@ (%) [

110 International Workshop on Top Quark Physics
September 17, 2018

Measurements of the inclusive tt cross section
at the ATLAS and CMS experiments

Matteo Defranchis, Deutsches Elektronen-Synchrotron (DESY)

on behalf of the ATLAS and CMS Collaborations

Matteo M. Defranchis Deutsches Elektronen-Synchrotron (DESY)




outline of this presentation

introduction

e motivation and strategy for cross section
measurements

recent results by ATLAS and CMS
o ATLAS and CMS results in |+jets
channels at 8 TeV and 13 TeV

e ATLAS result in ey channel at 13 TeV
and o to oz ratio

first result at 5.02 TeV by CMS

e CMS observation of tt production in pPb
collisions at /syn = 8.16 TeV

preliminary CMS results with 2016 dataset

e oyt measurement in di-lepton channels

e combined measurement of oz and mMC©

in ep channel
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top quark pair production at the LHC

tt production mechanisms at LHC gluon fusion

e gluon fusion (=~ 90%) t
e qqg annihilation (~ 10%) g

fixed order predictions at NNLO+NNLL Q)
at my = 172.5 GeV (Top-+-+v2.0, TWiki) g

~p)

V5 [TeV] | oy [pb] | uncert. [%] g W t
7 1773 6.8 )O000
8 252.9 6.5
13 831.8 6.1

N'..I

g "00000

— uncertainty dominated by PDF+ag
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO

top pair production cross section: motivation

O A 0 B S B
. = Zﬁé'é?.:ﬁ&’:ﬁ?iié%i?ﬁ?‘& 3755y ATLASLCMS Preliminary May 2018
e can be used to constrain c V(Czie LHCtopWG 7]
o CMS en 7TeV (L=51b )
gluon PDF and extract 51031 AlS el Liah) -
. Q E v LHCcombmedeuaTeV(L 53203'biLHClapWG |
QCD parameters like my O EwaRsazer ooz E
and as D [ & ATASLe 51w (s :5;1,".’ ]
SR N R AT A p
o sensitive to physics BSM, = < Prolmiary 900F ]
e.g. t production 102 s00k E
@ E Bl
(see talk by Juan Gonzalez) 2 F 3]
. £ - 700F EE
e main background of several i NNLOWNNLL (g} ]
searches and measurements S5 NNLO#NNLL (pF)
10 — Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 G[Tev —
= NNPDF3.0,m, = 172.5 GeV, c,(M,) = 0.118 + 0.001 3
C | I (TS T AT SRR S SN S SO T NS S
2 4 6 8 10 12 14
~ 15/s tt pairs produced at LHC Vs [Tev]
. . e tt production is well understood process on a
= unique oppot_’tunlty _to study wide range of energy
this process in detail and first 13 TeV | ith 35.9 fb-1 (2016
o . . L]
exploit its potential rst eV resu ts wit : ( )
presented in this talk - by CMS Collaboration
4/18

Matteo M. Defran Deutsches Elektro Synchrotron (DESY)



https://indico.cern.ch/event/690229/contributions/3019877/

top pair production cross section: general procedure

e measurement is performed in the visible phase space where a fiducial cross

section oz’gs is measured (systematic uncertainties can be constrained)
o observed az’gs is extrapolated to full phase space to get total cross section ot
— introduces model dependence

O'V—is _ Naata — kag
tt -
€sel * Lint
vis
o = ot
tt -
Asel -BR

Top Pair Branching Fractions
"golden” decay channels for o, measurement

“alljets” 48%
o di-leptonic channels, in particular eu
rjets 154 .
o |+jets channels (/I = e, u)
o 15% — all-hadronic channel penalized by JES, modelling
e s and b-tagging uncertainties
"dileptons™ “lepton+jets™
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outline of this presentation

recent results by ATLAS and CMS

o ATLAS and CMS results in |+jets

channels at 8 TeV and 13 TeV

e ATLAS result in ey channel at 13 TeV

and ot to oz ratio

o first result at 5.02 TeV by CMS

e CMS observation of tt production in pPb

collisions at /syn = 8.16 TeV
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measurements of oy at 7 and 8 TeV

ATLASQCMS Preliminary - ATLAS»CMS Preliminary
P agsummary. 5 =7 TeV Novaor? LHGIOp W o, summary, Vs = 8 TeV/ Sep2018
INNLO+NNLL PHL 110 (201: 3) 25200&
My = 172.5 GeV, o (M) =0. NNLO+NNLL PRL 110 (2013) 252004
———— Mgy = 172.5 GeV, (M) = 0.118:0.001
scale uncertainty o (M) -
scale ® PDF @ a, uncertainty fotel stat scale uncertainty fotal stat
a, = (sta) = (syet) = (um) scale ® PDF & a uncertainty 0, (stal) £ (syst) & (lumi)
ATLAS, jots et 179242927p0 ATLAS, lepton-+jets X —— 248.3+07+13.4+4.7pb
ATLAS, dlepton () —+hih 1732601 ph £PJ C78 (2018) 487, L, 2021t
ATUAS, allgts () #1672 18 =78 2 6 b CMS, lepton+jets . 2285+ 3.8+13.7+6.0pb
ATLAS combined et EPJC 77 (2017) 15,L,,, = 196 16"
CMS, Ijets (%) —— 164321227 pd ATLAS, t +jets
Ty ——tm——  239%4%28+5pb
CMS, dilepton (1) i 17044 =16 +6pb PRD 95 (2017) 072003, L,,, = 20.2 fo" L
OMS, Tt () —_— 149224226290 oms. 1
. lepton+t, i 257+3+24+7pb
0 L20.d0e y o 257+3+24 %
CMS, all jets (*) " 1364202 40 2 8pb PLB 739 (2014) 23,1 = 196 15" P
CMS combined i 166 221128pb -
LHC combined (Sep 2012) LHCIODWG %= 173222 826pb ATLAS, dilepton e e 2429+17+55+5.1pb
EPJ C74 (2014) 3109, EPJ C76 (2016) 642
ATLAS uiets b-oXuy S 165222172300 Lo=20215"
'ATLAS, iepton ey, blag - 1629012 42 36pb
RTLAS, depion e, N, £ = 612 25 T T3 CMS, dilepton (ee, - e“' — 239.0+2.1+11.346.2pb
WTLAS s . totan JHEP 02 (2014) 024, L=
ATLAS, all jots 1 {e8s12" LHC combined ep (Sep 2014) |y 2415 +1.4 +5.7 +6.2pb
ATLAS, 7 01 ——— 1832922323pb LHCIOpWG, L =53 -203 1
OV, vife et 1617602120360 ATLAS-CONF-2014.053, CMS-PAS TOP-14-016
| v, giepton e ol 1736221743 =38pb CMS, dilepton ep Ton
) [ 2449147 33+6.4pb
CMS, T, 1431 2’”" JHEP 08 (2016) 029, L, =19.7 10" s+ 04 P!
VS, 5 iots —— 16221 NS, alTjots
o, af ———i [at0izaom oo : et
aliers P ¢ EPJCT6 (2016) 128, L, = 18.410" 275 1+37.8+7.2pb
[E T ————,
7 Superseaeaty NNPDF3.0 JHeP o4 2015)040 ] NNPDF3.0 JHEP 04 (2015) 040
MMHT14 £pyc7s 2015)5 H MMHT14 EPJC75 (2015) 5
CT14 PAD 93 (2016) 033006 X H CT14 PRD 93 (2016) 033006
ABM12 pRo 69 (2015) 054028 H ABMI12 PRD 89 (2015) 054028
et =0113] [aM)=0113]
1 11 1 11 1 1 1 1l 1 1 1 1 1
I\\‘\\ ‘\\\Il\\\\l\\\‘l \‘\\l‘\\\ Ll |l\ ‘\ M\J Ll \\\ l‘l L1
50 100 150 200 250 300 350 100 150 200 Z?Ob] 300 350 400
o [P
o [pb] tf
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ATLAS measurement in |+jets channel at 8 TeV

o¢p = 248.3+£0.7 (stat) £13.4 (syst) £4.7 (lum) pb

— limited by PDF in extrapolation (high-x gluon)

Eur. Phys. J. C 78 (2018) 487

exactly one electron or muon,
> 4 jets, > 1 b-tagged jet

events split in 3 disjoint regions

(different sensitivities to backgrounds and

systematics + constrain b-tagging efficiencies)
©® SR1: > 4 jets, 1 b-tag
® SR2: 4 jets, 2 b-tags — very pure in tt
© SR3: > 4 jets, > 2 b-tags (excluding SR2)

simultaneous fit of o;, b-tagging efficiencies

and global jet energy scale factor

NN using kinematic variables used to
separate backgrounds in SR1 and SR3

m(jj) from W in SR2, sensitive to JES

Matteo M. Defranchis

g ATLAS 1s=8 TeV,20.2 fb"
1) [ >4jets 1b-tag 1
£ 40000 e Data .t
L mm Single top [ ZtoW data
B Z+Jets [ Diboson
30000F mmm Multiet 7777 Post-fit uncertainty B

S5 1.2F 1

iR ,

a1l . . M|
0 0.2 0.4 0.6 0.8 1

ONN

% ATLAS '

S 4 jets 2 b-tags

®

~ v, ESingle t

» 10000 & zoWdan

s [ Z+Jets

o Diboson

w B Multijet

/), Post-fit uncertainty
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https://arxiv.org/abs/1712.06857

status of tt cross section measurements at 13 TeV

ATLAS+CMS Preliminary
LHClopWG o, summary, Vs =13Tev May 2018

wide range of measurements by ATLAS

NNLO+NNLL PRL 110 (2013) 252004

i = 1725 GeV, 0, (M) = 0.118:0.001 . and CMS in different decay channels
scale uncertainty
scale ® PDF @ o uncertainty O, * (stat) £ (syst)  (lumi)
ATLAS, dilept .
PLo o1 (010,138, L w021" H 818+8£27£19pb o all measurements performed with
ure
ATLAS, dieplon ee/ih * |4 w14 74945779474 pb <3.2 fb™" from 2015 LHC run

ATLAS-CONF-2015-049, L, =85pb™

ATLAS, I+jets * e measurements in ey and lepton+jets
LA ConF a0 o4, L, <8558 T 17191038800 channels are outstanding

CMS, dilepton ey H—e—H: 746 + 58 + 53 + 36 pb
PRL 116 (2016) 052002, L =43 pb”, 50 ns

ows, dieptonen Rl o152 028 19 b . ATLAS beneflt.s fr9m higher
EPUCTT GO 1T, L = 22107, 2508 integrated luminosity and reduced
CMS, lsjets . 44 888t 2'%+20pb lepton ID uncertainties

JHEP 08 (2017) 051, L =220

CMS, alljets * el 834425: 11823 pb e overall comparable precision

CMS-PAS TOP-16-013, L =253 10"

NNPDF3.0 Jgp 04 (2015) 040 between the two experiments

MMHT14 epuc 75 (2015) 5

* Preliminary
CT14 PRD 93 (2016) 033006 common limitation
E\!BUV:A : ?DP‘R‘DS]SS (2015) 054028
N e e uncertainty on integrated luminosity
200 400 600 800 1000 1200 1400 (2 2.3% for both experiments)
c
tt
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CMS measurement in the lepton+jets channel at 13 TeV @

likelihood fit with systematic uncertainties as JHEP 09 (2017) 051
nuisance parameters — constrained in-situ
e . . 2.2 (13 TeV,
o events split in 44 orthogonal categories of jet 2 cms + Data
and b-tagged jet multiplicity, lepton charge D 10000L3) 1t events ESingle top
and lepton flavour Z mitv
PN . [|Mu|_(|]ets
e 1,2 3, > 4jets H I O Wajets
e 0,1, > 2 b-tagged jets i * 9 Dibosons
° mf{‘)i“ distribution used to discriminate tt from 5000~
backgrounds (W+jets, QCD multi-jet) .
o dependence of mfgi“ on my taken into account E&%
i \L’*’
. . _— ET eeseeteteiegitel
main systematic uncertainties L %4, f\
0.9

. . 0 50 700 150 200 250 300
o W+jets normalization (1.6 %) Mass(lepton.b) [GeV]

o b-jet identification efficiency (1.3 %)
result used to extract top pole
oy = 888 + 2 (stat) £3% (syst) £ 20 (lum) pb mass using Top-++-
oVl =208.2 + 0.4 (stat) £33 (syst) £ 4.8 (lum) pb my = 170.6 & 2.7 GeV
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https://arxiv.org/abs/1701.06228

LAS measurement in the ey channel at 13 TeV

Uncertainty (inclusive o77) ‘ Aoiloi [%]
Phys. Lett. B761 (2016) 136 P —— | 0
1 NLO modelling 0.8
o select events with exactly 1,2 b-tags | 77 hadronisation 2.8
. ) . . Initial- and final-state radiation 0.4
e simultaneously determine b-tagging efficiency 17 heavy-flavour production 0.4
from data — reduce uncertainty Parton distribution functions 0.5
Single-top modelling 0.3
Single-top/t interference 0.6
bkg Single-top Wt cross-section 0.5
Nl - Lo'tfeeu2€b(1 - Cb€b) + Nl Diboson modelling 0.1
> bkg Diboson cross-sections 0.0
N2 = Latfeeu Cbeb + N2 Z+jets extrapolation 0.2
Electron energy scale/resolution 0.2
Electron identification 0.3
express number of events in each b-tag multiplicity Electron isolation ) 04
. Muon momentum scale/resolution 0.0
Category in terms of Ott and Muon identification 0.4
. . Muon isolation 0.3
© b-tagging efficiency € Lepton trigger 02
. . . Jet energy scale 0.3
® residual correlation between two jets Cp Jet eneray resolution 02
s . . T b-tagging 0.3 |
© efficiency of selecting ey in tt event eey I——MSl e T =
Analysis systematics ‘ 33
oyp = 818£8 (stat)+27 (syst)£19 (lum)£12 (beam) pb  [Tntegrated luminosity 23
LHC beam energy 1.5
Total uncertainty ‘ 4.4 10/18
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https://arxiv.org/abs/1606.02699

ot to oz ratio by ATLAS at 13 TeV

ATI'LAS
JHEP 02 (2017) 117 13TeV, 321"

I data + total uncertainty

result in ey channel used to extract the I data £ stat. + exp. uncertanty
. | data + stat. uncertainty
ot to o7 ratio at 13 TeV

A ABM12 ——h——
. . ¥ CcTi4 ——
o cancellation of systematics B NNPDF3O -
®  MMHTI4 o
e o7 measured at sub-percent level O ATLASepwzi2 ——0—++—
ludi . d1 . . [J HERAPDF2.0 —_—{
(eXC uding IntEgrate umanSlty) (NNLO QCD, inner uncert.: PDF only)
.. . 1 ] I | I
e sensitive to gluon-to-quark PDF ratio 0.7 0.8 0.9 1 1.1 1 2

tot
gty qusTew

e measurement of oz (Z — ¢£) fully 2" ATLAS
synchronized with tt lepton selection % [ 3Tev32t
(trigger, visible phase space) grosf 7TV 4610

o careful evaluation of correlations ~:a

improves cancellation of systematics

L e e e

oz = 779 £ 3 (stat) £ 6 (syst) = 16 (lum) pb
oINLO = 744 2 (tot) pb

Q2=
=3 ATLAS—epWZ1 2
ATLAS-epWZ12+tl+Z

0. 1 1
102 10"
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https://arxiv.org/abs/1612.03636

first measurement at 5.02 TeV by CMS

first ever measurement at 5.02 TeV

e low pile-up run from 2015 (PU ~ 1.4)
e integrated luminosity of 27.4 pb—1

o eFput, T~ and I4jets final states

@ di-lepton: cut&count
@ |+jets: fit to b-jet categories

e limited by statistical uncertainty

o = 69.5 £ 6.1 (stat) = 5.6 (syst) & 1.6 (lum) pb
onNLO — 68.9 +1° (scale) + 2.3 (PDF) £1¢ (as) pb
e excellent agreement with prediction

® used to constrain gluon PDF at high
momentum fraction

— moderate improvement in uncertainty

Events

Gluon PDF relative uncertainty

JHEP 03 (2018) 115

27.4 pb” (5.02 TeV)

»

0.8

CMS éu? Data

3

CMS NNLO MC Method /]
12 =10° Gev?

| Z2 HERA DIS + CMS W*

[ HERADIS + CMS W + o



https://arxiv.org/abs/1711.03143

CMS observation of tt production in pPb collisions at 8.16 TeV

Phys. Rev. Lett. 119, 242001 (2017)

e 174 nb~! at \/syN = 8.16 TeV (2016)

o |+jets channels considered (/ = e, i)

o probe of nuclear PDF at high Bjorken-x

strategy

e likelihood fit of m(j, ') from W decays
e categories of b-tags (0, 1, > 2)

o simultaneously with b-tagging efficiency
and global jet energy scale factor

results

e significance of tt signal above 50

o leading syst: b-tagging efficiency (13%)

aé‘{“jets = 44 + 3 (stat) & 8 (syst) nb
U:g'jms = 56 + 4 (stat) & 13 (syst) nb

&

pPb (174 nb”, s, = 8.16 TeV)

[2]
g 35 CMS e*/ut + >4j (>2b)
o + Data
30 B tt correct
250 ft wrong
| back d
20 [ backgroun
15
10 L
5 110 A
S
gl 1

50 100 150 200 250 300
m; [GeV]
pp, 19.6 fb™, (/s=8 TeV) cT10 CMs
Datascaled by A — AONNLL Topr
I+jets EPJC 7, ——e—t NNLO+NNLL Top++

eyt JHEP 1608 (2016) 029

PPb, 174 nb™", (5,,,=8.

I+jets
u+ets

esjets

.16 TeV) m

-

(Top++)

CT10+EPS09) ¢
it M) Ko

CT144EPPS16’
(TEERESI6) o To44)

Exp. unc.: stat_stat @syst
e

Th. unc.: polf pof@scales

20 40 60 80

oo
o [nb] 13/18
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https://arxiv.org/abs/1709.07411

outline of this presentation

m muon

P

Vv
m ¥ neutrino
B

Jet1(b) g

proton beam

. Y
neutrino

@ clectron Jet 2 (b)
preliminary CMS results with 2016 dataset

e o7 measurement in di-lepton channels

e combined measurement of oz and mMC©

in ep channel
13/18
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preliminary CMS measurement with 35.9 fb~! at 13 TeV @

measurement performed with two different approaches:

a) inclusive tt cross section at fixed top mass (172.5 GeV)

« simultaneously in eTe™, eFu* and pt ™ channels

— push the measurement in the di-lepton channel to the precision
regime by exploiting statistical power of 2016 dataset

b) simultaneous measurement of oy and top MC mass (m)©)
« performed in e¥ u* channel only

— cross section determined at optimal mass point

14/18
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description of the method

method: template fit to distributions of final state observables

e systematic uncertainties treated as nuisance parameters and
constrained in the visible phase space (with exception of luminosity)

o events categorized in bins of jet and b-tag multiplicities in order
to constrain modelling uncertainties and b-tagging efficiencies

o jet pr spectra are used to constrained JEC uncertainties
@ miin distribution used to constrain mMC (in o + mMC fit)

extrapolation

o result is extrapolated to the full phase space — total cross section

e systematic uncertainties on acceptance are not constrained
— you cannot measure what you do not see

15/18
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CMS result with 35.9 fb~1 at 13 TeV - ey, ee, jup channels @

CMS-PAS-TOP-17-001
visible tt cross section

oVi8=25.61 4 0.05 (stat) & 0.75 (syst) = 0.64 (lum) pb

total tt cross section (extrapolated)
oy = 803 & 2 (stat) £ 25 (syst) & 20 (lum) pb

CMS Preliminary 359 b (13 TeV)
¢ Data

M signal

[ ]Background

Syst

[ ]MC stat

Events/GeV

ASAMMMAANALUGOLNNN Y

~407760 80700 120 140 160 180 200
Additional jet p_[GeV]

Name Contribution [%]
Trigger [
Lepton ID/isolation

[ectron energy scale

qrle
ofs

Muon energy scale 01
Jet energy scale 04
Jet energy resolution 04
b-tagging 04
Pile-up 01
1F ME scale 02
W ME scale 02
DY ME scale 01
PDF 1.1
op pr 5
ME/PS matching 02
UE tune 03
HFISR scale 04
tW ISR scale 0.1
HFFSR scale 08
W FSR scale 01
B-fragmentation 07
B-hadron BF 01
Color reconnection | 03
DY background
Diboson background x
Wjets background 02
tFbackground 02
Statistical 02
MC statishical o
Total (vis) 38
o (13 TeV) | 256lpb
F ME scale (extr) 5
PDF (extr) +08
Top pr (extr) Foou
{FISR scale (extr) Fo01
F FSR scale (extr) %
UE tune (extr) FN
Total | +30
i (13 TeV) 803 pb
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CMS result with 35.9 fb~1 at 13 TeV - ey, ee, jup channels

CMS-PAS-TOP-17-001
visible tt cross section

oVi8=25.61 4 0.05 (stat) & 0.75 (syst) = 0.64 (lum) pb

total tt cross section (extrapolated)
oy = 803 & 2 (stat) £ 25 (syst) & 20 (lum) pb

CMS Preliminary 35.9 b (13 TeV)

ATLAS+CMS Preliminary
LHCtopWG G, summary, fs=13Tev May 2018
NNLO#NNLL PRL 110 (2013) 252004
" Mgy = 172.5 GV, a (M) = 0.118:0.001 ———t
scale uncertainty
scale @ PDF & a uncertainty

at) + (syst) + (lumi)

ATLAS, dileptonep [ 8181827 +19pb
PLB 761 (2016) 136, L3210

ATLAS, dilepton ee/up ™ || 41 749+ 57 +79+ 74 pb

ATLAS.CONF-2015-049, L _, =85 pb"

ATLAS, I+jets * — W 817+13£103488pb

ATLAS-CONF-2015-049, L, =85 pb”!

CMS, dilepton ey —— 746+ 58 + 53 + 36 pb
PRL 116 (2016) 052002, L =43 pb 1,50 ns

¢ Data
M signal
[ ]Background
Syst
[ ]MC stat

Events/GeV

CMS, dilepton e e 815+ 9+38+19pb
EPUCT7 (2017) 172, L =2210", 25 s

CMS, l+jets 44 888+ 2 % +20pb
JHEP 09 (2017) 051, an =221

CMS, all-jets * —te{— 834425+ 118+23pb

CMS-PAS TOP-16:013, L, = 25315
NNPDF3.0 JHEP 04 (2015) 040
MMHT14 £puc 75 2015) 5

* Preliminary
CT14 PRD 93 (2016) 033006

ABM12 PRD 89 (2015) 054028
[e.(m,) = 0:113]

v b b b b Py |

NN T TR AR,

408080 700 120 140 160 180 200
Additional jet p_[GeV]

Matteo M. Defrani

200 400 600 800 1000 1200 1400
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CMS combined measurement of o and m}MC at 13 TeV @

Name Contribution [GeV]
CMS-PAS-TOP-17-001 Trigg:r —
_ . Lepton ID/isolation 0.02
total tt cross section Electron energy scale 0.10
Muon energy scale 0.03
oy = 815 + 2 (stat) + 29 (syst) & 20 (lum) pb [
&t ( ) ( Y ) ( ) P Crenergy resorution 009
b tagging 0.12
Pileup | 0.09
top MC mass 1F ME scale | 0.18
tW ME scale 0.02
mMC = 172.33+£0.14 (stat) 3% (syst) GeV <— DY ME scale 006
t 0.72
NLO generator 0.14
PDF 0.05
oy 0.09
CMS Preliminary 35.91b" (13 TeV) IZE;}:?'I( PTh_ gtl)é
> 800 " matching A
o L ¢ Data [ Signal e UE tune 003
(\5 C [] Background Syst+Am, FISR scale 0.16
2 600 [CIMC Stat tW ISR scale 0.02
c ~ tf FSR scale 0.07
Q@ C £W FSR scale 0.02
W 400— B-Fragmentation 0.11
- B-hadron BF 0.07
C Colour reconnection 0.1
200— DY background 024
acKgroun A
Diboson background 0.02
Woets background 0.04
tF background 0.02
\\\\\\\\\\ Statistical 0.14
Total Stat+Syst +057
L L L L L y MC Statistical 0.36
40 60 80 100 120 140 160 AL Sabelica i I
min (3 \ 073
mip" [GeV] mC 172.33
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CMS combined measurement of oz and mM® at 13 TeV

CMS-PAS-TOP-17-001
total tt cross section
oy = 815 4 2 (stat) & 29 (syst) £ 20 (lum) pb

top MC mass
mMC = 172.33£0.14 (stat) £3-5 (syst) GeV

CMS Preliminary 35.91fb" (13 TeV)

2 800~ + Data B Signal
0] - [ Background Syst+Am'©
B 600/— [ MC Stat
= C
S C
> L
L 400?

2001

1 Il Il Il L

1
40 60 80 100 120 140 160
mion [GeV]

&

ATLAS+CMS Preliminary My, summary, {5 = 7-13 TeV. September 2017]
LHCIopWG

World Comb. Mar 2014, 7} i

stat otal stat

total uncertainty g ttal (st 2 s i
ATLAS, bjets (°) 17231 1,55 (0.75 £ 1.35)
ATLAS, dilepton (') 173,09+ 1.63 (0.64 + 1.50)
CMS, Isjets 17349+ 1.06 (0.43 £0.97)
CMS, dilepton 172,50 + 1.52 (0.43 £ 1.46)
CMS, alljets 173.49 +1.41 (069 + 1.29)
LHC comb. (Sep 2013) uicopwa 173.29 + 095 (0.35 +0.88)
World comb. (Mar 2014) 173.34 + 076 (036 +0.67)
ATLAS, Iels 172335127 (075 1.02)
ATLAS, dilepton 17379+ 1.41(0.54 £ 1.30)
ATLAS, alljets 1751418 (14%12)
ATLAS, single top 1722+2.1 (0.7+20)
ATLAS, diepton 172,99 +0.85 (0.412 0.74)
ATLAS, alljets 173724115 (055 + 1.01)
ATLAS, kjets 172,08 £0.91 (0.38 £ 0.62)
ATLAS comb. (32201) 17251+ 050 (0.27 +0.42)
CMS, lsjels 172,35 £ 051 (0.16 + 0.48)
CMS, dilepton 172824123 (0.19£1.22)
CMS, alljets 172.32 40,64 (0.25 + 0.59)
CMS, single top 172,95 122 (0.7 £ 0.95)

MS comb. (Sep 20 172,44 5 048 (013 £0.47)
CMS, I+jets 172.25 +0.63 (0.08 + 0.62) |
() Superseded by resuls R
shown below the ine o
P P P R S R P
165 170 175 180 185
My, [GeV]
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summary and conclusions

recent results from ATLAS and CMS

e overview of recent measurements from ATLAS and CMS at 8 and 13 TeV

e advantages, limitations and applications of each method highlighted

e CMS measurement at 5.02 TeV illustrated — constrain gluon PDF at high
momentum fraction

o CMS observation of tt production in pPb collisions at 8.16 TeV

preliminary results by CMS with 35.9 fb—1

o measurement of o5 at fixed mass point in e¥p¥, eTe™ and ptu~ channels

e simultaneous determination of o and mivlc in eFp® channel

— all results show competitive precision with respect to previous measurements
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summary and conclusions

recent results from ATLAS and CMS

e overview of recent measurements from ATLAS and CMS at 8 and 13 TeV

e advantages, limitations and applications of each method highlighted

e CMS measurement at 5.02 TeV illustrated — constrain gluon PDF at high
momentum fraction

o CMS observation of tt production in pPb collisions at 8.16 TeV

preliminary results by CMS with 35.9 fb—1

o measurement of o5 at fixed mass point in e¥p¥, eTe™ and ptu~ channels

e simultaneous determination of o and mivlc in eFp® channel

— all results show competitive precision with respect to previous measurements

‘\ further preliminary results by CMS
%W e cross section result from simultaneous fit of o and mMC
%%\\,“ used to determine as and my
Q/ o will be presented at CMS joker talk on Wednesday
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Thank you for your attention

@ CMS
ATLAS
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CMS measurement in the eTu® channel

EPJC 77 (2017) 172

o cut&count method
Source Ay (pb)  Acyi/ 0 (%)

e events with > 2 jets, > 1 b-tagged Experimental

— high signal purity Trigger efficiencies 9.9 12
I Lepton efficiencies 18.9 23 I

e measurement limited by lepton efficiencies I—P—g}'—]Leet e‘r‘l’:rz;‘e;al:cale 1<714 201‘1 1
e significant contribution from JES and I;: energy resolution ﬁ% ‘l’;
. agging R B
choice of NLO gen. (powheg vs aMC@NLO) Misffggfng <1 <01
Pileup 1.5 0.2
oy = 815 & 9 (stat) & 38 (syst) & 19 (lum) pb Modeling
i and g scales <1 <0.1
221" (13 TeV) tt NLO generator 17.3 21 |
) 52 jets . Data tt hadronization 6.0 0.7
é - f Parton shower scale 6.5 0.8
i} mm Non W/Z PDF 49 0.6
VV + ttv Background
mtw o Single top quark 11.8 15
B Zhy ey’ a4 <1 <01
Drell-Yan <1 <0.1
Non-W/Z leptons 2.6 0.3
[ <1 <0.1
Total systematic
o1
2 . . . (] (no integrated luminosity) 378 46
&, | Integrated luminosity 18.8 23 |
’ 0 1 23 Statistical 8.5 1.0
Number of b jets Total B0 53
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https://arxiv.org/abs/1611.04040

LAS measurement in £¢ and lepton+jets channels (preliminary)

lepton+jets
ATLAS-CONF-2015-049 -
Uncertainty Adii] o (%)
. . Data statistics 15
preliminary results with early 2015 data prae— o8
(85 pb~1, 50 ns bunch spacing) [ T 0
p 1 P g 1f hadronisation 4.1 I
nitial/final state radiation 1.9
. PDF 07
Iepton +JetS Single top cross-section 0.3
. . Dibos ss-sections 02
o suffers from limited knowledge of systematics Zl]:::’:rz:‘: \;c:u:’m o
H H H H W+jets method statistics 1.7
L]
especially JES and integrated luminosity Weets modelling o
Electron energy scale/resolution 0.1
oy = 817 £ 13 (stat) £ 103 (syst) % 88 (lum) pb Electron identification 2.1
Electron isolation 04
Electron trigger 2.8
ee and j27%2 channels Muon momentum scale/resolution 0.1
Muon identification 0.2
e simultaneous fit with b-tagging efficiency (as in eu) Muon isolation 03
) ) L. Muon trigger 12
e heavily penalized by data statistics Es scale/resolution 04
Jet energy scale f}(O
oy = 749 & 57 (stat) & 79 (syst) & 74 (lum) pb T — T
NP & fakes T8
— results not as competitive, but useful complement Analysis systematics .
to the precise result in the ey channel | Integrated luminosity H
+17

Total uncertainty
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event selection in CMS-PAS-TOP-17-001

triggers: dilepton OR single lepton

Jet1(b) gy ™
offline selection W WP evtrino
e at least two opposite-charge leptons
pT1 > 25GeV, pry > 20 GeV ~ protonbeam
|7]| < 2,4, my > 20GeV °
Z-veto in eTe™ uTp~ channels 5
e jets: pr > 30GeV and || < 2.4 ; W @
o b-tagging: CSVv2 Tight WP neutrino SN S
(at least one b-tagged jet in electron Jet 2 (b)

same-flavour channels)

— events classified in mutually-exclusive categories according to
lepton flavour, b-tag and jet multiplicity
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rol distributions (e u®

channel)

CMS Preliminary 3591 (13 Tev)
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35.9fb (13 Tev)

CMS-PAS-TOP-17-001
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rol distributions (eTe™ channel)

CMS-PAS-TOP-17-001

CMS Preliminary 3591 (13 Tev) x10° CMS Preliminary 359’ (13 Tev) x10° CMS Preliminary 35.9fy’ (13 Te!
2 600 § 29 o 2 } Data
o N ] 1<) 53 i
Kl \ .t other 3 @ I other
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g 400 w g 0w
i Wi [ R wiw
oY oY
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T g3 s )
LRI D 88,4 NS
20 3078080100 120140 160" 180° 200 B N L R W K 0TS ST 7 8 9
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CMS preliminary 359 (13 Tev) 10" CMS Preliminary 359 (13 Tev) x10° CMS Preliminary 3591’ (13 Te
> ) . @
w + Data ] t
o i S s
3 Hother 3 z
€ 1000) [ Wiets S
g Oow &
i} wiw fir
S\/SI Syst
MC Stat CIMC stat
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N DRI RN OB 08 i
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rol distributions (ut ™

channel)

CMS Preliminary 3591 (13 Tev)
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x10° CMS Preliminary 35.9fb (13 Tev)
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fit strategy of CMS-PAS-TOP-17-001

template fit to distributions of final state observables

e systematic uncertainties treated as nuisance parameters and
constrained in situ (with exception of luminosity)

e events categorized in bins of jet and b-tag multiplicity in order to
constrain modelling systematics and b-tagging efficiency

e jet pr spectra are used to constrained JEC uncertainties

binned Poisson Likelihood
L =11, exp [pilpi" /nit - T1 7(Am)
N MO/ T
pi = si(of, A) + 3, bRIE (V)
o Xis a set of nuisance parameters
o 7m(Am) parametrizes the prior knowledge of m*h parameter
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tt cross section results: post-fit distributions (eTu* channel)
CMS-PAS-TOP-17-001

0 b-tags: 0,1,2,3 additional jets

%10’ CMS Preliminary 359" (13 Tev) CMS Preliminary 359" (13 TeV) CMS preliminary 3591 (13 TeV) CMS Prebminary 3591 (13 Tel
s = 5 3 5
£ + o % 1500f } paa 2 } Data 2 } Data
5 Sirznes ¢ - e
& o Ovesa 2 W sional 2 W sional 2 Wsonal
£ o £ £
2 [lsackgrouna . Dseckgrouna H Dlsackground
Syst Syst 500) Syst
s0of CIve sta 500 CIme stat Cve stat
E | gpE ] e ] e ]
S|S0k S8k, T LT |
‘Additional jet p, [GeV] ‘Addiional jet p, (GeV] ‘Addiional jet p, [GeV]
1 b-tag: 0,1,2,3 additional jets
%10° CMS Preliminary 3591 (13 Tev) CMS Preliminary 3591 (13 TeV) CMS Prefiminary 3591 (13 TeV) CMS Prefiminary 3591 (13 Tel
o 5 3 N
£ 3 { Daa 3 4 Data 3 + Daa
& z W sional 2 o Wsional G Wsional
H [eackground H [sackground H [Mlsackground
syst 200) syst 500} syst
v sta v sa v sa
w:zﬁ\ o e U
ol50sE | oI5 04E. ©l204E, BTN
‘Additional ]etp '8eV) ‘Additional Je‘p '8ev) ‘Additional Je‘p 8t

2 b-tags: 0,1,2,3 additional jets

CMS protmn somigatey CMS prtm
3 2
3 2200 + om
8 | Daa H yaciroms
g W sinal [P Ewe s
s [Dackground

20f syst 1000

o Dve s -

2
085 |
EC R R T v I A ] E— pi) 300
Additional jet p, [GeV] *Addiional jetp, [GeV
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tt cross section results: post-fit distributions (eTe™

channel)

1 b-tag: 0,1,2,3 additional jets

x10° CMS Preliminary S CMS preliminary 359" (13 Tew) S S
Saooof- } pata 8 159 } pata K } Data
E] Wsions E] Wsons EES Wsona
g Background £ 100] Background g Background
soof- syt syst Nyt
v st =) v s 100 v st
‘u 1 ZE 43 1 ZE
So0sE SIS0k, T,

CMS preimnary

CMS-PAS-TOP-17-001

359! (13 Te)

CMS pretmnary 30mi0aTe

F R R IO Lo g

2 b-tags: 0,1,2,3 additional jets

F R U IO L L
‘Addiional jet p, eV

F R R U IO L g

‘Addiional jet p_ [Ge!

Addiional jet p, [GeV]

CMS preiminary 350wt a3Ten) CMS preiminay 350103 Tew CMS prtininary 0w a3 Ten CMS preminay 350103 To
B > 9
CE 2 oua 3 et £ 200 oua m—coa
Nen 8 8 4 Dot sacigound e
3 2 ignal & [STeen
z ] Msigna 91500
g g Background
E g
syst
CIme sta
1 \ 434E n ]
i clSosE ]
B e Y
“Addiional jet b, (GeV]

L ]
L v R
Additional jet p, [GeV]

— at least one b-tagged jet required in same-flavour channels

Matteo M. Defral
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tt cross section results: post-fit distributions (u*u™ channel)

CMS-PAS-TOP-17-001

1 b-tag: 0,1,2,3 additional jets

1107 CMS pretmosry N CMS peinnay sewirg CMS Pty sewuary CMS ety ss9m'as Te
81009 } paa K } paa K } pata
2 Wsional z sl Z o) sl
g Background s Background g Background
g ’ i ’ & 0
sod Nsy Nsy Ny
Dlwe st Dlwe st 209 Dwe stat
m‘vl m‘ﬁlzﬁ G Ag1E
Sl0sE SlS0sE % Slao0sE,
e e Ry ) Ry e g
Addtional et p, [GeV] Addtional et p, [Ge Addtional et p, [Gev]
CMS poinnsy 550003 Tey) CMS primasey somtaaten CMS reininay somieaten CMS rreininay 550010370
3 > 2
- - a o —sw
o 8 sy 8 § Data 5§ sackground e
k] kil ignal & (S
z ] Msignal 1500
g Background
H H a
N syt
Dlwe stat
IS ) e ]
o ] SlEesE ¥ L Sl50aE |
L o L.
Additional jet p, [GeV] ‘Additional jet p, [GeV]

— at least one b-tagged jet required in same-flavour channels
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combined oy and mM¢

results: pre-fit distributions (e u* only)
0 b- tags. 0,1,2,3 additional jets CMS-PAS-TOP-17-001

CMS Preii 359 1" (13 TeV) CMS Preimi 359" (13 Tev) CMS Prefmin: 359 1b* (13 Tel
2 2 1500 o 3 o 3 + o
g g ] = g ) =
H H S 159 e S 1ono e
N 2 = 2 jfs
H H =5 § =5
H &0 =p H =p
o o
g S S
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combined oy and mM¢

results: post-fit distributions (eTu* only)
0 b—tag 0,1,2,3 additional jets CMS-PAS-TOP-17-001
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pulls and constraints of modelling uncertainties: o

CMS-PAS-TOP-17-001

CMS preliminary 35.9 fb™ (13 TeV)
= ,
o LS: modelling uncertainties
& F
3
E
s} -
j= -
0.5F
oF
- L
-05F
-1F
-15F
—2F
-250
Dy o W o W 10 tW 1, 100 0,8h5 CR ~.CR ~, CR 5 Tagy, Tagy i e di &l N UR
MgV FseV Isp M P arfaorsR EriR Gyt Ocgom. §9m iEsp sk RS e JE 1,
& scap? Sﬁ‘ag Sca sea,@a'/,(7 A"on 5AD opon Ingﬁ;"? Spigg’fslggw?e ii%/zSCQ/e "’afcff,’ﬁée ne
na
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pulls and constraints of modelling uncertainties: o; + mM° @

CMS-PAS-TOP-17-001

CMS Preliminary 35.9 fb? (13 TeV)
E 151 i
s F modelling:uncertaintie:
N C
s F
e E
o -
c -
0.5F
of
-05F
,1:
-15F
_2:
-250 = = =
Oy, tW W ;oW 1,200 0,850 CR ~CR ~CR offagy Tagn tE £e VLo & 15, ME, Ug
MV RSY 1SRV P 9hag R £ 61 OL3om!"Bom!iEs 0 Slse el s JE 1,
e st s 0 o sl P g™
o
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b-tagging efficiencies in CMS-PAS-TOP-17-001

b-tagging efficiencies are determined in situ by exploiting the tt topology:

sib = Logitep - 2ep(1 — Goep) (1)
b = LofSey - &G, (2)
Sother = LoyiTerr - (1—2ep(1— Coep) — Coey) (3)

o ¢y is the efficiency of the full selection
e ¢, is the b-tagging efficiency

e (, represents the residual correlation of tagging the two b-jets
b repl gging )

— all parameters are derived by the simulation and depend on the systematic
uncertainties

34/18

Matteo M. Defranchis Deutsches Elektronen-Synchrotron (DESY)



--nominal
- up
e templates corresponding to systematic -, down
variations are derived by varying st
parameters in analysis within their prior “E
uncertainty or by using alternative samples 7
16.5
e in each bin, the dependency on the B . . .
® 0 1 2 =3

nuisance parameters is modelled with a

A b jet multiplicity
second order polynomial

e if the variation is one-sided (comparison
between two alternative models) a linear
dependence is assumed

e nominal, up and down variations
correspond to Ay =0, +1 and -1
respectively

P L L
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ME scale

general idea: effect of systematics on fit distributions is 3 . .
modelled with templates obtained either [OT= illustration
gk ——
® by re-weighting events (e.g. ME scale) o F *
. . . w e
e with alternative MC samples (e.g. ME/PS matching) 10°E ——
@ re-weighting: stats of nominal templates and varied F
templates are fully correlated 10 — B e s s
1.05
@ alternative samples: fully uncorrelated % J
o
0.95 | | L | L |
procedure 20 40 60 80 100 120 in140
. ME/PS matching ™" [GeV]
® produce toy templates where each bin is .
Poisson-smeared according to its MC stats (?'5’ 10 E illustration
e fully consistent treatment of correlations between g [ —_—
statistical uncertainties in the MC o r
w |-
e throw individual toys for nominal and alternative |
samples and re-derive template dependencies 102 —_—
e simultaneously for all the nuisance parameters T R R B
® repeat fit to data points and assess effect on results i<} 1.058 ————
(mass, cross section) and nuisances & 095t ¥ '
. . . . S PP IRV PR PRPEP I RPN
e estimates the impact of any possible MC fluctuation 20 40 60 80 100 120 140

mip" [GeV] 36,18
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