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What is X ?

X = W/Z /vy — probe t-Z/~ coupling
W it +W/Z @8 TeV JHEP 11 (2015) 172
m it +W/Z @13 TeV ATLAS-CONF-2016-003
m tf +~ @7 TeV Phys. Rev. D 91, 072007 (2015)
X = light/heavy quark — test QCD, background to NP
m it + jets @8 TeV arXiv:1606.09490 (submitted to JHEP)
m tf + jets @13 TeV ATLAS-CONF-2015-065
m it + b-jets @8 TeV Eur. Phys. J. C (2016) 76:11

* data with 4.6/20.3/3.2 fb™! integrated luminosity used for /s = 7/8/13 TeV
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http://link.springer.com/article/10.1007/JHEP11(2015)172
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-003/
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.072007
http://arxiv.org/abs/1606.09490
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-065/
http://link.springer.com/article/10.1140/epjc/s10052-015-3852-4

tt+W/Z @8 TeV: Introduction

— 9 zZ
B {tZ: probe tZ coupling, which was never
directly measured; BSM sensitivity
(technicolor, little Higgs, etc.) P
m ttW: background for new physics search
in same-sign dilepton events !
9
B Depending on decay mode of tt and W/Z, 0-4 leptons in final state (tf — 0-2 {s,
W — 0-1 ¢, Z — 0 or 2 ¢s): dilepton, trilepton, tetralepton channels
m Channel further split for multiple times according to ¢ flavors, £ charges, etc.
either to disentangle ¢ttW and ttZ
or to do separate optimization to enhance signal sensitivity
Oppositesign Seme-sign Trilepton (3L) Tetralepton (4L)
dilepton (2L OS) dilepton (2L SS)
different same
ee e L W enriched Z enriched DF SF
flavor (DF) flavor (SF)
1t — 0+ tt— 0t tt— 0+ t— e tt— ¢ Z =0t Z =0t
& W — (F or Z — £t~ & W — (£ W=t Z —tte— tt — DF tt — SF
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tt+W/Z @8 TeV: Backgrounds

m Background (Bkg) compositions vary across different channels

Channel | Sub-channel Main Background

2L OS different (same) flavor tt (Z) dileptonic decay

2L SS ee,ep (pp) charge mis-ID (fake £)

3L ttZ (ttW) enriched leptonic decay WZ (rare SM)
4L tt — same (different) flavor | leptonic decay ZZ (rare SM)

(* rare SM mainly means ttH, tZ, WtZ)

m Backgrounds estimated via MC or data, or normalized via control region (CR)
tt/Z/VV via CRs, instrumental bkg via data, others small bkgs via MC

mz
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tt+W/Z @8 TeV: Results

® To be compared with NLO prediction of 300
232 4 32 (t1W) and 215 + 30 (tZ) fb

m Measured total cross sections 5 SO e B e
£ LAS % ATLAS Best Fit 1

86 5 Tev —— ATLAS 68% CL ]

ouw = 369755 (stat.) & 44(syst.) fb 5 soopfs-sTev. 203 . ATLAS 95% OL .

g NLO prediction* ]

F7 = +52 8 iZ Theory uncertainty |

Ttz = 176748 (Stat-) + 24(SySt') fb g 400 fiW Theory uncertainty |

N 4

T T T T

200
m Statistical uncertainty dominates
i 100 J
m Systematic uncertainty mainly from == ]
X . adap AMCONLO caaion ]
background estimation ol Ly [ N A
100 200 300 400 500 600
W cross section [fb]
‘ Uncertainty Tiw Tiiz
Luminosity 3.2% 4.6%
Reconstructed objects 37% 74% m 5.00 (4.20) significance of ttW (ttZ)
Backgrounds from simulation 5.8% 8.0% A .
Fake leptons and charge misTD 7.5% 3.0% signal over signal-free model
Signal modelling 1.8% 4.5% . . .
Total systematic 2% 3% m bkg-only hypothesis with neither
Statistical +24% [ -21%  +30% / ~27% ttW nor ttZ excluded with 7.1c
[ Total +27% | —24%  +33% | -29%
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tt+W/Z @13 TeV

Events

Data / Pred.

Check of SM at new energy regime

significance in 8 TeV measurement

.. . W significance 177 significance
Similar to 8 TeV analysis Channel | Expected Observed | Expected Observed
Only the most sensitive channels used 2008 04 o1 14 Ll
(2SS 78 50 E )
. 3 14 10 37 33
Measured cross sections . . i 20 24
Combined | 3.2 50 45 42

ouw = 1.38 £ 0.70(stat.) £ 0.33(syst.) pb
oz = 0.92 £ 0.30(stat.) £ 0.11(syst.) pb

Compare to NLO prediction of 0.57 £ 0.06 (¢¢W) and 0.76 + 0.08 (ttZ) pb

T L—
#-Data Wiz

T
#-Data

T T T 2 T .
10° = ATLAS Preliminary = 5 ATLAS  Preliminary Wiz
s=13TeV, 321" Wiw mwz 3 Il F 5=13Tev,3210" [ mwz
Post-Fit z mz B Post-Fit z mz
wz Wi 107 wz i
10 Woter Fake loptonss] E MOter Fake leptons:
o 7/ Uncertainty 3 r /7 Uncertainty
W 7 E L “ WM 2
10 i =
E — 3 10
[ g
[—
-
1 1 X = 1
5 E . 1 I 4 B sc "
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tt +~ @7 TeV: Introduction

B Process not established before (1st evidence reported by CDF)
m Direct probing of ¢y coupling, BSM sensitivity (composite/excited top)
® Analysis performed in single lepton channel (more statistics)

m Events with 1 photon selected: v radiation not from ¢+ vertex (e.g. ¢ or g/
vertex) suppressed by rejecting event with « too close to £ or jet

Yy b b
b
' W ' W
m Fake photon event should be removed/subtracted

hadron fake: jet— =y, by exploiting the discrimination power of - isolation
egamma fake: e — 7, by estimating e — ~ fake rate with Tag & Probe method

m Prompt v backgrounds (minor) estimated from MC or data-driven
W, Z, single top, diboson processes with prompt ~ radiation
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tt +~ @7 TeV: Results

B Cross section per lepton flavor flavor measured to be
opf, X BR = 63 & 8(stat.) * 15 (syst.) £ 1(lumi.) fb

in a fiducial region

. Uncertainty s Uncertainty [%)]
pr(v//5) > 20/20/25 GeV Background template shapes| 37

; Signal template shapes 6.6
InCy//5)| < 2.37/2.5/2.5 " Signal modsling e
AR(v,7) > 0.5 and AR(y,¢) > 0.7 Photon modeling 5
epton modeling 2.5
m WHIZARD (MadGgraph) prediction with Je[fﬁ(‘::fi‘j}i,“g 18
NLO k-factor: 48 (47) 4 10 fb BB modeling 0.9
Luminosity 1.8
m Systematics dominated by jet modelling Background contributions 77

m Signal significance of 5.3¢0

> T T T T T > N T T T T T
3 10aTLAS | Etectron channel 3 L l]ATLAS WMo channel
o E . —+Daa Y 10°E . —+Daa
z Ble=r TeV,J—L dt=4501"  Cgsgual N (= Tev,_[L q=259m s
g [ 3y background g L 3y background
> B ) Hadron fakes > L [ Hadron fakes
u 10ENS Total uncertainty from fit w Total uncertainty from fit
EN 10
- g
1 1
10—1 ISSSSSSSSSSSSSSSSSSSS 101 L
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
price P [GeV]
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tt + jets @8 TeV: Introduction

Measurement of the activity of additional jets in tt events:
jets originating from quark and gluon radiation in association with ¢ system

Test QCD at the highest accessible energy scale (large my)

Primary source of background for new physics search

Check generator modelling and parton shower tuning

B Analysis performed in ey final state plus 2 b-jets

el %) >2bjets  [%] "
Data 70854 12437 -
Total simulation 66200 100.0 12400 100.0
I 40300  60.8 11900  96.3
Wt single top 3840 5.8 360 2.9 n
Z(— 17— ep)+jets 12800 19.4 6 01 .
Dibosons 8030 123 2 0.0
Misidentified leptons 1200 1.8 96 0.8

tt highly enriched SR

bkgs: Wt, fake lepton,
Z — 17, diboson

All from simulation

doubling/removing to
evaluate bkg systematics

B Jet activities at particle level in fiducial region are measured:
additional jet multiplicity with different pp thresholds,

normalized additional jet pr specturms,
gap fractions with different thresholds in different regions

ICHEP-2016
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tt + jets @8 TeV: Jet pr and Multiplicity

Z
3

MC/Data

MC/Data

m NLO generators provide reasonable description of the leading jet

B LO generators give reasonable agreement with appropriate parameter choice

® MC@NLO + Herwig gives much less radiation

0.

in high jet multiplicity

| a . . .
r ATLAS 18 ATLAS m low (high) radiation tune of
L f5=8TeV, 203 10" 1 - Vs=8 TeV, 203 1b" .
o meast - 2 Wl<as.@ ] Alpgen (MG) + Pythia
sip,oneredexrajet  J 2 : . o zons ] .
A El: Qa2 e describes better the data than
— Powheg+PY6 hdamp=eo o Powheg+PY6 hdamp: .
Powheg+PY6 hdamp-, | Pouneg+PY8 hdami nominal tune
oo Poupegsinu ha
1o . _ ~. Pownegramw hiampees
- - Powheg+HW hdamp=ec 3 [ Total uncertainty 2
3 T wneerany m x“ test (41 d.o.f) of
1 compatibility
1 . = ]
T A | | | | Generator x> p-value
N SR o =m — g o = N o - . - -2
it N W e e PONIEGHPYTHAG gy =0 | 533 0710
Powheg+HW hdampes 3 ¢ Pouneq+HW hdamp==> POWHEGHPYTHIAG igamp = m; | 574 4.6x1072
= Ot et . POWHEGH+PYTHIAS figap = m; | 78.0  4.4x104
o 3 MC@NLO+HErWIG 1082 5.8x107%
E| . PowHEG+HERWIG higamp = 00 514 1.3x107"
ApgensHW  w.e.AlpgensPY .. MadGraphePY 3 § ApGensHW <o AlpgEniPY ... MadGraphPY i +:“?KWIZ Z‘;‘: (‘)ix:g
E| = +PYTHIA( 3.3 4% 107
[rEStisssssssssssssnssssssnsssnssnsd] ) 2
e dberb sy MaDGRAPHAPYTHIAG 547 7.4x10
AcerMC+PyTHia6 RadHi 1384 1.8x10°"7
E AcERMC+Pyriia6 RadLo 148.1 49x107"
T Ripemipvradt L sgencive Ao S S Nmenveramn L Rpmenrverade. 4 Atroen+PyminiaG RadHi 1047 18x10°7
2| —— MadGraph+PY6 o’ down MadGraph+PY6 q’'up g MadGraph+PY6 ¢ down MadGraph+PY6 o’up ALPGEN+PyTHIA6 RadLo 479  2.1x107!
MapGrapi+PyTHIAG ¢* down | 50.2  1.5%107!
MapGrai+PyTiIAG ¢ up 787 3.6x10°
50 100 150 200 250 300 350 400 450 500 5
Jetp, [GeV] Nopyajos P, > 25 GeV
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tt + jets @8 TeV: Gap Fraction

m Gap fraction: fraction of events without E.“_@l T T
additional jet activity in given detector 08

ATLAS

Vs=8 TeV, 20.3 fb™*
veto region: |y| < 0.8

rapidity region

f(Qo): no jet with pr > Qo, sensitive to 1st
additional radiation 085
f(Qsum): scalar Zj pr < Qsum, pT > 25
GeV, sensitive to all additional radiation

® 2012 Data
— Powheg+PY6 hdamp=c
Powheg+PY6 hdamp=m,
- Powheg+PY8 hdamp=m
e MC@NLO+HW
0.75 - - - Powheg+HW hdamp=co
[ Total uncertainty

m Measured in 4 rapidity regions |y|:
(0,0.8) (0.8,1.5), (1.5,2.1), (0,2.1)

m Measured in 4 m,pp regions with [y| < 2.1:
(0,300), (300,425), (425,600), (600,00)

L L L L
Powheg+PY6 hdamp=s. .- Powheg+PY8 hdamp=m
Powheg+PY6 hdamp=n...... MC@NLO+HW

L' Powheg+HW hdamp=c>

s

m Powheg + Pythia8 describes best of f(Qo)
m Powheg + Pythia6 disfavered from f(Qsum)

B There are also some similar conclusions oo APGETHIW " AbgenPY  MadGraph+PY
. . 105 AcerMC+PY RadHi —— Alpgen+PY RadHi
e.g. MC@QNLO+Herwig disfavoured sk — WadGraph+PY f down
) . R
non-nominal tune preferred over nominal 3
une for some enerators 0.95E AcerMC+PY RadLo -o1 MademaeRe e ]
tune f LO g t agen
50 100 150 200 250 300

Q) [GeV]
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tt + jets @13 TeV

® Analysis performed in all OS 2-¢ (ee/up/ep) channels
m Normalized additional jet multiplicity with different pp thresholds

® Dominating systematics from ¢ modelling and jet modelling

B Good agreement between data and several NLO generators

m Radiation high tuning for Powheg + Pythia6 describes better the data than
the nominal tuning

5 T ———— 5 T ————
A ATLAS Preliminary ~ S|Z" 1 ATLAS Preliminary—
- TE 13 Tev, 3.2 fb™ E o TE 13 Tev, 3.2 fb™ E
O T e add.jetp, 225Gev | T | —— add. jetp, 225 GeV ]
1 === ] 1 L el ]
107 3 107 3
E — — 3 E BV — 3
" [ ee-channel _ = L, [ ee-channel $
102 — :;ow:egizmaeH 1077 E — Powheg+Pythiat
E — - Powheg+Herwi E ; ]
R aMCAlVg\lLO*Hegr\ng++ F - Powheg+Pythia6 (radHi)
L ---. Powheg+Pythia8 4 [ ----- Powheg+Pythia6 (radLo) ]
-m- Data _3| -m-Data
107 -
E ., 3
14E wm stat. 3
g & 1.p0 — Statesyst 4
Q Q
g 2 08
0.6 -
0 1 2 3 4 0 1 2 3 4
Number of additional jets Number of additional jets
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tt + b-jets Q8 TeV

m Important bkg to other measurement (e.g. ttH — ttbb)

B Analysis performed both in single lepton and dilepton channels

B Fiducial cross section for 1 or 2 additional b-jets separately measured

m Background dominated by light or charm jet
B Systematics dominated by tt/jet modeling and b-tagging uncertainty

B Generally good agreement between data and NLO / LO generators

m Measurement sensitive to g — bb splitting modelling in the parton shower

ttbb dilepton ttb dilepton ttb lepton-plus-jets ATLAS ttbb dilepton ATLAS .
cutbased {5=8 TeV, 20.3 b Vs=8 TeV, 20.3 fb
fii-based - ==+ Measurement results - Measurement result
stat. O syst. Wil stat. stat. 0 syst. stat.
@ anc@NLo+Pythias 80DP) - v
i i B avc@NLOsPyhias (4)4) MadGraphsPythia
A : A— A Powneispythias (H)2) * KX pythias wotq3)
5 V' vadGraphepythia
i * * * K ey o) + # pyinias wotas)
* +* o pyinias (woias) * #  pyihias (wgtgs, stg=0.25)
i @ s g, saia=029)
N A A Powheg+pythias Gnclusive A A powheg+Pythias (inclusive )
/- L I Y T
5 10 15 20 25 30 35 20 40 60 80 500 1000 1500 1 15 2 25
fid fid fid i
O diepton [P o aiepron [P Oty epton-plus-ets L] afd [ Gﬂﬁ [%]
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Summary

With the large mass of top quark and high ¢# production rate at
LHC, pertabative QCD and top coupling at EW sector are

tested at highest accessible energy scale with high precision

m Associated production of top pair with vector boson is measured;
good agreement with SM prediction is achieved; with the incoming
13 TeV data, these measurements will be greatly improved

® QCD radiation in top pair production is measured and compared
with several generators, implying good QCD modelling and
providing information for further tuning of these models

m Other analyses where ¢t + X backgrounds are important can

benifit from these measurements
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