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Discrete measurements in time interval 1’
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Haloscopes overview

Discrete measurements in time interval 1’
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Discrete measurements in time interval 1’
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Signal shape: many streams
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Signal shape: many streams
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Discovery potential
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Required Tiot/ ToHM
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Required scan time

What values of
frequency resolution
are expected for a
realistic axion stream?




Axion DM in cosmology

Pre-inflationary scenario Post-inflationary scenario

Numerical simulations needed

Mg <= 40 eV

Initial conditions dependence



Fine-grained streams

e.g., pre-inflationary axion .
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In collaboration with

The post-inflationary scenario

J. Redondo, C. O’Hare
Y. Wong, B. Eggemeier, K. Saikawa
A. Vaquero, G. Moore
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Minicluster streams
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Minicluster streams

Minicluster streams: densities
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Adopt non-parametric

approach: extreme value
statistic (EVS)

Prax = max(Pops(wi))

Analogous to the “re-scan”
strategy

particularly sensitive to
signals that can have large
fluctuations over the noise
level, even if those
fluctuations are rare

Extreme value statistic
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SR Minicluster lineshape
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O’Hare, GP [2509.14874]
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O’Hare, GP [2509.14874]
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Istr/ SSHM

Extended reach

T [sec] for m,; = 50 neV
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Coupling required for the
detection of candidate
streams relative to the

coupling required to exclude
the axion under the SHM



Istr/ SSHM

Extended reach

T [sec] for m,; = 50 neV
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detection of candidate
streams relative to the

coupling required to exclude
the axion under the SHM

Including streams
theoretical uncertainties:
(distribution,
concentration, etc.)



Istr/ SSHM
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theoretical uncertainties:
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Extended reach
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O'Hare, GP [2509.14874]

Extended reach

An axion that couples
weaker than naive
sensitivity has chance to
be revealed as an
extreme single-bin
fluctuation
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# streams w/ density > 0str/ 0DM

Fine-grained streams

Cumulative distribution from N-body
simulation of collisionless DM

Fine-grained streams
Vogelsberger & White (2010)

= Skewed log-normal fit
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Stream density, pstr/ 0DM



# streams w/ density > 0str/ 0DM

Fine-grained streams

Cumulative distribution from N-body Sensitivity enhancement washed out by
simulation of collisionless DM daily modulation effects
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Summary
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str/ $SHM

Minicluster streams
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Fine-grained (pre-inf) streams
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Extreme value statistic test

Extreme value statistic (PDF)
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Extreme value statistic (CDF)

—— SHM (Monte Carlo)

—— Streams (Monte Carlo)

SHM (analytic)

Streams (analytic)

—— No signal (Monte Carlo)

No signal (analytic)

10 20 30 40 50
Pmax/ 5



Daily modulation
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