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Cosmic Microwave
Background Radiation
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Cosmic Microwave Backgnoum& -
The Microwave Sky Seen by COBE-DMR:
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“Starry Night” as Seen by:

BOOMERanG
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MAP OF THE UNIVERSE
AT A SIMPLER TIME
0 (400,000 YRS)
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The Biggest Triangle that We Can Measure!
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MATTER/ENERGY in the UNIVERSE
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Il +/- 0.2

1
I 0.8 +/-0.2
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elements
0.03%

neutrinos
0.47%

free H and He
3.7%

it isn’t dark it doesn’t matter!

USO0703 - all data shown is preliminary
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GRAVITATIONAL
LENSING:

A Distant Source i : . bentby
Light leaves a young, ' ! 2 gravity
star-forming blue galaxy near -

the edge of the visible universe.

A Lens
Of ‘Dark Matter’
Some of the light
passes through a large
cluster of galaxies and sur-
rounding dark matter. direclly in the
line of sight between Earth and the 3 7
distant galaxy, The dark matter's gravity g X : 3;'#5 Y
acts like a lens, bending the incoming light. ' :

Sowne!
e Labs,
Ldzerst Sogveaoghey

Focal Point:
Earth

Mast of this ight is
scattared, but some is
focused and directed toward

Earth. Observers see multiple, Tony Tyton, Goes Kodwiski and

distorted images of the background B
galaxy, The New York Tines,
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Fohzghou.nﬂ

cluster of
Z=0-3%,

leased 5&(@9
at 2> 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)).
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...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 DisTriguTion

z" i R NFW model

.
..
.
"aa
.....
cay
.
e
LY
-
e

10% =

e |

Light Density T (10 L, / pc?®)

Mass Density £ ( h My / pc?)
>
8

100 [

s 1 0 100
R ( h-! kpe )

Tysen, &k al (qu@

SMU Sept 17, 2007



=89

“Nothing yet. ... How about you, Newton?"s3

Peopib who Aan't '7) #\C |

46 ﬂv,'dtn(;(, for ’a}f oj ()(a’li

(A. Dekel, SSI 1998)
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NGC4SES

So, What is & 77
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MATTER/ENERGY in the UNIVERSE
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NGC4SES

So, What is & 77
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LEA‘D\MG\ Cﬂnb(bprreg For DALK MATTER
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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 1l 260 250 19,500 99.50% 98 16 5
Heidelberg-M * 40 0.25 0 n/a
CryoArray 13 500 195,000 99.95% 97 16 5
BETAS |
CDMS | * w00  0.011 95 95.00% 5 - -
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 Il (Sh) 0.5 2.50 38 99.00% 0.4 - :
CDMS || /Bt 0.11 2.50 8  (multi) n/a 6 1
CryoArray x201 l 0.6 500 7,500 99.90% 8 - -
CryoArray (HK) \, 0.0055 500 83  (multi) n/a 21 8

dru=1eventkeV-'kg-'day '  Energy Range 10-40 keV

LIC NaAaidrana VYEKNK Aua 9NN12 Dial: Naitalall
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Nuclear recoil tracks yield WIMP direction

—
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Identifying a signal
£rack

Sem; - b\ac.k u;\g :
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Dark MATTER
SEARCH
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DRIFT

CIDENTAL COLLE
(SNOUDEN-TFFT + VD-&r)

(ANM

(Gmt.b, HAGEMANN, SANGHI, TulK,
LoomRA)

SHEFFIELD
(SPooNER et 4()

EDiNBurGH
(MuRPHY et al)
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Trhe DRIFT Concefr : nange vs. eningy
—p Tj}zacétng f’ho.cftmg) " ‘bacfunj

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

Use a _V'Ir'lme”Pro]ectlon_ Chamber at

reconﬁrange oo

Track ionisation drifted to readout
plane by high E-field

FuII 3-D reconstruction of track
/possible by combining a 2-D
dout plane with timing

Readout

< rea
IEiI:Ic:ric Plane information in the drift direction
(MWPCs) .

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

S recoil region (>90%) -

0 © w000 2000 2000 4000 5000 0 © o000 3000 4000 5000
Nips.al i

Nips.alf .
Lon %QJC on —>
See Snowden-Ifft et al. IDM2000

USO?OS - AII data shown is breliminary
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Boulby mine

*  Working Potash mine
* Deepest mine in Britain
*  850m to 1.3k deep

A’ . CLEVELAND
POTASH

Sylvanite

SMU Sept 17, 2007



Boulby mine

* Roadways & cavern excavated in
Potash & Rock salt layer

* Over 40kms of Tunnel dug each
year (now >1000kms in total)
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Mine Shafts

R

New underground
research area

Map of excavations
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The JIF area now

DRIFT |

1000m? of supported lab
space available for next
generation Dark Matter
experiments...

SMU Sept 17, 2007



Working underground

clothing

Glasses,
gloves &
earplugs

Sandwiches
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At UNM we are focusing on....

RaD: Ful 2-5 vecton brackss

\/L\NMP POSS\BLE 9
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Recall the advantages of full 3D tracking
track

BTicos y,=0.5)
0 LS e SR e e e OV B B TR BRI B B D i EL Ay 2z
- - Incoming WIMP Scattered WIMP
20— Ng: 56 events N,: 136 t - u ’ ? A
<
< = : Sun:

“«—
NOh.On Y

counts/3m® year/bin

=
Ilil

-

Nuclear Recoil

||||||||||||||||||||||||||||||

counts/3m?® year/bin

N
a
IIIIIIIll”llllll|IIII|I|EI|IHI][III|III

(astro-ph/0310638)
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e eee e 9 02 ef 66 8 1
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In fact, calculations indicate that there should be a head-tail
signature in the ionization dE/dx:

T 100 . . . : | |
g o Elec.

L lon Nuclear - _
L = Total ======---
c
D B .
9 .-'§
7 S L c: T’.
8_ 40 I L L b ..t:‘ i
QO
© .
> 20 F \ A
o '
é 0 ] ] ] 1 ] \f\\

0 05 1 15 2 2.5 3 3.5

Length along the track[mm]

Fig. 2. Calculated energy loss of a F ion of 25 keV in 20 Torr CF4 gas. The energy
loss 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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UNM R&D Program

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

-Vl

ATEIFE
o1
PC BOAED
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Measuring low energy nuclear recoils
Reading out 16 strips in 1D into 16 separate WEFD channels giving us 200pm strip pitch

e

Digitizers have digitization rate of 200MHz
and were designed and built for MACRO
experiment;

on loan from Ed Kearns (Boston University)
SMU Sept 17, 2007



Measuring low energy nuclear recoils

Neutron soutrce: 2>2Cf, activity of <20UCi in Jan 2007 (expected: few events per minute in active detector volume)

SETUP:

Soutce
Pos 1

SMU Sept 17, 2007



Measuring low energy nuclear recotls

Position 2 (from strip 1), NIPs < 1000:
Event has ~745 NIPs

T F Ax ~ 0.4 mm
£ Az ~7?
£ F [35keV Sulfur recoil]
L] 400 —
= C
=} L
o =
o L e
n m_
< il ‘--—————| 183107112007 _neutron_v1-wfd_ev_224 745.035767_nips
200 — 300
- 250(—
100 — |
— 200(— |
o_ L 1 1 1 | 1 1 1 L J. 1 L 1 J. R | 1 | L 1 1 . | : n
0 5000 10000 15000 20000 2500 1501—
n Gl -
25Us 100—
50— r
DDE._I | I R AT T S [ | | |
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ADC couts (arb offset)

g

Measuring low energy nuclear recotls

Position 2 (from strip 1), NIPs < 1000:

2
TT]

g

re
g

Event has ~900 NIPs

Ax ~ 1 mm

Az ~ 0.7mm

[25 - 30keV Carbon recoil]

}

2

g
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10000
n

15000 20000
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Measuring low energy nuclear recotls

Position 2 (from strip 1), NIPs < 1000:
Event has ~550 NIPs

— 300
B Ax ~ 1.2 mm
Q -
L -
5 C Az ~ 0.8mm
_E 250 — .
s L - — — [20keV Carbon recoil]
(2]
3 20—
o
g AN -
<L m__ — - 183107112007 _neutron_v1-wfd_ev_54 553.217102_nips
— | C
- B ——
— 100—
100 — —
50— —“-"—ﬁ
— nr
oﬂ 5000 10000 20000 25000 K| B J
D e 40—
n -
25}18 C
20_—
B | Ll L | L
% 2 4 6 8 10 12 14 16
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Measuring low energy nuclear recotls
Position 2 (from strip 1), NIPs > 1000:

Event has ~1500 NIPs

350
g Ax ~1.2-1.4 mm
= —
a “E Az ~ 1.2mm
R —— [40keV Carbon recoil (?)]
0 o —
8
8 —_
Qi 183107112007_neutron_v1-wfd_ev_288_1472.606934_nips |
< : e -
= o 350 e
150 _— :
— 300—
100 _— :
- SN 250/ ;
50— - n
= 200
@ . 1 | | | 1 | 1 1 I 1 1 1 |_ L | L 1 | 1 1 1 1 I | E
0 5000 10000 [15000 20000 25000 150
n < > —
25Us 100—
50—
: 1 | 1
% 2
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Measuring low energy nuclear recotls

Position 1 (from strip 16), NIPs < 1000:

“ Event has ~500 NIPs
"E Ax ~ 0.8 mm
“E Az ~ 0.5mm
[17keV Carbon recoil]

ADC couts (arb offset)

| 080307112007 _neutron_v1-wfd_ev_224_504.358521_nips

180

- 1Y 160

140

—0

120
o 5000 10000 15000 20000 25000 100

25s a0
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Measuring low energy nuclear recotls

Position 1 (from strip 16), NIPs > 1000:

Event has ~5400 NIPs
Ax ~1.2—-1.4mm

Az ~ 0.2mm

[200keV Sulfur recoil]

080307112007 _neutron_v1-wfd_ev_25 5378.244629 nips

n
T b
E [
£ =
] L
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8 1100_—
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0 5000 10000 15000 20000 25000 R
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25Us -
a00—
200
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Measuring low energy nuclear recotls

Position 1 (from strip 16), NIPs > 1000:

n Event has ~1700 NIPs
= F Ax ~1.2—-1.4mm
i
s [ Az ~ 0.2mm
£ owr N [48keV Carbon recoil]
m —

5
3 _
O 400
8 - -
< N
00— —
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20 400—
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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
? 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-CF4. 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-CF; 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

He J.r"h
o
Ol
/
J o

energy deposition (keV/mm)

C:h . AGRCHOBLEABEAUNES MPS =] 1

1 ]

1
1 0 1 2 3 4 5
trace length (mm)

11
4 3 2

Fig. 4 The energy deposition along the proton and triton track in 1

bar CF,.
F H

Quartz window
50mm

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): VGEM1=VGEM2= VGEM3 =4OOV, ED= lkV/cm, ET= 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

Ll I T T

M 3679 YUIEB1 NI TESEZESS

| -]
a0
Fiosi

" dren Plot =

_'?"'_'T_'__Y_I_Y_T"_T"T 'u_'_‘-
Il
) 'II.. Il ;.
."L.‘..”' | S I J 'rlj
N 1T [
VS EVY |
¥ |
| L {
at
a
|
i 1 (Rl e L
“. - . 0
Bl exposition time of 1s.

Hiun 28 ¥ M0 8 7WEIES

Fig. 8 Distribution of measured scintillation along tracks. The
Bragg curves of the proton (left) and triton (right) are revealed.

SMU Sept 17, 2007

Fig. 9 Supenimposed proton-triton tracks obtained with an



Alpha tracks

1000 1 1 | 1 | | | | I ¥ 1 I I ]JII 1 I L

| N
I \
1
= h Fig 5 Images of alpha tracles taken using the tracking chamber with Ar-
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Fig. & Distnibution of measured scintill abon along an alpha track The Bragg
curve 1z revealed

SMU Sept 17, 2007



SMU Sept 17, 2007



