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~ I 1 I 
B CB113H C Il0CJJe.LIHHMH .rraHHbIMH 0 pocre ce4eHHH 

B p-p ·B3aUMO.LieHCTBH11X, B p11.rre reopeTH4eCKHX pa6oT 

6hIJIH · npe.rrno)l(eHhJ pa3JJIP-!Hhie cpeHoMeH onorn4e c,Kne Mo,nenH 

BhICOK03HepreTH4e cKoro a.rrponnoro pac ce RHHR 
121 . · 

TaK, nanpHMep, B pe.rr)l(eBCKOH cpenoMe!IOJJOrHH 
131 

Ha· 

6mo.rraeMblH cett4ac pocT ce•-ieHH11 P- p • B3aHMO.LieHCTBH11 

06b1ICH1IeTC1! yMeHbllleHHeM C p0CT0M 111eprn11 BKJJa,na B 

Il0JJH0e ce4e11ne pa 3pe 108 B K0MilJJC KCIIOH IlJJ0CK0CTH yr

JIOBOro M0MeHTa. B 1T0M no.rrxo.rre npe.JnonaraeTC11 Il0CTO· 

RHCTB0 Il0JJHoro Ce4eH~11 B aCHMITT0THKe II Il0Ka3WBaeTC11, 

4T0 pe,n)l(eBCKHe pa 3pe 1hl .rra,oT OTpuuaTC.f!bHblH BKJJa,n B 
ce4eHne 141 . · · 

C ,npyrott CT0P0Hbl, l..JeJffOM H .np. /SI 6hrna npe,p,JJ0)Ke -

Hana 0CH0Be anapn3a BhlC0K01HepreTH4eCKoro Il0Be,neHH~ 

,nmi-rpaMM <l>ettHMana B KBa HT osott 1ne KTpo.nttnaMHKe 'le -

Tb!pexnapaMeTpH4CCKa.R cpopMyJJa .LlJ111 aMilJJHTY.Llhl 1;l.LIP0H· 

a.np~mnoro inaHMO.LiettcTBH 11 

/1/ 

3 



IlpH 1-IeM B Il0JIH0e ceqeHHe BB0nHTCH 

= ;'; + il!_lmM(s,O), 

ell.le 0.JJ:HH rrapaMeTp A 

atot 
v·s s 

orrpe.n:errHIOUIHH rrpe.n:acHMITT0THqecKoe rroae.n:eHne ceqeHHH. 
IlapaMeTphl A' C ' f ,,\ 'xo BbI6HpaJIHCb H3 cpaBHeHHH 

C 3KcrrepnMeHTaJihHbIMH KPHBbIMH. 
AMITJIHTY.JJ:a /1/ rrpHBonHT K IT0JIH0MY CeY:eHHIO a.n:poHH0ro 

B3aHMO.JJ:eHCTBHH, paCTYllleMy MaKCHMaJibH0 B03M0)KHhIM o6-
pa30M ( C =0,08) 

a ~ o_2.s 
tot m • 

Ceqemie yrrpyroro pacceHmrn B 3Toii: Mo.n:errn a acnMrr -
T0THKe paBH0 HeyrrpyroMy ceqeHHIO H Il0JI0BHHe II0JIH0ro,. 
.n:mpqiepeHUHaJihHOe ceqeHHe HMeeT rrpoaarr, IlpH6JIH)KaIOU1HHCH 

1/ 2S · . 
K HYJIIO, KaK fn -s-0 IlpH ·s -• oo , . 

<l>opMyrra /1/ OJIH3Ka K 06b1qH0My 3HKOHaJihHOMY rrpe.n:
cTaBJieHHIO aMITJIHTynhI pacceHHHH C <pa3oH, paCTYllleH C 
p0CT0M S / 

61 ( c > 0), 

Cy1.I..1eCTBYIOU1He 3KcrrepnMeHTaJihHbie .n:aHHbie He Il03Bo
JIHIOT 0.JJ:H03HaqHQ C.JJ:eJiaTb Bbl60p Me)K.JJ:}'. M0.JJ:eJIHMH C rro
CTOHHHbIM Il0JIHbIM ceqeHHeM B acHMITT0THKe H M0.JJ:eJIHMH 
c ceqeHneM, HeorpaHnqeHH0 B03 pacTaIOUIHM rrpn s ➔ "" 171• · · 

B HaCTOHI.I..leii: JaMeTKe rroKa3bJBaeTcH, qTo o·cHOBHhie 
CBOHCTBa BbJCOK03HepreTnq~cKoro pacceHHHH C HeotpaHH
qeHHbIM p0CT0M atot KaK fn 2..!._ IlpH .JJ:0CTHrHyTbIX 

·so 
3 2 

3HeprHHX (s-10 (Gev/c) )MoryT 6bITb KaY:eCTBeHHO o6bHC-
HeHbl B paMKax 3HKOHaJihHOrO rrpH6JIH)KeHHH .JJ:JIH rrpocTeiimeii 
Mo.n:errn KBaHTOBOH Teopnn II0JIH, OilHCb1BaIOU1eii B3aHM0-
.n:eHCTBHe cKarrHpHhix "HYKJIOHOB" /rrorre t/J c MaccoH m I 
n cKarrnpHbIX HeHTparrbHhIX Me 30H0B /rrorre ¢ c MaccoH µ I: 

fint "'"B1/J
2 'P• 

XapaKTepHble 3aK0H0MepH0CTH BbIC0K03HepreTHY:eCKoro 
p-ppacceHHHH, K0T0pbie 6ynyT o6Cy)K.JJ:eHbl C ToqKn 3peHHH 
paccMaTpnaaeMoii Mo.n:errn, crre.n:yro1.I..1ne 111 : 

1/ Ha6rrro.n:aeMblH pocT rrorrHoro ceY:eHnn; 
2/ p0CT rrapaMeTpa HaKJI0Ha .n:m:ppaKUHOHHoro Ko-

Hyca B (s) ,· 

4 

:; 

I! 

3/ Harrnqne rrpoaarra B yrrronoii 3aBHCHM0CTH ceqeHHH 
rrpn t ~ -1,4 ( Gev I c J2 , rrpnqeM norro)KeHne 3Toro rrpoaarra 
He 3aBHCHT OT H3MeHeHHH ·s B o6rraCTH 10 3 -3,10 3 (Gev/c) 2

• 

KaK 6blrrci rroKa3aH0 ~ pa6oTax 181 ,n o6rracTH B~COKHX 
3Hepruii H MaJibIX rrepe.n:aq HMITYJibCa KBaHT0B0II0JieBaH aM
IIJIHTY.JJ:a pacceHHHH M0)KeT 6bITb 3arrncaHa B 3HKOHaJihHOH 
qiopMe 

➔➔ 

2 ib!J. iX 2 
T(s,t)=-2ds fd be (e -1),t=-!J. ~-

3To rrpe.n:cTaarreHne nMeeT MecTo, ecrrn rrpe.n:rrorro)KHTh 
crrpaae.JJ:JIHB0CTb TaK Ha3bIBaeMoro rrpu6rru)KeHHH IIPHM0JIH
HeHHblX rryTeH nrrn 3HKOHaJihHoro rrpn6JIH)KeHHH .JJ:JIH paccen
aaIOUIHXCH qacTHU 191 . ·KoHKpeTHblH BH.JJ: B3aHMO.JJ:eHCTBHH, 
T.e. MexaUH3M o6MeHa Me)K.JJ:Y HYKJI0HaMH, orrpe.rierrHeT 
3HKOHaJibHYIO <pa3y X, a crre.n:oaaTeJII,H0, 3HepreTUY:ecKyIO 
3aBHCHM0CTh n yrrroaoe pacrrpe.n:erreHne ceY:eHHH. 

Hccrre.n:oaaHne BbIC0K03HepreTIIqecKHX aCHMITT0THK pa3-
rrnqHhIX .n:narpaMM <l>eHHMaHa Il0Ka3hIBaeT, .eqTo Ba)KHbIM 
HBJIHeTCH o6MeH ne 0T.JJ:eJibHblMH BHpTyarrbHbIMH qacTIIUaMH, 
a uerrblMH K0MIIJieKCaMH / 6rroKaMH/, HarrpnMep, rrecTHHua
MH n t -KaHarre /pen)KHOHaMn/ /cM. ; puc. 1/. 11MeHHO 
TaKne .n:narpaMMhI, a TaK)Ke .n:narpaMMbl c yqeToM pa,D;naun-
0HHhIX rronpaB0K K HYKJI0H

0

Hb1M JIHHHHM / puc. 2/, · MoryT· 

S:--· 

Pnc. 1 Pnc. 2 

6~I't'h. rrpocyMMHPOBaHhl B 3HKOHaJiblI0M: · npH6JIH)KeHJrn,. · qro 
rrp1rno.n:nT K cn·e:ziyfu1.I..1eMy fmny-aMIIJIHT}'.JJ:hl yrrpyroro pa·cce
HHHH a paccMa.Tplt'BaeMoH M0Ji'en11110,!.ll: · •: ,., " . 
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• B t 
T(s,t) =-41nse 

00 -

f bdb]0 (bV- t) x 
0 

2 2 2 'G 00 11(-q ) ·s a(-q) 
x(exp{ -- f qdqJ (qb)---(-,-) 1-1), 

·s o o r[ K(-q2)] so 

/2/ 

r.ue 
a .. ____ 1 m2 

"6m2(£n--1+3rr µ.) . µ.2 4-;;; ; 
/3/ 

2 Gev 2 m 
s 0 -rn =1(--); --6,7; 

C /1-
. . .rt 2 

-,-a(q ), 

11(-q 2)• CHrHaTypHhlH MHO:>KHTeJih: T/ (-q
2
)=e 

2 
/sinr(-q3; 

. 2. . 
a(-q) • pe,U)KeBCKaH TpaeKTOf)JO!. r · raMMa·cpyHKUHH, 

G1=g 2/2m2 .<l>aKTOP exp ( at JB <finp,1yne /2/ BO3HHKaeT. B pe~ 
3YJihTaTe y4eTa BKJiana panHamrqHHhlX nonpaBOK K HYKJIOH· 
HhlM JIHHHHM /pnc. 2/ H npencTanm,eT co6oii npo1nee.ueHHe 
cpopMcpaKTOpOB pacceHBalOIUHXC SI 4acn1u B JHKOHaJihHOM 
npH6JimKeHHII /u/. 

EcJIH npn cyMMHpoeaHIIH JieCTHH4HhlX .unarpaMM B t ·Ka· 
Hane orpaHH4HThCH npn6nn:>KeHHeM .· cTapurnx norapHcpMoB, 
TO .UJIH TpaeKTOPHH a ( t) nony4aeM xopolllo HJBeCTHoe 

Bhipa:>KeHHe 

g2 l 
a(t)=-l+K(t)=-1+ ---f --------

16 rr 2m 2 O 

dx 

1 t - -,- x(l- x) 
rn 

/4/ ,2 ,2 l 
::. -1 + ---- + --- • __ . t + •••• 

16rr 2 m2 16rr 2m2 6m 2 

B HarneM pa CCMOTpeHHH cpyHKUH 11 BhI4eTa pe,UiKHOHa OK a· 
3anach nponopunottanhHOH KottciaHTe ca11Jn: G

2=g 2 /2rn 2, 
B $eHOMeHOJIOrH4eCKOM no.uxo.ue .UJIH JTOH ¢YHKUHH 6epeTCH 
o6bI4HO 3KCIIOHeHUHaJlhHa.H napaMeTpHJaUHH !3 1 _ 

6 

1J 

:J'. 
I 
I 

·11 ··\ 

' 

j 
~ 

,[(JIH MaJihIX 3Ha4eHHH q /nMeIIHO :na o6naCTh H .uaeT 
rnaBHhIH BKna.u a HHTerpan no dq, onpe.uenHIOlllHH 3HKo· 
HaJihHYIO cpaJy /2/ / HCilOJlhJyeM npH6Jitt:>KeHHOe Bhipa:>KeHHe 
,UJIH CHrHaTypHoro MHO:>KHTeJIH: 

11(-q 2) 11(0) ia'!Lq
2 

-----~------·e 2 r[K(-q 2 )] - r[K(0)] 

B peJyJihTaTe .UJIH 3ttKoHaJihHoii cpa3w X 
Bhlpa:>KeHHe 

nony•-rne M 

2 
·ix= - ~(2_) a(O) 11(0) 

b2 
expl----

4a '[ en (s/s0J-·irr I 2] 

s so r [K(0).] 2[a'£'n~-·i !!_a'] 
so 2 

TaKnM o6paJoM, noeeneHne x npn. ·s ➔ 00 onpe.uen11eTc11 
JHa4eHHeM a (0). KaK 6yneT noKaJaHo .uanee, He y6hIBaIO· 
IUHe C pOCTOM 3HeprHH Ce4eHH H ,UaIOT a (0) 4 l' npH 3TOM 
rpaHHUa <l>pyaccapa He HapyrnaeTcH /JOI_ 

HccnenieM BhlCOKOJHepreTH4eCKOe noBe,UeHHe aMnJIH• 
TY.Uhl /2/ c JHKOHaJihHOH ¢a 30H /5/ npn a(0)> 1, JTO MO:>KHO 
npoee CTR C noMOlllhlO JaMeHhl HHTerpnpoBaHH H no npnuenh -
HOMY napaMeTpy b HHTerpnpoea1meM no nepeMeHHOH x=-ix, 
B pe JYJihTa Te .UJIH aMnJIHTYJihl pacce HHHH errepe.u rrony•-iaeM 

T (s, 0) = 2rr·i-s4a ' ( en-~ -: ;...:;.; { ( a(0)-1) en.;..+ C + 
. . so ~ so . 

2 

+ fn ( ~£.!]._(~) ] J - en [ a ' ·s 
O
r er. : - •i!;.. J] I , 

· 2r[K10) o ~ 

r.ue C - IIOCTOHHHaH 3iinepa. 
Cne~oaaTeJihHO, npn s ➔ oo 

2 · - ·s a = Brra '[(a(0)-1) en (~) +O<fn-J]. tot s ·s · · 0 0 
/6/ 
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AcHMIITOTH"LJ:eCKOe Bblpa:>Kenne /6/ COOTBeTCTByeT 
HHTerpnpoBanmo rro rrpnuenhnOMY rrapaMeTpy b B cpopMyne 
/2/ a o6naCTH 

2 2 , 2 s 
b <b

0 
,.,.4a (a (OJ-lJ fn 7 . /7/ 

0 

Y'-IHThIBaH 3TO, aMITTIHTYlIY pacceHHHH ,D.TIH t /, 0 MO:>KHO 
rrpe,D.CTaBHTh B BH.IIe 

4 . bo . .- at 
T ( s, t J = 1111 s ,___,,_ J 1 ( 1b -..; - t J e .• 

-..j-• C 

,[I;nH .sf.!!__ nonyqaeM Bh1pa:>Kenne 
di ti 

da 

di t l 

2 2 at 
I T(s,tJ I =.!:!_j2( b

0
y -tJ e 

-'----:-2 -- - t l 
1611 s 

/8/ 

OTcm.n.a BH.D.HO, '-ITO ,rrncpcpepenunanhnoe ceLJ:enne pacceHHHH 
HMe_eT npoaan npn 

2 
(3,83J 

-to=~' 
0 

r.n.e 3,83 · nepBhIH nynh lPYH.KUHH Eecc.enH 11 • 

/9/ 

Orrpe.n.ennM napaMeTp naKnona .n.ncppaKuHonnoro IlHKa 

. b2 
B(sJ=...!l..(fn da JI ,.,2a+__Q_. 

dt dt t=O 4 /10/ 

TaK KaK b;(sJ pacTeT C POCTOM s KaK fn 2s" , a a OT 
·s ne JaBHCHT, TO nonyqaeM B .n.annoii Mo.n.enn nn6o pa· 
CTYLQHH HaKnOH B (sJ' nn6o IlOCTOHHH6IH, B 3aBHCHMOCTH 
OT cooTHOllleHHH Me)KlIY a H ho • Ilono:>Kenne rrpoaana t 0 
/9/ B yrnOBOM pacnpe11eneHHH CeLJ:eHIUi crp'eMHTCH .K llYTIIO 

2 ; )-·, ., ~1 · < - ''! 
npn s ➔ "°, KaK 1/ fn s • · · ·· · · · 

A.n.ponnoe pacceHHHe B p?,cMaTpnaaeMoii Mo.n.enn ana· 
nonl'-IHO pacceRHHIO CBeTa. Ha norJIOLQaIOLQeii H npenoMTIHIO-

8 

LQeii ccpepe, pa.n.nyc KOTopoii norapncpMHLJ:eCKH pacTeT c 
JHeprne·n. IlOJTOMY B aCHMilTOTHKe ·s ➔ oo HMee·M 

1 
aee =°in ""Yatot • 

Ilpe.n.cTaBnHeT HHTepec ouenHTh no rropH.D.KY aenH'-IHHhI rra
paMeTphI bo' to ' a (OJ H a ', KOTOPhie Bblpa:>KaIOTCH B Teo -
peTHKo-rroneBOM no.n.xo11e TOTibKO qepe3 KOHCTaHTY CBH3H 
g2/16112m2. 2 

.EepH HJ JKcrrepnMenTa nono:>Kenne npoaana t 0=-1.4( ~ev) 
npu S=2,8-10 3 (Gev!c/, MO:>KHO oueHHTh IIO qiopMyne /9/ 
aennquny 

b 
2 

=10.5 ( ~ ;°:2 

0 C /11/ 

b 2 -0 Bhipa:>KaeTCH qepe 3 napaMeTphl pe,D.:>KeBCKOH TpaeKTOpHH 
· a(OJ n a' /7 /, KOTOpbie, B CBOIO oqepe,D.h, orrpe.n.enHIOTCH 
3Ha'-leHHeM KOHCTaHThI CBH3H g2/1611 2 m2 • <I>opMyna /4/ 
MO:>KeT cny:>KHTh TOTihKO .D.TIH opHeHTHpOBO'-IHOH oueHKH Kon
cTaHThI B3aHMO,D.eHCTBHH B pacc:r-.rnTpHBaeMoii MO,D.enn, TaK 
KaK ona npe.n.cTaBnHeT co6oii nepnhIH rropH,rioK Teopn:n noJ • 
MyLQeHHH .D.TIH TpaeKTOPHH a(tJ. Hcrronh3YH /11/, /7/ II /4/, 
rronyqaeM: 

g2 --=--- = 2.1, 
l611 2m 2 

'-ITO, .n.aeT npaBHJihHhlH IlOPHlIOK KOHCTaHThI CHJihHOro D3aHMO -
,D.eHCTBHH 

2 
g_ -25. 

411m 2 

IIapaMeTp HaKJIOHa .rrncppaKUHOHHOro Konyca /10/, /3/ 
B nallleM cnyqae oKaJMDaeTCH p~DHhIM -5 (Gev/cJ-2 / npn 
Jneprnn E na6 = 1500 I':Je JKcnepnMenTanhnoe 3HaLJ:enue 
B (s J = 10 - 12 / I':Je/c/-2, nptt'-leM 2a-2.2 ( I:_3e/cr2 

u bg/4 - 2,6 ( I':Je/cftornacno cpopMynaM /4/, /7 /, /11/4 
nonyqaeM 

a(OJ -1- 0.1 ~-
'-ITO cornacyeTCH co JnaqenueM cooTaeTCT.BYIOLQero rrapa-
MeTpa c/2= 0.04 B Mo11enu 'llenra n ~p. 151, a ra.K:>Ke/121. 
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Bo3MO:>KHOCTh BBe)leHHR o6MeHa nomocoM Pe.u,:>Ke C 
a(O)> 1 B paMKax 3HKOHanhHOH MO.U,enn paccMaTpllBanach pa

Hee B pa6oTax KonnHH3a
1121 

11 TionKHHrxopHa 1131 , TaM :>Ke 
o6cy:>K)laeTCR pe)l:>Ke·3HKOHanhHaR MO)lenh C TOlJKII 3peHHR 
KOMnneKCHOii·nnocKOCTII yrnoBoro MOMeHTa. 

<I>opMynhI /6/ 11 /8/ JinR cetJeHnii a tot 11 /-,,<.!.. nonyqe-
Hhl H3 /2/ B aCHMilTOTlllJeCKOM npe)lene ·s ➔ oo, O.U,HaKO 
ou:eHKH IlOKa 3hJBaIOT' lJTO B pac CMa TpllsaeMOH o6nacTH 
3Heprnii / s - l0 3(I':1e/cJ2/ cymecTBeHHhI II qneHhI, nnHeii
Hhie , no f'n s/ So , KOTOphie C O.lle p:>Ka TC R B / 6/. no 3TOMY 
3Ha4eH11e. 

2 . 2·s 
at = 2 TT bo = 8 TT a ' ( a (0) -1) en - = 26 mb 

of So 

He MO:>KeT ClJHTaThCR Y.llOBneTBOPHTenhHhIM C TeopeTHlJeCKOH 
TOlJKH 3peHHR, T .K. He ytlTeH BKna)l npe)laCHMilTOTHlJeCKHX 
tJneHoB, co.u,ep-,1<aurnx _const H f'ns/so s nepBoii CTeneHn 
/3KcnepnMeHTanhHoe 3HatJeHne a tot · =43,2 mb npn s = 
= 2,8. 103 

( I':1e/cl/. . 
To :>Ke. Ca.Moe MO:>KHO CKa 3aTh' 0 COOTHOIIIeHHH 

1 a O =:a =...,,.. a, 
ei.. In ,: ot 

KOTOpoe HMe~T MeCTO B HaIIIeii Mo.u,enu B CTporo acnMn
TOTHlJeCKOM npe)lene. HeBhIIlOnHeHHe 3Toro COOTHOIIIeHHR 
npn cymecTBYIOIUHX 3HeprHRX latot=43,2mb, aee =7.6mb/ MO· 
:>KeT paccMaTpHBaThCR KaK yKa3am1e Ha -TOT cbaKT ,' lJTO Mhl 
eme He HaXO.U,HMCR B o6naCTH aCHMilTOTHlJeCKHX celJeHHH. 

TaKHM o6pa30M, paCCMOTpeHHe npocioii KBaHTOBono
neBOH MO.u,enn B npn6nn:>KeHHH ·rnaBHhIX norapncbMHlJeCKHX 
qneHOB IlOKa3hlBaeT, lJTO, HCXOJIR H3 3HalJeHHR KOHCTaHThl 
CDR3H g2/4TTm2 - 25, yJiaeTCR nonytJHTh Ka'-leCTBeHHO BepHoe 
3Ha4eHHe cne)lyIOIUHX xapaKTeJ)HCTHK BhICOK03HepreTH'-lec
KOro pacce RHHR npu s= 2.8 • 103 (I':1e/cJ2: 
· 1/ n_ono:>KeHne npoBana _;to ::. ·1,'4 (I':1e/c/; 

2/' napaMeTp. HaKnoHa .u.ucbpa:KUHOHHOro KOHyca B(s)-
·_51r3e/c)-2 ; . 

. 3/ BKna.u, . B nonHoe ceireHne ._26 m b ; . o6ycnoBneHHhIH 
rnaBHhIM tJne·HoM 8 TT /r. '( a (0)-1) fo2.s;-; 6- ·· 

B JaKnIOtJeiiue aBTOphI 6naroJiapRT .LJ:.11.Erioxnliu:esa, 
11.<I>SuHJ6ypra u A.B.EcbpeMona Ja none3Hhie n CTHMy-
nnpy10mne '06cyJK)leiui:11. . .. ,,· ' 
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