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DM WITROUT PREJUDICE



DM WITH PREJUDICE

NEW IDEAS IN DARK MATTER THEORY

» Old paradigm: weak scale dark matter (with relic density
fixed by freeze-out)
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SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold

XENON 10 S2 (2013)
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10_47 (Green ovals) Asymmetric DM
(Violet oval) Magnetic DM
10_48 (Blue oval) Extra dimensions
(Red circle) SUSY MSSM
A MSSM: Pure Higgsino
10™49 1 @ MssMm: A funnel
@ MSSM: Bino-stop coannihilation
Y& MSSM: Bino-squark coannihilation

WIMP-nucleon cross section [pb]
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DM WITH PREJUDICE

WEAK SCALE PARADIGM: UNDER ASSAULT
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| Model where it matters

- mono-h | Inelastic DM, 2HDM
| mono-z || Inelastic DM, 2HDM
'mono-jet|| Squark mediated production, compressed spectrum
' mono-b ||Sbottom mediated production, compressed spectrum

Inelastic DM

Shottoms *




DM WITHOUT PREJUDICE?

PROJECTING LHC CONSTRAINTS ON DD PLANE IS DECEIVING

» Asimple example:

_37 DM Simplified Model Exclusions ATLAS Preliminary July 2017
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LHC is a Heavy Mediator Machine, not a Dark Matter
Machine!
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SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold

XENON 10 S2 (2013)
+CDMS-Il Ge Low Threshold (2011)

5 Neutrinos
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10_47 (Green ovals) Asymmetric DM
(Violet oval) Magnetic DM
10_48 (Blue oval) Extra dimensions
(Red circle) SUSY MSSM
A MSSM: Pure Higgsino
10™49 1 @ MssMm: A funnel
@ MSSM: Bino-stop coannihilation
Y& MSSM: Bino-squark coannihilation

WIMP-nucleon cross section [pb]
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DM WITHOUT PREJUDICE

DARK MATTER LANDSCAPE

1 meV 1eV 1 keV 1 MeV 1GeV 100 GeV
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Semiconductors Traditional WIMP

SuperCDMS XENON1T
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<
QCD axion, “ultralight frontier”
~meV energy  ~eV energy ~keV energy
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CURRENT STATUS

DIRECT DETECTION GOLD STANDARD

» Nuclear recoil experiments; basis of enormous
progress in direct detection
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DARK MATTER AND QUANTUM PHASES

DARK MATTER LANDSCAPE

1 meV 1eV 1 keV 1 MeV 1GeV 100 GeV
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Semiconductors Traditional WIMP

SuperCDMS XENON1T
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<
QCD axion, “ultralight frontier”
~meV energy  ~eV energy ~keV energy

resolution resolution resolution
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Stellar constraints

SuperCDMS
-G24Si, le™ i

Si
--- Superconductor, A = 1 meV (2—phonon)
Dirac,A=0 o
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DARK MATTER AND QUANTUM PHASES

DARK MATTER COUPLING TO NUCLEONS — HELIUM

» Superfluids are naturally insensitive to noise. A good light DM
detector? In the context of ordinary nuclear recoils, yes, see e.g.
1605.00694

» To detect lighter DM, couple to phonon modes.

» Viable? At first glance — no

Ep ~vxq
VS CS << UX

ED ~ Cs({

» Next glance -- yes!
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Sensitivity to DM via a Massive Mediator
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Wavevector transfer Q (A1)

Optical phonon branch
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Stellar bounds
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EXPERIMENTAL CONNECTIONS

ROAD FORWARD

» Large part depends on better energy resolution sensors
(TESs or KIDs); TESs or KIDs are portable to multiple
targets

athermal evaporation

Phonon TES rails
Charge electrode -\

phonons,
rotons

Semiconductors SuperCDMS

Superconductors Superfluid Helium

Current energy resolution: ~300 eV
Goal: ~1 meV Goal: ~1 meV
Goal: ~1 eV



SUMMARY

ROAD FORWARD

» New ideas for dark matter detection!

» Moving beyond nuclear recoils into phases of matter crucial
to access broader areas of DM parameter space

» Target diversity essential. graphene, superconductors,
semiconductors, helium, polar crystals, Dirac or Weyl
materials ....

» Leverage progress in materials and condensed matter physics

» Realizing program 5-10+ years into the future






