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Motivation

e Standard Model (SM) describes
many phenomena to astonishing
accuracy - but it is incomplete

e Standard Model does not account for
Dark matter or energy

Neutrino masses

Matter/antimatter asymmetry

Naturalness of Higgs mass

(@)

O O O

e \Various models have been proposed

to address these challenges
o Supersymmetry (SUSY), two Higgs
doublet (2HDM), vector-like quarks
(VLQs), majorana neutrinos, and more
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Beyond the Standard Model at ATLAS and CMS

e Many searches cover various models
o Most recent listed in table

e Will cover
o Summary Plots
o Individual Results
m Compressed Electroweak
Supersymmetry
Emerging Jets
Additional Higgs X—YH searches

Michael Hank (University of Pennsylvania)

ATLAS Results (Full List)

Search for emerging jets at 13 TeV

Resonant SH—yybb Run2 + partial Run 3
(2022-2023)

Low-mass dijet resonance search with
trigger-level analysis in full Run 2

Search for heavy neutral leptons (Run-2)

Multilepton general search using Run2 data

CMS Results (Full List)

Combination of CMS searches for heavy vector
boson resonances

Search for resonances decaying to an anomalous
jet and a Higgs boson

Compressed SUSY

X—>YH—bbyy

Lepton flavor violating Z and Z' boson decays

Search for resonant leptoquark production in
lepton+ijet final states

Multi-b dark Higgs

Search for Higgs decays into scalars in ZH
(Z—=vv/ll & H—aa—4b/6b)

SUSY tau + X

Single VLQ (T/Y) to Wb search (1L)

Search for emerging jets at 13.6 TeV.

Recent BSM Results

H—aa— 41/ 2u2z

Z —rr/\WW

Search for b hadron decays to long-lived particles
in the CMS endcap muon detectors

Search for resonant production of pairs of dijet
resonances through broad mediators

Search for heavy pseudoscalar and scalar bosons
decaying to a top quark pair

Nonresonant and resonant production of a Higas
boson in association with an additional scalar
boson in the yyrz final state

October 22, 2025
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https://arxiv.org/abs/2507.17884
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Electroweak SUSY with Gravitinos¢
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Small cross sections

o But masses expected to be light due to

naturalness
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Gauge-mediated supersymmetry
breaking (GMSB) models benefit from
combinations of complementary

analyse
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-014/
http://dx.doi.org/10.1103/PhysRevD.109.112001

Compressed Electroweak SUSY with Higgsinos

AM(X7, 13) [GeV]
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Triplet of higgsino states: Small mass splittings give difficult to detect signatures
Closing the gap with innovative analysis techniques - will discuss latest results

July 2024
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Searches for Additional Higgs Bosons
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Many dedicated analyses explore Minimal Supersymmetric SM
Other additional Higgs searches will be discussed
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Compressed EWK SUSY

e Naturalness favors light higgsinos

e New results cover gap for Am(Xi, X2)
o Gap in coverage at Am~0.3-1.5 GeV

qet
P /
{;(1) Phys. Rev. D 97 (2018) 052010 : Leptons
- e Tackle through dedicated searches
~+ .'//1 o Soft leptons target higher Am
X 1 \ o  Soft lepton+track target intermediate Am
D \ o Displaced tracks from z* target low Am
Phys. Rev. Lett. 132 (2024) 221801 : o Disappearing tracks target lowest Am
Displaced Track 7Ti
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.052010
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/

Compressed EWK SUSY i

e Naturalness favors light higgsinos

e New results cover gap for Am(X5, X9)
o Gap in coverage at Am~0.3-1.5 GeV B

Displaced Track
Image Credit: Jeff Shahinian

e Tackle through dedicated searches

o Soft leptons target higher Am
_ _ o  Soft lepton+track target intermediate Am
JHEP 06 (2018) 022 : Disappearing Track o Displaced tracks from =+ target low Am
o Disappearing tracks target lowest Am
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https://link.springer.com/article/10.1007/JHEP06(2018)022

Compressed EWK SUSY: Displaced Track

e Look for mildly displaced, low-momentum pions
e Different strategies to distinguish signal vs. background

138 fb™ (13 TeV)
e ATLAS: Cut on event kinematics Phys. .%107 Preliminary Spurious

PV-associated

Rev. Lett. 132 (2024) 221801 10° mm Sec. from W(x)

: : s 5 (%,Am*)=(115,0.3)

o Look for pion tracks displaced from collision 104  GAmY=(115.0.6)

vertex 100F 08000,  — (XAM)=(1151.0)

o Require hlgh p miss 10°E Cle (X,Am)=(160,0.6)

.
102 ...... 8L
e CMS: Train a parametrized Neural 10 L P

1 ;
Network (PNN) SUS-24-012 I S e
o Parameterized in terms of Am = 1.5F —a
o Sort into orthogonal Signal Regions (SRs) by % 051; :
max PNN score ok E

5 ) éN 8 10 12 14
SUS-24-012 B (Signal | Am=0.6 GeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-012/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-012/index.html

Compressed EWK SUSY: CMS Soft Leptons

e 2/3 lepton search EXO-23-017

o Dedicated algorithm adds low-p_ electrons
o Select events using m,, p,™*, other
kinematics

e 1 lepton + 1 track search SUS-24-003

o Use tracks for leptons below p_threshold
o Uses Boosted Decision Trees (BDTs) to
distinguish S vs. B

Events
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i L N L B B LI B B IR
C B i .
-CMS S8 fian) -
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= 1 S (test) 3
gl i | g

1 f 1 R SO P
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SUS-24-003 BDT
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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-24-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-003/index.html

5 A A

ATLAS

V/s=13TeV, 136-140 fb~"

pp — X9X7T, X9X3, Xi¥X7, X7 x4 (Higgsino)
2r m(x3) = m(x9) +28m(Y7, X9) -
3¢ + Soft 2¢

Disappearing track, m(x3) = m(y3)

LEP2 y{ excluded _
=+ Theoretical prediction for pure Higgsino

Compressed EWK SUSY: Results

e Soft lepton signatures Am ~1 GeV+
o Benefits from low lepton/track thresholds

Am(FE, X0) [GeV]

Al limits at 95% GL
s Observed Limit (+1o505Y) |

~+ ~0,

~0~+ ~0-0 4 ~+-0 - . ~0. 0, +
PP X XX XXy XX, (Higgsino)m(z ) =m(y ) + 2A m(7 ;%)

. 5 - Expected Limi Oex
% 4 M_S_Preliminary Expetact Lint (51 2p)
?;} 120-138 b (13 TeV) _ L P T S
It 2F g —— Observed Limit 200 250
S :> """" A Expactad Limit Phys. Rev. Lett. 132 (2024) 221801 m(v+ V
g Soft 21 and 31 = : : m(x7y) [GeV]
sttty ; E?)(f?l-ezgt-grmrack
£ | B oteamn ™, | . .
- : susaaoz . | @ Displaced track signatures set constraints
051 ¢ Disgp.pearing Track
0.4F sl e from Am ~0.3-1.0 GeV
0. e .
""""""""""""""" e Covers parameter space not probed since
0.2F
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Emerging Jets

e “Dark sector” (DS) models can provide

potential dark matter candidates
o “Dark QCD” provides analogue for jets and hadrons
o Can connect via mediator (e.g. Z’) or Higgs portal
o Dark bound states can decay back to SM

Image
Credit 8 A
8 — visible
s | VW invisible
© e Small couplings give “emerging/displaced
jets”
o Longer lifetimes give displaced vertices (DVs) as DS
o particles decay to SM
g (2) Tackle through dedicated reconstruction
ol > o Classified as a “long-lived particle” (LLP)
visible invisible
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https://doi.org/10.1088/1361-6633/adfe17
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector

Emerging Jets: ATLAS Analysis Techniques

e New Run 3 emerging jet trigger adds LLP sensitivity

o Requires low “prompt track fraction” of p_ from prompt tracks

e Standard tracking reconstructs tracks with |d |<5mm
o Extend to |d |<300mm with dedicated LLP tracking

e Standard particle flow algorithm assumes jets match

primary vertex
o Use calorimeter-based jet reconstruction instead

b-jet

trk Jet Primary .
PTE 2tkCAR<1.2 Pt Vertox 1
- JC[ ’ \" >\ ::'
P T Prompt Y

Tracks
Eur. Phys. J. C 81 (2021) 1087

Jet
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https://link.springer.com/article/10.1140/epjc/s10052-021-09775-5

10°

. . . g ?' '\""SI""""I""""I""Ia'a"'l"""'I
Emerging Jets: ATLAS Analysis R A R I
% 10;— E;thn:nop(raez\;e:fivo?ts e Hmn: =50 mm
. . u“ E @4 ct, =100 mm
e Two strategies: Cut & Count and Machine s 1k - ’
Learning (ML) g0k L
e Cut & Count [l S T
o  Suppress background with Prompt Track Fraction 1073?' 5
e Machine learning 10 08 b 0 e 05 65 6.3 085 04 04 0
o Use a transformer jet tagging algorithm based on o o L‘Iaad'lng Jlet PITF
GN2 5 fAtLAs b o '
P . . S 101 7\/.§=13.6Tev, 5.1'8fb_1 [ SM multijets 4
o Classifies jets and track origin, and measures S e My =10Gey == CTm=5mm
& 100ke. e CTp, =50mm ]
track-pair compatibility to give probability of emerging z 10 » . cr, = 5GanS Ir—
jet 107 B _-j_._i._.J ....... ,--—-! J
102k t_‘:‘-——-—i___lJl ]
10 oL a e o 5 o o g g_
10 4L ° () L] (] JT
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https://doi.org/10.1088/1361-6633/adfe17

Emerging Jets: CMS Analysis

e New displaced jet triggers introduced inRun3 _ 3|4-7fb'|1 156 Tev)
o Require jets with displaced tracks, few prompt tracks 2 ;0sL. CMS }  Daa —5

o Trigger efficiencies 4-17x higher than 2017-2018 2 Prediciod background
counterparts! L% e ZZQ’H,: 19882 e AHas Gh = MR

e Reconstruct displaced vertices from pairs of O S o
displaced tracks i .

|

e Use Graph NNs (GNNs) to identify which dijets N _—
from LLP decays ——

o Tracks and DVs are nodes, while relations are edges 1;?::::::;:Z _

o Two taggers: “displaced” and “prompt veto” 101L ! ! ! | | ! ]

e Select DV with good y?/dof " Displaced-diiet GNN ziifre‘);::ace:o

Rep. Prog. Phys. 88 (2025) 037801
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http://dx.doi.org/10.1088/1361-6633/adaa13

CMS Supplementary 34.7 b (13.6 TeV)

Emerg|ng Jets: Results 5 T T
e Limits on Z' mediators to dark pions o | .

e Makes use of Run 3 data CTf

o 2022 for CMS, 2022+2023 for ATLAS NOE E

. . . . Q C N

e Benefits from innovative triggers, g i ;p > Qz- _ 5% CL upper imits N

i i T = = Quan Qi Observed &
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V5 =13.6TeV,51.8fb~! ==== Exp. limit +10 (cut-based) © - Dark sector N=7 N=3 __ ‘ - 400 GeV 3

Mg, =10GeV, mz =600GeV ~ —e— Obs. limit (ML-based) o N e = © _
=== Exp. limit +10 (ML-based 107 Moo/, = === my =500 GeV E

10*F 1 E My, /M, =4 —— m, = 600 GeV ]
103 Tk ™ dd —=— m, = 1000 GeV -

51 | | I | | | | | | | 1 11111 IF

] 1 10 102 10°

Rep. Prog. Phys. 88 (2025) 037801 ct,, _[mm]

_ e CMS also has limits on Higgs
’ portals, ATLAS on scalar mediators
108 (2025) 093501 G arxiv:2510.12347

CTy, [mm]

0

10
Rep. Prog. Phys

95% CL upper limit on o(pp —» Z’) X BR(Z' - qpqgp) [fb]
=)
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Additional Higgs X—YH

e Additional heavy scalars predicted by
NMSSM, two real singlet models, warped
extra dimensions

e Look for heavy scalar X decaying to Y/S + g b
Higgs )
e Many previous searches in various final "
states S
o CMS Y(bb)H(yy) saw excess of 3.80 local (2.60 T }
global) for (m,, m,) = (650, 90) GeV [1] % 2
o  ATLAS Y(bb)H(yy) saw excess of 3.50 local (2.00 Y
global) at (m,, m,) = (575, 200) GeV [2] _
e Four recent additions g Sl v
o Run 2:
m CMS Y(bb)H(bb) HIG-20-012
m  CMS Y(yy)H(bb) arXiv:2508.11494
m  CMS Y(VV)H(bb) B2G-23-007
o Run 2 + partial Run 3:
m  ATLAS Y(bb)H(yy) arxiv:2510.02857
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https://arxiv.org/abs/2510.02857
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59.7 fo' (13 TeV)

14 1 > L L L L L B L B 1 T T
Ad d Itl O n al H Iggs XHYH 8 400;— CMS Pre[iminary Signal Region —;
< 350b B Bkg. model E
g c —+ Data ]
© 300f Signal mass hypothesis [m_, m ] 3
® CMS Y(bb)H(bb) o I —[700, 400] GeV (6 =5 pb) | |
i i i 2 ----[900, 600] GeV (6 =5pb)
o  Select events with reconstructed Higgs mass consistent ol E % 11800 2001 GaY (o ch) 3
with true value 1505 ]
o Background estimated by reweighting data with BDT 1005_ E
o 2Dfittom,, m, 132 o' (13 TeV) o N N T VT —— E
= e .. ! I _c T : by e - ]
2 107 CMS 4 Data B TT(+V/y) +tZq 0 = ot S '
2 X - Y(yy)H(bb) mm VV 2?1-55'"|"'|"'|"‘|'"|"'|"'\"'|"'l"'|"5
:>J’ 1051 Bl QCD + 7 +jets V+y i 5 I mEmeeS s e — —
T+jets . H+HH I I T T T D T D B B
103 ] 400 600 800 1000 1200 1400 1600 1800 2000 [2(%0(\)/]
HIG-20-012 Mxreco 1€
it ® CMS Y(yy)H(bb)
o  Switch of previous Y(bb)H(yy) search with excess
_1 L] . ngn L] ] L]
10 o Train a PNN to gain sensitivity to wide range of signal
- 1.51
< | masses
S 1 O_ 1
o t t 1 o Search for m,, resonance
© : l : : : I i . . L . . : .
Q05 0.99988 0.99992 0.99996 1.00000

Transformed score (mx =600 GeV, my =70 GeV)
arXiv:2508.11494
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Additional Higgs X—YH

® CMS Y(VV)H(bb)

. CMS Preliminar 138 fb™! (13 TeV) CMS Preliminary 138 fb" (13 TeV)
o  First X—>YH to target bbVV—bb4q &0 e IO w w ‘
_ _ vg FMSP + Data | @50 FMSP + Data 1
o Two regimes: fully-merged and sermi-merged® | — X[900] - HY[80] x 2 | @ — X[900] > HY[80] x 2
. 2 mm QCD 8 mE QCD ]
m 1large-Rjet for H, 1-2 for Y 5ol + - 18" —_
. o . w oy Oth w Oth
o PARTICLENET used for H—bb identification rotal bk, tne. 30 e
o Attention-based Neural Network “ParT” used

N
(=]
|

to identify fully-merged Y—VV—4q

10
o Require reconstructed Higgs, W/Z to be near
0 0
true masses sk C T X900 > HY[80] /0w | 5F — X[900] - HY[80] / 0stat
o Bininmy, m, Of Tyt " 0 ++_,__+_+++ﬁ_ '
-5¢ ) O‘Syst‘/OSIat + ‘(Data-Bkg-)/gs‘g\ E 5¢ JUSysl/OSLat ) + (Data'lBkg-)/UStac ]
1000 2000 3000 4000 50 100 150 200 250
mie [GeV] mie [GeV]
B2G-23-007
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Additional Higgs X—YH 2 " aias . oo |
= - Vs=13.6TeV, 586" —m, 4(1000,70) (Pre-fi) ]
10°F X—>SH-bbyy Eyy+jets !
.| 1btagged SR EHH
10 - Post-fit []Single Higgs
® ATLAS Y(bb)H(yy) | . =
o Includes Run 2+partial Run 3 (2022-2023) . -Z(—> qa/pE)yy
o Use PNN to separate signal from background 10°F 7 Uncertainty ]
o  Fit to PNN score distribution 10} —
o Improved GN2 b-tagger improves limit by 10-65% ’ : +
107 -
g, 1072 e ey
< 15 i
~ //%////){//////7 Y i e
£ 05
Q

0 01 02 03 04 05 06 07 08 09
PNN(m_= 1000 GeV, m = 70 GeV)

arxiv:2510.02857
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X—YH: Results

® CMS Y(bb)H(bb)
o Largest excess 4.10 local (2.80
global) for (m,, m,)) = (700, 400) GeV
® CMS Y(yy)H(bb)
o Y(bb)H(yy) excess not confirmed
o Largest excess 3.330 local (0.650
global) for (m,, m,)) = (300, 77) GeV
® CMS Y(VV)H(bb)
o Largest excess 3.30 local (<10 global)
for (my, m,) = (900, 80) GeV
® ATLAS Y(bb)H(yy)

o  No significant excess - previous

ATLAS and CMS excesses not
confirmed

Recent BSM Results

Michael Hank (University of Pennsylvania)

o(pp — X)B(X — YH — bbbb) [fb]

»

CMS Preliminary

HIG 20- 012

138 fb™ (13 TeV)

500 GeV

my = 400 GeV ]
el |
o700 T80 200 250 700 750 200 250 300 100750200 250 300 30 40
— . e ey
650 GeV my =700 GeV my = 800 GeV

100 200 300 400 500 600 700

my = 1200 GeV

0 20780660800 060 T

200400 600 800 100

00 400 600 800 1000 1200 1400

68% expected
Expected 95%

L
m, [GeV]
959 expected
Obsqrved 95% CL upper limit

CL upper limit

=1 0’ 2 L L IR

2 F my = 700 GeV ¥

0Pk -

E E ~ 7’ —-— -— - == = ]

£ 10F

a F

x C

; € ] . 1 \ 1 \ ] . 13

© 100 200 300 400 500
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X—YH: Results

® CMS Y(bb)H(bb)

o Largest excess 4.10 local (2.80 > 500l ATLAS g
global) for (m,,, m,) = (700, 400) GeV% YErda! 138 eV, 140/ B8 15 0 g
® CMS Y(YV)H(bb) 400l 95% CL observed upper limit I’E‘
o Y(bb)H(yy) excess not confirmed ‘T)
o Largest excess 3.330 local (0.650 09¢ 00 <:/TE>
global) for (m,, m,)) = (300, 77) GeV 3
® CMS Y(VV)H(bb) 2001 5
o Largest excess 3.30 local (<10 global) 1ol g
for (m,, m,) = (900, 80) GeV 10-1 %
® ATLAS Y(bb)H(yy) ¢ 600 800 7690
o No significant excess - previous mx [GeV]
ATLAS and CMS excesses not arxiv.2010.02807

confirmed
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Conclusion

e An overview of the search programs at ATLAS and CMS has been presented

e \We continue to search for new physics with

o Abroad search program targeting diverse physics models
o Innovative techniques to investigate hard-to-reach phase space
o And new ideas to catch physics we may have missed!

Thank you for listening!
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Strong SUSY

e Strongly produced SUSY has high cross sections
e Exclusions over 2 TeV

— Observed

|

: 1500
600}

~ o~ ~ T T
pp—>Qg, g—ttXj Oct 2023 Vs =13 TeV, 36.1-140 fb "' March 2023
;20007 ||||||||1‘4|||||‘\\‘,‘11||1|| ;‘ _llllll\llllllllllll ||||I|||I|
3 F—gd- qax oL [2010.14293] 7
& o “CMS 137107 (13TeV) | § 8500F i i o o ATLAS Preliminary
|_°|— [ —1908.04722, 0-lep (HP‘“) Expected ] : r g- nx| >3 b-jets/z 2L SS [2211.08028, 1706.03731]
1 [ ==1909.03460, 0-lep (M;,) 7 o [ =—g— qux oL [2010.14293, 2101.01629]
e 1600 [~ 2103.01290, O-lep (stop) =—Observed E = 3000 —3§->q@Z%  2L0SSF [2204.13072]
[ —1911.07558, 1-lep (M) g S L —§- qawzx >7-12jets/1L/2L SS  [2008.06032, 1708.08232, 2307.01094]
1400~ —2001.10086, 22-lep (same-5|gn)‘ 2 L —§— qqul/vv)z" via 1% 2L OS SF/22L SS  [2204.13072, 2307.01094]
1710.11188, O-lep (stop), 36 fb - [ = oo
2211.08476, 1-lep (A¢) 4 2500 C g— qa(n/w:v/vv);(1 viatTv >tk [1808.06358]
1200 ' ’ o B - § - qal/2)G via i:’ >ty [2206.06012]
1000 B 2000 :_ Limits at 95% CL < '\‘9 "

e

II|lIII|IIII|III[|IIII|IIII|IIJI

[T AT |

|

400}~ 1000
200(—
r . ] 500
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CMS NPS Public Plots ™3 1GeV] ATL-PHYS-PUB-2024-014 ™ [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-014/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

Diboson Resonances

e Heavy Vector Triplet (HVT) model yields spin-1 V' bosons
e Resonances decaying to diboson final states

March 2024 138 fb ' (13 TeV)
é 4 L ! | I I l j = i CMS | Z' - WW - qq,qq
s 10" ATLAS Preliminary evuv [ATLAS-CONF-2022-066] 5 m I Preliminary - PLB844 (202 137813
s E = T Z>WW —lvqq
DoV =13 TeV, 139 " ] 2| n PRD 105 (2022) 032008
1 1o? D \s Ivaq [EPJ C 80 (2020) 1165] b = 102k ]z 2
= E E 2 B ] PLB 844 (2023) 137813
T E — Observed 7 © - ] Z' - ZH - ll/vv,bb/0b
% 5 r T S B ] EPJC 81 (2021) 688
v 100 S\ 00 e Expected E = i 2" ZH > lilvv,ccldg
p = = E = 1 B2G-23-008
o C 3 =
N I oy
1< B N\ TR SNesacssessnscasssmmesEon s sn T Tl = -3 |- —]
E 10 g E 8107k E
— F 3 3 A | re ) e ]
Lz - - (—_)J ” DY production AT W, ]
% 1 = ) - Observed 4
o E 3 TR Expected 1
C ] D | Heavy Vector Triplet (Model B) d
10_1 | ggF X - WW Assumes HVT (model B) BR
E o oy by ey b ey 8 Some entries are stat. dependem
1 2 3 4 6 T S S S A S S S
1 2 3 4 5 6
ATL-PHYS-PUB-2023-007 m(X) [TeV] CMS B2G Public Plots m .. [TeV]

Michael Hank (University of Pennsylvania) Recent BSM Results October 22, 2025 35



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-007/

Heavy Neutral Leptons

e Heavy majorana neutrinos
e Recent vector-boson fusion (VBF) analysis covers new high-mass parameter

Space CMS Preliminary 35.9 - 138 fo”'(13 TeV)

o 1 T T L u u 95% CL upper limit o =TT T T T T T ™1
= E | ] Observed - ]
>® 41 == == Expected % 1 00 - MaJorana -
100 > E — Observed E
10 3 ‘ 3 Prompt same-sign 20+ > 2 jets - R EXpeCted 7
‘ T 203 fbt 10 E 4 =
5 JHEP 07 (2015) 162 S i/ E
107 3 - / ’ ]
VBS same-sign 2¢£ 1 0—2 | A /, —
T 140 bl g 7 E
10_3 ] PLB 856 (2024) 138865 - 4 R
/ £ same-sign 28 al /" Electron channel -
‘ 140 bl 10 2 Same-sign 2¢ + jet E
10—4 i PRD 110 (2024) 112004 = JHEP 01 (2019) 122 ]
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/ Dlsplacled tracker 107% = JHEP 07 (2022) 081 3
] 140 fb- g ; I
-5 i o Prompt 1¢ + >=1 displaced jet ]
10 JHEP 07 (2025) 196 of - JHEP 03 (2024) 105 1
Prompt same-sign 2£/3¢ 10- - ___ Prompt 1¢ + MDS E
-6 . 36.1-140 fb! B arXiv:2402.18658 B
10 ATLAS Preliminary 3 JHEP 10 (2019) 265 B Prompt 3¢ = (e, y, 1) .
/s = 8-13 TeV, 20.3-140 fb™! arXi:2508.20929 10-6| = arXiv:2403.00100 -
7 October 2025 g ___ Prompt 12 + 1 displaced ¢ & jet J
10_ . Other experiments CMS- PAS EXO-21-011 g
1 L L L L CHARM PLB 166 (1986) 473 - 11 Ll sl Lol L | L
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Dark Matter: Spin-Dependent

o
Interactions
= 10°% ; . . .
g ATLAS Preliminary
= 1038F /s =13 TeV, 20.3-140 fb! 1
’g Octobér 2025
2 T g \ . = I
5 _— \\ _ ,ff
>'< 10—40 L N ( - : i
< SR
3 a1 he N
o 107" \ 3
10 e ]
_43 //——\ “_
10744 L .
Axial-vector mediator, Dirac DM
45 e g =0T g=0Tg =i
10 ) ATLAS limits at 95% CL  §
Others at 90% CL
10—46 L ! L
103 10 10 1
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ATL-PHYS-PUB-2024-041
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Collider experiments set powerful constraints on axial-vector dark matter

CMS observed exclusion 90% CL
Axial-vector med., Dirac DM; gq =0.25, gDM =1.0

Boosted dijet (77 fo™)

Phys. Rev. D 100 (2019) 112007
Dijet+ISR j (18.3 fb™)

Phys. Lett. B 805 (2020) 135448
b-tagged dijet (19.7 fo'")

Phys. Rev. Lett. 120 (2018) 201801
Dijet (137 fb™)

JHEP 05 (2020) 033

DM +Z, (137 fo™)

Eur. Phys. J. C 81 (2021) 13

DM + y (35.9 o)

JHEP 02 (2019) 074
DM+ (1371

77 JHEP 11 (2021) 153

DD/ID observed exclusion 90% CL

PICASSO
Astropart. Phys. 90 (2017) 85

PICO-60
Phys. Rev. Lett. 118 (2017) 251301

IceCube (tf)
JCAP 04 (2016) 022
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Dark Matter: Spin-Independent
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JHEP 03 (2020) 145
EPJC 78 (2018) 565
JHEP 10 (2020) 61
PRD 110 (2024) 0320(
Emiss 4 X

139-140 fbl

JHEP 02 (2021) 226
PLB 829 (2022) 13706
JHEP 11 (2024) 126
PRD 103 (2021) 1120(
PandaX-4T

PRL 127 (2021) 26180
PRL 130 (2023) 02180
LZ

PRL 135 (2025) 01180
DarkSide-50 QF MI
PRLett. 130 (2023) 1C

90% CL upper limit on 68}, cieon [€M?]

CMS

Preliminary

T T T

BT }

2N

Recent BSM Results

107 10°
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CMS observed exclusion 90% CL
Vector med., Dirac DM; 9,= 0.25,g - 1.0

Boosted dijet (77 fb™)
Phys. Rev. D 100 (2019) 112007

Dijet+ISR j (18.3 fb™)
Phys. Lett. B 805 (2020) 135448

b-tagged dijet (19.7 fb™)
Phys. Rev. Lett. 120 (2018) 201801

Dijet (137 fb™)
JHEP 05 (2020) 033
DM +Z,, (137 fb™)

" Eur. Phys. J. C 81 (2021) 13

DM + v (35.9 fo™)
JHEP 02 (2019) 074

DM + V(137 fb)
JHEP 11 (2021) 153

DD observed exclusion 90% CL

CRESST-IlI

Phys. Rev. D 100 (2019) 102002
DarkSide-50

Phys. Rev. D 107 (2023) 063001
PandaX-4T

Phys. Rev. Lett. 130 (2023) 021802
XENONNT

Phys. Rev. Lett. 131 (2023) 041003
Lz

Phys. Rev. Lett. 131 (2023) 041002
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And more...

ATL_ P HYS_P U B_202 5_030 ATLAS vector-like quark searches - 95% CL exclusion
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Overview of CMS EXO results
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Mass Scale [TeV)

10000

Recent BSM Results

Singlet VLQ (pair) A(VLQ - Wq)=0.5

VLQ

Simplified VLQ (pair) B(VLQ - Wq)=1.0

Doublet (B Y) (single) Ig/m,

20%, BB~ Zb)=B(B - Hb)=0.5
Singlet B (single) Ia/mg =20%, 5(8 - Zb)=5(8 »Hb)=0.25

Singlet B (pair) (B - Zb)=(B - Hb)=0.25

BIX

Doublet (8 ) (palr) (8 -» Zb)=B(8 - Hb)=0.5
Simplified B (pair) 5(8 »Zb)=1.0

Singlet B (pair) A(B » Wt)=0.5

Simplified B (pair) (8 - W)=1.0

Doublet (B ) (single) Iy/my = 20%, (Y - Wb)=1.0

Doublet (X T) (single) Fr/my = 20%, B(T~Zt)=B(T » Ht)=0.5
Singlet T (single) Fy/my = 20%, B(T ~»Zt)=B(T » Ht)=0.25
simplified T (pair) A(T - Ht)=1.0

Singlet T (pair) B(T - Zt)=B(T - Ht)=0.25

=
S

Doublet (X ) (pair) B(T > Zt)=B(T - Ht}=0.5

Simplified T (pair) B(T - 2t

10
Singlet T (pair) B(T - Wb)=0.5

Simpliied T (pair) A(T—Wb)=1.0
q refers to u, d, or s quark

SuU(2) Su(2)

singlet doublet

Status: June 2025

ATLAS Preliminary
V=13 TeV, 36.1 fo~* - 140 fo~*

0.5

115 PRD 110 (202¢) 052000 {140 b2
153 PRD 110 (2024) 052009 {140 fb~ '
18 JHEP 11 (2023) 168 139 !
13 JHEP 11 (2023) 168 N
12 PLB 843 (2023) 138019 {139 fb~'
132 PLB 843 (2023) 138019 1130 b
142 PLB 843 (2023) 138019 {139 fb~"'
133 EPIC 83 (2023) 719 1391 !
146 EPIC 83 (2023) 719 139 b
227 arXiv2506 15515 140 o~
14 PRD 111 (2025) 012012 {139 fb *
20 PRD 111 (2025) 012012 {139 fb~"
101 PRD 98 (2018) 092005 {36.1 b *
127 PLB 843 (2023) 138019 {139 b~
146 PLB 843 (2023) 138019 {139 fb~"
16 PLB 843 (2023) 138019 {139 b~
136 PLB 854 (2024) 138743 {140 fb~"
17 PLB 854 (2024) 136743 {140 b~
1 15 2 25

Vector-like quark mass [TeV]

Overview of CMS leptoquark searches
M prefiminary Marcn 2025
Nonres. ee, B(LQ = ue) = arXiv:2503.20023 5‘:% 1381071
§ Norres. e, s10ak) <14 =1 —=ud .
1 LolgekOlge). BLO=ge =1, g=u.d SvAson S37as o e
o LOWEKGe) + Lotk Olau), BLO~ae, 1 =05, a=u,d | AT E P,
N el0(e), BLO~ge) =1, A= 1 q=ud aoxvasowonss 2om 6w
LOtekOlte), ALO~te) =1 s 208876 w3110t
Nonres. . (L0 =1, =1 ome— i —
Nonres. i, HLO»cj =1, anxvasoa 200z 1281t
o Lo, KO- =1,a-ud5.c e gé E. wTey
T 1QlquiQlgu] + LIaLOlay,), MIQ-=qu) =05, g =u,d,s,c | 100003007 ot (8 Tev)
T LOULOOM, BLO~) =05, A= . mow 2045TeV.q-5,¢| snvIBLL IO .
Q0. Q=) =1, g= 0,04 =1 snxwvason.arso o i eus
= towmown, suo-u=1 2o
LOIbILOWH). AL b =1 anxvacoz nsen st
LOtON), MLO ) =1 anxvazoz.oners w3100
oY), BLO=uT) =1, A=1 exvzaon on1as — om0+
eoxvza0n 0014 — et
axvasnosies s
sxwza0n00103 — w20+

21Xiv:1806.03472 —
- Sy
l‘; LOIbTILQ(bT), BILQ~bT) =1 anXiv:1811.00806 n——
q LorLown. Ao+ =1 anxv2s0nonezs e
o Mo T At =25, At | coamant
R Nonres. tr Albr) = An(b1) = 2.5, (571 =053 A=) | aoxwaassamt F e
Nonres. 7, Adbr) =2.5, Aalbt) =0, Alst) =0.48 a1z 2600 srreme
Nonres. v, A,(b1) = Aalbr) =2.5, A (511 = 053 E— s
LQUTNQ(bY) + vl QUtr), Altt) = Albvy] arkiv:2012.04118 —
LOWTILOMYY + TLOWVA), AltT) = Mve) =25 aoxvanizoesr [T
LOUTILOItT), BLO»tT)=1,A=1 ankiv:1803.02664 e
LOIETILO(tT), BLO s tT) =1 arKiv:2202.08616 S—
A L0V Olaveq), BILO - qua) =1, @ =, d,5, ¢ X11909.03450 B — 1571
? LQ(bYILQbYr), BILQ ~ bur) =1 arXiv:1909.03460 “'""E'»c_-(xln’w 137 b
o LOMIaiv, Qv =1 50Xiv11909.03460 ik "%X:;m:!m‘ o 137 1
S LOWHILOM) + vl Ol AILO =i =1, anxva107 13021 — e
W2 03 04 05 0§ 0708091 3 ER

o1
Scalar 1 Vector (x=0) Vector (x=1)

Leptoquark mass [TeV]

October 22, 2025 39



https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-030/

Compressed EWK SUSY: Displaced Track Event Display
ATLAS

EXPERIMENT

Run:
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/

Compressed EWK SUSY: CMS Displaced Track

Michael Hank (University of Pennsylvania)

Look for “mildly displaced,
low-momentum” pions

CMS trains a parameterized Neural
Network (pNN) to distinguish signal

vs. background tracks
o Parameterized in terms of
Am=0.3,0.6,1.0

Orthogonal SRs constructed by
sorting events based on Am for
max-scoring track, split into 4 bins
each

Primary backgrounds are Z—wvv,
W—-lv

Recent BSM Results

138 o' (13 TeV)
I | |

1
¢ Data
Spurious CMS
PV-associated Pr el/m/nary

I Sec. from W(t)
(%.Am)=(115,0.3)
—— (%,Am*)=(115,0.6)
— (%,Am")=(115,1.0)
------- (%,Am*)=(160,0.6)
°

123456 789101112
SUS-24-012 Signal Region
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-012/index.html

Compressed EWK SUSY: CMS Soft Leptons

e 2/3 lepton search
o p;>1GeV (3.5 GeV) for electrons (muons)
m Dedicated algorithm for 1-3 GeV electrons
o Select events using m,, me‘SS, other kinematics
o Dominant background W+jets, ttbar with fake
leptons from data-driven techniques

e 1 lepton + 1 track search

o p;>5GeV (2 GeV) for electrons (muons), tracks
>1.9 GeV
o Uses BDTs to distinguish S vs. B
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CMS Displaced Track Training Variables

e CMS PNN variables

Michael Hank (University of Pennsylvania)

Recent BSM Results

Variable Description SUS-24-012

Am* Model mass splitting.

Pr Transverse momentum of the track.

7] Pseudorapidity of the track.

|Agp(Track, pmiss)| Azimuthal angle between the track and the pi* vector.

|Ap(Track, Leading Jet)], Azimuthal angle and distance in pseudorapidity between

| Az (Track, Leading Jet)| the track and the leading jet.

log,,(dxy), log,,(dz) Transverse and longitudinal impact parameters (standard
straight line approximation) with respect to (a) the lead-
ing primary vertex and (b) the closest primary vertex from
pileup interactions.

log,, (dxy®™), log,,(dz5™")  Error on the transverse and longitudinal impact parameters

log(IPxy), logy(IPz),
log,,(IPxy Significance),
log,, (IPz Significance)

Axy(PV, ass. PV),
Az(PV, ass. PV)

Axy(PV, ass. SV),
Az(PV, ass. SV)

Abs. Iso PF

AR

min

miss
Pt

(standard straight line approximation).

Transverse and longitudinal impact parameters and impact
parameter significances (custom helix extrapolation) with
respect to (a) the leading primary vertex, (b) the closest pri-
mary vertex from pileup interactions, (c) the primary ver-
tex associated to the track during reconstruction, and (d)
the closest primary vertex excluding the associated vertex.

Distance in the transverse plane and along the z-axis be-
tween the leading primary vertex and the primary vertex
associated to the track (if assigned).

Distance in the transverse plane and along the z-axis be-
tween the leading primary vertex and the secondary vertex
associated to the track (if assigned).

Sum of transverse momenta of PF candidates within a cone
of AR < 0.3 around the track.

Distances to the (a) closest jet with pr > 30 GeV, (b) closest
jet with pr > 15GeV, (c) closest track with pr > 5GeV, and
(d) second closest track with pr > 5GeV.

Event-level magnitude of piiss.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-012/index.html

CMS 1L1T Training Variables

SUS-24-012

e CMS BDT variables Rank Variable

1 AR(t,E)

2 A (t,0)]

3 PT(E)

4 (t hard Hmlss)\

5 Ay (t,71)]

6 Ag (t,0)]

7 (t)|

8 ( )|

9 AR (4, j,)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-012/index.html

ATLAS Emerging Jet Training Variables

Rep. Prog. Phys. 88 (2025) 097801

Input Description
e Training variables for ATLAS emerging T Jet pseudorapidity
jet transformer do Track closest distance to PV in transverse plane
zosin(6) | Track closest distance to PV in longitudinal plane
A¢ Azimuthal angle of the track, relative to the jet ¢
An Track pseudorapidity, relative to jet n
q/p Track charge over momentum
o(o) Uncertainty in track ¢
o(0) Uncertainty in track 6
o(q/p) Uncertainty in track g/p
do/o (dp) signed d significance
z0/0(z0) signed z significance
NPIX hits Number of Pixel hits per track
NSCT hits Number of SCT hits per track
NIBL hits Number of innermost pixel layer hits
NPIX shared Number of Pixel shared hits
NSCT shared Number of SCT shared hits

Michael Hank (University of Pennsylvania)

Recent BSM Results
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https://doi.org/10.1088/1361-6633/adfe17

CMS Emerging Jet Training Variables

e Displaced tagger e Prompt-veto tagger

o dyo, o d_andd /o

© dxyz/ Xyz Xy Xy Xy N .

o  Distance from the PV to the crossing point of the o Track-to-PV associations for the leading
track helix PV and pileup vertices

o  Dijet direction in the transverse plane , .

o Whether the track is associated with the jet with a o Track-to-jet associations
larger p, o Ratio between the track energy and the

o Ratio between the track energy and the energy sum . .
of the tracks associated with the dijet total energy of the dijet candidate

Vertex invariant mass and p; o Whether the two tracks are associated
Vertex track multiplicity o with the same PV
Transverse decay length significance

x?/dof of the vertex fit

The angles between the vertex momentum vector

The direction from the PV to DV

The dijet candidate momentum direction

Track-to-DV association

d,,andd /0 , between the track and the DV

Angle between the track direction and the direction

of the DV displacement from the PV

O O O o0 O O o0 O O O

Rep. Prog. Phys. 88 (2025) 037801
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http://dx.doi.org/10.1088/1361-6633/adaa13

X—SH—bbyy (ATLAS [1] and CMS [2]) <

e Search for two extra scalars X and S/Y in bbyy final state SH

o Can occur in NMSSM, 2HDM extensions g dfizi
Y

e CMS sees 3.8¢ (<2.80 global) excess at (m,, m.,, )= (650,90) GeV
o Global significance is upper bound —~ CM§ - 138 o (13 TeV)

R BRI I I BN R
> i =
o CMS does not see this excess in bbrr [3], yyrr [4]" 8 7F (rff:éjs)oxeszﬂybb fATDZta ]
: B;mH=1ZSGeV _____ S+B fit
| E 5F iy =30 GEY — B component
% 500r ATLAS § CIC.) : -i10 E
e ATLAS instead T | e-wTevee @ 20 E
X — SH — bbyy 2 s
s 3 E
sees 3.50 (2.00 o0y e E
global) excess at 22y f
(575, 200) GeV T e —
200} 1 4F % B component subtracted_i
2 MM@M LA
0 -2 =
1yyn does see some different excesses 4 _45 T B I TNTRE
o o o o | 100 110 120 130 140 150 160 170 18«
my [GeV] m,, [GeV]
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https://arxiv.org/abs/2404.12915
https://arxiv.org/abs/2310.01643
https://arxiv.org/abs/2106.10361
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html

(pp — X)B(X — YH — bbbb) [fb]

X—SH—4b (CMS) [5]

ok my =400 GeV 1 my =500 GeV

1o o~ | e

1o ' PR T R

0100 150 00 i T00 750 200 250 300 100 150 200 250 300 350 400
10° T T T T T
my = 650 GeV my =700 GeV my =800 GeV
10° = B - ==
1

e Same model as previous slide
e Looking at 4b final state

e [EXxcess at (mx, m

(@)

CMS Preliminary

SIY

)= (700,400) GeV

4.10 (2.80 global) p

138 fb” (13 TeV)

E k|
100 200 300 400 500

700 200 300 400 500

my = 900 GeV

E 1
700 200 300 400 500 600 700

my = 1000 GeV

700 200 300 400 500 600 700 800

my = 1100 GeV.

700 200 300 400 500 600 700 800 900

my = 1200 GeV

00400 600 800 1000

my = 1400 GeV

my = 1600 GeV

e

00400 600 B00 1000 1200

00400 600 800 1000 1200 1400

>
my [GeV]
68% expected 95% expected
----- Expected 95% CL upper limit ——— Observed 95% CL upper limit
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-012/index.html

CMS Y(yy)H(bb) Training Variables

e \Variables for PNN training

Category Variables

Photon-related  pr(v7v)/ 1.y, pr(v1) /1y, PT(v2)/ 10y
AR(yy), Ap(ry)

Jet-related pr(in), pr(ji), m(jj), AR(jj), m(j),

b tagging score(j, ), b tagging score(},),

AR(7v1,j1)s AR(71,72), AR(72,j1), AR(72, J2)
Photon-jet AR(Y1,ji), DR(v2, ), AR(YY, 1), AR(YY, J2), AR(Y Y, i),
combinations Ay (v, jj), A (v, ), Bi(71, ),

A(v Y, ji), Ap(yy,ja), Ap(y 7, J2)

arXiv:2508.11494
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https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-24-001/index.html

CMS Y(bb)H(bb) Training Variables

e \Variables for BDT background reweighting
o  p; of four b-jet candidates
o p;andnof HandY candidates
o Angular separation AR between the two jets that form
the reconstructed H candidate
o AR between the two jets that form the reconstructed Y

candidate
o Orthogonal distance of the event from the diagonal
defined by m, ._-m, =125 GeV

H1G-20-012
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-012/index.html

ATLAS Y(bb)H(yy) Training Variables

e Most powerful variables for PNN training are:
O Invariant masses of photon/b-jet combinations

O  p;of b-jets

arxiv:2510.02857
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