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top pair production cross section: motivation
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. . . L]
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presented in this talk - by CMS Collaboration
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https://indico.cern.ch/event/690229/contributions/3019877/

Ccms /|
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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dileptonic channels: event selection

triggers: dilepton OR single lepton

offline selection

. o ™
. 2. s
o at least two opposite-charge leptons: o Vu
pry > 25GeV, pry > 20 GeV wh neutrino
In] < 2,4, my > 20GeV
e jets: pr > 30GeV and || < 2.4 — ——————
e b-tagging: CSVv2 Tight WP B
(0.1% mis-identification, 40% efficiency) N\
same flavour channels neutrino ¢ @ @
o ? ¥ ] _
electron Jet 2 (b)

e at least one b tagged jet

e Z boson veto in region
76 < myp < 106 GeV

— events classified in mutually-exclusive categories according to
lepton flavour, b-tag and jet multiplicity
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description of the method

method: template fit to distributions of final state observables

o 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

e jet pr spectra are used to constrained JEC uncertainties

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
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Poisson likelihood and b-tagging efficiencies

binned Poisson Likelihood

L =TT exp [wilw /it - T1,, 7(Am)
i = (0, X) + 3 bMC(/\)

o
e )\ is a set of nuisance parameters

w(Am) parametrizes the prior knowledge of mt® parameter

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

S1b = [:0' b EM 2€b(1 — Cbi)
S, = Eatt €pp - Eb G,
Sother = Loyiteqr - (1—2ep(1— Cper) — Crep)

o €y is the efficiency if the di-lepton selection
® ¢} is the b-tagging efficiency
o G, represents the residual correlation of tagging the two b-jets
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= . o o . CMS/ |
tt cross section results: post-fit distributions (eTu* channel) . %

0 b-tags: 0,1,2,3 additional jets CMS-PAS-TOP-17-001
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https://cds.cern.ch/record/2639182?ln=en

(@

tt cross section results: post-fit distributions (eTe™

1 b- tag 0,1,2,3 additional jets
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— at least one b-tagged jet required in same-flavour channels
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tt cross section results: post-fit distributions (u*u™ channel)

CMS-PAS-TOP-17-001
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— at least one b-tagged jet required in same-flavour channels
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inclusive oyt result at 13 TeV - di-lepton channels

Name [ Contribution [%]
Trigger 0.3
CMS-PAS-TOP-17-001
. . - . [ectron energy scale 0.
visible tt cross section Muon enengy scale 01
. Jet energy scale 04
o;°=25.61 % 0.05 (stat) 4= 0.75 (syst) &= 0.64 (lum) pb 1 omergy resolution os
Pile-up. 01
_ . tF ME scale 02
total tt cross section (extrapolated) W ME scale 02
DY ME scale 0.1
[ — PDF 1.1
o = 803 + 2 (stat) & 25 (syst) =+ 20 (lum) pb o :
ME/PS matching 02
UE tune 03
tFISR scale 04
tW ISR scale 0.1
CMS Preliminary 3590 (13 Tev) {FFSR scale 08
3 E tW FSR scale 0.1
g lling Uncerajntie: B-fragmentation 07
N B-hadron BF 01
g aF Color reconnection | 03
'::3 E DY backeround
05F tW background 1.1
Diboson background ¥
Wets background 02
tFbackground 02
Statistical 0.2
-05F -
-1F Total (vis I 38
E o (13 TeV) | 256lpb
t ME scale (extr) 5
PDF (extr) £
Top pr (extr) Fooa
E IFISR scale (extr) Fo01
_25C F FSR scale (extr) %
O 1, W W0 10 1,7 B .CR £, CR ,CR 0 g, Tagn, sl 15 ME/R L g UE UE tune (extr) E>
M S o G50 o, iseﬂ;;:g;ssfzﬁ%zﬁg;% g Total S
i (13 TeV) | 803 pb
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inclusive oyt result at 13 TeV - di-lepton channels

ATLAS4+CMS Preliminary

CMS-PAS-TOP-17-001 LHGlopWG o,-summary, §=13TeV  May2018

NNLOSNNLL PRL 110 (2013) 252004

visible tt cross section 7 M =725 G0, = 820001
oVi8=25.61 4 0.05 (stat) & 0.75 (syst) = 0.64 (lum) pb

scale ® PDF & o uncertainty (stat) + (syst) + (lumi)

ATLAS, dileptonen [ 8181827 +19pb
PLB761 (2016) 126, L_ =321

total tt cross section (extrapolated) ATLAS, dilepton ee/un* | w—{ | 74957579+ 74pb
RTLAS CONF-2015.045, L., =5 "
o = 803 + 2 (stat) & 25 (syst) =+ 20 (lum) pb ATLAS, I+jets * - 817413+ 103488 pb
ATLAS-CONF-2015.049, L =85 pb!
CMS, dilepton ep ot 746+ 58+ 53+ 36 pb
PRL 116 (2016) 052002, L =43 pb 1,50 ns
- n
_ CMS Preliminary 35.9fb™ (13 Tev) CMS, dilepton ep s 815+ 9438+ 19 pb
E - €pi 77201 172 L, =221 251
3 nodelling uncertaintie;
E CMS, lhjets 4 888+ 27220 pb
R JHEP 00 (2017) 051, L =221
5
g —
05 CMS, all-jets —te+— 834+25+118+23pb
CUS-PAS TOP-16.013, L, =250
NNPDF3.0 e o4 (2015) 040
MMHT14 £puc 75 (2015) 5
-0, * Preliminary

CT14 PRD 93 (2016) 033006

ABM12 PRD 89 (2015) 054028

[em) =0.113]
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ag and my: introduction and motivation

calculations of tt production depend on: g mye t

© strong coupling ag 7)

® top quark mass my (:;.&

. ~ag (0
® gluon (quark) PDF in the proton N
\ -

— measurements of oz can be used to g \ my t

constrain these parameters
strong coupling top quark mass

o ag known with sub-percent precision e consistency test of Standard Model

e significant contribution to uncertainty ® can be determined in well defined

for several QCD predictions scheme (MS, on-shell) from oy
e can be measured at NNLO from o1 e avoid interpretation problems of mMC

— NB: as and m¢ cannot be determined simultaneously from inclusive ot
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determination of ag(Mz) from o at 7 Ti

Phys. Lett. B 728 (2013) 496

using CMS measurement at 7 TeV in
dilepton channel with 2.3 fb—1, 4.1%
accuracy (JHEP 11 (2012) 067)

theory prediction with Top++2.0,
NNLO+NNLL precision

several different PDF sets considered

ag(Myz) varied consistently in
calculation and PDF

experimental dependence of o on
ag(Mz) found to be negligible

assumed mP°!® = 173.2 + 1.4 GeV
(Tevatron average @ 1 GeV to account

for difference between mP°'® and mM©)

as(Mz) = 0.1151 F0008  (NNPD2.3)

—0.0027

(pb)

=

5 = 7 TeV; mf*° = 173.2 GeV.
T T T

220
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q T[T [T T
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1207

—— CMS,L=231b"
-« Top++ 2.0, ABM11
- @- Top++2.0, CT10
- Top++ 2.0, HERAPDF1.5
-~ Top++ 2.0, MSTW2008
== Top++ 2.0, NNPDF2.3 |

2012

Lo bl o

[ PDG

CMS, Vs =7TeV,L
T

Cnaril]
0.108 0.1

=231"N

| | |
0.112  0.114 0.116 0.118

INLO+NNLL for o5; mP*®
T T T

Default atg(m,) of respective PDF set

2012

ABM11 H——v—H
cT10 H—v—H
HERAPDF1.5 e
MSTW2008  H———¥————H
NNPDF2.3 }—+—v—+—{

0108 04T 012 0414 0416 0418

22
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https://arxiv.org/abs/1307.1907
https://arxiv.org/abs/1208.2671

determination of mP® from o; at 7 TeV

Vs = 7 TeV; aglmy) = 0.1184
T

T T
~— CMS,L=231b"
- Top++ 2.0, ABM11
Top++ 2.0, CT10
Top++ 2.0, HERAPDF1.5
- Top++ 2.0, MSTW2008
Top++ 2.0, NNPDF2.3

o
=

=
©

Phys. Lett. B 728 (2013) 496

1
e same procedure used to extract m{®°

o assumed world average strong
coupling: ag(Mz) = 0.1184 + 0.0007

Lol b biaa b by

QT

e measured o7 depends on mi\/IC | = s e TR
- 1 170 175 180 185 190
through acceptance corrections M (Gev)
o effect has to be taken into account CMS, 16 = 7TeV, L = 2.3 fb's NNLOSNNLL for ¢
T T T T
. 1 v With ag(m,) = 0.1184 + 0.0007 g o
assumption: mP>¢ = mM€ £+ 1 GeV A Withag(m,) of POF set iR
ABM11
o additional uncertainty corresponding P IS S A
to 1 GeV added to measured o
HERAPDF1.5
MSTW2008 A
pole __ +3.0 T I
mP'* =176.7 139 Gev  (NNPDF2.3) PoF2 T
L 1 " 1 L
160 165 170 75 5

180 ' 1
M (GeV) 1475
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determination of mP®° from o7 at 7+8 TeV

JHEP 08 (2016) 029

e simultaneous measurement of o at 7
and 8 TeV with template fit of final
state distributions

. 1 - .
e similar mP**® determination as in

7 TeV measurement

o mfde determined separately from o; 5’?'5‘(7‘&'\”‘ L —
at 7 and 8 TeV 170 171 172 173 174 175 176 1(757\1/78 0
o results combined taking correlations m [GeV]
into account
me [GeV ]
my [GeV ] 7TeV 8 TeV
NNPDF3.0 1738717 NNPDF3.0 1735755 174.2°33
MMHT2014 174113 MMHT2014 1739730 174.413]
421 CT14 1741122 174.6133
CT14 174.375; 2.4 2.5
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https://arxiv.org/abs/1603.02303

strategy of 13 TeV analysis

e simultaneous fit of oy; and mé\/IC PRL 116 (2016) 16 162001

e o7 determined at optimal mass point

Ot

— with this approach: illustration

e dependence of oz on mMC mitigated F
e uncertainty on g includes

contribution from mi\{c

e no assumption on relation between measured Og
mMC and my¢ need b d
n 1 needs to be made H

calculations of o

e Hathor2.0 at NNLO precision my
o several NNLO PDF sets considered

CMS-PAS-TOP-17-001

o MS scheme adopted for my
— faster perturbative convergence
(see EPJC 74 (2014) 11 3167) oy = 815 + 2 (stat) = 29 (syst) = 20 (lum) pb

e soft gluon resummation not included mMC = 172.33 & 0.14 (stat) £3:% (syst) GeV
16/22
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https://arxiv.org/abs/1305.6422
https://arxiv.org/abs/1511.00841
https://cds.cern.ch/record/2639182?ln=en

simultaneous measurement of o,; and mM¢

o same fit strategy as in o; measurement presented before

« only eTp* channel considered

milin distribution used to constrain mM¢

introduce dependence of templates on top mass

19.7 b (8 TeV)
(E 0012;— m:,;?len Simulation
E OO — mi=172.5 GeV
min = minimum invariant mass %zzzg E?‘ 1::“ 1695 Gov
between reconstructed lepton and X 0'0045_ g Z m=1755 GeV
b-jet (sensitive to mC€ through end E vor. & = m=178.8 Gev
point of spectrum) R S ST, U
Zg; 1.? . ,‘,/’f\‘-.__4,
; 0.5 z, L I\\/ L 1 Il
0 100 150 200 250 300 350

mon [GeV]
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pre-fit distributions

0 b-tags: 0,1,2,3 additional jets CMS-PAS-TOP-17-001

CMS Pretiminary 359 1" (13 Te\ CMS Prefiminary 359" (13 Te\ CMS Presming 359" (13 Te
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5 38 . 3 8 .
& 3 500 7 1000) aer
HE S =t
g = 1000 4 =
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500 SE
500} e s
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BlZ0oE ] SlEeE EETE RS
45880100 123 140 1e0 I08080~ 100130140 160 180 200 F I o VIO T 200
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359 (13 Tev)

Events/GeV
.

Events/GeV'

Events/GeV

42" R m‘uxm

£l (2 ge

R ey ol —— T
[Gev]

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

#10° CMS preiminary

359113 Tey)

Events/GeV
Events/GeV

e

48 1 B _——
453 y 42, ATanaeealig
o

80T e0

S
EETY \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

g‘a“ \\\\\\\\\\\\\\\ SRR
SRS

g [Gev] g (Gev]
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results for oz and m}

total tt cross section

oz = 815 + 2 (stat) & 29 (syst) =+ 20 (lum) pb

main systematic uncertainties on oz

e integrated luminosity (2.5%)
e lepton identification (2.2%)

Matteo M. Defranchis

[ Contribution [%]

Muon energy
Jet energy scale
Jet energy resolution
b tagging

Pileup

HF ME scale

W ME scale

DY ME scale

NLO generator

PDF

mc

Top quark pr
ME/PS matching
UE tune

HFISR scale

W ISR scale

HTFSR scale

W FSR scale
B-Fragmentation
B-hadron BF

Colour reconnection
DY background

W background
Diboson background
Wjets background
tFbackground
Statistical

Luminosity

MC Statistical
Total v
(13 TeV) vis

tf ME scale (extr)
PDF (extr)

Top quark pr (extr)
1 ISR scale (extr)
17 FSR scale (extr)

UE tune (extr)

Y€ (extr)

Total £S5
04(13 TeV)
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1C

results for oz and mM

ATLAS.CMS Preliminary
LHCtopWG o, summary, V5 = 13 TeV/ Sept 2018

NNLO+NNLL PRL 110 (2013) 252004
" My = 1725 GeV, a,(M,) = 0.118:0.001

total stat
scale uncertaint

total tt cross section o unrany o ) oy ()
ATLAS, dilepton e~ e 818£8+27+19pb
o4 = 815 + 2 (stat) % 29 (syst) = 20 (lum) pb
ﬂk??ﬁ;"iﬁ?&fe{“‘.‘“ e TaRSTETOET4pD

ATLAS, l+jats * ——#—— 817£13£103+88pb
ATLAS-CONF-2015-049, L, =85 pb”

CMS, dilepton ep 746 + 58 + 53 + 36 pb
PAL 116 (2016) 052002, L = 43pb", 50 1

CMS, dilepton e e 815+ 9+ 38+ 19pb
EPJC 77 (2017) 172, L =221b", 25 ns.
CMS, dilepton ep *
OMS-PAS TOP-17.001, L, =3591b", 25 ns s 803+ 2+25:+20pb
main systematic uncertainties on oz CMS, l+jets i 888 2D:20ph

JHEP 09 (2017) 051, Lm‘:Qzlb‘

H H H 0, CMS, all-jets *

« integrated luminosity (2.5%) T — ey
NNPDF3.0 JHEP 04 (2015) 040

lepton identification (2.2%) MMHT14 ens075 aors s

* Preliminary

CT14 PRD 93 (2016) 033006

ABM12 PRD 89 (2015) 054028
[eim,) = 0.113]

Ill\ll\ll‘\Il‘ll\ll\ll\\l\
200 400 600 800 1000 1200 1400

o, [
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results for o and m

MC
t

Name Contribution [GeV]
Trigger | 0.02
Lepton ID/isolation 0.02
Electron energy scale 0.10

etenergy e
b tagging 0.12
Pileup | 0.09
tf ME scale 0.18
top MC mass W ME scale | 0.02
DY ME scale 0.06
mMC© = 172.33 £ 0.14 (stat) £3-9 (syst) GeV NLO generator 0.14
: PDF 0.05
oy 0.09
Top quark pr 0.04
ME/PS matching 0.16
UE tune 0.03
tF ISR scale 0.16
tW ISR scale 0.02
tf FSR scale 0.07
tW FSR scale 0.02
B-Fragmentation 0.11
B-hadron BF 0.07
Colour reconnection 0.1
main systematic uncertainties on m}:\/lc DY b::k;'g::d
. Diboson background 0.02
o jet energy scale (570 MeV) Wiets backgﬁmnd 0.04
L. i i tF background 0.02
e statistics of simulation (360 MeV) Statistical 0.14
Total Stat+Syst +057
MC Statistical 0.36 |
Total +0
myc 172.33
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results for oz and m

top MC mass
mMC = 172.33 4 0.14 (stat) +

main systematic uncertainties on m;

MC
t

0.66
0.72

o jet energy scale (570 MeV)

(syst) GeV

MC

e statistics of simulation (360 MeV)

Matteo M. Defral

ATLAS.CMS Preliminary
PG

Word comb (Mar 2014) 2]

g summary, & = 713 ToV

September 2018

prr— . ;
LHC comb. (Sep 2013) trctops +—t $
World comb. (Mar 2014) A 173.34 + 0.76 (0.36 + 0.67)
ATLAS, Isjots ——tH 172334127 (075 £1.02)
ATLAS, dilepton ——t— 173794 1.41 (0.54 + 1.30)
ATLAS, al jots B 17512 18(14212)
ATLAS, singlotop I——t—emiii—t 172242107 420)
ATLAS, diepton et 172094085041 074)
ATLAS, al jots et 173724 115 (0,56 £ 1.01)
ATLAS, ejots [a—— 172,08 £ 091 (0.38 £ 0.82)
ATLAS comb. (S507)  HeH| 17251 £ 050 027 + 042)
= 173,49 £ 1.06 (0.43 £ 0.97)
[ 17250 152 (043 £ 1.48)
I 173494 1,41 (069 £120)
el 172354 0.51 (0.16 + 0.48)
el 17282£1.23(0.19 +1.22)
s HeH 172,32 4 0,64 (0.25 + 0.59)
CMS, single top bt 17295 122 (0.77 £ 095)
il (== 172.44 1 0.48 (013 1 0.47)
S, ots [} 172252069 (008 2 062)
cus, i jots [l 17234 4079 020 £ 076)
Lo Lo iy Lo b |y
165 170 175 180 185
my, [GeV]
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extraction of ag(Mz)

CMS-PAS-TOP-17-001

parameters determined from data-theory 2
using xFitter framework

ag and my cannot be determined simultaneously
= my fixed to native value of PDF

uncertainties
o experimental: from o measurement
o PDF: from eigenvectors

o independent pu,, ps variations by factor 2
results

o challenging precision on ag(Mz), most
precise from hadronic processes to date

e better precision with ABMP16

as(Mz) = 0.1139 T§0027  (ABMP16)

Matteo M. Defranchis Deutsches Elektronen-Synchrotron (DESY)

1 CMS Preliminary 35.91b™ (13 TeV)
b * NNPDF3.1 .
cT14 . "
.
750 . mmnTia
* ABMP16 "
« v
sl . K
M * v -
- -
25
ol
0105 041 0415 042 0425
ag(Mz)
CMS Preliminary 35.91b™ (13 TeV)
©
3z
6‘T «
MMHT14nnlo PR S
m(m,)=163.47 GeV
CT14nnlo — e
m(m,)=163.30 GeV
NNPDF3.1nnlo e
m,(m,)=162.56 GeV
ABMP16nnlo e
m(m,)=160.86 GeV
PPN BN RPN ATV BN (VIR BTN IR A I

0.1040.1060.108 0.11 0.

.1120.1140.1160.118 0.12

og(M,)
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extraction of ag(Myz) from o at 13 TeV

CMS Preliminary 35.9 b (13 TeV)
£ o012
CMS-PAS-TOP-17-001 = B wweora
gn v CT4 ~
. 0.12f- +  MMHT14 =
parameters determined from data-theory x? . Aewpts ~
using xFitter framework
0.115 F
ag and my cannot be determined simultaneously %/ /
= my fixed to native value of PDF 011} 4
uncertainties 0.105|- = 4
o experimental: from o measurement Ty
m(m, e
e PDF: from eigenvectors - -
g CMS Preliminary 35.91b™ (13 TeV)
o independent pu,, ps variations by factor 2 HE
[ (&
results
MMHT14nnlo . N
d d £ d m(m,)=163.47 GeV
¢ dependence o e>.<tracte as vs my CT1annlo N
investigated — linear m,(m,)=163.30 GeV
. NNPDF3.1nnlo e
e somehow flatter in case of ABMP16 m,(m)=162.56 GeV
ABMP16nnlo e
my(m,)=160.86 GeV
el b b b b b b B ey

0.1040.1060.108 0.11 0.1120.1140.1160.118 0.12
oMz 50/22
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extraction of m¢(my) from ot at 13 TeV

CMS-PAS-TOP-17-001

e same procedure used to extract top
mass in MS scheme, mg(my)

o ag(My) fixed at native values of PDF

results

o first consistent determination of
me(me) (uncertainty ~ 1.2%)

e lower my result with ABMP16 due to
lower ag(Mz) in PDF determination

me(me) = 161.6 716 GeV (ABMP16)

CMS Preliminary

35.9 fb™ (13 TeV)

Sq
MMHT14nnlo
ag(M;)=0.1181
CT14nnlo
05(M,)=0.1181
NNPDF3.1nnlo
0g(M,)=0.1181
ABMP16nnlo
0(M,)=0.1160
[ I

+—e—

150 152 154 156

158 160 162 164 166 168 170
my(m,), GeV
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extraction of m¢(my) from ot at 13 TeV

CMS Preliminary 35.9 fb™ (13 TeV)
CMS-PAS-TOP-17-001 o
e same procedure used to extract top MMHT14nnlo i

procec ag(M,)=0.1181
mass in MS scheme, mg(my)

CT14nnlo PN
o ag(My) fixed at native values of PDF ag(Mz)=0.1181
NNPDF3.1nnlo P
| 0g(M,)=0.1181
results ABMP16nnlo e
. . . M,)=0.1160
o first consistent determination of as‘( 2 L
mg(myg) (uncertainty >~ 1.2%) 150 152 154 156 158 160 162 164 166 168 170
. my(m,), GeV
e lower my result with ABMP16 due to (my),
lower ag(Mz) in PDF determination CMS Preliminary 35.9 fb™ (13 TeV)
St
me(me) = 161.6 716 GeV (ABMP16) MMHT14nnlo e
. 0g(M,)=0.1181
CT14nnlo [P ——
pole mass mP°'® 0g(M,)=0.1181
e missing soft gluon resummation g't;D)F_%}qg'f et
. . S\Z/=
= for illustration purposes only BMP16nnlo
e results consistent with previous a(M;)=0-1160

measurements 158 160 162 164 166 168 170 172 174 176

mypole (GeV)
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summary and conclusions

preliminary CMS results at 13 TeV presented

o measurement of ot in all di-lepton channels at fixed mass point

« simultaneous measurement of oz and mM©

o extraction of ag and my(m) from inclusive o using Hathor
calculation with top quark mass in MS scheme

« extraction of mP°"® for illustration (will be performed with Top++ for
final publication)

22/22
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Thank you for your attention

CMS
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determination of mP® from oy; at 13 TeV

Lo . Top-quark pole mass measurements March 2018
CMS Preliminary 35.9 fb™ (13 TeV) PrARaT P
DO o), 1.96 TeV 16750520, Gay
PLB 703 (2011) 422 —_— . 470 Ge'
MSTWO08 approx. NNLO
= DO o), 1.96 TeV +
O DO 28 Y o1y —— 169507390 .49 GeV
MSTWO08 NNLO
DO o), 1.96 TeV
MMHT14nnlo — e+ PHDUgA)uBzuud (2016) O 172007340 5 GaV
og(M;)=0.1181 MSTW08 NNLO
ATLAS ofti), 748 TeV +250
EPJC 7A?z(m)4) prl —@— 1720075 5 GV
CT14nnlo B S ATLAS tt+] shape, 7 TeV 228
0LS(MZ)=0'1 181 JHEP 10 (2011 5) e —@— 17370755 51 GeV
oS i s v Ay
NNPDF3.1nnlo e+ 2
0g(M,)=0.1181 j;"%? 13 Tey — e 170607270 Gev
CMS tt+j shape, 8 TeV +4.52
ABMP16nnlo Blaucheiad ———  160.00"% g Gav
———+
0g(M;)=0.1160 World combination N 076 Gey
oo b by by b b s b b s 1y ! | “ ‘
L L L L
158 160 162 164 166 168 170 172 |174 176 150 160 170 180
mpole (GeV) m, [GeV]

e results consistent with previous

pole _ +2.4 1
my7t = 172.9 T3 GeV (CT14) measurements at Tevatron and LHC
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numerical values for a.g(Mz) with Hathor2.0

CMS-PAS-TOP-17-001

top quark mass in MS scheme

PDF set (NNLO) | ain(My)

ABMP16 0.1139 + 0.0023 (fit + PDF) T30t (scale)
NNPDF3.1 0.1140 + 0.0033 (fit + PDF) T390 (scale)
CT14 0.1148 £ 0.0032 (fit + PDF) T0-9%5 (scale)
MMHT14 0.1151 + 0.0035 (fit + PDF) T59%%0 (scale)

top quark mass in on-shell scheme

PDF set (NNLO) | alin(My)

ABMP16 0.1164 + 0.0021 (fit + PDF) T900% (scale)
NNPDF3.1 0.1184 + 0.0027 (fit + PDF) T390 (scale)
CT14 0.1186 + 0.0028 (fit + PDF) T0-9%% (scale)
MMHT14 0.1205 £ 0.0029 (fit + PDF) T99%7 (scale)

Matteo M. Defranchis Deutsches Elektronen-Synchrotron (DESY)


https://cds.cern.ch/record/2639182?ln=en

numerical values for my with Hathor2.0

CMS-PAS-TOP-17-001
top quark MS mass

PDF set (NNLO) | me(my) [GeV]

ABMP16 161.6 £ 1.6 (fit + PDF + ag) 1 (scale)
NNPDF3.1 164.5 £ 1.5 (fit + PDF + ag) * +°1 t (scale)
CT14 165.0 + 1.7 (fit + PDF) £ 0.6 (as) +0-L (scale)
MMHT14 164.9 + 1.7 (fit + PDF) £ 0.5 (ag) 19! (scale)

top quark pole mass

PDF set (NNLO) | mPele [GeV]

ABMP16 169.1 + 1.8 (fit + PDF +ag) 753 (scale)
NNPDF3.1 172.4 £ 1.6 (fit + PDF + ag) tlzi‘g, (scale)
CT14 172.9 + 1.8 (fit + PDF) £ 0.7 (ag) T5% (scale)
MMHT14 172.8 £ 1.7 (fit + PDF) £ 0.6 (ag) 7573 (scale)
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as(Mz) and my in different PDF sets

CMS-PAS-TOP-17-001

PDF set (NNLO) ABMP16 NNPDF3.1 CT14 MMHT14
mfc’le 170.37 GeV 172.5 GeV 173.3 GeV 174.2 GeV
RunDec conversion | 3 loops 2 loops 2 loops 3 loops
mg(my) 160.86 GeV 162.56 GeV 163.30 GeV 163.47 GeV
as(mz) 0.116 0.118 0.118 0.118

ag range 0.112—0.120 | 0.108—0.124 | 0.111—0.123 | 0.108—0.128
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combined oy; and mY

C results:

post-fit distributions

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

CMS-PAS-TOP-17-001

x10" CMS wehmnarv 35.9 (13 Tev) CMS Preliminary 359" (13 TeV) CMS prefiminary 3591 (13 TeV) CMS Prefminary 359 16 (13 Tel
2 o 3 1500] 1 baa 3 | Data 3 + Data
£ Stiyors S5 8 8 S 100
& O 2 W signal 70} W signal 2 Msional
5 L0oof [ Background 2 oo [ Background 2 [ Background
H H
Syst+aml'® Systraml'® 500} Systram)'®
soof CIvc stat 500 v stat v stat
4gE | E ] 45 \ A51E \
Slaogt olSos} | SlE04) LY
‘Additional jet p, (GeV] Audmunauew [Gew Auumunausw [Gev]
1 b-tag: 0,1,2,3 additional jets
%10° CMS Preliminary 3591 (13 Tev) CMS Preliminary 1 91" (13 Tev) CMS Prefiminary 3 91’ (13 Tev) CMS Prefminary 3591 (13 Tev)
2 ¥ Daa W0 3 o0y + oo . 3 + baa . 3 + baa BT
F e B 3 s RS 3 ERT e 3 o
& e it B oo M St 3 E] S s
H H § y
& g H H
Wﬁ e ] o R
43
S50 Slao. EE ] °lzo EE | SlaosE |
g [GeV] " [GeV] " [GeV]
2 b—tags. 0,1,2,3 additional jets
3 ‘oo Sinal 3 + oun Sorel
¢ Sl ¢ e g
@ o
«
e B T e R 1T e
I ] nﬂﬂb | QUSE |

I
o [GeV]
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pulls and constraints of modelling uncertainties

CMS-PAS-TOP-17-001

CMS Preliminary 35.9 b (13 TeV)
E 15F i
5 “E modelling:uncertaintie
N r
8 F
e F
g -
[ »
0.5F
- > i p P ¢ o
0: 4 4 p >
~05F 3
Ce )
-1F
- b
-15F
-2F
-2.50 - - -
Oy 1 W W 1t 1,10 0,85 CR = CR = CR olagm Tagm £ VL0 1 155 ME/R 17m UE
MY RS ISRY Mg © 93ha0rR B85 61pl Ockm. Bam (s LO dhise g i € 4
e e o S S G e
o
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parametrization of systematic uncertainties

o 20210
t f .
0195 --nominal
wF
18E - up
. . 185
e templates corresponding to systematic 185 -}, down
variations are derived by varying 175;
parameters in analysis within their prior “E
. . . 17F
uncertainty or by using alternative samples -
16.5
e in each bin, the dependency on the E . . .
® 0 1 2 =3

nuisance parameters is modelled with a
second order polynomial

b jet multiplicity

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 T L

Matteo M. Defranchis Deutsches Elektronen-Synchrotron (DESY)



procedure to assess impact of MC statistics

ME scale
general idea: effect of systematics on fit distributions is 3 . .
modelled with templates obtained either O 0o 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]
e 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 2 [ —_—
L T c e
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 g F * :
0.95-
. . . . | IR SR P RPRTEN BT SR
e estimates the impact of any possible MC fluctuation 20 40 60 80 100 120 140
mnn [GeV]
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pulls and constraints of modelling uncertainties: o @ <

(——

CMS-PAS-TOP-17-001

CMS Preliminary 35.9 fb™ (13 TeV)

15

modeliing uncertainties

[

normalized pull
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