
Intensity interferometry for ultralight bosonic dark
matter detection

WG Meeting of COST Action COSMIC WISPers

Daniel Gavilán Mart́ın

on behalf of the GNOME collaboration

Helmholtz-Institut Mainz/JGU

February 1, 2024

Daniel Gavilán Mart́ın Intensity Interferometry February 1, 2024 1 / 16



Introduction

ALP and bosonic Dark Matter

Fermionic Quadratic coupling −→ DC component

Proposal for Quantum sensor low frequency broadband search

Optical Magnetometers

Lquad = ± 1
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Modeling signal via stochastic properties
Classical field approximation

φ(r , t) ≈
∑N

n=1
φ0√
N

cos (ωnt − kn · r + θn)

ωn ≈ ωc (̇1 +
v2n
2c2

)̇,

▶ ωn = oscillator
frequency

▶ ωc = Compton
frequency

▶ κn = wave vector

Then φ2 is

φ2
s (r , t) =

φ2
0

2N

N∑
n,m=1

cos(ωnmt+

-knm · r + θnm); ωnm = ωn −ωm
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Coherence time

Degree of first-order
coherence

g (1)(τ) =
⟨φ2(t)φ2(t + τ)⟩t

⟨(φ2)2⟩t

We can define a coherence
time

τc =

∫ +∞

−∞

∣∣∣g (1)(τ)
∣∣∣2 dτ

Comparing with exact
Lorentzian lineshape

τφ ≈ 2ℏ
mφv20

∇φ2
s (r , t) =

φ2
0

2N

∑N
n,m=1 knm sin(ωnmt+

-knm · r + θnm)
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How to search for it?

With a network works best
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What is a GNOME?1

Global Network of Optical Magnetometers for Exotic physics searches

Looking for transient dark matter signals

Sensitive to Axion-fermion coupling:

Hli = −ℏc3/2

fli

Si
|Si |

· ∇φ Hqi = −ℏ2c2

f 2qi

Si
|Si |

· ∇φ2 .

GNOME

Berkeley, CA, USA
Hayward, CA, USA
Los Angeles, CA, USA
Oberlin, OH, USA
Lewisburg, PA, USA
Fribourg, Switzerland
Mainz, Germany
Jena, Germany
Krakow, Poland
Belgrade, Serbia
Be'er Sheva, Israel
Beijing, China
Hefei, China
Daejeon, South Korea
Canberra, Australia

1Phys.Dark Univ. 22 (2018), 162-180
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How does a GNOME work?

Magnetometers as Dark
Matter sensors

5 Science Runs since 2017

Science Run 6 starting soon!

5

1Phys.Dark Univ. 22 (2018), 162-180
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Advanced GNOME: Comagnetometers

Noble gas and Alkali metal in
vapor cell with high spin density

Compensation magnetic field

Insensitive to first order
magnetic perturbations

beam expander

photodiode
polarizer

z

y

x

MS-1LF

z

Probe

xPump

y

Pump
795 nm

Probe770 nm

to lock-in
amplifier
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Expected Signal

Magnetometers
- UBDM interaction like
Zeeman Hamiltonian

Hφ =
2ℏ2c2

f 2q
S · ∇φ2(r , t) .

Bq ≈ 2ℏ2c2

gFµB f 2q
∇φ2(r , t),

Optical clocks
- Change in fundamental
constants like α affects
frequency of atomic transitions

δν(t)

ν
= κα

δα(t)

α
,

δν

ν
≈ κα

2ℏ3ρdm
Λ2
γm

2
φc

.
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Cross-Correlating a network

g
(1)
AB(τ) = ⟨SA(t)SB(t+τ)⟩t√

⟨S2
A⟩t⟨S

2
B⟩t

.

Look at g
(1)
AB(0)

Use g
(1)
AB(t >> τc) for

background
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Sensitivity
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Conclusions

Quadratic couplings have a quasi-DC contribution

Stochastic properties of UBDM field have to be taken in
consideration

Broadband search

Magnetometers and optical clocks are sensitive to DC changes
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