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1. O01ue cBeieHUs1 0 IPOEKTE

1.1. ludp temnr / KHUII (ans mpoiieBaeMbIX MPOEKTOB) — wugp memvl 6KIHOYAem Oamy
OMKpbIMUsL, 0ama OKOHYAHUS He VKA3bl8Aemcs, M. K. OHA ONpeoensiemcs CpoKamu 3a8epuieHust
nPOeKmos 8 meme.

1.2. Hu¢p npoexta / nognpoexta KUII (114 nipo/yieBaeMbIX MPOESKTOB U MOIIPOEKTOB)
1.3. Jla6opaTopusi: JlabopaTtopus sSiAEpHBIX TpoOIeM

1.4. Hayunoe HanpaBJjienne. @usnka 3J€MEHTAPHBIX YAaCTULl U (PU3MKA TSKEIBIX NOHOB BBICOKUX
JHEPIrUm

1.5. HaumeHoBaHHMe NpOEKTa: Pa3Butue METOOMKM pEerucTpauu 4YacTul] B Oyaymmx
sKcIepuMenTax ¢ yyactuem OUAN

1.6. PykoBoautenn npoekra: J[aBsinos HO.1.

1.7. 3amecTuTenb pykoBoauTest npoekra: Kynmpunikuii FO.A.

2. HayyHoe 000CHOBaHME M OPTaHM3ANMOHHAN CTPYKTYpa
2.1. AHHOTAUMA

Pa3Burue BKCHGPHMCHTaHBHOﬁ q)HSI/IKI/I QJICMCHTAPHBIX YaCTHUILl ITPOUCXOAUT B ABYX OCHOBHBIX
HAMpaBJICHUSAX — YBEJIMYCHHE OSHEPrUM MYYKOB YaCTHII M WX HWHTEHCHMBHOCTH. OTO TpelyeT
MPUMCECHCHUSA HOBBIX MAaTCpUaOB, pa3pa60TI<H NEPCICKTUBHBIX ACTCKTOPOB U METOJUK PErUCTpalllin
YaCTHII, Pa3BUTHS HOBBIX METOJIOB aHAJIN3a JIAHHBIX.

PaCCManHBaeMBIfI IIPOCKT HAILICJICH HAa Pa3BUTUC HOBBLIX ACTCKTOPOB M HOBBIX IMOAXOAOB JJIA
perucTpalnuu U UACHTU(PHUKAIMKA 4YacTUIl. B paMkax mpoekTa mpemiaractcs oObEIUHUTH YCHIUS B
Pa3HBIX HAIPaBJICHUAX C LCJIbIO 3(1)(i)eKTI/IBHOFO HCIIOJIB30BAHUA YCIIOBCYCCKUX W MATCPUAIBHBIX
pecypcoB.

HpOGKT npeaycMarpuBacT pa3BUTUC MCETOJUKHU CO3JAHUA W HUCCICOAOBAHUA IMCPCIICKTHUBHBIX
JIETEKTOPOB. ByTyT mpoBeieHbI PabOoThI 1O Pa3pabOTKe HOBBIX T'a30BbIX JETEKTOPOB U MCCIICIOBAHUIO



UX TapaMeTpoB, N0 CO3JIAHUIO U HUCCIECIOBAHUIO MPOTOTHUIIOB KAIOPUMETPOB KaK C HCIIOTH30BAHHEM
OpPraHUYeCKUX CHUHTHIUIATOPOB, TaK M C KPUCTAIUTAMHU.

Opnna u3 3amga4d npoekra — MonTte Kapiio MonenupoBaHue 3JIeKTPOMAarHATHBIX KAJIOPUMETPOB
Pa3IMYHON KOH(MUTYPAIUH C IEJIbI0 ONITUMU3AIMH UX MTApaMeTPoB. JTa 3aj1a4a MPECTaBIIsET HHTEPEC
JUTSL Pa3JTUYHBIX YKCIIEPHUMEHTOB, TNIAHUPYEMBIX B OJMKAUIIINE TOMIBI.

PaboThl, mnanupyembie B paMKax MpOeKTa, OYAyT MPEICTABIATh MHTEPEC SKMEPUMEHTaM, B
KOTOPBIX YK€ YYacTBYeT WM TIUIaHuUpyeT ydacTBoBath OWSN - Oyaymmm KoJUaiaepHbIM
SKCTIIEpUMEHTaM, a Takke s3kcnepumenTam Mu2e, Comet u apyrum.

2.2. HayuHoe o0ocHoBanue (1€/b, aKTyaJbHOCTh M Hay4yHas HOBHU3HA, METOJbI W IOJIXOJIbI,
METO/IMKH, 0’KHJIaeMbIE PE3yJIbTAThI, PUCKH)

L]env [Ipoexma

VdYacTHHKH TpOEKTa B TEYCHHUE pslda JIeT IUIOJOTBOPHO 3aHUMAIOTCS pPa3pabdOTKOW u
UCCJICIOBAHHEM HOBBIX JICTEKTOPOB, METOJOB aHAlIM3a JAHHBIX. JTH pabOThl MPOBOIUIKCH
pa3po3HEHHO B pPaMKax pa3IMYHbIX NPOCKTOB M akTUBHOCTeW. s OGonee 3ddexruBHOTO
UCIIOJIb30BAHUSI YEJIOBEYECKUX W (PUHAHCOBBIX PECYpPCOB MBI TIpeiaraeM OOBEIUHHUTH 3TH
AKTUBHOCTH B PaMKax OJHOTO MpoekTa. [lenbio mpoekTa sSBiIseTCs] pa3BUTHE CUCTEM JCTEKTOPOB
JUIS YCKOPHUTENBHBIX SKCIEPHUMEHTOB M HOBBIX IOAXOJOB B PErHCTPALMU M UACHTH(DUKAIMH
yactuil. L{enn, mocTaBieHHbIE B MPOEKTE, HANIPABJICHBI HAa PEIICHUE 33/1a4, BOSHUKAIONINX KaK B
Oyaymux KoyutaaepHbix skcrepuMenTax (Cymep c-tay dadpuka (Super c-tau factory, SCT) [1] B
Poccun, Cymep Tay-uapm ycranoBka (Super t-Charm facility, STCF) [2] u kpyroBoii 351eKTpoH-
nosutponnbii komaitnep (The Circular Electron Positron Collider, CEPC) [3] B Kurae), Tak u Ha
YCKOPHUTENSIX C (DMKCUPOBAHHBIMH MUIICHSMHU IPH MPOMEXKYTOUYHBIX M BBICOKMX JHEPIUsX, a
TaKXKe B TOHCKOBBIX dSKcrepuMmeHtax Mu2e, Comet. OcoObie TpeOOBaHMS NPEABIBISIOTCS K
JIETEKTOPaM, IUIAHHPYIOMIMMCS K HCIOJb30BAHMIO B YCIOBHSAX BBICOKHX 3arpy3ok (intensity
frontier) u/wnm B ycnoBusix BbICOKMX 3Hepruid (energy frontier). 1 B Tom, u B apyrom ciydae
TpeOYIOTCS paJMallMOHHO-CTOWKHE JETEKTOPhI C BBICOKHM OBICTPOJICHCTBHEM, CIIOCOOHBIE
3¢ PexTHBHO pabOTaTh B CIOKHBIX PATUAIMOHHBIX YCIOBHSIX.

AKmyaJleOCmb U Hay4iHas HO6U3HA

Pa3Butne COBpeMEHHON SKCIEPUMEHTAILHOW (H3UKU 3JIEMEHTApHBIX YaCTHI[ MPOUCXOJUT B
HANpaBJICHUU YBEIMUYCHHs OSHepruu myukoB dvactuil (energy frontier) m WX HHTEHCHBHOCTH
(intensity frontier). B cBsi3u ¢ 3TuM TpeOyeTcss pa3paboTKa W CO3JaHHE OBICTPOACHCTBYIOIIMX
JICTEKTOPOB, CIIOCOOHBIX HAJIC)KHO M CTAOMIBLHO pabOTaTh B YCIOBHSIX BBICOKHUX PaHallMOHHBIX
3arpy3oK, pa3BUTHE HOBBIX MOJXO/0B K MOJCIUPOBAHUIO JCTEKTOPOB M aHAIN3Y JAHHBIX C HHX.
Jns 3TOro HeoOXOJAMMO TPOBECTH TIOUCK HOBBIX MATEPUATOB W OCYIIECTBUTH pPa3pabOTKy
MEPCICKTUBHBIX JETEKTOPOB W METOJUK PETUCTpAllMi W HACHTH(UKAIUK bacTull. [lostomy
3ajjaya TOWCKAa HOBBIX MaTEpHajoOB, pPa3pabdOTKU TMEPCHEKTHUBHBIX JIETEKTOPOB W METOIMK
PETUCTPAIMH YaCTHUII, PA3BUTHS HOBBIX METOIOB aHAJIM3a JaHHBIX SIBISCTCS aKTyalbHOM.

Memoowst u nooxoowvl, memoouxu
|. Pa3paboTka MUKPOCTPYKTYPHBIX U CTPOY Ta30BbIX JCTEKTOPOB
B mporiecce pa3paboTku ¥ 3KCILTyaTallud Ta30BbIX JIETCKTOPOB B COBPEMEHHBIX (BHU3UUECKUX

SKCIICPUMCHTAaX CYHICCTBYET BO3MOXHOCTHh BO3HHUKHOBCHUSA HpO60$[, MOTCHIUAJIBHO MPUBOAALIETO K
MOBPCKACHHUIO WM Pa3pymICHHUIO 3J3JICMCHTOB ACTCKTOPA. O)IHI/IM M3 CII0COOO0B peuicHu-d 3TOM



npoOJIeMbl  SIBIISIETCS  MCIOJIb30BaHWE B KOHCTPYKIIMH JIETEKTOpAa PE3UCTHBHBIX 3JIEMEHTOB,
OTPaHUYMBAIOIINX TOK MpU MpoOoe M TaKUM 00pa3oM YMEHbBIIAIOIIUX BEPOSTHOCTH MOBPEXKICHUS
nerextopa. [logoOHoe pemienue ucnoib3yercs, Hapumep, B TPC skcriepumenta T2K u B New Small
Wheel skcriepumenTta ATLAS.

Hamu Obin pa3zpaboTaHbl M UCHIBITAHBI TPOTOTHUITBI MUKPOCTPYKTYPHOTO Ta30BOTO JAETEKTOpA
Micromegas ¢ pe3MCTHBHBIM aHOIHBIM TOKPBHITHEM W MPOJEMOHCTPUPOBAHA HX BBICOKAs
YCTOMYUBOCTh K Mpo0osiM [4], BemyTcss pabOThI MO MCCICIOBAHHUIO JCTEKTOPOB HAa OCHOBE I'a30BBIX
9JIEKTPOHHBIX YMHOKHUTENIEH KOJIOAE3HOTO THIA ¢ pe3ucTHBHBIM anoaoMm (WEM).

BaxHbIM HamnpaBiICHUEM Pa3BUTHS T'a30BBIX TPEKOBBIX JIETEKTOPOB SBISETCS HCIIOJIb30BaHHE
TOHKOCTEHHBIX CTpoy TpyOok. B OMSN HakomieH 10cTaTOuHO OOJBIION OMBIT CO3JaHuUsI JIETEKTOPOB
Ha OCHOBE CTPOYy TPYOOK, M3TOTOBJICHHBIX METOJOM YJIbTPa3BYKOBOH cCBapku. Hamu H3roTOBICHBI
o0pa3ipl CTpOy TPYOOK C PE3UCTHBHBIM KAaTOJIHBIM IOKPHITHEM Ha OCHOBE alIMa30I0J00HOr0
yraepona (DLC). Takue TpyOkm MMErOT 00jee BBICOKYIO YCTOWYHBOCTH K MPOOOSM U TO3BOJISIFOT
CUMTHIBATh BTOPYIO KOOPAMHATY BIOJb MPOBOJIOKU C BHELTHUX CTPUMOB. BbUIM U3roTOBIIEHBI 00pa3Iibl
CTPOy TPYOOK C KaTOAHBIM CUMTHIBAHHEM U TPOBEICHBI IepBbie uccienoBanus [5]. Ha puc.l ciesa
MOKa3aH CTPOY JETEKTOp C HaHECEHHBIMHM Ha TpyOKy cTpumamu. B mpaBoii yactu puc.l npuseneHo
pacrpenielieHue CHTHaJlOB CO CTPHIIOB. Pe3ynbTaThl AEMOHCTPHPYIOT MEPCHEKTUBHOCTH JTaHHOTO

HaIIpaBJICHUS.
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Puc.1. O6muit Bux cTpoy TpyOKM ¢ BHEIIHMMM CcTpunamu (cieBa). PacmpesneneHue cUrHAIOB Ha
BHEIIHUX CTPUIIAX MpU O0ydeHUH TPYOKH O€Ta HCTOYHHUKOM (CIpaBa).

B pamkax nmpoekTa npooyKaTcsi UCCIe10BaTeNIbCcKie paboThl M0 CO3/IaHUIO0 U TECTUPOBAHUIO
pa3IMYHBIX THUIIOB MHUKPOCTPYKTYPHBIX Ta30BbIX JE€TEKTOPOB C PE3UCTUBHBIMU DJIEMEHTAMU U
MOKPBHITHSIMU Ha OCHOBE alIMa30MoJI00HOTO yriepoda. BaxHoW 3amadeil sBiIseTCS Co37aHUE
CTa0MIIBHO paboTaIOIUX JETEKTOPOB C BBICOKOH H(PQPEKTHUBHOCTBIO PETUCTPALMM U CHOCOOHBIX
NOKpbIBaTh  Oonpmve  miom@aau. [lmanupyercs  oTpaboTka  TEXHOJIOTMHM — MPOU3BOJICTBA
MHUKPOCTPYKTYPHBIX Ta30BBIX JETEKTOPOB, MPEAHA3HAYEHHBIX U1 pabOThl B YCIOBHUAX BBICOKOH
3arpy3ku. bynyt pa3paOoTaHbl M cO3[aHbl Ta30BbIE JETEKTOPHI C MapamMeTpaMu (ra3oBO€ YCHJIEHUE
6omnee 20000, sHepretnueckoe paspemienue 10 20 %, mpocTtpaHcTBeHHOe paspemieHue 1o 200
MKM), COITOCTaBUMBIMU C JIYULIIMMH CYIIECTBYIOIIMMH aHAJIOTaMHU C BO3MOKHOCTBIO ITPOU3BOJICTBA HA
6aze JIAII OUSAN. bynyt npomoskeHbl paboThl IO MCCIEI0BAHNIO TOHKOCTEHHBIX CTPOY JAETEKTOPOB
C LIEJIbIO CO3/IaHHUS JIETEKTOPOB C MUHUMAJIbHBIM KOJIMYECTBOM BEILECTBA HA MYTH YacTHIl. JTa 3a7ada
npeJcTaBIsieT MHTepec A skcnepuMmeHta MuZe-ll, B koTOopoM paccMaTpuBaeTcsi BO3MOKHOCTh
HCIIOJIb30BaHUs CTPOY AETEKTOPOB C TOJIIMHON CTEHOK MeHee 12 MKM.

[lonyyeHHBIE B XOJ€ BBINOJIHEHMS] MPOEKTa PE3YJAbTaTbl MOTYT HCIIOJIB30BAaThCS B
skcniepumerTe Mu2e-I1, a Taxxe B Ipyrux SKCIIEPUMEHTAX Ha TUNIAHUPYEMBIX YCKOPUTEIISX.

Il. Pa3pa60TI<a, NOCTPOCHUC U TCCTUPOBAHUC IMTPOTOTUIIOB SJICKTPOMATIrHUTHBIX KaJIOPUMETPOB
O,Z[HI/IM nus3 HaHpaBJ’ICHI/Iﬁ IOBBIIICHUA 3any30‘-IHOﬁ CIIOCOOHOCTH U YIIYUHICHUA PAa3pCIICHUA

ABJICTCA CO3JaHUE KaJIOpHUMETPOB C BBICOKOHM CTEIICHBIO TPaHYJIAPHOCTU B TIIOIEPCUYHOM H
MpoaOJIbHOM HaAllpaBJICHUAX. rpaHy.]'II/IpOBaHI/Ie KaJIOPUMCTPOB B MOIICPCUHOM HAIIPABJICHUU SBJISACTCA



CTaHJAPTHBIM METOJIOM U MPUMEHSIETCS] BO BCeX yCTaHOBKax. [IpoosibHOE rpaHyIupoOBaHUE SBIISIETCS
MEHEee pacHpOCTPaHEHHBIM, XOTS TaKuWe KaJOpUMETpPhl MMEIOT CBOM JOCTOMHCTBA. Tak, B cilyuae
HAJIMYUS B COOBITUH HU3KO- ¥ BBICOKODHEPT€TUUYECKUX YACTHII, TIEPBBIC OYIYT OCTABISATH MPAKTHUECKU
BCIO CBOIO HHEPTrHUIO B MEPBOM CJI0€ KaJopuMeTpa. BblcokoaHEepreTnyeckue 4acTUIIbl OCTABST 4acTh
CBOCH DHEPrHH B MEPBOM CJIO€ U OCTABIIASICS JHEPTUsi OyAET BBIACIATHCS BO BHYTPEHHHUX CIIOSIX
IPOJOJIBHO TPaHYJIMPOBAHHOTO KajJopuMeTpa. Takoe MpOJOJbHOE TPaHYIHUPOBAHUE SYEEK MOMKET
OKa3aThbCs MOJIE3HBIM JJIsl YIYUIICHHUS] BPEMEHHOIO U SHEPreTUYECKOT0 pPa3pelieHul B KaIOpUMETpax
B DKCIIEPUMEHTAX, IJIAHUPYEMbIX Ha OyIyIIUX KoJulaiiepax.

Puc.2. O6pazerr 37eKTpPOMarHUTHOTO KAJTOPHUMETPa C MOACIUPOBAHHBIMY JTUBHAMH. [IpoToThIl
COCTOMT U3 JIBYX CEKIIU, KaK/Iast cekius coopana u3 9 kpucramwioB POWO,-UF pazmepamu
3
1x1x4 cm”.

I'panynupoBanue B MPOAOJIBHOM HANpaBIEHUH MOXET ObITh YpEe3BbIYANHO IOJIE3HBIM B
AJIEKTPOMAarHUTHBIX KAJIOPUMETpaX, BBINOJIHEHHBIX M3 HEOPraHWYECKUX CUUHTWLIATOpoB. B
pabote [6] paccMaTpHBAKOTCS MPOTOTUIBI AICKTPOMATHUTHOIO KaJIOPHMETPa, MOCTPOSHHOIO C
ucnoiapzoBanueM kpucrtamioB PbF, u PbWO,-UF pasmepamu 1x1x4 e, TTomumo IPAaHYJISIPHOCTH B
TONIEPEYHOM HAIPABICHHH OMPEICTIEMOM cedeHneM 1x1 cM’ OTHENBHBIX KPHCTAIUIOB, KAJOPHMETD
CeKIMoHupyercss u mo riayoune. Kaxnas cekuus mMeeT JMHY 4 CM M KOJMYECTBO CEKIUH MOXKET
BapbUPOBATLCS B 3aBUCUMOCTU OT JMalia3oHa HU3MepseMoil dHepruu. CUTHajbl C KaKIOW CEKLUU
cHuMaroTcss mpu nomomu SiPM u peructpupyroTcs He3aBucumo. Ha puc.2 moka3aH MpOTOTHIT
CEKLIMOHUPOBAHHOTO D3JIEKTPOMAarHUTHOTO KaJOpUMETpa C MOJEIUPOBAaHHBIMU JMBHAMH. Kaxknas
cekus coopana u3z 9 kpucramioB PbWO,-UF pazmepamu 1x1x4 eM®. Mbt MJIAHUPYEM TTPOBEICHHE
WCCJIEOBAHUM ITPOTOTHUIIOB IPOJOJIBHO CErMEHTHPOBAHHBIX 3JIEKTPOMAarHUTHBIX KaJOPHUMETPOB C
UCIOJIb30BaHuEM KpucTaioB LYSO u npyrux [uist onpeneneHus: BpeMEHHOTO UM AHEPreTHUeCKOro
paspemienus. VccnenoBanust OyayT IpOBOJUTHCA Ha Mydkax 3eKTpoHoB (JIunak-200 B OMSAU u B
Ipyrux 1eHTtpax). Takue wuccienoBaHUsi MOTYT OBbITb MHTEPECHBI OyAYLIMM SKCIIEpUMEHTaM,
riaHupyeMbIM Ha JInnak-200, a Takke SKCiepuMeHTaM Ha Oyylniux KoJutaiaepax.

I1l. PaguaninonHas CTOMKOCTh MaTEPHAIIOB U AIIEKTPOHUKHU

OmHUM W3 BaXXHBIX HAINPABICHUN PaOOTHI SIBISIETCS MOWMCK PAIMAIMOHHO CTOWKHUX MaTE€pPHAajiOB IS
UCTOJIb30BaHUSI B TNEPCHEKTHBHBIX JeTeKTopax. PaHee HaMu ObUIM TPOBEAEHBI HCCIIEIOBAHUS
paaMalMOHHON CTOMKOCTH OpPraHWYeCKUX M HEOPraHUYECKHX CIUHTHILIATOPOB [7,8], pe3ynabraTs
KOTOPBIX MOTYT OBITh MHTEPECHBI IS MHOTMX OKCIIEPUMEHTOB. Tak, MNpH HCCIEIOBAHUU
paIuamoOHHON CTOMKOCTH CIIMHTHIUISIIIMOHHBIX KPUCTAILUIOB YncTOoro BaF, 1 mernpoBaHHOTrO UTTpHEM
HaMH ObLIT oOHapyxeH 3(dekT GobIeil moTepr CBETOBBIX0/1a OBICTPON KOMIIOHEHTON MO CPAaBHEHUIO
C MeIJIeHHOH mocie oOiydyeHus HeWTpoHamu Ha kaHane Ne3 peakropa UBP-2M, kak moka3zaHo Ha
puc.3 [8]. OueBuaHo, uTo TpeOyeTcs Ooliee IeTaTbHOE UCCISIOBAHNUE JaHHOTO Y PeKTa.

MBI mmaHupyeM MpoJOKUATh H3YUIEeHUE PaTualliOHHON CTOMKOCTH KpUCTaLoB 4yrctoro BaF;
U JIETUPOBAHHOTO UTTpHEM, KpucTaisioB LY SO u apyrux, npeactaBisionimx HHTEpecC.
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Puc.3. IToreps cBeTOBBIXOJa 00pa3liaMi KPUCTAIIOB YUCTOTO U JIETUPOBAHHOTO UTTpueM BaF; moce
00JTy4eHus1 HEUTPOHAMHU.

Ha ceromusmnuuii  Moment mmpoko3oHHblie |lI-V  momynpoBoaHuku — sBisiOTCS  Hambosee
NEPCIEeKTUBHBIM MaTepHalIOM JUIsi U3TOTOBJICHMS paauanuoHHo-ctoikux CBY mpubopoB B
KOCMHYECKOH M aTOMHOW MPOMBIIUIEHHOCTH. VI3MepeHHOe 3HAYCHHE SHEPIHH CMEIIECHUS JJIs aToMa
GaN 19.2 5B oTHOCHTENBHO BEIHMKO MO CPaBHEHUIO C IPYTMMH IIHPOKO MPUMEHSEMBIMH THIIAMU
noaynpoBogHukoB Si, GaAs u ap. (cMm. Puc.4). V Hero, COOTBETCTBEHHO, BBINIE YCTOWYMBOCTH
MaTepuaia K BHEIIHUM BO3/JICHCTBUSIM, B TOM UUCIIE U PaIUAIMOHHBIM.

B pamkax mpoekTa mpearaercsi M3TOTOBUTh M IPOBECTH SKCIEPUMEHTAIBHOE CpPaBHEHUE
paaualMoOHHON CTOMKOCTH 00pa3noB ycunureneil Ha quckpeTHbIx GaN u GaAs aneMeHTax, a Takxke
U3TOTOBUTh W HCIIBITATh OO0PAa3lbl MHTETPATBHBIX MHUKPOCXEM, M3TOTOBJIEHHBIX C HCIOJIH30BAHUEM
GaN Texmporiecca Ha moUI0KKax pazauanoro tuma (Si, candup, SiC u ap.).

Correlation of mean measured displacement
threshold Ed with reciprocal lattice

constant TIAO

Ed =1778.4* (1!A°)"3.01
R =0.981
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Puc.4. VI3amepeHHbIe 3HaYeHUS SHEPTUM CMEIICHUSI ISl Pa3IMYHBIX MOTYIPOBOTHUKOB B 3aBUCUMOCTHU
OT TmapaMmeTpa OOpaTHOW pemieTKu. bonblnre 3HaYeHUs SHEPTHH CMEIICHHS, COOTBETCTBYIOT Oojee
BBICOKOM pPaUaIlMOHHON CTOMKOCTH MaTepuaia [9].

MajiomymMsmii ~ paauanMonHo-ctoikuid  front-end  mpexaycwnuTens IS TMEPCHEKTHBHBIX
KaJIOPUMETPOB TPEACTABISIET HHTEPEC JUIsl MHOTHX OSKCIEPHUMEHTOB, Pa0OTAIOMIMX B CIOXKHBIX



paaualMoOHHBIX YCIOBHUSX. byner mpoBeneHa pa3paboTka, MOAECTUPOBAHWUE W W3TOTOBICHHE CXEMBI
MaJIOIMIYMSIIETO PAANAIIMOHHO-CTOMKOTO TIpeaycuauTens Ha nuckpeTHbIXx GaN (GaAs) anemeHTax st
KpeMHUEBBIX poroymHOxutenerdr (SIPM). Takxke r1utaHupyercs pa3paboTKa MaJIOIIyMSIIEro
paanaloOHHO-CTOMKOIO MPEeIyCUINTeNsd B HHTerpaibHoM HcnoidHenud Ha GaN/GaAs texmporiecce ¢
NepCreKTUBON ucoab30Banus B SPD u apyrux skcrnepumeHTax.

B pamkax mpoekTa IUIaHUpYeTCsl MPOBECTH U3YYEHHE PaJUAIlMOHHON CTOMKOCTH pa3iuYHbIX
o0pa3ioB nipu oOiydenun Heiirponamu Ha UBP-2M, anekrpornamu Ha myuke JIMHAK-200 u ramma
ucTouHukaMu. bynyr wucciemoBanbl kpuctamwibl BaF,, LYSO:Ce (LuaY22xSiOs:Ce), oraenbHbIe
KOMIIOHEHTBI W (DPOHT-3HJ AJICKTPOHHKA. DTHU HCCIEAOBAaHUS MOTYT MPEACTABISATh HHTEPEC s
pasIMYHBIX 3KcnepuMeHToB, Bkimrodas Mu2e-11, Comet, skcneprMeHTh Ha HOBBIX TUIAHHPYEMBIX
YCKOPHUTEISIX.

IV. HoBrle CHUHTUWUIAIUOHHBIE MaTCpHAJIbl JJIS pErUCTpaliii TCILIOBBIX HGfITpOHOB

K nacrosmemy Bpemenn B HOOMALII JISAIT BeimoaHeH muMKiI paboOT MO CO3JaHUIO TETEPOTCHHBIX
CIMHTHJUIATOPOB HEHTPOHOB Ha Ga3e ymtueBbiX crekoi [10]. 'eTeporeHHbIH CHUHTHIUIATOP COCTOUT
U3 3€peH JIMTHEBOrO0 CTEKJa, 3aJIUThIX ONTHYECKUM KOMIIAyHAOM. B KadecTBe ONTHYECKOTO
HAIOJIHUTEJIS MCIIOJIb30BAJIMCh aKpUJIOBas CMOJIA, SMOKCUHASL CMOJIa WM CUJIMKOHOBBIA KOMIIAyH/I.
[Tpu npoBeneHnN MOJICTMPOBAHUS pa3MEPhl 3ePEH JINTUEBOTO CTeKIIa BapbupoBaiuch oT 0.2 MM 10 0.8
MM. beutn u3rotoBsiensl o0pasibl ¢ pazmepamu 3epeH 0.3 mm u 0.4 MmMm. B pesynbraTte nccnegoBanuit
yaJoCh CHU3HUTH YYBCTBUTEJIBHOCTh TAaKUX CUUHTWJUIATOPOB K Y — ()OHY Ha JBa MOpAIKA IO
CPaBHCHHMIO C TOMOTCHHBIM CIUHTWLISTOPOM M3 JIUTUEBOTO CTEKJIA MPH CHIKCHUU d()PEKTHBHOCTH
peructpaii HeWTpoHoB 10 50% (puc.5 u 6). Pe3ynbraThl omy0IMKOBaHbI B 4 MEYaTHBIX paboTax u
JIOKJIaJIbIBAJINCh HA CEMUHapax J1adopaTopuu.
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Puc. 5. CHeKTpI)I CUTHAJIOB, 3apCTUCTPUPOBAHHBIX HA IIYUKE TCIIJIOBBIX HeﬁTpOHOB oT 06pa3u03
TeTCPOTrCHHBIX COHUHTUIUIATOPOB. BI/II[ KOMITayHa: 1- MOHOJIMTHOEC CTCKIIO, 2- AKpHJIOBasA CMOJIA; 3-
SIIOKCHJHAaA CMOJIa, 4 - CUJIMKOHOBEIN KOMIIayH/.
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Puc.6. DpDHeKTHBHOCTH pErHCTPAIUK TEIUIOBBIX HEMTPOHOB U YYBCTBUTEILHOCTH K FaMMa-KBAaHTaM B

3aBUCHUMOCTH OT pasMeEpa 3€pC€H JIUTUCBOI'O CTCKJIa U KOHICHTPAIUH.

B pampHEHIMX WCCIEOBAHHUSX TPU CO3JaHUM KOMIIO3HTOB OYAYT HCIIOIH30BATHCS
IpaHyJIMPOBAHHbIC HEHTPOHHBIC CHUHTHUIATOPBI Tpou3BojcTBa P®d, co3maHHBIE HAa OCHOBE
KPUCTAIJIOB Cynb(duaa muHKa, (GTopucTOro NUTHS W OoKcuaa Oopa. Ilpemcrout monmenwpoBaHUE U
ONTUMM3AIMS CTPYKTYphl cuuHTUILIATOpa B makete GEANT, usroroBnenrne oOpaslioB U UCIIBITAHHE
Ha ITy9KaxX HEHTPOHOB W Y — KBAHTOB. Takke OymeT CO3laHO MPOrpaMMHOE OOeCIeUCHHE s
00pabOTKH CUTHAJIOB TAKMX CIUHTHILISTOPOB.

Ilenp maHHBIX pabOT — CO3JAaHWE HOBBIX CIUHTHUISIIMOHHBIX MATEPHAIOB C BBICOKOM
KOHBEPCHOHHOU 3(P(PEKTUBHOCTHIO HEWTPOHOB, HU3KOH ramMma — YyBCTBUTEIBHOCTHIO M BBICOKOH
MIPO3PAYHOCTHIO.

V. OHTI/IMI/I38.I_II/I$I pa6OTBI CUCTCM CHUHTHUIUINUOHHBIX JETCKTOPOB

YYacTHUKM  JaHHOTO TPOEKTa BHECIM  ONpPENENSIOmMNA  BKJIaJ B  CO3/IaHUE  CHUCTEMBI
CIUHTWUISIMOHHBIX JICTEKTOPOB MIOOHHOTO Tpurrepa ycranoBku CDF (®Depmmiad, CIIA).
Hanomuum, dYro 510 ObLT TepBBIA ciydaid wucrnoib3oBaHuss WLS onTudyeckux BOJIOKOH Iis
KPYITHOTA0APUTHBIX CIUHTHUBIIIHOHHBIX JIETEKTOPOB, HCIOJIB3YEMBIX HE B KAJIOPHUMETPHUYCCKHX
cuctemax. bbIT Takke TpoBeleH IMKI paboOT MO U3YYEHUI0 eCTECTBEHHOTO CTapeHus
CIUHTHIISTOPOB, KOTOPBIA OBLT YCIENTHO MPUMEHEH B JNalbHEWIIUX padoTax. VIMEHHO 3TOT OIBIT
OBLJT MCTIOB30BaH MPHU MPOBEACHUH OONBIIOr0 00beMa padoT Mo pa3paboTKe M CO3JaHUI0 MIOOHHOU
cucremsl (CRV) mns sxcniepumerTa Mu2e Ha OCHOBE CHMHTHIUISIIMOHHBIX CTPHUITOB MPSIMOYTOJIBHOTO
CEYEHHUS CO CUUTHIBAHMEM CHUTHAJIOB MPHU MOMOIIM CIEKTPOCMEIIAIONINX BOJOKOH, MOMEIIEHHBIX B
oTtBepcTus B cruHTHUIATOpax [11]. Takme Momynu ceiuac ycTaHaBmuBaroTcs B jaeTekTop MuZ2e.
Paspes mogynss CRV ycranoBku MuZ2e mokazaH B JIeBOW 4acTu pHC.7. AHAIOTUYHBIA MPOTOTHII C
BOJIOKHAMH, PACITOJIOKCHHBIMH B KaHaBKAaX, CO3JIaH HAMH U JyIs ipoekta Comet.

VYBenuueHne MHTEHCUBHOCTH ITydYKa MIOOHOB Ha TOPSAOK B Oyaymux Ha0opax TaHHBIX B
Mu2e-1l m Comet morpeOyer MoaepHH3alMK CymiecTByrOmuxX nerektopoB. B CRV kauectBe
ANbTePHATUBBI PACCMATPUBAIOTCS CHUHTUIUIATOPHI C CEYEHUEM TPEYTrOIbHOM (OPMBI, KOTOPHIE MOTYT
yIYy4IIUTh ObICTpoONIeHcTBUE U obecriedaT HeoOXoauMyl0 3(h(PEKTUBHOCTh PETUCTPALlMHM B YCIOBUSX
BBICOKHX PaJIMAIlMOHHBIX HATPY30K.
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Puc.7. CneBa — pazpe3 moayns CRV skcniepumenta Mu2e. CripaBa — cpaBHEHHE BapHAHTOB CHCTEMBI
CRV, BBINIOITHEHHBIEC U3 CTPUTIOB C MPSIMOYTOJILHBIM U TPEYTOJIbHBIM CEYCHUEM.

[Tnanupyercs npoBeeHUE UCCIEN0BAHUS CO CTPUIIAMU C TPEYTOJIbHBIM CEUEHUEM JIJIsl OLIEHKU
cBeTOCOOpa B 3aBUCHMOCTH OT PACCTOSHHUS OT ILIEHTpa CTpUIA JO MECTa IMPOXOXKACUS YaCTUIIBI
(momepeuHsblii CKaH) Ha KOCMUKE U C PaJIHOAKTUBHBIM UCTOYHUKOM. ByzeT mpoBeseHo MoienupoBaHue
3QPEKTUBHOCTH MOMYJISA, COCTOSIIETO M3 4-X CIIOEB TPEYrOJbHBIX CTPUIIOB, M CpaBHEHHE C
3¢ (EeKTUBHOCTBIO AHAJIOTUYHOTO MOJYJsSl, BBINOJHEHHOTO U3 CUUHTUUIALMOHHBIX CTPHUIIOB
NpSMOYTOJIBHOTO cedeHusi. B pesynbrate mNpoBeAeHHBIX paboT OyaeT OleHeHa NPUMEHHMOCTH
MOJlyJiel Ha OCHOBE CTPHUIIOB C TPEYroJbHBIM cedeHHeM [ BTopoil (as3el mpoekra Mu2e-Il. Dtu
pe3yabTaThl MOTYT ObITh ToJie3Hbsl u it cucteMbl CRV mpoexkta COMET, a Taxke mist Apyrux
9KCHEPUMEHTOB, UCIOJIB3YIOLINX MIOOHHBIE CUCTEMBI.

Takxke OOJBIION MHTEPEC BBI3BIBAIOT HMCCICAOBAHHUS CUCTEMbI «CHMHTHLIATOP + SIPM +
GPOHT-3HI» € 1IeJbI0 MHUHMMHU3ALUU BpPEeMEHM cpabarbiBaHus (yBEIMYEHUs OBICTpOJEIHCTBUA) U
JOCTHXKCHUSI PEKOPAHOIO BPEMEHHOI'O paspeuieHus. DT pa3paboTku OyayT mposeaeHbsl ¢ SiPM
pasinyHbIX MnpousBoauTened. Takue wuccienoBaHUS MOrYyT OBITh HMHTEPECHBI ISl MHOTIHMX
IKCIIEPUMEHTOB (Hampumep, aerekrop «mini-BB» B MPD).

VI. Pasutrue wmeronoB Monrte Kapio MopenupoBaHus M HUX HIPUMEHEHUE MJIi I[POTOTHUIIOB
3JIEKTPOMArHUTHIX U aIPOHHBIX KaJIOPUMETPOB

Y4YacTHUKM  NpelaraéMoro  IpOEKTa paHee BHECIM  ONPENEISIIOIMM  BKJIax B
KOHCTPYHpOBaHUE, pa3pabOTKy METOA0B TECTUPOBAHMSI aIPOHHOTO TalJI KaJIOpUMETpPa SKCIEPUMEHTA
ATJIAC u momyueHue TECTOBBIX pe3yJbTaToOB C HEro, B cOOpPKY KajopuMmeTpa B Imaxte bosbmioro
agponnoro komnaiaepa (BAK) u BBenenwue ero B akcriyatanuio [12].

bein mpoBeneH MK JeTalbHBIX HCCIEAOBAHUN XapaKTEPUCTHK IPOTOTUIIA U PEATbHBIX
MOAyJIel aapoHHOrO Tailn kajmopumerpa (Puc.8), a Takke COBMECTHO C AJIEKTPOMATHUTHBIM KHJIKO-
aproHOBBIM KaJOPUMETPOM — KOMOWHUPOBAHHOTO KaJOpPUMETpa, MPpU OOJYyYEHMH IyYKaMU MHOHOB,
IPOTOHOB, AJIEKTPOHOB U MIOOHOB ¢ 3Hepruel ot 3 no 350 I'3B yckopurens SPS (IIEPH) [13,14].
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Puc.8. Cxema cOopku MOyNiel afpOHHOTO Talijl KaJOpUMETpa JJIsSi TECTOBBIX HCTIHITAHUH.

B xonme umcciemoBaHuWil mapaMeTpoB Taisl KajJopuMmeTpa ObUTa OmpenesieHa YHEepreTHYecKas IIKaja
kajopumetpa. [Ipu 3ToM nepeaHue siueHKU CKaHUPOBAIMCH MO yriioM 20° U Mo MCeBI0OBICTPOTE,
A4eiiku OOKOBBIX CTOPOH - mox yriaoM 90° (Puc.8). beuin n3mepeHsl sHepreTudeckasi JIMHEHHOCTh U
paspelieHue 1o JHEPIruM.



[Tonyuyeno pacnpeneneHne HOPMUPOBAHHOTO OTKJIMKA KAJIOPUMETPA Ha MUOHBI B 3aBUCUMOCTH
OT SHepruu. BennunHa HECKOMIIEPCHUPOBAHHOCTH KasopumeTpa coctaBisieT e¢/h=1.33+0.06+0.02, uro
XapaKkTepHO IS HKeJIe3HO-CUUHTWUISIUOHHBIX KaJIOPUMETPOB.

[IpoBeneHsl wHccaeAOBaHUS TONEPEYHBIX W TMPOJOJBHBIX MpoQuiield agpOHHBIX JHUBHEH,
3apErHCTPUPOBAHHBIX  MPOTOTUIIOM  KaJoOpuMeTpa ©W  KOMOMHUPOBAHHOTO  KaJlOpUMETpa
ATLAS [15,16]. C nomoIipi0 AeTaIbHOIO CKaHUPOBAHMS ITHOHHBIM ITydkKoM mpu sHepruu 100 I'>B
MoJTydeHa TOpoOHAas KapTHHA TIOBEICHHUS MTOTIEPEYHOTO U MPOJI0IBHOTO MPODUIICH aIpOHHOTO JINBHS.
BoccTraHoBieHb! MJIOTHOCTH palalibHOM SHEPTHH JIJIS YETHIPEX YYaCTKOB MO TIIyOMHE KalopuMeTpa u
Bcero kajgopumerpa. Paspaborana TpexmepHas MapaMeTpu3alus aJpOHHOTO JHMBHA M BBIBEJCHA
dbopMyna ass onucaHus aAPOHHOTO JTUBHS OT Havaja KaJlopUMEeTpa.

Taxxe Obul pa3paboTaH W MPUMEHEH HEMAPAMETPUUYECKUN METOJ] BOCCTAHOBJICHHS SHEPTUU
KOMOMHUpPOBaHHOTO  Kajopumerpa [17],  KOTOpbIi  HCHOJB3YeT  HM3BECTHBIC  OTHOIICHUS
HECKOMIICHCHPOBAHHOCTU KAJIOPUMETPOB M KOHCTAHTHI AJIEKTPOHHON KAIMOPOBKU. JIaHHBIN METOX HE
TpeOyeT ompeneneHusl Kakux-J1u0o mapaMeTpoB C HCIOJb30BAHHEM MHUHUMU3ALUUA U JIETKO MOXET
OBITH HCIIOJB30BAH B KAUECTBE TPUTTEPA MIEPBOTO YPOBHSI.

Pa3paboran METOJ onpeeaeHus HECKOMIIEHCUPOBAHHOCTHU 3J€KTPOMAarHUTHBIX
KasopumeTpoB.  OmpeneneHa  HECKOMIIEHCUPOBAHHOCTh  LIEHTPAIBHOTO  3JIEKTPOMArHUTHOTO
kanopumeTtpa skcriepumenta ATJIAC, koropas coctaBuna e/h=1.74+0.04.

DBOJIOIMOHHBIN  AITOPUTM OBLT TMPUMEHEH YYaCTHHKAMH IMPEIJIaraéMoro MpoeKTa s
ONTUMU3ALMY TUIEPIAPAMETPOB UCKYCCTBEHHON HEUPOHHOW CETH, MPEAHA3HAYECHHON JIs1 OTJAEICHUS
curHana pp — tH or ¢oHOBBIX coObiTHi. OnTUMH3anus MPOBOAWMIACH OTACIBHO JUIsI CHUTHAJA
CranmapTHOI MOJIeNU U CUTHAJA JJid ciy4ad 3a npeneinamu CTaHIapTHON MOJENH.
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Puc.2. HopmupoBanHoe pacnpeneneHue OTKIMKA CETH JIJIsl TPEHUPOBOYHBIX M TECTOBBIX BBIOOPOK IS
curHana CM(cnieBa) u yist curHana 3a npeaenamu CM(crpaBa).

HopmupoBanHoe pacmpeneneHie OTKIMKa CETH Ui TPEHHPOBOYHBIX M TECTOBBIX BBIOOPOK ISt
curHania CTaHJapTHOM MOJIeNM M JAJs cUrHana 3a npenenamu CTaHIapTHOW MOJAETH NPUBEICHBI Ha
puc.2. 3aech nokazaH oTkiIMK cetd NN Output ¢ runepnapaMeTrpamy, ONTUMAIbHBIMU JUIsl CUTHAja
CM, a paznenurenbHasi ClIOCOOHOCTb BBIYUCIIAETCS 10 popMyIie:
nbins 2
. 1(X%iz0 " (si — by)
Separation power = = X 100
2 Si + bi

Wtak, 60mbII0H ONBIT pabOTHl C 3JIEKTPOMArHUTHBIMU U aJPOHHBIMHM KaJIOpUMETpamMu ObLI
HAaKOIUIEH y4YaCTHHKaMu JaHHOro mnpoekra B skcrepumeHTte ATJIAC nHa bonpmom anpoHHOM
KoJTaiiiepe. bbutn paspaboTaHbl W NMPUMEHEHBI CIEAYIOLIHME HOBbIE METOMbI JAJIS HCCIIEAOBAHUS
CBOMCTB 3JIEKTPOMAarHUTHBIX U aIPOHHBIX KaJJOPUMETPOB:

* [IpeunsuoHHbIM OecrnapaMeTpUUecKUil METOJl W3MEpPEHHs DHEPIMH B KaJOPUMETPUYECKOM
KOMIIJIEKCE, IT03BOJIUBIINN JOCTUYb PEKOPAHON YHEPreTUYECKON JTMHENHOCTH.



= Merog  u3MEpEHUS  HECKOMIIEHCHPOBAHHOCTH  3JIEKTPOMAarHUTHOTO  KaJlOpUMETPa,
MO3BOJIUBIIMN  M3MEPUTHh BEIUYMHY HECKOMIICHCHUPOBAHHOCTH ISl  KUJKO-apTOHHOTO
anekTpomMarHuTHoro kanopumerpa ATJIAC.

* MeTon TpexMepHOW mapaMeTpu3ali aApOHHOIO JIMBHS, IO3BOJUBLIMI  H3MEPUTh
paauabHYI0 IUIOTHOCTh SHEPTHHM aJpPOHHOrO JIMBHA B 3aBUCHMOCTH OT €ro MpOJ0JIbHOU
KOOpIMHATBHI.

= Merong omnucaHusi TPOJOJIBHOW IUIOTHOCTH aJPOHHOrO JIMBHA B KOMOMHUPOBAHHOM
KaJIOpUMETPE.

* PazpaboTaH MeTOJX W, Ha €ro OCHOBE, NMPOBEJEHA 3JICKTPOMArHUTHAS KaTMOpPOBKAa MOJIYJCH
aJJpOHHOTO KaJIOPUMETpPa B My4Kax 3JIEKTPOHOB ¢ 3Heprueit ot 10 1o 350 I'5B, yTo no3Bonmio
C IPEKPACHOM TOUHOCTHIO YCTAHOBUTH SHEPIreTUUECKYIO LKAy KaJOPUMETDA.

» Pazpaborana wmoauduKanusg — MeToja JIOKAJIbHOM  aJpOHHOM  KanuOpOBKU  JJist
KOMOWHHUPOBAHHBIX KaJOPUMETPOB, UYTO MO3BOJUJIO IMOJYyYUTh PEKOPAHBIE SHEPreTHUYECKOE
paszpelieHue U JUHEHHOCTh AJISl CO3/IaHHOTO KAJTOPUMETPHUUECKOr0 KOMILIEKCa.

* PazpaboraH ¥ NpPUMEHEH MpPU aHAIM3E IKCIEPUMEHTAIBHBIX JAHHBIX HEHUPOCETEBOM METO.
pacueTa dHepreTu4eckux MoTepb B MEPTBOM BEIIECTBE KAJIOPUMETPHUUECKOr0 KOMILIEKCa, YTO
MO3BOJIUJIO CYIIECTBEHHO YIYYIIUTh 3HEPIeTUYECKOE pa3pelieHHe KaJlOopUMETPUUYECKOTO
KOMILIEKCA.

* [IpoBeneHbl HKCIIEPUMEHTAIbHBIE UCCIEOBAHMS IMHEHHOCTH, S3HEPTETUUECKOT0 pa3peleHus,
HECKOMIICHCUPOBAaHHOCTH W YTEUKH aJpPOHHOTO JIMBHSA 3a Tpeleibl aJpoOHHOTO U
KOMOWHHUPOBAHHOTO (JIEKTPOMArHUTHBIA U aJPOHHBIN) KAJIOPUMETPOB B MyYKaX JIEKTPOHOB,
MIOOHOB, MMOHOB U MIPOTOHOB ¢ 3Heprueii ot 3 1o 350 ['9B Ha yckoputene SPS.

B Hacrosiiiee BpeMsi pacCMaTpUBAETCs MOJArOTOBKA HECKOJIBKUX YCKOPUTEIBHBIX MPOEKTOB (C-
tay ¢adpuka (CST) B Poccun, STCF u CEPC B Kurae). OVAN nposBUI 3aWHTEPECOBAHHOCTH B
y4acTHH B OSKCIEPUMEHTAaX Ha 3THX YCKOPUTEISX, B JKCICPHUMEHTAIBHBIX YCTAHOBKAX KOTOPBIX
BaKHOE MECTO OY/IyT 3aHUMaTh KaIOPUMETPHI.

B pamkax mpemyiaraeMoro IpoeKTa IUIAHHPYETCS BBIMOJHEHHE CICAYIOIIUX 3a7ad  Jyis
MOJICITMPOBAHKS, HCCIICIOBAHUS CBOWCTB W ONTUMHU3AIMM SJCKTPOMArHUTHBIX W AJPOHHBIX

KaJOpUMETPOB, KOTOpbIEe OyayT BO3HHKATh B Ipolecce pa3paboTKU KaJOPUMETPOB B SKCIIEPUMEHTAX
Ha CST, STCF, CEPC:

* (Co3maHue TNPOrpaMMHO-MATEMATHUECKOTO OOecredeHusl s JETAIbHOTO  ONMHCAaHUS
AJIEKTPOMArHUTHBIX M aJPOHHBIX KalopuMeTpoB ¢ ucnosnb3oBaHueM GEANT4. Orto Oyner
C/IeTIaHO JUTSI OKCIIEPUMEHTOB, INIAHUPYEMBIX Ha OyAyIIUX KoJulaiiiepax.

* (Co3maHue NOPOrpaMMHO-MAaTEMAaTHUYECKOTO OOEeCleyeHHus Uil MOJENUPOBAHMUS  OTKIIHMKA
AIIEKTPOMArHUTHBIX U aJIpOHHBIX KaJOPHUMETPOB Ha AJIEKTPOHBI U aJ[POHBI C MCIIOJIb30BaHUEM
coBpeMeHHbIX MonTe Kapio renepatopoB. 3agaua OyAeT BBIMOJHATHCS OIS HECKOIBKHX
BapHaHTOB KaJOPHMETPOB JIJIsl SKCIIEPUMEHTOB Ha OyIyIIHX KOJUTaliepax.

* JlpoBeneHue aHaiaM3a MOJCIMPOBAHHBIX JAHHBIX C LEJIbIO ONpPECNICHUs BIMSHUS BEITUYUH
MEpPTBOW MaTepHUH B KOHCTPYKIHUH DJIEKTPOMATHUTHBIX M aJPOHHBIX KAJIOPUMETPOB Ha
HHEPTreTUYECKOE pa3pelIeHne U JMHEHHOCTh OTKIIMKA KaJIOPUMETPOB.

* JVccaenmoBaHue CBOWCTB DJIEKTPOMArHUTHBIX M aIpOHHBIX KaJOPHMETPOB B 3aBUCHMOCTH OT
SHEPTUU U yIJIa NaJeHUs YaCTUILl Ha TPOTOTUIIBI KAJIOPUMETPOB.

*  OnruMmuzanys Iu3aiiHa ¥ KOHCTPYKIIMH JIEKTPOMArHUTHBIX M aJPOHHBIX KAJIOPUMETPOB IO
UTOTaM [POBEACHHOTO HCCIEOBAaHUS C LEJbI0 YIYYLIEHHS HX XapaKTepUCTHK. Bymyt
pPacCMOTPEHBI KAIOPUMETPHI IKCTIEPUMEHTOB Ha OyIyIINX KOJUIaiaepax.

* JI3yyeHue CBOWMCTB MOJHOMACIUTAOHBIX AJIEKTPOMArHUTHBIX U AJPOHHBIX KaJOPUMETPOB B
3aBUCUMOCTH OT DHEPTHU W TICEBJOOBICTPOTHI YACTHUI[ TIPU MOIHOM MOJIEITHPOBAHUU MPOTOH-
IPOTOHHBIX, MPOTOH-AEHTPOHHBIX, JEHTPOH-ACUTPOHHBIX MPOTOH-SAEPHBIX U SAPO-AIACPHBIX
B3aMMOJICHCTBHI C LIeNbI0 pa3paboTKu U peanu3anuu 3HPEeKTUBHBIX METOJI0OB PEKOHCTPYKIIUHU



OTKJIMKA KQJIOPUMETPA Ha YaCTHUIIBl M CTPYH. JTa 4yacTh pabOThI B IEPBYIO OUYEpE/Ib HANPaBJICHA
Ha skcriepuMenThl Ha NICA.

Ooicudaemvie pe3ynvmanol

B pe3ynbraTe BBINOIHEHUS TPOEKTa OYIYT pPelIeHbI CIASAYIOUINE 3a1a4H:

1)

2)

3)

4)

5)

6)
7)

8)

9)

Pa3paboTaHbl U UCCIIEIOBAHBI MUKPOCTPYKTYPHBIC Fa30BbIe IeTeKTophl THita Micromegas u
kosozeznoro tuna (WEM) ¢ pe3aucTuBHBIM aHOIHBIM OKpBITHEM. Pa3paboTanbl HOBBIE TOH-
KOCTEHHBIE CTPOY-E€TEKTOPHI @ TAKXKE CTPOY-IETEKTOPHI C KATOAHBIM CUUThIBAHHEM UH(DOP-
MaIHH.

[TpomMoaenupoBaHbl, CO31aHbl U MPOTECTUPOBAHBI MPOTOTHUIIBI CEKIIMOHUPOBAHHOTO 3JIEKTPO-
MarHUTHOTO KaJOpUMETpa C UCIoib3oBaHueM KpucTtaiioB LY SO u apyrux tumos.

[Tonmy4eHbl HOBBIE JJAaHHBIE TIO PAAMALMOHHON CTOMKOCTH KPUCTAJUIOB, UCIOIB3YEMBIX B DJICK-
TPOMAarHUTHBIX Kanopumerpax. Pa3paboranbl cxeMmbl, MIPOMOAETUPOBAHBI U HU3TOTOBIICHBI Ma-
JOMIYMSIIIUE PaTualluOHHO-CTOMKKE TIpenycuinTenu Ha AuckpeTHeix GaN (GaAs) anemeHTax
st SiPM 1 uccienoBaHbl Ha paguallMOHHYI0 CTOMKOCTh. DTHU MCCIEI0BAaHUS MPEACTABISIOT
UHTEpEC /ISl SKCIICPUMEHTOB, BBIITOJHAEMBIX TPH BHICOKUX MHTEHCHUBHOCTSIX, BKITFOYAsl DKCIIE-
pumentsl Ha HL-LHC, MuZ2e-1l u npyrue.

[TpoBeneHo MoJeTUpPOBaHKE, CO3JJAHBI U MCCIIEJOBAHBI TPOTOTHUITHI MIOOHHOH CHCTEMBI Ha OC-
HOBE CIMHTHUISITOPOB TPEYroJbHOTO CEYEHHUS M CPAaBHEHBI UX MapaMeTphl ¢ MapaMeTpamu
AQHAJIOTHYHBIX CHCTEM CO CHUHTHIUIATOPAMH MPSIMOYTOJIBHOTO ceueHHs. PaboOThI peaCTaBIsIOT
uHTEepec B nepByro ovepens s MuZe-11 u Comet, a Takxke Ipyrux SKCIEPUMEHTOB, UCIIOJNb-
3YIOIIUX MIOOHHBIE BETO CHCTEMBI.

[IpoBeeHa ONTUMH3ALKS U CO3/IaHa CHCTeMa «CHUHTHLIATOP + SIPM + (GpoHT 3H1 351eKTpo-
HUKA» C MaKCHMAJIBHO BO3MOXHBIM OBICTPOJCHCTBHEM W MUHUMAJIBHBIM BPEMEHHBIM pa3pe-
[ICHHUEM.

Pa3paboTanbl HOBBIE T€TEPOT€HHBIC IETEKTOPHI JJISl PETUCTPAIMH TEIIOBBIX HEUTPOHOB C ITO-
JIaBJIEHHOHN Ha 2-3 MopsA/Ka 4YyBCTBUTEIBHOCTHIO K TAMMa KBAaHTAM.

Pa3pabotan nu3ailH KOHCTPYKIUH, CO37jaHbl MPOTOTUIIBI MOJYJEH 3JI€KTPOMAarHUTHBIX Kajio-
PUMETPOB, MPOBEJCHBI UX MCCIIEIOBAHNS HA KOCMHKE U B IIy4KaX yCKOPUTEIIEH.

[TpoBeneHoO McciiefOBaHUE PE3YIBTATOB TECTOBBIX MCIBITAHWN B CPaBHEHHH C TPEICKa3aHMSI-
Mu Monte Kapno Mozeneit s MpOTOTUIIOB M MOJTHOMACIITAOHBIX MOAYJEH 3JIEKTPOMarHuT-
HBIX KaJIOPUMETPOB.

HccnenoBaHbl CBOMCTBBI JIEKTPOMArHUTHBIX M aJIPOHHBIX KaJOPUMETPOB B 3aBUCHUMOCTU OT
SHEPTUU | yIJIa MaJICHUS YaCTHIl Ha MPOTOTHUITBI KAJIOPUMETPOB.

10) HccnenoBaHbl CBOMCTBA MMOJTHOMACIITA0OHBIX QJICKTPOMATrHUTHBIX U aIPOHHBIX KAJIOPUMETPOB B

3aBUCHUMOCTH OT DHEPIMU M TCEBAOOBICTPOTHI YACTHI] IPU MOJTHOM MOJEIUPOBAHUU MPOTOH-
IIPOTOHHBIX, MPOTOH-IEHTPOHHBIX, IEUTPOH-AEUTPOHHBIX NMPOTOH-AJEPHBIX M AIPO-AIEPHBIX
B3aMMOJICHCTBHI C LeNbI0 pa3paboTKu U peanu3anuu 3)PEeKTUBHBIX METOJI0OB PEKOHCTPYKIIUU
OTKJIMKA KQJIOPUMETpa Ha YaCTHIIBI U CTPYU B YCIOBUAX OYIyLIUX HKCIEPUMEHTOB.

11) IpoBesieH aHATU3 MOJICIMPOBAHHBIX JAHHBIX C LEJIBIO OMPEACICHUS BEIMYMH MEPTBOI Mare-

PUH B KOHCTPYKLMHU JIEKTPOMArHUTHBIX U aJPOHHBIX KaJOPUMETPOB U UX BIUSHMS Ha dHEpre-
TAYECKOE pa3pellieHrne W JTUHEHHOCTh OTKIMKA KAJIOPUMETPOB JUIsl SKCIIEPUMEHTOB Ha-OyIy-
LIUX YCKOPUTENAX.

12) Pa3zpabotano mporpaMMHO-MaTeMaTHueckoe obecrneucnue st Monte-Kapino MomenupoBanus

U aHajM3a SKCIEPUMEHTAJbHBIX MAHHBIX JAJS MPOTOTUIIOB M MOJHOMACIITAOHBIX MOAYyJeH
JJIEKTPOMArHUTHBIX KaJIOPUMETPOB NSl IUIAHUPYEMBIX SKCIEPUMEHTOB Ha OYAYHIMX YCKOpPH-
TEJAX.



Pucku

K puckam HeBbIOMHEHUS TMPOEKTa B TMOJHOM OObEME MOXKHO OTHECTH HEAOCTaTOYHOE
(dbuHAHCUpPOBAHUE, JIOTUCTUYECKHE MPOOJIEMBI C MPUOOPETEHUEM MaTepUATIOB U OOOPYIOBAHHS IS
CO3/IaHUS ITPOTOTUIIOB JETEKTOPOB.

K cuiibHBIM CTOpOHAM MPOEKTa, O€3yCIOBHO, OTHOCATCS OOIIUPHBIN OMBIT B MOJICIIMPOBAHUH, METOAAX
pa3paboTKu HpOrpaMMHOro obOecriedeHus JUIsi MOJCJIMPOBAHMS U aHAIM3a JIaHHBIX, B pa3paboTke
HOBBIX JIETEKTOPOB U METOJAaX MX HCCIEAOBAHUN, MMEIOIIMNCA y YyYaCTHUKOB IpoekTa. CuiabHOU
CTOPOHOM MPOEKTa TaK)Ke SABJSAETCS AOCTYIMHOCTh IMy4ka eKTpoHoB (JIluHak-200), neiitponor (MBP-
2M), a Takxke cepTH(PHUUUPOBAHHOW abopatopuu i pabOThl C MCTOYHHKAMH PaAJAMOAKTHBHOTO
U3ITy4YEHUSI.
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2.4. YyactBywomue jJadoparopuun OUAN: JIAIL, JI®BI, THD



2.4.1. Ilorpednoctu B pecypcax MUBK

Pacnpenesienne no rogam

Boluuc/juTeIbHbIe pecypcbl
1 rox 2 rox 3 rox 4 ron 5rox
Xpanenue nanubix (Th)
- EOS
- JIeHThI
Tier 1 (sapo-uac)
Tier 2 (ssmpo-yac)
CK «I"oBopyH» (s11p0o-4ac)
- CPU
- GPU
O6mnaka (CPU saep)
2.5. YyacTBywouiye cTpaHbl, HAyYHble H HAY4YHO-00pa3oBaTeIbHble OPraHU3alNU
Opranusanus Crpana T'opon Y4acTHUKH Tun
corJianieHust
Nd HAHb benmapych MuHck Kypoukun FO.A. + CoBMmecTHbBIE
3yen. paboThI
UAI bry benapych MuHck Mucesuu O.B. +3 uen. | CoBmecTHBIE
paboThl
N5 HAHbB benapych MuHck baes B. +3yeu. CoBmMmecTHBIE
paboThl
N® Mun-Ba Hayku | AzepOaiimxan baky Harwues I1I. +24eu. CoBmMmecTHBIE
1 00pa3oBaHUs paboThI
Caml'y V36ekucran Camapxkan Cadapos A.H. +3uen. | CoBmecTHBIE
paboThl
LNF Uranus ®packaru C. Mumertu +5yenn. CoBMmecTHBIE
paboThI
2.6. OpraHu3ainun-COUCNOJHUTEN  (me  compyoHuuaowue  opeanuzayuu/napmuepvt  0e3

PUHAHCO0B8020, UHPDPACMPYKMYPHO2O YHACMUSL KOMOPLIX GINOJIHEHUE NPOSPAMMbL UCCIEO08AHUL
HegozmodicHo. [Ipumep — yuacmue OUAU 6 sxcnepumenmax LHC ¢ CERN)

3. KagpoBoe o0ecnieuenne

3.1. KagpoBbie nOTpeOHOCTH B Te4eHHE NIEPBOI0 rofa peajan3anun

NeNe Kareropus OcHoBHOI1 Iepcona, ACCOUMHPOBAHHLIi
n/n paboTHHKA cymma FTE nepconad,
cymma FTE
1. | HayuHble paOOTHUKHU 15.2
2. | MHXXEHEpHI 3.8
3. | cnenuaIuCcThl
Hroro: 19.0




3.2. locTtynHble KaApOBbIe pecypChl
3.2.1. OcHoBHoii nepconan OUAN

NoNo Kareropus PHUO IHoapa JoKHOCTD Cymma
pPadOTHMKOB 37eJIeH FTE
n/n
ue
1. | nayunsie Hassinos 10.1. JIAIL HavyaJbHUK OT/EIIA 0.7
paboTHUKH
2. AptukoB A.M. JIAIT HavaJIbHUK CEKTOpa 0.8
3. Aranos H.B. JIAIL Hay4YHBIM COTPYIHUK 0.7
4. Aranosa O.C. JIATT MIIaamui Hayaaeii corpyaauk | 0.7
S. Adanacne K.I'. JIAIL Hay4YHBIM COTPYIHUK 0.8
6. bapanos B.1O. JIATT HAy4YHBIN COTPYIHHUK 0.8
7. Boiikos A.B. JIAIT MITaIIMA HayuHbli coTpyanuk | 0.5
8. Bacunnes U.1. JIATIT HAy4YHBIA COTPYIHUK 0.7
9. I'pumaii K.A. JIAIT HAy4YHBIA COTPYIHUK 0.3
10. I'yceitnos H.A. JIATIT CTapUINil HAYYHBIN COTPYAHHUK 0.7
11. 3umuH N.IO. JIAIL Hay4YHBIH COTPYIHUK 0.8
12. Kuceesa B.U. JIAIT MITaIIMA HayuHbli coTpynnuk | 0.7
13. Kpsuios B.A. JIAIL Hay4YHBI COTPYIHUK 0.3
14. KpaBuyk H.II. JIAIL CTapUINil HAY4YHBIN COTPYAHUK 0.8
15. Kynbunukuii F0.A. | JIAII Ha4aJIbHUK CEKTOpa 0.5
16. Kyunnckuit H.A. JIAIL CTapUINil HAY4YHBIN COTPYAHUK 0.7
17. Mansiues B.JL JIAIT Hay4HBIN COTPYIHHK 0.7
18. [TnotHukoBa E.M. JIAII Hay4YHBIM COTPYIHUK 0.5
19. Cumonenko A.B. JIAIL CTapUIMil HAY4YHBIN COTPYAHUK 0.8
20. Cycnos 1.A. JIAIL CTapUIMil HAY4YHBIN COTPYAHUK 0.5
21. Tepemxo I1.B. JIAIL Hay4YHBIH COTPYIHUK 0.5
22. Tponuna A.1. JIAIL MUl HayuHbli cotpynHuk | 0.3
23. Xomyros H.B. JIAIT Hay4YHBIH COTPYIHUK 0.6
24, Yoxemn /I. JIAIL CTapUIMil HAY4YHBIN COTPYAHUK 0.4
25. bynasun M.B. JIHD HayvaJbHUK CEKTOPa 0.1
26. Enux T.JL JI®BD | HayanbHUK rPYMIIbI 0.1
27. Konecunukos A.O. JI®BD | HayanbHUK CITY>KOBI 0.1
28. Moguan C.A. JI®BD | HayanbHUK CEKTOpa 0.1
29. | MHXEHEpHI Ky3bpmun E.C. JIAIL CTapUINil HHKEHEP 1.0
30. Mockanenko B./I. JIAIT WH)XEHED 1.0
31. Porosun B.A. JIAIL HHXEHEp 1.0
32. [amrorun A.H. JIAIL CTapUINi MHKEHED 0.8
CIEeLUATHCTHI
paboune
Hroro: 19




3.2.2. AccouuupoBaHHblii nepconaa OUAN

NeNe

o/ Kareropust paboTHnKOB Opranuzanusi-napTHep Cymma FTE

Hay4HbIe paOOTHUKU

HHXCHCPLbI

1
2
3. | cmenuamucThl
4

pabouue

Hroro:

4. ®uHaHCOBOE O0ecreYeHue

4.1. ITotHass cMeTHasi CTOMMOCTD NpoekTa / moanpoexkra KUII
[TporHo3 nonHOM cMETHOM cTOMMOCTH (yKa3aTh CyMMAapHO 3a BECh CPOK, 3a uckitoueHueM O3I1).
Jletanuzanus npuBOAUTCS B OTIEIBHOM (hopme.

400000 $ 3a 5 mer

4.2. BHeOOI)KeTHbIe HCTOYHUKN (UHAHCUPOBAHMS
[Ipennonaraemoe huHAHCUPOBAHUE CO CTOPOHBI COMCIIOIHUTENEH/3aKa3uYuKOB — OOIIHI 00beM.

PykoBoanTesn npoekra / moanpoexkra KUII / /

Jara npexacrasnenus npoekra / noanpoexkra KUIT 8 JITHO/L
Hara pemrenust HTC JIaboparopun 25.04.2024 , HOMep TOKyMEHTa
"o navana mpoekra / moanpoexta KT 2025

(n71st IpOJITIEBa€MBIX MPOEKTOB) — T'0J1 Hayaia padoT MO MPOEKTY



IIpennaraemslii nu1an-rpaguk 1 He0OXOAUMBIE pecypChl AJIsl OCYIeCTBICHHUS
IIpoexra / Ilognpoexra KUII

Croumocts CroumocTs,

HauMeHOBaHMs 3aTPaT, PeCypcoB, (TeIC. 10J11.) pacnpeeseHue no rogam

HCTOYHMKOB (PMHAHCHPOBAHUS noTpedHOCTH 1 5 3 1 5

B pecypcax
pecyp rogx | rog | rom | rom | roxg

MexyHapoiHOE COTPYAHHUUECTBO

(MHTC) 100 20 | 20 | 20 | 20 | 20

Matepuaiibt 300 80 70 60 45 45

O6opynoBaHue U yciayru
CTOPOHHUX OpPTraHU3aLUH
(mycko-Haja104HbIe pabOTHI)

[Tycko-HananouHble paboThI

Ycenyru Hay4HO-
HCCIIE0BATEIbCKAX OPTaHU3aUN

[Tprobperenue nporpaMmMHOTro
obecrnieueHus

[TpoexTrpoBaHNE/CTPOUTEIHCTBO

CepBucHBIE pacxo/ibl
(nranupyromes 6 cnyuae npsmot
NPUHAONEHCHOCMU K NPOEKMY)

Pecypcsr

— cymmMma FTE,

 yCKOpHTENA/YCTAOBKH, 750 150 | 150 | 200 | 150 | 100

Heo0xoaumbIe
pecypchl
Hopmo-uac

—  peakTopa,..... 1500 300 | 300 | 300 | 300 | 300

bromxer OUAUN (cmamovu

G1000icema) 400 100 | 90 | 80 | 65 | 65

BrogxxkeTHbie
cpeacTBa

Bxiazael coucriosHuTeNnen

Cpe,I[CTBa 1o JoroBopam
C 3aKa34yuKaMH

HUcToynuku (puHAHCMPOBAHUSA

BHeoOomxer
(mom. cmeTa)

Jpyrue uCTouYHUKH
(buHaHCUPOBaHUS

PykoBoaurens npoekra / moanpoexra KUIT / /

OkoHoMmuct JlabopaTopun / /




JUCT COTJIACOBAHUI MMPOEKTA / IOJAIMPOEKTA KHII

HAMMEHOBAHUE ITPOEKTA / IIOJITPOEKTA KUII
YCJIOBHOE OBO3HAYEHUE ITPOEKTA / IIOAITPOEKTA KMIT
HIN®P [MTPOEKTA / ITOAITPOEKTA KHUII
HIN®P TEMBI / KUII

@O PYKOBOAUTEJIA ITPOEKTA / ITIOJITPOEKTA KUIT

COI'JIACOBAHO
BULIE-IUPEKTOP MUHCTUTYTA

MOAINCH DdUO JATA
[JIABHBIM YUEHBIUA CEKPETAPL
NHCTUTYTA

ITOATINCH DOUO JATA
[JIABHBIA UHXXEHEP

MOAINCH DdUO JATA
JIUPEKTOP JIABOPATOPUU

MOAINCH DdUO JATA
CJIABHBIV UHXXEHEP JIABOPATOPUU

HOAINCH (0] JATA
VYEHBIN CEKPETAPL JIABOPATOPUN

MHOAIINCH (0] JATA
PYKOBOJIMTEJIb TEMbI / KUII .

MHOAINCH (0] JATA
PYKOBOJUTEJIb [TPOEKTA /
[IOJIIIPOEKTA KUII

IMOAIMNCH dUO JIATA

OJZOBPEH IIKK I10 HAIIPABJIEHUTIO

HOJIIUCh YO

JIATA



