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Last Tlme

EVENT RATES:

The differential event rate:
[counts kg1 day-!]—> (dru = differential rate unit)

WIMP-nucleon scattering

local WIMP density cross section

dR 0 /OO dO’
= Er)dv
5 = s VO B

min

[
WIMP speed distribution

in detector frame

nucleus mass  WIMP mass

BACKGROUND MITIGATION:

" need input from A
astrophysics,
particle physics and

_ nuclear physics

Minimum WIMP velocity
which can cause a recoil of

energy Er. 6 ) \W]
min 2,u2

- Active vetoes, passive shielding, purification, material selection

- Discrimination between ER and NR events
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[Last Time:

CHARACTERISTICS OF SIGNAL:

Energy:

_3 L I I |

log,o[(dR/dE)/(dru)]

. M,=50,100,200 GeV/c -

Modulation:
WIMP ‘wind’
‘galactic center poc Af‘//
‘/”..‘/, Vo =220 km/s
....... .
ve=30km/s
Direction:
. . ‘l
y WIMP wind — "
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[Last Time:

SINGLE PHASE: S
- Early singlet state and E e
delayed triplet state. =
- The triplet state is o2
highly suppressed for **
nuclear recoils. :;
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[Last Time:

SINGLE PHASE: &
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[Last Time:

PULSE SHAPE DISCRIMATION:
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-70% of excimer states created by nuclear recoil

s are singlets

-30% of excimer states created by electron recoi!

s are triplets
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DUAL PHASE LIQUID NOBLES:

Gamma
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Nuclear recoils are measured through a combination of scintillation
light and ionization. The nuclear recoil energy is related to S1 by

observed
scintillation [PE]
[keVi]

\ E S 1 S e suppression of scintillation

signal from electric field for

nr —
Ly Leff Sr ER and NR events

S~

light yield scintillation efficiency
[PE / keVee] of NR in LXe

Less accounts for the quenching of the scintillation signal for a nuclear
recoil.

I _ Sl(En"“)/EnT‘ 122 v line from
1T = S1(122keV..)/122keV,. 7Co source
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Light Yield - Zero Electric Field

PHYSICAL REVIEW D 87, 115015 (2013)

g ® Obodovskii (1994
\/ ¢ Aprile (2012) O H
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Quenching Due to Electric Field

PHYSICAL REVIEW D 87, 115015 (2013)
O Compton scatters (this work)
[ O Calibration sources (this work) 1
1.2 F O Manalaysay (2010) -
[ O Aprile (2006) ]
: —— NEST (v0.98, 2013)
I ]
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Energy - Continued

The nuclear recoil energy is related to S2 by

observed
scintillation [PE]

!
52 1

[
/ Y Qy (E)
|keVi] T \ number of free electrons

per unit energy

secondary
amplification factor

[pe/e]
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XENON Calibration Data
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2013 Closing in on Dark Matter - E. Pantic

~99.5% ER rejection at 50% NR acceptance.
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XENON 100 RESULTS

[Phys. Rev. Lett. 109, 181391 (2012) J

- 224.6 live days acquired from Feb. 2011 to
Mar. 2012 in fiducial mass 34 kg liquid Xe.

- 2 events observed on a predicted
background of 1.0 £ 0.2 background events

(NR and ER 0.79 £ 0.16)
0 1 1 S0 1()«!l — 1l<u1 200 250
Radius® fom’] - Red shading (below) indicate nuclear
T e T recoil region measured by neutrons from
- el It 241 AmBe source.
..:\&"‘: .:' A‘.i.
= APLT % ..;',.' o B P A RS o 5,
5 ',l £ A g e L e B N S - Grey dots (above) are events above the
e . RN e e RS R S U e Ve (e S . .
i i: : : 99.75% ER rejection line.
,, 3 o : L | . . .
<, 06 M - WIMP search region is restricted to
B 1 3 -20 PE in S1.
1.0
A S N S O ...~ TN, 99.75% ER Rejection Line
Energy [keVnr] PrOﬁle LikelihOOd AnaIYSiS ThreShOId
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L.UX Calibration Data

( arXiv: 1310:8214
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LUX Results

drift time (us)

- 85.3 live days acquired from April to Aug.

O S S 1Y
of . 2013 in fiducial mass 118 kg liquid Xe.
100 . 1+ | -160 events were observed between 2 and
;zz :. . | 30PE(S1)in the fiducial volume.
600 e :“=§ E 1 -99.6% rejection of ER events with 50% NR
300L . .. ST :; :; _
T T Ghekgd | Acceptance.

° A (szjoo o - No events are observed below the mean of

the NR band (0.64 £ 0.16 expected).

- Spacial distribution is consistent with MC
simulations of ER events.

- Profile likelihood analysis favors
background only hypothesis (p-value: 0.35)

Iog10(82b/S1) X,Y,Z corrected

= ~\— -
S~
-~

_________ 1 ER band

NR band

S1 x,y,z corrected (phe)
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Phonon and Heat Signals

(CRESST EDELWEISS SuperCDMS ROSEBUD)

- Two families of sensors for phonon signal, themal and
athermal

- Thermal sensors - wait for the full thermalization of the
phonons within the bulk of the detector and the sensor
itself

- Temperature increase is equal to the deposited energy
over the heat capacity of the system.

- Two most widely used technologies to measure these signals
are neutron doped germanium sensors (NTD) and transition
edge sensors (TES)
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- NTDs are small Ge semiconductor
crystals that have been exposed to a
neutron flux to make a large, controlled
density of impurity.

- NTD measures small temperature
variations relative to To which is set to
be on the transition from
superconducting and resistance regime
with dependence of the resistance with
temperature T

exp(—\/Tio)

- Resistance is continuously measured by
flowing current through it and measuring
the resulting voltage.

- Sensors are glued onto detector.

lonization Al electrodes ~ 100 nm

center channel

( « ) amorphous Ge
o or Si~60 nm

lonization

(gtiard channel)

Heat
channel

Schematic “Ge-NTD”
EDELWEISS-II detector
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ZIP detector schemat1c from CDMS IT

Al Collection Fin Trapping region

Quasiparticles transport
energy to the TES

O o o

\\ COOper pairs

\é thermal phonon R

Interaction site
Ge Absorber

- TES is a thin superconducting film operated near its T..

- A heater with an electothermal feedback system maintains
temperature at superconducting edge.

- Temperature changes are detected by a change in the feedback current,
collected by a SQUID.
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- Ionization yield (ionization
energy per unit phonon
energy) depends strongly on
particle type.

- Most backgrounds produce
electron recoils

- WIMPs and neutrons
produce nuclear recoils

Ionization Yield

1.5

I - . 13382 Bulk Gammas |

133

Ba Surface Events |-

252(Cf Neutrons

20 40 60 80 100
Recoil Energy (keV)

- Excellent yield-based discrimination for electron recoils:

< 10*mis-id probability

- Surface events suffer reduced ionization yield
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Aside: Energy

The total energy (phonon) is given by

recoil energy
[keVi]

Eiot = By + 6VbNQ

total energy Neganov-Luke
Phonons

“Luke” phonons are created when charge carriers are drifted

across the crystal.

where Vp, = bias Voltage ( = 3.0 V for CDMS Ge detectors)

and the average number of electron hole pairs produced by an
interaction

Er epsilon = average energy
N Q= — to create an e /hole pair
€ (3.0 eV in Ge)
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Energy - Electron Recoil

Assuming that an event is an ER, the recoil energy in [keVee] can be
expresses as --

€%EQ

E,(pt) = pt — eVeNg = py S Eq
total phonon  Luke c

energy energy Ge=30eV,Vp=3V

Recall, that ionization yield is defined as

e,
Y = E_R (Eo = E: for ER events)
Thus, we can write
4 p )
_ Mt recoil ener
ET — Pt — ET * ET o E [keVee] v
\§ J

*A good reference is David Moore’s thesis, Chapters 3 and 4 http:/ /thesis.library.caltech.edu /7043 /
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Energy - Nuclear Recoil

Assuming that an event is a NR, a smaller correction for the Luke

phonons is applied.

The mean ionization energy for nuclear recoils (ugnr(pt)) is
determined using calibration data from a %>*Cf source.

E.(pt) =pt — po.Nr(pt)

/ total phonon  Luke
[keVi] energy energy
where
_ B
IU’Q,N R — AET

Note: Due to the low ionization yield for low energy NR (~15% of total energy), any error
due to uncertainties in the measurement of ionization yield is reduced by the same factor.

*A good reference is David Moore’s thesis, Chapters 3 and 4 http:/ /thesis.library.caltech.edu /7043 /
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vs keVnr

ST = = = — = —— = =

keVee

Ionization energy vs recoil energy assuming NR scale consistent
with Luke phonon contributions for NR.

r A
12 . . s [ constant “true” energy
10 g2o) | |—— mean NR (252Cf)

AL — mean of ER (133Ba)

1 y

Ionization energy (keVee)
=)

I
----’..-
.'Q

2 5 10 15 20
Recoil energy for nuclear recoils (keVnr)

- ER recoils are pushed to higher energies using the NR scale.
- Example - 10.4 keVee ER line appears at ~16 keV
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Aside: Summary

- The Luke correction for ER is larger than for NR.

- This effect results in the ionization yield difference
between ER and NR events.

- The ionization yield of a 50 keV nuclear recoil will
lower than that of a 50 keV electron recoil by a factor

of ~3.

- The energy dependence of ionization yield is
described well by the Lindhard theory for stopping

power of ions in matter.
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- Ionization yield (ionization 15 | |
energy per unit phonon '._ S R Eﬁi?ﬂlﬁfﬁ?ﬁ?ﬁfs
energy) depends strongly on | Z = P
particle type. E

- Most backgrounds produce g
electron recoils "

- WIMPs and neutrons ”
produce nuclear recoils / Recoil Energy (keV)

- Excellent yield-based discrimination, 6r electron recoils:
< 10*mis-id probability /

_—
— e ———

. - Surface events suffer reduced ionization yield |
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Charge Carrier Back Diffusion

~10 pum

“dead layer”
carrier back diffusion

rapid phonon
down-conversion

-Reduced charge yield is due to carrier back diffusion in
surface events.

- “Dead layer” is within ~10um of the surface.
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Background Discrimination: Pulse Shape

[A Surface events rejected based on pulse shape

R297, Bulk and Surface events sensor D
15 . ; ; I
Surface (Er = 22keV, Y=0.5) !
Surface(Er = 22keV, Yield=0.7) I
Bulk (Er = 120keV, Y=1) ©2.7584
—— Bulk (Er = 22keV, Y= 1) :
Lol
| (A i
Bulk i 1
Surface o | ",
f £ | '.
0.5 f 3 ! [ |
/? (&) | i 'e ';Il
0 — | A L1
i : i ) 1 :
0 20 40 60 80 100 ;“'“ ‘“‘l . ﬂ“ o 1 “1
1 Lol Delay + RlseTlme [us]
Phonons near surface travel Selection criteria set to accept
faster, resulting in shorter ~0.5 background events
risetimes of phonon pulse.
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30

Normalized Yield

. 133’Ba Bulk Gammas

13"?’Ba Surface Events

+
o 22

-20

-10 0 10
Normalized Timing Parameter (us)

\_

20

COMBINED ELECTRON RECOIL
MIS-ID PROBABILITY: < 10%
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CDMS II - Recent Analysis

- 30 detectors installed and operated in
Soudan from June 2006 - March 2009.

- ~4.75 kg Ge, ~1.1 kg Si

- Seven Total Data Runs

- R123- R124 (Oct. 2006 - July 2007)
- 55.9 kg-days in 6 Si detectors

(

\_

- R125 - R128 (July 2007 - Sep. 2008)
- 140.23 kg-days in 8 Si detectors

~

J

- R129 (Nov. 2008 - Mar. 2009)

T1 T2 T3 T4 75
21 B G "m| |EmS14 Tm ENS{7 | EESi2Tm| | G7 .
22 G111 | | S28 . T G2s . B G37 "N | | G366 .
23 B GS " | G13 = B S30 "N| |Ew S10 " | | S29 "N
Z4 B S3 mm| | S25 Tm EG33 | |EG3s E | G2 m
Z5 B gy = B G31 . B G32 = B G34 "m| | G39
26 B S1 . B S26 . G229 ". B G388 ™| | G24 &=
—  S—  ——— —— —
Side View
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Results: CDMS II Silicon Detectors

- Shades of blue indicate

25 three separate timing cut
20 energy ranges.

% 15 : ) -7-20 keV

% 10l " -20 - 30 keV

% ol -30 - 100 keV

;: 0 - Background Estimate

- < 0.13 neutrons from

_5 . ,
R‘-\-\-\\_‘ Cosmogenics &

L

O 2 0 5 4 6 8 Radiogenics
Normalized Timing

e

- 0.4170 2 (stat. ) To55 (syst.)

- < 0.08 206Pb recoils
from 219Pb decays

Observed 3 events.
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CDMS II Results

e ————

- A profile likelihood analysis favors a
WIMP+background hypothesis over
the known background estimate as the
source of our signal at the 99.81% C.L.
(~30, p-value: 0.19%)

- Does not rise to level of discovery, but
does call for further investigation.

- The maximum likelihood occurs at a
WIMP mass of 8.6 GeV /c2 and WIMP-
nucleon cross section of 1.9 x 1041,

[E—
-]
&
\O
[E—
-
ds

[
S
N
(@)
—
S
N

(O CRESST-II (2012)

() DAMA/LIBRA (2008)

—- XENON100 (2012)

—- XENONI0 S2 (2013)

—— EDELWEISS Low-threshold (2012)
--- CDMS 1I Ge (2010)

[E—
|

B

(S

WIMP—nucleon cross section [cm?]
WIMP—nucleon cross section [pb]

—42 2 MoN N N e _6
--- CDMS 1II Ge Low—threshold (2011) 10 %, SR = 10
------ 90% Upper Limit 3 052;\ ISS [ E
|==90% Upper Limit CDMS II S1 Combined| \ 8//&;\\
® Besti 1078 107

est 11t,
0680/ cL 5 6 7 8910 15 20 30 40 50
o C.L.,

O 90% C.L., WIMP Mass [GeV/c?]
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- Currently operating 5 towers of of |
advanced iZIP detectors (~9 kg Ge) in o
the existing cryostat at the Soudan -
Underground Laboratory.

10

EDELWEISS |

-‘/

- After 3 years of operation, expected to
improve sensitivity to spin-independent

-43 |

—
=

SI WIMP-nucleon cross-section (cm )

WIMP-nucleon interactions by a factor W suercoa MW \ (M
of ~10 over existing CDMS II results. L e |
]
-4(5E 2 > -~._.- |

100 1000

2
WIMP Mass (GeVie )

Installation complete Nov. 8, 2011.
Operating with final detector
settings since Mar. 2012.

December 2013 - Fermilab Academic Lectures - Jodi Cooley 33



SCDMS iZIPs: Charge Signal

Bulk Events: T —

e T i St L T

Equal but opposite ionization
signal appears on both sides of T © & @
detector (symmetric) /LN N0
Surface Events:

Jonization signal appears on one
detector side (asymmetric)
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SCDMS iZIPs: Charge Signal

— S e — e

Bulk Events:
Equal but opposite ionization

® bulk events (y)
@ surface events (y +e) | %

signal appears on both sides of
detector (symmetric)
Surface Events:

Ionization signal appears on one

Side 2 Charge (keV)
= 8 & & &8 & 3

<
T

80F

10

20

0 4 S0 0 70 80 %
Side 1 Charge (keV)
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SuperCDMS 210Pb Test

Two 210Pb sources were deployed with the detectors to test surface rejection

capabilities of the new iZIP detectors.

( e Bulk electron recoils
Y

@® Failing Charge Symmetry Selection .
Bulk nuclear recoils

1.2 —r—— ® Passing Charge Symmetry Selection 1.2
Y. — _.25 Nuclear Recoil Yield Selection . k. Surface events
1t 1 - oo : 3‘0
T L T,
) L. "
~ 0.8 [ 0.8} °
c c
S 0.6f O 0.6 ’
© ©
T 0.4} = 0.4f
2 ) -‘ """"""" 2
0.2} ey ’w‘ P 0.2}
% 20 0 __ 60 80 100 S o5 0 05
Recoil Energy [keV] lonization: (Slde 1- Slde 2)/Total
- 71,525 (38,178) electrons and 16,258 (7,007) - ~50% fiducial volume (8-115 keVr)

206Pb recoil surface event collected from 219Pb
source in 905.5 (683.8) live hours

- In ~800 live hours 0 events leaking into the
signal region (< 1.7 x 10> @90% C.L. misID)

- <0.6 events in 0.3 ton-years

- Good enough for a 200 kg experiment run for 4
years at SNOLAB!
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SuperCDMS:

Phonon Signal

)I

Surface Event: side summed pulses (Pr~25keV) Bulk NR Event: side summed pulses (Pr~25keV)
50 ! . . 25 ! . ;
— 82(-z) — S2(-z)
S1(+z) S1(+z)

40+ “— 20F . . 7
= S 25 keV nuclear recoil event in bulk
) 25 keV electron event near top surface =
Y
g i S 1)
= £
go 20 '%D 10+
z i a
] &
8 101 1 [ O 5
CD : i f[ | lf 1 i A U)

U T, ,
i
0 jff ol |
_10 | | | 5 | | |
0 ' time (HS) 1000 1500 0 50 time (HS) 1000 1500

- Phonon timing pulse information still possible.
- Surface electron vs bulk nuclear recoil event discrimination

- PULSE SHAPE HAS NOT YET BEEN USED! (It’s not needed.)
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A Low lonization Experiment

g

- CDMSlite strategy leverages
Neganov-Luke amplification to
obtain low thresholds with high-
resolution

- Ionization only, uses phonon
instrumentation to measure ionization

- no event-by- event discrimination of
nuclear recoils

- Drifting Ne electrons across a
potential, V, generates qN.V electron
volts of heat

where ¢ = 3eV 1n Ge.

‘ TES
=

Charge Propagation

Resulting Luke Phonons

'Prompt’' Phonons

- The work done drifting the charges
can be detected as heat.

Eiuke = Nem X €V

- Luke energy scales as bias voltage
and noise remains constant until
breakdown
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CDMSlite - The detector

- Custom electronics were installed to
allow biases above 10V

- Disable one side of iZIP and raising
that entire side to the bias voltage.

- A voltage scan indicated 69 V was the
optimal operating voltage.

- At low voltage, the signal increases
linearly with no charge noise.

- At high voltage onset of leakage
current increases the phonon noise.

- The signal gain at 69V is substantial.

CE(V=69) 14¢N.V

G* = = 24

Signal to Noise

D 10 20 30 40 50 60 70 80
bias voltage [V]
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CDMSlite

25 ' ' '
I.3 I004
200 9.7
S
s 8.9
» 19 ©
- A
E
10} .« ,
Q@ CDMSlite data
IS from ~ 7 kg-days
5} -
<
0
0 2 4 6 8 10 12
keVee

- Voltage assisted calorimetric 1onization detection can improve energy
resolution and threshold of bolometric devices.

- Resulting Luke amplification has excellent energy resolution potentially
down to 14 eeVee.

- Resolution of various Ge activation lines.
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Accepted PRL.
arXiv: 1309.3259

22 - I T T \.
: = = = CDMS-Si: m = 8.6 GeV/c?, o057 = 1.9 x10~*! cm?
20r | | |===CoGeNT: m = 8.2 GeV/c?, 057 = 3.2 x10™*! cm? - ,
. Nuclear recoils create
1811, | fewer charges than
i < NR threshold 1.3 keVee )
> 167 | ctivation line 1 electron recoils.
2 a4k appears at -
L ! 5%pkev ~ Conversion keVee to
— ] . nr |
= 1211, keVnr
Q I
< 10f | | : 4
.E ! Enr — Eee eV,
s 8r | . 14 <Y (E,,)
8 |
6 | - |  whereY is the
4 . 1 1onization yield,
N
2 R 1 | defined to be unity for
0 ‘ m.l- "Nr- H -jl .-“: x l.. . electron recoils.
2 3 4 5 6

Energy [keVnr], bin width= 90 eVnr
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CRESST

- Cryogenic CaWOQq crystals are
instrumented to readout phonon energy
and scintillation.

reflecting
«— Scintillating
housing

— W thermometer

- operated at ~10 mK

light detector

™ Light absorber

- each crystal ~ 300 g

— CaWOQ, target

- Located in Laboratori Nazionali del
Gran Sasso, Italy

phonon detector

- W thermometer

- Discrimination between ER and NR
events via light yield (light/phonon

energy)

- Signal expected to produce nuclear

Light Yield

recoils

- Dominant background from
radioactivity produces electron recoils.

T T
40 60
Energy [keV]
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CRESST-II Data An

- Net exposure: 730 kg-day (July 2009 -
March 2011) from 8 detector modules.

- Observed 67 events in acceptance
region (orange).

- Analysis used a maximum likelihood in
which 2 regions favored a WIMP signal
in addition to predict background.

- M1 is global best fit (4.7 0)
- M2 slightly disfavored (4.2 o)

- Excess events can not be explained by
known backgrounds

- Large background contribution

Light Yield

alysis

*
e
! “ * Rg :§

o

=0

1 I 1 1 I 1
60 80 100

0 20 40 120 140
Energy [keV]
M1 M2
e/y events 8.00+0.05 8.00+0.05
a events 11.5%¢ 11.255
neutron events 7.5 9.7:%!
Pb recoils 15.077 18727
signal events 29.4%7° 24.2%%)
m, [GeV | 25.3 11.6
Oy [pb] 1.6:10° 3.7-10°

December 2013 - Fermilab Academic Lectures - Jodi Cooley 43



- Current data run aims to reduce
background, increase detector

mass.

- Alphas - new clamping design

and material

- Detector assembly 1n a radon

free environment

- New detector design to
discriminate 2°°Po recoils

- Add additional shielding to
reduce neutron background

WIMP-nucleon cross section [pb]

! ummmm CRESST 1o
"l =z CRESST 2¢
~4{ == CRESST 2009
:i =+ EDELWEISS-II
11| e CDMS-II
il == = XENON100
DAMA chan.
DAMA
CoGeNT

WIMP mass [GeV]

arXiv:1109.0702

- June & July calibration runs with °’Co source were successful.

- July 30th, 2013 Science Runs Begin!
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http://arxiv.org/abs/1109.0702
http://arxiv.org/abs/1109.0702

[onization Only Experiments

CoGeNT, TEXANO, IGEX and others
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- Location: Soudan Underground

iy

= = Laboratory, Minnesota, USA
8 - 440 g HPGe ionization
« spectrometer

M

SESERRRRRRNNAR; RRNRRNARDRNNY

| G i 2| ) - Data collection from Dec. 4, 2009 -
L= | B v 3 Mar. 6, 2011 (442 live days)

.
—— s
p—— “I“E CoGeNT at
id Ni Soudan Underground Labora

- Data collection interrupted due to
fire.

- Data collection resumed July
2011.
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CoGeNT

- First claim of excess in 2010.

- Reject surface events using
risetime cut (2011).

- Peaks due to cosmogenic
activation of Ge

- After subtraction of known
background, an exponential
excess of events remains

- Fits to a variety of light-WIMP
masses and couplings shown in
inset of lower figure.
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Annual Modulation Experiments

DAMA, KIMS, DM-ICE
and others (CoGeNT, CDMS I, etc.)
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Nal and CsI Scintillator

e ——— —
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DAMA /LIBRA

- DAMA

- 100 kg Nal array operated
from 1996 - 2002 in
Laboratori Nazionali del
Gran Sasso.

- Measures scintillation from
particle interactions in
detectors.

- No discrimination between nuclear and electron
recoils

- Positive results reported in 1998.

- LIBRA

- 250 kg array operating since 2003 with first results S5 \ |
in 2008. S
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- Modulation has been observed over 13 cycles.

- Significance is 8.90.

- Signal is observed only in lowest energy bin.
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- Direct comparison to DAMA annual

modulation signal using CsI(T1) crystals g (())-.(()):é Amplitude
- Pulse shape discrimination also possible %’ 0.025- + +
- S 0.01f + +

- 12 crystals (104.4 kg) installed o 05“ + l ‘ i
- Data taking from Sept 2009 - Feb. 2012 T o1 + ++¥ T
- Pulse shape discrimination excludes -0-02;‘

DAMA /LIBRA - PRL 108, 181301 (2012) 0.03f

_0.04';;.]...l...l...l.;.l‘..l;.‘l...l...

- No annual modulation is observed. 2 4 6 6 101214 16 18 20

Energy[keV]

Mineral Oil (30cm) & Muon de
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Directional Experiments

DMTPC, DRIFT, MIMAC, NEWAGTE,
and others

December 2013 - Fermilab Academic Lectures - Jodi Cooley 53



- 10 L prototype underground at
WIPP in Carlsbad, NM, USA

- Filled with CF, gas to probe the
WIMP-PF spin-dependent cross-
section

- Dark matter is identified by
directional signal.

- In additional, electron recoils
can be identified by their low
ionization density (i.e. stopping
power).
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Cartoon simulation (INOT data)
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1.2 m

Underground At MIT Funded by
at WIPP NSF+DoE

James Battat  Bryn Mawr College
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SuperHeated Gas/Gel Experiments

COUPP, PICASSQO, SIMPLE and others
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Particle Detection in Bubble Chambers

— —

10,

o , f 2 e
- A bubble chamber is filled with : 5 o 0
T —— = -t-_-_.,_--n.,-.-_.-.--:‘.?{}.,.- .....................................
a superheated fluid in a e 2P0 L ymti _—
= | a-recq|___,..---" .
metastable state. = e
> L
D Sl L e
. . . . 10°F e e Bt R g
- A particle interaction with ; L
.. LS, i == e
energy deposition greater than U e |
Ew in a radius < r. results in an FeloCtiof™ ! E
expanding bubble. | : ~ CF,, T=40°C
10QY -l R [ il O T T N - ol N A N
10° 10 10° 10° 10*
- A smaller or more diffuse energy (keV)

energy deposition will result in
a bubble that immediately
collapses.

- You can “tune” the chamber to
make bubbles for nuclear recoils
and not for electron interactions.
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- Superheated fluid CFsl
- F for spin-dependent interactions
- I for spin-independent interactions
- Target can be swapped out

- Bubbles are observed by two cameras
and piezo-acoustic sensors

- Better than 1010 rejection of electron
recoils

- Alphas can be a concern. However,
they can be rejected by acoustic
discrimination.
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- Alphas deposit their energy over 10s of microns.

- Nuclear recoils deposit their energy over 10s of millimeters

- Alpha particles are louder than nuclear recoils. This can be measured by
piezoelectric sensors.

Observable bubble “mm

December 2013 - Fermilab Academic Lectures - Jodi Cooley 60



Where does that leave us?
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WIMP Mass [GeV/c?]
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Where are we going?
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Further Reading

- Classic Papers on specific calculations
- Lewin, Smith, Astroparticle Physics 6 (1996) 87-112
- Kurylov and Kamionkowski, Physical Review D 69, 063503 (2004)

- G. Jungman, M. Kamionkowski, K. Griest, Phys. Rep. 267 (1996)
195-373, arXiv:hep-ph /9506380

- Books/Special Editions that Overview the Topic of Dark Matter

- Bertone, Particle Dark Matter Observations, Models and Searches,
Cambridge University Press, 2010. ISBN 978-0-521-76368-4

- Physics of the Dark Universe, vol 1, issues 1-2, Nov. 2012 (http://
www.journals.elsevier.com / physics-of-the-dark-universe/ )
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