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Dark Matter @ DUSEL

Even if a discovery is made before DUSEL, we need
a Dark Matter Observato T—=

Common Question, & % 4 4 &b £
Wk R AT ILNE R AL IS 6
LBk 2 #2 |

Technologies are rapidly reaching the needed level of

sensnwﬁ'y;' background rejection
Bubble Chamber
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This should be a cornerstone of the DUSEL program
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Proposed Program at DUSEL

Within the context of a unified strategy, emerging consensus.

In order to have a program
at the frontier of the field worldwide
resilient to potential political and technical delays of the facility

with strong flexibility

we Should as a community propose two generuhé‘n~l

. experiments M
N 2 different technologies, with at least 2 nuclei P
S~ o with different technological risks _ -
TS~ — - L _with different backg_nund_s -

Technology choice to be made later on view of current and generation 2
results (flexibility)
Depth: the deeper the better, but adapt to facility availability

This presupposes a vigorous pre-DUSEL 62 program
Sanford lab (SUSEL-Homestake)

SNOLAB
Gran Sasso, LS Modane (Frejus)
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Generation 2 and 3: PASAG definition

| «—— 2™ Generation

+«—— Currentstatus~10% cm?

-« Current experimenty

— Pre-DUSEL

\ . 2 .
Cross-section [em”™] (normalised to nucleon)

o — DUSEL
«—— 3MGeneration
G2 G3
aal Sensitivity < 104 cm? < 1047 cm?
lﬂl ]ﬂ' ]ﬂ! Target Mass ~1Ton ~10 Ton
WIMP Mass [GeV/c’) Cost | s15mM-s2om | -~ ssom

G2 ~10% cm? or lower, construction and operation cost $156M-$20M, ~ 2013

G3 % 10* cm? or better, construction and operation cost $50M, * 2017
INote: slight disagreement between PASAG figure and text. Here the figure has been corrected

Scenario A: FY'10 $84M, 3 5%/yr, $266M FY 10-FY20 munout in FY10 dollars
B: FY10 $94M, 3 5%/yr, $389M ..
C: FY10 $96M, 6 5%/yr, 3640M ...
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(SI) WIMP Energy Spectrum for LXe
(Cross Section = 1045cm?2)

(S1) WIMP Recoil Energy Spectrum for LXe (o = 10*cm?)
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(SI) WIMP Energy Spectrum for LAr
(Cross Section = 10-%cm?)

S1) WIMP Recoil Energy Spectrum for LAr (o = 10*°cm?)
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1- 0 Error of WIMP Mass vs SI Cross Section

510 tan*xear Xe and 50 tnn*zear Ar!

1-c Error of WIMP Mass and Sl Cross Section

< 104
E' B 1 ton‘year Xenon (407%; eff.)
< — 5 ton*year Argon  (80% eff.
g L yoarhroen ' Xenon
ﬁ i - 1 ton*year Xe + § ton"year Ar {56 EVEH'.S}
w
w0 n
2
O
104 4046 om?2
- Argon
3 (42 events)
" G3 100 GeV
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1- 0 Error of WIMP Mass vs SI Cross Section

10 ton*year Xe and 50 ton*year Ar

1-c Error of WIMP Mass and Sl Cross Section
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jark matter wime search inn

DARWIN
What is DARWIN? . =

i

» R&D and design study for a next-generation noble liquid facility in Europe
¢ Approved by ASPERA (AStroParticle ERAnet) in late 2009

* Goal:

= study liquid xenon AND liquid argon as WIMP itargeis

= make recommendation for technical design of facility in three years from now

= build on the added-value of uniting and coordinating the extensive, existing European expertise in liquid
argon, liquid xenon and related technologies for astroparticle physics detectors within a global scenario

* | ocation: ULISSE (France) or Gran Sasso (ltaly)
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An example WIMP mass in the /f_E_’. ﬁ .
region: -
o «FACT #1: DAMA may or may not be observing a WIMP effect.
- B|18.5 kg-day 5 | '
- 2| efficiency-corrected data g g
e E = %‘ 7]
é EE Where is CDMS in all this?
B\ W = E o .
oy - o B ] 20 - . .
o o = 4 m = 9 GeVsc CDMS raw data
fd:' an L C: Ha ] ’ ) efficeney-correeted
o - | o= B.TE-41 cm’ (X002 4693)
I:E 4 51
A 2 ! ]
— 16 | é . — 15
a i ] .
§ : -
2 wfl ] .
m = & el bt fit B
i = |0 - -
_ [ o, =674l e’ i = Faergy ]
" ._ i | ] i amy ey as o8 [umaolion of =gy
g - I-I-I .
hmﬁimﬂf-’ e -.4EI]4. Ll ]
a i Pl e | LY = 5
i 05 1 1.5 g a8 a ﬂmnw;:;hm
energy (keVea)
Quotable: The excess of irreducible bulk-like Y 4 4 5 8 10 12
events in CoGeNT is compatible with the WIMP Encrgy [keV]

hypothesis in a region where CDMS, DAMA and (several) | -shell EC G
phenomenological models (good thermal relics) can coexist. (~12% of 10.3 keV peak)

It is also equally compatible with any exponential background.

(Leo Stodolsky fhis morning:
We hawve »» 100 events we do not understand, WE WIN!! ;-) CRESST II
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RS TN L “A Multi-Purpose Matrix”

DM X X - X
DBD X X - B}
Solar v X ? X X
SN - - X X
p-decay - - X X
LBL - - _ X

DM: &Y R

DBD: X{#EFEAD

Solar v : XFHAH%-Fill & AT DA B — AR
SN: BHESHMTIE

P-decay: i TFEA VIR il ~ g5 4 M )
Bl MR HRIR TRl s TR AR FH ALY
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LXe/LAr

e Csl coated internal for 4pi light collection (>10 p.e./keV)
e 1.5 ton fiducial and 3.8-ton active Shield & veto

Pawel Majewski, University of Sheffield
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Nuclear Instruments an cthods in Physics Research A 525 (21 )12-16 —_—
ELSEVIER Nuclear 1 d Methods in Physics R h A 525 (2004) 12-16 SectonA

2 N
Lxe / L Ar ﬁ j—b High-performance microchannel plate detectors for

UV/visible astronomy

Oswald H.W. Siegmund
Space Sciences Laboratory, University of California, Berkeley, CA 94720, USA
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Charge amplification - wires

M.Miyajima et al. NIM Vol

134 ,1976 maximum gain

S.E Derenzo et al. Phys. Rev. A
: 100 Vol 9,1974 maximum gain

100+
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H.Wang et al. 1991 gain : 40

Electron Avalanche and
Scintillation Signals

for 22 keV Gamma from "“Cd

: 0.2 Vidiv
L _: . Charge
e p— (100e/mV)
|| | |
freeoe f | T
I i e ] b sk e
Scintillatio 0.5 Vidiv
2 uS / Div

Pawel Majewski, University of Sheffield

7th UCLA Symposium on Dark Matter, 22-24 February! 2006



Charge readout - microstructures
High electric field ~ 1MV/cm with small differential voltage

/\.

Cold field emission
device:

Micropattern detectors :

* micromegas

, * micro-dot

Already used in LAr . mggc (already used in LXe

(no gain due to discharges)

(J.6. Kim et al. NIM A 535 2004) with gain - 10)
: o | (A.P.L. Policarpo et al. NIM A 365 1995)

Pawel Majewski, University of Sheffield 7™ UCLA Symposium on Dark Matter, 22-24 February’|-3006
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We could also ...
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Summary
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