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All results at: http:/cern.ch/go/pNj7

Despite its success, the SM has unresolved problems (hierarchy problem,
n masses, DM, dark energy, etc.)

M. Gallinaro - "LFU tests and searches for cLFV at CMS" - NuFact2021 - Sept. 2021 2



Lepton Flavour Universality

A Theory predicts that the different charged leptons - the electron,
muon and tau - have identical electroweak interaction strengths

A Measurements have shown a wide range of particle decays are
consistent with lepton universality

ARl epton universalityo is a prin
stress by recent measurements

A Very active field in light of flavour anomalies B
i LFU involving e/nit ratios, etc.
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Flavor anomalies

arxXiv:2103.11769, arXiv:2103.16558, PRL 126(2021)14801

Recent hints for breaking of LFU
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Angular distributions: B° decays

arxiv:1710.02846

A B° K*mmdecay as FCNC process
I highly suppressed in SM
I small theoretical uncertainties

A Angular analysis to determine P, and
P §parameters vs nminvariant mass

A BSM effects may modify decay
properties .
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Particle Flow event reconstruction

AParticle Flow (PF) combines information from all subdetectors to
reconstruct particles produced in the collision
I charged hadrons, neutral hadrons, photons, muons, electrons
I use complementary info. from separate detectors to improve performance
I tracks to improve calorimeter measurements

AFrom list of particles, can construct higher-level objects
I Jets, b-jets, taus, isolated leptons and photons, MET, etc.

TH HCAL

Clusters
ﬂ[] detector > ;
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Tau lepton identification

From first identification of hadronic tau decays to precise measurements

JINST 13(2018)10

VOLUME 79, NUMBER 19 PHYSICAL REVIEW LETTERS 10 NOVEMBER 1997

w §' ) The g7 and e7 Decays of Top Quark Pairs Produced in pp Collisions at /s =1.8 TeV

o.a [ i ® After Tau-Id 120 ? G) — + Monojet data -
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E | 8ol ]

E —‘L' —?—4%* < o + Y QCD jet background | 4 ttbar

e *‘%““f_ gt : ] :> didat

e T T _. candidate

- 7+ fake rate ~0.3% \ \ events
2021 T TR el S

AParticle Flow (PF) combines information from all subdetectors to
reconstruct particles produced in the collision
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Tau lepton identification (cont.)

CMS-TAU-20-001
AHadronic tau (t,) reconstruction and identification using a DNN
Alsolation cone and signal cone

I narrow jet with few tracks

I leptonic tau decays similar to prompt leptons (lepton p+ is softer)

I inputs from all reconstructed particles near the tau candidate
AValidated with data

t-jet cone

AThe combined scale factor uncertainty

T-jet axis
Y

-------- signal cone contribution

—— isolation contribution
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W branching fractions

CMS-SMP-18-011

APrecise measurement of the W boson BRs ” I, q
(electrons, muons, taus) . v, q
{ ——
b
AMost precise determination of B(W  In) from
LEP has 2.6s deviation from LFU
R 2BW — 7o) 1.066 == 0.025
T/‘g_B(W—>eﬁe)+l’>’(\e‘\i’—>;,¢vu) - '
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W branching fractions (Cont.)

CMS-SMP-18-011 :
APrecise measurement of the W boson BRs =

(electrons, muons, taus) e
I use events with WW and W+jets 2
I many more Ws than at LEP

I exploit p; to distinguish prompt leptons and leptons
from t decays

I maximum likelihood simultaneous fitting of templates to 0
data in several categories

AHadronic width of the W boson depends on

several free parameters

AExtract V. and ag(my?) ol

B(W — h) fis(m) .

1 2.0604+0.021 "

1— B(W — h) (* _(Z 3

= (dsb)

M. Gallinaro - "LFU tests and searches for cLFV at CMS" - NuFact2021 - Sept. 2021 | 10



W branching fractions (cont.)

arXiv:2007.14040, CMS-SMP-18-011

- : CMS LEP
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2 T
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Probing the Wtb vertex

JHEP 02(2020)191

Top quark decays: dileptons with taus

I, q
A cross section measurement including ts @ _

Alncludes only 31 generation quarks/leptons ~ vV, g
A Syst unc: tauld, fakes { —

Channel Signature BR b
Dilepton(e/m) | ee,mnem+ 2b-jets 4/81 o | ss9n' 3Ty
Single lepton | e,m+ jets + 2b-jets 24/81 E 9ok +Data I

- tt bb I

All-hadronic | jets + 2b-jets 36/81 P 335 Ett::t:;: E

Tau dilepton | et, mt+2 b-jets 4/81 § cok Ei\if“g}e tquark 3

L - +jets E

Tau+jets t + jets + 2b-jets 12/81 S0 BDrell-Yan 3
40; |_|Dibosons

B Multijet
Uncertainty

Alf top quark plays special role in EWK symmetry
breaking, couplings to W may change

ACharged Higgs may alter coupling to W

o
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__ Charged Higgs: H*Y tn

MSSM: coupling to taus large for high tanb

: . p b
A Production mechanism depends on H* mass
i Final states: t+jets, I+t, [+0t -- Hf
t

I 36 categories: incl. #jets, polarization R=p.(tk)/p(tau) P

A Cross section limits: 6pb to 5fb (80-3000 GeV)
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Charged Higgs: VBF

A Search for H* bosons produced in VBF
processes

A Use leptonic final states (e,m

A Combination of methods based on
simulation and CRs in data used to
estimate backgrounds

Set constraints on H* and H** production

To
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Rare decays: tY 3m

A LFV processes can occur via neutrino mixing

JHEP 01(2021)163
33.2 1" 13 TeV

. E’ 5_CMIS '!I ;3:. 'éa'rrlell - '_
A Lepton flavour violating decay: tY 3m O T
i Very rare process, BR~1019 108 g 4
i Worl doés bests(Bele)mi 2.1x1Q ;
A Search performed in 2016 data i _:
I Tau leptons produced in W and HF hadron decays Ot e
I 2/3 low-pr muons trigger m(3y) [GeV]
T Select 3mcandidates > aF T 'S?E'fb'1'3'T?\-{
. _ _ S CMS Category A1
i BDT for signal (MC) & bkg (sidebands) separation o zi e a0
A No evidence for a tY 3mdecay signal found £ o

A Set upper limit;
S Ay a— :

B(t — 3u) < 8.0(6.9) x 1078
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Higgs boson couplings

JHEP 01(2021)148

A Higgs boson coupling to fermions and quarks
I First evidence of coupling to 2nd gen fermions |
35.9-137fb (13 TeV)

" Y /. ES= | T T T T T T T T T T TrIrrr T
% r ; -Sgiiss 3 : T —\ = t -3
?é ; ; ér :A \\ \ - "‘ g

- CMS Supplementary wZ .-
X »
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b .o
- T ,f"
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s &

L .*

B P“ : . n..
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- * .

E j-l- "' t . .n.

F .-

~» “ 4 ll o
: 10}
A Signal strength wrt SM: s e = .
=B 3 S A T I I
= 1.19 T5730 (staj:)Jr o7 (s st) 2 | * i . JH.
= —0.40 0.16 \BY e M T

particle mass (GeV)

A obs.(exp.) significance: 3.0(2.5)s couplings in agreement w/SM
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LFV In Higgs decays

arXiv:1911.10267, arXiv:2105.03007

ASome BSM models allow for LFV Higgs decays

ASearch forH Y g, em nt final states Observed (expected) Best fit branching  Yukawa coupling
_ upper limits (%) fractions (%) constraints

I Nje; to target ggH and VBF production H - ut <0.15 (0.15) 0.00 £ 0.07 < 1.11(1.10)x10~3

i Categories: N, lepton kinematics H — et <0.22 (0.16) 0.08 & 0.08 < 1.35(1.14)x1073

AMain background from DY, ttbar, WW t No significant deviation found
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S016E _ 125 I EW W/Z B Diboson ¥ 0o 045 L] % Median expected
Do.14E [IW+jets/QCD  EHISMH - [ ]W+jets/QCD [ISMH b 20t | B 68% expected |
L 3 — H—pt (B=20%)[ | Bkg. unc. 3 > 10° — H—et (B=20%)[ ] Bkg. unc. 0.50 (0.49)% s [ ] 95% expected
0.12E = 4 049p% | _
01E E 10 wr , VBF
E 3 0.39 (0.30)% ] |
0.08 E_ _E pe, 0 Jets B
0.06 = = 0.31 (0.34)% I
0.04F = et [ ]
0.02 E— —f 0.36 (0.57)% .
- = b, 2 Jets B N
. 0 0.77 (1.13)% 4
Q’ 1.5 pt_, VBF B - N
-..LLI._: 1k '+“--"‘“"+ . .- ,...—9—9—_._+—¢-++—Q—’w+ 058 (0.83)%
ut
8 05k i 0.15 (0.15)% i ‘ | | |
O " N N . - _1I = Ib — 1 == ‘2 = ‘3 = I4 — 5
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LFV decays - constraints

arXiv:1911.10267, arXiv:2105.03007

Limits set on off-diagonal Yukawa coupling terms, Y

CMS 137 fb™ (13 TeV) CMS 137 fb" (13 TeV)

=~ [}
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arXiv:2106.14246, CMS-SUS-21-001, JHEP02(2020)015

Several tests in SUSY related searches
A Study processes with leptons in final states

A Different couplings may enhance specific
flavour production

Search for chargino-neutralino production

A Flavour-democratic scenario: chargino-
neutralino decays mediated by LH-sleptons

t-enriched-scenario: chargino couples to RH
sleptons, neutralino to LH sleptons

Stau lepton

A Early universe stau-neutralino coannihilation
provides mechanism explaining DM relic
density, motivates stau as NLSP leading
enhancement of t leptons in final state

Top squark search in ditau final state

A High-tanb and higgsino-like scenario, the
chargino mostly decays to t leptons
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SUSY and LQs

A SUSY searches for pair produced squarks
I For M(c)=0: same final state asLQ gn

PRD 98(2018)032005

~0
X1
A Reinterpretation in LQ models
. . .. 0
A Signal acceptance is similar ¥
A Interpretation in scalar and vector scenarios
[ Exclude M, o<1TeV(scalar) and <1.8 TeV (vector)
-1
10* MS| S A L) o MS| | 358 fb’ (13 TeV o EMS 35.9 fo” (13 TeV)
E f T T T T T T T T T T T T T ; it T I T T T T I T T T I T T T T I T T %
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— 10 . -la LQ = | Eeo] -LlQ,lQ, ;. 4. |
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Leptoquarks

A Why are matter particles separated? g

b l
I LQs possible explanation to LU anomalies m/ .
I LQs as missing link btw leptons and quarks
I LQs favor couplings to heavy fermions LQ
LQ
g

A Search for LQ coupled to 3" gen fermions
i consider LQs(LQv): L Q Ytt(tn) or L QY b (bt)
I Fully hadronic final state: top (resolved or boosted), t, b
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Long-lived heavy neutral leptons

CMS-EX0-20-009 _
HNL can be produced through mixing with SM ns Lepton Flavor Violation

I HNLs could explain small neutrino masses or be DM cand.
HNL may be long-lived

I for small values of HNL mass (<20 GeV) and HNL-SM
neutrino mixing parameter

Search for 3-lepton events (e, m
I 2 with displaced vertex+1 prompt

137 fb ' (13 TeV)
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Heavy resonances & QBHS

CMS-EXO-19-014

A Search for resonances and
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Summary

A Lepton Flavour Universality measurements in tension with SM

A Current results at CMS indicate LFU holds within uncertainties
I rare decays, W boson, Top quark, Higgs boson, BSM searches, etc

A Towards precise measurements and rare processes &
A Plenty of data: 137 fb1Y 306Yf BOOD f L[
A LHC Run3 is about to start (2022+)
A HL-LHC a few years away (2027+) with improved detectors

CERN/FIS-PAR/0025/2019

9 REPUBLICA
T h an k yO u I ? PORTUGUESA
FCT =%

Simplicity if the essence of universality T M. Gandhi
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B-physics parked data sample

A As luminosity drops, turn on various seeds to keep L1 rate
constant, increase HLT rate towards end of fill, tune thresholds
A Stored ~10%° Bs on disk in 2018

A Trigger strategy optimized to maximize # of B hadrons

A Significantly enhances B-physics potential in CMS and be
competitive in several measurements not possible before

A Unique opportunity to test several flavour anomalies

CMS Preliminary (13 TeV, 2018)
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