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Motivation

● There is overwhelming observational evidence for 
the existence of DM due to its gravitational 
interactions

● But, we know that there is (particle) physics 
beyond the SM  can this also include – particle 
DM?

● If DM is also a particle, a variety of searches 
currently exist to look for it  – complementarity 
between these searches would be key to success
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Searches for Dark Matter
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Dark Matter direct detection
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Differential event rate
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The tower of EFTs

The focus
of this talk

+

DirectDM
v1.0

Co
mi
ng
 s
oo
n!

See also: Crivellin, D Eramo, Procura [arXiv:1402.1173]; D Eramo, Procura [arXiv:1411.3342];  Hoferichter, ’ ’
Klos, Schwenk [1503.04811]; Hoferichter, Klos, Menendez, Schwenk [1605.08043]; D Eramo, Kavanagh, ’
Panci [1605.04917];
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The goal is to start here  …
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And end up here  …

● NR basis built out of Galilean-invariant operators up to 
quadratic order in momentum transfer
Fitzpatrick, Haxton, Katz, Lubbers, Xu [1203.3542]

● Leads to six nuclear responses calculated in shell model



  

10

Low energy limit  hadronic currents–
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Nuclear response
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Nuclear response
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Matching at a glance
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Matching at a glance



  

15

 



  

16

  



  

17

  



  

18

The DirectDM package

● Compute the matching and running automatically

● Seamlessly interfaces to DMFormFactor package by 
Anand, Fitzpatrick, & Haxton [1308.6288] to calculate 
the scattering rates using their nuclear response fns

● Features: complex/real scalar, Dirac/Majorana fermion 
DM, input from Tait et al. Basis [1008.1783]

https://directdm.github.io/

See also runDM by D Eramo, Kavanagh & Panci [1605.04917]’

https://directdm.github.io/
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The DirectDM package

$DirectDMDirectory="</path/to/directdm/directory>";
<<DirectDM`

● Load DirectDM

● Set the Wilson Coefficients (easy to loop)

● The available bases are: 5Flavor“ ”, 4Flavor“ ”, and 
3Flavor“ ”

● QD is Q5, Q6, or Q7; i is the operator number and 
f is the flavor = u“ ”, d“ ”, s“ ”, e“ ”, mu“ ”, tau“ ”

SetCoeff["basis",QD[i,f],value]
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The DirectDM package

ComputeCoeffs["basis_i", "basis_f", Running­>True]

● Once the coefficients are set, do the running and 
matching

● To get one coefficient at a time (same as SetCoeff)

● To get the whole list, e.g., to feed to DMFormFactor

GetCoeff["basis",QD[i,f],value]

CoeffsList["basis"]
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Example notebook
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Summary and outlook

● Presented our effort to consistently treat all the 
relevant scales in DM direct detection

● Meson exchange contributions can have a big impact 
on the interpretation of the experimental results

● Our setup covers many models and can be extended, 
e.g., to cover dim. 7 in the UV [Brod, Gootjes-Dreesbach, 
Tammaro, Zupan]

● Code for automating the matching/running will be 
publicly available soon!
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Thank you!
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Low energy limit  DM currents–
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Chiral expansion
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Spurions and the chiral rotation
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Chiral power counting
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Leading contributions
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Two-nucleon currents
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