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Intro

- New Physics can be decoupled from electroweak scale in Dark Sector models, requiring
additional low-mass mediators to explain the observed relic density with light DM (sub-GeV)

- Dark sectors present a huge model-space: identification of general enough benchmarks allow
for a systematic programme of searches (at colliders and elsewhere)

- Collider searches have complementary reach to beam dumps and non-accelerator searches

ATLAS has a great potential to discover dark sectors and unveil their structure with new searches
in Run3



Dark Sector portals
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Vector portal: el /,u/F HY ‘dark’ vector boson (A’, y4, Z¢) which mixes with SM photon

Higgs portal: kH?*S? + uH ’S  ‘dark’ scalar boson (S) —> exotic Higgs decays

Neutrino portal: K(LH)N no more sterile neutrino

Feebly interacting particles are well
motivated but their mass scale is
unknown and are very difficult to probe
at particle colliders, often lead to

unconventional signatures!
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Dark Sector portals

New particles can be long-lived:
observed lifetime is governed by an
exponential defined by the proper lifetime ct
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Unconventional signatures

Unusual and unique signatures are extremely challenging to probe:

diséppearingp'r

displaced kinked tracks \
multitrack vertices \
: : : ’ L non-pointing
Anomalous signatures not associated with § o (converted) photons
standard activity in the detector require the
development of dedicated triggers! =>-
displaced leptons, / P B A jets

RECONSTRUCTION

lepton-jets, or
lepton pairs

multitrack vertices in the
muon spectrometer

Object identification and reconstruction /
algorithms are to be updated to include ! trackless,
non-standard tracks and energy deposits \ . low-EMF jets
quasi-stable
NON-COLLISION charged particles
BACKGROUND
Unconventional signatures have

unconventional backgrounds, from detector

noise to non-collision physics events

Fig: Heather Russel, 2017
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-05/

Vector portal (dark photon)



Higgs to invisible dark photons

Exploit open room in Higgs invisible decay to constraint BSM Higgs invisible decay
SM invisible decay(Br ~0.1%)

ATLA
ATLAS Observed limit (35% CL) : - Broected (s =13 TS 139 o -
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Higgs to invisible (Nature 607 (2022)52):
BR(h—inv) < 0.11 @ 95% CL

Higgs to undetected (Phys.Lett. B842
(2023)137963):
BR(h—und) < 0.13 @ 95% CL 9
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-13/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2021-17/

Higgs to visible dark photon

Search for BSM Higgs decays into (long-lived) light dark photons
Very unconventional topology: collimated structures of leptons or light hadrons (lepton-jet, LJ, DPJ)

ATLAS cuphysu.cs52025335  {s=13 TeV, 139-140 b’
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S = - _- B 0.019% for the first time electron decays
> - _
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~ NS - B=10%
7_ PR L ! ~ ~ B=1%
107" = B=0.1% —
= ‘~§\ Combination of ggH + VH + V
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https://link.springer.com/article/10.1140/epjc/s10052-024-12902-7?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240722&utm_content=10.1140/epjc/s10052-024-12902-7
https://link.springer.com/article/10.1140/epjc/s10052-024-12902-7?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240722&utm_content=10.1140/epjc/s10052-024-12902-7
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-55/

From visible to invisible

Probe ultra long-lived decays where both LLPs decay outside ATLAS!

ATLAS Preliminary Vs=8-13 TeV, 20.3-139 fb Monojet UL on Br(H->inv) ~ 0.50
| | IIIIII | | il | | I B | | IIIIII FRVZ MOdel ® NOt Very COmpet|t|Ve
ATL-PHYS-PUB-2022-007 :

H—2y +X * (Opens wide range of

my = 125 GeV reinterpretation of invisible

J0% CL observed limits | searches for visible LLPs

Displaced (139 fb™)
ATLAS-CONF-2022-001
1 BR=10%
I BR=5%
B BR=1%
B BR-=0.5%
B BR-=0.1%

Prompt (20.3 fb™)
JHEP 02 (2016) 062
BR=10%

Monojet (139 fb™)
ATL-PHYS-PUB-2021-020
BR=50%

Non-ATLAS searches
JHEP 06 (2018) 004
Vector-Portal-only limits
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/

Scalar portal



B(H—ss)

Higgs to spin-0

Higgs boson mediated hidden sector summary: quite few analysis contribute to an impressive
level of excluded parameter space!

1 ATLAS Preliminary (March 2024) Vs=13TeV, 36-140 fb' Hidden Sector, m, =125 GeV
— 1""' I "”"" .l "”|"| rrrrm L) -1 11

|| ll- lIllllI LI llllI L LA I 1 lllllllI - IIE

— 0 : NS N / . H Selected ATLAS results

— | '77"/ 77 1 7 95% CL observed limits

_ T — Searches: . At

\ ' | Z"="Huon System (2 vix Oniy), 139 b Long lifetimes often lead to very
e PP ARy 4 SRR / SO DA . Phys. Rev. D 106 (2022) 032005 I

107 E - —.— Muon System (1 Vix + 2 Vtx), 36 fb™ small couplings

— - Phys. Rev. D 99 (2019@)0152005

— —| ——— Calorimeter, 139 fb" T T C

B - JHEP 06 (2022) 005 e b + Longer Lifetime: Higgs to invisible

— _ —{ =.=. Tracker+Muon System, ) :

- V/ i : Phys. Rev. D 101 (2020) 052013 bounds dominate

10 R -SRI N4 P T LA [ Z....e| =.=. Tracker, 139 fb"

= = \ = = JHEP 11 (2021) 229

ot 2 o @ Tracker (b-tag), 36 b

B E: St JHEP 10 (2018 0311

Bk : Q- —_.— Monojet, 139 fb"

— o= - .,CE = ATL-PHYS-PUB-2021-020

A : - m H-—inv,7-8-13 TeV combination

1073 o LA — ATLAS-CONF-2020-052

= = Tracker, 37.5-140 fb™

— — arXiv:2403.15332

: : LLP masses:
1074 = - - Bs8Gev [ 1520Gev | 25-35Gev

10° 10* 10> 10° 10" 1 10 10° 10
40 GeV 45-60 GeV Any
ct [m] B _
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Higgs to spin-0

Higgs boson mediated hidden sector summary: quite few analysis contribute to an impressive
level of excluded parameter space!

ATLAS+CMS Preliminary

Hidden Sector (Feb 2025) 13-13.6 TeV
A ASRALLEELSaL Bl e e e e AL e CMS

/: —»— Prompt (with b-tag), 138 fo' (13 TeV)
JHEP 06 (2024) 097

- -=-- Displaced jets, 34.7 fo"' (13.6 TeV)

A Rept. Prog. Phys. 88 (2025) 037801

®__ —— Muon System, 138" (13 TeV) New ATLAS+CMS summary plot!
Phys. Rev. D 110 (2024) 3 032007

A H- invisible, 4.9-140 b (7-8-13 TeV)

Eur.Phys.J.C 83 (2023) 933
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Prepared within the LLP LHC WG

ATLAS

—#— Prompt (with b-tag), 36 fb" (13 TeV)
JHEP 10 (2018) 031

- - - - Displaced vertices, 140 fb' (13 TeV)
Phys. Rev. Lett. 133 (2024) 161803

-------- Calorimeter, 140 b (13 TeV)
JHEP 11 (2024) 036

—— Muon System (2 vtx), 139 fb" (13 TeV)
Phys. Rev. D 106 (2022) 3 032005

—— Muon System, 36 tb" (13 TeV)
Phys. Rev. D 99 (2019) 052005

® H- invisible, 4.7-139 fb" (7-8-13 TeV)

Phys.Lett.B 842 (2023) 137963
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Higgs to spin-0 |

Search for displaced jets in the muon spectrometer
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https://arxiv.org/abs/2503.20445

Neutrino portal



example decay for single flavour coupling
with off-shell Z which gives (uee) and (euu)

Displaced HNL

~ull Run2 search for displaced HNL decaying (semi-)leptonically in the |D

W+

v_107¢ B = o 107g
D - _ . - .
= L arXivi2503.16213 | = [ E
10°° é_ ........... _é 10°° %_ _é
P ? ATLAS — Observed 95% CL limit % . ? ATLAS — Observed 95% CL limit ?
10 = \s=13TeV, 140 fbo - Expected 95% CL limit E 100 = Vs =13 TeV, 140 fo! - Expected 95% CL limit E
;_ Dirac, 1SFH (u) | Expected =+ 1o _; ;_ Majorana, 1SFH (u) " Expected = 1o _;
0 ; Expected + 26 § . § Expected + 20 ;
1 IV = ! | | | ! ! | ! | | ! | ! — IV = ! | | | ! ! | ! | | | | | —

0 0 3 10 15 10 0 S) 10 15 _

Prompt lepton with

my [GeV] my [GeV] opposite-sign displaced

vertices.

Improvement by a factor x15 over old full Run2 result with same dataset!
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= ATLAS :
? Phys. Lett. B 856 (2024) 138865 ;
Lol L gl Coy il il .

1 10 107 10° 10*
m, [GeV]

ATLAS t-channel
— This work
Vs =13 TeV, 140 fb™

ATLAS s-channel
—— JHEP 07 (2015) 162

Vs=8TeV, 20.3fb"

ATLAS s-channel

—— JHEP 10 (2019) 265
\s =13 TeV, 36.1 fb™

ATLAS displaced
— PRL 131 (2023) 0611803
\s=13TeV, 139 fb

CMS s-channel
arXiv:2403.00100
\s=13 TeV, 138 fb™

CMS displaced 3l
JHEP 07 (2022) 081
\s=13TeV, 138 b

CMS displaced 2|
arXiv:2312.07484

Vs =13 TeV, 138 fb™
CMS displaced low-mass
arXiv:2402.18658

s =13 TeV, 138 fb”
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2023-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2023-16/

Pseudo-scalar portal
(ALPs...)



Low-mass di-photon
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Diphoton resonance search (gg -> X -> yy) in low-mass region
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-23/

arXiv:1708.00443 _ 5

ALP in yy channel bl
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\ Y
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< : (G- 2) E - 2, 95% CL limits
= 10_4 L SN1987a H ] N %, H s 74
© E 3 10—2 _Odz%/ © a decays before Ly, =33 mm _|
O,‘QA
|CZH|/A =0.4 TeV!
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not finding a signal in h = aa would
51 not necessarily exclude h = Za



https://arxiv.org/abs/1708.00443
http://Eur.%20Phys.%20J.%20C%2084%20(2024)%20742
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-09/

Many more...alps searches

Many Run2 searches looking for ALPs to systematically cover all production and decay channels!

arXiv:2503.05463 duy2022 . AIL-PHYS-PUB-2025-011
Gl as T C ATLAS Preliminary —e— Observed -
H_>Z . Z*_>Z . | h ton T 0355 —e— Observed - my,=20GeV,ct;, <1 mm - Expected
a/aa . i d D 2L S - Vs =13 TeV, 140 fb_1 ----- Expected R N 1o _
Foost B Expected <16 - L 20 -
h->/a->ff yy  PLB848(2024) 138536 % 0.o5F [ JExpected 20 7 = l -
X~ F : R -
~|T — _ , [ —
i ° - s i -
h->/a->ff J] arviv:2411.16361 5 015 i 7s2 2018 750 [ .
‘g 0. Invisible — I —]
8 O 05 V5=7,8,13 TeV, 4.7,20.;1;91 f.tl)-’.;- :_ . _:
H->aa->4m  JHEP03(2022) 041 2 gt :
8 0 T bb, bb [ — . —]
4 6 8 10 12 14 A T SR von
h_>aa_>yy TT JHEP 03 (2025) 190 m, [GeV] 1076 107° 1074 1073 1072 101 10°

95% CL Limit on BR(H — aa —» XXYY)

- T g . - '/ //////// T 1 7 | T . . :
h->aa->4r arXiv:2503.05463 z | ; 3 E Z/_ Obearag /  ATLAS :
S 0 1 0-25:— é----Expected / g \/EZ 1?TTV{ 139 fb’ -
V*->Va JHEP 11 (2024) 126 E | § f 7WExpectedtio / ISR
O 10-1k B(H—Und.) <12% T 02 Z Expected+2 ¢ / | —
e =t 7 / 5 :
Yy —a —yy  JHEP07(2023) 234 | - / | -
| ATLAS —e— Observed limit 2 B ' Y
10-2¢ J/5=13TeV, 140fb~" ---- Expected limit 2 — / : A
. B ’ B Expected +10 (@) 0 1__ ! ]
h—>aa, d—YYy  EPJC 84 (2024) 742 B(a— gg) = 100% Expected 20 g / |
[ PRL 125 (2020) 221802: = - oo / |
1073} —— Obs. limit O 0.05— | A
* - ' : : ~--- Exp. limit a - - -
V*->Va: a— dVix in ID: PRL 133 (2024) 161803 p S - / i -
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-55/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-09/
https://arxiv.org/abs/2411.16361
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-55/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-39/
https://arxiv.org/abs/2503.05463
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2021-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-04/
https://arxiv.org/abs/2503.20445
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-011/
https://arxiv.org/abs/2503.05463
https://arxiv.org/abs/2411.16361

Light-by-light scattering

search for resonance in diphoton invariant mass spectrum from photon-photon interactions in UPC HI collisions

Existing constraints from JHEP 12 (2017) 044

> ATLAS - i
O, Pb+Pb |5 =5.02TeV,22nb" - > JHEP 03 (2021) 243
Sm ————— Expected Limit ) — 101+ -
= —— Observed i < | LHC
S 26 unc. - Y- y+inv. (pp)
I= i I 16 unc. ) | -
0
—
L\()) 109 =
O PrimEx
® 10 —]
i CMS yy - (2019) 134826] -
1L _
| |_ 10 - Beam-dump ATLAS ATLA (this paper)
6 7 8 910 20 30 40 50 6070 107 N U R R R B
m, [GeV] 10 102 1071 100 101 102 103

m; [GeV]

2. Slgma 5o far best over mass range of 6-100 GeV (assuming 100% BR to photons)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2019-08/

Takeaways

Dark Sectors searches have been so far discontinuous in ATLAS: from the portal framework we
can identify benchmark models for a systematic investigation

A snapshot of the most recent results from ATLAS have been shown, but many more analyses in

progress using the Run3 dataset

Run3 larger dataset with new exciting improvements will enhance the discovery potential for

dark sector signatures

Many unexplored synergies and overlaps across
searches that could be exploited
» Harmonise common models where possible or
promote multiple interpretations
» Encourage combinations and summary plots to
spot uncovered regions
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TLAS Preliminary (March 2022) 13 TeV, 11-139 fo! Hidden Sector, m, =125 GeV
UELLELALLL LA LU LR L L L b UL AL DL L L

B(H—ss) = 10%
95% CL observed limits

Searches: ]

] Muon System (2 Vix Only), 139 fb"
arXiv:2203.00587 ]
Muon System (1 Vitx + 2 Vix), 36 fb"
Phys. Rev. D 99 (20192)0152005

) Calorimeter, 139 fb"
arXiv:2203.01009

—— Calorimeter, 11 fb
Eur. Phys. J. C 79 (2019) 481 ]
Tracker+Muon System, 36 fb~
Phys. Rev. D 101 (2020) 052013
Tracker (LRT), 139 tb~
JHEP 11 (2021) 229


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
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