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Long-lived mediators

suppressed decay



Feeble dark matter interactions
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Feeble dark matter interactions
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Dark sectors across the scales

100 GeV: electroweakinos Arkani-Hamed, Delgado, Giudice hep-ph/0601041
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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

L —[|—
-~

in space: atmosphere relic abundance




Long-lived particles at colliders
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Long-lived particles at colliders

Np4

decay length d = fycr |
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detector geometry
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Prompt - displaced - invisible
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B(H—ss)

LHC: litetime scan with detector layers

long-lived scalars:
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Hidden Sector, m, = 125 GeV
Selected ATLAS results
95% CL observed limits

Searches:

Bs-ecev [ 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 b

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 [JJAny
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Belle II: long-lived ALPs
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produced in B meson decays:
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Belle II: long-lived ALPs

Mg
axion-like particle: | Le(p > p) =) Cf];(ﬂ) fa(f7u75f)
f a

produced in B meson decays: proper lifetime:
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B(BT — K"a) =0.03c} (47 f,)
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Displaced or invisible?

displaced
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energy
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ALP kinematics
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e ALP signal
misrec. ALP-K pair
e background
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Displaced versus invisible
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And dark matter?
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Inelastic Dirac Dark Matter (i2DM)
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Inelastic Dirac Dark Matter (i2DM)

LD eed, > Qrfy"f —gp (A:L + € i—VVKZM) (sin2 0J! — sin 6 cos 0.J1,, + cos® «9,]5)
f
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0 —0: inelastic nucleon scattering long-lived partners
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Freeze-out cosmology
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Viable i2DM candidates
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(No) missing energy at colliders
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Mass bounds from cosmology

A=0.05, €=107%, my=3-my, ap=1/471T
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Long-baseline experiments

production:
A" — x1X2, X2X2

decay:
X2 = X1l 0™

scattering:
X2V = xa N

upscattering + decay:
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Long-lived particles from space

production in the atmosphere:  Bringmann, Pospelov 1810.10543
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w 0=1 MeV
1.5 — 0=10MeV T
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detection underground:

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

exothermic endothermic 70

Recoil energy, Er (keV)
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Summary

feeble dark matter interactions - long-lived mediators
colliders: multi-GeV particles with decay length < m

long-baseline: sub-GeV particles with decay length >> m

alternatives: far detectors, atmosphere, cosmology
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BACKUP
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Dark matter relics: co-scattering

freeze-out driven by co-scattering:
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Dark matter relics: freeze-in

early universe: mediator decays

/ 0 h2 mX MPF??
X

\\ T GeV T3,

freeze-in temperature split spectrum
—1 ~ 10° GeV
Tf’L ~ mn/g EEEEE—— mX ©
DM out of equilibrium long-lived mediators
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Hall et al. 0911.1120
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Far detectors

, , low background
gain over near detectors if , ,
high geometric coverage

e Stop ALICE
LHCh ATLAS

MATHUSLA
CMS oty

Emma Torro Pastor @ LHC LLP Workshop 2022

Forward Physics Facility Feng et al. 2203.05090

Belle II: GAZELLE Dreyer, SW et al. 2105.12962

ILC: transverse far detector options  Schaefer, Tillinger, SW 2202.11714
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i2DM: freeze-out away from equilibrium

conversion phase, region B conversion phase, region C
1012j i XoXz2 ~> ff | 10" i XoX2 - ff ]
109l § XXz = ff | 1090 T X f
I | — X > ] I | | — XiXxi o ff]
6 Do 6 : \ |
r 107 i — X1f = Xof | (r 1071 | — X1f = Xof |
H o8l N\, X+ff > Xz | H o3l ; X1ff = X2 |
: \\_ 1 I \\
. : O S — | R
iX2 Xio — Yi E Xo — Yi
: 107° = -
: Yo | Y2
\ | 107° |
Yi ﬁ N j Yi ﬁ RN N |
~9 N A 9| s I
10 | : \\\l\ 10 {\
A ﬂ ‘ 5
! \ : \1
1 0_12 i “‘\ 1 0_12 i i \‘\
‘ L : i‘r“\‘l““ . . E .“\......
1 5 10 50 100 1 5 10 50 100
x=myT X =myT

Filimonova, Junius, Lopez-Honorez, SW 2201.08409 33



Inelastic Dark Matter
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hidden from direct detection
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Evading mono-photon searches
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Sub-GeV inelastic dark matter
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