HIGHLIGHTS OF TOP QUARK
MEASUREMENTS AT THE LHC:
TOP QUARK COUPLINGS

‘. Maria José Costa - IFIC (CSIC-UV)




TOP PRODUCTION AT THE LHC

“aS

-




TOP PRODUCTION AT THE LHC

o Impressive performance at the LHC
and in the ATLAS and CMS

experiments
o LHC is the first top factory ever!

ﬂ\’r the peak of instantaneous Iuminosi’rﬂ
during 2012 the top production was :

~ 2 top pairs/s ““

~ 1 single 'rop/s‘

Around 15M quark tops were produced
Quring 2011 and 2012

o While precision measurements soon/
already limited by systematic
uncertainties, many possibilities for other
studies open up.
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Main focus of the talk
on top quark couplings.




TOP PRODUCTION AT THE LHC

top pair production

single top : production via EW interaction
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Top quarks can be produced in pairs via
QCD or singly via EW interactions.

Channels classified depending on the W
decay mode.

t+jets 15%

u+jets 15%

Jarl
et e+jets 15%

"dileptons” "lepton+jets”




A DATA ANALYSIS EXAMPLE

Ex: Forward backward
Typical steps: asymmetry measurement from

(1) Event selection to an angular distribution in single
top t-channel

enhance signal
(2) Background estimation AX = xEZZZZ’X :gixﬁzzzzx :8;
(MC or data driven) ; ,

(3) Fit/correct data using MC
simulation to account for
acceptance, detector and
resolution effects.

(4) Estimate stafistical and
systematic uncertainties (due
to physics modelling and
experimental sources)

The measurements provided at ATLAS and CMS can then be combined
This is done with the TOPLHCWG



A DATA ANALYSIS EXAMPLE | 6'sngs epton triggers

. O 1e*orp*

. Signal | O 2 jets, p;> 30 GeV, |n|< 4.5
1 b-jet

O Cuts on E;™ss and m(W)

Typical steps:

o (1) Event selection to
enhance signal

o (2) Background estimation
(MC or data driven)

SELECTION:

O [Migntjetl > 2.0

o H;> 210 GeV

o My, € (150,190) GeV

o |An (b-jet, light-jet)|> 1.0

Background processes > 200-"'A'ﬁ;{s'p'>'i-'-"""/ R TRIEe I, t
= reliminar ata . N 00000
q g O 1805 2jets 16t muons i . Nt
T 160 [Ldt=4661b" S Wi = P f
S q40F Vs=7Tev - =
% 1 20 :_ 7 /1), MC stat. + multijet unc. _: t
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q W \% E E
W+jets (W+bb) = E top-antitop pairs
. ot 3 One of the main backgrounds.
One of the dominant ones. 3 T TR R R
Same final state as the signal. 8 "SE ...vvctirtidi //:
= e 7, =
% O.JE\ e b b b b b b by =
4 o 0O 20 40 60 80 100 120 140 160 180 20
q Z ET™ [GeV]
<</:
Z+jets (Z+bb) Multijet jet

. Final state in which Events with jets in which one of them
q g one lepton is missed. is incorrectly identified as a lepton.



A DATA ANALYSIS EXAMPLE

B 1000 | e U AN B B LR B RN B I
S - ATLAS Preliminary —— ATLAS data -
% - 2 jets 1b-jet combined I t-channel .

Typical steps: g oo [rasssw i WSt~

o (1) Event selection to § 600 ‘ '
enhance signal 400

o (2) Background estimation -

(MC or data driven)

o (3) Fit/correct data using MC %708 06 0402 0 02 04 06 08 ii_h .
simulation to account for cos o
acceptance, defector and EMi}l [N ata _ pyPks |
resolution effects. N

o (4) Estimate statistical and ! £ — —
systematic uncertainties (due o Neld _ punfold e B
fo physics modelling and Arp = ijfold Ly wold e S
experimental sources) * - ool T

The measurements provided at ATLAS and CMS can then be combined
o This is done within the TOPLHCWG



A DATA ANALYSIS EXAMPLE

Typical steps:

(1) Event selection to
enhance signal

(2) Background estimation
(MC or data driven)

(3) Fit/correct data using MC
simulation to account for
acceptance, detector and
resolution effects.

(4) Estimate stafistical and
systematic uncertainties (due
to physics modelling and
experimental sources)

The measurements provided at ATLAS and CMS can then be combined
This is done within the TOPLHCWG



ANALYSIS CHALLENGES —
EXPERIMENTAL UNCERTAINTIES
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Top quark measurements will rely on a good performance of jets, b-
tagging, leptons and Missing Transverse Energy.

Main experimental uncertainties in most top quark analyses are coming
from jets (Jet Energy Scale) and b-tagging uncertainties.




EXPERIMENTAL UNCERTAINTIES

Jets

The anfi-k, algorithm with R=0.4

(0.5) is used in ATLAS (CMS)

(several other R also used).

The jet calibration restores the jet
energy scale to that of jets from

stable particles.
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ANALYSIS CHALLENGES — PHYSICS
MODELLING UNCERTAINTIES

The Monte Carlo generators used at LHC include multi-leg or NLO
predictions for signal and main background processes.

Signal modelling uncertainties are typically important/dominant (e.g.
radiation, parton shower & hadronisation models, PDF, CR)
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Two important strategies:

Perform measurements in top events that allow constraining these
modelling uncertainties from data.

Reduce generator dependency on measurements by providing results at
parficle level in a fiducial region experimentally accessible.




A DATA ANALYSIS EXAMPLE

Typical steps: | Example: Top quark mass
(1) Event selection to combination

enhance signal

ATLAS-CONF-2013-102

(2) Background estimation — ——
. LHC Mg combination - September 2013, Lint =35t -4.9fb
(MC or data drlven) ATLAS + CMS Preliminary, \s = 7 TeV
. . e 172.3140.23+0.72+ 1.35
(3) Fit/correct data using MC ot e
. . TLAS 2011, —t———  173.09+0.64 +1.50
simulation to account for e
S =201 —+et—  173.49+0.27+0.33+0.98
acceptance, detector and -

. e — 172.50 £ 0.43 +1.46
resolufion effects. cws 201, a1 o maotose  4ims
(4) Estimate statistical and LHC September 2013 — o — 173.29+ 0.23+ 0.26 + 0.88
sys’remo’ric uncertainties (due Tevatron March 2013 i 173.201(().{511)i 0.361(().611)
fo physics mOdelllng and R T R R R | 7R | R | RNET 1[{3;2\/]

experimental sources)

The measurements provided at ATLAS and CMS can then be combined
This is done within the TOPLHCWG



ATLAS/CMS COMBINATIONS

Assumptions:

Individual measurements are unbiased (checked in each
experiment)

Uncertainties are gaussian distributed
All sources of uncertainties are independent.
Tools: Best Linear Unbiased Estimate (BLUE)

Results obtained from a linear weighted sum of the input
measurements

Weights are determined to minimise the total uncertainty
Inputs:

Results of each experiment with a detailed breakdown of
uncertainties

Main combination challenges:

Find the proper mapping between the corresponding
systematics in different experiments

Understanding the correlations in each category




ATLAS/CMS COMBINATIONS

Example: Jet Energy Scale
uncertainty categorisation
and correlations

Tubke 4: Range of correlation coeflicients to be used when combining measurements between the ATLAS and CMS experiment, for each of the

uncertainty categories and respective components.

Example: Top quark mass
combination stability checks

Description

Component names, CMS

Component name, ATLAS

Correlation range

1a. Statistical

RelativeStatEC2; RelativeStatHF; Abso-

luteStat

Statistical components for in situ cal-
ibration, Z-jet width

Uncorrelated

1b. Detector

AbsoluteScale; Relative] ERECT; Rela-

tiveJEREC2; Relative] ERHF

Electron/photon energy scale, y-jet et
energy resolution

Uncorrelated

2. Modeling uncertainties for y-jet
and Z-jet

AbsoluteMPFBias

y-jet and Z-jet: radiation suppression,
out-of-cone and MC generator differ-
ence; y-jet photon purity; Z-jet ex-
trapolation;

0-50%

3. Modeling uncertainties for rela-
tive correction

RelativeFSR

n-intercalibration modeling

S0-100%

4. Uncertainties related to jet par-
tonic flavor

Havor: AbsoluteFlavorMapping

Havor compasition and response

0-100%

S. b-jet uncertainties

Mavor

b jet response

S0-100%

6. Pileup correction

PileUpDataMC;  PileUpPIBB; PileUp-
Bias; PileUpOOT; PileUpletRate; Pile-

UpPIEC; PileUpPtHF

Pileup calibration; effects of pileup on
in situ methods

Uncorrelated

7. High-pr uncertainties

HighPExtr; SingleFon

High-py

Uncorrelated

8. Close-by jet uncertainties

Clase-hy

Uncorrelated

9. Other uncertainties not match-
ing between the two experiments

Time

Multijet balance components, Closure
of the calibration

Uncorrelated

ATLAS-PUB-2014-020
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A lot of progress made in understanding the treatment of the main
experimental systematic uncertainties (jet energy scale and b-tagging
efficiency) and towards a harmonisation of the main modelling

uncertainties (top quark pair and single top) with input from theorists
and data.

Important to perform stability checks (e.g. changing correlation
assumptions or different treatment of modelling uncertainties).

ATLAS-CONF-2013-102



TOP COUPLINGS:
MOTIVATION

o The top quark couples to the
other SM fields through its
gauge and Yukawa
interactions.

o Sensitivity to new physics.

o BR(t=>Wb)~1 - Witb vertex
probed at Tevatron and LHC

o tt+bosons (y,Z,H) becomes
available at the LHC.

to W boson QTV‘Z’ ~ 0.45
— g
to Z boson | gz = mée“’? ~ 0.14
to photon et = 2e ~ 0.21
to gluon gs ~ 1.12
: B my
to Higgs Y: = V2M 1

single top, top decay
(Wtb vertex)

\'A%

ttt+y tt+Z,
4 top Z t+Z

V2

gztr [(1 — §sin? 0w )v* — yHvs] tr Zy
ettyHt Ay

gsfj'y“ Tgfs;cU(3)tk G

XL_
ﬁtt H



TOP COUPLINGS

Will only focus on the processes observed so far at
the LHC - Will not cover ttH

Dec 2014 CMS Preliminary
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Sl T R T R — 7 TeV Theory prediction =
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TOP COUPLINGS: MOTIVATION

The effects of new physics at a scale A can _ A2 Oz + ...
be described by an effective Lagrangian 0. = dirm 6 gauge invariant
oéero’rors

Cy=complex constants

These operators can induce corrections to SM couplings (e.g. may
originate anomalous couplings of the top quark to the gauge bosons).

Effective Vff; verfices, V=W, Z, vy, g:

g - - Higher precision on
Lww = —-S=by* (VP + VrPp)tW
Wi V2 ! (ViPL+VePr)t W, measurements of top
9 3 w‘“’qu - couplings means
Pr, +grPr)t W, +H.c.. .
f Mw P+ grPR)E W, access to higher mass
g B ) scales for new physics.
L = — 2 f* (XEP,+ XEPr —2 t Z
2t 20 7’ ( wtl+ Ay lr = SWQt) e.g. for Wtb vertex:
g -10"q, 2
T PR A = O G o= VAR
J §Vp = —cgg;’\?, Sgr = V2 cggvxz
Ef},tt = —tht ’)’ut A - et (Clry +ZC[}1’75)
Aa, iy 5
Lo =98 51"t G, —gbw“’mq (df, + id%ys) t G°
t




TOP COUPLING TO GLUON

Strong interactions of the top
quark are studied in top quark pair
production, including tt+jets
processes.

Long standing theoretical effort on

fixed order calculations on
inclusive (NNLO+NNLL) and

differential cross sections (NNLO

expected soon)

/ TeV:
8 TeV:

os— |

( N

top pairs XS*
177.3710% pb
252.971%2 pb

L J

280
260
240

Otot [PO]

180
160
140
120

220
200

1989 |1998| (2008 2013
4 . A
NLO '
LO

NLL
LL

NLO+res
NNLO+res

MSTW2008 LO; NLO; NNLO

NNLO { @
’ LL
NNLL NL g

i " Fixed Order ~—

LHC 8 TeV; m,,,=173.3 GeV; A=0

——et.

NLO - NNLO+NNLL
Precision improves from:

~12% >~3% (scales)
~ 8% = 5% (PDF)

4 NNLO+NNLL (Top++2.0)



TOP QUARK PRODUCTION

Measurements available in various channels using different
techniques (e.g. cut and count)

Improved even further when

Most precise measurements come from ATLAS combined with CMS
ATLAS+CMS Preliminary o, summary, \s=8TeV
ATLAS (ep channel)
....... NNLO+NNLL (Top++ 2.0), PDF4LHC —_ stat. uncertainty
Simultaneous measurement of o and ¢ it aliaiadd = totaluncertaniy

-t + + i
scale ® PDF & a4 uncertainty O £(stay £(syst) £(umi)

ATLAS-CONF-2014-054
CMS-PAS-14-016

counting events with 1 and 2 b-jets.

N1 = Loy €ep2€ep(1 — Cpep) + kag

bk
N2 = LO'tf EeMCb€b2 + N2 & ATLAS, dilepton ep

241.8+1.7+55+75pb
arXivi1406.5375, L_=20.3 fb”

Eur. Phys. J. C74 (2014) 3109

g — amas e Daazotz ]
.. . if] 30000 \s=8TeV,20.3fb" E :;VtPOWheg*PY _: CMS, dilepton en - 23724+ 26+11.9+6.2 pb
Precision achieved: 25000 B Zujets E JHEPOZ (2014) 024, L =63 10"
3.5% @7 TeV = e 3
4% @ 8 TeV. S || v munes s sopzos 2406145572 620
IN Oddiﬁon, beam E 10000 £ —i :ii_igii:?mo%
uncertainty (0.66%) | s«f E
: : . — .
Dominant sources: - | oy e o
Signcﬂmode”ing,PDEg ; E ERENENE INENENENEN NNANIS | S ENENENEN SRR A
e ] S| 100 150 200 250 300 350 400
luminosity. T |
0 1 2 >3 N, th [pb]
oy = 182.9 £ 3.1 £4.2£3.6+33pb (/s = 7TeV) (3.5%)
o =242.4+1.7+55+75+4.2pb (/s =8TeV) Dominant sources: luminosity,

signal modelling, JES



TOP QUARK PRODUCTION

Inclusive tt cross section [pb]
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C ¥¢ Tevatron combined* 1.96 TeV (L=8.8 f5') T -
~ w ATLAS dilepton 7 TeV (L=4.6 it") ATLAS+CMS Preliminary May 2015 3
. ® CMS dilepton 7 TeV (L=2.3 ") -
O ATLAS I+jets’ 7 TeV (L=0.7 fts") TOPLHCWG
| O CMS l4jets 7 TeV (L=2.3 1t |
® ATLAS dilepton 8 TeV (L=20.3 fb')
® CMS dilepton 8 TeV (L=5.3 ")
—* LHC combined ep* 8 TeV (L=5.3-20.3 fb') —
= O ATLAS l+jets 8 TeV (L=20.3 fb7) [ . .
— O CMS kjets’ 8 TeV (L=2.8 ") I .
— * Preliminary 250*‘ g
200 .
g% NNLO+NNLL (pp) 150 | ! 4 7

A
= NNLO+NNLL ((5) 7 8
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
m, =172.5 GeV, PDF&® «_ uncertainties according to PDF4LHC

10?
1 1 1 1 l 11 1 11 1 1 11 1 11 1 | | S | 11 1 1

2

3 4 5 6 7 8 9
vs [TeV]

Excellent agreement of NNLO+NNLL predictions and precise experimental

measurements.

Experimental precision now challenging the theoretical predictions.




TOP QUARK PRODUCTION -
DIFFERENTIAL

Probe different regions of the phase space: Important test of
PQCD, constrain on MC models/PDFs and systematic effects,
sensitive to new physics.

Use unfolding techniques on background subtracted
reconstructed distributions to parton or particle level in fiducial
region.

Example: top p; and top pair invariant mass at parton level

CMS, 19.7fb"at \s = 8 TeV
g .—'Q’_ 12 |‘__] \_ | T T T | T T T | T T T ‘ T T T | T T T | T T T
~IB g E = o e+ Jets » Data ]
o ::%azdgmz;am : g 0 -~ Vadorapn:pytias 4
7 CMS data, 5.0 b (Eur.Phys.).C78 ] ] § --- MC@NLO-+Herwig6 1
2 2 (2013) 2339, redone in ATLAS binning) = -- Powheg+Pythia6
6k CMS MC (MadGraph=Pythia, E Ole | 5 — - Powheg+Herwigé
CTEQSL1 PDF, Z2* UE tune) © © 107 F - NLO+NNLL
5F %ﬂ CMS MC (Powheg+Herwig, r ~—|b (JHEP 09 (2013) 032)
4 % CTEQEM PDF. AUET2 UE tune)
3g E 10%F E
g g
2F 3
1 ;_ M —; 1 0_5 L b
OEILJI!I'lllllh"—'l.llllxllll‘ll.llllAllAlJ‘ y:—||||||||!|\|!|||!|\|!||\'
g 14 E 1 1.4 FemStat. ::
i‘ 1.2 : ‘ : ‘2\ E Stat (_D Syst .'.'.‘:."_‘.-_'."_-.'_'.':."_'.-_'."_-.'_'.':."_'.-_'g
:‘é 1 D 8 % 1.2 E y-u!_ﬁ.‘.d\&?.‘f?l\.‘h’-‘i?l______E
Bg 3 % // ’/W S (=] 1 E =
o 08 p Er
33 ool Wm os [
0 100 200 300 400 500 600 700 800 400 600 800 1000 1200 1400 1600
t
[CERN-THESIS-2014-110] P} [GeV] m; [GeV]
Typical precision: 5-20% per bin Typical precision: 5-10% per bin




TOP QUARK PRODUCTION -

DIFFERENTIAL

fiducial region)

Example: Analysis in boosted regime (@parton and particle fiducial level in

ATLAS-CONF-2014-057

~20% if HERAPDF is used.

S’ 10 Data

) POWHEG + PYTHIA

©) — ‘—"hh v CT10 + hdamp =

;g i Yo + CT10 + hdamp = m,
_ = 1= oo +  HERAPDF + hdamp'= o
o E =

s - viie ° HERAPDF + hdamp = m o
= r

=z Y+i0

107
S
B ATLAS Preliminary v .
102 20 3fb \s 8 TeV
=T " | PRI [T S S S A SRS S B S SRS ST S SN SRS

© 2P

(U -

A 150 V.. v+

S e Yoo Yty e tAe A0 b

= 02— Typical precision: 15-29% per bin

300 400 500 600 700 800 900 1000 1100 1200

Particle top-jet candidate P, [GeV]

s 102 Data
o) o POWHEG + PYTHIA
Q  F me v CT10 + hdamp = o
ag 10 Mvg & CT10 + hdamp = m,
= 0 %o »  HERAPDF + hdamp'= e
S F %o o HERAPDF + hdamp = m
= B V&ao top
= 1=
5 Jeso
© L
10"=ATLAS Preliminary v e .o
E 20.3fb", \s =8 TeV
E 2__. PR NSRS S NN ST SN [N SO SN W SN S S | 1 1 1
CU F
A 1.5F Voo .
C % A
SR RS S e A,
= 050
0-5¢ Typical precision: 23-37% per bin
O__
300 400 500 600 700 800 900 1000 1100 120

Predictions harder than data by 30-70% (depending on MC used)
Agreement with data improved by ~10% by setting hdamp = m;,, and by

top quark P, [GeV]

Looking forward for the full NNLO theoretical predictions.




TOP COUPLING TO W BOSON

Can be probed by looking at top quark decays and single top EW
production

Measurements available:
R =B(t>Wb)/B(t>WQ)
in ftbar 2 V,,
Single top cross
sections (t-channel, Wt-
channel) 2 V,,

, | W helicity (ttbar, 1-
channel)

: Constraints on
AFBN asymmetry in 1-
channel Witb anomalous

w : L couplings
W ¢ Top polarisation in t-
b M ,_ channel




Vtb MEASUREMENTS [ |-veu| s | vin vew<| v %0 12

Vld Vt:

From top decay
The ratio R is measured

o B Wb Vi

T BltoWq)  [Vidl® + [Visl? + |Vis|2

Assuming unitarity of the 3
generation CKM > R = | V,, | ?

Most precise result from CMS (dilepton
ttbar channel using 8 TeV 19.7 fb! of
data)

|Vip| =1.007+0.016 (stat.+syst.)

From single top cross section
Assuming:

The W1b interaction is a SM like
left-handed weak coupling

| Vig | >> | Vigl. | Vil

0 = Ag|Vul® + Al Vie|* + Ap|Viy|?

Omeas
Vol =
Otheo

Independent of assumptions on the
number of quark generations or
unitarity of CKM matrix




SINGLE TOP CROSS SECTION Ex: t-channel @ 8 TeV

: L , x10° _
Typlgquly use mulhvoqo’re ’rgchmques (NN, BDT).' 0 400: ATLAS rofminary | Lot =303 0" 1508 TV ]
Optimise S/B separation using full event properties, = - SR ¢ data :
constrain systematic effects by simultaneously 2 300 P

. . H < [ ] W+jets ]
analysing S and B dominated regions. L% 200t e boson ]
[l Multijet

ATLAS, @ 8 TeV provides the measurement in @ Y tchgen®rinter.
fiducial region (with reduced systematics) and 100F %
then extrapolates to the full phase space.

Precision achieved in inclusive XS @ 8 TeV:

b 0.2F 3

«  CMS: 9% (Dominant source signal modelling) F LN e i

« ATLAS: 14% (Dominate source: JES, signal modelling) 3 0 02 04 06 08 1

Since then agreement on the freatment of t-channel NN output

o . . . . . '@ — - -1 - -
signal modelling and JES uncertainties reached within o K1 CMS. \s=8TeV, [ =19.710 . muon, 2jetitag
TOPLHCWG to be used in future measurements. % $ Data ;
a 5 [ t-channel _
L — § Dﬂ,ths-cha.nnel ]
ATLAS Proiiminary [ Ldt=2031" 1s=8Tev w o, E‘A"go"‘;‘:;t i‘j’::°9°"3—;
Data corrected with @ Syst. uncertainty
acceptance correction from: 3 —
NLO+NNLL (MSTW2008) ]
aMC@NLO(2—3)+Herwig — > _:
Powheg(2—3)+Pythia6 — E
Powheg(2—3)+Pythia8 —_—— 1 3
Powheg(2—2)+Pythia6 — 3
AcerMC+Pythia6 u=172.5 GeV s S— 0505 1 15 2 25 3 35 4 45 5
AcerMC+Pythia6 n=60 GeV — o | JHEP 06 (2014) 090 I, |
PERTI I S NN [T N N T U AN RN ANT T N NNUNE AN N R A A R
CMS: _
ATLAS: ATLAS cOREo 40y 80 %0 01 ?r?b1 Otch. = 83.6 & 2.3 (stat.) &= 7.4 (syst.) pb

osa = 3.37 £0.05(stat.) £ 0.47 (syst.) + 0.09 (lumi.) pb.
oy = 82.6+1.2(stat.) £ 11.4(syst.) + 3.1 (PDF) + 2.3 (lumi.) pb
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Omeas
Vibl = |—
Otheo

ATLAS + CMS Preliminary TOPLHCWG Oct 2014
Single top-quark production

ATLAS t-channel 7TeV arXiv:1406.7844
CMS t-channel 7 TeV JHEP12(2012)035
ATLAS Wt prod. 7 TeV PLB716(2012) 142
CMS Wt prod. 7 TeV PRL110(2013)022003
ATLAS s-channel 7TeV, 95%C.L.

«<eoemonm

ATLAS-CONF-2011-118 —

ATLAS t-channel 8 TeV ATLAS-CONF-2014-007_|
CMS t-channel 8 TeV JHEP06 (2014)090
ATLAS Wt prod. 8 TeV ATLAS-CONF-2013-100 ]|
CMS Wt prod. 8 TeV PRL112(2014)231802
ATLAS s-channel 8 TeV, 95%C.L.
arXiv:1410.0647

CMS s-channel 8 TeV, 95%C.L.
CMS-PAS-TOP-13-009

«aomen

<

LHC Wt combination, 8 TeV
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009

Wt prod) v

—— NLO+NNLL PRD 83 (2011)091503,
PRD 82(2010) 054018, PRD 81(2010) 054028
scale ® PDF @ o uncertainty
M= 172.5 GeV, MSTW2008nnlo

s-channel

Vtb FROM SINGLE TOP CROSS SECTION

ATLAS+CMS Preliminary TOPLHCWG

Omeas.
Oiheo.

G,.... NLO+NNLL MsTW2008nnio

theo'
PRD83 (2011) 091503, PRD82 (2010) 054018

Ao, . : scale ® PDF

theo®

Myp = 172.5 GeV

|Vm| = from single top quark production

May 2015

theoretical uncertainty
total uncertainty

|th| + (meas.) * (theo.)

t-channel:
ATLAS 7 TeV' — o 1.02 + 0.06 + 0.02
PRD 90 (2014) 112006 (4.59 fbo™') i
ATLAS 8 TeV — o — 0.97 £0.09 £ 0.02
ATLAS-CONF-2014-007 (20.3fb™") :
CMS 7 TeV —o— 1.020 +0.046 + 0.017
JHEP 12 (2012) 035 (1.17 - 1.56 fb'1) i
CMS 8 TeV —o—i 0.979 + 0.045 + 0.016
JHEP 06 (2014) 090 (19.7 fo™") :
CMS combined 7+8 TeV —o— 0.998 +0.038 +0.016
JHEP 06 (2014) 090 i
Wt production:
ATLAS 7 TeV — e———  1.037312+0.03
PLB 716 (2012) 142-159 (2.05fo™") : ’
CMS 7 TeV — o———  1.017318 +003
PRL 110 (2013) 022003 (4.9 fb™") : ) )
ATLAS 8 TeV —  e—— 1.10+0.12+0.03
ATLAS-CONF-2013-100 (20.3fb™") i
CMS 8 TeV' — R 1.03 £ 0.12 + 0.04
PRL 112 (2014) 231802 (12.2fb™") :
LHC combined 8 TeV —+e+——  1.06 +0.11+0.03
ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009 ! including top-quark mass uncertainty
H 2 including beam energy uncertainty
| 1 | | | | |
0.4 0.6 0.8 1 1.2 14 1.6
IV

Best precision achieved on V,, ~4% from CMS 7+8 TeV t-channel

Cross section measurements




Wtb ANOMALOUS COUPLINGS  ~ A

SM ree-level SM tree-level

New physics Can be parametrised in terms of an effective Lagrangian: § }\
—
EWtb = —%l—) ")/# (VLPL -+ VRPR) t WM— NP. maybe loop fi
g - iohg SM aft tree level >
_\/ib MWV (gLPL+gRPR)t Wu_ +h.c. VL — ‘/tb ~ 1 and VR = dr — gr — 0
0.06 F——rr—————————
New physics can affect: [ [Fueww@ | | Nucl.Phys.B840(201D) 349
Total single top cross section b ey ]

o = osu (VL2 + K,VR V}% + ,{VI‘VH VLVR + KIL gi + KIR g% + KILIR 9JLIR + .. )
Single top polarisation
W polarisation fractions (or

Events (normalised)
=) =3
=) o
(3% w

=
o
—

OsymmeTneS) 0T~ %575 05 025 0 025 05 075 1
For un-polarised top quark decays, . s 9
the only meaningful direction in the Observables: 6,*(a.l), 6™N.l) and 6/(T)
top quark rest frame isthe oneof 1 4" 3 X\2 X | D1 X\2 X | D i 2 X X
tfhe W boson momentum (q) Tdcosgy — gl T e080e)" Fo gl = cos ) F= A g sin”6y Fo

For polarised top quark (s;) decays,
further directions: N, T (e.g. t-channel
single top production)

> <

FAF+F,=1, X=*NT

x _ N(cos8' >0)-N(cos, <0)
e N(cos8 >0)+ N(cos8 <0)

- W helicity fractions and T polarisations
(or angular asymmetries) can probe the
real part of the couplings while the N ones
are sensitive to complex phases.

ANy =064 -P-Im(V,gx)




Wtb ANOMALOUS COUPLINGS

W helicity fractions

/
b -9“\\t

——

/

A combination of ATLAS and CMS measurements on W helicity fractions @ 7 TeV

was performed in 2013.

Since then: CMS updated the 7 TeV measurement and provided new
measurements @ 8 TeV in both top quark pair and single top topologies.

ATLAS-CONF-2013-033
CMS-PAS-12-025

T I T T T T I T T T T
ATLAS and CMS preliminary
Ns=7TeV,L =85pb'-22f" | Fy FL Fo
I NNLO QCD
Combination
o= Data (FR/FL/FO)
ATLAS 2010 (single lepton) el
ATLAS 2011 (single lepton) - ke
ATLAS 2011 (dilepton) m A
CMS 2011 (single muon) A
LHC combination - B
1 1 I 1 1 1 1 I 1 1 1 1 Il 1 I 1 1 1 I
0.5 1

W boson helicity fractions

Re(g,)

0.4

0.2

-0.21

-
T

of

'02‘6:4

— S

:— LHC combination preliminary
- \s=7TeV, L_=35pb™-2.21fb"

vV, =1, VR=0
Peec-cL
- [ ]os% cL

T os s o4 o od oz ‘ofs’R‘e;g')
Fo = 0.626 +0.034 (stat.) + 0.048 (syst.)
Fr = 0.359 +£0.021 (stat.) + 0.028 (syst.)
Fr = 0.015+0.034

(dominant sources: signal radiation, JES, m;.)

All measurements consistent with SM expectations, leading to
constraints on the real part of Vg, g, and gk.

Wy



Wtb ANOMALOUS COUPLINGS

Constraints from measurements in single tfop t-channel

AN asymmetry measurement

0 L B B B B B B B B
AN C s imi —e— ATLAS data n
% 250? 1241’-9’;‘:1 b}?lreet“mlljr:)ar:sy ] :%?rl;\:r,“s‘_-eéhannel =
< . f Ldt=24661f" S Wit f N
& 200 Ys=7Tev - mﬁi‘;‘tmboso" - 8
(0] - ///////. MC stat. + multijet unc. — 1
© C N ™
5 150% — o
S AN
S i
100 E
@)
O
%)
<
ks E T L B B A T 3 |:|
E 15;5 + E <
% 0.5?\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\?
o -1 -0.8 -06 -04 -02 0 02 04 06 08 1
cos @N
N
A, =064-P-Im(g,)
N 0.031 +0.029
A, = 0. + 0.065 (stat.) 57 (syst.)
FB ~0.031 \5Y

Assuming P~0.9 (SM):
95% C.L.: -0.20<Im(g;)<0.30

Polarisation

——
e data
s-channel
- E.tw
- tt
600|— MmDY
L W
I diboson
QCD

400

200

800 [~ s signal (t-chanrélj~~CMS preliminary Vs=8TeV,L=201b"
Muon channel, 2J1T BDT > 0.06

l L1l | L1l I 1

CMS-PAS-13-00T

q’ Ve
e
W
u'+ " W
~

b

b

0.5 1
cos 6"

¢"= #(l, q’) intop
rest frame

4, =

ND-NY_1
NOH+NE) 2 7

P, = 0.82 = 0.12(stat.) = 0.32(syst.)

1

All measurements consistent with SM expectations.

AN (sensitive to CP violation) leading to first constraints on Im (gg)




TOP COUPLING
TO PHOTON

Measure of the top quark charge
Search for anomalous couplings

Experimental strategy (ATLAS @ 7

Tev): 3 1°maTAs ecronchemel
Select ttbar lepton+jets 3 7Ty, [Lai-asen 53?% d :
decays with an additional g f éaté‘r‘l’or??‘?k‘gs_t o
photon. 10ENS S

. . C N ]

Template fit using track : s N -

isolation distribution of photon I > N\ \

. 1

candidates - &\ == =

Measurement performed in a i \\\
fiducial region within the ATLAS | SR R &&

-0 2 4 6 8 10 12 14 16 18 20

acceptance (CIS oY > 20 GeV) p;*°= scalar sum of p; of selected fracks in a P [GeV]

cone of AR=0.2 around the y candidate

aiit% x BR = 63 + 8(stat.) 715 (syst.) £ 1 (lumi.) fb

(dominant sources: JES, photon, signal modelling, b-tagging)

e Observation with 5.3 ¢

* |In good agreement with SM theoretical
prediction (48 £ 10 fb)




TOP COUPLING TO Z BOSON

Top pair production in association with W/Z boson are rare processes
(predicted cross section NLO QCD ~ 200 fbo each @ 8 TeV).

w

" HW (ISR)

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

£ Y

#zZ(SR) ' “ttz(FSR)

Direct measurement of
top coupling to Z gauge
boson in ttZ production
via FSR.

Experimental signature: number of leptons (depending on the top and
W/Z quark decay channel), multiple jets and b-jets also required (2L OS,
3L, 4L (best for ttZ), 2L (SS), 3L (best for t1W)).

Most sensitive: 3L to t1Z, 2L SS o
TTW.

ATLAS preliminary & CMS previous

result used cut and count for the 3 =

most sensitive channels while
CMS update uses MVA
techniques and also includes
more channels.

Data/P

[ RN S IR IS UL LR IS | IR I I I
S 30 ATLAS Preliminary ®Data [t
Strategy: : : i
gy. 250 L=203fb" \s=8TeV wz mot
F ft tz
lepton

20F
15

10

SRZbj4 SRZb2)3 SRZbz | SRWLS




TOP COUPLING TO Z BOSON

19.5 fo' (8 TeV)

% T T l TTT | TTT TTT TTT TTT I TTT I TTT | TTT I TTT I L=
0] - CMS - Observed b
o L [ fw i
S B [ irreducible _
KT L [ Non-top-quark i
8 [ Misidentified lepton —| (@)
i ] 2
— Backgrounds o
i * ## BG uncertainty ] ™
6l 1 <
- 1 o©
i 1 &
4t 4 X
i 1 O
I T S 1 2
o g — L
0
82 84 86 88 90 92 94 96 98 100
m, [GeV]
Channels used  Process Cross section Significance
2/ ttW 170139 (stat) & 70 (syst) fb 1.6
30+4¢ ttZ 20078 (stat) 3] (syst) fb 3.1
20+30+40 W +ttZ 3801390 (stat) T5) (syst) fb 3.7

Results from simultaneous fit:

Channels used ttW cross section ttZ cross section

20+30+4¢

170* 750 (total) b 200 = 90 (total) fb

fan T T T T T | T T N T I T T T T | T T T T | T T T T I T T T
.E - ATLAS ' Pre % ATLAS Best Fit ]
% 21— 4 —— ATLAS 68% CL —
© B IL dt=203f NN 000 e ATLAS 95% CL i
B -\{s=8TeV gk NLO calculation* - %
15 R 77, iz Theory uncertainty 7| O
L e YT - NN\ tTW Theory uncertainty | ﬂl-
L y, o N, Jrkis N 5
7 R sy 4 222%///% c\ll
1 7 % % L
AR LSS S S LS SIS LSS /ffff/ < A (Z)
B : 10
05— — A
B 1 <
C NNt 12
of % """"""" <
* Campbell(2012),Kardos(2011),Garzelli(2011,2012)
_I I 1 1 1 1 | 1 1 \x\ 1 1 I 1 1 f) 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 ]
0 0.5 1 1.5 2 2.5 3
6/ g, (ttW)
Combination
Process | Signal Strength || Observed o | Expected o
+0.23
iV 0.89+023 4.9 4.9
+0.57
17w 1.25+057 3.1 2.4
+0.29
tiZ 0.73+02 3.2 3.8
Summary of combined simultaneous fit results
Process Measured cross-sections Observed o | Expected o
tZ 150*3%(total) = 150*33(stat.) + 21(syst.) b 3.1 3.7
fiW | 300*11%(total) = 300*120(stat.)*70(syst.) fb 3.1 23

ATLAS).

A month ago: Evidence for t1Z observed in ATLAS and CMS (also for ttW in




TOP COUPLING TO Z BOSON

Cross section (fb) Signal strength (u) Significance
Channels | Expected | Observed | Expected Observed Expected | Observed

142 158 0.72 F0.76(+1.76)

0s 2067175 257715 10755 1.25_0.62§_1_16§ 1.84 212

3¢ 20617 | 25778 | 10708 | 125705 {: ;g% 4.55 5.11
+153 +150 +0.77 +0.76(+1.79

4/ 206750 2287157 1.0753 l.lllg_géglg%} 2.65 3.39

62 65 0.34 - .
OS+3¢+4L | 206725 242722 10755, | 1187 i 0s1) 5.73 6.44

+ MS pPreliminary

*

SM
best fit

et o ] 48
Lz = iet(py) [’y" (Crv +75C1,4) + ]C;;V (Cov +iv5C0, A)] v(pp) Zy 0.0
40
-0.5 .
S 32E
Crv = O3\ + (}’—éf) Re [05,333) o) _ 033] $-10 :
|

Cia=CH + (1) Re [C5H™ - €™ + B

From arXiv:1404.1005 [hep-ph]

CMS reported first observation of tZ at the LHC.
All measurements in agreement with SM predictions (statistically limited)

Interpretation of t1Z cross section in terms of constraints to new physics
(dimension six operators or anomalous couplings)




CONCLUSIONS

Top quark physics studies are central for the LHC physics programme

Precise measurements of top quark properties and its interactions
allow for stringent tests of the SM, being at the same time sensitive to
new physics.

Top couplings

Many of the top measurements performed at the LHC Runl are
already dominated by systematics (e.g. jet energy scale, b-tagging,
physics modelling).

Some rare processes also becoming available, and will profit from
the increase of statistics in Run2.

Reaching the ultimate precision requires a lot of effort and time
from both experimentalists and theory community, but it is of high
importance (specially if no new physics is found).
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PHYSICS MODELLING

Measurements sensitive to
QCD radiation in fop pair
production

Ex: Gap fraction analysis (dilepton channel)

Q

Study the fraction of
top pair events that do
not contain an
additional jet using
dilepton events.

lyl<2.1

b-jets

1.
additional jet 1

21 15 -08 0 08 15 21 7

CMS Preliminary, 19.6 fo" at {s=8 TeV

C105 [rrrryrrTTrTTTT T T T T T T T T T T T T T T T
ke Dilepton Combined E
6 1 il
S E
&0.95 3
% s 3
o % ' CMS-PAS-TOP-12-04]

¢ Data

[ Syst+Stat error

—— MadGraph+Pythia
------- MadGraph 4*Q?

"""" MadGraph Q%4

---- MadGraph matching up

---- MadGraph matching down —

100 150 200 250 300 350 400

' additional jet p, [GeV]

Ex: Jet multiplicity
(lepton+jets channel)

% Single jet based observables
2 O
1=
) 8 Integrated observables
£ A
8 Q - -
S .+ | Indirect observables (recoil)
v .
0 ~N
L v . .
S E Derived quantities

A N b
4 jets "belong” to the
top pair process, the 5
leading p; jeft
corresponds to the first
additional emission.

Expected/Data

| antik R=0.4

T T

ATLAS

—@&— Data
POWHEG+PYTHIA

—— POWHEG(hdamp)+PYTHIA i
........ MC@NLO+HERWIG E
- ALPGEN+PYTHIA (., Down) ]

sxeageeay

Is=

<25

C P> 25 GeV
I Il+jets

I Ldt=46f’ _|

7 TeV 3

arXiv:1

———




TTBAR+Z/W CROSS SECTIONS - ATLAS

O O O O

Channels classified according to decay modes:
ttbar 2 2 leptons, leptons+jets, all-hadronic

> 2,29, 2v
W= lv, ggbar

+ —
ttv
mn

m 20Z

AT
- mezm;z

06 €*¢* 3fW mgzm;
30Z

40  me=mz

Trilepton and same-sign dilepton

Opposite-sign dilepton

Analysis strategy

comparable signal and background:

small signal in huge background

cut and count multivariate techniques
3tZ 3¢Zveto 2uSS 2¢0SZveto 2{0SZ
Z-mass selection |mee — mz| < 10 GeV |mee — mz| > 10 GeV - |mee — mz| > 10 GeV | |mz — my| < 10 GeV
Additional Emiss > 40 GeV ET5 > 40 GeV e, u) ARY,. > 0.75
selection Hr > 240 GeV Hr> 130 GeView)
ARS,. > 0.75
Lepton flavour all trilepton all trilepton o all dilepton ee,
Signal 1z ttW dominated ttW dominated ttZ and W ttZ dominated

Main background tZ, WZ and fakes t1Z, ttH and fakes t1Z, ttH and fakes ti+jets Z+jets
Validation regions | (3j + 2j + 1j, 1b) (CRZ) (1b) (CRW) EMss < 40 GeV
Regions in the fit (= 4j,1b) (SRB1J4) | (3j +2j,= 2b) (SRW3¢) | (= 2j,= 2b) (SR2uSS) (3j,1b + 2b) (3j,2b)

(Signal region, (3j,= 2b) (SRB2J3) (4j,1b + 2b) (4j,2b)

control region) (= 4j,> 2b) (SRB2J4) (= 5j,1b + 2b) (= 5j,2b)

Table 8: Summary of the #fV event selection and analysis strategies in three channels. In the last row signal-rich
regions are shown in bold.



A DATA ANALYSIS EXAMPLE

events / 6 GeV

500

400

300

200

100

900

g 3 P = 7Tev E
(O] 800:_ Ldt=461b e Data =
Te) £ T 3
g F i, mtop= 172.5 GeV e
@ 700 ATLAS I Multijet background 3
0 E /7 Uncertaint 3
"E' 600;— 722 Uncertainty £
L F 3
500F- =
4001 =
300F ,
2001
100!
0
g 11.21 I 1 I I LI¢ ' +I I
S 831 / WWWM
= [ : ; ; ; ‘ ; ;
© 140 160 180 200 220 240 260 280
o m;; [GeV]
- T T I T T T T | T T T T | T T ]
T ATLAS Preliminary e \s=7 TeV data .
C . [ Jtt,m =172.5GeV ]
-_[Ldt=4.7 fo top ]
e [/ background N
C B uncertainty ]

100

150
my, [GeV]

events / GeV

Events / 5 GeV

rel. difference

600F

500

400

300

200F

100

2000 —

1000

LI L L L L L L L L L L L IO L L LB

- ATLAS Preliminary ® lis=7TeVdata 1]
J' . ] t, m,,,=172.5 GeV_]
Ldt=4.7 fb B single top
W +jets
Z +jets
WW/WZ/zZ
Il QCD multijet

Uncertainty

Mies” [GeV]

:,IATII.AIS IPrleIinlﬂnlaryl 77— |:
2 Jets SR electrons + muons J Ldt=203fb" ® DATA {s=8TeV

~ NN output > 0.75 t-channel

tf, Wi, s-channel

Wijets ]
Z+jets, diboson ]
Multijets 1
Y uncertainty

IIII|II

040 F NG
0.2 [ : e Q'*:\‘ _
o0 W@QWM DR AN
04 60 80 100 120 140 160

m(lb) [GeV]



MEASUREMENT OF THE R RATIO

CMS has measured the R ratio in the dilepton ttbar channel using 8
TeV 19.7 fbo! of data.

PLB 736 (2014) 33

(2]

MS, /s =8TeV, [Ldt=19.7 fb"

2 jets eu events

J R

ee events uu events

e Data
Ol

|
|
|
|
|
[ single top quark |
|
|
|
|

_ B(t—Wb) |Vip |2
Bt = Wgq) |Via|? + [Vis|? + | Vi |?

[]Z- I (data)
Ew

= EB W, multijets, other |

IIIIIIIIIIIII

3 jets

Profile Likelihood fit to
the observed b-tagged

jet distribution:

L(R, fi, Kst, feorrects Ebs £q; Eqx, 0i)

Njets
=TT TI TIPINe =00, e =] []g(62 6:.1),

€€ Nijets=2...4 k=0 i

1 Y I I e v |

01234012340123401234012340123401234012340123#4
b-tagged jet multiplicity

(dominant systematics from b-

R =1.014 £ 0.003 (stat.) + 0.032 (SYSt.) tagging efficiency)

Assuming 3x3 CKM matrix
unitarity

|Vip| =1.007=0.016 (stat.+4syst.)




TOP COUPLING TO H BOSON

Higgs boson discovery in July 2012.

In the SM, fermion masses are proportional
to Higgs fermion Yukawa couplings -
Important to test this prediction.

ttH production provides direct sensitivity to
the top-Higgs Yukawa coupling

ttH (H-> bb)
Largest BR (58%)

Final state with multiple
b quarks (challenge to
reconstruct Higgs)

Large background from
ttbar+jets

ttH (H> WW/Z1)
Significant BR (22%)
Leptonic decays of W/Z
and taus can give
distinct mulfi-lepton

signatures (but difficult
to reconstruct the Higgs)

Main background from
ttbar+W/Z and non

prompt leptons
t

H <WIZ
WIZ

ftH (H> YY)
small BR (0.2%)

Higgs boson can be
reconstructed as a
narrow peak

Backgrounds from ttbar
+Y and QCD multi-Y /jet
final states




TOP COUPLING TO H BOSON

S 120 ATLAS —e— Data
ttH (H->bb) Strategy: g [ le=sTevosw'  mmUTORY
R N =il ttH (H>ZZ/WW/TT)
Channels: fop U gl ettt Shoni Strateqy:
leptonic decays : £ (125) norm. , - .

) . S0 Final states with multiple
Different regions w0 leptons and high pT b-
considered (njets, b- " . iet
. 20f & JeTs.
jets) i - - :

. s | Several categories
MVA techniques to S R e e considered
separafe S from B 8 051 o5 o5 a4 08 0 02 04 08 04 1
NN output . CMStHuwwchamel (5-8Tev =195
c o5 * Data ]
& mmw ]
ttH (H=>YY) Strateqgy: 20 Et\}vzg .
Select two photons Y CMS tiHyy hadronic /s =8 TeV, L = 19.716' 3 Sﬁéme{fr _
€ 61 —+ Data ttHx 5 .
and apply loose g — Bkg fit ]
requirements on jetsto  °| o | " E
maximise signal af — m,=125.6GeV | 5 :
acceptance. 3 I EE——s
) ) .8 g-—---l .!. I...l...l...!.. e c
2 categories: hadronic, ||} $ o 4
leptonic BT
| 1l i e -
Background estimated 0 T —— U806 04 02002 BT outout.
performing a fit to 0 T T I ey
data




TOP COUPLING TO H BOSON

CMS Is=7TeV, 5.0-5.1 fo'; {s = 8 TeV, 19.3-19.7 fo"
Y —
bb [~ -
Thth |— L

4l — N

3 — > 8+1'0 I p—
Same-Sign 2| [~ =09 ——
Combination [— —i—

Best fit o/og,, at m,, = 125.6 GeV

Yy

bb

ThTh

4|

3l

Same-Sign 2l

Combination

CMS (s=7TeV,5.0-5.1 f6"; /s =8 TeV, 19.3-19.7 fb”
- : . === Expected = 10
I --- Expected = 2 ¢
: --- Expected (sig. inj.)
B : : & Observed

i

o
| H Hi M R |
1

10
95% CL limit on olog,, atm, =125.6 GeV

H>bb and H2>YY (ATLAS and CMS), H 2 multileptons (ATLAS):

No significant excess of events observed relative to the background only
hypothesis. Best fit values of signal strength p compatible with SM. 95% CL

upper limits on y have been set.
H-> multi-leptons final states (CMS):

In most channels, good agreement seen between data and expected
backgrounds (excess observed in the pu channel where best fit u=8.5+33 ).

Combined fit (CMS):

Excess of ~3.4 o over the background-only hypothesis (u = 0).
Excess of ~2.1 o over the the SM ttH expectation (p=1).




FAKE BACKGROUND

Selection of top quark events often based on the identification of
one or more charged isolated leptons (W->1v)

Fake leptons (hon-prompt leptons or non-leptonic particles as jets)

can come from:

>1607 IIIIIIII I T T T T I T T T T N T T T T7
SO ATLAS ]

Electrons: photon conversions, tfracks overlapping
with photons, jets, semileptonic b/c quark decays

Muons: b/c quark semileptonic decays, punch-
through hadrons, pion and kaon decays in flight

Lepton isolation and kinematical cuts
used to reduce this background

(_f) L .
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201 -
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Electron P, [GeV]

Data driven methods developed to
estimate this background (analysis
dependent). Most common methods:

Matrix method
Fit methods (jet-lepton, anfti-lepton)

ATLAS has just released a note
(ATLAS-CONF-2014-058) providing
detailed information about the
methods commonly used and their
applicability in top quark pair
leptonic channels




FAKE BACKGROUND

Matrix method

Basic form for lepton+jets (extension to 4x4 matrix in dilepton)

Nloose = ergglse — N;:zese = Ntight . € fake ) (E . Nloose . Ntight)
tight loose loose fake ™ . — £ real
N = Ereal * Nreal + E fake * Nfake real fake
Efficiencies measured from data: Fake efficiency (€..):
. From control regions
Real efficiency (€.): .
v r?O') dominated by fake leptons (low
Tag & P.robe using Z-> Il + top/Z MC E,miss, low m;W, high d,
corrections for electrons significance)
2 [T T T Taras wraimitery M-
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I.% - ': ee, > 1 jet 1010? ' W + jets é
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187? loose lepton selectlo:‘ 2, Uncertainty E
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mge [GeV] d(S)ig
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Efficiencies are parametrised considering
the observed dependencies, small I :
correlations and agreement in CRs T ]

|7’€| p;‘ plz‘-:ad..]c‘ AR(e, jet) A¢(€, El"[‘niSb) njCl nb_jCl L1 l L1 11 I L1 11 I Ll 1 1 I Ll 1 1 l L1l lq
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gWw) | v vV v v B 500001~ ATLAS Preliminary ~ +-Data2012 -
3 . {s=8TeV,20.3 b’ E]tstingleTop
. o . & 40000~ s o1 b W+ jets s
Systematic uncertainties (obtained from Y noausonepe,my  MZLE
different CRs and parameterisations, varying 30000F s ke Lep-
amount of real leptons to subtract from the 1
fake CR) are typically:

lepton+jets: 10-50% (depending on jet
and tag multiplicity, larger for electrons,
smaller for muons)

dileption ep: 70-100% in signal region, (A |
30-50% in the validation regions m [GeV]

Data / Pred.
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FAKE BACKGROUND

Fit method

e +>4 jets, pretag
m¥>30 GeV 3
barrel electron -

Fraction of Events / 5 GeV

Define a fit model to predict the fake
leptons background shape

Jet-electron: from a multijet MC

sample asking one jet to be electron- B T e =
|||<e 0 20 40 60 80 100 120 140 160 180 200

ET [GeV]
Anti-muon: from datq, selecting a

]

el

: : 8 coooof- ATLAS Proiminary  +Daiaz01z
sample enriched in non-prompf e eevmaw QL
muons by inverting some of the muon s ST

r nocutson ET,myY Diboson E

identification cuts 40000

Choose a discriminating variable (E;™ss 30000
for e+jets, mW for p+jets)

MNP & Fake Lep. ]
77 Uncertainty

Loosen/remove cuts on Emiss, m W =, ;
Perform maximum likelihood fit fo predict 3 2, .
its normalisation z o« i

0 20 ‘{0 60 80 100 120 140 160 180
mY [GeV]

Systematic uncertainties (obtained from fitting different variables,
variations on the fit constraints, W+jets and Z+jets modelling) lead to
50% uncertainty



LHC PRESPECTIVES
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LHC PRESPECTIVES FOR TOP-Z COUPLING

o Taken from R. Rontsch and M. Schulze arXiv:1501.05939
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PROBING Wtb VERTEX USING LHC DATA

o Taken from C.Bernardo et al. arXiv:1408.7063 (from W helicity and t-

channel XS @ 8 TeV)

LHC

gr

gL

Vr

Allowed Regions (Re)

[-0.15 , 0.01]

[-0.09 , 0.06]

-0.13 , 0.18]

TABLE I. One dimension 95% CL limits on the anoma-
lous couplings (assumed real) from W-boson helicities and

t-channel cross section at the LHC.

Assuming Real
anomalous couplings,
V=1 and all other
couplings 0

LHC gr gL Vr
Allowed Regions (Re) |[-0.16 , 0.13]|[-0.11 , 0.08] [[-0.15 , 0.21]
Allowed Regions (I'm)|[-0.34 , 0.34]|[-0.09 , 0.09] |[-0.18 , 0.18]

LHC+Tevatron gr gL Vr
Allowed Regions (Re) |[-0.13 , 0.11]|[-0.10 , 0.07] [[-0.15 , 0.20]
Allowed Regions (Im)|[-0.31 , 0.31]{[-0.09 , 0.09] |[-0.17 , 0.17]

TABLE II. Two dimension 95% CL limits on the real and
imaginary components of the anomalous couplings from W-
boson helicities and ¢-channel cross section at the LHC (top),
and from the combination of the LHC and Tevatron measure-

ments (bottom).

Assuming V=1 and all
other couplings 0




PROBING Wtb VERTEX USING LHC DATA

o Taken from C.Qing-Hong et al arXiv:1504.03785 [hep-ph]

TABLE II. Recent measurements of the cross sections for the single top-quark productions and the W helicity fractions at the
Tevatron and LHC.

CMS ATLAS Tevatron
s-channel X
_ - 1.29+9-2¢ pb [61]

(1.96 TeV) ) i .

t-channel 83.6 + 2.3 + 7.4 pb [62] 82.6 +1.2+11.4+3.1+2.3 pb [63] _ ASSUmIng ReO|

(8 TeV) (value stat+ sys) (value= stat+ syst== PDF=+ lumi) anoma | ouUS Cou p | | N g S
tW-channel

25.0 + 4.7 pb [64] _
(8 TeV)

Fo = 0.626 + 0.034(stat.) + 0.048(syst.)
W-helicity (7 TeV) Fr, =0.359 + 0.021(stat.) + 0.028(syst.) [16] -
Fr =0.015 £ 0.034
Fo = 0.659 =+ 0.015(stat.) £ 0.023(syst.)
W-helicity (8 TeV)|Fy, = 0.350 & 0.010(stat.) + 0.024(syst.)[15] - -
Fr = —0.009 + 0.006(stat.) = 0.020(syst.)

flu oy 1 ™ us \:fln 0> 1 “ s B

FIG. 2. Allowed parameter space on the plane of the effective Wb couplings at the confidence levels of 68% (red region), 90%
(black region) and 95% (blue region). |fi’| <1 is required in our analysis.




