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http://iopscience.iop.org/article/10.1088/1475-7516/2017/02/009
https://arxiv.org/abs/1611.00368

Dark Matter Facts

@ DM exists
@ All evidence via its gravitation
@ Particle nature?

@ What we know about DM

@ DM is non-baryonic, cold, and

neutral

@ Relic abundance Qpmh? = 0.1198(26)

[PLANCK / PDG 2014]

@ Thermal history motivates interaction with SM
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Direct Detection Basics

@ Direct detection — scattering on nuclei

@ Complementary information, proves cosmological

lifetime

@ Assume velocity distribution (Maxwell); v ~ 1073

@ Maximal momentum transfer is g < 200 MeV
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[Lewin & Smith, Astropart.Phys.6 (1996)]
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http://www.sciencedirect.com/science/article/pii/S0927650596000473

Calculating the cross section

@ Calculate cross section from nonrelativistic, Galilean-invariant interactions
[Fitzpatrick et al., 1203.3542]

@ Constructed from
@ momentum transfer /g
o relative transverse incoming DM velocity v
o nucleon spin Sy (DM spin S,)
@ Lead to six nuclear responses, e.g.
@ Spin-independent (“M"): eg. O =1,1n
@ Spin-dependent ("X’ ,¥"): eg. OP =35, .Sy

o Nuclear angular momentum (“A"): eg. Of = §x . (§p X /7'1—‘,7\/)
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https://arxiv.org/abs/1203.3542

Nuclear matrix elements

@ Calculation of nuclear
F, Na, Ge, |, Xe)

[Fitzpatrick et al. 1203.3542]

@ Rough scaling:

o Wy ~ O(A?)

Oy = (vi)1xIn off =1y 5y - (v x i)
my
(7% o) O = (B ) (Bu- ).
Gx - 71) 1 o =5 (L x5)
my
:—(-x %)W O{szgx'(%xﬂ)»

response functions for all NR operators (available for

° WZ/ ) WZ” ’ Wa ) WAZ/ ~ O(]‘)
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http://arxiv.org/abs/1203.3542

What is the input?

@ Automatic calculation of pheno observables, given the coefficients of ON
[Mathematica package DMFormFactor, Anand et al. 1308.6288]

o Coefficients specified at low energy scale

@ Explicit connection to UV models?

@ Combination with collider / indirect bounds?
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https://www.ocf.berkeley.edu/~nanand/software/dmformfactor/
https://arxiv.org/abs/1308.6288

Nonrelativistic limit — cartoon

@ DM currents:
) - T o1, G L Gx Sy )
@ Vector: Xvix o~ W) (17 Ve + 2y + = v,

o Axial vector: Xviysx o~ \VL(\_/’L ‘§x + ZA, §x)‘|’x

mx

@ SM currents:
o Vector: NAN  ~s \u}‘v(l g 7,-6x§N)WN

7 2my my

@ Axial vector: N'y“%N ~ \U}L\,(%,Z@V)\UN

@ “Spin independent” vs. “spin dependent” scattering
@ Momentum / velocity - suppressed interactions
@ Need systematic understand of NR limit

o (Comprises “Qr, qr, L1, lr,g, ... vs. p,n,m, Xe,...")
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Effective UV Lagrangian

5(5 5 5(6 6 A(7 7
£ = L0l + LMo, + 3P0 Q7 + 301 @ + 30 1 G +

o Dim5: QP = & (30" X)Fpu ». .-
@ Dim.6: QS_?Z’ = (VX)) (Fyf), . ..

@ Dim.7: Qg; = me(XX)(FF), ...

@ NR limit — need “HQET" version of dark matter [Hill, Solon 1111.0016; 1409.8290]
.H - v
o XV'X = VIR + o Xvi 0 Xy + 5O (v ) +
- — i — <
3 X’YH’Y5X — 2Xv5§Xv — mi)(vuXvsx'aXv + -
o Xivsx — ,,,176u>2v5§Xv +...
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http://arxiv.org/abs/1111.0016
http://arxiv.org/abs/1409.8290

NR limit — transition to the nucleon picture

@ Recall maximum momentum transfer in DM scattering is gmax &~ 200 MeV

Expansion in g/(47f;) is good to O(20%)

Can use (Heavy Baryon) Chiral Perturbation Theory (HBChPT)

[Jenkins et al. Phys.Lett. B255 (1991) 558, see also Hoferichter et al. 1503.04811]

@ Hadronic degrees of freedom are pions, nucleons,. ..

Treat DM currents as SU(3), x SU(3)r flavor-symmetric spurions

Can write hadronization of quark currents explicitly, e.g.:
o Pseudo-scalar meson current: Givsq — —Bofxmy(7° +1/v3) + ...

o Nuclear vector current: ov"u — v*(2p,p, + Avny) + ...

@ Describe hadronic physics in terms of few parameters (fr, ga, n, Oxn - - )

Joachim Brod (TU Dortmund) Chiral DM EFT 9 /14


http://www.sciencedirect.com/science/article/pii/037026939190266S
http://arxiv.org/abs/1503.04811

Chiral power counting

Only leading diagram for most DM-SM interactions
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Leading diagram for A - A interaction

Gives g-dependent “form factor” 1/(m?2 + G2)

<

T @ Not previously fully known!

Only leading diagram for S- P and P - P

Leading diagram for A - A interaction
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Effect of NLO operators — meson exchange
o ) = (X1u5x)(37759)
» Contact term: O) =5, -5y
@ Previously neglected meson exchange contribution:
OF = (Sc-5%;) (S 7k

@ Pion pole compensates for G2 suppression

Xenon, (¥7,75x) ® (@y"ysu)
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Effect of NLO operators — meson exchange

° O = ()G CL. A = (X506 EE,
@ Previously neglected meson exchange is leading contribution!

@ Order-of-magnitude improvement in bound

Xivsx ® GG

— full LO
5 || = no meson exchange

10 2

e (Y
= full LO
= no meson exchange

1073

1/R [kg day]

104

L
102 10*
my [GeV] my [GeV]
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Effect of NLO operators — fine tuning

@ Chirally leading terms cancel in (X7.X)(37"759)

o Only velocity / momentum suppressed interactions

@ Electroweak corrections can regenerate LO terms

[Bishara, Brod, Grinstein, Zupan, work in progress]

. Xenon, xy,x ® (uy*ysu -+ dyysd), I,=1

= 10 e/w running
= resummed
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Summary

@ Established explicit connection between UV and nuclear physics

@ Meson exchange contributions can have significant impact

@ Electroweak mixing can have significant impact

@ Provide public code for automatic running from UV to nuclear scale

[Bishara, Brod, Grinstein, Zupan, work in progress]

o Calculate NR coefficients cjr ; (NR operators). ..

@ ...in terms of UV Wilson coefficients Cff? (UV operators)

Joachim Brod (TU Dortmund) Chiral DM EFT 14 / 14



