Hayuynom Behy HHcTHTYTA 32 PU3HKY
Beorpap,
10. jyx 2014.

INPEIMET:

MoJi0a 3a noKkpeTame NOCTYNKA 32 M300pP Y 3Bame UCMPAHCUBAU-CAPAOHUK

Monum Hayuno Behe MuctuTyTa 32 QU3MKy Ja NMOKpPEHE MOCTYMAaK 3a MOj M300p y 3Bame MCTpaKMBad-
capaJHHK.

VY npuiiory 10CTaBJbaMm:
*  Crpyuny 6uorpadujy
*  Munuseme pyKoBOANOIA MTPOjeKTa
* Cnucak u Konuje 00jaBJbeHNX pajoBa
* JloTBpay 0 ymucaHMM JOKTOPCKHM CTyJIHjamMa

C noiToBameM,

Mapuja Mapjanosuh
UCTpaXUBaUd-IPUITPABHUK



buorpaduja kanauaara

Mapuja Mapjanosuh, pohena 1984. rogune y beorpany, ynucana je ocHoBHe ctyauje 2004. roguHe Ha
dwusnukoMm ¢akynTeTy YHHBep3uTeTa y beorpany, rae je aumnomupana 2011. roguHe Ha cMepy TeopHjcKa
¢u3uKa ca mpocedHOM oreHoM 8.96 W IUIUIOMCKHM paoM Ha Ttemy: , Keammuszayuja Heabenosux
Kaaubpayuonux meopuja y Xamuamonogom ¢opmanusmy*. On genembpa 2011. rogmne ymmcana je Ha
Mporpam JOKTOPCKUX aKaJeMCKHX cTyanuja Ha PusnukoM ¢akynteTy YHHBep3uTeTa y beorpany, Ha cMepy
dwusmka jesrapa M decTtuia. TpeHyTHO je cTyneHT Tpehe roauHe M MOJOKWIIA je CBE MCIUTE IpeaBuleHe
OBHUM IIPOTPAMOM.

On 1. nenembpa 2011. rogune 3anociena je y Jlaboparopuju 3a ¢u3NKy BUCOKHX eHepruja MHCTUTYTa 3a
(GU3UKY Kao MCTpaKMBay-NPHIIPABHUK, Ca aHTaKOBAakEM Ha MPOjeKTy MUHHCTapcTBa NpPOCBETE, HayKe H
TexHonomkor pa3soja ON171004 ,,4TJIAC excnepumenm u ¢puzuxa yvecmuya na LHC enepeujama “.

On 2012. rogune yuectByje u paau Ha ATJIAC excnepumenTy Ha Bennkom xagpoHckoM cyaapauy (Large
Hadron Collider, LHC) y HEPH-y. Ox centemb6pa 2012. mo jamyapa 2014. rommne pamuina je
kBanu¢ukanujy 3a ayropctso Ha pagoBuma ATJIAC xomabopanuje. OBaj pas ce 0JHOCHO Ha TOJEIIABAKE
cnobogamx mapamerapa Monrte Kapio rermepatopa paan nobujama Gober ciarama u3Mel)y cuMymnupanux
norabhaja u nogataka npukymsseHHX ATJIAC nerexropom. TeXxHWYKH €0 paja Ha OBOj TEMHU ITOIPa3yMeBao
je ycaBpiaBame u npuiarohasame nocrojeher copTBepckor nakera 3a reaepucame Monte Kapmno norahaja
1 BUXOBY aHANN3y M 00pajy y okBUpY KommjyTepcke mpexxe ['pun. On 31. janyapa 2014. ronune, ayTop je
panoBa ATJIAC komaboparyje.

On HoBeMOpa 2012. roguHe CTHNEHANCTA je (PpaHIlyCKe BIaJe y OKBHPY M3pajie 3ajeHHYKOT JOKTOpaTa Ha
OCHOBY cIIOpa3yMa O KOMEHTOpCTBY u3Mely YHmuBepsuteta y beorpanmy m Yuusepsutera Ilapus — Cya.
ITomenyTu ciopasym npensula Buine nyxux OopaBaka y sabopatopuju JIAJL (Laboratoire de l'accélérateur
linéaire) y Opcejy, y OKBHPY pajJia Ha JOKTOPCKOj ANcepTannju y capaamu ca TamomrmsoM ATJIAC rpymom.
I'maBHa Tema ucTpakuBama Ha K0joj pagu Mapuja MapjanoBuh y oksupy ATJIAC exciepuMeHTa OJHOCH Ce
Ha Tparame 3a CyHepCHMETPUYHHMM UYecTHIaMa y fgorahajuma Oe3 JemnToHa, ca BEIHKHM OpojeM [IeToBa U
BEIMKOM HezmocTajyhom TpaHcBep3aaHoM eHeprujom. onpuroc Mapuje MapjanoBuh y nocagammsem pagy
Ha OBOj TEMH OJHOCH C€ Ha IPOIEHY M KOHTPOJIY JOMHHAHTHOT (hOHA KOjH MOTHUYE OJ] XaJ[POHCKOT pacmana
Tay JIETITOHA NMPOYKOBAaHOT pacmagoM W 6030Ha.

VYyecTBoBana je Ha cienehnM mronama u3 GHU3NKe YecTuna:

- Journees de rencontre jeunes chercheurs, 1. - 7. nenemb6ap 2013, bap6act, @paHirycka

- School on Supersymmetry and Unification of Fundamental Interactions (Pre-SUSY 2013), 20. - 23. aBryct
2013, Tpct, Utanuja

- Physics at TeV Colliders, 12. - 21. jya 2013, Les Houches, ®paniycka

- Trans European School of High Energy Physics, 13. -20. jyn 2012, Iletauma, Cpouja

- Sarajevo School of High Energy Physics, 9. — 13. maj, 2012, CapajeBo, bocHa u Xeprieropuna
- Balkan Summer Institute, 21. - 27. aBryct 2011, Jomn Munanosan, CpOuja

- Corfu Summer Institute, 29. aBryct — 12. cenrem6ap 2010, Kpd, I'puxa

- CERN Summer Student Programme, jyn — asryct 2010, CERN, I1IBajnapcka

- Student exchange program SEENET, asryct 2009, University of Craiova, KpajoBa, PymyHuja
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Muubeme pyKoBOAHOLA PojeKTa 3a u36op Mapuje Mapjanosuh y 3Bame HCTPaKMBaY-CapaJHUK

Mapuja MapjanoBuh je ox 2011. rogmHe ynmcaHa Ha AOKTOpcKe cTyadje Ha DPu3nykoMm (akynTeTy,
YuuBepsurera y beorpany u cana je cryaent tpehe romune. [lonoxuna je cBe ucnure npeaBul)eHe MIaHOM
JIoKTopckux cryauja. Kao crunennucra gpaniycke Biaae takole je ynucana u Ha YHuBep3uteT [lapus Cyn,
Yy OKBUPY H3pajfe 3ajeHHYKOr JoKTopara aeduHucaHor CrmopasyMoOM O KOMEHTOPCTBY wu3Mel)y nBa
Vuusepsurera. Mcrtpaxusaukum pamom Mapuje Mapjanosuh Ha ATJIAC excrnepumeHTy, HEMOCPETHO
pykoBoguMo dr Sophie Henrot-Versillé (u3 Laboratoire de I'Accélérateur Linéaire — Orsay) u ja, xao
KOMEHTOPH.

On 1. nenembpa 2011. rogune 3anocnena je y JlabopaTopuju 3a ¢pu3nky BUCOKHX eHepruja MHCTHTYTa 3a
¢U3MKy Kao WCTpaKMBAa4-TIPUIPABHUK, M YYECTByje Ha TNpojeKTy MUHHCTapcTBa INPOCBETE, HAYKE U
TexHonmomkor pa3Boja OM171004 ,,AT/IAC excnepumenm u ¢usuxa wecmuya Ha LHC enepeujama®. Y
OKBHpY TOT IPOjeKTa HeHa aKTHBHOCT j€ Be3aHa 3a paj Ha JBe TeMe. JeHa TeMa OTHOCH c€ Ha IOJIeIIaBamke
cioboxaux mapamerapa Monte Kapno reneparopa paan noOujama 6oseer ciarama n3Mmely cuMymmpannx
norahaja m momaraka mpukymibeHux ATJIAC merektopom, Kojy je komermHuna Mapuja Mapjanosuh
YCHENIHO 3aBpIIniia u Tako noctana aytop pagoBa ATJIAC komabopanuje ox 31. janyapa 2014. rogune.
Hpyra Tema, Koja je yjeIHO 1 OCHOBHA TeMa HCTPaKMBAYKOT paja kojernHuie Mapuje Mapjanosuh, ogHocu
ce Ha Tparame 3a CYNepPCHMETPHYHHM decThiama mnpeasuheHMM MUHMMAaTHUM CyNepCHMETPHYHUM
npommupemeM CTaHaapIHOT MOJiela eleMeHTapHuX dectrna. Jlocanammsy qonpuaoc Mapuje Mapjanosuh y
paay Ha OBOj TEMH OJHOCH C€ Ha INPOLEHY M KOHTPOJY JOMHHAHTHOT (pOHA KOjU MOTHYE O] XaJPOHCKOT
pacmana Tay jentoHa. KoHaunm pesyntaTu paja Ha OBOj TeMH Ouhe caipXaHH Yy HE€HOj JTOKTOPCKO]
JICepTalHjH.

Toxom 2012. u 2013. roauHe TpuAeceTak IMyTa MpeACTaBHIIA je pe3yaTaTe paja Ha IOMEHYTHM TeMama, Ha
nHTepHUM cactannuMa pagaux rpymna ATJIAC xomabopanuje (cactanum SUSY 0-lepton m MC — physics
rpyna). [Topen Tora, npencrasuna je nocrep ,,4ATLAS Minimum-Bias Tuning for Improved Pile-up Modeling*
Ha ATLAS Week ckyny ATJIAC komaboparyje Koju ce oap:kaBa 4 myTa roJUINBE U HA KOME ce Jaje Mperies
NO0MjeHnX pe3ynTaTa y OKBHPY CBHX pagHuX rpyma. Takole, Onina je mo3BaHa Ja NMpeACTaBU pe3yiTare
anammse ,,Search for squarks and gluinos with the ATLAS detector in final states with jets and missing
transverse momentum using 20.3 fb-1 of \s = 8 TeV proton-proton collision data* na mocTep ceKuujn y jyny
2014. ronune Ha MehyHaponnoj konpepenunju LHCP2014 (Large Hadron Collider Physics 2014).

Koayrop je jemnor paga y melhyHapoaHOM dYacommcy, ABE jaBHE M jaBe MHTepHE myOsmkanuje ATIIAC
Komaboparuje, Koje TpeAcTaBibajy IOJaTHY JOKYMEHTAlHjy jaBHHX myOiMKanuja Koylabopanuje u
myOnukanuja 00jaBbeHNnX y peepeHTHUM YacoNHCHMa.

Ha ocHoBy m3nmoskeHor cmaTpam Ja KojeruHuma Mapuja MapjanoBuh ucrymaBa cBe yciioBe IpenBuleHe
[IpaBuIHUKOM 3a CTHUIAK-€ UCTPAKMBAUKUX 3Bama 3a M300p y 3Bame HCTPAXKUBAY-CAPATHHUK M IIpeIIakeM
Hayunom Behy MHCcTHTYTa 32 (hn3HKY A2 MOKPEHE MOCTYTAK 3a eH U300 y OBO 3BamE.

3a cactaB Komucuje 3a n360p Mapuje Mapjanosuh y 3Bame HCTpaXHBad-Capa HHUK MPEATaKeM:
1. mpod. np [dparana [lonmoBuha, Hay4dHOT caBeTHHKa MHCTHTYTA 32 HU3HKY,
2. np Jeneny Kpcruh, HayuHor caBeTHnka MHCTHTYTa 3a (DH3HKY,
3. nmp Mapujy Bpamem MunocasspeBuh, HaydHOT capagauka MHCTUTYTa 32 QHU3HKY,
4. mpoo. np Ilerpa Ayuha, penosaor mpocgecopa Puznukor pakynrera

PykoBoaumarn npojexra,

np Hparan [lonosuh
Hay4YHU CaBETHUK,



WnuctutyT 32 pusuky beorpan
Cnucak HAyYHHX PafoBa M CAONIITeHa ca KOH(pepeHuja

PanoBu y Bpxynckum melhynapoauum yaconucuma (M21)

* G. Aad, ..., M. Marjanovic¢ et al. [ATLAS Collaboration], ,, Measurement of the 41 Cross Section at the Z
Resonance and Determination of the Branching Fraction of Z->41 in pp Collisions at sqrt(s) = 7 and 8
TeV with ATLAS, Phys. Rev. Lett. 112 (2014) 231806, [arXiv:1403.5657[hep-ex]]

Ocraje pepepentre nydoaukanuje ATJIAC konadopanmuje

* G. Aad, ..., M. Marjanovi¢ et al. [ATLAS Collaboration], ,, Search for squarks and gluinos with the
ATLAS detector in final states with jets and missing transverse momentum using \s=8 TeV proton-
proton collision data*, [arXiv:1405.7875[hep-ex]].

* G. Aad, ..., M. Marjanovi¢ et al. [ATLAS Collaboration], ,, Search for squarks and gluinos with the

ATLAS detector in final states with jets and missing transverse momentum and 20.3 fb—1 of \s = 8 TeV
proton-proton collision data”, ATLAS-CONF-2013-047.

Supporting materal — unTepne myoaukaunuje ATJIAC xonadopanmje nocrynue na IIEPH cepsepy

(cds.cern.ch)

* S. Amoroso, ..., M. Marjanovié, et al, ,,Search for squarks and gluinos with the ATLAS detector in final
states with jets and missing transverse momentum and 20.3 fb—1 of \s = 8 TeV proton-proton collision
data:supporting documentation*, ATL-COM-PHYS-2012-1816.

* S. Amoroso, ..., M. Marjanovié, et al, ,,Search for squarks and gluinos with the ATLAS detectorin final
states with jets and missing transverse momentum and 20.3 fb—1 of \'s = 8 TeV proton-proton collision
data: supporting documentation*, ATL-COM-PHYS-2013-1224.

Caonmrema Ha HAMOHAJHUM KoH(epeHnujama (M63)

* M. Mapjanosuh, /l. [Tonmosuh, M. Bpamem MunocasiseBuh, ,, [lompaea 3a ckeapxosuma u eiyunuma Ha
ATIIAC demexmopy y npomoH-npomon cyoapuma Ha enepeuju yenmpa mace o0 8 TeV™, XII Konrpec
¢usngapa Cpbuje, 360pHHK pagoBa, 28. anpmir — 2. maj 2013, Bpmauka Oama, Cpouja, IIpesenranuja y
cexiuju 2: ®usnka jesrpa, eIeMEHTAPHUX YECTHIIA U OCHOBHHMX MHTEPAKIIHja.

* M. Mapjanosuh, ,,Search for squarks and gluinos with the ATLAS detector in final states with jets and
missing transverse momentum using 20.3fb-1 of\/s = 8 TeV*, poster at LHC France, 2. — 6. ampun 2013,
Amncu, @paniycka.

Caonmrema Ha MehyHapoaHuM kKoHdepeHnujama (M34)

* M. Mapjanosuh, ,,Search for squarks and gluinos with the ATLAS detector in final states with jets and
missing transverse momentum using 20.3 fb-1 of \s = 8 TeV proton-proton collision data*, Poster at
LHCP 2014, 2. - 7. jyu 2014, bbyjopk, Cjennmene Amepuuke [pxase.

IIpe3entanmje Ha cacranunma y okBupy ATJIAC kosa6opanuje

e SUSY Analysis Meeting, 23.01.2014, (https://indico.cern.ch/event/278632/),

M. Marjanovié, ,,Full Analysis Review: Search for squarks and gluinos with the ATLAS detector in final
states with jets and missing transverse momentum and 20.3 fb—1 of sN=8TeV proton-proton collision data“

e SUSY 0-lepton paper meeting, 23.05.2014, (https://indico.cern.ch/event/320907/),
M. Marjanovié, ,,0lepton exclusion for pMSSM*

e SUSY 0-lepton paper meeting, 04.04.2014, (https://indico.cern.ch/event/311791/),
L. Duflot, S. Henrot-Versill¢, M. Marjanovi¢, ,,Truth vs. reco comparison for the pMSSM**



e SUSY 0-lepton paper meeting, 31.01.2014, (https://indico.cern.ch/event/298857/),
L. Duflot, S. Henrot-Versill¢, M. Marjanovi¢, ,,Preliminary truth studies in Olepton for pMSS.
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e SUSY 0-lepton paper meeting, 27.09.2013, (https://indico.cern.ch/event/274996/),
S. Henrot-Versillé, M. Marjanovi¢, ,,VRTau with data driven QCD*

e SUSY 0-lepton paper meeting, 30.08.2013, (https://indico.cern.ch/event/270240/),
M. Marjanovié, ,,Tau studies*

e SUSY 0-lepton paper meeting, 05.07.2013, (https://indico.cern.ch/event/261849/),
L. Duflot, S. Henrot-Versillé¢, M. Marjanovi¢, ,,Taus (systematics and fake rate)

SUSY 0-lepton paper meeting, 04.06.2013, (https://indico.cern.ch/event/251061/),
L. Duflot, S. Henrot-Versillé¢, M. Marjanovi¢, ,,Taus in 0-lepton‘

SUSY 0-lepton paper meeting, 25.01.2013, (https://indico.cern.ch/event/231834/),
L. Duflot, S. Henrot-Versill¢, M. Marjanovi¢, ,,Tau background*

SUSY 0-lepton paper meeting, 14.12.2012, (https://indico.cern.ch/event/222192/)
L. Duflot, S. Henrot-Versill¢, M. Marjanovi¢, ,,Tau background studies*

MC Group Meeting during P&P week, 12.09.2013, (https://indico.cern.ch/event/271453/),
D. Kar, M. Marjanovi¢, ,,Tuning update*

*  MC Group Meeting during P&P week, 01.08.2013, (https://indico.cern.ch/event/265471/),
M. Marjanovié, ,,Tuning update*

*  MC Generator Meeting, 23.01.2014, (https://indico.cern.ch/event/297166/),
M. Marjanovié, ,,Summary of min bias tuning*

*  MC Generator Meeting, 07.11.2013, (https://indico.cern.ch/event/282178/),
D. Kar, M. Marjanovi¢, ,,Diffractive tuning update*

*  MC Tuning discussion meeting, 23.10.2013, (https://indico.cern.ch/event/279798/),
Kar, M. Marjnovi¢, ,,Minbias tuning*

*  MC Tuning Discussion meeting, 03.09.2013, (https://indico.cern.ch/event/270889/),
M. Marjanovié, ,,MinBias tuning update*

*  MC Physics Meeting, 22.08.2013, (https://indico.cern.ch/event/268516/),
M. Marjanovié, ,.,Envelopes, sensitivities and some tunes*

*  MC Physics Meeting, 16.05.2013, (https://indico.cern.ch/event/252656/),
D. Kar, M. Marjanovi¢, ,,Tuning update*



*  pMSSM legacy paper meeting, 30.06.2014, (https://indico.cern.ch/event/327426/),
L. Duflot, S. Henrot-Versill¢, M. Marjanovi¢, ,,4 look at 5 pMSSM points*

*  pMSSM legacy paper meeting, 24.04.2014, (https://indico.cern.ch/event/314895/),
M. Marjanovié, ,,0lepton exclusion for pMSSM*

*  pMSSM legacy paper meeting, 07.04.2014, (https://indico.cern.ch/event/312524/),
L. Duflot, S. Henrot-Versill¢, M. Marjanovi¢, ,,Truth to reco comparison Olepton*

*  pMSSM legacy paper meeting, 27.01.2014, (https://indico.cern.ch/event/295590/),
M. Marjanovié, ,,Preliminary truth studies in Olepton for the pMSSM*
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Measurements of Four-Lepton Production at the Z Resonance
in pp Collisions at \/s =7 and 8 TeV with ATLAS

G. Aad et al.”

(ATLAS Collaboration)
(Received 22 March 2014; published 13 June 2014)

Measurements of four-lepton (47, £ = e, u) production cross sections at the Z resonance in p p collisions
at the LHC with the ATLAS detector are presented. For dilepton and four-lepton invariant mass regions
mg+p- > 5 GeV and 80 < my, < 100 GeV, the measured cross sections are 76 & 18(stat) + 4(syst) +
1.4(lumi) fb and 107 & 9(stat) + 4(syst) £ 3.0(lumi) fb at /s = 7 and 8 TeV, respectively. By subtrac-
ting the nonresonant 4£ production contributions and normalizing with Z — u*u~ events, the branching
fraction for the Z boson decay to 4¢ is determined to be (3.204-0.25(stat) 2-0.13(syst)) x 107°, consistent

with the standard model prediction.

DOI: 10.1103/PhysRevLett.112.231806

This Letter presents measurements of the cross sections
for the inclusive production of four leptons (47, £ = e, u) at
the Z resonance in p p collisions at \/s = 7 and 8 TeV using
data recorded by the ATLAS detector [1] at the LHC [2]. In
the standard model (SM), 4¢ production in the Z resonance
region occurs dominantly via an s-channel diagram such
as that shown in Fig. 1(a) where the Z boson decay to
charged leptons includes the production of an additional
lepton pair from the internal conversion of a virtual Z or y.
A small fraction of 4¢ events is produced in a #-channel
process such as that shown in Fig. 1(b), which includes Z
production with internal conversion of initial-state radia-
tion. The process gg — Z('Z(*) = 4¢ accounts for only
about 1073 of the total 4¢ event rate around the Z resonance
[3]. A resonant peak around the Z mass in the 47 invariant
mass spectrum is observed along with the nearby peak from
the Higgs boson decay H — 4¢ [4,5]. A measurement of
the 4¢ production cross section at the Z resonance provides
a test of the SM and a cross-check of the detector response
to the 47 final state from Higgs decays.

Since the interference between the resonant and non-
resonant (¢-channel and gg) production mechanisms is
expected to be small around the Z resonance, the branching
fraction of the rare decay Z — 4¢ can be determined
by subtracting the expected nonresonant 4¢ contributions
from the measured 47 rate. For simplicity, inclusive 4¢
production around the Z resonance, including the nonreso-
nant contributions, is denoted as Z — 47 from here on,
except that the branching fraction I',_,,/T", refers to the
s-channel contribution alone. The CMS Collaboration has
observed the Z — 4¢ resonance in /s = 7 TeV data and

* Full author list given at the end of the article.

Published by the American Physical Society under the terms of
the Creative Commons Attribution 3.0 License. Further distri-
bution of this work must maintain attribution to the author(s) and
the published articles title, journal citation, and DOI.

0031-9007/14/112(23)/231806(18)

231806-1

PACS numbers: 13.38.Dg

determined a branching fraction, summed over the 4e,
4u, and 22y final states, of T'y_ 4. /T, = (4.2107 (stat) +
0.2(syst)) x 1075, where 80 < my, < 100 GeV  and
myp >4 GeV for all pairs of leptons [6]. The results
presented here include the first cross-section measurement
of the 4¢ production at the Z resonance at /s = 8 TeV,
and a determination of I',_ 4, /I", with improved statistical
precision in a final phase-space region defined by the
dilepton and four-lepton invariant mass requirements
mgip- > 5 GeV and 80 < my, < 100 GeV, where £7¢~
denotes all same-flavor lepton pairs with opposite charge.
The ATLAS detector has a cylindrical geometry [7] and
consists of an inner tracking detector (ID) surrounded by a
2 T superconducting solenoid, electromagnetic and had-
ronic calorimeters, and a muon spectrometer (MS) with a
toroidal magnetic field. The ID provides precision tracking
for charged particles for |n| < 2.5. It consists of silicon
pixel and strip detectors surrounded by a straw tube tracker
that also provides transition radiation measurements for
electron identification. The calorimeter system covers the
pseudorapidity range || < 4.9. For || < 2.5, the liquid-
argon electromagnetic calorimeter is finely segmented
and plays an important role in electron identification.
The MS includes fast-trigger chambers (|| < 2.4) and
high-precision tracking chambers covering || < 2.7.

(b)

FIG. 1. Examples of (a) s-channel and (b) z-channel Feynman
diagrams for 4¢ production in pp collisions.

© 2014 CERN, for the ATLAS Collaboration
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The data sets for this analysis are recorded using single-
lepton and dilepton triggers. The transverse momentum
(pr) thresholds of these triggers vary from 20 to 24 GeV for
the single-lepton triggers and from 8 to 13 GeV for the
dilepton triggers, depending on lepton flavor and data-
taking period. The overall trigger efficiency for selected
Z — 4¢ events ranges from 94 to 99%.

After removing the short data-taking periods having
problems that affect the lepton reconstruction, the total
integrated luminosity used in the analysis is 4.5 fb~! at
7 TeV and 20.3 fb~! at 8 TeV. The overall uncertainty on
the integrated luminosity is 1.8% [8] and 2.8% [9] for the
/s =7 and 8 TeV data sets, respectively.

The POWHEG Monte Carlo (MC) program [10-12], used
to calculate the signal cross sections, includes perturbative
QCD corrections to next-to-leading order. The calculation
also includes the interference terms between the s-channel
and the 7-channel as well as the interference terms between
the Z and the y* diagrams. The CT10 [13] set of parton
distribution functions (PDFs) and QCD renormalization
and factorization scales of ugr, urp = my, are used. In the
me+p- > 5 GeV and 80 < my, < 100 GeV phase space,
the production cross sections calculated by POWHEG are
53.4+ 1.2 tb (45.8 = 1.1 fb) for the sum of the 4e and 4u
final states, and 51.5 + 1.2 fb (44.2 £+ 1.1 fb) for the 2e2u
final state at 8 TeV (7 TeV). The cross sections for 4¢ and
4y are larger than for 2e¢2u due to the interference between
the two same-flavor lepton pairs. The cross-section uncer-
tainties reflect theoretical uncertainties from the choice of
QCD scales and PDFs. The scales are varied independently
from 0.5 to 2.0 times the nominal ug, ug = my,. The PDF
uncertainties are estimated by taking the sum in quadrature
of the deviations of the cross section for each PDF error set
(52 CT10 eigenvectors varied by one standard deviation)
and for an alternative PDF set, MSTW2008 [14], with
respect to the nominal one. The expected fraction of 47
events produced via the f-channel process is
(3.35+£0.02)% and (3.90 & 0.02)% for same-flavor (4e,
4u) and mixed-flavor (2¢2u) final states, respectively, for
both 7 and 8 TeV. The g9 — ZZ — 4¢ process is modeled
by GG2zz [15], and the 47 event fraction from this process
is calculated to be around 0.1%. The overall nonresonant
fraction (f,.) from the #-channel and gg contributions
combined is (3.45+0.02)% and (4.00 &+ 0.02)% for the
same-flavor and mixed-flavor final states, respectively. To
generate MC events with a simulation of the detector to
determine the signal acceptance, POWHEG is interfaced to
PYTHIAG [16] or PYTHIA8 [17] for showering and hadro-
nization and to PHOTOS [18] for radiated photons from
charged leptons.

The MC generators used to simulate the reducible
background contributions are MC@NLO [19] (to model
top productions) and ALPGEN [20] (to model Z boson
production in association with jets, referred to as
Z + jets). These generators are interfaced to HERWIG [21]

and J1IMMY [22] for parton showering and underlying-event
simulations. The diboson background processes WZ and
Zy, and ZWZ¥) — 4¢ decays involving t — ¢/u + 2uv, are
modeled by POWHEG (interfaced to PYTHIA for parton
showering) and SHERPA [23].

The detector response simulation [24] is based on the
GEANT4 program [25]. Additional inelastic pp interactions
(referred to as pile-up) are included in the simulation, and
events are reweighted to reproduce the observed distribu-
tion of the average number of collisions per bunch crossing
in the data.

The Z — 47 event selection closely follows the
H — Z7Z* — 4¢ analysis [26] with muon pr and dilepton
invariant mass requirements loosened to increase the
acceptance for the Z — 4¢ process.

Muons are identified by tracks reconstructed in the
MS and are matched to tracks reconstructed in the ID
(In] < 2.5). The muon momentum is calculated by combin-
ing the information from the tracking systems, correcting
for the energy lost in the calorimeters. In the region
2.5 < |§| < 2.7, muons can also be identified by an MS
track alone (denoted stand-alone muons). The identified
muons described above are required to have pt > 4 GeV.
In the MS gap region (|| < 0.1) muons are identified by
an ID track with pr > 15 GeV associated with a compat-
ible calorimeter energy deposit (denoted calorimeter-
tagged muons).

Electrons are reconstructed from energy deposits in the
electromagnetic calorimeter matched to a track in the ID
[27]. Tracks associated with electromagnetic clusters are
fitted using a Gaussian sum filter [28], which allows
bremsstrahlung energy losses to be taken into account.
For \/E = 8 TeV data, improved electron discrimination
from jets is obtained using a likelihood function formed
from parameters characterizing the shower shape and track
association, resulting in a reduction of the electron mis-
identification rate by more than a factor of two compared
to that at 7 TeV. Electron candidates are required to have
pr > 7 GeV and 5| < 2.47.

Collision events are selected by requiring at least one
reconstructed vertex with at least three charged particle
tracks with pp > 0.4 GeV. If more than one vertex satisfies
the selection requirement, the primary vertex is chosen
as the one with the highest > p%, summed over all tracks
associated with the vertex.

In order to reject electrons and muons from jets, only
isolated leptons are selected, requiring the scalar sum of the
transverse momenta, y . py, of other tracks inside a cone

size of AR = +/(An)? + (A¢)* = 0.2 around the lepton to
be less than 15% of the lepton pr. In addition, the > Ey

deposited in calorimeter cells inside a cone size of AR =
0.2 around the lepton direction, excluding the transverse
energy due to the lepton and corrected for the expected pile-
up contribution, is required to be less than 30% of the
lepton pr, reduced to 20% for electrons in the 8 TeV data
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FIG. 2 (color online).
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Data and MC invariant mass distributions of (a) the leading lepton pair, m,, (b) the subleading lepton pair, m3y ,

and (c) the four-lepton system, m,,. All selections are applied except in (c) there is no my, requirement. The background contributes

< 1% of the total expected signal (invisible in the plots).

set and 15% for stand-alone muons. The impact parameter
relative to the primary vertex is required to be less than 3.5
(6.0) standard deviations for all muons (electrons), where
the looser electron requirement allows for tails in the
electron impact parameter distribution due to bremsstrah-
lung in the ID.

Candidate quadruplets are formed by selecting two
opposite-sign, same-flavor dilepton (£+#~) pairs in an
event. The four leptons of a quadruplet are required to
be well separated: AR > 0.1 for same-flavor lepton pairs
and AR > 0.2 for eu pairs. At most one muon is allowed
to be a stand-alone muon or a calorimeter-tagged muon.
The two leading leptons must have pr > 20 and 15 GeV.
The third lepton must have pr > 10(8) GeV if it is an
electron (muon). One quadruplet is selected for each event,
formed from the £ £~ pair with greatest invariant mass (the
leading lepton pair, with mass m,,) and the £1 ¢~ pair with
the largest invariant mass among the remaining possible
pairs (the subleading pair, with mass m3,). The dilepton
masses must satisfy mj, > 20 GeV and m3, > 5 GeV.
In the 4e and 4u channels all the #7#~ pairs are required
to have my+,- >5 GeV, to reject events containing
J/w — £1¢~ decays. The 4¢ invariant mass is restricted
to 80 < my, < 100 GeV. A total of 21 and 151 Z — 47
candidate events are selected in the 7 and 8 TeV data sets,
respectively. The distributions of m,, ms3,, and my, are
shown in Fig. 2. The number of events observed in each
channel is shown in Table I, where the labeling £ + £'¢’
indicates the leading and subleading lepton pairs.

The overall signal selection efficiency is the product of
efficiency and acceptance factors, C4, and A,,, respec-
tively. The efficiency factor C,, is the ratio of the number
of Z — 4¢ events passing the reconstructed event selec-
tions to the number in the fiducial region, and is determined
using the signal MC samples after the detector simulation.
The fiducial region, defined at the MC generator level
using the lepton four-momenta, requires p > 20, 15, 10
(8), 7(4) GeV and 5| < 2.5(2.7) of the pr-ordered e(u),

AR(¢,¢") > 0.1(0.2) for all same(different)-flavor lepton
pairs, mg+p,- > 20 GeV for at least one lepton pair,
Mgy~ > 5 GeV for all same-flavor lepton pairs, and
80 < my, < 100 GeV. The four-momenta of all final-state
photons within AR = 0.1 of a lepton are summed into the
four-momentum of that lepton. The acceptance factor A4, is
the fraction of Z — 47 events in the final phase space
which falls into the fiducial region. The C,, uncertainty is
mostly experimental and the A4, uncertainty is entirely
theoretical. The A4, and Cy, values are listed in Table I for
each channel and data set. The C,, values for 8 TeV are
larger than for 7 TeV due to a variety of factors, including
electron identification improvements with better brems-
strahlung treatment and additional muon detector coverage.

The MC lepton identification and trigger efficiencies
are corrected based on studies performed in data control
regions. The energy and momentum scales and resolutions
of the MC events are calibrated to reproduce data from
Z — ¢¢ and J/w — £7¢~ decays. The uncertainties on
the Z — 47 signal detection efficiency are determined by
varying the nominal calibrations (including lepton energy
and momentum resolutions and scales, and the trigger,
reconstruction, and identification efficiencies) in the MC
samples by one standard deviation. For the 8 TeV (7 TeV)
analysis, the relative uncertainties on the C,, factors are
29% (2.7%), 3.7% (4.9%), 6.2% (9.8%), and 9.4%
(14.9%) for up + pp, ee + pu, pup+ ee, and ee + ee,
respectively. The major uncertainty contributions come
from the lepton reconstruction and identification efficien-
cies. The relative uncertainties on the A4, factors, evaluated
using POWHEG MC samples with the same approach for
QCD scale and PDF uncertainties as described earlier,
range from 1.3% to 1.7% depending on the channel.

The overall background in the selected 4¢ event sample
is estimated to be below 1%, as shown in Table I. The
background contributions from diboson production are
estimated, using MC simulations, to be 0.06 £ 0.01
and 0.49 +0.04 events in the 7 and 8 TeV data sets,
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TABLE I. Summary of the observed (NX?S) and expected (Ni’}p) number of selected Z — 4¢ candidate events, and the estimated
number of background events (N'j];g) in each 42 channel for /s =7 and 8 TeV. The associated uncertainties are statistical and

systematic combined. The central values of the acceptance and efficiency factors (A4,) and (Cyz), the measured fiducial cross sections
(afZ‘f'w), and the total cross sections for mz+,- > 5 GeV, 80 < my, < 100 GeV (o4,) are also presented. The fiducial regions are defined
in the text and are different for each channel. The 6,4, are given for same-flavor (4e and 4y), different-flavor (2e2y), and all channels

fid

combined. The uncertainties on ¢33, and 64, are the statistical and systematic uncertainties, and the uncertainty due to the luminosity

measurement.
NG 4¢ state  N§> NP NPke Cyr o, [fb] Ayr 0747 [fb]
7TeV  ee+ ee 1 1.8+£03 0.12+£0.04 21.5% 0977+£0.14+£0.02 7.5%
5 dedp 32+£11+£1.0£06
p + pp 8 113+05 0.08+0.04 592% 3.0555£0.07+0.05 18.3%
ee + up 7 79+04 0.18+0.09 49.0% 3.17/1+£0.16+£0.05 158%
e 2e2u  44+£144+33+£09
pp + ee 5 334+£03 0.07+£0.04 363% 3.07$+030+£0.06 8.8%
combined 21 242+12 044+0.14 76+ 18+4+14
8 TeV ee+ee 16 144+14 014+£003 36.1% 227024+020+£006 7.3%
. de 4y 56+6+18+16
pp+pp 71 68.84£27 0344005 71.1% 4977 £0.13+£0.14 17.8%
ee + pp 48 432421 032£0.05 555% 4.2707+016+0.12 14.8%
0s 2e2u S52+£7+£24+£15
pp + ee 16 193413 0.18£0.04 462% 17707 £0.10£0.04 7.9%
combined 151 146 +7 1.0 +0.11 107 £9+4+3.0

respectively. Background contributions from Z + jets and
top-production processes are estimated from data. Such
background events may contain two isolated leptons from
Z decays or from W decays in top events, together with
additional activity such as heavy-flavor jets or misidentified
components of jets yielding reconstructed leptons. These
backgrounds are estimated using a background-enriched
control sample of £ j,j, events, selected with the standard
signal requirements except that lepton-like jets, j,, are
selected in place of two of the signal leptons. Electron-like
jets, j., in the £Zj,j, control sample are obtained from
electromagnetic clusters matched to tracks in the ID that do
not satisfy the identification criteria or isolation require-
ments. Muon-like jets, j,, are defined as muon candidates
that fail the requirements on isolation. These backgrounds
in the signal sample are estimated by scaling each event in
the £¢j,j, control sample by f; x f,, where the factor f;
(i =1, 2) for each of the two lepton-like jets depends on
lepton flavor and pr. The factor f is the ratio of the
probability for a jet to satisfy the signal lepton selection
criteria to the probability for the jet to satisfy the lepton-like
jet criteria, and is obtained from independent jet-enriched
data samples dominated by Z + jets or 7 events. The
background from Z + jets and top processes, for all 47
channels combined, is estimated to be 0.38 £0.14 and
0.49 £+ 0.10 events for the 7 and 8 TeV data, respectively.

The numbers of signal events predicted by MC simu-
lation are 23.8 £1.2 and 145£7 for 7 and 8 TeV,
respectively. The data and MC predictions, as shown in
Fig. 2, are in good agreement. Denoting the integrated
luminosity by L, the measured fiducial cross sections
(64 ), determined by (N2 — N%8)/(L x C,,), are given
in Table I. The cross section in the final phase space for

each channel is calculated by ag‘jf/AM. The cross sections
obtained for the ee + ee and up + pp channels, and for
the 2e + 2u and 2u + 2e channels, are compatible within
errors and are combined using 2 x 2 covariance matrices.
The total 47 cross section is a sum of the two combined
cross sections, and the uncertainty includes correlations
between the four channels. These cross sections in the final
phase space are also given in Table I.

The Z — 4¢ branching fraction, I',_,,/T,, is deter-
mined by subtracting the nonresonant contributions
to the selected events and normalizing the resulting yield
to the observed number of Z — uu~ events in the same
data set,

3

bk
I_‘Z—>4f _ (FZ—>pm> (NX?Q - N4zf’g) (1 - fnr)CZM : AZﬂ
Iz Iz (NS =N tz)zg)cétf Aye

where T, /T, = (3366 £0.007)% [29], N3 is
around 1.7 million and 8.9 million in the 7 and 8 TeV
data sets, respectively, and (C x A),, is (41.4 £ 0.6)% and

(41.8 £0.6)%, respectively. The background (Ngjjg) is
estimated to be around 0.3% of the selected Z — utpu~
events. The branching fraction for Z — 47, summed over
all Z = e, pu final states, is determined with both the 7 and
8 TeV data sets. The measured branching fractions for
each data set are consistent within uncertainties and are
combined, giving

I'y_4,/T7 = (3.20 £ 0.25(stat) + 0.13(syst)) x 107°

in the final phase-space region, where the systematic
uncertainty includes a contribution (about 0.2%) due to
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the interference between the s-channel and f-channel
processes, calculated using CALCHEP [30]. The measured
branching fraction is consistent with the SM prediction
of (3.33 £0.01) x 1075, calculated using POWHEG. For a
larger final phase-space region defined by m +,- > 4 GeV
and 80 < my, < 100 GeV, similar to that used by CMS,
the acceptance factors A4, and the nonresonant fractions
fur» and their uncertainties, are also evaluated (leaving
the fiducial region unchanged), and the measured branch-
ing fraction becomes T',_4,/T',=(4.31£0.34(stat)+
0.17(syst))x 107, compared with an SM prediction
of (4.5040.01) x 107, This result is consistent with
the CMS result measured with data collected from pp
collisions at 7 TeV.

In summary, using data collected by the ATLAS detector
corresponding to an integrated luminosity of 4.5 fb~! and
20.3 fb~! at /s =7 and 8 TeV, respectively, the total
Z — 4¢ production cross sections in the phase-space region
me+p- > 5 GeV and 80 < my, < 100 GeV are measured
to be 0,4, =76 £+ 18(stat) + 4(syst) £+ 1.4(lumi) fb at
7 TeV and 107 £ 9(stat) & 4(syst) £ 3.0(lumi) fb at
8 TeV, consistent with the SM predictions of 90.0
2.1 fb and 104.8 £2.5 fb, respectively. The Z — 47
branching fraction is determined to be (3.20 + 0.25(stat)+
0.13(syst)) x 1075, consistent with the SM prediction
of (3.33£0.01) x 1076,
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How tuning is done? Minimum-Bias Tuning

. . o . Minimum-bias: events collected with (ideally) totally inclusive trigger, in principle contains all types of
. Goal is to obtain better description of the data with

the Monte Carlo generators interactions proportionally to their natural production rate

Tuning of Pythia8 to minimum-bias data => needed for pile-up overlay

> Adjust the f t
JUST The Tree paramerers A single tune can't describe both underlying event and minimum-bias data

. Define parameters one wants to tune Complete minimum-bias retune to available data underway

. Then define ranges of the values of the parameters What is new?

- Randomly choose several hundreds of points in that . Included diffraction models not used before! (We tested PomFlux 2,3,4 and 5)

parameter space Allow diffractive cross sections to float in order to better fit forward /backward ratios

+ Generate events with that sef of paramefers - runs Hopefully modifying diffractive /non diffractive ratio might open things a bit

. Interpolate between generated runs . Keep the total cross section unchanged

. Put more weight on the distributions we care about . It might give us more flexibility in the funes, especially in things like the rapidity gap and transverse

. Then one comes up with the actual tune! energy flow distributions —
. Using Rivet for generating distributions and . Running the cross sections as tuning variables “f =

Professor for tuning . Varying 8 parameters (4 mpi, 2 diffractive, 2 xsections) ‘ é B é
Also MSTW2008 and CTEQ pdfs \ ‘

Cross sections

Set values for the corresponding cross sections

Important distributions we try to get right

Set values for total, elastic and central diffractive cross section The measurement of the sum of the

Let single diffractive cross sections (XB and AX) float but keep them the transverse energy of particles as a Pseudorapidity gap distributions

same : one parameter! function of the particle pseudorapidity

Single diffractive cross section AX: A + B -> A + X T e iy o lbpsse iy s omy = 2 r 20
—e— ATLAS data B 107 ¢

Single diffractive cross section XB: A + B -> X + B T N

%

G

—~ —— MC (A2) S — MC (A2)
The total cross section subtracted by the elastic and various diffractive L E MC (Booo) T NC oo

: : : : : : : : ~ ; , — C -ATLAS 20121 10" —
ones gives the inelastic nondiffractive cross section, which therefore is not i T | - (Cpper A LAS 201 :
= T

set separately.

Envelopes

Show the range of variation available on observable histograms 1.4

1.2

It is important tfo know whether the sampled MC parameter space is ever

MC /data
=
MC /data

0.8 f— —:

going to be capable of describing certain observables

E, density for the minimum bias selection Rapidity gap size in 7 starting from y = £4.9, pr > 200 MeV 0.6 —|||||||||||||||||||||||||||||||||||||||||||||||_:
E Envelope (CL 100.0 %) 10° Envelope (CL 100.0 %) ? %2 ' o y 2 > 3 4 4.5|17|
—e— ATLAS data S = —e— ATLAS data
Events collected using a minimum-bias trigger
Charged particle p; at 7 TeV, track p; > 500, MeV, for Ny, > 6 Charged multiplicity > 6 at 7 TeV, track p; > 500, MeV
Q_l L T | [ | I I é Z,g 10—1 I I | I I I | I I I | I I I | I I I | I I I__:L
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. . . . 1 20 0 60 8o 100 120
Can help you to identify parameters that are less important and might be 1 B b [Gev] ! Na
excluded in a tune and to identify observables that can be used to Fixed parameters Varied parameters
constrain parameters SoftQCD:minBias on MultipleInteractions:a1 00 04
0.5 2.5 e BesmRemmanz econmactangs SoftQCD:singleDiffractive on MultipleInteractions:pTORef 1.3 2.8
2.0} ¢  Diffraction:BRymin®D a SoftQCD:doubleDiffractive on : .
0.01. aicisi ® v Dfraction:MBRdynainSjgbD o Multiplelnteractions:ecmPow 0.13 0.32
' 1.5f o * Itqlelhteradtansal‘q4 Tune:pp 8
k . J\/IL{Itlp\lelﬁeractlonqecm%w _ _ _ :
. 19, "" 2 ?”‘“ i ew’ SigmaDiffractive:dampen off BeamRemnants:reconnectRange 1 10
v Q L) <3 3 _ . . . . ] .
+> + 0.0® ] . . . . .
5 -1.0 BeamRemnants:reconnectRange 3] Cose SigmaTotal:setOwn on Dlﬁractlon.MBRdymlnS|gDD 0.001 5.0
L v oifracionponfiustasion 14 : | SigmaTotal:sigmaTot ~ 98.30 SigmaTotal:sigmaXB = 472 5.77
ultiplogteractionmecmpow® ¥ 14 . 4 SigmaTotal:sigmaEl 27.20 SlgmaTotal:sigmaAX
@ o Multiplenteractions:pTORef . . . .
=280 05 1.0 1.5 20 25 3.0 35 4.0 4.5 2% 1 2 3 4 5 6 7 SigmaTotal:sigmaAXB 0.80 SigmaTotal:sigmaXxX 793 9.70

E, density for the minimum bias selectior Rapidity gap size in 7 starting from n = +4.9, pr > 200 MeV

Conclusion and outlook

The new diffractive model makes quite a difference to the rapidity gap measurement, but otherwise it is hard to see a
difference between the tunes

Revisit the minimum-bias plots where diffraction plays a significant role => continue to improve the tune

Next steps => try with different pdfs
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MOTPAT'A 3A CKBAPKOBHMA U I''TYHHHMA HA ATJIAC
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AncTpakT. ¥ oBOM pamy cy NpefcTARMLEHA PEIVNTATH MOTPAre 33 NPOIYEIHEjOM CYTEpCHMET-
PHMHHX YECTHIA, CKEBAPKOEA H TYHHS, ¥ QHHATHAM CTARHMA C3 UOTOBHMA, HETOCTA]yNHM
| TPAHCBEPIATHHM HMIYACoM H Ge3 BHCOROEHEPrETCRNX ENEKTPOHE H MHoHA. TTomaun oy npHKy-
meerH nosmobly ATJIAC merexTopa ¥ TPOTON-TIPOTOHE CYIApHMA Ha cHEPTH|H LEHTPA Mace Of
-u'r_=3T¢V w2 Benurom xamporckom cymapaty (LHC) y LIEPH-y. Pezyaratn oy moGmHjers
goprmbement 5.8 fb! noparaka npmkyILEeRAX Tokos 2012, rommme. Hije youeno Heclarame ca
npeasnhamuma Crapnapaaor mopena. [log npernocTagkoM A2 je HeyTpanHHo Oe3MaceHs
HECTHIA, NOCTOjakE TTyHHA Mace Mame of 1100 GeV je ueEby4eHo ca HHBOOM MOBEpEHA O
95% ¥y MojeIHOCTAREEHOM MONENY KOJH CAZPHH CaM0 ITYHHE H HAjNakIoH HeyTpamHHo. ¥
MHHHMATHOM Mogeny cyneprpagarainje, mSUGRA/CMESM ca tan =10, AO=0and p = 0,
HEREYIeHO j& NOCTOjane CRBAPKOBA H DIVHHA jenHakmy Maca Hemom 1500 GeV. Ose rpasnme
MpPEACTARBA]Y IHEYA]AH TOMAK ¥ OIHOCY HA MpeTxoaHa Mepera Ha ATJIAC meTexTopy.

1. VBOJ{

Muora npommpersa Cranpapanor momena (CM) ykmydyjy Temke secTune, of
kojux OM Hexe Morme OHTH JOCTYIHE HA eHeprHjaMa BenHkor XagpoHCKOT cymapaua,
CreapKoBH H ITIYHHH koje npensuliajy Teoprje cynepcumerpuje (SUSY) [1] cy neke
on THx YecTuia. Osaj pan onHcyje NoTpary 3a CKBAPKOBMMA H rTyHHuMa Ha ATIAC
JETEKTOpY ¥ (HHATHHM CTalkHMA KOja C& CACTOje CaMo oI UETOBA H BeNHKOT Heloc-
Tajylier TpanceepzamHor ummynca. HHTepecoBame 3a 0Bo (HHATHO cTame je
MOTHBHCAHO BEMHKHM GpojeM MOJend KOjH NMpeTnocTaBkajy odyBamke P-mapHocTH ¥
KOjHMa CBAPKOBM M TIYHHH MOTY OHTH NPOMIBSIEHH CAMO Y MApOBHMA H MOTY 14 C¢
pacmamHy y cnabomHTeparyjyhe HeyTpamiHe KojH nponase kpos jertextop Oes
HHTEpaKlHja. AHATH3a ¥ OBOM pagy OasHpaHa jé HA HCKGLYYHBO Ha XAOPOHCKHM
thunanunm cramiva. Jloraljaju ca peKOHCTPYHCAHHM eISKTPOHHMA H MHOHHMA HHCY
pasmMaTpaHH. CTpaTertja DoTpare je oITHMH30BAHA 33 MAKCHMATHH nomMer oTkpuhia sa
BEHKHA crextap mogena. Hako cy murepnpernpann y oksupy SUSY moaena, nobmje-
HH PesyNITaTH CY PEISBAHTHH 33 OrpaHHYaBame OHI0 KOT MOOena Hoee QHIHKE KOjH
npenenl)a NpoIVEIM]Y JeTORA ¥ NPaTHH HegocTajyher TpaRCBep3aTHOT HMITYIICA.
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2. TIEGHHHITHJE CHI'HAJTHHX H KOHTPOJIHHX PETHOHA

Osa aHamH3a HMa 33 HHE ooTpary 3a reluskm SUSY gecrnuama koje ce pacnaiajy
Ha (eToBe M HeyTpamuHe, cnabonmTeparyjylie cymepcHMETpHYHE SECTHIIR O HSHjEM
 OpHCYcTRY v moraljajy 3axbydyjemo Kpo3 penHxd Hemocrajvhm mmmync. OcHOBHA
BapHjatna kopHheHa 3a pasnukosawe SUSY curnana on donckux CM npoueca je
«chexTneHa Maca®, mey Opa Bapwjabna je nedumHEcaHa Kao cKamapHa CcyMa
TPEHCBEP3ANHHE HMIYICa HAJeHEPrHYHH|HX QeToea Yy Joraljajy u Henocrajyvhe
TpaHCBEp3AIHE cHeprHje. ¥ cmy4ajy mpHcycrBa Temkwx SUSY uwectHna, spemsocT
Mg je 3HaTHO Befia O BpemHOCTH Koja OM Ce OYeKMBATA CAMO OI NPOIYKOBAHHX
gecrina CM-a. TMopen oee ocHoBHe BapHjabne, 3a NOTHCKHBamke (QOHCKHX Hpoleca
KOpHCTE ce ogHoc HemocTajyher mumynca u edekrubne mace, Er™“/mes, kao u
asmmyTanin yrao usmeby npasua soneha Tpu yera n Henmoctajyher mmmynca. Ose
Bapujafne cy HapOYHTO OHIAjHHpaHe 3a MOTHCKMBARe noraljaja kojH moTHYY M2
IHPEKTHE MYNTH-UET NpoOykKIHje. Y 3aBHCHOCTH O TOTa fa 1M je ¥ Jorahajy
npomykosad nap SUSY ckeapxosa MOM rIyMHE, K20 H OO HAYHHA HA KOjH Ce
pacnamajy OBe 4eCTHIE, OUeKHBaHH Op0j] BHCOKOSHEPTETCKHX UETOBA Y (HHATHOM
cTamy ce paimukyje. M3 Tor paznora medHHMCAHO je MeT HHEMYIHBHHX KAHANA,
ozHauennx ca A o E, # ogpehennx noseharmwem Gpoja yeToBa 0 ABa D MIECT, KA
mTo je nokasano v Tabemn 1.

TABEJA 1. Cenexunoss KpHTEPH]YMH KOjH oapeliyjy KaHTe aname

KaHal
VCoE A2yera) [E(3uers) | [{4pera) [J(5uyerona)| E (6 geropa)
Er [GeV]> 160
pr{uet }[GeV]= 130
| priversq)[GeV]= 6l | Al [<l1] | 6l | [i1]
Ap(uer, Er el 04(={123}) 0.4 (i = {123}, 02 (py>40GeV))
Er™™ imeg > 0.3/0.40.4 [ 02503~ | 0.250.3/0.3 0.15 0.15/0.25/0.3 |
m[GeV]> | 1900/1300/1000]1900/1300/- [ 1900/1300/1000] 1700/~ [1400/1300/1000

Ceaks KaHAI ce KOPHCTH 33 KOHCTpyHcame Himely _]e.;lmnr M TPH CHMTHAITHA
pervona tight, . medium® n ,loose™ kojH ce paumHKyjy mo 3axTeBHMa n:o]e
ATV TR mmm;a Tpema By e W Mepy. CHrAATEY DETRORW KO 3aXTeBaly
mmmmmm‘ﬁ. IMiefr ©Y OTITAMIWSURENR "2 DURTTORROUT W MOREIS S WAt
paznvxkom wamely wmaca SUSY uectwna. Kamami ca mmﬁpn:.mmmw
{OKyCHpanH Ha MOJENe KOje KapakTepHIly NpOAYKIHja NMapoBa CKBApKOBA <a
IMDEKTHHM DACTIAZIOM HA Tpakewa (MHANHA CTama, JOK Cy OHH ca sehmM Gpojem
[JETORa ONTHMH3ORAHH 3a NPOAYKIH]Y NapoBa TIYWA: WANA IyTe Kackaipe pacnane
SUSY wectsna. Pacnonena meg Ha npamepy A H E cHrHaTHUX PErHoHA 1ara je Ha
Comrm 1.
 Tponecs CM-a ca MCTHM TpamKeHWM QHHATHEM CTARHMA TIOTHYY OJl MPOTYKIHjE
W u Z Go30HA cA JETOBHMA, NAPOBA TOI KBAPKOBA, CAMOCTANHE MPOAYKIHjE TON
 KBApKa H JHpEKTHE MY.ITH-UleT npoaykumje. Ilpoaykuuja asa Gosona (WW, WZ, Z7)
je samemapuBa kommoHeHTa. Behnna omnckmx mpomeca y pacnagmma W Gozona
motHae on W-»T+v, mam o W—re(u)tv Koi KOjHX ENEeKTPOH HAM MHOH HHje

233




XTI Konrpec dusuuapa Cpinje

pexoHcTpyrean. Hajsehn neo moralaja xoju nonase on Z GozoHa NoTHYE OI NPOIECa
Yy KOjHMa ce 7 pacnana Ha map HeyTPHHA, KOjH FeHepHINY BeNHKY Hegocrajyhy
TpaHcBepzanmHy eHeprHjy. Ilpomykumja mapoea TOnm KBapkoBa mpafieHa
CeMHMEnTOHCKHM pacnagoM W GozoHa, Moxke Takolje TIeHepHCATH BEMHKY
HemgocTajyhy Tpanceep3anny eHeprujy M mpolin cBe 3aXTeBe KOJH CY HAMETHYTH Ha
[ETOBE H [ENToHE YV HesaHemapueoM Opojy. MynmTH-UIeT NpOayKuHja ¥ CHIHATHAM
PerHoHHMA MOTHYE O] HENPEeNH3HO HIMEPEHE SHEPrHje LETORAa ¥ KANOpHMETPY IITO
IOBONH A0 NPHBHOHE HedocTajyhie TpancBepsaiHe enepraje, xao U sbor mpogykmje
HEYTPHHA ¥ CeMHIENTOHCKHM PacialiMa TEIIKHX KBApKOBa.

Jletramna npoiiena 6poja doncknx foraliaja 0UeKHBAHNX Y CHTHATHHM PETHOHHMA
nobujena je w3 moraljaja IPHCYTHHX ¥ KOHTPOJHHM PErHOHHMA Ae(MHMCAHHM 33
ceakn noMuaanTad CM nponec B MonTe Kapno ciMynamijama. KoBTPOIHE peTHOHH
3a JAoMHHAHTHe (oHCKe mponece AeHHHCAHM CY 33 CBAKH CHIHATHH DPErdoH H
3ACHOBAHH HA KHHEMATHYKO] CENEeKIMjH CIHYHO] CENeKImjH moraljaja v CHIHATHHM
pervonnmMa. Joraliajs ca jenHuM nenToHOM (e HIH W), TAE je MoToM IeNTOH TPETHPaH
KA0 DeT v celekmju morafjaja xopumbieHH cy 3a OpomeHy GOHA KOjH MOTHYE H3
npogykmHje W GozoHa ca [eToBHMA, KAQ H 3a NpomneHyY foraljaja M3 mapoea Tom
KBAPKOBA €A OPONPATHHM CeMHIENTOHCKMM pacnagoM W Oososa. Morahaju ca
tdoTomuMa H peToEEMa ¥ QHHATHOM CTalky, Y KojEMa je OTOH TpeTHpaH Kao
HeneTekTaOHNHA 9ecTHIA (HemocTajyhiu TpaHcsepsamHM MMITyIc) xopHmbeHH cy 3a
nponery doHa KojH noTHye W3 npoAykinje Z Do3oHa ca yeropuMa. JeTa/bHHjH OMHC
cenexije oOjexaTa ¥ KOHTPONHHM peTHOHMMA 1aT je y pedepenun [2].Jloxarhe
npoeepe cy paljeHe H ¥ BHINE BATHIANAOHAX PETHOHA KOJH cY 0falpaH#d TAKO ja ce
MHHHMAIHO NPEKTAnajy ¢a KOHTPOMHAM perHoHAMa. JemaH 0 A0OaTaka aHadH3H CY H
BaIHIANHOHH PETHOHH ¥ KOjHMAa JOMHHHpAjy Tay IeNToHH H3 pacnaga W GozoHa nmm
H3 pacmaja mapoea ton ksaprosa. [lotpeba sa osako ompelieHHM KHHEMaTHYKHM
PErHOHHMA je YOUeHa IOITO je MpeTXONHO MOKA3AHO Aa ¢y Tay IenToHH Hajuembe
npeocTaie YEeCTHIIE ¥ CHTHATHAM PETHOHHMA NOoCTE MPHMEHE KOMILIETHE CENCKIH]E ¥
Tparasy 3a SUSY curmanom. Hosoysenenn pernonn (Cnnka 2) w cy za
NpolieHy H orpaHiyethe GoHa KOjE moTHYe ox nmponykuxje W Go3oHA H mapoBa Too

KBapKOBa.

aveniy S 108 G
i & §

5

K R

|
DATAIME

DT WG

CJIHKA 1. Pacnogena edeKTHEHE Mace Y CHIHATHHM PerHOHEMA ca 2 B 6 yeTosa [2].
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CJIHEKA 2. Pacnogena edexmsne Mace ¥ BATHIRIHORNM peruoxnma ca 2 u 6 uerosa [2].

3. PE3YJITATH H 3AK/BYHYAK

YV nocMaTpaHMM KaHATMMA HHje YyOdYeHo ofcTymame Opoja gorabaja on
npeaenlenor CM-om. [TocTarmkene cy rpaHune Ha napaderpe Bame SUSY mozmena. V
mSUGRA mogemy spennoctd myz < 350 GeV cy HCE/BYYeHE ¢a HHBOOM NOBEpema
o 95% 3a cBe BPEAHOCTH Mp, H My < 740 GeV 3a mane my. Jemnake Mace CKBApKORA
H rAyHMHA ¢y HersbydeHe mcnon 1500 GeV. Kapa je meyrpanmmo Gesmacen, mace
royuHa Henopn 1100 GeV cy Takohe HekbydeHe ca HHEQOM MoBepema o 93% y
MOJleny KOjH CANMKH CaMO IAYHHE M HajNakllM HeyTpamuHo. 3a NojelHOCTABIbeH
MOOEn KojH npenenlja IpoaykIHjy cKBapKOBa IPBE JBe TeHepalHje Mace CKBAPKOBA
Henon 630 GeV cy newpyacre [2]. Cee rpannie ¢y sHa4ajHO DOMEpeHe ¥ 0J(HOCY Ha
nperxoane koje cy nocrasims ATJIAC [3] u ApyrH eKcepHMEHTH.

RESLAIRACUSELE taafi = 10,4 « B el
R L
TR )| S G it
% L]
Frsra BN Gt 20 3
A Fe I e et WOE

', I e an

Biahdaaa

500 1000 1500 m 2560 500 2049 w0 and ] T 130 e
5 [t g [

CITHKA 3. OfnacTs nesibyricma Ha npavepy mSUGRA/CMSSM sogena (12Bo) H MOTET KOjH
CAAPEN CAMO FAYHHE H HAJTAKITH HeyTpanHEoe (gecno) [2].
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(puaancupame U3 OylleTa; THI CTYAMja: JOKTOPCKE aKaleMCKe CTYAuje; CTYAujcKu porpam: Ousuka.

Ipema CratyTy paxynrera ctyauje tpajy (6poj roamsa): null.
Pok 3a 3aBpiuerak cTyamja: y ABOCTPYKOM Tpajarby CTYMja.

OBO ce yBepeme MoxKe YIOTPpeOUTH 3a peryucatbe BojHe 06aBese, H3aBakbe BH3e, IPaBa Ha [IeUrjH J0/aTaK, MOPOAHYHE
MCH3MJe, MHBAIW/ICKOT 10/aTKa, 100Mjarsa 3/|paBCTBeHe KibIKHIIE, TETHTHMALIH]e 3a NOBIAe Hy BOXKbY U CTHIEHIH]E.
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