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Data on ooherent d.1t:traot1n d1ssociation of 400 GeV/o 

prot0118 on 8IIll181= nuole1 lI1'I presente4. !he aeasurelll8llts we

re ude of total and topolog.lcal cross seoticma as ....11 as 

cross sections of exclus1ve charme1s p-+p1l+,,- and P -p2n+2tr-. 

The ene~ dependence of SOllIe bas1c c1Iaracter1st1os (cross se ...ct10118. IIlUlt:t,plic1t;r of the cl1ftractlve~  excited I178te.) of , , 
,~,.  

such 1"8act1011.1!1 in the r8IIP of 20-400 GeV/o 1s discussod end
 

1t 1s observe4 that these dependences lI1'I the IS&IIle qUal.itative


~  for both the d1!tractive aDd nondUtraot1n cOlllPonents of "'.
 
lIUltiparticle production.
 

This paper is part of systematical investigation of had

ron-nucleus interactions in nuclear emulsions performed bT 

our collaboratiOll. 4uring the last few ;:rears. Its purpose 18 

the measurelll8llt of total end topological cross sections as 

....11 as those of the exclusive channels pA -A + p1f+,,- and 

pA - J. + P 2n+2ft-in 1JIalastic coherent reactions of protOll.8 

on 8lIlIllsion:nuc1el at the IIIAXlJrlal e:nerg;r of 400 Gn available 

at the present acoelerators and an e:na1;:rSis of the SIlerg;:r 4_ 

pendence of SOll8 tlas1c experimental characteristios of such 

processes. Earlier the diffractive dissooiation was discussed 

in our papers for inc1dent proton and p10n beau at 61 [1]. 

200 [2] and 60 [;1. 200 Gev/c (If.] , re8pect1ve~. 

stacks of GOSBIIH:IMlKl!I!OPROlIlCT BR-6oo nuclear emulsions 

1181"8 u:posed to 400 Gev/o proton bed at the lI'e1'lll1la.b acoele

rator. OIl the 1eIIgt;h of 2405 III of pr1mar;:r track 8caJD18d b;:r 

alcms the track method all the -rec01'ded e""nts have been lIIlIa

S1U'ed which sat1sr,- the neoeSSa17 criteria [1-1f.] for. seleoti 

on of :lnelastio protOll.-llUCleon (pB) interactiona in aD elll11

s1em. - in all 1;22 ewnts. !he elastio ilcatteri.1llA aDd 

e~s of electrolulpetic origin ( production of· e«: pairs 

end ll~lectrons) 1181"8 not 1Jlcluded in this number. IIaltipl1

01t1 d1stru.b1tiem. of ~  secondaries in measured pI' int... 

racticma plotte4 in, naure 1 4emonstrat.lthe proa1Jtent ,saD 

at 044 Ta1Ues ot -.1t1plloit;r n. 1.'.5 and 1D4icates the 

presence ot oonsiderable 8III.01II1t ot ooherent 1"8actiou 1n 1011' 

IIIU1t1plioit;r eV8D:ts. 
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4 seleotiem o'f the dittractive o~r8ll:t  react1C11U1
 

P + A _.a. + B + k"'· + a1'(° • (2)... 
1Iben k. a • O.1.2•• ~·: aDd a D1DIlber of charged 8eooadarie•• 

1& equal to kif.. ia a uut1'OD or D1 1'f B 18 protem. 

hu be. oarried out ae ~  [1-5] b;r un.us the 8tat1.'I;1o&1 

uthod o'f cQIi)uatift ana1;rs18 (6J o'f diatr.Lbut1ou o'f 8Il8\11ar 
.~  

a.'t1aa.te. o'f lCl11lg1twi:lJl,al. aDd traaaverse aOll8D.ta tl'lIU'farred ,.. 

to a target 1Jl quulooha1'8llt aDd backgro1m4 lJ.'OlIPa o'f eV8llta. 

!'he :t1rat srov;p oemta1Da "ole." 044-pl'ClDC aveta o'f t'Jpe " 

O+O+n w11ib.out aD7 8iq)tClllll of e%OltatlQ11 or di.1Jltegratlaa. o'f 

tlul llargeil nuoleus aDd the 8800lIl4 0J18 - protem-uuilraa. (PD) 

1DteractlC11U1 with a p-e1eotl'OD at the top of a .tar topther 

with ( n+1 )-P1'OD6 protQD-protem (pp) ooWa1C11U1 1Jl which • 

have 19nored a proag usoclated with a target protQD or a Pl'OllS 

with the maximsl ea1salon angle 9 • 

It 18 .ell 1al.0WIl that the iuequallt;r ql" 1lA1 (ql Is 

the lcmg1twllJl,a1 1IlO1I8I1tw1 trSDSfer 8D4 ·1lA ls the rI41ua ot 

.. nucleus) le84a to 8IIgIl~  coll1l1atiaa. of the .eoClllda:1:7 pAl"

11101.. troa (1), wh1o!L 1. IIQCh .trODpl' thaD 1D bacJra:ro1m4 qu

as1D.u.cleCllD oae••• '1'he1'8fon, oCD\Par1Ds the d1.tribut1cma o'f 

the quaeioohe1"eDt BD4 bacqrOUDd eTeDt. with re.pect to the 

par8lllttn En. t1 .1D &11 whio!L cClID81iltut•• a rQll8h .e1;1 

ae,te o'f ql' one 08 4ete1'll1D8 the nuaber o'f reactiona (1) 

with f1Dd a. 1D4epeJ:ld8Dt~  of the .... of the IliU.notlft 

~  exolt.d cluster (exaple. 81'8 ehCNIl 1D I'1pn 2 tor D • 

• ~.5). IzI4e.d, It 1s eafIT to t1D4 the trIa8 DUmber of the 

(D) 
ooherat eV8llta (1) b;r DomalJziDg the diatr1ba.tlona atBooh 

IIIIX 118% 

l:D > I:D • En be:l:Dg a pU8Mter that is ver1ed troll 

••ro to the mart W. values, 1D accordanc. w11ib. the height of 
(D) au: 

the "plateau" reached b;r the tlmctlQ11 Booh (1: D- ). 

Thi. procedure has beeD us.d tor all the odd ElUpl1olt1

.s D aDd the result. of 8110h a selectlon are shOWll iDJiS'l1'8 

,. It should be noted that at 400 Gev". have fl1'8t~  ob_mil 

the il1De-p1'ClDC chaDDe1 of ooherent d1ssoo1a'tiaa.(se. Jigare ". 

Of oourse. there ls DO difterenoe betweeD 8ZIgU1ar 00llimat1Q11 

of secondaries 1D two groups of eveDts oonaidere4 for D ~ 11 

that bdioates the absence of reactions (1) :1n such topologies. 

The Slllllll was true tor n -9 at P
0

4 200. Gev/o a:04 tor n _., at 

Po' 70 Gev/o. [1-4]. 
When dete1'lliD:l:Dg the number of the one-p1'Ol16 reactions 

(1) the described procedure gives however ~  the lowr 11l11t 
(1) 

of ' Therefore. oorreotlons were next :1ntroduced for theBooh 
follow:1.%1sa 1) the poss1ble 108s ot ODe"ilrClDC events with e > 

>ge1 dur:l:Dg scaDD:1ng ( 8 e1 ;f 1 1\1'84 18 the angle that has 

out oft the elastlc eV8llts). aSsUIII1JIs as1lm1thel ieotrop;r of 

the 8D88l1ble of 0J18"'P1'ClDC stars. end 2) OIII1slIiaa. of react1t'm8 

(1) with 9 < eel. aeSlllll1Jl8 81111larit;r of the angular 41st1'1

ba.t101D8 :m the react10D8 with 11.. 1 aDd ,. Thes8 oorrections 

8IIOUDted to -15" of .;~.  

Tabl. 1 preseDts the re81l1t8 obta1Ded em the muabers ot 

ooherent 1'8sctiona P -.. D PrcIIlgl. the -aD tree paths 1A • 
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(n) (a) 

emuls10D Acoo and 'topological cross seotions (i' coh which 

were calculated tor SODIS cODvent1anal "aversae" elllUla10n DUe

leu haviDg A. =47·). COD't1'1but1an ot coherent reac't1ons in 

the totallllU1tipUcit;y distribution ot pH even'ts in elDl1lsi

em are shown in :rigure 1. and :P1sure 4 shows llhe ene1'gf de

p8D4enoe ot total and topological cross lect10D11 ot these re

actions in the 1'aDp 20-400 GeV/c. flw data plo1;ted 111 the 

Jl'aD8e 20-200 GeV/e are tlL1ten t1'Oll the review [7] aI:l4 the7 

are base4 OD the same aeleot10D c1'1te1'1a as discussed above. 

It is .eeD t1'OIll :P1gure 4 tha't total aI:l4 topological oross 

.ect1ons ot coheren't reao't1ona (1) increase with Po rapi41l' 
111 the reg10D Po" 20-200 GaV/o I this growth weakens notio

.ab~  1n .. the rlnge 200 - 400 GaV/o for topologioal chazmels 

witl\	 n. 3 aDd, lIUQ'be, ; as well as tor the total cross ss
C~0$8  (1)'

ctiQll,wh11. t:bi aecticm tor n .. 1 "'oOh in this ranse ev

eA se.1IIS to be tall1Dg. Beside., one OeD eonolu4e trom thi8 

till'l" thAt the behaV10ur ot topologioal cross seo1l1ona with 

".:l'gI' in ooherent reactions looka lib a·unal pioture of to

polostoal 01'088 ••ct101D8 in inelaatic l1&4rem-Jladrcm intftac

t1Cl1U1 all lI04eJl'ate augie•• 

•• noted euli.r [1-4-) that the growth ot' topolQS1Cal 

on•••"111.. With '0 111. oohereDt .1'8actiQ2l.8 lIO.t~ 1s due to 

.) ~1ibOUP  ths 1~rs7  data otter eT14Ae that the he&'97 

~1el of 8IIlU1.eloa. (Ja.b) plq a pn40lI1nat role 1n reactica. 

('1,h ~ '18 ~t.zU1 tor our pre.ent ptar»o•••• 

.. 5 

openiDi of new p:01u.elve chalmell ot 41sa001at:1on cca.tribllt1:D6 

into 1nteract!QIl8 with tiDd a, In ·order to 01u1t,rthe .t. 
teetsof sama1i1cm of uolws1ve oross seotions in .slll1-inclu

sive topologioal on8. we l184e an att8lllPt to 8.t1ll&t, 01'OIB .e

cti0D8 tOr ths U'Ow1ve diasooiat1Q1l Ohall:&\e1a an elllUlaicm nuc

le1 p _ ",+11'- u4 P _ P 2"'· 2",- a1l 400 GeV/o. 

-' It 18 known (41 that the reetriot1cm . 9.t; Ai.. (lit 18 the 

trauTerae 1l00000tua tJ."&Uter) in oohereDt interact1ema mq be 

rewritten in the tom... 
M. 1I.+1l >1/2 

Q.j;" [(%: Pt 1 8in 11)2 + (l: Pti e08 "1)2J :: 
1a1	 1:81 

= <Pt > [A + D(A-1) <008£~1/2  " 1Iw' (2) 

'lfhere <P > is the Man 'transverse IIOIII8ntua of aeo0n4ar7 par
t 

ticle., If 1s the u1muthU ansl.. t l' .. 'I 1 - 'I ~ (1 f4 ;t) 
u4 <oos £> 18 the average value of oDe t 1~  in an eveDt. 

It tollon from (2) that :I.D. oohe1'8Dt reaot10A8 1I1thOUll uutral 

partiol•• in the t1na1 Itate (Il" 0 111, (1» • ooeff101ct 

ot u1muthal U1Jllll8t17 III1IIt be sull u4 

<oos e.> fI[e .~/<Pt)a)- n] /n(II.-1). eJ)
t 

1Ib8reu at a .. O,{OOS t> beeO"8 .pred out over the whole 

k1A8aatical17 all0we4 1nternl froa -1/(11.-1) (the eue ot 

81J1111$trioal elll18s1em, 1d18n' t1Ul az1lllutbal aqJAa betnculsh

bou.r1Dg particle. are equal. to 2ft'/n) 'QII to 1 (the oue ot 
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8Qmmeb'1oal ell1.8ion when.u ti~. 0). 

We han plotted 111 :Jtsun 5 (OOS£ >- 41strib11tiQl18 for 

cleaD cad: bacJrBrOllll4 tlbree prang events with r A < 0.1 (tlw 

t11'l1J Fq 18 OOIllPOSK aoat17 ot ooheNilt rellCtiCl1Ul aD4 ~  

sOU 10 " ot these ev_ts 1s due to lneQbeNllt 1I1tuactiona ). 

Ope oaza ob.erve a wah",. tor the tint ~  ot eWAt. uOUDll 

the n.1De <oos ~ > ell: -0.~  which 1. cauaed, as shown. tOJ! 1A

stence. iA [4], b7 three P:raDg eveAts without e4d1tiClDa1. neut

ral par1iloles iA the t1na1 state. except the recoil nucleus • 

AsSl1ldDg that this mexi1!!l1P' belOllSs 311811 to the ezolus1ve oobe

~t  X'8AlltiCl1Ul P - Plli''lf- on DUClA1. 1t 1s eas7 to f1D4 the 

1lWIlbe~  ot suoh evenlle toUow:lD8 the sub1l1'IICtioa prooedure si

iiila' to that used tor aza~1a  ot r • 41..tJliblltiona. Then 
sallie ..tb04 has beea applied for selection ot p ... p a,,+ an· 

1'ellCt1oDa t~  fin-praas ole8Z1 eV8J1ts. The NBUlta obta1u4 

aft p1'esente4 iA 'able 1 8D4 the eDal'tJ depen4ence ot ao1J&

81n cha1lU18 ON•• seot1ons 18 plotted 111 J1gun 6 (ap!n, 

1JU 4a1l& at 1cnrer enerp;e. 8ft t&k8J1 tl'Oll 11J). 
As .e. trOll Jr1sue 6 the ONSS .eotion ot the nactiOl1 

51 - pll+"- epp:r:ox1lnate17 408s n01l 4epaD4 ClII. the 8Il82:'gJ' 1A 

the r.,. 20-400 leV a4 01'0.. s801l1011. of the chaDul p_ 

piff· 2"'-. althoash 18 1lU'pr at Po > 100 GeV~~) thaD that at 

p. <. 100 GeV/o, 1:aore.... __ alcnrel' 1lba "coh (Jigare 4). 

_. u.. oCllatUe the aasUllPtioa that • powfIh of total aIl4 

'&I.o1oc:1.oal O%'OS. 8toti.. :La 4ue to the opdiq ot Dn ezo

luain cha1mela. !I!he cb8Dge 1Jl the energr depell4enc. of O1'OSS 

a8Ct1Cl118 ot low IlII1l.tiplioit1 :NIacttmus aDd 6:: i8 %'elated 

ert4ellt~  W1th the phase &pace eftects. name17 W1th * tact 

that W1th 1nc1'eu1.tIs Po cbaDI1els with largtr total II11ttpli· 

oitr beCOM klIlell&ll.tioallJ' allowed. 'lIhereaa 'he . oOlll,Paratin 

cantribut1011 of ezoluslve chamlels with BUll DlDIber ot »ut

ral plaD8 1n lIell1-1nclusin l'8actiQ118 W1th aal1 Do 480ft..... 
Ir, 

!he growth of the IIIlBsof coherent:q produced IIT8tell with 

Po U,J' be illustrated b7 the ene1'8'1 depaDdenc8 of the aver868 .. IIDl1tipl1c1tr ot oharged .eoaDda:ri.8 1n reacticms (1) (J1sure 'n4 
It is se8ll that <II.>ooh as a :tImctlO11 of Eo d08S not oant"1'&

410t the lOSar;l.thIIIio law, which. as JeDowD. quite satia~ac1:ol'i.. 

17 deSeftbes 1!!!1l1:1pllcit1 :lD. badrara-ohsdrcm U4 hcohe1'tlllt had· 

rCJl100llUCleu iAteractiOl1B. 

~.  we C8Il CODClu4e. that the 4ata dsJacmat3:&tle tbe qu.

llt&tive a:lJll11lU'1t1 of the ene2:'gJ' dependeace of the bas:to e,,;

pe:r1JneDtal cba1'acterist1cs 1Jl the 41ttre.ctin aDd Aan~. 

tive 0Cllllllone:ate of lIUlt1paniclo ~tlC1D.  

We 8ft S1M 110 thaDk theUD88ell8Dta of the h:N11ab _ 

1lIle DirtaiClll of 1rllcleer JIb1810a of tbe VSEm AOa4ello' o~Solee

oell f~ the 1N,pp0rt of UIlerimlmll aD4 Pl'ofa. L. TOJ"'lIC11ch aII4 

I.V.Olmrilc tor the 1D.ftluablA help 4ur1Ds apo8iUCIIl of .JIll., 

siClG cJtaabera. 
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