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The S

» SM confirmed by the data...so far

» Good agreement over 10 orders
of magnitude

» Despite its success, the SM has
unresolved problems (hierarchy
problem, neutrino masses, DM,

dark energy, etc
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Overview of CMS cross section results

18 pb~1 - 138 fb~1 (7,8,13,13.6 TeV)
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Lepton flavors

> In the SM, leptons of different flavours have identical properties
(except for their mass)
» The leptons coupling to gauge boson are flavour-independent
» The lepton flavour symmetries in the Standard Model are
accidental
» Testing them is a very sensitive to theories beyond the SM
» Neutral lepton flavour is violated through neutrino oscillations
» No charged LFV process observed yet
» Measurements at the LHCb exhibit anomalous B—K* transitions
> hints for lepton flavor universality violation
» Some symmetries of interest
> Lepton Flavour Universality (LFU)
» Lepton Flavour Violation (LFV)
» Lepton Number Violation (LNV)

neutrino oscillation

transition among

charged-leptons ??




Measurements of the W branching fractions

> Precise measurement of the W boson leptonic branching
fractions would be a test of lepton universality
» Precise measurements of B(W—lv) from LEP has 2.60
deviation from LFU (PR 532, 119-244 (2013))
» Agreement between W — e v and W — p v branching

fractions, but W — 1 v is above the average

2BW — 1v,)

B(W — e?,) + B(W — uv,)

= 1.066 = 0.025

RT/E ~

W Leptonic Branching Ratios

OPAL 10.52 + 0.37
LEP W—ev ' 10.62 + 0.20

11.05 £ 0.32

OPAL 5 10.56 + 0.35
LEP W—-pnv '

10.60 + 0.18

OPAL 10.69 + 0.49
LEP W—o1v : 11.07 + 0.25

LEP W—lv

[161-202] GeV :
[161-202] GeV """ " T T T OT

10 1 12

10.74 + 0.10

Br(W-lv) [%]




W branching fractions 13 TeV (139/fb)

> Precise measurement of the the ratio of the rate decay of W

bosons to 1-leptons and muons
R(t/u) = B(W — 1v)/B(W — uv)

» tt dilepton events are selected using tag and probe approach
» One of the W decays is selected through the muon or
electron decay (tag lepton);
» Second W decays is selected through the muon (probed
lepton)
» The analysis focuses on the leptonic T decay
» Muons from intermediate 1-leptons are distinguished from
prompt muons by their different p, and different transverse
impact parameter (|d¥; | )
> |dvy | is the distance of closest approach of a track to the beam-

line
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W branching fractions Nature Physics volume 17, 813 (2021)

» To extract R(1 /u) a 2-D fit is performed in the probe muon pt and |d¥ |

» Many systematic uncertainties cancelled in the ratio measurements

» A precision two times better than LEP is achieved

» The Standard Model survives this stringent test of Lepton Flavour Universality!

R(r/u) = 0.992 + 0.013 [+£0.007 (stat) = 0.011 (syst)].

(s =13 TeV, 139 b’

ATLAS —a— LEP (Phys.Rept. 532 119)

y ATLAS - this result
Vs =13 TeV, 139 fb Statistical Uncertainty

[ | Systematic Uncertainty
—e— T otal Uncertainty

ATLAS - this result
Statistical Uncert.

oameses | EESymatc ncen . 102 1.04 1.06 1.08 1.
' R(t/n)=B(W—1v)/B(W—uv)

11 1.2
B(W— IV)B(W=Iv’)




W branching fractions 13 TeV (36/fb) Phys.Rev. D 105, 072008 (2022)

N=0 | N=1 | N=2 |N=3|N>s
» Measurements of leptonic and inclusive hadronic decay branching €Th WThy | €T WTh | €Th BT

fractions of the W (+ag(m 2y) and Vj) L i

€Th KThs | €Th HTh €Th KTh

» Use tt production as primary source (tW, W are also included) s ee, ki el
> Tvs. light { driven by pr spectrum (different wrt ATLAS, uses vertex)
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W branching fractions 13 TeV (36/fb) Phys. Rev. D 105, 072008 (2022)

CMS LEP ATLAS LHCb CDF DO
1.009£0.009 0993+0.019 10030010 0.980+0.012 0991+0.012 0.886=0.121
fractions are consistent 0.994 £0.021 " 1.063 = 0.027 -

0.985+£0.020 1.070£0.026 0.9920.013
with the LFU and ATLAS 1.002+0.019  1.066 + 0.025 —

» The measured branching

measurement

» More preCise than the 359fh (13 TeV 35.9f  (13TeV)

) o CMS
LEP results CMS LFU (68%,95% CL)

] | LEP
» Extraction of the V. and 10/ ¢ LEP LFU (68% CL)

as(m 2W) w/ LFU
B(W — v) = (10.89 + 0.08)%
B(W — qq') = (67.32 + 0.23)%

(W q7)= fGFN“ 3Z\v,,|2[ Z (

+oew(@) +5mix<aas>] ,

ag(miy ) | Ves| il Vil
0.095+0.033 0967 +0.011 1.984 +0.021

0.100 0.105 0110 0.115 0120 0.125 0.130 0.135 0.140
B(W — tv)




W branching fractions from top 13 TeV (36/fb) JHEP 02 (2020) 191

> First measurement of the tt cross section with at least one 1 (hadronic)

» Selection: 1 lepton (e or y) and = 3 jets (= 1b-jet + one is identified as a T (hadronic)

» Main background coming from semi-leptonic tt decays 0 (41y,) = 781 £ 7 (stat) + 62 (syst) = 20 (lumi) pb
» Observable: my of the lepton and py™miss Ryr, so0 = 0.973 £ 0.009 (stat) £ 0.066 (syst)

P\ CEET T Mot o LT RTel i [o g Mg W= To | (CIST e ST MR LR\ N ol (CTe (Wi aW ' (t — Tv.b)/T .y = (0.1050 £ 0.0009 (stat) + 0.0071 (syst)

» The ratio of the 1l cross section to Il cross section is consistent with LFU
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LFV in Z boson decays

» Stringent direct constraints from LEP and indirect constraints on

B(Z=ep) < 1010 from low energy experiments (u=>ey)
» Many Z events produced at the LHC (8 billion Z events in 139 fb-1)

Run-1 20 fb
Run-1 20 fb-1

Run-2 36 fb-!

Run-1+Run-2 20.3+36 fb-!

10
Observed upp



https://indico.cern.ch/event/941489/attachments/2153590/3641103/120820_CERNLHCseminar_FlavourLQATLAS_TVS.pdf

LFV in Z boson decays

Search for Z LFV decays in et and yt modes
Exploit unique signal topology (11, 1t) and Z
resonance

Five neural networks trained in each channel
No significant excess over the SM background
observed

First limits for polarised (left- or right-handed) t
hypotheses

New results supersede the most stringent
constraints by LEP

13 TeV (139/fb)
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Nature Phys. 17(2021) 819
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Experiment, polarization assumption

Observed (expected) upper limit on B(Z — ¢7) [x107%]
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ATLAS Run 2, unpolarized 7
ATLAS Run 2, left-handed 7
ATLAS Run 2, right-handed 7

8.1 (8.1)
8.2 (8.6)
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9.9 (6.3)
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ATLAS Run 1, unpolarized 7 [17]

17 (26)

ATLAS Run 1+Run 2 combination,
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LFV in £ boson decays 13 TeV (139/fb) arXiv:2204.10783 aegmN

D
k7

» Search for Z LFV decays in ey modes
» Easy signature: Look for bump in ep inv. Mass distribution (70
<mg, < 110 GeV)

=
» ABDT is trained to suppress the background 8 2000E A7 A4S
» No significant excess over the SM background observed < 1800E (513 Tev, 139157 @ Data

——— Total Background

» 95% CL branching fraction limit using 7.9 x 10° Z decays S 14000

>
B(Z — ep) < 2.62 x 107 L 1200

—— Signal (hypothetical)
1000 . at limit x 20
800
Vs=13 TeV, 139 b’ 600
:.\E)OSt-.FItData BDT threshold g 400
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200
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%% Uncertainty
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1.
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Data / Fit
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LFV in top quark production and decay

> If the new physics responsible for the CLFV is at
scales beyond what the LHC can directly
probe, the SM Lagrangian can be extended
by dimension-6 operators

» Two-lepton two-quark operator with one top quark
leg conftribute to top quark production and decay
> Top quark production mode is dominant

Production Decay

Vector J Ly T'L) (@ T'q),
Vector J L") (@r*ay),
Vector / ; ')(uk’Y}luz)
Vector
Vector
Scalar

Tensor

13



TOP LFV via eu

» Search for CLFV in eu final state
» Production & decay
» Signal: CLFV vector, scalar and tensor
> BDT is used to discriminate signal from BG events
» Data consistent with SM expectation
> Upper limits are set at 95% CL

138 fb' (13 TeV)

95% CL excluded region
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0.25
C

0.15 0.2 0.3 0.35
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Exp Obs
0.14 0.13
0.06 0.07
0.27 0.25

1.49 1.31
091 0.89
8:16 .2.59

Vector
Scalar
Tensor

JHEP 06 (2022) 082

138 fb' (13 TeV)

¢+ Data
Other
twW
B it
Stat. ® syst.
eutc-Vector x 10
eutu-Vector

—_
- N
.

Pre-fit
- ©
0]

PO N

e
0]
S

o

~
©

i)
o

a

gl
(O]
S

o

£

8
©

)

Post-fit

0

.8
-04 -03 -02 -01 0 01 02 03 04 05 06

BDT discriminant

1



TOP LFV via eu

» Search for CLFV in three lepton final states
» Signal region (SR)
m ., < 150GeV top decay enriched
m ., > 150GeV top production enriched
» BDT is used to discriminate signal from BG events
» The most stringent limits are set on top LFV BRs

CMS Preliminary 138 fb" (13 TeV)

CLFV Exp+ 10 Obs
Tensor

Vector

95% CL upper limits

0.01 0.2 0.08 0.04 0.05 0.06 0.07 0.08 0.09 O0.1
C. . /A% (TeV?

eutu

13 TeV (138/fb)  CMSPASTOP224005

CLFV coupling Lorentz structure

CMS Preliminary 138 fb'' (13 TeV)
eu | ¢ Data BVvVvy)

[Jt®+X(X) [[]JNonprompt
SR m(eM) >150 GeV mwz /) Stat. ® syst.

—— CLFV (W =0.05)

Events / 0.1

02 03 04 05 06 07 08 09 1
BDT discriminant

B(t — euq) x 107°
exp (—o, +0) obs

tensor 0.019 (0.013, 0.029)
vector 0.013 (0.009, 0.020)
scalar 0.007 (0.005, 0.011)

tensor 0.209 (0.143,0.311)
vector 0.163 (0.111, 0.243)
scalar 0.087 (0.060, 0.130)
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TOP LFV via eu 13 TeV (80/fb)  ATLAS-CONF-2018-044

» Search for CLFV in final states with three isolated charged
leptons
» Decay only
» CLFV top reconstructed from two opposite sign
different-flavour leptons and a jet
» BDT is used to discriminate signal from BG events
» Data consistent with SM expectation
» Upper limits are set at 95% CL

B(t—>22'q) < 1.86(1.36)x10 obs (exp)
B(t>eunq) < 6.6(4.8)x10°®  obs (exp)

1.25

®
()
S
o
~
]
-—
1)
(]

0.75

ATLAS Preliminary ® Data [ JNon-prompt

(s=13Tev,79.8f' LIWZ  ZZ
Signal region [ Others 7/ Uncertainty
Pre-Fit — Signal --- Signal t-veto

1E

-0.6 -0.4 -0.2 . 0.4 0.6

BDT discriminant
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TOP LFV via ut 13 TeV (139/fb) ATLAS-CONF-2023-001

» First search for tqut LFV interactions

» Production & decay
» Signal region: two same sign muons and one hadronic tau ATLAS Preliminary ¢ Date [Jsignal (dec.) (JSignal {prod)
fs=13TeV, 133 10" B Fake < VWAV WX
: . : ; i cLFV T+ M Other W (TaNPy
» Control region: two opposite sign muons and one hadronic tau s b Phaary
» Data consistent with SM expectation, 95% CL limits are set

ATLAS Preliminary ¢ Data
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Uncertainty
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¢ Iq Ceq lu eu lequ lequ lequ lequ

Expected (u)
Observed (u)

Data / Pred.

Expected (¢)
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Summary

» The LHC, ATLAS and CMS, have proven to be precision tools, competitive with measurements of fundamental
parameters at LEP

» All published results agree with the LFU hypothesis
» Multiple search is done for the LFV in connection with the heavy particles accessible at the LHC (Z-boson, top
quark,...)
» No evidence of the LFV is observed

» More searches are performed with full run-2 data and will be published soon, stay tuned!




