New precise measurement of
the hyperfine splitting of positronium
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Positronium and its hyperfine structure (HFS) Measurement using the Zeeman effect

SINGLETS TRIPLETS LIFETIMES e —
Pos.tronlum (Ps) | 23S, 1('31y4d“5ei/) HOW tO measure the HFS? ; Zeeman transition
11.1800(64) GHz _.° 8.624 4(15) GHz e N
23 5 0.4ms(2y) : - - -
- The bound state of an electron (e-) and 21P, & 13,012 ah| e 23:: S In.a SENIE MEEELC field, the p-Ps state 2 [+> (m;=0 .
a positron (e+) e ssasorteb e NS [ e r(nﬂl‘xes-r\:\'lllth t-h y mzZ - Sta;e e |
- - 1.00 nsec nNini ate |nt0 'Y'rays .
Hyperfine splitting (HFS) 215, — (21 decay) 0-Eopsy =
o L 127 607.216 4(32) GHz . _ IT0>, LU> (m,==+1)
243030) A Precisely measure the A .. and calculate s
- The energy splitting between o-Ps and p-Ps A ;s by the equation, 9 - A
- The value of HFS 135, 0-Ps|142.043(14) nsec 1 = HES
- (3y decay) Amix ~ _AHFS (\/1_|_ A x> _1) 203 \ 203 GHz i
Experimental average : 2 L . pPs
J203-388 65(67216“2 HES 9’1 B This is not precise enough, 2041 |
203.388 65(67) GHz (3-3 ppm) (g8r40u:1/ state) X = A . so we solve time evolution 205 ]
1 , -.64me : nsec HFS : : — —
Theory p-Ps 11s, 0 gjjsfx)” of density matrix. | |—> (m;=0)
203.391 90(25) GHz (1.2 ppm) heory 2014) Transition — 2 y decay rate increases. _
* * PRA 90 (2014) 042502 ().0‘ | 0.2 | 04 | 0.6 -
_ _ Phys. Rov Lot 36, 248 (1975 Possible systematic uncertainties B [T]
- The measured values are consistent Wlt.h ey, R At5, 2411977 in the previous experiments
each other and lower than the theoretical

Phys. Rev. A15, 251 (1977)

Calculations ohye. Row.A21. 262 (1963 1. Non-uniformity of the magnetic field
2. Underestimation of the material effect
- Unthermalized o-Ps effect can be significant cf. o-Ps lifetime puzzle (1990's)

Phys. Rev. A30, 1331 (1984)

| | | | | | | | |
203.38 203.385 203.39
Ayrs (GH2)

Experimental setup

To reduce possible systematic uncertainties, we use the following new methods.
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