SuperCDMS:

Search for Dark Matter with very Low temperature detector
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Figure 5. The Mn K, and Mn K spectrum of the Wi in/Goddard X-ray mi lorimeter.

The FwhMm energy resolution for the Mn K, line is 7.3 eV (figure reproduced from [Mcc93]).
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SuperCDMS goal

Directly detect Dark Matter via interactions in Detectors.

Weak scale WIMPs <= hierarchy problem
Freeze out when annihilation rate ® expansion rate

3:-10% cm’ / s o’
=0, =

<0Av> Mjw
coincidence between Cosmology and Particle Physics

Dark Matter Hidden Sector: not necessarily weak scale

Non thermal Dark Matter (Dutta)

Asymmetric Dark Matter (Zurek)

WIMP-less Dark Matter (Feng)

Dark Photon (Arkani Hamed-Finkbeiner-Weiner), atomic DM, Self Interacting etc..
Intriguing but less predictive

= Qxh2 =

Can have low Masses
=>
Direct detection experiments should cover the entire mass spectrum
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" The Hunt for Dark Matter
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WIMPs in the Halo

isothermal Maxwell-Boltzmann distribution:

Escape velocity=540 Km/s

V, =230 Km/s
p=0.3 GeV/cm3

Rate™~ N n, <0x>

D. Cline, Scientific American 2003










More thoughtful nuclear physics

* General non-relativistic effective theory of dark matter direct
detection has been developed. [Fitzpatrick, Haxton, Katz, Lubbers, Xu 2013]
* Couplings depending on large nucleons velocity in addition to
standard SD, SI.

* Couplings to: J I, - § change the expected rates significantly

306.

I

409

Na

Need multiple targets to pinpoint the specific couplings



Direct detection challenges:

e Search sensitivity (low energy region <<100 keV)

U Current Exp Limit < 1 evt/ 10kg/year, ~< 10-* evt/kg/day
U Goal < 1 evt/tonne/year, ~< 10~ evt/kg/day

e Activity of typical Human

(~10 kBq (10* decays per second, 10° decays per day)

e Environmental Gamma Activity in unshielded detector

1107 evt/kg/day (all values integrated 0-100 keV)
UThis can be reduced to ~10? evt/kg/day using 25 cm of Pb

Need large detectors with low threshold
and excellent background rejection!




Event-by-event

ZEPLIN Il and beyond
XENON 1T, LUX
ArDM, WARP

ZEPLIN |
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CDMS Principle

- Large (~ 1 kg) Semiconductor crystals (Ge
or Si) cooled to T < 0 .04 K.

- Measure recoil energy via Lattice
vibrations: Phonons.

- Simultaneously Measure the lonization.
- lonizing power i.e. lonization Yield:

Yelectron-recoil> YnucIear-recoiI
* Event-by-event discrimination

* Near surface events

* Electron recoil but poor charge
collection.

* Near geometrical boundaries.
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CDMS Il solution:
* Detect phonons before they reach equilibrium.
* reconstruct position of events=>Reject Near surface
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. A new detector design

* Interleaved electrodes (1 mm pitch) on both sides.

e Alternating +V ground (i.e. phonon sensors) on one side -V & ground on the
other side.

* Bulk events see the average Voltage on each side: Uniform Field in the bulk.

* In contrast the problematic Near-surface events sense the big transverse field
at the surface.
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Luke-Neganov Gain

Etot — E'r + Eluke
- E’r + nehe%

~ B (14
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Resulting Luke Phonons

Am34 Vg = 60 V
59.54 keV

P. Luke
NIM A A289 (1990)

Channel number




!'|m = mCDMS-Si: m = 8.6 GeV/c?, 057 = 1.9 x107*! em?
i |mmmCoGeNT: m = 8.2 GeV/cz, ogr = 3.2 x10~* cm?

Raw Counts

.1 04 0.7 1.0 1.3 1.
Energy [keVeel, bin width of 10 eVee

8
Energy [keVeel, bin width of 75 eVee
Energy [keVnr], bin width of 90 eVnr
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60keV traces
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400V data, c =119 eV
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CDMS 1i SuperCDMS Soudan

Single-sided Double-sided
1 cm thick 2.5 cm thick
3”diameter 3"diameter

250 g Ge 620 g Ge

2 charge + 2 charge
2 charge + 4 phonon 4 phonon + 4 phonon

@S ® 0O

5 towers of 6 det each 5 towers of 3 det each

| —_—

S

SuperCDMS SNOLAB

Double-sided

3.3 cm thick

100 mm diameter
Ge(1.4 kg) or Si(0.6 kg)

2 charge + 2 charge
6 phonon + 6 phonon

L&)

15 towers of 6 det eacb‘




60 keV (**Am)
303 keV ("*Ba)
356 keV ("Ba)
384 keV ("Ba)

3
8

g

3
S

2
T
2
o
S
E
E
5
z

1 i el 11
200 250 300 350 400 450 500
Q,,, [keV]

200
Q1 (keV)




Resolution Scalings with Tc (lqp=255um)

Ge LZIP(old)
Ge LZIP(new)
Ge [ZIP4/5

Si IZIP4/5

Si LZIP(new)
measured G3D
estimated G3D
measured G48




SuperCDMS SNOLAB Setup
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Conclusion

* Multiple target nuclei necessary for Dark Matter direct detection.
e Different experiments have different backgrounds and
systematics.

* Different targets are necessary to pinpoint the DM coupling.

* lonization-phonon technique offers excellent background

discrimination and CDMS historically proved to be near

background free.

* New models extend DM candidate masses down to < 1 GeV.

* Low temperature Phonon detectors offer unique resolution
=> |ow detection threshold.

*SuperCDMS Soudan has set the lowest limit for WIMPs of
mass < 7 GeV; ongoing run will improve sensitivity at low and
high masses.

* SuperCDMS SNOLAB will provide unique sensitivity to low-mass

WIMPs near or down to the neutrino floor while extending

sensitivity at high masses by x10.



