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Overview

* |ntroduction

« Run Il standard measurements of inclusive tt cross section
* Dileptonic, semileptonic, all-hadronic
 How to improve sensitivity?

* Run Il new measurements of inclusive tt cross section
e 5TeV, pPb

 Parameter extraction

* Jop pole mass, as, PDF, EFT, etc.
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Introduction

Ongoing series of inclusive tt

Cross section measurements since

start of LHC data taking
e 5, 7,8 and 13 TeV

* Dileptonic, semileptonic, anad
hadronic final states

Can reinterpret measurements to
place limits on SM parameters

Entering era of systematically
limited measurements

 How to continue improving
measurement precision?
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Dileptonic Inclusive tt Cross Section

x10° 22" (13 TeV)
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* tt — eTpuTbb

e OS ep pair, pt > 20 GeV

o >2 Jets, pr > 30 GeV

e >1 b tagged jet

Data/MC

Number of jets

e 2015 13 TeV dataset, 2.2 fb-1

* Analysis: counting experiment

* Result: 0,7 = 815+ 9 (stat) £ 38 (sys) £ 19 (lumi) pb
(Reference: o9 = 832720 (scale) & 35 (PDF + ag) pb)
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o Systematically limited

* Experimental uncertainties

dominate

* Lepton efficiencies

* Jet energy scale

* (Generator uncertainty also

significant

* Difference between Powheg
v2 and MG5_aMC@NLO
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Dileptonic Inclusive tt Cross Section

Source A(th (pb) AO’&/O’& (0/0)
Experimental
Trigger efficiencies 9.9 1.2
Lepton efficiencies 18.9 2.3
Lepton energy scale <1 <0.1
Jet energy scale 17.4 2.1
Jet energy resolution 0.8 0.1
b tagging 11.0 1.3
Mistagging <1 <0.1
Pileup 1.5 0.2
Modeling
ur and R scales <1 <0.1
tt NLO generator 17.3 2.1
tt hadronization 6.0 0.7
Parton shower scale 6.5 0.8
PDF 4.9 0.6
Background
Single top quark 11.8 1.5
'A% <1 <0.1
Drell-Yan <1 <0.1
Non-W/Z leptons 2.6 0.3
ttV <1 <0.1
Total systematic
(no integrated luminosity) 378 +6
Integrated luminosity 18.8 2.3
Statistical 8.5 1.0
Total 43.0 5.3
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Semileptonic Inclusive tt Cross Section

::1

>1 jet, pr> 30 GeV :3: .

lepton, pr> 30 GeV

e 2015 13 TeV dataset, 2.2 tb-

j,0b 4j,1b 4j,2b
Event category

e Analysis: fit in bins of Niets, Np tag, lepton flavor, lepton
charge

e Result:

ference: "N = 832720 (scale) -
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(Re

o, = 888 + 2 (stat) __Fgg (sys) &+ 20 (lumi) pb

- 35 (PDF + as) pb)

Top Quark Physics at the Precision Frontier, 16.01.18 6
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Semileptonic Inclusive tt Cross Section

2.2 (13 TeV)

e Systematically limited CMS

* Experimental " g sficancy
. . . DY normalization (u 1j)
uncertainties dominate « trigger effciency

® W+J etS rate Multijets normalization (u” 3j,1b)
® b tag efﬂC | e ncy DY normalization (e 1j)

* Lepton efficiencies

S. Dittmer

Integrated luminosity

W-+jets normalization

b identification efficiency

u energy scale

e selection efficiency
top quark P,

Hadronization

Multijets normalization (u” 4j,1b)
JES PU P, offset

Multijets normalization (u* 4j,1b)
Multijets normalization (u* 3j,1b)
Multijets normalization (e 3j,0b)

Observed

Expected
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CMS-PAS-TOP-16-013

All-hadronic Inclusive tt Cross Sect

« tt — bbjjjj

le]g

2.53 b1 (13 TeV)
| | | | ]

- ciis
800F Preliminary

* >0 jets, pr > 45 GeV

Events /5 GeV
~
3
[

e Hr > 500 GeV

e >2 b tagged jets

e Data .
[]Signal -
[]QCD -
Fit Unc. -

e 2015 13 TeV dataset, 2.53 fb-

. Analysis: fit to reconstructed top & 200

| l | | | |
300 400

Reconstructed top mass (GeV)

Mass

e Result: o7 = 834 + 25 (stat) j%éi (sys) + 23 (lumi) pb
(Reference: o"N© = 832720 (scale) & 35 (PDF + ag) pb)
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CMS-PAS-TOP-16-013

All-hadronic Inclusive tt Cross Section

o Systematically limited

 Experimental uncertainties Source (%)

J inat QCD background modeling  —1.0, +6.6
ominate Subdominant backgrounds +4.0

Jet energy scale —8.2,49.0

e Jot energy scale, QCD rate, Jet energy resolution —0.7,+0.8

2 b tagging —5.5,+6.2

o tag efflc:lency Trigger efficiency —29,+3.2

Scale (yr and ug) —1.5,4+0.0
: PDF +1.0

* Parton shower also contributes  parionshower 50 103
NLO generator +2.0

« Difference between Pythia8, Total systematic —12.4, 4141

Herwia++ Statistical +3.0
Erwig Integrated luminosity +2.7

* | ess sensitive than dileptonic,
semileptonic measurements
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Improving Systematic Limitations

e 13 TeV measurements all systematically limited

« Many common sources of systematic uncertainty

* Mainly experimental: lepton efficiencies, JES, b tag efficiency,

etc.
e Ways to improve
e (Cross section from fit instead of counting experiment
* |Improved a priori measurement of efficiencies

e Combination of measurements
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Inclusive tt cross section at 5 TeV

2015 5 TeV dataset, 27.4 pb-

Dileptonic

Semileptonic

e tt — eTuThb, uTuThb

o >2jets, pr > 25 GeV

e /veto, MET cut

* Analysis: counting experiment

e OGS leptons, u(e) pr > 18(20) GeV

L4 ::1

* Analys
additio

* tt — ebbjj, ubbjj

e >?2 non-b-tagged jets, pr > 30 GeV

* Fit min dR of non-b-tagged jets

lepton, p(e) pr > 25(40) GeV

is: fit in bins of e/y, 0/1/=2
nal b tagged jets

Statistically limited, semileptonic channel most sensitive

Combined result: o = 69.0 -
(Reference: ¢"NVEO = 8.9

- 6.1 (stat) -

55 (scale) &

- 5.0 (SyS) + 1.0 (lumi) pb
2.3 (PDF) ' (as) pb)
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Phys. Rev. Lett. 119 (2017) 242001

Inclusive tt Cross Section in pPb Collisions

o 1t — gbb,],] g — (67 ,LL) pp, 19.6 fb™, (/5=8 TeV) cT10 CMS
Data scaled by A - O o (816 TeV) NNLO+NNLL Top++
y S ncomnes (8 TeV) CT14
[+jets EPJC 77 (2017) 15 —— NNLO+NNLL Top++
° ::1 U(e)s pT > 30 Gev el JHEP 1608 (2016) 029 .

. >4 jets, pr > 25 GeV PPOATAND (BacS 18T B (ST KesoomalTor
’ Hots e (RIS Kucomuttor
u+jets —o-3
® 201 6 8 . 1 6 Tev pr dataset, e+jets Exp. unc.: stat stat @syst
1 74 n b_‘] Th. unc.: pdf pdf @scales
oo o oy ey oy ey ey ey
0 20 40 60 80 100

o [nDb]
e Analysis: fit reconstructed

W mass in bins of 0/1/>2 b Systematically limited
tags Dominant uncertainties: b

tagging efficiency,
background modeling

e Result: o7 =45 £+ 8 nb
(Reference: o"NLO = 59.0 + 5.3 (PDF) ", ] (scale) nb)
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-Xxtracting Parameter Limits

Inclusive tt cross section depends on top quark pole
mass, strong coupling constant as, gluon PDF

Measured inclusive cross sections reinterpreted to
provide bounds on these parameters

Limit precision relies on:
» Precision of inclusive tt cross section measurement
 Uncertainty in dependence of measurement on parameter

* Uncertainty in theoretical dependence of inclusive cross
section on parameter
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Limits on Top Pole Mass

Runll: 170.6 + 2.7 GeV

2.2 " (13 TeV)

« From 13 TeV semileptonic < JCMS  —observed
measurement of inclusive cross section 5 8_ - expected
 Cross section measurement o
uncertainty dominates sE
s ,"'S'JS%CL

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Run1: 173.8 +1.7/-1.8 GeV

68% CL

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

e From combination of 7 and 8 TeV

.
o
)

|
~sal

F N D AR SR R
dileptonic measurements of inclusive Po6 68 170Top1;iark1£|e n:;sﬁs [G1e7\§]
cross section (JHEP 08 (2016) 029)

‘ ' JHEP 09 (2017) 051
Can we benefit from further
combination?
Top Quark Physics at the Precision Frontier, 16.01.18
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https://link.springer.com/article/10.1007/JHEP08(2016)029
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Limits on Qs

* No limit yet on asfrom Run

|| data
CMS, (s =7 TeV, L = 2.3 f5”"; NNLO+NNLL for o; mf*® =”17|3.z: - |1 .4| GIeVI
. . Default as(mz) of respective PDF set ;D:f %

e Run | aslimit from 7 TeV
dileptonic measurement of Ao
inclusive cross section o

HERAPDF1.5 V-
. . . MSTW2008 A
 Dominant uncertainties: NPOFD3 .
0.108| | |0.|11| | b.1|12| | IO.1|14| | (|).1|16| | |0.1|1§ | IO.l‘I2| I(rr?‘)l
* Uncertainty on inclusive Phvs. Lett B 798 (9014) 4 v
Cross section measurement
e PDF
S. Dittmer Top Quark Physics at the Precision Frontier, 16.01.18
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http://www.sciencedirect.com/science/article/pii/S0370269313009842?via=ihub

Limits on Gluon PDF

 PDFs measured through fit
to many CMS
measurements

* Including inclusive tt cross - CMSNNLO MC Method

section

u2 = 10° GeV?
| ©~1 HERA DIS + CMS W*
_ [ HERA DIS + CMS W™ + o7

-
N

e 13 TeV inclusive cross
section measurements not
vet applied to PDFs

—e

-—h

- — DIS + W* + o7/ DIS + W*

Gluon PDF relative uncertainty

o
(o]

_|-3 | | ,,,,,,|_2 | | ,,,,,,|_1 %
10 10 10
e 5TeV inclusive cross CERN-EP-2017-258 '
section measurement
moderately improves PDF
precision at high x
S. Dittmer Top Quark Physics at the Precision Frontier, 16.01.18
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EFT Interpretation

* Impact of generic new physics
beyond LHC energy reach modeled Oi6
by adding higher-order EFT terms to . _
Og

SM Lagrangian g

* 6th-dimensional operator O has
dominant effect on inclusive tt cross g
section, followed by Og and Ogg ¢

* Ongoing work to reinterpret tt cross

}fwc; <
sections as EFT [imits g r

Sample diagrams for
O, Og, O¢G

Phys. Rev. D, 83 (2011) 034006

 Dedicated CMS subgroup
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