Measurements of the top-quark mass from boosted jets at CMS

Alexander Paasch on behalf of the CMS Collaboration

Universitat Hamburg

20.07.2024, ICHEP 2024, Prague

GEFORDERT VOM

UH CMS. FSP CMS CLUSTER OF EXCELLENCE 4 | et

iti und Forschung

2V Universitit Hamb Erforschung von
DER FORSCHUN(?IIVDeEIrQSLIEHiE | D?RTILDL:J:E f— Universum und Materie QU A N T U N\ U N IV E R S E




How to measure m,,,?
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Top quark mass from boosted tops

» Most precise single measurement of My,

CMS, EPJC 83, 963, 2023

e Profile likelihood in Z+jets channel from tt

= (.37 GeV

> EXxplore boosted regime
CMS, EPJC 83, 560, 2023

 Reconstruct top quark in single jet

o Extract my,, from jet mass

= (.84 GeV

- Compact Muon Solenoid



https://cds.cern.ch/record/2890557
https://link.springer.com/article/10.1140/epjc/s10052-023-12050-4
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>

Profile likelihood fit to measure m1,

CMS, EPJC 83, 963, 2023

Most precise m measurement so far

Performed in the £+jets channel: = 1 electron or muon, > 4 jets, > 2 b-jets

Construct m,~° from three jets

Kinematic fit to tt hypothesis

e Constrain myy; and mass system
* Select events with

P,or = exp(—y*/2) > 0.2
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Profile likelihood approach to measure 1,

CMS, EPJC 83, 963, 2023

> mto “ from minimizing a negative log-likelihood

> Systematic uncertainties included via nuisance parameters
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Why m,,, from boosted top quarks?

~ Compact Muon Solenoid
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s > m,,,, predominantly at threshold production
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Well-defined m,,, with large-radius jets

» Compare measurement to well-defined field theory parameter

MC

» No additional uncertainty from Mo,

MSR*

— Mgy

» Phase-space of theory and experiment different

e Calculations only at pr > 750 GeV

e Experimental only at p > 400 GeV

*still extract m

> Longer-term Target:

Define common phase space

Alexander Paasch

MC
top

UH

t# <

C | g
y S

2

§

o

M > 2
/ c

\ 5

\ ]

Y 3

-1

N \ E

\ Q9

(¢}

* low-scale short-distance mass scheme
O

N

a8

A. H. Hoang et al., Phys.Rev.D 100, 2019, 7, 074021

0.3
I | I | | | | | | | | | I I | | |
i pp — tt, pr =750 GeV ]
— _ Zcut — 001, ﬁ =2 -
> R=1, py*=200GeV -
S 0'2__ — — — Pythia 8.2, Hadronic =
S | my- = 173.1 GeV _
S f —— Hadronic Factorization -
b T , , mR =172.85 GeV -
S 0.1 ’
s : : (Q.‘f’q, x7) = (1.7 GeV, 0.5) |
= : : ]
.  fitrange . =080 =——====-
O. | : | | | | | | I | | | | | | | | |
170 175 180 185
M ;[GeV]

Top quark mass from boosted tops




Measure the differential cross section 54

CMS, EPJC 83, 560, 2023

Aiming for £ + jets channel of tt events b i

» Use leptonic decay as a tag for tt events q O ”

» Exactly one lepton (¢ or ¢)

Q|
S

Alexander Paasch Top quark mass from boosted tops 7
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Measure the differential cross section _ 4

CMS, EPJC 83, 560, 2023

Aiming for £ + jets channel of tt events -
» Use leptonic decay as a tag for tt events q ¢ O :
» Exactly one lepton (i or e) 7 v "

Select boosted top quarks
> pT, hadjet > 4()() GeV

Suppress unmerged top quark decays

> Mpadiet = Miepijet+¢

Top quark mass from boosted tops

Alexander Paasch
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Measure the differential cross section

CMS, EPJC 83, 560, 2023

Aiming for £ + jets channel of tt events

» Use leptonic decay as a tag for tt events

» Exactly one lepton (¢ or ¢)

Select boosted top quarks
> pT, hadjet > 4()() GeV

Suppress unmerged top quark decays =

> Mpadiet = Miepijet+¢

Alexander Paasch
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Measure the differential cross section

CMS, EPJC 83, 560, 2023

Aiming for £ + jets channel of tt events

» Use leptonic decay as a tag for tt events

» Exactly one lepton (¢ or ¢)

Select boosted top quarks
> pT, hadjet > 4()() GeV

Suppress unmerged top quark decays =

> Mpadiet = Miepijet+¢

Alexander Paasch
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Reduce dominant uncertainties
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Improved reconstruction

2-step clustering using XCone jet algorithm 1. w. stewart, et al. JHEP 2015, 72

» Significant improvement for Run 1 — Run 2

» Cluster two jets with large radius R = 1.2 (grey area)

» Rerun clustering with N = 3 to find subjets (colored area)
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Calibration of the Jet Mass Scale (JMS) Modeling of the Final State Radiation (FSR)
> Before: JMS estimated with JES » Before: Used centrally provided factors for
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https://link.springer.com/article/10.1140/epjc/s10052-023-11587-8

Unfolding and extraction of m1,

CMS, EPJC 83, 560, 2023

» Extract m,, from unfolded normalized distribution

Mion =

173.06 £ 0.84 GeV

> Significantly reduced main uncertainties

Source Uncertainty [GeV]
Statistical uncertainty 0.22
Experimental uncertainty 0.57
JER 0.40
JMS 0.27
JMS flavour 0.27
JES 0.10
Model uncertainty 0.48
Choice of myep 0.37
CR 0.19
hdamp 0.19
FSR 0.02
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https://link.springer.com/article/10.1140/epjc/s10052-023-11587-8

Summary & Outlook

CMS-TOP-23-003, submitted to PR

In boosted regime Am,, = 9.0 — 0.34 GeV

Adopted from CMS-TOP-23-003

8 TeV (19.7 b
m, =170.8 = 9.0 GeV

Eur. Phys. J. C 77 (2017) 467

13 TeV (35.9 fb™)
m, =172.6 = 2.5 GeV
Phys. Rev. Lett. 124 (2020) 202001

13 TeV (138 fb™)
m, = 173.06 = 0.84 GeV
Eur. Phys. J. C 83 (2023) 560

13 TeV (36.3 fb™") profiled

m, =171.77 = 0.37 GeV ®

Eur. Phys. J. C 83 (2023) 963

e Stat. uncertainty

® Total uncertainty

Statistical .Experimental

. Model Theory

p_ threshold [GeV]
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> Further improvements ongoing

o Reduce unfolding dependency to My,

e Optimize high-py reconstruction

. i3

! s

S

°2

5

C M S\ 3
/¢

 E

V-

/5
C

\ £

N o

CMS

Projection

> & B

Projection

Run 2 measurement (138 fb™')
Projection for Run 2+ Run 3 (300 fb™") -

Projection for HL-LHC (3000 fb™")

10
Integrated luminosity [fb™]

00

12



https://cds.cern.ch/record/2890557
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