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WIMP with a capital W

 Cosmology and direct detection are really
controlled by interactions with gauge/ SM Higgs
boson

* e.9g. Singlet-doublet model, split SUSY...

https://arxiv.org/pdf/1109.2604.pdf M
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Spin Independent Scattering
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/-mediated Dark Matter
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Also y-xy-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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Contribution to T parameter
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Precision Electroweak Constraints
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Motivates inclusion of new
EVV states

e.g., “Cutting the self-energy diagram” argument
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Singlet-Doublet Dark Matter

~ M
B D DN N DI TNNQ e
* Dirac doublet, D/Dc and Majorana N.

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

* Gives couplingsto hand 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]
Enberg et al. [arXiv:0706.0918] Cohen, Kearney, AP, Tucker-Smith [arXiv: M
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Spin-Independent
Coupling?

 [here is a direct detection "blind spot”
Cohen, Kearney, AP, Tucker-Smith [arXiv:1109.2604] Cheung, Hall,

Pinner, Ruderman [arXiv:1211.4873]

Can be found by “low energy theorem”

1
Ly = §mX¢(U+h)XiXi

1 1 3mxi (U) 2
§mXi (U)XZXZ + 5 o thXz -+ O<h )7

det(M, — 1m, (v)) = 0. M
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AFE — No tree-level direct detection analog
2] > W
E
|44 — No tree-level direct detection analog
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Question:

e 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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Breaking the Crossing
Symmetry: Co-annihilation

it ¥ and Y simultaneously inhabit the thermal bath at freeze-

Out

(Boltzman suppression not too large)
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c(xx = SM) o(xY - SM) oYY — SM)

Griest and Seckel, Phys.Rev. D43 (1991) 3191-3203 M
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Rest of MSSM
U

stop+sbottom

DM + stop

SM
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Loop Induced Dark Matter
Couplings
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Mass Splittings
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RedAll, Blue: LHC OK, Green: my=122-128 GeV, Solid: DD bounds
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But...

* |tis always possible that there could be "some
Higgsino™ Iin the dark matter, in which case, direct
detection may have nothing to do with the

cosmology.

1 TeV\* m 2 10595\ m2\
~ 3 x 1074Tem? (ras) (1 5) (1- =
781 . ( y > 500 Gev/) U, 2
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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.

Why co-annihilation’ (ap kearey. Phys.Rev. D88 (2013) no.9, 095009)
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Effective Field Theory Validity
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Both gluindo mass signs

Preliminary, AP, N.Shah, S. Vogl
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Higgs Mass Calculations
3m;

M: X7 X7\
~ m?, - In —‘29 - — (1 s
2m2v? |\ my M 12M¢

Long list of 2-loop (and more!) computations:

Carena, Degrassi, Ellis, Espinoza, Haber, Harlander, Heinemeyer, Hempfling, Hoang, Hollik, Hahn,
Martin, Pilaftsis, Quiros, Ridolfi, Rzehak, Slavich, Wagner, Weiglein, Zhang, Zwirner.

Carena and Haber, hep-ph/0208209
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Charge Color-Breaking Vacuua
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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)(x¥5X)

future prospect (blind spot, r=0.9)
1.0 S

’’’’’
------
-
-
-m-=
-
--
L 4

0.9)_:_:;" : 1.x107% = ratio of
08 2.x107% yU kawas
W W
- - -
T. Abe
arXiv:1702.07236 momlGeV] TTEGR ETTER

PHYSICS



