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Introduction

The W and top quark masses are important observables of the Standard Models.
Predicted Higgs mass from W and top masses is consistent with measured Higgs
mass at LHC.

The top quark has high sensitivity to physics beyond the Standard Model.

The most precise measurement of W and top masses are done by CDF and DQ®
at Tevatron.

wmass 80385 4+ 15 (stat.+syst.) MeV
topmass  173.20 + 0.51 (stat.) +0.71 (syst.) GeV

80.5 —

| 68% and 95% CL fit contours . | min Tevatron average =
w/o M,, and m, measurements 5

Also at the LHC, a lot of
measurements of top quark mass = 80.45
are available.

= This talk 80.4

[GeV]

68% and 95% CL fit contours :
w/o M,,, m and M, measurements | :

M
T T I T[Tt
S

M,, world average =+ 1o

The W mass measurement at the 2035 E
LHC is now work in progress 20 F- E
= Focus on reducing the systematic N ]
uncertainties of PDF and W recoil 6025 [ -
modeling etc... L w|  iitterlf
http://ofitter.desy.de/Standard Model/ o i o 190mt [Gecfo
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LHC and Detectors

LHC 2011 RUN (3.5 TeV/beam)

: :
—o— ATLAS 5.626 fb~!
||-a— CMS 6.136 fb~!
—— LHCb 1.217 fb~!
—o— ALICE 4.877 pb~!
| |PRELIMINARY

[2)]

Delivered integrated luminosity (fb™")

0 M “ M ' Jun  Jul Aug Sep Oct
Month in 2011

(generated 2012-06-21 00:39 including fill 2267)

2011: Vs =7 TeV
Collected collision data of ~5 fb!
= ~1 million of top quark pairs produced
(This talk mainly covers analyses on this data sample)

2012: Vs =8 TeV
Collected collision data of ~22 fb

ATLAS and CMS detectors are the general purpose detectors consisting of inner
tracker, EM and hadronic calorimeters, muon detectors and magnet system.

CMS

June 7th, 2013

eeeeeeeeee

eeeeeeeeeee

Higgs and BSM 2013



Top Quark Pair Decay Channel and Analyses

Top quark pair decay channel is categorized accordin
decay modes of two W bosons in the final state.

b b-jet
: Leptonic decay W
~ E""'
q -,

g to the combination of

Lepton+jets channel
> Di-lepton channel
All-hadronic channel

¢ .- Hadronic decay W p
b b-jet
Channel ATLAS CMS

Template Method (1, 2 and 3D)

ldeogram Method

Lepton + Jets _
Mass from Cross Section

Top Mass Difference
(Ideogram Method)

Endpoints Method

Di - Lepton my, Method

Analytical Matrix Weighting

Technique

Mass from Cross Section

All - hadronic Template Method

ldeogram Method

June 7th, 2013
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light jet

June 7th, 2013

Lepton+Jets Channel

-7

b jet

neutrino

« Large branching ratio
(30% for e and u channel)

 Good S/N due to the existence of
Isolated lepton and missing E;

 One neutrino
—ttbar reconstruction is easier than
di-lepton channel

“alljets” 46%

ttjets 15%

X\
s \f\)‘ee»fe

et+iets 15% )
"dileptons” "lepton+jets”

Higgs and BSM 2013 5



Lepton + Jets: Template Method

Event Selection

« Exactly 1 isolated charged lepton

Electron

E;>25 GeV, INgustel <2.47
Emiss > 35 GeV, m; > 25 GeV

Muon

pr>20GeV, Inl <2.5
E;miss > 20 GeV, E;™ss + m; > 60 GeV

* Atleast 4 jets with p; >25 GeV, Inl <2.5
« Atleast 1 jet of these jets is tagged as b-jet

Template Method

0.2 e

0.18[ ATLAS Simulation
0.16; Preliminary

oy

o=160GeV
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Arbitrary units / 7.5 GeV

120 140 160 180 200 220 240 260 280 300
my, [GeV]

Derive some template of

kinematic distributions from MC.

=>varying variables (my,, etc.)

June 7th, 2013

Arbitrary units / 7.5 GeV

02— T T T

0.18 ATLAS Simulation
0.16 Preliminary

® itm, =1725GeV
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0.1
0.08
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0.04
0.02

iib

Parameterize templates to
obtain probability density

function (pdf) distribution for

signal and background.
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Determine my,, (and other
variables) by likelihood fit
using the estimated pdf
distribution.



. A
Lepton + Jets: Template Method )-
3D Template Analysis é\i)
Jets permutations are obtained from Kinematic buaa | blep
Likelihood Fitting v
. 55<mye< 110 GeV prt P
« 0.3<R,°°<3.0 Rrecotb _ P

« 125 <my,,°° <225 GeV (1 b-tagged jet)
* 130 <my,,°° <220 GeV (2 b-tagged jet)

Derived templates

Global Jet Energy Scale Factor (JSF) = correct energy parton — particle level
Ryp"e%, my/e%© and my, e° as function of input m,,,, assumed JSF and b-JSF.

> 600 fFFrrTrTrprrrryrrrryrrrrprrorT I |||||||||||| I T T 1T m T I T T T T I T T T T I T T T T I T T T T I T T T T
& ATLAS Prellmlnary . \F_7 TeV data g ATLAS Preliminary * (s=7 TeV data
& 500 det—4 7t T Best Fit background — > 6OOdet_4 7{b'1 ------- Best Fit background |
c - c —
g y —— BestFit § 5001 Best Fit —
W 4001 M= 172312 0.75 oo o GeV] = Myp = 172312075 oo - GeV
JSF = 1.014 = 0.003 400} JSF=1.014 = 0,003, -
300 bJSF = 1.006 = 0.008 _, bJSF = 1.006 = 0.008 _,,
300
200
200
100 100
11114 --------------
30 140 150 160 170 180 190 200 210 220 0 05 1 15 P 25 3
reco [Gev] Rrbeco
|

Measurement of the Top Quark Mass from Vs = 7 TeV ATLAS Data using a 3-dimensional Template Fit
ATLAS-CONF-2013-046



Systematic Uncertainties

i 025 i
Systematic Uncertainty Am,,, (GeV) St ;oiinni 2221222 :
Jet energy scale factor 0.27 102 et toieg ]
b-Jet energy scale factor 0.67 - o eom 2
Method calibration 0.13 10151 ]
Signal MC generator 0.19 ol ]
Hadronization 0.27 o E
Color reconnestor 032 *
ISR and FSR (signal only) 0.45 det 47fb Y ]
Proton PDF 0.17 T 170 171 172 173 174 175 176 177
W-+jets background 0.03 Myp [GEV]
QCD multijet background 0.10 Gaosl T e ]
Jet energy scale 0.79 e BRI
b-jet energy scale 0.08 1020 2acont tbiag
Jet energy resolution 0.22 1.01F 2ocom. oo 1]
Jet reconstruction efficiency 0.05 £ E
b-tagging efficiency 0.81 - ]
Lepton energy scale 0.04 0.99r E
Missing transverse momentum 0.03 o.gsi ATLASPreliminary =
Pile-up 0.03 007k det 471" E
Total 1.35 7097 472 178 174 75 76 177

June 7th, 2013

My, [GEV]

1D: 174.44+ 0.9 (stat.) 2.5 (syst.) GeV

2D: 174.5 £ 0.8 (stat.+JSF) £ 2.3 (syst.) GeV

3D: 172.31+0.75 (stat.+JSF+bJSF) 4+ 1.35 (syst.) GeV
Higgs and BSM 2013



Lepton + Jets: Ideogram Method

Event Selection
« Exactly 1 isolated electron / muon with pT > 30 GeV and Inl < 2.1
» Atleast 4 jets with pT >30 GeV and Inl <2.4

« Atleast 2 jets of these jets are tagged as b-jet

ttbar Reconstruction by Kinematic Fitting
« Use 4 leading jets

(assigned b-tagged jets to b-quarks, untagged jets to light quarks)
» Constraints: my, = 80.4 GeV, my,, = Myyi10p

: 1 : :
«  Require Pyor(x”) = exp <—§x2> > 0.2 and weight all permutations

CMS, (s =7 TeV, (+jets CMS, (s =7 TeV, l+jets
T ——

> 4000F —————— > NS S
o £ L tTunmatched I Z+jets (O] + [ tt unmatched B Z+jets
O 3500F B f wrong I W-jets A O] 1200 [ [ tt wrong I W+jets N
Lo r E i correct [ single top 0 t M« correct I single top i
~ L tt uncertainty e Data(5.0fb™) b - C f uncertainty e Data(5.0 b 1
v 3000 - £ 1000- N
g C * ] % r / ]
= 2500 R [
g 2 goof ,
£ 2000 j :
] g S 600F b
o 1500" T i
g 2 400F ]
1000 g .
F [0 L
500 o 200¢ .
C 5 (o] L
T SRy = |
200 300 400 (?) 400

m*° [GeV] mit [GeV]

Measurement of the top-quark mass in t t-bar events with lepton+jets final states in pp collisions at sqrt(s)=7 TeV
JHEP 12 (2012) 105

June 7th, 2013 Higgs and BSM 2013
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Lepton + Jets: Ideogram Method

Top quark mass (m,) and JES are determined simultaneously in a joint likelihood fit.
j representing correct, wrong and unmatched permutation of parton-jet assignment.
Probability density distributions P; are determined different m, .., and JES variation

CMS

CMSﬂmmmwn F 7kvuﬂas CMS simulation, (s =7 TeV, u+jets CMS simulation, Vs =7 TeV, p+jets
> [ ‘ ‘ T T > k\ T ‘ T ‘ T ‘ T ‘ T ‘ T T ‘ T ] >O 18%‘ T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ ]
[0} r —v— mt gen = 1665GeV [0} r —v— JES = 0.96 ] 7T —v— JES = 0.96 ]
Oo.25} o My o= 1725 GeV - O osb —e— JES =1.00 1 o6k —e— JES =1.00 :
f —a— Mg, =178.5 GeV f T —— JES = 1.04 1 §0 14: —— JES =1.04
. = F =172. V R e . =172. V%
B o2 JES =1.00 3 ook M, gen 5 GeV g ; M gen = 172.5 GeV ]
= s % . =0.12F
c c r b c L
(<) () ] () 0.1f
50-1° 50.15[- 1 s OoF
5 5 s
o Y S 0.1 - © .
§ § ] 80.06:
w L ] L0.04f
0.05} 0.05F 7 :
r : 0.02f
L L L L1 | ‘ L \:\ ‘ L1 | ] :
00" 120 140 160 180 200 ft220 240 900 120 140 160 180 200 ft220 240 %
My [GEV] My [GEV]
n
reco
L (event|m;, JES) E cPyot (7) (mt 5 miys [me, JES)
=1

P(mg, mie|my, JES) — Z £iPj (m|m¢, JES) x P, (mipe?my, JES)

The most likely m,and JES are obtained by maximizing

E(mt7 JES‘Sample) ~ H E (event|mt’ JES)wevent

event

June 7th, 2013 Higgs and BSM 2013
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Systematic Uncertainties

Systematic Uncertainty Amy,, (GeV) CMS, 5.0 b (8 = 7 TeV, tajets

25 —~
Fit calibration 0.06 o 1.01 =)
b-JES 0.61 - 8
pr- and n-dependent JES 0.28 1.005 20 <
Lepton energy scale 0.02 N
Missing transverse momentum 0.06 b Tl N 0
Jet energy resolution 0.23 \ ) 15
b_tagging 0.12 0.995 B . LN\ N\ N\
Pileup 0.07 ‘ 10
Non-ttbar background 0.13 0.99 o Y.
PDF 0.07
Hr and g scale 0.24 0.08; RN, . 0
ME-PS matching threshold 0.18
Underlying event 0.15 0
Color reconnection effects 0.54 172 173 174 175

m, [GeV]

Total 0.98

173.49 + 0.43 (stat.+JES) + 0.98 (syst.) GeV

June 7th, 2013 Higgs and BSM 2013 11



Top mass difference

CMS

The invariance of the SM under the CPT transformation predicts equality of top

and anti-top quark masses

Data are splitinto 2-and £+ samples

ldeogram Method (lepton+jets analysis) is used to measure the masses
= Compare the hadronically decaying top and anti-top mass

Amy = m* — m?ad

CMS Preliminary, 19 fb™ at Vs = 8 TeV (Il CMS Preliminary, 19 fb™ at Vs = 8 TeV Il
> 25000 T T T T T TTTTT T Wt ets > 25000 F T T T T g Weets
K g | +jets I Z+jets & s ["+jets W Z+jets
o 20000f [ Single-Top o 20000} [ Single-Top
4\ - QCD (oY C QCD
~ i D ~ C D
@ 15000 ~+ Data £ 15000 ~-Data
C - C
g ' g
(1 10000F (11 10000
5000F 5000}
01_4’: folptriofet O 14 jaialutatafatolefototet
= 1.2 etee bt A‘6’1¥.+*i‘ltt| = 1.2 | coeenrecsit?® te b '+*+1 ++++%il'
E 1 hdthdid woe * v The B g T * E 1 T. see®ee e » ¥ 3 T+ "
c 0.8 + | < 0.8
S O o i B G L S O e T B G
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Fitted Top Mass (GeV) Fitted Top Mass (GeV)

Amy = —272 + 196(stat.) £+ 122(syst.)MeV

Measurement of the top/antitop mass difference
CMS PAS TOP-12-031

June 7th, 2013 Higgs and BSM 2013
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Di-Lepton Channel

« Small branching ratio (10%)

« Very good S/N

* Energies of two neutrino are merged to
a missing E;
—Full reconstruction of ttbar is difficult

b jet

“alljets™ 46%

neutrino -
ttjets 15%

g b i
charged Jet

lepton
Ltjets 15%

] et+jets 15% ]
"dileptons” "lepton+jets”

June 7th, 2013 Higgs and BSM 2013 13
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Di-Lepton: m;, method
L
my, represents a lower bound of the parent particle mass. | é
ﬁ({) : kinematically allowed trial values of the invisible particles’ p; (neutrino)
~(1) —+(2) _ -miss (i) _ A1) (1)
Dt —l_pT = Pt Dyis _plepton+pb—jet
o (1) (2)
mr2(Minvis) = min {max[mr (Minvis, "), mr (Minvis, D1 )]}
Pt 5Py
mr (minViS?ﬁ(T)) — \/m\2/is + mi2nvis + 2 (E¥‘ISE%1VIS o Wsﬁ(T)>
Pairing of lepton-jet that returns the smallest my, value is taken
308 wasromney 1 B ATAS preimnay
© _F  Simulation ~160GeV 1 ~ | Simulation ] .
0160 175GeV | |E 140 ) - Systematics Am,,, (GeV)
gora- ~190 GeV g det=4.7fb ;T
Eo12E E 135~ <4 Signal MC generator 1.3
50%;: E 130F - Parton shower 0.9
8 0.06- 3 1051 4 Color Reconnection 1.2
S 0.045 E i wearitoremees 1 JEL €NEIQY scale -1.4/+1.6
S S = D e == D 1207 o temasem | b-jetenergy scale  -1.2/+1.5
0 50 100 150 200 250 1150 E
my, [GeV] E
A IR RSN AR AN BRI SRR A
my, depends on the top quark mass 150 160 170 180 190 200
=Mean value of my,, M., gives an Mop [GeV]
estimator of top mass my,, =175.2 + 1.6 (stat.) *>1, 5 (syst.) GeV

Top-quark mass measurement in the ep channel using the my, variable at ATLAS
ATLAS-CONF-2012-082

June 7th, 2013 Higgs and BSM 2013 14



CMS

Di-Lepton: Endpoints Method

M%%i the visible particles are the two b-jets.
Endpoint: M1 (221) = M,

M T2 J_ the visible particles are the two charged leptons.
Endpoint: Mmax(210) = My

My  : Endpoint: \/]\4132 — M2,

Double constrained fit (m,=0 and m,, = 80.4 GeV) to the three endpoint distributions.

_ A e =
400?@14.?8;!)' IVEIJI 'I:e\ll . C|MS Prellmlmar_} I_:lP3.4.9§ flb. .r._? Te|V IIIII QM.S.P'.'eI.'n?'pa.ry
r 1400__ ** 60
350F }H{ E : ! 2
: } ] 1200 f éé 4
. 300 — 3
Systematics Amy, (GeV) > o } # 1 ook ¢ b o
Jet energy scale -1.4/+0.5 fg - ‘Lg 800k K ¥ s
Jet energy resolution 0.5 gzoo_— %’ '
Fit range 0.6 0 150F ; o600 . E
Background modeling 0.5 Yook Yaook o _
Color reconnection 0.6 - !
. 50F | 200 \ 7
: 1 1 1 1 I 1 1 1L & I 1 1 1 1 I 1 I — : : "l 1 1 I IIIIIIII ".‘ I ——— o \-
% 50 ,J00 150 200 %50 1oo 50 200 250
MT2 perp (G V) b' (GeV)

T ith the ki ic endpoi hod
Col\ﬁsmsps;v_\l%ljt_ﬁ_(;g?mat|cen points metho t — 173 9 Zl: O 9(813&13 ) . 8(Syst ) GeV




Di-Lepton: Analytical Matrix Weighting Technique

Two neutrino momenta are solved analytically

CMS

= Up to 8 solutions for the neutrino momenta for a given m, hypothesis
Weight w is assigned to each solution in order to determine a preferred mass hypothesis

w= {3 f@)f (@)} p (- ma) p (B o)

Sum over the possible LO initial-state partons with PDFs f'(x;,)
Probability density of observing a massless charged lepton of energy E* for given m,
4myE*(m? — m? — 2mE*)

(m7 — m)? + M, (m? — m?) — 2013,

p(E"|my¢) =

CMS 2011, 5.0 fb " at Vs =7 TeV

> F ok
Vary the jets p;, n and ¢ within detector resolution in § 1000F° S
1000 times repeating for each event — 1400¢ e )
= The top quark mass hypothesis with the maximum £ 1200 200
weitht is taken as reconstructed top mass Myt = 1000F- =
- Top quark mass [GeV]
Compute a likelihood of my,,, distribution obtained Zzz o
from data for 161.5 < m, < 184.5 GeV : f background
400 = Single top
Systematics Am,,, (GeV) 200k - Drellvan
Jet energy scale -0.97/+0.90 L

900 150 200 250 300 350

b-jet energy scale  +0.76/-0.66

Mg and Ug 0.55
my,, =175.2 £ 0.4 (stat.) +1.5 (syst.) GeV

Measurement of the top-quark mass in t t-bar events with dilepton final states in pp collisions at sqrt(s)=7 TeV
Eur. Phys. J. C72 (2012) 2202

June 7th, 2013 Higgs and BSM 2013 16
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All-Hadronic Channel

b jet light 17

//ght Jet

light jet

b jet
light jet

June 7th, 2013

« Large branching ratio (46 %)

« Suffer from large QCD multi-jet
background

* No neutrino
—constrained kinematics

——————

ttjets 15%

0/ '3
1%
e 28
e A . o
Ltets 15%
W, P
' ¢ e+jets 15% _
"dileptons” "lepton+jets”

Higgs and BSM 2013
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All - Hadronic: Template Method (¢

Event Selection

3 ool ATLASPreliminay « \s=77Tev 2011 Data -

2 C det 2041 [ ]ttm,=1725GeV
e 5 jets pr > 55 GeV, % 200:_ [ Background E
6th jet pr > 30 GeV with Inl <4.5 =
(motivated by trigger condition) 150 } E
* 2 jets with p; > 55 GeV, Inl <2.5 100F- + R
tagged as b-jets (AR(b,b) > 1.2) - boob ]
. ETmiss/\/HT <3 50:— $ ):&E-‘ﬂ%

0720 140 160 180 200 220 240 260 280 300

Reconstruction e 15V

X 2 is minimized as a function of m, (20 - 420 GeV) and m, (100 - 800 GeV)

o (Mg, g, —mw)® (M, gapy —me)?  (Myg e —mw ) (Mg ja by — Mt)?
X = ) + 5 + 5 + 5
Ow Oy Ow o

Events with 50 < m; < 110 GeV and x “< 8 are used for top mass determination

Light jets are rescaled by the energy scale of m,/ m; (m,=80.4 GeV)

Two values of my, from each event contribute for measurement

Determination of the Top Quark Mass with a Template Method in the All-Hadronic Decay Channel using 2.04 fb-! of ATLAS Data
ATLAS-CONF-2012-030
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Entries / 7.5 GeV

All - Hadronic: Template Method

Background Template (QCD multi-jet event)
Event Mixing Algorithm

Use events with exactly 5 jets 3 O e
. . . G 0.18 ATLAS Simulation DMy =170GeV
= Add jet from events with = 6 jets © ek Preliminary S
Signal Template (Signal + Combinatorial bkg) £ o4 — e 3
Generate my, template using MC > 0120 E
as function of input m, (160 - 190 GeV) £ 0‘;; E
< 008p E
Mass Determination 006 E
Fit m,, templates to data using binned likelihood %%t E
U 0.02( .
300_"I"'I'".I_"'I'"I"'I"'I"'I"'I"'_ 0720 140 160 180 200 220 240 260 280 300
E ATLAS Preliminary e \/s=7TeV 2011 Data E my, [GeV]
2501 det =2041f" Fit for Data ]
- —— Pgq . Systematics Am,,, (GeV)
200:_ + Pbackground B Jet energy scale 2.1
1 s B b-jet energy scale 1.4
50: . Background modeling 1.9
C ] ISR/FSR 1.7
100~ ' ] -
505 b
- "3 my,, =174.9 £ 2.1 (stat.) + 3.8(syst.) GeV
o .

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII'III
120 140 160 180 200 220 240 260 280 300
June 7th, 2013 Higgs and BSM 2013 19



CMS

All - Hadronic: Ideogram Method

Event Selection
» 2 4jets with pT > 60 GeV, 5th jet with pT > 50 GeV, 6th jet >40 GeV Inl <2.4

(Additional jets are considered if p; > 30 GeV)
« Atleast 2 jets are tagged as b-jet

CMS Preliminary, 3.54 fb', (s=7 TeV
B ® CMS data

250— — — tt component
------- multijet background

L combined tt and multijet
200— uncertainty on f _
sig

Kinematic Fit

« Constraints: my,, = Myi10p, My = 80.4 GeV

* Db-tagged jets are assigned as b-quarks
—Remaining jets are assigned as light quarks

« The smallest x 2 jet permutation is chosen -

« Require P> 0.09 o

g
« AR(b,b)>1.5

150[-

100

L '_r Il | I | I | — Il
1000 150 200 250 300 350

Background Modeling (Event Mixing Technique)

Jets are mixed between the different events based on the p;-order in the
original events

At least 2 b-tagged jets are found in every new event

Measurement of the top-quark mass in all-jets final states
CMS PAS TOP-11-017




All - Hadronic: Ideogram Method/

ldeogram Method (used for lepton+jets analysis)

CMS

Determine JES and top mass simultaneously
Create template for different m, ., and JES variation

—21In{L (my, JES = 1|sample)}  —2In{L (m:, JES|sample)}

CMS Preliminary, 3.54 fb™!, {s=7 TeV

2 e @
< 18 :
3 16fLL ;
I ‘|4fH HJ
12§ H—H AJJ .
P /
8F
b\ ;
4t b /
COONC
o &%ﬁnpu#{% “““““
0 172 174 176
m, [GeV]

CMS Preliminary, 3.54 fb™, {s=7 TeV

!25
20

15

0.99
10

0.98

0.97

""" 176 178 °

m, [GeV]
my,, = 174.28 £ 1.00 (stat.+JES) + 1.46(syst.) GeV

172 174

Mo = 173.49 £ 0.69 (stat.) £ 1.25(syst.) GeV  JES = 0.991 + 0.008 (stat.) + 0.015 (syst.)

Systematics

Jet energy scale
b-jet energy scale

June 7th, 2013

Amy,, (GeV) Systematics Am,,, (GeV)
097 b-jet energy scale 0.52
0.49 Underlying event 0.88

Color reconnection 0.58

Background modeling 0.62
Higgs and BSM 2013 " °° 21



CMS

Mass from Cross Section

ne»r=p»

Predicted and experimentally measured cross section as function of top mass
Experimental cross section: Lepton+jets channel with 35 pb-! at ATLAS
Di-lepton channel with 1.14 fb-' at CMS

Top quark mass extraction Y —
Combined theoretical and experimental 2 4500 L\l ATLAS Preliminary, ['L.=35 pb”
likelihood © 400 == o(pp — ti+X — I+jets+X)
C —— Measured dependence of ¢
3505. —— NNLO approx. Kidonakis
f(Miop) o / fen(a|miop) -+ fexp(o|miop) b — NNLO appros. Langenfeldstal.
Uncertainties 25000 S N
. Experimental 200 o T e
* Variation Of :urenormalization and :ufactorization 150¢ . """""""""
- PDF (MSTW2008NNLO) t00f S
so- V=
ATLAS CMS “Ha0 e 80 200

MS T k \Y}
approx. NNLO m}°® (GeV) mr°® (GeV) mM® (GeV) op quark mass [GeV]

Langenfeld 166.477% 170.3%752 163.1757
Kidonakis 166.277% 170.077¢ —
Ahrens 162.2753% 167.6770 159.8773

Determination of the Top-Quark Mass from the ttbar Cross Section Measurement in pp Collisions at Vs = 7 TeV with the ATLAS detector

ATLAS-CONF-2011-054

Top mass from the cross section in dileptons
CMS PAS TOP-11-008




Combination of ATLAS and CMS

LHC m,,, combination - June 2012, L _ =35 pb™- 4.9 fo™
, ATLAS + CMS PreliminaryNs = 7 TeV
ATLAS 2010, l+jets e @i 169.3 + 4.0 + 4.9
Ly =35pb, (® CR, UE syst.)
ATLAS 2011, Fets —— 1745+ 0.6+ 2.3
ATLA8712(4)‘11, all jets &——i 1749+ 21+ 3.9
L=2f", (®CR, .UE syst.)
CMS 2010, di-lepton P +— 1755+ 4.6+ 4.6
L =36 pb, (®CR syst.)
CMS 2010, I+jets
L 36 pb™. (5 OR ayst) - 173121+ 2.7
CMS 2011, di-lepton . . N
Ly =230, (® CR, UE syst.) 173312 2.7
CMS 2011, u+jets N N
L, =497, (®CR, UE syst.) ® 1726+ 0.4+ 1.5
LHC June 2012 - - 173.3+ 0.5+ 1.3
Tevatron July 2011 Eod 173.2+ 0.6 + 0.8
| | | | * (stalt.) = (syst.)
150 160 170 180

90
My, [GeV]

Measurement of the top quark mass at the LHC reached a great precision.
Some results are not included in this combination and succeeded to
reduce systematic uncertainty.

=>» EXxpect to obtain much better combined result in the future.

Combination of ATLAS and CMS results on the mass of the top quark using up to 4.9 fb-! of data
ATLAS-CONF-2012-095
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Lepton + Jets: Template Method &

Event Selection

Common Selection
« Exactly 1 isolated charged lepton
Electron Muon
E; > 25 GeV, Inyetel <2.47 pr>20GeV, Inl<2.5
E;Miss > 35 GeV, m; > 25 GeV E;Mss > 20 GeV, Ef™ss + m > 60 GeV

* Atleast 4 jets with py > 25 GeV, Inl <2.5
« Atleast 1 jet of these jets is tagged as b-jet Derive templates for Ry, = My, 0/ my,fece

as a function of mtop (160-190 GeV)

1D Template Analysis 140
» Kinematic Likelihood Fit with In L > -50 S [ ATLas . Data .
— Jets permutations are obtained from KLFitting 3 '~ | -gfc”kjmun g -
- Constructed my, with jets p; > 40 GeV L% 100}~ m = 1729+ 15, GeV -
« 60<m,c°<100 GeV 80 3
Systematic Uncertainty ~ Am,,, (GeV) 60 J pasimnt
Signal MC generator 0.74 b + FHEE 3
Hadronization 0.43 - + .
Color Reconnection 0.62 206 e
ISRIFSR 1.42 e e e
Jet energy scale 1.23 Raz
b'iet energy scale 1.16 My, = 174.5 £ 0.9 (stat.) + 2.5 (syst.) GeV

Measurement of the Top Quark Mass with the Template Method in the ttbar -> lepton+jets Channel using ATLAS Data
Eur.Phys.J. C72 (2012) 2046
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Events / 6 GeV

Lepton + Jets: Template Method <,

2D Template Analysis
Light jet pairs with 50 < m; <110 GeV

« Jet triplet (jjb) with maX|mum Py is
chosen

* Constructed m,," to constrain m;= m,
within I

Systematic Uncertainty Am,,, (GeV)

Derived templates
Global Jet Energy Scale Factor (JSF)

=correct energy parton — particle level

=

ner-=»

« for my/e% as function of assumed
global jet energy scale factor (JSF)

* for my,,°° as function of input my,,
(160-190 GeV) and assumed JSF

Underlying event 0.59 Parameters of my,,, Ny, and JSF are
Color Reconnection 0.55 determined by unbinned likelihood fit
ISR/FSR 1.01
Jet energy scale 0.66
b-jet energy scale 1.58 JSF - my,,
w 1.02————rr——— e
L B ) (D r ]
- - —1o ATLAS .
m reco m reco 1.01 .
1000:“H‘HH‘H“V‘VHH‘HHHH >600JHHH“_t‘o‘p‘_”“””HH r 2o JSF = 0.985 + 0.008 ]
900; ATLAS — Pgg+ Py é 8 E ATLAS 1; ___________ My = 1743 = 1'Ostat+JSF GeV 7
BOO; e +jets . [P)l:tga —i g 5001~ e +jets = B ]
7005 [Lat=104m" 3 2 F Ldt=1041p" N ]
?f ER f_p o E 0.99] E
- S so- cl ] g ]
E 3 F JSF =0.985 = 0.008 1 0.98 -
E E 200: Mo =174.3 £ 1.0y, o GeV 7 E e + jets E
O SO0 e 007} fLa-rain’ 1
B g\;;TMWWW ......... __________ Jrasiunt e :
% 60 70 80 90 100 110 0%00 150 200 250 300 350 400 171 172 173 177 178 179
mee [GeV] [GeV] mtop [GeV]
my,, = 174.5 + 0.6 (stat.) + 2.3 (syst.) GeV
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Mass from Cross Section

Predicted and experimentally measured cross section as function of top mass

CMS

Experimental cross section: Di-lepton channel with 1.14 b

Top quark mass extraction

Combined theoretical and experimental

likelihood

F(40p) / Fen(01mt0p) - Foxp (@ 10p)

Uncertainties
« Experimental
- Variation of u.,and .

g 600
T_ - CMS Preliminary, Vs=7 TeV, L=1.14 fo™
© approx. NNLO x MSTWOSNNLO:
I  Langenfeld et al.
400 X ; = Kidonakis
0 Ahrens et al.

200

« PDF (MSTW2008NNLO, HERAPDF15NNLO)

- [ ] Measured cross section
@ Cross section corrected for mP®*® (Kidonakis)
t

[ ] Measured cross section dependence on m"'®
t

* aS(MZ) 01470‘ — ‘1‘50‘ ‘1£‘SO‘ ‘1‘70‘ ‘1é0‘ — ‘190
m:’°'e (GeV)

Approx. NNLO x MSTWOSNNLO | mF°¢ / GeV | mMS / GeV

Langenfeld et al. [7] 170.3775 163.17%¢

Kidonakis [8] 170.0779 -
Ahrens et al. [9] 167.677° 159.8773

Top mass from the cross section in dileptons
CMS PAS TOP-11-008
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