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PEDEPAT

Jlninomnaas pabora: 34 c., 15 puc., 2 Tadm., 19 ucTouHUK.

KinoueBble CiI0Ba: aApoH, CTPYH, IPOTOH-IPOTOHHOE CTONKHOBEHHUE,
GONMBIION aJpOHHBIN KOJUIAMAep, IVIIOOHHAS CTPYs, KOMIIAKTHBIH MIOOHHBIH
COJICHOH]

OOBEKTOM HCCIIEIOBAHNS ABIAIOTCA aAPOHHBIC CTPYH, POXKICHHbBIE B IIPOTOH-
HPOTOHHOM COYAAPEHHH.

IlpeaMeT FHCCHEAOBAHAS - M3MEPEHHsi CBOHCTB CTPYH, OTOOPaHHBIX
nerextopom CMS B 2016 roay npu 3Hepruu croakaoserus 13 ToB ¢ unTerpansHoi
cBeTMMOCTBIO 36 367!, CTpyu 0T6rpaiuch B COOBITHAX € ABYMSI MPOTHBOIOJIOKHO
HanpaBIcHHBIMA CTpysmu (kanan "dijet"). B mcenesoBaHn HCHONL30BAHbI TPH
BLIGOPKYM CTPYii: 13 COOBITHIT Ge3 1ONOIHUTEIBHBIX CTPYii, M3 COOBITHIT C OHOMN WITH
IByMS JOTIONMHUTENBHBIMH CTPYAMH, B U3 COOBITHI, B KOTOpRIX Oomee ABYX
JOIOIHUTEBHBIX CTPYH. BeiGopku pasjeneHsl Ha MOABBIOOPKH CTPYii B OUHAX 110
TOMEPeHOMY MMITynbCy cTpyH B uHTepBane ot 30 go 1000 I'>B. Pasmep 6utos -
30 I'>B.

Ilens paBoTsl - U3MEPHTH CPEIHIO 3apPANOBYI0 MHOKECTBECHHOCTD U OO
TIFOOHHBIX CTPYH B BEIOOPKAX B 3aBHCHMOCTH OT CPEJIHETO MOMEPEYHOTO HMITYJIbCA
cTpyn. MeToamka u3MepeHH i, alrOPHTMBI B TIPOrPaMMHbIH ko 6biil paspaborana
B rpymne CMS B OMAN ([y6na) ans ganssix Run-I (2012 r., dpopmar 1aHHEIX
AOQOD).

B aumuioMHoi paGoTe BBIMOJIHEHO H3MEPEHHE CPEe/IHEH MHOMKECTBEHHOCTH
3apMKEHHBIX YACTHU JIA CTpYyH ¢ obOpe3saHueM HHM3KOIHEPreTHYeCakuxX TPEKOB
(menee S00 M»B). Bemonnens: nonpasku: (1) Beraren Bkaan "pile up" crpyid, (2)
TONpPABKa HA HU3KODHEPreTHYEeCKUe TPEKH M TPekH BHE Tpekkepa, (3) mompaska
cpeHeii SHeprun CTpyH B OmHe, (4) Monpaagka Ha MOTCPSHHEIC H JOKHBIE TPEKH.
OcHOBHAs! HEONPE/IEIEHHOCTh H3MEPEHH CPEHEH 3apsi10BOH MHOKECTBEHHOCTH B
CTpye CBf3aHa € TOCHeAHEeH noupaskoil. Bropoe u3MepeHue, BbIIOIHEHHOE B
TUTLIOMHO# paboTe - u3MepeHue J0NH TIIOOHHBIX CTPYil B TeX e BblOopKax. Jlis
ITOT0 HM3MEPeHUs HCIONb3YETCs KBapK-TMoOHHbI auckpumuHarop (QGL),
paspaGoranueii ams CMS m BrmoueHHENi B (opmar miniAOD. Msmepenne
BBINIOIHEHO MeTonoM (urupoBanus QGL-pacnpejernenus CTpyH B JaHHBIX
nmiHeBolH komOuranmelt QGL-pacrpeienenuii sl KBaDKOBBIX U [IHOOHHBIX CTPYH
C OJHMM IAPAMETPOM - JIOJIel TIFOHHBIX CTPYit B BeIOOpKe. Jlyist UTHpOBAHHA
HCTIONB3YETCA METO/ B3BEIICHHBIX HAMMEHBIIMX KBajpartoB. KBapkosbie M
rmoonEble  QGL-pacnpezeneHus MONYYEHBI € INPHMEHEHHEM KOMOWHAIMH
regepatopos  MadGraph5 + Pythia8. B aunnomsol pabore mnokasaHo, 4TO
HE3aBUCHMBIE H3MEPEHHS CPeHEH MHOKECTBEHHOCTH 3aPSUKEHHBIX YaCTHLL B CTpYe
H J0NM TJIOOHHBIX CTPYH KayeCTBEHHO COMIACYIOTCA /Ipyr € JpYyrom s
HCCIE1yEMBIX BEIOOPOK CTPYH.

W3Mepenns JTHX BeJIWYMH B JByX BHIOOpKax IMO3BOIMT B /aJbHEHIIEM
BBIMOHUTD U3BICUEHHE PA3IMIHBIX paCTpeCICHUH B IapaMeTPOB PacTIpeIeeHui
B KBapKOBBIX M TTIOOHHBIX CTPYSX pasaelbHO.
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aPOHHBI KanaHadp, IMooHHas! Opysl, KaMIakTHEI MIOOHBI CalleHOL]

Ab'ekTam nacinenaBaHHs 3'9YIIA0LA AAPOHHBIA OpYi, HAPOKAHBISA ¥ IPATOH-
MPATOHHEIM COY/Iap3HUH.

Ipagmer nacnexaBaHHs - BLIMAPIHHA yuacuiBacuay Opyh, azabpaHbix
maTakrapam CMS § 2016 roaze mpsl sHeprii cyTsikHeHHA 13 T3B 3 inTarpansHaii
caninsHaciio 36 67", Bpyi agbipamics ¥ mauszesx 3 AByMa Mporliieria
HakipaBaHbIMi Opysimi (Kanan "dijet"). ¥V maciegaBanHI BhIKAPbICTaHbl TPbI BbIOApKI
Opyii: 3 nagsesy 0e3 1agaTKOBLIX OpyH, 3 najazesy 3 amHoit abo IByMa 1aJaTKOBBIMI
6pyami, i 3 maazesy, y Akix GombII 33 ABA JaJaTKOBbIS Opyil. Beibapki nansenensis
Ha moABBKIOOPKH Opyil ¥ OuHaX mMa manspovHbIM IMIYIbCY Opyl ¥ iHTIpBane ax 30
no 1000 I'3B. IMamep 6unos - 30 I'3B.

M»3Ta mpansl - BEIMEPAIlh CAPI/IHIOK MHOKHACIh 3apaIyKaHbIX YaCTIL 1 JOITIO
CIIOOHHBLIX Opy# ¥ BeIOAapKax y 3aJie)KHACI ajl CAp3HATa MandpodHara iMImynbey
Opyi. MeTozbIKa BEIMAPSHHY, aArapbiTMsl 1 MparpaMHsl koA Obly pacnpauasaHa y
rpynie CMS ¥ AIS]I (Jly6ua) nns nagzensix Run-1 (2012, dapmar aagzensix AOD).

YV OeIUIOMHAM 1paiibl  BhIKAHAHA BBIMSPIHHE CAPIAHSH MHOKHACII
3apa/DKaHBIX dYacIill s Opyl 3 abpazaHbHEM HHM3KOIHEPreTHHECaKuX TpIKay
(menmt 3a 500 MDB). BeikaHaHbl nanpaym (1) Bermivanas ykmana "pile up" 6pyii,
(2) manpa¥yka Ha Hi3Ka3HEPreTHIYHBIX TPAIKI 1 TPIKI na-3a TPEKKepa, (3) nmanpayka
csApaIHAil aHeprii Opyi ¥ Omue, (4) mompaaBka Ha CTpavYaHbId 1 UDKBIBBIS TPIKI.
AcHOVHAs HABBI3HAYAHACI(H BBIMAPIHHS CAPAHAN 3apajaBail MHOXKHaAcIi § Opyi
3Bfi3aHa 3 anoIIHAH nanpaykai. JIpyroe BbIMApP3HHE, BhIKaHAHAE Y JBIILIOMHAMH
npanesl - BEIMAPAIHHE TONI TMHOOHHBIX Opyil ¥ ThIX ka BblGapkax. Jlns rarara
BLIMAPIHHS BBIKAPLICTOYBAEGLla KBapK-INIIOOHHYI JbIcKpbiMiHaTapa (QGL),
pactpauasassl st CMS i yiomrouars! ¥ gapmat miniAOD. BeiMApsHHE BbIKaHAHa
meragam ¢iniporaniss QGL-pasmepxaBannss Opyit ¥ jazseHsix JniHelHai
kaMmOinaneisii QGL-pasMepkaBaHHSY UTd KBapKOBYIO 1 TIIOOHHBIX Opyil 3 afHBIM
napamMeTpaMm - oS TAOOHHBIX  OpyH ¥ BeIOapnel.  Jlna  ¢iniposanis
BHIKApBICTOYBAENIa MeTaJ Yy3BaKaHbIX HAMMEHIIBIX KBagparay. KBapKoByio 1
rmoorRyl0  QGL-pasmepkaBanHs  arpbiMaHbl 3 YKbIBaHHEM  KamOiHaupn
renepatapay MadGraphS + Pythia8. V asimmomuaii npaisl nakasasa, 170
HE3aJIe)KHBIA BEIMAPIHHA CAPIHAH MHOKHACHI 3apa/uKaHsiX gacuin y Opyl i gomi
TIFOOHHBIX Opyii AKACHA CTACYIOINIA A/I31H 3 a/IHBIM IS OCTEIHbIX Bhibapak Opyid.

BBIMAPIHHA TITHIX Beli4biHb Y JBYX Bbi0apkax [a3Bofillb Y Janeiflibiv
BbIKAHAlLlb BHIMAHHE PO3HBIX Pa3MepKaBaHHAY 1 MapaMeTpay pa3MepKaBaHHAY Y
KBapKOBYIO 1 INIIOOHHEIX Opysax naacoOHa.



ABSTRACT

Graduate work: 34 p., 15 fig., 2 tab., 19 source.

Keywords: hadron, jet, proton-proton collision, large hadron collider, gluon
jet, compact muon solenoid

The object of research are hadron jets obtained in a proton-proton collision.

The subject of the study is the measurement of the properties of the jets
selected by the CMS detector in 2016 at a collision energy of 13 TeV with an
integrated luminosity of 36 fb™'. The jets were selected in events with two oppositely
directed jets (dijet channel). Three samples of jets were used in the study: from
events without additional jets, from events with one or two additional jets, and from
events with more than two additional jets. The samples are divided into subsamples
of the jets in bins according to the transverse momentum of the jet in the range from
30 to 1000 GeV. The bin size is 30 GeV.

The aim of the study is to measure the average charge particle multiplicity and
the fraction of gluon jets in the samples, depending on the average transverse
momentum of the jet. The methodology of measurement, algorithms and program
code were developed in the CMS group at JINR (Dubna) for Run-I data (2012, AOD
data format).

In the graduate work, the average charged particles multiplicity was measured
for jets with cutting off low-energy tracks (less than 500 MeV). The corrections were
made: (1) the contribution of the pile up jets was subtracted, (2) the correction for
low-energy tracks and tracks outside the tracker, (3) the correction of the average
energy of the jet in the bin, (4) the correction for lost and false tracks. The main
uncertainty in measuring the average charge multiplicity in a jet is associated with
the last correction. The second measurement performed in the graduate work is the
measurement of the proportion of gluon jets in the same samples. The quark-gluon
discriminator (QGL) developed for CMS and included in the miniAOD format is
used for this measurement. The measurement was performed by fitting the QGL
distribution of jets in the data by a linear combination of QGL distributions for quark
and gluon jets with one parameter — the fraction of gluon jets in the sample. For
fitting, the method of weighted least squares is used. Quark and gluon QGL
distributions were obtained using a combination of MadGraphS + Pythia8
generators. In the graduate work, it was shown that independent measurements of
the average charged particles multiplicity in the jet and the fraction of gluon jets are
in qualitative agreement with each other for the studied samples of jets.

Measurement of these values in two samples will allow further extraction of
various distributions and distribution parameters in quark and gluon jets separately.
The work was carried out as part of the JINR Problem-thematic plan on the topic
“CMS. Compact muon solenoid” and the plan of the SMP-HAD CMS collaboration

group.



