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Oo0mas xapakTepHCTHKAa padoThI

AKTyanbHOCTH pabOThI

B Hacrosimee BpeMs HMCTOYHHKOM Hau0OJee MHTEPECHBIX SKCIIEPHMEH-
TaJIbHBIX JaHHBIX B O0JIACTH (DUBHMKH BBICOKHX SHEPrHH sBJISIeTCS OOJBIIOH
anponnbid kosutaiinep (LHC) EBponefickoro neHtpa sioepHbIX HCCiieIOBaHUH
(IEPH). HanpHetimee pa3BuTHE (PU3UKH B 9TOH 00JIACTH CBSI3BIBAIOT C IIPHUH-
[UITHAIBHO HOBBIMH YCKOPHTEJBbHBIMA KOMIUIEKCAMH, TaKMMH Kak MexnyHa-
ponubiit yuHeHHbIM KoJutaiep ILC [1] u mrooHHBl kosmaipep [2]. Dxcre-
PHMEHTH Ha MIOOHHOM KOJUIAHJepe TIO3BOJIST IIPOBECTH Gojiee TOUHYIO TIpO-
BepKy CranmapTHOM MOJENH, MOUCK HOBBIX YaCTHI] U SBJIEHHH, BBIXOAAMMX
3a ee paMmkH (Takux kak SUSY), metanpHO HcClemoBaTh SIBJICHUS, KOTOpBIE,
BO3MOXHO, O6yayT oTkpbiThl Ha LHC, a TakKe penmTh MHOTHE ApYyTHe 3a0auH.
B macrosimee BpeMs IPOEKT MIOOHHOTO KOJUIaHAepa aKTHBHO pa3pabaTblBa-
etcsl B HarmonanpHOHM ycKOpUTEIbHOM J1abopaTopusi umenn Depmu, rie yxe
BenyTcst paboTHI IO CO3AAHMIO IPOTOHHOTO IIPeAyCKOpUTENs B pamKax «IIpo-
exTa X» [3]. Hapsny ¢ TEXHUUECKUMH TPYOHOCTSIMH, CBSI3AHHBIMH C OXJIaKOE-
HMEM H yJiepXXaHHeM MIOOHOB, CYIIECTBYET IpobjieMa BHIOOpa ONTHMaJIbHOTO
MaTepHajia MUIIEHH 1] TeHepalH TIOTOKOB ITMOHOB BBICOKOH HHTEHCUBHOCTH
B MIOOHHOM HCTOUYHHKE. OT YCIEMHOTo penieHust 9Tok pobiemsl OyayT 3aBH-
ceTb TpeOOBaHMsI, IIPeIbsBISEMble K MOIHOCTH IIPOTOHHOTO IIPELyCKOPHTE-
na. Hapsany c tsoxensivu mumensMu (7'a, Hg) ofuH U3 OCHOBHBIX BapHaHTOB
KOHCTPYKIIMH KOJUIaiepa npearnoaracT UCIoJIb30BaH)e CTPYHHOH rpadUTo-
BOH MHIIEHH HJIX MHIIEHH Ha OCHOBE KapOOHOBBIX IUIEHOK JIJI51 IOy YeHH s I1y4-
Ka ITHOHOB.

OpHako TOYHOCTb, C KOTOPOH HM3BECTHBI C€UYEHHUs] 00pa30OBaHHMSI IIMOHOB

TIpOTOHAaMH, B HACTOAIEE BPEMs HENOCTATOUHA IJIsA OIITHMAJIBHOTO BbI60pa



MaTtepraia MUMIEHH. TOYHOCTh CYNIECTBYIONMX TEOPETUYECKUX MOJIeseH TaK-
K€ HEJIOCTaTOYHA [l IPOBEIEHH I TOTOOHBIX PacueToB. B cBs3U ¢ 9THM, 9KC-
TIEPUMEHTAJIBHOE M3MEPEHHE CEUCHHH POXKISHHUS ITHOHOB ITyYKaMH ITHOHOB H
MIPOTOHOB Ha YTJIEPOJE C TOUYHOCTHIO He Xyxke 10% umeer pemaronmee 3HaUCHHE
TIPY IIPOEKTHPOBAHUK MIOOHHOTO KOJUIaHzEepa.

ToyHOE M3MEpeHHe NaHHBIX CEYEHHH TaKXe BaKHO HJIS PacyeToB IIOTO-
KOB H CIIEKTPOB arMoc(epHbIX HEUTPHHO, TaK KaK CBOMCTBa sIep yriepopaa
OJIM3KK CBOMCTBAM sJEp a30Ta — OCHOBHOM KOMIIOHEHTHI 3éMHOH aTMocde-
pol. IIpHu 9TOM, IIpH 5HEPrUsiX NEPBHUYHBEIX IPOTOHOB MeHee 20 I'aB, ocHOBHas
YacTh BTOPHYHBIX IIMOHOB HCITyCKaeTCs B AWanasoHe yrios > 15°. B macro-
simee BpeMsi IIOTOKH U CIIEKTPBI aTMOC(EPHBIX HEUTPHUHO OTPEAEISIOTCS IKC-
TParoJIsIieH U3MEepEHUH BBIXO0OB [TMOHOB B MaJIbIe YIJIbI, U UMEIOT 3HAUUTEIIb-
HYyI0 IOrpemHoCTh. Takum 06pa3oM, NpsiMoe 9KCIEPUMEHTAIbHOE H3MEPEHHE
CEUeHHH POXKJEHHS ITMOHOB Ha sIIpax CHU3HT IOIPENIHOCTb OIpe/IesIeHHUs 110-
TOKOB M CIEKTPOB HEHTPHHO K JACT BO3MOXHOCTb YMEHBIIUTh CUCTEMaTHYe-
CKYI0 OMIMOKY B 9KCIEPUMEHTAX 110 IIOUCKY HEUTPUHHBIX OCIWUIAIUH (TaKUX,
kak Super Kamiokande).

Coueranve H3MepeHHU ceueHuH 00pa3oBaHHs aJIpOHOB (BKIOUas Oosee
TSDKEJIbIe YaCTHIE], TaKHe KaK JIEHTPOHbI) Ha spax yrjepoja C AHAJIOTHYHbI-
MH H3MEpEeHMSIMH Ha JpYyrux sapax (HampuMmep MeOd ¥ Ap.) MO3BOJISIET HC-
CJIeOBaTh MX 3aBHCHMOCTb OT MAacChl M 3apsia Siiep, YTO SIBUTCSI KPUTHYE-
CKOH IIPOBEPKOH TEOpHH, NPETEHAYIOMHX Ha IIOJHOEe OIMCaHHE agpOH-SIAEp-
HBIX B3aMMOZAEHCTBHH. MOXHO OTMETHUTD NOBBINICHHE HHTEpeca K I0J0OHBIM
TEOpHSIM, CBSI3aHHOE C IUIAHUPYEMOH peav3aled IporpamMm o UCCiieioBa-
HUIO SIAPO-SIOEPHBIX CTOJIKHOBEHMH (9KCIIEPUMEHTH! Ha YCKOPHTEIbHBIX KOM-
wiekcax FAIR u NICA), mostoMy mosy4eHHe SKCIIEPUMEHTAIBHBIX JaHHBIX

XOpouIero xauecTsa I10 agpOH-sA0EPHbIM B3aMMOIEHCTBHSIM B HACTOSIIIEE BpeE-
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ML SIBJISIETCSI aKTYaJIbHOH 3a/laueH.

ens padoTsr

IMTosyyeHre HOBBIX 9KCIEPHMEHTAIBHBIX JAHHBIX IJIS IPOEKTHPOBAHUS
MIOOHHOTO HCTOYHHKA MIOOHHOTO KOJUIaHIepa, pacueToB HEHUTPHUHHBIX CIIEK-
TPOB B 9KCIIEPHMEHTaX II0 TOUCKY OCIMUIANHE aTMOC(hEpHBIX HEHTPHHO H

PasBUTHUS TEOPHH CHUJIbHBIX BBaHMOI[eﬁCTBI/Iﬁ, BKJIIOUas:

1. u3mepeHue aBaxIpl AU depeHIHaIbHBIX CEUeHHH 00pa3oBaHHs IIPOTO-
HOB M 3apsUKEHHBIX TIHOHOB B peakuusx 7+, p + C,Cu — 7%, p + X, ipu
HMITYJIbCe TIYYKOB OT 3 mo 15 I'sB/c, B muamnasone yrioB BeuieTa oT 20°
no 125° m JUis ONepeyHsIX MMITYJIbCOB BTOpHYHBIX yacTtun oT 0.1 mo

1.25 T'sB/c;

2. CpaBHECHHE BbIXOHOB H CIIEKTPOB BTOPHYHBIX aJPOHOB (BKJ’IIO‘-I&SI neﬁTpo-

HLI) Ha pas3jIMUHbIX AJpax B 3aBUCHMOCTH OT HX MacCCOBOI'O UHUCIIA;

3. pa3paboTKy U IPUMEHEHHE METOA0B KAIMOPOBKHY B HU3MEPEHHH BPEMEHH
IpoJieTa B CIEKTpoMeTpe OOJIBIMX YIJIOB M HOHHU3AIMOHHBIX IIOTEPh BO

BpEMSIIIPOEKIIMOHHON Kamepe skcnepumenta HARP [4].

Huccepranus 06006maeT pe3yIpTaThl 3aBepIIEHHBIX padOT aBTOPA, BBIION-
HeHHbIX B 1999-2011 r.r. B OObe JMHEHHOM HHCTHTYTE SIEPHBIX HCCIIEI0BaHNUH
1 EBponeicKOM LIEHTpe SAEPHBIX UCCIIENOBAHUH.

Hayunas HoBH3HA

Bnepseie ¢ HegocTUraBLIEHCsT paHee NOJHOTOH H3MEPEHbI CEYEHHST POXK-
IeHUs IPOTOHOB H 3apsDKEHHBIX MIMOHOB IIPH B3aMMOJEHCTBHH IMOHOB H IIPO-
TOHOB C siAPaMH YIJepoda M MeO B IIPH UMIIyJbcax My4ykoB 3-15 I'aB/c u B
IMMPOKOM JIMaria3oHe yIJIOB BbUIETA BTOPHUYHBIX YacTHIl. I1oTyueHs! 3aBUCIMO-

CTH CEUEHHH 1 MHOXXECTBEHHOCTEH OT OHEPIHH ITy4YKa 1 MacChl sA1pa.
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BriepBrie n3MepeHbl OTHOMIEHH S BEIXOI0B AEHTPOHOB K BBIXOAY IIPOTOHOB
Ha Pa3IMyYHbIX SOpax B TOM Xe JUara3oHe HMILYJIbCOB ITyYKOB.

IIpakTHYecKas 3HAYHMOCTD

ITosryyeHsl HOBBIE SKCIIEpUMEHTAJIbHbIE JaHHbIE IPUHIMIMAIBLHOTO Hayy-
HOT'O 3HAU€HHS: OHH HEOOXOIMMBI [1s1 IPOEKTHUPOBAHHUS MIOOHHOT'O HCTOYHHKA
YCKOPHUTEJISI HOBOTO ITOKOJIEHHSI — MIOOHHOT'O KOJUIaepa; 9TH JaHHbIE CYIIe-
CTBEHHBI [IJI1 HHTEPIPETAIMH Pe3yJIbTaTOB SKCIIEPHMEHTOB I10 TIOUCKY OCIHII-
JISAIMHA aTMOCEPHBIX HEHTPHUHO.

PazpaboTana MeTomuKa M3MEpEeHHs] MOHM3AMOHHBIX MOTEPb BO BpEeMs-
MIPOEKIMOHHON Kamepe skcnepuMenTa HARP, uTo 1103BOJINIIO YYECTh BIIMSIHAE
anmapaTypHbIX 3¢ dexToB. Co3naHbl HOBEE MeTOAB! KamOpoBku kamep RPC
B Cilyyae NMPHUMEHEHUS UX [UIS IPEIM3HOHHOIO HU3MEPEHHsI BpEMEHH IIpOJIeTa,
TIO3BOJIMBINHE NOCTHYb COOCTBEHHOTO paspemenys 127 makocekyHn. [laHHble
METOABl U CO3[aHHOE Ha X OCHOBE IPOrpaMMHOE OOecIeueHHe IPUMEHEHBI
IIpY aHayM3e JaHHbIX okcnepumenTa HARP u MoryT ucnonb30BaThCsi B HOBBIX
9KCIEPUMEHTAX C aHAJIOTHYHBIMH ETEKTOPaMH.

H3mepeHbl BEIXOAB! M CIIEKTPbl BTOPHYHBIX aJPOHOB (BKJIIOYASI JEUTPOHBL),
a TaKXe UX 3aBUCHMOCTH OT S9HEPTHH ITyYKa ¥ MacCOBOTO UMCJIA SIIEP MULIEHH.
3TO HOBBIE éKcnepHMeHTa.anme IaHHbIE, KOTOpPbIE MOTYT GBITb HCTIOJb30BA-
HBI JUIs1 Pa3sBUTHUSI TEOPHUH aJpOH-SIIEPHBIX PEAKIMH, a TaKKe IPUMEHEHBl IS
YTOUHEHHSI ¥ pacCIIMpeHUs] BO3MOKHOCTEH IPOrpaMM-TeHepaTOpOB apOHHBIX
B3aHMOJEHCTBHH [5].

ABTOp 3amminaer

1. Pe3yspTaThl 9KCHEPUMEHTAJIBHOIO HCCIIEAOBAHUS MPOIECCOB HHKJIO-
3UBHOTO POXJEHHUS IPOTOHOB M 3apsUKEHHbIX ITHOHOB Ha sIpax yrjepona |
MeI¥ IIpYM SHEPIHd HaJeTaloUX MPOTOHOB M IMOHOB 3, 5, 8, 12, 15 I'B/c B

[Marna3oHe yrios Beiiera 20° — 125°.



2. U3amepeHre OTHOMEHHS BHIXOJOB JEHTPOHOB K BRIXOY IIPOTOHOB B pe-
aKIusX p, 7 +A — p,d+X npu UMIyJIbCe HAJIETAIOMKX IPOTOHOB 3-15 I'aB/c,
rone A = Be,C,Cu,Sn,Ta, Pb.

3. Metonpl KanMOpOBKM M pPe3yJIbTaThl UX NPUMEHEHHsS IJIsI H3Mepe-
HHUH MOHU3ALMOHHBIX NOTEPb BO BPEMSIIPOEKIMOHHOH Kamepe SKCIepUMEHTa
HARP.

4. Metoppl KaTMOPOBKH M Pe3yJIbTaThl UX NPUMEHEHHUS IJIs U3MEPEHUH
BPEMEHH IIpOJIETa YacTHIl B CHEKTpPOMETpe OONBbIIMX YIJIOB SKCHEPHMEHTa
HARP.

Anpobanus padoTel

PesynbpTaTsl paboThl NOK/IAABIBAIUCH (B TOM UYHCIE U aBTOPOM) Ha MeX-
IyHapOIHBIX KOH(epeHmH X o dusmke Beicokux sHepruit ICHEP-2008, EPS-
HEP-2009, ICHEP-2010, na coBemanuu 1o ¢usuke Hedirpuso (IIEPH, ox-
Ts16pp 2009 r.), Ha KoH(pepennusax no kamepam RPC B Ceyne (2005rt.) u
B Bombee (2008 r.), Ha cemuHapax OOBbEAMHEHHOTO HHCTUTYTA SIAEPHBIX HC-
cienoBaHui ¥ EBponeHcKoro neHTpa sSiIepHBIX ucciienoBanud. OCHOBHBIE pe-
3yJIbTATHl OITyOJMKOBaHBI B XypHanax «Nuclear Instruments and Methods in
Physics Research», «European Physical Journal C - Particles and Fields»,
«Journal of Instrumentation». |

IIpucyxnena nepsas npemust JlabopaTopuu sinepHex npodiem O6bvenu-
HEHHOI'O MHCTHTYTa siiepHbIX uccienoBanuit (2008-2009 r.) 3a mukia paboT
«HamepeHue ceyeHuH poxXIEeHUS afpOHOB B IPOTOH-SIIEPHBIX U THOH-SIIEPHBIX
B3aMMOJEHCTBHSX Ha IMyYKax ¢ UMIryJibcami 3-15 I'aB/c» (B cocTaBe rpymibl
HARP-CDP).

CTpykTypa H 00eM JHCCEPTALHH

I[HCC@pTaU,'I/ISI COCTOHMT U3 BBENCHH S, TPEX I'JIaB 1 3aKIIOUYECHH .



Conep:xxanue padoTHI

Bo Beenmenun copmympoBaHbl LeH paboThl, 000CHOBAHbI €€ HOBH3HA,
NPAKTHYECKAsl LEHHOCTb H aKTyaJIbHOCTb.

IlepBass riaBa COOEPXHUT OIMCAHHE OSKCIEPUMEHTAJIBHOH YCTAaHOBKH
HARP (puc. 1). Jerekrop HARP cOCTOHT M3 CIIEKTPOMETPA MaJIbIX YIJOB,

CIIEKTpOMETpa (TeY13111%0:4 YI'JIOB ¥ CHCTEMBI MOHUTOPHPOBAHK A ITYUKa.
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Puc. 1. DxcrepumenTambHast ycraHoBka HARP.

CucreMa MOHHTODHUPOBAHHS IIydKa COCTOHT M3 4 MHoronposdnqumx
TIIPOTIOPIMOHAIBHBIX KaMep, KOTOpble H3MEPSIOT KOOPAMHATHI M HallpaBJIEHHE
IyYKOBOH YACTHIBI ¢ TOYHOCTBIO =~ 1 MM M =~ (.2 mpaj, OBYX IOPOTOBBIX
YepEeHKOBCKHX JIETEKTOPOB U BPEMSIIPOJIETHOH CUCTEMBI U3 TPEX CIMHTHILIS-
IIMOHHBIX IETEKTOPOB. BpeMsrmpoeTHast cucTeMa U YEPEHKOBCKHE IETEKTOPBI

KCIIOJTb30BAJIUCh IS UICHTH(PHUKAIMH YacTHI Iydka. Kpome Toro, BpeMsrIpo-
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JIeTHasl CHCTeMa II03BOJISIa ONpeAesisIiTh MOMEHT B3aMMOJIEHCTBUS YacTHI] B
MHIIEHH ¢ TOYHOCTBI0 107 MMKOCeKyH .

CHexTpoMeTp MaJbIX YIJIOB IIOCTPOEH Ha OCHOBE AMIIOJBLHOIO MarHHTa;
U151 BOCCTAHOBJICHHSI TPEKOB YACTHI] HCII0Ib30BATHCDH OOJIBIIME IUIOCKHE IpEH-
¢poBrle Kamephl; 4JIs1 HACHTH(HUKAIMH YaCTHIL HCII0IB30BAIMCh BPEMSIIPOJIET-
HbIA CIEKTPOMETP, TIOPOTOBBIM UEPEHKOBCKHH JETEKTOP H 91€KTPOMAarHHTHBIHA
KaJiopuMeTp. PacrionoxeHHast 3a KaJJOPUMETPOM MIOOHHASI CHCTEMA BBIIIOJIHS-
J1a GYHKIMIO HACHTU(DHKALMHA MIOOHOB.

CrniexTpomeTp OONBIKX YIJIOB IIPEICTABISI COOOH BpEMSAIIPOEKIMOHHYIO
kamepy TPC, OKpy’KeHHYI0 IUIACTHHAMH PE3HCTHBHBIX IIOCKONApaUIeIbHBIX
kamep RPC. OTH [eTeKTOpH! IOMENIEHb! B COJIEHOHJAJIbHBIA MAarHUT C PaBHO-
MepHBIM MarHuTHBIM nojieM 0.7 T, mapajuie/bHBIM HallpaBJIEHUIO IIyyKa yCKO-
pUTEIIS.

Hcnonp3yemble MumeHH nomemanuch BHyTpH TPC, xoTopasi perucTpu-
pOBaJia TPEKH BTOPHUUHBIX 3apsIKEHHBIX YACTHII, TIO3BOJISISL ONPEIEIUTD X HM-
ITyJIbCHI M YIJIBI BBIXOJ]a U3 MHUIIEHH, a TAKXe HICHTU(PHIMPOBATL YaCTHIBI 110
HOHHU3AIMOHHBIM NoTepsiM dE /dx. Cructema RPC mosBosisiia HIeHTUDHUIHPO-
BaTh YaCTHIIbI IO BpEMEHH IIPOJIeTa.

ABTOp NIpHHMMAaJI aKTHBHOE yYacCTHe B pa3pabOTKe KOHIEMIMH IIpPOoeKTa
HARP c yueTom paguaioHHOH 0OCTaHOBKH B MECTE PACIIOJIOKEHHS NETEKTO-
POB, B MOJEJIUPOBAHHH KJIOUEBBIX CBOHCTB CIIEKTPOMETPHUYECKOrO KOMILIEK-
ca, B 9KCIUTyaTallM{ YCTaHOBKM BO BpeMs Habopa JaHHBIX, a TaKXKe B aHAJIU3e
COOpaHHBIX 9KCIIEPHMEHTAIbHBIX JAHHbIX.

Bropas riaea mocssmena KaJMOpOBKE CIEKTpOMETpa OOJBIIMX yTJIOB
[A1], [A2], [A3], [A4], [6]. Ona cocTouT K3 IBYX pa3szesoB. [IepBrii nocBsmeH
kambporke TPC, Bropoii — kamOposke RPC. B nepBoMm pasfesie IpuBoIAT-

cs muzarie TPC, a Takxe ee NIPOEKTHBIE U JOCTUTHYTHIE XapaKTepucTHKH. H3-
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3a HEONITUMAJIBHOTO 3aJaHHsl IOTEHIHAJIOB Ha M0Je(hOPMUPYIONHX IJIEKTPO-
Jax KaMepbl ¥ HEOOHOPOJHOCTH MAarHUTHOTO T0JISI COJIEHOMJAJIbHOTO MarsuTa
MIPUCYTCTBOBAJIM HCKAXEHHUS (IUCTOPCHH) SJIEKTPHYECKOTO X MarHUTHOTO IIO-
JIsl BHYTpH KaMmephl. M3-3a orpaHUYEHHBIX CPOKOB IIPOBEIECHHS 9KCIIEPUMEHTA
(1.5 roza) MOJHOCTBIO YCTPAHUTD 9TH alllapaTypHbIe HEAOCTATKH HE yIaJIOCh.
OcTauch HECKOMIIEHCHPOBAaHHBIMH TUCTOPCHH ABYX IPHHIMITHATIBHO PAa3HBIX
THIIOB: CTATHYECKHE, UMEIOMHECS IIOCTOSIHHO, ¥ AMHAMUYECKHE, BO3HHKAIOIMHE
npu paboTe yCKOpHUTENs BCIEICTBHE HAKOIUIEHHS OOBEMHOTO 3apsja HOHOB
aprona BHyTpu TPC. Benuuuna muctopcui coctapisiia 8-10 MM (craTthue-
ckue) ¥ 10-15 MM (muHAMHYECKHE, K KOHILy cOpoca yCKOpHUTELs) IIPH paguyce
TPC Bcero oxoio 400 Mm.

JIJ1s BHECEHHMS TIOTIPAaBOK HA AUCTOPCHH NPOBEJIEHA IeTAIbHAS KAIHOPOB-
ka TPC, omnmcanHas B pabote [Al]. Hcronp3oBaauch TpekH, NMPOXOOUBIIHE
yepes y3KHe 30HBI IEpeKpHTHS Kamep RPC, UTO TOSBOJISUIO MpeICKassBaTh
«HEHCKaXEHHBbIE» TPAaeKTOPHHU YacTHL. B pe3ynbTaTe OBUIN IIOIyYeHBI IIOIIPaB-
KH, KOTOpbIE COKpaTHJM ctaThdeckue auctopcud 1o 100-150 mukpon, a nuHa-
muyeckue - 10 200-250 MukpoH. Tpexu BOCCTaHABIMBAIKMCH C CHCTEMaTHUE-
CKOH ITOTPEIMHOCTHIO B IPOCTPAHCTBEHHOH KoopauHate He 60see 300 MUKpOH.
ITorpemHoCTb U3MEPEHUS ﬁMnym;ca YaCTHI] COCTaBUIIa OKOJIO 2%, a paspele-
HHe TI0 TIonepeyroMy ummyibey o(1/Pr) = 0.20 — 0.25 (I'sB/c)~L.

OcHOBHasI 4acTh pasjiesia MOCBSIIEHa OITMCAHHI0 pa3pabOTaHHOH METOIH-
Ke KaJMOpOBKH U3MepEeHHH HOHU3alMOHHbIX 1oteps dE/dx B TPC u npumene-
HHIO 9TOW METOJUKH B YCIOBHSIX 9KcriepumenTa HARP.

VY nenpHas wonusanus dE /dx BeUACIISUIACh, KaK OTHONMIEHHE TIPOCYMMH-
POBaHHBIX 3apsJI0B CUTHAJIBbHBIX IUIACTHH K 3(peKTHBHOH ayuHe Tpeka. C me-
JIBIO IOCTHIKEHUSI HAWITYUIIero pa3pemenus 1o dE /dx UCKII0YavCh 3apsiisl ¢

JOBYX CUT'HAJIbHBIX IUIACTHH, HMEIOMHX MaKCHMaJIbHbIHA 3apsn. Bo BpeMsL Ha60pa
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JaHHBIX PErHCTPHPOBAIHMCh aTMOC(HEPHOE NaBJICHHE M TeMIepaTypa IIOCKO-
CTH CHTHAJIbHBIX IUIACTHH, YTO ITO3BOJIMJIO PACCUMUTATH IIOIPABKH Ha H3MEHEHHUE
TEMIlepaTyphl U AasieHus raza B TPC.

Hab6monaemas ynenpHast norusaws (dE /dx)) KOppeKTHpOBaIach Ha JaB-

JIEHWE U TeMIIepaTypy COTJIacCHO IOJIyYeHHOH dopMyIie:
dE/dx = (dE/dx)o/(P1[1 + P2 ({ = &0)]) (D

rieé =T/Pué = 0.318. HapaMeTp &0 TOJTyyeH, KaK OTHOIIEHHUE XapaKTep-
HBIX TemmepaTypbl Ty = 25°C = 298°K u paBnenus Py = 938 rlla. [TapameTp
(dE/dx)p o3HayaeT u3MEpEHHYI0 yAeIbHYI0 HOHM3AIHI0 0e3 KOpPEeKIMH Ha 3a-
BHCUMOCTB OT T'/P, a dE [dx - CKOppEeKTHPOBaHHAS BEJIMYHHA, IPHBEICHHAS K
XapaKTEPHBIM yCJIOBHSIM & = &.

Iist onpenenenus KoagguipeHToB P1 1 P2 UCHONIb30BATHCH H3MEPEHHUS
(dE/dx)y oTpHLIaTeNbHBIX [THOHOB B nuarasoHe uMmmysbcoB 0.45-0.80 I'B/c,
IUIS1 KOTOPBIX MOHHU3ALMOHHbIE OTEPH OJIM3KH K MUHAMAJIBHBIM.

Yucnenno (dE/dx)o B ypaBHeHHH (1) ompepesiseTcs: U3 anmpoOKCHMAIHH
pacnpeneneHHsl HOHM3aMOHHBIX TOTeph (hyHKIwMer [aycca, mpryeM [uanasoH
dE/dx obpesan mns 6ompnmx dE/dx Ha ypoBHe 50% OT MakcHMyMa IHKa
(puc. 2). |

Oxupaemas muHeHHOCTh QyHKIMU dE [/dx(£) monTBepxkaaeTcs JaHHBIMA
st mectu cektopos TPC (puc. 3).

Bribop 3nauenust & = 0.318 ompenensercss TeM, 4TO OH IIO3BOJISET
YMEHBIIUTDh KOPpeJIaLHio Mexny napamerpamu Pl u P2. ITapamerp Pl umc-
JIEHHO paBeH MOHM3alMOHHBIM moTepsM dE/dx npu & = 0.318. lisa BocbMH
pa3MMUHBIX HAOOpPOB JAHHBIX STOT MapaMeTp BapbUpyeTcs B Ipenenax + 5%
OT CpeHero 3HaYeHus1. DTH BapHalliH IIPEJICTABILIOT COOOH BHY TPEHHIOW «aM-

WMty qHyio HectabmmsHocTh» TPC ycranoeka HARP.
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X/ndB368.2 / 179
P1

600 6525 + 2,946
P2 0.9930 + 0.4561E~03
P3 0.1575 + 0.2817£-03

600

400

300

200

100

(=]

dE/dx (AU.)

Puc. 2. AnnpoxcHManus paclpeesieH s HOHU3alMOHHbIX MoTeph (yHkuue 'aycca.

[TpuHIMITHAIBHBIM JOCTHXXEHAEM KOPPEKIMH HOHU3ALMOHHBIX I0TEPh I
KaXJOro Tpeka corjlacHo ¢opmyne (1) sSBHIOCH yCTpaHEHHE 3aBHCHMOCTH
MOHM3AIHOHHBIX NIOTEPh OT AABJIEHHs W Temreparypel. Bosee Toro, onu cra-
JIM TIPEICTaBJISITh COOOH HOPMHpPOBaHHYIO BEJMYMHY: MMHHMMajIbHas MOHH3a-
must dE /dx cranoBuTCs 6:m3Ka K enuaune. [IpoBeneHye KOpPEeKIMH OTAEJIBHO
IUISL KX I0ro Habopa JaHHBIX ITO3BOJIMJIO YCTPAHHUTh 9(pEKT HOITOBPEMEHHO-
ro apetida cbopa 3apsifa ¢ CHTHAIbHBIX TUIACTHH.

Kpowme Toro, Oslia npoBeieHa KOPPEKIHs HOHU3aMOHHBIX ITOTEPh Ha 3a-
BHCHMOCTb OT TIOJISIPHOTO yIUIa 6, KOTOPasi BOSHHKAET U3-32 HCKIIOUEHHS] CHI-

HaJIbHBIX IUIACTHH C ABYMS MaKCHUMAJIbHBIMH 3apsA1aMH. HpeIUIO)KeHHaH Tiompa-
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Puc. 3. 3aBHCHMOCTD yAENbHBIX HOHH3ALMOHHBIX NoTeps oT & = T'/P (K/rIla) nyis 6 cekTopos

TPC.

BOYHasl (pyHKIHS UMEET BHI;
dE/dx = (dE/dx)/(CO + C1/sin8 + C2/ sin?6) ,

rae CO, C1, C2 - cexkropozaBucumMble Koaddunuentsl. Bemuunna (dE/dx)g
O3HayaeT MOHH3ALMOHHBIE NOTEPH, CKOPPEKTHPOBAHHBIE HA 3aBHCHMOCTB OT
TEMIIEpaTyphl ¥ [JaBJIEHHs], HO 10 KOPPEKLIHH Ha 3aBUCHMOCTH OT IIOJIIPHOTO
yria. Bemrunna dE /dx — OKOHUaTEIbHOE 3HAUEHHE TIOCIIE BCEX KOPPEKIHH.
IIpemioxkeHHple aBTOPOM KOPPEKIHH HO3BOJHIIH MIPEB30OHTH paspelIcHue
(22-25%), panee nocturayroe B kosutabopamuu HARP-CDP. B pesyiibraTe BbI-
MeyKa3aHHBIX KOPPEKIHH NOCTUrHYTO paspemienue dE/dx ~ 16%, uro 6yms-

KO K TEOpPEeTHYECKOMY IIpefiely IJisl AaHHOH KOHCTPYKIMH aeTektopa. Mame-
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penust dE /dx TO3BOJSUIM Pa3fieNsaTh ITHOHBl B IPOTOHBI IO MMITYJIBCOB OKOJIO

800 MsB/c (puc. 4(a)).

dE/dx (MIP)

T T T [T T T [T

RPN IR I BTN B B T T P P e
45 95 0 05 1 5905 o0 Tes 15

Charge-signed particle momentum (GeV/c) Charge-signed particle momentum (GeV/c)

Puc. 4. PesynpTaThl KaHOPOBKH H3MEPEHHU: (2) HOHH3aWHOHHBIX noTepb B TPC, (b) BpeMeHH

IpoJIETa B CIIEKTPOMETPE 00JIBIIHX YTJIOB.

Bo BTOpOM paspene onuceBaoTCs npHHIMI paboTsl RPC, nusaiH 1 9J1eK-
Tponuka cuuThBaHusl RPC HARP, ycioBus SKCIUTyaTaly; IPUBOIUTCS Jie-
TaJIbHOE ONMHCaHue KamnOpoBkU cucteMsl RPC [A3].

KiroueBbIMH NOIIpaBKaMy ObLTH KOPPEKIMH Ha CYyTOYHBIE KOJIEOaH S TEM-
nepaTypbl ¥ Ha 3aBUCHMOCTb BPEMEHH PErHCTpally CUTHAJIA OT €ro aMILIUTY-
bl [lonpaBka Ha CyTOUHBIE KOJeOaHUS TeMnépaTypr nocturana 500 u 60-
Jiee IIMKOCEKYH/I U OIpeiesiach OTIeJIbHO IIsd Kaxkaoro u3 240 xananos. I1o-
IpaBKa Ha 3aBUCHMOCTb BPEMEHH OT aMIUTHTY/Ibl CHI'HAJIA JOCTHIajla HECKOJIb-
KHMX HaHOCEKYH]] ¥ BBIUHCJISUIACH B [Ba 9Tana. Ha nepBom srarme KOppeKTHpO-
BaJICSI OCHOBHOH 3(p(pEKT, peAIoJIaraBiiics OJUHAKOBBIM JIJIsSI BCEX KaHAJIOB,
Ha BTOPOM 3Tare yCTPaHsUICh OTIEJIBHO JJIS KaKIOro KaHajla MEeHbIHe -
¢dexTsl. CnegyeT 0OTMETHTb, YTO U3MEPSIEMOE BpeMsI IPOJIeTa 10 BEIHUHMHE CO-
CTaBJISIO HECKOJIbKO HAaHOCEKYH/I, a TIONPAaBKX CPABHUMBI C U3MeEpsieMbIM Bpe-

MeHeM IpoJjieTa. 1103ToOMy BBIIOJHEHHBIH pacyeT MOIPaBOK OOeCeursI JOCTH-
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JKEHHE BBICOKO9()(EKTUBHOMN UIIEHTH(DUKAINH YaCTHII II0 BPEMEHH IPOJIETA.

JIpyrue nonpaBky, B OCHOBHOM, YYHTHIBAIOT OCOOEHHOCTH paclpocTpaHe-
HHS1 CUTHAJIOB BJIOJIb IIOBEPXHOCTH KaMepsl. B 4acTHOCTH, KOPPEKTHPOBAJIOCH
HU3MEpPEHHOE BpeMs IIPHXOJa CHI'Hajla B 3aBUCUMOCTH OT KOOPJHMHATBHI TOUKH
MOTaJaHus YaCTHIB B KaMepy. DTa 3aBUCHMOCTD CBSI3aHa KaK C paclpocTpaHe-
HHEM cursaia Bons mnacTiH RPC, Tak u ¢ pacnpocTpaHeHHeM CUrHalia B Ka-
6eJisIX 9JIeKTPOHMKH. Bemuyunbl 9THX norpaBok gocturamm 200 MMKOCceKyH .

CobcTBennoe BpeMeHHOe paspemenne RPC onpepensinock ¢ momMomsio
TPEKOB, IIPOXOASIHX yepe3 obsacTu nepekpuTiii RPC. B pesymbrare kammo-
POBOK, IPOBEAEHHBIX II0 CO3IaHHOH METOIMKe, cobcTBeHHOe paspemente RPC
COCTaBWJIO B cpeiHeM 127 MUKOCeKyHA. DTOT pe3ybTat Hapsay ¢ [7], [8] Mox-
HO OTHECTH K JIyYIIMM B MHpE Ha MOMEHT ONyOJIMKOBaHHS B JIATEPATYE.

Bpewms npoJieTa yaCTHIB fTop BBIUKMCISUIOCH TI0 (hopMmyie

fToF = IrRpC — ftgt — 0 »

e trpc - Bpems, usmepennoe RPC nocrie Bcex KOPPEKLWMH, fgr - BPEMs IPUXO-
Ia ITyYKOBOH YaCTHUIIBI HA MUIIEHb, H3MEPEHHOE ITyYKOBHIMH CUETUHKAMH, a fj -
KOHCTaHTBH], XapaKTepHusylomue Kaxapi u3 kanasios RPC. 3nauenue 7y onpene-
Jisuiock ipy oMo TpekoB 1~ ¢ 0.25 GeV/c < pr < 0.9 GeV/c no ¢dopmyne
fo = IrpC — gt — t%’li“ed )

rae tﬁ"r’g’;md - BpeMsl [IPOJIETA, BBIUKCIISIEMOE M3 MMITyJIbCA IHOHA, H3MEPEHHOTO
B TPC.

Pa3pemienve o BpeMeHH mpoJjeTa CKIaJbBaIOCh U3 COOCTBEHHOrO pas-
pemenust RPC (127 nMKocekyH[), TOYHOCTH U3MEPEHHs BPEMEHH TIOTIaJaHusI

My4KOBOH yacTHIpl Ha MumeHpb (107 miuxocekyHn) U Gojee MENKHX BKJIAIOB

(= 50 mukocekyHnn). CyMMapHO paspemeHye II0 BpeMEHH IPoJieTa COCTaBIISIO0
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175 mukocekyHn. Takoe paspemenne 0OECIIEUHIO pasfesieHHe THOHOB U 9JIeK-
TPOHOB B auamnasoHe umiysbcoB 150-200 MaB/c, roe sHepreTHueckue moTe-
P IIHOHOB U 9JIEKTPOHOB B raze TPC cpaBHHMBL, UTO HE IO3BOJISIET IPOBECTH
uneHtTudukamio 1o dE/dx. B aTom quanasone oHa BO3MOXKHA TOJIBKO C HC-
nosb3oBanreM RPC. Paszenenne mMoHOB ¥ IPOTOHOB OCYIIECTBIISUIOCH BIIOTh
no umnyiscos 1.5 I'aB/c Ha nposernoH 6ase nopsiaka 50-100 cm. (puc. 4(b)).
DTO JOCTHXEHHE CTAaBHT BpeMmsirpoJieTHyo cucteMy HARP B uucio sywmmx
yCTPOHCTB MOJOOHOTO THIIA.

B Tpetbel riase onucana pa3paOoTaHHas IPH YYaCTHH aBTOpa METO-
IuKa 00pabOTKH 9KCIEPHMEHTAIbHBIX AAHHBIX M IIPEICTABJIEHBI ITOTyUeHHbIE
9KCIIepUMeHTaIbHble pe3ysbTathl [AS], [A6]. IIpuBonsTcst oOCyXIOeHHE SKC-
NIEPUMEHTANIbHBIX PE3yJbTaTOB U CPAaBHEHHE HX C pe3yJbTaTaMH OPYIHX 9KC-
IIEPUMEHTOB.

ITpencraBieHbl pesysbTaThl M3MEPEHHM OH(dEpeHIMaNbHbIX CEUECHUH
d*c/(dp - dQ) poxnenus n* U IPOTOHOB BO B3aHMOJIEHCTBHSAX 77* U IPOTOHOB
C MHUIIEHSIMH U3 yriepoja ¥ Menu. M3MepeHus IPOBOIMIACH IPH UMITYJIbCax
IMy4yKOBBIX yactull 3, 5, 8, 12 u 15 I'9B/c B muama3oHe MONEPEYHBIX UMITYJIb-
coB BTOpHYHBIX yactul oT 100 MaB/c go 1.25 I'9B/c. YrioBo# akcentanc no
MIOJISIPHOMY YIUIy H3MepeHHH cocTasisul 20 + 125 rpaagycoB OT OCH IyuKa.

Jist KaxgoH M3 KOMOMHAIIMK THIIA MUIIEHH, COPTa BTOPHUHON YaCTHIIBL,
THIIA ¥ UMITyJIbCa yYKOBOH YaCTHIBI IIPeCcTaBiIeHo no 96 3nauenwmi mudde-
PEHIMAJIbHOTO CeuYeHHs (8 MHTEpBAJIOB IO YIJIy paccesHus H 12 1o monepeu-
HOMY MMITYJIbCYy BTODHYHOM YacTHIH). B KauecTBe NpHMepa Ha pUcC. 5 NIpHBe-
IeHsl quddepeHInanbable CeUeHHS POKACHHS IPOTOHOB U 3apsUKEHHBIX THO-
HOB B HHTepBase yrioB BbuleTa 20° — 30° Ha yryiepoJHOW MUIMIEHH JJISl TIPO-
TOHOB C umIyJbcamu 3, 8, 15 I'sB/c. Ceuenust npuUBeeHBI B 3aBUCUMOCTH OT

TMOIIEPEYHOT O HMITYJIbCA, ITIPHUEM «OTPHULIATEIbHBIE» UMITYJIbChl COOTBETCTBYIOT
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OTPHLIATEJIBHO 3apSUKEHHBIM YacTHIIaM. XapaKTepHas MOrPEIHOCTh H3MepEeH-
HBIX ceueHud 3 + 10%. IlomyuenHble pe3yipTaThl CYyIIECTBEHHO MIPEBOCXOASAT
B OOJIBIIMHCTBE HHTEPBAJIOB HMEIOMKECs B JIMTEpPAType Kak IO IOJIHOTE, TaK H
T10 TOYHOCTH U3MEPEHHH U BKIIOUEHBI B MEXAyHapOAHYI0 6a3y maHHBX Durham
Hepdata [9].

Ha puc. 6 npencraieHo cpaBHEHHE NOJIyYEHHBIX PE3yJIbTaTOB C PE3yJlb-
tatamu dkcrepumenToB E802 [10] (sepxuuit pucyHok), E910 [11] (uenTpass-
HBIHA PUCYHOK) H «KoJutabopanwist HARP» [12] (HroxHME PHCYHOK) Ha siIpax Me-
mu. Cpasrenue ¢ skcriepuMentToM EQ(02 nokasaHo B TepMuHax JIopeHI-HHBa-
PHAHTHOTO CEYEHHMS B 3aBHCHMOCTH OT IONIEPEeYHOH MacChl. PesynbraThl XOpo-
IO COTJIaCYIOTCS ¢ OOJIBIIMHCTBOM paHee ONyOJIMKOBAHHBIX CYIIECTBEHHO Me-
Hee TIOJIHbIX AaHHBIX. B TO e BpeMs nMeeTcs 3HauuTebHOE (IO I0IyTOpa pas)
pacxXoXIeHHe C pe3ysbTaTaMH, OlyOJIHKoBaHHBIME Kostaboparued HARP B
2007-2009 rr.

IMomumo prddepeHIHaNTbHbIX CEUEHUH IIPEICTaBISIOTCS TakXke HEKOTO-
pble «HHTErpajbHble» XapaKTEPUCTUKH B3aMMOAEHCTBHS aJpPOHHBIX IIyUKOB C
SIIPaMU: HHTETPAJIbHOE CEUEHHE POXKIECHHUS IIMOHOB B 3aBHCHMOCTH OT aTOMHOH
Macchisiipa MUIIEHH (pUC. 7), CpeIHsISI MHOXECTBEHHOCTD POXKIEHHUS YaCTHIl B
riepecyeTe Ha OAHO HEYNPYTOoe B3auMOJeHCTBHE (PHC. §), a TAKXXE 3aBUCHMOCTb
CeueHrH OT SHEepruM IMyuykoBbIx vactun [AS], [A6], [13], [14], [15], [16], [17].
JlaHHBIE TIO YIJIEPOIy H MEOHX MOJIyUYEeHBI U HCIIOJIb30BaHbl aBTOPOM B JHCCEP-
TaIluM, OCTAJIbHbIE TaHHbIE TAKXKe MOJy4YeHBI C yUaCTHEM aBTOpa. [laHHBIE IO
yIJepoay ¥ MeIH, HETIOCPEACTBEHHO MOIyYeHHbIE aBTOPOM, XOPOIIO COTJIACy-
JOTCSI C OOIMMM XOOM 3aBHCHMOCTEH BBIXO[a M MHOKECTBEHHOCTH ITHOHOB OT
aTOMHOT'0 HOMepa siipa MUIIEHH, U3MEPEHHBIX KOJUIa0opaIye! ¢ yuacTHEM aB-

TOpA.
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Puc. 7. 3aBUCHMOCTD BBIXOJa ITMOHOB OT S1Apa MUIIEHH.

HHTeraJIbHOC CEUCHHE BbIYHUCIIACTCA I1I0 CI)OPMYJ'ICI

d*o

o= . Apr
dp - dQ

< sin@ >

(

) - 2rAcosb) 2)

re d*o/(dp-dQ) - nsmepernbie mudbdepeHIHaIbHbIE CEUeH S POXKICHHS TTHO-
HOB, CYMMHPOBaHH€ IIPOBOJUTCS 110 BCEM AUAra3oHaM IONEPEYHOr0 UMITYJIb-
ca M MOJIIpHOTo yria, Apr ¥ Acosf - MMpHHBI COOTBETCTBYIOMUX OHAria3o-
HOB, a BeJIMUMHa < sinf > - yCpemHEHHasl M0 Kaxaomy auariaszoHy. UHTe-
IpaJIbHOE CEYEHHE IPUBOIUTCS AJISI POKAEHHS IIMOHOB B IIEPEAHIOI0 TI0Tycde-
py (30° < 6 < 90°) mpu nmnynscax muoHoB ot 0.2 go 1 I'aB/c. Ha puc. 7 u
8 ceueHHe M MHOKECTBEHHOCTb MOKA3aHbl B 3aBHCHMOCTH OT BEJIHUHHB A/3,
KOTOpast NpUOJIM3UTEILHO IPONOPIMOHATIbHA ILIOMATH Sapa.

BriepBeie H3MEpPEHO OTHOIEHHE BHIXO/A IEHTPOHOB K BBIXOIY MPOTOHOB
B peakmusix p,n* + A — p,d + X TpH HMIIyJbCe HAJETAIOMMX MPOTOHOB
3-15TB/c, rne A = Be,C,Cu,Sn, Ta, Pb. UnerTHdUKaIMs AEHTPOHOB IIPO-

BOOWJIaCh TOJIBKO IO MOHHU3AITMOHHBIM IIOTEPAM dE / dx coriactHo CIIEqHaJIbHO
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Puc. 8. 3aBUCHMMOCTb MHOXECTBEHHOCTH ITHOHOB OT sgpa MULICHH.

HO paspaboTanHOM Metomuke. Ha puc. 9 mpuBeneHo pacnpeleneHde IO Jio-
rapudmy U3MEPEHHBIX HOHU3AMOHHBIX NTOTePh. MOXHO OTMETUTD YAOBIETBO-
PHTEbHOE Pa3fieIeHHe MPOTOHOB M NEHTPOHOB. CpaBHEHHE pe3yJbTaToB A
IIECTH MHUIICHEH B yrﬁOBOM muanasone 30° — 45° npuBeneHO Ha pI/IC.. 10. Vka-
3aHHOE OTHOINIECHHE BO3pacTaeT IIPUMEPHO B 4 pasa IpH Iepexofe OT JIerkux
K TSDKEJIBIM sipaM. DKCIIepHMEHTaIbHbIE JaHHbIE HE COTJIacyIOTCsI C IpecKa-
sanusiva GEANT4 [18], [19], B 6a3y maHHBIX KOTOPOrO HEOOXOJHUMO BHECTH
H3MEHEHHS [UI MCII0JIb30BaHMA TIPH ITUIAHUPOBAHHUM HOBBIX SKCIIEPHMEHTOB H

00paboTKH TaHHBIX.
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Puc. 10. OTHOIIEHHE BBIXOAOB JEHTPOHOB U K BHIXOLY IDOTOHOB B peakiusx p+A — p,d+X

TIPH UMITyJIbce HasleTaomux npotoHoB 8 I'aB/c; A = Be, C, Cu,Sn, Ta, Pb.
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3aKIroueHue
OCHOBHbIe pesyanaTbl H BbIBOIbI

1. BrepBble cHCTEMAaTHYECKH H3MEPEHbl HHKITIO3HUBHbIE ABaX 161 AU depeH-
IMaJIbHbIEe CeYeHHsT 00pa30BaHMsI IPOTOHOB U 3apsUKEHHBIX ITHOHOB B pe-
akmusix 7%, p + C,Cu — 7%, p + X. V3MepeHus pOBENIEHbl TIPH UM-
myJibce IMyukoB oT 3 mo 15 I'9B/c, B mmamas3one yrioB BeuieTa oT 20°
no 125° u s monepeyvHbIX UMITYJIbCOB BTOPHUHBIX yacTun oT 0.1 mo
1.25 I'sB/c. Jocturayta To4HOCTD 3-10%. B pesynpTaTe ObUM mOJTyYe-
HBI HAHGOJIEE TIOMHBIE H3 BCEX H3BECTHBIX B HacTosIIee BpeMsl 9KCIepH-
MeHTaJIbHbIE TaHHBIE 00 06Pa30BaHUH 3aPSKEHHbIX IIMOHOB U IIPOTOHOB B
9THX peaKIMsX. DTH CBEIEHHUS BKIIOUEHbl B MEXIyHApOIHyIo 0a3y maH-
HbIXx Durham Hepdata u MoryT ObITh MCIOJIB30BaHBL, B TOM YMCJIE, TS

YTOYHEHHUS NpeICKa3aHHH IPOrpaMM - TeHepaToOpOB aIPOHHBIX B3aUMO-

IEeHCTBHH, P IPOBEIEHUH JPYTHX 9KCIIEPUMEHTOB.

2. PesynbTaThl, IOJyYEHHBIE HA SIIpax yriepoa, HeoOXo MBI sl BBIOOpa
HAWTyYIIero MaTepHajla MUIIEHH B MIOOHHOM HCTOYHHKE NP NPOEKTH-
POBAaHHHU YCKOPHTEIBHOIO KOMILIEKCAa HOBOT'O ITOKOJIEHHSI — MIOOHHOTO
KoJUtaiifiepa. B HacTosmee BpeMs rpauToBas MUIERb PacCMaTpHBAET-
Cs1 KaK OJIMH U3 OCHOBHBIX BapHaHTOB W OKOHYATEJbHBIA BBIOOp OyIeT
OIIPEAEIISITECS] BO3MOXKHOCTBIO IOCTHKEHHSI TpeOyeMOH HHTEHCHBHOCTH

MOTOKA ITMOHOB IIPH 3a/IaHHOH MOIIHOCTH IPOTOHHOT'O JIpaiBepa.

3. MsMepeHHble B JaHHOH paboTe ceueHHs: 0Opa3oBaHHMS BTOPHYHBIX aj-
POHOB Ha sOpax yrjepoja MO3BOJIST JOCTHYb Oosiee BBICOKOH TOYHO-
CTH pacyeToB IIOTOKA M CIIEKTPa aTMOC(HEPHBIX HEUTPHUHO, OTKPHIBAIOT

BO3MOJXHOCTb CHHJKEHHSI CHCTEMATHUECKOH OIIHOKH IIpH UHTEpPIIpETA-
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IIUM PEe3yJIbTATOB SKCIIEPUMEHTOB 110 IIOUCKY HEHTPHUHHBIX OCIMJLISIHH,
a TaKXe MOTYT OBITh HCIIOJIb30BAHbI IIPH IUTAHUPOBAHUH HOBBIX HEHTPHH-

HBIX SKCIIEPHMEHTOB.

. MaMepeHHble ceueHHs: 1 MHOXXECTBEHHOCTH ITMOHOB Ha sifIpax yriepoaa
U MeJH, HETOCPEeJCTBEHHO IIOJIyYeHHblE aBTOPOM, SIBJISIOTCSI HanboJee
IIOJIHBIMH ¥ TOUHBIMH B HaCTOSIIEE BPEMSI M COTJIACYIOTCs ¢ OOMUM XO-
IIOM 3aBHCHUMOCTEH BBIXOJ]a M MHOKECTBEHHOCTH MHOHOB OT Pa3IMYHbIX
slep MUIIEHH, H3MEepEeHHbIe KoJtabopaluel ¢ yuacTieM aBTopa. HMame-
PEHHSI BBIIOJHEHB! JUISL PasHYHbIX THIIOB HAJETAIOMMX YacTul (p, 7+),
IIpY MMITyJIbce Myuka oT 3 no 15 [9B/c B auama3oHe yrjoB BbUIETa OT
20° mo 125°. BriepBble CHCTEMAaTHUECKH H3MEPEHO OTHONIEHHE BBIXOJIOB
IOEHUTPOHOB K BBIXOAY IIPOTOHOB Ha pPa3iUYHbIX MHIIEHSX. DTH pe3yJb-
TaTHI O3BOJISIIOT U3BJIEYb HOBYIO MH(pOpMaIuio 06 aIpoH-sSOepHBIX B3a-
MMOJEHCTBHSX B OyOyT MCHOJIBb30BaHbI AJIs1 PA3BUTHS TEOPHH CHIIBHOTO

BBaHMOﬂeﬁCTBHH.

. Ilpeanoxena METOMKA M IIPOBENIEHA KAIMOPOBKA H3MEPEHH ST HOHH3AIIH-
OHHBIX IIOTEPh BO BPEMSIIPOEKIMOHHON KaMepe skcriepumenTa HARP.
JlaHHAS METOHKA TIO3BOJIAIA YCTPAHHTH BIHSHHE PSIA AITIAPATYPHBIX
9(hEeKTOB, CHUKAIMMX TOYHOCTh H3MEPEHHS (IIapasUTHBIE CHTHAJIBI B
9JIEKTPOHHKE, 3aBHCHMOCTD KO3(P(DUIMEHTA YCHIIEHHS OT TeMIIepaTyphl
U T.1.) B pesynabrare nocturnyto paspemenue dE /dx ~ 16 %, uto 6yms-

KO K TEOpETHYECKOMY Npefesy OJIs JaHHOTO THIa KaMep.

. PaspaboTansl MeTonB! U IpOBelleHa KaJHOpOBKa H3MEPEHHs! BpEMEHH
mpoJieta B cnekTpoMeTpe Oospmmx yrioB akcrepumerTa HARP. Tak

Kak B okcriepuMenTe HARP BriepBble B MUPOBOH NpaKTHKE IS U3Mepe-
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HHSI BPEMEHH IIpOJIeTa BTOPHYHBIX YacTHI| ObLIM HCII0JIb30BAHbl KaMEPBI
RPC, 910 noTpe6oBaio co3naHusl HOBBIX METOJOB KaJTMOPOBKH, YUHUTHI-
BaIOIMHUX OCOOEHHOCTH IPEIU3HOHHOI'O M3MEpEHHs] BpEMEHH IIpH IOMO-
mu 9THX Kamep. JocTurayTo codcTBenHoe paspemenue kamep RPC 127
IIMKOCEKYHJI, UTO MO3BOJIHJIO OIPENeJisiTh BpeMs IIPOJIETa C TOYHOCTHIO
175 mukocexyna. B coueTanuu ¢ u3mMepeHHeM HOHU3AIMOHHbIX IIOTEPh B
kamepe TPC 3T0 #ano BO3MOXKHOCTb HaleXHO MAEHTHU(HUIHPOBATh Ya-

CTHIIBI B CIIEKTpOMeTpe O0IbImHX yrioB skcrepuMenta HARP.
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