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Top quark overview

LHC is a top quark factory, with a large pair & oo ésmelwmemoanans
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Top quark pair decay signatures

Top quark decays almost exclusively to Wb, tt pair decay signatures categorized from W decays

Dilepton (e or u) 6%

Lepton (e or u) +jets 34%

All hadronic 46%

low rate, low background
(mainly Drell-Yan)

High purity

2 high-p_ leptons + E_ ™

higher rate, manageable
background (mainly W+jets)
Golden Channel

1 high-p_ lepton + E™ + jets

large rate, large background
(mainly QCD)

Lowest purity

6 Jets + b-tagging

(other signatures involve at least one explicitely detected r)

ATLAS has performed measurements of Mo in all 3 channels
top quark mass in ATLAS - EPS HEP 18-24 July 2013



Measurement of m__in the lepton+jets channel

;' 200 - [ [ | [ B
C 8 195 - —e— ATLAS l+jets —e— CMS l+jets ]
S S T — g - —&— ATLAS di-lepton —=— CMS di-lepton .
£ 190 ATLAS all-jets CMS all-jets —
185 Z_ —eo— LHC comb, June 2012 |:] LHC comb. uncert. band _Z
= T ATLAS paper =
ok ] " :
1705 I p —
EPJC (2012) 72:2046 165 ;_ CMS TOP2012 _;
- | | | | L
160152010 07/2011 01/2012 07/2012 12/2012 07/2013

Measurement date

2012 lepton+jets ATLAS paper using 1fb
of data, based on the template method:

. fit m__estimator in data to the sum of Dominant uncertainties:
signal and background PDFs derived | ISR/IFSR (86% of total syst)
from simulation I  bJES/JES

» calibrate JES in-situ using m,,
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Measurement of m__in the lepton+jets channel

;' 200: [ [ | [ B
8 195 - —o— ATLAS l+jets —e— CMS l+jets B
g - _=— ATLAS di-lepton —=— CMS di-lepton =
£ 190K ATLAS all-jets CMS all-jets —
185 -~ —*— LHC comb, June 2012 |:] LHC comb. uncert. band ]
- T ATLAS paper new ATLAS ]
180 T i‘ result ; —
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What have we improved - .
I ? — I I | | |
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Measurement date

ISR/FSR: Reduced the parameter range used for estimating ISR/FSR systematics,
improvement based on jet-veto analysis Eur.Phys.J. C72 (2012) 2043

JES: improved baseline uncertainty ATLAS-CONF-2013-004
bJES: 40% reduction of the MC based bJES uncertainty ATLAS-CONF-2013-002

MC Generators: moved to Powheg+Pythia P2011C for default top quark MC, extensive study
of generators and their tunes for top quark physics ATL-PHYS-PUB-2013-005
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http://www.springerlink.com/content/p145137051l2w16j/
http://cds.cern.ch/record/1509552
https://cds.cern.ch/record/1504739
http://cds.cern.ch/record/1532067

lepton+jets top pair reconstruction

Lepton+jets events are reconstructed using a Kinematical Likelihood Fitter (KLFitter):
» Choose the object topology that best fits the top quark pair decay hypothesis

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

i» Reconstructed objects are mapped to the response of partons from the hard scattering via LO
. transfer functions ( T) :

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Apply Breit Wigner ( B ) constraints ( [ @Nd r, ) for m,,,°* and m,, e (for both had/lep sides),
. constraining m,*to m, P°° f

; [ Uncertainty 4 4
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reco T . i e
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Large dependence on the b-jet
energy scale — large systematics!

Large dependence on the jet
energy scale — large systematics!

Good sensitivity to the
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A > u o ]
3d template method (3d analysis) 3 o s e (o s
B
. - % 0.02] T .
. E>.<tend t?e.Zd an.aIyS|s nggo(mtop, JSF,bJSF) L E
with a 3 dimensionto P (JSF) 5 e :
reduce the bJES W % E
uncertainty using data ~ Pgreco(myop, bJSF) 0.005¢ -
0140 160 180 200 220
mise [GeV]
* The 3" variable is defined § O Qurow  ATLAS Prominay -
- = 04 imulation, ys= 7 TeV
to be sensitive to the £ ooms Smultion, 18- T TeV 5
relative b-to-light jets 8 oodf
energy scale (bJSF): E 0.025¢
£ 0.02F
b—tag,1 b—tag,2 = 0015
pT _I_ p 0.01F :
2 b-tag events: {750 = P
9 Ry light,1 . light,2 0.005% ;
pT T p 0% 70 80 80 100 110
reco [GEV]
b—tag =
Pr S 00 s Py o]
1 b-tag events: Rmm — 5 AmAs ey, [essemass -
pllght 1 —I— pllght 2)/2 § 0.04" bJSF = 1.00 ]
E a [ | bssF=1.05 .
N 0.03F —
light jets = jets assigned to the W boson decay by £ - .
the reconstruction algorithm ~ g 0.02f -
Events with = 1 or = 2 b-tagged jets are treated separately: oo E
different sensitivity / resolution 05l ]
top quark mass in ATLAS - EPS HEP 18-24 July 2013 Rip™




Estimator distributions

Distributions before any fit

> T T T T T T T T T T T T T T T T T T T T T
3 i . (s=7 Tevdata ATfl_AS Prelliminari
<1000~ [t m_ =1725GeV _
> AL L L L B _g :-singletop J.Ldt=47fb-1 8
& - ATLAS Preliminary * {s=7TeVdata ] N _
< 600K 1 [, My,=172.5 GeV_J ® H Z +jets Lt ~
7 N - . i 7 - WW/WZ/ZZ e % 3
E B J. Ldt=4.7 fb - Smg_le top 7 600_— Il QCD multijet, ]
g 500 — B W +ets — i Uncertainty. 15- g
@ B Z +jets _ L _' ]
- WW/WZ/ZZ - 400 & .
400 — i & ]
B B QCD multijet ] i »
. Uncertainty - 2001 B
300 4 ¥ - §
200 E %60 70 80 100 110
- _ : s [GeV]
1 00 N > ™ T - 2200 L L L Y N Y O L O B by
- - 32000:— ATLAS Preliminary ® (s=7TeVdata
- o C [ ]t m,,=172.5 GeV 3
_r—-r--...-.--.____ﬂ____*_.__ﬁ__,____ yoll BB By et e i 1800 I Ldt=4.7 fo”' I single top e
30 140 150 160 170 180 190 200 210 220 Gievo- ' 4%/ - e E
miec° [GeV] 1400 wwwzzz T
. 1200F 47 % BN QCD mulijet
events with 21 b-tags 1000 iy AUnceraity -
800F 2 =
The shape differences between data and 600L : E
predictions are what we use to measure ;gg_ E
m,, with an unbinned likelihood fit, using o g
3

the template parameterizations as PDFs
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Results on 2011 Vs=7 TeV ATLAS data

Best fit to data > L e B B A
& 12001~ ATLAS Preliminary +  {5=7 TeV data -
> 600—'—I|||IIII|IIII|IIII|IIII|IIII|IIII|IIII|III—'— E _ILdt=47fb-1 --------- BeStFltbaCkground_
3 ATLAS Preliminary *  s=7TeV data g 1000 ' Best Fit
>~ oo . 4 ' L = 172312 0.75 __, jorsossr GV
-g 500— ILdt=4.7 fo! + Best Fit background — 800_E|g=1.014i0.00355m e ' n
3 Best Fit - bJSF = 1.006+ 0.008 _,,,
w400~ My, = 172312 0.75 (i, ssrobusr GeV
JSF =1.014+0.003 400
300 bJSF = 1.006 + 0.008 _,_,
200
200 e
Or---r"')"“Tl|1|||||||||||||||||||
60 70 80 90 100 110
100 My [GeV]
........................... ® L T
e e | |-;--l---l“|“;--|--;-.|--|---|--;“|"|---|--|---|--|---|-T-T-T'|"T'r"|"|"T"|"|"'|"|"T"|" g ATLAS Pre”minary * /s=7 TeV data
P30 140 150 160 170 180 190 200 210 22 < 600 jL geart Best Fit background
Mige. [GeV] g 500 I } — BestFit ]
Lu rntop = 1?231 t 0?5 stat+JSF+bJSF Gev
i 400— JSF =1.014£0.003 —
events with 21 b-tags bJSF = 1.006 + 0.008 _,,,
300
mtop = 172.31 £+ 0'75(statEBJSFEBbJSF) GeV 00
JSF — ].0].4 :l: 0-003(51:8.1:)
100
bJSF = 1.006 = 0.008 gtat)
---I----l I R I NI I|IIII|II1'||-}-|-|-
— — 0 0.5 1 1.5 2 2.5 3
(statistical uncertainties only) R
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Systematic uncertainties

2d-analysis 3d-analysis

Myop [GeV] JSF || mygp, [GeV] JSF | bJSF
Measured value 172.80 | 1.014 172.31 | 1.014 | 1.006 ]
Data statistics 0.23 | 0.003 0.23 | 0.003 | 0.008 ]
Jet energy scale factor (stat. comp.) 0.27 n/a 0.27 n/a n/a ..
blet energy scale factor (stat. comp.) n/a n/a 0.67 n/a n/a The same anaIySIS 1S
Method calibration 0.13 | 0.002 0.13 | 0.002 | 0.003 performed also by
Signal MC generator 0.36 | 0.005 0.19 | 0.005 | 0.002 Switching off the 3rd
Hadronisation 1.30 | 0.008 0.27 | 0.008 | 0.013 dimension of the fit
Underlying event 0.02 | 0.001 0.12 | 0.001 | 0.002 - .
Colour reconnection 0.03 | 0.001 0.32 | 0.001 | 0.004 (bJSF fixed to unity),
ISR and FSR (signal only) 0.96 | 0.017 0.45 | 0.017 | 0.006 to highlight the
Proton PDF 0.09 | 0.000 0.17 | 0.000 | 0.001 Improvements w.r.t.
single top normalisation 0.00 | 0.000 0.00 | 0.000 | 0.000 the 2d analysis
W+jets background 0.02 | 0.000 0.03 | 0.000 | 0.000
QCD multijet background 0.04 | 0.000 0.10 | 0.000 | 0.001
Jet energy scale 0.60 | 0.005 0.79 | 0.004 | 0.007
b-jet energy scale 0.92 | 0.000 0.08 | 0.000 | 0.002
Jet energy resolution 0.22 | 0.006 0.22 | 0.006 | 0.000
Jet reconstruction efficiency 0.03 | 0.000 0.05 | 0.000 | 0.000
b-tagging efficiency and mistag rate 0.17 | 0.001 0.81 | 0.001 | 0.011
Lepton energy scale 0.03 | 0.000 0.04 | 0.000 | 0.000
Missing transverse momentum 0.01 | 0.000 0.03 | 0.000 | 0.000
Pile-up 0.03 | 0.000 0.03 | 0.000 | 0.001
Total systematic uncertainty 2.02 | 0.021 1.35 | 0.021 | 0.020
Total uncertainty 2.05 | 0.021 1.55 | 0.021 | 0.022

top quark mass in ATLAS - EPS HEP 18-24 July 2013




Systematic uncertainties

Statistical components:

2d-analysis 3d-analysis

Myop [GeV] | ISF || myy, [GeV] | JSF | bISF the extra statistical uncertainties
Measured value 172.80 | 1.014 172.31 | 1.014 | 1.006 ] onm, introduced by the
Data statistics 0.23 | 0.003 0.23 | 0.003 | 0.008 l SimUIt;neous JSF (bJSF) f|tS
Jet energy scale factor (stat. comp.) 0.27 n/a 0.27 n/a n/a
blet energy scale factor (stat. comp.) n/a n/a 0.67 n/a n/a _, the 3d analysis has a larger
Method calibration 0.13 | 0.002 0.13 | 0.002 | 0.003 statistical component due to the
;ifrl MC generator ?gg g%g g'g g'ggg g'ggg increased dimensionality of the

onisation . : . . . :

Underlying event 0.02 | 0.001 0.12 | 0.001 | 0.002 fit (extra 0.67 GeV)
Colour reconnection 0.03 | 0.001 0.32 | 0.001 | 0.004
ISR and FSR (signal only) 0.96 | 0.017 0.45 | 0.017 | 0.006
Proton PDF 0.09 | 0.000 0.17 | 0.000 | 0.001
single top normalisation 0.00 | 0.000 0.00 | 0.000 | 0.000
W+jets background 0.02 | 0.000 0.03 | 0.000 | 0.000
QCD multijet background 0.04 | 0.000 0.10 | 0.000 | 0.001
Jet energy scale 0.60 | 0.005 0.79 | 0.004 | 0.007
b-jet energy scale 0.92 | 0.000 0.08 | 0.000 | 0.002
Jet energy resolution 0.22 | 0.006 0.22 | 0.006 | 0.000 \
Jet reconstruction efficiency 0.03 | 0.000 0.05 | 0.000 | 0.000 ..more than compensated by
b-tagging efficiency and mistag rate 0.17 | 0.001 0.81 | 0.001 | 0.011 :
Lepton energy scale 0.03 | 0.000 0.04 | 0.000 | 0.000 ;?hea:]ekdsué eﬁ]g‘]sisd il#:ecr?;gr)ty
Missing transverse momentum 0.01 | 0.000 0.03 | 0.000 | 0.000
Pile-up 0.03 | 0.000 0.03 | 0.000 | 0.001
Total systematic uncertainty 2.02 | 0.021 1.35 | 0.021 | 0.020
Total uncertainty 2.05 | 0.021 1.55 | 0.021 | 0.022
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Systematic uncertainties

2d-analysis 3d-analysis

Myop [GeV] JSF || mygp, [GeV] JSF | bISF
Measured value 172.80 | 1.014 172.31 | 1.014 | 1.006 ]
Data statistics 0.23 | 0.003 0.23 | 0.003 | 0.008 ] MC modelling:
Jet energy scale factor (stat. comp.) 0.27 n/a 0.27 n/a n/a dominant uncertainties
blet energy scale factor (stat. comp.) n/a n/a 0.67 n/a n/a are reduced due to the
Method calibration 0.13 | 0.002 0.13 | 0.002 | 0.003 additional fit of the bJSF
Signal MC generator 0.36_| 0.005 0.19  0.005 | 0.002 |
Hadronisation 1.30 | 0.008 0.27 _0.008 | 0.013 |
Underlying event 0.02 | 0.001 0.12 | 0.001 | 0.002
Colour reconnection 0.03 | 0.001 0.32 | 0.001 | 0.004
ISR and FSR (signal only) 0.96 | 0.017 0.45 | 0.017 | 0.006 []
Proton PDF 0.09 | 0.000 0.17 | 0.000 | 0.001
single top normalisation 0.00 | 0.000 0.00 | 0.000 | 0.000
W+jets background 0.02 | 0.000 0.03 | 0.000 | 0.000
QCD multijet background 0.04 | 0.000 0.10 | 0.000 | 0.001
Jet energy scale 0.60 | 0.005 0.79 | 0.004 | 0.007
b-jet energy scale 0.92 | 0.000 0.08 | 0.000 | 0.002
Jet energy resolution 0.22 | 0.006 0.22 | 0.006 | 0.000
Jet reconstruction efficiency 0.03 | 0.000 0.05 | 0.000 | 0.000
b-tagging efficiency and mistag rate 0.17 | 0.001 0.81 | 0.001 | 0.011
Lepton energy scale 0.03 | 0.000 0.04 | 0.000 | 0.000
Missing transverse momentum 0.01 | 0.000 0.03 | 0.000 | 0.000
Pile-up 0.03 | 0.000 0.03 | 0.000 | 0.001
Total systematic uncertainty 2.02 | 0.021 1.35 | 0.021 | 0.020
Total uncertainty 2.05 | 0.021 1.55 | 0.021 | 0.022
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Systematic uncertainties

2d-analysis 3d-analysis

Myop [GeV] JSF || mygp, [GeV] JSF | bISF
Measured value 172.80 | 1.014 172.31 | 1.014 | 1.006 ]
Data statistics 0.23 | 0.003 0.23 | 0.003 | 0.008 l Residual JES uncertainty:
Jet energy scale factor (stat. comp.) 0.27 n/a 0.27 n/a n/a . despite the in-situ m,,
blet energy scale factor (stat. comp.) n/a n/a 0.67 n/a n/a calibration
Method calibration 0.13 | 0.002 0.13 | 0.002 | 0.003 . introduced by the p
Signal MC generator 0.36 | 0.005 0.19 | 0.005 | 0.002 T
Hadronisation 130 | 0.008 0.27 | 0.008 | 0.013 dependence of the JES
Underlying event 0.02 | 0.001 0.12 | 0.001 | 0.002 uncertainty, not recoverable
Colour reconnection 0.03 | 0.001 0.32 | 0.001 | 0.004 by a global JSF
ISR and FSR (signal only) 0.96 | 0.017 0.45 | 0.017 | 0.006
Proton PDF 0.09 | 0.000 0.17 | 0.000 | 0.001
single top normalisation 0.00 | 0.000 0.00 | 0.000 | 0.000
W+jets background 0.02 | 0.000 0.03 | 0.000 | 0.000
QCD multijet background 0.04 | 0.000 0.10 | 0.000 | 0.001
Jet energy scale 0.60 | 0.005 0.79 | 0.004 | 0.007 b-tagging uncertainty:
b-jet energy scale 0.92 | 0.000 0.08 | 0.000 | 0.002 e the 3d analysis has a Iarger
Jet energy resolution 0.22 | 0.006 0.22 | 0.006 | 0.000 sensitivity to b-tagging
Jet reconstruction efficiency 0.03 | 0.000 0.05 | 0.000 | 0.000 systematics, related to the
b-tagging efficiency and mistag rate 0.17 | 0.001 0.81 | 0.001 | 0.011 p, dependence of the SF
Lepton energy scale 0.03 | 0.000 0.04 | 0.000 | 0.000 uncertainties, affecting the
Missing transverse momentum 0.01 | 0.000 0.03 | 0.000 | 0.000 roc0
Pile-up 0.03 | 0.000 0.03 | 0.000 | 0.001 shape of R,,
Total systematic uncertainty 2.02 | 0.021 1.35 | 0.021 | 0.020
Total uncertainty 2.05 | 0.021 1.55 | 0.021 | 0.022
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Systematic uncertainties

2d-analysis 3d-analysis

Myop [GeV] JSF || mygp, [GeV] JSF | bJSF
Measured value 172.80 | 1.014 172.31 | 1.014 | 1.006 ]
Data statistics 0.23 | 0.003 0.23 | 0.003 | 0.008 ]
Jet energy scale factor (stat. comp.) 0.27 n/a 0.27 n/a n/a
blet energy scale factor (stat. comp.) n/a n/a 0.67 n/a n/a
Method calibration 0.13 | 0.002 0.13 | 0.002 | 0.003
Signal MC generator 0.36 | 0.005 0.19 | 0.005 | 0.002
Hadronisation 1.30 | 0.008 0.27 | 0.008 | 0.013
Underlying event 0.02 | 0.001 0.12 | 0.001 | 0.002
Colour reconnection 0.03 | 0.001 0.32 | 0.001 | 0.004
ISR and FSR (signal only) 0.96 | 0.017 0.45 | 0.017 | 0.006
Proton PDF 0.09 | 0.000 0.17 | 0.000 | 0.001
single top normalisation 0.00 | 0.000 0.00 | 0.000 | 0.000
W+jets background 0.02 | 0.000 0.03 | 0.000 | 0.000
QCD multijet background 0.04 | 0.000 0.10 | 0.000 | 0.001
Jet energy scale 0.60 | 0.005 0.79 | 0.004 | 0.007
b-jet energy scale 0.92 | 0.000 0.08 | 0.000 | 0.002
Jet energy resolution 0.22 | 0.006 0.22 | 0.006 | 0.000
Jet reconstruction efficiency 0.03 | 0.000 0.05 | 0.000 | 0.000 Summary:
b-tagging efficiency and mistag rate 0.17 | 0.001 0.81 | 0.001 | 0.011 « 3d analysis has a reduced
Lepton energy scale 0.03 | 0.000 0.04 | 0.000 | 0.000 total uncertainty by 0.5 GeV
Missing transverse momentum 0.01 | 0.000 0.03 | 0.000 | 0.000 / * The so far dominating bJES
Pile-up 0.03 | 0.000 0.03 | 0.000 | 0.001 uncertainty has been
Total systematic uncertainty 2.02 | 0.021 1.35 | 0.021 | 0.020 absorbed by the bJSF and
Total uncertainty 2.05 | 0.021 1.55 | 0.021 | 0.022 | its statistical uncertainty, that

will scale with luminosity

top quark mass in ATLAS - EPS HEP 18-24 July 2013



lepton+jets summary

More info: ATLAS-CONF-2013-046

The final measurement is:

mop = 172.31+0.75 (stat + JSF + bJSF) + 1.35 (syst) GeV,
JSF = 1.014 +0.003 (stat) + 0.021 (syst),
bJSF = 1.006 +0.008 (stat) + 0.020 (syst).

ATLAS Preliminary May 2013
-1 I | + + +
Compared to ATLAS 1fb- paper, 1 b I+jets (2d) e 174.53 = 0.61+ 0.43 +2.27
uncertainty has been reduced 1
4.7 b l+jets (3d) prel. =18 —i 172.31+0.23 +0.27 + 0.67 = 1.35
from 2.4 GeV to 1.5 GeV (~40%),

thanks to i_mprovements in bOth_ CMS 5.0 fb™' l+jets —— 173.49 + 0.27 + 0.33 +0.98
the analysis and the MC modelling

DO 3.6 b I+jets b-—e—i— 174.94 = 0.83 = 0.53 £1.12

Total uncertainty dominated by: CDF 8.7 b l+jets it 172.85 = 0.52 = 0.49 +0.85
* residual JES

e b-taqaing svst Tevatron Comb. 2013 FHe-d 173.20 £ 0.51 £ 0.36 +0.61

gg g y stat syst

| | | | |
165 170 175 180 185
my,, [GeV]
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http://cds.cern.ch/record/1547327

New for EPS! Measurement of m__in the dilepton channel

. Select events with exactly 2 charged leptons (e, u), E,;™* and exactly 2 b-tagged jets
« Almost a background free sample! (background < 3%)

Use the template method with the m observable as an estimator for m,_:

e average invariant mass of the charged lepton - b-tagged jet systems
- b-tagged jet to lepton assignment by taking the pairing with minimum average m,_

— correct assignment in ~77% of the cases

m,_ signal PDF from top-antitop MC: m, in 4.7 fo' of 2011 Vs=7 TeV ATLAS data:

> 012 ar1 ac Qirmilation o -1 3 C A1 A Praliminary o Vo7 Tav data
& “ “ ATLAS Simulation Mygp i S 500 ATLAS Preliminary e \|s=7TeVdata ]
10 " Preliminary —1650GeV |  © - (Ldted 7 fo” Ot m,=172.5GeV |
> 0.1~ — 1725 GeV @ -f o background ]
= - —180.0Gev 7 & 400[" — taint E
2 008 - > . 2| uncertainty .
2 - i 3001 7
2 0.06- — ] -
g - ’ N §
5 - : 200~ —
2 0.04— . B i

0.02)- 1 rof -
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New for EPS! Results on 2011 Vs=7 TeV ATLAS data

Best fit to data Systematic uncertainties
> e o rorerenn e e e Description Value[GeV]|
5 * {s=7 TeV data ATLAS Preliminary ] |
o 400 e 3% background Measured value 173.09
P | —— best fit: My, = 173.09 = 0.64 GeV 4 | Statistical uncertainty 0.64
5 B 27 1 || Method calibration 0.07
5 300r | dted 7 1" "o o Signal MC generator 0.20

. f o ' i Hadronisation 0.44
2001— 1, 0e E 4 Underlying event 0.42
. T T Colour reconnection 0.29

5 "1 | ISR/FSR 0.37
1001~ 7] Proton PDF 0.12
B ] Background 0.14
ol . : o Jet energy scale 0.89
40 60 80 100 120 140 160 b-jet energy scale 071

m, [GeV] b-tagging efficiency and mistag rate 0.46

Jet energy resolution 0.21

Missing transverse momentum 0.05

by far largest contributions to the total Pile-up - 0.01
uncertainty on m _from JES and bJES Electron uncertainties 0.11
(80% of the total) Muon uncertal.ntlcs . 0.05
expected since no in-situ calibration of Total systematic uncertainty 1.50
the jet energy scales is used Total uncertainty 1.63

top quark mass in ATLAS - EPS HEP 18-24 July 2013




New for EPS! dilepton summary

More info: ATLAS-CONF-2013-077

The final measurement is:

Miop = 173.09 + 0.64 (stat) + 1.50 (syst) GeV

Uncertainty reduced from 3.5 GeV  { | arias 47 jets @3d) o5
to 1.6 GeV with respect to previous i, mssconezsome

ATLAS result in the ey channel ATLAS 4.7 10" en T, ——

ALLAS-CONF-2012-082

July 2013

ATLAS 4.7 fb™ dilepton m, (S 173.09 = 0.64 = 1.50
ATLAS-CONF-2013-077
Precision better than 1 0/0, CMS 5.0 b dilepton — — 172.50 = 0.43 = 1.48
e . Eur. Phys. J. C72 (2012) 2202
competltlve with mtop from the CDF 5.6 fb” dilepton F——+—e 170.28 + 1.95 + 3.09
ATLAS lepton+jets 3d analysis Phys. Rev. D83 (2011) 111101
DO 5.3 b dilepton H—eo——H 174.00 + 2.36 = 1.44
Phys. Rev. D86 (2012) 051103
Tevatron Combination 2013 FoA 173.20 £ 0.51+ 0.71

arXiv:1305.3929

(stat) (syst)

160 170
Miop [GeV]
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http://cds.cern.ch/record/XX

In the all-hadronic channel

Measurement of m_

Jet to parton assignments using a x? fit

At least 6 jets (p.>55 GeV, 6" jet p,>30 GeV), exactly 2 b-tagged jets
Veto events with prompt leptons, require low E_™s*

— use the template method with m,, as estimator for My,

Data driven QCD multijet background using an event/jet mixing algorithm

More info; ATLAS-CONF-2012-30

Systematic uncertainties dominated
by JES, bJES, ISR/FSR, and
background modelling

This measurement does not yet take
advantage of the latest ATLAS
improvements in MC modelling,

JES and bJES

Entries /7.5 GeV

Result on 2.04 fb' of 2011 Vs=7 TeV ATLAS data

300

250

200

150

100

50

0

IIIlllll[|III]lII[I|IllI|I[II

II[II[III[III[III[III[III[IIIIII

T [ T T
ATLAS Preliminary . s =7 TeV 2011 Data

f Ldt = 2.04 fb" — Fit for Data
- |:,sig
+ Pbackground

L | | | I | 1 "I
120 140 160 180 200 220 240 260 280 300

m; = 174.9 + 2.1 (stat.) + 3.8 (syst.) GeV

my, [GeV]
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Conclusion

ATLAS m, summary - July 2013, L =2.05 fb™ - 4.7 fb™ (*Preliminary)

ATLAS 2011, all jets*

4 ' 1749 = 241 = 3.8
CONF-2012-030, L, =205fb
ATLAS 2011, I+jets*
onmbntpvi it el it 172.31+ 0.23 + 0.27 = 0.67 = 1.35
ATLAS 2011, dilepton, m.* 173.09 = 0.64 150
CONF-2013-077, L =4.7 fo” i t.t * .t
= stat. + syst.

CMS Average September 2012

173.36 + 0.38 0.91 stat. uncertainty
0 E Vst * U Lusrosyst, stat. ® JSF ® bJSF uncertainty

total uncertainty
Tevatron Average May 2013 HOH
173.20 = 0.51,,, = 0.71 JSF@syst. o

ATLAS Preliminary
I I | I I | I | |
155 160 165 170 175 180 185 190 195

m,,, [GeV]

« Individual m measurements at ATLAS have reached a precision better than 1%,

thanks to:
« improvements in the analysis methods
» better understanding of the detector performance and MC simulation

« Expect improved precision in the next LHC combination (competitive with Tevatron)

http://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
top quark mass in ATLAS - EPS HEP 18-24 July 2013
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lepton+tjets m__: ATLAS vs CMS comparison

Uncertainty Categories
T ATLASTENS S table of public 2011 LHC
mm | m
Tevatron ATLAS CMS 2011 2011 u ary table _O public _ top
I+jets | I+jets measurements in the lepton+jets channel,
Measured 71,0, 1721 17349 likely to drive the next LHC combination
Jet Scale Factor | Jet Scale Factor 0.27 0.33
blet Scale Factor 0.67
JES Sum Sum 0.72 0.33 ATLAS Preliminary May 2013
bJES JES p—jes JES p—jer 0.08 0.61
dIES JESEr'ghr—jer JES light—jet 0.79 0.28 1fb? l+jets (2d) 17453 = 0.61+0.43 x2.27
Lepton pr Scale 0.04 0.02
MC MC Generator MC Generator 0.19 471" I+jets (3d) prel. F——ief —i 172.31£0.23 £ 0.27 £+ 0.67 £ 1.35
Hadronisation 0.27
Sum Sum 0.33 CMS 5.0 fo! I+jets —iei— 173.49 + 0.27 =+ 0.33 +0.98
Rad ISR/FSR ISR/FSR 0.45
Q-Scale 0.24 DO 3.6 fo ! I+jets 174.94 + 0.83 + 0.53 +1.12
Jet-Parton Scale 0.18
Sum Sum 0.45 0.30 CDF 8.7 b I+jets 172.85 = 0.52 + 0.49 +0.85
CR Colour Recon. 0.32 0.54
PDF Proton PDF Proton PDF 0.17 0.07 Tevatron Comb. 2013 173.20 = 0.51=0.36 +0.61
Jet Energy Res. | Jet Energy Res. 0.22 0.23 stat syst
Jet Rec. Eff. 0.05
- i - i | | | | |
b-tagging b-tagging || 081 | 0.12 165 170 175 180 185
ET"™ E7™ 0.03 0.06
DetMod Sum Sum || 084 | 027 My, [GeV]
Underlying Event 0.12 0.15
BGMC 0.13
BGData 0.10 Systematics categorized according
MHI Pile-up Pile-up 0.03 0.07 )
Saicics T 023 | 027 CMS measurement from:
Rest | 1.53 1.03 JHEP (2012) 2012:105
Total Uncertainty 1.55 1.07
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http://dx.doi.org/10.1007/JHEP12(2012)105

lepton+tjets m__: ATLAS vs CMS comparison

Uncertainty Categories
ATLAS T CMS Statistical sensitivity
Tevatron ATLAS CMS 2011 2011
I+jets [+jets
Measured m,,, 172.31 | 173.49 .y .y
Jet Scale Factor | Jot Scale Factor I 027 1 033 « extra statistical uncertainties on M.
- blet Scale F-‘?@f s gg — ¥—  introduced by the simultaneous
1 um uIm . . .
bJES JES b_jer JESy i || 0.08 0.61 JSF/ bJS_F fits , _
dJES JES iighs—ier JES tigh_je 0.79 0.28 » Scale with IumanSIty, uncorrelated
Lepton pr Scale 004 | 0.02 between experiments
MC | MC Generator | -~ MC Generator || 0.19  Similar sensitivity to JSF from the in-
Hadronisation 0.27 . .
Sam S 1 0.33 situ m,, fits (0.27 vs 0.33 GeV)
Rad ISR/FSR ISR/FSR || 0.45 » ATLAS has larger JES stat
R o component (iJES) due to the
Sum Sum || 045 | 0230 increased dimensionality of the fit
CR Colour Recon. 0.32 0.54 (extra 0.67 GeV)
PDF Proton PDF Proton PDF 0.17 0.07
Jet Energy Res. | Jet Energy Res. 0.22 0.23
Jet Rec. Eff. 0.05
b-tagging b-tagging 0.81 0.12
E@J"“'S E?i“ 0.03 0.06
DetMod Sum Sum 0.84 0.27
Underlying Event 0.12 0.15
BGMC 0.13
BGData 0.10
Method Method Calib. Method Calib. 0.13 0.06
MHI Pile-up Flewp || 003 | 007 Similar statistical sensitivity to m
Statistics || 023 | 027 ||« _ top
Rest | 153 | 1.03 (corresponds to a 1d fit)
Total Uncertainty 1.55 1.07
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: ATLAS vs CMS comparison

lepton+jets m_

Uncertainty Categories

ATLAS / CMS
Tevatron ATLAS CMS 2011 2011
I+jets [+jets
Measured m,,, 172.31 | 173.49
Jet Scale Factor | Jet Scale Factor 0.27 0.33
blet Scale Factor 0.67
iJES Sum Sum 0.72 033
bJES JES b JES, o || 0.08 | 061
dJES JES tight—je JES tigha_jer || 079 | 0.28
Lepton pr Scale 0.04 0.02
MC MC Generator MC Generator 0.19
Hadronisation 0.27
Sum Sum 0.33
Rad ISR/FSR ISR/FSR 0.45
Q-Scale 0.24
Jet-Parton Scale 0.18
Sum Sum 0.45 0.30
CR Colour Recon. 0.32 0.54
PDF Proton PDF Proton PDF 0.17 0.07
Jet Energy Res. | Jet Energy Res. 0.22 0.23
Jet Rec. Eff. 0.05
b-tagging b-tagging 0.81 0.12
Emiss Eps 0.03 0.06
DetMod Sum Sum 0.84 0.27
Underlying Event 0.12 0.15
BGMC 0.13
BGData 0.10
Method Method Calib. Method Calib. 0.13 0.06
MHI Pile-up Pile-up 0.03 0.07
Statistics 0.23 0.27
Rest 1.53 1.03
Total Uncertainty 1.55 1.07

top quark mass in ATLAS - EPS HEP 18-24 July 2013

Reduced bJES uncertainty
thanks to 3™ dimension in the fit




: ATLAS vs CMS comparison

lepton+jets m_

Uncertainty Categories

ATLAS / CMS
Tevatron ATLAS CMS 2011 2011
I+jets [+jets
Measured m,,, 172.31 | 173.49
Jet Scale Factor | Jet Scale Factor 0.27 0.33
blet Scale Factor 0.67
iJES Sum Sum 0.72 0.33
bJES JES b JESs e |_0.08 | 0.61
dJES JES jighi—jer JES tighi—jer 0.79 0.28
Lepton pr Scale .
MC MC Generator MC Generator 0.19
Hadronisation 0.27
Sum Sum 0.33
Rad ISR/FSR ISR/FSR 0.45
Q-Scale 0.24
Jet-Parton Scale 0.18
Sum Sum 0.45 0.30
CR Colour Recon. 0.32 0.54
PDF Proton PDF Proton PDF 0.17 0.07
Jet Energy Res. | Jet Energy Res. 0.22 0.23
Jet Rec. Eff. 0.05
b-tagging b-tagging 0.81 0.12
Emiss Eps 0.03 0.06
DetMod Sum Sum 0.84 0.27
Underlying Event 0.12 0.15
BGMC 0.13
BGData 0.10
Method Method Calib. Method Calib. 0.13 0.06
MHI Pile-up Pile-up 0.03 0.07
Statistics 0.23 0.27
Rest 1.53 1.03
Total Uncertainty 1.55 1.07

top quark mass in ATLAS - EPS HEP 18-24 July 2013

Different residual JES uncertainties,
despite the in-situ m , calibration

More pronounced p. dependence of

the JES uncertainty for ATLAS,
softer jet p, requirements




: ATLAS vs CMS comparison

lepton+jets m_

Uncertainty Categories

ATLAS / CMS
Tevatron ATLAS CMS 2011 2011
I+jets [+jets
Measured m,,, 172.31 | 173.49
Jet Scale Factor | Jet Scale Factor 0.27 0.33
blet Scale Factor 0.67
iJES Sum Sum 0.72 0.33
bJES JES pjer JES pjer 0.08 0.61
dJES JES jighi—jer JES tighi—jer 0.79 0.28
Lepton pr Scale 0.04 0.02
MC MC Generator MC Generator r 0.19
Hadronisation 0.27
Sum Sum 0.33
Rad ISR/FSR ISR/FSR 0.45
Q-Scale 0.24
Jet-Parton Scale 0.18
Sum Sum 0.45 0.30
CR Colour Recon. 0.32 0.54
PDF Proton PDF Proton PDF 0.17 0.07
Jet Energy Res. | Jet Energy Res. 0.22 0.23
Jet Rec. Eff. 0.05
b-tagging b-tagging 0.81 0.12
Emiss Eps 0.03 0.06
DetMod Sum Sum 0.84 0.27
Underlying Event 0.12 0.15
BGMC 0.13
BGData 0.10
Method Method Calib. Method Calib. 0.13 0.06
MHI Pile-up Pile-up 0.03 0.07
Statistics 0.23 0.27
Rest 1.53 1.03
Total Uncertainty 1.55 1.07

top quark mass in ATLAS - EPS HEP 18-24 July 2013

MC generator and hadronization
(Pythia/Herwig) uncertainties:

Not dominant uncertainties for ATLAS 3d
analysis but could be large depending on
the analysis

Wlthln CMS:
» the MC generator systematics are
found to be small (but are not
documented for all the current public
results)

* Hadronization systematics are meant
to be covered by the JES uncertainty

Harmonized treatment is under
discussion in the TOP-LHC-WG for the
next LHC combination

Need to evaluate possible double
counting effects between the
hadronization and JES systematics




lepton+tjets m__: ATLAS vs CMS comparison

Uncertainty Categories

ATLAS / CMS
Tevatron ATLAS CMS 2011 2011
I+jets [+jets
Measured m,,, 172.31 | 173.49
Jet Scale Factor | Jet Scale Factor 0.27 0.33
blet Scale Factor 0.67
1JES Sum Sum 0.72 0.33
bJES JES pjer JES pjer 0.08 0.61 . i s
ES TES g TES e | 079 | 028 ATLAS 3d analys!s has a larger sensitivity
Lepton pr Scale 004 | 002 to b-tag systematics, mainly due to p,
ME | MC Generator | MC Generator |} 919 dependence of the b-tagging SF
Sum Sum | 033 uncertainties, that affect the shape of R "
Rad ISR/FSR ISR/FSR 0.45
Q-Scale 0.24
Jet-Parton Scale 0.18
Sum Sum 0.45 0.30
CR Colour Recon. 0.32 0.54
PDF Proton PDF Proton PDF 0.17 0.07 5 T T T T T T ]
Jet Energy Res. | Jet Energy Res. 0.22 0.23 E 1'6:_ ATLAS  Preliminary e E;agéyg?}(;yg’ ]
Jet Rec. Eff. 005 e F e wizow 4 e ]
b-tagging b-tagging 0.81 0.12 2 E Vs=7TeV -
Exiss Ems 1770.03 [ 0.06 2] ]
DetMod Sum Sum || 0.84 | 027 £ *h i i # ; E
Underlying Event 0.12 0.15 - % % 1 :
BGMC 0.13 0.8[— " ]
BGData 0.10 osF \ E
Method Method Calib. Method Calib. 0.13 0.06 N S S I
MHI Pile-up Pile-up 0.03 0.07

Jet P, [GeV]

Statistics 0.23 0.27
Rest 1.53 1.03
Total Uncertainty 1.55 1.07
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Correlation of the three observables

Ll_1-025"|'"'|""|""|""|""|""|""|" LL i'l'"'|""|'"'|""|""|""|""|'J_—
2] B 1 cont. 2b-tags | (2 1.03 1o cont. 2b-tags ]|
> B 26 cont. 2b-tags | fe) E 20 cont. 2b-tags
L ‘o cont. 1b-tag  _| - SR . io cont. 1b-tag
1.02 B (ETTTIRIE S 2 cont. 1b-tag | 1.02 N K 2c cont. 1b-tag
- ,;,"f ."n —— 15 cont. comb. fit _| C === 1g cont. comb. fit
1 015__ E. ..‘.. === 20 cont. comb. fit | 101:_ === 2¢ cont. comb.ﬂt_:
SRR . 1 E
101 e E 0990 e E
1. 005 ATLASPreliminary h 0.98~ ATLASPreliminary -
_ - ] - -1 ]
- I dt=4.7 fb” ) 0.971- det=4.7 fb E
_| c v b b b b b by a1 |_ pe v e e b b b b a b s
970 171 472 473 474 475 476 177 70 171 172 173 174 175 176 A77
My [GEV] My, [GeV]
ReSU ItS Of the fits for % 1.06 I‘lﬁlcolnt. I2b—|ta(_|;s e 2IG (éonlt. 2Ib—t|agsI S
=
. a 1o cont. 1b-tag 20 cont. 1b-tag
1 b'tag / / CO m bl n ed 1 04 1o cont. comb. fit =~ =e==s 2a cont. comb. fit

show very good consistency

R e

Contour plots 1

Mtop Vs JSF/bJSF and JSF vs bJSF |+ W el
0.98

-
Y
...I“
|||||||||||||||||

ATLASPreliminary -
JSF and bJSF (almost) uncorrelated (g6 i

f Ldt=4.7 fo" i

| | |
1.005 1.01 1.015 1.02 1.025

_‘II|III|III|III|III|III

(statistical uncertainties only)
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lepton+jets: event selection

Standard top-pair selection for the I+jets channel:

» Exactly one charged lepton, matching trigger and within good detector
acceptance, with E_2 25 (p, 2 20) GeV for electrons (muons)

e 2 4 anti-kt4 EM+JES jets with p.2 25 GeV, |n| < 2.5, |JVF| 20.75
« 21 b-tag jet (MV1 @ 70% efficiency)

* To suppress backgrounds:
. etjets: E™*2 30 GeV, m,' 2 30 GeV

o ptjets: E.m220 GeV, E;™*+ m,' 260 GeV

MC samples are corrected by applying scale factors (SF) to match data.
The b-tagging SF is derived from dijet and dilepton top pair decay events to
have a reduced p, dependence of its uncertainty.

top quark mass in ATLAS - EPS HEP 18-24 July 2013




lepton+jets: event selection

E F | | ‘ | — > L T T T T | T T T T | T T T T ‘ T T T T | T T T ] ‘_7000le TT ‘ TTTT | TTTT | TTITT ‘ TTTT | TTTT | TTITT ‘ TTTT | TTTT | TT IJ:
S 50000/~ ATLAS Preliminary * {5=7 TeV data 8 5| ATLAS Preliminary * (5=7 TeV data o - ® {s=7 TeV data ATLAS Preliminary]
3 - [ m =1725Gev] = 10°¢ [ 1fm =1725GeVy T oo0oF[ ]t m =1725 Gev E
- I Ldt=4.7 fo" I single top 1o F j Ldt=4.7 o' I single top 1 o - I single top J Ldt=4.7 fb”" ]
400001 W W +ets J % W W Hets 1 B EE W sets .
7 Z +jet 12 1ot Z +jets | ®5000E ;s B
% jets O qpi: j g, - j :
WW/WZ/ZZ 1= F WW/WZ/ZZ E C o wwwzizz ]
300001 B QCD muljist | r B QCD multjiet ] 4000 ?_ QCD multijet ., #2e#s®See E
r Uncertainty i 10°E Uncertainty | 3000k Uncertalnty :f ;2 a
- ] E : - > 3
20000~ - F | - Y z ]
- s ] - 2000F =
i i 100 C ¥ ]
10000 . = - -
! ] E 1000 __»* ! ! -]
S— 5 6 >7 0 50 100 150 200 250 25 2 15 -1 05 0 05 1 15 2 25
number of jets W jets p_[GeV] W jets 1)
E F | | B > T T T T ‘ T T T T | T T T T | T T T T | T T T T | T T T T [ | TTTT | TTITT ‘ TTTT | TTTT | TTITT ‘ TTTT | TTTT | TTTT ‘ LI
S 45000~ ATLAS Prehmlnary ® {s=7TeVdata o 8 10° ATLAS Preliminary * fs=TTeVdata — ocgoog— ® Ys=7 TeVdata ATLAS Preliminary]
z g [ m, =1725Gevy = g ) [t m =1725Gev] "1t m, =172.5 Gev 1 ]
40000 J Ldt=4.7 fb” I single top =R - J Ldt=4.7 fb’ I single top 1 2 sooor I single top J Ldt=4.7 fb' B
350002 w J.rjets E @ . ; mw J-rjets ; "uc: - W +jets B
Z +jets ] 2 10 g Z +jets 3 C Z +jets .
30000¢ wwwzzz 5 & - wwwz/zz - 40001 WW!WZ/ZZ B
25000:_ B OCD multijet 3 i Il QCD multijet i C ]
- 2 Uncertainty E 10°E Uncertainty # 3000F -
20000 E c r .
15000 = i 2000~ =
= 10%E . .
. - 1000+""
T C . .
3 4 0 50 100 150 200 250 30 25 -2 15 105 0 05 1 15 2 25
number of b-tags b jets p_[GeV] b jets 1

uncertainty band includes: statistical uncertainty, luminositi, b-tagging uncertainties,
10% uncertainty on top antitop cross section, 30% on W+jets normalization, 50% on QCD normalization
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lepton+jets: likelihood fit

Perform an unbinned likelihood fit using the following function:

-Eshape("ﬁggns mrem’ Rremlmtups JSF, bJSF, nbkg) —

]_[Pmp(nﬁs;ﬂmm,JSF, bISE, npg)i X

Pw(my, °[JSE, npyg)i X
P, (R °|Miop, bISE, npye);

Performance of the fitting procedure has been verified using pseudo-experiments:

 pull (mean, width) = (0,1)

 the residual deviations from this are used to estimate the method calibration
uncertainty

top quark mass in ATLAS - EPS HEP 18-24 July 2013
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dilepton: event selection

Standard top-pair selection in the dileptonic channel:

« Two oppositely charged isolated leptons within good detector acceptance,
with E_2 25 (p, 2 20) GeV for electrons (muons)

> 2 anti-kt4 EM+JES jets with p_.2 25 GeV, |n| < 2.5, [JVF| 20.75
Exactly 2 b-tagged jets (MV1 @ 70% efficiency)

To suppress backgrounds:
e e'e, N'U:
« EmM*260 GeV,
« Z boson mass window exclusion: m_
el
« H 2130 GeV

m, #9110 GeV

+e-? M+

All reco-object scale factors are applied
di-jet based b-tagging scale factors are used

Almost a background free sample. Background < 3%

top quark mass in ATLAS - EPS HEP 18-24 July 2013




