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WHAT IS DARK MATTER?

19th century
|

start of the use of
X-rays, gamma rays,
infrared instruments,
improved precision of

instruments
|

1980s
|

1
everything that could

not be seen with
optical instruments:
planets, black holes,
neutron stars, white
dwarfs, cold gas
clouds...

1950s

NASA, ESA, and Johan Richard

| > timeline
only non-baryonic

matter which is not

seen directly by tele-

scopes



WHERE IS STRONGLY INTERACTING DARK MATTER?
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TopAY’s DARK MATTER MODEL

Spin-independent contact interaction

DM DM
no annihilation or very little at the
p< M present epoch (xx /4 NN)
nucleon nucleon

Similar analysis done with a dark photon (m 4 = 15,50 MeV).
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BouNDs oON WEAKLY INTERACTING MASSIVE PARTICLES
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there are also bounds on DM-electron scattering, SD-proton and SD-neutron scattering
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PARTICLE DETECTORS ARE BLIND TO STRONGLY INTERACTING DARK MATTER

Scatters many times in the atmosphere and slows down

[ kT
velocity ~ 4 | —, kinetic energy ~ 0.03 eV
My

Current nuclear detection thresholds: O(keV)

For values of M, < 100 GeV,
the stopping power of the atmo-
sphere becomes important, and
the x particle probably could not
be detected at sea level. Their ki-
netic energy would be too low to

excite the detector [...] (1985)

,_[ Goodman & Witten ]_
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STRONGLY INTERACTING DARK MATTER IS COMPLETELY RULED OuT...
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..., BUT NOT IF IT IS A SUB-COMPONENT!
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..., BUT NOT IF IT IS A SUB-COMPONENT!
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PROPERTIES OF A SUB-COMPONENT OF STRONGLY INTERACTING DM

Should we care about strongly interacting dark matter?

Probably!

How can we detect it?

m Too sparse (f, ~ 1076, p~0.3 m accumulate in the Earth over its
GeV/cm?3, my ~ 1 GeV) lifetime
=
m Too slow (not energetic enough B accelerate with nuclear accelerators
to be detected) and thermal sources
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THERMAL PoOPULATION OF DARK MATTER IN THE EARTH

dNpm _ Pom
dt MPM

2
'UEBWR@ fcap _NDM

# of DM intercepted by Earth

fraction of DM captured by gravity gravity
_ 2(Inl — fg])/?
cap (m ln[UZs/vézB])l/z

B fraction of DM lost by Jeans escape
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3 mssuLss v, 9, 9
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ApJ 866 111 (2018), ApJ 321 560 & 571 (1987)



TRAFFIC JAM POPULATION OF DARK MATTER IN THE EARTH

infalling dark matter that has not yet
reached the equilibrium distribution
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dz

PRD 101 055001 (2020)



A LARGE DENSITY NEAR THE EARTH SURFACE CAN BE OBTAINED
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DM heavier than 10 GeV sinks,
lighter than 1 GeV evaporates




OUTLINE

m Dark matter acceleration and detection

» Underground nuclear accelerators

» Thermal sources




ACCELERATING THERMALIZED DARK MATTER WITH BEAMS AND HEAT

We need to give energy to the dark matter:

Beams

1. Particle accelerators (~ 1 TeV) @ @ l@

2. Nuclear accelerators (~ 1 MeV)

Wigh enegy veam dack madter

Heat
1. Light bulbs (~ 3000 K ~ 0.3 eV)
2. Tokamak (~ 108 K ~ 10 keV)




OVERVIEW OF ACCELERATING TECHNIQUES
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PLAYING PooL wiTH DARK MATTER

detector




A NUCLEAR REcOIL IS ACHIEVABLE WITH NUCLEAR ACCELERATORS

| LUNA-MV | JUNA | CASPAR

voltage (kV) 3500 400 1100
H current (mA) 1 10 0.25
He current (mA) 0.5 2 0.22
C current (mA) 0.15 - - Enn
3
10 m /

—

dark matter nucleus

Ex™ (keV)

— E=400 keV
-- Ep=1MeV
| |
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THE RATE 1S MEASURABLE IN A 10cM DIAMETER XENON DETECTOR
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THE INCANDESCENT LIGHT BuLB SETUP

Dark matter gas @ 300 K Argon gas @ 3000 K
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ENERGY ACHIEVABLE BY UP-SCATTERED DARK MATTER

Dark matter gas @ 300 K Argon gas @ 3000 K Dark matter gas scattering
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ENERGY ACHIEVABLE BY UP-SCATTERED DARK MATTER

Dark matter gas @ 300 K Argon gas @ 3000 K Dark matter gas scattering
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THE RATE 1S MEASURABLE IN A 1c CO DETECTOR
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RATES IN A DETECTOR FOR f, = 1

— p beam
= C* beam
ol Ar lightbulb ‘
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RATES IN A DETECTOR FOR f, = 103
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RATES IN A DETECTOR FOR f, = 1076
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SHIELDING
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To BE IMPROVED

elements to improve

effect on rate

in detector
shielding analysis +
collimation of the beam | 1
Vand T of gas T

dxV a
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SUMMARY

Strongly interacting dark matter:

Could exist as a fraction of the total dark matter v/

o Direct detection methods cannot probe sub-components x
o Interacts with protons and neutrons v/
o
o

O

Overdense v
Very slow x

Accelerate it through up-scattering with nuclear accelerators (possible with current detector
thresholds) or thermal sources, such as light bulbs (possible in the near future...?)

detector ™

millicharge dark matter:
PRD 103 115031 (2021
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15 MEV DARK PHOTON

need o < 1 to maintain perturbative consistency
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50 MEeV DARK PHOTON

need o < 1 to maintain perturbative consistency
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MEAN FREE PATH oF DARK MATTER IN MATERIALS

lpp = (n7 0yp) "L, saturates at the geometric cross-section 47(1.2 fm A1/3)2
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(for a particle of mass 1 GeV (full) and 10 GeV (dashed) up-scattered by a 400 keV beam)
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