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EvoluEon
XENON10

22 kg
Fid. 5.4 kg

LUX
350 kg

Fid.  100 kg
x100 sens.

(NOT SHOWN)
XENON100

170 kg
Fid. 40 kg

(NOT SHOWN)
LZS

1500 kg
Fid. 1200 kg
x1000 sens.

15 cm
50 cm

200 cm

LZD
20,000 kg

Fid. 16,000 kg
x105 sens.

(see talk by T Shutt)
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ProjecEons	
  based	
  on
 Known	
  background	
  levels	
  

 Previously	
  obtained	
  e-­‐	
  a)enuaEon	
  lengths	
  and	
  
discriminaEon	
  factors

Fiducial	
  volumes	
  selected	
  to	
  
match	
  <	
  1	
  NR	
  event	
  in	
  full	
  
exposure

(of course, the point is not exclusion, but detection)

Dark	
  ma)er	
  sensiEvity	
  of	
  LZ



• LUX	
  -­‐>	
  LZD	
  is	
  x4	
  linear	
  increase	
  (similar	
  to	
  CTF	
  -­‐>	
  Borexino	
  scaling)
• also	
  features	
  acEve	
  scinEllator	
  anE-­‐coincidence	
  veto

LUX	
  =>	
  LZSanford	
  =>	
  LZDusel

Scintillator

5.97 m

Davis Cavern Water Tank

LZS 
1.5 Ton

Vacuum

LZD
20 Ton

0.87 m
3.89 m

Scintillator

LUX
350 kg

0.5 m

Vacuum

Xe

2 m



InstallaEon

• LZD	
  layout	
  nominally	
  consistent	
  with	
  baseline	
  cavern
• Water	
  tank	
  dimension	
  criEcal,	
  12	
  m	
  is	
  conservaEve.
• Staging	
  must	
  be	
  carefully	
  considered.

Clean Room

Control Room

Xe Vessel

Scintillator 
Vessel

Vac Vessel

Charcoal 
Recovery (4)

Xe Storage and 
Recovery (3)

Scintillator 
Storage

LN transport 
and storage

Xe purification and analytical

Scintillator 
purification

17 m

25 m

18 m

LZD Cavern Layout 3/31/10.  TS.

Water tank
12 m H x12 m Ø
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LZ	
  CollaboraEon:	
  14	
  USA	
  +	
  7	
  InternaEonal	
  InsEtuEons
– LUX	
  CollaboraEon	
  plus...

• UC	
  Santa	
  Barbara	
  (also	
  shortly	
  to	
  become	
  LUX	
  member)
– ZEPLIN	
  III	
  CollaboraEon

• Imperial	
  College	
  London,	
  UK	
  
• InsEtute	
  of	
  TheoreEcal	
  and	
  Experimental	
  Physics	
  (ITEP),	
  Russia	
  
• LIP-­‐Coimbra,	
  Portugal	
  
• STFC	
  -­‐	
  Rutherford	
  Appleton	
  Laboratory,	
  UK	
  
• University	
  of	
  Edinburgh,	
  UK

– Moscow	
  State	
  Engineering	
  Physics	
  InsEtute	
  (MEPhI),	
  Russia	
  
– STFC	
  -­‐	
  Daresbury	
  Laboratory,	
  UK	
  
– significant	
  low	
  background	
  construcEon	
  and	
  operaEonal	
  
experience	
  in	
  depth	
  across	
  the	
  collaboraEon

• Neutrino	
  and	
  DBD	
  
• CDMS	
  I,	
  II,	
  XENON10	
  (4	
  of	
  the	
  5	
  acEve	
  US	
  Groups	
  are	
  in	
  LUX)

GlobalizaEon



Dark	
  Ma)er	
  Signals	
  +	
  Backgrounds
• ProjecEons	
  for	
  20	
  tonnes	
  /	
  13.3	
  tonnes	
  fiducial
• ER/NR	
  DiscriminaEon	
  in	
  LXe	
  be)er	
  than	
  99.5%	
  especially	
  at	
  low	
  energies
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see L. Strigari
arxiv:0903.3630

104	
  below	
  current	
  sensiEvity



Cosmogenic	
  Backgrounds
• Unprecedented sensitivity reach means we need to look into previously 
overlooked cosmogenic backgrounds

• Reference: p-p solar neutrinos irreducible background ~10-5 /keVee/kg/d (before 
99.5% ER rejection)

• Neutrons from muon spallation
• in the rock (well known background for years, killed by water shield)
• in the xenon

• Negative muon capture  neutron emission + Radioactive isotopes in Xe / H2O

• Photonuclear neutron production in the water

• Fast neutron activation of xenon

• Thermal neutron capture on xenon

• Activation of the xenon  many isotopes, looked at all significant ones (> 200 !)

• Searching for “Naked beta” emitters or “semi-naked beta” emitters
• No coincident radiation (or not detected)
• Potentially low energy deposition in WIMP search range [5–25 keVee]
• Statistical chance of leakage into nuclear recoil region (< 0.5%)

• Example: 137Xe (from neutron activation of natural Xe)
• 67% BR to naked 4.1 MeV beta
• 30% BR to 3.7 MeV beta + 450 keV gamma
• Probability for a 450 keV gamma to “escape” from 10 cm of Xe = 0.3 %

• Calculated single event rates in [5- 25 keVee]
• From muon capture on xenon: ~10-9 /keVee/kg/d

(assuming a muon flux of 5 10-9 /cm2/s)
(assuming a stopping muon fraction of 0.5 % per 100 g/cm2 of Xe)

• From thermal neutron activation of xenon: ~5 10-8 /keVee/kg/d

(assuming a thermal neutron flux of ~5 10-7 /cm2/s)
•From fast neutron activation of xenon: ~10-7 /keVee/kg/d

• ALL well below the p-p solar neutrino background rate

β

βγ

137Xe

137Xe 137Cs

137Cs

Naked 

Semi-naked 

Region of Interest
[5-25 keVee]

From TOI website



Technical	
  Details

The	
  following	
  few	
  slides	
  will	
  highlight	
  several	
  
criEcal-­‐path	
  R&D	
  efforts	
  that	
  will	
  lead	
  from

	
  LUX	
  =>	
  LZD



Cryogenics

• Architecture	
  developed	
  for	
  LUX
– 2	
  years	
  operaEonal	
  experience	
  on	
  full-­‐size	
  prototype	
  (LUX	
  0.1).	
  
– 70	
  thermometers,	
  5	
  P&ID	
  control	
  points.

• Liquid	
  nitrogen	
  (LN)	
  thermosyphon	
  backbone.
– Extremely	
  high	
  capacity,	
  remotely	
  deployed,	
  mulEple	
  cold	
  

heads,	
  tunable	
  to	
  low	
  power	
  for	
  fine	
  control.
– Intrinsically	
  safe:	
  passive,	
  insensiEve	
  to	
  power	
  loss.

• Probable	
  LN	
  generaEon	
  on	
  site	
  to	
  avoid	
  LN	
  transport.

• “ConvenEonal”	
  system	
  for	
  pre-­‐cooling	
  scinEllator.

Thermosyphon 
configuration 

testing



PurificaEon

• PurificaEon	
  of	
  Xe	
  for	
  charge	
  and	
  
light	
  collecEon	
  is	
  key	
  challenge.

– Current	
  (pre-­‐LUX)	
  state	
  of	
  the	
  
art:	
  circulate	
  ~30	
  kg/day	
  Xe	
  
through	
  gas-­‐phase	
  ge)er.	
  	
  
Achieve	
  purity	
  aner	
  month(s).

• Scalable	
  heat	
  exchanger	
  system:

– >96%	
  efficient	
  at	
  0.4	
  tons/day	
  

– Unprecedented	
  ~2	
  day	
  
purificaEon	
  -­‐	
  60	
  kg	
  Xe

– Scale	
  to	
  tonnes+/day?
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Internal	
  Design	
  Developments

LUXLZS	
  

PMTs	
  for	
  Internal	
  Veto

Multi-ton scale will require scale up of TPC components 
including grids, field rings and insulator supports. 

Grids

• Large	
  area	
  grid	
  prototyping:	
  	
  scale	
  
increase	
  for	
  0.5	
  m	
  to	
  2m	
  and	
  must	
  
maintain	
  acceptable	
  deflecEon

• Low	
  mass	
  field	
  ring	
  development
• Maximize	
  light	
  collecEon
• Development	
  of	
  internal	
  imaging	
  

system	
  for	
  enhanced	
  monitoring	
  



Cathode	
  high	
  voltage

• Core	
  high	
  voltage	
  challenge	
  for	
  experiment.	
  	
  Need	
  to	
  avoid	
  corona	
  discharge	
  in	
  gas
• Feedthrough	
  development	
  	
  

– -­‐30	
  KV	
  demonstrated	
  for	
  LUX	
  experiment,	
  working	
  towards	
  -­‐100	
  KV.	
  	
  
– Compare:	
  XENON10	
  at	
  -­‐13	
  KV	
  and	
  XENON100	
  at	
  -­‐16	
  KV.
– Platorm	
  developed	
  for	
  conEnuing	
  program	
  for	
  LZ.

• DiscriminaEon	
  appears	
  to	
  improve	
  mildly	
  with	
  increased	
  field.

      FIRST FEEDTHROUGH DESIGN                      
      Commercial ceramic + 

polyethylene cable. PTFE 
insulation on exposed metal. 
Achieved sustained -30 KV.  
Surface conduction above this.

SECOND FEEDTHROUGH DESIGN
Large metal sphere at 
feedthrough termination to poly 
cable.  Currently under test.

Cockcroft-Walton
Initial 8 stage test, 10 KV from 60 
Hz, 1500 VAC. Future tests are 
planned at higher voltages, and 
in LXe. Capacitor: polypropylene 
is low background, but large.



Internal	
  CalibraEon	
  Sources

• EssenEal	
  to	
  have	
  internal	
  calibraEon	
  source	
  for	
  large-­‐volume	
  Xe	
  detectors
• Two	
  methods	
  developed	
  for	
  LUX	
  to	
  be	
  used	
  by	
  LZ:

– Energy	
  calibraEon:	
  83Kr	
  arxiv:0905.1766	
  ,	
  arxiv:0908.0616	
  (UZH)
– Electron	
  recoil	
  discriminaEon:	
  TriEum	
  source

Proportional tube
for tritium counting

55Fe x-rays

Xe purifier

First test of removal from LXe:  >90%

• 99.99% removal from gas (arXiv:1002:2791)

backgrounds

after purification

tritium spectrum

Tritiated methane (CH3T)

83Kr: 1.8 hr half-life
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PMTs

• LUX:	
  2”	
  R8778
– U/Th	
  at	
  10/2	
  mBq/PMT	
  (would	
  be	
  acceptable	
  baseline	
  for	
  LZ)
– QE:	
  average=33%,	
  max	
  39%

• LZS	
  /	
  LZD:	
  	
  3”	
  R11065	
  in	
  LXe
– Tested	
  QE/LXe	
  operaEon	
  -­‐	
  same	
  as	
  R8778
– Developing	
  new	
  ultra	
  low	
  background	
  3”	
  PMTs	
  for	
  LXe
– Background	
  achieved	
  U/Th	
  at	
  1/1	
  mBq/PMT

Hamamatsu R8778

Hamamatsu R11065

LUX

LZS / LZD



• Enhancements in PMT QE further separates the XENON10 collection 
efficiency from the larger detectors
• For any likely liquid Xe absorption length, large Xe detectors promise to 
outperform XENON10 in light collection efficiency as much as 3x (without 4π 
PMT coverage) or 6x (with 4π PMT coverage)
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Photoelectrons per keVee for Scaled Liquid Xenon TPCs

 

 

XENON10 (QEeff = 20%)
LUX (QEeff = 31%)
3 Tonne (QEeff = 31%)
10 Tonne (QEeff = 31%)
20 Tonne (QEeff = 31%)
3 Tonne with 4  PMT Coverage (QEeff = 31%)
10 Tonne with 4  PMT Coverage (QEeff = 31%)
20 Tonne with 4  PMT Coverage (QEeff = 31%)

Light	
  collecEon
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Kr	
  Removal
• 85Kr	
  -­‐	
  	
  beta	
  decay

– separate	
  commercial	
  Xe/Kr	
  (typ.	
  ppb	
  to	
  ppm	
  g/g)
– 	
  Goals:	
  LUX	
  10	
  ppt,	
  LZS	
  0.5	
  ppt,	
  LZD	
  0.05	
  ppt
– Chromatographic	
  system	
  -­‐	
  upper	
  limit	
  2	
  ppt	
  

demonstrated	
  for	
  2	
  kg/day

• Scaling	
  up	
  current	
  system
– 60	
  kg	
  charcoal	
  column,	
  x20	
  pumping	
  speed
– opEmize	
  Xe	
  recovery	
  (presently	
  8kg/day)
– LUX:	
  2	
  month	
  processing	
  Eme
– LZD:	
  separaEon	
  rate	
  ~	
  acquisiEon	
  rate
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0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

x 10

10−9

10−8

10−7

time (sec)

recovery at varying pressure
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Optimization study vs. 
recovery pressure

XENON100 / R Lang



Summary

• LZ	
  is	
  building	
  a	
  large,	
  well	
  integrated	
  collaboraEon	
  for	
  G3	
  
experiment.	
  Currently	
  14	
  US	
  +	
  7	
  Intl.

• LUX	
  =>	
  LZS	
  =>	
  LZD
• Unprecedented	
  sensiEvity;	
  	
  will	
  nature	
  (dark	
  ma)er	
  m,σ)	
  cooperate?


