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5aHHHK 5.n. H A~ PI - 13055 
HeynpyrHe B3aHMOAe~cTBHR npoTOHOB npH HMnynbce 
4,5 r3B/c c FIAPaMH $OT03MYilbCHH 

B HeynpyrHX CTOilKHOBeHHRX npOTOHOB npH HMnyilbCe 
4, 5 r3B/c C RAPaMH <!>OT03MyilbCHH nony4eHbl AaHHble, BKI111J4al0-
l11He MHO>KeCTBeHHOCTb IlHBHeBbiX 4aCTH~, 3HepreTH4eCKH~ cneKTp 
6biCTPbiX BTOPH4Hb1X npOTOHOB CO CPeAHe~ 3HeprHe~ /2, 5_:1:0, 1 /r3B 
H 3HepreTH4eCKH~ cneKTp pO>KAeHHbiX 3apR>KeHHbiX nHOHOB CO 
cpeAHe~ 3HeprHe~ ;640_:~:50/ M3B. OnpeAeneHbl T aK>Ke MHO>KecT BeH
HOCTb, yrilOBble pacnpeAeileHHR H 3HeprHR 4aCTH~, nony4eHHbiX 
s pesynbTaTe pac111enneHHR RAeP MHWeHe~, npH4eM cneKTp npo
TOHOB annpOKCHMHpyeTCR CTeneHHO~ 3aBHCHMOCT biO E -y npH 
y=1,4.:t:_0, 1. nony4eHO pacnpeAeileHHe npOTOHOB H rr-Me30HOB 

no fibiCTpOTaM y = _!_ln~ . 
2 E +P 

Pa6oTa BblnOilHeHa B na6opaTOPHH BbiCOKHX 3HeprH~ OHRH. 

Coo6~eHHe 06oeAHHeHHoro HHCTHTyTa RAePH~x HccneAoBaHHH. Ay6Ha 1980 

Bannik B.P. et al. PI - 13055 
Inelastic Interactions of Protons 
with Photoemulsion Nuclei at 4.5 GeV/c 

In inelastic col 1 is ions of protons with photoemulsion 
nuclei at 4.5 GeV/c data have been obtained on multipl ici
ty of shower particles, energy spectrum of fast secondary 
protons with (2.5±0. 1) GeV average energy and energy spect
rum of produced charged pions with(640±50)MeV average 
energy. The multiplicity, angular distributions and energy 
of particles arising from splitting target-nuclei are also 
determined, proton spectrum being approximated by the 
degree dependence E -y at y-= 1.4±0.1. Distributions of 

protons and rr -mesons over rapid it i es y = _!_ln.§..=.L 
have been obtai ned. 2 E + P 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research . Dubna 1980 

© 1.980 06f>6JlBH6HHbl/l MHCTBryT ll/16pHbiJC NCC06J10BIJHIIJI .Qy6HIJ 

B fRAe npeAbiAYliiHX pa6oT / l-&/ HCCileAOBailHCb ssaHMOAe~CTBHR 
2 H , He, 12 C c RAPaMH $OT03MYilbCHH npH HMnynbce ycKopeHHbiX 
RAep 4,5 r3B/c Ha HYKilOH. npeACTaBJlFieT CaMOCTORTeilbHbl~ HHTe
pec 6onee pa3BepHyTbl~ aHa11H3 pe3yJlbTaTOB, Tpe6yiOUIH~ 3HaHHR 
xapaKTepHCTHK CTOilKHOBeHH~ npOTOHOB C RApaMH npH TOM >Ke Ha-
4ailbHOM HMnynbce. 

B HaCTORUieM 3KcnepHMeHTe CilOH $OT03MYilbCH~ 5P-2 rOCHHH
$0TOnPOEKTA pa3MepoM 10x20 CM 2 H TOilliiHHOIO 600 MKM 6b111H o6ny-
4eHbl npOTOHaMH c HMnyilbCOM 4' 5 r3B/c Ha CHHXPO$a30TPOHe OHRH. 
nnoTHOCTb 06Jly4eHHR COCTaBilRila 2• 10 4 npOTOHOB Ha CM 2.noHCK 
ssaHMOAe~cTBH~ npOH3BOAHI1CFI BAOilb cneAOB npoTOHOB. K ynpyrHM 
B3aHMOAe~CTBHRM OTHeCeHbl C06biTHR THna 0+0+ 1 C yrJlOM peilFITH
BHCTCKOrO CileAa 0< 5°. CpeAHH~ npo6er AO Heynpyroro B3aHMO
Ae~CTBHR oKasancR paBHbiM A=30,2+0,7 cM.BTOPH4Hble 4aCTHI.\bl pas
AeilRilHCb Ha S, g H b no npHHFITbiM B $0T03MyilbCHOHHO~ MeTOAHKe 
KPHTepHRM: S - peilRTHBHCTCKHe 4aCTH~bl C OTHOCHTeilbHO~ HOHH3a
~He~ g/g0 < 1,4 (gO - nJlOTHOCTb HOHH3a~HH Ha CileAe nepBH4HbiX 
npOTOHOB) j g- 4aCTH~bl C g / g 0 ~1,4 H C npo6erOM B $OT03My11b
CHH R> 3000 MKM, 4TO COOTBeTCTByeT 3HeprHH npOTOHa 26 M3B; b -
4aCTH~bl, HMeiOUIHe npo6er R S 3000 MKM. 

HAeHTH$HKa~HR b-4acTH~ no sapRAaM npoBOAHilaCb AilR cneAOB 
C HaKilOHOM MeHee 30 ° K nilOCKOCTH HenpORBJleHHO~ 3MYilbCHH no 
4HCI1Y pa3pb1BOB B CileAe B 3aBHCHMOCTH OT OCTaT04HOrO npo6era. 
KanH6poB04Hble saBHCHMOCTH 6wnH nony4eHbl Ha cneAax rr-Me30HOB, 
npOTOHOB, a -4aCTH[\ H RAeP 8 Li. npH HAeHTH$HKa[\HH Y4HTb1Ba11CFI 
yr011 HaKJlOHa CileAa H ero MeCTOHaXO>KAeHHe B $OTOCJ10e 171 .Ha cne
Abl c yrnoM HaKnoHa 6onee 30 ° BBOAHnacb reoMeTpH4ecKaR nonpae
Ka. 

MHOmECTBEHHOCTb BTOPH4HWX 4ACTHU 

B ma6.11.l npHBeAeHbl cpeAHHe MHO>KeCTBeHHOCTH 4aCTHI.\ AJlR co6b&
TH~ C pa311H4HbiM 4HCI10M CHilbHOHOHH3HPYIOU1HX 4aCTH[\ N h = 0 g + 0 b" 
B rpynny c Nh S6 BXOART B3aHMOAe~cTBHR c nerKHMH RAPaMH 
3MYilbCHH H nepH$epH4eCKHe B3aHMOAe~CTBHR C TR>KeilbiMH RApaMH, 
a rpynny C N h ?_ 7 o6pa3yiOT C06biTHR, npOHCWeAWHe TOilbKO Ha TFI
>KeilbiX RApax $OT03MYilbCHH. 

Ha puc .1 H 2 npeACTasneHbl MaTpHI.\bl n 9 - N h H ng -n b , npoeK-
1.\HH KOTOpbiX npeACTaBilRIOT C060IO COOTBeTCTBYIOUIHe pacnpeAeileHHR 
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Ta6n1-11..1a 1 

< ns > < n g > 

Nh~o !,63±0 ,02 2 ,64±0 ,06 

Nh ::; 6 l, G9.t0 ,03 I, IC±0 ,03 

N > 7 h-
I, S3±Q , 04 5. 57±<J , 70 

< n tT> <N h > 

0 , '"r9.:t,U, 09 U, l~0.t0 , I4 

I , 37±v, 04 

7 , 79±0 , 1~ 

ttrcJICI 
COQU
'i'l! __ 

;(i2L 

r·-····· 4. \. )....,1 

aor 

no MHOlKeCTBeHHOCTI-1. 3aMeTI-1M, 4TO BKJlaA C06biTI-1i:1 npaKTI-14eCKI-1 

nonHoro pa3pyweHI-1~ ~AeP Ag, Br (N h ~ 28) secbMa Hese!li-IK 1-1 co

cTasn~eT 0,5 %. np~-1 3Hepri-1~X HaJleTa~~I-IX npOTOHOB 6,2 1-1 22 r38 
BKJlaA TaKI-!X C06~TI-1i:1 COCTaBJl~eT 2,2% 1-1 3,2% COOTBeTCTBeHHO / G/ . 

Ha puc. 3-6 np~-!BeAeHbl Koppen~l..ll-11-1 MHO>KecTBeHHOCTI-1 < n i > = f(n j) 
1-1 I-IX annpOKCI-!Mal..ll-1~ Jli-1Hei:1HOi:1 3aBI-1CI-1MOCTb~ < n i >= a ~ kn j . 3Ha4e

HI-1fl K03¢¢1-11..11-1eHTOB HaKJlOHa k AaHbl B mci6.!!. 2. 06pa~aeT Ha ce6~ 

BHI-!MaHHe C!la6oe yMeHbWeHHe < n 8 > C POCTOM 4HCJla CHJlbHOHOHH3H

py~~HX 4aCTH4 B C06biTHI-1, 4TO MOlKeT Cily>KHTb yKa3aHHeM Ha OT

CYTCTBHe 3aMeTHOrO Me30H006pa30BaHH~ BO BTOpH4H~X npo4eCcax 

H Ha B~6biBaHHe pe!l~THBI-ICTCKHX 4aCTI-14 C yMeHbWeHHeM napaMeTpa 

CTOJlKHOBeHH~ B pe3yJlbTaTe pacce~HH~. 

H3 puc.6 MOlKHO BHAeTb, 4TO cTeneHb pac~enneHH~ ~Apa-MHwe
HH He 3aBHCHT OT 4HCJla S -4aCTH4 B C06biTHH. HCKJl~4eHHe COCTaB

Jl~~T C06~TH~ C fi 8 =0, KOTOp~e, no-BHAHMOMy, C 60JlbWei:1 eepO~T
HOCTb~ npOHCXOA~T npl-1 B3aHMOAei:1CTBI-1~X C T~>KeJl~MH ~ApaMH 3MYilb

CHH. 3TO 06CTO~TeJlbCTBO CJleAyeT npoeepHTb B 3KCnepHMeHTe Ha 

3MYilbCHfiX pa3HOrO COCTaBa. 

MATPV1U,A 

Puc .l. MaTPHI..Ia pacnpeAeneHHi:1 no MHO>KeCTBeHHOCTH n 8 - N h. 
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FUc.2. MaTPHI..Ia pacnpeAeneHHi:1 no MHOlKeCTBeHHOCTI-1 ng-nb. 
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FUc.3. Koppe!l~l.IHH MelKAy <n 8 > , <ng>,<ntt>oT Nh. 
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Puc. 4. Koppe!l.Rl.l~~ Me>KAY <n 8>, < n g > , <N h > OT n b. 
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Puc . 5. Koppe!l.Rl.l~~ Me>KAY < n 
8

> , <n b > , <Nh > OT n g; A!l.R 3aB~C~MOCT~ 
< n b> OT n g; ct>~T npo~3BOA~11C.R a o6nacT~ n g::; 8 . 
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Puc. 6. Koppe!l.Rl.l~~ Me>KAY <n g>, <n b>, tO ~ 
<Nn> l:J. 

< N h> OT n
8

; c)>~T npo~3BOA~11C.R 
9 <n~> x 

All .A n > 1. 
<n~> o s-

8 
1 

~ * 6 A .¢. * 5 * + 
4 9 

(f : X 
IC : 3 0 

z 
1 
0 

0 1 z 3 4 5 6 ns 

Ta6n~1..1a 2 

k < ns > < ng> < nb> <N h> 

ns - - 0,04:t,0,04 O,Ol:t,C,04 -0, 03:t,O, 06 

ng - O,OG:t,O,OI - l ,09;tCJ, 02 I, 97:t,O , m~ 

nb - 0, 00-.tO, OI O, :::i l:t,O,OI - l, :::i2:t,0 ,02 

Nh -0 ,02:t,O,OO 0,40:t,O,Ol O, GO:.tO,OI 

YrnOB~E XAPAKTEPHCTHKH BTOPH4H~X 4ACTHU 

YA06H~M~ A!l.R aHan~sa xapaKTep~cT~KaM~ s-4acT~ll .RB!l.R~Tc.R 
een~4~Hbl nonoe~HHoro yrna A s 1/ 2 ~ pacnpeAeneH~e no 1J = e s s 
=-lntg-

2
-. An.R g-4aCT~l.l Mbl ~cnonbsoean~ E> g l / 2 ~ < cos8g >, 

A!l.A b-4aCH11..1 - Be!li-14~HY OTHOWeH~.R F/ I3 4~C!la 4aCT~ll, ~cny
llleHHbiX a nepeAH~~ ~ saAH~~ nonycc)>epbl. Ha puc.? npeAcTaeneHbl 
pacnpeAeneH~.A no "'~ s , a a m::t6.rz. 3 AaHbl 3Ha4eH~.R yrnoebiX xapaKTe
p~cT~K A!l.R pasn~4HbiX ~HTepeanoe MHO>KecTBeHHOCT~ Nh. 

H3 Ta611~1..1~ C!leAyeT, 4TO C POCTOM CTeneH~ paClllenneH~.R .RApa
M~WeH~ pacw~p.ReTC.R yrnoeoe pacnpeAeneH~e s-4aCT~l.l. TOrAa KaK 
A!l.A g -4aCT~l.l 3Ta TeHAeHI..I~.R 3Ha4~Te!lbHO MeHee B~pa>KeHa. 
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Ta6mH~a 3 

N h: <6 7-15 > 16 >7 > 0 
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(F/ B)P ! ,2 ±0 , 2 I,I ±O, I I , C' ±C, I I , C4±0 , GG l , :L±v . ~ 

(F/ B)a 2, 0±0 ,4 !, 5±0 , 8 !, 2±0 ,2 I , 80±0 , 15 I ,4j! l; , .L4 

22f W(n), ro 
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20 

19 J I& 

17 
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16 • 
15 

0 X 
0 ~>6 

I'! • X x~~6 
• 

n X o 
12 X 

If 
ex 

10 • 
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oe 
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7t X 

1 •x 

51 
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'I 0 • 
o X X 

3 • 
2 • 0 • 

oXX )( 
• 0 •• 

~ -~ . ·- ICIIIK!.)(I I I I I I I I I I 1°t 0 tOII 

~~~~~~o~~uu~~~~u~ 

"2. 5 =-!n~e~ 

Puc. ?. PacnpeAeneHI1e no ry s =-lntg(Os / 2) All.R pa3Jli14HbiX rpynn 
co6biTI1i1 no N h. 

• 

0THoweHI1e F !B All.R npoTOHOB a 3Be3Aax c pa3Jli14HbiMI1 N h 

npaKT114eCK11 paBHO eA11HI1~e: All.R a -4aCTI1~ Ha6JltOAaeTC.R HeKOTOpa.R 
aHI130TpOni1.R BO scex rpynnax C06biTI1A. 0TMeTI1M, 4TO B yrllOBbiX 
pacnpeAeJleHI1.RX MeAJleHHbiX npOTOHOB 11 a - 4aCTI1~ He tta6JlfOAaeTC.R 
CTaTI1CTI14eCKI1 o6ecne4eHHbiX HeperyJl.RpHOCTeA. 

3HEPrETM4ECKME XAPAKTEPMCTMKM BTOPM4H~X 4ACTMU 

MMnyJlbCbl S -4aCTI1~ 113Mep.RJ111Cb MeTOAOM MHOrOKpaTHOrO pacce.R
HI1.R Ha 354 CJleAaX C yrJlaMI1 HaKJlOHa K nJlOCKOCTI1 $OTOCJ10.R AO 5 ° 
11Jll1 AO 10 ° c nocneAyf0~11M sseAeHI1eM reoMeTpl14eCKI1X nonpasoK Ha 
3TI1 orpaHI14eHI1.R. 

B AallbHei1weM npOI13BOA11llOCb pa3AeneHI1e 113MepeHHbiX s-4ac
TI1~ Ha npOTOHbl 11 ni10Hbl. 0T60p S - 4aC Tl1~ no KPI1Tepl110 g / gO < 1,4 
11CKJlf04aeT BKJlaA npOTOHOB a o6nacTb P~S 680 MaB/c. Pa3AelleHI1e 
4aCTI1~ a o6nacTI1 p~ > 680 MaB/c npoBOA11llOCb cTaTI1CTI14eCK11 
c y4eTOM cneKTpa n11oHos AO aToA rpaHI1~bl. 

Ha puc. 8 noKa3aH cneKTP P~. nyHKTI1POM HaHeceH cneKTP 
npoTOHOB 11 ni10HOB a o6nacTI1 p~ > 680 MaB/c. CpeAH11e 3Heprl111 
OKa3aJ111Cb paBHbiMI1 : 

<E 77 > = /642~50/ MaB 11 <Ep > = /2536~120/ MaB. 
PacnpeAeneHI1.R npOTOHOB 11 rr -Me30HOB no 6blcTpoTaM 
AaHbl Ha puc . 9. 

N 

l'«l 

1~0 Bee ~acmuu,bl 

1 E- p 
y = 2 1n"E:P 

()() 

nlJlHbl C pe> ~ 0,68 f3l!o/C 

npomOHbl 

,;) 

60 

'() 

zo 

f. 2. 3 . II. p~[l'31!ojt) 

Puc.B. PacnpeAeneHI1e no p~ All.R scex 113Mepi1Mb1X s-4aCTI1~ 
11 OTAellbHO - All.R npoTOHOB 11 n11oHos a o6nacTI1 p~ > 680 MaB/c. 
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1 E -p 

Puc. 9. PacnpeAe11eHI-1e no 6biCTpoTe Y = 2lnE:;:p A11fl ni-10HOB 
1-1 npOTOHOB cpeAI-1 S-4aCTI-11..1. 

dN 
dE, 

1)3 

1)1~ 

dN -l.'-1:!:0.1 
- I'VE 
dE 

" I 

l)l 
2~0--------~,00~--2~00~--~5~00--~ 

E g ,M3B 

10 

Puc.10. 3HepreTI-14eCKI-1H cneKTp 
g -4aCTI-11..1. 

I 

• 

OnpeAe11eHI-1e 3Heprl-11-1 g -4aCTI-11..1 /e npeAn011o~eHI-11-1, 4TO OHI-1 
flB11fl~TCfl npOTOHaMI-1/ npOI-13BOj:II-1110Cb 1-1111-1 no npo6ery 1-1111-1 no I-13Me
peHI-1~ OTHOCI-1Te11bHOH 1-10HI-13al..ll-11-1 g / g 0 . 3HepreTI-14eCKI-1H cneKTP 
g -4aCTI-11..1, noKa3aHHbiH Ha puc .10, MO~eT 6b1Tb annpOKCI-1MI-1pOBaH 
CTeneHHOH 3aBI-1CI-1MOCTb~ E-Y, rAe y = 1,4~0, 1. npl-1 yee111-14eHI-11-1 Nh 
Ha611~AaeTcfl HeKOTopoe CMflr4eHI-1e cneKTpa, 4TO cor11acyeTCfl 
C 1-13MeHeHI-1eM yr110BbiX xapaKTepi-1CTI-1K g -4aCTI-11..1. 

Onpej:le11eHI-1e 3Heprl-11-1 b -4a CTI-11..1 npOI-13BOAI-1110Cb no npo6ery 

c I-1Cn011b30BaHI-1eM 3aBI-1CI-1MOcTeH E = f(R PI a) . 
B nv.6.11. 4 npej:lcTaB11eHbl cpej:IHI-1e 3Ha4eHI-1fl 3Heprl-11-1 g- 1-1 b-4ac

TI-11..1 A11fl pa3111-14HbiX rpynn Nh. TaM ~e npi-1BeAeHbl 3Ha4eHI-1fl (a/ p) b· 

Mo~Ho yKa3aTb Ha HeKOTopoe yee111-14eHI-1e <E p> 1-1 <Ea > A11fl 3Be3A 
c Nh ~ 7 0 4TO , no-B1-1AI-1MOMy, o6yc110B11eHo B111-1flHI-1eM Ky110HOBcKo-
ro 6ap bepa, npl-1 yMeH bWeHI-11-1 napaMeTpa CT011KHOBeHI-1fl C Tfl~e11biMI-1 

RAPaMI-1 /np1-1 pocTe Nh I 3HepreTI-14eCKI-1e cneKTpbl b-4aCTI-11..1 He
CK011bKO paCWI-1Pfl~TCfl KaK B CTOpOHy 6011bWI-1X, TaK 1-1 B CTOpOHy 
MeHbWI-1x 3Heprl-1~ /puc .ll/. 

~ ..., 

Nh : 

<E g> , M3B 

<E P> b , M3B 

<Eu > b , M3B 

(a/ p) b 

I . ; rr ·! 

0 25 
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Ta6111-11..1a 4 

<6 7·15 ;: 16 

I22;tS IIC.:!::1 I03-t-5 

E,L;t014 I0 ,4;t0,3 8 , 7±0 , 11 

IS,4;tl 17 2315;ti 15 

0 , 44~0 1 03 0 1 4~0 1 04 

23,5;ti i:3 

0150;t0 105 

lq30 

i~· 
..p 

0 () 

so 7S 100 _E.,c
1

M3B 

·0 

II2.t::; 

~ . 7_t0 , 2 

22 , G.:t.0 , 0 

(j I '1G;t\.! , o:.: 

® 
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TOHOB /6/ B C06biTI-1flX C pa3111-14HbiM 41-1C110M Cl-111bHOI-10HI-131-1PYIOIJ11-1X 

4acTI-11..1 N h. 
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ABTOPbl Bblpa>KaiOT 6na rOAaPHOCT b KO!l!leKTI-1 By CI-1HXPO<!Ja30TpOHa 
1-1 rpynne C.H.ni060MI-1IlOBa aa noMO~b e npoeeAeHI-11-1 3Kcnepi-1MeHTa, 
a TaK>Ke na6opaHTaM, y4aCTBOBaBWI-1M B npOCMOTpe CHI-1MKOB 1-1 I-13-
MepeHI-1.RX. 
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