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06utall xapaKmepucmuKa pa6ombl 

B H8cmollw,eu p86ome npe.acm8BAeHbl pe3yAbm8mb1 3KcnepuMeHmoe no u3y1.1eHu10 
aeAeKmpoM8rHUmHou cmpyi<mypbl npomoH8, a uMeHHO U3MepeHull omHoweHUH ero 

3AeKmpui.iecKoro u M8rHumHoro cpopM-cj:>aKmopoe G~/G~ npu 3HalleHuHx 

KB8.4p8m8 nepe.aaHHoro 1.1emb1pexuMnyAbca Q2 = 2.5, 5.2, 6.7 u 8.5 (f3B/c)2 
, 

UMelOlUUe paCXOJK.4eHue c .48HHblMU, noAy1.1eHHblMU U3 noN1pU3aUUOHHblX u 
HenOAHpU38UUOHHblX 3KCnepuMeHmOB [1,2]. 3KcnepuMeHm8AbHO U3MepeHHble 

omHoweHuH G~/G~ npu Q2 = 2.5 (r3B/c)2 .41\H 3Ha1.1eHuu noAJ1pU38UUU 

eupmyaAbHOro cpomoHa E=0.15, 0.63 u 0.77 noKa38AU He1.1yecmeumeAbHOCrnb 
noAy1.1eHHblX pe3yAbmamoe K .auarp8MM8M 2x- cpomoHHoro o6MeH8 [3). 
Pa3pa6omaHHble nporpaMMbl M0.4eAupoe8HUll u uccAe.aoeaHUH xapaKmepucmuK 
KBAOpUMempoe no3BOAUAU H8Umu onmUM8AbHble peweHUll .41\11 PH.48 Memo.au1.1eCKUX u 
mexHu1.1ecKux npo6AeM [4]. Co3.48HH8ll u .aonoAHUmeAbHO eee.aeHH8ll e cneKmpoMemp 
HMS cucmeMa ro.aocKonu1.1ecKux c1.1em1.1uKoe 06ecne1.1UA8 3¢>cj:>eKmueHblU Ha6op 
co6b1muu ynpyroro paccellHUll, coxpaHUB npu 3moM npueMAUMble 3Hepremu1.1ecKoe u 
yrAoeoe p83peweHUll .41\ll p8ccellHHoro 31\eKmpoHa u npomoHa om.481.!U [5). 
Pa3pa6omaHH8SI Memo.auKa U3MepeHUU, MOHUmopupoeaHUll u K81\U6poBKU 
KaAopuMempa, a maKJKe npoue.aypa ycmpaHeHUll p8.4U8UUOHHblX noepeiueHuu 
CblrpaAU peW810W.YIO pOAb .l1All ycnewHoro npoee.aeHUll YK838HHblX UCCl\e.40B8HUU 
[6,7). noAylleHHble pe3yAbm8mbl UHUUUPOB81\U Pll.4 HOBblX meopemu1.1eCKUX u 
3KcnepuMeHm8AbHblX uccAe.aoeaHuu. Pa3p86omaHH8ll annapamyp8, Memo.auKa 
U3MepeHUU u meXHUlleCKUe peweHUll 6bll\U ucnOAb30BaHbl B cepuu .apyrux 
3KcnepuMeHmos [8,9). OHu CblrpaAu pewa10W.Y10 poAb npu ymeepJK.aeHuu npoeKmoe 
8H8AOrUl.IHblX U3MepeHUU npu 6oAee BblCOKUX Q2 B Aa6op8mopuu UM. T. 
.ll.JKecj:>cj:>epcoHa (JLab, USA) [1 OJ. 

AKmya11bHOCmb pa6ombl. 3KcnepuMeB'IaJlbBbie uccAe.aosaHUll cmpyKmypbl HYKAOHOB 
JIBl\lllOmCll 0.4HOU U3 BBJKHeuwux 38.481.1 cj:>U3UKU 31\eMeHm8pHblX llacmuu. 
31\eKmpoMarHumHble cj:>opM-cj:>aKmopb1 38HUM810m oco6oe Mecmo cpe.au 
cj:>yH.aaMeHmal\bHblX xapaKmepucmuK HYKAOHOB u CBJ13aHbl c .4UH8MUKOU CUl\bHblX 
B3aUM0.4eUcmsuu cocmaBAJllOUJ,UX HYKAOHOB (KBapKOB). nepeoe npllMOe yi<a3aHue Ha 
cmpyKmypy npomoHa 6b11\o nol\ylleHo npuMepHo 80 Aem Ha3a.4 WmepHoM. B ero 
onb1max 6bll\O U3MepeHO aHOM8AbHO 601\bWOe 3H8lleHue M8rHUmHoro MOMeHma y 
npomoHa (e 2.79 pa38 601\bWe, lleM oJKu.aaAOCb .l1AH moL1e1.1Hono.ao6Horo npomoHa). 
Vlcmol.IHUKOM 6ecueHHOU UHcj:>OpMauuu crnpyKmypbl HYKAOHOB u Jl.4ep cmal\U 
3KcnepuMeHrnb1 Pe3epcpop.aa [11). 31\eKmpOMarnurnHoe B3auMo.aeucmeue HBAflemc11 
H8Ul\YllWUM UHcmpyMeHmOM .41\ll UCCl\e.40B8HUJI cmpyKmypbl HYKl\OHOB. nepBble 
3KcnepuMeHmbl no U3ylleHUIO 31\eKmpoMarnumHou cmpyKmypbl HYKAOHa 6bll\U 
BbmOl\HeHbl Xocpwm8.amepoM s SLAC-e e 50-bie ro.ab1 [12). 0Hu no3BOl\UAU oueHumb 
3apH.40BblU pa.auyc npomoHa (-0.8 fm). AHaAOrLil.IHble UCCAe.40BaHUJI npOB0.4UllUCb Ha 
.apyrux 31\eKmpoHHblX ycKopumeAAx Eeponb1 u AMepuKu (Orsay, Cambridge, Bonn, 
Sacl8y, NIKHEF, JL8b). npoHBl\eHue HOBoro UHmepeca u 3KcnepuMeHmaAbHOU 
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aKmueHocmu K HYKAOHHblM cj:>opM-cj:>aKmopaM 6b11\o CBll3aHo c HeoJKu.aaHHblMU 
pe3yl\bmamaMu, nol\y11eHHblMU e Jlab Hall A .41\ll omHoweHUll 31\eKmpu11ecKoro u 
MarHumHoro Q>opM-cj:>aKmopa o: 10:,, Memo.aoM U3MepeHUll nol\llpu3auuu npomoHa 

om.aa11u [13, 14]. A.All 3HalleHuti 0 2 .ao 5.6 (f3B/c)2 Ha6100.aal\Cll pe3KUti cna.ll 3moro 
omHoweHUll c pocmoM 0 2

, 11mo Haxo.aumcll e npomueope11uu c .aaHHblMU, 
nol\y11eHHblMU u3 HenoM1pugauuoHHblX 3KcnepuMeHmoe Memo.aOM Po3eH61\roma. 
nonblmKu o6bllCHUmb 3mo pa3Horl\acue pa.auauuoHHblMU nonpael\aMu npueel\u K 
pac11emaM u npllMblM U3MepeHUllM paHee npeHe6peraeMbrx .auarpaMM c o6MeHOM 
.aeyx Q>omoHoe. OmMemuM, 11mo .ao npoee.aeHuR Hawux U3MepeHuti omcymcmeoeal\u 
3KcnepuMeHmal\bHble .aaHHbre .41\ll a; 10:, e 061\acmu 0 2 > 5 (f3B/c)2

, nol\y11eHHble 

nol\llpugauuoHHblM Memo.aoM, a maKJKe 3KcnepuMeHmal\bHble pa6omb1 no oueHKe 
Bl\UllHUll .auarpaM 2x-Qx>moHHblX o6MeHOB Ha 3mu pe3yl\bmambr. 601\bWUHcmeo 
paHee pa3pa6omaHHblX M0.4el\eU (M0.4el\U BeKmopHOU .40MUHaHmHocmu (VDM)) u 
coepeMeHHble meopemu1-1ecKue pac1-1emb1 (Ha ocHoee M0.4el\eu KBaHmoeou 
XpoM0.4UHaMUKU (OCD) Ul\U B paMKax cocmaBHOU KBapKOBOU M0.4el\U (CQM)) .41\ll 
onucaHUll HYKl\OHHblX Q>opM-Q>aKmopoe co.aepJKam ceo6o.aHble napaMempbr, 
onpe.aeAlleMbre no.aroHKoU 3mux pac1-1emoe K 3KcnepuMeHmal\bHblM .aaHHblM. MHorue 
U3 HUX .aocmamo1-1Ho xopowo onucbrearom uMeromuecll .aaHHbre no Q>opM-<PaKmopaM. 
0.aHaKo, mo4Hocmb npe.acKa3aHUti 3mux Mo.aeAeu 3aeucum om mo1-1Hocmu 
ceo6o.aHblX napaMempoe .41\11 ymo1-1HeHUll KomopblX Heo6xo.auMO npoee.aeHue HOBbrx 
U3MepeHuu e wupoKou o6Aacmu 0 2

• C uel\blO yAy4weHUll 3KcnepuMeHmal\bHou 
cumyauuu no U3Yf.4eHuro cmpyKmypbr npomoHa, e 1-1acmHocmu Q2-3aeucuMocmu 
OmHOWeHUJI 31\eKmpoMarHUffiHblX Q>opM-cj:>aKmopoe npomOHa, B moM 4UCl\8 npllMOU 
oueHKU BKl\a.aa .auarpaM 2x-cj:>omOHHOro o6Metta Ha OOl\y4aeMble nOl\ff PU38UUOHHblM 
Memo.aOM pe3yl\bmambr, 6bll\U Bbrnol\HeHbl 3KcnepuMeHmbr Gep-111 (E04-108) [15] u 
Gep-2y (E04-019) [16]. 

Uel\bro ttacmoR111eu pa6ombl RBl\llemcll U3MepeHue omHoweHuu 31\eKmpoMarHumHbrx 
cJ:>opM-cJ:>aKmopoe npomoHa G~ / G::. npu 3Ha4eHUllX Kea.apama nepe.aaHHoro 

1-1emb1pexuMnyAbca 0 2 = 2.5, 5.2, 6.7 8.5 (f38/c)2 u noAy4eHue 3KcnepuMeHmal\bHblX 
.aaHHblX c nepe.aa4e(J nol\llpu3auuu, Komopbre no.ameep.auAu npeHe6pelKumeAbHblU 
BKAa.4 .auarpaMM c 2x-cj:>omoHHblM o6MeHOM e onpe.aeAeHue omHoweHuu a; 1 Gft • B 

paMKax .aaHHou pa6omb1 6b1Au BblnOAHeHbl ~ccAe.aoeaHuR 31\eKmpoMarnumHoro 
KaAopuMempa, e moMe 11ucAe, u3y1-1eHue BAURHUR pa.auauuoHHblX noepeJK.aeHuli Ha 
xapaKmepucmuKu BigCal u pa3pa6omaHa Memo.auKa ux eoccmaHOBAeHull 
YAbmpacpuoAemoeb1M 06Ay1.1eHueM. C ueAblO 3cpcpeKmuBHoro om6opa co6b1muu 
ynpyroro pacceRHUll 6b1Aa co3.aaHa u BHe.apeHa e 3KcnepuMeHmaAbHyro ycmaHOBKY 
cucmeMa mpurrepHblX cuuHmUMllUUOHHblX c1.1em4UKOB SO, a maKlKe pa3pa6omaHa 
cxeMa HaKOnl\eHUll .aaHHblX (6a3a .aaHHblX) .41\ll 1744-KaHSAbHoro 
31\eKmpoMarnumHoro KaAopuMempa BigCal. OcHOBHbre pe3yAbmamb1 .auccepmauuu 
noAy1-1eHbl e 3KcnepuMeHmax Gep-111 (E04-108) u Gep-2y (E04-019), BbrnOAHeHHblX e 
Hall C Ha ny1-1Ke npo.aoAbHo-noAllpusoeaHHblX 3AeKmpOHoe ycKopumeAll CEBAF 
Aa6opamopuu UMeHu A.JKecpcpepcoHa c oKmll6pR 2007 r. no uroHb 2008 r. e paMKax 
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compy.aHu1-1ecmea MelK.ay HauuoHaAbHOU Hay1.1Hou Aa6opamopueu UM. A AAuxaHllHa 
( Epcl>V1) u Aa6opamopueu TOMaca .Ll.JKecpepcoHa (Jlab). 

Hay1.1Haff HOBU3Ha pa6ombl:. BnepBble Ha OCHOBe npoee.aeHHblX UCCl\e.aoeaHUU 
noAy11eHb1 HOBble 3KcnepuMeHmaAbHb1e .aaHHble .4MI omHoweHuu 3AeKmpu1.1ecKoro u 
MarnumHoro <PopM-Q>aKmopoe npomoHa npu 3Ha1.1eHUllX KBa.apama nepe.aaHHoro 
1-1emb1pexuMnyAbca 0 2 = 2.5, 5.2, 6.7 H 8.5 (r3Blc)2. Bnepebre .4AA npouecca ynpyroro 

( ep) paccellHUll noAyLleHbl 3KCnepUMeHmaAbHble .llaHHble, nomeeplK.4a101UUe 

npeHe6peJKuMyro poAb .auarpaM 2x-<PomoHHoro o6MeHa Ha omHoweHue npo.aoAbHou u 
nonepe1.1Hou KOMnoHeHmb1 nepe.aaHHou npomoHy noAllpusauuu. Bnepebre 
paspa6omaHa u C03.4aHa cucmeMa mpurepHblX c1-1em1-1uKoe .ii.All 3cJ:>cj:>eKmueHoro 
om6opa co6brmuu ynpyroro paccellHUll 31\eKmpoHOB u co3AaHa cucmeMa .lll\ll 
ycmpaHeHUll pa.auauuoHHblX noepeJK.aeHut'.I KaAopuMempa BigCal Memo.aoM 
yAbmpa<t>uoAemororo 06Ay1.1eHull (Ycl>O). 

npaKmU4ecKall UeHHOCffib. noAyl.leHHble 3KCnepuMeHmaAbHbl8 pe3yAbmambl 6y.aym 
ucnOAb3oeaHbl .4All paseumull HOBblX meopemu1.1ecKux Mo.aeAeli. B Hacmollmee epeMll 
Ha ocHoee noAYf.4eHHblX pe3yAbmamoe u Memo.au1.1ecKux pa3pa6omoK npuHllm pH.a 
HOBblX 3KCnepuMeHmaAbHblX npoeKmoe no U3MepeHUIO 31\eKmpoMarHUmHblX <t>opM­
<PaKmopoe npomoHa, KaK Ha .aeucmeyromeM ycKopumeAe CEBAF, maK u Ha 
npoeKmupyeMOM CEBAF-12 f38. 

Aemop BblHocum Ha samumy: 

1. Pe3yl\bmamb1 omHoweHUll 3AeKmpoMarnumHblX cPoPM-<PaKmopoe npomoHa 
GUo::. npu 0 2 = 2.5, 5.2, 6.7 u 8.5 (f38/c)2

, usMepeHHb1e Memo.aoM 

"nepe.aaHHou noAllpusauuu" e npouecce ynpyroro pacceRHUll npo.aoAbHO - , _, 
nOl\llpU30BaHblX 3AeKmpOHOB Ha HenOl\llpU30BaHHOU MUWeHU e + p ~ e + p ; 
cpaeHeHue noAy11eHHblX 3KcnepuMeHmaAbHblX pesyAbmamoe c MupoebrMu 
AaHHblMU u c npe,il.CKa3aHUllMU meopemu1.1eCKUX MO.D.eAeli. 

2. OueHKY BKAa.t1a 2x-¢omoHHoro o6MeHa e ynpyroM ep-paccellHUU e omHoweHue 

Q>opM-<PaKmopoe npomoHa ~/~ npu 0 2 = 2.5 (f38/c)2 .4AR mpex 3Ha1-1eHuli 

noA11pu3auuu eupmyaAbHoro Q:>omoHa i: = 0.15, 0.63 u 0.77. 
3. Paspa6omKy u cos.aaHue cucmeMbl mpurrepHblX c1.1em11uKoe SO .4AA 

3$$eKmueHoro om6opa co6b1muu ynpyroro pacceRHUR, a maKlKe 
uccAe.aoeaHue mo1.1Hocmeu onpe.aeAeHUR 3Hepruu, yrAoe u Koop.auHam 
pacceRHHoro 3AeKmpoHa u npomoHa om.aa1.1u c y1.1emoM .aonoAHumeAbHblX 
MamepuaAOB B MarHUmHOM cneKmpoMempe HMS u Ha BXO.lle B 
3AeKmpoMarnumHbu;; KaAopuMemp BigCal . 

4. V1sy1-1eHue BAURHUll pa.auauuoHHoro cpoHa Ha 3Hepremu11ecKoe u 
Koop.auHamHoe paspeweHUll KaAopuMempa BigCal u co3.aaHue cucmeMbl .41\ll 
ycmpaHeHUR pa.auauuoHHblX noepeJK.aeHuu Memo.aoM yl\bmpacj:>uoAemoro 
o6AyLleHUR. 
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5. Co3.11aHue cucmeM 6a3bl .11aHHblX, Ka11u6poeKu u MOHumopupoeaHUJI .llAll 

Ka11opuMempa BigCal. 

Anpo6auuJ1 pa6ombl u ny6AuKauuu. OcHoBHble pe3yAbmambr .11uccepmauu1r1 
Heo.11HoKpamHo .110KAa.llb1Bal\UCb Ha Hay1.1Hb1X ceMuHapax HauuoHallbHou Hay1.1Hou 
/\a6opamopuu UM. A. "1. MUXaHJIHa U fla6opamopuu UM . .lllKecpepcoHa (CWA), 
ceKUUJIX AMepuKaHCKoro <l>u3u1.1ecKoro 06w,ecmea, Ha MumuHrax KoMa6opauuu Hall 
C, a maKlKe e ee.11yw,ux 3apy6elKHblX ueHmpax- 01.'lflV1 (.ll.y6Ha), NIKHEF (Amsterdam), 
DESY (Hamburg), a maKlKe npe.11cmae11eHbl Ha MelK.11yHapo.11Hb1e KOHcpepeHuuu: 

• 6th Inter. Cont. on Perspect. in Hadr. Phys., Trieste (Italy), 12-16 May 2008; 

• 18th Part. and Nucl. Conf. PANIC08, Eliat (Israel), 9-14 November 2008; 

·13th Adv.Res. Workshop on High En. Spin Phys., SPIN-09, Dubna (Russia), 1-5 Sept. 
2009; 
• 10th Conf. Int. Sect. of Part. Nucl. Phys., CIPANP-2009, San Diego , CA, 17 Dec 
2009; 
•4th Workshop on Exel. React. at HTM, Exclusive-2010, Newport News, VA, 18 May 
2010; 
• Annual Meetings of American Physics Society (APS). 2008-2010. 
no meMe .11uccepmauuu ony611uKoeaHo 7 cmameu e lKypHaAax Phys. Rev. Lett., V13e. 
AH PA.., e mpy.11ax KOHcpepeHuuu. 

06beM u cmpyKmypa .auccepmauuu. .LLuccepmauuH cocmoum u3 eee.aeHUll, 
1.1emb1pex rAae u 3aKAIO\.leHull, co.11epJK111m 149 cmpaHuu ne1.1amHoro meKcma, 
BKl\IOl.lall 61 PUCYHKa, 23 ma6AUUbl u cnucoK 11umepamypbl U3 171 HauMeHOBaHUU. 

Co.aepxaHue .auccepmattuu 
Bee.aeHue co.aeplKum Hayt.iHoe o6ocHoBaHue Heo6xo.11uMocmu u aKmyallbHocmu 
BblnO/\HeHHOU pa6ombl no u3y1.1eHUIO cmpyKmypbt HYKAOHOB, B \.lacmHocmu, no 
U3MepeHIO omHoweHUll 311eKmpoMarHumHb1X cpopM-cpaKmopoe npomoHa e o611acmu 
6011bwux Q

2
, r.ae npe.11cKa3aHUJ1 pa311u1.1Hb1X meopemu1.1ecKux Mo.11e11eu cu11bHO 

om11u\.laiomcJ1 .11pyr om .apyra, a .11aHHb1e, noAy\.leHHble Memo.aoM "nepe.11auHou 
nOllllpU3aUUU" nOl\HOCmblO omcymcmey10m. CcpopMy11upoeaHbl OCHOBHbte UeAU u 
3a.aa1.1u UCC/\8.llOBaHUU. 

B nepeoo rAaee .aaHO KpamKoe onucaHue cpopMa/\U3Ma ynpyroro (eN) paccellHUll, r .ae 
om.ae11bHO Bbl.llel\eH npouecc ynpyroro pacceJ1HUJ1 HenoMpu3oeaHHblX 31\eKmpoHoEi. 
npuee.11eH Memo.a Po3eH6AIOma, KOmOpblU ucnollb3yemcll .ll/\Jl pa3.11e11eHUJI 
311eKmpu"leCKoro u MarnumHoro Q>opM-cpaKmopoe, a maKJKe u3110JKeH Memo.a 
U3MepeHUJI omHOweHUll 3AeKmpoMarHumHblX cpopM-cpaKmopoe HYKllOHOB e peaKUUJIX 
ynpyroro pacceJIHUJI nO/\llPU30BaHHblX 31\eKmpoHOB Ha OCHOBe U3MepeHUU 
KOMnoHeHm npo.110/\bHOU u nonepe1.1Hou no11J1pu3auuA npomoHa. npuee.11eH noAHblU 
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o63op uMe10w.uxcJ1 3KcnepuMeHma11bHb1x .aaHHblX no cpopM-cj:>aKmopaM HYKAOHOB u 
o6cyJK.llaemcll npo6/\eMa pa3HOr/\aCUJI Me:JKAY AaHHblMU GUGi, nO/\yiteHHblMU B 

HenoAHpu3auuoHHblX 3KcnepuMeHmax u c nepe.11a1.1eu no11J1pu3auuu. 06ocHoeaHa 
ealKHocmb U3MepeHuu npu 6011bwux Q2

• B 3KcnepuMeHmax c Heno11J1pu3oeaHHblM 

3/\eKmpoHHblM ny1.1KoM .ll/\ll pa3.11e11eHUJ1 311eKmpu1.1ecKoro (GE) u MarnumHoro (GM) 

cpopMcpaKmopoe ucnollb3yemcll Memo.a Po3eH6/\IOma, r .11e ce1.1eHue ep-pacceJ1HUJ1, 
HOpMupoeaHo Ha ce\.leHue Moma <JM (ce1.1eHue pacceJ1HUJ1 .ll/\ll mo1.1e\.IHOU 1.1acmuubl) u 
npe.acmaB/\llemcsi e eu.ae /\uHeuHou cpyHKU.UU, 3aeuc11U1,eu om noAapu3auuu 
eupmyaAbHoro cpomoHa s: 

O'R = O'eN =~(l+t)E =~Gi+G~ (1) 
O'M dQe O'Mt t 

.ll.Aa onpe.11eAeHuJ1 GE u GM 3muM Memo.110M mpe6y10mcsi U3MepeHUll npu 2-x 

pa311u1.1HblX 3Ha\.leHui:rx s u no11y"leHHb1e pe3yAbmambl 01.1eHb 1.1yecmeume11bHbl K 
napaMempaM ycmaHOBKu, ny1.1Ka u K pa.11uau.uoHHblM nonpaeKaM. npu 3moM 
B03HuKa10m cepbe3Hble mpy.11Hocmu .11/\H eb1.ae11euusi 3/\eKmpu1.1ecKoro cpopM-
cpaKmopa e o6Aacmu 6011bwux Q2

• 3KcnepuMeHmbt ynpyroro paccesiHusi 
noMpU30BaHHblX 3/\eKmpOHOB, OCHOBaHHble Ha U3MepeHUU omHoweHUJI KOMnoHeHm 
nepe.aaHHou npomoHy noMpu3au.uu ceo60.11Hbl om yKa3aHHblX npo6AeM. OmHoweHue 
np0.1101\bHOU (P1) u nonepel.IHOU (Pt) KOMnoHeHm nepe.aaHHOU nO/\llPU3auuu npllMblM 
o6pa30M CBH3aHO c omHOWeHUeM cpopM-cpaKmopoe: 

!2.=- GE 2M cos BB 
P, GM Q 2 

(2) 

3mom Memo.a e omAu1.1ue om Memo.11a Po3eH6Aioma .11/\ll onpe.aeAeHUH 

GE/GM mpe6yem mo/\bKO o.aHo U3MepeHue u He 3aeucum KaK om cmeneHu 

noMpU3aUUU 3/\eKmpoHHoro ny1.1Ka, maK u om aHaAU3upy10Uleu cnoco6Hocmu 
nO/\llpUMempa. 0.11HaKO, ux BblCOKUe 3Hal.leHUR BalKHbl .11/\Jl o6ecnel!eHUJI 
3cpcpeKmueHocmu 3KcnepuMeHma11bHblX U3MepeHuu. Ha puc.1 npueeAeHbl 
npe.11wecmeyiow,ue 3KCnepuMeHma/\bHbl0 .aaHHble omHOWeHUU µ GP /GP . KaK BUAHO 

p E M 

u3 pucyHKa, npu 0 2 
;::: 2 {r38/c)2 Ha611io.11aemcJ1 CUllbHoe pacxolK.aeHue MeJK.11y 

.aaHHblMU, noAy1.1eHHblMU Memo.110M Po3eH6AIOma u c nepe.aa1.1eu n0Asipu3auuu. 

c uellblO ymo1.1HeHUJI npul.IUH pacXOJKAeHUR .11aHHblX, noAyl.leHHblX U3 U3MepeHUU 
ce1.1eHUH u no/\JlpU3aUUOHHblX Ha6/\IOAaeMblX, 6blllbl UHUU.UMpoBaHbl 3KcnepuMeHmbl 
Gep-111 u Gep-2y e Hall C Aa6opamopuu yM. T . .ll.JKecpcpepcoHa, pe3yAbmambr 
KomopblX cocmaeMiom ocHoey .aaHHou .11uccepmauuu. 
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1 
Q2, GeV2 

Puc. 1 OmHoweHUll 3/\eKmpOMarnumHblX cl>oPM-cj)aKmopoe npomoHa µ GP /GP , p E M 

no11yL1eHHbie e 3KcnepuMeHmax c nepe.naLteu noA11pu3auu (cn/\oWHble Kea.apamuKu u 
KpylKKU) u Memo.noM Po3eH6/\IOma ( nycmble CUMBO/\bl). 

Bo emopou r11aee npuee.aeHbl o6mue cee.aeHUll 06 ycKopumeAe CEBAF. npueo.aumc11 
onucaHue 3KcnepuMeHma/\bHou annapamypb1 Hall C, a moM l.IUC/\e mpaKma 
3/\eKmpoHHoro nyl.IKa, cucmeMbl U3MepeHUll ero no11llpU3aUUU u MoHumopupoeaHUll, a 
maKlKe MarHumHoro cneKmpoMempa HMS .a11n perucmpauuu npomoHoe om.aaLtu u 
MHoroKaHallbHOro (1744-KaHa/\OB) KaAopuMempa BigCal .d/\ll perucmpauuu u 
u.aeHmuQ:>uKauuu paccellHHblX 3/\eKmpoHOB . .LJ.1111 U3MepeHUll KOMOOHeHm npO.dO/\bHOU 

U nonepel.IHOU nOllllpU3aUUU, nepe.naHHOU npomoHy B npouecce ynpyroro ( ep) 
pacceRHUll, cmaH.napmHall KOHcj)urypauuR .aemeKmopHou cucmeMbl cneumpoMempa 
HMS 6b111a nepeo6opy.aoeaHa c eee.aeHueM Hoeoro no/\llpuMempa cj)oKa/\bHOU 
n11ocKocmu (FPP). OnucaHa pa3pa6omaHHaR u eHe.apeHHall e cneKmpoMemp HMS 
cucmeMa CUUHmUl\/\llUUOHHblX Cl.leml.IUKOB so .d/\R onmUMU3aUUU aKcenmaHca 
cneKmpoMempa u mpurrepa perucmpauuu npomoHoe ynpyroro paccellHUll. Oco6oe 
BHUMaHue y.11e11eHo o6cylK.lleHUIO pe3y11bmamoe uccAe.aoeaHUU no pa.auauuoHHOMY 
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noepeJK.neHuio ceUHUOBblX cmeKA Ka11opuMempa u onucaHuio pa3pa6omaHHoro 
Memo.aa y11bmpacj)uo11emoro (UV) o6Ayl.leHUll .a11R eoccmattoe11eHuR ero 
xapaKmepucmuK. npuee.neHbl ocHOBHble cee.aeHUll o co3.aaHHou cucmeMe 6a3bl 
.aaHHblX, c nOMOlllblO Komopo(J B03MOlKHO 6bl/\O onepamUBHO ynpaB/\llffib 
KaAopuMempoM BigCal. B 3KcnepuMeHmax ucno11b30Ba11c11 nyLtoK npo.ao/\bHO­
noAnpu3oeaHHblX 31\eKmpoHoB c no1111pu3auueu -85% npu uHmeHcueHocmu .ao 80 
µA. B Kal.lecmee pa60L1eu MUWeHu ucnO/\b30Ba11acb lKU.dKOBO.llOPOAHall MUW0Hb 
.ll/\UHoU 20 CM. Bo epeMll 3KcnepuMeHma11bHblX U3MepeHuu Hanpae11eHue noA11pu3auuu 
MeHR/\OCb (±1) C 1.1acmomo(J 30 ru. no/\OlKeHUe nyl.IKa Ha MUWeHU KOHmpo11upOBa/\OCb 
.11am1.1uKaMu BPM (Beam Position Monitor). CneKmpoMemp HMS C11yJKu11 .d/\ll 
perucmpauuu npomottoe om ynpyroro (ep) paccellHUR u .llllll U3MepeHUll npo.llO/\bHou 

u nonepel.IHOU KOMnotteHmb1 nepe.AaHttou no1111pu3au.uu. HMS uMeem UMny11bCHb1u u 
yrAoeou 3axeam ±10% u 6 msr, coomeemcmeeHHO. lllMnyAbCHoe pa3pewettue 

cneKmpoMempa .ll/\R Ltacmuu, c UMOY/\bCOM .ao 7.4 r3B/c Ayllwe l.leM 10-3• a yr/\OBoe 

pa3peweHue -2 mrad. HMS cocmoum U3 napbl .llpeucj)oeblX KaMep (DC1, DC2), 
1.1emb1pex cu.uHmu/\/\llu,uoHHblX ro.11ocKonoe (S1 X, S1Y, S2X, S2Y), aeporellbHoro 
4epeHKOBCKOrO .nemeKmopa U 3/\eKmpoMarHUffiHOfO KallOpUMempa. npu npoee.neHUU 
3KcnepuMeHmoe Gep-111 u Gep-2y ra3oBblU 4epeHKOBCKuu c1.1em1.1uK u 3a.llHUe 
nAocKocmu ro.11ocKonoe S2X u S2Y 6bl/\U CHllmb1, oceo60.11ue Mecmo .d/\ll 
no1111puMempa cj)oKa/\bHOU n11ocKocmu FPP. CxeMamu1.1ecKuu BU.ll cneKmpoMempa 
HMS u ero no1111puMernpa FPP noKa3aH Ha puc. 2. 

.. ,.,...,,..,_r 

Puc. 2 CxeMamuLtecKuu BU.ll cneKmpoMempa HMS u ero no1111puMempa FPP. 

C u.eAblO yAy1.1weHu11 epeMeHHOro pa3peweHUll cneKmpoMempa u npueM/\eMoro c1.1ema 
ucmuHHblX u cAyLtauHux co6b1muu (coena.lleHuu ep) nepe.a nepeou .11peucpoeou 
KaMepou 6bl/\a ycmaHOB/\eHa C03.daHHall cucmeMa CU.UHmUMllUUOHHblX c1.1eml.IUKOB 
SO. Pa3Mepbl u no110JKeHue SO 6b111u Bb16paHbl maKUM o6pa3oM, 1.1mo6b1 
coena.Aame11bHb11'.J mpurrep "S1X+S1Y+SO" npeuMymecmeeHHO 6b1/\ Hau.e11eH Ha c6op 
co6b1muu ynpyroro paccellHUll. Pacce11HHb1e 3/\eKmpoHbl perucmpupoea11ucb e 1744-
KaHa/\bHOM Ka11opuMempe BigCal, u3romoe11eHHOM U3 ceuHu,oaoro cmeK11a TF-1. Bee 
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6110KU UMelOm pa3Mepbl -4x4 CM2 u mOllU\UHY -15 pa.aua1.1uOHHblX .41\UH (-40 CM). 
Koop.auHamHoe pa3peweHu0 BigCal 6b1110 uce11e.aoeaHo MOHm0-Kap110 
Mo.a011upoeaHueM, ocHoeaHHblM Ha nporpaMHHOM naK0m0 GEANT-3. BalKHblM y3110M 
Ka11opuMempa RBNlemcR cucmeMa Ka11u6poeKu u MOHumopupoeaHUR Ha ocHoee 
ceemOBblX .4U0.40B (LED). OCHOBHblMU 3a.4al.laMU cucmeMbl MOHumopupoeaHUll 
11e/\11iomc11 nepuo.au1.1ecKoe onpe.ae11eHue omHocume/\bHoro ycu11eHUR ecex KaHa11oe, 
BblpaBHUB3HU0 aMn11umy.a c noMOWblO KOppeKuuu BblCOKUX HanpRJKeHUU Ha <1>3Y, 
c110JKeHue 3a yxy.aweHueM xapaKmepucmuK KaAopuMempa, Bbl3BaHHblX nor11ow.eHueM 
pa.auauuoHHoro ¢>oHa. Ha puc.3 noKa3aHbl 3aBucuMocmu ycu11eHu11 
¢>omoyMHOJKume11eu u pa3peweHu11 BigCal om ee11u1.1uHbl HaKon11eHHoro 3aPR.4a 
31\eKmpOHHoro ny1.1Ka. li1cCA0.aoeaHue onmu1.1ecKux xapaKm0pucmuK noepeJK.4eHHblX 
6110Koe TF-1 noKa3al\o, 1.1mo 0611y1.1eHue noepeJK.aeHHblX 6110KOB y11bmpa¢>uo11emoeb1M 
(UV) ceemoM 3¢>¢>eKITIUBHo ycmpaHRem pa.aua1.1uoHHoe noepelK.4eHue. C amou 
ueAblO 6bl11a CKOHcmpyupoeaHa cucmeMa u3 y11bmpa¢>uo11emoeb1x 11aMn {MOll.IHOcmbio 
-14 W) .41\R 0611y1.1eHu11 u eoccmaHOB/\eHUR Ka11opuMempa. HeCMomp11 Ha pery1111pHoe 
y11bmpa¢>uo11emoeoe 0611y1.1eHue, 6b111 o6HapyJKeH ocmamo1.1Hblu 3¢>¢leKm om 
pa.auauuoHHoro noepeJK.aeHUR KpucmaMoe u pa3peweHue KaAopuMempa 
nocmen0HH0 CHU3UllOCb .ao ypoeH11 -20% {npu E = 2.3 r3B) . .ll.aJKe noe11e .aeyx 
Mec111.1Horo UV 0611y1.10Hu11 HaM He y.aaAocb no11Hocmb10 ycmpaHumb 3¢>¢>eKmb1 
pa.aua1.1uoHHOro noepelK.ll0HUR, .aocmurHyB llUWb pa3p0weHUSI -14% (npu E=1.2 r3B). 

1•1 rN~~•n~ 

~ I 
OJI .~ 

~Q.9 
; 

·~ 
... 11.8 

;! •-> 

~· 

t l'J_, 
.'1! =r:r~ttrt-'"" 

IJ.J 
OA 0.1 

0 . .t !---,--~---...---

.o.3 t1 .'200 «n GOO .aoo ·moo. t2<>0 i.400 

";:{'~~} :<Hf 
0 5Ci IOI/ :l.111 J(l(l .~.Ill 41/0 

11"'1fnCh•'1."(Ci 

Puc. 3: Ycu110Hue ¢>omoyMHoJKume11eu u 3Hepremu1.1ecKoe pa3peweHu0 BigCal e 
3aeucuMocmu om HaKon11eHHoro 3ap11.aa 31\eKmpoHHoro ny1.1Ka e me1.1eHue nepeoro 
uuK11a u3MepeHuu Gep-111 (0KmR6pb 2007 - ~Heapb 2008). Cnpaea noKa3aHa 1.1acmb 
.aaHHblX c ¢>umoM ¢>YHKUUeu a . e-b·C 

Co3.4aHHall cucmeMa "6a3bl .aaHHb1x" BigCal no3eo11R11a onepamueHo 
KoppeKmupoeamb napaM0mpb1 Ka11opuMempa, u xpaHumb no11e3HYIO uH¢>opMa1.1uio 
.ll/\11 noe11e.ayiow.0ro aHaAu3a. OcHOBHble p03y11bmamb1 amou r11aeb1 ony6AuKoeaHbl e 
pa6omax [4- 7). 
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Tpembsi r11aea .auccepmauuu noce11w,0Ha onucaHUIO npou.e.aypbl 3KcnepuMeHma/\bHblX 
U3M0peHuu u aHa/\u3y pe3y11bmamoe. n0pBUllHblM 311eM0HmOM cucm0Mbl HaKon/\eHu11 
.aaHHblX (DAO) 11e1111emc11 'Tpurrep Cyn0peau3ep" (TS), KomopblU ucnollb3}'0mcH AAA 

KOHmpo/\11 cucmeMbl Ha6opa .aaHHblX npu pa311UllHblX eapuaHmax mpurr0pa 
(0.4UHOl.IHblU, coena.aam0/\bHblU, u m . .a.) u CllUmblB3HUll UH¢lopMau.uu c BigCal, CbeMa 
epeMeHHblX u aMn11umy.aHb1x xapaKmepucmuK c ro.aocKonoe u Ka11opuMempa 
cneKmpoMempa HMS, a maKJK0 .aaHHblX nofl.llpuMempa FPP. Bp0M11 c1.1umb1BaHusi u 
3anucu o.aHoro co6b1mu11 nopR.aKa H0CKO/lbKO .a0cRmKoe MUKpoceKyH.a, a ep0M11 
3arpy3KU uH¢>opMauuu ecex 3apa6omaHHblX KaHa11oe e c0mb Hall C cocmaeA11em 
HeCKOJ\bKO com MUKpoceKyH.4. OcHOBHOU mpurr0p .41\R Ha6opa co6blmuu ynpyroro 
ep-pacceRHUll ¢>opMupoea/\cR coena.a0Hu0M npomoHa (HMS) u 31\eKmpoHa (BigCal). 
B 3Kcn0puMeHme E04-108 6b1/\a pacwup0Ha KUHeMamu1.10cKaR o6Aacmb U3M0p0Huu 
omHow0Hu11 Gf /Gt .ao MaKcuMaAbHo .aocmuraeMblX 0 2 =.8.5 {raB/c)2

, npu 3Hepruu 

CEBAF 6 r3B. B 3KCnepuMeHme E04-019 .41\R OU.0HKU BK/I.a.Lia om .auarpaMM 2x­
¢>omOHHoro o6MeHa U3MepRAaCb E-3aBUCUMOCmb omHOW0HUll a: /Git npu 0 2 =.2.5 

(r3B/c)2
. Memo.auKa aHa/\u3a .aaHHblX .a11R 3Kcn0puM0Hmoe Gep-111 u Gep-2y 

u.aeHmUl.IHbl. BHa1.1a110 npoeo.au11acb Ka11u6poeKa /\UBHeBblX .aem0Kmopoe u 
cneKmpoMempa BigCal u onp0.a0A11/\acb a¢>¢>0KmueHocmb .aem0Kmopoe. B npou0cce 
3KcnepuMeHma npoue.aypa KaAu6poeKu BigCal nepuo.au1.1ecKu noemopRJ\aCb c U.01\blO 
KOppeKU.UU BblCOKoro HanplllK0HUR Ha ¢>omoyMHOlKUme/\RX .41\11 KOMneHcauuu 
U3M0HeHu11 aMn11umy.abl curHa11a U3-3a pa.auau.uoHHoro noep0lK.4eHu11 6AoKoe. no 
3H0proeb1.a011eHu10 E; u Koop.auHamaM Xi, Yi cpa6omaHHblX 6110Koe onp0.aeARllOCb 
noAoJKeHue ueHmpa m11JK0cmu J\UBHll e Ka11opuMemp0: 

E=LE;. X=LE;X;/E. Y=LE;Y;/E (3) 

A6co11iomHa11 KaAu6poeKa 3H0pruu KaAopuMempa BigCal npoeo.au11acb c nOMOl!lblO 
perucmpau.uu ¢>oHOBblX x0-M030HOB c 2x-¢>omoHHblM pacna.aoM IA eoccmaHOBJ\eHu11 
0ro uHeapuaHmHou Maccb1. KoHmpoAb 3a cocmo11HueM BigCal ocyl!l0cmeA1111c11 
Ka/\u6poeo1.1HblMU U3M0peHURMU co ceemOBblMU .auo.aaMU (LED). Ha OCHOB0 .aaHHblX 
.apeu¢>0BblX KaMep cneKmpoMempa HMS u noARpuM0mpa FPP npoeo.au11acb 
peKoHcmpyKU.Ull mpaeKmopuu npomoHoe c pa3.ae110HueM co6b1muu ynpyroro u 
Heynpyroro pacce11HUR. KaK u3eecmHo, 1-1Mny11bc npomoHa om.aa1.1u Pp npu ynpyroM 
pacce11Huu onpe.ae/\Rernc11 coomHoweHUeM (4), r.ae Ee - 3H0pruR 3110KmpoHHoro 
ny1.1Ka, 0p - yro11 Bb111ema npomoHa om.aa1.1u. Pa3Huua M0lK.4Y U3MepeHHblM (p) u 
oJKu.aaeMblM 3Ha1.1eHueM (pp) onpe.aeA11em "Heynpyrocmb" .aaHHoro co6b1mu11. 

Pp 
2MPE.(E. +Mp)cosep 

M~ +2MPE• +E; sin 2 9p 
(4) 

3ma pa3Huu.a Bb1paJKaemc11 e npou.eHmax omHocume11bHO u0Hmpa11bHoro uMny11bca 
HMS u np0.acmae/\11emc11 KaK 6.P = 100 x (p- p(0p))/Po . EcmecmeeHHO, 1.1mo ynpyrue 
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co6blmUll npoRBl\lllOrncll npu ~P ::::: 0 pe3KUM nuKoM (puc. 4) Ha <PoHe Heynpyrux 
co6b1muu e 3mo(J o6Aacmu. .£I.All a<P<PeKmUBHoro pa3AeAeHUll ynpyrux-Heynpyrux 
co6b1mu(J (npu 6ol\bWUX Q2

) 6b11\a ucnOl\b30BaHa AOOOl\HUmel\bHall UHcpopMaUUll 
31\eKmpoHHoro nAe1.1a (BigCal). 
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Puc. 4 Pacnpe.ae11eHUll ~P 6e3 om6opa no Koop.auHamaM BigCal npu Q2 = 5.2 u 6.7 
(r3B/c)2 

«l>oH om x
0 

- Me3oHoe CUAbHO sampy.aHllem aHa11u3 npu Q2 = 8.5 (r3B/c)2 (11eeall 
1.1acmb puc. 5). 

<f =8.5 GeV2 
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~ ! 
i 

-4 ·? ~ 
.l,.'i .l,.'l!t 

Puc. 5 Pacnpe.ae11eHUll Ap npu Q2 = 8.5 {r3B/c)2 6e3 yllema AaHHblX BigCal (c11eea) u 
c y1.1emoM KoopAuHamHou uHcpopMauuu 31\eKmpoHoe e Ka11opuMempe (cnpaea). 

KaK eu.aHo u3 puc.5 , AO/Ill Heynpyrux co6b1muu pe3KO yMeHbwaemcll npu 
UCOO/\b30BaHUU Kpumepu11 om6opa pa3HUUbl OJKU.aaeMblX u U3MepeHHblX KOop.auHam 
3AeKmpoHa (file, Ay) e Ka11opuMempe BigCal. BKAaA Heynpyrux co6b1muu maKJKe 
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He3aBUCUMO oueHUBaACll Ha OCHOBe MoHme-Kapl\O MO.lleAupoeaHUll. Pa3Huua B 
oueHKax He npeeocxo.auAa 4-10%. 
.ll.All onpe.aet.eHUll omHoweHUll cpopM-cj:>aKmopoe G~/G~ U3 3KcnepUMeHmal\bHblX 

.llaHHblX Bbll.IUCAlll\OCb omHOWeHue npo.aOAbHOU u nonepel.IHOU KOMOOHeHrnbl 
noAllpu3auuu pacceRHHoro npomoHa (¢-Aa (2)). C amou uel\blO U3MePllAacb 
a3uMymaAbHall acuMMempull paccellHHblX npomoHoe e aHal\u3amope CH2 

nOAllpuMempa FPP c y1.1emoM noeopoma cnuHa e MarHumHblX noAllX cneKmpOMempa 
HMS. BCAe.acmeue 6ot.bwux reoMempu4ecKux pa3Mepoe c4em4UKOB, 3aeucuMOcme(J 
yrAoeoro u UMnyAbCHoro aKcenmaHcoe, a TIUOKe 3cpcpeKmueHocmeu .aemeKmopoe 
FPP om a3uMymaAbHoro yr Aa q> eo3MO)l(HO eo3HUKHoeeHue cnuH-He3aeucuMOu 
"l\O)l(HOU acuMMempuu•. KaK u3eecmHo, npu paccellHUU Henol\llpU3oeaHHblX 
31\eKmpOHOB aCUMMempull He AOl\)l(Ha B03HUKamb. TaKUM o6pa30M, B 3KCnepUMeHme 
C}'MMUpoBaHHall no ABYM COCrnollHUllM cnuHa JJieKTpOHHOro ny4Ka (+ u -) acuMMempUll 
MO)l(em B03HUKHymb l\UWb B c11y4ae "JIO)l(HOU acuMMempuu". TaKOU cneKmp 
anpOKCUMUpoBa/\Cll 00/\UHOMUaAbHOU cpyHKUUeu u UCOO/\b30Ba/\Cll .llAll oueHKU 
"llO)l(HOU acuMMempu", KOTOpWI J.{aJiee Bbl4Uma11acb U3 cneKmpa acuMMempuu, 
no11yl.leHHOU npu Ka)l(.aou cnupaAbHocmu ny1.1Ka. AHa11oru1.1Ha11 npoue.aypa 
npoeo.au11acb A/Ill ecex KUHeMamu4ecKux mo1.1eK U3MepeHuu. OcHOBHble pe3y11bmambl 
3mo(J rAaBbl ony611uK0BaHb1 e pa6omax [3,4,5, 6.). 

4emeepmall rl\aea AUccepmauuu nocellmeHa onucaHUIO not.y11eHHblX pe3y11bmamoe u 
aHa11u3y ucmo4HUKOB cucmeMamu4ecKux owu6oK. .ll.11ll onpe.ae11eHu11 nepe.aaHou 
npomoHy nOllllPU3auuu 6bl/\ UCOO/\b30BaH Memo.a MaKCUMa/\bHOro npae.aono.ao6ull. 
TpaHcnopmupoeKa cnuHa npomoHoB 4epe3 MarnumHble no/\11 cneKmpoMempa HMS u 
oueHKa Hemo4Hocmeu pacl.lemoe npoeo.au11ucb e paMKax MO.t1eAu COSY [17). 
Pa.auauuoHHble nonpaeKM Ha no11Rpu3auuoHHb1e Ha611ioAaeMb1e oueHuBaAUCb e 
coomeemcmeuu c pa6omou A. AcpaHaCbeea [18) u He npeeocxo.au11u -1 %, nocKoAbKY 

npu U3MepeHullX nepuo.aul.leCKu U3MeHllAU 3HaK no11Rpu3auuu e-ny1.1Ka ( h =±I), l!mo 
npueo.au110 K coKpameHUIO nonpaeoK Ha omHoweHue KOMnOHeHm nepe.aaHHOU 
no11Rpu3auuu (c11eAoeame11bHO 11 J.\IDI R=,.q/<t). OcHOBHble cucmeMamu11ecKue 

owu6Ku B Ge/GM CBll3aHbl c B03HUKHOBeHUeM JIO)l(HOU acuMMempuu, Komopall 
y4umb1eaemcll e pacl.lemax noeopoma cnuHa e cneKmpoMempe HMS 11 np11 oueHI<e 
BKAaAa om Heynpyroro cpoHa. Owu6Ku e pacl.lemax noeopoma cnuHa MOJKHO 
pa3.ae11umb Ha .aee Kameropuu: owu6Ku eoccmaHoe11eHUll Koop.auHam u yrAoe u 
Hemol.!Hocmu Mo.ae11u COSY, ucnoAb3yeMou npu oueHKe noeopoma cnuHa. 
OmMemuM, 1.1mo omHoweHue cpopMcpaKmopoe KpauHe 1.1yecmeume11bHO K yrny 
noeopoma cmrna, maK KaK noeopom cMewueaem KOMnoHeHmbt nepe.aaHHou npomoHy 

n0Mpu3auuu ( P1 u P1 ). B Ta6t.uue 1 npuee.aeHbl pe3y11bmamb1 .11/\ll omHoweHUll 

R=~/G1'M. noAyl.leHHble u3 3KcnepuMeHmoe Gep-111 H Gep·2r c cmamucmul!ecKuMu u 

cucmeMamu1.1ecKuMu owu6KaMu .1111ll cpe.aHux 3Ha11eHuu Q2
• 
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Ta611uua 1. OmHoweHull R=..q/ct. no11yL1eHHble U3 3KcnepuMeHmoe Gep-111 /Gep-2y 

(Q2) Q~ Q~ax R ± ~.R stat ± ~syst 

2.500 - 2.490 2.510 0.694±0.004±0.011 

5.171 4.904 5.476 0.436±0.067±0.0165 

6.703 6.451 7.255 0.389±0.114±0.022 

8.488 8.135 8.868 0.205±0.181 ±0.043 

Ha Puc. 6 npe.11cmaB11eHbl .naHHble Gep-111 (Kea.npamuKu) eMecme c pe3y11bmarnaMu 
paHHUX U3MepeHUU Hall A (mpeyrOllbHUKU u KPYlKKU). npuee.neHbl llUWb 
cmamucmu4ecKue owu6Ku, Macwma6 cucmeMamul.feCKUX owu6oK .41111 Gep -111 
noKa3aH e eepxHeu Lfacmu pucyHKa. OmMemuM, Limo noe11e He.11aeHero nepecMOmpa 
.naHHblX Hall A npu 6011wux 0 2 (u3 3KcnepuMeHma E99-007) pacxolK.lleHue c HawuMu 

Sl!~ L2~~~~~~~~~~~~~~-::=:==~~~~~~~:wu pe3y11bmamaMu YMeHbWUllOCb. 

~ 
~ ..... 

1 

... 
... .... ... ..il 

2 

... ~ + 

3 4 

+ + + f 

5 6 7 

r 
8 

Q2,GeY1 

Puc. 6 OmHoweHUll R = µG: /G~ , no11yl.feHHble u3 3KcnepuMeHmoB Gep-111 u Gep-2y 

(Kea.npamuKu) BMecme c U3MepeHUllMU Hall A npu MallblX 0 2 (mpeyrollbHUKU: E93-
027[13], KpylKKU: E99-007 [14)). 

KaK 6b1110 omMel.feHo paHee, cymecmye-r pa3Hor11acue MelK.lly .llaHHblMU R = µP oUotr, 
no11yL1eHHblMU u3 3KcnepuMeHmoe ynpyroro pacce11Hu11 no1111pu3oeaHHblX 31\eKmpoHoe 
( ep ~ e'p') C nepe.11a4e(J no/lllpU3aUUU U HenOllllpU3aUUOHHblX 3KCnepUMeHffiOB 

ep-+ep c pa3.ne11eHueM Ge u GM no Memo.ny Po3eH611ioma . .Ll.aHHble, no11yL1eHHb1e 
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no Memo.ny Po3eH611ioma yKa3blBa/IU Ha He3aBUCUMOCmb omHOWeHUll R om Q2
, a 

no1111pu3auUOHHb1e 3KcnepuMeHmbl noKa3b1ea11u pe3Koe na.11eHue R c pocmoM 0 2
• 

OcHOBHblM ucmol.fHUKOM amoro pa3Hor11acu11 clluma11c11 Heyl.fem BK/\a.lla .nuarpaM 2x­
¢>omoHHoro o6MeHa. TeopemUl!eCKUe oueHKU yKa3blBa/IU Ha HU4ffiOJKHO MaAblU 
BK11a.n .nuarpaMM 2x-¢>omoHHoro o6MeHa Ha omHoweHue KOMnoHeHm nepe.AaHHou 
npomoHy no1111pu3auuu, meM caMblM u Ha o;/otr . npu 3moM omcymcmeoea11u 

np11Mb1e U3MepeHUll 3moro eK11a.Aa . .LI.All oueHKU L1yecmeume11bHocmu pe3y11bmamoe 
G~/G~, no11yl.feHHblX U3 ep-paccellHUH K BKAa.lly .AUarpaMM C 2x cj:>OmOHHblM 

o6MeHOM, 6bl/I BblnO/\HeH 3KCnepuMeHm "Gep-2y". Cymb U3MepeHUU CBO.AUmCH K 
npoeepKe E 3aBUCUMOCmU omHOWeHUH np0,40/lbHOU u nonepe4HOU KOMnOHeHffibl 
nepe.AaHHou npomoHy noMpu3auuu p /P . 3KcnepuMeHm Gep-2y (E04-019) 6b111 

I I 

Bbmo11HeH npu Q2 = 2. 5 (r3B/c)2 
AMI mpex 3HaLleHuu no11Hpu3auuu eupmya11bHOro 

cj:>omoHa i:: = 0.154, 0.633 u 0.789. KuHeMamuL1ecKue napaMempbl u pe3y11bmamb1 .n1111 

R = µG~/o~, no11yL1eHHble U3 aKcnepuMeHma Gep-2y npuee.AeHbl e Ta611uue 2 . 

Omcymcmeue 3aeucuMocmu omHoweHUll cj:>opM cj:>aKmopoe om nollllpu3auuu s 
nomeepJK.Aaem Ma11ocmb (-1%) BKAa.Aa om .11uarpaMM 2y-o6MeHa. 

Ta611uua 2. Cpe.nHue 3Hal.leHuH KUHeMamuL1ecKux napaMempoe u omHoweuH 
R = µGUG~ . co cmamucmuL1ecK1AM1A u cucmeMamul.feCKIAMl.1 owu6KaMu 

Ee Q" 9e E R ± stat.± syst. 
(GeV) (GeV/c)2 (deg) (GeV) 

1.87 2.493 104.0 .152±0.025 .695±0.009±0.017 

2.84 2.490 44.6 .635±0.015 .689±0.010±0.014 

3.63 2.490 31.7 .785±0.009 .692±0.011±0.013 

Ha puc. 7 noKa3aHbl omHoweHUH cj:>opM-cj:>aKmopoe npomoHa e 3aeucuMOcmu om i::. 

Cn110WHblMU KPYJKKaMu noKa3aHbl Hawu pe3y11bmamb1, nycmou mpeyroAbHUK 
npe.Acmae1111em paHee npoee.AeHHOe U3MepeHue Hall A [13]. Hawu U3MepeHu11 

no.Ameep.Au11u, Limo AM G~/G~ BK11a.n .nuarpaMM c 2x-cj:>omoHHblM o6MeHOM Mall u11u 

npuMepHo 0.llHOro nopH,llKa .41111 G~ u GKt' u B omHOWeHUU OHU KOMneHcupyiom .11pyr­

.Apyra. 1113 pe3y11brnamoe aKcnepuMeHma Gep-2y 6b1110 maKJKe no11yL1eHo omHoweHue 

R=µG~/G~ =0.694±0.004 npu Q
2 = 2.5 (raB/c)2

, Limo eecbMa xopowo 

cor11acyemcH c paHHee no11yL1eHHblM e Hall A (u3 aKcnepuMeHma E93-027) 3Hal.leHueM 
R = 0.703±0.023 npu Q2 = 2.47 (r3B/c)2

• 
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Puc.7: OmHoweHUll ¢opM-¢aKmopoe npomoHa e 3aeucuMocmu oms. CnAOWHblMU 
KPYJKKaMu nOKa3aHbt Hawu pe3yl\bmambt, nycmou mpeyrol\bHUK npe.llcmaeMtem 
paHee npoee.lleHHoe U3MepeHue Hall A [13). 

Ha puc.8 npe.llcmael\eHbt nol\yLteHHbte pe3yAbmambt omHoweHuu 31\eKmpoMarHumHbtX 

¢opM-¢aKmopoe npomoHa !Jp~/ct U3 3KcnepuMeHmoa GEp-111 e KoM6uHauuu c 

paHee U3MepeHHbtMU .llaHHblMU npu 601\ee HU3KUX Q2 U3 3KcnepuMeHmoe E93-027 [13) 
u E99-007 [14) Hall A 111 cpaeHueat0mc11 c npe.4CKa3aHUJIMU pa31\Ul.fHblX 
meopemuLtecKux MO.llel\eu. Pe3yAbmambt Hawux U3MepeHuu npu Q2 = .2.5 u 5.2 
(r 38/c)2 HaxO.llllmCll e xopoweM cor l\acuu c AaHHbtMu Hall A, KOmopbte , maKJKe 
nol\yl.feHbl MemO.llOM nepe.llaHHOU npomoHy nOl\JlpU3aUUU, 0.4HaKo OHU 601\/\e mol.fHbl. 

npu Q2 = 6.7 U 8.5 (r3B/c)2 U3MepeHUll omHOWeHUll !Jp~~ llBl\lllOmCll nepBblMU, U 

noKa e.lluHcmeeHHbtMU. B ueAOM, ece UMet0muec11 3KcnepuMeHmal\bHbte .llaHbte 
noAyLteHHbte no Memo.ay nepe.llaHHOU npomoHy noNlpU3aUUU nomeeplK.llatOm, l.fmo 

omHoweHue !Jp~/ct npo.llOAJKaem na.llamb c pocmoM Q2
• TeM caMbtM, 

cymecmeyt0mee npomueopel.fue MelK.lly .llaHHblMU noAyl.feHHbtMU u3 He­
noA11pu3aUUOHHbtX U3MepeHuu no Memo.ay Po3eH6At0ma u .llaHHblMU noAyLteHHbtMU u3 
noA11pu3auuoHHblX 3KcnepuMeHmoe ocmaemc11 He o6b JICHUMou u mep6yem 
.llal\bHeuwux UCCl\e.llOBaHuu. 
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Jr: 

0 2 4 6 8 10 12 14 
Q2,GeV2 

Puc .. 8: CpaeHeHue aKcnepuMeHmal\bHblX .llaHHblX omHoweHu11 !Jp~ct c 

npe.llCKa3aHUllMU HeKomopblx meopemuLtecKux M0.4el\eu. 

KaK BU.llHO u3 pucyHKa HauAyLtwee corAacue uMeemc11 c Mo.aeA11Mu VDM (lachello­
nyHKmup) [19) u (Lomen- mol.fKa-nyHKmup) [20]. MoAe.nH pQCD (Belitsky) [21) H GPD 
(Guida!) [22) (.llee noLtmu coena.aat0mue moLteLIHbte Kpuebte), u MO.llel\b LFCBM (Miller­
COl\U.llHall KpuJKa11) [23) npe.4cKa3btBaiom 601\ee pe3bKOe na.aeHue omHoweHUll R c Q2 u 
pacxo.ll11mc11 c .llaHHbtMu. Pe3yl\bmambt amou rAaebt ony6AUKOBaHbt e pa6omax [1,2,7). 

B 3aKJ\IOl.f8HUU nepeLIUCl\eHbl OCHOBHble pe3yl\bmambt, noAyl.feHHble B 
.auccepmauuoHHou pa6ome. 0Hu ceo.ll11mc11 K cAe.ayt011.\eMY: 

1. npoee.lleHbl U3Mepettull acuMMempuu npomoHoe ynpyroro 

e + p ~ e' + p' paccellHUll. 1'13 OffiHOWeHUU npO.llOAbHblX U nonepeLIHblX KOMnOHeHm 

nepe.llaHHou npomoHy n0Mpu3auuu c BbtcoKou moLtHOcmbio onpe.aeAeHbl 3HaL1eHu11 
G~/Gti npu 0 2 = 2.5, 5.2, 6.7 u 8.5 (raB/c)2

. noAyL1eHHb1e pe3yAbmambt cpaetteHbl c 

npe.llcKa3aHUllMU meopemuL1ecKux M0.4el\eu [1 , 2, 3). 

2. npu Q2 = 2.5 (raB/c)2 U3Mepetto omHoweHue npo.llOAbHbtx u nonepeLIHblX 

KOMnOHeHm nepe.aaHHOU nOAllPU3aUUU npomOHOB ynpyroro e + p ~ e' + p' 
pacce11Hu11 npu 3HaL1eHu11x noA11pu3auuu eupmyaAbHoro ct>omoHa s = 0.15, 0.63 u 
0.77. Omcymcmeue 3aeucuMocmu omHoweHUll Pi/P, om napaMempa s 

ceu.llemeAbcmeyem o npette6peJKumeAbHOM BKl\a.4e .llUarpaMM .aeyx-¢omoHHoro 
o6Metta e aKcnepuMeHmax c nepe.llaL1eu n0Mpu3auuu [3}. 
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3. Co3.aaHa cucmeMa cuuHmUMllUUOHHblX cl.fem1.1uKoe SO .4All cneKmpoMempa HMS c 
ueAblO 3<f>cpeKmueHou ceAeKuuu npomoHOe om ynpyroro pacce11Hu11. 1'13y1.1eHo 
BAUllHUe pa3Mepoe u mo1111.lUHbl 3mux c1.1em1.1uKoe e cneKmpoMempe HMS Ha 
mo1.1Hocmu onpe.ae11eHUR 3Hepremu4eCKux, yrAOBblX u Koop.auHamHblX napaMempoe 
npomoHOB Om.llal.IU u 31\eKmpOHOB [5). 

4. "1cCAe.lloeaHb1 xapaKmepucmuKu cneKmpOMempoe HMS u BigCal, pa3pa6omaHbl 
Memo.llbl ux KaAu6poBKU. 1113y4eHO BllUHHUe pa.llUaUUOHHOro cpoHa Ha 
xapaKmepucmuKu Ka11opuMempa, pa3pa6omaH Memo.ll YAbmpacpuo11emoro 
o6Ay1.1eHu11 .llAH eoccmaHOBl\eHUll ux npo3pa1.1Hocmu [4,7). 

5. C03.llaHa cucmeMa 6a3bl .aaHHblX u MOHumopupoeaHUll .4All MHoroKaHallbHoro 
Kal\opuMempa BigCal [6). 
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Measurements of the Proton Electromagnetic Form Factor Ratio from elastic 

e+p ~ e' + p' scattering at momentum transferQ2 = 2.S, S.2, 6.7 and 8.S (GeV/c)2 

ABSTRACT 

Among the fundamental observables of nucleon structure are nucleon electromagnetic form 

factors. For the modem theoretical calculations describing the strong interaction dynamics of 

the nucleon's quark constituents very important new high accuracy experimental data in a wide 

range of Q2
• The electromagnetic interaction is a powerful tool for investigating the nucleon 

structure since it is well understood and it weak, and does not disturb their internal structure. 

Such measurements can be separated in two categories: measurements with unpolarized and 

polarized electron beams. The most important feature of early measurements of proton form 

factor ratio with recoil polarization technique is the sharp decline of the ratio with Q2 increases. 

This was unexpected and are in disagreement with the data extracted by Rosenbluth method 

with unpolorized electron beam. The subgect of this thesis is experimental studies of proton 

electromagnetic form factor: The data have been collected in Gep-111 and Gep-2y experiments 

which carried out during 2007-2008 in Hall C using CEBAF accelerator electron beam at 

Jefferson Lab. The proton form factor ratio GI/ Gft at Q2 = 2.5, 5.2, 6.7 and 8.5 (GeVlc)2 have 

been measured using longitudinally polarized electron elastic scattering from unpolarized 

hydrogen target ( ep ), by measuring recoil proton longitudinal and transverse polarization 

components. Our results at Q2 = 2.5 and 5.2 (GeV/c)2 are in a good agreement with 

earlier measured polarized data but are more accurate.The results extracted from Hall C 

experiment Gep-111 at Q2 = 6.7 and 8.5 (GeV/c)2 are first and unique in this region. 

Special studies have been carried out in Gep-2y experiment to determine impact of 2-photon 

exchange diagram on the ratio G ~ j a::i measured with transferred polarization technique. We 

found that contributions from 2-photon exchange process are negligible and they do not have 

any notable impact on our results for the form factor ratio. Hence, the discrepancy between the 

results for q/q. obtained by Rosenbluth method in unpolarized electron ( ep )-elastic 

scattering and with polarization transfer method in polarized electron scattering 

ep ~ e'p' still remains unsolved. The obtained results confirm that the ratio ~/~ are 

decreasing when Q2 increases but falls slower than expected. To measure the recoil protons 

longitudinal and transverse polarization the HMS magnetic spectrometer standard detector 
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package has been modified and new Focal Plane Polarimeter was installed. For more effective 

detection of elastic scattering events we added in the HMS trigger system a newly constructed 

SO scintillators. Detailed MC-simulation has been carried out to study negative impact of 

SO on the HMS and BigCal resolution and define optimal dimensions of the detector. 

The "data base" and calibration, and monitoring system for BigCal calorimeter have been 

developed. Degradation of the calorimeter energy and coordinate resolution due to accumulated 

radiation dose were studied. The UV curing system were developed and constructed which used 

to recovery calorimeter block transmittance. The obtained physics results and developed 

experimental methods in this thesis are unique in this region and will generate new theoretical 

and experimental studies. 

In summary, the main scientific results presented in this thesis are: 

1. Measurements of the proton electromagnetic form factor ratios GI /GJ; at Q2 = 2.5, 5.2, 6.7 

and 8.5 (GeV/c)2, using recoil polarization technique in e + p ~ e' + p' elastic scattering. 

Comparison of the experimental results with the existing world data and theoretical models 

predictions. 

2. Measurement of the Zr-exchange contribution in elastic ep-scattering and estimation of its 

effect on determination of proton form factor ratio by the measurements of o: /G~ for three 

values of virtual photon polarization E = 0.15, 0.63 and 0.77 at fixed if= 2.5 (GeV/cf 

3. Development of new trigger system (SO) for effective selection of elastic scattering events. 

Studies of the effects of additional material (SO) in proton arm (HMS) and in electron arm (on 

the front of BigCal calorimeter) on momentum and angular resolution of recoil protons and 

scattered electrons. 

4. Studies of Electromagnetic Calorimeters for the Hall C High Momentum Spectrometer 

(HMS) and Super-High Momentum Spectrometer (SHMS), and for the BigCal Electromagnetic 

Calorimeter for Gep-III experiment. Investigation of radiation-induced degradation of 

electromagnetic calorimeter energy and coordinate resolutions and methods of their UV curing 

and monitoring. 

S. The DataBase was developed for BigCal. This was used in experiment and allowed 

effectively control and store all basic parameters of the calorimeter run by run. 

23 


