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Nuclear Spin Maser with Polarized 1%°Xe at low field
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Stabilization of BO-current source
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Magnetometer for Low freq-Spin maser EDM experiment

(1) High sensitivity magnetometers (2) Rb comagnetometer (3) 3He comagnetometer

Magnetometer Magnetometer

probe probe Maser probe
- Not comagnetometer - Comagnetometer of Rb - Comagnetometer of 3He
* Rb magnetometer near maser cell - Only Xe and Rb (small, and not pol) * S/N for He precession
* Only Xe and Rb (small, and not pol) for laser probing .

* Probrem of
B =10 G/VHz Rb — Xe interaction ?
100 s —run ( if constant ): ( = Low density Xe gas ?)

B=1012G Polarizability problem
B =?G/VHz



Precise magnetometer with Rb atoms using NMOR

PHYSICAL REVIEW A, VOLUME 62, 043403

Resonant optical rotation
inRb vapor Sensitive magnetometry based on nonlinear magneto-optical rotation

(NMOR; Nonlinear Magneto-Optical Rotation) D. Budker,">* D. F. Kimball,' S. M. Rochester,! V. V. Yashchuk," and M. Zolotorev*
' Department of Physics, University of California at Berkeley, Berkeley, California 94720-7300
Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720
3Center for Beam Physics, Lawrence Berkeley National Laboratory, Berkeley, California 94720
(Received 26 April 2000; published 11 September 2000)

Application of nonlinear magneto-optical (Faraday) rotation to magnetometry is investigated. Our experi-
mental setup consists of a modulation polarimeter that measures rotation of the polarization plane of a laser
beam resonant with transitions in Rb. Rb vapor is contained in an evacuated cell with antirelaxation coating
that enables atomic ground-state polarization to survive many thousan 12 -
rrow features (~10¢ G) in the magnetic-field dependence of optical & -~ 10 G/'\/ H s
scheme to sub-uG magnetic fields as a function of atomic density, light infensity, and light frequency 1s
investigated near the D1 and D2 lines of **Rh. It is shown that through an appropriate choice of parameters
the shot-noise-limited sensitivity to small magnetic fields can reach 3x107'* G/Hz.
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NMOR setup

Photo elastic Modulator 4-layer magnetic shield .
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Setup, Rb cell

Rb cell with Paraffin coating:
commercial paraffin mixture
(Paraflint) (CH,)n
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NMOR spectrum
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NMOR width (Cell dependence and residual field)
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Magnetic sensitivity

NMOR spectrum

AB =0.37 mG

J =16.1rad/G
Bz=0

Magnetic field (mG)

Noise spectrum
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—M —4.7x107® [G/Hz]; 50nG/+/Hz

16.1

Shot noize limit: ~ O(1nG)



The cell made by Prof. M.V. Balabas : ¢60 mm, T1 -~2s.

Thanks to Prof. Hatakeyama
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No large difference in NMOR width
—  Wall performance does not limit the width —  residual field...



Modulated NMOR - measurement at BO ~ 10 mG -

NMOR : measurement around B=0[G]

At higher magnetic field, optical
rotation does not appear

Wgrp = Yrel

Modulated NMOR

Production of alignment
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- Frequency modulated
. Amplitude modulated Pustelny et al. J.Appl.Phys. 103, 063108(2008)



Setup - measurement at BO =10 mG -

Block for Ot
order light

N2
NMOR cell

ref. cell

wave
monitor

Amplitude modulation by using
AOM:(Acousto-Optical Modulator)
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Spectrum - measurement at BO =10 mG -

Modulation frequency : 9 kHz (AM)
corresponds to twice the Larmor freq. at BO = 9.645mG
Magnetic field sweep: -11 mG — +11 mG
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Summary and Future

High sensitive magnetometer is inevitable for atomic EDM
experiments because main source of frequency stability comes
from drifts of magnetic field ( applied B, or environmental field).

We have developed the Rb NMOR spectrometer for the operation
of magnetometer.

Operation of modulated NMOR for measurements at BO = 10 mG.

Improving NMOR-magnetometer performance;
Optimization of degaussing procedure;
Optimization of cancelling field (to << AB,.)
Improving cell-coating procedure.

Checking the T1 for the Rb cells

Noise studies; detection method, electronics, experimental room...

Introduction to spin maser setup



