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Direct Detection Experiments

Goal: Detect the collisions of DM particles with detectors as the earth
moves in the galaxy./ DM particles are neutral (in most models) and would
interact‘with the.nuclei of your detector.
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Typically people try to build detectors that will see a nuclear recoil and
distinguish it from an interaction with the atomic electrons.
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One good reason'to look for low mass
dark matter :The DAMA/LIBRA result

2.6 keV Bernabei et al, 2008

€—— DAMA/Nal (0.29 tonxyr) ——mm@ > < DAMA/LIBRA (0.53 tonxyr)>
| (target mass = 87.3 kg) (target mass = 232.8 kg)

NN NN NN NN

Residuals (cpd/kg/keV)

Time (day)
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DECam CCDs developed by LBNL
250 pm thick

3-phase Polysilicon
CCD structure gate electrodes

DECam @ 173K
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250 pm thick fully depleted .
hi-resistivity’ p-channel technology developed by LBNL

5 pm x-l 5 pm'pixels
operating temperature :; -100.Cfor DES
-150C for DAMIC
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Readout Noise

CCDs are readout: serially. For DECam we
have |7 seconds to'do this (250 kpix/sec)
and we get ~8e of noise. But you could go
really slow and reduce the noise further.
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DECam CCDs for Dark Matter

le 7.2'eV noise 7= low threshod 3 (~0.036 keV)
® 250 pm thick = reasonable mass (I gram/CCD))

these two features make the.detectors ideal for a
low threshold.dark matter search. The DAMIC
experimentis testing this idea.

other exerlments
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nuelear récoils will produce dijffusion limited hits

clear difference-between and
diffusion limited hits.

Efficiency for selection of diffusion limited hits >99%.
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Charge diffusion with X-rays

size (pix) =>
Diffusion on DECoam CCD pb—-22-27 vs Vsub.
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DECam.CCDs as particle detectors: X-rays
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FIG. 4: Spectrum obtained for the reconstructed X-ray hits
in an *°Fe exposure of a DECam CCD. The arrows mark the
direct X-rays from the source Ka=5.9 keV and Ka=6.5 keV,
the Ka and K3 escape lines at 4.2 and 4.8 keV, and the Si
X-ray at 1.7 keV. The factor 3.64 eV /e is used to convert from
charge to ionization energy.
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lonization efficiency for nuclear recoils

Some fraction of the
energy in nuclear recoils
is converted into thermal
energy with vibrations of
the lattice.

(uenching factor

New:calibration required.
The existing measured
points do not go-below 4
keV.in energy. / existing data and theory for

quenching in Si (Lindhard)

Is there channeling on a
CCD? Next in our list of

things to investigate.

Data from Gerbier, G et al, Phys. Rev. D 42.9 (1990)

25
recoll energy (ke¥)
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Calibration’of CCDs using neutrons. 2>2Cf
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DArk Matter In CCDs
DAMIC

Fermilab:
T. Diehl, J. Estrada, B. Flaugher, , D. Kubik, V. Scarpine, E.
Ramberg, A. Sonnenschein and Ben Kilminster

Inois, U

l Target Building NuMI building

» -7/;";‘35_‘:*
Proton beam B i
from Main Injector i
Target Mall e
for MINOS

4CCD array here. ~350 foot depth
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Muon Tracks:

| hour exposures:
~*0n the surface

, *Minos (350" deep)
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nuclear recoil candidates

Event/Kg/day/keV
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DAMIC underground

News:

good => turn on below 200eV (low noise!)
bad -> need rate reduction of 100 to compete
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FIG. 4: The measured spectrum of ULEGe with 0.338 kg-day
of data, after CRV, ACV and PSD selections. Background
spectra of the CRESST-I experiment [9] and the HPGe [13]
are overlaid for comparison. The expected nuclear recoil spec-
tra for two cases of (m,, ail\) are superimposed onto the spec-
trum shown in linear scales in the inset.

...is there any intrinsic radiation on these detectors?
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Why is the rad background so high now?
Flat level of 10* cpd/kg/keV:

we have measured the intrinsic radiation of the
electronic components used for readout the
CCDs (JFET next to the detector, preamp board, PC
board). Their activity is enough to explain what we are
seeing now. Plan: develop low background

electronics. /‘!V Readout
<|/ Vacuum

Cold Finger

new design:

] _H —-l '

gk T /IR

low energies:

we have calculated the
IR tail from the
dewar walls. Plan:

6 Inch Lead cast
in copper container

8 Pack CCD picture

cooldown the frames (-160C) we will
dewar wall in the have to design a low

. background package _
net version. and cable. Cu shield

T Lead shield
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Prospects

hitp://dmtools.brown.ed

CRESST 2001 spin indep., 1.51 kg-days, 2629 sapphire
CDMS (Soudan) 2004 + 2005 Ge (7 keV threshold)
XENON10 2007 (Net 136 kg-d)

[—
(—]

cross section (cm?)
z

10" | now
42| 10 cpd background

10" 1 10 10°

DM mass (GeV)
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Prospects

10—38 =T .
i 3 opportunity to
~1077F access a hew
5 ; region with CCDs!
\b'/?’ _
1077 ] If the dark matter
: 1 s light we could
10_41—.1,|“,|H,|IH|HI- see it first!

0 2 4 6 ) 8 10
mX(GeV/C)
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Plan to reduce the readout noise

noise (e)

45 -

25 |-

Why doesn’t it keep going down?

| ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ |
10 20 30 40 50 60 70

pixel time (usec)
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Correlated Double Sampling readout (CDS)

sig

pixel i-2 pixel i-1 pixel i pixel i+

sS4 = / (n(t) + §;]dt — / n(t)dt.
tit+e L
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filtering of high frequencies is responsible for reduction
with integration time

ﬂ f |

this “high frequency” noise is efficiently suppressed by the integrations
for each window in the correlated double sampling.
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noise at pixel frequency is not suppressed by CDS

e ey

the noise with frequency of the order of the pixel is not filtered by the
CDS. The only way to measure this contribution well is to look for the
coherence of the noise over many pixels.
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-6 Noise spectrum for the CCD output provided
- by Steve Holland (LBNL).

noise (V/HZO'S)
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For long pixel times, CDS becomes
susceptible to lower frequencies. Since
there is a“|/f” aspect of to the noise,
the CDS noise goes up when you make
the pixel longer.
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CDS noise in CCD simulation
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our strategy

e e e

sample the video signal of the CCD over many pixels with a fast ADC,
then fit low low frequency components and subtract then before
doing the CDS. This should suppress the low frequency noise
contribution to CDS.
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our strategy

controller

clocks
bias

analog
CDS

. FADC (~100 MHZz), 14 bits

| / BIG FPGA
¥ : low freq. corrected CDS

CCD
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Step |: Digitize the signal

RST noise

N
w W
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Step 2: remove features
(RST noise, signal level, clocks, pixel average shape)
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can you see the low frequency coherent components?
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Step 3: Fit the low frequency noise
(allow for jumps!)

LI

LI

LI

LI

LI

LI

this is the difficult part... solve a very large chi2 problem
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this is the low frequency stuff without jumps.
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Does it work?

DECam CCD driven by Leach controller.

noise (e-)
8
|

17.5 |~

15

< CDS on digitized signal

125 -

RN

=1 CDS after low frequency suppression

0 i | L ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ L |
0 2 4 6 8 10 12 14 16 18 20

integration time (us)
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Does it work!?

did not get below |e- (this is our goal)
we are adding white noise in our digitization

However:
We are able to significantly suppress the low
frequency noise.

We have demonstrated that the method works
if we can control the noise of the digitizer.VWe
need to get enough samples for the fit without
adding too much sampling noise (FADC).
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Another potential application for a low background low noise CCDs
Neutrino technology and first detection of coherent neutrino
scattering.
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Conclusion

® We are investigating the possibility of using CCDs. in
low, background low threshold experiménts. Direct
Dark Matter Search and maybe neutrino technology;

® Key questionyls there any radiation intrinsic to the
detectots that would -make this impossible? For the
moment be believe the answer is NO.

® How low could we push the noise on these detectors!

® We-.need detectors with low noise (na’speed

requirement), thick, small pixels and with have no
optical requirements (no AR coating).
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