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Outline

o Parity violation: piezoelectric crystals and axion couplings

e Schiff’'s theorem: how to detect parity violating nuclear multipole moments

e Resonant mass detectors

* Proposed experimental setup and sensitivity



Piezoelectric Crystals

* Piezoelectric are a large class of materials: 20 out
of 32 symmetry groups

Non-piezo Piezo

» Crystal structure breaks parity symmetry
(xaya Z) # (_xa — Y, — Z)

* Deformation causes net charge across unit cell
(and vice versa).
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Constitutive Equations for Piezoelectricity
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The piezoaxionic tensor ¢ is ODD under parity, and can only be
present In piezoelectric materials.

The electroaxionic tensor  is EVEN under parity, and can be
present in all dielectrics.

We will focus on £ in this talk!
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C = elastic stiffness tensor \F
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Resonant Mass Detectors

In the 1960’s: The Weber Barr, Today: AURIGA, NAUTILUS
17 | |
5~ 10 MiniGrail, S ~ 10723



Experimental Setup

1. Find a piezoelectric material with low
mechanical noise and big Schiff moments

2. Align nuclear spins using a magnetic field

e AT A s et il . . .

R + 4\ ! 'r it

SQUID

3. Coolto ~ 1 mK to reduce thermal noise

4. Oscillating voltage across crystal generates a
tiny AC, measured using a SQUID

D O — DD



Backgrounds:

Fluctuating nuclear spins

Small effect, NMR frequency #

mechanical resonance frequency Magnetization noise

Fluctuating magnetic impurities in — fictitious EMF

material
Sppm

Vibrational noise
Systematic, demonstrated at AURIGA

Noise:

Thermal noise limited, main sources: crystal mechanical noise and SQUID noise



|dealized Forecast
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https://github.com/kenvantilburg/piezoaxionic-effect
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Future Directions

* Precise Schiff moment calculations for
stable, octupole deformed nuclel

* Density functional theory (DFT)
calculations for & and {

* Further experimental investigation into
suitable materials.

 Axion mediated force experiments
from piezoelectric sources (figure)
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Summary

New observable for the QCD axion that
probes its model independent coupling

Experimental set-up with sensitivity for axion
masses in range 107 eV to 107 7eV

Complementary to cavity experiments

f-1 [GeV~1]

o2,

frequency f [HZz]
10 10° 10° 107 108 .
| BBN { - |
107 ] = &V =64x13
/ Sun 8 8 aspect =20 _ (‘\\C,
(V)] o ‘F\O
/ r_g § KSO@
] : :
] Q b *‘\00
—-13 o : i a |
10 ; N Q
10714 5 aspect = 10 |
| super-
] radiance
10717 %
. ;ﬁ
ol
10712 10~ 1010 1072 10-8 T -,

axion mass m, [eV]



Materials

Piezoelectric make up a large class of materials - 20 out of 32 symmetry groups!



Materials

Piezoelectric make up a large class of materials - 20 out of 32 symmetry groups!

High density of nuclei with large Schiff moments
and low radioactivity

Good acoustic properties (high Q-factor)

Strong piezoelectric properties (large &)

Structural similarity to well-known bulk resonator
crystals.



Materials

Piezoelectric make up a large class of materials - 20 out of 32 symmetry groups!

Class Candidates

Similar Crystals

High density of nuclei with large Schiff moments NaDyH,S,0s
and low radioactivity 32
BiPOy4
_ U(CU.AS)2
Good acoustic properties (high Q-factor) Sm 3%8192
Amm DySi3II‘
Strong piezoelectric properties (large &) DyAgSes
19m DyAgTe,
Dy2B62G607
Structural similarity to well-known bulk resonator mm2 UCOs

SiO2 (quartz)
GasLa3SiO14 (langasite)
GaPO4 (gallium orthophosphate)

tourmaline

LiNbOs3 (lithium niobate)
LiTaO3s (lithium tantalate)

Li;B4O7 (lithium tetraborate)

NHe¢PO4 (ADP)
KH>PO4 (KDP)

BasNaNbsO;5 (barium sodium niobate)

crystals.

Database: https://materialsproject.org/
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