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U. 11. Uiji}umhJUIUp mhtJ.Uih UiqqUI]ph qpmmqUih tUipnp.mump.pUI 
(bp.hUihp :bpqpqm]p Phumpmmm) 

-qUIPl}Ulb]Ulb CJ,uiq}lti b11J.huibbhup 
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U.04.16 - «Up2m.qp., tnUip.p.UiqUih tfUiuhpqhl:ip.p h mpl:iql:ip.UiqUih aumUiqUI]phl:ip.p 

:j_i}1qpqUI» UUiuhmqpmmp]UIUp :j_ipqpqmtfmpl:itfUitnpqUiqUih qptnmp]mhhlip.p 

pl:iqhUibm.p. qptnUIIJ.Ulh UlUtnpilUihp hUI]gtfmh Ultnl:ihm.limuntp]UIU 

Ub'l,UUCJ,N' 

bf'b'{U\,-2015 

HauHOHaJibHaJI HayqH!lll na6opaTopIDI HMeHH A. 11. Am1xam1Ha 

(EpeBaHCKHH ((>H3H'leCKHH HliCTHTyT) 

Bap~amrn rannc OraHeCOBH'I 

3HEPfEH14ECKAfl KAillt16POBKA lt1 lt13MEPEHlt1E CE4EHlt1.R PO}l{,!J.EHL-1.R 
A.QPOHHblX CTPYLll 8 3KCnEPlt1MEHTE ATilAC 

ABTOPE«I>EPAT 

,llHCcepT!l.UHH Ha COHCKaHHe yqeHOH CTeneHH KaH):lH,UaTa cjlH3HKO­

MaTeMaTWieCKHX HayK no cneJ.lJ'[aJibHOCTH A04. l 6 - "<l>H3HKa H)lep, :meMeHTapmrx qacr~ 

H KOCMH'ICCKHX nyqeii:". 

EPEBAH-2015 



Umb.'im1Junun11a1mh pb.timh hmummmtJ.m& l UUq.l (bphmh]l :b]lq]lqm1]1 
:tihuui]lmm.m) -m.tI 
q.p.mmqruh 11hqmtJ.U1p.' 

'llui2tnnhlllqlllh ]!'iu:µ]}ltiw]unuhb.p.' 

Unm2lllmmp l.J.lllqtlllllJ. hpUJ.miaJnt.'il' 

!J.>]lq. Ulllp. q)l.ui. pb.qhlllont 
L.. L.lllqnpJlllh (UUC1l) 
!J.>]lq. tilllp. q)l.m. l]l1qmnp. 
t.. UlJ.nuintJ. (UUC1l) 
!J.>]lq. tilllia. q]l.m. pb.qhlllom 
U. f<lnt.tflllU]lllh, (UUC1l) 
bp.hlllh]l 'llhmlllqmh L.mtiuituuipuih 
:b]lq]lqm1]1 :bwqm.tmhm, U]l2mq1111]lh 
:b]lq]lq1111]1 Utlp]lnh 

'll.1112tnUJ.Ulhmia1mhJ! 1.J.m1mhmtm l 2015ia. hmh]iu:p. 16-}lh dwtl]! 14.00-}lh U. fl. 
Ul}llumhJlll'ii]l mhtJ.mh uiqqmJ]lh q)l.tnlllqmh tmpnp.U1tnnp}11113nuf qnpbn11 Pnl.-:P. 
«U:ti2mli]l h mmp.p.mqmh timuh]lqhhp.]l :p:p.q}lqlll» 024 tfmuhwq}lmmqlllh ]unphpaji. 
h]lumnt.tf (0036, bphmh, Ul}llulllhjlllh 'b.ILPlllJ}lhb.p]l 2): 
Umhhm]ununtpJlll'iil! l.J.lllphl:ti l olllhnpmhllll U. :ti. Ul}llulllhJlllh}l whtJ.wh lllqqui1}1h 
q]ltnlllqlllh tmpnpmtnnp.]lmJ:P. qp.U1J.1Ulplllhnt.tI: 
UhIJ.timq]lph lllnlllptJ.Ulo l:; 2015p. UlllJ]lu]l 15-]lh: 
024 tfwuhmq]ltnmqwh ]unphp.ajl q}ltnmqlllh . 
pmptnnllllllP, :pp.q. ulllia. q]lui. I}IlJitnnp /;y_~- '1. Jl.. 'IlllpllllumhJlllU 

TeMa p;Hccepran;mi: yTBep)K,u;eHa B HHJIA (EpeBaHcrudl: 4>irall'!ecIGdl: liIHcTHT)'T) 
Ha}"IHl>I:ll: p)'KOBO,ll;HTem,: xaH,u;ir,u;aT qms.-MaT. Hayx 

r. Axon.m (HHJIA) 
O<l>mi;Ran:i.H:&Ie onnoHeHTi>l: ,ll;OKTOP <j>irs.-MaT. Ha)'K 

H. AKonoB (HHJIA) 
KaH,D;H,D;aT <j>H3.-MaT. Hayx 
A. T)'MaCSIH (HHJIA) 

Be~aJI opraHKaan;Hll: EpeBaHCKHii: rocy,D;apcTBemw::il: 
YHHBepcKTeT, 4>axym:.TeT 4>K3KI<K 
Ka<j>e,D;pa .H,IJ;epHoil: 4>mm<K 

3aw;HTa ,Il;HCCeptan;mi: COCTOKTC$1: 16 KIOHH 2015r. B 14.00 'laCOB Ha aace,D;aHKK 

cnen;zanzazpOBaHHoro coBeTa BAK 024 "4>iraKI<a .11,D;pa K BlieMeHTapH:i.rx '1'.aCTmi;" 

,n;e:ll:cTByio~ero npH Han;RoHaJI:&Ho:li: Ha)"IHO:li: Jia6opaTOpHK HM. A. M. AJillXllHllHa (0036, 

EpeBaH, yx. !5paT:i.eB AJIHxaIDIH 2). 

c ,D;HCCeptan;He:ll: MQ)KHQ 03HaI<OMKT:&C$1: B 6ir6JIHOTeKe HHJIA. 
ABTope<j>epaT pasocJiaH 15 Maa 2015r. 
Y'leHH:li: cexpeTap:i. cnen;. coBeTa 024, ,u;.cp.M.H. ,-·;y- ·- )J.. P. KapaxaIDIB: 

Ut~USUt.P:PCt.'1.L.Ut.D:tirPt.D:ti~uq.:tirc 

U2Iulllmlllhphhp.h ]lpmqlllh111gtJ.ht hh U]l2mlJ.1111Jih L.hmwqnumtp]m'il'ilhp)i 
btJ.pnui111lJ.mh Y:111qtI111qhpUJ.ntp]nthnur' CERN (<foll, ttJ.h19mp.)1111), Uh& L.111qp.nhm1]lh 
Y:ntlllJlJ:hp (LHC) 111p111q111gmg}.111Jph h111tI111l}lpp ATLAS q]ltn111t]lnpc\.]l 
2p2111'illllqhhpm.tI: 

.La-hdUlJ)}, wpJlbwlJ.ui1m1.wn1.b]! 

L.111qpn'ilm])ih 2Jiphp]! 111tihh111111n111m wnw2111gn11 opjhqm'ilhph hh pwp&p 

l:;'ilhpq]l111'ilhp.]l hwqpnh-h111qp.nh p111lunufhhpmtI: cfmtC111h111q111q]lg h111qpnh1111]lh 

lJ.nt1111qhp.1111ph q]lm111tjinpc\.hp.mu' ATLAS, CMS, 111nmh&li111qp m2111qp.mp1mh l 

ulthntJ.mtI hllll}pnh1113ph 2Jiphp]l qmptJ.111&phb.p.]l }.111t]lmtihhp]lh' npuihu hptih111qmh 

tC]l2ng mun1tlh111u)ip.htm PtJ.111hmm3]lh Pp.ntlnq)ihmtI]lqmh lt hm11pnhhhp]l hhpp]lh 

qmnmgtJ.wopJ! phm.pwqp.n11 '1l111pmnhm1Jih Pm2IutJ.momp1mh :bmhqg]lmhhp]! : 

'ItnptJ.mophhp)i 0:2qp)im }.111t]lmtihhp]l h111tlmp mhhp.111dh2m l 2Jiphp]l lhhp.q)imJ)i 

62qp.Jim mpmtlm}.111t]lmtI : U]q ]luq uimmb'.mnntJ., dmtI111hmqmq)ig qpm111tjinpO.hpmtI 

h111mmq 2111hp l qhhmpnh111gtJ.mtC h111lt mp111tl111}.111t]ltI111h tihpnqhhp)i 

q111m111phtmqnpou111h m pp111lJ.111h111gtI111h m1111mp1111up: 

U2luwuiwbp)J, bUJ.UlUlWlJ.D 

> Sp111tl111}.111t]lht ATLAS qhmhqmnp]l lJ.mtnpptihmphpmtC qp111hgtJ.1110 pmpc\.p 

l:;hhpqhml1lJ. h111qpnh1111Jih 2Jiphp]l l:;hh11q]l111h (l111JU111q111h JitCUJ.ntlUJ!) 

p111qtI1112Jiia1111ph h111tJ.111u111lJ.2ntC111h tlh]<tnl)l1tJ. 

> Oqm111qnp&ht 111pqhh O:Np.Jim mpmtCm~mtjitJ.mo h111qpnhm1Jih 2Jiiahp]! 

]lhpumq)itJ. qpqhmlJ.]l 11]l!J?hphhg]lmt qmptJ.111&pJ! }.mt]lh111t h111timp 

~ L.m2tJ.mplJ.ht 'imt]U qmp.tl111&p]l mhumqmh qmhiu111mhun1tihhp.]!' hmtlm&m]U 

]unmnpmtC1113]lh PtJ.111hm1111]lh PpntCnq]lh111tIJil.J.1111]1 

> L.111tihtimmht }.111t]ltJ.1110 111pq1mhphhp.f! q111hiummhumtChhp.Ji hhm 
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'll.1112mY1mbnl.;rtJmh hhp\1UJw.gtlml. hpillnu\mh qpD.l;)IthhPD 

~ L.111:qpnu1113)lu 2)lpbp)l tubpq)l111u pwp&p 6'.2tnmp]wtlp tnpwtl111~w$tJ.b1 t 
SI;"<{ tutp.q)lwubp)l tn)lpm]pmtl: Uptnwpbptj_1111l tnpwtlw~111$mtlu 

oqtnwqnpbtJ.bt t WUPil112 ATLAS q)ltnw$np&)l qnqtl]lg p111qtlwpl1tJ. 

2w$mtlubpmtl: 

~ Ubll 6'.2tnmp1wtlp ~w$tJ.bt bu hw:qpnuwi)lu 2)lpbp)l )lupumqM qpqu111q)l 
11Mibpbug)lw1 qtnptj_wbpubpg tl)lu~h lll]dtl :qbnhu ~mumtlu111u)lptj_wb 

tubpqbtn)lq nbd)ltlmtl: 

~ ~m$mtlubpg hwtlbtlwtntJ.bt bu ltintnnpmtl1111)lu J2tl111lnnw1)lu 
J2pntln:q)lu111tl)lqwJli q111up.iwtnbumtlubp)l hbtn tl)l pwb)l tfntn bgm tlbbpntj_: 

5m1g t tnptJ.b1, np tnbun1p1mbu, gu:qh111upwU}bu wumb, mu111q t 

bqmpmqpb1m $np~tj_ :qlitntj_mb mp:q1mupubpg: Umq1111u gmm l u1ptJ.b1 
u111h q wtJ.b!li 6'.2qp)ltn tnbuwqwu hw2tJ.wpqubp)l, bphm 13mpmbmqwu 
tln:qb1ubp)l, mtJ.b!li 6'.2qp)ltn 'llwptnnuw1l1u P1112]utl1111lm ia1m ubbp)l, h 

hbtnhwp111p wtJ.b1)1 L1:2qp)ltn ~m$m tlubp)l wbhp111db;>tnm 131111 hg h 
q111phnpmp1m ug: 

UWmuuuhpb hhplpgJ11lQl11.UhliPD 

U2lti111tnwhp)l h)ltlu111qwb mp11Jmupbbpg qbqmgtJ.bt h phuwpqtJ.bt bb hbtnhJmtmtl: 

1. CERN-JINR school of High Energy Physics 2013, Paradfurdo, Hungary, 5-19 Jun 
2013. 

2. ATLAS Hadronic Calibration Workshop 2013, Autrans, France, Sep 2013. 
3. XXII International Workshop of Deep Inelastic Scattering and Related Subjects, DIS 

2014, Warsaw, Poland, 28 Apr - 02 May 2014. 
4. ATLAS Hadronic Calibration Workshop 2014, Munich, Germany, Oct 2014. 
5. ATLAS Standard Model Workshop 2015, Annecy, France, Feb 2015. 

U2]uwtn111upubpg qwunuwtj_np qbpU}ntj_ U}Wppbpmpmp pbuwpqtJ.bt bh ATLAS 
1.J.n1mpnpmg)lw1)1 Standard Model h JetEtmiss ]utlpbp.J1 m;>Ji,mnnwhpwj)lh h U}tbhwp 

dm1ntJ.hbpmtl: U2]uultnwhphbpg qbqmgtJ.bt bh lnuh llUC).L-)1 uLtl)lhwphbpmtl: 
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f 

Z.pmmmpm\qmb m2}ummmbphhoo 

Umbbw]ununtp]mb pbumintl hpmmmpmqtJ.bt 1:: 6 q)lmmqmh. m2]ummmh.p, npnbg 

gwbqg ubpqw]mgtj_mll 1:: ubqtCmqp)l tj_bp2mu: U]:q ptj_mtl 3-g hpwm111pmqtJ.b1 bh. 

mmppmqmh tlmuh)lqhbp)l :p)lq_liqm])l ninpmmtl pmp&p tj_mpqmuk mubgll11 

tC)l2mqqm1)lu hbitlibwqmtj_np qpm]unutj_nq hUiu:qbubbpmtl, hu tlbq]! tl)lwhbq)luUiq 1::: 

5muqmtl pbptj_mb bb umh ]ntpwpmh~mp hpmmmpmqmp]mhg bmp.inp:qnq hbpp)lb 

(ATLAS qn1mpnpmg)lm1)1 2p2mhmqmtl) mU}mqpmpJmhbbpg' Uimbbmp.inuntp]mh 

hbitlibmq)l mqqmq)i hbp:qpmtlg hmummmbtnt hmtCmp: 

U2J.uwmwbpb bmqmm h \wnnl.Q.\{mbp.n 

U2ltimmmhpg qmqtltj_mb 1:: 'Lbpmbntp]mh)ig (q.tmlti 1 ), ]np q1m]uhbp)ig, 
bqpmqmgmp3mu)ig (q.1m]u 9) h hqmtlhbp)l gmhq)ig: U2]ummmhp)i gh:qhmbmp 

llmtJ.mth 1:: 113 1::2, npmtl UJ.mpmumqtj_mtl bb 7 mrumumq, 57 hq111p h 62 hqmtl: 

UC~USU'LJ2PPD"<-{U'L~Uqflp~8DP'LC 

'Lhpwbn.1.p]mh (q1ntlu wnwrltb) ub2 mptj_mtl 1:: pbtCm3)1 mtl$n$ phm.13mq)lpg, 
hqmpmqptj_mtl 1:: 1112]u111mwhp)l mpq)imqwbm]_it]nt.hg h hnpmpmpmp]nthg: Sptj_mtl 1:: 

1112]um mm hp 11 h bmmqm bm tJ.m 1 mu oqmmqnplltJ.Il11 h m uq mgm p]nth b bp 11 hm tl mnnm 
bqmpmqpm]_it]nt.hg; 

bplflmpq qtlunuI bbpqm]mgtj_mtl 1:: ]_itbtlw])l hbm wnh~tlll11 mbunt.p]mh h111q)ip6'. 
1111.J.hmp.q, npg hnt.JUU} bu qpmtl 1:: hbpmbmqmh phnt.]]_it: 

bppnpq qtiunuI bbpqm1111gtj_mtl 1:: Ubb L.mqpnhm])lh qn11111qbp. 

111pmqmgmg~m1Jih hwtl111!lip.Ji ubqtl hqmpmqpm]_it]nt.bg: U1hm.11bmh mp.tj_mtl 1:: 
hmtlm!lip.mtl mbqml.J.UIJtJ.mb ATLAS gh:qhmhmp h2mhmqmp1mh qbmbqmnp.)i 111tj_btJi 

ghq1m1htJ.mb phm]_itmq)ipg, qmnmgtj_mbpg, bpUI pU11l_l1l11P.Ji~ bhpm:qb.mbqtnnphbp)i 
qummgtj_mbpg, w2]ummmbp)i uqqpmhph m h2mbwqnt]_it]mbg : 

Qnppnpq qtiunuI hbpl.J.1111wgtj_mtC bh 2UI$mtlh.bp)i hmtlmp oqmmqnpbtj_mb 
$np&mpwpmqmh mtl.Jmthbp)i pmq111hbp)l tlum)ih mbhpmdb2m mbq bqnt.]<t]ntbbbp : 
Sptj_mtl 1:: mtl.Jmtbbp)i u2mqtlmh h :qbUJ.pbp)i hm]uhmqmh ghmpmia1mh 
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ulp.upmqpmJ111mJ.1hl:q1g : Sptjmt.f t m2}umuimupmt.f oquimqnpomo Unhuih Y:umtn 
qhuhpmuinphhpp. wt.ft}i.mJi pb.mJ11mqphpu m mnmu&.limhmillqmp1muhhpg: Sptjmt.f t 
umh m2}ummmupp. 2mpmumqmJ113mh t.fh2 oqmmqnpoqmll hu up. pmup. 
hmuqmgmpimuuhpp. umhtfmumt.fuhp' qmUJ.qmo 2P.J11hJ1P. lflhumquhpp. h 
:qmumqmpqt.fmu hhill: Umupmt.fmuu uhpqm1mgqmt.f t qhqll 2P.J11hp]l 
umiumqmhmgt.fmu h hhnmgt.fmu tfhJ11n:qhhpg h hmmmq m1:q UUJ.Ulillmqnq t.f2mqqmll 
UJ.mpmtfhlfl]lh]l]l gmuqg ]lphug umht.fmumt.fuhpnq: 

Z.pbqhpn]llJ: ql}unu£ pb.mJ11mqpqmt.f t hm:qpnuw1]lu 2]1.php]l tuhpq]lmJ]l 
1flJ1mt.fm2mt}i.t.fmh gu:qhmump u}uht.fmu (t..q. 1): 

~~·ee1+·ma1-~wm111.111··1iilii~E··•~~~~~~s 
t..qmp 1. Zm:qpnum1]lh 2Ji.J11hJ1]l 1flJ1mt.fm2mt}i.t.fmu hwt.fgu:qhmump u}uht.fmu: 

C).1.]Uh]l).1. tuhpq]lmhhp).1. 6:2qpmmtfhhp]l tfhJ_Un:qhhpg hwtfwnntn uq1.11]1Wq]lqmll hh 
WJU hh]1J11UllJmunt]11]Ultfp, ).1.h}.UJ.hu np hpmlip q]lp1.11nqmt.f hh: Unwqh1 t.fmhp1.11tfmuh 
hlJ1.11J11.llq]lqmt.f hh w1h tfhJ11n:qhhp, npnup uipmtf1.ll}_wt}i.mt.f hh 2l1J11hpg t.f).1.hum3h 
clmtf1.11hmq qpmhgqmo tfhq 1.llJl mqhlJi. tmil 2mt}i.qnq, tfmuh]lq]l qmt.f pm11m:qp3m1 
Op] hqmp. t.f).1.2ngnq : DpUJ. hu UlJ1lUJ.P.uJ.1.h qmpnq t 1lmnm1 ht :J?nillnug, Z pnqnhg, 1.llqhlJi. 
qhhuipnb.1.llqmh 2FJU!! qmt.f 1.llqhlJi. gmop thhpqhm]lq pmqtfmJ.UJ.1.il 2J.1.J.Uhp]lg q1.llqtfq1.llo 
hmt.fmqmpqg (t..q. 2): '{hp2]lhmtf qm31.11hnuf t pmqt.fm2P.J.Um3]lh hmq1.llumpmq2nt.f1.llu 
tfh]11n:q).1. tnL)11]ntb.g, Il]l]! t.fmhpmtfmuh uhpqm3mgq1.llo t hm2np:q ql.]umt.f : 

---+ Oljet pseudQfapldity 
intercallbration 

'l...lJ1.11J1 2. CJ.1.J.Uhp).1. tn]11.lltfm2mt}i.t.fmh tfhJ_Un:qhhp]l u}uht.fmu' h]lt.fliqwll t.f).1.hhm]u 
:qhUJ.pmt.f qpmugqmo hmqwu1.11]11.llq2nrui. op1hqmlihp).1. mpmtfm}.1.llt}i.tfmh il!11.11: 
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~ 

qlighpn]llJ: ql}unuI t.fmhpmt.fmuu mpqmt.f t 2P.J11h]l]l mpmtfw}_mtp.mt.fg 
pmqt.fm2Ji.J11m1]lu hmqmumpmq2nt.fmu tfh]11n:qnq: t..m}u pb.mJ11mqpqmt.f t tfhJ_Un:q]l 
tnt]U]nthg, npg qw3mumt.f t hhillhJmtmt.f: Chmpqmt.f hu m1b.UJ.P.u]l :qhUJ.php, npmh11 
t.fhq t.fhqmumgqmo pwp&.]1 tuhpqhml1q 2P.J.U!! tmiumqmu hUlJ1J11lllJ11Jlllu t.fh2 (m1u]lup' 
hmb.:qP-UJ.mqwg t}i.u2hpp. hhillmqll]lu nUJ.11mhm1mg) hmqmumpmq2nqmo t wqhlJi. 
gwllp tuhpq]lm qpnq hpqmu]lg mqhlJi. lllJl 2P.J.Uhpnq: U]:qUJ.Ji.ul1 :qhUJ.PP. qllmq]lp t 
gmgm:qpqmo t..q. 3-mt.f, npillhq umh gm]g hu mpqmll m3u muq1mum1]lu 
t}i.nt}i.n}umqmuuhpg, npnup qp.pmnqmt.f hu hmt.fmut.fmu :qhUJ.php]l gumpmJ.U3mu 
hmt.fmp: '1hUJ.php]l gumpnt]U]nth]lg hhmn qmnmgqmt.f t pmqt.fm2P.J.UmJ]lb. 
hmqmumpmq2nmJ_UJUih wp&.wqmup qn}.illlll t.fhllnt]U]ntb.g' npUJ. hu mnm2]lh 2P.J11Ji. h 
t.fuw93w1 2Ji.J11h]l).1. hwt.fwqwpq]l (t.fuwgnp:qw3]lu hwt.fmqwpq) tmiuwqwu 
P.t.fUJ.m1uuhp]l hwpwphpnt)11]ntb.: UJ:q t.fhl:mtJ_U]Ulu pw2}umt.fg qmnmgqmt.f t 
t.fuwgnp:qw3]1u hwtf1.llqmpq]l l1.11Ju1.llqmu J.1.tfUJ.nqu]l illmpphp m).1.pm3J11b.hp]l hmt.fmp: 
t..m3u qnpllnqnt]UJntb.h ]1]11.llqwb.1.llgqmt.f t ]Uh milJw1uhpmt.f, ]Uh Unuuih Y:Ulntn 
u).1.t.fntt1.119nttfuhpmtf, h upwug h1.11]1U1phpntJ_U]ntb.g mpqmtf t npUJ.hU tfu1.llgnp:qm3).1.u 
6:2qptntf1.llu qnpo1.11lJ]lg: DpUJ.hu op).1.uwq, :qm hhpq1.11J1.119ilwll t t..q. 4-mt.f: 

Leading jet Pr 

~ 

"· \ 
\ . 
\\Recoil system P

1 

\a 
\ 
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t..qmp 3. f!mqtf1.112Ji.J.U1.11JJ.1.h 
:qhuwl1 u}uhtfmmp.q UJ.1.lltnqhp 
tm1hmqmh hmpJ_Unt]UJlllh t.fh2: 



8 i .OSL Anti-k
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:': I-
Q .._ 

:@.. I-

ATLAS Thesis 

J~ dt ~ 2~ fb 
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Q 1· 

( .. ::~::::::::.~::~.;··········· ···;····~~.--~· ··~ ' ;-~-:: :+-.::.::4, 

0.95· -.- Data 2012, i's= 8 TeV 
.,.M Sherpa 

ro 1.04 ~====~===::==~==:=::::=:::=:::=:=:=:=:=:=~ 
a; 1.02 

"O 1f' -... . ·1iZ 
u0.98_ -y/Z+jel:-MC!datavsp· ·• 
:2 0.96- ' ' ' ' T, 

3x102 4x102 

,,;~-.-,' 

103 2x103 

precoil [GeV] 
T 

'L.qIDp 4. PIDqtlID2PJaU1Jph hUltj_UluU1pU1Ji2nmictJIDh Ulp&mqIDhpg h l\NpUltlUlh 
qnpoIDqpgg' npUJ.hu :}>mhqgpID tlhIDgnpIJ:Ul]ph hUltfUlqIDpqp lUlJllUlqillh ptlUJ.m1upg; 

U]u qtlmu.tf hhpqIDJU19tJ.mtl hh pIDqtlID2PJaU1Jph hIDtj_UluU1pU1Ji2ntlU1h tlhianIJ:lltJ. 
U1pU1tfU11Ul\]1tfUlh tj_hp2uUlqUlh U1p11Jmhphhpg (npUJ.hu opphIDq' 'L.q. 4), ph1UJ.hu hIDh 
phhIDpqtJ.mtl hh upuUlhtfIDUlpq uluIDthhpg: 

BnpbpnPIJ: qtlunuf hhpqIDJIDgtj_mtf t 2P.iahpp qIDptj_IDopp IDhuIDqIDh 
qIDhIDIDhumtfhhpg ,t;ltj_UlhlflIDJph ,t;lpntln11phIDtfpqIDJP 2P2IDhIDqhhpmtf: 
,t;lhhIDpqtJ.mtl hh hpqm UlJ]_ghUlpIDhpID]pb. tfnIDhgnt.tfhhp; UnU12phg :}>pputj_Ulo 
UlnU12uru1phph-hru2np11-qrupq (next-to-leading order) tlnlJlIDtj_npmiaJUltfp 
hru2tJ.IDpqtJ.ruo UU1UlppgIDqruh U1U1pphpp tfp2ngntj_, npp 11hUJ.pnttf n1 lunIDnpmtfru]ph 
qnplmhhhpg (hIDIJ:pnhpqrugmtl) hU12tJ.p hh runhtj_mtf lJnhlflh 1IIDntn 
qhhhpIDIDnphhpp tlp2ngntj_: lJ1mu tfnIDhgmtlg hptfutj_Ulo t hmJh tfIDUlppgIDqIDh 
Ulrupphpp hptfIDh tJ.pID, npph hIDtlIDqgtj_IDo hh runU12rulJlwp-1nqruppiatfruqwh 
(leading-logaruthmic) UJ.WpUlnhID]ph hhqhqhhpp uptfnqwgmtf: ,t;lhb.wpqtj_mtl hh 
IDhuIDqwh qruhlullllflhumtfhhpmtl runqlll upuU1hUU1Ulpq ululllthhpg, npnhp oIDqnt.tf 
hh 'TJ.UlpIDnhruJph Pw2lutJ.1llomia1ruu limhqgpIDhhpp, mdhq qruUJ.p hlllUUlllllflmhp 
ptf1llgmia1ruh uruhtfruhrul]:iruq 6:21Jlmia1mhpg, ph1UJ.hu hlllh lunumpmtlru]ph 
IDhumiairuu tfh2 gulfl mdhq qruUJ.}1 hruulJlIDUlmh}l tj_hpolllhtj_IDo 2ruppg qIDph!lm 
wnru21llgnq tj_hpruhnptfrutj_nptlwh (}1h1UJ.hu hruh :}>ruqUlnppqwgtflllh) UU1UIJ:1l1llqhhp}1 
l]:inl]:inlumia1mh}lg: 'lplllhg op}lhlllq t gnt.Jg Ulptj_wo L.q. 5-mtf, lmq L.q. 6-g gm1g t 
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) 

) 

) 

) 

UllllIPU lJnhlflh 1Irun1n qhhhpIDUlnphhp}l tf}12ngntj_ qhruhU11Jltj_ruo n1 lunIDnpmtfID]ph 
qnponhhhp}l u}lulflhtfruUlpq uluIDthhpg: 

NLO QCD Uncert~i~t~~,i 
-ct:~. 

--CT10 PDF 
Scale 

•Total 

................................ .;;;;;;;;;; ----

'L.qrup 5. UpuIDhtlwlfl}lq uluIDthhpg lflhuruqruh qruhlullllflhumtfhhpmtl: 

c 1.25.·· •. ,. 
0 i .$ =-8TeV 

ti 1 zi ~<lti-k, R=O 4 

~ ' I !yj<OS 

0 1.15; 

'····•· .. I ... ) . .,\ ... ;.; 

30 102 2x102 103 2x103 

p
1 

[GeV] 

'L.qrup 6. fl1-lunIDnpmtfIDJph qnponhb.hp}l pru2lutJ.IDomia1mb.g UlUlpphp lJnb.mh 
1Irun1n qhhhpruIDnpb.hp}l hllltlwp: 
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3AKJll04EHl-1E 

P.ApoHHble cTpy14 - Hal46onee 143eecTHble cTpyKTypHble o6beKTbl, e 
1430614Jll414 pO>K,llalOll.!14eCR B a,llpOH-a,llpOHHblX CTOJlKHOBeHl4RX npl4 BblCOKl4X 
3HeprnRx. 0Hl4 npe,llcTaBJlRIOT co6oH KOJ1Jl14Ml4poeaHHble ny4Kl4 4acrn4, 
¢>opM14PYIOll.!14XCR noc11e a,llpoH143a41414 KBapK-rlllOOHHblX Jll4BHeH 14 14X 
nocne,llYIOll.!ero pacna,lla Ha cTa614JlbHble KoHe'-IHble cocTORHl4R. Ha napTOHHOM 
ypoeHe CTPY14 RBJlRIOTCR OCHOBHblM ¢>143144eCKl4M o6beKTOM, ¢>opM14PYIOll.!14MCR Ha 
KOpOTKl4X paccTORH14RX B npo4eccax pacceRHl4R KBapKOB 14 rlllOOHOB, BXO,l1Rll.!14X B 
COCTaB CTaJlKl4BalOll.!14XCR a,llpOHOB. B cerMeHrnpoeaHHblX ,lleTeKTOpax CTpy14 
Ha61110,lla10TCR B 814,lle OTKJ114Ka KJlaCTepoB 6J1143Jle>Ka11.114X R'-leeK B KallOp14MeTpe. 

Al4¢>¢>epeH4HaJlbHb1e ce4eHl4R po>K,lleHl4R cTpyH no pa3HblM 
Kl4HeMarn4eCKl4M nepeMeHHblM RBJlRIOTCR O,llHl4M 143 Hal460Jlee ea>KHblX 
Ha6JllO,llaeMblX ,llllR recrnpoeaHl4R npe,llCKa3aHl4H nepTyp6arnBHOH KBaHTOBOH 
XpOMO,lll4HaM14Kl4 (pQCD), a TaK>Ke ,llllR 143BJle4eHl4R cpyHK414H pacnpe,lleJleHl4R 
napTOHOB (PDF) 14 KOHCTaHTbl Cl4JlbHOro B3al4MO,lleHCTBl4R (as). l-1HKJll0314BHble 
ce4eHl4R, COOTBeTCTBYI011.114e npo4eccy pp -> jet+X, onl4CblBalOT pO>K,lleHl4e CTPYH 
He3aBl4Cl4MO OT HaJ114414R ,llpyrnx o6beKTOB (X) B KOHe'-IHOM COCTORHl414. 
Cyll.!ecTeyer ,llOCTaTO'-IHO MHOro ,llaHHblX no ce4eHl4RM crpyH, 143MepeHHblX e 
npo4eccax JlenTOH-a,llpOHHblX 14 a,llpOH-a,llpOHHblX CTOJlKHOBeHl4H np14 6011ee Hl43Kl4X 

3HeprnRx e CL..\M. 

B HaCTORll.leH pa6ore npe,llcTae11eHbl pe3y11bTaTbl 143MepeHl4H 14HKJll0314BHblX 
ce4eHl4H pO>K,lleHl4R CTPYH B npoTOH-npOTOHHblX CTOJlKHOBeH14RX np14 3HeprnRX B 
CL..\M 2. 76 T3B, 7 T3B 14 8 T3B, no11y'-leHHb1e e 3Kcnep14MeHTe AT JlAC Ha npoTOHHOM 
KOJlJlaH,llepe LHC (CERN, WeeH4apl4R) e Te4eHl4e Run-I (2010-2012). 

3rn 143MepeHHR recrnpytoT pQCD B o6nacrn nonepe4HblX MOMeHTOB CTPYH 
,llO 2 T3B, He,llOCTynHblX B npe,llbl,llY11.114X 3KCnepl4MeHrax, c BblCOKOH TO'-IHOCTbto no 
eeJ114414He CTaTl4CTl44eCKl4X 14 Cl4CTeMaTl44eCKl4X OWl460K, 6naro,llapR 
3Ha414TeJlbHOMY o6beMy ,llaHHblX (cyMMapHo 25 ¢>6-

1
) 14 yny4weHHOH rexHl4Ke 

aHa11143a. 

l-13MepeHHble ce4eHl4R 14MelOT ,llBOHHYIO ,llH¢>¢>epeH4l4allbHYIO cpopMy 14 
npe,llCTaBJleHbl B 814,lle ¢>yHKL\1414 OT nonepe4HOro HMnyJlbCa crpy14, B 614HaX OT 
a6COJllOTHOH 6blCTpOTbl (y). napaMeTpbl CTPYH onpe,lleJleHbl c 14cnOJlb30B3Hl4eM 
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T.H. anti-kt a11rop11TMa np11 3Ha4eH11.Ax napaMerpa p~11yca 0.4 11 0.6. 
Pe3yllbTaTbl l13MepeH11i1 ,£1e-KOHBOJ110l1poBaHbl OT ,£1eTeKTOpHblX 3cj:>cpeKTOB 
3HeprernYecKoro 11 yrnoeoro pa3peweH11i1 11 cpaBHeHbl c NLO-npe.£1CKa3aHl1.AMl1 
pQCD .£111.A p.A.£1a PDFs. B pacYerax yYTeHbl Henepryp6arnBHble 3cj:>cpeKTbl, 
paCC411TaHHble c noMOIJ..lblO MoHTe-Kap110 (MK) reHeparnpoB. npoBe,£1eHo TaK>t<e 
cpaBHeH11e c npe.£1CKa3aHl1.AMl1 Ha ypoeHe MaTpl14HblX 3/leMeHTOB NLO, 
cKOHB0111011poBaHHblX c MK reHeparnpoM napTOHHoro 1111BH.A. B npe,£1e11ax ow1160K 
no11y4eHo xopowee cornac11e Mell<.£1Y 113MepeHl1.AMl1 11 npe.£1CKa3aHl1.AMl1 no ecei1 
0611acrn 3Ha4eHl1H ,£1l1cpcj:>epeH1..111a11bHblX Ce4eHl1H (10"6 

- 104 n6/r3B), B cpyHKL.11111 
or nonepe4Horo 11Mny11bca. 

AoM11HaHTHa.A c11creMarn4eCKa.A Heonpe,£1e11eHHOCTb B no11yYeHHblX ,£1aHHblX 
npOl1CX0,£111T OT 3Heprern4eCKOH WKa/lbl crpyii (JES), no3TOMY 6b111a pa3pa6oTaHa 
CllOlf<Ha.A noc11e,£10BaTe/lbHOCTb npo1..1eccoB Ka11116poBKl1 ,£111.A y11y4weHl1.A T04HOCTl1 
pac4eTa 3Hepr1111 crpyii 11 yMeHbWeHl1.A Cl1CTeMaTl14eCKl1X Heonpe,£1e11eHHOCTeH. 
6b111 pa3Bl1T 11reparnBHblH MeT0.£1 MHorocrpyi1Horo 6a11aHca .£111.A onpe,£1e11eH11.A 
OCTaT04HblX KOppeK1..111i1 Ha 3HeprHIO crpyi1 11 11X Cl1CTeMarn4eCKOH 
Heonpe,£1e11eHHocrn B T38-HOM pell<11Me, 11cno11b3Y.A co6blnt.A, r,£1e 11301111poBaHHa.A 
CTpy.A c 6o!lbWl1M nonepe4HblM MOMeHTOM 6a11aHc11pyeTC.A aHcaM611eM CTpyi1 c 
MeHbW11Ml1 MOMeHTaM11. 

,l\eKOHBOlllOl1pOBaHHble OT ,£1eTeKTOpHblX 3cj:>cj:>eKTOB ,£1aHHble, c y4eTOM 
B03MOll<HblX Koppe11.A1..111H (crarncrn4ecKoro 111111 c11creMarn4ecKoro rnna), Moryr 
6b1Tb 11cnOJ1b30BaHbl ,£111.A CTarncrn4eCKl1X aHa/111308 11 KOM611Hl1pOBaTbC.A, ,£111.A 
no11yYeH11.A orpaH114eH11i1 Ha PDFs, 113BJ1e4eH11.A KOHCTaHTbl Cl1JlbHoro 
B3a11Mo,£1ei1cTBl1.A as, a TaKlf<e npoeepKl1 M0,£1e11ei1(BHe CraH,£1apHoi1 Mo,£1e1111), 
4YBCTBl1Te/lbHblX K BblXO,llY crpyi1. 

,l\11ccepra1..1110HHa.A pa6ora 11MeeT c11e,£1y10IJ..IYIO CTPYKTypy: r llaBa 
npe,llCTaB/l.AeT BBe,£1eH11e. r11aBa 2 BKlll04aeT KOpOTKOe npe,£1CTaBJ1eH11e Ball<HblX 
,llll.A ,£1aHHOH pa6oTbl no/IOll<eHl1H CTaH,llapHOH Mo,£1e1111 11 KX,l\. B rnaBe 3 
npe.£1CTaBneHa 3Kcnep11MeHra11bHa.A 4aCTb 11 BKlll04aer on11caH11e ycKop11re11bHoro 
KoMn11eKca 11 ,lleTeKTopa AT JlAC. B rnaee 4 npe,£1crae11eHbl not1rOTOBKa ,£1aHHblX 11 
warn npe,£1Bap11re11bHoro aHa11113a. On11caH11e no11Hoi1 cxeMbl 3HeprernYecKoi1 
Ka11116poBKl1 crpyi1 ,£1aHo B rnaee 5, a cxeMa ill ,£1era11i11 MJB KaJ1i116poBKill 
06cy>1<,£1alOTC.A B r11aee 6. B r11aBe 7 npe,£1CTaBJ1eHbl Teopern4eCKl1e npe,llCKa3aHl1.A, 
a B r11aee 8 ,£1era1111 aHa11113a ,£1aHHblX no ce4eHl1.AM ill pe3yllbTaTbl. 3aKlll04eH11e no 
06011M aHa/1113aM ,llaHO B r llaBe 9. 
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SUMMARY 

Jets are the most common objects produced in abundancy in high energy 
hadron-hadron collisions. They represent a collimated spray of particles 
originating from hadronisation and subsequent decay of final-state partons. 
Hence, jets serve as the main proxy to the physics at parton level at very short 
distances. Jets are predominantly originated via scattering processes of quarks 
and gluons in the colliding hadrons via strong interaction. In typical detectors, 
jets are observed as signals in spatially collimated adjacent calorimeter cells. 

Jet cross-sections, measured differentially as a function of different 
kinematic quantities, are one of the most direct observables, which can be used 
to probe the pQCD calculations, as well as to extract the PDFs and strong coupling 
constant. They were widely measured by various lepton-hadron and hadron­
hadron collider experiments at various energies and processes in the past 
decades. Jet inclusive cross-sections describe the jet production rate independent 
of the other objects in the final state, corresponding to reaction pp -> jet+X. 
These are one of the most straightforward and statistically precise means to 
probe pQCD. 

In the present work jet inclusive cross-sections are measured in proton­
proton collisions at various center-of-mass energies (2.76 TeV, 7 TeV and 8 TeV) 
with the data collected with the ATLAS detector at LHC (CERN, Switzerland) 
during Run-I (2010-2012). They are measured double differentially, presented as a 
function of jet transverse momentum, pT, in bins of the absolute rapidity, y, for 
jets defined with the anti-kt algorithm with two radius parameter values of 0.4 
and 0.6. The results are unfolded for detector effects and compared with fixed 
next-to-leading order perturbative Quantum Chrome-Dynamics predictions for a 
suite of Parton Distribution Functions. Non-perturbative effects estimated with 
Monte Carlo generators are taken into account. The measured cross-sections are 
also compared to next-to-leading order matrix element calculations matched to a 
parton shower Monte Carlo generator. Within uncertainties, good general 
agrement has been found between the measured and predicted cross-sections 
over 10 orders of magnitude in cross-section values. 

These measurements probe the pQCD in previously unexplored energy 
regime up to about 2 TeV in jet transverse momenta, with unprecedented 
statistical and systematic precision thanks to large amount of data (in total about 
25 fb-1

) and improved analysis techniques. The unfolded results can be exploited 
for statistical analyses and conduct quantitative comparisons between the 
predicted and measured cross-sections. Several measurements can be combined 
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taking into account statistical and systematic correlations among each other. 
Combined data can be valuable to constrain PDFs, extract the strong coupling 
constant or test theories and models other than the Standard Model, that are 
sensitive to jet production rates. 

The dominant systematic uncertainty for this measurement is the one 
rising from the Jet Energy Scale (JES), accurate assessment of which is, thus, of 
paramount importance. A complex sequence of methods is developed to increase 
the accuracy of the estimation of JES and its uncertainty. Iterative multijet 
balance method has been carried out to determine the residual jet energy 
corrections and systematic uncertainties in TeV regime, exploiting events, where 
an isolated high transverse momentum jet recoils against an ensemble of several 
lower-scale jets. 

The presented thesis is desinged as follows. Chapter 1 gives the 
introduction to the subject. Chapter 2 includes a short introduction to Standard 
Model fundamentals, Quantum Chromo-Dynamics, jet definitions and production 
in hadron colliders. The experimental setup comprising the description of the 
accelerator complex and the detector is summarised in Chapter 3. The following 
chapters give the methodology and results of the jet energy calibration with the 
focus on Multijet Balance (MJB) method, and inclusive jet cross-section 
measurement based on the latest and greatest to date dataset of pp collisions 
(i.e. 8 TeV Run during 2012). More specifically, Chapter 4 documents the data 
preparation and pre-analysis steps, which are common for both the jet cross­
secion measurement and the MJB calibraiton derivation. The overview of the full 
scheme of JES is given in the Chapter 5, and the details and results of the MJB 
calibration are discussed in Chapter 6. The remainder of the material concerns 
the inclusive jet cross-section, Chapter 7 describing the theoretical predictions, 
and Chapter 8 discussing the details of the experimental measurement and the 
results. The conclusions for both analyses are combined in Chapter 9. 
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