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What can direct detection tell us about
interactions between DM and the Standard Model?
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EFT for Singlet Dirac fermion DM X
(d)

Lsn, = Lsm + X (60 —my ) x + S: S: X§_4 O

d>4 o

...valid up to some cut-off scale A

Dimension 5: xxH'H  xo""xBu e.g.

Sy HUH  vobiye.. B arXiv:1007.5515
XT X XOT X Curp arXiv:1203.2064

K We'll be interested In dimension ©... J
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UV theory
A > Integrate out heavy mediators
Run down to electroweak scale SM,,
v
m > Match onto EW-broken theory
Run down to nuclear scale
l EWSM,
m -
D’Eramo and Procura
arXiv:1411.3342




> Integrate out heavy mediators

Run down to electroweak scale

<
> Match onto EW-broken theory

l Run down to nuclear scale

> Match onto direct

detection operators

™

UV theory

SM,

BEWSM,,
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Relativistic
quark operators

(XY x) (@7u9)
(XY X) (@77’ q)

(XY*Y°x) (@vuy°q)
(XY 7°x) (q7.9)

b

v

Non-relativistic
nucleon operators

mNgN%?)J"—I—?;S_)X' (§N X cj)

NROpsDD Tool

Del Nobile, Cirelli, Panci

arxiv:1307.5955
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quark operators
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Non-relativistic
nucleon operators
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Constraints from
Spin-Independent (SI) interactions

XY x uyu XY x dy,.d
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Dim-6 Sl interaction: = x7"x gV ,.q

100.0:III T T lllllll T T IIIIIII T T 1
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S| cross section limits from LUX [arXiv:1310.8214] J
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A/ TeV

1
Higgs coupling: 12 X7 XHTZD H
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S| cross section limits from LUX [arXiv:1310.8214]
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A/ TeV

1
Higgs coupling: 12 X7 XHTZD H
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S| cross section limits from LUX [arXiv:1310.8214]
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1
Heavy quarks: = 17 i @3 y,q®) 5 oy @ y,75 ¢

100-O:||I I I lllllll T T IIIIIII

A/ TeV

~100 1000 10000

X
K S| cross section limits from LUX [arXiv:1310.8214] J
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Heavy quarks: = 17 i @3 y,q®) 5 oy @ y,75 ¢
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A/ TeV

Some more vector currents:

1

1

pm“xlwl , pm“xq

(2)

Yud

(2)
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10000

S| cross section limits from LUX [arXiv:1310.8214]
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A/ TeV

And axial-vector currents:

I _
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x byl
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q(z)

7#756_1

(2)

100.0c—

0.1 .-..-I---.--.-T-.T.-:TI---.--.--.-.-.T.-.I----.--.-.-.---

10000

S| cross section limits from LUX [arXiv:1310.8214]

J




NP
= 2
t t
X X
X X
67(3)%7561(3) X X g(l)%q(l)7 6(1)%75(1(1)
q q
b b q q
~
. seramsransiilly
b




A/ TeV

And axial-vector currents:
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Constraints from
Spin-dependent (SD) interactions

X x e Xy x dyny’d

XYY X 5
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A/ TeV

: : 1 _ _
SD interaction: Eva“x q(l’Z)%v5q(1’Q)
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SD cross section limits from LUX [arXiv:1310.8214]
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A/ TeV

10.00—

1.00¢

0.10

1
SD interaction: p)_(”y5’yux @?(1’2)%/y5q(1’2)
XY x ¢
5(1)%759(1)

iy Betinlieulieduliviirdirateriry il teriiird ol sl
10 100 1000 10000

Projected SD cross section limits from LZ [arXiv:1509.02910]
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Higgs coupling: — xy*x H'i D ,H
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Heavy quarks: Fm
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Constraints from SD and
non-standard interactions

XYy x Uy XYy’ x dy,.d
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Vector currents: XYY X v f
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An Interesting example




f Gen. 2 & 3 quarks:

1

XX (q(”%ﬁ q

2) 4 (3)

Y'Y q(g))
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— Constraints from SD interaction only
— Constraints from all interactions

(XY"°x) (@w’9) 10

100 1000 10000
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K Projected total cross section limits from LZ [arXiv:1509.02910
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| { Essigetal. |
| arXiv:1509.01598 |
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