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Why more accurate top-quark
mass measurements?
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Standard Model e el |

. Important for many
radiative corrections
 Now that we know the
Higgs-boson mass, is JZ A L. E
the Standard Model m [GeV
still internally
consistent?

« Vacuum stability?
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Top quarks at the LHC
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topologies used for top-quark
mass measurements:
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Top quarks

at the LHC
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/3 topologies used for top-quark
Mmass measurements:

* Dilepton
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Top quarks

at the LHC

All jets 44%

|\ T+jets 15%
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/3 topologies used for top-quark
mass measurements:
* Dilepton
* Lepton + jets
N All-hadronic

~

(both W decay leptonically)
(1 W decays leptonically)
(both W decay hadronically/
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Datasets

e Most analyses based on 4.7-5.0 fb! data
from 2011 at Vs = 7 TeV
* Plenty of statistics:

- 800k tt events produced per experiment
(2011 data)

 Reducing and controlling systematic
uncertainties is the key

» Getting Improved measurements with
high pile-up 2012 data will take a while
- CMS has an updated Am,_measurement
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Measurements

« ATLAS m, « CM5S m,

- Dilepton - Dilepton
« Template method « Matrix weighting
- Lepton+jets - Lepton+jets
« 3D template method « 2D ideogram method
- All-hadronic - All-hadronic
1D template method * 1D and 2D ideogram
method
« ATLAS Am, « CMS Am,
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CMS dileptons

« 5.0 fb! 7 TeV data « AMWT
e Events - Scan different m,

hypotheses

- 2 charged leptons |
« Solve kinematic

- =2 Jets | equations of tt system
- = 1 b-tagged jet - Repeat with smeared
_ [E_miss jets and assign weight
! _ . e Sum weights for each
 Use analytlcal matrix mass hypothesis
weighting technique - Reconstructed mass
(AMWT) + likelihood from hypothesis with
highest weight
~ EPJC72(2012) 2202
op-Quar ass a e 8 l
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CMS dileptons

CMS 2011,5.0fo " at Vs = 7 TeV

2 1600 Jocks Description Value
S 1400F 5 ggg \ [GeV]
2 1200~ ool Statistics 0.4
3 10005 T Jet energy scale +0.90/-0.97
- Top quark mass [GeV] .
800 : Daa b-jet energy scale  +0.76/-0.66
600_— - tES|gna
2001 _ Lpackground U, and p_scales 0.55
- = Drell-Yan .
200[- = Diboson Underlying event 0.26

o7

250 300 350 400 Total 1.48
Reconstructed mass [GeV]

0 150 200

[ m, = 172.5 £0.4 (stat) =1.5 (syst) GeV. }
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ATLAS dileptons

e 4.7 fb1 7 TeV data
e Events

3 012147 4, ‘imu‘atit‘nn | | Iml .
- 2 charged leptons o feeimnny ™ esocey ]
- L — 172.5 GeV ]
— 2 b_tagged Jets ‘% 0.08f —180.0 GeV -
- E_Mss (ee/up) or H_ (ep) £ oo
cut S 0.04f
. 1D template method
0
- m, as estimator for m,
- Lower m, average
value used
- ATLAS-CONF-2013-077
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ATLAS dileptons

“=eh) ST o

 Almost background L Main uncertainties J
free sample
(< 3% single top)
Description Value
[GeV]
E _ . \-s=';' TeV dallta | ATL:QS PrelliminaryI - Statistics 0.64
w400 === 3% background —
> [ — best fit: m, = 173.09+ 0.64 GeV ] Hadronisation 0.44
% 300( . — Underlying event 0.42
 Juaare ARVAE ISR/FSR 0.37
200~ ;12-6] B Jet energy scale 0.89
Joof E b-jet energy scale 0.71
- ] b-tagging 0.46
0= 80 B0 100 120 140 760 Total 1.50
m,, [GeV]
m, = 173.09 +£0.64 (stat) +1.50 (syst) GeV
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CMS lepton+jets

e 5fb!l7 TeV data

CMS, s =7 TeV, /+jets

4000F T T T TS
([ E Ve n tS % E |:|| ti unmatched | - z"'j‘.“ls E
O 35000 gmuwmt Cmiemees -

- 1 Charged Iepton ~ E 772 11 uncertainty e Data(5.0fb") E

_ o 3000- =

- =4 Jets o : :

_ = 25001 =

- > - + - 7 .

= 2 b-tagged jets > 2000 E

O - .

0. 1500F =

1000 -

500

100 200 300 400
me*° [GeV]
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CMS lepton+jets

e 5 fb!l7 TeV data

F:MIS, 'e'sl= ':' T?V,|€+ietsl. . -
° Events E E %ltfunmatchedl =Z+J"f-'tls
- 1 charged lepton o 12000 Iél";i’,';it B singo top T
- %77 tt uncertainty e Data (5.0fb" ]
- = 4 jets £ 1000} §
- > 2 b-tagged jets g s00- -
* Improve é 600|- .
. . (4y] L
reconstruction purity > 400 E
with kinematic fit g
- Cut on goodness-of-fit & | — |
and use it as a weight 2 100 200 3‘[@ oo
. m" [Ge
- Correct permutation t
fraction went from
13% to 44% JHEP 12 (2012) 105
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CMS Iepton+jets

CMS simulatiol 7T V u | t

- Measure top-quark Sozs Zﬁg
mass and JES H
simultaneously = _

+ ldeogram: |
- Go from :

80 o e

P(event|m, JES) to i, [GeV)

P(m,, JES|sample) ; [T lij:: lgﬁgl..
- Weight with quality of s | ' s e 17250ov ]
) < 02f i
event reconstruction st ;
 Use all allowed 2, *
permutations per " oo ]
eve n t 1000 120 140 160 180 :200 220 240
mit [GeV]
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Description

1.005
Statistics 0.43
1 Jet energy scale 0.28
b-JES 0.61
0.985 Jet energy resolution 0.23
099 U, and y_ scales 0.24
Colour reconnection 0.54
0.985 ME-PS matching 0.18
Total systematic 0.98

172 173 174 175

my = 173.49 £ 0.43(stat + JES) = 0.98(syst)GeV

JES = 0.994 + 0.003(stat) % 0.008(syst)
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ATLAS lepton+jets

e 4.7 fb'l! 7 TeV data

 Events EOCATAS Prefminary -
®6000f | =
- 1 charged lepton ;f““=4-7fb :
5000 . \s=7 TeV data ]
- >4 jets C [, mtD:=Y7c;.5GeV
. 4000:— -singlle top ¥ E
- 1 or 2 b-tagged jets 3000] 7 :
« Use a kinematic fitter 2000 EEQCO M E
[ §Z77} Uncertaint L
to reconstruct event ook -
- Correct assignment of ™57 05 60 55 50 45 40 36730
jets to partons > 70% InL
- ATLAS-CONF-2013-046
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ATLAS lepton+jets

> T 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
© 1200~ ATLAS Preliminary e \s=7TeVdata -
> 600—PIIIIIIIIIIII.IIIIIIIIIIII|IIII|IIII|IIII|III‘|— ED._ BtF.tbk d
8 ATLAS Preliminary * \s=7 TeV data £ 1000 J- Ldt=4.7 " T est Fitbackground |
> L 4 == Best Fit back d — g Best Fit
dg 200 J. Ldt=4.7 fb1 + oL T bRcrgrenn Lﬁ My = 172313 0.75 oy, s pusr GBY
o Best Fit 800 ysF - 1.014 + 0.003 ot ]
W 400 ] bJSF = 1.006 + 0.008
Mep = 172315 0.75 o GeV 6500
JSF =1.014 £ 0.003
300 bJSF = 1.006 + 0.008 __, 100
200 200
100 0 PR TE] LUT ke bl v il AR PR I PR Lo
60 70 80 90 100 110
___________________________________________ my>° [GeV]
‘930140150160170180190200210220 L L L L B IR
mtrgso [GeV] 500l ATLAS Preliminary * ys=7TeV data

I T Best Fit background ]

I Ldt=4.7 {b

Events / 0.03

l 500— Best Fit —
 Parametrise shapes as
400— ' JSF =1.014£0.003 —

bJSF = 1.006 £ 0.008 __

a function of m_and

perform unbinned
likelihood fit
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ATLAS lepton+jets

( Main uncertainties W

A~y e o

b-jet energy scale uncertainty
down to 0.08 GeV! Description Value

: C [GeV]

* Modelling uncertainties from ¢ .. . 0.23
hadronlsgtlon and ISR/FSR |SF (stat) 027
substantially decreased bJSF (stat) 0.67
 Jets still largest source of Hadronisation 0.27
uncertainty Colour reconnection 0.32

« Modelling uncertainties are SRR Yan
also significant Jet energy scale 0.79

: b-tagging 0.81

Work ongoing to reduce Total systematic 1.35

b -tagging uncertainty
© my = 172.31 £ 0.75(stat + JSF + bJSF) + 1.35(syst)GeV |

JSF = 1.014 £ 0.003(stat) 4+ 0.021(syst)

~ bJSF = 1.006 £ 0.008(stat) £ 0.020(syst)
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ATLAS all-hadronic

« 2.04 fb! 2011 data
 Events

>300,"|"'I"'I"'I"'"'I"‘I"‘I"'I"L
- >0 jets 3 - ATLAS Preliminary e \s=7TeV 2011 Data
. E 250:_ JLdt =2.04fb" — Fitfor Data B
- 2 b-tagged jets 8 + — -
« x? fit for jet to parton Y sk E
assighment oo + E
» Use event mixing to P
estimate multijet 00136 140" 160 160 200 220 240 260 280 300
background my [GeV]

1D template fit m,,

 m, = 174.9 = 2.1(stat) = 3.8(syst) GeV

- ATLAS-CONF-2012-030
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CMS all-hadronic

e 3.54 fbl! 7 TeV data CMS, L =3.54 1b", /s =7 TeV
9 - * CMSdata
® Eve ntS s 450~ Combined tf and multijet
] > 400:_ — — tf component
— Z 6 Jets LU B ti correct permutations
. 350;— -------- Multijet background
_ 2 2 b_tagged JetS 3002_ Uncertainty on f_,
« Use event mixing to 250F
estimate multijet 200 I
packground 122‘ :
 Improve reconstruction 0l
ourity with kinematic fit o T T e
_ 0 010203 04 05 06 0.7 08 0.9
- Cut on goodness-of-fit Py
and use it as a weight
- Signal fraction 51% N
arXiv:1307.4617
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CMS all-hadronic

CMS, L=3.54b", \s=7TeV ( Main uncertainties (1D)W
= i * CMSdata
8 2501~ Combined tf and multijet Description Value
0 i — — tt component [GeV]
- o e Multijet background . .
_'(J_"J 200__ Uncer‘lainty on fsig StatIStICS 0.69
§ I Jet energy scale 0.97
L 150 b-JES 0.49
i Trigger 0.24
100 U, and p_ scales 0.22
50:_ Colour reconnection 0.15
S ME-PS matching 0.24
o Sl I B B e 555 Underlying event 0.20
00 150 200 250 300 350 =
mit [GeV] Total systematic 1.21
© my = 173.49 £ 0.69(stat) £ 1.21(syst)GeV 1D h

my = 174.28 + 1.00(stat + JES) =+ 1.23(syst)GeV 2D

- JES = 0.991 £ 0.008(stat) £ 0.013(syst) y
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CMS combination

CMS, Vs =7 TeV

I | T I L] L] 1 | I L L] L] T I | L L] L] | | |
. [ + > ' i
CMS 2010, dilepton 175.50+460+ 452 GV
JHEP o7 (2011) 043, L=36 pb™’ [value £ stal + syat)
, ————
CMS 2011, dilepton 17250+ 043 +1.48 GeV
EPJC 72 (2012) 2202, L=5.0 o™’ [value £ stal + syat)
. —r0—
CMS 2011, lepton+jets 17349 £ 027 £1.03 GeV
JHEP 12 {2012) 105, L=5.0 ™ [value + stat + syst)
. = =
CMS 2011 all-jets 173494089 +1.21 GeV
Thiz analysis, L=3.54 fb"' [value + stat + syst)
=l
CMS combination 173.64 +0.33 £0.96 GeV
up 1o L=5.0 fb™ [value + stat + syst)
[ . e o
Tevatron combination 17318+ 056 +£0.75 GeV
Phys. Rev. D 86 (2012) 092003, up to L=5.2 o™’ [value + stat + syst)
1 | [} I i | 1 | I i i [l [ I [} i i | I 1 [} i i | 1 1
165 170 175 180 185
m, [GeV]
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ATLAS summary

ATLAS m,,, summary - July 2013, L_=2.05fb"-4.7 fo' (*Preliminary)
ATLAS 2011, all jets”

} ' o v o ' 1749 + 21 + 3.8
CONF-2012-030, I_"_Il =2.051b
ATLAS 2011, l+jets® - - 17231+ 0.23+0.27 + 0.67 + 1.35
CONF-2012-046, le =471
ATLAS 2011, dilepton, m_*
CONRZHT0T, L =A7 ! ettt 173.09 + 0.64 +1.50
+ stat. + syst.
CMS Average September 2012 farv——
173.36+0.38_, , + 0.91 o, stat. uncertainty
stat Jorosyst stat. ® JSF @ bJSF uncertainty
—— total uncertainty
Tevatron Average May 2013 O
173.20+ 0.5, + 0.71 000, o
| ATLAS Preliminary
| | | | | | | | |
155 160 165 170 175 180 185 190 195
My [GeV]
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Am_from CMS

"+ 5.0fb! 7 TeV data y
18.9 fb* 8 TeV data A Ay
* Events: :
- 1 charged lepton )
- = 4 jets g

* ldeogram method to
measure m_and m;

using £*+jets and e e |
[+jets events B

- Calibrate using oA -
pseudo-experiments et rmeny vrioos

Amy = —0.44 + 0.46(stat) = 0.27(syst)GeV  (2011) [JHEPIOENZ0T2)H09)
Amy = —0.27 £ 0.20(stat) £ 0.12(syst)GeV  (2012) ([CMSPASTOPI2:031)
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Am_from ATLAS

4.7 fb! 7 TeV data « Kinematic x? fitter
Events: used to determine t
and t masses from
leptons, jets and E_ms

D) (ST

- 1 charged lepton

- = 4 jets

- = 2 b-tagged jets - Average m, fixed, Am,

_ ETmiss Can vary

PYTHIA MC samples with ~ * Am™ =g, (m,,, - m, )™

Am, =0 e ¥* < 10 to select good
Checks and pseudo- combinations and
experiments use reduce background
MC@NLO

PYTHIA vs. EVTGEN for b/b | NEW
decay uncertainties [ ATLAS-CONF-2012-006 }
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Am_from ATLAS

~ Templates - Fit to data
S 00 arias preiiminay Y. - sev 3 @ 600 T T T T
& 003 Vs=7Tev /A6 A 5 GeV = g - ATLAS Preliminary | $ = Data ]
pe) — SM 0 GeV ] ~  500—\s=7TeV Signal + Background |
® 0.025 T 5 GeV E -'g - ' Background only .
0.02;— +15 GeV E L%’ 400f_J- Ldt=471fb" _f
0.015F = - ]
001> g 300— -
0.005[- = - ]
E Lo b b by Ly - 200—_ _—
050 100 B0 0 50 100 150 - .
AR [GeV] 100 E
Main uncertainties Y S
-BOO -150 -100 -50 0 50 100 150 200
Description Value At [GeV]
[GeV] b/b decay uncertainties 0.35
Statistics 0.61 Kinb jets 0.08\ PYTHIA vs.
Parton shower 0.08 Residual b/b diffs. 0.08 EVTGEN
MC generator 0.08 Total systematic 0.41
ISR/FSR 0.07
b tagging 008 Am;=+0.67 % 0.61(stat) & 0.41(syst)GeV
17/09/13 Top-Quark Mass at the LHC 27 "
universitatbonn



Conclusions

» Steady progress in precision of m,
measurements at the LHC
 Statistics no longer a problem

* Modelling systematics are hard to
quantify and differ somewhat between
experiments

 Uncertainty now at 1 GeV level
- Improving further is hard work, but ongoing!

« Combinations are subject of next talk
- No difference seen between m, and m;

17/09/13 Top-Quark Mass at the LHC 2_5_3"‘
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Backup
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ATLAS dilepton
ATLAS-CONF-2013-077
http://atlas.web.cern.ch/Atlas/GROUPS/PHYS
ICS/CONFNOTES/ATLAS-CONF-2013-077/
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Event selection

 Electron: « Good primary vertex
- E_. > 25 GeV » 2 OS leptons
- In| < 2.47 - E.ms > 60 GeV (ee, uu)
- Isolation (E; and p.) - H. > 130 GeV (ep)
 Muon - m,, .. > 15 GeV
- p; > 20 GeV - |[m -91] > 10 GeV
- Inl < 2.5 « = 2 jets
- Isolation (E and p.) « 2 b-tagged jets (70%
. Jets tagging eff)
- Anti-k_, R=0.4
- p, > 25 GeV

- In| < 2.5, |JVF| > 0.75

17/09/13 Top-Quark Mass at the LHC 31 "
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17/09/13

Systematics

| Description | Value [GeV] ||
Measured value 173.09
Statistical uncertainty 0.64
Method calibration 0.07
Signal MC generator 0.20
Hadronisation 0.44
Underlying event 0.42
Colour reconnection 0.29
ISR/FSR 0.37
Proton PDF 0.12
Background 0.14
Jet energy scale 0.89
b-jet energy scale 0.71
b-tagging efficiency and mistag rate 0.46
Jet energy resolution 0.21
Missing transverse momentum 0.05
Pile-up 0.01
Electron uncertainties 0.11
Muon uncertainties 0.05
Total systematic uncertainty 1.50
Total uncertainty 1.63

Table 2: The measured value of m,p and the contributions of the various sources detailed in the text to

the total systematic uncertainty.

Top-Quark Mass at the LHC
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CMS dilepton
Eur. Phys. J. C72 (2012) 2202
http://inspirehep.net/record/1185104
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Event selection

e Electron + muon: « Good primary vertex
- p; > 20 GeV » 2 OS leptons
- In| < 2.4 - E.™ss > 40 GeV (ee, yu)
- Isolation (relative p_ of - m,, . > 20 GeV
particles) - |m-91| > 15 GeV
» Jets ¢« = 2 jets
- Anti-k, R=0.5 - > 1 b-tagged jet
- p; > 30 GeV
- Inl < 2.4
17/09/13 Top-Quark Mass at the LHC universi?:tlm'nr]



Systematics

Table 2: List of systematic uncertainties with their contributions to the top-quark mass mea-

surement.

17/09/13

Source Am, (GeV)
Jet energy scale by
b-jet energy scale +o7e
Jet energy resolution +0.14
Lepton energy scale +0.14
Unclustered Eiss +0.12
b-tagging efficiency +0.05
Mistag rate +0.08
Fit calibration +0.40
Background normalization +0.05
Matching scale +0.19
Renormalisation and factorisation scale +0.55
Pileup +0.11
PDFs +0.09
Underlying event +0.26
Colour reconnection +0.13
Monte Carlo generator +0.04
Total +1.48

Top-Quark Mass at the LHC
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KINb method

» See JHEP 1107 (2011) 049,
arXiVv:1105.5661

. p.(jet) > 35 GeV
« E.Mss (eu) > 30 GeV

 m, =171.8 0.6 (stat) £2.2 (syst) GeV

 No improvement by combining AMWT and
KINb methods

17/09/13 Top-Quark Mass at the LHC 3._6"‘
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ATLAS lepton+jets
ATLAS-CONF-2013-046
http://atlas.web.cern.ch/Atlas/GROUPS/PHYS
ICS/CONFNOTES/ATLAS-CONF-2013-046/
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17/09/13

Systematics

2d-analysis 3d-analysis

Miop [GEV] | ISF || miop [GeV] | JSF | BISF
Measured value 172.80 | 1.014 17231 | 1.014 | 1.006
Data statistics 0.23 | 0.003 0.23 | 0.003 | 0.008
Jet energy scale factor (stat. comp.) 0.27 nfa 0.27 nfa n/a
blet energy scale factor (stat. comp.) nfa nfa 0.67 nfa nfa
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 | 0.008 027 | 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 | 0.017 045 | 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

Table 2: The measured values of m, and the contributions of various sources to the uncertainty of the
2d-analysis and 3d-analysis.The corresponding uncertainties on the measured values of the JSF and for
the 3d-analysis also the bJSF are also shown. The Signal MC generator systematic uncertainty is ob-
tained from pairs of independent Monte Carlo samples. The statistical precision on m, of all Monte
Carlo samples in the 3d-analysis (2d-analysis) is about 0.15 GeV (0.07 GeV). The corresponding val-
ues for the JSF and bJSF are 0.0017 and 0.0006, respectively. Consequently, for the uncertainty source
Signal MC generator the statistical uncertainty of the evaluation of the systematic uncertainty on mqp, is
0.21 GeV for the 3d-analysis and 0.10 GeV for the 2d-analysis. For the sources Hadronisation, Under-
lying event, Colour reconnection, ISR and FSR the same hard scattering events before hadronisation are
used, albeit with respective different further processing for the source under study. For these sources the
samples are not independent, and the statistical uncertainty of the evaluation of the systematic uncertainty
is correspondingly smaller.
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CMS lepton+jets
JHEP 1212 (2012) 105
http://inspirehep.net/record/1185101
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Event selection

e Electron + muon: « Good primary vertex
- p; > 30 GeV » 2 OS leptons
- In| < 2.1 - E.™ss > 40 GeV (ee, yu)
- Isolation (relative p_ of - m,, . > 20 GeV
particles) - |m-91| > 15 GeV
- Jets - = 4 jets
- Anti-k, R=0.5 « = 2 b-tagged jets
- p; > 30 GeV
- Inl < 2.4
17/09/13 Top-Quark Mass at the LHC universiétléotlm'nr]



Systematics

Table 1: List of systematic uncertainties for the muon+jets and electron+jets final states, and for
the combined fit to the entire data set

yutjets etjets {+jets

O, (GeV)  Oheg | 0%, (GeV)  8%g | 65, (GeV)  6fgg
Fit calibration 0.08 0.001 0.09 0.001 0.06 0.001
b-JES 0.60 0.000 0.62 0.000 0.61 0.000
p1- and y-dependent JES 0.30 0.001 0.28 0.001 0.28 0.001
Lepton energy scale 0.03 0.000 0.04 0.000 0.02 0.000
Missing transverse momentum 0.05 0.000 0.07 0.000 0.06 0.000
Jet energy resolution 0.22 0.004 0.24 0.004 0.23 0.004
b tagging 0.11 0.001 0.15 0.001 0.12 0.001
Pileup 0.07 0.002 0.08 0.001 0.07 0.001
Non-tt background 0.10 0.001 0.16 0.000 0.13 0.001
Parton distribution functions 0.07 0.001 0.07 0.001 0.07 0.001
femr.mﬂ]fz‘m"“ and 023  0004| 041  0005| 024  0.004
actorization scales
ME-PS matching threshold 0.17 0.000 0.15 0.001 0.18 0.001
Underlying event 0.26 0.002 0.24 0.001 0.15 0.002
Color reconnection effects 0.66 0.004 0.39 0.003 0.54 0.004
Total [ 1.06 0.008 | 1.00 0.007 | 098 0.008
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ATLAS all-hadronic
ATLAS-CONF-2012-030
http://atlas.web.cern.ch/Atlas/GROUPS/PHYS
ICS/CONFNOTES/ATLAS-CONF-2012-030/
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Event selection

* Trigger « Good primary vertex
- =5 jets p. > 30 GeV « =5 jets p, > 55 GeV
(analysis sample) . 6" jet p. > 30 GeV
- = 4 jets p, > 45 GeV « AR > 0.6 jet separation

(control sample) . 2 b-tagged jets
* Jets - AR>1.2
- Anti-k, R=0.4 « EMss[(VH, GeVY?) < 3
- [nl < 4.5 . 50 <m, < 110 GeV
* Note:

« Mass x? < 8

« Rescale light-quark jet
energies to m,

- MC@NLO used as signal
MC for this analysis
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Event mixing

« Use 5 jet events
- Add jets with p_ < 5%

highest p_ jet from =6 S oo A]LAS 710V 2011 Dot
jet events s
« Control QCD : 3'-3:3 .
background with 4/5 jet 002 :
events
- Add in 2/1 jets from o
events with =6 jets R N
« Check with b-tagged
and b-anti-tagged
samples
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Systematics

Source Uncertainty [GeV]
Method 0.4
Template statistics 0.9
MC generator 0.5
ISR/FSR 1.7
PDF 0.6
Background modelling 1.9
Jet energy scale 2.1
b-jet energy scale 1.4
b-tag efficiency scale factors 0.3
Jet energy resolution 0.3
Jet reconstruction efficiency 0.2
Total systematic uncertainty 3.8

Table 1: Compilation of systematic uncertainty contributions on the measurement of m;.

17/09/13
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CMS all-hadronic
JHEP 1212 (2012) 105
http://inspirehep.net/record/1185101
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Event selection

* Trigger « Good primary vertex
- = 4 jets p, > 50 GeV = 4 jets p. > 60 GeV

- 5™ jet p. > 40 GeV 5" jet p, > 50 GeV
- 6™ jet p. > 30 GeV 6" jet p, > 40 GeV

for 3.19 fb*! - = 2 b-tagged jets
. Jets - £ =60%
- Anti-k_, R=0.5 - AR >1.5
- Inl < 2.4
* Note:

- MC@NLO used as signal
MC for this analysis
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Event mixing

« Use all events after
b-tagging

CMS, L=3.541b", \s=7TeV

> * CMSdata
. . . © 250~ Combined tf and multijet
 Mix jets from different S i
events PR S — Uncecsinty o
. -
 Require at least 2 0
111 150

b-tagged jets in each :
event 1001

* Apply standard cuts on

P.and AR, - W
» Signal fraction from P00 150 200 250 300 350
: : mit [GeV
simulation + [GeV]
- varied by 5%
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Systematics

Table 2: Overview of systematic uncertainties. The total is defined by adding in quadrature
the contributions from all sources, by choosing for each the larger of the estimated shift or its
statistical uncertainty, as indicated by the bold script.

17/09/13

1D analysis 2D analysis
Om, (GeV) | Om, (GeV) I1ES

Fit calibration 0.13 0.14 0.001

Jet energy scale 0.97+0.06 | 0.09+0.10 0.002 =+ 0.001
b-JES 0.49+0.06 | 0.52£0.10 0.001+0.001
Jet energy resolution 0.15+0.06 | 0.13£0.10 0.003 = 0.001
b tagging 0.05+0.06 | 0.040.10 0.001+0.001
Trigger 0.24 £0.06 | 026 £0.10 0.006 + 0.001
Pileup 0.05x0.06 | 0.09+0.10 0.001 = 0.001
Parton distribution functions 0.03£0.06 | 0.07£0.10 0.001+ 0.001
Renormalization and factorization scale | 0.08 -0.22 | 0.31 +0.34 0.005 == 0.003
ME-PS matching threshold 0.24+0.22 | 0.29£0.34 0.001 £0.003
Underlying event 0.20+0.12 | 0.42+0.20 0.004 +0.002
Color reconnection effects 0.04 £0.15 | 0.58 £0.25 0.006 = 0.002
Multijet background 0.13£0.06 | 0.600.10 0.006 + 0.001
Total 1.21 1.23 0.013
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ATLAS Am,
ATLAS-CONF-2012-006
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Systematics

Systematic Uncertainty Am [Gc"ﬁ.f']|
b/b decay uncertainties 0.35
Kaons inside b-jets 0.08
Residual b vs b differences 0.08
b-tagging 0.08
Mis-tagging as a b-quark jet 0.05
Jet energy scale 0.04
b-jet energy scale 0.05
Jet energy resolution 0.03
Parton shower 0.08
MC generator 0.08
ISR/FSR 0.07
Calibration method 0.05
Non-tf normalization .04
Non-tt shape 0.04
Parton distribution function 0.02
Asymmetry in lepton energy scale < (.01
Electron reconstruction & identification 0.02
Muon reconstruction & identification 0.04
Top mass input (0.0
Total 0.41
Table 2:  Systemalic uncertainties.
17/09/13 Top-Quark Mass at the LHC
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CMS Am,

JHEP 1206 (2012) 109
http://inspirehep.net/record/1110691
CMS-PAS-TOP-12-031
http://cds.cern.ch/record/1528156
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Event selection (2012)

e Electron:
- p; > 32 GeV

- In] < 2.5
- |Isolation
 Muon:
- p; > 25 GeV
- Inl < 2.1
- |Isolation
e Jets
- Anti-k, R=0.5
- p; > 30 GeV
- Inl < 2.5

17/09/13

Good primary vertex
1 charged lepton

. Emss > 40 GeV

= 4 jets

= 1 b-tagged jets
(€ = 65.6%)
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Systematics (2012)

Table 2: Overview of systematic uncertainties on Am;. For each contribution the larger of the
estimated shift or its statistical uncertainty is taken, as indicated by the bold script.

17/09/13

Source Estimated effect (MeV)
Jet energy scale 17+ 15
Jet energy resolution 8+t11

b vs. b jet response 64 L7
Signal fraction 45+ 2
Background charge asymmetry 12.43 +0.03
Background composition 50t1
Pileup 17.4 +0.4
b-tagging efficiency 208

b vs. b tagging efficiency 43t 6
Method calibration 15+ 54
Parton distribution functions 12+£3
Total 122
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