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✴ Dark Matter: A Messenger from the Early Universe 
✴ Broad discovery space → ~90 orders of magnitude 

✴ Identifying its nature is the key to unlocking cosmic history
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✴ Ultra-light dark matter halo 
• ULDM halo behaves as a superposition of  
particle waves and forms a classical wave field 
• The amplitude fluctuates stochastically 
with the timescale

Ultra-Light Dark Matter (ULDM)
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✴ According to the number density,                   is allowed for bosons 

✴ Quasi-monochromatic oscillation nature is common among models

ULDM Models
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✴ The ULDM field interacts with detectors 
• The ULDM signal appears as a narrow-band peak in the frequency domain 
• The amplitude varies stochastically 
• Conventional searches have focused on detecting excess power

The ULDM signals and search
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stochastic amplitude fluctuations 

2. Inability to distinguish the signal origin, 
even after successful detection
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ULDM Search with GW detectors
引き方，ガタ付きについて簡単に
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✴ Narrow-band spectral artifacts 
• Suspension violin noise 
• Noise by power supply (Power line noise) 
• And other noise sources 
(including unidentified sources)

Artifacts similar to ULDM signal

10

high-resolution ASDs computed 
during O3a for the LIGO detector
https://gwosc.org/O3/o3speclines/

We also need a new approach 
to deny these artifacts

https://gwosc.org/
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✴ Data analysis process 
• Segment the time-series data  
& apply Fourier transform

Correlation of the ULDM signal

11

Time series data:

d̃( f, t1) d̃( f, t2) d̃( f, ti)

d(t)

相関の形の説明ー＞

: Noise of the i-th segment 
: ULDM signal of the i-th segment
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ñ(f ; ti)
<latexit sha1_base64="GMwxxa7i8mBhS/4eglm8qbMBH28="></latexit>

h̃(f ; ti)



Takumi Fujimori (Osaka Metropolitan University)
Gravitational Waves and the Early Universe: Accelerated Expansion, Dynamical Inhomogeneity, and Beyond, 2026/03/12-14, Nagoya University

✴ Data analysis process 
• Segment the time-series data  
& apply Fourier transform

Correlation of the ULDM signal

11

Time series data:

d̃( f, t1) d̃( f, t2) d̃( f, ti)

d(t)

✴ Auto-correlation of the  
Fourier-transformed signal

<latexit sha1_base64="8yhMoft8G1bCHS/YYzY+DCW3uvc="></latexit>

Hfti,f →tj

→ ↑h̃(f ; ti)h̃
→(f ↑; tj)↓

相関の形の説明ー＞

: Noise of the i-th segment 
: ULDM signal of the i-th segment

<latexit sha1_base64="bkloVIR6mxsU7hSwkBUPicNiamw="></latexit>
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✴ Verification of ULDM Signal Behaviour 
• Calculate the correlation from simulated data 

ULDM model:  
 gauge boson,  

dilaton(scalar field DM) 
Signal frequency: 
100 Hz

U(1)B−L

12
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τ ∼ 3 hours
Coherent time

100 Hz 
12 hours

Correlation of the ULDM signal

Simulation properties

*Solid lines: correlation of the data 
 Shaded regions: 1-sigma deviation
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✴ Verification of Gaussian Noise Behaviour 

13

Correlation of the ULDM signal
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Correlation of ideal Gauss noise
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 Shaded regions: 1-sigma deviation
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✴ 12 hours data of LIGO-Virgo-KAGRA 3rd observation run(O3b) 
✴  gauge boson signal was injected at 100 HzU(1)B−L

15

Injection Test
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✴ Calculate the correlation 
‣ For large exceeding peaks
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✴ Calculate the correlation 
‣ For other exceeding points
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d̃( f, t1) d̃( f, t2) d̃( f, ti)

Results (for a few points)
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d̃( f, t1) d̃( f, t2) d̃( f, ti)

Results (for a few points)

The signal correlation is useful 
for at least candidate distinction
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✴ Introduction 
• Ultra-Light Dark Matter and its models 
• ULDM signals and the search  

✴Utilization of signal correlation for model identification 
• ULDM signal correlation 
• Correlation of the simulated signals 

✴ Injection test with real data 

✴Conclusion
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Conclusion
✴The possibility of a new method  
to estimate the ULDM origin 
• Autocorrelation can serve as a robust  
discriminator for ULDM model identification 
• Injection tests demonstrated that  
autocorrelation successfully distinguishes  
ULDM signals from excess noise 

✴Future work 
• Determine the minimum observation time  
required for robust model discrimination 
• Apply the proposed method to the latest  
LVK observation data

100 Hz 
200 days
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Limits from O4b observation
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https://dcc.ligo.org/LIGO-P2500252/public
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Consider a quadratic form, 

and determine     to maximize SNR

Construction of Optimal statistics
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Calc. of the correlation from the data

23

<latexit sha1_base64="neITWoE+VHGn7XXAM55tANUrd88="></latexit>

Hfti,f →tj

→ ↑h̃→(f ; ti), h̃(f
↑; tj)↓

<latexit sha1_base64="xzFYCL7TsxqHypa2BwKRu+CODSQ="></latexit>

H(f ; ti, ti +!t)

=
1

N

N→1∑

i=0

h̃↑(f ; ti)h̃(f ; ti +!t)

d̃( f, t0) d̃( f, t1) d̃( f, ti)

Δt Δt
…

Δt



Takumi Fujimori (Osaka Metropolitan University)
Gravitational Waves and the Early Universe: Accelerated Expansion, Dynamical Inhomogeneity, and Beyond, 2026/03/12-14, Nagoya University

Correlation variation & C.C.
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Results of other realizations
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Correlation at 60 Hz of real data
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✴Spin-0 Axion (or Axion-like particle):

Other ULDM searches
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s-pol

Laser

s-pol + p-pol

• Phase velocity caused by the axion 
field -> polarised photon occurs

• Interaction w/ terrestrial magnetic 
field 
→ Detect axion-induced M field 

A. Taruya+, arXiv:2504.06653 [hep-ph]

Y. Michimura+, arXiv:1912.09123 [hep-ph]

s-pol

p-pol

https://arxiv.org/abs/2504.06653
https://arxiv.org/abs/1912.09123

