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Large Hadron Collider (LHC)
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* The only operating collider at the energy frontier. Hosted at CERN in Geneva, Switzerland.

« p-p collisions at 7/8 TeV (Run 1: 4.8/20.3 fb-"), 13 TeV (Run 2: 140 fb-"), 13.6 GeV (Run 3:
targeting 350 fb-'). Four large-scale detectors at the collision points.

* Providing a unique microscopic probe with a mystic link to the history of the Universe.
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ATLAS Detector

barrel New Small Wheel (NSW)
muon chambers muon chambers

N~
\ . A

barrel toroid magnet

o 2 ;
s - B .

endcap il &
muon chambers \ | > '
- L O |

2

inner detectors
he—

|\

’ \ X
o Y

—7 } 4

1 =

endcap toroid
magnet

\ endcap calorimeters

o * One of the two general-purpose
barrel electromagnetic calorimeter .
iloni Wt detectors at the LHC along with
barrel hadronic calorimeter C M S
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* Significant upgrade (Phase-l) completed during Long Shutdown 2 in 2019-2022: New
Small Wheel muon chambers, new muon RPC, LAr calorimeter front-end electronics, TDAQ
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ATLAS China

» 3 independent institutes: IHEP, USTC,
Tsinghua

3 clusters: Nanjing + Sun Yat-Sen, SJTU
+ TDLI, Shandong + Zhengzhou + Nankai

* 1 technical associate: SINANO, CAS

TSUNG-DAO LEE INSTITUTE

273 /5971 ATLAS members (4.5%), 112 / 2846 ATLAS physics authors (3.8%),
72 PhD students (6.2%).
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A Discovery & Precision Machine
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Higgs, Top & Stability of the Universe

Alan Stonebraker

Higgs
potential

my

Meta-stability -

Absolute stability

1401

100 120 140

HI‘,.HJ

 Higgs boson mass is already measured at per-mille level.

- Latest semi-leptonic boosted analysis provides the most
precise measurement from a single channel: 172.95 + 0.53 GeV.

* The current LHC measurements point to the boundary of meta-
stability/stability, if no BSM.
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ATLAS e Total Stat. [] Syst. | Combination
Run1: s=7-8TeV,25f ', Run 2: 5 =13TeV, 140!
Total  Stat. Syst

Run1 H — v F——®—"—1 126.02+0.51 (+ 0.43 + 0.27) GeV
Runi1 H — 4/ A 124.51 + 0.52 (+ 0.52 + 0.04) GeV
Run 2 [ — 74 125.17 £ 0.14 (+ 0.11 + 0.09) GeV
Run2 H — 4¢ 124.99 + 0.19 (+ 0.18 + 0.04) GeV
Run 142 H — 4 125.22 + 0.14 (+ 0.11 + 0.09) GeV

Run 142 H — 4(
Run 1 Combined
Run 2 Combined
Run 1+2 Combined

oo by

T T T [ T T T T [ T T T T

124.94 + 0.18 (x 0.17 + 0.03) GeV
125.38 + 0.41 (+ 0.37 + 0.18) GeV
125.10 £ 0.11 (+ 0.09 + 0.07) GeV
125.11 £0.11 (x 0.09 + 0.06) GeV
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Direct top quark mass measurement

Tevatron comb., 1.8+1.96 TeV, <9.7 fb”'
LHC comb., 7+8 TeV, <20 fb™!

ATLAS, leptonic inv. mass, 13 TeV, 36.1 fb™!
CMS, l+jets, 13 TeV, 36.3 b’

CMS, I+jets boosted, 13 TeV, 138 fb”'

S

ATLAS, l+jets boosted (this result), 13 TeV, 140 fo!

124 125 126
my [GeV]
A TLAS I+jets boosted

Total uncertainty

m, * total (stat. + syst.) [GeV]

e 174.30 + 0.65 (0.35 + 0.54)
172.52 + 0.33 (0.14 + 0.30)
e 174.41+ 0.81 (0.39 £ 0.71)
171.77 + 0.37

173.06 + 0.84 (0.24 + 0.80)

172.95 £ 0.53 (0.27 + 0.46)
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https://www.sciencedirect.com/science/article/pii/S037015732400382X
https://www.sciencedirect.com/science/article/pii/S037015732400382X
https://www.sciencedirect.com/science/article/pii/S037015732400382X
https://www.sciencedirect.com/science/article/pii/S0370269325003697

Shaping the Higgs Potential

IS |t the SM HiggS? Nathaniel Craig

N ™

LHC (now)

« Higgs boson self-coupling will tell us about the Higgs potential shape.

* It is sensitive to various BSM, and has important connections to 2"
the electroweak phase transition & gravitational waves.
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https://doi.org/10.1103/PhysRevD.94.075008

Di-Higgs Searches with Transformers

b-jet arXiv:2505.19689, accepted by Nat. Commun. ) Y :i]>H
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1w * Transformers improves the c- & light- jet rejection by

43500 several factors from previous versions.

:ZZZ: Transformer-based b-jet tagging (GN2) alone brings 20%
.- improvement to HH->bbyy analysis.

1500;33;; « Signal strength for di-Higgs production: y,, = 0.9"14_, , [obs]
@5 (107134 [exp])

500

1o * Higgs self-coupling: -1.7 <k, < 6.6 [obs] (-1.8 <k, < 6.9 [exp])
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https://arxiv.org/abs/2505.19689
https://arxiv.org/abs/2507.03495

Higgs as a Portal to New Physics

Low mass 125 GeV High mass
| >
pp — a h,,. rare decays pp — HIA, pp — H*
h, —aa h,  —aa, h, exoticdecays H—h_h.,
h,.— Za h.,. — invisible H—Sh. H-—SS

125’

A—ZH A— Zh

» Higgs boson is a promising portal to new physics. Its sign could show up
as exotic decays, enhancement of rare decays and/or as an existence
of additional Higgs bosons and/or other high mass resonances.

« Searches for rare decays can be performed via:

1. Inclusive model-independent search - measure the Higgs boson decays width
2. Exclusive channel-by-channel searches


https://doi.org/10.1016/j.physrep.2024.09.002

Ewdence of Off-Shell Higgs Boson
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» Decay width is a model-independent probe for BSM, but SM Higgs boson decay width
(Fy=4.1 MeV) is well below the GeV-level detector resolution.

- 6 1 | 1 l 1 ‘ 1 1 l ‘ 1 1
107500 400 600

However, the off-shell contribution is highly sensitive to the decay width, allowing us to
constrain it by a few orders of magnitude.

Evidence of the off-shell Higgs boson production is obtained both by ATLAS & CMS.
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https://authors.elsevier.com/sd/article/S0370269323005579

Rep. Prog. Phys. 88 (2025) 057803

Off-Shell Higgs Boson + NSBI

Traditional framework:

Summarisation
to histogram

Aishik Ghosh

Summary

Histogram Statistical Likelihood
6, Fit 20,1 D)

High-dim data

Neural Simulation-based
Inference (NSBI)

The neural inference framework:

High-dim data
0(16) observables

* In neural simulation-based inference (NSBI), the NN output is

Obs Data ——

Neural
Networks

0, >

Likelihood Ratio
- Z(6,| D)
Zref| D)

directly used for the statistical treatment - no information
loss from 1D dimensional reduction & histogram binning

|t can also handle parametrized signals & complicated

signal/BG interference.

* Notable improvement from the traditional histogram-
based method: 3.30 = 3.70 (combined with llvv)
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https://iopscience.iop.org/article/10.1088/1361-6633/adcd9a

BSM Rare Decays to Low-Mass Scalars

Jet tagging with DeXTer
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» Higgs BSM decays through low mass (pseudo-)scalars often lead to highly collimated signatures.
« Deep Sets based neural networks (DeXTer) designed for low p; double b-tagging.

« Small excess seen in H>a,a,~>4b search: Global (local) significance of 3.28 (2.57) o for (m_,, m_,)
= (50, 70) GeV.

Hideki OKAWA CAP 2025 & 19th TeV Workshop 12


https://journals.aps.org/prd/abstract/10.1103/mzld-ldlt

More Higgs Bosons?
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« Heavy Higgs boson decays to tt are dominated for
low tan B in Two Doublet models, but are challenging
due to large BG & interference.

« tt threshold region is not considered (see Haifeng
Li's talk for the toponium observation)

 Small excess seen around 800 GeV.
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https://link.springer.com/article/10.1007/JHEP08(2024)013

Other Heavy Resonance Searches

Local p-value

Di-Higgs resonance

VBF doubly-charged Higgs

JHEP 04 (2024) 026, PLB 860 (2025) 139137

PRL 132 (2024) 231801
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* Di-Higgs resonance: global (local) excess 2.10 (3.30).
« VBF doubly-charged Higgs: global (local) 2.50 (3.30).

» Scalar extensions (X->SH): CMS saw global (local)
excess of 2.80 (3.80) at (my, mg)=(650, 90) GeV [JHEP 05

(2024) 316]. Not seen by ATLAS.

Hideki OKAWA

CAP 2025 & 19th TeV Workshop

3000

S
[
S

»
£

Scalar extensions (X->SH)

500

400

300

200

arXiv:2510.02857

ATLAS
Vs=13/13.6 TeV, 140/ 58.6 fb~'
X — SH — bbyy

95% CL observed upper limit

7000
my [GeV]

14

10°

100

10~

Upper limit on 6(X — SH — bbyy)1atev [fb]


https://link.aps.org/doi/10.1103/PhysRevLett.132.231801
https://link.springer.com/article/10.1007/JHEP04(2024)026
https://www.sciencedirect.com/science/article/pii/S0370269324006956
https://arxiv.org/abs/2510.02857

Trigger-level Analysis for Dijet

Pile-up correction —— Absolute EtaJES —— Global Sequential ——— Data correction
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https://journals.aps.org/prd/abstract/10.1103/15p2-bkg8

Supersymmetry
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SUSY particle mass [GeV]

Direct electroweak productions are
becoming more accessible due to
large dataset.

Ll
500

Searches for challenging scenarios
such as compressed mass
scenarios and long-lived decays

are also actively performed.
Hideki OKAWA

Note that relevant BRs are often
assumed to be 1 in the simplified models

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2024 Vs=13TeV
Model Signature  [Ldrim™] Mass limit Reference
G, gt Oe.p 2-6jets E‘F:“‘ 140 | § [1x 8x Degen] 1.0 1.85 m(i])<400 GeV 2010.14293
3 mono-jet 1-3jets B 140 §  [Bx Degen.] 09 mig)-mi¥ GeV 2102.10874
5 & =gt Oep 28jets  EFS 140 | B 2.3 2010.14293
§ E 0 1.15-1.95 2010.14293
:?; g-ggWiy Teu 2-6jets 140 | & 22 2101.01629
g @ ,{Mm,;"' o€, 2jets ES 140 E 22 2204.13072
G sqgWZE Oep  7-1jels EPS 140 | 1.97 2008.06032
?3) SSeu 6 jets 140 | & 1.15 mig)-m(i} =200 GeV 2307.01094
= g gt 01ep b EPs a0 | & 245 m(i)<500 GeV 2211.08028
SSepu 6 jels 140 |2 1.25 miE)-m(i})=300GeV 1808.08457
BBy Qe 2h Eps 140 By 1.255 m[w!(dﬂl}ﬁev 2101.12527
b 0.68 10GeV<Am{b T1)<20 GeV 2101.12527
9c Byby, By —b%S — BT Oept 6b E‘i”“ 140 B F 0.23-1.35 Am(F3.7))=130 GeV, m(/ 1908.03122
= 8 27 2bh E 140 By 0.13-0.85 2103.08189
§§ ] \,;‘I‘ O1en > 1jet EP® 140 @ 1.25 2004.14080, 2012.03799
: &5 10 »lw-l“.‘ Tep 3jets/1 b EP™ 140 I Forbi 1.05 2012.03799, 2401.13430
35 fi—Fiby, }—1G 120 2fesib BRSO 140 | & iden 1.4 2108.07665
% £ iy, et ey Oep 2¢ i 361 |z 0.85 miE)=0Gev 1805.01649
= o Qe mono-jet 140 B 055 mif; &-mit})=5GeV 2102.10874
Ty, Ty, ¥z ) 1-2eq 1-4b 140 | & 0.067-1.18 m{F)=500 GeV 2006.05880
b= +2 e 1h 140 | & 0.86 miF})=360GeV., (i, }-m(i} )= 40 GeV 2006.05880
Multiple ¢/jets o 140 i;;'“ 0.96 m(P)=0, wing-bino 2106.01676, 2108.07586
ee. iy =ljet  EP™ 140 | A 0.205 m(F})-m(F})=5 GeV, wina-bino 1811.12606
2eq Efs 140 |AT 0.42 m({)=0, wina-bino 1908.08215
Multiple ¢/jets 3 140 Fri¥y  Forbidder 1.06 2004.10894, 2108.07586
- 2ep EY 140 | & 1.0 1908.08215
B 2r Eps 40 |ERNERERD 035 0.5 2402.00603
w % Bpl g, E—E0) 2eq 0jets ﬁ‘i“* 140 i 0.7 1908.08215
LN = 1jet r_i”" 140 i 0.26 1911.12606
i, H=hG Oep =3b F.‘;"‘* 140 i 0.94 2401.14922
dep 0 jets E 140 i 2103.11684
Qe = 2large jets E} 140 | h 0.45-0.93 2108.07586
2ep =2jets  EPS 140 i 0.77 BRI — ZG)=BR(T] — h()=05 2204.13072
Direct ¥1¥7 prod., long-lived ¥ Disapp. tk  1jet  EP™ 140 |d} 0.66 Pure Wino 2201.02472
x 0.21 Pure higgsina 2201.02472
w
§ % Stable g R-hadron pixel dE/dx Ep™ 140 B 2.05 2205.06013
& Metastable § R-hadron, F—gqt| pixel dE/dx EF 140 | & [r(E) =101s] 22 miF})=100 GeV' 2205.06013
§ 8 itiG Displ. lep Ep= 140 |&@ 0.74 i ATLAS-CONF-2024-011
-~ ¥ 0.36 ATLAS-CONF-2024-011
pixel dE/dx EpS 140 |% 0.36 2205.06013
FrE Rzttt dep 140 | AT [BRZr)=1, BR(Ze)=1] 0625 1.05 Pure Wino 2011.10543
ViV (0 — wwizeeeevy dep Ojets  EP'S 140 [DERSIPEENGEE 095 1.55 miF})=200 GaV 2103.11684
;Hwn‘i_ ¥l - ggq =8 jets 190 | & [miE})=50 GeV, 1250 Gev] 1.6 2.34 Large ), 2401.16333
= Py, B = ths Multiple 361 | [g=2ed1e2] 1.05 mi(!)=200 GeV, bino-like ATLAS-CONF-2018-003
& =db 140 |7 Forbidde 0.95 miFi)=500 GeV' 2010.01015
2jets +2h 367 | g bsl 0.42 0.61 171007171
fify, =gt 2egq 2bh 140 iy 0.4-1.85 BRI —be/bu)>20% 2406.18367
Tu oV 136 | fi [Me10< 1), <168 30-10< X, <3e9] 1.0 1.6 BR(7} —qis)}=100%, cosf=1 200311956
V7RSI 1), s, B] —bbs 12epn  26jets 140 [ 0.2-0.32 Pure higgsino 2106.09600
i i " PEEPEa | " " " " "
107! 1
Mass scale [TeV]
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Compressed Scenarios

[Electroweakino search]

14
 Mild excess of ~20 observed. P 5
A similar excess seen for the 20
same final state in CMS ( .'i“
S0 N X1

). X2

_ h RN
p ‘S X
/
[Slepton search] /

 higgsino m(% })=(m(% 1) + m(x )2

60

« Challenging phase space =
“ . 9 . g, B
(“corridor” region) due to small = sof
cross section & compressed 2 a0 ey o

- - Expected Limit (£ 1o,,,)
— Observed Limit (+ 1o, )
— Obs. Limit off-shell
Obs. Limit compressed
LEP excluded

Am

mass sparticle mass hierarchly. 30f
Events are tagged with ISR jets. |

« Small excesses in both e- (p-) o

channels: local significance 0 T

100 120 140 160 180 200 220 240 260 280 300

2.00 (2.40) m(%}) [GeV]
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Am(jiLg, %9) [GeV]

50 &
40 €
30 {3

20

AN
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X1

=0
X1

120 C
100
75;

Soft 2¢

=== Expecled BDT-based exclusion (+10.)

Bl 8TeV, 2031 ' arXiv:1403.5294

2¢
B 20, Am = m(W) arXiv:2209.13935
LEP jig excluded

ATLAS
V§=13TeV, 140f0" 3
PP =+ i} gitL i = 1¥] ]
All limits at 95% CL |

arXiv:1911.12606 —
arXiv:1908.08215

=== Observed BDT-based exclusion (417 )
10 .
5 N
ol oL R S S R R ST S SRS S S RS S
100 200 300 400 500 600

m(jiL R) [GeV]
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http://dx.doi.org/10.1103/PhysRevD.109.112001
http://dx.doi.org/10.1103/PhysRevD.109.112001
https://link.springer.com/article/10.1007/JHEP08(2025)053
https://link.springer.com/content/pdf/10.1140/epjc/s10052-021-09749-7.pdf

pMSSM & Dark Matter Searches

ATLAS
BinoDM scan, 1/s=13TeV, 140"

 Phenomenological MSSM

(pMSSM) varies a limited . 1043 ATLAS exclusion fraction after non-DM external constraints 10
set of parameters affecting Ng :
the electroweak sector. — 1045 |- 58
« Parameter regions are c T i
S 1074 | e 0.6
excluded based on the 2 ’
global likelihood of models 2 o =
relevant for explaining the < 10
DM relic density. = 51 m
« Complementary to direct
DM detection experiments 10—551”01

in the O(100) GeV region.
m(i?) [GeV]

Fraction of models excluded


https://doi.org/10.1016/j.physrep.2024.09.010

ATL-PHYS-PUB-2025-013

Leptoquarks

ATLAS leptoquark searches - 95% CL exclusion
Status: March 2025

ATLAS Preliminary
v5=13 TeV, 139 fb~1-140 fb~?

R(D™) =

B(B — D®r~1,)

B(B — D®){-1,)

g S e 32 ErEnE  m nglespa o limit at 957
k=3 gealar fpai) HLO 5 —- PLE 34 (2020] 130736 1301 ! . Slnlgle-lw-P:?lr+N0rll-relsor}anE produlcholn, |‘ImIES at 95l o [CLW : . Mx'l:er"Il 2025
g Vector (121 (o2 AL+ & gl ERiC% it a |13 S ' | ' =
- 2 : : EPJC 84 (2024 818 0 fb C— i o, F— -
- Vectug(;grggg}dﬁ LA 195 it %é 3353 1% iﬁg,'g,t 4 observed B anomalies preferred (90% CL) ATLAS Prellmlnfary__
= sealar tban) PUSE 171 PLE 854 (3034) 136736 {130 fb-! C --- expected [EPJC 83 (2023) 153] Vs=13 TeV, 139 fb’ -
g o i E e g Yang Mils coupling -
- Vector () pgl;ia [ : 1.95 PIC 84 (3024) 818 139 b ! 35— — b ang-Mills coupling
o R B e Ep e, e - ‘ |
Vector (Min) (b P e e o E [arXiv:2503.19836] [JHEP 10 (2023) 001] ]
—_ Scalar (smgle!m))n ?:érwa\ 134 ) JHEP 10 {2023) 001 139 fb ! 3 — brbr/brtvitvty (comb.) o
S vecto gy et 105 s - TR, Rk s :
g ector (Min) (sinc (Es*fv?;:ﬁfu;’r}:;r 2 z - - s _2‘]23326001 s o 5F- [PLB 854 (2024) 138736] =
= Vem”m’ o '(EsTn"‘E{%irT rpgs"ﬂ E 26w aXu I 10 -1 ~DE =
Scalar (pair) B 152 PLB 854 (2024) 138736 139 fb ! - -
Vector (Min) (pair, B 1.54 PLBE 854 (2024) 138736 139 fb ! C 2
Vector (YM)I air) B 181 PLB 854 lZﬂZ"J 138736 139 fb! 2 _ 25
Scalar 0.88 arXiv:2410.17824 139 b+ - =
Vector (Min 0.95 arXiv:2410.17824 139 fb ! - 2
Vector (YM} 1.15 arXiv:2410.17824 139 fb! I d
Scalar 1.26 PLB 854 (2024) 138736 139 fb! - 2
Scalar (pair) B 1.24 PLB 854 [2024) 138736 139 b~ 1.5 el
Scalar (pair) B 1.45 PLB 854 (2024) 138736 139 b ! = e
- Scalar (pair) B 1.43 PLBE 854 (2024) 138736 139 fb! - =
o Scalar 1. PLB 854 (2024) 138736 139 bt — —
"‘3‘ Scalar ép 1.51 PLB 854 (2024) 138736 139 fb"L r 7
o Vector (Min) (pair) B 1.62 JHEP 06 (2023) 188 139 fb . 1 — ]
~— Vector (YM) Epalr B(LQ - b 19 JHEP 06 (2023) 188 139 fb . — |
o Scalar (pair) B(LQ - by, 157 PLB 854 (2024) 138736 139 fb 7 -
| Vector (Mln; pair) B(LQ - by 1.71 JHEP 06 {2023) 188 139 fb ‘L e -
Vector (YM) (pair} Bi L% = b 1.98 JHEP 06 (2023) 188 139 fb 0 5 Sitats —
Scalar pair) B(L! b 1.34 PLE 854 (2024) 138736 139 fb ! Sl % ]
Vector (Mln; Epalr B(LQ = b 1.58 PLB 854 (2024) 138736 139 fb! - -
Vector (YM) (pair) B(LQ - bT| 1.84 PLE 854 (2024) 138736 139 fb! — -
0.5 1 1.5 2 2.5 3 0 C_1 1 | | 1 I | 1 | 1 1 | 1 1 ]
Jrefers o . . or s quark entoquark mass [TeV] 1000 1500 2000 2500 3000
Vector Vector eptoquark mass [Te mUMGeV
Scalar  (vang-Mills) (Minimal) (U;")GeV]
Leptoquarks may explain the R(D)/R(D*) Eur. Phys. J. C 85 (2025) 1335 arXiv:2507.03650
. . 5 [T g 8 : . : : : 7
= —— imi i > ATLAS il
anomalies seen at the b-factories. 10 ATLAS Observed lmi - . it i
§ " Va-atev - xpectedimi o e Jepton-jet signatures
10 L 12? - 14010 I Expected +1o _; L Sy - e+b, e + b-jet channel
. . bg E 95% CL limits Expected +26 E L |
Searches are extensively performed via : = A L B I
. . . o ] e -+ Expected (11,,,> 30 BJET, 126 f") 3 r 1
various final states, but no significant sign ; - Expected (2 2,30 MSOT, 140 ) 3 ; :
H 107 —— VLL 4321 model prediction - B .
SO far F Seeecemnnn. femmmmamans e 2 Alllimits at 95% CL |
- 1072 T = B = Observed limit il
£ g B = = Expected limit b
- . = E +10exp 1
We are starting to reach the phase space e 3 — ;
g p p E 3 B === ATLAS LQ pair prod. |
N o+ Multiple b/t final states —_ , _ s ooz ]
preferred by the R(D)/R(D*) anomaly. 1000 TS0 20020 om0 30000
my, [GeV] m(S4) [GeV]
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http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
https://arxiv.org/abs/2507.03650
https://doi.org/10.1140/epjc/s10052-025-14748-z

Anomaly Detection

Phys. Rep. 1116
ol (2025) 301

Anomaly Score

Higgs sector g

/

1

Open questions
in the standard
model

sector

Gravitational ravitons
interaction
Quantum black
holes
Dark matter Dark matter
candidates

Julia Gonski

sectors

Leptoquars e B c:.co-cco M - Two classes of anomaly detection
Now gauge L « Weakly supervised: trained on a reference data
« Unsupervised: directly identify rare events

Highly ionizing
particles

* Possible BSM scenarios are diverse. Simplified Models have been extensively used at
the LHC to suppress model-dependent biases.

» Al is now providing an alternative/complementary approach to search for new physics.
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https://doi.org/10.1016/j.physrep.2024.10.001
https://doi.org/10.1016/j.physrep.2024.10.001

Jets from the Dark Side

Preselection

/ SR background
----------- . 2 ./
28 - ' PEN  emmeme- > Wp > 0.05 9
> I (supervis dmML) !
........... g

e EmE s ---

0 guaemmnenay  ANTELOPE  joeeeeea-s >
1 (semi-supervise d ML;: CR
.

...........

yi ackgr
> T
»
RinV / \

L4rTY

€ ML Score
« Strongly-coupled hidden dark sector via LA
. . ’ > s ‘ ' ' Data | ] a1 o
resonant production of a mediator Z° can & * &iwin: L Sissenn| 5 osopmmii it SiiEbe e
create invisible/semi-visible jets. E e I L e B

0.50

—-— Expected 20 B

0.45

» Supervised technique with Particle Flow
Network & semi-supervised anomaly
detection are independently considered.

0.40
0.35

0.30

. 0.25F ;
» Cutting-edge Al allows us to search to oo SN NN ]
highly unconventional signatures. e ma GeV]

mrt [GeV]
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https://doi.org/10.1103/44zp-mh1q

Anomaly Detection in Boosted Dijets

Subsets of
observables

(e.g. jet mass,
substructures)

SR

.

= w
w2 W
EZ

&

w

Estimate

g

mya gy

(a) Definition of Regions (b) Background Estimation (c) Classification of Signal

Define signal region & sideband

Create BG template from sideband using SALAD
(simulated prior) or CURTAINSs (fully data-driven)

Train weakly supervised ML classifier to suppress BG
& enhance the fraction of signal (CWOLA paradigm)

Perform statistical inference in the signal region

* No significant excess is seen.

Phys. Rev. D 112 (2025) 072009

n
o

a(pp - A - BC) [ib]

95% CL Exclusion Limit
n
o
A

101

T
[
oo™
g
> s
B S

T T T T T T T T T T T T T T T
I 1 1
1 1 I

ATLAS ]
VE=13TeV,139 fb~! |

! £=0.02 ]
! M, 21 i
i Exp. CURTAINs 1
i Obs. CURTAINs |

Exp. SALAD
Obs. SALAD -
Exp. 1o ]
Exp. +20

e O m O

Obs. Dijet (37 < 0.4) |

_ |
Obs. Dijet (57 > 0.4) ]
Obs. Diboson

1

I

1
1 1 I
1 1 1
I 1 1 x 4
1 1 I
1 1 1 -
1 1 1
1 1 1
I 1 4

1
L h 1 I
I 1 l ]
+ 1
X .|. | ]
I 1 1 1 q' 1
ob——t v L1l | | ®eme
(=] [=1 o [=3 o o Q {=1 o [=]
8 8 8 g 8 8 g 8 S & © Nogcﬁo fod &o ﬁogoﬁo
mmmm T T & @ oS =858 o = =1 >3 58 i
s g o g o 8 s o NN P Sgdes el 395838 guls T
oooooo S S 588 omom SR Y ogow <
¥+ 8 5 8 5 8 - < S
S g .8 g .8¢8 - ¥ §
S o o =] M ==
S O M cd =M g EX=3=1
BN £%

» The obtained limits are generally at the same level of magnitude as the previous results
but are improved by an order of magnitude for large daughter mass difference cases.
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https://journals.aps.org/prd/abstract/10.1103/2yq5-vj59

Anomaly Detection in 24-lepton Events

arXiv:2508.19778

Model-independent

Maodel-dependent

|
1
— 8 T T T
ﬁ I IE. [
. I (o) - P ATLAS Simulation
Control regions 1 Caontrol regions Benchmark regions 8 I Vs=13TeV. 140 |b'1 . VLLg
s | )
| o = VLL?
) 2 g u |
e 1eRNG Discovery 44,0 =0, 4£,0 =0, = ™
HFe HF 0Z,05F05,  1Z,1SFOS, [y 1 HFe HFu s | s g | A ¢ Flav. VLL,
< 50% < 90% 1 & | a X‘% ',')?g
: BT ] v fuR .
4,0=0 4,0 =0, " g‘ 41— . —
. : . 1Z, 2SFO0S, = 4£,Q =0, 44,0 =10, I A * u
WZ I ttZ LFe 02{,195;;)5, < 90% | WZ/ttZ LFe 07, 1SFOS 17, 2SF0S % . .
‘0 Llj ””””””””””” === ====1 == =======-"@ - 4= === == =====&==-+=|==+==+9======= = -
0b =1b 1 | ] -
.
49=0, 10=0 ! 2= . . . v m
— =90, 2z, I ) 46,0 =0, ] | A -
onversions VAR SIS < 90% 1 Conversions 07, 2SFOS v . .
< 90% o ! |
" =1 | P . 4 v . . i
| o8 PSR — 1 .l | Fo 4+ 'y P -
| L
46,0 =+2, =5¢,=1Z, I 0Z 0z 0Z 12 1Z 27 Q=+2 25l
<90% < 90% FOSFOS | 1SFOS 2SFOS 1SFOS 2SFOS
: >50% >90% >80% »09% 599.9% >00% »99% >90% >09% >09.9% 90% >99% 99.9% >00%  0Z  >90%
Each layer fitted separately. Regions further split by nopl-jz lepton flavour and Model-independent signal bin
presence of b-jets.
0
. . 5 0T ‘ ' 1
* Model-ind dent I d E ATLAS — om.tmt |
odel-indepenaent analysis used an £ e v 140 Obs. fmit |
5 A I Bt Exp. limit

event-level unsupervised anomaly : — -
detection based on normalizing flows. — |

* The flow is trained on the BG MC only
with high-level kinematic variables.

« Small excess in 4-lepton SR with a total &

S50% >00% >90% 599% >99.9% >00% >99% >00% »99% 599.9% >90% 509% >99.9% »90%  0Z  »90%

Ch a rg e Of i 2 . Model-independent signal bin
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https://arxiv.org/abs/2508.19778

Towards HL-LHC

See talk by Chen Zhou

Andreas Hoecker

Bunch intensity Peak lumi Int. lumi / year
[protons / bunch] [cm—2s1] [fb=1]
LHC design 1.15-10" 55 1-10% 23 30
LHC today 1.6 -10™M 60/18 2.2 -10% 64 120
HL-LHC 2.2 .10M 15 5-7 - 1034 140-200 up to 300

Improved crygenic cooling and collimators,
make all systems more radiation hard

Stronger focussing: 12 new Nb,Sn “inner triplet”
quadrupoles at ATLAS & CMS (aperture: 70 —

150 mm, B-field: 8 — 11.5T)

« HL-LHC is aiming to collect >2500 fb-! of data
in 9 years: LHC+HL-LHC - 3 ab-"

» Phase-ll detector upgrade is actively ongoing,
to cope with the HL-LHC conditions &
enhance capability with innovative technology.

« HL-LHC will provide unprecedented precision
for measurements & sensitivities to BSM!

Hideki OKAWA

RF crab cavities to restore effective
head-on collisions, LIU high-
brightness programme during LS2

ATL-PHYS-PUB-2025-018, CMS-HIG-25-002

my [GeV]

ATLAS+CMS 3 ab~! per experiment
Projections ESPPU 2026
]
Instability
. my from ti+jet
--- §TeV (202 1)
Metastability —— 13TeV (363 M077)
" —— 52 with profiling
-------- 52 without profiling
1700 i Stability R

CAP 2025 & 19th TeV Workshop

o (pp — S — HH) [fb]

S2 scenario (14 Tev)

4 - ATLAS+CMS Spin 0, Gluon fusion production 1
10 E Projections ESPPU 2026 Narrow Width Approximation
Foomnn 95% CL upper limit
- Expected
107 95%
68%
10E =
1 =
F —— 3ab'perexperiment NN TTeee-
107! o 139 o (CMS-only, 13 TeV) =
' Real singlet (b3 =100 GeV,0=0.2)
W8 —a,-05 —a,=10 E
3x107" 1 2
mg [Té\l]


http://cds.cern.ch/record/2928907
http://cds.cern.ch/record/2928907
http://cds.cern.ch/record/2928907
http://cds.cern.ch/record/2928907
http://cds.cern.ch/record/2928907
http://cds.cern.ch/record/2928907
http://cds.cern.ch/record/2928907
http://cds.cern.ch/record/2928907
http://cds.cern.ch/record/2928907

Summary

* Presented selected highlights of new physics searches from various
perspectives.

« There are small excesses in various channels. Further investigations &
iInter-experimental consistency checks are mandatory.

* Foreseeing the complete LHC/HL-LHC program, we have only looked
at <~10% of the expected dataset so far!

« With the innovations from the detector upgrades & analysis techniques
(particularly Al), rich physics programs are still waiting ahead.

For the full list of LHC excesses, see: https://Ihc-bsm-wg.docs.cern.ch/excesses/
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LHC & HL-LHC Schedule

LHC HL-LHC

LS3

13 TeV 13.6 TeV

13.6-14 TeV

energy
Dlodes Consolldation
spliee consolldation crvolimit LIV Installation i i HL-LHC
7Tev_ 8TV bution collmators fogions Civil Eng. P1-P5 ot be radciation fmit installation
— R2E project regions ng. - P am
ElEENEIESENEIETNENED) mmmml@
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS g mmir‘gﬁjﬁlﬁ
beam plpes ] ) ! HL upgrade
nominal Lumi 2 x nominal Lumi ALICE - LHCb ) 2 x nominal Lumi \

}M /— upgrade
m integrated [EEUUVRISY
luminosity JENILE{ VR
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ATLAS

Physics
Group

HMBS

HMBS

HMBS

HMBS

HMBS
HMBS

EXO

List of LHC Excesses

Final state

Compessed sleptons \(\to\)
2L

Compressed EWKinos \(\to\)
2L

EWKinos \(\to\) multib

VBF Charged Higgs \(\to\)
2-3L

Charged Higgs \(\to\) cb
VBF Diboson \(\to\) 1L2j

dE/dX

Hideki OKAWA

Nature of excess

m(\(\mu\mu\)) 5-10
GeV 2.0 (SR2-
BDTmm5+10)

mll ~ 20GeV (SR-E)

2017 in SR with
MET>200 Meff>860

mH = 375GeV

mH+ =130 GeV

mT ~1.5TeV

Local (global)
significance
I\(\sigma\)]

2.4

2.7

2.6

3.3(2.5)

2.8

3.6

Dataset

Run 2

Run 2

Run 2

Run 2

Run 2

Run 2

Run 2

Reference

HMBS-2024-64

SUSY-2018-16

SUSY-2020-16

HDBS-2023-19

HDBS-2019-24

HDBS-2018-10

SUSY-2018-42

Does the other
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