
	  
	  
	  
	  
	  
	  

v  There	   is	  a	   known	  effect	   looking	   for	  an	  answer..	   as	  
opposed	   to	   a	   known	   solu7on	   looking	   for	   an	  
experimental	  effect.	  

v  Postulate–1:DM	  is	  a	  par2cle.	  
v  Postulate–2:DM	   and	   SM	   par2cles	   interact	   with	  

some	   force	   that	   is	   very	  weak	   but	  much	   stronger	  
than	  gravity.	  

 	  

	  
	  
	  
	  

Signal	  techniqueTwo-‐phase	  
Xenon	  TPC	  (Time	  projec2on	  
Chamber):	  Two	  Signal	  
technique	  
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LZ	   is	   a	   second-‐genera2on	   dark-‐maLer	   experiment	   designed	   to	   achieve	   unprecedented	   sensi2vity	   to	   weakly	   interac2ng	   massive	  
par2cles	  (WIMPs)	  of	  masses	  from	  a	  few	  GeV/c2	  to	  hundreds	  of	  TeV/c2.	  With	  total	  liquid	  xenon	  mass	  of	  about	  10	  tonnes,	  LZ	  is	  planned	  
to	   achieve	   a	   sensi2vity	   to	  WIMP-‐nucleon	   spin-‐independent	   cross	   sec2on	   approaching	   	   2X10	   –	   48	   cm2	   in	   3	   years	   of	   opera2on.	   This	  
represents	  an	   improvement	  of	  almost	  three	  orders	  of	  magnitude	  over	  current	  results,	  covering	  a	  substan2al	  range	  of	  theore2cally-‐
mo2vated	  dark	  maLer	  candidates.	  We	  will	  present	  aspects	  of	  LZ’s	  designs	  that	  permit	  achievement	  of	  this	  planned	  sensi2vity.	  
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elas2c	  scaLering	  
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The	  Dark	  maLer	  Problem	  

A	  real	  challenge	  for	  
experimentalists	  to	  
study	  this	  known	  
energy	  denisty	  

Detec2on	  Techniques	  
Direct	  Detec2on	  

v  Important	  to	  maintain	  the	  
theore2cal	  conenc2on	  
between	  these	  3	  approaches	  

Liquid	  detectors	  :	  “easy”	  scaling	  
~50X	  in	  Target	  Mass	  
~400x	  in	  Sensi3vity	  

7	  Tonne	  Liq.	  	  
Xenon	  TPC	  

Sec2on	  View	  of	  TPC	  

TPC	  walls	  are	  made	  
of	  	  PTFE	  with	  field	  
rings	  

Effec7ve	  height	  
&	  diameter	  
both	  ~1.46	  m	  

Skin	  PMT	  
1’’	  Cube	  
R8520s	  488	  PMTs	  3’’	  

R11410	  

Key	  Design	  Points:	  
  Xe	   detector	   –	   Good	   	   light	   collec2on,	   background	   rejec2on	   (ER	  
discrimina2on)	  and	  signal	  detec2on	  efficiency.	  
  Sophis2cated	   Veto	   System	   –	   Skin	   	   (outside	   ac2ve	   Xe	   region)	   +	  
scin2llator/water	   allows	   maximum	   fiduical	   volume	   to	   be	   obtained,	  
maximize	   use	   of	   Xe	   and	   substan2ally	   increases	   reliability	   of	  
background	  measurements	  
  Control	  backgrounds,	  both	  internal	  (within	  the	  Xe)	  and	  external	  from	  
detector	  components/environment.	  

Scin2lla2on	  process	  in	  LXe	  

  Difference	   in	   recombina2on	   efficiency	   used	   to	  
discriminate	  between	  electron	  and	  nuclear	  recoil.	  
  Xenon	  is	  transparent	  to	  its	  own	  scin2lla2on	  light.	  
  Figure	  of	  merit	  derived	  from	  plots	  of	  Log	  (charge	  
escaping	   recombina2on/total	   primary	   light	  
produced).	  

	  

  LUX	   water	   shield	   and	   an	   added	   liquid	   scin2llator	  
ac2ve	  veto.	  

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

  Unprecedented	  levels	  of	  Kr	  removal	  from	  Xe.	  
  Radon	  suppression	  during	  contruc2on,	  assembly	  and	  
opera2ons.	  

  Photomul2pliers	  with	  ultra-‐low	  natural	  radioac2vity.	  
  Cryogenics	   and	   Xe	   purifica2on	   systems	   made	  
external	  to	  the	  mai	  detector	  in	  a	  unique	  design.	  

Noble	  Element	  Simula2on	  Technique	  (NEST):	  
Data	  driven	  model	   –	   Explain	   scin7lla7on	  and	  
ioniza7on	   yields	   of	   noble	   elements	   (as	  
func7on	  of	  par7cle	  type,	  E	  and	  dE/dx)	  

Two-‐phase	  Xenon	  TPC	  (Time	  projec2on	  Chamber):	  Two	  Signal	  technique	  

Total	  Xe	  mass	  :	  10	  Tonnes	  
Ac2ve	  Mass	  	  	  	  :	  	  	  7	  Tonnes	  
Fiducial	  Mass	  :	  5.6	  Tonnes	  

LZ	  (LUX-‐Zeplin)	  detector	  	  

LUX	  

LZ:	  Evolu2on	  of	  LUX	  and	  ZEPLIN	  

28th	  Texas	  Symposium	  on	  Rela2vis2c	  Astrophysics	  
13	  –	  18	  December	  2015	  
Interna2onal	  Conference	  Centre	  Geneva	  

Results	  

2X10-‐48	  cm2	  

  Maximize WIMP 
Target mass 
  S e l f - s h i e l d i n g 
necessary 
  Two component 
outer detector 

Expected	  
Limit	  for	  5.6	  
T	  fiducial	  ~	  
1000	  days	  

Expected	  
background	  
for	  5.6	  T	  
fiducial	  ~	  
1000	  days	  

LZ	  holds	  the	  promise	  to	  be	  the	  ul3mate	  WIMP	  search	  experiment,	  limited	  by	  neutrino	  –
induced	  background.	  Projected	  commissioning	  in	  Feb.	  2019	  


