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PART I:
MOTIVATION & SETUP
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Standard Model of Particle Physics

mass
charge

Quarks

* spin %

» 6 flavors

« forms hadrons

* spin %%
* 6 flavors

three generations of matter

forces / interaction

* spin O (scalar)
* gives mass

Gauge bosons
* spin 1 (vector)



mass
charge

Lepton flavor universality ?

three generations of matter

~ 22 MeV ~ 1.3GeV ~ 173 GeV 1Mo
+2/° +2/° +2/° |
charm top
o
[~ 4.7 MeV [~ 96 MeV (~ 42GeV ro
I/O 1/0 1/0 |
down || strange || bottom photon
J _J
~0511MeV | [~ 106 MeV ~1777GeV [~ )
@ @ : Q
electron muon tau W boson
J _J
< 1.0eV < 0.17eV < 182MeV | [~91.2Gev
@ @ @ 0
electron muon tau
 neutrino | neutrino JE neutrino JL Z boson )

gauge bosons cannot
differentiate lepton flavors

why three generations ?
why hierarchical mass pattern ?

= can “new physics” with
preferential couplings to 3™
generation explain ?

= test LFU in Nature !



The Standard Model

Flavor puzzile ?

Dark Matter ?

Gravity ?
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Lepton flavor universality tests
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R(D*) vs. R(D) anomaly

> 0.30 Rp~ = > 0.25
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R(D®™) combined 3.20 deviation

= signs of new physics violating lepton flavor universality ?


https://hflav-eos.web.cern.ch/hflav-eos/semi/fall22/html/RDsDsstar/RDRDs.html

Leptoquarks

» scalar or vector boson

» couple/decay to €q LQ

* coupling strength A,

W Vr T Vr
b C + LQ
b - C
B _—" ™~ p®
B _—* = ™D

explanation for R(D™*)) anomaly ?
LQ with stronger coupling to bt

(%)

indirect evidence
ofalLQ ?
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THE CMS DETECTOR



proton beams in both directions

LHC accelerator

collisions of 13 TeV




CMS integrated luminosity

CMS detector " —cerrvmon —mmonrwmen
5“ = 2011, 7 TeV, 6.1 fb"'  we 2017, 13 TeV, 49.8 fb !
I —— = 2012, 8 TeV, 23.3b"! === 2018, 13 TeV, 67.9 fb!
* measure particle fo T EETERASE
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— energy 2w S ‘ ‘ /. |
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* pseudorapidity n
— n = 0: “central’
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// // &/
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= trigger system
40 MHz — 1 kHz

- Run-2 data (2016-2018)
13 TeV, 138 fb-'









CMS subdetectors
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Particle signatures

Muon

Electron

Charged hadron (e.g. pion)

- — = = Neutral hadron (e.g.neutron)

Calorimeter
Hadron
Calorimeter ~ Superconducting
Solenoid Iron return yoke interspersed
with Muon chambers o
om_p  2p 3 4p  sm em  7m




Particle signhatures

electrons: chargedtrack + ECAL
muons: charged track + muon detector
hadrons: (charged track) + HCAL

quarks, gluons create jets of hadrons
— b quarks create b jets

neutrinos: missing transverse momentum

plane

transverse
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PART ll: T LEPTON



mass [~ 2.2 MeV
charge

~ 1.3GeV ~ 173 GeV
+2/3‘ +2/3‘
up charm top
~ 4.7 MeV ~ 4.2 GeV
1/3‘ 1/3‘
down bottom
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J

heaviest lepton
(m.~1.78 GeV)

= can decay to electrons,

muons, light hadrons !
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Particle signhatures: 7 lepton

64%
hadronic decay (t},)
T+ — hadrons + 1 neutrino

HCAL

ECAL

tracker

+ =+ +

™ safy, o7 +

rtr¥u,

CMS 2018,601b" (13 TeV)
ST ML L L
- + Observed -Z—>II, I—>fch E
Blz—w,he [ Electroweak
|:|Z—)t1:, h*n® -ﬁ

/8 ]z, th: [] QCD Muttijet -

wca,y*h;h*n“& Post-fit unc.
2 newtrinos '

™ = ptu. = 1tn0u,

[m, ~1.78 GeV |

0 0.5 1 1.5
reconstructed (visible) mass m(v) (GeV)



th baCkg roun d red = signal cone

blue = isolation cone

real T, jet initiated by a quark/gluon
= “j — Th fake”

= need for an efficient identification algorithm (“DeepTau”)

= exploit 7, properties: long lifetime, isolation, ...

23



7., iIdentification efficiency

« typical efficiency: 60% for 1% fake rate
« we derived corrections for simulated t,,

« measure efficiency in purified

sample using ut, events

« maximum likelihood fit of
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1.4F
1.2F

Obs./Exp.

0.6L

T;, energy scale

corrections for simulated t,, energy

| measured t,, energy scale
in events

maximum likelihood fit to m,,;, (or m,)

in bins of hadronic decay modes

h*h"h*nO

challenge due to limited statistics:

need for optimization

energy scale in MC < 2%

2000

18
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PART III:
SEARCH FOR LQ — bt



LQ — bz production at CMS B
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-016/index.html

Extracting the resonant LQ signal

g
* high-p; objects
e combinatorics

; = difficult to reconstruct

the LQ correctly

§ Observed dat discriminating variable
Serve ata

Events

SM+LQ  “resonance” !
SM

-
MET
ST

Scalar-sum
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Extracting the nonresonant LQ signal

challenging to extract
a nonres. LQ signal !
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low purity » high purity
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Event categorization
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Main backgrounds
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Jj — T, fake background estimation .

« most dominantly from QCD and W + jets

data-driven “fake factor’ method

measure fake rates in special regions of data
using different selection criteria

measure separately for 3 backgrounds:  n, — v, €

N
—~—
—QCD  — more gluons e
— W+jets — More I|gh‘t quarks application region i signal region
)|
— ttbar — more b quarks 0s A T D
qujo shape —»
% 151 d_T;"'"i_'""' _____
o = (&) © ermlnallon region
FF(p%ha ) — N(Medlum)DR < measure
N (VLoose && !'Medium)pgr SS B i C
—

VLoose && Medium Medium

Th DeepTauVSjet WP
[HIG-17-020, HIG-21-001]
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https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-17-020
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-001/
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Systematic uncertainties

* 7, modeling:
ID efficiency, energy scale, ...

« j — 1, fake estimation:
stat. & syst. fit uncertainties, corrections, ...

* theoretical uncertainties:
(N)LO pt spectrum, ug & ur scales, PDFs, ...

Vector, 1400 GeV, A =1 Vector, 2000 GeV, A =2.5

/ /| more sensitive to
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= systematics also
become important
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RESULTS

(Preliminary)



Total signal =
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Postfit S;MET distributions in 0b & 21b

constrain theoretical
systematics
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Postfit x distributions in 0j
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Combined upper limit, A = 1

138 fb' (13 TeV)
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* no significant excess over the SM observed
* scalar (vector) LQ excluded up to 1.25 (1.86) TeV for 1 = 1

Universitat Zurich, Physik-Institut, Izaak Neutelings 40



Combined upper limit, A = 2.5

138 fb' (13 TeV)
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» ~30 excess above M > 1800 TeV coming from nonresonant signal
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CMS Preliminary

LQ — bt exclusion limits of A and mass
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Reorder bins by S/ (S+B)
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CMS LQ summary
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included),
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Summary

« LQ — bt couplings are well motivated by theory

and recent experimental results like the B anomalies

* reconstruction & identification of t;, at the CMS
detector is important for physics analyses

CMS 2018, 60 fb'' 13 TeV

h:

h*n®

h*h*h*

h*n"h*n®

— derived corrections to ID efficiency & energy scale in

simulation for CMS physics analyses
— good modelling of the data can be achieved

« performed a search for LQ coupling to bt

— combined single, pair, and nonresonant
production modes for the first time

— scalar & vector
— target (b)(b)zt final state with (b) jet categories
— found excess up to 3.4¢ for a total LQ signal
* looking forward to
— publication of the full & final results
— follow-up studies
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