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Recent measurements revealed rich struc­

ture of the differential cross section and 

polarization of the elastic hadron-hadron scat­

tering. It is characterized by sequence of 

breaks, dips and bumps with typical intervals 

htt ^ i (GeV/c) 2 This ("large-sca­

le") structure is usually assumed to be a mani­

festation of coherent effects originating from 

"hadron size" region £ 1 Fermi. 

The possibility of a small-scale structure 

with period A t$ of order of 0.1 (GeT/c) 2 was 

/ 2 V 

also discussed theoretically' Some expe­

rimental indication to this structure is per­

haps present in the ISR data^^. New data 

presented at this Conference seem to give quite 

a clearcut evidence for such structure. 

To begin with we show in Fig. 1 elastic 

proton-proton differential cross sec t ion measu­

red at p=60 GeV/c at S e r p u k h o V ^ . Experimental 

points are plotted with respect to commonly used 

smooth curve (âç/dt)^ = A e x p ( 2 t + c t 2 ) 

("peak with break") and d i sp lay distinct oscilla­

tions with period àt ~ 0 , 4 (GeV/c) 2. 

The questions arise: What is the mechanism 

responsible for the small-scale oscillations 

(SSO)? Do they mean the existence of a new had-

ronic scale » i Fermi? We believe there is no 

need in any exotic dimensions. In fact SSO-phe-

/ 2 V 

nomenon has been anticipated % J on the basis 

of ordinary scales ( t ^ ¥/u1

 0 r H ̂  1 

Fermi). It may arise simply due to edge effect 

caused by peripheral processes occurring mainly 

at impact parameters - i Fermi. 

It is instructive to consider an explicit 

model, but qualitative effect is not very sen­

sitive to details and is model independent. 

The main contribution to peripheral part 

A ^ i t ) 0 f elastic amplitude T(t) is sug-

gested in' as coming from inelastic diffrac­

tion which is believed to have peripheral impact 

parameter profile^6/ (although there may be, of 
course, another contributions). Deck model with 

/7/ 

absorption'" was used to calculate the profile 

of diffractive dissociation contribution A&Cj>) 

into inelastic overlap function G- (j> ) • Nor­

malizing to diffractive cross section ^ 

( - G™£) the normalization parameter C has 

been fixed. The resulting profile (Fig. 2) is a 

"ring" with radius R - { i g 1 f i } j%tS 

Fermi (Here B - £ * - 10 (GeV/c) 2 are 

slopes of , HU scattering cross sections 

and TT -meson vertex and propagator; 6"s 
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Neglecting spin-flip and T 

contributions the $-channel unitarity gives 

& 0 is a "central** term. Using the fact that 
4 contributes mainly near p I Fermi, 

where 
tic amplitude as 
is the Fourier transform of and exhi­
bits expected Bessel - like behaviour J 

Inelastic diffraction is believed itself 
to give rise to absorption resulting in alter­
nation of the AT sign. In other words the 
"central term" TQ may be expected to have a 
simple form if one takes T - Tc - A T # Her< 

has a meaning of unabsorbed overlap 
fuction of true inelastic processes. So f we can 
consider both versions: 

First of all 9 it is easy to see that 
gives rise to SSO (about "averaged" t-dependence; 
which are nicely confirmed by the data (see cur­
ve in Fig . 1 , C - H n ^ G e V ~ \ <X =2,5 (GeV/c)~ 2, 

R — 5t0 GeV )• Further, it is the absorptive 
(minus) sign which was shown by carefull analy­
sis giving proper description of the "peak with 
break" with "simple" form for T 0 CO , Fig. 2 is 
an illustration with 

corresponding to scattering off a disk with 
rounded edge 

One can expect the "edge effect" to show up 
also at large (t| leading to large - and small-
scale structure due to and 
SSO have to manifest itself in other elastic 
reactions and at different energies. Indeed, one 
could probably find it in SLAC data / 7 / at 10 

GeV/c and some TK " p data at 4-6 GeV/c^ 8 /. 

' From t -channel point of view it can 
be described by complex singularities in j -
plane / 2 f 3 / . 

Another place to look for SSO is the high 
energy nuclear scattering. Here nuclear fragmen­
tation plays the role of dissociation and cha­
racteristic scale is determined by nuclear 

/ ? 3 / 

radii. The verification of the SSO hypothesis7 9 / 

with nuclei has been done at JINl/9/ in -par­
ticle beam at p=17.9 GeV/c. The data are sum­
marized in Fig.3 where difference of experi­
mental and Glauber cross sections for ck - C , 

ok - At and "* Cu scattering is plot­
ted. At small \t\ (.007 < \t\ < .1 GeV 2) the 
data exhibit oscillatory structure (although it 

is not excluded that the e f f e c t is introduced by 

inaccuratness of the Glauber description). Cur­
ves in Fig. 3 show the function 

ht Jo"(RlyC*)exp (at) + Cj-t d c . The 
values ofki found from the fit are of the order 
of radii of C f M and Cu. 

Detailed study of the nuclear fragmentatio: 
is of great interest in the light of present 
consideration. 

We have discussed the model connecting the 
SSO with existence of peripheral inelastic dif­
fraction. One can also try (especially for 
nuclei) to relate the SSO to fluctuations of 
the nuclear matter distribution ("shell effect") 
However, as we know , the nuclear shell effects 
are expected to be shown up rather at large (II 

(small j? ) and have much larger period. Anyway 
one can hope to discriminate between these possi­
bilities experimentally by comparing reactions 
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with and without diffractive dissociating probe 
(for instance, hadron-hadron and electron-had-
ron scattering). 

In conclusion we want to emphasize that 
the SSO phenomenon giving interesting infor­
mation on s- and t-channel aspects of high ener­
gy scattering has to be investigated further 
in great detail. The energy dependence is of 
particular interest. If 6 U T ~ ( &i S ) and 
elastic slope 8 ̂  (&*sj^ we expect 

The data available at present seem to confirm 
A t decrease with S increasing. 

I am grateful to A.M.Baldin, N.I.Starkov, 
L.N.Strunov and participants of E. L. Feinbergf s 
seminar for useful discussions. 
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HIGH MASS DIFFRACTION EXCITATION OF PROTONS 
ON PROTONS AND DEOTRONS 

S.V.Mukhin 
Joint Institute for Nuclear Research,Dubna 

In this short talk I shall discuss some 
new results of four papers, submitted to the 
Conference, on the inclusive processes 

p + p ^ X + p 
and 

p + d ^ X + d 

in the kinematic range 5 ^ M^<£ 0.25 (GeV) 2, 
S > 120 GeV 2 and t < 0.3 (GeV/c) 2. 

Two of them present the data obtained at 
Fenailab with deuterium (USSR-USA collabora­
t i o n ) ^ and hydrogen (C-SB collaboration)^ 
jet targets. In these experiments the recoil 
particles from the interactions of an internal 
beam were detected by the solid-state detector 
telescopes. 

The authors took special care for back­
ground corrections which were < 8% for the pd 
case and ̂  2% for pp. 

The two others from CERN-ISR present the 
single-arm spectrometer data obtained with deu-
teron(CHIi-collaboration)/^ and proton (CELM-
collaboration)^^ circulating beams. 

The high mass region is the region where 
the triple Regge phenomenology is expected to 
apply. Using the generalized optical theorem' 
the inclusive reaction a + b — > c + X can be 
related to three-body scattering amplitudes as 
shown in Fig. 1 and an invariant double dif­
ferential cross section can be expressed as 

/5/ 

The term & ^ /< denotes the triple Regge 
coupling of three Reggeons i , ? and /< , where 
the Regge poles i and j . with trajectories 
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Fig. 1 . 
The quasx-two-body amd associated triple Regge 

diagrams. 

o( I (t) . c(j(t) , respectively, are exchan­

ged and the Regge pole k with trajectory o^ foj 

controls the Reggeon particle total cross secti­

on. Table 1 shows the corresponding coefficient 

of &i ' /< for r7?<^ /cii cIMI and d*<£ /clt Jy , 

where X - 8, /Pmei* ~ MY/S • One can see that 

the triple Regge terms have different M y and S 

dependence and as diffraction (PPP, PFR), non-

diffraction (tïjtP 9 n n R , RRP, PRR) and inter­

ference ones (RPR, RPP) have to dominate in 

different mass regions. 

Since the London Conference it is well-

known^ 6^ that in the pure diffraction region 

S~< M* < 0.05$GeV2 at small t-values the 

mass spectrum falls as / /M* with approximate 

scaling due to triple Pomeron (PPP) dominance 

whereas the fits of the data^"^ show a signifi­

cant role of the 17ÏÏ P and V n~ R terms as non-

PPP background. 

The comparison of the pp and pd data in 

the same kinematic range is at interest as the 

non-PPP background should be smaller in pd due 

to the isospin conservation. 

Let us look at the new higher statistics 

\ 1 2 

data which cover a rather large i lY region to 

better understand this phenomenon. 

Figs„2 and 3 show the USSR-USA collabora­

tion pd inelastic mass spectrum a t i =0.003 

Fig. 2 . 

The invariant inelastic pd—>Xd cross section 

divided by the deuteron coherence factor as a 

function of 1-X for S=122f289 and 698 GeV 2 at 

t=0,03 (GeT/c) . The curve represents the 
"behaviour adjusted to the high energy data. 

and 0.13 (GeV/c) • The results are divided by 

the deuteron coherence f a c t o r Fci it) ~ ((si /<j/P) x 

eyp(-26.t/!l/+ 62.31*) in order to compare with 

the pp data. The energy dependence at 122 ^ 5 
2 

<. 699 GeV is quite pronounced at these two 

values of t « The solid curves represent the 

/ .V v

? behaviour fixed to be in agreement with 

the high energy points for My

?/5' < 0,05. 

There are clear deviations from this simple 
behaviour for My/$> 0,06 
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Fig. 3. 
The invariant inelastic pd Xd cross section 
divided by the deuteron coherence factor as a 
function of I-X for S=122 and 689 GeV 2 at 
t=0.13 (GeV/c)^. The curve represents the l/w} 
behaviour adjusted to the high energy data. 

The new CERN ISR p-p data (CHLM collabora­
tion) at 549 ̂  S < 1464 GeV? and t=0.25 (GeV/c) 2 

in Fig. 4 also show the approximate I / M? mass 
spectrum dependence up to M*/S =0.05, but they 
scale well in terms of the variable 

There arises a good question whether sca­
ling occurs at S > 600 GeV 2 or at t > 0.2 (GeV/c)? 
Further experimental work is needed to get an 
answer to this question. 

Returning to the region /s> 0.05, where 
nondiffractive triple Regge terms have to be 
valid, I plot the pd (USSR-USA collaboration) 
and pp (C-SB collaboration) data at the same t 
values in Fig. 5. Distracting from normalization 
problems (both results are preliminary) and the 
difference in S, it is remarkable that the 
dependence is similar for the pp and pd processes. 

Fig. 4. 
The invariant inelastic pp—^*Xp cross section 
at t=0.25 (GeV/c) 2 as a function of yi?/s and 
S. The dashed line shows the dependence of the 
form (Mx 2/sr 1. 

2 Fig. 5, 
The dependence of d&IctM* at 
fixed t=0.037,0.068 and 0.09ft (GeV/c) 2 for pp-
->Xp (x-points) at 3=940 GeV^ and pd-**Xà Co-
points) at Ss698 GeV 2. 
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In fig. 6 we can se© CHM collaboration 
CEKS-ISR results for the pp and pd inelastic 
spectrum at S=2800 GeV 2 and t=0.22 (GeV/c) 2. 

Fig. 6. 
The invariant inelastic cross section versus 

MY for pp pX (• -points) and pd—^dX 
(o -points) at S=2800 GeV 2 and t=0.22 (GeV/c) 2. 
The pp cross section is scaled down by the ratio 
of the differential elastic cross section. 

For comparison the pp — p X spectrum was sca­
led down by the measured ratio of the differen­
tial elastic cross sections for the two reacti­
ons. The striking feature of this graph in the 
resemblance between the pp and pd spectra over 
the whole range. 

It seems there is good experimental evi­
dence for a dominating role of the isospin =0 
triple Regge components in exchange processes. 
In these four papers the authors do not report any 
deviations from the regular exponential t depen­
dence like turn-overs, dips or breaks for inclu­
sive inelastic pp and pd reactions. 

The results of the discussion of the 
recent high mass inelastic data can he summari­
zed as follows. 

1. The triple Pomeron exchange dominates 
in the pure diffraction mass region 5 4. 

£ 0.055 GeV 2. 
2. There are deviations from scaling for 

S ^ 600 GeV 2 or t < 0.2 (GeV/c) 2. 
3. The deviation from the i/M* behaviour 

for My /S£ 0.06 indicates a significant role ©f 
nondiffractive exchanges in this mass region. 

4. The similarity at the pp and pd mass 
spectra shows that the isospin =0 exchange 
dominates. 

5. There are no dips, breaksf turn-overs, 
etc.,in the t-dependence. 

I should like to express my gratutude to 
S.Olsen and D. Gross who helped me in the pre­
paration of this report. 

Table 1, 
Triple Regge Formulae, where 
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Tu.Eaayshkov 

ITEP, Moscow, USSR 

In this paper the present situation in 

nucleonic diffraction dissociation into (Hf) -

system is discussed. New experimental data have 

come mainly from experiments performed at high 

energies by electronics technique at 

Serpukhov, FNAL and ISR with high statistics. 

The main features of nucléon diffraction 

dissociation observed at intermediate 

energies ( < 30 GeV) are the following. The 

system is preferably produced with low 

invariant mass. The energy dependence of the 

reaction is rather weak. The t-distribution 
B t 

shows diffraction - like behaviour ( ~ 6 ) 

with the slope B, which depends on the mass of 

the {H'k) -system. For the nucléon of the 

system, the cos QQj distribution is strongly 

peaked towards cos 9 ^ =*+1. Aiimuthal and 

^ distributions are not uniform and hence are 

not in agreement with S- and t-channel helicity 

conservation. 

1. Manifestation of Baryon-e^>iftTVP;A Deck-effect 

Fig. 1 shows the angular distribution over 

cos 0£ j as obtained by Moscow-Karlsruhe-CERN 

/1 / 

Collaboration' ' in all experimental phase space 

(a) and under small M and |tl restrictions (b). 

One can be sure that the influence of resonance 

production is considerably weakened by this res­

trictions. 

Forward peak near cos &Q J ~ +1 can be 

described as 7T -exchange Deck-effect (dotted). 

But quite pronounced backward peak near cos ft, T 

^"i is not consistent with 7T -exchange. 

This backward peak can be explained by a mecha­

nism which is similar to the Deck one, but in­

volving baryon exchanges instead of pion exchan­

g e ^ (solid). 

In fig. 2, one can see that taking into 

account baryon-exchange Deck graphs1 contributions 
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|T| <- 023 (GEV'C 

Fig. 2 

improves mass spectrum description cons id era bly 

( 7T -exchange Deck alone predicts too soft mass 

spectrum). 

The backward peak near cos 0£ "~i at 

small M and it| was also clearly eeen in 

FNAl/ 2 / and ISR / 3 / experiments. Authors o f / 2 / 

compared tf? -distributions at cos ^ c j ^ ^ 

and cos ^ g j ^ ^ i with reggeized Deck model pre­

dictions (fig. 3). They consider the W -distribu­

te 

tion structure to be a manifestation of baryon-

exchange Deck-effect. 

So we have now at least three arguments for 

the existence of baryon-exchange Deck mechanism, 

i.e., backward peak at cos ' ~i , mass spect­

ra discription and LP _ structure. 
G- J 

Fig. 3 

2. t-distributions. Correlations 

The appearance of the structure in dtf/cLt 

near lt| vC2 (GeV/c) in DD-processes was recent­

ly discussed^2'3'^'. The new data have come 

from CHOV experiment'^ at ISR the deep in t-

distributions has been observed. Fig. 4 (b) 

shows that for the mass range 1.30-1.35 GeV the 

deep is most pronounced for the cos Gqj v 0 # 

Fig. 4 (a) presents the t-distributions for 

-0 .3^ CZSÔÇJC 0.3 at different mass intervals. 

The deep is clearly seen for the masses M < 1.4 

GeV and moves to higher It I values with mass 

increasing. 

Deck-type model with absorption, perhaps, 

can interpret the appearence of this structu­
re /9 and ref. therein*'. 

Collection of the data on mass-slope cor­

relation is shown in fig. 5. One can see that 

in the momentum range 12-1000 GeV/c the shape of 
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Fig. 7 Fig. 8 

the function is universal; at small masses the 

slope is about twice that of NN elastic one and 

for M£1.6 GeT is about a factor of 2 less.At 

small raasses(<1.3 GeV)there are some indications 

to increasing of the slope with the energy,but 

due to large experimental errors one can hardly 

say that the energy dependence of the slope in all 

mass intervals is different from that of elastic 

scattering. New experimental r e s u l t s ' 1 , 2 f ^ show 

the existence of the correlation between pro­

duction and decay of (Y/r ) system (fig. 6-8). 

Theoretical description of the slopes is dis­

cussed in7^7'. At least partially these correla­

tions can be explained kinematically. 

3. Mass spectra and cross sections 

In fig. 9 the C|>û~) mas3 distribution 

for 45 * fn 4 ^5 GeV/c / 1 / is compared with the 

corresponding preliminary distribution from 

the FNA.L experiment7 '. Both sets of data are 

absolutely normalized. The spectra turned out 

to be almost identical, apart from the mass 

region around 1.5 GeV. 

Fig. 9 

Fig. 10 shows energy dependence of the cross 

sections integrated over two low mass intervals 

for 0.002 <It| 1 - 0 (GeV/c) 2 / 1* 2» 7 /. One can 

see that in the error bars low mass cross sec­

tions are energy independent. 

Fig. 10 

Mass spectra for Serpukhov and ISR experiments 
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are presented in fig. 11 under the same phase 
space distributions. All masses with the excep­
tion of the interval near M ~ 1-5 Gev display 
equal cross sections. 

Fig. 11 

If high energy diffraction dissociation is 
dominated by isoapin I =0 exhange, cross sec­
tion for the reactions pp"* (nîT̂ J p and 
hp (pT\~)j> should be equal (total DD pp cross 

sections have a trivial factor 2 )• Fig. 12 

shows experimental data on total nucléon disso­
ciation cross section in the momentum range 
from 7 to 1500 GeV/c / 1~ 7 / /. At ISR energies np 
and pp channels have equal cross sections within 
the experimental errors. At the energies above 
Seprukhov range cross sections seem to be flat­
tened. 

Fig. 12 

I wish to thank Prof. V.A.Lyubimov and 
Dr. L.A.Ponomarev for useful discussions and 
some essential remarks. 
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SPIN DEPMDENCE STUDIES WITH THE ZGS POLARIZED 
PROTON BEAM 
A.B.Wicklund 
A.N.L., U h A 

We summarize here selected results from 
recent measurements usijag the polarised proton 
beam at the Argonne Z.G*S. 

1- Elastic pt[)f "^pP a t l a r g # fx : 

Using polarized proton beam and target, 
the Michigan-A.N.L.-St.Louis collaboration^1^ 
has measured both the polarised target asymmetry 
A, and the beam-target spin correlation 
at 6 and 12 GeT/c (Fig.1). What is remarkable 

is that in the secondary maximum region of 
pi (1 to 2 GeV 2), A is slowly varying with 

energy while C v v increases considerably going 
from 6 to 12 GeV/c. Furthermore, C ^ develops 
a sharp dip structure at 12 GeV/c which is not 
seen at the lower energies. An obvious inter­
pretation is that the spin dependent part of 
the pp elastic amplitude falls more slowly with 

energy than the nonflip diffractive composaent 
at large p2 • This behaviour is not anticipated 
by conventional models. 

1 1 • Comparison of elastic F » P ~ » F P and F>t*-*Ph 
polarizations 

The effective mass spectrometer (E.M.S) 
has been used to measure pn elastic asymét­
ries for the first time above cyclotron ener­
gies/ 2/. From 2 to 6 GeV/c (Fig. 2) the pn pola­
risation falls faster with energy than the pp. 

Fig. 2. 
The polarization punuaetttps in pp and pn 
elastic scattering at 2 f3 f4, and 6 GeT/c . 

Since the polarisation is given by natural 
mines-parity exchanges (e.g. js? u) , B and Az 

exchange flip amplitudes interfering with the 
Pomeron), Regge models exptct that pp and pot 
polarizations should seal in the same way with 
energy. The data shows that the pp and pn polari­
zation tend to approach mirror symmetry as the 
energy increases, implying that the 1=1 exchan­
ge flip amplitude falls more slowly with energy 
then the 1=0 term. In fact, the effective Regge 
trajectory of the 1=0 exchange flip amplitude is 
empirically one unit lower than conventional to 

and B trajectories, and the data can be satis­
factorily fitted only by introducing ad hoc low-
lying trajectories that are not anticipated from 
meson-baryon reactions. 
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III. Charge exchange production of N and A 

The E.M.S. has been used to study the reac-

tions / / 5 / 

p ^ p - * p K + f l (2000000 events) (1) 

p ^ ^ p f t ' p (150000 events) (2) 

from 2 to 6 GeV/c. For small ~t(-t < 0.2 GeV 2) 

these reactions should he dominated by ÏÏ" exchange 

and the spin-dependence effects can be compared 

with polarizations measured (in Tt2p elastic 

scattering ).Fig.3 shows the small -t cross sec­

tions for reactions (1) and (2) versus f>n * 

Cross sections and polarizations Tarsus 

and pl\f
 masses for reactions p^h -*pl'p and 

P.P^P a^N • The solid points are correlations 
< I*, YL'> Pv > I the open points are < R<= YL • R,> 

where PxfP^)are transverse polarization components 

in the scattering plane (normal to the scattering 

plane). 

pï î masses; the correlations of the spin and 

vector with the decay moments are also shown 

and compared with absorbed 7T-exchange calculated 

with measured elastic phase shifts. Agreement with 

OPEA. is reasonably good. 

At larger -t values other mechanisms besi­

des 1T -exchange become important. Fig. 4 shows 

unpolarized density matrix elements in the S 

channel for p *p A + f ft at 6 GeV/c. Oonside-

Fig.4, 

Density matrix elements at 6 GeV/o and overall 

polarization asyismetry at 3,4 and 6 GeV/c for 

f>fp H> A ^ X 

rable structure can be seen. The polarized beam 

asymmetries at 3 f4 and 6 GeV/c are also shown; 

these are substantial ( 40% for ^~t>0.5 GeV/c) 

and show little if any variation with energy. 

These asymmetries would arise in Regge models 

fro® J\- S or j> - Az exchange interference, and 

would vanish if the exotic pp ->AN amplitudes 

were purely real. 

IV. Inelastic diffraction at 6 GeV/c 

The 3-body diffraction dissociation reac­

tions have been measured at 6 GeY/c with hydro­

gen and deuterium targets'^: 

pff>-* pir TH~(p) (500000 events), (3) 

p f p/Trr"(p t-«)(250000 events). (4) 
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The uncorrected mass spectra are shown in Fig.5 

for two different regions. For p^<0.02 GeV 2 

peaks are seen at 1425 and 1660 MeV plT+F mass. 

For p2 > 0.16 GeV 2, the low m a s peak mig­
râtes to 1500 MeV. Comparison of hydrogen and 
deuterium cross sections for 0.02 GeV 2 re­
veals a considerable coherent contribution off 
deuterium, which has a ~ 20% larger cross section 
per nucléon than hydrogen. 

As in the case of tT-exchange reactions 
discussed above, polarization effects can 
arise in the A system from interference of 
partial waves having different production or 
decay phases. In particular, diffractive reso­
nance production (90° production +90° decay 
phase) can interfere with the large S wave â 17 

Deck amplitude (90° production). Since the do­
minant Deck S wave is J ? = 3 / 2 f the only known 
resonant states that can produce polarization 
are the J P «1/2* and j e =5/2™ states (the 
3/2~N*(1520) has the same J f as the Deck 
amplitude and can therefore not produce polari­
zation). The main signature of the 1 /2 + Roper 
resonance is that only helicity -1 /2 A*4"1", S 
can be produced in the decay N*(1470) ->ALT. Se-
lecting p x < 0 . 1 2 GeV , the production mechanisms 
should be simple (i.e. helecity conserving), and 

should not affect the polarization asymmetries. 
The asymmetry is defined as the correlation 

between the proton spin vector and the 
decay normal. Fig. 6 shows the asymmetries f o r 

helicity 1/2 and 3/2 A states for different 
A IT mass intervals, plotted against the 
decay cosine. Large asymmetries are seen for 
masses below 1600 MeV in the helicity 1/2 state 
only; the asymmetry in helicity 3/2 Â producti­
on is large only for masses above 1600 MeV where 
5/2- resonances are important. The fact that the 
asymmetries are confined to helicity -1 /2 A 
states suggests that the dominant interference 
effect is between the 1/2* Roper resonance and the 
3/2"" S-wave Deck background. The fitted curves 
in Fig.6 assume a constant 90* phase difference 
between these two waves, roughly consistent with 
the known slow variation with mass of the 1 / 2 + 

state. The measured asymmetry is consistent with 
a very small 1 / 2 + cross section ( ~ 5% o f Deck) 
and a 4-90° phase for the 1/2* production ampli-

Fig. 6. 
Polarization asymmetry for helicity 1/2 and 3/2 
A states in 5 AW mass intervals, plotted 
against the Gottfried-Jackson A T decay cosine. 
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References BARTON EXCHANGE IN 12 GeV/c /Tjp INTERACTIONS 

We report preliminary results on the pro­
duction of boson states B° by baryon exchange 
in reactions of the type 7f~f>->hB at an incident 
momentum of 12 GeV/c. Baryon exchange has been 
extensively studied in elastic scattering and 
charge exchange reactions. However, data on ine­
lastic reactions at energies as high as 12 GeY/c 
are rare^* 2^. 

We have carried out this experiment by 
photographing the SLAG 40 1 1 hydrogen bubble cham­
ber operating in its rapid cycling mode on de­
tection of the energetic forward neutron. The 
trigger apparatus was 5 meters downstream of 
the chamber. The beam, bent by the bubble cham­
ber magnet, just missed the apparatus. 

The first element in the apparatus is an 
anticounter package of two 1.25 cm. sheets of 
lead and 2 scintillators to veto charged par­
ticles and photons. The remainder of the appa­
ratus is a calorimeter. Interspersed in the 
front part of the calorimeter are eleven opti­
cal spark chambers. By measuring the vertex 
point of the hadronic shower made by the neutron 
as well as its production vertex in the bubble 
chamber the direction of the neutron is estab­
lished. Events with no other neutral seconda­
ries besides the neutron yield three constraint 
fits. 

? 
The calorimeter is 79 x 79 cm in cross 

section and has 26 modules. The first 11 of 
these contain four gap spark chambers with laau 

plates. Each calorimeter had its own phototube 
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and a sum pulse from the calorimeter was for­
med electronically* 

The trigger for the experiment was the 
simple requirement of no count in the anti-
counters and a sum pulse greater than a calibra­
ted threshold in the calorimeter. Typical run­
ning conditions were 10 expansions per second 
and 6 pions per pulse. The trigger rate was 
about 130 per hour. A total of 242,500 triggers 
were taken. This required 6.5 x 10^ expansions 
of the 40" chamber. 

The film was scanned for all event types. 
About 35,000 2-prong and 30,000 4-prong events 
were measured on the UCLA measuring system, 
MOLLY. The neutron interaction vertex in the 
spark chambers was reconstructed in space with 
standard deviation of 1.25 cm in transverse 
position. The measurements were processes 
through TVGP and SQUAW # 

There are a number of corrections to the 
data. We assign a weight to each event equal 
to the inverse probability that it caused a 

trigger. The most important part of this weight 
is the triggering probability as a function of 
neutron momentum. We have made a cut excluding 
events with neutron momentum less than 7 GeV/c. 
This avoids events whose weight is greater than 
5 and eliminates events with recoil mass >. 3*1 
GeV. 

The most fully analyzed data concern the 
reaction TC~P n~K* and we shall concentrate 
on it. There are 344 samples of this reaction. 
None of these events are ambiguous with other 
three constraint hypotheses. The contamination 
due to reactions with additional missing neutrals 
is estimated to be at most 10% and is flat in 

T"W + mass. 
Figure 1 shows the mass distribution of 

the 7rX f system. The mass resolution is always 
substantially smaller than the width of the 
bins. Peaks at the J> and / masses are evident. 
No other structure is evident. Events that 
appear as a 4~ peak in the fi" h mass plot are shown 

Fig. 1 

cross hatched. These d events were not included 
in the fit to the mass distributions which was 
made with Breit-Wigner shapes having energy 
dependent widths for the j> and ̂  plus a constant 
background term. 

The bin from .9 to 1.0 GeV/c 2, with only 
a few events, has an undue influence on the 
fitting procedure and was rejected. The best fit 
is shown in Figure 1. It has jcz~ 8.0 for 13 deg­
rees of freedom. 

The parameters of the best fit are = 
=0.716+0.007 GeV, Fj, =0.128+0.025 GeV, =1.204+ 

+0.017 GeV, =0.187+0.068 GeV. According to 
the fit, the data consists of 171+21 JP's, 
118+27 f's and 16 .5+2.0 background events per 
100 MeV. The widths of the p and f are in good 
agreement with the accepted values. The masses 
are both lower than the accepted values. This may 
results from low statistics and an unrealistic 
background treatment, but it is interesting to 
speculate that this may be a dynamical ef­
fect, particularly since an experiment at 6 GeV/c 
also finds a lowjp mass^^. 

The total cross sections for 0 ^ <: 1 „ 2 

(GeV/c) 2, where u'-u^-u are 0.61+0.11 /xb 
fork's and 0.49+0.13 /ib for f's. 

The differential cross sections dô7du t for 
p' s and f's are shown in Figure 2. We define the 
p mass range to be 0 .62 6 Yy\^ < 0.90 GeV and the f 
mass range 0 .90 < hn^ ^ 1.43 GeV. No specific 
background subtraction was made in determining 
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the differential cross sections since the events 

outside of the resonant regions show similar U T 

dependence. However, the absolute scales o f t h e 

â67du* plots have been normalized to give the to­

tal cross section obtained from fitting the mass 

plot. The d67duf distributions are consistent 

with simple exponentials. Least squares fits t o 

the form Aexp(-Bu*) give A=1.3+0.2 /ib (GeV/c) 2, 

B=2.0+0.4 ( G e V / c T 2 f o r k ' s and A=1.0+0.3/Ub 

(Gev / c ) 2 , B=1.9+0.4 (GeV/c)""2 for f ' s . 

We may compare these results with other 

experiments at different energies ' J 9 . Figure 

3 shows the slope B of dc7du» plotted against 

s for p *s and f ' s. Our experiment confirms the 

shrinkage of the background peaks suggested by 

the earlier experiments. We find that the slopes 

are roughly linear in £n(s) (ignoring the point 

of Reference 5 for j^'a) with slope 1.4 + 0.4 

(GeV/c)""2 fork's and 1.3 + 0.4 (GeV/c)~ 2 for 

f's. Figure 4 summarizes the intercept of d^/du* 

(u f=0) for p production. A fit to the form s~ n 

Fig. 3 

Pig. 4 

yields n=3.7+0.1. A fit to s~*n f o r f production 

in Figure 5 y i e l d s n=3.4+0.3. We note the similar 

s dependence for bo th thejp and f . This r e s u l t 

is striking in view of t h e f a c t t h a t N exchange 

is allowed in both jp and f production whereas 

exchange is allowed only in p p roduc t ion . 
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SMALL MOMENTUM TRANSFER ANTIPROTON CHARGE 
EXCHANGE SCATTERING ON PROTONS AT 30 GEV/C 
V.V.Isakov, D.B.Kakauridse, G.V.Khaustov, 
V.E.Pestoev, Yu.D.Prokoshkin, A.V.Startsev 
Iastitute for High Energy Physics, Serpukhov, 
USSR 

The investigation of antiproton charge exchange 
scattering on protons 

pp —> Twu (1) 
is of great interest both from the point of view 
of studying the energy dependence of a narrow 
forward peak at small momentum transfers^*""*^ 
and a detailed study of the structure in the 
differential cross sections which we observed at 
P - 40 GeV/c^4/. 

It is also of interest to carry out a simulta­
neous analysis of reaction (1) abd cross-symmet­
ric process 

jt tp p + n- (2) 

that was experimentally studied in the same 
/5/ 

energy range' ' . 
In the present work reaction (1) was investi­

gated with 30 GeV/c antiprotons at the IHEP 
accelerator. The experimental set-up consisted 
of the same basic elements as in the earlier 

/A/ 

experiment' i.e, a system scintillation and 
threshold (îerenkov counters used to define the 
beam and identify particles; a liquid hydrogen 
target, surrounded by a guard counter system 
which allowed one to suppress effectively charged 
particles and photons, produced from antiproton 
interaction in the target; a system of scintilla­
tion hodoscope counters used to determine the 
angle and the point of the incoming particle; 
a spark detector, consisting of wide-gap spark 
chambers, alternated by iron plates with a full 
thickness of 3 collision lengths or 25 radiation 
lengths. The spark detector was used to identify 
antineutrons by their nuclear interpretation in 
the steel plates of the spectrometer. A magnet 
was introduced between the target and the spark 
detector to deflect a charged particle bean from 
the spectrometer. 12 000 events of charge exchange 
reaction (1) were recorded in the experiment. 
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The angular distribution for reaction (1) 
obtained experimentally at P » 30 GeV/c is pre­
sented in Fig. 1. The resolution of the set-up 
orer the 4-momentum transfer squared was better 
than 10~ 3(GeV/c) 2 at t ~ C With the_growth of 
the error became larger :A^>° Cii V" t ( in terms 
of (GeV/c) 2). As is seen from Fig. 1 in the range 

2 
of momentum transfer 0 ̂  t ̂  0.02 (GeV/c) 
there is a distinct narrow forward peak in the 
angular distribution for reaction (1). It is 

/1-3/ 
similar to the one obserTed at lower energies' 
Further on with the increase of - ~T one reveals 
a new structure in the distribution, i.e., after 
a sharp fall of the cross section at -T-RTI- , it 
starts growing again, passes the maximum at 
-T = 0.05 (GeV/c) 2 and then decreases exponen­
tially with the slope B~ 7 (GeV/c)" 2. 

Thus the experiment performed by our group, 
confirmed the existence of a structure at small 
angles in the angular distribution of reaction 
(1) at high energies observed at P « 40 GeV/c/4"/. 
The T -position of the dip and the second maximum 
in the angular distribution of the reactions 
observed at 30 GeV/c is the same as at 40 GeV/c. 
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Angular distribution TOR charge exchange re­
action (1) at 30 GeV/c. 

THE MEASURSTCTT OF NUCLEON-NUCLEUS INELASTIC 
CROSS SECTIONS AT ENERGIES HIGHER THAN THOSE 

OF ACCELERATORS 

R.A.Nam, S.I.Nikolsky, N.I.Starkov, V.A.Tsarev, 
A.P.Chubenko, V.I.Yakovlev 

P.N.Lebedev Physical Institute, Moscow, USSR 

The cosmic ray hadrons with 1000-30000 

GeV energy were selected by the ionization calo­
rimeter of Tien-Shan EAS complex7"11 . If such 
hadron is not accompanied "by an air shower,it 
is a primary proton passing through the atmo­
sphere without inelastic collisions. The exten­
sive air showers accompanying hadrons were detec­
ted by hodoscopic counters and scintillators.There 
were registered the air showers with a number of 
electrons at the measurement level (700 g/cm ) 
more than ~ 1 0 0 . 

The flux of surviving primary protons 
j(E )

, x) is connected with the primary flux 
I (É 0J by the relation 

where \= A / M } & 

"du. the nucléon 
- air nucleus inelastic cross section, A is the 
air average atomic weight, M is Avogadro number, 
the thickness of atmosphere X =700 g/cm2. The 
primary energy spectrum of protons is establi­
shed well up to e n e r g y ^ i o 1 2 eV . The extra­
polation of this spectrum in the energy region 

12 14 
10 -10 eV coincides with the energy spectrum 
obtained by indirect methods of the extensive 
air showers^/. 

To compare the experimental data and the 
theoretical extrapolations of the total pp-
cross section in high energy region we used dif­
ferent forms of extrapolation. 
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Here b is the slope parameter of elastic 

pp-scattering differential cross section, We 

assume that the Glauber theory is applicable 

to the region of high energies with certain 

modifications due to inelastic shadowing account 

taken into consideration. 

The comparison of the experimental data to 

the calculated curves for the different (1-5) 

dependences of interaction cross section on the 

energy can be seen in fig.1. Our experimental 

data for protons with energy 1500-4000 GeV are 

corrected on the calculated events with small 

shower accompaniment. This correction is shown 

leus inelastic collision effective cross sec­

tion at the energies exceeding those of accele­

rators. The comparison with calculation shows 

that most acceptable are models with the 

dependence of L\ZS , ^ S and 5 0 % O G 

type. 
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Fig.1 

in the figure.Our experiment gives the proton-lead 

nucleus inelastic collision cross sections for 

different energies obtained from the distri­

bution of the interaction points in lead absor­

ber of the ionization calorimeter. This data 

( 6" p£ =1880+20 mb joX < Ep>*4500 GeV) do 

not contradict to the increase of inelastic col­

lision cross section but this result is less 

certain than those for air because the different 

theoretical models are less distinguished in 

&p - p£ . The general result of the work is 

the conclusion about the increase of nucléon- nuc-
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TEOPffl ÏÏOMEPOHA C oc>I M JQfflAIvMKA $P7ACCAPOHA 

K . A. Tep-MapT wpociiH 

HHCTHTyT TeOpeTH^eCKOË H 3KCnepHMeHTaJIBH0ÎÎ 

(J)H3HKH, MoCKBa. 

3tot KpaTKMH o63op ocHOBaH Ha pado-

T a x / 1 , 2 , 3 ^ rpynriH I.H>TPï--MT3<̂-fly6Ha. Pê L wrçeT 

o TeopHK noMepoHa c ot >{/4»5/^ ynoBJieTBopnio-

men S n t yHHTapnocTH h onucKBaxxneft naHHue 

onHTa c uamuvi p x . Pluen coctoht b BBQIXQHEVL 

P —TpaeKTopKH BKJiaU KO-

paCTyiUHH K 3 K S , C O K p a m a e T C H B SHKOHaJIBHOM 

BKJianoM nocJie.30BaTeJii>HHX nepepacceHHHîî 

b e 3 p a 3 M e p H H e K03$$HUKeHTH. AMnJiHTyny ( I ; , npw-

BO.NFLMYRO k HadjBo.njaeMOMy Ha oriHTe pocTy 6"t^ , 

NEPEXOASMEIWY bo $pyaccapoBCKKft XON ^ ^ n t f * ^ 

nprc I » d / A , ôyaeM Ha3HBaTB c[jpyacca-

poHOM(HyjieBoro nopa^Ka). B ( I ) ohb 3anKcaHa des 

yqeTa ycmieHHux rpatoco-B. HKxe noica.3aHO, t̂o 

( a ) kx ŷ eT He npHBo.nHT k HapymeHtno 5 —yHH~ 

T a p H O C T H VL ( B ) <I>pyaccapoH ( I ) xoponio onucHBaeT 

B e e K 3 B e c T H u e ceîfaac naHHne onnTa. 

AHajiH3 ŷ odHo npoBOflHTB b npejicTaBJieHKw 

nppmeJiLHoro napaivieTpa ê , xapaKTepprsyn 

ajvnuiHTysy fyyimnmE npo$OH pacceiiHHH 

BKJiaii; noMepoHa B 3Tom npe.ncTaBJieHHH 

np^ew A ^ V ^ ' A , - . p̂yaccapoH (I) Ki.ie-

gt s h em .jodmv 

oTBGHajcmyio kuptboe pKc.2. ïïocJie,nHee bhuho ïî3 

a n a J i H 3 a pa,3JiHraHHX FYMMECKIT •çasywwx npHdJijr-

aceHUft: Monem 3 K K O H a J i a , noJiarajomeË C r t

2 i H 

n;ajomeË = i - 6 ̂  , hjih dojiee ajacypaTHoii mo-

zem poweHHH pesoHaHcoB npn nepepaccenHKHX 

Ha nowepoHe, jj,mu\e$. 

vue B H ^ ~ HeKOTopHe K03$$KmieHTH, nptrqer,7 

)• B odmefi $opMe: 

npK T > < i , H j m , _ K3JK noKasaji KAPAIR , 

e C J I H Cn B (2) HBJIHIOTCH 3Hâ eH0HMH aHaJtftTH-

qecKoH fyyimxm Ch - C ( * ) ) H e p a c T y m e f t npK 

dHCTpee 3KcnoHeHTH. KaK bhhho H3 pacowoTpeHHux 

I i p H M e p O B , JIOJIERO dBITB C ~ = i , a 6 - (jpyHKIJKH 

.NOJÎ Ha duTB "crJiaxeHa" H a «njume A £ ̂ fc . 

Otmbthtvi, tto noporoBue ocodeHHOCTH 

(npH ^,M\ ) aivinjiHTyîT Heiv̂Horo Me-

HHÎOT 3TH BHBOI4H B ^ a C T H O C T H , npO$BUlB pHC.2 

Ha e ro "xBocTe" ( n p n ̂  o i\ { ), HeiviHoro H3Me— 

HHii Bejiw^HHJbi <2c h pc. • OnHaKO h;jlh ^aJiBHefene-

ro 3T0 He BajEHo, KaK ne B a i H a Taicse h RBEQH $op-

Ma $ynKE[KH 3~0 =E(j>) 9 KOTopyK) mh dy ̂eri dpaTB 

b npocTeftmeM B^e i- e"^ 

Bbohh Bee r/iHoroMepHtie Bsaro.iô egcTBiaH 

pi noJiaran, VTO BepramiH m̂=
r^(/i,«0 anaJiK-

TirqHH b n , ̂  pi He pacTyT npw ,̂ />1 ̂  c->° 

dycTpee 3KcnoHeHTH, nojiyw BKJiaii ycHJieHHoro 
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rpa$mca p a c . 3 c XBywi wCTpyHMH w noiviepoHOB b 

P a c a . 

r,ne £ot. = J ecTL K O H C T S L H T E pasMepnocTH 

I / C M ^ # TOÏÏHO TaK3ce, cyMMwpyH no ̂ HCJiaM /t^ 

noMepoHOB b RBM&oÈ noMepoHHoK " C T p y e " , M O X H O 

onpe^eOTTB am7iHTy.ny b BEire cyMMH Biuiana Bcex 

ycETieHHHX rpa$HK0B p e r c . 4 , nocTpoeHHHX Ha J I H H K H X 

pacnpocTpaneBBw: çpyaccapoHOB - J ^ $ H Ha BepfflH-

HaX BSaKMOfleËCTBIKU B KaJÇîTOf Bepffl&HG M0-

kqt C X O J L E T B C H imûoe E X mcJiof npiaraew ee ekjîbjz 

PH C . 4 . 

ocTaeTCH paBHHM ^ v o ( B T O T pe3yj iLTaT, c n p a -

Bejyimmto/^ npss y <=<> , TasoË «e,KaK ecm 

6u Qhm m e m Bm 6- , r,u;e Gr — H C K O — 

Topan KOHCTaHTa) • Jlmm J Ç B V X mm H O C K O J I L K K X 

çpyaccapoHOB na puc. 4 He MoryT oKan^HBaTBCH B 

O J Ç H O Ë TO^nce, ecjiH O H H Bee Ha^aJiECB B OZÇHOË #py~ 

roft. E C M 6H f() >^ 6 N J I A $ - $ymaj;aeS ( 3 ) 

c pesKHM KpaeM, T O BiuiazçH rpa$HK0B phc.4B H pgcc. 

4C (KBK H pKC. 4 c/ VL pHC.4e) TO^ÎHO B3aHMH0 C O -

/ 6 / 

KpaTHJiHCB 7

 # tocTi^ecKH 3T0 coKpameHHe npoHc-

X O H H T JîEfflL nacTERHO H B03HHKaeT 3a#a^a noiiy^e-

H E H BKJiajia F(^f i) B c e x wyc&JieHHHXw rpa$HK0B 
pHC .4. OTMeTHM, W O 9T0T BKJiaiS; T(j , ^) 

( T O H H H Ë $pyaccapoH) ynoBJieTBopneT ypasHeHHro 

VILS^fW+CFYV + BCii), (5) 

r#e C ij, 0 - ecTB cyMRîapHHË BKJian. Bcex r p a -

$ H K O B Tiina neno^KH p t f c . 5 , C O C T O H U I K X K3 S B G H B C B 

O , c *?HCJIOM dojiee H B J X , CBHsaHHHX B ^ O J I B 

£ -KaHajia J I M I L BepmHHaMH , npsreeM 

Fl^J)- 0(^,0 • Hepes J>(^J) obosnatieH 

BBUiajt, rpa$HK0B ?

nHenpKBO.nKWHXn no t- % no S - K a -

HaJiaM?- B T O M GMHCJie, mO 0HK He HBJ1HK)TCH H K 

ueno^Koâ , KâK C ( j , ( B t-KaHajie)5HH C O C T O H T M3 

ofccoHaJiBHOË ueno^KH, ( B S -KanaJie),cocTaBjieHHoM 

K3 npyrax rpa$HK0B. IIpHMepH yKasann Ha p iac .5 , 

O H H nocTpoeHH H3 jiHHHË TOHHoro çpyaccapoHa 

H BeplHEH |oc , B KaJUXOË H3 KOTOpHX CX0.IÇHTCiI 

He Menée Tpex Jimv& $ p y a c c a p o H O B . B to 

npe^cTaaseHEK bkjioji neno^mm C C^7é)^C (<^s 

MOxeT (5HTB BHpaxeH ^epe3 TO^HKM ^pyaccapoH 

C(»,k) = $oc <f Vw,V)/(i + ^ Y C ^ Y ) ( 6 ) 

PaseHCTBa (4)-(6) BMecTe c npe^cTaBJieHHeM 

7) na ocHOBe npaBKJi rpHdoBa^^ B BHn;e 

BKJlSm Ppa$HKOB p H C . 5 HBJIHeTCH KKTerpajiBHHM 

ypaBHGHEeM %m $yHKiiHH 9 C^>, T(y) g) , 

Tan KaK C(^k)*~ BeJimm& nopasiea ^ 0 o , 

npa $Cv~*Q » a t)^,k) - nop^i^a |J"P 

T O npn MBjmx <£co pemeHHe ypaBH6HKH M O T O O n o -

jiyqaTB MeTo^oM E r e p a i ï E Ë , noJiaraH B HyjieBOM n p a -

ôJimeEm cj00 = O f T . e . <F- * vjie 

J 0 - ecTB $ y H ^ H H ( 2 ) , ( 3 ) . IîpH où>a0cpjL  

(Kor^a Bama. KaK M O X H O n o K a s a T B , oôJiacTB ê^a\) 

e t OTBegaeT % f f ; q/L ) ̂  Ca0U) a c ^ p ' , 

IîpH noj^cTaHOBKe B (6) S T O I T P H B O O T T K no^aocy 

Pe,2pte y C n p K 6 j ^ c o o - ( | - a 0 ^ ) , r.s;e 

^ = (̂ o/̂ j |oc • 3TO ̂ aeT SKcnoneHUHattBHO 

pacTymee c P O C T O M | , 0TpHn;aTGJIBHOe C(fJ): 

3TO 3HaqeHïîe cnpaBeixJiroo npn C ~ A * J , npE 

^ > #o J anaJiK3 TpeôyeT y^eTa noporoBHX 

ocodeHHocTeË aMnJuary.̂ H H n;aeT aHaJiorEHHHe pe-

syjîBTaTH* CpaBHîîBafl B T O sna^enHe C (r/ ) c 

bkjî OM p^t : ^ noMepoHa, nojiy^aeM, 
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tîTo / C l < j> b o t o c T H S < 4o f npn y c / j o -

bhh g ^ ^ / ^ f ^ ^ A 3 , T . e . npH g^A2/*'. 

ïïpjï 3T0M H MOSeT (5HTL BHHHCJieHO Ha 

o c H O B e TçopHH B03ivymeHHîi VL no moujik) Bcerzia 

MeHBiae, VEU J> (oho ho co,nepxHT o n a c H o p a c T y -

max n p H y-^ tj^eHOB). IIo3TOMy n p H ffc^A2/*' 

ypaBHeHKe (4)-(6) MOKeT duTi> pemeHO M e T O u o M htô— 

paiîHiî h ero HyjieBHM npHdJiHKeHHeM, 3aBe,noMo 
cnpaseOTHBHiv i npn hoctkxhmux SHepranx HBJweTCH 

HyjieBOH $pyaccapoH 

IIoKaseM K p a T K o , *ïto 3Ta aMiJiHTy.ua (I)-(2) 

xoponio onîîCHBaeT Bce H3BecTHHe c e t f à a c jjaHHHe 

O n i J T a J5M HedOJlLUIHX Pj_ (K03$$HUHeHTH Ch 

MOKHO dpaTB B Bflïje wKBâ3H3iÏK0Ha.Jiaw
 C' , , - <~ 

VIM y H H T U B â T B bo3moshoc t l poameHŒ pe30HaHC0B 

npH KasiïOM nepepacceHHKH; o t Btidopa hx pe3yji&-

TaTH 3aBHCHT c a a d o ) . 

I ) H o J i H o e cê eHKe + h HâKJioH 

KOHyca B onpejxe^HDTCH corjiacHO (I) $opMyjiaMu 

ï± - C 2 • ïïpenedperaji npH y ^ 1 wiajioË 

K O M i ^ e K C H O Ë $a3oft $ y H K U H ô ^ h » noJiy*ïHM 

ecJiH 2 ' / 2 - O , T.e- n p K A - <*'/(<*'f+t*)9 

rue niTpHX y 6 " ^ h B 0 3 H a ^ a e T ^ H $ $ e p e H U H -

p o B a H H e no ^ . Oïiht noKa3HBaeT, h t o îeËCT-

BïITeJILHO / ( T ^ - f i V B - O . U ? B OÔJiaCTK 

BaTaBKH- I S S , rue { - J c , f 0 ~ ^ • 3ro 

cooTHOineHHe h&?hb8Jot r e w e T p i r a e c K H M C K e i t a K H r o M . 

Teuchm odpasoM, 4 = 0,07, a = + 
T a K KaK ccj.t/Z^B/lJite^B/ZV ( 

dJIH3K0 K 1.1-1,2), a 12-14, TO ^ * 

* 0.3 5" (raB/cr2. TaK KaK «-'J^+^^S, 

to 5-2.5 3(r3B/c)"2, npiraew oTHomeHHe 

6 ^ / 8 - onpenê eT Bejnrciray 2 , 

T.e* B H H 6 T 9a ^ 8 N O M E P O H P • B O J I E E T O ^ I I U E 

' n i C L 

3Ha^eHMH A , CL , \ h | J ^ (BMecTe 

c napajyieTpawH } J> 7 A 2. nojnocoB, nammax 

HedojiBiiiHe nonpaBKH), cooTBeTCTByKciïTe Jiyqiîie:.:y 

onHcaHwio 3KcnepwivieHTa (pHc.6,7,8),yKa3aiiH b 

TadJi. I . 
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B paCCMOTpeHHOM BapnaHTB TeopHH cê eHEH 

^ I J " ^ 1 1 ^ * > ^ ° ~ û î tfe3rP&HiraHO pacTyT npK 

S *0 (pKC.8) , II0Ka3HBaH yHHBepcajiBHHH XOR B 

oôJiacTH ^ A > 1 , %JM fcfat- I 0 8 - i o 1 0 T s b , 

TRE OHH HMeiOT QrpOMHHe 3HaMeHMfl 6 ^ ^ 4 00 MÔH, 

npK 3tom TajK^e pacTeT, - 7r/?«2 » SOcth-
ra* 6 ; . r # 

2) Rm onucaHHH xoija de/dt (pue.9) 
b odJiacTH He o^eHL mhjihx t ( It/£ 1 Gev ) 

noMepoHHyio BepiMHy HyimoHa npHnwocB npê cTaBHTB 

b BE^e cyMMH n;Byx 3KcnoHeHT. 

3) A m a H r y n a npoi jecca w^pammimovo 

po^eHHH nacTim ^dif(% ~ J 5 Of; ̂  Q-f^^ 

onpe^eaaeTCfl kphboë Tuna nymcrupa Ha pue.2, a 

ero cê eHHe oTBê aeT iuiomami KOJiBua 

^itfi '^T{J3* » T * E » ^ojumo pacTK npH s <^ 
KaK f ^ ( s / 2 H 2 j . 

Phc .IO. 

4) MHKJH03HBHoe ceneHwe ^IWce Ity w 

cpejtHafi MHoacecTBeHHOCTB (pwc.IO) #ojijkhh pacTK 
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npn 5 -> cx> no cTeneHHowy 3aK0Hy ^ S ~ 

KaK cpe^Hee hvlcjio noMepoHOB b aEKOHajiLHOiV. pnçy 

(I)-(2). 
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THE DESCRIPTION OF THE LOW MULTIPLICITY REAC­

TIONS 

L.A.Ponomarev 

ITEP, Moscow, USSR 

I will consider briefly the theoretical 

description of the diffractive dissociation 

(DD) data in the reactions 

As for reaction (1), the different the­

oretical approaches may be classified by means 

of Feynman graphs in Figs, 1-4. 
A A 

FL9.E 

The wavy, dotted and unbroken lines cor­

respond to the reggeon (as a rule to the pome-

ron), pion and nucléon accordingly* Fig. 1 con­

tains the pion pole graph and U-channel and S-

channel nucléon graphs; Fig. 2 contains reseat-

taring graphs in onshell approximation; and 

Fig. 4 contains the graph which corresponds to 

the direct production of the resonances. 

The whole amplitude containing all the 

mechanisms in Figs.1-4 has not been considered 

in the papers contributed to the Conference. 

But the majority of them was discussed in 

different papers. 

The complete set of the variables is the 

following: M is the mass of the excited system, 

t is the momentum transfer to the excited sys­

tem, j?£ and ̂  are the cosine of the polar 

angle and the aaimuthal angle in Gottfried-Jack­

son frame. 

Let us consider amplitude which corres­

ponds to the ordinary Deck mechanism and is used 

/1 / 

in the article' '. First Deck model with reggei-

zed pion exchange was considered by Berger^2//. 
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The analogous model was suggested in ITEP' v /. 

I want to emphasize the following defi­

ciency of this description; 

a) The maximum in the mass distribution 

is very near to the threshold* 

b) The break in the t-distribution in, 

p 
the region -t 2£ 0.2 -* 0.4 GeV is absent. 

c) The theoretical curves for angle dis­

tributions show no bump in the region Z^-^i 

and distribution is too asymmetrical. 

Two distributions from r e f . ^ are shown 

in Fig. 5 for example. The natural next step in 

Fi £ . 5 M(7r+n) (GeV) 
the development of the DD theory is the model 

with all pole graphs in Fig* 1. This model 

without off-shell corrections was qualitatively 

considered in ref. In this work it was shown 

analytically that the différentiel cross secti­

on c/V/(dsidt±cit;i) z e v Q ^ l o w M aj0id l o w 

region. The data (see Fig. 8a) confirm 

this conclusion. But our quantitative calcula­

tions in this model (see curve 2 in Fig. 8a) do 

not confirm this qualitative consideration. 

Fig. 8a shows that the theoretical cross sec­

tion J-4 times exceeds the data. To decrease 

the theoretical result for the absolute value 

of the cross section we considered this model 

with off-shell corrections^^. Some distributions 

from this paper are displayed in Fig. 6. $he 

conclusions from this work are: 

a) The maximum from the mass distribution 

shifts to the high mass region in the coinci­

dence with data. In the low mass region Af<i.3 

Ge? there is large destructive interference of 

7T and (y+S) amplitudes. 

b) The cross-over effect is obtained ta­

king into account total amplitude T+U+ S only. 

Fig. 6 

c) It is necessary to use nucléon graphs 

to describe the maximum in distribution in the 

region 2^- ~i and small mass of the excited 

system. 

d) In spite of the naive expectation^' 8^ 

in the model with spin taken into account the 

second bump in -distribution ( 2^- ~ i 7 f t -

is absent. This result was obtained in papea/^ 

in the analogous model. 

e) But the absolute value of the cross 

section in the model keeps to exceed the data 

in this model. 

The problem with absolute normalization 

may be solved by means of the rescattering 

graphs in Figs.2,3. First this is the model in 

which the amplitude without baryon exchange is 

considered and which was obtained by Tsarev^ 0^ 

and later by Berger and Pirila in paper 

the model was developed which contains the 

amplitudes V^icl + ï£and DR with reggeized 

pion exchange. The comparison of this model with 

the data''1 ̂  is shown in Fig. 7. 

The coincidence of the theory with the da­

ta is satisfactory at this energy ( p x a D = J ' 1 6 GeY/c). 

In paper^ 1 4^ the amplitude was considered which 

contains the amplitudes 7T » U • / T l and UI . 

The off-shell correction was taken into consi­

deration by means of the phenomenological form-

factors. The coincidence of the theory and the 
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Fig. 7 

data at high energies is not satis fact 0x7. The 

main lack of this modal is the absence of the 

S-channel nucléon graph and the interference 

terms which are rather large^^. 

Let us consider the model with the ampli­

tude T = H + U+S +2lTl # Factor 2 cor­

responds to the calculation of the amplitude 

irK f so fT/" - ïïtf # We can expect that the regi­

on of the applicability of our formulas is £^0 

(we do not consider amplitudes UI and SK) and the 

region of the low mass of the excited system 

(we do not consider amplitudes R 9 UR and DR). As 

for amplitudes and S <T the estimate shows 

that its contribution is small* We do not consi­

der off -shell correction in our model, so our  

model has no free parameters. Figures 8-9 con­

tain the comparison of the model with ISR da-

£3/15*16/^ Tfca dotted curves in Fig. 8 corres­

pond to the different amplitudes. 

Fig. 8 shows that: the absorption ampli­

tude lîl and amplitude have the same 

sign; the dip in distribution in the 

region !tf-0.2(Fig. 8a) may be explained only 

by means of the total amplitude and connects 

with interference term 

Now I will consider briefly the reactions 

7T + p ^ î f J > J p and T* F> -•ff* ( W ) . The 

qualitative analysis which was performed by 

Berger7 ' predicts large contribution of U -chan­

nel graphs into these reactions( p exchange 

into ̂ >̂ (f7>°/and A exchange i n t o X ^ ^ f a ^ J P ) ) e 

But quantitative description of this reaction in 

the framework of the reggeized one-pion exchange 

mode! shows that latter do not exceed 20#. 

Conclusions: 

1) There is large contribution of the 

different mechanisms (pion and nucléon exchange 

and absorption) and the interference terms in 

DD processes a H ~* a f W ) , 

2) The whole description of all phenomena 

in DD processes now is absent. 

J>) But the many characteristic features 

of the DD processes can be described in the 

simple models. 

4) The contribution of the U -channel 

graphs into the processes TT^p -> 7T- (A*F ÏF ) 

( A ^ f exchange) and 1C*j> -* ^^F* ( J> exchange) 

does not exceed 20#. 

Fig. 8 
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BINARY AND LOW MULTIPLICITY REACTIONS 

A.B.Kaidalov 

ITEP, Moscow, USSR 

I. Introduction 

Investigation of elastic, quasi two-bodj and 

low multiplicity reactions is one of the main 

sources of information on the mechanism of 

strong interaction at high energies. 

Many interesting results in this fi«ld have 

been obtained since the time of the London Con­

ference. New measurements of total cross sec­

tions, real parts of forward elastic amplitudes, 

differential cross sections of elastic reactions 

in large t-interval are performed and new inte­

resting effects are found. Sections II and III 

are devoted to the discussion of these results. 

New information on the spin effects in the elas­

tic NN-scattering is also discussed in Section III. 

Theoretical approaches to the description of 

two-body reactions at high energies are reviewed 

in Section IV. 

Experimental investigations of inelastic bi­

nary reactions revealed new (sometimes puzzling) 

features of these processes. Charge exchange 

reactions and two-body resonance production are 

considered in Section V. 

In the past few years considerable progrès» 

has been achieved in the investigation of inelas­

tic diffractive reactions. Section VI is devoted 

to the discussion of new results in this field. 

Nearly one hundred and seventy experimental 

and theoretical papers, devoted to the study of 

binary and low multiplicity reactions, were sub­

mitted to this Conference. Because of the H a l ­

ted size of this report I'll discuss only some 

of the new experimental results, general features, 

which follow from the data and shortly mention 

on their theoretical interpretation. I wish to 

appologize to all those authors whose results 

will be out of scope of this report. 
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II. Total Cross Sections and Real Farts of the 

Forward Elastic Amplitudes 

Mew data on the total cross section of pp-

interaction in the ISR energy range^ 1^ are sub-

Kitted to the Conference. It is well known that 
( t o t ) 

the substantial rise of ^ pp was found in the 
/?/ 

previous measurements at ISR' ' , The previous 

results depend on the value of luminosity L , 

which was measured independently. New results 

are obtained with increased precision (+0.6%) 

by two methods. This gives the possibility to 

measure (5^°^ in a way independent of L . These 

results are shown in fig. 1. The new points are 

CTpo from paper^ ^ together with previous 
r r /2/ 73/ measurements7 ' and F HAL data' ' . The broken 

Fig. 1. 
urements / 2^ and F HAL data / J /. The b] 

lines represent the estimated scale erroi/^. 

within the errors in an agreement with the pre­

vious data of ISR, though the new values of 6"pp 

at the highest ISR energies are systematically 

lower than the existed points. There is also 

some difference at the lowest ISR energy with 

the results from FNAL^^. 

These measurements together with the previous 

results on the total cross sections of hadron-

hadron interactions from F N A L ^ and Serpukhov^*/ 

confirm the rise of all the O at very high 

energies• On the other hand all the differences 

of particle and antiparticle total cross sections 

have the power law decrease with e n e r g y ^ i n 

an agreement with Pomeranchuk theorem. It is of 

interest also to consider the energy dependences 

of the definite combinations of <5(t&^, which cor­

respond to the definite quantum numbers in 

t-channel ( ̂  ,60 , ) . For example 

A~KN i R/^fto-t) Jtet)\ , (tot) 

The values of àG1^, à<5% and A6^are shown in 

fig. 2. Note the universality of the Afr be-

(1) 

A/A/ M /TA/ 

Fig. 2.46""̂  ,Ao^ and â6ç as functions of energy. 

havlour, - the energy dependences of the contri­

butions with the given quantum numbers are the 

same for different reactions. Thus for the para-

metrizatlon à&^A/pj, ̂  the value of 0^ in 

NN(NN) interactions is dL*£ = 0.435+0.02 and 

c*Jf * 0.4-5+0.03. The values - 0.56+0.02, 

oi^N - 0.55+0.12, o(^V « 0.5+0.2 are also equal 

within errors (oC^ seems to be different from 

o(w ) • It should be taken into account, that o(« 

are the intercepts of "effective" trajectories, 

which in general do not coincide with trajec­

tories of Regge poles (because of the presence 

of Regge cuts). In the framework of the absorp-

tion model dV depend on energy (this does not 

contradict to the experimental data, which pos-
e v i­

sibly indicate to some decrease of as energy 

increases) and at present energies rt^-ct^^O^ . 

So the energy dependences of show, that 

absorptive effects have universal character and 

^ ' O.lfO.15. 

The results of the new measurements of the 

real parts of the forward elastic pp, pp, jr"*p , 

K p -scattering are submitted to this Confe-

rence^ 5' 6/. They are shown in fig. 3a)-d) to­

gether with the other new results^ , 8 /^. 

Al-28 



Fig. 3 . ^ReU^/lM^O) f 0 r JT> - a ) , 

- b ) , kTp - c) and pp - d). Figures taken 

from r e f / 5 " 7 / . 

Previous information on the values of 

f-ReTT^Oj/IhiT^O) for the reactions K*p and 

pp was very limited and rather contradictory. 

Functions Ç in j ' p and K p -scattering probably 

change sign and become positive at energies 

100 GeV. In K p -scattering £ is positive 

already at low energies. The predictions of 

dispersion relations are also shown in fig. 3 . 

They are in good agreement with the new expe­

rimental data. 

III. Elastic Scattering at Non-Zero Angles 

In the past two years experimental informa-

tion on the processes of elastic Jf p , K~p , pp , 

i^p and pp -scattering at high energies substan­

tially increased^9""20/ (especially in the region 

of /*/ -> 1 GeV 2). 

Energy dependence of a diffraction slope t 

is shown in fig. 4 for different elastic reac­

tions. Let us note, that the rise of the slope 

at t « -0 .2 GeV2 in pp-scattering is weaker than 

at /tf-co.l GeV2 ( oi\ t —0.2) - 0 . 1 3 + 0 . 0 2 / 1 7 / 

and oC'(t^O) = 0.278+0.024/ 2M. It is well known, 

that there is a substantial change of slope at 

tz. -0.15 GeV 2 in elastic pp-scattering at 

ISR^ 2 2^. New very accurate measurements at 

SLAc/"*"2/ have shown that the same structure 

exists in pp -scattering at energy 10 GeV. Inte­

resting "t-dependence of slopes was observed also 
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Fig. 4. The energy dependence of diffraction 

slope b (at t» -0.2). Figure taken from ref Z 1 7 ^ 

Fig. 5. The t-dependence of slopes of elastic 

T+P ,tfp and pp-scattering at 200 GeV/c. Figure 
taken from r e f / 2 0 / / . 

in other elastic reactions^ 1 2/. The t-dependen­

ce of slopes in ïï~p and pp -elastic scattering 

has been obtained in a high statistics experi­

ment at 200 GeV / 2 0 / / - fig. 5. The first time 

the decrease of the pp -slope is observed at 

very small values of t . This result is important 

for theoretical understanding of the structure 

of the diffraction cone. 

Another interesting effect, - small oscil­

lation of the differential cross section of 

elastic pp -scattering in the diffraction peak 

/17 / 

region, was observed at 60 GeV in Serpukhov7 ' . 

The differential cross section was fitted by 

the smooth curve d ^ - ffi(BUCTZ)*/. T h e dif­
ference shown in fig. 6a, indicates 

4t v-DT Hit 

to the existence of small oscillation with the 

period of ~0.4 GeV and the scale of «(0.05-50.1)^. 

Analogous phenomenon was observed also in 

the processes of the elastic ck -nuclei scatte­

ring in Dubna at 18 GeV/c^237', fig. 6b)-d). 

Here the period of oscillation is much smaller. 

It means that the effect depends strongly on 

the radius of the system. The curves in fig. 6 

are the calculations based on a simple theore-

tical model7 ' , which predicted the existence 

of these oscillations (see below). 

The energy dependence of elastic cross sec­

tions at larger \t\ values is shown in fig. 7. 

The differential cross sections of JT~p and K+p -

scattering at fixed t -values practically do 

not depend on energy at E^30 GeV. The cross 

sections of pp -scattering at fixed \t\ ̂ 1.2 GeV 

have minima in the FMAL energy range. Let us 

note that the elastic ftp -differential cross sec­

tions j measured in Serpukhov . / I V in the region 

/t( < 1 GeV 2 coincide with d^/4t at the same 

energies, however there is clear difference in 

magnitude and energy dependence of ^ f or these 

reactions at j£l>lGeV X X / /see fig.7c) . If this 

observation will be confirmed by measurements 

of d@^/ât at higher energies it will change 

the usual view, that the behaviour of <i%NAtt 

in this t-range is determined by the exchange 

of the states with 1 ^ = 0 only. 

The results of the new measurements of the 

elastic pp -scattering at ISR in the large f±( 

region are submitted to this Conference by CHOV 

grouï/ 1 9 / /. The data are obtained at {S = 53 GeV 

and up to |t( ̂  9 GeV 2, - fig. 8. The cross sec­

tion has the well known minimum at £=-(1*34+ 

Other types of parametrization were a l so 
used • 

x x / A t lower energies d<j/dt of wp-and pp -scat­

tering are equal within errors. 
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Fig, 6. The value of dC/dt-(^Mt)yt a ) l n the 
elastic pp-scattering at 60 GeV/c^ 1 7^, b),c) 
and d) indA elastic scattering at 18 GeV/c' 2 3 / /. 

/24/ 
Theoretical curves are from ref ' . 

Fig. ?• Energy dependence of jff> , K*p and pp 
elastic scattering at fixed values o f t. Figure 
taken from r e f / 1 6 / / , kip -data/ 1 5' 2 5/. The 
curves are drawn to guide the eye, 

2 
+0.02)GeV , hut no further minimum or change 

2 
of slope is observed between 2 and 6.5 GeV . 
This result rules out a number of theoretical 
models, which predict the minimum of d&/ét in 
this t-range. 

Spin effects in the elastic NN~scattering 
(and quasi two-body processes) have been studied 
recently in Argonne^2^"""29/ using polarized proton 
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Fig. 8. Differential cross section of elastic 
pp -scattering at large t and * 53 GeV. 
Figure taken from ref. / J" 7 /. 

Fig. 9. Parameters A and Cnn for pp-elastic 
scattering. The curves are lines to guide the 
eye. Figure taken from ref 726/ 

beam. The differential cross sections of the 
elastic pp-scattering in different spin states 
are measured up to an energy 11.75 GeV and the 
spin correlation parameter C n n is determined, 
fig. 9. It is interesting, that in the region 
|"t| > 1 GeV spin effects are rather large and 
the parameter has peculiar energy depen­
dence, - it decreases with S at Itl <c 1 GeV2 

and increases at i"t(>l GeV 2. Polarization in 
this last region has weak energy dependence. 
These phenomena are not yet explained theoreti­
cally and indicate also that the structure of 
NN-scattering in large |tj region is more compli­
cated, than it was previously believed. 

IV. Theoretical Models 

Theoretical models, used for the description 
of binary reactions, are based usually either 
on t-channel picture of the process, - the ex­
change in t-channel by the states with definite 
quantum numbers (Regge poles), or S-channel 
picture, - geometrical properties of the scat­
tering or S-channel unltarity. This separation 
on t-channel and S-channel approaches is certain­
ly rather arbitrary. In fact the models, which 
combine the features of both approaches are 
usually the most successful in the description of 
experiment. One of such examples is the absorp­
tive Regge model/2^""^4"/,where absorptive rescat-
terings in S-channel are applied to the Regge 
pole exchange in T-channel. The resulting ampli­
tudes in this model have many properties, which 
are typical for "geometrical" m o d e l s ' 7 " ^ . 

The nature of Poroeranchuk singularity is the 
main problem for all theoretical approaches. 

a) The parametrizations of elastic amplitudes. 
The various phenomenological parametrization 

of amplitudes//^4',^6,~~38// have been proposed for 
the description of elastic scattering at high 

/34/ 
energies. In the moder 1 , for example, tne 
following parametrization is used 

T(ST)--L^E^ (2) 

where R e o + ^ c / ^ * " ^ 2 ) * f R £ F ( & S - ^ ) . 

The first term in formula (2) corresponds to 
the "central" part of the amplitude (in the im­
pact parameter space), and the second term to 
the "peripheral" or "edge" part. This parametri­
zation gives good description of elastic pro-

/34/ 
cesses at high energies' ' , The peripheral 
part in formula (2) is usually connected with 
the contribution of inelastic diffraction. Its 
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interference with central part leads to the 

change of slopes with t and it's square, - to 

the small oscillations of do/d't /'dA/ . The simple 

parametrization of amplitudes, which asymptoti­

cally leads to Froissart behaviour, is proposed 

in papers 7 3 6 7. The model predicts negative value 

of the polarization in pp-scattering at energies 

larger than 200 GeV. 

The assumption that Pomeron is the double pole 

sible to obtain a good description of the expe­

rimental data on the total cross sections and 

elastic processes in the diffractive cone re-

g i o r / 4 3 ' 4 4 ' 4 6 ' 4 7 / . 

The hypothesis that the intercept of the P 0-

meranchuk pole is larger than unity and that 

it's eikonallzation leads asymptotically to 

Froissart behaviour of scattering amplitudes 

was proposed several years ago by Cheng and 

W u 7 4 8 7 . The most difficult problem for this was used for the description of elastic pp -

scattering in the framework of dual approach 7 3 7 ' 3 8 / a p p r o a c h 1 3 t h e gestion of consistency of the 

Let us note that the different parametriza- solution with it's iterations in t-channel and 

tions of amplitudes, which differ strongly at with t-channel unitarity. The first steps to 

c . , O O give a reasonable description of available t h e solution of this problem were made in pa-
/43/ 

experimental data on total cross sections, diffe- P e r s t w i i e r e the general set of reggeon 

rential cross sections and polarizations of 

elastic scattering. 

b) Regge Theory. 

/39/ 

The Gribov's reggeon graphs theory7 7 is the 

most successive approach to the problem of Po-

meranchuk singularity. It gives the possibility 

to consider from unified point of view both bi­

nary and multiparticle processes. The question 

of intercept of "bare" Pomeranchuk pole dQ[C) 

is very significant for Regge theory.^If the 

value of Aso(f(0)-f is equal to = 

where ïppp is the triple Pomeron vertex, then 
/40 41/ 

the selfconsistent solution at exists7 9 

The variants of the theory with A^£ CKt were 

investigated recently 7 4 2' 4 3 7. The interest to 

the case <A>4crtt i
s connected mainly with two 

reasons: i) there are no arguments for o(0(D) 

to be exactly at the critical value, ii) pre­

sent estimates of the %ppp(°) from triple-Regge 

analysis of inclusive spectra give for àcrit 

the value ccl0~2. This shift of the bare pole is 

too small to explain the observed rise of the 

total cross sections in the framework of stan­

dard^ approach/ 4 4 7. But for A'XO.l it is pos-

graphs (fig. 10), which includes a to*u Pomeron 

transitions, was considered under the assumption 

of analyticity in ft^m first used by Cardy 7 4 9 7. 

The input element in such approach is the am­

plitude of Fig. 10a), which corresponds to the 

iterations of Pomeranchuk pole in S-channel. It 

was shown, that the resulting system of equations 

Fig. 10. Reggeon graphs considered in r e f . 7 4 3 7 . 

has the selfconsistent solution (under some 

restrictions on the parameters of the theory), 

corresponding as to the Froissart type 

behaviour of scattering amplitudes, - scattering 

on a black (or grey) disc with the radius R~inS, 

The asymptotic behaviour of scattering ampli­

tudes in the framework of reggeon field theory 

with à>âcrx and triple pomeron interaction was 
/ A ? / 

investigated in ref.7 7 , The solution again 

corresponds to the Froissart asymptotical re-

X / 
7 In the framework of reggeon diagram ap­

proach the asymptotic formulae, which do not 
take into account a number of "threshold" ̂ ffects, gime. So it is natural to suggest that this re-
are usually used. It was shown in ref./45/, that 
it is possible to explain the rise of the total gime is typical for a large class of Reggeon 
cross sections even in the case A-âcrùt taking 
into account these effects. models with Û>A c^t . 
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If one takes into account eikonal diagrams 

with the Pomeranchuk pole above one, then the 

elastic scattering amplitude has the well known 

W > ARM ^ L , C Y 

where ^ p(o))= !±i£ ^ g , = d^0)([nS/io- Ws\ 

In contrast to the parametrization, proposed 

in refy4"8/, the slope of Pomeranchuk trajectory 

o(p is taken into account in formula (4). Be­

cause of this the value of %Q&fi)~I£(<*bb^A<+^bi£) 

practically does not depend on energy (Û^cigC0)/^) 
/43/ 

at available energies' 7 and the approximate 

geometrical scalin place. 

c) Geometrical Models 

The geometrical and optical models were 

extensively investigated in recent years.After 

the successful application of the hypothesis 

of geometrical scaling to pp-scattering at ISR 

B/50/ energies' it was used for the description 

/51-55/ 

of other processes7 ' • This hypothesis was 
generalized in order to take into account se-

/52 54 55/ 

condary exchanges7 9 7 and real parts of 
/55/ amplitudes' ' . 

The ratios 6^%/(>(tfs) and 6(s)/<ŷ s\ are dif­

ferent for JTp , Kp and pp scattering. So it is 

clear that not only radii, but also opacities 

are different in these reactions. It was 

shown 7^ 2 that the best agreement with expe­

riment was achieved, if the function 

(not I(B/RjCs)) or ÔU(B/R&Î\ ) , obtained from 

pp -scattering, was multiplied by the constant 

factor dependent on the reaction - see fig. 11. 

The ratios fe^çl) for particle and anti-

particle scattering are very close (fig. 12)• 

/35 52 55/ 

So it was supposed in papers7 9 9 7 that the 

whole difference between the reactions of elas­

tic A8 and #B scattering is related to the dif­

ference of interaction radii. In the framework 

of such models the amplitudes of secondary 

exchanges i n impact parameter (b) space 

are closely related to the b-space distribution 

Fig. 11. Differential 

cross sections of JT*p , 

1̂  p scattering at 100 GeV 

and their description in 

the geometrical scaling 

model. Figure taken from 

ref. / 5°/. 

Fig. 12. Ratios 

of KS)/EIIALH 

for different 

elastic proces­

ses. Figure 

taken from 

ref/50/. 

of the main (Pomeron) term and have the peri-

/54 55/ n pheral shapes' * . As the functions 

depend on $ , then due to the analyticity and 

crossing they have to contain some small imagi­

nary parts. This approach gives a good descrip­

tion of elastic processes in a large energy 

range with a small number of free parameters' 

In the framework of this model the differential 

cross section of elastic pp -scattering at 

the point of the minimum is proportional to the 

square of the real part of the amplitude at 

755/ 
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This relation agrees with experimental data 
(fig. 13) and relates the very pronounced dip 
in d&pp/Jt observed at EL - 200 Gev/ 1 0/ with 
vanishing of 9 in the same energy range. 

The hypothesis of w k-universality" in the 
framework of geometrical approach leads to 
a simple systeroatics of helicity amplitudes/ 5 6' 5 7/. 
The model, based on the b-universality and Regge 
approach, - MReggeometry"/ 5 6/ describes success­
fully large class of two body processes, inclu­
ding meson-baryon backward scattering. 

The assumption of the peripheral character of 
t -space distributions and of &-universality was 
used also for the description of inelastic 
diffractive processes/58""6^/. The characteristic 
structures in t-distributions of the diffraction 
dissociation of nucléon (see below) actually 
point out to the peripheral character of these 
reactions. The account of absorption in the 
framework of Regge model for inelastic diffrac­
tive processes also leads to the peripheral 
b -space distributions' 61,62/ (though b-univer-
sality is not valid in this model). 

V. Inelastic Binary Reactions 
— o 

The charge exchange reactions IT p->JT , 
jrp^n- , JTpV̂ rt provide the most detailed 
information on the properties of the secondary 
( Ç and fig) exchanges. 

- / x/ The reactions JTp^^rv and IT p->^/a ' were 
studied recently in a large energy interval/ 6 3"" 6 7/ 
The following characteristic features of these 
processes are established: 

a) There is a pronounced minimum in the 
à<ô/dt of ffp-*^"- at t-*0 , which points out 
to the dominant role of the spin-flip amplitude. 
The minimum is practically absent in the reac­
tion j f p - * ^ 7 6 5 7 . 

b) The effective /^-trajectory is well deter­
mined and up to /t|~l GeV 2 is described by the 
straight line oC^(t) = (0.426+0.007) + 
+ (.737+0.026)t Z 6 4 / . /^-intercept is certainly 
lower, than dBc*(0). There is an indication to the 
strong curvature in /f^-trajectory at /tf^l GeV 2. 

c) There is a break at /tj.~l.2 GeV2 in the 
1-dependence of the reaction Jîp-»^L°^- fig. 14 
(the result is obtained in the high statistics 
experiment at Serpukhov at 40 GeV/c/ 6 6/). It is 
interesting to note, that the slope of dts/éX in 

large |"t| -region is close to one of f>f> -elastic 
scattering in the same |t| -range (see Sect. Ill), 
so both the phenomena may be of the same na­
ture • 

x/ 
'The final results of the study of the reac­

tion 7f'p~^KCn. at FNA.L energy range are discussed 
in the talk of A.V.Tollestrup at this Confe-

/63/ 
T> O T I P O ' ' 
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Fig. 15. Energy de­

pendence of the 

phase and modulus 

of the amplitude of 

K^-K^ regeneration. 

The curve ir> the 

prediction of the 

model 7" 7 0/. Figure 

taken from r e f / 6 8 / \ 

The final results on the KfK$ -regeneration 

on hydrogen and deuterium in the energy interval 

10-50 GEV/c/68>69/ show, that the modulus of the 

amplitude l^fl/K. decreases with energy as 

p -0.50+0.15 ( f o r p r otons) and the phase is 

practically energy independent and is equal to 

^ = -132+5°, - see fig.15. So these results 

are in agreement with Poraeranchuk theorem and 

the predictions of the models, which take into 

account Co, ̂  -poles and associated Regge 

cuts/ 7 0/. The differences of the total cross 

sections of (Kp-K'p) Interaction and (kc / -^°d) , 

determined from these experiments are in good 

agreement with the results of the measurements 

New interesting results on the nucléon 

charge exchange reactions J^VT^-vtp and p p V H X 

at high energies have been obtained in the past 

two years' 7 1"" 7 4/. The investigations of the 

reaction pîa->K,p at pL <C 30 GeV/c showed, that 

dC/9t - VpL a n d o^ftteO in the r e g i o n a l GeV 2. 

This result can be connected with the dominant 

role of the tf-Regge pole and (rf)-cut at small 

t , while Ç and ^-exchanges are important at 

larger \t\ values. The models/ 3 4' 7 5/ predict 

the change in the energy behaviour at p^>30 GeV, 

due to the gradual increase with energy of the 

relative weight of J and /^-contributions. 

This qualitative prediction of Regge approach 

is confirmed by the recent experimental data 

.771/ r/72/ from Serpukhov' ' *' and FNAI/ , - at highest 

energies ( pL ^ 100 GeV) and small |t| tWclt ~VpL 

(d ^0.5\ , The quantitative agreement of the 

data with the predictions of the models/ 9 

/76 / 

can hardly be considered as satisfactory 

Sharp minimum at £^-f^ in the differential 

cross section of the reaction pp-*»âX has been 
/7 3/ 

found previously at energy 40 GeV' ^ . The 

existence of the dip is confirmed by the new 

data of the same group at 30 GeV^ 7 4/ - fig. 16. 

" \ "1 ' 

Fig. 16. Differen­

tial cross section 

of the reaction 

pp-*FtrL at 

30 GeV 

Theoretical models, mentioned above prediot 

the minimum in d®/dt at t=-fa , but its depth 

and the form of d^/dt at small lit do not agree 

with the experimental data. It was pointed out 

/77 / 

in r e f / ' " , that this disagreement may lead to 

the important consequences for the theoretical 

approaches to the binary reactions. Further 

investigations of this question are needed. 

The number of interesting investigations of 

quasi-two-body reactions is submitted to this 

Conference/ 7 8"" 9 5/. The detailed study of the 

polarizations and spin-density matrices of 

the produoed particles and resonances and care­

ful amplitude analysis of some reactions revea­

led many Interesting properties of these proces­

ses. I'll briefly discuss some of them. 

a) Parameters of the effective Regge-traRec­

tories are universal, i.e., they do not depend 
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on the processes, from which they were deter­

mined. For example effective ^-trajectory, 

found from the reaction JT*p JT°Af^236) and 

fiz -trajectory from JT *p fr^)and 

IC^p^kV^^) are in good agreement with the 

values, found in jfp-*JîV , îTp -»^ - fig. 17. 

Fig. 17. Effective f-A^ -trajectory from the 

reaction Kfp~* k V * . Figure taken from r e f / 8 0 7 . 

b) Pion Regge pole is a dominant exchange 

(in the reactions where it is allowed by quantum 

2 

numbers) in the region of small |±| 0.2 GeV 

and intermediate energies £ < 30 GeV. It, pro-

bably, has the same slope ( ~ 1 GeV ) as the 

other Regge-trajectories 7 9 6' 9 7' 8 1' 9 5 7. Ampli­

tude analysis of the reactions K p-*OdJr+)fL , 

K V ( l l V ) r Z 8 1/ and J T ^ W * / 9 1 / shows, 

that the contributions of the states with "na­

tural* quantum numbers in t-channel (P ̂  are 

important at |t(> 0.3 GeV 2 for the production 

of resonances with small masses ( 

As the mass of the produced system increases 

the relative weight of these contributions as 

well as of (jrP)-cut decreases. 

The first data on the quasi two-body (non-

diffractive) reaction p^»-*RA++ at ISR energies 

are submitted to this Conference by CHOV-

group 7 9 3 7. It decreases rapidly with energy 

(as 4/p 1.94+0.03 up to (S « 23 GeV) in 

agreement with the dominant contribution of 

fL -exchange. There is an indication to the slower 

decrease with S at highest energies. This is, 

possibly, connected with manifestation of 

¥ 9 ^ ~ e x c n a n 6 e s » 

c) The existence of the exchanges with quan­

tum numbers 6"P=-f, <rG(-f) * +1 ( C" -signature) 

was clearly demonstrated in high statistics ex­

periments, - study of jTp^ûîh, at 6 G e V 7 8 8 7 and 

JTp->£V on a polarized target at 17 GeV 7 9 4 > 7.The 

question of the existence of such trajectories 

(<£with<*«+,P I = 1 7 9 8 7 and with6"»-, 

pm + f Q m - , I - 1) is of importance for clas­

sification of particles and resonances. These 

results oan be also explained in terms of Regge-

cuts (JlA? , nf ) 7 9 9 7 . The investigation of the 

energy dependence of these effects is needed to 

clarify the situation. 

d) The predictions of the hypothesis of 

strong exchange degeneraoy (SED) or dual diag­

rams are often in a clear contradiction with 

experimental data 7 8 3* 8 4" 7 (see a l s o 7 5 7 7 ) . For 

example polarizations in the reactions J^p-»^*Z+, 

K p - * j f Z + 7 8 7 7
 which should be equal to zero, if 

SED is valid, reach the maximum values 

e) The predictions of simple additive quark 

model are usually in a reasonable agreement with 

experimental d a t a 7 8 3 ' 8 5 » 9 0 7 . (The deviations 

from quark model predictions are seen in some 

cases. For example in the decay angular aistri-

bution of A+* in the reaction K+p ~»KV** 7 8 5 7 

in region of small jt| ) • 
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VI. Inelastic Diffractive Processes 

la recent years our knowledge of iaelastlc 

dlffractioa was greatly improved*/ due to 

considerable extension of the energy raage, 

accessible for experimental investigation aad 

high accuracy of the data. 

1). Exclusive diffraotlvc reactloas 

The results of the iavestigation of a number 

of exclusive reactloas with small number of 

particles la fiaal states, - UMHw) /101~105/, 

p p ^ p p j r ^ * / 1 1 2 / , K.^+KVny / H 3 - 1 1 6 / g i v e 

rather complete picture of the properties of 

dlffractioa dissociatioa: 

a) Weak eaergy depeadeace (see for exaaple 

Pig. 19. Eaergy depeadeace of é^/iMZàt of 

the reactioa Hf^f«Op / 1 0 2 > 1 0 3 / . 

I t is very in teres t ing to study, whether there 

is a rise of with eaergy, as pre­

dicted by some theoretical models/ 4 3> 4 8/ which 

describe the iacrease of 6~ (Let us note, 

that the increase of èfS/àt for inelastic 

diffraction can happen even at higher energies, 

than for elastic scattering. The early rise 

is expected to be in the reaction «.+p ~»tf*(VijTf) ), 

b) The mass-spectra of diffractively produ­

ced systems are concentrated in a region of 

rather small masses ( M ^ 2 GeV). Their form 

depends weakly on initial energy and the type 

of colliding particles (see fig. 20). In the 

threshold region of NLT-system GeV) 

the forms of the mass-spectra are determined 

mainly by the Drell-Hiida-Deek (DHD)-type diag-

/ll9-123/ and 

x/Detailed discussloa of some questions of 

the dlffractioa dissociation, which will be only 

shortly mentioned in my report, caa be found ia 

a number of reviews on this subject' ' 0 

rams - fig. 21a)-c) (see papers' 

the talk by L.A.Ponomarev 7 1 1 8^ At higher 

•asses the contributions of resonances at 

M « 1.5, 1.68 and (possibly) at 2.1 GeV/c are 

important/ 1 0 1- 1 0 8' 1 1 3'! 1?/. Approximate facto-

risation takes plaoe. 

o) The momentum transfer t distributions de­

pend strongly on mass of the produced system 

(slope-mass correlations). The strong depen­

dence of the slope on the polar angle fttfftj (ia 

the Gottfried-Jackson system) of the diffracti­

vely produced nucléon in the reaction NN*[NFI)N -

see fig. 22, - was discussed recently/ 9 5" 9 7' 1 0 1 > 1 1 2 /

t 

These correlations are partly explained by the 

pion exchange diagram of fig. 21a) (dashed 

curves ia fig. 22), but much better agreement 

with experiment is obtained if all the diagrams 
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Fig. 21. The diagrams of DHB-model, ~a)-e), and 

absorptive corrections to them -d)~f). 

Fig. 22. The dependence of the slope & in the 

reaction f p ^ p C ^ ) on a a d / 1 0 1 / . 

The dashed curves are the resuXts of calcula­

tions in pion Beck model. - fig. 21a). The full 

curves are obtained with the aocount of the 

other graphs of fig. 21 (see r e f / 1 1 8 / ) . 

of fig. 21 are taken into account (full curves 

in fig. 2 2 / 1 1 8 / ) . 

In the regloa of small osasses of hhl a»d MiUF -

systems there are dips and breaks in t-distribu-

tions. These structures depend both on mass 

and cos ft, /101fX03,U7/> _ s e e f o r e x a w p x e fig.23. 

The dip is the most clearly seen in the region 

M 1.35 GeV and toiO^^Q . In the framework of 

DHD-model such £-dependence can be reproduced 

only if the absorptive corrections fig.21d)~f) 

to the diagrams of fig. 21a)-c) are conside­

red/ 1 1 8/. The structures in t-distributions 

Pig. 23. the dç/Jt in the reaction Kp~*£pjr~)p 
for 1.35 ^Mpjj-<1.55 8eV and different Inter­

vals ©f <&sQ3 / l 0 3 / . 

under the diffractive dissociation of nucléon 

are usually interpreted as a manifestation of 

a peripheral character of the amplitudes of 

inelastic diffraction in impact parameter space. 

But it should be noted, that there is no evi­

dence for such a structure in the diffraction 

dissociation of K-mesens in the reaction 

LLP-+(LÀRN)P / 1 1 3 / # T n € amplitude analysis of 

(FAX) systea/ 1 1*/ shows9 that there are slope-

mass correlation fpr the diffractively produced 

states with given quantum numbers. These results 

contradict to the hypothesis of H-universality 

for diffraotive reactions. 

d) The backward peak in Cc&% distributions 

is observed m the reactions NN -*(hltf)N a t high 

energies/ 1 0 1"" 1 0 3» 1 1 7 / - fig. 24. The fact, that 

the peak is seen also in the region of small 

masses of Mr-system (M^c 1•4 GeV) ? where the 

contribution of resonances is small, indicates 

to , the important role of the nucléon ex-

ohange (fig. 21b) in the amplitudes of the 
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diffraction dissociation of nucléon. The theore­

tical analysis of these reactions in the frame­

work of DHD-Bodel/ 1 1 8"* 1 2 3/shows that not only 

t- and It-channel diagrams of fig. 21a), b) but 

also S-channel graph, - fig. 21c) should be 

taken into account in order to describe the 

main features of the experimental data. 

e) It follows from the investigations of the 

azimutha1 angular distributions that in the 

inelastic diffractive processes in general the 

helicity is not conserved neither in t- nor in 

S -channel. The DHD-models reproduce the main 

trends of the ̂ -dependence/ 1 1 8/. 

f) The Morrison rule is violated. The am­

plitude analysis of the reaction JtN-*ft(nN) at 

16 GeV/c^ 1 0 6/ has shown that at low masses of 

jrN -system the 3 P« 1/2" ( S-wave) is dlffrac-

tively produced*/. 

All these results demonstrate that the exclu­

sive diffractive processes have very rich and 

interesting structure. Theoretical understan­

ding of the correlation effects, seen in experi­

ment, is far from being complete. The best 

results are obtained in the framework of DHD-

x^The authors of ref # /
1 0 6 / used an interes­

ting method of amplitude analysis, - the study 

of the interference between 1^=0 (diffractive) 
and l t - i (f) components in order to determine 

unambiguously the quantum numbers of -system. 

model which takes into account a coherent sum 

of all the diagrams of fig. 21 with proper 

spin dependence. 

Inclusive Diffractive Processes 

The inclusire diffractive production of had­

rons at high energies was investigated in past 

few years by many experimental groups/ 1 2 4"" 3' 3 5/. 

The interest to these reactions is connected 

mainly with the discovery of the diffractive 

production of the high mass hadronlc systems. 

This phenomenon is usually interpreted in terms 

of triple-Pomeron interaction. The phenomenon 

logical analysis allows to determine the effec­

tive triple-Pomeron coupling/ 1 3 6" 1 4 2/, which 

is Important for the Regge approach to high 

energy scattering. 

I shall briefly discuss some properties of 

inclusive processes at high energies in the 

diffractive region (MVs-* 3^ \ ) • 
a) The Invariant inclusive cross section 

f-£d5<3/^*p of the reaction pp-*pX does not de­

pend on energy s at fixed value of X (1-3CzM*/$) 

at S >500 GeV2 / 1 2 4 / - so within the errors 

of 5 - 10$ scaling takes place. In the region 

of small /t| and \ the spectra have pronounced 

peak, which is consistent with the behaviour 

Toe ( s c e 2 5 ) > expected for the triple-

Pomeron interaction. 

Al-40 



b) In the region 1~jc >0.05 there is a sub­

stantial contribution of the secondary exchanges, 

which leads to the slower decrease of Ç as 

(f-x) increases. New data on the reaction pc/-->Xci 

are obtained at ISR with the help of deuteron 

beam/ 1 2 6/ and at FNAl/ 1 2 5/. The spectra in this 

reaction have the shape, which is very similar 

to the one in the process pp- *Xp , fig. 26. 

(The cross section of pp-»pX in fig. 26 is 

scaled down by the measured ratio of the diffe­

rential elastic cross sections). This observa­

tion can be interpreted/ 1 2 6/ as the smallness 

of the contributions of exchanges with I -

(which are absent in the case of the reaction 

pcUx<i ) x / . 

c) The slope of t-distributions decreases 

with N dat HL< 10 GeV 2. In the region H%XQ GeV2 

the slope practically does not depend on M. 

d) The total cross section of inelastic 

diffraction rises with energy, because of 

the mass of the system, which can be produced 

diffractively, increases with S (ti^-US, ,À^1). 

It is interesting to answer the question -

whether the rise of ̂  can explain the rise 

o f <W i n t i i e ISR-energy range? The data 

'This statement should be taken with cau­

tion, because the spectra were compared at the 

same value of S , but it is more reasonable 

from theoretical point of view to compare the 

functions D*G/DTJFTZ at t he same energy E^g, • 

Fig. 27. The energy dependence of the cross 

section in the diffractive region. The curvature 

in £-dependence of high mass diffraction is 

taken into account in theoretical calculation 

(full curve), the same curvature is assumed 

2 2 

to be present in low mass ( M ^ 4 GeV ) -dashed 

curve. 

on the energy dependence of the inclusive cross 

section of the process Pp^Xp in the diffrac­

tive region/ 1 2 4/ and theoretical calculations, 

based on the triple-Regge phenomenology, are 

shown in fig. 27. Both the theoretical calcula­

tion and experimental results show that the 

increase of CT in the ISR energy range is insuf­

ficient to explain all the rise of . 

e) The processes of double diffraction excita­

tion both in inclusive and exclusive channels 

were investigated r e c e n t l y / 1 3 4 , 1 3 5 , 1 4 3 , : L 4 4 / . 

These experiments demonstrated the validity of 

factorization in the region of ( 11 0.5 GeV . 

The most precise test of factorization in the 

double diffractive processes has been performed 

in ref./ 1 3 5/. The reactions pp-> pX , pp(pjrV")X 

and pp~*#lY)X have been measured ( X ~ can be 

either proton or some hadronic state) in the 

diffractive region ( 1-X 0.1). If factoriza-

tioa is valid, then the ratios fc. = g g g j ^ 
where L = P,(P^Jl") , s h o u l d be equal. It 

follows from fig. 28, that factorization takes 

place at \T\ < 0.5. At larger values of \T\ there 

is apparent breakdown of factorization. It is 

interesting to note that in an agreement with 

factorization the mean slope of ̂ -dependence 

in double dissociation processes is very small, 

i) - (2.2+0.2) G e V " 2 / 1 3 5 / . 
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Fig. 28. Test of the factorization in the pro­
cesses of double diffractive excitation. Figure 
taken from r e f / 1 3 5 ^ 

3 . Double Pomeron Exchange 

The very high energies available now make 
possible the experimental investigation of 
a completely new class of diffractive processes, 
namely double Pomeron exchange reactions (DPE). 
The existence of DPE mechanism of particle pro­
duction - fig. 29a) - is very natural from 
it-channel point of view. In the framework of 
Regge theory the cross section of inclusive pro­
cesses pp-^p Xp in the DPE-region of phase space 
( f-x, , i-x^s^j ; two large rapidity gaps, -
fig. 29b)) is connected with the new quantity -

a a 

Fig. 29. a) The diagram of DPE, b) rapidity 
distribution of final particles, corresponding 
to DPE. 

the total cross section of Pomeron-Pomeron 
interaction. The behaviour of PP-interaction 
(especially at small |tj region) is of great 
importance for existing theoretical approaches 
to the scattering of hadrons at very high ener­
gies (see for example/ 1 4" 5/). 

The experimental information on the 
D P E /110,111,146-150/ is still rather fragmentary. 

1 0 S [GeV] 
Fig. 30. The contribution of DPE to the cross 
section of the reaction pp-» ppar+jT . The theore­
tical calculation (full curves) take into account 
the "background" contribution and kinematical 
cuts of the experiments/14*5/. 

The cross sections of DPE reactions are very 
small. The results of the recent experiments, 
performed at ISR, on the study of DPE in the 
reaction pp-*ppjr + Jr~ are shown in fig. 30. 

Theoretical calculations/14"5/ are also shown 
in this figure. It follows from fig. 30 that: 
a) the absolute values of the cross sections, 
as well as their energy dependences, are strongly 
influenced by the experimental cuts, b) existing 
data are in an agreement with theoretical expec­
tations. It should be noted that the "background" 
contribution, which is due to the "tail" of 
the single diffraction dissociation or in other 
words due to the secondary exchanges is impor­
tant even in the conditions of the experiments 
at ISR-energies• The unambiguous evidence for 
DPE can result only from a detailed analysis of 
the energy dependence of the differential cross 
sections at fixed mass of the produced system/14"5/• 
More work in this direction is needed to es­
tablish reliably existence of DPE. 

VII. Summary and Conclusions 

1. The investigation of the total cross 
sections of hadronlc interactions and elastic 
scattering at very high energies demonstrated 
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that the results, which follow from the basic 

properties of theory, dispersion relations and 

asymptotic theorems are in an agreement with 

experiment• 

2. The change in the behaviour of (5*^ and 

f=ReT^O)/lmT^at £-100 GeV points out that 

we are in a "threshold" of asymptotic region. 

Current theoretical models show, that the ener­

gies, where "true" asymptotic behaviour is valid, 

are much higher. 

3. New effects are seen (probably) in elastic 

scattering: 

a) The decrease of the pp -slope with t 

as t -*Q . 

b) Small oscillations of d&/dt in the region 

of diffraction cone. 

c) The increase of spin-spin correlations 

with energy. 

d) Inequality of à^J^t and d<5pf>/di at 

\t\ > l GeV2 and £ L a i )>30 GeV. 

e)There is only one pronounced dip (at Jt I x 

^ 1.3GeV2) IndQ/dtofpp -scattering at very 

high energy and I il<6.5 GeV 2. 

4. The nature of Pomeranchuk singularity is 

the main problem for theoretical approaches to 

high energy scattering. The models with Froissart-

type asymptotic behaviour of amplitudes are on 

the firmer theoretical basis now and can be con­

sidered as good candidates for the description 

of diffraction at S-*<x>. Due to smallness of the 

d^(Q)-j the Pomeranchuk pole is still the 

main contribution to amplitudes at present 

energies. 

5. Effective Regge-trajectories for seconda­

ry exchanges are universal. 

6. Geometrical approaches are useful in the 

phenomenological analysis of two-body reactions. 

7. New level is achieved in the investigation 

of exclusive diffraction production of par­

ticles. Interesting correlations are observed. 

Theoretical models reproduce some characteristic 

features of the data. 

8. Approximate factorization takes place 

in diffractive processes. 

9. Double Pomeron exchange is the new pheno­

menon and its further investigation may give 

new insight into properties of diffraction. 
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