
/!) ~ ?3 
I 

C.H.HHKoJiaea, A.B.Pa,QIOWKHH 

BAKYYMHNE nonPABKH 

Ofi'bBAMHBHHbll 
MHCTMTYT 
RABPHbiX 

MCCIBAOB8HMI 

AYfiHa 

!c',j d_) 

P2-82-914 

K KX~ llPABHRAM CYMM ~RH qAPMOHHH 

HanpaBileHo a lKYPHall 11SIAepHaR QIH3HKa 11 

1982 



1 . BBE,liEHHE 

MeTOA KX,ll npaeHn CYMM 111 nonbayeTCR e HacToR~ee epeMR ace 
60RbWeH nonynRpHOCTb~ cpeAH TeopeTHKOB, 3aHHMa~~HXCR npHnomeHHR
MH KX,ll K pac4eTy ~H3H4ecKHX eenH4HH. BecbMa npHeneKaTenbHOH 4ep
TOH MeToAa RBRReTCR era 6nH30CTb B B~4HCRKTenbHOM acneKTe K 
CTaHAaPTH~M MeTOAaM TeopKK B03MY~eHKH. B TO me BpeMR, 6narOAaPR 
BKR~4eHH~ B CXeMy HeHyneB~X BaKYYMH~X cpeAHHX /BC/ ROKaRbH~X 

- a a onepaTopoe THna <qq>,<G/WGI.tv> H T.n., MeTOA KX,ll npaeHn cyMM 
n03BORReT KCCReAOBaTb TaKKe CBOHCTBa aAPOHOB, KaK Mace~, nenToH
Hble WKPKH~ K ~OpM~aKTOp~, cy~eCTBeHH~M o6pa30M 3aBKCR~He OT AK
HaMHKK B3aHMOAeHCTBKR Ha 60RbWHX paCCTORHHRX, T.e, OT HenepTyp-
6aTHBH~X 3~~eKTOB. 

B oTcyTCTBKe nocneAOBaTenbHOH TeopHH KX,ll eaKyyMa eaKYYMH~e 
cpeAHHe ynOMRHyToro TKna ~aKTH4eCKK Hrpa~T PORb ~YHAaMeHTaRbH~X 
KOHCTaHT, xapaKTepK3Y~~KX BaKyyMHy~ CTPYKTypy, ,llnR HX 04eHKK, 
OAHaKO, MOmHO BOCnORb30BaTbCR cy~eCTBy~KMK MOAeRRMH eaKyyMH~X 
~RYKTYa4KH: npK6RKmeHKeM paapemeHHOrO HHCTaHTOHHOrO raaa /CM., 
HanpKMep, 111 I, MOAenb~ HHCTaHToHH.C»i lKHAKocTH 121, HHCTaHTOHHOH Mo-
nPnhll'l l.4n .... r-~&..tthntAtt!:ll lA M~nnMon-n .... -.~-., ........ _ /~/ .. - M ~~;..i~iVICn IOi-\m.c IIU-

~~TKH e~4Hcn;~H;-sc ·~a(i;: ~·aaa;---;~ Teop~H · ~o~R Ha peweTKe 14•51• 

noACTaBnRR MOAenbH~e 3Ha4eHHR BC B COOTBeTCTBY~He npaBHna cyMM, 
MOmHO CYAHTb 0 npaBHRbHOCTH AOny~eHHH H npeAnonomeHHH, nema~HX 
B OCHOBe TOH HRH HHOH MOAeRH KX,ll BaKyyMa. 

MomHo TaKme nocTaBHTb 3aAa4y ~eHoMeHonorH4ecKoro onpeAeneHHR 
BC e paMKax MeToAa KX,ll npaeHn cyMM nyTeM ~HTHpoeaHHR HMe~~HXCR 
3KcnepHMeHTanbH~x AaHH~x. 0AHaKo ARR HaAemHoro onpeAeneHHR BC 
npH y4eTe RHWb HeCKOflbKHX nepB~X 4ReHOB CTeneHHOrO PRAa Heo6xo
AHMO 3HaTb xapaKTep CXOAHMOCTH 3Toro PRAa. 3TOT Bonpoc HCCReAo
eanCR B T04HO pewaeM~X MOAeRRX - HepenRTHBHCTCKOH noTeH4HaRbHOH 
TeOpHH /&·S/ H ABYMepHOH XPOMOAHHaMHKe 19•101• 6~no YCTaHOBReHO, 4TO 
XOTR B 4eROM KapTHHa B 3THX MOAeRRX cornacyeTCR C npeAnOROlKeHHR
MH pa60T~ Ill, OAHaKO CTeneHHOH PRA no 1/m~ ARR aHanorOB 4apMOHHR 
CXOAHTCR AOBORbHO MeAReHHO. BcneACTBHe 3Toro 04eHKH Ha napaMeTp¢ 
I aHanorH4H~I1 < g 2G ~/m ~ I, nony4eHH~e ~HTHpoeaHHeM T04Horo peaynb
TaTa / 1 ~KCnepHMeHTaRbH~X AaHH~X1 ~ ~OpMynaMH HH3Wero HeTpHBHanb
HOrO /T.e. 0(¢) I npH6nH>KeHHR, RBRR~TCR AOBORbHO rpy6~MH. KaK 
npaBHflO, BeflH4HHa ¢ 3aHHmaeTCR B 2-3 paaa. 

B 3TOH CBR3H npeACTaBflReTCR eamH~M B~RCHHTb, C KaKOH HMeHHO 
CHTya4HeH - 6~CTpOH HRH MeAneHHOH CXOAHMOCTb~ PRAa no 1/m~ - Mbl 
HMeeM Aeno a peanbHOM cny4ae 4-MepHoH KX,ll. ,llnR 3Toro Heo6XOAHMO 
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<G 4>/m~ /, 4TO RBnReTcR secbMa HenpocTo~ 3aAa4e~, oco6eHHO 
v Ill Ill! B npRMOnHHeHHOM nOAXOAe .B coo6~eHHH HaMH 6~n npeAnomeH 

HOB~~ MeTOA, no3BOnR~~H~ nony4aTb CTeneHH~e nonpaBKH K paCCMaT
PHBaeMbJM nonRpH3al.IHOHHbJM onepaTopaM HenocpeACTBeHHO B TepMHHaX 
BC KanH6poB04HO-HHBapHaHTHbiX onepaTopos*. CooTseTcTsy~H~ anro
PHTM /noApo6Ho onHcaHH~~ s 1151 I 6~n peanHaosaH HaMH Ha 3BM 
c HcnonbaosaHHeM nporpaMMbJ aHanHTHI.1eCKHX B~4HcneHH~ SCHOONSCHIP1 1~/ 

B HacToR~e~ pa6oTe nposeAeHo Bbl~cneHHe cTeneHH~x nonpasoK 
( ,PC ++ -+ -- ++.. K KX.Q npasHnaM CYMM AnR 4apMOHHR J = 0 , 0 , 1 ,1 JBnnoTb AO 

4neHos (m~8). KpaTKoe o6cymAeHHe non.r,4eHHbiX HaMH peaynbTaToB AnR 
BeKTOpHoro KaHana (JPC=1-- )AaHO 8/l; 

2. non~PH3AUHOHH~A OnEPATOP B BAKYYMHOM rfl~OHHOM nonE 

2.1. BsoAH~e aaMe~aHHR 

0CHOBHO~ senH4HHO~, HCCneAyeMO~ B MeTOAe KBaHTOBo-xpoM~HHa
MH4eCKHX npasHn cyMM, RBnReTcR nonRpH3aLIHOHHbJ~ onepaTop II (q) , 
CBR3aHHbl~ C HeKOTOpbiM TOKOM jr : . 

II r ( q) = i r d4 
X e iqx < 0 1 T I { ( x) j r (0) 11 0 > /2.1/ 

B AaHHO~ pa6oTe Mbl orpaHH4HMCR pacCMOTpeHHeM npocTe~WHX ere -
ToKes <r= 1, iy5 ,yl-', (qJ.Lqv/q

2 
-gJ.Lv)yvy 5),csRaaHHbix c KX.Q npasHnaMH 

r"\/UU MMO lt::llnUr'IIUIAO rr"',...M::IIr'"Ut"'\ ::IIU::IIMIA~\1 DLIMI"\M-&-I,:S.I-ILfnt.A\1 Q /1/ ~t.AMMIAT\1-

~~- II(~- ··H~~6~~~~~~ ~~~~~~~~b -~-~G~~~T~--~2~-()~ ~-~~T~po~' ~~~~~B~H 
K npOCTe~WeMy BKnaAY /pHc.1a/ Manbl scneACTBHe aCHMnTOTH4eCKO~ 
cso6oAbJ. 

~~~ 
a/ 6/ 

PHc. I . .[(HarpaMMbi TeopHH sosM~eHHH AJIH 

B/ 

nr (q). 

Bo-nepBbJX, ~Me~TCR TeopeTHKo-soaMy~eH4eCKHe /HnH nepTyp6aT~s
Hble/ nonpaBKH, npocTe~WHe H3 KOTOP~X CBR3aHbl C AHarpaMMaMH 
PHC.16,s. ~BHble BblpameHHR AnR HX BKnaAOB B cny4ae BeKTOPHOrO Ta
Ka MOmHO nony4HTb, HCnOflb3YR pac4eT~, npHBeAeHHble B KHHre WBHH-

* Heaas1-1c~o aHanorJ-~4HaR cxeMa pac4eTos 6bma paapa6oTaHa 
B CTaTbRX 112"141 • 

2 
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PHC,2, 0AHOneTneBble AHarpaMMbl, COOTBeTCTByro~e B3aHMO
AeHCTBHID c saKYYMHbiM rnrooHHbJM noneM, 

repa /18(.QnR APYrHX TOKOB BKnaA~ AHarpaMM PI-1C.16,B 6~n1-1 B~4HCne
H~ Pe~HAepcoM 1-1 AP. 1191 /eM. TaKme 1201 I. 4To KacaeTCR nonpasoK 
cneAY~~ero nopRAKa /T.e. 3-neTnes~x/, To, HaCKonbKO HaM HasecT
Ho, s HacTOR~ee speMR He cy~ecTsyeT pac4eTHoro MeToAa, noasonR~

~ero Bb14HCnHTb HX BKnaA~ npH HeHyneBbJX Maccax KBapKOB. 0AHaKO 
nocne peHopMrpynnosoro 11yny4weHHR 11 PRAa TeopHH soaMy~eHH~ BKnaAbl 
Al-1arpaMM BbiCWHX nOPRAKOB nOAaBneHbl MHOlKHTeneM a

8
/ rr :5 0,1 Ha KalKAYJO 

neTnJO, 1-1 n03TOMY BKnaAaMH BbJCWHX nepTyp6aTH8HbiX nonpaBOK MOlKHO, 
KaK npasHno, npeHe6pe4b, 

Bo-8Topblx, 8 KX.Q Heo6xoAHMO y4ecTb TaKlKe nonpa8KI-1, o6ycnos
neHHble HenepTyp6aTHBHbiMH ~nyKTYaLIHRMH eaKyyMHbiX noneH. KaK noA-
4epKHBanocb B pa6oTe/l~ HMeHHO 3TH nonpaBKH /a He BbiCWHe 4neHbl 
paanolKeHHR no a 8 I oTBeTCTBeHHbl aa HapyweHHe acHMnTOTH4eCKOH 
cenfinAW no~ ~ 2 . fin~~K~x K nnoory oo•peH~R oc -naobl. HeKOTODble H3 
AHarpaMM, OnHCbiBa~HX B3aHMOAeHCT8HR, o6ycnoeneHHble BaKYYMHbJMI-1 
nonRMH, noKaaaHbl Ha pHc.2. B AOnonHeHHe K A8YM sHeWHHM nHHHRM, 
COOT8eTCTBY~HM TOKaM, BXOAR~HM B onpeAeneHHe /2.1/, 3TH AHar
paMMbl HMeJOT TaKlKe BHeWHHe nHHHH, CooT8eTCT8Y~He nerKHM 4aCTHLiaM 
/T. e, U- , d- , 8 -KsapKaM H r niOOHaM/, nor n~aeMbiM HnH HCnYCKaeMbJM 
8aKYYMHbiMH nonRMH /1/. 

B 3TOH pa6oTe rna8Hoe BHHMaHHe 6yAeT YAeneHo 8bi4HcneHHJO HaH6o
nee 8alKHbiX 1-neTne8biX AHarpaMM, KOTopble, KaK nerKo aaMeTHTb, co
oTseTCTBYJOT 8aKyyMHbiM nonpasKaM K nepTyp6aTH8HOH AHarpaMMe HH3-
wero nopRAKa. 

2.2. Ko8apHaHTHbiH MeTOA 8HewHero nonA 

r AMnnHTYAa n (V,OT8e4a~aR CYMMe 1-neTne8biX AHarpaMM THna no-
KaaaHHbiX Ha pHc.2,1a, 8wpalKaeTcR 4epea c8epTKy K8aPK08biX nponara
Topo8 80 8HewHeM 8aKyyMHOM none A: 

llr (V ·1 (d4
xetqa Spfr1 Sc(x,y;A)r

2
S 0 (y,x; A)l /2.2/ 

r 8bi4HcneHHe nonRpH3aLIHOHHoro onepaTopa n (vnpoHaBeAeM c Hcnonb-
ao8aHHeM npeAcTaeneHHR nponaraTopa K8apKa a none A, npH KoTopoM 
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3aBHCHMOCTb OT BeKTOpHOrO noTeH~Hana B~AenReTCR B BHAe 3KCnoHeH
~HallbH~X MHO>KHTeneJ.1/1l,l5/ 

S c (x, y; A) = E (x, z0 ; A) S c (x, y; c. D, z {)) E (zO' y; A) , /2.3/ 

rAe z o - HeKoTopafl $HKCHpoeaHHafl /T. e. He aaeHCRUiaR oT x, y I 
T04Ka a npocTpaHcTee, a E(x, z 0;A)- ynopRA04eHHafl 3KcnoHeHTa, 
COOTBeTCTBY~Uiafl npfiMOnHHeiiHOMY nyTH, 

... IJ. ll 1 ... 
E(x,z 0;A)= Pexptig(x -z 0 ) bdtAil(z 0 +t(x-ztj)1. /2.4/ 

... c 
3KCnOHeHT~ E, BXOARUIHe B 8 (X, y ;A), COKPaUia~TCfl B /2. 2/ C aHano-
rH4HbiMH MHO>KHTenfiMH B 8 c (y, x; A),TaK 4TO B npHBeAeHHOM B~pa>KeHHH 
MO>KHO 3aMeHHTb S c Ha S c(x, y; G, D, z 0). Hcnonb3Yfl Anfl S c(G, D) paano>Ke
HHe no Hanpfi>KeHHOCTH rn~oHHoro nonR G( z 0 ), 

G a =a A a -a A a f abc A b A c 
JLII j.l II II JL + g j.l II ' /2.5/ 

1-1 ee KOBapHaHTHbiM npOH3BOAH~M D ••• DG(z 0), 

G a - aa 1 
llll; a ••• a = (D a ) 

1 n n 

- an b ••• (Da ) -1 G b 
1 j.lll 

/2.6/ (Da )a1 a2 

n-1 

/rAe Da = aa -igA~aa,aa - MaTpl-1~~ KanH6pOB04HOH rpynn~ B rn~OHHOM 
/noHcoenHHeHHoM/ noencTaeneHHHI. nonv4aeM Oflil BKnanoe THna noKa-
3aHHbiX Ha PHC. 3, B KOTOp~X BHeWHHM llHHHfiM COOTBeTCTBY~T Q :~~;~ ••• an' 

a KBapK-rll~OHHOH eepWHHe - $aKTOp T ayll (a11 -i(y-z0) 11)(aa
1
-i(y-z0 )a

1
) ••• 

••• (a a -i(Y-Zo)a ). 4Hcno KOBapHaHTHbiX npOH3BOAHbiX 6yAeM yKa3~BaTb 
n n 

PfiAOM C aepWHHOH AHarpaMM. 

~ 
I a/ 

<::r 
I 6/ <>-I e/ 

~ \Q /~ 

,o o,r/ y, <;>-
,~ e/ 

PHC. J. 0,[1HOlleTJieBbie ,[IHarpaMMbi, COOTBeTCTBYJO~e B3aHMO,[IeHCTBHIO 
C BaKyyMHhlM rJIIOOHHbiM llOJieM B MO,[IH~HQHPOBaHHOH ~OpMe n.2.2. 
a/ ,6/ ,r/ GG-, GOG-, GGGG -,I:~HarpaMMbi cooTBeTCTBeHHo; a/ G(DDG) -
,t:~HarpaMMa, ,~:~/ d(DG)(DG) -AHarpaMMa, e/ (DG)(DDDG) -,I:~HarpaMMa. 
4 

.. 

3aBHCHMOCTb aMnnHTYAbl fir (q) OT ZQ -T04Kio1 pa3J10>KeHHR BHeWHero 
nOnfl npORBnReTCR 4epe3 apryMeHTbl BaKyyMHbiX MaTpH4HbiX 3neMeHTOB 
cocTaBH~x onepaTopoe < <J~11 .a. a<z 0)G,~ 11 • f'l f'l (z 0) ••• >, 

'"'l ... n '"11'~-'1" .. ~-'m 

KOTOp~e B CHny TpaHCnfi~HOHHOH HHBapHaHTHOCTH He 3aBHCRT OT z 0 , 

a TaK>Ke 4epe3 MHO>KHTenH THna (y-z 0 )a oT Ter:1nopoacKoro pa3no>Ke
H~IR BHewHero nonR. Bb14HcneHHR, npoeeAeHHble Ha 3BM c Hcnonbaoea
HHeM nporpaMMbl aHanHTH4eCKHX Bbi4HcneHHH SCHOONSCHIP/16/ no cxeMe, 
nQAp06HO onHCaHHOH B /15/ Anfl cny4a.A npOH3BOnbHOrO napaMeTpa z0 , 

noKa3biBa~T, 4TO z 0 -aaBHCHMOCTb HeTpHBHanbHbiM oGpa30M COKpaU~a
eTCfl Anfl cyMMbl AHarpaMM c $HKCHpoeaHHOH paaMepHoCTb~ eHewHero 
nonfl H z 0 RBnReTCR B AeHCTBHTenbHOCTH KanH6pOB04HbiM napaMeT
POM /11, 12, 16/. 

2.3. CTpyKTypa eaKyyMHbiX cpeAHHX 

r 
BKnaAbl AHarpaMM B ll (q)aaBHCfiT OT eaKyyMHbiX cpeAHHX /BC/ co-

CTaBHbiX onepaTOpOB pa3n~4~b1X pa3MepHOCTeH dj, KOTOpble conpOBO>K-
Aa~TCR MHO>KHTeneM 1/ (Q2 ) I 

2 
, rAe Q 2:- q 2• r 

TaKHM o6paaoM, Mbl ecTecTeeHHO npHXOAHM K npeACTaeneHH~ll (q) 
a BHAe cTeneHHoro PRAa no 1/Q 2• KaK y>Ke OTMe4anocb, K03$$H~HeHTbl 
paano>KeHHfl He 3aBHCRT OT Zo,TO eCTb pa3nO>KeHHe KanH6pOB04HO HH
eapHaHTHO. Ho Anfl Toro, 4T06bl noKaaaTb 3To, Heo6XOAHMO Hcnonb
aoeaTb ace CBfi3H Me>KAY MaTpH4HbiMH 3neMeHTaMH onepaTOpOB OAHHaKo-
,_,"'!. .... .,.., ... no .... u_,.. ... u uuL•uu '"""a~uu u~:u'11TIA nna II.I'!:IIWnn.A n.=.~u,:~ona..~nrTIA d 
- ....... ,... __ ,,_,... ....... _ •• ,, ., •• _ .. , •• -··---.... , ··-····· ~-··· ··-···.---.-. ,--·- • 1 

COOTBeTCTBY~Hii 6a3HC BC. nocKOnbKY MHHHManbHaR pa3MepHOCTb one
paTopa, HMe~ero oTnH4Hoe oT HynR eaKyyMHoe cpeAHee, pasHa 4e
TblpeM, TO paano>KeHHe fir(q) Ha4HHaeTCR C 4neHa, nponop~HOHanbHOrO 
1/Q 4. CooTeeTcTey~ee BC /rnooHHbiH KOHAeHcaT/, 

< g 2o:~~ a:~~ > = o 2 , 

6blno anepable aaeAeHo a paccMoTpeHHe a 111
• CneAY~HH 

HHR (-1/Q 8)napaMeTpHayeTcR ABYMR HeaaBHCHMbiMH BC: 

<g3fabcoa cb ac >!I o1 
j.lll ~~~ ~ll 3 

H 

<g4ja J a> .. o2 
ll ll 3 • 

/2.71 

4neH paano>Ke-

/2.8/ 

rAe J~ - ~BeTHOH TOK nerKHX KBapKOB, nORBnR~HHCR B peaynbTaTe 
npHMeHeHHR ypaBHeHHH ABH>KeHHR 

- a 0 a = gja = g I t/F y r t/F 
llll ;v ll Y, -u,d,s ll 

/2.9/ 
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nepeXOA K MHHHManbHOMY 6a3HCY ocy~eCTBnReTCR npwMeHeHHeM 
TpaHCnR4HOHHOH HHBapwaHTHOCTH, B cwny KOTOPOH cnpaBeAnHBO 

<0 0 > z-<0 0 > 
;a1 ... an ;{31 ... {3m ;a1 .•. an-1 ;{31 ... {3nfln ' /2.10/ 

wcnonb30BaHweM TO~AecTea 6waHKH: 

O~tv;.\ +'Ov.\;~t+O "-~t;v= 0, 12.11 I 

H KOMMYTa4HOHHOrO TO~AeCTBa: 
a.b abc c 

(0 a 0 {3 - 0 {3 0 a ) = g f 0 a{3 • /2.12/ 

Hcnonb3YR /2.9-2.12/,nerKo noKa3aTb, 4To eo3HHKa~~ee e 3TOM no
PRAKe cpeAHee no BaKYYMY < g2 0 ~v OIL~;aa> CBOAHTCR K 0 ~, Of : 

< g 2o a G a > = 2 (0 1 - 0 2 ) . w ~tV; aa 3 3 /2.13/ 

Bbl4wcneHwe BKnaAa, nponOP4HOHanbHOro 1/Q 8 , conpR~eHo co 3Ha-
4HTenbHO fionbWHM pa3H006pa3HeM B03HHKa~~HX onepaTopHbiX cpeAHHX 
pa3MepHOCTH 8. 

TpaHCnR4HOHHaR HHBapwaHTHOCTb H TO~AeCTBO 6HaHKH n03BOnR~T 
ceecTw ece BC noKanbH~x onepaTopoa Twnoe <000000> K AeCRTH, 
<00000> - K nRTH w <GOGO>- K yeT~peM. ,., ,., ,., 

fl:>n<><> Ml"\\111-11"\ nnloi':>'>=>T'- UTI"\ v Rr TIAn:> <' Snrr.r. r. )~nTniAUH.::l nT 
I I - .. ' f f; 

HYnR TOnbKO 4aCTbb nponOP4HOHanbHaR aHTHCHMMeTpH4H~M CTPYKTyp-
HbiM KOHCTaHTaM ra c 4BeToeoi1 rpynnbl SU(3) c• nocKonbKY ece one
paTOPbl Twna dabcaaa?a~ e eaKyyMHbiX o6KnaAKax paeH~ Hyn~ no ceoi1cT
eaM 4BeTOBOi1 H nopeH4-CHMMeTpHH, HanpHMep, 

< d a be a a G b G c > = _ < d a be G a G b G c > = O • 
~tV ~;a v{3; {3 V~t v{3; {3 ~;a 

AHTHCHMMeTpw3a4HR no 4BeTy yMeHbwaeT 4wcno BC Twna <00000> AO 
4eTblpex. BaKyyMHOe cpeAHee <G~v;v~ta:{3;{3a > paeHo Hyn~, nocKonbKY 

a . a 1 - - - - ab b 1 abc. c . b 
G {3 {:)._ .. g) = -2 (0 0{3 - 0{30 ) G {3 = - g f G {3 G {3 = 0 • a ; !-""'" a; a a a a 2 a a 

KOMMyTa4HOHHOe TO~AeCTBO /2.12/ n03BOnReT 3anwcaTb BOCeMb CBR-
3ei1 MeiKAY BC Twna <OOOOGG>w <OOGGG> w ABe CBR3H Me~AY nocneA
HHMH w BC <GOGG>-Twna, wcnonb3oeaHwe KOTop~x no3BOnReT e~6paTb 
6a3WC BaKYYMHbiX cpeAHHX onepaTOPOB pa3MepHOCTH d = 8 H3 CeMH 
3neMeHTOB: 

4 """A A 1 4 ,..,.._,..A 2 
< g Sp(GILVG ~LV Ga{3 Ga{3 )> = 0 4' < g Sp (GILV Ga{3 a ~LV Ga{3 )> = 0 4' 

6 

• 

AAAA 3 4 AA A A 4 
< g4 Sp (G !LV Gva Ga{3 Gf3~t)> "'0 4' < g Sp(GILv Ga{30va Gf31L )>"' 0 4 ' 

/2. 14/ 

<g6f abc 0 a j bj c> = 0 & ,<g3c&bc0 a. r. b 0 c >=Oe,<g4jaja >=0 1. 
~tV It v 4 ILV'""vA A!L;aa 4 IL IL;aa 4 

B~6op TaKoi1 napaMeTpw3a4HH eKnaAa -1/Q8 npoAHKToeaH coo6pa~eHwR
MH YA06cTea Konw4ecTeeHH~X 04eHoK BC /eM. pa3Aen 3.3/ w 6~n wc
nonb30BaH HaMH B pa6oTe 117~Heo6XOAHMO OTMeTHTb, 4TO B TO epeMR 
KaK BC o;, ot H 0~ 113neMeH~apH~ 11 no 4BeTy, nepa~e 4eT~pe BC 
AOnycKa~T pacKp~Twe 4BeToeow CTPYKTYP~ 3a C4eT HeKoToporo yee
nw4eHHR 4Hcna onepaTopoe. B AaHHoi1 pa6oTe M~ 6yAeM nonb3oBaTbCR 
BMeC TO 0 1, 0 2, 0 3 H 0 4 HX nwHei1H~MH KOMfiHHa 4HRMH: 

4 4 4 4 

o1+2 = 4 ( 0 1 + 0 2) = <g4(da.bc 0 a G b )2> +_?_ <g4(G a G a )2 > 
4 4 4 !LV a{3 3 !LV a{3 ' 

0 1-2 =4(01-02) = <g4(fabc 0 a Ob )2> 
4 4 4 !LV a{3 ' 

/2.15/ 

o3+4"' 4 (03 + o4) = <g4(dabc 0 a G b)~ +l.<g4(oa 0 a )2> 
4 4 4 ~ av 3 ~ a~' ' 

os-4=4(0s-o4)=<g4(ra.bcaa. ob )2> 
4 4 4 ~av, 

HMe~HMH 6onee 3neMeHTapHy~ 4BeTOBY~ CTPYKTypy. 

2.4. CTeneHHoe pa3no!KeHwe AnR nonRpw3a4HOHHoro onepaTopa 

Pac4eT AHarpaMM Twna npweeAeHH~X Ha pwc.3 AO pa3MepHocTw 8 no 
BHeWHeMy non~ BK~4HTenbHO npOH3BOAHTCR Ha 3BM H BKn~4aeT 3 CTa
AHH: B~4HCneHHe cneAOB OT 4BeTOB~X (r 8

) H nopeH4eB~x:y~ ~~aKTOpoe, 
B3RTHe OAHOneTneB~X HHTerpanoe C noM~b~ CTaHAapTHOH ~eHHMaHoe
CKOi1 napaMeTpw3a4HH w nepexoA K 6a3wcy BC,paccMoTpeHHOMy B n.2.3, 
npw KOTOPOM npOHCXOAHT COKpa~eHwe 3aBHCR~HX OT ~ 4neHOB,YA06HO 
He npOH3BOAHTb HHTerpwpoeaHHR no ~eHHMaHOBCKOMY napaMeTpy,no
CKOnbKY K03~~H4HeHT~ pa3no~eHHR B HaHAeHHOM HaMH npoCTOM HHTer
panbHOM npeACTaeneHHH/CM,/lW/HMe~T Haw6onee KOMnaKTHY~ ~OPMY, 
onTwManbHY~ AnR nocneAy~ei1 o6pa6oTKH. 

0KOH4aTenbHO AnR nonRpH3a4HOHHOrO onepaTopa B BeKTOPHOM Ka
Hane nony4aeM cneAy~ee pa3no!KeHwe no BC /2.7/, /2.8/, /2.15/, 
/2.14/: 

nv(q)=(q q _q2g )!Pv(Q 2 )= 
IL v !LV 
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v 0 2 
.(q,qv- q2g )ICI l + (-1 + 3J2- 2Js) + 

~ JJ.V 48"2Q4 

1 
2 31 43 12 ( Os 

+ (- + 4J2 - - J3 + - J 4- - J 5- -) + 
15 3 5 5 10 72"2Q8 

41 2 4 28 8 J: 3 t: 0~ +(- +-J -J --J --J +-J + ....lo..J --\,) + 
45 3 1 2 9 3 15 4 5 6 3 1 5 

1+2 
85 57· 301 871 1 0 .f.. t: 3 "2) 0 4 

+<i2 +16J1- 2J2- 3J3+ TJ4- 41J5+3 J8- 2 J 1 +"'- 4"' 432"2Q8 + 

+(,!2_19J
1 

+ 427J
2
_ 575J

3
+ 13553J

4
_13869J

5
+ 1391J

6
- 45J7-~J 1 + 56 2 4 2 40 70 28 14 4 

1-2 
+1..(- ~(l 04 + 

35 140 432"2Q8 

o3+4 
(- 661_ 60J 249J - 1172J + 3143J - 978J 60J +~J - ~+~2) 4 

+ 30 1 + 2 3 8 10 4 5 5 + 6 1 5 10 432"2Q 8 + 

1145 99 983. 13027 12591 131 207 ~ . 
+<84+ 33J1-2J2 -3J3+ 2()J4- --aii""J5+14;r8+ 7J1+ 2 J 1 + 

+ 104 t: - 27 t: 2) 
•u::"' H."' 

08-4 

..tnn 91""\ Q 
-;r;;u~o.~n-q-

633 8893... 19762 935 54 
+(-70+22J1 -289J2+722Js- WJ4+ -as-J5 -7Je -7J7+aeJ1 + 

+ 

248 102 2 0~ 
+35( -35() 432"2Q8 + 

8 
+(-8 +SJ -ssJ + 234J _1ossJ + 284J + 572J _ 21sJ _23 e + 12e1 o4 + 

35 1 2 3 5 4 35 5 7 8 7 7 35 35 432"2Q8 

( 881_2J 7J 142J - 1337J + 4666 J - 565 J + 162 J -(J -
+ 210 1 + 2 + 3 3 10 4 36 5 7 8 7 7 1 

7 
_ 128e + 54 e 2) o 4 1, 

36 35 432" 2Q 8 

rAe ( = Q2 /m2 c • /2.16/ 

1 -
JN(() = l /2.17/ 

- BBeAeHH~e HaM~ a1151 6a3~CH~e ~HTerpan~, KOTOp~e nerKO 6epyTc~: 

8 

• 

J (()= (2N-3)!![(a-l)Ny'alnv'a+1+ Nil (k-l)!(a-lt-k] 
N (N-1)1 2a y'a-1 k= 1 (2k-1)1! 2a ' 

/2.18/ 

rAe a= 1 +..!.. 
PeaynbT~Tbl An~ TOKOB C JPC= 0++, 0-+ , 1++ B~HeceH~ a np~nome-

H~e. 

Ko3~~~~eHT~ np~ <g20 2> a npo~HTerpHposaHHOH $opMe cosnaAa~T 
c np~BeAeHH~M~ s 11•191• TeopeT~KO-B03My~eH4eCK~H BKnaA cV c y4e
TOM nepBOH nonpaBKH no a

8 
/COOTBeTCTBY~~H A~arpaMMaM 16,s/ TaK

me B~4~cneH a /1,19/. 

3. nPABHflA CYMM An~ 4APMOHH~ 

3.1, 06~HH $OpMan~3M 

C nOMO~b~ A~CnepCHOHH~X COOTHOWeH~H MOmHO C8~3aTb ~Hsap~aHT
Hy~ aMnn~TYAY ~r /eM. /2,16// C ee MH~MO~ 4aCTb~! 

- d r 2 
dQ2 ~ (Q ) !. 7 

"4m~ 

r 
Im~ (s) ds. 

2)2 (s+ Q 
/3.1 I 

·r 
B ceo~ 04epeAb, Im ~ (s) MomHo cs~aaTb c HeKOTOP~M ce4eH~eM. 
B 4aCTHOCT~, An~ seKTOpHoro TOKa 

. v 9 3 
Im~ (s)= ~ _su(e+e- ... charm) =

18
"R

0
(s), /3.2/ 

rAe a= 1/137, u (e+e- ... charm)- nonHoe ce4eH~e e+e--aHH~r~n~~~~ a 4ac
T~~~. coAepma~~e c-KsapK, ~ R 0 =u(e+e-.. charm)/u(e+e- .. p.+p.-). 
TaKHM o6paaoM, /3.1/ noason~eT a KoHe4HOM HTore cs~aaTb napaMeT
P~ KXA-saKyyMa c Ha6n~AaeM~M~ senH4HHaMH H TeM caM~M nposepHTb 
HMe~HeC~ MOAenH saKYYMHOH CTPYKTyp~. 

B pa6oTe 111 An~ 3TO~ ~enH 6~no npeAnomeHo paccMaTpHsaTb 
OTHoweHHe r

0
= M

0
/Mn-1 MOMeHTOB M

0
: 

Mr(Q2,m2) = _1_(- _d_)n ~r(Q2,m2) 
1 n c n! dQ2 c Q2= o /3.3/ 

B BeKTOPHOM KaHane MOMeHT~ OT TeopeTH4eCKOrO B~pameHH~ An~ ~V 
/2.16/ HMe~T cneAY~HH BHA! 

M v = _a_ (n+l)(n-1)1 11 +a va _ 
0 4"2 (2n+3)!1 (2m2)D 0 8 

c 

(D+ 3) I 02 

(n-1)! (2n + 5) 144m 4 c 
+ 
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(n+4)! (3n2+8n-5) 0~ +-------"""--
(n-1)! (2n+5X2n+7)12960nPc 

(n+2)t(n+4)(3n3+47n2 +244n+405) 0~ 

(n-1)! (2n+5)(2n+7) 9720 me c 

n(n +1 )(n +2)(n +3) 
+ X 

(2n+ 5)(2n+ 7) (2n+9) 5184 m8 
c 

[( 1 6 29 4 38 3 811 2 1075 396)0 1+2 x -n + -n + -n - - n - --n - 4 + 
4 8 3 24 4 

( 1 6 671 6 2203 4 7891 3 3011 2 257 42)01-2 
+ - 224 n + 3360 n + 672 n + 480 n + 105 n -56°- 4 + 

+ (..!...n6 + 217 n4 + 1643n 3 + 35209n2 + 15703n + 1638) o3+4 + 
2 20 15 60 10 4 

~23 6 3443 6 46519 4 12229 3 46569 2 6541 510) 0 3-4 + -n +--n +--n +--n +--n +--n- -
0 1680 1680 80 140 140 4 

~ 3 6 1367 6 8157 4 27883 s 35121 2 161939 2232)0 5 - -n + --n + --n + --n + --n + n + 4 -
80 840 280 120 35 70 

+ 

/3.4/ 

_(_d n6 +~no+ ii~ n 4 + .i.il.i. n lS + oooon~ + oo44n) OQ + 
'70 210 35 15 35 35 4 

( 9 6 247 5 1937 4 10801 3 8797 2 14709 1080) 0 7] I + -n + -n + --n + --n + --n + --n + 4 , 
280 280 168 120 21 14 

rAe a~ - K03~~H~HeHTbl, xapaKTepH3Y~~He eenH4HHY AByxneTneBOH 
TeopeTHKO-B03My~eH4eeKOH nonpaBKH /eM. 1191 /. npH He enHWKOM 
6onbwHx n /npaKTH4eeKH AO n < 10 I nonpaeKH K oeHOBHOMY BKnaAY 
M ~) B /3.4/ Manbl, 4TO n03BO~.ReT HaXOAHTb OTHOWeHHe r n B BHAe 
P.RAa 

(O)V 
v M n V V V · V 0 2 

r = - I 1 + (a - a 1 ) a + (b - b 1 ) - 4- + .•. I , n (O)V n n- s n n- m 
Mn-1 c 

/3.5/ 

KOTOpbiH HMeeT yny4WeHHY~ eXOAHMOeTb BBHAY Bbi4HTaHH.R OAHOTHnHbiX 
nonpaeoK. BenH4HHa rn HMeeT, KpoMe Toro, 6onee ena6y~ aaeHeH
MOeTb OT me - TOKOBOH Maeebl KBapKa (r0 - 1/m ~) H onpeAen.ReTe.R H3 
3KenepHMeHTanbHbiX AaHHbiX e 6onee BbleOKOH T04HOeTb~,4eM Mn. 

10 

.. 

3. 2. 06pa6oTKa 3KenepHMeHTanbHbiX AaHHbiX 

BoenonbaoeaewHeb An.R P(Q2,m~) eneKTpanbHbiM npeAeTasneHHeM 
/3. 1 I, nony4aeM An.R MoMeHTOB M n npH Q 2 = 0: 

M =_a_ f R(s)ds 
0 16tr2 8 n+1 · /3.6/ 

HHTerpHpoeaHHe a /3.6/ npoH3BOAHM e HenonbaoaaHHeM npH6nHmeHH.R 
Y3KHX peaoHaHeoe, npeAnomeHHoro a 111 /eM. TaKme 1211/ An.R eenH-
4HHbl R(s): 

R() 9tr ~ "( 2) f'e+e-~v 4( as)(J E2 B=-s""os-mv +-1+- (s- n), 
a2 v m v 3 rr /3.7/ 

rAe noeneAHee enaraeMoe Y4HTbiBaeT BKnaA KOHTHHyyMa, Ha4HHa~ero

e.R e nopora o6paaoeaHH.R DD -naPbl /En = 4, 2+0, 1 raB/ . .l\n.R 4apMo
HH.R e J PC= 1--Mbl Henonb3yeM noeneAHHe AaHHble, 3aHMeTBOBaHHble 
H3 o6aopa 1221 /e-M. Ta6nH~y/. 

m v /M3B/ 

'lf'\Ot:. O'l.L() f'\0 ....,..., ....... , ... -_:_>,J, ......... 

3686, oo;:_o, 1 o 
3769,9;:_2,5 

4028,7;:_2,8 

4159,0;:_2,0 

4415,0;:_5,7 

f' e+e-~v /K3B/ 

h ~n~n ~o .,--_-,-· 

2,05;:_0,21 

0,257;:_0,046 

o, 75;:_0, 15 

0,77;:_0,23 

0,49.:!:_0,13 

Ta6nHu;a 

AnnpoKeHMa~H.R R(s) npH6nHmeHHeM /3.7/ noaaon.ReT nony4HTb An.R 
MOMeHTOB Mn BblpameHHe B BHAe eyMMbl no pe30HaHeaM: 

27 rv 4a2 as 1 
M0 =-[I +--(1+-)--1. 

16~ra2 v m2n+1 27rr rr nE2n 
V n 

/3.8/ 

OTHoweHHe f 0 =M0 /Mn-1 Bbi4Hen.ReTe.R no 3KenepHMeHTanbHbiM AaHHbiM 
e 6onee BbleOKOH T04HOeTb~, 4eM MOMeHTbl, BBHAY KOppen.R~HH OWH60K 
e Mn H Mn-1• Ha pHe.4a noKaaaHo H3MeHeHHe r: e yKaaaHHeM epeAHe
K&aApaTH4HOH OWH6KH. 6b1XOA OTHOWeHH.R r

0 
Ha nnaTO nerKO BHAeTb, 

BbiAen.R.R B /3.8/ BeAY~HH BKnaA HHmHero pe30HaHea: 
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12 

tn 
0~1 

OJO 

a 

0 

' f 

• X 

K 9 

' 
'f 

I 
I 

X 

a/ 

9 

' " v 
~ 9 

• 

o,o9~ v 
.. 

~ 

o,ol 

'" 
0,11 

o,rJ 

o,o9 
...L 

t 

I . . . . 0 

2 3 4 s 6 1 8 9 10 11 , 

0 

D 6/ 
0 X 

a 
X D 

0 v 'f 

' 9 
)( 

~ 
'f 

v 
'f 0 

' 
9 

o,o{ I . . . . . . . • 
2 3 4 s 6 1 6 9 10 11 , 

,. 

~ 

~ 

·, 

\ 
l 

• 
PHc.4. 0THOmeHHe fn=Mn/Mn-l:a/ AflH BeKTOpHoro KaHana, 
6/ AflH nceBp;OCKanHpHOrO KaHana. (-)- 3KCnepHMeHT; (0) -
OTHomeHHe r n c y'ieTOM nepeoH: O(a 8 ) -nonpaBKH TeopHH 
B03~eHHH:; ( ')- 0(0 2

)- KPHBa.H npH <g 20 2> -<g2a ~SVZ = 
= /0,83 fsB/ 4 ; (V)- OTHOmeHHe fn C y'ieTOM 0(0 3)-nonpaBKH; 
(x) - TO )Ke c y'ieToM 0(04) -nonpaBKH c on;eHKoH: BC /2.15/, 
/3.11/ no fB,l:l; (o)- To )Ke c y'ieTOM 0(0 4)- nonpaBKH 
c on;eHKoH: BC /2.15/, /3.12/ no HHCTaHTOHHoH: Mop;enH/ 31. 
OcTaJlbHble BC on;eHeHbi cor nacHo n. 3. 3. 

rv 
H 

M = n 
27 

16TTa 2 
m 2n + 1 (1 + 8 ( I )) 

V n ' H V 
/3.9/ 

rAe BKnaA 8n OT Bb1CWI1X pe30HaHCOB 11 KOHT11HyyMa fibiCTpo yMeHbwaeT
CR C pOCTOM n. B CJly4ae eeKTOpHoro KaHaJla BKJlaA J /t/J B MJ Y>Ke 
AllR M4 cocTaBJlReT no4TI1 90%. AnR oTHoweHI1R rn MoMeHTOB /3.9/ Aa
eT 

r =-1- (1+~ 
n mv2 (1+8 1) 

/3.10/ 
H n-

nTwy~~ ArHn, 4TO fiOMI1HI100BaHI1e H113Wero pe30HaHCa B fn npORBJlR
eTCR e~e 6biCTpee, 4eM a Mn. B o6nacTI1 HaCbl~eHI1R OAH11M pe3oHaHCOM 
rn BbiXOA11T Ha aCI1MnTOTI14eCKOe 3Ha4eH11e, onpeAeJlReMOe MaCCOH 
OCHOBHOro YPOBHR I r nv aC11M .= mJ}t/J "'0' 1 04 f3B -

2 I. 

3. 3. 04eHKI1 BaKYYMHbiX cpeAH11X 

AnR cpaeHeH11R TeopeTI14eCKoro OTHoweHI1R rn, onpeAeJlReMoro no 
~OpMyJle /3.5/, C 3KCnepi1MeHTaJlbHbiM He06XOA11MO yMeTb Bbi411CJlRTb 
BaKyyMHble cpeAHI1e, 3Ha4eHI1e KOTOPbiX 3aB11CI1T OT nJlOXO 113BeCTHbiX 
Ha cerOAHRWHI1~ AeHb AeTane~ CTPYKTYPbl KBaHToeoxpoMOAI1HaMI14ecKoro 
BaKyyMa. 

B pa6oTefl/ nyTeM ~11TI1poeaH11R 3Kcnepi1MeHTaJlbHblx AaHHbiX Kpl1-
eo~, nOJly4eHHO~ C y4eTOM TOJlbKO nepBbiX TeopeT11KO-B03My~eH4eCKO~ 
11 CTeneHHOH nonpaeoK, Ha~AeHO 3Ha4eHI1e <g20 2>, paBHOe /0,83 f3B/ 4 

/eM. pl1c.4a/. BeJli1411Ha rn~OHHoro KOHAeHcaTa 3aAaeT MacwTa6 ea
KYYMHbiX ~JlyKTYal.ll1~, n03BOJ1ReT onpeAeJ111Tb pa3MepHbl~ napaMeTp MO
AeJle~ KXA eaKyyMa, Hanpi1Mep, nnoTHOCTb 11HCTaHTOHOB 11 T.A. 0THO
weHI1e <g20~/m4,.1f5,3 onpeAenReT xapaKTepHbiH napaMeTp cTeneHHoro 

c v 

PRAa, Ka4ecTeeHHO 3aAa~~l111 pa3Mep noAaBJleH11R Bb1CW11X nonpaeoK, 
noCKOJlbKY BC He CBOARTCR K CTeneHI1 < g20~.HanOMHI1M, 4TO m c = 
= 1,26 f3B no HOPM11POBKe r 2TeOp~a 3KCnepi1MeHT/l/ /eM. PI1C.4a/. 
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A.nR 4-KsapKOBbiX onepaTopos socnonbayeMCR nmoTeaoA AOMHHaHT
HOCTH npoMemyT04HOro BaKyyMHOrO COCTORHHR/ 1/ /rHnOTe30H BaKyyM
HOH AOMHHaHTHOCTH, rB.Q/: 

.II.. II 4 - 2 < J J > =- -.<u u > ; 
fl fl 3 

abc 11. b c 3 -, - A 

< f GflV jfl iv > =- '4< uu ><UrTjtv GflV u> • 

CornacHo o~eHKaM pa3JlH4H~x asTopos/1,2/ rBA AilR 4-KsapKos~x one
paTopos pa6oTaeT C T04HOCTbiO He xyme 50%.<g 3fG 3 > Bbi411CJlReTCR 
s npH6nHmeHHH paapemeHHoro HHCTaHTOHHoro raaa /nP~r/. Ec1111 npH
HRTb, 4TO <g2ci2>-/0,83 r3B/ 4, TO 

< g3fG
3

> npHr. = (0,1 r3B 2 ) · <g 2G
2
> = (0,60r3B 2)6 

/CM. pa60TY/l//, 4TO HeCKOJlbKO MeHbWe, 4eM pe3yJlbTaT paC4eTOB 
<g3fG 3 > 8 peweT04H~X MOAeilRX/S/, 

AilR BC onepaTopo8' COAepmaUlHX KOM6HHa~HIO Da oa. Mbl npHHHMaeM 
MaCWTa6HyiO rHnOTe3y /Mr/, no KOTOpOH 

< f GGG ; a a > s M 
2 < f GGG > , < j j ; a a > .. M 2 < j j > , 

rAe M
2

- napaMeTp, xapaKTePH3YIOlllHH cpeAHIOIO 8HpTyaJlbHOCTb saKyyM
HbiX riliOOH08. Ero 3Ha4eHHe onpeAeilHM, HCnoilb3YR <g2aG.aa>=M ~g2GG> 
H ~OpMyny /2.13/, 4TO AaeT M 2 ~0,3 r3B2,cornacyi0Uleec~ c ~113H4e
CKU~ HHlepnpeTa~HeH AaHHOrO napaMeTpa, AHanorH4HO, HCnOnb3YR 
<gu(7G)U>=2<ii0aDau> H npeAnOnaraR, 4TO KBapKH H rniOOH~ 8 8a
KyyMe HMeiOT OAHHaK08YIO cpeAHIOIO BHpTyanbHOCTb, nony4aeM O~eHKy 

< gu(a 0) u>,. 2M 2<ii u> , cor naCYIOlllYIOCR c 6onee paHHeH o~eHKOH/ 23< Bbi
BeAeHHOH APYrHM cnoco6oM. 

Bee BC HOPMHposaHbl npH fL 2"' -4m ~ .,QnR napaMeTpa J\ npHHHMaeTcR 
J\ = 100 M38, 4TO COOTBeTCTByeT a

8
(2md"'0,2,aa

8
(t.t 0 )=0,7, rAe flo= 

= 200 M3B - T04Ka peHOpMHP08KH, 8 KOTOpoi1 <iiu> npHHHMaeT 3Ha4e
HHe - /0,24 r3B/ 3, npeAnHC~8aeMOe anre6poA TOKOB/l( 

AnR BC /2.15/' HMeiOlllHX CTpyKTypy < g4GGGG>. npHMeHeHHe rBA 
AaeT 

0 1+2 = ~ < 20 2; 
4 144 g 

o3+4 = ~ < g 2a2>2 
4 144 

1-2 45 2 2 2 
0 4 =--<g G >. 

144 

03-4 .. _9_ < 2d >2. 
4 144 g 

/3.11/ 

B nHTepaType, OAHaKo, CYUleCTBYIOT YTBeP*AeHHR/ 2•24/ 0 TOM, 4TO 
rBA HenpHMeHHMa K o~eHKe BC onepaTopos, cocTasneHH~x H3 rniOoH
H~x noneH, CornacHo/ 2•24/ rB,ll 3aHHmaeT OTHOWeHHe <g4G~/<g2IT>2 

If. 

.. 

( 

s 5-10 paa. AnR cpasHeHHR npHBeAeM 3Ha4eHHR BC /2.15/, ~neAYIOlllHe 
H3 HHCTaHTOHHOH MOAenH HnbreH~PH~a 11 MIOnnep-npoi1cKepay 3 : 

1+2 1-2 
0 4 "'<v0> , 0 4 = 2<v0>, 3+4 3 <v > H 04 =4 0 

3-4 
o 4 =<vo> /3.12/ 

rAe <v0 > = /2,0~0,4/·10 20 
..\

8
L , ..\L= /2,52~0,42/ M3B, 4TO TaKme 

AaeT <g:rar>, B 6 paa 6onbwee, 4eM <7(i4 > rB.Q 
1+4 

Bee onepaTOPbl 0 4 AaiOT s r n BKnaA OAHoro 3HaKa, no3TOMY 
pa3HH~a 8 OTHOCHTenbHbiX 8eCaX He CTOnb CYUleCT8eHHa H, cneAOBa
TenbHO, 8 HHCTaHTOHH~X MOAenRX non~aBKI-1 0(G 4)- nOPRAKa npHMep
HO 8 5-10 paa 6oJlbWe, 4eM 8 npeAnOnomeHHH cnpaBeAnHBOCTH rB.Q, 
4TO H BHAHO H3 pHc.4a. 

3.4. AHanH3 npa8Hn cyMM AnR 4apMOHHR 

Hcnonb3YR AnR BC 3Ha4eHHR, HaAAeHH~e s paMKax npHBeAeHHoA 8~

we CHCTeMbl o~eHOK IAilR ol+ 2, oj- 2 , o~+4 'o~- 4 npHHHMaeTCR 4MHHH
ManbHOe 3Ha4eHHe, 3aAa8aeMoe rBA/, nony4aeM c y4eTOM O(G )-no
npaBOK KpH8ble pHC, 4a 8 seKTOpHOM (V) KaHane (J p C= 1 --) H PHC. 46 
8 nceBAOCKailRpHOM (P) KaHane (Jp C=0-+ ),KOTOpble He cornaCyiOTCR 
C 3KCnepHMeHTOM yme npH ManbiX (n ~ 3) H He no380nRIOT onpeAenHTb 
nonomeHHe nnaTO rn 3Kcn!COOTBeTCTBYIOUlero o6naCTH HaC~UleHHR npa8Hn 

cyMM OAHHM peaoHaHCOM. npH4HHa nnoxoro cornaco8aHHR - s 6onbwoA 
8enH4HHe 0(G 4)-8KnaAa, CTPYKTypa KOToporo npH n=6 nOAP06HO pac
CMOTpeHa 8/17/, 

803MOmHbl HeCKOnbKO B3rnRAOB Ha AaHHYIO CHTya~HIO. nepBbiH - pa
AHKanbHbiH, a a Knl04aiOUlHHCR 8 TOM, 4TO PRA no O(G N) npH N = 4 11 B3pbl
saeTCR11 H npH aHanH3e He06XOAHMO Y4HTbiBaTb TOnbKO 0 (G 3) -sKnaAbl, 
KOTOp~e AOCTaT04HO Manbl, BTopOH 83rnRA - pa3nomeHHe cnpaBeAJlHBO 
H C BKnl04eHHeM 0(G 4)-4neHOB, HO MOAenH 8aKyyMa pa6oTaiOT 04eHb 
rpy6o 11 HMeeTcR 6onbwoe noAaBneHHe B~CWHX BC /npHMepHo s 3 pa3a 
no cpaBHeHHIO C rB.Q H 8 20 pa3 no cpaBHeHHIO C HHCTaHTOHH~MH O~eH
KaMH/. Ho s 3THX cny4aRx see pasHo ocTaeTcR paccornacosaHHe 
c 3KcnepHMeHTanbHOA KPHBOH AnR r: yme npH n>3. KpoMe Taro, RB
H~e 8~4HcneHHR noKa3~BaiOT, 4TO MacwTa6 cTeneHH~x nonpasoK s P -
KaHane MHOrO MeHbWe, 4eM 8 8eKTOpHOM, a KaK nerKO BHAeTb H3 cpas
HeHHR O(G 2)-KPHBbiX pHc.4a H 46, AnR BbiXOAa a o6nacTb HaCblllleHHR 
BKJlaA BbiCWHX CTeneHHbiX nonpaBOK 8 p -KaHane AOnmeH 6b1Tb 6onbWHM. 
TaKHM o6pa30M, Mbl ecTeCTBeHHO npHXOAHM K BbiBOAY 0 TOM, 4TO CTe
neHHOH PRA HenpasHnbHO BbiCTpoeH yme 8 nepsoM <g2GZ:> /m ~ ~eHe. 
AnR cornacosaHHR rnv npH 3.<n< 5 Tpe6yeTCR ysenH4eHHe < g2G > 
8 1,4 pa3a. npH ysenH4eHHH 8 1,6 pa3a cpaBHHBaiOT~R HHTepsan~ AnR 

B~CWHX nonpaBOK 8 060HX KaHanax.KOHe4HO,C ysenH4eHHeM .<g2G2 > 
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YXYAWaeTc~'cXOAHMOCTb P~AOB H C y4eTOM TOnbKO nepeo~ nonpaBKH yme 
He AO~TH no n AO o6nacTH HaCbtl!leHH~ OAHHM pe30HaHCOM. 0pH 6onb
WHX 3Ha4eHH~X<g20 2 > An~ cornacoeaHH~ C 3KCnepHMeHTanbHO~ KpHBO~ 
npH y4eTe BbtCWHX 0(0 3)- H 0(0 4) -nonpaeoK Tpe6yeTc~ MeHbWee Ao
nonHHTenbHoe noAaeneHHe BC THna<g 40000>, Ho OAHoepeMeHHO cyma
eTc~ o6naCTb npHMeHHMOCTH paanomeHH~ r 0 B CTeneHHO~ P~A, H yme 
npH pocTe eenH4HHbl rn~oHHoro. KOHAeHcaTa e 2,2 paaa paanome
HHe r 0 e P~A npH Q 2.-o Tep~eT CMbtcn, nocKonbKY An~ ecex n > 2 
CTaHOB~TC~ OAHHaKOBO BamHbt ece 4neHbl CTeneHHOrO P~Aa. HTaK, ecnH 
HHCTaHTOHHble MOAenH npaeHnbHO nepeAa~T OCHOBHbte 4epTbl CTpOeHH~ 
KXA eaKyyMa, To npaeHna cyMM HenpHMeHHMbt npH Q 2 ~0. TaKa~ CHTya
~H~ cornacyeTc~ c nporHo3aMH pa6oT/9,W( e KoTopbtx npoeeAeH aHa
nHa B paMKaX T04HO pewaeMO~ ABYMepHO~ XPOMOAHHaMHKH H C O~eHKOH 
< g2o2 > e paMKax noTeH~HanbHoro noAXOAa 171, rAe nony4aeTc~ BABOe 
6onbwee 3Ha4eHHe, 4eM e pa6oTaxll, 191. EcnH cyl!leCTeyeT MexaHH3M 
nOAaBneHH~ BbtCWHX BC, KOTOpbiH He11yxeaTbtBa~T 11 HHC TaHTOHHbte MOAenH, 
To eoaMomHo nony4HTb $HT 3KcnepHMeHTanbHbtX AaHHbtX e V-KaHane, 
cornacy~IIIHHC~ AO n~7,8/pHc.5a/, COOTBeTCTBy~HH HaHny4wei:1 cxo
AI-fMOCTH CTeneHHOrO P~Aa npH Bbt6ope <g20 2>=1,5<g2o2>svz ,T.e. 
MHHHManbHOrO 3Ha4eHH~ H3 AOnyCTHMOrO HHTepeana /1,5-2,2/ 
<g20 2> svz· OpH 3THX me npeAnonomeHH~x e P -KaHane nony4aeM 
C y4eTOM BbiCWHX 0 (0 3) -H 0 (0 4) -nonpaBOK TeopeTH4eCKHe KpHBbte 
PHC.56. 

Ha pHc.6a,6 noKaaaHo TeopeTH4eCKoe 3Ha4eHHe r0 npH yeenH4e
HHH <g202> B 2 paaa, KOrAa He Tpe6yeTC~ AOnonHHTenbHOrO nOAaB
neHH~ BbtCWHx BC no cpaeHeHH~ c MOAenbHbtMH o~eHKaMH. 0PH 3TOM 
3KCnepHMeHT YAOBneTBOpHTenbHO OnHCbtBaeTC~ TOnbKO B o6naCTH Ma
nbtX n = 2,3, 4TO He noaeon~eT AenaTb KOnH4ecTeeHHbte npeACKaaaHH~ 
An~ HH3WHX pe30HaHCOB. 

4. 3AKJ1104EHHE 

TaKHM o6pa30M, B o6naCTH, rAe AOMHHHpyeT BKnaA HH3Wero COCTO~
HH~ 4apMOHH~, P~A no 1/m ~ An~ OTHOWeHH~ r n _MOMeHTOB M 0(Q 2.0) 
CXOAHTC~ MeAneHHO. An~ nony4eHH~ CTa6HnbHoro no OTHOWeHH~ K cne
AY~IIIHM CTeneHHbtM nonpaeKaM nnaTO $YHK~HH f 0 He06XOAHMO Y4HTbt
BaTb no Kpai:1He~ Mepe 0(0 5 )-H O(a6) -eKnaAbt e cny4ae HaHny4wei:1 
CXOAI-fMOCTH P~Aa, KOTOpa~ npOTHBOpe4HT HMe~I!IHMC~ HHCTaHTOHHbtM 
o~eHKaM BC H Tpe6yeT MOAH$HKa~HH MOAene~ e cTopoHy yMeHbWeHH~ 
BC THna < g4000G> npHMepHo e 1 0 pas. MacwTa6 nonpaeoK e cKan~pHoM 
(S) H aKCHanbHo-BeKTOpHOM (A) KaHanax, npHMepHO B TpH pa3a 6onb
we, 4eM e paccMoTpeHHbtX cny4a~x. To4Hbt~ aHanH3 Tpe6yeT o6pa6oTKH 
MOMeHTOB B o6naCTH 6onbWHX Q~ rAe CTeneHHO~ P~A CXOAHTC~ ny4We, 
HO BbtXOA Ha 3KcnepHMeHTanbHoe nnaTo, KaK nerKo noH~Tb no o6pa-
6oTKe V-KaHana /eM. n.3.2/, coeepwaeTc~ cooTeeTcTeeHHO npH 
66nbWHX n. TaKo~ aHanHa c y4eToM TonbKO 0(0 2)-eKnaAa 6bln npo
AenaH e/19/, HO, KaK BHAHO H3 BbtWeH3nomeHHOrO, OH OCHOBaH Ha 
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annpOKCHMa~HH HCTHHHOH KPHBO~ nepBOH nonpaBKOH K ll qq) C HCnOnb-
30BaHHeM 3aHHmeHHOrO 3Ha4eHH~ BaKyyMHOrO KOHAeHCaTa - 3$$eKTHB
HOrO napaMeTpa <g20 2>, e6Hpa~ero e ce6~ npH o6pa6oTKe V-Ka
Hana /1/ npH n- 5+7 CTeneHHbte nonpaBKH 6onee BbiCOKHX nOPRAKOB. 
C y4eTOM TOrO, 4TO (0 2/m4)k -4neHbt HMe~T 4epeAY~IIIHeCR 3HaKH, 
cne,t\yeT OmHAaTb, 4TO 3Ha4eHHe <g2o2> AnR Y -4aCTH~ AOnmHO 
6b1Tb 6onbWHM, 4eM AnR 4apMOHH~, KaK 3To H 6btno o6HapymeHo Bono-
w~HbtM/2W. , 

AHanH3 npaeHn cyMM c y4eToM O(G3)-H 0(04)-nonpaeoK npH npoHa
eonbHOM Q2 npeACTaenReT co6oi:1 eecbMa TPYAHY~ TeXHH4eCKY~ aaAa4y 
H, CKOpee BCero, He MeHReT CTpyKTypbt npH6nHmeHHR K o6naCTH Ha
Cbtl!leHHR CYMM HH3WHM pe30HaHCOM npH HeKOTOpOM yeenH4eHHH MaCW
Ta6a no n. 

Mbt 6naroAaPHbl B.A.6e~nHHY H M.M~nnep-Opol:icKepy aa cTHMynH
PY~I!IHe AHCKYCCHH, A.B.E$peMoey, 6.Jl.HO$$e H M.A.illH$MaHy aa 
o6Cy*AeHHe peaynbTaTOB H B.A.Mel!lepRKOBy 3a HHTepec K AaHHOH pa-
6oTe H nOAAepmKy. 

OPHJlO>KEHHE 

PeaynbTaT Bbi4HcneHHR nonRpHaa~HOHHoro onepaTopa ·n r(q) /2.1 I 
e BHAe paanomeHHR no 6a3HCHbtM BC /2.7/, /2.8/, /2.15/ H /2.14/ 
AnR BeKTOpHoro TOKa (jY .. t]iy 1/J, JPC=1--) npHBeAeH B TeKCTe /2.16/ 
C HCnOnb30BaHHeM AnR K03$$~~HeHTOB HHTerpanbHOrO npeACTaeneHH~ 
/2.17/. 

B Tex me o6oaHa4eHHRX Mbt nony4HnH: 
a/ AnR cKanRpHoro TOKa (j 5 =ili 1/J , JP c= 0 + +) 

s s 02 n (q) =c, 1 + c-1-2J 1 + 3J2) + 
321T 2 Q 2 

1 
14 69 3 /: 0 3 +(---9J 1+42J 2 -44J 3+-J4--s) 4 + 
5 5 10 144rr2Q 

2 
4 46 9 /:) 03 + +(13 -2J1+9J2+-J3--J4-~J1 -5s ?~4 

15 3 5 72rr""lal 
1
+

2 
3 3 9 ) 0 4 +(- 1:3 _ 1~5 J 1 + 16J1 J 2 _ 577J 3+ 2~27 J 4:-45Js+ 4~J 1- '""2-~- s~ 432 "2g6 + 

+(- 2903 45 J + 1233 J 565 J 18453 J . 3033 J + 675 J + 560-21 -8-2--2-3+--so~-ars ~6 

1-2 
27 27 2) 0 4 + +~~J1 -70~- 280~ 432rr2G6 
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+(
6

20
73 

+108JI-531J 2 + 517J 3- 753 J 4 -90J5 -3.fJ1 +..l2.f+ 
20 5 

63 .-2 0 3+4 
+-~) 4 + 

20 4321T2 Q6 

2773 5823 36543 3888 3105 3 
+ (- -- -234JI + --J2 -2086J3 +--J4+--Js- --J6 +--.fJI-

56 4 40 35 28 4 

3-4 
_ 237 .f- Mf> 04 + 

35 28 4321T 2Q6 

+( 5359 +60JI- 663 J2+706J3-
140 2 

~J4 + 8412 J
5

+ 405 J
6

_ 15.;J
1

_ 
20 35 14 2 

5 
- ill.; - 153 .;2 ) 0 4 + 

35 35 4321T 2Q6 
6 

312 345 2619 12636 810 309 18 2. 0 4 +(-+45J1-243J2+-J3 +-J4- --J5+-o\,+-.f +-.f J , 
35 2 10 35 7 140 35 4321T2Q6 

2469 15 3261 6684 1215 9 93 + (- ---12JI--J2+96J3---J4+--J5---o\,+-.fJ1+-.f+ 
140 2 20 35 14 2 85 

o' 81 ) 4 

+ 35 .f 432 IT2 Q6 

6/ AI1R nceBAOCKai1RpHoro TOKa (jp = jp iy
5 

1/J, JPC .Q-~ 

p p 02 
n (Q)=c, l+ (5+6J 1-15J 2+4J 3) + 

96 IT 2 Q 2 

1 
14 153 24 1 ~ 0 3 

+ (-5 + 9JI-48J2 + 62J3- --J4+ -J5 + 10.,, 4 + 
6 5 1441T 2Q 

2 
67 99 42 1A & 3 & 0 3 + (-+ 8JI-2fiJ2+.ft.litJ3+-J4- ~J5-r,JI+-5 r,) ~4 + 
15 3 5 5 7277 

3.5 93 1533 5325 t. 3 & 3 & + (-+ -JI- --J2+ 782J3- --J4 + 246J 5 -00~+ -.,J1 + -r,+ 
8 2 4 8 4 2 

+ ----=--+ 

+ (~ + 15J - 1239 J +403J - 37323 J + 18507 J 5 + 3621 J6 + 
112 I 8 2 3 80 4 70 56 

~ 3 ~ 9 2 ot2 
+ - ; + -8 .fJ I + 70 .f + 280 .f ) 2 6 + 14 43277 Q 

20 

.. 

~ ~3 ~ +(- -24J 1+237J 2 -401J 3+--J4+--J5-60J6 -3-fJI-
4 20 5 

3+4 
- -12.;- .M,;-2) 04 + 

5 20 43217 2 Q 6 

+ ( 1355 + 183J - 5721 J 2 + 2789J 3- 17613 J 4 + 4407 J 5 + 999 J6-
56 I 4 8 7 28 

3-4 
207 J 3 & 39 c Z1 & 2. 0 4 - T 7 + 4sJ1 + 7 b + 28., J 2 6 + 

4321T Q 

995 513 28263 25974 1725 54 
+(-+ 18JI+- J2 -1U2J3+ --Jr J5 +---J6 + --J7-

28 2 20 35 14 7 

5 

- .1§ .f J - lli. .f + JU.; 2) 0 4 + 
2 I 35 35 4321T 2Q6 

27 717 147 1464 1086 91A 
+ (--- 33JI + 237J2- -J3+ -J4+--Js- --J6 + ~J7-

7 2 2 7 7 7 
6 

- 45 .f - ~ .f 2) 0 4 + 
28 35 4321T2Q 6 

~ 441 855 1350 1545 162 + (- - 54JI +- J2 -246J 3+- J4- --Js +--J6- -.:rJ7+ . 2 4 7 14 I 

., 
15 27 2 04, • 

+ teJ 1 + ...,. t - 35.; > ·.4321T2G6 ' 

A - q qv v PC ++ 
e/ AI1R aKcYiamHo-eeKTOpHoro ToKa (j = t/1 (~ -~v)y y5.p,J =1 ) 

A 2 A 02 
n (Q)=(q q - q g ) .r r_ 1 + (1 -J2) -- + 

f1 V flV ~I 16 IT 2 Q 4 

l 
( 1 20 23 1 & 0 3 + --- 5J2+ .!:<LJ3- -J4 + -r,) + 

15 3 5 10 721T2Q6 

2 
13 4 46 9 C) 03 

+(--+2Jl-9J2--J3+-J4+.fJI+5r, 2 6 + 
15 3 5 108 IT Q 

1+ 2 
59 69 68 281 1 c 1 c 3 '/: 2.. 0 4 

+ (- 12 - 12J I+ 2J 2 + 3 J 3--4- J 4+ 30J s- 2., J ~- 2 r,·+ 4., J-4-32-=-IT-::2~Q-=-s + 

+ (~ + l 7J 1_ 413 J 2 + 175 J _ 5639 J
4

+ 1903 JS _ 225 J
6
- ..?_.fJI _ 

280 4 3 40 35 28 4 . 

0 1-2 
3 c 9 2 4 - -r,+-.f )----+ 
70 140 4321T 2 Q 8 
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347 1240 2509 7 +<-
30 

+ 48J1-282J 2+--J3 - --J4+60J5+2eJ1+-e-
3 10 5 

3+4 
_ ..21e) o 4 + 

10 432rr2 Q B 

+(- 8339 - 26Jl- 47 J 2+ ~ Jg - 5293 
420 2 3 20 

J 1654 J 1035 J 
4- ---gg- s+ ~ 6+ 

3-4 
+ 1..a

1 
__ 3_1 e+ _Z'/_e2) o4 + 

2 35 14 _4_3...;;.2_rr"'2-Q-;;-B-

937 5131 ..111§_ 125 /: 
(-7o-28JI+207J2-500J3+1QJ4- 7 Js---r-J6+3sJI + 

05 
+ ...ii e .. ...!Q.L e2) 4 + 

35 35 432rr 2 Q8 

33 10'1 6184 540 1 + <-- -16J1 + 118J2-162J3 - ..uJ.~J4 + --Js -- J6 + -e -
35 5 35 7 35 

06 
_ 12 e 2) 4 + 

35 432rr 2Q8 

(85 212 219 908 405 4 +-- 4JI +35J2-- J3+- J4- -Js +-J6-0t- -e-
42 3 2 7 7 7 

7 

_54 e)~ 
35 432rr 2Q8 

r-s.P,A 
3AeCb C I - Teopen1KO-B03MYIIIeH4eCKHH BKilaAf C T04HOCTbiO 
AO ABYXneTJleBOH nonpaBKH Bb14HCJ1eHHbiH B pa6oTaX /l, 9! 
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H3AaTenbCKHA OTAen 06~eAHHeHHOro HHCTHTYT8 RAePHWX HCCneAOB8HHA 

H~Konae8 C.H., PaA~WK~H A.B. P2-82-914 
BaKyyMHble nonpa8K~ K KXA npa8~naM CYMM AnR 4apMoH~R 

np~8eAeHbl peaynbTaTbl 8bi4~CneH~R CTeneHHbiX nonpa80K 
K KXA npa8~naM CYMM AnR 4apMOH~R 8 KaHanax c JPC= o++, 0 .. -1;" c-:t+ 
8nnOTb AO 4neH08 0(04) 8Kn~4~TenbHO. npo8eAeHO cpa8HeH~e 
nony4eHHbiX TeopeT~4eCK~x npeACKa3aH~~ c 3Kcnep~MeHTanbHbiM~ 
AaHHbiM~. 

Pa6ora 8blnonHeHa 8 na6oparop~~ TeopeT~4eCKO~ ~~3~K~ OH~H. 

npenpMHT 06~eAHHeHHOro HHCTHTYTa RAePH~X HCcneAOBaHHH. AY6Ha 1982 

Nikolaev S.N., Radyushkin A.V. P2-82-914 
Vacuum Corrections to QCD Charmonium Sum Rules 

We present the results of our calculations of the power 
corrections to QCD charmonium sum rules in the channels with 
JPC=o++,o-+,1--: t++ up to 0(0 4) terms, and compare the theore
tical predictions obtained with experimental data. 

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