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O0mas xapakTepucTUKa padoThl

AKTyabHOCTh padoThl M3MepeHue BBIXOAOB U CIIEKTPOB BTOPHUYHBIX
YaCTHLl B aIpOH-ANEPHBIX B3aHMOACHCTBHAX SABIIETCA KIACCHYECKOH 3a/a-
yell (QU3MKM aTOMHOIO spa M 3JIEMEHTapHbIX ydacTull. Ilomydaemble mpu
5TOM JaHHBIE TPAJUIMOHHO CIYXXaT SKCIIEPUMEHTAIBHOH OCHOBOM IS TEO-
pHUM AAEPHBIX B3aUMOJCHCTBHH, a TAKXKE IMUPOKO NPUMEHAIOTCSA IPH pelie-
HUU IPaKTHYECKUX 3aJa4 B TeX OONacTIX, IIe HCIIONB30BAaHUE TEOpETHUE-
CKHX IIPEAMOIOKEHUH HE IO3BOIAET AOCTHYD TpeOyeMOH TOYHOCTH U JO-
CTOBEPHOCTH pacueroB. [IpumepoM mOMOOHBIX 3a/a4 MOXET CIy>KUTh pac-
YeT MCTOYHUKOB NHOHOB IIPH NPOCKTHPOBAHUY NMHOHHBIX KAHAJIOB HA YCKO-
pUTENSX WIN IUTAHUPOBAHUM YCKOPUTEIBHBIX HEUTPUHHBIX SKCIIEPUMEHTOB.
INony4yenne SKCIEPUMEHTANBHBIX JAaHHBIX B oOmacté sHeprud ot 1 mo 20
I'3B sBnsercs 0COOEHHO BaXKHBIM B CBSA3H C TEM, YTO B 3TOM [IHMAIa30HE €lIe
HE IIOCTPOEHA CTPOras MUKPOCKOIIMYECKAs TEOPUA U HEIPUMEHUMBI XOPOLIO
paspaboTaHHBIE METOABI NEPTYpOaTUBHOM KBaHTOBOW XpOMOAMHAMHKH. bo-
Jiee TOTO, aJpOH-ANEPHBIE PEaKIUU B HACTOSINIEE BPEMs M3yYCHHI JaKke Me-
HEe, 4eM SAPO-sIepHbIE B3aUMOACHCTBHUA. B pe3ynbrare, U1 ONMCaHUA IIPO-
IIECCOB B YKa3aHHOH OOTAaCTH MIMPOKO IPUMEHSIOTCA (EHOMEHOIOTHYECKHE
U IOXy(EHOMEHOIOTHYECKUE MOJENH, UCIIONb3yIONINe MOATOHOYHEIE ITapa-
METPHI UIA JOCTHKECHUS yHOBICTBOPUTEIBHOIO OMMCAHUSA IKCICPHUMEHTATb-
HBIX JIaHHBIX. B mociexnee BpeMs pa3sBUTHE HKCIICPUMEHTATIBHON TEXHUKH
U CPEICTB aBTOMATH3AIUH CAEIAI0 BO3SMOKHBIM IIPOBEICHHUE IPEIU3HOHHBIX
M3MEPEeHHUH MPaKTUIECKH BO BCEX OONACTAX (QU3MKM 3IEMEHTapHBIX YACTHII.
IIpu sToM, Ha HEpBBHIM IUIAH BHIXOAAT IIOMCK U M3MEpPEHHE penkux (usude-
CKHX SIBJICHUH, TpeOyloIue aJeKBaTHOTO y4JeTa BKJIAJI0B U3BECTHBIX (U3HUYe-

CKHX IIPOIECCOB, KaK IIPaBHIJIO, OUCHUBACMBIX B XOAC YHCJICHHOIO0 MOIACIIH-



poBaHus dKcnepuMenTa metonoM Mornte-Kapio. CucremMaruyueckas morpen-
HOCTh MOJIECTHPOBAHUS 3a49aCTyI0 CTAHOBUTCS OIHUM M3 3aMETHBIX BKJIAJIOB B
O0IIyI0 CHCTEMAaTHYECKYIO IIOTPEIIHOCTh U3MEpeHuid. B cBOIO oueperns, mpo-
BEpKa IPaBUIBHOCTH U IOBBIMIEHUE TOYHOCTH INPEACKa3aHUi (HEHOMEHOIO-
THYECKUX MOJENIEH BO3MOKHBI TOJIBKO IIPH HAJINYUHM COOTBETCTBYIONIUX JKC-
NEepPUMEHTAIBHBIX JaHHBIX XOpomiero kaiecrsa. OQHako, IMEHHO B 3TOH 00-
JIaCTH SHEPrHi MMEIONMecs SKCIEpUMEHTAJIbHbIE NaHHBIE NOBOJIBHO (par-
MEHTapHb! ¥, KaK IPABUJIO, ITOMYYCHH B OIPAaHUYCHHOM KHUHEMATHIECKOM
Iuana3zoHe. B cBs3W ¢ 3TUM, TOYHOE M CHUCTEMAaTHYECKOE M3MEPEHHE CIICK-
TPOB BTOPHYHEIX aJPOHOB B aJIPOH-AJEPHBIX B3aUMOAEHCTBHAX I BO3MOXK-
HO 0oJjiee MUPOKOro Juana3oHa sSep, COpTa U SHEPTUH HAJICTAIONINX YaCTHI]
SBISETCA HEOOXOAMMBIM YCIOBHEM Kak JUIi JajbHEHIIeH pa3paboTKé Teo-
PHM SIEPHBIX B3aUMOJECHCTBUM, TaK M IS Pa3BUTUS METONOB H NOBBINICHUS
TOYHOCTY MOJEIHUPOBaHUA GU3MUECKUX MPOLIECCOB MPH IUIAHUPOBAHUH U 00-
pabOTKe TaHHBIX B COBPEMEHHOM (DPU3MYECKOM SKCIIEPUMEHTE.

Ieas paborer IIpoBepka mpaBUIBHOCTH pAna (HEHOMEHOIOTHUECKHX
MoZeeH SNEPHBIX PeaKIyii, HCIOIb3yEMBIX B IIMPOKO PAaCIPOCTPAHEHHOM U
IIPUMEHIEMOM U1 MOZEIUPOBAHUA NIPAKTHYECKH BCEX COBPEMEHHBIX ¥ ILIa-
HUPYEMBIX yCTaHOBOK (BKirodas sxcrepumenTsl Ha LHC u FAIR) mporpamm-
HoM nakere Geant4 [1, 2] Ha OCHOBE HOBBIX 3KCIIEPUMEHTAIBHAIX JJAHHBIX O

00pa30BaHMIO aAPOHOB Ha AApax OCPUIUIHSA, BKITIOYAS:

1. cucremaTnyeckoe M3MEPEHHUE WHKIIO3UBHBIX MU((EPEHIMAIBHEIX Ce-
yeHn 00pa3oBaHUsS BTOPHYHBIX aIPOHOB C yrIoM Bbuieta 20°-125° B

+ - + =
peakuusax 1, n7, p + Be — ¥, 17, p + X npu UMITynbce IMydka oT 3 0

15 I'aB/c, ¢ TounocTeio He xyxe 10%;

2. IPUMEHEHME PE3yNbTaTOB U3MEPSHUH IJIs MPOBEPKU IpeACKa3aHuid (e-
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HOMEHOJIOTHIECKHMX MOJIEIeH AACPHBIX pCaKHHﬁ, HCIIOJIB3YEMBIX B IIPO-

rpaMmMHOM Iakete Geant4.
3. METOAUYECKUE UCCIICHOBAHUA:

a) pa3paboTKy METOfa M aITOPUTMOB KOPPEKIHM Iapa3sUTHBIX
KPOCC-TOKOB BO BPEMSAIMPOEKIIMOHHON KaMepe MUPOKOANEePTYPHO-

ro cmekrpomerpa HARP;

0) pa3paboTKy MeTOma U alNrOpPUTMOB PEKOHCTPYKIUH TPEKOB B IIH-

poxoaneprypaoM criekrpomerpe HARP;

B) pa3pabOTKy MPOrpaMMHOTO O0ECHEYECHMs MIi CTaTHCTHYECKOTO
MOJIETTUPOBAHUA COOBITHH B IIMPOKOANEPTYPHOM CIEKTPOMETPE

HARP.

B ocHOBY pabOTHI MOJIOKEHBI HCCIIENOBAHMS, BBIIIOIHEHHBIE aBTOPOM B
cocrase rpynnsl CERN-/[y6Ha-ITporesnro (HARP-CDP) B x0z1€ 9KCTIEpUMEH-
ta HARP.

Hayunasi HoBu3Ha BriepBbie CHCTEMaTHYeCKy M3MeEpeHb! quddepeHnu-
aJbHBIC CEYCHN 00pa30BaHUA BTOPUYHBIX IPOTOHOB U 3apsHKEHHBIX IMHOHOB
B peakuusx n*, w7, p + Be — n*,n”, p + X npu ummynsce mydka 3,0; 5,0; 8,9
(8,0 msa myuxa 77); 12,0 u 15,0 [3B/c B imanasone ymioB Beutera 20°-125°.
JlocTurayTa TOYHOCTh M3MepeHus cedeHuid paBHas 3—10%. BmepBrie uzme-
PEH BBIXOJ BTOPHYHBIX KAOHOB I10 OTHOIICHHUIO K BBIXOAY ITHOHOB B PEaKIUH
B3aHMOJIEHCTBUA IPOTOHOB ¢ uMITyIbscoM 8,9 I'aB/c ¢ sapamu Gepuiuius.

IIpakTHyeckas 3HAYMMOCTh Pa3paboTaH aJrOPUTM U CO3AaH KOMILIEKC
IIPOTrpaMM JJIsi T€OMETPHYECKON PEKOHCTPYKIIMK TPEKOB BO BPEMANPOEKIH-
oHHO# kKamepe ycraHoBKH HARP. Pa3paboran MeTon KOppeKIMH psiga HExe-

JIaTCIIBHBIX S(bq)CKTOB, CHIDKAOIIUX TOYHOCTH H3MCPCHHUA, TaKUX Kak IIapa-
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3UTHBIE CHTHANBI (KPOCC-TOKH), @ TaKXK€ MOHU3ALUOHHBIE ITOTEPH U MHOIO-
KpaTHOE KyJIOHOBCKO€ pacCEsSHWE BrOPUYHBIX YACTHUI] B MaTepuajie MUIICHU.
OTH aNITOPUTMBI U IPOTPaMMBbI OBLI¥ HCIONB30BAHBI B aHAJIM3E JAHHBIX JKC-
nepumenta HARP 1 MOTYT MCIONIB30BAThCS IPH 00pabOTKE MAHHBIX APYTHX
SKCIIEPUMEHTOB, UCIOIB3YIOIIUX CXOMHYIO almaparypy.

CpaBHEHHE MOTYYICHHBIX SKCIIEPHMEHTAIBHBIX JAHHBIX O BBIXONAX BTO-
PUYHBIX aIPOHOB B AJPOH-SAEPHBIX B3aUMOICHCTBUAX C INpeIcKa3aHHs-
MU (EHOMEHOJIOTUYECKUX MOJENEH, HCIOIb3YEMbIX B IPOrPaMMHOM ITaKETE
Geant4, 03BOJIIIIO BBISIBUTE PAJ HEIOCTATKOB STHX MOJEIEH, KOTOphIe ObLIH
YCTpaHEHbI B MOCIEIYIOMIKUX BEPCHUAX IPOrPaMMHOIO ITaKeTa.

B xozme maHHOM pabOTHI MOMYyYeH OOJMBIION 3KCIEPUMEHTAIBHbIA Mare-
puai, monaHas o0paboTKa KOTOPOTO AacT HOBYIO MH(OPMAIIUIO O MEXaHH3ME
B3aMMO/IEHCTBUS YacTUIl B AAEPHOH Cpere.

Ha 3amuTty BHIHOCATCH cIeJylOLIHe OCHOBHbIE pPe3yJbTaThl H I10JI0-

JKCHHUSA:

1. BImEpBBIE CUCTEMATHYCCKH M3MEPEHBI MHKIIIO3MBHBIE Mu(depeHnnans-
HBIC CEYCHUA 00pa30BaHus MPOTOHOB ¥ 3aPSKCHHBIX ITMOHOB B PEaKIly-
ax nt,n7, p+ Be = n*,n”, p + X npu ummynsce myuka 3 — 15 I'aB/c, B
nuanasoHe ynioB BbureTa 20°-125°. JocTurHyTa TOYHOCTH M3MEpPEHHS

ceueHuit paBHag 3-10%;

2. BIEpBBIE U3MEPEH BBIXOA KAOHOB IO OTHOIICHMIO K BBIXOLY IHOHOB B
peaKnuy B3auMOICHCTBHS IPOTOHOB ¢ uMIyIbcoM 8,9 I'aB/c ¢ sapamu

Oepmus;

3. pa3paboTaH M IPUMEHEH Ha IPAKTHKE METOJ KOPPEKLHUM Iapas3uT-
HBIX KpOcCC-TOKOB B kKamepe TPC mumpoxoamepTypHOro CIEKTpOMeTpa

HARP;



4. pa3paboTaH u IIPUMEHEH Ha NPAKTHKE aITOPUTM IE€OMETPHYECKON pe-

KoHCTpyKIuu TpekoB B kamepe TPC HARP;

5. pa3pa60TaH 1 IIPUMCHCH Ha NPAKTUKE METOL KOPPEKIIUA MOHHU3AIIUOH-
HBIX IIOTEPh M MHOI'OKPATHOI'0 KYJIOHOBCKOI'O PAaCCE€AHHA BTOPHUYHBIX

JaCTUIl B MUIICHH,

6. pa3paboTaHO IMPOrpaMMHOE 00ECICUCHHE AT CTATUCTUYESCKOTO MOJIE-

JHUPOBaHMsA COOBITHI B IMpOKoanepTypHoM crekrpomerpe HARP;

7. paspaboraHa mpoueaypa ordéopa JaHHBIX, YIOBICTBOPSIOIINX KPUTEPH-
SM HAJCXHOH PabOTHI MHUPOKOANEPTYPHOTO CIIEKTPOMETPA M TOYHOTO

u3MepeHus audPepeHIHanbHEIX CeUCHMIH;

8. mpOBENEHO CpaBHEHHE PE3YIBTATOB HM3MEPEHHi C IPENCKA3aHUSIMH
HEKOTOPHIX MIHPOKO PAaCHPOCTPAHEHHBIX MOETEH SMEpHBIX PeaKiluii,
HCIONB3YEMBIX B TIporpaMMHOM nakere Geant4. BrIsBiIeHO 3HAYUTEIB-
HOE PACXOXK/IEHHIE PE3yIETaTOB MOJEIUPOBAHUS U SKCIEPUMEHTAIBHBIX

JaHHBIX, BBI3BAHHOC HECAOCTAaTKaMH JaHHBIX MOZEIEH.

Anpobanus pa6otsl [lonydeHHbIE aBTOPOM U IIPU €TI0 YUACTUH PE3YIIb-
TaTHl, BK/IIOYEHHBIE B IUCCEPTALUIO, NOKIagpIBAINCh Ha cemuHapax JISII
OUAN, rHa obmem cemunape CERN, Obuti mpencraBieHsl Ha MexayHapo-
HBIX KoH(epeHIusax 1o ¢usuke BbIcokux sHepruit B @unanenshuu (2008 1)
u INapmwxe (2010 r), a Tarke Ha MexnyHapomHOH KoHGepeHIH 1O (u-
3UKE BBICOKMX SHepruil Empormeiickoro ¢usnueckoro obmecrtsa B Kpakxose
(2009 1.). OcHOBHBIE PE3yJIBTAThI, BOIISAIINE B AUCCEPTAIHIO, OMyOINKOBA-
HBI B 5 IIe4aTHBIX paboTax.

CtpykTypa M 00beM guccepTanuu J{uccepTaIiysi COCTOUT U3 BBEACHUS,

YCTBHIPEX ITIaB U 3aKJIIOYCHUSA.



Copep:xanue padoTbl

Bo BBenenun paccmorpeHa mpobieMa o0pa3oBaHHS aJpOHOB B IHOH-
U TPOTOH-SANEPHBIX B3aUMONCHCTBUAX IIpU SHeprum Iydxa meHee 20 I3B.
IIpuBonuTCs Kparkuit 0630p SKCIESPUMEHTAIBHBIX PaOOT, MOCBAIIECHHBIX 3TOM
teme. ChopMynupoBaHa Ieb TAHHOH AWUCCEPTANUH, KOPOTKO H3IOKEHO €€
comepxxanne. OOOCHOBaHA aKTyaIbHOCTh JUCCEPTALMOHHON pabOTHI U apry-
MEHTHPOBaHA HayYHAs HOBU3HA MCCIICNOBAHUM, IOKa3aHa IPaKTUIECKas 3Ha-
YUMOCTH IOJYYEHHBIX PEe3yJIBTATOB, MPEICTABICHbl BHIHOCHMBIC HA 3aIIUTY
pEe3yNIbTaThl U IOJIOXKEHUS.

B nepgoii rnaBe omucaHbl IIOCTaHOBKA U xof dKkcrepumenTa HARP u
MIOKa3aHO YCTPOMCTBO SKCIEPUMEHTAIBHON YCTAaHOBKH.

Iens sxcnepumenta HARP cocrosia B TouHOM u3MepeHuu nudhdepes-
IUATBHBIX CeYeHUH 00pa3oBaHMA aJPOHOB BO B3aUMOICHCTBUIX NMPOTOHOB
U 3apsDKEHHBIX THOHOB C PA3IMYHBIMU SIpaMy Ha (QUKCUPOBAHHON MUIICHH.
OxcnepumerTt nposommwics B 2001 u 2002 rr. Ha BTOPUYHOM ITy4Ke IPOTOHHO-
ro cuaxporposa CERN. B cocrap myuka BXoAunu, B OCHOBHOM, IIPOTOHBI ¥
3apsDKEHHBIE IIMOHBI C IMITYJIBCOM B Iuanasone ot 1,5 no 15 I'aB/c, ¢ ne6onb-
IIOM MPHMECHI0 MIOOHOB M HE3HAYUTEIHHBIM KOIMIECTBOM aHTHIPOTOHOB U
3apsDKEHHBIX KAOHOB. IIpy MajBIX MMITYNbCax B IIyYKe TAKOKe IMPUCYTCTBOBA-
Ja 3NIEKTPOHHAs KOMIOHEHTa. OTHOCHTENBHOE COAEPIKAHUE PA3IUYHBIX TH-
IIOB YaCTHI{ U3MEHSIOCHh B 3aBHCHMOCTH OT BHIOPaHHOTO MMITYJIbCA ITydKa.
Kanan obecneunBan uMIyIbCHBIN pa3opoc ép/p =~ 1% u mO3BOIISLT BEIOPATh
U0 MOJIOXKUTENIBHO, THOO OTPUIATEIbHO 3apsDKCHHBIE YaCTHIBL. B manb-
HeHIeM, 3HaK 3apsga YacTHUIl IydKa OyfeT sIBHO YKa3bIBaThCs IPH YKa3aHUHU
umiyasca (Hampumep, +8 I'9B/c wim -3 9B/c). [JeTekTtop B 9KCIEpPUMEHTE

HARP ObL1 CTIPOCKTHPOBAH IS PETHCTPAIINK U H3MEPEHIS CBOMCTB BTOPUY-



HBIX YaCTHII B JUANa30HE TEJIECHOTO yIva, O1u3KoM K 4. OH COCTOSIT U3 IBYX
OCHOBHBIX ITOJICHCTEM — MaJIOAIEPTYPHOr0 CIEKTPOMETPA U IIMPOKOANepTy-
poro crekrpomerpa. Cxema geTekTopa IoKa3aHa Ha puc. 1.

B pa6ote ucmonb3yrorcs qanHeie, nomydennasie B 2002 roqy Ha Gepui-
JIMEBOM MHILIEHH C TOJIMHON, paBHOH 5% smepHO# mmuHBL. HamGonpmas
CTaTHCTHKA COOBITHI Ha 3Toif MumenH (~ 8 X 10%) 6bima HaGpana mpu UM-
nynece myuka +8,9 I9B/c. Ilpu ummynscax myuka +3,0, +5,0, -8,0, +12,0
# +15,0 T5B/c GBIIO 3aperHCTPUPOBAHO JHCIO COOBITHE ~ 1 —2 X 108 ma
Ka)XI0¥ KOH(HIYypaluu, YTO BIIOJIHE JOCTATOYHO JUIS CTATUCTUYECKH 00ec-
MEYCHHOTO M3MepeHus AuddepeHnanbHEIX CEUCHUH.

[upoxoaneprypuslii criekrpomerp HARP mo3Bomsin perucTpupoBarsh
BTOPHYHBIC 3apsDKCHHBIE YAaCTHIBI B YIIOBOW ameprype oT 15° mo 140°.
OCHOBHBIM 3JIEMEHTOM CIIEKTpOMeTpa OblIa BPEMANpPOEKLIHOHHAs KaMmepa
(TPC), npenna3HadeHHasl A M3MEPEHHS HMILyJAbCa BTOPUYHBIX YacTHUIl U
X HOCHTH()UKATMK 0 HOHM3AIMOHHBIM IIOTEPAM B rase. BHyTpu kame-
PBI pacIoiarajgach MUIICHb, OKPYXCHHAS IIIHHIPHYCCKUM CHUHTHIUISIIH-
ounbiM cuetdrkoM (ITC). CHapykxu kamepa ObUIa OKpYy>KEHA JBYMS CIOSMH
IUIOCKHUX Kamep ¢ pesucTuBHbMA IwiactuHamu (RPC), nmpenHasHadeHHbIX UL
UACHTH()UKAIMY BTOPHYHBIX YAaCTHUI[ IO BPEMEHH IpoJieTa. Bce neTexTopsl
ObUIH MTOMEINEHBI B MarHuTHOE mone c¢ mHaykuued 0,7 T, HampaeiaeHHOE
BIIOJIb OCH ITydKa.

MastoanepTypHbIii CIIEKTpOMETp OBUI NpeIHAa3Ha4YeH IJIA PEeTHCTPaIud
BTOPUYHEBIX YacTHI[ C YIIOM BbuieTa MeHee 15°. B manHo# pabote m3mepe-
HYSI, CIEJIaHHBIE C €r0 IOMOINBIO, HE HCIONB3yI0TCsA. McKiItouenue cocTas-
JSIFOT WACHTU()UKATOP MIOOHOB M 3JIEKTPOMArHUTHBIH KaJOPUMETP, KOTOPhIE
OPUMEHSUTHCH UTS OLCHKH IIPUMECH MIOOHOB ¥ 3JIEKTPOHOB B ITy4Ke.

I[J',[}I KOHTPOJIA mMapaMeTPOB IIY4YKa UCIOIB30BAINCHh CHUHTUIUIAIMOHHBIC
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CHETYNK KOCMUYECKNX JTyqent

N ! N WneHTuguxatop
Apevichosere N / MIOOHOB

Kameps!

Cyetumnk FTP
un nepegHne
RPC

b \Bp SNPOsETHas cucTeMa

HepeHKoBCKMI CHETHNK

AnnonbHbIvi MarinT y
ConeHoug \I
MuweHs
TPC, RPC X /2

JeTeKTopbl KOHTPONA Ny4Ka s
1m

Puc. 1. O6mmit Buj 3xcniepuMeHTaIbHOH ycTaHoBKY HARP

cuetunku BS m TDS, a take cuetunkn HALO-A u HALO-B, umeromue
CKBO3HOE OTBEPCTHE U BKIIOUYCHHBIEC B CXEMY aHTHUCOBIAICHUH I MOAaBIIe-
HUS rajo mydxa. MnesTuukanus myIkoBbIX YaCTHI OCYIIECTBIIACH BpEMs-
IPOJIETHOM cucTeMO# Ha 0a3ze CUMHTIIULINUOHHBIX cueTynkoB TDS, TOF-A
u TOF-B, ¢ nponernoi 6a3oit 24,3 M, a Takke AByMsS IOPOTOBEIMH UEpPEH-
koBckumu cuetaukamu BCA u BCB. g u3MepeHus HaIpaBieHUAA IIOJIeTa
YaCcTHIl ¥ BOCCTAHOBJICHUS BEPIIKUHBI IIPUMEHINCH MHOTOIIPOBOJIOYHEIE IIPO-
noproHansHele kamepsl MWPC1-3.

ITpoxoxxaeHre 4acTUIbl IO KaHAy IIydka M MONAJaHHe €€ B MHUIICHD
(curzar BEAM) ycTaHaBIHBAJINCH IO COBMAACHHIO CHTHAIOB CO CUCTIMKOB
BS, TOF-A, TOF-B u TDS Bo Bpems CTpOO-UMITyNIbCa C YCKOPUTENS, M OT-
CYTCTBHIO B 3TO Bpems curHanos B cuyeruukax HALO-A u HALO-B. ®akr
B3aMMOJCUCTBY JaCTHUIEl B MUILICHH YCTAHABIMBAJICS II0 CUTHAIY CO CIIUH-

THuIHoHHEIX cdeTyrkoB ITC umu FTP B coBmagennu ¢ curtaiom BEAM,



IPX 3TOM BbIpaOaTHIBAJICA TPUITEP I 3amucé coOwrtma. g mocnexmyro-
e HOPMHUPOBKU H3MEPEHHBIX CEUEHMH Kakmoe 64-e coOwbiTHe, M KOTO-
poro npucyrtcTBoBai cursain BEAM, peructpupoBanoch 6€30THOCHTENBHO K
CUTHAIY O B3aUMOACHCTBUY B MUIICHH.

Jnd mopmenupoBaHUH, KaTUOPOBKM U PEKOHCTPYKIMH COOBITHH B
IIUPOKOANIEPTYPHOM CIIEKTPOMETPE OBUIM CO3[aHBI KOMILIEKCHl IPOrpaMM
TpcSimulation u TpcReconstruction, ocHOBaHHBEIE HA METOAAX M aJITOPUTMAX,
paspaborannsix rpynnoii HARP-CDP npu ygactum aBropa u omyOIuKoBaH-
vBIX B [Al], [3].

Bo BTOpOIi rMaBe mpencTaBleHO MOAPOOHOE ONMMCAHUE METONOB IEo-
MeTpHUYeCKol pexoHCcTpykuuu cobbtuii B kamepe TPC B nerexrope HARP.

Peructpanus cBOOOTHBIX 3JIEKTPOHOB, MOSABIIAIONIMXCS B PE3YyNbTaTe
noHm3amuu u JApeiidyromumx B kamepe TPC, mpomcxomwia Ha OZHOM U3
€e TOPILOB, NPEACTABIIIOMEM CO00i MHOTOIPOBOJIOYHYIO KaMepy C 3aIlH-
paromeii cerkoi. Cerka MpemATCTBOBaNA Ipeiidy MOIOKUTEIBHBIX HOHOB
B paboumii o0beM kamepsl TPC. CurHanbl cHUMAamUCh ¢ 3972 KarogHBIX
IUTACTHH, PACIOJIOXKEHHBIX KOHIEHTPHYECKUMHU PAAAaMH, Pa3IeleHHBIMH Ha
nIecTh CeKTopoB. Ilocie mpenBapuTenbHOr0 YCUICHUS M (GOPMUPOBAHUS CUT-
Habl onu(pOBBIBANKCH NpU moMmomu ObicTpbix mapamiensHsix AIIL Ilo
KaxgoMy Tpurrepy coxpansimoch 300 orcueroB AIIII, cOOTBETCTBYIOIIMX
IoHOMY BpeMeHH apeiida 30 Mxc.

Ha pa6ory xamepst TPC HARP Bimsan pspn HEmOCTAaTKOB, BBI3BAHHBIX
HEI0YeTaMy, AOMYIIEHHBIMY NIPU €€ U3TOTOBICHUH U dKCIUTyaranuy. OnuH U3
HUX OBLT BBI3BaH [IAPa3UTHOM CBA3BIO MEXKIY BXOIHBIMU U BHIXOJHBIMH IETIS-
MU NIPERYCHUIUTENCH, IPUBOAUBIIEH K IOABICHHUIO JIOKHBIX CHTHAIOB (KpOCC-
TOKOB). Kpome Toro, a;IeKTpuvIecKoe U MarHUTHOE OJI1 BHYTPH KaMephl ObI-

JIM UCKaKEHBI. YacTh HCKaKCHUH IIPUCYTCTBOBAJIA ITIOCTOAHHO, HO HEKOTOPHIC
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OBLTH BBI3BaHBI HAKOIUICHHEM O00BEMHOTO 3apsia B Kamepe Bo BpeMs cOpoca
U MEHSINCh C TEUCHHWEM BPEMEHH. B HMCKaXEHHBIX MONIX Apeid amexrpo-
HOB OTKJIOHSJICA OT HPSAMOJIMHEHHOH TpPAaeKTOpHH, IIPHUYEM CyMMapHOE OT-
KJIOHEHHE MOIIO Jocturarh 10 MM M IPUBOIWIO K 3HAYUTEIBHBIM CHCTEMA-
THYECKUM HOTPEIIHOCTAM IIPHU U3MEPEHUH UMITYJIbCa YacTUIl. BnusHue sTHX
HEIOCTATKOB YCTPAHIIOCh HA CTaAUH PEKOHCTPYKIMH COOBITHM, JUIi 4Ero
ObUTH pa3paboTaHBl COOTBETCTBYIOIINE METOABI KanuOpoBku kamepsl TPC.

PexoncTpykuust TpexoB B kKamepe TPC mpoBoanIack CieayomumM oopa-
3oM. IIpexze BCero, KOPPEKTHPOBAIUCH IIOMEXH, BBI3BaHHbIEC IApPa3sUTHBIMU
curHanamu. J{is aToro 6sU1 pa3paboTaH MOICIFHO-HE3aBUCHUMBINA METO, OC-
HOBaHHBIM Ha pe3yNlbTaTax aHaIu3a OTKINKA HICKTPOHUKU CUUTHIBAHHS Ha
mpOOHBIN 3apsa. BpuiM BELIBICHHI U KIACCH(HIUPOBAHBI CBI3H MEXAY pas-
JIMYHBIMY KaHAJIAMH ¥ COCTABIICHBI KapTH Kpocc-ToKoB. Ha mx ocHoBe ObL1
pa3paboTaH alropuTM KOPPEKIMH IIOMEX IIPOU3BOIBHOM BEITNYMHEI, KOTOPHIH
MO3BOJIAUT ONPENETUTH I KaXJ0ro KaHaja IMOMPaBKy K GopMe U aMILIUTY/E
curnana. B pesynsrare, BIusHUE [TApa3UTHBIX CUTHAJIOB YOAJIOCh CHU3UTH [0
YPOBHSI, IPA KOTOPOM IIOMEXH HE CKAa3bIBAIHCH HA PE3yIbTaTax (pU3MIeCKHX
u3MepeHuit B kamepe TPC. AMIIMTYnbl CUTHAJIOB B KaXIOM KaHaje KOp-
PEKTHPOBAJIACh B COOTBETCTBHYU C OTKIOHEHMEM KO3 (UINEHTa yCUICHUS B
KaHaJie OT cpepHero ypoBHs. Lllymsmue u «MepTBBIC» KaHATBI BBLBIIINCH
B K&XXJIOM C€aHCe, ¥ UCKIIOYATHCh U3 NAIbHEHINEro aHaau3a COOTBETCTBYIO-
mero Habopa JaHHBIX.

V3onupoBaHHBIE BO BPEMEHH I'PYIIIBI CUTHAJIOB Ha COCEIHUX IUTACTUHAX
TPC (0oTHenpHO B K&XKIOM PALY) O0BEAMHAIKCH B KINACTEPhL. [ ycTpaHeHUI
0CTaTouHbIX 3P (HEKTOB KPOCC-TOKA IPH BHIYUCICHUH F'¢)-KOOPIUHATHI KIIaCcTe-
pa MCIONB30BaJIOCH HE OOJBIIE TPEX CUTHAIBHBIX IUIACTHH, PACIIOTI0KEHHBIX

B pany NOCICAOBATEIIBHO U IIOJIYIUBIIAX HaMOONBIIHH 3apsan. Brruuciesssie
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KOOPIHMHATE! KJIACTEPOB KOPPEKTHPOBAINUCH I YCTPAHCHUS BIUSIHUS HCKa-
xeHull nonedt BHyTpu Kamepsl TPC ¢ norpemuoctsio MeHee 300 mxm. [t
aHaJIM3a IPOCTPAHCTBEHHBIX 00Pa30B, COCTABICHHBIX KIIACTEPaMH, M PacIo-
3HABAHUA OTACIBHBIX TPEKOB ObLI MCIONB30BAH METOJI TMCTOTPAaMM, II€PBO-
HayaJIbHO TpeIOKCHHBIH B dkcnepumente TOPAZ [4]. Oror meron Obul
MoauGHUIEPOBaH ¢ yuyeToM ocobeHHOCTel sKkcnepumenta HARP u ycnenno
MIPUMEHSUICS IS BOCCTAHOBJICHHS TPEKOB YACTHII C TONEPEIHBIM HMITYJIECOM
50 MbsB/c u Bbimre. DPPEeKTUBHOCTH PEKOHCTPYKIUH TPEKOB ObLIa ompererne-
Ha IMyTEM BH3YAJIBHOTO CKAHUPOBAaHHUS COOBITHH M cocTraBmia 95 + 1% (s
TpexoB ¢ |pr| > 0,1 T9B/c u 20° < 8 < 135°). MImynbc 9acTuI U UX MOHU3A-
IIOHHBIEC IIOTEPH B Ta3e ONPENCIUIHCH MOCIEe aHATUTUYECKOH aNmpoKCuMa-
UK TpeKoB. [Ipu 5TOM, 171 yCTpaHeHUs 0CTAaTOYHBIX 3((EKTOB, BEI3BAaHHBIX
KpOCC-TOKaMM U MCKaXCHUSAMH IOJeH BHYTPH U Ha Kpasx kamepsl TPC, mpo-
BOIMJIACh KOPPEKIMs CaruITHl TPEKOB. BennuuHa mompaBKu BapbUpOBAIACh
B HEOONBIINX IpeseIax B 3aBUCUMOCTH OT a3UMYTAJIBHOTO U IOIIPHOIO yIva
U OIIpenensuiach U3 TpeOOBaHMI PABEHCTBA BPEMEHH MPOJETa OTPUIATEIIHHO
U TOJIOXKHUTEIBHO 3aPSHKCHHBIX NMHOHOB C PABHBIM MMITYJIBCOM, COCTABIAA B
cpenrem 6(1/pt) ~ 0,05 (TB/c)™L.

Hcnonp3oBaHue MEPBUYHON BEPHIMHBI MIPH ANIPOKCHMALUH TPEKa I03-
BOJIAET IOYTH BIBOE YIYy4YIUUTh paspelleHue NPU U3MEPEHHU IOIEPEUHOTO
UMITynbca 9acTUIpl. OmHAKO, IPY BKIIOYCHHUH NEPBHYHON BEPIIMHBI B (UT
TpeKa cIeyeT yJuThIBaTh 3h(EKT, BOSHUKAIOMUH U3-32 HOHU3AIMOHHEIX T10-
TEpb U PACCESHUS BTOPUYHON YacCTUIBI NPH ABIKCHUH B MUIIECHH U B Ma-
Tepuane aerexropa. Jyma sToro ObUIa HPUMEHEHa HPOIERypa PEKOHCTPYK-
MY TIOJIOKCHUS «BUPTYaIbHOI» NMEPBHYHON BEPUIMHBI, KOTOpas HE HMMela
OBbI CMENIEHNsI OTHOCHTENBHO SKCTPANOIAMH TPEKa, 3apeTHCTPUPOBAHHOIO

B KaMe€pe TPC. Ee monoxenue OonpeacidaiIoch METOAOM IOCICOOBATCIBHBIX
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IpUONIDKEHUH ITyTeM BBIYHCICHUI OKUJAEMOT0 CMEIIEHHS BCICICTBHE MHO-
TOKPAaTHOIO KyJOHOBCKOI'O PAaCCESHHS ¥ MOHU3ANUOHHBIX MMOTEPh YACTHUILIBI B
BemecTse. [lomyueHHas BUPTyalbHas BEPIIMHA UCIIONb30BAIACh TP OKOHYA-
TEJNFHOM aNlIpOKCUMAIIUH TPeKa. Bce BBIUMCIEHUS TPOM3BONIIKCH IS TPEX
THIIOTE3 O THIE YACTHUIBI, B PEAMOIOKEHIH YTO YACTUIA SBIAETCS JIIEKTPO-
HOM, IIHOHOM WJIH MPOTOHOM. OnucaHHas MpoIeaypa OQHOBPEMEHHO II03BO-
JsIa OTPEACIUT 3HAYCHUA MMITYJbCa M yIia BBUIETA YACTHIEI B BEPIIUHE,
KOTOPBIE 3aTEM HCIIOIB30BAIUCH IPH pacuere AuddepeHIHanbHbIX CEICHUI.

B pesynsrare, ObUTH JOCTUTHYTHI CICAYIONINE XapaKTEPUCTUKH KaMephI
TPC HARP. AGconioTHas BeTUYHHA UMITYJIbCA YACTUI] H3MEPAIACh B KaMepe
¢ cucteMarnueckor omubkoi menee 2%. VmmynscHoe paspemenue o(1/pr)
6510 pasro 0,20 (IB/c)~!, u yxymmanocs mo 0,25 (I'sB/c)™! mpu Mamsix
yIiax BBUICTA HJIM Majod CKOpocTH dyactuil. Ilpu momoGHOM pasperieHud,
BEPOATHOCTH HEMPABWIHHOM UACHTH()UKAIIMA 3apsaa YACTUIIBI C P, PABHBIM
2 I'aB/c, ve npessimana 2-3%. Yron BbUIETa YaCTHUIl U3MEPSIICA C pa3perie-
HUeM 66 ~ 9 mpan (i momapHOro yria, pasaoro 60°). Cucremarudeckas
omuOKa M3MEPEHUs MOJIPHOTO yIIa COCTaBILIa MeHee 2 mpan. Monuzarm-
OHHBIC TTOTEPH MUHMMAIBHO HOHHM3UPYIOIIMX YACTHI[ H3MEPSUIHCH C paspe-
menueM 16% (s TpexoB miunHOM 6onee 300 Mm).

Crenyer ynmoMsAHYTh KPUTHKY HPEICTaBICHHOW METOXMYECKOH paboTHI
U TOJyYeHHBIX PE3yNbTaToB, OMyONMKOBaHHYIO B [5]. 3ameuaHus KacaioTcs,
B OCHOBHOM, Ipoueayp kanuOposku kamep RPC u xoppekimu 3¢ deKxros, BbI-
3BaHHBIX MCKXCHUAMH 10N B kamepe TPC, KoTopsle HE pacCMaTpHBAOTCA
noApoOHO B JaHHOW pabore. DTH 3aMe4aHus BHI3BAHBI Pa3lUYUsIMH B pe-
3yNbTaTax, JOCTUTHYTHIX IPU KATHOPOBKE MIHPOKOAIEPTYPHOTO CIEKTPOMET-
pa rpymnoit HARP-CDP u xomnaboparueit HARP. Cnenyer orMeTuts, 4TO

YKa3aHHBIC Pa3JIndIuAd OOBACHAIOTCA HEOOUCTaMU, JOIYIIEHHBIMHU IIPU IIPOBEC-
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JICHIY aHamW3a HaHHBIX Koywtabopanueidr HARP, mosToMy KpuUTHYECKHE 3a-
MeuaHus, BhICKazaHHbIe Koiutabopanuein HARP, He umeror mox coboii mocra-
TOYHBIX OCHOBAHHUU.

Pesynsrars! BTopo# miaBsl onyOnukoBansl B padore [Al]. Kommentapuu
IO MTOBOAY KPUTHUYECKHUX 3aMEUYaHUH K 3TOH paboTe, OmyOIMKOBaHHEIX B [5],
IaHbl B padotre [A2].

B Tpetneii riaBe omnucaHa NpOIeAypa aHAINM3a NAHHBIX M IPH-
BOIATCA pe3yAbTarbl U3MEPEHUH MHKIIO3MBHBIX IU(epeHIHaNIbHbIX Ce-
YEHWH PpOXICHHA IPOTOHOB H 3apPDKCHHBIX IHOHOB B  PEAKIHAX
n*,n7,p+Be - n*,n7, p+ X npu uMIynsce Mydka B JUAmasoHe OT 3 10
15 I'sB/c, u BbIXOa KaOHOB B peakuuu p + Be — K* + X npu ummymsce
myuxka 8,9 ['3B/c.

JIns mOCNenyromero ananyu3a OTOUpaiCh COOBITUS, B KOTOPBIX OXHO-
3HAYHO BOCCTAHOBJICHA TPACKTOPHS IIy4KOBOHM YaCTHIBI, OIPENIEICH €€ THII,
a B COOTBETCTBYIONIEM COpOCE YCKOPHTENISI OTCYTCTBOBAIH PE3KHE M3MEHE-
HHS UHTEHCHBHOCTH. IlONOXXEHHME MeCTa MOmagaHus MyYKOBOH YacCTHUIEI B
MHIIEHb JOJDKHO JIEXKaTh B pajguyce 12 MM OT HOMHHAJIBHOTO IOJOXKCHHUS
Iy4YKa, COBMAJAIOMIETO C IEHTPOM MHIICHH.

Ot16upanuce Tpeku, 3aperucTpUpOBaHHBIE TONBKO B 1, 3, 4 u 6 cekro-
pax xamepsl TPC. g HafeXHOr0 BOCCTAHOBJIEHMS IapaMETPOB YaCTUIIBI
Tpe6oBasIOCh, 9TOOBI TPEK cOCToT He MeHee deM u3 10 kimactepos. Bexrop
HFMITYJIbCa TPEKa B BEPIUHHE HE JO/DKEH JICKATh BOJHM3M CTHIKOB MEXIY CEK-
Topamu B mpenenax 10° mo a3mMyTanbHOMY YIIIy C OXHON CTOPOHBI, M 2°
¢ Apyroi. JToT Kputepuil ObL1 00yCIOBICH MOHIKCHHOH 3 (EKTHBHOCTHIO
perucTpanyy BOIM3YM CTHIKOB, M 3aBHCEN OT 3HAKA 3apsjga YaCTUIBL: JUIT 4Ya-
CTHII IPOTHBOIIOJIOKHOTO 3aps/ia, a TAKXKe IIPU M3MCHCHUY HAIIPABICHUS UH-

AYKOHUK MarHuTHOI'O IIOJIA KpI/ITepI/Iﬁ MCHAJICA Ha HpOTHBOl'IOJ'IO)KHI:Iﬁ. Vron
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BBUIETa TPEKOB JOJDKEH JIexkaTh B npenenax ot 20° no 125°. Kpowme Toro, Tpe-
00BaJIOCH, YTOOB! SKCTPANIONIAINS TPEKa NPOXOIUIa Yepe3 00NacTh MUIICHU.
IIpu BerYuCIEeHNY 3HAUCHUH MU hepeHINaTbHBIX CEUCHIH IPUMEHSIINCH 10-
IPaBKY, YYUTHIBAIOMNE 3PPEKTHBHOCTD PETUCTPALMH TPEKOB, SKCIIEPUMEH-
TaJIbHOE Pa3pEeIICHUE CIEKTPOMETPA, BIUIHAE KPUTEPUEB 0TOOpa COOBITHH, a
TaKXKe BEPOSTHOCTH ITOBTOPHOTO B3aMMOIEHCTBUSA BTOPHUYHBIX YACTHUI[ B MH-
IIICHU ¥ Pacrajia BTOPUYHBIX ITHOHOB.

Jl1st abCONMIOTHOM HOPMHPOBKH IIOTOKA ITYYKOBBIX YaCTHI[ OTOMPATHCh
COOBITHS, KOTOPHIE OBUIM 3aPETHCTPHPOBAHBI II0 PEIICHUI0 HOPMUPOBOYHOIO
Tpurrepa. IIpu 3ToM TpeboBanoch, 4TOOH! IIyYKOBas YacTHIA YAOBIETBOPS-
Ja TEM XK€ KPUTEPHSM, YTO M IpU 0TOOpe COOBITHII C B3aMMOAEHCTBHEM B
MUIIIEHH.

CrarucTuyeckoe MOJCTHPOBaHUE COOBITHH OCYIIECTBISIIOCH IPH IIO-
Mo KoMIiulekca mporpamm TpcSimulation, paspaboTaHHOr0 Ha OCHOBE
nporpamMmuoro nakera Geant4. Bruta co3maHa MozeNns IIMPOKOANEPTYPHO-
IO CIIEKTPOMETpPA, yUUTHIBAIOIAs B3aUMOJCHCTBUE ITyYKOBON YaCTHUIIBI B MH-
IIICHH, IPOXOXKACHNE BTOPUYHBIX YaCTHUIl Yepe3 BENMIECTBO M MOJCIHPOBAHUE
OTKJIMKA JIETEKTOPOB, KOTOPas IO3BOJIAIA TOCTOBEPHO BOCIPOU3BECTH IKCIIE-
PUMEHTAIBHO U3MEPEHHBIE BEIUYUHBI. J[JI1 MOENUPOBAHYS B3aUMOAEHCTBHA
MIPOTOHOB C MMITYJIbCOM HpKe 12 I'9B/c ObUT MCIIOIBh30BaH CTaHAAPTHBIN Ha-
60p moneneit dusuueckux mporeccos QGSP_BIC. {1 MoxenupoBanus B3a-
HMMOZIEHCTBYS IIHOHOB, a TAKXKe MPOTOHOB ¢ uMITyinbcoM 12 u 15 I's3B/c mpu-
MEHSJICA CIIENHANBHO pa3paboTaHHBIN HAOOp Mozenel Gpu3ndecKux mpouec-
coB HARP _CDP. [lns pacuera conepkaHus 3IEKTPOHOB M MIOOHOB B ITyUKe
ObUIa CO3[JaHa MpPOrpaMMa MOJEIUPOBAHUSA MAarHUTOONTHYECKOro Tpakra 19
nporonHoro cuaxporpora CERN.

I[JIH I/IIICHTI/I(i)I/IKaHI/II/I BTOPHUYHBIX YaCTHI] KaXJI0i M3 HHX IIPpUNCHIBA-

14



! !

1 | | 1 !

!

i

-0.8

-0.4 o

0.4

0.8

.
§1oo; 12<y<id . 80 0.8<cos®<09

S : °

© ¢ % s 0

S ? : 3 b K

= . o O 60

8 © . 3 ¢ ’N’

E * [ & 50l o LR

& 5 % E ¢ $ [} ()

g 10F 15}’ ‘”Q g 4o ¢ R

o f © S

5 3 B 30} QQ ¢ .

5 + 4 2 oe %
-~ ¢¢ o EB02 14.6GeVic % 2oL o e
£ ; « CDP 15.0 GeVic oo o Egto123Gevic o
g1t 4 e

=

1 1 L

Il 1 — 1 1
08 04 0 04 08

1.2

Charge-signed [my — m] (GeV/ic®) Charge-signed pion momentum (GeV/c)

Puc. 2. CneBa: cpaBHEHHE U3MEPEHHBIX B JaHHOH paboTe (depHble TOUKM) CedeHUi poxie-
HUS 3apsDKEHHBIX ITHOHOB B peakiud p + Be — n*, 7~ + X npw ummynsce mydxa +15.0 I'sB/c
C CeYeHMsIMH, M3MEpeHHBIMH B SKcrepumente E802 mpum ummynsce myuka +14.6 I'sB/c
(6ensie Touky). CnpaBa: cpaBHEHHE M3MEPEHHBIX B JaHHOW pabore (depHBIE TOUKHM) cede-
HU pOXIEHU 3apsOKeHHBIX NMHOHOB B peakuuu p + Be — n*, 7™ + X mpu uMmmynsce myd-
ka +12.0 IsB/c ¢ cedenusamu, u3MepeHHBIMA B dkcriepumente E910 npu mMmmynsce myuka

+12.3 I'5B/c (6enbie TO9KHM).

JIaCh BEPOATHOCTD SBIIATHCA IIPOTOHOM, MHOHOM (MIOOHOM) HJTH 3JIEKTPOHOM.
CymMa 3THX BEPOATHOCTEH HOPMHUPOBAJIACH HA CIUHUILY, YTOOBI COXPAHUTH
YHUCIIO YaCTHL. BEpOATHOCTH M KOKIOH YACTHUIIEI BHIYUCIIUINCH UCXOAS U3
M3MEPEHUH MOHU3AIMOHHBIX moTeph B kamepe TPC u BpeMeHH mposera mpu
momoru kamep RPC ¢ y4eroM OTHOCHTEIBHOTO CONCP)KAHHS YACTHI] JaH-
HOTO THIIA B BBIXOMHOM Ipoaykre peakuud. OTHOCHTENBHOE COIEpKaHHE
YACTHI] ONMPEHCIIAIOCh IMyTEM CTaTHCTUYECKOTO MOICIMPOBAHUA C HOCIEHY-
IOIIMM B3BEIIMBAHUEM JUII AOCTIXKEHHS COIVIACHS C DKCIIEPUMEHTAJIBEHBIMU
nmanaeiMu. Ocobas mporienypa Opuia pa3paboTaHa A HACHTH(UKAINE Kao-
HOB ¥ JEUTPOHOB.

I/II[GHTI/I(bI/IKaI_II/ISI ITYYKOBBIX 4YaCTHI[ IIPOBOAMJIACH HAa OCHOBAHHUHU CHUI-
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HAJIOB YEPEHKOBCKHMX CUETYMKOB M M3MEPEHUI BPEMEHHU IIPOJIETA B CHCTEME
JNETeKTOPOB KOHTpons myuka. CozmepiKaHue MIOOHOB B ITyYKE OIEHHBAJIOCH
IIPY TIOMOIIY UAECHTU(DHUKATOPA MIOOHOB. DJIEKTPOHBI IIPU MaJIBIX UMITYIIECAX
(3-5 I'sB/c) oTcenBanuch OETEKTOpaMH KOHTPONA myuka. [Ipu Gomee BEICO-
KHX MMITYIbCaX HX COACP)KAHHE B IYYKE OICHHUBAJIIOCH IPU ITOMOIIM 3JIEK-

TPOMAarHUTHOIO KaJIOPHMETPA M IIPOrPaMMbI MOAETMPOBAHUS TPAKTa ITydKa.

[ o HARP Collaboration 20 O HARP Collaboration;
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Puc. 3. CrneBa: cpaBHEeHHE U3MEPEHHBIX B JaHHOH padoTe (YepHBIE TOUKH) CEUCHU pOKIe-
HUS 3apSHKCHHBIX IMOHOB B pEeaKIUu p + Be > n*,n” + X npu nMmynsce myuxa +12.0 I'aB/c
C pe3ynbTaTaMy, NoIydeHHBIME Koitabopanueit HARP (Gensie Touku). IIoka3aHBI MONHEIE
omm6ku. Crpasa: I 9TOH e peaKIiy 0Ka3aHO CpaBHEHUE M3MEPEHHOT0 B JaHHO# paboTe
("4epHBIe TOYKY) OTHOIIEHHS BBIXONOB 7'/~ ¢ pesynsraramu koimtabopauumu HARP (Gensie
TOYKH) B 3aBHCHMOCTH OT IIOJIIPHOIO yINa; IIPUBEICHO aHAJOTHYHOE OTHOIIECHUE, H3MEPEH-
Hoe B 3kcrepuMenTe E910 mpu ummynsce mydxa +12.3 I'sB/c. Pesynsrarsl komutaboparu
HARP noxasassl ¢ IOJHBIME OIIMOKaMH. J[J1 pe3ynbTaToB, NONYYEHHBIX B SKCIEPUMEHTE

E910 u B nanHoit paboTe, OKa3aHbI TOJBKO CTATUCTHIECKUE OIIMOKH.

)_IJI}I KaxXmou KOM6I/IHaI.II/II/I HAJICTAIOIIMX U BTOPHUYHBIX YaCTHUI CCUCHUL
OBLTH HU3MEPCHBI B MHTCPBAJIAX IOIEPEYHOIO0 UMITYIIbCa BTOPUYHBIX YACTHUIL

pr (B mumanazore ot 0,1 mo 1,25 I'aB/c) u nonaproro yria ux BbuieTa 6 (B
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muamazone ot 20° mo 125°). IIpu kaxmom ummynbsce myuka +3,0; +5,0; —8,0;
+8,9; £12,0 u +15,0 I'3B/c u3mepenus ObuiM NpoBeneHE B 96 MHTEpBaIax
pr u 6. Cucremarudeckas ommOKa ONpeneniach, B OCHOBHOM, JKCIEPHU-
MEHTAJIBHBIM Pa3peIlieHHEM CHEKTPOMEeTpa U IOTPEUTHOCTIMHU, CBI3aHHBIMU
¢ abCOIOTHO HOPMHPOBKOH ITOTOKA, OIIEHKO 3(()EKTHBHOCTH PETHCTPALIN
BTOPUYHBIX YaCTHI, PACYETOM OTHOCUTEIHHOTO COACPIKAaHMUS YACTHI] JAHHOTO
THUIIa B BEIXOAHOM IPOAYKTE PEaKLIUU M YIETOM BIHSIHUSA KPUTEPHEB 0TOOPA,
M COCTaBJIsUIa B OONBIIMHCTBE MHTEPBAIOB OT 3 10 5%.

Bonpmas cratuctuka coOBITHH, HaOpaHHas TpH HMIYJIbCe ITydKa
8,9 I'sB/c, no3BonuiIa U3MEPUTh BBIXOJ BTOPHYHBIX KAOHOB IO OTHOIICHUIO
K BBIXOAY NHOHOB B peakiuu p + Be — K* + X. YkazamHOe OTHOIICHHE,
YCpEeOHEHHOE 10 YIIIy BhuIeTa B auanasoHe 20° < 6 < 32° ¥ mo UMIIy/IsCy B

nuarrazone ot 400 go 700 MbsB/c, paBHO

d’ox(p,6)/dpdQ
d20,(p, 8)/dpdQ

Rx(p,6) = ~0.02 +0.003 .

Pesynprarsl 1aHHOM pabOTHI HAXOMATCA B XOPOIIEM COIVIACHU C HU3Me-
PeHUAMH Ha NPOTOHHBIX Iy4ykax ¢ ummynscoM 14,6 u 12,3 I'aB/c, BbImon-
HeHHBIMHU B dKcriepuMenTax E802 [6] u E910 [7], coorBercTBeHHO (pHC. 2).
B TO >x€ BpeMs, OHH CyLIECTBEHHO OTIIMYAIOTCA OT PE3yNIbTaToB, OIyOIHUKO-
BaHHBIX Komnabopanueit HARP [8] (puc. 3). Oto Tem Gonee mprMedarensHo,
€CJIX y4eCTh, 4TO B aHAIU3E, IPOBeAeHHOM Komtabopanueit HARP, Obuin uc-
NIOJIB30BAHBI TE K€ UCXOAHBIE SKCIICPUMEHTAIBHEIE JAaHHbIE, YTO U B TAaHHOU
pabote. Yka3aHHOE pasnuyune OOBICHACTCS HeNOYEeTaMH, JOIMYILECHHBIMH IPH
aHanu3e AaHHBIX Komnabopanuedt HARP u cBs3aHHBIME, INTaBHEIM 00pa3oM,
C HEIOCTATOYHO Xopomrel kanuOposkoit kamep TPC u RPC.

Pesynbrarsl TpeTheil mIaBbl OMyOiHMKoBaHEI B padorax [A3, A4]. Ilpu-

YHHBI PAaCXOXICHUA HU3MCPCHHBIX CEUEHU ¢ pe3yinpTaraMu, IOJIYy4YCHHBIMU
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kowtabopanueii HARP, onyOnukoBans! Kak npunoxerue kK [A3].
B yeTBepTO#i INIaBe MOTy4YECHHBIC PE3YJIBTATHl HCIOIB30BAHbI IS [IPO-
BEPKU IPAaBHIBHOCTH (PEHOMEHOIOTHYECKUX MOZENeH SNepHBIX B3aUMOJIEH-

CTBHUIi, IPUMEHAEMBIX B IporpaMMHOM nakere Geant4.

QGSP_BIC QBBC
@ @
ima L piplus_beam '§ ol piplus_beam
§ secondary_piminus §. secondary_proton
< S 800
o200 200 < P, <250 N 550 <P <700
=S = 700
§ g
é 1000~ é

1 s 1
0 20 40 60 80 100 120 140 160 180 [ 20 40 60 80 100 120 140 160 180
Polar angle (degrees) Polar angle (degrees)

Puc. 4. Ha6op mozeneit QGSP_BIC (cneBa): pacupeneneHue yriia BbUIETa T~ -ME30HOB, 00-
pa30BaHHBIX HaJIeTalOMUMU 71*-Me30HaMu; Habop mMoxeneit QBBC (cmpasa): pacnpenencHue
yIyia BBUIETA JIPOTOHOB, 0OPa30BaHHBIX HAJICTAFOIMMH 7t -Me30HaMu. KpecThl COOTBETCTBY-
0T 9KCIIePUMEHTAIbHBIM NaHHBIM, CIUTOIIHASA JIMHUA ITOKA3hIBAET PE3YIETAT MONEIUPOBAHMS
¢ nomorpio Geant4. Macmrab BEIOpaH MCXOAS W3 PaBEHCTBA MHTETPANBHBIX BBIXOJOB da-

CTHIl B MHTepBale yrnos oT 20° mo 125°.

OKCIEPUMEHTATBHO U3MEPEHHBIE CIIEKTPHI IPOTOHOB M 3apsHKCHHBIX IH-
oHOB mpu mMmyisce myuka +8,9 I'sB/c u -8,0 I'sB/c Oputm cpaBHEHHI C
OpenCcKa3aHWsAMU 3THX Mogjeneil (B paboTe HCHONB30BaJIach BEPCHS IAKETa
Geant4 9.1). Ananu3 pe3yasTaToB CpaBHEHUS, B KOTOPOM 32 OCHOBHOM KpH-
TEpHii B3ATa BO3MOXHOCTD alEKBATHOTO ONUCAHUS HKCIIEPHMEHTAIBHO H3MeE-
peHHOH (HOPMBI YIVIOBBIX CIEKTPOB BTOPUYHBIX YACTHUI, IIO3BOJMI BBLIBHTH
CylecTBEeHHbIe HemocTarku nakera Geant4: Hu oquH HabOp Moxenel He ObUT

IIpU3HAaH YyAOBJICTBOPUTECIIPHO ONMCHIBAIOIIUM BCE OAHHBIC OOHOBPEMEHHO.
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Jns GonpmuHCTBa HAOOPOB MOAENCH OBUIM OTMEYEHBI Y3KHH NUK BTOPHY-
HBIX TPOTOHOB C YINIOM BbUIeTa, Omms3kuM K 70°, ¥ Haau4yume CTPYKTYpHl B
pachpeneeHuH BTOPHYHEIX MHOHOB (pHC. 4). OTH XapakTepHBIE 0COOCHHO-
CTH CIIEKTPa HE HAOIIONAIOTCS B OKCIIEPUMEHTAIBHBIX JaHHBIX. [0 pe3ynsra-
TaM JaHHOH paboThl, aBTopamu nakera Geantd yka3aHHBIE HETOCTATKH OBUIH
YCTPaHEHBI B IOCIENYOIUX BEPCUAX IPOrpaMMHI [9].

| CpaBHeHNE M3MEPEHHBIX OTHOWEHMH BbIXOmoB K*/nt u d/p us sanmep
Oepwiuius MOX IEWCTBUEM HPOTOHOB ¢ mMmynscoM +8,9 I'aB/c ¢ mpenckasa-
HHSMH HEKOTOPHIX MOJENeH, BXOAIIMX B cocras makera Geant4, moxasaio,
yro Mozens FRITIOF Hemnoxo OmuchHBAaeT JaHHBIE, HO HE BOCIPOU3BOILUT
3aBUCHMOCTb OT HMITyJbca I KaoHOB. [Ipenckazanus Momenu OUHAPHOTO
BHYTPUAAEPHOTO KacKajia C pe3yJasraTaMy U3MEPeHUH He COIIacyIoTCs.

Pesynprarsl ueTBepToil M1aBBI OIMyOIuKOBaHE B paborax [A3, AS].

3aKiaoueHue
Ocnonnme pe3yJII>TaTLl 1 BBIBOIABI

1. BrepBble CHCTEMaTHIECKH U3MEPECHBI HHKIIFO3UBHBIE AU (epeHITHaTb-
HBIE CeuyeHHs 00pa30BaHUA MPOTOHOB ¥ 3aPsHKECHHBIX IMOHOB HA SApPaxX
OeprUIHA MPOTOHAMH M 3aPsDKEHHBIMH IIHOHAMH C UMITYJIbCcoM +3,0;
+5,0; -8,0; +8,9; 12,0 u +15,0 I'3B/c (3HaK HMITyIECa COOTBETCTBYET
3HaKy 3JIEKTPUYECKOTO 3apsaa YacTHIl B Iyuke). FI3MepeHus BBIMOJIHE-
Hbl Ha ycraHoBke HARP B mmamasome ymioB Bpurera wacturn ot 20°
no 125°. JlocTurHEyTa TOYHOCTH H3MEpeHus cedeHuil paBHas 3-10%.
Iony4eHHsIe pe3ynpTaThl ABIIOTCA KCIICPUMEHTAIEHOW OCHOBOM UL

pasBUTUA TCOPUU CHUIIBHBIX B3aUMOJICHCTBHUN U MUMEIOT Ba)KHOE 3HAYe-
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HHUEC IJ11 YTOYHCHHA ITapaMETPOB (bCHOMCHOJ'IOI"I/I‘-ICCKI/IX MOZeIeH anep-

HBIX pEaKIyi.

. BrepBbie u3MepeH BBIXOI BTOPUYHBIX KAOHOB 110 OTHOIIEHUIO K BHIXOMY
IFOHOB B PEAKIIU¥ B3aNMOICHCTBUS IIPOTOHOB C SApaMu OepHILIUs IPH
ummyibcee myuka 8,9 I'sB/c. 3amepenus cienansl B yIIOBOM IHUAIIa30HE

20° < 0 < 32°. YkazanHoe otuomenue pasao 0.02 + 0.003.

. IonyueHHBIE HaHHBIE BOCIOIHAIOT IPO0eN B TOH 001acTH, Ie B HACTO-
sIiee BpeMs TOYHBIE SKCIEPUMEHTAJIbHBIE U3MEPEHUS 0COOSHHO BOC-
TpeOOBaHBI B CBA3H C IIPOCKTUPOBAHUEM HOBBIX YCKOPHTEIBHBIX KOM-
wiekcoB (HedTpuHHas (abpyka, MIOOHHBIH KOMLIaiinep), HeoOX0qUMO-
CTBIO pacuera HEHTPHUHHEIX CIIEKTPOB B 3KCIIEPUMEHTAX C YCKOPHTEIb-
HBIMH U aTMOC(HEPHBIMU HEHTPHHO U ITOBBINICHUEM TPEOOBaHUM K TOY-

HOCTH npencxasaﬂnﬁ nporpaMM MOZICINPOBaHUA.

. TIpoBeneHO cpaBHEHHE PE3YABTATOB U3MEPEHHUH C MPEACKA3aHUSIMU Psi-
na (HEeHOMEHOJIOTHYECKUX MOIENIEH ANEPHBIX Peakiui, UCIOIb3YeMbIX
B IIUPOKO PACIPOCTPAHEHHOM W TIPUMEHSIEMOM Uil MOICIMPOBAHUSL
IPaKTHYECKU BCEX COBPEMEHHBIX ¥ IUIAHMPYEMBIX YCTAaHOBOK (BKJIO-
yas skcriepuMenTsl Ha LHC u FAIR) nmporpamvuom makere Geant4.
BEIIBIICHO 3HAYUTENIFHOE PACXOXKIACHHUE PE3YIFTAaTOB MOJEIIMPOBAHUA U
9KCIICPUMEHTAIBHBIX JaHHBIX, BRI3BAHHOE HENOCTATKAMHU 3THUX MOZE-
neii. Tlo pesynsraraM maHHOM paOoTH, aBTopamu makera Geant4 B mo-
CIIEMYIONINX BEPCHUAX IIPOrPaMMBI yKa3aHHBIE HEOCTAaTKH OBLIH yCTpa-
HeHBI. B HacTosmiee BpeMs, yaydIIeHHas Bepcus naketa Geant4 mpu-
Mmensgercs mia pacueroB B OMSM, CERN u apyrux uccienoBareibCKuX

NEeHTpax (U3UKKU BHICOKHX dHEPTHUil.
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5. BrimonmHeHa MeToauyueckas paboTa, BKIIOYAIOMmas B ceOs:

a) pa3paboTKy METONOB M MPOrpaMMHOr0 oOecredeHus it Kaiuo-
POBKH OTIEIBHBIX KaHanoB kaMmephsl TPC, KoppeKnuu napa3suTHEIX
CUTHAJIOB, TE€OMETPHYECKOH PEKOHCTPYKIIUN TPEKOB U NEPBUYHON
BEPIIMHBI, ¥ BBIYUCIICHUA NMONPABKH HA MOHHU3ALMOHHBIE ITOTEPH
U MHOTOKpPAaTHOE KYJOHOBCKOE pPacCesHUE BTOPHYHBIX YaCTHI| B

. Mar€puajic MULICHH,

0) pa3paboTKy NPOrpaMMHOIO OOECHedeHHs Uil CTAaTUCTHYECKOTO
MOJEIUPOBAHHUSA COOBITHH B HIMPOKOANEPTYPHOM CHEKTPOMETPE
HARP;

B) pa3pabOTKy HpOIEaypsl 0TOOpa AaHHBIX, YIOBICTBOPSIOMIUX KPU-
TEpUSIM HAIEKHOH paboThl MIMPOKOAIEPTYPHOTO CIIEKTPOMETPA U

TOYHOTO M3MepeHus udhepeHITNaNbHbIX CEYCHHUH.
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