[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

Title(English) Experimental search for electric dipole moment in Xe-129 atom using
active nuclear spin maser

Authors(English) Yuichi Ichikawa, Masatoshi Chikamori, Yuichi Ohtomo, Eri Hikota, Yu
Sakamoto, Takahiro Suzuki, Christopher Bidinosti, Takeshi Inoue,
Takeshi Furukawa, Akihiro Yoshimi, Kunifumi Suzuki, Tsubasa Nanao,
Hirokazu Miyatake, Masato Tsuchiya, Naoki Yoshida, Hazuki Shirai,
Takashi Ino, Hideki Ueno, Yukari Matsuo, Takeshi Fukuyama,
KOICHIRO ASAHI

Citation(English) International Nuclear Physics Conference ,INPC, , ,
Pub. date 2013, 6
URL http://www.inpc2013.it/

Powered by T2R2 (Science Tokyo Research Repository)


http://www.inpc2013.it/
http://t2r2.star.titech.ac.jp/

International Nuclear Physics Conference INPC2013: 2-7 June 2013, Firenze, Italy

Experimental search for electric dipole moment in '*Xe atom
using active nuclear spin maser

Y. Ichikawa', M. Chikamort, Y. Ohtomd, E. Hikotd, Y. Sakamotd, T. Suzuki, C. P. Bidinos#,
T. Inoué, T. Furukawd, A. YoshimP, K. Suzukt, T. Nanad, H. Miyatake, M. Tsuchiya,
N. Yoshidd, H. Shirat, T. Ind®, H. Uend, Y. Matsud, T. Fukuyam4, K. Asahi'

1 Department of Physics, Tokyo I nstitute of Technology, 2-12-1 Oh-okayama, Meguro, Tokyo 152-8551, Japan
2 Department of Physics, University of Winnipeg, 515 Portage Avenue, Winnipeg, Manitoba, Canada
3 Cyclotron and Radioisotope Center, Tohoku University, 6-3 Aoba, Aramaki, Aoba, Sendai 980-8578, Japan
4 Department of Physics, Tokyo Metropolitan University, 1-1 Minami-Ohsawa, Hachioji, Tokyo 192-0397, Japan
5 Research Core for Extreme Quantum Wbrld, Okayama University, 3-1-1 Tsushimanaka, Kita, Okayama
700-8530, Japan
6 Ingtitute of Material Structure Science, High Energy Accelerator Research Organization (KEK), 1-1 Oho,
Tsukuba, Ibaraki 305-0801, Japan
7 RIKEN Nishina Center, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
8 R-GIRO, Ritsumeikan University, 1-1-1 Noji-Higashi, Kusatsu, Shiga 525-8577, Japan

Contact emailyuichikawa@phys.titech.ac.jp

A permanent electric dipole moment (EDM) of a particle, atmnmolecule is an observable di-
rectly violating the time reversal symmetry, and hence esoBP-violating phases beyond a frame of the
Standard Model of elementary particles. The present studg at measuring the EDM in a diamag-
netic atom of'??Xe to a size ofd| = 1072® ecm, stepping into a domain below the present upper limit
|d| < 4.1 x 10727 ecm [1] by one order of magnitude. The value of EDM is determifrem difference
between the frequencies 6 Xe spin precession measured with the electric field appladliel and
antiparallel to the magnetic field. The EDM search to a siZé|of 10~28 ecm requires an improvement
in the frequency precision down to a level of 1 nHz under antetefield of 10 kV/cm.

In the present EDM measurement we employ an active nucleéarnsaser [2] which enables us
to sustain the spin precession 'dfXe in a long measurement duration. The active spin maser oper
ates as follows: the longitudinal polarization '8fXe spin is produced through spin exchange with Rb
atoms which are optically pumped. Then téXe spin starts precession, which is detected optically
through Rb atoms which are repolarized by contact WittXe. By referring to the precession signal
thus obtained, a magnetic field rotating in the transveraeepis generated such that its direction is kept
orthogonal to transverse component of spin, which thusgmsvthe transverse spin relaxation. The
previous developments of the active spin maser have imgrtheprecision of frequency determination
to v = 9.3 nHz for a one-shot measurement within a limited duratio][2A comagnetometer using
3He has been incorporated to the nuclear spin maser systerdén t cancel out a long-term drift in
the external magnetic field, by taking advantage that itctlyaneasures the magnetic field that acts on
the volume where th&?Xe spin precesses. Both th&!Xe gas and théHe gas are contained in a cell
of which the gas volume is divided into an optical pumpingt jgard an optical detection part, in order
to reduce the longitudinal spin polarization of Rb atomsim dptical pumping part and thus to suppress
the frequency shift due to polarized Rb atoms. Electrodesatiached to the both sides of the optical
detection part in order to apply an electric field of 10 kV/cm.

With the success in the above developments, the EDM searé¢Fe to a size ofd| = 10728 ecm
has been ready and the measurement is now being started. eVelmiments and the status of the
measurement will be presented.
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