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What can direct detection tell us about 
interactions between DM and the Standard Model?
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…valid up to some cut-off scale ⇤
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Integrate out heavy mediators

Run down to electroweak scale

Match onto EW-broken theory

Run down to nuclear scale
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(�̄�µ�) (q̄�µq)

(�̄�µ�5�) (q̄�µq)

Relativistic
quark operators

Non-relativistic
nucleon operators

1

mN
~SN · ~v? + i~S� · (~SN ⇥ ~q)

NROpsDD Tool 
Del Nobile, Cirelli, Panci 

arXiv:1307.5955

(�̄�µ�) (q̄�µ�
5q) i~S� · (~SN ⇥ ~q)�m�

~SN · ~v?

(�̄�µ�5�) (q̄�µ�
5q) ~S� · ~SN

SI:

SD:



(�̄�µ�) (q̄�µq)

(�̄�µ�5�) (q̄�µq)

Relativistic
quark operators

Non-relativistic
nucleon operators

1

mN
~SN · ~v? + i~S� · (~SN ⇥ ~q)

NROpsDD Tool 
Del Nobile, Cirelli, Panci 

arXiv:1307.5955

(�̄�µ�) (q̄�µ�
5q) i~S� · (~SN ⇥ ~q)�m�

~SN · ~v?

(�̄�µ�5�) (q̄�µ�
5q) ~S� · ~SN

SI:

SD:



Constraints from  
Spin-Independent (SI) interactions
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Dim-6 SI interaction:

SI cross section limits from LUX [arXiv:1310.8214]
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Higgs coupling:

SI cross section limits from LUX [arXiv:1310.8214]
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Higgs coupling:

SI cross section limits from LUX [arXiv:1310.8214]
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SI cross section limits from LUX [arXiv:1310.8214]
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Some more vector currents:

SI cross section limits from LUX [arXiv:1310.8214]

�̄�µ�

1

⇤2
�̄�µ� l̄�µl

1

⇤2
�̄�µ� q̄(2)�µq

(2),



And axial-vector currents: 

SI cross section limits from LUX [arXiv:1310.8214]
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And axial-vector currents: 

SI cross section limits from LUX [arXiv:1310.8214]

�̄�µ�

1

⇤2
�̄�µ� q̄(2)�µ�

5q(2)
1

⇤2
�̄�µ� l̄�µ�

5l ,



q̄(2)�µ�5q(2)q̄(2)�µq(2)

�̄�µ� �̄�µ�5�

H†i
 !
D µH

q̄(3)�µq(3) q̄(3)�µ�5q(3)

q̄(1)�µ�5q(1)q̄(1)�µq(1)

q̄(2)�µ�5q(2)q̄(2)�µq(2)

H†i
 !
D µH

q̄(3)�µq(3) q̄(3)�µ�5q(3)

q̄(1)�µ�5q(1)q̄(1)�µq(1)

⌧̄ �µ⌧ ⌧̄ �µ�5⌧

µ̄�µ�5µµ̄�µµ
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SD interaction:

SD cross section limits from LUX [arXiv:1310.8214]
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SD interaction:

Projected SD cross section limits from LZ [arXiv:1509.02910]
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⇤2
�̄�µ�H†i

 !
D µH

Projected SD cross section limits from LZ [arXiv:1509.02910]



Heavy quarks:                                 
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Projected SD cross section limits from LZ [arXiv:1509.02910]
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Constraints from SD and 
non-standard interactions



Vector currents:                                 
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Projected total cross section limits from LZ [arXiv:1509.02910]
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An interesting example



Gen. 2 & 3 quarks:                                 

�̄�µ�5�
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