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«Pa3mMmuHka».

. Mnockasa BosfiHa 1 NOHATME BOSTHOBOro NnakeTa — BOJIHbI BelecTBa.
. Cncrembl co chepnyeckon cuMMeTpUEMN.

. Hayana Teopuun paccesiHus.

. Pe3oHaHCHOM paccessHUA U BONPOC O ABOUHbIX NOJIlOcCax MaTpuubl
paccesHus.

. IByxXypoBHeBasi cuctema, CBfi3b Jyla3epHbIM MosieM.
. A3yyeHne aHTUNPOTOHMA.

. HobeneBckasa npemus no dusuke 2012 ropga. UsyyeHme oguHO4YHOMN
KBAaHTOBOW CUCTEMbI.
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Two-photon laser spectroscopy of antiprotonic
helium and the antiproton-to-electron mass ratio
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ONEKTPOH HaXoAUTCA B ero OCHOBHOM COCTOSIHUM
MpoToH HaxoauTcs B PunabeproBckom coctosiHum, n=I+1
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OObI4YHO aHTUNPOTOHHbIE aTOMbI pa3pyLlarTCcH 3a
MUKOCEKYHAbI, Yepe3 Kackaz 3mneKTpoOMarHUTHbIX
nepexoaoB

Onsa pHe" pacnaagy npensaTcTByeT Oonbluas aHeprus
CBSA3M 3neKkTpoHa ~25 3B n 6onblioe 3Ha4YeHne
MYJIbTUNONBHOCTN COOTBETCTBYHOLWEro (6onbLuoe Al), u
aTOM CYyLLeCTByeT MUKPOCEKYHbI



MeTtactabunbHbIe COCTOAHUA Me30aTOMOB
pHe"

Oxe-pacnag v pagmaumMoHHbIN pacnag

OObIYHbIN n AHTUNPOTOHMUA
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MeTacTtabunbHble COCTOAHNUA Me30aTOMOB

pHe"
p PHYSICAL REVIEW
LETTERS

VoLUME 23 14 JULY 1969 NUMBER 2
METASTABLE STATES OF an~e”, aK~e”, AND ape” ATOMS
O)Ke-pacnan J. E. Russell
~ Department of Physics, University of Cincinnati, Cincinnati, Ohio 45221
M pa,qu a u“ O H H bl M pacn aﬂ, (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*%A++'y states,
Table I, Some properties of circular orbits of @n™¢™,

K- e™, and ape” atoms. The unit of energy is the
y rydberg,
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N

Ep Epn P,y Pp
atom 7 Ry) |An|y,ig; Ry) (sec™)) (sec?)

at™e™ 16 =5.56 3 0.67 4x10° 2.8x107

15 —6.01 2 0.22 2x10%2 4,8x107

oK e~ 29 —=5.50 5 0.43 6x10%2 4.4x10°

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 —5.67 5 0.06 2,5 x10°

v v 36 -5.86 5 0.25 3.1 x10°
35 —6.09 4 0,02 <10* 3.,9x108
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Onsa pHe'pacnaay npensatcTByeT bonbluas aHeprus
CBs3K anekTpoHa ~25 aB n bonbLlioe 3HaveHne
MYJIbTUNONBHOCTN COOTBETCTBYOLWEro (6onbLuoe Al), u
aTOM CyLLleCcTByeT MUKPOCEKYHbI

CywecTtytoT nepexogbl Tvna (n,l) 2(n-2,1-2) c
4aCcTOTOW B AmanasoHe rinybokoro
ynbTpadwuoneta: 139.8; 193.0; 197.0 nm.

[1ByXd0OTOHHbIN Nepexoa,
61M3KUI K pe30HaHCHOMY

v, laser apann~

(n, 1) = (36, 34)




MeTacTtabunbHble COCTOAHNUA Me30aTOMOB
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Calculation of transitions between metastable states of antiprotonic helium including relativistic
and radiative corrections of order R a*

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..e? in the nonrecoil limit. The final uncertainty is estimated to be about 1-2 MHz.

Oxe-pacnag

A*>Ar+e:

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

State E, r/2 p! 8(re) 8(rp) O(rye) 0(rp) E@ g
(31,30) —3.6797747876576(1) 47602X107° 26070956 09262219  0.1214405  —1.1942  0.1581  —1.2481
(32,31) ~3.50763503897101(1) 54% 10713 28308649 09938238  0.1130804 —1.2919  0.1616 —1.4078
(33,32) —3.35375787083340(1) 107X 10712 30.718285  1.0664983  0.1044583  —1.3964  0.1634  —1.5810
; (34,32) ~3.2276763796294(3) 2.7237% 1077 34530638  1.1808676  0.0925595  —1.5613  0.1597  —1.8530
/ (35.32) ~3.116679795873(3) 6.9733x 1078 38370099  1.2958629  0.0812115  —1.7271  0.1538  -2.1171
(34,33) ~3.21624423907002(1) 4% 10713 33304865  1.1443963  0.0956136  —1.5086  0.1641  —1.7670
(35,33) —3.1053826755489(3) 2.8% 10712 37.278812 12635240  0.0838705  —1.6804  0.1583  —2.0442
(36,33) ~3.0079790936832(4) 29188X 1079  41.233471 13819872  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) 2.3% 1078 40.168797  1.3503397  0.0751362  —1.8055  0.1554  —2.2415
(37.34) ~2.9111809394697(4) 2.6% 10712 44.174196 14702684  0.0646698  —19785  0.1458  —2.4961
(38,34) ~2.836524601208(1) 1.604 X 107 48.000329 15848219  0.0553288  -2.1439  0.1351  -2.7231
(39,34) —2.771011573577(1) 9920107  51.574850  1.6918636  0.0471712  -22983  0.1238  —2.9203
(37.35) —2.89928218336728(1) 43.186470  1.4400042  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) 10X 10712 50925526  1.6725711  0.0480612  -22704  0.1279  -2.8932
(40,35) —2.7032832165135(3) 19X 10712 54349384 17751265  0.0407571  -2.4184  0.1159  =3.0701
v
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pH ot ~vy/8ky T'log (2)/Mc2. - [lonneposckas WwMpuHa

JlazepHoe oxnaxgeHue

Cwuna, gencreyroLas Ha aToM nNpu nornoweHnn ooToHa
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Cwuna TpeHusa

F=F -mpv—(F, +mpv)=-2mpv
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pH ot ~ v\/SkBT log(2)/Mc?. - Donnneposckas wupnHa

JlazepHoe oxnaxgeHue

INNaszepHoe oxnaxxaeHne yMeHbLUAEeT LMPUHY 3TUX
NUHUIA, N UX SHEPTNSA MOXET ObITb N3MepeHa ¢

OTHOCUTESNIbHOW TOYHOCTbIO 2.5-5 Ha 109, .
[NMoHmxeHne Pabu ocumnnaumn

OanHakoBoO [1Be pa3Hble
NonNsipu3oBaHHbIE LMPKYIApHble
I nons nonspusaymm
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B npenene [JonnnepoBckas WMpUHa ymeHbLllaeTca B ~ (v,+v,)/(v4-v,) pas




OByxdoTOHHas nasepHasl CeKTPOCKONUA aHTUNPOTOHUSA

[Ba Ti:saphire nasepa MBT, 30-100 Hc, 6MI', —HanMeHbLUasa WnpuHa

Identical laser Achromatic
beam transport

Heterodyne
spectrometer

TOYHOCTbL M3MepeHus
pa3HMUbI Macc NPoToHa

W aHTUNPOTOHA BbIpoOCHa
c 10-5 po 10-10
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