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Dark and bright matter
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Dark matter relics: freeze-out

early universe: co-scattering

\ / \ -_/ O n2 o M GeV !
/\ /7  \ X T¢o Mp{ov)

number densities

compressed spectrum

Am

—NQ_TNl@TfON—X q m‘<<1

long-lived mediators

” N 1

observed abundance for

m

gx ~ € T gwimp <1 \ ngn

(

Am

%

D’Agnolo et al. 1705.08450; Garny et al. 1705.09292

4



Dark matter relics: freeze-in

early universe: mediator decays
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Dark sectors across the scales

100 GeV: electroweakinos Arkani-Hamed, Delgado, Giudice hep-ph/0601041
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X 7 (6><1()_5> ( 20 GeV )5( Mt )
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Blekman, SW et al. 2007.03708

100 MeV: inelastic dark matter Tucker-Smith, Weiner hep-ph/0101138
Izaguirre et al. 1508.03050
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Sources of long-lived particles

on earth: colliders fixed target
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in space: atmosphere relic abundance




Detection of long-lived particles

displaced decay (up)scattering
_ O..A
missing energy conversion



Long-lived particles at colliders
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Long-lived particles at colliders
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Prompt - displaced - invisible

Overview of accelerator-based dark sector searches: llten, Tran et al. 2206.04220 11



Portals

couple one new particle without touching SM symmetries
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B(H—ss)

LHC: litetime scan with detector layers

long-lived scalars: | h—ss — X

. ATLAS Preliminary (March 2022) 13 TeV, 36-139 fbo
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Hidden Sector, m, = 125 GeV
Selected ATLAS results
95% CL observed limits

Searches:

Bsscev [ 15-20 Gev

Muon System (2 Vix Only), 139 fb™
arXiv:2203.00587

Muon System (1 Vix + 2 Vtx), 36 fb™
Phys. Rev. D 99 (2019) 052005
Calorimeter, 139 fb™

arXiv:2203.01009

Tracker+Muon System, 36 fb ™

Phys. Rev. D 101 (2020) 052013

Tracker (LRT), 139 fb ™

JHEP 11 (2021) 229

. Tracker (b-tag), 36 fb™

JHEP 10 (2018) 031

Monojet, 139 fb™’
ATL-PHYS-PUB-2021-020

H— inv, 7-8-13 TeV combination
ATLAS-CONF-2020-052

LLP masses:

25-35 GeV

20Gev [ 4560 Gev [JAny

talk by Cristiano Alpigiani
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Long lifetimes: far detectors

low background
high geometric coverage

k. 3 - ALlCE
ATLAS -
MATHUSLA LHCb >

CMS wiituly

gain over near detectors if

Emma Torro Pastor @ LHC LLP Workshop 2022

LHC: Forward Physics Facility Feng et al. 2203.05090
Belle 1l: GAZELLE Dreyer, SW et al. 2105.12962
ILC: transverse far detectors Schaefer, Tillinger, SW 2202.11714

FASER: talk by Monica D’Onofrio
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Belle Il: displaced versus invisible
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Belle Il: displaced versus invisible

( ) P
: : : cre(p) 0Fa , - ”
o axion-like particle: | Ler(n > pw) =) > 7 (fyuvsf) @\
_ / ) D ‘!
102
displaced
101-5 vertex
Lo~ Lom e
[
£ 107
W | .
~ 102 BaBar inv.
S ] picture: Belle Il
< 10—3.; NAG2 inv.

(er ~ 1000 km

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

* missing
energy

Ferber, Filimonova, Schaefer, SW 2201.06580

16



coupling

Scale of dark matter?

picture: NASA
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Inelastic Dark Matter

Lipm D _igDAIM(X;5MX1 — X

only inelastic nucleon scattering

hidden from direct detection
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Tucker-Smith, Weiner hep-ph/0101138
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Inelastic Dark Matter

ﬁﬂnAID—@ngﬁKXg5“X1—-X

only inelastic nucleon scattering

hidden from direct detection

gtx2) + €A, Qr(fA"f)

relic abundance:

X1 f

\_é.. { co-annihilation

X2/ | \f
phenomenology:

decay

Izaguirre et al. 1505.00011
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Inelastic Dirac Dark Matter
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Evade mono-photon searches

A=0.05, €=107°
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Cosmology leaves a mass window

A=0.05, €=107°, my=3-my, ap=1/41T
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Long baseline

A=0.05, €=107%, m4=3-my, ap=1/4rT
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Long-lived particles from space

production in the atmosphere:
Bringmann, Pospelov 1810.10543

upscattering

detection underground:

XQE /)/xl §X1ze )/xz

exothermic endothermic

Bell et al. 2108.00583

2.0

ek
()]

Rate, dR/dE+ (a.u.)
=

0.5

= 100 MeV -=-- Non—rel. 1
" © m,=100 GeV |
my = 1 GeV

— elastic
o=1 MeV

— 0=10MeV T

— 0=100 MeV 1

70

Recoil energy, E (keV)

24



Summary: feebly interacting dark matter

coupling

flavor

TMeV 1 GeV mass
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Summary: feebly interacting dark matter

rate: high luminosity, cosmic rays

baseline: far detectors, atmosphere

%

purity: little/no background
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Summary: feebly interacting dark matter

rate: high luminosity, cosmic rays

baseline: far detectors, atmosphere

purity: little/no background

astrophysics & cosmology:
CMB, BBN, messengers, neutron stars, ...

Thank you!
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Backup
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Missing energy from B decays at Belle |l

Ferber, Filimonova, Schaefer, SW 2201.06580 29



Missing energy from B decays at Belle |l
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Missing energy from B decays at Belle |l
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Inelastic Majorana Dark Matter
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Batell, Berger, Darme, Frugiuele 2106.04584 32



1073

Inelastic Majorana Dark Matter
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