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77-N -B3BHMOilCl°CTBHHX npH !IMnynbCC p = 40 r36/c 

npellCTannCHJ.I pe3ynbT1lTI.I cpanHCilllfl pa3nl!'lHbiX xapaKTepi!CTHK y
Kr1Bi!TOB1 o6pa30BBHIII.JX D peaKUIHlX "-C 12 

4 )'+X 11 "-!'\ 4 y + X 
npH p = 40 r3E31c. rlpOACilCHHJ,J(J aHanH3 n03BOnHn BbiSIBHTb PHil 3MnHpH'le

CKHX 38KOHOMCpHOCTCH 38BHCIIMOCTH HHKni03HBHbiX H nonyHHKni03HBHbiX 

cneKTpOB )' -KBBIITOB OT BTOMHOI"O HOMepa S!llpa-MHWCHH, 3KcnepHMeHTBnb

Hi>le llBHHble BHBnJ13HpyiOTCSI B paMKBX p83nlf'IHLIX MOJlenei! BJlpOH-flllCpHblX 

B3BHMOil9HCTBHil. ~ 

Pa6ora BbmonlleHa B Jla6oparopHu BbiCOKHX 3Heprni! 011HI1. 
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Analysis of Inclusive Spectra of y-Quanta 
Produced in "-c 12- and "-N-lnteractions at 
40 GeV/c 

Results of comparison of different characteristics 
of y -quanta produced in the reactions "-cl2 .. y +X and 
"-N .. y + X at 40 GeV /c are presented. The analysis 
reveals some empirical laws for the dependence of the 
inclusive and semiinclusive spectra of the y-quanra on 
the A of the target nucleus. The experimental data are 
analysed in the framework of different models of hadron
nucleus interactions. 

The investigation has been performed at the Labora
tory of High Energies, JINR. 
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BeeoeHue 

B aacToRmeii pa6oTe npuse,nenbl pe3}'nbTaTbl cpasuennR 
pa3nH'IHbiX XapaKTepHCTHK y - KBaHTOB B peaKI(HJIX 

- 12 
TT + c ... 'Y + X Ill 

H 

TT-+N-+y+X 121 

npH HMnynbce 40 F3B/c. 
3KcnepHMenTanbHble ,nanuble * nonyqenbl c noMOlQbto 

ABYXMeTposoii nponauosoii ny3blpbKOBoii KaMepbl OMRH, 
o6nyqeuuoii rr- -Me3ouaMH c HMnynbCOM pc = 140,00± 
±0,241 F3B ua cepnyxoscKoM ycKoiniTene. B cooTseTcTBHH 
CO CTaH,napTHbiMH KpHTepHJIMH ,nnJI nponaHOBbiX KaMep 
I eM., uanp., I 1 I I, uaii,neHHble npu npocMoTpe co6biTHR 
KnaccH<iJHI(HpOBanHCb KaK TT-Jr-, TT-D- H rr-C ·B3aHMOAeHCTBHJI. 
HopMuposKa, npose,neunaJI ua nonuoe ceqeuue B3aHMo,neiicT
BHJi rr- -Me 3ouos c MoneKynoii nponaua, noKa3biBach, qyo 
- 12 . 

TT C -coy,napeHHJI IBKnto'laJI CTOnKHOBeHHJI Ha KBa3HCB060,n-
HbiX uyKnouax R,npa yrnepo.nal cocTasnRtoT 740/o oT scex 
co6biTHii, laperucTpuposanublx s KaMepe. B ,nanbHeiiweM 
3TO Y'IHTbiBanocb cTaTHCTH'IeCKH. K B3aHMo,neiicTBHJIM rr--

* B pa6oTe ucnonblOBaHbl ,nauubie, o6pa6on1nuble co
TPYAHH'IeCTBOM By,nanewT - ByxapecT - Bapwasa - ~y6ua -
KpaKoB - Cepnyxos - CoclluJI - TawKeHT - T6unucu - Ynau-
BaTop - Xauoii. · · · 
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Me30HOB C HYKJIOHaMH 6blJIH OTHeCeHbl77-p"H 77-n-c06blTHJI. 

Ilpone~ypa o6pa6oTKH H Bbl~eneHHS peaKUHH THna I 1/ H /2/ 
H3JIO)I(eHa a pa6oTax 12, 3/, 

IlpHBe~eHHble HH)I(e ~aHHble OCHOBaHbl Ha aHaJIH3e 10823 
HeKOrepeHTHblX * 11-C 12 • B3aHMO~eHCTBHH H 9187 HeynpyrHX 

77-N ·coy~apeHHH. qHCJia y·KBaHTOB B 3THX co6biTHJIX co

CTaBJIJIIOT COOTBeTCTBeHHO 12803 H 9948. 

MHoJICecmeeHHocmb 17° - Me3oHoe 

~ 

B ma611. 1 npe~cTaaneHbi cpe~HHe MHO)I(eCTBeHHOCTH 

11° -Me3oHoB a "-P":, 11-n-, "- N-H "-c 12 ·aJaHMo~elicTBHsx 
npH 40 F3B/cl 10~ 3Ha"leHue < n o (77-N)> onpe~ensnocb B 

COOTBeTCTBHH. C <llopMyJIOH < ~o(77-t.J>>= 1/2[ <'1o( 77 -p)> +<n
77

o(iT -n )> ], 

r~e MHO)I(HTeJib 1/2 nOJIBJISeTCJI BCJie~CTBHe O~HHaKOBOrO 
"'HCJia npOTOHOB H HeHTpOHOB B S~pe yrnepo~a. 

Ta6nHna 1 

THn B3aHMo· qHCJIO C06biTHH qHCJIO 

~eHCTBHH B 34xlJ. 06JiaCTH y "KBaHTOB <nTf'> 

77-p 6713 7331 2,52±0,03 
11-n 2474 2617 2,41±0,05 
"-ci2 10823 12803 2,91±0,04 
rrN 9187 9948 2,47±0,03 

OTHoweHHe R 
77

o cpe~HHX MHO)I(eCTBeHHOCTeil 77° -Me-

30HOB, o6pa3oBaHHbiX B 11- C 12 H "- N - B3aHMO~eilcTBHsx, 
OKa3aJIOCb paBHbiM 

( - 12) 
<n 0 11 C > 

R.,p = _.!!.._ _____ = 1,18± 0,02 
<n 

0
(77- N)> 

17 

H a npe~enax owH6oK coana~aeT c ~aHHblMH, nony"leHHblMH 

~ns 3aps)l(eHHblX nuoHoB I 4/. 

* HcKJIIO"leHbl TOJILKo KorepeHTHbie KaHaJibl "-c 124"_"_"+c~ 
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B MO~eJIH roTT4JpH~a 15/ ~JIJI OTHOWeHHJI Cpe~HHX MHQ· 

)l(eCTBeJIHOCTeH B a,llp(>H~;S,llepHl:dX H "a~pOH"HYKJIOHHblX B'JaH· 

MO~eHCTBHJIX npe,llCKa3blBaeTCJI COOTHOWeHHe 
I· 

I I -R G = 2 3 + 1, 3 · J.J + b, /3/ 

r~e V • cpe~Hee "'HCJIO BHyTpHs~epHbiX CTOJIKHOBeHHH Hane· 

TaiOIL\eH /HJIH JIH~HPYIOIL\eif/ >taCTHI{bl, b • BeJIH"'HHa nopS,llKa 

On s) -I , s - KBa~pa T nonHou·· 3Hepruu a~poH-HYKJIOHHoro 
~. ·' 

COy~apeHHJI B C.l{.M. 

B ~ayx4Ja30BblX Mo~ensx 161 ~ns 3Toro )l(e OTHoweHus 

~aeTcs Bbipa)l(eHue 

RFT=l/2+ 112·;;-. /4/ 

ECJIH HCnOJib30Ba Tli rayccoao pacnpe~eJieHHe nJIOTHOCTH 

HYKJIOHOB a s.npe yrnepo~a. ~ns cpe~Hero "'Hcna BHyTpu-

JJ~epHbiX coy~apeHHJIX B 77-C 12 -BJaHMO~eHCTBH.HX npu 
I I ' 40 F3B/c nonyqaeTC.H' 4 : -;:; = 1,53. 

IlOJXCTaBJIJIJI 3TO 3~a"leHHe B /3/ H /4/ H npeHe6pera.H 
-1 

'IJieHaMH nopH~Ka <Ins) , nonyqaeM cooTBeTCTBeHHo: R G = 
= 1,18 H RFT = 1,27. 

KaK BH~Ho, Mo~eJib KacKa~a noToKa 3Hepruul5/ Hennoxo 

COrJiacyeTCJI C ~aHHbiMH HaCTO.HIL\eH pa60Tbl *, 

HHKIIK>3U6Hbte xapaKm~pucmuKu 

Ha puc. 1 npe~cTaaneHbi HOPMHpoaaHHbie Ha Heynpyrue 

Ce'leHHJI pacnpe~eJieHHJI y • KBaHTOB no 6biCTpOTaM 

*Heo6xo~HMO OTMeTHTb, 'ITO HCnOJib30BaHHOe 3Ha'leRHe 
OTJIH'IaeTC.H OT BeJIH'IHHbl, onpe~eJI.HeMOH H3 COOTHOWeHH.H 

AanN 
J.J'= ---, r~e A - aTOMHblH HOMep H~pa·MuweHH, a N u 

anA n 

a A • Heynpyrue Ce'leHH.H a~pOH • HYKJIOHHbiX H a,llpOH • .H,llep· 
Hbh B3aHMOJXeilcTBHH. PacqeTbl npu 40 F3B no :noil 4Jop
Myne ~JI.H 11-C l2.B3aHMO~eHCTBHH ~aiOT: i7' = 1,37 H TOr~a 
cooTBeTCTB·eHHO · R G =1 ,12 H RFT=1 ,19, 'ITo TaK)I(e He npo-
THBope'IHT 3KCnepHMeHTY. ' 
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1 E + P[[ 
Y= -ln B Jia6opaTopHOH CHCTeMe KOOp,IJ,HHaT ,IJ,JIJI 

2 E- Pjj 

peaKUHH /1/ H /2/. 

1or-.--r-r~--.-.--.~~~ 

-~~e 
eo i 

.o i 
i 

·•o • 
~~wr .9 a 

•? 
i ~I! t't pc•40GeV 

tt 
• w·c1t .... r•X 

+ -N- r•X 0 11 

1 

fi }-ttttt+. -- ·~ 
II 1 
at: 

·2 0 
yfej, 

puc.1. PacnpeoeAeHUJI y· K8aHIII08 no 6brcmpomaM 8 A.C.K. 
8 peaKijUJIX /1/ U /2/ U 01/IHOWeHUe HOpMUp08QHHbiX UHK./110· 
3U8Hbrx ce'leHuu. CnAoruHaJI Kpu8a.R • npeocKa3aHue nap· 
IIIOHHOU M<>OeAu /7 I ; UJIIIPUX08a.R np.RMaJI coom8emcm8yem 
08yxrfia3080U MOOeAU /6;. 

Pacnpe.n.eneuue ,IJ,JIJI 11-N ·sJaHMo.n.eiicTBHii nonyqeuo c 

DOMOIULIO COOTHOWeHHJI 

6 
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1 da f (yh(-- --) 
11-N 11ain dy 11 -N 

1 1 da 1 da 
= -[(-- -) - + (-- --) - ], 

2 11ain dy 11 p 11ain dy 11 n 

/5/ 

/" p H 11 n • cooTBeTCTBeHHO "-·p-H 11-n ·coy.n.apeHHJI/. 

Ha 3TOM >Ke pucyuKe noKaJaHo OTHoweuue HOPMHposau

HLIX HHKJI103HBHLJX CDeKTpOB Y • KBaHTOB B 11-C 12 H r.-N -
B3aHMO,IJ,eHCTBHJIX: 

f 
R(y)= ~-cl2(y) 

f - <;>-
IT N 

(1j11ain da/dy)
17

_cl2 

0/rra in du/dy)
17

_ N 

Bu.n.Ho, 'ITO cneKTpLJ y- KBaHTOB B peaKUHJIX I 1/ H /2/ 
pa3JIH'IaiOTCJI npaKTH'IeCKH DpH BCeX 3Ha'leHHJIX y . JHa'le • 

HHe R (y) MaKCHMaJILHO B o6nacTH .v<-1, JaTeM nnaoHo 

cna.n.aeT, nepeceKaJI Roo 1 npu y::: 1 H, npo:ii.n.JI 'lepeJ MH

HHMYM B paHOHe y::: 5, CTpeMHTCJI K e,IJ,HHHUe CHH3Y. 

TaKoe DOBe,IJ,eHHe HHKJII03HBHLIX CDeKTpOB B a.n.poH

JI,Il,epHLJX BlaHMO,IJ,eHCTBHJIX HaXO,IJ,HTCJI B COrJiaCHH C npe.n.· 

CKaJaHHJIMH napTOHHOH MO,IJ,eJIH H.H.HHKOJiaeoa /7/ .Cnnow· 

HaJI KpHBaJI Ha puc. 1 npe,ll,CTaBJIJieT pac'leTLI DO 3TOH 

Mo.n.enu B o6nacTH y;:: 3. Bu.n.Ho, 'ITo 3KcnepuMeHTaJILHLie 

,IJ,aHHLJe y,IJ,OBJleTBOpHTeJILHO ODHCLJBaiOTCJI MO,IJ,eJILIO. 

B HeKOTOpLJx napTOHHLJX Mo.n.enJix /eM., uanp., /B/ I 
BBO,IJ,HTCJI DOHJITHe KpHTH'IeCKOH 6LJCTpOTLJ Ycrit , 3Ha'leHHe 

KOTOpOH onpe,IJ,eJIJieTCJI pa,IJ,HyCOM JI,Il,pa- MHWeHH ~ H BpeMe • 

4e 
HeM >KH3HH napToHa r 

0 
: Ycrit = lu--

ro 
h = c = 1 . B 3THX 

>Ke MO,IJ,eJIJIX npe,IJ,CKa3LJBaeTCJI, 'ITO OTHOWeHHe fl(y) ,IJ,OJI)I(HO 

6LITL 6onLwe e.n.HHHULJ B o6nacTH y<.Y. .
1 

H R(y)•l npu y>y .
1 

. 
· en en 

,lJ;aHHLJe HaCTOJI(Uero 3KCDepHMeHTa DOKa3LIBaiOT, 'ITO ,D;JIJI 

JI,Il,pa yrnepo.n.a y . > 4. Tor.n.a, ucnonLJYJI BLIPa*eHue ,D;JIJI erlt-
Ycrit , MO)I(HO OUeHHTL BepXHIOIO rpaHHUY BpeMeHH )I(HJHH 
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napToua T
0 

< ___ 4g 4AI/3 
- e Y cri;-= -y-.-- = 

e crlt 
0,17 .<J>M, 'ITO Ha llOpJI.D;OK 

MeHLWe xapaKTepHOrO BpeMeHH CHJILHLIX B3aHMO.D;eHCTBHH 

1 
=1,4 4>M I m "- Macca rr -MeJoua/. T = 

m" 
,. 

''lliTpHXOBaJI npJi:MaJI Ha puc. 1 COO.TBeTCTB~e.T npe.D;CKaJa· 

HHIO .D;BYXI!>aJOBOH MO.D;eJIH ~Hw6aua- Tpel!>una .6 / npH aCHMll

TOTH'IeCKHX 3HeprHJIX. CorJiaCHO 3TOH MO.D;eJIH, OTHOWeHHe 

R(y) MaKcuM'anLuo B o6nacTH MHHHMaJILHLIX JHa'leuuii 6LicT

poT H pasuo R(y)=il. B o6nacTH MaKCHMaJILHLix JHa'leuuii 

y BeJIH'IHHa R(y) CTpeMHTCR K e,D;HHHI{e CBepxy. llpH KO

He'IHLIX 3HeprHJIX MO.D;eJIL npe.D;CKaJLIBaeT CTyneH'IaTLIH Clla.D; 

OTHoweHHR R(y) B.D;OJIL npRMoii, uaueceuuoii ua puc. 1. 

113 pHCYHKa BH.D;HO, 'ITO MO.D;eJIL npH y< 0,5 He npOTHBOpe'IHT 

3KCnepHMeHTY, X,OT R CJie,D;yeT OTMeT-HTL · 60JILWHe JHa'leHHR 

3KCnepHM.eHTaJILHLIX OWH60K B 3TOM CJiy'lae. 

Heo6xo.D;MMO TaK)Ke no.D;'IepKHYTL, 'ITO npe.D;cTasneuHLie 

,D;aHHLie B 06JiaCTH Y'S 0,5 He npOTHBOpeqa T npe,D;CKaJaHHIO 

H HeKOTOpLIX .D;pyrHX MO.D;eJieH a,D;pOH- R.D;epHLIX B3aHMO.D;e'H

CTBHH /CM., uanp., /5,9//. 

0.D;HOH H3 Ba)KHLIX xapaKTepHCTHK a.D;pou- R.D;epHLIX BlaH· 

MO.D;eHCTBHH RBJIReTCR JaBHCHMOCTL HHKJI103HBHLIX ClleKTpOB 

BTOpH'IHLIX 'laCTHl{ OT a TOMHOrO HOM epa R.D;pa- MHWeHH. 

llpe,D;llOJiaraR, 'ITO OTHOWeHHe H(y} napaMeTpHJyeTCR B BH.D;e 

f (y) 
R(y) = _nA __ = A a (yl 

fnN(y) 
/6/ 

I A - aTOMHLI:ii HOMep R.D;pa/, MLI onpe.D;eJIHJIH JaBHCHMOcTL 

napaMeTpa a(y) oT 6LICTPOTLI B n.c.K. /puc. 2/. BeJIH'IHHa 

a, t<aK BH.D;HO HJ pucyuKa, yMeuLwaeTCJI npu6JIH3HTeJILHO nu

ueiiuo C pOCTOM y H B 06JiaCTH y :::_ 3,5 a ::: 0. 

8 

J. 

0.4 
pc= 40 GeV 

ol.:::: (!n Af1 
ln [C -fk.., d~:~l.-c•&J 

(ftts•l,. Cl%!f) 1IN ~3·++ 
o.2J + 
0.1 

0 

-0.1 

-3 -2 -1 0 

-+---+--
~-+--++ 

1 2. 

'i tcab 
'3 4 s & 

Puc. 2. 3a6ucu.wocmb napa.wempa a (y) 6 omHoweHuu /6/ om 
6b1Clllp0111bl y· K6QH11106 6 II.C.K. 

Ha puc. 3 npe.D;cTaaneuLI pacnpe.D;eJieHHR y-KaaHTOB 
2 

no KBa.D;paTy nonepequoro HMnynLca P.l B peaKUHRX /1/ 

H /2/. 06a pacnpe.D;eneHHR uopMHposaHLI ua ueynpyrue 

Ce'leHHR COOTBeTCTBeHHO rr-·c 12u TT- N -sJaHMO.D;eHCTBHH. Ha 

3TOM )Ke pHCYHKe npe.D;CTaBJieHO OTHOWeHHe 

f ( 2 

R!p+l= _ _.-c~~ 
f 2 
rr_N(pl) 

<1/a in 

( 1/ain 

2 } 
da/dp 1 

77
_ c 12 

2 
da/dp.L )rr_N 

~ ~ ? 
B JaBHCHMOCTH oT pJ. BH.D;HO, 'ITO "'OPMLI Pl- pacnpe.D;eneuuii 

o.D;HHaKOBbi .D;JIR peaKUHii I 1/ H /2/ H npu 3TOM 

f 12 (p 2 ) > f (p ~ ). 
rr-C ..:.. - rr-N -" 
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~-" 

• w·c•s-l•X 
o w·N - 1 +X 

pc • 40 GeV 
I 

I 

~ ~ ' ~ • 0 

'lo~ 8 ~:·- •, . 
...-116 ' 8 

' t '· " -- oe. 
-~ 0~ 

~ 1o·- $e~ ti, 

• err: 

e ~ • 

~ f .t. 't f I I I t 

•••••••• •,+·•·. H+ + 
____,..i__,__...l--.....1_----&., 1 L __ _ 

M o.1 0.2 0.3 0.4 p~ [GeV~2J 

Puc. 3. ·PacnpeoeAeHUJI y- K6aHmo6 no K6aopamy none-
pe'lH020 wwnyAbca 6 peaKflUJIX /1/ u /2/. BHU3Y noKa3dHo 
01/IHOWeHUe HOPMUp06QHHbiX UHK/1103U6HbiX Ce'leHUU 6 

77
-cl ~ 

U 11-N - 63QUMOOeUC1116UJIX. 

B HHTepsane 0 _::::pl. ::_I ,5 F3B/c · cpe,nuue JHa'leHHJI 
nonepe'IHbiX HMilYJibCOB y - I<BaHTOB B 060HX THJlaX BJaHMO-
,neii:CTBHH COBna,naJOT B npe,neJiaX OWH60I<: <p > = 
= 167±2 M3B/c H <pl.> 

11
-cit= 166±2 M3B/c. J. 11- N 

· 1IoAyUH KAI03U6Hble xapaKmepucmuKu 

B .nauuoii pa6oTe npose.neuo Tai<>J<:e cpasueuue paJJIH'IHbiX 
xapai<TepHCTHI< Y -I<BaHTOB B IlOJIYHHI<JIIOJHBHbiX peai<UHJIX 
Tuna 

10 

- c 12 ' 
77 + ... Y + n ch + •• • /7/ 

H 

11· + N .... Y + n ch + ... • /8/ 

r.D,e n
0
h - MHOllteCTBeHHOCTb 3ap.IDKeiiHbiX 'laCTHU /B 77-d 2

-

B3aBNO.D,eHCTBHJIX n ch He BI<JliD'IaeT BHJyaJibHO B.D.eHTB$HJ..tH

poBaiiHble llPOTOHW/ • 
Kai< noi<a:s.waaeT auaJIH3, $opNw cneJCJpoB y- KBaHTOB 

IJO nonuwM (p) , nonepellHWM <r J.) u npo,noJIJoH:WM (pI > HM

nyn~ocaN a n.c.JC. B pe.axUli.IIX /1/ u /2/ npai<TH<JeCKH he oT
JlB'IaJOTC.Il .D,pyr 01 ,npyra IIPH Jli06biX MHO)I(eCTBeHHOCTJIX 

3ap,a:_:lKeHHW.X 'laCTBU. . 
Ha puc. 4 npe,ncl'aaneJUti J.aBJJCBMOCTH cpe.nuux 311a'leHuii 

P ~ p II• p 1 u oosO I 0 - yron swneTa y -t<:sauTa B n.c .JC,/ 

OT MHO)KeCTBeHHOCTB nch' Xap&ICTep 3aBHCHMOCTH yJCa3aHHbiX 
seJIBt.lBH OT nch .PPB6JIB3HTem.HO O.D.HHaJCOB .D.Jl.R 060HX TBilOB 

l~ • 1fC
11-r· x 1 0.5~-:::.::: 

ow·to~-r•X 

~rc 1i1 ::i= 
~- =i; ::8: 

* :::i:-
J 1 

-o-
-..J \J 0.1 .... 
~ 

o--

\JO 
...... 

-0.1 

3 O.'S 

"'"' ~ U' 
~z -;;:.OJ' 
~ * ~ f'*= ~- .. .., 

8=::= 
\,J 

.... .... 
/1." /' 
Q,. ~0.1 

" I I I I I I t I I 

.0 2. 4 6 •9 0 2 ~ ~9 

n," n,h 

Puc. 4. 3aeucuMocmu cpeoHux xapaKmepucmuK y- K6aHmo6 
6 A. C. K. 0111 MHOJIC€C1/16eHHOCIIIU 3ap.11XeHHbiX 'lQC1/IUfl 6 noAy
UHKAI03U6HbiX peOKIIUJIX /7/ U /8/. 
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B3aHMO.ll.eHCTBHiL 06paiUaeT Ha ce6JI BHHMaHHe He3aBH· 
CHMOCTb cpe,aHHX nonepe'iHJ>IX HMnynhCOB }' •J<BaHTOB OT 
MHO)I(eCTBeHHOCTH 3apJI)I(eHHbiX 'iaCTHU. 

HaM npH.!ITHO Bbipa3HTh rny6oKyiO 6naro.aapHOCTb 3a 
none3Hbie o6cy)l(.ueHHJI H.H.HHJ<onaeay a yqacTHHKaw: co
TPYLJ.HH'iecraa no o6pa6orKe CHHMKOB c .aayxMeTpoaoii npo
nauoaou ny3hipbKoaoil KaMepbl OH.JU1. 
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