig.14 with the exchange 
Reggeon R represented by the K and K*(890) 
trajectories. It has been shown that the 
triple-Regge model yields an approximate 
description of fragmentation processes even 
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when extrapolated to cms energies of a few GeV. 

Resonances in the 

channels for 

nonexotic (abc) 

reactions can be 

accounted for in the 

sense of semi-local 

duality / 5 9 /. An 

interesting attempt 

to explore more 

directly a dual 

description of the 

reggeon-particle 

scattering in K"p-^AX (and K ~ ~ p J L + + X) 

reaction at 4.2 GeV/c is made by the Amsterdam-

Pig. 14* Regge diagram for 

p — f r a g m e n t a t i o n . 

CERN-Ni jmegen-Oxford Collaborât ion 

use the usual Regge formula 

/ 5 5 / They 

where V is the residual factor, but instead 

of taking the triple-Regge limit, they describe 

the RK scattering (fig.14) by introducing four-

point function T R(s
f,t*,t). The amplitude T R 

is written as a sum of two terms T R=T^ + T^ . 

The diffractive term T^, which according to 

two-component duality may be extrapolated to 

low s*, describes a non-resonance background 

in inclusive distribution. The non-diffractive 
â 

amplitude T R , which is applied as Veneziano 
2 

amplitude, explicitly reproduces channel 

resonances. 

Pig.15 shows the experimental d 6VdtdM 

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 

ç -co mass region for the two smallest It I -bins. 

Similar results were obtained for reaction 

K~p 2L+X. The relative contributions to the 

integrated cross section evaluated separatly for 

K and K* exchange are summarized in Table 4. 

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 

Table 4 

Relative contributions of K and K* exchange 

in the reactions K~p~-»»AX and K~p J£ +X 

at 4.2 GeV/c for - t M F N E . < 1 (GeV/c ) 2 

One observes that the ratio of K* exchange 

to K exchange is 1.7:1 for K"p n r A X and 1.3:1 

for K~p Z. +X, 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 - * ~ z / x . 

Similar results were obtained by the 

Birmingham-Brus s e1s-C3RN-M0NS Collaboration^26^ 

in the triple-Regge analysis 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- ^ft)/ 8 instead of V?/e (M t n« 2m^ 

for reaction K +p-*»AX and 2m p for reaction 

K+p-*«%X.X). The fit to the triple-Regge formula 

C e x p ( - b t ) ( £ ^ à ) 1 ^ ( t ) 

dlï^/s)dt (2p*)* 
(2.2.2) 

yields the trajectory «6(t)(fig.16) passing 

close to the mass squared values of the K, Q 

and Ii mesons lying between K and K* 

trajectories. 

Pig.16- The effective trajectory «C(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 simultaneous fit of expression 

•G(t) «*6 o-«C
ft to combined 8.2 and 16 GeY/c 

trajectory pointa; the solid line results from 

a simultaneous fit of the triple-Regge formula 

(2.2.2) to the 8.2 and 16 GeY/c data (from 

The beam fragmentation in the reactions 

K^p-^ÂX and ^P-^JIX is shown to be present 

although small at the energies of this 

experiment* Its contribution is evaluated by 

setting the trajectory parameters in (2.2.2) 

to the values of N, and w trajectories. Thus 

one is able to estimate a complete fragmentation 

contributions to these reactions by integrating 

distribution 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. 

It 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. 

The triple-Regge analysis has also been 

applied for description of inclusive production 

of A , K° and A at small angles in pBe 

interactions at 300 GeV/c 7^ 8 7. The results 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 describes a large variety of 

inclusive reactions in a wide energy range. 

However, the parameters of leading singularities 

obtained in TR fits should be treated with 

caution9 especially in the cases when the 

inclusive particle can be the decay product of 

the resonances. This has been beautifully 

demonstrated by the Birmingham-Brussels-CERIT-

Mons-Serpukhov Collaboration7****7 in the study 

of the slow protons in the reaction K +p pX 

at 16 GeV/c. Fig. 18(a) shows that the 

substantial A1*"*" (1236) production strongly 
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affects the shape of the inclusive spectra 

and consequently the results of the triple-

Regge fit (fig.18(bXI It is seen that after 

removal of events associated 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. 

t , ( G e V / c ) 2 

Fig.18. (a) Distribution of the missing mass M 

to the proton in the reaction K +p pX at 

16 GeV/c. The events with the 2if+(1236) 

antiselection (m(pT +)>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 events, for events with m(p*3ï+)>1.4 GeV 

and m(p3r+) < 1.4 GeV. Expected variations of 

b(t) for several possible triple-Regge 

couplings are shown as straight lines (from 

ref. 760/ 

2.3 The approach to scaling in the  

central region 

The British-Scandinavian-MIT Collaboration 

/61 62/ 

(BSM) 1 • 7 has extended the measurement of 

the inclusive 3T±, K± and pi production at x»0 

over the ISR energy range (23 * Vs * 63 GeV) to 

the small p T regions: 0.04 *p T«^ 0.4 GeV/c for 

jri, 0.1 ̂  p T < 0.3 GeV/c for K± and 

0.1^Pfjt*0.5 GeV/c for pi . These data together 

with those at higher values of p T'
 J / 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 cross 

section over the ISR energy range amounts to 

36±2# and 41-2% for T+ and 3C~, 52±8% and 

69-8% for K + and K~, 8^5% and 84^6% for p 

and p in the kinematical region covered by the 

BSM experiments. 

Fig.19- Energy dependence of the invariant 

inclusive cross section of X-, pi, tX at 

0cm = 90° for different p T values at ISR 

energies (Vs-23,31,45,53 and 63 GeV) (the data 

from r e f / 6 1 " 6 3 7 ) . 

The particle flux at small p T is dominated 

by pions but the fraction of heavier particles, 

kaons and nucléons, is growing almost linearly 

with prp. There is a more pronounces increase 

with energy in the differential cross sections 

for Ki and pi at higher pT(fig.20) . However 

the very low Prp pion cross sections seem to 

increase more at small values of p T . 
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Pig.20. The cross section ratio, 

R » ^inv^ 3 G e V ) / ^ i n v ^ 3 G e V ) » b e t w e e n 

the invariant differential cross sections of 

3T±, KÎ and pi at Ys « 63 and 23 GeV as a 

function of p T (from r e f / 6 l ' 6 2 / ) . 

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 p T 

values (see section 3 ) . The ratio of particle 

to antiparticle cross sections (fig.21) shows 

the strongest variation with p^ and s for 

protons and antiprotons. A large fraction of 

protons at the lowest ISR energy and low p T 

appears to result from the fragmentation of 

incoming particles, whereas at larger s and p T , 

p and p tend to be produced in equal numbers 

as expected in the central collisions. 

A turnover is observed in the invariant 

inclusive pT«-d istributions at low p T for pions 

which is consistent with a p T dependence 

proportional to exp(-Bmfp) with B=*7.1 GeV""1 for 

3T+ and B=7.2 GeV""1 for 3T ~, where is 
o p p 

transverse mass (m^ = p^ + m ). The same 

tendency to flatten off is found for 

K +(B»6 .6 GeV~1 ) and" K~(B-7.09 GeV""1), but it 

is not apparent for p and p data. 

The significant violation of scaling at 

x»0 in available energy range may imply either 

an unlimited increase of invariant inclusive 

cross section with s as predicted by some 

theoretical models^^, or an asymptotically 

constant cross section. The latter alternative 

is advocated in the framework of the double-

Regge expansion 7^ > 66/^ r ep r e s e n-t;ed 

graphically in fig.22, 

Pig.22- The doubie-Regge expansion diagram 

for inclusive reaction a+b c+X in the 

central region. P and R are usual singularities 

with effective intercepts «* p =1 and «£R=*1/2 . 

which predicts 

+ I f T R ( m T ) e " y / 2 ) + B " 1 / 2 ^ / k ( , n T ) ( 2 . 3 . 1 ) 
R R 

The assumption that the separate vertices 

a r e f a c t o r i 8 e a b l e gives 

ZI 

2(-f.+^) ( 2 . 3 . 2 ) 
where the term ( - 1 ) 3 is a conjecture, 

inspired by the rising cross sections in the 

central region^^/ are the intercepts 
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o*p(0)=1 and o£R(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'T)Ed3^'/d3p • 0 pp(m T) for particle c and 
antiparticle c; 

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

c +
 d c l n s 

Besides, 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 
spectra of particle c produced by different 
incident particles. It has been Bhom/^~^Q^ 

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^ R R and^/3pp 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 analysis 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 3T- production in the central region is 
presented in fig.23. The present situation is 
somewhat different from that expected several 
years &go^Q^ (dashed line in fig.23 with b Q « 
=0.78). The scaling is not yet reached at 
highest ISR energies. But the data suggest that 
a scaling limit may exist, that it is being 

approached from below and that factorization 
may eventually hold. The double-Regge 
formalism reproduces the trend of the data 
up to the highest ISR energies. 

Pig.23« Energy 
dependence of the 
invariant inclusive 
cross sections of 3T * 
in the central region 
(compilation of 
published data; new 
data: pp-*- o r * at 
Vs»23,31,45,53 and 
63 G e V / 6 l / ) . The curves 
are the results of the 
double-Regge f i t / 6 6 / in 

(s,MRJ,,y) space to pp-*JT * data at 12 and 
24 GeV/c / 6 9 /. 

The curves I and II in fig.23 represent the 
results of the f i t / 6 6 / of formula (2.3.D to 
the pp-**3r±X data at 12 and 24 GeV/c in 
(s,yjUVp) space. The curves IV and V are 
obtained by using relation (2.3.2) with the 
values of <5^ and 5"? 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-*- 3T +X 
reaction. Por reaction 3r~p -*-3T~"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 b c is fixed to be the same as 
for pp—*-3r* reactions (curve III in fig.23). 

The situation with respect to an approach 
to scaling in the central region for pp-^K°X 
and K+p-^-K°X reactions is summarized in 
fig.24 . 
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Fig.24. 

Energy dependence of 

the i n v a r i ^ inclusive 

° "x«a| cross sections of K g 

for pp and K +p 

interactions in the 

central region 

(compilation of 

published data; new 

data: K +p 32 GeV/c/25/; 

pp is * 23,31,45,53, 

63 G e V / 6 2 / ) . 

Again the energy dependence of inclusive cross 
o 

sections for reaction pp — K f l X is consistent 

with the double-Regge picture* The same,with 

• o 

some reservation, can be said about K p-*- K&X 

reaction, where the RR-term in (2.3.1 ) is 

responsible for the falling cross sections in 
768/ 

the 5-16 GeV/c incident momentum range * 

The cross section does not decrease any more 

between 16 and 32 GeV/c and the double-Regge 

fit made by the France-USSR and CERH-ÏÏSSR 

Collaborationa / 2 5 / for 5-32 GeV/c data 

predicts that the cross section should start 

rising at higher energies. The value of 

b c« 0.152 i 0.030 for this reaction is quite 

compatible with that for reaction pp K gX 

(fig.24). Therefore kaon production in the 

central region is also consistent with the 

factorization hypothesis. 

Thus, although 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 us against possible preconception. The 

invariant cross sections for pp-*-3T-X reactions 

at x»0 and p^-0.2 GeV/c plotted versus s 

(fig.25), although consistent with double-Regge 

Fig.25' 

Energy dependence of 

the invariant cross 

section for pp-*-:r-X 

reactions at x«0 and 

pm»0.2 GeV/c (from 

Ï O 2 10 3 30* 

s (GeV2) 

predictions, are compatible also with logs or 

A + Ba^ÇeO 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 . 

/71 / 

According to the theoretical predictions' ' , 

the rise with energy of the moment ^n^n^y for 

inclusive reaction a+b c+d + anything may be 

as fast as s/ln s («c>0) in the pionization 

region. The studies of the associated 

multiplicities <n(M^)>for a number of inclusive 

reactions a+b — c + X ^ have shown that they 

behave differently in the fragmentation and 

central regions, exhibiting much steeper 

M2-dependence in the central region^2""^^"^. 

The energy dependence of the inclusive 

cross sections in the central region (fig.23,24) 

and relations (2.3.3), (2.3.4) have very 

important implications for the energy dependence 

of total charged multiplicity, 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 

multiplicity is ^ n > f r a g m ^ a . 
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by the central production. From the trend of 

the date, (figs.23,24) it follows that the 

coefficient of the logs term in (2.3.3) for 

the average charged multiplicity ^ n

c h > is 

of the order 2.5, i.e higher than usually 

assumed. Therefore one should be careful in 

comparing the cosmic ray data on the 

multiplicities of secondary particles at 

1 0 1 2 - eV with the extrapolation of data 

at lower energies. 

However, the data on extensive air showers 

seem to indicate even much faster growth of 

the multiplicities of secondary particles at 

r , Û O / 7 5 / 
cosmic ray energies Other data on cosmic 

rays presented at this conference also 

indicate the deviation from scaling (for 

details, see r e f . 7 7 9 7 ) . 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 energies (figs.23-25). What is 

important is the degree of scaling violation 

which may be either compatible with the 

asymptotically constant cross-sections or 

imply an unlimited increase of cross sections. 

We wish to remind that the scale of energy in 

the central region is Vs as compared with s 

in the fragmentation region. Therefore one 

may expect quite new phenomena at much higher 

energies than available at present accelerators. 

The analysis of secondary cosmic ray 

propagation in the atmosphere indicates that 

this indeed happens at 1 0 ^ - 10 1^ eV. It is 

clear that tne accelerators of new generation 

with energies 2 TeV and with the ISR fs 

are very much needed for quantitative studies 

of all these interesting phenomena. 

3. Inclusive resonance production 

At present much attention i s given to the 

study of inclusive resonance production. There 

are several reasons for this. The main one as the 

abundant production of resonances, which may 

account for a considerable fraction of the 

observed final state particles. Correlation 

effects in multipion production suggest that 

many pions result from the decay of higher 

mass clusters. There is increasing evidence 

that the observed short range correlations 

may in fact be due to the resonance production. 

Moreover the resonances, being the "parent 

particles", represent more of the primary 

production features than do the observed 

particles in which they decay. This is 

important for the test of various symmetry 

models and production models. The study of the 

spin density matrix of the resonance decay 

provides a unique information on the dynamics 

of production process. Finally, unexpectedly 

large direct lepton production measured in 

nucleon-nucleon interactions adds further 

interest to the study of meson resonances, 

which may account for at least a part of the 

observed effect. 

3.1 Inclusive production of meson  

resonances 

The energy dependence of the inclusive $>° 

and f cross sections in hadron-hadron 

collisions is summarized in fig.26. Average 

multiplicity of the o ° and the ratio 

<fn(j>°)y<n(3rc)> are also shown. Following 

ref. J / we define ^n(3T )> as the mean 

number of the "created 3T s", in order to 

take into account the strong leading particle 

effect and the influence of the charge 

conservation: < n(ar )> « <n(3T~)> - 1 for IT ~p 

interactions and <n(3T* c )> » <n(3T"*)> for other 

interactions. The data show a clear rise of 

the #($>°), 6Xf) and <r n ( f > ° > with 

increasing energy which is consistent with 

the Ins dependence. The lines drawn in fig.26 

(a) and (b) through the experimental points 



give 

Fig.26. Energy dependence of the p° and f 
production (a) inclusive cross section of the 
j>° and f as a function of Pjĵ g» 0>) average 
multiplicity of the j)° as a function of Pjĵ g? 
(c) ratio <n(p°)>/< ,n(3T~)> as a function of 
PLAB' ^ e ^ i n e s a r e ^ r o w n to guide the eye 
(the compilation of published data; new data: 
3T~p 200 GeV/c / 8 0 /, 40 GeV/c / 8 1 /, 21 GeV/c 

Thus there is a strong indication that 
the energy dependence of the p° production is 
about twice stronger for pp interactions in 
the energy range now available. We may attribute 
this feature to the strong leading particle 
effect in the charge exchange reactions 
jr±p p°X (fig.27). 

Prom the empirical fact that in the 
region of x> 0.4 the x-distributions for 
reactions K~p K*°(890)X and jr~p -*» j>°X at 
16 GeV/c almost coincide^83'', it is reasonable 
to assume that the fragmentation component 

Pig.27. 
The invariant x 
distributions of p° 
in 3T~p interactions 
and of K*°(890) in 
K""p interactions at 
16 GeV/c and their 
difference (from 
r e f . / 8 3 / ) . 

of the p° production is equal to the total 
inclusive K (890) cross section, since the 

«•» * o 

K (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 of the central component. From 
this procedure one may conclude that the 
fragmentation component of the j>° production 
in 3T~p interactions is dominant at low 
energies: 

We have seen earlier that for reactions 
or ~p —P^JT"X and K +p K nX where the beam 
fragmentation is dominant, the energy dependence 
of the cross sections in the central region is 
quite different from other reactions 
(figs.23,24), although it tends to approach 
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 observed in 
3T~p interactions. Moreover, one may assume 
that asymptotically, when 6" c e n t r # °)»^frag/j^ 
the energy dependence of the €T(o°) and 
<&(o°)> in T*p interactions is the same as 
in pp interactions. 
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Prom these considerations it follows that 
the ratio R * <*n(p°)>/^n(3T )> should 
asymptotically be the same for pp and 3T~p 
interactions and independent of energy. The 
accuracy of the data does not allow to decide, 
whether this asymptotic trend is established 
at present energies (fig.26(c) ). The investiga­
tion of the energy dependence of the ratio R 
is crucial for the test of the quark 
models^ 8^* 8-^. Anisovich and Shekter predict/8^ 
that asymptotically R_ = R « 0.18 when the irp pp 
main contribution to the meson production 
comes from the central region. The data at 
low energies disagree with the equal values 
of R _ and R ^ . presumably due to the dominance *P PP 
of the beam fragmentation for reactions 
arip . At the highest energies now 
available, II « R „ . but are smaller than wp PP 
predicted. To reduce 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 M 
is formed as a bound state of quark and 
antiquark (with masses m^ and n^), then the 
rapidity difference between them 
& y In(M 2/^nig) )# The probability to find 
such pair vanishes with the rapidity difference 
^y as exp(-dOiy), thus giving the factor 
(M 2)"* of the SU(6) symmetry breaking. Such 
considerations 1 lead to the ratios j>/r«0.07, 
K/^TsO.09 and K*/JT =0.10, if one assumes that 
oC =1, as seems to follow from several 
theoretical considerations^ 2*(for details 
see section 2.1). 

Pig.28 presents the compilation of data 
pertaining to the K*(S90) production. The 
K*(890) cross section exhibits a significant 
rise for pp and orp interactions, but small 
variation, if any, in Kip interactions up to 
32 GeY/c The bulk of the K*(890) production 
in Kip collisions takes place at low 

Pig.28- Energy dependence of the K (890) 
production (a) inclusive cross section of the 
K* (890) as a function of Pjĵ g ; (c) fraction 
of the K n mesons (K°+ K°) coming from the 
K*+(890) or K*~(890) decays in Kip interactions 
as a function of Pĵ yg ; insert (b) shows the 
BLAB dependence of the K*"*(890) production 
in K~p interactions for different final state 
multiplicities^ 8^ (compilation of published 
data; new datas K~p 32 GeV/c 787/ 16 and 
10 GeV/c / 2 7 /; K +p 32, 8.2 and 5 GeV/c / 8 8 /: 
3T""p 40 G e V / c / 8 1 / ) . 

multiplicity events, but the contribution of 
higher multiplicities increases with 
energy^ 2 7 , 8 7 / r. The K*(1420) production is small, 
amounting to about 10% of that of K*(890) . 
About 50% of all neutral kaons are produced via 
the decays of K*(890)»s. The K n and K*(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 K~p interactions (fig.29). 

Basically the energy behaviour of the K* 
cross sections and average multiplicities in 
Kip interactions is quite similar to that of 
the p° in ir%> interactions in the same energy 
range, because masses of these mesons are 
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Fig.29< Average multiplicity of the K and 

K*(890) per inelastic event in K +p and K~p 

interactions (compilation of published data; 

new data: the same as in fig*28). 

production in the proton fragmentation region 

and presumably small central production. 

However, the data of the France-USSR and 

CERÏÏ-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 p° and K 

multiplicities with the predictions of a 
/ O N / 

"non-asymptotic" quark model , where an 

attempt has been made to improve the original 

quark model predictions 7 8 4 7, using the 

experimental information on the average particle 

multiplicities. The model predictions <Tn(p0)^p * 

*0.30+0.15ln(s/so), ̂ n(p°)^ p « 0.45+0.15ln(s/sQ) 

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" 
/ O Q / 

quark model 

Fig.30* The invariant x distributions for 

K*(890) mesons produced in K~p and K +p 

interactions: (a) for reactions K"p K "(890)X 

at 10, 1 6 7 2 7 7 and 32 GeV/c 7 8 7 7; (b) for reactions 

K +p K*+(890)X and K~p K*~(890) at 

32 G e V / c / 8 8 > 8 7 / . 

comparable and both of them originate deminently 

from the beam fragmentation. Indeed most of 

K 's are produced in the forward direction 

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

Since the K*(890) mesons in K±p interactions 

are dominantly produced in the fragmentation 

region, we compare their average multiplicities 

with the model predictions 7 8^ 7 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 K*""(890)X may proceed via I«0 and 1=1 

exchanges with both exchange particles 3T~ B, 
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p - and a>- 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 / 9 2 , 9 3 /. 

Table 6 
^890 s P i n density matrix elements in K-p 
reactions at 32 GeV/c for < 1 (GeV/c)2 

and (M x
2/s) < 0 # 5 / 8 7 ' 8 8 / 

The ratio of unnatural 6*"" » jp Q Q + - Pf-i 
to natural 6* "j^-j + J>^^ parity exchange 
for both K* helicities ( /\ « 0 and 1 ) implies 
a higher contribution of the unnatural parity 
exchange in the region of It^*) < 1 (GeV/c) 2 and 
(M /s)<0.5, although an important part of the 
K production in both reactions proceeds throu^i 
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 same in the shape (fig.30(b) and roughly 
are in the ratio of the total inelastic K*p and 
K~p cross sections. 

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 3T*£p interactions are compared with the 

2 
corresponding p T -distributions of the neutral 
kaons and pions. We observe a well known fact 

2 
that the p^ -distributions of meson resonances 
are roughly exponential in shape and have 
approximately equal slopes at similar energies. 
The low p T steep peak for p° production in 
^-p/83,94/ ^+^/35/ interactions comes 
from the contributions of the quasi-two-body 
processes (it is not seen for jp°'s produced 

Pig. 31 » Inclusive 
p T

2-d istribut ions for 
neutral kaons in 
reaction K"~p -#>* K nX 
and for K*~f s in reac­
tion K~p-*»K*~(890)+X 
(data from refsi'27'87''). 

Pig,32 > Inclusive p T
2~d is tribut ions (a) for 

3r"**s, j> 0 ,s and f's in 3T+p interactions at 
16 G e V / c / 9 4 / and (b) for 3f+'s and p o fe in 3T~p 
interactions at 200 GeV/c^ 8 0^. 

in central region fig.32(a)) and disappears 
with the increasing energy (fig.32(b)). The 
p0/jr and K* (890)/Kn ratios are quite small at 
low p^ 2 region but they are increasing to near 
unity as p^,2 increases. This tendency is quite 
striking for 200 GeV/c where the p°/ir + ratio 

2 
is about 0.02 for the smallest values of p T . 
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 
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ABBCCHW Collaborâtion / 9 6 /. The daughter pions 

originating from the decay of the u> and ^ 

resonances produced in a quasi-inclusive 

reactions 

3 T + p co + charged particles (3-1*1 ) 

T + p + charged particles (3*1*2) 

have much steeper p T -distributions than the 
p 

corresponding parents, while the p m -distribution 

of ir"'s from the f decay is very similar to 

that of the f. The values of the exponential 

slopes of p T

2-d is tribut ions for , co and p° 

in quasi-inclusive reactions are the same 

within errors, and the x-distributions for ^ 

and co in reactions (3.1.1) and (3.1.2) are 

quite similar to the fully inclusive 

distributions for 

Pig.33- Comparison (a) of the c m , rapidity-

distributions of Jr~'s from the decays of the 

p 

tions of JT~'B from the decays of the r^9 u> , P°+p 

and f with the corresponding distributions of 

the inclusive 3r""'s in JT+p interactions at 

16 GeV/c. The data are normalized to G(t^) m 

1.5 mb f ff( eu ) « 4.0 mb, 6>(p0) « 4.8 mb, 

C(jf ) » 1.6 mb and 6Xf) 0.63 mb (from ref?^f. 

In fig.33 the c.m. rapidity distributions 

and p T

2-d is tribut ions of the daughter pions from 

the f£ , co , j> and f decays are compared with 

one another and with that of the inclusive 3»~ s. 

Prom 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 
2 

elsewhere. In the very low region the 

contribution of the pions from the cô decay 

seems to be dominant, while at the high p^ 

region the or s from the o and f decay give 

the most important contribution. 

These experimental observations and the 

analysis of the exclusive channels with , co 

and p° production have permitted to evaluate 

the inclusive yields of r£, co and p° in ïïrtp 

interactions at 16 GeV/c^ 9 7^: 

r̂ : CO : $° • 0.34:0.9:1 

with <T(o°) « 4.8±<M mb, <T( cO ) « 4.0±0.6 mb 

and <f( r[ ) « 1.5-0.3 mb. These estimates are in 

agreement with the values of cO/p° s 1.0-0,2 

and 1.1^0.2 obtained in pp interactions at 

12 and 24 GeV/c^ 9 8^ and the new results from 

the CERJT ISB/ 9 9^ for reaction pp ppX (X » 

f, co ,f,A 2) in the restricted region of momentum 

transfers t p p 1 , t p p 2 and the rapidity of the 

central cluster y-^0.8 : 

Vs(GeV) ( w / p ) ( w p ) / f ( A 2 / f ) <-t>(Gev1 

4.9' 078 10.13 3.3 ±1.0 

6.9 / 9 8 / 0.66*0.13 089*0.15 

23.5 / 9 9 / 0.5*0.25 1.1*03 0.7 t 0.2 0-22 ± 0-05 
/ 9 ° . / 

30.5 0.8 i 0.5 0-7i0.3 08 * 0.3 0.30 * 0-07 

The ABBCCLVW d a t a / 9 7 / also support the results 

from the CERN ISR, showing the substantial 

amount of the production at large 

transverse momenta^ Thus pions from the 

decays of g , co , and f alone (C(f)«0.63 mb) 

account for nearly 46% of all pions produced 

in jip interactions at 16 GeV/c and this 

fraction is consistent with being stable in a 

broad energy range. 

The RĴ , é production is suppressed at least 

at low energy experiments. The inclusive é 

production amounts to CW)«158i35^4b with 

rf/p° = 0.045-0.012 in pp interactions at 

A2-62 



24 GeV/c/ 8 , 1 0 / f„ In tf+p interactions at 

16 GeV/c, ^/j>° ̂  2.5% and H / / r i*(5-10)% / 9 7 /. 

The measurement of the 4 production in x~Be 

and K~Be experiments at 43 GeV/c in 

S e r p u k h o v ^ 1 b y the studying of dimuon J**)*' "* 

spectra has revealed no 4 signal in 3T~Be 

interactions, but a very clean 4 meson signal 

in K~Be interactions (fig.34) with 

CT(K~Be — $ 1 . ) m 2.0±0.5 mb/nucleus for x > 0.4. 

This gives Cf(K"N *&) * 0.43^0.11 mb for 

2/3 

x > 0.4, if one assumes the A ' ̂  dependence 

of the jrf production on nucleus. The ratio of 

the cross sections for 4 meson production in 

3T"Be and K~Be interactions is (2.1^1.1 )10~ 2 

for x ̂  0.4 • 

Pig.34. Mass spectrum 

for dimuons produced in 

K"*Be interactions at 

43 GeV/c and the x and 
p 

P T -distributions of 

the 4 meson (from 

r e f . / 1 0 1 / ) ; the lines 

in (a) and (b) represent 

the fits to the (1-x) 

and exp(-BpT) depen­

dences, respectively. 

The x-distribution of tf-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/1 <^3/'. The 

similar (1-x) n dependence for spectra of the 

g$ a> and tjr is observed by the Boston 

groupe in 3TPe and pPe interactions at 

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

for x >0.5 in pPe and xPe collisions, 

respectively. 

The suppression of the 4 production in 

jrp and pp collisions may be a consequence of 

Zweig 1b rule, which states that the two quarks 

in a meson do not annihilate and the production 

and decay take place by connected quark 

diagrams. The applicability of Zweig's rule has 

been established in a study of the 4 production 

in reactions pp K+K~K+K"~ and pp K+K"""3r"h3r" 

at 3.6 GeV A/ 1 0 5/. In reactions K~"p K~ oo p 

and K"p K"Vp at 14.3 G e V / c / 1 0 6 / , the absence 

of events with low p^ masses in comparison with 

low mass enhancement in the pco mass spectrum 

is also a direct consequence of Zweig1s rule. 

The similar conclusion has been made in the 

study of 4 and OÙ production in exclusive 

reactions in irp, Kp and pp interactions at 

10 GeV/c/ 1 0^. 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 4 production in pp collisions at 

24 GeV/c^ 1 0 1/. In the latter experiment the 4 

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 

contributed to this conference^1^8 *1°9/f where 

one uses a simple 4- analogy to postulate a 

possible existence of the new excited state 

The suppression of the 4 and i|f production 

represents still another serious problem for 

the simple quark models^ 8^' 8-^ as seen from the 

the comparison of the model predictions with the 

results of the 3T+p experiments at 16 GeV/c^ 9^ 

(Table 7). 

Table 7 * 

Ratios of the inclusive cross sections of non-

strange mesons in ;nr+p interactions at 

16 GeV/c 794/ and the predictions of a simple 

quark model^ 8^ 
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If one takes into account the suppression 
factor (M 2)"* 1 for the meson of the mass M, 
discussed earlier with respect to analogy with 
the Brell-Yan mechanism, 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, ^DIR/ ̂ ALL' o b " t a i n e d i n above 
experiment 7^ 4 7 by summing up all the 
contributions to the total inclusive cross 
section for * + p -** 3T~ + X from the decays of 
the various known resonances (Table 7 ) , is also 
incompatible with the quark model prediction. 

Another approach to evaluate the ^DJR/^ALL 
2 

ratio uses the fact, that the high p T region 
is dominated by the direct pion component. The 
data indicate that a $°/3rj)TR r a " b i o i s about 
unity at P T > 1 GeV/c for arp interactions at 
16 GeV/c and slightly lower at 200 GeV/c (fig.32\ 

thus leading to ^DIR/^ALL* 0 # 2 ~ 0 * 3 * The 
ratio jp ° / 3 T D Ip, m 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 

D I E 7 A L L i s c o r r e c " t e d f o r "k*1® contribution 
of X © and x f in the high p T -region 7^^ 7, then 
we obtain ^DJR/ ̂ ALL* 5 0 # 1 ^ * This result is 
still incompatible with quark model predictions. 
It is also difficult to reconcile this very 
rough estimate with the value of "^JR/'ALL^ 
obtained by summing up the resonance contribu­
tions, if the baryon resonance production is 
not responsible for an appreciable fraction of 
indirect pions. 

3 . 2 Inclusive production of baryon  
resonances 

Most of available information on baryon 
resonance inclusive cross sections comes from 
the studies of the A** and A ° resonance 

production in bubble chamber experiments . 
Therefore the data are confined to the target 
fragmentation region, where the slow protons 
can be identified by ionization. The measurement 
of the inclusive A + + ( 1 2 3 6 ) 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 cross section dependence 
on energy are summarized in fig.35 . 

Fig#35» Inclusive A + + ( 1 2 3 6 ) production cross 
section as a function of incident momentum. The 
A + + is defined in the 1*12 M(pjr+) «: 1.32 QeV 

mass band (with some small deviations for some 
of the data) and for Jtl-cuts indicated in the 
fig. The background is, however, evaluated by 
different methods in different experiments. The 
Breit-Wigner procedure is used to extract the 
A cross section in some experiments (compila­
tion of published data; new data; 3T~p 200 

GeV/c / 8°/ f H 7 G e V / c / 1 1 0 / , 40 GeVc' 8 1', 
16 G e V / c / 1 1 1 / ; 3T+p 16 G e V / c / 1 1 1 / , K~p 32 

GeV/c / 8 7 /, 16 G e V / c / 1 1 1 / ) . 

For nonexotic (abc) pp, jr+p and K +p reactions, 
cross sections fall at low incident momenta with 
about the same rate. The ratios of the inclusive 
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cross sections for these reactions are compatible 
with the ratio of the corresponding total 
inelastic pp, 3T +p and K +p cross sections, thus 
supporting the factorization. 

For pp collisions above 100 GeV/c, the 
energy dependence of the A4** production levels 
off at the value of <T( A*"*) «1 , 5 mb. The study 
of the A*+ production at the C O T ISR in the 
range 0 < pT«£0.7 GeV/c and x >• 0.6 has 

/112/ 4 - 4 -

shown' ' that the A cross section is 
essentially s-independent, tf(\/s=23 GeV)/<5(ys m 
35 GeV) « 1.03±0,03, between center of mass 
energies Vs = 23 GeV and 35 GeV. In the 
restricted range of variables 
(1.16 < M(par+)< 1.32 GeV, 0.86 x < 0.92, 
0.1<-t <0.5(GeV/c) 2), the production at 
/s * 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 Durr-Pilkuhn form 
factor. The integration of this equation over 
all variables yields an s-independent cross 
section C( 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 cross sections. 

For exotic ar~p and K~p reactions one 
expects no energy dependence even at low 
energies. Within limited statistics the data 
are consistent with this assumption. This trend 
is clearly seen for Jr"*p collisions in a broad 
energy range (fig.35), where the data are 
obtained with a similar experimental technique. 
From the very rough comparison between the 
trend of data for nonexotic K*p and 3F +p reac­
tions and approximately constant cross sections 
for exotic K~p and 3T~p reactions, it follows 
that the energy dependence for K +p and 3T +p 
reactions should start to level off at FNAL 
energies above 100 GeV/c, as it does for pp 
collisions. Of course, the real energy dependence 

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 
mechanisms. 

The analyses of the A + + decay angular 
distributions and of the A + + spin matrix 
elements in a number of experiments have 
established a strong dominance of one-pion-
exchange at low Itl -values even at the CERN-ISR 
energies. Extrapolation to the pion pole using 
the Chew-Low formula, applied to the reaction 
pp 4?+ (1236)X at YI«30.4 G e V / 1 1 2 / , yields 
<3Tfcot ( 3r"p) in the range between 21.1^1.3 mb and 
23.7^0.5 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 
tp obtain the total 3T~ and 0T+3T"* cross 
sections (fig.36) from the studies of reactions 
K±p A + V 1 1 3 - 1 1 5 / , X - p ^ n Z / 1 l 6 / and 

The 3T+0T " 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 Sj. ( 3T*JT ~ ) « 6~t (tf+p )6" t (af p ) /6" t (pp ) . 
The K +JT~ total cross section measured up to 
the cm.energy 3#5 GeV seem to follow the same 
trend but still exceed 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 (K + 3T~) channel. The 
K~3T ~ total cross section, in the exotic K~ar 

channel, is much smaller than the K+3T ~ 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 A f + production cross sections 
in the target fragmentation region will be 
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Pig.36, Total K + X ~ , K"*3T and ar+3T"" cross 

sections obtained from the analysis of the 

reactions K^p — A + + X , 3f"p nX and 

sr+n pX as a function of X mass (i.e.energy 

of Kff, 3TJ" systems in their rest frame); 

the data from ref, 7113-117/ 

equal for K +p and K~p and for 3T+p and ar~p 

interactions, respectively, with 

(PP ) : &à++ (3TP ) : (Kp ) -6- t Crp ) : cTt (TOT) : 6"! (Kar) 

However the contribution of other isotopic one 

exchange particles ( $ ,A 2 ) , which could mediate 

these reactions, and the interference between 

possible exchanges may eventually lead to a 

quite different results for all t-region. 

Besides, the important part of the A*"+ cross 

section comes from the production and subsequent 

decay of the diffractive systems p UR+3r ~ 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 mass pJT + and PAR systems is 

strongly correlated by the diffractive production 

of p JR+JR ~. Since this diffractive system is 

generally assumed to be an isospin 1/2 statef 

there are nine times more A*"1"-*- POR+
 than 

A ° par". This explains the large background 

under the A ° peak and makes difficult the 

study of the A ° production. However, contrary 

to what is often stated, I would like to stress 

that the A 0 inclusive cross section may be 

quite higher than the value of 1/9 from the 

cross section, since the diffractive 

production of the partir"" state with I«1/2 is 

not the unique mechanism of the A ° production 

at least at present energies. Specifically in 

the low |tl -region, where the pion exchange 

dominates one has the following relations: 

Just for example, the A inclusive cross 

sections are found to be equal to 700^100pb 

for reaction K"p A + +X and to 985-180JJfa for 

reaction K~*p -*-«4°X at 14.3 GeV/c high 

statistics experiment' • In the same experi­

ment the ratio (3.2.3) for K~p reaction as well 

as the ratio 6~(K+p A++X)/ET(K"'p /\°X) which 

should be equal to 3 for any isospin 1 meson 

exchange, have been specifically tested and 

found to be compatible with the K ~ * p / 1 1 3 » 1 1 8 / and 

K+ p/114,119/ d a t a # T h u s t h e production and 

decay of the A + + and A° resonances may account 

for considerable fraction of indirect pions 

produced in hadron-hadron interactions. 

An interesting attempt to separate the A + + 

production over the entire kinematic region has 

been made by ABBCCHLVW Collaboration in OFIP 

and K~"p experiments at 16 GeV/c^ 1 1 1^. Table 8 

shows, that the total inclusive cross sections 

of AH"(1236) are almost twice as high as those 

obtained with a mass cut 1.12 4 l/[(p3î+)-£ 1.34GeV 

and ltU0.6(GeV/c) 2 (shown in fig.35). The 

fraction of A + + production increases with 

increasing charged multiplicity and 
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Table 8 
surproduct ion cross sections and the fraction 
of produced A s per inelastic collision 
at 16 GeV/c for different charged multipli-

c i t i e S
/ 1 1 1 / 

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

Because of practical difficulties, there 
is almost no information about inclusive 

* t 

production of heavier N s which presumably 
decay through a 3-body or cascade processes. 
Some new information is obtained on strange 
baryon 2T(1385) production in K~p 
collisions 7 5 7 * 8 7 » 1 2 0 7 ( f i g . 37 ). 

Pig. 37, Inclusive ZT(1 385) 
production cross sections 
in K~p interactions as 
a function of incident 
momentum (the data from 
r e f B . / 5 7 ' 8 7 ' 1 2 0 ' 1 2 1 / ) ; 
the lines are to guide 
the eye. 

The decrease of the Z +(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 
2L* cross section is quite close to the 2L "~ 

cross section which is essentially energy 
independent. Prom the invariant x-distributions 
(fig.38), one sees that is produced 
symmetrically about x«0, thus suggesting a 
predominance of the central production. 

Pig.38 The invariant 
x-distributions for reac-

+ 
tion K~p -*-Z~(1385)X 
( the data from 
r e f s / ^ 1 2 0 ' 1 2 1 / ) . 

Por each energy the Z. + and 7L~ distributions 
are the same in the forward direction, but 
there is a strong excess of s in the 
backward direction, which can be attributed to 
a quasi-two-body hypercharge exchange processes 
with a strong energy dependence. Indeed a 
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 shown 7 J l' that the Regge 
trajectory responsible for the strangeness 
annihilation process KK pions is consistent 
with the f - 0 trajectory. 

The information provided by the weak A -

decay in the two step sequence 
JL +(1385)—0T + ( A par") has been used by the 
Amsterdam-CERN-Nijmegen-Oxford Collaboration^77 

for the reconstruction of the complete Z.+ ( 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 ZL+(1385) polarization in the region 

t o I tp2^^*5 (GeV/c) is small and compatible with 
0, which is in agreement with the predictions^227 

of the additive quark model. These results are 
in remarkable contrast with the recent studies 
of the inclusive A production in reaction 
K~p - v j i .X where the existence of significant 
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polarization has been established (see^^^ 
and references therein). 

Fig. 39. ( a ) Variation of 
the A polarization 

!A S sfa £ "A (umBl 

notations) with x for 
reactions K~"p -*-Ji +pions, 
K~p -*-AKK + pions at 
4.2 G e V / c / 1 2 3 / and 
K"p -»»-A + anything at 
14.3 G e V / c / 1 2 4 / ; 
(b,c)A polarization for 
reactions K"p «^A.+pions, 

K~p JI, + KK + pions at 4.2 GeV/c and for 
pp -*-A + X at 5.7 GeV/c in the region -1.rx<-Q,2 
as a function of p T . 

Fig.39(a) shows that the A polarization 
in the region x-c-0.5 exhibits different 
behaviour for the reactions 

K"p A + pions (3.2.4) 
K~p -**A +KK + pions (3.2.5) 

It is positive for reaction (3.2.4), while it 
is slightly negative for reaction (3.2.5). For 
events in the target fragmentation region 
(-1* x *-0.2), a striking difference in the 
F^ with increasing p^ is seen for these two 
reactions in fig.39(b), whereas the P^ 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 semi-inclusive correlations (shown by the 
bubble chamber experiments in Serpukhov and 
Fermilab), 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 
(but not theoretical) information on this subject. 

A simple independent cluster emission 
model still describes the most salient features 
of the data. But there is increasing evidence 
that the copious resonance production may 
explain to a 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 
a broad energy range. 

Thus the Saclay-Ecole Polytechnique-
-Rutherford Collaboration''12^ has found a 
striking similarity between the diffractive 
excitation systems H H 3 T , N lTWr and T$-*~Jl K 
induced by K~ mesons at 14.3 GeV/c and protons 
at ISR energies. 

Fig.40, Comparison of 
p pjr+3T~ fragmentation 

systems in single dissocia­
tion process K"*p K~" (p3r + 3T~ ) 

at 14.3 GeV/c and in double 
dissociation reaction 
PP (par+oO (parV") at 
»500 GeV/c : (a)pjrV" mass 
spectra; (b) and (c) par + 

subsystem mass spectra 
(arbitrary units in fig.(c)); 
from ref. / 1 2 5^. 15 20 25 

r * )GeV M ( p j r * ) G e V 

A2-68 



As an example fig.40 shows that the shapes of 
the pjr4 "̂" and pJT+ effective mass spectra in 
reactions K"*p K~(pjrV") at 14.3 GeV/c and 
pp^(p3i +jr~)(pff +*~) at 500 GeV/c are practically 
the same, both for resonance components and 
for overall fragmentation background. 

Ecole Potetechnique - Rutherford-Saclay Collaboration 

Fig.41* Comparison of production differential 
cross sections of. the low mass diffractive 
NJTOr systems (from r e / 1 2 5 6 . 

The production differential cross sections for 
three sets of data (fig.41) display a similar 
behaviour with a break at J11 » 0.3 GeV 2 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(y 1 f y 2) in the central 
region over a broad energy range is another 
important feature of data. The CERE-USSR and 

/pq/ 

France-USSR Collaboration has shown' that 
the behaviour of the semi-inclusive correlation 
function 

for reaction K +p -**3T~;jt""j 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 X~"p 

semi-inclusive reactions between 8 and 360GeV/c 
the NDDCIMM Collaborât i o n ^ 1 2 ^ has presented 
evidence that the central region correlation 
maximum grows as logs. The semi-inclusive (—) 
correlations are smaller and have less s 
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" < c k > » 2 - 3 / 1 2 7 , 1 2 8 / * 
One should remember, however, that it is a 
model dependent value and other estimates give 
<k>42 (for details see, for example^ 1 2 9/), 
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 "cluster1. 

Following is a brief discussion of the 
experimental data on two-particle correlations 
presented to this conference, where the main 
emphasis is made on angular correlations, 
interference correlations between the like 
pions and on the spacial structure of 
interaction region (for more details see the 
mini-raporteur * s talks of Kistenev and 
Podgoretsky at this conference). 

4*1 Angular correlations 

Azimuthal correlations are usually studied 
in terras of the asymmetry parameter 
A * (H(^T>or/2) - N(rfT« 3 T / 2 ) ) / T O T > I / 2 ) + 
+ H(<rf,p-* 3T/2)), where the ̂  is the azimuthal 
angle between the transverse momenta p^ and 
Pm of two particles. In Table 9 the 
experimental values of A for like and unlike 
pairs obtained in several experiments^1-^"1 

are shown. 
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Table 9 
Asymmetry parameters A for like and unlike 

pion pairs 

Since the resonance production influences 
the angular asymmetries, it is appropriate to 
investigate angular correlations between 
particles in terms of their effective mass M, 
Indeed, effect of different origins, such as 
resonances or Bose-Einstein statistics can 
contribute predominantly at AV«0, while with 
respect to M these mechanisms could be separated. 

b f g m o p Col labora t ion 3T"p at 11.2 GeV/c 
Pig,42. Azimuthal 
asymmetry parameters 
for like and unlike 
pairs in JT~p inter­
actions at 11,2 GeT^ 
as a function of the 
rapidity difference 

Ay - 1^-72

 ; 

(a) for all events; (b) after removal of events 
with a jt+JT~ pair in the p ° region (from 
r . f . / 1 3 1 / > . 

In fig,42 the parameters A L, A y in tf~p 
experiment at 11,2 GeV/c^ 1 3 1 y^ are presented as 
a function of the rapidity difference Ay and 
compared with the predictions of statistical 
model, W© observe the following important facts. 
The high multiplicities of neutral particles 
at higher energies result in decrease of A L,A y 

and A^-A L with increasing s, whereas the ratio 
(A U-A L)/(A U+A L) is constant within errors. 
The difference between A y and A^ 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 $° mass band, but 
persists for like pairs. Thus the rise of A y at 
small Ay can be interpreted as a consequence of 
resonance decay, whereas the drop of A-̂  at small 
A y seems to be due to Bose-Einstein 
symmetrization effect* 

Fig.43. Azimuthal asymmetry parameter A for 
(a) X + 3 r ~ and (b) It* X- pairs as a function of 
their effective mass M in 3T""p interactions at 
40 GeV/c; (c) the ratio of the azimuthal 
distributions for like and unlike pairs for all 

+ R -

/ 1 3 4 A 
combinations and after removal of pairs 
from the j>° mass band (from ref. 

The Dubna-Moscow-Tbilisi Collaboratioi/1 

has studied asymmetry parameter A for 3T+1T ~ , 

3T±3T± pairs in 3T~p interactions at 40 GeY/c 
as a function of their mass M (fig,43(a)), A 
sharp maximum is observed at M«M 0 for 0T+3T ~* 

pairs which is strongest at AJ^ 0,2 and 
2 P A p T 0,2(GeV/c) , No difference is seen in 

the azimuthal distributions for like and unlike 
pairs (fig,43(c)), when the Jf^W *" pairs from p° 
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 Aachen-Berlin-Bonn-CERN-Craeow-
-Heidelberg-Warsaw Collaboration^1-*5/ i n 4 a n d 
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6 prong events of JR+p interactions at 16 GeV/c. 
They present the results in terms of the 
opening angle é between the three-momenta p^ 
and p^ 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 4 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 

<W F F I> a <COS0' > . <cos*r > 

and for proton-pion pairs the difference 

d (M) p:r ' <cosrfp;n> M - ^cos«f p ; r> M 

is studied as a function of M 

Fig*44- The distribution of the difference in 
the opening angle 4 between the three momenta 
of particles for unlike and like pion pairs as 
a function of the effective mass M of the pair 
for (a) p2or+JT final state, (b) p33T+23T final 
state, (c) 4-prong events, (d) 6-prong events 
in 3T+p interactions at 16 GeV/c (from vefO^^^)* 

A clear structures with the resonance signals 
of j>°,f,g mesons (fig.44) and of the A + +(1236) 
and A + +(1890) (not shown) are visible* It is 

of great interest that resonances which are 
not (or just hardly) seen in the corresponding 
two-particle mass distributions, such as f,g, 
and A + +(1890), are observed more clearly in 
d(M) distributions. This is due to an increase 
of the Goosey caused by resonances, which 
increase the probability for the longitudinal 
momenta p-^ and p Tp 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 essential, can be explained 
by the resonance production. 

4#2 Space structure of events 

Let us consider now the interference 
region near the threshold M ^ 2 m 3 f . 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 4) known 
as GGLP effect 7 1^ 6 7. 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 ir~p experiment 
at 200 GeV/c 7 1^ 7 7. It was shown that jr+JT ~ 
correlations differ from the 3r"ar~ correlations 
only at small values of t 1 2«(p 1~p 2) . This 
difference is accounted for if the range of the 
Bose-Einstein correlations R = (1-0.25) fm. 

More recently Kopylov and Podgoretsky 7^ 8 7 

(see a l s o 7 ^ ^ * ^ 0 7 ) have proposed to study the 
dimensions 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 
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is constructive at small values of the 
variables q Q and defined as 

where n = C^+P^/l P^+P^l » (qt ~ ^ 

at q 0). The interference effect is 
measured in terms of ratio 

The effect of the jp° production on the q^ and 
q Q distributions is negligible in the region 

2 2 of low q^ and q Q, affecting the shape of q^ -
distribution for unlike pion pairs only around 
q t

2 « 0.40(GeV/c) 2 / 1 3 0 /. The estimates of the 
interaction radius R obtained in several 
experiments^ 1 3 0* 1 4 1~ 1 4 7^ are compiled in fig.46. 

where N L is the number of pions of equal charge 
and Eg is background. This expression is 
obtained^ 1 3 8/ in the framework of the 
statistical Pomeranchuk model, describing the 
emission of pions from massive point-like 
centers with the radius of the interaction 
region R and the lifetime of the pion source T, 

The existence of Kopylov-Podgoretsky 
effect is firmly established at several 
experiments^ 3°* 1 4 1~ 1 4 7 /. In all of them (as 
for example is shown in fig.45) one observes 
a clear excess of like pion pairs at small 

p 
values of q t and q Q, which decreases with 
increasing q Q and and finally disappears. 

Fig.45- The ratio of the normalized q^ and q Q 

spectra of like and unlike pions for two 
intervals of q Q and q^, respectively, (from 
ref./H2,H5,146/ ) # 

Pig.46. Energy dependence of the interaction 
(fair-ball) radius; (in r e f s . / 1 3 ° * 1 4 1 ~ 1 4 7 / it 
is obtained from the fits to the Kopylov-
Podgoretsky formula (4.2.1), in ref.^ 1 3 7^ 
( X~p 200 GeV/c) as 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 small 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 cr R/U2,144,147/^ i n 

others cr> R/130,141,146/^ T M s m a y s u g g e s t 

different interpretations of the parameter 
cz / 138.140/ ( s e e 8 l a o / 1 4 8 / h 

Another possibility of studying the 
spacial structure of the interaction region 
has recently emerged from the impact parameter 
representation of inelastic reactions^ 1 4 9"" 1 5 2/. 
In the p a p e r ^ V t h e i o w e r bounds b L for the 
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root mean square impact parameters 

< b 2 > * b f = < £ ( x f - r f ) / ( 2 p ^ 2 ) > 2 / < Z ^Ar±r.> 
1 1J 

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 x^sp^/p? 0*, where p m a x 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 b-̂  decreases with 
the number of final state particles for 
annihilation and production processes. For the 
coherent channel pd pd 3r+3T~ the b-̂  
decreases with increasing incident momentum 
as has already been observed in the 

pp pp 3T +jr ~ and ar""p -*-3T ~p 3T+JT ~ reactions 
produced diffractively (fig .47) . 

IMPACT PARAMETER LOWER BOUNDS Fig.47^ Impact parameter 
lower bounds b-̂  for 
pp pp3T+jr"", pd pdor+3r"" 
and pn -v ppoT reactions as 

. a function of incident 
momentum (data from 

plab (Gev/o r e f s . / 1 5 3 » 1 5 4 / ) . 

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 
the earlier results^1 and seems to indicate 
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 
is particularly peripheral in impact parameter. 

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 
possible alignment of the final particles in the 
transverse plane. In the framework recently 
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 

-*(k) 
eigenvectors z v of the matrix 

where the sum includes all final state particles 
in the event and oC andj& denote the 3 components 
of the momentum p i . The eigenvalues 

A K « 2i ( j T a ^ " ) ^ describe the overall shape 

of the final state in momentum space and are 
ordered as > ^3 * Thus defined 
principal axis system is shown in fig.48. 

Fig.48.Definition of 
the principal axis 

system. 

The France-USSR and CERN-USSR Collaborations^ 5 7 / 

have indeed observed the alignment of the final 
state particles and the beam particle in the 
reactions K +p K+pjr+jr~ and K +p K+p2JT+2X*" 
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 
( XJ> A 2> Â ) . Even more surprising is the 
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behaviour of the differential cross sections 5« Conclusions 

doYdcos^p and dô7dcos*c in these reactions 

(«C is the generalised scattering angie.see 7 1^ 7) . 

They are consistent with exponential shape 

(fig.49) for cos Q B p > 0.98 and cos «C>0. 98 with 

the values of the slope: 

B«C 8 5 2 ^ 1 0 B 9 8 5 204-10 for K +p K+p3r+3r~" 

B ^ m 175-25 B Q « 168±24 for K +p-~ K+p23T+2.T 

which are quite close to the corresponding 

value of the slope B e l « 195-9 in the exponential 

parametrization of the doVdcos© distribution of 

elastic K +p scattering at the same energy. 

France-USSR and CERN-USSR Collaborations Pig#49' The Ù&/dCOSÔ-gp 

i and d& /dcoscC distribu-

H tions in the principal 

] axis system for reactions 

K +p -*> K+pjr+3r"* and 

K+p-^K+p(2lfh)(23r") at 

j 32 GeV/c (from r e f . / 1 5 7 / . 

\ The scattering angle 9^p 

\ is defined in fig.48, the 

generalized scattering 

angle «C is defined as 

the angle between the beam direction and the 

same direction rotated by the matrix Q 9 ^ . 

This means that the description of multiparticle 

final states in principal axis variable® is 

quite similar to that of elastic scattering. 

One might expect this for K + p K+par+or" reaction 

where the diffractive channels are dominant^ 

(indeed, B ^ is slightly higher than B ^ , 

reflecting the well known fact that the slope 

of the differential cross section d ( T / d t is 

higher for diffractive system than for elastic 

scattering). However the nearness of B ̂  and B^ 

for 6 particle state is quite surprising and 

invites further investigations. 

In closing I would like to make a point of 

some general conclusions which the above 

presentation leads us to draw. 

1. Limiting fragmentation hypothesis as 

formulated by Yang and co-workers is compatible 

with the present trend of data at the highest 

accelerator energies within » 10% errors. 

2. The Pomeron factorization seems to hold 

with the same 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 TeV and with ISR's are very much needed 

to choose between two very important 

alternatives: the existence of asymptotic limit 

or unlimited rise of cross sections 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 effects may 

be to a large extent explained by resonance 

production. 
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