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Abstract: <p>Direct detection experiments are rapidly improving their sensitivity to weak scale Dark Matter.&nbsp; A particular interesting (and
minimal) possibility is that the Dark matter interacts with ordinary matter via the exchange of weak bosons: the W, Z, and Higgs.& nbsp; Dark
matter with substantial coupling to the Higgs boson is already under significant tension from limits on spin-independent scattering.& nbsp; We
comment on the power of & nbsp;spin-dependent scattering as a probe of Z-mediated dark matter, both in a simple effective theory, and in the
so-called Singlet-Doublet Model, which we argue is a useful benchmark.& nbsp; We also review the case where the cosmology of the WIMP is
dominated by co-annihilation processes, focusing on the stop co-annihilation region of the Minimal Supersymmetric Standard Model, and discuss
prospects for direct detection in this case.</p>
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Outline

 Where are the WIMPS?
* Higgs
* /Z Mediation
« Singlet Doublet Dark Matter

* Co-annihilation
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Textbook Calculation of How Much Dark Matter...

Solve the Boltzmann equation in
an expanding universe.

Annihilations try to maintain
thermal equilibrium.

Expansion of the Universe
prevents this.

Comoving Number Density
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Textbook Calculation of How Much Dark Matter...
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Spin Independent Scattering
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Spin Independent Scattering
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Spin Independent Scattering
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/-mediated Dark Matter
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Also y-y-Z-h and y-y-Z-h-h contact interactions(!)

Also:
de Simone et al, arXiv:1402.6287,
Arcadi, Mambrini and Richard, arXiv:1411.2985,
Berlin, Escudero, Hooper and Lin, arXiv 1609.09079;
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/-mediated Dark Matter
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Thermal relic
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Spin Dependent
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Indirect Detection
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PandaX
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\ Thermal relic
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Contribution to T parameter
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Precision Electroweak Constraints

Pnndaxi
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Motivates inclusion of new
=\ states

e.g., “Cutting the self-energy diagram” argument

Scissors credit: J. Kearney
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/-mediated Dark Matter and
EFT
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Also:
de Simone et al, arXiv:1402.6287,;
Arcadi, Mambrini and Richard, arXiv:1411.2985,
Berlin, Escudero, Hooper and Lin, arXiv 1609.09079,
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Effective Field Theory Validity
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Singlet-Doublet Dark Matter
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* Dirac doublet, D/Dc and Majorana N.

* Similar to Higgsino/Bino sector of the MSSM, but without all the
pesky symmetry.

* @Gives couplingstohand Z

* Ensures approximate unification (cf. split SUSY)

Arkani-Hamed, Dimopoulos, and Kachru hep-th /0501082;

Mahbubani, Senatore [hep-ph/0510064| D’Eramo [arXiv:0705.4493]
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Spin-Independent
Coupling?

* There is a direct detection “blind spot”
Cohen, Kearney, AP, Tucker-Smith [arXiv:1109.2604] Cheung, Hall,
Pinner, Ruderman [arXiv:1211.4873
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Question:

« Suppose Higgs coupling is small (near the
blindspot), can we expect to see the Dark Matter
through its spin-dependent scattering?
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Singlet Doublet
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Singlet Doublet Away from
Blind Spot
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Double Blind spot

* There is a spot where both the Sl and SD vanish.

* Requiring these two couplings to vanishes, along
with reproducing the thermal abundance, sets MN
=MD=850 GeV. (model building?)
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Another caveat

 |f willing to tune to the Higgs blindspot, there is one
more out (not requiring SD): CP Violation

CP — xvsx h — (qq)(xV5Xx)

future prospect (blind spot, r=0.9)
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Outline

« WIMPS and their probes
* Where are the WIMPS"?

* Higgs Mediation

« /Z Mediation

« Singlet Doublet Dark Matter

 Co-annihilation
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Rest of MSSM
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tf, production, t,-> b ¥7 /t—»c¥ /t> Wb /t—>t%  Status: ICHEP 2016
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Loop Induced Dark Matter
Couplings

THEORETICAL
PHYSICS

Pirsa: 17100079 Page 37/41



LZ

1.x 107" .
5.x 10712 Bias : :
: Neutrino Bound ,
= e, 0 e
= PR
& 1.x10712 THEEETY
5.x 10713 b RN
EEyi P !;i;?
rrs vy 't: I |
54
. L 58Pt
"{’. ) r & 'j‘il I-"
1 x10—13"1 j}* IJ.-J' 'J‘_iz.j._
' 500 1000 1500
my (GeV)

THEORETICAL
PHYSICS

Pirsa: 17100079 Page 38/41



¢ 3
10~ -
l“ 40 4
Fn—\ '1' q I
10 =
5 a,
J [ Wham—
Wt 47
= I“ +2 [§] E
C \_.‘J:’/;J :
= 43 e ©
3 107 R T3
wh /v » ' 4
7 I s 3
4 10 - 41/000 X o
— 'Be M TER: ¢
: : sC 9
é 1 45 Neutrinos HEHENT B . 8 o
=) 0 Neutrinos 8
[} —
3 - O
5 10 16 7 10 2
—
jumt N |
| - /3
& 10747 10" <
(Violet oval) Magnetic DM "
:ﬁ 48 :I 10 \|-|I-|' ‘I ||\‘I- 10N* \NTSGN\ER‘zg |12 :
5 l(’ (Red circle) SUSY MSSM No Go“e“ SNB NeU“\n ]{) -
MSSM: Pure Higgsino N\‘;UTR\ o\C ﬁﬂd O
1() 49 MSSM: A funnel P\“T\O‘ﬁp <) ]{) 13
MSSM: Bino-stop coannihilation
c MSSM: Bino-squark coannihilation
10-5 i coanniyl

l 10 100 1000 1(,-'4
WIMP Mass [GeV/c?|

THEORETICAL
PHYSICS

Snowmass 1310.8327

Pirsa: 17100079 Page 39/41



But. ..

 |tis always possible that there could be “some
Higgsino™ in the dark matter, in which case, direct
detection may have nothing to do with the
cosmology.
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Conclusion
WIMPs: a Status Report

* Higgs-centric cosmology getting squeezed
« /-centric cosmology is exciting now

« Symmetry reason for blind spot?
« Co-annihilation-centric cosmology (stop or

otherwise) will be very hard for the foreseeable
future, but we could get lucky.

o Why co-annihilation? (AP, Kearney, Phys.Rev. D88 (2013) no.9, 095009)
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