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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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then in the limit in which the DM is heavier than the nucleon, the SI and SD cross-sections are
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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

6

Cheung,	
  Hall,	
  Pinner,	
  Ruderman	
  2013	
   2/20	
  

Spin-­‐Independent	
  Vector	
  	
  
Non-­‐zero	
  for	
  Dirac	
  χ0	
  
Spin-­‐Dependent	
  Axial	
  Vector	
  
Non-­‐zero	
  for	
  Majorana	
  

Spin-­‐Independent,	
  scalar	
  	
  
Non-­‐zero	
  for	
  Majorana	
  &	
  Dirac	
  χ0	
  
Glue	
  n/p	
  indifferent,	
  ≈	
  A2	
  

+
~q 2

m2
N

R⌧⌧

0

� (~v?2
T

,
~q 2

m2
N

) hj
N

|| �
J;⌧ (q) ||jN ihj

N

|| �
J;⌧ 0(q) ||j

N

i

+
~q 2

m2
N

R⌧⌧

0

�⌃0(~v?2
T

,
~q 2

m2
N

) hj
N

|| �
J;⌧ (q) ||jN ihj

N

|| ⌃0
J;⌧ 0(q) ||j

N

i
�

)

. (37)

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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s,
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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
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