
5tJ/;ft3 

..-, . ~ ... ··; ... ':< ~ - g ~) 

Ofi'bBAMHBHHbiM 
MHCTMTYT 
RABPHbiX 

MCC.ft8ADB8HMM 

AYfiH8 

P2-83-545 

c.r.ropHWHH~, C.A.RapHH; ~.B.TKa4es7* 
K.r.qeTwpKHH** 

BbiCWl1E KX~ nonPABKl-1 
K OPABl1RY CYMM BbEPKEHA 

HanpaeneHo e mypHan 
11Physics Letters B11 

* MocKoBCK~~ rocyAaPCTBeHH~~ yH~eepc~TeT. 
**HHcT~TyT RAePH~x ~ccneAoBaH~~ AH CCCP, MocKBa 

1983 



1 • OnepaTopHoe pa3IlO>KeHHe lOP I Ha MailbiX paccTo.AHII.AX .ABil.AeTC.A 

Ba>KHbiM annapaTOM Ail .A H3y4eHH.A CHilbHbiX B3aHMOAe~C TBHi I, Ho 4T06bl 

HCnOilb30BaTb OP B nonHoM o6oeMe, Heo6xoAHMo HMeTb npoCTble 1-1 3<!>

<t>eKTHBHble MeTOAbl Bbi4HCileHH.A MHOroneT IleBbiX K03<!><I>H1..1HetiTHbiX <I>YHK-

1..11-1~ IK<I>I OP. ,QsyxneTileBble Bbi4HCileHH.A K<l> 6biilH npeAnPIIH.ATbl B 12 •31 

H141• 0AHaKO MeTOA pa60Tbl /e/ MOl'<eT 6b1Tb npHMeHeH K O'leHb orpaHH-

4eHHOMY KilaCCy 3aAa4, B TO speM.A KaK MeTOAbl pa6oT /3/ H /4/ AailH 

pa3IlH4Hble pe3yilbTaTbl Ail.A OAHO~ BeilH4HHbl, 4TO 3aCTaBJI.AeT COMHe

BaTbC.A B o60HX MeTOAaX. 

HeAaBHO Mbl npeAilO>KHilH ABa HOBbiX anropHTMa Ail.A Bbi'HCileHH.A 

KQ 15 • 6~ 06a OHH .ABil.A~TC.A AOCTaT04HO o6~HMH H CBOA.AT Bb14HCileHH.A, 

XOT.A H pa3IlH4HbiMH cnoco6aMH IMeTOA/6/ - np.AMO, a MelOA /5/- Koc

BeHHOI K TaK Ha3biBaeMbiM p -HHTerpailaM IT. e, 6e3MaCCC,BbiM HHTer

pailaM Qe~HMilHa nponaraTOPHOrO THna B pa3MepHO~ peryJI.APH3al.IHHI, 

AHailHTH4eCKH~ pac4eT p -HHTerpanos AD Tpex neTeilb Bt~~4HTeilbHO 

MO>KHO ocy~ecTBil.ATb c noM~b~ SCHOONSCHIP-nporpaMMbl, KOTopa.A pea

IlH3YeT MeTOA pa60Tbl /7/. 
B AaHHo~ pa6oTe Mbl npHMeH.AeM anropHTMbl pa6oT/5/ 1 /6/ Ail.A Bbi-

4HCileHH.A 0~ 2 ) -nonpaBOK K npaBHilY CYMM 6bepKeHa Ailf pacce.AHH.A 

He~TpHHO Ha ~POTOHe 181 

2. KaK xopowo H3BecTHo, HHKI1~3HBHble rny6oKoHeynplrHe peaKI..IHH 

OnHCbiBa~TC.A B nepBOM nop.AAKe no KOHCTaHTe Cila6biX B3iHMOAe~CTBH~ 

C noMO~b~ aMnilHTYAbl 

T J.LV (p, q) i r eiqx dx<pl Tl J: (x) J IJ(O) II p> spin 
averaged 

~-~ IJ 2 n pq 2 
(7-g~-'v)F1(x,Q )+(P- q2q)ll(p-7q)vF2(~,Q) 111 

. F ( Q2), 1 f ll11Ap P>. q p 3 X, 

rAe J, = U (1 - y%) y (d COSO + S ·SinO ) eCTb Cila6bl~ KBap~ OBbl~ TOK 

I 
~ J.L c 2 c 

0 c - yron Ka6H 6o7; X = -q /2pq- 6bepKeHOBCKa.A nepe~ eHHa.A 
1-1 Q2 ;;;-q2, 

npocTe~wa.A napToHHa.A MOAeilb npeACKa3biBaeT onpeAeJeHHble cooT

HoweHH.A 1-1 npaBHila cyMM Ail.A CTPYKTYPHbiX <I>YHKLIH~ F1 • E 4aCTHOCTH, 

HMeeT MeCTO CileAY~~ee npaBHilO CYMM /8/ · 

(
1 

dx (F vp- F vp ) 
1 1 = l . 121 

0 fi.,..,-' · .. . ' . 
J 1 ~1·\. 



B KXA npaeaH 4aCTb 121 npHo6peTaeT AOnonHHTenbHY~ 3aBHcH
MOCTb OT q 2 B CHny KBapKOBOro B3aHMOAeHCTBHH, TaK 4TO 3TO COoT
HOWeHHe AOn~HO MOAH$H4HPOBaTbCH. C 3TOH 4enb~ o6~4HO HCnonb3y
eTCH onepaTopHoe pa3nomeHHe AnH 

ab . iqx I a b I 
T I-IV (p, q) = 1 ( e dx<pl T JILJv IP spin 131 

averaged 

a - >.a a 
rAe J!L ""l/F(1-y

6
)y!L 2 1/F,r./J-KBapKoeoe none, a X AeAcTeyeT Ha HH-

AeKc~ apoMaTa. 1~13 T~ MOmHo nerKo eoccTaHoBHTb TIW, 6epH cooT
eeTCTBY~Y~ npoeK4H~ noaH b I. Aanee, neeaH 4aCTb 121 nponop-
4HOHanbHa KQ HeCHHrneTHoro cnHHa OAHH onepaTopa AnH onepaTop-

T ab (Jv,a _ .T. IL >.a ·'·). Horo pa3nomeHHH !LV IL ='I' y T'~' . 

ab - qfl ql.l abc !l-2 pq IL 2 
T/Ll.l (p, q) = (-gi-IV + 2 ) CJ (2, as )20J (-p2)' 

Q2 -ooo q Q Q 
141 

V,c c !l-2 
rAe <PI J IL (0) I p> ""p!L ·OJ(-) H IL - peHopMHPOB04HbiA napaMeTp IMbl 

p2 
He paccMaTpHeaeM Henonepe4Horo APeeecHoro 4neHa, KOTOP~A He AaeT 
BKnaAa e npaeHno cyMMI. IP> ecTb cocToHHHe 6e3Maccoeoro KeapKa. 
CJ YAOBneTeopHeT ypaeHeHH~ peHopMrpynnw 

2 a a !L2 
(!L -. - + l3(a )-. -) C (-, a ) = 0 

rlu 2 8 rl.... J 1'"\ 2 8 151 
~ 

C HyneBOH aHOManbHOH pa3MepHOCTb~ B CHny COXpaHeHHH TOKa, H, 
cneAOBaTenbHo, CJ HBnHeTCH peHopMrpynnoe~M HHeapHaHToM: 

!l-2 _ A2 
CJ(- a ) = CJ(1, a (-

2 
)) • 

Q2. 8 8 Q 161 

3AeCb, KaK o6~4Ho, a
8 

H 13(a) = -13 0 a 2 -13 1a 3 ••• o6o3Ha4a~T 3$$eKTHB
HY~ KOHCTaHTY CBH3H H KXA l3-$yHK4H~ cooTeeTcTeeHHo. 0HH CBH3aH~ 
COOTHOWeHHeM 

1 

171 
as I 6 2 13 0 = (33 - 2f)I121T, 131 = (102 - 3 f) 1 1T ' 

rAe r - 4Hcno KBapKOB~X apoMaToB, A - MacwTa6H~H KXA napaMeTp. 
0KOH4aTenbHO 3aBHCHMOCTb 121 OT Q2 MOmeT 6~Tb B~pameHa B cne-

AYIOllleM BHAe: 
1 - - Q2 

(dx(Fvp -Fvp) =A·C (1, a (-)). 
0 1 1 J s A2 181 

2 

KoHcTaHTa A MomeT 6~Tb HaAAeHa H3 cpaeHeHHH npaeoA 4acTH 181 
npH Q2 -o oo (a

8
=0) C pe3ynbTaTOM napTOHHOH MOAenH 121. 

OTMeTHM, 4TO 181 Mo~eT 6~Tb Hcnonb30BaHo AnH onpeAeneHHH A, 
HO TOnbKO ecnH H3BeCTH~ 4neH~ nOPHAKa ~a 2 ) 110~ PaCC4HTaTb HX 
H ecTb 4enb HaweA pa6oT~. I O(a 8 )- 4neH 6~n B~4HcneH e 1111 I. 

3." CHa4ana M~ KpaTKO 06CYAHM npHMeHHeM~e MeTOA~. 06a OHH HC
nonb3Y~T cne4H$H4eCKHe ceoAcTea pa3MepHoA perynHpH3a4HH H MS -
cxeM~ 1121 • 

0CHOBHOe Hafin~AeHHe /5/ COCTOHT B cneAY~~eM. npoHHTerpHpyeM 
131 c eecoeoA $YHK4HeA f(q) no o6nacTH, BKn~4a~eA Q2 ""00· Boo6~e 
roeopH, HHTerpan MomeT pacxoAHTbCH Ha eepxHeM npeAene, 4TO ee
AeT K nomocHbiM cHHrynHpHoCTHM npH D = 4, rAe D - pa3MepHocTb 
npocTpaHcTea-epeMeHH. 0AHaKo CTPYKTypa Ta~ npH Q 2

-ooo nonHoCTbiO 
onpeAenHeTCH K03$$H4HeHTHbiMH $YHK4HHMH. rfo3TOMY, KaK 6blnO nOKa-
3aHO e 15< TOnbKO K$ onepaTopoe AaHHoro cnHHa H pa3MepHOCTH Aa~T 
BKnaA B 3TH CHHrynHpHOCTH, ecnH BeCOBaH $YHK4HH BW6paHa HymHWM 
o6pa3oM. TaK 4TO KQ MoryT 6~Tb BWAeneH~ H3 CHHrynHpHocTeA TaKHX 
HHTerpanoe. 

npHMeHHH npeAnHCaHHH/5/ K HaWeH 3aAa4e, M~ CBepHeM CHa4ana 
131 C AC g!LJ.I' 4T06~ o6pa30BaTb CKanHpHy~ KOM6HHa4H~ 

T;~ ... Tabc= trl>.c T:: I(D -1)1. 191 

2pq 
3aTeM npoHHTerpHpyeM 3To cooTHoweHHe no q c f( q) = -.,-,.;;.0-.._-:~.-.-, If-

q .,.. ' 

ecnoMoraTenbH~H napaMeTp, E = -l-<4-D)I. 3Ta npo4eAypa no3eonHeT 
~ J V,c T 

B~AenHTb T04HO BKnaA HeCHHrneTHOrO TOKOBOrO onepaTopa /L • e-
nepb C~bc(1,a 8 ) MoryT 6~Tb nony4eH~ B3HTHeM npeAena: 

b 00 abc 1 
lim C a c ( 1, a ) = lim ~ lim (k + f + 1 ) E Z (a 

8 
, f , -) , 

J 8 £->0 k=O f-o-k-1 E 
1101 

abc ( D 1 ) rAe Z a , t, - eCTb KOHCTaHTa peHOPMHPOBKH, 
8 ( 

Z abc(a
8 

, f, ..!.. ) = KR' I ( Tabcf(q) dq II P 2 • 
( 

1111 

3AeCb R' 03Ha4aeT B~4HTaHHe noApacxoAHMocTeA, K B~AenHeT nomoca 
no E cornacHo MS -cxeMe. 3aMeTHM TaKme, 4TO ypaeHeHHH 1101 H 1111 

c 
npeAnonaraiOT B~6op ycnoBHH HOPMHPOBKH AnH OJ 

rAe O~ee ecTb APeBeCH~H BKnaA B 3TOT onepaTOP • abc 
HaM Heo6XOAHMO ABYXneT neeoe npH6nHmeHHe AnH C J (1,a8 ), no3To

Z abc MY M~ AOnmH~ paCC4HTaTb TpexneTnee~e KOHTp4neH~ AnH J • 

AnropHTM pa6oT~/&/ B npHMeHeHHH K HaweA 3aAa4e COCTOHT B cne
AYIOllleM. YpaeHeHHe 131 MomeT 6~Tb nepenHcaHo e BHAe 
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/12/ 

Bc11e,qcTB~t~e Ol.leHKH O(p 2 ) 11esaR 4aCTb /12/ RB11ReTcR 

MOH no p B T04Ke p = 0 /Bo3MO>KHble 11orap~t~¢lM~t~4ecK~t~e 
HOH Ol.leHKe He MOryT I-13MeHHTb 3TOrO ¢laKTa/. 

A~t~¢l¢lepeHI.IHPYe

nonpaBKI-1 K ,qaH-

np~t~MeHRR 3aTeM AH¢l<!>epeH1.111a11bHbiH onepaTop D = 
no11y1.1aeM: 

a 
«~aap-lpeo K /12/, 

a 

/13/ 

OcTaeTCR T011bKO 3aMeT~t~Tb, 4TO B pa3MepHoi1 pery11RPH3ai.IHH see 
6e3MaCCOBble BaKYYMHble ,(IHarpaMMbl paBHbl Hy11~, TaK 4TO T011bKO ,qpe-

d J.l.2 BeCHble BK11a,qbl Bbi>Kit!Ba~T B 0 ( )I 
J 7 p=O 

C peHOPMHPOBKOH 0 ~ , 3a-

ZJ o~Je zJ I i a: (£/t + od 1, 
f., 1 p2 tree /14/ 

Mbl no11y4aeM "TO od I - z • od 3 6 • .., J P= O- J tree • aT eM, Bbl HPaR HOPMHPOBKY 
O:ee =Ad/2, Mbl B ~~!TOre Hai:l,qeM: 

l<t r 1 

I I J/ 

OTMeT~t~M, 4TO /15/ npe,qno11araeT HeTp~t~B~t~a11bHble coKpa~eH~t~R Me>K,qy 
HH¢lpaKpacHbiMH pacxo,q~t~MOCTRMI-1, KOTOPble MoryT noRB11RT bCR B DT abc 
noc11e 3aHy11eHHR p, 1-1 Y11bTpa¢lH011eTOBbiMI1 CHHry11RPHOCTRMI1 onepaTo
pa J :•d ,ljlaKTOpi-130BaHHbiM11 B Z J /B HaWeM C11y4ae ZJ = 1 B Cl111y 
coxpaHeH~t~R TOKa, no3TOMY ~t~H¢lpaKpacHble no11~ca B DTabc ,qo11>KHbl TaK
>Ke COKpa~aTbCR/. 

KaKb6bi110 OTMe4eHo Bblwe, Mbl Bb14HC11ReM ,qsyxneT11esoe np~t~611~t~>KeH~t~e 
C a c 

A11R J • YpasHeHI1R /10/ 1-1 /15/ no3B011R~T HaM c,qe11aTb 3TO ABYMR 
cy~ecTBeHHO pa311H4HbiMH cnoco6aM~t~. Heo6xo,q~t~Mble ,q~t~arpaMMbl npe,q
cTaB11eHbl Ha PHCYHKe, ,[111arpaMMbl /a/ ,qa~T BK11a,q B T;!'~ ; Ha6op /B/ 

Z abc / r npe,qcTaB11ReT rpa¢lbl ,(111R BeCOBaR ¢lYHK1.11-1R 0603Ha4eHa T04KOH, 
BCTaB11eHHOH B nyHKTHPHY~ 111-1HH~/; HaKOHel.l, ,q~t~arpaMMbl, COOTBeTCT
BY~He DTabc, noKa3aHbl Ha p~t~c.1/c/. 

Mbl n011Y41-111H, 4TO MeTO,qbl ,qa~T 0,(111H 1-1 TOT >Ke pe3y11bTaT, TaK 
4TO MO>KHO C,qe11aTb 3aK11~4eHHe 0 COr11aCOq£HHOCTI-1 060HX MeTO,(IOB 
11 o sepHoCTH OTBeTa. OH ~t~MeeT s11,q /s MS -cxeMe/: 

cJabc(l,a )=ifabc[2- 4as +(.!!.r-~)(~)2 +0(a3)] 
8 

3rr 27 3 " 8 
' 

abc 
r,qe r - cTpyKTYPHble KoHcTaHTbl rpynnbl apoMaToB SU(3). 

4 

/16/ 

) 
+ 21 AJiarpaMMa 

(a) 

(b) + 21 p;HarpaMMa 

(c) + 21 p;HarpaMMa 

HacToR~ee Bbi4HC11eH~t~e noKa3a11o, 4TO BTopoi1 MeTo,q ropa3,qo np~e 
B ynoTpe611eHHH, 4eM nepBbiH, 11 cy~eCTBeHHO COKpa~aeT Tpe6yeMoe 
MaWHHHOe BpeMR, 

11MeR Cjbc, MO>KHO n011Y411Tb npaBI-1110 CYMM, no,qcTaB11RR /16/ B /8/ 
1-1 no11araR f =3. Ho npe>K,qe 4eM c,qe11aTb 3To, oTMeT~t~M, 4TO O(a:)-
411eH B /16/ 3aBHCHT OT CXeMbl, 4T06bl YBI1,qeTb, KaK 3TOT ¢laKT B11HR
eT Ha npaBI-1110 CYMM, Mbl np~t~BO,(IHM /8/ ,(111R Tpex pa3111-14HbiX CXeM, 
a ~t~MeHHo: A11R MS-cxeMbl, Mm1-cxeMbl pa6oTbl 1121 ~t~ TaK Ha3biBaeMoi1 
Q -cxeMbl /13~ 4T06bl nepeBeCTI-1 Ms -pe3y11bTaT B ,qpyry~ CXeMy, Mbl 

,(1011>KHbl Bb1Pa31-1Tb a8 =aMS B /16/ 1.1epe3 KOHCTaHTy CBR31-1 COOTBeTCT
BY~~ei1 cxeMbl: 

/17/ 

/BCR 11H¢lopMai.IHR ,(111R no11y4eHHR 3TI1X ¢lopMy11 MO>KeT fibiTb Hai1,qeHa 
B/12,13/ /. Tenepb Mbl MO>KeM npe,qcTaBHTb npaBI1110 CYMM B paMKaX 
Kam,qoi1 1-13 3THX cxeM*: 

*HeKOTOpble Ol.leHKI-1, KaCa~l1eCR 411eHOB BbiCWHX TBHCTOB B /18/, 
,qaHbl B pa6oTe /14/. 
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rAe 

1 vp liP 2 as a s 2 1 
fdx(F

1 
-F

1 
) = 1--

3 
(-) + K h(-) + 0(-2 ), 

0 
rr sc rr Q 

53 
KMs= -ls, KMOM = -0,712, 

1 
KG "'18. 

/18/ 

-2 
OTMeT~M, 4TO O(a 8 ) -4neH Man B ABYX nocneAH~x cxeMax, oco-

6eHHO B '0 -cxeMe * • 
06~4H~~ cnoco6 cpaeHeH~~ KXA-npeAcKaaaH~~ /18/ c 3Kcnep~MeH

TOM COCTO~T B nony4eH~~ Aeff ~HTHpOBaHHeM AaHH~X TOnbKO ABYM~ 
nepBbiMH 4neHaMH npaBO~ 4aCTH /18/ C a8 = '[~0 ln(Q2/A~rr)]-l, 

~0 -= 
4
: • Aanee 3Ha4eHHe A B paanH4H~x cxeMax MO>KeT 6~Tb nony4e

HO H3 COOTHOWeHH~ 

A:rr = 7,12A~8 = 1,61A~OM = 0,96A~ . 

YpaBHeHH~ /18/ H /19/ ~CHO noKa3~Ba~T, 4TO a-cxeMa ~Bn~eTC~ 
npeAn04THTenbHO~ An~ cpaeHeHH~ TeopHH c 3KcnepHMeHTOM /TaK >Ke, 
OAHaKO, KaK n~6a~ APYra~ CXeMa, B KOTOPO~ nonpaBKH Man~/. 0TMe
THM TaK>Ke, 4TO, 6YAY4H MOAH¢HKa~He~ MS -cxeM~, a-cxeMa 04eHb 
YA06Ha An~ npaKTH4eCKHX B~4HcneHH~ /4ero Henb3~ cKa3aTb o MOM
cxeMe/. 

" \...UII\c:IJICMYIIU' 1:1 Md..._ I U11W.t:t: t:IIJCM11 ~1'\l....llt:IJYIMCM I dJIDMblt: UWVIUI'\YI \...JIVlW~ 

KOM een~KH An~ H3Bne4eHH~ A 8 rr c AOn>KHO~ T04HOCTb~. 

M~ 6naroAaPH~ np~eccopaM B.A.MaTeeeey ~ A.H.TaexenHA3e aa 
nocTO~HHY~ noAAepmKy. H~ TaK~e np~3HaTenbH~ A.fl.KaTaeey H A.B.Pa
A~WKHHY aa noneaH~e o6cy~AeH~~. 
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H3AaTenbCKHH OTAen 00beAHHeHHOro HHCTHTYT8 RAePHbiX HCcneAOBaHHA 

I -
ropHmHHH c.r. HAP· PZ-83-545 
BhlCWHe KXA nonpaBKH K npaBHny CyMM EbepKeHa 

nepTyp6aTHBHhle KXA O(a:) -nonpaBKH K npaBHny CYMM EbepKe
Ha AnH rny6oKoHeynpyroro pacceHHHH HeHTpHHO Ha npoToHe paccqH
TaHhl C UOMO~biD ABYX HOBb~ 3~eKTHBl~ anropHTMOB BbNHCneHHH 
K03cPl>H~HeHTHb~ cPYHK~HH onepaTopHoro pa3noJKeHHH BHnbCOHa, BbJ
qHcneHHhle nonpaBKH oKa3bJBaiDTCH ManhlMH B 'G -cxeMe, H, cnego
BaTenbHo, OHa HBnHeTCH npegnoqTHTenbHOH npH CpaBHeHHH npaBHna 
CyMM C 3KCnepHMeHTOM, 

Pa6oTa BhlnOnHeHa B na6opaTopHH TeopeTHqecKOH cPH3HKH OHHH. 

1ftQ") 

Gorishny S.G. et al. PZ-83-545 
Higher QCD Corrections to the Bjorken Sum Rule 

We present QCD perturbative O(a 2) corrections to the 
. s. . 

Bjorken sum rule for the deep-~nelast~c neutr~no-proton scat-
tering, calculated via two new effective algorithms for evalu
ating coefficient functions of the Wilson operator expansion. 

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

Preprint of the Joint Institute for Nuclear Research. Oubna 1983 

ITepeBog O.C.BHHOrpagOBOH 


