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GAUGE AND HIGGS BOSONS

10PCY = 0117 7)

Mass m < 1 x 10718 eV
Charge g < 5x 1070 ¢
Mean life + = Stable

8

or gluon I(JP) =0017)

Mass m = 0 [
SU(3) color octet

s

Charge = +1e

Mass m = 80.398 & 0.025 GeV
mz ~ my = 104+ 1.6 GeV
My+ — My~ = —02% 0.6 GeV
Full width I''= 2.141 &+ 0.041 GeV
(N&) =15.70 £ 0.35

(Ngx) = 220 £ 0.19

(Npy =092+ 014

(Neparged) = 19.39 & 0.08

W™ modes are charge conjugates of the modes below.

p
w+ DECAY MODES Fraction (I';/T} Confidence level (MeV/c)

fan’ [6] (10.80+ 0.09) % -
ety (10.75+ 0.13) % 40199
whty (1057 0.15) % 40199
Tty (11.25% 0.20) % 40179
hadrons (67.60% 0.27) % -
aty < 8 x 1075 95% 40199
Dy < 13 x 1073 95% 40175
cX (334 £ 26 )% -

c3 @ B oy% -
invisible fc] (14 £28)% -

Charge = 0

Mass m = 91.1876 & 0.0021 GeV [

Full width I = 2.4952 + 0.0023 GeV

T{e+e~) = 83.984 + 0.086 MeV 2]

[(invisible) = 499.0 & 1.5 MeV [

I (hadrons) = 1744.4 & 2.0 MeV

M(ut ) /r(ete™) = 1.0009 + 0.0028

F(r+e=)/T(ete) = 1.0019 + 0.0032 If]
Average charged multiplicity

(Nchargea) = 20.76 £ 0.16 (S = 2.1)

Couplings to leptons
gt, = —0.03783 £ 0.00041
g{ = ~0.50123 + 0.00026
g"¢ = 0.5008 =% 0.0008
g¥ = 0.53 £ 0.09
g" = 0.502 + 0.017

Asymmetry parameters [
Ae = 0.1515 = 0.0019
All = 0.142 &+ 0.015
A, = 0.143 = 0.004
Ag = 0.90 % 0.09
Ag = 0.670 £ 0.027
Ap = 0.923 £ 0.020

Charge asymmetry (%) at Z pole
A% — 1714010
Al — g 47

A% ~ 9811

"FB T 7 .

ALY — 7.07 +0.35

AP — 992+ 0.16

FB — 7 .




37

Quark Summary Table

QUARKS

The u-, d-, and s-guark masses are estimates of so-called “current-
quark masses,” in a mass-independent subtraction schéme:such as
MS at a scale © =~ 2 GeV. The c- and b-quark masses are the
“running” masses in the MS§ scheme. For the b-quark we also
quote the 1S mass. These can be different from the heavy quark
masses obtained in potential models. T ‘

107y = 3G
2

Mass m = 1.5 to 3.3 MeV [2] Charge =% e I, =+3
my/mg = 0.35 to 0.60

107 =33

Mass m = 3.5t0 6.0 MeV [3.  Charge=-1e [, =-}
mg/myg =17 t0 22 -
m = (my+mg)/2 = 2.5 to 5.0 MeV

0Py =03 1)

Mass m = 1041’§2 MeVv 12l Charge = —% e Strangeness = —1
(ms = (my + my)/2)/(mg — my) = 30 to 50

10P) = 03 )

Mass m= 1271007 Gev  Charge =2 e Charm = +1

1Py =03 %)
Charge = —% e Bottom = —1
Mass m = 4207330 Gev (M5 mass)

[1] 1Py = o)

Charge = % e Top = +1

Mass m = 171.22.1 GeV [0 (direct observation of top events)

P
t DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Wq(g=b,s, d) -

vq{g=u,c) [e] < 5.9 x 103 95% - . -

AT = 1 weak neutral current (71) modes
Zq{g=u,c) T1 [f] <137 % 95% -

fvpanything [cd]l (9.4+2.4)% -

b (4" Generation) Quark, Searches for

Mass m > 190.GeV, CL = 95%  (pp. quasi-stable b')

Mass m > 199 GeV, CL = 95% (pp, neutral-current decays)
Mass m > 128 GeV, CL = 95%  (pP, charged-current decays)
Mass m > 46.0 GeV, CL = 95% (e* e, all decays)

t' (4t Generation) Quark, Searches for

Mass m > 256 GeV, CL = 95% (pP, t't prod., t' — Wgq)

I Free Quark Searches I

All searches since 1977 have had negative results.

NOTES

[a] The ratios m,/my and mg/my are extracted from pion and kaon masses
using chiral symmetry. The estimates of v and d masses are not without
controversy and remain under active investigation. Within the literature
there are even suggestions that the v quark could be essentially massless.
The s-quark mass is estimated from SU(3) splittings in hadron masses.

[b] Based on published top mass measurements using data from Tevatron
Run-1 and Run-Il. Including also the most recent unpublished results from
Run-1l, the Tevatron Electroweak Working Group reports a top mass of
172.6 £ 0.8 + 1.1 GeV. See the note "The Top Quark” in the Quark
Particle Listings of this Review.

[¢] £ means e or w decay mode, not the sum over them.

[d] Assumes lepton universality and W-decay acceptance.

e] This limit.is for T(t — ~vq)/T(t — Wh).

]

[
[f] This fimit is for F(t —. Zq)/T(t — Wb).




For I =1 (m b, p, 3): ud, (uﬁ—dﬁ)/@ am;
for I =0 (n. o, h, bW, w, ¢ F, ) c(uT + dd) + c(s3)

16UP)Y =17(07)

Mass m = 139.57018 = 0.00035 MeV (S = 1.2)
Mean life 7 = (2.6033 = 0.0005) x 1078 s (S = 1.2)
cr = 7.8045 m

7f — £y form factors [2]
Fy = 0.017 % 0.008

Fa = 0.0115 £ 0.0005 (S = 1.2)
_ +0.009
R = 0.059+3-9%

e

7~ modes are charge conjugates of the modes below.

For decay limits to particles which are not established, see the appropriate
Search sections (Massive Neutrino Peak Search Test, AY (axion), and
Other Light Boson (X0) Searches, etc.).

p
x+ DECAY MODES Fraction (T;/T) Confidence level . (MeV/c)
pwy, [B] (99.98770£0.00004) % 30

wrv,y [c] (200 +025 )x10—% 30
etv, [6] (1230 +0004 )x1074 70

etuey [} (161 #0238 )x10=7" 70
etyen? (1.03 40006 )x10~8 Ca
etygeter (32 - +05 )x107? 70
etvevy <5 x 10~° 90% 70

Lepton Family number (LF) or Lepton number (L) violating modes

ut o, L [d] < 15 x10~3 90% 30
whue ’ LF [d < 80 x 1073 90% 30
petety LF < 16 x 10~6 90% 30

,G(JPC):]_—(O—+)

Mass m = 134.9766 + 0.0006 MeV (S = 1.1)

Mt — Mo = 4.5936 & 0.0005 MeV

Mean life 7 = (8.4 £ 0.6) x 1077 s (S = 3.0)
cr =251 nm

For decay limits to particles which are not established, see the appropriate
Search sections (AO (axion) and Other Light Boson (XO) Searches, etc.).

Scale factor/ p
79 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
2y (98.798:0.032) % S=1.1 67
ete v ' ( 1.1980.032) % S=1.1 67
ypositronium (1.82 £0.29 ) x 1072 67
eteteme™ (314 £0.30 ) x 107° 67
ete ( 6.46 £0.33 ) x 10~8 67
4y < 2 x1078 CL=90% 67
vU ) < 27 x10~7 CL=90% 67
VeTe < 17 x 1076 CL=90% . 67
V.7, < 16 x 106 CL=90% 67
vy Ur < 21 x 10~6 CL=90% 67
R < 6 x 1074 CL=90% 67

Charge conjugation (C) or Lepton Family number (LF) violating modes
3y c < 31 % 10~8 CL=90% 67
pte™ LF < 38 x 10~10¢CL=00% 26
pet LF < 34 x 109 CL=90% 26

pte™ + pet LF < 172 x 1078 CL=90% 26

1G(JPCy = gt —+)

Mass m = 547.853 = 0.024 MevV [f]
Full width T = 1.30 = 0.07 keV [

C-nonconserving decay parameters

nt %  Left-right asymmetry = (0.09 £ 0.17) x 1072

ata~a®  Sextant asymmetry = (0.18 £ 0.16) x 10~2

T~ 7% - Quadrant asymmetry-= (—0.17 4 0.17) x 1072
mtr~y  Left-right asymmetry = (0.9 £ 0.4) x 1072
atay B (D-wave) = —-0.024 007 (S=13)
Dalitz plot parameter
w07%7% @ = -0.031  0.004
Scale factor/ P
n DECAY MODES Fraction (T;/F) Confidence level (MeV/c)
Neutral modes
neutral modes (71.91£0.34) % S=1.2" -
27 [g] (39.31+0.20) % S5=1.1 274
370 (32.56£0.23) % s=1.1 179
702y (44 £15)x10~4 $=2.0 257
7070yy < 12 x10-3  CL=90% 238
4y < 28 x 1074 CL=90% 274
invisible < 6 %1074 CL=90% -
Charged modes
charged modes (28.06£0.34) % S=1.2 -
T~ a0 (22.73:4028) % s=1.2 174
ata ey ( 4.60£0.16) % $=2.1 236
ete vy (68 0.8 )x1073 S=1.7 274
wrumy (31 +04 )x1074 253
ete < 17 x10~5  CL=90% 274
whu~ (5.8 +£0.8 )x 106 253
ete ete < 69 x1075  CL=90% 274
ata—ete~ (42 £1.2 )x1074 235
ata 2y < 20 x 1073 236
atr a0y <5 x10~%  CL=90% 174
Oty <3 x 1076 CL=90% 210 |
\
Charge conjugation (C), Parity (P), |
Charge conjugation x Parity (CP), or |
Lepton Family number (LF) violating modes
70y c <9 x107%  CL=90% 257 |
atr~ p,cP < 13 %1075  CL=90% 236
7070 PCP < 35 x 1074 CL=90% 28
7070y c <5 x10~4  CL=90% 238
w07l 70y c < 6 %1075 CL=90% 179
3y C < 16 x1075  CL=90% 274
470 PCP < 69 x10~7  CL=90% 40
wlete c  IH< 4 %1075 CcL=90% 257
wOptpu~ c < s x 1076 CL=90% 210
pte™ + p-et LF < 6 %1076 CL=90% 264
fo(600) i IG(JPC) — 0+(0 -+ +)
oro
Mass m = (400-1200) MeV
Full width I = (600-1000) MeV
f(600) DECAY MODES Fraction (F;/T) p (MeV/c)
T dominant -
vy seen -
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Baryon Summary Table

N BARYONS
(5=0,1=1/2)

p, N* = uud:  n, N® = udd

1Py = 13

Mass m = 1.00727646688 -+ 0.00000000013 u

Mass m = 938.27203 + 0.00008 MeV (3]

|mp ~ mp|/mp < 2x 1072, CL = 90% [2]

%[ /(,‘,7,—‘;) = 0.99999999991 =+ 0.00000000009

lap +a5]/e < 2x1079, CL = 90% & -

|ap + gel/e < 1.0x 10721 [

Magnetic moment p = 2.792847351 + 0.000000028 1

(ko + 13) [ Bp = (=26 £2.9) x 1073

Electric dipole moment d < 0.54 x 1023 ecm

Electric polarizability o = (12.0 = 0.6) x 10=% fm3

Magnetic polarizability 8 = (1.9 & 0.5) x 10=% fm3

Charge radius = 0.875 = 0.007 fm

Mean life + > 2.1 x 1029 years, CL = 90%
mode)

Mean life 7 > 103! to 1033 years [

See the “Note on Nucleon Decay” in our 1994 edition (Phys. Rev. D50,
1173) for a short review.

(mode dependent)

The “partial mean life” {imits tabulated here are the limits on 7/B;, where
 is the total mean life and B; is the branching fraction for the mode in

(p — invisible

question. For N decays, p and n indicate proton and neutron partial
lifetimes.
¢ Partial mean life P
I DECAY MODES (1030 years) Confidence level (MeV/c)
Antilepton + meson
etm > 158 (n), > 1600 (p) 90% 459
> 100 (n), > 473 (p) 90% 453
> 112 (n), > 25 (p) 90% 459
> 313 90% 300
> 126 20% 297
> 158 90% 310
> 217 (a), > 75 (p) 90% 149
> 228 (n), > 110 (p) 90% 13
>19 (n), > 162 (p 90% 149
> 107 : 90% 143
> 117 90% 105
> 108 90% 144
> 17 (n), > 150 (p) 90% 339
> 120 90% 337
> 51 90% 337
> 26 (n), > 120 (p) 90% 329
pt kY > 150 90% 326
ut K > 83 90% 32
vK > 86 (n), > 670 (p) 90% 339
n— vk% > 5L 90% 338
- et K*(892)0 > 84 90% 45
= 1 K*(892) > 78 (n), > 51 (p) 90% 45
Antilepton + mesons
po etata= > 82 90% 448
por eta®nd > 147 90% 449
o et a0 > 52 90% 449
pos ptata > 133 -90% 425
P ptalad > 101 90% 427
e ptr= a0 > 74 90% 427
n - etk >18 90% 319
Lepton + meson
s e~ wt > 65 90% 459
0o pwt > 49 90% 453
N e”pt > 62 90% 150
- p=pt >7 90% 114
f- e Kt >32 90% 340
ne um K > 57 90% 330

Lepton -+ mesons

p— e wtgt >30 90% 448
n— e gtagd > 29 90% 449
p— p-wtat >17 90% 425
n— u~ntal >34 90% 427
p— e~ ntKt >75 90% 320
p— pwtKT > 245 90% 279
Antilepton + photon(s) -
p— ety > 670 : 90% 469
p— uty > 478 90% 463
n— vy > 28 90% 470
p— etqy > 100 90% 469
n— vyvy > 219 - 90% 470
Three (or more) leptons
p— etete™ > 793 9%0% 469
p— etutu > 359 90% 457
p— etvy >17 90% 469
n— ete v > 257 90% 470
n— pte v >83 90% 464
n— ptu v >79 90% 458
p— utete > 529 0% 463
p— utptyu™ > 675 90% 439
p— ,U+VU >21 90% 463
p— e utput >6 90% 457
n— 3v > 0.0005 90% 470
Inclusive modes
N — etanything > 0.6 (n, p) 20% -
N — utanything > 12 (n, p) 90% -
N — et rPanything > 0.6 (n, p) 90% -
AB = 2 dinucleon modes
The following are lifetime limits per iron nucleus.
pp — wtgt >0.7 90% -
pn— at a0 >2 90% -
nn— atg~ > 07 %0% -
nn— w0x0 > 3.4 90% -
pp — etet >58 90% -
pp — etpt >36 920% -
pp — ptput >1.7 90% -
pn— etw >28 90% -
pn— uto >16 90% -
nn— VeT, > 0.000049 90% -
pn — invisible >2.1 % 1078 90% -
pp — invisible > 0.00005 90% =
P DECAY MODES
Partial mean life p
7 DECAY MODES (years) Confidence level (MeV/c)
P— ey >7x108 90% 469
P— Ty >5x 104 90% 463
pP— e > 4x10° 90% 459
P— und >5x 104 90% 453
p— e py > 2% 104 90% 309
P— py >8x103 90% 297
P— e K& > 900 90% 337
P— p K% >4x103 90% 326
p— e K >9x103 90% 337
p— p KO >7x108 90% 326
P— ey >2x104 %0% 469
P— uyy >2x 104 90% 463
P— e w > 200 90% 143
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Lepton Summary Table

LEPTONS

[e]

_1

=1 )
Mass m = (548.57990943 =+ 0.00000023) x 10~ u
Mass m = 0.510998910 =+ 0.000000013 MeV
[mer — m,_|/m< 8x107°, CL = 90%
[der + Gp-|/e < 4x 1078
Magnetic moment anomaly

(g~2)/2 = (1159.6521811 + 0.0000007) x 106

(et — 8e-) /[ Baverage = (—0.5 £ 2.1) x 10712
Electric dipole moment d = (0.07 % 0.07) x 10726 ecm
Mean life 7 > 4.6 x 1026 yr, CL = 90% [ .

#— DECAY MODES

J=1

Mass m = 0.1134289256 + 0.0000000029 u
Mass m = 105.658367 + 0.000004 MeV
Mean life 7 = (2.197019 % 0.000021) x 10~% 5
T;ﬁ/T;r = 1.00002 + 0.00008

cr = 658.650 m
Magnetic moment anomaly {(g—2)/2 = (11659208 = 6) x 1010
(gﬂ+ - gpf) / Baverage = (—0.11 £ 0.12) x 1078
Electric dipole moment d = (3.7 & 3.4) x 1071° ecm

(s = 1.1)

Decay parameters [}

p = 0.7509 + 0.0010
7 = 0.001 £ 0.024

8 = 0.7495 =+ 0.0012
£P, = 1.0007 = 0.0035 ]
EP,d/p > 0.99682, CL = 90% €]
& =1.00 £ 0.04

€ =07+04

/A =(0+4)x 1073

/A =(0+4)x103

B/A = (4 + 6) x 1073
B/A=(1+5)x10"3

77 =0.02 £ 0.08

(S = 2.0)

™ modes are charge conjugates of the modes below.

p
Fraction (T';/T) Confidence level (MeV/c)

7~ DECAY MODES

Decay parameters

See the 7 Particle Listings for a note concerning T-decay parameters.

ple or ) = 0.745 & 0.008
p(e) = 0.747 £ 0.010

p(w) = 0.763 £ 0.020

&(e or p) = 0.985 £ 0.030
£(e) = 0.994 = 0.040

£(s) = 1.030 + 0.059

n(e or i) = 0.013 &+ 0.020
n(p) = 0.094 £ 0.073

(8¢)(e or 1) = 0.746 £ 0.021
(6€)(e) = 0.734 + 0.028
(86) (1) = 0.778 = 0.037
£(m) = 0.993 & 0.022

£(p) = 0.994 = 0.008

£(ay) = 1.001 + 0.027

£(all hadronic modes) = 0.995 + 0.007

71 modes are charge conjugates of the modes below. “AE" stands for
7t or K. “¢" stands for e or #. “Neutrals” stands for +'s and/or 70,

Scale factor/

P
Fraction (T';/I') Confidence level (MeV/c)

Modes with one charged particle

i € Vev, ~100% 53
| €™ eV Y [d] (1.4£0.4)% 53
e Teu ete” le] (3.4:£0.4) x 105 53
Lepton Family number (LF) violating modes
e T, LF [fl <12 % 90% 53
e~y LF <12 x10~11 90% 53
e"ete” LF <10 x 10712 90% 53
™2y LF <72 x 10~11 90% 53

Mass m = 1776.84 =+ 0.17 MeV
(M4 = m_)/ Mayerage < 2.8 x 1074, CL = 90%
Mean life 7 = (290.6 + 1.0) x 10715 5
¢r = 87.11 um
Magnetic moment anomaly > —0.052 and < 0.013, CL = 95%
Re(d,) = —0.22 to 0.45 x 10716 ecm, CL = 95%
Im(d,) = —0.25 t0 0.008 x 10716 ecm, CL = 95%

Wezk dipole moment

Re(d¥) < 0.50 x 10717 ecm, CL = 95%
Im{d¥) < 1.1x 10717 ecm, CL = 95%

Weak anomalous magnetic dipole moment
Re(a) < 1.1x 1073, CL = 95%
Im(a¥) < 27 x 1073, CL = 95%

particle™ > 0 neutrals > 0K%v,. (85.36:£0.08) % S=13 -
(“1-prong")

particle™ > 0 neutrals > 0K, (84.734+0.08) % S=1.4 -

[Tl [g] (17.3640.05) % 885

B Tuvey le] (36 +04)x10-3 , 885

€ Tery [g] (17.8520.05) % 888

e Uplry le] (1.75+£0.18) % 888

b > 0K v, (12.13£0.07) % s=1.1 883

h~v, (11.604:0.06) % S=1.1 883

™ Uy le] (10.9140.07) % S=1.1 883

K~ v, lg] ( 6.9540.23) x 10—3 S=1.1 820

h™ > 1 neutralsy, (37.08::0.11) % $=1.2 -

b~ > 170y, (ex. K®) (36.54+0.11) % 5=1.2 -

=y, (25.95+0.10) % S==1.1 878

7~ nlu, [g] (25.5240.10) % s=1.1 878

7~ 70 non-p(770) v, (3.0 £32 )x10-3 878

K=n0u, lg] ( 4.2840.15) x 10—3 814
h= > 2%, (10.84+0.12) % s=13 -

h=2n0y,_ ( 9.49:£0.11) % $=1.2 862

h= 2101 (ex.K9) ( 9.3340.12) % s=12 862

7720, (ex.K%)  [g] (927+012)% s=12 862

7~ 270w, (ex.K©), <9 x10™3  CL=95% 862
scalar

7~ 270y, (ex. K9), < 7 x1073  CL=95% 862
vector

K=27%, (ex.K%)  [g] (63 £23)x10~4 7%

h= > 3n0u, ( 1.350.07) % S=1.1 -

b 2 37%, (ex. K9) ( 1.2620.07) % S=1.1 -

h 3700 ( 1.18+0.08) % 836
77300, (ex.K®) (] ( 1.042007) % 836
K=37% (ex.K®  [g] (47 +21)x10~% 765
n)
h4x0u, (ex.K9) (16 £04 )x10~3 800
h4n0 0 (ex.K%n) [e] (1.0 %04 )x10-3 800
K= >0m% >0Kk% >0y 1, ( 1.57:+£0.04) % S=1.1 820
K= >1(x% or KO or v) v, ( 8.74£0.32) x 10™3 ~
Modes with K0's

K% (particles)~ v, (92 £04 ) x10~3 S=1.4 -
Ko, (10.0 +£0.5 ) x 103 S=1.8 812
7~ Koy, lg] (84 £04)x10~3 $=2.0 812
7~ KO (5.4 £21 )x10~4 812

(non-K*(892)~) v,

K- K0y, fg] - ( 1.58%0.16) x 10~3 737
K=K >orlu. (3.16+0.23) x 1073 737
h~ KO0y, (85 +0.4 )x10-3 794

7~ Koxlu, le] (3.9 £04 )x10-3 794

Rop v, (22 £05 )x10~3 612

K= K070y, le] ( 1.5840.20) x 103 685
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1. PHYSICAL CONSTANTS

ible 1.1. Reviewed 2007 by P.J. Mohr and B.N. Taylor (NIST). Based mainly on the “CODATA Recommended Values of the Fundamental

tysical Constants: 2006” by P.J. Mohr, B.N. Taylor, and D.B. Newell (to be published in Rev. Mod. Phys, and J. Phys. Chem. Ref. Data).

10 last group of constants (beginning with the Fermi coupling constant) comes from the Particle Data Group. The figures in parentheses after

o values give the 1-standard-deviation uncertainties in the last digits; the corresponding fractional uncertainties in parts per 109 (ppb) are

vonn in the last column. This set of constants (aside from the last group) is recommended for international use by CODATA (the Committee
nta for Science and Technology). The full 2006 CODATA set of constants may be found at http://physics.nist.gov/constants.

Quantity Symbol, equation Value Uncertainty (ppb)
oed of light in vacuum c 299 792 458 m s~1 exact™
anck constant h 6.626 068 96(33)x10734 J 5 50

ek constant, reduced k=h/2% * 1.054 571 628(53)x10734 J 5 50
= 6.582 118 99(16)x 10722 MeV s 25

ron charge magnitude e 1.602 176 487(40)x 10719 C = 4.803 204 27(12)x10" 0 esu 25, 25
nversion constant hc 197.326 9631(49) MeV fm 25
wversion constant (Fe)? 0.389 379 304(19) GeV? mbarn 50

dloctron mass Me 0.510 998 910(13) MeV/c? = 9.109 382 15(45)x 10731 kg 25, 50
Bioton mass m 938.272 013(23) MeV /c? = 1.672 621 637(83)x 10727 kg 25, 50
i P

= 1.007 276 466 77(10) u = 1836.152 672 47(80) me  0.10, 0.43
leuteron mass mgy 1875.612 793(47) MeV/c? 25
wilied atomic mass unit (u) (mass 12C atom)/12 = (1 g)/(Va mol) 931.494 028(23) MeV/c® = 1.660 538 782(83)x 10727 kg 25, 50
wrnittivity of free space € = l/uoc2 8.854 187 817 ... x10~12 p m~! exact
jorncability of free space 20 4r x 1077 N A™2 = 12566 370 614 ... x10"" N A™2 - 7 exact
fiw-structure constant o = e2/4reghe 7.297 352 5376(50)x 1073 = 1/137.085 999 679(94) 0.68, 0.68
ical electron radius e = €2 [dmegmec? 2.817 940 2894(58)x 10715 m 2.1

{#” Compton wavelength)/2x e = I/ mec = rea™! 3.861 592 6459(53)><10_13‘ m 14 .
- radius (Mpycleus = 00) Qoo = dmegh’ fmee? = rea™? 0.529 177 208 59(36)x10~10 m 0.68
virvelength of 1 eV/e particle he/(1 eV) 1.239 841 875(31)x10"% m 25
tyilberg energy heRoo = meet/2(4meg)? B2 = mec?a® /2 13.605 691 93(34) eV 25
omson cross section op = 8712 /3 0.665 245 8558(27) barn 4.1
lir magneton wp = eh/2m, 5.788 381 7555(79)x 10~ MeV T_} 1.4
¢lear magneton un = ehf2my 3.152 451 2326(45)x 10~ MeV T 14
doctron cyclotron freq. /field wgycl/B =e/me 1.758 820 150(44)x 10 rad s—1 T-1! 25
aton cyclotron freq. /field wfycl/B =e/myp 9.578 833 92(24)x 10" rad s~ T—! 25
iyitational constant? Gy 6.674 28(67)x 10711 m3 kg1 g2 1.0 x 103
= 6.708 81(67)x 10739 fic (GeV/c2)~2 1.0 x 10°
itundard gravitational accel. In 9.806 65 m 52 exact
;\\*()gzl.(ll'o constant Ny 6.022 141 79(30)x 10?3 mol 1 50
follzmann constant k 1.380 6504(24)x 10723 J K1 1700
= 8.617 343(15)x 105 eV K~? 1700
ol volume, ideal gas at STP N 4k(273.15 K)/(101 325 Pa) 22.413 996(39)x 1073 m3 mol~! 1700
Wion displacement law constant b = AmaxT 2.897 7685(51)x10~3 m K 1700
dlolan-Boltzmann constant o = w2kt /60h32 5.670 400(40)x10~8 W m—2 K4 7000
‘srmi coupling constant™* Gr/(hc)® 1.166 37(1)x 10~ GeV—2 9000
wonk-mixing angle sin? 8(M ) (Ms) 0.231 19(14)tF 6.5 x 10°
¥ hoson mass myy 80.398(25) GeV/c? 3.6 x 10°
hoson mass my ) 91.1876(21) GeV/c? 2.3 x 104
ilrong coupling constant as(mzg) 0.1176(20) 1.7 % 107

m = 3.141 592 653 589 793 238 e = 2.718 281 828 459 045 235 v = 0.577 215 664 901 532 861
lin=00254m 1G=10"T 16V =1.602 176 487(40) x 10719 J kT at 300 K = [38.681 685(68)]"* eV.
lA=01lnm 1dyne=10"5N 1eV/c* = 1.782 661 758(44) x 10736 kg 0°C=27315K
(han =107 m? 1 erg=10"77 2.997 924 58 x 10% esu =1 C 1 atmosphere = 760 Torr = 101 325 Pa

* 'I'he meter is the length of the path traveled by light in vacuum during a time interval of 1/299 792 458 of a second.
TALQ?2=0 At Q% = m%v the value is ~ 1/128.
{ Absolute lab measurements of G ~ have been made only on scales of about 1 ey to 1 1.
¥ Hee the discussion in Sec. 10, “Electroweak model and constraints on new phiysics,”
'I'ie corresponding sin® @ for the effective angle is 0.23149(13).
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2. ASTROPHYSICAL CONSTANTS AND PARAMETERS

Table 2.1. Revised May 2008 by E. Bergren and D.E. Groom (LBNL). The figures in parentheses
deviation uncertainties in the last digit(s). Physical constants are from Ref. 1. While every effort has been made to obtain the most acct
sent a critical review or adjustment of the constants, and is not intended a#

current values of the listed quantities, the table does not repre
a sets, priors, and basis param

primary reference. The values and uncertainties for the cosm
used in the fit. Many of the parameters reported in this tab
may be highly correlated with those of other parameters, 50 ¢
parameters are best fits of a spatially-flat ACDM cosmology with a power-law initial spectrum to WMAP 3-year data alone

information see Ref. 3 and the original papers.

ological parameters depend on the exact dat
le are derived parameters or have non-Gaussian likelihoods. The quoted ertt
are must be taken in propagating them. Unless otherwise specified, cosmologl

after some values give the one standu

[2]. For i

Quantity

Symbol, equation

Value

Reference, footnot

speed of light ¢ 200792458 m 571 exact{4]
Newtonian gravitational constant Gy 6.6743(7) x 1071 m3 kg1 52 [1]
Planck mass Nie 1.22089(6) x 109 GeV/c? 1]
=2.17644(11) x 108 kg
Planck length VEGN /3 1.61624(8) x 107 m 1]
standard gravitational acceleration IN 9.806 65 ms 2 exact[1]
jansky (flux density) Jy 10726 W m—2Hz~? definition
tropical year (equinox to equinox) (2007) yr 3155692525 ~ 7 x 107 s {5]
sidereal year (fixed star to fixed star) (2007) 31558149.8 s ~ 7 x 107 s (5]
mean sidereal day (2007) (time between vernal equinox transits) 23R 56™ 045090 53 (5]
astronomical unit AU, A 149597870 700(3) m [6]
parsec {1 AU/1 arc sec) pe 3.0856776 x 1010 m = 3.262 ...ly 7
light year (deprecated unit) ly 0.3066... pc =0.946053... % 1016 m
Schwarzschild radius of the Sun 2GN Mg/ 2.953 250077 0(2) km 8]
Solar mass Mg 1.9884(2) x 1090 kg 19
Solar equatorial radius Rp 6.9551(3) x 108 m (10]
Solar luminosity Lo 3.8427(14) x 108 W [11]
Schwarzschild radius of the Earth 2G § Mg/ 8.870 055881 mm [12]
Earth mass Mg 5.9722(6) x 10% kg [13]
Earth mean equatorial radius Rg 6.378137 x 105 m {5]
luminosity conversion (deprecated) L 3.02 x 102 x 10704 Mol W {14}
(M) = absolute bolometric magnitude
= bolometric magnitude at 10 pc)
flux conversion (deprecated) F 2.52 x 1078 x 10704 Mbol W m™2 from above
(mpe) = apparent bolometric magnitude)
ABsolute monochromatic magnitude AB —2.5 logyq fv—56.10 (for fu in Wm2Hz 1) [15]
= —2.5 logyg fu + 8.90 (for fy in Jy)
Solar velocity around center of Galaxy 9o 220(20) km s7? [16]
Solar distance from Galactic center Ry 8.0(5) kpc [17]
local disk density £ disk 3-12 x10~2¢ g cm™3 ~ 2-7 GeV/ ¢ em3 [18]
local halo density £ halo 9-13 10725 g e~ 3 ~ 0.1-0.7 GeV/cem™3 [19]
present day CMB temperature T 2.725(1) K [20]
present day CMB dipole amplitude 3.358(17) mK [21]
Solar velocity with respect to CMB 369(2) km/s [21]
towards (£, b) = (263.86(4)°, 48.24(10)°)
Local Group velocity with respect to CMB VLG 627(22) kms ™! (22}
towards (£,b) = (276(3)°,30(3)°
entropy density /Boltzmann constant s/k 2889.2 (T/2.725)% em™3 [14]
number density of CMB photons Ty 410.5(T/2.725)% cm 2 (23]
present day Hubble expansion rate Hy 100 h km s~ Mpe™?
=hx (9.777752 Gyr) ™1 [24]
present day normalized Hubble expansion ratet h 0.73(3) (2,3]
Hubble length ¢/Ho 0.925063 x 1026 1 m ~ 1.27 x 1026 m
scale factor for cosmological constant ¢?/3H? 2.852 x 10°1 =2 m?
critical density of the Universe pc = 3H§/87rGN 2,775 366 27 x 10*1 A2 MgMpc™3
= 1.87835(19) x 10729 h2 g cm ™3
= 1.05368(11) x 1075 h2 (GeV/c?) em ™3
pressureless matter density of the Universe! Qm = pm/pe 0.128(8)h™2 =~ 0.24 (WMAP3) [2,3]
0.132(4) k=2 = 0.27(2) (ALL mean) 2]
baryon density of the Universe? Q= p/pc 0.0223(7)h~2 =~ 0.0425 [2,3]
dark matter density of the universe? Qdm = Om — U 0.105(8) A~2 = 0.20 2]
dark energy density of the Universe? Qp 0.73(3) [25]
Hubble length ¢/Ho 0.925063 x 1026 11 m & 1.27 x 102 m
radiation density of the Universet Qy = py/pc 2.471 x 10-5(T/2.725)4 h ™2 ~ 4.6 x107° [23]
neutrino density of the Universe? Q0 0.0005 < QA2 < 0.023 = 0.001 <, <0.05  [26]
total energy density of the Universet Dot = O + ... + 0y 1.011(12) (2,27]




