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3a.Il{HTa ,llHCCep-raumt COCTOHTC.11 25 MM 2010 ro.na B 16:00 'laCOB Ha 3ace.naHHH 

crreUHa.JIH3HpOBaHHoro cosera BAK 024, .nei1cTByt01Uero rrpH EpeBaHCKOM <l>HJH'leCKOM HHCTHTyre 

HM. A.H. Am1XaHHHa (375036, r. EpesaH, yn. BpaTDeB AJ!HXaHHH 2). 
C .UHccep-rfillHeii MOJKHo 03HaICOMHTLCH e 6H6JIHOTeKe Ep<l>M. 

AeTope<l>epaT pll3ocnae 23 arrpen.11 2010 r. 

Y'leHMii ceICperap1> crreu. cosera, .u.<1>.M.H.d C7" ~Ju-¥ 3.,[(. rll3a3.IJH 

OBlQMI XAP AKTEPMCTIIKA P AI>OTbl 

AK11ty(IJl6Hocm• me.ww 

lfcoie.uoeaHHe B3aHMO,ZleHCTBHH BLICOKOOHeprer'leCKHX cIKrroHOB c MaTepHeii XBIDleTC.11 

BIDKHeiillleii 3ll,Zla'!Cii 4'H3HKH BLICOKHX 3Heprnii. 0.ZlHa H3 OCHOBHLIX TeOpHH, OOXCWllOIIlHX 

no.uo6m.1e B3llHMO,lleHCTBHH - MO.lleJIL BeKTOpHOH ,ZlOMHHaHTHOCTH, cornaCHO Karopoii ct>aroH 

HMeer ,!lBa COCTOllHH.11: ronoe T.e. 'IHCTO <l><YrOHHoe H a.upoHHOC - cyneprr03HUHll BeKTOpllblX 

MeJOHOB p 0
, aJ H <p. ,lloMOHHpYJOIIlYIO pOJIL B 3TOH rpyrre se1rropHLIX Me30HOB HrpaCT Me30H 

p 0
• Pacrra.u p 0 Ha napy MCJOHOB 1C+ 1C- npo11cxo,ZlHT 3a BpeMll -10.24 

ceK., Karopoe 3KBHBa.JICHTHO 

nponery Ha paCTOllHHH HCCKOJILKHX cf>epMH. E.UHHCTBeHHblH cnoco6 Il03BOJllllOIIlHH HCcne.uoeaTL 

B3aHMO,ZleHCTBHll p 0 Me30HOB c MarepHeeH (HYJCllOHaMH) - HJyqeHHe IIOCJie,llHero BHyrpH 

aT<~MHOro ll,llpa. ,AaHHall 11.ZleH HCIIOJIL30BaJiaCL B 3KCnepHMeHTax c MHWeHb!O KOMIIJICKCHLIX x.uep. 

B rro.no6HLIX 3KcrrepHMeHTax, O.llHaKO, B03HHKaIOT HeKarop1>1e TPY.ZlHOCTH, o6ycnoBJieHHLie 

HeO,llH03Ha'IHOCTLIO orrpe,ZleJieHHll TO'IHOro 'IHCJia HYKJIOHOB Ha nyrH poJKJlCHHOfO p 0 MC30Ha. 

CHTYauHH HaMHro ycnoJKHlleTCH npH paccMOTpeHHH KorepeHTHoro polK.ZleHHH p 0 MeJOHOB, Kor.ua 

B03MOJKHO HaxOlK.ZleHHe paccellHHOfO ll,llpa B B036)'JK.ZleHHOM COCTOHHHH. Cne.nyeT <YrMeTHTb TaKJKe 

0 .uocraTO'IHO CJIOllCHOM BH,lle BOJIHOBblX <l>YHKUCH KOMIIJICKCHLIX ll.Uep, 'ITO B CBOIO O'lepe,ZlL 

3aTPY.ZlHXeT TeOperH'!eCKHe paC'leTbl myqaeMLIX pellKIUf.H. c 3TOH TO'IKH 3peHHll .ueiiTpoH XBMeTC.11 

H.llCaJILHbIM ll.ZlpOM .ZlJlll HJ)"leHHH B30HMO,lleHCTBHll BeKTOpHLIX Me30HOB c HYKJIOHOM, IIOCKOJILKY 

p 0 Me30HO MOllCer 6LITL poJKneH Ha 0.UHOM H3 HYKJIOHOB H pacceHH Ha .upyroM. KpoMe Toro y 

.ueiiTpoHa arcycrsyer B036)'JK.ZleHHoe COCTOHHHe ll,llpa H ero BOJIHOBa.11 <l>YHKIU!ll xopolIIO H3BCCTHa 

TaKHM 00pa30M HCCJIC,llOBaHHe KOrepeHTHOfO <t>crropollC,lleHHH p 0 Me30HOB Ha MHIIleHH 

.ueiiTepHll llBJllleICll HaH6onee rrpocThlM H Y.ZlOOHLIM MeTO.llOM .ZlJlll H3)"1eHHH B3aHMO,ZleHCTBHH p 0 

MC30HOB' c HYKJIOHaMH. 0.UHaKO, .ZlJlll rro.uo6HLIX HCCJiellOBaHHH He6XO.ZlHMO HMeTb .ZleTCKTOp c 

BbICOKHM aKcelITaHCOM H 60JILIIIOH CBeTHMOCTLIO, Tale ICaK 3TOT npo1.1ecc HMeer MaJICHLKoe 

ce'leHHe. 

I.(e11b u 1at>a11u pa6om•t 

~eJILIO .ZlHCcePTallHOHHOH pa60TLI llBJllleTCll HCCJie,!lOBaHHe KOrepeHTHOro cf>aropoJK)leHHll 
0 0 

p MC30Ha Ha .ueliTepHH, KOTOpall rrpecne.uyer 33..Zla'!Y HJyqeHHll pOllC,llCHH.11 p MC30Ha B rrpo1.1ecce 
0 

.ueoliHoro paccel!HHll, 'ITO snocne.ucrs1111 .uaer BOJMOJKHOCTb orrpe.uenHTL ce'!eHHe P N 
B30HMO,lleHCTBIDI. 

B Ja,lla'JY HaCTOllllleii pa6ar1>1 BXO.UHJIO: crr6op COOLITHH e 3KCKJII03HBHOM KaHane 

'yd~ 1C+ tr-d B pa3HLIX KHHeMaTH'leCKHX o6naCTllX, c IIOMOIIllO .uereKTHpoBaHH.11 1C\7r- Me30HOB 

H pacceHHHOro .ueliTpoHa B KOHe'IHOM COCTOXHHH; nocrpoeHHe paccrrpe.ueneHHll HHBapHaHTHOH 
+ - 0 

MaCCLI 1C ,1C H HJBJle'leHHe 'IHCJia p MC30HOB B KllJK.llOM KHHeMaTH'!CCKOM HHTepsane. 
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K0He'IH1>1li peJyJII>TaT pa6on1 6y.neT onpe}leneHHe .!lH<J.><J.>epeHUHaJihHbIX ce'!eHHii KorepeHTHoro 
0 

pDJKJleHIDI P MeJoHa Ha JleiiTepHH KaK <l>YHKUIDI KBa!lpara nepe.nauHoro HMnyn1>ca npH 

p33JIH'IHI>IX JHa'leHHllX 3HeprHif HHHUHHP)'IOIUero <l>OToHa 

Hay•m(lll HOBUJHa 

Bnepe1>1e B WHpOKOM ,llHanaJOHe 3Hepmii HHHUHHpyeMoro <l.>OTOHa OT I. I ,llO 5.5 r3B npoee]leH 
0 

3HaJIH3 3KCnepHMeHTaJibHblX Jl3HHbIX no KOrepeHTHOMY <t>OTopO)l(,lleHHIO p MeJOHOB Ha MHIUeHH 

JleiiTepIDI. B .naHHOM 3HepreTH'!eCKOM .nHanaJoHe enepeL1e JKcnepHMeHTaJILHO HCCJieJlOBaJJOCL 
0 

po)l(JleHHe P MeJotta Ha g.npe .neiiTpIDI e npouecce .llBOiittoro paccellHH8. 

llpalC11fu11ecK(JR qennocm• pa6omw 

Ha OCHOBe npoee}leHHOro aHaJJHJa pa3pa60TaHbI MeTO,llbl H anropHTMbl HCCJie}lOB3HH8 

KOrepeHTHOro po)l(JleHIDI 1C+ ,1C- nap Ha .neiiTepHH, KOTOpLie MOrYT 6LITL npHMeHeHLI B 

HCCJieJloBaHIDIX llOJl06HLIX KorepeHTHI>IX npoueccoe. TaIOKe p33pa60TaHa npolle.nypa noJlpo6Horo 

ar6opa }leiiTpOHOB c H3Il0Jlb30B3HHeM }lenOJHpOBaHHOH 3HeprHH Japg)l(eHHblX '!aCTHll B 

CllHHTHJIJigUHOHHblX C'leT'IHKax. '.}ro }lOCTaTO'IHO aKTyaJILHO c TO'IKH JpeHIDI o6pa6arKH 

3KCllepHMeHTaJILHblX .1l3HHblX c yqaCTHeM }leiiTpOHOB. 

IIonyqeHHLJe .llHcjJcjJepeHUHaJlbHble ce'!eHIDI peaKUHH yd~ p 0
d MOrYT HCnOJibJOBaTbCJI B 

0 
TeOpeTH'!eCKHX 3HaJJH33X .1lJUI llOJiyqeHH8 ce'!eHHH BJllHMO]leHCTBIDI p MeJOHa c ayKJIOHOM. 

Hay11nwe nOJ1o:ncenua, Br.tHOCUMr.te na Jall{umy 

• 

• 

• 

0 
AllaJIHJ 3KCnepHMeHTaJibHbIX Jl3HHblX no KorepeHTHOMY <l>aropoJK}leHHIO p MeJOHOB Ha 

MHWeHH .neiiTepHll. 

0 
IIonyqeHHLie JlH<l><l>epeHUHaJILHI>Ie ce'!eHHll KorepeHTHoro 06p~oeaum1 P MeJOHOB Ha 

.neiiTepHH B WHpDKOH o6naCTH Ha'!aJibHbIX 3HeprHii H nepe}laHHOro HMnyJ11>ca 
0 

3KcnepHMeHTaJILHoe HCCJie]lOBaHHe .neoiiHoro paccellHHll P MeJoHa BHYTPH Mpa 

JleiiTpm1. 

Anpooaqua pa6omw 

0CHOBHoe co.nep)l(aHHe ,llHCcepTa[lHH npe.11craBJil1JIOCb Ha ceMHHapax no 3KCnepeMeHTy "EG3" B 

na6opaTOpHH HM. ToMacca .ll:*e<l><l>epcoHa H Ha ceMHHapax KacpeJlpLI .HJlepHoli <l>H3HKH 

EpeeattcKoro rocyJlapcTBeHHoro YffHBepcITTeTa. 

llyonuKaquu 

IIo TeMe ,llHCcepTallHH ony6JIHKOB3Hhl 3 HayqHLie CTaTLH, CnHCOK KOTOpbIX npHee.neH B KOH[le 

aeTope<l>epaTa. 
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CmpyKmypa t>uccepmaquu 

.ll:HccepTallIDI COCTOHT HJ eee]leHIDI, <l>HJH'lecKoro o6ocHOBaHIDI (rnaea I), MeTOJlHKH 

3KCnepHMeHTa (rnaea 2), aHaJIHJa JKcnepHMeHTaJILHbIX ,llaHHbIX (rnaea 3), HlJIOJKeHIDI H 

o6cy)l(JleHIDI peJyn1>TaToe (rnaea 4), BbIBOJlOB H cnHcKa HcnOJibJOBaHHoii JIHTeparypLI. 

J];HCcepT~OHHa8 pa60Ta HJJIOJKeHa Ha 104 CTpaHHUax: COJlepJKHT 8 Ta6JIHU, 59 pHCYffKOB H 

67 HaHMeHOB3HHH 6H6JIHOrpa<l>H'leCKHX CCblJIOK. 

COA£P:>KAHME P AfiOThI 

IlepB(lJl ZRaBa .llHCcepTaUHH nocegiueHa OOCYJK!leHHIO MexaHHJMa KorepeHTHoro poJK.neHHll 

eeKTopHLIX MeJOHOB Ha .neiiTpoHe. OnHCaHLI peJyn1>TaT1>1 aHaJIOrH'!Horo auanHJa JKcnepHMeHTa 

BbmoirneHHoro c HCilOJILJoeaHHeM CTeHJl<l>OpJlCKoro JJHHeiiHoro ycKOpHTeJill. TaKJKe npHBe}leHLI 

HeKciTOpble JJleMeHTLI MO]leJIH BeKTOpHOH ,llOMHHaHTHOCTH. 

KorepeHTHoe polKJleHH8 eeKTopHLIX MeJOHOB Ha JleiiTep11H npH nepeJlaHHhIX HMnynLCax -t 

< 1.5 (feB/c)2 onHCbJBaeTCll JlBYM8 MexaHl!3MaMH - 0.!lHHO'IHOro H JlBOHHOrO paccellHHll. 

3!CcnepHMeHTaJibHLie nomeep)l(JleHHll .llaHHbIX MexaHHJMOB OTpaJKeHLI e pa60Te OeepMaHHa [4], 
0 

r.ne KorepeHrnoe cparopoJK.n.eHIDI P MeJOHOB nonyqeHo c HCllOJIJOBaHHeM CreH,llcpopJlCKoro 
0 

mmeHHoro ycKopHTeJlll npH JHeprIDIX <l>OToHoro nyqKa 6, 12 H 18 f3B. 0.llHHO'!Hoe paccellHHe P 
Me30HOB HMeeT Mecro npH MaJILIX JHa'!eHHllX KBa,llpara nepeJlaHHoro HMnyn1>ca -t < 0.4 (feBlc)2 , 

KOr}la BJaHMO]leHCTBHe cpOTOHa npoHCXOJlHT TOJILKO c O,llHHM HJ ayKJIOHOB .neiiTpoHa B 3TOM 

cJiyiiae 3aBHCHMOCTL -t onHCbIBaeTCll cpopM-<l>aKTopoM .neiiTpoHa. B HHTepeane -t 0.4-l.5 (f3B/c)2 

JlOMHHHpyeT JlBOHHoe paccellHHe, r}le <l>aroH BJaHMO,lleHCTBYeT c O,llHHM HJ JlByx HYKJIOHOB BffYTPH 
' . 

}leiiTpoHa C03,llaBa8 npH JTOM npoMeJKYTO'!Hoe aupoHHoe COCTOllHHe, KO'IOpoe B IlOCJie}lCTBHH 

pacceHBaeTCll Ha BTOpoM ffYKJIOHe npe)l(Jle, '!eM npoHCXO.llHT o6p330BaHHe KOHe'!HHOro eeKTOpHoro 

MeJOHHoro coCTOllHIDI. 3Ha'!HMOCTL JlBOiiHoro paccellHIDI npH 6oJILlllHX JHa'leHHll nepeJlaHHoro 

HMilYJII>Ca MOJKHO nerKO IlOHllTL npH HJyqeHHH aMilJlffTY,ll, npHBeJleHHLIX B cpopMynax (2) H (3). lfa-

3a 6on1>woro JHa'!eHH8 nepe.naHHoro HMnyJ11>ca, exo.ngmero e apryMeHT cpopM-cpaKTopa JleiiTpoHa, 

O,llHHO'll,:loe paccelJHHe IlO,llaBJllleTCll. 0JlHaKO, B cnyqae JlBOHHOro paccellHHll 3Ha'!eHHe 

nepeJl3HHOro HMnyn1>ca pacnpe.nenlleTCll MelKJlY yqaCTB)'IOIUHMH B npouecce JlBYMll HYKJIOHaMH 

.neiiTepID!. TaKHM o6p330M JlBOHHoe BJaHMo.neiicreHe npomymrnaeT cpopM-cpaKTop ]leiiTpoHa npH 

YMepeHHOM JHa'!eHHH nepeJlaHHoro HMnynLca. 

AMilJIHTYJlY pOJKJleHHll eeKTOpH1>1x MeJoHoe Ha .neiiTepuu MOJKHO p33JleJIHTL Ha JlBe qacrH: 

'!JieHOM F 1 OJlHHO'IHoro paccellHHll H F 2 KaK BKJia}l OT JlBOiiHoro pacceJIHHll. B JTOM cJiyqae 

COOTBeCTB)'IOIUHe ce'!eHHll MOJKHO JanHcaTb: 

da = _I_(F;2 + 2 Re(F; . F
2

) + F,/) 
dt l61C (1) 

0.llHHO'!Hoe paccellHHe HMeeT aMilJIHT)'.llY EopHa, KOTopag onpe}leJIJieTCll aMilJIHT)'JlOli poJK.neHHll 

eeKTopHI>IX MeJOHOB Ha npOToHe HJIH HeiiTpoHe H qiopM-¢aKTopoM ]leiiTpoHa. BKJia!l aMilJIHTYJlbI 

JlBOHHOro paccellHH8 Ja]laeTCll npH6JIHJKeHHeM 3HKOHaJI [5][6]. 
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0603Ha'IHM 'IeTbipeXBeKTOpHblH HMnyJibC .11eiiTpoHa MHilleHH p;' a HMnyJibC )leiITpoHa CYf.!latJH 

I µ k 
Pd, q H v - HMnyJibCbl <l>OToHa H poJK.!leHHOro BeKropHoro Me30Ha COOTBeTCIBeHHO. 

Onpe.!leJIHM nepe.11aHHbJH HMnym,c KllIC /" =q" -kv. B HepemrrHBHCfH'leCKOM paccMa:rpeHHH 

aMilllHTY.llbl .llIDI 0.!lHHO'IHOrO paccel'IHHll MOJKHO 3anHcaTb: 

F. = f"'-+Vp ·S c-'.l !.=-)+!"'-+Vi• ·S c'.l _!.=.-) 
I J 2'2 J 2' 2 (2) 

r)le / .l - nepneH.llHKJll.llpHa.11 KOMUOHeHTa nepeJlaHHOro HMnyJILca, a 

I_ =10 -1, =~M/+12 
-MJ-1= - ero npo.noJILHllH 11acr1. (npe;:monaraeTc.11 'ITO OCb z 

HanpasJieHa B.!lOJIL $OTOHOro nyqKa ) 

AMIDIHTY.!IY .llJl.11 .llBOHHoro pacce.11HH.11, MOJKHO 3anHCllTL CJieJlYJOIUHM o6pa3oM: (HHJleKc h 
JKa3LJBaeT npoMeJK)'!"O'IHC>e a,upOHHC>e COCfO.llHHe, a .llIDI ynpomeHH.11 qiopMyJibl nepeMeHHLle 

JKa3LIBalOIUHe cnHHOBYJO 3aBHCHMOCfb HYKJIOHHOH aMilllffTYJlbl H CilHHa )leiITpoHa onyrueHbl) 

F. ""!_ ""f~ (k -A )·f,N-+hN(~ -k) ·fhN-+VN('1_ + k ) ) 
2 2 7 (27!' )2 d l.• h 2 .l 2 .l (3 

2 2 
rne Ah= (2mh -mv +t)/(4£

7
), mh - HHBapHaHTHWI Macca npoMelKJTO'IHOro a,11poHHOro 

COCTO.llHH.11. 

Bmopaa Z/IQBQ UOCB.llllleHa OUHCaHHIO 3KcnepHMeHTaJILHOH ycraHOBKH, r.ue npHBe)leHbl TaIOKe ee 

OCHOBHbie xapaKTepHCTHKH H napaMeTpbl. 

3KcnepHMeHT "EG3" 6bIJI BLIIlOJIHeH B Jia6oparopHH HMeHH ToMaca ~e<l>epcoHa, 
OCH~eHHoit ycKopHTeJieM 3JieKTpoHOB CEBAF (Continuous Electron Beam Accelerator Facility) 

H JleTeKropHLIM KOMillleKCOM CLAS (CEBAF Large Acceptance Spectrometer) B 

3KCrrepeMeHTaJILHOM 3aJie "E". y CKOpHTeJIL 6bIJI CKOHCfPJHPOBaH .llll.11 3KcnepHMeHTaJibHblX 

HCCJie)lOBaHHH 3JieicrpOMafHHTHOH crpyicrypi.1 Me30HOB, HYKJIOHOB H .ll)lep nocpe.uCTBOM 

BLJCOK03HeprerH'!HblX JJieKTpoHHblX ny'IKOB c 3Heprueii JJ.O 6 I'"JB c I 00% pa6o'!HM UHKJIOM. 

3JieicrpOHHLIH IIJ'IOK YCKOpHTeJI.11 IIpclJlOJlbHO CJKHMaeTCll B - 2 nc crycrKH, K<YrOpbie B KalK)lble 2 

HC IIOCTynalOT B 3KI1epHMeHTaJibHLIH 3aJI. y CKOpHTeJib o6ecrretJHBaeT TOK nyqKa OT -100 pA JJ.O 

-100 µ A. 3Kc11epu.1.1eHTaJibHLJii 3aJI "E" ocH~eH c11eKrpoMeTpclM MetJeHHblX <I>aroHOB. 

,l{Halla30H 011peJleJI.11eMOH 3HeprHH $OTOHa HaxO]J.HTC.11 B HHTepsane OT 20"/o JlO 95% 110 

OTH0111eHHIO K 3HeprnH nyqKa 3JieKTpoHoB (Eo). TotJHOcrL H3MepeHH.113HepruH <l>OToHa - 10·3 £ 0. 

.l(e-reKTopHLIH KOMillleKc CLAS [7] no cneKTpOMeTp c 6oni.111HM TeJieCHbIM yrnoM, 

K<YrOpb!H npe)lcraBJI.lleT co6oi! CHCTeMy )leTeKTOpoB, tJaCTb KOTOpbIX OXBaTbJBaeT o6JiaCTb 110 

llOJI.llpHoMy yrny <Yr 8 JJ.O 142°, H 110 a3HMYTY- o6JiaCTL -2 7r. bOJiblIIOH TeJieCHblH yrJIOBOH 3axBaT 

II03BOJl.lleT O)lHOBpeMeHHO B JlOBOJibHO lllHpOKOM KHHeMaTH'IeCKOM o6beMe perncrpupoBaTb 

poJK)leHHe pacce.11HHbJX qacrnu. CocrasHoil 'IaCTblO JleTeKTopa .llBJI.lllOTC.11 .11peii<l>osi.1e KaMepi.1, 

HCIIOJib3yeMLJe .llll.11 perncrpaUHH TpaeKTOpHH 3ap.11JKeHHLIX 'laCTHU, ra30Bble qepeHKOBCKHe 

C'leT'IHKH .llJl.11 H)leHTH<i>HKaUHH 3JieKTpoHa, CUHHTHJilIUHOHHLie C'IeT'IHKH, KOTOpble H3Mepll10f 

BpeM.11 rrponeTa 3ap.11JKeHHOH tJaCTHUbl H 3JieKTpoMarHHTHbJe KaJIOpHMeTpbi JlJI.11 H)leHTH$HKau;HH 

JIHBHesi.1x tJaCTHU (3JieKTpOHOB H «tiOToHoB), a TaKJKe HeiiTpoHOB. BH.!l JleTeKTopa CLAS 
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napanneJibHO K nyqKy npe.11craBJieH Ha pHc. I. MmneHb pacnonoJKeHHa BHJTpH .11ere1rropa Ha ocu 

nyqKa. KoHcrpyicrHBHO CLAS pa36HT Ha mecrb OJlHHaKOBblX ceKTopos c wecrblo 

CBepxnpOB0,11,lil.llHMH KOJibUaMH TOppOH.UaJibHOrO MafHHTa, pacnOJIOJKeHHblMH B npoMeJKJTKllX 

MeJK.lIY ceKTopaMH, o6pa3y.11 CHMMeTpH'IHoe TOppoH.UaJibHoe none BOKpyr OCH nyqKa '3ro )laeT 

B03MOJKHOCTb H3MepHTL HMnyJibC 3ap.11JKeHHOH tJacrHULI c xopomHM pa3pemeHHeM B 6oJILWOM 

yrJIOBOM HHTepsane, ocraBJI.11.11 npocrpaHCTBO BOKpyr MHWeHH Heno.usepJKeHHblM )leHCTBHIO 

MarHHTHoro non.11. Ilo CJTH, CLAS npeJlCTaBJl.lleT co6oit wecrL He3aBHCHMblX MarHHTHLIX 

cneicrpOMeTpoB c OJlHOH MHllleHLIO, TPHITepoM H CHCfeMOH c6opa HH$OpMauHH. 

Drift Chambers 
RI 
R2 
R3 

TOF Counters 

Large-angel Calorimeter 

l_ Electromagnetic Calorimeter 

~) -----:::::::\t.. 
-- /.» 

Cherenkov Counters 

Puc. I Cxe.Mamu'leCKGJI cmpyKmypa oemeKmopa CLAS napGJllleJlbHO K Hanpa6lleHUIO ll)''IKG 

TpeTLH rnasa COJlepJKHT orrucaHHe yCJIOBHH 3KCrrepeMeHTa "EG3" H COCYrBeTCBYJOIUeii eMy 

TpHrrepHOH CHCTeMbl. ,l{anee 11pHBe)leHHLI rrpoueJJ.ypbi aHaJIH3ll 3KC11epHMeHTaJibHLIX .!laHHLIX 

BKJIIO'la.11 cxeMY H)leHTH<l?HKaUHH 3KCKJII03HBHOro KaHaJia yd ~ 71' + 71'-d > rro11paBKH H3MepeHHLIX 

HMllYJibCOB 3ap.11JKeHHLIX '!aCTHU H KOppeKUHH )lell03HpyeMOH 3HeprHH 3apl!JKeHHbIX qaCTHU B 

CUHHTmIJI.llUHOHHblX C'leT'IHKax. 

3Kc11epHMeHT "EG3" 6bm BbIIIOJIHeH Ha ycraHOBKH CLAS c )leKo6p.11 2004r. no .11Haap1. 

2005r. Co6pairni.1e JlaHH&Ie yCJIOBHO pa3JleJI.11Hi.1 Ha )lBe tJaCTH - JlO H rrOCJie PoJK.11ecrsa. ToK nyqKa 

3JieKrpOHOB 6i.rn orpaHHtJeH 30 HA-oMu, o6yCJIOBJieHHi.1it pa6o11HM peJKHMOM .11pei!<l>osi.IX KaMep • 

3HeprH.11 llJ'IKa COCTaBHJia 5, 7655 f3B H 5,7683 faB COOTBeTCTBeHHO .!lO H nOCJie PoJK.aecrBa. 

IlonyqeHHbJH lj_JaroHHblH 11yqoK H3Mep.11JICll B JJ.HanaJoHe I. I - 5.5 f3B. MHmeHL 3KcnepHMema 

6bIJI lKHJlKHH )lei!TepHH c .llJIHHOH 40 CM H c JJ.HaMeTpOM 4 CM, ycraHOBJieHHa.11 CJlBHfOM Ha 50 CM 

no OTHOllleHHJO K ueHTpy JleTeKTopa B llOJIOJKeHHH OT -70 CM JlO -30 CM. 

0)lHOH H3 OCHOBHbIX uenei! JlaHHOro aHaJIH3a - H.!leHTH<i>HKaUH.11 3KCKJIJ03HBHOro KaHaJia 

yd~7!'+7!'-d [3], r)le B KOHe'IHOM COCTO.llHHH )leTeKrHPYJOTC.11 7!'+,1f- Me30Hbl H pacce.llHblH 

)leiiTpoH. 3Ta 11poue)lypa peaJIH3yeTC.ll CJieJlYJOIUHM o6pa30M: H3 co6paHHblX B Te'leHHH 

3KC11epHMeHTa "EG3" co6bITHH BbI)leJI.lllOTC.11 Te, KOTOpbie CO)leplKa:r TOJibKO OJlHY <YrpuuaTellbHJIO 

H JlBe llOJIOJKHTeJibHO 3ap.11JKeHHble '!aCTHUbl. 0.!lHa H3 noJIOJKHTeJILHbIX 'laCTHU, HMeJO~a.11 6onee 

T.llJKeJIYJO Macey, rHDOTeTH'IeCKH paCCMa"rpHBaeTC.11 KaK )leiiTpoH, a .11pyrW1 nOJIOJKHTeJibH!UJ 
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'laC'rnua, KaK naoH. IlepBoe lpeOOBaHHe B attamoe 3THX .naHHLIX - o6ecne'leHHe Hax())l(JJ.emra 

Il03HUHH po~eHHoro IlOJIOlKHTCJILHOro IIHOHa Ha MHWeHH B npe.nenax OT -68.5 .no -31.5 CM, 'ITO 

He Ha MHOro MeHLWe IIOJIOXCCHWI MHIUeHH, pacrroJIOlKCHHOH B .nereKTOpe. 3To Il03BOm1er H36elKlrl'L 

po~eHHll '!aCTHU c OKOH MHllleHH. HMeerCJI TaIOKe reoMerpll'leCKoe orpaHH'leHHe K 

OTHOCHTeJILHOMY paCCTOJIHHIO npe.!lIIOJiaraeMLIX IIOJIOlKHTeJibHO H OTpHuaTeJibHO 3apJ1lKeHHLIX 

0 
IIHOHOB, po~eHHLIX B pe3YJILT!n'e pacrnma p Me30Ha 

BaxcHYIO pOJIL B OT6ope HHTepecyioIUHX COOLITHH HrpaeT paCCMOTpeHHe BpeMeH 

poxc.neHHif npe.!lilOJiaraeMLIX qacrHu. BpeMJ1 poxe,ZleHHJI t,. (sepreKcHoe BpeMJ1) '!aCTHIILI c 

HMIIYJILCOM p H Maccoif m paccl!HTLIBaerCJI Ha BepWHHe o6pa30BaHWI CJie.nywHM 00pa30M. 

R 
tr =t---

{J·c , 

r,Zle t - BpeMll H3MepenHoe BpeMJ1·nponerm.1MH C'leT'IHKaMH, R - ,!JJIHHa nyra '!aCTHllLI OT Mecra 

o6pa30BaHWI B MHWeHH .!lO BpeMJI·IIpoJierHLIX C'leT'IHKOB, c - CKOpOCTL ceera H 

p = pf~ p2 + m2c2 
CKOpOCTL qaCTHJlLI 

';"1 
:::? 

-15 

K ..._ ..... -· ..... - .. 7.934 
RMSx 7.12-

/·!RMSY •.a9 

""29.z'O I I !~5 I I :~o I ·_5 I ! p 0 p ! t t .!. p ! ! • .. !._· I p • .. '.,· I I :...! 

(a) 

0 

(6) 

h_MMdpifll_py 

.------;-;-----j---i- .... •i:- ; ; _..__ 

RMS t.0034n 

-G.01 -G.005 0.005 0.01 0.015 
MM( 11,,,-,ir) ,IG.V/c'f 

Puc. 2 (a) Pa3Huqa eepmeKCHblX epe.MeH 1C u mH.:HCeJloii nono:JK:UmeRbHO 3apJ!.JICeHHOii '«lcmuqbl. 

Ha ocu Y npei)cma6ReHa JX13HU1.fa npu paccMompeHuu mJl.JK'enoii nono:JtCUmenbHoii '«lcmu11bl KaK 

i>eiimpoH, a Ha ocu X KOK npom<;JH. (6) PacnpeiJe11eHue HeiJocma10u1uii 1uacc1>1 1Jacmu11 e KOHe'IHOM 
cocm<»1Huu 1C + 1C-d. 

BePTeKCHoe BpeMJI 6bIJIO paCC'IHTaHO ,!JJla ecex qaCTHll B KOHe'!HOM COCTOJIHHH Ha OCHOBe 

H3MepeHHOro HMrry11i.ca H npe,ZlnonaraeMOH HOMHHaJibHOH MaCCbl qaCTHUbl. ECJIH rHnOTe3a 0 BH,Zle 

qaCTHUbl (Macca) cnpaBC.!lJIHB8, TO pa3HHJla MeJK.!lY BpeMeHaMH poxe,ZleHHJI qaCTHll B KOHe'!HOM 

COCTOJl:HHH .!lOJilKHa 6bITb paeHa Hymo. OcHOBHaJI KOHKypeHTHaJI peaKUHll B KOHe'!HOM COCTOJIHHH 

3TO 7r+1C-p • r.!le nparoH MOJKer H.!lCHTH<l>HUHpoBaT&CJl: KaK .neATpoH. Ha pHc.2a pa3HHL{a 

BC?TCKCHblX BpeMeH 1C- H TJl:JKeJIOH nOJIOJKHTeJibHO 3aplllKeHHOH 'laCTHUbl paCCMOTpeHa Ha 

OCHOBe .!lByx rrpe.ztnOJIOlKeHHH: Ha OCH y npe,ZlCTaBJieHa pa3HHua, KOr,Zla TJl:JKeJiaJI IlOJIOlKHTeJILHaJI 

qaCTHL{a pacMarpHBaeTCJI KaK ,ZleltTpoH, a Ha OCH X KaK nparoH. Co6bITHJIM B6JIH3H H)'Jlll Ha OCH X 
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COOTBe'l'CTBYJ:OT CJiyqaH, KOr.!la TJllKeJiaJI IlOJIOJKHTeJILHO 3apl!JKeHHall l!aCTHUa JIBJIJleTCJI npOTOHOM. 

Co6LITWIM c pa3HHUeH BpeMeH, paBHOH ffYJIIO Ha OCH y COOTBeTCTByeT KOHe'!Hoe COCTOJIHHe c 

.neifTpoHOM. Aim Toro, 'ITOObl BLI6paTL cOOblTHe KOrepeHI'HOfO poxc,!leHble 1C + 1C - nap Ha ,ZleifTepHH 

npHMeHeHo yCJIOBHe t,. - t P < -6.5. 

CTOHT OTMeTHrL TaKJKe .!lpyroif BaxcHLIH KpHTepHH OT6opa .llllllHblX OCHOBaHHblH Ha 

KHHeMaTHKe peaKUHH [3]. IloCKOJILIC)' B .!laHHOM aHaJIH3e paccMarpaeaerc;,i 3KCKJII03HBHblH KaHaJI 

peaKUHH yd -+ 1C + 1C-d. B KOTOpOH see l!aCTHUbl .ztereK111pyK>TCJI, TO cyMMa 'leTbipeXBeKTOpHblX 

HMilYJibCOB .lle'l'CKTHpOBHblX '!aCTHJl B KOHe'!HOM COCTOJIHHH ,llOlllKHa 6h1Tb paBHOH C)'MMapHOMY 

HMnynbcy HHHJlHHpyeMbIX qacrHu. TaKHM o6pa30M cyMMapHb!H nepneH.!lHK)'JIJ1pH1>1H HMIIyni.c 

qaCTHll B KOHe'IHOM COCTOJIHHH ,llOJilKeH 6b1Tb paeeH Hymo. A cyMMapHbIH HMfiYJibC '!aCTHll no OCH 

Z (HanpaBJieHHe <l>OToHHoro nyqKa) .!lOJIJKeH paBHJ1TbCJ1 3HeprHH na.ztyromero <I>aroHa Ha pHc.26 

npe,ZlCTaBJieHO pacnpe,ZleJieHHe He.nocrarorueif MaCCbl qaCTHu ( 1C + 1C - d) B KOHe'!HOM COCTOJIHHH. 

CornacHo racrorpaMMe pacnpe.neneHHe e6JIH3H ttyJill CBH.llere11i.creyer o HaJIH'IHH 3KCJII03HBHLIX 

C06bITHH peaKQHif yd -+ 1C + 1C - d , H 6bIJIH Bb16paHHbl cOObITHll B6JIH3H ffYJIJI +/- 0.005 faB. 
,l(JIJI no,ll.TBepxe,ZleHHJI TO'IHOCTH H,lleHrn<l>HI<arum pacceJIHLIX .zteifTpoHOB, npoeeplle'l'CJl: 

.ztenooapoBaHHaJI JHeprHJI 3THX l!aCTHll B cuHHTHllJIJIQHOHHhlX C'leT'IHKax. Ha PHc. 3a 

npe.ztCTaBJieHa 3aBHCHMOCTb JHeprHH .zteno3HUHH npe,llllOJiaraeMbIX ii;eifTpoHOB OT HX HMnyJibca 

noClle KOHe'!HOro OT6opa cOOblTHH 1C + 1C-d. 0CHOBHaJI l!aCTL .ztereKTHpoBaHHblX qaCTHll 

pacnonaraerCJl: Ha XapaKTepHCTH'!eCKOH no11oce THnH'IHOH ,WIJI ii;eii'rpoHOB, 'ITO CBH,lle'l'eJibCTBYeT 0 

npaeeJibHOH H,lleHTH<l>HKaUHH IlOClle.D;HHX (PHC. 3a). ,llJIJI 6o11ee TO'IHOro OT6opa .zteifTpOHOB 

BblilOJIHeHa KOppeKUHll ,Zlen03HpoBaHHOH 3HeprHH 3apll:lKeHHLIX qaCTHll B CllHHTHllJIJIQHOHHblX 

C'leT'IHKaX c nOMOIUblO 3aplllKCHHhlX IIHOHOB H npHMeHeHa ,WIJI ii;eifTpoHOB (Pac.36) [2]. 
, .. _... • -1 -.~ • .,..~uu~I h EDd--.. 

• . • • Muny 4112 >'l ., 1= :.~ 
::E • ; . RMS x G.2211 

• -~=~·~~~:~~: ">.; • •. RMly I 11.03 

~;4;,,> 

1.2 

(a) 

1.4 1.1 
P,GeVk 

(6) 

Entrln 131U 
1----------------<Munx o.nn 

0.6 o.a 1.2 

MMnr 44.53 
RMSx 0.22&1 
RMSy t1A1 

1.4 1.1 
P,GeV/c 

Puc. 3(a). 3Hep2Wt iJeno3UtfUU iJeiimpoHa e cquHmWlnJtifUOHHbL"C C'lem'IUKax. (6)0m6op iJeiimpoHoe 

no xapC1Kmepucmu'leKoii nonoce 'JHepzuu iJeno3u11uu iJeiimpoHoe nocne KOppeKquu. 

B H,lleHTH<l>HKaUHH .neifTpoHOB Ha ycrattoeKe CLAS BaJKHyIO ponL arpae-r JHeproei.1.zteneHae B 

CJlHHTHJIJIJIUHOHHbIX C'leT'IHKax. Bo speM.!1 aHaJIH3a .!laHHhIX 6&mo BbIJ1B11eHo, 'ITO HeKOTOpL!e 

CllHHTHJIJIJIQHOHHble C'le'l''IHKH ,lleTeKTOpa HMel!H HeCOOTBe'rCTBHe B KaJIH6poBK3X. Ha OCHOBe 

se11H'IHH ,ZlenooHpoBaHHOH JHeprnH nHOHOB B CQHIITHJillJl:JlHOHHbIX cqerqHKaX .!leTeKropa CLAS 
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6LIJia cocraBJieHa Ta6JIHUa K03<f>qrnuHe!ITOB nonpaBOK [2] ,!UUI 3KCnepHMe!ITa "EG3". c IlOMOUILIO 

JlaHHOH Ta6JIHULI 6LlJIH CKOppeKTHpOBaHLI BeJilfllHHLI 3Hepnlii ]len03HUHH ]leHTpoHOB, 'ITO 

Il03BOJIHJIO nposecrn JlOCTOBepHLIH crr6op ]leiiTpoHOB npH aHamr.ie 3KCnepHMeHTaJILHLIX JlaHHLIX. 

.D;anee 6LIJI npHMeHeH Cpe3 BOKpyr xapaKTepHcrlflleKOH IlOJIOCLI 3HeprHH JlenOOHUHH .neiiTpoHOB, 

.!IJIJI OKOH'!lll'eJILHOfO or6opa co6Lrreii c neiiTpoHaMH (Pec.36). 

3apSillCeHHL!e qaCTHULI, npoXOJlll qepe3 cpe.ny MHWeHH H qepe3 paJJIH'IHLie yqaCTKH 

JleTeicrOpoB, TepSllO'f CBOIO 3HeprHIO H3-3a HOHH3auHOHHLIX norepL. 0CHOBHal! qacrr, norepH 

3HeprHH 'laCTHU CB.!13llHa c B3aHMOJleHCTBHeM co cpeJlOH MHWeHH, KaMepoii pacceJIHHSI H 

craprosoro C'ieT'IHKa CneJlOBaTeJILHO, npH perncrpauHH 3apllllCeHHoii: qacrHULI, perncrpepyeMLiii: 

HMilYJILC <l>aKTlflleCKH IlOJI)"laeTCJI MeHLWe, '!eM peanLHWI ero seJIH'IHHa npH pollC.lleHHH. 3To 

HaH6onee OT'ieTJIHBO npoSIBJl.!IeTCJI npH perecrpaUHH '!aCTHU c OTHOCHTeJILHO 6oJILweii Maccoii:, 

HanpHMep, npOTOHOB H ]leHTpOHOB. 06LI'IHO JlJlll BLIIlOJIHeHHJI nonpaBOK BeJIH'IHH HMnyJILCOB 

qaCTHU H3-3a HOHH3aUHOHHLIX norepi., npHMeHlleTCJI cneUHaJILHLIH npOrpaMMHLIH naKer "elos", 

KOTOpLIH H 6LIJI HCnOJIL30BaH B JlaHHOM CJiyqae. 0JlHaKO, pe3yJILTaTLI npHMeHeHHll 3TOH 

nporpaMMLI ]lJill ,!leHTpoHOB B 3KcnepHMe!ITe "EG3", 0Ka3aJIHCL He,!locrlll'O'IHO KOppeKTHLIMH H3-3a 

HeCOOO'BecrBHJI reOMeTpHH ,!leTeKTopa B nporpaMMe H 3KcnepHMeHTe [I]. IlporpaMMHLIH IlaKeT 

"elos" xopowo OTJiallCeH JlJlll nonpaBKH BeJIH'IHH HMilYJILCOB 3ap.!lllCeHHLIX Me30HOB, Ha OCHOBe 

KOppeKTHpOBaHHLIX 3Ha'leHii: HMnyJILCOB Me30HOB H H3MepeHHLIX napaMerpoB lf>oroHa 

ocymecrsJieHa nonpasKa HMnynr,ca ]leiiTpoHa [ 1 ]. 

B r.11aBe 4 npese.neHLI pe3yJILTaTLI lf>HTHpOBaHHlI pacnpe.neJieHHll HHBapHaHTHOH MaCCLI 1f+ ,1f-

.!IJIJI 113BJie'!eHWI 'IHCJia co6LITHii c poj[(.neHHeM p 0 Me30HOB. ,lJ;JIJI onpe.neneHWI ceqeHHlI npou,ecca 

6LIJIH TaK)[(e paCC'IHTaHLI aKcemaHc ycraHOBKH, noroK lf>oroHoB H 6r,ma npose.neHa 

KOppeKTHp<>BKa 3<l><f>e:icrnBHocrH THrepa B KOHUe fJiaBLI c<f>opMyJIHpoBaH KOHe'!HLIH pe3YJILTaT 

aHaJIH3a - .nmJ.><t>epeHUHaJILHoe ce'!eHHe peaKUHH yd~ p 0
d B 3aBHCHMOCTH OT KBa.npaTa 

nepe1laHHOf0 HMnynr,ca H c.neJiaHLI COOTBeTCTBYIOutHe 3aICJIIO'leHHlI. 

c ueJILIO nonyqeHHlI COOTBeCTBYIOUIHX .nmt>lf>epeHUHaJILHLIX ce'!eHHH B pa3HLIX 

KHHeMaTH'leCKHX o6JiacrJIX, JlOCTHraeMLIX B paMK3X 3KcnepeMeHTa "EG3'', HMeIOIIJ,al!CJI 

3HepreTH'!eCKal! o6naCTL lf><rrOHOB <YI' I.I .no 5.5 f38 6Lma pa36HTa Ha iteBJITL HHTepBaJIOB, c 

He6XOJlHMOH .!IJIJI HCCJieJlOBaHHJI CTaTHCTHKOH B KallCJlOM <YrJleJILHOM KHHeMarH'!eCKOM HHTepsane. 

lllHpHHa K8)1(Jl0ro <rr.neJILHOro 3HepreTH'!eCKOf0 HHTepsana COC'faBJIJIJla 0.4 f3B B o6JiaCTH' 

3HeprHH <f><rrOHOB <Yr 1.1 .no 3.5 f3B, 0.5 faB B o6JiaCTH <Yr 3.5 .no 4.5 f3B, H 1 f3B 
0 

CO<YrBeTCTBeHHO B o6JiocrH <Yr 4.5 JlO 5.5 faB. l'faBJie'!eHHe p Me30Ha B JlaHHOM 3HeprerH'!eCKOM 

HHTepBaJie peaJIH30BaJIOCL B 38BHCHMOCTH 0 3Ha'!eHHH KBaitplll'a nepe.uaHHoro HMnyJILCa B 

npe.nenax 0.25 - 1.5 (fJB/c)2
• B 3HeprerH'leCKOM HHTepsane <rr 1.1 JJ.O 3.5 f3B war KBa.npaTa 

nepe,!laHHOfO HMnyJILCa COCTaBJIJIJI 0.04 (faB/c)2
• B 3HepreTH'!eCKOM HHTepBaJie <YI' 3.5 .no 5.5 fJB 

JlO 3Ha'!eHHJI KBaitpara nepeJJ.aHHOro HMnynr,ca 0.45 (f3Blc)2 war cocraaJIJIJI 0.05 (fJB/c)
2
, a npu 

BLICWHX 3Ha'!eHHJIX - 0.1 (faB/c)2
• 

lliBJie'!eHHe 'IHCJia cOOLITHH p
0 

Me30HOB 6LIJIO peaJIH30BaHHO nyreM nocrpoeHHJI 

COOTBeTCTBYIOIUHX pacnpe]leJieHHH HHBapHaHTHLIX Mace 1f+ ,1C- B pa3HLIX KHHeMaTH'leCKHX 

o6naCTJIX, KOTOpL1e B nOCJie]lCTBHH <i>HTHpoBaJIHCL no pa3JIH'IHLIM l[iopMaM cl.>YHKUHii EpeiiTa 
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) 

) 

) 

) 

0 
BHrHepa IlOCKOJILKY cpopMa pe30HaHCa p Me30Ha He CHMMeTpHqHa no O'fHOWeHHIO K ee Macce 

(0.77 faB) H 3aBHCHT OT KHHeMlll'HKH peaKUHH, npHMeHeHHe TpaitHUHOHHOH cl.>YHKUHH lipeiiTa 

BHrHepa oKaJLIBaeTCJI He.!locraro'!Ho TO'IHLIM. C noii ueJILIO 6LmH paccMcrrpeHLI 

peJIJITHBHCTH'!ecKHe <l>YHKUHH EpeiiTa Buraepa c napaMeTpHJaUHeii Pocc-CTOMCKoro H Co.!lHHra, 
0 

H3BeCTHLie B JIHTepa~ .!IJIJI <l>HTHpoBaHHJI p pe30HaHca, K<YrOpL!e BKJIIO'la!OT B ce6R BKJl3Jl OT 

Hepe30H3HCH0f0 pollC.lleHHJI 1C+ ,1C- Me30HOB. 
0 

Ha PHc.4 npHBe.!leHLI npHMepLI cpHTTHpOBaHHJI pacnpeJleJieHHJI Maccr,1 P Me3oHa (a) c 

noMOIULIO CYMMLI TPa.!lHUHOHHoii <l>YHKUHH EpeiiT Burnepa H noporosoii cl.>YHKUHH 

Po ( x - C) P, exP, • (6) c noMOIUIO peJIJITHBHCTH'!eCKOH cl.>YHKUHH EpeiiTa BHrnepa H c TOH llCe 

noporosoii <l>YHKUHH, (s) c noMoIUIO penllTHBHCTH'leCKoii 11.>YHKUHH BpeiiT BHrnepa c 

napaMerpHJauueii Pocc-CTO.!IJICKOro [8] (r) c noMOlUIO peJI'1THBHCTH'!eCKoii cl.>YHKUHH EpeiiT 

Burnepa c napaMeTpH3auueii: Co.!lHHra[9] . 

I Er 1.1-2.3 GeV •• '0.1464 ' I h di01 I 
I &Mia 2IJ2 
.eGc Mwt G.7734 

RIIS 0.1713 'f'""' 43112/tl -~ simpleBW 
,. 1011.1 
p1 l.75i.O.D1 
p2 U5tOJlll 
pS ~1ltt511H752 
pt. J.ZA±:O.ZM 

lllt!.o.55& 

so 

•• 
(a) 
[Ey1.9-2.3GOV. ·IG.Ml.64 I 

450 EftlriH 

"° [ Ross St-isky BW I = ~ 
Lm< 
um 

"'"" .. 
pl 
p2 .. .. .. 

(B) 

341.Hn 
2UUl.IS 

t.714-:.UD2 
l.tsot!O.Ntl 

S.32tit.17t 
.Js.Jtis.30 
:M0.7:!15.5 

·137it.5 

, 
llM(r.~l 

[Eft.9-2.3 GeV. --to:K&4] 

p.waveBW 

.. 

-ll.77J4 ..,,.. 
31UllO 

Z1.71tl.I! 
1.7571to.Dl11 

l.ISUJIO 
1.25tftl:!.17250I 

UPoli:O.JM 
.11.!. 

\F .~ ·~u ... 0~. :·-1~ .... ·,~ 1 ...... ~, 
(6) 
I Er 1.9·2:3 GOV, ·tD.Ml.64 I 

1
...,.. ..,. 

450c .._,. 1.773' 

(r) 

... 
350 ,.. 
... 
lOO 

ISO 

SodingBW JlllS 0.1713 
'/!ltd 7l&.llll 
pO 1.lM±l.812 
pt t.7UO.OD 
p2 UUD.1111 
p3 1.me-fhlll1..tl 
P' -MJU.4.R 
p6 1t17t15.7 

·130.4-!:l.7 

Puc.4 llpUMepbl rjJummupoeaHWI. pacnpe()e;zeHWI. MaCCbl p 0 Me3oHa (a) c no,UOUjblO CJ'MMbl 

mpadUIJUOHHOii r/JJ'HKIJUU Epeiim BuZHepa u nopozoeoii <jJyHKIJUU P
0
(x-C)I\ exP,, (6) c noMOUJblO 

peJ1H.111U6ucmu'1ecKoii </JJ'HKIJUU Speiim BuzHepa u c moii :Hee nopozoGoii </JJ'HKIJUU, (e) c noMOUJblO 
peJ1H.111u6ucmu'1eCKoii </JYHKIJUU Speiim BuzHepa c napaMempU3WJueii Pocc-Cmod11cK020 (z) c 
noMOUJblO pe;zamuGucmu'lecKoii <f.Jymcquu Speiim BuzHepa c napaMempU3aqueii Coowiza 
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3KcnepeMHr "EG3" 6i.IJI HanpaBJieH Ha c6op MaKCHMaJlbHOro KOJIH'ICCTBa cOOblTHH B HJrrepeaJie 

4.5-5.5 f3B. Coop ,naHH1>1x ocymecreJUIJicx e TOM cnyqae, Kor.na o6ecne'IHBaJioci. ycnoeHe 

HaJIH'!Hll cpOTOHa B YK33aHHOM HJITepeaJie 3Heprnii. 0AHaKO cpOTOHbl c 3Heprneii HIDKe 4.5 r3B, 
cnyqaiiHo OKll3aBIIIHeCll a HJrrepeane TPHrrepHoro apeMeHH, TIUOKe c onpe.!leJieHHoii aepol!THOCTblO 

HHHUHHpyror peaKUHIO, KOTOpal! B IlOCJIC.llCfBHH perncrpHpoBaJIHCb llereKTOpoM B Ka'lecTee 

3KCnepHMCIITaJlbHHX .!laHHbIX. 

Ha PHc.5 npHBCJlCHbl ceqeHHll A++ pelOHaHca e JaBHCHMOCTH OT 3HeprnH cporoHa [IO). 
lCaK BH.!lHO H3 PHC.5 B6JIH3H 3HeprHH 4.5 reB Ha61IIO,naeTCll HexapmcrepHbIH llJlll ce'ieHIDl CKa'IOK, 

KOTOpbIH o6ycnoBJieH TPHITCpHOH JIOrHKOH '3KcnepHMe1ITa OilHCaHHOro BLIWe. .nna yqera 

no.no6Horo o6crog-reJILCfBa BHeceH KOppeKTHPYIOIUHH K03cpcpHUeHT .11m1 cOOLITCH c 3Heprneii 

cpOTOHOB HIDKe 4.5 reB. Ha PHc.5.6 npHee,neHO CKOpeKTHpOBaHHoe ce'ieHHe K+ c npHMeHeHHeM 

llaHHOro K03cl>cpHUeHTa 

I Della CranSecllon I 

~·-
··-. --

101 ·--.... _ 

1 Clip·- ... - ...... - --- -l ... 
10-• '" ,J ' .! ' . '· ..... ' I~ I• mm• m 

u 2 " 3 u 4 u 5 " c.v 
(a) 

!i:i!itacrO.SS!ct;.,n · 1 

... 
• •.aio.'°• 

1ot;:. ·~ ...... 
... ... -... 

, .. _ 

... 
1.5 2 2.5 

(6) 

....... ----~'°'°'°'oe11oo""''°''°-oc 

3.5 4 4.5 5 5.5 
eev 

Puc.5 Ce'leHwi A++ pe3oHaHca 6 306UCUMocmu om '3Hepzuu <fJOmoHa (a) oo u (6) noCAe 

mpuzzepHoii Koppeia1uu. 

3KcnepeMHr "EG3" 6LIJI peanH30BaH npH OOJILWOH CKOpocrn c6opa HHcpOpMauHH 6JIH3KOH K 

MaKCHMaJibHOMY JHa'leHHIO cKopocrn TpHrrepHoii CHCTeMLI CLAS-a, OKOJIO 4 Kru. B no.no6HLIX 

cnyqaxx ecrecreeHHO paccMaTpHBaI'b 3cpcpeKTHBHOCTL pa60TLI TpHITepa BO BpeMll aH311H3a .!laHblX. 

Hccne.noeaHHe ,naHHOH 3a,na'IH paccMorpeHo B pa6ore nocexmeHHoii HJyqeHHIO poJK.!leHIDl A++ 

pe30HaHCa, r.ne B KOHe'IHOM COCTOJIHHH perncrpHpOBaJIHCL p,7r\7r-. OcHOBb!Bal!CL Ha 

HOpMHpoBaHHOM ei.ixo.ne co6LITHH A++ , e KaJK.!lOM cpaiine co6paHHLIX 3KcnepHMeHraJILHbIX 

.naHHLix nonyqeHLI coOTeercreeHH1>1e KoppeKTHPYIOIUHC Ko3cl>cl>HueHTLI [10]. KaK 6i.mo ynaw1Hyro 

paHee, nepHO.!l 3KcnepHMeHTa "EG3" ycnoBHO .nenHTCJI Ha ,nBe qacrH - .no H nocne PoQecrea. 

IlonyqeHHLIH cpe.llHHH KOppeKTHPYIOIUHH K03cpcpHUHeHT ,Will .neyx nepHO.!lOB COOTBerCTBeHHO 

paeHLI 1. 7 H 3.1. POCT He3c1>cpeKTHBHOCTH TpHrrepa B 3KcnepHMeHTan1>H1>1x .!laHHLIX co6paHHLIX 

nOCJie PoQecrea CBJl38H c .nonOJIHHTeJILHblM TpeOOBaHHeM HaJIOlKeHHblM B JIOrHKe TpHrrepa. 

12 

OnHcaHHLle Ko3<PcpHueHTLI nonpaeoK Ha TpHITepe [10] 6Lurn ycnewHo npH111etteHLI B 

llHCcePTauHOHHOH pa60Te npH aHaJIH3e peaKUHii rd~ p 0
d [3]. 

~JI BLI.!leJieHHJI reoMerpH'!eCKOii o6nacrH .nereKTopa, r.ne J4i<l>eKTHBHOCTL 

.nereKTHpoBaHHll '!aCTHU paBHOMepHa, npH 3H311H3e 3KcnepHMeHTaJILHLJX ,!18HHblX 6blJIH 

npHMeHeHLI TaK HaJbJBaeMDJe "<l>H.!IYllHaJlbHble Cpe3b1". <l>1myu1taJJbHblH cpe3 MOJKHO onpe,neJJHTI>, 

KaK <l>YHKUH!O <P OT (} KOTOpax B o6meM cnyqae 3aBHCHT OT 3apJl.!la H HMilYJJLca '!aCTHu. IJ;eni. 

'3THX <l>YHKHHH Cpe3aTL Te o6nacrH, r.ne ,neTeKrHpoBaHHe 'laCTHU B KOHC'IHOM COCTOJIHHH 

HecoeepweHHO H llaHHal! qacrmla c 6oni.IIIoii sepollTHOCfLIO no.11sepraeTCJ1 MHOroKpaTHOMY 

pacceJIHHIO. B '!aCTHOCTH TaKHMH JIBJIJllOTCll Kpaee1>1e qacrn ,n;eTeKTopa. B ,naHHOM aHaJIHJe 

<l>H.!lyuHaJJbHble cpe3b1 6blJIH npHMeHeHLI llJlll ecex lleTeKTHpoBaHHLIX '!aCTHU B KOHe'IHOM 

COCfOJIHHH ( 7r + 7r -d ) (3). 

c ueJJblO nonyqeHIDl peaJIHCrH'leCKHX pelyJJLTaTOB <l>H3H'ieCKOro 3HaJJH3a peaICUHH 

yd~ p
0

d paCC'iHTilHLI aKCeUTaHCLI .nereKTopa K .naHHOH peaKUHH B HCCJie.noBaHHblX 

KH~eMaTH'iCCKHX o6naCTJIX, H KaK cne,nCTBHe, nonyqeHLI COOTBeICTByioIUHe nonpaeo'IHLie 

MHOJKHTCJIH, KOTOpLie B .!laJILHeiiweM 6bIJJH npHMeHeHbI K 3KCnepHMCHTaJJLHblM .!laHHblM. 

IlonpaBO'IHLIH MHOJICHTeJJL Ha aKcenTaHC - 31'0 OTHOIIIeHHe 'IHCJJa peKOHcrpyapoBaHHLIX oOOblTHH 

K 'IHCJIY creHepHpoBaHHblX cOOLITHH B KaQOM KHHeMaTH'leCKOM HHTepaane. B Ka'lecrae 

reHeparopa co6LITHH 6Lm BLI6paH FSGEN (Phase-Space generator). Bi.ixo.n reHeparopa 6LIJI 

HCilOJJL30BaH llJlll nonyqeHIDl OTKJIHKa .nereKTopa CLAS nocpe.ncraoM nporpaMM GSIM, GPP H 

RECSIS. IlporpaMHLiii K0.!1 GS.IM: peanHJyeT H.!leaJibHyio MO,nenL .n;ereKTOpa CLAS. IlporpaMMa 
nocrpoeHa Ha ocHose reHeparopa GEANT (naKera nporpaMMHoro o6ecne'leHIDl u;EPHa) 'ITO 

Il03BOJIJleT MOAeJIHpoBarb OTKJJHK .nereKTopa npH npoxoQeHHH 'laCTHULI '!epe3 PaJHLie 'laCTH 

ycraHOBKH. GSIM MOJKeT socco3,naT1> paJHLie KOH<l>ffrYPauHH ycraaoBKH nocpe.!lCTBOM HJMeHeHHii 

B KOH<l>ffrYPauHOHHOM <l>aiine. Ilocne Toro, KaK CMO,nenHpoBaH OTKJIHK H.!lCaJJLHOro lleTeKTopa, 

Heo6xo,!IHMO yqecrL ycnosm1 cooreercrsyiomHe .llaHHOMY "3KcnepHMe1rran1>HOMY nepHo.!ly. 3To 

.nenanoci. nocpe.ncrsoM nporpaMMbI GPP. GPP Hcnonb3yer HH<l>opMauHIO OTHOCHTeJILHO 

«MePTBblX>> o6nacreii .nereKTopa ,WlJI y.naneHIDl CHrHMOB c '3THX qacreii ycraHOBKH H3 BLIXOAa 

GS.IM: . .tianee 6i.IJI HCnOJJL30BaH naKer RECSIS KOTOpLiii soccraHaBnHeaer oo61>1THJ1 nocne GPP H 

TaKHM o6pa30M nponyCTHB '1epe3 CKpHilT aHanH3a .!laHHLIX IlOJJ)"la!OT peKOHCTpyapOBaHHLJe 

COOLJTHJI, TeM caMDIM IlO.!lC'iHTLIBa!OT aKCCilTaHC. IlpH onpe.neneHHH aKCCJITllHCa K 

creHepHpHBaHblM .naHHLIM 6bIJJH npHMeHeHbl Te JKe Cpe3bl, 'iTO H K 3KcnepHMeHraJILHLIM .!lllHHblM. 

Ilocne KoppeKUHH TpmTepa H nonpaeKH Ha aKcemaHc .!lereKOTopa, Heo6xo.nHMO 

HOpMHpOBaTL 3KCnepHMeHTaJILHble .!laHHLJe K C)'MMapHOMY HHTerpHpoBaHHOMY IlOTOKY cjlorOHOB H 

TeM CaMLIM nonyqHTi. ce'!eHHe peaKUHH rd~ P0
d. B 3KcnepHMeHTax c <l>OTOHHbIM nyqKoM Ha 

lleTCKTope CLAS '3Ta npoue.nypa peanH3yercx c noMOIUblO nporpaMHoro naKeTa «gflux.>>, Karopi.1ii 
6LIJI HCilOJIL30BaH npH o6pa60TKH .!laHHbIX 3KCnepeMeHTa "EG3" • 

Ha PHc.6 npHse.neHDI nonyqeHMe HaMH .nH<l><l>epeHuHanLH1>1e ce'ieHIDl peaKUHH 

yd ~ P 
0 

d B 3aBHCHMOCTH or KBa.npaTa nepe.n;ru1Horo HMnyni.ca B .neel!TH o6nacrJ1X 3Heprnii 
<i>OTOHOro nyqKa OT 1.1 JJ.O 5.5 r3B. 
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IJ!O' 111' .,p OJ..:: 
.!! .!! 

~ L I 't Ey 3.5-4.ll Ge >o Ey 4Jl.4.5 Ge Ey 4.5-5.5 Ge' CllD ~D (JtD 
:i :i ::.. ::. ::.. .. 

t't l ;. 1' + ~1 + 
'II tt+ +++ .a + 

1D' ++ 10• ++ 10• ++ 
-+-++ ++++ >¥++ 

++ 
10"r 

++++ 
1t" -t-++ ++ 

111" ++. 
+ + ++. 

-t,(GeVir,f ....• 

Puc.6 J]u<f;<J>epeH1JUClllbHb1e ce'leHwi peaKZJUU yd 4 p 0d a 3aaucw.1ocmu om Kaaopama 

nepeOaHHOCO UMnyJlbCQ 6 oe6JlmU 06J1aCmH.X ::JHepzuu <J>omOHHOZO ny'IKG om 1.1005.5I'JB. 

Ha pHc.7 npose11eHo tliopMWI&Hoe cpaimeHHe nonyqettH&IX ce'IeHHii B HHTepsaJie 4.5 110 5.5 f3B H 

JKCnepHMeHTaJibHblX ,Zl!iHHbIX SLAC ,WU! 6 r3B. 
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I • 

l • 

• 

BnepB&Ie B JHeprerH'IeCKOM ,!UlanaJOHe 1.1 -5.5 r3B <!>OTOHHOfO Il)"!Ka aHaJIH3HpoBaHbl 

J:laHH&Ie KOrepeTHOfO <j>crropo)l()leHH.ll 1C+1C- nap Ha 11eifrepHH [1-3]. Ha OCHOBe 

noCJieJ:XHHX IlOJI)"leH&I J:lHc!><l>epeHUHaJibHble ce'IeHHJI peaKUHH yd 4 p 0d B 

. 3aBHCHMOCTH OT KBaJ:Xpara nepe11aHHOro HMnyJI&ca: IlOJI)"leHHble J:laHH&Ie Moryr 6&ITb 

TaIOKe HCilOJib30BHbl B TeOpeTH'IeCKHX aHaJIH38X J:lJIJI IlOJI)"leHHJI ce'IeHHH 

B3aHMOJ:XeHCTBHH p 0 Me30Ha c H)'KJIOHOM. 

PaJpa6oTaHbI H OTnaJKeH&I npoue.zzyp&1 no.npo6Horo or6opa 11eifrpoHoB J:lJlll o6pa60TKH 

3KCnepHMeHTaJibHhIX .aaHHbIX Ha OCHOBe xapaKepHCTHK 11en03HpOBaHoii 3HeprHH 

3aplllKeHHblX 'IaCTHU B CUHHTHJIJIJIUHOHHLIX C'IeT'IHKax [2]. PaJpa60TaHHaJI npoue.zzypa 

npHMeHHMa TaKJKe J:lJIJI o6pa60TKH JKCnepHMeHraJibHbIX J:laHHbIX c yqacrHeM .z:teiiTpOHOB. 

PaJpa60TaHa H OTJiaJKeHa npoue.zzypa MR or6opa 3KCKJIJ03HBHbIX co6&rrHii B peaKUHH 

yd 41C+1C-d [3], Il03BOJIJIIOmaJI H3BJieKaTb P
0 

Me30Hbl H3 pacnpe11eneHHJ1 

HHBapHaHTHOH MaCCbl 'IaCTHU 1C+ ,1C-. 
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Utlqunp.uiqp. fl 

Umhbui]unum:ia1mug bitiiptluib l; :qh11.11hp}l.nuI}l. tl}l.2mqnuI p 0 tlhqnb}i ljpqbuiq}l. 

gpuuib hhmuiqn1.11m.:ia1uihJ! :qh1mhp}l.m.tlp. :iaJi11wiuP. tlflui' ppwqwbwgtlwb !lm1.11nbbuwb 
l:puuihppllhbmwt mtl.Jwtbhp]l tl}l.2ngntl, I. I - 5.5 q.l;q !l>n1l1Duw1Jib l;bhpq}lwbhpp :qhtqpmu: 

q.p.1.11wqmp&:(! ppmqwbwgtlht l; [<)-mfwu Sl.h:P!l>hpunbp wbtlwb wqqw1pu 

tmpnpw1.11npJi.ui1m.u, oq1.11wqnpbhtntl 6 q.};q qhqmpnuw1Jib wpwqwgmg}tIB h "P." 

tlmpO.mpwpwqmh :qwhtliilntu qmhtln11 CLAS qh1.11hlJ.U1DpJ!: :bnUlDbtnJ!ib tlmtb2 umwhwtnt 

hmtlwp oq1.11mqnpbtlht l: hm.1h tlmpO.mpmpwqwh :qwhtliilntu mh11mJiw1tlmb "tagger" 

:t>nmnUW]pU UUJ.hqmpntfhtnpJ!, IlflJ! JaDlJl C UlWIPU npn2ht qhqmpnuhhpp. WJ.lqhtWlJ.WJFU 
Atnnwqtn]ptlmup wnwpqwb ]ntpwpmb~mp !l>nmnuii l;hhpq}lwh: 

qhp2hmqtnh itii6:wqmtl d,7r+1C- uwuhltlJ.hhpP, hnl]bwqwhwguwu UUJ.WtnwlJ.ntl 

tntipilll2 hmtlwpwqptlwb tlmpO.wpwp.wqwb mtl.Jwtbhpltg wnmh&.uwgtlht hb qhtqphp, 

npu1h11 mnqw hh hplJ.m 11f1tnqwb h UhlJ. pwgwuwlJ.wb utnub]lqhhp.: 'IpptnDhtntl 

mwpwbwqwh, d'w.uwhw1J.w1]1u uwhuwbwtp.wqm.Ubhp. ]lh~uihu bwh mtlJwt nhwqgltw1P.h 

phnpn2 qphhtitnmpqwqwb uwhuwbwtp.wqnu.fbhp, ]lp.wqwbmgtlhl l; WJIJ: uwuhp.qbhpp 

hm.1uwqwbgmu: Stl.Jwtbhp]l u2wquwb Uh2 qwplmp m2w:qpmp1mb l;p :qtnpO.tlht qhj1.11pnhp 

hm1uwqwumguwhJ!. u2wJitlh1 l; Uhpn:q, IlflJ! JaDlJl l: UlWJPU hnl]hWlJ.wbmgnufb 

ppwqmbwgbht wnwlJ.ht Uhb hwtlwu1.11Jim:ia1uitlp' h]lup J!b:qmhhtntl ug]lbm]luwgpnh 
hw2itli~bhpnuI JPgpwtlnptlwb uwuu]iqbhp.}i qnpu1.11p l;hhpq}lwb: 

Y:wmwptlht l; p0 
tlhqnbji mwpwb2wmntu n + 7r - uwubpqbhplt pbtltnp]lmhm 

qm'llqtlwbp. uuihq1.11plt9 h tmbtlwb hu hhmwqui hnpuwqnptlwu luhqJ:lpbhpJ!, Iib~ajJ.Ultu hh 

:qh1.11hqi.nnpp wquhuimwuup, :iapltqhpp wpilJmhwtlhUlDL:JaJWU h ]1b1.11hqptlmb 

tmuwpO.mquwh (luminosity) hm2tlwpqbhp"(!: flpuihu tlhp2wpwb phptlmb hu rd-+ p 0d 

nhwqgP,mJii 11J:l!l>!l>hphhgP,tnt q1.1111tlmbphhpJ! lJ.wiulJ.mb ¢nluwhgtlwb ptIUJ.mtuli 

pwnwqmumg h hwu1.11wmtlht l; qpqbwqp gptlwlt hplmq:iaP. wnqw1mp1mb"(! :t>nmnbw1P.h 
¢u2Ji 1.1 - 5.5 q.cq l;hhpqptnbhpp qhUJ.pm.u: 

U2wJitlwb tntqnp}i:iatluhpJ! qwpn11 hh q}l.plllDlJ.ht :qh]tnhppmtlp. p}iptnluli tlflw 
qnhhphu1.11 !l>n1.11nbuuwu WJl nhwqgp.wuhpp mumtfltwuppuwu hmlftnp: 

17 


