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B p8MK8X npocTOi! KB8pK-napTOflHOH Monenn Bbl'lHCneao llB8lKllbl nmjlcjJe­
peaunanhHOe no nepeMeHflbtM x n y ce'leHne npouecca f + N ➔ f + anpoHbt 
( f - 3neKTpOH nnn MIOOfl) C TO'IHOCTblO llO qneaoB a 3 • TToKaaaao, 'ITO npn 
5onbUIHX q 2 n v CT8HOBHTCH 3fl8'IHTenbflb!M BKnan B pannaunoaayJO nonpaBKY, 
ooycnoBneflflbltt 3neKTpOMarfll!THbIM B38HMOlleilcTBHeM 8/lpOHOB. 

PaooTa BbIITOnfleHa B naoopaTopnn .TeopeTH'leCKOH cjJH3HKH OIHU1. 

HpenpHHT O6be,llHHeHH0ro HHCTHTyTa .11,nepHblX HCCJie,llOBaHHti 
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Radi~tion Correction~ to the Process of 
Deep Inelastic rn -Scattering 

P2 - 9940 

In the framework of a simple quark-parton model the 
double-differential cross section of the processes f+N➔ f + 

hadrons ( U -is the electron or muon) is calculated up to 
a 3 -order terms. Itis shown that at large q 2 and v .the 
contributions of the electromagnetfc corrections involviny 
hadrons becames essential. 
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3HaHue pa,nuauuoHHLIX nonpaBoK K npoueccaM rny6oKo -
Heynpyroro pacceHHHJI nenTOHOB Ha HYKJIOHax Heo6xo,nHMO 
.IJ;JIJI He,IJ;BYCMbICJieHHOH HHTepnpeTal.{HH 3KCnepHMeHTaJILHhlX 
,naHHLIX. Pa,nHal.{HOHHhle nonpaBKH HapymaJOT CKeii:JIHHr, 
IlO3TOMY 6e3 HX peaJIHCTH'leCKoro yqeTa HeJIL3Jl OTBeTHTb 

Ha Bonpoc, B KaKOH Mepe CKeii:JIHHr HapymaeTCJI caMHMH 

CHJILHLIMH B3aHMO,neii:CTBHJIMH. 

Bhl'IHCJieHHe 3JieKTPOMarHHTHhlX nonpaBOK K npoueccaM 

C yqacTHeM a,npOHOB BCTpeqaeTCJI C npHHl.{HilHaJILHOH Tpy,n­

HOCTLIO, CBJIJaHHOH C OTCYTCTBHeM TeopHH CHJILHhlX BJaHMO· 

.neii:CTBHH. II03TOMY TaKoii: pac'leT Tpe6yeT npHBJie'leHHJI 

HeI<oTopoii: Mo,nenu. IIpHHHMaJI BO BHHMaHHe TOT <liaKT, 'ITO 

npocTaJI napTOHHaJI MO,IJ;eJib 111 y,noBJieTBOpHTeJILHO OilHChl· 

eaeT o6ll\He qepThl rny6oKoHeynpyroro pacceJ1HHJ1, npe.n-

" CTaBJIJleTCJI paJyMHhlM HCilOJib3OBaTL ee .IJ;JIJI no,no6HLIX Bbl· 

'IHCJieHHH. B JIHTepaType y)Ke HMeIOTCJI npHMepbI TaKoro 

npHJIO)KeHHJI napTOHHOH MO,IJ;eJIH. TaK, B pa6oTax / 2, :i/ OHa 

6Lrna HCilOJlb3OBaHa .IJ;JIJI O1.{eHKH BKJia,na .IJ;Byx<lioTOHHoro 06-

MeHa B rny6oKoHeynpyroe ep-pacceHHHe, a B pa6oTe/ 4/ .IJ;JIJI 

O1.{eHKH IlOJIHOH 3JieKTPOMarHHTHOH nonpaBKH HHJIIIero no­

pH,nKa - K npoueccy rny6oKoHeynpyroro pacceJ1HHJ1 Heii:Tpu­

HO Ha HYKJIOHax. 

B 3TOH pa6oTe Mhl npHMeHHJIH npOCTLie H,IJ;eH napTOHHOH 

MO,IJ;eJIH 111 K npo6JieMe Bbl'IHCJieHHJI IlOJIHOH pa,nHal.{HOHHOH 

nonpaBKH nopH,nKa a K npoueccy rny6oKoHeynpyroro pacceH -

HHJI 3apJ1)KeHHhlX JienTOHOB Ha HYKJIOHax 

e + N -~ e + a,npoHLI, 

r,ne e - 3JieKTpOH HJIH MIOOH. 
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B MOAenu npeAnonaraeTCJI, qTO npoTOH COCTOUT U3 To­
qeqHhIX HeB3aUMOAeHCTBYIOI.QUX qacTU:U - napTOHOB U qTo 
rny6oKoHeynpyroe pacceJIHUe o6ycnoaneHo ynpyruM a3au­
MOAeiicTaueM nenTOHa C napTOHOM. B paMKax TaKUX npeA­
nono)KeHuii pacqeT paAua:uuoHHLIX nonpaaoK K npo:ueccy /1/ 
CBOAUTCJI K awqucneHUIO nonpaBOK K ceqeHUJO pacceJIHUJI 
ABYX 3apJI)KeHHbIX ToqeqHhIX qacTU:U co cnUHOM 1/2 - nenToHa 
u napTOHa - c nocneAYJOI.QUM ycpeAHeHueM no cneKTPY nap­
Tonoa U cyMMUpoaaHUeM no ux THnaM. Ilpu 3TOM Mhl cqu­
TaeM, qTo B ceqeHue B nopJIAKe a .3 AaJOT BKnaA TOilbKO 
CB060AHhie, aaneHTHbie napTOHbl u qTo nocneAHUe JIBilJIJOTCJI 
SU(3) -KaapKaMu u H d, pacnpeAeneHue KOTOPLIX no 
UMnynLcax AaeTCJI HeKOTOpblMH <PYHK:UHJIMU u (x) u d (x) . 
BKnaA "MOpJI" c(x) yquTbIBaeTCJI IlUIIIb B ceqeuuu HU3IIIero 
nopJIAKa no a, KOTopoe onpeAenJieTCJI cpopMynoii 

TTa 
2 2 4 1 

---[1+ <I-y) ][-u(x) + -d(x) + c(x)], /2/ 
dxdy ME xy 2 9 9 

d 
2
a 

rAe M - Macca npoToHa, E - 3HepruJI HaneTaIOI.Qero nenTo­
Ha, X H y - 06i.1qHbie "cKeiinuHrOBhie" nepeMeHHhie. Ilpu 
BbJqucneHHU paAUa:UUOHHOH nonpaBKU o ( x, y) , KOTopaJI 
onpeAenJieTCJI KaK OTHOIIIeHue ceqeHuJI d2a / dxdy a no-
PHAKe a 3 K ceqeHHJO /2/, AilJI cpyHK:Uuii u (x) H d (x) MLI 
ucnonh30Banu HX 3KCnepUMCHTanLHYJO noArOHKY H3 pa-
60Thl /S/. 

B ceqeHue nenTOH-napTOHHoro pacceJIHUJI B nopJIAKe 
~3AaJOT BKnaA o6wqHhie AUarpaMMbl. 

IIIXIIJ1 
1 8 9 10 11 12 13 
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3AeCb _.,_ - nenTOHHaJI IlUHHJI, ::::t-c= - IlUHHJI napTOHa. 
Ilpu BbIqncneHUU BKilaAa B ceqeHHe AUarpaMM C ucnyc -

KaHueM peanhHOro cpOTOHa Heo6XOAUMO UHTerpupoaaTh no 
nonHOMY qia30BOMY o6'beMy, noCKOilhKY HHKil103HBHYJO pe­
aK:UUJO £ + N ➔ £ + y+ aApOHhl, B KOTOpOH perUCTpupyeTCJI 
IlUIIIb KOHeqHbIH nenTOH, HeB03MO)KHO OTnnquTb OT npo:uecca 
/1/. B TaKOM cnyqae paAUa:UHOHHaJI nonpaaKa OKa3hlBaeTCJI 
He 3aaucJ11.Qeii OT 3HepreTnqecKoro pa3peIIIeHHJI. 

Ecnu o603HaquTb 3apJ1A KBapKa qepe3 fe' TO MO)KHO 
npHHJITb cneAYIOI.QyJO KnaccucpuKa:uu10 BKnaAOB B ceqeHue 
d2 a 1 / dxdy: 

1/ BKilaAhl nopJIAKa a 3 f 2' o6ycnoaneHHble AUarpaMMa­
MU 1,2,3,7,10 u 11; OHH npeACTaanJIJOT co6oii 3IleKTPOMar­
HHTHbie nonpaBKU K nenTOHHOMY TOKy; 

2/ BKilaAbl nopJIAKa a 3 f 4 , npoHCXOAJII.QUe OT AHarpaMM 
4,5,6,12 H 13 - nonpaBKU K napTOHHOH IlUHHU; 

3/ BKilaAbl nopJIAKa a 3f 3 , OTaeqaJOI.QUe ABYX<POTOHHOMY 
o6MeHy 8 n 9 u UHTepcpepeH:UHH AUarpaMM 10,11 c AUarpaM­
MaMU 12,13. 

TonhKO nocneAHUe BKnaAbl MeHJIIOT 3HaK np11 nepeXOAe 
OT e +N - K e-N -pacceJIHUIO. 

OTMeTUM, qTo 3IleKTpoMarHUTHbie nonpaBKU K nenToH­
HOMY TOKY a rny6oKOHeynpyroM £ N -pacceJIHHU MOryT 
6LITL yqTeHLI MOAenLHo-He3aaucHMhIM o6pa3oM, nocKoiILKY 
KaK 6e3paAUa:UUOHHOe ceqeHHe, TaK H ceqeHUJI, COOTBeTCT­
BYJOI.QHe ;:i;narpaMMaM nepaoro Tuna, onHChlBaJOTCJI ABYMJI 
cpeHOMeHonoruqeCKHMU CTpyKTYPHhIMH <PYHK:UUJIMU W l H W 2 • 

0:MeHHO TaKOH yqeT paAUa:UHOHHhlX nonp'6,0K, 6a3HpyIOI.QUHCJI 
Ha pe3ynLTaTax pa60Tbl Mo H Tsai 6 ; npOBOAHilCJI npH 
o6pa6oTKe npoAenaHHhlX 3KcnepHMeHTOB no rny6oKOHeynpy­
roMy ep - H µp-pacceJIHUJO. Ilpn 3TOM acerAa npeAnona­
ranocL, qTo ace Apyrue BKnaAhl a nonpaaKy /Tuna BKnaAOB 
2/ H 3/ / nu6o ManLI, nu6o KoMneHCHpyroT Apyr APYra. 

O6cyAUM Tenepb KpaTKO pe3ynbTaT HaIIIHX BbJqucneHuii. 
Mw npeACTaBUilH o (x, y) KaK CYMMY ABYX qneHOB 

o(x,y)=oe (x,y)+oh (x,y), 

rAe o e oTaeqaeT aKnaAaM nepaoro Tuna, a oh 
BToporo u TpeTLero TUnOB. 

/3/ 
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<l>yHKUHH Of (x, y) 6Lrna BLipa)KeHa B BH,ne 

a l 2 
oe<x,y)= oe<x,y) + f.F(x,y,t). I f//t)dt. /4/ 

X 1= u, d 

IlepBLIH qnen, He JaBHCHLQHH OT cneKTpa napTOHOB, 6Lrn 
BLI'J:Hcnen ananHTHlJ:eCKH. On o6ycnoBnen .nuarpaMMaMH 1,2, 
3,7 u BKna,noM o6nacTH MHrKHX «tioTOHOB /.nuarpaMMLI 10 
H 11/. BTopoii qnen OilHCLIBaeT BKna.n o6naCTH )KeCTKHX 
«tioTOHOB .nuarpaMM 10 H 11. On 6Lrn npOHHTerpHpoBaH .no 
o.nnoKpaTnoro HHTerpana no pacnpe.nenenHIO napToHOB, B 
KOTOPOM no,nLIHTerpanLHaH «liYHKUHH paBHa npOH3Be,neHHIO 
cneKTpa napToHOB f (x H u ( x) H d <x)] Ha BLI'IHcnenHyro 
«liYHKUHIO F (x, Y, t). OcTaBweeCH HHTerpHpoBaHHe npoBO,nH­
nocL lJ:HCneHHO Ha 3BM. 

qacTL oh• o6ycnoBnenHaH ,nHarpaMMaMH 4,5,6,8,9 H 

o6nacTLJO MHrKHX 4'0TOHOB /.nuarpaMMLI 10-13/, 6Lrna 
TaK)Ke BhllJ:HcneHa aHanHTHlJ:eCKH; OHa JaBHCHT OT cneKTpa 
napTOHOB. qaCTL oh' OTBelJ:aIOJUaH Bana,ny )KeCTKHX 4'0TOHOB, 
6Lina npe,ncTaBnena H BLilJ:HcneHa aHanorHlJ:HO BTopoMy 
qneHy B /4/. 

O6cy,nuM TenepL qucneHHLie peJynLTaTLI .nnH o e <x, y) H 
oh (x, y), , HJ06pa)KeH11L1e Ha puc. 2 H 3, ,nnH cnyqaJI 
rny6oKoHeynpyroro µ p -pacceHHHH npH E = 250 I'3B. lf3-Ja 
pa3nHlJ:HH B 3HaKe BKna.na 3/ BenHlJ:HHLI oh (x, y) OKaJLIBa -
IOTCH pa3HLIMH ,nnH µ+p - H /l-p -pacceJIHHH. KaK BH,nHo 
HJ PHCYHKOB, HaH6onLWHH BKna.n B nonpaBKY ,naeT BenHlJ:BHa 
0 f (x, y). OHa MeHHeTCH OT - 20<'/o npH X- 1 ,no 6onLWOrO 
nonO)KHTenLnoro JHalJ:eHHH npH x - 0, y - 1 . Ilocne,nHHii 
«tiaKT OTMeqancH H B npe.nLIAYLQHX pa6oTax / 3, 7 /. PocT 
pa,nBaUHOHHOH nonpaBKB B 3TOH o6naCTH o6ycnoBnen TeM, 
'ITO na.naroiuuii nenToH MO)KeT HJnylJ:BTL 6onLwyro qacTL 
cBoeii 3Hepruu B npeTepneTL ynpyroe pacceHHBe c 6onLWHM 
ceqeHBeM. 3To orpaHBlJ:BBaeT .nocTynnyro .nnH aHanuJa 

KHHeMaTH'leCKYIO o6nacTL HJMenenHH x H y . <l>aKTHlJ:eCKH 
MLI ,nOil)KHLI orpaHB'IBTLCH TOH o6naCTLIO, r.ne nonpaBKa 
He npeBOCXO,nBT, CKa)KeM, BenHlJ:HHLI 25<'/o, IlOCKOilLKY B npo­
THBHOM cnyqae HenLJH HCKillOlJ:BTL 6onLWHX pa,nuauHOHHLIX 
nonpaBOK 6onee BLICOKoro nopH,nKa. 
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qTO KacaeTCH BeJIH'-IHHhl 1\ <x,y), BKJIIO'-laIO~eii B pac­

CMOTpe1rnoii MOAeJIH 3JieKTPOMarHHTHhie nonpaBKH K a.o;po-
+ 

HaM, TO AJIH µ p -pacceHHHH ee BeJIH'-IHHa, KaK BHAHO, He 

npeBLiwaeT ±3o/o. 3To nponcXOAHT HJ- Ja B3aHMHoii KOMneH­

cauun BKJiaAOB 2/ H 3/. ,[l;JIH µ-p-pacceHHHH 3TH BKJiaAhl 

CKJiaALIBaIOTCH, H BeJIH'-IHHa oh AOCTHraeT lOo/o. 

TaKHM o6pa30M, ·HeJih3H HCKlliO'-IHTh, '-ITO no KpaiiHeii 

Mepe npu HeKOTOphIX X H y TpaAHUHOHHhlll Hey11eT BKJiaAOB 

oh npHBOAHT K Ka)Ky~eMyCH lOo/o-HOMY HapyweHHIO CKeii­

JIHHra. 

1-13 rpalj;IHKOB BHAHO TaK)Ke' '-ITO pa3HOCTh ce11eHHH µ + p -

H /1-p -pacceHHHH AOCTHraeT 1O-12o/o npH x-1, Y-· 1, T .e. 

MO)KeT 6hITh H3MepeHa 3KCnepnMeHTaJihHO. TaKoe H3Mepe­

HHe Il03BOJIHT npoBepHTh paccMaTpHBaeMyIO MOAeJih. OT­

MeTHM, '-ITO rnaBHhlll BKJiaA B 3TY pa3HOCTh AaeT HHTepqie­

peHUHH AHarpaMM 10 ,11 n 12, 13. BKJiaA ABYXqlOTOHHOro 

o6MeHa /.o;narpaMMhl 8 u 9/ COCTaBJIHeT JIHWh IlHTYIO '-laCTb 

3TOH pa3HOCTH, '-ITO cornacyeTCH C pe3yJILTaTOM pa6oThl / 3/. 

3aMeTHM TaK)Ke, '-ITO HJ Hawero pac11eTa .o;uarpaMM 8 n 9 
B npeAeJihHOM cny11ae Y➔ 1 CJieAyeT aCHMilTOTH'-leCKaH qiop­

MyJia pa60Thif 3/ AJIH pa3HOCTH ce11eHHH, o6ycJIOBJieHHOH 

3THMH AHarpaMMaMH. 

B 3aKJIIO'-leHHe o6CYAHM HeonpeAeJieHHOCTH B Bhl'-IHCJie­

HHH O (x, y) .OAHa H3 HHX CBH3aHa C HaJIH'-IHeM B KOHe'-IHhIX 

" qiopMynax Macchi napTOHa M Q"_KaK IlOKa3aJIH Bhl'-IHCJieHHH, 

Bapuaun,i: M
0 

B npeAenai'0lM.;. M He npHBOAHT K JaMeTHOMY 

H3MeHeHHIO pe3yJihTaTa, '-ITO HBJIHeTCH CJieACTBHeM nora­

pHqlMH'-leCKOH 3aBHCHMOCTH O OT M Q· B KOHe'-IHhIX qiopMynax 

Mhl IlOJIO)KHM MQ = xM, KaK 3TO Tpe6yeTCH KHHeMaTHKOH. 

,[l;pyraH HeonpeAeJieHHOCTh o6ycJIOBJieHa 3aBHCHMOCThlO O OT 

cneKTpa napTOHOB. Han60JihWaH '-IYBCTBHTeJihHOCTb O K 

cneKTPY Ha6JIIOAaeTCH B o6JiaCTH MaJihIX x, rAe npo6JieMa­

TH'-IHa npnMeHHMOCTh caMOH napTOHHOH MOAeJIH. B o6naCTH 

)Ke ee npnMeHHMOCTH cneKTp napTOHOB MO)KeT 6hITh H3BJie­

'-leH H3 3KCnepHMeHTa H HCilOJih30BaH AJIH Bhl'-IHCJieHHH 

paAHaUHOHHOH nonpaBKH. TaKHM o6pa30M, co6cTBeHHO B 

paMKax MOAeJIH HeonpeAeJieHHOCTH MaJihl, TaK '-ITO OCHOB­

HhlM HBJIHeTCH Bonpoc O CTeneHH npnMeHHMOCTH caMoii 

MOAeJIH, B 11aCTHOCTH, Bonpoc O cnpaBeAJIHBOCTH npeAITOJIO­

)KeHHH O TO'-le'-IHhIX, He B3aHMOAeHCTBYIO~HX Me)KAY co6oii 
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napTonax. B 3TOH CBH3H OTMeTHM, '-ITO IlOilhlTKa ouenHTh 
3qJqJeKThl 3IleKTPOMarHHTHOro B3aHMOAeHCTBHH IlHOHOB B ... 
1<011eq110M cocTOHHHH npouecca rny601<011eynpyroro pac-
ceHHHH 6Lina npeAilPHHHTa B pa6oTe/81.HaiiAeHHaH B Heii 
nonpaBKa • npH 3HeprHH E = 250 I'3B COCTaBnHeT 100/o 
B o6naCTH x-0 H Y- 1. 

HTaK, o6bI'-IHaH npoueAypa Bhl'-IHCileHHH paAHaUHOHHOH 
nonpaBKH, npH KOTOPOH ne Y'-IHThIBalOTCH 3IleKTPOMarHHT· 
nLie nonpaBKH K aAponaM, npeACTaBnHeTcH, no naweMy 
MHeHHIO, HeA()CTaTO'-IHOH B o6naCTH 60ilhWHX 3HeprHH. 

MhI BLipa:>KaeM rny601<y10 6naroAapnocTh A.A.AxyHAOBY, 
C. M. liHnenhKOMY, C. Ii. r epacHMOBY, C. T .IleTKOBY, 
E.X.XpHcToaoii H )],.B.illHp1<oay 3a none3HLie o6cy:>KAeHHH 
npo6neMhI. 
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