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Fundamental Physical Constants — Atomic and Nuclear Constants

Relative std.
Quantity Symbol Value Unit uncert,
General
fine-structure constant/4Ti ic a 7.297 352 568(24) x 1073 3.3x107°
inverse fine-structure constant a-! 137.035999 11(46) 3.3x107°
Rydberg constant?m,c/2h Reo 10973 731.568 525(73) m-! 6.6 x 10712
Reoc 3.280 841 960 360(22) x 10®  Hz 6.6 x 1012
Roohe 2.17987209(37) x 1018 J 1.7 x 1077
RoohcineV 13.6056923(12) eV 8.5x 1078
Bohr radiusa/4TR, = 4T/ mee? ag 0.5291772108(18) x 1071 m 3.3 x 1079
Hartree energy?/4Tegag = 2R he
= a®mec? Ey 4.35974417(75) x 10718 J 1.7 x 1077
in eV 27.2113845(23) Y 8.5 x 1078
quantum of circulation h/2m. 3.636 947 550(24) x 1074 m? s—1 6.7 x 107
h/me 7.273895101(48) x 10~4 m?s!  6.7x107°
Electroweak
Fermi coupling constaht Gr/(he)®  1.16639(1) x 107> GeV2 8.6 x 1076
weak mixing anglé 6w (on-shell scheme)
sin? w = 5% = 1 — (mw/mz)? sinfw  0.22215(76) 3.4 %1073
Electron, €
electron mass Me 9.109 3826(16) x 103! kg 1.7 x 1077
inu,me = A,(e) u (electron
relative atomic mass times u) 5.485799 0945(24) x 10~* u 4.4 x 10710
energy equivalent MeC? 8.1871047(14) x 1014 J 1.7 x 1077
in MeV 0.510998 918(44) MeV 8.6 x 1078
electron-muon mass ratio Me /My 4.83633167(13) x 1073 2.6 x 1078
electron-tau mass ratio Me /My 2.87564(47) x 10~* 1.6 x 1074
electron-proton mass ratio Me /My 5.446 170 2173(25) x 10~* 4.6 x 10710
electron-neutron mass ratio Me /My 5.438 673 4481(38) x 10~* 7.0 x 10710
electron-deuteron mass ratio Me/Ma 2.7244371095(13) x 10~* 4.8 x 10710
electron to alpha particle mass ratio Me /M 1.370933 555 75(61) x 10~* 4.4 x 10710
electron charge to mass quotient —e/me —1.75882012(15) x 10*! Ckg! 8.6 x 1078
electron molar masa/ m. M(e), M, 5.4857990945(24) x 10~7 kgmol~t 4.4 x 10710
Compton wavelength /m.c Ao 2.426 310238(16) x 10712 m 6.7 x 1079
Ae/2T= aap = a2/ATR Xo 386.159 2678(26) x 1015 m 6.7 x 1079
classical electron radius®a, To 2.817940325(28) x 10~1° m 1.0 x 1078
Thomson cross sectiont(@3)r? e 0.665 245 873(13) x 10~28 m? 2.0 x 1078
electron magnetic moment e —928.476 412(80) x 1026 JT! 8.6 x 1078
to Bohr magneton ratio te/ 1B —1.001 159 652 1859(38) 3.8 x 10712
to nuclear magneton ratio He/ PN —1838.28197107(85) 4.6 x 10710
electron magnetic moment
anomalylye|/ps — 1 ae 1.159 652 1859(38) x 10~3 3.2x107°
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Relative std.
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electrong-factor —2(1 + a,) e —2.002 319 304 3718(75) 3.8 x 10712
electron-muon
magnetic moment ratio He/ I 206.766 9894(54) 2.6 x 108
electron-proton
magnetic moment ratio e/ Ihp —658.210 6862(66) 1.0 x 1078
electron to shielded proton
. . —8
magnetic moment ratio the/ iy, —658.2275956(71) 1.1 x 10
(H20, sphere, 25C)
electron-neutron
magnetic moment ratio e/ tin 960.92050(23) 2.4 x 1077
electron-deuteron
magnetic moment ratio e/ 1ha —2143.923493(23) 1.1 x 1078
electron to shielded helidn
magnetic moment ratio e/ I, 864.058 255(10) 1.2 x 108
(gas, sphere, 25C)
electron gyromagnetic rat@j .| /A Yo 1.760 859 74(15) x 101* s!Tt  86x10°8
Ye/2TT 28024.9532(24) MHzT-! 8.6 x 1078
Muon, .~
muon mass my 1.88353140(33) x 1072 kg 1.7 %1077
inu,my, = A:() u (muon
relative atomic mass times u) 0.113 428 9264(30) u 2.6 x 1078
energy equivalent myc? 1.69283360(29) x 10~ J 1.7x 1077
in MeV 105.658 3692(94) MeV 8.9x 1078
muon-electron mass ratio My /Me 206.768 2838(54) 2.6 x 1078
muon-tau mass ratio my/m; 5.94592(97) x 10~2 1.6 x 1074
muon-proton mass ratio my/my 0.112 609 5269(29) 2.6 x 1078
muon-neutron mass ratio My /My 0.1124545175(29) 2.6 x 1078
muon molar mas&Vam, M(n), M, 0.1134289264(30) x 1072 kgmol~! 2.6 x 1078
muon Compton wavelength/myc Ao 11.73444105(30) x 1071 m 2.5 x 1078
Acu/2m Xc,u 1.867594298(47) x 1071%  m 2.5 %1078
muon magnetic moment i —4.49044799(40) x 10726 JT! 8.9 x 1078
to Bohr magneton ratio I/ B —4.84197045(13) x 1073 2.6 x 10~8
to nuclear magneton ratio JIRYALSN: —8.890 596 98(23) 2.6 x 1078
muon magnetic moment anomaly
il / (eh/2my) — 1 ay 1.16591981(62) x 10~3 5.3 x 1077
muong-factor —2(1 + ay) Ju —2.002 331 8396(12) 6.2 x 10710
muon-proton
magnetic moment ratio o/ tp —3.183345118(89) 2.8 x 1078
Tau, 7~
tau mas$ my 3.16777(52) x 10727 kg 1.6 x 1074
inu,m; = A,(x) u (tau
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relative atomic mass times u) 1.90768(31) u 1.6 x 10~*
energy equivalent myc? 2.84705(46) x 10710 J 1.6 x 1074
in MeV 1776.99(29) MeV 1.6 x 1074
tau-electron mass ratio me/me 3477.48(57) 1.6 x 1074
tau-muon mass ratio me/my 16.8183(27) 1.6 x 1074
tau-proton mass ratio me/mp 1.89390(31) 1.6 x 1074
tau-neutron mass ratio me/my 1.89129(31) 1.6 x 1074
tau molar masVa my M(t),M; 1.90768(31) x 1073 kgmol~* 1.6 x 1074
tau Compton wavelength/m.c Act 0.69772(11) x 10715 m 1.6 x 10~*
Ao/2m Act 0.111046(18) x 10~1° m 1.6 x 10~*
Proton, p
proton mass mp 1.67262171(29) x 10~27 kg 1.7 x 1077
inu, m, = A,(p) u (proton
relative atomic mass times u) 1.007 276 466 88(13) u 1.3 x 10719
energy equivalent mpc? 1.503 277 43(26) x 10710 J 1.7 x 1077
in MeV 938.272 029(80) MeV 8.6 x 1078
proton-electron mass ratio mp/Me 1836.152 672 61(85) 4.6 x 10710
proton-muon mass ratio myp/my 8.880243 33(23) 2.6 x 1078
proton-tau mass ratio mp/my 0.528 012(86) 1.6 x 1074
proton-neutron mass ratio M/ My 0.998 623 478 72(58) 5.8 x 10710
proton charge to mass quotient  e/m,, 9.578 833 76(82) x 107 Ckg! 8.6 x 1078
proton molar massVym,, M(p), M, 1.00727646688(13) x 1073 kgmol~! 1.3 x 10710
proton Compton wavelengthy/my,c  Acp 1.3214098555(88) x 10715 m 6.7 x107°
Ac,p/2T Ac,p 0.2103089104(14) x 107>  m 6.7 x 107
proton rms charge radius R, 0.8750(68) x 10715 m 7.8 x 1073
proton magnetic moment Hp 1.410606 71(12) x 1026 JT! 8.7x 1078
to Bohr magneton ratio tp/ 1B 1.521032206(15) x 1073 1.0 x 108
to nuclear magneton ratio fip/ bN 2.792847351(28) 1.0 x 1078
protong-factor2u,, /pn 9p 5.585 694 701(56) 1.0 x 1078
proton-neutron
magnetic moment ratio P/ b —1.459898 05(34) 2.4 x 1077
shielded proton magnetic moment ./, 1.41057047(12) x 10=26 JT! 8.7x 1078
(H20, sphere, 25C)
to Bohr magneton ratio 1/ 1B 1.520993 132(16) x 1073 1.1 x 1078
to nuclear magneton ratio P/ 1N 2.792775604(30) 1.1 x 1078
proton magnetic shielding
correctionl — uif, /uy, al, 25.689(15) x 10~6 5.7 x 1074
(H20, sphere, 25C)
proton gyromagnetic ratidu,, /: o 2.67522205(23) x 108 sIT1 86x1078
Yo /2T 42.577 4813(37) MHzT-! 86x 1078

shielded proton gyromagnetic
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ratio 2,/ /h v, 2.67515333(23) x 108 sITt  86x1078
(H20, sphere, 25C)
L /2m 42.576 3875(37) MHzT-! 86x 1078
Neutron, n
neutron mass My 1.67492728(29) x 10~27 kg 1.7x 107
inu, my = A;(n) u (neutron
relative atomic mass times u) 1.008 664 915 60(55) u 5.5 x 10710
energy equivalent myc? 1.505 349 57(26) x 1010 J 1.7 x 1077
in MeV 939.565 360(81) MeV 8.6 x 1078
neutron-electron mass ratio My /Me 1838.683 6598(13) 7.0 x 10710
neutron-muon mass ratio My /My 8.89248402(23) 2.6 x 1078
neutron-tau mass ratio My /My 0.528 740(86) 1.6 x 1074
neutron-proton mass ratio My /My 1.001 378 418 70(58) 5.8 x 10710
neutron molar masa/,m,, M(n), M, 1.00866491560(55) x 1073 kg mol~* 5.5 x 10710
neutron Compton wavelengttym,c  Acn 1.3195909067(88) x 10715 m 6.7 x 1079
Ac.n/2T AC,n 0.2100194157(14) x 1071  m 6.7 x 1072
neutron magnetic moment fin —0.966 236 45(24) x 10726 JT! 2.5 x 1077
to Bohr magneton ratio tn/ 1B —1.04187563(25) x 1073 2.4 x 1077
to nuclear magneton ratio fn/ N —1.91304273(45) 2.4 x 1077
neutrong-factor2u., / un In —3.826 085 46(90) 2.4 x 1077
neutron-electron
magnetic moment ratio fin/ e 1.040 668 82(25) x 1073 2.4 x 1077
neutron-proton
magnetic moment ratio fin/Bp —0.684 979 34(16) 2.4 x 1077
neutron to shielded proton
magnetic moment ratio fn/ H —0.684 996 94(16) 2.4 x 1077
(H20, sphere, 25C)
neutron gyromagnetic rat@jpu,| /A Y 1.83247183(46) x 10% sIT1 25x1077
/21T 29.164 6950(73) MHzT-! 25x 1077
Deuteron, d
deuteron mass mq 3.343 583 35(57) x 10727 kg 1.7x 1077
inu,mq = A,(d) u (deuteron
relative atomic mass times u) 2.01355321270(35) u 1.7 x 10710
energy equivalent mgqc? 3.00506285(51) x 10710 J 1.7x 1077
in MeV 1875.61282(16) MeV 8.6 x 1078
deuteron-electron mass ratio ma/Mme 3670.4829652(18) 4.8 x 10710
deuteron-proton mass ratio ma/mp 1.999 007 500 82(41) 2.0 x 10710
deuteron molar mas¥mq M(d), Mg 2.01355321270(35) x 1072 kgmol~! 1.7 x 10710
deuteron rms charge radius Ry 2.1394(28) x 10715 m 1.3 x 1073
deuteron magnetic moment fhd 0.433073482(38) x 10726 JT! 8.7x 1078
to Bohr magneton ratio ta/ 1B 0.466 975 4567(50) x 1073 1.1 x 1078
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to nuclear magneton ratio /N 0.8574382329(92) 1.1 x 1078
deuteron-electron
magnetic moment ratio ta/ the —4.664 345 548(50) x 10~ 1.1 x 1078
deuteron-proton
magnetic moment ratio ta/ tp 0.3070122084(45) 1.5 x 1078
deuteron-neutron
magnetic moment ratio ta/ tin —0.448206 52(11) 2.4 x 1077
Helion, h
helion mas$ mp 5.00641214(86) x 10~27 kg 1.7%x 1077
inu,my, = A,(h) u (helion
relative atomic mass times u) 3.014 932 2434(58) u 1.9 x 1079
energy equivalent mpc? 4.499538 84(77) x 10710 J 1.7 x 1077
in MeV 2808.39142(24) MeV 8.6 x 1078
helion-electron mass ratio My /Me 5495.885269(11) 2.0 x 107?
helion-proton mass ratio myp/my 2.9931526671(58) 1.9 x 1079
helion molar mas#V,my, M (h), My, 3.0149322434(58) x 1073 kg mol~* 1.9 x107°
shielded helion magnetic moment W —1.074553024(93) x 10726 JT! 8.7x 1078
(gas, sphere, 2%5C)
to Bohr magneton ratio 1/ kB —1.158 671 474(14) x 1073 1.2 x 1078
to nuclear magneton ratio fi/ N —2.127497723(25) 1.2 x 1078
shielded helion to proton
magnetic moment ratio /e —0.761 766 562(12) 1.5 x 1078

(gas, sphere, 25C)

shielded helion to shielded proton
magnetic moment ratio JUNaTS —0.761 786 1313(33) 4.3 x 107°
(gas/H O, spheres, 25C)
shielded helion gyromagnetic
ratio 2|, |/h o 2.03789470(18) x 108 s1T-1  87x10°8
(gas, sphere, 25C)

/21 32.4341015(28) MHz T-! 8.7x 1078
Alpha particle o
alpha particle mass Mg 6.644 6565(11) x 10727 kg 1.7x 107
inu,mg = A,(a) u (alpha particle

relative atomic mass times u) 4.001 506 179 149(56) u 1.4 x 10711
energy equivalent Mg 5.9719194(10) x 10~1° J 1.7 x 1077

in MeV 3727.37917(32) MeV 8.6 x 1078
alpha particle to electron mass ratio ~ mgq/me. 7294.299 5363(32) 4.4 x 10710
alpha particle to proton mass ratio ma/my 3.972599 689 07(52) 1.3 x 10710
alpha particle molar mas§ mq M(a), My 4.001506179149(56) x 10=3 kg mol~t 1.4 x 10~

! Value recommended by the Particle Data Group (Hagiwetral,, 2002).
2 Based on the ratio of the masses of the W and Z boseggmz recommended by the Particle Data Group (Hagiweral., 2002). The value for
sin?@w they recommend, which is based on a particular variant of the modified minimal subtr@ciipscheme, isin?fw (Mz) = 0.231 24(24).
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3 The helion, symbol h, is the nucleus of thide atom.
4 This and all other values involving:, are based on the value of,c? in MeV recommended by the Particle Data Group, (Hagiwata|,
2002), but with a standard uncertainty®29 MeV rather than the quoted uncertainty-e6.26 MeV, +0.29 MeV.
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