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Complementary experiments, designed
to independently explore wide range o

signatures
physics phenomena °

Run-2 (2015-2018):
~140 b~ recorded per experiment at 13 TeV

Run-3 (2022-2025):
Now running at 13.6 TeV, aiming for >250 fb™
Nearly doubling the Run-2 dataset

Combined total by end of Run-3:
~450 fb™ per experiment (Run 1+2+3)

Expands reach for rare processes, heavier
; particles, and sensitivity to new physics

Together, provide cross-verification of
results — core strength of LHC physics

1 fb™' corresponds to around
100 million million (potential) collisions
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CM S m— 2010, 7 TeV, 45.0 pb™'

m— 2011,7 TeV, 6.1 b
m— 2012,8TeV, 233 b
w2015, 13 TeV, 4.3 fb™
s 2016, 13 TeV, 41.6 fb
s 2017,13 TeV, 49.8 fb™"
— 2018, 13 TeV, 67910
—2022,13.6 TeV, 415 b
— 2023, 13.6 TeV, 32.7 fb!
— 2024,136 TeV, 122.21b™
2025,13.6 TeV, 10.7 fo™'




Reconstructed signatures

Layered sub-detector systems — allow precise particle identification and
energy/momentum measurement

tunnel center

Standard objects:

e Electron: inner tracks + EM calorimeter energy " e (":||CAtL
: : usters
e Photon: EM clusters without associated tracks peL : HH
: . : &
e Muon: tracks in tracker + muon system . © \
o Jet: anti-k. algorithm to PF-like inputs i \

S
2

i 2
' A + photon

o b-jet. identified using secondary vertex tagging S PF ‘. ;
e Hadronic tau: narrow jet with specific decay signature  cnargea HH :
e MET: negative vector sum of transverse momentum e 8

(hallmark of invisible particles escaping detector) Nature Detector

Beyond these, we go outside the box to look for nonstandard objects and unusual signatures,
like displaced/trackless jets, secondary vertices, ...




BSM program at the LHC ATLAS Public Results

e We have measured SM with unprecedented precision CMS Public Results

e But many open questions Beyond the Standard Model (BSM)
e LHC’s BSM search program targets broad phase space for new physics

e The high energy and growing dataset provides powerful environment to explore new physics
o produce new heavy particles
o  probe rare or exotic signatures

e Increasingly, novel techniques, like machine learning are used to enhance signal sensitivity

@ Dark Matter

Note: only selective recent results from

@ Resonances each category are showcased in this talk
BSM landscape Py

(this talk)
@ Supersymmetry

@ Exotic/Unconventional Signatures


https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://cms-results.web.cern.ch/cms-results/public-results/publications/

@Dark Matter (DM) Searches

9| cms-PAS-SUS-23-017
| CMS-PAS-SUS-23-017

Y Phys Rev.Lett. 134 (2025) 12, 121801



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-017/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-017/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.121801

Dark sector map

Pseudo- Scalar Ellfe?ugrr]x

scalar Higgs

SICEU]
Susy

Emerging
jets

Neutral
natural-
ness
Axial-
vector
S
visible
jets

Fermion Hidden
Vector portal valleys

2HDM+a

Inelastic
- Dark Matter
Simplified Extended

dark sectors dark sectors

Neutrino
portal

Plethora of DM models,
Dark sector probing broad phase space

models in
CMS searches



Dark sector map
https://cms.cern/news/mapping-uncharted-territory-cms-reviews-searches-dark-matter
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http://dx.doi.org/10.1016/j.physrep.2024.09.013
https://cms.cern/news/mapping-uncharted-territory-cms-reviews-searches-dark-matter

CMS

Search for DM+pencil jet Dark Matter |

CMS-PAS-SUS-23-017

’\7r+

First search at LHC to use low-multiplicity jet signature and
supervised machine learning to enhance signal sensitivity

Mass range considered
DM candidate: 0.1 - 1 TeV
Mediator: 2- 5 TeV Exclude mediator mass upto 4.25 TeV
Z’ particle: 0.3 - 3 GeV for DM mass 100 GeV at 95% CL

Expand sensitivity: 1.8 TeV — 4.2 TeV!

No significant excess observed.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-017/index.html

Search for mono-Higgs(bb)
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Simplified DM models
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CMS
Dark Matter
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CMS-PAS-SUS-24-007

Final state: MET + (H—bb)

__________ X X Di-jet M
S , bb
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q .
o A Enhanced S/B using graph
v x T’T‘“—--—>Q———— neural network, ParticleNet
L by tagger to identify H—bb vs QCD
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-007/index.html

DM with dark Higgs — bb

ATLAS-EXOT-2020-26
Phys.Rev.Lett. 134 (2025) 12, 121801

= X

Dark Higgs scalar s — bb,
Z — DM

=
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®\<
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-26/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.121801

@Resonance Searches

CMS-PAS-B2G-24-007

arXiv:2503.05463

arXiv:2502.09770


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-24-007/index.html
https://arxiv.org/abs/2503.05463
https://arxiv.org/abs/2502.09770
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Heavy resonances yH and yZ with bb Resonances

CMS-PAS-B2G-24-007
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Z F |
y b // A b
Jet g Jet b
No significant excess observed Most stringent limits to date
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-24-007/index.html

Exotic Higgs decay to 4 tau final state

Events / GeV

Data / Pred.

H — aa — 4z final state

Results presented: 4 GeV < ma < 15 GeV

a — 2t — ur, boosted decay product

Average mass of the two pr,__, candidates

300F T T T T ] >800—' \HH|H-‘|""\""|""_
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No significant excess observed

Average My [GeV]

New tau identification technique improved

Resonances

EXPERIMENT

ATLAS

ATLAS-HMBS-2024-25

arXiv:2503.05463

ability to spot the high p. taus

New limits set as low as 3% on the decay

probability (branching fraction) of Higgs
bosons decaying into pairs of new particles.

= 04— | . -
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-25/
https://arxiv.org/abs/2503.05463

Resonances FENiNe

Anomaly detection for dijet resonance search TLAS S

arXiv:2502.09770
Weakly supervised ML to search for resonant signal, localized peak inm

Optimized to be model-independent
Aims for sensitivity to broad range of new physics

95% CL upper limits on o(pp—A—BC) set by
the 2 ML strategies for

‘:3 25 T T T T T T T T T T T T T T T T T T T T T T T
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ER R RPELE i i i ! £=0.02
(a) Definition of Regions (b) Background Estimation (c) Classification of Signal QT 20 —,' v B i i H o | M, ™ i
__________ Do h ¥/ i i i . | O Exp. CURTAINs
_ ) ] _ I SR 128 [ B | | | 9 i = Obs. CURTAINs
Final state: high p. large radius jets | SB 1 i : i o Ew.SALAD
| 8 E N : : S v <1 ]
o . . | ® Background! | B ! ! ! P, E10
J = anti-k_ jet with cone size of 1.0 | A ' 1R Ry | | Exp. +20
T | % Signal : ] ‘AN E : : 1
Input 7 to ML classifier: jet mass and subjettiness | Bstimmte | orsy /'?——-\ | i ' R | 4 Obs. Dijet 22 <0.4) ]
__________ ¥ ~ A : - : v Obs. Diet 22 > 0.4) |
. . . I o0 B ol | | Obs. Dib
Use 2 ML strategies to estimate backgrounds in 5| -t N RRY 5 TR ]
. r 1 1 1 o 1
different SRs. In each SR, search for local excess , ; ; Lo o0
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across various models et e e
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==

Similar performance, than existing di-jet searches 14


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-34/
https://arxiv.org/abs/2502.09770

Summary of Diboson resonances

ATLAS Diboson Searches - 95% CL Exclusion Limits

Extra

dimensions

Gauge
bosons

Model

Status: March 2023

Channel®

Strategy*

Reference

£=139 b

ATLAS Preliminary

Vs=13TeV
Reference

Extra dimensions

Bulk RS (knr, = 35, Ag = 3TeV)
Buk RS (kr = 35, Ag = 3TeV)
Bulk RS (kar = 35, Ag = 3TeV)

RS1 (k/Mp; = 0.01)
RS1 (k/Mp, = 0.05)
RS1 (k/Mp; = 0.1)
Bulk RS (k/Mp; = 1.0)
Bulk RS (k/Mp; = 1.0)
Bulk RS (k/Mp; = 1.0)

R — WW, ZZ - wqq, tvqq, ttqq

R — WW — evpy
R — WW, ZZ - qqqq
Gk = vy
Gk = vy
Gk = yy
Gui = ZZ — LECE, vt
Gkk = WW — evuv

Gk — WW, ZZ = vvqq, tvqq. téaq

resolved, boosted
resolved
boosted
resolved
resolved
resolved
resolved
resolved

resolved, boosted

T
0.3-3.2 TeV

L 0522TevU24-26TcV I |

0.3-1.3 TeV.
0.3-2.0 TeV.

Eur. Phys. J. C 80 (2020) 1165
ATLAS-CONF-2022-066
JHEP 06 (2020) 042
Phys. Lett. B 822 (2021) 136651
Phys. Lett. B 822 (2021) 136651
Phys. Lett. B 822 (2021) 136651
Eur. Phys. J. G 81 (2021) 332
ATLAS-CONF-2022-066
Eur. Phys. J. C 80 (2020) 1165

HVT model A: gr = —0.55, g = —0.56
HVT model B: gr = 0.14, gy = -2.9
HVT model C: gr =0, gy =1
*small-radius (large-radius) jets are used in resolved (boosted) events

Twith € = u, e

Excluded mass range [TeV]

Buk RS (k/Mp, = 1.0) Gkx = WW, ZZ - qqqq boosted JHEP 06 (2020) 042
HVT model A W = WZ - o't resolved arXiv:2207.03925
HVT model A W' — WZ — vvqq, tvqq, ttqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model A W’ — WH — tvbb resolved, boosted arkiv:2207.00230
HVT model A W - WZ - qq9qq boosted JHEP 06 (2020) 042
HVT model A W’ — WH - qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model A Z' - WW - evpuv resolved ATLAS-CONF-2022-066
HVT model A 7' » WW - tvqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model A Z' — ZH — vvbb, (tbb resolved, boosted arXivi2207.00230
" HVT model A Z' - WW - qqqq boosted JHEP 06 (2020) 042
§ HVT model A 2’ - ZH - qqbb boosted Phys. Rev. D 102 (2020) 112008
8 HVT model B W = WZ - et resolved arXiv:2207.03925
§ HVT model B W’ — WZ - vvqq, tvqq, (fqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
S VT mocel B W’ — WH — (vbb resolved, boosted arXiv:2207.00230
HVT model B W’ - WZ - qqqq boosted JHEP 06 (2020) 042
HVT model B W’ — WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model B Z' - WW - evuy resolved ATLAS-CONF-2022-066
HVT model B Z' > WW - fvqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model B 2’ — ZH — vvbb, (Lbb resolved, boosted arXiv:2207.00230
HVT model B Z' > WW — qqqq boosted JHEP 06 (2020) 042
HVT model B Z' — ZH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model C W - WZ - o't resolved | 0.3I-0.34 TeVv i q - i ; : i arXiv:2207.03925
0.5 1 1.5 2 25 3 35 4 45
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-007/

Y orXiv:2503.17186
M CMS-PAS-SUS-24-003, CMS-PAS-SUS-24-012, CMS-PAS-EXO-23-017
CMS-PAS-SUS-23-014

W


https://arxiv.org/abs/2503.17186
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-017/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-014/index.html

Search for direct slepton production

k=

m({9) [GeV]

600

500

400 |

£

X

c0

2 lepton + 1 jet + MET final state

Focus on challenging “corridor”
region to close a persistent gap

" in sensitivity to models with Am<m,,

Am = lrln() m(z,°)

/
—— ——— —
‘l- 8 TeV, 20.'3 fo-! arXiv:14|03.5294
L Soft 2¢ arXiv:1911.12606
L 2 arXiv:1908.08215
I 20, Am~m(W)  arXiv:2209.13935

LEP /i excluded

Expected CC-based exclusion

Observed CC-based exclusion
-~~~ Expected BDT-based exclusion

- ,,,
N 77

Observed BDT-based exclusi}n— N
1l

A

A1|'LAS |

Vs =13 TeV, 140 fb~!
pp — It gl g — 633
All limits at 95% CL

= 120 g T ———
I% 100

% 75 V5=13TeV, 140 fb~!
I‘-’; PP = {plip X}

| € Al limits at 95% CL

1

-ervza:lb arXiv:1403 5294 -
su

Am(ﬂ

arXiv:1911,12606

1

1

|

|
arXiv:1908.08215 1
- 2 A =m(W) arXiv:2209.13935
Jin excluded I
--- Epomoccneseum lusion
—— Observed CC-based exclusion |
|

|

1

|

Events

Data/Bkg

Supersymmetry [N

ATLAS-HMBS-2024-64
arXiv:2503.17186

Local excess of 2. 40’ in smuon earch

ATLAS

Post-Fit SR-BDT™

M

; I_LLIL'IIII|IIII|IIII

Vs=13 TeV, 140 fb’

T
"¢ Data 72‘:) = (200 190)
1 ===~ Total Background ~_____ (7 %) = (200,170)
| Diboson 7 0
o - == m(7%) = (200,160)
I Fake/Non-Prompt
I Other :

| II|IIII|IIII|IIII|IIII|IIII

b R
------ . _ _ =
R | .
4 1 Pl ) + E * l 9% )l
LECINt S A 0 i 7
SR1 SR2 SR3: SR1 SR2 SRS SR1 SR2 SR3: SR1 SR2 SRS SR1 SR2 SR3
BDTY, BDT, : BDT. : BDT._ :  BDT.
i+ 20 30 40450 60475

/:
r 300 400 500 600 .
mi.n =me=maaicev | A\ corridor
100 200 300 400 500 600 700
m({.,r) = M(EL,r) = M(fiL,R) [GeV]

Uses cut-and-count & BDT methods,
each optimized for different Am splittings

For the first time, sensitivity across full
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-64/
https://arxiv.org/abs/2503.17186

Search for Electroweakinos production

Probes previously unexplored soft regions

Compressed mass spectra — low p. particles

Am(yF, X10) <5 GeV
Final state: 2 soft leptons + MET

OR 1 soft lepton + 1 isolated track + MET

7 W=
p i’glf/;? p ﬁ:/ﬁ
) ....,,,Xl i )7(1)
z* W=
p 5<3 WJJJ;@ p X l‘/yfll
b ﬁ\\\i{f p ﬁ\\ﬁ
W WF

for small Am, soft leptons
with ML reconstruction, p.(e) as low as 1 GeV
for Am<1 GeV, displaced track

CMS covers full Am spectrum in compressed scenario!

CMS /|

CMS-PAS-SUS-24-003
CMS-PAS-SUS-24-012

%, %) [GeV]

Am(

5
4+ MS Preliminary
3
2

0.4
e LU LT Radiative corrections

Analyses featuring final states:
e soft opposite-sign electron pairs
e a soft lepton and isolated track
e a soft isolated track

CMS-PAS-EXO-23-017

e disappearing track

i -0 [ Summary ]

~0~+ ~0~0 ~4~—- ~20 . B ~0. ~0
PP-X X XXy XXy XX, (Higgsino)m(y,) =m(x ) + 2A m(y .%.)

=
.....
~
~
-
-

129-138 fb™ (13 TeV)
— Observed Limit

----- Expected Limit

Soft 2 and 3l
EX0-23-017

Soft lepton+track
SUS-24-003
Isolated Soft Track
SUS-24-012
Disappearing Track
arXiv:2309.16823

100


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-017/index.html

CMs, |
Supersymmetry |
¥

Comprehensive search with boosted objects
CMS-PAS-SUS-23-014
Search for SUSY in final states with highly Lorentz-boosted top quarks, W, Z, H, or leptonic jets

e Razor kinematic variables: signal-like localized peak, falling background

e Deep neural network, ParticleNet tagger for boosted object reconstruction Gluino pair
. , production
Categorized by N, Njet, Nbletand type of boosted object T5bbbbZH
CMS preliminary 138 b (13 TeV)
10° i [ cdoaa Wast Wwaier EwobBzow Bowes 111 _ b
SRSE E — Tttco — T59G4aWH  T5bbbbZH— T8HZH - TChiWZ~ TChIWW - R2bbaah — Rstibl Exclude glumo mass up to 2.35 TeV
1hTop : E V b 45 E Vb 6j E 1V Ob 34j E 1V 0b 5j :2\;01;5; E Hb 6j iIHOb34]IHOb51” CMS Preliminary 138.0 fb' (13 TeV)
102 B ! ! . ‘ 2V'0b'24{ Hb45) ! Hvz;.ej . HV&)/I? 4 < 2500 =
‘ P . L HVIob 5 % PP — §9, § — bbY,, T,— ZHy,, BF=0.5,05 ; A
r ) =Observed + 1 Oieoy NLOsNLLexel [ €
Compre henSive Eo,x— 2000| 23:Expected + 10, m22=m§—50 GeV ] g
/ H = 107
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plethora of = .
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objects and i W
interpretations 10001 g : 5
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: et
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-014/index.html

Summary of ATLAS SUSY searches

gluino

sbottom

electroweak

long-lived

RPV

ATLAS SUSY Searches* - 95% CL Lower Limits

2 TeV

Reference

ATLAS Preliminary
\/_

July 2024 13 TeV
Model Signature  [Ldt[fb7'] Mass limit 1 Reference
" |
Oe, 26jels  Ept 140 185 | m(¥})<400 GeV 2010.14293
2 mono-jet  1-3jets  Ep 140 4 [8x Degen.] 0.9 i m(@)-m(¥})=5GeV 2102.10874
5 Ocyr 26jets EPS 140 |z 23 m(E)=0GeV 2010.14293
s z Forbidden 1.15-1.95 | m(F!)=1000 GeV 2010.14293
% Ten 2-6jets 140 |2z 22 m(¥})<600 GeV 2101.01629
[ e, 2jets  EP™ 140 |2 22 m(¥})<700 GeV 220413072
@ Oep  7-A1jets EP™ 140 [ 197 | m(F}) <600 GeV 2008.06032
g SSeu 6 jets 140 |2z 115 | m(z)-m(¥})=200 GeV 2307.01094
S ot 01 e 3p B 140 |z 1245 m(i})<500 Gev 2211.08028
SSeu 6 jets 140 z 1.25 1 m(Z)-m(¥1)=300 GeV 1909.08457
Biby Oep 26 EPS 140 B 1.255 ! m(El)<400 GeV 2101.12527
by 0.68 I 10 GeV<Am(b, X1)<20 GeV 2101.12527
95 Bibibiob® - il Oep 6b B 10 | Forbidden 0.23-1.35 ! Am@, 192130 Gev, m(i%)=100 GeV 1908.03122
Bl 2r 2bh Ep® 140 by 0.13-0.85 I ami 1)=130 GeV, m(¥})=0 GeV' 2103.08189
g-g iy, -] O-1ep >ljet  Ept 140 |F 1.25 : m(Pf)=1GeV 2004.14060, 2012.03799
: §_ A, i Wbt Tep 3jetsi b EPs 140 |7 Forbidden 1.05 ' m(¥})=500 GeV 2012.03799, 2401.13430
ag fify, i —71by, 711G 127 2jetstb EPS 140 |& Forbidden 14 . m(71)=800 GeV. 2108.07665
= & ih, ik /o, k) Oep 2c 361 |z ' m(i})=0GeV 1805.01649
B Oep mono-jet 140 i 0.55 | m(i,&)-m(¥})=5GeV 2102.10874
iify, -0, P32/} 12eu  1-4b 140 |& 0.067-1.18 h mE2)=500 GeV 2006.05880
his, i +Z 3epn 1h 140 |& Forbidden 0.86 | m(E)=860 GeV, m(i }m(i?)= 40 Gev 2006.05880
X via wz Muitiple ¢/jets 140 e 0.96 I m 2106.01676, 2108.07586
ee, pupt > 1jet 140 |/, 0.205 1 m(F})-m(¥})=5 GeV, wino-bino 1911.12606
BV viaww 2ep 140 | ¥ 0.42 I m(¥)=0, wino-bino 1908.08215
X1 via Wh Muitiple ¢/jets 140 | ¥E/%2  Forbidden 1.06 I 0 GeV, wino-bino 2004.10894, 2108.07586
L Wi vialu/v 2ep 140 | @ 1.0 ! m(Z.7)=0.5(m(¥F)+m(E}) 1908.08215
= § ol 27 140 |ENFRERINoss 05 ! mE)=0 2402.00603
WS frig 68 2eu 0jets 140 |7 0.7 ! m@E)=0 1908.08215
e, >1jet 140 |7 0.26 1 m(f)}m(¥})=10 GeV 1911.12606
HH, A-hG/ZG Oep >3b 140 | @1 0.94 ! BR(] — hG)=1 2401.14922
4ep 0jets 140 i 0.55 1 BR(T} — 7 2103.11684
Oep >2large jets ET™ 140 H 0.45-0.93 1 BR(Y] — ZG): 2108.07586
2ep >2jets  ERS 140 | dr 077 1 BR(Y! — ZG)=BR(} — 1G)=05 2204.13072
L
Direct ¥; ¥ prod., long-lived X7 Disapp. trk  1jet  EP™ 140 |¥F 0.66 1 Pure Wino 2201.02472
: 0.21 | Pure higgsino 2201.02472
Stable 7 R-hadron pixel dE/dx By 140 |& 2.051 2205.06013
Metastable g R-hadron, g—qq¥! pixel dE/dx EPS 140 | & @ =10ns) 22 2205.06013
i, I-(G Displ. lep Epis 140 |&j 0.74 1 ATLAS-CONF-2024-011
o 0.36 1 ATLAS-CONF-2024-011
pixel dE/dx s a0 | ® 0.36 H 2205.06013
3ep 140 : 201110543
dep 0jets EpsE 140 I 2103.11684
28 jets 140 234 2 2401.16333
s Multiple 36.1 | m(})=200 GeV, bino-iike ATLAS-CONF-2018-003
& >4b 140 Forbidden 1 m(¥7)=500 GeV 2010.01015
2jets+2bh 36.7 1 1710.07171
2ep 2h 140 04185 | BR(—be/bu)>20% 2406.18367
1u bV 136 16 | BR(7, —~gu)=100%, cost,=1 2003.11956
12epu  >6jets 140 & 0.20.32 I Pure higgsino 2106.09609
T
1 |
*Only a selection of the available mass limits on new states or 10! 1 : Mass scale [TeV]
1

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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ExotiC/UnconventionaI Signatures

7 arXiv:2505.01634

WS arXiv:2505.02429

%‘ CMS-PAS-EXO-24-012


https://arxiv.org/abs/2505.01634
https://arxiv.org/abs/2505.02429
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-012/index.html

Semi-visible jets or anomalous signature

Exotic Signatures

EXPERIMENT

ATLAS-EXOT-2021-19
arXiv:2505.01634

ATLAS

ATLAS’ first s-channel dark-sector search

o A
S — visible
S |\ imvisihle 2. Novel Anomaly Detection (AD)
© model-agnostic, semi-supervised ML,
) identify abnormalities wrt SM,
L . enhances potential to unexpected new physics
Transverse mass of two leading jets and E_™s® P P phy
T
a S o[ amas ' + o
VEo oV, 1 Multijet QCD . . .
s (a) < 10°F e or e a2 Results quantified for few generic signals
a ] — e oo e 084 3 4o'F T ATLAS 3
10.2;',.» = = F b VS =13 TeV, 140 o1
. o b |
visible invisible . o i
Source: https:/atlas.cern/Updates/Briefina/Shedding-Light-Dark-Sector NO excess 10°F -g L v - | v SRa/SR
107 F - 0 | A / SReen
observed 1 "= -———-=- - — = Uncertainty E
Dark QCD, Z — qD qD 10 Broad signal cé - :
heavy resonance to dark quarks 1o e e =ne A T > . e
) ) 10 2000 3000 3000 5000 6000 O ! v 11
R. = fraction of dark particles mr [GeV] L 107'F ., WSy .
m w/A—TquasT V, 140 fb S bl h: | o T . I
5= eV, -1 emi-visible jets s-channel
— 7 Nt AD performs better, |
--- Expected = o I d I d d t
T Dol W L2 o ess model-dependent |
- Exzected-.tZG 10 2 "g 10_2 L L L L L 1
£ i % %t S % %, _ _
= % % %, 72, "2 Injected signal
0 & RN T
g. )é/, s?,s, %—\\ of o@
. . N s, S
Large R jets, hadronizes & decays to shower 0 B o, @ hy T %y
: . % Exclude 2-3.2TeV Z b, B B
in both DM & SM particles 2500 3000 3500 4000 4500 5000 forR =037-0.2 % 2, %, 22
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https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2021-19/
https://arxiv.org/abs/2505.01634
https://atlas.cern/Glossary/s-channel-t-channel

Search for emerging jets
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Dark QCD, Z' — q, qj

heavy resonance to dark quarks

Jets with displaced vertices 1&

Fraction of events / 0.02

Fraction of events
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Prompt-Track-Fraction (PTF) measures
# tracks starting near collision point
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1. Cut and count based strategy
- Uses high-level jet observables: displaced
tracks and secondary vertex info; jet substructure
- Re-interpretable and less model dependent

Two categories: low and high dijet mass:

ATLAS’ first Run-3 result!

Exotic Signatures

ATLAS

EXPERIMENT

ATLAS-EXOT-2022-31
arXiv:2505.02429

2. ML based strategy

- Uses per-jet transformer-based ML algorithm
to differentiate emerging jets from SM jets
- Maximizes sensitivity to specific models

1. m. <1 TeV — novel emerging jet trigger, trigger matched jets p; > 250 GeV, PTF<0.04

2. m.>1TeV — high pT trigger, jetpT > 520 (300) Gev

i

95% CL upper limit on a(pp - Z') x BR(Z' - gpGp) [fb]

'ATLAS

3L Vs =13.6TeV,51.8fb~!

mp, =10GeV, cTy, =50mm

= Exp. limit +10 (cut-based)

= Exp. limit +10 (ML-based)

T
Obs. limit (cut-based)
Obs. limit (ML-based)

9q=0.005,9,,=0.1
gq=0.01,94,=0.1

|
500

I
1500

i
1000

1
2000

1
2500

35|00
mz [GeV]

1
3000

Cut-based: weaker limit, but more re-interpretable

& less model-dependent

ML-based: stronger limit Z’ upto 2.5 TeV excluded

First direct constraint
on emerging jet pair
production via
s-channel mediator.

First application of a
transformer-based
algorithm for emerging
Jet tagging.
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Exotic Signatures |SM>/]

Resonance search using Scouting data OMSPAS-EX0-24-012

Physics Reports 1115 (2025) 678

g . . LEVEL-1 TRIGGER HIGH LEVEL TRIGGER

e Traditional triggers — high p, thresholds, low  PARKING
efficiency for low mass resonance .

e Run-3 Scouting dataset — lower p_. thresholds g _ NORMAL

(records limited event info — allows high event rate)

e Search for low mass resonance (¢ — T — ut, ) p e

normal availability for analysis

Novel ML algorithm to reconstruct low p. 1, decays CMS DETECTOR

records 40 00O 00O times/second

ing 61.9 fb™' (13.6 TeV)
I R b e

ing 61.9 b’ (13.6 TeV)
[T Rt b e
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-012/index.html
http://dx.doi.org/10.1016/j.physrep.2024.09.006

ummary of Exotic searches
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Summary of LLP searches

Common ATLAS and CMS summary plots for Higgs boson mediated hidden sectors involving long-lived particles

ATLAS+CMS Preliminary
1 Hidden Sector (Feb 2025)

—
w
4
w
o
—
)

<

CMS
—¥— Prompt (with b-tag), 138 fb" (13 TeV)
JHEP 06 (2024) 097
---- Displaced jets, 34.7 " (13.6 TeV)
A Rept. Prog. Phys. 88 (2025) 037801
.................................... L] —— Muon System, 138 b (13 TeV)
Phys. Rev. D 110 (2024) 3 032007
A H-—invisible, 4.9-140 fo" (7-8-13 TeV)
Eur.Phys.J.C 83 (2023) 933

Off scale —

L I 1IIL

Reference

ATLAS
Prompt (with b-tag), 36 ™ (13 TeV)
JHEP 10 (2018) 031
- --- Displaced vertices, 140 fb" (13 TeV)
Phys. Rev. Lett. 133 (2024) 161803
-------- Calorimeter, 140 fo" (13 TeV)
JHEP 11 (2024) 036
—-— Muon System (2 vtx), 139 b (13 TeV)
Phys. Rev. D 106 (2022) 3 032005
—— Muon System, 36 ib" (13 TeV)
Phys. Rev. D 99 (2019) 052005

3 P » ” 3 ® H-invisible, 4.7-139 fo" (7-8-13 TeV)
107 10° 10 1 10 100 10 Phys.Lett.B 842 (2023) 137963

ct [m] 26

i

Observed 95% CL limit on B(H—SS)

my = 125 GeV, m, € 15-20 GeV
B(S—bb) = 100%
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Overview: selective list of recent BSM results at LHC

©®NODOR N =

[ O - N
N = O ©

This talk
CMS-PAS-B2G-24-007

Heavy Hy and Zy resonances with bb %
Exotic Higgs decay to 4 tau final state 7P arXiv:2503.05463
Anomaly detection for di-jet resonance search & arxiv:2502.09770
Direct slepton production PP arXiv:2503.17186

EXPERIMENT

Electroweakinos production %‘ CMS-PAS-SUS-24-003, CMS-PAS-SUS-24-012, CMS-PAS-EX0-23-017

CMS-PAS-SUS-23-014

Comprehensive search with boosted objects %
DM+pencil jet 2% CMS-PAS-SUS-23-017
Mono-Higgs(bb) % CMS-PAS-SUS-23-017
DM with dark Higgs — bb
Semi-visible jets
Emerging jets
Resonance search using Scouting data %

S8 Phys Rev.Lett. 134 (2025) 12. 121801

CMS-PAS-EXO-24-012
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-24-007/index.html
https://arxiv.org/abs/2503.05463
https://arxiv.org/abs/2502.09770
https://arxiv.org/abs/2503.17186
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-017/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-017/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-017/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.121801
https://arxiv.org/abs/2505.01634
https://arxiv.org/abs/2505.02429
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-012/index.html

Few more BSM results (not covered in this talk)

FatLas
Vector-like T quark CMS-PAS-B2G-23-009 Vector-like leptons 2503.22581
New scalar resonance CMS-PAS-B2G-24-001 Lepto-quarks 2503.19836
Displaced dimuons CMS-PAS-EX0O-24-008 Heavy neutral leptons 2503.16213
H—aa—4e CMS-PAS-EX0O-24-031 Long-lived particles 2503.20445

More exciting BSM results this afternoon:

Exotics results from ATLAS by Michael Revering
Vector-like quarks at LHC by Elias Bernreuther
New pseudoscalar search with ATLAS by Sara Khaled

28


https://arxiv.org/abs/2503.22581
https://arxiv.org/abs/2503.19836
https://arxiv.org/abs/2503.16213
https://arxiv.org/abs/2503.20445
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-031/index.html
https://agenda.hep.wisc.edu/event/2257/timetable/?view=standard#193-focus-talk-on-recent-exoti
https://agenda.hep.wisc.edu/event/2257/timetable/?view=standard#219-new-signals-of-vectorlike
https://agenda.hep.wisc.edu/event/2257/timetable/?view=standard#199-search-for-a-new-pseudosca

Summary & Outlook

* Ot

Exciting and wide range of BSM landscape at the LHC.
Many results from 140 fb™! of Run-2 dataset.

Searches with Run-3 are ramping up.

Increasing the sensitivity to new physics with novel
reconstruction techniques, and probing unexplored
regimes, both at higher and lowest masses.

Highlighted only a selective sample of recent BSM results.

2025
BREARTHROUGH PRIZE
IN FUNDAMENTAL PHYSICS

.
< P

LHCb

LLABORATIONS AT
RGE HADRON COLLIDER

Stay tuned for many more results from the LHC!
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