
Distinguishing interactions in direct 
detection experiments

Jayden Newstead
Ariz. State Univ.

James Dent
Univ. of Louisiana

Lawrence Krauss
Ariz. State Univ.

Subir Sabharwal
Wall Street



Outline

1. Introduction

2. Simplified models for direct detection

3. Distinguishability of operators

4. Summary

2



1. Introduction
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Direct detection: overview

1
1

v ~ 200km/s

ρ ~ 0.3GeV/cm3

10-45 cm2

Er ~ 10 keV

• Nuclear recoils from halo WIMPs
• We don't collect much information 
• from the collisions (this is no collider
• experiment)

signal

background
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Direct detection: parameter 
estimation

• Generate random or Asimov events 
• Apply Bayesian inference:

Detector specifications:
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σ  = 3x10-46 cm2

mx = 20, 100, 500 GeV

1 σ
2 σXenon 10 t y

Xenon 20 t y
Xenon 10 t y 
+Argon 20 t y

Direct detection: parameter 
estimation

Having two different target materials 
provides complementary information, 
improving parameter estimation ability
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Shortcomings of SI/SD formalism
 Treats nucleus as a point → form factor encodes energy dependence

 Does not include degrees of freedom for nucleon velocities (ignores 
responses related to transverse spin and orbital angular 
momentum)

 Result: you will estimate recoil energy dependence wrongly and 
over/under estimate total rate

 

 
Example from Gresham & Zurek 

arXiv:1401.3739
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3. Simplified Models for direct detection

Based on 
arXiv:1505.03117
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Non-relativistic EFT for DD

WIMP spin
Nucleon spin

Momentum transfer
velocity

Formalism due to 
Fitzpatrick et. al.    
arXiv:1203.3542 and         
arXiv:1308.6288 9



Non-relativistic EFT for DD

WIMP spin
Nucleon spin

Momentum transfer
velocity

New vector operators:

“The standard SI/SD analysis 
grossly misrepresents

the physics of these operators, 
leading to errors that can exceed 

several orders of magnitude”
arXiv:1308.6288

SI

SD

Formalism due to 
Fitzpatrick et. al.    
arXiv:1203.3542 and         
                                    
arXiv:1308.6288

10



Nuclear responses

1. Form an interaction lagrangian:

2. Perform a spherical decomposition, 

3. Write in terms of nuclear electroweak responses
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Non-relativistic EFT for DD

Xenon-131, m = 50GeV, MB vel. dist.
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Tree-level WIMP-quark interactions

Spin-0 Spin-1/2 Spin-1

Spin-0

Spin-1/2
Not

allowed

Spin-1

W
I M

P
Mediator

13



Simplified model lagrangians
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Results

 32 distinct 'scenarios'

 We could not produce all 
operators, even at sub-leading 
order

 Huge variation in intrinsic strength 
of interaction (many scenarios 
may not be WIMP DM)

 Some unique NR reductions

 O1 and O10 generic to all spins
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Caveat:



3. Operator Distinguishability
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See also: 
Catena, 1405.2367
Glusevic, 1506.04454



EFT parameter estimation: groups

• Generate random or Asimov events
 

• Apply Bayesian inference:
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EFT parameter estimation
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M = 10 GeV,  20 events

O1 simulated



EFT parameter estimation
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M = 10 GeV,  200 events

O1 simulated



EFT parameter estimation
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M = 10 GeV,  2,000 events

O1 simulated



Operator distinguishability
Spin-1/2 WIMP
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Operator degeneracy

Simulated:
Spin-1/2 WIMP, m=10GeV, spin-independent
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Model selection

Bayes factor:

Model evidence:

• Simulate 20, 200 and 2000 events in both xenon and germanium detectors
• Calculate Bayes factors between each model
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Model selection
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Fitted operator

20 events

Cells contain 2 log Kij , value < -10 is decisive evidence in favor of model i
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Model selection
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Fitted operator

2000 events

Cells contain 2 log Kij , value < -10 is decisive evidence in favor of model i
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5. Summary

 The standard SI/SD formalism is inadequate

 Simplified models cannot reproduce all WIMP-nucleus EFT 
operators

 A new way to discriminate between fundamental WIMP 
models(*)

 Need lots of events and multiple detector types to distinguish 
interactions
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