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

A p-p collisions at 7/8 TeV (Run 1: 4.8/20.3 fb'1), 13 TeV (Run 2: 140 fb1), 13.6 GeV (Run 3:
targeting 350 fb1). Four large-scale detectors at the collision points.

A Providing a unique microscopic probe with a mystic link to the history of the Universe.
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ATLAS Detector
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- A One of the two general-purpose
barrel electromagnetic calorimeter .
. detectors at the LHC along with

barrel hadronic calorimeter C M S .
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A Significant upgrade (Phase -I) 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

A 3 independent institutes: IHEP, USTC,
Tsinghua

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

A 1 technical associate: SINANO, CAS

TSUNG-DAO LEE INSTITUTE

A 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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ALHC will continue to search
at the energy frontier.

Aln parallel, with its
unprecedented large
statistics, we are beginning
to enter a new precision
era.

ALHC is a Higgs boson
factory, a top-quark factory,
with accessibility to rare
production & decays.



Higgs, Top & Stabllity of the Universe

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

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

A 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 — 5 F——®——1 126.02 +0.51 (+ 0.43 + 0.27) GeV
Run1 H — 4/ e 124.51 £ 0.52 (£ 0.52 & 0.04) GeV
Run2 H — 4~ 125.17 £ 0.14 (+ 0.11 £ 0.09) GeV

Run2 H — 4/ 124.99 + 0.19 (+ 0.18 + 0.04) GeV
Run1+2 H — v 125.22 + 0.14 (+ 0.11 + 0.09) GeV
Run 142 H — 4/ 124.94 + 0.18 (£ 0.17 £ 0.03) GeV

Run 1 Combined 125.38 + 0.41 (£ 0.37 + 0.18) GeV

Run 2 Combined I-qj-l 125.10 £ 0.11 (+ 0.09 + 0.07) GeV
Run 142 Combined T 125.11 £ 0.11 (+ 0.09 £ 0.06) GeV
1 J 1 1 L 1 J 1 1 1 1 1 1 I 1 1 L 1 J 1 1 L 1 { 1 1 1 1
123 124 125 126 127 128
my [GeV]
A TLAS I+jets boosted

Direct top quark mass measurements Total uncertainty

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

Tevatron comb., 1.8+1.96 TeV, <9.7 fb”' e 174.30 £ 0.65 (0.35 + 0.54)

LHC comb., 7+8 TeV, <20 fo! 172.52 £ 0.33 (0.14 £ 0.30)

ATLAS, leptonic inv. mass, 13 TeV, 36.1 fb™! e 174.414+ 0.81 (0.39 £ 0.71)

CMS, l+jets, 13 TeV, 36.3 fb! e 171.77 £ 0.37

CMS, I+jets boosted, 13 TeV, 138 fb”' 173.06 + 0.84 (0.24 + 0.80)

ATLAS, I+jets boosted (this result), 13 TeV, 140 fb™' 172.95 + 0.53 (0.27 + 0.46)

L | L
160 165 170 175 180

m, [GeV]
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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

Real Scalar Singlet Model

. B Nathaniel Craig 1
Is it the SM Higgs? =
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A Higgs boson self-coupling will tell us about the Higgs potential shape. - **
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https://doi.org/10.1103/PhysRevD.94.075008

Di-Higgs Searches with Transformers
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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

AHiggs 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

A Searches for rare decays can be performed via:

1. Inclusive model -independent search A measure the Higgs boson decays width
2. Exclusive channel -by-channel searches
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https://doi.org/10.1016/j.physrep.2024.09.002

Evidence of Off -Shell Higgs Boson
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A Decay width is a model-independent probe for BSM, but SM Higgs boson decay width
(0,=4.1 MeV) is well below the GeV -level detector resolution

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

A 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: Aishik Ghosh

Summarisation
to histogram
Likelihood
20,12)

Summary
Histogram Statistical
P Fit
1 —

High-dim data
The neural inference framework:

Likelihood Ratio
- Z(6,1D)
Fref D)

Obs Data ——

Neural Simulation -based
Inference (NSBI)

Neural
Networks

0, >

High-dim data

0(16) observables

A In neural simulation-based inference (NSBI), the NN output is
directly used for the statistical treatment A no information
loss from 1D dimensional reduction & histogram binning

A 1t can also handle parametrized signals & complicated
sighal/BG interference.

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

BSM Rare Decays to Low -Mass Scalars

ATLAS Preliminary

October 2025

106\/5 =13 TeV, 14.6-140 fb!

104 N
'2: 1 1 1
1010-1 1 10 102

A Higgs BSM decays through low mass (pseudo-)scalars often lead to highly collimated signatures.

95% CL upper limit
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= Expected
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Jet tagging with DeXTer
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(20, 30) GeV

A Deep Sets based neural networks (DeXTer) designed for low p; double b-tagging.

(40, 60) GeV (50, 70) GeV

mass point

A Small excess seen in HA a,a,A 4b search: Global (local) significance of 3.28 (2.57) G for (m_,, m_,)

= (50, 70) GeV.
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https://journals.aps.org/prd/abstract/10.1103/mzld-ldlt

More Higgs Bosons?

60 May 2024
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= arXiv:2402.05742 = s . s L . s - L L s ]
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A Heavy Higgs boson decays to ddare dominated for
low tan b in Two Doublet models, but are challenging
due to large BG & interference.

A odlthreshold region is not considered (see Haifeng
Li 0s t atbpeniumohbservatiorg

A 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

VBF doubly-charged Higgs

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

Di-Higgs resonance

PRL 132 (2024) 231801

'I L I T I T I I I I E T T I T T T
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5

A Di-Higgs resonance: global (local) excess 2.14 (3.30).
A VBF doubly -charged Higgs: global (local) 2.50 (3.30).

A Scalar extensions (X A SH): CMS saw global (local)
excess of 2.8U (3.80) at (my, mg)=(650, 90) GeV [JHEP 05
(2024) 316]. Not seen by ATLAS.
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Scalar extensions (XA SH)
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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

> :
O Lo ATLAS . ’
a Ys=13 TeV jet area E correction
L%’ e AL Dijet events . 3

. il <24 residual p 1 correction

P, > 85 GeV
y*| <0.6

Pg
o
o
o
o
og
=]

residual Npy

» Trigger-level jets (J100), 132 fo!

W et
S L - - applied by HLT  derived custom not applied
e o 0.2:.
A Very challenging to search for resonances decaying  °'*
to quarks. i
A We need to perform analysis at the trigger level to 012E
go below ~1.5 TeV. A Need to apply custom jet OZ;:
calibration 0067
A Global (local) excess: 2.2{ (3.40) for m,=650 GeV. F
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https://journals.aps.org/prd/abstract/10.1103/15p2-bkg8

Supersymmetry

{5 =

T

106.Hw...]_r..lw.r.lpp’. PTE’.V.
10°
10*
10°
102
10
1
10"
1072
10°°
104
1050

Cross-section [pb]

0001500 2000 2800 3000
SUSY particle mass [GeV]
A Direct electroweak productions are

becoming more accessible due to
large dataset.

L
500

A 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, Gogb] Oe.p 2-6jets Eg:“‘ 140 | ¢ [1x. 8% Degen] 1.0 1.85 m(i)<400 GeV 2010.14293
3 mono-jet 1-3jets B 140 § [8x Degen.] 09 mig)-mi¥:)=5 GeV 2102.10874
= B8, Bt Qe 2-6jets  EPS 140 H 2.3 2010.14293
§ E Fe 1.15-1.95 2010.14293
8 Tep 2-6jets 140 £ 22 2101.01629
o sl f O] et 2jets  EPS 140 | & 22 220413072
G sqgWZE Oep  7-1jels EPS 140 | 1.97 2008.06032
?3) SSeu 6jets 140 & 115 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!(dUDGE\J 2101.12527
by 0.68 10GeV<Am{b T1)<20 GeV 2101.12527
9c Byby, By —b%S — BT Oept 6b E‘i”“ 140 by F 0.23-1.35 Am(F3,1))=130 GaV, m(i 1908.03122
= 8 27 2bh E 140 By 0.13-0.85 2103.08189
§§ O1en > | jet EPS 140 @ 1.25 2004,14060, 2012.03799
: g Tew  delsNs EMS 140 |4 1.05 2012.03799, 2401.13430
g 120 2fesib BRSO 140 | & bidden 1.4 2108.07665
B § Oept 20 EPS 361 |E 085 1805.01649
o Oep mono-jet  EY 140 @ 055 2102.10874
12ep 1-4b 140 | & 0.067-1.18 2006.05880
Sep 1h 140 | & 0.86 miF|)=360 GeV. mi; Fm( 2006.05880
Multiple ¢/jets Epis 140 | R 0.96 m(i)=0, wina-bino 210601676, 2108.07586
o zljet  ERs 140 | FHE 0205 ) miE})=S GeV, wing-bino 1911.12606
via WW 2ep 140 | &7 0.42 m(F})=0, wino-bino 1908.08215
via Wh Multiple ¢/jets 140 | F5F; Forb 1.06 2004.10894, 2108.07586
- i vialy /v e o 140 | &7 1.0 1808.08215
= 8 1 rork) 2 B 140  |FERERD 035 0.5 2402.00603
WS i o) 2eq Ojets  Ept 140 |7 07 1908.08215
e, g =ljet  EP™ 140 |F 0.26 1911.12606
i, = Oep =3b F.‘;"" 140 i 0.94 2401.14922
dep 0 jets ELM 140 i 055 i 2103.11684
Oep =z 2large jets £ 140 H 0.45-0.93 BRIF| — ZG)=1 2108.07586
2ep z2jets  EPS 140 H 077 BRIFY — ZG)=BR(T — 1()=05 2204.13072
Direct ¥1¥7 prod., long-lived ¥ Disapp. tk  1jet  EP™ 140 |d} 0.66 Pure Wino 2201.02472
i 0.21 Pure higgsing 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 T 0.36 2205.06013
FLET ) W Zitet dep 140 | X/F)  [BR(ZTI-1, BR(Ze)=1] 0625 1.05 Pure Wino 2011.10543
[F3 — WW/ZEEECvy dep Ojets  EP™ 140 | FEEY [ # Oy 2 0] 0.95 1.55 miF|)=200 GaV 2103.11684
g-rqqb). V) — ggq =8 jets 190 | & [miE})=50 GeV, 1250 Gev] 1.6 2.34 Large ), 2401.16333
PO A T Multiple 361 | [g=2ed1e2] 1.05 mi(!)=200 GeV, bino-like ATLAS-CONF-2018-003
3:- if, F=hPT X7 — bbs = 4b 140 |7 Forbidh 0.95 mi¥7)=500 GeV 201001015
By, fi—bs 2jets +2b 36.7 | 0.42 0.61 171007171
fify, =gt 2egq 2h 140 iy 0.4-1.85 BR(f) —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 " L PEEPEa | " " " " "
107! 1
Mass scale [TeV]
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Compressed Scenarios

|[Electroweakino search]

14
A Mild excess of ~20 observed. P ,
A A similar excess seen for the <0 %
. : X1
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[Slepton search]
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. 8 C 3 1?2 ATLAS i
(Acor r i dduetosmad g 5 s o0 oo i %
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cross section & compressed % 4of ey ey S %) m o o
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. . L — Obs. Limit off-shell === Observed BDT-based ( )
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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"

A Phenomenological MSSM
(PMSSM) varies a limited
set of parameters affecting
the electroweak sector.

A Parameter regions are
excluded based on the
global likelihood of models
relevant for explaining the
DM relic density.

A Complementary to direct
DM detection experiments
In the O(100) GeV region.

1 0_43 ATLAS exclusion fraction after non-DM external constraints
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https://doi.org/10.1016/j.physrep.2024.09.010
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Leptoquarks

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

ATLAS Preliminary

V§=13 TeV, 139 fb~1-140 fb~?

R(D™) =

B(B — D®r~1,)

B(B — D®){-1,)

% S fean 21018 = TEREETE  me nglesPa o, limits at 955
k=3 gealar (pain A(l :ggi:m —- PLE 34 (2020] 130736 1301 ! . Slnlgle-lw-P:?lr+N0rl1-relsor}anE produlcholn, |‘ImIES at 95l o [CLW : Mx'l:er"Il 2025
g o i AR = iR B 5 i | ' 3
e - te)=1. . 1 - H o,
—te)=1. 195 EPJC 84 (2024) 818 139 fb - —_—
= Vectuéglgrggg}ﬂ gﬁto afﬁ =1l.g e e T ) 112 i ,’g,f = observed B anomalies preferred (90% CL) ATLAS Pre||m|n1ary__
= Sccglgrr((pgllrr))g(rll:o-_:gﬁ =10 17 PLE 854 (2024] 139736 1130 fo-! C === expected [EPJC 83 (2023) 153] Vs=13 TeV, 139 fb B
S o ERASTHOS R e - YengMils coupng 3
- ractor (VM (o) ALG = E=10 = 195 PIC 84 (2024] 818 130 35— — bir ang-Mills coupling
s G AR ~— ) N L E T R E
Vecmrs(‘:ﬁlﬁ; pgl‘[ L _,gﬁ =10 : 165 - EPIC'E3 (2023 1075 139 ’,EJ - [arXiv:2503.19836] [JHEP 10 (2023) 001] =
- s:a\ar(sm Ieglm))n A At 134 ’ JHEP 10 (203 001 130! 33— brbr/brtv/vtv (comb.) 5]
B e e 2SS = - i S - :
'ector n) (single+non res.+pair, = . - at
5 ° ectloré I| % (sm;leﬁwn ‘r’eH/\ b3=2.5 L) arXiv:2 326 140 fb"L - [PLB 854 (2024) 138736] e
= Ve lor i '(EsTnm’lgﬁirT Pes) Albr)=23 Lot 280 ke 21500 202 oot 10 - 2.5¢ ]
Sca ? r (pair) B(LQ = tT =1 0 152 ’ PLB 854 (2024) 138736 139 ! — 54|
Vectur(Mln) pair; BE § !:1 0 1.54 PLBE 854 (2024) 138736 139 fb ! C 2
Vector (YM) (pair) B{L( *tTg:l.O 181 PLE 854 (2024) 138736 139 fb_t 2 [ 25
Scalar pall’ B(LQ-cv)=1.0 0.88 arXiv:2410.17824 139 fb | _ =
Vector (Mln{ pair) B(LQ - cv)=0.5 0.95 ariw.leO.lTBZd 139 ‘_I'Eﬂ - 2
Ve S (5ain) BLG ~ B=1 M9 6 Bl ooy 13736 1138 ot c 3
Scalar palr; éLgatv =1.0 1.24 PLB 854 (2024) 138736 1139 fb! 15— —
Scalar (pair) B(LQ =+ te)=0.5 1.45 PLB 854 (2024) 138736 139 b ! e =
- Scalar {palr BE 8—otu =0.5 1.43 PLBE 854 (2024) 138736 139 fb:‘L - =
= Scalar (pair) B(LQ = tT)=0.5 il PLE 854 (2024) 138736 139 fb I~ —
= Scalar (pair) B(LQ - be)=0.5 151 PLE 854 [2024] 138736 139 ! _ |
> Vector (Min] (bair) AILQ - bel=0.2 162 o JHER 06 12021) 18 e 11— —
o VectoL Ot pair Mo~ bai=02 157 ' PLE 854 (2024] 138736 1130 fb! - .
— Vector (Min) (pair) 5(LQ - b)=0.5 171 JHEP 06 (2023) 188 139 ! = -
ectur (YM; pair) B L%-’bp! =0.5 1.98 JHEP 06 (2023) 188 139 fb ! 0 5 ooz —
Scalar (pair) B(LQ—bT)=0.5 1.34 PLE 854 (2024) 138736 139 b ! g+ -
Vector (Mln; Epalr B(LQ-bT)=0.5 158 PLB 854 (2024) 138736 139 fb! - -
Vector (YM) (pair) B(LQ - bT)=0.5 1.84 PLE 854 (2024) 138736 139 fb! — -
. 0.5 1 1.5 2 2.5 3 0 Ceovo oy P P 1 -]
jrefers tou. . or s quark entonuark mass [Tev] 1000 500 2000 2500 3000
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Leptoquarks may explain the R(D)/R(D*) Eur. Phys. J. C 85 (2025) 1335 arXiv:2507.03650
I' h b f . § e e e I R S B B B By B B e e M B e e >8‘ E T T A
= imi i | ATLAS . . N
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o -1 3 F Vs=13. s -
* ol 12? - 14010 I Expected +1o - L Sy - e+b, e + b-jet channel i
. . lo; E 95% CL limits Expected +2¢ E L i
Searches are extensively performed via i ee Bpocted (1 2SoMST 10) 1 F g
. ] . . . E - - -« Expected (T, > 3b BJET, 126 b) 3§ C I
various final states, but no significant sign ; " Expocied (2 2o, S0 MSDT, 140 1) 3 ; :
] 107 —— VLL 4321 model prediction — - .
SO far R T m————— E 2= Alllimits at 95% CL |
. 102 e tt.oTTmmmememTIT = B ~—— Observed limit i
§ g B = = Expected limit b
.F - 3 E +100xp 1
We are starting to reach the phase space ?Muln e b/ Ufinal states L e uomea ]
* 104 - p L. T E . . . .
preferred by the R(D)/R(D*) anomaly. 1000 TS0 20020 om0 30000
my,, [GeV] m(S+) [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

Two classes of anomaly detection
A Weakly supervised : trained on a reference data

A Unsupervised : directly identify rare events

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

A Al is now providing an alternative/complementary approach to search for new physics.
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