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Couplings between Axionlike Particles (ALPs) and Standard Model particles in CASPEr:

1) ALPs - gluon coupling -> CASPEr-Electric

2) ALPs - fermion coupling -> CASPEr-Gradient




CASPEr-Gradient

Axionlike Particles (ALPs)

e Coupling to nuclear spin !

The ALP-gradient Va acts as a pseudo-magnetic field

g.ny @s coupling constant and a(f) = a cos(w - 1)
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The Compton frequency w =
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e Coupling to nuclear spin !

https://budker.uni-mainz.de/?page_id=7

The ALP-gradient Va acts as a pseudo-magnetic field

g.nv as coupling constant and a(t) = a, cos(w - £)
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The ALP-gradient Va acts as a pseudo-magnetic field

g.nv as coupling constant and a(t) = a, cos(w - £)
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Measured signal
o |SO|xy*pP

e y=gyromagnetic ratio, p=spin density, P=polarization
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e Coupling to nuclear spin !
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The ALP-gradient Va acts as a pseudo-magnetic field o
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® Spin Exchange Optical Pumping (SEOP)

Measured signal

e 1S x72pP 1. Polarization of Rb (circularly polarized light)

- | | - 2. Transfer of angular momentum from Rb to Xe
e y=gyromagnetic ratio, p=spin density, P=polarization




Hyperpolarization of Xenon & polarization determination

SEOP cell
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Hyperpolarization of Xenon & polarization determination

Measured Polarization

Magnetic shield with a magnetometer:
In continuous flow mode 10 %
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Hyperpolarization of Xenon & polarization determination

795 nm

Gas Filter Flowmeter 100 W laser

Cold trap
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Bo — To DM detector

SEOP cell

- Further advantage of hyperpolarized Xenon:
Measured Polarization

1)  Liquidat 160K
2) LongT1time (~1h)

Magnetic shield with a magnetometer:
In continuous flow mode 10 % 3)

Long T2 time of (~ 100 s)
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ALP detection setur

Nb superconductor (0.1 T)

Nuclear spins (thermally polarized methanol/hyper
polarized xenon)

Pickup coils, Excitation coil, Helmholtz coils

ALP field a(t) = a, cos(w - 1)
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ALP detection setur

T CASPEr Mainz BO

T Earth velocity

e Nb superconductor (0.1 T)

* Nuclear spins (thermally polarized methanol/hyper
polarized xenon)

e Pickup coils, Excitation coil, Helmholtz coils

e ALPtield a(t) = aycos(w - 1) 14




Nb superconductor (0.1 T)

Nuclear spins (thermally polarized methanol/hyper
polarized xenon)

Pickup coils, Excitation coil, Helmholtz coils

ALP field a(t) = a, cos(w - 1)
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DM search with a thermally polarized methanol sample

Sample and setup characterization:

. T;‘ time

- T, time Carr-Purcell-Meiboom-Gill pulse sequence
- Larmor frequency
- Magnetization
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DM search with a thermally polarized methanol sample

Sample and setup characterization:

Preliminary plots
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DM search with a thermally polarized methanol sample

Preliminary plots
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Preliminary plots

DM search with a thermally polarized methanol sample
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Analysis

Power Spectral Density (PSD)
100 s of DM search
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Analysis

SNR enhancement:

1) Savitzky-Goaly Filter
Removes features with much
smaller/wider line width.

2) Matched filter

Using information about the
expected signal predict the
potential ALP signal

Power Spectral Density (PSD)
100 s of DM search
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Analysis

SNR enhancement: ALP signal characterization

1) Savitzky-Goaly Filter
Removes features with much
smaller/wider line width.

lineshape, w_, 7_, amplitude Time & location
{\ Earth

2) Matched filter

Using information about the
expected signal predict the
potential ALP signal

Power Spectral Density (PSD)
100 s of DM search
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Analysis

SNR enhancement: ALP signal characterization

1 ) Savitzky-G oaly Fllter lineshape, W, 7, amplitude Time & location
Removes features with much k "
a
smaller/wider line width.

2) Matched filter

Using information about the
expected signal predict the
potential ALP signal

Make histogram

Define a treshold

Power Spectral Density (PSD)
100 s of DM search




Analysis

ALP signal characterization

SNR enhancement:

1) Savitzky-Goaly Filter
Removes features with much
smaller/wider line width.

lineshape, w_, 7_, amplitude Time & location
{\ Earth

Make histogram

2) Matched filter

Using information about the
expected signal predict the
potential ALP signal

Define a treshold
I
|

DM candidates?

Further analysis

Power Spectral Density (PSD)
100 s of DM search




Analysis

SNR enhancement: ALP signal characterization

1 ) Savitzky-G oaly Fllter lineshape, W, 7, amplitude Time & location
Removes features with much k "
a
smaller/wider line width.

2) Matched filter

Using information about the
expected signal predict the
potential ALP signal

Make histogram

Define a treshold

Further analysis

Power Spectral Density (PSD)
100 s of DM search

Exclusion limit




Results & Conclusion
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‘gap‘

D.F. Jackson Kimball, arXiv, 2018
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Outlook

e Transfer HP Xe to Low field setu
-> Will increase sensitivity by 6 orders of magnitude
-> As an alternative higher thermally polarized sample
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Liquify Xenon

Input gas
s -

Helmholtz coils

Output gas

Pulsed-NMR scheme

| M
TB - Sample magnetization

M
TB %t Excitation
M Detection
R




Outlook

Liquify Xenon

Input gas  Output gas
3

Transfer HP Xe to Low field setu Pulsed-NMR scheme

-> Will increase sensitivity by 6 orders of magnitude Iy M
-> As an alternative higher thermally polarized sample I8 Sample magnetization

Transport of hyperpolarized Xe to the High field setu

14 T) or using other candidates TBi [\Uﬂvﬂvﬂvt Excitation
M uﬁ Detection
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