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Outline

- There are LHC, direct and indirect searches for dark matter
How can we compare their results?

- Translating results is always well defined... but some
choices must be made:

- Which parameters should | use?
- which experimental limit should | use?
- are my assumptions consistent?
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Search results
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We need a (simplified) model
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LHC plane: what does it show?
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Assumptions are clearly stated:
Should we also add a ‘DM: Dirac’ label?
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Direct plane: what does it show?

- Constrain the cross-section to scatter with nucleon: 90% CL!
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Direct plane: assumptions”

+ Constraining the nucleon cross-section allows for an easy
comparison between different direct experiments

- Spin-independent: assume equal proton-neutron coupling
- Spin-dependent: couples only to proton or neutron

- There is a single DM patrticle - full relic abundance
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General mapping

- Mapping between the LHC and direct plane is straightforward
-+ Generally:

- f(gsm) mediator coupling to the nucleon
- HUnx  DM-nucleon reduced mass

- Vector and scalar: Spin-independent
Axial-vector: Spin-dependent

- The pseudoscalar interaction is extremely suppressed
Not observable for M,,.q = 100 MeV

see eg Dolan et al, arXiv:1412.5174
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Vector

- The nucleon cross-sectionis o0 =

»Cvector D Z quZLqﬁY'uq o gDMZ;J_(’YuX
q

o f2(9sm)9pm /‘%x
T M2

med

Protons: f, =29, + 94, Neutrons: fn = gu + 294

Proton & neutron couplings equal since
we choose 94 equal for all quarks
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Vector: translation
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Scalar

_ m _
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The nucleon cross-section is ¢° = ~(gsm)9pwm ”Zx
B @ Mmed -
: ’ gsMTin : 2 np
ngeneral: f'* =220 ) St gofrg ) ]

arXiv: 1506.04142 arXiv: 1301.1114

D -3 P _ —3
f§=(208+15)x107%,  f§=(41.1+28)x 10 fs = 0.043 £ 0.011
fo=(189+14)x107°,  fi=(45142.7)x 107"

u

fr?l}G =1~ Z f(? fproton/fneutron = 0.996

q=u,d,s
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Scalar: which quarks?

Direct limit depends on how many quarks couple to mediator
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Axial

Lasxial O = Y 942,077’ q — gomZi, X717 X
q

3f2’u2
The nucleon cross-section is oap = =X
-

- PrOtOnS: fp p— 3 Z gq AZ PDG values (axion review)

s AP = A" ~ (.84

~ AP = A" ~ —0.43
. _ n d U

- Neutrons: fn, =3 » g A] AP~ A ~ 0,09

q=u,d,s

Choices:
Relative signs of g4?
Proton or neutron only limit (PICO or LUX/XENON)?
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Axial: sign of gq

Lasial O — ) _ 942,477 q — gomZ, X7 7°x
q
DM forum recommendation g, = gq

SU(2) gauge invariance prefers gu=- gd see Kahlhoefer et al, arxiv:1510.02110
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Axial: which [imit”?

LUX strongest neutron-only

103 Savage, Scaffidi, White and Williams Feb 2015

m— [ UX (Max gap)
\ XENON100
—  ZEPLIN III

—_
o
-

CDMS II

H
9
A

H
9
w

H
9
i

SD WIMP-neutron cross section [cm?

SD WIMP-proton cross section [cm2]

-1

10 10° 10° 10 1070 s 7 T o8
WIMP mass [GeV/c?] WIMP mass [GeV/c?

—
o

* Qu=0ga . 0p = op, LUX Iimit is more constraining
* Qu=-0d: 0p =~ 1.30, , LUX|imit is more constraining
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Indirect plane: what does it show?

- Constrains the 2->2 annihilation cross-section
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Limit assumes DM is Majorana fermion (differs by 2 for Dirac)
Final state is a single channel eg bb
DM saturates relic abundance
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Pseudoscalar
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Pseudoscalar

Line = igpMAXY X + igsn Y — —tAD g
q

+ 2->2 cross-section straightforward to calculate:

2 2
(ov), = Nemg IDMIEM M DM 1
a 212 (m?% — 4m2, )% + m4 % 2

- Difficulties:

- We should use limit for actual final state (it, bb...) only bb
available in Fermi papers

- Non 2->2 channels can contribute

(eg DM DM -> 3 Med -> 6 bb)
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Summary

- There are LHC, direct and indirect searches for dark matter
How can we compare their results?

- Translating results is always well defined... but some
choices must be made:
- which parameters should | use?
- which experimental limit should | use?
- are my assumptions consistent (all relic density...)?

Christopher M€Cabe GRAPPA - University of Amsterdam 18



