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Fundamental Physical Constants — Atomic and Nuclear Constants

Relative std.

Quantity Symbol Value Unit uncert. u,
General
fine-structure constant e%/4meqhc a 7.297 352 5698(24) x 1073 3.2x 10710
inverse fine-structure constant a™! 137.035999 074(44) 3.2x 10710
Rydberg constant a®mc/2h Roo 10973 731.568 539(55) m~! 5.0 x 10712
Ryc 3.289841960364(17) x 10> Hz 5.0 x 10712
Roche 2.179872171(96) x 10~18  J 44 %1078
13.605 692 53(30) eV 2.2 x 1078
Bohr radius a/4n R, = 4megh?/mee? ao 0.52917721092(17) x 107 m 3.2x 10710
Hartree energy e%/4megag = 2Roohe = a®>mec? By 4.359 744 34(19) x 10718 J 4.4 x 1078
27.211 385 05(60) eV 2.2 x 1078
quantum of circulation h/2me 3.636 947 5520(24) x 10~* m?s~1 6.5 x 10710
h/me 7.2738951040(47) x 1074 m?s! 6.5 x 10710
Electroweak
Fermi coupling constant! Gr/(hc)®  1.166 364(5) x 10~° GeV—2 4.3 x 1076
weak mixing angle? fy (on-shell scheme)
sin? Oy = s3y = 1 — (mw/mz)? sin? Oy 0.2223(21) 9.5 x 1073
Electron, e~
electron mass Me 9.109 382 91(40) x 10~3! kg 4.4 %1078
5.485799 0946(22) x 10~* u 4.0 x 10710
energy equivalent Mec? 8.18710506(36) x 10714 J 4.4 x 1078
0.510998928(11) MeV 2.2x 1078
electron-muon mass ratio Me /My 4.83633166(12) x 1073 2.5 x 1078
electron-tau mass ratio Me /My 2.87592(26) x 10~* 9.0 x 107°
electron-proton mass ratio me/Mmp 5.446 1702178(22) x 10~* 4.1 x 10710
electron-neutron mass ratio Me /My 5.438 673 4461(32) x 10~* 5.8 x 10710
electron-deuteron mass ratio Me /Mg 2.7244371095(11) x 10~* 4.0 x 10710
electron-triton mass ratio Me /My 1.8192000653(17) x 1074 9.1 x 10710
electron-helion mass ratio Me/Mp 1.8195430761(17) x 10~4 9.2 x 10710
electron to alpha particle mass ratio Me /My, 1.370 933 555 78(55) x 10~* 4.0 x 10710
electron charge to mass quotient —e/me —1.758 820 088(39) x 101! Ckg™! 2.2x 1078
electron molar mass Nam, M(e), M, 5.4857990946(22) x 10~7 kgmol™! 4.0 x 10710
Compton wavelength h/m.c bYe 2.4263102389(16) x 10~*2 m 6.5 x 10710
Ac/21 = aag = o?/4T R Xc 386.159268 00(25) x 10~1° m 6.5 x 10710
classical electron radius aa Te 2.8179403267(27) x 10715 m 9.7 x 10710
Thomson cross section (87/3)r2 Oc 0.6652458734(13) x 1072 m? 1.9 x 107°
electron magnetic moment He —928.476 430(21) x 10726 JT-! 2.2x1078
to Bohr magneton ratio e/ 1B —1.001 159 652 180 76(27) 2.6 x 10713
to nuclear magneton ratio o/ N —1838.28197090(75) 4.1 x 10710
electron magnetic moment
anomaly |pe|/up — 1 e 1.159652 180 76(27) x 1073 2.3 x 10710
electron g-factor —2(1 + a,) e —2.002 319304 361 53(53) 2.6 x 10713
electron-muon magnetic moment ratio e/ I 206.766 9896(52) 2.5x 1078
electron-proton magnetic moment ratio He/ Ho —658.210 6848(54) 8.1x107°
electron to shielded proton magnetic
moment ratio (H2O, sphere, 25 °C) fhe/ —658.2275971(72) 1.1x 1078
electron-neutron magnetic moment ratio e/ tin 960.920 50(23) 2.4 x 1077
electron-deuteron magnetic moment ratio e/ ha —2143.923 498(18) 8.4 x107°

electron to shielded helion magnetic
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moment ratio (gas, sphere, 25 °C) e/ i1, 864.058 257(10) 1.2x1078
electron gyromagnetic ratio 2|po|/h e 1.760 859 708(39) x 10! sTIT-t 22x1078
Ye/2T 28 024.952 66(62) MHz T~} 2.2x 1078
Muon, u™
muon mass my 1.883531475(96) x 10728 kg 5.1x 1078
0.113 428 9267(29) u 2.5 x 10~8
energy equivalent my > 1.692 833 667(86) x 10~ 11 J 5.1 x 1078
105.658 3715(35) MeV 3.4x1078
muon-electron mass ratio my/me 206.768 2843(52) 2.5 x 1078
muon-tau mass ratio my/me 5.946 49(54) x 10~2 9.0 x 107°
muon-proton mass ratio my/mp 0.112609 5272(28) 2.5 x 1078
muon-neutron mass ratio my/Mn 0.1124545177(28) 2.5 x 1078
muon molar mass Namy M(n), M, 0.1134289267(29) x 103 kgmol™! 2.5 x 1078
muon Compton wavelength h/myc  Acy 11.73444103(30) x 10715 m 2.5 x 1078
Acu/2m Ao 1.867594204(47) x 10°1%  m 2.5 x 10~8
muon magnetic moment Hy —4.49044807(15) x 10726 JT7! 3.4x10°8
to Bohr magneton ratio o/ B —4.84197044(12) x 1073 2.5 x 1078
to nuclear magneton ratio fin/ N —8.890596 97(22) 2.5 x 1078
muon magnetic moment anomaly
lpul/(eh/2my) — 1 ay 1.16592091(63) x 1073 5.4 x 1077
muon g-factor —2(1 + ay) G —2.0023318418(13) 6.3 x 10710
muon-proton magnetic moment ratio  fu, /i —3.183345107(84) 2.6 x 1078
Tau, T~
tau mass® my 3.16747(29) x 1027 kg 9.0 x 107°
1.90749(17) u 9.0 x 1075
energy equivalent e 2.846 78(26) x 10710 J 9.0 x 107°
1776.82(16) MeV 9.0 x 107
tau-electron mass ratio M/ Me 3477.15(31) 9.0 x 107°
tau-muon mass ratio me /My 16.8167(15) 9.0 x 107°
tau-proton mass ratio me/mp 1.893 72(17) 9.0 x 107°
tau-neutron mass ratio M /My 1.89111(17) 9.0 x 107°
tau molar mass Npm; M(t),M; 1.90749(17) x 1073 kgmol™! 9.0 x 107°
tau Compton wavelength h/m-c Acqx 0.697 787(63) x 10~1° m 9.0 x 107°
Ace/2m Aca 0.111056(10) x 1015 m 9.0 x 1075
Proton, p
proton mass mp 1.672621777(74) x 1027 kg 4.4 x 1078
1.007 276 466 812(90) u 8.9 x 10~11
energy equivalent mpc? 1.503 277 484(66) x 1010 J 4.4 x 1078
038.272 046(21) MeV 2.2 x 10~8
proton-electron mass ratio mp/Me 1836.152 672 45(75) 4.1x 10710
proton-muon mass ratio mp/my 8.88024331(22) 2.5 x 1078
proton-tau mass ratio mp/me 0.528 063(48) 9.0 x 107°
proton-neutron mass ratio Mp /My 0.998 623478 26(45) 4.5 x 10710
proton charge to mass quotient e/m, 9.578 833 58(21) x 107 Ckg™! 2.2 x 1078
proton molar mass Nam,, M(p), M,, 1.007276466812(90) x 10~ kgmol~™! 8.9 x 107!
proton Compton wavelength h/mp,c  Acp 1.32140985623(94) x 10715 m 7.1x 10710
Acp/2m Acp 0.21030891047(15) x 10~ m 7.1 % 10710
proton rms charge radius Tp 0.8775(51) x 1071° m 5.9 x 1073
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proton magnetic moment Hp 1.410 606 743(33) x 1026 JT-! 2.4 %1078
to Bohr magneton ratio pp/ 1B 1.521032210(12) x 1073 8.1x107°
to nuclear magneton ratio Hp/ N 2.792 847 356(23) 8.2x 107
proton g-factor 2, / pux 9p 5.585 694 713(46) 8.2 x107?
proton-neutron magnetic moment ratio i,/ ftn —1.459898 06(34) 2.4 x 1077
shielded proton magnetic moment o 1.410 570 499(35) x 1026 JT-! 2.5 x 1078
(H20, sphere, 25 °C)
to Bohr magneton ratio 1/ 1B 1.520993 128(17) x 1073 1.1 x 1078
to nuclear magneton ratio P/ BN 2.792 775 598(30) 1.1x 1078
proton magnetic shielding correction
1 — pf,/pp (H20, sphere, 25 °C) o, 25.694(14) x 1076 5.3 x 1074
proton gyromagnetic ratio 2/, /T Yp 2.675222005(63) x 108 sTIT-1 24x1078
Yp /2T 42.5774806(10) MHzT~! 24 x 1078
shielded proton gyromagnetic ratio
2/, /h (H20, sphere, 25 °C) v 2.675 153 268(66) x 108 sTIT1 25 x 1078
/2w 42,576 3866(10) MHzT-! 2.5 x 108
Neutron, n
neutron mass My 1.674927351(74) x 1027 kg 4.4 x 1078
1.008 664 916 00(43) u 4.2 x 10710
energy equivalent muc? 1.505 349 631(66) x 10710 J 4.4 x 1078
939.565379(21) MeV 2.2 x 1078
neutron-electron mass ratio My /Me 1838.683 6605(11) 5.8 x 10710
neutron-muon mass ratio My /My 8.89248400(22) 2.5x 1078
neutron-tau mass ratio My /My 0.528 790(48) 9.0 x 107°
neutron-proton mass ratio my/my, 1.00137841917(45) 4.5 x 10710
neutron-proton mass difference My — My, 2.30557392(76) x 10730 kg 3.3x 1077
0.001 388 449 19(45) u 3.3x 1077
energy equivalent (my —mp)c?  2.07214650(68) x 10713 J 3.3x 1077
1.293 33217(42) MeV 3.3x 1077
neutron molar mass Nam,, M (n), M, 1.00866491600(43) x 1072 kgmol™t 4.2 x 10710
neutron Compton wavelength h/m,,c Acn 1.3195909068(11) x 10715 m 8.2 x 10710
Ao /2T XCon 0.21001941568(17) x 1071 m 8.2 x 10710
neutron magnetic moment fn —0.966 236 47(23) x 10726 JT ! 2.4 x 1077
to Bohr magneton ratio o/ 1B —1.04187563(25) x 1073 2.4 x 107"
to nuclear magneton ratio o/ AN —1.91304272(45) 2.4 x 1077
neutron g-factor 24, /N In —3.826 085 45(90) 2.4 %1077
neutron-electron magnetic moment ratio i, / pte 1.040 668 82(25) x 1073 2.4 x 1077
neutron-proton magnetic moment ratio  fun/pp —0.684 979 34(16) 2.4 x 1077
neutron to shielded proton magnetic
moment ratio (H2O, sphere, 25 °C) un/u; —0.684 996 94(16) 2.4 x 1077
neutron gyromagnetic ratio 2|, |/h Tn 1.83247179(43) x 108 sTIT™t 24x1077
Yo/ 2T 29.164 6943(69) MHzT-! 2.4 x 107
Deuteron, d
deuteron mass mq 3.34358348(15) x 10727 kg 4.4 x 1078
2.013 553 212 712(77) u 3.8 x 1011
energy equivalent mqc 3.005 062 97(13) x 10719 J 4.4 x 1078
1875.612859(41) MeV 2.2x 1078
deuteron-electron mass ratio ma/me 3670.482 9652(15) 4.0 x 10710
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deuteron-proton mass ratio ma/my 1.999 007 500 97(18) 9.2 x 10711
deuteron molar mass Namgq M(d), Mg 2.013553212712(77) x 1072  kgmol~! 3.8 x 101!
deuteron rms charge radius Ta 2.1424(21) x 1071% m 9.8 x 107*
deuteron magnetic moment Ha 0.433073489(10) x 10726 JT! 2.4 x 1078
to Bohr magneton ratio ta/ 1B 0.466 975 4556(39) x 1073 8.4 x 107°
to nuclear magneton ratio td /N 0.8574382308(72) 8.4 x 107°
deuteron g-factor pq/ N Jd 0.8574382308(72) 8.4 x107°
deuteron-electron magnetic moment ratio ta/ e —4.664 345 537(39) x 1074 8.4 x107°
deuteron-proton magnetic moment ratio ta/pp 0.3070122070(24) 7.7 x 1079
deuteron-neutron magnetic moment ratio Hd/ tn —0.448206 52(11) 2.4 %1077
Triton, t
triton mass my 5.007 356 30(22) x 10~27 kg 4.4 x 1078
3.015 500 7134(25) u 8.2 x 10~10
energy equivalent myc? 4.500 387 41(20) x 10710 J 4.4 x 1078
2808.921 005(62) MeV 2.2 1078
triton-electron mass ratio M/ Me 5496.921 5267(50) 9.1 x 10710
triton-proton mass ratio me/mp 2.9937170308(25) 8.2 x 10710
triton molar mass Nam M(t), My  3.0155007134(25) x 1073 kgmol™! 8.2 x 10710
triton magnetic moment Lt 1.504 609 447(38) x 10726 JT! 2.6 x 1078
to Bohr magneton ratio fe/ 1B 1.622393657(21) x 1073 1.3 x 1078
to nuclear magneton ratio e/ N 2.978 962 448(38) 1.3 x 1078
triton g-factor 2 /N gt 5.957924 896(76) 1.3 x 1078
Helion, h
helion mass my 5.006 412 34(22) x 10727 kg 4.4 %1078
3.014 932 2468(25) u 8.3 x 10710
energy equivalent mpc? 4.49953902(20) x 10710 J 4.4 x 1078
2808.391 482(62) MeV 2.2 x 1078
helion-electron mass ratio My/Me 5495.885 2754(50) 9.2 x 10710
helion-proton mass ratio mu/mp 2.993 152 6707(25) 8.2 x 10710
helion molar mass Namy, M(h), M, 3.0149322468(25) x 1073 kgmol™! 8.3 x 10710
helion magnetic moment fh —1.074617486(27) x 10726 JT—! 2.5 x 1078
to Bohr magneton ratio /1B —1.158 740 958(14) x 1073 1.2x1078
to nuclear magneton ratio Lh/ N —2.127625 306(25) 1.2x1078
helion g-factor 2y, / pix G —4.255 250 613(50) 1.2 x 1078
shielded helion magnetic moment wh —1.074553044(27) x 10726 JT-! 2.5 x 1078
(gas, sphere, 25 °C)
to Bohr magneton ratio /B —1.158 671 471(14) x 1073 1.2x1078
to nuclear magneton ratio wh /N —2.127497718(25) 1.2x1078
shielded helion to proton magnetic
moment ratio (gas, sphere, 25 °C) wh/ —0.761 766 558(11) 1.4 x 1078
shielded helion to shielded proton magnetic
moment ratio (gas/HzO, spheres, 25 °C) iy, /p;, —0.761786 1313(33) 4.3 x 107°
shielded helion gyromagnetic ratio
2|pp,l/ 1 (gas, sphere, 25 °C) o 2.037894659(51) x 10% sTIT™1 25x%x1078
/2 32.434 100 84(81) MHzT-! 2.5x 1078
Alpha particle, o
alpha particle mass M, 6.644 656 75(29) x 10727 kg 4.4 x 1078
4.001 506 179 125(62) u 1.5 x 1071
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energy equivalent M 5.97191967(26) x 10710 J 4.4 x 1078
3727.379240(82) MeV 2.2 x 10°8
alpha particle to electron mass ratio  meg/me 7294.299 5361(29) 4.0 x 10710
alpha particle to proton mass ratio  mg,/my, 3.972 599 689 33(36) 9.0 x 10711

alpha particle molar mass Namg M(a), My  4.001506179125(62) x 10~2  kgmol~! 1.5 x 107!
! Value recommended by the Particle Data Group (Nakamura, et al., 2010).
2 Based on the ratio of the masses of the W and Z bosons mw /mz recommended by the Particle Data Group (Nakamura, et al., 2010). The value for
sin®0w they recommend, which is based on a particular variant of the modified minimal subtraction (3s) scheme, is sin? Ow (Mz) = 0.23122(15).
3 This and all other values involving my are based on the value of mzc? in MeV recommended by the Particle Data Group (Nakamura, et al., 2010),
but with a standard uncertainty of 0.29 MeV rather than the quoted uncertainty of —0.26 MeV, +0.29 MeV.
4 The helion, symbol h, is the nucleus of the 3He atom.
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