


Direct Detection of CDM: The challenge ahead

® Non-baryonic Galactic Dark Matter close to a paradigm
(certainly in the mind of many) but yet to be detected.

® ~20-30% Cold (non-relativistic) DM presently favored
(we dont seem to be able to explain large scale structure
of the universe without WIMPs -Weakly Interacting
Massive particles-, relics of early stages)

e Cautious strategy: start by looking first for non-ad hoc
particle candidates, i.e., those already invoked by particle
theories(e.g., neutralino <-> MSSM, axions <-> strong CP problem)

e WIMPs: dominant interaction via low-energy nuclear elastic
scattering, expected rates << 1 kg target / day in the keV region.
(local p~0.4 GeV/em3, <v>~300 km/s, o < 10~4% cm?).
Supersymmetric WIMPS can have rates as low as 1 recoil/tonne/yr!

® The challenge: build cost-effective tonne or multi-tonne detectors
sensitive exclusively to WIMP-induced nuclear recoils (down to
1/year) and nothing else. Not even neutron recoils. Nada. Zilch.

® The scale of things: a 1-kg Ge detector fires in this room
at the tune of ~1 kHz (OK to giggle at this point).
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Particle dark matter? The number of candidates is
comparable to the ~30 experiments out to detect it.

e Standard model neutrinos e CHArged massive particles
e Sterile neutrinos (CHAMPS)
e Axions e Self-interacting dark matter
e Supersymmetric dark matter =~ ® D-mafter

(neutralinos, sneutrinos, e Cryptons

gravitinos, axinos) e Superweakly interacting dark
e Light scalar dark matter matter (SWIMPS)
e Little Higgs dark matter e Brane-world dark matter
e Kaluza-Klein dark matter e Heavy 4™ generation neutrinos
e Superheavy dark matter ® Mirror particles

(wimpzillas) e Etc., efc.
e Q-balls

Patient compilation by C. Hailey (Columbia)




Direct Detection of CDM: The challenge ahead

® Non-baryonic Galactic Dark Matter close to a paradigm
(certainly in the mind of many) but yet to be detected.

® ~20-30% Cold (non-relativistic) DM presently favored
(we dont seem to be able to explain large scale structure
of the universe without WIMPs -Weakly Interacting
Massive particles-, relics of early stages)

e Cautious strategy: start by looking first for non-ad hoc
particle candidates, i.e., those already invoked by particle
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® The challenge: build cost-effective tonne or multi-tonne detectors
sensitive exclusively to WIMP-induced nuclear recoils (down to
1/year) and nothing else. Not even neutron recoils. Nada. Zilch.

WIMP searches: a quixotic

® The scale of things: a 1-kg Ge detector fires in this room fiaht inst back d
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Do we know anything about these particles?

j ] | 1

e Some are expected in particle theories having nothing o
to do with the dark matter problem. Depth vs. Y-Axis
(e.g., neutralino <-> supersymmetry, axions <-> strong CP problem) |

e Supersymmetry attempts to find a common explanation to
all known forces in nature. It predicts the existence of new
stable particles with the right mass range and stability
to make up the galactic dark matter.

® We expect these to interact (very rarely!) with known
matter via“nuclear recoils” = billiard ball collisions.
Known particles (e.g. neutrons) can produce the same.
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Things that go bump in the night.

Few keV iodine recaoils injected into CF3l. Movie available from
http://cfcp.uchicago.edu/~collar/lonCF3I_1.mov
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10719 rejection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three ftriggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids fo levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models
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Not your daddy's bubble chamber:

Conventional BC operation
(high superheat, MIP sensitive) Low degree of superheat, sensitive to nuclear recoils only

muon Neutron WIMP

ultra-clean BC: Bolte et al., NIM A577 (2007) 569
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10710 rgjection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.q., CaFg C,Fin CF<Br).

g P g “3fg, “4fi0, “T'3
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids to levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models

neutron-induced nucleation in 20 c.c. CF;Br (0.1 s real-time span)
Movie available from http://cfcp.uchicago.edu/~collar/bubble.mov




COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10719 rejection factor for MIPs. INTRINSIC (no data cuts)

®  Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
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® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids fo levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models

As seen in Mythbusters (“Deadly Microwaves”)

Movie available from
http://cfcp.uchicago.edu/ ~collar/superheated_water.mov

UC HEP seminar J.I. Collar Feb. 25
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10710 rgjection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

L High spatial granularity = additional n rejection mechanism

® Low cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids to levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models

Spontaneous bulk nucleation rate
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10719 rejection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® tycellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids fo levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models

An old precept: attack on both fronts
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10710 rgjection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg C4F)p, CF3Br).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids to levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10710 rgjection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids to levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models

Stereo view of a typical event in 2 kg chamber

150 1

Spatial distribution of bubbles (1 mm resol.)



COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10719 rejection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids fo levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10710 rgjection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids to levels
already achieved elsewhere (~10-17) will lead to complete
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137¢s (13mci) | @amma and neutron calibrations in situ:
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Switchable
Am/Be (5 n/s)

Low-energy
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recoil energy
signal used in

these calibrations

Gamma and neutron calibrations in situ:
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A look at the 1st period data: Rn and only Rn

Surface events
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Improved SD

WIMP sensitivity

with 2kg chamber
2 (Science, Feb. 08)

First COUPP results

The bubble chamber is back
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First COUPP results

The bubble chamber is back

with 2kg chamber
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3

bulk bubbles / kg CF | day

A peek at the future (which is here)

100

—_
o

chamber after refill (Rn countermeasures)
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neutron signatures:
e absence of t-correlations
e ~1/2 are multiple bubbles
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bulk bubbles / kg CF | day

A peek at the future (which is here)
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Physics Reach at Fermilab Site

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

Lhe

(NuM:i signal
comes 220 us

before actual spill)

|| #Last refill (with Rn
fj countermeasures in place) already

b8 producing very interesting results.



Physics Reach at Fermilab Site

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

89 Kg-days
.. 43 degrees C

150

- jgammes
fa alphas +

- neutrons+ .
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o~neutron discrimination with acoustics

The Picasso collaboration
uses superheated
droplets in gel for dark
matter search.

Have recently observed
discrimination power in
the acoustic signal
between alpha
interactions and neutron
interactions

Conceivably could give

150um droplets of C4F10
dispersed in polymerised gel

bubble chambers e

extremely powerful -
background rejectlon —SO'ne exciting news! (arXiv:0807.1536) ‘
ability. B

We will have many such
Sensors on the chamber

40

35°C

Acoustic alpha/neutron discrimination in SDDs
(we believe the effect should be much larger in
bulk superheated liquids)

dedicated chamber
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Next step: 100 kg target mass, deeper site
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Next step: 100 kg target mass, deeper site

g ..,;.:;;1“—1-_-_ - ‘
With quartz jar inside

==

"'ﬁl )\ )
. )
‘ -Ilmmil

i/

—

-
-

Encouraged by FNAL

directorate to start
thinking "1 ton”




) I6O-Kg System Ready for Testing




60-Kg System Ready for Testing




Water Shield Testing- March, 2009

« Water tank will provide temperature control, neutron
shielding and cosmic ray tags via Cerenkov light.

8 inch PMT




Physics Reach at Fermilab Site

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

Roszkowski, Ruiz & Trotta (2007)

CMSSM, u >0

F’ICASSO 2005

0.8

2008 goals: exploring SD
favored region for the
first time,

competitive SI limits.



o 5 (pb)
=

'
-l

10

Physics Reach at Fermilab Site

Background goal for E-961: <1 event per kg per day
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2008 goals: exploring SD
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first time,
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Physics Reach at Fermilab Site

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




Questions?



Reserve transparencies



10°

) (kg)

it
live real

Y
(@)
n

effective chamber mass M x (t
S

10°

recompression time = 200 s
ts= observed interval (s) for surface events in 2 kg BC

R= signal rate in c/kg-d

.--""ts=2500; R=1

__________.-"_,T-'"
t =250; R=1 __ ..oer
o L S e * .
i T _050: R=10
.:n' ..::::". S
':::. .,-::25-'-' z PR
o:::.' .lzlﬁ.:.. i ..----M'--'F""'.-..-----..-
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'L ok S
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10 10° 10°
chamber mass M (kg)

FNAL J.I. Collar Sept 20



Templates for the future:

100
7 photoelectrons CF | 40°C
7 3
I T Am/Be neutrons
= (10cm moderator)
S 60
Q i alpha +
2 _ .
S 40 alpha-recaoil
S @ \
2
20 |
0 i | | ]
0 20 40 60 80

pressure (psig)

FNAL J.I. Collar Sept 20



Continuous Operation: December ‘05 to Oct '06

1.2

Source
Tune Trigger, calibrations
Thresholds and
Compression
Schedule Video Trigger on

307 days in run

115k expansions

140 seconds mean
superheated time

Live Time Fraction

b
- | -~

=
™

170 live days _
= 55% of calendar time 0.6 |

~70% live time after stabilization o |

50.8k bubbles counted

0.2

324 GB in Enstore

25 0 25 50 75 100 125 150 175 200

Goals of TBP T945: Days since Jan 1, 2006

e Demonstrate reliable operation.
e Study backgrounds (they were expected!)

® Calibrate with sources: vy, n.
UCLA J.I. Collar 12/6/06



