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ABSTRACT

The total and topological cress—sections in reactions
of coherent diffrasctive dissociation of 200 Gev/c 57:hesona
off photoemulsion nuclei have been measured aﬁd crosg-sections
for the channels 2,35t , T A, &5 %ere estimated.
The energy dependence of crosa-sections for various channels
of inelastic coherenﬁ diffraction off nuclei ﬁnd invariant mass
distribution of produced 357~ system have been investigated.
The topological crogs-sections increase in the range from 40
to 200 Gev/c., This growth is the most noticeable for multiprong
topologies. The cross-secthon of the exclusive channel Sf:hzﬂijﬁ'
does not depend on incident particle momentum in the range
40 -~ 200 Gev/c+The topological cross-sections of coherent reac-
tions increase wifh the energy due to the openning chanmels
with larger numbers of neutral particles.Mass spect-um of 3 2
system in the coherent reaction I ~.A. 29 "4+ ¥ *weakly

depends on the energye
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1 ¢ INTRODUCTION

There is the indubitsble interest in a study of aiffractive
coherent dissociation of hadrons off nuclei due to the increasing
role of inelastic ditrracizive processes with a growth of incident
energy. In this paper the exper:l.lenfal data of aoherent pion-nucleus
interactions at 200 Gev/oc are presented and discussed including
topologleal cross-sections,multiplicity distribution of charged
secondaries,sass spectrum of dlffractively produced systems and
80 on¢ The preliminary results on cross-gections of guch reactions
based on & part of experimental material were published earlier’ V]

2,EXPERIMENTAL SELECTION of OOHERENT REACTIONS

This experiment was carrded out in nuclear emulsions exposed
to 200 Gev/c negative pions at the Permilab accel% « By aYatenma- '
tic ';along the track™ scanning on the effective length of 3.37 km
1659 inelastic events have been recorded and measured. All this
events satisfy to the necessary oriteria of interactions with the
free and Quuifroe nucleons in sn emulsion (a) there is not more
- then one heiv!._ly q.oniiins track of a proton with kinatic energy
_!'>25.l¢__v9 and angl_e_ of ‘emission in the leboratory sistem @ < g '
_(‘n) the absence of recoil nucleus at any (n) number of charged
secondaries ,apd of ﬁ«lwtmns at the ‘even n; (¢) the lower limit
of the terget mass 'l:"“< My, Where mg is the mass of a nucleon).

The resotions of soherent dismociation of piona
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T~ o7 BT+, N | 3"
7 £, YT v 3G + P> (4)

and 80 on (77,= 2 44 geesi A = nucleus having A nucleons ) have
been selected smong the odd-prong ( n = 1, 3,..s) events of type
0 + 0 + n without any symptoms of excitation or desﬁte_gration of

the turget, following the method developed in the re!orenoe/ 2/,
that,; for instance, was used in a number of works on coherent

production of particles by protons at Serpukhov and Batavia
enargi,es/ 57 ,

At nigh energies (poypy» M o cosd; 1) the longitudinal
momentum g, transterred to a target in reactions (1) = ( 4)
with high accurasy csould be expressed by the slmple function of
the emission angles ¢f secondary particles

nen, Arn,

e =4 Sim Ph,,)sin6; w/agis;n-éi (5)
where n, is the number of neutral secomdaries (recoil nucleus is
not included in this number), /u is the mass ot' a pion, Py i the
transverase momentum of 1-th particles C4 -[(pt> 4-.'7/)»-%(&»]/‘
if the inclusive pt-distribution in diffractive diagsocliation has
s form pgexp (wo(piu). If the summation in mj.( S ) is taken
over the charged particles only and ne > 0, the formula ( 5 }
givea the lower linﬂ.t: of ql’J

Figela.shows, 28 the eramples, distributions of the quantity
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2= Z.j $ind gor the "clsan” and background 3-prong avents,The
i=
latter group conalste of 3=prong I, - reactions with the evident
ﬁ ~alectron at the 'Eop of a star and the "artificial™ events
of type 0 + O + 3 obtained from 4~prong stars by ignoring the
prong with the maximum emission angle.,To subtract these distribu-
tions we have normalized the O =distributions for both groups in
the range S >> 7% where 5.”“1s the conditional upper limit con-
sidered as a parameter of . -distribution for reactions ( 2‘),
and then onq::an define the true number Ngzl)! of three-prong
reactions ( 2 ) and ( 2') in sccobdence with the height of the
plateu reached by the function Ncoh( > max). The same procedure
was used for other n ; the dependences of lc(zgl)z on S mEX pop
na 3, 5 and 7 are plotted in Rig/1by
The numbers of coherent reactions ( 2 },( 2!') and ( 3 ),
( 3') defined in such a way equal to §(>) = 220 % 30 and

coh

!gg% = 34 ¥ 9 respectively. The result for n = 7, Ngzl)l =9is,

should be considered only es an indication of the channel with
7 charged particles in the final state; at n = 9 there are no

any indications of the coherent reactions.

There is no the significant difference between emission
angles of secondary particles in the "clean”" and background events
of the t'ype 0 + 0 + 1;following the paper /37 we have estimated
the lower limit of Nggl)x for the reaction ( 1 ) from the multi=
plicity dlstribution (Mig.2)s Introducing further corrections on
the loss of one-prong events at the ‘scanning( by using the azi-
~ mutal isotropy of one-prong events) and on the coherent events
in the "elastic” region § < 2 mrad {by asuming the singularity
of sngular distributions of secondaries in reactions ( 1 ) and
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( 2 )), one can obtain the estimation of the number of oue-prong

coherent eventa N(J) o 85 with the statistical errow about 30%.
The data on the numbers of coherent events,corresponding to
the topological channels of dissociation & -4, _ﬁ prongs, the
mean free paths ;\ ggl)l in emulsion and the average cross-sections
6 (®)  (on the conditional average mucleus of emulsion with

coh
A = 47 ) are presented in the Table 1,
The estimation of cross-sections for the reactions ( 2 ),
{ 3 ) withou¥ neutral pions in the final state can be obtained
from amalysis sf the azimutal asymuetry &n 3-prong and 5-prong
quasicoherent events. In fact, the restriction ‘hé]"' (g, is
the transverse momentum transferred to the target) in the oohe-

rent reactions may be rewritten in the form

L p
q, = B"Egﬁé‘,giﬁy)‘)z\‘(gj@[ cm%)i ]5 PS> rn-n(rr-i)(("'ﬁf?]:ﬁ( 6)
where % i8 the azimutal angle of i-th particle,{:‘-f“:lﬁ‘luﬁ(c? ),
£ co8 £ - the average value of °°”<€13 in an eventy
It follows from the eq.( 6 ) that in coherent reactions (2),
( 3 ) without neutral piona the coefficient of aziuutal asymmetry
£ o8l = % cos éij/[}‘(n"li}_ wust be small{;

> < (./h7<-P*>= —*)),./[;,(,,..iﬂ R €79
whegas at n.# O ths quantity < cos &> becomes spread~out over
the whole kinematically acceptable intierval from ~1/(n«1) (the
case of symmetrical emlssion, when the azimutal angles bhalwesn nelgh-
bouring particles equal to 2% /n ) ap vo 1 (the case of asymmetrical
emission when all &, = 0 )e It should be noted, however, that ths
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iaequality ( 7 ) has only the approximate gharacter and is sén-
sible to. the measurements biases, significant especially for the
naﬁ‘ow stara. ,

Pige3. exemplifies < cos&> -dj.atrj.obntions for the "clean"”
and background 3-prong events having Z sin Q1< 0.06. It is
seen that there is the noticesble maxlij:\'m at the left~hand end
of < cosf>~distribution for the former group of events.We have
simulated by the Monte Carlo method the reactions ( 2 ),(2') and
tﬁe relevant quasinucleon interactions (the curve in the Pig.3.
represents the results of simulation for the last reactions) and
thus the n umber of coherent reactions ( 2 ) was estimated to be
105 £ 25, The similar analysis of azimutal asymmetry in 5-prong

coherent events glves the number of events,corresponding to the
reaction ( 3 ),equal to 25 * 9. The data on reections ( 2 ) and
( 3 ) are presented in the Table 1 as well,

%.DISCUSSION OF EXPERIMEBTAL RESULTS

The data on topological cross-sections of the reactions
I -!; n prongs allow to obtain information on the multiplicity
distribution in inelastic diffraction of hadrors, This informstion
is interesting, in pai‘biéular. in connection with the so called
two?conpon'ont models of multiple production. It should be noted that
that the obtaining of expérimental data on diffractiom component
in hadmn—hadmﬁ. cellisions meets difficulties, especially in- the
reglon of Iﬁrgé masses of produced systems. On another hand,
multiplicity distribution in coherent reactions can be connected
by means of & model (the Glawber model, for Lnstance) with that

"in inelastic dissecistion op nucleons.
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Fige4e.shows maltiplicity dibtributions of charged particles
in diffractive coherent interactiom; of pions andi protons with
emulsion nucleli at the same momentum p; = 200 Gev/c(the proton
data obtained in exactly the Same manner were tqkenﬁtmn the pe-
per/ 37 ),and the Table 2 presents some parameters of these dis-
tributions. One can see that multiplicity distributions in proton
and pion induced dissociation have somewhat different widths.
n-distribution in the case of 72 :ﬁeaon induced reactiéns is
narrower than in pA coherent reactions (the probability of the
agreement of distributions in Fig.4. is £ 0,02 ). This difference
if it will be supported by more precize experiments, may be ex~
plained by the phase-space arguments with the account of G-pari-
ty conservation with the reacthions & —» 127 247 °, .that means
the total multiplicity of secondary particles (n + n.)em grow
only across two units. Distributions in Fig.4. are narrower thanm
the Poissor distribution ( £, <0 )i for proton induced coherent
reactions this fact as well as the consistence with the KNO sca-
ling hypothesis in the range 20 « 200 Gev was pointed out in
the paper '/4/,

The data fx.v'om Table 1 allow to check some relatlons between
the cross-sections of different channels of diffractive d:l.saéc:i..—
ation of pions, folﬁ&ng from the assumption that all the pro-
Jections of isospin in the intemmdiato state have equal probe
sbilities ( the statistical 1s0spin model ). Por instance, the
ratio of croas-seotioné of the reactions ( 1 ) end ( 2 ) equal
4o 0.8 3 0.3 agrees satisfactorily with the prediction o!bthil
model: 6(F "~ '*2%9/’6‘(’%’-» 372 ) = 0472, The ratio of crops«
sactions of reactions ( 2') and { 3 ) equal to 4.6 % 2,4 doespsy




n.,?-

contradict the prediction 67(¥ €7+ /Z.?J’j/€ﬁ';ﬁl2/7’)= 243,
1P one take into account the posaible contribution of the reac~
tlon T 27 T VI’ 10 (23 (6 =2+ T+ YT i 201
in the model ),

Topological cross-sections in the studied reactions as well
a8 cross-gections of the exclusive reactions ( 2 ),( 3 ) are
ahown in Pig.5. as function of the incident energy.The data at
17, 45 and 60 Gev were tﬁken from /?"5/. One can see that topo-
logical cross-sections increase in the energy range from 17 to
200 Gev duse to the openning chammels with larger total mult‘pli-
cities,The cross-section of the reaction 57 ~ —-—"i 3 prongs in
the range 40 = 200 Gev increases through exclusive channels with
neutral plons since the cmssrsmtiO&r the reactiom ( 2 )is
constant in this energy range. IV should be noted, that amalo~
gical behavior of tepelogical croas-sections was observed in
soherent reactions induced by protons in the range 20 - 400 Ga‘éf

In conclusion let us consider the invarisnt masses of 3%
syatem produced in the exclusive coherent reaction ( 2 ),estima-~
ted in the present work by the mot);od suggested in the papel/ 7/ »

‘l'he‘roi is :the simple kinematical relation between the mass /%'rv
and longi'lmdidal (q) and transverse ( 9, ) components of mo-
nentum transferred to the target

2 : '

~ D o 2
th“xﬂﬁ(f/ht"ﬂ"f)%f (8)
where HA is the mass of varget-pucleus, p,~ momentum of the in-

cident particle in the laboratory system. Using the estimations
of q; snd Ay (eq.( 5 )Y and ( € ),respectively ) based on
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angul ar measurements, one can obtain the estimation of Minv
in coherent events without nsutral particles in the final state

/V]‘-:/ "‘_’/Of/h B>, T )i—siqﬁ‘.-q,:f'-)qg)'igfs/n/@z;@?(ggﬁjy (9)
S B2 ie i4 ] r TR
where 0, sy ¥ are the emission a.ugies of secondary pions. .
Fig.6. shows distributioz‘:ﬁf invartant masses of 3 5 system,
abbeined following the formula ( 9 ) in the exclusive coherent
reastion 7 '—-'f.?Z'IW * . Por comparision we have plotted, with

the relevant normalization,.the data obtained in the papex./ 8/
for the coherent resctions ¥ —#5r7”at 16 Gev/c on a variety

of nuclei,

One can see that the spectrum of M, . of 357‘-; systen
depends on the incident energy weakly, although “;an incresges.
slightly in the range 16 - 200 Gev/c, This fact is consistenti: .
with the weak energy dependence of the cross-secticn of the exdG=-

‘give reaction g Eart ,that reaches the plateau at ~~ 40 Gev/a

4, CONCLUSIONS

From the present study of coherent reactions we havs 2oow~

clude that:

1.The total and topological cross-sections of diffractive cohe-
rent production by pions on emulsion nuelﬁi increase in the
range 17 = 200 Gev/ce This growth is the most noticeable fer
multiprong topologies. '

2.Topological cross-sections of coherent reactions increase with
the energy due to the openning channels with larger total multi~
plicities,



-9

3oMultiplicity distribution -in coherant reactions ¥ T n prongs
seema 't_o bekaomewhaﬁ‘narmvvet than in p —» n prongs at the
same energy of projectile. »
4.The cross-sechion of the exclusive channel & ~»27: 7" doeas
not depend on energy in the range A 40 - 200 Geve
5.Mass spectrum of 257 aj'stem in the reaction & =2% +.7 ‘wenkly
depends ou the energy.
We are glad to thank the management of FNAL and Division
.of Nuclear Physics Of the USSR Academy of Sciencea for the or-
ganization of expe;'imant, and profe.LeVoyvodich and I,V.Chuvile
for the help during expoaltion of emulsion chambers.
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TABLE I. The summary dats on the numbers of coherent eyents,

mean free path in emulsion and the average croas-

sections for the topological chennels of dissocia-

tion of negstive pions at 200 Gev/c.

om0 b 0,0 b e mma/mucieus
{5 %1 prong {85825 | ot 3® 5.2 £ 1,5
57'-{3,1:1‘0265 220 30 1543 1‘;—‘;‘; 1345 X 1,8
45 prongs | 34 2 9 99 135 2o
-7 prongs | 95 375 0.5 0.3 "
195‘:!:; prongs § 348 % 45 9.7 * 14 21,3 2 2.8
(n =1 ¢ 7)
£t | 105t 2s 32 1 19 6ut £ 1,5 f
G-Hsze | 2529 135 * 12 1.5 0,5




TABLE II. The moments of multiplicity distributions of charged
particles in resctions of diffractive dissocistien

of pione and protons on emuleion nuclei st 200 Gev/e-

' [
Projectile | <n > 4 <n(nn)> |[zo>. fff 2, I
i ; ’
5 2,8120,09f 6.8 T3 Y32 2o | 101 % 06
2.61 8,078 6.6 Y 0.4 §1.56 T o, 0,2 2 0y
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PIGURE CAPTIONS

¥igei. a) Distribution of the quantity 2 for "clean" =nd back~-
' ground 3-prong events;
b) lggg as function of " for 3-,5-gnd 7-prong reactions

Pig.2s Multiplicity distribution of charged particles in
quasifree pion-nucleon and cohersent pilon-nucleus
interactions in emulsion at 200 Gev/c. Doubly stroked

areas show contribution of coherent events.

Fige3, Distribution of the < cosf>for "clean™ and background
3-prong events having 5 < 0,06+ The curves represent the
results of Monte Carlo simulation (see text).

Pigese Multiplicity distribution of charged particles in cohe-
' rent pA- and & A-interactions at 200 Gev/c,

Fige5e The energy dependences of topological cross-sections.
The curves - hand drawn fits to guid the eyes.

Fig.6s Mass spectrum of the 37~ system produced in reaction
7% 352 at 200 (the 8011d line) and 16 Gev/c (data
rron/ 8/.. the dotted histegram).
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