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Outline of this talk	
  

•  Standard interpretation of direct detection results"

•  Application to simple models"

•  Comparing direct detection and LHC limits"
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Direct detection results	
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Spin-independent" Spin-dependent"



Why constrain these parameters?	
  
•  Interactions that dark matter might have with quarks"

•  Using operators excellent approximation when"
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Goodman et al:1008.1783 

Mmed > 500 MeV



Why constrain these parameters?	
  
•  In the non-relativistic limit (                 )"

•  All interactions fall into two categories: "
" " "spin-independent or spin-dependent"
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Direct detection results	
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•  Constrain the cross-section to scatter with nucleon"



Why constrain these parameters?	
  
•  Dark matter scatters off the whole nucleus"

…but different experiments use different target nuclei"

•  Parameterising in terms of the nucleon cross-section allows 
an easy comparison of different experiments"

•  SI limits assume " " "   "
-  more generally"

•  SD limits assume the DM couples either to neutron or proton 
only – good approximation"
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�N / A2�n

�N / (fpZ + fn(A� Z))2�n



Mini summary	
  
•  All interactions are either spin-independent or spin-

dependent"
-  Experiments place separate constraints on each"

•  Limit is on the cross-section to scatter of a nucleon (not the 
whole nucleus)"

•  SI limit – assumes equal coupling to protons and neutrons"
•  SD limit – separate limit for scattering on proton and neutron"
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Uncertainties?	
  
•  How robust are these limits?"

•  Sources of uncertainty come from "
-  Astrophysical parameters"
-  Response of the detector"
-  Nuclear physics"
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Astrophysical parameters	
  
•  Cross-section is degenerate with the local DM density:"
 A " " " "        where"
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Nevents / ⇢DM�n ⇢DM = 0.3 GeV cm�3

Read:1404.1938 



Astrophysical parameters	
  
•  Velocity parameters of Sun (v0) also has some influence"
•  Shifts the limit horizontally at low mass"
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McCabe:1005.0579 
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FIG. 4: (Colour online). The exclusion limits for v0 = 195 km/s (dotted), v0 = 220 km/s (solid) and v0 = 255 km/s (dashed).
Varying v0 leads to a larger vertical shift in the exclusion limits compared to varying vesc for all panels (cf. Fig. 2). The
horizontal shift for all experiments at masses ⇠ 10 GeV for elastic and momentum dependent scattering is ⇠ 1� 2 GeV, larger
than when vesc is varied (cf. Fig. 2). In contrast, when varying v0 in the inelastic case, the horizontal shift is smaller compared
to varying vesc.

kpc [61] and R0 = 8.33± 0.35 kpc [62]. Combining these
results, and using the new value of V~ = 12.24 km/s, we
find v0 = 242± 12 km/s and v0 = 239± 11 km/s respec-
tively. This is in comparison to the analysis of the GD-1
stellar stream which found v0 = 221± 18 km/s [63], and
the best fit to masers in the high mass forming regions
which found the range v0 = 225 ± 29 km/s [57]. Wary
of the possibility of unknown systematic errors a↵ecting
one of these measurements of v0, we take a conservative
approach by giving each the same weight and hence in
Fig. 4 we investigate how the exclusion limits change for

three values of v0; 195 km/s (dotted); 220 km/s (solid);
and 255 km/s (dashed), while keeping ⇢

�

= 0.3 GeV/cm3

and v

esc

= 544 km/s fixed. Again the left and right up-
per panels shows elastically scattering dark matter while
the lower left and right panels show momentum depen-
dent and inelastically scattering dark matter for � = 130
keV. We see that varying v0 has more of an e↵ect on �

n

than changing v

esc

for all cases (cf. Fig. 2), and that once
again there are two principal features to note: increasing
(decreasing) v0 causes the exclusion curves to shift down
(up) and left (right).



Response of the detector	
  
•  Detector effects important near threshold"

eg light response of XENON100 (now understood better)"
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Davis et al:1203.6823 



Nuclear physics	
  
•  Issue for SD: Spin structure functions not known well"
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XENON100:1301.6620 



Mini summary	
  
•  How robust are these limits?"

•  About a 30-50% uncertainty at 30 GeV and above"
•  Can be larger at low mass (near threshold)"
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Application to simple models	
  
•  Consider vector mediators"

•  If vector (SI) interaction is present, it will dominate"
-  forbidden for Majorana fermions"
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Vector interaction (SI)	
  

•  The nucleon cross-section is"

-  For protons:"

-  For neutrons:"

•  Only u, d coupling contributes"
•  Interactions with proton and neutron generally different"

•  Simplify problem by assuming all     equal  "
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f2µ2
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Vector interaction (SI) – some intuition	
  

 Christopher McCabe   IPPP - Durham University"

10-36 

gq ⇠ gDM ⇠ 1

MZ0 ⇠ 100 GeV

�n ⇡ 10�36 cm2

For"
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Vector interaction (SI)	
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LHC8: 20 fb-1
LUX

Vector: 90% CL limits
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Axial-Vector interaction (SD)	
  

•  The nucleon cross-section is"

-  For protons:"

-  For neutrons:"

•  Only u, d, s coupling contributes"
•  Interactions with proton and neutron generally different"

•  Simplify problem by assuming all     equal  "
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Axial-Vector interaction (SD) "
– some intuition	
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gq ⇠ gDM ⇠ 1

MZ0 ⇠ 100 GeV

�n ⇡ 10�36 cm2

For"



Axial-Vector interaction (SD)	
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LHC8: 20 fb-1
LUX

Axial: 90% CL limits
gq=gDM=1
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•  Searches have comparable sensitivity and are complementary"



Axial-Vector interaction (SD)	
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•  Searches have comparable sensitivity and are complementary"

LHC14: 300 fb-1
LHC14: 3000 fb-1

LZ: 10 ton yr

Axial: Projected limits
gq=gDM=1

101 102 103 104

101

102

103

104

Mmed @GeVD

m
D
M
@Ge

VD



•  Limit on    in the EFT approach for"

•  Are these limits useful?"

Problems with EFT approach	
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•  Find limit in simplified model and map back onto direct 
detection plane:"

•  EFT limit gives misleading results"

Problems with EFT approach: Example	
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Summary	
  
•  Important to interpret dark matter searches in the right 

framework"

•  Direct detection experiments constrain the ‘WIMP-nucleon 
cross section’"
-  Very useful: constrains a large number of theories"
-  Straightforward to map limits into other forms"

•  LHC monojet searches have been interpreted in an EFT 
framework"
-  Limited use: gives wrong constraints when applied to 

simple models"
-  comparison with direct detection limits is misleading"
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