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BBenenue

J{ns uccnenoBaHus KBAPK-TIIFOOHHOW MaTEPUU MPEANOUYTUTEbHEE
KCIMOJIb30BAaTh B KAYECTBE CTAJIIKMBAIOIIUXCS YaCTHUIl HE aJpPOHBI, a siApa, TaK KaK
MOBBIIIAETCS JIOTHOCTH U PAJANYC ropsiueit 00J1acT B3aUMOICHCTBYIOITUX
yactull. [IpuHATO BBIAEHATH LIEHTPAJIbHBIE CTOJIKHOBEHUS — XAPAKTEPU3YIOTCS
HauOOJIBIINM TIEPEKPHITUEM CTAIKUBAIOIIUXCS s1Iep, Tepudepuieckue —
OTIPENICIIAOTCS MPULICTBHBIM MapaMeTpoM b > 1 ¢, a Takxke
ylbTpanepudepuieckre — OTIMYAIOTCSA HE TOJIBKO MPUIICIbHBIM MapamMeTpoM b >
Ra + Rp, rie Ra u Rg — paauycel cTankuBammmxcs sjaep, HoO U UCKITI0UEHUEM
CUJILHOTO B3aUMOJICUCTBHS, TO €CTh TOJBKO (hOTOH-(HOTOHHBIC, ()OTOH-

IMOMCPOHHBIC U ITOMCPOH-ITIOMCPOHHBIC BSaHMO}ICﬁCTBHH.

B ynbTpanepudepuyeckux B3auMOIEHCTBUSIX MOTYT POXKAAThCSI BEKTOPHbBIE
ME30HBI: p, J/y U Apyrue; 3IeKTPOHHbIE U MIOOHHBIE NTAphl, a TAK)KE BO3MOKHO

N3YUYCHHC APYIUX IMPOLCCCOB, HC CBA3aHHBIX C POXKIACHUCM YaCTHII.

DJIEKTPOMArHUTHBIE TIOJIS YIBTPAPEIATUBUCTCKUX TSHKEIBIX HOHOB MOYKHO
paccMaTpuBaTh Kak Mo BUPTyanbHbIX (poToHOB. Korna nBa siapa mpoxoasiT MUMO
IIpY MaJIbIX TTapaMeTpax ynaapa, poToHHOE IoJIe sSapa MOKET BbI3BAThH
dboTosiIepHOE B3aUMOJICHCTBUE B JIPYroM sijipe. B OOIBITMHCTBE HCCIIeI0BaHH I
(b OTOSIICPHBIX PEAKIUA MPU CTOTKHOBEHUH TSKEIIBIX HOHOB PACCMATPUBAIOTCS
CJIO’KHBIE B3aUMOJICHCTBHS, TAaKKE KaKk 00pa30BaHUE TSIKEIBIX KBAPKOB WIIH
dboTosIAepHBIN pacmaj. 31eCh MBI pacCMaTPUBAEM HCKIIOUUTEIIBHO PEAKITHIO
A+A— A+ A+V,ae A — 1skenoe a1po, a V — BEKTOPHBINA ME30H. JTa
peaKIus MOXET IPOTEKaTh yepe3 POTOH-TIOMEPOHHBIC W (POTOH-ME30HHBIC
B3aMMOJICHCTBHS, KOrda (DOTOH UCXOIUT U3 JICKTPOMATHUTHOTO TIOJISI OJTHOTO

sapa, a IOMCPOH UJIM MC30H COCAHNHACTCA C APYTUM SAIPOM.

Lenbto naHHOM paOOTHI SIBISIETCS U3yYEHHUE 00pa30BaHMUs Map BEKTOPHBIX

Me30HO0B, Takux Kak p°p° , p®J/y B yabTpanepudepuueckux CTONIKHOBEHUSX Saep



Ha nerektope ATLAS. IIpu 35TOM MBI HAMEPEHBI YUUTHIBATh BO BHUMAHHE pacHaj

mapsl BETOPHBIX Me30HOB p’p® Ha YeTHIpe 3apsSKEHHBIX HOHA.



1 ®usuka yabtpanepudgepuyeckKnux CTOJIKHOBEHUI

THAZKEJIbIX HOHOB

JIBHKyIIIECs BBICOKO3aPSIHBIC HOHBI HECYT CHIIBHBIC 3JICKTPOMATrHUTHEIC
T0JIsI, KOTOPBIE ACHCTBYIOT KakK 1MoJjie (POTOHOB. B CTONIKHOBEHUSAX TIPH OOJIBIITUX
yJIapHBIX TTapaMeTpax aApOHHbIC B3aUMOCHCTBUS HEBO3MOKHBI, 1 HOHBI
B3aMMO/ICHCTBYIOT Yepe3 (POTOH-HOHHBIC U OTOH-(POTOHHBIC CTOJKHOBEHHSI,
U3BECTHBIE KaK yapTpanepudepuueckue croiakaoBenus (YIIC). Kpome Toro,
BO3MOXXHBI Takke (DOTOSIACPHBIC CTOJIKHOBEHHMSI, KOTJIa OJIUH U3JTydaeMbId (hOTOH
B3aMMO/ICHCTBYET C COCTABHOM YaCThIO JPYTOro sapa. JTH JIBa Mpoliecca
NPOMJUTFOCTpUpOBaHbl Ha pucynke 1.1 u 1.2. Ha aTux guarpammax sapo,
Ucmyckaromiee GOTOH, OCTaeTCsS HEMTOBPEKICHHBIM TIOCTIE CTOJIKHOBEHUA. TeM He
MEHee, 3TO BO3MOXHO, YTOOBI MOJYYUTh yIbTpanepudpepruieckoe
B3aMMO/ICHCTBHE, B KOTOPBIX OJWMH WM 00a sifjpa pacmangaroTcs. Pacman moxkeT
IPOU30UTH B pe3yJibTaTe OOMEHA TOTIOTHATEIHHBIM (DOTOHOM, KaK IMOKa3aHO Ha
pucynke 1.3. Ilpu pacuetax ynpTpanepupepuuecKux CTOJIKHOBEHUN 0OBIYHO
TpeOyeTcs, YTOOBI PUIIETHHBIN TTapaMeTp yaapa ObUT OOJIbIIIe CyMMBI IBYX
SIIEPHBIX pagnycoB, b > Ra + Rg. Ctporo rorops, ynsTpanepudepudeckoe
AJIEKTPOMArHUTHOE B3aMMOJICHCTBHE MOXKET IMTPOUCXOUTH OJHOBPEMEHHO C
aJPOHHBIM CTOJIKHOBeHUEM. OTHAKO, TOCKOJIbKY B TAKMX CTOJIKHOBEHUSX
HEBO3MOYKHO Pa3/IeNUTh aJPOHHYIO U AJIEKTPOMAarHUTHYIO KOMITOHEHTHI,

AIPOHHBIC KOMITIOHCHTBI HCKIIIOYAIOTCA COKPAIICHUEM IIapaMCTpa yaapa.
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Pucynok 1: Cxematnueckoe npeacrabieHue 1.1 - 31eKTpOMarHuTHOro
B3aMMOJICHCTBHUSL, P KOTOPOM (POTOHBI, UCITyCKAEMbl€ HOHAMMU,
B3aUMOJIEUCTBYIOT JIPYT C APYroMm, 1.2 - pOTOHHO—AIEpHOI peaKIu, IpU KOTOPOH
(OTOH, UCITyCKaeMblil HOHOM, B3aUMOJIEUCTBYET C APYTUM siApoMm, 1.3 -

(oTOsIEpPHOI peaKkuu ¢ paca oM siipa BCIeACTBIE (POTOHHOTO OOMEHa.

AJZlpoHHBIE KOJUTAAEpsl, Takue Kak PenstuBucrckuil Komnaaep Tsxenbix
Nonos (RHIC), TeBatpon u bonbimoi Anponnsiit Konnaiinep (LHC) npousBonsar
doTosiaepHbie U ABYX()OTOHHBIE B3aUMOACHCTBUS IPU CBETUMOCTSIX U SHEPTHUSX,
NPEBBIIAIOLIUX T€, KOTOPbIE JOCTYNHBI B Apyrux mectax. LHC nocruraer
SHEPrUu YP B AECATH pa3 Oosbliie, 4eM AIpoHHO-DeKTpoHHbIN KonblieBoit
VYckoputens (HERA). Ve uzydensl Takue pa3HOOOpa3Hble peakluu, KakK
00pa3oBaHUe aHTUBO0POa, poToobpasoBanue p, mpeBpalleHne CBUHIA B
BUCMYT M BO30YXJIEHHE KOJUIEKTUBHBIX siepHbIX pe3onancoB. Ha LHC
yabTpanepupepuyeckrue CTOIKHOBEHUS MOTYT N3y4aTh MHOTHE BUABI “HOBOM
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2 Paoora ¢ GRID

CERN - onna u3 caMbIxX TpeOOBaTENbHBIX BEIYUCIUTENBHBIX CPEJl B MUPE
uccnenoBanuii. OT pa3pabOTKH MIPOrpaMMHOTr0 o0ecredeHus 10 00paboTKu U
XpaHEHUs JAaHHBIX, CETEM, MOIIEPKKH IKCIIEPUMEHTAIBHBIX ITporpaMm Ha LHC n
He Ha LHC, aBroMatn3anny U yrpaBJiIeHHs], @ TAKKE YCIYT JJIsl YCKOPUTEIBHOTO
KOMIUIEKCa U JJIs BCell 1abopaTopuu, U ee NoJIb30BaTesiell - BHIYUCICHUS JIekKaT B

ocHoBe uHppactpykrypsl CERN.

Worldwide LHC Computing Grid (WLCG) — pacnpeaenuTenbHas
BbIUMCTUTENbHAS HHPpACTpyKTypa, ucnoiab3yemas B CERN. Llentpom o0paboTku
nmauabelXx CERN gasistetcst WLCG. Muccus WLCG 3aknrouaercsa B
IPEIOCTABICHUH TJI00ATBHBIX BBIUUCIUTEIBHBIX PECYPCOB JIJIsI XpaHEHUS,
pacnpeneneHus U aHanu3a gaHHbix, renepupyembix LHC. WLCG oObenunsier
BBIYHCIIMTENBHBIE pecypchl okosio 900 000 koMIbIOTEpHBIX siaep u3 Oomnee yem 170
caiiToB B 42 cTpaHax, CO3/1aBasi MACCUBHYIO PACIIPEACIICHHYIO BHIYUCIUTEIbHYIO
UHPPACTPYKTYPY, KOTOpas NMPEIOCTABISICT (PU3UKAM MO BCEMY MUPY JIOCTYI K
nanaeiM LHC mouTtu B peaibHOM BpeMEHHU ¢ BO3MOKHOCTHIO 00paOOTKH TaHHBIX.
WLCG BeimosnasieT 60Jiee 2 MAJUTMOHOB 3aJ1a4 B JICHb M TI0 OKOHYAHUH BTOPOTO
nporona LHC rimob6anpHast CKOpOCTH Mepeiaud JaHHBIX PETYISIpHO npeBbimaet 60
I'b/c. Ot udpe1 OyayT yBEIUIMBATHCS C TSUYCHUEM BPEMEHH M 110 MEPE TOT0, KaK
BBIUHCITUTEIBHBIC PECYPCHI M HOBBIE TEXHOJIOTUU CTAHOBSITCS BCe Ooliee

AOCTYIIHBIMH BO BCCM MHUPC.

Hactpoiika pa6otsi ¢ nucnonbzoBanuem Worldwide LHC Computing Grid
OYeHb CJIOXKHAs U TpeOyeT yMeHne padoThl ¢ HEKOTOPHIMU HHCTPYMEHTAMU
aHanm3a, ucroiib3yeMbiMu i ananu3a xAOD B pamkax EventLoop mimm Athena ¢
cuctemoit cOopku cmake, a Takke co 3HAHUEM S3BIKOB MporpammupoBanust C++,
Python u koHcosbHBIX KoMaua LinuxX. CIoHOCTh pabOThI 3aKII0YaCTCS B
HEKOTOpBIX (pakTopax. Bo-nepBbIX, TO, 4YTO OTIaJAKa MPOTPAMMbl 3aHUMAET

JJINTCIIBHOC BPCM: 110 IIPUYHNHC OTCYTCTBHA JIOKAJIbHOI'O KOMITMJIATOPA WU BPEM:A
7



BbINOJIHEHUA camoi 3a1aun B GRID mosker BappupoBaThbesi, B 3aBUCUMOCTU OT
Harpy3ku Ha pa3nnuyHbixX yuyactkax cetu GRID. Emie ogHol npuunHoO# siBasieTcs
TO, YTO caMa 00pabOTKa OOJBIINX JAHHBIX TPEOYET CO3AaHUS CIOKHBIX
ITOPUTMOB C IPUMEHEHUEM CIIELIUATIBHO pa3pabOTaHHBIX PYHKIUN U3 OMOIHOTEK
Atlas, mpu 3ToM NOKYMEHTALUsI M MHCTPYKIMH IO PO IPOTPAMMHOMY
obecneuenuto Atlas Tpedyror 3Hanue npoOdeccrHoHaIBHOTO aHTTHICKOTO SI3bIKa

0 IPOrPAMMHUPOBAHHIO.

Ha nannsiii MomeHT HacTpoiika pabotel ¢ GRID He 3aBepiieHa u HaxouTCs

B TIpoOIIECCE.



3 H3yuyeHmne o0pa3oBaHus Nap BEKTOPHBIX ME30HOB B

yiabTpanepupepruyecKuX CTOJIKHOBEHUAX

Jlist ananu3a oGpa3zoBaHus ap BEKTOPHBIX ME30HOB HEOOXOIUMO
OCYIIECTBUTH MOUCK YETHIPEXUYaCTUUHBIX COOBITUN. CyIIeCTBYET HECKOJIBKO

KaHAJIOB Pacla/a ap BEKTOPHBIX ME30HOB:
1) p’o— pK Ks — n'rn'n
2) plo— (0 — n*nn) — 't
3) p%%— it
4) p2dy— m'm + i (e'e)

Ha nanHOM 2Tane paGoThl MBI OyIEM paccMaTpHUBaTh pacmas napsl p° —
Me30HOB. PaHee ObuIM MOTyYeHbl TUCTOIPAMMBI 110 PaCIIpeIeIeHUIO KOJTMYECTBa
TPEKOB B COOBITHH, B KOTOPBIX Mbl MOKEM Ha0JI0/1aTh HATTUUHE

YCTBIPCXYACTUYIHBIX pacCIliaaoB, COIIaCHO PUCYHKY 2.

Number of tracks

Ntrk
Entries 40000
Mean 5.596
Std Dev 2.169

dn/dN 2200
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PucyHok 2: pacnipenencHre KoJIM4ecTBa TPEKOB B COOBITHI

I[JIH Hamcro aHajin3a Mbl pacCMaTprUBACM YCIIOBUC IJI TPCKOB TOJIBKO C

IepBLIMH YETHIPbMs OUHAMH. 3Has, 4To napa p° —Me30HOB PaclagaeTcs Ha YEThIPe



3apsKEHHBIX MTHOHA, MBI ITPEIIONIATaeM, YTO YETHIPE TPEKA ABIISIOTCS
3apsHDKEHHBIMU ITMOHAMU U 3a7aeM ux Maccy. C yuyeToM 3a1aHHOM MacChl Mbl
CTPOUM pacrupeeiaeHus AJi1 UHBAPUAHTHBIX Macc 1Mo (OpMyJie YeThIpEeX-BEKTOpa
JUIS1 BCEX BO3MOJKHBIX CIIy4aeB 3apsiI0B YACTHUII, YUUTHIBAS IIPU ITOM, 4TO

CYMMAapHBIH 3apsi]] 4YEThIPEX MTMOHOB PABEH HYIIIO.

B pab6ore npousBoautcs ananus s3xkcnepuMmenTa 2018 roga Ha getekTope
ATLAS, nosny4eHHOro npu yJibTpanepupepruiuecKux CTOTKHOBEHUIX TAKEIBIX

sep cBuHIa ¢ sHeprueit 5.02 TrB/HykIIOH.

B xone paboThl ObUIH MOTYYEHBI TUCTOTPAMMBI IO PacIpeieICHUIO
MHBAapPUAHTHOW MAacChl, MO MCEBIOOBICTPOTE 1], A3UMYTAIBHOMY YTy @ U
XapaKTEpPHOMY pacIpeIesICHUIO ONIEPEYHOMY UMITyJIbca Pt Bcex

YETBIPEXYACTUYHBIX COOBITHH, COTJIaCHO pucyHkam 3,4,5,6 COOTBETCTBEHHO.

dN/dM Pacnpeﬂe:{enue mmapnanrnoi'l MAaCChI JaCcTHI

track_ M
Entries 304424
Mean 0.8215
Std Dev 04731
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Pucynok 3: Pacnipenenenue nHBapruaHTHOW MacChl
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dN/dI] PacnpesesieHHe IO IICEBIOOBICTPOTE 1)
5000(—
4000—
3000—
2000—
- track_Eta
1000 Entries 304424
T Mean —(.008503
B 1 3 { ) | T | ) | N I - | I -} Std DeV 1 898
-3 — - 1 2 3
|

PucyHnok 4: pacnpenenenue no rnceo0bICTpoTE M

dN /dq) Pacnpeae/1eHHe 110 a3HMYTAJILHOMY YIIY @
3500—
o IWMWMMWI
3000
2500—
2000{—
1500
1000—
E track_Phi
500 = Entries 304424
= Mean 0.003766
O-IIIIIIIIIIIIIIIIIIIIIS'dDev 1815
3 2 -1 0 1 2 3
¢

PucyHnok 5: pacnpenenenue no asuMyTaibHOMY YIIIy @
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dN/dp PacnpeaeneHHe No nNonepedyHOMY HMOYJIbCY YaCTHI
track Pt
8000 Entries 304424
Mean 0.5843
7000 Std Dev 0.366
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PucyHok 6: pacnipenenenue no nonepeuHoMy UMIyJbscy pt

Tax ke ObLIIH IMOJTYUYCHBI ABYXMCPHBIC TUCTOTI'PAMMEBI 110 paCIIpCaCIICHUIO
PIHBapI/IaHTHOﬁ MAcCChI YCTBIPCX YACTHIL U paACIIPCACICHUC T10 HCCBJIO6BICTpOT€ n

YCTBIPCX YaCTHUIL, COIIACHO PUCYHKaAM 7,8 COOTBCTCTBCHHO.

MaS§ Pacnpe,;(eaenne HHBAPHAHTHOH MAacCChbI 4 yacTun
- e BN =
= St i S - e
GeV e R e . g —{220
351 e BERL e s 200
3 : 180
- {160
25
E 140
] 120
c 100
15 TN
- 80
= {Enries 50875 "
= Mean x 0.8807 40
0.5 Meany 07528
o : : ' =Bl Std Dev x  0.4972 (8820
o = Lol | | T I ) | | | I | I I U | I | T Std Dev y 04402 0
0 0.5 1 15 2 2.5

3 35 4
Mass, GeV
Pucynok 7: pacnpeaenenrne HHBApUaHTHOW MacChl Y€THIPEX YaCTHII

Ha rucrorpammax no pacnpeaeneHuo HHBAPUAHTHOM MAacChl MBI MOYKEM

Ha6JHOI[aTB XAPAaKTCPHBIC ITNKHW, KOTOPBIC COOTBCTCTBYIOT OIIPCACIICHHBIM
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yactunaMm, nmuk 0.5 I'B cootBetcTBYyeT Ks, ik 0.7 ['9B mpunagiexut po-

MEC30HAaM.

50875
Mean x —0.0005461
Mean y -0.01579
Std Dev x 1.937
Std Dev y 1.854

2 3
N

Pucynoxk 8: pacnipesnenenue mo nceBaoObICTPOTE M ISl YETHIPEX YaCTHII

B nanpHeiiemM HE0OX0UMO YOEAUTHCS, UTO MOTYyUYEHHbBIE THCTOTPAMMBbI
MpPUHAAJIEKAT K yIbTpanepu@epruueckKiuM COOBITHSIM, JJI 3TOTO HYHO YYECTh
Tpurrep. Takxke 115 osrydeHus OoJblleld CTATUCTUKUA HEOOXOAMMO MOTyYeHUE

JTaHHBIX B Xoje pabotsl ¢ GRID.
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3akJII0YeHHue

B xone nanHoi paGoThl ObLT pa3paboTaH KO sl U3yUYEHHUS aHaIu3a
YEeTHIPEXYACTHIHBIX COOBITHUI ¢ 0Opa3oBaHUeEM Hapbl p° —ME30HOB B
yabTpanepupepudecKux CTONKHOBeHHIX. [IpomomkaeTrcs mporecc HaCTPOHKU
pa6otel B GRID 11 mocneayromero Uenoib30BaHus TPUITEPA U YBETUUSHUS

CTAaTUCTHUKMU.

B xo71e paboThl ObLTH TOTYYEHBI THCTOTPAMMBI IO PACTIPEICICHUIO
MHBApUAHTHOW MACChl YaCTHII, TIO TICEBOOBICTPOTE 1), A3UMYTAIBHOMY YTy (¢ U
XapaKTepHOMY paclpeielIeHNI0 MONepeYHOMY UMITyJbca Pt yeTsipex yactuil. C
MOMOIIBIO JTAHHBIX TUCTOrpaMM ObLjIa MojiyueHa 6osiee moapoOHast HHGopMaIus o

POOUTCIIBCKUX YaCTHIAX B YCTHIPCXYACTUYIHBIX pacllagax.

JanbHeiias paboTa COCTOUT U3 Pa3BUTH KOJA JIJISl aHAIN3a
YEeThIPEXYaCTUYHBIX COOBITHH, MOMCKA U UJIEHTU(UKAIIUN CUTHAJIOB OT
o0Opa3oBaHus JIPYTUX Map BEKTOPHBIX ME30HOB. B nanpHeleM n3ydeHun
HEO0OX0IMMO OYyJIeT BKIIOUUTh B aHAJIU3 TPUTTEP U OTIAJAUTh MPOIIECC pabOTHI C

GRID nnsa yBenuueHUs CTATUCTUKH.
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