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Precision measurement

Accuracy and precision are defined in terms of systematic \ %5
and random errors. The more common definition associates ¢
accuracy with systematic errors and precision with random
errors. Another definition, advanced by ISO, associates trueness
with systematic errors and precision with random errors, and

defines accuracy as the combination of both trueness and
precision.

Accuracy of a target grouping according to BIPM and I1SO 5725
Reference value

4
Probability Accuracy
density B j

>

-« .. * Value Low accuracy, poor Low accuracy, good
Precision precision, good trueness precision, poor trueness
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Precision measurement — top quarE mass
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Precision measurement — fop qum
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Precision measurement — top quark mass

dilepton CMS combination, Sep. 2014
® 172.38+0.10£0.65 GeV
(valuexstat.xsyst.)
180 - o Sk
7 TeV 7 TeV 8 TeV
— lepton+jets
=
5 Il jets
S lepton+jets Gl dilepton
=
NN ///4/444(
dilepton lepton+jets
170
alljets

I I I I

2011 2012 2013 2014
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The top quark

FERMIONS* BOSONS
‘ First Second Third T .
i Generation Generation Generation The heaVleSt kI‘lOW
Tpgark|  Higge elementary particle.
¢ 56
w

Tight connection to the

10t Bottom quark .
T Higgs-Boson and .Electroweak
10° @ X Symmetry Breaking
E , Strange quark
= B It decays before it hadronies.
s Down quark
$ 107
& :Up A It 1s still a (old) teenager,
e discovered in 1995, and we
P i just got recently many of

N " " MASSLESS them .

1070 BOSONS
Muon- O
neutrino Tau- ) Photon
107t Electron- ’ neutrino
neutrino . Gluon

2

10—12
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t - channel

Sy

Production modes

g t 8 t
g
g { S t

s - channel

q t
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Production modes
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q t

85 % @ LHC 15% @ LHC

A1

pen

IIII|IIII|IIIIIIIIIIIIIIIIIIII
-

Myop = 172.5 GeV

—MSTW 2008 NNLO
------ CT10 NNLO i
-~ NNPDF2.3 5f NNLO=

IIIII|IIII|III |IIII|IIII|IIII|II

~X FHAT(TIT]

8 9 10 11 12 13 14
/s [TeV]

| 7TeV | 8TeV | 13TeV

Cross 177+ 11 pb 252+ 14 pb 831+ 46 pb
sections

Produced ~ 1 Mio ~ 5 Mio ~25 Mio

tt events per year

Calculations using Top++2.0 @ NNLO + NNLL
Czakon, Mitov, Comput.Phys.Commun. 185 (2014) 2930
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Production Cross section

t - channel s - channel

S

7 TeV 10 TeV 14 TeV

E . - : : I % 13 TeV
g 200 — tchannel E E E § section
3 AR 5 g t —channel 63.9+29pb 84.7+38pb 217+9pb
§ - L Dl e oWt 157+1.1pb 224+15pb 71.7+3.8pb
100 : : v | g
S | yaE i |{ s-channel 4.3+02pb  52+02pb 10.3+0.4pb
3 |
z 1 1 E
00 5 10 15 Single-top-quark and antiquark cross sections are different for t-
center-of-mass energy [TeV] and s-channel at the LHC!

Calculations using MCFM/Hathor @ NLO for t- and s-channel
Calculations by N. Kidonakis for Wt: Phys.Rev.D82 (2010) 054018,2010 @ NLO + NNLL
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Decay of the top quark

Top Pair Decay Channels

electron+jets
muon+jets
taut+jets

(IVij]) = [0,22520 0,97344  0,0412

097427 022534 0,00351
0,00867 0,0404 0999146

tau+jets

muon+jets

electron+jets

Top quark decays almost in 100% of
the time into W boson and a b quark

=0 .10

=- o
= Helmholtz.



tt production channels

Di-lepton channel (tt — lv,lv;bb,l = e, ) ®
 Branching ratio ~5% . ¢
* Low event yield
« High purity / low background rate e
* No complete event reconstruction @
: . - . o R ¥
Lepton + jets channel (tt — lv;qq'bb,l = e, u) ) >
 Branching ratio ~30%
* Good event yield oo
« Good signal / background ratio "
* Golden channel <0 N
 Event reconstruction possible (with constrains) 9 :
v P

All hadronic channel (¢t - qg'qg’bb,l = e, )
 Branching ratio ~45%

 Highest event yield ©
 Large background

 High combinatorics for event reconstruction

-
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Top quark pair production

W helicity Production cross
section
Production mechanism
New physics
L Lop charge contribution
Mass difference
Spin correlation
Charge asymmetry
Vel
. == | Branching rations
ﬁ Rare decays
Top mass 3 Anomalous couplings
Top width
Color flow F
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Building blocks of a measurement

 Take collision data

 Object identification

« Event selection

 Reconstruction of signal process (tt, tt + X, t + X, etc.)

« Background estimation / Signal to background optimization
« Statistical analysis — Lecture by Michael Schmelling
 Evaluating systematic uncertainties — Lecture by Matthew Kenzie

e Result

Example measurements:
tt production cross section
t-channel single top quark production cross section
Top quark mass measurment

.
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Building blocks of a measurement

-

Take collision data .
Choose one method you like and

Object identification understand 1t as good as possible.
(Keeping the application in mind)
Event selection There is right or perfect method

Reconstruction of signalprocess (tt, tt:4 X, t + X, etc.)
Background estimation / Signal to background optimization
Statistical analysis — Lecture by Michael Schmelling

Evaluating systematic uncertainties — Lecture by Matthew Kenzie

Result

Example measurements:
tt production cross section
t-channel single top quark production cross section
Top quark mass measurement

Precision measurements in top-quark and bottom-quark physics 22.09.2015° Dominic Hirschbithl = BU Wuppertal mm




The experiments

Focus on ATLAS |

Muon Detectors Tile Calorimeter

Liquid Argon Calorimeter
{

St ma s
Precision measurements in top-quark and bottom-quark physics 22.09.2015;2'
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Object reconstruction

ATLAS

EXPERIMENT

Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST

Precision measurements in top-quark and bottom-quark physics 22.09.2015° Dominic Hirschbithl = BU Wuppertal



Jet and MET reconstruction

ATLAS . | |
« anti-k; jets with radius parameter R = 0.4
« Input: topological calorimeter clusters | catodetd
CMS ] . . R Observable \I"'. '| : f\ /
 anti-k; ]etS.Wlth radius p‘arameter R =05 Smme Pla mFles Gondets
* Input: particle flow candidates i
A h;;néonfz;:.;}m ______
Theory | } :: """""
Moa::lr::lling N }'}? -
p, [GeV] . ~ anfid, R=1 ) .' Partons

Precision measurements in top-quark and bottom-quark physics 22.09.2015% ijominic Hirschbiihl  BU Wuppertal 7=, 17



b-tagging

Identify b quark jets through dedicated

algorithms which combine information from:

« Existence of a displaced secondary vertex

« Impact parameters of tracks associated
with the secondary vertex

* Mass of the secondary vertex

Displaced
Tracks

 Etc.

. . . Secondary
Typical Work?g points Vertall
€y quark = 70%
€c quark ~10%

~ 0
8light quark 1%

Jet

Precision measurements in top-quark and bottom-quark physics 22.09.2015%%bminic Hirschbiihl  BU Wuppertal



Typical event selection

Lepton selection:
« Isolated
* pr>25GeV

Jets
* Anti-ky algorithm (AR = 0.4,0.5)
e pr>25/30 GeV
* For t-channel single top
Including forward calorimeters (|n|<4.5)
» Identification of b-quark jets

displaced track

secondary Jet |
vertex '
AR - £ m

primary vertex .-

= 10 ET (G}

 Number of jets: > 2
Missing transverse energy % AT[L Ag e —
EPERIMENT

Precision measurements in top-quark and bottom-quark physics 22.09.2015 Dominic Hirschbiithl  BU Wuppertal S m .19



Kinematic reconstruction

ATLAS

EXPERIMENT

Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST

Precision measurements in top-quark and bottom-quark physics 22.09.2015° Dominic Hirschbithl = BU Wuppertal



Kinematic reconstruction

Leptonically W-boson:

Using know mass to calculate missing p,
component of neutrino: P# + P? = m¥,
Leads to quadratic equation for p,(v)

— 0,1, or 2 solutions

Assignment of jets:
Statistically: N! possible permutations for N
jets. But indistinguishable light quarks and

* 12 permutations for semileptonic events
* 90 permutations for fully hadronic events

Different methods to resolve ambiguites, e.g.:

x> — method: Find best permutation with minimum y?

2 2 2 2
XZ _ (}""f1j2132_""""f0'p) 4 ('m.jljz—mw) 4 [??1j4j5j62_'m'tf}p) n ('}'H.jéjﬁ—'}'n.w)

2 2
Otop ow Otop ow

Precision measurements in top-quark and bottom-quark physics 22.09.2015 /i)omlnlc Hirschbiihl  BU Wuppertal

indistinguishable hadronic tops is reduced to:
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Background processes

proton - (anti)proton cross sections

109 lll T T T lTTlTI T T T TITTTI g T T T 109
10° B 10°
GIDI |
T ! 7
b Tevatron LHC 10
10° ' 10°
10° 10° -
G mm
104 b 104 'E
Q
10° 10° 9
(E 5 Vs/20) i
10° OulEr > 1o ,;
o , J
c 10 Gy s
° 2z / ©
o, (E;” > 100 GeV) Q
10" ol
=
2 c
10 / =
=
10° 5, )
ot [ Ce(ES > s4)
® [ (M, =120 GeV)”
) 200 GeV 7
10
.. : eoma 500 GeV
QCD-multijet production R
0.
(13 b
(“fake” leptons) Js (TeV)
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Background estimation

Using MC modeling

. but normalization Using modeling and
Using MC from data normalization from data
acceptan(?e and NPt _ preiag _ pretag _ y pretag (Mostly ”fake“
modeling pome e backgrounds)
N=o-e- & Ngy = NIIFGH PGS A

\% QCD model from data

MC processes
Data

Candidate Events

WO

Discriminant
. . Fitin e;ctrapolatlion to
. Uncertainty: sebend - signalregion i
Uncertalnt'y Only uncertainty on
on ¢ and ! kinematic Uncertainty on model
distributions! and/or extrapolation
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Systematic uncertainties

Theory

Prediction cross section
— uncertainties given by theorists

MC Modelling:
 Shower / Hadronisation
— comparing Pythia vs. Herwig
« NLO matching
— comparing Powheg vs. Herwig
 Renormalization / Factorization / Shower scale
— vary scales
 Underlying event / color reconnection

Statistical

Data statistics

Limited MC sample
size

Parton distribution functions
— reweilght to different PDF's

o
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Systematic uncertainties

—

Experimental
Lepton trigger efficiency
Lepton 1dentification efficiency

Energy scales
 Lepton/dJets

Energy resolutions
 Lepton/Jets

Missing Et
B-tagging
Background estimations

Luminosity

Precision measurements in top-quark and bottom-quark physics 22.09.2015~2f)bminic Hirschbiihl  BU Wuppertal

Uncertainties are typically
estimated using special datasets or
In-situ with the real measurement

Basic 1idea: Determine scale factors
for differences between simulation
and data — estimate uncertainties on
these scale factors

‘\ “TAG <"

muaon identified .
in the trigger " cantral treck:.,
and offline it g Py B0 GAY
ISAEEd g -..\_- 2
;I e !
, cartiral track
a
L pre 20 GaW
Ly muon identified
Isclmied  —jn the trigger?
— offline?
“PROBE —u™




Jet energy scale

Procedure to calibrate jet energies:

« Calibrate EM energy scale with SM candels, i.e Z » ete~
 Central (well instrumented) region for absolute calibration
 Correct energy scale for electrons to that of photons

« Usey + jet events to calibrate major components of JES

- e
NN Fptel — O
_______________ SRy —
S R-S

y+jet event in tranverse plane

e
=

0.02

10°

, 2x10
P [GeV]

>. IIIIIIIIIIIII\I‘I\I\I\\\\I\I\\‘\I\I‘I\I\I
4 E [ anti-k, R = 0.4, LCW+JES + in situ correction

> 01— T — T — T S | t A
_%  anti-k_ A = 0.4, LCW+JES + in sftu correction o A % L DE.ta 24%1é {/S =8 TeV ATLAS Preliminary
§ . 08;5&:%%012, 1s=8TeV ATLAS Prellmlnary; § pr e I otal uncqnainty
c v [ Total uncertainty L = Absolule in situ JES
= - — Absolute in situ JES ULUJ L =1+ Relative in situ JES
& B - Relative i situ JES o L === Flav. composition, inclusive jets |
2 0.06 === Flav. composition, inclusive jets © e Flav. respense, inclusive jets -
Tg I Flav. response, inclusive jets S - Pileup, average 2012 conditions =
o = Pileup, average 2012 conditions k= = ‘= Punch-through, average 2012 conditions B
B - == Punch-threugh, average 2012 conditions E r= =
© 0.04 LC -~
- L

o R O
T,
- .

u"“
[ DU o L DL SL i DL L PP LT LT LI LT L e I

ETTLLLTTITI

4
-4 -3 -2 -1 0 1 2 3 4




TTHE
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Top quark pair production

Production cross section

N=€e-0-L

i Nmeas_kag € = Ngel

® Data 2011
7 tt Powheg+PY
|l Wit
Em Z+jets
1 Diboson
mm Mis-ID lepton

— Powheg+PY
T MC@NLO+HW
"""" Alpgen+HW




Production cross section measurement

Dilepton - channel Nmeas—Nbkg N el
Omeas = L y €=

N total

Most precise channel: eu-dilepton

Selection depends only on lepton
1dentification

 Very low background rate

* For cross section no kinematic
Q/ reconstruction of tt system is
needed!

s & Select opposite-sign ep-pair
ép - * b-tagging using multivariate
Discriminator — 70% efficiency

-
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Background estimation

Using MC modeling but

Using MC acceptance normalization from data
and modeling
N=c-¢- & Z+)ets

Fit to the Z-mass peak
Single top (mainly Wt)

E 600‘_" r~~TT1r T T T T T T TTT L '_‘

E - Z-=ee+2b 1

. . @ 500 ]
Diboson production 5 [ onz ;
(WW /| WZ | Z7) "~ ol it ake b s

300f
200f

100}

. - i T '
M+++¢+++**:**}+++++ # ;

120 140
Mg [GEV]
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Background estimation

Using modeling and
normalization from data

> 30 [ T T T T T T T T I T LI T ‘ T LI T T T T T ] Flnal event yleld
3 f ATLAS ]
2 o[ \s=7TeV,4.61" V3 =TTeV Vs =8TeV
~ B Same sign e ] Event counts Ny Ns Ny Na
2 - ]
c = . Data 3527 2073 21666 11739
S 20 ¢ Data 2011 ]
LL R ] Prompt 4 Wt single top 326 + 36 534+ 14 2050 =210 360 + 120
- (] y-conv. t—e - Dibosons 19+ 5 0.54+0.1 120 4+ 30 341
15 mm y-conv. b/g e ] Z(— 7T — ep)+jets 28+2 1.8+0.5 210 +5 TE1
B . Heavy-flavour e Misidentified leptons 27 4+ 13 15+8 210 + 66 95+ 29
10:_ [ | Heavy-flavour }L_: Total background A00 £ 40 70+ 16 2590 =230 460+ 130
51 -
B — o ] P o
urity:
OO 50 100 150 200 250 y .
Electron p. [GeV] N1 - exactly 1 b-tagged jet: S/B=28
T

N2 - exactly 2 b-tagged jet: S/B = 25

Use same sign di-lepton events to
estimate and model fake
background

%
it
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Production cross section measurement

m— _Nmeas_kag €= Nsel

LN L B BB B L B L L B N BN B

% = ATLAS ° II;_ata 2012 | ) — —
0 300005_ | \s=8TeV, 203" = btv FOWheng %_L meas el ¢ N total

25000 o) biboson

:_ P mm Mis-ID lepton _: . . .

e N1 | Ty, S Lepton 1solation was directly

oo T MpseneW measured 1n tt like events

10000 == —

soool N2 -1 + High b-tagging uncertainties
o e — determine efficiency from data
5 f ]

0_5:— \ B B - ------- f
0 1 2 >3
N

Ny = Loge.,2€,(1 — Cye,) + N9
N, = Logee, Coel + Ny 9
€ey: Preselection efficiency
* €, : b-jet acceptance and tagging efficiency
« (p,:1/2-btag correlation (=1.005)
— Solve equations for o4
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Systematic uncertaintie

JE

Uncertainty (inclusive o)

ﬂ.Eq‘_ ll'lEq‘_ d’l_i_'hlll:ra

gy oy

(%)

Avyfon

(%)

Data statistics

1.69

0.71

tf modelling

Parton distribution functions
QCD scale choice

Single-top modelling
Single-top/tt interference
Single-top Wt cross-section
Diboson modelling

Diboson cross-sections

Z+jets extrapolation

Electron energy scale/resolution
Electron identification

Muon momentum scale/resclution
Muon identification

Lepton isolation

Lepton trigger

Jet energy scale

Jet energy resclution

Jet reconstruction/vertex fraction
b-tagging

Misidentified leptons

1.43
1.04
030
034
022
072
0.12
0.03
0.05
022
0.13
0.14
030
0.74
0.19
027
030
0.06
041
041

1.22
1.13
0.30
0.42
0.15
0.69
0.13
0.0:3
0.02
0.51
0.41
0.02
0.42
0.37
0.16
0.52
0.51
0.0:3
0.40
0.34

Analysis systematics (o)

227

2.26

Integrated luminosity
LHC beam energy

1498
1.79

3.10
1.72

Total uncertainty (o)

480

4.27




. - e
Production cross section measurement

L I T T T T
- ATLAS

o)
2
IE “ _ "1
ee, uy, ey, 0.7 b o 248 - Is= 8 TeV, 20.3 b A
e N /ET™, 4.6 fb” -
e b-tag, 4.6 fb™ -
eu b-tag, 20.3 fb™' 046 B
®
244 ° ]
. s i
SRS I S i
242 — _|

=" NNLO+NNLL
m, = 172.5 GeV i
PDF @ (xsunlcertaintiesfollowingIPDF4LHC 240

7.5 8

\s [TeV] Jetp_cut [GeV]

Precision Measurement

stat syst lumi beam

o =182.9+3.1+4.2+3.6+33pb (/5 =7TeV) 39%
o =2424+1.7+55+75+42pb (/s =8TeV) 43%

2%/1% 2%/2% 2%/3% 2%/2%




Events

Production cross section measurement

CMS uses an similar approach:

vis
Log €ey

) o vis . 2
vis
50 = f.LTt—t Eep

- 2ep(1 — Cpep)

' (1 o 2Eb(]— — CIVE[I) - CIJEE]

»

x10° 5.0 fb’ (7 TeV)
161 cms * data
14 £ Pretiminary '
12 “ I twi/tw
10 oy
[ Ivv
8 [ non Wiz
6= v
A MC syst+stat
21
5E 1
| SRt AN N . PRI NN EwwRRNY
= N EEEEERNN SUETEEN
S5 1 | [ [T A R N TR N AN B
0 1 2 >3

b jet multiplicity

obs
pred

Events

x10° 19.7 b (8 TeV)
70CMS + data
frend B«
Prelimina
il A B twitw
50 [ by
40 wv
non W/Z
al - [ Ittv
20 MC syst+stat
10
15E +
A — e AN
=" IR SN S SR NN SO SO SN SO NN ST ST SR SO M S
03 0 1 2 >3

b jet multiplicity

BU Wuppertal
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Production cross section measurement

Jet pr allow fit to constrain systematics related to gluon
radiation, jet energy scale, etc.
— NO counting experiment anymore!

x1 03 0 or >2 b-tagged jets 19.7 b’ (8 TeV)

£ 0add. jets | * data > 3 1 add. jet 2 add. jet >3 add. jet
c 30 _ o 10 CMS
g B B g = Preliminary
w25 Mwiw-n &
206 by 5 10
- [ Jwv W
158 I QCD/Wijets 108
108 Clttv
5F Il tthg 1
E MC syst+stat
_8|8 1%m\ -8 -8 1. 2‘ A A A TN S L RSN -‘ S *“““‘X\\\\\\\\\\\\\\\“\\I\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\
ola ogp CEo0s, o . ““\ PN e \“\‘\\b\\\‘*\\\“\\\\\\\\k\\“\\\\\\; BRI \\\\?\\\\\\\\\\
40 60 80 100 120 140 160 180 40 60 80 100120140160 180 40 60 80 100 120 140 160 180 200
p, [GeV] p, [GeV] p, [GeV]
(th —

174.5 £ 2.1 (stat) =4
= =)

(syst) £ 3.8 (lumi)pb aty/s =7TeV
245.6 £+ 1.3 (stat) st) +

& at /s = 8TeV.

SY

10N o= o
N oW

6.5 (lumi) pb
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Application of cross section measurement

o, [pb]

These applications are only possible with a high precision cross section |

19.7 b (8 TeV) 1 19.7 b (8 TeV)
Q. L 0 o 280 CMS
—= 300 Preliminary 2 " T Preliminary
o 0.8 B b 270F
280 s 2 260
6 g
260 | 250
i —0.4 E
240l 240
02 230F
2201 r
0

220 1 1 1 Il 1 1 1 s
169170 171172173 174175176 177 178
mP°® [GeV]

166 168 170 172 174 176 178
m*® [GeV]

166 168 170 172 174 176 178
mP® [GeV]

IS

t £TCMS | v g

EJ 4; Preliminary -+~ Expected E

: B350 Erpertae =

SeaI'Ch for p I; . % 3; Expected £ Cexp é
SUSY particles - \1 st i
with mass close R £z i
I;;' "5" | (_)1.5E &

to the top quark , X 5 2 _;
0.55 £ 2 m* el cev

t q P RS

0

1 I N | ‘ | B
50 160 170 180 190




Differential cross sections

Idea: Measure cross section with respect of a kinematic distribution

Two different conventions:
« Parton level:
Select the last top quark after radiation from the MC event record

« Particle level:
Reconstruct “pseudo”’-top from stable particles
— consistent with measurable quantities, no extrapolation into full
phase space

= E T T T T T T = —
—|a is=7TeV . ¢ - . >
|@ 10° e |:| Parton-level hadronic top-quark - © ATLAS Simulation
8 [ particle-level 1, el o, POWHEG+PYTHIA
e ] LI | u
= 1 ATLAS Simulation E oy
ol POWHEG+PYTHIA =
2 b —
= [5]
>
O]
E =
E @
o
E T
E ©
E o
The
-3 =
1.5

& ot
| . T e i
Té [y ——
Zos L L — 0
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Top p_[GeV] Parton-level hadronic top-quark P, [GeV]
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Differential cross sections - Unfolding
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Differential cross se
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Differential cross sections
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Tuning of MC parameters

Transverse momentum of parton-level tf system Rapidity of parton-level ¢ system Transverse momenta of parton-level top quarks
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Tuning matching ,lune“ choice of Soft top p not
parameter between PDF fully understood
matrix element yet!
calculation and
parton shower
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Charge asymmetry - Tevatron

What is charge asymmetry?
An asymmetry in the differential rate of top quark and anti-top
quark production with respect to some direction

-

I t ~ do/dy
| £ t o Ny >0)-N(ay <0)
1= =7 5~ N(Ay >0) + N(Ay <0)
/ : with ﬂy = ytup_ Vantiwtop
t
— y “i% p—
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t-channel singe top measurements

ATLAS o
Event: 279124678

EXPERIMENT 2015-06-05 02:24:03 CEST
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t-channel single top quark production

o
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Why study t-channel single top?

Cross section o< |V, |2
— test of the unitarity of the CKM Matrix

\fﬁ<

’o-—>—-c£‘

o
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Why study t-channel single top?

Cross section « |V, |2
— test of the unitarity of the CKM Matrix

Test of the V-A structure of the
_,.r"r< Wtb vertex, e.g. using the top

olarisation or W helicit
’o——)—-c!‘ P Y

.
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Why study t-channel single top?

Cross section < |V, |2
— test of the unitarity of the CKM Matrix

'
q- q . ] Test of the V-A structure of the
Wtb vertex, e.g. using the top
V polarisation or W helicity

The cross-section ratio top-quark/top-

e b antiquark production is sensitive to
S b the u/d-quark ratio in the PDF sets.

-
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Why study t-channel single top?

Cross section < |V, |2
— test of the unitarity of the CKM Matrix

Test of the V-A structure of the
Wtb vertex, e.g. using the top
polarisation or W helicity

The cross-section ratio top-quark/top-
antiquark production is sensitive to
the u/d-quark ratio in the PDF sets.

Test of the b-quark PDF

-
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Why study t-channel single top?

Cross section < |V, |2
— test of the unitarity of the CKM Matrix

Test of the V-A structure of the
Wtb vertex, e.g. using the top
polarisation or W helicity

The cross-section ratio top-quark/top-
antiquark production is sensitive to
the u/d-quark ratio in the PDF sets.

Test of the b-quark PDF |

Top quark mass

-

Precision measurements in top-quark and bottom-quark physics 22.09.2015° Dominic Hirschbithl = BU Wuppertal MR,,



Background estimation

Using modeling and

Using MC Using MC modeling normalization from data
acceptance and but normalization (Mostly , fake“
modeling from data backgrounds)
N=o-¢s & NG, = N = N N .

\% QCD model from data

MC processes
Data

ftag _ agppretag p-pretag ptag
Non=N Fon Pon:

Candidate Events

A

o Ye Discriminant
i Fitin extrapolation to
sideband signal region r
Diboson, Ztjets, , -
s-channel, Wt Wjets , tt QCD multijets

W+jets

(CMS in some analyses)

Precision measurements in top-quark and bottom-quark physics 22.09.2015gﬁbminic Hirschbiihl  BU Wuppertal



Models for QCD-multijet background

Jet lepton model:
Use jet triggered data or di-jet MC

Anti-muon / Anti-electron:
Use lepton triggered data

Identification of a jet as a “fake” lepton: Revert some ID cuts, e.g.:

» Use same acceptance as real « Impact parameter
electrons/ muons in p; und n. e - « Isolation

* High em fraction (80% - 95%) et | * Energy loss type

» At least 3 tracks
.

» Events with real (signal) leptons are

rejected .
jet

o
oy,

jet p.

muon
jet lepton

-
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Determination of the QCD-multijet background

ATLAS: CMS:
Binned Likelihood fit to the Likelihood fit to the = Emiss
Eqpmiss distribution (electrons) or mp(W) (muons)
*2 A \\ QCD model from data diStribution
E MC processes
5 e Parameterisation:
5 F(x)=a-S(x)+b-B(x)
W-Boson processes QCD model

' Discrinﬁnan (from MC)

CME Preliminary, 12 2 16, Muans, s - 8 TaY

T T T r T T T T T T T it | —
> - ATLAS Preliminary | Ldt=4.7fb" 1s=7 TeV 1 = Daia
O] 1500'_central e+ 2 jets tagged N - — Fitresult
o - ¢ e data - q“l —aco
® i B op ] P03 r -
S 1000F ] Waiets . 2o B
Lﬁ L [] Z+jets, diboson 4 P IJ_
[ Bl muttijet ] i
500F o
i l:l:l:—-—_.___|_
00- — ..|._LLL"I::-.:|_M.|..|..
50 100 T ®3 &3 BL &D Ann A0 140 1en ;i":l;;m?r?'
E_rrnISS [Gev] e

Seminar - DESY / Zeuthen 19.03.2014 Dominic Hirschbiihl éF:// Bergische Universitat Wuppertal




Typical event yields

Numbers are for 20 fb'l @ 8 TeV

— Purity:
Process W CR it CR SR :
roees 2 jet channel: S/B = 13%
f-channel 9580 + 960 647 + 65 18100 + 1800 3 jet channel: S/B = 9%
tf, Wt, s-channel 25500 + 2000 9560 + 770 54200 + 4300
W +jets 285000 + 156000 2000+ 1100 51000 = 28000
Z+jets. diboson 25000 + 6000 328 + 79 6900 + 1700 — Usage of neural
Multijet 44000 + 22000 650 +320 11800 + 5900 networks to further
enhance the signal, but
Total expectation 390000 + 158000 13000 = 1400 142000 = 29000 e based is also
Data 389919 13041 143332 :
possible

Event Fractions

A |

t-channel 13%
s-channel, Wt, tt 38%
W+jets 36%
Z+jets,Diboson 5%
= t-channel = top = W+jets = Z+jets,Diboson = Multijets ~Multijet 8%
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Multivariate Analyses

Idea: Combine many variables including correlations in one discriminate }

c LA B R LR BN RN BRI c [0 2] S L B B B [ F T T ) T
_g - ATLAS Preliminary \s=8TeV A _g [ ATLAS Preliminary \s=8TeV ] _g - ATLAS Preliminary 1§ =8TeV -
% 0 1?. _Slmulatlon -SR — t-channel % - Simuiation - SR — t-channel ] % 3 Slmu\a_t_lon - SR — t-channel
— =" ‘ - — B = - i H L
:: | W-iets 4 :: O 15 N Wi 7 — O 1— Y W+jets —
c : - c +els c ' £
@ - ff,Wt,s-channel ) [ [ _ 1
> > ) > -+ ff,Wt,s-channel
Ll w N4 [LaL 11, Wt s-channel Ll
0.05F L -
----- 0 1 T i e ]
0 200 400 600

m(jb) [GeV] eoeo

c T T T T T T T T — ]
o . ATLAS Preliminary \s=8TeV
© L Simulation - SR |
g 0 1 5 ._ — t-channel __
§ W+jets

; L 0.1 [ === tf,Wt,s-channel ]

ominic Hirschbithl  BU Wuppertal
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Analysis technique — neural networks

Transmissionsfunktion
Bias Gewichte

w, s(x)
o P&
@ O = ?utput,

arget
2 - Ol «z)
&) (O] o(x)
? O /e
@ Gewichte
O]

@)
Input

Hidden Layer

<phi-t>0 Implementation in NeuroBayes

o

Construction of a continuous
discriminate from several variables
using a neural network

Training with simulated events:
 Training target:

signal = 1, background = 0.
Modification of the weights
between different nodes for a
optimal separation.

 Minimizing the , quadratic loss-

function “
1 _,

Known target
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Training / validation of neural networks

Hidden
Nodes

Variable

m(jb)
m(fb)
[l
m({vh)

cos d(v, W)
Hr
polarization
[An(b, O)
m(b)
sphericity
Ex(j)
AR O

m( jit)

[An(v, b)|
|An(j. b)

0.1F

_0_2:_—Tra|n|ng

—Test

-0.4f

o5k

AN PP P Y Y Y T Y Y |
2 4 6 8 10 12 14 16 18 20
Number of iterations

Precision measurements in top-quark and bottom-quark physics 22.09.2015

0.15 —T

C T T T T T T T T T T T T T T T T
o - ATLAS Preliminary \s=7TeV
-'g - I* 2 jets tagged t-channel (top)
i i ttbar, Wt
- -
- W.+heavy flavour
c - -
S 0
>
L -
0.05r =

% "0z 04 06 08 1
NN output

Choice of the variables:

 Good data/MC agreement

* Good separation power
Typical training parameters

« 50% signal / 50% background

* 10-15 nodes in the hidden layer

« 50k — 150k trainig events
Validation of the networks

* Overtraining test

=y

)ominic Hirschbiihl

BU Wuppertal
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Training / Validierung von Neuronalen Netzen

Jariable 015p——mmm—— 7T
’\”(“i+ Input 5 d- ATLAS Preliminary \s=7TeV
H:'(LTJ] Nodes -'g : I* 2 jets tagged t-channel (top)
|Fﬂ ] - i ttbar, Wt
m({vh) - | W-+heavy flavour |
cos H(v, W) -;I// Output § 0.1_
Hrt X "l’:"’.‘. Node Ll B
polarization “Q‘:’é‘- ?'_‘(/ i
|An(b. ©)] = 2‘5'50%"-\ — |
m(b) 3:3:‘%’%:‘7 0.05r —
sphericity ?2:}‘:3‘:&. L
Ex(j) oS IS
A O {/4“__""\\%.
m( jit) \ -...I...I...I...I..-
o = % 02 04 06 08 i
— NN output
3 . .

o <0 Choice of the variables:

2 1000} ATLAS Preiiminary | Ldt=20.3fb" 1s=8 TeV-

S - W CR soaa * Good data/MC agreement

2 [ Fle B {7t chamel | * Good separation power

g—" i [ Wlight jets | . o e

T 500 2 jtsaboson | Typical training parameters

) ultijet .
sy 7/ JESOMC stat * 50% signal / 50% background
* 10-15 nodes in the hidden layer
0 « 50k — 150k trainig events

K 0.2F 3 . .

. F——— il Validation of the networks

Sl 0.2 = 5 o

8 0 02 04 06 08 1 * Overtraining test

NN output

* Application in control regions

. o8
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Measurement of the cross section

C T 2 T T T T =

R [ o ] c - ] 1 4
‘c:é L 2 jets 1 tag N =T TRV E L 2 jets 1 b-tag 1041 " @7V e
L'I: 0.3 - : ls;r;gle-lop t-channel . Q 2000 o Dato i §
§ —_ xﬂ?eavy flavour ]’ g L : i::v
+light jets =
w 0.2 Z+.Je£is‘c:iboson g le * 1 E
— Multijets o - . 15
- 10001 . —E
0.1 i te .. 18
F L te, . o ] %

L [ o]

% 04 06 08 1 L(BS: b b %02 04 06 08 1

NN output yP1 9y B NN output

c T 2] 2000 T T T T

2 i Ns=7TeV = L 104 @7 TeV -

k3] L 3 jets 1 tag - o F 3 jets 1 b-tag ' 1
© 015__ I T w 1500-_ ] §
L‘IE_' L E 9 r ® Data :E
] 0.1 5 _‘8 r 15
2 C le
w0 2 2 1000F | 1%
B S 8] [ e, 1
[ g r . 1E
0.05 5 500F* ., __§

- L ]

&0z 04 06 08 1
NN output

0.8
NN output

« Simultanious fit of all analysis channels to extract the signal events

* Free parameter in the likelihood function = %.
exp

M B
LB L, B = | P - | | 6Bl 1.0,4)),
k=1 j=1

2
—Hg , 1 (B -1
21‘&? 247

P(ng; ) =
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Treatment of systematic uncertainties

Effect of systematic uncertainties

* Acceptance E acceptance

» Shape of the network distribution
shape

Ensemble tests 0 1
* Construction of pseudo data from template distributions
» Variation of systematic effect in acceptance and shape
 RMS of the B-distribution is a measure of the size of the
systematic effect.

0 —T r T rr rrr> 1T
c
o I
. . £ 10000f- -
Sources of systematic uncertainties S I
5 o o «b]
* Reconstruction / calibration 9 i
* Event simulation 3 5000 -
 Background estimation o
00M '09%).5""'1""1.5 — 2
RMS: 019 B(tchan)
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Measurement using 7 TeV

—

Analysis channels:

plus

minus

To constrain the b-

z LSRN DL AN EUURELEEL N NELEN RN BELENL L LA LA A R IR B R BRI
31240000 ATLAS det:4b59 o' ys=7 TeV.] ATLAS det=4b59 fo' 1s=7 TeV ]
iet- * t - it T . t J . o o
2jet1" SR - 2jetr" SR _— 1 | tagging efficiency
7 B 7, Wi, 1 . ; B 7, Wi, b ]
CO Wi+ - CO W +c

I w™+bb,ct light jets ]
[ Z+jets, diboson
B Multijet

% Uncertainty band

B W +bb,cT light jets -
[ Z+jets, diboson -
B Multijet 1
22 Uncertainty band

g :’_..l.......!*.;#‘.* +_

0 02 04 06 08 1
Onn

Data-Pred
Pred
(=]
L
il
.
.
¢
¢
A
-
=
-
e
i
Data-Pred.
Pred
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Measurement using 7 TeV

Measured cross sections
o(tq)=46+6 pb

O'(t_q):2 3+4 pb Data statistics +3 1 +5 .4
MC statistics +1.9 +3.2
Atias .fll_ldltl=.4..5§ b (a7 TV Mulitjet normlization +1.1 +2.0
Measurement result [ } * t i
[stat. ® sys. [stat. : ST Shefineinik 1.1 2.8
ABM11 (5 flav.) |—.-| JES detector +1.6 1.4
CT10 —— JES h intercalibration 6.9 +8.4
CT10 (+ DO W asym.) —e—i :
GJRO08 (VF) —a——i JES flavour comp. +1.4 +1.4
HERAPDF 1.5 ——a—i :
MSTW2008 (68% CL) ot Jet energy resolution +2.1 +1.6
AT TR § b-tagging efficiency +3.8 =20
15 16 1.7 18 19 2 2.1 2.2R E,Miss modeling +2 3 +3 .4
: Lepton uncertainties +2 8 +3.0
PDF 3.2 +5.8
. - tq generator +1.9 1.6
Measured cross section ratio [y —
R, = 2.04 £ 0.18 tq scale variations +2.6 +3.0
Total +12.4 +15.9
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Fiducial cross section

Idea: Measure cross section only in visible phase space, don’t add
theoretical uncertainties from the extrapolation to the measurement.

N signal
eL

Traol’utiowaLL5: 0=

This can be re-written: 0 =

Fiductal cross section

full phasespace

Fiducial phase space defined close to the phase space of the selected data events

Object Cut

Electrons pr > 25 GeVand || < 2.5

Muons pr > 25 GeVand || < 2.5

Jets pr > 30 GeVand || < 4.5
pPr>35GeV.1f2.75 < |n| < 3.5

Lepton (£). Jets (j;) AR(L, j;) > 0.4

Euss Ems > 30 GeV

Transverse W-boson mass mt(W) > 50 GeV

Lepton ({). jet with the highest pt (j;) pr(f) > 40 GeV ['] -
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Fiducial cross section measurment

Used 20.3 fb! of the 2012 data set
One neural network in the 2 jet
channel, 14 variables

3
X1
I_04000||||=
0 ATLAS Preliminary | Ldt=20.3 0" 15=8 TeV ]
o SR ¢ data .
~ I t-channel -
-.g B 17, Wt,s-channel ]
o [ W+ets .
LI>J [] Z+jets, diboson ]
Il Multijet
7/ t-ch.gen@nyinter. ]
Z ]
_ 0
Bl . 0.2F =
0?8 ] T — .,u.—:
Sla -0.2F =
1]
a

Measured fiducial cross section:
ofq = 3.37 £ 0.05 (stat.) £ 0.47 (syst.) £ 0.09 (lumi.) pb
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Source Airggorgg [Ye]
Data stahistics +1.5
MC stafishes =11
Multijet normalisation +23-14
Other background nommalization =08
JES 1 intercalhibration +79
JES phy=ics modelling =30
JES detector = 0.5
JES statistical = 0.5
JES mixed detector and modelling <035
JES single particle <035
JES pile-up <05
JES flavor composition =08
JES flavor response +0.5
B-JES < 0.5
Lepton uncertainties =29
EZ modelling =30
b-tagzing efficiency +35
c-tazging efficiency <05
MMistag efficiency =05
Jet energy resoluhon =17
Jet reconstruchon aff. <05
Jet vertex fraction <05
f-channel generator +7.0
FF+)ets generator =14
PDF +l1
17, Wt and s~channel generator <05
ISE | FSE (1] < 0.5
Total Systematic +14
Total +14




Fiducial and extrapolated cross section

Comparison of different of
generator predictions

YT rrrrrrrrrr et
ATLAS Prelimnary | Ldt=20.3fo" 1s=8 TeV
ATLAS result b ot
[Jstat. ® sys. []stat. :

Predicted fiducial cross-section:

aMC@NLO(2—3)+Herwig —aid

Powheg(2—3)+Pythia6 ——i
Powheg(2—3)+Pythia8 |—-—:|
Powheg(2—2)+Pythia6 b—a—H

AcerMC+Pythiaé n=172.5 GeV r——a—r
AcerMC+Pythiaé u=60 GeV

Extrapolated inclusive cross
section

5Tz T35 3 35 4
o1 [pb]

* Inclusive cross section for each
generator calculated accordingly
 Uncertainy includes scale

variations and PDF uncertainty
(PDF4LHC description)

Seminar - DESY / Zeuthen

rr[rrrrrrrr[rrrroorrrprrrr T
ATLAS Preliminary [ Ldt=2031b" \s=8 TeV

Data corrected with

acceptance correction from:

NLO+NNLL (MSTW2008)
aMC@NLO(2—3)+Herwig —_—
Powheg(2—3)+Pythia6 — e ——
Powheg(2—3)+Pythia8 — e
Powheg(2—2)+Pythia6 —

AcerMC+Pythia6 p=172.5 GeV .
AcerMC+Pythia6 u=60 GeV =@ —e———

L P
40 50 60 70 80 90 100

G, [PD]

Uncertainty includes measured
uncertainty plus PDF uncertainty of
the extrapolation

First time, that signal modelling can be studied in data!

19.03.2014

Dominic Hirschbiihl -

Bergische Universitat Wuppertal




Top quar

*

k mass measurement

Normalised events / GeV

0.031 Simulati Vo= 7 TeV Dmmp=167256eV—
- Simulation, Ys=7 Te — .
- GeV
C =172.5 GeV
_ RN B
C S ‘:I my,, =177.5 GeV
PG |
— L n X
0.02— e -
: N i
[~ R Y
]
5SS
S, B
] -
* dalstatatetatatoly -
0.015 -
. - SRS o
s -
SRR IR ]
ST WY
.
0.01 RS R
' tatatatotitetetetetatitetir. et .
Tttt ta bt e . et
e sssna rsesonL, Te) 7
e e s, 6 .
L KXo ool D _
e e S,
e —
B O e s
. s |
R U QR
e e e
e ettty
EbEhhahtaatthnah R
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Top quark mass measurements

Basic steps:
1. Select tt candidate events
* high integrated luminosity, efficient b-tag algorithms

2. Construct estimator M; for top quark mass
3. Parametrize dN/dM; in terms of m; MC

« e.g.ltjets, alljets, template and 1deogram methods used at LHC
Perform maximum likelihood fit
Calibrate on MC, evaluate on data, tt modeling very important

L=

s mm°=160 GeV | < - EI
o mMc=170GeV | ¢ =
= mM°=180 GeV | @ <
£ o
a-mg+b
1
0 s -
M, mMC _‘_mtextr m¢MC
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Top quark mass measurements

Template method:
Distributions of sensitive variables
e M, template from reconstructed M;¢° from y? to WbWb
* My, templates for in-situ calibration of JES
* Possible to add constraints on b-jet JES
— Relatively simple, fast, but non optimal statistical uncertainty

F T T T
L ATLAS

S S — N
E — 0.05— —
P [ JusF=o095 ATLAS 3 C ]

& ] N K g O
C - 167. ] . . B o - . ) =0.
< 903 gimulation, ¥s=7 TeV Miep = 167.5 GeV 7 =~ 004 Simulation, Vs=7 TeV3 = - Simulation, Vs=7 TeV bJSF =085 1
£ - M, = 172.5 GeV ] 2 ooase T E £ 004k bJSF=100
S 0025 1 S o5 g = 8 -
? F [ my, = 177.5 Gev 3 003 R ks C [ |busF=1.05
B 0.02- = 3 2 003}
° B E @9 0.025- 2 B
© E ] © £ [ C
E 0015 = E 002 E i
S E S E 2 0.021
0.014 i 0.015E .
0.01F 0.01:
0.005 B 0.005E /
0 I | | ! Seiteis O B e e S o
140 160 180 200 220 60 70 80 90 100 110 0.5 1 1.5 2 25 3
ey’ [GeV] g (GeV] Rie’
- x
)bmg
Rreco.lb - Pt
bq Wiet, Viet,

Precision measurements in top-quark and bottom-quark physics 22.09.2015//3"':_:E{:bminic Hirschbiihl  BU Wuppertal



Top quark mass measurements

Template method:

Distributions of sensitive variables
e M, template from reconstructed M;¢° from y? to WbWb
* My, templates for in-situ calibration of JES

— Relatively simple, fast, but non optimal statistical uncertainty

> E T T 3 > 0045;'\ T =
© E ATLAS } ] ®  TUE[usF=oss ATLAS 3
O 0.03— gimylation, V5= 7 TeV D’"W"""‘“’""f O oo04c Simulation, Vs= 7 TeV3
(4] C ] (7] JSF=1.00 3
g 0.025" m,,, = 172.5 GeV ] g 0.0352 e, 3
S E ‘:lm,,,p=177-5GEVE S OO3;_|:|JSF=1.05 ','
B 0.02¢ = 3 B
b g ] 2 0.025F
[13 C . [13 C
E  0.015F = E 002
2 . 2 :
001 E 0.015
0.01
0.005 B 0.005E,
0 I | I I s O:.m..H\HH\HHM.‘.\HH:
140 160 180 200 220 60 70 80 90 100 110
Mg’ [GeV] miee [GeV]
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Top quark mass measurements

tt — lepton+jets

my " [GeV] | JSF | bISF

Results 172.33 | 1.019 | 1.003
Statistics 0.75 | 0.003 | 0.008
— Stat. comp. (Myop) 0.23 n/a n/a
— Stat. comp. (JSF) 0.25 | 0.003 nja
— Stat. comp. (bJSF) 0.67 | 0.000 | 0.008
Method 0.11 £0.10 | 0.001 | 0.001
Signal MC 0.22 £0.21 | 0.004 | 0.002
Hadronisation 0.18 £0.12 | 0.007 | 0.013
ISR/FSR 0.32 +£0.06 | 0.017 | 0.007
Underlying event 0.15+0.07 | 0.001 | 0.003
Colour reconnection 0.11 £ 0.07 | 0.001 | 0.002
PDF 0.25 +£0.00 | 0.001 | 0.002
W/Z+jets norm 0.02 £ 0.00 | 0.000 | 0.000
W/Z+jets shape 0.29 +£ 0.00 | 0.000 | 0.004
NP/fake-lepton norm. 0.10 £ 0.00 | 0.000 | 0.001
NP/fake-lepton shape 0.05 +£0.00 | 0.000 | 0.001
Jet energy scale 0.58 £0.11 | 0.018 | 0.009
b-Jet energy scale 0.06 £ 0.03 | 0.000 | 0.010
Jet resolution 0.22 +£0.11 | 0.007 | 0.001
Jet efficiency 0.12 £ 0.00 | 0.000 | 0.002
Jet vertex fraction 0.01 +£0.00 | 0.000 | 0.000
b-Tagging 0.50 +£ 0.00 | 0.001 | 0.007
Emiss 0.15+0.04 | 0.000 | 0.001
Leptons 0.04 £ 0.00 | 0.001 | 0.001
Pile-up 0.02 £0.01 | 0.000 | 0.000
Total 1.27 £0.33 | 0.027 | 0.024

Precision measurements in top-quark and bottom-quark physics 22.09.2015

600 arras e dataiets |

>

[¢]

9 ls=7 TeV. 4.6 fb" [55°=% Best fit background

£ 5001~ o —— Bestfit -

4 ; Uncertainty

Y 400 .
300 I
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* e

30 140 150 160 170 180 190 200 210 220
Mice. [GeV]

= T T T T T T T L B LI
& 1000—ATLAS * data, l+jets _
- | - Best fit back d
- Vs=7 TeV, 4.6 b B Best fit backgroun
I —— Bestfit
2 800~ Uncertainty
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400

200
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Top quark mass measurements

Ideogram method:

* Modification of template method using multiple permutations with
different weights

« Starts from kinematical reconstruction, then computes event
likelihood as a function of M,

» Different pdf’s used for different jet-quark assignments

« Event likelihoods (ideograms) are given by

evenits

-7/

L (event|my, JSF) = Z Poos (i) {ﬁ:-l%P_q,jo {m[ Iy ”‘|m1,]':JF) + (1 — fsig) Pokg (m[ I,m{af'“”') } ‘

L (sample|my,]JSF) = [] £ {Event|ml,JSF}:‘""“""‘ T Wevent = € Y 1 Pyot (i)

Pgof = e_ 2

Filla
e
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Top quark mass measurements

Possible combinations treated separately:

 wrong: wrong permutation

CMS Lept0n+Jets 19.7 fo' (8 TeV)

> 45000

- Wi correct = Single t ]
(q!')) 40000F %ﬂ'wrong E%\f:g,;iss ;
E tt unmatched QCD multijet
2 35000; * Data %Dibosrgﬁ e ]
UC) 30000? ,/ Before kinematic fit 7
S 25000} :
T 20000¢
= o
£ 15000}
q) E
o ‘10000E
5000k
(] F
g 1.5
< 1
4] 05w lo el 1o 1l
Q 0 50 100 150 200 250 300

M= [GeV]

>
& 20000F

G 18000f
10 16000}

Data/MC Permut

correct: 4 jets match the 4 quarks correctly

unmatched: at least one quark does not match any jet

CMS Lept0n+Jets 197fb (8 TeV)

-~ i correct mmSindlet
[ tt wrong = W+ jets
] I Z+jets
E tf unmatched 1 QCD multijet
* Data [ Diboson

%
o

Before kinematic fit

« 2D or 1D fit: w. or w/o JSF calibration
« Hybrid fit: JSF with Gaussian constraint incorporating JES prior

knowledge

—200

—300 400
reco [GeV]
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Top quark mass measurements

CMS  Lepton+jets, 19.7 fo' (8 TeV) CMS Lepton+jets, 19.7 fb™' (8 TeV)
% 12000:_ B ff correct | =\?’}2'deltest E & 3 I I 42D
O - tt wrong -Z+'lns 1 - 1.008; * Hybrid
> 10000 Jfunmatched [ GED multijet 3 v
— - e Data [ Diboson : ®1D
% 8000:' { After Pgﬂf selection | ;—
'E 6000} -
=] C E
E 4000r "
) r —
0. 2000} -
O i :
E 1.5 s
8 05— -
0 100 200 300 40

s [om
M=172.35+0_16(siai+JSF)+0_48(syst) GeV

ME
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Summary

E | T T T I T T T I T T T T T I T T T | T T T
=n ¥ Tevatron combined" 1.96 TeV (L-8.8 16') CMS Preliminary
- 103 L A CMSep"7TeV (L=5 ')
o F A CMSlsjets 7 TeV (L=23 fb')
= C  ®™ CMSep'8TeV(L=19.7 f5')
8 O CMShjets*8TeV L=2.81b")
w % LHCcombined ep* 8 TeV (L=5.3-20.31b")
L ® CMSeu 13TeV (L=42pb'}
§ O CMS lijets* 13 TeV (L=42 pb’)
= r * Preliminary 4
3] 1000f .
B [0l ]
(0] F ]
= : 800} .
0w - j
> o
[&] L 4
£ 600[ b
E=—— NNLO+NNLL {pp) 13 V5 [Tev]
‘ 10 === NNLO+NNLL {pp) |
| 0 e Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 -
! C | | me = 17|2.5 GeV, PDF&)I [ uncenaimiels according to PlDF4LHC .
| 1 1 1 1 1 1 Il Il 1 1 1 1 1 1 1
| Y 2 4 6 8 10 12 14
It Zn L= Vn ‘

ATLAS Preliminary My, SUMMary - Mar. 2015, I_m| =35pb'-20.3fb"

Mye % tol (stal = JSF £ BUSF= syst)

Cn. Cl': eoe +jats” foNE 1‘7 169.3 £ 6.3 (40 L9
(J‘,- ﬁ I+jets £ L 1745 + 24 (a6 -02 =23 )
= = oo all jots* S0 anz e ey 1749 £ 43 (24 L)
um [ = §Ga R3S E. e ;
all jets s 1a0aea2 —— 1751 £1.8 (14 12
Lo-1815 1
o single top™ ﬁ?‘gﬂﬂf":f“ I—Iﬂ}-l-?—l 1722 £ 241 (o7 -1
— |+]ets i 15005427 - -%l 172,33 £1.27 (023202520572 1.02)
i
|— dilepton w150 05T ——— 173.79 £ 1.41 (054 =130)
1
o) 1+ . 166.4 + 10
P oo L, 35 g0 L T
atf) dilepton o sies ——t 1729 + o
afff+1-jety” © ——t 1737 + 59

ffffff World Comb. + 1o
o stat. uncertainty
._‘._. stat, @ JSF @ bJSF uncertainty
.-

1otal uncertainty
*Preliminary, —Input to ATLAS comb

| \ - | |
160 185 170 175 180 185 190
My, [GeV]

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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