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ABackup
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LF(U)V and New Physics scenarios

ALepton Flavour Violation

A No fundamental symmetry enforcing lepton flavour
conservation in extended SM (include * oscillations)

N
Cad

A Charged LFV through ’ oscillation y
predicted with ' x p Tt

A Current testing at ' <10¢7 108 gf W’L‘%

A Any observation = New Physics

vy vV, e

ALepton Flavour Universality Violation

A In SM the couplings of the leptons to W,Z are equal

A Yukawa couplings exhibits a flavour structure and provide
different mass to charged lepton family

A New Physics could introduce similar flavour structure
and have enhanced couplings to third generation leptons

AMany Beyond the SM (BSM) theories predict
CLFV scenarios with Branching Ratios ' x p 1t

A Leptoquarks, Extended Higgs, Technicolour, Heavy
Gauge Bosons, e



The ATLAS & CMS Experiments

2 Tesla solenoid;fr= 1.2m) 3.8 Tesla solenoid;{r= 3 m)

Silicon(r,,.,= 56 cmy+ Transition Rad Trk Full Silicon Tracket,,,= 110 cm, A = 2003
Liquid Argon ECAL Crystal ECAL

ECAL & HCAL outside solenoid ECAL & HCAL inside solenoid

Muon system in Air Core Toroighss1 Tesla)y Muon system in Iron Return Yokes Tesla)

7,000 Torg 24m diam x 45m length 14,000 Torg 15m diam x 30m length
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The ATLAS & CMS Object reconstruct

goiﬁg_ms T S 1:CM.S Simulation __(13Tev) 2 12' cMs  __dsg "'F‘S'T‘?YT
E 2 poqr 5T 1B TeV. 1307 vow 3 B E 3 MvAus jetsUNST13 o1 PrO0OS)] g [ o Aon I
5 00355 Clzom o 2 g L I MVA (updated decay modes) -8 - tt+jets ‘
0.035_ ++_§ g_ '——-— DeepTau vs. jets i E_1 0k p] > 20 GeV
[ R T 3
031;?{ T —e— oua : t . %10*2 e
0.005- 5l c = k) 10 E 'UQ) é—CSV(HUm) ]
iy * s 2 S oeim -
B et Rk g eSS O i
5 09 - - =1 5 5 55 ) Y T Y- T R T
p; [GeV] a 7, id. efficiency b jet efficiency
ATLAS CMS
Track , (PD/pT::<2-3% (<100 GeV/c Track , (PD/pT:: <1-3% (<100 GeV/c
Photon . (E)/E:: 1-2% (56100 GeV) Photon . (E)/E:: 1-5% (50100 GeV)
Electrons , (E)/E:: 1-5% (560100 GeV) Electrons » (E)/E:: 2-5% (16100 GeV)
B-jet 77% tag eff (rejection > 100 Bjet  80% tagging eff (4.5% fake) (DN
Tau 70% tag eff (rejection ~ 100) Tau 80% tagging eff (4% fake) (DN

Muon » (PD/pT:: <2-3% (<100 GeV/c Muon » (P/pt::<1:3% (<100 GeVic




ATLAS & CMS Operations & Ddiaking

ALHC Operations
A 12 years of pp collisions (2010 i 2026)
A Record performance in the last 3 years (2024-26)
ALHC Phase-1 concluded - ready to move to Phase-2

AATLAS & CMS

p . . 2 :_ATLAS [ ]LHC Delivered 30 fb :

A Ope_ratlr_]g at 2x design = 500: Online Luminosity JATLAS Recorded  © ¥ "
luminosity fl - PU 64 g Total delivered: 536 fb” %fg’;bl

A Overa” recordlng 95% E 400 L Total recorded: 505 b 7

. : = ” :

of delivered lumi fl - 300k _

Q — —
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CLFV search withdquarks- EFT

AEffective Field Theory (EFT) interpretation

A Effective Lagrangian used to parametrize the
CLFV top interactions through dimension-6 operators

. (6) ~(6) 1 ¥ = Scale of NP
Lot = Lsm + 353 ZC O} +O<A4) ¥=1TeV
AO - Wilson Coefficients (3 Lorentz structures x 2 light quark flavors)
A Assuming no interference SM & EFT => 0 (6( (9 )
AU :: Operators can be Scalar, Vector or Tensor-like
Structure  Operator Definition Wilson coefficient
Scalar O[(}H) (—E—e )e(@pu;) Ceequl
O,g”‘” Oq (@) @er'a) Ceq
og @) (@) Ceu
Vector E:
o (87"e;) (@"q) Cyq
or (&7"e)) (Wery) Ceu

Tensor O%Zlﬁ) (€01 L))e(qopay) Crequs



CLFV search withduarks in CMS [/

AAll analyses use Run-2 data (2016-18) ..~
A 138 b1 of pp-collisions integrated at /i = 13 TeV | /
AOverview of older Run-2 results S
ATOP-19-006 (2022) - [JHEP 06 (2022) 082 g / Run2

A 2 lepton final state (Q ) o
Al & Q06 <0.07 10 (scalar) i 0.13 106 (vector) i 0.25 10 (tensor)

Al & QO <0.89 108 (scalar) i 1.31 10 (vector) i 2.59 106 (tensor)
ATOP-22-005 (2023) - [Phys. Rev. D 111 (2025) 012009

A 3 lepton final state (Q Jbwith /=" )

A 3 same flavour leptons (Jb/Biksed as validation region (VR)

ACovered in the next slides e

AL atest Run-2 result

ATOP-22-011 (2025) i [JHEP 12 (2025) 065
A’ T  final state
AlInN next sl i des ¢é




CLFV search ifgvertex RS il
p, [ Z

A Probe ‘ ‘Gxj coupling in EFT in top quark prod & decay

A Signal signature: CMSTOPR
A Opposite Sign (0S) Q pair 22-005
A Leptonic top quark decay A additional lepton + one b-jet Phys.Rev.D
A 0/1 light jet (u/c) 111 (2025)

A Backgrounds: 012009
A Prompt leptons from simulation (WZ, VV(V), ol &)
A Non-prompt leptons estimated from data ook production + CLFV in top decay

b

A Uncertainties statistically dominated

A Main syst. uncert; non-Prompt Lepton yield,
Jet modelling and QCD scale

A 2 Signal Regions (SR):
A SR +m(Q) > 150 GeV (production enriched)
A SR +m(Q) < 150 GeV (decay enriched)

CFLV in single top production

Red bullet

indicates CLFV in
' vertex \




CLFV search ifggdvertex

ABDT trained for each signal region

/ ( ) |
y |
4
ompact Muon Solenoid

138 fo' (13 TeV)
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= 10° ; o "eData  [JtO+XX) S 1E o
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Phys.Rev.D.
111 (2025)
012009
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CLFV search irgdvertex >

ANo excess observed
A Limits on Wilson Coefficients converted to limits on Branching Ratio | CMSTOR

Compact Muon Solenoid

p | [ A 0 rfiod 22-005
AMost stringent limitson® O° 'Q° rjoda
oA g y Phys.Rev.D,
v ¢ r _ . a -
A P Q' £0.410°%7 1.0108 - v (10) improvement 111 (2025)
012009
Coprg/ N*(TeV2) B(t - euq) x 107°

CLFV coupling Lorentz structure Exp. (68% CL range) Obs. Exp. (68% CL range) Obs.

eutu Tensor 0.022 (0.018-0.026) 0.024 0.027 (0.018-0.040) 0.032
Vector 0.044 (0.036-0.054) 0.048 0.019 (0.013-0.028) 0.022
Scalar 0.093 (0.077-0.114) 0.101 0.010 (0.007-0.016) 0.012

eptc Tensor 0.084 (0.069-0.102) 0.094 0.396 (0.272-0.585) 0.498
Vector 0.175 (0.145-0.214) 0.196 0.296 (0.203-0.440) 0.369
Scalar 0.385 (0.318-0.471) 0.424 0.178 (0.122-0.266) 0.216

CMS 138 fb™! (13 TeV) 05 CMS 138 b (13 TeV)

(\"> 05:_ 95% CL upper limits CLFV  Expt1c Obs ,C_’ i 95% CL upper limits CLFV Expt1c Obs

|9 . C Tensor =-==-==-= x 05:_ Tensor =-======-

cz B Vector  =======-es — S T Vector  =====e-ee- —

~e %4 Scalar  ==------o- —_— 9[2 L Scalar  :=e==e-ee- —

i = 04
&) o L

03

0.2

0.

-

T T T [T AR A T

AR Y, .

Lil . N VI ] ¢ SRIEINT TS
0.1 0.12 5 0.005 0.01 0.015 0.02 0025 003 0.035 0.04
2 2 u
Ceu/A” (TEV™) B(t—euu)x 10

o



CLFV search HNevertex

AProbe ‘ 1 coupling in EFT in top prod & decay

ASignal signature:
A Opposite Sign (OS) © and T  pair
A 3 jets, including one b-jet
ABackgrounds:

A Prompt leptons from simulation
A Jets mis-identified as T estimated from data

CMIS,

CMSTOR
22-011

JHEP 12
(2025) 065

A Hadronically deca\%ing top quark reconstructed by minimizing . S

of top quark and W-boson mass

CFLV in single top production

oolpair production +
CLFV in top decay




g
§
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CLFV search iHW«vertex N

~,

ADNN for multiclass discrimination: —
A 3 classes: Single-0(ST) CLFV, odl(TT) CLFV & Background 22011

A 28 variables, most important: my,,, my, pr(* ), pr(t HEP 10
A Probabilities combined in a single score (2025) 065
0.1p(TT CLFV) + 0.9p(ST CLFV
DNN score — 222 ) +0.9p( )
p(background)
, 138 b (13 TeV) , 138 fb' (13 TeV)
£ 10 = c 10 J
S o CMS s Psinget  Other T CMS [N« Psinglet  other
% 10° [ JoLFvy:, ¢t Data 7 Statesyst % 10° | JoLFviY, ¢ Data  Statesyst
o 10 o 10*
10° 10°
107 10
10 10 o -
1 1 TN
'g 1.2 ;_ e #}% ‘ /‘/ ///- 'g 125 SR T ' - '/ / ////_;
B E———— BN e—_—
S osf 1 8 o8l TN A
© e e © i N B BN L
- 2 —1 2 o -2 -1 2
10° 10 1 10 10 10 10 1 10 10

DNN score DNN score



CLFV search HNevertex

ANo excess observed
A Limits on Wilson Coefficients converted to limits on Branching Ratio

AComparable but slightly higher limits w.r.t.'Q analysis
A' O° ‘1 <2.110%7 4.010%

Interaction  Type

Scalar

tupt Vector

Tensor

o] Cugue/A2 [TV [ B(t > ptq) [107)
2.04 (2.34) 0.18 (0.19) 0.04 (0.05)
[1.57, 3.59] [0.16, 0.24] [0.03, 0.07]
2.38 (2.75) 0.09 (0.10) 0.08 (0.09)
[1.86, 4.21] [0.08, 0.12] [0.06, 0.14]
2.83 (3.33) 0.05 (0.05) 0.19 (0.14)
[2.26, 5.06] [0.04, 0.06] [0.09, 0.21]

138 fb (1 3 TeV)
4.5 Iclmlsl o |95/ cL upper Ilmlts
4 CLFV Exp. 68% exp. Obs

(t > pte)x 10°
w
w o,

m 25

Scalar -.--eeee

Vector

Tensor -«

005 0.1

P ]
0.15 0.2 0.25
B(t —» ptu) x 10°

CMS,

"~ Compact Muon Solenoid

CMSTOR
22-011

JHEP 12
(2025) 065

Interaction  Type a [fb] Ciaue/A* [TV 2] B(t — ptq) [107°)
4.27 (5.02) 0.82 (0.89) 0.81 (0.95)
Scalar
[3.29, 8.14] [0.72, 1.13] [0.63, 1.55]
2 ; ; ® 1. 2.
toput Vector 7.21 (8.55) 0.42 (0.46) 71 (2.03)
[5.66, 13.73] [0.37, 0.58] [1.34, 3.26]
7.93 (9.63) 0.19 (0.21) 2.05 (2.49)
Tensor
[6.43, 15.20] [0.17, 0.26] [1.66, 3.94]
138 fb (13 TeV)
— e
ql> 1.4 CMS 95 / CL upper I|m|ts -
|9 N CLFV Exp. 68% exp. Obs. ]
— - Scalar -eeeees —_—
N< 1.2 ¥ect0r -------- —]
- ensor - ]
o L 1
0.8F -
0.6} .
0.4F -
0.2k -
SR U LR R NI
0 005 01 015 02 025 03

Cipd A% [TeV?
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CLFV search HNevertex

AProbe * t& coupling in EFT in t prod & decay
A Additional interpretations for Scalar Leptoquarks

ASignal signature:
A Same Sign (SS)

Alb-jet+ 1 jet
ABackgrounds:

pair and t

A Prompt leptons from simulation

ATLAS [] Data

|:]S|gnal (dec) ]
Vs=13TeV,140fb"  []Signal (prod.) VV, VWV
cLFV urqt tT+X W Other
CRitip WNP W Fake e
Prefit 27 Uncertainty

Events

45F aTLAS « Data

40F Vs=13TeV, 140fb"  [JSignal (prod.)
ask cLFV p1qt [WFake t+ NP p
Signal Region Wi+X

30F Prefit

W Other
7z Uncertainty
7

DSlgnaI (dec) E
WFake 1

VV VWV

tE4+X
WNP

A Non-prompt muons from template fit in control region

)

ATLAS

EXPERIMENT

ATLASTOPQ
23-023

Phys.Rev.D
111 (2024)
012014

Piet Verwilligen

20} : ¥
10 + ] e
5
& o 20 5}
<12 &
%;7 51 s W/j// E o g (A /44/ /é//////;*/%/%//7/7‘////7‘////7/////%////;4//
g t)'50 100 200 300 400 500 600 700 800 8 0'50 100 200 300 400 500 600 700 800
H; [GeV] H; [GeV]
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CLFV search HNevertex
AProbe * t& coupling in EFT in t prod & decay

B(t—utc)x 108

AEFT interpretation:
Al QP 1 <8.7107

A Leptoquark interpretation:

A Observed limits on LQ coupling strength: _

for masses from 500 GeV to 2 TeV

10 aTLAS 95% CL limits

" Vs=13 TeV, 140 fb Scalar
81—cLFV prqt Obs.

Vector
— Obs.

L Tensor
6 L — Obs.

Exp.tio _|
-~ Exp.tioc

- Exp.x 16

1 I 1 1 1 1 i
0.4 0.5
B(t »utu)x 10°

t
lc" ™

ATLAS

EXPERIMENT

ATLASOPQ
23-023
Phys.Rev.D|
111 (2024)
012014
0T 3.7
: T T I T T T T T | T T T T I T T T T I T T
2.5-_ATLAS 95% CL limits =
T Vs=13 TeV, 140 b Scalar ]
C CLFV gt (A=1 TeV) Obs. & Exp.tioc 7
2+ Vector —
C — Obs. = Exp.t16
- Tensor ]
1.5 — Obs. & Exp.tic —
1 -
1 1 I 1 1 L 1 I 1 1 1 1 I 1 1 ¥
0.3 0.4 0.5
™

(h



Search for LFV decy® H =

Z production

AWC  Hs golden channel for CLFV e 2 thE LHE
A . ' m B+
A Fully reconstructed final state

m BO
A Clean experimental signature mBs
A Abundant T production at the LHC _B;
W

AW-channel: low stat, high-p; /ho.01%)

AHF-channel: high stat, low-p; Jtwe.00%), higher bkg

a.u.
ol

Year  Collab. Process Data *p. OES'
-TTIIEleS=T131TeY- ppy8=13TeV

::50»5“'“""I"'I"'I“'I__ o Y 1 _
PYTHIAELO 18 F syt ad 2010  Belle QQ 1t 782 fb 21
—D-ow 1 o — D> 7(3u)v 201 BaBar QQ t 7 468 fbl 40 33

= B-o1X - ~ B > t(3u)X ]
] ] 2014  LHCb Of6 © t & 3.0 fbl (pp 7-8 TeV) 5.0 46
E 2016  ATLAS 70t 20.3 fo' (pp 8 TeV) 39 38
1 ] 2023  CMS Or6 and 7 131 fb (pp 13 TeV) 24 2.9
] ] 2024 Belle | QO tt 424 fb-1 - 1.9
] W 2026  LHCb or6 0 t & 5.4 fbl (pp 13 TeV) 20 19
4 6 8 10 12 14 16 18 20 O 2 )

6 IX‘:llll1(JHI12 100
T pr (GeV) ps pr (GeV) V) [ pmo wmk.L.


http://dx.doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1103/PhysRevD.81.111101
http://dx.doi.org/10.1007/JHEP02(2015)121
https://doi.org/10.1140/epjc/s10052-016-4041-9
https://doi.org/10.48550/arXiv.2312.02371
https://indico.cern.ch/event/1303630/contributions/5571690/attachments/2765976/4817916/AlbertoMartini_tau2023.pdf
https://arxiv.org/abs/2601.20785

Search foM®  Hn ATLAS ATLAS

EXPERIMENT

ASearch for W Hn 137 fb! of pp-collisions at ATLAS
Vp dleV collected during Run-2 (2016i 18) — ————

AEvent selection with suite of 2- & 3* triggers submited
A Muon Trigger with p; > 11 GeV/c & 6 GeV/c p—

A ATLAS trigger not optimized for lower p; muons § . “# ™  .ZE®
A Analysis targets mostly Wfrom W-boson decays

KBDT analyae LA
A 3 regions (loose, med, tight) T e
AUpper limits (90% CL):
AExp: BWP H<7.510°8 08F
AObs: BWC H<87108 o
Almprov (x 5) w.r.t. prev. limit o4

,',‘.,.LAS LT T L Gbeenvedots | A
‘{g= 13 TeV. 137 fb'1 ----- Expected CLs - Median |
- Expected CLs+ 16 |

Expected CLs+ 2o

p-value

0 05 1 1.5 2 2.5
B(t—3u) x107



Search foM®  Hn CMS

ASearch for W0 Hn 97.7 fb! of pp-collisions at

Vp dleV collected during Run-2 (2017 18)

A Combined with 33 fb! (2016)

CMSBPH17-004

JHEP 01
(2021) 163

A Analysis targets both W-decay and HF-decay

AAnalysis strategy:

A Special low p; di-muon & tri-muon triggers
A Allowed by Data Parking (Trigger: p;> 3,3,1.2 GeV/c)
A Normalisation: © © %¢t0200“ © * * *“

A Construct 3' object with common displaced vtx
A Search peaking signal in m(3‘ ) over smooth bkg

A Evts categorised to enhance sensitivity
based on m(3‘ ) resolution, production & year

A Backgrounds: 2° + decay in flight
A Multi-Variate Analysis (MVA) muon ID at low p+
A Boosted Decision Tree for background suppress

/ 3

2

]

H

£ g

£

3

CMSBPH
21-005

PLB 853
(2024)
138633

2018, 59.7 ib' (13 TeV)

s [ CMS

F oo . HF 7 — 3u (MC
Simulation . u (MC)
0.061~ Supplementary
0.04—
5 0.24r
S22 CMS
02 Simulation Supplementary
0.18 [ from D—1(3u)v MC .
0.16 D fake muons (K/n from D/B decays) MC N

0.14
0.12

0.1
0.08
0.06
0.04

0.02

0

g ; R e S S
0 0.1 0.2 0.3 04 0.5 0.6 0.7

BDT



Search foM®  Hn CMS CMS |

AResults are dominated by statistical uncert.

o

A Challenging to sift through billions of low- p; muons i
A2017 + 2018 analysis results (90% CL): T
AHF channel:' 1© o ‘ <3.8108(3.6 108 exp) 2024
AW channel:' 1° o ‘ <8.010%8(5.6 108 exp)
< x 1078 Up to 131 fb" (13 TeV)
AFull Run-2 result: = 157 ]
i ') CMS
A' 10 o <29108 1 | ]
(2.4 10 expected) m | i
< 10 — Observed |
8 i --- Median expected |
2018, 59.7 fb™! (13 TeV) 2018, 59.8 b (13 TeV) E = Bl 68% expected .
;CMS HF Category A1 % 5§*CMS v;,cmgow A f n [] 95% expected 1
r three global muons g - _Z::a. o ) | -
N i[s)?;:al(sﬂn") g 45_ ~ Backgraund-only fit % 5 ]
—— Background-only fit oL S | |
E i —
: } of @) 0 ]
i M o\o - =]
1| O - -
(@]
96 16

65 T T iE 185 18 185 R A T N e HF analysis W analysis HF + W HF + W
m(3u) [GeV] m(3u) [GeV] 2017+2018 2017+2018 2017+2018 2016+2017+2018



Search foM\®  Hn CMS

ASearch for W0 Hn 63.1 fb! of pp-collisions £

CMS, |

s,

at vVp @ TeV collected during Run-3 (20221 23) | ).
AFirst CLVF analysis using Run-3 data Y
- . . . BPH24-010
ACombination with Run-2
A' 10 g <28108 @90%CL(22108 expected)

00 x10°° 194fb‘(13136TeV) —
L CM S[ [ — Obsered CMS Prehmmary ] Expected
I Prelimina -- Median expected | Belle Il —— Observed
i ry Bl 68% expected JHEPOQ9 (2024) 062

13 95% expected LHCb 2016-2018
i ] arXiv:2601.20785 (2026)

10 — N PLB 687 (201 ol)a?gg

1

90% CL upper limits on B(t — 3)

—

| arXiv:2603.18099 (2026)

o

|
HF+W
Run2

!
HF+V

]
HF+V

2022+2023 Run2+2022+2023

CMS 2016-2023
This work

BaBar
PRD 81 (2010) 111101

ATLAS 2016-2018

| I I I | I L L ] 1 1 L

OH

2

4

6 8

10

90% CL upper limit on B(t — 3u) [x1079]
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https://cds.cern.ch/record/2957462/files/BPH-24-010-pas.pdf

High Luminosity LHC

NEW TECHNOLOGIES FOR THE HIGH-LUMINOSITY LHC

tunnels and 2 shafts near the TLASandC S experiments to M
ATLAS and CMS. e beams before collisions. '

AHL-LHC will extend Physics reach 4 g meese .. _owoane o=

A Relies on key innovations that push
accelerator technology beyond limits

A 5171 7.5 x design luminosity (140-200 PU)
A 3000 fb! to ATLAS & CMS

ALong Shutdown 3
A Starts June 29th 2026
A Will last 3 years- beams back May 2029

SUPERCONDUCTING LINKS COLLIMATORS CRYSTAL COLLIMATORS
Ve - - Electrical transmission lines h- 15 to 20 additional collimators and New crystal collimators in the
empera ure superconduclor carry |he very replacement of 60 collimators with IR7 cleaning insertion to improve
A - ye a rS O O p e r atl 0 n u n I high DC currents to the magnets from the improved performance to reinforce cleaning efficiency during
powering systems installed in the new service machine protection. operation with ion beams.

AUpgrades of ATLAS & CMS

tunnels near ATLAS and CMS.

A New Trackers (+ Track Triggering) ‘“g B
A New Timing Detectors © z
A Calo & Muon system upgrades g E
A Preserve performance & selectivity e
A Similar momentum resolutions 3 £
A Equal trigger thresholds 2010 2015 2020 2025 2030 2035 2040
Year
Piet Verwilligen CLFV searchesin ATLAS & CUIS/F Roma 2026 p.22



High Luminosity LHC
AT /a{ UNRIISNI AY wdzy




High Luminosity LHC
X then this i1s what HHLHC triggering looks like




. ©

'he HELHC Physics Reach g
L= |CMS, <t

B o | R | S

35000 QIHISIPI?a.lsIe-? Slm‘mlflsmgn‘ — SIOCIJO ‘fb. , ‘14‘ Tle\{. Q ng_ O Lt et o

§ F 1 R I

lﬁ 30000_— \/\p H — g Projections for Key Measurements ..

F ] in Heavy Flavour Physics >

sso00l.  Most Forward muon ERC ommem—— <

i o3 N S

200001 =10 o

a o | S ©

European Strategy. 15000 2S S
for Particle Physics 10000F- ;; 1= =
5000/ = 2 &

- 012 N

0— 1 — oo by T U LLI

0.5 1 15 2 2.5
Inl of the most forward muonw N
N
i o= \ - -
Measurements used for HIHC extrapolation » Not yet including
Experiment ATLAS CMS LHCb Belle II 1 - extension
Assumed data sample 20.3-99.7fb~! | 116-140fb~* 2-9fb " 364-1075 fb~" . from—<2.4to0
Lepton flavour violation in 7 decays ll —-<28
B(rt — pty) [1078] — - - < 7.5 [16] I ' tracki
B(r+ — pht ) [1079] <376[50] | <29 [51] < 46 [52] <18 [53] i - Mmuon tracking
' ' imaging HGCAL

—_ e - ——

Extrapolation of Higlh.uminosity LHC Physics Reach*

g Experiment ATLAS CMS LHCb Belle IT |
Assumed data sample 3000 fb~t 3000fb= | 300fb~! 50ab~!

Lepton flavour violation in T decays
B(r* — p*y) [107°]
B(r* — ptptp”) [107°]

< 0.7
< (0.02 —0.17) )

< (0.13 - 0.64) ‘ < 0.39 ‘ < 0.26
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https://cds.cern.ch/record/2283189
https://arxiv.org/abs/2503.24346

Summary

AATLAS & CMS were built for the discovery of the processes
underlying the EWK SB and to search for new Physics

A Selection & Measurement of leptons from W,Z,H & ool
A We have used those leptons for the search for CLFV processes

AAdapting triggers & readout strategies they can also select a
rich collection of leptons from wwdecays

A Much higher production rates
A => allow competitive limits on CLFV processes

ACLFV in top-quark production and decay:
A Most stringent limitson' O° Q‘ £ 0.4 10%7 1.0 108
A Slightly higher limitsin* +: ' & ‘1 <2.11067 4.0 10

ACLFV in tau decay
A' 10 g <2.8108% @ 90% CL by the CMS collaboration
A Reaching the precision of Belle-Il and LHCb collaborations

A Shown results for Run-2 data (140 fb't) => Expect 50%
improvement (Vfl scaling) with full Run-3 data (320 fb2)
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CLFV Limits Summary

ASummary of limits presented today:

ATLAS |EM>

EXPERIMENT

§ 00 A  <2.0(1.2) 19995% CL)
6 '0° * t <1.8(0.9)10995% CL)
6 0o A <2.6x10° (95% CL)
6 WO At < 5.0x 10> {95% CL)
6 OO * t  <6.5x10°95% CL)
oI oRNN -

o <8.710

I to g' <8.7(7.5) 16(90% CL)

JHEP 07 (2023) 166

Phys.Rev.D. 108

<44 (A7) TR9S%CL) 5053 072004

Phys. Rev. D 108,

0
032015 (2023) 19 (20)10(95%CL)

Phys.Rev.D. 112

< 13.8 (11.4) 10(95% CL)  (2025) 112011

< 12.0 (5.3) 107 (95% CL)

Phys Rev Lett 127
271801 (2022)

Phys.Rev.D. 111

) 3
<0.416°¢1.010 (2025) 012009

Phys.Rev.D. 111
(2024) 012014

arXiv:2603.18099
submitted to
Phys.Lett.B

<2.116¢4.0 1068 JHEP 12 (2025) 06
PLB 853 (2024)

138633 &
CMSPASBPH24-010

<28 (2.2) 16 (90% CL)



LF Universality Violation

ACMS has several searches for LFUV in heavy

flavour sector

r

A®O | Jbllwopleve) =>R=BR(" O * U /BR(" © eel

*;Wf 1 )
ALFUV tests
AR(K)ino © U JbJb decays

AR Nin A O W R decavs (leo & had D

CMS

A(I)O wThD(tree level) =>R(*If )=BR(O © *f t+ ' )/BR(O ©

CMSPASBPH22-005
Rep. Prog. Phys. 87
077 802

CMSPASBPH23-001
Accepted by PRL

0-74«:,4 ° | BaBar [
032 ! g2 €[0.1,8.12] GeV? CMS Preliminary
PRD 886 (2012) 032012 ! ! I ! Y ! !
1.03'028 : Belle LHCb, Runt, T,
-0.24 —0—': 2 e [1.0, 6.0] GeV? Phys. Rev. Lett.
JHEP 03 (2021) 105 120 (2018) 121801
I
10,007 | LHCb 3 fb™!
0.745 0 og2 ! q? < [1.0, 6.0] GeV? CMS, 2018, 7,
PRL 113 (2014) 151601 CMS-PAS-BPH-22-012
I
0.846+0062 | LHCb 5 fb™! -
-0.056 ! g2 c[1.1, 6.0) GeV®
PRL 122 (2019) 19180
| ) CMS, Run2, t,_
0.9497°%47 | LHCb 9 fb
-0.048 gl g2 €[1.1, 6.0] GeV?®
! PRD 108 (2023) 032002 —
! "
0.78+046 I CMS (this work)
023 _— g? e[1.1, 6.0] GeV® CMS o
! Combination
l Lo 6
0 0.5 1 1.5 2




CLFV In ZBpcdecays in CMS

L CMSPASSMP23-003 | [
ALFV 1 n Z & Z0 degmeredizeems
A 138 fb! of pp-collisions at vp dTeV - Run-2 (20167 18)
A Each of the decays Z(A& ), Z(AD), Z(' 1) is considered

A T-decay covered both hadronically as leptonically

AO OO A < 1.9 (2.0) 10" 7(95% CL) i most stringent today

AO OO At <13.8(11.4) 10" 7(95% CL)

A® OO t<12.0(5.3) 10" 7 (95% CL)
A Aditionally & searchinp p méa v 1 GeV/c?

138 fb™' (13 TeV)

E 9 4 LB 1 T 17T L I T T 17 1 1T I LB ‘ | 4
- -1 6 -1 = .
= 45i<10 138" (13 TeV} = 45>_<10 138fb" (13 TBV_) ’:: 8 E CMS 95% CL upper fimit =
[«}] F o, o ] =1 F o, T E .
E CMS 95% GL upper limit 1 C CMS 95% GL upper limit o C —— Observed

— — 407 — = .
o R IO okt i S T7EAYy o Expected E

— r +1 std. deviation 1 — r +1 std. deviation B - - i3t
o 35 512 ::d dzviz:ign -4 @ 3¢ 5»:2 :Ed dz:i::isn E N s B +1 std. dev!at!on E
F ] F ] @ F +2 std. deviation B
30 - 30 - e =
25 3 esp 3 E
201 = 20 3 E
15/ 1 1sp 3 E
F ] o X x ] =
10~ = 10 = 3
o ER, - g .
: : : : ﬂ 11 1 1 ‘ 11 1 1 ‘ 1111 I 1 1 1 1 ‘ 1111 I 11 1 1 ‘ 111 1 | 11 1 1 1

ot - - - . o- - - - .
Hadronic Leptonic Combined Hadronic Leptonic Combined 100 150 200 250 300 350 400 ‘rlnszo[Ge?/(])O
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[ | Cx AY > Y%Q YYAILAS

EXPERIMENT

)

AC L FV | N Z 0 dec a y S | N | ATLAEX0TR01920

i = JHEP 10 (2023) 082
A 139 fb! of pp-collisions at vp dleV - Run-2 (2015ilcoy
A Each of the decays Z(A ), Z(Af), Z(‘ 1) is considered
A No excess observed

AUpper | i mi t's&Quantuz 8lack Hoy/

ACLFV in Z decays in ATLAS S
AO OO A <261 10" 7 032015 (2023)
AO OO A‘l‘ <501 10 6 Phys Rev Lett 127
A6 GO ° t<6.51 10" © 2rieot ze)

, . ] ATLASHIGG201911

ACLFV in H decays in ATLAS JHEP 07 (2023) 166

A 138 fb1 of pp-collisions at vVp dleV - Run-2 (2015i 18)
AH(AY) and H(* Y signatures

A6 00 At <2.0(1.2) 10" 3(95% CL)

A6 00 * t<1.8(0.9)10" 3(95% CL)
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S [
10.54 (7.12) x 10*

VBFcat0

2.08 (1.72) x 10* -

VBFcat1

swnczyes| LR

Combined I
0.44 (0.47) x 10*

CLFV in ) cdecays in CMS  |&¥s/]
L ] . . CMSPASHIG22-002 T\ < \
ALFV in Higgs decays in CMS Py R o O
A 138 fbl of pp-collisions at Vp dTeV - Run-2 (2016i 18)
AO 00 A < 4.4 (4.7) 10" 5(95% CL)
A Excess of events near 146 GeV/c2i global significance 2.8,

CMS 1810 (13 TeV AL S 1A
oas ose | ] | - !
i by - T e
| B e | — N

95% CL limit on o(pp — X — ep) [fb]

e b b b 107 :
0 2 4 6 8 10 12 14 107 10°® 10°° 107 1073

95% CL limit on B(H — ep) [x 107 | Yeul m, [GeV]

101....I....I..|.I....I....I....I....I.H.I....I.,..

0 115 120 125 130 135 140 145 150 155 160
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The ATLAS & CMS Experimen$ATLAS

EXPERIMENT

barrel New Small Wheel (NSW)
muon chambers muon chambers

R

barrel toroid magnet

)

endcap

muon chambers inner detectors

e i:\\ ;

endcap toroid
magnet

endcap calorimeters

barrel electromagnetic calorimeter

solenoid magnet
barrel hadronic calorimeter

ATLAS

EXPERIMENT
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The ATLAS & CMS Experiments

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 ym) ~1m? ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

\ FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels
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Events / 40 GeV

Data/Pred.

Extra CLFV search iHWevertex

x10° 138 fb™ (13 TeV)
I N L e

22E CMS W Bsinget
1 g Other ST LRV
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1.4 : iTTCLFV, ., ¢ Data
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100 200 300 400 500 600 700 800
n-lpadronlc (GeV)

Figure 3. Distributions in the reconstructed top quark mass (upper left), W boson mass (upper
right), and minimum X2 (lower) from the top quark reconstruction. The solid and dashed lines show
the signal distributions for the vector Lorentz structure as an example, individually for each type of
operator and interaction. The signals are normalized to the total number of events in data for visibility.
The color filled histograms show the stacked background contributions. The data are shown as filled
points. The last bin in each histogram contains the overflow. The shaded band displays the total

Events / 20 GeV
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uncertainty in the predicted SM background, consisting of statistical and systematic uncertainties

added in quadrature. The panels below the distributions show the ratio of data to the background

prediction.



LHC a$\factory

Table 1: Number of 7 produced in LHC Run-2 (130fb~!) and Run-3 (300 fb~1).

Process 1 Process 2 #7 (Run-2) #71 (Run-3)
pp = cc+ X D — 1v (95% Dy, 5% DY) 1.6-10'3 3.6-1013
pp—bb+X B —Tv+ X' (44% BT, 55% B°, 11% B?) 7.1-10'2 1.6-1013
pp — bb+ X B — D(tv) + X' (98% D,, 2% D¥) 2.5 - 1012 5.7-10%2
w—W+X W —Tv 2.6 - 10° 6.0 - 10°

pp — Z + X Z > TT 5.2.108 1.2-10°
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