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NEDIR BU Z’?

Kuantum seviyesinde maddeler arasindaki etkilesim parcacik degisimleri ile
gerceklesir.

Bu kuvvet tasiyici parcaciklara bozon denir.

Farkli kuvvetlerin farkli tasiyici bozonlari vardir.
Zayif nikleer kuvvet W ve Z bozonlari ile tasinir.
Eger varsa, Z' bozonu Z nin agir bir versiyonu gibidir.

Kuramsal fizikciler bircok farkli sebepten otiirt Z” bozonunun var olmasi gerektigini
savunur.

Ve bunu bulmak bize yepyeni ve heyecan verici bir fizigin varligini gosterebilir.



KUARKLAR

LEPTONLAR

maddenin Ug nesli

(fermiyonlar) ,

0] o] o] o]
(0] o] o] o]

(0] o] o] o]

oo e o

SKALER BOZONLAR

AYAR BOZONLARI



Search for resonances decaying into top-quark pairs

using fully hadronic decays in pp collisions with
ATLAS at /s = 7TeV

Ne»r-=p»

The ATLAS collaboration

FE-mail: atlas.publications@cern.ch

ABSTRACT: A search for resonances produced in 7 TeV proton-proton collisions and decay-
ing into top-quark pairs is described. In this Letter events where the top-quark decay pro-
duces two massive jets with large transverse momenta recorded with the ATLAS detector
at the Large Hadron Collider are considered. T'wo techniques that rely on jet substructure
are used to separate top-quark jets from those arising from light quarks and gluons. In ad-
dition, each massive jet is required to have evidence of an associated bottom-quark decay.
The data are consistent with the Standard Model, and limits can be set on the production
cross section times branching fraction of a Z’ boson and a Kaluza-Klein gluon resonance.
These limits exclude, at the 95% credibility level, Z’ bosons with masses 0.70-1.00 TeV as
well as 1.28-1.32 TeV and Kaluza-Klein gluons with masses 0.70-1.62 TeV.




1 Introduction

Many models of new phenomena beyond the Standard Model (SM) predict resonances in
the TeV mass range that decay primarily into top-antitop quark pairs' (¢£). This Letter
reports on a search for such phenomena in proton-proton (pp) collisions at the Large Hadron
Collider (LHC) where both top quarks are reconstructed in their fully hadronic final states
and have large transverse momentum (pr). The decay products of each high-pt top quark
are collimated and merge into one jet with large invariant mass.

Previous searches mostly considered cases where in one or both of the top-quark decays,
the intermediate W boson decays leptonically and hence the top-quark decays result in one
or two isolated leptons, missing energy from the neutrinos, and jets in the final state [1-8].
The requirements of a well-identified charged lepton isolated from nearby hadronic energy
deposits and missing transverse energy reject a large fraction of background from multijet
production. However, difficulties arise in these final states when the top-quark decay

particles are collimated, since leptons from the top-quark decay are no longer isolated and
thus background contributions with lepton candidates originating from hadronic jets are
more difficult to distinguish from the signal.

An alternative approach that is reported in this Letter is to consider final states with
high-pr top quarks that decay hadronically and where the decay products are collimated in
the direction of the top-quark. Such searches require the top quarks to have pr in excess of
200-300 GeV and require rejection of the large background of gluon jets, light-quark jets, as

well as ¢- and b-jets. The CMS Collaboration employed this technique in a recent study [9].
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/' Yapilandirma Algoritmasi
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WH1 : JET[-1] JET[-1]
WH2 : JET[-3] JET[-3]

chiz for W finder

wechiz : (({wH1}m - 88.4)/2.1)~2 + {(({wH2}m - 8B.4)/2.1)"2

gquarks without b tagging

Topl : WH1 JET[-2]
Top2 : WH2 JET[-4]

mass

mTopl : m(Topl)
mTop2 : m(Top2)

mass

Zp : Topl Top2
mZP : m{ZP)

chiz for top finder
topch12 : ((mTopl - mTop2)/4.2)"2
Zzpchi2 : ((mzP - 750.0)/18.0)"2
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select
select
select
select
select
select
select
select
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histo
histo
histo
histo
select
histo

ALL
51ze(JET) ==

MET = 280

{JET}PL > 25

AbsEta(JET ) = 2.5

Wchi2 + topchi2z ~= o

{Topl , Top2}dr [] 2.5 3.5
{Topl}Pt = 175

{Top2}Pt = 175

to count all events
at least 6 jets
no large MET

find the tops and ws and ZP
angular selection
Momentum must be high enough to reconstruct Z| prime

hmwH1 , "Hadronic W recovery (GeV)", 50, 50, 158, m(WH1)
hmwH2 , "Hadronic W recovery (GeV)", 50, 50, 158, m(wWH2)
hmTopl , "Hadronic top recovery (Gev)", 70, 0, 708, mTopl
hmTop2 , "Hadronic top recovery (Gev)", 70, 0, 700, mTop2
Wchi2 + topchi2 + ZPchi2 ~= @ # find the tops and ws and ZP
hmzp , "Hadronic ZPrime recovery (GeV)", 58, 188, 20080, mZP




Set of MonteCarlo (MC) samples

mc_105985.WW.root

mc_105986.ZZ.root

mc_105987 WZ .root

mc_110080.stop_tchan_top.root
mc_110091.stop_tchan_antitop.root
mc_110119.stop_schan.root
mc_110140.stop_wtchan.root
mc_110898.ZPrime400.root

mc_110901.ZPrime500.root

Diboson process WW
Diboson process ZZ
Diboson process WZ
Single top t-channel top
single top f-channel antitop
single top s-channel
single top Wi-channel
Z' — ftwith Mz = 400 GeV

Z'— ft with Mz = 500 GeV

@0902.2Prime750.root

Z'— ftwith M. = 750 Ge\>

mc_110903.ZPrime1000.root

mc_110904.ZPrime1250.root

mc_110905.ZPrime1500.root

mc_110906.2ZPrime1750.root

mc_110807.ZPrime2000.root

mc_110808.2Prime2250.root

mc_110909.ZPrime2500.root

mc_110910.Z2Prime3000.root

Z' — ft with Mz = 1000 GeV

Z' — ftwith Mz = 1250 GeV
Z'— f with Mz = 1500 GeV
Z' — ftwith Mz- = 1750 GeV
Z' — tt with M- = 2000 GeV
Z' — tt with My = 2250 GeV
Z' — ft with Mz = 2500 GeV

Z' — ft with M- = 3000 GeV

mc_117049 ttbar_had.root
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All possible final states of the decay of a top-quark pair o




fficiencies for analysis

mc_

tt —> Jets

117049 ttbar_|

. BP 1

hestop Based on 25170 events:
ALL :
5ize(JET) >=6 :
MET < 200 :
{JET}Pt > 25 :

AbsEta(JET ) < 2.5

Wchi2 + topchi2 ~= 0 :

{Topl , Top2}dR [] 2.5 3.5
{Top1}Pt > 175
{Top2}Pt > 175

[Histo] Hadronic top recovery

(
(
(

[Histo] Hadronic ZPrime recovery (GeV) :
-> Qverall efficiency = 0.759 % +- ﬁ 0547 %

had.root

tt — Jets

=0 :

1 +-
0.2274 +-
0.9997 +-
0.9509 +-
. 0.7192 +-
1 +-
. 0.4804 +-
. 0.2489 +-
. 0. 4&81 +-
[Histo] Hadronic W recovery (GeV) : -
[Histo] Hadronic W recovery (GeV) :

GeV) :
[Histo] Hadronic top recovery (GeV) :
Wchi2 + topchi2 + ZPchi? ~

0 evt:
0.00264 evt:
0.000247 evt:
0.00286 evt:
0.00609 evt:
0 evt:
0.00799 evt:
0.00997 evt:
0.0227 evt:
0 evt:

0 evt:

0 evt:

0 evt:

0 evt:

0 evt:

21-Jul-2016 16:00 5,8Mb

25170
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tt —> Jets
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tt —> Jets 12

~ "Hadronic top recovery (GeV)" "Hadronic top recovery (GeV)"
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tt —> Jets

"Hadronic ZPrime recovery (GeV)"

Entries 191
Mean 844 .9
Std Dev 262.5
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Z' - ttwith M, = 750 GeV = *

Efficiencies for analysis : BP 1

bestop Based on 25007 events:

ALL : 1

Size(JET) >= 6 : 0.1257

MET < 200 : 0.9291

{JET}Pt > 25 : 0.9736

AbsEta(JET ) < 2.5 : 0.8631

Wchi2 + topchi2 ~ ; 1

{Topl , Top2}dR [] 2.5 3.5 : 0.5013

{Topl}Pt > 175 : 0.6114

{Top2}Pt > 175 : 0.3329

[Histo] Hadronic W recovery (Ge : 1

[Histo] Hadronic W recovery : '

[Histo] Hadronic top recovery

[Histo] Hadronic top recovery ;
Wchi2 + topchi2 + ZPchi2 ~= 0 :
[Histo] Hadronic ZPrime recovery (GeV) :

--> Qverall efficiency = 0.932 %

0 ; 25007
0.0021 : 3144
0.00458 ; 2921
0.00296 ; 2844
0.00746 ; 2284
0 ; 2284
0.0105 ; 1145
0.0144 ; 700
0.0178 ; 233
0 ; 233
233

233

233

233

233

+ + + + + + + + + + + + + + + +
TP r - " r

- 0.0608 %

mc_110902.ZPrime750.root Z' — ftwith Mz = 750 GeV 21-Jul-2016 16:00 5,4Mb 25021



Z'— ttwith M, =750 GeV ®

"Hadronic W recovery (GeV)" "Hadronic W recovery (GeV)"
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Z' - ttwith M, =750 GeV

"Hadronic top recovery (GeV)" "Hadronic top recovery (GeV)"
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Z'— ttwith M, =750 GeV V7

"Hadronic ZPrime recovery (GeV)"

[y}
)]

Entries 233
Mean 808.2
Std Dev 197.3
x2 / ndf 44.48 / 24
Constant 23.25 + 2.21
Mean 756 + 9.8
Sigma 122.2+ 7.6

Entries / 50 GeV
)]
o

-
(4]

800 1600 1800 _ 2000
GeV




Signal vs Background

"Hadronic ZPrime recovery (GeV)"
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SONUC VE YORUM 19

Bu calismada acik veri (Atlas Open Data) kullanilarak Z prime arastirmasi yaptik.
Analizde CutLang kullandik.

Son durumda 6 jet kullandik. W bozonlarini hadronik modda yapilandirdik.

Ust kuarklart W bozonlarindan ve b jerlerden yapilandirdik.

iki st kuark momentumlarindan degismez kiitle (invariant mass) yapilandirarak Z
prime bozonunun degismez kutle grafigini cizdirdik.

ROOT programinda bir macro araciligiyla sinyal ve ardalan Ust Uste cizdirdik.

Elde ettigimiz sinyal grafiginin makaledeki sonucla sekil olarak uyumlu oldugunu
gorduk.
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