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WG3 in a nutshell
Electroweak Physics & Beyond the SM

e 40 talks

e + joint session with WG6: 7 talks on future experiments

 Higgs measurements, EW measurements, Top measurements and their
Interpretations

e Searches for resonances, SUSY, DM, unconventional signatures

e Results from BELLE, NAG2

» Just a fraction of results shown here due to time! Apologies to the speakers!



Couplings
Mass Differential distributions

Wiath H i g g S Rare decays

Heavy Higgs
LFV decays HH production



Higgs mass
ATLAS Leonardo Carminati

CMS Antonio Vagnerini

my = 125.11 = 0.09 (stat.) = 0.06 (syst.) = 125.11 = 0.11 GeV

L L L L L e
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Run1: /s=7-8TeV,25fb~!, Run 2: \/5 = 13 TeV, 140 fo
Total (Stat. only)
Run1 H — v, - | 126.02 + 0.51 (+ 0.43) GeV
Runi1 H — 4/ I o i ‘ 124.51 + 0.52 (+ 0.52) GeV
Run2 H — vy e 125.17 + 0.14 (+ 0.11) GeV
Run2 H — 4/ I—O—II 124.99 + 0.19 (£ 0.18) GeV
Run 142 H — vy 125.22 + 0.14 (+ 0.11) GeV
Run 142 H — 4/ 124.94 + 0.18 (+ 0.17) GeV
Run 1 Combined : ® | 125.38 + 0.41 (+ 0.37) GeV
Run 2 Combined I-Ol-l 125.10 + 0.11 (£ 0.09) GeV
Run 1+2 Combined I-l-l 125.11 + 0.11 (+ 0.09) GeV
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CMS Preliminary

Run 2: 138 fb™ (13 TeV)

Run 1:5.1 b (7 TeV) + 19.7 fb™ (8 TeV)

—— Total Stat. Only
Total (Stat. Only)

i 124.907)7 (*)) GeV
4e —— 0 B e e F e
2e2 ——t 125.5035 (0'2) GeV
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Impressive sub permille precision in the Higgs mass for the first time!



Higgs width

* Higgs width can be constrained using off-shell measurements
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Higgs couplings to fermions

Search for rare/tough decay modes

Louis-Guillaume Gagnon H = VECTOR MESON +v
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Going beyond Branching ratios

Fiducial measurements in the diphoton decay c:hannelc
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e Advanced morphing techniques
PhiNg : Johannes Erdmann

* improving modelling of diphoton invariant mass resolution and photon identification



Higgs differential measurements

e Differential distributions available for various production and decay modes
e Covering both high energy tails, angular observables
e Double differential observables are also becoming available

ATLAS Vector boson fusion CMS Double differential observables
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Progress Iin Theory
Higgs/Z+jet NLL/NLO+

« Resummed predictions NLL matched to Fixed Order
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Francesco Celiberto




Interpretations of differential measurements

Increasing differential measurements can be used to constrain Higgs couplings:
Higgs Yukawa couplings
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EFT interpretations of Higgs measurements

EFT

New Interactions of SM particles
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Rare Production modes
CMS Roberto Covarelli
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Probe of coupling modifications 12

Bound for tHj ~6 times the SM prediction
Bounds on bottom Yukawa (and top)




CP odd couplings Higgs

 The SM predicts a CP-even Higgs

* (CP-violation needed to explain matter anti-matter asymmetry, motivates searches

Fermionic couplings
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Searching for additional Higgses

 Resonance rearches motivated by various BSM models
Searches for scalar resonances with different masses & different decays

Intermediate mass A2HDMS  Andreas Crivellin

G. Coloretti, A.C. and B. Mellado, 2312.17314
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The Higgs potential: Di-Higgs searches

Nature Reviews Physics, volume 3, pages 608-624 (2021) m}z{ C M S B ru n O AI VeS AT LAS AI i S h a h Zad
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HH interpretations

ATLAS Ali Shahzad

Phys. Lett. B 843 (2023) 137745

CMS Bruno Alves

r~ . I 1 1 l 1 1 I I [ 1 I 1 1 ] 1 1 I 1 ] 1 1 1 L - . . -
o) i B ]
21 [ ATLAS — Observed imit (95%CL) - CMS Preliminary 138 fb (13 TeV)
%‘ - VS=13TeV, 1261391 == oPetoh eae - L H
L . HH-bbt* T~ + bbyy+ bbbb [ Expected limit +10 - Ki=Kv = Ko = | . ¢
% E [ Expected limit +20 ; : v 2V I Best it .i lo I m - N\ H
> B E=S Theory prediction . ' \
+ i % SM prediction b : SM t 26 N
W tA Yt - H
> +3.5 +6.2 /
S JICE N K, = 5.841.2 (1o) e (20) // H
9 QQQQQ ) —=
2L -
10 é i § Q929999992999 |
- —— bbttT" - A
- —— bbbb i A e----- o
I —— Combined H
101101 [ 151 [ T T [ R N N T 11l01 L1 115
B bbyy %onstraing large ||<A5f
K
Final state Obs. 95% CL Exp. 95% CL Obs. valuef'l‘(;
HH — bbyy 14 <k <65 -32<ky <81 k=282
HH — bbt*t™ -27<Kk1 <95 31<ky<102 k=157 HL-LHC
HH — bbbb 33 <ky<1l4 -52<ky<11.6 k=629
— Uncertainty scenario K1 68% CI k3 95% CI
HH combination -0.6<k;<6.6 -21<k;<7.8 ka=3.1%50
— . . . No syst. unc. [0.7,1.4] [0.3,1.9]
Pinning down Ky is tough, better prospects at HL-LHC:  gasctine 0.5.1.6]C_[0.0.2.5] D
] Theoretical unc. halved [0.3,2.2] [-0.3,5.5]
Note: kov =0 excluded at more than 50 by both experiments Run 2 syst. unc. (0.1.24]  [-0.6.5.6]

No golden channel: Combinations are needed, significant efforts in all decay channels
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EW precision measurements

The LHC as a precision machine!
Examplel: sin20les

do

OF — OB

Example2: mw & I'w (first ATLAS measurement)

ion | ATLAS ‘
{s=7TeV,46f"

x 1+ cos?6* + Agcosf* | >  Apg = —A4 = < ! ! ! l !
d(cos 6%*) + ™44 S OF + OB g ATLAS A Best fit p = -0.30
; Vs=7TeV,4.6fb" ¥ SM prediction
T T T y T —
LEP + SLD: A_, —e— 0.23221+ 0.00029 23001- o
SLD: A, B I I ; 0.23098 + 0.00026
CDF 2 TeV B e B w0 - 0.23221+ 0.00046
— — 2200} —
D02 TeV e 0.23095 + 0.00040
R SR M— o
1 — 95% CL
LHCb7+8TeV | ® | 928142000106 2100 . (eoass 2080 —
CMS 8 TeV S e A 0.23101+ 0.00053 | | | | |
B T 80320 80340 80360 80380 80400 =
aitesc ol N I D it m,, [MeV] *
CMS 13 TeV —— 0.23157 + 0.00031 B
e 0235 023 0231 0232 0233 0234 e
Good agreement with SM and previous measurement § oo
Dominated by PDF uncertainties o
: : o P e e @8 11
Most precise measurement at hadron collider!
ATLAS 2024
Mario Pelliccioni Andres Pinto &
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@ Measurement
[]stat. Unc.
.Total Unc.
3 SM Prediction

_______________
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Diboson production and polarisation
ATLAS

 Diboson measurements probe the EW structure of the SM

» Detailed studies of polarisation in ZZ and WZ final states also differentially

X
ATLAS B e T
Vs=13.6 TeV,29fb" [ Statistical Uncertainty i y' Measurement
ZZ - 4, |=e, n Total Uncertainty | i / Z, rest frame , 100 < p?. < 200 GeV p? > 200 GeV
T Ly el fo 0.19 033 (ta0) 243 Goys0)_ 0.13 £33 (sta) 243 (oys)
(stat : for+T0 0.18 :tgg; (stat) :tggg (syst) 0.23 igig (stat) 182(1)8 (syst)
Sherpa qgZZ NLO.QCD + ggZZ LO.QCDx1.7(*) i/ = S frr 0.63 +0-02 (stat) £ 01 (syst)  0.64 igiii (stat) o (Syst)
36.8_’:53 (sys.) fb - p N0 i )z ﬁ)() obs (CXp) Slg 5.2 (43) a 1.6 (25) a

MATRIX qgZZ NNLO.QCD + ggZZ NLO.QCD(*)
39.1£ 0.7 (sys.) fb

/’, ./
MATRIX qqZZ NNLO.QCDxNLO.EW + ggZZ NLO.QCD(*) ’2’ T — ./ ATLAS Simulation SM ATLAS Simulation TGC
36.5+0.7 (sys.) fb A / o Y813 Tev MBS 1008 = o qBzidTev
) - = B

(*) + Powheg EW ZZjj ¥ 0.06 qg't'v;_

llllIllllIllllllllllllllllllllllll ||||| %
0 5 10 15 20 25 30 5%+ 40 45 0.04

fiducial cross-section [fb] . VS
Z/Z— 4] decay channel 0.02
First Run 3 measurement

Agreement with higher order SM computations s 0 s =

Luka Selem Angular distributions also discriminating SM from aNTGC (CP-odd)
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Triboson production at the LHC

* The more bosons the better!

e TGCs, QGCs, high threshold processes, great for BSM searches also

» Several processes measured, several channels will benefit from better statistics in Run Il

CMS Tarricone Cristiano

/}ug 2023 | | | , | | CMS Ereliminaw
CMS measurements vs. 7 TeV CMS measurement (stat,stat+sys) e
Theory 8 TeV CMS measurement (stat,stat+sys) o
13 TeV CMS measurement (stat,stat+sys) -0
VVV e 1.02 + o?tzai + os.'ﬂ 137 fb
WWW i1 1.16 £ 0.30 £ 0.28 137 fb™
WWZ &+ e 0.85+0.31 £0.13 137 fb™
Wzz H H 2.18 £1.47 £ 0.49 137 fb™
WWy — . 1.30£0.22 £ 0.29 138 fb™
Wy e 1.03 £0.29 +0.34 19.4 fb™
Wyy e 0.73+0.10+£0.22 137 fb™
Zyy oo 0.98+0.11 £0.14 19.4 fb™
Zyy e 0.91 £0.09 +0.11 137 fb

Al results at; . i Producti40n Cross Sectionsﬂatio: C.../ O X

http://cern.ch/go/pN;j7 exp ! “theo

ATLAS

Illllllllllllllllllllll
ATLAS

Vs=13TeV, 140 fb™

W(— Iv)yy

Data 2015-2018 B (stat) (total)

13.8 + 1.1 (stat)"_;‘) (syst) + 0.1 (lumi) fo

Sherpa 2.2.10 NLO
13.6" 7 (scale) * ' (stat+PDF+a) fo

MadGraph5 aMC@NLO
14.8" | (scale) * ™ (stat+PDF+o.,) fb
: -0.4

lllllllllllllllllllllll

2 - 6 8 10 12 14 16

o x Br(W— e/u v) [fb]

Wyy

Luka Selem

WZy observation owz=2.01%0.30 (stat.) £ 0.16 (syst.)
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Q0

VBS@LHC

oy LI JLEL UL B I UL B I .
= [ ATLAS .
= 1.6F - /s=13TeV, 140 fb' I f B
. . ) o 200 T -
» VBS crucial for understanding EWSB 5 14Ewzj- evej | E
* Access to triple and quartic gauge couplings N 12F E
: B ol -
* Tough processes to measure, but also lots of different channels k: :
0.8f -~
06k EWK- and QCD-WZ+jj B
J N simultaneous measurement £
ﬂq 0.4 A MadGraph+Pythia8 =
C V¥ Sherpa22.12 .
TAGL JET 0.2~ = 68% Confidence Level —
[ e 95% Confidence Level ]
TAG JET O' RTINS SN S SN TN SN ST U (TSN ST ST SN N U ST U NATUNY A R
o 0 0.1 02 03 04 05 06
A Owzjj-ew [fD]
-'—>rl
L L B I B B I L
- ATLAS — Observed 95% CL limit j
Opposite Sign WW VBS 0, = 102 +2.01b O-€Xp =91=x+0.6 (scale) fb 1.5:_ S=13TeV. 140" Expected gso/o-c:,Llurtut | -
- Oro=Tr W, W" | x Tr _WQ‘ﬁW“'Bd
L Or1 = Tr[ W, WH] x Tr[W,s W
CMS 0.55_ Wu#W“i fTI:WHVWm:
Signal 1= 00Bs/osm Cross Section [fb] OE E
EWK Wy 0.8819-19 23.5 4 2.8(stat) " 2 (th) "5 (stat) . .
EWK+QCD W 0.981912 113 4 2.0(stat) "5 > (th) " 5 (stat) -0.5F -
1 _:
| ;Antonlc Glannml :
................ laosaa o sl a s ol ey
Costanza Carrivale bbb ]
fro /A* [TV
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Ultra Peripheral Collisions
Unique (B)SM vy physics with UPCs at the LHC

p. A p. A p. A FF
4
p 4 f ¥ 4
gy i
2 A S
f

g 2

A
oW,
b4 Y
p. A p, A p, A FF

gamma-UPC is a new versatile code to generate

any yy process in UPCs with protons & ions.
Interfaced to MG5_aMC@NLO & HelacOnia & 2

custom codes. ve
New developments: b
» Parametric uncertainties

» AP distribution modulation for lepton pairs »

Nicolas Crepet
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A library for exclusive photon-photon processes in
ultraperipheral proton and nuclear collisions

By Hua-Sheng Shao (LPTHE) and David d'Enterria (CERN)

Please cite arXiv:2207.03012

Yy —e*e in AuAuUPCs @ 200 GeV

zJI+IL|| IR
e '

| | | | | | I | | | | | | | | ‘ | | | | I | | | | | |

m RHIC
........... RHIC fit
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FCNC
Spin correlations Differential distributions

EFT

Top mass

T()p Entanglement

LFV
Single top tt+X



Top properties
The heaviest quark, order~1 Yukawa coupling

Learning more about the top Quantum entanglement

04l ATLAS oon

ATLAS+CMS (s =7,8TeV /s=13TeV, 140 fb’

............ AtTtLAS+CrtM'S combined to}_‘_._._{tal '

stat uncertain
total uncertair:Yy stat 02}

ATLAS i m, = total (= stat = syst) [GeV] Y |

dilepton 7 TeV l-—+—-—+—| 173.79 = 1.42 (= 0.54 = 1.31) ! .

lepton+jets 7 TeV ——e— 172.33+1.28 (+ 0.75+ 1.04) 0 I .

all-jets 7 TeV _— 175.06 = 1.82 (+ 1.35+ 1.21) e -

dilepton 8 TeV = 172.99 + 0.84 (+ 0.41x 0.74) q>J 0.3}

lepton+jets 8 TeV —_— 172.08 + 0.91 (= 0.39 + 0.82) ) )

all-jets 8 TeV ——— 173.72+ 1.15 (= 0.55+ 1.02) ) ittt ittt

combined He— 172.71+ 0.48 (+ 0.25 = 0.41) ©
CMS T I

dilepton 7 TeV b 172.50 = 1.58 (+ 0.43 + 1.52) (‘f I

lepton+jets 7 TeV e — 173.49 = 1.06 (+ 0.43+ 0.97) -0.4+r o o

all-jets 7 TeV ] 173.49+ 1.41 (+ 0.69 + 1.23) i = —-— Limit (Powheg + Herwig7) |

dilepton_ 8 TeV e 172.22+ 0.95 (+ 0.18:+ 0.94) ---- Limit (Powheg + Pythia8)

lepton+jets 8 TeV HeH 172.35+ 0.48 (= 0.16 = 0.45) ) 1

all-jets 8 TeV et 172.32+ 0.62 (= 0.25+ 0.57) , @ B Theory Uncertainty

single top 8 TeV Hgre— 172.95 + 1.20 (= 0.77 = 0.93) -0.5} Dat i

Jhp 8 TeV 173.50+ 3.14 (= 3.00 = 0.94) i . aa . ]

secondary vertex 8 TeV e 173.68+ 1.12 (£ 0.20 = 1.11) » é @ Powheg + Pythia8 (hvq) |

combined HH 172.52 + 0.42 (+ 0.14 = 0.39) | . ]
ATLAS+CMS LHCIopWG B Powheg + Herwig7 (hva) -

dilepton sl 172.30+ 0.59 (+ 0.29 + 0.51) 0.6

lepton+jets HeH 172.45+ 0.36 (+ 0.17 = 0.32) =V. -

all-jets pee 172.60 + 0.45 (+ 0.26 + 0.36) 340 <my <380 380 <my < 500 mg > 500

other = 173.53+ 0.77 (+ 0.43+ 0.64)

combllned | HeH | 172-52z| 0.33 (+ 0.14 .= 0.30) Particle-level Invariant Mass Range [GeV]

[ [ I B L1 &8 | L1 11 I R B

165 170 175 180 185

m, [GeV]

Top-quark mass combination ATLAS/CMS run | Entang|ement: TOp Spins are entang|ed
First observation of entanglement in events

mt = 172.52 + 0.14(stat) + 0.30(syst) GeV ( ~ 0.2 % precision) near the top-anti-top threshold

. uis Monsonis
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Top measurements

Plethora of inclusive and differential measurements in all channels: pair production, tj, tW

ATLAS CMS

%1073 34.7 fb" (13.6 TeV)
'_é_‘ 103 __' T T T T T T T T T T T T T T T 1/4 CMS Dllepton, parton Ievel 138 fb-1 (13 TeV) ; 12'ﬂ_|'- rrjrrrrJjrryrrrJyrrrryrrrr|yrrrr|rrrrrprror
= [ ATLAS * THR L N RS AL I LI $ [ CMS —o—Jata
c [ eeu+biaggedjets - ® | 300<m(f) <450 GeV | 450 <m(if)<600GeV | 600<m(fh) <1500GeV |, o . _, = 1ok Preliminary S?a?ulrngc' 1
g€ [+ 11+btagged] ‘ O | = tW PH DR + P8
A -tagged jets _ — 2 — - . .
) = - s -
b i [ +jets _ = 0.003 _¢°D’“ A4 4 1L POWHPYT, X =83 == i > tW PH DS + P8 |
8 = combined : » ~ O FxFx+PYT, x* =152 3 8| tW PH DR + H7 -
3 i Vs=13.6 TeV, 29 fb _8. i 1 | | PE—— qu- i - tW aMC DR + P8 ]
o Vs =13 TeV, 140 b~ S o . o tW aMC DR2 + P8
g Vs =8TeV, 20.2 ! S O 002 2 1 O 1 _ Total unc. =~ 6 "_ O tW aMC DS + P8 _'
2 10 s=7TeV, 46"  — b - _— W [ tW aMC DS dyn. + P8 7
B Vs=5.02TeV,0.26fb™" -] — . o y ~- - 3 ’
B ~— NNLO+NNLL (pp) . g al - Melver: h
B Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 - 0.001k _|reens 1 _ 5
m=172.5 GeV, PDF+ a uncertainties from PDF4LHC21 | i ety B -
N [ S R B | | - -4 Ol -
- E - - - - - r - - T - - T T 3 E I O DA o° 2 o .‘ —)
8 1.1 ;— PDF4LHC21+scale PDF4LHC21 £} QCD scales only —g . _ l o o O & . : ? .l a . & Q" — oM |
é 1.05 3‘233".‘{."-“&‘.@"{%:.{“ SO NBBEHFK BBEEH FK Patatala > SOOI, \—‘;‘l O -ocg 1 2 — B —+ ' o T I ' - : -
LDL ?iggg’:%%si’é%%%:§§§§:1§::§$§§§ §§:§:::i:i::%o:é:?’:§§:i:i:::i%g;::’:s:.é:i:i:i:si:i» \5: &) 8 . 1 [ e o 1 —_ o ;] o o e Ol RTINS SN ST T SN T TN ST SN (SN ST U T T ST SN SN N SN AT U S SN A R
= 09 = = 08 . T (] ™ ative = premne e
o ' E R . ! . N . 1 . R . ] . . . 1 . . . L3 =~ 1- RS ER A 3 -
% 0.6 — N N — 2 1 2 1 2 - 2 1 2 1 . _“C.*IE _+O m
c 4 6 8 10 12 14 200 400 200 400 200 400 E 06 . . L . ‘ l . ]
(s [TeV] p_(t) [GeV] o 00 150 200 250 300 (3?0 ;40n(1)iss 4)5?6 \5/§)0
T m.(e*, u*, p™s, j) (Ge
T ’ ) T ’

Inclusive results, at different CoM energies
Good agreement with NNLO+NNLL

Luis Monsonis Jeremy Andrea

Differential measurements for tt, parton level Differential measurements for tW
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Top+X

* |eptonic final states for ttZ, ttW, tty, tZq

* For the first time measured at the LHC, now also differentially!

= RERRRRRERAREERA AR AR RN RN RN RN

% 0.1— ATLAS e Data _

(3 - Vs=13TeV, 140 fb" ---MG5_aMC@NLO+Pythia 8
o a - -Sherpa 2.2.1 (incl.)

T~ = 0.08 -+ Sherpa 2.2.11 (multi-leg) —

-8‘ = - Stat. uncertainty i

u - B Total uncertainty _

0.06— .2 —

- _

I _

0.04p8; - _

o; _

i e _

o2 ] ttz -

Prediction
Data
I-_L |
%—J |

0.7F et

ATLAS

- NLO+NNLL | ) ’

-®- Sherpa ! ® |

@ FxFx I S |
NNLO

1 I L I L l L I L I L I I

B ATLAS- this result

(s = 13 TeV, 140 ! /// CMS (UHEP 07 (2023) 219)
Stat. + Syst. . Stat. only

co b e by e b e by
400 500 600 700 800, 900

/ o(ttW) [Tl

0

100 200 300 400 500 600 700 800 900 10
Particle-level p§ [GeV]

o (ttW) = 880 + 50 (stat.) + 70 (syst.) = 880 + 80 fb

fous =1.20 + 0.63 (stat.) + 0.25 (syst.) = 1.20 + 0.68 (tot.)

Spin Correlations in ttZ

Harriet Watson
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Improvement with NNLO computation

R[Cizl/\? [TeV2]
o N
o a0

N
3

lllllllllllllllllIlllllllllll

2.5

0.0

CMS Preliminary

o oo -y -t -
D 00 N A OO 0N

ttZ;tWZ cross section ratio to the SM
~

o
n

o0 02 04 06 08 1

+ Best fit
— 10 CL
- 20c CL

¢ SM

12 14 16 1.8
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tZq cross section ratio to the SM

m | | I | | | I | | |

5 ATLAS

- Vs =13TeV, 140fb’

ob. SMEFT A=1TeV

ttZ & tty

| | | I | | | I | | |

68% CI (comb.)
95% CI (comb.)

Global mode
Standard Model

68% Cl (i2)
95% Cl (i2)
68% CI (tty)
95% Cl (ffy)

IlllllllllIllllllllllllllllllllll

1111

4
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BSM top @ ATLAS and CMS

Example: FCNC tHq

Forbidden at tree level, highly suppressed at
higher orders.

SM prediction BR(t =» Hu, Hc) < 10-15, 10-17,
Deviation would point to new physics

CMS: H=>WW, ZZ, 1T
>= 1 same sign dilepton pair, b-jets, jets

95% CL limits set using the CLs criterion.
@ Observed: Br(t — uH) < 0.072%, Br(t — cH) < 0.043%.
o Expected: Br(t — uH) < 0.059%, Br(t — cH) < 0.062%.

Olga Bessidskaia Bylund
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ATLAS: H=»bb, vy, tT, VV*. Multilepton

E Observed (expected) 95% CL upper limits

B(t — Hq) (o,
tHu 2.8(3.0)x10~* 0.71 (0.73)
tHc  3.3(3.8) x 107~ 0.76 (0.82)

Gabriel Gomes



BSM top @ ATLAS and CMS

Charged LFV decays

No excess seen. EFT interpretation.
Limits improve by ~an order of magnitude.

RB(t — utq) <87 x 107

N | | I I ! | ! ! l | | | | | ! ! | l | | | ! I !

10~ a7L4S 95% CL limits
~ Vs=13TeV, 140 fb’ Scalar
L CLFV utqt Obs. Exp.+ 1o
Vector

— Obs. -- EXp.x 1o

Tensor
— Obs. -- Exp.x 1o

B(t —ut c)x 10°
0

lll|lll|lll|lll|l

N
DA /T 7T

~
™
..
e
-
_
-~

I | A

‘\,
Q\.,~.~ .. .
| | | | I | | | | "L | | | [ ~J | | | I | | | |

0.1 0.2 0.3 04 0.5
_ B(t —ut u)x 10°
Gabriel Gomes 28
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Olga Bessidskaia Bylund

Br(t — euu) Br(t — euc)
tensor 0.032 -10°°  0.498 -10~°
Vector 0022 18 . 0369 10
scl 0012 102 0216 10 "

CMS 138 fb! (13 TeV)

0.6

L 95% CL upper limits CLFV Exp+1s Obs
0.5 Tensor NS

B Vector :-====e--- P

g Scalar . F—
0.4_—
0.3

l‘
0.2K
0.1

0_11|||1||~|"~|| NS [ [T BTN

0 0.005 0.01 0.015 0.02 0.025 003 0.035 0.04

|
0
B(t—euu)x 10°



Dark Matter

Resonances
LQ BSM VLQ
LLPs | FV

Unconventional signatures



DM searches @ ATLAS

Nikolal Fomin Monotop + Ermiss:

d
q

Vigorously exploring
complementary models /
signatures: Scalar (vector) limits improved by 800 (300) GeV.

- s-channel production (via

‘:,:'

ATLAS ATLAS
. fs=13TeV, 139 b fs=13TeV, 139 b
I I IonO—X + ETmISS) Scalar DM mediator —Obs. 95% CL  ~~Exp.+%c = Exp. +20 Vector DM mediator —Obs. 95% CL  ~Exp. +1o
kq = 0.2, m}t =1 GeV --- Exp. 95% CL Exp.-1c - - Exp. -20 a=0.5, gx = 1 --- Exp. 95% CL Exp.-1c -~
~ = T R 102> B
- 2HDM + a i
. - O E
0.9 I S 3 g% 1200F
- Hidden/dark sectors (via LLPs). L
0.7 © 1000F
1
- SUSY 0.6 900 F
0.5 800
3 107"
0.4 700
0.3 600 F
102
0.2 500
0'1“-.'.‘4-"‘ 400lIlllllllllll|21131:i1.;|1:.l||||lIllll 10—3
2500 3000 3500 4000 4500 5000 5500 : (360\9]0 1000 1500 2000 2500 3000 3500
m, [Ge

my, [GeV]
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DM @ CMS

Dark photon: spin-1 mediator, mixing with SM photon.

Low mass resonance search using scouting triggers
(store less content—reduce trigger thresholds).

CMS Preliminary 97 - 137 fb~! (13 TeV)
F e

—A
-
A

—r

o
&
l

" LHCDb ‘ CMS 5
vy PRL 124 (2020) 131802 3

scouting triggers <= =P standard triggers

90% CL upper limit on €2
S
=

10-7L BaBar .
CMS
B JHEP 12 (2023) 070 Minimal dark photon model 3
8) . . e , , L
Lt 10 100
Plethora of searches: Simplified and extended models. ma [GeV]

Moving towards unconventional signatures.
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Jesus Manuel Vizan Garcia



Tomoya lizawa

Leptoquarks & vector-like quarks @ ATLAS

Lepton flavour universality violation in charged and neutral current processes in B physics
can suggest a tree level mediator such as leptoquarks.

Pair production combination: increases lower bounds by ~100 GeV wrt individual analyses.

Best limits to date.

———
ATLAS

LQS = tv/bT

btbTt
e FY TV
— tTDV

llllll

0.0

1 I ] ] L}

All contours at 95% CL

- QObserved Limit

- ==« Expected Limit
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' 1
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—
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Vector-like quarks also
searched for In
both single and pair
production



LFU in b — clv decays at LHCb

SM: W~ -

First LHCb measurement using
D+ meson:

R(D*) = 0.249 + 0.043(stat) + 0.047(syst)
R(D**) = 0.402 + 0.081(stat) + 0.085(syst)

R(D*)

0.35

03

0.2

Chen Chen

BSM: Replace W- with e.g. H- or LQ, or EFT operator.

New R(D) & R(D*) world average:

62'3% lCL Eon{our's '

'L T | T T T T | T T
A

-\ ‘ Moriond 2024 | Belle® /

\\ LHCb* \
Be lcll

BaBar

lll|||||

LHCb®

4 HFLAV SM Predictio

R(D) = 0.298 O()()4
R(D*)=0.254 =0.005

| 1 1 1 1 | 1 1 1 1
0.2 0.3 04

Slica

[

World Average
R(D)=0.344 =0.026
R(D*)=0285 0012
p=-0.39
P(x?) = 29%
A ' l A

0.5

R(D)

Tension with SM: 3.340 - 3.170



SUSY @ CMS

Pablo Matorras

95% CL upper limit on cross section [pb]

Z Moving toward unconventional and
N % <1l R-parity violating challenging signatures, combinations.
. w > hneutralinos No excess, but still some hope.
- Xi \ud
Wi osCMS 137 b (13 TeV) i
- |\ i ER R v e e e e e e G S
138 fb' (13 TeV) % - PP — XX 'Xfﬁni'i? NLO+NLL exclusion{! =
S\ e me = 310 9 045__:€ Observedt1 Gtheory higgsino, Am°=2Ami_‘ N
- CMS Prellmlnary E - | — Expected+1 Gexperiment —— 'ad- corrections 1 4
200 L X8 — WERZXS, %= uds I o 04p =
< | 95% CL upper limits L Di rina track € ; |
E 300 - — Observed §§ Seppearing 'aC < 0358 ek
= £2 search for long-lived » B
§ : xXpectedxlo 1 \d CharganS % 0.3:— - _:10_1
€ 200 ¥ _ _ ol
. g Stringent constraints o025 i
100 |- on Higgsinos. 1 BT
L e 1 0.15:— o - —::
100 200 300 400 500 600 L =500 0, 0 o
¥, mass (GeV) m. (GeV)
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Higgs-like heavy resonances @ ATLAS

Jackson Barr

Dedicated search program: ML-based novel approaches in heavy object
identification; anomaly detection studies, NN for boosted objects.

VBF HH— bbbb B :

~ ATLAS Internal —— Observed limit ]

. . . . _ -1 o _— ]

First ATLAS study in boosted channels with C Var Hbas oot SR
Narrow width B Expected limit +10

H— bb tagging.
Excludes kov = 0 at 3.80.
Upper limits set for a the resonant case.

|
|

q q

95% CL Limit on oyge(X—HH) [fb]

1000 1500 2000 2500 3000 3500 4000 4500 5000
My [GeV]
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Unconventional signatures search @ ATLAS

Martina Ressegotti

g (R-hadron) — qq ,{? . m(%,) =100 GeV

% | @ RPCOL2:6jets (36 fb::) arXiv:1712.02332 ATLAS Preliminary
O 3000 - RN moemoom0n . BR3TeV36M00"
. . )a : PierdE/dx(140 b7 | ’ arXiv:2205.06013
Mainly targeting LLPs. Complementary E | TTmmmmmir) mseowe o e
. - B arXiv:2104.03050 = ©= CXpecte
searches based on different detector . .
components. ;;, B 8
- Inner detector: disappearing tracks, w e B B S —
displaced vertices ; ;
1500 5 ;
- Calorimeter (and Transition Radiation B '
Tracker): Highly lonizing Particles (HIPs), - 5] e »
. . igllllllll I IIIIIII|; | Illlllll | l.glllllll 2l lilllllll I IlIIIlll l Illlllll l li g
Ou.t—c_)f—tlme energy deposits, non- e TEE N § B e S
pOIntIng phOtOnS (r for n=0, By=1) Beampipe ' Inner Detector l Calo 'rls'
II| | lllllll L1l llllll || lIllIlli [ Iillll‘ [ | lIIllIl || IIIIIII [ | IIIIII|
- Pixel detector: high ionization energy loss 0 o0 ot i 10 6 0. 10

(dE/dX). e
Complementarity in sensitivity to lifetime.
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Run 3 muon Reconstruction @ ATLAS

Optimal object performance crucial for optimum performance in physics results.

Efficiency

Data / MC

1_— —o—————0—¢ O%
E —_——
3 TR =
- E
0.8 . -
E —o— =
2 =
= ATLAS Preliminary E
0.6 's=13.6 TeV, 28 fb" o
Loose (p\T/arCO”e) —e— Data 2023 3
MC E
b = = NN S e e .
T s P Stat.only.  Sys.® Stat_
1 "—ntrg. 0.9.--g-—zg-—® *——o—o——0—» ®
| ®
0_9_ ........................................................................................................................................ -
10 10°

Muon ID & isolation efficiencies
performance almost at Run 2 level.
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Davide Cierl

x10°
> 1 OOO I 1 | | I I | I | I 1 I I 1 | I I | I | I I | 1 I T
G,) — N -
=  ATLAS Preliminary $ Data
o L YVs=13.6TeV, 29 fb™
3 800 combined Tracks Background
> B Z
I=
)
>
L1

Full Model

o
-
o

0
. e e e S
e 1 a
Jolbs - :
T|S  1000eyee00eeeeetes000000000000000000000000000000, 4
all= B i
> = . . -
75 80 85 90 95 100 105

m,, [GeV]

Calibration ongoing to achieve similar
momentum resolution performance.
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Tauonium at colliders pavid g’Enterria

First comprehensive study of ditauoniom production in the lab. %

- Heaviest & most compact leptonic “atomic” system.
- Tests of bound QED & CPT symmetries at high mass.
- Ultra-precise T mass extraction via ete=»T1Utu-.

. . e h e h
Para-ditauonim: Example \L//
observable via yy fusion at high x :

. +A- . T 103§
lumi e*e- colliders. para- (17 = 0°) I {7 :

myy fit stat. significance: /‘&
- Belle Il, FCC-ee : 30, 50. o i o
—208 'ﬁﬁﬁ

—400

e*e at Vs =91.2GeV, L _, = 50 ab™

k.

o
)
l

Events / (20 MeV)

10% E

|
f%ﬁﬁ*‘*"““**%"“

{

2800 3000 3200 3400 3600 3800
m,, (MeV)

Pseudodata - Backgd

;;;;;;;;;;;;;;;;
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LHeC

Precision & BSM

W-boson mass | |
HL-LHC + LHeC PDFs % Amw = |2 MeV
Direct measurements
LEP2 °
Tevatron -
ATLAS -
CDF ——
Indirect determinations
LHeC-50 ——
LHeC-60 ——
FCC-eh S
FCC-eh + LHeC-60 >
arXiv:2203.06237
PDG [2020] l —eo— l
80.35 80.4
m,, [GeV]

Rich Programme in precision physics, EW, top, Higgs and BSM physics

. . 7 T
sin’0g;
LEP+SLD *
Tevatron o
LHC -
LHeC-50 >,
LHeC-60 —
FCC-eh ——
FCC-eh + LHeC _—
Standard Model [rPpG2o l* |

0.231 0.2315 0.232
sinzﬂﬁ\’,‘.I

Nestor Armesto

M.Klein

E.=60 GeV

S/ [%] HWW and HZZ signal strengths measured at once in DIS
50 via selection of the final state (e or v)
40
WW->H ZZ2H
30 LHeC 200 fb 25 fb
FCC-eh 1 pb 150 fb
20
10
0]

bb WW gg tt cc ZZ vy

submitted to EU strategy CERN-ACC-Note-2018-0084

Bruce Mellado

Also nice opportunities for yy collisions

40

Hamzeh Khanpour

bb WW gg tt cc ZZ vy

W LHeC
™ HE LHeC
FCCeh




Belle |l results Youngjoon kwon

Belle |l has collected over 0.4 ab-1 data sample in its first 3 years of operation before
LS1, and started Run 2 data taking in Feb. this year.

20 Belle Il Online luminosity Exp: 7-30 - All runs
. Integrated luminosity . .
Recorded Dail J -
T 257 = [crecoieact =y443.32[fb-11 ------------------------------------------------------------------------------ [ 400 FI rSt eVIdence for B+ _> K+VV .
é 20_ ..................................................................................................................................................................... “i
£ i
2 r E SM Average
3 1.5 ek b [ 0.497 +0.037 1 3404
""""""""""""""""""" ’ ® Belle II (362 fb™!, combined)

= 2.34+0.7 This analysis
B 0.5 4ol
] | Belle IT (362 fb!, hadronic)

0.0 s 0 .14+ 1.1 This analysis

Q

Belle IT (362 fb!, inclusive)

2.7+0.7 This analysis

Belle IT (63 fb!, inclusive)

.94+ 1.5 PRL127, 181802

Q

Inclusive test of LFU with B = XTV:

B(B — XTv)
B(B — X/v)

Belle (711 fb!, semileptonic)

1.0+£0.6 PRDY96, 091101

® Belle (711 fb!, hadronic)

2941.6 PRDS87, 111103

BaBar (418 fb!, semileptonic)

0.24+0.8 PRDS82, 112002

BaBar (429 fb'!, hadronic)

1.5+ 1.3 PRDS87, 112005

R(XT/E) =

+
l
l
l
l
[
l
[
l
l
l
l
I
l
[
[
l
!
!
l
I
l
l
[
l
L.

R(X.,,) = 0.228 + 0.016 £+ 0.036

l 1 1 | I | 1 1 I 1 | 1 l

2 4 6 8 10
10° x Br(BT™—K T vp)

Consistent with SM: 0.223 £+ 0.005
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Fixed target experiment at CERN

Beam tracker
[4 stations of

silicon pixel detector] ~ L-arge angle photon veto

Kaon ID
[ Differential

Cerenkov detector] LAV

ANTIO

Downstream
spectrometer

STRAW

|[EM calorimeters]

|
(400 mm BLI\ [ T T T T T
Target KTAG II Ill
| — e = CHANTI
| Primary beam: _O:ll-lzi[l-rj\
1 400 GeV/c SPS protons GTK

COL

Beam guard ring

HAHH

T

1 ~3.3x10"* ppp
1 Secondary beam:

1 75 GeV/c (Ap/p ~ 1.1%)
K+(6%)/7+(70%)/p(24%)
750MHz af GTK

65m decay region,
~3SMHz kaon decay rate
10° mbar vacuum

HJ.H \

T I T

NAG2 precision measurements

T[EM Tcalor{imetersl

MUVO | Charged
hodoscopes
CHOD
MUV1,2
Iron
| RICH MUV3
: ] SAC
B
IHASC
RICH
IIRC Dump
e~
LKr

Photon veto

—

I )J ] || 1 ] 1 1 T 1 ]

0 100 150

200

o —=» ete; New preliminary measurement.

250
Z [m]

Baaso (10 — ete (v), x > 0.95) = (5.86-

_ O.SOstat _

201 1syst:

-0.19ex) X 107°
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Petre Boboc

K+ = TTtYY:

E787 (1 997)
31 events

NA48/2 (201 4)
149 events e

NA62—2007 (201 4)
232 events | | B
NA48/2 + NA62—2007 (201 4)
381 events | :

NA62 (2023)
3984 events

II|IIII|IIII|III|‘IIII'IIII‘IIII'IIII‘IIII|IIII

O 6 7/ 8 9 16 11 12 13 14
B(K*— mtyy)x10’

=

Also performed a peak search for
ALPs: K+ = 11ta, a =» yy

— (5.86+0.37) x107°



NAG2: Exotic decays in beam dump mode

Alina Kleimenova
Search in hadronic final states:

ALP
Target is removed. o [ Bci1so%cLuL -
. . % 1077 F Past experiments3
- Complementary to LHC and indirect O NA62 a - hadrons:
searches. S10°6F o
O +20
: O
- Smaller masses, lower couplings 7
. 107" & —
accessible. i ]
- Models: ALPs, dark photons, dark Higgs. 1078
1077 | my,| |mp  mpy NA62 Preliminary;
2 x10°1 10° 2 x 10°

m, [GeV/c?]

Marco Ceoletta
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Powerful

probe for BSM

physics.

Rich rare and
exotic decays
program.

NAG2: LF/LN violation, hidden sectors

Marco Ceoletta

Type Process Prev. UL NA62 UL Improvement
PNV EY K o gete O 00" R0 O )
LNV/LFV K* —se vutu™ — o 10 —

LNV KT —>aputut 8610 42 (10 = 9 (w300 Runl)
LNV K — W‘@f@* =64 210 - 53 1(_)_1} O(10)

LNV K+ - nm~nletet — <85x 1071V FIRST SEARCH!
LNV K a0 . -

LNV Kt s> a utet s 510 Y 49 0 00

LFV K s O EL

LFV 1 ol c 34w 39 10 - OO0

LFV Kt 5> atn%" et — — —

LEY KT >atute” < laxilp = —

LFV ™ = e put =38 10 - —
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» Thanks to the orgarilsers



