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TeMHHKOB n.n., Wax6a3SJH E.A. 

VfcnycKaHHe npOl'OHOB Ha3aA B MHOI"'OllpOl'OHHb!X 

77-C-H nC -B38HMOilel!Cl'BHliX 

PI - 12139 

C llOMOlllblO nonyMel'pOBOli nponaHOBOl! KaMepbl IICCneayel'Cll IICllyCKaHIIe 

npOl'OHOB B nC -B3aiiMOileHCl'BIIliX npH CpeAHeM IIMnynbCe HelirpoHa 

7 faB/c II ,.-c -B3aiiMOilel!Cl'BIIl!X np11 p7T_ = 4 faB/c B co6hll'Hl!X C llBYMll 

H 6onee nporoHaMII. VIHBapllaHrHoe ll11¢¢epeHullanhHoe ceqeHIIe 3aBHCIIl' 

3KCllOHeHUHanbHO Ol' MHHIIManbHOli MaCChi MllllleHII, Ha KOl'OpOH B03MOlKHO 

pOlKAeHIIe npol'OHa C llCtHHbiM HMnynbCOM. OapaMel'p HaKnOHa 3KCllOHeHl'bl 

He 38BIICIIl' or copra HaneraiOmel! qacrHUhi 11 q11cna nporoHOB B co6hil'IIH. 

Pa6ora BbmonHeHa B fla6oparop1111 Bb!COKHX aHeprHH Ol1SU1. 

Coo611leHHe 06bellHHeHHOI"'O HHCl'Hl'yl'a l!AepHblX HCCneACBaHHlio ily6Ha 1979 

Temnikov P.P., Shakhbazian B.A. PI - 12139 
Backward Proton Emission in Multi proton ,.- C- and 

,.c- Interactions 

The emission of two and more protons in nC interactions 
at 7 GeV/c average neutron momentum and in 77-C interactions at 
P ,- = 4 GeV/c have been investigated. The invariant differential 
cross section decrease exponentially with the increase of the 
minimum target mass, on which the production of a proton with 
a given momentum is possible. The slope >parameter of the expo
nent does not depend on the nature of an incident particle and 
on the number of secondary protons. 

The investigation has been performed at the Laboratory 

of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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HacTOJI~aJI pa6oTa nocBJI~eua HJyqeumo po~eHHJI npo
TOHOB, BbiJieTaiOII.\HX B 3a)J.HIOIO nonyc$epy B peaKUHJIX 

n+C--> mp + ... , m ::>_2, 

TT-+c -->mp+ ... , m~2, 

< P > = 7 T3B/c; n 

P
77 

= 4 T3B/c. 

/1/ 

/2/ 

TaKue npoueccbl npe.ncTaBnJIJOT BHTepec c ToqKu JpeuuJI 
BbiJICHeHBJI npupo.nbl KyMynJITBBHoro po)l(.neuuJI qacTHU I 11 . 
~nJI o6oJICHeHBJI 3Toro JIBneHBJI cy~eCTByeT 6onLwoeKonu
qecTBO TeopeTuqecKBX Mo.neneii, B KOTopblx .nenaroTcJI caMble 
pa3Hoo6pa3Hble npe.u.nono)l(eHBJI o ponu JI)J.pa. Ha6nro.neuue 
cpa3y HeCKOJILKBX npOTOHOB, 6e3yCJIOBHO, yaenuquBaeT KOJIB
qecTBO BH$OpMaUBB 0 npouecce B .naeT 6onee nOJIHYJOKapTHHy 
JIBJICHBJI. Cy~eCTByeT acero HeCKOJILKO pa6oT /2-5/' B KOTO
pbiX HJyqanucL KYMYJIJITBBHble npoTOHbl B MHoronpoTOHHbiX 
co6biTBJIX. Hawu npe.nBapuTeJILHble pelynLTaTbl no peaKUBJIM 
/1/ B /2/ ony6JIBKOBaHbl B/6/. 

~aHHble 6biJIB nonyqeubl npu o6nyqeuau nonyMeTpoBoii 
nponauoBoii KaMepbl JIB3 OHJIH nyqKaMB ueiiTpOHOB co cpe.n
HBM BMnynLcoM 7 T3B/c B .u.ucnepcueii 2,84 T3B/c HTT- -Me
lOHOB c BMnynLcoM 4 T3B/c. B KaMepe perucTpupoBaJIBCL 
npoTOHbl B BHTepBane BMnynLCOB oT 150 M3B/c .no 1 T3B/c. 
0KOJIO 90~ BCeX npOTOHOB OCTaHaBJIBBaJIBCL B KaMepe, B BX 
BMnynLc onpe.nenJIJICJI no npo6ery B nponaue. HeocTaHaB
JIBBaromuecJI qacTBUbl B)J.eHTB$BUBPOBanBCI> no BOHB3aUBB, 
B BX "uMnyJILCbl onpe)J.eJIJIJIBCL no KpBBB3He TpeKOB B Mar
HBTHOM none. H.neHTB$BKaUBJI npoTOHOB c BMnynLcOM OT 
0,750 .no 1 T3B/c 6blna B03MO)I(Ha JIIIWL B oT.nenLHbiX 
CJiyqaJIX, n03TOMy )J.JIJI TaKBX npOTOHOB HaWB pe3yJILTaTbl 
cne.u.yeT cquTaTL nuwL HIDKHeii rpauuueii. ~eiiTOHbl u 6onee 
TJI)I(eJible qacTBUbl He MOrJIB 6biTL OT)J.eJJeHbl OT DpOTOHOB 
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ITO HOHB3aUHH. ,IJ,nH OUeHKH npHMeeH ,IJ,eHTOHOB MO:>KHO BOe

ITOllL30BaTLeH pe3ynLTaTaMB pa60TLI 17 I, r.n.e npHBe,IJ,eHLI 

BLIXO,IJ,Ll npOTOHOB B ,IJ,eHTOHOB ITO.IJ. yrnaMB 180° llpB B3aBMO

,IJ,eHeTBBB npoTOHOB e BMnynLeoM 8,6 F3B/c e H.IJ.paMH 
yrnepo.n.a. W3BeeTHO, qTo BLIXO.D.LI KyMynHTHBHLIX npoToHoB 

ena6o 3aBHeHT oT yrna B 3a,IJ,He8: nonye~epe, no3TOMY .n.nH 

OUeHKB MO:>KHO equTaTL, qTo OTHOWeHHe BLIXO,IJ,OB ,IJ,eHTOHOB 

H npOTOHOB He 3aBHeBT OT yrna. Bee oeTaHaBnBBaiOIUBeCH 

TpeKB eqHTanBeL npOTOHaMH, ll03TOMY ,IJ,eHTOHaM npHITBeLI

BanaeL KHHeTuqeeKaH 3HepruH, npuMepHo B nonTopa pa3a 

MeHLWaH, qeM BX HeTHHHaH KHHeTBqeeKaH 3HeprHH. llpe.n.no

naraH 3KeiTOHeHUBanLHY10 3aBHeHMOeTL BLIXO,IJ,a . npOTOHOB 

B ,IJ,eHTOHOB OT HX KHHeTHqeeKOH 3HeprHH, nonyqHM, qTo 

OTHOWeHBe quena ,IJ,eHTOHOB K queny npOTOHOB e KHHeTHqec

KOH 3HeprueH: T npHMepHo paBHO 0,024 exp (- T/2 T0 ). r.n.e 

To "" 35-740 M3B. llpu T "' 50-760 M3B npuMeeL .n.eH:ToHOB 

He npeBLIWaeT 1~. 0qeBH,IJ,HO, qTQ 3Ta OUeHKa ,IJ,On:>KHa yMeHL

WaTLeH e poeTOM quena Ha6nro.n.aeMLIX npOTOHOB. 

H3- 3a TPY.IJ.HOeTeH: u.n.eHTB~HKauuu TpeKoB, H.D.YIUHX no.n. 
ManLIMH yrnaMH K BepTHKanH, MLI HeKnroqHnH H3 eTaTHeTHKH 

qaeTHULI, ,IJ,nH KOTOpLIX rny6HHHLIH yron Y.D.OBneTBOpHn He

paBeHeTBY tg 2a > 8 = tg2a
0 

Bene.n.eTBHe 3Toro npoToHaM, 

BLineTaiOIUHM ITO,IJ, yrnOM e. npHnHeLIBaJieH Bee 

w(cosO) ~ { 

1 I cos e 1 ~ o,5 . 

rr/2arcsin(lsina
0

/sine!). Jcosej<0,5. 

KpoMe 3Toro, 6LinH BBe.n.eHLI nonpaBKH Ha noTepu npoTOHOB 

B HH:>KHeH ITOllOBHHe KaMepLI H3- 3a yeJIOBHH OeBell.\eHHOeTH. 

XopOWO H3BeeTHO, qTO HHKll103HBHOe HHBapHaHTJIOe .D.H~
~epeHUHanLHOe eeqeHHe .n.nH npoTOHOB B 3a,IJ,He8: nonye~epe 
XOpOWO OITHeLIBaeTeH 3KeiTOHeHUHanLHOH 3aBHeHMOeTL10 OT 

KHHeTuqeeKOH 3Hepruu A exp(-T/To ) .n.nH T > 100 M3B. 3To 

enpaBe,IJ,nBBO H ,IJ,llH peaKUHH e BLI6HBaHHeM .IJ.BYX B 6onee 

npoTOHOB B 3a.IJ.H1010 nonye~epy I 4/, Ha puc. 1 H 2 npuBe.n.eHLI 

Hawu .n.aHHLie .n.nH peaKUHH 1 B 2. BB.IJ.HO, qTo Me.n.neHHLie 

/T~O M3B/ u 6LieTpLie /T>100 M3B/ npoTOHLI HMeiOT 
3KeiTOHeHUHanLHOe paenpe,IJ,eneHHe e pa3HLIMH HaKllOHaMH, 
qTo paHee Ha6nro.n.anoeL B pa6oTax Fs ,8l. B pa6oTe 18/, r.n.e 

H3yqanaeL ~parMeHTaUBH .n.eH:TOHOB e HMnynLeoM 3,3 F3B/c, 

4 

n+c-mp+ ... 

~ 
d) 
e) 

0.1 

m~2 
m=2 
m=3 
m=LI 
m~s 

0.2 

<.Pn>=7 F3B/c 

1 

-t-

I 

Q3 T/F3B/ 

Puc. 1. lfHeapuaHmHoe ce~eHue KaK ¢YHK~UR KUHemu~ecKou 
3Hepzuu npomoHa c cosep <0 OAR peaKijUU /1/. 
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fr 
C\l" 
~ 
r') 

~ 
10 
:.: 

~ 1r+ c -mp+... m~2. 

bi-b 
u ,. -t . C( • 

<l • 

P,r: Lj T3B/c 

a) m ~2. 
b) m=2 
c) m=3 
d) m~q 

1 

103 

10' 

0.1 0.2. 

Puc. 2. To JICe, 'iiiiO u Ha puc. 1, iM.R peaKfiUU /2/. 
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Hafinro~anOCb cy~eCTBeHHOe OTKnOHeHHe OT 3KCnOHeHUHanb

HOrO noBe~eHHJI npH KHHeTHqecKOH 3HeprHH npOTOHOB B CHC
TeMe noKoJI ~eB:ToHa B HHTepBane oT 50 ~o 100 M3B. B Hawux 

~aHHbiX, nonyqeHHbiX npH cy~eCTBeHHO 60nbWHX 3HeprHJIX 

H 6onee TJI)I(enoM JI~pe, ~nJI o6eux peaKUHH oTqeTnHBO Ha6nw
~aeTcJI Ta )l(e oco6eHHOCTb. Ha puc. 3- 6npHBe~eHbl HHBapuaHT

Hble ~H!WiepeHUHanbHble ceqeHHJI ~nJI BblneTa npOTOHOB B Tpex 

yrnOBbiX ~Hana30HaX no COSO: -1-'- -2/3; -2/3 -'--1/3; -1/3-7- 0 . 
OTMeqeHHaJI Bblwe oco6eHHOCTb ropa3~o MeHee JaMeTHa ~nJI 
npOTOHOB C cosO B HHTepBane -1-7--2/3,Tor~aKaKB/S/HMeHHO 
B 3TOM yrnOBOM ~Hana30He OTKnOHeHHe OT 3KCnOHeHTbl 

HaH60nee CHnbHO. Ha pUC. 7-9 npHBe~eHbl HHBapHaHTHble 

~u!WiepeHUHanLHble ceqeHHJI ~nJI co6biTHH, r~e B Ja~HIDID 
nonyctl>epy BblneTaeT cpa3y HecKonLKO npoTOHOB. B co6biTHJIX 

C ~BYMJI KyMynJITHBHbiMH npOTOHaMH OTKnOHeHHe OT 3KCno
HeHTbl npu T = 50-7-100 M3B no-npe)I(HeMy qeTKO BH~Ho, 

B TO BpeMJI KaK ~nJI C06biTHH C TpeMJI H 6onee npOTOHaMH 

B 3a~HeH nonycti>epe ceqeHHJI HMeiDT npOCTOH 3KCnOHeHUHanb
HbiH BH~. IJoqTa ~nJI Bcex pacnpe~eneHHH Ha puc. 1-9 npu 

no~rOHKe c noMO~biD 3KcnoHeHTbl A exp (- BT) B HHTepBane 

no T oT 30 ~o 300 M3B nonyqaeTcJI cnuwKoM 6onLwoe 

3HaqeHHe X2, n03TOMY Mbl He npHBO~HM 3HaqeHHH napaMeTpOB. 
OTMeTHM TonLKO, qTo napaMeTp B JaBHCHT cKopee OT non

Horo qacna npoTOHOB B co6biTHH, qeM oT KonuqecTBa npoTo

HOB, BblneTaiD~HX B 3a~HIDID nonycti>epy. IJpaqeM, ~nJI peaKUHH 

/2/ OH 3HaqHMO MeHbWe, qeM ~nJI peaKUHH /1/. 
B JneKTpOHHbiX 3KcnepuMeHTax no KyMynJITHBHOMY po)l(

~eHHID, r~e ~eTeKTHpyiDTCJI qacTHUbl, BblneTaiDI.UHe B oqeHb 

Y3KOM yrnOBOM HHTepBane, 6blnO nonyqeHO, qTo HHBapHaHT

HOe ~H!WiepeHUHanbHOe ceqeHHe XOpOWO onHCbiBaeTCJI 3KCno~ 
HeHTOH no T c napaMeTpoM B, JaBHCJII.UHM oT yrna BblneTa 

qacTHU. B KaMepHbiX 3KcnepHMeHTax TPY~Ho nonyqaTb ~ml 

yJKoro yrnoBoro ~uanaJoHa peJynLTaTbl c xopoweB: cTaTuc
THKoB:, n03TOMY, B03MO)I(HO, 3TH OTMeqeHHble BbiWe OC06eH

HOCTH CBJI3aHbl He C ~HHaMHKOH, a C HHTerpHpOBaHHeM no 

WHPOKOMY yrnoBoMy ~uanaJoHy. 
B pa6oTe 191 6blno BbiCKa3aHo npe~nono)l(eHHe, qTo HH

aapuaHTHoe ~H!WiepeHUHanbHOe ceqeHHe ~nJI KyMynJITHBHbiX 
qaCTHU 3aBHCHT TOnbKO OT nepeMeHHOH, HMeiO~eH CMbiCn 
MHHHManbHO B03MO)I(HOH MaCChi, Ha KOTOpOH B03MO)I(H0 pO)I(

~eHHe qacTHUbl c HMnynLcoM p. ,ll;iiJI peaKUHH a+ A .. c + X 
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n+C --mp+. .. "-Pn>=7 F3B/c 

• 
• • • 

+ 

+~, 
+ 

a) m>,2 
b) m=2 
C) m=3 
d) m=~ 
e) m~5 

0.1 0.2 T /F3B/ 
Puc. 3. ToJKe, 'liiiO u Hapuc. 1, OA.R -l::;cosOP<-213. 

•• 
• 

n+ C--mp+... <Pn>=7 T3B/c 

a) m ~2 
bl m =2 
Cl m =3 
d) m =4 
e) m~s 

a))( m'~ 
.l 

T 

0.2. T /F3B/ 
Puc. 4. To JKe, 'liiiO u Ha puc. 1, OA.R -2/3~cosOP <-113. 
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+ 

n+C -ffip+... <.Pn>=7 F3B/c 

a) m~2 

~ 
m=2 
m=-3 
m="' 

e) m~s 

0.1 0. 2. T /F3B/ 
Puc. 5. ToJICe, 'IIIlO u Hapuc. 1, OIIJi -1/3~cos0p<O. 

I 

J 
. J 

-t 
+-t 

t 

~-·c-mp+ ... m~z 
o) - i ~ cos 8p<- 2/3 
b) -2/3~ cosBp<-1/3 
c)-f/3~ cos8p< o 

I I 

0.1 0.2 T /F3B/ 

Puc. 6 
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fr 
C\l 

n+C-mp+f.p+ ... (Pn>=7 F3B/c 

a) t~ 0 } 
b) t~ 1 m=2 
c) t~z 
d) t~o }m=3 
e) t~ i 

t 

T /T3B/ 

0. i 0.2 Puc. 7 

f 

( 

12 

~ u 
C\l" 
IQ:I 

~ + (') ~+ 
lo ++ 
:.: 

~ 10, ..... 
-o '0 

.... 

+ + 

n+C ---ep+mp+ ... <Pn>=1 T3B/c 

0.1 

a) ~~3 I m~o 
b) e~3, m~1 
C) e= 3 I m=O 

Puc. 8 

"t"' 

0.2 T /F3B/ 
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fr 
" C\, 

·~ C') 

r... 
~ 
:.: 

~ 
1011-, "'0 

101 

14 

t+ 
+ 

+tt 

0.1 

rr-+C- ep- +. .. Prc=4 T3B/c 

a) e =2 
b) e~3 

Puc. 9 ~ 
I 

BMpa*eHHe ~ng 3TOH rrepeMeHHOH MO*HO 3allHCaTb B pens
THBHCTCKH-HHBapHaHTHOM BH~e: 

2 
M 2-(p -p ) rnA ·-----a c ___ _ 

2 rnp 
Q= 

(p -p ).pA 
a c 

_ M rnA 
M= rn min 

X 
-m p 

r~e pi - qeTMpexaeKTOp 3HeprHH-HMITYilbCa qaCTHUM i , 
rn P- Macca rrpoToHa, a rn~in - MHHHManbHas cyMMa Mace 

qaCTHU, KOTOpMe MOryT COllpOBO*~aTb qaCTHUY C .. fipH 

[p \»\p \ rrepeMeHHas Q .. (Ec-P cosec)/rn. a c c p 

Ha puc. 10 H 11 rrpuae~eHM 3aBHCHMOCTH aenuqHHhl 

E dQ d2 f- -- ___ Q__dp oT Q ~ns peaKUHH I 1/ H /2/ rrpH pa3HhlX 
p2 d cose dcos@dp 

MHO*eCTBeHHOCTHX rrpoTOHOB. Pe3ynbTaThl rro~roHKH 3THx 
pacrrpe~eneHHH c rroMOI.QbiO 3KcrroHeHThl A exp (-· BQ) rrpuae
~eHbl a ma611Ut#e. BH~Ho, qTo ~aHHble xopowo orrHcblBaiOTCH 

Ta6Aut~a J.Pe3ynbTaTbl rro~roHKH J ~ _g_g__ ..J!..J:_ KpHBOH 
p2 d cose dQ dp 

Ae -BQ a HHTepaane ~Q. 

rn 6Q. B 
y..-ztnr_wJio cTeneneii 

coo6o,nH 

~2 I.2+2,5 10,8±0,2 47,9/40 
: 

+ 2 1,22+2,42 II,1±0,4 14;4/14 
~ 
£ 3 1,22+2,5 10,3j:0,4 13,9/17 
T 4 1,22+2,0 10,0±0,5 23,4/14 

c;..l 

+ 
~5 1,22+2,0 9,8+0,7 4,8/9 c 

•2 1,13+2,5 10,1,±0,4 32,6/29 

; 2 1,14+2,5 9,8±.0,6 II/10 
+ 
~ 3 1,14+2,5 9,8±.0,8 18/IO 
E 
T 4 I, I'r+2 ,0 9,8±.0,9 6,1/7 

C.J ,• ~4 1,15+2,0 10,5±.0,8 10,6/8 
II; 

t5 
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o~aou 3KcnoaeHTOB c napaMeTpoM B, ae 3asucxmuM B npe
~enax owu6oK OT qucna npoTOHOB B co6LITHH u copTa aa
neTaromeu qacTu.u;LI. 

AsTopaM npuxTHO no6naro~apHTL npo~eccopa A.M.Ean
~Ha H B.C.CTaBHHCKOrO 3a none3HLie o6cy:>K~eHHX H BHH" 
Maaue K pa6oTe. 
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