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Two-photon laser spectroscopy of antiprotonic
helium and the antiproton-to-electron mass ratio
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O)I(e acn a METASTABLE STATES OF an”e”, aK~e~, AND wope~ ATOMS
p n J. E. Russell
~ Department of Physics, University of Cincinnati, Cincinnati, Ohio 45221
M pa,qu a u“ o H H bl M pacn an (Received 15 May 1969; revised manuscript received 16 June 1969)

It is suggested that antiprotons could be used to test Condo’s conjecture that the large
mean cascade time for K~ mesons in atomic orbits in liquid helium is due to metastable

A*%A++e— A*9A++y states.
Table I. Some properties of circular orbits of a7~e™,

aK"e™, and ape” atoms. The unit of energy is the
'Y rydberg,

Y/ wps

Ep Epn Py Pp
atom 7 Ry) |Anlyi, Ry) (sec™) (sec?)

-

) 1 at™e™ 16 —=5.56 3 0,67 4x10° 2.8x107
15 =6,01 2 0.22 2x1012 4,8 x107

oK e~ 29 =5.50 5 0.43 6x10% 4.4 x10°

28 —=5.73 4 0.20 4x10° 6,0x10°

27 =6.00 4 0.45 1x10% 8,1x108

ape™ 38 —5.50 6 0.23 2.0 x108

37 =5.87 5 0.06 2.5 x10°

v v 36 -5.86 5 0.25 3.1 %108
35 =6.09 4 0.02 <10* 3.9x10°
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CywectBytoT nepexogbl Tuna (n,l) =2(n-2,1-2) c
4acTOTOW B AnanasoHe rinybokoro
ynstpadpuoneta: 139.8; 193.0; 197.0 nm.
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Calculation of transitions between metastable states of antiprotonic helium including relativistic
and radiative corrections of order R, o

Vladimir 1. Korobov™
Joint Institute for Nuclear Research, 141980, Dubna, Russia
(Received 23 February 2008; published 15 April 2008)

Precise numerical calculation of transition intervals between metastable states in the antiprotonic helium
atom is performed. Theoretical consideration includes a complete account of the relativistic and radiative
corrections of order R,a* in the nonrecoil limit. The final uncertainty is estimated to be about 1-2 MHz.

Oxe-pacnag

TABLE II. Nonrelativistic energies E,,,, half-widths I'/2, and the expectation values of the most important operators for individual states
of 4]—Ie“ﬁ. All quantities are in atomic units.

A*>At+e:

State En T2 P. dlrye) a(ry) Orw)  O(rp)  Efa™
(31,30) —3.6797747876576(1) 4.7602 x 107° 26.070956 0.9262219 0.1214405 —1.1942 0.1581 —1.2481
(32.31) —3.50763503897101(1) 5.4% 1075 28.308649 0.9938238 0.1130804 —-1.2919 0.1616 —1.4078
(33.32) —3.35375787083340(1) 1.07x 10712 30.718285 1.0664983 0.1044583 —1.3964 0.1634 —1.5810
(34,32) —3.2276763796294(3) 2.7237 % 1077 34.530638 1.1808676 0.0925595 —-1.5613 0.1597 —1.8530
:‘f (35,32) -3.116679793873(3) 6.9733 % 1078 38.370099 1.2958629 0.0812115 —-1.7271 0.1538 =2.1171
(34,33) —3.21624423907002(1) 1.4x 10718 33.304865 1.1443963 0.0956136 —1.5086 0.1641 -1.7670
(35,33) —3.1033826755489(3) 2.8x 10712 37.278812 1.2635240 0.0838705 —1.6804 0.1583 -2.0442
I P (36,33) —3.0079790936832(4) 2.9188x 107 41.233471 1.3819872 0.0729174 —1.8512 0.1505 —2.3062
A (35.34) —3.09346690791590(1) 36.069959 1.2275613 0.0865934 —1.6284 0.1632 —1.9644
(36,34) —2.9963354479662700(5) 2.3x 1078 40.168797 1.3503397 0.0751362 —1.8055 0.1554 —2.2415
(37.34) —2.9111809394697(4) 2.6x 10712 44174196 1.4702684 0.0646698 —-1.9785 0.1458 -2.4961
(38.34) —2.836524601208(1) 1.604 % 1079 48.000329 1.5848219 0.0553288 —2.1439 0.1351 -2.7231
(39,34) -2.771011573577(1) 9.920% 1077 51.574850 1.6918636 0.0471712 —2.2983 0.1238 -2.9203
(37.35) —-2.89928218336728(1) 43.186470 1.4409042 0.0664487 —-1.9361 0.1510 -2.4424
(38.35) —2.8251468095450(1) 47.185100 1.5605889 0.0566232 -2.1088 0.1398 -2.6839
(39.35) —2.7602333455733(1) 1.0x 10712 50.925526 1.6725711 0.0480612 —2.2704 0.1279 —2.8932
(40,35) —2.7032832165135(3) 1.9 10712 54.349384 1.7751265 0.0407571 —2.4184 0.1159 -3.0701
v
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ﬁHe+ ~vy/8kgT log(2)/Mc2. - [lonneposckas WnpnHa

JTazepHoe oxnaxageHue

Cwuna, gencTeylowas Ha atomM npu NorrfoweHnn oToHa
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[lenctButenbHaga nu MHUMasi YacTu HENMMHENHOW BOCMPUMMYMBOCTN.
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ﬁHe+ ~v\/8kpTlog(2)/Mc2. - JonnnepoBckas WwipmHa

JTazepHoe oxnaxageHue

JlaszepHoe oxnaxxgeHue ymeHbLIaeT LWNMPUHY 3TUX
NUHUIN, N NX SHEPTNA MOXKET BbITb UBMEPEHA C
OTHOCUTENBbHOMN TOYHOCTbLIO 2.5-5 Ha 10°.

MoHmxeHne Pabu ocunnnauunmn

1 O NHTEeHCnBHOCTH,
— 1 Takme 4to Q,=Q,
t QZ

B npenene [Jonnneposckas WwWupuHa (nepsoro nopsaaka) yMeHbLIaeTcs B ~
(vi+v,)/(v4-v,) pas
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[Ba Ti:saphire nasepa MBT, 30-100 Hc, 6MI'Y —HanmeHbLWwasa WnprHa

Identical laser Achromatic
beam transport

Heterodyne
spectrometer

. TOYHOCTb U3MepeHUs
pa3HULbl Macc NpPoToHa

U aHTUNPOTOHa BbIpocna
c 10> go 10-10
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