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Preamble ...

It is for me an immense honor (and responsibility) to summarize the
experimental results of the 60" edition of this conference, Les Rencontres

de Moriond are part of the history of HEP
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Current Landscape ...

v We have models (SM and ACDM) that can describe (almost) all the
available experimental data butthere are unanswered fundamental open

questions when trying to put all ingredients together
v Major issues comes when trying to merge particle physics and cosmology

v Even taken separately they have internal “tensions” and/or “missing

pieces”
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Just a few examples ...

> Particle Physics SM:
» Hierarchy problems: light Higgs boson mass, large spread of Yukawa couplings
» Origin of flavor (too many “free” parameters?), accidental symmetries (LNC, BNC), flavor anomalies?

» Neutrino masses: absolute values, neutrino nature (D vs M), CP violation = need to extend the SM to include them,

exitance of (additional) sterile neutrinos?

» Cosmology ACDM:
» Hubble tension (time dependent cosmological constant, modified GR?)

» Tension in v masses between cosmological bounds and oscillation measurements

» Cosmology + particle physics:
» Matter/Antimatter asymmetry (SM Higgs potential + CPV don’t work)
» Nature of Dark Matter (field, particle, macroscopic)
> Nature of Dark energy: p) <<(<<) psmvev

» Inflation
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Monday, 9 March 2026 Tuesday, 10 March 2026 Wednesday, 11 March 2026 Thursday, 12 March 2026 Friday, 13 March 2026 Saturday, 14 March 2026 Sunday, 15 March 2026

Monday, 16 March 2026 Tuesday, 17 March 2026 Wednesday, 18 March 2026 Thursday, 19 March 2026 Friday, 20 March 2026 Saturday, 21 March 2026 Sunday, 22 March 2026
Weilcome Tuesday Morning : Wednesday Morning : Thursday Morning : Friday Morning : dark Saturday Moming :
Monday Morning : Flavour and Neutrino Neutrinos and BSM BSM matter, axions and Brout-Englert-Higgs
Flavour cosmology boson and Standard Sundey Moming :
Model Summaries

Moriond EW Program is focused on these fundamental
questions allowing constructive interactions between
theory and experimental physicists from all these fields in
a special environment:

1 week of fullimmersion in a wonderful location

Monday Afternoon : Tuesday Afternoon : Wednesday Afternoon : Thursday Afternoon : Friday Afternoon : Saturday Afternoon :
Flavour Neutrino BSM precision and dark Brout-Englert-Higgs Standard Model
matter Boson
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Usual disclaimer ...

> Not possible (nor useful) to rush through the huge number of very
Interesting results: more than 100 excellent experimental and theory talks
> Try to focus on what is NEW for this conference
» Foreach subject try to highlight results linked to the main “open questions” in HEP

» The summary will be for sure biased and miss some important results: my

apologies in advance

» Much more isin the backup slides (you may find there your favorite result)
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Flavor physics
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Over constrain the CKM parameters measuring different
processes, particularly those linked to CP violation
Study of highly-suppressed SM processes (rare decays),
possibly with small theoretical uncertainties

Tests of accidental SM symmetries

Investigate Flavor anomalies

T T T I T T T
LHCb 8.4 fb’!
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First LHCb CP measurement with Run 3 data!

Halime Sazak

Measurement of yusing B* —» DK* and B* — Dz™ decays with D — Kgn'ﬂr_ and D — K2K+K_with Run3

e Comparison with Runl+Run2 measurements:
e Consistent y , 82X, 557 values, smaller rJ* larger r2~

e Higher y uncertainty from changed strong-phase inputs and a smaller r2X valUe

e Comparison with LHCb y combination :

e good agreement with a p-value of 12% in 5D parameter space

w011 T 4 140r ——
<, i ,_,E,_ Thls Mea.surement LH C b ] :-\';_H LH C b
Y] - [l LHCb-CONF-2025-003 . QM B
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L 130 ]
. 1 DK
0.09r '," ’x._---"""-a.\‘ 7 125; i TB — 0 0781+8 88;8,
A : ‘ §DK — (1215769
st a lj) ( +0. 03)16
0.07r . C ]
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oosf e : 105} S : Dr _ +20y0
0" = (286733)°,
R 60 70 80 90 G o 60 70 80 0
~ [°] v [°]

58fb 1at13.6 TeV

4+ Physics parameters:

4+ It is the first y measurement with Run3!

4+ Higher signal yields observed with less integrated luminosity
4+ These results show good agreement with the previous measurement
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The b % SZZ Christoph Langenbruch

b — sf¢ Observables

Increasing precision of SM prediction

[JHEP 06 (2014) 133] [PRD 107 (2023) 014511 e o
s AL I U | AN U U (R g Vdr———— T | N T
0.5 R . LHCb 84 fb! Bad LHCb 8.4 b ]
&= sl ! [0 SM from ABCDMN-2024 1 L [0 SM from FLAVIO (BSZ:2015) -
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Branching fractions Angular observables CP-asymmetries
affected by form-factors affected by cc-loop clean
and cc-loop

Strongly suppressed in the SM very sensitive to BSM effects
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Lepton Universality Tests
clean

Consistent deviations from SM measured in several obs. (though cleanest R(K) now in agreement with SM)

Major theory uncertainties on the predictions comes from hadronic form factors and charm loops
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The legacy analysis LHCb B2 K OU+U— chictopn Langenbruch

[arXiv:2512.18053]

——= LHCb 4.7 fb™ —— LHCb 4.7 fb™
| — LHCb84 ™ 50] —— LHCb 8.4 fb™"
2 »LHCb: Legacy analysis
5 1.5
=y * .
£ ] of B> K™ Ou+p— with full
,,,,,,, Z
,,,,,, Run 1+2 data 8.6fb™
a”’ flavio v2.6.2
—92.0 —15 —140 ,0.5AR(;(209) 0.5 1.0 1.5 2.0 —2.0 -1.5 —-1.0 —-0.5 A,R,Oe(EC(g) 0.5 1.0 1.5 2.0 } Significance Of a Of
AReCy = —0.937015 AReCy = —0.941022
Significance 4.1 0 Significance 4.0 o BSM C9~4G , are theory
Combine angular obs. and branching fraction up to 8 GeV? uncertainties under
Use two different theory packages with different approaches
e o control?

e.g. different (non-local) FFs, very consistent results

Open question: NP or underestimated hadronic effect (cc-loop)?
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R(D/D*) studies at Belle |l

Raynette van Tonder

b — clv transitions

Currently intriguing
discrepancies exist:

R(D*)

035 _\ LHCH®

L] L] L | I L} L]
68% CL contours

= * 0.3 " 2] —_—
® 380 in R(DW) : :
measurements - : >
p AEmarst Belle IF ;
02 R((g)*)_=025¢t_i6_005 R(D) =0.358+0.024,,, =
T F1LQCDFLAG2A (NE=2+1 for RD*) 1;9’33:73-381 001y 5
[ RD9-025 <0001 L RO=E d
02 03 04 0.5

R(D)

» Test of LFU, tension for 3" generation (process at tree level in SM) t/(e or )

» NEW result from Belle |l using hadronic tag

22 March 26

F. Cerutti LBNL

11



e Raynette van Tonder

- A - R(D*) = +

Most precise determination of R(D'") Sipesdisaons SIEN) =2 THIS
HFLAV 23: R(D*) = 0.284 %+ 0.013

with hadronic tagging! Eur. Phys. J. C 81, 226 (2021)

r
1 o« R(D) consistent with SM within 20
i « R(D¥*) consistent with SM within 0.5¢

R(D) = 0.439 £ 0.055(stat.) £ 0.045(syst.)

RRr gy =02 == ORI shesh )l o= 0BG ast) » Consistent with SM expectation within 1.5¢0

p = —0.52 e Consistent with world average within 1.30
0.45
Belle Il Preliminary === This work Word avemge
~—— Belle Il had. tag 2024 + SM
Belle Il sem.tag 2025 —.~ SM exp. R(XT/[)
0.40 - ——— Belle I had. R(Xw)
0.357 ) Supersedes previous hadronic tag R(D*) result
; Semileptonic tagged result by using the full Run 1 dataset:
¥ 0.301 World Avg. "« Previous Belle II R(D¥) result used only half of the dataset
(189 fb™ l) PRD 110 (2024) 7, 072020
TN « |dentify lepton from 7 — £vv
0.251 Belle Il R(D*) with s 2 & ;
hadronic tag » Efficiency is maximised by reconstructing all D* decay
Phys.Rev.D 110 (2024) 7, 072020 modes and 13 D decay modes
0.20 - D™* o D%%, D*A0
T . d) Dy DOJZ'(), Doy <+— New mode for this analysis!
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 = Extend analysis to include R(D)
R(D)
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Prospects for flavor anomalies

Total recorded luminosity by year — pp
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World record!

Fa

Instantaneous luminosity:

Lpeak =5.1x10% cm™>s™

(.

' N
Integrated luminosity (so far):

~519 fb~! recorded at Y(4S)

~59 fb~! recorded 60 MeV
below Y(4S§) (background
studies)

~19 fb~! recorded at 10.8 GeV

(exotic hadron searches)
A S

Both LHCb and Belle Il will largely increase available data samples

22 March 26 F. Cerutti LBNL
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R(D()
( ) Experiment R(D) R(D*) Correlation

BABAR 12 (hadronic tag) 0.440£0.058 £0.042 1 0.332+0.024+£0.018 -0.27 '_
HFLAV (CKM 2025 average) | 0.281 £0.011 0.358 £0.024
BABAR 25 (leptonic tag) 0.316+0.062 £ 0.019 | 0.226£0.022£0 ¢ AV <
PRELIMINARY e° e©
\O
o\ \Q
S — ’\0‘ X0 o®
3(‘ e(\"
Belle® \ \6 Q \)((\ 12
e™ L 307, o -
LHCH O\)((\ 666 X<
G 60 ‘O \ (\06
\)\0\.\ 6@6 ’\6(6
Q \_(\ \Q\ This average
O\ cO .
65 _7 ‘ » does not include
\ the BABAR 25
QQQ preliminary result

'R(D) = 0.296 + 0.004

OO 0(\% (e.\l\e LAV SM Predictio »
6 0 R(D*)=0.254+ 0.005
\06&0( E 'I' L-QCD FLAG24 (Nf=2+1 for R(D*))

R(D) = 0.2938 + 0.0054
IR(D*) =0.2582+ 0.0051
1 ] 1 1

@ 7
B “ /
||||||||\I\14’||||||||

0.2 0.3 04 0.5
. 08 BT R(D)

¥ . «0AR David Hitlin December 15, 2025 15 Caltech
Alejandro Vaquero slide taken from https://indico.fnal.gov/event/71119/contributions/325774/
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https://indico.fnal.gov/event/71119/contributions/325774/

: : Xiafei Chang
K — wvr: a golden channel in flavor physics

Im e

. (p, r;) Kaon Unitarity Triangle
I VodVE + VeV +V, V% = 1
u - U U . U U - U C:A
u,¢,t u,c,t R
3 d 5 5 —g -t - T
W Ne,u, 7y W -
oy - &)
Q%
¢ Flavor Changing Neutral Current;
* B(K — wvv) highly suppressed in SM: B(Kt - ntup) B(KL — m°vp)
— GIM meChanism + CKM ma’[l’ix Buras et al. 11 —11
e e e oo (2.94 4+ 0.15) x 10
_ D’Ambrosio et al. —11 —11
® Theoretically clean: [JHEP 09 (2022) 148 (] (7.86+0.61)x 10 Gl b
— Dominated by short distance (13.0133) x 107" 2.2x107° @90% C.L.
contributions; Experimental status NA62 2016—2022 KOTO 2021
[JHEP 02 (2025) 191 B‘] [PRL 134 (2025) 081802 (]

— Hadronic matrix element extracted

from K — wlv.
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K*=2 ttvv from NAG62

Xiafei Chang

BNL
[PRD 79 (2009) 092004 (2]

NA62 2016-2018
[JHEP 06 (2021) 093 (7]

NA62 2021-2022
[JHEP 02 (2025) 191 (]

NA62 2023-2024
this result

C BN L

NA62 combined

— Total
Stat. only
Theory

Ul -

15

I2I0l B l2I5. B l3I0
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N
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/]\
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ol g RIOKESIAIRSIHAIHRHIIHIER IS
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10—11 _

5.0

75 100 125 150 17.5 200 225 25.0

B(K+* — nvp) x 101

NA62
B

2016—2024

(KT — nTvi)

— (9.6+1.8

+0.8
—1.61stat _qo.6

syst) X 107 = (9.6717) x 107!

Improvements: better k/p rejection GTK, CNN calo PID, improved KTAG, better large angle veto, ...

Combined 2016-2024 >5¢ sensitivity — Result in agreement with SM prediction unc. ~20%
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Summary flavor

»Complementarity between B-factories and LHC experiments
»CKM matrix measured at high precision and CP sector deeply studied
»Improved R(D) from Belle |l (new Babar result coming soon?)

»Still tensions in the b 2 spup measurements: need to improve also on

theory side (charm loops)

»BSM physics has high probability to show up in highly suppressed SM

flavor processes (FCNC, LFUV, very rare decays, etc.) so worth the effort!

22 March 26 F. Cerutti LBNL
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Neutrino Physics
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PDG 2025: PMNS review

Measure missing PMNS parameters,

degeneracy with 6CP

Additional (sterile) light neutrinos?

in particular oCP

Nature of neutrino masses: Majorana vs Dirac via neutrino-less double-3 decay
Mass ordering Normal (m1<m3) or Inverted (m1>m3): via matter effect, partial

Absolute masse scale: 3 decay endpoint, several experimental techniques

All these ingredients are needed to understand how to “extend” the SM (level of
BMS needed) to include neutrino masses

22 March 26
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https://pdg.lbl.gov/2025/reviews/contents_sports.html

JUNO studies how reactor v.’s oscillate (disappear) into other flavors
Zeyuan Yu, Mingxia Sun, Mingyuan Wang

Pﬂt_)pe(L, E) = 1 =

x10°

10

=3

R "6 years of data taking —— No oscillations
) Cam? ~== Only solar term
s gol. [ ¥ ve— —— Normal ordering
—— Inverted ordering
R > V) e—
< 2 | o) —
; 2 6o0f
2 z
. S by —
e “1l=40m "g '
i Ve &1 . q>’
w
L 1
- 3MeV 7~
—30m
22 -"20m
Legend:
3 CD - Central Dete 14
. WP - Water Pool
— 10 Daya Bay || Daya Bay
K ™ 1T —Top Tracker 12 [ thean) )‘ rmer—— " |KamLAND
CS - Calibration § 2 sese cose &
5 [ - Liquid Scintil 310 ||
. g i s \/v‘
[ i - O - A 208 T
R iy - : o = e SRR I [ - Rock 3
N Sos
s
204
By
» 0.2
0.
ot 10° 10! 102

Baseline (km)

Sensitive 0,,, Am?,, main goal is mass ordering: need excellent E resolution

Detector performance very close to design level , very high up time and data taking efficiency
22 March 26 F. Cerutti LBNL 19



Zeyuan Yu, Mingxia Sun, Mingyuan Wang

First Juno results

<4 !
8 0 . L] T
S F JUNO 2025
- 59.1 days SNO+
80 F JE 1 (2025) ]
! KamLAND ] ]
i [ 2013) 1
C\l> 75 ._ ------------
o L
v [
S 70
RS [
~S 6.5 ' 1
<E] | v¢ Best fit |
6.0 _ ——— Hilo T ¢
Tt SK + SNO W20
; (2024) 30
55F
0.26 0.28 0.30 0.32 0.34 036 0 5
sin? 6, Ayx?

0.3092 + 0.0087,
Am3; = (7.50 £ 0.12) x 107° eV?

Experiment Value

E PDG 2025

|
SNO (2011) — 0.299 *0018 508%

1

I

I
SK (2024) . pE 0.324 0921 7.72%

i
all solar v (2024) e 0.306 :g;g}g

I

I
KamLAND (2013) : 0.325 Z38% 12.02%

I

1
JUNO —— 0.309 :8:88§

0.25 0?3 ) 0.35 0.4
Experiment Value
SNO (2011) 56 17 29.46%
SK (2024) 6.10 126 17.38%
all solar 12 (2024) 6.10 igg? 14.43%
KamLAND (2013) 7.54 012
SNO+ (2025) = 1796 048 5.65%
PDG 2025 ’
4 5 6 7 8 9

Based on 59 days data taking = leading results in 0,,, Am?,,

AmZ, [x1075 eV?]

Mass ordering at 3-4c need 6-7 years (assuming design energy resolution can be achieved)

22 March 26
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Combined T2K and Nova fits Artur Sztuc

Normal Ordering Inverted Ordering

T T I T | Al IO_I
102
With §10~°
Reactor 10~
Constraint
m— 10107102 10™
- I I 1 I

107!
-2

Posterior
Density 107
1
10102103107

I I 1
0.6 -
& [ -
| I 1l
i I —T2K-only 1o ||
I —NOvA-only 16|
0.4 NOvA+T2K: Jio [26 3c{Llllc 26 3c e Joint IDHPD ]| i
] | ] | ] | ] - ] | ] | ] | ] 3 b o v
) _% 0 'B% —% 0 +1'2t CP-Conserving: 0, z, -7
Nature (2025). https://doi.org/10.1038/s41586-025-09599-3 5 “Max CP-violating”: -7/2 & /2
CP

Situation inconclusive on mass ordering and d.p due to degeneracy between several effects, limited
precision and “tensions” between experimental results
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s\ individually consistent with ~eV? oscillations

175k ® Beam Excess

Beam Excess

e s 3 8 15 2 pv,~Vee)n
T N O' B3 pivein
L ND 125 E=E other

= Excess 10

Anomaty

04 06 08 1 1.2 14
L/E, (meters/MeV)

T S I S T S i ( . 7 3¢ v’s from Decay-at-Rest
& %vo@y & & @%&'\Q& < - i \ e ’
< N4 ¥ < - Y % A i\
¢ & v = Gallium “ MiniBooNE
v’s from Radioactive Source \
Anomaly N Anoma[y
4.00
Deficit

Ve

E%E (GeV)

Mark Ross-Lonergan

v’s from Decay-in-flight

Excess Ve

Puzzling “signals” that do not fit the 3v paradigm: Can be explained with 3+1v with Am?~1 MeV
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+NuMI, Dual Beam Exclusion Contours
'BNB CC v. Mark Ross-Lonergan

% - v¢CCFC MicroBooNE BNB 6.369 x 10%° POT
3 ; 102 -
= 130 - MicroBooNE
8_ i BNB 6.369 x 102° POT
: : NuMI 1.054 x 102! POT
3 » <
L : - All at 95% CL.
o 91 —— BNB-Only (2023)
» —— NuMI-Only (2025)
—— BNB+NuMI (2025)
0 500 1,000 1,500 2,000 2,500 g
Reconstructed E, (MeV) % 1004
NEQ
= Excluded
NuMI CC v.
L v,CCFC MicroBooNE NuMI 1.054 x 102" POT i}
150 = 10 1}
3 I
§ -+— Data
= _
S ol B Vet Ve LSND 99% CL (allowed)
g L B Background [ MiniBooNE 95% CL (allowed)
(o] § s
‘2 : Hncartalnty 10 iO“‘ 10~ 10-2 10-1 10°
) 50 1 sin?26,.
L
Combination of 2 beams with different ve

0 500 1,000 1,500 2,000 2,500

contamination strongly improves sensitivity
Reconstructed E, (MeV)

uBooNE LArTPC: profit of 2 v beams: BNB and NuMI with different energy profile and ve contaminations

Look for v = ve appearance - Large Flux systematics constrained including constraints from vu CC
(introducing some model dependency)

Still origin of “MiniBooNE anomaly” not understood: 3+1v essentially excluded — looking at model
independent approach slight excess in single-y events (2o level)?

22 March 26 F. Cerutti LBNL
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Results from Cuore: vless-[3[3 decay P —

Operating at a temperature of ~10 mK:
M T | MeV energy release causes AT~100 pK

R ¢
SOI/OC’?°8° b . IRE E

* L 5F gﬁ 500 —

‘ : g F
>_>000:— X AT ;,,:}
55555 - et 8

Effective Majorana mass g ™
2 Loy, ~6000:—
<mﬂﬂ>=‘ Z |U|elela1m1‘ -6500;—;——7—_._7441.|.I..‘I.|.I|
i=1,2.3 ' Tl

re o

Double-[3 decay for isotopes when single [ is kinematically forbidden: Ov only possible if v are Majorana
particles

Observation will measure “effective” mass and ordering, prove Majorana nature and probe Majorana
phase!

Several experimental based on different techniques: Cuore largest cryogenic calorimeter ever built
(<20mK)

Optimization: careful choice of isotope 3YTe, Large active mass, large Q, small bkg., excellent Energy
resolution, high

22 March 26 F. Cerutti LBNL

24



Results from Cuore: vless-[3[3 decay

Alice Campani

180—

—— Best fit
60— M e 90% CI.limit on I'y,
% 140
v
i
ol 120
Z
S 100
o
O
80—
60—
c | | |
-Base cuts LbClence jHU, 10U29-52 (LULD)J | L |
2
10 Base cuts + AC Q\O\ 250 =
% 2 Y e
; . Base cuts + AC + PSD N 10p,
— 10 60c K
=P = s
— [ ]
'> B M‘ d &
[} IE Yy ¥ g
-~ — 'Q‘.M'
Z =
= i |
g 107 -
@) —
1072 = 1 1 1

' f ' 1 ' ' f | f ' L L
3000
v/ background region L;;nergy (keV)

Frequentist result T(l)izﬁﬁ >3.4-10% yr (90%C.L.)

Assuming the exchange of a light Majorana neutrino
the limit on the effective Majorana mass is

] \

- 8250 \

IOOMO ‘

= |

1 ™Ge |

B |

- 136X e |
7 |

g

; L 1
] |

CUORE (2 tonne-yr)

100

mgg (meV)

1 | Science 390, 1029-32 (2025)

1 10 100

Results based on about 2/3 of the collected data: several experiments entering in the
Inverted order area, CUPID ('°°Mo larger Q + improvements) could go down to 10meV

Normal mass ordering very challenging!
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Results from Katrin Chlos Goupy

KNM1 KNM2 KNM3
‘ - 1 — F 1 ——
T, Q¢ » t Data | { Data | Data (SAP)
", 3 —— Model Model t  Data (NAP)
= - & *HeT* 2 jo-tk 7§ - Model
(@) 2 __ | _|2 2 5 \
> m;, = Uei|"m; i \ -
. a '. c 9
2—1 g 10-2k | E 6
o } :
s L 0
103}
E \\“\\_‘ g 0 £ oy e o %, L 5 o
Q S \‘\\ ko] 0 . ‘o'.--
& \ g -2f :
Q. Tmeea 1 1 1 1 L] L 1 1 y—L ]
= 8570.9 18571.6 18572.3 18573.0 18573 18550 18600 18550 18600 18710 18550 18600 18710
= s retarding energy [eV]
m \. 4
v S - i . 2 +0.13 2
@ . . - -
£ m,=0 eV Best fit result (p-value: 0.84): m;, = —0.147 ;1 eV
— my=1eV "\.\ ‘,."
1004725 9350 13975 18600 KATRIN's new upper limit:
EB [EV]

m < 0.45 eV (90% CL)

Huge EM spectrometer = energy end-point from 3 decay = Energy resolution ~1 eV
Results based on 260 days, full 1000d coming out soon -> 0.3eV

Can also search for sterile v in Ga anomaly region -> limits excluding most of the preferred regions
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Summary on v physics

»Several PNMS parameters now measured with high precision, but o~ and

Mass ordering require new generation experiments: JUNO, HyperK, DUNE

»Absolute mass scale and Majorana nature very challenging: good

prospects for |O but very challenging for NO

»Results from pBooNE, Icarus and Katrin shed more light on vs

“anomalies”: 3+1 explanation (almost) excluded
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Search for BSM phenomena at colliders

Tina Ojeda

8 LHC Reach
5 ﬁ three generations of matter interactions / forces
3 (fermions) (bosons)
| 1] 1
New p >
Standard Model EFT mass [=2.16 MeV ~1.27GeV ~ 173GeV 0 =~ 125GeV?
i charge | +2/s +2fs +2f3 0 0
1 Physics spin x/;@ 1/:@ l/ze 1 G ° h
EFT effects on cross . P
. . ight
section (tails) could be . up || charm || top || gluon | JEC
observable at LHC Q ~ 4.7MeV ~ 94 MeV ~ 4.18GeV. 0 ?
-1s < =15 13 0 0
0[0[0|@] -
........... mass > Hioa
£ - ol down ! strange I bottom ] photon Higgsvy
~0511MeV | [~ 106MeV. ~ 178 GeV ~ 80.4 GeV. 7
—1 -1 -1 @ +1 0
1 e' 1/2@ Y2 /'r' 1 c 0 A
electron || muon tau || W boson | Psejdoscalar
(72] -
Z <0.8eV < 0.17 MeV < 18.2MeV (~ 91.2GeV ?
A Ol « 0 . 0 4 0 0
v = Lo + 290 @]
SMEFT — ~SM o
: | electron || muon tau || 7 poson | Charged
i ! |_neutrino || neutrino || neutrino Higgs

Scale of “new physics” A, usually set to 1 TeV

GAUGE BOSONS
VECTOR BOSONS

Complementary approaches developed to look for BSM physics:
* Agnostic Effective Field Theory: most general set of effective operators, fit to all measured

observables

a
S

* Well motivated UV models: SUSY, Other GUT symmetries, Extra-dimensions, Dark Sector, ...
* Completely model independent/data driven: Topology driven, Anomaly Detection, ...

22 March 26 F. Cerutti LBNL

perp: of SM fe of SM bosons
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Search for dark sector and rare decay in BES Il

Speaker: Zhijun Li
7_ZLi-v1.pdf

LFV and Dark sector searches in Belle 2

Speaker: Devender Kumar

1_DKumar-v1.pdf

Searches for low-mass resonances in ATLAS and CMS

Speaker: Caroline Collard

3_CCollard-v1.pdf

Electroweak Symmetry Restoration at High Energies

Speaker: Tao Han

4_THan-v1.pdf

Searches for Supersymmetry at ATLAS and CMS
Speaker: Christian Ohm

5_COhm-v1.pdf

15 excellent talks covering ~50 analyses!

22 March 26

Searches for new physics with photons in ATLAS and CMS

Speaker: Antonios Agapitos

1_AAgapitos-v1.pdf

Searches for displaced vertices and unconventional signatures at ATLAS and CMS

Speaker: John Anders

2_JAnders-v1.pdf

Searches for vector-like quarks and leptoquarks at ATLAS and CMS

Speaker: Sergio Grancagnolo

3_SGrancagnolo-...

CMS wildcard: Searches for new physics at high object masses in CMS

Speaker: Andrea Malara

4_AMalara-v1.pdf

ATLAS wildcard: Searches for massive, long-lived particles in events with displaced vertices with ATLA _

Speaker: David Rousso

5_DRousso-v1.pdf

E Search for top-philic resonances with four top quarks in CMS

Speaker: Dominic Stafford

YSF3_DStafford-v...

F. Cerutti LBNL

Searches for other exotica in ATLAS and CMS

Speaker: Charis Kleio Koraka

6_CKoraka-v1.pdf

Flavor probes of composite quarks and leptons
Speaker: Ryan Plestid

7_RPlestid-v1.pdf

Search for deviations within the EFT framework in ATLAS and CMS
Speaker: Martina Ojeda

8_MOjeda-v2.pdf

Searches for new physics with top quarks in ATLAS and CMS

Speaker: Fabio lemmi

9_Flemmi-v1.pdf
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Search for dark sector and rare decay in BES Il

Speaker: Zhijun Li
7_ZLi-v1.pdf

LFV and Dark sector searches in Belle 2

Speaker: Devender Kumar

1_DKumar-v1.pdf
Searches for low-mass resonances in ATLAS and CMS

Speaker: Caroline Collard

3_CCollard-v1.pdf

Electroweak Symmetry Restoration at High Energies

Speaker: Tao Han

4_THan-v1.pdf

Searches for Supersymmetry at ATLAS and CMS
Speaker: Christian Ohm

5_COhm-v1.pdf

15 exc
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Searches for new physics with photons in ATLAS and CMS
Speaker: Antonios Agapitos

[A 1_AAgapitos-v1.pdf

Searches for displaced vertices and unconventional signatures at ATLAS and C
Speaker: John Anders

[A 2_JAnders-v1.pdf

Searches for vector-like quarks and leptoquarks at ATLA

Speaker: Sergio Grancagnolo

[ 3_sGrancagnolo-...

CMS wildcard: Searches for new p
Speaker: Andrea Malara

[8 4_AMalara-v1.pdf

n events with displaced vertices with ATLA _

ces with four top quarks in CMS

nt talks covering ~50 analyses!

F. Cerutti LBNL

Searches for other exotica in ATLAS and CMS

Speaker: Charis Kleio Koraka

6_CKoraka-v1.pdf

Flavor probes of composite quarks and leptons
Speaker: Ryan Plestid

7_RPlestid-v1.pdf

Search for deviations within the EFT framework in ATLAS and CMS
Speaker: Martina Ojeda

8_M0jeda-v2.pdf

Searches for new physics with top quarks in ATLAS and CMS

Speaker: Fabio lemmi

9_Flemmi-v1.pdf
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Search for dark sector and rare decay in BES Il

B

Speaker: Zhijun Li

7_ZLi-v1.pdf

LFV and Dark sector searches in Belle 2

Speaker: Devender Kumar

1_DKumar-v1.pdf

Searches for low-mass resonances in ATLAS and CMS

Speaker: Caroline Collard

3_CCollard-v1.pdf

Searches for new physics with photons in ATLAS and CMS

Speaker: Antonios Agapitos

1_AAgapitos-v1.pdf

Searches for displaced vertices and unconventional signatures at ATLAS and CM- \
0\0\

Speaker: John Anders

2_JAnders-v1.pdf

Searches for vector-like quarks and leptoquarks at ATLAS

Speaker: Sergio Grancagnolo

3_SGrancagnolo-...

CMS wildcard: Searches for new pb
Speaker: Andrea Malara

o

Electrow
Speaker:

4_TH

q

Searches for other exotica in ATLAS and CMS

Speaker: Charis Kleio Koraka

6_CKoraka-v1.pdf

Flavor probes of composite quarks and leptons
Speaker: Ryan Plestid

7_RPlestid-v1.pdf

Search for deviations within the EFT framework in ATLAS and CMS
Speaker: Martina Ojeda

8_MOjeda-v2.pdf

Searches for new physics with top quarks in ATLAS and CMS

Speaker: Fabio lemmi

Highlight new techniques and directions
developed in the last years

Searche

T IV

&

Speaker: Christian Ohm

5_COhm-v1.pdf

\'

ard-v...

15 exce .ent talks covering ~50 analyses!
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Search for low mass resonances in ATLAS + CMS

Caroline Collard

CMS Preliminary 13.6 TeV

> | = | I 1 I I | | 1 =
o : ' u . - -
= 10° = NeW W ET T — . : 105 ., '.Trlgger Level Analysis: JJ  ATLAS -
& [E— electortrigger 5 Z - i E.,: 13TeV =
5 £ = . : : 10° = o ®e, Dijet events _
- 5 : ] : : = o ®*e =
E T o | rem et = = o ml<24 3
) miE e - ; ' = &=
= s . 105 p.>85 GeV ~
_E [ | = ly*l<0.6 F
2 103 g_ ............................. ',..__,. .................................................................... 104 ;_ DDDUDD _;
E 2 opp. ci'large electronsé ; ;
C p,(€)>12/5 GeV, n(e”)i<1.4442 10° = i
102 E_-h ,,,,,, E * Trlgger_level JetS (J1 00)’ 132 fb-" E
- 102 @ Trigger-level jets (J50), 15 fb” .
i ~ —+— 2025triggers (= 110 fb”) | = —— Offline jets, 140 fo’! E
Nl ~+...2024 triggers (~110f07) E - | .

E 1 | IIIIIIi 1 1 Illllli | 1 IIIIII;‘ 1 | IIIIIIi : . I ! I : I

0.010.02 0.1 0.2 1 234 10 20 100 200 400 500 600 1000 2000

M(e*e)[GeV] m; [GeV]

LHC detectors were designed for high energy signatures (Higgs boson, Z, ...)

Low mass regions are very challenging: NEW dedicated triggers, calibrations and and

reconstruction techniques developed
22 March 26 F. Cerutti LBNL 32



Search for low mass di-jet resonances in ATLAS ... cotarc

ATLAS
Vs=13 TeV
Dijet events

m <24

p.> 85 GeV
ly*l < 0.6
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Z
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300

Low mass regions are very challenging at LHC: dedicated triggers and reconstruction techniques

95% CL upper limit
w—— Observed
= == Expected

| | === Resolved dijet + ISR

140 fb™*; PRD 110 (2024) 032002
Boosted di-b-jet + ISR
80.5 fb!; ATLAS-CONF-2018-052

©Jj | m— Dijet + lepton

139 fb!; JHEP 06 (2020) 151
Dijet angular
37 fb’'; PRD 96 (2017) 052004
Di-b-jet
139 fb!; JHEP 03 (2020) 145
24.3 fb'!; PRD 98 (2018) 032016
= Dijet TLA

15.0, 132 fb!; arXiv:2509.01219
= tt resonance (1L)

36.1 fb'!; EPJC 78 (2018) 565

| === tt resonance (0L)

139 fbl; JHEP 10 (2020) 61
Dijet

139 fb?; JHEP 03 (2020) 145
Boosted dijet + ISR (v7)
140 fb*; JHEP 01 (2025) 099

Data Scouting/TLA Write less information at trigger level 2 Bandwidth=[rate x event size] 2 small events = high rate!
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Search SUSY in ATLAS + CMS

Chris Ohm

« SUSY argued to be last possible additional symmetry, and SUSY models attractive since they can

« Alleviate fine-tuning of Higgs mass (naturalness)
* Improve unification of forces at GUT scale

* Provide particles that can make up the dark matter

_ Fayet: Soft 2(+MET Highly boosted w/ Razor
Golfand & MSSM precursor Higgs discovery (CMS-PAS-EX0-23-017) (CMS-PAS-SUS-23-014)
IZ]I:{)h;III}Z‘I; B e Ewkinos w/ low-p iso tracks Higgsinos, low-pr
alecbra — Glmop?ilossﬂ\,l (CMS-PAS-SUS-24-012) lepton tracks
5 e (2511.16394) 4.0
lo—o ls o | | | | | | | | | | -
° T T 1 1 T T T T T T T >
‘. - ‘. 2 2 2 2 2 2 2 2 2
2, 9 9 (& (& o . <. <. <. <. oS <,
= % o 2 = Za <3 2, 2, 2 <X COlIl.pI e?sed <X
higgsinos
Wi Fiititio: WM satidie: LHC Run1 LHC Run2 LHC Run3 (2511.20042) RPC-to-RPV
SUSY FT C-}Qldberg7 EHIS et al' \/g = T7-8 T(?V \,/": =18 TeV \/: = 13.6 TeV (2()“51)()()7) 7 o
Stop 2¢+ ET™ |

* Run 1: Inclusive/general searches produced powerful exclusion limits

(2603.16191)

* Now: methodology-driven efforts targeting tricky parts of parameter space

* LLPs, compressed scenarios + improvements from innovative reconstruction & ML/AI techniques

22 March 26 F. Cerutti LBNL
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Search “compressed” EW SUSY in ATLAS + CMSecnris onm

— 40 T T T \ T T T T I T [r—
> ; -~ ATLA s
O 20 w Vs =13TeV, 140 fb o]
o ' ) pp — X3%5, X9x3. X3y, Wi X3 (Higgsino) P
< 10k ~ Al limits at 95% CL . e
F S 7 H o~
4 - \ Obs. Exp. (&10) f
? o B \ This work ] 5
E 5 F — == 1/1T (& + p combined) _ E
g = ,/’ === === Digplaced track . q

0.2~ '

Previous results

== 3/ + soft 2¢

m(i3) = m(i]) + 28m(i, 1)

Eur. Phys. J. C 81 (2021) 1118
Displaced track

m(x3) = m(]) + 2Am(i;, 19)

Phys. Rev. Lett. 132 (2024) 221801
Disappearing track

m(x3) = m(x7)

Eur. Phys. J. C 82 (2022) 606
LEP2 ¥f

Prediction for pure Higgsino
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.
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-
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Soft 21 and 3l
EX0-23-017

Soft lepton+track
SuUS-24-003
Isolated Soft Track
SuUS-24-012
Disappearing Track

arXiv:2309.16823

=+ Radiative corrections

New reconstruction techniques to address low DM electroweakinos regions:

“Soft leptons” dedicated ID
“Displaced” tacks
“Disappearing” tracks
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Search for high mass di-jet resonances

Andrea Malara
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» Stil important to explore the energy frontier with very high mass searches

3 a 3
Events/bin

)

10

» Follow up of (small) Run 2 excess with Run 3 data : not confirmed (see also ATLAS full Run 2)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112005

Search for DM at BES Il Zhijun Li

Search for n — m® + invisible at BESIII

[ Tag K* K~ with n - any J [Further tagn - m° + ian [Scan signal with different mg J
% >_(103 < 30 20
= L 5 : N [ == Total fit —4— Data
E 100 - ___l_:: -~ ,(}\ Ny = (2185.3 + 3.4)x10° E ug | ;ignla: - [S)ignal shape (BF=1x10") z 722 ‘jHHHHHHH {"*“ﬁiui“ﬁ_fﬁ{H}+f +f
§ [ S f §‘ J2Indf = 169.5/91 = ; -~ Background | Inclusive MC - *
% 80 :— - - - Background II \ § 20 E—;Z:‘: I‘:.1',.:§=7_2540 MeV/c -
Z 60| ’f' A\ é 15 ¢ | o —
\ W m
........... B e g S
0.55 0.6 0.65 0.7 0 0.02 0.04 0.06 0.08 0.1 0.12 ) o L
My (GeV/ed) M}, (GeV7/cl) ° * ” T weew
> The recoiling mass of KK~ » The recoiling mass square of » Signal yield and upper limit (UL)
> ~2 x 10° 7 events are tagged K*K-g" « S massfrom ~0 to 400 MeV
* Not the world largest 1 data set, * On-shell S - yx * ULonB(n - n’S) @90% C.L.:
but may be the cleanest 7 data (1.8~5.5) x 107>

O Advantages of DM study at BESIII
* Clean background, full reconstruction, high efficiency, absolute BF measurement...

AnAarinlan

» Competitive search for light DM candidates in the sub-GeV range

22ljatfarge n umbers of decays studies F. Cerutti LBNL
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https://cms-summary-searches.docs.cern.ch/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SearchesPublicResults

Summary of searches

» Wide range of possible BSM signatures covered at colliders motivated by SM short comes (DM,

Hierarchy problem, Flavor anomalies, ...)

» In addition to “vanilla” topologies (strong SUSY, LQ, ...), experiments are investing resources to
extend searches in challenging directions: NEW trigger (TLA/Scouting, Long Leaved Particles,
...), NEW reconstruction techniques (boosted objects, large IP tracks, dE/dx, TOF, ...), heavy use

of ML/AI to tackle more challenging signatures and improve objects performance

» Pushing LHC detector well above their target performances

» No signalyet but it is our duty to make optimal use of large datasets that will be collected in the

incoming years (HL-LHC, Belle 1, ...)

22 March 26 F. Cerutti LBNL
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Gian Marco Lucchetti
Se arc h fo I Galaxy rotation curves Galaxy cluster collisions CMB anisotropies

DM

56’

57

20,000 30,000 . 40,000

For a nice review see Dark
Matter: Cirelli, Strumia, Zupan

—55’58'

Distance (light years)

Ram Chandra Gotame 6"58™42° 36° 30° 248 18° 128
Douglas Clowe et al 2006 ApJ 648 L109

ESA and the Planck Collaboration

which can be explained by the presence of a new neutral massive particle:

QCD axion WDM limit unitarity limit
102eV ey keV GeV___10Tev My, 10 Mo
5 & i I | —f—

““Ultralight” DM ““Light” DM WIMP  Composite DM Primordial
(Q-balls, nuggets, etc) bla(:k hOlCS
PoS 333 (2019) 009

non-thermal dark sectors
bosonic fields sterile v
can be thermal

Overwhelming evidence for DM existence: Wide range of DM candidates 1022 eV <M < 1037 kg (90 order of

magnitudes!)! makes the search extremely challenging
Extension of SM (BSM) provides good candidates: WIMPs, QCD Axions (ALPs), Dark Sector, ...
Complementary searches form direct detection, production at colliders, indirect (annihilation signals), ...

22 March 26 F. Cerutti LBNL 40


https://arxiv.org/abs/2406.01705
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Latest Results from LUX-Zeplin

Bjoern Penning

Phys. Rev. Lett. 131. 041002

Particle ID
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Leading sensitivity >5GeV

Dark matter interactions detected in LiXe Dual-phase TPC with “active” shielding: prompt light signal (S1) +
delayed amplified charge (S2)

Analysis extended to lower masses, dominant background accidental coincidences

Sensitive to 8B v (dominant background for DM in that region):
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Bkgds:
B CEVNS: 20.6"°°_ _events

Obs: 19
Fit: 18.9*7°_,

~6.6 £ 0.4 events

4.5¢
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| atest Results from XenonT S Vs Lreslie

WIMP S2-only search 5B CEVNS
> New limits on WIMP- - New limits on DM-nucleon, DM-¢~, | |. Observed éB CEVNS at
nucleon cross section: ALPs and Dark Photons 2 .73 o: 1st observation in a

6 =17x10"% cm?
atm, = 30 GeV/c>

> Factor 1.8 improvement
wrt SRO.

xenon experiment and with
astrophysical neutrinos.

-4 k-
om§ [em?(MeV/c)]
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L] SNO, 2013

{ XENONIT, 2021

—— XENONRT (this letter)
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XENONNT, 2024
(This Work)
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8B neutrino flux [10% cm~2s~1]
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7 oulMpy > 1Tevie!) =
4 2

3.7 x 104 cm? x Mo, g 10

; {e): Axion-like Particles

K
(=]

(this work)

WIMP-nucleon cross-section o' [cm?]

—48 L -5
14 10 10?2 102 L 0.1 kevict

WIMP mass Mpy [GeV/c?]

.3 0.5
DM mass

LiXe dual-phase TPC surrounded by by “instrumented shielding” (muon and neutron veto)

Similarly to LUX-Zepelin 2 search regimes to cover large mass range [S1+S2->NR 10 GeV-TeV] or [S2-only ER sub-GeV] =2 For S2 only
background becomes large (cathode and delayed electrons, will be reduced with current upgrade))

Solar 8B CEVNS give NR signals as DM (irreducible bkg.) 2.7 excess
XLZD: Xenon-Lux Zeplin-Darwin collaboration established to build the next gen-LXe TPC with up to 60t target mass
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Latest Results from DarkSide-50

Timothée Hessel

Energy [keV]

12 N Lenz-Jensen
- Moliere
i ZBL
- ZBL (w/o ReD)
> 8k i
¢ | .
l\ B { ! ARIS
Q -_ % SCENE
Pl H {2\ =
ol i . 1 En-zgyw [keV]
4 — { ReD (prior) i H
I * ReD (posterior) $ i 3
2— ¢ ARIS $ 3
I S
{ SCENE {2 .
B 1 1 1 1 L I 1 1 1 1 1 1 1 1 I 1 [ 1 1 1 '
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Dark Matter-Nucleon Oyg [cm2]

10740

(=Y
b
-
fry

10742

1043

1044}

10745

DS-50 - QF - 2025
DS-50 - QF - 2023
DS-20k - QF - 2025
DS-20k - QF - 2024
XENONnT 2025
PandaX-4T 2023
PandaX-4T 2022
Excluded region

LAr Neutrino fog n=2

my [GeV/c?]

LAr dual-phase TPC, extend the search to low mass using ionization signal only

Need to calibrate ionization model for nuclear recoil used data with n sources (ReD experiment) Lenz-Jensen
model, predicts stronger signals for WIMPs

Improved sensitivity at low M and also improved projected sensitivity for upgrade to Dark-Side20k

F. Cerutti LBNL
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Brout-Englert-Higgs boson physics

L o0 104
V(¢)—2u¢> +4M>

Absolute stability

T T T
125 130 135 140
m, (GeV)

180
=
ROy 175
e \’Ju%sy\ the ?v
+ D gl ~\/(, Q
: |/~\)z| —\ ({2“) E“ ‘
: 101
Higgs 17041012
potential .
CMS 138 fb~! (13 TeV)
E>|> 100;|O |C)blselr‘,\‘eldl\l‘ I I III[\Il T T III\III tI ) O |
Z - T 68%CL (stat © syst) W;Z/“/g ur _—~"Stable 165120
[ | 95%CL (stat & syst) ] vacuum Py
- 10_1 | — SM prediction i — 7
o F E .
ep - my = 125.38 GeV ; Metastable
EL 2’ Psm =0.12 — —
=1 T — .
10 Leptons Quarks E H | g gS
an aa E field
103 el e[ ) [« ]
E n Force carrl lers Higgs boson 3
- f | |
N T @ . Nature Reviews Physics volume 3

ages608-624 (2021

The BEH mechanism and Higgs boson play a central role in the SM: Spontaneous EW symmetry breaking
via vacuum expectation value - Fermions and boson masses, 16 of the 19 fundamental parameters are
related to Higgs boson interactions (masses, flavor)

my vs BSM A scale (hierarchy problem)

Measure Higgs boson self-interactions = constrain Higgs potential

22 March 26
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https://doi.org/10.1038/s42254-021-00341-2
https://doi.org/10.1038/s42254-021-00341-2
https://doi.org/10.1038/s42254-021-00341-2

H = Zy from CMS Andrze] Novak

Z Z
Rare decay loop-suppressed in the SM with BR=1.5x103 > - W {:VK;{:Z
H---- ¢ H---- W H---
Sensitive to BSM effects ¢ w W
Intriguing ATLAS+CMS in Run 2: u(c/cgy)=2.2+0.7 (Obs./Exp. K K
Significance 3.4/1.6s - about 2s above SM prediction) Phys.
CMS Preliminary 138 fb' (13 TeV) + 62 fb™' (13.6 TeV)
Rev. Lett. 132 (2024) 021803 2 F out
2505 falln -y
ATLAS updated the results adding 2022-2024 data: Combined 3,5 EaiE ik
.ﬁ’ a |:]£2 c
Run2+Run3: n=1.3*9¢ , . significance 2.5c (exp. SM 1.90) S 30 1 = 1.10 +0.52(-0.60)
@202—
NEW CMS reanalysis of Run 2 + 2022-2023 Data: improved 610;— ;
strategy (13 categories) and improved trigger: g Oél H’ 7 + } ++ 4

110 120 130 140 150
m;,(GeV)

Run2+Run3: u=1.10%%2 , .. significance 1.9c (exp. SM 2.30)
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H —2>yy mass

Gaetano Barone

x10°

138 fb™ (13 TeV)
L BN LR B
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S/(S+B) Weighted Events / GeV

25

T 1T 1 71 I T T 1T '| T T rr | L B
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¢ Data
— S4B fit
----- B component
ESE:
[ ]+2a

III|IIII|IIII|IIIIIIII|IIII|III
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|III|IIII|IIII|III
B component subtracted

IIII|IIII|IIIIIIIIIr

100 110 120 130 140 150 160

bl
170 180

m,, (GeV)

5117 (7 TeV) + 19.7 b (8 TeV) + 138 fb™' (13 TeV)

CMS Preliminary e

Total

Stat Syst

Tot Stat Syst

The Higgs boson mass is a fundamental parameter of the SM (last to be measured)
H->vy is very challenging at LHC due to difficulty to calibrate y E-scale at the LHC
CMS performed an improved calibration of Run2 y E-scale (adding Z->uuy)-> Hard work paid off:

NEW Run 2 mH=125.14 £ 0.10 (stat) £ 0.11 (syst) GeV

Very consistent set of measurement - next LHC combination will have a precision ~70 MeV

22 March 26

ATLAS H—4/ Run 1 +Run 2 —— 124.94 + 0.18 (£ 0.17 = 0.03) GeV
Phys. Lett. B 843 (2023) 137880
CMS H—4/ Run1 + Run 2 (IS 125.08 + 0.12 ( = 0.10 = 0.05) GeV
Phys. Rev. D 111 (2025) 092014
ATLAS H—yy Run1 + Run 2 Fe={ 12522 +0.14 (+0.11=0.09) GeV
Phys. Lett. B 847 (2023) 138315
[ CMS H—yy Run 1+ Run 2 T 125.07 = 0.13 (= 0.09 = 0.10) GeV
CMS-PAS-HIG-24-007
1 1 1 [ I 1 1 1 1 I [ 1 1 I L L 1 1 I [ [ 1 1 I 1 [ [ 1
123 124 125 126 127 128
m,, (GeV)
F. Cerutti LBNL
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High-momentum inclusive H>bb Gastano Barone

The high pTH regime is very sensitive to BSM physics
gg—>H—>bb largest 6xBR allow to explore extremely boosted production

Considered “impossible” at LHC due to huge QCD bkg.

ATLAS Physics TDR May 1995

not be efficiently triggered nor extracted as a signal above the huge QCD two-jet background,
the associated production with a W or Z boson or a tt pair remains as the only possible process

S . . . . . — . — . — = ]
resonance observed in this mass region. Since the direct production, gg — H with H — bb, can-

to observe a signal from H — bb decays. The leptonic decays of the W boson or semi-leptonic

22 March 26 F. Cerutti LBNL
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https://cds.cern.ch/record/391177

High-momentum H->bb

Gaetano Barone

® Exploring high-energy dynamics differentially S e
=} s = BTeV, 1 |
» Boosted bb with Run-2 and Run-3 data, exploring the high p{l region s gt
T - Data - Bk 1
» Evidence with 3.8 ¢ for pXl > 450 GeV, o ;gkggt;ng:rll ]
,__::—:%;'_ g . b with@ ol 153 027 (stal ) +8g§; (syst.) £0.17 (theo.)] i
e ;\.‘: ==\ % 500 4
» Improvement of a factor of 10 with respect to previous Run-2 result i O'J
jI . . ) e e e e e e
New GNN bas;d tagger for Evidence 3.8¢ for inclusive H-> bb pTH>450 GeV .
large R-jets (H : ; .
arge R-jets (H=>bb) Measured xs in agreement with SM predictions
@] | | = | PR T e P P e S et S L B B
= 1.6+ ATLAS i = - ATLAS e Observed  — Tot. unc:
< 40000F a71a5 T T T T T E P {s=13/13.6 TeV, 140/161 fb’ =y 1022— pp — H — bb cross-sections — Theory (SM) [JTh =
() C s = 13/13.6 TeV, 140/161 fo'! $ oae 3 + 1.4+ 0O Uncalibrated DataZz »bb l - i} — I Vs=13 TeV, 140 fb" i Vs=136 TeW161 fb'
© 35000, - 450 Gev H 3 9 A DataZ - % L bt =
2 30000F- E % 1.2 O DataW/Z—qq T . X 10l -
] 5 3 © = =
{5 25000F- 7 g 1 B N — f =
200005 1 o8 = -
150002— —f -% 0.6 awwn K-Factor Z+j EW NLO E .__.E
10000 X = i : : | | o |
E ! ! : 3 ~ 2.5 = |eading jets e L | i 2 5
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&2 1.5 T s RRR SS— S N, S—— e &=
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H—>ZZ* 2> 4¢

Martina Manoni and Lailin Xu

CMS Preli

inary
T T T T I T 1

171 fo~' (13.

Oiig (fb)

p-value = 0.97

W
WIWWIIIIIIIII\I\\IWIIIII\\I

§ Data (stat @ sys unc.)
I Systematic Uncertainty
— ggH (NNLOPS + JHUGen + Pythia) + xH
— ggH (POWHEG + JHUGen + Pythia) + xH E
xH = ttH + VH + VBF (POWHEG + JHUGen + Pythia) _|

LLL

s

lllllllllllllllllll

nN o

Ratio to
POWHEG+NNLOPS

o

2e2y

All in agreement with SM

9gF
VBF
VH
ttH

Inclusive

. . SB-0j SB Normalisation
o Factors -1
ATLAS Preliminary o,
H —> ZZ"‘r - 4| SB-2j i —_— l
Vs=13.6TeV, 164 fb™ smice| i
| EFEPIT 1 i 1
Stage O - IyHI <25 15 2 25 3 35
N/Nm:
—#— Observed: Stat+Sys SM Prediction
: - -value = 51%
[M] Observed: Stat-Only p-vaiue ° oB [fb] (O_B)SM [fo]
I-E 1110 = 160 1270 = 70
— 140+50  988:27
: +69
5 " 130*% 55.2x 2.0
£ - 4 1200 169+ 1.4
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L 5 55 = Wle w o oo Y 1 Al i

[ax B, . )ilaexB,

Both ATLAS and CMS analyzed Run 3 data 2022-2024 ~160-170 fb-1

CMS Fiducial, differential
ATLAS Fiducial, Differential, STXS
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HH production

Valerio Dao

Statistical combination of Run 2 results:

+ equalising signal predictions among experiments
[ Powheg as main MC ]

+ understanding correlated uncertainty source: HH
XS (leading contribution), Higgs Br, single H
background XS, ggH+HF

+ reproducing results with each-others frameworks

Assuming SM HH prediction:

+ best limit on HH XS: 30% improvement over
single experiment results

+ significance: ' 1.1 (1.3) o obs. (exp.) * I

+ still statistically limited

CERN-EP-2026-011 (submitted to PRL)

L ATLAS and CMS

—e— Observed
- I Asimov _
i LHC Run 2 Expected (upy 0)
i [ Expected t10
| Vs =13 TeV [0 Expected +20

5 F - Expected (uf5imoV = 1)
| o2 L 0)BF =328 1b P HH

Exp. Exp.
00S: (g 0) ufg =
1
I !
cMsk ] 3.5 2.6 3.6
B 1
i MHH = 1.0 13,10
= 1
i !
ATLAS} i 29 24 33
)
— )
1
]

HuH = 0.5 +1.2 4 4

2.5 1.7
=0.8+09.¢7

- g 9 10 11 12
95% CL upper limit on HH signal strength py

1 28

R t—

Legacy Run 2 ATLAS+CMS reach better than 1o sensitivity for HH production
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Summary of BEH

» Couplings, steady improvements: now H->Z2Z*->41 below 10% precision with 1/2

Run 3 data! Looking at corner of phase space BSM sensitive

»HH provides portal to Higgs potential: legacy ATLAS+CMS Run 2 sensitivity at 1c

level! Run 3 combined ATLAS+CMS could reach “evidence”!
» CP violation: up to now no sign of CP violation in H interactions

»Rare decays are now accessible: excess on H>Zy not confirmed, H=> pp will

probably be observed (if SM-like) in Run 3

»HL-LHC will provides strong tests of SM Higgs sector, coupings at % level, 36 on

Higgs boson self couplings, 2nd F generation, CP violation studies, ...
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EW and top-quark physics

T T T T l T T T T T F T T I T T
LEP »
M,, = 80376.0 + 33.0 MeV [LEP Phys.Rept.532, |19 (2013)]
DO °
M,, = 80372.0 = 22.2 MeV . [DO, PRD 89,012005 [2014)]
LHCb °
M,, = 80347.3+ 32.7 MeV [LHCb, JHEP 01,036 (2022)]
ATLAS it
M, =80366.5 + 15.9 MeV i [ATLAS, EPJC 84, 1309 (2024)]
CMS
M,, = 80360.2 = 10.6 MeV - [CMs5,2412.13872]
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M,, = 80362.9 + 8.5 MeV Pl
(Uncorrelated = 7.7 MeV) £n
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Roman Kogler

Incredible impact of LHC measurement on EW precision observable and top-quark

physics
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o, from di-jet cross-section CMS  stefano camarc:

@ Combined QCD analysis of inclusive jet cross 08
sections at 2.76, 7, 8, 13 TeV and HERA DIS

data at NNLO

@ [0s(m;) = 0.1176 + 0.0015 l

PDG WA 2025: a,(m;?) =0.1178+0.0010

CMS | NF\u_I

PDG
2024

CMS tt 7 TeV
PLB 728 (2014) 496

CMS tt 13 TeV »
EPJC 79 (2019) 368

CMS W, Z7,8TeV
JHEP 06 (2020) 018

CMS incl. jets 13 TeV
JHEP 12 (2022) 035

CMS dijets 13 TeV
Accepted by EPJC

CMS incl. jets

lI\Wlf[l]ll\

Ols(l'l'lz) =0.1151

aig(mgz) =0.1139+0.9%27 a

ag(mz) =0.1175:3:30%8

ais(mz) =0.1166+3.0017

9+0.001 9

alg(mz) =0.1179+3.9918

ag(myz) =0.1176+3.001

11|III]|IIWI|[IIW|IIII

This work
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Measurement of |Vcb| from top decays  damwamerbring

arxiv:2411.18639 " ‘ . .
5 25°°M ¢ Daa  [Illsingletop |
=4 B ATLAS - )
f"F_' 4.8 F T T T T T T T T T T T T T T T T T T T ﬁ LIJ Vs =13 TeV, 140 1 -IfIVm|=1 -W"IEIS
E 4.6 | z’“i‘“f“ :Zcb| 68% CL contours - 2°°°__ 3bic region, Post-fit %:ij: %S‘;‘;’;mw—_
- = xclusive |V | Inclusive _ o fljv-o+light _|
>.g 4.4 - v o a0 ; 1500_ 1
= 42F uor e IV, global fit =
4 - \:I Average _+_ : 1000 — ]
3.8 E— | I — 500 = _|
X= x —
3.4 E K B 110
3.2 s : § 108 /
2 B = g
sE HFLAY B & R /// ' /%/
3 [ 2023 | 095~
28 = 0.90 =
- M 1 1 1 1 1 1 1 1 | 1 L 1 1 1 1 1 1 L ‘E 240 — __'_ Hiva = 050 v = 150
36 38 40 42 |V |?’T0_3 g 160_— —_— ,UWm‘ 1.00 —— .UW:\ 1.19 (best fit) —|
- c'.‘?’ ey sy I S —
| bl 1d (41 1+1 2) X 10—3 § 0 2z W
world avg. =4

v |—(50+“7x 1073 = ( 0+7 (stat.) +* (syst)) x 1073

~ First analysis using on-shell W decays v, 2= 2" =¢h) _ ‘gg(tf_’ beb,bv)
BW > cq) DB(tt— beq,blr)

» Select tt-> W(cb) b W(Lnu) b and train a NN to distinguish events containing W->cb, simultaneous fit to tt+c and tt+b
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https://arxiv.org/pdf/2411.18639

PFOSpeCtS (H L')LHC SO c Suzanne Gascon-Shotkin

* Hope for ~350fb-1=» ~50% (>=2025) largely unexplored for the moment!
e HL-LHC starts ~2030, expect 3ab™ HL-LHC
* Overall, still plenty of discovery potential at LHC!

| 13.6 TeV LS3

- e s . 13.6-14 TeV
https://twiki.cern.ch/twiki/bin/view/CMSPublic/ — C1\ET ]}
LumiPublicResults#Multi_year_summary_proton_proton HL-LHC

inner triplet . .
- - SN N o pilot beam radiation hmit installation
2300 o ) CMS BN LHC defvered: 322057 - 'Y
=30, arias fs- 67 B e 2022 | 2028 | oo« | 2o2s | 202 | 2027 | zoem | 20m9 | 200 [l]]
2250 - Online Luminosity -}
2°°"F" []LHe pelivered = 250} ]

E C 4 _ /—-?1-0’7-5_4

52000 | |ATLAS Recorded f o P 7 7 ATHﬂﬁgrg’t‘S x nominal Lumi

8 I Delivered: 319 fb" = . 2 x nominal Lumi .

% 150 [ Recorded: 30110 - B sl ! !

s - ©

g L # ;i),

S100F 2 £ 100} 3000 fb

s | © integrated b

o sof . R el m luminosity EEUHIE 5

b PR o A (N SO (NN SR NN SR B! [ 0 J ‘ - y - - : : - . I y y
P A i
Jan‘ﬂ_\o\"ﬂ)an'a?’ 3\)\'2553“'2“30\'2“330‘25 5\)\'7-55an'2€ Date CONSTRUCTION | INSTALLATION & COMM. | PHYSICS

Mnonth in Year

Run 3 2 ~double Run 2 (and 13 2> 13.6 TeV)
HL-LHC - goal 3ab™ good for physics ~20 time Run 2!
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Summary of the summary ...

»Progresses are slow due to the complexity of the experimental challenges but

STEADY: many new results show sizeable improvements

»We have a comprehensive and ambitious experimental program designed to

address the still pending fundamental questions in particle physics

»1’ve been impressed by the Young Scientists talks, good sign for our field since
the future of HEP is in their hands!

> The future looks bright thanks to the existing and future experimental facilities

Thankyou to all the people involved in the organization of this wonderful

conference (personal remark: this is by far my preferred HEP conference)!
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Many discoveries and outstanding achievements in HEP presented in the last 60 years in

this conference: see presentations at 60th Annyversary celebration

|l wish you another 60 years of big discoveries and success!
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https://moriond.in2p3.fr/60years
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Backup
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Higgs boson Flavor physics and
properties CP violation

T~ T

/

Precision EW and

Search for BMS
particles and forces

SM of particle physics (Gauge theories and
BEH mechanism): 26-28 parameter
(extended to include v masses)

/

Neutrino Masses

and mixing
CP violation

\

Astro-particle

measurements

QCD observables
General relativity and ACDM model: 6 (+17?)
parameters
CMB, Galaxy
Surveys ABO, Search for Dark
Cepheids and SN 1a Matter
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Monday, 9 March 2026 Tuesday, 10 March 2026 Wednesday, 11 March 2026 Thursday, 12 March 2026 Friday, 13 March 2026 Saturday, 14 March 2026 Sunday, 15 March 2026

Monday, 16 March 2026 Tuesday, 17 March 2026 Wednesday, 18 March 2026 Thursday, 19 March 2026 Friday, 20 March 2026 Saturday, 21 March 2026 Sunday, 22 March 2026
Weicome Tuesday Morning : Wednesday Morning : Thursday Morning : Friday Morning : dark Saturday Morning :
Monday Morning : Flavour and Neutrino Neutrinos and BSM BSM matter, axions and Brout-Englert-Higgs
Flavour cosmology boson and Standard Sunday Morning :
Model Summaries

ool

Program focusing on these fundamental questions

allowing constructive interactions between theoretical and

experimental physicists from all these fields in a special -
environment: 1 week of fullimmersion in a wonderful

location

22 March 26

Monday Afternoon : Tuesday Afternoon : Wednesday Afternoon : Thursday Afternoon : Friday Afternoon : Saturday Afternoon :
( Flavour Neutrino BSM precision and dark Brout-Englert-Higgs Standard Model
matter Boson
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A new 2-Charmed hadron =*_. at LHCDb

[LHCb-PAPER-2026-009, in preparation]

Summary Shuyu Han

* Thanks to the enhanced capabilities of the upgraded LHCb detector and trigger system,
efficiency of hadronic final states increased by a factor of 2-4.

- T with a factor of 4 signal yield per fb~1 of data, compared with Run 2.

« EF.: first new particle observed with the upgraded LHCb detector.
° Local significance larger than 7o.
o B mass:|3619.97 4+ 0.83 (stat) 4 0.26 (syst) |50 (lifetime) MeV/c?.

=ce

° Mass difference: (AN = M(ZF) — M(Z57) = —1.77 + 0.84 (stat) + 0.15 (syst) " -2 (lifetime) MeV/c?.
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107 i S g S S S W v i | | ! ] 251 25;2:530;%3 ¢ oj 6o Diol2590) Two weakly decaying
3500 3550 3600 3650 3700 3500 3550 3600 3650 3700 20 | states observed at the LHC
=+ g — 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
mCﬂnd(‘_’"C) [MCV/C ] mcand(':’CC) [MCV/CZ] patrick.koppanburg@cern.ch 2026-02-26 Date of arXiv submission to date.
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CPVin BO > n®r0at Belle |

Thanks to B°B® quantum entanglement, time-dependent flavour asymmetry arises even when measuring a
single decay time, such as the tag-B meson decay time ttag, instead of At=1_,- ttag Phys.Rev.D 112 (2025) 3

8
/O\: 0.3 - —iC cos Am(ttag = tO)
E’: 0.2
S
Sl = — ~ =U.
s =088
C
f ~08C
V14 (rAm)?

Al ling)

lg = ﬁ arctan(Am7)= 1.3 pPS

» New approach based on the time decay measurement on only tag side t,,,

» Since system is entangled at Y(4S) time dependent asymmetry still exist even after integrating on tqp

22 March 26 F. Cerutti LBNL
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CPVinB0 =2 11t =2 o

Radek Zlebcik

Results

With more precision can reduce 8fold ambiguity in extracting o from B->ntnt

Soo = 0.611975 (stat) + 0.11 (syst),
Coo = 0.05 4= 0.28 (stat) £ 0.07 (syst).

Novel approach, along with SKEKB compact interaction region
and pixel detector, enable measurement of mixing induced CP
violation in B%—morr?

Would require 20x more data with conventional approach

Precision limited by sample size. Large margins of improvement

Candidates per 4.6 ps

Asymmetry

80
70
60
50
40
30
20

Belle Il Preliminary _%
JL dt = 365 ol
4 Bay (@=+1) 3
4Bl (q=-1)

10

= O
T

Mixing induced CPV in B° — m° m° measured for the first time
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LFV at LHCb and Belle Il

Hanae Tilquin and Edwin Chow

@ Dominant systematic uncertainties due to external factors (such as

knowledge of £ )

@ Resulting upper limit similar to that obtained by Belle Il

B(r~ — p ptuT) <1.9(2.3) x 1078 @ 90% (95%) CL  (4)

—
—3— Data

-1 : ] - : ivi
b c“i%g%g flbooo] —Towlfic 1 |n SM~ 107°(via neutrino mixing)
B Ledd L —r uun
- CPIDE [0.994, 1.000] h o ]

Di— nwv, -

Candidates / (10 MeV/c?)
= 7

T LJ *ﬁqi—f

1 l L
1900 .
M- [MeV/c?]

n
T T

22 March 26

arxiv:2601.20785

F. Cerutti LBNL

- 1 SameresultatBelle Il B(t >3p)<1.0 x 108 @90% CL
- Combmatorial 7 M presented a NEVW results at this conference:
B(t 2 3u)<8.7x10° @90% CL
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https://arxiv.org/abs/2601.20785

Theb 9 S¥ Christoph Langenbruch

b — sll decays in the SM Possible contributions from NP Local operator
Supersymmetry Leptoquarks 4GF
*
\t 8 b— > a Hetr = V:cbngs 3 S C@ Oz
b 3 > > V2 16 >z
\\ p LQ o+
W . Wilson coefficient
T ot . * (“effective coupling”)

0 ew heavy gauge bosons
Y Z b S

£+ Z N ‘ Hadronic uncertainties

€+
: 4 Form-factors SM ce-loop

b |

Strongly suppressed in the SM very sensitive to BSM effects

Use model independent approach to study experimental results: major theory uncertainties on the
predictions comes from hadronic form factors and charm loops: measure observables with less
sensitivity to hadronic uncertainties
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b—2>svvand b—2>sttdecays  meinonsLi

: —— Belle II (362 fb™!, combined) Using hadronic B-tagging, we have..

- 1 2.3+0.7 This analysis

. 1 ' ® 1 HR + sy + +.—

: ol Belle TT (362 firl, hadronic) Most stringent limit on B K™t77™ decay

i LLELL This amivss | * First search and upper limit on B® — K3z %7 ™~ decay

: || —o0— Belle II (362 fb!, inclusive) - i .

E : 2.7+ 0.7 This analysis © Upper ||m|t on B Y K 7T decay

. A < T i I e B iie . . . . . .

5 — Belle IT (63 fb" , inclusive) Additional tagging methods (inclusive and semileptonic tagging)

. I - o N . . . . . .

P e Belle (711 fb'!, semileptonic) are under investigation to improve efficiency.

: I 1.040.6 PRDY6, 091101

: : 1 ; . ; : i _

i o Belle (711 fb- , hadronic) o Inclusive+hadronic tagging combined B — KT v result
—— ﬁfﬁéﬁ 8(2411128“01;'0‘1, semileptonic) shows 2.7¢ tension wrt SM. A model-agnostic likelihood

: | : : ’ . . L ) .

o BABAR (429 fby!, hadronic) ‘ relntgrpretatlon within WET sets constraints on Wilson

i :. o 1.I5i1.l3 PII’LDST: 112{305 o _ Coeﬂ:lClentS.

0 2 4 6 8 10 « Moststringent B — X_v@ limit using hadronic B-tagging

10° x Br(BT—K " vp)
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b->cdv

Raynette van Tonder

22 March 26

R(D®) with hadronic tag

Belle Il

Supersedes previous hadronic tag R(D*) result
by using the full Run 1 dataset:

Tagged
(Full Event Interpretation)

-~ ~Signal
* Previous Belle Il R(D*) result used only half of the dataset .V, Leptonic 7 decay
(189 fb_l) PRD 110 (2024) 7, 072020 /V '
 |dentify lepton from 7 — Zvv \»v
» Efficiency is maximised by reconstructing all D* decay -
modes and 13 D decay modes ). e
- D™t 5 D%t DA0
cpY Dy Doy <+— New mode for this analysis!
e Extend analysis to include R(D)
D" Diposo;”  Dipny” i o
Signal B — D*1v 124+10 64+5 107+8 380+30 63+5
B — Dtv [ =} sl S 2l 340 =43 148 £ 19
B — Dév 440 70 215 £ 7 2882 £ 87 1226 £ 37
B — D™1/(€)v GO 31 29 ok 91 101 = 5 fal c= 184 2094 5 Gd
Dominant gap modes Al e el api el BEids J1 gallasipl B == als
continuum 3 2 33 181 84
other backgrounds 0 0 0 1 4
&5 Twice the data! Total 3197 1567 3395 15862 3659




The KLQTCOVV Keita Ono

Single Event Sensitivity (SES) : Branching ratio for which the expected number of observed events is 1
SES;pp1 = (9.33 £ 0.004, £ 0.84) X 10-10

Summary of expected events inside signal region Black : observed

+ I o Central Value Red : estimated : KL — T[OUD MC
K_ - i Total Uncertainty 5002215 0 0
Halo K. - RE i Stat. Uncertainty 450:235.6+2.04132 | 0.03320.008:0.003 |0
4001
0] _ 00
_ - 0.498+0.108 72
NGUtron ”+N é 300§ | including signal region

CV-np i = % . | 8008
T200 N 0 0

Upstream-z® | +———— #86=0252 20055903 | € \qf § . (OISTMSIE || 2oz
Sum ] ' + # —i 1002_ * - 0 0
Signal(SM)| 4 [#Signal = 0.03 o e

C PRI U SR S N TN SO T SR NN SR S ST S B SN S '

0 01 02 03 1000 2000 3000 4000 5000 6000
Expected # of events Rec. Zyix (mm)
* No observed events inside signal region Phys. Rev. Lett. 134, 081802 (20295)
B(K; — ) <2.2x107° (90% C.L.)
A
» Very sensitive to BSM physics, direct CP violation, BRgy 3x10"" with <2% unc.
22 March 26 F. Cerutti LBNL
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The “gOlden” KL%TCOVV Keita Ono

Expected improvement of BG from 2021 data analysis Expected limit vs SES &4 &
- Assume the same sensitivity of 2021 data analysis SIFS & 5@‘* g I
. S R = 108 —— e
. W 2021 ® = - Expected limit (median) |-
2024, 2025 (Expectation NS Ml =@~ =020 ™=
ekt R - S A PSR R e
K, — 2n > 10°E Expected limit +20
Neutren < =E '
CV-n ;-: E‘Eiiiii,'.7.1;‘_.':..'. ''''''' .
Upstream-z" R [ il """""""""" """""" i?g?:g g
5 10-10|;E o e | _— : N ’\ by 4 oo b V)
Sum = poarats SM
L | ' ' £ o ool
O O 1 02 0 3 04 :J L e SIS T
# of BG !6 P ssssasssssisinaasassnsssisisamonsssssnssanasssnfassohassadssssssfasnssunsfessaasssstosihassan]sssocdatons
« # of BG would be reduced by 35 % 2 (—— s U R o e e
:;10_11 i R S I I FO | i HE B B
107" 107" 107

Several upgrades of KOTO at JPARK: UCV detector, new dipole, improved DAQ

SES <107%in 3-4 years
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22 March 26

Search for lepton number violation

@ Dominant systematic stemming from the decay model of the signal,
assumed to be generated uniformly in phase-space

B(B~ = D pu ) <3.8(4.6) x 107° @ 90% (95%) CL
B(B~ — D* =) < 45(5.9) x 107° @ 90% (95%) CL

b
& 12
=
0
~ 10
o0
-
-, B
[¢2]
O
£ b
= 4
o]
O
2
0

LHCb 5.4 b1

ThLl Ll s
-r T T

5100 5200

¥ Data % 1 ¥ Data
— = -
— Total fit = LHCb 5.4 fb — Total fit B
------- Combinatorial ﬁ | === Combinatorial
Bl B - Dtpp 0 Bl B - Du
* B~ > Dtrx IS I i — B~ = D**nn— |
o ~ s * sz
------- B~ = Dtnpy, % v B~ — D** ' pTy,
Q 3 - |
— =
I_C_E
g
] = 2 —
1 359 1
< 3 BB B DR 0.4 Ll L .;..n:".' T A BT Tl MRS
5300 5400 5500 5200 5300 5400 5500

Mp+pu—p— [MeV]

Mps+ - pu— [MeV]

Can only be meditated via Majorana vlis ~10-22-10"2°
Small excess <26 =2 Run 3 large increase of sensitivity

F. Cerutti LBNL
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Benda Xu

Joint SK Atmospheric + T2K analysis

3 T T I T I T I.!.I.I:T...i. 'I-‘l’ l T T TT | T 1T 71 | T 1771 220 :_ I I I | ! ! ! | ! _:

- — SK + T2K E 200E- Prior uniform in 8., 3

b — T2K ] = Prior uniform in sind., 3

- SK (+ND) ] Bo= lo =

£ — 1o 1 = 160 p e 26 =

u e 20 s % 140 ) Y Y e 30 =

- ] < - =

5 of 1 3 o E

- g 1 &5 100 E

_1E ! 3  Z 8o 14 =

- . ] o - : -

n : N 60E : < =

-2 = 40 : =

CE ) e, i ] 20F- 3

_3_ [T I IR R A .I..]..l=f'|'.1'.l | L1* 1. PR T R N N A S S B O: , | ] |: | : 1 - s N L ] ) | ] 3
035 040 045 050 055 060 065 070 0.75 —0.04 —0.02 0.00 0.02 0.04

. 2
sin“0 — 2 :
23 Jep = 813613812€12553C53S1N0p

Atmospheric v results reduce degeneracy between MO and 0.p

Ocp =0 disfavored at 1.9c with Mass Ordering marginalized in the fit

22 March 26 F. Cerutti LBNL
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sz Vu—Ve

K MicroBooNE
i BNB 6.369 x 10%° POT
10 NuMI 1.054 x 107 POT
— E — Data, profiled, 95% CL_
\%’ -
- 1 =
o < -
= C
< N Excluded
10 ==
- LSND 99% CL (allowed)
[ MiniBooNE 95% CL (allowed)
10-2 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 L1 111l
104 1073 1072 101 1

sin’2@

e World's first two beam sterile neutrino search
e Data consistent with no sterile neutrinos

e Excludes LSND 99% allowed region

e Excludes vast majority of MiniBooNE 957 allowed

region

Mark Ross-Lonergan

MicroBooNE: Nature volume 648, 64-69 (2025)

e While the 3+1 sterile neutrino interpretation is
strongly disfavoured, the anomalies themselves
remain unexplained!

e Searches for single-photon and e+e- signatures
continue, with a particular focus on events with no
associated hadronic activity, one of the last
remaining places that the MiniBooNE anomaly could

be hiding
»n il .
o 180¢ MicroBooNE
t 160— —{— Data
a0
= i — Prediction with constraint
120— !
100:_ x3/ndf: 14.40/7
80—
60— 1
= T +
40; %
20+ e ——
() ) Bi o KN B m A i A L Sl s NSNS o
0 200 400 600

Reconstructed Shower Energy (MeV)

arXiv:2502.06064 [hep-ex] (2025) 73

Still origin of “MiniBooNE anomaly” not understood: 3+1v essentially excluded — looking at model
independent approach slight excess in single-y events (2o level)?

22 March 26
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Results from lceCube SR

@ICEDUBE Neutrino emission from nearby
: e i, S active galaxy NGC 1068
X Science, 378(6619), 538-543
Pole Saton, Arateiea Follow-up on 47 bright X-ray sources

IceCube Laboratory A National Science Fo

set 125 meters apart u
i Py managed research facilit!

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

®

Digital Optical

[ Signal [ Total

1450 m

n each
tring 80 A

uoo
=]
o
o
<

« NGC 1068: 40

60 -+

"Rl
258
RS
S

» Soft spectrum: y = 3.4

#Event
e
(e=)
+

b TN \“ ”m iy I |
J ” L  Much higher v flux than y

, — . « 3.30 when stacking 11 sources,
oo excluding NGC 1068

)2 [deg?]

Photomultipliers arrays at South Pole photo multipliers that detects Cerenkov radiation from v interactions

Main goal is to detect astro-physical sources but also reach v research program (astrophysics n composition, cosmic
rays hadrion interactions, search for WIMPs, ...)

Example: study of n emission from active Galaxies (NGC)

Proposed upgrade form1 to 8 km3
22 March 26 F. Cerutti LBNL

T Buckgromd ¢ Data - Submitted to ApJL: arXiv.2510.13403
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Results from Katrin Chlos Goupy

4
f . N 4 4 . .
Neutrinoless BB3-decay Cosmology B-decay kinematics
2
mgpg = ’Z Uzimi| N 1= Z m; g = ‘/Z U&Im3
\ ' y, \ i \ '
10°9y — normal ordering —— normal ordering 10° -
: . I ; L
- inverted ordering inverted ordering // KATRIN (2024)
10—1 _% 4 100 b
% //, KamLAND-Zen (2024) & S 101
= 7 > 9 =
el
/ A«‘A"’ih}"““
! /"7’\ ! 10! 3 planck, DESI (2054) , i J
10-3 - N — 107 1 —— normal ordering
\ iy \V e.g. Planck, DESI, EUCLID - inverted ordering
10-3 10-2 10-1 10° 10-3 10-2 10-1 10° 10-3 10-2 10-1 10°
m; (eV) m; (eV) m; (eV)

Courtesy C. Wiesinger/ A. Schwemmer [NUFIT 5.3, nu-fit.org] i
10

Huge EM spectrometer = energy end-point from 3 decay = Energy resolution ~1 eV
Results based on 260 days, full 1000d coming out soon -> 0.3eV

Can also search for sterile v in Ga anomaly region -> limits excluding most of the preferred regions
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Results from Katrin

Chloé Goupy
. : Analysing plane
The main Spectrometer Ui Uana(r)
i(r

£ \\ Usrc(r, 2) . . '

2 o Electrostatic high pass filter

:O% \\\\\::\ ‘ 102

= N -2.1 -1.4 -0.7 ; 7 10!

= 2

(9] g

g & 100

& [T m,=0 eV

— my=1eV 10-1
—-18500 —-13875 —4625 Ses0l 00 a1 \\/ BN,
2% 250 SR AAARCEEEE=
. g Main spectrometer

3
e  probe effective electron anti-neutrino mass m? = E Ues|*m3
i=1

B-decay with end pointE: n — p+ + 8 1

Retarding potential qU,et [eV]

- - |
18540 18550 18560 18570 18580

Huge EM spectrometer to get integral e- energy spectrum 2-3h cycles = Energy
resolution ~1 eV

Fit of analytical model of the spectrum + model of experimental response with 4 free
parameters + systematics

22 March 26
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Results from Katrin

Chloé Goupy

Rate per pixel (cps)

10—3 L

Residuals (o)
o

KNM1

KNM2

KNM3

t

Data

101}

10—-2 L

—— Model

|

{

Data

1—

Model

i

1 —
| Data (SAP)

Data (NAP)
- Model

: Patch
Towo vl

.
Fo b

18550

18600

18550

1 L] . 1
18600 18710 18550

retarding energy [eV]

1 y—L ]
18600 18710

103':

102':

10’ :

DANSS
(95% C.L.)

Stereo
(95% C.L.)

Prospect
(95% C.L.)

BEST+GA
(20)

BEST+GA+SAGE
best fit

RAA
(95% C.L.)

Neutrino-4
(20)

KATRIN exclusion
KNM1-5 (95% C.L.)

~ KATRIN sensitivity
KNM1-5 (95% C.L.)

0] LT j - . ~ <

: L 0.13 _y/2
Best fit result (p-value: 0.84): m2 = —0.14%) 15 eV

Huge EM spectrometer = energy end-point from 3 decay = Energy resolution ~1 eV

KATRIN's new upper limit:

m < 0.45 eV (90% CL)

102

10"
sin? (20ee)

Results based on 260 days, full 1000d coming out soon -> 0.3eV
Can also search for sterile v in Ga anomaly region -> limits excluding most of the preferred regions

22 March 26
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KNM1-2 (95% C.L.)

76



First results with 2022 data from FASER

FASER Preliminary Michaela Queitsch-Maitland

14 Accelerator v LHC v Astrophysical v
ANOMAD 08: v,/0, #NuTeV 06: v/, T @FASER 26: v, #FASERV 26: v+, IceCube 17: v,+0,
OCDHS 87: vu/v,  9E53: ve/Ue BFASER 26: iy, #FASERY 26: va+ie %k IC HESE Shower 17: v+,

1.21 occrror: VulDy DONUT: ve+De o FASER 26: v+,

--- Bodek-Yang, v,
....... Bodek-Yang, U,
—:— Bodek-Yang, avg.

=
o

o
o0

o
o

———
—_————
Te——
———
Sm—
-
—-_—

T ————— .
! e
—
—_
—o—
——,

o
>

I
N

o(E,)/E, [10~38 cm2 GeV~1 nucleon!]

v

o
o

102 103 104
Neutrino Energy E, [GeV]

Detector with emulsion + electronic detector targeting v produced in LHC collisions (~300fb™" of data)

Target: v xs (knowledge of the flux), search for new particles in the MeV-GeV range: dark photons, ALPs
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ATLAS - Run 3 Search for Displaced Vertices and Muons (164fb') John Anders [2603.01991

—
>

Focuses on neutral LLP decays within the ATLAS
innermost detector layers

-
n

- \/s=13.6TeV

=i
o

ATLAS Simulation

Higgsino A'»¢1 decays, m=150 GeV, T=0.1 ns

- One displaced vertex and at least one muon with
large transverse impact parameter

C

wL Event-level trigger efficiency

|

;‘ P 4

ey ]
U ional tri d tracki I R T iy B
nconventional trigger and tracking 5 Displacec-muon rigger _
. Trigger uses Muon Spectrometer (MS) — ool DTN
information only Idol of the highest-pr muon [mm]
. LRT identifies large impact parameter muons g g 3
= E ATLAS — Observed 3
2 A Vs=136TeV, 164 fo-! == Ex%egtfd (x10) 1
' @ 10°E Higgsino pair production —— T1=0.01ns —
ABCD Method to estimate background s O e decays roins -
. Mainly arises from tracks reconstructed & At . 1
e : 10" %, —— r=10ns ~
from coincidental/unrelated hits : RS 3
« Invert muon-requirements and impact parameter 10"K N2 N
. g " — More in
No significant excess 101&\‘_ - David
. Model mdgpenglent I|rT1|ts and g 1| BRousso's
+ Interpretations in multiple RPV SUSY models 10 2 e talk

S m(x9) [GeV]
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CMS - Run 3 Search for LLPs decaying into Muons (62fb') john Anders CMS-PAS-EXO-24-016

Background is taken directly from data

. Fitting analytic functions (Bernstein polynomials, power law and exponential functions) to the p*p-
mass spectra

events / 0.08 GeV

CMS Preliminary 34.6 fb~1, 2022 (13.6 TeV) < 3

1t _ CMSPreliminay 624" (136TeV) CMS Preliminary 62.4 fb! (13.6 TeV)

| Dimuon —— Exponential ° s H - ZoZp (ct= 1 cm) d = T R T T T

- |y €[0.0,0.2] cm Power-law E 10-1 : (;b:e(rv;d g ?ngﬂ:efvg"ﬂ 00, W5 A0T.00Y)
40__:5.0 'ﬁteﬂ, — Bernstein<1> | T === Expected T -- Expected

~ High pt 4 Data - +20 expected ;C: 100k +20 expected |

. g +10 expected o i +10 expected 1
30; 4 e 102 — Displaced dimuon with standard streams [JHEP 05 (2024) 047] S — Dark showers search [CMS-EX0O-24-008] |

I o i = ]

E et f 7=

E 10731 ] f 1011 =

20 Il l l 18 | & | —— ==

Jl I 1l I L1 'Il 1 1] HIH l l S \QVBNW S === -

1 Hll ! T“ 1t BITT T HHH—HH] 10 1{0°

: T 179 ¢ ik d5T E = :
10 ) = (%) —_———

) Y w d 8 | mmmmeees

) 4 | @ 10-5} ¥ ———
) I P ERR el g g g ¥ g o o qid o g f E e | : - L LN 16-2 ‘16-1‘ ‘160‘ — ‘161'_

6.4 6.6 6.8 7.0 72 7.4 7.6 0.5 1 2 5 10 20 30

m,.(GeV) Mass [GeV] Lifetime ct [cm]

No significant deviations from the background predictions

. Data scouting allows for significantly lower masses to be probed than previously possible!
. Limits placed in dark photon and dark shower models
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Search for ALPs in Belle Il Devender Kuma

108} Belle 1l (Preliminary) E ee” —yyly) I Other
det=408fb_1 ) e*’e‘—ae*’e‘(y) * Data :
S 107F mm ete” —>h%(y) “1
.,‘:J__ ;
%J 10% PrimEX |
O . s ‘,
~ 10 .
SAY 0 N SRRl Y t T
S~
0 103 BESIII~
= (w(2S))
E 1 § ‘»_/.‘ 3 7‘. \‘
(i} BESIII
10t : U/y) ’
10° é \\\‘\‘ FASER thiS work)
1.1 g R I
k ' ' ' ' K | o~NuCal Belle Il (Preliminary) |
8lg1.0f e N E137 JLdt = 408 fb?
== ] 10—5_2 e .~,,‘.A..-..-‘_; \ ..0 e :
0 9 1 i i 1 N ] 10 10 10 10
' 2 4 6 8 2
m, (GeV/c
M,, (GeV/c?) e e . - ( g / ) . -

ALPs inet+te =2 ay =2 yy v 0.17-9.8 GeV fit to m(a) spectrum: no exces, limits

on scan c(ete- = ay)~2-10 fb translated into limits on g_ayy.
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Search for DM

0 b 8 16 20 PC X 6000FT T
‘ T 5000 |
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= &
i r o ? 3000 F
530 S s000f
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gzun o) 600 =7 L I f ‘ t + “““““““““““““ Js0
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s & of | \A ; lﬂ * U ' ¥
S b TF TR s
el AR R L AT
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i ¢
‘o
9
o 70 o m 0 o6 720 . J I-ULK]UI DM |L"|.|..i'h.'i.'{| |":~
DISTANCE 0 CENTER (MINUTES OF ARC) 6"58M42° 36° 30° 24° 18° 12° b A haryonic mater
Dark Matter: Cirelli, Strumia, Zupan 3 [
I E ool || | DM = curvature
I= 1
Fields Particles Macroscopic objects = - DM - A )
P = _HHH . o
Ttra—1i £ n TR,
Tgo Ultra-light 5 £ thermal Too & | 4 ACDM ™,
big scalars 5 vy & relics PBHs heavy 2000 |
B W W e t t ': it }:::!: I e EEmEEEE R e e | ™ 1
107 1072 10710 T eV GeV 10%° kg 10'° 10%° 10F° 10% u[':l e T T e e imu
. o > =
Hubble Toow A1 weak scale Planck scale Asterold mass Solar mass

Angular number ¢

Overwhelming evidence for DM existence: Astrophysics, Weak lensing, CMB acoustic peaks ...
Wide range of DM candidates (102" eV <M < 1037 kg!) makes the search extremely challenging

Extension of SM (BSM) provides good candidates: WIMPs, QCD Axions (ALPs), Dark Sector, ...
Complementary searches form direct detection, production at colliders, indirect (annihilation signals), ...
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https://arxiv.org/abs/2406.01705

Cosmology

By ESA and the Planck Collaboration - Cosmic Microwave Background,
CCBY 4.0, https://commons.wikimedia.org/w/index.php?curid=130789180

Very successful model ACDM: fit of 6 parameters to a large number of
experimental observations: CMB, LSS, ...

Link between DM, A, inflation and particle physics need to be clarified
Some tensions emerging between Early and Late measurements
(Hubble tension, Sg tension, ...)
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DES Collaboration/DOE/KPNO/NOIRLab/NSF/AURA/C.Lamman
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Neutrino mass limits from Cosmology fits

Yvonne Wong

The combination of DESI+Planck appears to constrain the neutrino mass
sum to an extremely tight ), m,, < 0.053 eV (95%) in a ACDM+Zm, fit.

* Bound is below the 12

miniumum neutrino mass 10 -

sum ), m, = 0.06 eV from
neutrino oscillations.

O_

. : 6

* In fact, likelihood peaks in =,
an unphysical region. q 4
* Seen in both Bayesian and 2

frequentist analyses.
* “Negative neutrino mass”
—2 1
Loverde & Weiner 2024;

Craig, Green, Meyers & Rajendran 2024;
Naredo-Tuero et al. 2024; Elbers et al. 2025

Elbers et al [DESI]. 2025

—0.20

T 7
—— Planck PR4 /-{/ /
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——— Planck PR4 + SDSS Lya Lyssa /-./ /
84+ —-~ Planck PR4 + DESI DR1 BAO /4 s
.. — = Planck PR4 + DESI DR1 BAO + SDSS Lya Taylor y./
{1 =—:= Planck PR4 + DESI DR1 BAO + SDSS Lya Lyssa /
% ; / ¥ 4
| i y /i
N l
: I
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eI N D e e
o .'.1.'-_:_:_;;:.:.:.:1' i
I
I
T T T ! T T T
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2 ™y [eV] Chebat et al. 2025 g

Consequence of tension in HO and QM between two measurements (Early vs Late)
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The muon g-2 measurement Leonard Polat

! ! BNL&FL]AL,ZB—H(-]' ! ' ' m7t contributions to a,,
0.50
Laurent Lellouch —#— Energy range [GeV] 2025 2009
----------------------------------------- aZ™ + stat + syst [10-19] | a2™ + stat + syst [10-1]
———

White paper '25
:;

’f Below05 58.0+x55+1.7 58.2+0.6+0.6

_ 456.2+2.2+1.7 455.6+2.1+2.6

= 2025 and 2009 results are compatible

i
RBC/UKQCD '24
[

—i
Mainz/CLS '24

< W — with excellent agreement
BaBar
CMD-3
KLOE H—4—H = the averages yield the most precise af,”
| | | | | |
180 190 200 210 220 250 measurement from a single experiment.

a, % 10'° — 11659000

» Great Experimental success latest Fermilab measurement: 127ppb!
» Challenged theory prediction in particular hadronic vacuum polarization that involves low-energy QCD

» Hadronic corrections: tension between “experimentally” and “Lattice based” predictions (but also
between “measurements”): new method to measure e+e- 2 n+m- in Babar use kinematic selection
instead of PID for n/u = Lowered pT cut more stat. and less systematics
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[, with EW precision observables

Roman Kogler

22 March 26

LT I ' ' ' ' [
L 68% and 95% CL fit contours
11— ATLAS & CMS

B EWPO

~ [ EWPO + ATLAS & CMS
+ SM Prediction

N

1 | | |
(- L1 1 1 L1 1 1 L1 1 1 L1

09—

0.8
] fitter |s.|
| 1 1 1 1 I 1 1 1 1 |
0.95 1 1.05
Ky
H 2
wiz 0\ wiz §=15,1-ki)n (m—%)
2
Kv Kv T=-— 5 (1-£%)In A
16mc3 v m2
Wiz W A
2. .2
. o - BR K K
LHC Higgs oxBR il = ==
osm - BRgm K

F. Cerutti LBNL

HVYV coupling-only:
+0 64
X2/ ndf = 28.8/ 28

Effective parameterisation:
I'y =4.09 +0 37 MeV (6I'y =~ 10%)
X2/ ndf =45.9/ 44

All measurements (resolved
parameterisation kv, Kr):

Iy =379 103, MeV

X2/ ndf =72.9/76
(M = 4.1 MeV)
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th—>tt and combination

Gaetano Barone

Events

20

40 F

B T T T I T
- ATLAS Internal
80

Vs =13 TeV, 140 fb ! L tHSMx50 O t(H) X

- 2017 - SR
L Post-fit
60 -

B fakes [ e/ misid.
[ Others /. Uncertainty

S

T I T T T I T T T |
® Data B tH (e = —0.9) T

Data—Bkg.
Bkg.
|
o o O
| S

o=
’Dllllll TTTTTT

1.0

NN(tH)

(2) 2¢SS + 17,4 SR

ATLAS Internal
Vs =13 TeV, 140 fb~*

pun = +8.5135(stat.) T35 (syst.)
pen = +8.815 0 (stat) T53 (syst.)
pem = +6.212 7 (stat.) T3 T (syst.)
perr = +0.3159 (stat.) T3 (syst.)
per = —2.015 5 (stat.) 55 (syst.)
per = +2.973 5 (stat.) T (syst.)
porr = +4.5713 (stat.) 717 (syst.)
EECIECEEL
Best fit pg

New analysis searching for tH associated production in H>tt decays from ATLAS
Combined with previous Run 2 analyses
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26(SS)

3¢

bb

20 4 17hag

12 + 2Thag

vy

t H (combined)
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ATLAS CP studies on HVV interaction

: ATLAS Expected
F \/E =13 TeV, 140 fb~! —e— Observed T - ~ . _
Linear-only = g 3
FA=1TeV © - ATLAS E
: . = - N o= (4m)° R cyy =1 B c.i=0.01
- 95% confidence level - L - ) L J/5=13 TeV, 140 fo-1 i
L ] QO 105 . g =
H—ZZ" (prod.+decay) ° 0.51  [0.99,1.8] - 2 - Linear-only E
i [-1.5, 1.5] 10 " ]
H— WW’ (prod.) ® 015 [1.1,0.85] = 10 17.8 TeV _
- (prod.)} [-0.83, 0.85] § 10 MW 103Tev 12.7 Tev 12.8 Tev 14.6 TeV E
H- rod.)— o 029  [057,1.2] > i i
vy (p ): [-0.99, 0.98] Il i ]
N < 10°% A
WH, H - bb (prod.) [~ _— 0.10  [0.63,0.84] - T 1.02 Tev 1.16 TeV 1.42Tev :
4 i [-0.59, 0.59] i . ]
VBF H - 1 (prod.)- —— 0.21 [-0.22, 0.67] i 7
(prod.)¢ 3 [-0.41,0.43] 1 10711 0.14 TeV 0.17Tev [
1 S 0.08 TeV 0.10 TeV 0.10 Tev 0.12 Tev 5
Combined —— 017  [-0.14,0.49] - ]
r [-0.28, 0.29] i ]
-1 0 i 2 3 4 102 5
CHw Combined

Stringent limits on EFT CP-odd interactions between H and V
Fermion sector even more interesting (CP possible at tree level!)
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VBS production ATLAS Santiago Folgueras

VBS observation in semileptonic modes ¥

+ Combined #£qq / #vaq/ vvqq (resolved + merged) UATLAS  s13Tev, 140t
RNN-based extraction —a

L4 Stat.
Tot. ( Stat., Syst.)
2-lepton [ | 115 0% ( +02.28%)
. 1-lepton FoH 1.02 0% (0GR
* Observed significance: 7.40 (expected 6.10) o.pt sz S ol
-lepton =i 8 048 2021, “o43

ATLAS also sees 3.30 evidence for =1 longitudinal W in SSWW: the  weges|  Twem 100 % (eedE)
next VBS frontier [Phys. Rev. Lett. 135 (2025) 111802] — HoH 130 48 (onE)

Comb. EWK VVji | HoH I1.28 'Zl_ﬁ ( vy 3] )I
0 1 2 3 4 5 6
j%2} =
§7) T T T T T MG i ATLAS ¢ Data 3 obs
§ 108 ATLAS + 2:‘:\5 =¥‘$ﬂs :>J’ B ATV B EWK VVjj (1=1.28) Hewk
fim] Vs=13TeV, 140 fb" QCD W EWK Wii o B Wijets -
107 Um,‘aimy- , O-lep; Margod High-Purty SR Z+jets 2 é K RS L RS RS RARAS LA RARRS RARAS RARRS
High-Purity | Low-Purity i Resolved i TCR i Merged | Resolved I Top E w | - - - Observed 68% CL. ATLAS ]
108 ES° i SR i SR : i VeR i VCR Diboson 3 =S 250 — Observed 95% CL. ]
V] i ] -9 4 Bestfit g el
D gl 1 F -~ Expected 68% CL. Vs=13TeV,140fb" I
10° Pre-fit background oo e A oF ]
— EWK VVjj x 20 E o« Stangard Model —
1o : : 5
10° 1.5F -
102 r ]
1= 3
o 0.5 —:
0 1.05F = 51 1 R S e e e - obs +023 (4 +0.20 3
% 1 + $oe pieeeiy e wie o bie oo o] 3 L i +— oF- UEWK—LZO ‘021 (£ 0.10 stat. "7 syst.) B
z095; . B et iiSivgriaghridig ] E ke =209 0% (£0.04stat. ‘R syst) ]
03““%%““%8‘12‘?8““““ 5 © 05 Bl [PETES DU CUTEY FTTTY UTIU DU PUPT) PUTE - T U T R PN P DO T T
$3J3333I555333323 © 0 010203040506 07 08 09 1 -1 05 0 05 1 15 2 25 3 35 4
;’;” § & RNN score U
arxiv.2503.17461 Qaco

Multi-boson production provides stringent test of EW physics: constraints on anomalous TGC and QGC,
test of the EWSB (W W, production)
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Rare tt+X processes

—lr : o, -075+005(scale):0.01(PDF)pb = o, =086  (scale)20.02(PFDFlpb = G, . =0.88+0.10(tot) pb
ATLAS+CMS Preliminary - PRL 131 (2023) 231901 : EPUC 80 (2020) 428 : MadCosph. sNCONLC
LHCtopWG :  NNLO(QCD)+NLO(EW) 3 NLO(QCD+EW)+NNLL : NLOQCD
fs=13TeV O oy X 3=030°30000t) pbx3  E 0, x20-0038'3500t)pbx20 | gy x5-0.15:0.03(10t) pbx 5 2 G, -0.77:0.14t0t) pb
MadGraphS aMC@NLO ;o JHEP 10 (2018) 158 has MadGraphS aMC@NLO e MadGraph5 aMC@NLC
May 2025 NLO QCD : NLOQCD : NLoQco § NLOQCD
Omeas = (Stat.) £ (syst.) } $
0.88+0.05+ 0.07 pb  EPN— ATLAS, L= 140 fb"
tM JHEP 05 (2024) 131
0.87 +0.04 + 0.05 pb g C’“SS_ L =138
JHEP 07 (2023) 219
0.86 + 0.04 + 0.04 pb PR R {‘T_Lf- L= 140 fb"
- JHEF 0 2024) 163
L 0.95+ 0.05+ 0.06 pb - —— CMS,L_=7751"
o JHEP 03 (2020) 056
+ CMS,L_= 138"
fTiZ+tWZ 1.14 £ 0.05+ 0.04 pb [ W s, gl
L0015 . ATLAS, L =140 fb", Vis 1
tly prod. 1+jets & gilepton  0-319+0.004 _55,, pbx 3 2 — s ol
+0.0026 . ATLAS,L =139fb", Vis 2
thy+tWy e 0.0396 + 0.0008 * 5025 pb x 20 e Semal S
- - 1\
tty dilepton 0.175+ 0.003 + 0.006 pb x 5 P e PR S 11 D VRS
5 CMS,L =137, Vis 4
thy 1jets 0.798 + 0.007 + 0.048 pb o e, F
1 1 1 l L 1 1 I 1 1 1 I 1 1 1 l L 1 1 1 1 1 l | 1 1 l 1 1 L
0 0.2 04 0.6 0 1.2 1.4
O, [PD]

1.6

Sergio Sanchez Cruz

LHC gives access to very rare process with high sensitivity to BSM operators but also very difficult to model
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Excess at the threshold: quasi-bound state ! ATLAS

Baptiste Ravina
TOPQ-2025-11 ROPP 88 (2025) 087801

EXPERIMENT
CMS 138 fb~1 (13 TeV) CMS 138 fb~1 (13 TeV) CMS 138fb~1 (18 TeV) > t14f% .
4 Data mmm tX Unc. 4 Data mmm tX Unc. 4 Data mmm tX Unc. é - ATLAS . o R 1
tt mam Other tt mam Other tt mm Other 2 1'2;_':“13.1- Sl : m Zijets ¢ Data . 7]
@ I hvg + ttgrrw model, dilepton, post-fit - X 7222 Total uncertainty
% 3l “1<Cha<-3 —1<Chan<-—3 % 3| —3<Cha<3 -1 <cChan <3 % 3 3<chac<l %<Chan<1 g 1oF g ’ . — B ; .
o 10°% . o 10 ® 10«2, & g 1 <Chan < -1 <Cran<} 1 ¢Chan < ]
gloz gloz N %102 i | | |
i . ", @ . . @ . B :
10 =" 101 - 101 T f
2 Q Q 2r
+ 1.1} Postfit (FO pQCD + BG + ny) + 1.1} Postfit (FO pQCD + BG + ) + 1.1} Postfit (FO pQCD + BG + n) & :
[a] [a] a g 2500:— - I - e == F = ctemi-esim T =
8 8 8 S obectag otecta, Fess i, o il PO o s 1O oot o .
o o o3 8 E ]
8 8 8 -zsco: .
S 8 S B rosk 4
L 09 M o(ny) =8.8*12pb L 09 M o(n) =8.8*12pb Q09— M o(ny) =8.8*12pb % i
S 400 700 1000 1300 & 400 700 1000 1300  ®© 400 700 1000 1300 & & 1
g faev] g [Gev) m [GeV] - ;350_‘_4'50_-%% 750 350 450 350 450 350 450 350 450 350 450 850 450 350 4so:
mi [GeV]
_ +
) O‘(ttGFRw) = 9.37" (stat ) + 0.8 (SySt.) pb
M +1.1
._ o(n:) = 8.8 i 0.5 (stat.) ;'3 (syst.) pb
e Both ATLAS & CMS report a >50 excess, near threshold and behaving like spin-singlet toponium
e Measured cross sections are compatible with each other but ( )% hngher than a
NRQCD-inspired prediction of 6.43pb. [PRD 104. 034023 (2021)] [Fit with bb4! baseline yield slightly lower cross section.]
e Large impact of tt modelling systematics on both results! Check the backup for further
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evidence of the signal in tt—eu+bb !
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