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B HaCTOfl~ee BpeMfl sonpoc o ponM cnMHOBWX 3$$eKTOB B npo4 ec 
cax pacceflHMfl 4aCTM4 BWCOKM X 3HeprMA He flBDfleTCfl OKOH4aTenbHO 
BWflCHeHHWM. Cy~eCTBY~~Me MOAenM Mcnonb3Y~T pa3DM4HWe npeAno
nomeHMfl O xapaKTepe noBeAeHMfl cnMHOBWX aMnnMTYA· 8 PRAe pa-
6oT 111 MCnOnbayeTCfl npeAnonomeHMe o ~OM, 4TO OTHOWeHMe aM nnM
TYA c nepesopoTOM cnMHa • aMnnMTYAe 6ea nepesopoTa cnMHa cTpe
MMTCfl K HeKOTOpOMY nOCTOflHHOMY npeAeny npM s ➔"" • TaKO~I me Bbl
BOA AenaeTCfl B ~ ~ rAe ADfl onpeAeneHMfl aMnnMTYA C nepesopoTOM 
CnMHa MCnonbayeTCfl rMnOTe3a O HaDM4MM CnMHOBblX TOKOB BHYTPM 
aAPOHa ~ ~ B ·~ ' npeAnonaraeTcR, 4TO BKnaA aMnnMTYA c nepesopo
TOM cnMHa B o6naCTM 6onbWMX nepeAa4 MMnynbca BWMMpa eT norapM$
MM4eCKM C pOCTOM 3He prMM M onpeAenfleT noBeAeHMe AM$$epeH4M an b
HWX ce4eHMA aa BTOpWM AM$paK4MOHHWM MaKCMMYMOM. TaKMM o6pa30M , 
aBTOpbl o6bflCHfl~T OTCyTCTBMe BTOporo AM$paK4MOHHOro MMHMMyMa 
npM BblCOKMX 3HeprMRX M nepeAa4ax I t I > 3 /r3B/c/ 2. B MOAenR x t, i 

cy~eCTBeHHWM flBnfleTCfl TpeGosaHMe O G~cTpOM BWMMpa HMM cnMHOBW X 
3$$eKTOB c pOCTOM 3HeprMM, MB o6naCTM csepXBWCOKMX 3HeprMA 
onpeAenfl~~MA BKDaA B AM$$epeH4MaDbHWe Ce4eHMfl pacceflHMfl Ha 
Manwe yrnw Aa~T aMnnMTYAW 6ea nepesopoTa cnMHa. noA4epKHeM , 
4TO B 6onbWMHCTBe OTMe4eH HWX swwe MOAeneA MCnonbayeTCfl 3AKo
HanbHOe npeACTasneHMe ADfl aMnnMTYAW pacceflHMfl M~ 

B HaCTOfl~eA pa6oTe MCCneAOBaHMe 3HepreTM4eCKOA 3aBMCMMOCTM 
aMnnMTYA C nepesopOTOM cnMHa npoBeAeHO B paMKax KBa3MnOTeH-
4ManbHOr 9 noAXOAa noryHosa-TasxenMA3e

17 1
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nReTcR rMnoTeaa o cy~eCTBOBaHMM rnaAKOro noKanbHoro KBa3Mno
TeH4Mana C KOHe4HWM paAMYCOM B3aMMOAeACTBMfl, nepeAa~~ero see 
csoAcTBa npo4ecca pacceRHMfl npM swcoKMX 3HeprMRXm ~ rMnoTeaa 
0 rnaAKOCTM npMBOAMT K 3AKOHanbHOMY xapaKTepy pacceRHMfl 4aCTM4 
npM BblCOKMX 3HeprMflX M orpaHM4eHHblX nepeAa4ax MMnynbca 19 1• OT
MeTMM, 4TO cnpaBeADMBOCTb 3AKOHanbHOro npeACTaBneHMfl ADfl rnas
HWX norapM$MM4eCKMX 4neHOB aMnnMTYAW BWCOK03HepreTM4eCKoro 
pacceRHMfl Ha Manwe yrnw 6wna AOKaaaHa s paMKax KBaHTosoA Teo
PMM nonR 110 ~ rMnOTeaa O cnpaBeADMBOCTM 3AKOHanbHOro npeACTaBne
HMfl aMnnMTYAW ynpyroro pacceRHMfl aAPOHOB Ha Manwe yrnw noaso
nReT npaBMDbHO nepeAaTb oco6eHHOCTM npo4eccos pacceRHMfl aApo
HOB Ha Manwe yrnb1. HMme, Mcnonb3yfl nony4eHHOe npeACTasneHMe 
ADfl aM,nnMTYAbl pacceRHMfl 4aCTM4 npOM3BODbHoro cnMHa M orpaHM4e
HMfl Ha pocT KBa3MnOTeH4Mana, BWTeKa~~Me M3 Tpe6osaHMfl 06 3AKo
HanbHOM xapaKTepe pacceflHMfl 4aCTM4 BWCOKMX 3HeprMA Ha Manwe 
yrnbl, noKameM, 4TO cnMHOBWe 3$$eKTW AOnmHW 6wcTpo BWMMpaTb 
C poCTOM 3HeprMM. 
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PaCCMOTPl1M npo4ecc pacceRHl1R ABYX 4aCTl1l1 co Cnl1HOM B paM
Kax KBa311noTeH411anbHOro nOAXOAa. YpasHeH11e AnR aMnnl1TYAbl pac
CeRHl1R 3an11weM B o6~eM B11Ae: 

h ➔ 

T(s,p.k)= V(s,p,k)+ f d3q V(s,p,q) _A( s,qL__ T(s,q,k), /1/ 
--·~, --..--• E 

2
(q)-E

2
-iO 

rAe E(q) ,;,v'mi+q2+vm:r+q2.; E=yS~ E(p)= E(k) - nonHaR 3Hepnrn 
s c11cTeMe 1.1eHTpa Mhacc ;➔ m1 11 m2 - _Maccb1 nepsoii 11 BTopoii 4acT114 
COOTBeTCTBeHHO; A(s,q) - HeKOTOpaR MaTp111.1a, ¢opMa 11 paHr 
KOTOpOH 3as11CRT OT cn11Ha B3al1MOAeHCTByID~l1X 4acT114. 

Hcnonb3YR MeTOA, pa3811TW~ s 1111, MOmHO noKa3aTb, 4TO AnR 
KBa311noTeH411ana, 3aAaHHoro npeACTaane~11eM 

➔ ➔ 

...... ➔ =+ oo ..... ➔ p + k ➔ ➔ 2 
V(s,p,k)=g(s) f dxp(s,x, f · = -)exp(-x(p-k) ), 

o 2 
/2/ 

cnpaseAn11so cneAYIO~ee swpameH11e AnR rnasHoro ac11MnToT114ecKoro 
4neHa aMnn11TYAW pacceRHl1R Ha Manwe yrnw: 

T(s,p,k) = i T n+l (s,p;ic); 
n=O . 

,._ ,., ➔ ➔ 

T 1 = V(s,p,k ); 

T n+t(s,p,k) = [g(s)]n+l 
(Sp) n 

t A f dx 1 ••• dx n+l exp 1---1 p (s,x 1 • 
n+l 1 ~---
i=l Xi 

xA(s, t) .... A(s.l);(s,xn+l, f)J(xl' •.. ,xn+l ); 

3 3 ➔ ➔ 

J(x1,···,x 1 )= f d ~1 .. ,d ~n -cij~i~j 
n+ n --e 

_II (~z- -iO) 
1=1 I 

➔ ➔ n+l ➔ ➔ 2 
C'..~i~j = !, Xj(~i-~i-1) 

IJ i = 1 

➔ ➔ 

~o=~n+1= 0 • 

f)x 

/3/ 

BW411CnRR B /3/ 11HTerpanw, nony411M, 4TO rnaBHWH 4neH aMnnl1TYAW 
pacceRHl1R Ha Manble yrnw MomeT UWTb npeACTaBneH B B11Ae 

➔➔ 

h• 1 i n 2 i~p 00 

Tn+l (s,t)= -(-) f d p e f dz 1 ••. dz
0
+1 0(z 1 -z 2 )x 

. (2id3 
Sp -00 /4/ 

. h £A lh Ph ( 
,x0(z 2-z3 ) ••• 0(z

0
-z

0
+l )V(p,z1, )A(s, )V(p,z 2 ,-)A(s, )x 

~ •... A(s, l )V(p, zn+l, f. ), . 

2 

I 

'· I f\ ~ 

rAe V ( p' z i' r ). :- ¢ypbe-o6pa3 ~Ba311noTeHL111ana /2/: 
h .,, 00 3/2A ➔ 1 
V(p ,z, r ),= g(s) f dx(.!r..) p (s,x; f) exp{ - -(p2 +.z2 ) I. 

0. X . 4X . • 

Bocnonb30BaBUJl1Cb npeACTasneH11eM /4/, ·HaHAeM aMnnHTYAW pacceR.-
.. . - . ,· 

H11R HeKOTOPWX KOHKpeTHWX npo4eccos. 
B cny4ae MeaoH-HyKnOHHoro pacceRHl1R sw6epeM KBa311noTeH1.111an 

s Ha116onee o6~eM B11Ae. HcxoAH _113 CTaHAaPTHoro. npeACTasneH11H 
aMnn11TYAbl pacceRHl1R: 

A A q1+q2 
T (s,t)= A(s,t)+ B(s,t)Q · Q = -- , 

MN 2 

rAe qt 11 q2 - 11MnynbCbl Me3OHos· B Ha4anbHOM 11 KOHe4HOM COCTOR

Hl111, nony4aeM AnR KBa311noTeH1.111ana s 06nacT11 s ➔ oo , t ¢11Kc11-
posaHo, awpameH11e , 

A ➔➔ ➔ ➔,-. ➔ 

V (s,r, f)= a(s,r)+ b(s,r)n(- e ), 
MN 

/5/ 

rAe n(P)=Yo -yf/lfl, • 0. A •• 

noACTaBnRR /5/ B /4/ 11 11cnonb3YR RBHblH Bl1A MaTPl1l.lbl A 1111 ' 

nony411M cneAYIO~ee 3HKOHanbHOe npeACTasneH11e AnR cn11panbHblX 
aMnn11TYA BblCOKO3HepreTl14eCKOro Me3oH-HyKnOHHoro pacceRHl1R Ha 
Manb1e yrnb1: 

MN . ip 2 iAp • X 0 (s,p)] 
M++ (s,t) = -- f d p e [ 1-e ; 

2113 

MN . . A➔➔ ➔ 
M _(s,t)=-.i.A-fd2 e1np ( ➔) X0 (s,p) 

+ S 11 3 P X 1 S,p e 

➔ 2 
t= -~ • 

3AeCb; 

·, ➔ i 00 . ...,. • 

x (s,p)=- ( dzb(s,r), 
0 .. -P-oo z 

, • 00 i ➔ 

' • - 2- ( b(s,r)dz - -fb(s,r)dz 
➔ i 00 

➔ 1 [ P P-00 J X (s,p)= - ( dz a(s,r)• - e z + e • 
1 P-oo 2. 

/6/ 

B cny4ae pacceRHl1R npoTOHa Ha npoTOHe BWAen11M 113 l1HBap11aHTHWX 
aMnnl1TYA 4aCTb, OTBe4alOWYIO rnaBHOMY ac11MnTOTl14eCKOMY 4neHy, 
He COAepma~ylO nceBAOBeKTOPHWX 11 nceBAOCKanRpHWX o6MeHOB B t -
KaHane. TorAa KBa311noTeH411an MomeT 6b1Tb 3an11caH s B11Ae., aHano
rH4HOM /5/: 

V pp(s; r .f) = A(s, r) + B(s ,r)(; 1<-l )+ ~2< f )) + D(s,t)ni(-l) n2(f ), 

3 



A 

3AeCb MaTpl-14bl n 1 1-1 n2 CBR3aHbl C nepBblM 1-1 BTOPblM HYK11OHOM co-
OTBeTCTBeHHO. 

8 peayllbTaTe, HeC11OlKHblX, HO rpoMO3AKl-1X Bbl41-1C11eHl-1H MoryT 
6b1Tb no11y1.1eHbl c11eAYIOIJ.ll-1e Bblpa>KeHl-1R A11R cn1-1pa11bHblX aMn111-1TYA 
npoToH-npOTOHHoro pacceRHl-1R * Ha Mallble yrnbl npl-1 Bb1COKl-1X 3Hep
rl-1RX: 

·Mpp ( PP i 2 ii ... 2i(D(s,r)dz 
++ ,++ s,t)= M+-·+-, (s,t)"' _

3 
,( d Pe P(1- e -oo ) 

' 1T ' 

PP PP · ' A2 . ➔ ... 
M (st)x-M ( ) 1 il 2 1t-..p ++,-·-, ' +-,,-+ S,t = --"a'-' rd p-e X 

16 77 p 2 

Z ' . 00 

oo 1 2i(D(s,t)dz 2i( D(s,r)dz 
xi ( dzA(sl)-4-,(2+ e -oo + e z )+ 

-oo 2 

z 
oo z 2i(D(s,z")dz" 

+ 2i f dz B(s,z) ( dz'B(s,z') e z' I, 
-00 -00 

PP 1 t,,. 2 i ~ p 00 ➔ M (s,t) = _,_, ( d p e ( dzB(s,r)x 
++,+-, (21rf P -oo 

z 
. 1 2i f .D (s,r)dz 

X -,(e _,., 
. 2 

2irD(s,r)dz 
+ e z ). 

171 

OTMeTl-1M, 4TO 3HKOHa11bHble · npeACTaB11eHl-1R A11R aMn1111TYA Me3oH
HYK11OHHOro 1-1 HYK11OH-HYK11OHHOro pacceRHl-1R /6/, /7 / cnpaBeA111-1Bbl 
TOllbKO B c11y4ae BblnO11HeHl-1R onpeAelleHHblX orpaH1-14eHl-1H Ha xapaK
Tep 3HepreT1-11.1ecKoH aae1-1c1-1MocT1-1 Keaa1-1noTeH41-1a11a V. 3T1-1 orpaH1-1-
1.1eH1-1R npo111e 1-1cc11eAOBaTb Ha OCHOBe KBaa1-1noTeH41-1aS1bHOro ypaBHe
Hl-1R AllR B011HOBOH ~YHK41-11-1 4aCTl-14 co cn1-1HOM,3KBl-1Ba11eHTHOro ypae
HeHl-1IO /1/: 

<E
2

(-i v>-E
2
>ipcr>= ic-iv )V(E;r)'Pp(r). 181 

,. ~. 
BXOARIJ.ll-1e· B ypaBHeH1-1e Be111-141-1Hbl onpeAelleHbl BblWe, 

* 3AeCb HaM1-1 1-1cnOS1b3OBaHo ypaBHeH1-1e AllR aMn111-1TYAbl HYK11OH
HYK11OHHOro pacceRHl-1R, no11y4eHHOe B /l2/, 

4 

'1 

l 
1~ 
\l 
l 
(i' 

i~ 
I 

' 

3HKOHa11bHOMY xapaKTepy pacceRHl-1R aAPOHOB Bblco1<1-1x 3HeprnH 
Ha Mallble. yrllbl COOTBeTCTByeT pewe·H11e ·ypaBHeHl-1R /8/ B Bl-1Ae. c11a-
60 l-1CKa>KeHHOH n11ocKOH. 8O11Hbl /13/: 

tj, (➔)- ipz FA (➔) 
P

r_e r, 
p /9/ 

rAe Fp(r) ~ MeAneHHO MeHRIOIJ.laRcR ~YHK41-1R, C noMOIJ.lblO onepaTop-
Hblx paa11omeH1-1H · 

2 . ➔ ipz ipz 2 . a, . 
E ( - 1 V ) e :::: e ( 4 p - 4 1p --- + ••• ) , a.z 

p ➔oo 

A ➔ ipz ipz A ➔ 
A(-iV)e =e (A(p)+ •... ); 

p ➔ 00 

V(E;r)eipz = eipzv+(E,;) 

nony1.1aeM ypaeHeH1-1e 

{4p2 -E2 
- 4ipL)r er>= icii>v+(E,r)F Cr>-a z P P 

/10/ 

Mo>KHO noKaaaTb, 4TO peweH1-1e B1-1Aa /9/ BO3MO>KHO TOJlbKO B cny'-iae, 
KOrAa 1-1MeeT MeCTO orpaH1-14eH1-1e 

A<ii> v\E. r) :5 E. 1111 

TorAa ypaeHeH1-1e /10/ np1-106peTaeT B1-1A 

-4ip ;,n~e<r> ·= ACii>v+cE.r)F <r>. 
a ,z P 

• 
PeweH1-1e 3Toro ypaBHeHl-1R MO>KeT 6b1Tb HaHAeHO, 1-1 COOTBeTCTBy10-

llll-1H eMy r11aBHblH 4JleH aMn111-1TYAbl. pacceRHl-1R ·4acT1-14 co cn1-1HOM Ha 
Mamie Yrllbl npeACTaBHM B 3HKOHa11bHOM Bl-1Ae./CM. ,Hanp1-1Mep/13,14/ /. 

Hcnci.ni,ayR ac1-1MnTOTH4ecKoe ncfoeAeH1-1e MaTp1-14bl A( p~ 1111 , . 

HeMeASleHHO no11y4aeM 1-13. /11 / COOTBeTCTB.YIOIJ.ll-1e orpaHl-14eHHR Ha 
pocT / KBaiimoTeH41-1a110B C 3HeprHeH, He npOTHBOpe..:ia1111-1e 3HKOHam

HOMY ?<apaKTepy pacceRHl-1R aApOHOB Ha 'Manble Yl'"llbl: 

➔ 2 v0 ,0(E,r):5 E ··, 

V ... 
0 , 11JE,r):::; E, 

V ➔ 
1/2,1/2 (E,r)::; const 

/12~/ 

. /12~/ 

/12a/ 
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OrpaHH4eHHR /126,a/ nP,HBOART K orpaHH4eHHRM csepxy Ha 3Hep
reTH4eCKYIO aaBHCHMOCTb cn1-1panbHblX aMnrn1TYA npo4eccos BblCOK0-
3HepreT1-1•1ecKoro pacceRHHR 4acT1-14 co cnHHOM. 

TaK, s cny4ae MeaoH-HyKnOHHoro pacceRHHR HMeeM 

a(s, r).$ J:i""~ b {s l) ~ J:s, 

OTKYAa_ cneAYeT 
MN 

lM+_,{s,t)I 1 ------:;_ -·· 
I M:{s,tJI vs 
B cny4ae HyKnoH-HyKnoHHoro pacceRHHR nony4aeM 

A ( s,r ) .$ s O 
; B(s,r) f. s 0

; 
D · ➔ a {s,r) f. s , /13/ 

OTKyAa 

IMPP (s,t)I IM!~-.-- (s,t)I 1 ~+- < _!__ . ·:S --. 
IMPP (st)I - rs·· pp s 
. ++,++ • IM++,++ (B,t) I 

/14/ 

Ha /13/, /14/ cneAYIOT orpaHH4eHHR csepxy Ha 3HepreTH4eCKYIO 
aaBHCHMOCTb !l>na1-14eCKH Ha6n10AaeMblX BenH4HH napaMeTpa nonRpHaa.-
41-11-1 H AH¢!)>epeH4HanbHWX Ce4eHHA: . , 

1 P(s,t)~ - , vs 
k.=.J![:I + k,1 . 
dt dt ac1-1MnT. dt cm1-H. 

/15/ . ' 

~:1 ~ -l, 
dt_ cnHH. s 

KOTopwe He npOTHBOpe4aT 3KcnepHMeHTy. 
0TMeTHM, 4TO 3KCnepHMeHTanbHWe.AaHHwe yKaawBalOT Ha norap1-1¢

MH4eCKHA pOCT nonHWX ce4eHHA npH s ~ 00 •. HeTPYAHO y6eAHTbCR, 
4To TaKoMy no~eAeHHIO cooTBeTCTByeT MaKcH~anbHO A011YCTHMWA pocT 
KBaa1-1noTeH4Hanos, np'H 3TOM 3!)>!)>eKTHBHWA paAHYC saaHMOAeAcTBHR 
AOn>r\eH paCTH norapH!)>MH4eCKH. , , . . 

TaKHM o6paaoM; Tpe6oBaHHe O cnpaBeAnHBOCTH 3AKoHanbHoro 
xapaKTepa pacceRHHR aAPOHOB BblCOKHX 3Hepr1-1A npHBO):\HT · K orpaH1-1-
4eHHRM csepxy Ha 3HepreTH4eCKYIO aaBHCHMOCTb KBaa1-1noTeH4HanoB 
H cn1-1panbHWX aMnnHTYA, KOTopwe cornacylOTCR C cospeMeHHhlMH 3Kc
nepHMeHTanbHhlMH AaHHhlMH. noKaaaHo, 4TO cnHHOBhle 3¢¢eKThl B 06-
naCTH Manwx yrnos pacceRHHR AOn>KHW 6blCTPO BhlMHPaTb c pocTOM 
3HeprHH. MoAenRM, YAOBneTBOpRIO~HM 3TOMY ycnoBHIO, He06XOAHMO 
OTAaBaTb npeAn04TeHHe npH HccneAOBaHHH npo4eccos BWCOK03Hepre-

6 

TH4eCKOro pacceRHHR aAPOHOB B o6naCTH !)>HKCHpOBaHHblX nepeAa4 
HMnynbca. K TaKOMY Knaccy OTHOCRTCR, HanpHMep, MOAenH 151• 6011ee 
nOAp06HblA o6aop MOAeneA, HCnOnbayeMblX npH aHaJlHae pp -pacceR
HHR B WHPOKOA o6nacTH nepeAa4 HMnynbca,MO)l(HO HaATH, HanpHMep, 
B /15/

0 

Ha /6 '7/ B 0611acn1 ¢HKCHPOBaHHblX yr110B pacceRHHR cnej:\yeT' 
4TO aMnm1TYAbl C nepeeopOTOM cnHHa OKaablBalOTCR OAHOrO nopRAKa 
·c aMnnHTYAOA 6ea nepeBopoTa CnHHa. 3TO MomeT 06bRCHHTb 6011b
wy10 senH4HHY CnHHOBWX KOpperiR4HA npH HHaKHX 3HeprHRX 116 ~ 

B aaKJll04eHHe aeTopw BblpamalOT rny60KYID 611arOAapHOCTb B.A.MaT
aeesy H A.H.TasxenHAae aa eH1-111aH1-1e K pa6oTe, a TaKme A.B.KYAH
Hosy, B. K. t·U1TPIOWKHHY, tL A. CMOHAblpesy aa nnOAOTBOpHble· o6Cyll(Ae
HHR. 
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PyKonHCb' ,nocTyn1-111a B 1-13AaTeJ1bCKl-1H OTAeSl 
23 MapTa 1981 roAa, 

/ 
I" 

\I I 

ro110CKOKOB C.'B. 11 AP· P2-81-197 

0 po1111 cn11HOBblX 3¢¢eKTOB B BblCOK03HepreT114eckoM 
pacceRHl111 aAPOHOB Ha MaJlble yrSlbl 

HcXOAFI 1-13 Tpe6oBaHl1H 06 3HKOHaJ1bHOM xapaKTepe pacceR
Hl1FI a~pOHOB BWCOKl1X 3Hepr11H Ha Manwe yr11w, HaHAeHW orpaH11-
4eH11F1 csepxy Ha 3HepreTl14eCKY~ 3aBl1C11MOCTb aMn1111TYA C nepe
BOpOTOM 'cn11Ha A11FI Me3oH-HYKJ10HHOrO 11 HyKnOH-HYKSlOHHOro 
pacceRHl1R. 

Pa6oTa swno11HeHa B na6opaTop1111 TeopeT114eCKOH cJ)l1311Kl1 
OHHH. 

npenpHHT 06~eAHHeHHOro HHCTHTyTa RAePHWX HCCneA~BaHHH. ,lly6Ha 1981 

Goloskokov S.V. et al. P2-8Fl97 

Role of Spin Effects in High Energy Hadron 
Scattering at Small Angles· 

Upper limits on -the energy dependence of meson-nucleon 
and nucleon-nucleon spin~flip amplitudes are found on the 
basis of the requirement of eikonal nature of high energy 
h~dron scattering at small angles. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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