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There Is a wide dark matter model landscape!

fermion
a5°
?\a“"\‘“\
<« WIMPs ?E:’
......... e ——— e B e . ——— —— s LLLLLLLLLL
1079 10~ 10719 10~ 10° 10° 1010 10 10% 1060

boson

N—m T —————
today’s focus

TeVPA 2024 6 August 2/, 2024




But first: why is heavy DM compelling?

Relatively unconstrained at higher cross-
sections due to its low flux.

For m; > my: A* scaling in cross-section.
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But first: why is heavy DM compelling?

Multi-scattering in detector!

Relatively unconstrained at higher cross-
sections due to its low flux.

For m; > my: A* scaling in cross-section.
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But first: why is heavy DM compelling?

DEAP Search for Multi-Scattering Events Multi-scattering in detector!
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How is heavy DM produced in the early universe?
For context, WIMPs

relic abundance is achieved through
freeze-out mechanism as universe cools.
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How is heavy DM produced in the early universe?
For context, WIMPs

relic abundance is achieved through
freeze-out mechanism as universe cools.

upper bound for 2 — 2 self-
annihilation

6, < 4n/m, m, < 10° GeV

Griest, Karmionkowski ‘90

There are many ways to get to
higher masses!
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How is heavy DM produced in the early universe?
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Today’s two recipes for composite assembly

“Nuclear’” DM “Molecular” DM

Dark, asymmetric fermions, charged under dark SU(N)

form “nucleons” at confinement scale A, Dark, asymmetric fermions, charged under dark U(1)
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6.g. Krnjaic Sigurdson ‘14 attractive force due to dark photon exchange
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A timeline of composite assembly
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Parametrlzmg composﬂes with A,

:' A3 = interconstituent spacing ‘: Regimes for DM-nucleus scattering
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Pointlike regime
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Pointlike regime: no multi-scattering
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DM with form factor: doing better

do wo ) do N, = 10% A, = 10 MeV
AD AD d
= | —= | A’Np g°——Fi(ERF(Ep) a - - .
dEg Hnd dEp | | i y
10~
W DM Disassembly
107

—
=
oo

10—12 _\

10-14 DM With Form Factor

Inelastic Scattering

—_

B
—
)

Interconstituent Spacing [cm)]

lagl() (Nscatters)

1016 Pointlike DM
00T 1ot 107 187 1&“) 1dﬂ3
my [GGV]
\ e 0 S 10 12 14 16 18 20
O ZOQlo(MD [Ge‘/])
max

TeVPA 2024 19 August 27, 2024




Inelastic scattering regime: hooray!

N, =10° A, =1 MeV
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Let’s look again at DEAP multiscatter search

Incoherent scattering A% scaling
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What if composites interact with electrons?

DM-electron recoil could induce a recoil of the whole atom.
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Searching for Atomic Scattering in Liquid Argon
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To conclude, composite DM...
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DEAP-3600 Search
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Sub-GeV DM detection landscape
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Estimating NV,

When binding rate falls below the Hubble rate:
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With Friedmann eq. and estimate number density of DM at composite assembly

3SH>M? = g%,nT*/30, ng = g*m2T3 T, /30,
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Composite Binding Energy

Liquid drop model, like the SM:
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Rewrite coefficients in terms of A
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DM-Atom Scattering
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