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A good problem to have. 
There is a known effect 
looking for an answer … as 
opposed to a known 
solution looking for an 
experimental effect. 

A real challenge for  
experimentalists to study 
this known energy density. 

The Dark Matter Problem 
 

• Postulate 1: DM is a particle. 
• Postulate 2: DM and SM particles 
interact with some force that is 
very weak but much stronger than 
gravity. 

? 
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1. Flat region. Constant 
density. Equal production 
and annihilation.  

2. Exponential suppression as 
temperature falls below mass of 
dark matter particle. 

3. Turn over as annihilation 
rate decreases, becoming 
smaller than the expansion 
rate.  

444444
4. Relic abundance remains. Larger 
cross-sections keep annihilations 
occurring for longer. 

WIMP Miracle 

A happy coincidence implied 
that new physics at the TeV 
scale with appropriately 
weak cross section leads to 
a dark matter relic (with a 
new quantum number 
preventing decay). 

neq ~ T3 

neq ~ (m/T)3/2 e-m/T 



Detection Techniques 

• Three major 
categories of 
investigations. 

• Important to 
maintain the 
theoretical 
connection 
between these 
approaches. 



Direct Detection 
Basic goal: search for nuclear recoil from DM  
elastic scattering. 
 
Simple dynamics. Cross section α (form factor)2 

Spin-independent: Nucleon form factor gives rise to A2 
enhancement due to coherence. 

 

 

Spin-dependent: Form factor depends on nuclear spin. No 
coherence enhancement. 

The dependence on q2 is also contained in the form-factors.   
 



Time Progression of  Sensitivity 
Years 2000-2013 

Animation courtesy of  Aaron Manalaysay, UC Davis 



Current Experiment: LUX 
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The LUX detector 
•  ~ 7m diameter Water Cerenkov Shield. 
•  48 cm H (gate to cathode) X 47 cm D 

active region with 181 V/cm drift field 
 

 
 

• 250 kg (active), 118 kg (fiducial) of 
Lxe 
• 122 photomultiplier tubes (top plus 
bottom)  



Davis Cavern 



Blank 

Commissioned in 2012 
First results in 2013 



Two Signal Technique 

Interaction 
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Why Xenon? 

Recoil Spectra High density (~3g/cm3) 
=> Powerful self-shielding. 
 
High A (131) => Large 
elastic σ�
 
Higher Sensitivity in the 
range 5 keV < E < 25 keV. 
 
Long electron drift 
lengths (few m) => scalable 
 
Efficient scintillator 

Nobel element => Inert. Can be purified via gettering techniques.  
 
No long-lived radio-isotopes. Metastable istopes useful in calibration. 
 



Background Suppression 
A large suppression of backgrounds required: 
 
1.  Gamma induced electron recoils. Discrimination is based on 

measuring two characteristic signals from the recoil. The 
discriminant employed is log (S2/S1) as a function of S1 

2. Neutron induced nuclear recoils. Neutrons need to be            
 eliminated: 

 
• Deep underground deployment 
• Use of ultra-low radioactivity materials and components 
• Large external shield (e.g., water) 
• Active veto (e.g., gadolinium doped liquid scintillator) 
• Double scatters (DM does not) 

 



Scintillation process in LXe 

Difference in in recombination 
efficiency is exploited to discriminate 
between electron and nuclear recoils. 
 
Xenon is transparent to its own 
scintillation light ! 
 

Figure of merit derived from plots of: 

Log (charge escaping recombination/
total primary light produced)   



Physics Handled by NEST 
�  Noble Element Simulation Technique is a a data-

driven model explaining the scintillation and 
ionization yields of noble elements as a function of 
particle type, electric field, and dE/dx or energy 

�  Provides a full-fledged Monte Carlo (in Geant4) with 
�  Mean yields: light and charge, and photons/electron 
�  Energy resolution: key in discriminating background 
�  Pulse shapes: S1 and S2, including single electrons 

�  The wealth of data on noble elements was combed 
and all of the physics learned combined 
M. Szydagis et al., JINST 8 (2013) C10003. arxiv:1307.6601 
M. Szydagis et al., JINST 6 (2011) P10002. arxiv:1106.1613 
J. Mock et al., Submitted to JINST (2013). arxiv:1310.1117 



Event Energy Reconstruction 

�  g1 is an overall efficiency, mapped out with Kr83m 
�  g2 accounts for electron extraction efficiency and 

number of photons detected per extracted electron 

�  NR has factor L < 1 accounting for fewer overall 
quanta (not just S1 photons) being generated due to 
NR being more effective making more NR (i.e. heat) 

Energy = [ Nph + Ne- ] * W  
           = [ ( S1 / g1 ) + ( S2 / g2 ) ] * 13.7e-3 keV(ee) 



New Calculation of 
the g-Factors 

12% efficiency for the 
detection of a primary 
scintillation photon 

Previously 14% quoted 

PRELIMINARY 

PRELIMINARY 

Known as a “Doke 
plot” of  the anti-
correlation between 
S1 and S2 (a line) 

Crosscheck of  
many sources 
(plus optical sim 
to 83mKr check) 

PRELIMINARY 49% extraction, coupled 
with 24.66 detected 
photons per single electron 
to make “g2” 

Previously 65%, but it is  
product of absolute yield 
with is what matters 



NR Charge and Light Yields 
�  in situ measurements 
�  No longer relying on LUX AmBe, 

252Cf, or modeling from old data, or 
extrapolating from results of small 
test chambers. 

�  Charge yield Measured down to 
~0.8 keVnr. (Previous low 4 keV) 

�  Data from Deuterium-Deuterium 
neutron gun. Use S2 to identify 
double scatters. Determine energy 
deposition from scattering angle. 
For S1, S2-derived energy scale. 

�  Light yield measured down to ~1.2 
keVnr. (Previous low 3 keV) 

�  New modeling 

3 keVnr cut-off 
from 2013 analysis 

3 keVnr cut-off 
from 2013 analysis 

PRELIMINARY 

PRELIMINARY 

QY 

LY 

LUX 

NEST 1.0 still too conservative 
Modified NEST for re-analysis 



Same scrutiny 
for ER 

PRELIMINARY 

LY 

QY 

PRELIMINARY 

�  Internally-deployed tritium source 
provides ER from 0 to 18 keVee 
�  LUX measurably efficient at 1 keV! 

�  Improved stats over calibration in 
first LUX result, running longer 
�  High statistics provide very 

precise determination of 
probability for an ER event to 
“leak” down into NR S2/S1 region, 
as a function of S1 

�  This ER provides us with both light 
and its charge yield too 

�  Because uniformly distributed, used 
with 83mKr for good, accurate 
measure of the fiducial volume 



Distribution of Backgrounds 
�  3.6 +/- 0.3 x 10-3 single scatters/(keV-kg-day) in low-energy regime 

�  Measured 3.5 ppt Kr with RGA. PMT gamma-rays = biggest background 

�  Cosmogenics from surface run have decayed away (Xe131m, Xe129m) 

�  Potential fiducial mass increase (was 118 kg in 2013) 

PRELIMINARY 

117.7 ± 1.1 kg 145.3 ± 1.3 kg 



The  
“Bands” 

CH3T 

Approximate 
location of  
165 phd cut, 
lowered from 
200 previous 
(8 => 6 e–’s) 

+/- 1.28-sigma 
widths indicated 
(1-sided 90%) 

PRELIMINARY 

DD 

New: DIGITAL 
individual photon 
counting, useful at 
low energies 

S1 and S2 are both position-corrected using Kr 



First WIMP Search Result 
�  Please note that this is still the OLD plot not yet updated 
�  Distribution of  events statistically consistent with ER in 

log(S2/S1) space and consistent with BG in volume 
�  PLR accounts not only for S1 and S2 distributions in energy, 

but also 3-D BG distribution, fed by tritium and BG sims 
�  If  doing things the “old way,” expected ~<1 BG event 

(0.64 +/- 0.16 in original analysis) within lower NR region 

BUT even in cut and count line should never 
be treated as “magic” WIMP-declare border.. 

� Please note ttttttthat this is still thhhe OLD ppppppppppppppppppppppppllllllooooootttttt nnnnnnooooootttttttttttt yyyyyyyyyyyyyyyyyyyyyyyyyyyyyeeeeeeeetttttttttttttt uuuuuuuuuuuuuuuupppppppppppppppppppppppppppppppppppppppddddddaaaaaatttttteeeeeedddddd 
� Distribution of  events statistically connnnnnsistttttttttenttttttttt wwwwwwwwwwwwwwwwwiiiiiiiiiiiiiiiiiiithhhhhhhhh EEEEEEEEEEEEEEEEEEEEEEEEEEEEERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR iiinnnnnn 

log(S2/S1) space and consistent withhhh BGGGGGGGGG in vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvoooooooooooooooooooooooooooooooooooooooooooluuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuummmmmmmmmmmmmmmmmmmmmmmmmmmmmmeeeeeeeeeeeeeeeeeeee 
� PLR accounts not only for S1 and S2 diiiiiiiii tttst iiiribbbbutitititions iiiin energy, 

but also 3-D BG distribution, fed by tritium and BG sims 
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PRELIMINARY 

A Profile Likelihood Ratio (not cut-and-count) method uses all events.  

Updated WIMP Search Data 
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LUX Low-Mass Sensitivity 
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Aaron Manalaysay SUSY2014 

The LUX Dark Matter Search 

Another Look at Light WIMPs 

LUX 2013 upper limits assumed NO SENSITIVITY to recoils below 3 
keVnr. This was not an *analysis* threshold, but an artificial one, a hard 
cut-off 
For example, decreasing this response cutoff from 3 keV to 1 keV provides 
access to a factor of 1000* more signal at M = 6 GeV/c2. 



Long Term Future: LZ 
 
 
 



A compact 
history of 
WIMP 
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50 GeV WIMP 

1 TeV WIMP 

LZ is poised to possibly provide an 
end-point to this saga … hopefully 
by discovering WIMPs or, by 
ruling out most of the theoretical 
and experimentally accessible 
landscape. 



Snowmass Projections 
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LZ: Evolution of LUX and ZEPLIN 

Building on experiences gained in both programs, the proposed new experiment 
will utilize the LUX infrastructure at the Sanford Underground Research 
Facility to mount a state-of-the-art detector. Highlighted features include: 
 
•  LUX water shield and an added liquid scintillator active veto. 

•  Instrumented “skin” region of peripheral xenon as another veto system. 

•  Unprecedented levels of Kr removal from Xe. 

•  Radon suppression during construction, assembly and operations. 
 
•  Photomultipliers with ultra-low natural radioactivity. 

•  Cryogenics and Xe purification systems made external to the main 
detector in a unique design. 

•  Fully digital deadtime-less data acquisition and trigger system. 
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Key Design Points 
� 7 active tonnes of LXe can yield 2 x 10-48 cm2 

sensitivity in about three years of running 
� 5.6 tonne fiducial volume, 1000 days 
� Requires all detector systems working together 
�

� Xe detector with good light collection, reasonable 
background rejection (ER discrimination) and good 
signal detection efficiency 

� Sophisticated veto system: skin (outside active Xe 
region) + scintillator/water allows maximum fiducial 
volume to be obtained, maximizes use of Xe and 
substantially increases reliability of background 
measurements 

� Control backgrounds, both internal (within the Xe) and 
external from detector components/environment 



Design Status Summary 
� Conceptual, and in some cases more advanced 

design, completed for all aspects of detector 
� Conceptual Design Report about to appear on 

arXiv 
� Acquisition of Xenon started 
� Procurement of PMTs and cryostat started 
� Collaboration – wide prototype program 

underway to guide and validate design 
� Backgrounds modeling and validation well 

underway 
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Xe Detector PMTs 
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�����2��2-0��0-2-2:.',%�
� Extensive program of prototype development 

underway 
� Three general approaches 

� Testing in liquid argon, primarily of HV 
elements, at Yale and soon at LBNL 

� Design choice and validation in small (few kg) 
LXe test chambers in many locations: LLNL, 
Yale-> UC Berkeley, LBNL, U Michigan, UC 
Davis, Imperial College, MEPhI 

� System test platform at SLAC, Phase I about 
100 kg of LXe, TPC prototype testing to begin 
in few months 
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LZ Calibrations 
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Summary 
•  LUX has the largest kg-days exposure of any xenon TPC, 

as well as the lowest energy threshold 
•  Pioneering work with internal calibration sources. Low-

energy NR data agree with MC. 
•  LUX has provided the most stringent limit on the WIMP-

nucleon spin-independent interaction cross-section. 
•  LUX result is in conflict with low-mass WIMP 

interpretations of signals seen in CoGeNT, CDMS, and 
elsewhere 

•  LZ holds the promise to be the ultimate WIMP search 
experiment. Limited by neutrino-induced `background’ 

•  LZ Project well underway. Procurement of Xe, PMTs and 
cryostat vessels started. Extensive prototype program. 

•  LZ benefits from the excellent LUX calibration 
techniques and understanding of background 



Waiting for the Jackpot 
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1. Flat region. Constant 
density. Equal production 
and annihilation.  

2. Exponential suppression as 
temperature falls below mass of 
dark matter particle. 

3. Turn over as annihilation 
rate decreases, becoming 
smaller than the expansion 
rate.  

4. Relic abundance remains. Larger 
cross-sections keep annihilations 
occurring for longer. 

WIMP Miracle 

A happy coincidence implied 
that new physics at the TeV 
scale with appropriately 
weak cross section leads to 
a dark matter relic (with a 
new quantum number 
preventing decay). 

neq ~ T3 

neq ~ (m/T)3/2 e-m/T 



Time Progression of  Sensitivity 
Years 2000-2013 

Animation courtesy of  Aaron Manalaysay, UC Davis 



Current Experiment: LUX 
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The LUX detector 
•� ~ 7m diameter Water Cerenkov Shield. 
•� 48 cm H (gate to cathode) X 47 cm D 

active region with 181 V/cm drift field 
 

 
 

•�250 kg (active), 118 kg (fiducial) of 
Lxe 
•�122 photomultiplier tubes (top plus 
bottom)  



Two Signal Technique 

Interaction 

EGC 

Cathode 

Grids 

Anode 

EAG > EGG > EGC 

Gas phase 

PMT Array 
Time 

Primary 
(S1) 

Secondary 
(S2) 

e- e- 
e- 
e- 

e- e- 
e- 
e- 

e- e- 
e- 
e- 

0–350 �s 
depending 
on depth 

~40 ns width 

~1 �s width 

Liquid phase 

EAG 
EGG 



Scintillation process in LXe 

Difference in in recombination 
efficiency is exploited to discriminate 
between electron and nuclear recoils. 
 
Xenon is transparent to its own 
scintillation light ! 
 

Figure of merit derived from plots of: 

Log (charge escaping recombination/
total primary light produced)   



New Calculation of 
the g-Factors 

12% efficiency for the 
detection of a primary 
scintillation photon 

Previously 14% quoted 

PRELIMINARY 

PRELIMINARY 

Known as a “Doke 
plot” of  the anti-
correlation between 
S1 and S2 (a line) 

Crosscheck of  
many sources 
(plus optical sim 
to 83mKr check) 

49% extraction, coupled 
with 24.66 detected 
photons per single electron 
to make “g2” 

Previously 65%, but it is  
product of absolute yield 
with is what matters 



NR Charge and Light Yields 
�� in situ measurements 
�� No longer relying on LUX AmBe, 

252Cf, or modeling from old data, or 
extrapolating from results of small 
test chambers. 

�� Charge yield Measured down to 
~0.8 keVnr. (Previous low 4 keV) 

�� Data from Deuterium-Deuterium 
neutron gun. Use S2 to identify 
double scatters. Determine energy 
deposition from scattering angle. 
For S1, S2-derived energy scale. 

�� Light yield measured down to ~1.2 
keVnr. (Previous low 3 keV) 

�� New modeling 

3 keVnr cut-off 
from 2013 analysis 

3 keVnr cut-off 
from 2013 analysis 

PRELIMINARY 

PRELIMINARY 

QY 

LY 

LUX 

NEST 1.0 still too conservative 
Modified NEST for re-analysis 



The  
“Bands” 

CH3T 

Approximate 
location of  
165 phd cut, 
lowered from 
200 previous 
(8 => 6 e–’s) 

+/- 1.28-sigma 
widths indicated 
(1-sided 90%) 

PRELIMINARY 

DD 

New: DIGITAL 
individual photon 
counting, useful at 
low energies 

S1 and S2 are both position-corrected using Kr 



First WIMP Search Result 
�� Please note that this is still the OLD plot not yet updated 
�� Distribution of  events statistically consistent with ER in 

log(S2/S1) space and consistent with BG in volume 
�� PLR accounts not only for S1 and S2 distributions in energy, 

but also 3-D BG distribution, fed by tritium and BG sims 
�� If  doing things the “old way,” expected ~<1 BG event 

(0.64 +/- 0.16 in original analysis) within lower NR region 

BUT even in cut and count line should never 
be treated as “magic” WIMP-declare border.. 

PRELIMINARY 

A Profile Likelihood Ratio (not cut-and-count) method uses all events.  

Updated WIMP Search Data 
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XENON100 (2012), 225 live days 

XENON100 (2011), 100 live days 

ZEPLIN III 
CDMS II Ge 

Edelweiss II 

Stay tuned for new 
results later this year. 



LUX Low-Mass Sensitivity 
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Note: Missing from 
this plot (because it 
was 2013) is 
SuperCDMS limit 



Aaron Manalaysay SUSY2014 

The LUX Dark Matter Search 

Another Look at Light WIMPs 

LUX 2013 upper limits assumed NO SENSITIVITY to recoils below 3 
keVnr. This was not an *analysis* threshold, but an artificial one, a hard 
cut-off 
For example, decreasing this response cutoff from 3 keV to 1 keV provides 
access to a factor of 1000* more signal at M = 6 GeV/c2. 



Long Term Future: LZ 
 
 
 



A compact 
history of 
WIMP 
Searches 
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50 GeV WIMP 

1 TeV WIMP 

LZ is poised to possibly provide an 
end-point to this saga … hopefully 
by discovering WIMPs or, by 
ruling out most of the theoretical 
and experimentally accessible 
landscape. 



Snowmass Projections 
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Key Design Points 
��7 active tonnes of LXe can yield 2 x 10-48 cm2 

sensitivity in about three years of running 
��5.6 tonne fiducial volume, 1000 days 
��Requires all detector systems working together 
�

��Xe detector with good light collection, reasonable 
background rejection (ER discrimination) and good 
signal detection efficiency 

��Sophisticated veto system: skin (outside active Xe 
region) + scintillator/water allows maximum fiducial 
volume to be obtained, maximizes use of Xe and 
substantially increases reliability of background 
measurements 

��Control backgrounds, both internal (within the Xe) and 
external from detector components/environment 



Design Status Summary 
��Conceptual, and in some cases more advanced 

design, completed for all aspects of detector 
��Conceptual Design Report about to appear on 

arXiv 
��Acquisition of Xenon started 
��Procurement of PMTs and cryostat started 
��Collaboration – wide prototype program 

underway to guide and validate design 
��Backgrounds modeling and validation well 

underway 
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�����2��2-0��0-2-2 .',%�
��Extensive program of prototype development 

underway 
��Three general approaches 

��Testing in liquid argon, primarily of HV 
elements, at Yale and soon at LBNL 

��Design choice and validation in small (few kg) 
LXe test chambers in many locations: LLNL, 
Yale-> UC Berkeley, LBNL, U Michigan, UC 
Davis, Imperial College, MEPhI 

��System test platform at SLAC, Phase I about 
100 kg of LXe, TPC prototype testing to begin 
in few months 



	'%&��-*2�%���2 �'�1�

����2&-��� -*2�%����1'%,�%-�* � �)�� .0- '��1�+�0%', �
��
��,-+',�*�-.�0� ,%�%-�* � �)�� �� �+ �
������2&0- %&�.0-2-2 .��2�12���2-� �)���
���0-2-2 .������ -0� �)%�
���1 12�+� ��0'�� -,�12�0 ,%�
��	��.0-2-2 .',%�� .�,�',%��2���0)�*� �
�

�0-2-2 .��- �&'%&�12�� "�*��
0�%'-,�2�12���',�
�0�

�'0��%0'��2�121�-,%-',%�



LZ Calibrations 
����+-,120�2���',�
�� ���*'�0�2���&���'%,�*��,�����)%0- ,���-��*����������
������� 20-,���,�0�2-0� � �*��0����-'*1 �
���0' �2�����2&�,�� �*��20-,����-'*1 �
�����' -,�*��- 0��1�� % ������- 0��� -0�*- ��,�0% � � �*��0����-'*1 �

Monochromatic�
2.5 MeV neutrons�

�0' +���2���.��20 +����1 0���',�
���

��

	�
	�

	�

��



� 2�,1' ����*'�0� -,�

��
���&�1�*���2&�� � �2-���2�'*�����*'�0� -,1 �

�� '**�� '*��-,�2&'1��,���-�+-0� �

����������������%������������������ �� ������������(��# �%�������������

+�0� 0- ,� �0- %&* � ��)* � �� �2������ +����,�� +�� �
�

�0' �2���+�2&�,�� � �0 � � �+-,2&1 � �,�

� 2�0,�*�0��'-'1-2-.��,� 20-,�1- 0��1� �+
'�

� 2�0,�*�0��'-'1-2-.��%�++��1- 0��1� ����

���,� 20-,�%�,�0�2-0 .%0�������0* �
,� 2� ��0�2-�1&-02�,�. *1� �



�0 -12�2���11�*1�
�����0�1.-,1'�'*'2 �
��
- ����)%0- ,�� 2�,' +��&-1�,��'0�� -,��
���������*2�0,� ���� �,�����1����) .�
���'�1*��� -0��**� �11�*1 �,��-2&�0�.�021 �0���' ���

�,���11� ���
���-,20'� 2�1� � ��� ����- ,21�',�"� �'�*�

-* +��',� ��� 1��$�0�� 21�



���)%0- ,���-��*���

���)������
0)5�
�
�

���)��������
2)3�
�
�������
�
/)/������$�� �(��
.(---���&��
�

����� 12�
������� �����1��
���1)', �� 2�0���2 �



�0-(��2�����,1' '2 � ��.',�
,��.�,��,2�

�� ��-,,�1 � �*' ���� 1 �

/6.-*15���/�



��,1' '2 � '2&��-+.� -,�



Waiting for the Jackpot 



4 

1. Flat region. Constant 
density. Equal production 
and annihilation.  

2. Exponential suppression as 
temperature falls below mass of 
dark matter particle. 

3. Turn over as annihilation 
rate decreases, becoming 
smaller than the expansion 
rate.  

4. Relic abundance remains. Larger 
cross-sections keep annihilations 
occurring for longer. 

WIMP Miracle 

A happy coincidence implied 
that new physics at the TeV 
scale with appropriately 
weak cross section leads to 
a dark matter relic (with a 
new quantum number 
preventing decay). 

neq ~ T3 

neq ~ (m/T)3/2 e-m/T 



Time Progression of  Sensitivity 
Years 2000-2013 

Animation courtesy of  Aaron Manalaysay, UC Davis 



Current Experiment: LUX 
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The LUX detector 
•� ~ 7m diameter Water Cerenkov Shield. 
•� 48 cm H (gate to cathode) X 47 cm D 

active region with 181 V/cm drift field 
 

 
 

•�250 kg (active), 118 kg (fiducial) of 
Lxe 
•�122 photomultiplier tubes (top plus 
bottom)  



Two Signal Technique 

Interaction 

EGC 

Cathode 

Grids 

Anode 

EAG > EGG > EGC 

Gas phase 

PMT Array 
Time 

Primary 
(S1) 

Secondary 
(S2) 

e- e- 
e- 
e- 

e- e- 
e- 
e- 

e- e- 
e- 
e- 

0–350 �s 
depending 
on depth 

~40 ns width 

~1 �s width 

Liquid phase 

EAG 
EGG 



Scintillation process in LXe 

Difference in in recombination 
efficiency is exploited to discriminate 
between electron and nuclear recoils. 
 
Xenon is transparent to its own 
scintillation light ! 
 

Figure of merit derived from plots of: 

Log (charge escaping recombination/
total primary light produced)   



New Calculation of 
the g-Factors 

12% efficiency for the 
detection of a primary 
scintillation photon 

Previously 14% quoted 

PRELIMINARY 

PRELIMINARY 

Known as a “Doke 
plot” of  the anti-
correlation between 
S1 and S2 (a line) 

Crosscheck of  
many sources 
(plus optical sim 
to 83mKr check) 

49% extraction, coupled 
with 24.66 detected 
photons per single electron 
to make “g2” 

Previously 65%, but it is  
product of absolute yield 
with is what matters 



NR Charge and Light Yields 
�� in situ measurements 
�� No longer relying on LUX AmBe, 

252Cf, or modeling from old data, or 
extrapolating from results of small 
test chambers. 

�� Charge yield Measured down to 
~0.8 keVnr. (Previous low 4 keV) 

�� Data from Deuterium-Deuterium 
neutron gun. Use S2 to identify 
double scatters. Determine energy 
deposition from scattering angle. 
For S1, S2-derived energy scale. 

�� Light yield measured down to ~1.2 
keVnr. (Previous low 3 keV) 

�� New modeling 

3 keVnr cut-off 
from 2013 analysis 

3 keVnr cut-off 
from 2013 analysis 

PRELIMINARY 

PRELIMINARY 

QY 

LY 

LUX 

NEST 1.0 still too conservative 
Modified NEST for re-analysis 



The  
“Bands” 

CH3T 

Approximate 
location of  
165 phd cut, 
lowered from 
200 previous 
(8 => 6 e–’s) 

+/- 1.28-sigma 
widths indicated 
(1-sided 90%) 

PRELIMINARY 

DD 

New: DIGITAL 
individual photon 
counting, useful at 
low energies 

S1 and S2 are both position-corrected using Kr 



First WIMP Search Result 
�� Please note that this is still the OLD plot not yet updated 
�� Distribution of  events statistically consistent with ER in 

log(S2/S1) space and consistent with BG in volume 
�� PLR accounts not only for S1 and S2 distributions in energy, 

but also 3-D BG distribution, fed by tritium and BG sims 
�� If  doing things the “old way,” expected ~<1 BG event 

(0.64 +/- 0.16 in original analysis) within lower NR region 

BUT even in cut and count line should never 
be treated as “magic” WIMP-declare border.. 

PRELIMINARY 

A Profile Likelihood Ratio (not cut-and-count) method uses all events.  

Updated WIMP Search Data 
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XENON100 (2012), 225 live days 

XENON100 (2011), 100 live days 

ZEPLIN III 
CDMS II Ge 

Edelweiss II 

Stay tuned for new 
results later this year. 



LUX Low-Mass Sensitivity 
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Note: Missing from 
this plot (because it 
was 2013) is 
SuperCDMS limit 



Aaron Manalaysay SUSY2014 

The LUX Dark Matter Search 

Another Look at Light WIMPs 

LUX 2013 upper limits assumed NO SENSITIVITY to recoils below 3 
keVnr. This was not an *analysis* threshold, but an artificial one, a hard 
cut-off 
For example, decreasing this response cutoff from 3 keV to 1 keV provides 
access to a factor of 1000* more signal at M = 6 GeV/c2. 



Long Term Future: LZ 
 
 
 



A compact 
history of 
WIMP 
Searches 
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50 GeV WIMP 

1 TeV WIMP 

LZ is poised to possibly provide an 
end-point to this saga … hopefully 
by discovering WIMPs or, by 
ruling out most of the theoretical 
and experimentally accessible 
landscape. 



Snowmass Projections 
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Total mass – 10 T 
Active Mass – 7 T 
Fiducial Mass – 5.6 T 
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Key Design Points 
��7 active tonnes of LXe can yield 2 x 10-48 cm2 

sensitivity in about three years of running 
��5.6 tonne fiducial volume, 1000 days 
��Requires all detector systems working together 
�

��Xe detector with good light collection, reasonable 
background rejection (ER discrimination) and good 
signal detection efficiency 

��Sophisticated veto system: skin (outside active Xe 
region) + scintillator/water allows maximum fiducial 
volume to be obtained, maximizes use of Xe and 
substantially increases reliability of background 
measurements 

��Control backgrounds, both internal (within the Xe) and 
external from detector components/environment 



Design Status Summary 
��Conceptual, and in some cases more advanced 

design, completed for all aspects of detector 
��Conceptual Design Report about to appear on 

arXiv 
��Acquisition of Xenon started 
��Procurement of PMTs and cryostat started 
��Collaboration – wide prototype program 

underway to guide and validate design 
��Backgrounds modeling and validation well 

underway 
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Xe Detector PMTs 
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�����2��2-0��0-2-2 .',%�
��Extensive program of prototype development 

underway 
��Three general approaches 

��Testing in liquid argon, primarily of HV 
elements, at Yale and soon at LBNL 

��Design choice and validation in small (few kg) 
LXe test chambers in many locations: LLNL, 
Yale-> UC Berkeley, LBNL, U Michigan, UC 
Davis, Imperial College, MEPhI 

��System test platform at SLAC, Phase I about 
100 kg of LXe, TPC prototype testing to begin 
in few months 



	'%&��-*2�%���2 �'�1�

����2&-��� -*2�%����1'%,�%-�* � �)�� .0- '��1�+�0%', �
��
��,-+',�*�-.�0� ,%�%-�* � �)�� �� �+ �
������2&0- %&�.0-2-2 .��2�12���2-� �)���
���0-2-2 .������ -0� �)%�
���1 12�+� ��0'�� -,�12�0 ,%�
��	��.0-2-2 .',%�� .�,�',%��2���0)�*� �
�

�0-2-2 .��- �&'%&�12�� "�*��
0�%'-,�2�12���',�
�0�

�'0��%0'��2�121�-,%-',%�



LZ Calibrations 
����+-,120�2���',�
�� ���*'�0�2���&���'%,�*��,�����)%0- ,���-��*����������
������� 20-,���,�0�2-0� � �*��0����-'*1 �
���0' �2�����2&�,�� �*��20-,����-'*1 �
�����' -,�*��- 0��1�� % ������- 0��� -0�*- ��,�0% � � �*��0����-'*1 �

Monochromatic�
2.5 MeV neutrons�

�0' +���2���.��20 +����1 0���',�
���

��

	�
	�

	�

��



� 2�,1' ����*'�0� -,�

��
���&�1�*���2&�� � �2-���2�'*�����*'�0� -,1 �

�� '**�� '*��-,�2&'1��,���-�+-0� �

����������������%������������������ �� ������������(��# �%�������������

+�0� 0- ,� �0- %&* � ��)* � �� �2������ +����,�� +�� �
�

�0' �2���+�2&�,�� � �0 � � �+-,2&1 � �,�

� 2�0,�*�0��'-'1-2-.��,� 20-,�1- 0��1� �+
'�

� 2�0,�*�0��'-'1-2-.��%�++��1- 0��1� ����

���,� 20-,�%�,�0�2-0 .%0�������0* �
,� 2� ��0�2-�1&-02�,�. *1� �



�0 -12�2���11�*1�
�����0�1.-,1'�'*'2 �
��
- ����)%0- ,�� 2�,' +��&-1�,��'0�� -,��
���������*2�0,� ���� �,�����1����) .�
���'�1*��� -0��**� �11�*1 �,��-2&�0�.�021 �0���' ���

�,���11� ���
���-,20'� 2�1� � ��� ����- ,21�',�"� �'�*�

-* +��',� ��� 1��$�0�� 21�



���)%0- ,���-��*���

���)������
0)5�
�
�

���)��������
2)3�
�
�������
�
/)/������$�� �(��
.(---���&��
�

����� 12�
������� �����1��
���1)', �� 2�0���2 �



�0-(��2�����,1' '2 � ��.',�
,��.�,��,2�

�� ��-,,�1 � �*' ���� 1 �

/6.-*15���/�



��,1' '2 � '2&��-+.� -,�
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