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Transition v (em™) Method Reference Transition v (em™) Method ¥ Reference
0-0, S(0) 354.37350(40) FTS [24] 2-0, Q(2) 8051.991(7) FTS [23]
0-0, S(1) 587.03211(17) FTS [24] 2-0, Q(1) 8075.3114(6) FTS [23]
0-0, S(2) 814.42473(8) FTS [24] 2-0, S(0) 8406.365(2) FTS [23]
0-0, S(3) 1034.67024(3) FTS [24] 2-0, S(1) 8604.2189(8) FTS [23]
0-0, S(4) 1246.09811(17) FTS [24] 2-0, S(2) 8785.529(6) FTS [23]
0-0, S(5) 1447.27882(41) FTS [24] 3-0, Q(3) 11678.64(3) CRDS [38]
1-0, Q(4) 4102.582(4) FTS [23] 3-0, Q(2) 11730.3235(6) CRDS [37]
1-0, Q(3) 4125.8739(4) FTS [23] 3-0, Q(1) 11765.0008(3) CRDS [37]
1-0, Q(2) 4143.4660(3) FTS [23] 3-0, S(0) 12084.6965(3) CRDS [37]
1-0, Q(1) 4155.25469(8) FTS [23] 3-0, S(1) 12265.5950(4) CRDS [37]
1-0, S(0) 4497.8391(2) FTS [23] 3-0, S(2) 12424.4429(3) CRDS [37]
1-0, S(1) 4712.9054(2) FTS [23] 3-0, S(3) 12559.74919(5) CRDS [42]
1-0, S(2) 4917.0069(3) FTS [23] 3-0, S(4) 12670.3198(38) CRDS [37]
1-0, S(3) 5108.4040(6) FTS [23] 3-0, S(5) 12755.2614(77) CRDS [37]
2-0, O(5) 6982.5105(10) CRDS [20] 4-0, S(0) 15535.7441(36) LAS [25]
2-0, O(4) 7237.5594(10) CRDS [20] 4-0, S(1) 15699.8077(10) LAS [25]
2-0, O(3) 7488.2753(10) CRDS [20] 4-0, S(2) 15836.324(5) FTS [23]
2-0, O(2) 7732.6297(10) CRDS [20] 4-0, S(3) 15943.95(11) FTS [23]
2-0, Q(5) 7914.0040(10) CRDS [20]

20, Q) 8017.19(1) TS 23] 5-0, S(1) 18907.516(20) LAS [25]

a) LAS, BOEIEEIE (laser absorption spectroscopy).
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Transition v (em™) Method ¥ Reference Transition v (em™) Method * Reference
0-0, R(0) 89.22793400(83) THz [30] 2-0, R(6) 7469.3298(10) CRDS [39]
0-0, R(1) 177.84172(16) FTS [45] 2-0, R(7) 7484.7654(10) CRDS [39]
0-0, R(2) 265.24116(17) GS [29] 2-0, R(8) 7489.8463(10) CRDS [39]
0-0, R(3) 350.85295(12) GS [29] 2-0, S(0) 7331.0778(10) CRDS [39]
0-0, R(5) 514.656(1) DLS [46] 2-0, S(1) 7484.3246(10) CRDS [39]
0-0, R(6) 591.9327(3) DLS [46] 2-0, S(2) 7627.1438(10) CRDS [39]
1-0, P(3) 3355.361(1) FTS [47] 2-0, S(3) 7758.5657(10) CRDS [39]
1-0, P(2) 3450.463(1) FTS [47] 2-0, S(4) 7877.7462(10) CRDS [39]
1-0, P(1) 3542.932(1) FTS [47] 3-0, P(3) 10068.365(10) GS [29]
1-0, Q(4) 3593.910(30) EFIS [48] 3-0, P(2) 10178.413(10) GS [29]
1-0, Q(3) 3609.093(30) EFIS [48] 3-0, P(1) 10278.378(10) GS [29]
1-0, Q(2) 3620.616(30) EFIS [48] 3-0, R(0) 10445.490(10) GS [29]
1-0, Q(1) 3628.278(30) EFIS [48] 3-0, R(1) 10511.443(10) GS [29]
1-0, Q(0) 3632.165(30) EFIS [48] 3-0, R(2) 10564.986(10) GS [29]
1-0, R(0) 3717.532(1) FTS [47] 3-0, R(3) 10605.680(10) GS [29]
1-0, R(1) 3798.455(1) FTS [47] 3-0, R(4) 10633.213(20) GS [29]
1-0, R(2) 3874.357(1) FTS [47] 4-0, P(3) 13166.588(20) GS [29]
1-0, R(3) 3944.720(1) FTS [47] 4-0, P(2) 13283.993(20) GS [29]
1-0, R(4) 4009.088(1) FTS [47] 4-0, P(1) 13387.646(10) GS [29]
1-0, R(5) 4067.066(1) FTS [47] 4-0, R(0) 13551.065(10) GS [29]
1-0, S(0) 3887.683(1) FTS [47] 4-0, R(1) 13609.664(10) GS [29]
1-0, S(1) 4052.196(1) FTS [47] 4-0, R(2) 13652.215(10) GS [29]
1-0, S(2) 4209.963(1) FTS [47] 4-0, R(3) 13678.322(20) GS [29]
1-0, S(3) 4359.9402(20) CRDS [40] 4-0, R(4) 13687.715(20) GS [29]
2-0, P(5) 6576.896(8) MDS [49] 5-0, P(2) 16219.473(20) GS [29]
2-0, P(2) 6901.4014(10) CRDS [39] 5-0, P(1) 16326.791(20) GS [29]
2-0, P(1) 6997.6494(10) CRDS [39] 5-0, R(0) 16486.537(20) GS [29]
2-0, Q(1) 7079.2422(10) CRDS [39] 5-0, R(1) 16537.8368(30) PAS [50]
2-0, Q(2) 7064.0077(10) CRDS [39] 5-0, R(2) 16569.404(20) GS [29]
2-0, R(0) 7168.4697(10) CRDS [39] 5-0, R(3) 16581.008(20) GS [29]
2-0, R(1) 7241.8497(10) CRDS [39] 6-0, P(1) 19095.994(20) GS [29]
2-0, R(2) 7306.4839(10) CRDS [39] 6-0, R(0) 19252.044(20) GS [29]
2-0, R(3) 7361.9037(10) CRDS [39] 6-0, R(1) 19295.961(20) GS [29]
2-0, R(4) 7407.7134(10) CRDS [39] 6-0, R(2) 19316.541(20) GS [29]
2-0, R(5) 7443.5983(10) CRDS [39] 6-0, R(3) 19313.507(20) GS [29]

a) THz, Ki#fz&)6it(Tera-Hertz spectroscopy); GS, JeHl)6i(Grating spectrograph); DLS, —HE G KOG (diode laser absorption
spectroscopy); EFIS, H13%1% 5 )61 (electric field induced spectroscopy); MDS, il 2 43 /6 i (modified difference spectroscopy); PAS, Jt /4 itk
(photo-acoustic spectroscopy).

A 5 52 B SEROCH P AFAE PR HE RN AR, i RHEAES SEOCERING, &2 80T A
LRI AFAE () — S A 2 F IR (oK 2 )RS 8, WIS RSO, RS EOLI I 7 2
BOWAS TS e o0 R WA 5 — 5, A TR RERBAS Y TAEBRARC B RS N BRI R, (HK
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Transition v (cm™) Method Reference Transition v (cm™) Method Reference

0-0, S(0) 179.068(2) FTS [51] 1-0, S(0) 3166.3620(2) CRDS [43]

0-0, S(1) 297.538(3) FTS [51] 1-0, S(1) 3278.5220(2) CRDS [43]

0-0, S(2) 414.648(2) FTS [51] 1-0, S(2) 3387.246(15) FTS [51]
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Precision spectroscopy of the electronic ground state of the hydrogen
molecule
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Abstract: H, is the most abundant molecule in the universe. It is also the only neutral molecule whose energy levels can
be precisely calculated based on quantum electrodynamics and fundamental physical constants without using any
adjustable parameters. Precision spectroscopy of the hydrogen molecule is of great importance in astrophysical
observation and in testing fundamental physics as well. Here we review the theoretical and experimental spectroscopy
studies of the electronic ground state of the hydrogen molecule. The frequency of the R(1) transition in the /=2-0 band
of HD is also determined with an accuracy of 5x10'"°, which is the most precisely measured ro-vibrational transition of
the hydrogen molecule to date. By comparing the calculated and experimental results, we present perspectives of the
precision spectroscopy of the hydrogen molecule in the determination of fundamental physical constants such as the
proton-electron mass ratio.

Keywords: hydrogen molecule, ro-vibrational spectroscopy, precision measurement
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