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Overview Le Pharo

# Full 5-day programme withg
102 posters
526 parallel talks
& 38 plenary talks
& [ prizes
& Lot of chats
& Nice views
& Website
& https://www.eps-hep2025.eu/

& Will show some of my
personal highlights
& A bit LHC heavy....

# Emphasis on new physics
results

..........
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Ultimate Precision



Saskia Charity

Final result from Fermilab Muon g—2 experiment

# Goal: Measure muon anomalous magnetic moment a, to 140 parts A
per billion
& Muon sector “convenient” place to test the Standard Model B
& 6 runs between 2018 (Run-1) and 2023 (Run-6) now analysed
& > 300 billion analysed positrons
# What is a?
g determines spin precession
frequency in a magnetic field
Torque in B-field Magnetic Moment
— = P € g
ux B H= 92_5 : :
m * For a pure Dirac spin-72 charged
. fermion, g is exactly 2
— Y :
g=2 Y% i YARX * Interactions between the muon and
m 1L TN\ virtual particles alter the value
5 « X &Y particles could be SM or new
_ Bp T physics
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. . . Saskia Charity
Final result from Fermilab Muon g—2 experiment

« Standard Model components of g, # Expressed as a,
Dirac g;‘;rged Kinoshita ng;:&%; /Si\ /@\ D|rac Electroweak It_>|3;a dI:ZTwltc nght gj:;?;:ﬁg/: ((ZE:J/rI;1
P +12671 /k /Fé\ § /&\
f |agrams
= - /@\ ¥ %i
Y & Y i

\ Electroweak

gSM — 2 0023318407(12) aSMportion ~99.99% ~1ppm ~59 ppm ~1ppm

kiadrenlc SM QED , _EW , .HVP , .HLbL
Schwinger / /&\ /é\ BSM’) alJ. = all * al—’- * aIJ- * al—l
— 0.00232
M/é\ 27T %}\A xx‘iiii:@&"
N ¢

# a,Mprovided by g-2 Theory Initiative (TI)

%] 1 Order GED & Uncertainty dominated by hadronic terms —
in particular HVP error?
HVP
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Final result from Fermilab Muon g—2 experiment

s Results from Run1-6
Run-2/3 (2023) halved the uncertainty of the Run-1(2021) result

Run-4/5/6 (2025) data reduced uncertainty by a further factor of 1.8
a, (FNAL) = 116 592 0705 (148) x 10712 (127 ppb)
a,(EXP) = 1165920715 (145) X 10712 (124 ppb)

# Uncertainties

Ay

frequency

Anomalous

Clock blinding  precession

frequency Beam dynamics corrections

[fclock k‘)a J(l +[C + C + Cpa + Cdd + le]

‘ calib }(J)p(T )>< M)(l +lBk —+ BJ)

Ab lt Magnetic field map Muon beam Transient magnetic
distributio field correc tions

& TDR goal of 100 ppb systematlc reached
& No dominant source of systematic
& Further improving would require reduction in many categories

wp calib.

@ \WP25 (based on lattice QCD) agrees with the experiment

15/08/2025

# Hadronic Vacuum Polarisation ee™

Saskia Charity

BNL E821 ! 2

Run-2/3 —o—

Run-4/5/6 HH

Run-1- 6 +o+
Experiment Exp. average e
Theory

SNDO06
———— CMD-2
——— BaBar
— KLOE
—_— BESIII
——4— SND20
CMD-3 —+——

<>

HVP Iattlce "
Theory Initiative
WP (2025)
T [T N SN SR (NN NN SR SR NN NN SR N SR SR NN S
18 19 20 21
a,-10°- 1165900

(data-driven approach) not included for the WP25
& Tensions still to be understood, large discrepancies in low-energy cross section data
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LHC Physics:
SM and top



W mass
: Impact (MeV)

Source of uncertainty Nominal Clobal
CMS Muon momentum scale 4.8 4.4
_ v in MeV Muon reco. efficiency 3.0 2.3
PEFI;%??(?@“{)%%IEJSW I 80353+ 6 W and Z angular coeffs. 3.3 3.0
LEP combination | go376 + 33 : Higher-order EW 2.0 1.9

Phys. Rep. 532 (2013) 119 v :
DO 80375 + 23 ——y pr modeling 2.0 0.8
ER[I3|‘1:08 (2012) 151804 PDF 4.4 2.8
Science 376 (2022) 6589 | C0rooo * 94 = Nonprompt background 3.2 Lad
LI,‘HIEEB (2022) 036 80354 £ 32 Integrated luminosity 0.1 0.1
Q)I\lfga 508 80366.5 + 15.9 | D MC sample Slz.e 1.5 3.8
%Ms ) NC— - Data sample size 2.4 6.0
= e T Total uncertainty 9.9 58

80300 80350 80400 80450

e Recent CMS measurement is the most precise at the LHC, approaching quoted
CDF precision, compatible with SM prediction and other measurements
Exploits strong in-situ constraints to reduce PDF/QCD uncertainties

my (MeV)

Clear tension with CDF measurement
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Josh Bendavid
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rect

mairect

Weak mixing angle

Measurements

Determinations

Total uncertainty

Statistical uncertainty

LEP and SL.D combination
Phys. Rept. 427 (2006) 257

15/08/2025

had
QFB
0, ¢
Arg .
AR g
0.1
Ay —_—
P, —
A, (SLD) ——
ATLAS 7 TeV
JHEP 09 (2015) 049
LHCb 7 and 8 TeV
JHEP 11 (2015) 190
Tevatron combination
PRD 97 (2018) 112007
CMS 8 TeV
EPIC 78 (2018) 701
ATLAS 8 TeV preliminary
ATLAS-CONF-2018-037
CMS 13 TeV
arXiv:2408.07622
LHCb 13 TeV
LHCB-PAPER-2024-028
Electroweak Fit (J. Haller er al.) |
EPJC 78 (2018) 675
Electroweak Fit (J. de Blas et al.) |~
PRD 106 (2022) 033003
| | | 1 1
0.229 0.23 0.231 0.232 0.233

CT18X
CT18A
CT18Z
CT18
MSHT20
NNPDF40
NNPDF31

CMS 138 fb™' (2016-2018, 13 TeV)

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e -0- A,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S, B sevsvees iSRRI = = A‘,':VB
.......................................... S ... O Af (no-prof)
:Q:r,1
............................................................................................... A% CT187
023 ' 0232 0.234

s 2 Al
sin” 0

e LHC measurements now competitive
with LEP/SLD

e Forrecent CMS measurement PDFs
are largest uncertainty

e Non-negligible PDF dependence for
result (though reduced by profiling)

e |LHCDb measurement is statistically
dominated

EPS HEP 2025

Josh Bendavid

# sin20,y measured from forward-backward asymmetry in Z/y*—£¢ events near Z peak



Fabio Cerutti

Observation of ttbar cross-section enhancement at threshold

14 | EPJC 60 (2009) 375 9

> Non-Relativistic QCD predicts the formation at threshold (m~2m~345 GeV)

of quasi-bound-state (Toponium): spin-singlet - color-singlet 1S,

» Our baseline tt modeling - PS-matched pQCD predictions reweighted to

do / dM [pb/GeV]

NNLO-QCD+NLO-EW -is missing these NRQCD states

- 3a [8] hi
qq — °S, ]

> Experimentally extremely challenging: small effect (1% of total xs) in a my, LHC s = 14 TeV

356 360 365 370 375 380

region much smaller than experimental resolution
M [GeV]

Courtesy of B. Fuks

space (GeV™)

> New modeling of NRQCD effects via the re-weighting of the tt production

ay ~ 0.05GeV 1 ..5 toponium formation

MEs through the non-relativistic QCD Green’s function and projection to xnolion

1
~0.3GeV~!
2F;

color singlet (Fuks et al. EPJC 85 (2025) 157) used as “signal”

» CMS measurement based on simplified model (pseudo-scalar resonance 1ny) | rauimaxnoze vere et a0

b and t

e coii]
» o(n,)=8.8"12, ,pb >5c observation arXiv:2503.22382 [NW’W S =
L1 o
— +— ~09GeV!
Tl 7
band b
BeisEnghot F. Cerutti LBNL - ATLAS Highlights / | tme (Gev)
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Andreas Hoecker

Observation of ttbar cross-section enhancement at threshold ~ Fabo cemt

Roberto Saviano

CMS observed enhancement near tt production threshold — observation confirmed by ATLAS

# ATLAS # CMS

) tt—> leptonic : : =
> Usettzivbavb lep decay In the search for H/A resonances into tf
> Reconstruction of m;; = mass resolution ~20% at

observed an excess of data at threshold
threshold o

o . . Measured cross section of a quasi-bound
» Enhance sensitivity using lepton angular variables o(n,) = 8.8+i:§ ob

sensitive to tt spin correlation (¢, and c,,,) signal behaves

o - Compatible with NRQCD prediction 6(17,) = 6.4 pb
as “pseudo-scalar P P (n,) p

arXiv:2102.11281 arXiv:2401.08751

> Fit to the data in 9 SR with my, bins (300-500 GeV) cMs 181 (13TeV) o CMS 198771 (13TeV)
t Data W tX unc.| & a T P % FOpQCD + BG
t & - L5 : N % Observed
> Background Model: baseline pQCD . = = @ = aEelr N
8 103} «2 <Cha <1 3 <Chan<1 e © Q | § gy R\ =ee=d3E0
.. ; 10 ‘ / \\ '\\ ——. +55SD
> Signal Model: NRQCD (from Fuks et al.) 9 e [ \
S 102 5 n|
> Bkg.-only hypothesis rejected at 7.7c i

X% !
o(ttyroep) = 9.0 1.3 pb (expected 6.4pb, 5.70) st N

1.1} Postfit (FO pQCD + BG + n) \
ATLAS observed this elusive NRQCD phenomena

_10 = ‘\' /- -
Sig_ i
h + psesudo-scalar —
. FIRRR) +H i+|+Ll\ | _15_5 : : I I l :

4 ' i 0 5 10 15 20 25 30
B s e t o(ne) [pb]

Excess compatible with

more work is needed on theory side (off-shell effects,
matching pQCD and NRQCD, other NRQCD effects, ...) to
better establish the properties of the observed signal

[— e, o(ny) =8.8712pb (>5.00) .

400 700 1000 1300 pseudo-scalar hypothesis
mee [GeV]
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Andreas Hoecker

Rare processes

LHC experiments push intensity frontier to ever rarer processes — with help from machine learning
Each of them probes new, often deep facets of the SM. Here: first observation of tWZ (left) and ttyy (right)

& 200 fb'{(1 3 TeV and 13.6 TeV)] arXiv:2506.05018
22 :'Illllll ||||||||||'-|ll|||||[||:l Q :IIIIIIIIIIIII1|lIllllIlIIIII|IIIIIIIlllllllll|lll:
c 600—CMS Htwz Eitz WWZ4j S 80-ATLAS ¢ Data Wty -
%’ - Preliminary WWZ+b !Nonprompt WtZq i - \s=13TeV, 140" [Jh-fake y Me-fake y ]
L 500~ SR, tWZ tHxX = VV(V_) HXG 70[—Single lepton [tty (prompt y) [l Other yy—
- ¢ Data Postfit Unc. - 2~ Uncertainty B
400 7 { 7 b/ b AAAAAA TV E GOE_POSt-fIt _E
50— ]
_ K7 -
2 000000 t/t
200 /
100 o
S
&2
0 3
O ‘I.4E - é P
= 120 ; . [ 3o £ 125
% 1 F (4 “ T ¢ i E EL.E ~
O 0.8F R 8 075
O 6 C | 1 L ! 1 1 | O D 0'5 L ! L L L L f L L
* 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
tWZ output node BDT Output
o(tWZ) = 248 + 52 fb (5.80 significance) Osq(ttyy) = 2.4 £ 0.5 b (5.20 significance)
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LHC Physics:
Hadron and Flavour



First observation of CP violation in baryon decays

First observation of CP violation in baryon decay by LHCb

Direct CPV requires interference of diagrams with non-zero differences of weak and strong phases
Use A% - A (pK-1t*) 1T~ as reference channel

(A —» pK—7tn~) — T(A) - pKtn—7t)

Acp =

14000

12000

014 GeV/c?)

10000

8000

6000

Candidates / (O

2000 p

4000 |

>

DAY - pK-7t7n) + T(AY - pKtr—nt)

Decay proceeds mostly through intermediate
resonances (showing different amount of Aqp)

ﬂ LLHCb 9 b

-------- Comb. bkg.
Ag — pK mrana’
—— Ay = pK n' (= aty)

IIIIIIIIIIIIIIIIIIIIII
1
-
|
S
o
B
+
3
IIIIIIIIIIIIII

Al = prata
— A - pK K

A —— 5, > pK Tk

|

58 6

TS
m(pK - n*r) [GeV/c?]
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/c?)

Candidates / (0.014 Ge

14000

12000

[a—
o
<
-
<

8000

6000

4000 |

o
)
-
o

o

= (2.45+0.46 £ 0.10)%

Derived from uncorrected yield Zero
difference: Ay =3.71 £ 0.39 %

arXiv:2508.16954

56

LHCb 9 fb!

§{ Data
Total fit

-------- Comb. bkg.
33 — pK* mata’
—0
— A, = DKy (—=nnaty

&

b

=

>

9

)

|

IIIIIIIIIIIIIIIIII

—r
| |

—0
—— A, - pK*K 7

—0
\— E, > pK'7mK*

|

5.8 6
m(PK*a—a*) [GeV/c?]
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5.20 from

Andreas Hoecker,

Tim Gershon
S
u
b - X Vub Vu*s
>
U \
U
—d_\,
'\L\d
)

CP violation due to interference
between tree and penguin diagrams

Precise amount of CPV very hard to
predict, but interestingly smaller in
baryon than similar meson systems

Note that baryogenesis requires
proton decay and CPV, but not
necessarily in the baryon sector
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CP violation in charm

CP violation in charm sector (up-type quarks) is mostly expected to be very small (< O(10-8) in SM

First observation by LHCb in 2019 from AA between D? — K+*K- and D% — 1t decays = (-15.4 + 2.9)x10~* [arXiv:1903.08726]
which is about six times larger than theoretical bounds (but difficult calculations)

New measurements by Belle Il and LHCb AT (K°K?)

) T I
z - 1
2 1600 Belle f Ldt = 980 fb"
g 1400¢ ¢+ Data ]
g 1200 it LHCb 2024 dataset —
.'8. N0 0 -0
2 1000 | D"—>KKS 1
© 800 — - Background
600
400 | R | L ]
[’ % 700 - 1]
w0f | % Belle I f Lat = 428 fo-
Y vt | = 600} 4
2
1.85 1.9 § gl + Data
3 — Fit
.E 400} [ 0 KO 0 -
8} . D'—KK :
Combination 300f —- Background ]
of Belle and -
Belle Il data
100 |
1.85 1.9 1.95 2
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m(K3K3) [GeV/c?]

Candidates / (0.08 MeV/ ¢?)

Candidates / (0.08 MeV/ c¢?)

300

250

200

150

300
250
200
150
100

50

I'(D° — K2K?) —T(D° — KJKY)

D’ - KKy
High-purity

Illlllll{lllIITIIIII]IIIIIII'

LHCb
2024
—+ Data

— Total
~~~~~~ - Background

Illllllillllljllllllll

llllll

e .I i 7

i U S0
145 146

L PrESFRTET T W [P SS 208§ PR
147 148 149 150
m(KeKQ 1) - m(K3K?2) [MeV/c?]

s e B A A T B B B e
= D'—>KgKy LHCb E
= High-purity 2024 3
= 4 Data =
= — Total E
E - ¥ X == Background 3
- . PTT T ot t ¥ S P ) L.LLAL“L“_—

Prhesitigt S Y “|'".'“"1+.+. !

L ;
942 143 144

| PP |
145 146 147 148 149 150
m(KgK(S) ) - m(KgK(S)) [MeV/c?]
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I'(DY — K9KY) + T'(D° - KJK))

Andreas Hoecker
Vladimir Gligorov

Echange & loop diagrams only,

may enhance CPV to ~1% [Link]

| T
Preliminary

CLEO
23+ 19

LHCb 2015
~2.9+52 4+ 22

LHCb 2021
-3.1+12+04+£0.1

CMS
+6.3 + 3.0 0.2

Belle + Belle IT 2025
—0.60 £ 1.10 £ 0.10

LHCb 2025
+1.9 4 1.0 04

= ¥

LHCb average 2025
-0.37 +0.78 + 0.29

World average 2025
—0,17 + 0.62 £ 0.18

| I
—40

World average and LHCDb internal average

P
—20

Ob-=

20

Acp(D° — KgKY) [%]

40

60

compatible with zero and statistically limited.
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Events/ (50 ps)

Events/ (5 mrad)

MEG Il result on B(u—ey)

Crucial to be background-free

C Lt
-0.4

D e

v -'w -y ..LJ_:
-0.2 0 0.2 04

M+

9” [mrad]
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Events / (50 keV)

Events/ (5 mrad)

(b) 3

W e 'S
- .
JENE—

— [ ~
n = n

—
n =

T

+(e)

—40 -20 0 20 40
0, [mrad]

53.5
E, [MeV]

—

-

=
o

[
=

Events / (0.5 MeV)

Events/ (0.5)

Tim Gershon

arXiv:2504.15711

Eight discriminating variables (5
shown) combined into fitted
likelihood function
(transformed to Rsiy for illustration)

No signal excess observed

B(u*->e'y) <1.5x 10 at 90% CL

[x2.4 higher sensitivity c.f. MEG]

Uses 2021-22 data; x2 more data
collected in 23-24 & more
anticipated 25-26

Target sensitivity 6 x 10714

5
Ry,

PIA

EPS HEP 2025 16



Hadron spectroscopy at LHC

Andreas Hoecker
Vladimir Gligorov

& Several 4- and 5-valence quark states found, majority by LHCb, and certainly not the end

of the story...

& Resonances with heavy quarks reduce the amount of open decay channels and thus have
smaller width — easier to discover if enough energy, luminosity, and momentum resolution

11.5 1 1 1 1 1 1 1 1 1 1 - 1 1
11.0 4 [79 new hadrons at the LHC| ® bb ® ccqq bga
. ® bc ® ccccC cqq
Xs(3P) Xo2(3P) - -
1054 © .X:fup) ™ bc_; q ccq L
® «cc ® c4qg ccqqq
75 cc(qq)
.
.Tc:c:(Tloﬂ)
7.0 057(25)' .g;g?: .T(aca(6900) B.(6750)
A 51;2 Ogbgggigi: @' 2(6600) B(6700)"
651 (6227 Wieraere B Ea(6227)°  gm=,(6327)0
z,(5945)0 0 =p(5955) : n .A "(6146‘ m 0 .35563333" .z;,(sogs)g
Jd = Ap(5920) Zp = - =,(6087)
6.0 A:(5912)° = t5935:_..3,(5840)*-° 5,(6097)  A(6070)° BS(6114)° ¢ 0 00! g
=55 e £,(6097) B; (6063)°
~ 5
L
L
2 5.0-
G} Xco(4700) Xc1(4685)
— Pz(4450)* X-0(4500) Pcc(4457) X(4630) ,
u 457 Xc1(4274) Per(4440)* e he(4300)
wn Xc1(4140) Pz(4380)* Pal4312) €31
i & e Toes1(4000) Tees1(4000)° _ Xc1(4010)
= 4.01 REEY - ©n,(2000)
= T.(3875) X(3960)
3.5 1 Q.(3327)°
0;13000)*° ) 3000 S . st _
3.0 1 Dy{3000)° D (2860)" A(2860)* | Qc(3066)° =c(2965)) T.1(2900)° + 2000y Zc(2923)
D/12760)* 0:(3050)° (23300 Oy o @7 50(2900)
f . c 0 =(2923)° Tesol2870) T.2(2900)°
D(2740)° D (2760)° 0;(3000) X
2.51 01(2530)0 3 Dso(2590)
2.0

24 new exotic hadrons at the LHC

patrick.koppenburg@cern.ch 2025-05-27
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Xc0(4700)
P.:(4450)" Xc(4500)
Xa(4274)
Xa(4140) p (4380)"

T.,(2900)°
O 28700 T(2900)°

cc(qq) @ cccc m ccqqq

Teece(6900)

® ccqq ® 9499
T -1
ece(7100)
1
Teccz(6600)
L]
X1(4685)
X(4630) T
Tee2(4220)° W

" Teesa(4000)" Tez:,(4000)° _ xa(4010)
@
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LHC Physics:
Higgs



Higgs coupling to charm quarks

Andreas Hoecker

BR(H — cc) 20 x smaller than H — bb due to lighter charm quark, challenging to isolate experimentally
Best constraints so far from VH production: Py, 1 , oc < 11.54ps (10.6¢45) / 144 (7-6¢p) (ATLAS / CMS) [arxiv:2410.19611 / 1912.01662 ]

Strong new result from CMS using ttH production and simultaneously measuring H — bb / CC (as also done in VH)

CMS Preliminary 138 fb~! (13 TeV)

w T T I Tl T I ) e e e B ) I S I I e el |

e 6L -

S10°F ¢ Data B {tH(H—GT) (Ms= - 1.6)

@ | T Background fH(H—CT) (Hsm = 1.0)
105f ““~ Bkg uncertainty i
o
103
102

e e

ol

€ [— fH(H-cE) (um=-1.6) + Bkg

%

LR R U e e L | ]

- — 7 A
o't ttH(H—cc) (psm=1.0) + Bkg / i
o ¥ VI P VI 7/ /// /// / // F //4
X' 1.0p5555 % ¢ ;
[&] F 4 7
: 7
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©

T S — — — ARG
w 45 -4.0 -3.5 -3.0 -2.5 -2.0

()

CMS-PAS-HIG-24-018

CMS Preliminary 138 fb~! (13 TeV)
S 0 N ) U O 0 N M R
¢ Observed 68% expected
Type equation here. ~  ---- Median expected 95% expected
Combined
Exp. 5.6 i |k.| < 3.5 (2.7 exp) (Fork, =1)
Obs. 9.3 i Strongest constraint to date
ttH(H - ct) i -
Exp. 8.7 i A new kid in town
Obs. 7.8 i
VH(H - cc) §
Exp. 7.6 E
Obs. 14 i
L1, H PR |
0.0 25 5.0 75 10.0 12.5 15.0 17.5

95% CL upper limit on Py_cs

EPS HEP 2025
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H— uyuand H— Zy

Andreas Hoecker

Z Z
. . iy
Using 305 fb~! of Run-2 + 3 data, ATLAS reports evidence for rare . 3 - W ;Z
2"d generation H —» gy, and released new result on loop decay H —» Zy - gt H e 1
q W B ny
2 2
arXiv:2507.03595 ATLAS-CONF-2025-007 v !
> FT LENLENLEN DL AL AL L AL L DAL R DAL L L DAL L L L L DL L = > = T T J ¥ T T T v T T T LI} T T T T [ =
2 gggg = ATLAS ¢ Data E © 1801 ATLAS Preliminary o —=
~ = {5=13/13.6 TeV, 140/165 fb” = apd E < 160F- Vs =13 TeV, 139 b’ . =
- 1800 3 " —— Signal pdf E ® = s=13.6 TeV. 165 fb' — Signal + Background "3
- - h — c — — . 3 . 1
S 1288 = Inclusive, In(1+S/B) weighted = edioindpal s y all categories e 3
= 2 E 2 120 148 B O e Background —
5 1200 - = = n(1+S,,/Bgg) Weighted sum =
£ 1000 £ — N - Ho Z Rarest visible Higgs decay
‘© 800 F — 80— Y seen so far: 0.010%
= 600 = 605 -
400 E- = = s
200 £ = 405 =
= ' ' ' ' ' ' ' ' ' = 20— Yet unmeasured field tensor: |H?|A,, Z*Y 1
: 10_' T T i T T T UL L L L IR — | L P T -
S8 sp + :
g . ¢ ¢ {
g2 o Et. Vug

S o LR N TR ORPER TS LR S LA MRS B A T S S At B AR B T U e
110 115 120 125 130 135 140 145 150 155 160

m,, [GeV]

Significance: 3.40 (2.50exp), 1=14+04
Reminder: CMS (Run 2): p = 1.19+0.43 (3.00) [arXiv:2009.04363]

15/08/2025

Significance: 2.56 (1.90 exp), 4 = 1.3 75

Reminder: ATLAS & CMS (Run 2): u= 2.2+ 0.7 (3.40) [arXiv:2309.08501]

EPS HEP 2025
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Fabio Ceruitti,

Search for HH — bb]/]/ Emmanuele di Marco
. <7 T T 1T T Ty
> New measurement using reprocessed Run 2 + Run 3 (2022- S [ ATLAS - Expected [/ |
2024!) - Total 308 fb"" " 10} vS=13/136TeV, 140/ 168 fb-" — BRAeE 4 -
\  HH - bbyy, Koy = 1 Observed A

68% CL: Ky, € [-0.4, 5.1] i~
95% CL: k), € [-1.7,6.6] f -
Expected ] ]
68% CL: k) € [-0.6,5.4] [/ -
95% CL: k) € [-1.8,6.9] // :

> Timely calibration of physics objects for Run 3 (up to 2024!)

> Improvements on HH sensitivity relative to Run 2 legacy
analysis:
» Additional data: 50%
> New flavor tag algorithm GN2: 20%
> Analysis preoptimization: 10%

/
/ —
95% CL / -
’ -

> My, kinematic fit : 5%
Higgs self-coupling (Run2 legacy)

> Si ' in 7 BDT ' : :
Signal extracted by a fit to m,, in categories (using more final states)

» Observed u(c/osm)yy =0.9 14 _4 4
most stringent 95% CLs on Higgs

> 0.8 o significance (1.0 expected) boson self-coupling from HH:

> Similar sensitivity of Legacy Run 2 combination (5 chan.)

> Higgs boson self-coupling modifier (coupling normalized to its —1.2 <x; <7.2 (ATLAS)
SM prediction) k, €[-1.7,6.6] @95% CL —1.39 <k, <7.02(CMS)
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Fabio Cerutti

HL LHC HH combination

3 ab~! per experiment (14 TeV)

HH statistical significance

ATL-PHYS-PUB-2025-018/ < g ATLAS+CMS .]
12 . . T Projections ESPPU 2026 ; L
ATLAS +CMS Pprojections ESPPU 2026 6l 32 it
10l Vs =14 TeV, 3 ab™! per experiment 5 . '
SM HH production (x; = 1) A ) I | i
8t wen bbbb g . | l I “
mam bbyy 1b-- 1 L i
61 wan bbrT 0 i !
B Combined []
-1t o B 95% Cl
41 -zr I 88%Cl
B30 0 1 2 3 4 s 6 7 8
2r 1.2
<ok inniitt} EERERERER
U =12 . e . = = wemmsmeemmsenan
ESPP 2 1 0 1 2 3 4 5 6 7 8
[CEF' , . . yLrue
That's when | was involved in HH @ HL LHC 3

Among the main physics goals of the HL-LHC program one is the Observation of the HH process and measurement of

the Higgs boson self-coupling with a 30% accuracy = we need 3ab™ good for physics to achieve them
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Monika Wielers

Resonant 15t and 2" generation LQ production o
# Search for resonant single LQ production in new production S
mode using Run-2 and 58 fb-! Run-3 data ¢ ¢
& 1St ATLAS analysis for LQ production exploiting lepton+photon PDFs N e/
# Possible now due to advancements in understanding of lepton
content of protons . .

& Photon PDF less suppressed than lepton PDF — contributions
roughly on “equal footing”

# Use scalar S, LQ with q=-4/3e as benchmark signal
# Search in final states with 1 or 2 leptons and a jet

@ 1leor1u+ 1lightjet; 1le or 1u + 1 b-jet

& 2eor2u+ 1lightjet; 2e or 2u + 1 b-jet

& LQ sensitivity also from non-resonant production to dilepton production via t-channel (DY)

# Main SM backgrounds

& W+jets, Z+jets, tt (in b-jet channels)

& Jets mis-identified as leptons or non-prompt leptons

15/08/2025 EPS HEP 2025 24


https://arxiv.org/abs/2507.03650

Monika Wielers

L} L} eW
Resonant 1stand 2"d generation LQ production N
. .. Constraints from low energy experiments on y,, couplings arXiv:2507.03650
oty (o) e
# 95% CL exclusion limits (weak charge measurements) JHEP 01(2019) 132
N 1_2:_ ATLAS _— B 4l gjﬁ?’eV,MOfb“
. Vs=13TeV, 140 fb™" - . Vs=13.6TeV, 55 fb™"
- V5=136TeV,55f 1 - S; > e+b, e + b-jet channel
1.0— Si - e+d, e + light-jet channel 1 C

All limits at 95% CL

= QObserved limit All limits at 95% CL

| B (N | | I T | I l L |

= = Expected limit = QObserved limit

) +10exp = = Expected limit
Constraints from - 200 +100p
mes ATLAS LQ pair prod. B :20.p

JHEP 10 (2020) 112
== \Weak charge Qw
THEP 0T (2010) 132

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
m(S1) [GeV]

& etlight-jet channel: m o < 3.4 TeV with y,.=1.0

& etb-jet channel: m o < 3.1 TeV with y,,=3.5

& ptlight-jet channel: m g < 4.3 TeV with y,=3.5

& p+b-jet channel: m g < 2.8 TeV with y,,=3.5

& Access new phase space (high coupling+high mass)

ATLAS LQ pair

production
JHEP 10(2020) 112

wess ATLAS LQ pair prod.
JHEP 10 (2020) 112

llllllllllllllll

1000 1500 2000 2500 3000 _ 3500 4000
m(S;) [GeV]
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Karim Trabelsi

Search for Alps: B—K() a(—yy) with Belle

o Search for an ALP in the MeV-GeV scale g i
o Previous result on B*->K"a [BaBar, PRL 128, 131802 (2022)] W K "a:/:; q
o using Belle sample (711 fb™ ') _ {P/\’V\‘i
" 0 + * 4 *( b 4 4 4 §

o four kaon modes included: Ky, K', K ', K B K
o B(a»yy)~100% when m,<m_. u,d = u,d
o m, investigated from 160 MeV/c’ to the kinematic end - point

Belle Preliminary JLdt =711 " B*— K*a(- yy), M'rr< 1.0 GeV Belle Preliminary ILdl =711 b B*- K*a(- yy) M'rr> 1.0 GeV
3 10* r , 7
lO b*

wﬂ

Events

LT u| ey '?W.T - l++++¢+ — +++ T .THH..h.‘
T e ey | Bt T gasan)
e Belle Prena,ry det =711t e

Data/MC

Data/MC

o Main background is continuum (e"e qqQq) .

rejected with BDTs based on kinematics and topology variables T
3 1072

~

o fit di-photon invariant mass to extract signal yield 5
o Peaking background regions vetoes (n°, n, n')
o B>Kmn,Kn'" as validation modes
For each ALP mass hypothesis, simultaneous fit performed on
four kaon modes to obtain the coupling constant g,
= improved at least by factor 2 from BaBar |
Beam Dump Belle B — K(*)a(—) ’Y’)’)

''Searches for dark sector particles at Belle IT"' 16 10-¢ 101 o
(L.Salutari) mq (GeV)
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Lepton flavour violating decay of t—3pu at Belle |l

Analysis selection and results: inclusive approach

BDT trained on 32 variables:

inputs from signal t°, event tag side,
event shape and kinematics

e.. =(20.42 + 0.006)% (3 x larger than Belle
sig ( ) ( g )

Expected BKG: 0.57;: evts

g
Q

*." 0.4 Belle Il (Preliminary) 56 SR

@ [ Data: fﬁdt = 424 fb! — 2046 SR

=, [ Simulation: [ Ldf = 4ab™" —— Sidebands
o 0.3F .

s Simulated
5 11 event observed background
..t —inside the SR + Data
) L @

F| =
0.1_— r > - o v
[ ] @
L » e 8 v +
0.0f " o + /F o®
[ o. o
L ® ’ .. 2
—0.1F
1: - . ° o R @
[ [®e » o
—oofle * -:‘ °
[T e = o
@
fooa? * s
—0.3‘.-.'..|....|....|....|....|....|....|...
1.700 1725 1.750 1.775 1.800 1825 1850
Ma, [GeV/c?

15/08/2025

Inclusive tagging schema

1prong tag sig
+ >< T T
3prongs ®

No significant excess in 424 fb™' of data

|_Belle Il (Preliminary)
15 Td: — ud:uq:#i
[ [ cdt = 424fb7"

N

§

---- Expected C'L, median
Expected CL, & 20

1.0 BN Expected CL, + 1o
—4— Observed CL,

0.8

0.6f

O'O_ | I AN NN NN TN AN N NN Y (NN AN SN NN NN NN SN NN NN (NN (NN SN N |

0 1 ) 3 4 5

B(r* — ptpFp®)  x107°

Obtained most stringent limit
1.9x 10°°®

[2405.07386, JHEP 2024 (2024) 62]

Karim Trabelsi

ATLAS 13 TeV result: B(t —
3u)<3.1(2.7) X 1078
expected (observed)

CMS: B(t — 3u) < 2.4 (2.9)
X 1078
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X17

Andreas Hoecker

Puzzle from measurements of internal pair conversion process “Li + p — 2Be*(18.1) — 2Be + y*(— e*e")

- - - - - - - - - e
Since 2016, ATOMKI data show a persistent excess in ete~ angular distributions consistent with a ~17 MeV particle ny  Be* /.
at rate vs. y of ~ 6x10-6 (challenging measurement due to low energy of emerging e* / 7). Follow-up studies with ﬁd & > éfr y
refined analyses and other nuclei confirm the anomaly. No SM explanation exists for such a phenomenon. & :

Many groups looking at this anomaly. Two reports this week:
MEG Il (PSI) [arxiv:2411.07994] PADME (Frascati) [arxiv:2505.24797] el e
Dedicated 4-week run in Feb 2023 with 1.08 MeV proton on Li target, Try to directly produce X17 by hitting thin X17
measuring outgoing 8Be* de-excitation photons and e*, e~ (0.1 mm) diamond target with 283 MeV
e* beam and measure outgoing e*, e~ P o
le—6 Projected limits at 90% C.L. T . 1><1Q‘3'
1.75 — Ruze limit < 1.8e-06 | 12 o [ QR i s ]
—— Ris1 limit < 1.2e-05 0 8_— D KLOE 2015 ]
1.50 @® ATOMKI (stat. + syst.) E T .
| 90% CL UL: B-only =
1.25 0.6— =« == CLs Median -
N [ CLs =20 7]
CLs =10
©1.00 0.4 [ ‘:] Bkg stat only ]
53 | —— Observed limit 7]
9 0.2[= —
0.50 & U S S S — =
3 1 m.‘, . ,W
0.25 10 %, .{“v’ « Global probability
No excess found by MEG Il o ’;‘” « _Local probabilit
. 11 . .
16.5 16.6 16.7 1%8\/ . 16.9 17.0 17:1 16 16.5 17 17.5 18 18.5
mxy7 [MeV/c?] MX (MEV)
B(®Be*(Q) — *Be +X17) Small excess seen, global significance ~20 at 16.9 MeV 31
Ripcp = - '
15/08/2025 #(*Be’(Q) — *Be+ete) EPS HEP 2025 28
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Juliette Authier

LHCDb: Fixed-target configuration in Run 2

Highest-energy fixed target experiment, the only one at LHC! JINST 3 (2008) S08005
IJMPA 30 (2015) 1530022

SMOG (System for Measuring the Overlap with

Gas)
Injection of noble gas (He, Ne, Ar) in the beam |
pipe around LHCb Interaction Point (IP) | pECAL HEAL o MM\

B RICH2 M1

Uses LHC beam to produce pA or PbA collisions

7| /IRICH]
e

Gas injection
P~ 1077 mbar

Perfect to study charm hadronisation!
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Francesco Prino

Enriching the J/Psi picture with SMOG@LHCDb

» Jhy / DY ratio in p-Ne and Pb-Ne using fixed-target configuration (SMOG) of LHCb
sy = 68.5 GeV, in between SPS and RHIC
= J/y yield suppressed relative to D° — J/y affected by additional nuclear effects compared to D°
& Continuous trend from p-Ne to central Pb-Ne collisions within current uncertainties

a i ' o ' s <18
% LHCb Sy = 68.5 GeV o Jy LLIALICE, EPJC 84 (2024) 813
3 & pNe 1.6 F o ALICE, Pb-Pb {5y = 5.02 TeV [y| < 0.9 p, > 0.15 GeVic
© i _i_’;bNe 1 4L ©®STAR, Au-Au s, =200 GeV y| < 0.5 p, >0.15 GeV/c (PLB797,134917
10_2__ — @'=076 4005 — 1'2 ® NA50, Pb-Pb |5 = 17 GeV O < y <1
B J. Auhtier M FI——
i 104 Wed 16.00 osk . n H [ﬂ
L 0.6 LHC
H EI dN,,/dn | Au-Au \s,,=200GeV
0.4 ® E] (PHOBOS, PRC83(2011),024913) 7
| [0 LHCb, EPJC 83 (2023) 658 *oos B RHIC am, meo s
— ’ 02 (ALICE, PRL116(2016) 222302) 1
s : ettt ' SEESESEESS—— 0...|...|...|$P|S..|...|...|...|...|...|.'
1 10 107 0 200 400 600 800 1000 1200 1400 1600 1800 2000
beam X target atomic mass numbers N (AN /dn)

> @ R >®
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Neutrino mixing

LBL experiments sensitive to these parameters

A

flavour eigenstates g

N\

vV v, 1 0 0 cosf; 0 sinf,e )| ( cosf, sinf, 0
H V| =|0 cosby sinby 0 1 0 —sinf;, cosf, 0
v, 0 —sinBy; cosby;) | —sinfe®r 0  cosb, 0 0 1
\,e V‘[‘ e N G )
Atmospherics and LBL Reactors Solar and Reactors
0,5~ 45" 0,5~ 10° 0,,~ 35
|AmZ,,| ~ 2.5x10%eV? dp Unknown Am?, ~7.5x10%V?
- 2 % W,

Katarzyna Kowalik,
Kate Scholberg
Andreas Hoecker

Denton

which side?

‘which sign?

O NO

3o

2005 2010 2015 2020 2024

Peter Denton, CIPANP 2025 2212.00809 2501.08374
1D/Ud/2ULD

‘982000

mass eigenstates

141 0
Vz] ‘m (’.ﬁ
2 V) :

4

3

Normal Ordering
NO
I Vs

Am3, >0

V2
Am3,

I

Inverted Ordering

(@)

Vg
151
W Ve

By,
mvr

Am?Z,

Am3,<0

v
vs L

Huge progress during the last 25 years since the discovery of
neutrino oscillation — precise measurements of PMNS matrix
elements (2.1 /3.1 /1.3% for 645,13,23) and mass-squared

differences (2.5 / 0.8% for Am3, ,3)

EPS HEP 2025
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Kate Scholberg

T2K-NOVA joint analysis Andreas Hoecker

Neutrino flux 0.65 — e Sl 10 —

— - at3.60 ] . .
2 0.60 - e * both individually favor NO
> : y ; * mild CP & tension
2 0.55 , J-
5 & ‘ C ]
ST:, =, 0.50 i ]
e | m - E

0.45 ]

040_. NOvA 3

) El T2K ]

I Both experiments have more

Jcp data under analysis and
R continue running until end of
2026 (NOvA) and 2028 (T2K)

Shorter
baseline,
cleaner CPV
effect

Longer baseline,
more matter effect,
more MO sensitivity

+ ~Uncorrelated detector & flux 0A0F
. - ~2.00 tension (fixed 643) between the
SystematICS - two present 5cp measurements .
« Analysis with and without e WM A I
0 90 180 270 360

Daya Bay reactor constraint 5o
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Andreas Hoecker

High energy neutrinos

KM3Net — ARCA (high-E v’s): south-east of Sicily 3,450 m
depth, 33 DUs (14%), big campaign to install ~20 additional DUs

107

OB R e uaem Upper limits
Detected highest-energy L —
neutrino ever measured 107 4. 0 —
..". \= “"‘ M I
i —~ g, —_— " oo°""g.\--"‘ == NST (2022)
Hypotheses about origin: ' — ANTARES (202, . e o !
: B ] . T 1078 .| ----- ."., N ..-'_'_"‘-“.'-" puo
— Galactic origin unlikely (no potential % - e R ] © Seenaanatte —4— Glashow (2021)
accelerato I'S) % .l. SPL 68% NST (2022)
_ _ oy 8 SPL 68% HESE (2021)
— Possibly Blazar (AGN with relativistic jets 3 10°
) S ) Models
— Cosmogenic origin not excluded W ‘
Cosmogenic band
" 10710 4 Sources band
101 ' d g
107 108 10°

Almost
horizontal
muon track

15/08/2025

Neutrino energy (GeV)

P(u) = 1201210 pev
P(v) = 22013%9 peV
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o(E,) [10738 cm~2 nucleon™!]

New results from FASER

104

103

102

10!

p-p collision at

2025/7/8

Akitaka Ariga, FASER, EPS-HEP

Accelerator v LHC v

ANOMAD 08: v,/v, 4 NuTeV 06: v, /v,
OCDHS 87: vu/0,  ®E35: ve/Ve
¢ CCFR 97: vu/v, DONUT: va+e

r o0 © FASERV 24: v+, @FASER 24: v,

-
......
________
e

. 5
-~
-

4 FASER 24: v,+7,

IceCube 17: v,+0,

V) ¢ FASERV 24: v.+7. WFASER 24: D, *IC HESE Shower 17: v+,
102 103 104
Neutrino Energy E, [GeV]
15/08/2025

Kate Scholberg
Andreas Hoecker

Above TeV energies, cosmic-ray
neutrino backgrounds for astrophysical
neutrino searches arise mainly from
charm decays, whose flux and cross
section can be measured at the LHC
by FASER and SND

Measure flux-
averaged

cross section —
interpret as
cross-section

or flux
measurement
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Andreas Hoecker

ACDM (Lambda cold dark matter)

s+ A\CDM is a remarkable six-parameter model describing 13.8 B years of cosmic evolution: from
inflation over CMB anisotropies to large-scale structure formation, Super Novae la
observations, and today’s energy density

& It achieves this without a clue about the nature of DM and dark energy, and the mechanism for

inflation. ACDM assumes a cosmological constant dark energy (/) with energy density that is
constant in space and time . _
Cosmological constant A Evolving dark energy

s But there are some troubling signs w=—1 TN w=wy+ (1 —aw,

@ |s dark energy weakening? o

- DE‘SI + (jMB + SNP:mlhwnn’ }-

« DESI (Dark Energy SpeCtrOSCOpiC Tension with the cosmological constant:
Instrument) DR2 (3 years) results

B DESI + CMB + SNpggys

_ =7 DESI + CMB = 3.1 | \ - - DESIHCMB
on Baryon Acoustic Oscillation 1 ~' \ .
(BAO) DESI + CMB + SNp_ ...+ = 2.86 s N
& standard cosmological ruler o
(~ 150 Mpc today) DESI + CMB + SNpggys = 4.20 5
& ~14 million redshifts analysed
(~40 million to come) -3
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Andreas Hoecker

Wimp searches at LZ Amy Cottle

# Looking for nuclear recoil of target from elastic collision from DM particles
# LZ: world’s largest 7t active dual-phase xenon TPC
& Results based on 4.2 Tonne-Years of Exposure

WS2024+WS2022 SPIN-INDEPENDENT LIMIT

Combining 60 days of WS52022 with
220 days of WS2024

Two-sided profile likelihood ratio
test statistic

Power constrained at -10 as per

recommended conventions
EPIC 81,907 (2021)

&
=
e
)
S}
g
Q
=2
Q
=
7
o
=
-
=

- Median 3o dicovery poentl | Best limit from combined analysis of

--- Median expected upper limit 3

e Osi= 2.2 x |0-%8 cm? for 40 GeV/c2
I I I L | , L T

10° 10° 10
WIMP Mass [GeV/c?]

Results & analysis in paper
PRL 135, 011802 (2025)
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The End

Vieux port with
~.Notre Dame

A 4




In the footsteps of Van AR
Gogh (St Remy and Arles) Camarque
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BACKUP
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Saskia Charity
Final result from Fermilab Muon g—2 experiment

& Measurement principle & Positive muons, 3.09 GeV/c, injected
* Muons orbit the ring with cyclotron frequency w. Into StOI’age Rlng in 125 ns bunches

* Spin precesses with frequency w.

* Both spin and cyclotron frequencies are proportional to B

* Spin rotates ahead of momentum as the muon orbits the ring
» Difference frequency w, is proportional to a, and B

Measure

‘( 149 ns\é B

@y — @)= a—
/

Extract

» |If g were exactly 2, w; = w.and w,=0 - no precession
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