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Enr thresholds

LUX: 3 keV

DAMIC: 500 eV

CDMSlite, CRESST: 300 eV
DM
nucleus

*not to scale

m, = 100 GeV, Er ~ 100 keV
m, = 100 MeV, Er ~ 1 eV



signal:
a few ionized '/'
electrons or 7 DM

scintillation

*not to scale

m, = 100 MeV, Ex ~ 50 ¢V




typical momentum
transfer

typical size of the momentum transfer is set by the
electron’s momentum

typ = MleUe ™~ "@

~ 4 keV

This requires g on tail of e- wave function or DM velocity!



typical energy transfer
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arbitrary-size momentum
transfer is possible
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typical energy transfer

ALL the kinetic energy In the
DM-atom collisions is available
to excite the electron!

MeV GeV TeV



typical energy transfer

ALL the kinetic energy In the
DM-atom collisions is available
to excite the electron!




ingredients

particle physics
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ingredients

astrophysics
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ingredients

material dependent
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ingredients
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General goals and
challenges

AE
1 eV

DM mass reach  m, 2 250 keV X
Backgrounds
Signal vs. Background discrimination

material fabrication and experimental design



Counts / 0.1 electrons
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Ionization Signal [electrons]

Essig, Manalaysay, Mardon, Sorenson, Volansky
Phys.Rev.Lett. 109 (2012) 021301
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challenges

» detector specific backgrounds

* ¢ gets trapped in liquid-gas interface and is later
released

e ¢ gets trapped by impurities and is later released
e & emission by cathode

* jonization energy (12.1 eV) limits DM mass reach to
few MeV



Semiconductor targets

15}
empty conduction
band

10}

band gap
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band

L I X W K I
Brillouin zone path

Essig, Fernandez-Serra, Mardon, Soto, TTY [1509.01598] JHEP 1605 (2016) 046

see also:

Essig, Mardon, Volansky [1108.5383] Phys.Rev. D85 (2012) 076007

Graham, Kaplan, Rajendran, Walters [1203.2531] Phys.Dark Univ. 1 (2012) 32-49
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Semlconductor targets

1sl

band gap [eV]

Ge | 0.67
Si 1.1
GaAs| 1.5
Nal | 5.9
Csl | 6.4




Semlconductor targets

apply an
electric field
| and extract
| the electron(s)

“lonization”

| e/h* recombine

| to produce
photon(s)

“scintillation”

L I X W K I
Brillouin zone path



lonization signal
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o, [cm?]

lonization signal

Freeze—out, Complex Scalar, my =3 m,
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challenges

e readout noise — can minimize by increasing time
of readout (ongoing with FNAL group)

» E-field used to drift the electrons may produce dark
current — fundamentally limits the sensitivity



challenges

e readout noise — can minimize by increasing time
of readout (ongoing with FNAL group)

» E-field used to drift the electrons may produce dark
current — fundamentally limits the sensitivity

X\

specific to ionization experiments!



scintillator signal
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challenges

e contaminants In detector material

* needs large area photon detectors (proposals in
progress)

e afterglow



signal vs. background
discrimination

e variety of materials and techniques

e annual modulation

» directionality (daily modulation)



directionality

Department for Materials Research, Risg DTU

Essig, Mardon, Soto, TTY (in preparation)



directionality
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Essig, Mardon, Soto, TTY (in preparation)



directionality

GaAs form factor halo function

10

0 10 20 X & 0 0 20 E 1]
0 0
10 ; 10§ ’
E 5
= == + —
n
= u B
3 | )
20 = 0
" 2
E .
m-e
e El .. ni
= k=
u B
-

Essig, Mardon, Soto, TTY (in preparation) very preliminary



directionality

GaAs, mDM=10 MeV
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other ideas

chemical bond breaking — [1608.02940]

2D targets — graphene [1606.08849], carbon
nanotubes [1412.8213,1602.03216]

superconductors — [1504.07237, 1512.04533]

superfluid helium — [1604.08206]

fedd



Absorption

e same experiments can be used for down to ~eV
DM

e consider absorption of DM instead of scattering



Absorption

See also Jaeckel, Raffelt, Redondo...
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Absorption

solar dark photons
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DM mass 10 15+
Now

| | | | —) time

|[vears]
1 GeV

1 MeV

1 keV
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time
|[vears]

10 15+

DM mass
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Now 1

1 GeV
1 keV

1 MeV



)
ES
= >
|_|
LN
|
-)
LN
N
[-2] sJ01E|I1UIDS sJ0199)ep uojoyd a|buis
eale-abie| pasodoud
9] S1019NpPUOIIWD . h
b oz e el ‘SIN@J4adns “OlNva
v
2 | FPSTETAEEE 21 XN ‘LUNON3X
Z OOLNON3X '0LNON3X

DM mass
1 GeV
1 MeV
1 keV



T
£5
= >
|_|
LN
|
-
o |
[p2] ®H pini1adng
[N] s19b.el-ae
LN
[N] Bunjeaiq puog
(|
[-2] sJ01e|11IUIDS s.10)9919p uojoyd ajbuis
eale-abie| pasodoud
9] s1010NpuoIIWD . h
el i o it *‘SIN@J42dns ‘QINVA
o |
2 | FPSTETTRENEEN  z71 XN ‘LUNONaX
Z 00LNON3X ‘0LNON3X
V)
S 1
qv] V V
: > " 3
2, O S i~
- — — v~



T
£5
= >
|_|
LN
|
-
o |
[p2] ®H pini1adng
[N] s19b.el-ae
LN
[N] Bunjeaiq puog
(|
[-2] sJ01e|11IUIDS s.10)9919p uojoyd ajbuis
eale-abie| pasodoud
9] s1010NpuoIIWD . h
el iz i it *‘SIN@J42dns ‘QINVA
o |
2 | FPSTETTRENEEN  z71 XN ‘LUNONaX
Z 00LNON3X ‘0LNON3X
V)
S 1
qv] V V
: > " 3
2, O S i~
- — — v~



time
[years]

[-2] s1019npuodiadng

10 15+

[p2] @2H pinjyadng

[N] s196.e1-ae

[N] Bunjeaaq puog

[-9] s403e]IIUIDS

[-2] s1010NnpuUOIIWAS

[-8] spinbi 31qoN

ABSORPTION

Now 1

DM mass
1 GeV
1 MeV
1 keV



