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Inside the SM:
+« Test SM predictions

« Test SM consistency

.

Beyond the SM:
« Constraints on New Physic:

+ Hints on EWSB?

The Top Quark

M,, [GeV]

e Why (keeping on) to measuréMop ? PO

e Observedin 1995 at Fermilab....
... hot a big surprise (...if we trust the SM...)
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The Tevatron Experiments
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e pp collisions at 1.96 TeV (Run Il, 2001-2011).
H“ NW o:;; e Peaklumix 4 - 1032cm—2s—!
'"" | :::; e About 12fb—1 delivered to experiments.
=0 scosved 10 repermen
H W‘ e Collaborations:

— Currently 400 + 400 members

—\/eckly Integrated Luminosity —#— Run Integrated Luminosity

— 60 (CDF) + 70 (D@) Institutions
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The LHC Experiments

3O_IIIIIIIIIIIIIIIIIIIII

CATLAS e pp collisions at 7 (2011) & 8 TeV (2012).

25— Preliminary 2012,\s =8 TeV

.LHC Delivered Delivered: 22.8 fb™ [ Peak |Uml ~ 7-5 . 1033cm—2s—1

20
e About 6 4+ 23fb—1! delivered to experiments.
15 Acquired =~ 5 + 21 fb—1/experiment
2011,\s =7 TeV

10

Delivered: 5.46 fb™*

e Collaborations:

— Currently 2500/3000 members from
about 180 Institutions each.

Total Integrated Luminosity [fo™%]

0
a0 ppt 3 ot gen ppt W ot
Month in Year
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/ Top Quark Production \

tt production via strong interaction

a t 92 t 9 pyoooT &
>4mog< n Jamcm< n
t g O { £

3 o TOoOT——— £

TEV ~ 85% TEV ~ 15%
LHC ~ 10% LHC ~ 90%

Inthe SM: BR(t — Wb) ~ 100% —> tt final states defined byW's’ decays

ttjets 15%

u+jets 15%

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

S TR MR
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™

tt production x-section

™~

T | T T T T | T T T T |
% Tevatron combination* L = 8.8 b
B ATLAS dilepton L = 4.6 fo™
| O cMmSdieptonL=231b"

B ATLAS lepton+jets* L = 0.7 ft”
|~ O CMS lepton+jets L = 2.3 1t

® ATLAS dilepton L =203 fb"

1i O2 0O CMS dilepton L = 5.3 5"

ATLAS+CMS Preliminary
TOPLHCWG

July 2014

Inclusive tt cross section [pb]

- @ ATLAS lepton+jets™ L= 5.8 b [ ]
. O CMS lepton+jets* L = 2.8 f&5' L ]
. B * Preliminary 250__ 7
200" .
10 & . ]
g NNLO+NNLL (pp) 150 + L]
——— NNLO+NNLL (pp) 7 8
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 7]
m, = 172.5 GeV, PDF® o uncertainties according to PDF4LHC
1 1 1 | 1 1 1 1 | 1 1 1 ? | 1 1 1 1 | 1 1 ? 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9
Vs [TeV]

TEV: =75000 ¢t pairs/experiment

LHC ~ 6000000 tt pairs/ experiment

.but...oz/0ine1 ~ 1077

.

(Run 1)

o (pp, 1.96 TeV) ~ 7.5pb
o (pp, 7TTeV) ~ 175 pb

o (pp, 8 TeV)

12

250 pb

(Run 2011 + Run 2012)
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/ Top Mass Challenges \

® 0ii/ Cinel ~ 102 11
CMS Average Pileup, pp, 2012, Vs = 8 TeV
e ... Event Selection: 6°g R b
— Triggers 50 50

— b-tagging algorithms.
— High E+ and “central” Jets.
— Lepton Id (Dilepton, Lepton + jets).

401 140

301 130

201 120

10

e Reconstruction:

110

Recorded Luminosity (pb~'/0.04)

— Jets-to-partons assignments —

Mean number of interactions per crossing

Which jet comes from which interaction / particle?
PILEUP. Combinatoric problem

— Measure “Jets” and not partons "4k .
Need corrections to obtain parton energy EM, I | Calorimeter jet
—> JetEnergyScale (..orJSF) :
—> Important contribution teryy, ., (syst)

— Undetectedr’s (Dilepton, Lepton + jets). Pagigieley

Need assumptions. Multiple solutions.

Ol

.
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Measurement Strategies

s

e Matrix Element (ME)

™~

— Define the probability, Pe.,, that the
bkg kinematics & at parton level:

do (&) LO differential x-section of a final state & at parton level.
Depending onMop for tt events, but not for bkg.

events

arise from any possible signal or

W(y, €) “Transfer function”, i.e. probability to measure the observed
set of variablesy, given & at parton level. Depends onJES.
fir [Fraction of signal events expected in the data.

— Maximize Lsample H Peo (Y, fiz, Miop) evaluated for observed data

e Template Method

CDF Run Il - All Hadronic Myp - Preliminary (9.3 fb™)

0.1—tf m[*° templates
— Consider a set of observablesg, sensitive toMop.
Evaluate and plot the set for each event
= “Templates”

0.08—

0.06_—
— Maximize a likelihood where observed distributions [
are compared to expectations for differentM¢op and

0.04_—
signal fractions, f,z. [

Fraction of Events/(2.5 GeV/c?)

Acsample S8 H H Eshape(mi|ftfa Mtop)

: > 2 tags events ( AJES = 0.0)

B v, = 1675 Gevic?

My, = 172.5 GeVi/c?
My, = 177.5 GeVi/c?

rec
—— Py(m{* | M AJES)

events & 100 150

L
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/ Measurement Channels \

Lepton + JetS Lightql{ 2 v \ A”-JetS

Reasonable Bkg,
Good Statistics....

The Golden Channel!

Huge QCD Bkg...
Large Statistics

bjet

Challenging!

. . Need “fine tuned” selection - 1oBdB
» Jets-to-Partons assignment ambiguity * Need *fine tuned” selections to obtain gosgd

o Well reconstructed kinematics (bp¥ ambiguity) * Large Jets-to-Partons assignment ambiguity

e Fully reconstructed kinematics

Missing E+ + Jets

The cleanest sample...
The smallest statistics

FSR jet

Small combinatoric problem e Selection defined to be complementary
to other channels.

Underconstrained kinematics (2 undeteatts) e Mostly L + Jets with undetected lepton
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D@, Template by NWA, 4.3 4+ 1.0fb~1

Dilepton

Phys. Rev D86, 051103(R) (2012)

Neutrino Weighting Algorithm : templates based on an event weight

for possible solutions of underconstrained kinematics.
JES calibration from Lepton + Jets analysis is used.

Combined with NWA + Matrix Weighting @ 1fb—1!

Miop = 174.0 £ 2.4 (stat) £+ 1.4 (syst) GeV (1.6%)

CDF,

e CDF conference note 11072, Jan 2014. Use full CDF dataset.

Templates, 9.1fb~1

“Hybrid” variable method to reduce JES uncertainty :

Templates by = w - M + (1 — w) - M3t
M e sensitive to trueM¢op. Defined by NWA.

M,?lt less sensitive tdVItop, but not based on jet energies
w defined to minimize expected (stat + JES) uncertainty

e Two independent samples 0-tag, > 1-tag

Events/(10 GeWcz)

d) D@, VWT
1o? 0, =30 Ge
2\0.6'x
% 0.5 TN
£0.3 .
g 0.1 ////////////////////?///

-~
o

CDF Run Il Preliminary (9.1 fb'1}

154 [=1]
=] (=
III|\III|IIII

B
=)
|

30

20

120

tt— I'I'+2Jets+E, 0 tags

»— DATA

Best fit to data
tt (MC shape) + Bkg

-

—+—

220

140 160 180 200 240

M (GeVic?)
Mtop = 170.8 & 1.8 (stat) =+ 2.7 (syst)GeV (1.9%) 0-tag fitted templatey
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Dilepton

B

ATLAS, Templates,

e ATLAS Conference Note 2013-077, July 2013.
> 2jets, = 2b-tags.

ner-=»

e Select events withei" 14

4.7t~ @+/5 = TTeV

2 1

1600
1400
1200

Events / 10 GeV

1000~
800
600
400[-
2000

\ oo

! . . . ! .
160 165 170 175 180 185

Top quark mass [GeV]
4 Data

= {f signal

tt background

= Single top
= Drell-Yan
= Diboson

350

400
Reconstructed mass [GeV]

e Template method based omnyp, = min

£L<—b

e 2913 Observed Events. Expected Purity~ 96%.
Main Bkg: Single ¢

Mtop = 173.1 £ 0.6 (stat) £+ 1.5 (syst) GeV (0.94%)

CMS, Templates, 5.0fb=! @+/s = 7TeV (EPJC722012 (2202))

CMS 2011, 5.0 fb™ at Vs = 7 TeV

M

— 1 T T
0-125ATLAS  Simulation Myop
 Preliminary — 165.0 GeV
0.1—

—1725GeV ]
- —180.0GeV -
0.08F

0.06[

normalised events / 5 GeV

(1) (2)
(meb T,y ) -
2 0.04F

0.02F

Requireﬁj‘ £,, > 2jets, > 1b-tag.
Expected purity 78% (1-tag)/ 93% (> 2-tags)
Use highestpr T, £, , (b-tagged) jets.

Matrix Weighting :
Assumem and weight possiblep,,’s solutions.
my Yielding highest total weight chosen for templates.

op = 172.5 4 0.4 (stat) £+ 1.5 (syst)GeV (0.93%)
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Best Single Measurements in the World Up to Date
o D@, Matrix Element, 9.7fb—1 (Phys.Rev. Lett. 113, 032002 (July 2014))

e Improved detector calibration and JES corrections to redue® syst > |[@opgorm®
. o i ;I  lHets =V
e For each event evaluate ME-based probability as a S 400~ o rer bgs
weighted sum over possible parton-jet combinations Ei -m;f
= B +
£ 200 | Multijet
S

e Dependence orJES given by Transfer Functions W (v, &)

e SimultaneousJES calibration by jets assigned toWW boson.

Ratio

« CMS, 19.7fb~! @+/s = 8 TeV (CMS Physics Analysis Summary TOP-14-001, March 2014)

CMS Preliminary, 19.7 fb”, s = 8 TeV, l+jets

e Template Analysis based orideogram Method % 012

e Reconstructm;°®, miy°° for all possible
jets-to-partons assignments

e Allvalues included in Pe+ With proper weight

e m;°° used forin situ JES calibration /004
171.5 172 172.5
m, [GeV]
\ . . . /
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ATLAS,

4.7fh~1 @+/s = 7TeV (ATLAS Conference Note 2013-046, May 2013)

e 3-dimensionalTemplate analysis i JSFAND bJSFin situ calibration

0.01

> F T T ] > QO45F T T rrrrrrrrrr — 005_'|""|""|""|""|" ]
& 003 ATLAS Preliminary [ =1675Gev 3 & T E[ese=oss ATLAS Preliminary S °L ATLAS Preliminary [Jbase=oss 1
> C  Simulation, {s= 7 Tev — ] =~ 004 — Simulation, Vs= 7 TeV o) L Simulation, Vs= 7 TeV ' :
2 - . [ ] me, =1725 Gev E 2 E [ ]ose=100 S 0.04- i [ ] basF=1.00 ]
S 0.025F h ] S 0035 o N ]
> C LTINS D m,, =177.5GeV > t C ]
2 c % ] ® 003 2 r ]
0.02F - 3 N r _'

% : ] 2 0025 E 0.03¢ ]
- - m - -

£ 0.015F B E 002 S E :
S ] S 0.02F -
0.01f 3 0.015 g ]

0.005F 0.01
o 0.005# “ ==
o R R R R A S R T C‘\'H B R R R R R SRS S SRS 0 S e S O B e
140 160 180 200 220 60 70 80 90 100 110 15 2 25 3
reco mies” [GeV] reco mieee [GeV] reco R
m vsSm g m vs JSF R vs bJSF b
top top \"% 1b

o CDF, Templates, 8.7fb~! (Phys.Rev.Lett. 109 (2012) 152003)

reco (2)

e 3D templates :m;°°° vs m, VS 1M Hoss 108, 6)
20.04
e m;; used forin situ JES calibration %g’zg TR

—+1.04, (0,)

e 5independent data samples (based dtag) combined o
0.015
0.01]
00051 S
m; (GeV/c?)
m j; dependence onIES/
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e CDF, Templates, 9.3fb—! (CDF public note 11084, February 2014)

e Tuned event selection based on Neural Neb-tag CDF Run If - All Hadronic M,, - Preliminary (9.3 fb")

500 > 1-tag events
—— Data (9.3fb 7

[ Fitted Bkg +t
Fitted Bkg

e Data driven bkg modeling
e S/Blargerthan 1/1 for > 2-tag events.

400
e In each event reconstruct §? minimization) :
— a’“top mass”, mj

Events/(5.0 GeV/c?)

300

200(

— a“W mass’, m’{,“ic —> JES calibration

100F

_ G- I J’ “.‘I_I I I
100 150 200 250 300

mie [GeV/c?]

e CMS, 18.2fb~! @+/s = 8 TeV (CMS Physics Analysis Summary TOP-14-002, July 2014)

CMS Preliminary, 18.2fb %, (s =8 TeV

L 1.018

A 1016 =;§§:§§3: e Same method (ideogram) and templates used for CMS L+Jets
1.014

[J-2at09() =9

e Require large Jet multiplicity, 2 b-tags, good event reconstruction

e High purity ( 78%) in a difficult channel

171 172 173

G
Luca Brigliadori m[GeV] XLIV ISMD
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o CDF, Templates, 8.7fb—1 @ 200 —
% CDF Run Il Preliminary (8.7 fo 9
Lﬁ | —e— Data
150 i .Signal (M =172.5 GeV/c?)
e Phys.Rev D88 (2013) 011101 — 0O ‘
e Require largeEr, no tight lepton 1ot
2tag MET+Jets Events
—> independent of All-Had, L+jets, Dilepton 50 |
e Exploiting NN selection and bkg modeling

.. ] 0 0.5 1
similar to All-Had analysis NN output

e Er treated as due toW —» £v with “lost” charged lepton Neural Net Output

In event reconstruction
e Same technique used in CDF L+jets:

€ E ........................ —AI(‘Jg(LI):‘O.S‘ |
i reco reco(2) . OB e Alog) 220”"
— 3D templates usingmy €<?, m, y TN oaf O T = pog-25 ]
— m; used forin situ JES calibration oz (.\\
07 ",,,’ ‘.‘ . e,
-0.2 f ’ ,o.,.>\ ) :
Mtop = 173.93 £ 1.26 (stat) + 1.36 (syst) GeV T
0Bl
O-Mtop /Mtop = 1'1% - CDF Il Preliminary 87/ ™ | . . . . i .
170 172 174 176 178

M,,, (GeVic?)

" /
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scheme

Using of2°°(my) and o

tt

om, =~ 0.8GeV (relative 0.4%) —— precision measurement!

*

* ..but quarks are confined — m not uniquely defined in QCD... (e. gmpOle mMS )
* So.. what are we measuring??? — mMC (.. it should be close t0mf°1e)

*

meas gllows extraction of m¢ in a well defined renormalization

! t

.

CMS, 2.3fb~! @+/s = 7TeV (arxiv:1307.1907v4, August 2014)

\s =7 TeV; aq(m,) = 0.1184
IR T

1 _ _ — g o cwsii=23n®
e Measurement ofm}P ' (relation with mM> known at O (a3)) = "N " repezocnio.
200}\,\ s v Topi+ 2.0, HERAPDFLS ]
USG Eon CONE, | 2 e Top++ 2.0, MSTW2008
180 C Top++ 2.0, NNPDF2.3
NNLO + NNLL calculations of ofpe° seof
o 2°2° from dilepton channel 140
1207‘ 1 = N e S
° AssumemMC — mEOIe :|: 1 GeV 165 170 175 180 lrfrsl?"'e(Ge\})gO
CMS, (s = 7 TeV, L = 2.3 fb’; NNLO+NNLL for o
e Consider maximum of T et o T
A With us(mz)ofPDFset
P(my) = [ P™°25(g,zlmy) - PPe° (o, z|lmi) doyr ML
(114) (¢lme) (04¢lme) dog
HERAPDF1.5 L e d—
MSTW2008 e
1 3.0
mP°'® = 176.773'0 Gev i
) 160‘ = ‘léS‘ — ‘1;0‘ — ‘;1;5‘ — ‘léO‘ = ‘185
m™® (GeV)
Luca Brigliadori XLIV ISMD
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Tevatron Top Quark Mass

CDF + D@, July 2014 (arXiv:1407.2682)

Mitop = 174.34 4= 0.64GeV (0.37%)

July 2014
Preliminary

Mass of the Top Quark

Red box: positive weights
Grey box: absolute value of
negative weights

Oveight [V > Oiveight [for all measurements

' <&
© & & 2
<\®Q ® 3 O S N <N\
;& N R & S
& OOQ S » ~ < SN NS &
o o P o
Il -
Analysis

July 2014 (* preliminary)
CDF-I dilepton ¢ 167.40 +11.41 (£10.30 + 4.90)
D@-1 dilepton ° 168.40 +12.82 (+12.30 + 3.60)
CDF-Il dilepton * 1 170.80+3.26 (£1.83+ 2.69)
D@-II dilepton N B 174.00+2.80 (22.36+ 1.49)
CDF-I lepton+jets * 176.10+7.36 (¢5.10 £ 5.30)
D@-I lepton+jets h_._lé;_(;_lo +5.31 (£3.90+ 3.60)
CDF-II lepton+ijets " 172.85+1.12 (x0.52+0.98)
D@-II lepton+jets Y 174.98+0.76 (x0.41+ 0.63)
CDF-I alljets 186?00 +11.51 (£10.00  5.70)
CDF-Il alljets * T 175.07 +1.95 (¢1.19+ 1.55)
CDF-Il track ° 166.90 +9.43 (x9.00 + 2.82)
CDF-Il MET+Jets ¥ 173.93+1.85 (+1.26+ 1.36)
Tevatron combination * | | 174.34+0.64 (x0.37+0.52)
(£ stat + syst)
| | | | x?/dof = 10.8/11 (46%)
150 160 170 180 190 200

« CDF: Mitop
+ D@:

from Run| and Run |l combined.

e All correlations taken into account.

e Precision limited by systematic uncertainties

in all channels

e Individual Experiments Combinations:

— 173.16 + 0.93 GeV (March 20
175.08 & 1.47 GeV (May 201

e Best results of each experiment in each channel

Best Measurement in the World up to Date

o . M, (GeVic)
Luca Brigliadori

University of Bologna

XLIV ISMD
September 9, 2014
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LHC Top Quark Mass

ner-=»

ATLAS CONF-2013-102 (September 2013)

ATLAS Preliminary = m,, summary - Oct. 2013, L =2.05 fb™*- 4.7 fb™*

2011, all jets*
CONF-2012-030, L, =2.05fb™

1749 £ 2.1 + 3.8

2011, Iepton+jets*'D

S it 172.31+ 0.23+0.27+0.67 £ 1.35
CONF-2013-046, LW =4.7fo
. W
2011, dilepton* —m—t 173.09 + 0.64 +1.50
CONF-2013-077, Lml =4.7fb
(stat.) (JSF) (bJSF) (syst.)
ATLAS Comb. Sept. 2013 (conF-2013-102) M
172,65+ 0.31_,, * 1.40 )orp55r syst. stat. uncertainty
stat. 0 JSF O bJSF uncertainty
total uncertainty
*Preliminary, uInput comb.
| | | | | | | |
155 160 165 170 175 180 185 190 195

Myep [GEV]

ATLAS + CMS (September 2013)

LHC m,,, combination - September 2013, L =3.5fb™"-4.9 fo*
ATLAS + CMS Preliminary, s = 7 TeV
T e e — 172.31+ 0.23+ 0.72 £ 1.35
ATLAS 2011, di-lepton

e —+e—+—1 17309+ 0.64 +1.50
VS 200, et —+e+—  173.49+0.27 +0.33+ 0.98
CMS 2011, di-lepton

_—

e 172.50 + 0.43 +1.46
VS 207, alljets ——e——  173.49+0.69 +1.23
LHC September 2013 — o — 173.29+0.23+ 0.26 + 0.88
Tevatron March 2013 Hi—o—i 173.20+ 0.51+ 0.36 +£ 0.61

(stat.) (syst.)
| | | | ] | | | |

166 168 170 172 174 176 178 180 182
Migp [GeV]

CMS PAS-TOP-14-001 (March 2014)
CMS Preliminary
I | I I I I | I I I I | I I I I | I I
. @
CMS 2010, dilepton 175.5 + 4.6 + 4.6 GeV
JHEP 07 (2011) 049, 36 pb’ (value = stat = syst)
CMS 2010, lepton+jets ® 173.1+ 2.1+ 2.6 GeV
PAS TOP-10-009, 36 pb" (value = stat = syst)
CMS 2011, dilepton 172.5 + 0.4 + 1.4 GeV
EPJC 72 (2012) 2202, 5.0 fb™ (value = stat = syst)
CMS 2011, lepton+jets : 173.5+ 0.4 = 1.0 GeV
JHEP 12 (2012) 105, 5.0 fb" (value = stat = syst)
CMS 2011, all-hadronic - 173.5+ 0.7 + 1.2 GeV
arXiv:1307.4617, 3.5 fb™ (value = stat = syst)
CMS 2012, lepton+jets : 172.0+ 0.2 = 0.8 GeV
PAS TOP-14-001, 19.7 fb™ (value = stat = syst)
CMS combination : 172.2+ 0.1+ 0.7 GeV
March 2014 (value = stat + syst)
CMS 2012, all-hadronic 172.1+ 0.4 = 0.8 GeV
PAS TOP-14-002, 19.7 fb! (value = stat + syst)
Tevatron combination (2014) 174.3+ 0.4 = 0.5 GeV
arXiv:1407.2682 (value = stat + syst)
World combination 2014 173.3+ 0.3 = 0.7 GeV
ATLAS, CDF, CMS, DO (value = stat + syst)
] ] ] ] ] | ] | ] | ] ] ] ] ] ]
Miop = 172.22 +0.73GeV (0.43%)

Luca Brigliadori
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Miop WORLD AVERAGE

f |

ner-»

Mtop = 173.34 £ 0.76 GeV
Tevatron+LHC m,,, combination - March 2014, L_=35fb™*-8.7 fb™
_ ATLAS + CDF + CMS + DO Preliminary
CDF Runll, kjets ——— — 172.85 + 1.12 (0.52 + 0.49 + 0.86)
COF Runil driepron- ° . , 170.28 £ 3.69 (195  +3.13)
CDF Runil, all jets - —— 172.47 + 2.01(1.43+ 0.95 + 1.04)
CBF Runll, EM+jet
_8_7::3 T e F——— 4 173.93 + 1.85(1.26 + 1.05 + 0.86)
DO Runll, +jets —t—g—t—t 174.94 + 1.50 (0.83+0.47 + 1.16)
DO Runll, d-lepton - o a1 174.00 + 2.79 (2.36 + 0.55  1.38)
ATLAS 2011, [+jets PO — 172.31+ 1.55(0.23+0.72 + 1.35)
ATLAS 2011, di-lepton ——s 173.09 + 1.63 (0.64 + 1.50)
CMS 2011, Hjets — 1 — 173.49 + 1.06 (0.27 + 0.33 + 0.97)
CMS 2011, dHlepton —_— — 172.50 + 1.52 (0.43 + 1.46)
CMS 2011, alljets —_— = 173.49 + 1.41(0.69 +1.23)
World comb. 2014 X,/ =310 - = 173.34 + 0.76 (0.27£0.24 £ 0.67)
é’ £ Tevatron March 2013 (Run I+1l) - — i 173.20 £ 0.87 (0.51+ 0.36 + 0.61)
< O
5O LHC sept. 2013 b 8 et 173.29 + 0.95 (0.23 + 0.26 + 0.88)
. | | | tota}l (stat. syst.)
165 170 175 180 185
m,, [GeV]

March 2014: the ATLAS, CDF, CMS and D@ Collaborations approved the
very first Tevatron + LHC My¢op combination

*

*

arXiv 1403.4427 [hep-ex]

Tevatron : Runll data
(upto 8.7fb1)

LHC : 2011 data
(upto 4.9fb1)

Best single measurement

in each channel
from each experiment

13% improvement w.r.t.
most precise single
Collider combination

28% improvement w.r.t.
most precise single input

=
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A
f AT M;op WORLD AVERAGE
A
S
s 2oog
PExp PLHC | PTEV PcoL =, 150
PCDF | PDO | PATL | PCMS PATL-TEV | PCMS-TEV 3 r
Stat || 00 | 00 ] 00 | 00 || 0.0 | 0.0 0.0 0.0 g 1005
JES || 00 [ 1.0 00 | 00 00 | 00 0.0 0.0 < 50
stdJES || 1.0 | 1.0 | 1.0 | 1.0 00 | 0.0 0.0 0.0 oE
flavourJES || 1.0 | 1.0 | 1.0 | 1.0 00 | 0.0 0.0 0.0 -
BJES || 1.0 | 1.0 | 1.0 | 1.0 05 | 1.0 1.0 0.5 -50F
MC | 10 | 10| 1.0 | 10 1.0 | 1.0 1.0 1.0 -100E
Rad || 1.0 | 1.0 | 1.0 | 1.0 1.0 | 1.0 0.5 0.5 150F
CR| 10 | 10| 1.0 | 10 1.0 | 1.0 1.0 1.0 -
PDF | 10 | 1.0 | 1.0 | 1.0 1.0 | 1.0 0.5 0.5 -200F
DetMod || 1.0 | 1.0 | 1.0 | 1.0 00 | 00 0.0 0.0 P
btag || 1.0 | 1.0 | 1.0 | 1.0 00 | 0.0 0.0 0.0
LepPt || 1.0 | 1.0 | 1.0 | 1.0 00 | 0.0 0.0 0.0
BGMC' || 1.0 | 1.0 | 1.0 | 1.0 1.0 | 1.0 1.0 1.0 — 100
BGData || 0.0 | 0.0 | 0.0 | 0.0 00 | 0.0 0.0 0.0 R
Meth || 0.0 | 0.0 | 0.0 | 0.0 00 | 0.0 0.0 0.0 § S0F
MHI || 1.0 | 1.0 | 1.0 | 1.0 1.0 | 0.0 0.0 0.0 EE oF
‘g -50F
® First combination between the two Colliders _100E
. ; -150
® Big effort performed in order to: ool
* classify uncertainties 250k
* define correlations -300~
-350—

® \Various correlation scenarios have been checked

'; ipEXP '; i pTEv
pLHC - pCOL
of x pALL

0 20 40 60 80

100

Multiplicative factor f [%0]

T I T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T I T
ATLAS + CDF + CMS + DO Preliminary

=t
o
o

o

Multiplicative factor f w
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Miop WORLD AVERAGE

University of Bologna

e M,,p Uncertainties
— Dominated by systematic effects
— Leading contributions : MC signal modeling, JES
Input measurements and uncertainties in GeV

CDF DO ATLAS CMS World
Uncertainty [+jets di-/ all jet EZ"™ [+jets di-/ [+jets di-/ [+jets di-/ all jet || Combination
Miop 172.85 | 170.28 | 17247 | 17393 | 17494 | 174.00 | 17231 | 173.09 | 173.49 | 172.50 | 173.49 173.34
Stat 0.52 1.95 1.43 1.26 0.83 2.36 0.23 0.64 0.27 0.43 0.69 0.27
iJES 0.49 n.a. 0.95 1.05 0.47 0.55 0.72 n.a. 0.33 n.a. n.a. 0.24
stdJES 0.53 2.99 0.45 0.44 0.63 0.56 0.70 0.89 0.24 0.78 0.78 0.20
flavourJES 0.09 0.14 0.03 0.10 0.26 0.40 0.36 0.02 0.11 0.58 0.58 0.12
bJES 0.16 0.33 0.15 0.17 0.07 0.20 0.08 0.71 0.61 0.76 0.49 0.25
MC 0.56 0.36 0.49 0.48 0.63 0.50 0.35 0.64 0.15 0.06 0.28 0.38
Rad 0.06 0.22 0.10 0.28 0.26 0.30 0.45 0.37 0.30 0.58 0.33 0.21
CR 0.21 0.51 0.32 0.28 0.28 0.55 0.32 0.29 0.54 0.13 0.15 0.31
PDF 0.08 0.31 0.19 0.16 0.21 0.30 0.17 0.12 0.07 0.09 0.06 0.09
DetMod < 0.01 <0.01 <0.01 <0.01 0.36 0.50 0.23 0.22 0.24 0.18 0.28 0.10
b-tag 0.03 n.e. 0.10 n.e. 0.10 <0.01 0.81 0.46 0.12 0.09 0.06 0.11
LepPt 0.03 0.27 n.a. n.a. 0.18 0.35 0.04 0.12 0.02 0.14 n.a. 0.02
BGMC 0.12 0.24 n.a. n.a. 0.18 n.a. n.a. 0.14 0.13 0.05 n.a. 0.10
BGData 0.16 0.14 0.56 0.15 0.21 0.20 0.10 n.a. n.a. n.a. 0.13 0.07
Meth 0.05 0.12 0.38 0.21 0.16 0.51 0.13 0.07 0.06 0.40 0.13 0.05
MHI 0.07 0.23 0.08 0.18 0.05 <0.01 0.03 0.01 0.07 0.11 0.06 0.04
Total Syst 0.99 3.13 1.41 1.36 1.25 1.49 1.53 1.50 1.03 1.46 1.23 0.71

\Total 1.12 3.69 2.01 1.85 1.50 2.79 1.55 1.63 1.06 1.52 1.41 OD
Luca Brigliadori XLIV ISMD

September 9, 2014



Summary

ner-»

e Since its discovery, in 1995, the properties of the top quarkave been measured in
different channels and using many methods.

e The CDF and D@ Collaborations performed many measurementsfdV¢op Using data
collected in the Tevatron Run |l up to 2011...

e ...they are now finalizing the analyses using full datasets.

e In 2010 the ATLAS and CMS Experiments started to measuréMop exploiting the
large amount of data collected at the LHC.

e A partial selection of most recent results has been preserde
in this talk. Full details in

* www-cdf.fnal.gov/physics/new/top/publicmass.html

+« www-d0.fnal.gov/Run2Physics/top/
*  https://twiki.cern.ch/twiki/bin/view/AtlasPublic/To pPublicResults

%

e In March 2014 the first WORLD AVERAGE has been performed yielding

LHC + TEVATRON, March 2014

O-Mtop /Mtop 2 0-44%

.
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Systematic Tables

Source of uncertainty Effect on m; (GeV)

Signal and background modeling:
Table 1: List of systematic uncertainties for the combined fit to the entire lepton+jets data set.

Higher order corrections +0.15
Initial /final state radiation 4+0.09 | 6m?P (GeV) JJSF | 6me'P (GeV)
Hadronization and UE +0.26 Experimental uncertainties
Color reconnection +0.10 Fit calibration 0.10 0.001 0.06
Multiple pp interactions —0.06 pr=and y-Gependent JES 0.18 0.007 L17
Heavy flavor scale factor £0.06 Lepton energy scale i <0.tm 0.0
- . MET 0.09 0.001 0.01
b-jet modeling +0.09 Jet energy resolution 0.26 0.004 0.07
PDF uncertainty £0.11 b tagging 0.02 <0.001 0.01
Detector modeling: Pileup 027 0.005 0.17
Residual jet energy scale +0.21 Non-tt background 0.11 0.001 0.01
Flavor-dependent response to jets +0.16 Modeling of hadronization
b tagging +0.10 Flavor-dependent JSF 0.41 0.004 0.32
Trigger +0.01 b fra‘gmenta.t-ion 0.06 0.001 0.04
Lepton momentum scale 10.01 Semi-leptonic B hadron decays 0.16 <0.001 0.15
Jet energy resolution +0.07 Modeling of the hard scattering process
Jet 1D efficiency —0.01 ngormalization and 0.09 0001 0.5
Method: GidtaRzatan soales 0.124+0.13  0.004+0.001 | 0.2540.08
Modeling of multijet events +0.04 ME-PS matching threshold 0.15+0.13  0.003+0.001 | 0.07-+0.08
Signal fraction +0.08 ME generator 0.23+0.14  0.003£0.001 | 0.2040.08
MC calibration +0.07 Modeling of non-perturbative QCD
Total systematic uncertainty +0.49 Underlying event 0.14+0.17  0.002£0.002 | 0.0610.10
Total statistical uncertainty +().58 Color reconnection modeling 0.084+0.15  0.002+0.001 | 0.0740.09
Total uncertainty +0.76 Total | 0.75 0012 | 1.29
TABLE I: Summary of uncertainties on the measured top
quark mass. The signs indicate the direction of the change in CMS L + JetS
my when replacing the default by the alternative model.
D@ L+Jets
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