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Qrrh® # Qph?

0.1423 £+ 0.0029 0.02207 = 0.00033

So far no definitive signals.



So why bother with precision tools?

Simple estimates can be off by orders of magnitude!

(EFTs also useful for parameterizing dark matter
interactions, but will focus here on EFTs for precision)



Particle Dark Matter
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Direct Detection

dimensional analysis gq; = 10~ %5 cm?
(and previous work)

og] = 1.3f(1):§+8:§ x 10747 cm?




Perturbative QCD
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bands: hadronic and perturbative uncertainties



Lattice QCD
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Feynman-Hellmann
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Direct Detection
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INndirect Detection
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Iwo Large Effects
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Resummation

* electroweak Sudakov for collider physics
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INndirect Detection
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INndirect Detection
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Relic Density
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Multi-scale Problem

scattering annihilation
M M
mw =WV corrections soft & collinear divergences
mw
mp QCD corrections

long-range forces

mp nucleon properties




Heavy DM Indirect Detection

X P Velle — S my = 2 EeV g
10-1 | —/— S =7/v, (this work) ll
i I
-~ /-- S =~/v. (Pythia) !
§ 10_25'
= |
c? -3 |
[ )
| =TT ’
10~ Sl N
————— -7 \\ /I
10—5 i el MY e
10~ 1073 1072 101 10V
x =2E/m, Bauer, Rodd, Webber 20



Renormalization Group Effects
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Precision tools (RG, HQET, SCET, lattice, perturbative QCD, ...)
are valuable for controlling large theoretical uncertainties in
dark matter phenomenology.

We are planning to write a white paper on EFT for DM.
Please contact me or Matthew Baumgart, Tim Cohen,
Nicholas Rodd, or Tracy Slatyer if you’re interested.



