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1. Impact of high-Q streams on the data 
analysis  

2. Relevant for post-inflationary case 
(miniclusters/streams), with numerical 

predictions from simulations
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Haloscopes overview
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Signal normalisation: 
experiment dependent, 

e.g. standard cavity
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Coherent oscillation goes 
out  of phase  

due to speed distribution

Signal normalisation: 
experiment dependent, 

e.g. standard cavity
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Signal shape: many streams

SHM 1 stream 100 streams
SHM and 100 streams 

appear the same if  
integration time is 

comparable to axion 
coherence time  
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Mean lineshape power spectral densities 
Signal in each bin is the 

convolution of speed distribution 
with a window function
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Signal shape: many streams

SHM 1 stream 100 streams
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Foster, Rodd, Safdi, 
Phys.Rev.D 97, (2018)

Signal in each bin is the 
convolution of speed distribution 

with a window function

SHM and 100 streams 
appear the same if  
integration time is 

comparable to axion 
coherence time  

This only works if the signal may be larger 
than the resolution bandwidth 

Simple models, 
with 2-3 

parameters 



Discovery potential
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sstr = 1 km s°1We can construct a likelihood 
function for a set of data given a 
model expected to describe the 

data

Parametric modelling: 
profile likelihood ratio test

well-known 
 scaling

For an ADMX-like experiment 
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No gain for 
higher 

resolution 
FFTs
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What values of 
frequency resolution  
are expected for a 

realistic axion stream?



Axion DM in cosmology

Pre-inflationary scenario Post-inflationary scenario
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ma ↭ 40 µeV
Numerical simulations neededInitial conditions dependence
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The post-inflationary scenario

N-body simulation

z ⇠ 1012
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Inflation

Lattice simulation
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z → 102
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In collaboration with  
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Axion domain walls 

Axitons 

Axion minicluster and 
minihalos



Minicluster streams

-100 pc - 50 pc RØ +50 pc +100 pc

Galactic X

-100 pc

- 50 pc

0

+50 pc

+100 pc

G
al

ac
tic

Y

105 106 107 108 109

R TMW
0 vr?(t)dt [MØ pc°2]

°15 °10 °5 0 5 10 15

Galactic X [kpc]
°15

°10

°5

0

5

10

15

G
al

ac
tic

Z
[k

pc
]

105 106 107 108 109

R TMW
0 vr?(t)dt [MØ pc°2]

Minicluster position
at  TMW − 50 Myr

MW stellar density model
 disk + bulge

-5 mpc RØ +5 mpc

Galactic X

-5 mpc

0

+5 mpc

G
al

ac
tic

Y

10°5 10°4

rstr [GeV cm°3]

O’Hare, GP, Redondo [2311.17367]
<latexit sha1_base64="sTKMWxLfIXtal0Pbkdq3wqoWK6I=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2AR6qVkRarHohdvVrAf0C4lm6ZtaDa7JFmhLv0lXjwo4tWf4s1/Y9ruQVsfDDzem2FmXhALrg3G305ubX1jcyu/XdjZ3dsvugeHTR0lirIGjUSk2gHRTHDJGoYbwdqxYiQMBGsF45uZ33pkSvNIPphJzPyQDCUfcEqMlXpuMe1SItDdtOxhjM9Qzy3hCp4DrRIvIyXIUO+5X91+RJOQSUMF0brj4dj4KVGGU8GmhW6iWUzomAxZx1JJQqb9dH74FJ1apY8GkbIlDZqrvydSEmo9CQPbGRIz0sveTPzP6yRmcOWnXMaJYZIuFg0SgUyEZimgPleMGjGxhFDF7a2Ijogi1NisCjYEb/nlVdI8r3jVSvX+olS7zuLIwzGcQBk8uIQa3EIdGkAhgWd4hTfnyXlx3p2PRWvOyWaO4A+czx8cl5Fx</latexit>

O(1000)
overlapping streams
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Pmax → max(Pobs(ωk))

Adopt non-parametric 
approach: extreme value 

statistic (EVS)

Analogous to the “re-scan” 
strategy



Minicluster lineshape

Expectation 
mean  
value

Distributed 
signal 

(including 
randomness)

0 1 2 3
10°7

10°6

10°5

10°4

10°3

hS
(w

)i
/A

T = 101 £ TSHM
coh

Standard Halo Model
Minicluster streams

0 1 2 3

(w/ma ° 1) £ 106

T = 102 £ TSHM
coh

0 1 2 3

T = 103 £ TSHM
coh

10°8 10°7 10°6 10°5 10°4 10°3

10°13

10°10

10°7

10°4

10°1

f(
S/

A
)

10°8 10°7 10°6 10°5 10°4 10°3

S/A
10°8 10°7 10°6 10°5 10°4 10°3

Lineshape

Signal power distribution

O’Hare, GP [2509.14874]



Minicluster lineshape

Expectation 
mean  
value

Distributed 
signal 

(including 
randomness)

0 1 2 3
10°7

10°6

10°5

10°4

10°3

hS
(w

)i
/A

T = 101 £ TSHM
coh

Standard Halo Model
Minicluster streams

0 1 2 3

(w/ma ° 1) £ 106

T = 102 £ TSHM
coh

0 1 2 3

T = 103 £ TSHM
coh

10°8 10°7 10°6 10°5 10°4 10°3

10°13

10°10

10°7

10°4

10°1

f(
S/

A
)

10°8 10°7 10°6 10°5 10°4 10°3

S/A
10°8 10°7 10°6 10°5 10°4 10°3

Lineshape

Signal power distribution

O’Hare, GP [2509.14874]



Minicluster lineshape

Expectation 
mean  
value

Distributed 
signal 

(including 
randomness)

0 1 2 3
10°7

10°6

10°5

10°4

10°3

hS
(w

)i
/A

T = 101 £ TSHM
coh

Standard Halo Model
Minicluster streams

0 1 2 3

(w/ma ° 1) £ 106

T = 102 £ TSHM
coh

0 1 2 3

T = 103 £ TSHM
coh

10°8 10°7 10°6 10°5 10°4 10°3

10°13

10°10

10°7

10°4

10°1

f(
S/

A
)

10°8 10°7 10°6 10°5 10°4 10°3

S/A
10°8 10°7 10°6 10°5 10°4 10°3

Lineshape

Signal power distribution

O’Hare, GP [2509.14874]



Extended reach 
10°4 10°3 10°2 10°1 100 101 102 103

T [sec] for ma = 50 µeV

100 101 102 103 104 105 106 107

T/TSHM
coh

100

101

g s
tr

/
g S

H
M

3s

ma = 50 µeV
ma = 500 µeV
68-95% containment given model uncertainty

Minicluster streams

O’Hare, GP [2509.14874]

Coupling required for the 
detection of candidate 
streams relative to the 

coupling required to exclude 
the axion under the SHM



Extended reach 
10°4 10°3 10°2 10°1 100 101 102 103

T [sec] for ma = 50 µeV

100 101 102 103 104 105 106 107

T/TSHM
coh

100

101

g s
tr

/
g S

H
M

3s

ma = 50 µeV
ma = 500 µeV
68-95% containment given model uncertainty

Minicluster streams

O’Hare, GP [2509.14874]

Including streams 
theoretical uncertainties: 

(distribution, 
concentration, etc.)

Coupling required for the 
detection of candidate 
streams relative to the 

coupling required to exclude 
the axion under the SHM



Extended reach 
10°4 10°3 10°2 10°1 100 101 102 103

T [sec] for ma = 50 µeV

100 101 102 103 104 105 106 107

T/TSHM
coh

100

101

g s
tr

/
g S

H
M

3s

ma = 50 µeV
ma = 500 µeV
68-95% containment given model uncertainty

Minicluster streams

O’Hare, GP [2509.14874]

EVS statistic improves scaling 
only when streams are 

resolved 

Including streams 
theoretical uncertainties: 

(distribution, 
concentration, etc.)

Coupling required for the 
detection of candidate 
streams relative to the 

coupling required to exclude 
the axion under the SHM



Extended reach 
10°4 10°3 10°2 10°1 100 101 102 103

T [sec] for ma = 50 µeV

100 101 102 103 104 105 106 107

T/TSHM
coh

100

101

g s
tr

/
g S

H
M

3s

ma = 50 µeV
ma = 500 µeV
68-95% containment given model uncertainty

Minicluster streams

O’Hare, GP [2509.14874]

EVS statistic improves scaling 
only when streams are 

resolved 

<latexit sha1_base64="d6p/GTTL1K+d892a6nyySZjlAGw="></latexit>

Topt → 6.56 s
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theoretical uncertainties: 
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concentration, etc.)
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detection of candidate 
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coupling required to exclude 
the axion under the SHM



Extended reach 
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An axion that couples 
weaker than naive 

sensitivity has chance to 
be revealed as an 
extreme single-bin 

fluctuation
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(nω)

Extended reach Relevant for 
QUAX, ORGAN, 
BREAD,ALPHA, 
BRASS, DALI, 
MADMAX, 
CADEx, …
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Summary

<latexit sha1_base64="d6p/GTTL1K+d892a6nyySZjlAGw="></latexit>

Topt → 6.56 s

(
100 µeV

ma

)
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Topt → 105ωcoh

Standard resolution:  
conservative SHM shape

High resolution: 
optimal for streams 

FFT chunks of 1 single FFT

1. Post-inflationary axion searches can 
benefit from extended reach 

2. We can only make probabilistic 
statements, as we don’t know the 

specific local distribution 

3. We find optimal scan time, to 
implement as a dual-channel analysis 
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Extreme value statistic test
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Daily modulation
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