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1. BBEAEHHE 

KaK I-13BeCTHO, OCHOBH~M YTBep>Kj:leHa.-teM KBaHTOBO~ XPOMOJ:II-1HaMHKH 
/KXA/ flBJlfleTCR ~aKT cy~eCTBOBaHHfl Ha MaJl~X paCCTOflHI-'IflX r~Q,2 ~M 
I Q 2 .:::: 1 r3B 2/' T04HO~ JlOKaJlbHO~ l.IBeTOBO~ CI-'IMMeTpl-11-1 SU(3)c. c APY
ro~ CTOPOHbl, BpeMfl OT speMeHa.-t nOflBJlfleTCfl 1-'tH~OpMal.la.-tfl, YKa3biBaiO
~afl Ha B03MO>KHOe cy~eCTBOBaHa.-te CBOfiOAHbiX AP06H03aPflAHbiX 4ac
TI-14/l/, npa.-t4HHaMI-1 3TOrO flBJleHHfl /eCJll-1 OHO Ae~CTBa.-tTeJlbHO HMeeT 
MeCTO/ MoryT 6b1Tb: 

a/ cnoHTaHHoe HapyweHHe l.IBeToso~ SU( 3) c -cHMMeTpa.-~a.-~; 

6/ cy~eCTBOBaHHe B npa.-~poAe Tfl>KeJlbiX, AP06Ho3aPflAHbiX, 6eC4BeT
HbiX 06oeKTOB /aAPOHOB, JlenTOHOB/. 

KaK a.-~ssecTHo, ecTeCTBeHHbiM MexaHH3MOM cnoHTaHHoro HapyweHHfl 
HeafieJleBO~ JlOKaJlbHO~ KaJla.-t6pOB04HO~ HHBapa.-taHTHOCTH, COXpaHRIO~HM 

nepeHopMa.-~pyeMoCTb Teopa.-~a.-~, HBJlfleTcR MexaHH3M Xa.-~rrca. CnoHTaHHoe 
HapyweHHe l.IBeToso~ SU(3)c-cHMMeTpa.-~a.-~ Tpe6yeT cy~ecTsosaHHR HOBblx 
l.IBeTHbiX, AP06H03apflAHbiX, CKaJlflPHbiX 06oeKTOB /cKaJlflpHbiX KBapKOB/ 
c MaJlbiMH narpaH>KeBbiMH MaccaMH. 

noJlHbl~ narpaH>KHaH B3aHMOAe~CTBHfl npH 3TOM HMeeT CJleAY~H~ 

BHA: 

/1/ 

3AeCb a 8 
- MaTPHLibl AaHHoro R 8 npeACTasneHHfl rpynnbl SU(3)c• no 

KOTOPOMY npeo6pasyeTCR CKaJlflPHOe none; a
8
=g!/ 4rr- KOHCTaHTa 

CHJlbHOH CBR3H, a A - KOHCTaHTa CBfl3H 4-cKaJlflpHOrO B3aHMOj:leHCTBHH; 
~ - Macca CKaJlflPHbiX 4aCTH4. 

HecMOTPR Ha MaJlOCTb narpaH>KeBbiX Mace CKa11RpHbiX noneH (~ • 0), 
B TeOpHRX CO CnOHTaHHO HapyWeHHOH l.IBeTOBOH CHMMeTpHeH xapaKTep
HbiH MaCWTafi Mace Ha6JliOj:laeMbiX 3K30TH4eCKHX COCTORHHH J:IOCTHraeT 
j:leCRTKOB r3B/2/, 4TO, B03MO>KHO, OfioRCHReT OTCYTCTBHe yKa3aHHH Ha 
HX C~eCTBOBaHHe. C APYrOH CTOpOHbl, He HCKJ1104eHO, 4TO 3HeprHH 
cy~eCTBY~HX H C03AaBaeMbiX B HaCTOR~ee speMR HOBbiX fiOJlbWHX yc
KOpHTeJleH /SPS, YHK H J:!p./ AOCTaT04Hbl AJlR H3y4eHHR TOH o6nacTH 
3HeprHH, rAe HaXOARTCR 3TH 3K30TH4eCKHe COCTORHHR. 

PaCCMOTPHM HeKOTOpble MOAeJlH, B KOTOPbiX npHCYTCTBYIOT H3BeCTHble 

CKaJlRPHble nonR. 
no AaHHbiM pa6oTbl 131, JlOKaJlbHaR KaJ1H6pOB04HaR SU( 3)c- CHMMeT

PHR HapywaeTCR nOJlHOCTbiO H OCTaeTCR T04HOH TOJlbKO rnofiaJlbHaR 
l.IBeToaaR CHMMeTPHR. HapyweHHe oc~ecTBJlReTcR nyTeM BBeAeHHR Tpex 
KOMMeKCHbiX l.IBeTHbiX TpHnJleTO,B CKaJlRPHbiX 4aCTH4: ell= ( Cll

1
-, Cll

2 
, Cll3 ) • 

2 

npH 3TOM rJliOOHbl npa.-~o6peTaiOT MaCCbl /rn(!, <A.; A- napaMeTp MacwTa6a 
KXA/, a.-~ Heca.-~HrneTHble l.IBeTOBble cocTOflHa.-tfl q , g , qq, . . • cTaHo
BflTCfl HafiJliOj:laeMbiMI-1 CBOfiOAHbiMI-1 COCTOflHI-'IflMI-1 C xapaKTepHbiM MaCWTa
fioM MaCC -10-20 r3B. 3Ta MOj:leJlb AOnycKaeT TaK~e cy~eCTBOBaHa.-te 
AP06H03apflJ:1HbiX, 6eC4BeTHbiX COCTOHHI-1~ Ta.-tna sq, s"q, sqq, .. , 
c MaJl~Ma.-t MaccaMa.-t. 

MoAenb, npeJ:!JlO>KeHHafl a pauoTe/4 /, npej:lnonaraeT 4aCTa.-t4Hoe Ha
pyweHa.-~e JlOKaJlbHO~ 4BeToBo~ SU(3)c-ca.-tMMeTpa.-ta.-t go ee MaKca.-tMaJlbHO~ 
noj:lrpynnbl SO( 3) 4epe3 n c -nneTHoe npegcTaeneHa.-te SU( 3) ... : 

27c 
SU( 3)c -=:__. SO( 3) . 

Ecna.-~ xa.-~rrcoscKa.-te cKailflPH~e 6o3oH~ ygoeneTBOPfliOT oG~KHoseHH~M 
COOTHOWeHa.-tflM Me>KAY Tpa.-taJlbHOCTbiO SU(3)" 1-1 3JleKTpa.-t4eCKI-1M 3aPHAOM, 
TO 3To npeAcTasneHa.-~e gon>KHO a.-tMeTb HyneeyiO Tpa.-tailbHOCTb, B~6op 

~]c -nneTHoro npegcTaeneHa.-tH o6ycnosneH TeM, 4To OHO HBJlHeTCfl 
Haa.-tMeHbWHM npegcTaeneHa.-~eM c Hyneeo~ Tpa.-tailbHOCTbiO, cogep>Ka~a.-~M 

s ce6e ca.-~HrneT no oTHoweHa.-tiO K rpynne S0(3). 
B 3TO~ MOAeill-1 Tpl-1 rJliOOHa OCTaiOTCfl fiesMaCCOB~MI-1, a OCTaJlbH~e 

nflTb npa.-tofipeTaiOT OAa.-tHaKOBYIO MaJlyiO MaCey ( rnl': < /\); KOMfia.-tHal.la.-tl-1 Ta.-tna 
qq(uu, ud, dd ... )flBilHIOTCfl y>Ke ca.-~HrneTaMa.-t no rpynne S0(3) a.-~, cnego
eaTeJlbHo, BnOilHe HafiiliOj:laeMbiMI-1 CBOfiOAHbiMI-1 COCTOflHI-'IflMI-1, 

Cnej:lyeT OTMeTa.-tTb, 4TO, XOTfl Ha MaJl~X paccTOflHI-1flX (r 

Hble IIUJIH IIIJVI~U/-IHI K tleLbMd ;$dMeiHbiM lj!VI;$VIYeLKVIM ;.;Jlj!lj!eKTdM, ULUUeH

HO Ailfl B~COKI-1X MYilbTa.-tnneTOB SU(~"' 6narOAaPfl 60ilbWHM 3Ha4eHHflM 
COOTBeTCTByiO~HX rpynnOBbiX <!>aKTOPOB. B 4aCTHOCTH, B CJly4ae ~] <'

npeJ:ICTaeneHa.-tfl c;<~1,.l~~, T(27.,)= 27; a AilH ~,. -npeAcTaeneHa.-tfl 

C 2 (2.,)= 4/3 1-1 T(~ .. ) =1/2(c;(l{} 1-1 T(R) flBilfliOTCH onepaTopaMa.-~ Kasa.-~
Ma.-tpa,. 

PaccMoTpeHa.-~e HapyweHHfl cKe~na.-~Hra a pacnpeAeneHHflX cKaJlflPHbiX 
napTOHOB S( X, Q2 ) Ha OCHOBe ypaBHeHI-1~ 380111041-11-1 noKa3biBaeT /S/, 4TO 
npa.-t aCHMnTOTH4eCKHX 3Ha4eHHflX Q2 AOJlfl HMnyilbCa CKailflPH~X napro-

2 Q -+<OC 

HOB B aAPOHe j:IJlfl 27 ... -npeACTaBJleHHfl pasHa S2 "" 1 lf%, a 8 cny-

Q2 -+ = 
4ae .Qc -npeACTaBJleHHfl - S 2 "' 10% /4HCJ10 apoMaTOB KBapKOB 
f = 4/. 0TC10Aa CJlej:lyeT, 4TO 3<!><!>eKT HapyweHHH CKe~JlHHra 8 CTpyK
TypH~X QyHKl.IHRX, o6yCJlOBJleHH~X CKailflPH~MH napTOHaMH, TPYJ:IHO o6-
Hapy>KHTb 1-13-3a cy~eCTBYIO~HX fiOJlbWHX 3KCnepa.-tMeHTaJlbH~X OWHfiOK. 

Cy~ecreosaHa.-~e cKanflpH~x napToHoe oKa3~eaeT TaK>Ke BJla.-tflHHe 
Ha BeJlH4HHy KOHCTaHTbl CHJlbHO~ CBfl3H a,(Q 2)=12rr/boln(Q2jf1.2), 
napaMeTp bO C Y4eTOM CKailflPHbiX napTOHOB npa.-tHHMaeT CJleAYIO~H~ 
BHA: 

b 
0 

33 - 2f - L T( R ) . 
2 CK3.J1Hpbl '" 

3 



B paMKax cTaHAaPTHOH KXA, np11 f = 4, b 0 = 25; a s cny4ae gzc
npeACTasneHI1~ b 0 = 11,5. 

B HaCTO~~eH pa6oTe 113y4a~TC~ SKJlaA~ CKaJl~PH~X COCTO~H11H S ce-
4eHI1~ o6pa3osaH11~ CTPYH 11 OA11H04H~X 4aCTI1~ c 6oJlbWI1M11 nonepe4-
H~MI1 11MnYJlbCaM11; aHaJ111311pyeTC~ SJ111~HI1e CKaJl~pH~X noneH Ha seni1-
411Hy 11 yrJlOSYIO 3aSI1C11MOCTb 11HKJ1~311SH~X Ce4eHI1H PO>KAeHI1~ 4aCTI1~ 

s mecTKI1X npo~eccax. 

2. JKECTK~1E nOAnPOL.lECCbl H CKAilJIPHbiE nAPTOHbl 

B paMKax KXA pomAeHI1e OA11H04H~X 4aCTI1~ 11 CTPYH c 6oJlbWI1MI1 
nonepe4HbiMI1 11MnyJlbCaMI1 f'.r nOHI1MaeTC~ KaK CJleACTSI1e 611HapHOrO 
>KeCTKOrO pacce~H11~ COCTaSJ1~~~11X: 

E ~ ( AB ... ex ) 00 

d3P AB ... jet X 

121 

rAe 4 /H ( Xj , Ql) 11 DHfi( Xj, Q2) ~- C?OT~eTcTseHHO <I>YHK~1111 pacnpeAeneHI1~ 
11 <J>parMeHTa~l111 napTOHOS; S , t , U - 11HSap11aHT~ >KeCTKOrO 3JleMeH
TapHOrO noAnpo~ecca; cyMMa 6epeTc~ no seeM Tl1naM cocTasn~~~11x: 
a, b, C = q, q, (\ S, S; SeJ111411Ha 

/3/ 

~SJl~eTC~ 3JleMeHTapH~M Ce4eHI1eM >KeCTKOrO pacce~H11~ COCTaSJ1~~~11X 

S 6opHOSCKOM npi16Jl11>KeHI111, a 

- <J>aKTOP 11HSapl1aHTHOrO noTOKa, 

B OTJ111411e oT o6~4HO HapyweHHOH KXA/61, npi1CYTCTsHe CKan~pH~x 
cocTasn~~~Hx npH cnoHTaHHOM HapyweHHI1 ~seTosoH SU(3)c-ci1MMeTpl1 11 
AenaeT Heo6xOAI1M~M y4eT AOnonH11TeJlbH~x cKan~pH~x noAnpo~eccos: 

4 

- -qq ... ss. ss ... qq. ss ... ss. ss ... ss, ss ... ss. 

ss-. GG, GG ... ss, Gs ... Gs , Gs ... Gs. 

CneAyeT OTMeTI1Tb, 4TO S P~Ae MOAeJleH CO cnoHTaHHO HapyweHHOH 
KXA/ 3• 4/ cKan~p~ HaxoARTCR s ~seTos~x Tpl1nneTax 11 27-nneTax 
11 MoryT He 11MeTb ~KaSCKOH CSR311 C KSapKOS~MI1 Tpl1nJleTaM11. 

B~411CJ111M ce4eHI1~ S HI13WeM nOPRAKe Te0p1111 S03My~eHI1H. npeAno
naraeTCR, 4TO napTOH~ HaXOA~TC~ Ha MaCCOSOH nosepxHOCTI1/7/ 
11 n03TOMY MaccaMI1 Cn11HOpH~X KSapKOS 11 rn~OHOS MO>KHO npeHe6pe4b. 
np11 3TOM 6yAeM paCCMaTpi1SaTb MaCC11SH~e CKaJlRpH~e napTOHbl, 3TO 
03Ha4aeT, S 4aCTHOCTI1, 4TO rJl~OH~ o6JlaAa~T TOJlbKO nonepe4HOH 
nOJlRPI13a~l1eH, 11 n03TOMY see S~411CJleH11R H11>Ke npi1SeAeH~ S paMKaX 
aKC11aJlbHOH KaJ1116POSKI1, TO eCTb 

kll kv 2 
- ---n 

( n k) 2 
/4/ 

rAe ll - npOI13SOJlbH~H 4-seKTOp, 
npaBI1Jla <l>eHHMaHa AJlR CKanRpH~X napTOHOS 11 COOTHOWeH11R All~ 

B~411CJleHI1R ~SeTOB~X K03$<I>11~11eHTOB Al1arpaMM S CJly4ae npOI13SOJlb
HOro npeACTasneH11~ rpynn~ SU(~c npi1SeAeH~ s np11nomeHI1RX. 

1. npo~ecc 5!a qu ... ss 

' ~//: 
/ 

\ 
\ 

J p,' ,P 
4 \ 

i, j = 1,3- ~BeTOB~e 11HAeKC~ KSapKos; a = 1,8- ~BeTOBOH 11HAeKC 
rJliOOHa; a , {3 - ~BeTOBble 11HAeKCbl CKanRpHbiX KBapKOB; 

~ 2 ~ 

t = ( p I - p 4 ) ' u = ( p l - p .'3) 2 . 

M ( q i q i -+ s f3sa ) " 

2 
~ a a - i i -{3 

A cr;jaa/3) u (p,))yllu (pi) s (p4) (p4 -p3)1lsa(p3) O 

s -

5 



rAe T 8 1-1 a 8 
- cOOTBeTCTBeHHO MaTPI-14bl R(~.,) 1-1 R8 (_2c,Z7c) npeACTae

neHI-1~ rpynnbl SU(3)c' no KOTOPbiM npeo6pa3y~TCR ~yHKI..II-11-1 cni-1HOPHbiX 
(u(p), v(p)) 1-1 cKanRpHbiX (s(p)) none~. nocne cyMMI-1poeaHI-1R 1-1 ycpeA
HeHI-1R no Cni-1HOBbiM 1-1 I..IBeTOBbiM COCTORHI-1RM nony4aeM 

rAe e yronbHbiX cKo6Kax 3an1-1caHbl ~aKTopbl, B03HI-1Ka~l-1e nocne cyM
MI-1POBaHI-1R 1-1 ycpeAHeHI-1R no I..IBeTOBbiM COCTORHI-1RM, a KBaApaTHble 
cKo6KI-1 onpeAenR~T eeni-141-1HY K03~~1-141-1eHTa nocne ycpeAHeHI-1R no 
Cni-1HOBbiM COCTORHI-1RM; a

8
=g?/4rr - nepeHOPMI-1POBaHHaR KOHCTaHTa 

Cl-1nbHO~ CBR31-1. 

-2. ss ~ Qa Qa 

npl-1 nepeXOAe OT peaKI..II-11-1 qq-+ SS K SS-+ qq MeHRIOTCR KaK I..IBeTOBble 
1-1 Cni-1H0Bble K03~~1-11..11-1eHTbl, TaK 1-1 QaKTOP 1-1HBapl-1aHTHOrO nOTOKa; oc
TanbHaR 4aCTb KBaApaTa MaTpi-14HOrO 3neMeHTa OCTaeTCR Hei-13MeHHO~: 

~ 2 ~ ~ 2 
tl - - rra 8 G,z( R8 ) t -u 2 4m 

~ -2-( ss ~ q q ) = ------- <-----> 21 1 - <--) - -- I . 
d t a a s ( s -4m2) 2d ( R ) S s s 

!61 

CneAyeT noMHI-1Tb, 4TO npl-1 y4eTe BKnaAa ss~ qq nOAnPOI..Iecca B ce-
4eHI-1e ~eCTKoro pacceRHI-1R /2/ Hy~Ho npocyMMI-1poeaTb no seeM apo
MaTaM KBapKOB ( SS ~ UU, SS-+ dd, .•• ) • 

3. qs ~ gs (gs ~ gs. gs ... gs. §8 ~ QS) 

~ ~ 
-~-- -f f 

6 

Al-1arpaMMa 3Toro npo4ecca nony4aeTcR 1-13 A1-1arpaMMbl q~~s~ npo4ecca 
C nOMO~b~ KPOCCI-1Hr-CI-1MMeTpl-11-1. AnR ee MaTpi-14HOrO 3neMeHTa I-1MeeM 

M( ) g2(Ta a )-i i _¢2 /-l ¢1 
qs~qs =+t iia¢_¢. ua(p4)Yp.Ua(pl)s (p3)(P2+P3) s (p2), 

I 2 

a AnR ce4eHI-1R d;/dt nony4aeM 

171 

CpaeHeHI-1e c ~opMyno~ /5/ noKa3biBaeT, 4TO Bblpa~eHI-1e, CTOR~ee 
B ~l-1rypHbiX cKo6Kax, nony4aeTCR 1-13 aHanori-14Horo Bblpa~eHI-1R q~~ si 
np04eCCa B pe3ynbTaTe 3aMeHbl ; $t. npl-1 3TOM o6pa~eHI-1e 3HaKa 
CBR3aHO C I-13MeHeHI-1eM Cnl-1panbHOCTI-1 q KBapKa. 

i , j , k , p - I..IBeTOBble 1-1HAeKCbl CKanRpOB; a, b = 1 , 8 - I..IBeTOBble 
I-1HAeKCbl rn~oHoe; a , ~- Tl-1nbl CKanRpos; 

M1 (sa s ~ ~ sa s ~) = 

. 2 

u "' 

\ gs ( atj 0 k
8
f ) s~ ( p 4) ( p + p 4 )/-l s~ ( p ) -gr~( p3) ( p2 + p3) /-l s~( p2) • 

i g2 
--;:-::Ji. 

u 
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0KOH4aTenbHO nony4aeM 

/8/ 

ce4eH~e ss .. ss npo4ecca np~H~MaeT 6onee rpoM03AK~i1 B~A: 

;q; 

1 2 d(Rs) + 1) 2 ~(Rs) ;_~ s-t 
+ ------ 12,\ < > -2Ag <-->( -+o f3-l 1 

16rrs(s-4m2) d(Rs) s d(R8 ) t a~ ' 

Ce4eH~e 3Toro npo4ecca MO*Ho B~4~cn~Tb no aHanor~~ c npeA~AYlii~M 
(Sa Sf3-+ Sa Sf3) ; C APYrOH CTOPOH~, C y4eTOM Toro, 4TO 4BeTOB~e 

8 

~ ~HBap~aHTH~e $aKTOP~ B o6o~X np04eccax OA~HaKOB~e, a COOTBeT

CTBYIOlll~e A~arpaMMbl o6naAaiOT KpOCC~Hr-c~MMeTp~ei1: 

A__., s ----. A 
t . u • 

da - - da 
-( s s .. sf3sf3) "' -;..- ( s sf3-+ sa sf3) 
dt a a dt a 

s-+u /10/ 
u-+t 
t-+s 

6. ~!!!13 .. sa~ 
Ce4eH~e 3Toro npo4ecca np~ a:f3 onpeAenHeTcH cooTHoweH~eM 

/10/, a np~a f, f3 paBHO ce4eH~IO npo4ecca sasf3-. sasf3(a ./ {3) 

d - _ rra; G.z (R8 )T(R8 ) ~-~ 2 
- ;?-(s sf3-+ sasf3): -------- < --~---------·> (-) 
dt a s(s-4m2) d(R8 ) t 

/11/ 

Is -KaHan/ I t -KaHan/ 

I u-KaHan/ /4-T04Ka/ 
9 



i , j - l.IBeTOBble 1-1HAeKCbl CKailRPOB; a , b , C = 1 , 8 - l.\BeTOBble 1-1HAeK

Cbl r IliOOHOB; 11 , v , ,\ , 8 - 1-1HAeKCbl JlopeHl.la; 

AJlR 1-1HBapl-1aHTHbiX aMnili-1TYA, COOTBeTCTBY~I-1X 4eTblpeM BbiWeyKa3aH

HbiM A1-1arpaMMaM, !.1MeeM 

rAe k = ( p
1 

+ p
2

) , a n - npoi-13BOilbHbli:1 seKTOP IH1-1>t<e AilR YA06CTBa 

paccMaTp!.1BaeTCR cny4al:1 n = p1 + p 2 I. 

. 2 
M rnn .... c;;:,-;,- ~-s __ ("",.b,.a...., ;i,n '\ci {n \(n _1,_1"\ \ (n n \ _I.L_V 

t , (i _ m
2

) J • ' ,. 4-' , ,. .1, , .. • .. "", 11 , ~- , .. - .1' v- 1 · ~ 

(ql= P4 -PI= P2 -p3)' 

. 2 
1 g s 8 b -j ( ) j ( ) ( ( 11 f/ ---<a a>.· 8 P4 8 P3 P4+q2)v ;>3-q2)"l I l2 

(u-rn2) 1' ... 

C l.leilbiO Bbi41-1CileHI-1R ce4eHI-1R aa~ss npol.lecca socnoilb3yeMcR cne

AYIO~I-1M COOTHOWeHI-1eM: 
4 

d; GG - 1 1 11 gs 2 --( ~ ss) = <-> -1 --- I M +M +M + M4\ . 
dt 64 4 16rr s2 s t u 

1121 

10 

} 

Aill'l ycpeAHeHHbiX 61-1Illo1Hei:1HbiX KOM61-1Hal.ll-1i:1 MaTpio14HbiX 3IleMeHTOB pa3Hb1X 

KaHanos nony4aeM 

\M
8

\
2 = 2<3C2 (R8 )d(R 8)>(i:~ )

2
, 

s 

(M*t Mu+ MtM*u) = 16 < 2C
2
(R ) d(R )I C2 (R ) - ..!1 > _l_(m2- ~T )2, 

s " " 2 UT s 

( M*u M s + M u M~ • .) = -4 < 3 C 
2 

( R,. ) d ( R ,) T-:_ U I T I ~ - m 
2 
I Ul , 

s 

( M~ M s + M 4 M: ) = 0 

1-1, COOTBeTCTBeHHO, Ce4eH!.1e GG~ SS npol.\ecca npio1Hio1MaeT BI-1A 

rra! C2(R
8
)d{R 8 ) 1 '! '! T U 2 =- <---->[-18IC2 (R )-.lo!+...!ot.(-=:.-) + 

~ 2 64 4 s 4 4 s 
s 1131 

2 
31 [ __!!!.. 

UT 

1 ~11. 
s 

B cny4ae m= 0 nony4eHHoe Bblpa>t<eHI-1e cosnaAaeT c pe3YilbTaToM 

pa6oTbll5/. 
11 



8. ss~ 

Ce4eH~e 3Toro npo4ecca c T04HOCTb~ AO K03$$~4~eHTOB cosnaAaeT 
c ce4eH~eM peaK4~~ GG ... ss: 

~ ITa 2 C
2

( R ) 
da - s s 3 

~'""'- ( ss ... GG) = ------- --- 8! C2 ( R _) - - + 
d t s ( s -4m2) d ( R s) s 4 

1 ----::-1 I. 
s 

9 • sG ... sG (sG ... sG) 

{<-T~U )2 + 

/14/ 

t:l~arpaMMbt :noro npo4ecca MoryT 6btTb nony4eHbt ~3 A~arpaMM 
GG-. ss peaK4~~ c np~MeHeH~eM ; ..:- t Kpocc~Hra; He paccMaTp~BaR 

3TOT np04ecc AeTaJlbHO, OTMeT~M, 4TO Allfl ero Ce4eH~R ~MeeM Bbtpa
>KeH~e 

~ 2 
d rras 

_g..( sG ... sG) = -----
dt cs-m2)2 

C (R ) ~ ~ 

< 2 s >[..l]s!C (R )-_?+ ~(~)2 + 
8d ( Rs ) 2 

2 8 
4 4 t 

/15/ 

2 t2 m2 1 
+ 2m [ C2 ( Rs) --:::-- - 3) [ -~ ---- - -:::-1 I . 

· U( s -m2) U( s -m 2) t 

TaK~M o6pa3oM, nony4eHw swpa>KeH~R A11R ce4eH~~ scex noAnP04eccos 
C y4aCT~eM CKallRPHbiX COCTaBJlfi~~~X Allfl ~X npo~3BOJlbHOro npeACTaB
JleH~R. 

3. HEKOTOP~E OC06EHHOCTH nPOUECCOB 05PA30BAHHR 
nErKHX UBETH~X CKAnRPOB 

nony4eHHble Bbtwe pe3yJlb T aTbl Allfl ce4eH~~ ( d ~I d t) pa3Jl~4HbiX 
nOAnP04eCCOB Aa~T B03MO>KHOCTb BWRCHeH~R HeKOTOPWX oco6eHHOCTe~ 
npo4eCCOB o6pa3oBaH~R nerK~X 4BeTHWX CKaJlRPOB. 

KaK ~3BeCTHo, s 3Kcnep~MeHTax no rny6oKOHeynpyroMy pacceRH~~ 
nenTOHOB Ha aAPOHaX cy~eCTBOBaH~e CKallRPHWX COCTaBJlfi~~~X B 6a
p~oHaX ~ Me30HaX He 06Hapy~eHO. np~4~HO~ 3TOMY MOMeT CJlY>K~Tb 

MaJlOCTb np~MeC~ CKaJlRPHWX napTOHOB B CTPYKTYPHWX ¢YHK4~RX aA
pOHOB ( fs/fl (X) ~ ~If,.; ( Z) MaJlbl), 3aTPYAHR~~aR ~X o6Hapy>KeHV1e np~ 
cy~eCTBy~~~X cpaBH~TeJlbHO 60JlbW~X 3KCnep~MeHTaJlbHbiX OW~6KaX. 

no3TOMY no~CK~ 4BeTHbiX CKallRPOB 6onee YA06Ho npoBOA~Tb B peaK-

12 

j 
j 

' 

4~RX o6pa30BaH~R CKallRPH~X CTpyH, Ce4eHHR KOTOP~X, B OCHOBHOM, 
6YAYT onpeAeJlRT bCR ABYMR noAnP04eC.CaMH: 

GG-. ss, 

qq ... ss. 
2Ec 

np~ 3TOM 04eBHAHO, 4TO npH MaJl~X 3Ha4eH~RX XR • -·"' XT/ sin () 
ys 

6yAeT AOMHHHpOBaTb nepB~H nOAnP04eCC, a npH cpaBHHTeJlbHO 6onb
WHX X R AOJlfl BToporo ( qq-+ sS) nOAnP04eCCa 6yAeT 3Ha4HTeJlbHO npe
o6naAaTb HaA nepB~M. AnR yrJlOBOH 3aBHCHMOCTH COOTBeTCT8y~HX 
ce4eHHH 8 6e3MaCC080M CJly4ae HMeeM 

.J!2_ 
77a2 C 2( R s) d ( R s) 3 2~ 

(GG ... ss) --~- -----(C2 (R)- -(1- cos ())] ' 
d1 82 32 s 4 

/16/ 
2 C2( R

8
)d( R.,) 2~ 

.J1a._ ( qq ... ss) = ~- ----[1- cos()]. 
dt 82 36 

TaK KaK B cny4ae 2'lc -npeACTa8neHHR CKa1lRP08 d(R 8 ) ='2:7 H C2(R 8 )=-8, 
COOTBeTCT8Y~He Ce4eHHR AOMHHHPY~T. B 4aCTHOCTH, 8 06JlaCTH Ma
Jl~X Xu , rAe HH8apHaHTH~e Ce4eHHR 8 OCH08HOM onpeAeJlR~TCR rll~QH

H~M~ 'rioAnP04eccaMH ( GG-. GG, GO ... qq. GG+ ss). 8e1lH4HHa da I d t ( GG+ ss) 
npeo6naAaeT HaA ce4eHHRMH APYr~x peaK4HH npH yrne pacceRHHR 

e = 90". 

R .. ~_gjJ...QG+s[). SO(f"' 4), 
da/dt (GG+qq) 

/17/ 

rAe () - yrOJl pacceRHHR 8 CHCTeMe 4eHTpa Mace COCTa8Jlfi~~HX, C8R-
3aHH~H C yrJlOM pacceRHHR () 8 CHCTeMe 4eHTpa Mace aAPOH08 CJleAy~
~HM COOTHOWeH~eM: 

cos(}- f3 
cos () .. -. {3= /18/ 

1- f3 cos() 

C yMeHbWeHHeM 3Ha4eHHR yrna () ce4eHHe GG ... GG noAnPo4ecca 6~cT
po pacTeT, 4To npH80AHT K yMeHbWeHH~ R /17/: 

GG - 0=60° 
R ( ... ss ) • 0, 7 ; 

aa ... aa 
- 0=30° 

R < aa ... ss ) ,. o. os. 
aa ... aa 

no 3TOH npH4HHe 3KCnepHMeHTaJlbHoe Ha61l~AeHHe CKaJlRPHOH CTpyH 
npH Man~x 3Ha4eHHRX xR 8eCbMa 3aTPYAHeHo. KaK noKa3~8a~T To4-
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0,1 

0,1 0,3 0,5 0,7 
Xy 

PHC, I 

0,9 

Hble pac4eTbl, a peaKI..II>H-1 pp .. jet X 
np1o1 0 = 90° 1>1 X T = 0, 05 GG-+ ss 
KOMnOHeHTa 1>1HBapl>1aHTHOrO 1>1HKn~31>1B

HOro ce4eHI>1B npo1..1ecca npi>1MepHo 
B TPI-1 pa3a MeHbWe, 4eM BKnaA 
GG ... GG 1-1 AOCTI>1raeT caoero MaKci-1-
ManbHoro 3Ha4eH1>1B /-40%/ np1-1 xT-
~ 0,25 /eM, p1-1c, 1/. 06bBCHBeTcB 
3TO TeM, 4TO npl-1 $1>1KC1>1POBaHHbiX 
3Ha4eHI>1BX 0 1>1 xT aeni>141>1Ha 0 co
rnacHo COOTHOWeHI-1~ /18/ MeHBeTCB 
a AOBonbHO WI>1POKOM 1>1HTepaane. Ta
KI>1M o6pa3oM, c 1..1enb~ o6HapymeH1>1B 
CKanBpHoA CTPYI-1 npl-1 ManbiX 3Ha4eH1>1BX 
X H cneAyeT pacCMaTpi>1BaT}> TOnbKO 
npolleccbl pacceBHI>1B np1-1 0 = 90°, 
4TO AOBOnbHO 3aTPYAH1>1TenbHO, TaK 

KaK $1>1KC1>1poaaHI>1e yr na 0 a 3Kcnepi>1MeHTe a 3ToA o6nacTI>1 x H He 
03Ha4aeT OAH03Ha4HOrO $1>1KCI>1POBaH1>1B 3Ha4eHI>1B yrna e. 

C APYroA CTOPOHbl, KaK 6blno OTMe4eHO BbiWe, B o6naCTI>1 AOCTa
T04HO 6onbWI>1X 3Ha4eHI>1A Xlt CKanBpHaB CTpyB MOmeT o6pa30BaTbCB 
a noAnPOI..Iecce qq .. ss. Ecn1-1 np1-1 3TOM q, q - aaneHTHble KBapKI-1 
( PP -+ jet X), To KOMnoHeHTbl qq-+ qq , qq .. ss 1>1HBapl>1aHTHoro 1>1HKn~31>1B

Horo ce4eHI>1B, onpeAenB~~""e aaneHTHY~ o6naCTb B3a1>1MOAeAcTBI>1B, 
AOM1>1HI>1PY~T HaA BKnaAaMI-1 APYri>1X KOMnOHeHT, AnB OTHOWeHI>1B 

d~/ d t ( qq .. ss) 
--------------------npl-1 
d~/d't ( q q .. q q ) 

. a a a a 

R"' pa3HbiX yrnax pacceBHI>1B 1>1MeeM 

R( e = 90°) • 2, 3; R( 0 = 60' ) ,. 0, 4; R( 0 = 30") ~ 0, 008. 

no aHanor1-11-1 co cny4aeM R ( ~· ss ) ce4eH1>1e noAnPol.lecca qq- -+ ss Gu-+ GG . 

FOM1>1H1>1pyeT HaA APYri>1M1>1 KaapKOBbiMI-1 ce4eH1>1BMI>1 TonbKo a o6nacTI>1 
0 a 90°, HO Ha6n~AeHI>1e CKan~pHoA CTPYI-1 B 3TOM cny4ae 3Ha41>1Tenb
HO ner4e, 06ycnoaneHo 3To TeM, 4To np1-1 6on~w1-1x 3Ha4eHI>1~x xn 
a c1-1ny KI>1HeMaTI>14ecKoro cooTHoweHI-1~ I 18/ 0 .. 0 , T04HOCTb 3Toro 
np1-16n1-1meHHoro paaeHcTaa pacTeT c yaenl>14eH1>1eM xn. 3Kcnepi>1MeH
TanbHoe CI>1>1KCI>1pOBaHI>1e 0 = 90° Yll<e COOTBeTCTByeT o6naCTI>1 e = 90°, 
rAe BKnaA noAnPOI..IeCCa qq-+ SS B ABa pa3a npeBOCXOAI>1T BKnaA peaK-
1..11>11>1 q qa .. qa qa. no3TOMY Ha1>16onee YA06HbiM npeACTaan~eTc~ noi>1CK 

a ~ 
CKanBpHbiX CTPYI-1 B~p (rrP) -3KCneplo1MeHTe npl-1 BbiCOK1>1X 3Hepri>1~X 

1>1 6onbW1>1X 3Ha4eHI>1~x x T I 0 = 90° I. 
.QeTeKTI>1pOBaHI>1e CKanBPHbiX CTpyA MOmeT 6b1Tb TaKme YA06HbiM npl-1 

1>13MeHeHI>11>1 yrnoaoA 3aB1>1CI>1MOCTI>1 ce4eHI>1A, npi>1MeCb qq -+ SS KOMno
HeHTbl 4aCTI>14HO BI>1A01>13MeH~eT yr noay10 3aBI>1CI>1MOCT b ( 1 + COS 2 0), 
o6ycnoaneHHyiO qq-+ qq nOAnPOI..IeCCOM, 4TO npl-1 AOCTaT04HO T04HbiX 1>13-
MepeHI>1~X MOmeT 6b1Tb 3aperi>1CTPI>1POBaHO 3Kcnepi>1MeHTanbHO, 

14 

o,g iiP- jet X 
AHanl-13 BKnaAOB pa3ni>14HbiX KOMno

HeHT /0 = 90°/ Ce4eHI>1A 1>1HKn~31>1BHbiX 

peaK1..11>1A PP-+ jet+ X, pp-+ j et+X 6e3 
y4eTa npi>1MeCI>1 CKanBpHbiX COCTaBnB~
~1>1X B Ha4anbHble aAPOHbl nOATBepmAaeT 
Bb1Wel>13nomeHHble BbiBOAbl. B 4aCTHOCTI>1, 
AOnB GG-o SS KOMnoHeHTbl B 0601>1X npo
l.leCCaX np1-1 xT= 0,05 cocTaan~eT 
acero 20%, 4TO no4TI>1 a 4eTblpe pa3a 
MeHbWe BKnaAa KOMnOHeHTbl aa .. GG. 

0,7 

a: 

0.1 0,3 
Xy 

P11c,2 

A np1-1 6onbWI>1X 3Ha4eHI>1BX x T a pe-
a Kl..ll-11>1 pp -+ jet+ X AOnB qq -+ ss KoMno
HeHTbl AOCTI>1raeT 50% /eM. PI>1C, 1,2/. 
$yHK1..11>11>1 G( x ) 1-1 r q/ H ( x) onpeAeneHbl 
npaa1o1naM1>1 KaapKoaoro c4eTa /8/; 41>1c

no apoMaTOB f = 4, a 

(Eda/d 3 P);. R .. - ________ '.J_ ___ 

t J- f~m (Ed a/ d3 P) Pm 

0TMeTI>1M TaK>l<e, 4TO APYroA xapaKTepHoA oco6eHHOCTbiO npo~ane
HI-1~ l.IBeTHbiX CKanApOB MOrYT cnymi>1Tb napaMeTpbl o6pa30BaHHbiX 1>1MI>1 
CTpyA /yrnOBble pa3peweHI>1~, aepOBTHOCTI-1 pa3BI>1TI>1A, MHomeCTBeHHOCTI-1 
1>1 Ap,/, 3Ha41>1TenbHO OTnl>14al0~1>1eC~ OT COOTBeTCTBYI0~1>1X aeni>141>1H An~ 

CTpy~ ct>epM1>10HHbiX KBapKOB • 
.QeACTBI>1TenbHO, TaK KaK aepoATHOCTI-1 pa3B1>1TI>1A CTpyA Cn1>1HOPHbiX, 

CKanApHbiX KBapKOB 1>1 rniOOHOB onpeAenAIOTC~ B rnaBHOM norap1>1CI>M1>14e
CKOM npl>16n1>1>MeHI>11>1 COOTBeTCTBY~~I>1M1>1 ~ApaMI-1 ypaaHeHI>1A 3BOn~l.ll>11>1: 

1 + z 2 

P (z) = P (1-z) = C (R) ------
,;q ,;q 2 1 - z 

p ( z) 2 C ( R ) .!.::~ /19/ 
,;s 2 s z 

P ( z ) = 2C ( G) [ .!.::...! 
11:11: 2 z 

z 
+ --+ 

1- z 
z ( 1 - z) 1 , 

TO, BBOAA nepeMeHHyiO 11CTpyAHOCTI>1 11 (thrUSt ) 

T =- nnx <~ I ~. ~I I 'i. I P I ) . 
-+ I I i I 
n 

rAe rt,- np01>13BOnbHbiA BeKTOp, HanpaaneHHbiA BAOnb CTPYI-1, MOmHO 
Bbi41>1Cni>1Tb HOPMI>1POBaHHble pacnpeAeneHI>1A no 11 CTpyAHOCTI>1 11 * : 

HbiX aAPOHOB, 15 



d2 a 4 
(I+T)/2 

NA( T) , ----·- ~ (....-L ) -- ( dz P A ( z) . 
ld T 277 1-TI-T · 

np~ 3TOM AnH T ... 1 nony4~M cneAY~~~e COOTHOWeH~H: 

N~ CA 9 N" c 
s 

= -- = 4' -- = --- = 3, 
Nq CF Nq 2Cr 

rAe 

CF'= C2 (R..3) = 4/3, CA= C2(G) = 3 C, = Cz(R,.) ~ KJ.) = 8. 

COOTBeTCTBeHHO. 
TaK~M o6pa3oM, s rnasHoM norap~QM~4ecKoM np~6n~~eH~~ 1~ np~ 

R • 27 I CKanrtpHwe cTpy~ ~Me~T pa3peweH~e, s TP~ pa3a npesocxo-
s ~~ 

AH~ee W~p~HW cn~HOpHWX KBapKOB. 

4. 3AKJ1104EHHE 

B paMKax KXA c 4BeTHWM~ cKanrtpHWM~ nonrtM~ pacc4~TaHw ce4eH~H 
(d;/di) BCeX nOAnP04eCCOB C y4aCT~eM CKanrtpHWX napTOHOB, np~
HaAne~a~~X npo~3sonbHOMY npeAcTasneH~~ rpynnbJ SU(3)~c y4eToM ~x 
Mace. 1-13 aHan~3a nony4eHHwx pe3ynbTaTos cneAyeT, 4To no~cK CKa-
................... ,, ................ "'. C:::~---- ··--C:::--- ----- -··-· 
,.,.,,,...,,...,u,. .,..,I""J•• .._,.._,,.,,._..._,. JM'JVIIV lltJUI.IVM"'''U U tJ'-'UI"\.41"1rlA' 1"11"'1"-IVL41"1A. onnVIIIo'l 

nrt4~0HHbJe saneHTHbJe KaHanbJ p p , 77P -+jet X, np~ 6onbw~x 3Ha4eH~Hx 

X T ~ () = 90" · 

AsTopw np~HOCHT rny6oKy~ 6naroAaPHOCTb A.H.Tasxen~A3e 3a 
nocToHHHW~ ~HTepec K pa6oTe, a TaKme H.B.KpacH~Kosy, A.B.PaA~w
K~Hy, A.H.C~caKHHY, K.r.4eTWPK~HY 3a 4eHHWe o6cy~AeH~H. 
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nPHJlQ)!{EHHE 1 

npas~na $e~HMaHa AnH CKanrtpHWX KBapKOB: 

q 
-- --t:.- - - - -

-: ... - ~1~-
q q' 

2 
-i/q 

a ' ) igsaii(qtq 11' 

?·vb 
I / ' J 
/ " 

/ " 
,I J 

' / ...... / 
' / ' / 

/ 
k // 

~ 
/ ......... 

" ' 

-i g2(aaab + abaa) D 
S i j 11V' 

-i >.( Dii Dkf + Dir Dik). 

' 
rAe a, b = 1,8 - 4BeTOBble ~HAeKCbl rn~OHOB; i , j , k, f - 4BeTOBble 
~HAeKCbl CKanrtpoe; 11, v - ~HAeKCbl JlopeH4a. 

IIPI1JIOlKI:.HI11:. Z 

Anre6pa a a MaTP~4 npo~3BOnbHoro ( R
5

) npeACTaeneH~H rpynnbl 
SU(3) c : 

faa ab] ,. if abc a c ' 

1 (a 8 aa) .. "' D .. C2 (R ) • 
a 11 1) s 

Sp aa = 0 Sp(aaalt) .. T(R .. ) Dab ' 

Sp(a a a)= 
2
1 T(R )(db +if b), 

abc sac ac 

Dab C2(G) ,. c~ facd fbcd (C2(G) = 8)' 

l- fabb "" 1 facd dbcd = 0 • 
c,d 

d( G) T( Rsl 
C2 (R.,) = -d{R .. )- (d{G) = 8), 
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rAe fabc (dabc - nOilHOCTbiO aHH1CI-1MMeTpi-14Hble lcHMMeTpH4Hb1el 
rpynnoBble CTPYKTYPHble KOHCTaHTbl, Beil11411Hbl C2 (R

8
) 11 T(R

8
) .Re

Il.RIOTC.R onepaTopaMI1 Ka311MI1Pa, a d(R 8 )- paaMepHOCTb npeACTaBileHI1.R 
R s I G - cooTBeTCTBYeT r IliOOHHOMY non10l: 

C2 (2 .. ) = 4/3, 

C2(Ec)=8, 

ni1TEPATYPA 

T(_? .. ) = 1/2, 

T(_gzc) = 27, 

d(2,J = 3. 

d(_gzc) = 27. 
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ABanHaHH H.c., MaTBeeB B.A., CnenqeHKO n.A. P2-83-457 
Po~eHHe ~BeTHWX CKanHpOB C 60nbmHMH nonepeqHb~ HMnynbCaMH 

B paMKax KXA c HapymeHHOH ~BeTOBOH SU(3)cCHMMeTpHeH H3Y
qeHhl BKnaAhl CKanHpHWX COCTOHHHH B ceqeHHH o6pa30BaHHH CTpyH 
H OAHHOqHb~ qacTH~ C 6onbmHMH nonepeqH~ HMnYnbCaMH, AHanH-
3HPYIDTCH pOnb CKanHpHb~ noneH H HX BnHHHHe Ha BenHqHHY H yr
noByro 3aBHCHMOCTb HHKniD3HBHWX ceqeHHH po~eHHH qaCTH~ B ~eCT-

KHX npo~eccax. PaccqHTaHbl ceqeHHH ( d§ ) scex noAUpo~eccos 
dt 

C yqacTHeM CKanHpHWX KBapKOB npOH3BOnbHOrO npeACTaBneHHH 
rpynnbi SU(3) c c yqeToM HX Mace. IlonyqeHHbie pe3ynbTaTbi noKa3bJ
sruoT, qTO llOHCK CKanHpHWX CTpyH 6onee YA06HO npOBOAHTb B peaK
~HHX, HMeiD~ aHHHrHnH~HOHHbJe BaneHTHbJe KaHanbl, npH 6onbmHX 
3HaqeHHHX XT H (} = 90°, 

Pa6oTa BhlnonHeHa B na6opaTopHH TeopeTHqecKOH ~H3HKH OHHH. 

Avaliani I.S., Matveev V.A., Slepchenko L.A. P2-83-457 
The Coloured Scalar Production with High Transverse Momentum 

In the frames of spontaneously broken QCD, the scalar 
parton influence at the inclusive cross sections value and its 
angle dependence in hard scattering processes is discussed. 
Expressions for the cross sections ( d~ I d t) of massive scalar 
subprocesses are obtained. It is shown that the search for 
light scalar jet production is more convenient to conduct for 
large values of xT and for(}= 90°. 

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