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Dark Matter Direct Detection
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Typical Recoil Energies for Dark Matter and Neutrinos

• Recoil energy of a collision is O(1) KeV - very 
small energy deposit to detect 

• Although neutrinos have a small mass, there 
increased velocities lead to O(1-10) KeV 
recoils
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Small Damage Track Features can be Observed in Minerals

• Paleo-detectors are minerals from far 
below the Earths surface (5-10 km). 
Importantly they are 1 billion years old 

• Permanent damage track features in the 
structure of the mineral.
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Basics of Building a Detector: Mass vs Exposure
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Basics of Building a Detector: Mass vs Exposure
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Reading the Tracks: X-ray Tomography
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Reading the Tracks: Helium-Ion Beam

• Able to reach < 1nm resolution 

• To take measurements efficiently, must 
remove layers and scan at same time
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Cosmic Rays Induce Large Backgrounds
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Natural Radioactivity: Single alphas

• Natural radioactivity, most importantly Uranium-238 causes multiple backgrounds
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Natural Radioactivity: Single alphas
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• Half life of the second alpha in the 
decay chain is 105 yr 

• Alpha does not leave a track, but the 
daughter nucleus does
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Natural Radioactivity: Spontaneous Fission

• Sometimes uranium spontaneously splits into two lighter nuclei, whilst emitting 
fast neutrons 

• These neutrons cause many well separated tracks - huge background
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Natural Radioactivity: Spontaneous Fission

• Sometimes uranium spontaneously splits into two lighter nuclei, whilst emitting 
fast neutrons 

• These neutrons cause many well separated tracks - huge background
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Natural Radioactivity: Spontaneous Fission

• Sometimes uranium spontaneously splits into two lighter nuclei, whilst emitting 
fast neutrons 

• These neutrons cause many well separated tracks - huge background
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Background Neutrinos: Solar and Atmospheric
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Dark Matter
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Paleo-Detectors Can Probe Low Energy Recoils
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High track length 
resolution allows us to 

probe low energy recoils - 
We are therefore sensitive 

to lighter dark matter
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Dark Matter Signal
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- Interaction strength as 
a function of energy

- Velocity distribution of 
DM in the galaxy

- Density of DM, DM 
mass, and nucleon mass
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Dark Matter Limits
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• Using Helium-Ion beam microscopy we 
can achieve large gains in sensitivity to 
low mass DM 

• Scanning more material allows us to 
achieve around many times more 
sensitivity than current experiments at 
higher masses
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Reconstruction of DM Mass

�18

100 101 102 103 104

WIMP mass m� [GeV]

10�48

10�47

10�46

10�45

10�44

10�43
W

IM
P

-n
u
cl

eo
n

cr
os

s
se

ct
io

n
�

S
I

n
[c

m
2
]

�xT = 15 nm; ✏ = 100 kg Myr

Sinjarite - CaCl2·2(H2O)

< 10�2

10�1

100

101

> 102

�
m

�
/m

�

XENONnT

https://arxiv.org/abs/1906.05800
https://arxiv.org/abs/1811.06844


Galactic Supernova Neutrinos
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Galactic Signal much Larger than the Diffuse Background

Signal from galactic supernova is much larger than DSNB
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Paleo-detectors can Observe Galactic Supernovae

• 3-sigma detection if we achieve 
low enough concentrations of 
Uranium-238  

• Here we assume a constant rate of 
SNe throughout the history of the 
galaxy

�21

10�3 10�2 10�1 100 101

Uranium-238 Concentration [ppb]

10�2

10�1

100

101

M
in

im
um

D
et

ec
ta

bl
e

R
at

e
[y

r�
1 ] M = 100 g, tage = 1 Gyr Epsomite - C&C

Epsomite

Halite

Nchwaningite

Olivine

https://arxiv.org/abs/1906.05800
https://arxiv.org/abs/1811.06844


Thomas D. P. Edwards | GRAPPA | 1906.05800 , 1811.06844

Star Formation Rates
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Star Formation Rates
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Star Formation Rates
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Baseline case can rule 
out constant rate at 2 
sigma depending on 

model
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Conclusions
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Paleo-Detectors represent a new way to probe keV 
scale interactions

They potentially represent the most sensitive dark 
matter detectors to date

Paleo-Detectors can detect neutrinos from 
supernovae within our galaxy
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We use swordfish to Analyse the Spectra Easily
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We can Constrain Burst Like Events

�25

0.0 0.2 0.4 0.6 0.8 1.0
Burst look-back time t? [Gyr]

107

108

109
M

in
im

um
D

et
ec

ta
bl

e
N

10
kp

c
?

1 ppb

0.1 ppb

0.01 ppb

0.001 ppb

Epsomite, M = 100 g
10 samples, �tage = 0.1 Gyr

Number of 
normal SN at a 
distance of 10 

kpc F / L

d2
<latexit sha1_base64="D8061Iqylw6BHhPB7FXeS6uQv+o=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMVEGXRUFcuKhgH9AZSyaTaUMzmZBkhDLMxl9x40IRt36GO//GtJ2Fth4IHM65l5tzAsGo0o7zbZWWlldW18rrlY3Nre0de3evrZJUYtLCCUtkN0CKMMpJS1PNSFdIguKAkU4wupr4nUciFU34vR4L4sdowGlEMdJG6tsH19ATMhE6gV4kEc5u8yx8qOd9u+rUnCngInELUgUFmn37ywsTnMaEa8yQUj3XEdrPkNQUM5JXvFQRgfAIDUjPUI5iovxsGiCHx0YJYZRI87iGU/X3RoZipcZxYCZjpIdq3puI/3m9VEcXfka5SDXheHYoShk0cSdtwJBKgjUbG4KwpOavEA+R6UGbziqmBHc+8iJp12vuaa1+d1ZtXBZ1lMEhOAInwAXnoAFuQBO0AAY5eAav4M16sl6sd+tjNlqyip198AfW5w9cuZZD</latexit>

https://arxiv.org/abs/1906.05800


Thomas D. P. Edwards | GRAPPA | 1906.05800 

Constraining Burst Like Events
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Bursts that happened recently can be detected more easily

Bursts a long time ago must be brighter
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Star Burst Scenario
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Close by Supernova
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