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What could be the Dark Matter?

What's allowed from first principles?
-20 107 eV
10 eV

h/100 kyr 100 eV M .. Composite DM/

: . L Black Holes
I Bosonic Bosonic or fermionic ‘ .
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What could be the Dark Matter?

How could DM be produced?

28
10-20 oV 100 eV 10 eV
Thermal Production

Axions / ALPs < 1 eV 10'-10"* eV
Produced by Produced by particle collisions.
spontaneous Variations:
§ymmetry preaking e WIMPS
in early universe « Dark Photon

e Assymmetric DM

* Freeze-in

e SIMP
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Thermally Produced Dark Matter

How can we detect Dark Matter?

10 keV/c’ |\/|e|\//c2 GeV/c’ Te\I//c2 100 TeV/c’
Relativistic Unphysical
~ I annihilation xs
Accelerator fixed Collider searches
targetE,
’_ ]

KeV threshold nuclear

Single electron recoil detectors

detection

eV-threshold nuclear
recoil detectors
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Direct Detection Limits

* At high mass, direct detection models exist to and below the
‘neutrino floor’ 10 — 1 1072
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Direct Detection Limits

* At high mass, direct detection models exist to and below the

‘neutrino floor’ 10
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Dark U(1) Sector Models

DM w/ heavy A', 3 events, 1 kg—year

10—33
« Simplest unconstrained 1o-34
model at low masses 10735
— Heavy dark photon 10_2:
. . . - A
kinetically mixes o~
with SM photon 10_39
107}
— 1 =40 -
Y & 10
E‘ 10—41
K 107
107+
107%. Graphene
& 10~46_ —Si
---=- H, dissociation
10~47 - ---- N, dissociation
y 10—48 ==== SuperCDMS NR
—-49 Ll . . “ \
0 10 102 10° 10*
e,u,d arXiv: 1608.08632  m, [MeV]
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How to see light dark matter

Build ultra low-threshold detectors E o max = 2(MV)?/my
Challenge: Detector resolution degrades with detector size.
* Build experiments that concentrate signals onto small detectors.

— New low-threshold technologies have been developed!

Challenge: Maintaining low-backgrounds at low thresholds

Challenge: Calibrating detector energy scales at low thresholds
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Ultra-low threshold experiments

« Skipper CCDs

— Recently demonstrated by J. Tiffenberg @ FNAL

— Single e sensitivity by repeatedly sampling the trapped charge
and baseline of a CCD readout diode.

4000 samples

@ anlk ! ! ! 1 ]
2180 ; ; 3 -
E - Entries 1635 .
1601~ | | %2/ ndf 19.6/25 =
140 | | Mean -0.002 + 0.0016 3
120 Sigma | 0.06 + 0.001 | E
100 —
B0f- =
oF- =
a0F- E
J. Tiffenberg (FNAL) = | =
LBNL workshop on u { 7
direct detection of dark matter oL | wd | coclln t .
1 0 1 2 3 4
December 2016 charge [e]

2& Fermilab

9 29 May 17 Alan Robinson | Prospects and challenges for detecting MeV-scale dark matter



Detecting Recoils

lonization (free electrons)

Scintillation (light)

Phonons
(heat or sound)
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Detecting Recoils

lonization (free electrons)
~3 eV /quantum

|

~10 eV / quantum .(<

~meV / quantum
Phonons
(heat or sound)
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Detecting Recolls — Ultimate sensitivities

lonization (free electrons)
~3 eV /quantum

j >2 MeV DM on e’
. >100 MeV/c2 DM on Si atom

‘\ L& ')'

~10 eV / quantum ~meV / quantum
Sensitivity to below
0.5 MeV/c?
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Phonon Detection

e.g. SuperCDMS SNOLAB

« Concentrates phonons and detects them using tungsten at its
superconducting transition (Transition Edge Sensor)

* Design resolution of 5-10 eV

* Operations in 2020

Y@

Al Collection Fin Trapping reglon
Quasiparticles transport | o

energy to the TES \ _o '
O |

(o) 0 o o Hot TES
4 o ” % _g \electrons TES

Cooper pairs o . % 0,

Athermal phonon

Interaction site

Ge Absorber
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Background processes

Sources of spontaneous energy deposition

« Thermal fluxuations
— Operate at cryogenic temperatures
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Background processes

Sources of spontaneous energy deposition

« Thermal fluxuations
— Operate at cryogenic temperatures

« Radiation, penetrating photons
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Background Radiation Processes from Photons

Penetrating MeV vy radiation ~AAaT
* Deposits of full photon energy ¥

— Photoelectric effect g,
— Pair-production *\/\/\/v*<

 Compton scattering
— Mitigated by ER/NR discrimination Ll
— Cut off below electron binding AN
energies (~eV — keV). T
« Coherent scattering
— Changes photon direction
— Nuclear recoil
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Coherent Photon Scattering Background

« Well studied process responsible for x-ray

diffraction.

Expected Iow energy photon background spectrum
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Background processes

Sources of spontaneous energy deposition

* Thermal fluxuations
— Operate at cryogenic temperatures
« Radiation, penetrating photons
— Coherent photon scattering
 Microacoustic noise
* Non-thermal dark current
» Electrons accelerated over small voltages
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Energy scale calibration

 Traditional method: irradiation by y-ray or neutrons
— Most scatters are too energetic for eV-scale.
 New methods
— IR photons: see Muad Ghaith, at 15:30
— Low-energy (~10 V) accelerators
— Nuclear Thomson scattering
— Thermal neutron capture recoils
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Energy scale calibrations

X-axis is recoil momentum transfer.
In many bodied systems, Er;-éq2/2m
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Further Reading

« Dark Sectors workshop report
— arXiv:1608.08632

 LBNL sub-eV workshop
— indico.physics.lbl.gov/indico/event/298/

 DOE Cosmic Visions workshop
— indico.fnal.gov/conferenceDisplay.py?confld=13702

* Many other promising low-threshold technologies. E.g.:
— Scintillating bolometers
— Liquid helium
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Coherent photon scattering calibrations

« Coherent Photon scattering
— Tunable edge energy with a variety of high energy photon

Sources.:

— 24Na, 88Y, 12C(4.4 MeV)

| | | 24 [
140 1 8%1;1 ~
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with 10% nuclear recoil  © 1/
jonization yield 40 H -
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FIG. 1. (color online) (a) S(Q,w) of superfluid *He measured
as a function of wave vector and energy transfer, at satu-
rated vapor pressure and temperature 7' < 100 mK. Con-
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