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OBLIAA XAPAKTEPVUCTUKA PABOTEI

OO6bexT uccyeOBaHus U aKTyaIbHOCTD TeMbl. OnHol u3 HamboJiee BasK-

HBIX 337189 COBPEMEHHOI (DU3MKK 3JIEMEHTAPHBIX YACTHUI] SIBJISIETCS CO3IAHUE
HOBBIX BBICOKOWHTEHCHBHBIX UCTOYHIKOB HENTPUHO M3BECTHOIO COCTABA C KOH-
TPOJILPYEMBIM CIEKTPOM. TaKue MCTOYHUKY HYKHBI JisI IPOBEJEHNs YCKOPY-
TeJbHBIX 9KCIIEPUMEHTOB 10 N3MEPEHUI0 BePOATHOCTH OCUMWVIANNI 1y — Ve U
ompezeneHnio 613, mo noucky CP-cuMMerprn B JIENTOHHOM CEKTODE, PEIICHUIO
IpoOJIEMBI HePapXyuil MacC U T.J.

B macrosimee BpeMst HanboJiee MEPCIEKTUBHBIME KaHIUIATAME Ha POJIb
OZI00HBIX HCTOYHUKOB SIBJISIFOTCST MIOOHHBIE HAKOIUTENIBHBIE KOMIbIIa, (HEHTPUH-
uble dabpuku). Hanbosee aKTUBHO MPOEKTHI CO3MAHNS HEHTPUHHBIX (habpuK
paspabarsiBatorcst 8 Espone n CIIA /1, 2/. Co3nanue TaKoro yCKOPUTEIHHOTO
KOMILJIEKCa TPeOyeT pelleHrsi MHOTUX TEXHUUECKUX 3a7a4, ONHOI U3 KOTOPBIX
SIBJISIETCST TIPOU3BOJICTBO U (DOKYCHPOBKA MAKCHUMAJIBHO MHTEHCHBHOIO ITOTOKA
T-ME30HOB JJIs MOJIYYeHNUs JOCTATOYHOTO KOJIMYEeCTBA MIOOHOB, YTO B KOHEYHOM
UTOTE OIPEeNEsAeT HHTEHCUBHOCTD MydKa HeiTpuHo. OnTuMu3aIus MIOOHHOTO
HUCTOYHUKA TpebyeT BEIOOpa MOAXOMSINEr0 MaTepUasia MUILIEHH ¥ TOYHOTO 3Ha-
HUSI CIIEKTPOB U YIJIOBBIX PACIIPEIE/IEHUi T-ME30HOB, 00Pa3yIOLIXCS B IPOTOH-
SAZEPHBIX B3AUMOJIEICTBIAX B MIOOHHOM MCTOUHUKe. OIHAKO, TOYHOCTh UMEI0-
[IUXCST U3MEPEHUIT 0 BBIXOLY BTOPHUYHBIX IMOHOB B IMPOTOH-SIEPHBIX B3aHMO-
neficrBusix npu suepruu 2-10 I'9B /¢ siBHO HemocTaTOYHA (HEONPEIETIEHHOCTD B
2 paza).

Sanaueii sxkcriepumenta HARP siBiisiercs mpenu3noHHoe CHCTEMaTHYeCKOe
M3MEPEHNe WHKJIIO3UBHBIX ABaXKIbl MuddepeHIualbHbIX CEYeHNH pPOXKIEHMUST
aIPOHOB BO B3aMMOJIEHCTBUSAX MTPOTOHOB ¥ 3aPSYKEHHBIX IMOHOB C sApaMy s
MPOEKTUPOBAHNA MHOHHOTO MCTOYHWKA He#rpmHHON (abpuku. Hanbompimii
HHTEPEC MPEJCTABJIACT U3MEPEHNE CEUEHUil POXKIEeHNs NMOHOB Ha sIApax TaH-
Tayia u cBUHNA. KpoMe Toro, pesysbrarsl u3Mepenuit sxkenepuMenTa HARP Mo-
IYT HCIOJIB30BATHCA HJIS MPEJCKA3AHIS XaPAKTEPUCTHK HEATPUHHBIX IIYYKOB
B 9KCIIEPHMEHTAX C YCKOPUTEbHBIMY HEHTPUHO, MOJEJIUPOBAHUS IIOTOKOB &T-
MOCGhEpHBIX HEHTPUHO U YTOUHEHKE PabOThl IPOrPaMM-TEHEPATOPOB, MOMIEJIH-
pyromux mo merony Monrte-Kapio B3anmMmoseiicTBusi aIPOHOB ¢ PA3INYHLIME

BHUJaMU BeIIECTBA.



Henpio gucCepTANMOHHON PabOTHI SIBJSETCT W3MEpPEHNe HHKJIIO3UBHBIX
IBaXk sl udepeHIuaIbHbIX CeUEH POXKIEHYS JPOHOB BO B3ANMOIEHCTBH-

AX MPOTOHOB U 3aPAKEHHBIX ITHOHOB (7I'+

, ™) ¢ ummysseamu 3 9B/ ¢, 5 9B/ ¢,
8 '9B/c¢, 12 'B/¢, 15 9B/ ¢ ¢ TOHKMMHI MULIEHAME TOJIIUHOK 5% OT JJTHHBL
SIIEPHOTO B3aMMOIEHCTBHs, N3TOTOBJIEHHBIMY 13 TAHTAJA U CBHHIA. ATOMHBIE
maccel TanTasa (A = 181,0) u cunna (A = 207,2) 6iusku K aTOMHOI Macce
prytn (A = 200,6) u Bosbdpama (A = 183,84), koTOpble, KAk U CaM TAHTAJ,
SIBJISIIOTCSL KAHAUZATAME [IJis UCIOJB30BAHUSA B KAYECTBE MHUIIEHH HCTOYHUKA
[IMOHOB HelTpuHHON (habpuku. [1osTOMy M3MepeHus: BBIXOLOB BTOPUYHBIX aJi-
POHOB H& 3THX MUIIEHSX IPEICTABJIAI0T HECOMHEHHBIH MHTEPEC.

B cooTBercTBUM C IIEIBIO AMCCEPTAIMOHHON PabOTHI OBLIN PEIIeHbl ClIe-

[IyIOIIVIE 3IaTH:

1. Jna pocrmwkenus HeoGxomumoit TounOCTH n3Mepenust cedenmit (3-5%)
[IPOBEEHO MCCJIEJ0BAHNE MCKAYKEHUN TPEKOB 3aps>KEHHBIX YACTHI], BO3-
HUKAIOIIMX BO BPeMA-TIPOEKIIMOHHON Kamepe sxcnepumenta HARP. Paz-
paboTaHBl METOMBI KOPPEKIINN ITUX UCKAXKEHU ¥ HA MX OCHOBE IPOBEJe-
Ha, KAJIIOPOBKA BpeMH-HpoéKHHOHHOﬁ kamepsl (TPC). Bemosrena mero-
IudecKast paboTa [0 UCC/IEJOBAHUIO PA3JINYHBIX METOIOB AMlIPOKCUMAIIH
TPEKOB BO BPEMA-IIPOEKINOHHOIT Kamepe. [IpoBeneHo cpaBHEHNE MX MEXK-

Iy cobot.

2. Hanexxnas uneHTHUKAIYS BTOPUYHBIX YaCTHUI] TAKKE SBJISIETCS BAYKHOMN
cocTaBJIsIonIelt, BIUAIONIEH Ha TOYHOCTD MOJIy4aeMbIX cevdernil. B ganHoit
paboTe OBLI pa3paboTaH HOBBIM MeTOJ HACHTH(MUKAIUN BTOPUYHBIX Ya~
crun. s xoppekTHO# paboThl 3TOr0 MeToja pa3paboTaHa MPOLELYPa
KOPPEKIWMHU CIIEKTPOB BTOPUYHBIX YACTHII, IIOJIYYEHHBIX MOAEIUPOBAHUEM
no merony Mownre-Kapiio, misi obecredennst uxX COrJIacusi ¢ 9KCIEPUMEH-

TaJIBHBIMU JaHHBIMH.

3. l13mepeHbI HHKIIIO3UBHBIE ABaXKIbI AuddepeHIuaIbHble CeYe N poXKe-
HUS aJIPOHOB BO B3aMMOJEICTBHUAX IPOTOHOB U 3aPS’KEHHBIX [HOHOB C
umiysbcoM ot 3 ['9B/c mo 15 ['9B/ ¢ ¢ ToHKIMHI MUIIEHSIME, H3TOTOBJIEH-

HBIMHU M3 TaHTaJia U CBHHILA.



Hayunast HOBu3HA:

1. Paszpaborana yHUKaJbHAS TPOLENYPa KATUOPOBKY BPEMsI-ITPOEKIIHMOHHOI
kaMepsl 9kcnepumenta HARP, 3akmouatomasicss B KOPPEeKIMy UMEIOTITIX-
Cs1 B JIETEKTOpE MCKaXKeHuit TpeKoB. Ha OCHOBe 3TOro Meroja MpoBeleHa

TIPOIeypa KaTuOPOBKHU BPEMS-NIPOEKIIHOHHON KaMEpHL.

2. Pazpaboran HOBBIf MeTOM HACHTUMUKAIUYA BTOPHYHBIX YACTHI], 3AKJIIO-
YaIOMIWICS B IPUCBAMBAHIY KaXKIOMY TPEKY YCJIOBHOH BEPOSITHOCTH OBITH
YACTHUILEH Onpe/ie/IeHHOrO Tulla. Meron mo3BossieT n3bexkarsh noTepsb CTa-
THUCTUKY, CBA3AHHBLIX C IIPUMEHEHNEeM KpUTepueB oTbopa, HO Tpebyer xo-

poOI1Iero SHanud OTHOCUTEJIBHBIX BBIXONOB YaCTHUIl PA3HBIX TUIIOB.

3. BriepBble NpOBEIEHO CHCTEMATHUUECKOE M3MEPEHHE HHKJIIO3UBHBIX IBa-
KOl guddepeHInaNbHBIX CEUYEeHN! POXKIEHNS aJpPOHOB BO B3aMMOZEIl-
CTBUSIX IIPOTOHOB U 3apPsi?KEHHBIX [HOHOB ¢ UMILy/ibcoM oT 3 [9B/c no
15 I'sB/c ¢ TOHKMMY MUIIEHSME, U3TOTOBJIEHHBIMA U3 TAHTAJIa U CBUH-

1.

Hayqﬂaﬂ 1 IMpaKTUYeCKasd NEHHOCTD.

Vsmepenue cedeHUit pOXKIEHNsSI BTOPUYHBIX [IIOHOB MOTYT OBITH HCIIOJIb-
30BAHBL /IS ONTHMU3AINY HCTOYHNKA MIOOHOB HEHTpHHHOHN (dabpuku. AToMm-
HbIe MaCChI MUIIEHEH, ICCIIeJOBAHHBIX B JaHHOH padore: TanTan (A = 181,0) n
ceuner (A = 207,2), sissitorcs Haubosiee GIM3KUMU K &TOMHBIM MacCaM BOJIb-
dbpama (A = 183,84) u prytu (A = 200,6) — MaTepuaiaM-KaHANIATAM JIJIs HC-
MTOJI30BAHMUS B KAUECTBE MUIIIEHN HERTPHHHON (dhabpuku / 3 / . Ipyroit 3Ha"MMOIH
3aJ1a4eil ABIsIeTCs yTOUYHeHne PaboThl MPOrpaMM-TeHepaTOPOB POXKIAEHUS BTO-
PUYHBIX 8JPOHOB B 8POH-SIEPHBIX B3AUMOENCTBUsIX 110 MeTony Monre-Kapio
npu umnysabcax ~10 9B/ c. Yiydmenue dpusnyeckux Mogeneil B mporpaMmax-
reHepaTopax C IOMOIIBIO MPOBEAEHHBIX M3MEPEHUit IPUBEIeT K YIIPOIIEHUIO
HaCTPOUKY MPOLENyp PEKOHCTPYKIMN WU UACHTUQPUKAIMK 4YaCTHI] B JIE€TEKTO-
pe, OoJiee HaIEXKHOMY ONpPeNesieHN0 3(DMEKTUBHOCTH U CTENEHU IONABJICHHUS
oHa, yTOUHEHNIO ONPeesIeHNs] SKCIIEPUMEHTAJBHBIX PA3PEIIeHIH U CUCTEMA-
THYECKUX OIMNOOK.

[TpenyokeHHBI! METOZ KOPPEKINY HCKAXKEHUIT OBLT YCIEIIHO IPIMEHEH B

TPC HARP u MoxeT OBbITh MCIIONb30BaH [JIsi KOPPEKIMHA HMEIOIINXCH MCKayKe-
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HUH B J11000# IpYTro# SKCIepUMEHTaJbHON YCTAHOBKE, HCIOMNB3YIONiell BpeMs-
IIPOEKIMOHHYIO KaMepy (HampuMep, mwianupyemMom nerekrope MPD /4/).

PaspaGoranuelit MeTOs HAEHTH(MUKAINKM BTOPUYHBIX YACTHUI] MO3BOJIAET
n306e2KaTh IIOTEPh CTATUCTUKY, CBA3AHHBIX C TPUMEHEHHEM YKECTKIX KPUTEPHEB
or6opa. [IpemyoyKeHHbIN MeTO MOYXKET OBITH TIPUMEHEH B APYTHUX 9KCIEPUMEH-
Tax.

HOJ’IO)KEHI/IH, BbIHOCHUMBIE Ha 3aIIUTY:

1. Pazpaboranbl METOIBI ¥ AJITOPUTMBI KOPPEKLINY HCKarkeHuit Tpekos. Ha

UX OCHOBE IIPOBENEHa KAJMOPOBKA BPEMsi-IIPOEKIMOHHON KaMephl 9KCIIe-
pumenTa HARP.

2. PazpaboTan HOBBIH MeTO[, HASHTHMDUKALNY BTOPUYHBIX YACTHUI], 8 TAKMKE
IIPOleIypa KOPPEKIUH CIEKTPOB BTOPHUHBIX YACTHUI], IOy YEHHBIX MOJIE-

supoBanueM mo meroxy Monre-Kapuo.

3. Bmepsrle cucremaTn4yecKn U3MepeHbl HHKIIIO3UBHBIE IBaXxKIb! Juddepen-
IMaJIbHEIE CeYeHNs POXKAEHIS aJIpOHOB BO B3aMMOZEHCTBUSAX IIPOTOHOB I
3apsI2KEHHBIX HOHOB ¢ uMIy/IscoM or 3 ['9B/c no 15 I'aB/c¢ ¢ TorkuMu
MHUIIEHAMH, H3TOTOBJICHHBIMY I3 TAHTAJIa M CBHHIA. Pe3ynpraTsl n3mepe-
HIS HMEIOT OIpeJiesisioliee 3HaUeHne JJIs ONTUMU3AINN KOHCTPYKTHBHBIX
XapaKTePUCTUK HeHTpuHHOM (pabpUKu I JPYruX YCKOPHTEJIbHBIX UCTOY-

HUKOB HENTPUHO.

JIuuHblii BR8] aBTOpa. ABTOD BHEC PEIIAIONUi BKJIa/ B CELYIOINE 9Ta-

Bl PabOThI, BOLIEIINE B ANCCEPTAIMIO: KOPPEKILINSA CIIEKTPOE BTOPUYHBIX Ya-
CTHII, TIOJIyYeHHBIX MOZEenpoBanreM 1o Merony MouTe-KapJio; pazpaborka aJi-
rOpUTMa HIEeHTU(MUKAINN YaCTHIl;, pa3paboTKa U IPUMEHEHUE ajIrOPUTMa KOp-
PEKINH NCKaXKeHU# BO BPeMsI-IIPOEKIIMOHHON KaMepe; UCCIIeIOBAHNE 1 CPAaBHE-
Hue Mexx1y coboit MeTozoB anmpokcumaruu Tpaekropuit B TPC; npencrasienne
U IyOJIHKAIlKs pe3yJIbTaTOB U3MEpeHuit.

JloCTOBEPHOCTD PE3YJIBTATOB MOJATBEPXKIACTCS COOTBETCTBYEM IOJIYUEH-
HBIX H3MEDPEHUil y2Ke U3BECTHBIM, OMyOJMKOBAHHBIM B HAYYHOH JIMTEpATypE.

Anpobanusi paborsl. [losydyeHHBIE aBTOPOM U IPH €r0 yYACTHH Pe3y/IbTa-

ThbI, BKJIIOUYEHHBIC B JHUCCEPTALHNIO, NJOKJIAAbIBAJIMCh U 060y}KILaJH/ICI> Ha Mex(,zxy-

HaPOAHBIX KOH(epeHIusx no Gpusuke BuICOKuX duepruit 8 Punagensdum (2008
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r.) u [Tapmxe (2010 r.), Ha MexxynapoauOit KoHbDepeHIun 1m0 HhU3UKE BBICOKIX
snepruit Eponeiickoro dusmteckoro obmecrsa B Kpakose (2009 r.), a Taxxke
Ha Hay4uHex cemuHapax OVIAN (Hybra) u HEPH (2Kenesa).

[Ty6nuxamnyu. [lo maTepuanam quccepraryu onybnukoBato 6 pabot, B Tom
yrcste 4 mybavKayuy B HAYYHBIX YKypHAJaX, 2 — B TPY4aX HaydHBIX KOH(MEpeH-
uii.

Crpykrypa muccepranuu. Juccepraiyisi COCTOMT U3 BBEIEHHUS, YETHIPEX

[JiaB, 3aKJ/II0O4YEeHKA U CIUCKa JIATEPaTyPHhI.

OCHOBHOE COIEP2KAHUE PABOTHI

Bo BBeseHnn 060CHOBaHA AKTYaJIBHOCTD HCCJIENYEMOl mpobsieMsl, cop-
MYJIUPOBAHA LEJb U 38a49H TUCCEPTAIMOHHON PabOTH, MEPEUNCICHBI TTOJLY YeH-
HBIE B JUCCEPTAINY HOBBIE PE3Y/ILTATHI, X MIPAKTUYECKAs IIEHHOCTD, IPE/ICTAB-
JIEHBI TIOJIOXKEHYS, BEIHOCUMBIE HA 3aIUTY U OIMICAHA CTPYKTYPa JAUCCEPTAIHH.

[lepBas ryiaBa comepKuT onucanue (QUIMUECKHX LeJsell IKCIEPHIMEHTa
HARP wu obmiee onucanue gerekTopa.

Dusnyeckoii nessio sxcnepumenta HARP /5, 6/ sBasercs cucremarn-
YEeCKOE M3MEPEHNE MHKJIIO3UBHBIX ABaXKIbl AU (epeHInalbHbIX CEIeHIH POXK-
JIeHUST aIPOHOB IIPY B3aMMOJEHCTBIN MPOTOHOB U 3aPSAYKEHHBIX IIHOHOB C pa3-
JINYHBIME SAPaMU. DTU CEYeHNU [IAHNPOBAJIOCE MCIIOJB30BATE B OCHOBHOM JIJIsI
YTOUHEHHs XapaKTEPUCTHK IIPOTOHHOTO YCKOPUTEIs IIPOEKTa HeHTPUHHOIT (hab-
PUKH, & TaK>Ke [JIs1 TIPOBEPKU M HACTPONKY IPOrpaMM-TeHEPATOPOB aIPOHHBIX
B3aMMOJIEICTBUIT, YTOYHEHUS] PACUETOB [TOTOKOB M CIIEKTPOB aTMOCQ EPHBIX Hel-
TPHHO, IPEICKA3AHNS XaPAKTEPUCTUK HEHTPUHHBIX IIYYKOB B SKCIIEPUMEHTAX C
yckopuresbHbIMEU HefiTpuHo, nanpuMep K2K /7/ u MiniBooNe /8/.

Herexkrop HARP saBisiercss mimpoKoanepTypHBIM — CIHEKTPOMETPOM
(cm. puc. 1). C ero moMompio MOKHO € BBICOKOI TOYHOCTBIO BOCCTAHABJIMBATE
HMITYJIbCBl 3aPS2KEHHBIX HACTHI], 00pasyiomuxcs B Mmuinern. OTHOCUTEbHAS
MTOIPEIIHOCTD UBMEPEHUST UMITYJIbCA YACTUI, COCTABIISET HECKOJIBKO IIPOLEHTOB.
Hetexropser ycranoBkn HARP M0XXHO yC/IOBHO paszieninTh Ha YeTHIPEe TPYIIIEL,
KaXkJasd U3 KOTOPBIX BBIMOJHSET OIPENESIEHHBINl KJIACC 3a7a4: JEeTEeKTOPSBI
[IyYKOBOIl 9ACT¥, TPHUITEPHBIE HETEKTOPHI, CIEKTPOMETP OOJIBIINX YIJIOB,

CIIEKTPOMETD MAJIBIX YIVIOB. B maHHOI paboTe Mpe[CTaBieHbl Pe3YJbTATHI

5



drift chamber: time-of-flight

scintillators

_beam:muon
idéentifier

electron
identifier

< threshold Cherenkov
dipole magnet

FTP 4 RPCs

Puc. 1. Jemexmop HARP.

M3MEpEHNH CeueHnil ¢ IOMOIIBI0 CIIEKTpOMeTpa OosbIinx yrjioB. B mHem mc-
MOJIb30BAJIOCH JIBA JETEKTOPa: BpeMsi-ipoeKinonnas kamepa (Time Projection
Chamber, TPC) u pesucrusssie miockrue kameps! (Resistive Plate Chamber,
RPC). [erekTopbl pasMelieHbl BHYTPH COJIEHOMIAIBHOIO MArHUTa, KOTOPHIi
ObL1 paHee ucnonb30BaH B 9xcnepumente ALEPH /9/.

Mumiess 6bL1a YCTAHOBJIEHS BHYTPH BPEMA-TPOEKINOHHOM KaMEpBl, UTO
MO3BOJIUJIO PETUCTPUPOBATH POXKJEHWE YACTHUI] B IINPOKOM AUANA30HE ITOJISp-
Horo yruia (ot 20° mo 125°).

Bropas riiaBa COZEpXKUT ONHMCAHHE MPOLEAYPHI KAJMOPOBKE BpPEMsi-
NPOEKIMOHHON KaMepHhl.

Bpemsi-ipoekIpionHas Kamepa IPUMEHsSIach B KAUECTBE TPEKOBOTO [Ie-
TeKTOpa B crekTpomerpe bosbmux yrios [Al]. Ona paccunrana Ha perucrpa-
uuio 110 TpekoB B cobbiTiy. [nana3on n3MepseMBbIX TONEPEYHBIX HMITYJIbCOB
50 MsB/c - 1,5 IsB/c.

Ha perucrpanuio koopaunat KiacrepoB TPC, ¢ ucnosp3oBanmneM KOTO-
PBIX BOCCTAHABJIMBAJINCH TPEKIH, OKA3BIBAJIHN BJIMAHUE [1BA HEMPEIBIAECHHBIX 3a-
paHee SIBJIEHUS: IEPEKPECTHBIE IOMEXH OT BBIXOJOB HA BXOJBI MIPEAYCUIHTEEN

CUTHAJIOB, IIOJIYYE€HHBIX C CUT'HAJIBHBIX 3JIEKTPO0B TPC, 1 HNCKaXKEeHHUA SJIEK-
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Puc. 2. Cpednue snawenus omrsoneHut no xoopdurame T - ¢ Kak PYHKUUU
paduyca (Homepa PAda CUZHANLHOLE SAEKMPO008) 0Af CINAMUYECKUT UCKAIICE-
nut. Beepry — usmepernvie sHaueHus 00 KOPPERUUY UCKaHcerutl, 8Hu3y — no-
cae. eproiml AUHUAMY NOKA3AHDL OMKAOHEHUA TO T+ ¢, UBMEPEHHDLE OMHO-
cumeavro srewnell cucmemv, Koopduram RPC, cepvie aunuy — usmepeHus
6e3 ucnoav3osaHus erewHel cucmemsvs koopounam. Toswuna aunut coom-

gemcemeyem cmamucmuveckoli owubxe OUEHKU omKAoOHEHUY.

TPUYECKOTO ¥ MarHuTHOrO nojieit B o6bveme TPC. B To Bpemst Kak MCKayKeHUs
o€t ObLIH B KOHEYHOM UTOrE XOPOIIIO U3YYIEHBI i KOMIIEHCHPOBAHBI, 3P EKThI
OT IEPEKPECTHBIX IIOMEX OBUIH MCIPABJIEHBI TOJBKO YACTHYHO.

Bruto BeisiBieno aBa Tuna nckaxkenuit rpaexropuit B TPC: craTuyeckue u
JuHampdeckue. CraruyecKkye NCKaKEeHIs HE 3aBUCAT OT HAJIMYUS y4YKa YCKO-
puTeNs, B TO BpeMs KaK ANHAMUYeCKUe HCKa KeHsI BOSHUKAIOT BO BpeMsi copoca
IYYKa U YCUINBAKOTCA K KOHIY cOpoca. B puccepranyu nogpobHO paccMOTPEHb!
BCE UCTOYHUKY BOSHMKHOBEHUS MCKAYKEHN TPAEKTOPUit 000UX TUIIOB 1 METO/IBI
X KOPPEKIWH.

st kanubposku TPC npuMeHsINCh IBa METOMa, ONPEIEICHIS TapaMeT-
poB uckakeHui: Meroy durupoBanus Tpeka u Mmeron RPC. [lepseiit meTon 3a-
KJIFOUAETCS B TOM, YTO OTKJIOHEHHUS M3MEPEHHBIX TOUYEK OT PUTUPYIOIIEil PYHK-

IV TPEKa MCIIOJIB30BAJINCh KaK OL€HKA HMCKaXKEHUA. A Bo BTOPOM METOE OIe-
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Puc. 3. Cpeduee omxaonenue no koopduname r-¢ (mm) Kak GyHKGUA BPEMENU
cobbLIMUA (MC) 8 HEMBIPET KOADUAT CULHAADHBLT AeKMPo006. Hcnoav3oearbl
darmvie 63aumodeticmsus noioxcumesvhur wacmuy ¢ onepeuet 8.9 I'aB/c ¢
MmoHKol bepuaiuesolt muwenvo. Beprrut pad epaduros nokasveaem Hauaib-
HOe cpedree OMKAOMEHUE NOCAE KOPPEKUUL CMAMUNECKUT nonpasok. Huoic-
HUl pAad — nocae NOAKOT KOPPEKUUYU OUNAMUMECKUT uckaocenut,. depHbumu
AUHUAMY NOKA3AHYL PA3PEWEHUS, NOAYUYEHHDIE C UCTIOAL30BAHUEM GHEUHET
cucmemvs Koopduram e RPC, a cepvimu — omuocumesvHo GumuposaHHvlLr
mpexos. ToAUUHG AUHUT COOTNBEMCBYEM, CINAMUCTNUNECKUM 0WUTKAM OUEHKU

omxaoHeHUl.

HUBAJIMCH OTKJIOHEHUsI U3MEPEHHBIX TOYEK OT TPEKa, II0CTPOCHHOTO, MCIIOIb3Ys
JOLIOTHATENBbHYI0 KoopauHaty (u3 RPC), Touky B3aumoseficTsus B MUIIEHH 1
palunyc KpUBU3HBI TPEKA, LI01y9eHHbIH MeTooM duTtupoanus. Ha puc. 2 jist
CJIydas CTATHYECKUX MCKAKeHUil 1I0KA3aHbI CPEJIHIE 3HAYEHUS OTKJIOHEHUH 110
KOODJIMHATE T+ ¢ Kak MYHKIMI Pajiyca B 9eThIpex HHTEpBaax 110 KOOPAUHATE
z. OKOHYATEILHBINA PEe3yJILTAT, 110y IeHHLIH 110CIe KOPPEKIUA BCeX CTaThde-
CKUX HCKarKeHMil 1oKasaH B HizkHeM psjty. CpejlHne 3HAUEHUs PABHBI HYJIO
¢ XOpoIleil TouHOCThIO. VcKarKeHust, JIOCTUTAIOIINE HECKOJIBKIX MUJIIMMETPOB,

OBLIN WCIIPABJIEHBI ¢ TOYHOCTDBIO 1OPs K 150 MKM.

Puc. 3 nnmioctpupyer KOppekinio JMHAMIYECKIX neKaykeruit. B Bepxuem
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Puc. 4. Jleswii epagur nokazwsaem cpedrue snauerus 1/pr mpexos ¢ pexon-
CMPYUPOBAHHBIM TLOAONHCUMEADHBM 3APAIOM KAK PYHKUUIO BPEMEHU COOVMUA
6 meuenue copoca nyuka. IIpasas demoncmpupyem cnexmp q/pr 6 Hauase (Au-

nus) u 8 Konye (kpecmuku) cGpoca nywka (q — 3apad wacmuys).

psifly MOKA3aHBI HAYaJIbHBIE CPEIHIe OTKJIOHEHHS 0 KOOPAWHATE 7 - ¢ MOCJHE
KOPPEKIMN CTATHYECKUX MCKaXKeH!Ii B 3aBUCHMOCTHU OT BPEMEHH COOBITHIT JJIst
PABIMYHBIX PaIIyCOB M3MEPEHHO! TouKy. B HIDKHEM Py MOKA3aHbI CpPeIHIE
OTKJIOHEHMSI TI0 KOOPAMHATE 7 - (b MOCJIe KOPPEKIUK BCEX MCKaXKeHu#. To4YHOCTE
paboThl AJIrOPUTMa KOPPEKIUU IJist HAauboJiee TPYAHO KOPPEKTHPYEMBIX IH-
HAMUYeCKUX HcKaxKeHuit cocraByseT ~ 300 mxm. HeobxomuMo OTMETHTH, ITO
9KCIIEPUMEHTAJIBHOE TIOBEJIEHUE ITHX MCKAXKEHUN CHJIBHO 3aBUCHT OT COOTBET-

CTBYIOIIHNX yC.J'IOBI/Iﬁ Ha6opa JAHHBIX: HHTEHCHUBHOCTH IIYYKa W THUIIa MHUIIECHH.

KauecTBo KOpPpPEKIIMH BCEX CTATUYECKHUX M AWHAMHYECKHX HCKAYKEHUH
TpaekTopuil gemoHcTpupyeT puc. 4. Ha jieBoM rpaduke MOXKHO BHIETH, YTO
pacipe/ie/ieHue CpeHUX 3Hadennit 1/pr paBHOMEpHOE B TeyeHue BCEro copoca
nyuka. Ha npaBom rpaduke nokasaHo, 9To CiekTp 1/pr OAMHAKOB B HadaJe U

B KOHIIe cOpoca IIydKa.

JLJisi IPOBEPKU TOYHOCTH M3MEPEHUs UMIYJIbCA P NPHMEHSIINCE JBa Me-
topa. [lepsbiit MeTo ocHoBal Ha cpaBHennu usmeperroro B TPC ummysisca c
MMIIYJIbCOM, BBIYMCJIEHHBIM U3 Bpemenn nposera B RPC. Pasperenue, momy-
YeHHOe 9THM MeTogoM, coctasiser o(1/pr) = 0,20 (['9B/c)~!. Bo Bropom
METO/Ie MCIIOJIB30BANIICEH COOBITHS C YIPYTUM PACCESTHHEM IIy4YKOBOH HaCTHIBI
(mpoTOHa W IMOHA) Ha NPOTOHAX B fApax »KugKoro sogopoza. Ha puc. 5 mo-

Ka3aHa Pa3HOCTb M3MEPEHHOIO U OXKUJIaeMOr0 3HAUEHUH MONePeuHbIX UMITYJIb-
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Puc. 5. Pasnocmv usmepentozo u 0otcudaemozo snanenud 1/pr npomornos, pac-
CEAHHDBIT 00 DOALWUMUM Y2AAMU, 8 COOVMUAT YNPY2020 PACCEANUS NPY 630U~
modeticmeuy nywxa npomonos u Tt ¢ anepauets 3 I'sB/c ¢ orcudrot 800opodrot

MUUEHDIO.

COB IIPOTOHOB B COOBITUSAX YIPYTOrO PACCEeSHUs MyUKOBBIX YACTHUIl C SHEPTHUEH
3 B/ ¢ Ha »Kuakoit BOZOPOAHOI MuIIeH:. 3/eCh CPABHUBAJIICH UMILYJIBC IIPO-

ToHa oTaun 1/pfe* usmepenusiit B TPC, u KuHeMaTHUeCKH BHIYUCIICHHBIN U3

yria 6 mMmmmynse 1/p§~"5d. Paspeutenne, nosyueHHoe GUTUPOBAHUEM 3TOH pas-
nocru, pasusercsa o(1/pr) = 0,22(I'3B/c)~. Do paspermenne Bkmo4aeT B
cebsi HETOYHOCTH OT 9P (PEKTOB MHOI'OKPATHOTO PACCESHUSA U IOTEPh IHEPTUU
B BemecTse. C MOMOIIBIO MOJEIMPOBAHNS KHHEMATUKHU YIPYTOrO PACCEsSTHUS B
nporpaMme Geant 6511 OlleHEH BKJIa, B 00IIEe pa3pelieHne oT ITuX 3P OEKTOB.
Oxu cocrasnsier o(1/pr) ~ 0,12 (I'sB/c)!. Kagparudso BerduTas 370 paspe-
urenne, nony4aem paspemenne TPC o nvmymsey o (1/pr) =~ 0,19 (IsB/c¢)~L
O6a MeTona TaK»Ke JeMOHCTPUDYIOT, YTO CHCTEMATUYECKAs IOTPEITHOCTD W3-

MEepEeHNUsT UMITY/Ibca MeHbIne 2%.

Xapaxrepucruku TPC, mosydennsie mocie KaaubpoBKH JIETEKTOPA CBe-

nmensl B Tabsuiy 1.
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HanmenoBanue SHaveHNe
Pasperienne mo r - ¢, Mm 0,6-24
Paspemenne 1/pr, (I3B/c)~! 0,20 - 0,25
aspelenHne o z, MM ~3,5
Pazperenne o 6 mnsa 60°, mpaz ~9
Paszpemenve no dE/dz, % ~16

Tabnuua 1. Ocrosnue xapaxmepucmuku TPC HARP.

Pesynbrars! BTOpO# riiaBbl onybiukosassl B patore [Al].

Tperbs raBa 3aKj04YaeT B cebe HHGOPMANNIO O PEKOHCTPYKIMH COObI-
it B TPC skcnepumenTa HARP.

B mepBoit yacTw IJIaBbl IPUBOJUTCS OMHCAHHE TPEX METONOB AlIlpOK-
CHMAIIUU TPAEKTOPHI YACTUIl JJIsi BPEMsi-IIPOEKI[MOHHON KaMmepsl: 000OImeH-
HBIIl METOJ HaMMEHbIINX KBaaparos, Meror Yepuoa-Ocockosa /10/ u meTox
Pumana /11/. C nomompro MonTe-Kapiio MozenupoBanus ncciefyerca Tod-
HOCTB M CKOPOCTbH PabOThI 3THX aJrOPUTMOB. [10Ka3aHO, 4TO B C/Iy4ae BpeMsi-
[IPOEKILIVIOHHON Kamephl dkcrnepumenta HARP ToyHOCTH METOZOB OIMHAKOBA,
HO CaMbIM OBICTPBIM siBJIsTeTCs MeTon Pumana.

Bropast 4acTh ryiaBbl CONEPXKUT OMUCAHUE UCIIOIB30BAHHOIO HAMY METO/Ia
ugeHTHUKALINY dacTull, VIgeHrTunduKaiys YacTHLl IPOBOIUTCS C MCIIOJIH30Ba~
HueM JByX He3aBucuMbix mamepenuit [ u dE/dz. Kaxzaplilt Tpex xapakrepu-
3yeTCs YEeThIPbMsI U3MEPEHHBIMU BeJUYMHAMU: Pr (IOMEpEedHBbI# UMILYJIbC), 0
(monsipustit yroa), B (ckopocrs v/c), dE/dz (noHusannonHbe IIOTEPU B rase).
B npumensiBuiemcst MeTOZE ONPENEJsiach BEPOATHOCTH HACTHIBI UMETH THII
IIPOTOH, IIFOH HJIK 3JIEKTPOH, €CJIM OHA UMEET JAHHBIE SHAUEHUS MePEMEHHBIX
B, dE/dz, pr u 0. CymmMa 5TiX BEpOSTHOCTEH HOPMHUPOBAHA HA €UHHULLY.

st mporeiypbl MAEHTHU(DUKAIMH YaCTUL, HEOOXOIMO, YTOOBI CIIEKTPEI
BTOPHYHBIX YaCTHIl, CreHepupoBaHHble MeTomoMm Monre-Kapio, xopomo Boc-
MIPOMBBOAUIIN pealibHbIe CrieKTPHI. K coxkasieHuto, B 9T0# 06/1aCTH 9HEpriii criex-
TPBl BOCIIPOM3BOAATCS C OOJIBINOI HEONPENESIEHHOCTHIO, IO9TOMY MPHUIILIOCEH
pazpaboraTh COBCTBEHHBII CIUCOK (DUBMYECKIX MOJIEJIEN MJIsi MOJEJHPOBAHUST B
nporpamme Geantd /12/. ononnuTesnsHo Oblia paspaboTaHa MpoLeLypa Kop-
PEKIMI MOJEIUPOBAHHBIX CHeKTpoB. OHa OCHOBaHA HA YMHOXKEHUH MOJEJH-
POBAHHBIX CIIEKTPOB Ha BECOBbIE (DYHKIMH, MOJYYEHHBIE U3 CPABHEHUS PEasib-

HBIX ¥ MOJICJINPOBAHHBIX CHEKTPOB. DT (PYHKIMH 3aBUCST OT MEPEMEHHBIX DT
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Puc. 6. Pacnpedeaerue 1/pr 6mMopusHble wacmuy, 6 UHMePEase NoAAPHO20 Y-
aa 50° < 6 < 60°. Yacmuuyb noayuwers, npu 63aumodeticmeuy npomoHos
¢ anepeuets 8 '9B/c ¢ monkol ceuny060ld muwenvio. Ilo ocu & omaostcerv
1/pr, ymmoorcennve na 3apad wacmuyw. Tpeyeosvruku obosnauaom darmoie,
2UCTMOZPAMMDL — MOOEAUPOBAHHYIE CNEKMPDL., He3axpauentas 2ucmozpamma
0603HaMGEM NOAHYL CNEKMD, CEEMAO CEPAS — NPOMOHLL, CEPASL — NUOHDL, G

YEPHAS — INEKMPOHDL (NO3UMPOHDL).

u 0, a COOTBETCTBUE MOJEJIMPOBAHHLIX U PEAJIbHBIX JIAHHLIX MPOBEPSIETCS IO
pacnpenenerusM (3 u dE/dz. Ha puc. 6 mokasaHo corsiacme pacupemeneHuit
1/pr u3 namHBIX U M3 MozesmpoBanus MerogoM Monte Kapso mocse Koppek-
uuit. Cpemusisi ommbKa MOIEIMPOBAHHBIX CIIEKTPOE BTOPUYHBIX YACTHI] IIOCTIE
ux Koppekunu He npesbimaer 10%.

Pesysbrars! TpeTbeit raBel omyOanKkoBaHs! B pabore [A3].

quBepTaH TJlaBa IIOCB{IIEHa pPe3yJbTaTaM H3MEPEHUsaA HWHKJIIO3HMBHBIX

IBaXK bl IudDePEeHINAIbHBIX CEUeHUI POXKIEHHS BTOPUYHBIX aIPOHOB BO B3a-
UMOJIEMCTBUSIX MYYKOBBIX aJPOHOB C sIIPaMU TAHTAJA U CBHUHIIA.
V3mepenvie HHKITFO3UBHBIX JBAXK B i epeHInaIbHbIX CeYeHNH ITIPOBO-
[IUTCA B MHTEPBAJAX IOJISIPHOrO yIya f U MONEPEYHOro MMITYJIbCA PT.
Cucremarnieckue OIINOKN H3MEPEHHN WHKJIIO3MBHBIX ABaXKIbl audde-
PEHIAJIBHBIX cedennii B skcnepumente HARP HaxomsaTest Ha ypoBHE HECKOJIb-
Kux mporeHToB. CBoit BKJAI B OMUOKH BHOCST: HEONPEIEJEHHOCTH NPH HOP-

MUPOBAHNY, U3MEPEHUN MMITYJIbCA M HAEHTH(PUKAINN YACTHUIl, & TaK¥Ke KOp-

12
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NEPEUH020 UMNYALCE BMOPUNHBLEL HACMUY Ha UT 3apsd. [1okasamb. NOAHDLE

owubKU.
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PeKIuH, IPUMeHeHHbIe K JaHHBIM. B omybsnkoBannble Tabimipl cedenuit [A4,
AB| BKIIIOUEHBI CTATHCTHYECKHE ¥ CHCTEMATUYECKUE OMUOKHU, YKA3aHBI CPE-
HU€ 3HAYEeHUsI TIOJIIPHOrO yIJia M IMOMEePEYHOr0 MMIyJbca. VIMeeTcs HOCTYN K
9y1eKTpOHHBIM Tabsmiam B popmare ASCII s naHHBIX, [OJIyYEHHBIX: HA TaH-
TasI0Boi Mumtenn /13/, Ha cBUHIOBOM Mumienu /14/.

Ha puc. 7 noka3aHbl HEKOTOPBIE PE3YJIBTATHI H3MEPEHUST CEYCHUH POXKIE-
HYsI BTOPHYHBIX TPOTOHOB U 3aPsyKEHHBIX MMOHOB BO B3aUMOIEHCTBUAX Iy UKO-
BBIX IIPOTOHOB C TOHKOW TAHTAJIOBOI MMUINEHBIO B 3aBICHMOCTHU OT MPOH3BeEe-
HUSI TIOIIEPEYHOTO MMILYJIbCa, Ha, 3apsijl.

PesynbpTaThl u3MEpeHUl HAXOMSTCS B XOPOILEM COMVIACHH C Pe3yJbTaTa-
mu skcnepuMerTos E802 /15/ u E910 /16/, Ho, K COXAJIEHNIO, PACXOISTCS C
pesyJIbTaTaMi, HoJsydeHHsIME Kosutabopanueir HARP /17, 18/ na Tex xe nas-
uerx. Ha puc. 8 (ciieBa) moxa3aHO CpaBHEHHE U3MEPEHHBIX CedeHHil ¢ Omy0uiu-

+

KOBaHHBIMEI K802 JIOPEHI-MHBaAPUAHTHBIMY CE€YECHUAMHU POXKIEHHA 7~ B 3aBHU-

CHMOCTH OT MT — My, e IMOIEepPEeYHAas Macca Mt ONPEHEsISIETCsS COOTHOIIE-

mneMm mrc? = /(mxc?)? + (prc)?. Ha 3TOM ke prCyHKe MOKa3aHO CpABHEHNe

HAIMX cedeHuit ¢ onmybnnkoBanubiME E910 cevenuamu poskaeHns mr

B 3aBH-
CHMOCTH OT IPOU3BEEHUS] UMITYJILCA TUOHOB Ha UX 3apsif, Puc. 9 meMoHCTpH-
pyeT CpaBHEHNE HAIIHX CEYeHNH C CEYEHUSIMI, OMyOINKOBAHHBIME KOJIIa00pa-
mueit HARP. OcHoBHasi mprynHa HECOBIAJEHUS PE3YJIBTATOE COCTOUT B TOM,
40 KoJutaboparieit HARP 6rblia HemocTaTOuHO TOYHO BBIIOJIHEHA KaJuOpPOBKa
nerexropa TPC [A2]/19/. Dto npusesio Tak»Ke K HEBEPHOIT KaTHOPOBKE JIETeK-
topa RPC /20/.

CeueHust, U3MEPEHHbIE B NAHHON paboTe, OBLIN NPYMEHEHBI IPU BHIOOpE
ONTHUMAJIBHOI SHEPTHH IPOTOHHOIO YCKOpuUTesst HeTpunHO# (abpuku /21/.

Pesynerarer weTseproit ryiaBel omybnukoBaHsl B paborax [A2, A4, A5,

A6).
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Punc. 8. CpasHenue usmepeHnoxr Hamu (weproe mapreps) ceuerull poscdenus
7% 60 63aUMO0etiCEUAT NPOMOHOE ¢ AOPAMU MANMANG C CEUEHUAMY POdice-
nusa ™ 60 6saumodeticmeuar npomonos ¢ Adpamu 3040Ma, ONYOAUKOEAHMDL-
mu axcnepumermom E802 (caesa) u axcnepumenmom E910 (cnpasa). Ceuerusa
Macwmabuposars na 7% 0as KOMNEHCAYUU PASHUYYL CeueHul Ha TAKMAAE U

sonome. Ilokasans. cmamucmuyeckue owudKy.

(a) 3.0
© HARP Collaboration +

| e HARP-CDP +§+
+t%¢* ﬁ ,ojf
be <’++3r ! 1

o A I
o o 0
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d?0/dpd® (barn/rad GeV/c)
5
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0.35 rad <©® <0.55 rad

o
o
o

I I N SN S N N | 1
-1.0 -0.5 0 0.5 10

Charge-signed pion momentum (GeV/c)

T u

Puc. 9. CpasHenue usMEPEHHDIT HAMU UHKAIOZUBHHIE CE%EHUL POHCIEHUS T
T ¢ ceueHuaAmU, onybaukosanHbmU Koarabopayueti HARP. ITuoww, noaywe-
HbL 60 83AUMOOCTCMBUAT NPOMOHO8 ¢ umnysvcom 12.0 I'sB/c ¢ manmanosol
muwensro. CeveHus nokasaHs, 6 3A6UCUMOCTIU OM NPOU3BEOEHUR UMNYADLCA

BMOPUYHIT HacMUY, He UL 3apsd. Ilokasanvl nosnvie owWubKLY.
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B zaksroyennn MIPpUBEECHBI OCHOBHBIE PE3YJ/IbTaThl U BBIBOOBI:

. 3ajiaua u3MepeHus ceuenuit ¢ TOYHOCTHI0 ~5% (TOYHOCTB, HEOOX0AUMAas
JULsl ONITHMU3AIUN NCTOYHIKS [IMOHOB HefiTpunHoit dhabpukn) Tpebyer ab-
COJIFOTHOM TOYHOCTH H3MEPEHUsI MMITYJIbCa BTOPMYHBIX YACTHI[ JIydIle,
uem 2%. s mocTurkeHusi Takoil ToyHoCcTH Ha ycraHoBke HARP Goum
U3y4YeHbl HCKAYKEHNUS] TPEKOB BO BPEMS-TIPOEKIMOHHOM KaMepe. BhsiBieHo
[IBa, TUII8 NCKAXKEHUH TPEKOB: CTATUYECKNE U JUHAMUYECKHE. Paspaboran
MeTOJ, KOPPEKIUH ITUX ncKaykeHuit. Koppekuusi nuckaykeHuit mo Koopiu-
HaTe 7 - ¢ BO BceM obbeme TPC mpoBezeHa ¢ TOUHOCTBIO JIydIle, YeM
300 mxm. Paspemntenne o nonepegroMmy uMIynscy pr cocrasuio 20-25%

npu pr = 1 ['9B/c. AGComoTHas TOYHOCTH U3MEPEHNs UMITYJIBCA JIydIle

2 %.

. Paspaboran HOBBII MeTOZ HACHTH(WKAIUKM BTOPHYHBIX YacTHUll. Tod-
HOCTH METOJ/Ia 3aBHCUT OT TOYHOCTH BOCIPOM3BEIEHUS ITAHHBIX MOZE-
JINPYEMBIMU CIIEKTPaM{ BTOPHUYHBIX YacTHL. [Jis KOPPEKIHU CIEKTPOB
BTOPUYHBIX YACTHUII, IOJYUYEHHBIX MOIEJUPOBaHHEM 1O Meromy Monre-
Kapiio, 6b11a paspaborana npouesypa KoppeKTupyoumx Gyskuui (MHO-
xureseit). Cpenpsisi ommbKa MOAETMPOBAHHBIX CIEKTPOB IOCJIE UX KOD-

pexnuu He npessimaer 10%.

. Brmepseie cucTeMaTnyeckn n3MepeHbl NMHKJIIO3UBHBIE IBAXK B! HuddepeH-
LHaJIbHbIE CEYEHNs] POXK/AEHNS aJPOHOB BO B3aMMOIEHCTBUSIX TPOTOHOB U
3apSXKEHHBIX MHOHOB ¢ TOHKHME MUIIEHSIMHY, M3TOTOBJIEHHBIMHU W3 TaH-
Tajla ¥ CBUHIA. [3MepeHus NpOBOJMINCH [JIsi MMIIYJIBCOB IIy4KOBOW Ha-
crunpt 3, 5, 8, 12 u 15 I'sB/c B mHTEpBase NONSIPHOrO yIiia BTOPUYHBIX
gacrur 20° < 0 < 125° [l KaxK[IOW MUIIEHH W SHEPTUH M3MEDPEHBI
ceuenus: B 96 murepsanax (pr,d) ¢ norpemsocrsio 3-5%. Cevennst, uame-
peHHBIE B JAHHOI paboTe, ObLIM MPUMEHEHBI PU BBIOOPE ONMTHMAJIBLHOI
SHEPI'UH IPOTOHHOIO YCKOPHTENsT HefiTpunHO# (abpuku /21/. Dty nau-
HbIE BOCTPEOOBAHBI MEXKTYHAPOLHON paboueit rpymmoit mo mpoeKTHPOBa-
umio HeitrpurHo# dabpuku (CERN, FNAL u npyrue ucciienosaresibCcKie

LIEHTPBI).
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