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LZ	
  =	
  LUX	
  +	
  ZEPLIN	
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LZ:	
  a	
  Two-­‐Phase	
  Xenon	
  TPC	
  

• High	
  purity	
  xenon	
  target	
  
• Electron-­‐recoil	
  backgrounds	
  
dis2nguished	
  by	
  ra2o	
  
charge(S2)/light	
  ra2o(S1)	
  

• 3D	
  imaging	
  (essen2al	
  to	
  
reject	
  background):	
  Z	
  posi2on	
  
from	
  S1	
  –	
  S2	
  2ming;	
  X-­‐Y	
  
posi2ons	
  from	
  light	
  pacern	
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ZEPLIN	
  →	
  LUX	
  →	
  LZ	
  

LZ	
  built	
  on	
  LUX	
  &	
  ZEPLIN	
  programmes	
  
	
  
•  Route	
  to	
  detecOon	
  &	
  study:	
  a	
  progressive	
  programme	
  

–  ZEPLIN	
  pioneered	
  two-­‐phase	
  Xe	
  for	
  WIMP	
  searches	
  (3.9x10-­‐8	
  pb/n)	
  
–  LUX	
  is	
  present	
  world	
  leader	
  in	
  sensi2vity	
  (6x10-­‐10	
  pb/n	
  (0.6	
  zb)	
  at	
  33	
  
GeV/c2	
  and	
  ongoing)	
  

–  LZ	
  expected	
  sensiOvity:	
  <3x10-­‐12	
  pb/n	
  @	
  40	
  GeV/c2	
  with	
  3-­‐year	
  run	
  

•  Experimental	
  approach:	
  a	
  low	
  risk	
  but	
  aggressive	
  programme	
  
–  Internal	
  background-­‐free	
  strategy	
  
–  Two-­‐phase	
  Xe	
  technology:	
  high	
  readiness	
  level	
  
–  Some	
  infrastructure	
  inherited	
  from	
  LUX	
  

6	
  kg	
  LXe	
  fid	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  100	
  kg	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5600	
  kg	
  

ZEPLIN-­‐III	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  LUX	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  LZ	
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LUX	
  

	
  	
  	
  	
  	
  	
  	
  	
  LZ	
  
Total	
  mass	
  –	
  10	
  T	
  
WIMP	
  AcOve	
  Mass	
  –	
  7	
  T	
  
WIMP	
  Fiducial	
  Mass	
  –	
  5.6	
  T	
  

Scale	
  up	
  ≈	
  50	
  in	
  fiducial	
  mass	
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LZ	
  Overview	
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High	
  Voltage	
  
Feedthrough	
  

120	
  Outer	
  
Detector	
  PMTs	
  

Instrumenta2on	
  
Conduits	
  

Water	
  Tank	
  

Gadolinium	
  Loaded	
  
Liquid	
  Scin2llator	
  

Liquid	
  Xenon	
  
Heat	
  Exchanger	
  

488	
  Photomul2plier	
  Tubes	
  (PMTs)	
  
Addi2onal	
  192	
  `skin’	
  PMTs	
  

Xenon	
  
TPC	
  	
  

Neutron	
  Calib.	
  
Conduit	
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§ 7	
  tonne	
  ac2ve	
  LXe	
  mass;	
  1.5	
  m	
  diameter/length	
  	
  	
  
§ 247	
  (top)	
  and	
  241	
  (bocom)	
  3”	
  φ PMTs	
  (radioac2vity	
  ~mBq;	
  high	
  QE)	
  
§ 	
  Highly	
  reflec2ve	
  PTFE	
  field	
  cage	
  (RPTFE	
  ≥	
 95%)	
  

LZ	
  TPC	
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Performance	
  drivers	
  

• 5.8	
  keVr	
  S1	
  threshold	
  (4.5	
  keVr	
  LUX)	
  
• 0.7	
  kV/cm	
  driw	
  field,	
  99.5%	
  ER/NR	
  disc.	
  (already	
  surpassed	
  in	
  LUX	
  at	
  
0.2	
  kV/cm)	
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Outer	
  Detector	
  

•  Essen2al	
  to	
  u2lize	
  most	
  Xe,	
  
maximize	
  fiducial	
  volume	
  

	
  

•  Segmented	
  tanks	
  (installa2on	
  
constraints)	
  

•  Gd-­‐loaded	
  liquid	
  scin2llator,	
  
LAB;	
  60	
  cm;	
  21.5	
  tons	
  	
  

	
  

•  97%	
  efficiency	
  for	
  neutrons	
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Detector	
  Prototyping	
  

ª Extensive	
  program	
  of	
  prototype	
  development	
  
underway	
  

ª Approach:	
  
¨ Tes2ng	
  in	
  liquid	
  argon,	
  primarily	
  of	
  HV	
  elements	
  at	
  LBNL	
  
¨ Design	
  choice	
  and	
  valida2on	
  in	
  small	
  (few	
  kg)	
  LXe	
  test	
  
chambers	
  in	
  many	
  loca2ons:	
  LLNL,	
  UC	
  Berkeley,	
  LBNL,	
  U	
  
Michigan,	
  UC	
  Davis,	
  Imperial	
  College,	
  MEPhI,	
  LIP	
  

¨ System	
  test	
  plaxorm	
  at	
  SLAC,	
  Phase	
  I	
  about	
  100	
  kg	
  of	
  
LXe,	
  TPC	
  prototype	
  tes2ng	
  ongoing	
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Calibra2ons	
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Background	
  Reduc2on:	
  	
  
key	
  design	
  points	
  

•  Photomul2pliers	
  of	
  ultra-­‐low	
  natural	
  radioac2vity	
  
	
  

•  Low	
  background	
  2tanium	
  cryostact	
  
	
  

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

•  LUX	
  water	
  shield	
  and	
  an	
  added	
  liquid	
  scin2llator	
  ac2ve	
  
veto	
  

•  Radon	
  suppression	
  during	
  construc2on,	
  assembly	
  	
  and	
  
opera2ons	
  

	
  

•  Umprecedented	
  levels	
  of	
  Kr	
  removal	
  from	
  Xe	
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Background	
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5.6	
  tonnes	
   5.6	
  tonnes	
  

NR	
  background	
  plus	
  ER	
  leakage	
  from	
  sources	
  external	
  to	
  the	
  LXe	
  (6	
  -­‐	
  30	
  
keVnr	
  acceptance;	
  50%	
  NR	
  acceptance	
  and	
  99.5%	
  ER	
  discrimina2on);	
  	
  



Expected backgrounds  
for 5.6 T fiducial - 1,000 days 

 

Item	
   Mass	
  
(kg)	
  

U	
  
(mBq/
kg)	
  

Th	
  
(mBq/
kg)	
  

Co-­‐60	
  
(mBq/kg)	
  

K-­‐40	
  
(mBq/kg)	
   n/yr	
   ER	
  

(cts)	
  
NR	
  
(cts)	
  

R11410	
  PMTs	
   90.8 71.6	
   3.2	
   2.8	
   15.4	
   80.8	
   1.84	
   0.012	
  
R11410	
  bases	
   2.6	
   546	
   31.7	
   2.3	
   82.6	
   44.3	
   0.37	
   0.004	
  
Cryostat	
  
Vessels	
   2406	
   1.6	
   0.3	
   0.1	
   0.6	
   123.7	
   0.55	
   0.011	
  
Other	
  components	
   7.16	
   0.045	
  
Total	
  components	
  	
   9.92	
   0.072	
  
Dispersed	
  radionuclides	
  (Rn,	
  Kr,	
  Ar)	
   870	
   	
  	
  
Laboratory	
  and	
  cosmogenics	
   33	
   0.12	
  
Surface	
  contamina2on	
   0.2	
   0.37	
  
Xe-­‐136	
  2𝜈ßß	
   67	
   	
  	
  
Neutrinos	
  (𝜈-­‐e,	
  𝜈-­‐A)	
   255	
   0.72	
  
Total	
  events	
   1230	
   1.28	
  
WIMP	
  backgr	
  events	
  (99.5%	
  ER	
  discrimina2on,	
  50%	
  NR	
  acceptance)	
   6.17	
   0.64	
  
Total	
  ER+NR	
  background	
  events	
   6.81	
  



Neutrino	
  NR	
  contribu2on	
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Rn	
  emana2on	
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•  Rn	
  (and	
  Kr)	
  –	
  dominante	
  
internal	
  radioac2ve	
  
background	
  

•  Emanates	
  from	
  most	
  materials	
  
•  20	
  mBq	
  requirement,	
  1	
  mBq	
  

goal	
  
•  Four	
  separate	
  measurement	
  

systems,	
  ~0.1	
  mBq	
  sensi2vity	
  
•  Main	
  assembly	
  laboratory	
  at	
  

SURF	
  will	
  have	
  reduced	
  radon	
  
air	
  system	
  



85Kr	
  removal	
  

•  Remove	
  Kr	
  to	
  <15	
  ppq	
  (10-­‐15	
  g/g)	
  
using	
  gas	
  chromatography	
  (best	
  LUX	
  
batch	
  200	
  ppq)	
  

•  Se|ng	
  up	
  to	
  process	
  200	
  kg/day	
  at	
  
SLAC	
  

•  Have	
  a	
  sampling	
  program	
  to	
  instantly	
  
assay	
  the	
  removal	
  at	
  SLAC	
  and	
  
con2nuously	
  assay	
  in	
  situ	
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LZ	
  Underground	
  at	
  SURF	
  

17	
  

•  	
  Years	
  of	
  experience	
  at	
  SURF	
  from	
  LUX	
  
•  Dedicated	
  onsite	
  infrastructure	
  improvements	
  for	
  LZ.	
  

Design	
  started,	
  construc2on	
  planned.	
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Year	
   Month/Q	
   AcOvity	
  
2012	
   March	
   LZ	
  (LUX-­‐ZEPLIN)	
  collabora2on	
  formed	
  
2014	
   July	
   LZ	
  Project	
  selected	
  in	
  US	
  and	
  UK	
  
2015	
   April	
   DOE	
  CD-­‐1/3a	
  approval,	
  similar	
  in	
  UK	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  Conceptual	
  Design	
  Report	
  arXiv:1509.02910	
  
2016	
   April	
   DOE	
  CD-­‐2/3b	
  review	
  	
  passed	
  
2017	
   Q2	
   Begin	
  prepara2ons	
  for	
  surface	
  assembly	
  @	
  SURF	
  
2019	
   Q1	
   Begin	
  underground	
  installa2on	
  
2020	
   Q4	
   Commissioning	
  start	
  

18	
  

LZ	
  Timeline	
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Projected	
  Sensi2vity	
  –	
  Spin	
  Independent	
  
(LZ	
  5.6	
  Tonnes,	
  1000	
  live	
  days)	
  

19	
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Time	
  Evolu2on	
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Summary	
  

•  LXe	
  is	
  a	
  pre-­‐eminent	
  target	
  for	
  high	
  mass	
  WIMP	
  search	
  
•  Two-­‐phase	
  Xe	
  detector	
  technology	
  is	
  very	
  mature	
  and	
  reliable	
  
•  LZ	
  leverages	
  LUX	
  innova2ons	
  in	
  calibra2ons,	
  cryogenics	
  and	
  85Kr	
  

removal	
  
•  High	
  fiducial	
  volume	
  frac2on	
  (~80%)	
  due	
  to	
  outer	
  detector	
  and	
  low	
  

background	
  from	
  internal	
  materials	
  

•  Robust	
  prototyping	
  and	
  test	
  program	
  to	
  op2mize	
  detector	
  
performance	
  

•  Material	
  screening	
  programme	
  well	
  underway	
  

•  Limit	
  <	
  3x10-­‐48	
  cm2	
  @	
  40	
  GeV/c2	
  in	
  1000	
  live-­‐days	
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Extra	
  Slides	
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Xe	
  purifica2on	
  and	
  cryogenics	
  

23	
  

•  Gas	
  phase	
  purifica2on	
  through	
  
gecer-­‐	
  10	
  tons/2.5	
  days	
  

•  Trap-­‐enhanced	
  mass	
  spec;	
  
sensi2vity	
  ~ppt	
  

•  High	
  efficiency	
  two-­‐phase	
  heat	
  
exchange	
  

•  LN	
  thermosyphon-­‐based	
  cryogenics	
  
–	
  mul2ple	
  cooling	
  loca2ons.	
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Signal	
  and	
  background	
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Backgrounds:	
  neutrino	
  contribu2on	
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  2014	
  LUX	
  

LZ	
  –	
  At	
  the	
  neutrino	
  `knee’	
  arXiv:1408.3581	
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FIG. 2: Evolution of the discovery limit for a SI interaction as a function of the exposure for idealized Xe experiments with
perfect e�ciency and a 3 eV (4 keV) threshold. The discovery limit is shown for a 6 GeV/c2 (100 GeV/c2) WIMP mass for
di↵erent values of the systematic uncertainty on the 8B (atmospheric) flux in the left (right) panel. The second and third regions
(background subtraction and saturation regime) are well described by equation 8 as shown by the dashed lines corresponding
to the di↵erent systematic uncertainties.

Our primary motivation for this is because the neutrino-
electron spectrum is flat and is therefore fairly easy to
distinguish from a WIMP signal. Furthermore, in the
following we will mainly focus on the low WIMP mass
region (below 20 GeV/c2) where the CNS background
largely dominates over the neutrino-electron induced one.
Moreover, most experiments are able to distinguish be-
tween electron and nuclear recoils down to 10�3-10�5,
making the neutrino-electron scattering a negligible com-
ponent.

B. Discovery limit computation

Following Ref. [10], we utilize a profile likelihood ra-
tio test statistic in order to derive discovery limits of
upcoming direct detection experiments in the context of
the coherent neutrino scattering background. A discov-
ery limit fixes a WIMP-nucleon cross section such that if
the true WIMP-nucleon cross section is higher than this
value then the considered experiment has a 90% probabil-
ity to detect a WIMP with at least a 3� confidence level
[25]. A binned likelihood function has been used in order
to compute discovery limits for very high exposures:

L (�
��n

,�
⌫

) =

N

expY

h=1

2

4
N

binY

i=1

P

0

@Nh,i

����µ
h,i

�

+
N

⌫X

j=1
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⌫

1

A

3

5

⇥
N

⌫Y

j=1

L j

⌫

(�j

⌫

) (6)

where �j

⌫

are the di↵erent neutrino fluxes, P is the
Poisson probability function, N

exp

is the number of
independent experiments, N

bin

is the considered number

of bins, Nh,i is the number of events in the i-th bin of
h-th experiment and N

⌫

is the number of considered
neutrino families. The values of µh,i

�

and µh,i,j

⌫

corre-
spond respectively to the expected number of events
from WIMPs and neutrinos of the family j for the
experiment h. They are computed by integrating the
considered event rates over the recoil energy range of the
i-th bin. Finally, L j

⌫

(�j

⌫

) are the individual likelihood
functions related to the flux normalization of each
neutrino component. They are parametrized as gaussian
distributions with a standard deviation corresponding
to the uncertainty on the considered neutrino flux.

The profile likelihood ratio test statistic allows one to
quantify the gap between a background only hypothesis
(H

0

) and an alternative hypothesis (H
1

) which includes
both background and signal [26]. It is defined as:

q
0

=

8
<

:
�2ln


L (�

��n

=0,

ˆ

ˆ

~

�

⌫

)

L (�̂

��n

,

ˆ

~

�

⌫

)

�
�̂
��n

> 0

0 �̂
��n

< 0
(7)

where we used the
ˆ̂
~�
⌫

notation to show that this
parameter varies in order to maximize the conditional
likelihood function when �

��n

is fixed to zero. Following
Wilk’s theorem, the probability distribution function of
q
0

asymptotically follows a half �2 distribution with one
degree of freedom. This has been checked by computing
the histogram of the q

0

values under the H
0

hypothesis
for 1,000 Monte Carlo pseudo-experiments. Therefore
the significance of this test statistic is simply given by
Z =

p
qobs
0

in units of sigmas.

Figure 2 presents the evolution of the discovery limit
for a WIMP mass of 6 GeV/c2 (left panel) and 100

	
  LZ	
  

	
  Xenon	
  1T	
  

Ager	
  LZ,	
  extremely	
  large	
  
detectors	
  would	
  be	
  needed.	
  

Isabel	
  Lopes	
  -­‐	
  June	
  21,	
  2016	
  	
  



Spin	
  Dependent	
  Neutron	
  

27	
  
Isabel	
  Lopes	
  -­‐	
  June	
  21,	
  2016	
  	
  



Spin	
  Dependent	
  Proton	
  

28	
  
Isabel	
  Lopes	
  -­‐	
  June	
  21,	
  2016	
  	
  


