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A Large Amount of Dark Matter EX|sts

« Dynamical
 Gravitational Lensing
« BBN

e Structural

e Cosmic microwave
background

« X-ray emitting gas from
clusters

Galaxy cluster collisions . And It is not domlnantl
MaCHOs, vs, HDM. etc.
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Candidates
I8 Partlcles
10
From... SUSY el ﬁ LSP stable
10°f Qball q assuming R-parity
UED? o' =] . \ conservation.
1 r o
i c
- 10 £
-3 ‘-"S t
.0r, Axions? |z w g et
2 ' @
O r = 107 21
Fbh ). - o w0k 51
...Or, techni-baryons, gravitinos, 0k & . A particle moving in an
axinos, WIMPZILLAS, Sterile 10" - . extra dimension of size
neutrinos, Little Higgs, Q-balls 0% b . L L appears to us as a set
CHArged massive particles m‘ axion . t f::rlip- ' / of particles with masses
(CHAMPS), Self-interacting, D- o ey cOM HpIr I _3/L 0,1, 2L, 3L AL, .
matter, Cryptons, Superweakly e e %?‘Sg‘ﬁm — _
interacting dark matter 0t ;li RN S w2/ ;Egcg rl:gg\\jvn p;?{gg:‘eat
(SWIMPS), Brane-world dark ot —ll
matter, Heavy 4t generation 10°°107™10771010% 1071010 107 10 107 10" 107 10° 10" 10 10" 10" 0 :
neutrinos,Mirror particles, mass (GeV)
...efc. HEPAP/AAAC DMSAG Subpanel (2007) by J. Feng, UCI
Patient compilation
by C. Hailey (Columbia)
. W
Suppose Stable \//eakly Interacting

assive articles
In self gravitating halo
Maxwellian velocity distribution
(< v>~230km/s)

Local density: pg,, ~ 0.3 GeV /cm3.

(J.D. Lewin and P. Smith, Astrop.
Phys.6 (1996) 87)
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Direct detection

W

.~ 1-100 keV

recoil

Rates ~ 1/kg/day -1/Ton/year

Which atoms to use as target?
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Selection of nuclear target

2

CA

Neutralino Interaction . 2 M zM A
with matter: O =4Ge
- M,+M,

Spin independent interaction (C, =< A?)

(but small or vanishing cross sections
possible) CS, = (1/4n)(Zf,+(A-Z)f,)?

Spin dependent interaction
(small. but stable and can dominate for

- SD — 2
some candidates ) C>P, = (8/7t)(a:p<Sp>+ an<SnJ>) (J+1)/J
Y
(Spin of nucleus ~ spin of unpaired proton or neutron) }\'
- - 5 Cf. JD. Lewin and P Smith Astrop. Phys. 6 (1996) 87 and J. Engel et al.,
Isotope | Spin Unpaired | A Int J. Mod Phys. E1 (1991) 1
Lij 3/2 p 0.11
19F 112 p 0.863
23Na 3/2 p 0.011
23Gj 1/2 n 0.084
J. Ellis and R. Flores, PLB 263,

3Ge 9/2 n 0.0026 no. 2, pg 259, 1991
'l 512 P 0.0026 How to amplify ~1-100 keV?
131Xe 3/2 n 0.0147
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Superheated Liguid Detection Technique

dE E ionizingp
dX ar particle
oy hy, 4 2y
E>E =4m’ y-t —mlip,—2+—miP, r ==L
= "(7/ aTj 3 'OVM 3°° ° AP

Can adjust operating parameters to be fully
sensitive to recoiling nuclei while completely
insensitive to electromagnetic backgrounds.

Coupp 11-08 y source data

A Double Threshold
(Energy and dE/dx)

potential

f Reioite W & Heat spike
N /"(j Erecoi 5 ' theory of phase
et 3 Y_ YEuw transition

time
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(Seitz):Seitz, F.
“On the Theory
of the Bubble

Chamber.”
Phys. Fluids
1(1), 2-13
(1958).
= Zacecketa,
2009 Meseting of the DPF

2008/1216
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|
10

~1011! at threshold of 10 keV
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Conventional BC operation Low degree of superheat, sensitive to nuclear recoils only

(high superheat, MIP sensitive) : \ ‘

neutron-induced
nucleation in 20 cm® CF,H
(0.1 s real-time span)
Movie available from
http:/ /cfcp.uchicago.edyl
~collar/bubble.mov
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Backgrounds

* 1,3 and other mips don’t contribute.(Intrinsic rejection ~10-11))
* Neutrons: spallation, (o,n), NuMI (for now.)
e o from U/Th In detector materials/ Rn diffusion.

7 : S :
| >hlierchamber Neutron contribution:

° gl GEIEpERESeS 2 2 Muon veto, go deep, volumetric analysis,
E S 4 o - multiplicity ratios, and exciting recent
z teronse 2283 discovery by PICASSO. (Even more
S 4 useful for COUPP)

; 3 1 ]
& | multiple bubble events . . . .
s, o, contamination is sole concentration
a2 _ for radiopurification.
I 99.7% reduction
1| E \of residual neutron
L background
AT for fiducial volume single bubble events
I (innermost 2 liters)
0 L
0 5 10 15 20 25

distance from center of chamber (cm)
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COUPP Engineering Run and First Results

(Reported in E Behnke et al., Science 319, 933 (2008) Feb 15

First run meant to demonstrate
engineering details of small
scale device. Daq,
recompression, vessel, bellows,
pressure transducers, ccd
cameras etc.

Develop experimental tools:
Calibration techniques, test CF3l
properties, thresholds, etc.

2kg of CF3l.
52 kg d analyzed

(almost) No measures against o
background.

No measures against cosmic or
NuMI beam background

Experiment in NuMI tunnel at
Fermilab.

)

£
o=
=

300

bubbles / kg CFal day (background subtracted
1]
3

g 1‘9 Ey(keV) 3 5&3’0 400(C),210(1),500(F)

wtary solenoid
Be foils
[y

5n/s

*"Am sources
Blind absolute

comparison with
o ' ~3009
£ ¢ (13%) expectap ons (~30%
| —F (55%) uncertainty)
- © —1 (32%) ! a=10
E ————— a= 4
e
= o
0 20 40 60 40 c
recoil energy (keV)
i 1 l 1 i | | i I 1 1 1 L™ & | |
0 20 40 60 80 100

pressure (psig)

WIMP response studies (Neutrons)
Lines —'blind’ M.C.(theory folded with
detector detalls).
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COUPP Engineering Run and First Results

Dotted lines:
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A & A F A AlAA A

5 10 Ef, (keV) 30 50/70100 300 expected response
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alphas from Rn.
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B 232kg-d | |Solid lines:
expected response
to different mass
WIMPs (@3pb.)
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30°C Colored arrows:
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COUPP Engineering Run and First Results
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Moving Forward

e Cosmic induced Background )
e o-Background — step |

: _ >
e Live Fraction
 Energy Thresholds y
 a-Background — step I h
» Acoustic Particle ID .

e Larger target masses
e Schedule
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Run Il and beyond

Run Il and beyond
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COUPP Run II: (July ‘07- June ‘08) Cosmics:

*Muon veto system
— Counters surplus from KTeV
— Acoustic Transducers for T,

25-31 July, 2009

2009 Meseting of the DPF
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COUPP Run II: (July ‘07- June ‘08)
Reduce Bulk Rn, Increase Live Fraction

simproved quartz-to-metal seals
— Viton rubber -> Teflon- coated Inconel
— Low radon emanation
<1.6 atoms per day per O-ring
 Improved cleaning procedures
*Ultra high purity water from SNO
* New bellows assembly with non-thoriated welding
 Improved photography
* Improved operations procedures

* New quartz Inner Vessel

— Lower exposure to atmospheric radon, but
still natural quartz

— Etching of quartz to remove shallow
implanted Rn daughters

e D

metal ——p
bellows

synthetic

‘\M -

quartz
vessel
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Data From COUPP Run IlI: July ‘O7-June ‘08

_ Fiduc_ial Volu_me Cut_

[ ]
RN live test 77
100 a2 Lb" SAMBE ON
B ¢ O
]
2007 44C Sambe Data 20090314 11.34 Em - \. best previous rate (33°C)
:500 ; LL \d
g ] Blind absolute O *N¢ ™RnT =38d
< . . o ° neutron signatures:
a0 % comparison with ff s ! / ¢ absence of t-correlations
@ . [ ~ i
g 3 Expectat1ons. % o s & e ~1/2 are multiple bubbles
F o [
300 B .g
i (|| | ﬂ% Q
i Il =
200 [ L%% % '% <H E |
i %; Jf %&H%} {}) % (u,n) expectations
100 —
: % +++ ++++ 1 | before. ’u-veto. )t
i 0 5 10 15 20 25 30 35 40
0 P days after refill

Threshold [keV]
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Run Il Improved Radiopurification

Water: Start with

distilled, deionized S X
lab water. UV biocide, organic
breakdown, ultra-

filtration.

CF;l pressure
vessels

A 4

High purity distillation Bubble chamber.

25-31 July, 2009 2009 Meeting of the DPF  Ilan Levine, Indiana University South Bend 15



Run lll R&D: Acoustic Discrimination of Nuclear Recoils from o
Particles

PICASSO discovered a significant difference between amplitudes of neutron and o- particle
induced events ! New J. Phys. 10 No 10 (October 2008) 103017 (11pp) arXive: 0807.1536

(5]
[=]
= =]

n-calibration a- background

Average of peak amplitudes of nine transducers _ -
| detector. High pass filter with cut-off at 15 KHz ‘g 5.1 / Detector 76 . §
i - e R -~
j;i 2;_ —Eo,uz i
1-“;_ —fo Ulsg
Signals carry information about first = 1 8
moment of bubble formation s il
0.5 —o.005™

Nuclear recoil:point like, dense ionisation @ & -

50 100 150 200 250
Amplitude [mV]

o-particles: ionization on 35um track

Neutron counts/s50mvV/h/g ' Neutron
GD

—0.006
T — 3OOC I LC 0.02 Detector 93 ; g
-0.0052

0.0 7 g

- I}
—0.004;

0.01 ] =

L —[0.0035

] 4]

— C 0.0 u -
T = 40°C ]
0.00 —_o.cuof‘n

L 1 ]
% 500 1000 1500 2000

Amplitude [mV]

L
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COUPP Run Il 60 kg chamber

Traditional design — 60 kg Vessel now being assembled about 90% finished.

Complete fabrication and testing
at DO Summer 2009

Install in NuMI tunnel FY2010

(NuMI run:unattended operation, o backgrounds
~ lev/kg/d (or better!) (2007 run ~10ev/kg/d).
Estimate untagged cosmics ~0.1 ev/kg/d.
Significant new limits

(Run IV)Installation in deep site
and operate ~FY 2011

‘Traditional’ 60
Kg Vessel:

. . ]

25-31 July, 2009 2009 Meeting of the DPF  Ilan Levine, Indiana University South Bend
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E-961 Physics Reach (Runs il & V)

Background goal for E-961: <1 bulk event per kg per day

4 Roszkowski, Ruiz & Trotta (2007) / courp (21(,9,', 2007) -\
CMSSM, u =0
o

PICASSO-2005 | / COUPP 2009 expected
" NAIAD- zooi : - — Sensitivity {muon veto
.~ running, 300 mwe,
| ~lct/kg/d} Exploring SD 300 mwe
favored region for the first (Run [T)
time.
—
-8 o2 o4 0.6 0.8 1
m_(TeV)
o’ _‘“\ C' cowrrfore,<tokev | Sl limits for various bulk event rates
1a W el /]{’C‘f;':;’f;':j, - {  assuming all signal candidates—limits below

shown- 0.01 ct/kg/d background conceivable
deep (RunSIV)

J'/II 0.1ct/ kg/-day

spin-independent cross section (pb)
o
I

e /E 10- T T T T T T T LITH
o al COUPP (2007)
Edelweiss 1 3 A (this work) |
, 10 9 {20052
Cad
i _~ " CDMS 2004 + 2005 a & (2007)
-6 = | zl
10 F - B 10 (/z{@f
i From COUPP 1 © 10° | zes 1l 2007), S——r WARP (200?) il
10—? http://dmtoals.brown.edu/ 2006 proposal \_/coﬂsge (2004+2005)
: IlLl?EHSREH&r"EnC:":’ taaaal L Lo 1l L3 _LJ_LJJE -7 o
10 100 1000 10000 10 XENON10 (2007) i
WIMP mass (GeV) g e 0 -
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COUPP Run II: Timing Bubbles With Acoustic Pulses

Start time of bubble Pressure sensor

Muon veto hits

Amplitude

ol I Gl b

. T / =

- Sinh e -

.4
T T 1 T 1 T T
[ ] ] - - ] 1mwto.o 60.5 61.0
T Jubrererramby 18" Time (microseconds)*10°

Time [milliseconds] Zoom' Time [microseconds]

61.5 62.0x10°

 Fast rise time (~5us) of acoustic sensors leads to small veto-induced dead time.

» High efficiency when pulses are relatively large (low operating pressure, low

energy threshold)
* Becomes challenging as energy threshold is increased (noise level, low gain,

inadequate acoustic coupling.)
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Run Il R&D Acoustic Sensor Designs

Don’t know the frequency content of the “**
phase transition. Potiing

\‘ Coaxial Cable Connector
Signal Wire
Ground Wire

PICASSO experiment has found rich Electrodes
information in acoustic signal i . Wear Piate

Mixture of Resonant/Non-resonant
transducers.

Backing design: (kill resonances)
Epoxy/tungsten
Epoxy/tungsten/liquid rubber

Higher gain, wider bandwidth preamp to ) air_t1
get to ~O(10MHz) regime.

postfill

Go from 2 sided boards to 4 sided for
decreased noise.

(Wma) 4mm

Thin brass Faraday cage.

22
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Run Il COUPP 4kg Chamber
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COUPP Run lll:Windowless Design

Windowless concept (much cheaper) test device.
Suprasil vessel now (21ppt U/Th measured by EXO)

i 20 kg vessel tested at U. Chicago. Now taking data
§ m%gﬂ;w 9 in the sewers of Chicago at TARP facility (300

ta fillin
& recovery i mwe.) Wall event rates look low!
i i . to DAQ —
C | - R e

oil ar flexible

qlycol PTFE line 1.0KUSD

seamless
flanged
55 wate

pipe
NI WA

PID
/r/standard 300 psi 55 flanges | T-cantrol - WENE L \ / /
20KUSD To~21KUSD ; & Y

Potentially much less
expensive.
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Some Other Advantages of Moderately Superheated Technique

G. Bertone, D.G. Cerdefio,
J.l. Collar and B. Odom
PRL 99 151301 (2007)

1) Once double threshold
crossed, growth irreversible
(no signal degradation with

growth in detector size.) Rates measured in

CE.I and C,F,
~ (vertical bands)
2) Detector costs much lower S wF wmP g tightly constrain

than other techniques. No SR anL S | N PR,
cryogenics or isotopic ° 102 and type of

. . T Y] P
enrichment. Inex!o_ens_lve - WIMP
channels and purification. (LSP vs. LKKP)

10"

Al | ot Neutrons on the
10° | i . other hand

3) Easy to switch to other fluids

(“No quuid_ that has bee_,-n S . I produce

tested seriously has failed to counts / kg /day essentially the
work as a bubble chamber B i W

. = an Ew=10 keV, 40 cm moderator -t PR

||CIU|d {Glaserl 1960}) - | ——CF,}, 0.11 nucleations / 25 kg day (gp for F and I are

—cst' 0.15 nucleations / 25 kg day

WIMP/neutron
discrimination, study detailed
properties of WIMP
candidate.

very similar)

o
[=}

0.005 |

i

0 50 100 150 200 250 300 350 400

nucleations / 10keV 25kg day

0

recoil energy (keV, all species)
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o - n Discrimination: Temperature Dependence
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Strong saturation of raw
signals above 30°C!
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