Measurement of the top quark mass
using a leptonic observable in the semileptonic ttbar events

(with full Run 2 CMS pp collision data)
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Importance of precision top quark mass measurement

e Higgs boson mass is likely to be on the metastable side
e A definitive answer requires much more precise measurements of the
top quark’s poll mass

150

Pole 10p mam 2f,in Ga¥

Top mass M, in GeV

Higas ma= 47, in Ga¥

0 50 100 150 200
Higgs mass M, in GeV




Top quark as the heaviest SM particle

e Top quark has the largest weight : 172.5 GeV
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Top quark production at LHC

e Single top production

e Top pair production
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Top pair decay channels

T, ~10"2° , decays before hadronization et
op b enTqg
e The decay products of W boson: Vos Vis Ve, G
o leptonic & hadronic
R TR A
e Top pair decay channels: B Ve, Vus Vi, @

o Dileptonic
o Semileptonic
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e | HC combined (Run1):172.5+0.3
° MtOIO measurement in different phase
spaces, by CMS & ATLAS:
o  Several decay channels of ttbar
o  Single top event
e ATLAS measured the top quark mass
using leptonic invariant mass
O A similar analysis was done by CMS,
using (toe-15-014) at 8 TeV
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https://inspirehep.net/literature/1480862

Previous activities in CMS

Run 1 data were processed
In CMS: m is constructed

Il Psig+bg(M]/1P+f) =¥

o Samples with different Mtop
produced

A simultaneous fit method is used

4 (L~ “)f*( (Y; (My/ e — 11y) "7 L exp (_

Events/ (5 GeV)

AN2015 218 v10.pdf
TOP-15-014

1
exp | —
ag\/27't P (

9000 "

8000

7000

6000

5000

4000

3000

2000

1000

o

S T IIIlllllllllllIllll]lllllllll]llll]llllll

(M e — 1)
?_(Ls

...........

Myjpe— py
By
CMS PremmnaryShmlallon 19.7 " (8 TeV)
elpleelupleu +ets oh!annel l I _:
M, = 178.5 GeV _:
8 TeV data -

)



http://cms.cern.ch/iCMS/jsp/openfile.jsp?tp=draft&files=AN2015_218_v10.pdf
https://inspirehep.net/literature/1480862

Previous activities in ATLAS

Fraction of events

Ratio to m, = 172.5 GeV

Part of run 2 data were processed (36.1/fb, ref)

In ATLAS: ml" is constructed

Binned template profile likelihood fit is used

SS and OS categories, according to the charge

signs of primary lepton and the soft muon
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https://cds.cern.ch/record/2693954/files/ATLAS-CONF-2019-046.pdf
https://arxiv.org/abs/2209.00583

Proposal

e A direct top quark mass measurement exploiting a partial, leptonic-only, invariant mass
reconstruction of the top-quark decay products with the full Run 2 CMS data , is proposed

The idea is to measure the Mt with the leptonic observables; m
e And use a simultaneous fit method as introduced in the CMS J/ap analysis

Run over full 13 TeV UL data

o T e e e e e e e L]

/" Overview of the analysis with a first look at the MC simulation
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Analysis overview

e Analysis has been initiated by checking the data-MC consistency plots
o Started to run on 2018 data to establish the method
o Inthe next step, other remaining Run 2 data are taken into account

e NanoAODvV9 (UL) samples are processed

e The Bamboo FW is used to analyze the datasets

® Personpower:
o 1PostDoc (myself)
o 1 potential PhD student
o 1 potential MSc student
e Project timeline:

o Expected to have some public results for 2025 spring conferences
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Data and MC simulated samples
WjetsToLNu

Data:
O

SingleMuon_Run2018A/B/C/
D

Ttbar:

O

TTToSemilLeptonic,
TTToHadronic, TTTo2L2Nu

Single Top:

O

ST_t-channel_(anti)top,
ST_tW_(anti)top

DYJetsToLL

O

M-10to50* and M-50

O

O

QCD

O

Both inclusive and HT-bins (from
70To100 to 2500Tolnf) are processed
Today only inclusive Wlets are
presented

HT-bins (from 50to100 to 2000tolnf)*

Diboson:

O

WZTo3LNu, ZZTo4L
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Object selection

e Muons:

o pt>30 GeV, letal<2.4, tightID,
tightlso, dxy<=0.05, dz<=01,
sip3d<=8

e Electrons:

o (pt>34 && letal<2.5) Il (pt>30
&& letal<2.1),

o (absEtaSC <1.4442 ||
absEtaSC > 1.566),

o (absEtaSC <=1.479 && ldxyl <
0.05 && Idzl < 0.9) |l
(absEtaSC > 1.479 && ldxyl <
0.1 && Idzl < 0.2),

o tight cut-based ID

e \etoElectrons:

o pt>15 GeV, letal<2.5, veto

cut-based ID
e Jets:

o pt>30 GeV, letal<2.4, tight
lepton veto jet ID, loose pulD
for jets with pt<50 GeV,
should be far from electrons
and muons (DR>0.4)

e B-tagged jets:

o BtagDeepFlavB tagger with

medium WP is used

13



Event weights and selection

e MC genWeight is applied °
e MET filters are required
o Like HBHENOoiseFilter, (]

goodVertices,
EcalDeadCellTriggerPrimitive
Filter, etc.
e At least one good PV, requiring °
ndof>5
HLT.IsoMu24
e 1 muonand O electron are
applied
©  Muon
Rec/Iso/Id/L1Prefiring/Trigger
SFs are applied

At least 4 jets are required
Pileup weight is applied
At least 2 medium b-tagged jets
applied

o Events are reweighted with

b—tagging weights

Might need to apply additional
event weights like top pt
re-weighting, etc
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Jet multiplicity and Nr of good PVs
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Leading and subleading jet p.

150
80

«x10° CMS Preliminary 50.83 fb' (13 TeV) «x10° CMS Preliminary 50.83 fb' (13 TeV)
O FrrTtrrrrrrrr1r [ rrrrrprrr 111117« T T [ rrTr T[4 O T T T T T T ¥ T T T T T T T T T T T T T T T T T T T
2 140 ik Sme: . S 250 =
LO . QCD LO : . QCD
P B SemilepTTbar P R LY B SemilepTTbar
n 120 mmmm DilepTTbar %) _ Y mmmm DilepTTbar
P FullhadT Toar +~ 200 Fullhad T Toar
qC) \\l/vdexs - Inclusive qC) — \\l/vdexs - Inclusive

== — ==
> 100 2727 Uncenainty > — 727 Uncentainty
L L —

100

.‘|III|III|III|III|

III|III|[[I|III|II]|III|I

50

.|IIII|IIII|IIII|IIII|

>
|
l
|
I
I
1

>

L TS T T T, O 2 U0 o, P L, s T

CEJ 14 s LEJ 14 E éré

12 e e e i o o J = 12 .-

~ 1 ?/«/, /r*/rsfts'/v;v;"/ﬁ/r‘m’ bt g == 1 E ;

£ o8k 3 g o8E E

8 L0 i W A M i M A W i M= 8 0.6 iy e e e e
50 100 150 200 250 300 350 400 50 100 150 200 250

300

leading jet pt subleading jet pt



Jet and b-tagged jet multiplicity
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Leading and subleading b-jet p_ (w/ b-tag weight)

P CMS Preliminary 59.83 fb' (13 TeV) CMS Preliminary 59.83 fb" (13 TeV)
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soft-muon selection at reconstruction level

| } _— L] — ] _— L] — ] _— L] \

How is P_"®' defined? "y

In ATL-PHYS-SLIDE-2017-503 , pT're
is defined as the orthogonal

e Now, we need to tag a soft-muon (i)
originating from b-hadrons
o  BR(b »uvX)= 11%

L 4

o BR(b=c=uvX)= 10% ’ projection of the p_* onto the jet
o Soft-muons have a sizable p. axis
m  Also have a large p. relative
to the jet axis Mg,

t
W

quarks jets
g
Je¢

P12 = |pixp/ 19
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https://cds.cern.ch/record/2274254/

soft-muon selection at generator level

8X103 c:”u‘? uplrenmuni?alr}] L e I?q'ﬁalf?n“ﬁre}g e Gen soft muons:

T 800 o |pdgldl=13

% 00 :‘ _ o Check if mother is BHadron
@ ety o IgMother.pdgldl = (5 or

e isBHadron)

500 o Atop quark should exist
among ancestors
(not originating from ISR/FSR)

o isDirectHadronDecayProduct,
not a tauDecayProduct

o Stable particle (status=1)

e "“20% of events contain 1 soft mu
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AR wsoﬁpre-sel, associated-jet)

e Selection criteria:

o Preselection cuts

m pt>=10 AP
m |eta] <=2.4, |
m looseld
m dxy<0.3,dz<20
m nTrackerLayers >5
m Checkit’s not the hard
muon
m  muon.jetldx =B, . Jetldx

o Cuton PT'e'

22




AR (u_ P, associated-jet)
B-hadron jet

.= I’_'lsoft
CMS Preliminary 59.83 fb' (13 TeV)
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c | < /7 A
o Preselection cuts l%’40000 — Uncertainty — —|
m pt>=10 ] :
m |eta] <=2.4, o .
m looseld ]
20000 —
m dxy<0.3,dz<20 -
m nTrackerLayers >5 ]
. 10000 —]
m Checkit’s not the hard i
mUOn 0 |LAIII|||||||||I||||I||||_
m muon.jetldx — BloRZJ etIdX 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
o Cut on PTrel DR_softMu_associatedJet
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AR (ﬂ pre-sel’ Msoftgen)

soft

e [nthe events where exactly one gen

CMS Preliminary 59.83 fb'' (13 TeV)
=t - EA AR R R A A R A= soft mu is found
zs"""" | E e Matched_soft_mu:
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50000 é e Next slides look at some properties of
40000 _§ those matched u_ %"
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AR (u_ Pe*¢, associated-jet) [u,

‘usoftgen:|

CMS Preliminary 59.83 b’ (13 TeV.
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AplO (P, associated-jet) [u,_ > is matched to

T
soft
CMS Preliminary 59.83 fb' (13 TeV) CMS Preliminary 59.83 fb' (13 TeV)
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pTSOft_‘u X COS(A (ysoﬂpre‘se', associated—jet)) Lttsoftpre—sel is matched to

Moo
soft
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Coming back to the definition of P_"®
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https://cds.cern.ch/record/2274254/
https://cds.cern.ch/record/2273281/files/ATL-PHYS-PUB-2017-013.pdf
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soft-muon selection at reconstruction level
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Mug distribution
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Analyses involved

Cede T Name . Saws PAS PAPER ARC

LUM-20-002 » | & show Luminosity measurement for the Run 2 PbPb data-taking periods PRE-APP MR Nicola Bacchette
LUM-20-002 (Sat, 25 May 2024 09:54:50) @ 2 B
Name Luminosity measurement for the Run 2 PbPb data-taking periods Description Luminosity measurement for the 2015 PbPb data-taking period, and
combination with the 2018 PbPb luminosity measurement
Status PRE-APP Contact Person Maryam Zeinali (ISFAHAN-IUT)
Twiki LUM-20-002 =» Forum PubTalk LUM-20-002 =»
Data,Samples DataSet: Run2  Samples: not set Conference
Target Date PreApp 29/11/2022 Target Date PhysApp
Talks Pre-Approval Talk » | No Approval Talk Actions Not in Edit Mode
Related Analyses  LUM-18-001 Related CMS Notes = AN-2020/137 | AN-2019/159 |
Code . |Name  Saws PAS PAPER ARC
HIG-22-007 » | ashow | »CDS | v EPJC Search for H->aa->2mu2b/2tau2b N - MR Philippe Gras
HIG-22-007 (Sat, 25 May 2024 09:56:00) (=} »] | |
Name Search for H->aa->2mu2b/2tau2b Description H->aa->2mu2b or 2tau2b (+combination)
Status PUB Contact Person Pallabi Das (PRINCETON)
Twiki HIG-22-007 => Forum PubTalk HIG-22-007 =»
Data,Samples DataSet: Run2  Samples: not set Conference
Target Date PreApp 02/08/2022 Target Date PhysApp 03/03/2023
Talks Pre-Approval Talk » | Approval Talk » Actions Not in Edit Mode
Related Analyses  HIG-21-021 Related CMS Notes  AN-2020/213 | AN-2021/058
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Recently initiated analyses

e Top quark mass measurement

(@)

Independently promoted
m  More challenges, to set up the FW
m  Method has been validated using
simulated samples (Farbod
Naderpour, MSc thesis, 2023)

® T[tbar cross section calculation

o

BSc student is being trained (Nazanin
Zahra Norouzi)

Also a MSc student is taking part
(Shahrzad Barzegar Mirzaei)

Top Mass and Properties meeting
Monday 11 Mar 2024,14:00 ~ 16:00 Europe/Zurich

Q Zoom (CERN)

A Brent Yates (ohio State University (US)), Hartmut Stadie (Hamburg University (DE)

Description  Working meeting of the top mass and properties subgroup.
https://twiki.cern.ch/twiki/bin/view/CMS/TOPMassProperties

The meeting is zoom-only until further notice

Videocanference 8" Top Mass and Properties meeting (HS) v
:;;;; - 1410 News O10m
Speakers: Brent Yates (0hio State University (US)), Hartmut Stadie (Hamburg University (DE)

tmp_byates_3-11-24...

LLALY - 1430 Top quark mass measurement using leptonic observables O2m 3 Minutes @ v
Speaker: Maryam Zeinali (1sfahan University of Technology (IR))

TMP_FirstStatusRe...
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