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Unusual Hadronic Signatures

Strongly coupled hidden/dark sector is one candidate to
provide DM predicted by cosmology

Pythia hidden valley module used for simulation of dark
shower - best guesstimate

ATLAS search program looking for generic final states:

Dark QCD
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- Prompt dark shower, decay into SM particles

ArXiv: 1502.05409
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Further unconventional hadronic signatures are being
searched for, e.g hadronic LLP decay in the muon .
spectrometer shown today Jﬁf.‘g

source wsme = INVISIBLE


https://arxiv.org/pdf/1502.05409
https://cds.cern.ch/record/2855831
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ATLAS Dark QCD Searches So Far
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Search for Resonant Production of Dark Quarks in Search for non-resonant production of semi-visible
the Dijet Final State with the ATLAS Detector jets using Run 2 data in ATLAS

ArXiv: 2311.03944

€ MERGING
JETS

ArXiv: 2305.18037
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https://arxiv.org/abs/2311.03944
https://arxiv.org/abs/2305.18037
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Results Shown Today

Search for emerging jets in p p collisions at
Vs = 13.6 TeV with the ATLAS experiment

ArXiv: 2505.02429

) - C . .
VEIGLE P IR .Se.arch f.or new physics in ﬁ.nal states w1.th
semi-visible jets or anomalous signatures using the
ATLAS detector

ArXiv: 2505.01634



https://arxiv.org/abs/2505.01634
https://arxiv.org/abs/2505.02429
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Emerging Jet Signature

Physics: : v
* Production of 2 dark quarks (gp) and up to 2 SM quarks via: q ‘ q
- s-channel decay of Z’ %%
- t-channel exchange of bi-fundamental scalar mediator ! W ”
* Dark shower: Weak coupling of gD to SM quarks - e
macroscopic lifetime of go G K g,

q (D‘/I<
Signature: K D
. ) . .. K 705}
« Jets with many displaced vertices in jet cone _ fff‘“K;
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Fraction of events

Carleton &2

University g~

EJ Analysis Strategy

* Two analysis strategies:

low-m.. high-mjj
(EJ trigger) (high-p, trigger)
- Cut based
cut-based high-level jet observables ->
. . background (ABCD) easier reinterpretation
- Machine learning based estimation
methods ML-based

(mistag rate) tagger’s strong performance -> higher sensitivity

* New EJ trigger deployed in Run 3

Art courtesy: K. Park

— Based on prompt track fraction in jet

- Targeting low mj region
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EJ ML Based Analysis

Architecture: Transformer jet tagging
algorithm based on heavy flavor jet tagging

(arXiv: 2505.19689 ): V3136 Tov 515 11
_ _ Boscrun ] B vos o
- Input: jet eta, 15 track variables for up % a0} R P
to 200 associated tracks = ot 1 Tt EF 1% P fake
202— .""jh —; 20+ “._u — L 4 Prompt
- Classification tasks: jet classification, 15t i E N D
track origin classification, track pair 0F ERL 3 1 po=1000
compatibility ° 1% ]
00 5 Ho s 50 55 50 as 005161520 25 30 35
Track index Track index

Background estimated from mistag rates

Validation of background estimate using
validation region of 0.9-0.98 pe;


https://arxiv.org/abs/2505.19689
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EJ Results

* No significant access observed

Strategy Region | Prediction (+ stat + syst) | Observed yield

« Excluded mzup to 2500 GeV (2150 GeV) with ML Cut based fL“gh""ff 177'54 ;1 ;1 180
(cut) based analysis T s
High-m;; | 45 0.3 +2.8 3

ML-based
* Mo excluded up to 1350 GeV Low-mj; | 318 0.8 7.5 24

i L T T T T T L T i L T T T T T L T

E [ATLAS —— Obs. limit (cut-based) 10 E [ATLAS —— Obs. limit (ML-based) 10
— Vs=13.6TeV,51.8fb-1 === Exp. limit +10 (cut-based) — Vs=13.6TeV,51.8fb~1 === Exp. limit +10 (ML-based)

£ 5| mu=10GeV,gq=0.01,4,=0.1 £ 5| Mn=10GeV,gg=0.01,g4,=0.1

Cut based ML based
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Results Shown Today

Search for emerging jets in p p collisions at
Vs = 13.6 TeV with the ATLAS experiment

ArXiv: 2505.02429

) - C . .
VEIGLE P IR .Se.arch f.or new physics in ﬁ.nal states w1.th
semi-visible jets or anomalous signatures using the
ATLAS detector

ArXiv: 2505.01634



https://arxiv.org/abs/2505.01634
https://arxiv.org/abs/2505.02429
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SVJ Motivation

Physics:

- Z' decay into pair of dark quarks

- Dark quarks hadronize — dark hadrons N >
— decay to SM particles or DM candidates

—  Rinvisbie: Prob. of dark hadron decay to DM

Signature:

- 2 semi-visible jets (SVJ), resonant in m+

- Missing ET aligned with one of the jets More detalls in M. Barakat's talk

Main Background: Jet miss-reconstruction in
QCD multi-jet events

10


https://indico.in2p3.fr/event/33627/contributions/154485/
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SVJ Analysis Strategy

Two analysis approaches:

* Supervised machine learning with particle flow

network (PFN) + Model specific results

* Semi-supervised anomaly detection
(ANTELOPE) + BumpHunter to obtain model
agnostic results

« Signal and control regions defined using width
of sub-leading jet (W;2) and ML scores

. 89 .12
2 _ miss > >miss
mr = [ET,JJ + E; ] - lpT,JJ +Ppr ] ‘

VR
PFN Score < 0.6

OR
ANTELOPE Score < 0.7

ML Score

Variable Preselection requirements
Njcls >2
Ntracks GBt) >3
Niep =0
prji(j2) [GeV] > 450 (> 150)
A (i o) >0.8
751, <21
Ay <28
ETSS [GeV] > 200
mt[GeV] > 1500
SRpgN l SRap ] VRpen | VRAp | CR
Wi, > 0.05 <0.05
PEN score > 0.6 - <0.6 - - 11
ANTELOPE score - > 0.7 - < 0.7 -
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SVJ Results
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Data - Fit

o (Data)

|
N

N

o

No excess observed

¢ Data

FrT T T L FrT T T
| ATLAS ¢ Data > 10°L ATLAS
F Vs =13 TeV, 140 fb™! —— Background-only fit ] Q) F Vs =13 TeV, 140 fb™! —— Background-only fit ]
- ] et - ]
3 f(X) = Pa(L — X)poxPs +Penx +psin’x 3 N 10'F fx) = P1(1 = x)pxP>+ P+ P’
SRpgN: p-value = 0.26 ; R SRap: p-value = 0.74
_ x*/ndf=1.09 4 O 103 L x*/ndf=0.93 4
= i:
. W10
3 10'
3 10°¢
107
T T T T T [T
[ 2 -
Zlg |
o8 Of
=2
o
: o 2 :
L | L L | L L | ! L L f | ! L L L | L L | L L | ! L L f | ! L
2000 3000 4000 5000 6000 2000 3000 4000 5000 6000
mt [GeV] mt [GeV]
12



Carleton B2

University g~

SVJ Results

TTT
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Search for events with one displaced vertex from
long-lived neutral particles decaying into hadronic
jets in the ATLLAS muon spectrometer in p p
collisions at Vs = 13 TeV

arXiv: 2503.20445

14


https://arxiv.org/pdf/2503.20445
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MSVix Overview

Search for neutral LLP hadronically decaying in muon spectrometer (MS)
Signatures:

- One decay vertex in the MS (using dedicated trigger)

— One decay vertex in the MS + leptons from prompt Z (using di-lepton trigger)

Results interpreted for scalar portal, baryogenesis models and ALPs

Improved background estimate and signal efficiency extrapolation compared to previous
searches (previous 2DV search: Phys. Rev. D 106 (2022) 032005 )

15


https://doi.org/10.1103/PhysRevD.106.032005

Muon Rol Cluster trigger efficiency
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£ | __F s

* Vertex reconstruction: Build tracklets e L S
from MDT multilayer and back- ——W
extrapolate them to find common W
vertex

<

MDT-inner

* Background estimate: 2 NNs trained
on uncorrelated input (ABCD method)
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https://iopscience.iop.org/article/10.1088/1748-0221/9/02/P02001
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95% CL upper limit on (G/GQQF) x B
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MSVix Results

1E T TS E
2 2 f g2 LN 4
E = L = B
2 T 10 =
T . N Y 4 T = 5 E k E
[a4] E om £ |
X E X 3 g
2 o = g 1= =
107 s s E 3
< 10" = = f ]
£ E E d
Y I = s 10 =
10 E By,e=01% 3 3 E m,, m, [GeV] 3
F S o2k m, = 40 GeV a = L — 1255 ]
N i e O T ] 3 E ATLAS . This work E 3 102k ATLAS 12515
E my,m, = [125,35] GeV £U BV 3 = F Vs=13TeV, 140 b —— JHEP 11(2024) 036 ? E {s=13TeV, 140 b’ 250,50 E
£ e -1 7 [ [ . li Exp. h — = P pe =
F Vs=13 TeV, 140 fb PR — s Obs. (solid) & Exp. (dashed) PRL 133 (2024) 161803 ] [ Observed limit 250, 100 ]
10—5 | P Lol Lol L 1073 T T B R R T AW R R AR T B WETTIT B AR 1073 riaal P (O T A s el W |
102 107! 1 10 102 10° 0% 10° 102 10" 1 10 102 10° 107 1 10 102
Scalar proper decay length (ct) [m] ALP proper decay length (ct) [m] Dark photon proper decay length (ct) [m]

BR of SM H-ss>1% Most stringent ATLAS Limits Z + dark photon
excluded for limit set on Z + ALP with dark photon
5cm<ct<40m models for ct > O(10cm) decaying to 2 fermions
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Conclusion

)
.o\t 4
. . g DU ot o
Rich program of searches for unusual hadronic final [w»‘“\*”s“
states ongoing % S monsel]
JETS
SEMI <
% vIsIBLE ﬁ/
. . JeT
Dedicated set of searches aiming at strongly coupled s i
hidden valley theories vemE ..

Many more results to come!

See E. Woodward'’s talk for unusual signatures in ] =
leptonic/missing energy channels

18


https://indico.in2p3.fr/event/33627/contributions/154489/
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BACKUP
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SVJ Machine Learning

S5 [amas’ N
< VE=13TeV, 140 b1 o ]
Input to both ML approaches: i
o' B - My =2500 GeV, Ry = 06 4
=== mz =4000 GeV, Rjn, = 0.6 ArJ

- Up to 80 tracks from leading and sub-leading jets

ANomely deTEction on particle fLOw latent sPacE _
(ANTELOPE) developed in the context of this analysis
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