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DM direct detection
DM

signal:
phonons,
scintillation
photons,
ionization target

electrons material
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DM-nuclear scattering DM-electron scattering
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DM-nuclear scattering DM-electron scattering
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Ingredients for rate

particle physics
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Ingredients for rate

material dependent
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scattering rate

detector astrophysics
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light
heat
electric charge

treat the target electrons as single-particle states

bound in isolated xenon atoms




XENON

Number of Events 54: Xenon
107!+ 5p Fpm=1 ,
| 4d my=1GeV
3Ir 10 -
= ]
< |
X
I \_|—|_‘
Iy 107 - 1 g
= 4p |
= ]
s i
1072 —
4s
1000 kg—years
| | | | |

http://commons.wikimedia.org/wiki/Category:Electron_shell_diagrams

I 2 3 456 7 8 910111213 14 15
number of electrons
Electron configuration:
Essig, Volansky, TTY [1703.00910] [Ar] 3d10 4s2 4p6 4d10 5p6



XENON

Number of Events 54: Xenon
f total rate |
107" 5p Fom=l ]
E 4d m,=1 GeV ?
(‘\lg L
3 1072 E
= : |
: | \_I_I_‘ |
[
|§ 10_3 a B | ]
= : 4p ]
o i ]
Z | . *
o
1074 -
4s | uncertainty from
1000 kg—years . . .
— secondary ionization

i23‘4‘1567‘é§1‘01‘11‘21‘31‘41‘5 .
modeling
number of electrons

Electron configuration:

Essig, Volansky, TTY [1703.00910] [Ar] 3d10 4s2 4p6 4d10 5p6



a XENON detector

i.e. XENON10, XENON100, XENON1T, LUX

DM-electron scattering

S2 only signal

e

measures PhotoElectrons

*can also do this with LAr detectors like DarkSide

https://commons.wikimedia.org/wiki/File:2phaseTPC b.jpg
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XENON100
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a model: dark photon
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dark photon

o, [cm?]

10—35 + 10—30
10736 %% 107 XENON100
; % XENON100 10-22
10_37 10—33
1038 10~ XENON10
DarkSide : — \
i ] NE 10—35 5 .
1073 = - 0 - ]
10740
10—41 L
- asymmetric
—42]
10 - my = 3m,, %\,‘ =
Fpm=1 41 A < My | | | Fom=1/q" "
~43 e N | 10~ Y VY ST R
1077 10 102 103 1 10 10° 10° 10% 10°

m, [MeV] my [MeV]

Essig, Volansky, TTY [1703.00910], DarkSide Collaboration [1802.06998]



challenges

* detector specific backgrounds

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

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



challenges

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



challenges




electron energy

e noble gases: AE. ~ 10 eV

¢ semiconductors: AFE. ~ 1 eV



semiconductor targets
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semlconductor targets
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semiconductor targets

_Sl

band gap [eV]

Ge | 0.67
Si 1.1
GaAs| 1.5

Nal | 5.9
Csl | 6.4




apply an

semiconductor targets
electric field
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electrons in a solid are part
of a complicated, many-body system



conduction
bands
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detector
heat

electric charge
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difficult to calculate these

electrons in a solid are part
of a complicated, many-body system
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http://www.quantum-espresso.org/

e open source code for calculating
electronic structure

e module QEdark calculates form
factor:

http:/ddidm.physics.sunysb.edu/
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threshold dependence
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threshold dependence
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threshold dependence
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threshold dependence
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threshold dependence
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threshold dependence

SuperCDMS HYV threshold
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threshold dependence
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SENSEI

Sub-Electron-Noise Skipper CCD Experimental Instrument

* fully-depleted 200 micrometer silicon CCD detector

e 4126 x 866 pixels

 operated at 140K

* currently at 1 gram, proposed to 100 grams

e skipper technology: measure charge/pixel multiple times
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SENSEI

Sub-Electron-Noise Skipper CCD Experimental Instrument

Whats next: Installation @MINOS & low radiation package

Technology demonstration: installation at shallow underground site )

£& Fermilab
J. Tiffenberg

24 SENSEI collaboration meeting March 10, 2017



silicon CCD detector
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requires very low noise!
two sources: readout, dark current
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skipper readout

standard CCD skipper CCD
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SENSEI projections
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surface run at FNAL
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surface run at FNAL
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future of SENSEI

* new results with 0.188 g-days of exposure coming
very soon!

* pbegin deployment of 10 g detector at SNOlab early
2019

* ultimate science goal of 100g-years of exposure
expected by end of 2021



