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Direct detection rates can be orders 
of magnitude larger than the ones 

computed without RGE effects
This was realized for specific interactions in:
Kopp, Niro, Schwetz, Zupan, PRD80 (2009), arXiv:0907.3159;
Freytsis, Ligeti, PRD83 (2011), arXiv:1012.5317
Frandsen, Haisch, Kahlhoefer, Mertsch, Schmidt-Hoberg, JCAP1210 (2012), arXiv:1207.3971;
Haisch, Kahlhoefer, JCAP1304 (2013), arXiv:1302.4454;       
Kopp, Michaels, Smirnov, JCAP1404 (2014) arXiv:1401.6457    
Crivellin, Haisch, PRD90 (2014), arXiv:1408.5046

Why this matters?
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L = LSM + LDM + LV + Jµ

DM Vµ + Jµ
SM VµJµ
SM Vµ

Jµ
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3X
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µui
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i

Mediator coupled to spin-1 
currents of SM fermions

V
fSM

fSM15 independent SU(2)L x U(1)Y gauge 
invariant couplings to SM fermions 



Vector Mediators
L = LSM + LDM + LV + Jµ

DM Vµ + Jµ
SM Vµ

Apply EFT techniques:
• evaluate direct detection rates
• compare LHC with direct detection

for this broad class of models
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STEP III: 
Nuclear 
Matrix 

Elements
Fitzpatrick, Haxton, Katz, Lubbers, Xu, JCAP1302 (2013), arXiv:1203.3542

Cirelli, Del Nobile, Panci, JCAP1310 (2013), arXiv:1307.5955 

hDM N|LSM�(µN )|DM N i



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 

FD, Kavanagh, Panci, arXiv:1605.04917  



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)

FD, Kavanagh, Panci, arXiv:1605.04917  



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

FD, Kavanagh, Panci, arXiv:1605.04917  
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Results II: quarks axial
Flavor universal couplings 

to quark axial currents

FD, Kavanagh, Panci, arXiv:1605.04917  
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Flavor universal couplings 

to quark axial currents

FD, Kavanagh, Panci, arXiv:1605.04917  
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Results III: other cases

FD, Kavanagh, Panci, arXiv:1605.04917  
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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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LUX,  arXiv:1602.03489    and    PICO-2L, arXiv:1601.03729
ATLAS,  arXiv:1604.07773 (mono-jet)    and    arXiv:1604.01306 (mono-photon)
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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 corrections)

SI with v

Standard 
Lore

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

Spin-Independent (SI) at one-loop

~ same as the others

Outlook



Outlook
Direct detection rates and comparison with LHC:  

not always straightforward
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FD, Kavanagh, Panci, arXiv:1605.04917  

Still need to quantify RGE effects  
for other simplified models
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Thank You!


