NEW IDEAS FOR AXION SEARCHES IN
SUPERFLUID HELIUM



AXION PARAMETER SPACE AND SEARCH EFFORTS
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CONVENTIONAL AXION WIND DETECTION
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Frequehcy (Hz)

Hyperpolarized
nuclear spins On resonance,YBo = my linearly growing tip angle:

63(t) = vBst for t < min|7,, 5]
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HOMOGENEQUS PRECESSION DOMAIN OF HE-3

Superfluid B-Phase Disordered Magnons HPD Phase
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HOMOGENEOUS PRECESSION DOMAIN OF HE-3

HPD Properties Specified by Domain Wall Location
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HOMOGENEOUS PRECESSION DOMAIN OF HE-3

Effective Bloch System with Axion Perturbations
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Axion-Induced Shift in Domain-Wall Location

5 (1) = —\@W (11 +26;Z;)O(2)) -Bg(t) sin [6g(t)]| + BZ(t) cos |0y (1)) -

Axion-Induced Shift in Precession Rate

S éa(t) = ayBozo(t)z4(1)
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AXION SIGNAL

Time-Domain Covariance Matrix . Example Signal Realizations
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» Dynamics fully characterized as a non-stationary gaussian process

» Depends on HPD relaxation time + axion coherence

» Searches for signals are searches for excess covariance
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AXION SIGNAL IN A STOCHASTIC SYSTEM

M € » _ — 1/2
» Bloch treatment is “zeroth order dN(t) = —IN(t)dt + [IN(1)]"" dW; + dNa(t)
> Coarse-grained properties of the g 00f — SDE w/ Axion -
= — SDE w/o Axion -
HPD depend on magnon number ~ | -
» Background: uncorrelated magnon < —Ulp WA }
decay | -
» Signal: correlated magnon pumpin = =027
5 : 5 P P& « - guvy = 1.0 X 1079 GeV ™!
by axion field ' | |
» Background accumulates at all A N
) : — oniinear 1
times g 0.00 _ ==+ Linear Deterministic |
» Signal accumulates only during =
resonance = 005 k- Q
» Require rapid, high-precision " | |
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» Read out HPD precession rate with a
flux-sensitive transom qubit

H,(t) = Asin(wpt + ot /2)%

MEASURING AN AXION SIGNAL IN A STOCHASTIC BACKGROUND

ooooooo

» Applying time-dependent control 1071
pulses allows for optimal estimate of 1 iy o
evolution of precession rate O o o= 01ms, Ny =100 .
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[Naghiloo, Jordan, Murch, PRL 2017; Schmitt et al., Science 2017]
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PROJECTED HPD SENSITIVITY
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BACKUP SLIDES



ANNUAL MODULATION
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DAILY MODULATION
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VALIDATING THE TIME-DOMAIN STATISTICS

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Yex(At)/ pa

000l ——m— _ 0.00l ——m———————7— : 0.0l ——mMm™
= | | = | | < |
Z0.000 1 Z 0.000 =N\ NS —" % 0.000¢
= | y - | | = | :
-0.001 ————t———— 0001 b moro—————— o b— '
0 2 4 0 2 4 0 2 4
At/ At/T At/T

Joshua Foster (MIT) | New Ideas for Axion Searches in Superfluid Helium



VALIDATING THE STOCHASTIC DYNAMICS

‘COVSDE@, t/)| |COVSDE(t, t,) — COVdet. (t, t/)|
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