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Introduction

All electroweak bosons are assumed to couple to all three lepton
generations with the same strength, a property known as Lepton

Flavor Universality (LFU).

— Hence, charged-lepton flavor is basically conserved in the Standard Model.

— There is no fundamental reason for this to happen (i.e., no fundamental
symmetry preserving lepton numbers).

— In many SM extensions LFV occurs and only more general symmetries,
e.g., B - L are conserved.

— An observation of LFV in charged-lepton interactions would be an unambiguous
sigh of new physics.

Neutrino oscillations guarantee charged-lepton flavor violation via loops.
— Extremely suppressed: B(L—ey)~10-33,

However, couplings of the Higgs boson to leptons are not flavor-
universal.

— This was first shown via an evidence for H— U decays (PLB 812 (2021) 135980).

— The first clear sign of LFU violation.
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Motivation for LFV Searches

* Direct LFV processes are not allowed in the Standard Model, but are
predicted in its many extensions.

— e.g. models with heavy neutrinos, SUSY, extra U(l) symmetry, models with
more Higgs doublets.

* Higgs coupling constants are so far in accordance with Standard
Model predictions, nevertheless exotic decays are not yet excluded.

* In recent years, hints of potential LFV have been reported, e.g., in
semileptonic decays of B mesons where the bottom quark converts
into a strange quark through an intermediate W boson.

* |n addition, other hints of LFU failure have been seen in rarer
(electroweak, loop-induced) B-meson decays.

— Possible flavor anomalies reported in the b = s¢t¢- and b = c¢v transitions.

* The quest for LFV processes at the LHC is one of the key searches
for new physics.
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LHC Run 2

* The LHC has been operating at Vs = 13 TeV in 2015-2018 (Run 2).
* It delivered a dataset corresponding to about |60 fb-!.
* About 140 fb-! of physics-quality data recorded by each ATLAS &

CMS

* The ATLAS and CMS detectors has been working spectacularly with
virtually no degradation in performance over the years.

Data included from 2010-03-30 11:22 to 2018-09-10 01:13 UTC
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Lepton Flavor Universality in W Decays

* The W=1tv branching fraction is measured consistently higher w.r.t.
the W—ev or W— v branching fractions in all four LEP
experiments.

— Combined result: Rvp=1.070 £ 0.026, 2.70 from unity.

— Possible hint of lepton non-universality or statistical fluctuation?
W Leptonic Branching Ratios

ALEPH 8+ 0.29
DELPHI 10.55 = 0.34 Lepton Lepton
L3 10.78 = 0.32 non—universality universality
OPAL 10.71 = 0.27 Exporiment | BOW > @7.) | BOW = #7.) | BOW = 77.) | BOW = hadrons)
— eV, — — TV, —
LEP W—>ev 1071 - 016 Xperimen ev [Ll/# TV adrons
(%] (%] (%] (%]
ALEPH 10.87 = 0.26
DELPHI 10.65 = 0.27 ALEPH 10.78 =0.29 | 10.87+0.26 | 11.25+£0.38 67.13 +0.40
L 10.03 = 0.31
OPAL o 0os DELPHI | 10554034 | 10.65+0.27 | 11464043 | 67.45+0.48
LEP W—spv . 10.63 + 0.15 L3 10.78 = 0.32 | 10.03+0.31 | 11.89 £ 0.45 67.50 = 0.52
ALEPH o 11.25 + 0.38 OPAL 10.71+0.27 | 10.78 = 0.26 | 11.14 £ 0.31 67.41 +0.44
DELPHI —m— 11.46 = 0.43 LEP 10.71+£0.16 | 10.63+£0.15 | 11.38£0.21 67.41 +0.27
L3 —a— 11.89 = 0.45
OPAL L 11.14 = 0.31 x?/dof 6.3/9 15.4/11
LEP W—tv ° 11.38 + 0.21
x?Indf=6.3/9

LEPW—lv ¢  10.86= 0.09 ADLO: Phys. Rep. 532 (2013) 119

¥2Indf = 15.4 /11

10 11 12
Br(W—lv) [%]
Norbert Neumeister - Purdue University BLV2022



https://www.sciencedirect.com/science/article/pii/S0370157313002706
https://www.sciencedirect.com/science/article/abs/pii/S0370157313002706

Test of LFU in W Decays (ATLAS)

* Large samples of muonic W decays in tt events, either prompt or via a T lepton,
made it possible for a precision test of the LEP result.

* Measure Ryy = B(W—=1v)/[B(W— uvy).

— Tag one top quark leptonic (e/[) decay and look on the other side, utilizing the probe
muon pt and impact parameter to distinguish prompt and non-prompt events.

— Muons from W bosons are distinguished from those originating from an intermediate
T-lepton by using the lifetime of the T-lepton, the muon transverse impact parameter,
and differences in the muon transverse momentum spectra.

— Main backgrounds Z—pu with lost i and and non-WV probe 1 events.
— Fit impact parameter spectra in different pt(lt) bins.

* Result: RT/H 0.992 + O OI 3,in good agreement W|th LFU

SE— | L I B
ATLAS ¢ Data E LEP (Phys.Rept. 532 119)
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Test of LFU in W Decays (CMS)

* Inclusive analysis targeting simultaneous extraction of 8 = {f, By, Br,
Bn} W boson branching fractions, using both leptonic and hadronic T
lepton decays.

* Events with one or two W bosons produced are collected using
single-charged-lepton triggers that require at least one prompt
electron or muon with large transverse momentum.

— Search includes WW, WHijets, tW, and tt production.

W boson leptonic branching fractions are determined using a

binned maximum likelihood fit of events in multiple categories.

— Events categorized based on lepton flavor (muon, electron, or hadronic 1), jet
multiplicity, and b-tagged jet multiplicity.

— Simultaneous fit of all categories and the distribution of a single kinematic
variable within each category.

* Uses kinematic information in dilepton events to separate leptons
coming directly from the W boson decay from those coming from

the intermediate T lepton decays.
Norbert Neumeister - Purdue University BLV2022 8



Events / GeV

Test of LFU in W Decays (CMS)

Fit of the pt(T) distribution in the e, ety and Ty categories.

Both leptonic and hadronic branching fractions measured.

Hadronic branching fractions reported with and without assuming

I i li
epton universa Ity.
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Test of LFU in W Decays (CMS)

* Results are consistent with both LFU and ATLAS results, and are
complementary to ATLAS via the inclusion of the electron channel.

* Uncertainties are comparable to or smaller than LEP.

* Sensitivity to hadronic decays allow to test the CKM matrix unitarity
and extract the poorly measured |Vc| element with a precision
rivaling the world average.

* Constrain the CKM matrix parameters and the strong coupling constant:
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LFV Searches in Z Decays

* By now ATLAS and CMS each has collected 2.5 orders of magnitude
more (~10!9) Z bosons than all four LEP experiments (~2x107).

— Explore LFV in Z boson decays with unprecedented precision,
particularly for the LFV couplings involving third-generation
leptons.

— Previous best direct limits on the pe decay were set by LEP at
1.7 x 10-6¢ @95% CL and the LHC at 7.5 x 107 @95% CL.

— Previous best limits on the Te and T decays were set by LEP at
9.8 x 10-¢and 1.2 x 10-5@95% CL, respectively.

* Challenging new ATLAS search for Z = pe and Z — te and T
using the hadronic T decay channel.

ATLAS: Nature Phys. 17 (2021) 819
ATLAS: arXiv:2204.10783v |

ATLAS: PRL 127 (2021) 271801
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LFV Searches in Z Decays (ATLAS)

veto on b-quark-tagged jets to enhance the signal selection.

background fit.

An upper limit of B(Z—ep) < 2.62 x 107 is set at 95% CL.

ATLAS search for Z— e uses a boosted decision tree (BDT) and a

B(Z—ep) is extracted using a maximum-likelihood signal-plus-

— a significant improvement on the previous LHC limit, and the most stringent

direct result yet reported.
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LFV Searches in Z Decays W|th T Leptons

* Only events with a T lepton
that decays hadronically are
considered.

* Main backgrounds come from
Z— T T, and W vtjet.

— Neural network (NN) classifiers
are used for optimal discrimination
of signal from background.

e B(Z —er)<8.1 x107¢and
B(Z —ur) <9.5x107¢.

— These results supersede the
most stringent ones set by the
LEP experiments.

— Limits and are statistics limited
and will keep improving with
increasing luminosity.

Norbert Neumeister - Purdue University
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LFV Searches in Z Decays with T Leptons

* Adding leptonic tau decays.
e First search at the LHC for Z—= /1, in the ety and UTe channels.

— Channels are further split into a high-and low-p1(?) signal regions.

— The main irreducible Z—1t,1s background is suppressed via a NN based on
lepton kinematic variables.
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LFV Searches in Z Decays with T Leptons

* The addition of leptonically decaying T-leptons significantly improves
the sensitivity reach for Z— 0t decays.

e The Z— £t branching fractions are constrained in this analysis to
B(Z—e1)<7.0%x107¢ and B(Z— u1)<7.2%x107¢ at 95% confidence
level.

* The combination with previously published analyses provides the
most stringent limits on these LFV Z boson decay to date:

o

— - o) . o

— B(Z£—e1)<5.0%107¢ and B(Z— U1)<6.5%|0~¢at 95% confidence level. =
(@

Observed (expected) upper limit on B(Z — £7) [x107°] ~
Final state, polarization assumption et Ut ol
o

{Thad Run 1 + Run 2, unpolarized t 8.1(8.1) 9.5 (6.1) d
{Thad Run 2, left-handed 7 8.2 (8.6) 9.5 (6.7) I~
{Thad Run 2, right-handed 7 7.8 (7.6) 10 (5.8) (@]
{1, Run 2, unpolarized t 7.0 (8.9) 7.2 (10) 1
{1y Run 2, left-handed T 5.9 (7.5) 5.7 (8.5) g
{1 Run 2, right-handed 7 8.4 (11) 9.8 (13) .
(V9]
Combined ¢7 Run 1 + Run 2, unpolarized 7 5.0 (6.0) 6.5(5.3) <
Combined €7 Run 2, left-handed 7 4.5(5.7) 5.6 (5.3) I—_J
Combined ¢t Run 2, right-handed 7 5.4 (6.2) 7.7 (5.3) <
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LFV in Higgs Decays

* The Higgs boson is the only known fundamental particle with non-
universal lepton flavor couplings.

* The LFV decays H—el, H—eT, or H—= T are forbidden in the SM,
but take place through the LFV Yukawa couplings Y., Y. or Y ..

— Interesting to look for LFV decays in this sector, which is predicted in a variety
of new physics models.

3 Famas T =13 Tov, 130 15" 3
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. o T RN A ST
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ATLAS: PLB 801 (2020) 1352148
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LFV Search in Higgs Decays

CMS 137 fo™ (13 TeV)

H — et BDT fit
et,, 1Jet e Observed
X Median expected

"
channels, depending on the T lepton decay o W e omeced
0.78 (0.55)% B® [ 95% expected

xe

.

l

* The CMS search proceeds in 6 different potes

mOde (Te, Tl,l, Th)- 8537\/(!(3)25)% i

* Production mode is categorized according to vizosu |
0!;6(053)%

the number of jets (0, I, 2), and the 2-jet o [ |

category is split into the VBF-like and the other. == .=

0.42(0.86)%

et
0.22 (0.16)% *

 Signal is enhanced via a BDT that uses R S T

95% CL limit on B(H— et1) %

kinematic properties of the leptons and Ty, the ows iy
collinear, visible, and transverse masses. ooz | '. HowrETi
040 (0.43)% | X Mt-‘idiaelr; e:gicte(_i
* The dominant Z— Tt background is estimated S| E o5 ogened |
using the "embedding" technique based on oo | : |
Z— [ events in data with the muon footprints = | g 1
being replaced with simulated T decays. | |
. . “O‘C‘ES‘SV(?)ZS)% .
Observed (expected) Best fit branching Yukawa coupling

upper limits (%) fractions (%) constraints “01115 (015)% i
H—ur <0.15 (0.15) 0.00 = 0.07 <1.11(1.10) x 1073 g g
H — et <0.22 (0.16) 0.08 +0.08 <1.35(1.14) x 1073 95% CL limit on B(H— put) %
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LFV Search in Higgs Decays

* The results on LFV Higgs decays are interpreted in terms of non-
diagonal Yukawa couplings and compared to other LFV searches

(T 2y, T 30,1 ey, = 3e).

CMS 137 o' (13 TeV)

137 o' (13 TeV)

e

> 107" > 10"

10_2§
10°° o X% 10 R — N o
% s R V7
< : 4 | [ SR gé'
i g §_
—4 v y )
Né 1 1074 m -
; =7 % : NS 2
: "‘;é § g 2‘0
-5 Lol T ol CAAAAA §'3 ) v

1010_5 10_4 10_3 10_2 10_1 10—5 Ll 297 il

Y| 10°  10* 10° 102 10
e Y.l

CMS: Phys. Rev. D 104 (2021) 032013

Norbert Neumeister - Purdue University BLV2022


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032013

Search for LFV in T3 Decay

332" 13 TeV
* The present best limit was obtained by the Belle3 foys™ RN
[ ¢ Data ]
experlment. 2 £ Signal (Bx > 3) = 107) ]
_ o *3 —— Background-only fit
B(tT—3u) <2.1x10-8 @90% CL. 8 4 _:
— At the LHC, LHCb set a limit of 4.6x 108 using T o 1
leptons from B/D¢ meson decays. ) :
— ATLAS set a limit of 38% 1078 using W—1v decays. Cf < 4__,
. . 17 18 1.9 2
* A new analysis from CMS combines the W m(3y) [GeV]
33.2f"' 13 TeV
boson and heavy-flavor hadron decay channels 3 “Tems | Endomp
. . o o o p 12 § Data 7
to maximize the sensitivity. 20 Signal (Bl 3= 10°) ]
) —— Background-only fit
* The analysis uses a boosted decision tree (BDT) & s :
L
to better separate signal from background. 6 } ]
4 3
* TheW channel is normalized through the ) l } l ' } I },
inclusive W cross section measurement. LD e e e
m(3u) [GeV]

CMS: JHEP 01 (2021) 163
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Events / 10 MeV

Search for LFV in T=3u Decay

o The HF channel utilizes the decay Ds— ¢pt— it to normalize the
signal yield.

* Set the limit at 8.0%10-8 @90% CL. in the combination of the two
channels, dominated by the heavy-flavor channel (2:1).

* Finalizing the full Run 2 data analyses with an even more optimized
selection, expected to approach Belle sensitivity.

x10° 332" 13 TeV 332fb 13TeV > g '31_32_fb'1_3'T<'e\{ - . '31'%2'fb'1‘3'T<'aV
40FT T T 1 > L B B B K - = [ ]
E CMs 12 “Fems caogory s 1 2| F CMS category 1§ 2 30F CMS Category 01 3
35F 12 35t 3 Dt 1o % § Daa 1o .t § Dam :
E_ $ Data _E — E Signal (B(t — 3u) = 107) ] : 14:— -------- Signal (B(t — 3yu) = 107) —: : 25 0 e Signal (B(tr — 3u) = 107) ]
30F — Tota 15 SOF — Background-only fit 1 e ; —— Background-only fit ® : —— Background-only fit
ogE D" and Dj 1€ c 12:_ T
F -~ Background 19 2 ok o
| m : w
8
of
g 4
3 : ¥ 5 o F :
T P - ] L IR A A P O P Lo, P TN R
055 TR 2 S i A - R e N AN - R S I A I S I 2
m(upr) [GeV] m(3u) [GeV] m(3u) [GeV] m(3u) [GeV]

CMS: JHEP 01 (2021) 163
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LFV in Top Quark Decays (ATLAS)

* Test of the universality of T and [ lepton couplings in W-boson
decays from tt events with the ATLAS detector.

* One could look for charged LFV in top quark decays
t270q( =e |, T;q=uc).

— Can be described via dim-6 EFT

— Indirect limits on B(t —epu/c) ~4%0-3

* Use top quark pair production with one top quark decaying into
bW —b/v and the other via LFV, leading to a clean trilepton final
state.

* Main backgrounds come from non-prompt leptons,WZ,and ZZ.

— Use BDT built with a set of |3 input variables (the kinematic variables and
various invariant masses) to suppress the background.

ATLAS-CONF-2018-044

Norbert Neumeister - Purdue University BLV2022
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LFV in Top Quark Decays (ATLAS)

* Results are the first direct limits on this decay, and improve by 3
orders of magnitude the indirect B(t —e}uq) limit.

L S S L St e e = 7 N (¢ oy s s
s © ATLAS Preliminary #Data [ Non-prompt =3 E ATLAS Preliminary ®Data  [JNon-prompt 3
w [ is=13Tev, 70817 LIWZ2 M2z 1 @ [ Vs=13Tev,79.8f" (W2 Wz 7

10¢L Signal region [ Others 7 Uncertainty | 10°L Signal region [ Others 77 Uncertainty ?

£ Pre-Fit —Signal -~ Signal w-veto 3 © Post-Fit

10°E

102

° °

© 15 Qo 15

o o

~ 125 ~ 125

© E [0} .

® 1E ® 1 BosssnrsssMoscsnsissns &* . // ¢

1, / g wetstgl

0.75 £ 0.75 B . . . . . .
-0.6 —0 4 —0 2 0.6 -0.6 0.2 0.6

BDT discriminant BDT discriminant

ATLAS-CONF-2018-044

Bt — 0'q) < 13605 x 107 (expected)
Bt — 0'q) < 1.86x 10~ (observed)
B(t — euq) < 4.81“%:}1 x 107% (no 7 in cLFV vertex, expected),

B(t — euq) < 6.6x107%  (no 7 in cLFV vertex, observed).
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LFV in Top Quark Decays (CMS)

* CMS has a recent result in the t—elq (q=u/c) channel, using both
the effects of this LFV vertex on production (q—ellt) and decay.

The search is performed in events with an oppositely charged electron-muon pair in
the final state along with at least one jet identified as originating from a bottom quark.

Relies mainly on hadronic decays of the second top quark and on single t production.
Uses BDT and b-tag categories for optimal signal extraction.

Upper limits are set on the strength of the individual vector-, scalar-, and tensor-like
four-fermion EFT operators and converted to limits on the branching fractions:

B(t = eMdqg),q =u (c) <0.13x107¢ (1.31x%]107¢),0.07%10-¢ (0.89%107¢),and 0.25x 1076
(2.59%107%) for vector, scalar, and tensor CLFV interactions, respectively.

The resulting limits are the most restrictive bounds to date.

4I:CMS 138 fb" (13 TeV)
R S i I L I UL UL I I I
S . 95% CL excluded region
x CLFV Obs Exptic
2 3.5 : Vector ==
%f 3 Scalar —— ==
= 5 Sy Tensor ———  cxeeee
m .5

2

5

CMS: JHEP 06 (2022) 082

% 00501015'02'"025“63‘"035”64' 045

B(t— epu ) x 10°¢
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Dileptons+b-jets (ATLAS)

Inspired by recent hints at a possible LFV in rare B-meson decays into a K meson

and a pair of muons or electrons,a new ATLAS analysis is searching for BSM
interactions between the initial (b quark) and final states (s quark and two charged

electrons or muons).

-

A
€+
ATLAS: PRL 127 (2021) 14180 B+{bﬁs},ﬁ !

A four-fermion contact interaction between two quarks (b, s) and two leptons (ee

SIS

b

-
g’
A2 '
S | gt
—

VAN 1
g

A?

8

>

b
€+
e_

K

or UM) is used as a benchmark signal model, which is characterized by the energy
scale and coupling, A and g, respectively.

— Same operators will give rise to signatures with dileptons and jets in the final state.

ATLAS

Signal Regions

Events / 100 GeV

Vs=13TeV, 139 fb™
e*e’+1b category, CR-only fit

e Dat_a
B Z/y +jets
3 Top

[ Multijet
[ Others
## Bkg. Unc.

Data / bkg.
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Dileptons+b-jets (ATLAS)

* The event selection requires two OS leptons of the same flavor (electrons or
muons) with a large invariant mass and either 0 or | b-tagged jet.

* The dilepton mass distribution is then analyzed in the EFT or model-independent
context.

* Model-independent limits are set as a function of the minimum dilepton invariant
mass, which allow the results to be reinterpreted in various signal scenarios.

§104|.,.w...,|,..,,.H.|,.H,,E 51042..,|,.,‘,.w..,,.,,,,‘w.uw..
._.:g ATLAS — Observed E ‘_:g F ATLAS — Observed 7
© 10°¢ Vs=13TeV, 13917 ... Expected E © 10°E {s=13TeV, 139107 ... Expected E
Limits at 95% CL M zto 3 E Limits at 95% CL M 1o 1
10°E g+¢40b category +20 E 10? E e*e+1b category 420 E
JoBN ¥ Strongest expected | 10k * Strongest expected ]|
E Theory 3 Ei s Theory 3
1 1e 3
10 10—1; _
1028, , . 1‘.}.1.‘..1..“1...‘1. 102 e L
500 1000 1500 2000 2500 3000 400 600 800 1000 1200 1400 1600 1800 2000
mg" [GeV] g (GeV]
'3104|""|""|""|""|""|‘§ 31043"'|"‘|“'"'|"'|"‘\"‘|"'
e ATLAS — Observed ] e E ATLAS — Observed
© 10°E Vs=13TeV, 139" ... Expected E © 10°E (s=13TeV, 139107 ... Expected
Limits at 95% CL M +1o 7 F Limits at 95% CL =1
10°E" ww+0b category +20 E 10°E uw+1b category +20
10 ¥ Strongest expected ] 1 0:_ * Strongest expected
R Theory 3 B, Theory
1
ATLAS: PRL 127 (2021) 141801
107 oo
102 e 1 1020 e e
500 1000 1500 2000 2500 3000 400 600 800 1000 1200 1400 1600 1800 2000
min [GeV] mi [GeV]
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High-Mass Dilepton Analysis (CMS)

* New heavy neutral bosons or leptoquarks coupling to —— 13717 (13 TeV)
© + Data
the different generations of quarks and leptons with EYZ e'e
. . %) mtt, tW, WW, Wz, ZZ, 1t
different strengths could explain the observed flavor & CJets

H — Gy, k/My, = 0.05,M =3.5TeV
anomalies.

* If the mass of these particles is outside the kinematic
reach of the LHC, their impact on the tail of the
dilepton mass distribution can be described as a

X .. i ) . Q o
contact interaction in an EFT with dimension-6 HE Z‘E —f.ovo,:,'u.:#ﬁ"@
oper’ator‘s. i ;é et —zto a0 om0 2210Feel) [(Iiel\/]

. . . . o 1
* CMS analysis compares the dielection and dimuon &, e—r———r ....‘4°fbb;;?’sT.eY>
. £ NR| SR ata
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High-Mass Dilepton Analysis (CMS)

Measure the ratio of the differential dilepton production cross
section in the dimuon and dielectron channels:

~ do(qq — ptpT)/dmy,

 do(qg — ete™)/dmy,

Ryt fete-

Spectra are unfolded to particle level and corrected for different
acceptance and efficiency in the two channels.

Some moderate deviations from unity at high mass, from excess
events in the dielectron channel, but no smoking gun for LFU

M M 137 tb (13 TeV, 140 fb'' (13 TeV,
violation. , 2—1377'(13TeV ee)+ 140 b (18 TeV. )
° CMS
e |
=.

combined

o 4] CMS:HEP 07 (2021) 208

%0 300400 1000 2000 3000
m [GeV]
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Search for LFV Resonances (CMS)

* One could look for generic high-mass objects decaying via LFV
channels: ey, ut, et.

* Classical examples are R-parity violating SUSY, LFV Z', quantum

black holes. *“ . . ,
4a £ qu { Qu ¢

* Recent CMS analysis based full Run 2 data.

* Standard background estimation techniques: irreducible from MC
simulation, reducible from control data samples.

138 fb™ (13 TeV)
T T

138 fb™ (13 TeV) 138 b (13 TeV)

> 10E¢ +Daa 4 > e T - > S L = e/ B SRS I -
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Search for LFV Resonances (CMS)

* Limits are set on resonant T sneutrino production in RPV SUSY
models, heavy LFV Z’ gauge bosons, and non-resonant QBH.

* ALFV Z boson is excluded up to a mass of 5.0 TeV in the eu
channel, up to 4.3 TeV in the et channel,and up to 4.1 TeV in the pt

channel.

* The results of these searches provide the most stringent limits
available from collider experiments for heavy particles that undergo
lepton flavor violating decays.

Z—eun 137.1 b (13 TeV)
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Search for LFV Resonances (CMS)

Resonant T sneutrinos are excluded for masses up to 4.2 TeV in the
eu channel, 3.7 TeV in the et channel,and 3.6 TeV in the ut channel.

Quantum black holes in the benchmark model are excluded up to
the threshold mass of 5.6 TeV in the eu channel, 5.2 TeV in the et
channel,and 5.0 TeV in the ut channel.

In addition, model-independent limits are extracted to allow
comparisons with other models for the same final states and similar

event selection reqmrements.

¥ oen 137.1 " (13TeV) QBH - e u
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RPV SUSY (ATLAS)

e SUSY can introduce processes that violate baryon number (B) and lepton number
(L) conservation.

— As such processes have not been observed, it is common to introduce an ad hoc
requirement to conserve R-parity, where the R-parity of a particle is defined as
R = (-1)3®-Lq+2s,

— Theories predicting R-parity violation (RPV) are viable if the interactions that violate

B - L conservation have small couplings and violate only one of B or L at tree level,
thus preventing rapid proton decay.

« The B - L RPV model allows for many different decay modes of;ﬁ/)?(l) and
therefore many possible final states.

— Look for decays 7 — Z¢ — ££¢ because of the large number of leptons produced
from a single resonance. i i

Zi

A A

ATLAS: Phys.Rev.D 103 (2021) 112003

Z/H/WF ) W*/Z/H

v/ eF v (Flvjv
— The invariant-mass distribution of the trilepton resonance (mZ¢ ) is narrow due to
the excellent momentum resolution of reconstructed electrons and muons.

— No SM process naturally produces a three-lepton resonance, leading to a smooth
combinatorial background distribution in which a resonance would be distinguishable.

— Three orthogonal signal regions are used.
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Events/GeV

Significance

RPV SUSY (ATLAS)

Model-independent limits are set at a 95% confidence level for each mz, bin in
each signal region.

The largest excess of data over the expectation in the 48 model-independent
regions is found to be 2.1.
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RPV SUSY (ATLAS)

* Search for RPV SUSY in final states with high jet

multiplicity, at least one isolated light lepton and
either zero or at least three b-tagged jets.

— Such final states are commonly predicted in RPV 0%

models with either B or L violating couplings.

* The results are interpreted in the context of RPV
supersymmetry models that feature gluino
production, top-squark production, or
electroweakino production.
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What’s Next

* Both ATLAS and CMS have dedicated analyses probing flavor
anomalies ongoing.

— R(K), R(K*), R(D), R(D*), R(J/ ), ...
* Unfortunately, we don't have approved results on these topics yet,
but they will become public very soon.

* In CMS, much of this program was made available through the 2018
data parking campaign.
* In ATLAS this is achieved by special triggering.

* We also plan to enhance our flavor analysis capabilities in Run 3 via
dedicated triggers and data streams.

Norbert Neumeister - Purdue University BLV2022 34



ATLAS Run 3

Special triggers for R(K*) measurements were active in 2018.
The triggers have been improved for Run 3 data taking.
Measurements of R(K*) with Run 2 and Run 3 can be expected.

New triggers for R(D*) and R(D) measurements have been activated for Run 3
data taking.

B— K" ete- decay B— K" ete- decay

with two well-separated electrons  with two overlapping electrons

ATLAS: ATL-DAQ-PUB-2019-001
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* ATLAS projections for T3
— Sensitivity ~10-° @ 90% CL is likely to be achieved
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Run 1 result 2.31 0.19 276
Non-improved 2.31 50.71 13.52
Intermediate 5.01 50.71 6.23
Improved 5.01 40.06 5.36
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HL LHC Projections

A projection study of the sensitivity for a search for new physics with two
energetic leptons, e or [ in the final state has been performed by CMS.

Two datasets are considered:
— a combination of the Run 2 dataset with the expected Run 3 dataset.

— the dataset expected from the high-luminosity LHC (HL-LHC) corresponding
to 3000 fb~!.

The expected sensitivity for testing LFU by measuring the dimuon-to-dielectron
ratio at high mass with these two datasets is shown.
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Summary

The ATLAS and CMS collaborations performed several
searches for lepton flavor violating processes.

No evidence for such process was observed so far, limits
are set on LFV branching fractions (Z, H, T) or cross-
section X branching fraction and the masses of new
particles.

Several analyses with the full Run 2 dataset are still
ongoing, stay tuned for new results.
— So far no significant hint for the existence of new physics.

— Results for dedicated analyses probing flavor anomalies R(K),
R(D*), etc will become public soon.

Looking forward to even more exciting Run 3.
— Stay tuned!
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