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AMAGE TRAL KS

Incident particles leave latent
damage to crystal structure

Preserved crystal damage over Gyr
timescale

Infer particle incident energy and
flux from track length (and its
distribution), track counts and
vacancy defects

O O O O O O O

WIMP

Dickin, A. P. (2005). Radiogenic isotope geology (2nd ed.). Cambridge University Press.
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Counts
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Histogram of Track Lengths
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RECOIL ENERGE FTRACK EENG T RELATICOIN
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Olivine (Fe,Mg)95i0y4
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Electronic stopping

dR( ) com;%tions JdE dR (E )@( |E ) P Nuclear stopping
R S ) M e X X
0 = R dER R R i,track 2

o 10

=
P (x| Ep) : the probability of track length x %
given a recoil energy £, & .
P. . :the probability that a track is
formed
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TRIM (TRANSPORT OF IONS IN MATTER)

5 keV Fe in Olivine

a Monte Carlo program that calculates
interactions of ions with amorphous targets

T 4

r 3

~ + 2

T 1

simulates cascades of produced by irradiated < T
+ -2

lons

record the locations of all collisions between
irradiated ions and target atoms

e.g.irradiate a 5keV ion in Olivine 40000 times
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TRIM (TRANSPORT OF IONS IN MATTER)

a Monte Carlo program that calculates
interactions of ions with amorphous targets

simulates cascades of produced by irradiated

lons

record the locations of all collisions between
irradiated ions and target atoms

e.g.irradiate a 5keV ion in Olivine 40000 times

5 keV Fe in Olivine




Normalised counts

|.TRACK LENGTH DISTRIBUTION &£ (x| Ep)
OF Fe IN OLIVINE (Mg, Fe), S10,

Fe in Olivine at 0.6 keV
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Normalised counts

|.TRACK LENGTH DISTRIBUTION &£ (x| Ep)
OF Fe IN OLIVINE (Mg, Fe), S10,
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. PROBABILITY OF TRACK FORMATION.
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VYR PRACKS

WIMP Dark Matter
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NON-5TANDARD NEU ITRINO
INTERACTIONS WITH CEUNS
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David G. Cerdeno et al.: https://arxiv.org/abs/1604.01025
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NEU TRINOS TRACK DISTRIBUTIONS

Light Vector Mediators
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e BINDICIN

Tbottle sl Trll)eam N Br(n 5D 4 X) < Trl:l)eam

895 %
: Beam experiments Br(n - p+ X) = 99 %
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Fornal, B. Neutron Dark Decay. Universe (Basel) 2023, 9 (10). https://doi.org/10.3390/universe9100449. 17



NUIGCLEAR REC U SPEC A

counts
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ALK ENG R IS RIBUTFICOPS

# of tracks/bin/100g/Gyr
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ALK REAIOU

Optical florescence microscope (UV-visible)
Colour centers
Density of CC —> signal brightness
X-ray
Large volume scans (kg-scale / cm-scale)
Non-destructive readout

TEM/STEM

Very detailed imaging: fraction of nm resolution
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CHALLENGES

= Definition of a track
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= Crystal damage modelling

= Background
= Readout

= Annealing
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CETALLENCES

Definition of a track

Background

Crystal damage modelling Y 5 il
Readout .
Annealing
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DEFINING TRACK LENG ['H




DEFINING TRACK LENG ['H




PRINCIPAL COMPONENT PROJECTION




BE/IER CURVE FIT TING

defined by control points

better fits to arbtirary geometric features

controllable resolution
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TRACK LENGTH DISTRIBUTION OF Si IN
OLIVINE (Mg, Fe), SiO,
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Ep - X RELATION

Olivine (Fe, M g)2510y
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ST FERIAKIC UNC ER AN Y
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copied from Sebastian Baum et al. : https://arxiv.org/pdf/2106.06559



https://arxiv.org/pdf/2106.06559

Light Scalar Mediators

NEU TRINOS TRACK DISTRIBUTIONS
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BACKGROUND [ RACKS

4 Olivine
solar neutrinos
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NEU TRINOS TRACK DISTRIBUTIONS

Light Axial Vector Mediators

Standard Model

m, = 1 keV,
Jya = 10~

SN
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NEU TRINOS TRACK DISTRIBUTIONS

Light Vector Mediators
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RECOIL NUCEEAR TRALK | ENG
DISTRIBUTION
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ALK ENG R IS RIBUTFICOPS

# of tracks/bin/100g/Gyr

50 bins per decade
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YV HINERAL - COANTERIIAT ES

have low molecular/atomic number — optimised recoil energy

be suitable for imaging

be 5 ~ 10 km underground for > 500 Myr

be able to preserve tracks

& . * Galena (PbS)
Olivine (Mg,Fe)2SiO4

* Not used before (as far as we know)
Has been suggested before (e.g. Drukier et al)

* Not expected to take up much uranium

Not expected to take up much Uranium 4y

* non-hydrous
non-hydrous

4]
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