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What is the Universe Made of?

Where did we come from??

How does it all work”?
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My contribution to these questions

4 )

Cryogenic Detectors

S A — N

Particle Detectors X-ray Detectors
& _J & J
( / \ \ \
4 ™ 5 4 ) 5 4 S )
Dark Matter | «+—— | Neutrinos | «——— | S4PefNova
Remnants
\_ J - J " Y,
4 S 7 ) 4 7 ) 4 L 7 )
uper . :
Ricochet Micro-X
CDMS
\_ J _ J
\_ J
What is the Universe How does it all work”? Where did we come from??
Made of?
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The ACDM Model of Cosmology

One model has ik | 2
. L
emerged that fits all L\ ¥
the observations 0 N S i
with only 6 2 ol
parameters.
Angular scale a
90° 18° g 0.2° 0.1° 0.07°
o , , , _
Planck 2013
5000 |
— 4000 |
‘s'c
= 3000
Q
2000
1000 |
0
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Multipole moment, /
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What is the Universe Made of?

%

0.0

e This model raises
some truly
fundamental
guestions about
where we live.

Dark Energy
Dark Matter
Free H & He
Stars and Gas
Neutrinos

) o)
We don’t know what 95% of the Heavy Elements (Us)

Universe if made of!
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The Nature of Dark Matter

e The Missing Mass Problem:
« Dynamics of stars, galaxies, and clusters s
e Rotation curves, gas density, gravitational lensing % |
e |Large Scale Structure formation

e \Wealth of evidence for a particle solution ]/
« MOND has problems with Bullet Cluster o]/
* Microlensing (MACHQOs) mostly ruled out

» Non-baryonic U Kypinvaom
« Height of acoustic peaks in the CMB (Qb, Q)
* Power spectrum of density fluctuations (€2m) . Angular scale
e Primordial Nucleosynthesis (Qb) J . Y
e And STILL HERE! =)
» Stable, neutral, non-relativistic S [ \A A
e Interacts via gravity and (maybe) a weak force C AN
LI .~

Multipole moment, /
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A Beautiful Problem in Physics
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The Big Picture
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The Big Picture
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The Big Picture
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The Big Picture
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Dark Matter - Lots of Options!

e Expanding your options beyond CMSSM opens up a lot of
parameter space

e pMSSM, NMSSM, UED, Asymmetric, Hidden Sector, (insert
your favorite model here), ...

 Many models predict dark matter outside of the “WIMP miracle”
window, so fine tuning of parameters is often necessary

* While that may not very satisfying, it could be how nature
WOrKks!

* Models like asymmetric dark matter or hidden sectors can work
with dark matter down to very light masses (~ MeV), while still
satisfying structure formation bounds (its still “lukewarm?).
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Direct Detection
Fundamentals
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Dark Matter Astrophysics

e Energy spectrum & rate depend on WIMP distribution in Dark
Matter Halo

e “Spherical-cow” assumptions: isothermal and spherical,
Maxwell-Boltzmann velocity distribution

® Vo = 220 km/S, Vims = 270 km/S, Vesc= 544 km/s
e 0=0.3GeV/cm3

e Assume mass = 60 GeV/c2

Dark Matter Halo Solar System
 Density = 5000 part/m3
;_784‘//
Galactic Disk
10 WIMPs 15 kpc
on average, inside a 2 liter bottle T
(if mass=60 x proton) 50 kpc
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Flux

e Density: 0.3 GeV/cm?

* Mass: assume 60 GeV/c?

e ~220 km/s

e ~100,000 particles/cm?/sec

e About 20 million/hand/sec
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WIMP-Nucleus Interaction

e Spin-Independent:
e The scattering amplitudes from individual nucleons interfere.

e For zero momentum transfer collisions (extremely soft bumps) they add
coherently:

2
N dm; A2 | Enormous enhancement
Op = f <€— atomic mass

T f for heavy nuclel target!

coupling constant

m m 11 ”
m, = — XN — “raduced mass
m, + My
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Principles of Particle Detection

particle nuclear local properties
theory structure of DM halo
Interaction dR o, FQ(ER) po T(ER)
Rate — 9
[events/keV/kg/day] dE R mX m?" Uo ﬁ

F(E») ~ exp (—Enm~ R2/3) Torm factor” (quantum mechanics
(ER) p( RN T/ ) of interaction with nucleus)

MM N
184 p— 1 9
T My + my reduced mass
N 2 2 integral over local WIMP velocity
T(ER) = exp(—Unin/ Vo) distribution
Umin = VV Ermy/(2m2) minimum WIMP velocity for given Er
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The expected direct detection rates are LOW!

Differential Rate [dru], my = 100 GeV/c?, o = 1.x 107*cm?
dR/dEr [counts/10kg/keV /year]

0.1

0.01
0.001 Ge
' Ar
- Si
1074 N
Xe ©

‘ ‘ ‘ \ w w | \ ! ! ‘ ‘ : : : ‘ s ‘ | E k V

0 20 40 60 30 100 T keV]
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Integrated Rate as a function of low-energy
threshold of experiment

Total Rate for different thresholds, my = 100 GeV/cz, o=1.x10"%cm?
R(Ethresh) [counts/10kg/year]|

Xe
Ge 1.002
Ar 0.50?
Si
Ne

0.10:

0.05:

Ir ‘ ! w w \ ! ‘ ‘ ! ‘ : : : : ‘ ‘ ‘ ‘ ‘ Eh h k
; 0 -0 30 20 thresh [keV]
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Integrated Rate as a function of low-energy
threshold of experiment

Total Rate for different thresholds, my = 20 GeV/cz, o=1.x10"%cm?
R(Ethresh) [counts/10kg/year]|

Xe
Ar 0.50;
Si
Ne 0.10.
0.05
I ‘ w w ! \ w ! ! ‘ ‘ : ‘ ! ‘ : | Eth h k V
0 10 20 30 4o Dthresh lkeV]
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Integrated Rate as a function of low-energy
threshold of experiment

Total Rate for different thresholds, my = 10 GeV/cz, o=1.x10"*cm?
R(Ethresh) [counts/10kg/year]|

Xe

Ar  0.50 Knowing your energy scale

S and efficiency at threshold
are crucial!

Ne

0.10

0.05

| ‘ | | | | ‘ | | | ‘ | | ‘ ‘ | | Eh h k
; 0 -0 30 20 thresh [keV]
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Requirements

1. Large Exposure (Mass x Time)
2. Low Energy Threshold ~2-10 keV

3: Low Background Rate ~100 events per kg-day

4. Separation of Nuclear Recoils and Electron Recoils

<1 leakage per
108 background

(in the fiducial volume)
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CDMS |l Detectors

§
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CDMS I

oV

—>

holes

g

/ electrons

+3V ( Charge Sensors J
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CDMS I

oV ( Phonon Sensors ]
T«
1—\\T/ prompt phonons
+3V
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CDMS I

oV ( Phonon Sensors ]

Luke Energy
= AV [e Nen]

1—\:?:; prompt phonons

“Z LN
%i‘l&‘ I—UKe phonOnS Ptot = Erecoil + ELuke

Enectali Figueroa-Feliciano / Fermilab Seminar / 2013 hir



CDMS I

(4 Phonon Channels)

( 2 Charge Channels)
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CDMS I
Ge/Si Crystal Al Fins W TES

L) _— s |
—
= rma——x

l B AT

|
i

} llll JIU / FL

- > Broken ——
o Cooper 3| —
= > __ Pairs 3 2
f \* T
> Egap A o
! gap W 40 60 80 100 120

T [mK]
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The CDMS-I

=Xperiment

/IP Detectors

e Z-sensitive lonization and Phonon mediated

e 230 g Ge or 106 g Si crystals
(1 cm thick, 7.5 cm diameter)

* Photolithographically patterned to collect

athermal phonons and ionization signals

* Direct xy-position imaging

o Surface (z) event rejection from pulse shapes

and timing

e 30 detectors stacked into
5 towers of 6 detectors

CDMS-II Exposure

e Oct. 2003 - Aug. 2004

e 42.7 kg-days in 4 Si detectors
e Oct. 2006 - July 2007

e 55.9 kg-days in 6 Si detectors

* July 2007 - Sep. 2008
* 140.23 kg-days in 8 Si detector

sJ
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Z3
Z4
Z5
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T1 T2 T3 T4 T5
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e —— = e = =

Side View




CDMS Il Surface Background Rejection

1.5 LI T T T T T T T o T
.
. .
.

* Most backgrounds (e, y) produce
electron recoils

* |onization yield (ionization energy per
unit recoil energy) strongly depends on
recoll type.

Ionization yield

Recoil Energy (keV)
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CDMS Il Surface Background Rejection

1.5 LI T T T T T T T o T
. .
.

* Most backgrounds (e, y) produce .
electron recolls iy

* |onization yield (ionization energy per
unit recoil energy) strongly depends on
recoll type.

e Particles that interact in the “surface dead
layer” result in reduced ionization yield.

Ionization yield

0 10 20 30 40 50 60 70 80 90 100
Recoil Energy (keV)
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CDMS Il Surface Background Rejection

1.5 :-“ T T T T T T T T T
* Most backgrounds (e, y) produce SO | |
electron recoils |
1 -
3 i R AT LR T ___, ik
* |onization yield (ionization energy per z TR Y s ey
unit recoil energy) strongly depends on  § 5457 . ,x S &x:e'x,’*‘*,:::é L LY
. = wAag - X W x S xa& M ,’3‘ .
recoil type. A . CE o x,
“.,r o x X % . . x oo —** —x_ K _x_x _____ el
* Particles that interact in the “surface dead | b iiaves S P R SR *
layer” result in reduced ionization yield. R e L .
1 ,5‘:”: % * * P x * %
e These surface events can be rejected N el el et - RS PR RS, Syt Sy
. . 0 10 20 30 40 50 60 70 80 90 100
through a pulse shape rise time cut. Recoil Energy (keV)
R297. Bulk and Surface events sensor D
e SJlfi'..C’; (Er = éZﬂt\" Y-.C 5) - 6 ‘ ‘ ‘ ‘ ‘ 30 ' T
SJlfi'jCL?:[l‘- 22'-‘\'?*\’ "('i:l::a'.).?] Neutrons Bulk I 13382 Bulk Gammas
gj:::g :225:;\' \,i;]) | - * Surface Events Gammas : ; :ZZ(B;:;lzzri:zisEvents
Q =5 1 B9t REIRTT o R DU . AR e ]
Bulk = T
Surface ' 9 4 | N ol BVeNMSTggigienie - ]
o g g
, c ,
0.5 | 8 = ; —
23 2 o B - 0
j (a + -
+ l
0~ | l |
0 20 40 60 80 100 22 3 4 5 6 7 8 _1—020 _1I() (I) 1I0 20
Nimelsal ' Phonon Delay (us)

Normalized Timing Parameter (us)
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Background Estimate

- Neutrons

e Indistinguishable from WIMPs!

e Cosmogenic: active veto —

e Radiogenic: passive shielding &
materials screening

e < 0.13 expected events

e Surface events

e Discriminate using phonon

timing
e Optimize in 3 energy bins Neutrons
e 7-20, 20-30, 30-100 keV
* 0.47 expected events Surface
estimated before unblinding. Events

40 60 80 100
Enectali Figueroa-Feliciano / Fermilab Seminar / 2013 Recoil Energy (keV) M



—Xposure vs. Recoll Energy

1
2 X -
c e
.d—, "‘;i llllll ANEREREN M CENENaEmAEEEERNEEESR RN EEEN RN EEEEE NS R
=06 I
5
= 0.4 -
= —100% Efficiency

0.2 --4+G0ood Nuclear Recoil

' +Fiducial Volume
—+Phonon Timing

0 20 40 60 80 100
Recoil Energy (keV)
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Unblinding Results - before timing cut

Shades of blue indicate the three separate timing cut energy ranges.
e PO T3 ST

1.4-

tion Yield

niZza

Recoll Energy (keV)
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Unblinding Results - after timing cut

Shades of blue indicate the three separate timing cut energy ranges.

1 .4'_ . 'O Candidate 1
: * N - Candidate 2
. . o * 4 | Candidate 3* ?

lonization Yield

Recoll Energy (keV)
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Unblinding Results - Yield vs Timing

Shades of blue indicate the three separate timing cut energy ranges.

) Candidate 1
Candidate 2
- Candidate 3

25
20

e, :

° 15 o

=

T 10 -

c—B 5_ |  . - y|Distribution
E |

S 0

-4 -2 0 2 4 6 8
Normalized Timing
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Three Events!

Detector T4Z3

—h —h
[ 7

-t

nization Yield
o
@

Recoil Energy (keV)

Detector T5Z3

lonization Yield

Recoil Energy (keV)
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Normalized Yield

Normalized Yield

Candidate 1
Candidate 2
Candidate 3

Detector T4Z3

Surface Event
Distribution

- Neutron
Distribution

0 2
Normalized Timing

Detector T5Z3

Surface Event

5- Distribution
L - Neutron
0 Distribution
N M
-19 0 2 4

Normalized Timing



Candidate 1

R_aw Phonon Tracesv

Raw lonization Traces

200 S— 30 _
Phonon Chanel: —A —Q-=inner
, —B —Q-outer
150 | —C 20 T }'! [
[ | 7))
) —D| £
= T Q
e -
(&) _&’ 10
0 =
< o
2
O,
.5 - ' ' ! ' _1 |
0.5 0 0.5 1 1.5 ~1fs 0.5 1 15
Time (ms) Time (mus)
Recoll . Charge Signal | Single Scatter
Detector Energy Yield to Noise Probability Date
T4/3 9.51 keV 0.27 4870 96.1% July 1, 2008
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Candidate 2

Raw Phonon Traces Raw lonization Traces

150, ' — 30 i
Phonon Chanel: —A —Q-inner
—B outer
100 —C| 20 L
7))
" —D| £
£ [
2 -
o 20 g 10
Q : =
< [ =)
0 B 9 o
_5 { ! ! A : _1 \ | \ | |
0.5 0 0.5 1 1.5 145 0 _ 05 1 1.5
Time (ms) Time (mus)
Recoll . Charge Signal | Single Scatter
Detector Energy Yield to Noise Probability Date
14/3 12.29 keV 0.23 5110 99.7% Sep 6, 2008
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Candidate 3

Raw Phonon Traces.

Raw lonization Traces

250- — 30 ;
Phonon Chanel: —A —Q-inner
200 \ —B outer
| < 20 M
o 150 | -D £
£ -
2 -
& 100 g 10
= 5
50 =
O,
0.
-50 : ' : -1 |
-0. 0 0.5 1.5 185 05 1 1.5
Time (ms) Time (mus)
Recoll . Charge Signal | Single Scatter
Detector Energy Yield to Noise Probability Date
March 14,
1573 38.20 keV 0.32 0.606 O 99.7% 2008
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Post-Unblinding Checks

e After unblinding, the data quality was re-
checked. @5-?&:% :;aergceen\;znts below y band
Q
* Events occurred during high-quality =45
data series 2 4 .
§ 3.5 %
« Events were well-reconstructed g 3 g,
2.5
» Checked energy in other detectors to : : . . . )
verify events were single scatters Phonon Delay (us)
(next slide)
. 4 | —Stat only
e Surface event background estimated 0.41 events —Stat + syst
from the tails of three different NR 3 *
sideband distributions to be: P
a2
o

0.4170 08 (stat.) g 24 (syst.)

» Checked for the possibility of 2°°Pb B
recoils from 2'9Po decay, and limited this % | :0.5E: ) 15
to be <0.08 events. APEIEEIEHIEEE
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Post-Unblinding Checks

e After unblinding, the data quality was re-
5.5 r veh w n
checked. g LD Search svens beow bang
e Events occurred during high-quality %4-5
data series g 4
5 35 gh
e Events were well-reconstructed 23 P Candidate 1 |
s F
» Checked energy in other detectorsto 4 , , an7' " |
verify events were single scatters Phonon Delay (us)
(next slide)
. 4 | —Stat only
e Surface event background estimated 0.41 events —Stat + syst
from the tails of three different NR 3 *
sideband distributions to be: P
0.20 0.28 o2
0.4175 58 (stat.) Tg51 (syst.) B
1,
* Checked for the possibility of 2%°Pb

recoils from 21°Po decay, and limited this % | :0.5E: ) 15
Xpectiea ieakage
to be <0.08 events. P |
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s Candidate 1 a Multiple?

e Candidate 1 on T4/3 had a 3.90 signal
in its neighboring detector (14/2)

e Events are declared “multiples” if any
other detector as a phonon signal > 40
from that detector’s phonon noise
distribution.

e Although by our pre-set criteria the
event is a single, we calculated what
probability such an event had of being
a multiple.

Enectali Figueroa-Feliciano / Fermilab Seminar / 2013

Event nearest to being a multiple
Candidate in Det433, Run 127

5
S I
) |
< 4 f |
> | |
g 3 :
(] | *
c 2 | \ %
2 e\ \ M~ *
© 4t \ f 1/ o N [ %
- R T T S ¥y Iy
8 0 x " * ¥
o
. 1
] 5 10 15 20 25 30
Det Number
Candidate in Det433, Run 127
5
— : I
= %
g e * ¥
* ¥ L4 '
o 0 H gt ¥ | Frakn  FRp kx|
© x x ¥ * *
- —
s
=
°
= 10
) 5 10 15 20 25 30
Det Number



s Candidate 1 a Multiple?

Events in all 8 c58R Si detectors

1500
e \We modeled the distribution of “next to —S:’i:igl:le Singles
largest phonon signals” below the 40 1000 |
multiples threshold from the 30-detector & X Multiples
CDMS-II array using the measured S LA
multiples distribution / \,\
1o‘\k 10°

Normalized to 250:1 pt distribution for single and multiple

er 29 detectors

Single disribution

.‘B 1 Multiple disnbution
g Evt I:ilipﬂ «0.0257238, 1" (Pl «0.00103424
8 ....... Evt2: 1‘{911 « 0.628085, Yﬁlp!_l «0.00188846
= 10" Evt3:1,(py «0.628085. 1 (pl) = 0.00188845 Events in all 8 c58R Si detectors
3 1‘_\_\.;— —cSingle
€ 200 __csingle
5102 | g€
- L
150 '
10 £ , Consistent with
§ 100 g tail of singles
10 50.
10° L 1 o T | |
3 4 0.5 0.6 0.7
normalized p, [a.u.] 10 10 10

Max. normalized pt in other 29 detectors
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s Candidate 1 a Multiple?

Phonon traces for
Candidate 1 on
detector 1443

e The calculated
probability of a signal
with a 3.90 “next-to-
largest-phonon signal” L N L
being a multiple is Zpom in of total phonon
3.9%. - trace from detector 14/2

"
Ll ).

e Phonon trace seems
consistent with low-
frequency noise.
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ls Candidate 1 a Multiple”? Probably not.

Candidate 1 phonon pulses, T4Z3 and T4Z2

—T4Z3 PA / o
40 —T4Z3 PB
—T4Z3 PC
30 —T4Z3 PD
—T4Z2 PT

o0

20

ADC Bins

10

|
\Wp..,:
-10,-
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Profile Likelihood Analysis

Tower 4, Detector 3

 Incorporated data-driven background € | |
. = [
models into a WIMP+background & 0.2—N
' . . ©
likelihood analysis. 3 |
. . é i Note: these are the
* Monte Carlo simulations of the S I wie ol Normalized
ST 0.1— ity
background-only model indicate the : Distributions!
probability of a statistical fluctuation B Surface Leakage
producing three or more events J\ s [leutons - Pb recoils
anywhere in our signal region is 5.4%. % a0 80 80 100
. Energy [keV]
Distribution of the total number of events under H, '5 10 -
: , 3 .t 0.7 expected events —Viot
2 F | " £ 1 Surface + n + Pb — VB
€07k | | —— Nix =3:p-value = 5.4% T o — Vey
5 F | | g 10p}! n
210'2; § -
- =
S10°) -
10 =
10—
T‘ll 111 1ﬁl - A9 TR 1 SRR TR S SR S S SR S S S T _—
0 5 10 0.5 1 1.5 2
N, Expected number of background events v
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Profile Likelihood Analysis - cont.

Testing our known background estimate against a
WIMP+background hypothesis

Ly, 0y n = 0,7 Z(H
g0 = —2log 2 (mx; 9y - ) = QIOg{j( 1)}

ZL(My, Oy—p, V) Z(Hp)

Distribution of profile likelihood ratio test statistic f(qOrHO)

* A likelihood ratio test favors a = 1 ‘
WIMP+background hypothesis o [F|Re=gRrispeiuerl. 9%
over the known background 107
estimate as the source of our -
signal at the 99.81% confidence 10° g
level (p-value:0.19%, ~30). 10_35_
* The maximum likelihood occurs at JF
a WIMP mass of 8.6 GeV/c? and e
WIMP-nucleon cross section of B!
1.9x104T cm?. =2 i L | BT |
0 5 10 15 20
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Profile Likelihood Goodness of Fit

Distribution of the log-likelihood of H0 under H,

1l

—_— LoQL(HJ '™ = 22.03: p-value = 4.2%‘

|

e [ts very important to check
if the WIMP+background
actually fits the data well. 107

Normalised distribution
o
N
T 1 111

ILRLLL

|
|
|
l

1 I l | S T — |

L

* The goodness of fit of the =i T

0 10 — 20 30 40
known-background-only log[L(H,)]

hypothesis Is 4.2% DistribtlJtion of Log[L(H )] under A,

—— = Log|L{H)]" = 15.13: p-value = 68.6%

|

* The goodness of fit of the
WIMP+backgrouna
hypothesis is 68.6%
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Profile Likelihood Confidence Intervals

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

* The maximum likelihood occurs at a WIMP
mass of 8.6 GeV/c? and WIMP-nucleon cross
section of 1.9x104'cm?.

10—39
* \We do not believe this result
rises to the level of a
discovery, but does call for
further investigation.

ek

<
N
-

ek
I

o

[G—Y

(O CRESST-II (2012)

WIMP-nucleon cross section [cm?]

107>

WIMP—nucleon cross section [pb]

(O DAMA/LIBRA (2008) NN N
—- XENON100 (2012) ‘\ \\\\;< IR,
—- XENON10 S2 (2013) 10-4 o NN s 10-6
—— EDELWEISS Low—threshold (2012) \% N EDp~ |
--- CDMS II Ge (2010) <6 AN LWE/ST@L? ESsT
--- CDMS II Ge Low—threshold (2011) T O%/;\
------ 90% Upper Limit, this data 10-43 \ Q@\\\ 10-7
— 909% Upper Limit CDMS II Si Combined o o o | | T, |
0 PP 5 6 780910 15 20 30 40 50

® Best fit, this data
@ 68% C.L., this data
O 90% C.L., this data
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Has the LHC

Ruled this region out”

[Limits on o, from mono-b search

|| = 8 TeV, 20 fb~*, inclusive

8 TeV, b-tag, b production only
8 TeV, b-tag
14 TeV, 100 fb~*

10 36
1()—37_
 LHC rules out contact 1072F
interactions between x and 1077}
SM particles with heavy 107
mediators. g 1070
E 1042
e |f this is DM, then the 10-13
mediator is probably light 1044
(or there is a nearly 1045
degenerate NLSP). 16| —
1077
10()
Lin, Kolb, Wang ) 2 b
arXiv:1303.6638 N
Er > 350 GeV .
pr > 100 GeV y
/(
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What about X

—NON1007

Acceptance

ST [PE]
5 10 15 20 25 30
L | o | ot ! I v o
04 Jl Aprile+ PRL 109 2012 . :
I e R . .
) * = - __‘::. .-.."k ..' .\ .; ”.2 ... .:c :0‘.'..‘..3:‘::0:...‘“ . .il‘. ‘...;.
 XENON10O’s exposure = 34 kg D oofedb il St e S N M e
224 days = 7636 kg-day! % oof oF A O T A
E.’-.:L-('--* f_ r ................................... BB e B i e e a“ o= t ,,,,,,,,,,,
* They see two events... could this 2 .} | PR B ok
be compatible? At face value, NO! £ .f = -7 :
sofs, L7 |
® Depends Strongly On the nUC|ear -1.2 ;1/1/1‘11]3‘ ' 111 ‘1,511 [ 11111 |
o 5 10 15 20 25 _:(l 35 40 45 50
energy scale, the efficiency, and Energy [keVnr] e reoven
threshold... . 2 ? . - F
g 0.4 “. . . .. I..
% 0.2 A ™ .O.' $ . *% : ? .$ e® b ®
: 2% 3 mpas o TS °o‘"$ o %%
- 0 7 a.. . ;." Q:O."V 3&‘ o
1.0 gs . E-g" ..’5::.0.”" f:OQ . - 0.3. ‘g
OF v -0.2 e 8 S0t 0 ne | ®
- mS-’ o ® & 2 * | .
0.8 h S 04 ° - _® _" .
0.6 : 0.6 ’ :
04 [~ | -1
0.2 .0'8_' ’ :
0.0C -~ e e e L s '1: m,=86GeV o=19<10"cm ’ :
5 10 15 .‘n‘ ’ 25 | l’n 35 40 45 SO = ;.] . | L N o | ’ | | -
l*:nc[:_'.\ [keVnr] 1.2l g O 10 - 15 - 2.0 - 25 - 3.0 - .35
Figures from A. Melgarejo’s talk at the Light Dark Matter Workshop: °' [°5]
http://www.umich.edu/~mctp/SciPrgPgs/events/2013/dm2013/index.html
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What about X

—NON1007

S1[PE]
5 lu 15 20 25 30
o+t | Aprile+ PRL 109 2012 .
FEW (s : : i A
0.2 ) . L “e °. . . =108 W a0
’ _ N Tl o PR T N Ly S T LY AT
e XENON100’s exposure = 34 kg S o s M., L R j«“.j y
224 days = 7636 kg-day! % oot O Eiea e ST o
B St S
* They see two events... could this 2 osf Bt ™ 1 T %
be compatible? At face value, NO! £ ..} ey |
,_(,:_‘ ) //._ Possible Energy Scale Overlay |
e Depends strongly on the nuclear I =aintet f“?:f Sl?r?jfe”l f’ij = ff???l&l T |
TaY - - “ Energy [keVnr] h - -
energy scale, the efficiency, and e reovn
threshold... . L. ? R 7
g 04— é . “.. . ° ’..
% 02— b o ™ .O.' $ . *% : ? .‘ e® b ®
: R AT RN Y IR Lo o e %%
1178 S o el AN T YA i i S
1.0 ———ft———ft——7 = T | .?( "oﬁ‘:.o'c’:’;ﬁo oS *» .’3% o.‘g‘
_‘ @,9-0.2 : . e 2 ... '0 ; .0.. . ‘ .
:2 0.8 =, g 04 b . ® . _J’ :
%— H.(\h 0.8 ’ :
5 04} ’ ]
) 0.2 0.8 ‘ .
m);' “ — SR EDUDSS U . -1 e m,=86GeV o=1.9<10"cm’ | :
5 10 15 20 25 ) 35 40 45 S0 | .[.1 . | L N o | ‘ L -]
Energy [keVar] A2 e s T 20 s 30 35
Figures from A. Melgarejo’s talk at the Light Dark Matter Workshop: °' [°5]
http://www.umich.edu/~mctp/SciPrgPgs/events/2013/dm2013/index.html
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What about XENON100%

o Compatibility...

e ...depends strongly on the
nuclear energy scale, the
efficiency, and threshold

e ...0r halo velocity structure

e ...0r non-standard DM-
nucleon Interactions

e ...Or some combination of
the above

e ..Or Our events are not
due to DM.
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Total Rate for different thresholds, my = 8.6 GeV/c2 ,o=19x 107 e¢m?

' e
S
— 1tNe
> r
g F
% C
z _
g 0.1
2
£
)
& 001,
1.0 1.5 2.0 3.0 5.0 7.0 10.0
Ethresh [keV]
Spectrum-Averaged Efficiency to get 2.1
Threshold | eventsin XENON100 from a WIMP with
my=8.6 GeV/c?, 0=1.9x104" cm?
7 keV 14%
6 keV 3.7%
5 keV 0.95%
4 keV 0.25%
3 keV 0.07%




Next Steps: Move the WIMP Box Boundaries!

* Analysis ongoing to look for consistency of the best-fit WIMP+background
hypothesis as timing, phonon, and charge thresholds are relaxed.

* As we relax these boundaries, both the expected leakage and the
expected signal would increase.

=N =N
1 7

N

(S

= N

nization Yield

Normalized Y}eld

_ 4 2 0 2 4 6 8
Recoil Energy (keV) Normalized Timing
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Next Steps: A look Below the Charge Threshold...

1.5 - Candidate 1'
: Candidate 2
5 ‘?" NESESRRY J - C.arﬁidateS
5 &'. . .' ., ' .er ;-.‘e-.:: S
z 1 %
: 2 ;,\':. r |
| ooking below the charge > L
threshold, no large S 1
population of events passing 893 !
the timing cut is seen. S
\1 A 1423
1.5 i 1
) AW % ;
\&\ o W,
3 o
* Qin&~Qthresh - 1
"+ Qin&Qthresh ~ &
(OPasses Timing | S ¥
Signal Band %05 I
. Below ER cut = el
--Recoil Threshold = L
Lines of const. pt 0 E. ' 1543

20 40 60 80 100
Enectali Figueroa-Feliciano / Fermilab Seminar / 2013 Recoil Energy ( pric, keV) M
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Next Steps: SuperC

DMS SNOLA

5 and beyond

Soudan CDMS-lite 170 eVee

fuperCDMS Soudan Low Threshold

1073t
VN
-\ \\
10_40 i ‘\‘ \\
\
Q1041 )
g 107+ N
— 4y CoMSS 22
g 10— (this analysis)
o p—
15} PMSSM
2 1043 | Arbey +
7 1205.2557 o,
g 10_44 +LHC (preliminary) '.“
o NMSSM LU
O J. Cao + AT e T ORI S T Do ) ey (CONR2 =777 |
L 10%} 1104.1754 AN (elaa3s QU o 10
Q N 7T Lo R G2 e
a R \\\:\\ —————————————————————— 'Da(\(_s_\é'e""
I 10740 \ T T T 2770
% B T SNBSS \L-
R TR T EPRE Ly ey o oy S O
\ B R W ¥ WS § TSR S
S 1077 T R TPs 10
CMSSM-~""
1048 | Asymmetric DM TN e——mmT T. Cohen and pMSSM 10
T. Lin + J.G. Wacker M. Cahill-Rowley +
10_49 1111.()'293' o .I'.n. prep.) MM 1|206|.48|21| -
1 10 100 1000 10
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Conclusions

[
-
5
O
ok
-
38

]

* Analysis of a 140.23 kg-day exposure of the
CDMS-II Si detectors has been performed.
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* Three events were seen in the signal region with a
total expected background of <0.7 events.
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* An optimal gap analysis sets a limit for the spin-
independent WIMP-nucleon cross section of
2.4x104cm? for a WIMP mass of 10 GeV/c?.

WIMP—-nucleon cross section [cm
WIMP—-nucleon cross section [pb]
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* Monte Carlo simulations of the background-only @ Nl OSer ST
model indicate that the probability of a statistical \ S//E;;\\

fluctuation producing three or more events 10~

anywhere in our signal region is 5.4%. S 6 78910 1520 30 40 50

WIMP Mass [GeV/c?]
» A profile likelihood analysis favors a WIMP

+background hypothesis over the known (O CRESST-II (2012)
background estimate as the source of our signal at (O DAMA/LIBRA (2008)
the 99.81% confidence level (~30, p-value: 0.19%). —- XENONI100 (2012)
—-- XENON10 S2 (2013)
* We do not believe this result rises to the level of a —— EDELWEISS Low—threshold (2012)
discovery, but does call for further investigation. --- CDMS II Ge (2010)
--- CDMS 1II Ge Low~—threshold (2011)
 The maximum likelihood occurs at a WIMP mass of - 90% Upper Limit, this data
8.6 GeV/c? and WIMP-nucleon cross section of = 90% Upper Limit CDMS II Si Combined
1.9x104'cm?. ® Best fit, this data

@ 68% C.L., this data
Enectali Figueroa-Feliciano / Fermilabb Seminar / 2013 O 90% C.L., this data Wi





