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Disclaimer

Large amount of new results

» Will go through several of them but not all

Not an expert in each topic!

Interesting Young Scientist Forum presentations !

Very good level of skiing
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HIgQsS mass and width

Higgs mass : fundamental parameter of the SM » Higgs width sensitive to BSM scenarios
* Measured in 42 and yy channels « CMS (NEW):
* ATLAS: improvement of photon energy scale e I'=(2.9+1.9-1.4) MeV, e [0.6, 7.0] MeV @
—> keep systematic below statistical . ' B ’ R
uncertainty! 95% CL
* CMS: most precise single measurement (4 £), * ATLAS

several improvements (beam spot constraint, .
per-event uncertainty) my = 125.08 0.10 £ 0.05 Gev ~ ° I = (4.5+3.0-2.5) MeV, <10.2 MeV @ 95% CL

HIG-21-019

Run 2: 138 fb™ (13 TeV) - Total Stat. Only
Run 1. 5.1 o™ (7 TeV) + 19.7 fb™" (8 TeV)
Total (Stat. Only)

4y ﬂ 124.907,7 (7)) GeV

e —_— 124.705:7 (1)1)) GeV

ATLAS
s =13 TeV, 140 fb™
1=l <1.37

my = 125.17 £ 0. 11 stat £ 0.095y5t GeV

+0.27 .2
—— 125.50% 5 (;-.) GeV

.-I.—. 125.2077 (1)) GeV
e

125.047,7 (1) GeV

Pre-fit calibration model
Post-fit calibration model
¢ Z — ee data
¢ J/y — eedata

125.60:248 (*49) GeV

125.08,7 (*"'% GeV

-0.10

JINST 19 (2024) P0O2009



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html
http://dx.doi.org/10.1088/1748-0221/19/02/P02009
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HIgQgsS couplings

* 2nd generation of fermions CMS-HIG-23-003

* Probe CP structure and test SM predictions

* New CMS measurement of H+bb associated
production, sensitive to xt, xz, and xb

* Cross-section 0.48 pb, similar to ttH

* Challenging backgrounds (multijet), use leptonic
decays of the WW and z7 final states to fight it

* Compatible with the SM within 2sigma

T T T T T CMS Preliminary 138 o' (13 TeV) - .
K‘z | T | | | | LA N L N B B By N B B U B B B N B B B 6CMS Prehm[nary |38 fb ( 1 3 TeV)
" —e— Observed - Median expected 0o ‘
- st -4
— Theory prediction - 68% expected CMS—HIG—23-003
c . o ATLASRun2 yp P
W e | L 95% expected 68% 95% CL
- — 4
— — ’ \ £ C.2 EPJC 83(2023)582 inpuls Expectec
K P Leptons Quarks . . ' [/ E=n Combinalion Exoect
t & 1, I ol o n T, L|m|t_ expected 6.1 £33 £22 Combination Expected
. e u T Expected: 8.5 : 2 220 Combination Observed
Ky ——e e d | s [N Ooservec: 78 | observed 3.7 2 : * Bostfi
ut ) ¢ SM Expected
I~ Force carriers Higgs boson | ho i &
v == iEEm e | &
i G ] served: 8. | | 0 ) <
° et,
K.'u ' i ' Expected: 18 \ O
- — Observed: 10 2
—e— B, =8,=0 — —
K- nv u
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- . - Expected: 19 .
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4 T B P -4
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° " Expected: 6.1
Kz Y| | 2= y=EEesEwestTses s =S S STSE R O::;:ivid: 37
| 1 1 | 1 | 1 | 1 11, PRI S S S S WS IR SO S T S S SRS N S 6 |
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-003/index.html
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HH searches

« HH—>yyz7 : First dedicated search, observed limit of 33 CMS-HIGG-22-012 o (13700
138 fb™' (13 Te
(26) tlmeS the SM _ C.MS 95% CL upper Iiﬁ\its._

= Theory prediction
*  SM prediction

 Observed (expected) constraint on Ky rejects values g | o 5% opecd
outside of the interval [-12, 17] ([-9.4, 15]).

— Observed

Preliminary
--- Median expected

e Also interpreted in new physics models

* ATLAS multilepton  AT| AS-CONF-2024-005

e First global search in the multi-lepton channels with
combined observed (expected) limit of 18 (11) times the SM

ATLAS Preliminary ~ —— 68% CL ombination ATLAS Pre“minary e Observed Em +10
Vs =13 TeV, 140 fb™! — - 95%CL ooste
1 S VBF HH bBbE Y¢  SM prediction esolve _ o Expected (uyy=0) I 20
AT I_A V B I: 4 b - Observed dh  Best fit combination - Vs =13 TeV, 140 fb-! Expected (U = 1)

0§S2+\’BF(HH) =32.71fb o
(MHn=0)

e constraints on Koy greatly
improved, with exclusion of Koy
= 0 with a observed (expected)
significance of 3.40 (2.90).

\
150 1.75 2.00

e Also set limit to resonant
1 Combined ML
VBF mOdels "'H ( Combined yy + ML

ATLAS-CONF-2024-003 pray e



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-005/
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NEW (CMS) : search for aa—> pyup

 2017+18 dataset, improves over previous 2016 measurement

e Also interpreted in BSM scenarios: NMSSM, vector dark

D

CMS Preliminary 101 fb™" (13 TeV)

portal and dark SUSY

NEW (ATLAS) : H/A —> ttbar

Motivated by 2HDM

 Small deviation observed at
800 GeV, local significance
2.30

« NEW (CMS): A = ZH — litt

e No deviation from SM

CMS-PAS-B2G-23-006

CMS Pre//m/nary 138 fo~! (13 TeV)

T T T T T T T T T

s L A ZH - I

0] L 2HDM (Type-ll), sin(B- o) =1

< 1100 Excluded at 95% CL

I [ --- Median expected — tanB=0.5

1000} = Observed tanp=1.0

— tanf=2.0

BR(A — ZH x H — tf) (pb)

Observed 95% CL limit on o(ggA)

ey /\ T | T TS S BT |
800 1000 1200 1400
ma (GeV)

S
o e T T
o
(o2}
o
o

1072

ALP 95% CL upper I|m|ts

- Bla-2p)=
— B(a-2p)=
- Bla—-2p)=

1.0 (Exp.)
1.0 (Obs.)
0.1 (Exp.)

— B(a—2p)=0.1 (Obs.)
| +1 std. deviation
+2 std. deviation

m, [GeV]

: eTTE e coupling
of an axion-like particle to the Higgs
boson

F.Balli — Highlights from MoriondEW 2024 (EW, QCD) — DPhP Seminar

4.0

3.5 /

\
N \
3.0F N\
\‘ >
\ \
258 N
N

ATLAS Preliminary
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(+10 and +20)

20F 1

1.5 .

1.0+ 1

400 660 800 1000 1 200 1400

ma [GeV]

CMS Preliminary 137 fo-! (13 TeV)

— (R L B L B

é NMSSM 95% CL upper limits:

3 100f—--- mp, =125 GeV (Exp.) B +1 std. deviation
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1 Cross-section times branching fraction
constraints in NMSSM interpretation with

my, = 125 GeV


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html
https://cds.cern.ch/record/2891813
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-004/index.html
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Standard Model
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CMS Preliminary 138 fb' (13 TeV)

2500 —<+-Observed[ ] Z/f* > 1t [ ]ZW* — eelup

[ 1Excl. bkg. B VV + tt B Jet mis-ID
vyy— 1t [ _]Uncertainty

CMS Preliminary 138 o™ (13 TeV) CMS Preliminary 138 ™ (13 TeV)
® Observed —68%CL —95% CL ® Observed —68% CL —95% CL

OPAL —— OPAL 2000

PLB 431 (1998) 188 PLB 431 (1998) 188

]
c%-,’mo

1500

2

L3

PLB 434 (1998) 169 : L3

Events —

PLB 434 (1998) 169

DELPHI
EPJC 35 (2004) 159

ARGUS
ATLAS Pb+Pb PLB 485 (2000) 37

PRL 131 (2023) 151802

Belle
CMS Pb+Pb

JHEP 04 (2022) 110
PRL 131 (2023) 151803

This result This result

-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5

d: (e cm)

CMS-PAS-SMP-23-005

 5.30 observed, 6.50 expected

* Measuring the photon-lepton interaction is a key way to access the anomalous
electromagnetic moment (a: : magnetic moment of the spin, d: electric dipole moment)

« Extraction of a; (r g-2)

Most stringent limit set on both a: and d: to date: 10 uncertainty on a: is only 3
times the one loop contribution

% Standard Model

....... Expected 95% CL

—— Observed 95% CL
2
Ce/A? [TeV?

BSM physics parameterized in SMEFT 10



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-005/index.html
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. CMS : WW cross-sections at 13.6 TeV

First measurement of W+W- at 13.6 TeV

e Used data collected in 2022 — 34.8 fb-

Event category: 1 muon and 1 electron of
opposite charge

The measured Iinclusive cross section IS
125.7 £ 5.6 pb, In agreement with
predictions

pp NNLO QCD x NLO EWK (MATRIX)
== pp NNLO QCD x NLO EWK (MATRIX)
pp NLO (MATRIX)
== pp NLO (MATRIX)

O'pp/p;S - WW (pb)

CMS Preliminary 34.8fb' (13.6 TeV)

+ Data
= POWHEG+PYTHIA
— MATRIX

—— MINNLO+PYTHIA

1/o d()/dNJ

-\ Theory uncertainty
» Theory prediction/ measurement

| — \\e\\\\\\e\‘«x..Q\x\\é\\\‘x»\\e\x\\\\<\Q{~>\\—&\\\\:%&Q}\\\\\\é&k\\x\\\\\\}&‘i\k\\\%}\\i\\\i\\s\\s\:' :
t

POWHEG
Data

Theory uncertainty
» Theory prediction / measurement

Theory uncertainty
» Theory prediction / measurement

......... e e

Number of jets

CMS-PAS-SMP-24-001
e First comparison with MINNLOPS

11 * Very good agreement with theory


https://cds.cern.ch/record/2892658?ln=en
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- L epton flavour universality - ATLAS

* W/Z couplings assumed to be independent of mass ATLAS
+ Violation of lepton iversalit ign of LEP2 —
iolation of lepton flavor universality —> sign o e'e—sWW. {5-183-207 GeV 5
BSM physics ATLAS :
pp—W, Vs=7 TeV, 4.6 fb" :
* Measured through ratio of W-> £v decay rates LHCb :
(£ = e, y) in ttbar events pp—W, Vs=8 TeV, 2 b’ * :
CMS )
« Experimental measurement uses ratio of W to Z pp—tt, Vs=13 TeV, 36 fb

cross-sections to allow better cancellation of PDG average

uncertainties
ATLAS (this result)

* W in ttbar decays (2 dileptonic decay channels) pp—tt, Vs=13 TeV, 140 fb”

0.92 0.94 0.96 0.98 1 1.02

« Z events (same flavour) B(W )/B(W—ev)
— UV —eV

e |Likelihood fit to extract the ratio

R"/¢(ATLAS) = R"/% (ATLAS) - 1/ R%*/*¢(LEP+SLD)

e Leading uncertainties : PDF, fake leptons,

lepton uncertainties and Z modelling :
* relative uncertainty of 0.45 % arXiv:2403.02133

* Multiply by precise LEP/SLD Z cross-section * most precise single measurement to date, also
more precise than previous PDG average

Ru/e (ATLAS) = 0.9995 + 0.0022 (stat.) + 0.0036 (syst.) + 0.0014 (LEP+SLD)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-28/
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Mw and ['w - ATLAS

* Fundamental parameter of SM limiting in precision for the comparison to theory predictions (global EW fit)

» Also need to understand the disturbing tension with latest CDF measurement —> more precision is needed by other
experiments

» Result was preliminary for LHCP 2023, now submitted, re-analysis of 2018 result, using 2011 Run1 data taken at 7 TeV

Overview of T, measurements
EHEHDVHL C 47 ( ) 309 A LAS
Vs=7TeV, 4.6’

STDM-2019-24

ATLAS A Best fit p=-0.30
Vs=7TeV, 461"’ ¥ SM prediction

DO (Run 2)
ur. Phys. J. C 47 (2006) 309
w = 2180 = 142 Me\

& CDF (Run 2)
LHCb 2021

® Measurement

ATLAS 2017
80370 16 [[]stat. unc.

® Measurement
DSlat. Unec.
ATLAS 2024 .T018| Unc.
T 50067 2 16 M {7 SM Prediction

80320 80360 80380 80400
m,, [MeV]

80200 80300 80400
m,, [MeV]

* Improvements on several fronts, mainly

- I'w = 2202 + 32 (stat.) + 34 (syst.) MeV = 2202 + 47 MeV

Uncertainties on My s==4 = 80366.5 + 15.9 MeV

Unc. [MeV ] | Total Stat. Syst. | PDF A; Backg. EW e u  wur Lumi my

pt 718 273 664 | 212 139 104 49 132 115 120 96 63 e Also includes measurement of W
mr 475 355 316 | 49 66 96 33 132 92 176 91 55 width, first at LHC
Combined | 46.8 320 341 | 67 75 94 33 131 94 167 91 56

- Updated PDFs

Use of profile likelihood fit



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-24/
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SIN20w - CMS

* Weak mixing angle is an SM parameter of paramount
importance

CMS-SMP-22-010

e Best (preliminary) result of WMA in a hadron collider !!

* Measure sin26g, «f through forward-backward asymmetry
(Arg) Of leptons in Z events, in mass and rapidity bins

. . . LEP + SLD: Acy _ 0.23221 + 0.00029

* Includes electrons outside of tracking/only in forward SLD: A 0.23098 + 0.00026
- ) I ........................................................................................... ' B ’

calorimeter (h) CDF 2 TeV 0.23221 = 0.00046

: . DO 2 TeV : : 0.23095 + 0.00040
* |n| acceptance up to 4.36, increase sensitivity to AFB ATLAS7Tev | g 0.23080 = 0.00120

LHCb 748 TeV 0.23142 = 0.00106
 PDF uncertainty dominates CMS 8 TeV 0.23101 = 0.00053

ATLAS 8 TeV 0.23140 + 0.00036
_ Prefminary | B
* Four £€ channels : py, ee, eg, eh CMS u — 0.23146 + 0.00039

Preliminary

CMS ee C 0.23192 = 0.00042

Preliminary

° U:leta] < 2.4 e e:letal] <25 CMS e — 5 0.23252 + 0.00060

Preliminari

CMS eh C 0.23126 + 0.00046

Preliminary | e Bt

* g: EF electron 2.5 < |eta| < 2.87 CMS 13 TeV 0.23157 =+ 0.00031

Preliminary

CMS Preliminary 59 fb™' (2018, 13 TeV)

Fit (CT182)
—— Data

0.231 0.232 0.233 0.234

+ h: HF electron 3.14 < |etal < 4.36 SN0,
calib

=
L
=
8
-0.05

lyl-m bin


https://cds.cern.ch/record/2893842?ln=en
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BoM
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CMS Preliminary 138fb" (13 TeV)

3 TeV Resonances

VAE-QR

CWola Hunting
® TNT

CATHODE

CATHODE-b

QUAK - General

30 Significance
0 50 Significance
-- Inclusive, 95% CL Exp. Upper Limit
+ ® Inclusive
2-prong (T21, Msp)
3-prong (T32, Msp)

—
o
w

W -5B't-bzt
(3+3)

Wkk -WR-3W
(2+4)

Y -HH -4t
(6+6)

Signal Model

X-YY —-4q
(2+2)

e The ranking metric is defined as the
minimal value of the cross section of the
injected signal to cross the 3/5 0
significance.

e All methods almost always better than
inclusive / traditional search strategy!

_oriondEW 2024 \L_OQCD

detection

Model dependence

16

CMS-PAS-EXO-22-026

 Unsupervised: learn to understand regular jets —
look for outliers

* Auto-Encoders (VAE with Quantile
Regression).

« Weakly supervised: try to separate 2 groups of jets
— learn to identify signals

» Classification Without Labels (CWol a)
e Tag N’ Train (TNT)

» Classifying Anomalies Through Outer Density
Estimation (CATHODE)

« Semi-supervised: encode a 'prior' of potential
signals — look for similar

* Quasi Anomalous Knowledge (QUAK).

» Obtain comparison of sensitivity of different
methods against more classical methods

* inclusive search (i.e. no jets selection)
« selection on jet 2-prong observable

» selection on jet 3-prong observable


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-026/index.html
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EFT in ATLAS and CMS

( —Dio

Expected contribution

Q
I
O

(1 Cyws Cun  C

Cyu. C4) CYl
Cys) Cy) Cu. Cuy
L\ EWPO
Co Y O3 Ch, C

Qd
CtG Ctsd _Ct8u C'1;8q
tt

Q Q
TR
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Q
o
Q

9
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k=4

[}

o

c

C :
tH B
N

=

()]

£

£

>

w

Q
T

Q
S

Higgs

Parameter value scaled
by symmetrized uncertainty (¢’/o)

e [ry to constrain higher dimensional operators
from all available data

 New physics could be at such a high
energy scale that we cannot see the new
resonances at the LHC, but still impact
observables at lower energies —>
Parametrise with operators of dimension n,
Wilson coefficients and energy scale of NP 17

decay

production

arXiv:2402.05742
ATLAS

V/s=13 TeV, 139 fb~', my = 125.09 GeV SMEFT A=1TeV

SRR

B Linear (obs.)
Linear (exp.)

il

B Linear (obs.)
Linear (exp.)

Probed Scale (A//7) [TeV]

N
T

e BestFit
— 68 % CL
....... 95 % CL

|
N

|
EN
T

O, Q0,40 (%) (%7
N N4 0,7
/,’9 "9 ,’S’ 4 6}///

 Example : Combined Higgs fit

* p-value of compatibility between data and SM is
94 5%

« Other recent measurements interpreted in EFT —>
no deviation from SM



https://arxiv.org/abs/2402.05742
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Flavour

18
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GEUEIEENERD

e Search for the rare decay B+ = K+w Light:

« Axions PRD 102, 015023 (2020)
« ALPs JHEP 04, 131 (2023)
« Dark Scalars PRD 101, 095006 (2020)

* b-> sll suppressed by GIM mechanism

« Combine 2 complementary analyses (ITA/HTA)

e Combined: 2.70 deviation from SM / /
) —<— ¢ S

Heavy:

e Very active effort within Belle Il to provide results for other EAEEIRETE

» Leptoquarks PRD 98, 055003 (2018)
Chaﬂne|8 ITA HTA
‘B =[27£052051x1075| | - B =[1.1793*021 x 107
- Significance of the excess 3.5¢ - Significance of the excess 1.1o
» 2.96 deviation from SM + 0.60 deviation from SM

» Also plan to use of Belle data (large statistics)

ITA HTA

Inclusive Tagging Analysis Hadronic Tagging Analysis

HTA
In agreement with all
previous measurements

1.8 tension with Belle - Belle (711 fb!, semileptonic)
- 1.0 4

14+ 06 PRDYG, 091101

1) Reconstruct : Belle (711 fb-'. hadronic)
B,,, inO(10k) T - 31 le ll"lrlli{.‘fn, , hadronic)

tag

channels: 2.3 tension with BaBar - BaBar (418 fb'!, semileptonic)
—— " . 02408 PRDS2, 112002

Rest-of-event ~ [ : .
Y Y T ) N BaBar (429 fb', hadronic)
1.6+ 1.3 PRDST, 112005
P T

1) Select signal K* that minimizes g2, (K* recoil). N ", <7 2 | 6 8] 10
N Overall compatibility 107 (R "+ 1,77\ Belle reports ULs only;
0° x r;l( BT —=K v Belle reports ULs only;

)(Zlndf = 5.6/5 ) ) R estimated using

published # of events & €.

Low purity (0.8%), high efficiency (8%) High purity (3.5%), low efficiency (0.4%)
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R(D+) & R(D™+) in LHCb

o |epton flavour universality ratios : test consists in
well defined experimental and theoretical set of
measurements that shows some tensions
between the tau and muonic decays of B-hadrons

e Analyses are focusing on D-mesons as a R(D™) =
3.340 tension with SM exists

e Potential physics beyond the Standard Model [LHCb preliminary] [NEW!]
(BSM) affecting semi-tauonic decays [HFLAV]

68% CL tontours

e |HCDb introduced a new analysis focussing on the
D+ ground state:

o First time that this state is probed !

World Average

e Only relying on 2 fb-1 at the moment 2F frra swprion D) <034 >0026,
R(D)=0.298 =0.004 =0285 £0012,,
R(D*)=0.254 =0.005 ;:l;:(llit;w;

e Tension with SM goes down to 3.170

[LHCb preliminary]
R(D") = 0.249 £ 0.043(stat) = 0.047(sys?)

New World Average.
Tension with SM at the level of 3.17 o.

R(D™*) = 0.402 £ 0.081(stat) £ 0.085(sys?) . .
p=—039 20 LHCb-PAPER-2024-007 (in preparation)
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Observation of J/ip—4p

* The study of J/3 into 4 leptons is a unique test of EW physics with heavy quarks:

* The SM prediction is rather small: 8(J/Pp = pru-p+u-) = (9.74 £ 0.05) x 10-7

It could involve some new physics to enhance this ratio

A first result from BESIII (PRD 109, 052006 (2024)) already measured the final statesin4eand2e/2 u

* An upper limit was set on &(J/Pp = pry-p+u-) < 16 x 10-7

At Moriond EW, CMS showed the first observation, fitting simultaneously the 2 y and 4 y decays:

* Significance > 7 o CMS-BPH-22-006
 B(J/Y = pyry-ptu-) = (10.1+43.3-2.7 £ 0.4) x 10-7

Less than a week later LHCb also showed its result at Moriond QCD. Similar strategy as CMS but also exploits secondary
decays from B-hadrons :

e Significance >> 50 L HCb-CONE-2024-001
e B(JW = pru—ptp-) =(11.3+£1.0+05+0.1) x 107

¢ Data
— Fit result ~ ~ .
— Jly signal S 14 ~+- Data & 4 Data
— Background — Total fit model o — Total fit model
— Ty LHCD preliminary — Ny
Background Y1, Background

I

Events / 50 MeV

|
|

3400 3400


https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-22-006/index.html
https://cds.cern.ch/record/2894330
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summary

« Large amount of new results

e Unfortunately no strong sign of deviation w.r.t. SM predictions
 ‘The chase is better than the catch’ (Motérhead)
e \ery interesting theory talks, sometimes accessible to experimentalists

e e.g. Asymptotic unification of gauge and Yukawa couplings, A. De Andrea

e See full programmes at:

« EW: https://indico.in2p3.fr/levent/32664/timetable/?
view=standard numbered

e QCD: https://moriond.in2p3.fr/2024/QCD/Program.html
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https://indico.in2p3.fr/event/32664/timetable/?view=standard_numbered
https://indico.in2p3.fr/event/32664/timetable/?view=standard_numbered
https://indico.in2p3.fr/event/32664/timetable/?view=standard_numbered
https://moriond.in2p3.fr/2024/QCD/Program.html

