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How are LHC limits 
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(mDM, σSD) plane?

Two probes of DM 
couplings at vastly 
different energies
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LHC bounds have 
to be evolved 

down to the direct 
detection scale

This line will 
be affected

You have to run!
(Renormalization Group 

Evolution — RGE)
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runDM: code for RGE

Mathematica and Python versions available at: https://github.com/bradkav/runDM/

Inclusion of RGE effects automatic

INPUT:
Effective couplings 

at an arbitrary 
energy scale 



runDM: code for RGE

Mathematica and Python versions available at: https://github.com/bradkav/runDM/

Inclusion of RGE effects automatic

OUTPUT I:
RG evolved 

couplings at a 
second arbitrary 

energy scale 
(useful for future 

ID studies)



runDM: code for RGE

Mathematica and Python versions available at: https://github.com/bradkav/runDM/

Inclusion of RGE effects automatic

OUTPUT II:
RG evolved 
couplings for 

direct detection
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Flavor universal couplings 
to quark axial currents

FD, Kavanagh, Panci, arXiv:1605.04917  
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In our paper more cases: 
coupling to heavy quarks, leptons 

and scalar DM



Comparison with LHC

LUX,  arXiv:1602.03489    and    PICO-2L, arXiv:1601.03729
ATLAS,  arXiv:1604.07773 (mono-jet)    and    arXiv:1604.01306 (mono-photon)

LHC limits on mediator mass translated into 
limits on direct detection cross section

q

q

L
Axial�Vector

= g� Aµ ��
µ�5�+ gq Aµ q�

µ�5q

�

�

A



Comparison with LHC

LUX,  arXiv:1602.03489    and    PICO-2L, arXiv:1601.03729
ATLAS,  arXiv:1604.07773 (mono-jet)    and    arXiv:1604.01306 (mono-photon)

LHC limits on mediator mass translated into 
limits on direct detection cross section

RGE not 
accounted for!
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More Complementarity

��µ� q�µq ��µ�5� q�µ�
5q

��µ� q�µ�
5q ��µ�5� q�µq

How well can be constrained by 
collider and direct detection?

~ same as the others ~ same as the others

~ same as the others

Spin-Independent (SI), no suppression Spin-Dependent (SD), no suppression
(large RGE corrections)

SI with v

Standard 
Lore

But if you run…  
(and you have to run!)

Spin-Independent (SI) via RGE

~ same as the others



Outlook
Direct detection rates and comparison with LHC:  

not always straightforward



Outlook
Direct detection rates and comparison with LHC:  

not always straightforward

1 10 102 103 104

Dark Matter mass m� [GeV]

10�43

10�42

10�41

10�40

10�39

10�38

10�37

�
S

D
(D

M
-n

eu
tr

on
)[

cm
2
]

gq = 0.25, g� = 1.0
Axial Vector Mediator

LUX 2016

ATLAS monojet

ATLAS monojet
(with running)

10 102 103 104

Dark Matter mass m� [GeV]

1

10

102

103

104

105

106

M
ed

ia
to

r
m

as
s

m
V

[G
eV

]

Flavor universal: Quarks only
�̄�µ�f̄�µ�5f

LUX 2014

LZ projected

10 10

2

10

3

10

4

Dark Matter mass m� [GeV]

1

10

10

2

10

3

10

4

10

5

10

6

M
ed

ia
to

r
m

as
s

m
V

[G
eV

]

Flavor universal: Leptons only
�̄�µ� ¯f�µf

LUX 2014

LZ projected

FD, Kavanagh, Panci, arXiv:1605.04917  



Outlook
Direct detection rates and comparison with LHC:  

not always straightforward

1 10 102 103 104

Dark Matter mass m� [GeV]

10�43

10�42

10�41

10�40

10�39

10�38

10�37

�
S

D
(D

M
-n

eu
tr

on
)[

cm
2
]

gq = 0.25, g� = 1.0
Axial Vector Mediator

LUX 2016

ATLAS monojet

ATLAS monojet
(with running)

10 102 103 104

Dark Matter mass m� [GeV]

1

10

102

103

104

105

106

M
ed

ia
to

r
m

as
s

m
V

[G
eV

]

Flavor universal: Quarks only
�̄�µ�f̄�µ�5f

LUX 2014

LZ projected

10 10

2

10

3

10

4

Dark Matter mass m� [GeV]

1

10

10

2

10

3

10

4

10

5

10

6

M
ed

ia
to

r
m

as
s

m
V

[G
eV

]

Flavor universal: Leptons only
�̄�µ� ¯f�µf

LUX 2014

LZ projected

FD, Kavanagh, Panci, arXiv:1605.04917  

Thank You!


