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]

0 10 20 30 40 50

✏ [K]

Phonon
Roton

Long-lived quasiparticle excitations

Possible ~m

eV thresholds

M
om

entum
 [keV

]

4/29/16	
D.	M

cKinsey						CPAD	W
orkshop	

Concept	#3	

Signal	channels:		
	Phonons		
	Rotons	

		Energies	dow
n	to	~	few

	m
eV	!!		

	Discrim
inaOon	using	roton/phonon	

signal	raOos	likely.	Electron	recoils,	
detector	effects,	nuclear	recoils	
likely	create	different	roton/
phonon	distribuOons.	
	PosiOon	reconstrucOon	using	
signal	hit	pa/erns	
			

XSee Dan M
cKinsey’s talk

Schutz and Zurek 2016

Knapen, TL, Zurek 2016
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)
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-field
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ppositely charged ions in crystal
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/


Q
E

0·u
Dark photon interaction w
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LO

 phonon is dipole interaction:
Dark photon field E
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uIon displacem

ent 
(dipole)

LO
 phonons ~ coherently oscillating dipoles

Polar m
aterials
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As, -2.1 effective charge

Crystal structure
G

apped  
optical phonons
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Energy ω [meV]
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llow

ed phase 
space for m

X  = 25 keV

Phonon band structure in G
aAs



G
aAs detector
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 TES and Q
P collection antennas (W
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Atherm
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~gram
 of G
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TES w
ith E

th  ~ 10 m
eV

Concept is sim
ilar to 

SuperCDM
S:


DM
 scattering creates  

single optical phonon.  
These dow

n convert into  
sub-m

eV atherm
al phonons 

w
hich are collected at surface.


Instrum
ent ~%

 of surface 
to collect deposited energy  

w
ith O
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G
aAs detector

TES w
ith ~72 m

eV 
resolution already 

dem
onstrated on test chips


Radiogenic backgrounds 
are at m

uch higher energy; 
here dom

inant backgrounds 
are solar neutrinos and 

coherent photon scattering,  
< 1 event/kg-yr.
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Atherm
al Phonon C

ollection Fins (Al)

~gram
 of G
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TES w
ith E

th  ~ 10 m
eV



D
ark photon interactions

•
DM

 sensitivity from
 

optical phonon 
production in G

aAs


•
G

aAs could cover the 
entire “freeze-in” region 
even w

ith ~10 gram
-

m
onth exposure


•
Pure G

aAs crystals 
readily available now
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10 keV N
ucleon coupling

Knapen, TL, Zurek 2017

Single phonon production 
can be used for sub-M

eV 
DM

-nucleon scattering, 
com

petitive w
ith m

ulti-
phonons in superfluid He
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Kinetically m
ixed dark photon

•
Dark photon is all 
of the dark m

atter

•

M
ono-energetic 

absorption signal

Kinetic mixing

Hochberg, TL, Zurek 2016+2017 
DAM

IC: Chavarria et al. 2017  
An, Pospelov, Pradler 2013, 2014
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Even better: sapphire
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•
O

ptical phonons allow
  

coupling to dark photons


•
O

ptical m
odes are gapped, 

w
ith energies 30-100 m

eV —
 

better for light DM
 scattering


•
Sensitive to different DM

 m
odels


•
Possible fabrication of  
high purity crystals, good 
atherm

al phonon properties
Al2 O

3  (Sapphire)

Sim
ilar advantages as G

aAs:
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Sapphire phonons

•
M

any m
ore “high 

energy” optical phonon 
m

odes 


•
Potential for directional 
detection w

ith q-
dependent phonon 
couplings and energies.

20

Phonon band structure in  
Al2 O

3  (Sapphire)

Acoustic G
apped optical m

odes
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H. M

iranda’s phonon w
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q
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q
y

Size of dipole and energy of optical phonon  
varies w

ith phonon propagation direction

Sapphire phonons
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D
aily m

odulation
Direction-dependent 

phonon m
odes in 

sapphire (Al2 O
3 ) lead 

to daily m
odulation  

as the Earth rotates


In phase w
ith sidereal 

day, not solar day —
 

could be distinguished 
from

 terrestrial 
backgrounds.

ve

Earth axis of 
rotation
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D
aily m

odulation
Direction-dependent 

phonon m
odes in 

sapphire (Al2 O
3 ) lead 

to daily m
odulation  

as the Earth rotates


In phase w
ith sidereal 

day, not solar day —
 

could be distinguished 
from

 terrestrial 
backgrounds.
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Polar m
aterials

G
eV     TeV

eV
m

eV
keV

M
eV

D
M

 m
ass

Thanks!

•
O

nly scratched the surface in low
 m

ass DM
 detection;  

~gram
-scale targets can reach new

 param
eter space


•
Polar m

aterials are prom
ising target for sub-M

eV DM
 

scattering and absorption into optical phonons. Directional 
detection m

ay be possible as w
ell.


•
Interesting tim

es for direct detection of low
 m

ass DM
!


