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Simplest	  Diagrams	  Figure 1: Present limits (filled or solid) and future reach (dashed) for SI/SD scattering of
DM, shown in terms of the cross-section (left axis) or DM Higgs/Z coupling (right axis). For
SI scattering we show the current limit from XENON100 [1] as well as the projections for
LUX [4], SuperCDMS [5], and XENON1T [3]. For SD scattering we show the current limit
from XENON100 [6] on DM-neutron scattering, as well as the current limit from IceCube [2]
on DM-proton scattering, assuming annihilations into W+W� or tt̄ (estimated). We also show
our estimate for the reach of XENON1T [7] for DM-neutron scattering.

like to ask: what is the characteristic size for the SI and SD cross-sections expected of neutralino
DM which couples through the Higgs and Z bosons? Given the interactions,
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While �
SD

is typically considerably larger than �
SI

, SI experimental constraints are commensu-
rately stronger than SD, so these two limits are comparable in strength [21, 22]. Note that �

SI

depends on nuclear form factors, in particular the strange quark content of the nucleon. For our
analysis we adopt the lattice values of [20]. A more technical discussion of the strange quark
content of the nucleon is contained in App. A.

The SI scattering of DM with nucleons is highly constrained by null results from direct
detection experiments. At the forefront of this experimental e↵ort is XENON100 [1], an un-
derground, two-phase DM detection experiment which employs a 62 kg radio-pure liquid Xe
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Note that five of the eight terms above are accompanied by a factor of ~q 2/m2
N

. This is the parameter identified
in Sec. 2.3 that governs the enhancement of the composite operators with respect to the point operators
for those O

i

where composite operators contribute. Thus one can read o↵ those response functions that are
generated by composite operators from this factor. The DM particle response functions are determined by
the c⌧
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The six nuclear operators appearing in Eq. (37), familiar from standard-model electroweak interaction
theory, are constructed from the Bessel spherical harmonics and vector spherical harmonics, M
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The point-nucleus world is a very simple one!
Generally any derivative coupling is seen most easily in the new responses

Cau$on…	  Anand,	  Fitzpartrick,	  Haxton	  (2014)	  

V	  ,	  A	  
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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+	  
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Xenon	  Proper8es	  

• Scin8llates,	  comparison	  
with	  ioniza8on	  allows	  
`discrimina8on’	  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	  



Per	  tonne,	  Xenon	  Most	  Sensi8ve	  (SI)	  
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Sanford	  Underground	  Research	  Facility	  

South	  Dakota	  
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Sanford	  Underground	  Research	  Facility	  

Davis	  Cavern	  1480	  m	  	  
(4200	  mwe)	  

LUX	  Water	  Tank	  
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Liquid	  Xenon	  TPC	  Principle	  

Z	  posi8on	  from	  S1	  –	  S2	  8ming	  
	  
X-‐Y	  posi8ons	  from	  S2	  light	  
pa7ern	  

Reject	  gammas	  by	  charge	  
(S2)	  to	  light	  (S1)	  ra8o.	  	  	  
	  
Expect	  >	  99.5%	  rejec8on.	  
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LUX being built  
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Separation (LUX) 

6/16/2013 Harry Nelson for LZ 
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Section view of TPC

HV umbilical and
connection to cathode

Skin PMT

Cathode grid

Lower PMT array

TPC field cage

Reverse field region

Field ring

anode

Skin 
PMT

gate

Electroluminescence 
region and gas phase

LXe 
surface

Skin PMTs

Upper PMT array

146	  cm	  D	  x	  H	  
	  

670	  µs	  driq	  

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	   12/20	  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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LUX	  
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TPC structure

HV feedthrough

Fluorinert 
space LXe space

Bottom 
electrical and 
fluid breakout 
assemblies

Cathode

  Test vessel

High voltage 
feedthrough

  Purification tower

Thermosyphon: dewar!
                        lines

Xe circulation panel

Breakout 
hardware

cathode	  
wire	  sample

anode
&	  gate

viewport	  to	  
liquid	  surface

LZ	  Development	  
Yale	  

CWRU	  IC	  London	  
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Es8mated	  Background	  

ER	  	  	  	  	  	  	  	  	  	  	  	  NR	  

5.6	  tonnes	  fiducial	  
1000	  days	  
(best)	  baseline	  (pessimis8c)	  –	  bkg	  of	  ϒ,	  n	  	  
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Roszkowski,	  Sessolo,	  Williams	  (2014)	  

LZ	  (Projected)	  
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Gilchriese	  
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Funding	  Agencies	  

LZ	  Organiza$on	  

•  LBNL	  is	  the	  lead	  lab	  
•  Expected	  to	  be	  a	  DOE	  

(413)	  	  project	  with	  US	  
&	  interna8onal	  
collaborators	  

•  Structure	  in	  place	  for	  
18	  months	  

•  4	  Subsystem	  Reviews	  
Complete,	  1	  scheduled	  

•  Goal	  is	  CD-‐1	  in	  fall	  
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