
A general framework for direct 
detection of Dark Matter 

Ami Katz 
Boston U./Stanford U./SLAC

w/ L. Fitzpatrick, W. Haxton, N. Lubbers,  Y. Xu
(hep-ph/1203.3542 + to appear)



Problem:  Models and experiments live at 
different scales!

q



Problem:  Models and experiments live at 
different scales!

Models :  ~100 GeV
(relativistic)

q



Problem:  Models and experiments live at 
different scales!

Models :  ~100 GeV
(relativistic)

Experiments:  momentum ~ 100 MeV
(non-relativistic collision)

q



Problem:  Models and experiments live at 
different scales!

Models :  ~100 GeV
(relativistic)

Experiments:  momentum ~ 100 MeV
(non-relativistic collision)

q

Why use these?
(J. Fan, M. Reece & L-T Wang ) 

JCAP 1011 (2010) 042



Problem:  Models and experiments live at 
different scales!

Models :  ~100 GeV
(relativistic)

Experiments:  momentum ~ 100 MeV
(non-relativistic collision)

q

NR Effective Theory

Why use these?
(J. Fan, M. Reece & L-T Wang ) 

JCAP 1011 (2010) 042



But aren’t there only two possibilities in the 
NR limit?



But aren’t there only two possibilities in the 
NR limit?



But aren’t there only two possibilities in the 
NR limit?



But aren’t there only two possibilities in the 
NR limit?



But aren’t there only two possibilities in the 
NR limit?



But aren’t there only two possibilities in the 
NR limit?

Spin-
Independent

Spin-
Dependent ?



X

X
N

N

A0
µ

Non trivial momentum dependence can dominate!

Chang, Pierce & Weiner, JCAP 1001 (2010) 006 
Fitzpatrick & Zurek, Phys.Rev. D82 (2010) 075004

Feldstein, Fitzpatrick & E. K., JCAP 1001 (2010) 020



X

X
N

N

A0
µ

Non trivial momentum dependence can dominate!

A0
µX̄�µ�5X,

1

⇤
F 0
µ⌫X̄�µ⌫X, · · ·

Chang, Pierce & Weiner, JCAP 1001 (2010) 006 
Fitzpatrick & Zurek, Phys.Rev. D82 (2010) 075004

Feldstein, Fitzpatrick & E. K., JCAP 1001 (2010) 020



X

X
N

N

A0
µ

Non trivial momentum dependence can dominate!

F (q2)

A0
µX̄�µ�5X,

1

⇤
F 0
µ⌫X̄�µ⌫X, · · ·

Chang, Pierce & Weiner, JCAP 1001 (2010) 006 
Fitzpatrick & Zurek, Phys.Rev. D82 (2010) 075004

Feldstein, Fitzpatrick & E. K., JCAP 1001 (2010) 020



X

X
N

N

A0
µ

Non trivial momentum dependence can dominate!

F (q2)

A0
µX̄�µ�5X,

1

⇤
F 0
µ⌫X̄�µ⌫X, · · ·

1

⇤
F 0
µ⌫N̄�µ⌫N,

1

⇤2
F 0
µ⌫@

⌫N̄�µN

Chang, Pierce & Weiner, JCAP 1001 (2010) 006 
Fitzpatrick & Zurek, Phys.Rev. D82 (2010) 075004

Feldstein, Fitzpatrick & E. K., JCAP 1001 (2010) 020



The Galilean invariant quantities:



X

X N

N

The Galilean invariant quantities:



X

X N

N

The Galilean invariant quantities:

�!
S �



X

X N

N

The Galilean invariant quantities:

�!
S �

�!
S N



X

X N

N

�!q

The Galilean invariant quantities:

�!
S �

�!
S N



X

X N

N

�!q

The Galilean invariant quantities:

�!
S �

�!
S N

�!v ⌘ �!v X,in ��!v N,in





† : �!q ! ��!q , �!v ! �!v ��!q /µ



† : �!q ! ��!q , �!v ! �!v ��!q /µ

Hermitian: �!
S , i�!q , �!v ? ⌘ �!v ��!q /(2µ)



† : �!q ! ��!q , �!v ! �!v ��!q /µ

Hermitian: �!
S , i�!q , �!v ? ⌘ �!v ��!q /(2µ)

T (or CP): �!S ! ��!S , �!v ? ! ��!v ?, i�!q ! i�!q



Assumptions for NR effective theory:

1.  Elastic collision.
2.  Operators which do not violate CP.
3.  We will consider operators which arise
from an exchange of spin one or less.





Parity EVEN, spin-independent:

1, v2 i
�!
S � · (�!q ⇥�!v )



Parity EVEN, spin-independent:

1, v2 i
�!
S � · (�!q ⇥�!v )

Parity EVEN, spin-dependent:
�!
S � ·�!S N , (

�!
S � ·�!q )(

�!
S N ·�!q ) i�!v · (

�!
S N ⇥�!q )



Parity EVEN, spin-independent:

1, v2 i
�!
S � · (�!q ⇥�!v )

Parity EVEN, spin-dependent:
�!
S � ·�!S N , (

�!
S � ·�!q )(

�!
S N ·�!q ) i�!v · (

�!
S N ⇥�!q )

Parity ODD, spin-independent:
�!v ? ·�!S �



Parity EVEN, spin-independent:

1, v2 i
�!
S � · (�!q ⇥�!v )

Parity EVEN, spin-dependent:
�!
S � ·�!S N , (

�!
S � ·�!q )(

�!
S N ·�!q ) i�!v · (

�!
S N ⇥�!q )

Parity ODD, spin-independent:
�!v ? ·�!S �

Parity ODD, spin-dependent:
�!v ? ·�!S N i

�!
S � · (

�!
S N ⇥�!q )



Parity EVEN, spin-independent:

1, v2 i
�!
S � · (�!q ⇥�!v )

Parity EVEN, spin-dependent:
�!
S � ·�!S N , (

�!
S � ·�!q )(

�!
S N ·�!q ) i�!v · (

�!
S N ⇥�!q )

Parity ODD, spin-independent:
�!v ? ·�!S �

Parity ODD, spin-dependent:
�!v ? ·�!S N i

�!
S � · (

�!
S N ⇥�!q )

Any DM model can be described in terms of these ops!
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Experiment:  Are there new ways to see nuclei?
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targets with unpaired nucleons win!
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Important for nuclei with unpaired 
nucleons with non-zero L!

m� = 100GeV
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Favors unfilled L-orbitals!
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