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Top-Quark Mass Measurements at the LHC

ATLAS

m upp Lepton-jets, template,
1.0 fb~!, ATLAS-TOPQ-2011-15,
Eur.Phys.J. C72 (2012) 2046
(with and without in-situ JES)

m new Dilepton, M)
4.7 fb~1, ATLAS-CONF-2012-082

m new All-hadronic, template
2.0 fbfl, ATLAS-CONF-2012-030

m From the tt cross-section
35 pb~*, ATLAS-CONF-2011-054

NEW upD in 2012
+ Shown for first time at TOP2012!
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CMS

m uep+ Lepton+jets, ideogram
5.0 fb~!, CMS-TOP-11-015,
submitted to JHEP

m uep Amg, ideogram
5.0 fb~!, CMS-TOP-11-019,
JHEP 1206 (2012) 109)

H UPD+ Dilepton, AMWT
5.0 fb~!, CMS-TOP-11-016,
submitted to EPJC

m new+ Dilepton, endpoint
5.0 fb~!, CMS-PAS-TOP-11-027

m new+  All-hadronic, ideogram
3.5 fb~!, CMS-PAS-TOP-11-017

| | From the i‘t_‘ cross—section
1.1 fb~!, CMS-PAS-TOP-11-008
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Pr

Delivered integrated luminosity (fo™")

econditions for Top Mass Measurements at the LHC

LHC 2011 RUN (3.5 TeV/beam) —_ 10('.‘Ms reliminary, L = 4.9 fb" s=7TeV
: : g
—o— ATLAS 5583 b W c ATLAS Preliminary o, = Total uncertainty
& CMS 57270 g 2 10  JetProb > oF ~Absolute scale
5| Heb 1296 B 2. sve £ 8 f::‘lzlsr;::::? E
—o— ALICE 4.891 pb~' Pt RN ANCHS R B 12D = o E i
4| |PreLmmary e svi s 7F -+ Pile-up, NPV=8 |
£ D T N R 1PaDSVI 2 sk = Jet flavor E
) \ JetFiter =1 - Time stability
3 —— O 5 ) E
107 o i Anti-k, R=0.5 PF
S 4 = E
2 3 E
10 5 E|
1 ff simulation,\s=7 TeV
pr'>20 GeV, <25 N 1 - =
el S 0 ]
18601700 1800 1900 2000 2100 2200 b3 04 05 06 07 08 08 1 20 100 200 1000

Fill number b-jet efficiency P, (GeV)

(generated 201111031 01:20 including i 2267)

m Great machine performance in 2011, delivered > 5 fb™!
— nearly 1 million top-quark pairs produced

m Efficient algorithms for identifying b-jets

ATLAS  Most JES uncertainties based on 2010 data (except in the
dilepton measurement), expect improvement

CMS  Using particle-flow algorithm, good understanding of jet
energy scale gained using 2011 data
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Lepton+Jets

e,u

v
MET
b-jet

m Decent branching ratio
m Decent background b-je

m Constrained kinematics

je jet
ATLAS CMS
m uep 2D template m uep+ 2D ideogram
1.0 fb~*, ATLAS-TOPQ-2011-15, 5.0 fb~', CMS-TOP-11-015,
Eur.Phys.J. C72 (2012) 2046 submitted to JHEP
m uep 1D template m uveo Amg, ideogram
1.0 fb~*, ATLAS-TOPQ-2011-15, 5.0 fb~', CMS-TOP-11-019,
Eur.Phys.J. C72 (2012) 2046 JHEP 1206 (2012) 109)
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ATLAS Lepton+Jets: Event Selection & Reconstruction

m Exactly 1 isolated muon/electron with
pt > 20/25 GeV, |n| < 2.5

> 4 jets with pt > 25 GeV, |n| < 2.5,

> 1 jet with b-tag

Emiss > 20/35 GeV,

EPSS + miy 1, > 60 GeV

Require untagged jet pair with

50 GeV < mj; < 110 GeV

Choose jjb triplet with max. pr,
constrain mj; = 80.4 GeV — m{5’°

top

Selected 11 781 events in 1 fb~! data
Estimated purity: 72% tt events

Markus Seidel (UHH)
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ATLAS Lepton+Jets: 2D Template Method

Events / 6 GeV

m Construct templates

m for mige® as function of assumed global jet energy scale factor (JSF)
m for m{° as function of input top mass and assumed JSF

top

m Perform unbinned likelihood fit — m, JSF, npy,

m Check for bias and pull width using pseudo-experiments

———— e > -
r 1 800F
1200 appas — Pgg+ Pug . 3 E
r ots bk ] 2 700
1000 Mt * Dala 1 < 7k
[ |Ldt=104m" ] £ 600
| - [ e
800 4 4 500
6001— e 4001
r ] 300
400— =
= JSF = 0.986 + 0.006 1 200F-
Qs - 100 E )
E Il Il Il Il Il ] G :. Il Il Il
% 60 70 80 90 100 110 100 150 200

e B B
ATLAS
W+ jets
Ldt=1041b"
_PS\Q+Phkg
bkg
e Data

JSF = 0.986 £ 0.006
Myp = 175.0£0.9,,,, s GeV

250 300 350 400
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ATLAS Lepton+Jets: Uncertainties & Result

Systematic uncertainty

1.02 ,

JSF

Amtop [GeV]

Jet energy scale factor
Method calibration

Signal MC generator
Hadronisation

Pileup

Underlying event

Colour reconnection

ISR and FSR (signal only)
Proton PDF

W-+jets normalisation
W-+jets shape

QCD multijet normalisation
QCD multijet shape

Jet energy scale

b-jet energy scale

b-tagging efficiency

Jet energy resolution

Jet reconstruction efficiency
Missing transverse momentum

0.43
0.07
0.33
0.15
< 0.05
0.59
0.55
1.01
0.10

1.0

0.99

0.98
u + jets

0.970 | Ldt=1041"

L L L

JSF = 0.986 + 0.006
Mgy = 175.0£0.9 .., s GeV

T T
ATLAS

b

172 173 174
0.37

0.12
0.20
0.27
0.66
1.58
0.29
0.07
< 0.05
0.13

reduced by 50%,

Total

Result: my

Markus Seidel (UHH)
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!
175

September 18, 2012

L
178 179
my, [GeV]

!
176 177

m Ongoing effort to constrain MC
modeling with data

m ISR/FSR uncertainties now
impact is being studied

174.5+ 0.6 (stat) £+ 2.3 (syst) GeV
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ATLAS Lepton+Jets: 1D Template Method (Rs3;)

m Additional selection

Form micy

m Create templates for R3p = mig°/ my
as function of my, binned likelihood fit

reco

Converging likelihood-fit, In L > —50
with jets pr > 40 GeV
60 < miz™ < 100 GeV

Selected 2875 events in 1 fb™* data
Estimated purity: 86% tt events

Normalized Entries

14
1Y
T

reco

o Hd
S @
T T T

e
@
T

EJAIl Correct ATLAS Simulation —|

Db © B,

b I\gfn
by, <> light
All Wrong

e + jets

ATLAS . Data

I signal
Background

ILdl:l.Mib‘

e+ jets

My, = 172915, GeV ]

Systematic uncertainty Amyiop [GeV] % 1200
Signal MC generator 0.74 § 100f
Hadronisation 0.43 Yk
Colour reconnection 0.62 Goé
ISR and FSR (signal only) 1.42 405
Jet energy scale 1.23 E
b-jet energy scale 1.16 20
Total 2.50

Result:

Markus Seidel (UHH)

mz

= 174.4£0.9 (stat) + 2.5 (syst) GeV
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CMS Lepton+Jets: Event Selection & Reconstruction

m Exactly 1 isolated muon/electron with pr > 30 GeV, |n| < 2.1
m > 4 jets with pr > 30 GeV, |n| < 2.4, > 2 with b-tag
m Assign b-tagged jets — b-quarks, untagged jets — light quarks

Kinematic fit & final selection before kinematic fit: 13% of tf correct
L , WS, fe=TTeV. bfets
m Use 4 leading jets, constraints: E 000 L e | ek E
— — _ r [ tt wron I Z+jets
my = 80.4 GeV, my = m; o 3500F gt [ single top 1
H . ~ [ At uncertain e Data (5.0 fb ") b
m Weight each permutation by @ 3000] 2 funcerany praa®d 4
2\ __ _l 2 5 F il
'Dgof (x?) = exp (=3x°), = 2500¢ E
2 . = F i
Paof (x?) > 0.2 required 2 20000
o i
o 1500F
1000]
500F

o ]
100 200 300 400
mee [GeV]
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CMS Lepton+Jets: Event Selection & Reconstruction

m Exactly 1 isolated muon/electron with pr > 30 GeV, |n| < 2.1
m > 4 jets with pr > 30 GeV, |n| < 2.4, > 2 with b-tag
m Assign b-tagged jets — b-quarks, untagged jets — light quarks

Kinematic fit & final selection after kinematic fit: 44% of tt correct
CMS, Vs =7 TeV, (+jets
TS, 15 = 7 Te, fufets

£ T T
[ tf unmatched [ W+jets
1200 [ [ tt wrong I Z+jets

m Use 4 leading jets, constraints:
my = 80.4 GeV, m; = ms

t I i correct [ single top
[ A ttuncertainty e Data(5.0fb")

m Weight each permutation by

; e 1000 .
Paof (x?) = exp (=3x%), : ’ ’

Paof (x?) > 0.2 required 800;
600 .

m Selected sample contains 5194 i
events in 5 fb~! data 400:7 E
200 8

m Estimated purity: 96% tt events

300 400
mit [GeV]
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CMS Lepton+Jets: 2D ldeogram Method

m Likelihood for event with n permutations,
j representing correct, wrong and unmatched permutation case

L (event|my, JES)

fit
P (mt,H

g m, JES)

n
3" Peor (1) P (mfﬁ, m’.,,efﬁ|mt,JES) ,
i=0

Zf (mt,|mt,JES)  (mws
J

|'77L»7 JES)

MS VS = 7 TeV, p+jets s 18 =7 TeV, p+jets 1S = 7 TeV, p+jets
BT RG] 3 [ e ags ] 0sE T e g T
Oo.25F ——m,,=1725GeV] O [ —e— JES =1.00 Og 46 —e— JES =1.00 E
5025F 9 1 S0.250 1 Qotef
ot e My, =178.5 Gev ] 100-29F —+ JES=1.04 R —+— JES=1.04
8 o2F ; JES=1.00 18,0 [ Migen = 1725 GeV | 450'14? M gon = 172.5 GeV |
E T 15 0 Eo0.12F E
& I 16 f & f
6015; E 50.15F i 0-1? b
5. N oo ]
S 0 1% 01fF 4 Bo.068 E
& T 18 ¢ g0-08¢
[ L 1L I Lt004; ]

0.05p 4 oosf 3
F 1 r 0.02F v E
L TIRRA Y J t % : e E | ; I
00”2640 160 180 200 220 P40 00756140 160 180 200 220 240 8™ 70 80 90

i, [GeV]

100 1
mit [GeV] Miycp [(GeV]

m Most likely m; and JES given data sample (Maximum Likelihood)

L (me, JES|sample)
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CMS Lepton+Jets: Uncertainties & Result

m Calibration with pseudo-experiments, small corrections for m; and JES

Systematic uncertainty

CMS, 5.0 fb™, (s = 7 TeV, (+jets

Calibration

b-JES

p7- and n-dependent JES
Lepton energy scale
Missing transverse energy
Jet energy resolution
b-tagging

Pile-up

Non-tt background

PDF

MRy UF

ME-PS matching threshold
Underlying event

Color reconnections

Amtop [GeV] wn
0.06 %
0.61 1.005
0.28
0.02
0.06
0.23
0.12 0.995
0.07
0.13 0.99
0.07
0.24
0.18

0.15
0.54 0.98

Total

Result: m; =

Markus Seidel (UHH)

174 - 175
m, [GeV]

172 173

0.98

173.49 + 0.43 (stat+JES) £ 0.98 (syst) GeV
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CMS Lepton+Jets: Top Mass Difference

m Check of CPT invariance

m Split data in 2 samples by lepton
charge: = thad, £~ — thad

m Measure m; in each sample with
Ideogram method

B Amy = M¢pad —

26000

CMS, 4.96 f”
T T T

0]
55000
o™

.._,.-........,.#' b

. HHH

Mg had

100 ZDEI 300 400 500 GDU 700 800 900 1000
Fitted top quark mass (GeV)

e N

Source Estimated effect (GeV)
Jet energy scale 0.04 + 0.08
Jet energy resolution 0.04 + 0.06
b vs. b jet response 0.10 £0.10
Signal fraction 0.02£0.01
Difference in W /W~ production 0.014 + 0.002
Background composition 0.09 4 0.07
Pileup 0.10 £0.05
b-tagging efficiency 0.03 +0.02
b vs. b tagging efficiency 0.08 0.03
Method calibration 0.11+0.14
Parton distribution functions 0.088
Total 0.27
Result: Am; =

Markus Seidel (UHH)
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. |
0 |GD 200 3I]O 4DD 500 600 ?ﬂ[) 800 900 1DI]O

Fitted top quark mass (GeV)

—0.44 £+ 0.46 (stat) + 0.27 (syst) GeV
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Dilepton

m Low branching ratio

m Low background

m Underconstrained kinematics

ATLAS

B NEW M2

4.7 fb~!, ATLAS-CONF-2012-082

Markus Seidel (UHH)

CMS

% \

e,

Vv

m uveo+r AMWT

5.0 fb~1, CMS-TOP-11-016,

submitted to EPJC

m new+ Endpoint
5.0 fb~!, CMS-PAS-TOP-11-027
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ATLAS Dilepton: Event Selection & Reconstruction

T T

ATLAS Preliminary -#-Data —

v Oftim=1725Gev ]
Ldt=47®"  Eisingle top

Dibosons b

0 Z+jets ]

[l Fake leptons

m Exactly 1 isolated muon and 1 isolated
electron with opposite charge and
pt > 20/25 GeV, |n| < 2.5

n
o
T

®
=]
R

Events / 10 GeV
=)
7

7 EZNorm. uncert.

m > 2 b-tagged jets with 60 ]
pr > 25 GeV, |n| < 2.5 ol ]

m £ > 20 GeV, Hr > 130 GeV o ]
u A¢(b'jet17 b'jetZ) > 2.2 % 50 100 15 550
ET** [GeV]

m m7 represents lower bound of parent particle mass

mr2 (Minvis) = A'fiﬂz) {max [mr (minvi57 ﬁ(Tl)) ,mr (minvis, 5(7?))] } )
Py Py
mrt (minvis, 5(71')) = \/m\zlis + miznvis + 2 (E"l{is E'iI'HViS - ﬁ}/'is : 5(71'))

m Require my, < 220 GeV, take permutation with smallest m1»
—s 731 selected events in 4.7 fb~! data, 95% tf
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ATLAS Dilepton: my, as Mass Estimator

m m7> depends on simulated input mass
m Mean value M1, serves as estimator for top mass measurement

m Calibration cross-checked using simulated ee and up events

T e B B ,‘m_As‘p/“
C | [o) b imif ]
G o188 ATLAS Preliminary E RO RESI ) reliminary 3
=) E Simulation —160 GeV E o £ Simulation ]
Z 016 -175Gev |  FE140¢ det i E
7] E 3 E =4. ]
8 0-14p ~190 GeV 1350 E
£ 0120 E : ]
S o1 E 1301 E
So08- E 1250 E
] E E F inear it parameters ]
E 0.06E E 1200 ;Io:z L eoaoo0s E
o 0.04; E E Offset = 19.8+ 0.9 GeV E
0.02 E 15p E
E AR R R B B Bl a1 3

00 50 100 150 200 250 150 160 170 180 190 200

my, [GeV]

Mygp [GeV]
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ATLAS Dilepton: Uncertainties & Result

Systematic uncertainty

Amyop [GeV Lo s e e S S B S S
tT generator model f_3[ ] E F ATI.AS ﬁ’reliminary Elgata_17256 VE
Parton shower 0.9 ,‘2140; J-'-d’=4'7ﬂ’4 -SinméTelo;; ° .
Colour reconnection 1.2 B120 -?f;’fs"”s 1
|SR/FSR 0.5 QE, E [l Fake leptons E
PDF 0.1 Lﬁ 100 ZZ Norm. uncert.
Fakes norm. and shape 0.3 80i E
Calibration 0.3 L ]
Underlying event 0.2 60/~ -
Jet Energy Scale -1.4/4+1.6 40i E
b-jet energy scale -1.2/415 r ]
Jet energy resolution 0.5 20F -
Leptons -0.1/40.2 Cora . P
Emissand jets 0.1 0560 80 700 120 140 160 180 200 220
b-tagging -0.4/+0.3 my, [GeV]
Total -2.8/+3.1

m Systematic uncertainty dominated by MC modeling and JES

Result:

Markus Seidel (UHH)
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175.2 + 1.6 (stat) "33 (syst) GeV
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CMS Dilepton: Event Selection

Selection

m 2 isolated, oppositely charged leptons (e,i), pr > 20 GeV, |n| < 2.4
m > 2 jets with p7 > 30 GeV, || < 2.4, > 1 jet with b-tag

m my > 20 GeV as quarkonia veto

m eeup: XSS > 40 GeV, my < 76 GeV & myy > 106 GeV

Selected sample

m 11627 events in 5 fb~! data
m Estimated purity: 89% tt signal events

ee [events|] ep [events] pupu [events]
1 b-tag 817 2788 1032
> 2 b-tags 1151 4365 1474
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CMS Dilepton: Analytical Matrix Weighting Technique

m Analytical reconstruction of neutrino momenta

m Scan top mass hypotheses in range 100 — 300 GeV
m Up to 2 x 4 solutions per event and top mass hypothesis

m For each solution, assign a weight based on the LO matrix element
wo= {2 0a)f ()} p (B Imios) p(E" [miop),
summing over possible LO initial state partons, with the PDFs f (x) and

* 2 2 *
4mmpEZi (mtop — my — 2mt0pEZi)

(M2, — m2)* + M3, (m2,, — m2) — 2Mj,

p (Egx[miop)

m Repeat 1000 times with jets smeared within detector resolutions
® Myop hypothesis with highest averaged weight — maywr

m Compute likelihood of manwr distribution for values of
161.5 < myop < 184.5 GeV

Markus Seidel (UHH) Top-Quark Mass Results at the LHC September 18, 2012
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CMS Dilepton: Uncertainties & Result

Systematic uncertainty

Amtop [GeV]

Jet energy scale -0.97/40.90
b-jet energy scale -0.66/+0.76
Jet energy resolution 0.14
Lepton energy scale 0.14
Unclustered Elrniss 0.12
b-tagging efficiency 0.05
Mistag rate 0.08
Fit calibration 0.40
Background normalization 0.05
Matching scale 0.19
MR and MF 0.55
Pileup 0.11
PDFs 0.09
Underlying event 0.05
Colour reconnection 0.13
Monte Carlo generator 0.04
Total 1.46

Result: m;

Markus Seidel (UHH)

Events / 10 GeV

m Calibration with pseudo-
experiments, small corrections

CMS 2011, 5.0 fb* at /s = 7 TeV.

1600
1400
1200
1000
800
600
400
200

82

0

_F400F 4

160168 70175180 188
Top quark mass [GeV]
4 Data

1t signal

tf background

Single top

Drell-Yan

Diboson

200 250 300 350 400

Reconstructed mass [GeV]

= 1725+ 0.4 (stat) = 1.5 (syst) GeV
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CMS Dilepton: Endpoint Method

L,=4.98 fb V5=7 TeV
400F T T

CMS Preliminary L, =4.98 fb! V5=7 TeV CMS Preliminary
T L | T T

221
MT2
350
ISR 7 /*' 5 300F
[
P t W v O 250
%200*
5 T W™ v & 150F
b 0~ 100|
Upstream Visible Child %
o)
m m%-zzlL lower bound of m;
for known my,
max __
m Also use mp™* =
2 2 2 2
\/(mt = miy) (my — m3)/mw

m Fit both endpoints

m Require 2 b-tagged jets
— 8678 events in 5 fb~!

Result:

Markus Seidel (UHH)

mg

1400

160180286 525540

# ;
! L éiﬂi M
A N S B

150 200 0 50 100 150

M, (GeV)

200 250

50 0
Nﬁﬁfﬂn (Gev)

Systematic uncertainty Amiop [GeV]

Jet energy scale -1.4/40.5
Fit range 0.6
Jet energy resolution 0.5
Background modeling 0.5
Color reconnection 0.6
Total -1.8/+1.2

m Alternative method — different systematics

173.94 0.9 (stat)"13

Top-Quark Mass Results at the LHC

(syst) GeV
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All-Hadronic

jet jet
m High branching ratio

m High background b%’

m Constrained kinematics

b-jet

e jet
ATLAS CMS
m new Template B newr ldeogram
2.0 fb~*, ATLAS-CONF-2012-030 3.5 fb~1, CMS-PAS-TOP-11-017
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ATLAS All-Hadronic: Event Selection & Reconstruction

Selection 3 rasmam L e e o
m > 5 jets with pr > 55 GeV, ~ B ILdt=2,04 fo! E‘E‘sa";tglz:j Gev ]
> 6 jets with pr > 30 GeV g = E
(motivated by trigger setup) EERENS .
m 2 jets with b-tag, pr > 55 GeV, 100F ]
In| < 2.5, ARpp > 1.2 sl d

. B/ <3 ;

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

m Choose permutation that minimizes (20 < mw < 420,100 < m, < 800 GeV)

2 (Myja = mw)® | (Miyabr — m)* | (Miia — mw)® | (Mjsary — me)®
X = 2 + 2 + 2 + 2
JW O't UW Gt

m Select events with 50 < mj; < 110 GeV, x> < 8
m Light jet energies rescaled with Mw/m;, My, = 80.4 GeV
m 2 values for mjj, distribution as mass estimator from each event
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ATLAS All-Hadronic: Template Method

Background modeling
m Event mixing technique (5+1)

m Use events with exactly 5 jets
m Add jet from > 6-jet events

m Validate with 541 without b-tags —
and 441 with b-tags

Mass extraction

m Create mjj, signal templates
depending on input top mass

m Fit signal+background templates to
data (my, g free parameters)

Arbitrary units / 7.5 GeV

Ratio

Arbitrary units / 7.5 GeV

T T T T T T T T
ATLAS Preliminary 6-jet events (0 btag)

J'Ld( —204f" ® \s=7TeV2011 Data
- Background

135 E
i STV :
odE AR Rare
085455 740 160 180 200 220 240 260 280_ 300
m; [GeV]
e L A RS RARRRERE]
X TLAS Simulation = :::i: :gg 23 é
0.1 Prefminary .l
014 — P E
012 E
01- E
0.085 E
0.06F- E
0.04 E
0.02 E
O:

120 140 160 180 200 220 240 260 280 3
my, [GeV]

S

0
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ATLAS All-Hadronic: Uncertainties & Result

Systematic uncertainty

Method

Template statistics

MC generator

ISR/FSR

PDF

Background modeling

Jet energy scale

b-jet energy scale

b-tag efficiency scale factors
Jet energy resolution

Jet reconstruction efficiency

I R
ATLAS Preliminary

_[Ldt =2041b"

— Fit for Data
— P,

sig

+ —— Prackgrouna

* \s=7TeV 2011 Data

Total

Ameop [GeV] 3 0
0.4 S aF
> 2501~
0.9 E F
0.5 £ 200
1.7 i F
0.6 150
19
1.4 500
0.3 E
0.3 0
0.2
3.8

m Total uncertainty dominated by
statistics, background modeling, ISR/FSR and JES

Result: m;

Markus Seidel (UHH)

e S S B Y o W e
120 140 160 180 200 220 240 260 280 300

= 174.9 £ 2.1 (stat) & 3.8 (syst) GeV
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CMS All-Hadronic: Event Selection & Reconstruction

Preselection

m > 4 jets with pr > 60 GeV, |n| < 2.4,
> 5 jets with pr > 50 GeV, > 6 jets with p1 > 40 GeV

(motivated by trigger setup)

m 2 jets with b-tag and p7 > 30 GeV

Kinematic fit & final selection

m my = 80.4 GeV, m; = m;

b-tagged jets — b-quarks,
untagged jets — light quarks

Cut Pgor > 9%, ARpp, > 1.5

2418 events in 3.5 fb™!
51% tt, 49% multijet

Markus Seidel (UHH)
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CMS All-Hadronic: Background Modeling

Construct new events from preselected sample E (17% tt):

m Take each jet from random event e,

m leading jet from e, € E
m next-to-leading jet from e, € E — {e, }
m ... until e, OR requested jet not available in event e,,,i > 6

m Only keep events containing > 2 b-tagged jets

CMS Preliminary, 3.54 fb '1, \s=7 TeV CMS Preliminary, 3.54 fb '1. \s=7 TeV
$ 3s0F e CMSdata % 200F e CMSdata
2 r — — i component o 200 i — — i component
= sl multijet background e e multijet background
& 300 £
g L combined t T and multijet 1801~ combined t T and multijet
> C uncertainty on f C uncertainty on f
G oel o 160 5o
r + 1401~
200 E 120
150E- 100
r 80F
1001 60
L 40
50— E
£ 20 -
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CMS All-Hadronic: Method, Uncertainties & Result

m 28% correct, 23% wrong and 49% unmatched tt permutations
m Create templates for each case and employ ideogram method
m Conduct pseudo-experiments for calibration

Systematic uncertainty Amgop [GeV] CMS Preliminary, 3.54 fb %, {§=7 Tev
Calibration 0.13 Q 1 “““““ ﬁ
b-JES 0.49 £ 1% IE
Jet energy scale 0.97 (.<\1| 16F 5
Jet energy resolution 0.15 ' 14k H HJ ]
b-tagging 0.06 F H e
Trigger 0.24 12; 71 JJ ]
Pileup 0.06 10¢ lL HJ ]
PDF 0.06 8 1
Q2 scale 0.22 6 \q fr 1
ME-PS matching threshold 0.24 \‘ Vyf ]
Underlying event 0.32 4 ‘\\ P’f E
Color reconnections 0.15 2 \jfr ]
Non-tt background 0.20 0 T I S (P T
Total 1.5 172 174 176
m, [GeV]
Result: m; = 173.49+0.69 (stat) £ 1.25 (syst) GeV
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Mass From Cross-Section

m Exact mass definition
m Different systematic uncertainties

m Use all final states as input

eigﬂ ET jet jet
b-jet < _ b-jet
//’ et biet ==
\7

e,u je jet

dileptons lepton + jets all hadronic
ATLAS CMS

m From the tt cross-section m From the tt cross-section
35 pb~*, ATLAS-CONF-2011-054 1.1 fb~*, CMS-PAS-TOP-11-008
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ATLAS Mass From Cross-Section

m Based on tt cross-section

measured in lepton+jets channel

with 35 pb~!

m Parametrize measured and

oJgelleine M Cross-section in
dependency of top mass

m Extract top mass using
joint-likelihood approach

m Uncertainties: Experimental,

PDF, scale variation

Approx. NNLO x MSTWOSNNLO

E 500
— 450
=
400|
350
300
250
20\

o

15

o

AN RAAAN AN RRRRRRRRRNRE AN

100
50

TTL TTTT [ TTTT] TTIF

ATLAS Preliminary,I L=35pb™

== 5(pp — tt+X — l+jets+X)
— Measured dependence of ¢
— NNLO approx. Kidonakis

—— NNLO approx. Langenfeld et al.
NLO+NNLL Ahrens et al.

[
140

60 180 200
Top quark mass [GeV]

pole / GeV

Langenfeld et al.
Kidonakis
Ahrens et al.
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CMS Mass From Cross-Section

- . )
m Based on tt cross-section %_ CMS Preliminary, Vs=7 TeV, L=1.14 fb"
measured in di|epton Channe| e approx. NNLO x MSTWOSNNLO:
Wlth 1 . 1 fb* 1 || Langenfeld et al.

Kidonakis

m Parametrize measured and Ahrens et al

cross-section in —
dependency of top mass

200

m Extract top mass using

jOint—“ke“hOOd approach t [0 Measured cross section Z
@ Cross section corrected for m""Ie (Langenfeld et al )
m Uncertainties: Experimental, | 1 Measured cross section dependence on m'*
. . 0 e b e b e e b
PDF, scale variation, as(My) 140 150 160 170 180 190
mP?" (GeV)

Approx. NNLO x MSTWOSNNLO ~ mP®® / GeV  m)S / GeV

Langenfeld et al. 170.37.3 163.1758
Kidonakis 170.07%6 B
Ahrens et al. 167.61%9 159.8773
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Most Precise Direct Measurements and Combinations

ATLAS 2011 (TJ), l+jets
EurPhys.J. C72 (2012) 2046,1.0 b ™'

ATLAS 2011 (mT2), dilepton
ATLAS-CONF-2012-082, 4.7 fb

ATLAS 2011 ( T), all-hadronic
ATLAS-CONF-2012-030, 2.0 fb !

LHC combination
ATLAS-CONF-2012-095

Tevatron combination
arXiv:1207.1069

——————

— e ——

1745+ 0.6+ 2.3 GeV
(value  stat + syst)

CMS 2011 (1), l+jets
arXiv:1209.2319, 5.0 fb"

CMS 2011 (AMWT ), dilepton
175.2+£ 1.6 + 3.1 GeV arXiv:1209.2393, 5.0 fb™"

(value + stat + syst)

CMS 2011 (1), all-hadronic
CMS PAS-TOP-11-017,3.51b
174.9+ 2.1+ 3.8 GeV
(value + stat + syst)

CMS combination
CMS PAS-TOP-11-018

1733+ 0.5+ 1.3 GeV
(value  stat + syst)

LHC combination
CMS PAS-TOP-12-001

173.2£ 0.6 + 0.8 GeV
(value * stat + syst) Tevatron combination

arXiv:1207.1069

————

1735+ 0.4+ 1.0 GeV
(value = stat + syst)

1725+ 0.4+ 1.5 GeV
(value + stat £ syst)

1735+ 0.7+ 1.3 GeV
(value + stat + syst)

173.4+ 0.4+ 0.9 GeV
(value + stat + syst)

173.3+ 0.5+ 1.3 GeV
(value + stat + syst)

1732+ 0.6+ 0.8 GeV
(value * stat £ syst)

165 170 175

Methods
T: Template, I: Ideogram, M: Matrix Element, J: with JES

Markus Seidel (UHH)

180 165 170
rnt [Gev] Methods
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T: Template, I: Ideogram, M: Matrix Element, J: with JES
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Outlook

m Better constraints on systematic uncertainties using data

m Radiation uncertainties from tt+jets cross-sections [morning session]
m Improve b-JES uncertainty [Giorgio's talk]
m Constrain color reconnection models

m New ideas requiring high statistics are in reach

m Corners of phase-space with reduced systematics
m Methods with complementary systematics (J/W — pp, b-decay length)

m Differential measurements dm;/dX — wishlist for X welcome!

Contributions to poster session

Measurement of the mass difference between top and antitop quarks at CMS
Measuring the Top Quark Mass with MT2 at CMS

Measurement of the top quark mass using 7 TeV pp collisions (ATLAS)
Measurement of the top-quark mass in the lepton+jets final states at CMS

Measurement of the top quark mass in the all-jets channel at CMS

A new observable to measure the top-quark mass at hadron colliders (ATLAS)
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