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CHC DM WG in a notchell

—> (ong history: first open meeting of the (HC Dark Matter WG in 2015
o WG activity built on the experience of previous ATLAS-CMS Dark Matter Forum

o main goal: prioritized list of benchmark models for Run2 and 3 searches, including parameter scans and
other practicalities

o over 200 experimental and theoretical participants on the main mailing list

— Cross-experimente effort
o CMS, ATLAS, LHCb and theory community
o coordinates: benchmark models, recommendations for result presentation, discuss complementarity with

other DM experiments (homogenesus approach) LHC DM WG organisers %
acr P
o/

— General * ATLAS: Sukanya Sinha

CMS: Deborah Pinna
LHCb:Adrian Casais Vidal
Theory: Uli Haisch and Tim Tait
LPCC: Michelangelo Mangano

o documents: https://lpcc.web.cern.ch/content/dark-matter-wg-documents

o meetings: hitps://indico.cern.ch/cateqory/7246/

o webgite: https://lpcc.web.cern.ch/content/Ihc-dm-wg

o c¢tay up-to-date: mailing list announcements, mailing list technical e and big thanks to Zirwi Wang and James Frost
Y

for all their continuing work 2
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How can we study DM interactions with SM ?

—> lery large set of possible DM masces can account for observed final relic density

—> Qver the next decade, need of unified strategy fo maximize discovery potentiaf

o many compelling simple/minimal models accessible via planned/proposed experiments, colliders, and observatories
across experimental frontiers

o understanding and harnessing complementarity between techniques and technologies is ecsentia/

o DM discovered? Complementarity needed to triangulate fundamental nature of DM - unique ability of colliders to probe
interactions

o DM not found? We will still gain important information on its properties
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How the DMWG ctarted ...

—> Enerqy Frontiere GeV-TeV: led the DM simplified model “revolution”

—> Theoretical benchmarke are necessary fo charpen the regions of interest

Example simplified modele:
o limited parameters set (mDM, mMed, gq, gDM)

o benchmark models: kinematically distinct model
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Complementarity ic the key-word
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capabilities to constrain DM
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Simplified models:
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* => LHC results are particularly competitive for low DM

—> Translation ic model-dependent. LHC limits hold

exclusively for considered models

[enf]
c

1078
S 10
10740

(x-nucleon
-
<

2

& 104
1074
1074
1074
10746
10747
10748
1074

— Dijet
139 fo'; JHEP 03 (2020) 145

— Dijet TLA
29.3fb"; PRL 121 (2018) 081801

— Dijet + ISR
140 fo''; arXiv:2403.08547

~ Dijet+Lepton
139 fo'; JHEP 06 (2020) 151

= Boosted dijet + ISR
36.1fb; PLB 788 (2019) 316

= tf resonance (1L)
36.1 b, EPJC 78 (2018) 565

—— tTresonance (0L)
139 b"; JHEP 10 (2020) 061

= bb resonance
139 fo'; JHEP 03 (2020) 145

— E7+jet

E——— T
FATLAS Preliminary
EVs =13 TeV, 29.3-140 fb'

i
B 139 fo'; PRD 103 (2021) 112006
1 =,
— 139 fb; JHEP 02 (2021) 226
1 =z
J 139 fb°; PLB 829 (2022) 137066
L
4 ETWq)
140 fb; arXiv:2406.01272
m, [TeV]
A
4 — Dijet resonance
* Dijet, 139 fo"

JHEP 03 (2020) 145
* Dijet TLA, 29.3 fo"
PRL 121 (2018) 081801

L

« Dijet+Lepton, 139 fb'
JHEP 06 (2020) 151
 Dijet+ISR, 140 fo'

arXiv:2403.08547
«Boosted dijet+ISR, 36.1 b’
PLB 788 (2019) 316

ool hod 3o 3vd 1

arkSide-50 QF MIGD

T T~ Ty Ty

Vector mediator, Dirac DM
g,=0.25,g=0,g =1

E ATLAS limits at 95% CL, direct detection limits at 90% CL
s s L

= tf resonance
36.1 fb"; EPJC 78 (2018) 565

/

= bb resonance
139 fb'; JHEP 03 (2020) 145

— X

«E74jet, 139 fb'

PRD 103 (2021) 112006
©E7%4y, 139107

JHEP 02 (2021) 226
«ET4Z(1), 139 b

PLB 829 (2022) 137066
«E7.V(qq), 140 b

arXiv:2406.01272

vud b oo 3ol

PRL 131 (2023) 041002

=P

1 10 10?

andaX-4T
3 PRL 127 (2021) 261802
10° = DarkSide-50 QF MIGD
PRL 130 (2023) 101001



Specific models:
; Cowmplete models:

€9. MSSM
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https://indico.cern.ch/event/1340162/overview

Simplified models: Higgs ac a mediator

Simplified models:
SM/BSM wediator
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—>  DM-SM interactions mediated by Higge boson:

o coupling to DM enhance H invisible decays (SM ~0.1%)

— Higgs production ac in SM
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Simplified models:
SM/BSM wediator

Simplified models: Higgs ac a mediator S
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New in Ron3

—  Offchell Higgs portal 0.q 0,
o Higgs portal, with extra pseudo-Nambu-Goldstone boson makes v B R
attractive DM candidates 174

o evade direct detection constraints by the momentum suppression

o dominant interactions with heavy particles

o VBF+MET, tt/tW+MET are important signatures

—>  Semi-vicible Higge decays
o much less explored avenue, in particular A->ZX s B%

o fully complementary to searches for invisible Higgs decays
il;l‘i.'s'il)[(‘
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Simplified models:
SM/BSM wediator
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s‘m\?‘” eters)
vgmt"‘
(ess

L rodels ) o ,
Doublet Model £9:sM=
< o ex
) ;. e o o

—> (ecs explored ccenario with strong motivatione

—> Simplified t-channel DM
o Y charged under the dark symmetry, coloured, couples to quarks i
o Y decays into 1 DM and 1 SM particle X SM
o Xis a SM gauge singlet

Tg]0o PR R ey Ry

e S3M up, observed limits
Breakdown of contributions

—> t-channel white poper wrapping vp (mu/ﬁ—year frqject) 3500 Draekiow of sonsiations:

o first draft ready and will be released soon 3000 | Combined XXXy channeis
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benchmark models and collider signatures for Run3 :
o benc mar models and colli gr signa ure.s or Run | W oy
o constraints from cosmology, direct detection, flavour physics Q

‘CERN-LPCC-2025-001

t-channel Dark Matter Models — A Whitepaper
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https://cernbox.cern.ch/pdf-viewer/public/f039r3mF2rJQMVF/DMWG_t_channel_whitepaper.pdf?contextRouteName=files-public-link&contextRouteParams.driveAliasAndItem=public%2Ff039r3mF2rJQMVF&items-per-page=100

Lecs simplified medele: 2HDM+a

Specific models:
9. 2 Higgs
Doublet Model

— DM with an extended Higgs cector

o still simple and realistic approach
o 2HDM-+a minimal and UV-complete extension of
pseudo-scalar simplified models

o collider is more sensitive than DD-SD experiments

—  Different windows as in simplified models

o MET+X (mediator — invisible)

o resonance/ decay products (mediator — visible)

—>  Huge improvement in constraining 2H{DM+a over Run2

o most low mass region of current benchmarks excluded
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Lecs simplified modele: 2HDM+a

Specific models:

5\1 ;
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—> New ideas to explore in Run3: white paper with recommendations in progress

9. 2 Higgs
Doublet Model

"
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— Define new type-I benchmarks and study (HC Run3 censitivitiec: n+MET, Z+MET, HZ, ZZ+MET, hh+MET, ttZ, tbW...

—> Planning on reloxing model parameters (beyond the Yukowa type): non-degenerate masses, dropping alignment limit, ..

[llia et al., 2404.05704]
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Kick-off meeting

2HDM+a white paper
(clide from U. Haicch)
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https://indico.cern.ch/event/1462791/

Lecs simplified models: dark cector

—> Dark sector: DM and mediator part of a separate ‘dark SM”
o can be fairly minimal or with composite dark sectors
—> Dark sector’c small SM couplings makes it challenging fo detect, but ...
guides towards aflowed relevant interactions:
o vecfor, mediated by dark photon that mixes with SM photon
o cecalor, mediated by dark [Higgs mixing with SM Higgs, leading

to fermions couplings

o pseudo-scalor, a axion-like particle with couplings to SM

Signatures:

e /nwissbleproduction of DM through the decay of a portal/SM particles

Dark Matter

(DM)
Other
dark states
The Standard The dark sector
Model (SM) Particles neutral under

the SM gauge symmetries

e visible dark mediator particles can decay back to SM particles (especially if sector’s lightest state)

o displaced (long-lived) production of dark sector particle with significant lifetime decaying visibly to SM

14



Dark sector: dark Higgs

— Two Mediator DM models
o Z’ and dark higgs

o could explain for DM mass origin and relax cosmology constraint

—> Diccuscions ongoing to start a targeted study and benchmarking effort for Run-3 cearches

B-L MGjOrara. My, =/0 GoV, sng=0.05, gu=" b

1000 0000
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3 N 1
N ]
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DMWG workehop

Dark Higgs secsion
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https://indico.cern.ch/event/1340162/overview

Dark sector: dark photons and (P

Energy:
DM at
colliders

— Dark photon

o

connecting muftiple cignatvres (LLP, prompt decay
and invisible decay)

motivate wovel cearch strategiec such as trigger level
analyses

global effort explored over diverse platforms
(fixed-target, neutrino, collider, ..)

opportunity for cross-experiment interpretations
and more synergies

intimately connected to DM/dark sector, many
simple DM models predict LLP

long recasting wishlist

synergy with LHC LLP and prompt search
programs, fixed target/beam-dump experiments

Dark sectors — a personal selection o([current and future experiments
(random ordering)

LLF
signatures

16



Dark QCD

—> Signature based for unvsual topologies and hidden cornere of phase space

o dark hadrons decaying PROMPTLY in a QCD-like fashion: fully (daré
Jets) or partially back to visible sector (cemi-vicible jef<)

o dark hadrons undergoing DISPLACED decays in a QCD-like fashion
(emerging jets)

—> First iteration of reculte exist from both ATLAS [1, 2] & CMS [3, 4, 5]

—> Very active theory and generafor developer community

—> Strongly interacting hidden valley models not directly motivated by DM but provide go0d DM candidates ﬁ

)
vd’g\nt};ﬁ no | \

[uﬂhzl! TR J
% £ MERGINGE
xTS source

VEIBLE . INVISIBLE

&\
,:x

v""q\ 7

o interesting final-state signatures, underlying models, scope for innovation in terms of reconstruction,
triggering, and identification. Models of relevance for both DM & LLP working groups

17


https://arxiv.org/abs/2305.18037
https://arxiv.org/abs/2311.03944
https://arxiv.org/abs/2112.11125
https://arxiv.org/abs/2403.05311
https://arxiv.org/abs/2403.01556

Dark QCD ... and ((Ps

Energy:

DM at

—> Pocsibility of adding unique final states (leptonic content)

—> Tnvisible component in cemi-visible jete are alco (L Pe:

o very long (but not infinite) lifetime to original "missing"
components

o very short but finite lifetime to original "prompt" components

o add a third component (r ;) with an arbitrary lifetime

Run3 (HC common benchmark effort driven by dark
chowers community

Initiaf meeting in Janvary 2025, follow-up workshop

planning ongoing (Summer 2025)

NON- QCD ik
REGIME
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NOWWEBRE
QUAS ' -SPHER
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SoFT bomBS
(§ire woakyg) Ei%

colliders

Lifetime of dark particles in jet
@ Trackless / displaced jets
@ Emerging jets

Displaced lepton-jets @)
@ Prompt dark jets @) Semi-visible jets

. o Fraction of invisible
Composite jets particles in jet

Prompt lepton-jets

Leptonic content in jet

(D" LIkE 2561}1

( wheRe we K ow”
Waw TO Do STUFF )
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DM’ENS/@” G V 4 .
NoT e ) S ¢ YET THOVEHT
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BIG PICTURE OF HIDDEN VALLEYS
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https://indico.cern.ch/event/1470958/

Ongoing DMWG projects in a

nutchell

Jopics

t-channel white paper

2HDM+a Run3 benchmarks
s-channel model benchmarking update

Dark Higgs Run3 benchmarks

Darkshowers (not under DMWG, but some
common person power)

Your new idea?

Expected Timeline

wrapping up, end-February journal submission.

kick-off in October 2024, next meeting
discussions ongoing for Spring/Summer 2025

requires 1-2 meetings, initial meeting in Spring
2025

targeting Autuma 2025

first LHC wide effort, several studies planned,
targeting Spring 2026
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What can we do more moving ahead?

—> Improve complementarity between different type of searches: eg. important interpretations also from SM analyses

—> Tnvestigate couplings interplay to motivate vicible/invisible searchec

— What about relic density?

—> Tdeas for discussion:

@)

@)

SUSYis a dark matter model too, how to best include it in the program? » 2
essential to start interplay between (LP community and DM *
what about ¢riggers? Can we exploit to investigate lower masses? 7{}
effectively engage more ID and DD communities for better comparisons

how to streamline the white paper efforts — Targeted deliverables? Specific review process?

DMWG well established and produced many recommendations, need to re-engage people in new efforts!

How can we contribute under the BSM WG umbrella and what the BSM W6 can help with the DM WG?

Any other item to diccuse? :)
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