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Direct Detection of  
                        Big Bang WIMPs 

Goals:	
  	
  
  Directly	
  Detect	
  WIMPs	
  as	
  Earth	
  plows	
  through	
  the	
  DM	
  Halo	
  
 Measure	
  Mass	
  and	
  ScaFering	
  cross-­‐sec?on	
  
Challenges:	
  
  Very	
  low	
  flux	
  &	
  rate	
  
 Must	
  maintain	
  ultra	
  low	
  background	
  <	
  few	
  events/year/kg	
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  tank	
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  Davis	
  Campus	
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Why	
  Xenon?	
  

•  Scin?llates,	
  comparison	
  
with	
  ioniza?on	
  allows	
  
`discrimina?on’	
  of	
  signal	
  
and	
  background	
  

•  Plenty	
  of	
  signal	
  ≈1	
  keV	
  
•  Liquid	
  ρ≈3	
  gm/cm3,	
  purity	
  
•  No	
  long-­‐lived	
  
radioisotopes	
  

•  9	
  stable	
  isotopes	
  
•  2	
  with	
  odd	
  neutron	
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AZ	
   τ½	
  or	
  f	
   Jp	
  
122Xe	
   20	
  h	
   0+	
  
123Xe	
   2.1	
  h	
   (1/2)+	
  
124Xe	
   0.10	
  %	
   0+	
  
125Xe	
   17	
  h	
   (1/2)+	
  
126Xe	
   0.09	
  %	
   0+	
  
127Xe	
   36	
  d	
   (1/2)+	
  
128Xe	
   1.91	
  %	
   0+	
  
129Xe	
   26.4	
  %	
   (1/2)+	
  
130Xe	
   	
  4.1	
  %	
   0+	
  
131Xe	
   21.2	
  %	
   (3/2)+	
  
132Xe	
   26.9	
  %	
   0+	
  
133Xe	
   5.2	
  d	
   (3/2)+	
  
134Xe	
   10.4	
  %	
   0+	
  
135Xe	
   9.1	
  h	
   (3/2)+	
  
136Xe	
   8.9	
  %	
   0+	
  



Per	
  tonne,	
  Xenon	
  Most	
  Sensi?ve	
  (SI)	
  



The	
  LUX	
  Detector	
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LUX	
  Backgrounds	
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Two-­‐phase	
  Xenon	
  WIMP	
  Detectors	
  

Z	
  posi?on	
  from	
  S1	
  –	
  S2	
  ?ming	
  
X-­‐Y	
  posi?ons	
  from	
  S2	
  light	
  paFern	
  

Excellent	
  3D	
  imaging	
  (~mm	
  resolu?on)	
  
	
  -­‐	
  eliminates	
  edge	
  events	
  
	
  -­‐	
  rejects	
  mul?ple	
  scaFers	
  

Gamma	
  ray,	
  neutron	
  backgrounds	
  
reduced	
  by	
  self-­‐shielding	
  

Reject	
  gammas,	
  betas	
  by	
  charge	
  (S2)	
  to	
  	
  
light	
  (S1)	
  ra?o.	
  	
  Expect	
  >	
  99.5%	
  rejec?on.	
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LUX	
  –	
  the	
  Instrument	
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Typical	
  Event	
  in	
  LUX	
  
1.5	
  keV	
  gamma	
  ray	
  scaFering	
  event	
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LUX	
  Has	
  Demonstrated	
  	
  
Excep?onal	
  Technical	
  Performance	
  

Low-­‐energy	
  electron	
  recoil	
  rate	
  of	
  
3e-­‐3	
  events/keV/kg/day.	
  

Kr/Xe	
  ra?o	
  of	
  3.5	
  ppt.	
  

Electron	
  dri\	
  length	
  longer	
  than	
  130	
  cm.	
  

Light	
  detec?on	
  efficiency	
  of	
  14%.	
  

Electron	
  recoil	
  discrimina?on	
  of	
  	
  99.6%,	
  
with	
  dri\	
  field	
  of	
  181	
  V/cm.	
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XYZ	
  Posi?on	
  Reconstruc?on	
  
Z	
  coordinate	
  is	
  determined	
  by	
  the	
  ?me	
  between	
  S1	
  and	
  S2	
  (electron	
  dri\	
  speed	
  of	
  1.51	
  mm/
microsecond)	
  

Light	
  Response	
  Func?ons	
  (LRFs)	
  are	
  found	
  by	
  itera?vely	
  fiwng	
  the	
  distribu?on	
  of	
  S2	
  signal	
  for	
  each	
  
PMT.	
  

XY	
  posi?on	
  is	
  determined	
  by	
  fiwng	
  the	
  S2	
  hit	
  paFern	
  rela?ve	
  to	
  the	
  LRFs.	
  

Reconstruc?on	
  of	
  XY	
  from	
  events	
  near	
  the	
  anode	
  grid	
  resolves	
  grid	
  wires	
  with	
  5	
  mm	
  pitch.	
  	
  



Various	
  Calibra?ons	
  

•  Kr	
  83	
  
•  Tri?ated	
  Methane	
  

•  Sources-­‐	
  Cs,	
  AmBe,	
  Cf-­‐252	
  

•  Most	
  recently	
  using	
  neutrons	
  from	
  a	
  DD	
  
generator	
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Energy	
  Reconstruc]on	
  -­‐	
  Kr-­‐83m	
  Calibra]on	
  

•  Rb-­‐83	
  produces	
  Kr-­‐83m	
  when	
  it	
  decays;	
  this	
  krypton	
  gas	
  can	
  then	
  be	
  flushed	
  into	
  
the	
  LUX	
  gas	
  system	
  to	
  calibrate	
  the	
  detector	
  as	
  a	
  func?on	
  of	
  posi?on.	
  

•  Provides	
  reliable,	
  efficient,	
  homogeneous	
  calibra?on	
  of	
  both	
  S1	
  and	
  S2	
  signals,	
  
which	
  then	
  decays	
  away	
  in	
  a	
  few	
  hours,	
  restoring	
  low-­‐background	
  opera?on..	
  

Kr-­‐83m	
  source	
  (Rb-­‐83	
  coated	
  on	
  charcoal,	
  within	
  
xenon	
  gas	
  plumbing)	
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Kr-­‐83m	
  Calibra?on	
  

	
   	
   	
  Over	
  1	
  million	
  Kr-­‐83m	
  events,	
  spread	
  uniformly	
  through	
  the	
  detector.	
  
Posi?on-­‐based	
  S1	
  correc?ons	
  

Fiducial	
  volume	
  determina?on	
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Tri?ated	
  Methane	
  Calibra?on	
  

•  LUX	
  uses	
  tri?ated	
  methane,	
  doped	
  
into	
  the	
  detector,	
  to	
  accurately	
  
calibrate	
  the	
  efficiency	
  of	
  
background	
  rejec?on.	
  	
  

•  This	
  beta	
  source	
  (endpoint	
  energy	
  
18	
  keV)	
  allows	
  electron	
  recoil	
  S2/S1	
  
band	
  calibra?on	
  with	
  unprecedented	
  
accuracy.	
  

•  The	
  tri?ated	
  methane	
  is	
  then	
  fully	
  
removed	
  by	
  circula?ng	
  the	
  xenon	
  
through	
  the	
  geFer.	
  

•  Parametriza?on	
  of	
  the	
  	
  electron	
  
recoil	
  band	
  from	
  the	
  high-­‐sta?s?cs	
  
tri?ated	
  methane	
  data	
  is	
  then	
  used	
  
to	
  characterize	
  the	
  background	
  
model.	
  



Tri?ated	
  Methane	
  Data	
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Electron	
  Recoil	
  and	
  	
  
Nuclear	
  Recoil	
  Bands	
  

Tri?um	
  provides	
  very	
  high	
  sta?s?cs	
  electron	
  recoil	
  calibra?on	
  (200	
  events/phe)	
  	
  
Neutron	
  calibra?on	
  is	
  consistent	
  with	
  NEST	
  +	
  simula?ons	
  

Gray	
  contours	
  indicate	
  constant	
  energies	
  using	
  a	
  S1-­‐S2	
  combined	
  energy	
  scale	
  



Neutron	
  Generator	
  Calibra?on	
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•  Modeled	
  Using	
  Noble	
  Element	
  Simula?on	
  Technique	
  (NEST).	
  
•  NEST	
  based	
  on	
  canon	
  of	
  exis?ng	
  experimental	
  data.	
  
•  Ar?ficial	
  cutoff	
  in	
  light	
  and	
  charge	
  yields	
  assumed	
  below	
  3	
  keVnr,	
  to	
  be	
  conserva?ve.	
  
•  Includes	
  predicted	
  electric	
  field	
  quenching	
  of	
  light	
  signal,	
  to	
  77-­‐82%	
  of	
  the	
  zero	
  field	
  light	
  yield	
  

Light	
  and	
  Charge	
  Yields	
  in	
  LUX	
  



Nuclear	
  Recoil	
  Calibra?on	
  	
  
Using	
  the	
  DD	
  Neutron	
  Source	
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S1	
  Efficiency	
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WIMP	
  Detec?on	
  Efficiency	
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LUX	
  WIMP	
  Search,	
  85	
  live-­‐days,	
  118	
  kg	
  
160	
  events	
  observed	
  
1.9	
  events/day	
  
Distribu?on	
  of	
  events	
  is	
  completely	
  consistent	
  with	
  ER	
  
calibra?on	
  PDF	
  and	
  4	
  component	
  background	
  model	
  
determined	
  from	
  fits	
  to	
  posi?on	
  dependent	
  
background	
  spectra	
  	
  
ER	
  Calibra?on	
  99.6±0.1%	
  leakage	
  below	
  NR	
  mean,	
  so	
  
expect	
  0.64	
  +/-­‐	
  0.16	
  for	
  160	
  events	
  



Spin	
  Independent	
  Sensi?vity	
  Plots	
  

LUX	
  (2013)-­‐85	
  live	
  days	
  

LUX	
  +/-­‐1σ	
  expected	
  sensi?vity	
  

XENON100(2012)-­‐225	
  live	
  days	
  

XENON100(2011)-­‐100	
  live	
  days	
  ZEPLIN	
  III	
  

CDMS	
  II	
  Ge	
  

Edelweiss	
  II	
  



Low	
  Mass	
  WIMPs	
  -­‐	
  Fully	
  excluded	
  by	
  
LUX	
  

>20x	
  more	
  sensi?vity	
  

CDMS	
  II	
  Si	
  Favored	
  

CoGeNT	
  Favored	
  

LUX	
  (2013)-­‐85	
  live	
  days	
   LUX	
  +/-­‐1σ	
  expected	
  sensi?vity	
  

XENON100(2012)-­‐225	
  live	
  days	
  

CRESST	
  Favored	
  

CDMS	
  II	
  Ge	
  

x	
  

DAMA/LIBRA	
  Favored	
  



Projected	
  LUX	
  300	
  day	
  WIMP	
  Search	
  Run	
  

•  We	
  intend	
  to	
  run	
  LUX	
  for	
  a	
  
new	
  run	
  of	
  300	
  days	
  in	
  
2015-­‐16	
  	
  

–  Extending	
  sensi?vity	
  by	
  another	
  
factor	
  5	
  

–  Even	
  though	
  LUX	
  sees	
  no	
  WIMP-­‐
like	
  events	
  in	
  the	
  current	
  run,	
  it	
  is	
  
s?ll	
  quite	
  possible	
  to	
  discover	
  a	
  
signal	
  when	
  extending	
  the	
  reach	
  	
  

–  LUX	
  does	
  not	
  exclude	
  LUX	
  

•  WIMPs	
  remain	
  our	
  favored	
  
quarry	
  

•  LZ	
  20x	
  increase	
  in	
  target	
  mass	
  
–  If	
  approved	
  plans	
  to	
  be	
  deployed	
  

in	
  Davis	
  Lab	
  in	
  >2017	
  

x5	
  

LUX	
  (2013)-­‐85	
  live	
  days	
  

LUX	
  (2015)-­‐300	
  live	
  days	
  



The	
  Future	
  

•  LUX	
  –	
  300	
  day,	
  salted	
  data	
  run,	
  4X	
  sensi?vity	
  in	
  
1	
  year	
  

•  Upgrade…	
  LZ	
  (LUX-­‐ZEPLIN)	
  to	
  10	
  tons	
  (total)	
  
– Factor	
  of	
  20	
  in	
  mass	
  
– Factor	
  of	
  100	
  in	
  sensi?vity…	
  10-­‐48	
  cm2	
  

– Background	
  from	
  atmospheric,	
  solar	
  neutrinos	
  
starts	
  to	
  creep	
  in.	
  

– ~2017	
  commissioning	
  if	
  all	
  goes	
  well.	
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The	
  LZ	
  Collabora?on	
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LZ	
  Overview	
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LZ	
  Central	
  TPC	
  Region	
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247	
  
PMTs	
  
R11410	
  

241	
  PMTs	
  

100-­‐200	
  kV	
  



LZ	
  Background	
  Targets	
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Shielding	
  and	
  
Veto	
  Tagging	
  
Capability	
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Current	
  WIMP	
  Cross-­‐sec?on	
  Limits	
  

41 



DM	
  limits	
  as	
  a	
  func?on	
  of	
  ?me	
  



Conclusions	
  
•  The	
  search	
  for	
  Dark	
  MaFer	
  is	
  one	
  of	
  the	
  most	
  compelling	
  science	
  

ques?on	
  facing	
  the	
  current	
  genera?on	
  of	
  researchers.	
  
•  LUX	
  has	
  made	
  a	
  WIMP	
  Search	
  run	
  of	
  86	
  live-­‐days	
  and	
  released	
  the	
  

analysis	
  +	
  PRL.	
  	
  
•  Backgrounds	
  as	
  expected,	
  inner	
  fiducial	
  ER	
  rate	
  <2	
  events/day	
  in	
  region	
  of	
  

interest	
  
•  Major	
  advances	
  in	
  calibra?on	
  techniques	
  including	
  83mKr	
  and	
  Tri?ated-­‐CH4	
  

injected	
  directly	
  into	
  Xe	
  target	
  
•  Very	
  low	
  energy	
  threshold	
  achieved	
  3	
  keVnr	
  with	
  no	
  ambiguous/leakage	
  events	
  
•  ER	
  rejec?on	
  shown	
  to	
  be	
  99.6+/-­‐0.1%	
  in	
  energy	
  range	
  of	
  interest	
  

•  Intermediate	
  and	
  High	
  Mass	
  WIMPs	
  
•  Extended	
  sensi?vity	
  over	
  exis?ng	
  experiments	
  by	
  x3	
  at	
  35	
  GeV	
  and	
  x2	
  at	
  1000	
  

GeV	
  	
  	
  	
  

•  Low	
  Mass	
  WIMP	
  Favored	
  Hypotheses	
  ruled	
  out	
  
•  LUX	
  WIMP	
  Sensi?vity	
  20x	
  beFer	
  
•  LUX	
  does	
  not	
  observe	
  6-­‐10	
  GeV	
  WIMPs	
  favored	
  by	
  earlier	
  experiments	
  

•  A	
  new	
  round	
  of	
  next	
  genera?on	
  DM	
  detectors,	
  LZ,	
  is	
  being	
  
planned	
  for	
  commissioning	
  in	
  >~2017	
  ?me	
  frame.	
  	
  	
  



•  Backup	
  slides	
  

44	
  



Coherent	
  ScaFering	
  

1	
  

A	
  

WIMP	
  

E-­‐recoil	
  ~	
  1-­‐30	
  keV	
  



A2	
  Dependence	
  of	
  Recoil	
  Spectra	
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Electron	
  Recoil	
  Discrimina?on	
  
Average	
  discrimina?on	
  from	
  2-­‐30	
  S1	
  photoelectrons	
  	
  
measured	
  to	
  be	
  99.6%	
  (with	
  50%	
  nuclear	
  recoil	
  acceptance)	
  

Black	
  circles	
  show	
  leakage	
  from	
  coun?ng	
  events	
  from	
  the	
  dataset	
  
Red	
  circles	
  show	
  projec?ons	
  of	
  Gaussian	
  fits	
  below	
  the	
  nuclear	
  recoil	
  band	
  mean	
  



Neutron	
  Generator	
  	
  
outside	
  the	
  LUX	
  Water	
  Tank	
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Ioniza?on	
  Signal	
  Measured	
  	
  
below	
  1	
  keVnra	
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LUX	
  High	
  Energy	
  Gamma	
  Background	
  in	
  220	
  kg	
  	
  

Full	
  gamma	
  Spectrum,	
  excluding	
  region	
  ±2	
  cm	
  from	
  top/boFom	
  grids	
  

Full	
  Simula?on	
  Model	
  

Data	
  



LUX	
  WIMP	
  Search	
  Summary	
  	
  

 April	
  21	
  -­‐	
  August	
  8,	
  2013	
  -­‐	
  110	
  calendar	
  days	
  
  85.3	
  live	
  days	
  of	
  WIMP	
  Search	
  
  118.3+/-­‐6.5	
  kg	
  fiducial	
  mass	
  

 Calibra?ons	
  
  Frequent	
  injected	
  83mKr	
  calibra?on	
  to	
  correct	
  for	
  any	
  S1	
  or	
  S2	
  gain	
  shi\s	
  
  AmBe	
  &	
  Cf	
  calibra?ons	
  	
  &	
  Sims	
  to	
  define	
  NR	
  band	
  
  Injected	
  Tri?ated	
  Methane	
  defines	
  full	
  ER	
  band	
  at	
  all	
  relevant	
  energies	
  

 Efficiency	
  
  Efficiency	
  for	
  WIMP	
  event	
  detec?on	
  was	
  studied	
  using	
  data	
  from	
  calibra?on	
  sets	
  using	
  

mul?ple	
  techniques	
  and	
  all	
  were	
  all	
  shown	
  to	
  be	
  consistent	
  with	
  one	
  another	
  



Event	
  &	
  Cuts	
  Summary:	
  85	
  live	
  days	
  

~11.5	
  Hz	
  of	
  S2-­‐like	
  triggers	
  	
  
>99%	
  efficiency	
  for	
  events	
  S2area>200	
  phe	
  	
  

Cut Explanation Events Remaining 
All Triggers S2 Trigger >99% for S2raw>200 phe 83,673,413 
Detector Stability Cut periods of excursion for Xe Gas Pressure, Xe 

Liquid Level, Grid Voltages 82,918,901 
Single Scatter Events Identification of S1 and S2. Single Scatter cut. 6,585,686 
S1 energy Accept 2-30 phe  

(energy ~ 0.9-5.3 keVee, ~3-18 keVnr) 26,824 

S2 energy 
Accept 200-3300 phe (>8 extracted electrons) 
Removes single electron / small S2 edge events 20,989 

S2 Single Electron Quiet Cut Cut if >100 phe outside S1+S2 identified  
+/-0.5 ms around trigger (0.8% drop in livetime) 19,796 

Drift Time Cut away from grids Cutting away from cathode and gate regions,  
60 < drift time < 324 us 8731 

Fiducial Volume radius and drift 
cut 

Radius < 18 cm, 38 < drift time < 305 us,  
118 kg fiducial 160 

keVnr	
  =	
  keV	
  nuclear	
  recoil	
  
keVee	
  =	
  keV	
  electron	
  
equivalent	
  



The Events in our Detector 
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Background	
  Summary	
  for	
  118	
  kg	
  Fiducial	
  

Average	
  levels	
  over	
  period	
  April-­‐August	
  WIMP	
  Search	
  Run	
  

Background Component Source 10-3 x evts/keVee/kg/day 

Gamma-rays Internal Components including 
PMTS (80%), Cryostat, Teflon 1.8±0.2stat±0.3sys  

127Xe (36.4 day half-life) Cosmogenic 
0.87 -> 0.28 during run  0.5±0.02stat±0.1sys 

214Pb 222Rn 0.11-0.22(90% CL) 

85Kr Reduced from  
130 ppb to 3.5±1 ppt 0.13±0.07sys 

Predicted Total 2.6±0.2stat±0.4sys 

Observed Total 3.1±0.2stat  



LUX	
  WIMP	
  Analysis	
  Summary	
  
1)  The	
  Xe	
  Target	
  inner	
  fiducial	
  volume	
  is	
  very	
  simple,	
  it	
  sits	
  inside	
  a	
  larger	
  volume	
  of	
  

Xe	
  with	
  only	
  a	
  “virtual”	
  surface	
  dividing	
  them	
  
•  Modeling	
  of	
  extrinsic	
  and	
  intrinsic	
  background	
  signals	
  in	
  large	
  monolithic	
  Xe	
  
volume	
  has	
  low	
  systema?cs	
  

2)  No	
  blinding	
  was	
  imposed	
  for	
  the	
  first	
  WIMP	
  data	
  analysis	
  
•  We	
  aimed	
  to	
  apply	
  minimum	
  set	
  of	
  cuts	
  in	
  order	
  to	
  reduce	
  any	
  tuning	
  of	
  event	
  
cuts/acceptance.	
  	
  

•  The	
  cuts	
  list	
  is	
  very	
  short	
  ...	
  
3)  Fiducial	
  Volume	
  was	
  selected	
  based	
  on	
  requirement	
  to	
  keep	
  low	
  energy	
  events	
  

from	
  grid	
  and	
  teflon	
  surface	
  out	
  of	
  WS	
  data.	
  Primarily	
  alpha-­‐decay	
  events.	
  
•  Low	
  energy	
  alpha-­‐parent	
  nuclear	
  recoil	
  events	
  generate	
  small	
  S2	
  +	
  S1	
  events.	
  
Studies	
  posi?on	
  reconstruc?on	
  resolu?on.	
  Tested	
  using	
  data	
  outside	
  WIMP	
  
search	
  S1	
  energy	
  range.	
  This	
  ensured	
  that	
  posi?on	
  reconstruc?on	
  for	
  sets	
  were	
  
similar,	
  and	
  defini?on	
  of	
  fiducial	
  was	
  not	
  biased.	
  

4)  Use	
  of	
  Profile	
  Likelihood	
  Ra?o	
  (PLR)	
  analysis	
  means	
  we	
  don’t	
  have	
  to	
  draw	
  
acceptance	
  boxes	
  

•  This	
  avoids	
  poten?al	
  bias	
  in	
  data	
  analysis	
  from	
  selec?ng	
  regions	
  in	
  S1,S2	
  signal-­‐
space	
  	
  

5)  Inputs	
  for	
  Profile	
  Likelihood	
  Ra?o	
  analysis	
  were	
  developed	
  using	
  high	
  sta?s?cs	
  in	
  
situ	
  calibra?ons,	
  with	
  some	
  simula?ons	
  to	
  cross	
  check	
  



LUX	
  WIMP	
  Search,	
  85	
  live-­‐days,	
  118	
  kg	
  

Event	
  distribu?on	
  from	
  	
  
5	
  keVee	
  from	
  127Xe	
  



LUX	
  WIMP	
  Search,	
  85	
  live-­‐days,	
  118	
  kg	
  

Profile-­‐Likelihood	
  Analysis	
  shows	
  a	
  p-­‐value	
  
of	
  35%	
  consistent	
  with	
  ER	
  background	
  and	
  
no	
  WIMP	
  signal	
  



LUX	
  WIMP	
  Search,	
  85	
  live-­‐days,	
  118	
  kg	
  

Profile-­‐Likelihood	
  Ra?o	
  used	
  to	
  determine	
  
nWIMP	
  90%	
  CL	
  upper	
  limit	
  	
  
Value	
  ranges	
  from	
  2.4	
  events	
  at	
  low	
  mass	
  to	
  5.3	
  events	
  
at	
  highest	
  masses	
  



LUX	
  WIMP	
  Search,	
  85	
  live-­‐days,	
  118	
  kg	
  

No	
  evidence	
  of	
  1550	
  low	
  mass	
  WIMP	
  events	
  



LUX	
  WIMP	
  Search,	
  85	
  live-­‐days,	
  118	
  kg	
  

ER	
  Calibra?on	
  99.6±0.1%	
  leakage	
  below	
  NR	
  
mean,	
  so	
  expect	
  0.64	
  +/-­‐	
  0.16	
  for	
  160	
  events	
  



Spin	
  Independent	
  Sensi?vity	
  Plots	
  



Full	
  Background	
  Model	
  Fits	
  	
  
ER	
  Data	
  Over	
  En?re	
  Range	
  

Gamma-­‐rays	
  from	
  	
  
residual	
  internal	
  ac?vity	
  

127Xe	
  (36.4	
  day	
  half-­‐life)	
  

214Pb	
  

85Kr	
  



127Xe	
  Electron	
  Capture	
  -­‐	
  Simula?on	
  

	
  	
  	
  	
  x-­‐ray	
  line	
  emission	
  in	
  center	
  of	
  detector	
  following	
  full	
  escape	
  
of	
  gamma	
  associated	
  with	
  nuclear	
  excited	
  state	
  

1	
  keVee	
  

5	
  keVee	
  

0.2	
  keVee	
  

Probability	
  Density	
  Func?on	
  



AZ	
   τ½	
  or	
  f	
   Jp	
  
122Xe	
   20	
  h	
   0+	
  
123Xe	
   2.1	
  h	
   (1/2)+	
  
124Xe	
   0.10	
  %	
   0+	
  
125Xe	
   17	
  h	
   (1/2)+	
  
126Xe	
   0.09	
  %	
   0+	
  
127Xe	
   36	
  d	
   (1/2)+	
  
128Xe	
   1.91	
  %	
   0+	
  
129Xe	
   26.4	
  %	
   (1/2)+	
  
130Xe	
   	
  4.1	
  %	
   0+	
  
131Xe	
   21.2	
  %	
   (3/2)+	
  
132Xe	
   26.9	
  %	
   0+	
  
133Xe	
   5.2	
  d	
   (3/2)+	
  
134Xe	
   10.4	
  %	
   0+	
  
135Xe	
   9.1	
  h	
   (3/2)+	
  
136Xe	
   8.9	
  %	
   0+	
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Xenon	
  Proper?es	
  

• Scin?llates,	
  comparison	
  
with	
  ioniza?on	
  allows	
  
`discrimina?on’	
  of	
  signal	
  
and	
  background	
  

• Plenty	
  of	
  signal	
  ≈1	
  keV	
  
•  Liquid	
  ρ≈3	
  gm/cm3,	
  purity	
  
• No	
  long-­‐lived	
  radioisotopes	
  
• 9	
  stable	
  isotopes	
  
• 2	
  with	
  odd	
  neutron	
  

Harry	
  Nelson	
  for	
  LZ	
  



146	
  cm	
  D	
  x	
  H	
  

670	
  µs	
  dri\	
  

100-­‐200	
  kV	
  

241	
  PMTs	
  
R11410	
  

241	
  PMTs	
  

(110	
  skin	
  PMTs)	
  
R8520	
  

Central	
  Xenon	
  –	
  5600	
  kg	
  Fiducial	
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LZ	
  
Concept	
  

Liquid	
  Xenon:	
  7T	
  
48X	
  LUX	
  Fiducial	
  

Gd-­‐LAB	
  (Daya	
  Bay)	
  Gd-­‐LAB	
  (25	
  tonne)	
  6/16/2013	
   66/20	
  Harry	
  Nelson	
  for	
  LZ	
  



Self	
  Shielding,	
  Veto…	
  Calibrate?	
  

Skin	
  Veto	
   +	
  Gd-­‐LAB	
  
2.8	
  Tonne	
   4.1	
  Tonne	
   5.6	
  Tonne	
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Es?mated	
  Background	
  

ER	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  NR	
  

5.6	
  tonnes	
  fiducial	
  
1000	
  days	
  
(best)	
  baseline	
  (pessimis?c)	
  –	
  bkg	
  of	
  ϒ,	
  n	
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  Harry	
  Nelson	
  for	
  LZ	
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1.4	
  m	
  X	
  1.4	
  m	
  


