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A Little Bit about Models

'E”d”ed Detection, - WIMPs are alive and well
arly Universe Freeze Out , , ,
(WIMP=Weakly interacting massive
' particle)
DM SM - Beyond WIMPS

| Minimal Dark Matter Targets
Direct
Detection Simplified Models
(Previous
Talk) Not so simplified model example

Disclaimer: I've sampled experiments/results
DM SM .
0 represent the range of methods based on

— oublic documents. | am not an expert on

Accelerator each experiment and | apologize in advance
for errors/over simplifications.




WIMPs are Alive and We.

~ Simplest Model

(=Minimal Dark Matter Nucl.Phys.B 753 (2006) 1/8)

Gradient of Xe discovery limit, # = —(dInc/dIn MT) ™!
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Add a new electroweak multiplet and couple
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to SM with by weak interactions 10
- This is not quite the simplest models because it needs 102
mass generation other than the Higgs 5
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I Mass : | —> 5
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DM Cross-sections from Phys.Rev.D 108 (2023) 11, 116023


https://arxiv.org/pdf/hep-ph/0512090
https://arxiv.org/pdf/2309.02715

Beyond WIMPs
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“Ultralight” DM “"Light” DM WIMP  Composite DM Primordial

(Q-balls, nuggets, etc)
non-thermal dark sectors black holes

bosonic fields sterile v Figure: Tongyan Lin, https://arxiv.org/pdf/1904.07915
Ican be thermal I
Accelerators and
, ndirect are mostly
focussed on this range

Production by thermal freeze-

out gives 1 m%
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WIMP miracle
Jx ~ Weak = mx~ weak

WIMP-less Miracle = still have thermal production without gx ~ weak = bigger mass range
(Phys.Rev.l ett. 101 (2008) 231301)


https://arxiv.org/pdf/0803.4196

Accelerator/Collider Methods

Missing Energy/Momentum

— Collider: Monojets,
Mono-X, Higgsto @ —\ .- 4

nvisible
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L Fixed detector
Target: Ceam
Scattering f

DM production + Scattering

target or detector
collision
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Mediator Searches

it this can happen...

DM SM
I\/Ied'otor<
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then this can happen...

SM SM
Mediator

SM SM

— Simplified Models
— Dark Photons



ndirect Detection

Dark Matter in galactic core or near-by dwart galaxy annihilates to X (or in earth or in Sun)

Annihilates to particles we see on earth = lines Detection

— Gamma rays:
— Space-based
— Water Cherenkov
— Air Shower Cherenkov

DM y, U, e

o U, e _
oV ! — Neutrinos:
Annihilates to particles that — Ice: light and radio
cascade to what we see on L — Underground (water,
earth = broad spectrum T scintillator)
DM b, t, W, Z — Antimatter cosmic rays:
— Balloon

— Space-station

DM bt W Z
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Minimal: Just at an SU(Z) Multiplet at LHC

Multiplet of states means nearby (small AM) to another state
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Full SUSY (more states) huge range of AM is allowed
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https://arxiv.org/pdf/2309.16823

HESSresults

Air shower from gammao
Radiation

makes Cherenkov

Array of five ground-based
Cherenkov telescopes
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https://arxiv.org/abs/2207.10471
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https://arxiv.org/abs/2207.10471

Results

[ce Cube

[=

Sours PoLe: Neu

é

IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

®

Digital Optical
Module (DOM)

5,160 DOMs
deployed in the ice

2450 m

EUTRING D ESERVATORY

"iy" : 2 ]

86 strings of DOMs,

~set 125 meters apart

JCAP 10 (2023) 003

DOMs
are 17
meters

» apart

nairect Neutrinos ;

Pole Station, A

A National Science Fou
managed research facilit

!

60 DOMs
on each
string

-

/r". \\

J

&

Y

Einasto profile
—-22
|_|"—' 10
o
mM
S
2,
—~ —-23
N 10
)
10_24 :
1022 -
“0 /'
—-23 | T
» f
™, 10724,
E 5
< 10725 ,
b : IC: HESE 7.5yr wes M AGIC+Fermi
_96 ] == = [C: Cascades 2yr === VERITAS
1077 5 IC: Muons —— ANTARES
| == HAWC: dSPH e H_.E.S.S.
10—27 I T
101 103 10° 107

m, [GeV]

Also results from
anninilation in
earth and the
sun

And lots of other
models...

— decaying DM

— light DM
scattering in
detector
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https://arxiv.org/abs/2205.12950

Minimal:
Aka "the Higgs Portal’

signal
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https://arxiv.org/pdf/2201.11585
https://arxiv.org/pdf/2303.01214
http://www.apple.com

Simplified Models
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=Mmonojet

1ed Models

Just add DM and one Mediator (e.g. Axial Vector)
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-~ Dijet resonance

Dijet, 139 fb"
JHEP 03 (2020) 145

« Dijet TLA, 29.3 fb'
PRL 121 (2018) 081801

* Dijet+Lepton, 139 fb'
JHEP 06 (2020) 151

* Dijet+ISR, 140 fb"
arXiv:2403.08547

* Boosted dijet+ISR, 36.1 fb'
PLB 788 (2019) 316

— tf resonance (1L)
36.1 fb'; EPJC 78 (2018) 565

— ttresonance (0OL)
139 fb'; JHEP 10 (2020) 061

— bb resonance
139 fb™"; JHEP 03 (2020) 145

— E7*SeX
o ET*+jet, 139 b
PRD 103 (2021) 112006
o ET%4y, 139 fb’
JHEP 02 (2021) 226
e ET**+Z(had), 36.1 fo’

JHEP 10 (2018) 180
o ET*+Z(Il), 140 fb

PLB 829 (2022) 137066

or with this...
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https://arxiv.org/pdf/2404.15930

—— Dijet resonance
* Dijet, 139 fb"
JHEP 03 (2020) 145
* Dijet TLA, 29.3 fb'
PRL 121 (2018) 081801
* Dijet+ISR, 140 fb"
arXiv:2403.08547

— E7 %X
o ET%4y, 139 fb”

JHEP 02 (2021) 226
o EM*4jet, 139 fb'
PRD 103 (2021) 112006
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https://arxiv.org/pdf/2008.04735

Another simplified model

Dark Photon as dark matter or mediator

SM DM
> O <
1073

V] DM

Dark Photon Mixes with SM Photon 107
— Small coupling (g)

, . 107
— A can be massive .

l

CAL I

— A" can be dark matter it ma <2 me ) |
. 10— | I B N I
(cosmologically stable) 1072 10! |

10
| | m(A")[GeV ]
— A can also decay = many experiments

POS EPS-HEP2021 (2022) 185
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https://arxiv.org/pdf/2111.00306

FASER dark photons

looking for A’ to decay

charged particles (P<7 TeV)
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New Physics Results from the FASER Experiment 107 =
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https://indico.cern.ch/event/1358339/contributions/5899291/
https://indico.cern.ch/event/1358339/contributions/5899197/
https://indico.cern.ch/event/1358339/contributions/5876593/
https://indico.cern.ch/event/1358339/contributions/5897122/
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https://arxiv.org/abs/2101.12192
https://arxiv.org/abs/2307.02404

COHERENT Csl Experiment

SNS proton beam
o Production primarily

L) reet  py ¥ and 170 decay

V X

COHERENT detector

Nuclear Recoil
Signature

Scalar relic abundance
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https://arxiv.org/abs/2110.11453

Models can be more complex

Hidden
Scalar Abelian

Higgs

Stealth
SUSY

Emerging
jets
Neutral

natural-
ness

Axial-
vector .
Semi-
visible
jets

Fermion gllelelly

Vector portal ValleyS
2HDM+a

NEES (T
Dark Matter

Simplified Extended
dark sectors dark sectors

Neutrino
portal

“Minimal

l[\)/I(;rtlier" Dark sector https://cms.cern/news/mapping-uncharted-territory-

models in cms-reviews-searches-dark-matter
CMS searches
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Hidden Valley with strong physics in

the dark sector

TeV

GeV

'y

QCD

Dark QCD

asymmetry
sharing

deCaV

arXiv:1502.05409

Dark matter to semi-visiple jets: CMS

Complicated Collider Signatures

w\“m>L

VEIBLE

INVISIBLE

https://cds.cern.ch/record/285583
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— JHEP 05 (2020) 033
Monojet

~ JHEP 11 (2021) 153
Semivisible jet (inclusive)

— JHEP 06 (2022) 156

Semivisible jet (BDT-based, model-dependent)

— JHEP 06 (2022) 156

Dark matter to semi-visiple jets at CMS

https://cds.cern.ch/record/2855831
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Conclusions

Wide variety of methods to cover large mass range and model space

— Complementarity

Many future experiments approved and proposed

— Report of the Topical Group on Particle Dark Matter for Snowmass

— Snowmass 2021 Cross Frontier Report: Dark Matter Complementarity (Extended Version)

— Dark Matter Production at Intensity-Frontier Experiments

Many excesses have been observed but not conclusively dark matter
— Nice snowmass summary of all the excesses indirect detection
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https://arxiv.org/pdf/2209.07426
https://arxiv.org/pdf/2210.01770
https://arxiv.org/pdf/2207.00597
https://arxiv.org/pdf/2203.06859
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Backup: CMS disappearing track signals
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FIG. 1. Representative diagrams for the simplified models considered in this analysis. From left to right: T6btLL, T6tbLL, and
TS5btbtLL (upper); and TChiWZ, TChiWW, and TChiW (lower). The shaded circles at the production vertices represent a sum over

perturbative terms.
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[ce Cube

Neutrino lines
Dark Matter Neutrinos from Sun

SuperK 90% C.L. [arXiv:2005.05106]
-+  ANTARES 90% C.L. [PoS ICRC2011 (2021) 537]
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90% CL upper limit on €2

[LHC Dark Photons

CMS Preliminary

l

LHCDb

scouting triggers <«guem

BaBar

CMS
JHEP 12 (2023) 070 Minimal dark photon model

1 10

97 -137 fb~' (13 TeV)

CMS
PRL 124 (2020) 131802

=P standard triggers

100
MAa’ [GeV]
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