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Standard Reconstruction

» Reconstruct invariant mass distributions from final
state objects:
> Leptons, jets, and missing transverse momentum

» Measured mass corresponds to definition used in MC

» All presented measurements on mM¢

> Relation between theoretical well defined top-quark mass
and mM€ to be determined

> See talk by Andre Hoang (tomorrow 10am)

» For alternative mass measurements:
> See talk by Stefanie Adomeit (today 2pm)
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Measurement Method

» Build estimator for m, (e.g. inv. mass of decay products)

» Parametrize estimator as function of mM¢
(and possible other parameters)

» Possible per event combination of multiple estimators
» ldeogram method, CMS all-jets and |+jets

» Template method, all other measurements

» Perform maximum likelihood fit to data
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Datasets

» 7 TeV analyses based on 3.5 - 5.0 fb! from 2011
» 8 TeV analyses based on 18.2 - 19.7 fb™* from 2012

» Produced number of top-quark pair events:
> 2011: 800k, 2012: 5M, each number per experiment

» Cornerstones of measurements are understanding and

minimizing impact of systematic uncertainties
> See talks by:

* Maria Costa (today 2:30pm, experimental uncertainties)
* Markus Seidel (today 3:45pm, theoretical uncertainties)
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Overview of Measurements

» Alljets channel: &
> ATLAS @ 7 TeV
© CMS @ 7 & 8 TeV

» Lepton+Jets channel:

o ATLAS @ 7 TeV
° CMS @ 7 & 8 TeV

» Dilepton channel:
> ATLAS @ 7 TeV
° CMS @ 7 & 8 TeV
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» No measurements in
final states with T
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All-Jets Channel

» Largest branching ratio (46%)

» 2 bottom quarks and 4 lighter quarks in the final state
> Require 6 jets with 2 b tags (as clean as possible)

» Largest and worst predictable background (multijets)
> Fully data-driven background prediction needed

» Background reduction with help of event topology
o Kinematic Fit
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Kinematic Fit

» Selected objects:
° 4 untagged jets
o 2 b-tagged jets

q
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Kinematic Fit

» Selected objects: M
° 4 untagged jets ;;1
o 2 b-tagged jets Y i/

» Constraints: - W boson & - W boson
° 2xm; = my,
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Kinematic Fit

» Selected objects: \;
° 4 untagged jets A
o 2 b-tagged jets : T /

» Constraints: - W boson & - W boson
° 2xm; = my,
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Kinematic Fit

» Selected objects:
° 4 untagged jets
o 2 b-tagged jets

» Constraints: - W boson & - W boson
o 2X m; = my
? mtop = mjjb,l = mjjb,2 = mantitop —
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Kinematic Fit

i P e
» Selected objects:
° 4 untagged jets
> 2 b-tagged jets /
» Constraints: - W boson & - W boson
° 2xm; = my,
? mtop = mjjb,l = mjjb,2 = mantitop —
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All-Jets Top-Quark Mass @ ATLAS 7 TeV

» Kinematic fit for jet-parton assignment arXiv:1409.0832
Submltted to EPJC

IIIIIIIIIIIIIIIIIIIII II I

» Background: ABCD method 2 soof I . /5= 7 TeV 3
o C Ldt=4.6fb e Data ]
: . o 700 [ Jtt,m =1725GeV
» Reduce JES uncertainty: 3 - anas VI
- R -m.. / m.. = E_ Uncertainty _E
3/2 Jii Ji L 500 ]
400}
_ |Source Unc. [GeV] 300F
bJES: | 1)ES+PU 0.52 200
062 | e tad oso| 100,
0.50) |Detector modelling 0.17 0 -
Py 12 ..........................................................................................................................................
Signal mode”ing 0.51 % 11 ++ ......... é .................. ¢+ ..........................................................................
1 o% # ¢ /3 + ¢ ¢ «|-
Background 0.35 iﬁi 8'8 iﬁﬁfﬁfiﬁfﬁﬂjﬁﬂ .... ?ﬁffﬂﬂfﬁZﬁﬁﬁﬁL..jﬁﬁiﬁjZﬁﬂﬁﬁﬁﬂ:ﬁ.jﬁﬁﬂlﬁf.ﬁﬁﬁ?ﬂ """ + +++++++
Method 0.42 § 16 1.8 2 22 24 26 2.8 3 3.2 3.4 36
Syst. 1.22 15551 events Rar
Stat. 1.40 | m,=175.1+ 1.9 GeV (1.06%) |
Total 1.86

Eike Schlieckau - Universitat Hamburg September 30th 2014



All-Jets Top-Quark Mass @ CMS 7 TeV

» Kinematic fit EPJC74 (2014) 2758
.. CMS, L =3.54fb", 1s=7TeV
» Background: event mixing - o
- : @ 250+ o )
» Tighter selection than ATLAS & "¢ Combined tf and multijet
To) B — — tt component
° Less events o Multijet background
> Narrower peak 2 - Uncertainty on f,
S
O T
11 1501
Source Unc. [GeV] i
JES+PU 0.97 B
1001~
bJES+Had 0.49 i
Detector modelling 0.29 503_
Signal modelling 0.46 i |t
Background 0.13 i avict o~
Method 0.13 foo 150 200 250 300 350
fit
Syst. 1.23 2418 events M [GeV]
Stat. 0.69 | m, = 173.49 £ 1.41 GeV (0.81%) |
Total 1.41

Eike Schlieckau - Universitat Hamburg September 30th 2014



All-Jets Top-Quark Mass @ CMS 8 TeV

JSF=1.007 £ 0.011
Eike Schlieckau - Universitat Hamburg September 30th 2014

Improved reconstruction CMS-PAS-TOP-14-002
. . . cms Prellmlnary, 18 2 b 1 \E =8 TeV
» Switch to 2D fit with > . N
tt t ackgroun 1
JES scale factor (JSF) O 600; sorree -
r f - .ti other e Data
» Fit signal and correct » 900F .
permutation fractions § 400 .
Lu C
- 300/ E
JES“;PZJZ: Source Unc. [GeV] i
o [JES+PU+ISF 0.48 200 ;
0.24_] |bJES+Had 0.39 1001 .
Detector modelling 0.21 O [ | g :
Signal modelling 0.52 = "o | H +++++ ++ ++++ + +
3 1 ++~~+ +++ Y #
Background 0.22 8 sl I# Y
Method oosl 2 %500 200 300fit . 400
Syst. 0.86 4356 events m;" [GeV]
Stat. (m, only) 0.27 | m, = 172.08 + 0.90 GeV (0.53%) |
Total 0.90



Lepton+Jets Channel

» Moderate branching ratio (29% for e / u final states)

» 2 bottom and lighter quarks, 1 charged lepton and an
undetectable neutrino in the final state

> Require 1 isolated e or uwand 4 jets with 1-2 b tags
» Moderate and well predictable backgrounds (W+jets, t)

» In-situ measuring additional quantities to
reduce dominant systematics

o JES scale factor (JSF)
(used by CMS and ATLAS)

> Bottom JES scale factor (bJSF)
(used by ATLAS only)
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Simultaneous Extraction: m,, JSF, bJSF

normalized events / GeV

» Reconstructed top-quark mass has strong dependence
on jet energy scale of bottom and lighter jets
° Find quantities to in-situ measure both energy scale
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Simultaneous Extraction: m,, JSF, bJSF

» Reconstructed top-quark mass has strong dependence
on jet energy scale of bottom and lighter jets
° Find quantities to in-situ measure both energy scale
> Reconstructed mass of W boson (m,,"®°) to constrain light jets

m,,, variation JSF variation bJSF variation

> ma— T T T > o04sE T T T T > — T T T 3
@ F  ATLAS Preliminary _ 1 @ - [[JusF=oss ATLAS Preliminary ©  0.03— ATLAS Preliminary —
1] 03K m,, = 167.5GeV ] 1] F -0, ]
> 0 03: Simulation, \s= 7 TeV D “ ] % 0.04 @JSF-1M Simulation, \s= 7 TeV P [ Simulation, \s=7 TeV DMSF 0.9 ]
£ 0.025F ‘ [ mr 72002 4 2 B 2 ooz A [ busF=100 3
3 F D m,, =177.5GeV ] 3 3 . F D bJSF = 1.05 .
8 0.02f 1 3 v 0.02f
s g s I :
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£ 0.015F £ g ootst
o C o o F
c | c c
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Simultaneous Extraction: m,, JSF, bJSF

» Reconstructed top-quark mass has strong dependence
on jet energy scale of bottom and lighter jets
° Find quantities to in-situ measure both energy scale
> Reconstructed mass of W boson (m,,"®°) to constrain light jets
° Ratio of p;°% over p,untaseed (R, rece) to constrain bottom jets

m,,, variation JSF variation bJSF variation
> F T T T T S QO45E T T T T - oosE T T T
< E  ATLAS Preliminary _ 1 @ - [[JusF=oss ATLAS Preliminary o L ATLAS Preliminary i
[0} .03 m,,, = 167.5 GeV — ~ L . =0. -
> 0.03 Simulation, \s= 7 TeV D ” ] % 0.04 %Jsp-ma Simulation, \s= 7 TeV £ r  Simulation, ys=7 TeV DNSF i .
S 0.025F 3 ] mep = 1725 Gev 4 5§ 0035 o g 004 fifl busr=100 ]
E . [ ]me,=177.5Gev ] E 0.03 5 - [ JbusF=1.05 .
. N
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© F © E C
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|+Jets Top-Quark Mass @ ATLAS 7 TeV

» Changes from 2D = 3D result ATLAS-CONF-2013-046

> Reduced bJES & hadr. uncertainties
* 1.59 GeV - 0.73 GeV

. S [ ATLAS Preliminary ~ * 1s-7Tevdaa -
° |Increased b-tagging unc. 2 600k . [ m,=172.5 GeV]
2 F JLdt=4.7 b B single top ]
_ ¢ 0.17 GeV % 0.81 Gev G>J 500__ -W+jets ]
JES+PU: (N - Z +jets :
C WW/WZ/Z2Z 5
(3.S7F9- Source Unc. [GeV] 400 B QCD multiet -
097 | JES+PU+ISF 0.83 VA reerainty 3
bJES: t—|bJES+Had+bJSF 0.73 ; _
0.08 | |Detector modelling 0.84 .
|;a2d7: Signal modelling 0.62 e
b JgF. Background 0.10 o P S SSS TRAcky ooy it tota oo ==t
' 30 140 150 160 170 180 190 200 210 220
0.67J [Method 0.13 oco
Mige. [GeV]
Syst. 1.53 22878 events
Stat. (m, only) 0.23 | m, = 172.31 £ 1.5 GeV (0.90%) |
Total 1.55

JSF=1.014 £ 0.021; bJSF =1.006 £ 0.022
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|+Jets Top-Quark Mass @ CMS 7 TeV

» Kinematic fit JHEP 12 (2012) 105

CMS, \s =7 TeV, l+jets

. C [ | T T ]
» In-situ measure JSF e C dumatcnes I Z+iets :
] ] @) 1200 B = tt wrong = Wijets ]
Te) - t correc single top .
» Use ideogram with 10 e e matan -
all permutations £ 1000p E
D i -
S 800 ]
JES+PU: | Source Unc. [GeV] S I ]
(i-SZF? | JES+PU+JSF 043 = OO 1
033 | |PJES*Had 061 2 400" 1
Detector modelling 0.27 > - -
Signal modelling 0.64 qg' 2001~ B
Background 0.13 c [ - oenonn !
Method 0.06 C?) 100 200 300 400
mit [GeV]
Syst. 1.03 5174 events t
Stat. (m, only) 0.27 m, = 173.49 + 1.06 GeV (0.61%) |
Total 1.06

JSF=0.994 + 0.009
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|+Jets Top-Quark Mass @ CMS 8 TeV

CMS-PAS-TOP-14-001
CMS Preliminary, 19.7 fb 1 \s=8 TeV, l+jets

» Larger dataset and

Si m u I ated Sa m p I eS % 12000 I - ttcorrectll ........ ---Z+Jeks ............................... —
E{D) - - tt wrong L] W+Jets B
» Refined treatment of 5 10000/ gnumatched-mg”p """""""""""" E
hadronisation and bJES & oo | : :
. £
uncertainties S 6000
JES+PU: ] Source Unc. [GeV] 2000k
(1-53F% _JES+PU+ISF 0.36 -
0.1 | [pJES+Had 0.44 2000
Detector modelling 0.28 15 ‘
Signal modelli 030 = | . nat s th il
ignal modelling : S N ++¢‘.... #M’ *ﬂ* ++++
Background 0.11 a l 5+, L 4
Method 0.10 0500 200 300" 400
Syst. 0.76 28750 events ' 1GeV]
Stat. (m, only) 0.11 | m, =172.04 + 0.77 GeV (0.45%) |
Total 0.77

JSF=1.007 £ 0.012
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|+Jets Top-Quark Mass @ CMS 8 TeV

CMS-PAS-TOP-14-001

» Top mass vs. kinematic variables
» Data well-described
» ¥? between data and MadGraph+Pythia Z2*
o m,: x?/ndf =37/47 = P(x?,ndf) = 85%
o JSF: x?/ndf =61/47 = P(x?,ndf) =8.3%

CMS Prellmmary 197fb , \s= 8TeV I+jets CMS Preliminary, 19.7 fb ™, \s 8 TeV, I+|ets CMS Preliminary, 19.7 fb ™, \s 8 TeV, l+jets
— 6 ||||||||||||||||||||||||||||||||||| | — : ||||||||| [TrrrrrrrT [TTTT T T T[T T I T I T [TITTTITg A |||||| [rrrrrr T :
% r e Data - MG, Pyth a P11 % 3~ e Data MG Pythia P11 ] (L/L) 0. 18;— e Data MG PythiaP11
©) - —— MG, Pythia z2* -~ MG, PythiaP1inocr|{ (O - —— MG, Pythia z2* - - MG, PythiaP1inocR{ — 0.16F —— MG, Pythia z2* -~ MG, Pythia P11noCR-
— 4* — — - 7 -
A T — - Powheg, Pythiaz2* ----- MC@NLO, Herwig6 | A o[ — - Powneg, Pythiaz2* - MC@NLO, Herwig 6 ] Y 0.14F  — _ Powheg, Pythiaz2*  ----- MC@NLO, Herwig 6
S S w 0.125 =
£ 2 -1 € D 01 g =
vV — Vv - E o mem s~
. X 0.08E3 =
ST EER 0.061 E
S = 0.045 E
2 — 0.02F e 3
8 4 ‘ b8 0l . E
X R . ~8.Q8F
N F i N g OE . E
O . *
s o e ; = z $ z
@ 2b Liiiaiiias Liviiiiiis Liviiiiias o s-0.056 ... ... [ Loy =
s 0 100 200 300 a \4}00 kS 2 4 6
e AR _
Prthad [GeV] a
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Dilepton Channel

» Small branching ratio (5% for ee / en / uu final states)

» 2 bottom, 2 charged leptons and 2 undetectable
neutrinos in the final state
> Require 2 isolated e / u, MET and 2 jets with up to 2 b tags

» Low and well predictable backgrounds (mainly Z+jets)

» Top-quark mass reconstruction difficult due to
2 undetectable neutrinos

° |nvariant mass of visible
decay products: m,,

> Analytic Matrix Weighting
Technique (AMWT)
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Dilepton Top-Quark Mass @ ATLAS 7 TeV

» Use m,, as top-mass estimator

ATLAS-CONF-2013-077

> m,,: invariant mass of lepton and b jet
> No kinematic fitting

Source Unc. [GeV]

bJES: | |JES+PU 0.88

0.71 L pJES+Had 0.84

Had: )

0.44_ Detector modelling 0.52
Signal modelling 0.67
Background 0.14
Method 0.07
Syst. 1.49
Stat. 0.64
Total 1.62

events/ 6 GeV

7 T [ T T T T T T T T . I : -
500-~ATLAS Preliminary e \s=7 TeV data -
ZJLdt=4.7 fo! [ ]t m =172.5GeV -
400 I background B
- B uncertainty ]
300 E
200}~ E
100 E
O C L L i " N | | ) ) : _ Z
50 100 150
m,, [GeV]

2913 events
m, = 173.09 + 1.62 GeV (0.94%) |
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Analytic Matrix Weighting Technique

» Under-constrained system due to two neutrinos

» Constraining with help of W-boson and top-quark
masses leads to (up to) eight possible solutions

» Scan over top-quark masses from 100 to 600 GeV
> Repeat this with smeared jets
> Assign weight for each solution
> Sum weights of all solutions for each mass hypothesis
> Use reconstructed mass with highest average weight
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Dilepton Top-Quark Mass @ CMS 7 TeV

» AMWT to reconstruct top-quark mass EPJC72(2012) 2202

CMS 2011,5.0fo"at \s =7 TeV

%_) - g 800
G 16001 =] mg_*
S 1400F 5 §§§ \
@ 1200 o
o n 100
Source Unc. [GeV] = 1000}~ S
JES+PU 0.98 e T i
bJES+Had 0.76 600F- - tisigna
. C = tf background
Detector modelling 0.25 4001 = Single top
C = Drell-Yan
Signal modelling 0.61 200 . Diboson
Background 0.05 9:
00 150 200 250 300 350 400
Method 0.40 Reconstructed mass [GeV]
Syst. 1.46 11627 events
Stat, 0.43 | m, =172.50 * 1.52 GeV (0.88%) |
1.52
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Dilepton Top-Quark Mass @ CMS 8 TeV

» AMWT to reconstruct top-quark mass ~ M>-PASTOP-14-010

. . %) 1OOOOC‘N||SH | f)r\e”\rﬁmfr% EEEEERERE \ud19\7|fb‘ |(8|T|eY)
» Blinded analysis 5 oot =
E -Sln%IgtSTop
" 000t Stuithon:
7000; —
GOOOE—
5000
Source Unc. [GeV] 0%
JES+PU 0.69 %
2000F
bJES+Had 0.69 oook.
Detector modelling 0.17 s saasa
. . 7T | 7T | FTTT ‘ T | T | T \ I ‘ \l‘g I
Signal modelling 0.99 125
N wd & W )
Background 0.02 O;Q \&\\\\*\‘\ Wxi\ :
.\|||||\\\|||I\‘\lll'\l\l'll\l‘llll
MethOd 0'03 100 150 200 250 300 350 400 450
Syst. 1.40 66092 events AMWT mass [GeV]
Stat. 0.17 | m, =172.47 + 1.41 GeV (0.81%) |
Total 1.41
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Dilepton Top-Quark Mass @ CMS 8 TeV

» Use minimal m,, as top-mass estimator ~ tM>-PA>TOP-14-014

» Blinded analysis
» Extraction of m, possible using MCFM

> Yields: 171.4 + 1.1 GeV > 600 19.7 fo" (8 TeV)
[0) E CMS 2500
Q,S 500 :_ Preliminary ?Zzz
Source Unc. [GeV] < s0oF- oo
JES+PU 0.43 g b T [dé%]
bJES+Had 0.72 3001 o data |
- Madgraph+Pythia + BG
Detector modelling 0.31 200~ — meras Gev
[~ Madgraph+Pythia + BG
Signal modelling 0.99 100 | * :,:fzghegh_ N
N adgraph+ ia +
Background 0.12 0: 0 Y .'_ m=166.5 GeV
0 50 100 150 200 250 300 350
g/le:hOd (;.(2); mmn [GeV]
yst. :
Stat, 032 m, = 172.3 + 1.33 GeV (0.77%) |
Total 1.33
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Comparison of All Results

| | | | | | | | | | | | | | | | | | | | | | | |
. —_—— O
ATLAS 2011, all-jets 175.1 + 1.4 = 1.2 GeV
arXiv:1409.0832, 4.6 fb™! (value = stat = syst)
CMS 2011, all-jets 173.5 £ 0.7 + 1.2 GeV
EPJC 74 (2014) 2758, 3.5 fb™ (value = stat + syst)
CMS 2012, all-jets ‘ 172.1 + 0.3 = 0.9 GeV
_PASTOP-14-002,18.2fb” _ __ ______________________lliiil______ (value = stat = syst) ______
ATLAS 2011, lepton+jets * 172.3 £ 0.2 + 1.5 GeV
ATLAS-CONF-2013-046, 4.7 fb™ (value = stat = syst)
CMS 2011, lepton+jets 173.5 = 0.3 = 1.0 GeV NEW
JHEP 12 (2012) 105, 5.0 fb™ (value = stat = syst)
CMS 2012, lepton+ets — 172.0 = 0.1 + 0.8 GeV at
_PASTOP-14-001,19.7 " Llool (value = stat = syst) _____ TOP2014
- [ e —
ATLAS 2011, dilepton 173.1 + 0.6 = 1.5 GeV
ATLAS-CONF-2013-077, 4.7 fb! (value = stat = syst)
CMS 2011, dilepton 1725 + 0.4 =+ 1.5 GeV
EPJC 72 (2012) 2202, 5.0 fb™ (value = stat = syst) /
CMS 2012, dilepton ‘ 172.5 + 0.2 + 1.4 GeV
PAS TOP-14-010, 19.7 fb™ (value = stat = syst)
CMS 2012, dilepton 172.3 + 0.3 + 1.3 GeV
PAS TOP-14-014, 19.7 fb™ (value = stat = syst)
World combination 2014 ——— 173.3 £+ 0.3 + 0.7 GeV
ATLAS, CDF, CMS, DO (value = stat = syst)
| | | | | | | | | | | | | | | | | | | |
160 165 170 175 180

m, [GeV
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CMS Top-Mass Combination

. . CMS-PAS-TOP-14-015
» Combination of all standard 07 1 6 ToV) 5.1 157 (7 oW

CMS top-mass results OMS pratmnary NN

CMS combination, dilepton 172.51 + 0.22 = 1.14 GeV
September 2014 (value =+ stat + syst)
L]
» Consistent between all
CMS combination, lepton+jets NN 172.38 = 0.11 = 0.70 GeV

d ecCa y C h anne I S September 2014 (value = stat = syst)

CMS combination, all-hadronic e 172.40 = 0.26 = 0.79 GeV
September 2014 (value =+ stat + syst)
JES+PU: Source Unc. [GeV] N
CMS combination 172.38 = 0.10 = 0.65 GeV
0.25 - J ES+ P U +J S F O. 27 September 2014 (value = stat = syst)
ISE: L
0.10 b‘] ES+ H d d O : 39 Tevatron combination o 174.34 = 0.37 = 0.52 GeV
s . July 2014 arXiv:1407.2682 (value = stat = syst)
Detector modelling 0.19
S| g na I m Od e| | | N g O . 38 World combination March 2014 S 173.34 = 0.27 = 0.71 GeV
ATLAS, CDF, CMS, DO (value = stat = syst)
Background 0.09 | | | |
| | | | | | | | | | | | | | |
Method 0.05 165 170 175 180

Syst. 0.65 m, [GeV]

Stat. 0.10 m, = 172.38 + 0.65 GeV (0.38%) |
Total 0.65
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Summary

» Precision further increasing for mM¢ at the LHC
> Reached precision below 1 GeV

» All measurements are systematically limited
o 7> 8TeV @ CMS showed that larger datasets helped to
reduce systematic uncertainties
» Combination of results are presented tomorrow

> See talks by:
* Giorgio Cortiana (tomorrow 9am, LHC combination)

* Yvonne Peters (tomorrow 9:30am, Tevatron and world
combination)
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All-Jets Top-Quark Mass @ ATLAS 7 TeV

| Signal modelling: | Am; [GeV] | arXiv:1409.0832
Method calibration 0.42
Trigger 0.01
Signal MC generator 0.30
Hadronisation 0.50
Fast simulation 0.24
Colour reconnection 0.22
Underlying event 0.08
Proton PDF 0.09 :
Pile-up 0.02 Statistics and method 0.09
Physics modelling 0.31
| Background modelling: | Am, [GeV] | Detector description 0.36
i Mixed detector and modelling 0.05
| Multijet background | 0.35 | Single high-pr particle 0.02
| Jet measurements: | Am. [GeV] | Relative non-closure in MC 0.04
Pile-up 0.03
Jgt energy scale 0.51 Close-by jets 0.02
b-jet energy scale . 0’62\ Flavour composition and response 0.10
Jet energy resolution 0.01
Jet reconstruction efficiency 0.01 Jet energy scale ” 0.51 |
b-tag efficiency and mistag rate 0.17 o 1 0.62
Soft contributions to missing energy 0.02 jet energy scale H ’ |
JVF scale factors 0.02
| Total systematic uncertainty | 1.22 |
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All-Jets Top-Quark Mass @ CMS 7 TeV

EPJC74 (2014) 2758 1D analysis 2D analysis
Sm, (GeV) Sm, (GeV) SIES

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 0.04 +0.10 0.001 £ 0.001
Trigger 0.24 + 0.06 0.26 = 0.10 0.006 £ 0.001
Pileup 0.05 £ 0.06 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 0.60 +0.10 0.006 £ 0.001
Total 1.21 1.23 0.013
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All-Jets Top-Quark Mass @ CMS 8 TeV

CMS-PAS-TOP-14-002 sm?P (GeV) SJSF smy'P (GeV)
Experimental uncertainties

Fit calibration 0.06 <0.001 0.06
pt- and 17-dependent JES 0.28 0.006 0.86
Jet energy resolution 0.10 0.001 0.01

b tagging 0.02 <0.001 <0.01
Pileup 0.31 0.001 0.30
Calorimeter JES of trigger confirmation 0.18 0.003 0.07
Non-tt background 0.22 0.002 0.08
Modeling of hadronization

Flavor-dependent JSF 0.36 0.004 0.30

b fragmentation 0.07 0.001 0.03
Semi-leptonic B hadron decays 0.12 <0.001 0.12
Modeling of the hard scattering process

PDF 0.02 <0.001 0.01
Renormalization and 0.1940.19  0.004+0.002 | 0.18-+0.14
factorization scales

ME-PS matching threshold 0.204+0.19  0.002£0.002 | 0.0940.14
ME generator 0.09£0.21  0.003+0.002 | 0.17£0.15
Modeling of non-perturbative QCD

Underlying event 0.13+0.28  0.000£0.002 | 0.1140.20
Color reconnection modeling 0.00+0.25  0.000+0.002 | 0.03£0.18
Total | 0.83 0.011 | 1.05
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|+Jets Top-Quark Mass @ ATLAS 7 TeV

ATLAS-CONF-2013-046 2d-analysis 3d-analysis

Myop [GeV] JSE || myop [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
Jet energy scale factor (stat. comp.) 0.27 n/a 0.27 n/a n/a
blJet 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
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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|+Jets Top-Quark Mass @ CMS 7 TeV

JHEP 12 (2012) 105 [+jets e+jets (+jets

O, (GeV)  dpg |0, (GeV)  0fpg 6fnt (GeV)  dfpg
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
pr- and n-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

Renormalization and 0.23  0.004| 041  0.005| 024  0.004
factorization 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 0.98 0.008
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|+Jets Top-Quark Mass @ CMS 8 TeV

CMS-PAS-TOP-14-001 | omP (GeV) OJSF | om!P (GeV)
Experimental uncertainties

Fit calibration 0.10 0.001 0.06
p1- and 77-dependent JES 0.18 0.007 1.17
Lepton energy scale 0.03 <0.001 0.03
MET 0.09 0.001 0.01
Jet energy resolution 0.26 0.004 0.07

b tagging 0.02 <0.001 0.01
Pileup 0.27 0.005 0.17
Non-tt background 0.11 0.001 0.01
Modeling of hadronization

Flavor-dependent JSF 0.41 0.004 0.32

b fragmentation 0.06 0.001 0.04
Semi-leptonic B hadron decays 0.16 <0.001 0.15
Modeling of the hard scattering process

PDF 0.09 0.001 0.05
Renormalization and 0.12+0.13  0.004+0.001 | 0.25-+0.08
factorization scales

ME-PS matching threshold 0.15+£0.13  0.003£0.001 | 0.07£0.08
ME generator 0.23£0.14  0.003+0.001 | 0.20£0.08
Modeling of non-perturbative QCD

Underlying event 0.14+0.17  0.002£0.002 | 0.06£0.10
Color reconnection modeling 0.08+£0.15  0.002£0.001 | 0.07£0.09
Total | 075 0012 | 129
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Dilepton Top-Quark Mass @ ATLAS 7 TeV

Description Value [GeV] || ATLAS-CONF-2013-077
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
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Dilepton Top-Quark Mass @ CMS 7 TeV

Source Am, (Gev) EPJC72(2012) 2202
Jet energy scale fg:gg
b-jet energy scale fg:gg
Jet energy resolution +0.14
Lepton energy scale +0.14
Unclustered Ess +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

Eike Schlieckau - Universitat Hamburg September 30th 2014



Dilepton Top-Quark Mass @ CMS 8 TeV

Source of uncertainty ] omy(GeV) CMS-PAS-TOP-14-010
Experimental uncertainties

Fit calibration 0.03
pt- and -dependent JES 0.61
Lepton energy scale 0.12
Unclustered Et 0.07
Jet energy resolution 0.09
b tagging 0.04
Pile-up 0.15
Non-tf background 0.02
Modeling of hadronization

Flavor-dependent jet energy scale 0.28
b fragmentation 0.67
Semi-leptonic B hadron decays 0.18
Modeling of the hard scattering process

PDF 0.18
Renormalization and factorization scales 0.87
ME-PS matching threshold 0.13
ME generator 0.37
Modeling of non-perturbative QCD

Underlying event 0.04
Color reconnection modeling 0.16
Total ’ 1.40
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CMS Top-Mass Combination

19.7 b (8 TeV) + 5.1 fb™ (7 TeV)

I I B B B B
CMS Preliminary

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb™

175.5 + 4.6 = 4.6 GeV
(value = stat + syst)

CMS 2010, lepton+jets
PAS TOP-10-009, 36 pb™

CMS 2011, dilepton
EPJC 72 (2012) 2202, 5.0 fb™

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb™

CMS 2011, all-hadronic
EPJ C74 (2014) 2758, 3.5 fb™

CMS 2012, lepton+jets
PAS TOP-14-001, 19.7 fb™'

CMS 2012, all-hadronic
PAS TOP-14-002, 18.2 fb™'

CMS 2012, dilepton
PAS TOP-14-010, 19.7 fb"'

CMS combination
September 2014

Tevatron combination
July 2014 arXiv:1407.2682

World combination March 2014

ATLA|S, CDF, CMS, DO
| | | | |

++HH+,

173.1 = 2.1 + 2.6 GeV
(value = stat + syst)

1725 + 0.4 = 1.4 GeV
(value = stat + syst)

173.5 + 0.4 = 1.0 GeV
(value = stat + syst)

173.5 + 0.7 = 1.2 GeV
(value = stat + syst)

172.0 = 0.1 = 0.7 GeV
(value = stat =+ syst)

172.1 = 0.3 = 0.8 GeV
(value = stat =+ syst)

1725 £ 0.2 = 1.4 GeV
(value = stat =+ syst)

172.38 = 0.10 + 0.65 GeV
(value = stat =+ syst)

174.34 = 0.37 = 0.52 GeV
(value = stat =+ syst)

173.34 = 0.27 = 0.71 GeV
(value = stat = syst)

CMS-PAS-TOP-14-015

165 170 175 180
m, [GeV]
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Top Quark — Production

» Mainly produced in pairs via fusion of 2 gluons due to PDFs
(x,x, = 0.042 at LHC)

» Cross section (NNLO, Phys.Rev.Lett 110 (2013) 252004):
o @7 TeV:172 +8 pb
o @8 TeV:246 11 pb

xf

0.2

0.8 -
0.6 -

< 0.4 -
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\I—Il and ZEUS HERA I+II PDF Fit

Nucl.Phys.Proc.Suppl.

| | X8
|| — HERAPDF1.5 NNLO (prel.)
- exp. uncert.

l:l model uncert.

- parametrization uncert.

222-224(2012) 24-34 Q*=10000 GeV*

March 2011

HERAPDF Structure Function Working Group

-
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ldeogram Method

JSF

O"P4O 210
m, [GeV]

CMS Preliminary, 18.2 fb™, (s =8 TeV

w 1.018
2 1016 B
1.014 [[]2al0g(L) =9
1.012
1.01
— 1.008
X - 1.006
1.004
1.002
1
0.998
¥ 0.996
40 210 171 172 173
m, [GeV] m, [GeV]
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