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Harry Nelson 
UCSB/LUX 

Direct Dark Matter Searches 
Overview 

Silver (25 y) Jubilee of DDMS… 
Insanity is doing the same thing over 

and over again and expecting different 
results…  Rita Mae Brown 

(my apologies, most slides stolen!) 
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Historical Analogs… 
  Rutherford & Chadwick between 1920-1932 conducted 

many unsuccessful experiments to discover the neutron 
〉  Joliot-Curie clue 
〉  Technique is now used in WIMP searches 

  110 years of neutrino physics 
〉  Beta decay in 1900 or so 
〉  … (Parity violation! R.T. Cox et al., PNAS 14, 544 (1928) ) … 
〉  2020… complete mixing/mass matrix? 
〉  Majorana Mass? 
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How does Dark Matter interact with us? 
  Gravitationally... astrophysics utilizes… 

  Not via conventional electromagnetic or strong 
couplings (dark, no peculiar terrestrial nuclei with an 
extra particle bound)…. however, axions! 
〉  Gluon field doesn’t violate CP, weak interaction does 

  Could be via `conventional’ weak interaction… focus of 
most terrestrial experiments… 
〉  WIMP miracle… thermal equilibrium in Big Bang 
〉  SUSY favors a stable lightest superpartner 
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Generic Feynman Diagrams 

σnucleon 

cZχχ 
cHχχ 
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The Old Way (1987 Ahlen et al) 
Volume 195, number 4 PHYSICS LETTERS B 17 September 1987 
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Fig. 3. The maximum halo density of heavy standard Dlrac neu- 
trinos (as an example of particles with weak span-independent 
interactions) is shown, consistent with the observed count rate, 
as a function of their mass. The solid line shows the 68% confi- 
dence level and the dashed line shows the 95% confidence level. 

cosmogenic radioac t ive  contaminat ion .  In  this way 
the background has been reduced by about  a factor  
o f  ten at a round  50 keV. The reduct ion  o f  back- 
ground appears  to improve  with decreasing energy; 
however,  in an a t tempt  to reduce background from 
4°K, data  are being acquired in the present  phase with 
the field-effect t ransis tor  removed  from the cryostat.  
This configurat ion increases the low energy noise 
(while  not  reducing the 4°K significantly).  New data  
on dark  mat te r  will not  be avai lable unti l l  the next 
phase o f  the exper iment .  

When  the da ta  for this work were taken, the energy 
threshold was set at 4 keV because o f  microphonic  
noise at lower energies. The shape o f  the low energy 
X-ray lines suggests that  A E ( F W H M ) ~  500 eV in 
this region. The strong increase o f  noise below Eth= 4 
keV is largely due to mlcrophonics  engendered by  
mining  operat ions.  Hardware  and software have 
recently been deve loped  to reduce this noise and per- 
mi t  lowering the energy threshold to 1 keV. In the 
near  future, re ject ion/detect ion o f  the existence o f  
coherent ly interact ing part icles o f  mass > 8 GeV 
should be feasible. Detec t ion  could be conf i rmed by 
the expected modu la t ion  in the signal due to the 
ear th 's  mot ion  relat ive to the halo [8] .  

I t  will be difficult  to reduce the energy threshold 
below 1 keV, thus the detect ion o f  part icles  o f  lower 
mass will require  cryogenic detectors.  The germa- 
n ium detector  is also not  sensit ive to part icles  l ike 
the phot ino  that  couple through s.d. weak 
interact ions.  
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Fig. 4. The regions in mass-cross section space excluded at the 
68% confidence level are shown. The halo cannot be composed 
of particles that interact with nuclei through spin-independent 
interactions whose coupling constant (normalized to the cou- 
pling of massive D]rac neutrinos to baryons) lies above the solid 
line. Nor can the halo be composed of particles that interact with 
nuclei through spin-dependent interactions whose coupling con- 
stant (normalized as above) lies above the dashed line. 

Our  main  results are shown in fig. 4. The  range of  
mass  and cross section o f  part icles excluded as ma in  
components  of  the halo are shown. The  rat io  g/gw is 
def ined as ( a / a  w e a k ) 1 / 2  where awe~ is the cross sec- 
t ion for s tandard  heavy Dirac  neutrinos.  

A l imit  on the solar axion flux has also been der ived 
f rom the U S C / P N L  germanium spect rometer  [ 19 ]. 
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Disk 
Bulge 

Apparent `beam’ 

Sun: v/c =β ≅  0.7⋅ 10-3 

(Earth’s motion 
modulates) 

Particles in `halo’: 
ρdark  ≅  0.3 GeV/cm3 

(extrinsic systematic) 

Velocity Dispersion? 
Gaussian… maybe axions have less 
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Direct Detection 
  Momentum Transfer 

v0 
Convert a to photon – detect it 

axion 

m v0 target 

Cause target recoil – detect it – 
(nuclei) 10’s of keV 

Massive 
Particle 

7 
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Axion Parameter Space… 
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Key ADMX Innovation… AC SQUID Amp 
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The ADMX Experiment 
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Axion Lineshapes in ADMIX 
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Expected Sensitivity 
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Direct Detection 
  Momentum Transfer 

v0 
Convert a to photon – detect it 

axion 

m v0 target 

Cause target recoil – detect it – 
(nuclei) 10’s of keV 

Massive 
Particle 

13 
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Signal Shape 
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WIMP SI Parameter Space “race to the bottom” 



DaMaSC        January 25, 2013 16 

WIMP SD Parameter Space 
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Historical Trend (“Livingston Plot”) 

 

 

 

Phase Transition 

COUPP `12 

SIMPLE `12 

☐ SuperCDMS Soudan 

☐ 

DEAP-3600 

Darkside-50 

☐ 
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10’s-1000’s of KeV from γ are easy to detect… 

Germanium (Ionization) (COGENT, CDMS…) 

Sodium Iodide (Light) (DAMA, ANAIS) 

Second measurement to distinguish nuclear recoils 
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χ0 (calibrate: neutron) 

v/c ≈ 7×10-4 

Nucleus 
Recoils 

 dense energy deposition 
 ionization efficiency low 

distinct ionization energy scale 

Direct Detection: Signal and Main Background 
Signal 

Er 

γ 

v/c ≈ 0.3 

Electron 
Recoils 

Background 

Sparse Energy Deposition 

Er 

Differences the  
Basis of Particle ID 
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Who Does What 
  One instrumental signal; look for annual 

modulation, do pulse shape analysis, or shield. 
〉  Solids: DAMA/LIBRA, ANAIS (NaI, 100’s kg); 

KIMS (CsI, 100 kg) (light) 
〉  Liq: XMASS (Xe, 800kg), DEAP-3600 (Ar, 1000kg) 

  Double Signal (much discussion of E scales) 
〉  CDMS/Edelweiss – phonons + ionization – Ge/Si 
〉  Liquid/Gas – Xenon-100/LUX (Xe, 350kg); Darkside 

(Ar, 50kg) – light + ionization 
  Phase Change – COUPP, SIMPLE 

〉  Only nuclear recoils grow bubbles 
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23x our WIMP-search background 
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Enabled by vastly improved DAQ! 

Low Yield… 
Surface e- 
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SuperCDMS Detector Improvements 
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SuperCDMS Surface Rejection 
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2-Phase Nobel Liquid 
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Separation… less impressive than CDMS 
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Xenon-100 Search Region 
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Xenon-100 Fiducial (LUX 1.7X linear dim) 
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The LUX Experiment (Sanford Lab/SD) 

Top PMT 
array 

Bottom PMT array 

Inner 
cryostat 

Outer 
cryostat 

Thermosyphon 

PTFE reflector 
panels and 
field cage 

Copper 
shield 

Anode grid 

Cathode grid 

Water 
tank 

Detector 
stand 

• 370 kg xenon 
•  300 kg active region 
•  100 kg fiducial 

•  122 PMTs 2” round 
• Low-background Ti cryostat 
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LUX being built  
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LUX Is Installed 
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LUX Is Underwater 
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LUX Details 
  Helped commission a new laboratory 
  Circulate/purify Xenon at 300 kg/day 

〉  Xenon-100 about 40kg/day 
  Xenon heat from condensation used to drive 

evaporation (heat exchanger) 
  0.8 kV/cm drift field 
  Water Tank 
  Surface Operation; underground gas run, 83mKr 
  Cooldown started yesterday! 
  Checkout / short open run / long blinded run 
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10,000 days gives us until September 20, 2014 

John Donne circa 1600… 

s 
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THANKS! 
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U. Chicago / Indiana U South Bend / Fermilab / SNOLAB / Virginia Tech 
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DEAP 3600 



DaMaSC        January 25, 2013 37 

XMASS 
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DarkSide-50 


