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HIDDEN SECTOR DARK MAT[ER AND ITS
(DIRECT) DETECTION




MOTIVATION

NEW DIRECTIONS IN DARK MATTER THEORY

» Old paradigm: weak scale dark matter (with relic density fixed by freeze-out)

n(ov) = H(T,)

—> (oV) ~~

4 Kolb and Turner
1 ~ Jwk
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DARK MATTER AND CLASSICAL BILLIARD BALLS

DIRECT DETECTION GOLD STANDARD

» Nuclear recoil experiments; basis of enormous progress in direct detection
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v~ 300 km/s ~ 10"°c = Ep ~ 100 keV for 50 GeV target
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Standard Model
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\ The dark valle 0 \ b b
l Universe T‘-fU ) W/W/

The visible ‘ Decay to vis\ble universe via

Universe tunneling



HIDDEN SECTOR DARK MATTER

BROAD RANGE OF MODELS
R

pure glue, light flavors, heavy flavors,
quirky asymmetric dark matter, Strongly
Interacting Massive Particle (SIMP), Wess-
Zumino-Witten SIMP

MeV DM, WIMPless, Anomalies: PAMELA,
ATIC, Fermi |, Fermi ll, Fermi lll, DAMA,
CDMS, Cogent

Darkogenesis, Xogenesis, Hylogenesis,
Cladogenesis, ADM from Leptogenesis,
Dark Affleck-Dine

Dark photons, Freeze-in, WIMPless miracle

Mirror Matter, Atomic Matter, Self-

Interacting Dark Matter, Magentic, Dark
Anapole and EDMs

Dark Disk — Killing the Dinosaurs



SUCCESS

THEORY TARGETS

coherent neutrino scattering

10 100 . 1000 10000
WIMP Mass [GeV/c”]

Physics Viewpoint, Raphael Lang



HIDDEN SECTOR DARK MATTER

ASYMMETRIC DARK MATTER

X"ucded"” Dark Forces Arise Naturally
Mmn

particle anti-particle




DETECTING HIDDEN SECTOR DARK MATTER

NUCLEAR RECOILS

» Kinematic penalty when DM mass drops below nucleus mass

2

ED — ! max — szU

ZmN

Ep =2 eV & myxy =300 MeV

MY

even though Ekin > 300 eV

Y



DARK MATTER AND CLASSICAL BILLIARD BALLS

NEXT UP: ELECTRON

» More bang for the buck if DM lighter than 1 GeV

q2

F A =
o 2M ¢

Umax — 2WLXU

» Allows to extract all of DM kinetic energy for DM MeV and heavier

Ep = eV my =1 MeV

mNY
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Hidden—
Photon models
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DEVELOPMENT OF NEW TECHNOLOGIES
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Missing Mass/Momentum Experiments (Kinetic Mixing, m = 3m,)

DarkLight
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REACH OF QUANTUM MATERIALS

DARK MATTER LANDSCAPE

1T meV 1eV 1 keV 1 MeV 1 GeV 100 GeV

Semiconductors Traditional WIMP

SuperCDMS XENON1TT
DAMIC, SENSEI | 7
QCD axion, “ultralight frontier”
e.g. ADMX ~meV energy  ~eV energy ~keV energy

resolution resolution resolution



DARK MATTER AND QUANTUM PHASES

E.G. SUPERCONDUCTORS

» Free electrons succumb to
collective dynamics

» Typicalgap A >~ 0.3 meV

Hochberg, Zhao, KZ 1504.07237, Hochberg,
Pyle, Zhao, KZ, 1512.04533



DARK MATTER AND QUANTUM PHASES

ABSORPTION — SUPERCONDUCTORS

» Can we absorb ultralight DM particles on electrons in a superconductor?
» Seems not — basic energy and momentum conservation

» Take advantage of collective modes! i.e. phonons
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Stellar constraints — lkgyr

(Stuckelberg case)

Resonant

LC XenonlO

HB stafs (Higgs case, ¢'=0.1)




Hidden photon dark matter

Stellar constraints

multi-phonon
excltation




DARK MATTER AND QUANTUM PHASES

HELIUM

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

» To detect lighter DM, couple to phonon modes.
» Viable? At first glance — no

Ep ~vxq
VS Cs < Vx

phonons

ED ~ Cs({

» Next glance -- yes!
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Massless mediator
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SuperCDMS
-G2+Si, le™ i

Yonit Hochberg,'»?* Yonatan Kahn,® T Mariangela Lisanti, *

Q
Kathryn M. Zurek,*® 3% Adolfo Grushin,” Y Roni Ilan,® ** N --- Superconductor, A = 1 meV
Dirac,A =0

Zhenfei Liu,” Sinead Griffin,” Sophie Weber,” and Jeffrey Neaton® — Dirac, A = 2.5 meV




REACH OF QUANTUM MATERIALS

HIDDEN SECTOR LANDSCAPE

non-thermally produced thermal

(accelerator complementarity)
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resolution resolution resolution
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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, semi-metal ....

» Leverage progress is materials and condensed matter physics



SUMMARY

ROAD FORWARD

» Realizing experimental program is 5-10+ years into future

» Explosion in Community Interest, US Cosmic Visions Whitepaper, University
of Maryland, March 2017

» Twelve orders of magnitude increased sensitivity in mass

» Long view necessary!



