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elements
0.03%

neutrinos
0.47%

free H and He
3.7%

it isn’t dark it doesn’t matter!
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GRAVITATIONAL
LENSING:

A Distant Source
Light leaves a young,
star-forming blue galaxy near
the edge of the visible universe.
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Light N
bent by
gravity

A Lens
Of ‘Dark Matter’
Some of the light
passes through a large
cluster of galaxies and sur- . Light's

rounding dark matter, direclly in the : s nOtMAL :

line of sight between Earth and the . path y - Y
distant galaxy. The dark matter's gravity : s _ o
acls like a lens, bending the incoming light. ' J
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Focal Point:
Earth

Mast of this ight is
scattered, but some is
focused and directed toward
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distorted images of the background P
galaxy. The New Yark Tiones.
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cluster of
Z=0-3%,

leased (fja(a.xj
at 7> 1.2

A Hubble Space Telescope image of a gravitational lens formed by the warping of images of
objects behind a massive concentration of dark matter. Warped images of the same blue
background galaxy are seen in multiple places. (Colley, Tyson, Turner Ap] 461 L83 (1996)).

BNL August 3, 2006



...and the resultant (2D) mass map

A false-color computer reconstruction of the dark
matter mass per area in the cluster CL0024+1654,
seen in projection. This mass, over 300 million trillion
times the mass of the Earth, is responsible for the
cosmic mirage. Individual galaxies

in the cluster appear as mass pinnacles.
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RESuLTANT KadiAL MASS DisTrieuTion
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Sone () Condidates
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| eapive CANDOATES For  DARK MATTER :
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CoNSTRAINTS ov DM PeoPerRTIES
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Background Projections - CryoArray (1 tonne)

Event Expose Raw Post Subtract Sys'tic
Rate [ 1000 Events Reject rejection 90% CL 90% CL
[mdru] kg-day] [counts] [%] [counts] [counts] [counts]
GAMMA
CDMS | * 800 0.011 254 99.85% 0.4 : -
CDMS 11 260 2.50 19,500 99.50% 98 16 9
Heidelberg-M * 40 0.25 0 n/a
CryoArray 13 500 195,000 99.95% 97 16 5
BETAS '
CDMS | * 300 0.011 95 95.00% 9 - :
CDMS Il 20 2.50 1,500 95.00% 75 14 4
CryoArray 1 500 15,000 99.50% 75 14 4
NEUTRONS
CDMS I*(Shield) 2201 0.011 700 99.90% 1 - :
CDMS I*(Rock) 0.011 7  (multi) n/a 4 -
CDMS 11 (Sh) 0.5 2.50 38 99.00% 0.4 : -
CDMS || /B 0.11 2.50 8  (multi) n/a 6 1
CryoArrar x20 l 0.5 500 7,500 99.90% 8 - -
CryoArray (BK) \ 0.0055 500 83 (multi) n/a 21 8

dru=1eventkeV-'kg-'day' Energy Range 10-40 keV
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*DAMA - 100 kg of Nal(TI)
eAnnual modulation analysis

*7 annual cycles analysed so far (latest 3 just released)

*Clear annual modulation signal
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Present sensitivity for
spin independent WIMPs (bis)

Influence of
120 keV data point

DAMA Nal1-4
IGEX 2002
- CDMS 2002

Edelweiss 2000 + 2002

2 3 4
10 10 10
WIMP Mass (GeV/c?)

Standard halo assioned, mean velocity of 220 kan/'s

WIMP sisnal acceptance = 95 %

Exposusres {fidsucisl-corvected for recoil und WIMP
acceptances) : 2000 data (5.0 kg.d- 4.3 kg.d) cunudated with

2002 dato (8.2 ke.d-7.0 kg.d)

Neutnno 2002

...but Edelweiss
(and others now)
ruled this out.
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Nuclear recoll tracks yield WIMP direction
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ldentifying a signal
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In fact, calculations indicate that there should be a head-tail
signature in the ionization dE/dx!

T 100 . . . . .
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D A lon Nuclear --------- |
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Fig. 2. Calculated energy loss of a F 1on of 25 keV in 20 Torr CF4 gas. The energy
logg in the electron field, nuclear filed, and the total energy loss are shown by the
solid, dotted, and dashed lines, respectively.

(astro-ph/0310638)
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DRIFT
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(SNOWDEN-TFFT + U-&r)
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(SPooNER et ol )
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(MurPHY et al)
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THE bQIFT CONCEPT s Tla.,nje, (98 Q‘“Mﬁj
S %hacétﬁg, fha:fl.w;g, ) ‘bac}cuﬁ!

\ I e Energy scale of nuclear recoils
means recoil ranges very low

* UseaTime PrOJectlon Chamber at

<100 Torr) to extend

recoil range to few mm

Track ionisation drifted to readout
plane by high E-field

e Full 3D reconstruction of track

“ Readout ~ rea Jout plane with timing
Electric P;a:‘eou information in the drift direction
Field

(MWPCs) :

-ve lon Drift with CS, (e.g.) idea by
Jeff Martoff (Temple)
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...+ recoil discrimination q. alpha discrimination
~gammas '

. C:recoils

SR s R S LT
-2 S recoils
t; ' 10:30 aoloo anlm o 40‘00 mlm

Nips.alf

Con l{gal' Lon —

o 1000 2000 3000 4000 5000
Nips.all )

See Snowden-Ifft et al. IDM2000

USO703 - all data shown is preliminary
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At UNM we are focusing on....
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UNM R&D on Alternative Readouts (mainly GEM-based)

Goals are to achieve higher resolution (with o, = 0, ) and gain than
current MWPC readouts used in DRIFT:

Measure dE/dx along low-energy nuclear recoil track...is there a
signal for head-tail discrimination?

*Achieve higher signal to noise (gains of >10,000 with multi-stage
GEMs) to lower nuclear recoil energy threshold.

*Both should also allow better discrimination against backgrounds.

Initially the main focus is to study the fundamental properties of low-
energy nuclear recoil tracks. Then we will study the feasibility of
achieving these goals for a scaled-up DM detector.

BNL August 3, 2006



UNM R&D Program

A) Start with GEMs + 2D readout boards (from CERN)

—vD
DRIFT Vel
e GEM 1
s TRANSFER
-Vigz GE':IUI:Z::::::::::::::::::::
INDUCTION
—— S TEIPS
on
PC EOARD
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Immediate questions to be addressed:

*how much gain is needed and how many GEM stages do we need to
achieve this gain? (will depend on signal-to-noise)

*what is the diffusion in between GEM stages and induction gap for
CS,? Magboltz says o ~ 100—150 um per stage, but we need to
confirm.

We have acquired:
« 8 framed 10cm by 10cm CERN Ni-Au plated GEMs

« 4, 200 um pitch 1D readout boards (UNM) + 4, 200 um pitch, 2D readout
boards (CERN)

* highly integrated preamp/shaper units from BNL with ~100 e- RMS noise,
4 us shaping time, 16 channels/board, ~$35/channel

* 10 boards of the MACRO 200 MHz WFDs loaned from BU (160 channels)

e vacuum vessel, pump, etc.
BTW, note that Shipsey, Martoff, et al have already tested GEMs with CS,...
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Shipsey, Martoff, et al work on
GEMs and CS,

GEM Gain Curves

10000
T
f Mesh i / = 70 tor lag + 830
E |||||||||||||||| | |. _500 V 1nm Er;
NN N —— * CAitan
/ v - ! DHsulfide
GEM GEM ™ = 40 tor Carbon
(0 Erhulﬂdn + 860 Wi
+ 1
i ;142PC @ v 70 torr Carbon
(5 = H-mmﬂ + 340 o
Fig. 1. GEM apparatus including drift mesh grid, GEM foil, 100 w120 torr Carbon
collimated 3*Fe source, and bias voltages. |imllrfl.lll'll:la + 580 tor
3
10

250 300 350 400 450 500 550 600
GEM Voltage

Fig. 2. Gam vs. Vgpy curves for 3M-GEMs exposed to
collimated *Fe source. The single point at 270 V is for the e-gas
Ar-Isobutane.
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Basic Setup for GEM + 2D strip readout

Fe-55 Source

[ ]
Collimator
Cathode (-V,)

Ar/CO,(70/30) ~0.75cm
~480 Torr E~0.5kV/cm

GEM (AV) \

200 pm strip readout L

BNL 16 channel preamps
(80 e~ noise, 4us shaping time,
programable gain)
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Signals passed thru vessel with Deteronix 30 pin feedthrough (cheap, robust)

- —
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Typical Fe-35 pulse from reading out sum of 4 strips with BNL preamp
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Results

1) Picking signal off bottom of single GEM:
Estimated gain ~ 650, dE/E ~ 25-30% FWHM

*°Fe Spectrum, bottom of GEM, Ortec Preamp, in ArCO,

4 E+04
v
c
-]
S 2.E+04 -

0.E+00 \ ‘

0 50 100 150
MCA Channel #
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Results

2) Picking signal off strips with collimated Fe-55 source (Note:
FWHM of signal is about 4 strips wide)

*Fe Spectrum, BNL PreAmp, 4 added strips (#5, 6,

7 & 8), ArCO,
1.6E+04

1.4E+04 -

1.2E+04
1.0E+04 -
8.0E+03
6.0E+03 -
4.0E+03 -
2.0E+03 -
0.0E+00

Counts

0 50 100 150 200 250
MCA Channel #
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Next steps

* Readout all 16 strips using the MACRO WFD + DAQ, ensuring
that full signal is being added.

» Begin studies of diffusion in gap between GEM(s) & readout-
strip using UV generated electrons from thin wire.

sInstrument 160 channels of the 2D readout strip (a 1.5cm X
1.5cm region) with BNL preamps with the aim of measuring
tracks in the Fall.

» Address general electronics issues for a real DM detector with
scale-up in mind. Are there better designs than 2D strips? How
can we make use of the low rate and implement multiplexing
while keeping noise down? Other ideas? We hope to interest
BNL in collaborating with us on these and other R&D questions!

BNL August 3, 2006



B) Study other readout schemes, such as GEM+CCD readouts:

CCD readout of GEM based neutron detectors

F.AF. Fragal, L.M.S. Margatol, S.T.G. Fetal!, MM.F.R. Fragal, R. Ferreira Marquesl,
AJPL Policarpol, B. Guerard®, A. Oed®, G. Manzini® and T. van Vuure’

YLIP - Coimbra and Departamento de Fisica da Universidade de Coimbra, 3004-516 Coimbra, Portugal
? Institute Laue Langevin, BP 156X, F-38042 Grenoble Cedex, France
7 Delft University of Technology, IRI-ISO, Mekelweg 15, NL 2629 JB Delft, The Netherlands

Abstract

We report on the optical readout of the GEM (gas electron multiplier) operated with a gaseous mixture suitable for the detection of
thermal neutrons; *He-CFs. A CCD system operating in the 400-1000 nm band was used to collect the light. Spectroscopic data on the
visible and NIR scintillation of He-CF4 are presented. Images of the tracks of the proton and triton recorded with a triple GEM detector
are also shown.
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neutron
192 keV triton 577 keV proton

3 ,.z’)
CE,
1 bar Vj

energy deposition (keV/mm)

J' C:\... VGREMOBLEARRUNES MPS M= E3
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Fig. 4 The energy deposition along the proton and triton track in 1
bar CFa.

) 1
| : -
-;I_.-_ Quartz window. I.

22 4mm

=l0l= & =]

S50mm

Fig. 5 Schematic cross-section of the detector. The CCD (not
shown) was placed 30 cm away from the glass window.

Fig. 7 Images of proton and triton tracks obtained with He(1bar)-
CF4 (400 mbar): V(}EM]ZVGEM2= VGEM3 =400V, EL}= lkV/Cl‘I‘l, E'r: 3
kV/cm, CCD Binning 7x7, Texp.=10ms.

Fig. 6 Photograph of the detector with the entrance aluminium
window removed, showing the stacked GEM assembly and
transparent grid electrode.
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Triton, proton tracks
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Baxel exposition time of 1s.
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Fig. 8 Distribution of measured scintillation along tracks. The
Bragg curves of the proton (left) and triton (right) are revealed.
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> ¢35 Y-Area Plot

= "I,I| Fig 5 Images of alpha tracks taken using the tracking chamber wath Ar-
L& 4 I 9 3 [ I TN T W || O CONR Y e % CF,y {ab)  Veompn=Veee=300V (Gain~140),  E=5 45K \V/icm,
400 (1111] c=2 86K fcm, CCD Binning d4xd, Texp =10ms; (c.d) Vomn=Vomo=330%W

Puoesd Fain~300Y, E=3 45KV fcm, Eq=0, CCD Binning 7=7, T=10ms.

ASum G798 ¥ BB AN S 95792 E+5 |

Fig & Distnbution of measured scintillation along an alpha track The Bragg
curve 13 revealed
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