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1 Bcrynienue

Corpymamaecrso H1 uccienyer dbusuky ep B3ammosmeiictsuit ma yckopurese HERA B
r.lam6ypre(Tepmanust). B aByx Toukax nepecedeHusi € W p My4KOB YCTAHOBJIEHBI 2 Jie-
tekTopa - H1 u ZEUS. Hl-zmerekTop cocTouT M3 psjga OCHOBHBIX JE€TEKTOPOB, OKPYrKa-
IONIIX TOYKY B3aMMOJEHCTBUs, M HECKOJBbKUX TeTeKTOPOB, PACIOJIOKEHHLIX HA Pa3/Ind-
HBIX PACCTOSHUAX OT TOUKM B3amMOJeiicTBUsd. B dncie 3TuX JeTeKTOPOB PACIONIOZKEHHBIIT
B 107 Merpax OT TOYKHM B3aUMOJEHCTBUs B HAIPABJEHUU IIPOTOHHOrO ny4ka [lepenuii
Heitrponnstit Kanopumerp (FNC or Forward Neutron Calorimeter), B 3aa4y KoToporo
BXOJIUT MU3MEPEHUEe SHEPIuU U yIjla BbLIETA JIMJAUPYIOUIMX HEHTPOHOB, POKJIAIONIUXCH B
peaknuu riIybOKO Heympyroro paccesguus ep — enX.

FNC 6b11 ycranosnen B sxkcnepumenT H1 B 1996 roxy. Vcnonb3ys maHHBIe, MOTyYeH-
aeie ¢ nomomnipio FNC, corpyauudectso H1 Bmepswie na yckopurene HERA momyamiio
BO3MOZKHOCTH U3MepuUTh Tpoitnoe jauddepenunanbhuoe ceuenue do/(drdQ*dz) poxaenus
JAAJUPYIOUX HEHTPOHOB.

B 1998 romy FNC 06b11 ocHaiier HOBBIM IpejieTeKTopoM Preshower, uro mosBosin-
JIO CYIIECTBEHHO YBEJHYHUTH JHEPreTHIecKoe W MPOCTPAHCTBEHHOE pa3pelleHne, a TaKzKe
IOy 9UTh XOpOoIIllee pasjesenne “HefiTPOHHbBIX”(BBI3BAHHBIX MONAJAIOINMMA B KAJIOPUMETD
HefITPOHAMHE) U “3JIeKTPOMATHATHLIX (BOSHHKAIONINX B OCHOBHOM 33 CUET MOIAQJAHUS -
KBAHTOB) JINBHE.

O Hako, 3a HECKOJTBKO JIeT HCIOJIb30BaHUS, U3-32 PAMANMOHHOTO MOBPEKIEHUS OT-
kauk ocHoBHOro FNC kamopumerpa CHIBHO YMEHBIMUJICH, W 3HAYUTETHLHO YXY/IMIUIOCDH
SHepreTudeckoe paspemnrenue. [lo 3Toit npuunHe OBLIO MPUHATO pelleHNe 3aMeHUTH CTa-
poiit FNC Bo Bpewms 3amianupoBannoit #Ha 2000 ro nepecTpoifku yCKOPUTE/Isd | IeTEKTOPa
H1.

[Tocte 3aBepmienust padbor mo mogepun3anuun HERA, dusnueckas nporpamma H1 6y-
JIeT TPOJIOIZKATHCA ellle HeCKOJIBKO JieT, modToMy Moaudukanud [lepeanero Heiirpornnoro
Kanopumerpa Gyer onryTuMbIM BKJIQJIOM B dKcmepuMeHT H1.
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2 HERA

HERA sBiisiercst 31eKTPOH-IIPOTOHHBIM KOJLIAfiIepoM (71eKTpoHbI ¢ sHeprueii 27.6 GeV
crajIKuBaroTcsi ¢ nporoHamu ¢ sueprueii 920 GeV). Dueprust nenrpa macc HERA pasha
300G eV, uTo HA MOPATOK OOTBINE YeM B MPE/IMIECTBYIONINX JENTOH-TIPOTOHHBIX SKCIEPHU-
MeHTaX Ha (DUKCHPOBAHHBIX MUIIEHSIX.

NORD/H1

1

Elektronen

HERA
Halle WEST

4

Protonen

2 "
Experimentierhalle
West

Experimentierhalle

Magnet- Paositronen-
Test-Halle

\&

PETRA I

Experimentierhalle
SUD/ZEUS

Protonen-Bypass

Puc. 1: Cxema yckopuresnproro komiiekca HERA

JIBe He3aBUCHMble MATHUTHBIE CHCTEMbBl YIIPABIAIOT NUPKYJIAINAEd W HAKOIJIEHHEeM €
U p MYYKOB B HE3aBHCHMBIX BaKYYMHBIX TPyOax, o0pa3ylonmX KOJIbIO JJIHHON OKOIo 6.3
KM. B JIByX IPOTHUBOIO/IOKHBIX TOYKAX HAKOHNUTEJbHBIX KOJIel UMEIOTCS JIBe TOYKH Iepe-
cedeHusi, B pailoHe KOTOPBIX YCTAaHOBJIEHBI JBa yHUBepcaabubX jgerekTopa H1 u ZEUS,
PEruCTPpUPYIOIIKME PEe3YJIbTaT CTOJKHOBEHUN IEKTPOHOB C IIPOTOHAMH.

B kaxkj0e u3 KoJen MOXkKeT ObITh WH:KeKTHPOBAHO 0 210 KOpOTKHX CrycTKOB (6aH-
deii) 4acTuIl, MUPKYJIUPYOIMUX HA paBHOM (96ns) paccTossHun Apyr or apyra. B obaacru
BCTPEYHU IIYYKOB 3JEKTPOHBI U MPOTOHBI CTAJKUBAIOTCH JPYI' C JIPYIOM BHYTpHU OOIIei
My9KOBO# TPYOBI 1O, HyJeBbIM yriioMm. ddekTuBHast 001aCTh B3aUMOJIEHCTBUS UMEET
Jguny okosio 50 cm. IlyukoBasi Tpyba oxjarkjaercst 1a3000pa3HbIM a30TOM W OCHAIIEHA
BaKyyYMHBIMH HACOCAMH, II0JIepKIBaOIEME JaBaeHne octarounoro raza 10~° GPa.

[Ipoekr HERA 6pb11 yTBep:kaen B 1984 roxy u B 1992 rogay aBa yHHBEpCaJIbHBIX JI€-
rektopa H1 u ZEUS, ycranosjiennbie B 00/1aCTH JIBYyX TOYEK B3aUMOJIEHCTBUS IYYKOB,
Ha4da/m cOOp JaHHbBIX.

[Toszzke OblM 3ammyIens! eme aBa Kpynubix sxcnepumenta HERMES (u3yuenne cimuo-
BOIl CTPYKTYPHI S7ep IMyTeM CTOJKHOBEHUS IIyYKa MOIIPI30BAHHBIX JTEKTPOHOB M ra30BOit
cTpy® nonapu3osadnbX a1ep) 1 HERA-B (usyuenne CP mapymennsa B bb cucTeMax myTem
paccesiHusi IPOTOHOB HA HEIOBUZKHON MUIIEHH).
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2.1 Omnwmcanmne gerekropa H1

H1 - s10, B nepBy1o o4epe b, MezK Ly HApOHOE COTPYIHUYECTBO, 00betuHstonee dosee 300
dusukoB u3 13-tu crpan. H1, takxKe, - Ha3BaHue Je€TEKTOpPa, YCTAHOBJIEHHOI'O B OJHOM
U3 TOYEK CTOJKHOBEHHS JEKTPOHHOI'O M IMPOTOHHOTO MYyYKOB HA HAKONUTEJIHLHOM KOJIbIIE
HERA. H1 - yauBepcanbHBIN J1€TEKTOP, Ipe Ha3HAYEHBIH 11 PerUCTPAINN, HIeHTH(U-
KAIUU U OTIPe/IeJIeHIs] OCHOBHBIX IAPAMETPOB (SHEPIHsl, HAIPABJIEHNe BbLIETa ) TPOIYKTOB
B3aMMO/IeICTBHS JIEKTPOHOB U NMPOTOHOB. Ha puc 2 moka3anbl OCHOBHbIE KOMIIAHEHTHI Jle-
TeKTOpa:

THE H1 DETECTOR

Forward Muon System Central Muon System Forward Tracker

Central Tracker

‘ ‘ ‘IIIEHFIIII!!IIIIII!!“III&:::///////‘”EFOIJHAI
I

‘ I =——— -

Oueeeeeeenns 110m

‘ ‘ n Scintillators

Backward MWPC

PLUG Calorimeter LAr Calorimeter Backward Calorimeter

Puc. 2: Cxemarudeckuii Bug H1 nerektopa (IpOTOHBI IBUTAIOTCS CIIPABA HAJIEBO)

OcnoBnast gactb gerekropa H1 — orcudko-apeonosuiii kasopumemp, npeHa3HAICHHBIT 17151
n3MepeHns SHePTUu JacTHIl], POKIECHHBIX B PEAKITNH.

30Ha B3aUMOJIEHCTBHUS TMOYTHU IMOJTHOCTBIO OKPYZKeHa KaJOPUMETPOM, TaK UTO MPAKTH-
YeCKH BCe YACTHIILI OKA3BIBAIOTCS 3apEeruCTPUPOBAHHBIMU.
Kasopumerp sesnrest Ha JiBe 4acTu: 9Aekmpomaznumuoitl kaiopumemp (BHY TPEHHsIS 9aCTh)—
IOIJIOTUTEJIEM CJIYZKAT CBUHIIOBbIE IIACTHHBI U a0poHHbl Kasopumemp(BHEIIHSIST 9aCTh)—
B KadeCcTBe MOTJIOTHTE/I UCIOIb3yeTCs HeprKaBerolnas CTalb.

qYCTBHTeHbHOﬁ 9aCTbIO KaJIOpUMETPa, KaK 3TO CJIeAyeT U3 Ha3BaHud, ABJA0TCA KN JIKO-
AProHOBbI€ NOHU3AIIMOHHBIEC KaMePbl, PaCIIOJIO2KEHHbIE ME2K/1y CJI0AMU IIOTJIOTHUTEJIA. KpO—
M€ TOI'0o, KaJIOpuUMETp CerMeHTUPOBaH Ha MHOI'O MAJICHbKHUX d4Ye€K, 94TO IMO3BOJIdAeT C XO-
pOHIeﬁ TOYHOCTBIO BOCCTaHaB/JIMBaTh HallpaBJI€HHE IIOIIaBIINX B KaJOPHMETDP YaCTHII.
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JInst m3MepeHnst TPEKOB 3aPsSKeHHBIX YACTHUIL CYKAT Nepednad U UeHmpaisbhas mpe-
K06bLE mmepm(npOBOJIOquIe KaMepbl Pa3JInIHbIX TI/IHOB). TodHOCTH MPOCTPAHCTBEHHOT'O
OlpeJiesIeHnsl TOYEK TPeKa JOCTUTraeT AeCATbIX A0Jeil MUJIJIUMETPa, MOITOMY C XOPOIIei
TOYHOCTBHIO MOZKHO OIpPeNeUTh KPUBU3HY TPEKa B MArHUTHOM I10JI€, & 3HAYUT U MOMEHT
9aCTHUIILL.

JInst 1eTeKTUPOBAHUSI MIOOHOB CTY2KaT Nepedrus U UeHmparbHaas MIOOHHBLE CUCTLEMDbL,
OKpyzKarorue Bech gerekTop H1. MiooHHBIE KaMePHI IIPeICTaBISIOT U3 ce0si COBOKYITHOCTD
OTPOMHOI0 4YHCIa JipeiichoBbIX KaMep. MIOOHBI pacmo3HAOTCA 10 UX YHUKAJIBHOI CIocob-
HOCTHU IPOXOJIUTh 4Yepe3 BeleCTBO, TpaTs SHEPIUI0 TOJbKO HA WOHU3ALUIO, B TO BpeMs
KaK OCTaJIbHbIE YACTHUIIhI MPAKTUYECKHU TOJHOCTHIO TEPSIOT CBOIO YHEPIui0 Ha 0Opa3oBa-
HHE JINBHEN.

JInst onpejiesieHnst SHEPTUU MIOOHOB, JIETAIINX BIIE€pE/I, ObLT YCTAHOBJIEH JOMOJTHUTE b
HBIH 1M0poudasbHbLll Ma2HUMm.
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3 dDusnmuyeckoe 06OOCHOBaHUE

3.1 ®Pusuyeckada 3aga4a

Bo muorux reopermdyeckux padoTax BbICKa3bIBAJIOCh MPE/NOJIOKEHUE O BOSMOZKHOCTH UC-
10JIb30BAHNUS SHEPTUYHBIX JIETAIINX BIepe] 6apHOHOB (JIMANPYIOIUX OAPUOHOB), POK JIEH-
HBIX B IVIyOOKO HEYIIPYIOM €p PacCesiHuu, JIjisi ©3MepeHusi CTPYKTYPHOHN (pyHKIMKM THOHA.

B dusnveckux nccsie1oBaHusIX sIJIEPHBIX B3aUMO/IeiicTBIIl, nepeannast sueprust (AE =
Ey — E,, pasHuna Mexkjy SHeprueil mydka W SHeprueil paccessHHOro HeWTpPOHA) O4YeHb
BaykHad BesmmunHa. J1g TouHOoro mamepenns AFE B obnactu E, ~ Ej, Tpebyercs xopoIas
TOYHOCTb u3Mepenus F,.

st uzydenus pozkjienus Jujaupyionmx Heiirponos B 1996 B skcnepuMeHnT ObLI ycTa-
uossien [lepennuit Heiirpounsiit Kasopumerp (FNC-SpaCal, mocrpoennsiii o cnarreru
TexHoIOruu U paborasinii panee B sxcnepuvente na LEP(CERN)), pacnonoxusiuniics
B 107 MeTpax OT HOMHHAJLHOU TOYKH B3amMmojeiictansa JerekTopa H1 mo HampaBieHHIO
jBuzkenusi nporoHos. [lepejuuit Heitrponnwiit Kasiopumerp npejnasuaden Jijisi perucrpa-
Ui HEATPOHOB ¢ ’Heprueit B auanaszone or 200 GeV 10 sHeprum mpOTOHHOTO IyYKa —
920 GeV u mmeromux yrou paccesuus 10 0.6 mrad.

Preshower

Calorimeter Body

Support Structure

Veto counters

Puc. 3: Koudurypanus FNC B 1998 romy

B 1998 roxy nepet ocnosubim kasopumerpom FNC-SpaCal 6611 yecranosien HoBbiit 386
MUJLTAMETPOBBIN COHIBHY KaJIOpuMeTp — Preshower, CyliecTBeHHO yBEJIUIUBINAI SHEPre-
THYECKOe U IMPOCTPAHCTBEHHOE Pa3peIleHre W MO3BOJUBIINN MOIYYUTh XOPOIIee pas3ie/ie-
Hue HeﬁTpOHHOFO 1 SJIEKTPOMAI'HUTHOI'O .HHBHefI, 3a c4eT TOoro, 4ro SHQKTpOMaFHHTHbIﬁ
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JIUBEHDb ITOJTHOCTBLIO IIOIVIOIIACTCA B obbeMe PI‘GShOWGI", a,D;pOHHbe/JI 2Ke JINBEHDb JINIIb Ha-
YUHATCA B HEM, a Pa3BHBaCTCA B OCHOBHOM KaJlIOpHUMeTpe.

3.2 Pe3yabrarsl ucnoab3oBanug FNC

W3 mannbix 1996 roga ObLIM 0TOOpPAHBI M ITPOAHATU3UPOBAHBI COOBITHUS, B KOTOPBIX FNC
PEruCTPUPOBA HEHTPOHHI.

e Bouio obuapyzxenoro, 4ro B (5.7 £ 1.6)% Bcex riyGoKo HEyHpPyrux COOBITHH DPO-
KIaeTcsd JUAUPYIONN HeUTPOH ¢ MomepedHbIM uMmyabcoM pr < 200MeV u z =
En/ES > 0.2. Buepsoie za HERA 0b110 m3mepeno tpoiinoe jguddepeHnunaibHoe
ceuenne do/(dxdQ?*dz) poxaenust juaupyomux Heiirponos ¢ pr < 200MeV B xu-
HeMAaTHYeCKOM JIMala3oHe IepejanHoro mMmyibca 2GeV? < Q? < 50GeV?, Bb-
epkeHoBCKoil mepemennoii 6 - 1075 < 2z < 6-1073 n 0.2 < z < 1. U3smepenns
OBLIM TTapaMeTPU30BaHbl B TEPMHUHAX IOTY-UHK/IIO3UBHONR CTPYKTYpPHOIT (DYHKIUN
F2L NE) (z, Q?, z), IO AHAJIOTHH ¢ WHKJIO3UBHON CTPYKTYDHOU (DyHKIHEl pOoTOHA.

e Ceuenne poxjaeHus jauaupyoomux Heiitponos ¢ 0.7 < z < 0.9 MoxkeT ObITh 00bsiC-
HEeHO 7T OOMEHOM.

3.3 O0OobocuoBanue 3amennl FINC

OCHOBHoe Orpanu4deHue TOYHOCTHU HU3MEPEHUA CeueHud O6yC.HaB.HI/IBa.HOCb OIr'paHUYC€HHBIM
sHepretudeckuM paspemntenneM FNC (~ 20% B quanasone sHepruii JeTeKTUpyeMbIX Heii-
TponoB - Mexk 1y 300 u 800 GeV'). K Tomy ke, 3a mepuosi paboThl U3-3a PaJIUAIUMOHHOTO MO~
BPEK/IEHUsI MATEPUAJIOB 3HAUNTE/IHHO yrasl oTkymK ocaoBHOro FNC-SpaCal kasiopumer-
pa, 4TO CKa3a/IoCh HA pa3pelieHuu. KcThb mpeanoiozKHenue, 4To 310 ObLJIO BBI3BAHO TEM,
q10 B HEKOTOPBIT MoMenT FNC moaBeprest 04eHb HHTEHCUBHOMY OOJIYUE€HHIO TTPOTOHAMME
B pe3sysbraTe “norepu’ nmporonnoro mydka HERA B FNC, uro u npuBesio K HeOOpaTHMBIM
U3MEHEeHUAM BHYTpHU JeTeKTopa. OTKINK KaJOpUMEeTpa € TeX IMOp Hadal yMEHbIIAThCS, a
SHEPreTuuecKoe pa3perieHue yXyarbes.

VIIydIuB SHEPreTHIeckoe PaspelieHne u CTATUCTUKY, MOXKHO PACHIMPUTh W3MEPEHUsI
CeueHud /10 3HAYUTEILHO 00IbImX 3HadeHnit Q2 u x. Pacmmpenne KHHeMATHIECKOTO 1A~
Ia30HA MO3BOJIUT Pa3IndaTh CYIIECTBYIONINE MOJIEH POXKIeHUs dacTull. V3mepenus npu
B> 0.2 ! obecrneunBaloT IpsAMoe cpaBHEHHe HOJyYaeMbIX JaHHBIX CO CTPYKTYPHO# (yHK-
nueil muoHa, ompeeeHHON B APYTIUX SKCIEePUMEHTaX 10 MUOH-HYKJIOHHOMY PaCCEedHHIO.

B=a/(1-2)
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4 OcHOBBI KaJIOPUMETPUU

4.1 DaeKTpPOMArHUTHBIN JINBEHb

DuepruvHas MEKTPOMATHUTHO B3auMoeiicTByomas yacruna (et ), nonajgas B Bere-
CTBO, MOPOZKJIAET JIEKTPOMATHUTHBIN JIMBEHbB(KACKAT), PA3BUBAIOIIUICS 32 CUeT JIBYX I10-
BTOpAOIINXCH IPPEKTOB:

- Bremsshtrahlung uau paduayuonnoe mopmosicenue. DaeKTPoH (IIO3UTPOH) B TIOJIe
sIIep U3JIydaeT KeCTKUi y-KBaHT, YHOCIIIH ONyTHMYO 9aCcTh SHEPIUU JTEKTPOHA.

- Pooicderue snexkmpon-nosdumpornnoti napv.— Handosee BepOATHBIN MPOIECC /I SHeP-
TUYIHOTO Y-KBaHTa, KOTOPBIil B T0JI€ 3JIEKTPOHOB WJIH SJIep MOYKET KOHBEPTUPOBATHCS
B JIEKTPOH-TIO3UTPOHHYIO Mapy.

PazBurne jiuBHSs npekpaliaeTcs, KOrja SHePrus 3JIeKTPOHOB, (DOPMUPYIONIUX JIUBEHb, CTa-
HOBHUTCSI MEHbIIIe KPUTUYECKON SHepruu F, m moHu3ainusi CTaHOBUTCS OoJiee BEPOSITHBIM
MIPOIECCOM, Y€M paJUAIMOHHOE TOPMOYKEHHE.

4.1.1 Paamaumonnasi ajuaHa (X))

Jlnst onmcanust 3JIEKTPOMATHUTHOTO JIMBHS yI0OHO TOJIb30BATHCS TaK HA3BIBAEMON padu-
auuorrol daurnot Xo, omnpeensieMoil Kak PacCTOsiHUE, HA KOTOPOM JHEPIHUsl 3JIEKTPOHA
YMEHBIIIAETCS B € Pa3 3a CYeT paJualliOHHOr0 TopMozkenust (3ddexrta bremsshtrahlung).

4.1.2 Pa3mepsl 3JI€EKTPOMarHuTHOTO JINBHS

Jutst TOro, 9T00OBI OLEHUTH Pa3Mepbl JIMBHS, MOYKHO BOCIIOJIb30BAThCS MOJE/IbI0 PA3BUTHS
9JIEKTPOMArHUTHOTO JIMBHS, B KOTOPO#l HAYAJIbHBINA JEKTPOH 4Yepe3 MHTepBabl X HC-
IIYCKAET 110 OJHOMY Y-KBAHTY YHOCSAIIEMY, COMJIACHO Ompe/esennio Xg, 1/e snepruu 3jex-
TpoHa. Kak roBopm/ioch BbIlle, pa3BUTHE JIMBHS MPEKPANIACTCA KOIJIa SHEPIUs SJIeKTPOHA
FE cranoBurcs paHoit kputudeckoit F.. Ecin nHadanbHast sHeprusi sjaekTpona Fy, 1o 310
HPOU30JIET Yepe3 N aKTOB UCIYCKAHUS Y-KBAHTOB, IJIe 1 ONPEJIE/IsieTCs U3 COOTHOIIECHUS:

Ey

en

=FE,

OTkyza cieayer, 910 My Th, TPONRIEHHBII 9JIEKTPOHOM JI0 OCTAHOBKHU PA3BUTHSI JIUBHS Pa-
BEH:

E
X:Xo-n:Xo-ln<F(:>

4.2 ApoHHBI JINBEHb

[Ipoxois depes BemecTBO, BHICOKOIHEPTUYIHBIHN a/IPOH, B HEKOTOPOl TOUKe B3aNMOIEHCTBY-
eT ¢ OJlHUM U3 d/ep. B pesynbrare B3amMoIeiicTBUsA, KaK MPABUIO, POXKIAIOTCA ME30HBI
(m, K w ). JIpyras 4acThb SHEPIUU aJIPOHA TepeiaeTcs sijapaM. Bo30yKIeHHoe S/Ipo CHU-
MaeT BO30YK/IeHUE 3a CUeT UCIIYCKaHUsI HEKOTOPOI'o KOJIMYeCTBA HYKJIOHOB, a HA IMO3/IHUX
cTaausx y-KBaHTOB. OCTATOK KMHETUYIECKOI IHEPIUU sjIpa TPATUTCS HA MOHU3AIUIO.
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YacTuupl, poXkK/IEHHbIE B PEaKIusX (Me30HbI, HYKJIOHBl W T.JI.), MOIYT TAK¥Ke TepsTh
CBOIO SHEPTHUIO MOCPEJICTBOM MOHU3AINN, & MOTYT y4acTBOBATH B HOBBIX PEAKIUSX, TIOPO-
JKJ1asi HOBbIE YacTHIlbl. TakuM 00pa3oM, pa3BUBAETCs a/IPOHHDIN JINBEHD.

Bropuunbie gacTuipl, y4acTByIOlue B Pa3BUTUHU JIUBHS, O/IPA3/IE/IAI0TCA HA YeThIPe
Py

- Boicokosneprudnbie (pOTOHBI U JIEKTPOHBI, BOSHUKAIONIUE B pe3yJ/bTare paclajios
7% u 1), UHUIUEPYIOT IEKTPOMArHUTHBIE JUBHH M OOPA3yIOT JIEKTPOMATHUTHYIO

KOMIIOHEHTY aJIpOHHOTO JIUBHSI.
- Nonusupymommue agpoHsl (3apsizKeHHbIe THOHbBI, KAOHBI, IPOTOHBI H.T.J1)
- Mdarkue HeATPOHBI

- Markue Y-KBaHTbl, BOBHHKaIOIIUE B PE3YyJIbTaTe€ peJIaKCalluu AI1ep

4.2.1 Hnepuas anuaHA B3aumozgeiicTBus (Ar)

ITocKOJIBLKY OCHOBHAsl 4acTh aPOHHOTO JHBHS OCHOBaHA Ha SJePHLIX B3aUMOJIeHCTBH-
sIX, BBOJAMTCH MOHSTHE aHAJOTHYHOE PAJIMalMOHHON aaube Xo Adepras 0AUHG 63AUMO-
deticmeua \j, onpenessieMast KaK JIJIMHA, HA KOTOPOH B3ammogeiictsyior 1/e agponos. B
IepBoOM HpI/I6.HI/I)KeHI/II/I BEPOATHOCTDH B3aHMOﬂeﬁCTBHH onpejesidercd IJIOTHOCTbhIO d1€ep Ha
IyTH aIpoHa. ECIu IpearonoKuTh, 9To YUCIO daep Ha eJUHHIY oObeMa He 3aBUCHT OT
MaTepuasa, To A; 6yIeT 3aBHCeTb OT pajmyca saaep kax A3,

4.2.2 Minimum-Ionizing Particle (MIP)

Yacrumna, npoxojsiinasi CKBO3b BelecTBO 0e3 00pa3oBaHusl JIUBHsI, TEPAIOT YacTh CBOeit
SHEPIUU HAa MOHW3AIMIO. B KajopuMerpuu Takyio dactuily npunsaro HassiBarb MIP (ot
Minimum-lonizing Particle - Munnmanbno-Monusupyromas Yacruua). Josst sneprum,
Tepsgemasd MIP ma monmsamuio, B CHJIy OTpaHUYEHHOCTH YHCTA BO3MOYKHBLIX MPOIECCOB,
NPAKTUYECKH MOCTOSHHA W 3aBHCUT TOJTBKO OT CBOWCTB BemiecTBa. [losTomy, odenn da-
CTO CUTHAJ KAJOPUMeTpa U3MepseTcd B OTHOCUTENbHBIX M I P- emmnunax. 3a eInHUILY
SHEPI'UU NPUHUMAETCS OTKJIUK KAaJOpUMeTpa Ha YaCTHILy, HPOIIE/IIYI0 CKBO3b JIETEKTOP
U TOTEPSBIIYIO SHEPIUIO TOJIHKO B IIPOIECCE NOHU3ALUH.

4.2.3 OrHomenue e/h

B cBA3u ¢ TeM, 4TO B aJPOHHOM JIUBHE 0043aTeIbHO POZKJIAIOTCA 3JeKTPOMAIHUTHO B3a-
MMOJICHCTBYIOIINE YACTUIBI, HOPOXKIAIONIIE 3JIeKTPOMAIHATHBIC KACKA/IbI, BAZKHBIM CTa-
HOBUTCA TaKoe IOHATHEe, KaK OTHOIIeHHe OTK/JIMKOB KaJOpUMeTpa Ha JeKTPOH U aJIpPOH
OAMHAKOBOIT sneprun. /s ujea bHOro KaJopuMerpa, pasMepbl KOTOPOTo J0CTATOYHO Be-
JIMKW AJId IIOJIHOT'O IOIVIOIIEHMA SJIeKTpOHHOFO n aﬂpOHHOFO .HHBHeﬁ, BBOJUTCA IIOHATHUE
e/hinyy- He cronT 3a6BIBATH, UTO B PEATHbHBIX KAJOPHMETPAX, 32 CYET YTE€UEK IHEPTUH
AJIPOHHOTO JIMBHSA U3 00beMa JIETEKTOpa, ONEHUBaeMOoe (10 OTK/IMKAM JETEKTOpA Ha JIeK-
TPOH U aJIPOH) OTHOIIEHHE €/h OKAa3bIBAETCS HECKOJIBKO GOIbIIe deM €/ iy, .
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[TOHATHO, YTO CHJIbHOE OTKJIOHEHUE €/hjpy. OT €JIMHUIBI MPUBOIUT K YXY/IIEHUIO SHEPre-
THYEeCKOTO pa3peeHus.

Nexons n3 nanbosiee o01IUX PaCCyK/I€HUI, B CUIY HPUPOJIbLI 8/ IPOHHOTO U JIEKTPOMAr-
HUTHOTO JINBHEH, OTKJIMK KAJOPUMETPA Ha JTEKTPOH JIOJZKEH OBITH DOJIbIIE 9eM OTKJIUK
Ha aJJPOH TOW K€ SHEPIHH, U3-3a MOTEePh YHEPIUH A[POHHOIO JIMBHS 338 CUET BO30YZK/jie-
HUS sIep BEIlecTBa W POXKJIEHUs He PerncTpUpyeMbiX HedTpuHo. OJHAKO, CYNIECTBYIOT
METO/Ibl KOMIIEHCAIINH, TIO3BOJISIONINE YBEJTMINBATH OTKINK JeTeKTOPa HA aPOHHYI0 KOM-
NOHEeTY JUBHd, TPUOJINZKAd TeM CaMbIM OTHOIIEHNEKTOpa Ha aJPOHHYI0 KOMIIOHETY JINBHS,
npub/IMzKast TeM CaMbIM OTHOIIEHHE €/ Ry, K €IHHUILE.

B cBsi3u ¢ arumM BOASTCS TaKuWe MOHSTHS, KaK:

- Cromnencuposannvili Kas0pumemp - JIeTeKTOP, JJis KOTOPOro CIPaBeIJIUBO CJIeILy-
foee coorromenne | 1 —e/hjy, |< 0.05.

- Iepexomnencuposarnvii u nedoxomnencuposarnvili xasopumemps.. COOTBETCTBEH-
HO, €/hintr < 0.95 1 e/hjpy > 1.05

4.3 KagopumeTrpsbl

JInst u3MepeHust SHEPrul YACTHUIL BBICOKOI sHeprun (M3MepeHre KOTOPOil KIacCHIeCKUMU
METOJIAMU TPAKTHIECKU HEBO3MOXKHO MJIM KPailHe 3aTPYAHUTEIHHO) UCIONb3YIOT KaJIOPH-
METPbI — JIETEKTOPbI, B 00'béMe KOTOPbIX YaCTHUIA TepsieT BCIO, WU MOYTU BCIO, SHEPIUIO,
TpanchOPMUPYEMYIO T€M WJIM MHBIM CIIOCOOOM B U3MepsieMblil CUTHAJ.

4.3.1 KoHcTpykTuUBHad Kjaaccudukanugd KaJIOPUMETPOB

I'omorennbie KajiOpUMeETPHI

TomorenHbIME HA3bIBAIOT KAJOPUMETPbI BECh 00bEM KOTOPBIX SBJISIETCS JIETEKTUPYIOIei
cpejioit, HapuMep, CHUHTUIATOPOM. Ecim pa3dmep Takoro JeTeKTopa JOCTATOYHO Be-
JIUK, 9TOOBI TOJHOCTHIO BMECTHTH PAa3BUBAIOIIMIICH JIMBEHb, TO CUTHAJ C HEro, B CHUJLY
OPUHIUNOB pabOThl KAJOPUMETPa, MPSAMO MPOMOPIHOHAIEH JHEPTUH YACTUIBI MTOPOIUB-
redi uBeHb. [IOHATHO, YTO /I PEIUCTPAIMU YACTHI[ BBICOKO SHepruu (B 0COOEHHOCTH
aJPOHOB) TPEOYIOTCsI IETEKTOPOPHI BHYIIUTEIBHBIX PA3MEPOB, CTOUMOCTh KOTOPBIX, C yBe-
JINYEHHEM Pa3MepOB, PAcTeT HEMPOIOPIIMOHAIBHO ObICTPEe YeM pa3Mepbl Kajopumerpa. B
HEKOTPBIII MOMEHT CTOUMOCTD JIETEKTOPA MOCTO TepecTaeT ObITh aJleKBATHON (pusnieckoit
3a/1a4e. BBIX0 n3 MOJIOZKeHnsT — UCIOTb30BaHUE TeTePOTeHHBIX KAJOPUMETPOB.

I'ereporennbie KaJTopuMeTPHI
O0beM TakuX KaJJOPUMETPOB, HE3ABUCUMO OT BaPUAHTA KOHCTPYKIIUH, SIBJISIETCS, KAK CJIe-
JlyeT U3 Ha3BaHUSI, HEOJHOPO/HbIM U COCTOUT U3 YePeyIONIUXCsl CJI0€B IMOIJIOTUTEs] 1
JYBCTBUTEIbHBIX CJI0€B. B KavuecTBe MOIJIOTUTEJISI MCIOIb3YIOT BEIIECTBA C BBICOKUM Z —
Fe, Pb,U, B KauecTBe YYBCTBUTEJHHBLIX CJIOEB MOTYT UCIOIb30BATHCSA DPA3JIUIHBIE BUIDI
CIUHTHUJIIATOPOB, Ta30Bble HOHU3AIMOHHBIE KaMephl U T./1. Pa3BuTne JuBHS TPOUCXOIUT B
OCHOBHOM B OO'b€Me IOIJIOTUTE/IsI, & YYBCTBUTE/IbHbBIE CJIOU PErUCTHUPUPYIOT ITPOXOISIIIe
yepes HUX 3apsizKeHHble YaCTUIbl. TakuM 00pa3oM, JIUIIbL MaJiast YacTh SHEPIUU JINBHS, HO
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TeM He MeHee IMPOMOPIMOHAIbHAs BCEil SHeTWH JIUBHS, JeTEKTUPYETCS UYBCTBUTEIbHBIMU
cnogmu. Ho 3ato /1 m3MepeHus SHEPrum ajapoHa TpeOyeMblil pa3Mep KaJopuMeTpa, B
cujiy OOJIBIIOTO CPEeJHero Z, a CIeJ0BaTe/IbHO MAaJIeHbKOW Aj, HAMHOIO MEHbIIIE YeM Y
OJTHOPOJIHOTO TOMOTE€HHOTO KaJIOPUMETPA.

4.3.2 DHepreTUdeCcKOe pa3pemieHne KaJIOpPNUMETPOB

Curnas Kajopumerpa, BHe 3aBUCHMOCTH OT THIIA KAJOPUMeTPa, onpejessiercs duciom N
BBICBeYEHHBIX (GOTOHOB(B CIyvae CUMHTHISIIMOHHON “HAYUHKN’) UIH 3JEKTPOHOB(B CJIy-
Yae HCHOJH30BAHHs MOHU3AMMOHHBIX KaMep) 00pa30BaBIIMXCsS B UyCTBUTETBHBIX CJIOSX
JIETEKTOPA M 3aPeruCTPUPOBAHHOIO IeKTPOHUKOi. COBepIIEHHO OYeBH/IHO, 4YTO pa3pe-
LIEHUE JIETEKTOPa 3aBUCUT OT (JIyKTyaluu ducja dacrui V.

st Bo3HUKHOBeHus UIyKTyaluil ecrb MHOYKeCTBO Ipu4unH. BOT OCHOBHbIE U3 HUX:

- Dayxmyayuu paseumusa suena. 1o cpaBHEHHIO ¢ 3JIEKTPOMArHUTHBIMH JIMBHSMU,
JIJIsE JIPOHHBIX JIMBHEN 3TOT 3 dPeKT 0cOOEHHO BbIpaXKeH U3-3a OI'POMHOIO KOJIMYe-
CTBA BO3MOXKHBIX KaHAJIOB peakIuii B3auMoJeiiCTBHSI aJIPOHOB C BEIIECTBOM U (-
¢eKTOB, CBA3AHHBIX C BO3OYKIEHUEM /1€ MOTTIOTHTES.

J1l1g SHepreTHdecKoro pasperienns aJIpOHHBIX KAJOPHMETDPOB CYIIECTBEHHBIM OKa-
3bIBAETCA OTHOIIIEHUE € / Rintr, CAJIBHOE OTKJIOHEHHE KOTOPOI'O OT €JIMHUIbI ITPUBO/IAT
K OLLYTUMOMY YXYALICHUIO Pa3pelleHus.

- Dayrkmyayuy cIMNAUHZG, CBI3aHHBIE C TeM, YTO OCHOBHAs YacTh JINBHA Pa3BUBa-
€TCdA B CJIOAX LOJIOTUTENd, & B JETEKTUPYIOIIUX CJIOAX BbLJICJIACTCA TOJBKO MaJlas
4acTb BCeil dHepruu JIMBH4.

- Koncmpyxmusnas neodnopodnocms kasopumempa. HeoaHOPOIHOCTH MaTepuaJioB
U3 KOTOPbLIX U3TIOTaBJINBaACTCA KaJIOPUMETD, KOHCTPYKTUBHO 3aJlO2K€EHHad HEOIHO-
POIHOCTL cO0pa (DOTOHOB(JIEKTPOHOB), POXK/JIEHHBIX B pe3yJbTaTe MPOXOZKICHUS
CKBO3b JIeTeKTUPYIOIIUNA CJI0H 3apAKeHHON 4aCTHULbl U T.1I.

- Heonpedesennocms xasubposku. s moaydenus: magopManum 0 TpoCTPAHCTBEH-
HOM Da3BHTHUH JIMBH#, KaJOPUMeTpP, KaK IPABUJIO, Pa30UBaeTCs Ha HEKOTOPOE KO-
audecTBO HesaBucuMbIX cermeHToB (ReadOut kamasnos). Heompeerennocts Kaaut-
POBKH (TOYHOCTH ¢ KOTOPOii BHIPABHEHBI OTK/IUKH OTJIETBHBIX KAHAIOB) 3aBHCHT OT
MHOIEX (haKTOpOB (HAPUMED OT KOHCTPYKTHBHON HEOJHOPOJHOCTH KAJOPUMETDA)
U He BCer/ia MOXKeT ObITh yCTpaHeHa.

- Cmamucmuka gomoymmoscumeneti(B ciydaee CINTBIBaHUS ¢ HOMOTLI0 DIY). TIpo-
1ecc npeobpa3oBaHusl SHEPIUU CBETOBOU BCIBIIIKA B UMIIYJIbC TOKA MHOTOCTYIIEH-
gareiit: ¢poron nomagas va porokarons PIY BbIOMBAET U3 HETO FTEKTPOH, KOTOPHIiT
NOPOZKTaeT JEeKTPOHHYIO JIABHHY, TPOXO/Id depe3 TUHOAHYIO cucTeMy. Bce sTambr
HOCAT CTATUCTUYECKUIl XapaKTep.

- Ymeuru onepeuu. Hanbosiee akryasibHbl B aJpOHHBIX Kajopumerpax. [lo cpashe-
HUIO C 3JIEKTPOMATHUTHBIM, JTUBEHb, HHUIUUPOBAHHBIN SHEPTUIHBIM a/IPOHOM, HMe-
eT HAMHOTO DOJIBbIHE MOMEpeYHble W MPOI0IbHBIE Pa3Mephl U M3-33 OrPAHUICHHDIX
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pa3MepoB KaJOpUMeTpa YacTh SHEPIUU JUBHI MOXKeT “BBITEKATh U3 00beMa JeTeK-
TOpA.

- Ilymoi, Hasodku u owubky ceasarHvie ¢ aaexmponurot. K 3ToMy MyHKTY OTHOCAT-
¢S BCe HEIPUATHOCTHU CBA3AaHHBIE C JIGKTPOHUKOM: IMTyMOBbIE 3(heKThl, BHEIIHIE U
BHYTpPEHHUE HABOJKH, HECTAOMILHOCTH OOYCJIOBJIEHHAsA TeMIEpaTypPHOIl 3aBHCHMO-
CTBIO U T.JI.

B myneBoM mpuONMKeHHH MOYKHO CUHTATh, 9TO (DIYKTYAIWH, CBA3aHHLIE ¢ KOHCTPYK-
TUBHOHW HEOJHOPOJHOCTBIO, OTCYTCTBYIOT, & BCE OCTa/IbHbIC IOJAYUHAIOTCA PACIPE/IeJICHUIO0
[Iyaccona m ciienoBaTeIbHO BBIDAYKEHUE JJISI 0 MMeeT BUJL 0 = VN. Ecm k TOMY K€
KaJIOpUMeTp JinHelnblid, 70 N npOnopiuoHaJIbHO BbIJIEJEHHON B HEM SHEPIUU, H, CJIe/0-
BAaTETbHO, SHEPTeTUIECKOe pa3pelleHne MOYKeT ObITh 3alUCAHO B BU/IE:

o(E) Const
E VE
Ha camom ziesie Bce He Tak NPOCTO U SKCIEPUMEHTAJILHOE SHEPreTHIeCKOe pa3pelleHie
OOBIUHO 3AIUCHIBACTCS KAK CyMMa TPEX YJIEeHOB:

@— 0_124_0_22_'_02_&@%@0
E VVE E2"7 JE E P
e C1,Cy u C3 — koHcTauThl, a E Beipaxkaercs B GeV. Ynenam Bxogsium B (hopmy-
JIy OMHCBHIBAIONIYIO dHEPTeTUYECKOe pa3pellenrne MOYKHO NMPUNHACATH (DU3MIECKHAN CMBICIT.
JieH, MPONOPIUOHATBHbIH 1/ VE, KOTOpbIil OGBITHO HA3BIBAIOT MACUMAOHOLT “wAeH BO3-
HUKAeT 3a CUeT CTATHCTHYeCKUX (DIYKTYalluii B pa3BUTHH JUBHA. U€H, NPOMOPINOHATD-
ublii 1/E, 00ycioBien cymnecTByOmeil HeonpeIeJIeHHOCThIO YCIOBHI POBEJICHHST TECTOB
(HeaIeKBATHOCTD JIEKTPOHUKH, OMIMOKA ONpe/IeIeHNs] SHEPIHU MyYKa), KaK [PABHJIO €ro
HE PACcCMaTPUBAIOT, MOCKOJIbKY OH SBJISI€TCS He3HAUYMTEIbHOU monpaBkoit. Hakoner, tak
HA3BIBAEMBIil N0CMOoAHHbT YAeH BKIIOYAET BCe OCTATbHbIe (DIYKTYAlun (yTeIKN JUBHS,
KOHCTDYKTHBHBIE HEOJHOPOJHOCTH W HECKOMIIEHCHPOBAHHOCTD )
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5 Omucaname sosoro FNC

5.1 Omnwmcanue geTeKTopa B I1€JI0OM

[Mepeauuit Heiirpounsiit Kasopumerp (Forward Neutron Calorimeter) npeanasnaden jjist
perucTpanuu HedTpPoHOB, UMeIoMUX yroj paccesuust 10 0.6 mrad u ¢ 3ueprueii B jguara-
zone ot 200 GeV o sueprum nporounoro nydka - 920 GeV .

4 SECTIONS
32 channels ==
BEAM PIPE =i
l= 3
1 2 éeq’&
&
§ 5
8
I 8 25 LEAD PLATES 14 mm
25 ACTIVE PLANES 6.4 mm

with 3 mm scintillators

30cm
60 cm PRESHOWER (1.6 )

Puc. 4: Cxemarnueckuit Bug FNC nocire mogudurammm

Huke npuBosuTcsi Kparkoe ONHMCAHUE TPEX OCHOBHBIX 4YacTell IKCIepUMEeHTAJbHOM
ycranoBku FNC mocie moaundukanun:

- Lnasnoiti kanopumemp FNC, Becstiumii npuban3uTessbHO 6 TOHH, MMEET Pa3Mepbl
600 x 600 x 2000mm?3. KoHCTPYKTHBHO JIeT€KTOD JeIUTCA Ha 4 He3aBUCHMBIX MO-
JIysist (COCTOSANIUX U3 YepeyIONmXcst 25 CJI0eB CBUHIA U 25 CJIOEB CIUHTUILIATOPA),
KazK/Iblif U3 KOTOPBIX CETMEHTHPOBaH Ha 8 He3aBHCHUMBIX “Oamren’. Takum obpazom,
KaJIOpUMeTp JIoTu4YecKr pas3bur Ha 32 vactu. Takas cermeHTanus MO3BOJISAET J0-
CTUYb XOPOIIEro MPOCTPAHCTBEHHOrO pasperierus (~ 2 ¢m). CxemaTndeckuii Buj
JIeTEKTOpa | ero pa3bueHne Ha MOJYJIM MOXKHO BHJIETH Ha puC 4.

- Manenvrud karopumemp Preshower, pacrosaraioniuiicsi mepej OCHOBHBIM KaJIOPH-
MeTPOM, epeitjier u3 crapoii ycranoBku 0e3 mojudukainuu. Preshower numeer siex-
TPOMArHUTHYIO W IPOHHYIO YaCTHU, KaKJasd U3 KOTOPBIX COCTOUT u3 12 cjioes:
DJIEKTPOMATHUTHASI CEKIUS CJIeJIaHa U3 TOHKUX COUHTUILISATOPOB (2.6 mm) u cBUH-
HOBBIX ITacTHH (7.5 mm), aJipOHHAsT CEKIHsI CAeTaHa U3 TOJCTHIX CIUHTUILISTOPOB
(5.2 mm) u cBuHNOBBIX WiacTud (14 mm).
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[Tonepeunsie pasMepbl aKTUBHOI ob1acti — 261 X 261 mm?. Ceer ¢ KazK/10il CIIUH-
TUJIISIIUOHHON IIACTHHBI TPAHCIOPTUPYeTCd K (POTOYMHOXKUTEIAM 110 45 CBETOBO-
JiaM, oobenaerHbiM B 9 myukos. [osmnas riybuna Preshower’a cocrosiiser okosio
1.6 g1epHbIX JJIVH.

- Cuemuury 3anpema 3apANCeHHbLE 4acmul, pacnoaraonmuecs B 2 m nepes Preshower’om,
1peIHa3HAYEHbI JI/Isi OTCeYeHUsi COObITHI, MHUIMUPOBAHHDBIX 3aPsyKeHHBIMU YaCTH-
aMHu.

Hossriit ocnosnoit kasiopumerp ycranoBku FNC 06110 pemieHo ¢iesiarh 1m0, Tak Ha3bIBa-
eMOil, COH/IBUY TEXHOJIOTHH, T.€ U3 YePe/yIONINXCsl CJIOEB MOIVIOTUTEIsI U JIeTeKTUPYIOIINX
CJIOEB.

B nensgx skoHOMHE CPeJICTB U BpEMEHH, B KA4eCTBe MOIJIOTUTE s ObLT BLIOPAH CBUHEII,
a B KauecTBe MaTepuaJja IyBCTBUTEIBHOIO CJI0S — IJIACTUKOBBINA CIUHTUJLISTOP.

Kak u3BecTHO, HauIydIee SHEPreTuIecKoe pa3pelleHue JOCTUTAeTCs IPH PABHBIX OT-
KJIMKaX KaJOPUMETpa Ha JeKTPOMAIHUTHBIA W ajpoHHbl jsmBHu (e¢/h = 1, ckomueH-
cupoBaHblii Kajgopumerp). I3BecTHO, 9TO OTHOIIEHHE €/h MOMKeT M3MEHSIThCs TPH Ba-
PBUPOBAHUY TOJIIIUH MOIJIOTUTEIsI U 4yCTBUTEILHOIO CI0sd. B KajopumeTpax THIa CBU-
Hell/ CIUHTHLISTOD, JIJsl BBIMOJIHEHHsT paBeHcTBa €/h = 1 Tpebyercst B34Th OTHOIIEHUE
tonmud 4:1. [lo pgjay mpuduH, OTHOIIEHHE TOJIIMH MOIJIOTHTEIS W CHUHTUIATOpPA B
Hosom FNC 0Ob110 pemieno B3sarh pasubiM 4.6 : 1. [Ipegnonaraioch, 910 B 9TOM CiIydae
KaJopuMerp OyjieT HEMHOT'O EePEKOMIIEHCHPOBAH.

JIsist BLIOPAHHOTO OTHOIIEHUS, CPEAHAA IIOTHOCTh KaJOpuMeTpa pasHa ~ 75% nior-
HOCTHU CBHUHIIA, & sAepHasd JInHa B3auMojaeiictBus \; ~ 22.6¢m. [lonyuaercs, 9To moaHas
ray6una KasopuMerpa(Bkioodasa 1.6\, Magenbkoro kanopumerpa Preshower) coctabiisier
10.5 apepupix gaun. V3secrno, uro norgomenue 95% ausng, nanmuuposannoro 900 GeV
azponoM, Tpedyer 9.5 — 10 saepubix puaH norsoruress. CjemgoBaTebHO, BRIOOP TPO-
noababiX pasmepoB FNC anekBaren dpusudeckoil 3a1ade, CTOsIIEd mepe 1eTeKTOPOM.

Cremxyer OTMETUTH, YTO HMOJOOHBIN CIHIBHI-KAJOPUMETDP OBLI YCIEIIHO ONpOoOOBaH B
skcepumente ZEUS [7]. Dueprernueckoe paspelienne JIeTeKTOpa MO JaHHBIM YCKOPH-

TEJLHBIX TECTOB OMHUCHIBAIOCH (opmynoit ~ 65%/1/E[GeV].
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5.2 TexHuYecKoe omucaHue CeKIii OCHOBHOTO KaJOPUMeETPa

KoncTpyKTuBHO OCHOBHO# KaJIOPUMETP COCTOUT U3 4 HE3aBUCUMbBIX MOJLYJIEH C TOTIepeYHbI-
vu pasmepamu 600 x 600 mm? u gmmoit 516mm. [Tosmas JyInHA KaJIOpEMeTpa COCTABIAeT
2064 mm. Kaxaplit Mmopy/ib cocront u3 depepyomuxcs 25 ciaoes csunna PbSby(4% Sb)
(pazmepom 600 x 600 mm? u Tonmuuoit 14 mm) u 25 IeTEKTUPYIOMUX CJIOCB U3 ILTACTH-
KoBOro cumHTHLIATOpa Kuraray SCSN81 3mm TOIIIUHEI.

Kazxplit qeTekTupytonuii cyioit oobeauHsgeT 6 CIUHTUIAIMOHHBIX ILJIACTHH C Pa3Me-
pamn 198 x 198 mm? u 2 muacTunsl ¢ pasmepom 198 x 258 mm?.

Kaxknast cupHTHILISIIMOHHAs TIacTHHA obOpaduBaercs cuennasibHoit 6esoit Tyvek Oy-
Maroit (puc 5), obJaagaroreii BBICOKOI oTpazKaroleii cocoOHOCTHIO.

J11s1 TOBBINIEHUS TPOYHOCTH COOPKHU M IPEJOTBPAIEHUsI CIBUTOB BO BpeMsl TPAHCIIOP-
THPOBOK, BCE CIMHTU/LIANMOHHBIE TJIACTUHBI (DUKCUPYIOTCS C TIOMOIIBIO TBOMHOIO CKOTYA
U MATKUX NPOKJIaIOK (Rohacell) Ha TOHKUX JMCTAX HEPZKABEIOIIEH CTaJl, TOTO JKe pa3Me-
Pa, 9TO 1 CBUHIOBbLIE IIJIACTHUHDbI. TaKaH KOHCTPpYKIUA ACTECKTUPYIOIIUX CJIOEB CYIECTBEH-
HO yrpoinaer cOOPKY CeKIuil KaJopumerpa.

P77 T

[
A
i
!

STAINLESS STEEL

R

SCINTILLATOR

FIBER
D 1Imm

0.2
6.4

Puc. 5: Crpykrypa JeTeKTUDYIONEro Cjost
CrpykTypa Kajopumerpa mokazana Ha puc 6 u obobmaercs B Tabume 3

5.3 Cucrema cUUTbIBAHUA

[Tox camThIBaHMEM TOApa3yMeBaeTcs crocod nmpeodpa3oBaHMs CBeTa, POXK/IAeMOro B 1yB-
CTBUTEJbHBIX CJIOSIX, B JIEKTPUYECKUIl CUT'HAJI, IPUI'OJIHBIN JIJ1s1 PEIrUCTPALUN.



5 Onucanne nosoro FNC 18

3% 10 s00 10 500 10 500 10 500 K
! Preshower Section
300x300 mm 600x600 mm

0.3+0.15+3+0.15+0.3
therestisair

Po s P

Puc. 6: CrpykTypa €OI0€B KaopuMeTpa

Marepuas Tonuuaa (mm) | fnepubie gaunb (Af)
PbSb, 14 0.0820
CIUHTAIISITOD | 3 0.0034
Tyvek 6ymara | 2x0.15 0.0000
CTaJIb 2x0.3 0.0036
BO3/1yX 2 0.0000
| Beero | 20 | 0.089 |
| 100 coes | 2000 | 8.9 |

Tabsmmma 1: CTpykTypa €I0eB KaJopuMeTpa

B kaxkn0il cOUHTH/LIAIHOHHON TITACTHHE MpOpe3aeTcs KPyryasd KaHaBKa, B KOTOPYIO
BCTaBJIIeTCs crenuasbubiil ontudeckuit ceerosox WLS (Wavelength shifter - Cvecrurens
cnekrpa) (Kuraray Y11(200)). Ceer, poxkaeHHBI B cumHTHIITOPE, monajas B WLS-
CBETOBO/I U30TPOIHO Tepen3/ydaercs. Te u3 mepen3/ydeHubx (hOTOHOB, KOTOPHIE BbLIE-
TEJIM 10 OCH CBETOBOJA (C HEOOIBITUMHI OTKJIOHEHUsIME) OYIyT JBUIATHCS BJIOJb HETO K
oaHOMY U3 KOHIOB. B cmiry Toro, uro WLS-cBeTOBO/ mepemsiydaer CBeT, OH He MOYKET
UCTIOTB30BATHCS /ISl TPAHCIIOPTUPOBKY CBETA M3-3a OOJIBIINX MOTEPh, IIO3TOMY, B MeCTax
ryie WLS-cBeToBO/I BBIXOAUT U3 TJIACTHHBI, K HEMY MPUKJIEHBAIOTCS MPO3PAYHBbIE TPAHC-
IIOPTHBIE CBETOBOJIBL. (puc 7).

TpancnopTHBIE CBETOBOALI 25-TH IMJIACTUH, TPUHAIEZKAIIX COTJIACHO CerMeHTAIllnd
OJIHOI “OarmrHe”’, cOOMpAIOTCS B IMYYOK, MOJICOEIUHAEMBIH K OJTHOMY (hOTOYMHOXKHUTEJIIO



5 Onucanne nosoro FNC 19

Scintillator (SCSN-81)

198

198

Transparent Fibers

Puc. 7: Cucrema cBerocbopa €O CHUMHTH/LIAIMNOHHON ILIACTHHEI

PHILIPS XP228B. Takum 00pa3oM, u3 KayKJI0TO MO/IYJI BBIXOAUT 8 My9YKOB CBETOBO-
JIOB, TIpocMaTpuBaembie 8 hoTOyMHOKUTENAMEI. Beero ocHOBHOIT Kaopumerp (4 Mojty.is)
nMeeT 32 KaHaJla CYUTHIBAHHUS.

Bce KOMIIOHEHTBI KAJIOpUMeTpa, yYACTBYIOIIHEe B CHCTeMe CUUThIBAHUS (CIMHTHILTISAIH-
OHHBIE TJIACTUHBI, COCTABHBIE CBETOBO/BI, (DOTOYMHOKUTEIIN ), TPOXOANIA WH/HBH/LYab-
HYIO TPOBEPKY Ji/Isi n3bezkanust Opaka u yJIydlleHus: OJJHOPOJHOCTH JETEeKTOpa:

5.3.1 CHuHTUIJIAINOHHDLIE IIJIACTUHBI

B co3mannu xKajgopumeTpa HCIOIb30BAJICA IIACTUKOBBIH crimHTHIgTOp Kuraray SCSN81
o0JiaTafomii MOBBIMIEHHONW paJAraluHHON CTOHKOCTHIO. CHMHTH/ISIMNOHHBIE ILIACTHHEI
MMEIOT TOJNIIUHY 3 mim U monepednbie pasmepbl: 198 x 258 mm? (6ammm 1,2) n 198 x
198 mm? (6ammu 3,4,5,6,7,8).

Bceero B kasopumerpe 3ajeiictBoBano 4 X 8 x 25 = 800 niactus.

B kaxkmoii mracTuHe mpoTadmBaJiach KpyroBas KaHaBKa JJIs CIUTBIBAIOIIETO CBETOBO/IA
(puc 7).

KOHTpOJ’Ib BKJIIO4YaJl JBa dTalla:

o Konumpoav moswur naacmur - He0OOXOIUM IO HECKOJIbKUM IpudnHaM. Bo-nepBbix,
TOJIIINHA IIJIaCTUH HaIIPAMYIO CBdA3aHa C UX CBETOBBIXO/IO0M, BO-BTOPbLIX, KOHTPOJIb
HEOOXOUM JIjIst COOJIIOJIEHUs] KOHCTPYKTUBHBIX MPOJOJbHBIX Pa3MepoB KaJOPUMeT-

pa.

o [Iposepka CUUHMUAAAUUOHHBET C80TUCME - OCYIIECTBJIANIACH € TOMOIIBIO PaInOAK-
TUBHOTO UCTOYHUKA. VI3Mepsica cpeHnii CBeTOBLIXOM, KazK a0l mIacTuHbl. /I 9T0-
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IO IUIACTUHA C YCTAHABINBAJIEHHBIM T€CTOBBIM CBETOBOJIOM C M3BECTHBIMH MapaMeT-
pamu u obepuytag B Tyvek Gymary momMemaJjach B CBeTOM30IUPOBaHbI k. Ha
HEeHTPp IJIaCTUHbI YCTaHaBJIMBaJICA HUCTOYHUK. CBeT, pO)K,ZLeHHbIIU/I B COUHTHUJIJIATO-
pe, 1O CBETOBOJY TPAHCIOPTHPOBAJICA K ABYM (DOTOYMHOXKHTEIsIM (IO OJHMY Ha
KazK/Iblii KOHEIl, BbIXOJIAIIEro M3 MJIaCTUHbI CBeTOBO,ZLa). Pacupeiesienne cymmapHo-
ro curraja ¢ aByx @Y cpaBHHBAIOCH C STAJOHHBIM (32 STAJOHHBINA GBLI TPUHST
YCPeJIHeHHBIH CIEKTP CAyYaiiHoll BEIOOPKY IJIACTHH).

Pacnpenenenne cBeTOBBIXOMOB MJIACTUH MMEJIO CJIEIYIONIee OTKIOHEHUE OT CPeTHero:

RMS = 2%

5.3.2 Omnruyeckme CBETOBOIbI

Caet ¢ miacTuHbl cobupaeTcd u Tpancnoptupyercsd K DY ¢ moOMOMIbIO COCTABHBIX CBETO-
BOJIOB: cBer cobupaercs WLS-cBeTOBOOM (H30TPONHO MEPEN3ITYIaOMUM CBET B HYKHOM
JIHana3oHe JUIMHH BOJIH) U 110 TPAHCHOPTHOMY CBeTOBOJY Jocrapisiercss Kk POY. Takum
obpa3oMm, /Il Kayk 101 MJIaCTHHBI UMEeeTCsl COCTaBHOI ¢cBeToBO 1 nmeronuit WLS-cepeanny
(60 ¢m) u 2 rpaucnoprabix kouuna (60 — 90 c¢m).

CBeTOBOJBI JBYX THIIOB CKJIEHUBAJIUCH SMOKCUIHON cMOJION, 0bJiaarornieii 0coObIME ONTH-
YeCKUMHU CBOMCTBAMHE, & MECTO CKJIEHKH YKPEIIAI0Ch CTalbHOl Tpy6ouKoil (puc 7).
CkJieiika ¢BETOBOJOB JIOCTATOYHO TOHKAasl U KPOHOT/IMBasi paboTa: mepej CKJIeHKoil HeoO-
XOAUMA TIIATeJbHAsA IIOJIMPOBKA TOPLEBLIX IIOBEPXHOCTEH, IpogebiBaeMas BPYYHYyIO, UH-
JUBHJIYAJIbHO JIJId KazKJ0I0 CBETOBO/A.

JLnst Toro, 9T00BI MPEJICTaBUTh MACIITaObl MIPOJEIAHHON pabOTHI, JJOCTATOYHO B3T/ISIHYTh
Ha Tabsmiy 2. V13 Hee ciemyet, 9T0 TOIBKO Ha MOMUPOBKY Tpedyercs 6400 min ~ 106 hours ~
13 BocbMUYaCOBBIX pabOYUX JTHEI.

N WLS-cBeTOBOIBI Yucmo TpancnopTHBIX Yucmo moaupoBoOK
cBETOBOJIOB = YHC/I0 CKIleek (Bpemst Ha TIOJTMPOBKY )
1 wractuna 1 2 4 (8 min)
8 mracTuH 8 16 32 (64 min)
| 1monyan | 8x25=200 | 16 x 25 = 400 | 32 x 25 =800 (1600 min) |
| Beero | 200 x 4 =800 | 400 x 4 = 1600 | 800 x 4 = 3200 (6400 min) |

Ta6ﬂ1/1ua 2: BpeMeHHble 3aTpaThbl Ha U3I'OTOBJIECHHE COCTABHBIX OIITHUYECKUX CBETOBOJOB

Tak ke Kak u JIIs IJIACTHH, JJIS CBETOBOJOB IIPOBOIIIICS WHIUBH/IYATbHBIH KOHTPOIb,
3aKJIFOYAIONIIICS B M3MEePEeHUH MPOIYCKHON CIIOCOOHOCTU CKJieeK. /[y 3Toro mcmoman3o-
BaJlaCh CIEIYIOIAs yCTAHOBKA: B TOPEIl TECTOBOH IIACTUHBI C HPOPE3AHHON KaHABKOM
ObL1 BKJIeeH cBeroBo, wiaynuit ot cseroguona (LED - Light Emitted Diod), va koro-
pblil ¢ onpejeeHHON 4acTOTON I0/IaBaJIUCh UMIYJIbCbl TOKa IOCTOAHHON aMIJIUTY/IbL,
YTO MPUBOJNIO K BIPBHICKUBAHUIO B ILTACTUHY MEPUOIUYECKUX MOPIIHIl CBETA TOCTOSHHOI
BeJININHBI.

Wcenemyemblii cBeTOBO, BCTABJIAICS B KAHABKY B TECTOBOII ITACTUHE, & €r0 KOHIIBI TIO/I-
coeauHsuCh K 1ByM DIV, KoTOpHIE perucrpupoBasiu cget, coopanusiii WLS-cBeToBO10M
U IpOLIeJIINil yepes3 CKJeHKu.
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CpegHee 3HaUYeHUE PaCIpe/Ie/IeHUd aMILIATY/T IPOMOPIUOHAJIBLHO YHCIY (POTOHOB, IO-
nasimux Ha dorokaron (ADCcount = G - N, tne G - koadpbunnent ycunenns POY) u
XapakKTepu3yeT MPOIMYyCKHYIO CIIOCOOHOCTH CcKileliku. [lomydaembie 3HAUEHNST 3aHOCHIUCH B
0a3y JaHHBIX U ObLIM 0OpabOTaHbI 10 OKOHYAHUU U3MEPEHUI.

Huke, i pacnpeiesieHnst MPONYCKHBIX CIOCOOHOCTEH CKJIEEK, MPUBOJIUTCS OTKJIOHEHHE

OT CpeJIHero:
RMS = 4%

5.3.3 WN3yuyeHme ocoOeHHOCTEIl CUUTHIBAHUS

W3BecTHO, 9TO /1 ONTUMAJIBHOIO CBETOCOOpa HEOOXOIUMO, UTOOBI CBETOBOJI MPOXOJIHT
KaK MOXKHO OJimzKe K KpasM ILTacTUHb. C y9eTOM TOTO, YTO CBETOBOJ HE MOYKET OBITDH
n30rHyT Ha 90°, KaHABKa, B KOTOPYIO BCTaBJISIETCS CBETOBO/I, JIOIZKHA UMETh (hOpMY Ips-
MOYTOJIbHUKA, CO CKPYTJIEHHBIMH yTJIaMH.

B nessix skoHOMUY BpeMEHU U CTOUMOCTHU U3IOTOBJIEHUS OBLJIO PEIeHO JieJIaTh KAaHABKU
KpyIioit (popMBbI, 9TO TEXHOJTOTHIECKH JIETKO BBIIIOJTHEMO. /1o cuX mop JaHHasdg reoMeTpus
CUNTHIBAHHUS HUIJIE HE HMCIIOJIb30BAIACh U II0 3TOH NMpHUYMHE OBLIN IPOBEJIEHBI TECTHI IO
U3y9YeHUIO OJIHOPOJIHOCTH CBETOCOOpA.
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Puc. 8: Ananmus veogaopogaocTu cBerocbopa. Ha rucrorpaMmmax HaI0XKeHbI APYT HA ApyTa
pe3yabTaThl MonTeKapio-cuMy it 1 TeCTOB ¢ paJIHOaKTUBHBIM HCTOTHIHKOM. COOTBeT-
CTBHE TUCTOTPAMM JIMHUAM CKHAHUPOBAHUSA IMOKA3aHO HA PUCYHKE B HHKHEM IPABOM YIUIY

11t 3TOTO TPOBOMIUCEH CIEIYIONINE UCCTIeIOBAHMS:

- Cumyaavyus no memody Morwme Kapao, 3aKI09a0MAsICd B MOJAEJTUPOBAHIN CBETO-
C60pa IIpyu NpPpOXO2KJACHUU YaCTUIIbI B PA3JIMYHBIX MECTaX IIJIaCTUHDbI
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- Tecmuwl ¢ nomouLsbro paduoa%mueﬂoeo UCTMOYHUKQA. I/IBMepH.HCH CBETOBLIXO/, IIJIaCTH-
HbI CO BCTaBJIEHHBIM B KaHAaBKY CBE€TOBOJAOM IIPH CKAaHUPOBaAHHH IIJTaCTHUHDI B—I/ICTO‘{HI/IKOM.

Kak BumaHO M3 puc 8, KOJIUYECTBO COOMPAEMOr0 CBETa 3aBUCUT OT JIOKAJIHU3AIUU TPEKa,
HpOIIIe/IIeil CKBO3b ILIACTHHY 3apsizKeHHO# dacTunbl. HemocpecTBeHHO BOJIM3H CBETO-
BOJia CBETOCOOP MaKCHMAaJIeH, B YIVIaX ILIACTHHBI U B MECTe TJie CBETOBOJI BBIXOJIUT W3
IJIACTUHBI HAOJIIOAeTC MUHUMYM CBETOCOOPA.

[TockobKY aJpOHHBIN JIMBEHb UMeeT OOJIbIINE MONEePEeYHbIe pa3Mepbl, B CyMMapHBIi
CUTHAJI JIAIOT BKJIAJI BCe TOUKH ILJIACTUHBI, & 00Iasl IJI0MA b HEOTHOPOTHOCTH COCTAB/ISAET
HECKOJIbKO IPOIEHTOB, MOTOMY BKJIaJ 3TOro 3pdeKTa B SHEPreTUdecKoe pas3pelieHue
O2K1/Ta€TCs] HE3HAYUTETHHBIM.

Vcepejienenne OTKJIMKA 110 BCel IJIACTUHUE JIA€T CJIeJIYIOIIe Pe3y/IbTaThl:

RMS = 2%

5.3.4 DPOTOYMHOKUTEJIN

B coznanun kasopumerpa wucnonb3oBasuchk dporoymuoxurenn PHILIPS XP2282B. ia
n3ydenus mapamerpoB PV, Oblia coOpaHa yCcTaHOBKA, MAKCHUMAJIbHO MPHUOIMKEHHAA K
peaibHbIM (PU3UIECKUM YCJIOBHUAM, B KOTOPBLIX Oy/IyT paboTaTh (DOTOYMHOKHUTEU: B CI[UH-
THISIUOHHYIO IJIACTUHY C MOMOIIBI0O TPAHCIIOPTHOI'O CBETOBOJIA C HEKOTOPOW YacTOTOIl,
3a/1aBa€MOil BHEIITHUM I€HEPATOPOM, BIPBICKHBAJICS CBET OT CBeTOAMOAA. llepemsiydae-
MBIl CHUHTHJLIATOPOM CBET COOMPAJICS M TPAHCIOPTHPOBAJICS COCTABHBIM CBETOBOJIOM K
ucciegyemomy DIV,
Jlna kazkporo @Y ObLIM NPOBEJICHBI CIEIYIONINEe H3MEPEHNUsI:

- 3aBHCHMOCTH AMILIATY/IBI CUTHAJIA OT ITPHUKIAIBIBAEMOTO HAIPSAXKEHHS TPU HEu3-
MEHHOI JJNTEeIbHOCTH BCIBIIIKH CBETOIMOAA

- 3aBHCHMOCTDH aMILTUTY/Ibl CUTHAJIA OT JJIMTETbHOCTH BCIIBIIIKH CBETOINO/IA TIPH IO-
CTOSAHHOM HalpsizkeHusi Ha PV,

6 IlpeaBaputesjibHBIE HCCeJ0OBaHUsA Mo MeToay MoHTe
KapJao

s mooro FNC 611 nposesiernr pacuerst mo merogay Monre Kapio, ocHoBanHbie Ha
nporpamme GEANT 3.21 ¢ ucnosnpzopannem FLUKA ajis cuMmyisinun aJIpOHHBIX B3auMO-
JIeCTBUIA.

6.1 OTHomenue e/h

OrHollleHne 3JeKTPOMArHUTHOIO U 3 IPOHHOTO OTKJIMKOB (€/h), paccautanHoe 110 MeToLy
MounTteKapso 6sim3ko K unjeajibnomy u papao 0.96.
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6.2 JluneitHocTh

Paccuersl mokazaJim Xopolyo JUHEHHOCTh OTKJINKA JIETeKTOPa KaK /I 3JIEKTPOMarHUT-
HbBIX, TAK ¥ JIJIs aJJPOHHBIX JIHBEHEl BIUIOTH JI0 04YeHb OosbimX sHepruii (puc 9).

‘ P1 0.1854E-01 £ 0.1402E-03

E.M. shower

Visible energy, GeV
o

O C Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il
100 200 300 400 500 600

Beam energy, GeV

P1 0.1922E-01 £ 0.4998E-03

Hadr. shower

Visible energy, GeV
o

100 200 300 400 500 600
Beam energy, CeV

Pwuc. 9: Monte Kapio paccyeTsl OTKIUKA W JTUHEHHOCTH KaJIOpHIMETPa

6.3 ODHepreTmdeckoe pa3pelneHue

[Ipenckazannoe SHEpreTUIECKOe pa3pelrenne HOBOTO KaJopuMeTpa MpeicTaBaeno Ha puc 10.
Pazpermenne a1 3,1eKTpOMarauTHOTO JINBHS:

o 3%

b E[GeV]
a JI718 aJIPOHHOTO JUBH:

o 5%

b E[GeV]

Ecnu yuecrb, 9To IpejnosaraeMblii HOCTOSHHBIN 9jIeH J0JzKeH ObITh okomo 3%, To
CXO/Isl U3 MOJIyYeHHBIX JIAHHBIX, 02KU/IaeMOe JHePreTuIecKoe pa3pelieHne HoOBOro KaJlopu-
MeTpa il HeWTPOHOB ¢ Hambosee TunmuHoi 3neprueii 600 GeV pomxno 6bith ~ 5%
(3HaumTEesNIbHOE yorydlenne 1o cpaBHenuio ¢ 20% pasperiennem craporo jgerekropa). Ho-
BBIIl KAJIOpUMeTp CHOoCOOEH 3HAYUTETHHO YIYUIIUTh Ka9eCTBO (PU3NIECKUX DPE3YIbTATOB.
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Pwuc. 10: MonTte Kapio paccdeTbl SHepTeTHUECKOTO pa3pelieHns KaJopuMeTpa
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7 Tecror B U'TOOD

7.1 Opraamsamnus ceaHnca Ha yckopureje B I TOP

Tecror B UTO® npoBoauinck Ha agpoHHOM 1y ke (7, p) ¢ sueprueii 8GeV (6e3 npenrndu-
Karuu dactui). [Iy9ok nosydascs BCJIeJCTBHU B3aMMOJACHCTBHs YCKOPUTEIHHOIO Iy KA
C HeNoJIBUKHOI MUIeHbl0. [ToryYeHHbI y90K BTOPUIHBIX YACTHUIL ¢ TOMOIIBIO CHCTEMBbI
MAarHUTHBIX JIHH3 TPAHCIOPTHPOBAJICSA B SKCIIEPUMEHTATbHBII 3a..

Tpu Moy KajopuMeTpa (Moc/aeHuil, YeTBepThIil, MOYJb HEe OBLT TOTOB K MOMEHTY
HCIBITAHUN Ha YCKOPUTEJIEe) MOOYEPEHO YCTAHABJIUBAJIUCH HA MOJBUKHBIA CTOJ, TOPH-
30HTAJIbHOE ¥ BEPTUKAJBHOE MOJIOKEHHE KOTOPOI0 ONPEJIe/IsiIOCh ¢ TOYHOCTHIO 10 0.5¢m.
[ToJtozkeHne mydKa ONpeesisiIoCh ¢ HOMOIIBIO JIA3EPHON CHCTEMbI, KOTOPast CO3/1aBaJla BH-
JIAMBII JTyd, COBNAIAMONINN ¢ MyIKOM YACTUIl M YKA3BIBAIOIINI TOUKY ero BXOXKICHHS B
MO/TIyJTh KaJJOpUMETpA.

CurnaJel ¢ HalleH KaJOPHMEeTpa IPOXOIIIH Yepe3 JeKTPOHHYIO CXeMY, IOCTPOEHHY O
Ha Oaze kpeitroB CAMAC u NIM, n onudposbiBaiauck uarerppupyommum ALl ¢ me-
Hoit kKanasia B 0.25 pC. TTonydenHbie JaHHbIE 3AUCHIBAINCH B BHJIE THCTOIPAMM M 3aT€M
aHATM3UPOBAINCEH. Pe3yIbTaThl aHaInm3a IpUBEIeHDbI B ITOM IIaBe.

7.1.1 KoopauHaTHasg cucremMa

Momynb ycTtanaBamBascs Ha MOABUYKHBIN CTOJM TAKHM OOPA30M, YTOOBI MYyYOK BXOMHJI CO
CTOPOHBI, IJe MepBOil pacmoJsarajach CBUHIOBas IJacTHHA. Kcam cMOTpeTh 1O Hampas-
JIEHWIO Ty4Ka ([0 ocu Z - COBNAJAONIEHl ¢ HAPABJIEHUEM Iy4Ka), OAlIHE HYyMepyIoTCs
cieyomuM 0O6pa3oM: BepxHeil JieBoil npucBanBaercs HoMmep 1, HUKHEll npaBoit - HOMep
8. llenTpanbHas OalnHs, TAKUM 00pa30M, ©MeeT HoMep 4.

7.1.2 Cucrema Cu4eT4YNKOB

B TeCTaX, OJid BbIJAECJICEHUA HallpaBJC€HHA IIYYKa W OpraHH3alldd CHCTEMbl TPHUITEPOB, HC-
MMOJTH30BAJIOCH D COIMHTUJIJIAITMOHHBIX CUCTYHUKOB:

e S1,52 - [llupokue MOHHTOpPHBIE CUETUUKHU, HCIIOIb3YeMble JIJId HU3MEePEeHHs] UHTEH-
CUBHOCTH aJIpOHHOTO mydka. CueTumk S1 pacmosarajcsd mepej MocjaeJJHIM Ha IIyTH
Iy 9Ka, OTKJIOHATOMIIM MarauToM. Cuerdnk S2 ObLI HOMEIEeH, COOTBETCTBEHHO, MOC/IE
OTKJIOHSOIIETO MATrHUTA.

e 53,54 - y3kue ("naspaukoBbie') TPUTTEPHBIE CYETYUKE, PACIIOIATATIUCH KPECT-HAKPECT
OJIVH 3a JPYIUM B HENOCPEJICTBEHHOW OJIM30CTH OT KaJjiopumerpa. Takum oOpasoM,
BC€ 9YaCTUIbl, BbI3BABHIINE Cpa6aTbIBaHI/Ie ITUX CHETUYHUKOB, IIOIIaJal0T B KaJIOPUMETP.
Ha IIpaKTUKE, JJId UCKJIIOYCHU A C.Hy“laﬁHbIX COBHaﬂeHHﬁ, BbISBAHHBIX ITPOXO2KACHU-
eM KOCMHYEeCKHX YaCTHI[ CKBO3b CUETINKH, B (DOPMUPOBAHUU TPUITEPOB HUCIOIb3Y-
I0TC TaKKe MOHUTOPHBIE cueTdnKu S1 u S2.

e S5 - MIP cueruuk, pacnonaramorniuiica Ha OCH IyJKa 3a KaJOPUMETPOM, MpeIHa3Ha-
qJaJicd I BBIJAEIEHUs] COOBITHI, KOTJa aJIpOH MPOXOJIMUJ CKBO3b KaJlOpuMeTp 0e3
aJIPOHHOT'0 B3aUMOJIEHCTBUSI, Te€psis SHEPTHUIO TOJHKO Ha MOHU3AIHUIO BEIIECTBA.
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7.1.3 Cucrema Tpurrepos

Pasjmmyasiuch Tpu Tuna cobbITUil, TpUrTEPbl KOTOPBIX ObLIM IOCTPOEHbI Ha Oa3e nsiTu
UCHOJIB3YEMbIX CYETUYMKOB:

e (OCHOBHOIi TPUITEP UCIOJIb3YEMBbIil B TeCTaX — IONaJaHue aJpoHa B 00beM JeTEKTOpa
Tl =S1xS2xS3xS54

e AJIpPOH MPOB3aMMOIEHCTBOBAM B JeTEKTOpe, 0OPA30BaB aJIPOHHLIN JTHBEHD, U BBIIE-
Ju1 B 00beMe KaJIOPHMeTpPa BCIO CBOIO SHEPIHIO (HET yTedeK SHEPIHU B IPOI0IBHOM
HAIIPAB/ICHUN)

T2 =T1x S5

e AJIpOH HE MPOB3aMMOEHCTBOBAJ sIEPHBIM 00pa3oM B 00beMe JeTekTopa (mporie

HACKBO3b, OTPATHB HEPIUIO TOJIBKO HA MOHU3AINIO)
T3=T1xS55

7.2 Tectnl
7.2.1 Amnnaparaas ¢popma JIMHUH OTKJIMKA KaJOpUMeTpa

PaccmoTpuM OTKJIMK IEeHTPAIbHOM OAITHI OJHOTO U3 MOJIyJIeil KaJIopuMeTpa Ha 8 IPOHHbIIH
1y 4ok ¢ sueprueii 8 GeV (tpurrep T1). Ha pucyske 11 BuHO HECKOJIBKO IUKOB, HMEOIIIX
pasHyo mupuHy, hbopmy u pu3nIeCKoe 3HAUCHUE.
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Puc. 11: Orknuk oxHoit n3 GalleH KaJopuMeTpa Ha aJpoHHBINR my4doK 8 GeV
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- VY3Kuil MUK, UMenuii MakCuMyM B 15 KaHaJie, Ha3bIBaeTcd NbegecTaaoM. [lvede-
cma.a - 9TO0, KaK MPaBUJIO, OTIMIHOe OT HyJs 3HadeHune, moaydaemoe B AlLIIl, mpu
HAJIMYUU TPUTTEPHOI'O CUI'HAJIA M OTCYTCTBUM B TOKE€ BpeMs (DU3MYECKOI0 CUTIHAJIA
¢ gerektopa. CymecTBoBanme mnbejectasa O0YCJIOBJIEHO HAJIUINEM TOKOB B YaCTH
JIEKTPOHHOM CXeMbl dKcnepumenTa, npeamectsyiomnieit AT, 3navenune nbemecrasna
NPUHAMAETCsI 3a HYJIeBOe 3HAYeHHEe BBIJEJIeHHON SHepruu (IPUMEPOM MOTYT CJIy-
JKHUTDb peJIKHe Cydar, KOIJIa YacTUIA, IIPO/Id Yepe3 CIeTINKHU U BhIpaboTaB TpuUrep,
paccenBaeTcst He JI0¥i/1g 10 JeTekTopa). Takum 06pa3oM, u3 peaabHOro (bu3nIeckoro
CUTHAJIa BCErJa BHIYUTAETCS 3HAUYEHNE MbeIeCTaa.

- Y3KHil MUK, UMeomuii MakcuMyM B 21 KaHaje, uaTeprnpeTrupyerca kKak MIP-nus,
HOABJISIIONIUNCS 38 CUET TOTO, YTO YaCTh 3apsazKEHHBIX aJIPOHOB, IMIPOXO/Id Yepes3 Jie-
TEKTOP, HE B3aUMOJIEHCTBYIOT si/IEPHBIM 00pa30M, a TEPSIOT CBOIO SHEPIUIO TOJIBHKO
Ha nonuzanuio. Jlois sHepruu, TepsgemMas aJ[pOHOM B JIETEKTOPE 33 CYeT MOHU3AIUU
npaktuiecku nocrosaia. [Hlupuna MIP-niuka onpejessiercs uiyKTyanusiMu MOHU-
3allii U pa3pelleHrneM KaJOpUMeTpa: HEeOJIHOPOJIHOCTHIO, (DIYKTYyalusaMi B YCHJIH-
TeJIbHBIX Kackagax POV u T.1.

- Illupoxkwuit nuk crupaBa — 3TO0 aAPOHHBINA THK. AdponHvit nuk - pe3yabraT HOHU3A-
I aKTUBHBIX CJIOEB KaJIOPUMETPa BCEMHU 3aPAKEHHBIMU YaCTUIaMU, PO2KJICHHbBIMA
B JIMBHE, HHUIUAPOBAHHOM a1poHoM. [llupuHa nuka o0bsacHsIeTcs 6oMbImuMu (hIyK-
TyalusiMi, KaK B YUCIe, TAK U B BUJE 3apsIKEeHHbIX YACTHI[ B JIUBHE, a TaK JKe B
SHEPI'uy, 3aTpadnuBaeMoil Ha Bo30yKjenue sjep pemiecrsa. Ha pucynke 11 BujiHO,
qTO aﬂpOHHbHU/I IIMK HE€ CUMMETPUYECH U UuMeeT ,ZLI[I/IHHBIIU/I XBOCT B O6ﬂaCTI/I 6OJIBHII/IX
SHEepPruil. DTO TOBOPUT O HAJUIUHU YTEUEK JHEPIUu U3 00'beMa KaJOPUMeTpa.

7.2.2 3aBuUCHMOCTH OTKJIMKA OT HampgakeHud Ha PIY

DHeprus, BbIJIeJIEHHAas BO BCeM KaJIOpUMeTpe, paBHA CyMMe SHepruili co Bcex OalleH, a
CUTHAJI KQJIOPUMETPaA COOTBETCTBEHHO CKJIA/BIBAETCS W3 CUTHAJIOB OTJIEIbHBIX OallleH, mo-
9TOMY BakKHO, YTOOBI /I BCceX OallleH BbIJeIeHHAs SHEPIHUsl OJIMHAKOBO TPaHC(hOpMUpPOBa-
Jach B curaal (T.e. TpeboBaHue paBeHCTBA KoM duimenTos ycunenus Oaien). JIo6uTbest
paBeHCTBa KOIDMUIUMEHTOB YCUIEHUs MOYXKHO H3MeHsIsI BBICOKOe HalpsizkeHune Ha DIV,
J11s1 n3ydeHns: 3aBUCHMOCTH OTKJIMKA OAllleH OT BBHICOKOI'O HANPSKEHHS ITPOBOIIINCH Te-
CThI, B KOTOPBIX IPDU HEU3MEHHDbIX IMOJIOZKEHUU MO/YJIA U TapaMeTpaX IIy4Ka BapupoOBaJiOCh
BBICOKOE Harpsizkenne Ha PIY.

V3MeHeHne BBICOKOTO HAIPSAZKEHHUsI MPUBOIUT K N3MEHEHHIO K03 dUIneHTa yCuIeHns, 1,
CJIeIOBATEIHbHO, K M3MEHEeHNI0 MacInTaba pacCMOTPEHHOI BBIIIE ammapaTHO (DOpMBI Jk-
Hun Kasjopumerpa (puc 12). Anaponubie u MIP-muKn anmpoKCUMUPOBAINCH € TIOMOIIIBIO
rayccoBbiX KpuBbIX. JLj1si Kaxk/10it OamrHu ObLIN MOCTPOEHBI 3aBUCUMOCTH HAMIEHHBIX 110-
JIOXKEeHU T MaKCUMYMOB aAPOHHBIX ITUKOB OT NPUJIOZKEHHOI'O BBICOKOI'O HAIIPA2KECHU . AHa—
JIN3 TOKA3aJI, 9TO IKCHEPUMEHTAIbHBIE JAHHBIE XOPOIIO AMMIPOKCUMHUPYIOTCs CJIeaylomeit
dyHKIHE ABYX MapaMeTpoB:

Ampl(HV) = a - (HV)",

e HV — npujiozkennoe BbICOKOe HalpsizKeHue, @, b — nojpdupaemMblie mapaMeThbl.
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x2/ndf 4827/ 1
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P2 46694+ 0.1160E-01
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Puc. 12: I'paduk 3aBUCUMOCTHU MOJIOKEHUS MAKCUMYMOB /IPOHHOIO IHKA OT IIPUJI0ZKEH-
HOTO K DY BBICOKOTO HANPAZKEHUA B JIBAZKIbI JIorapudMUIecKoM Macutabe

B naipHeiimux ucnbitanusgx BoicOKne Hanpsizkenusi Ha POV ycTaHABIMBAJINCH TAKIMH,
IpU KOTOPBIX OTKJIUKH BCeX OallleH HA aJPOHHbBIHN IYy4YOK ObLIM OJIMHAKOBBHI.

7.2.3 WN3ydenme “yreduex”’ 3Heprum m3 odbbeMa KaJIOpUMeTpa

Kak yzke roBopmiioch, JIWHHBII XBOCT y aJPOHHOIO NMHUKA B 00/IaCTH OOJBIINX IHEPIHil
CBHJIETEILCTBYET O HAJTMUUK yTeueK. /leficrBuTebHO, s noriomenus 95% JuBHs, nHu-
IUPOBAHHOTO aJApPOHOM ¢ dHeprueilt 8 GelV, Tpebyercsa NpuOTM3UTENHHO 4-5 SIePHBIX
JytiH. Kazk bl Moj1y/ib uMeeT npuO/Iu3uTeibHO 27, CIe0BATEIbHO, BO3MOXKHBI YTEYKU
SHEPIUU U3 KAJOPUMETPa B IPOJAOIBLHOM HarnpasieHnu. [[ockoibKy pasmepsl OABUZKHOTO
CTOJIa He IO3BOJIAIA YyCTaHAB/IUBATL HECKOJIBbKO MOJYJIE OJHOBPEMEHHO, y3HAaTb UCTHH-
HYIO BeJINUNHY yTedeK B IPOJOIbHOM HaIllPABJIEHNHN He MPeJCTaBIAI0Ch BO3MOXKHBIM. /L1
n3ydeHns yTedeK B MOMEPETHOM HAIPABIEHUU MPOBOJAUJINCH NPOCThIE OMBITHI. [Ipm myu-
Ke, MOTA/IAI0NIEM B OJHY OAITHIO, aHAJTM3UPOBAJICA OTKJIUK COceTHUX Oarnen. B kadecTse
IpUMePa PAaCCMOTPUM CUTYAIMIO, KOI/Ia MYYOK IONAaeT B HEHTPAJIBHYIO OAIHIO, U CHT-
HaJI CHUMAEeTCsl KaK ¢ 9TOi OalllHu, TakK W ¢ JBYyX IPaHUYAIMX ¢ Heil (B TOPH30HTAIBHON
ILIOCKOCTH ).

Ha pucynke 13 mokazanbl pacnpejesieHusl CHTHAJIOB ¢ Tpex OamreH. Kpaiinme rucrto-
IPAMMBI 3TO U €CTh pPACIpeeseHns N3yvdaeMbIX yTeueK. Beludnny yTedeK MOYKHO JIETKO
OLIEHUTH U3 PUCYHKA 14, HA KOTOPOM HaJIOXKEHBI JIPYTI Ha Jpyra paclpe/iejleHusl CUTHAJIA
HEHTPAJIBHON OAITHU W CyMMBI CUT'HAJIOB € IEHTPAJbHON M JIBYX COCEJHUX C Heil OarieH.
[Ipu sueprum nyuka 8GeV yTedku u3 MeHTPAJbHON OAITHU B /IBe COCeTHUE DAIITHU COCTAB-
ngor 25% or SHeprun BBIJAEAEHHON B Tpex GallHsX.

Jlydimme oneHNTDh BEJTMYUHY U MOBe/IeHHe YTedeK MOXKHO U3 ONUCAHHBIX HUZKe OMBITOB
110 U3Yy4YEeHUIO OJHOPOLHOCTHU JETEKTOPA.
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Puc. 13: Dueprosolieniennsd B TpexX cOCeTHUX OANTHAX MPU MyYKe BXOAAIIEM B MEHTPATb-
Hyto Oamraio. KpaiiHue ructorpaMMbl XapaKTepPU3YIOT YTeUKH SHEPTUU B MOMEPETHOM Ha-
HpaBJIEHUH U3 UCCJIeyeMOil Oalnu
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Puc. 14: Pacnpesieienusi CUrHAJIOB ¢ OJHON NEHTPAJIbHON GalmHu (CIUIONIHAS JTUHUSA) U
CYMMBI CUTHAJIOB C IIEHTPATBHON U JBYX IPAHUYAINNX ¢ Heil Galrer (TOYKH ¢ OmubKamu)
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7.2.4 UV3y4deHue OAHOPOIHOCTH IEHTPAJBbHOI OAaIllHM KAaJOPUMETPA B IMJIOCKO-
CTH, NEPHEHANKYJAIPHON IMy4KY

Uccnenyemas Oaniasi CKaHUPOBAJIACH A/IPOHHBIM IIyYKOM € marom 2 cM. /Ijist Kaxk10ro mo-
JIOZKEHU A ITYYKa 3allUCbIBAJIUCh 'HCTOI'DAMMbl OTKJIMKOB TPpeX 6ameH: CKaHI/IpyeMOIU/I 6aHIHI/I
1 1ByX coceanux. OKuaaa0ch, 9TO MPH MONAJAHUH IIYYKA B IEHTP OAITHUA OTKJIUK JIOJT2KEeH
OBITH MAKCHMAJIbHBIM, & 110 Mepe MPHOJUKEHUA K KpadM, U3-3a YBEJIUUNBAIOIINXCS yTe-
YeK, CUTHAJ ¢ OAIlHU JOKEH YMEHbBIIAThCS, B TO BpeMsl KaK OTKJ/IUK OJIzKalIeil K Kparo
coceiHel OAIlTHM JI0JIZKEH ITPOIMOPIHOHAIBLHO yYBeandnBaThess. OOpaboTKa pe3yIbTaTOB Bbl-
SIBUJIa HECUMMETPHIO OTKJIMKOB KAaJOPHMETPa OTHOCHTEIbHO meHTpa Oamrau. OKa3a/ioch,
YTO TOYKA, OTHOCHTETHHO KOTOPOU CYMIECTBYeT OKHJaeMas CUMMeTpHS OTKJIUKOB, CMe-
ImeHa BJIeBO Ha 1 cM.

70

Maximums of hadron peaks

e [ 3/4 o 4/5
L —Oo— —O—
B —o— o
50 o o
40
r —o—
B —o—
30 F
20 |
10 -
r —o—
O L Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il
0 2.5 5 7.5 10 12.5 15 17.5 20

Coordinate

Puc. 15: CkanupoBanue mMeHTpaIbHON OAIIHE aIPOHHBIM MIYYKOM B TOPU30HTAIBHOM TLIOC-
kocTu. [Tomozkenne MakCIMyMOB 8 IJPOHHOTO MHKA, B 3aBUCUMOCTH OT KOOP/IMHATHI BXOZK/Te-
HUs JIPOHHOTO My4Ka B UCCJIEIYeMYIO OAIIHIO

[TepBoHauaIbHO BBICKA3BIBATIOCH MPEINOIOKEHNE O TOM, YTO ObLTa HEBEPHO BBIOpaHA
KOOD/IMHATHAST TPUBS3KaA, HO 103/Hee ObLIO Hailjieno jpyroe pemienue. /s oObscHeHus
adexTa 10CTATOUHO TPEINOIOKUTH, YTO OCh 7 KaJOpUMeTPa He COBIAJIAIA C OCBIO IMyd-
Ka, T.€. KaJJOpUMeTp ObLJ1 HOBEPHYT HA HEKOTOPbIH yros a. e nexouTb u3 BbICKa3aHHO-
IO MPE/NOJOXKEHUs, TO U3 CYIIECTBYIONIEll HeCUMMeTPUH OTKJINKA OAITHE OTHOCUTETHLHO
ee MeHTPa MOYKHO OIEHUTH YTOJl (v TIOBOPOTA KAJOPUMeTPa OTHOCUTETHLHO OCH ITYYKA:

2-d
a= arctg(T) ~2°,
rjie D—ummna moysist, d—paccrosiaue oT eHTpa OAIlllHu /10 TOYKH, OTHOCUTEJIBHO KOTOPOit
HAO0JII0/IaeTC CUMMETPHUs OTKJIUKA.
[TonTBepKAeHNE MPEANONOKEHNIO O TTOBOPOTE KAJOPUMETpA OBLIO TMOTYYeHO NMpH 00pa-
6orke MIP manHBIX B TecTax MO M3y4YE€HUIO OTHOPOTHOCTH MEPEXOMHBIX 00JacTell MexK Iy
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OaIIHIMM, B KOTOPBIX ObLTO OOHapyzkeHo jenenne MIP-curnana mexkay cocegnumu Oali-
HaME (IIUKH TPUCYTCTBYIOT B 00enx OAIHSIX), 4TO BO3MOXKHO TOJBKO P HECOBIAICHUN
OCH TIyYKa M OCH KaJIOpUMeTpa.

7.2.5 UN3y4yeHme OMHOPOJHOCTU KAJIOPUMETPA

Amnajiornvynoe ckanupoBanue ObLJIO TPOBEJIEHO JIJIsi BCEIO MOJLYJIsl B TOPH30HTAJIBHOI T1J10C-
KOCTHU, HAUWHAsl OT HavaJa 3-eif OamHu 10 KOHIA 5-0if, ¢ marom 2 ¢M. 3anuChiBaJICs CyM-
MapHBIl CUTHAJ ¢ Tpex OamreH. llccaemoBamoch MOBeeHne yTedeK dHEPruu u3 oObeMa
KaJOpUMeTpa ¥ OJJHOPOTHOCTH MEePEeXOTHBIX 00IacTeil MeK/Ty OalTHIMU.
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Puc. 16: CkanupoBanue KaJOPUMeTPa aIPOHHLIM IIyYKOM B FOPU30HTAIBHOI IJIOCKOCTH.
[Tonoxkenne makcumymoB aaponnoro (ssepxy) u MIP (BHu3y) HHKOB B 3aBHCHMOCTH OT
KOODAMHATHI BXOK/IEHHS 3 JPOHHOTO IIydKa. Pe3yIbTHPYIONHil CUrHAI — CyMMa CUTHAJIOB
¢ Tpex OalleH.
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Ha pucynke 16(BBepxy) moka3aHa 3aBHCHMOCTH MOJIOKEHUS MAKCHUMyMa aJPOHHOIO
KA OT KOOP/IMHATHI BXOXKJIEHUs MydKa. Kak U ImpeJnoarajaoch, 1eM O1nzKe TOUKa BXO-
JKJIEHUs] TIy9Ka K KPA0 KAaJOPUMETPA, TeM MEHbIe OTKJIMK N3-32 yYBEJIUIUBAIONIUXCS BbI-
JuBanuil sueprun. B obsiactu nepexoja Mexkjy OaliHsMU HAOJIOMAETCHS HE3HAYUTEIb-
HOE YMEHbIIEHUEe OTKJIMKA, KOTOPOe MOXKHO OObSICHUTH CYHIECTBOBAHUEM KOHCTPYKTHUB-
HBIX 3230POB (4mm) MeK 1y CUUHTUJLISIHOHHBIME [LTACTHHAME B JIETEKTHPYIOIINX CIOSIX.
HeckobKo HeO:KHIaHHLIM OKa3aJioCh IoBeJeHue mooxKkenud MIP-muka oT KoOopauHATHI
BXOXK/IeHus nydka. Ha pucyuke 16(Buu3y) BuaHo yBenndenue ammaurys MIP-nukos npu
npubJIMKeHnn K Kpat MojyJis. Bo3amoxkHoe oObsicHeHune jJanHoMy 3ddeKTy - 910 cylie-
CTBYIOIIAsi TPOOJIEMa CTAOUIBHOCTH Ty9YKa (B aHAJM3UPYEMbIX MHCTOIDAMMAX, HAYHHAS C
HEKOTOPOI'0 MOMEHTa, 110 HEMOHATHOI MPUUNHe, pacipeieaeHns CAI'HAJIOB HAaUHHAIOT “pac-
IIBIBATCS;, O YeM CBHJIETEIbCTBYET HAJMYHE TaK HAa3bIBAEMbIX “OTPUIATETbHBIX SHEPTHil’
- 3HAYEHUIT SHEPIUN MEHBIIE MheeCTalla).

7.2.6 WN3yuenme MIP curmamgos

Baxuocts nndopmanum, moaydeHHoi ot ucciaegopanusg MIP curaaios odeBuiHa. DHEp-
I'usl, 3aTpaduBaeMasl peJIATUBUCTCKON YacTUIleil Ha HOHU3AIMIO BEIIeCTBa, Yepe3 KOTOpOoe
OHa IIPOXOAMT, C.Ha60 3aBUCUT OT SHEPTUU YaCTHUIbI U 3aBUCUT B OCHOBHOM OT IJIOTHOCTHU
BemiecTBa. [loaromy ouenb yacto B kajopuMerpun MIP curnajibl HCIOIB3YIOT B Ka4eCTBE
eIMHUIBI U3MEPEHUsI SHEPIUH, BbIJIEJICHHON B KaJOpUMETpe. DHEPTUio, TepsieMyio dacTu-
1eil 3a cueT MOHU3AIMH B UYBCTBHUTEJIbLHBIX CJOSX KAJOPHUMETPA, MOXKHO JIETKO OIEHHUTb.
M3BecTHO, 9YTO B HCHOJIB3YEMOM ILTACTUKOBOM CIUHTHLIATOPEe MIP Tepser B pesynbrare
nonmsaiuu 2 MeV /cm. CrenoBaresbHO, YacTHIA, TPOIIEIIIas HACKBO3b MO/LYJIb KaJIODH-
MeTpa, MOHU3UPYET 25 CUUHTUJLISIUOHHBIX IJIACTUH 110 3 MM KaK/iblii. Takum obpazom,
Hnpoiijiss B cymMme 7.5 €M IJIacTHKa, dacTuiia ocrasiser B Hem 15 MeV, npeobpasyembie B
u3MepsieMble curHaibl IV,
Ectp nBa cmocoba uccnenosars MIP curmasnr:

- MoxkHO ncmomb30BaTh WHTErPATbHBIE DACIpeIeTeHnsd. DTO He BCerJa XOPOIIIOo, MOo-
ckobkKy MIP nuk HaxomuTes Ha MO/JIOKKE aIpOHHOTO MMHKA, KPYTH3HA KOTOPOH, MO
pPA3JNYHBIM TPUINHAM, MOXKET MeHAThcsd. Bosiee TOro, 0Ka3aaoch, 9TO B 3aBUCHMO-
cTH OT “KadecTBa’ MydKa pa3juduTh nbejectaj u MIP nuk mnorya ne npejcrasisi-
eTcst BO3MOZKHbBIM.

- Bropoit, 6os1ee KoppekTHbIii c11oco0, 310 ucnoab3oBanue MIP tpurrepa, st Boije-
sierust yuctuix MIP coObiTmii.

Kak y»xe rosopmjioch, curnaj ¢ kajopumerpa cuutajcs MIP ecjin BbINOJHSIOCH YCJIO-
Bue 13 = S1 x 52 x S3 x §4 x S5, ¢cBUAETEIbCTBYOIIEE O TOM, YTO YAaCTUIA BOILIA B
KaJIOPUMEeTP M BBHIILIA He IMpoB3auMojeiicTtBoBaB. C UCIOJB30BaHHEM JaHHOTO TPUITEPA
KaJJOpUMeTP CKAaHHPOBAJICS B TOPU30HTAIBHON ILITOCKOCTH.

AHaim3 JaHHBIX B 001ACTH MEPEX0I0B MeXKIy OAIIHAME MOITBEP/INJI IPEeIIOI0KEeHIe
0 HECOBIIQJIEHUH OCH KaJIOPUMETPa C OChIO MydKa: B 00JIACTH MEpPexo/a CUTHAJ MPUCYT-
CTBOBaJI OJHOBPEMEHHO B JIBYX I'DaHUYalllUX 6aHIHHX, 9TO MOZKeT 6bITb CBHETEJIbCTBOM
TOr0, YTO YACTHIIA IIPOXOIMIA YaCTh IYTH B OJHOI OalllHe, a OCTATOK B JPYTOii, TparTs
SHEPIHUI0 HA MOHU3AIUIO B 00enxX OAIIHIX.
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8 Tectel B CERN

8.1 Opraum3arusa ceanca Ha yckopureijie SPS B CERN

st okoruareibHON KammOpoBku Kasiopumerp Obit goctaBier B CERN. Tecter npoxou-
Jm B jiBa tamna. B urone 2000 roga gerekrop ObL1 ycTtaHOBJIEH Ha nydok HO6 yckopuress
SPS. B MIOHBCKHMX TeCTax MCHOJIbL30BAIMCH no3uTpoHHbe (1) u azponubie(n™) myukn ¢
sHeprusaMu B auanasone oT 120 jgo 180 GeV. Bcee Momyin KajgopumeTpa MOCIEI0BATE b
HO YCTAHABJIMBAJINUCH HA MOJBUZKHBIN CTOJ, TOPU30HTAJIHHOE U BEPTHKAJIHHOE MOJOZKEHUE
KOTOPOTO ONpeaensnoch ¢ To9HOCTh 0.1 cm. OCHOBHOI 3a/1adeil HIOHBCKUX TECTOB OBLIO
HPOBE/IEHUE OTHOCUTE/ILHOM KaJIMOPOBKU MOJLY/Ieil OCHOBHOTO KaJIOPUMETPa U MaJIEHbKOI'O
kasiopumerpa Preshower, Hauao nabopa jaHbIX HEOOXOAMMBIX JIIsi aDCOJIOTHOM KaJiuh-
POBKU JIeTEKTOPa W U3yUeHUs] OCHOBHBIX MMapaMeTPOB KAJOPUMeTpa: JUHEHHOCTH, SHepre-
THYEeCKOTO Pa3penieHus.

B aBrycre kasopumerp ObLT mepemerren Ha my4dok H4 rme nmanazon suepruii aipoHOB
OB HECKOJIBKO Mmpe (MaKCHMaJsbHAsI JIOCTYIHAsI SHeprust agpoHHoro mydka 350 GeV).
Ha nyuke H4 3amianupoBannbie UCHBITAHUS JIETEKTOPA ObLIN 3aBEPIIEHbI.

3a Bce Bpemsa TectoB B CERN 6b1110 3anucano 6oee 50 Gb gaHHBIX.

8.1.1 KoopauHaTHasg cucremMa

Kak u Bo Bpemsa tecroB B U'TO®, Momyam ycTaHaBIUBAINCH HA MOABUYKHBIN CTOM Ta-
KM 00pa3oM, 94TOOBI IIYYOK BXOJUJ CO CTOPOHBI, TJIe MePBOil pacroaraeTcs CBUHIIOBAs
nnacruaa. Ock 7 coBmajaer ¢ HamnpasjaeHueMm mnydka. Hadasmo koopauHartHbIX Oceit X u
Y coBnajiaer ¢ neHTpoM neHTpasibHoi Oamuu. Hanpasienue oceit X u Y Oblin BbiOpa-
HBI B COOTBETCTBUU C HAIIPABJIEHUEM JIBUYKEHUS MOJABUZKHOIO crosa. Tak mogugaTue crosia
BBEPX COOTBETCTBYET YBEJHYEHUIO KOOPJAWHATHI Y, IBUZKEHUE CTOJIA BIIPABO - YBEJTMIEHIIO
KoopanHaThl X (IpPU OMUCAHHBIX MEePEMENIeHHusIX MyYOK JBUIAETCS BHU3 U BJIEBO).

8.1.2 Cucrema CYeTYNKOB M TPUITEPOB

JL1st TecTOB MCMOIB30BAIOCH 4, TOC/IEI0BATETHHO PACIOJIOKEHHBIX, CIUHTUIISIIIHOHHBIX
Tpurepubix cuerunka S1, 52, S3, S4 pacnosioxkenubim anajorudno recram B U TOD. Tlo-
cJIeTHUN cueTunK S4, UMEIONNii NIUPUHY BCEro 3 MM, IIpeTHAa3HATAICS JI/IsI TPEIU3UNOHHBIX
A3MEpEHUi.

B tectax B8 CERN ne ucnonb3oBaiuch MIP-cyeTdnkn, mosroMy cucTeMa TPUITEPOB
ObljIa OYeHb ITPOCTA:
T1 = 51x52x 53 - ocHOBHOII TpUTTEP UCIOIB3yeMbIil B TeCTax, 00ECIednBa/l BbIIeJICHIE
AQJIPOHHOTO IMyYKa MUPUHONH ~ lem.
T2 = 51 x S2 x §3 x §4 - nobapjieHne MAJLINKOBOIO CUYETYHKA O0ECIIeUHBAJIO 3aHUU-
TeJIbHOE CY:KEeHHe BBIIeISIeMOro MydKa, HO HAa IPAKTUKe JAHHBIA TPUITEDP HCIOIb30BAJICS
PE/IKO, BBHJLY CAMINKON HU3KOW CKOPOCTH HAOOPa JIAHHBIX.
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8.1.3 Cucrema cunTbIBaHUA

CurnaJibl ¢ 32 GoTOyMHOKHUTEIEH OCHOBHOIO Kajopumerpa u 18 (poroymuokuTe €l Ma-
JIEHbKOTO Kasiopumerpa Preshower cunrsiBatorcs ¢ momornipio @mam AT F1002.
3anuck curHaga @mamr AIIIL

B ommmaae ot ucmonb3yemsix B I'TO® unrerpupyromux 3apsam AL @msmr AT omud-
poBbIBaeT (hOpMY CUTHAJA, 3AIMCHIBAs €ro aMILIMTY/IY BO BPEMEHBIX KaHAaJaX C IIaroM
10 uc. IlosTomy, juid MOTydYeHUs] YUCAEHHOTO 3HAYEHHs CUTHAJA ¢ OAllHA HEoOXOIuMa
JIONIOJTHUTEIbHAsT 00paboTKa jJTaHHbIX, 3amucbiBaeMbix Pyomr ATIIT.

Kanun6poska ®@asmr AIIII

JLns ucionb3yembix @mamr AL 3aK0H cOTBETCTBHS MeXK Iy aMILTHTY/I0H 0aBA€MOI0 Ha
BXOJ[ HAIpszKeHns u mosydaeMbiM B Kanaste ALIIT auciom nennneen:

1
V (Ay: + B) +C
rie V' — mocTosHHOE HaNpszKeHue MoIaBaeMoe Ha BXO/I, ¥; — MOKa3aHue B i-OM BPEMEHHOM
kauase ATIIT (0-255).

YV KaxKJI0ro 3/J€KTPOHHOIO BXOJa CBOI Habop kKodhdunmenroB A u B u C. na ka-
subpoBku Ha BX0 ALl mogaBa/ioch n3BeCTHOE TOCTOSIHHOE HAIPSIKEHUE U 110 BHEITHEMY
TPHUITEPY 3alUChIBAJIOCH MOKa3aHus 40 BpeMeHHBIX KAHAJIOB (HCIOIb30BAINCH HepBbie 40
u3 255). [onyuenHble 3HAYEHUS YCPEJHSIACh U CTPOUIACH 3aBHCHMOCTH OTKJINKA KAK-
soro snekTponnoro sxoga AlIIT or momaBaemoro Ha Bxoj Hamnpszkenus. KoaddumumenTo
OIIPeJIeJISIIUCH CIVIAZKMBAHUEM JKCIIEPUMEHTAJIbHBIX TOYEK YKAa3aHHOUN BbIle (pyHKIIHEId.
IIponienypa o6paboTkm curaasa
Kak yzke roBopujioch, Jijisi MOJIydYeHHsI 3HaYeHUsl CUTHAJIA ¢ Oanran Heobxouma o0paboT-
ka jjauabix, 3anucanabix Qs ALIL C moMoIpio moIydeHHBIX KAaTHOPOBOYHBIX KPHUBBIX
BOCCTaHaBIUBaeTcsd dopMma curnata ¢ PIY, mocae 4ero ¢ MOMOIIBIO TPUBOIUMBIX HUZKE
dopmys1 paccunThIBaeTCS MCKOMOE 3HAUYeHUe CUTHAJIa ¢ OAllHU KAJOPUMeTpA.

3a 3nadeHne mbeaecTasa MPUHUMETCS yCPeIHeHHbI curnasr 3amnucbiBaembrii, AILIT qo
HPUXOJIA PeabHOr0 (PU3NYECKOr0 CUIHAJIA!

1
Ped=55o 2 Vi

j=1,NPed

rjle j — HOMep BPEMEHHOI0 KaHaJja 3HadeHHe B KOTOPOM He SIBJISAETCS (DU3HYECKHM CHTI-
uasoM, N Ped — onpejiesisieT 9ucI0 BpeMeHHBIX KaHa o (10 nS mHTEpBasoB) 10 Hadasa
ornudpoBanHoro (bU3HIECKOro CUrHasa, V; — BOCCTAHOBJIEHHOE ¢ IOMOIIBIO KaauOpoBOU-
HBIX KPHUBBIX 3HAYEHHE B KaHAJe

Energy = Coef > (V; — Ped)

j=NPed+1,NChannel

IJie j — HOMep BpeMEeHHOI0 KaHaJjia, 3HaUeHne B KOTOPOM IIPUHAIIeKUT (PU3HIECKOMY CHT-
uany, NChannel — obuee uncio BpemeHnubix Kanayios (40), Ped — paccauTaHHOE 3HAYEHEE
bEIeCTATIA
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8.1.4 @Popmar JAaHHBIX

[MocaenoBarenpubie coObITUs (M0 COOBITHEM MOAPA3YMEBAELTCS MONAJAHUE YaCTUIBI B
00beM KaJopuMeTpa), HOJyYeHHbIe DU HeM3MEHHBIX YCIOBHsIX (IOI0ZKEeHHEe KaJOpPHMeT-
pa, Hanpsizkenne Ha DY, HHTEHCHBHOCTH U SHEPIHUs MyYKA U T.JI.) O0BEIUHSIOTCS B TaK
Ha3bIBaeMblil par (0T run - Habop). JIIsg KaXKI0ro paHa UMEITCS JBa THIA JTAHHBIX:

- Dalinve UCTOIHVLT GHHYLT, 3AMUCHIBAEMbIE HEIIOCPEICTBEHHO B MOMEHT TECTOB, MMe-
10T CJIEJIYIONLYIO CTPYKTYPY:

— Unpopmayuonnoli 36200060k, coaepKaInuii THOOPMAIUIO O MOJTOKEHUU KO-
puMeTpa, 00 SHEPIUU U TUIIE My4YKa, KOMMEHTAPWH.

— Cupoie dannvie 1JIsi KazKI0r0 COOBITHUSI, BKJIIOYAIOT TMOKAHAJIBHBIE 3AIUCH CO
Bcex @um AT, nadopmanuio o Tpurrepe.

- Datiav, Ntuples, conepxkainue oOpabOTaHHBIE ChIPbIE JIAHHBIE B (popMaTe MPUroJI-
HoMm Jiyist paborel ¢ makerom HBOOK. Kaxkgoe cobbitne xapakTepusyercs psiioMm
UHINBH/IYaJbHBIX TapaMeTpPOB, OMUCAHHBIX B Tabsume 3.

Nwmst nepemennoit | Omucanue

IRUN HOMED Tun

IEVE HOMED coObITUs HauuHas ¢ 0

UTIME unix Bpems (cekynapt ¢ 01.01.1970)

ILED ILED=1 curnan ot cBetonoaa, 0 B OCTAIbHBIX CIyYasdx
IOVF IOVF=1 nepenonnenne, 0 B IPOTUBHOM CJIydae.
IPART koj wactur B nyuke (crangapr GEANT)
EBEAM sHeprus nydka, GeV

XB X-koopauuara mydka, cM, (0,0) menrp Gamran 4
YB Y-koopaunata mydka, cM, (0,0) menrp Gamrau 4
ES(8,4) CUTHAJIBI CO BCexX 32 DallleH KaJopuMeTrpa
TS(8,4) 3aJIep:KKa CUHAJIOB ¢ 32 OallHeH KaJopuMeTrpa
EST(4) cur"aJjbl ¢ 4 MoyJieil KaJopumeTrpa

EX(9) curnaj ¢ 9 X-crpunos Preshower

TX(9) 3a/lepKKa curHasos ¢ X-crpuinoB Preshower
EXT cymMapubiii curnas ¢ Preshower mo X-mpoexiun.
EY(9) cursan ¢ Y-crpunos Preshower

TY(9) 3a/iepKKa cursasios ¢ Y-crpuios Preshower
EYT cymMapubiii curnas ¢ Preshower no Y-npoexiun.

Tabnuma 3: Onucanune dpopmarta daitioB Ntuples
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8.2 Tectbl
8.2.1 Kparkoe onucaHnue TeCTOB

[TocsreroBaTe IbHOCTH IPOBEIeHUsT TECTOB ObLIA caeayomnieit: [lepBbiM Ha TOABUKHBII CTO
OBLJI YCTAHOBJIEH IOC/IEIHMI-1eTBEPThIII MOIY/Ib KasopuMerpa. Ilocite mposegenus neob-
XOJIUMBIX UCIBITAHUI (OMUCAHHBIE HUKE KAAUOPOBKA HA IACKMPOHHOM NYWKe C TETbI0
noibopa Hanpszkenuit Ha DY g BeIpaBHUBaHUA KOIMDMUIUEHTOB YCUIeHAA OAllleH H
mecmor o adPOHHOM NYwke JIUIS W3ydeHHsl OTKJMKA KaJOPHMETDA), Iepej 4eTBePThIM
YCTAHOBUJIM TPETHUH MOJY/Ib W MOBTOPWJIM T€ K€ uchbiTanus. [locse 31oro ObLm mOCTe-
JIOBATE/IbHO YCTAHOBJIEHBI BTOPOIl M MEPBBIH MOJIY/IN KAJOpPUMETpa, W 3aTeM MaJIeHbKUii
kasopuMerp Preshower. Takum oOpa3om, ObLIN yCTAHOBJIEHBI HaNpsizkKeHus Ha Bcex OV
1 HaOpaHbl JJAHHbIE, KOIJIa a/IPOHHBIN JIUBEHb PA3BUBAETCs CHadaJsa B OJTHOM MOJIyJ/Ie, 3a-
TeM B JIBYX, TpexX, deThbipex u, HakoHell, Bo BceMm llepeanem Heiirpornrnom Kasiopumerpe
(ocuoBHoit kasmopumerp + Preshower). Tlogobuasi opranusanmst TeCTOB MO3BOJIMIA, TTOJTY-
YUTh MHOI'O JOIOJHATEIbHON HHAMOPMAIME O JEeTEKTOPE.

KanubpoBka Ha 3JIEKTPOHHOM IIy4YKe

JL1st TOro 9ToOBI BLIPOBHATH OTKJIUKH OAIlleH, HCIIOb30BAJICA SJIeKTPOHHBIN IIyYOK C SHEp-
rueit 120 GeV. 3menennem BbICOKOTIO Hamnpsizkenust Ha PDY mogbupasinch Ko3hduiu-
eHTBHI yCHUJIeHUsI JijIst OarreH TakuM 00pa3oM, 9TOObl OTKJIMKHM HA IIYYOK, MOMAIAONNi B
HEeHTPbI OalieH, ObLIN OJIMHAKOBHI.

M3BecTHO, 9TO 371€KTPOMArHUTHBIN JIUBeHb, HHUIMAPOBAHHBINA 3J€KTPOHOM TaKOi SHEp-
I'IU, Pa3BUBAETCd He BO BCeM oObeme OAIlHU, MOCKOJIBKY €ro pa3Mepbl, KaK MpOJI0/JbHbIe
TaK U HOTepedHble, MeHbIIe pa3MepoB Oamrau. Ho mocKobKy Ha dTale co3JaHus JeTeKTO-
pa MPOBOIMJICS YKECTKUH KOHTPOJIb OJHOPOJIHOCTH CIMHTHJLISIMOHHBIX IJIACTUH U OITH-
YECKHUX CBETOBOJIOB, €CTh OCHOBAHUSI TOJIATaTh YTO OAITHU OJHOPOAHBI 110 rayoune. [TosTo-
MY pe3yJIbTaThl KaJHOPOBKH JIEKTPOHHBIM IIYYKOM MOYKHO CUHUTATH JOCTATOYHO TOYHDI-
Mu. Bo3mozkHbIe OMMOKH KaJHOPOBKH 3J€KTPOHHBIM IYyYKOM ILTAHUPOBAJIOCH YCTPAHUTD
Ha dramne oOpabOTKM JAHHBIX IPOTPAMMHON KaauOpOBKOM, 3aK/II0Yalolleiics B 1oadope
YUCJEHHBIX KOIDDUIuenTos jijis KazxKjioi 6anim, KOppeKTupyoimx pazopoc B Koadpdu-
[UEHTAX yCHJICHHUS.

TecTbl HA aAPOHHOM ITy4YKe

[Toce Toro, Kak ObLTM BBICTaBJIEHBI HamnpsazKkenud Ha PV, B MeHTp KarKI0il OaliHu Ha-
IPABJISICA IIYIOK T , U 3aIUCHIBAJACH OTKJINKH OAllleH BCeX MOJLYJIeil, yCTAaHOBIEHHBIX Ha
my4Ke B JaHHBIIT MOMeHT. B Tecrax MCIOIb30Ba/ICsa aJpOHHbIE MydKd ¢ dHeprusvu 120 u
180 GeV. st jydriero moHuMaHuss OCOOEHHOCTEH J1eTeKTOPa MOMYTHO IMPOBOAMINCH Pa3-
JINYHBIE TECTHI, HAIIEJIEHHBbIE HA U3y Y€HUEe OHOPOIHOCTU KAJTOPUMETPA, MOBEJICHIE YTeUeK
SHEPruu u3 oobeMa JeTeKTopa.
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8.2.2 OTKJINK OCHOBHOT'O KAaJIOPUMETPA HA AJPOHHBIN ITyYO0K

Pasbuenue kajiopumerpa Ha 32 He3aBUCHMbIe DAIIHU TO3BOJISIET YBUIETH ITPOMU/Ib aJIPOH-
HOT'O JIUBHS — paciipe/ieJieHre BblJIeJICHHON SHepruu BHYTPpH KajopuMerpa. Ha pucynke 17
MOKa3aH OTKJINK BCeX 32 OallleH KaJopuMerpa Ha MydoK aJapoHoB ¢ sHeprueit 120 GeV,
HAIIPABJEHHBII B MeHTp KajopuMerpa. Kak BHIHO OCHOBHAS YACTh SHEPTHUH BBIIEISETCS
B IIEHTPAJIbHBIX OAIIHAX, IPUYEM Ha IOCTeIHNIA YeTBePThIi MOJIY/Ib IIPUXOIUTCS CPABHHU-
TeJIbHO HeOOJIbIast T0Jis BBIACIEHHON SHePIUu.
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Puc. 17: Orkiuk 32-yx OallleH OCHOBHOI'O KaJIOpUMeTpa Ha aJapoHHBIH mydek 120 GeV
BXOJSINNI B MEHTP IMEeHTPAIbHOI OamrHu ['mcTorpaMMel Ha pHCYHKE PACIOIOKEHBI B CO-
OTBETCTBUU C HOMUHAJIbBHBIM PaCIIOJIO2KEHUEM 6aHIeH KaJjiopumMeTpa. HyCTaH rucrorpaMma
B BEPXHEM PALY COOTBETCTBYET KOHCTPYKTHBHOMY BBIPE3Yy B KaJOpUMeETpe JJd Iy4KO-
Boii TpyObIfo. Ha Kazkmoii rmcrorpaMMe IOKa3aHbI paclpejesleHns SHEPIUd B YeThIpex
OAIHIX, PACIOJOXKEHHBIX MO IyOnmHe ojHa 3a Jpyroii. CIJIONIHASA JUHASA COOTBETCTBY-
eT MEePBOMY MOJIYJIIO, IITPUXOBAs JUHUS — BTOPOMY, IIYHKTHPHAs — TPETheMy U IITPHX-
IIyHKTUPHAs — Y€TBEPOMY MOJLYJIIO

Taxk ke MOXKHO paccMOTpPeTh NPOO/AbHOE ToBeeHue JiuBHs. Ha pucynke 18 nmokazano
pacipejiesieHre SHePTH JJUBHA 110 Moy iaM. Ha pucyHke BUIHO, 9TO CYIIECTBYET 3HAUUMOE
YUCJIO COOBITUIl, B KOTOPBIX SHEPrOBBIJIEJIEHAE B 1-OM MO/LyJie MUHHUMAJBHO. DTO HHA YTO
nnoe, kak MIP-curnaJi. [TockoabKy AjnHHA OJHOTO MO/LYJIsi COCTaBJsieT 2.5\f, TO COTJIACHO
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onpejiesieHnio A7, okoao e 2° = 8% 7% u3 mepBHYHOrO MOTOKA HAYHYT Pa3BUTHE JUBHA

3a MEepPBBIM MOJYJIEM, IIPOW/IA CKBO3b HEro 6e3 sAepHOTO B3dUMOJEHCTBHUS, 3aTPIInBas
SHEPI'UIO TOJHKO HA MOHUBAIMIO.
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Puc. 18: Pacupeje/ienue 3Hepruu JUBHS 110 4-eM MOJYJIAM KaJOpUMeTpa Jis 7

120 GeV Bxoagmuii B ieHTp neHTpabuoil Oamrau. CIioniHast JUHASI COOTBETCTBYET IepBO-
MY MOJTLYJIIO, ITPUXO0Bas JIMHUS — BTOPOMY, IYHKTHUPHAS — TPETheMy U IMITPUX-TIyHKTHPHAs
— YeTBEPOMY MO/LYJIIO

y4Ka

Anaym3upyst pacupejejieHne SHEPIuH JUBHs 10 00beMy KaJOPUMETPa, MOXKHO MOJIY-
YUTH NIPeJICTaBJIeHNe O YTeYKaX B IMOMepevYHOM HAIlpABJIeHNUH, OIeHIB BbLINBAHNe SHEPTUN
U3 MEeHTPAJbHBIX OAllleH B cOceTHIEe TPU a/IDOHHOM ITyYKe HAITPABJIEHHOM B IIEHTD KaJOpHU-
MeTpa. Jlormdeckn paszbuWB JeTeKTOP Ha 8 CEMEHTOB, 0Opa3yeMbIX YeThIpbMs OAITHIMI,
PACIIOJIOKEHHBIMH OJIHA 34 JIPYTOil 110 IyIyOuHe, U paccyuTaB CpejieHee SHEProOBbljie/IeH1e
B HEIEHTPAJIbHBIX CEIMEHTAaX, s MOJIyUYu/I CJIe/IyIole 3HaYeH!:

BruinBanne sHepruu B G0KOBbIE CEIMEHTHI (COrIacHO Hymepanuu 3,5 u 7) cocrapisier
4.5% or cymMMapHOii SHEpPrUY JTUBHS BbIJIEIEHHON B KAJTOPUMETPE.

VTeukn B AuaroHaJbHBIC CerMeHTHI 7 1 8 okono 2%, a B cermenTnl 1 u 2 okoso 3%

Orcroa ke, nCno/b3ys TPeOOBHIE CHMMEPTPUU HOTIEPEIHOTO PA3BUTHSI JIUBHSI, MOXKHO
OUEHUTDH, YTO YTEUYKU B BbIPE3 /IS IIyIKOBOH TpyObl cocraBiastior 0kos10 1.5% or cymmap-
HOIl 3Hepruu JIUBHA.

CyMMapHBIil CHTHAJI CO BceX OallleH KaJOPUMeTpa OIIpe/ieisdeT SHEPTUI0, BhIIeTeHHYIO
B oObeme serekTopa. Ha pucynke 19, mig Tex ke coObITHI, MOKA3aHO pacIpe/ieeHne
CYMMBbI CUT'HAJIOB €O Bcex 32 Oamren. Hebosibiioit xBocT B 06J1acTH MaJibIX SHEPIUil CBU-
JIETeJIbCTBYET O HAJTMYUH HE3HAYUTEIbHBIX yTedeK (B BbIPE3 JJist Iy4KoBoil TpyOsl). [Tuk
CYMMapHOTO PACIPe/Ie/IeHUsT — MPAKTHIECKN CUMMETPUIHbIH muk. OH MOXKET ONUCHIBATH-
Csl PAYCCOBBIM PACIIPEJIeIEHIEM, Yepe3 MapaMeTpbl KOTOPOTo (4, o) ONPEeIeOT BbIIeIeH-
HYIO SHEPIHUIO U HePTreTUYecKoe pa3pellenne KaJopuMeTpa.

8.2.3 OagHopoaHOCTH mepexoga MeXKJay OalllHAMU B OCHOBHOM KaJIOPMMETPE

B CERN, B ortnuume ot TectroB B U'TO®, ¢ nenbio nzydenus 3HdeKToB, CBA3AHHBIX C
HEO/THOPO/IHOCTHIO MEPEXO/IHBIX 00J1acTell, Ha CThIKAX CIUHTU/LISIUOHHBIX IJIACTUH, ITPO-
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N

2.4
Volts

yes(t,m)

Puc. 19: Pacupeaeienne cymMmbl OTKJINKOB 32-yX OallieH OCHOBHOI'O KaJIOpUMeETpPa Ha a/I-
pounbrii mydek 120 GeV Bxojdiuii B 1eHTp NEHTPaJIbHON GarrHn

BOJIMJIOCH CKAHUPOBAHUE TEPEX0JIOB MezKJly OalllHAMU KaJOPUMETPA JIEKTPOHHBIM ITy4d-
KOM.
Ha pucynke 20 mokaszaH pe3yJibTaT CKaHUPOBAaHHUs Iepexoja Mexkay 4 m 5 GanrHsmu

2

MW e N ©

Maximums of electrons peaks

.
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Puc. 20: CkanupoBanue 1mepexoHoil 00/1aCTH JIEKTPOHHBIM Iy 9KOM

KajopuMerpa. Kak BHIHO M3 PHCYHKA, B IEPeXOIHONH 00JacTH HAOJIIOIAeTCs yBeJmde-
aue curaana Ha 15% mo cpaBHEHHIO €O CpeJIHHM 3HAYeHHeM OTKJHNKA “BHyTpu OalleH,
00'bsICHSIEMO€ HEOJHOPOJIHOCTHIO €OOpa CBeTa O CHMHTHUISIIIMOHHON MIacTUHbL (Ioapa-
3ymeBaercst 3P@eKT yBeJIndeHusi CBETOBBIX0/a ITPU MPOX0XK/IEHUU 3aPSIKeHHON JacTHIbI
HEIOCPE/ICTBEHHO CKBO3b ONTHYECKHH CBETOBO/I, BCTABJIEHHbI B IJIACTHHY ).

Db dekTuBHAS 001aCTh, I/Ie HAOIIOJACTCA YCUIeHne, MeHblie 3 cM. [locKobKy aJpoHHbIH
JINBEHb HEIIPEICKA3YeMO Pa3BUBAETCA 110 BCEMY 00beMY KAJOPHMETPa, IIPOUCXOIUT YCPE/I-
HeHHe CHTHAJIA M, CJIeJ0BaTeIbHO, BKJIAJ pacCMAaTpUBAeMOro 3hdeKTa B SHEPreTHIecKoe
paspelenne JIeTeKTOPa He3HATHTEIEH.
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8.2.4 OaHOPOAHOCTH OCHOBHOI'O KAJIOPHMMETPA

st u3ydennst OHOPOJHOCTH OTKJIMKA OCHOBHOI'O KaJIOPHMETPa (BCe Y4eThipe MOLYJIs Jie-
TEKTOpa), IeHTPaIbHasi 00JIACTh JETEKTOPA CKAHUPOBAJIACH € IMAIOM 5 CM IyYKaMH a/l-
pouos c¢ sueprusmu 120 GeV u 180 GeV. Ilpexnmosaraercsi, 910 OCHOBHON NPUYHUHOIA,
0 KOTOPOil OTK/JIUK KAJOPUMETPA 3aBUCUT OT MOJOKEHUS MyIKA, TOJKHBI OBITh YTeUKN
SHeprun u3 obbeMa KaJopuMeTpa B MONepedHOM HAIlPABJICHUN.

N
>~ o

180 GeV 0

Arb. units

N
NN

1.8
L 120 Gev  * * * .
1.4

1.2

—200 —150 —100 -50 0 50 100 150 200
X—coordinate, mm

Puc. 21: aBucumocTsb MOJIOKEHUST MAKCUMYyMa, aJPOHHOTO MUKA OT KOOPJAUHATHI JIJIst -
pouos ¢ sueprusvu 120 u 180 GeV

LLHH Pa3JIMIHbIX IIOJIOZKEHU TOYKHU BXO2K/IeHUd aJIPOHHOI'O IIYyYKa 6bLHI/I IOCTPOEHDbI
pacipeeeHns CyMMapHOTO CHIHAJIa CO BCeX OallleH KaJaopumeTpa. JIasa HarisaHoCTH,
B paccMOTpeHHe ObLIH BK/IIOYeHbI JBe JOHOMHUTEIbHbIe TOUYKH (pe3y/bIaT MmolajJaHus
aJIpOHOB B GAlllHK coceJHEe C IeHTpasbHoil). [1o nMeromuMes JaHHbBIM ObLTa IIOCTpOeHa
3aBUCUMOCTDb OTKJIMKa KaJIOpPUMETPa OT KOOPpAUHATDI (FOpI/IBOHTaﬂbHoe CKaHI/IpOBaHI/Ie) 110-
Ka3aHHasd Ha PUCYHKE 21 KaK BUAHO, MAaKCUMAJIbHOE€ S3HAYCHUE OTKJIMKA IIOJIy4aeTCd IIpu
BXOZKJIEHUU Iy4YKa MPsSMO B IEHTD KajopuMerpa. Ha paccrosiHuu 5 ¢M 0T HeHTpabHOR
TOYKN OTKJIMK yMeHbIIaeTcs MeHee yeM Ha 1%. Ha paccrognum 18 cM oT IeHTpa OTKIHK
nagaer nHa 4%, a ma 20 cm na 10%.

8.2.5 OrHommenue e/h

OnauM u3 Hanbosiee BazKHBIX TapaMeTPOB Kajopumerpa sipisercs orromenue e/h. TToy-
gennoe B pesysabbrare Monte Carlo cumyssanuit oraomrenue e/h pasuo 0.96. Ananus mo-
Ka3aJl OTKJIOHEHUEe CMOJIeJIMPOBAHHOIO OTKJIMKA KaJIOpUMETPa OT peasbHbIX (DU3NUECKUX
JaHubIX. [lomydenHoe HECOOTBETCTBUE OTpaKeHo Ha pUCYHKe 22. /11 cKoMIeHCupoBaHHO-
ro KaJopuMeTpa oTHoueHue e/h=1, 4To 03HAYAET, YTO MOJOKEHIE MAKCHMYMOB PACIIpe-
JieJIeHH#T OTKJIMKOB KaJIOPUMeTPa Ha 3JIEKTPOHBI U a/IPOHBI OJMHAKOBON SHEPTHH JTOJIZKHbBI
coBmaJaTh (€M yTedkH aJpPOHHOIO JIMBHS W3 0Obema JeTeKTopa HesHadnTe bHbl). Ha
[peJICTABJIEHHOM PHCYHKE BUJIHO, YTO JIEKTPOHHbBII MUK HAXO/UTCs JieBee aPOHHOIO IH-
Ka, 9TO MOJITBEP:K/IAeT CYIIeCTBOBAHUE IIEPEKOMIIEHCUPOBAHHOCTH KaJsiopuMerpa. OHaKo
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orHomrenue e/h=0.78, ciejyromiee u3 3TOr0 PHCYHKA, MHOTO OTJIAYAETCS OT OZKHUJIAEMOTO
0.96.

250

Entries
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50
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1 1.2 1.4 1.6 1.8 2 2.2

Volts
Puc. 22: OTKIUK OCHOBHOTO KaJOpUMETpa Ha JEKTPOHHBIH U aJPOHHBIA MyYKH OMHA-
koBoit sueprun 120 GeV

[Ipuyuny cTOJIb CHJIBHOIO PACXOXK/IEHUS IKCIEPUMEHTAJIbHBIX U CMOJIETUPOBAHHBIX
JIAHHBIX YCTAHOBHUTDH MOKA HE YJAJI0Ch. KCTh NpeJInooKeHue, 94To BUIUMOE OTKJIOHEHUE
OTKJIMKOB Ha 3JIEKTPOHBI U AJPOHBI CBA3AaHO C TE€M, YTO CYIIECTBYET OMINOKA B KaJIuO-
POBOYHOI 3aBUCHMOCTH H3MEPEHHOH SHEPrHH OT BBIAEIEHHON B OamrHe sHeprun. Ilpa-
BIJIbHAS 3aBUCHMOCTD JIMHEiHA (¢ yrioM HakjJoHa 45°) W HAYHHAETCS CTPOrO U3 HYJIS.
[Ipejnonaraercs, 4To M0 KAKOi TO NpUYKMHE KaJIUOPOBOYHAS 3aBUCUMOCTD ObLIa MOCTPOE-
Ha HENPABWJIBHO, YTO W MPUBOJUT K HEBEPHOMY BOCCTAHOBJICHUIO SHEPIUH BBIJICJICHHON B
kasjopumerpe u 3dekram, Hog06HBIM AHOMAIBHOMY OTHOIIEHUIO €/ h.

CunbHoe orkjIOHEHHE €/h 0T 1 YpeBaToO Cepbe3HBIM YXY/IIEHHEM YHEPreTHUYeCKOTO
pas3pelllenns, IMOCKOIbKY BO3HIKAeT J00aBKa A K MOCTOSHHOMY 4JieHy B (hbOpMyJIe OIHCHI-
BAIONIIONIEH dHEepreTHYeCKoe pa3pelreHne:

€

A~ (3-1)

B nacrosimuit MmomenT BejieTcs pabora 10 U3ydeHUIo BeJuUuHbl dPdeKkTa 1 BOZMOK-
HOCTEll ycTpaHeHus OMUOKU KaJIuOPOBKU. Tak 4TO eCcTh OCHOBAHUs MOJIAraTh, YTO MPEJI-
CTaBJeHHOe B JIaHHOII pabore sHeprerudeckoe pasperternune FNC, mMoxkeT ObITbH HEMHOIO
VLY 9IIEeHO.

O pesysbraTax UCCAEI0BAHUS SHEPreTUIECKOIO PA3PEIIEHNs HATTMCAHO HUZKE.

8.2.6 JIuueitnocThb

Cpe/i OCHOBHBIX XapaKTEPUCTUK KaJOPUMeTpa, 0c000e MeCTO 3aHUMAeT JIMHEHHOCTh OT-
kauka 1o sueprun. Ha pucynke 23 nocrpoennt 3aucumoctu otk/jinka FNC Ha agponnbie
U 37IeKTPOHHBIE MYyYKN PA3TNIHON SHEPTUH.
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Kak Buano, B ykazanunoMm juamnaszone suepruit FNC nuneen. Pa3nuna yriios Hak/I0HA
3aBUCUMOCTEH OTKJIMKA KaJOpUMeTpa Ha aJIPOHHBIA U JTEKTPOHHBIN MydYKH OObsCHSET-
¢d TeM, YTO JIEKTPOMArHUTHBIN JIMBEHb, BOSHUKIINNA B pe3yJibTaTe NMONMAJaHAs JIEKTPO-
Ha B 00beM JIeTEKTOPAa, MOJHOCTHIO MOIVIONIAeTCH B MaJleHbKOM Kasiopumerpe Preshower,
JINBEHDb K€, MHUIMHPOBAHHBIN aJPOHOM, Pa3BHBAaeTCs BO BceM oObeme jerekropa. Cire-
JioBaTe/ibHO, JuHeiHOCTh FNC 1o sHeprum s 371eKTPOMArHUTHO B3aMMO/IEHCTBYIONTUX
YaCTHIL IIOJHOCTHIO OIpe/IeIseTcs JUHeHHOCThIO KajaopuMeTpa Preshower, a a1sa aapoHoB
— 9TO XapaKTEePUCTHKA BCEIO J€TEKTOpa B IEJIOM.

arb.
un.
30
25
20
15
10
5

hadrons

electrons

| | ‘ | | ‘ | | ‘ | | ‘ | | ‘ | |
0100 150 200 250 300 350 GeV
Ebeam
Puc. 23: Jluneitnocts FNC no sueprun

5.25

4.75

L ‘ L | — ‘ | — L ‘ L | — ‘ Lol Ll ‘ | L ‘ | ‘ | ‘ L | L L
125 150 175 200 225 250 275 300 325 350 GeV

Ebe@m
Puc. 24: Dueprerudeckoe paspemnteanne FNC s ajgponon

8.2.7 DHeprermyeckoe paspelrieHune

[To pesyabraram ncnsitanuit B CERN Obita mocrpoena kpuBast 3aBUCHMOCTH dHEPreTHYE-
CKOTO pasperierust (OmnpeesseMas Kak OTHOIIEHHEe ¢ MHKa CYyMMAapHOTO CATHAJIA KAaJIOPH-
MeTpa K CpeJIHeMY 3HAUEHUI0 CUTHAJA) OT SHepruu 71 u et mydukoB (puc 24).



8 Tecret B CERN 43

[Toyuennbie TouKkn criaazkuBaanch ynknueir 1Byx mapamerpos C u Cy:

E ~JVE °
1t 37TeKTPOHHOTO MyYKa dHepPreTHdYecKoe pa3pelleHne, KakK U B caydae ¢ JUHeHHOCTHIO,
OIIpe/ieJisieTCsI CBOMCTBAME MAaJIeHbKOro KajaopuMerpa Preshower, KoTopblil MOJTHOCTBIO 1IO-
rJiomaeT SﬂeKTpOMaFHHTHbeI JINBEHD. HOJ’Iy‘{eHHbIe SHaUYeHUd IMapaMeTpOoB OJId JIEKTPO-

HOB!:

Cl — 30% 02 — 3%

JInst aipoHOB OBLIK MOTYYEHBI CAEAYIONNEe 3HAUYCHUA MapaMeTpPOB:
C1=625+02% Cy=3.15+0.2%

BHauenus HeMHOrO GoJiblie, YeM paccuntonoe mo merony Monre Kapmo (C1 = 50%).
Opnnako, Bo Bpems TectoB B CERN, Kak BBISICHHOIOCH B pe3yJjbTaTe 00pabOTKU JAHHBIX,
HCII0JIH30BAJIACH HeaJeKBaTHAs JIEKTPOHUKA C BBICOKMM YPOBHEM IIIyMa U, KaK CJIeJICTBHE,
¢ HHU3KOIl TOYHOCTHIO U3MEPEHUil, YTO MO3BOJISET MPEAIO0JI0KUThH, 9TO PeaJbHOEe YHEpre-
THYECKOe pa3pelleHne JeTeKTOpa B JefiCTBUTEIHLHOCTH HECKOIBKO JIyYIIIe.
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9 IIporpammHas KaJanmOpPOBKA

AponHBINl KaJOpUMETP ONTUMU3UPOBAH JIJIS U3MEPEHUs] SHEPruu aIPOHOB. AJTPOH, TO-
najiast B 00beM JIeTEeKTOpa, OCTAB/ISeT B HEM HEKOTOPYIO dHEPruio. JacTh SHEPruu Bbijie-
JII€TCSl B IYBCTBUTEJIBHBIX CJIOAX KAJOPUMETpa H IIpeodpa3yeTcsd B U3MepseMblil CUTHAT,
nepesoguMblii ALl B mudpoBoii By,

Bajaua KaauOpPOBKH — HAWTH COOTBETCTBHE MeXKy 3HadeHmeM, mosydeHHbBIM B ALIIT u
peasbHO dHeprueil aJpoHa.

B ciydae mjeasbHOro roMOreHHOrO KaJIOPUMETPa BCsA dHEPrus aJIpoHa IOIVIOIIAETCS B
o0bemMe JIeTeKTOpa U OTKJIMK KaJOpUMEeTpa CTPOro MPONOpIUOHAJIeH dHepruu. B peasib-
HBIX YCJIOBUIX BCE HE TaK: pasMepbl KAJOpHUMETpPa OTPAHUYEHBI, IIO9TOMY YaCThb HEPTHH
aJIPOHHOTO JIMBHS, UMEIOIIero O0JIbIINe IPOI0TbHbIE U MOIepedHble Pa3Mepbl, YXOAUT U3
obbeMa JeTeKTopa(yTedkn) 1 He MOKeT ObITh 3aperuCTPUPOBAHA.

Kaxk npaBuiio, KaJopuMeTpbl JeJAI0TCs TeTePOreHHbIME (9YepeIyIONHecs: CJI0H MOTI0-
TUTEI U JleTeKTupyfomme ¢jion). JIuBeHb, MHUIUUPOBAHHBINA AJIPOHOM, DA3BUBACTCS B
TaKOM KaJIOpUMETPEe, B OCHOBHOM, B BEIIECTBE IOTJIOTUTENS U JIUIIb ero MaJas 4JacTh,
peructTpupyemMast IyBCTBUTETbHBIME CJIOSMHU, BHOCUT BKJIAJ B U3MEPSEMBbIil CUT'HAJI.

QrykTyanuu B pa3BUTHUH JIUBHSI ONPE/IE/ISIIOT SHEPIreTUIECKOe PA3PEIIeHrne KAJOPHU-
MeTpa. OrpaHMYeHHOCTh Pa3MepPOB JIETEKTOPA MPUBOAUT K 3aBUCUMOCTHU BEJIMYUHBI yTe-
9eK OT TOYKHM BXOXK/IEHUsI a/[POHA W yIJIa TIOBOPOTA KAJIOPUMETPA OTHOCUTE/IHHO HAIPAB-
JIEHUS Ty4Ka.

Takum o6pa3oM, OTKJIHK JIETEKTOPa Jlake K YacTUIAM OJHON SHEPIUHU OIIpeJIesIsaeTcsa ps-
JIOM IapaMeTpPOB, 3aBUCUMOCTb OT KOTOPBIX HEOOXOIUMO YIUTHIBATH IIPU PEIIeHUN 00paT-
HOI 331291 — HAXOYK/IEHUU YHEPIUU TI0 CUTHAJY KaJOPUMETPA.

AbcomoTHag KaJIMOPOBKA

Haxoxnenne ko3h@uImeHToB NponopruoHaJIbHOCTH MEXK/Iy CUTHAJAMHU C JIeTeKTOpa H
SHeprueil aJipoHOB HA3BIBACTCA aOCOAOMMHOU KaAUbOPOBKOT.

Ha npakTuke o0beM KaJopuMeTpa JeJTUTCsS Ha HEKOTPOe KOJIMIeCTBO HE3aBUCUMBIX Ya-
creif, CHTHAJIBI C KOTOPBIX CHUMAIOTCS 10 OT/e1bHOCTH. OKOHYATeIbHBIN CUTHAJ C JIeTEK-
TOpa, B 9TOM CJIydae, ONpe/e/isieTcss KaK CyMMa CUI'HAJIOB €O Bcex ero 4dacteil. [Tomobnoe
CerMEHTHPOBAHUE MPUBOJIUT K HEOOXOIUMOCTH OMHOCUMEAbHOT KaAUubposKy He3aBUCHU-
MBIX YacTeil KaJopuMeTpa.

OTrHocuTepHass KaJInOpPOBKa

Kak mpaBwmjio, cauThiBaHNe CUTHAJIOB C PA3HbIX YacTedl JETEKTOPa OCYIIECTBJISIETCS TI0
COOCTBEHHBIM KaHaJIaM CYMTHIBAHWS, UMEIONUM WHIUBU/IyaIbHBIE TTapaMeTPhl Mpeodpa-
30BaHUsl YIHEPIUN B CUTHAJ. DBojiee TOro, HeOHOPOIHOCTh KOHCTPYKTUBHOTO HCIIOJIHEHUSI
CEeIrMEHTOB TaK:Ke MOXKeT BHOCUTH pa3Opoc B 3HAUYEHHS OTKJIUKOB CEIMEHTOB IIPU OJ/IMHA-
KOBOIi 9HEPTHUH, BBIJIEJICHHON B HUX. OMHOCUMENDHAA KAAUOPOBKG 3aKTI0UAETCS B HAXO-
JKJIeHnn KO3 DUIMEeHTOB, BEIPABHUBAIOIMINX OTKJIMKN HE3aBUCUMBbIX dacTeil JeTeKkTopa u
KOPPEKTUPYIOMIMX T€M CaMbIM BCE HEOJHOPOIHOCTH, UMEIOIINECs HA IyTH TpaHchopma-
[UU SHEPIUU B U3MePsieMbIil CUTHAJI.
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9.1 OO6ocHoBaHME HEOOXOIMMOCTI OTHOCUTEJJIBHOMN KAaJNOPOBKU

Kak y»ke roBopusioch BbIlie, OCHOBHO# 3a/1a4eit TectoB, mpoBoaumbix B CERN, Obu1a ka-
JIMOPOBKA JIETEKTOPA, 3aKJII0YAIOIIAsCsd B BbIpaBHUBaHUM KO(DDUIIMEHTOB ycujieHus Oa-
1IeH KaJOPUMEeTPa U HAXOXK/IeHUHU KOIPPUIMEHTOB MPONOPIUOHAIBHOCTH MEYK/1y OTKJIU-
KaMUI CEIMEHTOB KaJOPUMeTPa U PACIpeIeIeHHON MeK/Ty cerMeHTaMU SHEPrueil MonaBIire-
ro B JeTeKTop ajapona. Cienyer HAMOMHUTD, YTO JIJI OTHOCUTETbHOI KaauOpOBKH OalreH
UCTIOTB30BAJICA MeKTPOHHBIN mydoK 120 GeV, KOTOpBIii HANPABJIAICT B MEHTP KaxKJI0i
Gamrau KajopuMeTpa, u Kodhduimuent ycuaenus coorsercrByiomero POV moxbupasics
TakuM 00pa3oM, 4TOObl OTKJIMK OaliHu ObL1 PaBeH 3TAJOHHOMY OTKJIUKY, BbIOpAHHOMY
panee. HemoctaTkoM 3TOTO MeTO/Ia SABJISETCS TO, YTO JIUBEHb, HHUIIMHPOBAHHBIH JIEKTPO-
HAMU TaKOil SHePTrUH, pa3BUBAETCS He M0 BceMy oObemy Oatrau. C 00bII0i BEpOATHOCTHIO
NOoCTeTHIe CIUHTILIAIMOHHDBIE TIJTACTHHB OKA3bIBAIOTCA He 337eifiCTBOBAHBI B (hopMUpPO-
BAaHWU CHIHAJA (TO K€ PACIHPOCTPAHSIETCsI HA COCTABHBIE CBETOBO/BI, COOMPAIOIIHE CBET
C IUIACTHH), MOCKOJIbKY JHBEHb 3aKAHIMBAET CBOE PA3BUTHE HE JOXOJs j10 HuX. [losromy
JII0OOe OTKJIOHEHUE B CBETOBBIXOJ/IE TAKUX IJIACTUH CKAYKETCS HA Ka4eCTBE OTHOCUTE/IHLHOM
KaTuOpoBKU. [IoCKOMBbKY KaK7as COMHTWLIAINMOHHAA MJIACTHHA W CBETOBOJ, MPOXOIIH
UHINBHU/IYAJbHBIH KOHTPOJb, €CTh OCHOBAHHS MOJATaTh, YTO OMUOKA OTHOCHTEJIHHOU Ka-
aubposku Gyger 2-3%. Tem He MeHee, ycTpaHUB BO3MOXKHBIE ONIMOKM, BBEIsl KOPPEKTH-
pyiomue Ko3pduuuen ol Jijist KazKioi OallHu, MOXKHO JIOOUTHCS YJIydlIeHus JHepreTuye-
CKOI'0 pa3perieHus.

9.2 Omnwucanme MeTOI0B KaJIMOPOBKN
9.2.1 IlocaemoBaTeabHBII METOI

YacTuaHO JaHHBI MeTOJ HCIOIb30BaJICS JIIs BbIpaBHUBaHUS OTKJIUKOB Oamren FNC.
OcCHOBBIBaZICh Ha TOM, YTO 3J€KTPOMArHUTHBIH JIMBEHb MOJHOCTHIO IOTJIOMAETCS B 00b-
eMe OJIHOil OaIlHU, MOXKHO IIOC/Ie/I0BATEeIbHO, HAIIPABJ/Isds JIEKTPOHHBIN MYyY0K B HEHTP
KazK 10/ OalHu, onpeesnTh KaaubpoBodnbie Ko3hdUImuenTs (KaK OTHOCHTEIbHbIe TaK U

abCOTIOTHBLE).
Eb:ai-Si 221,32

rJie -—HoMep OanrHu, S;—0TKJIUK 2-0it 6arrau, F,—Heprus 3JeKTPOHHOIO My vKa, (;;—KaTHOPOBOYHbI
K03 dumnmenT i-oii GaIHm.
Beimie 06cyzK1a/1cst OCHOBHOI HEJIOCTATOK METOJ1a, CBSI3aHHBIA ¢ T€M, YTO JIEKTPOHHbII
JINBEHDb IIOJIHOCTBIO Pa3BUBAETCA B Ha4daJie 6aHIHI/I n 1nmocjieIHne COUHTHJIIAIIMOHHDBIC IIJIa-
CTHUHBI OKa3bIBAIOTCA HeBaﬂeﬁCTBOBaHHbIMI/I n HE Yy4aCTBYIOT B KaJII/I6pOBKe.

Eme ogauM HEMaTOBazKHBIM (hAKTOPOM SABJISETCS HEOKUJAHHO CUIBHOE OTKJIOHEHUE
ororenus e/h ot exuaunsl (e/h = 0.78), T.e. OTKJINK KaJIOpHMeTpa HA aJPOHDLI OOJIBIIE
YeM OTKJIMK Ha 31eKTpoHbl. Cjie0BaTe/IbHO, HAlJIEHHBIE ¢ HOMOIIbIO JIAHHOIO METO/a
abcosioTHbie KO DuiueHTbl Oy/yT 3aBbIIIEHDI.

9.2.2 “MaTtpuuHbIil”’ MeTOL,

“Marpuunbiii” MeTOJ] TPUMEHUM TOTJIA, KOIJIa JIMBEHb PACHPOCTPAHSETCS B HECKOJIbKUX
OANIHAX OJHOBPEMEHHO W €r0 SHEPTHs HEKOTOPBIM 00Pa30M paclpe/ensaeTcs MezK/1y HIMU.
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B cuny Toro, 4To pasBuTHe JUBHA — BEPOSITHOCTHBIN HMPOIECC, PACIIPe/Ie/IeHIe SHEPTHH 10
OAITHAM JI/I PA3HBIX JIUBHEH, THUIIMUPOBAHHBIMU YaCTUIAMHU OJIMHAKOBOU SHEPIUuu, Oy1eT
BCerJa pas3/MdHbIM, a CYMMa SHEPruil, BbIJIEJEHHBIX BO BCeX OAllHSAX, BO BCEX CJydastX
olpejiesisieT YHEPIUuio HavaIbHbIX dacTull. Ha arom u 6azupyercs “MarpudHbIit’” MeTOI.
[TpeaniozkuM, 9T0 JUBEHb MOJHOCTHIO PA3BHJICS (BBIJIEJIII BCIO CBOIO SHEPIHIO) B Nigy,
Gamugx. O603HAYUM CUTHAJ B KaxKI0i OGammre S; (mpuueM S; BBIDAKAIOTCA B YCJIOBHBIX
eIMHATIAX ). 3aJaua KaJIuOpOBKU HANTH Takue KOHCTAHTHI «; (B exumnunax GeV/y.e.), Ko-
TOpbIE TO3BOJIAIOT 110 3HAYAHUSM CHTHAJIOB ¢ Oaren Haiitu abcomornoe 3nadenue (B GeV)
BBIJIEJIEHHON B Oamugax sneprun: F; = o;S5;. Takum 00pa3om,BbljIe/IeHHAs B KaJOPUMeETPe

dHEPI'Ud paBHA!
Niow Niow

Ed: ZEZ: ZazSz
i=1 i=1

Buas AF — BeJUUYUHY yTeUeK SHEPIuU u3 oObeMa KaJopuMmeTpa (B TOM ¢jiydae KOHEYHO,
eCJIM OHU 3HAYUMBI) MOYKHO BOCCTAHOBUTH YHEPIUI0 HAYATBHON YACTHIBI, KOTOPAs OIpe-
neagerca Kaxk By + AE.

Paccemorpum ciydaii, korjia sueprus Fy m0oCTOSHHA OT cOObITHS K cOObITHIO. Tora, eciu
OAIIHY JI0XO OTKAJINOPOBAHBI OTHOCHTEJILHO JIPYT ApyTa (TO eCTh, B CJIydae, KOrjaa B Oarl-
HSIX BBIJEISETCS OJNHAKOBAs SHEPIUsl, CATHAJBI ¢ HUX Te€M He MeHee PA3JIMIHBI), TO MpU
CJIydaifHOM pacipejieieHId B OAlIHAX SHEPIUHU JUBHS CyMMapHbIit curaaa S+ So+...+Sy
(6e3 BBeIeHNs KAJTHOPOBOYHBIX KOHCTAHT) OYIET PACIPE/IEIeH BOKPYT HEKOTOPOTO CPeJIHe-
r'o 3HaYeHNs, U 0 pacipejiesieHust OyJIeT TeM MIupe, YeM XyzKe OTHOCUTEe/IbHAsl KaJIuOPOBKa,
oamren. [IpaBu/ibHbINi BHIOOD KOHCTAHT (v MO3BOJISIET N30€KaTh YIUPEHUs Pe3YJIbTUPYIO-
LIEr0 MUKA U YJIYUIIATH TEeM CAMbIM HEPreTHYeCKOe paspelieHne KaJOpuMeTpa.

MozkHO Hamucarh (BYHKIHOHA, 3aBUCAIIMI OT BEKTOpA NAPAMETPOB «f, MMEOIIUii
CMBICJT CPEJIHEKBAIPATHIHOTO OTKJIOHEHHS BEJIMYUHBI BBIJIEJICHHOI SHEPIUH, PacCUuTaH-
HOIl ¢ UCHOJIb30BAHUEM KaJMOPOBOYHBIX KOHCTAHT, OT MCTUHHOI'O 3HAYEHUS BbIJIEJIEHHOM
sneprun FEy, onpenensiemoii kak Ey, — AE (npeanosaraercsi, uro 3uadenune AE, onpee-
JISAIOIee BeJIMYUHY yTedeK u3 00beMa KaJopuMeTpa, H3BECTHO):

1 N Ntou)

U%MS(E)) - N Z(Z Oéisf - Ed)2

k=1 =1

rie N—4auciao coObITuil, Ny, —ducI0 cerMeHToB(0aleH), Ha KOTOpble pa3souT 00beM Kao-
puMeTpa.
s naxoxkienust KO3(PUIMEHTOB (;, MUHUMU3UPYIONUX (DYHKIMOHAJ, BOCIIOIb3Y-
eMCsl MeTOJIOM MAaKCHUMAaJIbHOI'O MPaBJIONoI00us.
Haiing gactabpie mpowsBoJgHbIe OT (DYHKIMOHATIA IO HEM3BECTHBIM MapaMeTrpaM ; W
npupaBHaB uX K 0, momydanm cucteMy Ny, YPaBHEHHIl JUHEHHYIO 1O
00huys() _ 2 K N

= SE—E)SF =0, j=1..Nyy
da; Nk:l(; e 2 ’ ! '

[Tepenumrem cucremy B CI€AYIOINIEM BHU/IE:

Ntow N

>

=1 =1

N
Sist = .3 8]
=1
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U BBeJEeM cJieiyionue 0603HauIeHus:

N N
a; =Y SISy, b= 5;
k=1

k=1

CI/ICTeMa HepeHI/ICI)IBaeTCH B ManI/I‘{HOM BI/Iﬂ;ei
_>
A =F b

rae A-marpuna Ny, X Nigy, COCTOAMAA U3 3TEMEHTOB G, & ?*BGKTOP pa3MepoM Nigy,-
13 9T0r0 ypaBHEHHS HAXOAUTCS BEKTOD
@ = EATT

JIoCTOMHCTBO MeTOJIa B TOM, YTO OH I03BOJIsieT oOpabarhiBaTh JaHHbBIE CO BCeX OallleH
COBMECTHO, TIPHYEM TOYKA BXOXKJIEHUS MydKa He mMeeT 0co0Oro 3HadeHus (70 Tex 1mop,
I0KA 9TO HE CKA3bIBAETCS HA BEJIMYHHE YTEUeK).

Jlns agekBaTHOrO ompejeseHus KoM UIueHToB 1id Bcex OaleH TpedyeTrcs, dToObI
SHEPIrOBBIAEICHNE B DAIHSX, YIACTBYOIIUX B MOCTPOEHNN (DYHKIMOHAA, HE OBLIO CIUII-
KOM MaJIeHbKHM. DTO CBA3aHO C T€M, 9TO IPOMNOPIHOHAJIBLHBIE YHEPrOBHIIEIECHUI0 Beca
Takux OalreH OyayT MaJIeHbKUMH M, KaK CJI€JICTBAE, TOYHOCTb OIpejeeHns KaauopoBOU-
HBIX KOHCTAHT JJIsI 9TUX OalneH Oy/1eT HU3KOI.

[Ipu momajanum aJipoOHOB B MEHTP KaJOPUMETPa SHEPrOBBIJIEICHNE B HEIIEHTPAJTbHBIX
falHsaX COCTABJIAeT OKOI0 5% OT 3HEePIruU BBIAEJICHHON B IEHTPAJBHOI, a HEIleHTPAJIbHBIC
GamHu nocIeHero (4eTBepToro) Moy is OKa3blBAIOTCS MPAKTHYECKH He3a/eiiCTBOBAHbI,
9TO HE MO3BOJISIET ONPe/Ie/IsATh KO duimeH o ¢ xkejaaemoit Tounoctbio. [1o 3roit npudunne
JIAHHBIA MeTOJI OKa3aJIcsd MaJio MOJIE3HBIM, W MONBITKH HAUTH KaJTHOPOBOYHBIE KOHCTAHTHI
HE YBEHYAJUCH YCIIEXOM.

9.2.3 MHWrepanuoHHBIA MeTOnd

JlaHHBIN TOJYIMOUPUIECKHUN METOJ, B OTJUYUU OT MATPUIHOTO, OMEPUPYIOIIETO CPa3y
BCEMU JIAHHBIMU B 3alUCAHHOM (haiiie JaHHBIX, MA3BOJISIET HAXOIUTh KAJIMOPOBOYHBIE KO-
3 duIreHTh UTEPAIMOHHO, TTOC/IEI0BATEILHO BKJIIOYAs B PACCMOTPEHNE 3aMUCAHHbBIE CO-
OBITHSI.

[Io mepBOMY COOBITHIO ONEHUBAIOTCS 3HAUYECHHS KOIMDMUIUEHTOB, MOCTIe Yero paccMaT-
pUBaeTCs BTOpoe cOOBITHE, KOIDPUIUEHTH KOPPEKTUPYIOTCH, Jlajiee BKIIOUACTCA TPEThe
coObiTe U KO3 PUIMEeHTH BHOBb KOPPEKTUPYIOTCH U T.JI.

[Tocste HEKOTOPOTO UnCIa UTEepanuit KO3MMUIUEHTH TPUHUMAIOT 3HAYEHUsI, KOTOPBIE
¢ JAJbHEHIINM POCTOM CTATHCTHKHU (B TOM CJIydae, €CJIU YCIOBUs MPOBEJIEHHs TeCTa I0-
CTOSIHHBI) MPAKTUICCKH He MEHSIFOTCSI.

BBozisiTcst TakOe MOHATHE KAK BeC (J0JIsl SHEPIUU, BbIJIeJIeHHAs B GaliHe ):

Sk
k __ 7
Wi L

roe S; - curgad B 1-oi bamnue B k-om cobblTrn
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A WHTErpaJibHBII Bec:
k k=1 4 ik

KasmbpoBounbie k03 uiueHThl HaX0AATCs CIeYIOMMUM 00pa3oM:

k k—1 wi §v=1 Sfcjk_l))
B}

e i-nomep Gamnn, W u I¥ coorsercreyronue Bec u unTerpaabubiit Bec, Fy-3nauenne,
BBIJIEJIEHHON B KaJIOpUMeTpe SHeprun, Koropasi pasua Fy— AFE, A E-onenuBaemoe 3naqe-
HUE BeJIMYUHBI yredek B k-om coObiTuu. [jist onpeeieHuns yredek MOZKHO HCIIOIb30BATH
3apaHee MOJTOTOBJIEHHYIO KapTy 3aBUCHMOCTH CpeJHeil BeTUINHBI yTedeK OT TOUYKH BXO-
JKJIeHUs] JaCTHIIBI, PACCUYUTAHHYIO ¢ TOMOIIbI0 MeTona Monte Kapmno wam momydennyio
KCIIEPUMEHTAJIBHO.

Kak u B marpuunom meroje, He0OXOAUMO, 4TOOBI CpPeJIHee IHEProBbljie/ieHne B Oall-
HsIX He ObLI0 MAJIEHHKUM, HO TeNePh, KaK BUIHO U3 (POPMYJIbI, HE TPeOyeTCs MOCTOSTHCTBA
BEJIMYNHBI yTedeK OT coObITHd K coObIThio. ClemoBaTeqbHO, CMeNIaB CIyJallHBIM 00pa-
30M COOBITHS U3 (ANTOB JAHHBIX /IJI TECTOB, OTIHYAIONIIXCA TOYKON BXOXKIEHU MMYUKa,
MOZKHO CPaBHATH CpeJlHee SHEPrOBblIe/eHne B OAITHIX.
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10 3akJjrouyeHue

Hosgpwrit [Tepeauunit Heitrpornstit Kasopumerp (Forward Neutron Calorimeter) paspabarbi-
BaJics Ui sxcnepumMenta H1, usyqaromniero ep B3aumoaeiicrsue Ha yckopuresie HERA. Jle-
TEKTOP ONTUMU3UPOBAH J/Isl PETUCTPAIIN HEHTPOHOB B uamna3one suepruii 200—920 GeV
n yrinamu pacceguus no 0.6 mrad.

FNC cocrout u3 4epeyonuxcs ¢JI0eB CBUHIIOBOTO TIONJIOTUTE/ISA U 1yBCTBUTETBHBIX CI0€B
IMJIaCTUKOBOTI'O CIHIUMHHTUJLJIIATOPA. KOHCprKTI/IBHO AETEKTOpP COCTOUT U3 4—6X NACHTUYIHbIX
HE3aBUCUMBIX MO/LyJIeil, KarK/Iblil U3 KOTOPBIX JieJIUTCA Ha 8 “Oalien”, BKIIOYAIONMX 10 25
COIMHTU/IJIAOUOHHDBIX IIJIACTHUH.

Cser ¢ mIacTuH codbupaercd u Tpancnoprupyerca K @IV ¢ MOMOIIBI0 COCTABHBIX CBETO-
BOJIOB, BCTABJIE€HHBIX B IIPOPE3aHHbIe B KazKJ0H IJIACTHHE KPYTOBble KAaHABKHU.

B nepuox ¢ ausaps 2000 mo saBapb 2001 roga B U'TO® 6b110 MOJIHOCTHIO 3aBEPIIEHO
koHcrpyupoBanue HOBOTO [lepennero Heitrponnoro Kasiopumerpa u mpojiejiana OCHOB-
Hasl 9YacTh PabOThl 110 KaJIMOPOBKE JIeTEKTOPA.

B pabore nag FNC g npuHuMas ydactue MpakKTHIECKH ¢ CaMOT'O HadaJsa.

Ha nagaibHOM 3Tare B MOU 00S3aHHOCTH BXOUIN:

- TpoBepKa, 0TOOP M KaJHOpOBKa (POTOTEKTPOHHBIX YMHOXKHTE e
- KOHTPOJIb IMPOILYCKHON CIIOCOOHOCTH COCTABHBIX CBETOBOJIOB
- TakzKe, s MPUHUMAJ IMOCUJIBHOE ydacThue B cOOpPKe KaJopuMeTpa

- OJHOBPEMEHHO sI 3aHUMAJICSA CO3JAaHHEM CHCTEMbI cOOpa JAHHBIX /sl TPEACTOAIINX
TecToB Ha yckopurese B ITOO.

K ampenbckum tecram B UTOD 1pu Moy ist U3 9eTbipex ObLIM MOJHOCTHIO TOTOBBI.

- ¢l moJIHOIEHHO y4YacTBOBAJI B CMEHAX Ha YCKOPHTeJe, LEeIbl0 KOTOPBHIX ObLI HAOOD
JIAHHBIX, HEOOXOUMBIX JIJIsi U3y 4eHusi pabOTOCIIOCOOHOCTHU JIETEKTOPA U €r0 OTKJIMKA
Ha a/IPOHBI HU3KUX JHEPIHil.

- Ilocne 3aBepienus ceanca Ha yCKOpHUTeJe s MPUCTYOUI K 06padoTKe JaHHBIX. [1o-
JIydeHHbIe pe3yJIbTaThl MpeCTaBIeHbl B COOTBETCTBYIOIIEH IIaBe.

B uione 2000 roma Bce dernipe Moy g Obin otnpasiensl B CERN g okondarenbHOi
KaJIMOPOBKM Ha MydYKax ¢ dHeprueil MakCuMaJibHO OJIM3KOI K TOi, HA KOTOPYIO paccunTaH
KaJOPUMETP.

- B CERNe s yuyacrBoBas Kak B HOAIOTOBKE TECTOB (MOAKJIIOYEHHE JI€KTPOHHUKH,
HACTPOIKa IporpaMm cO0pa JIAHHBIX ), TAK W B CAMUX TeCTax.

- 3a Bpems ceaHca Ha yckopurese SPS Ob1o Habpano 6osee 50 Gb mamHbIX, 0Opa-
HOTKOII KOTOPBIX § 3aHUMAJICS BCE OCTABILEECS BPeMH.

- MHoii 6bLTH pOAaHAIU3UPOBAHDLI JJAHHBIE TECTOB MO M3YYE€HUIO OCHOBHBIX Ia-
paMeTpoB KaJopuMeTpa: JIHHEHHOCTH, SHEPTEeTUIEeCKOTO pa3pelleHns, OTHOPO/I-

Hoctu. PesyJsibraT npojenanHoit padoThl MpejicTaB/eH B IJiaBe, MOCBSIIEHHO
TectaM B CERN.
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- ¢l mpuanman ygactue B co3nanun MonTe-Kapimo Momenn KajgopuMeTpa.

- Hekoropoe Bpemst OBLIO yje/eHO U3YYeHHIO BO3MOXKHOCTEil porpaMMHOil Ka-
JUOPOBKH KAJOPUMETPOB. DTa paboTa Ha JAHHBI MOMEHT He SBJISI€TCS 3aKOH-
YeHHOI ¥ 0030pHO MpeACTaB/IeHa B IIOCIe/IHeil IiaBe.
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11 buaaromapHocTu

B 3akgodenun, mue xotesoch Obl 1MOOJIAroJapuTh JIojeil, 6e3 ydacTusi KOTOPBIX IPe/i-
craBjieHHasi pabora ObLIa Obl BPs/L JIM 3aKOHYEHA.

Ocobyro 6J1arogapHOCTD I XOUY BBIPA3UTh MOEMY Hay4YHOMY pyKoBomuTerio Edpe-
MeHko Banentuny llBanoBudy: 3a 60ee 4eM HHTepeCHYIO TeMY JHILIOMA, 33 JIOBepUe, 3a
UCKPEHHIOI0 TOTOBHOCTH MOMOYb B PelleHUN BO3HUKAIONINX TPOOJIeMM, 3a MOJIEPXKKY B
eproJL Heyiad 1 000peHe B MOMEHTHI yCIleXa, 3a TePIUMOCTh K MOUM Bonpocam (60I0Ch,
[IOPOIO Yepecdyp HaJI0e/[JIMBbIM) M 3a CTOJIb IIOJHbIE W JIOCTYIIHBIE OTBETHI HA HUX.

Xouy ckazarh criacu6o Harosunpiny Biajumupy BacuiibeBuuy 3a yHUKAJIbHBIH OHbBIT
OpTaHU3AINN ¥ TPOBeIeHns (PU3MIECKOTO FKCIEePEMEHTA TTOTYIeHHbII 38 BpeMs pabOoThI ¢
HUM.

Cracubo Yeuempuunkomy Ceprero BiagumupoBudy 3a moMmomibs B OCBOEHUU METO/IOB
pu3MIECKOro aHa/IM3a U BECbMa MOJIE3HbIE COBETHI.

Taxk>ke, MHE XOT€/I0CH ObI 1100JIAN0IAPUTH BECh KOJLJIEKTHB, pabOTaBIINI HAJ| CO3/IAHU-
em FNC.

BrL1o 661 BepxoM HecIpaBeJIMBOCTH He BBIPA3UTh NPU3HATETbHOCTD MPENoIaBaTe sIM
kadeapol “DKCcrepuMeHTATbHHBIE METO/IbI siIePHON (DU3UKK ', HAY IUBIITUX MEHS BCEMY UTO
s 3Ha0. Ocobenno, s xouy mnobsarogaputh Punorenosa Kupuia ['puropseBuda, moj
PYKOBOJICTBOM KOTOPOTO $ MOJIYYHUJI TEPBBIil OMBIT UCCAEI0BATE/IbCKON pabOThI, CTABIIHiT
J MeHs (DYHTaMeHTAIbHBIM.
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