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Abstract

This biennial review summarizes much of Particle Physics. Using data from previous editions, plus 1900 new
measurements from 700 papers, we list, evaluate, and average measured properties of gauge bosons, leptons, quarks,
mesons, and baryons. We also summarize searches for hypothetical particles such as Higgs bosons, heavy neutrinos,
and supersymmetric particles. All the particle properties and search limits are listed in Summary Tables. We also
give numerous tables, figures, formulae, and reviews of topics such as the Standard Model, particle detectors,
probability, and statistics. A booklet is available containing the Summary Tables and abbreviated versions of some
of the other sections of this full Review.

*The publication of the Review of Particle Physics is supported by the Director, Office of Energy Research, Office of High Energy and Nuclear
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Science Foundation under Agreement No. PHY-9320551; by the European Laboratory for Particle Physics (CERN); by an implementing
arrangement between the governments of Japan (Monbusho) and the United States (DOE) on cooperative research and development; and by the
Italian National Institute of Nuclear Physics (INFN).
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tIn memoriam: Gary S. Wagman, 1954-1995

Gary Wagman, Programmer for the Particle Data Group from 1985 to 1995, died of AIDS on Friday,
April 21, 1995. Gary, a respected member of the gay community, was a native of Houston, Texas, and
graduated from the University of Houston in Computer Science.

Gary made many contributions to the Particle Data Group, and thus to the entire international
high-energy physics community. He did much of the intricate design and all of the advanced programming
that brought the Review of Particle Physics from its primitive state in 1984 to the beautiful and valuable
document it is today, in both its printed and electronic forms. He was recognized a few months before his
death with a Lawrence Berkeley Laboratory Outstanding Performance Award for these achievements.
Gary’s work was characterized by his constant striving for perfection, by his deep concern for accuracy,
and by his understanding of our scientific mission.

In addition to his work as a programmer, Gary loved to travel. He was intrigued by exotic and
magical places, visiting the pyramids in Egypt and the Taj Mahal in India. Europe was another favorite
destination where he enjoyed speaking French. Gary traveled to Israel several times, once spending six
months on a kibbutz picking grapefruit. An avid hiker and camper, he also explored many parts the
United States.

Gary’s meticulous nature led him to excel at woodworking, and he spent several years remodeling
his house in San Francisco. A member of the Dahlia Society, he further enhanced his home and garden
through his love of flowers. He was also a connoisseur of fine food, eating, and baking, delighting the
PDG with many wonderful birthday cakes.

Always interested in spirituality and mysticism, Gary had recently begun studying Sufism. This
spiritual practice was so meaningful to him that, in December 1995, he insisted on participating in a Sufi
turning exhibition even though he was very ill.

In October 1995, a memorial service was held for Gary at the Pinnacles National Monument in
California, one of his favorite spiritual places.

Gary was our friend and colleague for ten years, and all of us who had the privilege of knowing him
miss him greatly.
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INTRODUCTION

1. Overview

The Review of Particle Physics and the abbreviated
version, the Particle Physics Booklet, are reviews of the
field of Particle Physics. This complete Review includes a
compilation/evaluation of data on particle properties, called
the “Particle Listings.” These Listings include 1900 new
measurements from 700 papers, in addition to the 14,000
measurements from 4000 papers that first appeared in
previous editions.

Both books include Summary Tables with our best values
and limits for particle properties such as masses, widths or
lifetimes, and branching fractions, as well as an extensive
summary of searches for hypothetical particles. In addition,
we give a long section of “Reviews, Tables, and Plots” on a
wide variety of theoretical and experimental topics, a quick
reference for the practicing particle physicist.

The Review and the Booklet are published in even-
numbered years. This edition is an updating through
December 1995 (and, in some areas, well into 1996). As
described in the section “Using Particle Physics Databases”
following this introduction, the content of this Review is
available on the World-Wide Web, and is updated between
printed editions (http://pdg.1bl.gov/).

The Summary Tables give our best values of the
properties of the particles we consider to be well established,
a summary of search limits for hypothetical particles, and a
summary of experimental tests of conservation laws.

The Particle Listings contain all the data used to get the
values given in the Summary Tables. Other measurements
considered recent enough or important enough to mention,
but which for one reason or another are not used to get
the best values, appear separately just beneath the data we
do use for the Summary Tables. The Particle Listings also
give information on unconfirmed particles and on particle
searches, as well as short “reviews” on subjects of particular
interest or controversy.

The Particle Listings were once an archive of all
published data on particle properties. This is no longer
possible because of the large quantity of data. We refer
interested readers to earlier editions for data now considered
to be obsolete.

We organize the particles into six categories:

Gauge and Higgs bosons

Leptons

Quarks

Mesons

Baryons

Searches for monopoles,

supersymmetry, compositeness, etc.

The last category only includes searches for particles that
do not belong to the previous groups; searches for heavy
charged leptons and massive neutrinos, by contrast, are with
the leptons.

In Sec. 2 of this Introduction, we list the main areas of
responsibility of the authors, and also list our large number
of consultants, without whom we would not have been
able to produce this Review. In Sec. 3, we mention briefly
the naming scheme for hadrons. In Sec. 4, we discuss our
procedures for choosing among measurements of particle

properties and for obtaining best values of the properties
from the measurements.

The accuracy and usefulness of this Review depend in
large part on interaction between its users and the authors.
We appreciate comments, criticisms, and suggestions
for improvements of any kind. Please send them to the
appropriate author, according to the list of responsibilities
in Sec. 2 below, or to the LBNL addresses below.

To order a copy of the Review or the Particle Physics
Booklet from North and South America, Australia, and the
Far East, write to

Particle Data Group, MS 50-308
Lawrence Berkeley National Laboratory
Berkeley, CA 94720, USA

or send e-mail to PDG@LBL.GOV.

To order more than one copy of the Review or booklet,
write to
c/o Anne Fleming
Technical Information Division, MS 50B-4206
Lawrence Berkeley National Laboratory
Berkeley, CA 94720, USA

or send e-mail to ASFLEMING@LBL.GOV.

From all other areas, write to
CERN Scientific Information Service
CH-1211 Geneva 23
Switzerland
or via the WWW from CERN (http://www.cern.ch)
Scientific Information Service
Ordering CERN publications

2. Authors and consultants

The authors’ main areas of responsibility are as follows
(an asterisk indicates the person to contact with questions
or comments):

Gauge and Higgs bosons

¥ D.E. Groom*

Gluons R.M. Barnett* A. Manohar

Graviton D.E. Groom*

W,Z R.M. Barnett,* C. Caso,* G. Conforto,
A. Gurtu*

R.M. Barnett,* K. Hikasa, M. Mangano,*
H. Murayama
C.D. Carone, M. Tanabashi, T.G. Trippe*

Higgs bosons

Heavy bosons

Axions R.M. Barnett,* K. Hikasa, M. Mangano,*
H. Murayama, K. Olive
Leptons
Neutrinos D.E. Groom,* K. Nakamura, K. Olive,
M. Roos, R.E. Shrock
e, C. Grab, D.E. Groom*
Vry T D.E. Groom,* K.G. Hayes, K. M6nig*
Quarks
Quarks R.M. Barnett,* A. Manohar
Top quark J.L. Feng, K. Hagiwara, T.G. Trippe*
v J.L. Feng, K. Hagiwara, T.G. Trippe*
Free quark D.E. Groom*



8 Introduction

Mesons
m™n C. Grab, C.G. Wohl*
Unstable mesons M. Aguilar-Benitez, C. Amsler*, C. Caso,
S. Eidelman, J.J. Hernandez, F. James,
L. Montanet, M. Roos, N.A. Térnqvist

K (stable) C. Grab, T.G. Trippe*
D (stable) P.R. Burchat, C.G. Wohl*
B (stable) K. Honscheid, R.H. Schindler,
T.G. Trippe*
Baryons

Stable baryons  C. Grab, C.G. Wohl*
Unstable baryons R.L. Crawford, C.G. Wohl*,

R.L. Workman
Bottom baryons T.G. Trippe*

Miscellaneous searches
Monopole D.E. Groom,*
Supersymmetry R.M. Barnett,* M. Mangano,*
H. Murayama, K. Olive
Compositeness C.D. Carone, M. Tanabashi, T.G. Trippe*
Other J.L. Feng, K. Hikasa, T.G. Trippe*

Reviews, tables, figures, and formulae
R.M. Barnett, D.E. Groom,* T.G. Trippe, C.G. Wohl

Technical support
B. Armstrong, P.S. Gee

The Particle Data Group benefits greatly from the
assistance of some 700 physicists who are asked to verify
every piece of data entered into this Review. Of special value
is the advice of the PDG Advisory Committee which meets
annually and thoroughly reviews all aspects of our operation.
The members of the 1995 committee were:

W.D. Schlatter (CERN), Chair
A. Ali (DESY)

D. Besson (University of Kansas)
P. Kreitz (SLAC)

M. Turner (Fermilab)

We have especially relied on the expertise of the following
people for advice on particular topics:

e L. Addis (SLAC)

e S.I. Alekhin (COMPAS Group, IHEP, Serpukhov)
e A. Ali (DESY)

e J. Annala (Fermilab)

e J.N. Bahcall (Institute for Advanced Study)

e R. Bailey (CERN)

e B.C. Barish (Caltech)

e T. Barnes (University of Tennessee)

e O. Beibel (RWTH, Aachen)

e D. Besson (University of Kansas)

e S. Bilenky (Joint Inst. for Nuclear Research, Dubna)
e M. Billing (Cornell University)

e A. Blondel (Ecole Polytechnique)

e T. Bolton (Kansas State University)

e E. Browne (LBNL)

e A. Buras (Tech. University of Miinich)

e P. Burrows (SLAC)

e R.N. Cahn (LBNL)

e M. Chanowitz (LBNL)

e 7. Chuang (IHEP, Beijing)

e E.D. Commins (University of California, Berkeley)
e O. Dahl (LBNL)

e R.H. Dalitz (Oxford University)

e S. Dawson (Brookhaven)

e L. Di Ciaccio (Rome University)

e M. Dine (University of California, Santa Cruz)

¢ R.J. Donoghue (LBNL)

e J. Dorfan (SLAC)

e J. Ellis (CERN)

e J. Erler (University of California, Santa Cruz)

e L.R. Evans (CERN)

e V.V. Ezhela (COMPAS Group, IHEP, Serpukhov)
e A. Fassé (CERN)

e R.W. Fast (Fermilab)

e W. Fetscher (ETH, Ziirich)

e B.B. Filimonov (COMPAS Group, IHEP, Serpukhov)
e E. Fischbach (Purdue University)

e R. Flores (University of Minnesota)

e G. Fogli (University of Bari)

e S. Freedman (LBNL and UC, Berkeley)

e M. Fukugita (Yukawa Institute for Theo. Phys., Kyoto)
e T.K. Gaisser (Bartol Research Inst., Univ. of Delaware)
e J. Gasser (University of Bern)

e S. Geer (Fermilab)

e H.-J. Gerber (ETH, Ziirich)

e M.G.D. Gilchriese (LBNL)

e ['.J. Gilman (Carnegie-Mellon University)

e A. Goldhaber (Stony Brook)

e K. Greist (University of California, San Diego)

e H.E. Haber (University of California, Santa Cruz)
e R. Hagstrom (ANL)

e O. Hayes (University of Wisconsin)

e M. Herrero (University Autonoma Madrid)

e D.W. Hertzog (UIUC)

o 1. Hinchliffe (LBNL)

e C.J. Hogan (University of Washington)

e G. Hohler (Karlsruhe University)

e J. Imazato (KEK)

e Yu.M. Ivanov (Petersburg Nuclear Physics Inst.)
e J.D. Jackson (LBNL)

e G. Jacoby (Kitt Peak National Observatory)

e P. Janot (CERN)

e M. Jimack (University of Birmingham)

e K. Johnson (Florida State University)

e D. Karlen (Carleton University)

e R.W. Kenney (LBNL)

e M. Klein (DESY)

e K. Kleinknecht (Johannes Giitenberg-Univ. at Mainz)
e B. Kniehl (Max-Planck Inst., Miinich)

e I. Koop (Budker Inst. of Nuclear Physics)

e L.M. Krauss (Case Western Reserve University)

e P. Kreitz (SLAC)

e S. Kurokawa (KEK)

e K. Lane (Boston University)

e P. Langacker (University of Pennsylvania)

e P. Leféevre (CERN)

e H. Leutwyler (University of Bern)

e L. Littenberg (BNL)

e S.B. Lugovsky (COMPAS Group, ITHEP, Serpukhov)
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e G.R. Lynch (LBNL)

e D.M. Manley (Kent State University)

e W. Marciano (Brookhaven)

e W.C. Martin (NIST)

e N.V. Mokhov (FNAL)

e D. Morgan (Rutherford Appleton Lab)

e J.F. Mould (Mount Stromlo and Siding Spring Observa-
tories)

e T. Nakada (PSI)

e W.R. Nelson (SLAC)

e A.S. Nikolaev (COMPAS Group, IHEP, Serpukhov)

e Y. Oyanagi (University of Tsukuba, Japan)

e S.I. Parker (University of Hawaii)

e M.R. Pennington (University of Durham)

e E. Perevedentsev (Novosibirsk)

e M. Peskin (SLAC)

e N. Phinney (SLAC)

e A. Piepke (Caltech)

e B.V.P. Polishchuk (COMPAS Group, IHEP, Serpukhov)

e M. Preger (Frascati)

® Yu. Prokoshkin (Serpukhov)

e I. Protopopov (Budker Inst. of Nuclear Physics)

e J. Proudfoot (ANL)

e H.S. Pruys (Zirich University)

e H. Quinn (SLAC)

e M. Quiros (Inst. Estructura Materia, Madrid)

e G. Raffelt (Max-Planck Inst., Miinich)

e B. Renk (Universitat Mainz)

e J. Richman (University of California, Santa Barbara)

e B.L. Roberts (Boston University)

e N.A. Roe (LBNL)

e L.J. Rosenberg (MIT)

e S. Rudaz (University of Minnesota)

e D. Schramm (University of Chicago)

e D. Scott (University of British Columbia)

e V. Serbo (Novosibirsk State University)

e M. Shaevitz (Columbia University)

e Yu. Shatunov (Budker Inst. of Nuclear Physics)

e S. Sharpe (University of Washington)

e P. Sikivie (University of Florida)

e G.F. Smoot, III (LBNL)

e M. Srednicki (University of California, Santa Barbara)

o T. Stanev (Bartol Research Inst., Univ. of Delaware)

e G. Steigman (Ohio State University)

e P.J. Steinhardt (University of Pennsylvania)

e G.R. Stevenson (CERN)

e S. Stone (Cornell University)

e S.I. Striganov (COMPAS Group, IHEP, Serpukhov)

e Yu. G. Stroganov (COMPAS Group, IHEP, Serpukhov)

e M. Suzuki (LBNL)

e M. Swartz (SLAC)

o Y. Takaiwa (KEK)

e B.N. Taylor (NIST)

e E. Thorndike (University of Rochester)

e N.P. Tkachenko (COMPAS Group, IHEP, Serpukhov)

e D. Treille (CERN)

e J.L. Tonry (MIT)

e M.S. Turner (Fermilab)

e G. Valencia (Iowa State University)

e S. van den Bergh (Dominion Astrophysical Observatory)

e P. Vogel (Caltech)

e P. von Handel (DESY)

e P. Vorobyev (Budker Inst. of Nuclear Physics)
e R. Voss (CERN)

e C. Wagner (CERN)

e H. Wahl (CERN)

e S.R. Wasserbaech (University of Washington)
e P. Wells (CERN)

o M. White (University of Chicago)

e L. Wolfenstein (Carnegie-Mellon University)
e C. Woody (BNL)

e S. Youssef (SCRI, Florida State University)

e A. Zaitsev (Serpukhov)

e C. Zorn (CEBAF)

e M. Virchaux (Saclay)

3. Naming scheme for hadrons

We introduced in the 1986 edition [2] a new naming
scheme for the hadrons. Changes from older terminology
affected mainly the heavier mesons made of u, d, and s
quarks. Otherwise, the only important change to known
hadrons was that the F* became the DE. None of the
lightest pseudoscalar or vector mesons changed names, nor
did the ¢ or bb mesons (we do, however, now use . for the
cc x states), nor did any of the established baryons. The
Summary Tables give both the new and old names whenever
a change has occurred.

The scheme is described in “Naming Scheme for
Hadrons” (p. 76) of this Review.

We give here our conventions on type-setting style.
Particle symbols are italic (or slanted) characters: e™; p,
A, 70, K, Df, b. Charge is indicated by a superscript:
B~, A**. Charge is not normally indicated for p, n, or
the quarks, and is optional for neutral isosinglets: 1 or n°.
Antiparticles and particles are distinguished by charge for

charged leptons and mesons: 7+, K~. Otherwise, distinct
. . o . - _ 50
antiparticles are indicated by a bar (overline): 7, ¢, p, K ,

and & (the antiparticle of the 7).

4. Procedures

4.1. Selection and treatment of data: The Particle
Listings contain all relevant data known to us that are
published in journals. With very few exceptions, we do not
include results from preprints or conference reports. Nor do
we include data that are of historical importance only (the
Listings are not an archival record). We search every volume
of 20 journals through our cutoff date for relevant data. We
also include later published papers that are sent to us by the
authors (or others).

In the Particle Listings, we clearly separate measure-
ments that are used to calculate or estimate values given
in the Summary Tables from measurements that are not
used. We give explanatory comments in many such cases.
Among the reasons a measurement might be excluded are
the following:

e [t is superseded by or included in later results.

e No error is given.

e [t involves assumptions we question.

e It has a poor signal-to-noise ratio, low statistical
significance, or is otherwise of poorer quality than other
data available.
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e It is clearly inconsistent with other results that appear
to be more reliable. Usually we then state the criterion,
which sometimes is quite subjective, for selecting “more
reliable” data for averaging. See Sec. 4.

o It is not independent of other results.

e It is not the best limit (see below).

e It is quoted from a preprint or a conference report.

In some cases, none of the measurements is entirely
reliable and no average is calculated. For example, the
masses of many of the baryon resonances, obtained from
partial-wave analyses, are quoted as estimated ranges
thought to probably include the true values, rather than as
averages with errors. This is discussed in the Baryon Particle
Listings.

For upper limits, we normally quote in the Summary
Tables the strongest limit. We do not average or combine
upper limits except in a very few cases where they may be
re-expressed as measured numbers with Gaussian errors.

As is customary, we assume that particle and antiparticle
share the same spin, mass, and mean life. The Tests of
Conservation Laws table, following the Summary Tables,
lists tests of C PT as well as other conservation laws.

We use the following indicators in the Particle Listings
to tell how we get values from the tabulated measurements:

e OUR AVERAGE—From a weighted average of selected
data.

e OUR FIT—From a constrained or overdetermined multi-
parameter fit of selected data.

e OUR EVALUATION—Not from a direct measurement, but
evaluated from measurements of related quantities.

e OUR ESTIMATE—Based on the observed range of the
data. Not from a formal statistical procedure.

e OUR LIMIT—For special cases where the limit is evaluated
by us from measured ratios or other data. Not from a
direct measurement.

An experimentalist who sees indications of a particle will
of course want to know what has been seen in that region
in the past. Hence we include in the Particle Listings all
reported states that, in our opinion, have sufficient statistical
merit and that have not been disproved by more reliable
data. However, we promote to the Summary Tables only
those states that we feel are well established. This judgment
is, of course, somewhat subjective and no precise criteria can
be given. For more detailed discussions, see the minireviews
in the Particle Listings.

4.2. Awverages and fits: We divide this discussion
on obtaining averages and errors into three sections:
(1) treatment of errors; (2) unconstrained averaging;
(3) constrained fits.

4.2.1. Treatment of errors: In what follows, the “error”
6z means that the range = + 6z is intended to be a 68.3%
confidence interval about the central value z. We treat
this error as if it were Gaussian. Thus when the error s
Gaussian, 8z is the usual one standard deviation (10). Many
experimenters now give statistical and systematic errors
separately, in which case we usually quote both errors, with
the statistical error first. For averages and fits, we then add
the the two errors in quadrature and use this combined error
for 6z.

When experimenters quote asymmetric errors (§z)*
and (6z)” for a measurement z, the error that we use
for that measurement in making an average or a fit with
other measurements is a continuous function of these three
quantities. When the resultant average or fit T is less than
z—(6z)~, we use (6z)7; when it is greater than z+ (6z) %, we
use (6x)". In between, the error we use is a linear function
of x. Since the errors we use are functions of the result, we
iterate to get the final result. Asymmetric output errors are
determined from the input errors assuming a linear relation
between the input and output quantities.

In fitting or averaging, we usually do not include
correlations between different measurements, but we try
to select data in such a way as to reduce correlations.
Correlated errors are, however, treated explicitly when there
are a number of results of the form A; &+ o; + A that have
identical systematic errors A. In this case, one can first
average the A; = 0; and then combine the resulting statistical
error with A. One obtains, however, the same result by
averaging A; + (07 + A2)Y/2, where A; = UiA[Z(l/OJZ-)]l/2.
This procedure has the advantage that, with the modified
systematic errors A;, each measurement may be treated
as independent and averaged in the usual way with other
data. Therefore, when appropriate, we adopt this procedure.
We tabulate A and invoke an automated procedure that
computes A; before averaging and we include a note saying
that there are common systematic errors.

Another common case of correlated errors occurs when
experimenters measure two quantities and then quote the
two and their difference, e.g., m1, ma, and A = mg — m.
We cannot enter all of mq, m2 and A into a constrained fit
because they are not independent. In some cases, it is a good
approximation to ignore the quantity with the largest error
and put the other two into the fit. However, in some cases
correlations are such that the errors on my, ms and A are
comparable and none of the three values can be ignored. In
this case, we put all three values into the fit and invoke an
automated procedure to increase the errors prior to fitting
such that the three quantities can be treated as independent
measurements in the constrained fit. We include a note
saying that this has been done.
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4.2.2. Unconstrained averaging: To average data, we use
a standard weighted least-squares procedure and in some
cases, discussed below, increase the errors with a “scale
factor.” We begin by assuming that measurements of a given
quantity are uncorrelated, and calculate a weighted average
and error as

T+ 6T = Zz—w + (Sw) V2 (1)

where

w; = 1/(63)1')2 .

Here z; and éz; are the value and error reported by the
ith experiment, and the sums run over the N experiments.
We then calculate x2 = 3 w;(Z — ;)% and compare it
with N — 1, which is the expectation value of x? if the
measurements are from a Gaussian distribution.

If x2/(N — 1) is less than or equal to 1, and there are no
known problems with the data, we accept the results.

If x2/(N — 1) is very large, we may choose not to use the
average at all. Alternatively, we may quote the calculated
average, but then make an educated guess of the error, a
conservative estimate designed to take into account known
problems with the data.

Finally, if x2/(N — 1) is greater than 1, but not greatly
so, we still average the data, but then also do the following;:

(a) We increase our quoted error, 6% in Eq. (1), by a
scale factor S defined as

§=D/(N -]

(2)

Our reasoning is as follows. The large value of the x? is
likely to be due to underestimation of errors in at least one
of the experiments. Not knowing which of the errors are
underestimated, we assume they are all underestimated by
the same factor S. If we scale up all the input errors by this
factor, the x2 becomes N — 1, and of course the output error
OZ scales up by the same factor. See Ref. 3.

When combining data with widely varying errors, we
modify this procedure slightly. We evaluate S using only the
experiments with smaller errors. Our cutoff or ceiling on éz;
is arbitrarily chosen to be

§o = 3NY2 673 |

where 67 is the unscaled error of the mean of all the
experiments. Our reasoning is that although the low-
precision experiments have little influence on the values T
and 6%, they can make significant contributions to the x?2,
and the contribution of the high-precision experiments thus
tends to be obscured. Note that if each experiment has the
same error 6x;, then 6% is 6z;/N/2 so each 6z; is well
below the cutoff. (More often, however, we simply exclude
measurements with relatively large errors from averages and
fits: new, precise data chase out old, imprecise data.)

Our scaling procedure has the property that if there
are two values with comparable errors separated by much
more than their stated errors (with or without a number of
other values of lower accuracy), the scaled-up error 67 is
approximately half the interval between the two discrepant
values.

We emphasize that our scaling procedure for errors in
no way affects central values. And if you wish to recover the
unscaled error 6Z, simply divide the quoted error by S.

(b) If the number M of experiments with an error
smaller than &y is at least three, and if x2/(M — 1) is greater
than 1.25, we show in the Particle Listings an ideogram
of the data. Fig. 1 is an example. Sometimes one or two
data points lie apart from the main body; other times the
data split into two or more groups. We extract no numbers
from these ideograms; they are simply visual aids, which the
reader may use as he or she sees fit.

WEIGHTED AVERAGE
0.006 + 0.018 (Error scaled by 1.3)
2
X

- SMITH 75B WIRE 0.3
NIEBERGALL 74 ASPK 1.3
FACKLER 73 OSPK 0.1
HART 73 OSPK 0.3
MALLARY 78 OSPK 44
BURGUN 72 HBC 0.2
GRAHAM 72 OSPK 04
MANN 72 HBC 3.3
- WEBBER 71 HBC 7.4
- CHO 70 DBC 1.6
BENNETT 69 CNTR 1.1
- LITTENBERG 69 OSPK 0.3
JAMES 68 HBC 0.9
- FELDMAN 67B OSPK 0.3
AUBERT 65 HLBC 0.1

- BALDO-... 65 HLBC
FRANZINI 65 HBC 0.2
22.0

(Confidence Level = 0.107)
| J

0

-0.4 -0.2 0.2 0.4 0.6

Figure 1: A typical ideogram. The arrow at the top
shows the position of the weighted average, while the
width of the shaded pattern shows the error in the
average after scaling by the factor S. The column
on the right gives the x? contribution of each of the
experiments. Note that the next-to-last experiment,
denoted by the incomplete error flag (L), is not used
in the calculation of S (see the text).

Each measurement in an ideogram is represented by
a Gaussian with a central value z;, error éx;, and area
proportional to 1/6z;. The choice of 1/6z; for the area is
somewhat arbitrary. With this choice, the center of gravity
of the ideogram corresponds to an average that uses weights
1/6x; rather than the (1/6z;)? actually used in the averages.
This may be appropriate when some of the experiments
have seriously underestimated systematic errors. However,
since for this choice of area the height of the Gaussian for
each measurement is proportional to (1/6z;)2, the peak
position of the ideogram will often favor the high-precision
measurements at least as much as does the least-squares
average. See our 1986 edition [2] for a detailed discussion of
the use of ideograms.
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4.2.3. Constrained fits: Except for trivial cases, all
branching ratios and rate measurements are analyzed by
making a simultaneous least-squares fit to all the data and
extracting the partial decay fractions P;, the partial widths
T';, the full width T' (or mean life), and the associated error
matrix.

Assume, for example, that a state has m partial decay
fractions P;, where > P; = 1. These have been measured
in N, different ratios R,, where, e.g., Ry = P1/P, Ry
= P/Ps, etc. [We can handle any ratio R of the form
> a; P/ Bi P;, where a; and 3; are constants, usually 1 or
0. The forms R = P;P; and R = (P;P;)'/? are also allowed.]
Further assume that each ratio R has been measured by Ny
experiments (we designate each experiment with a subscript
k, e.g., Rir). We then find the best values of the fractions P;
by minimizing the x? as a function of the m — 1 independent
parameters:

Nr Nlc R _ R 2
=Yy (BB 3)
; ; 6R'rk
where the R, are the measured values and R, are the fitted
values of the branching ratios.

In addition to the fitted values P;, we calculate an error
matrix (§P; 6P;). We tabulate the diagonal elements of
8P; = (6 P; § P;)1/2 (except that some errors are scaled
as discussed below). In the Particle Listings, we give the
complete correlation matrix; we also calculate the fitted
value of each ratio, for comparison with the input data,
and list it above the relevant input, along with a simple
unconstrained average of the same input.

Three comments on the example above:

(1) There was no connection assumed between mea-
surements of the full width and the branching ratios. But
often we also have information on partial widths I'; as well
as the total width I'. In this case we must introduce T’
as a parameter in the fit, along with the P;, and we give
correlation matrices for the widths in the Particle Listings.

(2) We do not allow for correlations between input
data. We do try to pick those ratios and widths that are as
independent and as close to the original data as possible.
When one experiment measures all the branching fractions
and constrains their sum to be one, we leave one of them
(usually the least well-determined one) out of the fit to make
the set of input data more nearly independent.

(3) We calculate scale factors for both the R, and
P; when the measurements for any R give a larger-than-
expected contribution to the x2. According to Eq. (3), the
double sum for x? is first summed over experiments k = 1
to Ny, leaving a single sum over ratios x? = 3. x2. One
is tempted to define a scale factor for the ratio r as S’E =
x2/(x2). However, since (x2) is not a fixed quantity (it is
somewhere between N and Nj_1), we do not know how to
evaluate this expression. Instead we define

=\ 2

SZ 1 % (Rrk — Rr)

CT N 2 @R = (G o

k=1
where 6 R, is the fitted error for ratio r. With this definition
the expected value of S? is one.

The fit is redone using errors for the branching ratios
that are scaled by the larger of S, and unity, from which new

and often larger errors 6?,-’ are obtained. The scale factors
we finally list in such cases are defined by S; = 6P, /6P;.
However, in line with our policy of not letting S affect the
central values, we give the values of P; obtained from the
original (unscaled) fit.

There is one special case in which the errors that are
obtained by the preceding procedure may be changed. When
a fitted branching ratio (or rate) P; turns out to be less than
three standard deviations (6?; ) from zero, a new smaller
error (5?:)‘ is calculated on the low side by requiring
the area under the Gaussian between P; — (6 Fz-”)“ and P;
to be 68.3% of the area between zero and P;. A similar
correction is made for branching fractions that are within
three standard deviations of one. This keeps the quoted
errors from overlapping the boundary of the physical region.

4.3. Discusstion: The problem of averaging data con-
taining discrepant values is nicely discussed by Taylor in
Ref. 4. He considers a number of algorithms that attempt
to incorporate inconsistent data into a meaningful average.
However, it is difficult to develop a procedure that handles
simultaneously in a reasonable way two basic types of sit-
uations: (a) data that lie apart from the main body of the
data are incorrect (contain unreported errors); and (b) the
opposite—it is the main body of data that is incorrect.
Unfortunately, as Taylor shows, case (b) is not infrequent.
He concludes that the choice of procedure is less significant
than the initial choice of data to include or exclude.

We place much emphasis on this choice of data. Often we
solicit the help of outside experts (consultants). Sometimes,
however, it is simply impossible to determine which of
a set of discrepant measurements are correct. Our scale-
factor technique is an attempt to address this ignorance by
increasing the error. In effect, we are saying that present
experiments do not allow a precise determination of this
quantity because of unresolvable discrepancies, and one
must await further measurements. The reader is warned of
this situation by the size of the scale factor, and if he or
she desires can go back to the literature (via the Particle
Listings) and redo the average with a different choice of data.

Our situation is less severe than most of the cases Taylor
considers, such as estimates of the fundamental constants
like %, etc. Most of the errors in his case are dominated by
systematic effects. For our data, statistical errors are often
at least as large as systematic errors, and statistical errors
are usually easier to estimate. A notable exception occurs in
partial-wave analyses, where different techniques applied to
the same data yield different results. In this case, as stated
earlier, we often do not make an average but just quote a
range of values.

A brief history of early Particle Data Group averages
is given in Ref. 3. Figure 0.2 shows some histories of our
values of a few particle properties. Sometimes large changes
occur. These usually reflect the introduction of significant
new data or the discarding of older data. Older data are
discarded in favor of newer data when it is felt that the newer
data have smaller systematic errors, or have more checks
on systematic errors, or have made corrections unknown
at the time of the older experiments, or simply have much
smaller errors. Sometimes, the scale factor becomes large
near the time at which a large jump takes place, reflecting
the uncertainty introduced by the new and inconsistent data.
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By and large, however, a full scan of our history plots shows
a dull progression toward greater precision at central values
quite consistent with the first data points shown.

We conclude that the reliability of the combination of
experimental data and our averaging procedures is usually
good, but it is important to be aware that fluctuations
outside of the quoted errors can and do occur.
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Revised by P. Kreitz, May 1996

The purpose of this list is to organize a broad set of online
catalogs, databases, directories, World-Wide Web (WWW) pages,
etc., that are of value to the particle physics physics community.
While a substantial amount of particle physics physics information is
computer accessible through the Internet’s World-Wide Web, most
listings do not provide descriptions of a resource’s scope and content
so that searchers know which source to use for a specific information
need. This compilation lists the main information sources with brief
annotations and basic Internet WWW addresses (URL’s). Because
this list must be fixed in print, it is important to consult the updated
version of this compilation which includes newly added resources and
hypertext links to more complete information at:

http://www.slac.stanford.edu/library/pdg/hepinfo.html

In this edition, a resource is excluded if it provides information
primarily of interest to one institution. In some cases, multiple
databases covering much the same material have been included
with the assumption that users will make subsequent choices based
on Internet speeds, search system interfaces, or differences in
scope, presentation, and coverage. Databases and resources focusing
primarily on accelerator physics have been excluded in deference to
the excellent compilation at the World Wide Web Virtual Library of
Accelerator Physics:

http://beam.slac.stanford.edu/www/library/w3/alab.htmlx

Please send suggestions, additions, changes, ideas for category
groupings, exclusions, etc., via the WWW form linked to the URL
above, or by e-mail to pkreitz@slac.stanford.edu.

1. Particles & Properties Data:

e REVIEW OF PARTICLE PHYSICS (RPP): A comprehensive
review of the field of Particle Physics produced by the Particle
Data Group (PDG). Includes a compilation/cvaluation of data
on particle propertics, summary tables with best values and
limits for particle properties, extensive summaries of searches for
hypothetical particles, and a long section of reviews, tables, and
plots on a wide variety of theoretical and experimental topics
of interest to particle and astrophysicists. The linked table of
contents provides access to particle listings, reviews, summary
tables, errata, indices, etc. The current printed version is Physical
Review D54, xxx (1996). Maintained at:

http://pdg.1lbl.gov/

e PARTICLE PHYSICS BOOKLET: An extract from the most
recent edition of the full Review of Particle Physics. Contains
images in an easy-to-read print uscful for classroom studies:

http://pdg.1bl.gov/rpp/booklet/contents.html

PARTICLE PROPERTIES Database: Durham/RAL provides a
simple index to the PDG particle properties information contained
in the Review of Particle Physics. Maintained at:

http://durpdg.dur.ac.uk/HEPDATA/PART

PARTICLE PHYSICS INTERACTIVE DATABASE: A searchable
database containing information from the Review of Particle
Physics. Updated around summer of every ycar. Available by
telnet as follows:

Telnet: //pdg_public@muse.lbl.gov/
(User name PDG_PUBLIC, no password).

¢ COMPUTER-READABLE FILES: Currently available from the
PDG: tables of masses, widths, and PDG Monte Carlo particle
numbers and cross scction data, including hadronic total and elastic
cross scctions vs laboratory momenta and total center-of-mass
cnergy. Overview page at:

http://pdg.1lbl.gov/computer_read.html

e PARTICLE PHYSICS DATA SYSTEM: Maintained by the COM-
PAS group at IHEP, this system, currently under construction,

provides an online version of the Guide to Experimental Elemen-
tary Particle Physics Literature (1895-1995). Permits searching
by author, title, accelerator, detector, reaction, particle, etc. For
research from 1950 to the present, it will provide online searching
of compilations of integrated cross sections data and numerical
data on observables in reactions. Also provides a chronology of key
events in particle physics:

http://muse.lbl.gov:8001/ppds.html

REACTION DATA: A part of the HEPDATA databases at
Durham/RAL, this database is a collaboration of Durham and the
COMPAS Group for the PDG. Contains numerical values of cross
sections, structure, functions, polarizations, etc.:

http://durpdg.dur.ac.uk/HEPDATA/REAC

PHYSICS AROUND THE WORLD: DATA AND TABLES:
Includes links to periodic tables of elements, laws and constants,
scales of measurement, particle and nuclear data, equations, and
(peripheral) “more data and tables:”

http://www.physics.mcgill.ca:8081/
physics-services/physics_tables.html

Collaborations & Experiments:

EXPERIMENTS Database: Contains more than 1,800 experiments
in elementary particle physics. Search and browse by author; title;
experiment number or prefix; institution; date approved, started
or completed; accelerator or detector; polarization, reaction, final
state or particle; or by papers produced. Maintained at SLAC
for the LBNL Particle Data Group. Supplies the information for
“Current Experiments in Particle Physics (LBL-91).” Updated
cvery second year (next: Summer 1996):

http://wwu-spires.slac.stanford.edu/find/experiments

EXPERIMENTS ONLINE: Home Pages of HEP Experiments: A
list from SLAC of accelerator and non-accelerator experiments

with an active link to each home page. Accelerator experiments
are organized by institution, machine, and experiment name:

http://wwwu-spires.slac.stanford.edu/find/explist.html

HIGH ENERGY PHYSICS EXPERIMENTS: A HEPNET page
providing links to HEP collaborations around the world. List
arranged alphabetically by collaboration name:

http://www.hep.net/experiments/collabs.html

Conferences:

CONFERENCES: Contains conferences, schools, and meetings of
interest to high-cnergy physicists. Searchable database produced
jointly by the SLAC and DESY libraries of over 5,000 listings
covering 1973 to 1999+. Search or browse by title, acronym, date,
location. Includes links to the conference home page, information
about published proceedings, links to submitted papers from the
SPIRES-HEP database, and links to the clectronic versions of the
papers if available:
http://www-spires.slac.stanford.edu/

spires/form/confspif.html

CONFERENCES, WORKSHOPS, AND SUMMER SCHOOLS:
By The Internet Pilot to Physics. Several hundred listings,
including those for regional meetings of national societies and
meetings of ancillary groups such as physics teachers. Provides a
WWW form for adding a conference, and automatically uploads
new cntries to the EPS EurophysNet meeting list.

http://www.tp.umu.se/TIPTOP/FORUM/CONF/

CONFNEWS: Provides listings of current and future conferences
divided by subfield or by region. Also provides links to WWW
conference pages and an e-mail interface (robot@physics.umd.edu
with CONFMENU in the subject line):

http://www.physics.umd.edu/robot/confer/confmenu.html
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o EUROPHYSICS Meetings List: Meta-level list of other conference
lists with active links to the URL of the organization’s meeting
calendar, the conference database, etc. Useful for searching
by organization, providing access to meetings and conferences
that are of interest, but not central to high-energy physics.
Maintained by the European Physical Society but international in
scope. Organized alphabetically by the name of the resource or
organization:

http://epswww.epfl.ch/conf/urls.html

e HEP EVENTS: A list maintained by CERN of upcoming
conferences, schools, workshops, seminars, and symposia of interest
to high-energy physics organized by type of meeting, e.g. school,
workshop:

http://www.cern.ch/Physics/Conferences

e PHYSICS CONFERENCE ANNOUNCEMENTS by Thread:
Lists current year’s conference announcements with links to WWW
pages. Posting is voluntary, which is perhaps why this resource
lacks the breadth of other databases covering conferences:

http://xxx.lanl.gov/Announce/Conference/

4. Current Notices & Announcement Services:

e CONFERENCES, WORKSHOPS, AND SUMMER SCHOOLS:
By The Internet Pilot to Physics. Provides a Web form for adding
a conference and automatically uploads new entries to the EPS
EurophysNet meeting list.

http://www.tp.umu.se/TIPTOP/FORUM/CONF/

o CONFNEWS & WEBNEWS: Provides a system for broadcasting
a conference or job opening to “a large number of physicists
worldwide.” For further information, e-mail: kimQumdhep.umd.edu

e E-PRINT ARCHIVES: The LANL-based E-Print Archives provides
daily notices of what new high-energy physics preprints have been
submitted to the archives as full text electronic documents. Use
the WWW-accessible listings:

http://xxx.lanl.gov/
or subscribe:
http://xxx.lanl.gov/help/e-help

(under “Description of e-Mail Commands”) to receive the
automatic e-mail notices. Covers over two dozen subfields of
high-cnergy physics, and provides active links to abstracts and full
text versions of the preprints.
Note: Usc the library pages below to find information on recently
received books and proceedings. Use the online table of contents
listings below to find journal table of contents. Conference announce-
ments can also be sent via e-mail to most of the conference database
providers listed above who often supply their e-mail address at the
bottom of their Web page.

5. Directories:

5.1. Directories — Organizations:

e DIRECTORY OF RESEARCH INSTITUTES in High Energy
Physics: Maintained by CERN and organized into three alpha-
betical lists by country, town, and institutional name. Provides
addresses, and, where available, the following: phone and fax
numbers; e-mail addresses; active URL links; and information
about the institution’s physics program:

http://preprints.cern.ch/institutes/welcome.html

e HEP INSTITUTIONS ONLINE: Active links to thec home pages
of more than 200 HEP-related institutions with WWW servers.
Maintained by SLAC and organized by country, and then
alphabetically by institution:

http://www-spires.slac.stanford.edu/find/instlink.html

e INSTITUTIONS: Database of over 5,000 high-energy physics
Institutes, Laboratories, and University departments in which

some research on elementary particle physics is performed. Covers
six continents and almost one hundred countries, and is searchable
by name, acronym, location, etc. Provides address, phone and
fax numbers, and e-mail and URL addresses where available. Has
pointers to the recent HEP papers from an institution. Maintained
by SLAC:
http://www-spires.slac.stanford.edu/
spires/form/instspif.html

o PHYSICS: High-Energy Physics and Nuclear Physics Labs: This
list of WWW home pages is usefully arranged into accelerator
labs by country, research groups at universitites, and national
and international institutes. The theoretical physics section is
thin. Part of a larger effort maintained by Physics Around the
World/TIPTOP to organize physics-related institutions by field of
research:

http://www.physics.mcgill.ca:8081/
physics-services/physics_hep_labs.html

5.2. Directories — People:

o HEPNAMES: Searchable database of 25,500 e-mail addresses of
people related to high-energy physics. Access by individual name,
and, in the near future, by institution or place.

http://www-spires.slac.stanford.edu/find/hepnames

This site is mirrored at Durham under a different name (EMAIL-
ID) and with a search interface written and maintained by
Durham:

http://durpdg.dur.ac.uk/HEPDATA/ID
e HEP VIRTUAL PHONEBOOK: A list of links to phonebooks

and directories of high-energy physics sites around the world.
Maintained by HEPNET:

http://www.hep.net/sites/directories.html

5.3. Directories — Publishers:

e PHYSICS AROUND THE WORLD: A page of active links to
institutions, societies, or companies involved in supplying physics-
related information. Organized into sections, the most useful of
which are: Preprint Archives, Journals, Magazines, Newsletters,
Publishers, and Books:

http://www.physics.mcgill.ca:8081/

physics-services/physics_publ2.html

6. E-Prints/Pre-Prints, Papers & Reports:

e ALICE: The CERN Library’s database which contains citations
to more than 190,000 monographs, series, preprints and official
committee documents held by the Library or the Archives:

http://wwwas.cern.ch/ASinfo/AS-SI/alice/ALICE.html

Also provides links to CERN'’s full text preprint server:

http://preprints.cern.ch/ .

e HEP DATABASE (SLAC/SPIRES): Contains over 300,000
bibliographic summaries for particle physics papers (c-prints,
journal articles, preprints, reports, theses, etc.). Covers 1974 to
the present and is updated daily with links to electronic texts (e.g.
from LANL, CERN, KEK, and other HEP servers). Searchable by
all authors and authors’ affiliations, title, topic, report number,
citation, e-print archive number, date, etc: A joint project of the
SLAC and DESY libraries with the collaboration of many other
institutions including APS, Fermilab, and Kyoto.

http://www-spires.slac.stanford.edu/find/hep

e KISS: KEK preprint database, contains bibliographic records of
preprints and technical reports held in the KEK library with links
to the full text images of over 90,000 items in their collection:

http://keklib.kek.jp/KISS.v2/kiss_prepri.html
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o LANL E-PRINT ARCHIVES: An automated electronic repository
of physics preprints, primarily in the subfields of high-energy
physics, but also in other physics fields such as chemical, nuclear,
condensed matter, etc. Began with a core set of subfield archives
in 1991. Provides access to the full text of the electronic versions
of these preprints, and permits searching by author, title, key word
in abstract, and by limiting by subfield archive or by date. Papers
are sent electronically to the archives by the author:

http://xxx.lanl.gov

e DOCUMENTS: (IHEP-COMPAS/PDG) A database providing
the source information for the print publication “A Guide to
Experimental Elementary Particle Physics Literature” (LBL-90).
Provides bibliographic summaries of experimental papers which
report new experimental data and theoretical papers which extract
new information from experiments. Excludes instrumentation and
papers mainly of interest only to nuclear physicists. Coverage is
from 1895 to the present:

http://muse.lbl.gov:8001/ppds.html

7. Particle Physics Libraries & Scholarly Societies:

o American Astronomical Society:
http://www.aas.org/AAS-homepage.html

e American Institute of Physics:
http://aip.org/

e American Physical Society:
http://aps.org/

e Argonne National Lab Library:
http://www.ipd.anl.gov/aim/alec/

e Brookhaven National Lab Library:
http://wuw.bnl.gov/RESLIB/reslib.html

e European Laboratory for Particle Physics (CERN) Library:
http://wwwas.cern.ch/ASinfo/AS-SI/library_home.html

Institute of Physics:
http://www.iop.org/

e Deutsches Elektronen-Synchrotron (DESY) Library:
http://wuw.desy.de/library/homepage.html

o European Physical Society: EurophysNet
http://www.nikhef.nl/www/pub/eps/eps.html

e Fermilab Library:
http://fnalpubs.fnal.gov/library/welcome.html

e Institute of Physics:
http://www.iop.org/

National Laboratory for High Energy Physics (KEK) Library:
http://garnet.kek.jp/libhome.html

Los Alamos National Laboratory Library:
http://lib-www.lanl.gov/

Stanford Linear Accelerator Center Library:
http://www.slac.stanford.edu/FIND/spires.html

8.

8.1.

Particle Physics Journals & Reviews:
ONLINE JOURNALS: (Note: some of these may limit

access to subscribers; check with your institution’s library.)

8.2.

American Journal of Physics
http://www.amherst.edu/~ajp/

Applied Physics Letters Online
http://www.aip.org/epub/aplointro.html

Astrophysical Journal and Letters
http://www.aas.org/ApJ/

Classical and Quantum Gravity
http://www.ioppublishing.com/EJ/Unreg/bin/main

Computers in Physics
http://www.aip.org/cip/ciphome.html

European Journal of Physics
http://www.ioppublishing.com/EJ/Unreg/bin/main

Journal of Physics A
http://www.ioppublishing.com/EJ/Unreg/bin/main

Journal of Physics G
http://www.ioppublishing.com/EJ/Unreg/bin/main

Nuclear Physics A
http://www.nucphys.nl/www/pub/nucphys/npe.html

Nuclear Physics B
http://www.nucphys.nl/www/pub/nucphys/npe.html

Nuclear Physics B (Proceedings Supplements)
http://www.nucphys.nl/www/pub/nucphys/npe.html

Physical Review D (Advanced papers accepted by PRD)
http://publish.aps.org/PRDO/prdhm.html

Physical Review Letters
http://publish.aps.org/PRL/prlinfo.html

Physics Express Letters (PEL)
http://www.iop.org/EJ/Unreg/bin/pelmain

Physics Today
http://www.aip.org/pt/phystoday.html

Physics - Uspekhi
http://ufn.ioc.ac.ru/ufn.html

Reviews of Modern Physics
http://www.phys.washington.edu/~rmp/

Science
http://science-mag.aaas.org/science/

ONLINE REVIEW PUBLICATIONS:

Net Advance of Physics: A free electronic journal/encyclopaedia of
review articles and lecture notes in physics and allied sciences from
around the Internet. Presently consists mainly of links to other
sites, but welcomes contributions of original review articles:

http://web.mit.edu/afs/athena.mit.edu/
user/r/e/redingtn/www/netadv/welcome.html

Physics Reports:
http://www.elsevier.nl/cas/estoc/
contents/SAK/03701573.html

Reviews of Modern Physics
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http://www.phys.washington.edu/~rmp/

e The Virtual Review (Brown U.): An informal journal which
collects active hotlists of preprints which the editors find
interesting, arranged by topic. Some editors’ contributions include
review and comment, some provide only listings with connections
to the full text versions:

http://wuw.het.brown.edu/physics/review/index.html

8.3. ONLINE TABLES OF CONTENTS:
e American Journal of Physics
http://www.amherst.edu/~ajp/toc/toc.html

e Astroparticle Physics
http://www.elsevier.nl/cas/estoc/
contents/SAK/09276505.html

e Classical and Quantum Gravity
http://wuw.ioppublishing.com/EJ/Unreg/bin/main

e European Journal of Physics
http://wuw.ioppublishing.com/EJ/Unreg/bin/main

e Journal of Physics A
http://www.ioppublishing.com/EJ/Unreg/bin/main

e Journal of Physics G
http://www.ioppublishing.com/EJ/Unreg/bin/main

e Nuclear Instruments and Methods in Physics Research, Section B
http://www.elsevier.nl/cas/estoc/
contents/SAK/0168583X.html

e Nuclear Physics A
http://wuw.elsevier.nl:80/cas/estoc/
contents/SAK/03759474.html

e Nuclear Physics B
http://wuw.elsevier.nl:80/cas/estoc/
contents/SAK/055603213 . html

e Nuclear Physics B (Proceedings Supplements)
http://www.elsevier.nl:80/cas/estoc/
contents/SAK/09205632.html

e Physica A
http://www.elsevier.nl/cas/estoc/
contents/SAK/03784371 .html

e Physica B
http://www.elsevier.nl/cas/estoc/

contents/SAK/09214526 . html

e Physica C
http://www.elsevier.nl/cas/estoc/
contents/SAK/09214534 .html

e Physica D
http://www.elsevier.nl/cas/estoc/
contents/SAK/01672789.html

e Physical Review D
http://publish.aps.org/PRTOC/hometoc.html#prd

e Physical Review Letters
http://publish.aps.org/PRTOC/hometoc.html#prl

e Physics Letters B
http://www.elsevier.nl/cas/estoc/

contents/SAK/03702693.html

e Physics Reports
http://wuw.elsevier.nl/cas/estoc/
contents/SAK/03701573.html

Physics Today
http://www.aip.org/pt/contmenu.html

e Progress in Particle and Nuclear Physics
http://wuw.elsevier.nl/cas/estoc/
contents/SAK/01466410.html

e Reviews of Modern Physics
http://www.phys.washington.edu/~rmp/contents.html

Science

http://science-mag.aaas.org/science/home/browse.shtml

9. Particle Physics Education Sites:

Brookhaven National Laboratory:
http://sun20.ccd.bnl.gov/~scied/

e CEBAF:
http://www.cebaf.gov/services/pced/pcedhome.html

e Contemporary Physics Education Project (CPEP):
http://pdg.1bl.gov/cpep.html

Center for Particle Astrophysics in Berkeley:
http://physics7.berkeley.edu/home.html

Fermilab:
http://www-ed.fnal.gov/

Stanford Linear Accelerator Center:
http://www.slac.stanford.edu/
winters/pub/www/education/education.html

10. Software Directories:

e CERNLIB: CERN program library:
http://wwwen.cern.ch/pl/index.html

FREEHEP: A collection of software and information about software
useful in high-energy physics. Searching either by title, subject,
date acquired, or date updated, or by browsing alphabetical list of
all packages:

http://www-spires.slac.stanford.edu/find/fhmain.html

FERMITOOLS: Software repository of Fermilab-developed soft-
ware packages of value to the HEP community. Permits searching
for packages by title or subject, by browsing FTP site, and by
recent acquisitions:

http://www.fnal.gov/fermitools/
http://www.hep.net/software.html

e HEPIC: Software used in HEP research:

MATHEMATICAL & OTHER SOFTWARE: A comprehensive
list maintained by Physics Around the World/TIPTOP of
software packages, libraries, companies, archives, languages and
computing-related journals. Organized by scope: e.g. “Software,
Free & Commercial;” “Field-Specific Programs/Programming” (see
Astronomy & Astrophysics, HEPNP, Graphics & Visualization);
“Program Archives by Platform and Language.” Also provides
links to other Web compendia of software repositories and
directories:

http://www.physics.mcgill.ca:8081/
physics-services/physics_software.html
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Gauge & Higgs Boson Summary Table

SUMMARY TABLES OF PARTICLE PROPERTIES
July 1996

Particle Data Group
R.M. Barnett, C.D. Carone, D.E. Groom, T.G. Trippe, C.G. Wohl,
B. Armstrong*, P.S. Gee*, G.S. Wagman*!, F. James, M. Mangano,
K. Ménig, L. Montanet, J.L. Feng, H. Murayama, J.J. Herndndez,
A. Manohar, M. Aguilar-Benitez, C. Caso, R.L. Crawford, M. Roos,
N.A. Toérnqvist, K.G. Hayes, K. Hagiwara, K. Nakamura, M. Tanabashi,
K. Olive, K. Honscheid, P.R. Burchat, R.E:Shrock, S. Eidelman,
R.H. Schindler, A. Gurtu, K. Hikasa, G. Conforto, R.L. Workman,
C. Grab, and C. Amsler
*Technical Associate
tDeceased
(Approximate closing date for data: January 1, 1996)

GAUGE AND HIGGS BOSONS

1JPCYy = 0,11~ )

Mass m < 6 x 1071¢ eV, CL = 99.7%
Charge g < 5x 10730 ¢
Mean life T = Stable

€ 1(JPy=0(17)

or gluon

Mass m = 0 [
SU(3) color octet

Charge = +1e

Mass m = 80.33 + 0.15 GeV

mz — my = 10.85 + 0.15 GeV
my,+ — My, = —02+ 0.6 GeV
Full width ' = 2.07 + 0.06 GeV

W™ modes are charge conjugates of the modes below.

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

oty [b] (10.8+0.4) % 40110
ety (10.840.4) % 40110
utv (10.4+0.6) % 40110
Tty (10.941.0) % 40110
hadrons (67.94+1.5) % -
'ty < 5 x 10~4 95% 40110

Charge = 0
Mass m = 91.187 = 0.007 GeV [¢]
Full width I = 2.490 + 0.007 GeV
r(ete~) = 83.83 + 0.27 MeV (0]
I (invisible) = 498.3 =+ 4.2 MeV (9]
I (hadrons) = 1740.7 + 5.9 MeV
M(utu~)/r(ete™) = 1.000 + 0.005
r(rtr=)/r(ete™) = 0.998 + 0.005 (€]
Average charged multiplicity
(Ncharged) = 20.99 + 0.14
Couplings to leptons
gj/ = —0.0376 + 0.0012
g% = —0.5008 + 0.0008
g¥e = 0.53 + 0.09
g = 0.502 + 0.017
Asymmetry parameters (/]
Ae = 0.156 £ 0.008 (S = 1.2)
A, = 0.145 + 0.009
Ac = 0.59 + 0.19
Ap = 0.89 % 0.11
Charge asymmetry (%) at Z pole
ALY — 159 + 0.18
A% —13+4
AL — 722 + 067
ACD) — 9.0 +0.35

Z DECAY MODES Fraction (F;/T)

P
Confidence level (MeV/c)

ete~ ( 3.366+0.008) %
wtp~ ( 3.367+0.013) %
o ( 3.36040.015) %
Y [b] ( 3.366+0.006) %
invisible (20.01 +0.16 )%
hadrons (69.90 +£0.15 ) %

(uT+cT)/2 (96 *13 )%

(dd+s5+bb)/3 (169 +09 )%

cC (11.0 +07 )%

bb (15.46 +0.14 ) %
70y < 5.2 x 10—5
ny < 51 x 10~5
wy < 65 x 10—4
7'(958)y < 42 x 1075
L% < 5.2 x 1075
Yy < 1.0 x 10~5
rEwF gl< 7 x 10~5
pEWF lg] < 83 x 10~5
J/9(18)X (3.80 £0.27 ) x 10™3
P(25)X (1.60 +£0.33 ) x 10—3
Xc1(1P)X (60 +19 )x10~3
TX (10 +05 )x10™4
(D°/D°) X (207 +20 )%
DEX (122 +17 )%
D*(2010)* X [g] (114 *13 )%
B(S)X seen
anomalous «+ hadrons [h < 3.2 x 10~3
ete v [h] < 5.2 x 10—4
ptu—y [h < 5.6 x 10—4
tHry [ < 7.3 x 10~4
e yy < 68 x 10~6
qqvy [l < 55 x 10—6
vUyYy [l < 31 x 10—6
et ¥ LF  [g] < 17 x 106
et rF LF  [g] < 98 x 106

uEr¥ LF (gl < 17 x 10~5

95%
95%
95%
95%
95%
95%
95%
95%

95%
95%
95%
95%
95%
95%
95%
95%
95%
95%

45600
45600
45600
45600
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Gauge & Higgs Boson Summary Table

I Higgs Bosons — H° and H¥, Searches for |

H® Mass m > 58.4 GeV, CL = 95%
H$ in Supersymmetric Models (m e <m ) ul
Mass m > 44 GeV, CL = 95%

A° Pseudoscalar Higgs Boson in Supersymmetric Models U
Mass m > 24.3 GeV, CL = 95% tan8 >1, m; <200 GeV

H* Mass m > 43.5 GeV, CL = 95%

See the Particle Listings for a Note giving details of Higgs
Bosons.

Heavy Bosons Other Than
Higgs Bosons, Searches for

Additional W Bosons
Wg — right-handed W
Mass m > 406 GeV, CL = 90%
(assuming light right-handed neutrino)
W' with standard couplings decaying to ev, pv
Mass m > 652 GeV, CL = 95%
Additional Z Bosons
Z'SM with standard couplings
Mass m > 505 GeV, CL = 95% (ppP direct search)
Mass m > 779 GeV, CL = 95% (electroweak fit)
ZLR of SU(?)LXSU(2)RXU(1)
(with g, = gr)
Mass m > 445 GeV, CL = 95%  (pPp direct search)
Mass m > 389 GeV, CL = 95% (electroweak fit)
Zx of SO(10) — SU(5)xU(1)x
(coupling constant derived from G.U.T.)
Mass m > 425 GeV, CL = 95% (pP direct search)
Mass m > 321 GeV, CL = 95% (electroweak fit)
Zy of Eg — SO(10)xU(1),
(coupling constant derived from G.U.T.)
Mass m > 415 GeV, CL = 95% (p7p direct search)
Mass m > 160 GeV, CL = 95% (electroweak fit)
Z, of Eg — SU(3)xSU(2)xU(1)xU(1),
(coupling constant derived from G.U.T.);
charges are Q, = \/3/8Qx — /5/8Qy)
Mass m > 440 GeV, CL = 95% (pp direct search)
Mass m > 182 GeV, CL = 95%  (electroweak fit)

Scalar Leptoquarks

Mass m > 116 GeV, CL = 95% (1st generation, pair prod.)

Mass m > 230 GeV, CL = 95% (1st gener., single prod.)

Mass m > 97 GeV, CL = 95% (2nd gener., pair prod.)

Mass m > 73 GeV, CL = 95% (2nd gener., single prod.)

Mass m > 45 GeV, CL = 95% (3rd gener., pair prod.)
(The second, fourth, and fifth limits above are for charge

—1/3, weak isoscalar.)

Axions (A%) and Other
Very Light Bosons, Searches for

The standard Peccei-Quinn axion is ruled out. Variants with reduced
couplings or much smaller masses are constrained by various data. The
Particle Listings in the full Review contain a Note discussing axion
searches.

The best limit for the half-life of neutrinoless double beta decay with
Majoron emission is > 7.2 x 1024 years (CL = 90%).

NOTES

In this Summary Table:

When a quantity has “(S = ...)" to its right, the error on the quantity has
been enlarged by the “scale factor” S, defined as S = v/X2/(N — 1), where N
is the number of measurements used in calculating the quantity. We do this
when S > 1, which often indicates that the measurements are inconsistent.
When S > 1.25, we also show in the Particle Listings an ideogram of the
measurements. For more about S, see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decay, p is
the momentum of each decay product in the rest frame of the decaying particle.
For a 3-or-more-body decay, p is the largest momentum any of the products
can have in this frame.

[a] Theoretical value. A mass as large as a few MeV may not be precluded.

[b] ¢ indicates each type of lepton (e, x4, and 7), not sum over them.

[c] The Z-boson mass listed here corresponds to a Breit-Wigner resonance
parameter. It lies approximately 34 MeV above the real part of the posi-
tion of the pole (in the energy-squared plane) in the Z-boson propagator.

[d] This partial width takes into account Z decays into ¥7 and any other
possible undetected modes.

[e] This ratio has not been corrected for the 7 mass.

[flHere A = 2gvga/(g}+83)

[g] The value is for the sum of the charge states of particle/antiparticle states
indicated.

[h] See the Z Particle Listings for the v energy range used in this measure-
ment.

[i] For m,, = (60 £ 5) GeV.

[j] The limits assume no invisible decays.
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Lepton Summary Table

LEPTONS

-

Mass m = 0.51099907 =+ 0.00000015 MeV 2]

= (5.48579903 + 0.00000013) x 10~ u
(Mgy — m,-)/m< 4x1078, CL = 90%
|ge+ + q.-|/e < 4x1078
Magnetic moment p = 1.001159652193 + 0.000000000010 ng
(ge+ - ge") / Baverage = (-0.5£21)x 10712
Electric dipole moment d = (—0.3 = 0.8) x 10726 ecm
Mean life 7 > 4.3 x 1023 yr, CL = 68% (0]

s=4
Mass m = 105.658389 & 0.000034 MeV (]
= 0.113428913 + 0.000000017 u
Mean life 7 = (2.19703 & 0.00004) x 1076 s
Tt /T”_ = 1.00002 + 0.00008
cr = 658.654 m
Magnetic moment p = 1.001165923 + 0.000000008 €fi/2m,,
(g,ﬁ - gu") / Gaverage = (—2.6 £ 1.6) x 1078
Electric dipole moment d = (3.7 + 3.4) x 10719 ecm

Decay parameters 9]
p = 0.7518 + 0.0026
n = —0.007 + 0.013
§ = 0.749 £ 0.004
€P, = 1.003 + 0.008 [¢]
€P,8/p > 0.99682, CL = 90% [€]

"' =1.00 + 0.04

€ =07+04
a/A = (04 4)x1073
o'/A = (0 + 4) x 1073
B/A = (4 £+ 6)x 1073
B'/A = (2 +£6)x1073
7= 0.02 £ 0.08

ut modes are charge conjugates of the modes below.

Decay parameters

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

p7(e or p) = 0.742 + 0.027

pT(e) = 0.736 + 0.028

p7(1) = 0.74 + 0.04

(e or ) =1.03 +0.12

€7(e) PARAMETER = 1.03 £ 0.25

£7(pn) PARAMETER = 1.23 + 0.24

7" (e or u) PARAMETER = —0.01 + 0.14
77 (1) PARAMETER = —0.24 % 0.29
(8€)7(e or ) PARAMETER = 0.76 + 0.11
(66)7(e) PARAMETER = 1.11 + 0.18
(66)7 () PARAMETER = 0.71 + 0.15
€7(r) = 0.99 % 0.06

£7(p) = 1.04 £ 0.07

£7(ay) = 1.01 + 0.04

£7(all hadronic modes) = 1.011 + 0.027

(s =13)

1 modes are charge conjugates of the modes below. “hE" stands for
% or kE. “¢" stands for e or . “Neutral” means neutral hadron whose
decay products include ~'s and/or =0's,

p
p~ DECAY MODES Fraction (F;/T) Confidence level (MeV/c)
e Vevy, ~ 100% 53

e Tev,y [fl (1.4£0.4) % 53
e ey ete” lg] (3.4+0.4) x 1075 53
Lepton Family number (LF) violating modes
e veT, LF  [n] <12 % 90% 53

LF < 4.9 x 10711 90% 53
- LF < 1.0 x 10712 90% 53
LF <72 x 10711 90% 53

_1

J=3

Mass m = 1777.0053% Mev
Mean life 7 = (291.0 + 1.5) x 10715 5
cr = 87.2 um

Electric dipole moment d < 5 x 10~17 ecm, CL = 95%

Weak dipole moment
Re(d¥) < 7.8 x 10718 ecm, CL = 95%
Im(d¥) < 4.5 x 10717 ecm, CL = 95%

Scale factor/ p
7~ DECAY MODES Fraction ([;/T) Confidence level (MeV/c)
Modes with one charged particle
particle™ > 0 neutrals > 0K9 v, (84.96%+ 0.18) % s=1.3 -

(“1-prong”)
particle™ > 0 neutrals > 0K v, (85.53+ 0.14) % s=1.3 -
WYy [l (17.35+ 0.10) % 885
nwo UL Uy (23 + 1.0)x1073 -
(E, > 37 MeV)
e Tevy [l (17.83+ 0.08) % 888
h~ >0 neutrals > 0K? v, (49.78+ 0.17) % $=1.2 -
h= > 0KY v, (12.51+ 0.13) % S=1.1 -
h~ v, (12.03+ 0.14) % S=1.1 -
vy ] (11.31+ 0.15) % S=1.1 883
K v, [l (71 + 05)x10-3 820
h= > 170, (36.974 0.18) % S=1.1 -
h= 7%, (25.76+ 0.15) % S=1.1 -
w0, [i] (25.24+ 0.16) % s=1.1 878
7~ 79non-p(770) v, (30 + 32)x1073 878
K=n%u, [l (52 + 05)x10-3 814
h= > 2n%u, (10.95+ 0.16) % S=1.1 -
h=2n%u, ( 9.50+ 0.14) % s=1.1 -
h= 270, (ex.KO) ( 9.35+ 0.14) % S=1.1 -
7 2n0u, (ex.K®) [1] ( 9.274 0.14)% S=1.1 862
K=2m0u, (ex.K®) [ (81 + 27 )x107% 796
h= > 370y, ( 1464 0.11) % s=1.1 -
h= 3700, ( 1.28+ 0.10) % -
7= 3n%u, (ex.K®) [ ( 114% 014)% 836
K= 3n%, (ex.KO) [l (50 +199 )x10-4 766
h=4n0v, (ex.K©) (18 £ 06 )x1073 -
h=4r%v, (ex.K%n) [] (12 + 06 )x1073 -
K= >1 (% or K% v, (94 £ 1.0 )x1073 -
Modes with K%'s
h~K® > 0 neutrals > ( 154+ 0.10) % $=1.3 -
0K v,
h~ K%, (92 +£08)x1073  s=13 -
7~ KOu, ] (77 £ 08)x10"3  s=13 812
= KO < 17 x10=3 CL=95% 812
(non- K*(892)~ ) v,
K=K, ] ( 155+ 0.28) x 10~3 737
h KOOy, (55 + 05)x10-3 -
7" KOOy, 1 (41 + 06 )x1073 794
K~ K°7Ou, [l (1.38+ 0.32)x 103 685
h= K%K(%VT (25 + 06 )x 1074 -
7~ KOKOw, Il (1014 0.23)x10~3 682
K~ K® > 0 neutrals v, (29 + 04 )x10-3 -
K= >0m0 >0KO v, ( 1.65+ 0.10) % -
KO (particles) ™ v, ( 1.58+ 0.10) % s=1.2 -
KOhth=h= >0 neut. v, < 17 x 10~3 CL=95% -
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Modes with three charged particles

h=h~ ht > Oneut. v, (“3-
prong”)
h=h~ hT > 0 neutrals v,
(ex. K& — 7t 7™)
= ntx™ >0 neutrals v,
h~h~htv,
h=h=h* v, (ex.KO)
h=h=ht v, (ex.KOw)
h~h~ h*t > 1 neutrals v,
h=h™ h* > 1 neutrals v, (ex.
KY - ztz7)
h=h=htaxOu,
h=h= htnOu, (ex.K®)
h=h= htxOu, (ex. KO, w)

i

Ul

(14.91+ 0.14) %
(14.36+ 0.14) %

(14.09+ 0.31) %
( 9.80+ 0.10) %
( 9.48+ 0.10)%
( 9.44+ 0.10)%
(5.08+ 0.11)%
( 488+ 0.11)%

( 4.44+ 0.09) %
( 425+ 0.09) %
( 255+ 0.09) %

b (pm)v, ( 2.84+ 0.34) %
(a1(1260)h)~ v, < 20 %
h~pn°v, ( 133+ 0.20) %
h~pth v, (44 +£ 22 )x1073
h~p~htu, ( 115+ 0.23)%

h=h= ht2rly, (52 4 05 )x1073
h=h~ h+27%, (ex.KO) (51 + 05 )x1073
h=h= h* 2700, (ex.K%w,m) [ (10 + 04 )x 1073
h=h=ht > 32%, [l (11 + 06 )x1073
K~ hth~ >0 neutrals v, < 6 x 1073
K~7tx~ >0 neut. v, (39 F 12)x10-3
K~nt K™ >0 neut. v, < 9 x 10~4
K~ Kt7~ >0 neut. v, (15 F 32 )x10-3
K-Ktn= v, (22 F 18 )x10-3
[oX a7 < 35 x 1074
K~ KtK~ > 0 neut. < 21 x 103

Vr
7~ Kt 7~ >0 neut. v, < 25 x 103
e~ e etveu, (28 + 1.5 )x 1075
p e etv,u, < 3.6 x 105

Modes with five charged particles

3h~2h* >0 neutrals v,
(ex. K — 7= xt)
(“5-prong”)
3h™2ht v, (ex.K©)
3h~2ht 70u, (ex.K®)

3h~2ht 2700,

1]
[

(97 £ 07 )x

(75 + 07 )x
(22 + 05 )x
< 11 X

1074

104
104
104

Miscellaneous other allowed modes

(57) " v, (33 +07)x1073
4h~3ht > 0 neutrals v, < 1.9 x 104
(“7-prong”)

K*(892)~ > O(h® # KQ)v,
K*(892)~ > 0 neutrals v,
K*(892) vy

(1.94+ 031) %
(1.33+ 013)%
( 1.28+ 0.08) %

K*(892)° K~ > 0 neutrals v, (32 + 1.4 )x1073
K*(892)°K~ v, (20 + 06 )x1073
K*(892)° 7~ > 0 neutrals v, (38 + 1.7 )x1073

K*(892)0 71~ vy (25 + 1.1 )x 1073
K1(1270)" v, (4 +4 )x1073
Ky (1400)~ v, (8 +4 )x1073
K3(1430)~ vy < 3 « 10-3
nTT v, < 14 x 1074
nr~70u, [l (1714 0.28) x 1073
nr~70n0u, < 43 x 1074
nK~ v, (26 + 07 )x 1074
nrt T~ w™ > 0 neutrals v, < 3 x 1073
T vy < 11 x 1074
nnm 70 vy < 20 x 1074

h™w > 0 neutrals v,
h~wv,
h_wﬂ'oljr

(il
i

( 2.32+ 0.11)%
(191 0.09) %
(41 £ 06 )x

1073

S=1.1
S=1.1
S=1.1
S$=1.2
S=1.2
S=1.1
S=1.1

CL=95%

CL=90%
S=1.5
CL=95%

CL=90%
CL=95%

CL=95%

CL=90%

CL=90%

CL=90%

CL=95%
CL=95%

CL=95%
CL=90%

CL=95%
CL=95%

685
585

888
885

Lepton Family number (LF), Lepton number (L),

or Baryon number (B) violating modes
(In the modes below, £ means a sum over e and u modes)

L means lepton number violation (e.g. v~ — etx— 7). Following
common usage, LF means lepton family violation and not lepton number
violation (e.g. 7~ — e~ wtx ).

ey LF < 11 x 104 CL=90% 888
uwoy LF < 42 x 1076 CcL=90% 885
e~ n0 LF < 14 x10~4  CL=90% 883
p= 70 LF < 4.4 x10~5 CL=90% 880
e~ KO° LF < 13 x10™3 CL=90% 819
u K° LF < 10 x10~3  CL=90% 815
e n LF < 63 x 1075 CL=90% 804
©on LF < 73 x 1075 CL=90% 800
e p° LF < 42 x 1076 CL=90% 722
pupO LF < &7 x 1076 CL=90% 718
e~ K*(892)° LF < 63 x 1076 CL=90% 663
™ K*(892)° LF < 94 x 1076  CL=90% 657
Ty L < 2.8 x 1074 CL=90% 883
=m0 L < 37 x 1074 CL=90% 878
e"ete~ LF < 33 x 1076 CL=90% 888
e utp~ LF < 36 x 107 CL=90% 882
etu p~ LF < 35 x 1076 CL=90% 882
u-ete~ LF < 34 x 1076  CL=90% 885
ute e~ L < 34 x 1076 CL=90% 885
wptu LF < 19 x 1076  CL=90% 873
e~ ntn~ LF < 4.4 x 1076 CL=90% 877
etn— 7~ L < 44 x 1076 CL=90% 877
pumntaT LF < 74 x 1076 CL=90% 866
putr— - L < 6.9 x 1076  CL=90% 866
e~ K~ LF < 77 x 1076 CL=90% 813
e~ Kt LF < 46 x 1076 CL=90% 813
etm= K~ L < 45 x 1076 CL=90% 813
pmrt K= LF < 87 x 1076 CL=90% 800
pm T Kt LF < 15 x 1075 CL=90% 800
putn= K~ L < 20 x 1075  CL=90% 800
Py LB < 29 x 1074 CL=90% 641
prl LB < 66 x 10~4  CL=90% 632
Pn LB < 130 x 1073 CL=90% 475
e~ K*(892)° LF < 11 x 1075  CL=90% 663
n~ K*(892)° LF < 87 x 1076  CL=90% 657
e~ light boson LF < 27 x 1073 CL=95% -
1~ light boson LF <5 x10~3  CL=95% -

| Heavy Charged Lepton Searches I

L% - charged lepton

Mass m > 42.7 GeV, CL =95% m, ~ O

L* - stable charged heavy lepton
Mass m > 42.8 GeV, CL = 95%

See the Particle Listings for a Note giving details of neutrinos, masses,
mixing, and the status of experimental searches.

J:%

Mass m:  Unexplained effects have resulted in significantly neg-
ative m? in the new, precise tritium beta decay experiments.
It is felt that a real neutrino mass as large as 10-15 eV would
cause observable spectral distortions even in the presence of
the end-point count excesses.

Mean life/mass, 7/m,, > 300 s/eV, CL = 90%

Magnetic moment 1 < 1.8 x 10710 g, CL = 90%

— 1
J=3

Mass m < 0.17 MeV, CL = 90%
Mean life/mass, r/m,,“ > 15.4 s/eV, CL = 90%

Magnetic moment 1 < 7.4 x 10710 45, CL = 90%
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Mass m < 24 MeV, CL = 95%
Magnetic moment u < 5.4 x 1077 pug, CL = 90%

I Number of Light Neutrino Typ&il

(including ve, v,, and v, )
Number N = 2.991 + 0.016 (Standard Model fits to LEP data)
Number N = 3.09 £ 0.13  (Direct measurement of invisible Z
width)

Massive Neutrinos and
Lepton Mixing, Searches for

For excited leptons, see Compositeness Limits below.

See the Particle Listings for a Note giving details of neutrinos, masses,
mixing, and the status of experimental searches.
No direct, uncontested evidence for massive neutrinos or lepton mixing
has been obtained. Sample limits are:
Mass m > 45.0, CL = 95% (Dirac)
Mass m > 39.5, CL = 95% (Majorana)
v oscillation: v, — ve (6 = mixing angle)
Mass m > 19.6 GeV, CL = 95% (all |Ug;|?) (Dirac)
Mass m > 45.7 GeV  or m < 25, CL = 95% (|Uy;|? > 10713
(Dirac)
v oscillation: U, /A T,
A(m?) < 0.0075 eV?, CL = 90%  (if sin%26 = 1)
sin220 < 0.02, CL = 90%  (if A(m?) is large)
v oscillation: v, — v, (¢ = mixing angle)
A(m?) < 0.09 eV?, CL =90% (if sin?20 = 1)
sin226 < 25x 1073, CL = 90%  (if A(m?) is large)

NOTES

In this Summary Table:

When a quantity has “(S = ...)" to its right, the error on the quantity has
been enlarged by the “scale factor” S, defined as S = \/X2/(N — 1), where N
is the number of measurements used in calculating the quantity. We do this
when S > 1, which often indicates that the measurements are inconsistent.
When S > 1.25, we also show in the Particle Listings an ideogram of the
measurements. For more about S, see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decay, p is
the momentum of each decay product in the rest frame of the decaying particle.
For a 3-or-more-body decay, p is the largest momentum any of the products
can have in this frame.

[a] The ucertainty in the electron mass in unified atomic mass units (u) is ten
times smaller than that given by the 1986 CODATA adjustment, quoted
in the Table of Physical Contants (Section 1). The conversion to MeV
via the factor 931.49432(28) MeV/u is more uncertain because of the
electron charge uncertainty. Our value in MeV differs slightly from the
1986 CODATA result.

[b] This is the best “electron disappearance” limit. The best limit for the
mode e~ — vy is > 2.35 x 10?5 yr (CL=68%).

[¢] The muon mass is most precisely known in u (unified atomic mass units).
The conversion factor to MeV via the factor 931.49432(28) MeV/u is
more uncertain because of the electron charge uncertainty.

[d] See the “Note on Muon Decay Parameters” in the x Particle Listings for
definitions and details.

le] P, is the longitudinal polarization of the muon from pion decay. In
standard V—A theory, P, = 1 and p = § = 3/4.

[f] This only includes events with the  energy > 10 MeV. Since the e~ Te v,
and e~ U v,y modes cannot be clearly separated, we regard the latter
mode as a subset of the former.

[g] See the 1 Particle Listings for the energy limits used in this measurement.

[h] A test of additive vs. multiplicative lepton family number conservation.

[i] Basis mode for the 7.
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QUARKS

The u-, d-, and s-quark masses are estimates of so-called “current-
quark masses,” in a mass-independent subtraction scheme such as
MS at ascale 4 =~ 1 GeV. The c- and b-quark masses are estimated
from charmonium, bottomonium, D, and B masses. They are the
“running” masses in the MS scheme. These can be different from
the heavy quark masses obtained in potential models.

0Py =33h)

Mass m = 2 to 8 MeV (2] Charge=3%e [, =+}
my/mg = 0.25 to 0.70

10P) =331

Mass m = 5 to 15 MeV [2] Charge=-%e [, =-}%
ms/mg = 17 to 25

L R ©

1Py = 0(3)

Mass m = 100 to 300 MeV [?l  Charge = —} e Strangeness = —1
(ms = (my + mg)/2)/(mg — my) = 34 to 51

1(JP) = o(3*)

Mass m = 1.0 to 1.6 GeV Charge = % e Charm = +1

1Py = 0(3)
Mass m = 4.1to 45 GeV ~ Charge = —} e Bottom = —1

[] 1UP) = o(3 )

Charge =% e Top = +1

Mass m = 180 & 12 GeV  (direct observation of top events)
Mass m = 179 + 81’% GeV  (Standard Model electroweak fit)

b (4" Generation) Quark, Searches for

Mass m > 85 GeV, CL = 95% (pP, charged current decays)
Mass m > 46.0 GeV, CL = 95% (et e, all decays)

I Free Quark Searches I

All searches since 1977 have had negative results.

NOTES

[a] The ratios m,/mg and mg/m 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.
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LIGHT UNFLAVORED MESONS
(S= C= B=0)

For | =1 (m, b, p, a): ud, (uT—dd)/v/2, dT;
for i =0 (n, 0/, h b, w, ¢, F, f'): (VT + dd) + cp(s3)

16(JPy=1"(07)

Mass m = 139.56995 + 0.00035 Mey
Mean life 7 = (2.6033 £ 0.0005) x 10~8 s (S = 1.2)
cr = 7.8045 m
xf o vy form factors [2]
Fy = 0.017 + 0.008
Fa = 0.0116 & 0.0016 (S = 1.3)
_ +0.009
R=0.059 Zgg0g

7~ modes are charge conjugates of the modes below.

P
=+ DECAY MODES Fraction (F;/T) Confidence level (MeV/c)
wty, [b] (99.98770:+0.00004) % 30

uwtu,y [c] (124 +025 )x107% 30
etue [b] (1.230 +0.004 )x10~% 70
etvey [c] (161 +£023 )x10~7 70
etyen? ( 1.025 +0.034 )x10~8 4
etreete™ (32 +05 )x1079 70
etvevy <5 x 1076 90% 70
Lepton Family number (LF) or Lepton number (L) violating modes
ut T, L [d < 15 x 103 90% 30
utve LF  [d < 80 x 1073 90% 30
n~etety LF < 16 x 10~6 90% 30
Mass m = 134.9764 + 0.0006 MeV
m.y — Moo= 4.5936 + 0.0005 MeV
Mean life 7 = (8.4 + 0.6) x 10~7 s (S = 3.0)
cr = 25.1 nm
Scale factor/ P
9 DECAY MODES Fraction (;/T) Confidence level (MeV/c)
2y (98.798+0.032) % s=1.1 67
ete vy ( 1.19840.032) % S=1.1 67
~ positronium (1.82 £0.29 ) x 1079 67
etete e~ (314 £0.30 ) x 1075 67
ete™ (75 +20 )x1078 67
4y < 2 x 1078 CL=90% 67
%4 le] < 83 x 10~7 CL=90% 67
VeTe < 17 x 1076 CL=90% 67
vy < 31 x 1076 CL=90% 67
UrUp < 21 x 1076 CL=90% 67
Charge conjugation (C) or Lepton Family number (LF) violating modes
3y c < 31 x 10~8 CL=90% 67
ute  + e put LF < 172 x 10~8 CL=90% 26
/G(JPC) =0t~
Mass m = 547.45 &+ 0.19 MeV (S = 1.6)
Full width I = 1.18 + 0.11 keV [l (S = 1.8)
C-nonconserving decay parameters (€]
ata= 70  Left-right asymmetry = (0.09 + 0.17) x 102
atr=70 Sextant asymmetry = (0.18 + 0.16) x 1072
ntn~ 7% Quadrant asymmetry = (—0.17 % 0.17) x 1072
ata~y  Left-right asymmetry = (0.9 + 0.4) x 102
rtx~~y B (D-wave) = 0.05 + 0.06 (S =1.5)
Scale factor/ P
n DECAY MODES Fraction (;/T) Confidence level (MeV/c)
neutral modes (71.4 £0.6 ) % S$=1.3 -
2y [f] (39.25+0.31) % S=1.3 274
370 (321 £0.4 )% s=1.2 180
702y (71 1.4 )x 104 258

other neutral modes < 28 % CL=90%

charged modes (28.6 £0.6 )% S=1.3 -
ata— a0 (232 05 )% $=1.3 175
ata Ty ( 4.78+0.12) % S=1.2 236
ete v (49 +1.1 )x1073 274
utp=y (31 04 )x 1074 253
ete™ < 3 x 104 CL=90% 274
wtp™ (58 +£08 )x10=6 253
nta—ete (13 £12)x103 236
rtrT 2y < 21 x 10~3 236
atr= a0y < 6 x 10~%  CL=90% 175
mOutpy < 3 x 106 CL=90% 211
Charge conjugation (C), Parity (P), or
Charge conjugation x Parity (CP) violating modes
ata~ p,cP < 15 x 10—3 236
3y c < s x 104  CL=95% 274
nOet e c < 4 x10-5  CL=90% 258
wOutp c [h < 5 x1076  CL=90% 211

f5(400-1200) [

oro

/G(JPC) — 0+(0++)

The interpretation of this entry as a particle is controversial. See the
“Note on scalar mesons” in the Particle Listings under the f(1370).
Mass m = (400-1200) MeV
Full width I = (600-1000) MeV

fo(400-1200) DECAY MODES Fraction (I';/T) p (MeV/c)

T dominant -

%% seen -
p(770) U1 16(PC =1+~ ")

Mass m = 768.5 + 0.6 MeV (S = 1.2)
Full width ' = 150.7 &+ 1.2 MeV
lee = 6.77 %+ 0.32 keV

Scale factor/

P
p(770) DECAY MODES Fraction (;/T) Confidence level (MeV/c)

e ~ 100 % 358
p(T70)* decays
aty ( 45 05 )x1074  s=22 372
S| < 6 x10~3  CL=84% 146
LA < 20 x10~3  CL=84% 249
p(770)° decays
ata ey (99 +16 )x1073 358
70y (7.9 20 )x 1074 372
ny ( 38 +07 )x 1074 189
utp~ k] ( 4.60+0.28) x 10~5 369
ete~ [k] ( 4.48+0.22) x 10~5 384
atr= 70 < 12 x10~4% CL=90% 319
atr ot~ < 2 x 10~4 CL=90% 246
ata=x0x0 < 4 x 10~5 CL=90% 252

16(PCY =0=(17 ")

Mass m = 781.94 & 0.12 MeV (S = 1.5)
Full width ' = 8.43 + 0.10 MeV
lee = 0.60 + 0.02 keV
14
Confidence level (MeV/c)

w(782) DECAY MODES Fraction (;/T)

ata—n0 (88.8 +£0.7 ) % 327
70 (85 £05)% 379
atn— ( 2.2140.30) % 365
neutrals (excluding7®+) (53587 )x1073 -
ny (83 +21)x10"% 199
nOete~ (59 1.9 )x 1074 379
wOutp~ (96 £23 )x 105 349
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rmta (27 £09)% s=1.1 462
ny ( 1.2640.06) % s=1.1 363
70y ( 1.314£0.13) x 10~3 501
ete” ( 3.0040.06) x 10~4 s=1.1 510
whtp ( 2.48+0.34) x 1074 499
nete~ (13 108 )x10-4 363
ata= (8 F53 )x1w0-8 $=15 490
wy < 5 % CL=84% 210
Py < 2 % CL=84% 219
Tty <7 x 1073 CL=90% 490
70n0y <1 x 1073 CL=90% 492
atn~atw < 87 x 1074 CcL=90% 410
n'(958)~ < 41 x 1074 CL=90% 60
atatr—a—x < 15 x10~%  CL=95% 341
nOete < 12 x 1074 CL=90% 501
ap(980)~y < s x1073  CL=90% 36

16(PCYy =01t )

Mass m = 1170 £+ 20 MeV
Full width T = 360 + 40 MeV

hy(1170) DECAY MODES Fraction (I';/T) p (MeV/c)
pT seen 310
by(1235) 1G(UPCy = 1+(1+ )
Mass m = 1231 + 10 MeV [/
Full width T = 142 + 8 MeV (S = 1.1)

p
by (1235) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
wm dominant 348

[D/S amplitude ratio = 0.26 + 0.04]
nty ( 1.6+0.4) x 1073 608
np seen -
rtata 70 <50 % 84% 536
(KR)* 70 < 8 % 90% 248
KKt <6 % 90% 238
KKt < 2 % 90% 238
T < 15 % 84% 146

a;1(1260) (M 1IGUPCy =1+ )

Mass m = 1230 + 40 MeV []
Full width ' ~ 400 MeV

ete~ ( 7.1540.19) x 10~5 391
atr= x0x0 < 2 % 90% 261
ntr Ty < 36 x 1073 95% 365
atn rta~ <1 x 1073 90% 256
nOn0y (7.2 25 )x10~5 367
ptp— < 18 x 1074 90% 376
3y < 2 x 10—4 90% 391
Charge conjugation (C)
nn° c <1 x 10—3 90% 162
370 c < 3 x 10~4 90% 329
77’(958) ,G(JPC) =0t~ *)
Mass m = 957.77 + 0.14 MeV
Full width [ = 0.201 + 0.016 MeV (S = 1.3)
Scale factor/ p
n’(958) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
rtr7n (437 £15)% S=1.1 232
0 (302 £1.3 )% s=1.1 169
w070y (208 +13 )% s=1.2 239
wy ( 3.02+0.30) % 160
vy ( 2.1240.13) % $=1.2 479
370 ( 1.5540.26) x 10~3 430
pwtp—~y ( 1.04+0.26) x 10™4 467
ata 0 < 5 % CL=90% 427
70 p0 < 4 % CL=90% 118
atrw < 2 % CL=90% 458
n0et e~ < 13 % CL=90% 469
nete~ < 11 % CL=90% 322
rtato— o~ < 1 % CL=90% 372
atat T " neutrals <1 % CL=95% -
atrta—x= a0 <1 % CL=90% 298
67 < 1 % CL=90% 189
rtr~ete < 6 x 1073 CL=90% 458
70n0 < 9 x10~%  CL=90% 459
w0y < 8 x10~%  CL=90% 469
470 < s x10~4  CL=90% 379
3y < 1.0 x10~4  CL=90% 479
ptp=n® < 60 x 105 CL=90% 445
wtpn < 15 x 1075  CL=90% 274
ete™ < 21 x10~7  CL=90% 479
(980) [ 16(JPC) =0t + )
Mass m = 980 + 10 MeV
Full width I = 40 to 100 MeV
P
fy(980) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T (78.1 £2.4 )% 470
KK (21.9 +24 )% -
vy (1.1940.33) x 1075 490
ete~ < 3 x 1077 90% 490
a0(980) ] 16(JPCy = 1= (0t +)
Mass m = 983.5 &+ 0.9 MeV
Full width T = 50 to 100 MeV
20(980) DECAY MODES Fraction (F;/T) p (MeV/c)
nm_ dominant 321
KK seen -
o%e seen 492
#(1020) 16(UPCy =0—(1— )
Mass m = 1019.413 + 0.008 MeV
Full width ' = 4.43.+ 0.05 MeV
e = 1.37 = 0.05 keV
Scale factor/ P
$(1020) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
KtK— (49.1 £0.6 )% $=1.2 127
K9 kY (3¢.1 £05 )% s=1.1 110
o (129 £0.7 ) % 181

a1 (1260) DECAY MODES Fraction (;/T) p (MeV/c)
p dominant 356
Y seen 607
K K*(892) possibly seen -

Mass m = 1275 £ 5 MeV U]
Full width T = 185 + 20 MeV [

/G(_/PC) — 0+(2++)

Scale factor/ P
f5(1270) DECAY MODES Fraction (F;/T) Confidence level (MeV/c)
T (847 £28 )% s=1.3 622
mtr~2n0 (72 *1é)% S=13 562
KK (46 £05)% s=2.8 403
2rt 27— (28 +£0.4 )% $=1.2 559
nn (45 +1.0 )x 1073 S=2.4 327
470 (30 £1.0 )x10-3 564
vy (1324018 x 1075 637
nam < 8 x 1073 CL=95% 475
KOK=n+ + c.c. < 34 x10=3  CL=95% 293
ete™ < 9 x 109 CL=90% 637




27

Meson Summary Table

f,(1285) DECAY MODES

IG(JPC) - 0+(1 + +)

Mass m = 1282.2 + 0.7 MeV []
Full width I = 24.8 + 1.3 MeV [/]

(S =17)
(S = 1.3)

Scale factor/

P
Fraction (I;/T) Confidence level (MeV/c)

nn seen
KK seen
ke’ seen
ete™ not seen

f,(1420) Il 1G(JPCy = oF+(1+ +)

4 (29 £6 )% 563
2020t = s + 2% S=1.1 - Mass m = 1426.8 +£ 2.3 MeV (S = 1.3)
opton— (15 =6 )% 563 Full width ' = 53 + 5 MeV
0+ -~ i + o=
p-mtw dominates 2 2w 340 . i
470 < 7 w 10-4 CL=90% s68 f1(1_420) DECAY MODES Fraction (;/T) p (MeV/c)
nww (54 +15 )% 479 KKn dominant 439
a0(980) 7 [ignoring ao(980) — (44 £7 )% S$=1.1 234 nmwmw possibly seen 571
K
. + 7 _ -
;r]j”r [excluding ap(980) 7] (0 X% S=1.1 w(1420) [0] IG(JPC) -0~ (1~ ")
KK7 (9.7 1.6)% s$=1.2 308
’JK*(”?) not seen - Mass m = 1419 + 31 MeV
h14 (66+ 1.3)% $=1.5 410 Full width T = 174 + 60 MeV
by ( 80+ 31)x1074 236
w(1420) DECAY MODES Fraction (I;/T) P (MeV/c)
7](1295) /G(JPC) =ot(o~*) pm dominant 488
Mass m = 1295 + 4 MeV
G(yjPCy —_ot(0— +
Full width T = 53 & 6 MeV n(1440) I7(7)=07(0" ™)
n(1295) DECAY MODES Fraction (T';/T) p (MeVjc) Mass m = 1415 + 10 MeV [l
- Full width T = 60 = 20 MeV []
nwtw seen 488
20(980) seen 245 n(1440) DECAY MODES Fraction (I';/T) P (MeV/c)
KK= seen 429
1r(1300) /G(JPC) =17(0" +) nwmw seen 564
ap(980) seen 347
Mass m = 1300 + 100 MeV [/ 4 seen 637
Full width [ = 200 to 600 MeV
x(1300) DECAY MODES Fraction (I';/T) p (MeVc) p(1450) lq] /G(JPC) =1ta1—"7)
pT seen 406
7 (77)s-wave seen 612 Mass m = 1465 + 25 MeV []
Full width I = 310 + 60 MeV (]
1320 G(JPCy — 1—(p++ ) ) P
32( ) 157y =17(2 ) p(1450) DECAY MODES Fraction (I';/I) Confidence level (MeV/c)
Mass m = 1318.1 = 0.7 MeV (S =1.2) L seen 719
Full width [ = 107 + 5 MeV [l (K=K and nr modes) 4 seen 665
ete™ seen 732
Scale factor/ p . Y 317
a5(1320) DECAY MODES Fraction (F;/T) Confidence level (MeV/c) Z‘; zzo %‘: 512
pT (70.1+2.7) % S$=1.2 419 o <1 % 358
nm (145+1.2) % 535 KK <1.6 x 10~3 541
wnm (10.6+3.2) % s=1.3 362
KK ( 4940.8) % 437
'(958) 57+1.1) x 10~3 287 [
ni : ( 2840 6) ) 10-3 652 5(1500) 16(JPCy =0t (0t )
Ty (1280.6) x was f(1525) and fp(1590)
vy (9.7+1.0) x 10—6 659
mta e <8 % CL=90% 621 Mass m = 1503 & 11 MeV
ete” < 23 x1077  CL=90% 659 Full width T = 120 + 19 MeV
. fo(1500) DECAY MODES Fraction (I;/T p (MeV/c)
h(1370) 6(PC) = ot o+ ) o) - -
was £,(1300) m seen
nn seen 515
Mass m = 1200 to 1500 MeV 470 seen 690
Full width I = 300 to 500 MeV 70 n0 seen 739
. ) . 2rt2r— seen 686
In two-particle decay modes the w = decay is dominant. We include here
the resonance observed in 47 under the same entry as the one decaying
to 2 doscalars. See also the minirevi d: -qG candidates.
pseudoscalars, €ee also e minireview under non-q g candidate: &(1510) ’G(JPC) — 0+(1 + +)
fo(1370) DECAY MODES Fraction (;/T) p (MeV/c) Mass m = 1512 + 4 MeV
o seen _ Full width I = 35 + 15 MeV
4 seen -
2t or— seen - f1(1510) DECAY MODES Fraction (I;/T) p (MeV/c)
wtr=2n0 seen - KK*(892)+ c.c. seen 292
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£},(1525)

IG(JPC) =ot(2++)

Mass m = 1525 + 5 MeV [l
Full width T = 76 + 10 MeV [l

!’2(1525) DECAY MODES Fraction (I;/T) P (MeV/c)
KK (88.8 +£3.1 )% 581
nn (10.3 3.1 )% 531
T (82 +1.5)x10~3 750
ey ( 1.3240.21) x 10—6 763
w(1600) 1! 16UPCYy =0~(1— ™)
Mass m = 1649 + 24 MeV (S = 2.3)
Full width T' = 220 = 35 MeV (S = 1.6)
w(1600) DECAY MODES Fraction (;/T) p (MeV/c)
pT seen 637
WTT seen 601
ete™ seen 824
w3(1670) 1I6UPCY =0~ ™)
Mass m = 1667 + 4 MeV
Full width I = 168 + 10 MeV []
w3(1670) DECAY MODES Fraction (';/I) p (MeV/c)
p seen 647
wmTT seen 614
by (1235)7 possibly seen 359
m2(1670) 16UPCY =172~ 1)
Mass m = 1670 + 20 MeV [l
Full width T = 258 + 18 MeV Il (5 = 1.7)
lee = 1.35 £ 0.26 keV
x2(1670) DECAY MODES Fraction (I;/T) P (MeV/c)
3T (95.8+1.4) % -
£(1270) (56.2+3.2) % 325
pT (31 +£4 )% 649
K(1370) 7 (8.7+3.4)% -
K K*(892)+ c.c. (4.2+1.4)% 453
vy (52+1.1) x 10-6 835
#(1680) 16(JPCYy =0~ (1~ )
Mass m = 1680 + 20 MeV ]
Full width T = 150 + 50 MeV ]
#(1680) DECAY MODES Fraction (I;/T) p (MeV/c)
KK*(892)+ c.c. dominant 463
K% Kr seen 620
KK seen 681
ete seen 840
wrnTmT not seen 622

,G(JPC) =1t3 ")

JP from the 27 and KK modes.
Mass m = 1691 + 5 MeV []
Full width I = 160 + 10 MeV Il (S = 1.5)

p3(1690) DECAY MODES

Fraction (I';/T)

p
Scale factor (MeV/c)

47

nEat

T
wTm

KK

KK
nat

7~ 70

e

(711 +£ 1.9)%
(67 £22 )%
(236 + 1.3 )%
(16 +6 )%
(38 +£12)%
(1.58+ 0.26) %
seen

1.2

788
788
834
656
628
686
728

p(1700) (@

Mass m = 1700 & 20 MeV [
Full width [ = 235 =+ 50 MeV [l

/G(JPC) - 1+(1 )

(np® and 7+ 7~ modes)
(np° and 7 7~ modes)

p(1700) DECAY MODES Fraction (I';/T) p (MeV/c)
pT dominant 640
;)(’71'“L1r~ large 640
p:t ¥ 70 large 642
2(rtnT) large 792
7r+_7r‘ seen 838
K K*(892)+ c.c. seen 479
np_ seen 533
KK seen 692
ete™ seen 850
f;(1710) 1 16(JPCy = o+ (even T +)
Mass m = 1697 + 4 MeV (S = 1.4)
Full width T = 175 £ 9 MeV (S = 1.7)
f;(1710) DECAY MODES Fraction (F; /) p (MeV/c)
KK seen 690
nn seen 648
™ seen 837
#3(1850) 1I6PCY=0~(3— )
Mass m = 1854 + 7 MeV
Full width I = 871728 Mev (S = 1.2)
$3(1850) DECAY MODES Fraction (I';/T) p (MeV/c)
KK seen 785
K K*(892)+ c.c. seen 602
£(2010) 16(JPCy = o2+ 1)
Seen by one group only.
Mass m = 2011753 Mev
Full width I = 202 + 60 MeV
£,(2010) DECAY MODES Fraction (I';/I) p (MeV/c)
¢¢ seen -
£;(2050) 16(JPCy = ot(@at+)
Mass m = 2044 + 11 MeV (S = 1.4)
Full width I = 208 + 13 MeV (S = 1.2)
74(2050) DECAY MODES Fraction (I;/T) p (MeV/c)
ww (26 +6 )% 658
T (17.0+1.5) % 1012
KK (68+3d)x1073 895
nn (2.1+0.8) x 1073 863
470 < 12 % 977
(2300) 1G(UPCYy = ot 2+ )
Mass m = 2297 + 28 MeV
Full width ' = 149 + 40 MeV
£(2300) DECAY MODES Fraction (I;/T) p (MeVfc)
Y03 seen 529
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Lepton Family number (LF), Lepton number (L), AS = AQ (SQ)

IG(JPC) — 0+(2++)

violating modes, or AS = 1 weak neutral current (S1) modes

+ate— v -8 —90Y
Mass m = 2339 4 60 MeV Trrte 7, 5Q < 12 x 10»6 CL~900A 203
Full width I = 319+80 MeV L T sSQ < 3.0 x 10 CL=95% 151
u - =70 rteter s1 ( 2.74+0.23) x 10~7 227
+utp s1 < 23 x 1077 CL=90% 172
,(2340) DECAY MODES Fraction (F;/T) P (MeVjc) v s1 < 24 x 109 CL=90% 227
bo seen 573 u~vetet LF < 20 x 1078  CL=90% 236
utve LF [d< 4 x10~3  CL=90% 236
rtute” LF < 21 x 10~10  cL=90% 214
STRANGE MESONS atu~ et LF < 7 x 1079  CL=90% 214
- utet L <7 x 1079  CL=90% 214
(S = :|:1, C=B= 0) netet L < 10 x1078  CL=90% 227
-+, + —4 0,
= k0 _ 4 O T - - * TTpT L < 15 x 10 CL=90% 172
K'Y = us, KY = ds, K’ =ds, K~ =1s, similarly for K*'s W L [ < 33 «10-3  CL=90% 236
mOet v, L [ < 3 x 103 CL=90% 228
0 Py _ 10—
Mass m = 493.677 + 0.016 MeV [*] (S = 2.8) 17) = 3(07)
Mean life 7 = (1.2386 + 0.0024) x 10785 (S = 2.0
. ;713(m ) ( ) 50% Ks, 50% K|
- Mass m = 497.672 &+ 0.031 MeV
Slope parameter g [V] Mo — My = 3.995 + 0.034 MeV (S = 1.1)
(See Particle Listings for quadratic coefficients) [myo — Mzo| / Maverage < 9 x 10712 (6]
Kt — rtrtr~ = —0.2154 £ 0.0035 (S = 1.4)
K= — m~an~nt = —0.217 £ 0.007 (S = 2.5) 0 P 1
K* — ntn070 = 0594 £ 0.019 (S =1.3) Ks 107) = 3(07)
K decay form factors (2] Mean life 7 = (0.8927 + 0.0009) x 10710 s
K& Ay = 0.0286 + 0.0022 cr = 26762 cm
K¥, Ay = 003340008 (S=16) CP-violation parameters (<]
" . . .
Im(n4—o) = —0.015 + 0.030
+ =0.004 + 0.007 (S=16 +-0
K“s o ( ) |m(T[000)2 < 0.1, CL = 90%
K}y |fs/fi| =0.084 £0023 (S=12)
" Scale factor/ p
Ke3 |fT/f+| =0.38 £0.11 (S = 1-1) Kg DECAY MODES Fraction (;/I) Confidence level (MeV/c)
+ _
Kty |fr/fi| =002 +012 ata— (68.61+0.28) % 5=1.2 206
K+ — etvey |Fa+ Fy|=0.148 £0.010 070 (31.39+0.28) % s=1.2 209
Kt — uty,y |Fa+ Fy| < 0.23,CL=90% ntry lvdd] ( 1.78+0.05) x 10—3 206
K+ — etuey |Fa— Fy| < 049 L% (2.4 £09 )x 1076 249
Kt — ptv,y |Fa— Fy|=-22t003 ata— 70 (39 *33)x1077 133
0 _
K™ modes are charge conjugates of the modes below. 37 < 37 x 1078 CL=90% 139
Scate factor/ rteFy lee] ( 6.7040.07) x 10~4 $=1.3 229
cale factor p +,F —4 _
K+ DECAY MODES Fraction (F;/F)  Confidence level (MeVjc) TR lee]  (4.694:0.06) x 10 s=i2 26
wt, (63.5140.18) % 513 236 AS = 1 weak neutral current (51) modes
et ( 1.55+0.07) x 10~5 247 “:”_ S1 < 32 x1077  CL=90% 225
- -6 _
70 (21.1640.14) % S=1.1 205 €0l S1 < 28 x 104 CL*%:/" 249
rtata ( 5.59+0.05) % s=18 125 mere s1 < bl x 10 CL=90% 231
ntx0x0 ( 1.7340.08) % s=1.2 133
0,,+
LAl TaNY) ( 3.1840.08) % S=1.5 215 _
Called K. K} 1P) = 3(07)
metve ( 48240.06) % s=13 228 mk, — kg = (0.5304 + 0.0014) x 1010 s 5~ 1
o o led Key. (ot 104 n 105 = (3.491 + 0.009) x 10~12 MeV
m0r0et v, 1 40.4 ) x 10~ 206 L _8 _
mtametu, ( 3.914017) x 10-5 203 Mean I|ie 7=(517 £ 0.04) x107%s (S =1.1)
mtruty, (1.4 +0.9 ) x 10~5 151 cr=1551m
wO0r0x0ety, < 35 %106 CL=90% 135 Slope parameter g [V
+ -6 -
LN < 1 x 10 CL=90% 221 (See Particle Listings for quadratic coefficients)
w3y x] < 1.0 x 1074 CL=90% 227 o 5 -0
wtv,vw < 60 x 1076 CL=90% 236 Ki— mha~a = 0670 £ 0014 (S = 1.6)
e:ueui < 6 x 10*2 CL=90% 247 K decay form factors (W]
prvpere (1.06:£0.32) x 10 2% K% Ay =0.0300 £ 0.0016 (S =1.2)
+, et +2.1 -7
e+uee+e (21 Typ)x10 . 247 K23 Ay = 0034 £ 0005 (S=2.3)
41 1077 CL=90% 185
R < X ° KO3 Xo=0.025+0006 (S=2.3)
+ _
SRR S ] < oona
Ty X,y . .15) x o _
7t 70~ (DE) [xz] (18 £0.4 )x1075 205 K% |fr/fi| < 0.23,CL =68%
rtrta=y [xy] ( 1.04+0.31) x 104 125 K33 |fr/fy] = 0.12 £ 0.12
mta0nly xyl (75 $38 )x1076 133 Ki— ete vy ap. =—028+0.08
7r0p,Jr vy [xy] < 6.1 x 1075 CL=90% 215
et ey [xy] ( 2.6240.20) x 1074 228
70 et vy (SD) [aa] < 5.3 x 1075 CL=90% 228
wOm0etvey <5 x 1076 CcL=90% 206
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CP-violation parameters [cc]
6 = (0.327 + 0.012)%
|noo| = (2.275 £ 0.019) x 1073 (S = 1.1)

|n4—| = (2.285 + 0.019) x 1073
|00/n4— | = 0.9956 + 0.0023 [T (S = 1.8)
€/e=(15+08)x 1073 (s=18)
= (43.7 + 0.6)°
doo = (435 £ 1.0)°
o0 — ¢4 =(—0.2+08)°
jfor K — a7~ % =0.0011 & 0.0008
|74—+] = (2.35 £ 0.07) x 1073
By = (44 £ 4)°
}e_, /e < 03, CL=90%

AS = —AQ in K9, decay
Re x = 0.006 + 0.018 (S = 1.3)
Im x = —0.003 4+ 0.026 (S = 1.2)
CPT-violation parameters
Re A = 0.018 = 0.020
Im A =0.02 £+ 0.04

Scale factor/ P

K?_ DECAY MODES Fraction (T;/T) Confidence level (MeV/c)

370 (2112 +0.27 ) % s=1.1 139
ata= 70 (12.56 +£0.20 ) % S=1.7 133
atuFu . lgg] (27.17 £0.25 )% S=1.1 216
Called Ku3.
rteFu, . leg] (38.78 +£0.27 )% S=1.1 229
Called K.
2y (592 +£0.15 ) x 1074 249
3y < 24 x 1077 CL=90% 249
02y [hh] ( 1.70 +0.28 ) x 10~ 231
wOrteFy leg] ( 5.18 £0.29 ) x 105 207
(m ;Latom) (1.06 £0.11 ) x 1077 -
ateFuey [v.eg.hh] (13 +08 )% 229
rtrTy [vhh) (461 +0.14 ) x 1075 206
7On0~y < 56 x 1076 209

Charge conjugation x Parity (CP, CPV) or Lepton Family number (LF)
violating modes, or AS = 1 weak neutral current (S1) modes

= cPv ( 2.06740.035) x 10~3  S=1.1 206
7070 cPv (9.36 +£0.20 ) x 10~4 209
uwtp~ s1 (72 405 )x107? s=14 225
wtu—y S1 (323 +£0.30 ) x 1077 225
ete~ s1 < 41 x 1011 CL=90% 249
ete vy s1 (91 +05 )x1076 249
ete vy S1 [hh] (65 +12 )x1077 249
rtrete” s1 < 25 x 1076 CL=90% 206
utu—ete” S1 < 49 x 1076 CL=90% 225
ete"ete” s1 (i (41 +08 )x1078 s=12 249
wOutp~ CP,S1 [jj] < 5.1 x 10~9 CL=90% 177
mOet e~ CP,S1 [jj] < 43 x 1079 CL=90% 231
vy CP,S1[kk] < 58 x10~5 CL=90% 231
et ¥ LF  [gg] < 3.3 x 10~ 11¢cL=90% 238
K*(892) 0Py = 407)

K*(892)* mass m = 891.59 & 0.24 MeV (S = 1.1)

K*(892)° mass m = 896.10 + 0.28 MeV (S = 1.4)

K*(892)% full width I = 49.8 + 0.8 MeV

K*(892)° full width [ = 50.5 + 0.6 MeV (S = 1.1)

P
K*(892) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

K ~ 100 % 291
KO~ ( 2.3040.20) x 10~3 310
KEy ( 1.0140.09) x 10~3 309

Knn < 7 x 10™4 95% 224

)= )

Mass m = 1273 + 7 MeV []
Full width I = 90 + 20 MeV [/}

Ky (1270) DECAY MODES Fraction (I';/T) p (MeV/c)
Kp (42 +6 )% 76
K(1430) 7 (28 +4 )% -
K*(892)m (16 +5 )% 301
Kw (11.0+£2.0) % -
K fp(1370) (3.0£2.0) % -

Mass m = 1402 + 7 MeV
Full width T = 174 + 13 MeV (S = 1.6)

K;(1400) DECAY MODES Fraction (F;/T) p (MeV/c)
K*(892)w (94 +6 )% 401
Kp (3.04£3.0)% 298
K f(1370) (2.042.0)% -
Kw (1.0+1.0)% 285

K*(1410) 1UP) = 3(17)

Mass m = 1412 + 12 MeV (S = 1.1)
Full width [ = 227 £ 22 MeV (S = 1.1)

p
K*(1410) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

K*(892)m > 40 % 95% 408

Km (6.6+1.3)% 611

Kp < 7 % 95% 309
2(1430) 1 1(4P) = }(0™)

Mass m = 1429 + 6 MeV
Full width ' = 287 + 23 MeV

K5(1430) DECAY MODES Fraction (F;/T) p (MeV/c)
Kr (93+10) % 621
K3(1430) 1Py = 32
K3(1430)* mass m = 1425.4 = 1.3 MeV (S = 1.1)
K3(1430)° mass m = 1432.4 £ 1.3 MeV
K3(143 )i full width [ = 98.4 + 2.3 MeV
K3(1430)° full width [ = 109 + 5 MeV (S = 1.9)

Scale factor/

p
K3(1430) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Kr (49.74+1.2) % 622
K*(892)w (25.2+1.7) % 423
K*(892)wm (13.04£2.3) % 375
Kp (88+0.8) % S=1.2 331
Kw (2.940.8)% 319
Kty ( 2.4405) x 1073 627
Kn (14%28)x 1073 S=1.1 492
Kwm < 72 x 1074 CL=95% 110
KO~ < 9 x 10~4 CL=90% 631
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K*(1680)

Mass m = 1714 + 20 MeV (S = 1.1)
Full width [ = 323 & 110 MeV (S = 4.2)

1(4P) = 3(17)

K*(1680) DECAY MODES Fraction (I';/T) p (MeVjc)
Km (38.7+£2.5) % 779
Kp (314357 % 571
K*(892)m (20.9722) 9 615
K(1770) [mml 1(4Py = 3(27)
Mass m = 1773 + 8 MeV
Full width ' = 186 + 14 MeV
K3(1770) DECAY MODES Fraction (I';/T) p (Mev/c)
Knrm -
K3(1430) 7 dominant 287
K*(892)w seen 653
K £,(1270) seen -
Ko seen 441
Kw seen 608
3(1780) 1Py = 3(37)

Mass m = 1770 + 10 MeV (S = 1.7)
Full width I = 164 &+ 17 MeV (S = 1.1)

Scale factor/ P

K;(17BO) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kp (45 +4 )% S=1.4 612
K*(892) 7 (27.3£32) % S=1.5 651
Kr (19.3+1.0) % 810
Kn (8.0+1.5)% S=1.4 715
K3(1430) 7 <21 % CL=95% 284
K>(1820) i) 14P) = 327)

Mass m = 1816 + 13 MeV

Full width I = 276 + 35 MeV
K2(1820) DECAY MODES Fraction (I;/) p (MeV/c)
Ko possibly seen 481
K3%(1430) 7 seen 325
K*(892) 1 seen 680
K £(1270) seen 186
Kw seen 638

%(2045) 1(UP) = 3(ah)

Mass m = 2045 +£ 9 MeV (S = 1.1)

Full width ' = 198 + 30 MeV
Kz(204»5) DECAY MODES Fraction (I';/T) p (MeV/c)
Kr (9.9+1.2) % 958
K*(892)rm (9 +5 )% 800
K*(892)rmm (7 £5 )% 764
pKT (5.7+£3.2) % 742
wKr (5.0+£3.0) % 736
dKm (2.8+1.4) % 591
P K*(892) (1.4£0.7) % 363

(C==+1)

Dt = ¢d, D° = ¢7, D° = Eu, D~ = ©d,

CHARMED MESONS

similarly for D*'s

1(4P) = }(07)
Mass m = 1869.3 & 0.5 MeV (S = 1.1)
Mean life 7 = (1.057 + 0.015) x 10712 5
cr = 317 um

CP-violation decay-rate asymmetries
Acp(Kt K~ n%) = —0.03 + 0.07
Acp(K* K*0) = —0.12 + 0.13
Acp(¢pmt) = 0.07 £ 0.09

Dt — K*(892)° £+, form factors
r, =073 + 0.15
r, = 1.90 + 0.25
FL/FT =123+0.13
ry/T_ =016 + 0.04

D™ modes are charge conjugates of the modes below.

Scale factor/ P

Dt DECAY MODES Fraction (;/T) Confidence level (MeV/c)

Inclusive modes

et anything (17.2 £1.9 )% -

K™ anything (242 £28 )% S=1.4 -

Voanything + KO%anything (59 +7 )% -

K+ anything (58 £1.4 )% -

n anything [o0] < 13 % CL=90% -

Leptonic and semileptonic modes

ntu, < 72 x 1074 CL=90% 932

KO¢ty, [pp] (67 +£0.8 )% 868
KPety, (6.6 £0.9 )% 868
Koutw, (70 *39)% 865

K- rtetuv, (42 ¥32)% 863
K*(892)%e" v, (32 +£033)% 720

x B(K*® - K—7t)

K~ 7t et v, nonresonant <7 x 1073 CL=90% 863
K-ntuty, (32 +04 )% S=1.1 851

K*(892)0utv, (30 £0.4 )% 715

x B(K*® - K—z1)

K~ at vy, nonresonant (27 +1.1)x103 851
(K*(892)7)%et ve < 12 % CL=90% 714
(K7m)° et venon-K*(892) < 9 x 1073 CL=90% 846
K=nta0pty, < 14 x 103 CL=90% 825
w00t y, lgq] (5.7 22 )x10~3 930

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

K*(892)0 ¢+ v, [Pl (4.8 £0.4 )% 720
K*(892)% et v, (48 +05)% 720
K*(892)°ut v, (45 406 )% s=1.1 715

Petv, < 37 x 1073 CL=90% 776

Puty, (20 13 )x10-3 772

det e < 2.09 % CL=90% 657

dutuy, < 372 % CL=90% 651

7'(958) ut v, < 9 x10~3  CL=90% 684

Hadronic modes with a K or KKK
Kont ( 2.74+0.29) % 862
K- atat r] (91 £06 )% 845
K*(892)° 7+ (1.2840.13) % 712
x B(K*® —» K~ at)

K (1430)0 7+ (23 403 )% 368
x B(K3(1430)° —» K—at)

K*(1680)° 7t (3.7 £08 )x 1073 65
x B(K*(1680)° — K~ x+)

K~ xtnt nonresonant (86 £0.9 )% 845
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KOn+n0 [rr]
KOpt
K*(892)0nt
x B(K*® - KO70)
KOzt n0 nonresonant
K™ ntatn0 [rr]
K*(892)° p+ total
X 3(7*0 — K= 7t)
K1(1400)° 7+
x B(K1(1400)° —» K~ xtx0)
K~ ptrttotal
K~ pt nt 3-body
K*(892)° 7t nOtotal
x B(K*® - K~ xt)
K*(892)° 7+ 703-body
x B(K*® —» K—=71)
K*(892)~ nt nt 3-body
x B(K*~ — K~ nx9)

K~ w7+ 70 nonresonant [ss]

Kortgtn— [rr]
KOa(1260)t

x B(a;(1260)* — ntzxtsT)
K1(1400)0 7t

x B(K1(1400)° —» KOrxtzx~)
K*(892)~ ntxt 3-body
x B(K*~ — K%71~)
KO 27 total
KO pO 7t 3-body
KOx+t 7t~ nonresonant
K ntatata™
K*(892)0rtnt o
x B(K*® — K- %)
K*(892)0 07t
x B(K* — K—nt)
K= ntntx0n0
KOxtgtg— g0
Kortptgpta—a—
K- rtatata— 70
KOKO k+

Fractions of some of the following modes with resonances have already

(9.7 £30)%
(6.6 £2.5 )%
(6.4 +0.6 )x 103

(13 £1.1)%
(6.4 +1.1 )%
(14 £09)%
(22 £06 )%
(31 +11)%
(1.1 £04 )%
(45 £09)%
(28 £09)%
(7 +3 )x1073
(1.2 £06 )%
(70 £1.0 )%
(40 £09)%
(22 +06 )%

(14 +£06)%

(42 +£09)%
(5 +5 )x10-3
( +4 )x10-3

2 +1.4 )x 1073
8 +1.8 )x 10~3

(51 +2.2 )x1073

(22 735 %

(54 39y %
(8 +7 )x10™%
(20 +1.8)x1073
(18 +08 )%

S=1.1

appeared above as submodes of particular charged-particle modes.

KO pt+

KCay(1260)*

KO a,(1320)

K*(892)°0nt

K*(892)0 pt total
K*(892)° pt S-wave [ss]
K*(892)° pt P-wave
K*(892)0 p* D-wave
K*(892)° pt D-wave longitu-

. dinal

K1(1270)0 7+

K1 (140007

K*(1410)0 7+

K5(1430)07+

K*(1680)0 7+

K*(892)% nt 70 total
K*(892)° 7+ n03-body
K*(892)~ nt 7+ 3-body

K~ pt nttotal
K~ ptt3-body

KO pOnt total
KO o0t 3-body

KO fo(980) 7+

K*(892)°ntnt o~
K*(892)° p0xt

(66 £25)%
(81 £1.7)%

< 3 x 1073
(1.92+£0.19) %
(21 £14)%
(17 £16 )%

<1 x 10—3
(10 +7 )x10-3
< 7 x 1073
< 7 x 103
(50 £1.3)%
< 7 x 10~3
(37 £04)%
( 1.45+0.31) %

(67 £1.4 )%
(42 +£1.4)%
(21 £09)%
(31 £1.1 )%
(11 £04)%
(42 4£09)%
(5 +5 )x10-3
< 5 x 1073
( 1.024+0.27) %
(7.7 £33 )x 1073

Pionic modes

atg0

rtata—
POt
atatsx

nonresonant

(25 +0.7 )x 103
(32 +0.6 )x 1073
< 14 x 10—3
(25 +£0.7 )x 1073

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

845
680
712

845
816
423

390

616
616
687

687

688

816
814
328

390

688

614
614
814
772
642

242

775

773

714
718
545

680
328
199
712
423
423
423
423
423

487
390
382
368

65
687
687
688
616
616
614
614
461
642
242

925
908
769
908

-0 1.5
atrta—x (19 *13)%
nrt x B(n » wta~ (18 +0.6 )x10~3
wrt x Bw — wtr—x0) < 6 x 1073
0.8 .
(10 ¥38)x10-3

CL=90%
atrtate— o~
0

atatata—r=n (29 22 )x1073

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

nrt (75 +25 )x 103
POt < 14 x10~3  CL=90%
wrt <7 x 1073 CL=90%
npt < 12 % CL=90%
n'(958) 7+ < 9 x1073  CL=90%
7'(958) pt < 15 % CL=90%
Hadronic modes with a KK pair
KTKO (72 12 )x10~3
KtK—nt [rr] (89 +0.8 )x10-3
¢t x B¢ - KtK™) (30 £03 )x 1073
K+ K*(892)° (28 £0.4 )x 1073
x B(K*® - K==t
K* K~ m* nonresonant (46 £09 )x1073
KOKO ¢t
K*(892)t KO (20 £09 )%
x B(K*t — KOnt)
KtK—nt70
pntn® x B(p — KT K™) (11 £05 )%
¢pt x B(p — KTK™) < 7 x 1073 CL=90%
K+ K= 7t 70non-¢ (15 *37)%
Kt ROrt+n— < 2 % CL=90%
KOK— 7wt ot (1.0 £0.6 )%
K*(892)+ K*(892)° (12 £05)%
x B2(K* —» K='t)
KOK~nt nt non-K*t K*0 < 79 x10~3  CL=90%
KtK-ntrata—
ontata— <1 x 1073 CL=90%
x B(¢p — KTK™)
K* K~ n* 7t 7~ nonresonant < 3 % CL=90%

Fractions of the following modes with resonances have already appeared
above as submodes of particular charged-particle modes.

¢t (61 £06 )x 1073
¢t a0 (23 £1.0)%

¢p* < 15 % CL=90%
omtata— < 2 x 1073 CL=90%
K+ K*(892)° (42 £05)x 103
K*(892)+ K° (30 +1.4)%
K*(892)+ K*(892)° (26 £1.1)%

Doubly Cabibbo suppressed (DC) modes,
AC = 1 weak neutral current (C1) modes, or

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

Ktrtzo— DC (65 £26 )x 104
K+ p0 DC < 6 x10=4  CL=90%
K*(892)° 7+ DC < 1.9 x107%  CL=90%
KtKt K- DC < 15 x 1074 CL=90%
oKt DC < 13 x 1074  CL=90%
ntete” c1 < 6.6 x 1075 CL=90%
atptp c1 < 18 x 1075 CL=90%
ptutu— c1 < 56 x10™4  CL=90%
Ktete™ [tt] < 4.8 x 1073 CL=90%
Ktutp~ [tt] < 3.2 x 1074  CL=90%
rtet ¥ LF [gg] < 3.8 x 1073 CL=90%
rtetu~ LF < 33 x 1073 CL=90%
nte ut LF < 33 x 1073 CL=90%
Ktetpu~ LF < 34 x 1073 CL=90%
Kte pt LF < 34 x 1073 CL=90%
- etet L < 48 x 1073 CL=90%
- ptut L < 22 x 1074 CL=90%
- etut L < 37 x 1073 CL=90%
p~utut L < 56 x 1074 CL=90%
K~ etet L < 91 x 1073 CL=90%
K= ptut L < 32 x 1074  CL=90%
K-etput L < 40 x 1073 CL=90%
K*(892)~ putput L < 85 x 1074 CL=90%

882

848
764

845

799

848
769
764
658
680
355

792
744
647
610

744
741
611

682
619
268

682

678
678
273

678
600
565

600

647
619

565
610
611
273

845
681
712
550
527
929
917
759
869
856
926
926
926
866
866
929
917
926
759
869
856
866
703
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Mass m = 1864.5 £+ 0.5 MeV

1(4P) = 4(07)
(S = 1.1)

[mpo — mpo| < 21x10% Rs™1, CL = 90% [44]
Mpe — Mpo = 4.78 % 0.10 MeV
Mean life 7 = (0.415 + 0.004) x 10712 s

cr = 124.4 um
Mg = Tpgl/Tpe < 017, CL = 90% [uu]

[(K*r—orktn-nta=(viaD%)) _ (0037 CL = 90%

MK-mtorkK—mtntm—)

I(u~ X (via D®))/r(u*X) < 0.0056, CL = 90%
CP-violation decay-rate asymmetries

Acp(KTK~) = 0.06 £+ 0.05

ACP(K% #) = —0.03 & 0.09

Acp(K§nP) = —0.018 + 0.030

DO modes are charge conjugates of the modes below.

Scale factor/ p
DO DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Inclusive modes
et anything (77 £1.2)% S=1.1 -
ut anything [w] (68 +1.0 )% -
K~ anything (53 +4 )% $=1.3 -
KOanything + KCanything (42 +5 )% -
K* anything (34 ¥08)% -
n anything [o0] < 13 % CL=90% -
Semileptonic modes
K= tty, [pp]  ( 3.48+0.16) % S=1.1 867
K~ etv, ( 3.6440.20) % S=1.1 867
K= pty, ( 3.23+£0.19) % 863
K- n%et v, (16 F33)% 861
Kon~ et (28 F31H% 860
K*(892)" et v, ( 1.34£0.22) % 719
x B(K*~ — K%r™)
K= atn~ptw, < 12 x 1073 CL=90% 821
(K*(892)m) " putu, < 14 x 1073 CL=90% 693
netw, (38 *12)x103 927
A fraction of the following resonance mode has already appeared above as
a submode of a charged-particle mode.
K*(892)" et v, (20140.33) % 719
Hadronic modes with a K or KKK
K=t ( 3.83+0.12) % 861
KOr0 (21140.21) % s=1.1 860
Kontm= Irr] (54 £04 )% S=1.2 842
KO0 ( 1.2040.17) % 676
K £,(980) (30 +£08)x1073 549
_ X B(fg— ataT)
KO £,(1270) (23 409 )x 1073 263
_ X B(h— wta7)
K? £,(1370) (43 £1.3 )x 1073 -
x B(fy —» ntzx™)
K*(892)~ 7t (33 £03)% 711
x B(K*™ — K%z~)
K§(1430)" 7t (6.4 £16)x1073 364
x B(K3(1430)~ — K%zx™)
KOzt 7~ nonresonant ( 1.46+0.24) % 842
K=t a0 [rr] (13.9 £0.9 )% 5=1.3 844
K~ pt (10.8 £1.0 )% 678
K*(892)~ nt (1.7 02 )% 711
X B(K*™ = K~ x9%
K*(892)0 0 (21 £03)% 709
x B(K*® —» K—z%)
K~ n+ 70 nonresonant (69 +25)x 1073 844
KOn0 70 843
K*(892)°x0 (1.0 £02 )% 709
x B(K*® — KOr0)
KO 7070 nonresonant (7.8 £2.0 )x 103 843

K-rtatsa™
K~ nt pOtotal
K~ nt p93-body
K*(892)° 00
x B(K* — K~ xt)
K~ a1 (1260)+

(75 +0.4 )%
(63 £0.4 )%
(47 +21 )x10-3
(9.8 +22 )x 103

(3.6 £06 )%

x B(ay(1260)* — atatz™)

K*(892)° n* 7~ total
x B(K*® - K—xt)
K*(892)° r+ 7~ 3-body
x B(K*® — K~ x%)
Ki(1270)~ nt

x B(K1(1270)~ — K~ wtn™)

K~ n+t7nt " nonresonant
KOt x— 0

K% x B(n — wtn—x0)
Kow x B(w — ntzx—70)
K*(892)~ p+

x B(K*~ — K%z~)
K*(892)0 p0

x B(K*® - KO#0)
K1(1270)~ o+

x B(K1(1270)~ — KO%n—x9)

K*(892)° 7+ 7~ 3-body
x B(K*® — KO70)
KO 7+ 7~ n%nonresonant
K=t a0x0
K- atatr— 70
?‘(8922#4’71_710
x B(K*® - K—z71)
K*(892)%7
x B(K*® - K—7%t)
x B(n — wtr=x0)

K~ntw x B(w — 7t7~70)

K*(892)°w
x B(K*® — K~ xt)
_ x Blw — ntn~x0)
Kortntn— o~
KOnta=a0x0(x0)
KOK+ K-
K% x B(¢ — KTK™)
KoK+ K~ non-¢
K2 K K
KTK=K—nt
Kt K= KO0

Fractions of many of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes. (Modes
for which there are only upper limits and K*(892) p submodes only appear

below.)

KO7'(958)

KO £,(980)

K%

K~ a;(1260)*

KO a; (1260)°

KO £,(1270)

KO £,(1370)

K~ ay(1320)*

K*(892)~ nt

K*(892)° 70

K*(892)° 7+ 7~ total
K*(892)0 7+ 7~ 3-body

K~ 7t pOtotal
K~ 7t p°3-body
K*(892)0 p°

K*(892)° pOtransverse

K*(892)° p0 S-wave

K*(892)° p0 S-wave long.

K*(892)0 p° P-wave

K*(892)° p° D-wave

* %

(15 404 )%
(95 +2.1 )x 1073
(36 £1.0 )x 103

( 1.75£0.25) %
(100 £1.2 )%
(1.6 +03 )x 103
(1.9 04 )%
(40 +1.6 )%

(49 +1.1)x103
(51 +1.4 )x 103
(47 +1.1 )x10-3

(21 £21)%
(15 45 )%
(40 £0.4 )%
(12 £06 )%

(30 08 )x10-3

(27 +05)%
+3 )x1073

(58 +16 )x 103
(106 F13)%

(93 +1.0 )x 1073
(42 +05 )x 1073
(50 08 )x 103
(9.7 +23 )x 1074
(21 405 )x 104

(72 $38)x10-3

(70 £1.0 )x 103
(1.20+£0.17) %
(10.8 +1.0 )%
(21 £04)%
( 1.70+0.26) %
(57 +16 )x 1073
(85 +1.0 )x 103
(73 £11)%

< 1.9 %
(41 +15 )x1073
(69 +2.1 )x10~3

< 2 x10~3
(50 +0.4 )%
(31 +£04 )%
(23 +05)%
(1.42+0.32) %
(63 +£04 )%
(47 +2.1 )x 1073
(1.474+0.33) %
(15 £05)%
(28 £06 )%

< 3 x 10~3

< 3 x 1073
(1.9 £06 )%

S=1.1

CL=90%

CL=90%
$=1.2

CL=90%
CL=90%

812
612
612
418

327

683

683

483

812
812
772
670
422

418

483

683

812
815
771
641

580

605
406

768
771

544
520
544
538
434

435

772
676
678
670
565
549
520
327
322
263

197
711
709
683
683
612
612
418
418
418
418
418
418
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K*(892)~ p*
K*(892)~ p* longitudinal
K*(892)~ p* transverse
K*(892)~ p* P-wave
K~ 7 £5(980)
K*(892)° £,(980)
K1(1270)" 7t
Ky (1400)~ 7t
K1(1400)0 7
K*(1410)~ 7+
K§(1430)~ 7t
K3(1430)~ 7+
K3(1430)0 70
K*(892)°0nt n~ x0
K*(892)°n
K rntw
K*(892)°w
K~ ntn/(958)
K*(892)°/(958)

nta~
7070
rta—w
rtate o
rtatr— o w
atrtrta " n~

0

0

[ss]

(60 +2.4)%
(29 +1.2)%
(32 +1.8)%

< 15 %
< 11 %
< 7 x 103
( 1.06+0.29) %
< 1.2 %
< 37 %
< 1.2 %
( 1.04+0.26) %
< 8 x 1073
< 4 x 1073

(1.8 £0.9)%
(1.9 +05)%
(30 +£06 )%
(11 £04 )%
(70 +1.8 )x 1073
< 11 x 1073

Pionic modes

( 1.52+0.11) x 1073
(84 +22)x107%
(16 +£1.1 )%
(7.4 06 )x1073
(19 £0.4 )%
(40 +3.0)x 1074

Hadronic modes with a K'K pair

Kt K-
KOK®
KOK= 7t
K*(892)° KO
x B(K*® - K—7%1)
K*(892)+ K=
x B(K*t = KOzt)
KO K=t nonresonant
KoKt~
K*(892)0K°
x B(K* — Ktr7)
K*(892)~ K+
x B(K*~ — KO%x™)
KO K+ 7~ nonresonant
KtK—rtn—
ot

K+ K~ pP3-body
K*(892)° K~ nt

x B(K*® —» K*77)
K*(892)° Kt n—

X B(?*O — K_7r+)
K*(892)° K*(892)°

x B2(K*® - Ktr~)
K+*K~ztx" non-¢

K+ K~ 7t 7~ nonresonant

KOKOnt o=
KtK-ntn= 70

Fractions of most of the following modes with resonances have already

™ x B(¢ > KtK™)
3% x B(p — KK™)

[ww]

( 4.33+0.27) x 1073
(1.3 +0.4 )x 1073
(6.4 +£1.0 )x 1073
< 11 x 1073

(23 405 )x 1073

(23 +23)x1073
(49 +1.0 )x 103
< 5 x 1074

(1.2 +0.7 )x 1073

(38 23 )x1073
( 2.5840.28) x 103
(53 +1.4 )x1074
(53 +1.4 )x 1074
(9.0 23 )x 1074
(21 409 )x1073

(11 408 )x10~3
(6 +2 )x10~4
(1.7 +£05 )x 103
< 8 x 1074

(68 +2.7 )x 1073
(31 +2.0 )x1073

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%

S=2.7

S=1.1
CL=90%

CL=90%

CL=90%

appeared above as submodes of particular charged-particle modes.

K*(892)0 KO
K*(892) K~
K*(892)°K°
K*(892)~ K+
¢ 0
én
dw
ontn—
¢p°
¢7tm 3-body
K*(892)° K~ 7t
K*(892)° K+ 7~
K*(892)0K*(892)°

< 16 x 1073

(35 +0.8 )x1073
< 8 x 104

(1.8 +1.0 )x 1073
< 14 x 1073
< 28 x 1073
< 21 x 103

( 1.0740.29) x 1073
( 1.0740.29) x 10—3
< 5 x 1074
(32 +£1.3)x1073
(1.7 +12 )x 1073
(1.4 £05 )x 1073

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

422
422
422
422
459

483
386
387
378
364
367
363
641
580
605
406
479

99

922
922
907
879
844
795

791
788
739
605

610

739
739
605

610

739

676
614
260
309
528

528

257

676
676
673
600

605
610
605
610
644
489
239
614
260
614
528
528

Doubly Cabibbo suppressed (DC) modes,
AC = 2 forbidden via mixing (C2M) modes,

AC = 1 weak neutral current (C1) modes, or

Lepton Family number (LF) violating modes

Kt~ DC (2.9 +1.4 )x 1074 861
K+ x= (via DY) ca2m < 19 x 1074  CL=90% 861
Ktr—ntx— _ DC < 14 x 1073 CL=90% 812
K*7r~ntx (via D°) cam < 4 x 1074 CL=90% 812
w~ anything (via D°) C2m < 4 x 1074 CL=90% -
ete C1 < 13 x 1075  CL=90% 932
ptp~ c1 < 76 x 1076 CL=90% 926
nOet e c1 < 45 x 1075 CL=90% 927
wOutp c1 < 18 x10~%  CL=90% 915
nete~ c1 < 11 x 1074 CL=90% 852
nut C1 < 53 x 1074 CL=90% 838
Pete c1 < 10 x 1074 CL=90% 773
POutu~ c1 < 23 x 1074 CL=90% 756
wete™ C1 < 18 x 1074 CL=90% 768
wptp~ C1 < 83 x 1074 CL=90% 751
pete” c1 < 52 x 1075 CL=90% 654
outp c1 < 41 x 1074 CL=90% 631
Koete~ [t] < 11 x 104 CL=90% 866
Koputp~ [t] < 2.6 x 1074  CL=90% 852
K*(892)%eT e [t] < 1.4 x 1074 CL=90% 7
*(892)° ut ™ [tt] < 118 x10-3  CL=9%0% 698
ata=aOut c1 < 81 x 1074 CL=90% 863
ptp
utet LF  [gg] < 1.9 x 1075  CL=90% 929
nlet ¥ LF [gg] < 86 %105  CL=90% 924
net u¥ LF [ggl < 1.0 x 104 CL=90% 848
ety T LF [gg] < 4.9 x 1075 CL=90% 769
wet ¥ LF [gg] < 1.2 x 1074 CL=90% 764
pet uF LF  [gg] < 3.4 %1075  CL=90% 648
KO et F LF [gg] < 1.0 x 104  CL=90% 862
K*(892)0 ek uF LF [gg] < 10 x 1074 CL=90% 712
D*(2007)° 1(UP) = 3(17)
1, J, P need confirmation.
Mass m = 2006.7 & 0.5 MeV (S = 1.1)
Mpw — Mpo = 142.12 £ 0.07 MeV
Full width T < 2.1 MeV, CL = 90%
5*(2007)0 modes are charge conjugates of modes below.
D*(2007)0 DECAY MODES Fraction (I;/T) p (MeVjc)
DO 70 (61.9+2.9) % 43
DO (38.1£2.9) % 137
D*(2010)* 10P) = 1(17)
I, J, P need confirmation.
Mass m = 2010.0 + 0.5 MeV (S = 1.1)
M pe(2010y+ ~ Mp+ = 140.64 + 0.09 MeV
M pe(a010yt — Mpo = 145.42 & 0.05 MeV
Full width ' < 0.131 MeV, CL = 90%
D*(2010)~ modes are charge conjugates of the modes below.
D‘(zom)i DECAY MODES Fraction (I';/T) p (MeVjc)
DOrt (68.3+1.4) % 39
Dt 70 (30.642.5) % 38
Dty (11t2dy% 136
Dy (2420)° 1(4P) = §(at)
I, J, P need confirmation.
Mass m = 2422.2 £ 1.8 MeV (S = 1.2)
Full width T = 18.91 %8 Mev
51(2420)0 modes are charge conjugates of modes below.
D, (2420)° DECAY MODES Fraction (F;/T) p (MeV/c)
D*(2010) " 7w~ seen 355
Dt = not seen 474
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D3(2460)° 14P) = §(2*)

JP = 2+ assignment strongly favored (ALBRECHT 898).

Mass m = 2458.9 + 2.0 MeV (S = 1.2)
Full width [ = 23 4 5 MeV

5;(2460)0 modes are charge conjugates of modes below.

D3(2460)° DECAY MODES Fraction (F;/T) p (MeV/c)
Dtn— seen 503
D*(2010)* 7~ seen 387

D3(2460)*

JP = ot assignment strongly favored (ALBRECHT 89B).
Mass m = 2459 £ 4 MeV (S = 1.7)
mD;(246o)t - mD5(2460)0 =09 +33MeV (S=11)

Full width I = 25 %8 Mev

1(4P) = $(21)

D;(2460)" modes are charge conjugates of modes below.

D;(2460)* DECAY MODES Fraction (I;/T) p (MeV/c)
DOrt seen 508
D*Ort seen 390

CHARMED, STRANGE MESONS
(C=S= =+1)

+ — T D = F o .
Ds = (5, Ds =TCs, similarly for DS S

+
L»:ass . 1(JPy = 0(0™)

Mass m = 1968.5 + 0.6 MeV (S = 1.1)
mDSI — Mps = 99.2 + 0.5 MeV (S=11)

Mean life 7 = (0.467 + 0.017) x 10712 s
cr = 140 pm

DY form factors
r=16+04
r, =15+ 05
r /7 =072+0.18

Branching fractions for modes with a resonance in the final state include
all the decay modes of the resonance. D; modes are charge conjugates
of the modes below.

p

D:’ DECAY MODES Fraction (T';/T) Confidence level (MeV/c)

Inclusive modes

K~ anything (3 1% y% -

KOanything + KCanything (39 128 )% -
+ ; 118 o _

K anyihmg (20 14 )%

non- K K anything (64 +17 )% -

et anything < 20 % 90% -

Leptonic and semileptonic modes

whu, (9 + 4 )x1073 981

plty, [xx] ( 1.9+ 05)% -

netv, + 1'(958) ¢t v, (33+ 1.0)% -

netu, (254 0.7)% -
n'(958) ¢ vy (87+ 3.4)x 1073 -

Hadronic modes with a K'K pair (including from a ¢)

K+ K° (36+ 1.1)% 850
KtK—zt [ryy]l ( 46+ 1.2)% 805
ot (3.6+ 09)% 712
K+ K*(892)° (3.4% 09)% 682
f5(980) 7+ (L1+ 04)% 732
K*Kpy(1430)° (7 + 4 )x1073 186
£,(1710) 7+t — KT K~ mt  [zz] ( 1.5+ 2.0)x10~3 204
K+ K~ 7t nonresonant (9 + 4 )x10-3 805
KOKO 7zt 802
K*(892)+K° (43+ 1.4)% 683
K+ K=t x0 748
pnt a0 (9 +5 )% 687
opt (67+ 23)% 407
¢t 703-body < 26 % 90% 687

KT K= xtx%non-¢ <9 % 90% 748
KtKOrt o~ < 28 % 90% 744
KOK—ntnt (43+ 15)% 744
K*(892)+ K*(892)° ( 5.8+ 25)% 412
KoK=+t non-K*+ K*0 < 29 % 90% 744
KtK-—ntata— 673
prtata— ( 1.8+ 06)% 640
Kt K=zt xt o~ non-¢ (30F 3% x10-3 673

Other hadronic modes (0, 1, or 3 K's)

atatn= (144 0.4)% 959
POt < 29 x 10-3 90% 827
fo(980) (1.2+ 05)% 732
x+t 7+ r~ nonresonant ( 1.0+ 04)% 959
atatr a0 <12 % 90% 935
nrt (204 06)% 902
wrt < 18 % 90% 822
atrteta—n— (3.0F §%)x10-3 899
atata= 700 902
npt (103+ 3.2) % 727
nnt 703-body < 30 % 90% 886
atatata—n— a0 (4.9+ 32)% 856
7' (958) 7+ (494 1.8)% 743
atrtrt e g 70x0 803
n'(958) pt (12 + 4 )% 470
7'(958) 70 3-body < 31 % 90% 720
KOt < 8 x 10~3 90% 916
Ktata— ( 1.0+ 0.4)% 900
K+ p0 < 29 x 1073 90% 747
K*(892)0 7+ ( 65+ 2.8) x 1073 773
KTK+Y K~ < 6 x 10—4 90% 628
KT < 5 x 10—4 90% 607

AC = 1 weak neutral current (C1) modes, or
Lepton number (L) violating modes

atutu~ [aaa) < 4.3 x 1074 90% 968
Ktutp~ c1 < 5.9 x 10~4 90% 909
K*(892)* 't p™ c1 < 1.4 x 1073 90% 765
amptut L < 43 x 1074 20% 968
K= utpt L < 59 x 1074 90% 909
K*(892)~ ptput L < 14 x 1073 90% 765




36
Meson Summary Table

D 1(4P) = 27

Mass m = 2112.4 + 0.7 MeV (S = 1.1)
Mper — Mps = 143.8 4+ 0.4 MeV

Full'width T "< 1.9 MeV, CL = 90%

D;_ modes are charge conjugates of the modes below.

D;+ DECAY MODES Fraction ([;/T) p (MeV/c)
D;' ¥ seen 139
D:’ 7° seen 48

1(JPy = oat)

I, J, P need confirmation.
Mass m = 2535.35 + 0.34 MeV

Full width ' < 2.3 MeV, CL = 90%

Dsl(2536)* modes are charge conjugates of the modes below.

Dg;(2536)*

Dg; (2536)+ DECAY MODES Fraction (I';/T) p (MeV/c)
D*(2010)+ KO seen 150
D*(2007)° K+ seen 169
Dt KO not seen 382
DOKt not seen 392
D;+ ¥ possibly seen 389
D,;(2573)% 1(JPy = 2027
JPis natural, width and decay modes consistent with 22,

Mass m = 2573.5 + 1.7 MeV
Full width T = 15+2 Mev

D 7(2573)™ modes are charge conjugates of the modes below.

D,J(2573)+ DECAY MODES Fraction (I';/T) p (MeV/c)
DOK+ seen 436
D*(2007)° K+ seen 245

BOTTOM MESONS
(B= +1)

B* = ub, B® = db, B® =db, B~ =Tb, similarly for B*'s

I B-particle organization1

Many measurements of B decays involve admixtures of B hadrons. Pre-
viously we arbitrarily included such admixtures in the B+ section, but
because of their importance we have created two new sections: “B*/B°
Admixture” for T(4S) results and “B*/B°/B%/b-baryon Admixture” for
results at higher energies. Most inclusive decay branching fractions are
found in the Admixture sections. B°-B° mixing data are found in the B°
section, while B2-B? mixing data and B-B mixing data for a B%/B9 ad-
mixture are found in the Bg section. CP-violation data are found in the
BO section. b-baryons are found near the end of the Baryon section.

The organization of the B sections is now as follows, where bullets indi-
cate particle sections and brackets indicate reviews.

[Production and Decay of b-flavored Hadrons]
[Semileptonic Decays of B Mesons]
o Bt
mass
mean life
branching fractions
o B0
mass
mean life
branching fractions
polarization in B® decay
B0-BO mixing
[B-B° Mixing and CP Violation in B Decay]
CP violation
o B% B0 Admixtures
branching fractions
e B+/B0/BY/b-baryon Admixtures
mean life
production fractions
branching fractions
* B*
mass
. Bg
mass
mean life
branching fractions
polarization in B? decay
BY-BY mixing
B-B mixing (admixture of 8%, BY)
At end of Baryon Listings:
o /p
mass
mean life
branching fractions
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- 1JP) = 3(07)

I/, J, P need confirmation. Quantum numbers shown are quark-model

predictions.
Mass mg, = 5278.9 + 1.8 MeV
Mean life 7 gs = (1.62 + 0.06) x 10712 5
cr = 462 um

B~ modes are charge conjugates of the modes below. Modes which do not
identify the charge state of the B are listed in.the Bi:/B0 ADMIXTURE
section.

The branching fractions listed below assume 50% B9 B0 and 50% B8+ 8~
production at the 7(4S). We have attempted to bring older measurements
up to date by rescaling their assumed 7°(4S) production ratio to 50:50
and their assumed D, Dg, D*, and + branching ratios to current values
whenever this would affect our averages and best limits significantly.

Indentation is used to indicate a subchannel of a previous reaction. All
resonant subchannels have been corrected for resonance branching frac-
tions to the final state so the sum of the subchannel branching fractions
can exceed that of the final state.

Scale factor/ P
Bt DECAY MODES Fraction (;/T") Confidence level (MeV/c)
Semileptonic and leptonic modes
£+ yyanything lqq] (10.1 +23 )% -
DO¢ty, [qa] (16 %07 )% -
D*(2007)0 ¢t v, lgq] (53 +08 )% -
w0et e < 22 x1073  CL=90% 2638
wtty, laq] < 21 x 1074  CL=90% -
P00ty lqql < 21 x 1074 CL=90% -
et ve < 15 x 1075  CL=90% 2639
'y, < 21 x1075  CL=90% 2638
4y, < 18 x 1073 CL=90% 2340
D, D*, or Ds modes

DOrt (53 05 )x103 2308
DOpt ( 1.34+0.18) % 2238
DOrtpto— (11 +0.4 )% 2289
D7t 7t 7~ nonresonant (5 +4 )x1073 2289
DOgt p0 (42 +30 )x 1073 2209
DO a;(1260) (58 +4 )x103 2123
D*(2010)~ 7t ot (21 406 )x10~3 2247
D~ rtat < 14 x1073  CL=90% 2299
D*(2007)0 7+ (52 +0.8 )x10~3 2256
D*(2007)0 p* ( 1.5540.31) % 2183
D*(2007)0nt 7t~ (9.4 £26 )x1073 2236
D*(2007)° a, (1260)t (1.9 £05)% 2062
D*(2010)~ 7t 7t #0 (15 £07 )% 2235
D*(2010) " ntat ot~ < 1 % CL=90% 2217
D3 (2420)0 7t (15 +06 )x 1073 S=1.3 2081
D3 (2420)0pt < 14 x1073  CL=90% 1997
D3(2460)0 < 13 x1073  CL=90% 2064
D3(2460)0 p+ < 47 x 1073 CL=90% 1979
D°pf (17 406 )% 1815
Do DLt (12 £1.0)% 1734
D*(2007)° D} (10 47 )x1073 1737
D*(2007)° D%+ (23 £1.4)% 1650
Df#° < 20 x 1074  CL=90% 2270
Dt a0 < 33 x 1074  CL=90% 2214
Din <5 x 1074 CL=90% 2235
DIty < 8 x1074  CcL=90% 2177
D} p® < 4 x10~%  CL=90% 2198
DIt p0 < s x 104  CL=90% 2139
Dfw < s x107%  CL=90% 2195
Ditw <7 x107%  CL=90% 2136
DY a;(1260)° < 22 x 1073 CL=90% 2079
Dt 2,(1260)° < 16 x 1073  CL=90% 2014
Df ¢ < 32 x 1074  CL=90% 2141
DIt e < 4 x 104  CL=90% 2079
DI K® < 11 x 1073  CL=90% 2241
DIt KO < 11 x 1073 CL=90% 2184
D}FK*(892)° <5 x 1074  CL=90% 2171

*+ Jo*
DytK*(892)°
Dy nt K+
Dy atK*

D, nt K*(892)*
DIt K*(892)*

JIH(1S)K*
J/Yp(AS)K T atn~
J/p(1S) K*(892)+
J/p(18)n=

P(2S)K*

¥(25) K*(892)*
Y(2S)K*(892)r rta~
Xc1(1PYK+
Xc1(1P)K*(892)*

KOrt
Ktx0
K*(892)°0 7+
K*(892)* z0
K+x~a+ (no charm)
K1(1400)0
K3(1430)0 7+
K+p°
i(Opﬁf
K*(892)tnt 7~
K*(892)*+ p°
K1(1400)* p©
K3(1430) p0
KtK- Kkt
Kt¢
K*(892)t Kt K~
K*(892)* ¢
K1(1400)T ¢
K3(1430)* ¢
K+ £,(980)
K*(892)*~
K1(1270)* v
K1(1400)*y
K3(1430)*
K*(1680)F
K3(1780)*
K3(2045)t

7l’+ 71’0
atata—
Pat
7t £,(980)
7t £(1270)
ata0n0
pt a0
atr—ntn®
o0
a;(1260)t #°
a;(1260)% 7t
w
nat
rtrtata—n~
p0a; (1260)
o0 a5(1320)*
atntata—n= a0
a;(1260)* a; (1260)°

pprt
pprtatm

X
X
X
X
X

Charmonium modes
( 1.01+0.14) x 103

(14
(17
(4.4
(6.9
< 30
(1.9
(1.0
< 21

+0.6 ) x
+0.5 ) x
+2.4 ) x
+3.1 ) x

x
+1.2 ) x
+0.4 ) x

X

K or K* modes

4.8
1.4
4.1
9.9
1.9
2.6
6.8
1.9
4.8
1.1
9.0
7.8
1.5
3.1
1.2
1.6
7.0
11
3.4
8

5.7
7.3
2.2
1.4
1.9
5.5
9.9

ANANANANNNNANNANANANANANNANANANANNA

AN NANNNANA

1.7
1.9
4.3
1.4
2.4
8.9
7.7
4.0
1.0
1.7
9.0
4.0
7.0
8.6
6.2
7.2
6.3
1.3

ANNNANANANNNANNANANNNANANANNA

+33)

X X X X X X X X X X X X X X X X X X X X X X X X X X X

X
X

X X X X X X X X X X X X X X X

B

Baryon modes

< 16
5.2
6

2.0
3.8
1.5

ANANANNA

104
10—4
10-3
103
103

10-3
1073
10-5
104
1073
1073
103
10-3

105
105
10-5
10-5
10—4
10—3
10—4
105
105
103
1074
104
103
104
105
103
105
103
103
10-5
105
103
10-3
103
1073
103
103

Light unflavored meson modes

105
10—4
10-5
104
10—4
10—4
1075
103
103
10-3
10—4
1074
104
104
104
104
1073

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

S=1.3
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

2110
2222
2164
2137
2075

1683
1612
1571
1727
1284
1115

909
1411
1265

2614
2615
2561
2562
2609
2451
2443
2559
2559
2556
2505
2389
2382
2522
2516
2466
2460
2339
2332
2524
2564
2486
2453
2447
2361
2343
2243

2636
2630
2582
2547
2483
2631
2582
2621
2525
2494
2494
2580
2609
2608
2434
2411
2592
2335

2439
2369
2430
2367
2402
2402
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Lepton Family number (LF) or Lepton number (L) violating modes, or D3(2460)~ p+ < 49 %x10-3  CL=90% 1979
.. AB = 1 weak neutral current (B1) moges D- D;r (7 +4 )x10-3 1812
- — — 0,
rtete BI < 3.9 x 10 CL=90% 2638 D*(2010)~ D} (12 £06 )% 1735
atutp~ B1 < 91 x 1073  CL=90% 2633 D-D** (20 £15 )% 1731
Ktutpu™ BI < 17 x 1074  CL=90% 2612 s : S
" _ _ D*(2010)~ D+ (1.9 £1.2 )% 1649
K*(892)T ete BI < 6.9 x 1074  CL=90% 2564 o s : R
K*(892)F ut ™ B1 < 12 x1073  CL=90% 2560 Dy < 28 x107%  CL=90% 2270
atetu~ LF < 6.4 x 1073 CL=90% 2637 D;+7r_ < 5 x10~4  CL=90% 2214
rte pt LF < 64 x 1073 CL=90% 2637 D;Lp‘ < 7 x 1074  CL=90% 2198
Ktetpu= LF < 64 x1073  CL=90% 2615 Dt p- < 8 x10™4  CL=90% 2139
Ktep* LF < 64 x1073  CL=90% 2615 DY a;(1260)~ < 26 x1073  CL=90% 2079
— ot ot -3 —90°
e t < ;‘? x 10 3 gt*"g;’ ;63§ D" a;(1260)~ < 22 x10~3  CL=90% 2014
T . 10~ = S
NN < 0 0% 63 DS K* < 24 x 1074 CL=90% 2242
ety L < 64 x 10 CL=90% 2637 Di- K+ s .
K- etet L < 39 x1073  CL=90% 2616 s <17 x 10 CL=90% 2185
K=t pt . < 91 «10-3  CL=90% 2612 D7 K*(892)* < 9.9 x 104  CL=90% 2172
K~ etput L < 64 x 103  CL=90% 2615 DY~ K*(892)* < 11 x 1073 CL=90% 2112
Dt KO <5 x10-3  CL=90% 2221
1Py = 10— DI nt KO < 31 x10~3  CL=90% 2164
(J7) =3(07) Dy nt K*(892)° < 4 x1073  CL=90% 2136
o D™ wt K*(892)° < 20 x10~3  CL=90% 2074
1, J,' P' need confirmation. Quantum numbers shown are quark-model DO 70 < a8 x10—4  CL=90% 2308
predictions. DO p° < 55 x10=4  CL=90% 2238
Mass mgo = 5279.2 & 1.8 MeV Doy < 68 x10=%  CL=90% 2274
Mpgo — Mgy =0.35 4 0.29 MeV (S = L.1) Doy < 86 x 1074  CL=90% 2198
Mean life 7 go = (1.56 £ 0.06) x 10712 s Douw < 63 x 104  CL=90% 2235
cr = 468 um D*(2007)° 0 < 97 x1074  CL=90% 2256
Tg+/Tgo = 1.02 £ 0.05 (average of direct and inferred) D*(2007)° p° < 117 x1073  CL=90% 2183
Tg+/Tgo = 1.03 £0.06 (direct measurements) Q*(2007)0n < 6.9 x 1074  CL=90% 2220
Tg+/Tgo =093 £ 0.22 (inferred from branching fractions) D*(2007)°/ < 27 x1073  CL=90% 2141
D*(2007)° w < 21 x10™3  CL=90% 2180
BO-BP mixing parameters h , 4
armonium modes
Xg = 0.175 £ 0.016 R J/p(1S) KO (75 +2.1 )x10~4 1683
Amgo = mpgy — mpgy = (0.474 £ 0.031) x 10** A s JJp(AS)K* 7~ (11 +0.6 )x 1073 1652
Xg = Amgo/T go = 0.73 £ 0.05 J/9(15) K*(892)° ( 1.5840.27) x 10~3 1570
J/p(1S)w° < 69 x1073  CL=90% 1728
P violation paramete
CP violation parameters Y(2S) KO < 8 x 1074 CL=90% 1283
[Re(ego)| < 0.045 Y(2S) Kt 7~ <1 x1073  CL=90% 1238
* 0 -3
BY modes are charge conjugates of the modes below. Reactions indicate 1/}(25) KD (892) (1.4 £09)x 10_3 o 1113
the weak decay vertex and do not include mixing. Modes which do not Xcl(lp)K < 27 % 10 CL=90% 1411
identify the charge state of the B are listed in the B8 /80 ADMIXTURE Xc1(1P)K*(892)° < 21 x 1073 CL=90% 1263
section. K K* d
_ or K* modes
The branching fractions listed below assume 50% B_0 B0 and 50% B+ B~ K+r— < 17 % 10-5 CL=90% 2615
production at the 7(45). We have attempted to bring older measurements KO 70 -5 CL—00%
up to date by rescaling their assumed 7°(4S) production ratio to 50:50 +7r _ < 40 X 10—6 ‘900" 2614
and their assumed D, Dy, D*, and © branching ratios to current values KTK < 4 % 10 CL=90% 2593
whenever this would affect our averages and best limits significantly. K+ %"0 < 35 x 1075  CL=90% 2559
-5 —g09
Indentation is used to indicate a subchannel of a previous reaction. All Zolf) 980 < 39 X 10¥4 CL,,90°A, 2559
resonant subchannels have been corrected for resonance branching frac- . 0( +) _ < 36 x 10 5 CL=90% 2523
tions to the final state so the sum of the subchannel branching fractions K*(892)t < 72 x 107 CL=90% 2562
can exceed that of the final state. K* (892)0 7° < 2.8 x 1075  CL=90% 2562
Scale factor/ p K3(1430) " 7~ < 26 x 1073 CL=90% 2445
B9 DECAY MODES Fraction (';/T) Confidence level (MeV/c) KOK+t K~ < 13 x10~3  CL=90% 2522
- ) K% < 88 x10~5 CL=90% 2516
N ) Semileptonic and leptonic modes K- ntata [bbb] < 2.1 © 104  CL=90% 2600
¢+ vganything lgq] (103 £1.0)% - K*(892)0 7t 7~ < 14 x 1073  CL=90% 2556
D= tty, lag) (19 £05)% - K*(892)° p° < 46 x 1074  CL=90% 2504
D*(2010)~ £t vy lgg] ( 456£0.27) % - K*(892)° £,(980) < 17 x 1074 CL=90% 2467
Py lggl < 41 x 1074 CL=90% - K1(1400)+ 7~ < 11 x10-3  Cl=90% 2451
D, D*, or Ds modes K~ a1(1260)* [bbb] < 3.9 x 1074  CL=90% 2471
Dt 30 404 ) x 10-3 2306 K*(892)0 K+ K~ < 61 x1074  CL=90% 2466
7l' (3. 0.4 ) x * 0 -5 —o00,
oy _ K*(892)° ¢ < 43 x 10 CL=90% 2459
D~ p? (7.8 +1.4 )x 1073 2236 d o _3 .
Dont < 16 x1073  cL=90% 2301 K1(1400) "o < 30 x 10 CL=90% - 2389
. - 3 K1(1400)° ¢ < 50 x 1073 CL=90% 2339
D*(2010)" (26 £0.4 )x 10 2254 K 0.0 _3 .
D ntata— (80 25 ) x 10-3 2287 2(1430)0;; < 11 x 10 : CL=90% 2380
+2. 2 _ B
(D=7t 7+ 7 ) nonresonant (39 +1.9 )x 1073 2287 K3(14303 4 < 14 x 10,5 CL=90% 2330
Dt p0 (11 +1.0 ) x 103 2207 K*(892) 07 (4.0 £1.9 )x 10 i 2564
- 909
D~ ay(1260)* (60 £33 )x 1073 2121 K1(1270 o7 < 70 x 10 CL=90% 2486
D*(2010)~ 7+ 70 (15 +05)% 2247 K1(1400)07 < a3 x 10*‘3 CL=90% 2453
* _
D*(2010)~ p* (73 £1.5 ) x 10-3 2181 K2(1430)07 < 4.0 x 10 CL=90% 2445
D*(2010)~ 7wt 7t o~ (76 £1.7 )x 1073 S=13 2235 K*(1680)07 < 20 x 1073 CL=90% 2361
(D*(2010)~ 7+ 7+ 7~ ) non- (00 +2.5)x10~3 2235 K3(1780)° y < 10 % CL=90% 2343
resonant K3(2045)0 < 43 x 1073 CL=90% 2244
D*(2010)~ 7t p (57 £31)x1073 2151 bé < 39 x10°5  CL=90% 2435
D*(2010)~ a;(1260)* ( 1.3040.27) % 2061
D*(2010)~ 7t nt 7~ 20 (34 £1.8)% 2218

D3(2460)~ < 22 x 1073 CL=90% 2064
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Light unflavored meson modes

atn~ < 20 x10~5  CL=90% 2636
7070 < 91 x 1076 CL=90% 2636
nm0 < 25 x10~4  CL=90% 2609
nn < 41 x 10—4  CL=90% 2582
atr= a0 < 72 x10~%  CL=90% 2631
por0 < 24 x 1075  CL=90% 2582
pT legl < 8.8 x 1075  CL=90% 2582
atr~rta™ < 28 x10~4  CL=90% 2621
% p° < 28 x10=%  CL=90% 2525
a1 (1260)F r+ leg] < 4.9 x10~4  CL=90% 2494
2,(1320)F nrt legl < 3.0 x 1074  CL=90% 2473
atr= 7070 < 31 x10~3  CL=90% 2622
ptp~ < 22 x10~3  CL=90% 2525
a;(1260)0 0 < 11 x 1073 CL=90% 2494
wn® < 46 x10™4  CL=90% 2580
atrtr— g a0 < 90 x10~3  CL=90% 2609
a1 (1260)* p~ < 34 x 1073 CL=90% 2434
a2;(1260)0 p° < 24 x 1073 CL=90% 2434
atrtata—m—n~ < 3.0 x 1073  CL=90% 2592
a;(1260)% a;(1260)~ < 28 x10~3  CL=90% 2336
atatrta—n—n a0 < 11 % CL=90% 2572
Baryon modes
PP < 34 x 105  CL=90% 2467
pprta~ < 25 x 1074  CL=90% 2406
pAm~ < 18 x 1074  CL=90% 2401
AO A < 15 x10~3  CL=90% 2334
ATt A=~ < 11 x 1074  CL=90% 2334
I_att < 12 x 1073 CL=90% 1839
Lepton Family number (LF) violating modes, or
AB = 1 weak neutral current (B1) modes
vy B1 < 39 x 1075 CL=90% 2640
ete™ B1 < 59 x 1076  CL=90% 2640
utp~ B1 < 59 x 1076  CL=90% 2637
KOete~ B1 < 30 x 1074  CL=90% 2616
KOut pu~ BI < 36 x 104  CL=90% 2612
K*(892)%et e~ B1 < 29 x 1074  CL=90% 2564
K*(892)% ut pu— B1 < 23 x 1075  CL=90% 2559
e uF LF [gg] < 5.9 x 1076 CL=90% 2639
et ¥ LF  [gg] < 53 x10~4  CL=90% 2341
pErF LF [gg] < 83 x10~4  CL=90% 2339
B*/B% ADMIXTURE

The branching fraction measurements are for an admixture off mesons at
the 7'(4S). The values quoted assume that B(7(4S) — BB) = 100%.

For inclusive branching fractions, e.g., B — Dianything, the treatment
of multiple D's in the final state must be defined. One possiblity would be
to count the number of events with one-or-more D’s and divide by the total
number of B's. Another possibility would be to count the total number of
D's and divide by the total number of B's, which is the definition of average
multiplicity. The two definitions are identical when only one of the specified
particles is allowed in the final state. Even though the “one-or-more”
definition seems sensible, for practical reasons inclusive branching fractions
are almost always measured using the multiplicity definition. For heavy
final state particles, authors call their results inclusive branching fractions
while for light particles some authors call their results multiplicities. In the
B sections, we list all results as inclusive branching fractions, adopting a
multiplicity definition. This means that inclusive branching fractions can
exceed 100% and that inclusive partial widths can exceed total widths,
just as inclusive cross sections can exceed total cross sections.

B modes are charge conjugates of the modes below. Reactions indicate
the weak decay vertex and do not include mixing.

B DECAY MODES

Scale factor/

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

et veanything
pet veanything
wt v, anything
£+ yyanything
D~ ¢+ ypanything
DO ¢t yyanything

Semileptonic and leptonic modes
[cce] (104 £0.4 )% S=1.3 -
< 16 x 1073 CL=90% -
[cce] (103 £05 )% -
[gg.ccc]  ( 10.434+0.24) % -
l[gq) ( 2.7 08 )% -
lga] ( 7.0 £1.4)% -

D** ¢ty lqq.ddd] ( 2.7 +0.7 )% -
D(1)(2420)° £+ vy anything seen -
D(2)*(2460)° ¢+ vpany- not seen -

thing
D*~ nt ¢+ yyanything ( 1.00+0.34) % -

D; €* vganything [CRK] x 103 CL=90% -
D7 £+ vy KT anything laq) < 6 x10-3 CL=90% -
D; ¢+ vy KCanything lggl < 9 x10~3 CL=90% -

Kt ¢+ vpanything [gq] ( 6.0 +05)% -

K~ ¢+ vpanything [ga] (10 +4 )x10-3 -

KO /KO ¢+ ypanything lqq] ( 4.4 +05)% -

D, D*, or Ds modes
D* anything (242 £33 )% -
D° /D anything (58 *5 )% S=1.1 -
D*(2010)* anything (231 £33 )% S=1.1 -
D¥anything leg] ( 86 +1.6 )% -
DsD, DYD, DsD*, or DyD* [gg] ( 49 £11)% -
D*(2010)y < 11 x 1073 CL=90% -
D;rw", D:*w', D;L P, [ggl < 5 x 104 CL=90% -
D;er‘, D:wo, D;Jr 0,
DFn, D7, D} AP,
D;+p0. D;ru, D;‘*’w
Charmonium modes
J/4(1S)anything 1.1440.06) % -
J/¢(1S) (direct) anything ( 80 +0.8 )x1073 -
¥ (2S)anything ( 35 4£05)x1073 -
Xc1(1P)anything ( 42 407 )x1073 -
X¢1(1P)(direct) anything ( 37 07 )x1073 -
Xc2(1P)anything < 38 x 1073 CL=90% -
nc(1S)anything < 9 x 1073 CL=90% -
K or K* modes
K+ anything lgg] (789 +25)% -
K™+ anything (66 +5 )% -
K~ anything (13 +4 )% -
K° /KO anything lg] (64 4 )% -
K*(892)* anything (18 46 )% -
K*(892)0 /K*(892)°anything  [gg] ( 146 £26 )% -
K1(1400) < 41 x 1074 CL=90% -
K3%(1430)y < 83 x 1074 CL=90% -
K>(1770)~ < 12 x 1073 CL=90% -
K3(1780) < 30 x 1073 CL=90% -
K;(2045)~ < 10 x 1073 CL=90% -
b— 3y ( 23 07 )x 104 -
Light unflavored meson modes
7+ anything lggeee] (359 +7 )% -
pPanything (21 +5 )% -
wanything < 81 % CL=90% -
¢anything ( 35 407 )% S=1.8 -
Baryon modes
charmed-baryon anything ( 64 £1.1 )% -
zc“anything ( 48 +25)x1073 -
X _anything < 11 % CL=90% -
Tanything ( 52 +25)x10-3 -
IN(N=porn) < 17 x 1073 CL=90% -
p/Panything [ee] ( 80 +0.4)% -
p/P(direct) anything leg] ( 55 +05)% -
A/ Aanything leg] ( 40 +05)% -
=— /Z*anything leg] ( 2.7 +0.6 )x 1073 -
baryons anything ( 68 +06 )% -
ppanything ( 247+0.23)% -
AP/ Apanything lgg] ( 25 £0.4)% -
AZAanything < 5 x 1073 CL=90% -
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AB = 1 weak neutral current (B1) modes
et e~ anything B1 < 24 x 1073 CL=90%
pt = anything B1 < 24 x 1073 CL=90%

B*/B%/BY/b-baryon ADMIXTURE

These measurements are for an admixture of bottom particles at high

energy (LEP, Tevatron, SppS).
Mean life 7 = (1.549 % 0.020) x 10~ s
Mean life 7 = (1.72 £ 0.10) x 107125
admixture
Mean life 7 = (1.58 + 0.14) x 1072 s
mixture
T charged b—hadron/ T neutral b—hadron = 1.09 £ 0.13

The branching fraction measurements are for an admixture of B mesons
and baryons at energies above the 7°(4S5). Only the highest energy results
(LEP, Tevatron, SppS) are used in the branching fraction averages. The
production fractions give our best current estimate of the admixture at
LEP.

For inclusive branching fractions, e.g., B — p* anything, the treatment
of multiple D's in the final state must be defined. One possiblity would be
to count the number of events with one-or-more D's and divide by the total
number of B’s. Another possibility would be to count the total number of
D’s and divide by the total number of B's, which is the definition of average
multiplicity. The two definitions are identical when only one of the specified
particles is allowed in the final state. Even though the “one-or-more”
definition seems sensible, for practical reasons inclusive branching fractions
are almost always measured using the multiplicity definition. For heavy
final state particles, authors call their results inclusive branching fractions
while for light particles some authors call their results multiplicities. In the
B sections, we list all results as inclusive branching fractions, adopting a
multiplicity definition. This means that inclusive branching fractions can
exceed 100% and that inclusive partial widths can exceed total widths,
just as inclusive cross sections can exceed total cross sections.

The modes below are listed for a b initial state. b modes are their charge
conjugates. Reactions indicate the weak decay vertex and do not include
mixing.

b DECAY MODES Fraction (I;/T) Confidence level

Charged b-hadron

Neutral b-hadron ad-

P
(MeVfe)

PRODUCTION FRACTIONS

The production fractions for weakly decaying b-hadrons at the Z have
been calculated from the best values of mean lives, mixing parameters,
and branching fractions in this edition by O. Hayes (CERN) and M. Jimack
(U. Birmingham) as described in the note “Production and Decay of b-
Flavored Hadrons” in the 8% Particle Listings. Values assume

B(b — Bt)=8(b— BY)

B(b— BY) +B(B— B%) +B(6 — BY) + B(b— Ap) =100 %.

The notation for production fractions varies in the literature (fBO, f(b—

B0), Br(b — BP)). We use our own branching fraction notation here,

B(b —» B89).
b— Bt (378 £ 22)%
b— B° (378 £ 22)%
b— B? (2t 18)%
b— Ay (132 + 41)%
DECAY MODES
Semileptonic and leptonic modes
b — etweanything lce] (111 + 1.0)%
b— ut v, anything [ccc] (107 + 0.7 )%
b — ¢ ypanything [gg.ccc]  ( 1113+ 0.29) %
b — D~ ¢% ypanything lgq] ( 2.01+ 0.29) %
b — DOt ypanything lgq] ( 6.6 + 06 )%
b — D*~ ¢t y,anything lgq] ( 2.76+ 0.29) %
b — D?[Jr vganything [qq.fif]  seen
b— Dj‘é*’wanything [qq.ff]  seen
b — 5;(2460)0£+ vgany- seen
_ thing
b — D3(2460)~ £+ veany- seen
_ thing
b — 7tu anything (27 +04)%
b— b— T— { Tyanything [qq) ( 79 + 08 )%

Charmonium modes

b — J/p(1S)anything ( 116+ 0.10) %
b — y(2S)anything ( 48 + 24 )x1073
b — Xc1(1P)anything (1.8 +05)%
_ K or K* modes
b— 3y < 12 x 10~3 0%
b — K¥anything (88 19 )%
b — K%anything (290 +29)%
_ Baryon modes
b— p/_ﬁ_anything (14 +6 )%
b — A/Aanything (59 £11)%
_ Other modes
b — charged anything [eee] (584 +40 )%
AB = 1 weak neutral current (B1) modes
b— utp~anything B1 < 50 x 10~5 90%
b — wvTanything B1 < 39 x 1074

1UP) = 317)

I, J, P need confirmation. Quantum numbers shown are quark-model

predictions.
Mass mg. = 5324.8 4 1.8 MeV
Mg, — Mg = 45.7 + 0.4 MeV

B* DECAY MODES Fraction (I';/T)

p (Mevy)

B~y dominant

46

BOTTOM, STRANGE MESONS
(B=+1,5=7F1)

BY = sb, BY = 5b, similarly for B}'s

BY 1(JP) = o(0™)

!, J, P need confirmation. Quantum numbers shown are quark-model

predictions.
Mass mgo = 5369.3 + 2.0 MeV
s
Mean life 7 = (1.617333) x 10712 s
cr = 483 um

0_B0 mixi
Bg-Bg mixing parameters
Xs > 0.49, CL = 95%
Xg at high energy = fgXg+£fXs = 0.126 + 0.008
Amgy=mgy —mg > 59x 1012 hs™1, CL =95%
s SH sL
Xs = Amgo/Tgo > 9.5, CL =95%
s s

These branching fractions all scale with B(b — Bg), the LEP Bg pro-
duction fraction. The first four were evaluated using B(b — Bg) =
(11.2“:}'8)% and the rest assume B(b — B(s)) = 12%.

The branching fraction B(Bg - DS ot vganything) is not a pure mea-
surement since the measured product branching fraction B(b — Bg) X

BB - DT Z*ulanything) was used to determine B(b — B9), as
described in t%e note on “Production and Decay of b-Flavored Hadrons.”

B9 DECAY MODES Fraction (I;/T) Confidence level (M:V/c)
D¢ anything (87 431 )% -
D £+ yganything legg]l (7.6 + 2.4)% -
D nt <12 % 2321
J/y(18) ¢ < 6 x 1073 1590
P(2S) seen 1122
070 < 21 x 10—4 90% 2861
nx < 10 x10~3 90% 2655
nn < 15 x 1073 90% 2628
Tt K~ < 26 x 10~4 90% 2660
Kt K= < 14 x 10—4 90% 2639
AB = 1 weak neutral current (B1) modes
vy B1 < 148 x 1074 90% 2685
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cc MESONS

Mass m = 2979.8 £+ 2.1 MeV

/G(JPC) - 0+(0 - +)

(s =21)

Full width I = 13.2+38 Mev

n¢(1S) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

Decays involving hadronic resonances

7'(958) w7 (41 £1.7) % 1319
pp (2.6 +£0.9)% 1275
K*(892)° K~ 7t + c.c. (2.0 £0.7) % 1273
K*(892) K*(892) (85 +3.1) x 1073 1193
X3 (7.1 +£2.8) x 103 1086
ap(980) 7 <2 % 0% 1323
ay(1320) <2 % 90% 1193
K*(892) K+ c.c. <128 % 90% 1307
£(1270)n <11 % 90% 1142
ww <31 x 1073 0% 1268
Decays into stable hadrons
KKr (55 +£1.7) % 1378
nmww (49 £1.8)% 1425
rtr- Kt K= (20 3% 1342
2(KtK™) (21 £1.2) % 1053
2(rt o) (1.2 £0.4) % 1457
PP (1.2 +0.4) x 1073 1157
KKn <31 % 90% 1262
ntx~ pp <12 % 90% 1023
AR <2 x 1073 90% 987
Radiative decays
yy (3.0 +£1.2) x 10—4 1489
J/%(15) 16PG =01 )
Mass m = 3096.88 + 0.04 MeV
Full width I = 87 & 5 keV
Fee = 5.26 £ 0.37 keV  (Assuming Mee =T,,,)
Scale factor/ p
J/¢¥(1S) DECAY MODES Fraction (;/T) Confidence level (MeV/c)
hadrons (87.7 £05 )% -
virtualy — hadrons (17.0 £2.0 )% -
ete~ ( 6.0240.19) % 1548
ptu= ( 6.01+£0.19) % 1545
Decays involving hadronic resonances
p ( 1.2840.10) % 1449
p0r0 (42 +£05)x 1073 1449
a,(1320) p ( 1.0940.22) % 1125
wrtata~ o~ (85 £3.4)x1073 1392
wrnta~ (72 1.0 )x 1073 1435
K*(892)0K%(1430)° + c.c. (67 £2.6 )x 1073 1005
wK*(892)K + c.c. (53 +£2.0)x1073 1098
w £(1270) (43 +06 )x1073 1143
K+ K*(892)~ + c.c. (50 +£0.4 )x 1073 1373
KOK*(892)° + c.c. (42 +0.4 )x1073 1371
wa070 (34 08 )x 1073 1436
by (1235)t #F lgg] (30 +05)x103 1299
wK*KerF lgg] (3.0 £0.7 )x 1073 1210
b(1235)0 70 (2.3 +£06 )x 1073 1299
$K*(892)K + c.c. ( 2.04+0.28) x 1073 969
wKK (1.9 +£04 )x 1073 1268
wf(1710) » wKK (48 +1.1)x107% 878
$2(rt ) ( 1.6040.32) x 10~3 1318
A(1232) T pr~ (16 +05)x 1073 1030
wn ( 1.58+0.16) x 1073 1394
dKK ( 1.48+0.22) x 1073 1179
#£(1710) — #KK (36 +06 )x 1074 875
pPw ( 1.3040.25) x 1073 =13 769
A(1232)F+ A(1232) 7~ ( 1.1040.29) x 1073 938
5(1385)" £ (1385)* (or c.c.)  [gg] ( 1.03+0.13) x 1073 692
ppn'(958) (9 44 )x107% S=1.7 596
¢ }(1525) (8 +4 )x107% s=2.7 871

prtw—

S KEKLTF

w f(1420)

on _
=(1530)" =+
pK~ T (1385)°
wTm

#n'(958)

¢ 15(980)
=(1530)0=°

> (1385)~ = + (or c.c.)
#1(1285)

PN
wn'(958)

w f5(980)

p1'(958)

PP o

2,(1320)* ¥
KK3(1430)+ c.c.
K3(1430)° K3(1430)°
K*(892)0K*(892)°
$£(1270)

pPp

¢n(1440) — ¢nmm
wh(1525)

> (1385)°7A
A(1232)tp

s0A

¢ 0

2(nta=)n
3(nt w_g 70
atr~m
atr-aOK+t K~
4(rt )20
rta - KtK~
KK=

pprta~
2(rt )
3(ntwT)
nAnta~

T

At YK+ K-
pprta

¥1c(15)
yrta—2q0

ynrw

yn(1440) — YKK
vn(1440) — yvp°
Ypp

¥n'(958)

y2rnt2n~
~1,(2050)

Yww

n(1440) — vp°p°
v £5(1270)
yf;(1710) —» vKK
n

(eg]

[eg]

(gg]

<
<
<
<
<
<
<
<
<
<
<
<

(80
(72
(68
(65
(59
(51
(42
(33
(32
(32
(31
(28

+12 ) x 1074
+0.9 ) x 1074
+2.4 )x 1074
+0.7 )x 1074
+1.5 )x 1074
+3.2 ) x 1074
+0.6 ) x 1074
+0.4 ) x 1074
+0.9 ) x 1074
+1.4 )x 1074
+0.5 ) x 10~4
+0.5 ) x 1074

( 1.93+0.23) x 1074
( 1.67+0.25) x 1074

(1.4

+0.5 ) x 1074

( 1.05+0.18) x 10~4

(45
4.3
4.0
2.9
5
3.7
3.1
2.5
2.2
2
1
9
6.8

+1.5 ) x 1075
x 1073
x 10—3
x 103
x 10~4
x 10—4
x 10—
x 10~4
x 104
x 10—4
x 10—4
x 1075
x 106

Decays into stable hadrons
(3.3740.26) %

[hhh)

lgg]

<
<

(29

+0.6 )%

( 1.5040.20) %
( 1.20+0.30) %

(9.0
(7.2
(61
(60
( 40
(40
(4

(38
(31
(23

4+3.0 )x 103
+23 )x 1073
+1.0 )x 1073
405 ) x 1073
+1.0 ) x 1073
42,0 )x 1073
+4 )x1073
405 ) x 1073
+1.3 )x 1073
+0.9 ) x 1073

( 2.14+0.10) x 10—3
( 2.0940.18) x 1073
( 2.004:0.10) x 103

(19
(18

405 ) x 1073
+0.4 )x 103

( 1.3540.14) x 10~3
( 1.0940.09) x 10—3
( 1.06+0.12) x 103

(89
(70
(2.9

+1.6 )x 1074
+3.0 ) x 1074
+0.8 )x 1074

( 2.37+0.31) x 10™4

(22

+0.7 ) x 1074

( 1.4740.23) x 1074
( 1.08+40.14) x 10™4

1.5
5.2

x 104
x 1076

Radiative decays

(13
(83
(6.1
(91
(6.4
(45

+0.4 )%

+3.1 )x 1073
+1.0 ) x 1073
+1.8 )x 1074
+1.4 )x 1073
+0.8 ) x 1073

( 4.3140.30) x 1073

(2.8
(27

+0.5 ) x 1073
+0.7 ) x 1073

( 1.59+0.33) x 1073

(17

+0.4 )x 1073

( 1.38£0.14) x 1073

(9.7
(86

+1.2 ) x 1074
+0.8 ) x 1074

S=1.4

$=1.9

S=1.1

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

S$=1.8
S$=1.2

CL=90%
CL=90%

$=1.3

1365
1114
1062
1320
597
645
1447
1192
1182
608
857
1032
1398
1279
1271
1283
527
1263
1159
588
1263
1036
779

1003

911
1100
1032
1377

1496
1433
1533
1368
1345
1407
1440
1107
1517
1466
1106

992
1320
1033
1232

948
1174
1231

1074
1176
945
876
1131
820
1468
998
1542
1466
1032
1466

116
1518
1487
1223
1223
1343
1400
1517

874
1337
1223
1286
1075
1500
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¥£(1420) - vKKT (83 £1.5 )x 10~% 1220
v £,(1285) (65 +1.0 )x10™4 1283
v 5(1525) (63 +£1.0)x1074 1173
Yoo (40 1.2 )x10~% S$=2.1 1166
YpP (38 +1.0 )x 1074 1232
vn(2225) (29 +06 )x 104 834
yn(1760) — ~p°p° (13 £0.9 )x 10™4 1048
Ny (39 1.3 )x 105 1546
ypprta~ < 79 x 1074 CL=90% 1107
¥y < 5 x 104 CL=90% 1548
~AA < 13 x 104  CL=90% 1074
3y < 55 x 1075  CL=90% 1548
v f5(1370) (3.4 +07 )x 1074 -
v f5(1500) (82 +15)x 1074 1184
/G(JPC):0+(O++)
Mass m = 3415.1 + 1.0 MeV
Full width I = 14 + 5 MeV
Xc0(1P) DECAY MODES Fraction (I';/T) Confidence level (va/c)
Hadronic decays
2(nt ) (3.74£0.7) % 1679
atr T KTK~ (3.04£0.7) % 1580
Prta (1.640.5) % 1608
3(rt ) (1.54+0.5) % 1633
KT K*(892)°71~ + c.c. (1.240.4) % 1522
P (7.5+2.1) x 10~3 1702
Kt K= (7.1+2.4) x 1073 1635
7t pp (5.042.0) x 1073 1320
7070 (3.140.6) x 10~3 1702
nn (2.541.1) x 103 1617
PP < 9.0 x 10~4 90% 1427
Radiative decays
vJ/¢(1S) (6.6+1.8) x 1073 303
vy (4.0+2.3) x 1074 1708
Xc(1P) 1P =0t t
Mass m = 3510.53 & 0.12 MeV
Full width ' = 0.88 + 0.14 MeV
Xc1(1P) DECAY MODES Fraction (I';/T) p (MeV/c)
Hadronic decays
3(rta) (2.2+08) % 1683
2(nt ) (1.640.5) % 1727
atr KT K™ (9 +4 )x1073 1632
POrta= ( 3.9435) x 1073 1659
KTK*(892)°7~ + c.c (3242.1) x 1073 1576
T pp (1.4+0.9) x 1073 1381
P ( 8.6+1.2) x 1075 1483
atr™ + KYK— < 21 x 1073 -
Radiative decays
(27.341.6) % 389
/G(JPC):0+(2++)
Mass m = 3556.17 + 0.13 MeV
Full width I = 2.00 4+ 0.18 MeV
X.2(1P) DECAY MODES Fraction (I;/I) Confidence level (M:V/c)
Hadronic decays
2(rtnT) (22 405 )% 1751
atr Kt K- (1.9 £05 )% 1656
3(rt ) (12 £0.8)% 1707
POt~ (7 +4 )x10-3 1683
KT K*(892)°7~ + c.c. (48 +2.8)x1073 1601
rtrT " pp (33 £1.3 )x1073 1410
ata= (1.9 +1.0 yx 1073 1773
KtK- (15 +1.1)x 1073 1708
PP (10.0 +1.0 ) x 1075 1510
70n0 ( 1.1040.28) x 10~3 1773
nn (8 +5 )x107% 1692
J/p(AS)nt w70 < 15 % 90% 185

Radiative decays
vJ/%(1S) (13.5 1.1 )% 430
vy (1.6 +05 )x 104 1778

1I6(PCy =0~ (1~ ™)

Mass m = 3686.00 + 0.09 MeV
Full width I = 277 + 31 keV
Mee = 2.14 + 0.21 keV

(S=1.1)
(Assuming Tee = T,,,)

Scale factor/ p

¥(2S) DECAY MODES Fraction (I;/I) Confidence level (MeV/c)

hadrons (98.10+0.30) % -

virtualy — hadrons (29 +04)% -
ete~ (88 +£1.3 )x 1073 1843
utp~ (7.7 £1.7 )x 1073 1840

Decays into J/4(1S)and anything
J/(15)anything (57 +4 )% -
J/%(1S) neutrals (232 +26 )% -
J/p(AS)rta~ (32.4 £26 )% 477
J/9(18) 7070 (184 +2.7 )% 481
J/¥(1S)n (27 £04 )% $=1.7 200
J/9(18) 70 (9.7 £2.1 )x 1074 527
Hadronic decays
3(rtaT)nO (35 +16 )x 1073 1746
2(rt )0 (31 407 )x 1073 1799
rtr Kt K= (1.6 +0.4 )x10-3 1726
rtr=pp (80 +£2.0)x 1074 1491
K+K*(892)°7~ + c.c. (6.7 £25 )x 104 1673
2(rt7rT) (45 +1.0)x 1074 1817
POrta— (42 15 )x 1074 1751
pp (1.9 £05 ) x 10~4 1586
3(nt7rT) (15 +£1.0 )x 1074 1774
pprP° (1.4 +£05 )x 1074 1543
KtKk- (1.0 £0.7 ) x 104 1776
ata—n0 (9 45 )x1075 1830
ato— (8 45 )x1075 1838
AR < 4 x10=4  CL=90% 1467
=-=t < 2 x 1074  CL=90% 1285
o < 83 x 10=%  CL=90% 1760
K+ K= 70 < 2.9 x 105  CL=9%0% 1754
K+ K*(892)~ + c.c. < 54 x 1075  CL=90% 1698
Radiative decays

YXco(1P) (93 £08 )% 261
YXc1(1P) (87 £0.8)% 171
YX2(1P) (78 £0.8 )% 127
Tnc(1S) (2.8 +£0.6 )x 10~3 639
0 < 54 x10-3  CL=95% 1841
vn'(958) < 11 x 1073 CL=90% 1719
vy < 16 x 1074 CL=90% 1843
vn(1440) —» vKK= < 12 x 1074  CL=90% 1569

%(3770) 1G(UPCy =271~ )
Mass m = 3769.9 £ 2.5 MeV (S = 1.8)

Full width T = 23.6 + 2.7 MeV (S = 1.1)
lee = 0.26 £ 0.04 keV (S = 1.2)

p
¥(3770) DECAY MODES Scale factor (MeV/c)

DD dominant 242
ete~ (1.1240.17) x 1075 1.2 1885

Fraction (I;/T)

1(4040) 7] 1IG(JPCYy =271~ )

Mass m = 4040 + 10 MeV
Full width ' = 52 &+ 10 MeV
lee = 0.75 + 0.15 keV

+¥(4040) DECAY MODES Fraction (I;/T) p (MeV/c)
ete” (1.440.4) x 10~5 2020
DOD° _ seen 777
D*(2007)° 20 + c.c seen 578
D*(2007)° D*(2007)° seen 232
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¥(4160) UM 16(PCy =221 - ")
Mass m = 4159 + 20 MeV

Full width ' = 78 + 20 MeV

lee = 0.77 £ 0.23 keV

¥(4160) DECAY MODES Fraction (I;/T) p (MeVfc)
ete™ (10+4) x 106 2079
¥(4415) U 16(UPCYy =271~ )
Mass m = 4415 + 6 MeV
Full width I = 43 & 15 MeV (S = 1.8)
lee = 0.47 = 0.10 keV
$(4415) DECAY MODES Fraction (T;/T) p (MeV/c)
hadrons dominant -
ete~ (1.1+0.4) x 1075 2207
T(15) 1I6(JPCy =0—(1— )
Mass m = 9460.37 £ 0.21 MeV (S = 2.7)
Full width I' = 52.5 + 1.8 keV
lee = 1.32 & 0.05 keV
Scale factor/ P
T(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Tt (267151 % 4384
ete~ (2.52+0.17) % 4730
utu~ (2.48+0.07) % S=1.1 4729
Hadronic decays
J/4(1S)anything (1.1 +0.4 )x 10~3 4223
p <2 x 104  CL=90% 4698
nta <5 x1074  CcL=90% 4728
Kt K= <5 x 1074  CL=90% 4704
PP <5 x10~%  CL=90% 4636
Radiative decays
v2ht2h~ (70 +1.5 )x 1074 4720
v3ht3h~ (5.4 £2.0 ) x 104 4703
y4hT 4h~ (7.4 £35 )x 10~4 4679
yrtrm KT K~ (2.9 +0.9 ) x 1074 4686
y2nt2n— (2.5 £0.9 ) x 1074 4720
v3rt 3~ (2.5 +1.2 yx 10~4 4703
yerton~ Kt K™ (2.4 +£1.2 )x 1074 4658
yata~ pp (1.5 +0.6 ) x 10~% 4604
y2rt2n— pp (4 +6 )x1075 4563
~y2Kt 2K~ (2.0 £2.0 )x 1075 4601
7' (958) <13 x1073  CL=90% 4682
N <35 x 1074  CL=90% 4714
7 f5(1525) <14 x 1074 CL=90% 4607
v £,(1270) <13 x 1074 CL=90% 4644
~yn(1440) _ <82 x1075  CL=90% 4624
v£;(1710) - vyKK <26 x107%  CL=90% 4576
¥£(2200) —» YKt K™ <2 x 1074 CL=90% 4475
¥£(2220) —» yKY K~ <15 x 1075 CL=90% 4469
vn(2225) - ¢ <3 x 1073 CL=90% 4469
X <3 x10~%  CL=90% -
_ X = pseudoscalar with m< 7.2 GeV)
YXX <1 x 10~3 CL=90% -
X X = vectors with m< 3.1 GeV)
Xpo(1P) Ul 16(JPCy = ot (0 ++)
J needs confirmation.
Mass m = 9859.8 + 1.3 MeV
P
Xpo(1P) DECAY MODES Fraction (I';/I) Confidence level (MeV/c)
¥ T(1S) <6 % 90% 391

Xp1(1P) U 16(UPCY =0t (1t )

J needs confirmation.

Mass m = 9891.9 + 0.7 MeV

Xp1(1P) DECAY MODES Fraction (I';/T) p (MeV/c)
¥ T(1S) (35+8) % 422
Xp2(1P) U1 1G(JPCy = ot (2++)
J needs confirmation.
Mass m = 9913.2 + 0.6 MeV
Xp(1P) DECAY MODES Fraction (I';/T) p (MeV/c)
v T(15) (22+4) % 443

Mass m = 10.02330 & 0.00031 GeV
Full width T = 44 £ 7 keV
[ee = 0.52 + 0.03 keV
p
Confidence level (MeV/c)

T(2S) DECAY MODES Fraction (I';/T)

T(S)rt (185 +0.8 )% 475
T(18)x0 70 (88 £1.1)% 480
T~ (1.7 +16 )% 4686
utp~ (1.3140.21) % 5011
ete” seen 5012
T(18)=° < 8 x 1073 90% 531
T(1S)n < 2 x 10~3 90% 127
J/(1S)anything < 6 x 1073 90% 4533
Radiative decays
¥Xp1(1P) (6.7 £0.9 )% 131
¥ Xp2(1P) (66 +0.9)% 110
YXpo(1P) (43 £10)% 162
~f,(1710) < 59 x 104 90% 4866
v £4(1525) < 53 x 1074 90% 4896
v £(1270) < 241 x 1074 90% 4931
Xbo(zp) L /G(JPC) — 0+(0+ +)
J needs confirmation.

Mass m = 10.2321 + 0.0006 GeV

Xpo(2P) DECAY MODES Fraction (;/T) P (MeV/c)
v T(2S) (4.6+2.1) % 210
¥ T(1S) (9 +6 )x103 746

/G(JPC) — 0+(1 ++)
J needs confirmation.
Mass m = 10.2552 + 0.0005 GeV

mx,.1(2P) — MX,(2p) = 23.5 &+ 1.0 MeV

Xp1(2P) Ui

P
Xp3(2P) DECAY MODES Scale factor (MeV/c)

¥ T(25)
¥ T(1S)

Fraction (I';/T)

(21 +4 )% 1.5 229
(85+1.3)% 1.3 764

/G(JPC) =ot(@*)
J needs confirmation.

Mass m = 10.2685 + 0.0004 GeV
MY,,(2P) — MX,,(2p) = 13.5 £ 0.6 MeV

Xp2(2P) W)

Xp>(2P) DECAY MODES Fraction (;/T) p (MeVjc)
¥ 7(2S) (16.242.4) % 242
¥ T(1S) (7.1£1.0)% 776
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Mass m = 10.3553 + 0.0005 GeV
Full width I' = 26.3 & 3.5 keV

P
Scale factor (MeV/c)

T(3S) DECAY MODES Fraction (I';/T)

T(2S)anything (10.6 +0.8 )% 296
T2S)rt 7~ (28 £06)% 2.2 177
T(25) 7070 ( 2.00+0.32) % 190
T(25)vy (50 £0.7 )% 327

TAS)rt 7~ ( 4.48+0.21) % 814

7(18) 7070 ( 2.06:0.28) % 816

ptu~ (1.8140.17) % 5177

ete™ seen 5177

Radiative decays

Y Xp2(2P) (11.4 +0.8 )% 1.3 87

vXp1(2P) (11.3 +£0.6 )% 100

¥Xpo(2P) (54 £06 )% 1.1 123
T(45) 1G(UPCy = 27(1- )
or T(10580)

Mass m = 10.5800 =+ 0.0035 GeV
Full width I = 21 &+ 4 MeV (S = 2.3)
[ee = 0.248 + 0.031 keV (S = 1.3)

p
T(4S) DECAY MODES Fraction (T';/T) Confidence level (MeV/c)

BB dominant -
ete~ (2.840.7) x 1075 5290
J/4(3097) anything (2.240.7) x 10~3 -
D** anything + c.c. <74 % 90% 5099
¢anything <23 x 1073 90% 5240
T(1S)anything <4 x 1073 90% 1053
non-BB <4 % 95% -

16(UPCYy =271~ )

Mass m = 10.865 + 0.008 GeV (S = 1.1)
Full width T = 110 + 13 MeV
lee = 0.31 + 0.07 keV (S = 1.3)

T(10860) DECAY MODES Fraction (I';/T) p (MeV/c)

ete™ (2.840.7) x 10~6 5432

7(11020) 1G(UPCy = 221~ )
Mass m = 11.019 + 0.008 GeV
Full width T = 79 £+ 16 MeV
lee = 0.130 = 0.030 keV

T(11020) DECAY MODES Fraction (I';/T) p (MeV/c)

ete~ (1.640.5) x 1076 5509

NOTES

In this Summary Table:

When a quantity has “(S = ...)" to its right, the error on the quantity has
been enlarged by the “scale factor” S, defined as S = +/X2/(N — 1), where
N is the number of measurements used in calculating the quantity. We

do this when S > 1, which often indicates that the measurements are incon-
sistent. When S > 1.25, we also show in the Particle Listings an ideogram of
the measurements. For more about S, see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decay, p is
the momentum of each decay product in the rest frame of the decaying
particle. For a 3-or-more-body decay, p is the largest momentum any of the
products can have in this frame.

[a] See the “Note on 7+ — ¢y and K* — ¢% -~ Form Factors” in the
% Particle Listings for definitions and details.

[b] Measurements of (et ve)/I(ut v,) always include decays with v's, and
measurements of (et ve ) and I'(u* v, v) never include low-energy +'s.
Therefore, since no clean separation is possible, we consider the modes
with 7's to be subreactions of the modes without them, and let [[(e* v,)
+ r(ﬂ+ Vu)]/rtotal = 100%.

[c] See the 7 Particle Listings for the energy limits used in this measure-
ment; low-energy ~'s are not included.

[d] Derived from an analysis of neutrino-oscillation experiments.

[e] Astrophysical and cosmological arguments give limits of order 10713; see
the 0 Particle Listings.

[f] See the “Note on the Decay Width I'(n — ~+)" in our 1994 edition,
Phys. Rev. D50, 1 August 1994, Part|, p. 1451.

[g] See the “Note on n Decay Parameters” in the 5 Particle Listings.
[h] C parity forbids this to occur as a single-photon process.
[i] See the “Note on scalar mesons” in the f,(1370) Particle Listings.
[j] See the “Note on p(770)" in the p(770) Particle Listings.

[k] The et e~ branching fraction is from et e~ — 7 7~ experiments only.
The wp interference is then due to wp mixing only, and is expected to
be small. If ey universality holds, I'(p° — ptpu~) =T(p° — ete)
x 0.99785.

[/] This is only an educated guess; the error given is larger than the error on
the average of the published values. See the Particle Listings for details.

[m] See the “Note on a;(1260)" in the a;(1260) Particle Listings.

[n] See the “Note on the f;(1420)" in the f;(1420) Particle Listings.

[0] See also the w(1600) Particle Listings.

[p] See the “Note on the n(1440)" in the n(1440) Particle Listings.

[q] See the “Note on the p(1450) and the p(1700)" in the p(1700) Particle
Listings.

[r] See the “Note on non-q§ mesons” in the Particle Listings (see the index
for the page number).

[s] See also the w(1420) Particle Listings.

[t] See the “Note on f;(1710)" in the f;(1710) Particle Listings.

[u] See the note in the K* Particle Listings.

[v] The definition of the slope parameter g of the K — 3 Dalitz plot is as
follows (see also “Note on Dalitz Plot Parameters for K — 37 Decays”
in the K* Particle Listings): .

M =1+ g(ss — so)/m2, + -
[w] For more details and definitions of parameters see the Particle Listings.

[x] See the K* Particle Listings for the energy limits used in this measure-
ment.

[y] Most of this radiative mode, the low-momentum = part, is also included
in the parent mode listed without +'s.

[z] Direct-emission branching fraction.
[aa] Structure-dependent part.
[bb] Derived from measured values of ¢, _, ¢oo, 1|, kY and |mK(L, -

m,o ], as described in the introduction to “Tests of Conservation Laws.”
s
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[cc] The CP-violation parameters are defined as follows (see also “Note on
CP Violation in Ks — 37" and “Note on CP Violation in K(z Decay”
in the Particle Listings):

AKY — mtam)

A(KY — n070)
A(KY — 7°x0)
MK - m=ety) — T(KY - xtemv)
- MKY - 77 erv) + [(K? - ntev)
r(KOS N 7r+7r'7r0)CP viol.

MK —» ata=x0)

Moe = Ina_feide = cté

Moo = |noolet?or = =e—2¢

Im(n4—0)? =

F(KS — 7070x0
im(ro)? = 3~ T
r(k? — 7%x%x0)

where for the last two relations CPT is assumed valid, i.e., Re(n4 o) ~
0 and Re(nggp) =~ O.

[dd] See the K Particle Listings for the energy limits used in this measure-
ment.

[ee] Calculated from K9 semileptonic rates and the Kg lifetime assuming AS

[ff] € /€ is derived from \1100/7”_] measurements using theoretical input on

phases.

[gg] The value is for the sum of the charge states of particle/antiparticle states
indicated.

[hh] See the K(Z Particle Listings for the energy limits used in this measure-
ment.

[ii] Mgt o- > 470 MeV.
[ij] Allowed by higher-order electroweak interactions.

[kk] Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

[/1] See the “Note on f5(1370)" in the f(1370) Particle Listings and in the
1994 edition.

[mm] See the note in the L(1770) Particle Listings in Reviews of Modern
Physics 56 No. 2 Pt. Il (1984), p. S200. See also the “Note on K,(1770)
and the K,(1820)" in the K,(1770) Particle Listings.

[nn] See the “Note on K5(1770) and the K,(1820)" in the K»(1770) Particle
Listings.

[00] This is a weighted average of D* (44%) and D° (56%) branching frac-
tions. See “DtandD® — (nanything) / (total Dt and D°)" under
“D* Branching Ratios” in the Particle Listings.

[pp] This value averages the et and u* branching fractions, after making a
small phase-space adjustment to the ut fraction to be able to use it as
an e fraction; hence our ¢1 is really an et.

[qq] ¢ indicates e or . mode, not sum over modes.

[rr] The branching fractions for this mode may differ from the sum of the
submodes that contribute to it, due to interference effects. See the
relevant papers in the Particle Listings.

[ss] The two experiments determining this ratio are in serious disagreement.
See the Particle Listings.

[tt] This mode is not a useful test for a AC=1 weak neutral current because
both quarks must change flavor in this decay.

[uu] The D$-DY limits are inferred from the D°-D° mixing ratio ['(K*+ 7~ or
Ktr=atz=via D) / (K~ xtor K-atatz™).

[w] This value is calculated from the ratio F(K~ u* v, )/I(1+ anything) in
the DO Particle Listings.

[ww] The experiments on the division of this charge mode amongst its sub-
modes disagree, and the submode branching fractions here add up to
considerably more than the charged-mode fraction.

[xx] For now, we average together measurements of the et ve and put Vy
branching fractions. This is the average, not the sum.

[yy] This branching fraction is calculated from appropriate fractions of the
next three branching fractions.

[2z] This value includes only K™ K~ decays of the f;(1710), because branch-
ing fractions of this resonance are not known.

[aaa] This mode is not a useful test for a AC=1 weak neutral current because
both quarks must change flavor in this decay.

[bbb] B® and Bg contributions not separated. Limit is on weighted average of
the two decay rates.

[ccc] These values are model dependent. See ‘Note on Semileptonic Decays’
in the Bt Particle Listings.

[ddd] D** stands for the sum of the D(11Py), D(13Py), D(13P;), D(13P,),
D(21Sy), and D(2S;) resonances.

[eee] Inclusive branching fractions have a multiplicity definition and can be
greater than 100%.

[fff] D; represents an unresolved mixture of pseudoscalar and tensor D** (P-
wave) states.

[ggg] Not a pure measurement. See note at head of B‘s’ Decay Modes.

[hhA] Includes pprt 7~ and excludes ppn, pPw, pp7’.

[iii] JPC known by production in et e~ via single photon annihilation. 19
is not known; interpretation of this state as a single resonance is unclear
because of the expectation of substantial threshold effects in this energy
region.

[iif] Spectroscopic labeling for these states is theoretical, pending experimen-
tal information.
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See also the table of suggested gG quark-model assignments in the Quark Model section.

e Indicates particles that appear in the preceding Meson Summary Table. We do not regard
the other entries as being established.

t Indicates that the value of J given is preferred, but needs confirmation.

LIGHT UNFLAVORED STRANGE BOTTOM, STRANGE
/G(JP(CS): C=B=0) IG(JPC) (§=+1,C= B/(jPO)) (B= +1, S zlig?jpc)
o 17(07) £,(1640) ottt o K 1/2(07) e BY 0(0™)
o 70 170~ ) | ows(1670) 0-3~ ") | eK® 1/2(07) B: 2(?7)
o7 0t (0~ 1) | emp(1670) 1=(2- 1) o K2 1/2(07) B*,(5850) 2(27)
o f(400-1200)  0F(0T 1) | e ¢(1680) 0—(177) o K9 1/2(07) —
o p(770) 11~ 7) | e p3(1690) 1F377) | e K*(892) 1/2(17) €<
o w(782) 0=(1= ) | e p(1700) 17(177) | e Ky(1270) 1/2(11) * 7c(15) ot~ %)
o 7'(958) 0T (0~ F) | of(1710) 0T (even + )| o K;(1400) 1/2(1h) o J/9(15) U C
o £(980) ot(o++) | X(1740) 0T (even + )| o K*(1410) 1/2(17) | ®Xco(1P) 00+ ™)
o 3(980) 1=+ +) | n(1760) 0T ) | o K(1430) 1/20%) | ® i"cgf;’;) 0
o (1020 0- (1~ ~ (1800 1 (0~ o K* c
. fl((u?g) o—gl + —; X((1775)) 1“§? - +§ ﬁfﬁg;) 1Z§§~§ * Xc2(1P) o2t
o by(1235) 1tat ) £(1810) ot(++) K(1580) 1/2(27) n¢c(25) 727 )
e a;(1260) 17(1F ) | o ¢3(1850) 0-(37 ) K2(165O) 1/2(1%) * ¥(25) o (17 7)
o £(1270) of(2*F) | n(1870) 0or2=T) | . K1*(1680) 12(17) | *¥(B770) ?3(1 )
o £,(1285) otat+) |  Xx(1910) ot(?h) o Ky(1770) 1/2(27) * 4(4040) MO
o 7(1295) 0F(~ %) | £(1950) ottt K*(1780 1/2(3~ * (4160) (17 7)
—(0—+ v — (27 ® K3(1780) 267, )(4415) 717 )
° 7r(1300) 1 (0 ) X(QOOO) 1 (7 ) ° K2(1820) 1/2(2 ) v !
* 2(1320) 1727 ) | e £(2010) 0t(2* ) K (1830) 1/2(07) =
o f5(1370) 0F(0F ™) | as(2040) 1-(4" ) K3(1950) 1/2(0%) e
h1(1380) =177 | e £(2050) ottt K3 (1980) 122ty | 2 TS 0 arn
£(1405) 1—(177T) m(2100) 1=-* |, K3(2045) 1/2(4%) ® Xpo(1P) 0+(0 . +)
e £,(1420) ot(1t ™) £(2150) ot(2t+ ™) K4(2250) 1/2(2-) ® Xp1(1P) 0+(1 N +)
o (1420) 0=(1~ ") | p(2150) 17(1= ) K230 i * Xp2(1P) or(2* )
£,(1430) ot(2t ™) £(2200) o+ ) i( ) /2(37) o 7(25) om(17 ™)
o 17(1440) ot~ ) | £(2220) ot ttor | (5(2380) 1/2(57) | o x0(2P) ot
; (1450) 1—(0++) ’ 4+ K4(2500) 123)) * Xp1(2P) ottt
. p?1450) 1H1= ) | n(2225) ot~ %) K(3100) () o Xp2(2P) ot(2+ )
* f5(1500) 0t ) | p3(2250) 173~ 7) CHARMED * T(35) 0-(177)
o £,(1510) of(1++) | e H(2300) ot(2+ ™) (C=+1) * T(45) 7Z(l‘_)
o 1,(1525) ot@t+) £(2300) ottty [t 1/2(07) * 7(10860) aT)
£(1565) 0t(2t ) | *£H(2340) 0F(2*T ™) | ¢ po 1/200-) | ® T(11020) 71T 7)
* w(1600) SO ”5(5228) ?(2 L) e Dr(2007)°  1/2(17) NON-qg CANDIDATES
X(1600) S ) 2 ) ¢( + +) * 07(2010) L/2017) Non-gq Candidates
;.zgiég)) 37'((7@7) ) | e 01(2420)1 1/2(1;L) 99
AN D1(2420) 1/2(7%)
OTHER LIGHT UNFLAVORED | ® D3(2460)° 1/2(2)
(S=C=B=0) o D3(2460)" 1/2(2%)
ete=(1100-2200) ?7(1 ~ ) CHARMED, STRANGE
NN(1100-3600) (C=5=+1)
X(1900-3600) o Df 0(07)
o D* ?2(?7)
o D;(2536)* o(1t)
o D,;(2573)* 2(?7)
BOTTOM
(B==+1)
o Bt 1/2(07)
e B0 1/2(07)
o B* 1/2(17)
B*(5732) 2(?7)
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This short table gives the name, the quantum numbers (where known), and the status of baryons in the Review. Only the baryons with 3-
or 4-star status are included in the main Baryon Summary Table. Due to insufficient data or uncertain interpretation, the other entries in the
short table are not established as baryons. The names with masses are of baryons that decay strongly. See our 1986 edition (Physics Letters
170B) for listings of evidence for Z baryons (KN resonances).

p Pll *okokok A(1232) P33 *okokk N POl *kkk z‘+ Pll *kkk _:0 Pll ¥k k%
n Pyp  *®Rk | A(1600) P33 F*F [ A(1405)  Spp  kwEkx | 50 Py Rk - Ppp REEE
N(1440)  Pyp  ®**% | A(1620) S5 R*xk | A(1520)  Dpz  ¥RRF | X Py RREx | Z(1530) Py Kkkx
N(1520) Dy3 *xokok A(1700) D33 *kkk | A(1600) Py *okok 5 (1385) P13 *kkok =(1620) *
N(1535)  S11 *¥*** | A(1750) Py ¥ A(1670)  Sp;  *¥¥x | F(1480) * Z(1690) ok
N(1650) Sy *¥*%* | A(1900) S5  *** | A(1690) Doz *¥¥* | Z(1560) x Z(1820) Dy *F¥*
N(1675)  Dis  **** | A(1905) Fass  **** | A(1800) Sp;  *¥** | X(1580) Di3  ** Z(1950) Hokok
N(1680)  Fi5  **¥* | A(1910) Py k¥Rk | A(1810) Py ¥+ | X(1620) Sy ** =(2030) ok
N(1700) D1z *** [ A(1920) Ps3  *** | A(1820)  Fos  **** | X(1660) Pyy  *** | =(2120) *
N(1710) Py *** [ A(1930) D35 *** | A(1830)  Dps  *¥¥* [ X(1670) Dy3  **** | =(2250) *x
N(1720)  Py3 *¥¥% | A(1940) D33 * A(1890)  Py3  *¥¥x | 3(1690) ok Z(2370) o
N(1900) Pz ** A(1950)  F3;  *RRx | A(2000) * Z(1750)  Sui o *** | =(2500) *
N(1990)  F7  ** A(2000)  Fgy  ** A(2020)  Fy; % X(1770) Py ¥
N(2000) Fi5  ** A(2150) 53 % A(2100) Gor  **** | Z(1775) D5 ¥¥¢x | 0 kKK
N(2080) D13 ** A(2200)  Gy; ¥ A(2110)  Fps  *%% | X(1840) P13 * £2(2250)~ Ex
N(2090)  S;; ¥ A(2300)  Hzg  ** A(2325)  Dyz  * X(1880) Ppp  ** £2(2380)~ i
N(2100) Py ¥ A(2350) D35 * A(2350)  Hog *** | Z(1915)  Fig  **xx | 02(2470)7 ok
N(2190) G **ER | A(2390)  Fy;  * A(2585) k (1940) Dy3
N(2200) Dys  ** A(2800)  Gig  ** $(2000) Sy;  * e kokk
N(2220) Hig  *¥* | A(2420) Hyqy *¥xx $(2030) Fi7 kkkk | A (2593)T *kk
N(2250)  Gig = **** | A(2750)  fqs  ** (2070) Fi5 * Ac(2625)* xx
N(2600) lgp  FF* A(2950) Kyis ** 5(2080) P13 *% 3 .(2455) Hkkk
N(2700)  Kigz ** ' (2100) Gy £(2530) *
5(2250) wrx | T Hokk
X (2455) ** =0 %
5(2620) x =.(2645) Kook
5 (3000) * foyd Kok
5(3170)
/\2 Kok k
=9, =, *

**xx  Existence is certain, and properties are at least fairly well explored.

*¥*  Existence ranges from very likely to certain, but further confirmation is desirable and/or
quantum numbers, branching fractions, etc. are not well determined.

**  Evidence of existence is only fair.

*  Evidence of existence is poor.
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N BARYONS
(5=0, I =1/2)

p, Nt = uwud, n, N = udd

10P) =33
Mass m = 938.27231 = 0.00028 MeV (2]

= 1.007276470 + 0.000000012 u

|%|/(§Fp) = 1.0000000015 = 0.0000000011

lap + apl/e < 2x 1075

lap + gel/e < 1.0x 10721 [8]

Magnetic moment p = 2.79284739 + 0.00000006 1 p

Electric dipole moment d = (—4 £ 6) x 10723 ecm

Electric polarizability @ = (12.1 £ 0.9) x 10™* fm3

Magnetic polarizability B = (2.1 + 0.9) x 10™* fm3

Mean life 7 > 1.6 x 10%° years  (independent of mode)

=> 103! - 5 x 1032 years (]

Below, for NV decays, p and n distinguish proton and neutron partial life-

times. See also the “Note on Nucleon Decay” in our 1994 edition (Phys.
Rev. D50, 1673) for a short review.

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

(mode dependent)

question.
Partial mean life p
p DECAY MODES (1030 years) Confidence level (MeV/c)
Antilepton + meson

N - etn > 130 (n), > 550 (p) 90% 459
N— utr > 100 (n), > 270 (p) 90% 453
N — v > 100 (n), > 25 (p) 90% 459
p— etp > 140 20% 309
p— utn > 69 90% 29
n— vn > 54 90% 310
N— etp > 58 (n), > 75 (p) 90% 153
N— utp > 23 (n), > 110 (p) 90% 119
N — vp > 19 (n), > 27 (p) 90% 153
p— etw > 45 90% 142
P — ;t*w > 57 90% 104
n— vw > 43 90% 144
N — etk > 1.3 (n), > 150 (p) 90% 337

p— etk > 76 90% 337

p— etK? > 44 20% 337
N — ptK > 1.1 (n), > 120 (p) 90% 326

p— wtK > 64 90% 326

p— utKY > 44 90% 326
N— vK > 86 (n), > 100 (p) 90% 339
p— et K*(892)° > 52 90% 45
N — v K*(892) > 22 (n), > 20 (p) 90% 45

Antilepton + mesons
p— etntna— >21 90% 448
p— etalx0 > 38 90% 449
n— etr n° > 32 90% 449
p— ptata~ >17 90% 425
p — ;L+ 7070 >33 90% 427
n— ptron >33 90% 427
n— etKOzr— >18 90% 319
Lepton + meson
n— et > 65 90% 459
n— u 7t > 49 90% 453
n— e pt > 62 90% 154
n— pu p+ >7 90% 120
n— e Kt > 32 90% 340
n— p~ Kt > 57 90% 330
Lepton 4 mesons

p— e wtxt > 30 90% 448
n— e ntnd >29 90% 449
p— p rtat > 17 90% 425
n— pu-wta0 > 34 0% 427
p— e ntKt > 20 90% 320
p— p wtKt >5 90% 279

Antilepton + photon(s)

p— ety > 460 90% 469
p— uty > 380 90% 463
n— vy > 24 90% 470
p— etyy > 100 90% 469
Three leptons
p— etete™ > 510 90% 469
p— etptyu~ > 81 90% 457
p— etvy > 11 90% 469
n— ete v > 74 90% 470
n— pte v > 47 90% 464
n— ptu v > 42 90% 458
p— utete >91 90% 464
p— wurptp~ > 190 90% 439
p— utvy >21 90% 463
p— e ptpt >6 90% 457
n— 3v > 0.0005 90% 470
Inclusive modes
N — etanything > 0.6 (n, p) 90% -
N — pTanything > 12 (n, p) 90% -
N — et n0anything > 0.6 (n, p) 90% -
AB = 2 dinucleon modes
The following are lifetime limits per iron nucleus.
pPp — atat >0.7 90% -
pn— a0 >2 90% -
nn— atg~ >0.7 90% -
nn— 70x° > 3.4 90% -
pp — etet >58 90% -
pp — etput >36 90% -
pp — ptut >17 90% -
pn— etw >28 90% -
pn— utv >16 90% -
nn — vele > 0.000012 90% -
nn— v,7, > 0.000006 90% -
P DECAY MODES
Partial mean life P
P DECAY MODES (years) Confidence level (MeV/c)
pP— ey > 1848 95% 469
p— e 0 > 554 95% 459
pP— e > 171 95% 309
p— e K% > 29 95% 337
p— e K? >9 95% 337

[=]

10P) = 3G31)

Mass m = 939.56563 & 0.00028 MeV (2]
= 1.008664904 + 0.000000014 u
m, — m, = 1.293318 + 0.000009 MeV
= 0.001388434 =+ 0.000000009 u
Mean life 7 = 887.0 £ 2.0s (S = 1.3)
cr = 2.659 x 108 km

Magnetic moment . = —1.9130428 £ 0.0000005

Electric dipole moment d < 1.1 x 1025 ecm, CL = 95%
Electric polarizability o = (0.987539) x 1073 fm3 (S = 1.1)

Charge g = (0.4 £ 1.1) x 1072} ¢

Mean nf-oscillation time > 1.2x10% s, CL = 90% (9] (bound n)

Decay parameters (€]

pe”

Ve

n DECAY MODES

pe Te

PVeVe

> 086 x 1085, CL = 90% (free n)
ga/8v = —1.2601 + 0.0025 (S = 1.1)
A= —0.1139 + 0.0011 (S = 1.3)
" B = 0.990 + 0.008
" a = —0.102 £ 0.005
" éav = (180.07 + 0.18)° [f]
" D= (-05%14)x 1073
p
Fraction (/) Confidence level (MeV/c)
100 % 1.19
Charge conservation (Q) violating mode
Q < 9x10724 90% 1.29
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N(1440) Py; 1UP) = 33)
Mass m = 1430 to 1470 (= 1440) MeV
Full width I = 250 to 450 (=~ 350) MeV
Pbeam = 0.61 GeV/c 47X2 = 31.0 mb

N(1440) DECAY MODES Fraction (I';/T) p (MeVc)
Nr 60-70 % 397
Nrm 30-40 % 342
Am 20-30 % 143
Np <8% t
N(mm ){;v(\)/ave 5-10 % -
I2e% 0.035-0.048 % 414
Py, helicity=1/2 0.035-0.048 % 414
ny 0.009-0.032 % 413
n~, helicity=1/2 0.009-0.032 % 413
N(1520) Dy3 1P =3G37)
Mass m = 1515 to 1530 (= 1520) MeV
Full width ' = 110 to 135 (= 120) MeV
Ppeam = 0.74 GeV/c 47X? = 23.5 mb
N(1520) DECAY MODES Fraction (I';/T) p (MeV/c)
Nm 50-60 % 456
Nrm 40-50 % 410
Am 15-25 % 228
Np 15-25 % t
N("”r)_ls?mgave <8% -
Py 0.46-0.56 % 470
P, helicity=1/2 0.001-0.034 % 470
pv, helicity=3/2 0.44-0.53 % 470
ny 0.30-0.53 % 470
nvy, helicity=1/2 0.04-0.10 % 470
n~, helicity=3/2 0.25-0.45 % 470
N(1535) Sy 1Py =137
Mass m = 1520 to 1555 (~ 1535) MeV
Full width ' = 100 to 250 (= 150) MeV
Ppeam = 0.76 GeV/c 4rx2 = 22.5 mb
N(1535) DECAY MODES Fraction (F;/T) p (MeV/c)
Nm 35-55 % 467
Nn 30-55 % 182
Nrm 1-10 % 422
Am <1% 242
Np <4 % t
N(W"r){sveave <3% -
N(1440)7 <7% t
Py 0.08-0.27 % 481
p~, helicity=1/2 0.08-0.27 % 481
ny 0.004-0.29 % 480
n~, helicity=1/2 0.004-0.29 % 480
N(1650) Sy 0P =337)
Mass m = 1640 to 1680 (= 1650) MeV
Full width I = 145 to 190 (= 150) MeV
Pbeam = 0.96 GeV/c 47x2 = 16.4 mb
N(1650) DECAY MODES Fraction (I';/T) P (MeVv/c)
N 55-90 % 547
Nn 3-10 % 346
AK 3-11 % 161
Nrr 10-20 % 511
Am 1-7% 344

Np 4-12 %

t

N("”){ixave <4% . =
N(1440)m <5% 147
Py 0.04-0.18 % 558
p~, helicity=1/2 0.04-0.18 % 558
ny 0.003-0.17 % 557
nv, helicity=1/2 0.003-0.17 % 557

Mass m = 1670 to 1685 (~ 1675) MeV
Full width [ = 140 to 180 (~ 150) MeV
Pbeam = 1.01 GeV/c 4rx2 = 15.4 mb

N(1675) DECAY MODES Fraction (I';/T) p (MeV/c)
Nm 40-50 % 563
AK <1% 209
Nrx 50-60 % 529
Ar 50-60 % 364
Np <1-3% t
Py 0.004-0.023 % 575
P, helicity=1/2 0.0-0.015 % 575
Py, helicity=3/2 0.0-0.011 % 575
ny 0.02-0.12 % 574
n+, helicity=1/2 0.006-0.046 % 574
n+y, helicity=3/2 0.01-0.08 % 574

N(1680) Fy5 1Py = 361
Mass m = 1675 to 1690 (= 1680) MeV
Full width T = 120 to 140 (=~ 130) MeV
Pbeam = 1.01 GeV/c 47%x2 = 152 mb

N(1680) DECAY MODES Fraction (T';/T) p (MeVfc)
Nm 60-70 % 567
Nrnm 30-40 % 532
Am 5-15 % 369
Np 3-15 % t
N(”"r)’;\gave 5-20 % -
Py 0.21-0.32 % 578
p~, helicity=1/2 0.001-0.011 % 578
P, helicity=3/2 0.20-0.32 % 578
ny 0.021-0.046 % 577
n+y, helicity=1/2 0.004-0.029 % 577
n+y, helicity=3/2 0.01-0.024 % 577

N(1700) Dy3 10y =137
Mass m = 1650 to 1750 (~ 1700) MeV
Full width I = 50 to 150 (~ 100) MeV
Ppeam = 1.05 GeV/c 47x2 = 145 mb

N(1700) DECAY MODES Fraction (T';/T) p (MeV/c)
Nm 5-15 % 580
AK <3% 250
N 85-95 % 547
Np <35 % t
Py 0.01-0.05 % 591
P, helicity=1/2 0.0-0.024 % 591
Py, helicity=3/2 0.002-0.026 % 591
ny 0.01-0.13 % 590
n+y, helicity=1/2 0.0-0.09 % 590
n-~, helicity=3/2 0.01-0.05 % 590
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1JP) =33

N(1710) Py

Mass m = 1680 to 1740 (~ 1710) MeV
Full width I = 50 to 250 (~ 100) MeV
Pbeam = 1.07 GeV/c 47x2 = 142 mb

N(1710) DECAY MODES Fraction (I';/T) p (MeV/c)
N 10-20 % 587
AK 5-25 % 264
N 40-90 % 554
Am 15-40 % 393
Np 5-25 % 48
N(rm)E0 e 10-40 % -
Py 0.002-0.05% 598
p~, helicity=1/2 0.002-0.05% 598
ny 0.0-0.02% 597
nvy, helicity=1/2 0.0-0.02% 597
N(1720) P13 1Py =33
Mass m = 1650 to 1750 (= 1720) MeV
Full width I = 100 to 200 (= 150) MeV
Pheam = 1.09 GeV/c 47x2 = 13.9 mb
N(1720) DECAY MODES Fraction (I';/T) P (MeV/c)
Nm 10-20 % 594
AK 1-15 % 278
N7 >70 % 561
Np 70-85 % 104
Py 0.003-0.10 % 604
py, helicity=1/2 0.003-0.08 % 604
p~y, helicity=3/2 0.001-0.03 % 604
ny 0.002-0.39 % 603
nvy, helicity=1/2 0.0-0.002 % 603
n+, helicity=3/2 0.001-0.39 % 603
N(2190) Gy7 10P) = 3(37)
Mass m = 2100 to 2200 (=~ 2190) MeV
Full width I = 350 to 550 (& 450) MeV
Pbeam = 2.07 GeV/c 47x% = 6.21 mb
N(2190) DECAY MODES Fraction (I;/T) p (MeVjc)
N 10-20 % 888
N(2220) Hig 0Py =13%)
Mass m = 2180 to 2310 (= 2220) MeV
Full width [ = 320 to 550 (a2 400) MeV
Pbeam = 2.14 GeV/c 47X2 = 5.97 mb
N{(2220) DECAY MODES Fraction (I; /) p (MeV/c)
N 10-20 % 905
N(2250) Gig 1uPy =127
Mass m = 2170 to 2310 (~ 2250) MeV
Full width T = 290 to 470 (~ 400) MeV
Poeam = 2.21 GeV/c 47X? = 5.74 mb
N(2250) DECAY MODES Fraction (F; /) P (MeV/c)
Nm 5-15 % 923
N(2600) h,11 10P) = 3(&7)
Mass m = 2550 to 2750 (= 2600) MeV
Full width I = 500 to 800 (= 650) MeV
Ppeam = 3.12 GeV/c 47X2 = 3.86 mb
N(2600) DECAY MODES Fraction (I;/T) p (MeV/c)
N 5-10 % 1126

A BARYONS
(S=0, 1=3/2)

AYY = yuu, AY = wud, A° = udd, A~ =ddd

A(1232) P33 0Py = 33h
Mass m = 1230 to 1234 (~ 1232) MeV
Full width ' = 115 to 125 (~ 120) MeV
Ppeam = 0.30 GeV/c 47x%2 = 94.8 mb

A(1232) DECAY MODES Fraction (I;/T) p (MeV/c)
N7 >99 % 227
N~ 0.54-0.61 % 259
N+, helicity=1/2 0.12-0.14 % 259
N~, helicity=3/2 0.41-0.47 % 259
A(1600) P33 1Py = 33h)
Mass m = 1550 to 1700 (~ 1600) MeV
Full width T’ = 250 to 450 (~ 350) MeV
Ppeam = 0.87 GeV/c 47X2 = 18.6 mb
A(1600) DECAY MODES Fraction (;/T) p (MeV/c)
Nm 10-25 % 512
Nz 75-90 % 473
Am 40-70 % 301
Np <25 % f
N(1440)m 10-35 % 74
N~ 0.001-0.02 % 525
N+, helicity=1/2 0.0-0.02 % 525
N+, helicity=3/2 0.001-0.005 % 525
A(1620) Sz 1Py =3G7)
Mass m = 1615 to 1675 (=~ 1620) MeV
Full width T = 120 to 180 (~ 150) MeV
Pbeam = 0.91 GeV/c 47X2 = 17.7 mb
A(1620) DECAY MODES Fraction (F;/T) p (MeVjc)
N 20-30 % 526
Nrm 70-80 % 488
AT 30-60 % 318
Np 7-25 % 1
N~ 0.004-0.044 % 538
N~, helicity=1/2 0.004-0.044 % 538
A(1700) D33 4Py =337)
Mass m = 1670 to 1770 (=~ 1700) MeV
Full width ' = 200 to 400 (~ 300) MeV
Ppeam = 1.05 GeV/c 47X2 = 14.5 mb
A(1700) DECAY MODES Fraction (I;/T) p (MeV/c)
N~ 10-20 % 580
N 80-90 % 547
Am 30-60 % 385
Np 30-55 % t
N~ 0.12-0.26 % 591
N, helicity=1/2 0.08-0.16 % 591
N-, helicity=3/2 0.025-0.12 % 591
A(1900) S31 1Py =337
Mass m = 1850 to 1950 (~ 1900) MeV
Full width [ = 140 to 240 (~ 200) MeV
Pbeam = 1.44 GeV/c 47X2 = 9.71 mb
A(1900) DECAY MODES Fraction (F;/T) P (MeV/c)
N~ 10-30 % 710
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A(1905) Fss 4P =361
Mass m = 1870 to 1920 (= 1905) MeV
Full width T = 280 to 440 (~ 350) MeV
Pbeam = 1.45 GeV/c 47X2 = 9.62 mb

A(1905) DECAY MODES Fraction (I';/T) p (MeV/c)
Nm 5-15 % 713
Nrm 85-95 % 687
Aw <25 % 542
Np >60 % 421
N~ 0.01-0.03 % 721
N, helicity=1/2 0.0-0.1 % 721
N~, helicity=3/2 0.004-0.03 % 721
A(1910) Py 10P) = 331)
Mass m = 1870 to 1920 (= 1910) MeV
Full width I = 190 to 270 (x 250) MeV
Ppeam = 1.46 GeV/c 47X2 = 9.54 mb
A(1910) DECAY MODES Fraction (I;/T) p (MeV/c)
Nm 15-30 % 716
N~ 0.0-0.2 % 725
N+, helicity=1/2 0.0-0.2 % 725
A(1920) P33 1Py =331
Mass m = 1900 to 1970 (= 1920) MeV
Full width I' = 150 to 300 (~ 200) MeV
Ppeam = 1.48 GeV/c 47X2 = 9.37 mb
A(1920) DECAY MODES Fraction (I;/T) p (MeV/c)
Nr 5-20 % 722
A(1930) Dss 1Py =3(37)
Mass m = 1920 to 1970 (= 1930) MeV
Full width I = 250 to 450 (a2 350) MeV
Ppeam = 1.50 GeV/c 47X2 = 9.21 mb
A(1930) DECAY MODES Fraction (I;/T) p (MeV/c)
N 10-20 % 729
N~ 0.0-0.02 % 737
N+, helicity=1/2 0.0-0.01 % 737
N+, helicity=3/2 0.0-0.01 % 737
A(1950) Fs7 14P) = 3G3)
Mass m = 1940 to 1960 (~ 1950) MeV
Full width I = 290 to 350 (~ 300) MeV
Ppeam = 1.54 GeV/c 47X2 = 8.91 mb
A(1950) DECAY MODES Fraction (I;/T) p (MeVjc)
N 35-40 % 741
Nnr 716
A 20-30 % 574
Np <10 % 469
N~ 0.08-0.13 % 749
N+, helicity=1/2 0.03-0.055 % 749
N+, helicity=3/2 0.05-0.075 % 749
A(2420) H3 14 1(JPy = 3(3&+)
Mass m = 2300 to 2500 (~ 2420) MeV
Full width ' = 300 to 500 (~ 400) MeV
Ppeam = 2.64 GeV/c 47X2 = 4.68 mb
A(2420) DECAY MODES Fraction (I';/T) p (MeV/c)
N 5-15 % 1023

A BARYONS
(§=-1,1=0)
A0 = uds

1JP) = o(3*)

Mass m = 1115.684 + 0.006 MeV
Mean life 7 = (2.632 £ 0.020) x 10705 (S = 1.6)
cr =7.89cm
Magnetic moment = —0.613 + 0.004 up
Electric dipole moment d < 1.5 x 1076 ecm, CL = 95%

Decay parameters

pr= a_ = 0.642 + 0.013
" ¢_ = (—6.5 + 3.5)°
" y_ =0.76 l€]

v A_ = (8+4)le]

nw0 g = +0.65 + 0.05

pe~ U, ga/8v = —0.718 + 0.015 [e]
A DECAY MODES Fraztion (I;/T) p (MeV/c)
pr~ (63.9 £0.5 )% 101
0 (35.8 £05 )% 104
ny ( 1.7540.15) x 103 162
pTTy [h( 8.4 +1.4 )x 104 101
pe” U, ( 8.3240.14) x 1074 163
prTT, ( 1.5740.35) x 10~4 131

1Py =0(37)

Mass m = 1407 + 4 MeV
Full width T = 50.0 4+ 2.0 MeV
Below K N threshold

A(1405) DECAY MODES
I 100 % 152

Mass m = 1519.5 + 1.0 MeV []
Full width I = 15.6 4 1.0 MeV []
Pbeam = 0.39 GeV/c 47x2 = 82.8 mb

Fraction (I';/T) p (MeV/c)

1Py =0(37)

A(1520) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 45 + 1% 244
I 42 + 1% 267
Anm 10 + 1% 252
Xrmw 0.9 + 0.1% 152
Ay 0.8 4: 0.2% 351

A(1600) Poy 1Py = 0(3%)
Mass m = 1560 to 1700 (= 1600) MeV
Full width I = 50 to 250 (~ 150) MeV
Ppeam = 0.58 GeV/c 47X2 = 41.6 mb

A(1600) DECAY MODES Fraction ([;/T) p (MeV/c)
NK 15-30 % 343
I 10-60 % 336
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1(JP) =0(37)

Mass m = 1660 to 1680 (~ 1670) MeV
Full width I = 25 to 50 (~ 35) MeV

Pbeam = 0.74 GeV/c

47X2 = 28.5 mb

A(1670) DECAY MODES Fraction (;/T) P (MeV/c)
NK 15-25 % 414
X 20-60 % 393
An 15-35 % 64
A(1690) Do3 0Py =0(37)
Mass m = 1685 to 1695 (~ 1690) MeV
Full width T = 50 to 70 (~ 60) MeV
Pheam = 0.78 GeV/c 47X2 = 26.1 mb
A(1690) DECAY MODES Fraction (;/T) p (MeV/e)
NK 20-30 % 433
X 20-40 % 409
Anmw ~25% 415
Snmw ~20% 350
A(1800) So1 1UP)y =0(37)
Mass m = 1720 to 1850 (~ 1800) MeV
Full width T = 200 to 400 (= 300) MeV
Ppeam = 1.01 GeV/c 47X2 = 17.5 mb
A(1800) DECAY MODES Fraction (;/T) P (MeV/c)
NK 25-40 % 528
I seen 493
}:(_1385)71 seen 345
N K*(892) seen t
A(1810) Py 1(4Py =03 )
Mass m = 1750 to 1850 (~ 1810) MeV
Full width I = 50 to 250 (~ 150) MeV
Ppeam = 1.04 GeV/c 47X2 = 17.0 mb
A(1810) DECAY MODES Fraction (I; /) p (MeV/c)
NK 20-50 % 537
I 10-40 % 501
Z(_1385)7r seen 356
NK*(892) 30-60 % t
A(1820) Fos 10Py =031
Mass m = 1815 to 1825 (x~ 1820) MeV
Full width T = 70 to 90 (~ 80) MeV
Pbeam = 1.06 GeV/c 47x2 = 16.5 mb
A(1820) DECAY MODES Fraction (F;/T) p (MeV/c)
NK 55-65 % 545
I 8-14 % 508
¥ (1385)m 5-10 % 362

10Py=0(37)

Mass m = 1810 to 1830 (=~ 1830) MeV
Full width T = 60 to 110 (= 95) MeV

Pbeam = 1.08 GeV/c

47X2 = 16.0 mb

A(1830) DECAY MODES Fraction (;/T) p (MeVfc)
NK 3-10 % 553
I 35-75 % 515
3(1385)w >15 % 371
A(1890) Po3 10P) = 0(31)
Mass m = 1850 to 1910 (=~ 1890) MeV
Full width I = 60 to 200 (~ 100) MeV
Pbeam = 1.21 GeV/c 47x2 = 13.6 mb
A(1890) DECAY MODES Fraction (I';/T) p (MeVyc)
NK 20-35 % 599
rm 3-10 % 559
Z_(_l385)7r seen 420
NK*(892) seen 233
A(2100) Goy 1(4Py =0(37)
Mass m = 2090 to 2110 (= 2100) MeV
Full width I = 100 to 250 (x 200) MeV
Pbeam = 1.68 GeV/c 47X2 = 8.68 mb
A(2100) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 25-35 % 751
rm ~5% 704
An <3% 617
=K <3% 483
Aw <8% 443
N K*(892) 10-20 % 514
A(2110) Fos 0Py =0(3%)
Mass m = 2090 to 2140 (= 2110) MeV
Full width I = 150 to 250 (= 200) MeV
Pbeam = 1.70 GeV/c 47X% = 8.53 mb
A(2110) DECAY MODES Fraction (;/T) p (MeV/c)
NK 5-25 % 757
rm 10-40 % 711
Aw seen 455
}__(_1385)7r seen 589
N K*(892) 10-60 % 524
A(2350) Hog 1(4Py =0(3™)
Mass m = 2340 to 2370 (& 2350) MeV
Full width T = 100 to 250 (~ 150) MeV
Pbeam = 2.29 GeV/c 47X% = 5.85 mb
A(2350) DECAY MODES Fraction (I';/T) p (MeV/c)
NK ~12% 915
rm ~10% 867
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> BARYONS
(5=-1,1=1)

s+t =yus, % =uds, I~ =dds

10P) =13)

Mass m = 1189.37 £ 0.07 MeV (S = 2.2)
Mean life 7 = (0.799 + 0.004) x 10710 s
cr = 2.396 cm
Magnetic moment g = 2.458 & 0.010 pupy (S = 2.1)
M+ — netv)/T(E~ — ne~7) < 0.043
Decay parameters

pr® ap = —0.980+5:917

" $o = (36 & 34)°

" v = 0.16 (8]

" Do = (187 + 6)° €]
nwt a; = 0.068 + 0.013

" ¢, = (167 £20)° (S =1.1)

" v = —0.97 €]

" Ay = (-73115) &
Py @, = —0.76 £ 0.08

S

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

pr® (51.57+0.30) % 189
nrt (48.314+0.30) % 185
Py ( 1.23+0.05) x 1073 225
nrty [h] (45 +05 )x 1074 185
Net e (20 £05 )x 1075 7

AS = AQ (SQ) violating modes or
AS = 1 weak neutral current (51) modes

netuv, 5Q < s x 10—6 90% 224
nuty, 5Q < 30 x 1075 90% 202
pete~ 51 <7 x 107® 225

1Py = 1(3%)

JP not measured; assumed to be the same as for the ¥+ and ¥~
Mass m = 1192.55 =+ 0.08 MeV (S = 1.2)
My — Myo = 4.88 + 0.08 MeV (S = 1.2)
Mygo — mp = 76.87 £0.08 MeV (S = 1.2)
Mean life 7 = (7.4 £ 0.7) x 10720 s
cr =222x10"1 m
Transition magnetic moment ;54| = 1.61 % 0.08 uy

p
£0 DECAY MODES Fraction (;/T) Confidence level (MeV/c)

Ay 100 % 74
Avy < 3% 90% 74
Nete™ ]  sx1073 74

1P) =13+

Mass m = 1197.436 & 0.033 MeV (S = 1.2)

msg_ — my, =807 +0.08 MeV (S =1.9)

my. — mp = 81.752 + 0.034 MeV (S = 1.2)

Mean life 7 = (1.479 £ 0.011) x 10705 (S = 1.3)
cr = 4.434 cm

Magnetic moment g = —1.160 =+ 0.025 upy (S = 1.7)

Decay parameters

nmw a_ = —0.068 + 0.008
" ¢ = (10 + 15)°
M v_ = 0.98 ]

" A_ = (249 12)0 [é]
ne~ve ga/€y = 0.340 + 0.017 [€]
" £(0)/f(0) = 0.97 + 0.14
" D =011+ 0.10
Ne~ T, gv/ga =001 +010l (S =15)
" gwm/ga =24+ 1.7 e

X~ DECAY MODES Fraction (I;/T) p (MeV/c)
nm~ (99.848+0.005) % 193
nrTy [h]( 46 406 )x104 193
ne~ ve ( 1.017+0.034) x 10~3 230
nuT o, (45 +04 )x10™% 210
Ae~ T, (573 +0.27 ) x 1075 79

X(1385) P13 | 0Py =134
X (1385)*mass m = 1382.8 + 0.4 MeV (S = 2.0)
5(1385)° mass m = 1383.7 + 1.0 MeV (S = 1.4)
¥(1385)"mass m = 1387.2 + 0.5 MeV (S = 2.2)
(1385)* full width I = 35.8 & 0.8 MeV
£(1385)° full width [ = 36 + 5 MeV
T(1385) full width I = 39.4 £ 2.1 MeV (S = 1.7)

Below K N threshold

X¥(1385) DECAY MODES Fraction (I';/T) p (MeVfc)
Am 88+2 % 208
Ir 1242 % 127

X(1660) P1y 1uPy =131
Mass m = 1630 to 1690 (~ 1660) MeV
Full width I = 40 to 200 (~ 100) MeV
Ppeam = 0.72 GeV/c 47X2 = 29.9 mb

X¥(1660) DECAY MODES Fraction (;/T) P (MeV/c)
NK 10-30 % 405
Am seen 439
X seen 385

X(1670) D13 1Py =1(37)
Mass m = 1665 to 1685 (= 1670) MeV
Full width I = 40 to 80 (~ 60) MeV
Pbeam = 0.74 GeV/c 47%2 = 28.5 mb

¥(1670) DECAY MODES Fraction (I';/I) p (MeV/c)
NK 7-13% 414
Am 5-15 % 447
Xr 30-60 % 393

X (1750) Sy 0Py =1(37)
Mass m = 1730 to 1800 (= 1750) MeV
Full width I = 60 to 160 (= 90) MeV
Ppeam = 0.91 GeV/c 47x2 = 20.7 mb

¥(1750) DECAY MODES Fraction (;/T) p (MeV/c)
NK 10-40 % 486
A seen 507
T <8 % 455

In 15-55 % 81
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X(1775) Dys 10P) =137)
Mass m = 1770 to 1780 (~ 1775) MeV
Full width I = 105 to 135 (= 120) MeV
Pbeam = 0.96 GeV/c 47X2 = 19.0 mb

X(1775) DECAY MODES Fraction (I;/I) p (MeV/c)
NK 37-43% 508
A 14-20% 525
Py 2-5% 474
¥(1385)m 8-12% 324
A(1520) 7 17-23% 198
¥(1915) Fi5 1Py =131
Mass m = 1900 to 1935 (= 1915) MeV
Full width T = 80 to 160 (= 120) MeV
Pheam = 1.26 GeV/c 47X2 = 12.8 mb
X(1915) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 5-15 % 618
Am seen 622
I seen 577
Z(l385)7r <5% 440
5(1940) Dy3 0Py =137)
Mass m = 1900 to 1950 (= 1940) MeV
Full width I = 150 to 300 (=~ 220) MeV
Pbeam = 1.32 GeV/c 47x2 = 12.1 mb
X(1940) DECAY MODES Fraction (F;/T) P (MeV/c)
NK <20 % 637
Am seen 639
X seen 594
¥ (1385)w seen 460
/\(1520)7_r_ seen 354
A(_1232) K seen 410
N K*(892) seen 320
2(2030) Fi7 /(JP) = 1(%+)
Mass m = 2025 to 2040 (~ 2030) MeV
Full width I = 150 to 200 (~ 180) MeV
Ppeam = 1.52 GeV/c 47X2 = 9.93 mb
X(2030) DECAY MODES Fraction (I';/I) p (MeV/c)
NK 17-23 % 702
A 17-23 % 700
X 5-10 % 657
=K <2% 412
¥ (1385)m 5-15% 529
A(1520) 7 10-20 % 430
A(1232) K 10-20 % 498
N'K*(892) <5% 438
¥ (2250) 1(JPy = 1(2%)
Mass m = 2210 to 2280 (=~ 2250) MeV
Full width ' = 60 to 150 (& 100) MeV
Pheam = 2.04 GeV/c 47X2 = 6.76 mb
X¥(2250) DECAY MODES Fraction (;/T) p (MeV/c)
NK <10 % 851
Am seen 842
I seen 803

= BARYONS
(S=-2,1=1/2)

=0 = yss, =~ =dss

10P) =33

P is not yet measured; + is the quark model prediction.
Mass m = 1314.9 + 0.6 MeV

m=_ — m- = 6.4 + 0.6 MeV
Mean life 7 = (2.90 + 0.09) x 10710 s
cr =871 cm

Magnetic moment p = —1.250 & 0.014 pp
Decay parameters

An© a=-0411+0.022 (S=21)
" ¢ = (21 + 12)°
" v = 0.85 (€]
— +12
" A = (218 13)° le]
A~y a=04+04
50y =020+ 0.32

P
=0 DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Ax© (99.54 40.05) % 135
Ay ( 1.0640.16) x 1073 184
50y (35 404 )x 1073 117
Ste v, < 11 x 1073 90% 120
Ttuty, < 11 x 1073 90% 64

AS = AQ (SQ) violating modes or
AS = 2 forbidden (S2) modes
S ety sQ < 9 x 1074 90% 112
I pty, sQ < 9 x 1074 90% 49
pr~ s2 < 4 x 1073 90% 299
pe U, 52 < 13 x 1073 323
puT T, 52 < 13 x 1073 309
[=-] 10P) = 33
P is not yet measured; + is the quark model prediction.
Mass m = 1321.32 £ 0.13 MeV
Mean life 7 = (1.639 + 0.015) x 10710 s
cr =491 cm
Magnetic moment px = —0.6507 £ 0.0025 pp
Decay parameters
Ar~ a = —0.456 + 0.014 (S = 1.8)
" 6= (4+4)°
" v = 0.89 [e]
" A = (188 + 8)° l€]
Ae"Te  ga/8v = —0.25 + 0.05 [€]

p
=~ DECAY MODES Fraction (I';/I) Confidence level (MeV/c)
Am~ (99.887 +0.035) % 139
STy (127 +023 ) x 10~4 118
Ae™ Ve (563 £0.31 )x 1074 190
AR~ 7, (35 +35 )x10? 163
50e-7, (87 +17 )x10-5 122
0u-7, < 8 x 10~4 90% 70
=07, < 23 x 1073 90% 6

AS = 2 forbidden (S2) modes
nm~ s2 < 19 x 1075 90% 303
ne~ v, s2 < 32 x 1073 20% 327
npT vy, 52 < 15 % 90% 314
prT T s2 < a x 1074 90% 223
prT e Ve 52 < 4 x 1074 90% 304
P pT U, 52 < 4 x 1074 90% 250
ppuT T L < 4 x 10~4 90% 272
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=(1530) P13 1Py = 33%)
=(1530)° mass m = 1531.80 + 0.32 MeV (S = 1.3)
=(1530)" mass m = 1535.0 & 0.6 MeV
=(1530)° full width I = 9.1 + 0.5 MeV
=(1530) full width T = 9.9 17 Mev

P
=(1530) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
=m 100 % 152
= <4 % 90% 200

(1690) 1(0P) = 32
Mass m = 1690 + 10 MeV []
Full width T < 50 MeV
=(1690) DECAY MODES Fraction (I';/) p (MeV/c)
AK seen 240
K seen 51
Eoqata- possibly seen 214
(1820) Dy3 0Py =3(37)
Mass m = 1823 % 5 MeV [
Full width I = 24715 Mev [1]
=(1820) DECAY MODES Fraction (;/T) p (MeV/c)
/\K large 400
XK small 320
=r small 413
=(1530)w small 234
(1950) 1(4P) = 32"
Mass m = 1950 + 15 MeV []
Full width ' = 60 + 20 MeV [
=(1950) DECAY MODES Fraction (T;/T) p (Mevc)
/\7_ seen 522
YK possibly seen 460
= seen 518
?
(2030) 1Py = 3(=3")
Mass m = 2025 + 5 MeV []
Full width I = 20" 13 Mev [/
=(2030) DECAY MODES Fraction (I;/T) p (MeVjc)
K ~20% 589
K ~ 80 % 533
= small 573
=(1530)7 small 421
AKmT small 501
IKm small 430

2 BARYONS
(S=-3,1=0)

27 = sss

1JP) = 0o(31)

JP is not yet measured; %+ is the quark model prediction.

Mass m = 1672.45 + 0.29 MeV

Mean life 7 = (0.822 £ 0.012) x 10710 s
cr =246 cm

Magnetic moment ;o = —2.02 & 0.05 pp

Decay parameters

ANK™ a = —0.026 + 0.026
Z07- a =009 +0.14
= q0 o = 0.05 + 0.21
P
2~ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
AK™ (67.840.7) % 211
=0x- (23.6+0.7) % 294
=70 (8.640.4)% 290
=gpta- (43+3%) x 104 190
=(1530)%7~ (64F33)x 1074 17
e~ v, ( 5.6+2.8) x 1073 319
=7y < 46 x 10~4 90% 314
AS = 2 forbidden (52) modes
Am~ s2 < 19 x 1074 20% 449
£2(2250)~ 1(JPy = o(2%)
Mass m = 2252 + 9 MeV
Full width ' = 55 + 18 MeV
£2(2250)~ DECAY MODES Fraction (;/T) p (MeV/c)
Z-atK- seen 531
Z(1530)° K~ seen 437
to_ ++ b 0 _
A¢ _udc; Py ‘uuoc, . _ugc, X! =ddc,
=l =usc, Z!=dsc, 2/=ss¢c
+ Py _ orl
AZ 1JP)y =0(31)
J not confirmed; % is the quark model prediction.
Mass m = 2284.9 + 0.6 MeV
Mean life 7 = (0.206 =+ 0.012) x 10712 s
cr = 61.8 um
Decay asymmetry parameters
At a = -0.98 +£0.19
Tt 40 a = —0.45 + 0.32
Aty a= 70A82f8:é;
Scale factor/ p
At DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
_ Hadronic modes with a p and one K
pK° (22 + 04)% 872
pK ™ mt (44 4+ 06)% 822
pK*(892)° k] (1.6 + 04)% 681
A(1232) K- (7 +4 )x1073 709
A(1520) 7+ ] (40t 20)x10-3 626
p K~ 7t nonresonant (25 2 32)% 822
pK°n ( 1104 0.29) % 567
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pKOmt o= (21 +08)% 753
pK~atx0 seen 758
pK*(892)~nt Kl (9 +5 )x10-3 579
p(K~ 7"+)nonresonant7"o (32 +£07)% 758
A(1232)K*(892) seen 416
pK-ntata— (10 +7 )x1074 670
pK~ntx0x0 (70 + 35 )x10-3 676
pK~ 7t 707070 (44 + 28 )x103 573
Hadronic modes with a p and zero or two K's
prt = (30 + 16 )x1073 926
p1(980) kK] (24 + 16 )x1073 621
prtrta—n— (16 + 1.0 )x 1073 851
pKt K= (2.0 + 06 )x1073 615
pd k] ( 1.064 0.33)x 1073 589
Hadronic modes with a hyperon
Ant (79 + 1.8 )x 1073 863
Art 70 (32 +09)% 843
Ap° < 4 % CL=95% 638
Antata= (29 + 06)% 806
Antn (15 + 04)% 690
X(1385)*n kK] (75 + 2.4 )x1073 569
AK*TKO (53 + 1.4 )x 1073 441
30+ (88 + 2.0 )x1073 824
>+q0 (88 + 22 )x1073 826
>ty (48 + 1.7 )x 1073 712
Stota— (30 + 06)% 803
=t p0 < 12 % CL=95% 578
Yptgt (16 + 06 )% 798
307+ 70 (16 + 06)% 802
SOrt gt - (9.2 + 3.4 )x1073 762
statp= g0 766
Stw K] (24 +07)% 568
Stotpte=g- (26 F 3% )x10-3 707
FtKtK— (31 + 08 )x1073 346
Ste¢ k] (30 + 1.3 )x10"3 292
ITtKtn~ (57 533 )x103 668
oK+ (3.4 + 09 )x10-3 652
= Ktat (43 + 1.1 )x1073 564
=(1530)° K+ k] (23 4+ 07 )x103 471
Semileptonic modes
Aty N (23 +05)% -
et anything (45 + 1.7 )% -
petanything (1.8 +09)% -
Aet anything (16 + 06)% -
Apt anything (15 + 09)% -
Inclusive modes
p anything (50 +16 )% -
p anything (no A) (12 +19 )% -
n anything (50 +16 )% -
n anything (no A) (29 +17 Y% -
A anything (35 +11 )% S=1.4 -
S+ anything [m (10 5 )% -
AC = 1 weak neutral current (C1) modes, or
Lepton number (L) violating modes
putu” c1 < 34 x 1074 CL=90% 936
Soptut L < 70 x 1074 CL=90% 811
Ac(2593)* 1(4P) =0(37)

The spin-parity follows from the fact that X.(2455)m decays, with
little available phase space, dominate.
Mass m = 2593.6 + 1.0 MeV (S = 1.2)
m-m, = 308.6 + 0.8 MeV (S = 1.3)
(3

Full width I = 3.972:¢ Mev
/\z_'ﬂw and ¥.(2455)c — the latter just barely — are the only strong

decays allowed to an excited /\g having this mass; and the AZ rtr—

mode seems to be largely via Zc++1r“ or ngﬂ".

Ac(2593)F DECAY MODES Fraction (I;/I) p (MeV/c)
Ai atr— seen 124
Tc(2455) 1~ large 17
T.(2455)0 t large 23
Af nt 7~ 3-body small 124
/\2’ 0 not seen 261
/\2r ¥ not seen 290
Ac(2625)F 1(4Py = 02"

JP is expected to be 3/27.

Mass m = 2626.4 + 0.9 MeV (S = 1.3)
m—m, =3415%08MeV (S=19)
c

Full width [ < 1.9 MeV, CL = 90%

A;L'zrvr and X (2455)7 are the only strong decays allowed to an excited

A'C" having this mass.

Ac(2625)+ DECAY MODES Fraction (I';/T) p (MeV/c)
A'CF rta~ seen 184
T (2455) 1~ small 100
T (24550t small 101
AY 7wt~ 3-body large 184
/\C+ 0 not seen 293
A;L’y not seen 319
| 5.(2455) 1Py =1(3h)
JP not confirmed; %+ is the quark model prediction.
Y .(2455) tmass m = 2452.9 + 0.6 MeV
X.(2455)" mass m = 2453.5 + 0.9 MeV
5,(2455)° mass m = 2452.1 £ 0.7 MeV
Mgy — M, = 167.95 £ 0.25 MeV
c c
mg. —m, =1685+07MeV (S=11)
c c
Myo— m,. =1672+04MeV (S=11)
c
Myss = Mpo =079 %033 MeV (S =12)
Mmey — Mgy = 1.4 £ 0.6 MeV
R &
/\g'vr is the only strong decay allowed to a X having this mass.
X (2455) DECAY MODES Fraction (;/T) p (MeV/c)
A ~ 100 % 90
=t 10P) =33
1(JP) not confirmed; 3(3) is the quark model prediction.
Mass m = 2465.6 & 1.4 MeV
Mean life 7 = (0.3513:57) x 10712 5
cr = 106 um
=} DECAY MODES Fraction (F;/T) p (MeV/c)
/\Kt_7r+7r t seen 784
AK*(892)°0 not seen 601
X(1385)T K= nt not seen 676
It K*_7r+ seen 808
SHK*(892)° seen 653
SOK=—gtat seen 733
Z0,+ seen 875
Zoptat seen 850
=(1530)° 7+ not seen 748
Z0gt 40 seen 854
"07r+7r+7r’ seen 817
Z0et vy, seen 882
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=2 10P) = 3G

I(JP) not confirmed; %(%*) is the quark model prediction.

Mass m = 2470.3 & 1.8 MeV (S = 1.3)
m_g —m_, =47 +21MeV (S=12)
=0 =

c
Mean life 7 = (0.098+3923) x 10712 5

cr =29 um
:‘2 DECAY MODES Fraction (I';/T) p (MeV/c)
seen 864
seen 875
seen 816
seen 406
seen 522
seen 882

~ ¢* anything

Mass m = 2643.8 + 1.8 MeV
M= (2645)0 — m:_.: = 178.2 + 1.1 MeV
Full width ' < 5.5 MeV, CL = 90%

=, is the only strong decay allowed to a = resonance having this mass.

seen -

1(JPy =227

=.(2645) DECAY MODES Fraction (F; /) p (MeV/c)
:T:f T seen 107
22 1Py =03%)

1(JP) not confirmed; 0(1) is the quark model prediction.

Mass m = 2704 + 4 MeV (S = 1.8)
Mean life 7 = (0.064 + 0.020) x 10~'2 5

cr =19 um
20 DECAY MODES Fraction (I';/T) p (MeV/c)
StK-K—nt seen 697
=K rxtxt seen 838
-7t seen 827
Q - wtnt seen 759

BOTTOM (BEAUTY) BARYONS
(B=-1)

A =udb, =% = usb, =, = dsb

8 1Py = 03*)

I(JP) not yet measured; O(%*) is the quark model prediction.
Mass m = 5641 + 50 MeV
Mean life 7 = (1.14 + 0.08) x 10712 s
cr = 342 pm

These branching fractions are actually an average over weakly decaying
b-baryons weighted by their production rates in Z decay (or high-energy
pP), branching ratios, and detection efficiencies. They scale with the LEP
Ay, production fraction B(b — Ap) and are evaluated for our value B(b —
Ap) = (13.2 + 4.1)%.

The branching fractions B(Ag —  ALT Dyanything) and B(Ag —

/\?2' Dganything) are not pure measurements because the underlying
measured products of these with B(b — Ap) were used to determine
B(b — Ap), as described in the note “Production and Decay of b-Flavored
Hadrons.”

A9 DECAY MODES Fraction (I';/T) p (MeV/c)
J/P(18)A (1.4%+ 09)% 1756
pD n— seen 2383
Ac+7r+7r’7r’ seen 2336

pu~ vanything
AL~ Tyanything
A £~ Tpanything

A/ Aanything

(374 1.7)% -
[n]( 25+ 0.5)% -
[n] (10.0+ 3.0)% -

ar )% -

NOTES

This Summary Table only includes established baryons. The Particle Listings
include evidence for other baryons. The masses, widths, and branching fractions
for the resonances in this Table are Breit-Wigner parameters. The Particle
Listings also give, where available, pole parameters. See, in particular, the
Note on N and A Resonances.

For most of the resonances, the parameters come from various partial-wave
analyses of more or less the same sets of data, and it is not appropriate to
treat the results of the analyses as independent or to average them together.
Furthermore, the systematic errors on the results are not well understood.
Thus, we usually only give ranges for the parameters. We then also give a best
guess for the mass (as part of the name of the resonance) and for the width.
The Note on N and A Resonances and the Note on A and X Resonances in
the Particle Listings review the partial-wave analyses.

When a quantity has “(S = ...)" to its right, the error on the quantity has
been enlarged by the “scale factor” S, defined as S = \/X2/(N — 1), where N
is the number of measurements used in calculating the quantity. We do this
when S > 1, which often indicates that the measurements are inconsistent.
When S > 1.25, we also show in the Particle Listings an ideogram of the
measurements. For more about S, see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decay, p is
the momentum of each decay product in the rest frame of the decaying particle.
For a 3-or-more-body decay, p is the largest momentum any of the products can
have in this frame. For any resonance, the nominal mass is used in calculating
p. A dagger (“t") in this column indicates that the mode is forbidden when
the nominal masses of resonances are used, but is in fact allowed due to the
nonzero widths of the resonances.

[a] The masses of the p and n are most precisely known in u (unified atomic
mass units). The conversion factor to MeV, 1 u = 931.49432 + 0.00028
MeV, is less well known than are the masses in u.

[b] The limit is from neutrality-of-matter experiments; it assumes g, = qp +
ge. See also the charge of the neutron.

[c] The first limit is geochemical and independent of decay mode. The
second entry, a range of limits, assumes the dominant decay modes are
among those investigated. For antiprotons the best limit, inferred from
the observation of cosmic ray p's is 75 > 107 yr, the cosmic-ray storage
time, but t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>