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The purpose — test the CPT symmetry
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Charge Parity

conjugation (C)

 C, P, T and the combined CP symmetries are violated in weak interactions in the SM,

transformation (P)

but no deviation from the exact CPT symmetry is found

e CPT symmetry predicts equality of
particles and antiparticles

* Right-handed antiparticles behave
like left-handed particles moving
backwards in time
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CPT symmetry predicts equal top quark-antiquark mass

« CPT-violation can be incorporated in the SM
through, e.g., string theory or in the neutrino sector

« The CPT symmetry can be tested by measuring i'zgi'é"’”
Amy = my — mg

CMS Work in progress

xxxxxxxxxxxxxxxxxxxxxx

CMS, single-top, 35.9 b

+ The current world best /[—‘—?:TAESF,’ISGE&?J““
measurement et

PLB 728 (2014) 363

(tt, s = 8 TeV, 19.6 fb™1): .

PRD 87 (2013) 05

CMS, 4.96 fo~! %

Am; = —0.15 + 0.19 (stat) + 0.09 (syst) GeV JHEP 06 (2012) 109 n
DO, 3.6 fb"

PRL 106 (2011) 152001

CDF, 5.6 fbo™

PRD 84 (2011) 052005

DO, 1 fb!

PRL 103 (2009) 132001

PDG world average, I -

PRD 110, 030001 (2024) :

i " " PR R — al PRI R —r— P PR A ¥ P U -
-10.0 -7.5 -5.0 -25 0.0 2.5 5.0 75 -1.0 -0.5 0.0 0.5 1.0
Amt= mi—m; (GeV) Amt =my— M (GeV)

ris.potrebko@cern.ch



https://journals-aps-org.ezproxy.cern.ch/prd/abstract/10.1103/PhysRevD.55.6760
https://www.sciencedirect.com/science/article/pii/S0370269302032628?via%3Dihub

Aim: reduce uncertainty by a factor of 3

The current world best measurement (tt, /s = 8 TeV, 19.6 fb~1):
Am; = —0.15[|+ 0.19 (stat)|+ 0.09 (syst) GeV

10x more data in full Run 2

Uncertainty breakdown in the Run 1 = uncertai nty reduced by a
Am; measurement

. Uncertainty factor of 3

ouree in Ant; (MeV)

Jet energy scale 7+ 16

[et energy resolution 7411

b vs. b jet response 51+1 — . . . . . .
Signal Fraction —— Derivation improved in this thesis

Background charge asymmetry 11.9 +£0.1
| Background composition 28+1
Pileup 91+£03 Reduced in this thesis due to a

b tagging efficiency 24£7 tighter event selection

b vs. b tagging efficiency 11+7
Method calibration 3+53
Parton distribution functions 9+3
Total 91
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The trigger used

Datasets and event selection borrowed from UL m, analyses:
AN-2020-147 (Hannu Siikonen); AN-2024/119 (Mikael Myllymaki)
Changes highlighted.

Analysis based on the Hamburg code for top mass

The HLT trigger paths used for this analysis

Channel Trigger HLT pr Reco pr
threshold  threshold
[GeV | [GeV]

2016 APV e HLT_Ele27_WPTight_ Gsf 27 29

2016 APV u HLT IsoMu24 and HLT IsoTkMu24 24 26

2016 nonAPV e | HLT Ele27 WPTight Gsf 27 29

2016 nonAPV g | HLT__IsoMu24 and HLT_IsoTkMu24 24 26

2017 e HLT Ele32 WPTight Gsf Ll1DoubleEG 32 35

2017 p HLT IsoMu27 27 29

2018 e HLT_Ele32_ WPTight_ Gsf 32 35

2018 p HLT IsoMu24 24 26
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https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2020/147
https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2024/119
https://gitlab.cern.ch/anpotreb/uhh-top-mass

Datafiles used

UL16-UL18 MiniAODv2 versions of the following datasets
(newest available subversions):

Data (2016APV) Data (2016 non-APV)
SingleMuon/Run2016[B-ver2, C, D, E,F]-HIPM SingleMuon/Run2016[F-H]
SingleElectron/Run2016[B-ver2, C, D, E,F]-HIPM SingleElectron/Run2016[F-G]
Data (2017) Data (2018)
SingleMuon/Run2017[B-F] SingleMuon/Run2017[B-F]
SingleElectron/Run2017[B-F] SingleElectron/Run2017[B-F]

ndris.potrebko@cern.ch


https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fglobal&input=dataset%3D%2FSingleMuon%2FRun2016*_HIPM_UL2016_MiniAODv2-v2%2F*
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fglobal&input=dataset%3D%2FSingleElectron%2FRun2016*_HIPM_UL2016_MiniAODv2-v2%2F*
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fglobal&input=dataset%3D%2FSingleMuon%2FRun2016*_HIPM_UL2016_MiniAODv2-v2%2F*
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fglobal&input=dataset%3D%2FSingleElectron%2FRun2016*_HIPM_UL2016_MiniAODv2-v2%2F*
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FSingleMuon%2FRun2016*-UL2016_MiniAODv2-v2%2FMINIAOD
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FSingleElectron%2FRun2016*-UL2016_MiniAODv2-v2%2FMINIAOD
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FSingleMuon%2FRun2017*-UL2017_MiniAODv2-v1%2FMINIAOD
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FSingleElectron%2FRun2017*-UL2017_MiniAODv2-v1%2FMINIAOD
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FSingleMuon%2FRun2018*-UL2018_MiniAODv2-v*%2FMINIAOD
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FEGamma%2FRun2018*-UL2018_MiniAODv2-v*%2FMINIAOD

Datafiles used

Summer20UL16-UL18 MiniAODv2 versions of the following datasets:

tt samples: Tune CP5 Single top: Tune CP5 (NLO)

(POWHEG+PYTHIAS NLO)

ST tW [top, antitop] 5f NoFullyHadronicDecays POWHEG+PYTHIA8

TTToSemilLeptonic

ST t-channel [top, antitop] 4f InclusiveDecays POW+MADSPIN+PY8

TTTo2L2Nu

_ ST_s-channel 4f leptonDecays aMC@NLO+PY8
TTToHadronic
Vector boson: Tune CP5 Diboson: Tune CP5 QCD: Tune CP5 (Pythia 8 LO)
(MADGRAPH-MLM+PYTHIAS8 LO) (PYTHIAS LO) .
QCD_Pt-[*]_MuEnrichedPt5
WJetsToLNu_HT-[*] WW _
QCD_Pt-[30t080, etc] EMEnriched
DYJetsToLL_M-50 HT-[*] Wz
ZZ

ndris.potrebko@cern.ch


https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FTTToSemiLeptonic_TuneCP5_13TeV-powheg-pythia8%2FRunIISummer20UL1*MiniAOD*v2-106X_*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FTTTo2L2Nu_TuneCP5_13TeV-powheg-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FTTToHadronic_TuneCP5_13TeV-powheg-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FST_tW_*top_5f_NoFullyHadronicDecays_TuneCP5_13TeV-powheg-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X_*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FST_t-channel_*top_4f_InclusiveDecays_TuneCP5_13TeV-powheg-madspin-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X_*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FST_s-channel_4f_leptonDecays_TuneCP5_13TeV-amcatnlo-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X_*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FWJetsToLNu_HT-*_TuneCP5_13TeV-madgraphMLM-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FDYJetsToLL_M-50_HT-70to100_TuneCP5_PSweights_13TeV-madgraphMLM-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FWW_TuneCP5_13TeV-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X_*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FWZ_TuneCP5_13TeV-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X_*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FWZ_TuneCP5_13TeV-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X_*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FQCD_Pt-*_MuEnrichedPt5_TuneCP5_13TeV-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X_*%2FMINIAODSIM
https://cmsweb.cern.ch/das/request?view=list&limit=50&instance=prod%2Fphys03&input=dataset%3D%2FQCD_Pt-*_EMEnriched_TuneCP5_13TeV-pythia8%2FRunIISummer20UL*MiniAOD*v2-106X_*%2FMINIAODSIM

Event selection

Electron channel: one signal electron, no additional veto lepton

Muon channel: one signal muon, no additional veto lepton

Signal electron Veto electron

Max |n] (2016) 2.4 2.4

Max |n] (2017-2018) 2.5 2.5

Min p; [GeV] (2016) 29 15

Min p; [GeV] (2017-2018) 35 15

ID Tight Loose

ID version Cut basedElectronID-Fall17-94X-V2
Isolation Within ID Within ID

EE/EB transition
(*) -

pat::Electron pat::Electron

Extra n cuts
Impact parameter cut

Energy corrections

Trigger SF Yes -
Reco SF Yes -
ID SF Yes -
Isolation SF Missing for 2016 -

Signal muon
2.4

2.4

26

29

Tight
CutBased
PFlIso Tight

Within ID

Rochester
Yes
Yes
Yes

Veto muon
2.4

2.4

15

15

Loose
CutBased
PFlIso Tight

Rochester

(*): |dxy| <1 mm, |d,| <2mm at|n| < 1.479; |d,,| < 0.5 mm, |d, |<1mmat|n|>1479
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Jet selection

® AKA4PFchs jets: pr > 30 GeV, |n| < 2.4 (2016)
In| < 2.5 (2017-18), tight jet ID, lepton veto

® D jets: above the DeepJet Medium WP

e At least 4 jets, out of which exactly 2 b jets
b jets: searched within the 8 leading jets.
In Run 1: at least 1 b jet among 4 leading.

e Jet veto maps
® Veto events with any jet with p; > 1000 GeV
e Noise filter

Corrections:

e [l1Fastlet+L2Relative+L3Absolute
L5 (flavor-dependent) corrections (see further)

ndris.potrebko@cern.ch




Event reconstruction

« Kinematic fit cannot be used for the Am, T"P event g \\ ‘
measurement because of the e w ‘m

M haa = M¢ 1ep CONStraint B0 Cob o)
. : : & 3 (
e HitFit analyzer is replaced with 0 <
WMassDeltaTopMass [link]: @
1. 2 leading light jets (q) assigned to W;,4 boson Reconstructed W boson mass and the
i 60 < mreco < 100 GeV requlrement
2. Scale the qJetpr to match exaCtly S ><10 _ L Mets 13763ty lt(13TeV)
Single'top |
mbi9 = 80.40 GeV 8 1zo_g“"gi:”,,:g:,:g:.'.zg;:f;mh é;tvﬁ.egwn-c
. . Ry - @t semileptonic wrong ] -l-jee 3 1
3. 2 permutation for b-tagged (b) jet i 100 Mg semieptoniccomect - By
combinations with each W boson g 0 Wz

a. Keep the b permutation with the smallest 60|
reco reco reco 40f
Am = Mt had — Melep ;

20F

1_37. e

o

L Rl

1 -+ " e [ iy S, A+t -~
RN - - S v 7]

5. add a W mass requirement
60 < my;° < 100 GeV

MC/Data

1 1 1 1 1 1 [ 1
60 80 100 120
e [GeV]
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https://github.com/AndrissP/cmssw/blob/WMassDeltaTopMassUpgrade10629/TopQuarkAnalysis/TopJetCombination/plugins/TtSemiLepJetCombWMassDeltaTopMass.cc#L115-L118

Control plots (all run 2)

Hadronic top mass mf‘t peak is improved with the W mass requirement and

scaling the light jet invariant mass to m,,

Permutations / 5 GeV

MC/Data

300f
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CMS Work in Progress o st|dq:aep§ggl e
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o Data
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—r— N B Tl

F CMS work in Progress m Sirlgle to o
F 2 t

I [Jtt semileptonic no match E tdqeptonlc o

- I tt semileptonic wrong -Wﬂe s w

I @l tt semileptonic correct -E_‘: jets S~

- o Data £ tt hadronic @

CIWWIWZiZZ S

>

- w

W mass

T T T T [ T T

T T ] m

h*p et bt }w +1[+H++ H aH, 8

| ) = 3)

1 00 200 300 400 500 =
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160F
140¢
120

100
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6
requirement,

%1 0 60GeV<m,,°<100GeV [|+jets 137. 63 fh (13 TeV)
T T T I T L I T L I T L T
-S_I Ie to ]
- CMS Work in Progress ot dqeptonl P
F [t semileptonic no match = Multijet :
— [ tt semileptonic wrong m W+jets B
- @l tt semileptonic correct = DY+jets E
- o Data tt hadronlc E
WWIWZ/ZZ

! 1 TR i T —— t Wt
08 O S T M A S
0 100 200 300 400 500
m" [GeV]

Data yields are higher by around 10 %: consistent with the
HitFit results in the m; analysis, see TOP-20-008
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-008/index.html

Event yields (all run 2)

The dataset is split according to the lepton charge.

sl

43 % of correct
permutations, only
slightly lower than
for HitFit (49%).

No mig® requirement With the m{° requirement
[~+jets run 2 [T+jets run 2 [~ +jets run 2 [T +jets run 2

Dataset Events Ratio to Events Ratio to | Events Ratio to Events Ratio to

k| signal, % k] signal, % k] signal, % [k] signal, %
tt l+jets total 1239.7 84.0 1240.6 84.5 | 530.6 89.4 531.6 89.5
I+jets correct 289.1 19.6  289.5 19.7 | 255.9 43.1 256.3 43.1
I+jets wrong 115.7 7.8 1158 79| 83.0 14.0  83.0 14.0
I+jets no match | 834.8 56.6  835.3 56.9 | 191.7 323 1923 32.4
dilepton 113.3 7.7 1134 77| 26.3 4.4 264 4.4
all hadronic 1.2 0.1 1.3 0.1 0.4 0.1 0.4 0.1
tt+V 3.1 0.2 2.7 0.2 0.9 0.2 0.8 0.1
single-top 70.3 4.8  61.0 4.2 | 254 43 233 3.9
DY+jets 4.2 0.3 4.1 0.3 1.0 0.2 1.0 0.2
Wjets 23.4 1.6 17.8 1.2 4.7 0.8 3.7 0.6
\AY% 1.0 0.1 0.8 0.1 0.3 0.0 0.3 0.0
Multijet 18.8 1.3 26.3 1.8 4.0 0.7 6.8 11
Simulation total | 1474.9 100.0 1468.0 100.0 | 593.5 100.0 594.2 100.0
Data 1390.6 94.3 1378.7 03.9 | 542.8 91.5 540.3 90.9

Symmetric for most
datasets.
Asymmetric for
single-top, W+jets,
multijet.

Data: slightly
asymmetric vs MC.
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Flavour-dependent jet energy corrections

Flavour-dependent jet energy corrections are Large differences with Run 1
obtained for Run 2 for tt, QCD samples and flavour corrections:

using a simultaneous fit of tt, QCD and DY Pythia 6 — Pythia 8,

Physics definition — parton flavour,
reduced statistical uncertainties

CMS Srmu!atron Private work _ | _ CMS Simulation anate work
qgfuo— 0.0<|n| <O.261 ¢t Pow+Pys . gul 02f Sdo_;t|2||<o783 - iﬁﬁf;‘f}fg PY_
: | ‘v ais | Up, response groif J = '00<in<1.3 ]
g ctutg | arger, - '
B ]

g T 1  Gluon and bottom

1.04} 1 response — lower
[ |  than QCD mix
1.02} )
1.00}
o8l o0 o ua L w098 5650100 5001000 'So'doi
20 50 100 500 1000
PT. reco (GEV) Work described in AN-23-074 PT, reco (GeV)
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https://gitlab.cern.ch/tdr/notes/AN-23-074

median response

Flavour-dependent jet energy corrections

Flavour-dependent corrections applied

on both MC and data
e b correction on b jets

Light-flavor correction brings
the W peak lower to 80.4 GeV

e light correction on light jets

CMS Simulation Private work
T T L T T T T

—
—
(=]

- 0.0 < |n|<0.261

i i b
. c

—
o
o

d ¢
tud

—

]

2]
T

1.02}

S
g

+ tt Pow+Py8 |

1.00}

0.98L

L [ |
500 1000

PT, reco (G eV)

Events

12000}
10000}
8000}
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4000}
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0 40 60 80 100
Work described in AN-23-074

CMS Simulation Private work
HEEEEE '

e+jets (2017)
LI R

120 140 070
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100 120

ttfit
p=80.41
+0.14 GeV/]

140
me® [GeV]
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https://gitlab.cern.ch/tdr/notes/AN-23-074

Flavour uncertainties

Work described in

e Flavour uncertainty estimates the jet AN.23.074

response mismodelling for different flavours

e Obtained from Pythia 8 - Herwig 7 and e Gluon uncertainty
normalized to the reference point of the de_crea_sed more than
global fit (Z+Jets mix at 200GeV and n = 0 twice since Run 1; quark
should have a 0 uncertainty) uncertainty slightly

CMS Simulation Private work 4 CMS Simuiation Private work } Increased

110f 00<|n|<0261 ¢ Ul PowtPys ] 00<mi<o2et Rl Rm2 4 o Boitom: in Runl was fit
L F i C i imfi . . .
: ¢ tt Pow+Her7 | ' orrection simfit - gga-[;?n 1 Wlth a Stralght Ilne due to

{ b d ¢ s

— Quarks
ctutg

large stat. uncertainties.
In Run2: shows a large
bump at pr > 200 GeV.
Possibly due to b hadron
lifetime mismodelling in
Herwig 7

median response
—
(=]
(o]
T

s
(=]
=2}

—T

1
JEC uncertainty (%)
(oe] w
T

ot

o

@
T

20 50 100 500 1000 20 50 100 500 1000
PT, reco (GeV) pr (GeV)

ris.potrebko@cern.ch


https://gitlab.cern.ch/tdr/notes/AN-23-074

Flavor-antiflavor uncertainties

Flavor-antiflavor uncertainty Work described in AN-23-074

obtained using a similar
principle as for the flavor

O(10) smaller
than flavor
uncertainties

uncertainty: comparison of the CMS Simulation Private work
predictions by Herwig7 and S 04'} O'0< |n|<0|261 “antiflavor flavor |
Pythia8 Z A it it ' —b — b ]
— ) ‘= = ud — ud
In Run 1: full b vs b in Pythia 5 03 5 s ]
was taken as uncertainty § 0" a7
= 0.078 % constant shift 9 Slightly asymmetric
ol for g vs q due to

b vs b uncertainty is small:

Her7 and Py8 predict b vs b —0"0_

response similarly _»
Large s vs s uncertainty: 01r
Her7 and Py8 predict it 02
differently it T ST
pr (GeV)

ndris.potrebko@cern.ch

more q jets than q

4’ jets in pp collisions



https://gitlab.cern.ch/tdr/notes/AN-23-074

Beam

Mean of EMeasured/

ratio, */data (w")

Correction of pion response mismodelling

CMS Pr.fvafe work 2006 Test Beam Data (TE )

1 T T T T 17717 T T T T T 17717 T_]
- . 2006 Test éeam Data () |
[] 95F o 2006 Test Beam Data (x*) =
=  Geant4 FTFP_BERT EMM(r)
0.9F o Geant4 FTFP_BERT EMM(x’) =
.+ Geant4 QGSP_FTFP_BERT(r) I
0.85F .  Geant4 QGSP_FTFP_BERT(r") ; &
0.8 v ¢ =
g § ’ |
0.75F 9 =
0.7F E
0.65 _— %@ip -
0.6 et E
oF % R % .
0.55F * =
L ]
0-5 : 1 1 Ll L 1] | 1 1 1 Ll 11l ‘ 1 1]
T T \ 3
1.1 3 B
L i ]
1_ ......... ﬁ-gt-ﬁ-“" Q g ‘ ."i-i -
0.9¢ l \ ]
1 2 345 10 20 100 200
p (GeVl/c)
Beam

GEANT4 describes
the m* response in HCAL

See, EPJ CONF 251, 03010 (2021)

E 1r
test beam data We” Q_ﬁ ® 2006 Test Beam Data (1) oo b, ciminary
= 09— M Geantd 10.4p03
o No physics list L [y Goamtiozpot i
describes the ™~ geer sb T Al
response well = % o7k ¥
additional uncertainty c #ﬂ*
on the mismodelling of & ** ; 33
T reSponse 051 FTFP_BERT_EMM
/ C ‘
0_41 | | | I\II“, | L 11 III-I":'2 | |
e GEANT 4 v10.4p03 ey
used: default in /E; e
CMSSW106X TR I
. -Ei }g‘%:g_: ...... g -------- ’ -------- N o —
e Results differ for other 2 os- N N T
GEANT 4 version S o o
g " p,.. (GeVic)
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https://www.epj-conferences.org/articles/epjconf/pdf/2021/05/epjconf_chep2021_03010.pdf

Correction of pion response mismodelling

CMS Private work 2006 Test Beam Data o Ratio was fit with a sigmoid function.

—~ 1.357 a
! I - S1gm01d free fit 1 =1—-—a+
2 1 Uncertainty, fixed b | Y 1+ exp(—c - (x — b))
e 1.30F — b+/-1 ] . )
B — Envelope i o Correction was taken as the highest
B1.25 i ¢ Test beam data ] envelope
o7 ] p ' :
L 20! ] Correction was applied to 7~: the
_ 1 response was in the MC to match data.
1.15} - It was propagated trough the particle
; | flow code.
1.10f ] _ :
[ , e Differences in response when a new
1.05¢ ] neutral particle is created/removed.
: ¢ ’
1.00} s ¥
! é L 1I0\ L

PBeam (GeV/c)
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q vs gbar from pi+ correction

* An O(0.1%) effect on the jet response,
but similar on b and b

« Statistical uncertainty is large (only 2M events used)
« The correlation was 1.000 (correction applied on the
same GEN-SIM events)
= only the central values taken as the uncertainty

Uncertainty taken in 4 n bins,
inclusively in p; as the difference
between the central values

CMS Simulation Private work
T L R

T

CMS Simulation Private work CMS Simulation Private work SN
T T L B AL T - - Al

=) [ ]
: ; : i b
2 ' ' Y 1.010 F T T S L 0.0 1.305 HLE
o " ; b g 1.0015 | 0.0<n[< 1.
@ 1.008 0.9 <|nl<1.305 % b % 0.0<|n|< 1.305 % b 2 - bjets b ]
2 b jets b b jets ©1.0010
£ 1.006 : S1.005 | &g Correctionx10 £
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g 1.004 g 2 1.0005
IS) o @
$ 1.002 @ 1.000 |- ] o 1.0000
5 g ke
£ 1.000 = £ 0 9995
— — % .
©0.998 il ] g
g g 2.0.9990
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s [ ]
o £o0.990 | 1 +0.9985 .
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Reweighting events to create Am; > 0 in MC

« Am, difference in the signal MC is obtained using reweighting, applying

. . BW(m¢ new)
weight proportional to :
ght prop BW(m¢ o14d)

k
(E2-m?2)+m?2I?

« Breit-Wigner (BW) distribution BW(m;) =

- mJ“" distribution
rewelghted to .Amt =2 CMS Simulation Private work (13 TeV) CMS simuiation Private Work (13 TeV)
GeVagreeSW|ththe o 01"""' g "C'entral'
dIStl‘IbU'[IOI’]S fOt‘ MC & 0.09 E_ cer?tral o _E 8 7 ;_ -------------- weight 0.5 GeV down, shift = -501 MeV
i s 0.08F T weight 1GeV down, shift = -1000 MeV_i fe) I ——— weight 0.5 GeV up, shift = +488 MeV ]
samples generated with g E ——— weight 1GeV up, shift = +1003MeV  § .2 OF e weight 1GeV down, shift = -1000 MeV
= © 0.07¢ g . 1 8 | —— weight1GeV up, shift=+1003 MeV ]
m; = 171.5 GeV and Soo06L - cxelicitdownGeV, shift=-1000 MeV- 5S¢ - explicit down 1 GeV, shift = 1000 MeV/
mt — 1735 Gev % 0'055 * explicit up 1 GeV, shift = +1000 MeV g i . e:(lelicit up 1 GeV, shift = +1000 MeV ]
* For profiled likelihood we 004t
use Am; = 400 MeV: 0.03f
covers the uncertainties ~ 0.02f
of the previous 0.01 ]
measurement 0169 170 17'1I I17'2I I173‘ I'17"4 175 176 4169 170 171 172 173 174H'|I7fl')I 176

m®" [GeV] m%" [GeV]
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Events are split into 10 bins of equal number of
events and then split into t and t according to the

lepton charge, q: (m

fit

Impact of light-quark FSR: large but
correlated for m, and m;

Ratio to central

~

N

u +jets (2018); ttsemil

CMS simuiation Private work
T T T ™
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1.010F T 3 ]

"
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1.005 1
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+ ,q) distribution

Blue and

. effect of the

Am; = 400 MeV reweighting

up and down

—

Dividing m{®“° over
mz°“°, the variation
mostly cancels out

Double ratio, my/m;

=
o
e

—
[w]
w

— T T HE
! CMS Simulat;ion Private work ]
- — m;—0.2 GeV; mi+ 0.2 GeV

m;+ 0.2 GeV; mg— 0.2 GeV ]
¢ FfSR udsc quark scale Up |

M +jets (2018); ttsemil

AP,

AR A

300

0.99F .
0.98} .
L P IR S R R

100 150 200 250
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Ratio to central

c vs cbar/ q vs gbar jet JEC

Effect of b vs b variation: very small (due to the
uncertainty crossing 0), but in the opposite directions for
m, and m;. The double ratio shows an effect on m,.

CMS simulation Private work u +Jets (2018) ttsemll
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j+bmbmcm>

1.020F i
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Note: here Am; reweighting is
scaled by 1/5 for visibility

| +jets (Run 2); ttsemil

1,008 T T T T
= | CMS Simulation Private work ]
& — 1h,— 40 MeV; m; + 40 MeV ]
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= : ¢ bvsbJEC Down
; 1.004} E .
a I i
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) 1.002_— i ]
: %7777 '
1.000 7 Z// é%%’ ?é%/////d/ /4////////4
e
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Systematic uncertainties (experimental)

The recommendations under the TOP PAG are used
https://twiki.cern.ch/twiki/bin/viewauth/CMS/TopSystematics

Jet energy scale uncertainty

Jet energy resolution

Jet flavour uncertainty: from Run 2 MC
Missing transverse momentum
b-tagging scale factors

Pileup

Electron and muon scales factors

L1 ECAL and muon prefiring
Luminosity

Cross-section uncertainty

ndris.potrebko@cern.ch

Additionally

e Jet flavour-antiflavour uncertainty:

o Pythia vs Herwig from flavor uncertainty
machinery

o wt/m~ response mismodelling seen in
HCAL test beam



https://twiki.cern.ch/twiki/bin/viewauth/CMS/TopSystematics

Systematic uncertainties (modelling)

The recommendations under the TOP PAG are used
https://twiki.cern.ch/twiki/bin/viewauth/CMS/TopSystematics

Applied as weights: Obtained from additional samples:

PDE variations e Matrix element to parton shower scale
. ME-PS scale = hdam
QCD scale variations: ( P)
o Matrix element variaitons e CP5tune (UE tune)

o ISR variations e Colour reconnection (CR) and early

o FSR variation for each splitting (16 resonance decays on (ERD On)

variations)
b jet fragmentation

Semileptonic branching ratio of
the b hadron decays

Top p; mismodelling
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https://twiki.cern.ch/twiki/bin/viewauth/CMS/TopSystematics

Expected and observed uncertainties

Result from the (m;, Am,) fit

The flavour-antiflavour
uncertainties among
the leading.

Large statistical uncertainties.

The analysis is still statistics
limited (62 MeV)

Large uncertainties due to
the large statistical
uncertainties in the
variation datasets

—e— Fit constraint (obs.) —— +1c impact (obs.)
Fit constraint (exp.) +1c impact (exp.)

—— -1o impact (obs.)
-1c impact (exp.)

pion scaling b vs bbar

b vs bbar JEC
~—
—_—

Underlying Event Tune

J o

CMS Work in progress

FSR gluon scale

Large pull for the final state
radiation (FSR) consistent
with the m; measurement

Muon 2017 bin 12 statistics

Bowler-Lund BFragmentation

AbsoluteMPFBias JEC

Elec 2017 bin O statistics

FSRCNSg2gg

Elec 2017 bin 10 statistics
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The result




[The result of the profile likelihood fit provided

Am; = 139 + 25 (syst.) + 62(stat.) MeV = 139 + 67 MeV

]

e 2.1 standard deviation

disagreement from Am; = 0,

but not significant to claim
an evidence for New
Physics

e Statistical uncertainty
190 MeV — 62 MeV with

respect to the Run 1
measurement

e Systematic uncertainty
90 MeV — 25 MeV

CMS Work in progress
— T

(13 TeV)
—c

This measurement, 137.63 fb~!

CMS, single-top, 35.9 fb"
JHEP 12 (2021) 161

CMS, 19.6 fb"
PLB 770 (2017) 50

ATLAS, 4.7 fb~!
PLB 728 (2014) 363

CDF, 8.7 fb™!

PRD 87 (2013) 05

CMS, 4.96 fb
JHEP 06 (2012) 109

DO, 3.6 fb~"
PRL 106 (2011) 152001

PDG world average,
PRD 110, 030001 (2024)

‘-GI‘I-4‘

2 — I-0.5I — IO.O‘ — ‘0!5‘ -
=Mt — M; (GeV) Amt =M - Mi (GeV)

3 of=

A
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Summary

e Competitive measurement of Am,:

o Statistical uncertainty reduced from 190 MeV to 59 MeV
with respect to the Run 1 measurement.

o Systematic uncertainty reduced from 90 MeV to 36 MeV.

e Estimated quark vs antiquark jet response uncertainty using
o Pythia vs Herwig from flavor uncertainty machinery
o 7wt /m~ response mismodelling seen in HCAL test beam
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Backup
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Control plots, result plots

Ratio of m/" for I~ and I*

Slight asymmetry: mostly due to backgrounds
Some data points are more aligned with

Am; = +400 MeV and some with Am; = —400 MeV

ndris.potrebko@cern.ch

I + jets (Run 2); ttsemil

Ratio, my/m;
o
(0]

1.04
1.02
1.00

0.98

- CMS Simulation Private work
I = Am;= -400 MeV

— Amy= +400 MeV

= Am=0

T

100
mit [GeV]



Preparation of the systematic uncertainties

CMS Simulation Private work
T T T T

1+ jets (Run 2); ttsemil
T

e All the variations are groe o 02 0o
symmetrized around the central. - | ’
Z1.010
e Effectively doubles the number S *++;
of events /V . t /
1.000
e Most important for UE tune Only # oossh 1)
symmetrized "
0.990 * :
100 150 260 250 300 1|50 2'1']0 25[} 300
m; [GeV] m; [GeV]
_ CMS S{mu.'arion Private work |+jets (Run 2); tisemil
o ) £ 1.020 A " 4 UETuneSiDown
e Variations obtained from separate MC 11 03 Gov: m— 03 Gev
samples are smoothed assuming a s §+
. . H1.010 | + |
physical effect should be continuous. = b , | Y
1.005f * + T
e 353QH method used within /V W%j f WWW%#W
TH1F.Smooth is used. _ I
Symmetrized ‘ | )
and smoothed o} iy +
100150 200 250 300 150 200 250 300
m; [GeV] m; [GeV]
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Events /3 GeV

MC/Data

Control plots, split in charge

Warning: MC variations not estimated in the control plots

Lepton transverse momentum, I~

T'+jets 137.63 fb (13 Tev)

T T T | T T T ‘
1 08 CMS Work in Progress E tStlaqLep%gglc
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Events /3 GeV

MC/Data

Lepton transverse momentum, I*
I+]ets 137.63 fb (13 Tev)
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Control plots, lepton

Warning: MC variations not estimated in the control plots

Electron n
x10° I+jets 137 63 fb™ (13 TeV)
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o 180¢ “CMS work in Progress 5 ts‘tlgq!aep%o% ¢
= 160F [Jtt semileptonic no match @ Multijet
N2 C [ tt semileptonic wrong mm W+jets
% 140 F Il tt semileptonic correct = RI jets
> p o Data tt hadronic
w 120 =

MC/Data

100}
80}
60F

3 o P | O WW/WZ/ZZ

ebeao Lo

T T | T T T T | T T T T l T T T T J T T T T | T T

-
Ty et _,_._‘H'-H—-.- ++_._;_+.|._‘_,_—0—+_,_ ot

oy e T o]
T T I S T T O I BN
-2 -1 0 1 2
nIepton

dris.potrebko@cern.ch

Events /0.1

MC/Data

Electron ¢

x10° Ijets 137.63 b1 (13 TeV)
90 -_I T | T T T | 3

E CMS work in Progress 5 %'E#Lep%gﬁu ' ]
80 = [(Jtt semileptonic no match @ Multijet E

- [ tt semileptonic wrong mm Wtjets 3
70 ~ @l tt semileptonic correct = RI ets E
60F ° Data |:|tt hadrorgg 3

40

T ‘ T T T l

T J T T

4—|~f+|—+;.++.._¢.-¢-H-+++++++1+l-+++d+|—++4~H++ﬂ"+ -o—o—o—¢—+++++

++++—¢—o-++




Control plots, split in charge

Warning: MC variations not estimated in the control plots

Number of jets, for I~ Number of jets, for I*
[jets 137.63 fb” (13 TeV) S — +jets 137.63 fb™ (13 TeV)
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Events /10 GeV

MC/Data

Control plots, split in charge

Warning: MC variations not estimated in the control plots

Transverse momentum of b-tagged

jet, for I~
I+jets 137. 63 b (13 TeV)
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Control plots, split in charge

Warning: MC variations not estimated in the control plots

Transverse momentum of |-tagged jet, Transverse momentum of I-tagged jet,
for I~ for I*
[+jets 137.63 fb (13 TeV) 10 I"+jets 137.63 fb (13 TeV)
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Control plots

Warning: MC variations not estimated in the control plots
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Control plots

Warning: MC variations not estimated in the control plots

Hadronic reconstructed top quark mass
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