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An exotic hadron factory
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Run-3 will bring significantly
larger sample statistics thanks to

parking data stream
3.6 times more J/yJ/y pairs

Expect more detailed studies of

X family with enhanced dataset
available
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Flavour physics and rare decays

Featuring results from LHCDb, Belle Il, ATLAS, CMS, BESIII, NA62, KOTO & MEG Il
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1964: Discovery of K, — 11
- Prior understanding: K. is CP-odd
* therefore cannot decay to mt*mt-, therefore long-lived

- Later understood that K. is not an equal admixture of K° and K° states
* CP-violation

1967: Sakharov conditions for evolution of matter-dominated universe

1) baryon number violation Pisma Zh.Eksp. Teor.Fiz. 5 (1967) 32

2) C & CP violation ',

3) thermal inequilibrium To get a baryon asymmetry, need either CP violation in baryon decays,
- 1973: Kobayashi & Maskawa explanation of CP violation or a mechanism to convert another asymmetry into baryons

- Arises from single complex phase in 3x3 quark mixing matrix KM theory predicts CP violation in baryon decays but not seen until ...

- Makes many distinctive and important predictions (see later)

_ e « 2025: Observation of CP violation in baryon decays
2025: Observation of CP violation in baryon decays



CP violation In decay

» Caused by interference between two amplitudes with different
weak (CP violating) and strong (CP conserving) phases

» Often realised by “tree” and “penguin” diagrams . 1111 o2s) 092004
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Observation of CP violation Iin

N\p° - pK-TT* 1T decays

e Use A2 - A (pK-1t*)1T1~ as reference channe

Ace = (2.45+0.46 £ 0.10)%  5.20 from zero | 3ot
Enhanced CP violation effects appear in % m,i_
localised regions of phase space g oo
* Largest for m(ptt*m) < 2.7 GeV/c? 5 :::

Acp =(9.4+£09+0.1)%
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Significant milestone in CP violation history!

But, theoretical predictions for CP asymmetries, integrated over multiple resonances, are extremely challenging
Important next step: amplitude analysis to associate effects to resonances including interference effects

Candidates / (0.014 GeV/c2)

arxiv:2503.16954
to appear in Nature

* Large samples of charmless 4-body A.° decays available
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Interest in decays involving T &/or v

* Most significant anomaly today gﬂ-ﬁm- T T T T 6k B Fomtours
IS In the branching fractions of = [ | B
B - D™tV decays

- Rratios to B(B— D™Iv), | =tc.f. e,u
— World averages for R(D)-R(D*)

discrepant with SM predictions at
3.80

0.2 $HFLAY SM Prediction

: ; R{D)=0.347 £ 0025 —
- Theoretically clean; exper D) 0296001 R0~ 0. 001%L,
challenging Foe vy 5 o oy g o f ABGRPF o o o5
0.2 0.3 0.4 0.5

e Latest new results
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CP even D°D°pairs at BESII|

. L arXiv:2506.07906
» CP even DD pairs produced in e'e - DD + vy (oranyodd #y) ~ &*V:220000807

 Data from e*e collisions at Vs = 4.13-4.23 GeV, in five final states:
« C=-1: DD, D*D / DD*- 1°DD, D*D* - yy/Tt°rt®DD
« C=+1: D*D / DD*- yDD, D*D* - ym°DD
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New opportunities for studies with larger data samples — very interesting prospects for STCF



NAG62 result on K* - 11 vv (2016 -22 data)
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Rare decays

* |n recent years, discussion of rare B decays has involved frequent use of
the word “anomalies”

* Three sets of observables

~ theoretically pristine: lepton universality violating ~ @7IV:2205.03483, PRL 134 (2025) 181803,

PRL 134 (2025) 121803, PRL 131 (2023)

+ latest FCNC results consistent with SM 051803, PR D108 (2023) 032002
- theoretically clean: purely leptonic final states PL B842 (2023) 137955, PRL 128 (2022)
_ _ 041801, PR D105 (2022) 012010,
 latest results (B(B — J*l7)) consistent with SM JHEP 04 (2019) 098

- theoretically more challenging: branching fractions and angular observables
« anomalies persist

* Most relevant question: how to overcome theoretical uncertainties?

- several directions being pursued ...
24



SMU

Tﬁ Rare Charm Decays into Two Muons (D? - u*u~) - Introduction

Theoretical Overview and Motivation

* FCNGs in c-hadron decays mediated by ¢ — u transitions, which have even smaller SM predictions, remain
less explored

* Rare c-hadron decays differ from those of b- and s-hadrons due to their loop contributions being
mediated by lighter quarks, resulting in significant long-distance effects that are hard to predict
analytically. Consequently, SM predictions are less reliable, and new physics searches focus on
contributions that significantly exceed SM expectations

« DY = pu*pu issuch one interesting casel; the SM predicted B(D? — u*u~) is of the order of 3 x 10~13
The most sensitive result to date, from LHCb2 set an upper limit at 3 x 10~2 at 95% CL, four orders of
magnitude larger than the SM prediction, indicating a substantial unexplored territory

1 Phys.Rev.D 66 (2002) 014009
2, Phys Rev.lett, 131 (2023) 4, 041804

Easwar A. Narayanan MoriondQCD2025
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Parking
data set
Run-3

In Run-3 using a new inclusive dimuon trigger,
the low-mass coverage below 8.5 GeV is extended.

Crucial for future low-mass flavor physics studies. More events.

Study of the rare DO decays mediated by
flavor changing neutral currents
Rare decays of charmed hadrons via ¢ = u process

B(D" = utu~) <2.1(24) x 1077 at 90 (95)% CL

Setting the most stringent limit on flavor
changing neutral currents in the charm sector

PE_HEFEP?0OPE Reberto Salarnn
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0 *01+
B” - K*™T'T
[Not fundamentally cleaner theoretically, but BSM effects may be larger for heavier leptons]

« EXxperimentally highly challenging due to missing v from 1 decays & background from D) decays
« Exploit kinematic constraints in e*e” — BsigBiag, With Biag reconstructed in hadronic decay modes
« Signal-background separation through BDT, separately for different 1 final states

Belle IT preliminary [ﬁtlt-— 365 fh" arxiv:2504.10042
' FR e, T AT AT y G i + [ata
175 £f category 250 - wf category sool £ category J00 F o category S
150 F 250 | BB
e 195 0 400 F | —
g .
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200 F - _

100 £ + |.-'.n_‘:f" } 300 F ) Jv‘ 7% Uncertainty

i Tlr. . 150 F oo — Signal B=10"?
[} LI LT, - ; : £ 2 ! :

“F | 100 | L{a# ; 200 M 100 S +%

50} o & i ] (et 3 .

25 —t :

0

4 0.5 0.0 l )T .S 0. ‘i 1.4 b i} IJ ii H. i 0.8 0.9 0.5 0.6 07 0.8 09 1.0
I..ll BDT)
LHCb amplitude fit of B? —. K*Opepr 0 0+ o 0 ‘
T n B(B° . K*°T'T) < 1.8 x 1072 at 90% CL

B(B° - K**T'T) < 3.1 x 10 at 90% CL T - 8
JHEP 09 (2024) 026 SM prediction O(107)



Digression: Quantum correlations

* All measurements of decay-time-dependent CP violation in Y(4S) — B°BC rely on the
guantum entanglement of the final state

- In this case the state is C odd, i.e. |y> = (|B:>|B2>—|B2>|B1>)/V2
- New ideas to exploit this still emerging, e.g. arXiv:2506.11196

* Quantum entanglement also used to study hadronic D decay properties in
W(3770) - D°D° decays (also a C odd configuration)

- These measurements are crucial inputs for charm mixing & CP violation measurements, and for
the determination of y from B* — DK* and related processes

* Noted long-ago that C even quantum entangled pairs offer various interesting
possibilities
— [W>= (|Blb|§2}+|52?|§13’)f"-f2

- e.g. Sensitivity to CP violation effects from interference between mixing and decay in decay-time-
Integrated analyses

22



The future

* EXxciting prospects in medium term with HL-LHC, ATLAS and CMS upgrades
(3/ab), LHCDb Upgrade Il (300/fb) and Belle Il (50/ab), plus completion of
BESIII &, potentially, STCF

- Samples sizes for B, D & 1t decays will increase typically by a factor of 100
* Precision improved by factor 10 for most observables

* Further progress in kaon physics from NA62 & KOTO (plus LHCDb)

- KOTO2 proposal can push further on K. rare decays
— Currently no clear plan to push further on some interesting K observables

* Will flavour physics still be interesting by mid-2040s?

— Certainly, because still scope for further improvement
 In particular for experimentally challenging decays involving T &/or v

37



Summary

Huge amount of progress in recent years

- Precision in many areas now sufficient that subleading effects need to be accounted for
« e.g. penguin pollution in 3 measurements, long-distance effects in rare decays

- Methods exist to do this and are being pursued
» exciting new ideas still appearing

Improvements in analysis technigues giving better than anticipated precision
- e.g. machine learning technigues in selection and flavour tagging

Far too much to cover, apologies if | missed your favourite topic

« charm mixing, CP violation and rare decays, beauty and charm lifetimes, determinations of CKM angles y and a,
determinations of [Ve| and |Vuwl, polarisation in B = VV decays, hadron spectroscopy including discoveries of exotic
hadrons, searches for lepton flavour violation and other SM null tests, ...

Data still to exploit and much more on the way — near and longer term prospects are bright
- More in talks by Vava Gligorov, Karim Trabelsi and Sophie Renner

N 43
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n the search for H/A resonances into

observed an excess of data al_threshold

Vleasured cross section of a quasi-bound
o(n,) = Sgtii pb

Compatible with NRQCD prediction &(7,) = 6.4 pb
arXiv:2102.11281 arXiv:2401.08751
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Excess compatible with

pseudo-scalar hypothesis

Observation of a NRQCD effect is a great triumph.

Modelling of the #f threshold region is challenging and requires further theoretical investigation

DS.HEP2025 Roberto Salerno

arXiv:2503.22382
Submitted fo ROPP
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do / dM [pb/GeV]

da/dmy [ph/GeV|

Top production at threshold

" [ EPJC 60 (2009) 375 Experiment Model Cross Section (pb)
1 ATLAS NR-QCD 9.0 +- 1.2 (stat) +- 0.6 (syst)
0.8 N
i ATLAS Pseudoscalar 13.4 +- 1.7 (stat) +- 1.0 (syst)
04 r aq —>351|E‘J ]
i EhEIT | iENS Pseudoscalar 8.8 +- 0.5 (stat) +- 1.2 (syst)
®335 840 345 350 366 360 365 670 875 380
M [GeV]
sop sy Shmulstion Supplementary ___ (13 —— e NR-QCD quasi-bound state can also be approximated with a
T ke . simplified model: pseudoscalar resonance with appropriate
sof ©(n)=6.43pb mass/width/coupling
e e e Nominal cross sections for additional state agree between ATLAS
.ok : and CMS, but with different signal models
155_ e Non-negligible theory modeling uncertainties in both cases (but
| Mo different methods used for uncertainty breakdowns)
10F — Powheg NLO +ny 3 : 2 ; : :
5 BeAH Nl Gita | e More theoretical study needed for improved interpretations in the
05§ T7 arXivi2412.16685 future
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Bound to be discovered? ATLAS explores top-
quark interactions near threshold

7 July 2025 | By
ATLAS Collaboration

The top quark is a bit of a loner. While other quarks can join together to form
bound states called hadrons, the top quark’s extremely short lifetime means it
decays almost instantly - disappearing before it can form a long-lasting bond.

But not all relationships have to last forever. Under certain conditions, physicists
predict that a top quark and an anti-top quark could exchange gluons for a short
time before decaying independently. This fleeting interaction, called a quasi-
bound state, can only form when both top quarks are produced almost at rest
(i.e. non-relativistically) and the collision energy is close to twice the top quark’s
mass. This is the production threshold, and the mass of this quasi-bound state
would be slightly below it.


https://atlas.cern/authors/atlas-collaboration

Observation of ttbar cross-section enhancement at threshold g -

> Use tt=>¢vb ¢vb leptonic decay:

» Reconstruction of m,, = mass resolution ~20% at

threshold

» Enhance sensitivity using lepton angular variables
sensitive to tt spin correlation (c;, and c,;,,) signal behaves

as “pseudo-scalar”

» Fitto the data in 9 SR with my; bins (300-500 GeV)

» Background Model: baseline pQCD

» Signal Model: NRQCD (from Fuks et al.)

> Bkg.-only hypothesis rejected at 7.7c

o(ttyroco) = 9.0 +1.3 pb (expected 6.4pb, 5.75) ol

ATLAS observed this elusive NRQCD phenomena

142100

ATLAS-CONF-2025-008

1.0

Events / 50 Ge\

08[=-1<eha<=}

- ATLAS Preliminary
12f=v5=13TeV, 140.1 o'
- POWHEG V2 hvg + PYTHIA 8 1, post-fit

=14 Cpan € =5

-1 4 Cant 43 54 Cha €1

14 B € =3

==
- 1
E Zrjet % Dala
[y w Total unoarianty
B Fakes =)
=3 € Chan € 3 € nan<1
=5 4 Chal € 3Gt 1 148 < =5 g € Cnea {1 ittt

NSRS SN S [N TSSO VN RS- SO Vi VI s R Vs i R i ==, _4.__L_d"_ﬂ —

e |
450 A50 450 350

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

17125
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14 | EPIC 60 (2009) 375

» 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 e |
NNLO-QCD+NLO-EW - is missing these NRQCD states

06

do / dM [pb/GeV]

04

Q= 331"”

02 LHC s = 14 TeV ]

» Experimentally extremely challenging: small effect (1% of total xs) in a my,

o

|
[ e IR FIPIIP PP IPIPIPIPN IPISPIP PN ISP I
335 340 345 350 355 360 365 IT0 IVS 380

region much smaller than experimental resolution
M [GeV]

Courtesy of B. Fuks x e space (GeV ™)

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

_.f TCF’_FI'iiI"I'I formation

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

loponium

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

band t

» CMS measurement based on simplified model (pseudo-scalar resonance it} i T e

» o(n,)=8.8""2, ,pb >5c observation arXiv:2503.22382

{ ~ .9 ey
2 I,
/ band b
717125 F. Cerutti LBNL - ATLAS Highlights | time (Gev) 1




ﬂllal'lillg “le Hi!l!ls sectﬂr Ultimate Precision at 13 TeV%HJG_ET_m

Combination of 16 CMS published analyses incorporating

7 decay channels 6 production channels Searches for H to invisible

H off-shell production
(yy, ZZ, WW, bb, tt, up, Zy) (ggH, VBF, WH, ZH, ttH, tH)

A wide array of the inte'ﬁ':)retations is provided

—

Signal strengths

Y

SMEFT
inclusive/production/decay/productionx decay - ) )
Signal strengths with ¢ X &8 Higgs self-couplings
Cross sections Coupling modifiers
STXS stage O/STXS stage 1.2 resolved/effective/off-shell/ratio

Signal strength inclusive

6/ogy = 1.014 10 (total) =1.014+0.028 (stat.) Ty (exp.) 0030 (theo.)

5.4% 2.7% 2.5% 3.9%

EPS-HEP2025 Roberto Salerno

Recent Highlights

Higgs boson physics 18



~ - ~, Reconstructing Higgs

bosons from the
. products of its decays

b-jet (top) "

\/ ol .

7y-jiet ’[




o0 O Higgs production at the LHC INFN

g : :
e LHC s a Higgs factor

49 pb L % gluon fusion gg : ’

6.9M ggH: 86 ¢ About 8 million Higgs ttosons produced by LHC

g during Run-2 per experiment
q ————4¢ e Since my ~ 125 GeV, a wide range of production

38pb L o veciarhasan and decay modes accessible

520k fusion (VBF): 6.5%
q = = q

Higgs production

q v W,Z associated cross sections
V .
production at my ~ 125 GeV
. 23pb " WH/ZH: 4%

[ -
—

-
- |
- |
- |
- |
-
=]
k J
[ ]

tH

0.5 pb " ttH associated \—\—‘ﬁﬂﬁbw
70k production: 1% e
4 U000 = i VBF
o [pb]
#Higgs produced during
Run-2 29

F Di Marco Q7 INo5 -~



ATLAS Zl //Weﬁ/?# mm ad #%d« coa,a&/% INFN

The likelihood can be explicitly written in terms of “coupling modifiers”: k-framework

5 . . o' (k)17 (k)
Hi=— p — pu(x): p¥ (1) = o' (KBR! (k) =
Osm [ (k)
R Example diagram: Sf g AmasPeimnay =
Y | Cng prOdUCtiOﬂ, Eu-;g 101; ;HL 1250iGa‘u'B;HJ <25 ,,f/ﬁf _i
H — ZZ decay R s i '“‘“’/ §
g 200000 A R g
10% , Leptons Ouarks 3
= . =
2 B .. 2 17 Elale -
N (1.04x; +D.002?2 0.038kk,) - k2 i /, IH_
i E 1
5/;/ e -I- I -
- AL T =
In the SM, Higgs couplings n e I E
. . = 1 Fls g i ]
proportional to particle masses => test the SM osf j t E
- Couplings to W/Z at 5-10% T T T ST
- Couplings to 3rd generation to 10-20% EPRET =
ATLAS-CONF-2025-006 20

C MifAA-r—~ O 7 FAanne —



ATLAS |

Legacy Run-2 CMS nesull (137 fb) INFN

p=12+04 CMS: JHEP 01 (2021) 148
significance: 3.00 (2.50 exp.)

137 b (13 TeV)

% Bﬂﬂ LI L | | B | LI L L I LI L L I LI R | I i I
0] CMS ¢ Data <
L
@ 7001 All categories — S4B (1=1.19) e
§ soof.  S/(S+B) welghted ------ Bkg. component =~
- 125.38 GeV :
% 5.;].;]: o ° -i1ﬂ ] .."
- +2 E ]
g | — ] ;
g 400 -
— 300f
2 \
W) 200
a L
100}
n:l L | ! -] | L 1 1l I L 1 1l I | | I Ll i1 I Ll 1L 1l I L 1l 1l
. TTTT | TTTT | TTT_1 I L I L I TTTT I TTTT I TTTT1
9 5S¢
.0
T P BT SR PR FRUTE FRETS P SR A R R
110 115 120 125 130 135 140 145 150 Y oh.am
m,, (GeV) '

gluon-fusion and VBF with similar sensitivity
E. Di Marco 8/7/2025 15




Higgs boson self coupling

H? (“23” or simply “1”) il G s
.......................... ey . H
o [ -.;:' *
H H - H

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

9

32



£) Weedmmemz%e#%&m@/ﬂaf
| ]

2 4
{} BSM potential at low E

Ag

~ Re(dd

| 1 p ;
BSM 17\ _ 2172 e Mo, e 6 i
VEM(H) = Vo —mjH+ AV + 2 A H* + = H° + —2HO +

In EFTs, adding dimension-6 (BSM at scale E>A), the 4; are not independent:

4 A measure of ¢ # 0 (e.g. via HH rate)
Iy =14 (1 + ¢¢ x ) = A(1 + ¢¢) hint of 15t phase transition (Sakharov

m2 A2 oe
H condition for ng > ng)

o,
=" 34 @4/s = 13.6TeV)

But: HH is an extremely rare process at LHC: 64,y <
1000 B

E. Di Marco 8712025 30



ShEE Higgs selfcoupling (Run2 legacy) <

E 105:| 1T T 1 | LI I LI | L | | :::}Ibl | Idlll | I[gl | ICIL}I:
o— E — served limit (95% ]
g - ATLAS Expected |imit (95% CL) -
I - Vs =13 TeV, 126—140 fb~! "~ (=0 hypothesis) |
Eu_ [ HH combination [ Expected limit +10 ]
4l _ . |
0 10 © —— Gombined =—— bbTtT- — Expectedlmjutltzc g
u_+ E e Multilepton === bbyy E=S Theory PFEF“CIIGI‘I E
Dg - bt + Emiss iy ¢ SM prediction i
103 P gy~~~
10%E =
1D1I||||I||||I||||I||| N N T T T T A I
-75 =5 -2.5 0 5 7.5 10
K

A
K, = —
A
/ISM
J"‘ H
S ELEEELEE -0:'
'b‘ H

most stringent 95% CLs on Higgs
boson self-coupling from HH:

—1.2 <k, < 7.2 (ATLAS)
~1.39 < k, < 7.02 (CMS)

CMS-PAS-HIG-20-011
ATLAS: PRL 133 (2024) 10180:%

C IM: M-

O F~—7 oy - re—



ATLAS

CMS

Z Pusting furtten.: teiple-Higgd

INFN

Tri-Higgs (HHH) production sensitive to both 4y and 4,4

Recent ATLAS measurements: HHH — 6b (PhysRevD.111.032006 )
CMS new Run-2 analysis of HHH — 4b2y ultra-rare: 6 X 98 ~ (.2 ab

CMS-PAS-HIG-24-015

-

CMS Preliminary 1387 (13Tey)  CMSPreiminay 1887 (13.0Tey)
> L I IR I L I I B < n ]
EE 4-(]g e o All HUH CﬂtegﬁﬁES 1000 :_ = (Observed 95% CL {K;\3=—1 D.S, Kh4=_435'9} _: HHHH < 3400
% OF , + Data N Expected 95% CL (Kx3=1.0, Kxa=1.2) ]
& aof — s.miit 750 Allowed range for ks - (2086 exp.)
urj - > from H+HH measurements 7
osl- | e B component ]
[ +1 500 |- —
20 =T 1 ¢ Stronger
) 250 4 dependence of HHH
10[ N
i Miettlsl L4 ] of = cross section from 44
SUUT R w0 L wahtDop Ao aindhicve ]
¢ 250 —] than )L4
> G T T T .
Q‘J s Bmmpunent subtracted sook- E P Green area:
o l[l 7] .
5 ok Liltiels 4 ¢ _ ; - constraints from
O _sf] E 750 —
-10f | | | | | | | N H+HH
Moo TT0 T 7@ 1e0 10 160 170 180 -1000 N T T T ST T -
m,, (GeV) -20 -10 0 10 20
| Kha 20
E. Di Marco 8/7/2025 35



CMS

£ Higgd polential vs baryogenedis (NN

Why matter >> anti-matter in the universe?
CP-violation (CKM matrix) is too weak to explain why ng > ng

| Vopr(o) - Verr(9)
tminimumat ¢ =0 .—/ s minimum at ¢ = 0
(stable) at E>100 (stable) at E>100
GeV GeV
®
Y’J;;//
¥ o

o v
2 minima: ¢p = 0 fst Ps tminimumat ¢ # 0

Q.. orge f low E
and ¢ # OatlowE ey at low

@ °
¢ ¢

Sakharov condition for ng > ng: 15t order phase transition (PT)

E. Di Marco 8/7/2025 64



Scouting
data set
Run-3

Low mass searches

Going beyond the designed trigger constraints with the
scouting data set. Record reduced information at high rates,
opening up otherwise inaccessible low-mass phase space

?-[3353 ¢

Hp
H -
K

"

A}
HADH model with LL dark photons

Lower lepton pr
lower masses can be
probed

Ul resonances

2024 (13.6 TeV)

é EX0-24-016

Same reconstruction quality for scouting

= 109

< ” CMS Preliminary + :
— 1 .

g Events with two matched mucns, AR, = 0.2 and p =3 GV

L 40’ Jw

L

) 102 (HLT) and offline muons
ol yaal
tr< E11.2:| T T T T T T T T T T T 3
.§ 1-1§_Sm.|ﬁ1g"l‘tl muon moonstruction =
H decays to long lived dark particles 5 -
. . . E l}.BE— _é
. With muons in the final state 5 oo° ; — i
m, [GeV]
£ Jof CMS Preliminary 62 fb~' (13.6 TeV)
;ﬁ ! H- Zo2Zs I:II:'I:- 10 em) ' '
Extending the reach wrt previous analysis N — e
i W0 F +20 expectad
= . Run 2 (2016) —_ +10 expecied
& 2828 JHEP 02 {2022} 062 @ r — Displaced dimuon with standard streams [JHEP 05 {2024) 047]
'E-_" o Bun 2 (2018) c 1{]—2__ — Displaced dimuon with Run 2 scowling data [JHEP 04 (2022) 082]
z? S E
3 E
151 Fuwd@e2nls)  JHEP 05 (2024) 047 g 10"
o
=
1 qp
10, 10 — Bun 3 (2022, L2) ?E
This analysis o)
T T T - < 10-8
0.01 1 Tracker end d, [cm]

620-6202-dF- smﬁ
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Scouting
data set
Run-3

& Low mass searches

Going beyond the designed trigger constraints with the

scouting data set. Record reduced information at high rates,

opening up otherwise inaccessible low-mass phase space

2

2

o(pp — ¢ — 7v) [ph]

"
T,
.....
_____

2

10

Scouting 61.9 fb' (13.6 TeV)

C M S Preliminary

e Observed
«-«« Median expected
B6B% expected
95% expected

.......
-------------------
..........
amaa
.

95% CL upper limits

L.

(A |||

[o}] |E|||||||

0:

20 25

FPS_H FPQO?S RDbe;:fa.é.;{l.é.r.':{é..... NI NN EIEEEEENEEEEIEEEE

30

35 40 45 50 55

5 EX0-24-012

TT resonances

SM candles
Scouting 61.9 fb”' (13.6 TeV)
E _I TT I TTT I TTT I TTT I T 1T I TTT I TTT I I_ ':;
a - CMS Preliminary ] g
s L i
10000 § Dew Hj
= -
3 ¥ signal + background fit 2
s | —— Background E
3] E000 ¥ signal - W

[ ====" ¥ —1,1, SiMulgticn

6000 B —
r 3 prong + 1 prong LA
4000 -
i N ]
L Y Ty Th ;
2000~ - —
: - N,
o “ 1 L-l"f-rl- L1 I L1 :.‘T"I‘I-J. 1 I L1 I L1 I 1 ]

0
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0 2 4 ] a 12 14

10
Myt T ) [GeV]

Structure at the Y mass Reached offline-like resolution

First time masses <60 GeV explored
at hadron colliders

Searches

Recent Highlights
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ATLAS Highlights
This talk ... ATLAS

EXPERIMENT

= F L T
F ATLAS Online Luminosity 5 - 138 Tew
F1gof Mc Doivered: 195 1 —

2 ok [lAas reesmes: 1031 of LHC delivered luminosity used in physics analyses
@1&3 A _:|12D:_ | sood for Physics: 169t
£140 Preliminary 6= BTV E F
o oo ;‘"«-“f-« = ATLAS reached 1400 publications: AtlasPublicResults
§1$ [l oo s Prpsics E | -
g“"- 2 40f- E
4 i 20F i
i £ - H D: ! X : . F :
| .J o T S R T e
: G LT -
]
Run 1: 3 Run 2: | Run 3: 2022-2024 HL-L1HC:
25fb" @ 7+8 TeV {mmn fo! @ 13 TeV i 168 b @ 13.6 TeV Jab' @ 13.6 TeV

and of highest impact on particle physics = Some results using Run 2 + Run 3 data up to 2024 - 308 fb in total

21 NEW results released for this conference

More details of the ATLAS results in other plenary talks by Emanuele Di Marco, Timothy Gershon, Josh Bendavid, Francesco

Prino and Tamara Vazquez + the 56 ATLAS talks in parallel sessions + 18 ATLAS posters

77125 F. Cerutti LENL - ATLAS Highlights 6



Higgs Boson Physics ATLAS
Search for HH-> bbyy ATLAS

EXPERIMENT
CERN-EP-2025-140 sub. PLB Physics Briefing

. S L T -
» New measurement using reprocessed Run 2 + Run 3 (2022- 8 ..o ATLAS N Ak E
2024'] - Total 308 fb! cu:: 45_ Ys=13/13.6 TeV, 140/ 168" [ Cont. background _E
P 355_ by Total background -
» Timely calibration of physics objects for Run 3 (up to 2024!) g GE g pup Signag;ﬁckgmund E
b = My =1 1.3 -
» Improvements on HH sensitivity relative to Run 2 legacy £ 22: E
analysis: N -
> Additional data: 50% 15 k
065 ¢ T[T S A -
» New flavor tag algorithm GN2: 20% T T B N
) o ) 110 120 130 140 150 160
» Analysis preoptimization: 10% m,, [GeV]
» My, kinematic fit : 5% < ISR et 0 R
£ | ArLas G il
§ £ i ¥ | i o 5 i ]
» Signal extracted by a fitto m,, in 7 BDT categories WSS &=
" HH = bbyy, ray=1 Observed ]

68% CL: k) & [-0.4,5.1] i
95% CL: K, = [-1.7, 6.6] P
Expected ) |
68% CL: Ky & [-0.6,54] [/ —
95% CL: Ky € [-1.8,69] [/ ]

» Observed p(c/csm)yy =0.9 14 _; ;
» 0.8 o significance (1.0 expected)
» Similar sensitivity of Legacy Run 2 combination (5 chan.)

» Higgs boson self-coupling modifier (coupling normalized to its
SM prediction) k; €[-1.7,6.6] @95% CL

717125 Parallel Session talk by Oleksii Kurdysh F. Cerutti LBNL - ATLAS Highlights Kx 15



ATLAS

EXPERIMENT

H=> Zy

> Rare decay loop-suppressed in the SM with BR=1.5x10"% - Sensitive to

w 2
BSM effects {:}zﬁ
H-- W H---
ol
> Intriguing ATLAS+CMS in Run 2: p(c/ogy)=2.240.7 (Obs./Exp. Wy
Significance 3.4/1.6c - about 2c above SM prediction) Phys. Rev. Lett.
132 (2024) 021803 ATLAS-CONF-2025-007 Physics Briefing
= - T T e B o P o P P v s P
2 180} imi =
» Use Run 3 up to 2024! = jlﬁﬂf— fs=13TeV, 139 fo'' +$Da::| P =
2 | oF lis=136Tev. 1651b" :Signafpdf =
S "E HoZyal i E
> Fitto m,, 2 leptons Z># (e,11) + isolated photon in 13 Categories 2 1205 1175 B weightedt sum " Background pat =
! 100 e 68 E
80F- =
» Run 3: p(o/cg4)=0.9*%7, ¢ significance 1.4c (exp. SM 1.50) 60F- =
40 =
» Combined Run2+Run3: p=1.3*% , . significance 2.5c (exp. SM 1.90) & S -
3 4 S R ]
Sensitivity improved by 60% relative to Run 2 and by 20% relativeto & & (R4 ”H_
P [ I .
ATLAS+CMS combination 115 120 125 130 185 140 145
mz, [GeV]
2/7/95 F. Cerutti LBNL - ATLAS Highlights Parallel Session talk by Tamar Zakereishvili 16



ATLAS

EXPERIMENT

H-> uu

» Test SM Yukawa sector on 2"d Fermion generation

» Rare decay BR~2x10* with huge DY background: S/B inclusive ~0.2% CERN-EP-2025-149 sub. PRL Physics Briefing

» 23 Categories based on Higgs production mode and kinematic

(BDT/NN) to enhance S/B

T
15 = 13/13.6 TeV, 140165 fy’ — Total pdf

1800 F-=7—"" —— Signal paf

1600 H - ---- Background pdf

1400 Inclusive, In{1+5/B) weighted

1200
1000

2200
2000

|1|r1|[1|:]|7||1_

» Use Run 3 up to 2024!

BR(H=2>up) = (3.0+ 0.9)x104

» Run 3: pu(o/ogm)=1.6 + 0.6 2 2.8 ¢ (Exp. 1.8 ©)

Weighted events / 2 GeV

Ll IHIIIIlIII'lIIIlIIIIIIIlIIIIIIIIIIIlIIIlJ-

S
=
AL AL LA AL L R

» Combined Run 2+Run 3: pu(oc/ogw)=1.4 + 0.4 2 3.4 6 (2.5 ©) o

Data - Bkg.
(weighted)

STRONG evidence for H-> ppu decay in agreement with SM

—5 e R T a0 s 0 5 PRI T N TN T N N T T N T O T T N N T T O T O T e
110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

Sensitivity improved by ~50% relative to Run 2 analysis

7/7/25 Parallel Session talk by Tamar Zakereishvili F. Cerutti LBNL - ATLAS Highlights 17



Run 2 Higgs coupling combination

ATLAS-CONF-2025-006

ATLAS

EXPERIMENT

» Added new Run 2 measurements relative to Nature 607 (2022) 52
ttH=2bb, YVH=2bb,cc, H=21t, H2WW*

» W(O,p/Ogm) = 1.023 *0-056 | . (0.028(stat)+0.026(exp)+0.039(th))

» Main improvements on ¢ (BR fixed to SM)

» WH/ZH reduced by 30/20% new V(H->bb)

» ttH+tH reduced by 25% new tt(H—=>bb)

» Test SM with coupling modifiers k (coupling normalized to its SM

)

prediction) oixTy _ KiKp o

a; X B{H — f) = Th -

Achieved precision* ranging from 5-10% (pgy 89%)

7/7125 Parallel Session talk by Zef Wolffs F. Cerutti LBENL - ATLAS Highlights

—— — e L
AI!'LAS Fl'reliminlary | I-l-ITmm | |I Stat | |

= L -1
fﬂ_;?ﬂgglg:*:. .::F!Z.s W Syst [l sm
Fo= 9% Total — Stat Syst Shd unc.
ggF+hbH F-{ 105 0% { :ona, io08) 0,058
VBF —_— 104 00 (:oon, OO £0.020
Wi I—_%Iw—l D86 sois | :o11, ho) =0.020
ZH I——f:_—i 100 ZHIE - pawie Z3IEY £0.037
wivH  HE— 087 TU- o, D) +0 087
P I PR P i

L.
0.6 0.8 1

L Pl TR
1.2 1.4 1.6 1.8

P
2 2.2

Cross-saction normalized to SM value

"""""""""""" [ [T
—— ™ -
Kz ATLAS Preliminary
Fun 2 f5 = 13 Tav | 361 180 b7 =
Ky —— Fun 3 5 = 135 Tev, 165 i
| My = 12500 Gav, IrHI =25 i
4 P (T CQuarks
S N i
Ky ¥ | d | &
Foroe carners Miggs boson |
x ' Gl 2 | w]
? H
.'G",-_,
ﬁ'g . =& Run 2
= Fun 2 + Aun 3
Ky - —— SN pregicion
Kz, : —
| . | . | . | ;
0.8 1 1.2 1.4 1.6

Parameter value

*No BSM
contributions
to Higgs
boson width

18



Observation of ttyy process

ATLAS

EXPERIMENT

» Study production of top anti-top in association with tow prompty
> Very rare process: expected cross-section ~ few fb

» Select events with 1 leptons, 2 isolated photons and at least 4 jets

of which at least one b-tagged

» Use BDT based on photon and other event variables (19 in total)
to enhance backgrounds rejection (mainly fake photons in tt

events)
» Measured fiducial cross-section o(ttyy) = (2.42*°%8_, ., ) fb
» Prediction from LO MC 1.5'%4 ;. fb x estimated k-factor ~1.7

» Observed significance 5.2c

Events

Data / Pred.

il
Lf'..--l i
" rof ey
o

arXiv:2506.05018 sub. to PLB
so-ATLAS  eData  Ww -

C {5 =13 TeV, 140 o' [Jh-fake v W e-fake vy ]
701 Single lepton [ty (prompt v) [l Other 7]

- ~ Uneertainty ]
60[ Post-fit

50 -

40

0% 01 02 03 04 05 06 07 08 09 1

T e



W mass

Electroweak fit
PRD 110 (2024) 030001

LEP combination
Phys. Rep. 532 (2013) 119

DO
PRL 108 (2012) 151804

CDF

Science 376 (2022) 6589

LHCb
JHEP 01 (2022) 036

ATLAS

arXiv:2403.15085
CMS

This work

CMS

' |
my in MeV
| B0353+6
80376 + 33

80375 + 23 — —
80433.5+94 —
80354 + 32 &
80366.5 = 15.9 e
80360.2 + 9.9 =]
80300 80350 80400 80450

mw (MeV)

. Impact (MeV)
Source of uncertainty Nungnal Clobal
Muon momentum scale 4.8 44
Muon reco. efficiency 24 2.3
W and Z angular coeffs. 3.5 3.0
Higher-order EW 2.0 1.9
py modeling 20 0.8
PDF 4.4 2.8
Nonprompt background 3.2 1.7
Integrated luminosity 0.1 0.1
MC sample size 1.5 3.8
Data sample size 24 6.0
Total uncertainty 9.9 9.9

¢ Recent CMS measurement is the most precise at the LHC, approaching quoted
CDF precision, compatible with SM prediction and other measurements

e Exploits strong in-situ constraints to reduce PDF/QCD uncertainties

e Clear tension with CDF measurement

45



] & — C v T - . - .
W width and off-shell production A A
1 W Data

e 1 0"1 = high m_, . Sysl. uncertainly -
o E ey Powheg.Pyhias 7
5 i + i ]
Overview of ', measurements ; 1 0_3 B ""—4—._‘1_ —— Sherpl;??.z.ﬂ g 2
_________________________ | | [ Al |
ceLeel ... |ATLAS ; - o = | 3 Ll 7
I, = 2404 + 173 MeV g 1 : : 10_5 - iy " =
o Is+7TeV,46fb s_ : = i — %
Eur. Phys. J. € 47 (2006) 309 — ‘c i -gl gl el | ~
[ = 1858 £ 140 MeV ' : : 10 e e, e e
IE-Jar Phys. J. G 47 (2006) 308 ;e - -9 i ey " . -_

I, = 2180+ 142 MeV E 1(1} 5 . —
5| = sl e i T
?.'F%Ptlu {2008) 309 : B Y : g‘ﬂ | e e o '+ """"""""" Y, RS
[, = 2140 £ 108 MeV : i : 0.8 =

Combination ; 3x1 02 1 03 2x1 03

Phys. Rep. 532 (2013) 119 = & = : : : , : : . u
___I_"'__:?..G?_._B3E‘fl:l_________ _____ :__________________________;-__________________________: _________ g ':HE:_ ATLAS Simulation B Mominal _: rnT EGEV.II
= o 0 ys=7 TeV, pp—= W'+X _j:::::;::: =
Piiys. Rev. Leal. 103 (2006} 231802 ! E & & 2 u.ua:— wedl y=+20 Mo
Ty ~20aR£ T2 el ® Measurement % : AT =200 Me¥
(.06
CDF i ; g C
Prys. Fiev. Lenl. 100 {2008} 071501 Stat' Unc. LB BN o 0.04
o, -cseezMey | Wvewune, i -
F : 0.021-
I ATLAS 10 sM Prediction : :
Thig wiark : : @ ] i
T, = 2202 + 47 MeV | i | g
1500 2000 2500 <
B
r,, [MeV]

W width is also predicted by the SM given m\W and other parameters

Updated ATLAS mW measurement includes most precise determination of the W width
Sensitivity driven by the transverse mass distribution

Recent cross section measurement also at high transverse mass

Eur. Phys. J. C 84 (2024) 1309, arXiv:2502.21088
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Z mass arXiv:2412.13872, Science 376 (2022) 6589, 170-176

452108 16.8 fo~! (13 TeV)
5 tepl — —=F2 1 ° A
S ol G t Daa ] & CDF —— Jhy—up
@ | Postft .2yt = 10l 4 Y oup
2/ndf = 25. ] -1.
@ 3 @infsi%;z >V i —4 Z-up
™ 0.6} . 3 + £ combined
0.4f : < '+ +
D_ |
: 3 a + &
i | e '1‘4_% X X FET G -
a G-G.- LI I | HERRE | LR | IR T LI LI : o=
E 1.01 ‘ == mz;+4.8MeV Model unc. ‘ i
s . : .
::;um; j 4 e E ﬁ: -
[ | o .. o ) L— B _160 1 i i | i I | |
60 70 80 90 100 110 120 0.2 0.4
myy (GeV) < GeV/ pi -
PDG
mz — mgz = —2.2+4.8 MeV MZ — 91, 192.0 + 6-451:31; o 4-05}“51; MeV

mW measurement at hadron colliders requires very precise calibration of lepton energy/momentum scale
Calibration with quarkonium can be used for an independent measurement of the Z mass

e CMS Z mass validation not quite an independent measurement since consistency with the LEP Z mass was
used to define the final systematic uncertainties (and not fully blind during validation of the J/psi calibration)

e (CDF Z mass measurement from J/psi + Upsilon 1S calibration is included in the PDG value (though with small
weight compared to 2.1 MeV uncertainty from LEP) 47
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q w W
Triboson Production
Y W
_ Z1y*
q Z
CMS 13816 (13 TeV)
20 Opposite Flavor (Z+ep) 60 Same Flavor (Z+!) 703tXZ Control Regions 1N | [ Data and prediction SCMS 200 fb" (13 + 13.6 TeV)
| Signal Regions Signal Regions {b-tagged) % + Data ERIE. S5 N TR N 0 R LN TEA N (L O L KR LR, LR
: & fad =i
. * | ooz 2.50 w«Bestfit
10— ] mZH I ¢ SM
.. 1000+ Backgrounds 2 =
] mzz mz
Otwz EwWZ
[JOther T
- N 1.5 .
1 29 & 58 78 i 2 3 45 B T B o=l 52 =1 32 .
WWZ-like ZH-like WWZ-like ZH-like 2_+E-'H 2+l
1 —l
e WWZ production measured in events with 4 : : ;
. h i -
leptons (+ missing energy) : :
e Continuum contribution separated from ZH N REERTP Ty SRR |
e Results consistent with SM using Run 2+3 m
WWZ
data



Top Mass

ATLAS+CMS Preliminary My, SUMMary, Vs = 1.96 —13 TeV  May 2025
LHCIopWG

-------- LHC comb:. {Feb 2024), 7+8 TeV wotsows [1] L l ] i

PO statisical uncertainty total stat

total ncenainty <+ total istat + syst + recol) [GeV] jL ol Fel

LHC comb. (Feb 2024), 7+8 TeV 172,52 + 0.33 (014 £ 0.30) 2007 1]
World comb. (Mar 2014}, 1.9+7 TeV 172,34 + 0.76 (0.35 + 0.67) 7R’ [
ATLAS, l+jets, 7 TeV 17233 £ 137 (0.75 £ 1.09) 461" 3
ATLAS, dilepton, 7 TeV 173.79 + 1.42 (054 + 1.31) 456" 9
ATLAS, all jets, 7 TeV H——] 1751t 1A (1411.2) 4617 [4]
ATLAS, dilepton, 8 TeV 172,99 + 084 (0411 0.74) A’ [5]
ATLAS, all jets, 8 TeV 173.72 £+ 1.15 (0.55 £ 1.02) oA’ (6]
ATLAS, l+jets, 8 TeV 172.08 £+ 0.81 (0,38 + 0.82) 20287, 7
ATLAS comb. (Feb 2024) 7+8 TeV 17271 + 0.48 (0.25 = 0.41) <203 M [1]

ATLAS, leptonic inv. mass, 13 TaV
ATLAS, dilepton (*), 13 TeV

174414 081 (039 + 066 £ 0.25)  3s1m"' (5]
17221+ 080020 £ 067 £ 0.39) 138’ [49)

ATLAS, boosted, 13 TeV 172.95 + 0.53 (027 + 0.45) 140" [10]
CMS, l+jets, 7 TeV 173,49 £ 1,07 (043 + 0.98) 491" 1]
CMS, dilepton, 7 TeW 1725+ 1604515 48" [17]
CMS, all jets, 7 TeV 173,49 £ 1.39 (069 + 1.21) asi’ 13
CMS, I+jets, 8 TeV 172,35 £ 0,51 (0.16 £ 0.48) 19,70 [14]
CMS, dilepton, 8 TeV 17222 [z (0.18 1.0 19.78" [15]
CMS, all jets, 8 TeV 172,32 + 0,64 (025 + 0.59) 19,7 fb! [13]
CMS, single top, 8 TeV 17295 £ 1.22(0.77 o) 19,760 [16]
CMS comb. (Feb 2024), 7+8 TeV 172,52 + 0.42 (0,14 + 0.39) <187 &' [1]
CMS, all jets, 13 TeV 17234+ 0.73 (020 70 a8.466" [17]
CMS, dilepton, 13 TeV 172,33 + 0.70 (014 + 0.63) as.afe’t (18]
CMS, single top, 13 TeV 17243 7 (032 00 asam’ [15]
CMS, boosted, 13 TeV 173.06 + 0.84 (0.24) 136 17 [20)
CMS, l+jets, 13 TeV 171,77 + 0,37 (0.04) 3s.ate" [21]
[1]PRL 132 (2024) BEABIE [B]JHEF 06 (2083 115 [15] PRI 52 |201 )

) 72004
[FIATLAS-CONF-Z0ZZ088  [16] ER 17

[2] armlv 1403 4437
[ EIC 3

[1T]EP

[ 6050 7 . [V P T g o

* Maell T - i R
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5] JHEF 03201 T) 118 [13] EFUC 74 (2014] 2754 [20] EPLC 53 [2027) 560

[7] EF-4C. TG [2H B 290 [14] PRD B3 (2046072004  [3] ERJC 8 [2023) 963
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m,,, [GeV]

L s s m e S
| ATLAS+CMS Preliminary
LHGlopWE May 2025

B nnLoMNLL, PDFALHC21 (pp)
B o 0annLL, PDFALHC2T (p

Czakon. Feadiar, Mitow, PRL 110 (2013} 252004
| Mg = 172.6 GV, o dM ) = 0118 & 00001

=
(X}

Tavatron comb. (1.96 Tev, <88 &7 [1]

ATLAS camb., e, s, e, +jots {5.02 TeV, 267 pb™) [2]

CMS comb,, ap, l-jats (5.02 Tav, 302 pb™ [3] =

LHEZ comb,, LHC oW, e (7 Te, 5 807 (4]

LHE comb., LHE g, s (8 Tel, 20 [4]

ATLAS, ep (13 TeV, 140 &Y [5]

COME, e [13 TeW, 35.9 ™ [B]

ATLAS, bsjets (13 TeV, 133 857 [7)

CMS, lijeis (13 TeV, 137 1™ [8]

ATLAS, ap (136 TeV, 28167 (9]

CME, e, . i, lejebs (128 Tel, 121 i [10]
WEE

Inclusive tt cross section [pb]

8
T IIIIII|

FEEE @@EOrFEF 44+

—
=
IIII|

-

Ratio 10
Prediction
=

[ = N ™)

Top mass at LHC measured most
precisely from direct reconstruction of
decay products, but with some
theoretical ambiguity

Pole-mass can be measured from
production cross sections

Important to test/establish consistency

across many methods
13



Top pole mass

2 L T !

LI B B B B B B e

': = L
= - ATLAS 3
=] ey -
z 35: (513 TeV. 140 fb” —e— Unfolded data -
- 3t f —y E‘,H + jets . Total uncerainty -3
o = poE S 50 GeV, |0 < 2.5 - NLO QCD, nP™-169 GeV =
— =y 5 e =
Eﬂ = i o 77 NLOQCD, m™-171GeV S
m 2 E_u L S E
150 — =

15 =

0.5 ;:‘- W———— moguee _;

> U:‘_-— e A [ '_mlulmflmmwz
g8 te- e ~
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mpe' = 170.73 £ 0.33 (stat) + 1.36 (syst.) *§3§ (scale) *03}

arXiv:2507.02632

ATLAS

B direct (LHC Run 1, Phys. Rev. Lett. 132 (2024) 261902)
EW fit (Eur. Phys. J. C 78 (2018) 6735)

bommrind

olal st Mo tlotal [GeV]  Reference
oftl) inclusive, NNLO+NNLL
LHC 748 TeV comb. (CT14) = 174.0%2.3 JHEP 07 (2023) 213
CMS, 13 TeV (CT14) s 173.7 87 EPuc 79 (2019) 368
ATLAS, 13 TeV (CT14) b’ 173.1 f_'qu EFJC 80 (2020) 528
oft, tfj) differ., N(N)LO
ATLAS, fij, 8 TeV (CT10) - 171.1 3¢ umeP 11 (2019) 150
CMS, fij, 13 TeV (CT18) —- 1721+ 1.4 JuEP 07 (2023) 077
ATLAS, dilepton, 8 TeV (CT14) k4 173.6 £ 1.3 Eepuc 77 (2017) 804
CMS, 3D diff., 13 TeV (CT14) i 171.1+£ 0.8 EPUC 80 (2020) 658
This analysis
ATLAS, tlj, 13 TeV (CT18) = 17089 +1.5
| | | | | | 1 | | | | | | | | |
140 160 180 200
m, [GeV]
(PDF + a;) GeV

e Use of differential cross sections reduces theory uncertainties
Presence of an additional jet enhances sensitivity to top mass and avoids
theoretically difficult threshold production
e Largest uncertainties are related to parton shower modeling




Future: Top Mass

e HL-LHC projections for top
mass precision range from
200-600 MeV depending on
theoretical interpretation, and
degree of control over
systematic uncertainties

180.0 1

170.0 1

1 ATLAS+CMS
| Projections ESPPU 2026

| Instability

3 ab™! per experiment

Metastability

m, from tf-+jet

---- 8 TeV (20.2 fb71)
—— 13 TeV (36.3 b 1)
— 52 with profiling
sereaans S2 without profiling

——————
125.6 125.8
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Physics with ALICE

Quark-gluon plasma (QGP) = deconfined strongly-interacting QCD matter ALIC
2" with color degrees of freedom

stages of heavy-ion collision:

Initial state ALICE experiment: a journey through QCD

EPJC 84 (2024) 8, 813

FrE'equr” ]
,
h m U.'Sl: s vdr ¥ha
L I

Time: 0 fm/c <1 fm/c

Studies with observables which characterize:
* hulk properties of the produced medium

= medium interaction with hard probes, hadronisation
= collective effects

parton energy loss

Measurements at high multiplicities down to low p;
with precise PID are required (ALICE) Heavy lons: Theory Heavy lons: Experiment
Urs Wiedemann, Fri 14:15 Francesco Prino, Fri 14:45

-

A+ oyl o I s I e COCLICT 307
A Y g TaT=} Hiohiliok c J TE FPS) )
Altsybeev, Highlights ALICE, EPSHEP-202



Charge particle density (dN../dn) Abhi Modak

T04, Mon 14:40 ALICE
14IIII| T T IIIIII| 1 T IIII1|| | T IIIII-"| ::- 9 T T T 1 T T T T T L T T T T T T I1 I Ll T T T I T T T T
AA, central PI ALICE Preliminary  INEL>0
1ol * This analysis ({5, =5.36 TeV), L, = 130 ub " = 8 )
T L e

® ALICE (|'s,, = 2.76,5.02 TeV)
0 CMS

e

I||III'|III|III|III

O ATLAS = - 2
> PHOBOS A0 MY Ej_ ® ALICE, -36< n< -24 1
8~ A PHENIX ~ - —e— ALICE, |7 <0.5 E
BRAHMS ] 51— === Pythia 8 Monash =
i - wwn Pythia 8 CR 0
s i ‘-'*0 B aF cerpyhiagcre @7 €@ 3
X NAS50 ] 75 =
i ] 5 |
i . =1
ol ALICE, arXiv:2504.02505 ] o 1-1
B . @
X Inl <05 - E 0.9
O I|II| | 1 |||III| 1 | |||IJI| 1 | I||II'| 1 0-&4 _l3 _I2 ._.1 ﬂ I1
10 102 10° 10* | n
Sy (GeV)

= First measurement using new MFT detector
* First paper with Run 3 results * The trend at forward rapidities is compatible with PYTHIA 8

\Itsybeev, Highlights ALICE, EPSHEP-2025 10



HabnogeHne aHTurenmsa B pp
coyoapeHunax

First observation of 4He in pp collisions
. ! Q= +0

3 trillion events inspected!

dE / dX (a.u)

Counts

e T . B 4
PR L n— IHC SIPECt':lJm I Antihelium events in AMS-02
3 [® 916 ALICE Preliminary . E
5 = = 4 ata g
- 2014__ pp Vs=13.6 TeV 3 e He
< = <05 Fit m; exponential ] HHe 2
‘ 0.12  + 10% normalization unc. not shown = Z i 4 O
C _ ] s P. Zuccon, u‘j
—rrr 0.1k - & MIAPP Workshop 2022 -
N = E E 2
10° & ALI£3E1Perforrnance » ials 0 C ‘ E % ) %
- ip 1=55:1 f,sbzev —Total fit 0.06 E E -
nt. £ R I~ =
1.4<p.<3.0 GeVic —*He 0.04 o
1 T —3He E = 3
g : e T Mass [GeV/c?]
B ] 0....|....|....|....|...-“TT‘.-—T—.‘¢....:
0 1 2 3 4 5 6 7
10 E p.. (GeVic) = ; " . e
F 3 T Clear “He peak in TPC dE/dx with good separation from 3He
N d - , : : pa— Importance for antinucleus searches in space
’ » Clear “He peak in TPC dE/dx with good separation from 3He

b
w |-
IS ol

z

'EPC (AH—

o
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First py-differential measurement of hypertriton in pp x

@~ «Q ALICE
* Lightest known hypernucleus - T T e R
* Loosely bound object é:’_ . ALICE Preliminary
' 8 10 Run 3 pp, Vs=13.6 TeV
;{ Ly = 63 pb”
m ~ 2.991 GeV CZ 3 %] + 10% global unc. not shown
/ %_é‘; 2 ..elt;l"‘”t”ﬂn
ct ~ 7.1cm — 2:u coalescence
Bp ~ 100keV 107

+ ;Fi —>3'F|E+r, vl <1

T 11IIII|

&0

arXiv:2504.02491 (2025)

-2 Interplay between large 3,H wave function (r,)

Seeie i .Gengleten Wave Function
and small source size in pp collisions (Rs) 0
3 107 d-A Gaussian Wave Function s
211- [ 1 1 [ I L | | 1 | 1 | 1 | I | | | | I | L | L | 1 | 1 gy
B3 ~ (R§+(TA/2)2) 1 2 3 4 5 6
B, — coalescence parameter ALI_PREL_604500 pT (GeV/c)

(A=3) Carolina Anna Reetz

104, Mon 14:20

—> 3,H as ideal probe to study nucleosynthesis mechanism
= Relevant for the equation of state of neutron stars

. Altsybeev, Highlights ALICE, EPSHEP-2025 15



Anisotropic flow of charm and beauty .:.

o [ T LI L I|' T T I T T T r| T ]
2 .4 ALICE Preliminary | <0.8 1
A [ Pb-Pb |5, = 5.36 TeV, 30-50% )
— B ]
4 gar D TAMU {5, =5.02TeV - R
g ~ ° Prompt Prompt D’ ]
5 & Non-prompt Non-prompt D’ ;
3 02 promp promp u
. a4 ]
o g
E N E Marcello Di Costanzo
-0.1- . % = o | T04, Wed 17:00
4x10™ 1 2 3456 10 20
[N (GeV/e)

* Non-prompt D° flow (“beauty) smaller than charm flow

vheeyv Hichlichte AJICF FPSHFP-2075 27



Anisotropic flow of particles in Pb-Pb collisions ‘;‘

v,{SP}

03

T 1 | T T T L] I T T T L I T T L] Ll T 1 1

ALICE Preliminary
Pb-Pb,|y1<05 .-\

Run 2,\5,,, =5.02TeV  Run 3,|5,, = 5.36 TeV

Ll I

VOM, 30-40% FTOC, 30-40% ii

v,{SP, |A n[>2.0} v,{SP, |a n[>1.3) ]

.1:‘1’ 5 A+A . ¢ ]l]g‘b ]

o | & Stgz

He Bg ag,

Her =i

| " | | | L
1 2 3 4 5 6
P, (GeV/c)

Spatial anisotropy = momentum anisotropy
= quantified via Fourier decomposition:

(1 + 2 Z v, (cos[n(p — q’ap)]))

leading term: v, — “elliptic flow”

" Low p;: “ordering” by particle mass — common velocity field
= High p;: baryon/meson grouping — quarks recombine (coalescence)

| Alisvbeev Hichlichts ALICE. EPSHEP-2025
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World-first measurement of A" baryon flow in Pb—Pb ':'

E B IIFlllllll $U.S5fllll||IIIIIII|III|IIIIIIFIIIIII D -p-
T g3l ALICE Preliminary — - ALICE Preliminary ® Prompt D" L %0z,
L A )3 o
- Pb—Pb, Vi {05 5 - E - Pb_Pb, 30_50 ;""‘0 3 Prnmpt h; . 3
i y § = 0.25} m= 5.36 TeV Transport models __%j
0.2 v § lI o g TAMU A} .'mmu D’ .
= ?m" 4 ™ @.. 02__ T
ik N ""- -~ ol 2 i
~ o M Rn2(5,-502TeV  Run3,|5,, =536 TeV 1 = oisk
" o yoMm, 30-40% FTOC, 30-40% 1 E
m;s ' ; v,{SP, |A n[>2.0} V,{SP, 1A n[>1.3) . 0.1:_
s ‘f B~ EAR . ¢ - -
o e - i -
& Ee Be W 1 o008t
0 Her —
| IR T TN TN TN NN TR TN TN WO NN TS TR SO S | =] U|||||||||||||||||||||||||t||||||r||||||t||||||
1 2 3 4 5 6
p_ (GeVic) 2 4 6 10 12 14 16 18 20 22 24
R p. (GeVic)
= First prompt charm-baryon v, measurement in heavy-ion collisions
| |

First evidence of charm baryon/meson splitting at intermediate/high p+

o TAMVU: includes quark coalescence — captures the trend :
Marcello Di Costanzo

T04, Wed 17:00

2€

ghts ALICE, EPSHEP-2025
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» y-Pb Ultra-Peripheral Collisions: Alchemy at the LHC

ALICE

=
A
ALICE, PRC111 (2025) 054906

T L L] L T T L T I

Pb-Pb SE“ =502 TeV
e ALICE, (kp,Xn)
RELDIS, (kp,Xn)
------ RELDIS, nuclei

Pb-A {5, =17.2 GeV
Hg ®  Pb-Pb Cecchini 2002
L. $ J Au o Pb-Au Scheidenberger 2004
L4 Pt ---. RELDIS, nuclei

= Electromagnetic dissociation of Pb nucleus in
ultraperipheral collisions
o emission of 3 protons corresponds to
transmutation of Lead into Gold by light
(2.9 x 101! g of Au produced in Run 2)

2 3 4 5 6 7 8 9 10
Number of emitted protons

|. Altsybeev, Highlights ALICE, EPSHEP-2025 3 1



3aKJ1lo4YyeHume

* MHOIro HOBbIX pe3y/IbTaTOB, 0COBEHHO OTHOCALLMXCA K OnpeaeeHnto
KBAHTOBbIX YMCEN HOBbIX HabAOAAEMbIX COCTOSSHMIN. HO B OCHOBHOM
3TO NOKa NnLLb YKa3aHM4 Ha npegnoyvteHns. Bnepeam ngonrmm
Npeumn3noHHbIN aHaIM3 Ha OObLLEN CTAaTUCTUKE.

* HoBble napbl 6030HOB XUrrca ¢ pasHbiMM MOaMM pacnaja
HabAAeHbI, a TaKXXe peaKue Bnabl pacnagos

* HoBble AaHHbIE NO POXXAEHUIO aHTUAOEP B PP COYAAPEHUSX,
aHaNOrMYHbIX JaHHbIM AA coyaapeHun, n oXXmaaHme HOBbIX NMYYKOB
bonee nerkux aaep

* YCcOBepLLUEHCTBOBAHME YCTAHOBOK M NMPOrpaMMHOro obecnevyeHus



