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Searching for galactic dark matter 
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We have detected dark matter!

Evidence from gravitational interactions… …………….       
           ……………………  …over many distance scales
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Visible stars embedded in a much 
larger invisible ‘dark matter halo’
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We have detected dark matter! Job done?
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These limits are for weakly-interacting stable particles that may constitute
the invisible mass in the galaxy. Unless otherwise noted, a local mass
density of 0.3 GeV/cm3 is assumed; see each paper for velocity distribution

assumptions. In the papers the limit is given as a function of the X0 mass.
Here we list limits only for typical mass values of 20 GeV, 100 GeV, and 1
TeV. Specific limits on supersymmetric dark matter particles may be found
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<2.0 × 10−7 90 1 AGNESE 14 SCDM Ge

<3.7 × 10−5 90 2 AGNESE 14A SCDM Ge
<1 × 10−9 90 3 AKERIB 14 LUX Xe

<2 × 10−6 90 4 ANGLOHER 14 CRES CaWO4
<5 × 10−6 90 FELIZARDO 14 SMPL C2ClF5
<8 × 10−6 90 5 LEE 14A KIMS CsI
<2 × 10−4 90 6 LIU 14A CDEX Ge

<1 × 10−5 90 7 YUE 14 CDEX Ge
<1.08 × 10−4 90 8 AARTSEN 13 ICCB H, solar ν

<1.5 × 10−5 90 9 ABE 13B XMAS Xe
<3.1 × 10−6 90 10 AGNESE 13 CDM2 Si

<3.4 × 10−6 90 11 AGNESE 13A CDM2 Si

<2.2 × 10−6 90 12 AGNESE 13A CDM2 Si
<5 × 10−5 90 13 LI 13B TEXO Ge

14 ZHAO 13 CDEX Ge

<1.2 × 10−7 90 AKIMOV 12 ZEP3 Xe
15 ANGLOHER 12 CRES CaWO4

<8 × 10−6 90 16 ANGLOHER 12 CRES CaWO4
<7 × 10−9 90 17 APRILE 12 X100 Xe

18 ARCHAMBAU...12 PICA F (C4F10)

<7 × 10−7 90 19 ARMENGAUD 12 EDE2 Ge
20 BARRETO 12 DMIC CCD
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1. ACCELERATORPHYSICS OFCOLLIDERS

Revised July 2011 by D. A. Edwards (DESY) and M. J. Syphers (MSU)

1.1. Luminosity

X0 mass: m =?

X0 spin: J =?

X0 parity: P =?

X0 lifetime: ⌧ =?

X0 scattering cross-section on nucleons: ?

X0 production cross-section in hadron colliders: ?

X0 self-annihilation cross-section: ?

X0 spin: J =?

J = 1/2 These limits are for weakly interacting
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J = 1/2

This article provides background for the High-Energy Collider Parameter Tables that
follow. The number of events, Nexp, is the product of the cross section of interest, �exp,
and the time integral over the instantaneous luminosity, L:

Nexp = �exp ⇥
Z

L (t) dt. (1.1)

Today’s colliders all employ bunched beams. If two bunches containing n1 and n2
particles collide head-on with frequency f , a basic expression for the luminosity is

L = f
n1n2

4⇡�x�y
(1.2)
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Standardmodell der Teilchenphysik

Nur eine “effektive” Theorie bei 
“niedrigen Energien” 

Wir erwarten neue Phänomene 
und Teilchen wenn wir noch 
höhere Energien (zB am LHC) 
testen

Insbesondere ist kein Teilchen des 
Standardmodells ein möglicher 
Kandidat für die dunkle Materie 
(auch nicht das Higgs Teilchen!)

DM
dark matter



How can we find out more?

“Up to a point the stories of cosmology and particle physics can be 
told separately. In the end though, they will come together.”

Steven Weinberg



How can we find out more?

Cosmology

⌦DMh2 = 0.120± 0.001
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Particle Physics
Standardmodell der Teilchenphysik
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Kandidat für die dunkle Materie 
(auch nicht das Higgs Teilchen!)

L = LSM

+
mq

⇤3
�̄�q̄q

+ · · ·

Suggests dark and visible matter interactions are generic

+

=



Many dark matter candidates
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Dark	Sector	Candidates,	Anomalies,	and	Search	Techniques	
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Small	Experiments:	Coherent	Field	Searches,	Direct	DetecIon,	Nuclear	and	Atomic	Physics,	Accelerators	
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FIG. 1: Mass ranges for dark matter and mediator particle candidates, experimental anomalies,
and search techniques described in this document. All mass ranges are merely representative; for
details, see the text. The QCD axion mass upper bound is set by supernova constraints, and
may be significantly raised by astrophysical uncertainties. Axion-like dark matter may also have
lower masses than depicted. Ultralight Dark Matter and Hidden Sector Dark Matter are broad
frameworks. Mass ranges corresponding to various production mechanisms within each framework
are shown and are discussed in Sec. II. The Beryllium-8, muon (g � 2), and small-scale structure
anomalies are described in VII. The search techniques of Coherent Field Searches, Direct Detection,
and Accelerators are described in Secs. V, IV, and VI, respectively, and Nuclear and Atomic Physics
and Microlensing searches are described in Sec. VII.

II. SCIENCE CASE FOR A PROGRAM OF SMALL EXPERIMENTS

Given the wide range of possible dark matter candidates, it is useful to focus the search
for dark matter by putting it in the context of what is known about our cosmological history
and the interactions of the Standard Model, by posing questions like: What is the (particle
physics) origin of the dark matter particles’ mass? What is the (cosmological) origin of
the abundance of dark matter seen today? How do dark matter particles interact, both
with one another and with the constituents of familiar matter? And what other observable
consequences might we expect from this physics, in addition to the existence of dark matter?
Might existing observations or theoretical puzzles be closely tied to the physics of dark
matter? These questions have many possible answers — indeed, this is one reason why
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How do you search for something you can’t see?



Listen

How do you search for something you can’t see?

Feel
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Basics of direct detection

� �

N

N

Evis

World’s most sensitive keV energy detectors

Evis ⇡ 1� 100 keV

Event rate: few events / year

Wind of dark matter  
incoming at 250 km/s

Collide with nucleus at rest



Surface facilities at SURF 
where LZ is based 

Image credit Sanford Underground Research Facility

UK principal involvement:  
the LUX-ZEPLIN (LZ) detector

+ 30 institutes 
in US, Portugal, 
South Korea & 

Russia



Access to Davis Lab to left and 
Yates shaft cage to right. 

Image credit Sanford Underground Research Facility

Going underground provides a 
shield against cosmic rays - they 
could fake a dark matter signal



View of the water tank - 
provides even more shielding. 

LZ is installed inside 
Image credit Carlos Faham



Experiment inside the water tank 
Image credit Sanford Underground Research Facility



Goodman & Witten (1985)

LZ detector

1 Overview LZ Technical Design Report

1.2 Instrument Overview

The core of the LZ experiment is a two-phase xenon (Xe) time projection chamber (TPC) containing 7
fully active tonnes of LXe. Scattering events in LXe create both a prompt scintillation signal (S1) and free
electrons. Electric fields are employed to drift the electrons to the liquid surface, extract them into the gas
phase above, and accelerate them to create a proportional scintillation signal (S2). Both signals are detected
by arrays of photomultiplier tubes (PMTs) above and below the central region. The difference in time of
arrival between the signals measures the position of the event in z, while the x, y position is determined from
the pattern of S2 light in the top PMT array. Events with an S2 signal but no S1 are also recorded. A 3-D
model of the LZ detector located in a large water tank is shown in Figure 1.2.1. The water tank is located
at the 4,850-foot level (4850L) of the Sanford Underground Research Facility (SURF). The heart of the LZ
detector (including the inner titanium [Ti] cryostat) will be assembled on the surface at SURF, lowered in
the Yates shaft to the 4850L of SURF, and deployed in the existing water tank in the Davis Cavern (where
LUX is currently located). The LZ experiment’s principal parameters are given in Table 1.2.1, along with
the Work Breakdown Structure (WBS) for the LZ Project.

Figure 1.2.1: The LZ detector concept.

The LZ detector includes several added capabilities beyond the successfully demonstrated LUX and
ZEPLIN designs. The most important addition is a nearly hermetic liquid organic scintillator (gadolinium-
loaded linear alkyl benzene [LAB]) outer detector, which surrounds the central cryostat vessels and the TPC.
The outer detector and the active Xe “skin” layer, the Xe between the inner cryostat wall and the outer wall
of the TPC, operate as an integrated veto system, which has several benefits. The first is rejecting gammas
and neutrons generated internally (e.g., in the PMTs) that scatter a single time in the fully active region
of the TPC and would otherwise escape without detection; this could mimic a weakly interacting massive
particle (WIMP) signal. As these internally generated backgrounds interact primarily at the outer regions of
the detector, the veto thus allows an increase in the fiducial volume.

6
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A Global Analysis of Light and Charge Yields in
Liquid Xenon

Brian Lenardo, Member, IEEE, Kareem Kazkaz, Aaron Manalaysay, Jeremy Mock, Matthew Szydagis,
and Mani Tripathi

Abstract—We present an updated model of light and charge

yields from nuclear recoils in liquid xenon with a simultaneously

constrained parameter set. A global analysis is performed using

measurements of electron and photon yields compiled from all

available historical data, as well as measurements of the ratio of

the two. These data sweep over energies from 1 - 300 keV and

external applied electric fields from 0 - 4060 V/cm. The model

is constrained by constructing global cost functions and using a

simulated annealing algorithm and a Markov Chain Monte Carlo

approach to optimize and find confidence intervals on all free

parameters in the model. This analysis contrasts with previous

work in that we do not unnecessarily exclude data sets nor impose

artificially conservative assumptions, do not use spline functions,

and reduce the number of parameters used in NEST v0.98. We

report our results and the calculated best-fit charge and light

yields. These quantities are crucial to understanding the response

of liquid xenon detectors in the energy regime important for

rare event searches such as the direct detection of dark matter

particles.

I. INTRODUCTION

L
IQUID xenon is currently of great interest in the detec-
tion and measurement of ionizing radiation. Applications

under study include research in direct dark matter detection,
neutrino physics, nuclear non-proliferation, and medical imag-
ing [1–4]. Due to the wide application of the technique, it is
important to develop a detector-independent understanding of
how the medium responds to incident radiation.

The Noble Element Simulation Technique (NEST) incor-
porates a semi-empirical physical model of the generation of
scintillation photons and ionization electrons from recoiling
particles in liquid xenon [5–7]. In both argon [8] and helium
[9], it is possible to calculate excitation and ionization in
recoil cascades from first principles using measurements of
the relevant interaction cross-sections. In xenon these cross
sections have never been measured or calculated, rendering
such predictions impossible. NEST is intended to provide a
standardized way to predict yields in the absence of such
information. Moreover, the underlying model is continuously
compared to measurements to ensure agreement with exper-
iment. The NEST software is built for easy integration into
the Geant4 package [10, 11], allowing the simulation and

B. Lenardo, A. Manalaysay, and M. Tripathi are with the University of
California - Davis, Davis, CA, 95616 USA (e-mail: bglenardo@ucdavis.edu,
aaronm@ucdavis.edu, mani@physics.ucdavis.edu).

B. Lenardo and K. Kazkaz are with Lawrence Livermore National Labo-
ratory, Livermore, CA 94550 USA (email: kazkaz1@llnl.gov).

J. Mock and M. Szydagis are with the Department of Physics University
at Albany - SUNY, Albany, NY, 12222 USA (email: jmock@albany.edu,
mszydagis@albany.edu).

prediction of detector responses using standard Monte Carlo
techniques. While other software exists to model ionization,
scintillation, or recoil tracks, there is no comprehensive pack-
age that models both ionization and scintillation as a function
of both energy and applied electric field. NEST can be used by
the larger community to compare to new measurements and
interpret experimental results [12–15].

Of particular interest to particle physics applications is
the ability to discriminate between electronic recoils (ER)
resulting from � and � radiation and nuclear recoils (NR)
produced by massive neutral particles. In both dark matter
searches and searches for coherent neutrino-nucleus scattering,
low energy nuclear recoils constitute the expected signal
while low energy electronic recoils constitute backgrounds.
Discrimination between the two is often accomplished in dual-
phase time projection chambers (TPCs) by measuring both the
scintillation signal produced by excited xenon molecules and
the charge signal produced by ionization of the xenon atoms
[14, 15]. The ratio of these two signals differs between ER
and NR events, allowing particle-type discrimination. Thus it
is important to be able to accurately predict scintillation and
ionization yields not only for energy reconstruction, but to
understand background rejection in such experiments as well.

In this work, we improve the modeling of nuclear recoils at
energies below 300 keV and develop a new method to validate
models in the context of a large body of calibration mea-
surements. We begin by explaining the physical interpretation
and parameterization of our model, then constrain the model
using a plethora of published experimental data. We end with a
discussion of our results and their application in understanding
the yields of NR interactions in the liquid.
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Fig. 1. A schematic of the process by which an energy deposition in liquid
xenon produces photons and electrons (nph and ne)
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Figure 3: Key predictions from dark-matter-only (DMO) cosmological simulations. a) Pro-
jected density contours of the Aquarius Aq-A-1 DMO cosmological simulation of a halo of Milky
Way mass (M200 ⇠ 1012M�), run with 4.2 billion dark matter super-particles (Springel et al.,
2008). The size of the Galactic disc out to the Sun position R0 = 8kpc (not modelled in this
simulation) is marked by the red horizontal line. b) The spherically averaged dark matter den-
sity profile from the GHALO suite of Milky Way mass halo simulations (Stadel et al., 2009).
Four di↵erent resolutions (super-particle numbers) are marked, showing excellent numerical con-
vergence. c) The dark matter density Probability Distribution Function (PDF) in the Aquarius
suite, calculated using a kernel average (64 smoothing neighbours) at each super-particle, nor-
malised to a power law model fit over a thick ellipsoidal shell at 6-12 kpc from the halo centre
(Vogelsberger et al., 2009a). Simulations Aq-A-1 through Aq-A-5 (of decreasing numerical reso-
lution, as marked) are over-plotted; only Aq-A-1 and Aq-A-2 resolve the high density tail due to
subhalos. The black dashed line shows the intrinsic scatter due to Poisson noise in the density
estimator. d) The dark matter velocity PDF averaged over 2 kpc boxes at 7-9 kpc from the halo
centre of Aq-A-1.
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 DM velocity distribution Recoil energy transferred to 
photons, electrons or heat

signal = Flux⇥ cross section⇥ detector response

signal = astrophysics⇥ particle/nuclear physics⇥ low-energy/atomic physics

Favourite DM theory

The theorist’s job



1. Nucleus recoil energy tells you about the dark matter mass

Theory in simple terms

2. Rate of collisions tells you about the force between 
dark matter and visible matter

� �

N

N

Evis

Wind of dark matter 
incoming at 250 km/s

Evis ⇠ mdark-matter
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These experiments can tell us about:
1. Dark matter mass 
2. Force between dark and visible matter (cross section)
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In simple terms



No discovery yet…

Direct Dark Matter Searches

7PAAP Update, C. Ghag (UCL) STFC Town Meeting, Imperial, April 10th 2019

Similar sensitivity 
projections from other 

(G2) experiments: 
XENONnT (LXe) and 

DarkSide-20k (LAr, with 
UK participation)



No discovery yet…

Direct Dark Matter Searches

7PAAP Update, C. Ghag (UCL) STFC Town Meeting, Imperial, April 10th 2019

Similar sensitivity 
projections from other 

(G2) experiments: 
XENONnT (LXe) and 

DarkSide-20k (LAr, with 
UK participation)

Z0-boson10-39
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Can also ionise atoms
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xenon atom
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ionised 
electron

1

2
mDMv2DM & Ebinding(⇠ 12 eV)

For ionisation, require:

mDM & 5 MeV
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No discovery yet…

3

of outgoing electrons are found by numerically solving
the radial Schrödinger equation with a central potential
Ze↵(r)/r. Ze↵(r) is determined from the initial electron
wavefunction, assuming it to be a bound state of the same
central potential. We evaluate the form-factors numeri-
cally, cutting o↵ the sum at large l

0
, L once it converges.

Only the ionization rates of the 3 outermost shells (5p,
5s, and 4d, with binding energies of 12.4, 25.7, and 75.6
eV, respectively) are found to be relevant.

The energy transferred to the primary ionized electron
by the initial scattering process is ultimately distributed
into a number of (observable) electrons, ne, (unobserved)
scintillation photons, n� , and heat. To calculate ne, we
use a probabilistic model based on a combined theoreti-
cal and empirical understanding of the electron yield of
higher-energy electronic recoils. Absorption of the pri-
mary electron energy creates a number of ions, Ni, and
a number of excited atoms, Nex, whose initial ratio is
determined to be Nex/Ni ⇡ 0.2 over a wide range of ener-
gies above a keV [18, 19]. Electron–ion recombination ap-
pears well-described by a modified Thomas-Imel recombi-
nation model [20, 21], which suggests that the fraction of
ions that recombine, fR, is essentially zero at low energy,
resulting in ne = Ni and n� = Nex. The fraction, fe,
of initial quanta observed as electrons is therefore given
by fe = (1 � fR)(1 + Nex/Ni)�1

⇡ 0.83 [21]. The total
number of quanta, n, is observed to behave, at higher
energy, as n = Eer/W , where Eer is the outgoing energy
of the initial scattered electron and W = 13.8 eV is the
average energy required to create a single quanta [23].
As with fR and Nex/Ni, W is only well measured at en-
ergies higher than those of interest to us, and thus adds
to the theoretical uncertainty in the predicted rates. We
use Nex/Ni = 0.2, fR = 0 and W = 13.8 eV to give
central limits, and to illustrate the uncertainty we scan
over the ranges 0 < fR < 0.2, 0.1 < Nex/Ni < 0.3,
and 12.4 < W < 16 eV. The chosen ranges for W and
Nex/Ni are reasonable considering the available data
[9, 18, 19, 22]. The chosen range for fR is conserva-
tive considering the fit of the Thomas-Imel model to low-
energy electron-recoil data [20].

We extend this model to DM-induced ionization as fol-
lows. We calculate the di↵erential single-electron ion-
ization rate following Eqs. (1–3). We assume the scat-
tering of this primary electron creates a further n

(1) =
Floor(Eer/W ) quanta. In addition, for ionization of the
next-to-outer 5s and 4d shells, we assume that the pho-
ton associated with the de-excitation of the 5p-shell elec-
tron, with energy 13.3 or 63.1 eV, can photoionize, cre-
ating another n

(2) = 0 (1) or 4 quanta, respectively, for
W > 13.3 eV (< 13.3 eV). The total number of detected
electrons is thus ne = n

0
e + n

00
e , where n

0
e represents the

primary electron and is thus 0 or 1 with probability fR

or (1 � fR), respectively, and n
00
e follows a binomial dis-

tribution with n
(1) + n

(2) trials and success probability
fe. This procedure is intended to reasonably approxi-
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FIG. 2: Top: Expected signal rates for 1-, 2-, and 3-electron
events for a DM candidate with �e = 10�36 cm2 and FDM = 1.
Widths indicate theoretical uncertainty (see text). Bottom:
90% CL limit on the DM–electron scattering cross section
�e (black line). Here the interaction is assumed to be in-
dependent of momentum transfer (FDM = 1). The dashed
lines show the individual limits set by the number of events
in which 1, 2, or 3 electrons were observed in the XENON10
data set, with gray bands indicating the theoretical uncer-
tainty. The light green region indicates the previously allowed
parameter space for DM coupled through a massive hidden
photon (taken from [2]).

mate the detailed microscopic scattering processes, but
presents another O(1) source of theoretical uncertainty.
The 1-, 2-, and 3-electron rates as a function of DM mass
for a fixed cross section and FDM = 1 are shown in Fig. 2
(top). The width of the bands arises from scanning over
fR, Nex/Ni and W , as described above, and illustrates
the theoretical uncertainty.

RESULTS. Fig. 2 (bottom) shows the exclusion limit in
the mDM-�e plane based on the upper limits for 1-, 2-,
and 3-electrons rates in the XENON10 data set (dashed
lines), and the central limit (black line), corresponding
to the best limit at each mass. The gray bands show the
theoretical uncertainty, as described above. This bound
applies to DM candidates whose non-relativistic inter-
action with electrons is momentum-transfer independent
(FDM = 1). For DM masses larger than ⇠15MeV, the
bound is dominated by events with 2 or 3 electrons, due
to the small number of such events observed in the data
set. For smaller masses, the energy available is insu�-
cient to ionize multiple electrons, and the bound is set
by the number of single-electron events. The light green
shaded region shows the parameter space spanned by



Haloscopes and quantum sensors

SIMPs	/	ELDERS	

Ultralight	Dark	Ma5er	

Muon	g-2

Small-Scale	Structure	

Microlensing	

Dark	Sector	Candidates,	Anomalies,	and	Search	Techniques	

Hidden	Sector	Dark	Ma5er	

Small	Experiments:	Coherent	Field	Searches,	Direct	DetecIon,	Nuclear	and	Atomic	Physics,	Accelerators	
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Pre-InflaIonary	Axion	

Post-InflaIonary	Axion	

FIG. 1: Mass ranges for dark matter and mediator particle candidates, experimental anomalies,
and search techniques described in this document. All mass ranges are merely representative; for
details, see the text. The QCD axion mass upper bound is set by supernova constraints, and
may be significantly raised by astrophysical uncertainties. Axion-like dark matter may also have
lower masses than depicted. Ultralight Dark Matter and Hidden Sector Dark Matter are broad
frameworks. Mass ranges corresponding to various production mechanisms within each framework
are shown and are discussed in Sec. II. The Beryllium-8, muon (g � 2), and small-scale structure
anomalies are described in VII. The search techniques of Coherent Field Searches, Direct Detection,
and Accelerators are described in Secs. V, IV, and VI, respectively, and Nuclear and Atomic Physics
and Microlensing searches are described in Sec. VII.

II. SCIENCE CASE FOR A PROGRAM OF SMALL EXPERIMENTS

Given the wide range of possible dark matter candidates, it is useful to focus the search
for dark matter by putting it in the context of what is known about our cosmological history
and the interactions of the Standard Model, by posing questions like: What is the (particle
physics) origin of the dark matter particles’ mass? What is the (cosmological) origin of
the abundance of dark matter seen today? How do dark matter particles interact, both
with one another and with the constituents of familiar matter? And what other observable
consequences might we expect from this physics, in addition to the existence of dark matter?
Might existing observations or theoretical puzzles be closely tied to the physics of dark
matter? These questions have many possible answers — indeed, this is one reason why
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Flux is huge:

Better modelled as a wave rather than individual particles



Axion Dark Matter eXperiment (ADMX) 

7/21/16 Rakshya Khatiwada 

ADMX insert 
Cavity: converts Axions into photons, 
tunable. 
 
Magnet: facilitates the Axion 
conversion to photons, 8 Tesla 
 
Antennas: Picks up signal 
 
Refrigerator (dilution refrigerator): 
decreases the system thermal noise 
background, 100mK, cools cavity and 
the SQUID. 

 
Superconducting Quantum 
Interference Device (SQUID) 
amplifiers: amplify the signal while 
being quantum noise limited. 

7/21/16 Rakshya Khatiwada 

ADMX:  Axion Dark Matter eXperiment

University of Sheffield + 8 USA institutions



Axions in magnetic fields convert to microwave photons

axion dark matter

magnetic field

microwave photon

ADMX:  Axion Dark Matter eXperiment



ADMX:  Axion Dark Matter eXperiment

Lawrence Livermore National Laboratory LLNL-PRES-731524 
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Frequency 

Antennas 

Tuning Rod 

Cavity 

1.5 GHz 

* LLNL sponsored HMC Clinic Final Presentation – 2010 

Microwave Cavity needs tunable resonance 

axion dark 
matter

magnetic field

microwave 
photon

Tuneable cavity:
Trying to tune onto the axion mass

(a dark matter radio?)



ADMX:  Axion Dark Matter eXperiment

Lawrence Livermore National Laboratory LLNL-PRES-731524 
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Axion-like Signal Injection

Raw Power Spectrum Row Spectrum with Artificially 
Generated Axion-Like Signal

Injection of Axion-Like signals into cavity allow us to calibrate our analysis

See C. Boutan's talk next for details

Raw data and hardware synthetic axion  
Able to inject custom line-shape through weak port (blinded) 

This is what a signal 
would look like

Tuneable cavity:
Trying to tune onto the axion mass

(a dark matter radio?)



Experiments could tell us: 
the axion dark matter mass & axion-photon coupling

No discovery yet…

Axion dark matter mass [10-6 eV]
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Quantum sensors
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 DM(x, t) =

p
2⇢DM

mDM
cos(!t� k · x)
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Oscillating dark matter can induce changes in fundamental constants

Induces tiny changes in atoms: a new field opening up

Groups beginning to search for tiny changes with:
 atomic clocks, magnetometers, accelerometers, interferometers…

me(x, t) ⇡ me

⇥
1 + 10�22 DM(x, t)

⇤
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Summary

• We know dark matter exists…
… but we have yet to measure the particle properties

• Many ideas for what dark matter could be…
…and many experiments searching for them

• A truly global effort with the UK at the forefront


