Combinations of top quark
measurements at the LHC

(excluding mass)

Mara Senghi Soares
CIEMAT - Madrid

TOP2015: 8th International Workshop on Top Quark Physics
14-18 Sep 2015, Ischia (Italy)

On behalf of the ATLAS and CMS Collaborations




Introduction

Outline:

Introduction
presenting ATLAS+CMS combinations on
Top production
*tt, single top
Top properties
*charge asymmetry, W helicity
Other LHCTOPWG activities

Outlook




Introduction

* Main motivations for LHCTOPWG combinations:
° gain in precision
* combine statistically uncorrelated data samples

* profit from complementarity on systematic effects in
different measurements/experiments
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* Main motivations for LHCTOPWG combinations:
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* combine statistically uncorrelated data samples

* profit from complementarity on systematic effects in
different measurements/experiments

* improved coordination between experiments

* improved coordination with theorists on modeling uncertainties

( [ ]
e Technical aspects:

e Combining measurements is all about correlations

* [dentify uncertainties of similar source and their correlations
e for different data taking periods
® across decay channels
® across experiments...

® Much of the work used for results in this talk was developed in the context of top

quark mass combinations
e See talk from Andreas Maier (Session 10)
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* Method: BLUE (Best Linear Unbiased Estimator) Simple and robust!

¢ WEightEd sum of input measurements taking into account uncertainties and their correlations mmimlzlng
combined uncertainties

* Try to disentangle as much as possible correlations @

* Typical uncertainties and @’s across experiments (examples):

- p=0—~y p=1—y p=[0,1],

.y e b-tageing: method, detector
e Statistical o Theory-dependent 88118
.. response, flavour dependency
uncertainties . i ' i
e Detector response: * PDE, cross-sections for in MC
e trigger, objects ID, lepton normalizations, all unc estimated | ® Luminosity: experiment
scale, resolutions, in the same way using MC... measurement, LHC
e Pile-up * Backgrounds from MC calibration
¢ Data-driven baCkgroundS ° LHC: beam Cnetgy * JES: detector response, parton-to-jet
\. N\ A models, calibrations, flavour....long
list of components with various Q
* Input correlations: not always “black-and-white”: \ J

* some partial correlations hard to estimate, knowledge already increased with experience
7 *hypotheses tests: check stability re-running combinations varying ¢ over a large range



Top quark production: tt



Top quark pair cross sections (st

Input measurements:
ATLAS-CONF-2014-054

ATLAS (20.3 fb-1) en channel

Simultaneous fit for cross-section and € (probability for a jet from a top decay to be in the acceptance and b-tagged)
bkg
Ny = LogeuChe” + Ny

*o(tt) = 237.7 £1.7(stat) +7.4 (sys) =7.4 (lumi)

CMS (5.3 fb-1) originally: ee, en, un channels; only eu used
Simple cut-and-count analysis
different systematics

*o(tt) = 239.0 +2.1(stat) +11.3 (sys) 6.2 (lumi)
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ATLAS CMS Correlation LHC combination

° Cross section [pb] 2424  239.0 241.5
T k Uncertainty [pb]
0 p q U a r p q I r Statistical 1.7 2.6 0 1.4
Detector model
Trigger 0.4 3.6 0 1.0
° Lepton scale and resolution 1.2 0.2 0 0.9
C ro s s s e C'I'I o n s [ 8TeV] Lepton identification 17 40 0 16
Jet resolution 1.2 3.0 0 1.2
Jet identification 0.1 o - 0.1
b-tagging 1.0 1.7 0 0.8
. . . Pileu =
* Uncertainty on combination o jessbon S ——
Uncorr]ES U.6 0
10% lower than more InsituJES 06 06 0 05
. . IntercalibJES 0.3 0.1 0.5 0.2
Flavour]JES 09 29 1 14
precise input measurement 09 2 1 4
JES subtotal 1.3 5.2 0.4 1.9
. . . e Class subtotal 2.9 8.5 3.2
e (Obvious gain on statistics Signal model
Scale 0.7 5 6 0.5 1 9
Radiation — -
Generator and parton shower 3.0
PDF
Background from data
Z+jets <0 1
Lepton misidentification 1.9 0.8
Background from simulation
Dibosons 0.3 0.5 1 0.4
Single top quark . . .
Class subtotal 2.0 2.4 1 2.1
Luminosity
Beam modelling 29 5.0 1 3.5
Luminosity determination 6.9 6 0
Class subtotal 7.5 6.2 0.3 6.2
Total systematic 9.3 13.4 8.4
Total 9.4 13.6 8.5
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Top quark pair

cross sections [srev]

* Uncertainty on combination
10% lower than more
precise input measurement

e (Obvious gain on statistics

r ~
Combination:

eg=241.5+t1.4 £8.4 pb
/

\_

x% probability of combination =82%
ATLAS weight: 73% CMS weight:27%

ATLAS CMS Correlation LHC combination

Cross section [pb] 2424  239.0 241.5
Uncertainty [pb]

Statistical 1.7 2.6 0 1.4
Detector model

Trigger 0.4 3.6 0 1.0
Lepton scale and resolution 1.2 0.2 0 0.9
Lepton identification 1.7 4.0 0 1.6
Jet resolution 1.2 3.0 0 1.2
Jet identification 0.1 o - 0.1
b-tagging 1.0 1.7 0 0.8
Pileup = t — 0
Non-JES subtotal 0

Uncorr]ES U.6 1. 0 .
Insitu]ES 0.6 0.6 0 0.5
IntercalibJES 0.3 0.1 0.5 0.2
Flavour]JES 09 29 1 14
bJES 0.1 — — 0.1
Class subtotal 2.9 8.5 3.2
Signal model

Scale 0.7 5.6 0.5 1.9
Radiation — 3.8 = 1.0
Generator and parton shower 3.0 3.3 0.5 2.7
PDF (

Background from data

Z+jets <0.1 1.5 0 0.4
Lepton misidentification 0.8 1.9 0 0.8
Background from simulation

Dibosons 0.3 0.5 1 0.4
Single top quark 2.0 2.3 1 2.1
Luminosity

Beam modelling 29 5.0 1 3.5
Luminosity determination 6.9 6 0

To sy
Total systematic 9.3 13.4 8.4
Total 9.4 13.6 8.5
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Top quark pair cross sections (7 7ev)

ATLAS+CMS Preliminary LHCtopWG

NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC
Myp = 172.5 GeV

scale uncertainty

scale ® PDF @ a4 uncertainty

o, summary, \s=7TeV

Sep 2015

total stat

o, +(stat) =(syst) =(lumi)

ATLAS, I+jets 179+ 4+ 9+ 7pb L=0.7 o
ATLAS, dilepton (*) 173=6*1 "Spb L,,=0.7 fb"
ATLAS, all jets (*) | : : 1 167+ 18+ 78=6pb L,=1.01b"
ATLAS combined 17733+ 7pb L,,=0.7-1.0 fb"
CMS, I+jets () 164312+ 7 pb L;=0.8-1.1 fo”!
CMS, dilepton (¥) 170+ 4+ 16+ 8 pb Liy=1.1fo"
CMS, 7, +u () — . 149+ 24 + 26 = 9 pb Ly=1.1 10"
CMS, all jets (*) I : ° : 136+ 20+ 40+ 8 pb Ly=1.110"
CMS combined 166+ 2+ 11+ 8 pb L, =0.8-1.1 b
LHC combined (Sep 2012) 173+ 2+ 8+ 6pb Ly=0.7-1.11b"
ATLAS, I+jets, b—>Xuv 165+2+ 17+ 3 pb Ly=4.7 fo"

ATLAS, dilepton e, b-tag
. miss
ATLAS, dilepton ey, Njets'ET

1829+ 3.1+ 4.2+ 3.6 pb L,=461b"

+9.7

181.2:2.8737+3.3pb

ATLAS, 7, _+ets t

ATLAS, all jets I l
ATLAS, 7, -+

CMS, I+jets

CMS, dilepton eu

CMS, v, .+ L
CMS, t
CMS, all jets I —o— i

hagTIEts I — @

(*) Superseded by results shown below the line

1 194+ 18+ 46 pb
168+ 12" %+ 7 pb
183+ 9+ 23+ 3pb
158+ 2+ 10+ 4 pb
1745+ 21755+ 38pb
143+ 1422+ 3 pb
152+ 12+ 32+ 3 pb
139+ 10+ 26+ 3 pb

L,=4.6 fb™
L,=1.7fb"
L,=4.7 fb
L,=4.6 b
L=2.2-2.3 fo
L,=5.0fb"
L=2.2fb"
L,,=3.9fb"

L,=3.5fb"

Effect of LHC beam energy uncertainty: 3.3 pb

(not included in the figure)

50 100 150 200

o, [pb]

CMS TOP-12-003

ATLAS-CONF-2012-134

.
/ TeV input measurements:
o ATLAS (0.7-1.02 fb™):

e dilepton (ee,ep, ), single lepton+jets
and all jets final states

e CMS (1.09-1.14 fb'!):
* dilepton (ee,ep,Up), UThadronic, Single
lepton+ijets and all jets final states

® Measurements pre-combined per
experiment

eg =173 £2 +8 =6 pb

12
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Top quark pair cross sections (7 7ev)

ATLAS+CMS Preliminary LHCtopWG o, summary, Is=7TeV Sep 2015

NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC

my,, = 172.5 GeV } —
B scale uncertainty total stat

CMS TOP-12-003

scale ® PDF @ a4 uncertainty

ATLAS-CONF-2012-134

o, +(stat) =(syst) =(lumi)

ATLAS, I+jets
ATLAS, dilepton (*)
ATLAS, all jets () |
ATLAS combined
CMS, I+jets (¥)
CMS, dilepton (*)
CMS, 7, -+ ()
CMS, all jets (*) I : .
CMS combined

LHC combined (Sep 2012)

179+ 4+ 9+ 7pb L=0.7 o

1736714 "Spb Ly=0.7 fo"

~N

| 167+18+78+6pb  L,-101"

out measurements:
.7-1.02 fb''):

ton (ee,ep,up), single lepton+jets
d all jets final states

17733+ 7pb L,,=0.7-1.0 fo"

164+ 312+ 7 pb L,,=0.8-1.1fb"
170+ 4+ 16+ 8 pb Liy=1.1 10"

&

14924 +26=9pb  L,=111

136+ 20+ 40+ 8 pb
166+ 2+ 11+ 8 pb
173+ 2+ 8+ 6 pb

ATLAS, I+jets, b—=Xuv 165+ 2+ 1
ATLAS, dilepton e, b-tag

. miss
ATLAS, dilepton ey, Njets-ET
ATLAS, 1, +ets
ATLAS, all jets

o CMS (1.09-1.14 fb1):

e dilepton (ee,e, ), UThadronic, Single
lepton+tijets and all jets final states

182.9 =

=47 "

ATLAS, T, + =46 0

CMS, l+jets F—iot—i b Sle L,=2.2-23 1" .

cs,diepton f-0em Loow | | ® Measurements pre-combined per
CMS, 1, + ——— +22+ 3 pb Ly=2.2 fb .

CMS, 1, tets & +12+ 32+ 3 pb L,=3.9 fb" exp e rl m e ni.

CMS, all jets 0 39+ 10+ 26+ 3pb L,,=3.5fb"

eg=173 +2 +8 +6 pb
ffect of LHC beam energy uncertainty: 3.3 pb 0- — — — p
(*) Superseded by results shown below t c (not included in the figure) \ )

50 100 15C 00 250 300 350
5, [pb]
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Top quark pair summary

Tevatron combined* 1.96 TeV (L=8.8 fb") .. Sep 2015 —
ATLAS ey 7 TeV (L=4.6 b ATLAS+CMS Preliminary p

CMS eu* 7 TeV (L=5 b LHCtopWG
ATLAS eu 8 TeV (L=20.3 fo'")

CMS eu* 8 TeV (L=19.7 o)

LHC combined eu* 8 TeV (L=5.3-20.3 fb'1)
ATLAS eu* 13 TeV (L=78 pb’")
CMS eu* 13 TeV (L=42 pb')
ATLAS ee/uu* 13 TeV (L=85 pb")
ATLAS l+jets* 13 TeV (L=85 pb’)
CMS l+jets* 13 TeV (L=42 pb)

* Preliminary

L 1 1111

OO0rem<oHNGO®HNC

600} -

s NNLO+NNLL (pp) o
——— NNLO+NNLL (pp) 13 (s[TeV]

10 Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 =
— | Myp = 172.5 GeV, PDF® g uncertaintiels according to PIDF4LHC .
| | | | | | | | | | | | | | |
2 4 6 8 10 12 14
\'s [TeV]

14



Top quark pair summary

Inclusive tt cross section [pb]

10

Tevatron combined* 1.96 TeV (L=8.8 f5")
ATLAS eu 7 TeV (L=4.6 fb™)

CMS eu* 7 TeV (L=5 b

ATLAS eu 8 TeV (L=20.3 fo'")

CMS eu* 8 TeV (L=19.7 fb")

LHC combined eu* 8 TeV (L=5.3-20.3 fb'1)
ATLAS eu* 13 TeV (L=78 pb’")
CMS eu* 13 TeV (L=42 pb')
ATLAS ee/uu* 13 TeV (L=85 pb’)
ATLAS I+jets* 13 TeV (L=85 pb™)
CMS l+jets* 13 TeV (L=42 pb)

* Preliminary

OOdO»reHmH«O0HOHE

=== NNLO+NNLL (pp)
== NNLO+NNLL (pp)

m
t
| ] %P ] ]

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
= 17|2.5 GeV, PDFQ? g uncertaintiels according to PIDF4LHC
| |

ATLAS+CMS Preliminary Sep 2015
LHCtopWG

800}

600} -

13 1s[TeV]

2 4 6

8 10 12

\'s [TeV]

-

® Most precise single measurements (8 TeV)

©242.4 +9.5 pb

©245.6 +£9.3 pb [CMS update, not used]

e Combination:

©241.5 £8.5 pb

—h

ATLAS+CMS Preliminary LHClOpWG o, summary, Vs=8TeV Sep 2015

NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC —
m,,, = 172.5 GeV total stat

scale uncertainty
scale ® PDF @ o uncertainty

Oy =(stat) =(syst) =(lumi)

ATLAS, lepton+jets
PRD 91 (2015) 112013, L,

int

——#—1 260+1°2+8pb
=20.3fb
+29

22892+ 10pb

-26 —

CMS prel., lepton+jets | o
CMS-PAS TOP-12-006, L, =2.8fb™ :

CMS, lepton+t,

PLB 739 (2014) 23, L, =19.61b"

int

|_'H_| 257 +3+24+7pb

ATLAS, dilepton ep i 242.4+1.7 55+ 7.5pb
EPJ C74 (2014) 3109, L;,=20.3 b

CMS, dilepton (es, uu, ey) —o— 239.0 2.1+ 11.3 + 6.2 pb
JHEP 02 (2014) 024, L;,=5.3fb™

LHC combined ey (Sep 2014) | . 241.5 = 1.4 + 5.7 = 6.2 pb

ATLAS-CONF-2014-053, CMS-PAS TOP-14-016,

100

L;=5.3-20.3 fo™' :
CMS ., di +6.6
prel., dilepton ey 1 e 2456 +1.3" 7. +6.5pb

CMS-PAS TOP-13-004, L;,=19.7 fb

CMS, all jets — e :

CMS TOP-14-018, L,,=18.4 fb™' 2756 + 6.1+ 37.8+7.2pb
Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)

IIII|IIII|IIII|§|||||IIII|IIII
150 200 250 300 350
oy [pb]



Top quark production:

single top quark



tW production cross section

CMS TOP-14-009
ATLAS-CONF-2014-052

-

\_

e ATLAS (20.3 fb''):

* ey final state
©27.2+5.8 pb

e CMS (12.2 fb'!):

® ee,el,up final s

©23.4+5.4 pb

Input measurements:

tates

e Similar analysis strategies: BDT to separate signal and background

~N

J
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tW production cross section

Category ATLAS CMS 1Y
Data statistics Data statistics 7.1% | Fit statistics 81% | 0.0
Category subtotal 7.1% 8.1% | 0.0
Simulation statistics Sim. statistics 2.8% | Sim. statistics 24% | 0.0
Category subtotal 2.8% 24% | 0.0
Luminosity 3.7% 3.0% | —
Category subtotal 3.7% 3.0% | 0.31
Theory modeling ISR/FSR 5.9% | Ren./fact. scale 124% | 1.0
tWgen.and PS | 11.0% —

tt gen. and PS 7.5% | ME/PS match. thr. | 14.1% | 1.0

PDF 2.5% | PDF 1.7% | 1.0

tW /tt overlap 1.4% | DR/DS scheme 21% | 1.0

Top pr reweight. 04% | —

Background normalization | bkg. mod. 3.6% | tt cross section 1.7% | 0.0
Z+jets 26% | —

Category subtotal 3.6% 3.1% | 0.0
Jets JES common 10.0% | JES 3.8% | 0.0
JES flavour 5.0% -

Jetid 0.2% —

Jet res. 0.7% | Jet resolution 0.9% | 0.0

Detector modeling Lepton modeling | 2.4% | Lepton modeling | 1.8% | 0.0
MET scale 41% | MET modeling 0.4% | 0.0

MET resolution 4.5% —

b-tagging 8.4% | btagging 09% | 05

Pileup 04% | —
Total 23.3% 21.7% | 0.38

18
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tW production cross section

CMS TOP-14-009

Category ATLAS CMS 1Y ATLAS-CO N F-2014-052
Data statistics Data statistics 7.1% | Fit statistics 81% | 0.0
Category subtotal 7.1% 8.1% | 0.0 S Uncertainty
. . . . . . . . . . Ource
Simulation statistics Sim. statistics 2.8% | Sim. statistics 24% | 0.0 (%) | (pb)
Category subtotal 2.8% 24% | 0.0 Data statistics 55% | 1.4
Luminosity 3.7% 3.0% | — Simulation statistics 1.8% | 05
Category subtotal 3.7% 3.0% | 0.31 Luminosity 27% | 0.7
Theory modeling ISR/FSR 5.9% | Ren./fact. scale 124% | 1.0 Theory modeling 15.8% | 4.0
tW gen. and PS 11.0% — Background normalization 23% | 0.6
tt gen. and PS 7.5% | ME/PS match. thr. | 14.1% | 1.0 Jets 5.3% 1.3
PDF 2.5% | PDF 1.7% | 1.0 Detector modeling 49% | 1.2
tW /tt overlap 1.4% | DR/DS scheme 21% | 1.0 Total systematics (excl. lumi) | 17.5% | 4.4
Top pr reweight. 04% | — Total systematics (incl. lumi) | 17.7% | 4.4
Background normalization | bkg. mod. 3.6% | tt cross section 1.7% | 0.0
Z+jets 26% | — | ~ ~N
Category subtotal 3.6% 3.1% | 0.0 Com b ‘nation:
Jets JES common 10.0% | JES 3.8% | 0.0 ’
JES flavour 5.0% — 1125.0£1.4+4.4+0.7(lumi) pb
Jetid 0.2% — | U Y,
Jet res. 0.7% | Jet resolution 0.9% | 0.0
Detector modelin Lepton modelin 2.4% | Lepton modelin 1.8% | 0.0 2 —
i METscale | 41% | MET modeling ® | oa% | 00 x?/n.o.f. = 0.37
MET resolution | 4.5% , — ATLAS: 43% CMS: 57%
b-tagging 8.4% | btagging 09% | 05
Pileup 04% | —
Total 23.3% 21.7% | 0.38 19




tW production cross section

CMS TOP-14-009
ATLAS-CONF-2014-052

Uncertainty
(%) | (pb)
a statistics 55% | 1.4
mulation statistics 1.8% | 0.5
Luminosity 27% | 0.7
Theory modeling 15.8% | 4.0
Background normalization 23% | 0.6
Jets 53% | 1.3
Detector modeling 49% | 1.2
Total systematics (excl. lumi) | 17.5% | 4.4
Total systematics (incl. lumi) | 17.7% | 4.4
Total uncertainty 18.6% | 4.7
4 )

Combination:

Category ATLAS CMS
Data statistics Data statistics 7.1% | Fit statistics
Category subtotal 7.1%
Simulation statistics Sim. statistics 2.8% | Sim. statisti
Category subtotal 2.8%
Luminosity 3.7%
Category subtotal
Theory modeling ISR/FSR
tW gen. and PS
tt gen. and PS :
PDF 1.0
tW /tt overlap 1.0
Category subtotal 0.66
Background normalization | bkg. m 0.0
Category subtotal 31% | 0.0
Jets 3.8% | 0.0
5 | Jet resolution
Category subto 2% . .
Detector mod 24% | Lepton modeling | 1.8% | 0.0
41% | MET modeling 0.4% | 0.0
4.5% —
8.4% | btagging 0.9% | 0.5
Pileup 04% | —
Total 23.3% 21.7% | 0.38

25.0£1.4+4.4+0.7(lumi) pb )
.

v?/n.o.f. = 0.37
ATLAS: 43% CMS: 57%
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Single top quark t channel

ATLAS+CMS Preliminary TOPLHCWG
Data 2012, fs =8 TeV
------ NLO (MCFM), mkv = 1725 GeV,
PDFALHC (MSTW2008, CT10, NNPDF2.3)
N scale uncertainty
scale ® PDF @ a. uncertainty

ATLAS, L =50 fb"

ATLAS-CONF-2012-132

CMS,L, =581b"
CMS-PAS-TOP-12-011

LHC combined (Sep 2013)

ATLAS-CONF-2013-098,
CMS-PAS-TOP-12-002

July 2014

- stat. uncertainty
- total uncertainty
O cranres 25181 x(sYyst) =(lumi)

951224176 =36pb

80.1=5.7=11.0= 4.0 pb

85+ 4=11=3pb

ATLAS, L _=2031b"
ATLAS-CONF-14-007

CMS, L _=19.71b"
JHEP0B(2014)090

826+12+11.8+x23pb

83.6+23+71+22pb
Efoct of bean energy uncestainty: 1.2 pb

20 40 60 80 100

of-channel [pb]

120 140 160

21

CMS TOP-12-002
ATLAS-CONF-2013-061

e ATLAS (5.8 fb'!):

* systematics dominated

e CMS (5.0 fb'!):

.
8 TeV input measurements:

* Signal to background separation from
multivariate discriminant neural network

e Signal to background separation from
likelihood fits to templates n of light jets
o relatively larger stat, smaller syst

~N




top quark t channel

CMS TOP-12-002
ATLAS-CONF-2013-061

\ .

-

O
< measurements:

&

ATLAS+CMS Preliminary TOPLHCWG July 2014 8
Data 2012, {s =8 TeV

...... NLO (MCFM), m = 172.5 GeV,

PDFALHC (MSTW2008, CT10, NNPDF2.3) — stat. uncertainty 1
W scale uncertainty - total uncertainty & ” fb ) :

scale ® PDF @ a uncertainty O ranre: 25181 x(sYst) =(lumi) % .
ATLAS, L_=501b" e sMi24.176.36 O to background separation from
ATLAS-CONF-2012-132 n ) ’ ’ ’ ) 0 . . o o

& ariate discriminant neural network

CMS, L, =581 . .
CMS-PAS-TOP-12.011 WA BT 418 ystematics dominated

LHC combined (Sep 2013)

ATLAS-CONF-2013-098,
CMS-PAS-TOP-12-002

e CMS (5.0 fb'!):

ATLAS, L2031 * Signal to background separation from

ATLAS-CONF-14.007 b\d\ likelihood fits to templates n of light jets

CMS, L, _=19.7fb" i
o relatively larger stat, smaller syst

JHEPO06(2014)090
| I |

20 40 60

&b .
o

N

S
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Single top quark summary

ATLAS t-channel -
PRD90(2014) 112006, ATLAS-CONF-2014-007

- ATLAS+CMS Preliminary LHCIOpWG
— Single top-quark production Sep 2015 CMS t-channel —
JHEP12(2012) 035, JHEP06 (2014) 090

ATLAS Wt
PLB716(2012) 142, paper in preparation —

—
o
o

CMS Wt
PRL110(2013) 022003, PRL112(2014) 231802 .

LHC combination, Wt

ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009 —]

- t-channel ATLAS s-channel .

ATLAS-CONF-2011-118 95% C.L.,

ATLAS-CONF-2015-047 —
= CMS s-channel, 95%C.L.

- CMS-PAS-TOP-13-009 -

60 — - == NNLO PLB736(2014) 58 ]
My,= 172.5GeV, MSTW2008nnio

scale uncertainty

=== NLO+NNLL PRD83(2011) 091503,
PRD82(2010) 054018, PRD81(2010) 054028
40 - Migp= 172.5GeV, MSTW2008nnlo —
Wt: tt contribution removed
scale ® PDF ® o, uncertainty, -

Total inclusive cross-section [pb]
(0]
o
|

—— NLO NPPS205(2010) 10, CPC191(2015) 74
Myp= 172.5GeV, = w = My, -
CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC)
Wi: p: veto for tf removal=60 GeV —

and uF=65 GeV
scale uncertainty

I T S SRR

1e1s 1sAs

scale ® PDF @ o, uncertainty

- s-channel “-l+-l--l‘-l‘-' All exp. results are w.r.t. m .= 172.5GeV -

0—— ; '

Vs [TeV]
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Total inclusive cross-section [pb]

Single top quark summary

—
o
o

80

60

40

20

- ATLAS+CMS Preliminary LHCIOpWG
— Single top-quark production Sep 2015

= t-channel

ATLAS t-channel -
PRD90(2014) 112006, ATLAS-CONF-2014-007

CMS t-channel —
JHEP12(2012) 035, JHEP06 (2014) 090

O ATLAS Wt
PLB716(2012) 142, paper in preparation —

o

CMS Wt
PRL110(2013) 022003, PRL112(2014) 231802 .

* LHC combination, Wt
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009 —]

A ATLAS s-channel 1
ATLAS-CONF-2011-118 95% C.L.,
ATLAS-CONF-2015-047 -

v CMS s-channel, 95%C.L.
CMS-PAS-TOP-13-009 —

NNLO PLB736(2014) 58
m,,= 172.5GeV, MSTW2008nnlo

scale uncertainty

NLO +NNLL PRD83(2011) 091503,

PRD82(2010) 054018, PRD81(2010) 054028

Migp= 172.5GeV, MSTW2008nnlo —
Wt: tt contribution removed

scale ® PDF ® o, uncertainty, -

—— NLO NPPS205(2010) 10, CPC191(2015) 74
my,,= 172.5GeV, W= W= My, -
CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC)

ATLAS+CMS Preliminary LHCIOpWG
Data 2012, Vs =8 TeV, m = 172.5 GeV

NLO+NNLL (PRD82 (2010) 054018)
MSTW2008nn1o

I scale uncertainty
scale ® PDF uncertainty

Sep 2015

—_
total stat

Oy * (stat) = (syst) = (lumi)

ATLAS (), L_=20.3 fo

272 +21+£59 +1.0 pb
ATLAS-CONF-2013-100

CMS, L _=12.2 fo™

234 +20x+46+0.7pb
PRL 112 (2014) 231802

LHC combined (July 2015)

ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009

25.0 1.4 +4.4 0.7 pb

Wi: p: veto for tf removal=60 GeV —
and u =65 GeV @
- - - - F =
I~ Wit scale uncertainty ST
v (’Q’_
I~ scale ® PDF @ o, uncertainty 2 —
- S-Chan ne| ‘-'-'+-'--'-'-'-'-' All exp. results are w.r.t. mmp= 172.5GeV —
1 1 1
Vs [TeV]

-

©23.4 +5.4 pb

e Combination:

©25.0 +4.6 pb

® Most precise single measurement (tW)

ATLAS, L _=20.3 fb!

_ , 23.0+1.3752+1.1pb
paper in preparation :

Effect of LHC beam energy uncertainty: 0.38 pb

(*) Superseeded by results shown below the line (not included in the figure)

0 10 20 30 40 50 60

Oy [Pb]

70

...until yesterday! ©

(New ATLAS measurement17% [not used])
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Vib from single top

quark production

CMS TOP-14-009

ATLAS-CONF-2014-052

Assuming Wtb vertex is left-handed and V _

and Vt 4 << V2tb

V., =0_ _Jo

tb meas’ ~ theor

Beam energy affects theory calculation:
uncertainty 0.38 pb added

Top quark mass affects measurements and

theory calculation: uncertainties added

Requiring |V, | <=1:
|V, |>0.79 at 95%CL

ATLAS+CMS Internal LHCtopWG

If. Vil = Imeas. from single top quark production

0theo.

Oiheo- NLO+NNLL MSTW2008nnlo
PRD83 52011; 091503, PRD82 (2010) 054018,
PRD81 (2010) 054028

Ao, :scale ® PDF

theo*

my,, = 172.5 GeV

t-channel:

ATLAS 7 TeV'
PRD 90 (2014) 112006 (4.59 fb™")

ATLAS 8 TeV
ATLAS-CONF-2014-007 (20.3fo™")
CMS 7 TeV

JHEP 12 (2012) 035 (1.17-1.56fb™")
CMS 8 TeV

JHEP 06 (2014) 090 (19.7 fo™")

CMS combined 7+8 TeV
JHEP 06 (2014) 090

Wit:

ATLAS 7 TeV |

PLB 716 (2012) 142-159 (2.05fb™")

CMS 7 TeV —

PRL 110 (2013) 022003 (4.9 fb™)

ATLAS 8 TeV (¥) =

ATLAS-CONF-2013-100 (20.3fb™")

CMS 8 TeV' |
PRL 112 (2014) 231802 (12.2 fb™

LHC combined 8 TeV "

ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009

Wi:

ATLAS 8 TeV ** |

paper in preparation (20.3 fb™')

s-channel:

ATLAS8 TeV® | .

ATLAS-CONF-2015-047 (20.3 fo™')

(*) Superseeded by results shown below the line

Sep 2015

—+rt+—

total theo.

If,,\Vyl = (Meas.) = (theo.)

1.02 £ 0.06 = 0.02
0.97 + 0.09 = 0.02
1.020 = 0.046 = 0.017
0.979 + 0.045 = 0.016

0.998 = 0.038 = 0.016

1.03 012+ 0.03

+0.16 +0.03
1.01 -0.13 -0.04

1.10+£0.12 + 0.03

1.03 +0.12 + 0.04

1.06 = 0.11 = 0.03

1.01+£0.10 £ 0.03

0.93 ¥ 2% + 0.04

! including top-quark mass uncertainty
2 including beam energy uncertainty

0.4 0.6 0.8

If, Vi

25
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Top quark properties



tt charge asymmetry (7 1ev)

CMS TOP-14-006
ATLAS-CONF-2014-012
pp collisions: on average quarks (valence&sea) carry more momentum than

antiquarks (sea)

Top quarks rapidity distribution slightly broader than antiquarks

A = - | Ytbar
ly [=1yt]-1ytborl NF N~
N*=»Aly[>0 AC:N++N—
N =A|y|<O0

Related to Tevatron asymmetry (excess seen), but much milder effect

Deviations from SM (A _=0.0115 +0.0006) in new physics models

Using l+jets final states at 7 TeV
27



tt charge asymmetry (7 tev)

CMS TOP-14-006

4 )

ATLAS-CONF-2014-012
e ATLAS measurement: 4.7 fb-1
* Ac=0.006 +0.010 [stat+sys] - N
¢ CMS measurement: 5 fb-1
e Unfolding: e Ac=0.004 +0.010 +0.011
* Fully Bayesian Unfolding .
* Marginalization procedure for ° U"FOId'“gf o .
systematic uncertainties (likelihood used in * Generalized matrix inversion method
unfolding is marginalized integrating out its * No marginCl“ZClﬁon, Ol'igin0|
dependency on nuisance parameters) measurement used
® For combination: used uncertainties
before marginalization to access
systematic uncertainties one by one
* Ac=0.006 +0.010 +0.005 [0.011] * Model dependence: check dependence
on tt kinematics using pseudo-experiments
° M_odel dependence: check dependence with (model independent) asymmetries
on tt kinematics using MC with various generated by reweighting
axigluon models - g
28 See talk from T.Schwarz Sec. 6




tt charge asymmetry (7 1ev)

ATLAS CMS Comb. Corr.

Ac 0.006 0.004  0.005 0.058 CMS TOP-14-006
Statistical 0.010 0.010  0.007 0 ATLAS-CONF-2014-012
Detector response model 0.004 0.007____0.004 0
Signal model < 0.001 0.002  0.001 1
& W-ets model 0.002  0.004 0003 05
& QCD model < 0.001 0.001  0.000 0
£  Pileup+MET 0.002 < 0.001 0.001 0
S PDF 0.001  0.002  0.001 1
=  MC statistics 0.002 0.002  0.001 0
Model dependence
Specific physics models < 0.001 0.000 0
General simplified models m 0
Systematic uncertainty 0.005 0.011  0.006
Total uncertainty 0.011 0.015  0.009

AC=O‘005 iO°OO7 i0'006 ATLAS weight: 65%

x? of combination =0.012 Prob=91% CMS weight: 35%

29




tt charge asymmetry (7 1ev)

ATLAS+CMS,\I§ =7 TeV Ppreliminary

TOPLHCWG, May 2015

CMS TOP-14-006

ATLAS-CONF-2014-012

-

_ e gtat, uncertainty
tt asymmetry i :h:" “"“(::;"
ATLAS l+jets - 0.006 = 0.010 = 0.005
[JHEP 1402 (2014) 107)

CMS I«;it‘ats B 0.004 +0.010+ 0.0M
[PLB 717 (2012) 129]
Fl'\'lll.iAstS l+jets bed 0.005 = 0.007 = 0.006
reliminary
ATLAS dilepton —o—- 0.021+0.025 £0.017
[JHEP 05 2015) 081]
CMS dilepton Foe | -0.010 = 0.017 = 0.008
[JHEP 1404 (2014) 1591]
Theory (NLO+EW) 0.0123 = 0.0005
[PRD 86, 034026 {2012))
lepton asymmetry
ATLAS dilepton e o 0.024 = 0.015 = 0.009
[JHEP 05 (2015) 061]
CMS dilepton 0.009 =+ 0.010 = 0.006
[JHEP 1404 (2014) 181]
Theory (NLO+EW) 0.0070 + 0.0003
[PRD 86, 034026 (2012))
| |
-0.1 0.1
AC

30

° ° \
® Most precise single measurement

® 0.006 +0.011

e Combination:

¢ 0.005 £0.009

10% improvement




W-boson helicity in t decays

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

decay products) can be

W-boson helicity fractions FF, F; (from angular distributions of
translated to limits on anomalous coupling on Wtb vertex

Additional complication: each measurement correspond to a pair of correlated numbers
(technically = nr of inputs = 2x nr of measurements)

Advantage of combination: more than improvement on precision, de-correlation of F,F;
due to different systematic uncertainties greatly improve limits on anomalous coupling

4 )
e ATLAS (0.35-1.04 fb''): e CMS (2.2 fb''):
o [+jets (2010, 2011 data) e dilepton (2011 data) * u+jets channel, 2011 data
. J
o b - UL N S B B B ;’I i
ATLAS and CMS preliminary " 0.5\ ATLAS and CMS preliminary E -
\s=7TeV,L =35pb"-22fb"| Fy F, F, g L,=35 pb" - 2.2 f" 0.8 -————
0.45 - \s=7TeV N
BN NNLO QCD I ] 0.6— LHC combination preliminary V,=1,V_=0
Combination 0.4 |- - " \s=7TeV, L _=35pb"'-2.2fb"
o+ Data (FR/FL/FO) \ ] 0.4 int .68% cL
ATLAS 2010 (single lepton) B 0.9 _ _ 0_2:_ Dgs% CL
ATLAS 2011 (single lepton) ‘- A 0.3 [ & Data ] N
ATLAS 2011 (dilepton) -} Ha - Em NNLO QCD : o * SM
CMS 2011 (single muon) - 0.25 [ — Unitarity boundary . - A
. . I T T A BT BN -0.2—
LI'IIC folml?'"l""t'f’"l I e 05 055 06 065 07 075 B
0 05 : I I R X R PR R
W boson helicity fractions 31 Re(g))



W-boson helicity in # decays

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

* W-boson helicity fractions F,F, F; (from angular distri decay products) can be
translated to limits on anomalous coupling on Wtb .
* Additional complication: each measurement co v air of correlated numbers
(technically = nr of inputs = 2x nr of measurements)
* Advantage of combination: more than i no precision, de-correlation of F,F;
due to different systematic uncertainti rove limits on anomalous coupling
p
(¢
e ATLAS (0.35-1.04 fb'): e CMS (2.2 tb1):
e [+jets (2010, 2011 data) ‘ 1 data) * u+jets channel, 2011 data
. y
o b LS AL B BN B = T
ATLAS and CMS preliminary ® ATLAS and CMS preliminary n% B
\s=7TeV,L =35pb"-22fb"| Fy F, ® ‘ L,=35pb-2.21b" 0.8
S ls=7TeV - C
BN NNLO QCD /e I ) ° ] 0.6— LHC combination preliminary vV, =1,V_=0
Combination ® 04 [ - - Us=7TeV, L =35pb-2.2 fb"
=+ Data (F_/F /F)) ‘e : ] 0.4 int B ss% cL
0.35 [- ¢ . -
ATLAS 2010 (single lepton) . ; : 0.21- | Jos% cL
ATLAS 2011 (single lepton) 03 [ & Data & N
ATLAS 2011 (dilepton) \ - EE NNLO QCD ] o o * SM
CMS 2011 (single muon) 0.25 |- — Unitarity boundary - - )
. . A AN BRI RS AR BTSN BTN -0.2—
L|'I|C lCOIn‘IlI)InIatIIOI‘Il L T 05 055 06 065 0.7 0.75 E
0 05 1 fo g
W boson helicity fractions 32 Re(g))



Other LHCTOPWG activities




Unpublished LHCTOPWG: ongoing/

done work and future activities

Much of the work involved in combinations is “unseen”

Since 2011 Collaborations worked hard to understand / homogenize systematic
uncertainties as much as possible

Examples:

*jet energy scale —> both experiments now estimate uncertainties subdivided

in categories correlated/uncorrelated CMS JME-14-003
ATLAS-PHYS-PUB-2014-020

* Initial/final state radiation widely debated in first combinations

* for CMS: included in “renorm and factorisation scale uncertainties”

* for ATLAS: alternative samples Understand different

MC/tunes

For Run II: a priori work to compare Monte Carlo tunes/parameters

34 hitps://indico.cern.ch/event/375429 /timetable/#20150520



https://indico.cern.ch/event/375429/timetable/#20150520

Unpublished LHCTOPWG: ongoing/

done work and future activities

" TWiki > * LHCPhysics Web > TopLHCWG > Single TopRefXsec (2015-09-15, ReinhardSchwienhorst)

. NNLO prediction 7 and its uncertainties are fully expressed and available for the

35

hitps: / /twiki.cern.ch /twiki /bin /view /LHCPhysic¢s /SingleTopRefXsec

e Avach P07

NLO single-top channel cross sections

ATLAS-CMS recommended predictions for single-top cross sections using the Hathor v2.1
program

+ Introduction
+ Prescription and common assumptions
+ tand s channel
¢+ Wt channel
+ Recommendations for application and citation in most analyses
+ Application
4+ Citation
+ Predictions at 7, 8, 13, and 14 TeV for top quark, anti-top quark and the combined case
+ Single-top t channel cross sections
+ Single-top Wt channel cross sections
+ Single-top s channel cross sections
+ Mass dependence parametrisation
+ Description
+ Single-top t channel
+ Single-top Wt
+ Single-top s channel
+ Useful links

Introduction

The goal is to provide a common reference cross section for single top to be used by C/



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec

Unpublished LHCTOPWG: ongoing/

done work and future activities
hitps: / /twiki.cern.ch /twiki /bin /view /LHCPhysic¢s /SingleTopRefXsec

[~ TWiki > = LHCPhysics Web > TopLHCWG > SingleTopRefXsec (2015-09-15, ReinhardSchwienhorst)

: NLO single-top channel cross sections v
! ATLAS-CMS recommended prediction op cross sections using the Hathorv2.1 1
¢ program ‘(
| , + Introduction E

+ Prescription and common assumptions
+ tand s channel

e NEW! (2015-09-15
5 + Recommendations for application and citation in most analyses ®

; + Application

g + Citation

+ Predictions at 7, 8, 13, and 14 TeV for top quark, anti-top quark and the combined case
+ Single-top t channel cross sections
+ Single-top Wt channel cross sections
+ Single-top s channel cross sections

+ Mass dependence parametrisation

, + Description

b + Single-top t channel
+ Single-top Wt
+ Single-top s channel

+ Useful links

i

Introduction 0

“ The goal is to provide a common reference cross section for single top to be used by C/
p__NNLO prediction and its uncertainties are fully expressed and available for the

3 O



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec

Unpublished LHCTOPWG: ongoing/

done work and future activities

hitps: / /twiki.cern.ch /twiki /bin /view /LHCPhysic¢s /SingleTopRefXsec

"hitps: / /twiki.cern.ch /twiki/bin /view /LHCPhysics /TiharNNLO

NLL Singie-1op cnannel Cross secltions

ATLAS-CMS recommended predictions for single-top cross sections using the Hathor v2.1
program

+ Introduction

4 '~'"~ SE ada 2.t B e ‘s-‘— o o ’7.‘, e o o MEGAS = = e - X Lo -,7“ IS
b TWiki > = LHCPhysics Web > WebPreferences > TtbarNNLO (2015-09-14, MariaJoseCosta) ', Edit Attach PDF i

NNLO+NNLL top-quark-pair cross sections

ATLAS-CMS recommended predictions for top-quark-pair cross sections using the Top > 00
¢ program (M. Czakon, A. Mitov, 2013)

)
4 { + Introduction ‘b' 6

+ Recommendations for most analyses

g + Proposed citation and list of references & ec
b + Tables and Figures 6
’ + Top-quark-pair cross sections at 7, 8, 13, and 14 TeV calculated for specific top-quark-mass 0&
+ Parametrisations
: + Figures

+ § PAGE UNDER CONSTRUCTION

¢ Introduction
Intr@

",‘ Predictions for top-quark-pair cross sections at NNLO+NNLL soft gluon resummatic
Thegf Comput.Phys.Commun. 185 (2014) 2930) in a common ATLAS-CMS effort. The go!
NNLCY  production to be used by the ATLAS and CMS collaborations.

37 Prescription ' o -


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO

Unpublished LHCTOPWG: ongoing/

done work and future activities

* Any important precision measurement is worth combining: complementarity on syst
+stats

*Differential cross sections
*detailed comparison of simulation: top p, spectra was investigated
*At 13 TeV, very high p. : measurements on boosted regimes serious candidates
*“Associated” top quark production (backgrounds to ttH)
W, fiZ —
*ttbb

| ongoing discussions |
| suggestions/possibilities |
- Properties and more: e e e

*lepton asymmetry, spin correlations, top polarization, limits on anomalous
couplings from single-top, R

*Single top cross sections: inclusive; combine top / anti-top separately probes
quark content of the proton (PDF)

* Limits on FCNC from top decays and single top production
38



Unpublished LHCTOPWG: ongoing/

done work and future activities

More foreseen & ongoing work:

°* Run II measurement

*Run I updates: wo ecombining “legacy” measurements from experiments

* tt inclusive cross
uncertainties)

ions (working on remaining differences in systematic

*Charge asymmetry af@8leV (3 new measurements available)

3 | T T T | T T T | T T T T T T
o L v Tevatron combined* 1.96 TeV (L=8.8 f5") ATLAS+CMS Preliminary LHCtOpWG Vs=8TeV Sept 2015
'E' B ATLAS eu 7 TeV (L=4.61fb'1)
® CMSeu 7TeV (L=5fb") tt asymmetr
O 10° | = ATLASeu8TeV (L=203 1t 4 :
IS — ® CMSeu 8TeV (L=19.7 f5") -
) L ¥ LHC combined eu* 8 TeV (L=5.3-20.3 fb’) .
(7)) — ® ATLAS eu* 13 TeV (L=78 pb’) - ATLAS l+jets b—o— 0.009 = 0.004 = 0.005
7)) — e CMSeu* 13 TeV (L=42 pb") - arXiv:1509.02358
n — A ATLAS ee/up* 13 TeV (L=85 pbj) -
o | O ATLAS l+jets” 13 TeV (L=85 pb') i CMS l+jets template H-eH 0.003 = 0.003 = 0.003
(@] O CMS l+jets* 13 TeV (L=42 pb") - arXiv:1508.03862
14— . -
-+ Preliminary .
o 102k CMS I+jets —e—H 0.001 = 0.007 = 0.004
= - - arXiv:1507.03119
‘g - 800_‘ ] Theory (NLO+EW) 0.0111+ 0.0004
— | PRD 86, 034026 (2012)
=
— 600" _ ATLAS l+jets boosted . I . . 0.043 = 0.019 = 0.026
- s NNLOSNNLL (pp) I ] (M_>0.75 TeV && IA Iyll < 2) - - - -
NNLO+NN|_|_( _) 1 1 1'3 'r lr V ATLAS-CONF-2015-048
10 = I ILL (pP) SIMeVI_| | Theory (NLO+EW) 0.0160 = 0.0004
= Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 - JHEP 1201 (2012) 063
~ | Myp = 17|2.5 GeV, PDF@]) ag uncertaintiels according to PDF4LHC 7 | | |
| | | | | | | | | | | | | | |

|
2 4 6 8 10 12 1. 005 0 0.05
39 Vs [TeV] Ac



Unpublished LHCTOPWG: ongoing/

done work and future activities

More foreseen & ongoing work:

°* Run II measurements

*Run I updates: worth recombining “legacy” measurements from experiments

* tt inclusive cross sections (working on remaining differences in systematic
uncertainties)

*Charge asymm at 8 TeV (3 new measurements available)

3‘ | T T T | T T T | T | T T T | T T T | T T T
Q — vV Tevatron combined” 1.96 TeV (L=8.8 fb imi Sep 2015 — ATLAS+CMS Preliminary LHCtOpWG Vs=8TeV Sept 2015
.E. n ATLAS oy 7 ToV (L=4.6 ) TLAS+CMS Preliminary Sep
® CMSeu 7TeV (L=51b") HClopWwG tt asymmetr
O 10° | = ATLASeu8TeV (L=203 1t P y y
IS — ® CMSeu 8TeV (L=19.7 f5") -
() — ¥ LHC combined eu* 8 TeV (L=5.3-20% —
)] — ® ATLAS eu* 13 TeV (L=78 pb’) . ATLAS I+jets —m—] 0.009 = 0.004 = 0.005
7)) — e CMSeu* 13 TeV (L=42 pb") - arXiv:1509.02358
n — A ATLAS ee/up* 13 TeV (L=85 pbj) -
o | O ATLAS l+jets” 13 TeV (L=85 pb') | CMS |+jets template H-eH 0.003 = 0.003 + 0.003
(@] O CMS l+jets* 13 TeV (L=42 pb") 1000F - arXiv:1508.03862
'= * Preliminary .
o 102k . CMS I+ets T — 0.001 = 0.007 = 0.004
. Z — r 1 1 arXiv:1507.03119
2 - 800r 1 Theory (NLO+EW) 0.0111 = 0.0004
B | PRD 86, 034026 (2012)
(- - L 1 4
— 600k i ATLAS I+jets boosted | _ 004300190026
— s NNLO+NNLL (pp) i l (Mtf >0.75 TeV && IA lyll < 2) f - - 1
NN|_O+NN|_|_( _) L L 1'3 'r lr V ATLAS-CONF-2015-048
10— I ILL (pP) STeVI_| | theory (NLO+EW) 0.0160 = 0.0004
= Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 - JHEP 1201 (2012) 063
— | Myp = 17|2.5 GeV, PDF@]) ag uncertaintiels according to PDF4LHC ] | | |
| | | | | | | | | | | | | | |

|
2 4 6 8 10 12 1. 005 0 0.05
40 Vs [TeV] Ac



Unpublished LHCTOPWG: ongoing/

done work and future activities

More foreseen & ongoing work:

°* Run II measurements

*Run I updates: worth recombining “legacy” measurements from experiments

* tt inclusive cross sections (working on remaining differences in systematic
uncertainties)

*Charge asymmetry at 8 TeV (3 new measurements available)

3 | T T T | T T T | T T T | T T T | T T T | T T T
o L v Tevatron combined* 1.96 TeV (L=8.8 f5") . Sep 2015 — ATLAS+CMS Preliminary LHCtO s=8TeV Sept 2015
.E. n ATLAS oy 7 ToV (L=4.6 ) ATLAS+CMS Preliminary Sep
® CMSew 7TeV (L=5fb") LHCtopWG tt asymmetr
O 10° | = ATLASeu8TeV (L=203 1t P y y
IS — ® CMSeu 8TeV (L=19.7 f5") -
) L ¥ LHC combined eu* 8 TeV (L=5.3-20.3 fb’) .
)] — ® ATLAS ep* 13 TeV (L=78 pb’) = ATLAS l+jets F—o— 0.009 = 0.004 = 0.005
7)) — e CMSeu* 13 TeV (L=42 pb") - arXiv:1509.02358
n — A ATLAS ee/up* 13 TeV (L=85 pbj) -
o | O ATLAS l+jets” 13 TeV (L=85 pb') | CMS |+jets template H-eH 0.003 = 0.003 + 0.003
(@] O CMS l+jets* 13 TeV (L=42 pb") 1000F - arXiv:1508.03862
'= * Preliminary .
o 102k . CMS I+ets T — 0.001 = 0.007 = 0.004
. Z — r 1 1 arXiv:1507.03119
2 - 800r 1 Theory (NLO+EW) 0.0111 = 0.0004
B | PRD 86, 034026 (2012)
c L L 4 4
— 600 i ATLAS I+jets boosted | _ 004300190026
— st NNLO+NNLL (pp) i ] (Mtf >0.75 TeV && IA lyll < 2) ! - - 1
NN|_O+NN|_|_( _) L L 1'3 'r lr V ATLAS-CONF-2015-048
10 = I ILL (pP) SIMeVI_| | Theory (NLO+EW) 0.0160 = 0.0004
= Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 - JHEP 1201 (2012) 063
— | Myp = 17|2.5 GeV, PDF@]) ag uncertaintiels according to PDF4LHC ] | | |
| | | | | | | | | | | | | | |

|
2 4 6 8 10 12 1. 005 0 0.05
41 Vs [TeV] Ac



Unpublished LHCTOPWG: ongoing/

done work and future activities

More foreseen & ongoing work:

°Run II measurements
*Run I updates: worth recombining “legacy” measurements from experiments

* tt inclusive cross section (working on remaining differences in systematic
uncertainties)

*Charge asymmetry at 8 TeV (3 new measurements available)
* W boson helicity, single top cross section

* V, from t-channel ongoing discussions

*Improve combinations using other methods?

°* Combine likelihoods?

42



Summary and conclusions




*tt cross sections:

activities: *at 8 TeV: (improves precision w.r.t. “legacy”
measurements)

*single top cross sections:
*t-channel
¢ tW‘Channel (until this conference, 3% improvement w.r.t. more precise)

*charge asymmetry ( 10% improvement w.r.t. more precise)

* W-boson polarization in top decays
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Conclusions

Advantages of combinations go beyond precision:

e Forum for discussions, beneficial to the collaborations

 Involving theorists on discussions helps improving consistency in theory

modeling uncertainties
e Checks consistency across experiments

e Early measurements combinations: exercise harmonization of systematics,

methodologies, etc

e Exploits full LHC potential (systematics and statistics)...

...one way of maximizing the chances of seeing our so desired signs of new physics
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Backup slides



Model uncertainties

Generator & Parton Shower

CMS:POWHEG+PYTHIA vs POWHEG+HERWIG
ATLAS:POWHEG+PYTHIA vs MC@NLO+HERWIG

Radiation
ATLAS: different PYTHIA tunes, guided by additional jets measurements
CMS: matching scale (Matrix Elements vs Parton Shower)

Scale
ATLAS: factorization and renormalization summed up; POWHEG (NLO)

CMS: factorization and renormalization simultaneously; MADGRAPH+
PYTHIA (LO)

top pair Generator & Parton Shower
CMS: matching scales

ATLAS:POWHEG+PYTHIA vs MC@NLO+HERWIG

tW Generator & Parton Shower
ATLAS:POWHEG+PYTHIA vs MC@NLO+HERWIG

CMS: Diagram Subtraction vs Diagram Removal schemes

Radiation and Scale (tt and tW)
ATLAS: different PYTHIA tunes, guided by additional jets measurements

CMS: factorization and renormalization simultaneously; MADGRAPH+
47 PYTHIA (LO)



