- WIMPS
and Beyond

David McKeen

<2 TRIUMF

T
WNPPC 2019
BSanff, February 16, 2019




Why Dark Matter”?
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DM: something new,
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QCD Axions

by Tim Tait

violatin

Axion-like Particles

Littlest Higgs

NMSSM

Supersymmetry

imensions

Little Higgs

No Lack of Options...




Dark matter candidates span
orders of magnitude in mass

IMP City

Bosonic-burg
pop: axion &

The wimpzilla
dark photon
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orders of magnitude in mass

IMP City

Bosonic-burg
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We’'ll cover a large range of this parameter space
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How did the dark
matter get here”
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Option 1: thermal relic DM

Requires non-grav.
Interaction:

"WIMP Miracle”




(Weak Scale) SUSY has
WIMP candidates

Standard Model particles Supersymmetric partners

Some admixture of
these could be stable,
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(Weak Scale) SUSY has
WIMP candidates

Standard Model particles Supersymmetric partners

photino Some admixture of
these could be stable,
good DM candidate
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Great, let’s go look for it!



Weak Scale) SUSY Is
under siege
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WIMPs in (in)direct detection:

WIMP-nucleon cross section (cm?)
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WIMPs in (in)direct detection:

WIMP-nucleon cross section (cm?)
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DM through “portals”

Standard Model
symmetries SU(3)e x SUQ2)L x U(l)y = SU3)e X U(1)em

G Wb B,—>G% A
Standard Model o TR TR po M
particle content
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Renormalization: lower dim. operators (fewer
fields/particles) more important
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DM through “portals”

Standard Model
symmetries SU3)e x SU2)L x U(1)y = SU(3)e X U(1)em

Portals: coupling via stuff uncharged w.r.t. SM

Lead to minimal difficulties incorporating hidden sectors

neutrino: (H«— N

kKinetic

. A ,
mixing: | £# < Viw Higgs. gH'Hj<—F S
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DM anninilation through portals

X e
Fuole— V., >WM< Vector Portal
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T yn (cm?)
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Direct Detection Limits wea

ken at low mass
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Work by Batell, deNiverville, DM,
Pospelov, Ritz; Dobrescu & Frugiuele, ...

Neutrino Beams

absorber

target| o+ _>,U+V,u
— [

proton beam

decay volume

O m - 100 km

14



Work by Batell, deNiverville, DM,
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Dark Matter Beams

absorber

target V — V.
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proton beam

decay volume
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Work by Batell, deNiverville, DM,

Pospelov, Ritz; Dobrescu & Frugiuele, ...

Dark Matter Beams

target V — XX
— [
decay volume
proton beam

<€ >
[0 m - 100 km

Such a search performed
at MiniBooNE...




MiniIBooNE Search

Kinetic Mixing/
Vector Portal

DM production:

(PRL 118, 221803)
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MiniIBooNE Search (PRL 118, 221803)
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Similar searches will happen
at e.g. T2K, DUNE, ... .



Dark matter that interacts via
portal can affect things like
small scale structure




Structure formation

30-40 seen

Count satellites of Milky Way galaxy:
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Structure formation

Basic physics that sets the scales of
structure formation

Consider massive particles coupled
to a light force (not gravity) carrier,
l.e. radiation

e.g. baryon collapse
resisted by photons

structure starts to form when no pressure
(i.e. particles decouple from force carrier)

structures smaller than horizon size at
decoupling are suppressed
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DM-neutrino interactions

Neutrino Portal:

LD —-MHN — yNyo + h.c.

Can suppress growth of
small scale structure in
this setup

X
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Switching gears...



Option 2: Nonthermal production

Canonical example: Axion

High Temperature Low Temperature
A Universe cools 4
V(o 0 D V)| e’
a a
Axion field osclllates, behaves like cold DM
d*a da 5 V2Pdm
s SH - Fmoa =0 = a(t) = e Mgt

Can be DM for m, < 107° eV (GHz)

Y

Detect through coupling to E&M: L D gevya B - B
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Searching for Axion DM

Making use of £ D ggvya B - B

ADMX at UW
ABRACADABRA at MIT

~ Stepping motors

Vacuum Pump <

-

A Iim 1 Cryostat vessel
I Magnet support
Il re Cavity LHe reservoir

(L Magnet LHe reservoir

liim I 1.3K J-T refrigerator

A3

|

_ Cavity vacuum chamber

3.6 meters

// - Amplifiers
|

| Tuning mechanism

o

~__— Microwave Cavity

%

Y it +—— Dielectric tuning rod

| Metal tuning rod

Superconducting magnet




Searching for Axion DM

Making use of £ D ggya B - B
ADMX at UW

E

ABRACADABRA at MIT




Searching for Axion DM

Recent
results!
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What about very heavy
DM? Primordial Black
Holes”?



Pulsar Iiming and large DM
Structures

What if something massive passes by a
pulsar (very regular oscillating source)?

Shapiro time delay
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: Doppler shift

Y VaVoVER VoV ¥ : oV . =

I — =T - d

! 1%

®

Dror, Ramani, Trickle, Zurek 1901.04490 -



Pulsar Iiming and large DM
Structures
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Pulsar Iiming and large DM
Structures

Projections

Lensing
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Wrap up

WIMPs (in SUSY or beyond) are excellent
candidates for thermal relic DM but null searches
have closed parameter space

I've only scratched the surface—there are many
other possibilities and opportunities. Stay tuned!



