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Keith became a PDG author
with the 1986 edition

16 editions (32 years).

Minnesota note:
Serge Rudaz and Tony Gherghetta

have also been PDG authors.

M. Barnett T May 17, 2017 4
Eeeeessssssssssssn L AWRENCE BERKELEY NATIONAL LABORATORY I



PDG

-~

. . . A
i@l Because of his outstanding service, /\| ‘...‘

group

Keith was made

first author of the 2014 edition.
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Authors

of the 2014 edition.
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REVIEW OF PARTICLE PROPERTIES

Particle Data Group 1 9 8 8
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C.G. Wohl

Technical Associates: B. Armstrong and G.S. Wagman

Lawrence Berkeley Labomlory.' University of California, Berkeley, CA 94720, USA

F.C. Porter
Department of Physics, California Institute of Technology, Pasadena, CA 91125, USA

BERKELEY LAB

C. Patrignani et al. (Particle Data Group), Chinese Physics C, 40, 100001 (2016) 1

L. Montanet 20 I 6
CERN, European Laboratory for Particle Physics, CH-1211 Geneva 23, Switzerland Particle Data GI‘Ollp
M. Aguilar-Benitez ﬂ": {i -J. Hernandez C. Patrignani,! K. Agasho,2 G. Aielli,? C. Amsler,*® M. Antonelli,® D.M. Asner,” H. Baer,® Sw. Baner)ec,9 R.M. Barnett,!°
LEMAT., E-28040, ) : ) g > : ; . : . ;
o s, Favopetn ot o pastcte Physics, CH-1211 Geneva 23, Switzerland | 'T- Basaglia,'! C.W. Bauer,' J.J. Beatty,'? V.I. Belousov,'? J. Beringer,!’ S. Bethke,'4 H. Bichsel,'> O. Biebel,'® E. Blucher,”
G. Conforto G. Brooijmans,'® O. Buchmueller,!® V. Burkert,2> M.A. Bychkov,2! R.N. Cahn,!® M. Carena,??17:23 A_ Ceccucci,!!
Istituto Nazionale di Fisica Nucleare, Sezione di Firenze, I-50125 Firenze, Italy A. Cel‘l‘i,M D Chakmbortytzs M.-C. ChCIl,Zfl‘ R.S. Cl]iV1lk‘1.1f1ﬂ27 K. Copi‘CﬂIO G. Cowan,%?i 0. Dahl.,w G. D’AIHbI‘OSiO,m )
T. Damour,*° D. de Florian,?! A. de Gouvéa,?? T. DeGrand,* P. de Jong,** G. Dissertori,? B.A. Dobrescu,?? M. D’Onofrio,*¢
R.L. Crawford ) , ) g
L y caw 11 R\ ez 37 g .10 la 38,39 ; 40,41 i 42,11 Tev 43 Shala. 13:44
Department of Physics and Astronomy, University of Glasgow, G12 8QQ Glasgow. Seotland M. Doser,'* M. Drees,”” H.K. Dreiner,”’ D.A. Dwyer,'” P. Eerola, S. Eidelman, J. Ellis, J. Erler,** V.V. Ezhela,

K.R. Schubert W. Fetscher,> B.D. Fields, %546 B. Foster,17-48:49 A_ Freitas,0 H. Gallagher,’! L. Garren,??2 H.-J. Gerber,® G. Gerbier,2
Institut fiir Hochenergiephysik, University of Heidelberg, D-69 Heidelberg, Federal Republic of (L - Gershon,” T. Gherghetta,”* A.A. Godizov,'® M. Goodman,* C. Grab,* A.V. Gritsan,’ C. Grojean,”” D.E. Groom,'?

and CERN, European Laboraiory for Particie Physics, CH-1211 Geneva 23, Switzerlund M. Griincwald,‘r’g A. Gurtu,‘r”’*“ v Gutschc,(io HE. Habor.“l K. Hagiwara.w C. Hanhart,m S. Hasllillloto,‘i2 Y. Hayato,m
M. Roos K.G. Hayes,% A. Hebecker,% B. Heltsley,57 J.J. Herndndez-Rey,% K. Hikasa,% J. Hisano,™ A. Hocker,!' J. Holder,™:72
Department of High Energy Physics, University of Helsinkl, SF-00170 Helsinki 17, Finland, A. Holtkamp,'! J. Huston,?” T. Hyodo,™ K.D. Irwin,”™ J.D. Jackson,!0T K.F. Johnson,® M. Kado,”"!! M. Karliner,®
and lstituio Nazionale di Fisica Nucleare Sestone di Frenze. 130135 Furenze. taly U.F. Katz,” S.R. Klein,*® E. Klempt,*! R.V. Kowalewski,%? F. Krauss,®® M. Kreps,® B. Krusche,3* Yu.V. Kuyanov,'3
. ) .F. Katz, -R. Klein, . Kle i Vi alewski, . Krauss, ; V. Kuya !
:'A',Tor!m}';;_s'h - Physics. Universivy of Helsinid, SF-00170 Helsinki 17, Finiand Y. Kwon,®® O. Lahav,% J. Laiho,%" P. Langacker,® A. Liddle,® Z. Ligeti,m G T Lin 1Y @, Lippmann,()“ T.M. Liss, %!
lepartment o [} nergy vsics, University oj eISInKI, - eisinKl L riniam 5 - q P = . 04 7 v " .
’ . # e L. Littenberg,”? K.S. Lugovsky,'9:13 S.B. Lugovsky,!? A. Lusiani,”® Y. Makida,®? F. Maltoni,”* T. Mannel,”> A.V. Manohar,%
G. Hohler = o W.J. Marciano,”2 A.D. Martin,%® A. Masoni,®” J. Matthews,”® U.-G. Meifngg31'63 D. Milstead,” R.E. Mitchell, 100
Institut fir Theoretische Kernphysik, University of Karlsruhe, D-7500 Karlsruhe 1, Federal Repu P. Molaro 101 K Méuig 102 F Moortgat 11 M.J. Mortonson 103,10 H. Mura y 04,105,10 K. Nakamura 104.62 M. Narain 106
5 4 {3 ; ) . ) sk % - ’ . ) ) s ) . )
fé:!iglwariar;d S. K?w:’bjxt: Prvsics. OF b Tk I P. Nason,'97 S. Navas,'%® M. Neubert,'% P. Nevski,?? Y. Nir,'0 K.A. Olive,”* S. Pagan Griso,'? J. Parsons,'® J.A. Peacock,%
¢ . 1 1ory i} g ‘ 8 -1 . Y -, , rai-Ken | . D D < & ‘ 3 b .
attonal Zaboratory Jor THgh Snerey FRYSICS, CAe-macit, Laba g, Sard M. Pennington, 2’ S.T. Petcov,111:104.112yy A Petrov,'3 A. Piepke,!3 A. Pomarol,''* A. Quadt,'! S. Raby,'2 J. Rademacker,16
. . x: . . . 4
D.M. Manley G. Raffelt,''” B.N. Ratcliff,” P. Richardson,% A. ng.{,‘wald,48 S. Roesler,!! S. Rolli,!'® A. Romaniouk,'? L.J. Roscnl)crg.l"

J.L. Rosner,!” G. Rybka,'® R.A. Ryutin,'® C.T. Saclu'aj(la,un Y. Sakai,%2 G.P. Salam,'!1?! S Sarkar,1?2:123 F. Sauli,!!

Department of Wﬂnf State University, Kent, OH 44242, USA
0. Schneider,'?* K. Scholberg,'?® A.J. Schwartz,'?0 D. Scott,'?” V. Sharma,” S.R. Sharpe,'® T. Shutt,”™ M. Silari,!!

K.A. Olive

School of Physics and Astronomy, University of Minnesota, Minneapalis, MN 53435, US4 T. Sjostrand, 28 P. Skands,'?? T. Skwarnicki,3” J.G. Smith,?* G.F. Smoot,130:105:10 S Spanier,!3! H. Spieler,!0 C. Spiering, 02
K.G. Hayes and R.H. Schindler i A. Stahl,"®? S.L. Stone,®” Y. Sumino,® T. Sumiyoshi,'®* M.J. Syphers,?>?? F. Takahashi,% M. Tanabashi,” K. Terashi,%!
Stanford Linear Accelerator Center, Stanford. €A 94305, USA J. Terning,'3! R.S. Thorne,®0 L. Tiator,'*> M. Titov,”* N.P. Tkachenko,'® N.A. Térnqvist,*® D. Tovey,"*0 G. Valencia,'?”

B. Cabrera ) R. Van de Water,?2 N. Varelas,'37 G. Venanzoni,® M.G. Vincter,'38 P. Vogel, 39 A. Vogt, 40 S.P. Wakely,!7:23 W. Walkowiak,?®
Department of Physics. Stanford University, Stanford, CA 94305, US4 C.W. Walter,'2> D. Wands,4! D.R. Ward,¥2 M.O. Wascko,'? G. Weiglein,*® D.H. Weinberg,'43 E.J. Weinberg,'® M. White,105-10
R.E. Shrock L.R. Wiencke,"** S. Willocq,'® C.G. Wohl,!0 L. Wolfenstein, 461 J. Womersley,'47 C.L. Woody,”? R.L. Workman,!4®
Department of Physics, State University of New Yark, Stony Brook, NY 11794, US4 W.-M. Ya0.10 G.P. Zeller.22 O.V. Zenin. 34 R -Y. Zhu. 14 F. Zimmermann.!! P.A Zylall)

R.A. Eichler
IMP of ETH-Zurich, CH-5234 Villigen, Switzerland

L.D. Roper and W.P. Trower
Department of Physics, Virginia Polvtechnic Tnstitute and State University, Blacksburg, V4 24061, U.

M. Barnett T May 17, 2017 8
meeeesssssssssssmmm L. AWRENCE BERKELEY NATIONAL LABORATOR Y D



“~

particle data PDG BOOkS rr/;}l |ﬁ|
group

]

Chinese Physics C

Chinese Physics C
e

Review of Particle Physics A e e e e

Scandard Model
Mowon Lepeons

,r" u B¢ /',V ‘,“r’ A
g [‘;’. 'Z Review of Particle Physics
¢ 15 H ' C. Patrignont ot of, (Farsicke Dota Growp), Chin, Myys. €, 40, 100001 12014

Unknowns

| 7 oge

particle data
group

Crivese Puysicat Sociery

IOP Publishing i Crinese Puysicas Sociery

1OP Publishing

2014 with Data Listings 2016 Data Listings online only Booklet

M. Barnett T May 17, 2017 9
Eeeesssssssssssssn L AWRENCE BERKELEY NATIONAL LABORATORY



PDG

particle data
group

Content in 2017

rreerererr

BERKELEY LAB

A
I

REVIEWS, TABLES, AND PLOTS

S

Constants, Units, Atomic and Nug
1. Physical constants (rev.)

. Astrophysical constants (rev.)

. International System of Units (SI)

. Periodic table of the elements (rev]

. Electronic structure of the element

6. Atomic and nuclear prop. of mates

. Electromagnetic relations

8. Naming scheme for hadrons

[IC )

=1

Standard Model and Related Topiq
9. Quantum chromodynamics (rev.)
10. Electroweak model and
constraints on new physics (rev.)
Status of Higgs boson physics (rev]
The CKM quark-mixing matrix (1
C'P violation (rev.)
Neutrino mass, mixing, & oscillati
Quark model (rev.)
Grand Unified Theories (rev.)
Heavy-quark & soft-collinear eff.
Lattice quantum chromodynamics|
Structure functions (rev.)

11.
12.
13.
14.
15.
16.
17.
18.
19.

meaassssssssssssss L AWRENCE BERKELEY NATIONAL LABORATORY D

VALUE (%) EVTS
85.24 +0.06 OURFIT
85.26 +0.13 OUR AVERAGE Error includes scale facf
below.

e o o \We use the following data for averages but not for|

DOCUMENT 1D

85.316+0.093+0.049 78k 1 ABREU 01n
85.274+0.105+0.073 2 ACHARD 01D
84.48 +0.27 +0.23 ACTON 92H

e o o We do not use the following data for averages, fits}

+0.69

8545 1073

+0.65 DECAMP 92C
1 The correlation coefficients between this measureme

ments of B(r — 3-prong) and B(r — 5-prong) are
2The correlation coefficients between this measuremen

ments of B(7 — “3-prong") and B(7 — “5-prong”) a

WEIGHTED AVERAGE
85.26+0.13 (Error scaled by 1.6)

Values above o
and scale factorf
this ideogram o
sarily the same
obtained from a|
utilizing measur
quantities as adj

In the following HO refers to the sign

the Higgs searches.

0 particle and is called a Higgs Boson,
and its role in the context of electrowe
be further clarified. These issues are a

listed below.

Concerning mass limits and cross sect]
tained in the searches for neutral an
the sections “Searches for Neutral Hig|
Charged Higgs Bosons (Hi and H*

Whereas the obse!

HO® MASS

VALUE (GeV)
125.09:+0.211+0.11

e o o We do not use the following data for averag

125.07+0.25+0.14
125.15+0.37+0.15
126.02+0.43+0.27
124.51+0.52+0.04
125.59+0.42+0.17

+0.26+0.14
125.027 5’37 Z0.15

DOCUMENT 1D
12 AAD

2 AAD
2 AAD
AAD
AAD
AAD

3 KHACHATRY..15AM CMS

=
Mass m = 125.09 + 0.24 GeV
Full width I < 1.7 GeV, CL = 95%

HO Signal Strengths in Different Channels

See Listings for the latest unpublished results.
Combined Final States = 1.10 + 0.11
ww* =1.08+518
Zz*=129%02
4y = 1.16 + 0.18
bb=0.82+030 (S=11)
ptp~ < 7.0, CL = 95%
st =1124023
Zy < 9.5, CL=95%
tTHO Production = 2.3i8:;

P
HO DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ete™ <19 x10-3 95% 62545
J/py <15 x1073 95% 62507
T(1S)~ <13 x1073 95% 62187
T(2S)y <19 x1073 95% 62143

pp, 7,8 TeV

bht and the radiation length

< y sntati i sinete™
20. Fragmentation functions in e¥ e e 19536 0.37-L 018 14 AAD 14w ATLS pp, 7,8 TeV
) . 125.98+40.42+0.28 4 AAD 14w ATLS pp, 7, 8 TeV, vy
AStTOPhy’fC&' and C°bm°l°gy_ ) 124.51+0.52+0.06 4 AAD 14w ATLS pp, 7.8 TeV, ZZ* — 4 lo30
21. Experimental tests of gravitationa o R ; o4 o 5cuaTp NEVTwaY e 7 2 T * 4 (Z=82) 4
22. Big-Qallxg cosmology (rev.) i ACHARD o o0 — ]
3. Inflation (new _ 92) 438 o~ 1O . ]

23. Inflat ACTON H OPAL o ) ~1 1 = “oas ~
7 so-Rano S - o T3 5.1 rit imic term in le - N
.21. Big-Bang nu(,].(,‘ohyntlu sis (rev.) (Gl LoD 607 me2(y—1)/2. < [ Bremsstrahlung ] L
25. The cosmological parameters (rev, | | | | | | e 1 £
26. Dark matter (rev.) 835 84 845 85 855 86 865 87 ly complicated i s \ fonization —oao <

27. Dark energy (rvv.) o 5 cle problem, so o5k —— \ oz J
. . e “y_ " L e - Meller (& ]
28. Cosmic microwave background (rel I'(pamcle 2 0 neutrals 2 0K vr.(*1-prong ))/ Mtotal (%) equation yields L ]
29. Cosmic rays (rev.) (33.25) b \: bha (%) N\ —joos
Experimental Methods and Colliders 82 ( 14 10 4 L [ OEITOR e s ~ ]
: : +2In2 - = 23+—+—.,--—,) -s| . annihilation e ]

30. Accelerator physics of colliders (rev.) 429 12 7+l (v+1F 0 (v +1) O BT =
31. High-energy collider parameters (rev.) 440 Following ICRU 37 [11], the density effect correction & has been Fioure:as:115 Fastiinl F :Mc\? < sadiation length. i
- . . . g 9 . i . : actional energy loss pe adiation len; 1 1n
32. Neutrino beam lines at high energy (rev.) 440 added to Uehling’s equations [22] in both cases. B N B 7 g

. - For heavy particles, shell corrections were developed assumin lead as a function of electron or positron energy. Electron
33. Passage of particles through matter (r('v.) 441 . e ' S B bl P FE g g, (positron) scattering is considered as ionization when the energy

. Ay o . s . a1 At 4y ) 9 - =
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(from Wallet Cards)

Barkas and Rosenfeld UCRL-8030 TablelI

Masses and mean lives of elementary particles; November, 1957
{The antiparticles are assumed to have the same spins, masses, and mean lives as the particles listed)

Baryons

Particls

Spin

Mass
{(Errors represent
standard deviation)
{Mev)

0.510976 {a)
105,70 %0.86 (a)

938.213 %0.01 {a})
939.506 20,01 (a)

1115,z &0.14 ()

1189.4 20.25 (1) }

11965 %0.% ln)}
+0.9

1190.5 )" 4 {p)

13204 x2.2 (q)
?

Mass
difference
{Mev)

T.1204

+1.4

6.0_0_9

Mean life
{sec)

stable
stable
(2.22 20,02) X106

.56 %0.05) X10-8
<4 x10-16
{1.2240.013)x ¥o-8
(0.95 20.08) x10-10
(4< 7<13) xlo-8

{1.04 £0,13) x10*3
{2.77 20,15) x10-10
(0.83 *+.99) x10-10
(1.67 %0.17) x10-10

{<0.1) x10°10
theoretically ~10-19

(4.6 < T<200) X10-10
?

{a)
(k)
(m)
{o)

()

(f)

Decay rate

{number
per

second)

A R e e T AR S SR R e e e AR A R M N R M R A R AR e e e e e e

_____________________________________________________________________________________________________________________

0.39 x 108
>2.% x10l3
0.81% X 108
1.05 x1010
(0.07< 7<0.25)x 108

x 10-3
x 1010
x 1010
x 1010

0.96
0.36
1.21
0.60

>10  x10'0 5
theoretically ~10

(>0.005,€0.2) x1010
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Table II
Atomic and nuclear properties (dE/dx, c. ion mean free path,
radiation length, etc) of materials used as absorbers and detectors
p— Cioss = N Cottision 2] Radiationl! Désstiy
voction | E ongeh, Ly ki i
o [a 2 g an 3
Material | 2 | _A | arns) §/cm® glem’  cm wlem? em (g/cm®)
Summary Table " | e (e g e | o gas
if 3 6.94 | 0.23 172 504 943 275 145 01534
pa— c 6 | 12.00 | 033 1.86 604 39.0 425 214 1.85 (variable)
Al 13 26.97 | 0.57 1.66 9.2 29.3 . 23.9 8.86 2.70
Cu 29 63.57 | 1.00 1.45 105.4 1.8 12.8 1.44 8.9
Sn 50 118.70 | 1.55 127 129.7 17.8 8.54 17
Pb 82 207.21 | 2,20 112 156.2 138 5.8 0.51 11,34
y u 92 238.07 | 2.42 1.095 163.6 8.75 5.5 0.29 18.7
- - Hydrogen (bubble chamber,-27.6°K) 0.243 Mev/cm 26.5 452 58 990 0.0586
Rad I atl on len g t S Propanc (CaHg, bubble chamber) | 0,938 Mev/em | 48.9 1193 1 oso 0.4l
1 Polystyrene (OH scintillator) 2,14 Mev/em 54.9 523 a4 43 ~1.08
t Iiford emulsion 5.49Mev/cm 103 27.0 1.2 2.9 3.815
IIIIIllll||||||'l|l|li||lll|l|l |l|l|||l||1l|l|
Table Il

Maultiple scattering (Coulomb only) calculated from Molidre theory.

8,,p 18 the mean projected angle in radians between tangents to the particle trajectories:
= 2y 120Mev) J L
Atomic & 1O sersge =t ™ I T 000
L is the thickness, and L,,q the radiation length (from Table II') for the absorber (atomic number Z).
For particles of charge ze and velocity fc, the following table for € applies:
Nuclear
107? 107 107! 1 10
Constants T
6 -0.1% +0.06 a2 p/z = 0.1
— . 29 -0.18 +0.06 +0.13 {4.7-Mev proton)
M I tl I 82 -0.27 +0.02 +0.10
u p e 1 -0.26 -0.08 -0.03
3 -0.20 +0.01 +0.07 p/z=03
- 29 -0.20 +0.05 +0.12 (45-Mev proton)
SC atterl n g 82 -0.28 +0.08 +0.09
1 EET) 0.1z 007
6 -0.26 +0.03 +0.03 B/x = 0.7
29 -0.25 40.02 +0.09 (380-Mev proton)
82 -0.29 -0.01 +0.09
1 -0.34 -0.13 -0.08
6 -0.29 -0.05 -0.01 .
29 034 -0.05 -0.03 p/z =10
82 -0,31 -0.00 -0.08

*Note that in the Gaussian approximation the root-mean-square projected angle is obtained from the
formula above by substituting 15 for the coefficient 12,

R RERIL IR RELIL

Physical Constants,
N u m&dnstants, 03
GaussianDi s,t 6 s 0

et C critical electron energy

Particle Ranges, |
l &8

Energy Loss E R,
R;
Rates 0y Lz

0 102
PARTICLE ENERGY — Mev ‘
R * )

popesenml o opesermsl ot o3 qserm

ERKELEY NATIONAL LA| 10 o’ v F
|

dE/dx

Particle Ranges and Energy Loss =3

P Rate in Iiford Emulsion.Ranges

in q/cmz, and Proton Energy Loss |0"
in ‘Mev g'cm




