Preface

Fundamental Physical Constants: 1998
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This table gives the 1998 self-consistent set of values of the basic constants and
conversion factors of physics and chemistry recommended by the Committee on
Data for Science and Technology (CODATA) for international use. Further, it
describes in detail the adjustment of the values of the subset of constants on which
the complete 1998 set of recommended values is based. The 1998 set replaces its
immediate predecessor recommended by CODATA in 1986. The new adjustment,
which takes into account all of the data available through 31 December 1998, is a
significant advance over its 1986 counterpart. The 1998 adjustment was carried
out by P. J. Mohr and B. N. Taylor of the National Institute of Standards and
Technology (NIST) under the auspices of the CODATA Task Group on
Fundamental Constants. The standard uncertainties (i.e., estimated standard
deviations) of the new recommended values are in most cases about 1/5 to 1/12
and in some cases 1/160 times the standard uncertainties of the corresponding
1986 values. Moreover, in almost all cases the absolute values of the differences
between the 1998 values and the corresponding 1986 values are less than twice
the standard uncertainties of the 1986 values.

The Task Group was established in 1969 with the aim of periodically providing
the scientific and technological communities with a self-consistent set of
internationally recommended values of the fundamental physical constants based
on all applicable information available at a given point in time. The first set was
published in 1973 and was followed by a revised set first published in 1986; the
current 1998 set first appeared in 1999. In the future, the CODATA Task Group
plans to take advantage of the high level of automation developed for the current
set in order to issue a new set of recommended values at least every four years.



Fundamental Physical Constants — Atomic and Nuclear Constants

Relative std.
Quantity Symbol Value Unit uncerti
General
fine-structure constae®/4r eghic o 7.297 3525387) x 1073 3.7x 1079
inverse fine-structure constant a1 137.035 999 7650) 3.7x 1079
Rydberg constant?mec/2h Ry 10973 731568 54983) m~1 7.6 x 10712
RooC 3.28984196036@5) x 10° Hz 7.6 x 10712
Rshc 2.1798719017) x 10718 J 7.8 x 1078
Rxhcin eV 13605691 7253) eV 39x10°8
Bohr radiusx/4r Ry, = 4 egh?/ Mee? ag 0.529177208819 x 1010 m 37x107°
Hartree energg?/4m coap = 2Rsohc
= a?mec? En 4.3597438134) x 10718 J 7.8 x 1078
in eV 27.211383411) eV 39x10°8
quantum of circulation h/2me 3.63694751627) x 104 més1 7.3x107°
h/me 7.27389503253) x 104 més1 7.3x 1079
Electroweak
Fermi coupling constaft Gg/(hc)® 1.166391) x 10° GeV 2 8.6 x 1076
weak mixing anglB 6y (on-shell scheme)
SifOw = 3, = 1 — (Mw/mz)? sin? 6w 0.222419) 8.7x 1073
Electron, €
electron mass Me 9.1093818872) x 1031 kg 79x 108
inu, me = Ac(e) u (electron
relative atomic mass times u) AB579911012) x 104 u 21x10°°
energy equivalent MeC? 8.187 104 1464) x 1014 J 79 x 1078
in MeV 0.51099890221) MeV 40x 108
electron-muon mass ratio Me/m,, 4.8363321015) x 103 3.0x 1078
electron-tau mass ratio Me,/ M, 2.8755547) x 10°* 1.6 x 104
electron-proton mass ratio Me/Mp 5.44617023212) x 104 21x107°
electron-neutron mass ratio Me/ My, 5.43867346212) x 104 2.2x107°
electron-deuteron mass ratio Me/ Mg 2.724437117(68) x 104 2.1x107°
electron to alpha particle mass ratio Mg/ My 1.370933561129) x 104 2.1x10°°
electron charge to mass quotient —e/Me —1.75882017471) x 1011  Ckg! 40x10°8
electron molar mashiame M(e), Me 5.48579911012) x 10~/ kgmol?! 2.1 x10°°
Compton wavelength/mec AC 2.42631021618) x 10712 m 7.3x107°
rc/2m = aag = a%/47 Ry Ac 386159 264228) x 10~ 1° m 7.3x10°°
classical electron radiug?ag le 2.81794028831) x 10715 m 11x 1078
Thomson cross sectiong3)r2 e 0.665 245 85415) x 1028 m?2 2.2x 1078
electron magnetic moment e —92847636237) x 10726 11 40x 108
to Bohr magneton ratio e/ LB —1.001 159 652 186@11) 41x 10712
to nuclear magneton ratio e/ N —1838281966Q39) 21x107°
electron magnetic moment
anomaly|uel/us — 1 ae 1.159652186041) x 103 35x10°°
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Fundamental Physical Constants — Atomic and Nuclear Constants

Relative std.
Quantity Symbol Value Unit uncerti
electrong-factor—2(1 + ae) Je —2.002319304373B2) 4.1 x 10712
electron-muon
magnetic moment ratio Me/ Uy 206.766 972Q63) 3.0x 1078
electron-proton
magnetic moment ratio e/ p —658210687%66) 1.0x 1078
electron to shielded proton
magnetic moment ratio y,e/u/p —658227595471) 11x 108
(H20, sphere, 25C)
electron-neutron
magnetic moment ratio e/ n 9609205023) 2.4 x 1077
electron-deuteron
magnetic moment ratio e/ 1 —2143923 49823 1.1x 108
electron to shielded helién
magnetic moment ratio e/ i, 864.058 25510) 1.2x10°8
(gas, sphere, 25C)
electron gyromagnetic ratid2e| /A e 1.76085979471) x 1011 s1T-1  40x10°8
Ye/ 21 280249540(11) MHzT-1 4.0x 108
Muon, ™
muon mass m, 1.8835310916) x 1028 kg 84 x 108
inu, M, = Ar() U (muon
relative atomic mass times u) .103428916834) u 30x 108
energy equivalent m, c? 1.6928333214) x 10711 J 84 x 108
in MeV 105658 356852 MeV 49x 108
muon-electron mass ratio my./Me 206.768 265763) 3.0x 1078
muon-tau mass ratio My /My 5.9457297) x 1072 1.6 x 1074
muon-proton mass ratio my./Mp 0.112609517834) 3.0x 1078
muon-neutron mass ratio M,/ Mn 0.112454507834) 3.0x 1078
muon molar masslam,, M), M, 0.113428916834) x 1073 kgmof! 3.0x 1078
muon Compton wavelengtiym,c  Ac, 117344419735 x 101> m 29x 108
Ac.u/2m Ac, 1.86759444455) x 101> m 29x 108
muon magnetic moment ™ —4.4904481822) x 10726 gT11 49x 1078
to Bohr magneton ratio My /1B —4.8419708515) x 103 3.0x 1078
to nuclear magneton ratio M/ N —8.890597 7027) 3.0x 1078
muon magnetic moment anomaly
||/ (eh/2m,) — 1 a, 1.1659160264) x 1073 5.5x 107/
muong-factor—2(1 + a,) O —2.002331832013 6.4 x 10710
muon-proton
magnetic moment ratio M/ Ip —3.183 345 3910) 3.2x10°8
Tau,t™
tau mas$ m, 3.1678852) x 10727 kg 16 x 1074
inu,m; = Ai(x) U (tau
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Fundamental Physical Constants — Atomic and Nuclear Constants

Relative std.
Quantity Symbol Value Unit uncerti
relative atomic mass times u) .9D7 7431) u 16x 104
energy equivalent m,c? 2.847 1546) x 10710 J 16 x 1074
in MeV 177705(29) MeV 1.6 x 1074
tau-electron mass ratio m./Me 347760(57) 16x 1074
tau-muon mass ratio m./m, 16.818827) 1.6 x 104
tau-proton mass ratio m./mp 1.8939631) 1.6x 104
tau-neutron mass ratio m./mp 1.891 3531) 1.6 x 1074
tau molar mas$am;, M), M; 1.907 7431) x 103 kgmol 1.6x10*
tau Compton wavelengthy m.c AC.t 0.697 7q11) x 10715 m 16x 1074
Ac.</2m AC. 0.11104218) x 10715 m 16x 104
Proton, p
proton mass Mp 1.6726215813) x 102/ kg 79x 108
inu, my = Ar(p) u (proton
relative atomic mass times u) .OD7 276 466 88L3) u 13x 10710
energy equivalent Mpc? 1.5032773112) x 10710 J 79x 1078
in MeV 938271 99838) MeV 40x 108
proton-electron mass ratio Mp/Me 1836152667%39) 2.1x107°
proton-muon mass ratio Mp/ My, 8.8802440827) 30x10°8
proton-tau mass ratio mp/ M 0.527 99486) 1.6x 104
proton-neutron mass ratio Mp/ M 0.998 623 478 568) 5.8 x 10710
proton charge to mass quotient  e/my, 9.5788340838) x 10’ Ckg? 40x 1078
proton molar mas#la mp M(p), Mp 1.007 276466 86L3) x 102 kgmol! 1.3 x 10710
proton Compton wavelengtiymec  Acp 1.32140984710) x 10°® m 7.6 x 107°
Acp/2m Acp 0.210308908616) x 10715 m 7.6 x 107°
proton magnetic moment Ip 14106066388 x 10726  JT11 41x 1078
to Bohr magneton ratio Mp/ 1B 1.52103220815) x 103 1.0x 1078
to nuclear magneton ratio p/ N 2.792 847 33729 1.0x 1078
protong-factor 2up/ N 9 5.585 694 67557) 1.0x 1078
proton-neutron
magnetic moment ratio p/ n —1.459 898 0534) 2.4 x 1077
shielded proton magnetic moment 1, 1.41057039959) x 10726 JgT11 42 x 108
(H20, sphere, 25C)
to Bohr magneton ratio Ip/ 1B 1.52099313216) x 103 1.1x10°8
to nuclear magneton ratio [p/ AN 2.79277559731) 11x 108
proton magnetic shielding
correction 1— pup/pup o 25.687(15) x 1076 5.7 x 1074
(H20, sphere, 25C)
proton gyromagnetic ratio;2,/ i Yo 2.6752221211) x 1C° s1T-1  41x108
Yo/ 21 42577 4825%18) MHzT1 41x10°8
shielded proton gyromagnetic
ratio 2up,/h Vo 2.6751534111) x 108 s11-1  42x108
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Fundamental Physical Constants — Atomic and Nuclear Constants

Relative std.
Quantity Symbol Value Unit uncerti
(H20, sphere, 25C)
Vol 2m 42576 3888198) MHzT-1 42x10°8
Neutron, n
neutron mass Mn 1.674927 1613) x 1027 kg 79x%x 108
inu, my = Ar(n) u (neutron
relative atomic mass times u) .0D8 664 915 765) u 5.4 x 10710
energy equivalent Mnc? 1.5053494612) x 1010 J 79x 1078
in MeV 939565 33@39) MeV 40x 108
neutron-electron mass ratio Mp/Me 1838683 655@40) 22 x 10°°
neutron-muon mass ratio mp/m,, 8.892484 7827) 3.0x 1078
neutron-tau mass ratio mp/m; 0.528 72286) 1.6 x 1074
neutron-proton mass ratio Mn/Mp 1.001 378418 8%9) 5.8 x 10710
neutron molar maskiamy, M(n), Mn, 1.0086649157&5) x 103 kgmol! 54 x 10710
neutron Compton wavelengtym,c ~ Ac.n 1.31959089810) x 10°®* m 7.6 x 107
Ac.n/2m Ac.n 0.210019414216) x 101> m 7.6x 1079
neutron magnetic moment Un —0.9662364Q23) x 10726 gT1 24 x 1077
to Bohr magneton ratio Un/UB —1.04187563825) x 10°3 2.4 x 1077
to nuclear magneton ratio Un/ N —1.9130427245) 24 %107
neutrong-factor 2un/un On —3.826 085 4%90) 2.4x 1077
neutron-electron
magnetic moment ratio Un/ e 1.040668 8225) x 103 2.4 x 1077
neutron-proton
magnetic moment ratio Mn/ ip —0.684 979 3416) 24 x 1077
neutron to shielded proton
magnetic moment ratio n/ g —0.684 996 9416) 24 x 1077
(H20, sphere, 25C)
neutron gyromagnetic ratid2n|/%  n 1.8324718844) x 108 s11t1 24x107
Yn/ 21 29.164695870) MHzT-1 24x 107
Deuteron, d
deuteron mass mqg 3.3435830926) x 1027 kg 79x%x 108
inu, mg = Ar(d) u (deuteron
relative atomic mass times u) .35532127@35) u 17 x 10710
energy equivalent Mmqc? 3.0050626224) x 1010 J 79x 1078
in MeV 187561276275) MeV 40x 108
deuteron-electron mass ratio Mg,/ Me 3670482955Q78) 2.1x10°°
deuteron-proton mass ratio Mg/ Mp 1.999 007 5008@11) 2.0x 10710
deuteron molar mas§a my M(d), Mq 2.0135532127@35) x 103 kgmol! 1.7 x 10710
deuteron magnetic moment 1 0.43307345718) x 10726 JgT11 42x10°8
to Bohr magneton ratio nd/UB 0.466 975 455660) x 103 1.1x10°8
to nuclear magneton ratio d/ N 0.857 438 228494) 11x 108
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Fundamental Physical Constants — Atomic and Nuclear Constants

Relative std.
Quantity Symbol Value Unit uncerti
deuteron-electron
magnetic moment ratio Hd/ e —4.66434553750) x 104 1.1x10°8
deuteron-proton
magnetic moment ratio wd/ tp 0.307012208&5) 15x 108
deuteron-neutron
magnetic moment ratio nd/ pn —0.448 206 5211) 2.4 x 1077
Helion, h
helion mas$ mh 5.006 411 7439) x 1027 kg 79x%x 108
inu, my = Ar(h) u (helion
relative atomic mass times u) .R4 932234 6@86) u 28 x 10710
energy equivalent mnc? 4.499 538 4835) x 10710 J 79x 1078
in MeV 28083913411 MeV 40x 1078
helion-electron mass ratio mp/Me 5495885 23812) 21x10°°
helion-proton mass ratio Mh/Mp 2.993 152658 53 3.1x 10710
helion molar mas®amp M(h), M, 3.0149322346@6) x 103 kgmol!l 2.8x 10710
shielded helion magnetic moment wh —1.07455296745) x 10726 JT11 42x10°8
(gas, sphere, 25C)
to Bohr magneton ratio W/ 1B —1.15867147414) x 1073 1.2x 1078
to nuclear magneton ratio M/ N —2.127 497 7185) 1.2x10°8
shielded helion to proton
magnetic moment ratio W/ tp —0.761766 56812 15x 1078
(gas, sphere, 2%C)
shielded helion to shielded proton
magnetic moment ratio %/u’p —0.761786 131833) 43x 1079
(gas/HO, spheres, 25C)
shielded helion gyromagnetic
ratio 2up|/h " 2.037 894 76485) x 10° s1T-1  42x108
(gas, sphere, 25C)
w./2n 32.4341025%14) MHzT-1 42x10°8
Alpha particleo
alpha particle mass My 6.644 655 9852) x 1027 kg 79x 1078
inu, my = Ar(x) u (alpha particle
relative atomic mass times u) .001 506 174710) u 25x 10710
energy equivalent Mg C2 5.9719189747) x 10710 J 7.9x 1078
in MeV 37273790415) MeV 40x 108
alpha particle to electron massratio  my/me 7294299 50816) 21x10°°
alpha particle to proton mass ratio My /Mp 3.972599 684611) 2.8 x 10710
alpha particle molar mag$am, M(x), M, 4.001506174710) x 103  kgmol!l 25x 10710

@ Value recommended by the Particle Data Group, Caso et al., Eur. Phy8(1}4Q, 1-794 (1998).

b Based on the ratio of the masses of the W and Z bosaggm; recommended by the Particle Data Group (Caso et al., 1998). The value for
sinfow they recommend, which is based on a particular variant of the modified minimal subtr@tgpscheme, is sithw (Mz) = 0.231 2424).

€ The helion, symbol h, is the nucleus of thide atom.

d This and all other values involving, are based on the value o, c2 in MeV recommended by the Particle Data Group, Caso et al., Eur. Phys.
J. C3(1-4), 1-794 (1998), but with a standard uncertainty @0MeV rather than the quoted uncertainty-69.26 MeV, +0.29 MeV.
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