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Motivation
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LHC vs. Direct Detection
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Many scales in the search for DM
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A tower of EFTs

[FB, Brod, Grinstein, 
Zupan: 1611.00368]

[FB, Brod, Grinstein, 
Zupan: 1707.06998]

DirectDM

[FB, Brod, Grinstein, 
Zupan: 1708.02678] 

[FB, Brod, Grinstein, 
Zupan: 1809.03506]

See also e.g.: Fan, Reece, Wang [1008.1591]; Hill & Solon [1309.4092, 1401.3339, 1409.8290]; Crivellin, D’Eramo, Procura 
[1402.1173]; D’Eramo, Procura [arXiv:1411.3342];  Hoferichter, Klos, Schwenk [1503.04811]; Berlin, Robertson, Solon, Zurek 
[1511.05964]; Hoferichter, Klos, Menendez, Schwenk [1605.08043]; D’Eramo, Kavanagh, Panci [1605.04917]; + ...
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Nucleon matrix elements



  

8

Chiral expansion
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NREFT
● 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
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Nuclear response
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Nuclear response
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Matching at a glance
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Interference between NR operators



  

14

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

● Can also use DDCalc [1705.07920] to recast limits and 
compute DD cross-section https://github.com/patscott/ddcalc

https://directdm.github.io/

https://directdm.github.io/
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Summary

 – Next week –
Dark Matter @ LHC [https://indico.cern.ch/event/858855]

https://indico.cern.ch/event/858855/timetable/#20200602.detailed
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Thank you!
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Axial quark coupling 1st gen. 

No running
E/W running
VxA
AxA

Xenon Fluorine
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Axial quark coupling 1st gen.
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Axial quark coupling 3rd gen. 
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Pion exchange
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DMEFT above EW scale
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DMEFT below EW scale
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Low energy limit  DM currents–
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Spurions and the chiral rotation
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Chiral power counting
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Differential event rate
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Matching at a glance
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Example of NLO in q2 
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