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REVIEW OF PARTICLE PHYSICS*

Particle Data Group

Abstract

The Review summarizes much of particle physics and cosmology. Using data from previous editions, plus 2,143
new measurements from 709 papers, we list, evaluate, and average measured properties of gauge bosons and the
recently discovered Higgs boson, leptons, quarks, mesons, and baryons. We summarize searches for hypothetical
particles such as supersymmetric particles, heavy bosons, axions, dark photons, etc. Particle properties and search
limits are listed in Summary Tables. We give numerous tables, figures, formulae, and reviews of topics such as Higgs
Boson Physics, Supersymmetry, Grand Unified Theories, Neutrino Mixing, Dark Energy, Dark Matter, Cosmology,
Particle Detectors, Colliders, Probability and Statistics. Among the 120 reviews are many that are new or heavily
revised, including a new review on Machine Learning, and one on Spectroscopy of Light Meson Resonances.

The Review is divided into two volumes. Volume 1 includes the Summary Tables and 97 review articles. Volume
2 consists of the Particle Listings and contains also 23 reviews that address specific aspects of the data presented
in the Listings.

The complete Review (both volumes) is published online on the website of the Particle Data Group (pdg.1bl.gov)
and in a journal. Volume 1 is available in print as the PDG Book. A Particle Physics Booklet with the Summary
Tables and essential tables, figures, and equations from selected review articles is available in print, as a web version
optimized for use on phones, and as an Android app.

The 2022 edition of the Review of Particle Physics should be cited as:
R.L. Workman et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2022, 083C01 (2022)

DOLI: 10.1093/ptep/ptac097

For the online version see pdg.lbl.gov:

© 2022

Except where otherwise noted, content of this work (the Review of Particle Physics) is licensed under a Creative
Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) license.

*The publication of the Review of Particle Physics is supported by the Director, Office of Science, Office of High
Energy Physics of the U.S. Department of Energy under Contract No. DE-AC02-05CH11231; by an implementing
arrangement between the governments of Japan (MEXT: Ministry of Education, Culture, Sports, Science and
Technology) and the United States (DOE) on cooperative research and development; by the Italian National
Institute of Nuclear Physics (INFN); by the Physical Society of Japan (JPS); and by the European Laboratory for
Particle Physics (CERN). Individual collaborators receive support for their PDG activities from their respective
institutes or funding agencies.
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HIGHLIGHTS OF THE 2022 EDITION OF THE REVIEW OF PARTICLE PHYSICS

All PDG data and review articles are available online at pdg.lbl.gov.

‘709 new papers with 2,143 new measurements| |120 reviews (most are revised)

e 267 new papers from LHC experiments e New reviews on:

(ATLAS, CMS and LHCb).

e Extensive up-to-date Higgs boson coverage
from 58 new papers with 88 measurements,
including latest results on mass, couplings,
decay width and branching ratios, plus
searches for other neutral and charged
Higgs bosons.

Supersymmetry: 62 new papers with major
exclusions.

Top quark: 24 new papers provide latest
results on mass, coupling, and the first
direct evidence of four top quark
production at LHC.

Latest from b-hadron physics: 83 papers
and 326 measurements provide the
world-best data on CKM angles, mixing,
CP violation, and constraints on new
physics from b-flavored hadrons.

Substantial reorganization of several meson
resonances sections. Also, recently
observed states such as tetraquark
candidates are included, several mesons
now considered established are added to
Summary Tables, and complex pole
positions are listed when available.

Revised naming and status of the Lambda
and Sigma resonances.

New most precise measurement of neutron
lifetime.

Naming scheme for hadrons extended to
accommodate states with quantum
numbers not allowed for ¢q and gqq states.

- Machine Learning.

- Spectroscopy of Light Meson
Resonances.

e Significant update/revision to reviews on:

- Major revision of review on Accelerator

Physics of Colliders.

- New section LAr Time Projection
Chamber added to Particle Detectors at
Accelerators review; extensive revision
of sections on Organic scintillators,
Gaseous detectors, Semiconductor
detectors, Low-noise detector readout,
and Hadronic calorimeters.

- Major updates of sections on
Sub-Kelvin detectors, Low-radioactivity
background techniques, and Radio
emission from (ultra-)high energy
particle showers in Particle Detectors
for Non-Accelerator Physics review.

- Updated EWK fit in Electroweak Model
and Constraints on New Physics review.

- Quark Model review includes new
discussion on magnetic moments and
charmed and bottom baryons.

- Top Quark review summarizes latest
LHC results and constraints on new
physics from top quark.

- Review on Semileptonic B Hadron
Decays, Determination of Vi and Vy,
summarizes latest results and discusses
long-standing issues with inclusive and
exclusive measurements.

- Curated Online Particle Physics
Information review now paired with
more extensive online version on github
open to community contributions.
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Introduction

1 Overview

The Review of Particle Physics is a comprehensive review of
the field of Particle Physics and of related areas in Cosmology. It
is divided into two volumes. Volume 1 includes the “Summary
Tables” and “Reviews, Tables, and Plots”. Volume 2 consists of
the "Particle Listings".

The Review is updated each year and made available on the
PDG website (pdg.lbl.gov). In even-numbered years, the Review
is also published in a journal and printed as the PDG Book to-
gether with an abridged Particle Physics Booklet containing Sum-
mary Tables and essential tables, figures, and equations from se-
lected review articles. This edition is an updating through Jan-
uary 2022.

The Summary Tables give our best values and limits for particle
properties such as masses, widths or lifetimes, and branching frac-
tions, as well as an extensive summary of searches for hypotheti-
cal particles and a summary of experimental tests of conservation
laws.

The 95 review articles in Reviews, Tables and Plots cover a wide
variety of theoretical and experimental topics. Together with the
Summary Tables they provide a quick reference for the practic-
ing particle physicist. Two more review articles, Online Particle
Physics Information and Tests of Conservation Laws, can be found
in the introduction and Summary Tables, respectively.

The Particle Listings are a compilation/evaluation of data on
particle properties. They contain all the data used to get the val-
ues given in the Summary Tables. They also give information on
unconfirmed particles and particle searches. In this edition, the
Particle Listings include 2,143 new measurements from 709 pa-
pers, in addition to the 44,695 measurements from 12,200 papers
that first appeared in previous editions [1]. 23 review articles
are part of the Particle Listings and address specific aspects of
the data presented in the Listings. Because of the large quantity
of data, the Particle Listings are not an archive of all published
data on particle properties. We refer interested readers to earlier
editions for data now considered to be obsolete.

We organize the particles into six categories:

e Gauge and Higgs bosons

e Leptons

e Quarks

o Mesons

e Baryons

e Searches not in other sections

The last category only includes searches for particles that do not
belong to the previous groups. For example, it includes searches
for supersymmetric particles, compositeness and extra dimen-
sions, while searches for heavy charged leptons are with the lep-
tons.

In Sec. 2 of this Introduction, we list the main areas of respon-
sibility of the authors of the Particle Listings. Our many consul-
tants, without whom we would not have been able to produce this
Review, are acknowledged in Sec. 3. In Sec. 4, we mention briefly
the naming scheme for hadrons, and in Sec. 5, we discuss our pro-
cedures for choosing among measurements of particle properties
and for obtaining best values of the properties from the measure-
ments.

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 pdg@lbl.gov.

In addition to the online publication at pdg.1bl.gov, the Review
is available in different formats:

e The printed PDG Book includes volume 1 only, i.e. it con-
tains the Summary Tables and most review articles. Since the
2016 edition [2] the detailed tables from the Particle Listings
are no longer printed.

e The Particle Physics Booklet includes the Summary Tables
plus essential tables, figures, and equations from selected re-
view articles. Starting with the Booklets of the 2018 edi-

tion, we have excluded most text and explanations in order
to revert back to a more pocket-sized format. The Booklet
is available in print, as a web version optimized for use on
phones, and as an Android app (see pdg.lbl.gov/booklet).

e pdgLive (pdgLive.lbl.gov) is a web application giving more
interactive access to PDG data than the static web pages
and PDF files that are also available.

e Files that can be downloaded from the PDG website include
a table of masses, widths, and PDG Monte Carlo particle
ID numbers; PDF files of volume 1 (PDG Book), volume
2 (Particle Listings) and Booklet; individual review articles;
all figures; and an archive file containing the complete PDG
website (except for pdgLive).

Copies of the PDG Book or the Particle Physics Booklet can
be ordered from our website or directly at pdg.lbl.gov/order. For
special requests only, please email pdg@lbl.gov in North and South
America, Australia, and the Far East, and pdg-products@cern.ch
in all other areas.

This Review is considered to be a single comprehensive review
of particle physics and related areas. Therefore we prefer that it
be cited as a whole, rather than citing e.g. an individual review
article that is part of this Review. For the 2022 edition, the proper
citation is:

R.L. Workman et al. (Particle Data Group), Prog. Theor. Exp.
Phys. 2022, 083C01 (2022).

If you wish to refer to a specific part of the Review, for example
to the Higgs boson review article, the following form should be
used:

Status of Higgs Boson Physics in R.L. Workman et al. (Particle
Data Group), Prog. Theor. Exp. Phys. 2022, 083C01 (2022).

2 Particle Listings responsibilities
* Asterisk indicates the people to contact with questions or com-
ments about Particle Listings sections.

e Gauge and Higgs bosons
~ A. Bettini, D.E. Groom*

Gluons R.M. Barnett,* A.V. Manohar
Graviton A. Bettini,* D.E. Groom
W, Z M. Griinewald,* A. Gurtu*

S. Heinemeyer,* K. Hikasa, J. Tanaka
R. Bonventre,* K.A. Olive, M. Tanabashi

Higgs bosons
Heavy bosons

Axions K.A. Olive, G. Raffelt,* F. Takahashi
e Leptons
Neutrinos M. Goodman, C.-J. Lin,* K. Nakamura,

K.A. Olive, A. Piepke

Double-3 decay  A. Piepke, A. Bettini*

e, A. Bettini,* C. Grab
T A. Lusiani, K. Ménig*
o Quarks
Quarks R.M. Barnett,* A.V. Manohar

Top quark ~ W.-M. Yao,* Y. Sumino
ot W.-M. Yao,* Y. Sumino

Free quark  A. Bettini,* C.-J. Lin
e Mesons
T™n A. Bettini,* C. Grab

C. Amsler,* T. Gutsche, C. Hanhart,
J.J. Hernédndez-Rey, C. Lourenco,
A. Masoni, M. Mikhasenko,

R.E. Mitchell, S. Navas,
C. Patrignani, S. Spanier,
G. Venanzoni, V. Vorobyev

G. D’Ambrosio, C.-J. Lin*

D.M. Asner, R. Bonventre,

J. Rademacker, D. Robinson*

Unstable mesons

K (stable)
D (stable, no mix.)

DO mixing D.M. Asner, R. Bonventre,
J. Rademacker, D. Robinson*
B (stable) A. Cerri,* P. Eerola, M. Kreps,

Y. Kwon, W.-M. Yao*
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e Miscellanoues searches

Baryons

Stable baryons
Unstable baryons

Charmed baryons
Bottom baryons

C. Grab, D. Robinson*

V. Burkert, V. Crede, U. Thoma,
L. Tiator, R.L. Workman*

R. Bonventre, J. Rademacker, D. Robinson*

A. Cerri,* P. Eerola, M. Kreps,
Y. Kwon, W.-M. Yao*

Monopole
Supersymmetry

Technicolor
Compositeness

Extra Dimensions

WIMP, DM, Other

3 Consultants

The Particle Data Group benefits greatly from the assistance
of hundreds of physicists who are asked to referee review articles
and verify every piece of data entered into this Review. Of special
value is the advice of the PDG Advisory Committee, which meets
biennially and thoroughly reviews all aspects of our operation.
The members of the 2022 committee are:

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

e K.N. Abazajian (UC Irvine)

e M. Achasov (Budker Inst., Novosibirsk)
e E.G. Adelberger (FNAL)
e J. Aebischer (Munich Tech. U.)

S. Demers (Yale)

D. d’Enterria (CERN)
J. Frieman (FNAL)
T. Nakada (EPFL)
M. Yokoyama (Tokyo)

Q. Zhao (IHEP Beijing)

1. Abt (MPI Munich)
R. Acciarri (FNAL)

F. Afzal (Bonn U.)
M. Aleksa (CERN)
. Alvarez (CERN)

. An (CERN)

. Archilli (CERN)
. Arduini (CERN)
. Armand (LAPTH)

D aoQHEEHEEE T

. Ball (CERN)
. Barney (CERN)
Beck (Bonn U.)

<omUr»QT

. Belyaev (ITEP)

. Alvarez-Ruso (IFIC, Valencia)

. Antognini (ETH Zurich)
. Anulli (INFN, Rome)
. Aprile (Columbia U.)

. Armengaud (CEA Saclay, DSM/IRFU/SPP)
M. Artuso (Syracuse U.)

P. Athron (Nanjing U.
Avnish (Physics U. Bhubaneswar)
G. Azuelos (U. de Montreal)

. Azzurri (INFN, Pisa)

Balazs (Monash U.)

. Baldini (INFN, Pisa)

. Behnke (DESY, Hamburg)

A. Bettini,* D. Milstead

H.K. Dreiner,* I.-A. Melzer-Pellmann,
A. de Gouvéa, K.A. Olive, I. Vivarelli

K. Agashe,* K.A. Olive, M. Tanabashi

M. Tanabashi, J. Terning*

T. Gherghetta, K.A. Olive,

D. Robinson*

H. Baer, A. Bettini,* W.-M. Yao*

)

G. Bertone (Amsterdam U.)
M. Bettler (CERN)

T. Biekotter (DESY, Hamburg)
T. Blum (UConn)

e S. Bolognesi (CERN)

A. Bolz (Heidelberg U.)

M. Bona (QMUL)

A. Bondar (Budker Inst., Novosibirsk)
M. Borsato (CERN)

M. Boulay (Carleton U.)

A. Boyarsky (Leiden U.)

P. Brady (Wisconsin U.)

E. Bratkovskaya (GSI Darmstadt; Frankfurt U.)
J.E. Brau (Oregon U.)

R.A. Briere (Carnegie Mellon U.)

J. Brod (U. of Cincinnati)

J. Brodzicka (IFJ PAN)

G. Brooijmans (Columbia U.)

R. Bruce (CERN)

O. Bruning (CERN)

D.A. Bryman (TRIUMF)

A. Buckley (Glasgow U.)

A. Buras (Munich Tech. U.)

A. Cabrera (APC, Paris)

L. Calibbi (NKU)

J. Camalich (IAC)

I. Campos Plasencia (CSIC)

P. Carenza (Stockholm U.)

T. Carli (CERN)

N. Cartiglia (INFN, Torino)

G. Casarosa (Pisa U.; INFN, Pisa)

V. Cavaliere (BNL)

G. Cavallero (CERN)

G. Cavoto (Rome U.; INFN, Rome)

S. Cebrian Guajardo (U. de Zaragoza)
M. Cepeda (CIEMAT)

F. Cerutti (LBNL)

M. Charles (CNRS)

A.E. Chavarria (U. Washington)

K. Chen (Taiwan National U. Physics Dep.)
Y. Chen (MIT)

D. Chiesa (Milano-Bicocca U.; INFN, Milano-Bicocca)
V. Chobanova (CERN)

J. Chou (Rutgers U.)

M. Cirelli (LPTHE, Paris)

C. Clement (Stockholm U.)

G. Colangelo (Bern U.)

J.I. Collar (Chicago U.)

P. Coloma (UAM/CSIC, U. Auténoma de Madrid)
N. Crisosto (U. Washington)

P. Crivelli (ETH Zurich)

A. Cukierman (Stanford U.; SLAC)
J.P. Cumalat (Colorado U.)

A. Dainese (INFN, Padua)

S. Dalla Torre (SISSA/INFN, Trieste)
J. Dalseno (Santiago de Compostela U.)
J. Darling (Colorado U.)

C. Da Via (Manchester U.)

C. Davies (Glasgow U.)

A. De Angelis (INFN, Padova)

C. De La Taille (OMEGA-CNRS-Ecole Polytechnique)
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e M. Delmastro (CERN; LAPP)
e Z. Demiragli (Boston U.)

e P.B. Denton (BNL)

e F. Deppisch (UCL)

e A. Derbin (NRC Kurchatov Inst. PNPI)
A. Di Domenico (INFN, Rome)
L. Dong (IHEP)

A. Dragone (SLAC)

J.J. Dudek (IReS)

K. Dundas (Columbia U.)

M. Dunford (CERN)

B. Dutta (TAMU)

V. Dutta (UC Santa Barbara)
D.A. Dwyer (LBNL)

S.R. Elliott (LANL)
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S. Esen (CERN)

R. Essig (YITP, Stony Brook)
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P. Everaerts (MIT)

S. Fang (IHEP Beijing)

M. Fedderke (Stanford U.)

T. Ferber (KIT)

A. Ferrari (CERN)

A. Ferrari (Uppsala U.)

C. Finley (Stokholm U.)

W. Fischer (BNL)

P. Fonte (LIP)

J. Formaggio (MIT)
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E. Gabriel (CERN)
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C. Giunti (INFN, Torino)

L. Gladilin (SINP)
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4 Naming scheme for hadrons

We introduced in the 1986 edition [3] 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
D35 . None of the lightest pseudoscalar or vector mesons changed
names, nor did the ¢¢ or bb mesons (we do, however, now use x.
for the c¢ x states), nor did any of the established baryons. The
Summary Tables give both the new and old names whenever a
change has occurred.

In the 2018 edition [4], the naming scheme was extended to
address the naming of charmonium and bottomonium states that
are commonly referred to as X, Y or Z states in the literature.
The current scheme is described in “Naming Scheme for Hadrons”
(p. 1) of this Review. A table details the correspondence between
the names newly adopted by the PDG and those that have ap-
peared in the literature. For this edition the naming scheme was
further extended to accommodate states with quantum numbers
not allowed for qq and qqq states.

We give here our conventions on type-setting style. Particle
symbols are italic (or slanted) characters: e, p, A, 9, K, DT,
b. Charge is indicated by a superscript: B~, AT+, 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: 71, K.
Otherwise, distinct antiparticles are indicated by a bar (overline):

Uy, t, D, fo, and T (the antiparticle of the X 7).

5 Procedures

5.1 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 30 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 measurements 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:

It is superseded by or included in later results.
No error is given.

It involves assumptions we question.

It has a poor signal-to-noise ratio, low statistical significance,

or is otherwise of poorer quality than other data available.

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. 5.4.

e 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 CPT 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 multipa-
rameter 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.
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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 new 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 reviews section on Particle Properties.

5.2 Awverages and fits

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

5.2.1 Treatment of errors

In what follows, the “error” dz means that the range = + dx is
intended to be a 68.3% confidence interval about the central value
x. We treat this error as if it were Gaussian. Thus, when the
error is Gaussian, dz is the usual one standard deviation (1o).
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 two
errors in quadrature and use this combined error for dzx.

When experimenters quote asymmetric errors (6z)1 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 con-
tinuous function of these three quantities. When the resultant
average or fit T is less than = — (dz)~, we use (dz); when it is
greater than x + (62)1, we use (6z)*. In between, the error we
use is a linear function of z. Since the errors we use are functions
of the result, we iterate to get the final result. Asymmetric out-
put 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; £ 0; £ A that have identical systematic errors A. In this case,
one can first average the A; + o; and then combine the resulting
statistical error with A. One obtains, however, the same result by
averaging A; + (o2 +A?)1/2, where A; = JiA[Z(l/a?)}l/Q. This
procedure has the advantage that, with the modified systematic
errors 4;, each measurement may be treated as independent and
averaged in the usual way with other data. Therefore, when ap-
propriate, 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 experi-
menters measure two quantities and then quote the two and their
difference, e.g., mi, ma, and A = mg — m;. We cannot enter
all of m1, ma 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 mi, mg 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 inde-
pendent measurements in the constrained fit. We include a note
saying that this has been done.

5.2.2 Unconstrained averaging

To average data, we use a standard weighted least-squares pro-
cedure 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

wW; T
. 27/ K €
Sw;

Z’L g

T+ 0T

£ (o) M

where
w; = 1/(8x5)% .

Here z; and dz; are the value and error reported by the ith ex-
periment, and the sums run over the N experiments. We then
calculate x2 = E w;i (T — ;)2 and compare it with N — 1, which
is the expectation value of x2 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, 67 in Eq. (1), by a scale factor
S defined as L
s= [/ -] @)
Our reasoning is as follows. The large value of the x?2 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 x? becomes N — 1, and
of course the output error 6z scales up by the same factor. See
Ref. [5].

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 dz; is arbitrarily
chosen to be

So = 3NY/2 §3 |

where T 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 Z and 6T, they can make significant
contributions to the x2, and the contribution of the high-precision
experiments thus tends to be obscured. Note that if each exper-
iment has the same error dx;, then 0T is 6zi/N1/2, so each dx;
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 § T is approximately half the inter-
val 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 0z, simply divide the quoted error by S.

(b) If the number M of experiments with an error smaller
than &g is at least three, and if x?/(M — 1) is greater than 1.25,
we show in the Particle Listings an ideogram of the data. Fig-
ure 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.

Each measurement in an ideogram is represented by a Gaussian
with a central value z;, error dz;, and area proportional to 1/dx;.
The choice of 1/dx; for the area is somewhat arbitrary. With this
choice, the center of gravity of the ideogram corresponds to an
average that uses weights 1/8x; 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 (1/8 x;)?, 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 [3] for a detailed discussion of the use of ideograms.

5.2.3 Constrained fits

In some cases, such as branching ratios or masses and mass
differences, a constrained fit may be needed to obtain the best
values of a set of parameters. For example, most branching ratios
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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 I, the full width I" (or mean life),
and the associated error matrix.

Assume, for example, that a state has m partial decay fractions
P;, where E P; = 1. These have been measured in N, different
ratios R, where, e.g., Ri = P1/P>, Ro = P1/P3, etc. [We can
handle any ratio R of the form Z a; P/ Z Bi P;, where o; and
Bi are constants, usually 1 or 0. The forms R = P;P; and R =
(P;Pj)'/? 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., R1x). We then find the best values of
the fractions P; by minimizing the x? as a function of the m — 1
independent parameters:

Ny Ng

IS

r=1 k=1

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 ma-
trix (JP; dP;). We tabulate the diagonal elements of § P; =
(6 P; §P;)1/? (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 com-
parison with the input data, and list it above the relevant input,
along with a simple unconstrained average of the same input.

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 73 OSPK 4.4
BURGUN 72 HBC 0.2
GRAHAM 72 OSPK 0.4
—+—= MANN 72 HBC 3.3
—+— - WEBBER 71 HBC 74
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)
|

-0.4 -0.2 0 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).

Three comments on the example above:

(1) There was no connection assumed between measurements
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 I" as a parameter in the fit, along
with the P;, and we give correlation matrices for the widths in
the Particle Listings.

(2) We try to pick those ratios and widths that are as inde-
pendent 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. We now do allow for correlations between
input data.

(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 x2 is first
summed over experiments k = 1 to Ng, leaving a single sum over

ratios x? = ng One is tempted to define a scale factor for
the ratio r as S2 = x2/(x2). However, since {x2) is not a fixed
quantity (it is somewhere between Ny and Nk _1), we do not know
how to evaluate this expression. Instead, we define

N, —=\2

§2=— zk: (7 = 1) )
T Nk & Ry~ B)?)

With this definition the expected value of S2 is one. We can show

that

((Re = Rr)?) = ((6Ryk)?) — (6Ry)*, (5)

where 6 R, is the fitted error for ratio .

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 5?2-/ are obtained. The scale factors we finally list in

such cases are defined by S; = 6?1-/ /8P;. 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 branch-
ing ratio (or rate) P; turns out to be less than three standard

deviations (5?;) from zero, a new smaller error (5?1.”) is calcu-
lated on the low side by requiring the area under the Gaussian
between P; — (§ P; )~ and P; to be 68.3% of the area between
zero and P;. A similar correction is made for branching frac-
tions that are within three standard deviations of one. This keeps
the quoted errors from overlapping the boundary of the physical
region.

5.3 Rounding

While the results shown in the Particle Listings are usually
exactly those published by the experiments, the numbers that
appear in the Summary Tables (means, averages and limits) are
subject to a set of rounding rules.

The basic rule states that if the three highest order digits of the
error lie between 100 and 354, we round to two significant digits.
If they lie between 355 and 949, we round to one significant digit.
Finally, if they lie between 950 and 999, we round up to 1000 and
keep two significant digits. In all cases, the central value is given
with a precision that matches that of the error. So, for example,
the result (coming from an average) 0.827 &+ 0.119 would appear
as 0.83 £+ 0.12, while 0.827 4 0.367 would turn into 0.8 £ 0.4.

In cases where there are asymmetric errors, if these errors differ
by less than 10 percent of the average of the two errors, the average
is instead used as a symmetric error in the displayed result and the
rounding is determined by this average. Otherwise, the narrower
of the two asymmetric errors is used to determine the rounding
on both.

Rounding of this form is also performed on the value of limits
that come from calculations (but not on limits that are directly
taken from a single source).

Finally, we should point out that in several instances, when a
group of results come from a single fit to a set of data, we have
chosen to keep two significant digits for all the results. This hap-
pens, for instance, for several properties of the W and Z bosons
and the 7 lepton.

5.4 Discussion

The problem of averaging data containing discrepant values is
nicely discussed by Taylor in Ref. [6]. 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
situations: (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
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is simply impossible to determine which of a set of discrepant mea-
surements 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 deter-
mination 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 con-
siders, such as estimates of the fundamental constants like A, 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 sys-
tematic errors, and statistical errors are usually easier to estimate.
A notable exception occurs in partial-wave analyses, where differ-
ent 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. [5]. Our History Plots show the time evolution of some of our
values of a few particle properties. Sometimes large changes oc-
cur. 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 sys-
tematic 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. 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 experi-
mental 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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Figure 1: A historical perspective of values of a few particle properties tabulated in this Review as a function of date of publication
of the Review. A full error bar indicates the quoted error; a thick-lined portion indicates the same but without the “scale factor.”
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1 Introduction

Online resources are used in a diverse and expanding set of ways
in particle physics. Many of these resources have become central
to our collective work. We provide a brief curated selection of the
major resources here. An expanded and regularly updated online
repository is referred to below and can be found at

https://github.com/particledatagroup/hep-resources

By contrast, it is meant to be inclusive and catalog all useful
resources related to particle physics. The community is warmly
invited to contribute in order to ensure a broad and up to date
coverage of relevant resources. Practical details are available on-
line.

2 Particle Data Group (PDG) resources
e Review of Particle Physics (RPP): A comprehensive re-
port on the fields of particle physics and related areas of cos-
mology and astrophysics, including both review articles and
a compilation/evaluation of data on particle properties. The
review section includes articles, tables and plots on a wide
variety of theoretical and experimental topics of interest to
particle physicists and astrophysicists. The particle proper-
ties section provides tables of published measurements as well
as the Particle Data Group’s best values and limits for parti-
cle properties such as masses, widths, lifetimes, and branch-
ing fractions, as well as an extensive summary of searches for
hypothetical particles. RPP is published as a large book ev-
ery two years, with partial updates made available once each
year on the web.
All the contents of the book version of RPP are available
online:
https://pdg.1bl.gov
The printed book can be ordered:
https:
//pdg.1bl.gov/current/receive_our_products.html
Of historical interest is the complete RPP collection which
can be found online:
https://pdg.1bl.gov/rpp-archive/
https://scientific-info.cern/search-and-read/
online-resources/review-particle-physics
e Particle Physics booklet: An abridged version of the Re-
view of Particle Physics, available as a pocket-sized 250-page
booklet. It is one of the most useful summaries of physics
data. The booklet contains an abbreviated set of reviews
and the summary tables from the most recent edition of the
Review of Particle Physics.
The PDF file of the booklet can be downloaded:
https://pdg.1bl.gov/current/booklet.pdf
The printed booklet can be ordered:
https:
//pdg.1bl.gov/current/receive_our_products.html
e PDGLive: A web application for browsing the contents of
the PDG database that contains the information published in
the Review of Particle Physics. It allows one to navigate to a

particle of interest, see a summary of the information avail-
able, and then proceed to the detailed information published
in the Review of Particle Physics. Data entries are directly
linked to the corresponding bibliographic information in IN-
SPIRE.
https://pdglive.1lbl.gov

o Computer-readable files: Data files that can be down-
loaded from the PDG include tables of particle masses and
widths, PDG Monte Carlo particle numbers, and cross-
section data. The files are updated with each new edition
of the Review of Particle Physics.
https://pdg.1bl.gov/current/html/computer_read.html

3 Particle physics information platform

INSPIRE: INSPIRE serves as a one-stop information plat-
form for the particle physics community, comprising interlinked
databases on literature, authors, jobs, seminars, conferences, in-
stitutions and experiments (each described in more detail below).
Run in collaboration by CERN, DESY, Fermilab, IHEP, IN2P3,
and SLAC, it has been serving the scientific community for almost
50 years. Previously known as SPIRES, it was the first website
outside Europe and the first database on the web. Close interac-
tion with the user community and with arXiv, ADS, HEPData,
ORCID, PDG and publishers is the backbone of INSPIRE’s evo-
lution. Since 2020, it is running on a modernized platform that is
continuously being improved.

https://inspirehep.net/

4 Literature databases

Most research articles in the field of high-energy physics are first
made available on the arXiv eprint server, where researchers can
learn about the latest developments by browsing through the new
announcements five days a week. They are indexed, together with
all other publications in high-energy physics and related fields, in
the INSPIRE literature collection. For neighboring fields such as
astrophysics or mathematics, other databases are more exhaus-
tive.

e arXiv.org: A repository of full-text articles in physics, as-
tronomy, mathematics, computer science, statistics, nonlin-
ear sciences, quantitative finance, quantitative biology, elec-
trical engineering and systems science, and economics. Pa-
pers are submitted by registered authors to arXiv, often as
preprints in advance of submission to a journal for publica-
tion; includes postprints, working papers, and other relevant
material. Established in 1991, the repository is interlinked
with ADS and INSPIRE, among others. Readers can browse
subject categories or search by author, title, abstract, date,
and other fields. Receive daily update alerts for subfields by
email or RSS.

https://arXiv.org

e INSPIRE Literature: The literature collection, the flag-
ship of the INSPIRE suite, serves more than 1.4 million bib-
liographic records with a growing number of full-text arti-
cles attached and metadata including author affiliations, ab-
stracts, references, experiments, keywords as well as links to
arXiv, ADS, PDG, HEPData, publisher platforms and other
servers. It provides fast metadata searches that can be eas-
ily refined using facets, plots extracted from full text, author
disambiguation, author profile pages and citation analysis.

https://inspirehep.net/literature

e ADS: The SAO/NASA Astrophysics Data System is a Dig-
ital Library portal offering access to 15 million bibliographic
records in Astronomy and Physics. The ADS search engine
also indexes the full-text for many publications in this col-
lection and tracks citations. The system also provides ac-
cess and links to a wealth of external resources, including
electronic articles hosted by publishers and arXiv, data cata-
logs and a variety of data products hosted by the astronomy
archives worldwide. The ADS can be accessed at:

http://ads.harvard.edu/

e MathSciNet: This database of almost 4 million items pro-
vides reviews, abstracts and bibliographic information for
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much of the mathematical sciences literature. Over 100,000
new items, most of them classified according to the Mathe-
matics Subject Classification, and more than 80,000 reviews
of the current published literature are added each year. Au-
thor identification allows users to search for publications by
author and citation data allows users to track the history and
influence of research publications.
https://www.ams.org/mathscinet

5 Journals

SCOAP?3 Journals: A list of journals currently financed by
the SCOAP3 consortium. All HEP publications in those journals
are made freely available under Open Access conditions at no cost
for the authors.

https://wuw.scoap3.org/phase3-journals/

6 Conference and seminars databases

e INSPIRE Conferences: The database of more than 24,000
past, present, and future conferences, schools, and meetings
relevant to high-energy physics and related fields is searchable
by title, acronym, series, date and location. Included are
information about published proceedings, links to conference
contributions in the INSPIRE HEP database, and links to
the conference website when available. New conferences can
be submitted from the entry page.

https://inspirehep.net/conferences

e INSPIRE Seminars: Created to support the surge of on-
line seminars during the COVID19 pandemic, this database
already contains more than 1,500 seminars in high-energy
physics and related fields. Seminars can be filtered by date,
series and subject and exported to a calendar. Direct links to
join the online seminar and external resources are included.
All seminars are community-maintained and can be submit-
ted from the entry page.

https://inspirehep.net/seminars

7 Research institutions

INSPIRE Institutions: INSPIRE Institutions contains over
11,500 institutes, laboratories, and universities, where research
on particle physics and astrophysics is led. Every record includes,
whenever possible, as detailed information, such as address, web
links, experiments, and links to INSPIRE papers authored by peo-
ple affiliated to that institution. One can search for a particular
institution by name, acronym, and location.

https://inspirehep.net/institutions

8 People

e INSPIRE Authors: Searchable worldwide database of
more than a hundred thousand active, departed, retired, and
deceased people associated with particle physics and related
fields. The affiliation history of these researchers, their e-
mail addresses, ORCIDs, web pages, experiments they par-
ticipated in, PhD advisor, information on their graduate stu-
dents and links to their papers and seminars are provided, as
well as a user interface to update this information.

https://inspirehep.net/authors

e ORCID: Registry providing persistent digital identifiers al-
lowing to unambiguously identify researchers. Through in-
tegration in key research workflows such as manuscript and
grant submission, it supports automated linkages between
scientists and their professional activities ensuring that their
work is recognized.

https://orcid.org

9 Experiments

INSPIRE Experiments: Contains more than 3,700 past,
present, and future experiments in particle physics. It lists and
classifies both accelerator and non-accelerator experiments as well
as theory collaborations. Includes official experiment name and
number, location, and collaboration lists. Simple searches by par-
ticipant, title, experiment number, institution, date approved, ac-
celerator, or detector, return a description of the experiment, in-
cluding a complete list of authors, title, overview of the experi-
ment’s goals and methods, and a link to the experiment’s web page

if available. Recently, it has expanded its scope to include particle
accelerators besides experiments and to link them together.
https://inspirehep.net/experiments

10 Jobs
INSPIRE Jobs: Lists academic and research jobs in high en-
ergy physics, nuclear physics, accelerator physics and astrophysics
with the option to post a job or to receive email notices of new
job listings. Several hundreds of jobs are listed all year round,
with more activity during the application season.
https://inspirehep.net/jobs

11 Software packages and repositories

A vast number of software tools are used for various aspects of
high-energy physics research. Due to their number, their often
specialized purpose and the quickly-changing nature of software,
no attempt has been made to present them in this chapter. The
accompanying online version contains an extensive categorized list
of software.

12 Data repositories and preservation

Initiatives to preserve and disseminate data produced during
different stages of research, from Monte Carlo events to machine-
readable versions of tables in papers, have grown in recent years.
Unfortunately, there currently exists no central resource aggregat-
ing all these data as is the case for the more established means of
scholarly communication. Instead, there are a number of reposito-
ries targeting different types of data and research subjects. They
are listed in the online version.

13 Particle physics education and outreach

Particle physics public engagement efforts are widespread, with
laboratories, experiments, universities and individual researchers
engaged in a range of efforts. The online version of this chapter
provides links to resources for particle physicists wanting to be-
come engaged in public education as well as resources that physi-
cists can provide directly to students or lay people. There are
classroom activities, interactive websites, films, and direct links
to education offices at institutions and experiments. Addition-
ally, news sites relevant for experts and for the general public are
provided.
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Gauge & Higgs Boson Summary Table

SUMMARY TABLES OF PARTICLE PROPERTIES

Extracted from the Particle Listings of the
Review of Particle Physics

R.L. Workman et al. (Particle Data Group),
Prog. Theor. Exp. Phys. 2022, 083C01 (2022)
Available at https://pdg.1bl.gov
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GAUGE AND HIGGS BOSONS

7 (photon) 10PCy =011 ™)

Mass m < 1 x 10718 ev

Charge g < 1x 107 ¢ (mixed charge)
Charge g < 1x 10735 ¢ (single charge)
Mean life 7 = Stable

g

or gluon I(JP) =007)

Mass m = 0 [2]
SU(3) color octet

@

Charge = 1 e

Mass m = 80.377 + 0.012 GeV

W/Z mass ratio = 0.88145 + 0.00013
mz — my = 10.811 + 0.012 GeV
Myy+ — My,— = —0.029 £ 0.028 GeV
Full width ' = 2.085 + 0.042 GeV
(N_+) =15.70 + 0.35

(Nys) =220 +0.19

(Np) =0.92 + 0.14

(Ncharged) = 19.39 & 0.08

W™ modes are charge conjugates of the modes below.

p
w+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ty [b] (10.86+ 0.09) % -
ety (10.71%+ 0.16) % 40189
utv (10.63+ 0.15) % 40189
Ty (11.38+ 0.21) % 40170
hadrons (67.41+ 0.27) % -
aty <7 x 1076 95% 40189
DY~y < 13 x 1073 95% 40165
cX (333 + 2.6 )% -

cs e B % -
invisible [c] (14 £29)% -
atatr™ < 101 x 1076 95% 40189
J = 1

Charge =0

Mass m = 91.1876 £ 0.0021 GeV (]

Full width [ = 2.4952 £ 0.0023 GeV
[(¢+¢-) = 83.984 + 0.086 MeV 2]

I (invisible) = 499.0 + 1.5 MeV [€]

I (hadrons) = 1744.4 + 2.0 MeV
M(utpu)/T(ete™) = 1.0001 + 0.0024
F(r*77)/r (et e) = 1.0020 £ 0.0032 ']

Average charged multiplicity
(Neharged) = 20.76 % 0.16 (S = 2.1)

Couplings to quarks and leptons
gl = —0.03783 £ 0.00041

gy, =0.266 £ 0.034

+0.04
gy = —0.38 05

g% = —0.50123 + 0.00026
gl = 05193822

g5 = —05271 g5

g = 0.5008 =+ 0.0008
g”e = 0.53 + 0.09

g"n = 0.502 + 0.017

Q
|
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Asymmetry parameters (8]

Ae = 0.1515 + 0.00
=0.142 + 0.015
A, = 0.143 £ 0.004
As = 0.90 + 0.09

Ac = 0.670 £ 0.027
Ap = 0.923 + 0.020

19

Charge asymmetry (%) at Z pole

ALY — 171+ 0.10
Al _ 447

0
AL — 98+ 1.1
(0¢)

Apg’ =7.07 £0.35
ALD) _ 992 4 0.16
Scale factor/ p
Z DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ete~ [l ( 3.36320.0042) % 45594
uhp [l ( 3.36620.0066) % 45594
Tt [l ( 3.3696-0.0083) % 45559
A [b,n] ( 3.3658+0.0023) % -
et e [l (455 £017 )x10© 45594
invisible [A]  (20.000 £0.055 ) % -
hadrons [] (69.911 £0.056 ) % -
(uT+cc)/2 (11.6  £06 )% -
(dd+ss+bb)/3 (156  +04 )% -
cc (1203 +021 )% -
bb (15.12 +0.05 )% -
bbbb (36 +13 )x10~4 -
888 < 11 % CL=95% -
70y < 201 x 1075 CL=95% 45594
ny < 5.1 x107% CL=95% 45592
Ak < 25 x 1075 CL=95% 45501
wy < 65 x10~4 CL=95% 45590
7'(958)y < 42 X103 CL=95% 45589
by <9 x10~7 CL=95% 45588
vy < 1.46 %1075 CL=95% 45594
7070 < 152 x107% CL=95% 45594
vyy < 22 x106 CL=95% 45594
at WF M< 7 x107% CL=95% 10167
pEWF U] < 83 x1075 CL=95% 10142
J/Pp(1S)X (351 T3 )x10-3  s=11 -
J/(1S8)y < 14 x 1070 CL=95% 45541
P(25)X (160 +029 )x1073 -
P(2S)y < 45 x 1076 CL=95% 45519
J/9(1S)J/p(1S) < 22 x 1076 CL=95% 45489
Xe1(1P)X (29 407 )x1073 -
Xe2(1P)X < 32 x 1073 CL=90% -
T(1S) X +T(2S) X (1.0 +05 )x1074 -
+T(35) X
T(1S)X < 44 x 1075 CL=95% -
T(1S)y < 28 x1076 CL=95% 45103
T(2S)X < 139 x 1074 CL=95% -
T(2S)~ < 17 x 1076 CL=95% 45043
T(3S)X < 9.4 x 1075 CL=95% -
T(3S)y < 48 x10~6 CL=95% 45006
7(1,2,3S) 7(1,2,35) < 15 x 1070 CL=95% -
(D°/D°%) x (207 +£20 )% -
DEX (122 *17 )% -
D*(2010)* X Ul (114 £13 )% -
Ds1(2536) X (36 +08 )x1073 -
D, ;(2573)X (58 422 )x10-3 -
D*(2629)F X searched for -
BtX [K] (608 +013 )% -
BIX [kl (159 +013 )% -
BC+X searched for -
/\%X (154 +033 )% -
=X seen -
=pX seen -
b-baryon X [K] (138 £022 )% -
anomalous ~y+ hadrons n< 32 x10~3 CL=95% -
ete < 52 x10~4 CL=95% 45594
utu=y < 56 x10~4 CL=95% 45594
Tty n< 73 x10~% CL=95% 45559

(T yy I < 6.8 x 1076 CL=95% -
qqvY [n] < 55 x 1076 CL=95% -
VT [ < 31 x1076 CL=95% 45594
et uT LF []< 75 x10=7 CL=95% 45594
et LF []< 50 x 1076 CL=95% 45576
pErF LF []< 65 x1076 CL=95% 45576
pe LB < 18 x1076 CL=05% 45589
pu LB < 18 x1076 CL=95% 45589
J=0

Mass m = 125.25 + 0.17 GeV (S = 1.5)

Full width I = 3.2728 Mev

(assumes equal

on-shell and off-shell effective couplings)

HO Signal Strengths in Different Channels
Combined Final States = 1.13 + 0.06

W W* =1.19 + 0.12

Z7* =1.01 £+ 0.07

vy = 1.10 £ 0.07

c¢ Final State = 37 + 20
bb =0.98 + 0.12

ptp= =1.19+034
e = 1157018

Zv < 3.6, CL=95%

+*~ Final State = 1.5 + 0.5

ttHO Production = 1.10 + 0.18

t HO production = 6 + 4

HO Production Cross Section in pp Collisions at /s = 13 TeV =

56 £+ 4 pb
p
HO DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ete” <36 x1074 95% 62625
Z p(770) <121% 95% 29423
Z ¢(1020) <36 x1073 95% 29417
J/Yy <35 x1074 95% 62587
J/pd )y <18 x1073 95% 62548
¥(25) 7 <20 x1073 95% 62571
T(1S)y < 49 x1074 95% 62268
T(2S)y <59 x1074 95% 62224
T(3S)~ <57 x1074 95% 62197
T(nS) T(mS) <14 x1073 95% -
p(770)~ <88 x1074 95% 62623
$(1020)~ <48 x1074 95% 62621
en LF <61 x107° 95% 62625
er LF <22 x1073 95% 62612
ur LF <15 x1073 95% 62612
invisible <19 % 95% -

Neutral Higgs Bosons, Searches for

Mass limits for heavy neutral Higgs bosons (H3, A°) in the MSSM

389 GeV, CL = 95%
> 863 GeV, CL = 95%
> 1157 GeV, CL = 95%
> 1341 GeV, CL = 95%
>
>

m >

1496 GeV, CL = 95%
1613 GeV, CL = 95%

33333

(
(

tang = 10)
tang = 20)
(tang8 = 30)
(tang = 40)
(tang = 50)
(tangB = 60)

Charged Higgs Bosons (H* and Ht%),
Searches for

Mass limits for m,. < m(top)
m > 155 GeV, CL = 95%

Mass limits for m,, > m(top)
181 GeV, CL = 95%
> 249 GeV, CL = 95%
> 390 GeV, CL = 95%
> 894 GeV, CL = 95%
>
>

m >

1017 GeV, CL = 95%
1103 GeV, CL = 95%

33333

tan = 10)
tans = 20)
tan = 30)
tans = 40)
(tang = 50)
(tan = 60)
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New Heavy Bosons NOTES
(W', Z', leptoquarks, etc.), )
Searches for In this Summary Table:
When a quantity has “(S = ...)" to its right, the error on the quantity has
Additional W Bosons been enlarged by the “scale factor” S, defined as S = /x?/(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 inconsis-
tent. When S > 1.25, we also show in the Particle Listings an ideogram of
the measurements. For more about S, see the Introduction.

W’ with standard couplings

Mass m > 6000 GeV, CL = 95%  (pp direct search)
Wg (Right-handed W Boson)

Mass m > 715 GeV, CL = 90% (electroweak fit)

Additional Z Bosons

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

Z,SM with standard couplings particle. For a 3-or-more-body decay, p is the largest momentum any of the
Mass m > 5150 GeV, CL = 95%  (pp direct search) products can have in this frame.

ZLR of SU(Z)LXSU(Z)RXU(].) (Wlth 8L = gR)
Mass m > 630 GeV, CL = 95%  (pp direct search) [a] Theoretical value. A mass as large as a few MeV may not be precluded.
Mass m > 1162 GeV, CL = 95%  (electroweak fit) [b] ¢ indicates each type of lepton (e, u, and 7), not sum over them.

Z, of SO(10) — SU(5)xU(1),, (:vith gX:e(COSF)W) [c] This represents the width for the decay of the W boson into a charged
Mass m > 4800 GeV, CL = 95%  (pp direct search) particle with momentum below detectability, p< 200 MeV.

2y of Bg — SO(lO)XU(l)w_(W'tOh gﬁ’:e/C?SQW) [d] The Z-boson mass listed here corresponds to a Breit-Wigner resonance
Mass m > 4560 GeV, CL = 95%  (pp d|_rect search) parameter. It lies approximately 34 MeV above the real part of the posi-
Zy of g — SU(3)xSU(2)xU(1)xU(1),, (with g;=e/cosOyy) tion of the pole (in the energy-squared plane) in the Z-boson propagator.

3 — 0, H
Mass m > 3.900 x 10° GeV, CL = 95%  (pp direct search) [e] This partial width takes into account Z decays into v and any other

Scalar Leptoquarks possible undetected modes.
m > 1800 GeV, CL = 95% (1st gen., pair prod., B(eq)=1) [f] This ratio has not been corrected for the 7 mass.
m > 1755 GeV, CL = 95% (1st gen., single prod., B(eq)=1) [g] Here A = QngA/(g2V+gl24)_
m > 1700 GeV, CL = 95% (2nd gen., _pair prod., B(1q)=1) [h] This parameter is not directly used in the overall fit but is derived using
m > 660 GeV, CL = 95% (2nd gen., single prod., B(1.q)=1) the fit results; see the note “The Z boson” and ref. LEP-SLC 06 (Physics
m > 1430 GeV, CL = 95% (3rd gen., pair prod., B(rt)=1) Reports (Physics Letters C) 427 257 (2006)).
m > 740 GeV, CL = 95% (3rd gen., single prod., B( b)=1) [i] Here ¢ indicates e or .

(See the Particle Listings for assumptions on leptoquark quan-

: A [j] The value is for the sum of the charge states or particle/antiparticle
tum numbers and branching fractions.)

states indicated.
Diquarks [K] This value is updated using the product of (i) the Z — bb

Mass m > 7200 GeV, CL = 95% (Eg diquark) fraction from this listing and (ii) the b-hadron fraction in an
unbiased sample of weakly decaying b-hadrons produced in Z-

Axigluon decays provided by the Heavy Flavor Averaging Group (HFLAV,
Mass m > 6600 GeV, CL = 95% http:/ /www.slac.stanford.edu/xorg/hflav/osc/PDG_2009/#FRACZ).
[/] See the Z Particle Listings for the  energy range used in this measure-
Axions (A°) and Other ment.

Very Light Bosons, Searches for [n] For my = (60 + 5) GeV.

See the review on " Axions and other similar particles.”

The best limit for the half-life of neutrinoless double beta decay with
Majoron emission is > 7.2 x 10%* years (CL = 90%).
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LEPTONS Decay parameters

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

1
E J=3 p(e or ) = 0.745 + 0.008
Mass m = (548.579909065 = 0.000000016) x 106 u p(e) = 0.747 £ 0.010
Mass m = 0.51099895000 & 0.00000000015 MeV p(p) = 0.763 =+ 0.020
|myy — m, |/m< 8x 1079, CL = 90% &(e or w) = 0.985 £ 0.030

£(e) = 0.994 + 0.040
£(12) = 1.030 % 0.059
n(e or p) = 0.013 £ 0.020
() = 0.094 + 0.073

|Ges + q.-|/e < 4x1078
Magnetic moment anomaly

(g-2)/2 = (1159.65218076 + 0.00000028) x 10~
(8e+ — 8¢-) / Baverage = (—0.5 +2.1) x 10712
Electric dipole moment d < 0.11 x 10728 ecm, CL = 90% (gg(e or ) = 0.746 £ 0.021

i =0.734 + 0.028
Mean life 7 > 6.6 x 1028 yr, CL = 90% 2] (6€)(e)
— d . (6€)(p) = 0.778 4 0.037

£(m) = 0.993 + 0.022
=1 £(p) = 0.994 + 0.008

Mass m = 0.1134289259 + 0.0000000025 u gg;ll)hj d:c')?]?cl rfo(;fs?_ 0.995 & 0.007
Mass m = 105.6583755 - 0.0000023 MeV - '

. _ n(p) =—-13+17
Mean life 7 = (2.1969811 + 0.0000022) x 106 s
; PARAMETER = 0.5 + 0.4
7 /7, = 1.00002 % 0.00008 (Er)(e or u)

; =—-04+1.2
cr = 658.6384 m (€x)(e) 0

:)(1n) = 0.8 £ 0.6
Magnetic moment anomaly (g—2)/2 = (11659206 + 4) x 1010 (€x)(s2)
(gp+ — gﬂ,) / Zaverage = (70,11 + 0,12) X 10*8 71 modes are charge conjugates of the modes below. “ptr stands for

+ +  upm “ 1 ’ 0,
L 7w or K=-. “¢" stands for e or u. “Neutrals” stands for 4’s and/or 7’s.
Electric dipole moment |d| < 1.8 x 1071% ecm, CL = 95% ! /

Scale factor/ p
Decay parameters (6] 7~ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

p = 0.74979 + 0.00026

Modes with one charged particle

1 = 0.057 + 0.034 particle™ > 0 neutrals > 0K%y. (8524 + 0.06 ) % -
0 = 0.75047 £+ 0.00034 (“1-prong™)
_ +0.0016
&Py = 1'0009—0.008705]6 particle™ > 0 neutrals > OK?_I/T (84.58 + 0.06 ) % -
EPud/p = 1.0018F3-953¢ 4] WU, 6] (17.39 % 0.04 )% 885
5//: 1.00 4+ 0.04 WUy le] (367 + 0.08)x1073 885
£ =0.98 + 0.04 e Uev, lg] (17.82 + 0.04 )% 888
a/A = (0 +4)x 1073 e Vv le] (183 £ 0.05)% 888
o/ /A = (=10 + 20) x 1073 h= > 0K v, (12.03 + 0.05 ) % 883
B/A = (4 +6) x 1073 h~ v, (1151 + 0.05 ) % 883
B/A=(2+7)x1073 a7 le] (10.82 + 0.05 )% 883
7= 0.02 £ 0.08 K~ v, le] (69 + 0.10)x1073 820
h™ > 1 neutralsv,. (37.01 £ 0.09 )% -
;ﬁr modes are charge conjugates of the modes below. h— > 17r0 v (ex KO) (3651 + 0.09 )% —
=z T . - .
p h= a0, (25.93 + 0.09 )% 878
u~ DECAY MODES Fraction (I';/T) Confidence level (MeV/c) =9 vy lg] (25.49 + 0.09 )% 878
— ~100% 3 7T__7T00n0n—/}(770)u7. (30 + 32 )x 10:2 878
e Tev, [d] (6.0+05)x 10-8 53 7K m ZT [g] (433 + 0.15)x 10 814
A le] (3.4£0.4) x 1075 53 h= 2 2mtu, (1081 £ 0.09) % N
e o h=2r0u_ (948 + 0.10 )% 862
Lepton Family number (LF) violating modes h=2n0 v, (ex.K®) (932 £ 010 )% 862
e Ve, LF [ <12 % 90% 53 m2m0u (ex.K®) gl (926 +010)% 862
ey LF <42 « 10-13 90% 53 T 27r0| vy (ex.K9), <9 x1073CL=95% 862
e ~12 0 scalar
e~ete LF <10 x 10 90% 53 _Sca 0 3
e 2y F 72 « 10-11 0% 53 72 v (ex.K"), <7 x1073CL=95% 862
vector
K=210%, (ex.K%)  [g] (65 + 22 )x1074 796
=1 h= > 3x%, (134 + 007 )% -
h= > 370, (ex. KO) (125 + 0.07 )% -
Mass m = 1776.86 + 0.12 MeV h™3m0 vy . (118 + 0.07 )% 836
(M — M)/ Mayerage < 2.8 x 1074, CL = 90% ™ 3w o (ex.Ko) [g] (1.04 £ 007 )% 836
Mean life 7 = (290.3 % 0.5) x 1015 s K=3mv, (ex.K%,  [¢g] (48 + 21 )x1074 765
cr = 87.03 um J 0
_ -3
Magnetic moment anomaly > —0.052 and < 0.013, CL = 95% h, 47r0 Vr (ex.KO) (L6 & 04 )x 10,3 800
- _16 o h™4n° v (ex.K” ) lg] (11 + 04 )x10 800
Re(d,) = —0.220 to 0.45 x 1071 ecm, CL = 95% z _4
a1 (1260) v, — 7 . (38 + 15 )x10 -
Im(d,) = —0.250 to 0.0080 x 10716 ecm, CL = 95% ! ) o
) ==Y : e K= >0x0 >0KO >0y v, (15524 0.029) % 820
Weak dipole moment K= >1(a% or KOor 7) v, (859 + 028)x1073 -
Re(d¥) < 0.50 x 1077 ecm, CL = 95% Modes with K®'s
Im(d¥) < 1.1x 10717 ecm, CL = 95% K (particles) ™ v, (943 + 0.28 ) x 103 -
- — 70 _
Weak anomalous magnetic dipole moment h ’f%g (19.87 + 0.14 ) x 10 ; 812
w 3 oo ™ Kou, lg] (838 + 0.14 )x 10~ 812
Re(aa/) < 11x 1073, CL = 95% KO (54 +21 )x10-4 812
Im(aT) < 27x107° CL=95% (non—K*(892)’)I/
+ + 40 — T
7+ - 7t K% v, (RATE DIFFERENCE) / (RATE SUM) = K~ KOy, le] (1486 0.034) x 103 737
(—0.36 + 0.25)% K= K% > 0n0u, (299 + 007 )x1073 737
h=KOxOu, (532 + 013 ) x 1073 794

a KOOy, le] (382 + 0.13)x10~3 794
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KO v, (22 +05 )x1073 612 K™ KT K™ v (ex. ¢) < 25 x 10-6CL=90% -
K= KO0y, le] (150 + 0.07 )x 103 685 K= KTK=n0u, < 48 x 10~6CL=90% 345
7~ KO > 1700, (408 + 025 )x103 - 7~ Kt7~ >0 neut. v, < 25 x 1073 CL=95% 794
“KOx070u_(ex.KO) le] (26 +23 )x1074 763 e~ e etvou, (28 + 15 )x1075 888
K= KOn0x0u, < 16 x 10~4CL=95% 619 pme"etr,u, < 32 x 1075 CL=90% 885
KKy, (155 + 024 )x 103 682 e etu, seen 883
T Kgs K%I/T [g] (235 4 0.06 )x 10*‘; 682 T u ut < 1.14 x 1075 CL=90% 870
7 KIKkYv, lg] (1.08 £ 0.24 )x 10~ 682 . .
_ K? K(Z o (235 + 006 ) x 10-4 e . Modes with five charged particles »
L0550 4 3h=2h™ > 0 neutrals v, (99 + 04 )x10 794
7 KOKO70,_ (36 + 12 )x10 614 (ex. KO — 7 1h)
7~ KK 70w, le] (182 + 021 )x1075 614 (“5—prosng”)
Kk Koo, — (108 + 021)x107° - 3h™2ht v, (ex.K9) (829 + 031 )x10~4 794
™ KS KOSTr vr 37r*27rlu7 (ex.K?, w) (827 + 031 )x 1074 794 i
fi (1285%?}('/7 — (68 + 15 )x107° - 327t (ex. KO, w, gl (7.75 + 030 )x10~4 - S
gnlu, £(1285 @
fiy (1420)7T ve (24 +08 )x1076 - K~ 27(7* 27r)+)uT (ex.K9) gl (6 =12 )x10~7 716 >
~ K2 K57r Ve Kt3n ntu, < 50 x 10~6CL=90% 716 8
™ KO KL7T Vr le] (32 +12 )x1074 614 KtK=2n~ntu, < 45 x 1077 CL=90% 528 &
T K° Ok97m0u, (1.82 + 021 )x1073 614 3h~2ht 70, (ex.KO) (165 + 011 )x10°4 746 g
K= K% KO vy < 63 x 107 CL=90% 466 3 2nt 70u, (ex.KO) (163 + 011 ) x 104 746 °
K~ K° KO7T vy < 40 x 1077 CL=90% 337 3nm2n 700, (ex KO, 1, (111 + 010 )x107* - 5
KOt h— h 2 0 neutrals v, < 17 x 10~3CL=95% 760 f1(1285)) 8
KOhth=h~ v, lg] (25 + 20 )x10-4 760 37~ 27T1‘+(71TZSV§)()6X.KO' 7, gl (38 +09 )x1075 - 3
w, h =t
Modes with three charged particles K=2n 27t 700, (ex.K®) [g] (11 + 0.6 )x 1076 657 X4
h=h™h* >0neutrals >0K%u, (1520 + 0.06 )% 861 K+3r— nt 0y, < 8 x107CL=90% 657 oy
h~™h~hT >0 neutrals v, (1455 + 0.06 )% 861 3h=2ht 2700, < 34 x 10-6CL=90% 687 5
0 o =)
(?.X' Ks ﬂ ) Miscellaneous other allowed modes %
= /(7,3;]&“;% ) 580 + 005 )% a6l (57) " vy (78 £ 05 )x1073 800 S
h=h=ht ;/: (ex.K9) E 9.46 + 0.05 )‘£ 861 4h}§;;r;§,,;emals v < 30 x 10=TeL=o0% 682 §
h,h+ht'/7 (ex.K%) (1943 & 0.05 ):/° 861 4h=3ht v, < 43 x 1077 CL=90% 682 %
TmLT r (931 £ 0.05)% g1 4h=3ht0u, < 25 x 10~7 CL=90% 612 Q
7t 7 vy (ex. KO) (9.02 + 0.05)% 861 X (5110 bor & 0.04 )% - =
7=t v, (ex. KO), < 24 %  CL=95% 861 . (5= _ Jvr (2 : )0° >
non-axial vector K (89%) > 0 neutrals > (142 + 018 )% S=1.4 665 8
aata v (ex.KOw) [g] (899 + 0.05)% 861 0K vr >
h=h~ h* > 1 neutrals v, (529 + 0.05)% - K*(892)" v, _ (120 £ 0.07 )% S=1.8 665 o
h=h=ht > 170 (ex. KO) (5.09 + 0.05)% - K*(892)" v, — 7~ KOu, (782 £ 0.26 ) x 1073 - o
h=h= 0. (476 £ 0.05 )% 834 K*(892)° K~ > 0 neutrals v, (32 + 14 )x103 542 ‘;
h=h= hta0u (ex.KO) (457 + 005 )% 834 K" (892K~ v, (21 +04 )x1073 542 o)
b= bt 70 (ex. KO, w) (279 + 007 )% 834 K*_(892)°7r* > 0 neutrals v, (38 + 17 )x1073 655 g
matr . (462 + 0.05)% 834 _K*(892)°r v, (22 +05 )x1073 655 Y
7~ at 7 700, (ex.K9) (449 £ 0.05 )% 834 (K*(892)7T) vy = (10 +04 )x1073 - 8
aata m0u, (ex. KOw)  [g] (274 £ 0.07)% 834 m K° 7T°VT gi‘
h=h=ht > 2200 (ex. (517 + 031 ) x10~3 - K1 (1270)" v (47 £11 )x1073 447 >
K9) K1(1400)~ 1/7. (17 £ 26 )x1073 s=1.7 335 —
h=h=ht 270, (5.05 + 031 )x1073 797 K*(1410)~ v, (15 * 13 )yx103 326 o
h=h= ht 2700, (ex.KO) (495 + 031 )x10°3 797 K*(1430)~ v s « 10-4CL_05% 317 o
h=h=ht27% (ex.KOw,m) [g] (10 +4 )x1074 797 KE T el <
420 4 5(1430)" vy < 3 x 1073CL=95% 315
h=h™hT3r°v, (213 + 030)x10 749 N B oo >
27~ 7t 3700, (ex. KO) (1.95 + 030 ) x10~4 749 nr_ve <99 x 1073“*95“ o7 S)
2~ 7t 370, (ex. KO, 1, (17 + 04 )x1074 - nmom v le] (1.39 & 0.07)x 1074 8 g
£(1285)) nTomo T Uy [g] (20 + 04 )x 1074 746 g
2n~nt 3700, (ex. KO n, [g] (1.4 £ 27 )x1075 - 77K* Vr le] (1.85 + 0.08)x 1074 [ c
w, £(1285)) nK7(8‘32) vy (138 £ 015 ) x 10_5 511 5
K~ hTh= >0 neutrals v, (629 + 0.14 ) x 1073 794 nK—m 0T le] (48 +12 )x 1075 , 665 o
K= bt 7 v, (ex.KO) (437 + 007 ) x 103 794 nK-m 0 (non-K*(892)) v, < 35 x 1075CL:904 - i)
K= hta= n0u (ex.KO) (86 +12 )x1074 763 nKoﬂ v l] (94 & 15 )x - , 661 o
K=7ta~ >0 neutrals v, (477 + 0.14 ) x 103 794 nK " o T < 50 x 10760‘:90?‘ 590 1
K- rta™ > (3.73 + 0.13 ) x 103 794 77K+ Klvr < 90 x 1073CL:9M 430 o
0 0 na T~ 7~ >0 neutrals v, < 3 x 1072 CL=90% 744 o
0" v (ex.KT) “ata— KO 220 + 013 ) x10~4 744 <
K rtr v, (345 + 0.07 )x10~3 794 nroT 71 Vl-(ex. )0 gl (2 13 ) x o N
K= 7t n v, (ex.K9) (293 + 007 )x 1073 794 nToT T vy (ex.K_.flO(1285)) (99 +16 )x o ) - S
K7t v (ex.K%)  [g] (293 + 0.07 ) x 103 794 12 (1260)" v = nm”plvy < 39 x 1076&:900" - ~
K- po v, = (14 + 05 )x10-3 _ nn‘/ri vy < 7.4 X 10_4CL:900A1 637
K= ntn— v, nnmw 77r 2 < 20 ><1076CL:950A] 559
K- ata= 70, (131 + 012 )x 1073 763 77,77K v < 30 x 1076&:90? 362
K= ntr= 70, (ex.KO) (79 +12 )x1074 763 711(958)71 v < 40 x 1075CL:900A 620
K*w*w*wou (ex.K%n) (7.6 + 12 )x10~4 763 7’,(958)”7" vt < 12 X107ICL=90% 59
K- 7r+7r 7O u, (ex.K%w) (37 +09 )x10~4 763 (958) K™ vr < 24 x 10750‘:9“‘ 495
K- atx 7701/7. (ex.KOwmlg] (39 + 1.4 )x10~4 763 on v (34 +06 )“075 585
K~=nt K= >0 neut. v, < 9 x 10~4cL=95% 685 PR v le] (44 & 1.6 )x 1074 445
K~ K*t7~™ >0 neut. v, ( 1.496+ 0.033) x 103 685 f(1285)m = v (39 %05 )x w07, L a0l
K- K+r v, l6] (14354 0.027) x 10-3 685 ﬁ(128i)ﬂ+ Ve = (1118 &+ 0.07 ) x 10 S=13 -
K- Kta a0y, el (61 +18 )x1075 618 T rr s
K KtK v, (22 +08 )x1075 5=54 a2 A (1285) 7" v — le] (52 04 )x10 -

3n 21t w,
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7(1300)" v, — (p7) " vy — < 10 x 1074CL=90%
(3m) v,
7(1300) " v, — < 19 x 10~4CL=90%

(7 7)s—wave ©) " vy —

3n)" v,
h~™w > 0 neutrals v, (240 + 008)%
h~wr, (1199 + 0.06 )%

T W, [g] (1.95 + 0.06 )%

K~ wu, [g] (41 £ 09 )x1074
h~wrOu, lg] (41 + 04 )x103
h=w2rlu, (14 + 05 )x1074

7~ w2l lg] (72 +16 )x1075
h™ 2w, < 54 x 1077 CL=90%

2h~ htwy, (120 + 022 )x1074
2~ ntwr, (ex. K9) [e] (84 + 06 )x10°3

Lepton Family number (LF), Lepton number (L),
or Baryon number (B) violating modes

L means lepton number violation (e.g. 7~ — et x—x~). Following
common usage, LF means lepton family violation and not lepton number
violation (e.g. 7~ — e~ mT ). B means baryon number violation.

ey LF < 33 x 1078CL=90%
e vy < 25 x 10~4CL=90%
wy LF < 42 x 1078CL=90%
w Yy < 58 x 10~4CL=90%
el LF < 80 x 10-8CL=90%
u— w0 LF < 11 x 10~7CL=90%
e" K% LF < 26 x 10~8CL=90%
= KS LF < 23 x 1078CL=90%
e n LF < 9.2 x 10~8CL=90%
un LF < 65 x 1078CL=90%
e p° LF < 18 x 10-8CL=90%
w0 LF < 12 x 10~8CL=90%
e w LF < 48 x 10~8CL=90%
uw LF < 47 x 10~8CL=90%
e~ K*(892)° LF < 32 x 1078CL=90%
- K*(892)0 LF < 59 x 1078CL=90%
e~ K*(892)° LF < 34 x 1078CL=90%
= K*(892)0 LF < 170 x 10-8CL=90%
e~ 1/(958) LF < 16 x 1077 CL=90%
™ n'(958) LF < 13 x 10~7CL=90%
€ 7(980) - e~ atw LF < 32 x 1078CL=90%
uf(980) = pmwtaT  LF < 34 x 10~8CL=90%
) LF < 31 x 1078CL=90%
u- ¢ LF < 8.4 x 10~8CL=90%
e~ete” LF < 27 x 10~8CL=90%
e utu~ LF < 27 x 10~8CL=90%
etpu—p~ LF < 17 x 1078CL=90%
p—ete LF < 18 x 1078CL=90%
ute e LF < 15 x 108CL=90%
p ot LF < 21 x 1078CL=90%
e~ nta~ LF < 23 x 1078CL=90%
etr—m™ L < 20 x 10-8CL=90%
pworta LF < 21 x 108CL=90%
pto—n~ L < 39 x 1078CL=90%
et K- LF < 37 x 10~8CL=90%
e~ Kt LF < 31 x 1078CL=90%
etr K~ L < 32 x 10~8CL=90%
e” KL KL LF < 71 x 1078CL=90%
e~ KTK™ LF < 34 x 1078CL=90%
etK— K~ L < 33 x 1078CL=90%
p K~ LF < 86 x 1078CL=90%
p— Kt LF < 45 x 10~8CL=90%
pta= K~ L < 438 x 10~8CL=90%
p~ KIKS LF < 80 x 10-8CL=90%
uwKtK- LF < 44 x 1078CL=90%
wtK—K L < 47 x 108CL=90%
e~ m0n0 LF < 65 x 10~6CL=90%
- n070 LF < 14 x 10~5CL=90%
e nn LF < 35 x 1073 CL=90%
uonn LF < 6.0 x 10~5CL=90%
e~ n0n LF < 24 x 10~5CL=90%
no 71'077 LF < 22 x 10~5CL=90%
pe~e” LB < 3.0 x 1078CL=90%
pete” LB < 30 x 1078CL=90%
petu~ LB < 20 x 108CL=90%
pe ut LB < 18 x 10~8CL=90%

708
708
708
610
684
644
644
250
641
641

888
888
885
885
883
880
819
815
804
800
719
715
716
711
665
659
665
659
630
625

596
590
888
882
882
885
885
873
877
877
866
866
813
813
813
736
738
738
800
800
800
696
699
699
878
867
699
653
798
784
641
641
635
635

pu p LB < 40 x 1078CL=90% 618
put LB < 18 x 1078CL=90% 618
Py L,B < 35 x 1070CL=90% 641
pr° LB < 15 x 1075CL=90% 632
p2r0 LB < 33 x 10~5CL=90% 604
PN LB < 89 x 1070CL=90% 475
prln LB < 27 x 1075CL=90% 360
Ar~ LB < 72 x 1078CL=90% 525
A~ LB < 14 x 1077 CL=90% 525
e~ light boson LF < 27 X 1073CL=95% -
1~ light boson LF <5 x 1073CL=95% -

Heavy Charged Lepton Searches

LE — charged lepton
Mass m > 100.8 GeV, CL = 95% "l Decay to v W.

LE - stable charged heavy lepton
Mass m > 102.6 GeV, CL = 95%

Neutrino Properties

See the note on “Neutrino properties listings” in the Particle Listings.
Mass m < 1.1eV, CL =90% (tritium decay)
Mean life/mass, 7/m > 300 s/eV, CL = 90% (reactor)
Mean life/mass, 7/m > 7 x 10° s/eV  (solar)
Mean life/mass, 7/m > 15.4 s/eV, CL = 90% (accelerator)
Magnetic moment p < 0.28 x 10710 g, CL = 90%  (solar +
radiochemical)

Number of Neutrino Types

Number N = 2.996 + 0.007 (Standard Model fits to LEP-SLC
data)

Number N =2.92 + 0.05 (S =1.2) (Direct measurement of
invisible Z width)

The following values are obtained through data analyses based on
the 3-neutrino mixing scheme described in the review “Neutrino
Masses, Mixing, and Oscillations.”
sin?(f15) = 0.307 + 0.013
Am3; = (7.53 +0.18) x 107° eV?
sin?(fy3) = 0.539 4 0.022 (S =1.1) (Inverted order)
sin?(fp3) = 0.546 + 0.021  (Normal order)
AmZ, = (—2.536 + 0.034) x 1073 V2 (Inverted order)
Am3, = (2.453 £ 0.033) x 1073 eV2  (Normal order)
sin2(613) = (2.20 & 0.07) x 102
8, CP violating phase = 1.36 7522  rad
(Am2, — AM2)) < 1.1x107%eV2, CL=99.7%
(Am3, — Amg,) = (-9 0-25) x 1073 eV?

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 inconsis-
tent. 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] This is the best limit for the mode e~ — v~y. The best limit for Nuclear
de-excitation experiments is 6.4 x 1024 yr.

[b] See the review on “Muon Decay Parameters” for definitions and details.

[c] P, is the longitudinal polarization of the muon from pion decay. For
V—A coupling, P, =1and p = 4§ = 3/4.
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[d] This only includes events with energy of e > 45 MeV and energy of [f] A test of additive vs. multiplicative lepton family number conservation.
7 > 40 MeV. Since the e~ Ve v, and e e v,y modes cannot be clearly [g] Basis mode for the 7.

he | . . ) .
separated, we regard the latter mode as a subset of the former [h] L= mass limit depends on decay assumptions; see the Full Listings.

[e] See the relevant Particle Listings for the energy limits used in this mea-
surement.
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Quark Summary Table

QUARKS

The u-, d-, and s-quark masses are the MS masses at the scale
= 2 GeV. The ¢- and b-quark masses are the MS masses renor-
malized at the MS mass, i.e. m = m(u = m). The t-quark
mass is extracted from event kinematics (see the review “The Top
Quark").

0Py =13

my = 2.16f8:32 MeV Charge = % e I, = +%
my/mg = 0.474 13938

[4] IUP) = 3
mg = 4.67f8:‘1‘§ MeV Charge = 7% e I, = 7%

mg/mg = 17-22
™= (my+mg)/2 = 3.45103% Mev

]

10P) = o(3H)

ms =93.4788 Mev  Charge = —1 e Strangeness = —1
mg [ ((my + mg)/2) = 27.3375-57

1Py =03

me = 1.27 £ 0.02 GeV
me/ms = 1176759
mp/me = 4.58 & 0.01
mp—me = 3.45 + 0.05 GeV

Charge = % e Charm = +1

1Py =03 H)

mp = 4187053 Gev  Charge = —1 e Bottom = —1

0Py =0(3*)
Top = +1

Mass (direct measurements) m = 172.69 + 0.30
Gev [#B] (S =13)

Mass (from cross-section measurements) m = 162.5Jj%é Gev [4]

Mass (Pole from cross-section measurements) m = 172.5 £ 0.7
GeV

my — my = —0.15+ 020 GeV (S = 1.1)

Full width T = 1.42F01% Gev (S = 1.4)

F(Wb)/T(Wq(q = b, s, d)) =0.957 +0.034 (S =1.5)

t-quark EW Couplings

Fo = 0.693 £ 0.013

F_ =0.315 £+ 0.010

F4 = —0.005 £ 0.007

Fv+/1 < 0.29, CL = 95%

t DECAY MODES

Fraction (I';

p
/) Confidence level (MeV/c)

Wq(q =b,s, d)
Wb

eveb (11.1040.30) % -
pyy b (11.4040.20) % -
TU.b (10.7 £05 )% -
qqb (66.5 +1.4 )% -
~vq(g=u,c) [c] < 1.8 x 104 95% -
AT = 1 weak neutral current (71) modes
Zq(q=u,c) T1 [d< 5 x 104 95% -
Hu T1 < 12 x 1073 95% -
Hc T1 < 11 x 1073 95% -
(99 (q=d.s.b; ¢'=u,c) T1 < 16 x 1073 95% -

b/ (4t Generation) Quark, Searches for

Mass m > 190 GeV, CL = 95% (pp. quasi-stable b')
Mass m > 1390 GeV, CL = 95% (B(b' — Zb) =1)
Mass m > 1350 GeV, CL =95% (B(b' = Wt)=1)
Mass m > 1570 GeV, CL = 95% (B(b' — Hb) =1)
Mass m > 46.0 GeV, CL =95% (et e, all decays)

t' (4" Generation) Quark, Searches for

m(t'(2/3)) > 1280 GeV, CL = 95%  (
m(t'(2/3)) > 1295 GeV, CL = 95%  (
m(t'(2/3)) > 1310 GeV, CL = 95% (singlet t')
m(t'(2/3)) > 1350 GeV, CL = 95%  (

blet (¢,'))

m(t'(5/3)) > 1.350x 103 GeV, CL = 95%

B(t' — Zt)=1)
B(t' — Wbh)=1)

" in a weak isospin dou-

(t'(5/3) = twWT)

Free Quark Searches

All searches since 1977 have had negative results.

NOTES

[a] A discussion of the definition of the top quark mass in these measure-

ments can be found in the review “The Top Quark.”

[b] Based on published top mass measurements using data from Tevatron
Run-1 and Run-Il and LHC at /s = 7 TeV. Including the most recent un-
published results from Tevatron Run-ll, the Tevatron Electroweak Work-
ing Group reports a top mass of 173.2 + 0.9 GeV. See the note “The
Top Quark’ in the Quark Particle Listings of this Review.

[c] This limit is for [(t — ~q)/T(t - Wb).

[d] This limit is for I'(t — Zq)/T(t — Wb).
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33

Meson Summary Table

LIGHT UNFLAVORED MESONS
(S=C=B=0)

For I =1 (m, b, p, a): ud, (uT—dd)/v2, dT;
for i =0(n v, h W, w, o f ) c(uT + dd) + ¢(s53)

Mass m = 139.57039 + 0.00018 MeV (S = 1.8)
Mean life 7 = (2.6033 + 0.0005) x 1078 s (S = 1.2)
cr = 7.8045 m
7t o Xy form factors 2]
Fy = 0.0254 + 0.0017
Fa = 0.0119 £ 0.0001
Fy, slope parameter a = 0.10 £ 0.06

— +0.009
R = 0.059%3:9%

7~ modes are charge conjugates of the modes below.

For decay limits to particles which are not established, see the section on
Searches for Axions and Other Very Light Bosons.

=t DECAY MODES Fraction (I';/T)

p

Confidence level (MeV/c)

wtu, [b] (99.98770+0.00004) %

TR [c] (200 4025 )x10—4
et ve [b] (1230 =+0.004 )x10~%

et vey [l (739 4005 )x10—7
etyemd (1.036 +0.006 )x 108
etveete™ (32 405 )x1079
pwto, v <9 x 107 90%
etvevy < 16 x 1077 90%

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

ut e L [d] < 15 x 1073 90%
uhve LF [d < 8.0 x 1073 90%
u-etetv LF < 16 x 1076 90%

30
30
70
70

4
70
30
70

30
30
30

16(PCY = 1-(0— )

Mass m = 134.9768 & 0.0005 MeV (S = 1.1)

m_s — m_o = 45936 £ 0.0005 MeV

Mean life 7 = (8.43 £ 0.13) x 10717 s (S =1.2)
cr =253 nm

For decay limits to particles which are not established, see the appropriate
Search sections (A9 (axion) and Other Light Boson (X0) Searches, etc.).

Scale factor/

70 DECAY MODES Fraction (I';/T)

Confidence level (MeV/c)

2y (98.823+0.034) % S=1.5

ete ( 1.17440.035) % s=1.5
~positronium (1.82 £029 ) x 1079

etete e (3.34 £0.16 ) x 1075

ete™ (6.46 +0.33 ) x 10~ 8

4y < 2 x 1078 CL=90%

vU le] < 4.4 x 1079 CL=90%
VeTe < 17 x 1076 CL=90%
vV, < 16 x 107 CL=90%
v U, < 21 x 1076 CL=90%
2% < 19 x10~7 CL=90%

67
67
67
67
67
67
67
67
67
67
67

Charge conjugation (C) or Lepton Family number (LF) violating modes

3y c < 31 x 1078 CL=90%
ute LF < 38 x 10~10¢cL=90%
u-et LF < 32 x 10~10¢cL=90%
pwre™ + pet LF < 36 x 1010 CL=90%

67
26
26
26

/G(JPC):0+(0—+)

Mass m = 547.862 + 0.017 MeV
Full width ' = 1.31 £ 0.05 keV

C-nonconserving decay parameters

ntr= a0 left-right asymmetry = (0.097512) x 1072
0

ntr~ a0 sextant asymmetry = (0.12F319) x 1072

ata~ a0  quadrant asymmetry = (—0.09 + 0.09) x 102

ata=y  left-right asymmetry = (0.9 & 0.4) x 1072
B (D-wave) = —0.02 £ 0.07 (S = 1.3)

CP-nonconserving decay parameters

7T+7r’w

T~ et e decay-plane asymmetry Ay = (—0.6 + 3.1) x 1072

Other decay parameters

707070

Dalitz plot o = —0.0288 4 0.0012 (S = 1.1)

Parameter A in 7 — £+ ¢~ ~ decay = 0.716 + 0.011 GeV/c?

Scale factor/ P
n DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Neutral modes
neutral modes (71.96+0.30) % S=1.3 -
2y (39.36+0.18) % S=1.1 274
370 (32.57£0.21) % s=1.2 179
702y ( 2.55+0.22) x 10—4 257
2702~ < 12 X103 CL=90% 238
4y < 28 x107%  CL=90% 274
invisible < 1.0 x1074  CL=90% -
Charged modes
charged modes (28.0440.30) % S=1.3 -
ata— a0 (23.0240.25) % 5=1.2 174
ata=y ( 4.28+0.07) % S=1.1 236
ete y (6.9 +£0.4 )x1073 S=1.2 274
utu—y (31 +04 )x1074 253
ete~ <7 x1077  CL=90% 274
wtp~ (58 +£0.8 )x 106 253
2et2e~ ( 2.4040.22) x 107> 274
rtr=ete (v) (268+0.11) x 1074 235
ete ptu~ < 16 x107%  CL=90% 253
2utou~ < 36 x10~4  CL=90% 161
pru—ata~ < 36 x1074  CL=90% 113
7t e e+ cc. < 17 x1074  CL=90% 256
ata= 2y < 21 x 1073 236
atr= a0y < 6 x1074  CL=90% 174
w0 whpmy < 3 x1076  CL=90% 210
Charge conjugation (C), Parity (P),
Charge conjugation x Parity (CP), or
Lepton Family number (LF) violating modes
70 c  Ifl< 9 x1075  CL=90% 257
ata~ P,cP < 44 x1076  CcL=90% 236
270 PCP < 35 x1074  CL=90% 238
270 c <5 x1074  CcL=90% 238
370y c < 6 x1075  CL=90% 179
3y C < 16 x1075  CL=90% 274
470 PCP < 69 x10=7  CL=90% 40
mete cC  lgl< 8 x1076  CL=90% 257
Ot c gl< 5 %1076 CL=90% 210
ute  + p-et LF < 6 x1076  CL=90% 264
fo(500) 16(JPC) =0t (0t )

also known as o; was f,(600)

See the review on "Scalar Mesons below 1 GeV.”
Mass (T-Matrix Pole /s) = (400-550)—%(200-350) MeV
Mass (Breit-Wigner) = 400 to 800 MeV
Full width (Breit-Wigner) = 100 to 800 MeV

p (MeVfe)

f5(500) DECAY MODES Fraction (I';/T)
T seen
vy seen

p(770) 16UPG =1t~ )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 775.26 £+ 0.23 MeV
Full width I = 149.1 + 0.8 MeV
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Scale factor/  p 2(nt ) a0 < 18 x 103 90% 298
p(770) DECAY MODES Fraction (I;/T) Confidence level (MeV/c) 2(7r+ 7r‘)2ﬂ'0 <1 % 95% 197
4 -5
. ~ 100 % 363 3(7ir ) < 31 x 10 90% 189
KEnT < 4 x 105 90% 334
p(770)% decays ntr-ete” (242 +£0.10 ) x 1073 458
ey ( 45 +0.5 )x10=4 S22 375 ate ve+ cc. < 21 x 1074 90% 469
o < 6 x 1073 CL=84% 152 wg* e~ (1491 +£0.27 ) x 1074 479
atata— a0 < 20 x 103 CL=84% 254 Ty (1320 £0.24 ) x 1073 469
0 70+~ (non resonant) (62 +09 )x10~4 -
p(770)" decays Yy < 133 x 1074 90% 322
ata~y (9.9 +16 ) x 1073 362 470 < 494 x 1075 90% 380
70 ( 47 +08 yx 1074 S=1.7 376 ete~ < 56 x 1079 90% 479
N7y ( 3.0040.21 )x 1074 194 invisible < 6 x 104 90% -
0.0 -5
7070y ( 45 +£08 ) x 10 363 _ .
whp~ [A ( 4554028 )yx 1075 373 Charge conjugation (OF l?ant'y (P).
et [ ( 4724005 )% 10-5 388 Lepton family number (LF) violating modes
r — 0 1054 4 atr~ P,cP < 18 x 1075 90% 458
ata 7 ( 1.01783¢+034) x 10 323 0.0 PP -4 <104 90% 259
atr ntm ( 1.8 £09 )x 1075 251 nlete~ C  lgl< 14 x 1073 90% 469
ata— 7070 ( 16 £08 ) x 10~5 257 nete C  [gl< 24 x 1073 90% 322
mete < 12 x 1073 CL=90% 376 3y c < 10 x 1074 90% 479
w70 c lg] < 6.0 x 1075 90% 445
+,,— -5 o,
o ptuTn C gl < 15 x 10 90% 273
w(782) 16UPC =0-17 ") en LF < 47 x1074  00% 473
Mass m = 782.66 + 0.13 MeV (S = 2.0)
Full width T = 8.68 + 0.13 MeV (980) 16(PC) =0t t )
Scale factor/ p
w(782) DECAY MODES Fraction (I';/T) Confidence level (MeV/c) See the review on " Scalar Mesons below 1 GeV.”
tan0 (892 £0.7 ) % 327 T-matrix pole /5 = (980-1010) — i (20-35) MeV [l
70y (8.35+0.27) % 5=22 380 Mass m = 990 + 20 MeV [l
T (153791 % s=12 366 Full width I = 10 to 100 MeV []
neutrals (excludingw® ) (7 8 )x103 S=1.1 - 7(980) DECAY MODES Fraction (';/T) p (MeV/e)
n (45 +£0.4)x107% S=1.1 200 . seen 476
et e (7.7 £06 )x10~% 380 KK ceen 36
0+~ —4 -
7T+u_u (1.34£0.18) x 10_5 S=1.5 349 vy seen 495
ete ( 7.3840.22) x 10 S=1.9 391
ata— 7070 < 2 x1074  CL=90% 262
Ttry < 36 x10-3  CL=95% 366 0(980) 16(JPCy=1=(0+*)
atr nta~ <1 x1073  CL=90% 256
0.0, -5 .
w00y (6.7 £1.1)x 1075 ) 367 See the review on " Scalar Mesons below 1 GeV.”
(S < 33 X070 cl=% 162 T-matrix pole /5 = (960-1030) — i (20-70) MeV [
pop (7.4 £18)x10 377 Mass m = 980 + 20 MeV [l
3y < 19 x10=4  CL=95% 391

Full width I = 50 to 100 MeV [']
Charge conjugation (C) violating modes

" c < 21 104 CL—90% 162 a9(980) DECAY MODES Fraction (I';/T) p (MeVje)
270 c < 22 x1074  CL=90% 367 . seen 319
3n0 c < 23 x1074  CL=90% 330 KK seen t
invisible <7 x107%  CL=90% - 0 seen "
pT not seen 137
1(958) IGUPE) =0t~ ) Z -
Mass m = 957.78 £ 0.06 MeV/ $(1020) 1I6(PCY =0—(17 )
Full width ' = 0.188 + 0.006 MeV
p Mass m = 1019.461 + 0.016 MeV
' (958) DECAY MODES Fraction (I;/T) Confidence level (MeV/c) Full width ' = 4.249 4+ 0.013 MeV (S =1.1)
atr Ty (425 +05 )% 232 Scale factor/  p
9~ (including non-resonant (295 +04 )% 165 #(1020) DECAY MODES Fraction (Tj/I)  Confidence level (MeVjc)
. 75* ) K+K- (491 £05 )% s-1.3 127
T (224 +05 )% 239 K9 KY (339 +04 )% S=1.2 110
wy (1252 £0.07 )% 159 pr+ atr— a0 (154 +04 )% S=1.2 -
wete” (20 =04 )x1074 159 ny ( 1.301:£0.025) % S=1.2 363
7Y (2.307+0.033) % 479 70y (132 £0.05 ) x 1073 501
370 (250 £0.17 ) x 10~3 430 o _ 510
phtu=y (113 +£0.28 ) x 1074 467 ete~ (2.97940.033) x 1074 S=1.3 510
atrptp” (20 +04 )x107° 401 wtp~ (285 +0.19 ) x 1074 499
ata— 70 (3.61 £0.17 ) x 1073 428 nete (1.08 +0.04 ) x 10—4 363
(7t 7~ 70) S-wave (38 +£05 )x1073 428 ot (73 +13 )x10-5 490
ﬂj%i (74 +23 )x107% 106 w0 (47 05 )x107° 171
T p < 4 % 90% 11 wy <5 % CL=84% 209
2(rta) (84 +09 )x107° 372 Py < 12 x1075 cL=90% 215
ata= 270 (1.8 +04 )x1074 376 Ty (41 413 )x10-5 490

2(x+77) neutrals <1 % 95% - £(980)y (322 £0.19 ) x10~4  s=1.1 29
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0_0

7070 (112 +0.06 ) x 1074 492 Scale factor/  p
At ata— (3.9 tgg ) x 106 410 f(1270) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
R < 46 x1076 CL=90% 342 T ©42 T29)% S=11 623
wlete” (133 £090 ) x107° 501 ot 20 (77 31 y% S=1.2 563
70y (727 £0.30 ) x 1075  S=1.5 346 _ +0'5
0(980) (7.6 406 )x1075 39 KK (46 Tp7)% S=21 404
KOKO~ < 19 x 10~8 CL=90% 110 onton— (28 £04 )% s=1.2 560
n'(958)y (621 +£021 )x107° 60 nn (40 £0.8 ) x1073 s=2.1 326
na0 70~ < 2 x 1075 CL=90% 293 470 (30 +£1.0 ) x1073 565
utu—y (1.4 £05 )x1075 499 vy (1.4240.24) x 1075 S=1.4 638
%! < 12 x 1074 CL=90% 215 N < 8 x1073  CL=95% 478
nuta~ < 18 x 1075 CL=90% 288 K'K— 7t + cc. < 34 x1073  CL=95% 293 3
nutp~ < 94 x 1076 CL=90% 321 ete~ < 6 x 1010 CcL=90% 638 =
nU — nete <1 x 1076 CL=90% - §
invisible < 17 x10~4 CL=90% - =
f,(1285) 16(UPC) =0t t ) 2
Lepton Family number (LF) violating modes 9
et uT LF < 2 x 1076 CL=90% 504 Mass m = 1281.9 + 0.5 MeV (S = 1.8) ]
Full width I = 22.7 + 1.1 MeV (S = 1.5) g
_ _ le f: r e
h1(1170) IG(JPC) =07 @ * ) f,(1285) DECAY MODES Fraction (I';/T) Consf(i:jeicjclte(\)/e/l (MEI!)V/C) é
Mass m = 1166 + 6 MeV 4t (327+ 1.9)% s=1.2 568 %
Full width T = 375 + 35 MeV 00t a 218+ 1.3)% s=12 566 =
ot on~ (10.9+ 0.6) % S=1.2 563 @
hy(1170) DECAY MODES Fraction (;/T) p (MeV/c) Porta (10.94 0.6) % S=1.2 336 o
P00 seen + =
pm seen 305 470 <7 x10~4  CL=90% 568 e
nata— (35 +15 )% 479 g
Gy PCy _ q4(1 4+ — nmwm (52.2+ 2.0)% s=1.2 482 N
b1(1235) Pt =10 ) a0(980) 7 [ignoring a9(980) — (38 £4)% 238 g
Mass m = 1229.5 & 3.2 MeV (S = 1.6) KKl S
Full width T = 142 + 9 MeV (S = 1.2) nmm [excluding a9(980) ] (14 +4)% 482 3
) KKm—_* ( 9.0+ 0.4)% S=1.1 308 )
by (1235) DECAY MODES Fraction (I;/I)  Confidence level (MeVjc) H’; K 7T(é392) (nZTOiEZ R 60; g
) . seen 348 pEa¥ < 31 x1073  CL=95% 390 >
[D/S amplitude ratio = 0.277 £ 0.027] 0 (61+ 1.0)% S—17 406 &
aty (1.6+0.4) x 1073 607 by ( 74+ 2.6) x 10~ 236 g
T seen — ! <
;f_ R o " vt 53; ete < 94 x1079  CL=90% 641 o
K*(892)F K seen 1 3
(KK)= 70 <8 % 90% 248 n(1295) 16(PC) =ot(0— ) 3,
KYKOnt < 6 % 90% 235 §
0 40+ y 0 =t
:;f Ksm z i5 ;; ZZ;‘: ﬁj See the review on " Spectroscopy of Light Meson Resonances.” =
‘ ' Mass m = 1294 + 4 MeV (S = 1.6) >
Full width T = 55 & 5 MeV -
a;(1260) U1 1I6UPG =1—(1+ ) 3
1(1295) DECAY MODES Fraction (I;/T) p (MeV/c) a
Mass m = 1230 + 40 MeV [] nrtr seen 487 ;
Full width T = 250 to 600 MeV [l ag(980) seen 248 g
n 7070 seen 490 g
a1(1260) DECAY MODES Fraction (;/I) p (MeVjc) n(77)s-wave seen - =
37 seen 577 &
(PT)s—waves p— 7T seen 353 7l'(1300) IG(JPC) =170~ @
(PT)D—waver P — T seen 353 S
(p(1450)7) s _wave: p — mm  seen T Mass m = 1300 + 100 MeV U] N
(p(1450)T)p—wave: p — TT  seen t Full width T = 200 to 600 MeV (] o
f(500)w, fy — 7w seen - Q
7(980)w, fy — 7w not seen 179 w(1300) DECAY MODES Fraction (;/T) p (Mevyc) S
fo(1370)7, fy — =m seen + Q
P seen 404 N
£ (1270)7, f, - =m seen t () <een _ S
atr— a0 seen 576 S-wave N
707070 not seen 577
KKn seen 250 32(1320) IG(JPC) =1"(2*%
K*(892) K seen t
Ty seen 608 Mass m = 1318.2 +£ 0.6 MeV (S =1.2)
Full width I = 107 + 5 MeV []
f(1270) 16(UFPC) =0t 2t ) 2,(1320) DECAY MODES Fraction (T;/T) Cori‘?jli(f:clte?/;/l (MfV/c)
Mass m = 1275.5 &+ 0.8 MeV 3m (701 £2.7 )% S=1.2 624
Full width T = 186.7F22 MeV (S = 1.4) nm (145 £12 )% 535
wrm (106 +32 )% s=1.3 366
KK (49 £08)% 437
7' (958) ™ (55 £0.9 )x 1073 288
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oy (2.9140.27) x 103 652

vy (9.4 £07 )x1076 659

ete~ <5 x1079  CL=90% 659
f,(1370) 1IGUPCY =0t + )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1200 to 1500 MeV
Full width I = 200 to 500 MeV

fp(1370) DECAY MODES Fraction (I;/T) p (MeVc)
T seen 672
4T seen 617
470 seen 617
ot 2™ seen 612
at 270 seen 615
pp seen i
2(nm)s-wave seen -
(1300) 7 seen +
a1(1260) 7 seen 35
nn seen 411
KK seen 475
KKnn not seen 1
6T not seen 508
ww not seen T
Yy seen 685
ete™ not seen 685
m1(1400) 1I6PC =11~ 1)

Coupled channel analyses favor the existence of only one broad 1 ~ T
isovector state consistent with 71 (1600) in the 1400-1600 MeV
region. See the review on "Spectroscopy of Light Meson
Resonances.” See also 71 (1600).

Mass m = 1354 & 25 MeV (S = 1.8)

Full width I' = 330 + 35 MeV

m1(1400) DECAY MODES Fraction (I;/T) p (MeVc)

nm® seen 557

nmwo seen 556

p(770) 7 not seen 442
n(1405) 16UPCY =0+ —)

See the review on "Spectroscopy of Light Meson Resonances.” See
also 7)(1475).

Mass m = 1408.8 + 2.0 MeV (S = 2.2)

Full width ' = 50.1 +£ 2.6 MeV (S =1.7)

p
7(1405) DECAY MODES Fraction (I;/T)  Confidence level (MeVjc)

KK seen 424
nmwmw seen 562
ap(980) seen 345
n(m7)s-wave seen -
£(980)70 — 7tz 70 not seen -
15(980)n seen i
4 seen 639
pp <58 % 99.85% t
po o seen 491
K*(892) K seen 123
hy(1415) 16UPC =0—(1 )

was hy(1380)
Mass m = 1416 = 8 MeV (S = 1.5)
Full width ' =90 £+ 15 MeV

f1(1420) 1GUPCY = ot + )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1426.3 + 0.9 MeV (S = 1.1)
Full width I' = 54.5 + 2.6 MeV

f;(1420) DECAY MODES Fraction (I;/T) p (MeVfc)
K?TL seen 438

K K*(892)+ c.c. seen 163
nmwmw possibly seen 573
oy seen 349

w(1420) (K 16UPC =017 )

Mass m = 1410 + 60 MeV [l
Full width T = 290 + 190 MeV [l

w(1420) DECAY MODES Fraction (I;/T) p (MeVc)

pT seen 480

wmTT seen 437

b1(1235) seen 112

ete~ seen 705
ag(1450) 16UPG =170 F )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1474 £+ 19 MeV
Full width ' = 265 + 13 MeV

Branching fractions are given relative to the one DEFINED AS 1.

ag(1450) DECAY MODES Fraction (I';/T) p (MeV/c)
n 0.093+0.020 627
w1 (958) 0.033+0.017 410
KK 0.082-£0.028 547
wrT DEFINED AS 1 484
ap(980) seen 342
Yy seen 737
p(1450) 16(UPCy =1+1 )

See the review on "Spectroscopy of Light Meson Resonances.”
Mass m = 1465 + 25 MeV [l
Full width T = 400 + 60 MeV [1]

p(1450) DECAY MODES Fraction (;/T) p (MeVc)
T seen 720
atn~ seen 719
4 seen 669
ete” seen 732
np seen 311
a,(1320) 7 not seen 55
KK seen 541
KT K~ seen 541
KK*(892) + c.c. possibly seen 229
nvy seen 630
fy(500) not seen -
5(980)~y not seen 398
fo(1370)~ not seen 92
£(1270)~ not seen 177
n(1475) 16UPC) = ot~ 1)

See the review on ”Spectroscopy of Light Meson Resonances.” See
also 7)(1405).

Mass m = 1475 = 4 MeV (S = 1.4)

Full width T =90 + 9 MeV (S = 1.6)

1(1475) DECAY MODES Fraction (I;/T) p (MeVfc)
KKr seen 477

KK*(892) + c.c. seen 244

ap(980) 7 seen 396
vy seen 738
Kg K%n possibly seen 1
~¢(1020) possibly seen 385
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G(PCy _ gt(o++
f(1500) 177y =0T(0™ ™) np(1645) DECAY MODES Fraction (I';/T) p (Mevfc)
i . . . a(1320) 7 seen 242
See the review on "Spectroscopy of Light Meson Resonances. KKx seen 580
Mass m = 1506 = 6 MeV (S = 1.4) K*K seen 404
Full width ' = 112 + 9 MeV nrta seen 685
p a(980) seen 499
fp(1500) DECAY MODES Fraction (I';/T) Scale factor (MeV/c) £,(1270) 7 not seen T
s (345+2.2) % 1.2 741
ntr~ seen 740
270 w(1650) !/ 1eUFG =0 )
4r (48.9+3.3) % 1.2 692 )
470 seen 692 Mass m = 1670 + 30 MeV [l i
2rtom seen 687 Full width I = 315 + 35 MeV ['] =
2(mm)s-wave seen - @
pp seen T w(1650) DECAY MODES Fraction ([;/T) p (MeVc) §
(1300) 7 seen 145 8
pT seen 647 ol
a1(1260) 7 seen 219 (1450) 7 <een 145 )
nn (6.0+0.9) % 1.1 517 3.
, W seen 617 o
nn'(958) (2.2+0.8) % 1.4 20 ) 500 5
KK (85+1.0)% 11 569 wi seen c
X X : ete~ seen 835 o
7 ot seen 753 70y not seen 830 8
3
/ G(JPCY _ g+(a++ Z
2(1525) i (./ ) =0 (2 ) w3(1670) IG(JPC) — 0—(3 — —) %
o
Mass m = 1517.4 + 2.5 MeV (S = 2.8) Mass m = 1667 + 4 MeV g*
Full width ' = 86 + 5 MeV (S = 2.2) Full width I = 168 + 10 MeV o
)
p o
f’2(1525) DECAY MODES Fraction (I';/T) Scale factor (MeV/c) w3(1610) DECAY MODES Fraction (I;/T) p (MeV/c) g
KK (87.642.2) % 11 576 pm seen 645 2
nn (11.6+2.2) % 1.1 525 wmm seen 615 I
T ( 83+1.6) x 1073 747 by(1235) 7 possibly seen 361 8
vy (9.54+1.1) x 1077 1.1 759 =
o)
o)
mo(1670) 1I6UPCy =12~ ) o
71(1600) I6UPC) =1-a— ) 429 3
Mass m = 1670.6 715 MeV (S = 1.3) o
. _ +8 _ len
See the review on " Spectroscopy of Light Meson Resonances” and a Full width ' = 258 Zg MeV (S = 1.2) ?)
note in PDG 06, Journal of Physics G33 1 (2006). See also ) ) p g
71(1400). m»(1670) DECAY MODES Fraction (I;/T) Confidence level (MeV/c) 3
Mass m = 1661 71> MeV (S = 1.2) 37 (95.8+1.4) % 808 @
Full width I = 240 + 50 MeV (S = 1.7) (1270) 7 (56.3+3.2) % 327 o
p (31 +4 )% 647 o
1 (1600) DECAY MODES Fraction (I';/T) p (MeVjc) om (10 £4 )% - >
7 (77) s-wave (87+34)% - ;
T seen 803 ot (53 +4 )% 806 5
pom B seen 641 KK*(892) + c.c. (4241.4)% 453 3
£ (1270) 7 not seen 318 wp (27411) % 302 =
b,l(1235)7r seen 357 aty (7.0412) x 104 829 >
7'(958) 7~ seen 543 vy < 28 x10~7 90% 835 S
f1(1285) 7 seen 314 nm < s % 739 =
atont o= <5 % 735 S
Gy PCy _ 1—/1 + + p(1450) 7 < 36 x 1073 97.7% 145 c
a1(1640) Ut =170 ) by (1235) 7 < 19 x 1073 97.7% 364 5
f,(1285) possibly seen 322 9
Mass m = 1655 + 16 MeV (S = 1.2) 82(1320)77 not seen 291 o
Full width T = 254 & 40 MeV (S = 1.8) o
o
S
a1 (1640) DECAY MODES Fraction (I;/T) p (MeV/c) ¢(1680) 16UPCY =0—1— ) ;o;
. @
o 1970 seen 800 Mass m = 1680 + 20 MeV [l o
5(1270) 7 seen 314 Full width I = 150 + 50 MeV [ <
om seen - N
PTS—wave seen 638 #(1680) DECAY MODES Fraction (T;/T) p (Mevjo)
PT D—wave seen 638 p
wrT seen 607 K[{(*(892) + c.c. seen 462
f1(1285) 7 seen 309 KsKm seen 621
a1(1260)7n not seen } KK seen 680
ete seen 840
W not seen 623
70(1645) /G(JPC) =0t~ ") KtK—ntnm— seen 544
no seen 290
Mass m = 1617 + 5 MeV ny seen 751

Full width ' =181 + 11 MeV
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p3(1690) 16(JPCy =1t3— ) w(1800) 16UPCy =1=(0— 1)
Mass m = 1688.8 & 2.1 MeV Mass m = 18101, MeV (S = 2.2)
Full width T = 161 + 10 MeV (S = 1.5) Full width T < 2157 Me
p
p3(1690) DECAY MODES Fraction (I;/T) Scale factor (MeV/c)
7(1800) DECAY MODES Fraction (I;/T) p (MeV/c)
4n (711 £ 1.9 )% 790 TR
atata— a0 (67 £22 )% 787 oo seen 878
wT (6 £6 )% 655 fo(500) 7~ seen -
T (236 + 13 )% 834 f0(980) = B seen 624
KKn (38 +12)% 629 f0(1370)71'7 seen 366
KK ( 1.58+ 0.26) % 1.2 685 fO({500)“ not seen 247
777T+ — seen 727 pﬂ'_ not seen 731
p(770)n seen 520 nmm seen 660
Tp seen 633 a9(980)n seen 471
a,(1320) 7 seen 307 a,(1320)7n not seen +
pp seen 335 £ (1270) not seen 441
fo(1370) 7w~ not seen 366
fo(1500) 7w~ seen 247
p(1700) IG(JPC) =1ta—") nn' (958) 7~ seen 373
K5(1430) K~ seen i
See the review on "Spectroscopy of Light Meson Resonances.” K*(892) K~ not seen 568
Mass m = 1720 = 20 MeV [l (50 and 7+ 7~ modes)
- _ i 0 o
Full width T = 250 + 100 MeV 11 (5% and 7+ 7~ modes) $3(1850) 16(UPCy —0—(3— )
p(1700) DECAY MODES Fraction (I;/T) p (MeV/c) Mass m = 1854 + 7 MeV
2rtaT) seen 803 Full width T = 87735 MeV (S = 1.2)
pTT seen 653
po atn~ seen 651 ¢3(1850) DECAY MODES Fraction (I;/T) p (MeVc)
pi T 7T0 seen 652 —
a1(1260) 7 seen 404 ﬁ%*(892) +ec seen 222
hy(1170) seen 450 o seen
m(1300) 7 seen 349
A - 7 [me 9P ~ova
. seen 849 Mass m = 1842 + 8 MeV
KK*(892)+ c.c. seen 496 Full width I = 225 + 14 MeV
np seen 545
a(1320) 7 not seen 334 7(1870) DECAY MODES Fraction (F;/T) p (Mevjc)
KK seen 704
ete~ seen 860 nmw seen 816
20w seen 674 a,(1320) 7 seen 434
70 not seen 355 £(1270)n seen 119
ap(980) seen 651
Yy seen 921
a,(1700) 1I6JPCy =1—2+ 1)
Mass m = 1698 = 40 MeV m2(1880) 16(PC =1—2— )

Full width T = 265 + 60 MeV
uiw Mass m = 1874728 MeV (S = 1.6)

3,(1700) DECAY MODES Fraction (T;/T) p (Mevc) Full width I = 237733 Mev (S =1.2)
nm (3.6 £1.1)% 754
vy (1.1340.30) x 10-6 849 1r2(1080) DECAY MODES Fraction (I;/T) p (MeV/c)
pT seen 664 nnm seen 702
H(1270) 7 seen 350 29(980)n seen 528
KK (1.9 +1.2)% 691 a,(1320)7n seen 76
wrn™ w0 seen 634 fy(1500) 7 seen 308
wp seen 338 f1(1285) 7 seen 485
wnTT T seen 744
f(1710) 16(JPCy =0t ++)
£,(1950) 16(JPCy = ot 2+ )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1704 £ 12 MeV
Full width I = 123 + 18 MeV

Mass m = 1936 + 12 MeV (S = 1.3)
Full width I' = 464 + 24 MeV

_ £,(1950) DECAY MODES Fraction (T;/T) p (Mevjc)
#(1710) DECAY MODES Fraction (F;/T) p (Mev/c) —

— K*(892) K*(892) seen 377
KK seen 694 o seen 958
nn seen 652 7070 <een 959
T seen 841 an seen 901
7Y seen 852 nn seen 798
ww seen 337 KK seen 833

vy seen 968

pp seen 238
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24(1970) 6P =17@t ) STRANGE MESONS
was a4(2040) =41 = B=
Mass m = 1967 + 16 MeV (S = 2.1) (S T ¢ 0)
Full width T = 324 15 Mev K+t =us, KO =ds, K =ds, K~ =Ts, similarly for K*'s
3,4(1970) DECAY MODES Fraction (I;/T) p (MeV/c)
— P\ _ 1/p—
KK . 1UP) = 3(07)
ata 70 seen 959
Mass m = 493.677 + 0.016 MeV [ (S = 2.8)
pm seen 825 Mean life 7 = (1.2380 = 0.0020) x 108 s (S = 1.8)
,(1270) seen 559 T ) -
=0 cr =3.711m
W seen 801
wp seen 601 CPT violation parameters (A = rate difference/sum)
nm seen 902 AKE = ptu,) = (—0.27 £ 0.21)%
’ WV
'(958) seen 743 A(KE = 7570) = (0.4 + 0.6)% 9]
CP violation parameters (A = rate difference/sum)
G(PCy _ g+(o++
£(2010) 27y =0T@T™) A(KE o rtete™) = (—2.241.6) x 1072
Mass m = 2011+ Mev A(KE = aFptp~) =0.010 + 0.023
Full width T = 202 + 60 MeV AKE = 7E705) = (0.0 + 1.2) x 1073
A(KE = nEata=) = (0.04 £ 0.06)%
£(2010) DECAY MODES Fraction (I';/T) p (MeV/c) A(K:t o gt g0 770) = (—0.02 + 0.28)%
‘;{‘% seen . 2 T violation parameters
7
seen K+ = 70utv, Pp=(-17425)x1073
Kt — ptv,y  Pp=(-06+19)x107?
£,(2050) 16(PCy = o+ + ) Wy Pr=( )
K+ — 7%uFv, Im(€) = —0.006 & 0.008
Mass m = 2018 £+ 11 MeV (S = 2.1) 001
Full width T = 237 + 18 MeV (S = 1.9) Slope parameter g '”
,(2050) DECAY MODES Fraction (I ;/T) p (MeV/c) (See Part_icle_ Listings for quadratic co_efficients and alternative
parametrization related to 7w scattering)
ww (je;;ﬂ 5 1233 KE o afztr g=—0.21134 + 0.00017
T . 5) % _
i o s (gr — &)/ (g + &) = (~15£22)x107*
KK (687775 x107 880 Kt o 757970 g = 0.626 + 0.007
nmn (2.1+0.8) x 1073 848 (r—8.)/ (gL +8)=(18+18) x107*
0 o,
4 < 12 % 964 K= decay form factors [2:9]
Yy seen 1009
a,(1320) 7 seen 567 Assuming p-e universality
A (Kf3) = A (Kd) = (2,959 £ 0.025) x 1072
#(2170) 1I6UPCY =0—1— ) No(Kfy) = (1.76 £ 0.25) x 1072 (S =2.7)

Not assuming u-e universality
AL(KE) = (2.956 £ 0.025) x 1072
At (Kf3) = (3.09£0.25) x 1072 (S = 1.5)

Mass m = 2162 = 7 MeV [ (s =1.1)
Full width T = 100132 Mev [1 (S = 2.5)

2202 19q0J00 9z uo Jasn enbiwoyy aibisuz, v jeuessiwwo) Aq 9991599/100£80/8/220z/a101e/de1d/woo dnoojwapeoe//:sdiy w

¢(2170) DECAY MODES Fraction (I';/T) p (MeV/c) /\O(K:B) = (1.73 £ 0.27) x 102 (S=26)
;J; ‘9(;80) seen 1081 Ke3 form factor quadratic fit
) seen 399 , P, _ Y
K+ K~ £,(980) — ceen B A (Kf’) linear c?eff. = (2.59 + 0.04) x 10 )
Kt K—ntn— N1 (KZ;) quadratic coeff. = (0.186 + 0.021) x 10~
K* K~ £(980) - KT K~ m070 seen - N (LINEAR K, FORM FACTOR FROM QUADRATIC FIT)
KOKEF not seen 761 = (24 £ 4) x 10-3
* 0c* 0 =
K*(892)" K*(892) not seen 612 X', (QUADRATIC K%, FORM FACTOR) = (L8 + 1.5) x 10~3
My (VECTOR POLE MASS FOR K% DECAY) = 890.3 + 2.8
£,(2300) 1I6(UPC) =0t 2+ ) MeV
My (VECTOR POLE MASS FOR K, DECAY) = 878 £ 12
Mass m = 2297 + 28 MeV MeV &
Full width = 149 + 40 MeV Ms (SCALAR POLE MASS FOR K:f; DECAY) = 1215 + 50
£,(2300) DECAY MODES Fraction (I';/T) p (MeVjc) MeV n
‘ A, (DISPERSIVE VECTOR FORM FACTOR IN K%, DECAY) =
b seen 529 (2.460 + 0.017) x 102
KK seen 1057 A, (DISPERSIVE VECTOR FORM FACTOR IN K3 DECAY)
Y seen 1149 B _3
AN seen 273 = (25.4 £ 0.9) x 10 .
In(C) (DISPERSIVE SCALAR FORM FACTOR in K3 decays )
= (182 £ 16) x 1073
G(JPCy _ gt(p++ (
2(2340) PR =0t 2T K |fs/fy| = (—0.08703) x 10-2
Mass m = 2345730 MeV K& |fr/fi] = (-1.2713) x 1072
Full width T = 322+ 70 Mev Ky |fs/fr| = (024 0.6) x 1072
+ _ -2
7,(2340) DECAY MODES Fraction (T';/T) p (MeVjc) K [fr/fi] = (-0.1£07) x 10
! K™ — etwvey |Fa+ Fy|=01334+0.008 (S=1.3)
X seen 580 K* — ptu,y |Fa+ Fy|=0.165+0.013
n seen 1037 K™ — etwvey |Fa— Fy| < 049, CL =90%

K* — ptu,y |Fa— Fy|=-0153+£0.033 (S=11)
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Charge radius
{r) = 0.560 % 0.031 fm
Forward-backward asymmetry
A KE _ T(cos(0k ,)>0)—T (cos (0 ,,)<0)
FB( 7r/zp) - r((:us(GKﬂ)>0)+r((:us(9Kﬂ)<0)
=90%

K™ modes are charge conjugates of the modes below.

< 23x1072, CL

Scale factor/  p

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

Leptonic and semileptonic modes

et ve ( 1.58240.007) x 1075 247
't ( 63.56 +0.11 ) % S=12 236
et v, ( 5.07 +£0.04 )% s=21 228
Called K.
®uty, ( 3.352+0.033) % S=1.9 215
Called K.
700 et v, (255 £0.04 ) x 1075 S=1.1 206
atr et v, ( 4.24740.024) x 1075 203
mtauty, ( 14 09 )x1075 151
w0070ty < 35 x1076  CL=90% 135
Hadronic modes
at a0 (2067 +0.08 )% s=12 205
ata0z0 ( 1.76040.023) % s=1.1 133
atata~ ( 5583+0.024) % 125
Leptonic and semileptonic modes with photons
wrv,y [ns] ( 62 %08 )x1073 236
utv,y(SDT) [at] ( 133 +0.22 )x1075 -
pFv,7(SDTINT) [at] < 27 x1075  CL=90% -
ptv,v(SD™ + SDTINT) [at] < 26 x1074  CL=90% -
etvey ( 94 +04 )x1076 247
et vgy [rs] (266 +0.09 ) x10~4 228
70 et vev(SD) [at] < 53 x107% CL=90% 228
utv,y [ns] ( 125 £0.25 )x 1075 215
070 et vy < 5 x1076  CL=90% 206
Hadronic modes with photons or £Z pairs
7T 70~ (INT) (- 42 409 )x1076 -
at 70~ (DE) [rul ( 60 +04 )x107® 205
atalete ( 424 £0.14 ) x 1076 205
7T+7l'07l'0’y [rs] ( 7.6 fgg ) X 10—6 133
atatay [rs] ( 71 05 )x10~6 125
atyy [l ( 1.01 +0.06 )x10~6 227
a3y [Mn< 10 x107% CL=90% 227
ntete (119 £0.13 )x 1078 227
Leptonic modes with £¢ pairs
et vevv < 6 x107% CL=90% 247
v < 10 x1076  CL=90% 236
etveete™ ( 248 £0.20 )x 1078 247
ptyete” ( 7.06 £0.31 )x10~8 236
etveptp™ ( 17 05 )x1078 223
v, ptp” < a1 x10~7 CL=90% 185
Lepton family number (LF), Lepton number (L), AS = AQ (SQ)
violating modes, or AS = 1 weak neutral current (S1) modes
atate v, 5Q < 13 x1078 CL=90% 203
mtat o, 5Q < 30 x1070 CL=95% 151
ntete™ S1 ( 3.00 £0.09 ) x10~7 227
atutpu~ s1 ( 94 206 )x1078 s=26 172
atus s1 ( 114 £330y 10710 227
atalvw s1 < 43 x1075  CL=90% 205
pvetet LF < 21 x1078 CL=90% 236
utve LF [d < 4 x1073  CL=90% 236
atute LF < 13 x10711 cL=90% 214
atu~et LF < 66 x10711 cL=90% 214
autet L < 42 x1071 cL=00% 214
netet L < 22 x10710 cL=90% 227
autpt L < 42 x 1071 cL=00% 172
ut o, L [d < 33 x1073  CL=90% 236
0et Te L < 3 x1073  CL=90% 228
aty vl< 23 x1079  CL=90% 227

1UP) = 3(07)

50% Ks, 50% Ki
Mass m = 497.611 + 0.013 MeV (S = 1.2)
Myo — My = 3.934 £ 0.020 MeV (S = 1.6)

Mean square charge radius
(r?)y = —0.077 £ 0.010 fm?

T-violation parameters in K9-K? mixing (9]

Asymmetry A7 in KO-K® mixing = (6.6 £ 1.6) x 1073
CP-violation parameters

Re(e) = (1.596 4 0.013) x 1073

CPT-violation parameters [7]
Red = (25 +23)x 1074
Imé§ = (—1.5+1.6) x 107>
Re(y), K,3 parameter = (0.4 + 2.5) x 10~3
Re(x_), Ke3 parameter = (—2.9 4 2.0) x 1073
[myo — Mzo| / Maverage < 6x 10719, CL = 90% IXI
(Mo — Tgo)/ Maverage = (8 + 8) x 10718

Tests of AS = AQ
Re(xy), Ke3 parameter = (—0.9 + 3.0) x 1073

K3 1Py = }07)
Mean life 7 = (0.8954 +0.0004) x 10710s (S =1.1) Assum-
ing CPT
Mean life 7 = (0.89564 + 0.00033) x 10719 s Not assuming
CPT

cr =2.6844 cm  Assuming CPT

CP-violation parameters [V]

Im(ny_o) = —0.002 + 0.009

Im(nogo) = —0.001 + 0.016

[n000] = |A(KS — 379)/A(KY — 37%)| < 0.0088, CL =
90%

CP asymmetry Ain 7t n~ete™ = (-0.4 +0.8)%

Scale factor/ P

Kos DECAY MODES Fraction ([;/T) Confidence level (MeVc)

Hadronic modes

070 (30.69:0.05) % 209
ata~ (69.20+0.05) % 206
atr 70 (35 T3 yx10-7 133

Modes with photons or £Z pairs

at Ty [sz] ( 1.7940.05) x 103 206
ata=ete™ ( 4.79+0.15) x 105 206
w0y 2] (49 +1.8)x10-8 230
Ty (2.63£0.17) x 107© S=3.1 249
Semileptonic modes
nteFu, [aa] ( 7.04+0.08) x 10~4 229
CP violating (CP) and AS = 1 weak neutral current (S1) modes
30 cP < 26 x1078  CL=90% 139
wt ™ s1 < 21 x 1010 cL=90% 225
ete~ s1 <9 x1079  CL=90% 249
nlete~ st [ (30 T35 )x1079 230
Tro;ﬁu’ S1 (29 f%g ) 109 177
0 Py _ 1(g—
Ki 1(7) = 3(07)
mKL - mKs

= (0.5293 + 0.0009) x 101 A s~1 (S =1.3) Assuming CPT
= (3.484 4 0.006) x 10712 MeV  Assuming CPT
= (0.5289 + 0.0010) x 101% 1 s~1  Not assuming CPT
Mean life 7 = (5.116 4 0.021) x 1078 s (S = 1.1)
cr =15.34m
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Slope parameters [P] AS = -AQin K9 decay
Re x = —0.002 £ 0.006

(See Particle Listings for other linear and quadratic coefficients)
Im x = 0.0012 £ 0.0021

K — 7tra0: g=0.678 £0.008 (S = 1.5)

KY — 7t 7= 2% h=0.076 + 0.006 Scale factor/  p
Kfz — 7t~ 7% k=0.0099 + 0.0015 K?_ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
K} = 797970 h=(0.6 +1.2)x 1073
Semileptonic modes
K, decay form factors [9] e, [aa] (4055 +£0.11 )% S=17 229
0
Linear parametrization assuming p-e universality + £a|led Kes-
0 0 5 T, laa] (27.04 +0.07 )% s=1.1 216
Ap(K%) = Ap(KS) = (282 4 0.04) x 1072 (S = 1.1) Called KO, S
0y _ -2 _ =
Ao(K93) = (1.38 +0.18) x 1072 (S =2.2) ( patom) v (1.05 +£011 ) x 107 188 =
Quadratic parametrization assuming p-e universality ﬂiﬂ;e¥i B [aa] (520 £0.11)x 10:2 207 8
)\’+(K23) = V(K%)= (240 % 012) x 102 (S = 1.2) rtefvete laa] ( 1.26 +0.04 ) x 10 229 %\)
A”+(K23) =N (K%)= (020£0.05)x1072 (S=1.2) Hadronic modes, including Charge conjugation x Parity Violating (CPV) modes L
0
)‘O(K?L:;) — (116 + 009) x 1072 (S — 12) 37_1*'— 0 (19.52 +£0.12 ) % S=1.6 139 (ED
ata= (12.54 +0.05 ) % 133 =
Pole parametrization assuming p-e universality ata— CPV [cc] ( 1.967+0.010) x 10—3 S=15 206 '(CJ
MY, (K9) = M§, (K3;) = 878 + 6 MeV (S = 1.1) 7070 cpPv (864 £0.06 ) x 1074 S=18 209 i)
o
Mg (K3) = 1252 £ 90 MeV (S = 2.6) Semileptonic modes with photons S
+ -3 =
Dispersive parametrization assuming u-e universality Wi 611/37 [saa,dd] (379 £0.06 ) x 1074 229 =
A, = (2514 006) x 102 (S = 1.5) =T v,y (565 £0.23 ) x 10 216 8
— Q
In(C) = (1.75 £ 0.1123) x 1071 (S =2.0) Hadronic modes with photons or ££ pairs =
KY |fs/fe| = (1.511¢) x 1072 w0n0n < 243 x10~7  CL=90% 209 2
K°3 |fr/fe| = (5+451) % 10-2 et [s,dd] ( 4.15 +£0.15 ) x 1072 S=2.8 206 g
S N 72 7t 7~ ~(DE) (284 £0.11 ) x107° S=20 206 R
K3 |fr/fi| = (12 £ 12) x 10 702y [dd] ( 1.273+0.033) x 10—6 230 g
KL= €707y, KL — 05070707 ap. = —0.205 + mO~ete (162 £0.17 ) x 10~8 230 g
0.022 (S=1.8 , 5 W
KO ﬁé(W K0 L OO O app = —1.69 4+ Other modes with photons or £¢ pairs g
L 008 (S " 1 7L) 2y (547 £0.04 ) x 1074 S=1.1 249 =
’ T 3 7.4 1078 CL=909 249 D
K — ntnete: ajja = —0.737 + 0.014 GeV2 e <( b4 504 )r10 oo 2
K, — 702y ay =—043+006 (S=1.5) ey (1359 +£0.11 ) x 107 S=13 225 2
CPuviolat . ete vy [dd] ( 5.95 £0.33 ) x 10~7 249 g
violation parameters e @] (10 08 yy10-8 o5 g
A = (0.332 £ 0.006)% 0.6 9
00| = (2220 £ 0.011) x 1073 (S = 1.8) Charge conjugation x Parity (CP) or Lepton Family number (LF) 3
Ins_| = (2.232 4 0.011) x 1073 (S = 1.8) violating modes, or AS = 1 weak neutral current (S1) modes g
3 wt ™ s1 (684 £0.11 ) x 1072 225 @
le| = (2.228 £ 0.011) x 10 (S=1.8) p 2
oo/ 5| = 09950 + 0.0007 ¥ (5 — 1.6) ete” s1 (9 1§ Hxw12 249 o}
Noo/N+—| = V. . =L (NI _7 >
Re(e /) — (166 + 0.23) x 10-3 [ (5 — 16 ™ e+ e S1 [dd] ( 3.11 +0.19 )x 1079 206 z
e(e'/e) = (1. 23) x (S=1.6) Or0ete s1 < 66 x 10 CL=90% 209 -
Assuming CPT w0m0pt s1 < 92 x10-11  cL=90% 57 3
. putpu~ete” s1 (269 £0.27 ) x 1072 225 a
¢y = (4351 £0.05)° (S=12) ete ete s1 (356 +£0.21 ) x 1078 249 o
¢op = (43.52 £ 0.05)° (S =1.3) Ot p” CP,S1[ee] < 3.8 x10710  cL=90% 177 §
=gy = (43.52 + 0.05)° (S = 1.2) nlete~ CP,S1[ee] < 2.8 %x10-10  cL—90% 230 3
ne %7 CP,S1 [ff] < 3.0 x10™9  CL=90% 230 ey
Im(€'/€) = —(doo — ¢4-)/3 = (~0.002 4+ 0.005)° (S = 1.7) %7 s1 < 81 x1077  CL=90% 209 &
Not assuming CPT efuT LF [aa] < 47 x10~12  CL=90% 238 S
by =(434£05)° (S=12) et Tyt LF  [aa] < 412 x107H cL—o0% 225 e
‘+7 . 0yt eF LF  [aa] < 76 x10~11  cL=90% 217 9
dop = (43.7 £0.6)° (S=1.2) m0n0 it eF LF < 17 x10710  CL=90% 159 N
(2]
b = (435 +05)° (S =1.3) L o
orentz invariance violating modes o
CPasymmetry Ain KO — nta~ete™ = (137 £ 1.5)% 70y < 17 x10=7  CL=90% 230 )
Bcp from Kz_ — eTe ete” = —-0.19+0.07 3
vcp from K] — ete ete” =0.01+011 (S=16) é
j for K9 +r~ 70 = 0.0012 + 0.
jfor K{ = ntn=—nx 0.00 0.0008 K3(700) I(JP) — %(0+) N
ffor K9 — ata~ 7% = 0.004 £ 0.006

Ins_s| = (2.35 % 0.07) x 103 also known as r; was K(800)

+—y| = (= . i

® — (44 + 4)° See the review on "Scalar Mesons below 1 GeV.”
R Mass (T-Matrix Pole /5) = (630-730) — i (260~340) MeV

‘F+7v|/‘ < 0.3, CL = 90% Mass (Breit-Wigner) = 845 + 17 MeV

lgp1] for K¢ = 7t 77~ < 0.21, CL = 90% Full width (Breit-Wigner) = 468 + 30 MeV

T-violation parameters

* il .
Im(€) in Kﬁ3 — _0.007 + 0.0% K{(700) DECAY MODES Fraction (I;/T) p (MeVjc)

K 100 % 256
CPT invariance tests ’

dop — P4— = (0.34 + 0.32)°
A _
Re(2n,_ + ngo)—5F = (=3 £35)x107°
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K*(892) 1Py =307)

Mass (T-Matrix Pole \/s) = (890 + 14) — i (26 £ 6) MeV

K*(892)* hadroproduced mass m = 891.67 & 0.26 MeV
K*(892)* in 7 decays mass m = 895.5 = 0.8 MeV
K*(892)° mass m = 895.55 & 0.20 MeV (S = 1.7)
K*(892)* hadroproduced full width I = 51.4 + 0.8 MeV
K*(892)F in 7 decays full width I = 46.2 + 1.3 MeV
K*(892)° full width I = 47.3 +£ 0.5 MeV (S = 1.9)

P
K*(892) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Kn ~ 100 % 289
KO~ ( 2.46+0.21) x 1073 307
KEy ( 9.8 £09 )x10~4 309
Krm < 7 x 1074 95% 223
K1(1270) 1UP) = 3ah)
Mass m = 1253 £ 7 MeV (S = 2.2)
Full width I = 90 + 20 MeV [1]
P
Kj(1270) DECAY MODES Fraction (I;/T) Scale factor (MeV/c)
Kp (38 +13 )% 2.2 }
K(1430) 7 (28 £4 )% T
K*(892)m (21 £10 )% 2.2 286
Kw (11.0+ 2.0) % T
K f,(1370) (3.0+ 2.0)% i
"/KO seen 528
K1 (1400) 10P) = 30%)
Mass m = 1403 £ 7 MeV
Full width I = 174 + 13 MeV (S = 1.6)
K (1400) DECAY MODES Fraction (I;/I) p (MeVjc)
K*(892)m (94 £6 )% 402
Kp (3.0£3.0)% 293
K 3(1370) (2.0£2.0)% t
Kw (1.0+1.0) % 284
K(1430) 7 not seen 1
yKO seen 613
Ko seen t
* Py _ 11—
K*(1410) 1J7) =3(17)
Mass m = 1414 £ 15 MeV (S =1.3)
Full width ' =232 + 21 MeV (S =1.1)
P
K*(1410) DECAY MODES Fraction (;/T) Confidence level (MeV/c)
K*(892)m > 40 % 95% 410
Kn (6.6+1.3)% 612
Kp <7 % 95% 305
vKO < 23 x 10~4 90% 619
Ko seen 1
K3(1430) 14P) = 3(0™)
Mass m = 1425 £ 50 MeV [1
Full width I = 270 + 80 MeV [
K§(1430) DECAY MODES Fraction (I';/T) p (MeVjc)
Kn (93 +10 )% 619
Kn (86T %:Z) % 486
K1’ (958) seen t
K3(1430) 1Py = 12h)

K3(1430)* mass m = 1427.3 + 1.5 MeV (S = 1.3)
K3(1430)° mass m = 1432.4 £ 1.3 MeV

K3(1430)* full width I = 100.0 + 2.1 MeV
K3(1430)° full width I =109 =5 MeV (S = 1.9)

Scale factor/ P
K§(1430) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Km (49.941.2) % 620
K*(892)m (24.7£15) % 420
K*(892) (13.4£2.2) % 373
Kp (87+08) % S=1.2 320
Kw (29+0.8) % 313
Kty (24+05) x 1073 S=1.1 628
Kn (15F33)x1073 s=1.3 488
Kwm < 72 x10~4 CL=95% 106
KO <9 x10~4 CL=90% 627
K(1460) 1Py = §007)
K(1460) DECAY MODES Fraction (I;/T) p (MeVjc)
K*(892)m seen -
Kp seen -
Kg(1430)m seen -
K¢ seen -
K1(1650) 1UP) = sat)
Mass m = 1650 £+ 50 MeV
Full width I' = 150 + 50 MeV
* Py _ 11—
K*(1680) 1J7) = 3(17)
Mass m = 1718 £+ 18 MeV
Full width T = 322 + 110 MeV (S = 4.2)
K*(1680) DECAY MODES Fraction (F;/T) p (MeVjc)
Km (38.7+25) % 782
Kp G14+59) % 571
K*(892) 7 (299F22) % 618
Ko seen 387
Kn (14l % 683
K,(1770) ls¢] 1UP) = 327)
Mass m = 1773 &+ 8 MeV
Full width ' = 186 + 14 MeV
K3(1770) DECAY MODES Fraction (F;/T) p (MeVjc)
Knm 794
K3(1430) 7 seen 287
K*(892) 7 seen 654
K £,(1270) seen 53
K¢ seen 441
Kw seen 607
K3%(1780) 1Py = 4637
Mass m = 1779 = 8 MeV (S = 1.2)
Full width I = 161 & 17 MeV (S = 1.1)
p
K§(1180) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kp (Bl +9)% 616
K*(892)m (20 £5 )% 657
Km (18.8+ 1.0) % 815
Kn (30 £13 )% 721
K35(1430)7 < 16 % 95% 292
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Acp(KO/KOK®) = (0.11 + 0.17)%

Acp(KEKE) = ( 0.01 £+ 0.07)%
ACP(K% KEx0)in D¥ — KIKE70 = (1+4)x10°2
Acp(KOKEr 0) in D — KOK*a0 = (—1+4)x102

K»(1820) [ee! 1Py = 1(27)

Mass m = 1819 + 12 MeV
Full width T = 264 + 34 MeV

ACP(K+K ™ ) (0 37ﬂ:029)%
+ pex0) _ 0
K>(1820) DECAY MODES Fraction (I;/T) p (MeVc) Acp(KTK™) = (=03 £ 004)6
Acp(o7t) = (0.01 £0.09)% (S =1.8)
- = 2;: A1 00—
KE(892)7r seen 683 Acp(K* K;(1430) )= (43+20)%
+ — +18
K £,(1270) seen 191 Acp(K K*(7(())0)i) (-12 +:;’1)1%
Kw seen 640 Acp(ag(1450)° F) = (— 19716)‘7
Ko seen 483 Acp(6(1680) 7 i) =(-9+26)%
Acp(nta™ ) (= Qii 4)% N s
Acp(rta—atn)in DF —» 7ta—atn=(3+5)x 10~
* Py _ 1o+ e
K2(1980) 1J7) = §(2 ) ACP(KOSKi + )= (—4+£7)%
60 Acp(KEm0) = (=3 £5)%
Mass m = 199420 MeV (S = 2.8) Acp(KEn)in DY - K*p=(—6411) x 1072
Full hr—4+5°Mv =1 -
ull width ['= 348 230 MV (5 = 1.3) X2 tests of CP-violation (CPV)
Local CPV in D* — nta~at =78.1%
* i .
K3(1980) DECAY MODES Fraction (I;/T) p (MeV/c) Local CPV in D¥ — K+ K—nt — 31%
- -
Zp(sw)ﬂ gzzz:z:z zzz: ;z; CP violating asymmetries of P-odd (7T-odd) moments
K £,(1270) possibly seen 424 AT(KOS KEatrm) = (-12.+ 11) x 1073 V]
Ko seen 627 Dt form factors
Kn seen 850 =0
(0)| Ves| in K0T 1y = 0.719 £ 0.011 (S = 1.6)
r1 =a;/agin KOty = —2.13 + 0.14
K2(2045) 1Py = Lah) r=ap/agin KOlty, = =3+ 12 (S =15)
0)| Veg] in 7%+ vy = 0.1407 + 0.0025
Mass m = 204875 MeV (S = 1.1) n=ay/agin 70Ty, = —2.00 + 0.13
Full width T = 199727 Mev r=apjagin w0ty = —4+5
0)|Vea| in DT — ety (0= eorv) = (8.4 £ 0.4) x 1072
K(2045) DECAY MODES Fraction (I';/T) p (MeVc) n=a/ain DT — netve=-53+27 (S=1.9)
P o1 pon ry = V(0)/A1(0) in DT — wetve =124 £0.11
K*(892) 77 (9' . )0/" o rn= AQ(O)/AI(O)-”] D+ —0> wetve =1.06 £ 0.16
K*(892) m ¢ 15 )% 70 ry = V(0)/A1(0) in DT,D® — petve =1.64+0.10 (S=1.2)
oK (5&32)‘; raa ry = Ay(0)/A1(0) in D,D° — petw, = 0.84 + 0.06
T£32) % e
WK (5.0£30) % 240 ry = V(0)/A1(0) in K*(892)° 0Ty = 1.49 £ 0.05 (S =2.1)
oK (2.8+1.4) % 597 ry = Ay(0)/AL(0) in 5:(5392)2z+ vy = 0.802 + 0.021
6K*(892) (1440.7) % 368 r3 = A3(0)/A;(0) in K*(892)°¢* 1, = 0.0 + 0.4

My/T7in K*(892)0 ¢+, = 1.13 £ 0.08
M /T_in K*(892)%¢+ v, = 0.22 £ 0.06 (S = 1.6)

CHARM ED M ESO NS Most decay modes (other than the semileptonic modes) that involve a neu-

(C :|: 1) tral K meson are now given as K% modes, not as KO modes. Nearly always

it is a Kg that is measured, and interference between Cabibbo-allowed
and doubly Cabibbo-suppressed modes can invalidate the assumption that

Dt =cd, D° = cu, D° = ¢tu, D~ =¢d, similarly for D*’s 21(K0) = F(KO)

Scale factor/ P
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/(JP) = %(0_) Dt DECAY MODES Fraction (I'; /T) Confidence level (MeV/c)
Mass m = 1869.66 + 0.05 MeV - . Inclusive modes
Mean life 7 = (1033 + 5) x 10715 s e+semllhe.ptomc (16.07 + 0.30 ):A, -
cr = 309.8 um 1% _anyt |.ng (176 +£32 )% -
K~ anything (257 + 14 )% -
c-quark decays KOanything + K%anything 61 +£5 )% -
F(c — ¢Tanything)/T(c — anything) = 0.096 + 0.004 (/] K™ anything ) (59 +08 )% -
[(c — D*(2010)T anything)/M(c — anything) = 0.255 + 0.017 K*(892) " anything (6 5 )% -
L . K*(892)% anything 2 +5 )% -
CP-violation decay-rate asymmetries K*(892)° anything < 66 % CL=90% _
Acp(utv) = (8 + 8)% 7 anything (63 £07 )% -
Acp(KY et v) = (0.6 £ 1.6)% 7' anything (1.04 + 018 )% -
Acp(K%7t) = (—0.41 £ 0.09)% ¢ anything (112 £ 0.04 )% -
0+ + 0+ _ 2
Acp(KL K i) in D = KiK (—4.2£34) <10 Leptonic and semileptonic modes
Acp(KF2rt) = (—0.18 £ 0.16)% " PSR
Acp(KFrt b a0) = (03 + 0.7)% etve < 88 x 1076 CL=90% 935
S il : S yet e < 30 x 1075CL=90% 935
ACP(KS )= (i 0.1£0. 7M’ ~ whu, (374 + 017 ) x 1074 932
Acp(K2 71'i 1) in DF - Ksﬂ' r/o— (=09 +3.1)x10 o, (1.20 + 0.27 ) x 103 90
ACP(Ksi7T i 0) = (Of +1 Q)iA’ 0 KOety, (872 % 0.09) 869
ACP(Ki 76+7r-7r )in DF — KEatr—a0 = —0.04 £ 0.06 KOt v, (876 + 019 )% 865
ACP(ﬂ'iTr )=(04£13)% (S=17) K- rtetu, B (402 £ 0.18 )% s=3.2 864
Acp(n*n) = (03 £0.8)% (S=12) K*(892)% et ve, K*(892)° — (377 + 017 )% 722
Acp(Tr0n) in DF = atxly = (-6 +7)x 1072 K-t
Acp(rEnn) in DF = 7Fgn = (8 £9) x 1072 (K™ 7%) jo.s-1.0jGev €™ ve (339 £ 0.09)% 864

Acp(m¥1/(958)) = (- 0.6 + 0.7)% (K™ 7)) s _wave € Ve (228 + 011 ) x 1073 -
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K*(1410)0 e ve, <6 x 1073 CL=90%
K*(1410)° — K~ 7+t
K3(1430)% et v, <5 x 10~4CL=90%
K3(1430)0 — K= x+
K~ nt et ve nonresonant <7 x 1073CL=90%
K*(892)0 e v (540 + 0.10 )% s=1.1
K-atput vy, (365 + 034)%
K*(892)%ut v, (352 + 010 )%
K*(892)° - Kzt
K=ot pu*u, nonresonant (19 + 05 )x1073
K*(892)0 ut v, (527 £ 015 )%
K=ntalutu, < 15 x 1073CL=90%
K1(1270)% et v, K9 — (1.06 + 0.15 ) x 1073
_ K= gt a0
K5(1430)° v, < 23 x 10~4CL=90%
K*(1680)° 't v, < 15 X 1073CL=90%
et y, (372 £ 017 ) x10-3  5=20
®uty, (350 + 0.15 ) x 1073
net e (111 + 007 )x10-3
nut vy, (1.04 + 011 )x1073
7t et ve (245 + 010 )x10~3
(500)% et ve, £(500)0 — (63 + 05 )x10~4
ata~
etre (218 = 037 ) x 1073
P utu, (24 + 04 )x1073
wet v, (169 + 0.11 )x10~3
wptv, (177 + 021 )x 1073
7' (958) et ve (20 + 04 )x10~4
2(980)% et ve, a(980)0 — 5nd (17 © 38 yx104
by(1235)%e* ve, B9 — wnd < 175 x 10~4CL=90%
det v, < 13 x 1075CL=90%
DOety, < 10 x 1074CL=90%
Hadronic modes with a K or KKK
K%nt (1.562+ 0.031) % S=1.7
KO+ (146 + 0.05)%
K~ 2nt Ll (938 + 0.16 )% S=1.6
(K=7 ) s _wavem ™ (752 + 017 )%
K5(1430)07F, [kk] ( 1.25 + 0.06 )%
Kg(1430)° — K= 7t
K*(892)° 7, (104 + 012)%
K*(892)° — K~ nt
?*(1410)071'*, KO — not seen
_ K7
K3(1430)° 7, [kk] (23 + 07 )x10~4
K3(1430)° — K~ 7t
K*(1680)° 7, [kl (22 + 11 )x1074
K*(1680)0 — K7t
K= (27 t) 1= (145 + 026 )%
KYmt a0 W (736 + 021)%
K%p* (614 = 082y
Kosp(1450)+, pt — 770 (15 * %i ) x 1073
K*(892)07t, (264 + 032 )x1073
K*(892)° — K%x0
Kg(1430)°7F, K0 — (27 +09 )x1073
K057r0
Ky (1680)°7+, K0 — o b )x1074
K%ﬁo
AOrt, ®0 - KLx0 (6 *5 )x13
K%+ x% nonresonant (3 +4 )x1073
K%+ 7% nonresonant and (137 £ 320 )%
ROt
(K$™)s-wave " (127 331y %
Kix+y (131 £ 0.05)%
K7t/ (958) (190 + 021 )x 103
K~ 2nt a0 [N (625 + 018 )%
K ort o~ [ (310 £ 0.09 )%
K= 2rty (135 + 012 )x10~3
Kirt Oy (122 + 025 )x 103
K~ 3rtn~ il (57 £ 05 )x1073 s=1.1

864
722
851
717

774

770
771
767
690

657

863
863
846
846
382

714

381

371

58

845

677

714

845

845

722
481
817
814
657
657
772

K*(892)02nt 7, (12 + 04 )x1073
K*(892)° — K—#t
K*(892)° )07t (23 + 04 )x1073
K*(892)° — Kzt
K*(892)% 2, (1260)+ [rn] (93 + 19 )x1073
K= pP2rt (172 + 028 ) x 103
K~ 3t 7~ nonresonant (40 + 29 )x1074
Kt2KY (254 + 013 ) x 103
KTK=KYnt (24 +05 )x10-4
Pionic modes
at a0 ( 1.247+ 0.033) x 1073
ot~ (327 +£ 018 )x1073
POt (83 + 15 )x1074
7t (7T 77 s _wave (183 £ 0.16 ) x 103
ort,o = ntn~ (138 + 012 )x1073
f(980) 7+, (156 + 033 )x1074
f(980) — 7t a~
fo(1370) 7, (8 +4 )x1073
f(1370) — ata—
£ (1270) 7T, (50 +09 )x1074
£(1270) — 7t x~
p(1450)0 7, < 8 x 10~5CL=95%
p(1450)0 — 7t~
fo(1500) 7, (11 + 04 )x1074
f(1500) — atx~
f(1710) 7+, <5 X 1075CL=95%
fo(1710) — atn~
fo(1790) 7+, <7 x 1075 CL=95%
f(1790) — 7t x~
(77 s _wave ™ < 12 x 10~4CL=95%
27t 7~ nonresonant < 11 x 10~4CL=95%
atonl (47 + 04 )x10-3
2t~ 0 (116 + 0.08 )%
3rton— (166 + 016 )x 1073 sS=1.1
nat (377 + 009 )x103
prt 0 (205 + 035 )x10~3 $=22
n2rt (341 + 020 )x103
nat2r0 (320 + 033 ) x 103
nnat (296 + 0.26 ) x 1073
wrt (28 +06 )x1074
wrt a0 (39 +09 )x1073
7' (958) 7 * (497 + 019 )x103
7 (958) wt 70 (16 + 05 )x1073
Hadronic modes with a K'K pair
Ky K+ (304 £ 009)x1073 $=22
K)K* (321 + 016 )x 1073
KIK*+70 (507 + 030 ) x 103
K*(892)* K (289 + 030 ) x 1073
K*(892)0 K+ (52 + 14 )x1074
K K+ 70 (524 + 031 )x 1073
KtK=—rnt ] (968 + 0.18 )x 103
Kt K*(892)°, (249 + 395 ) x10-3
K*(892)° — Kzt '
KT K}(1430)°, (182 + 035 ) x 1073
K5(1430)° — K= 7t
Kt K3(1430)°, Kb — (16 t 12 5104
K—nt
KT K3(700), K§— Kot (68 T 33 )x104
a9(1450)% 7+, aJ — (45 £ 19 )x10-4
KtK~
#(1680) 7+, ¢ — KTK~ (49 * 19 )x1075
o, 6 — KHK— (269 * 307 ) x10-3
pnt (570 + 0.14 ) x 1073
KTK—ntx® (662 + 032 )x10-3
K%Kt (270 + 013 )x 1073
KK rt 70 (134 + 021 )x103
KIK*+y (18 + 05 )x1074
KT Kyrt o= (1.89 + 013 )x1073
K%K+ 7070 (58 + 13 )x1074
KK 27t (227 + 013 ) x 1073
KTtK=2rntn™ (23 +12 )x1074

645

239

524
772
545
436

925
909
767
909

669

485

338

909
909
910
883
845
848
831
798
801
700
764
742
681
654

793
793
744
612
613
744
744

613

647
647
682
741
679
516
678
683
678
601
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A few poorly measured branching fractions:

om0 (23 £10 )%
opt < 15 % CL=90%
K+ K= atx0non-¢ (15 =07 )%
Doubly Cabibbo-suppressed modes
Kt70 (208 £ 021 )x10~4 s=14
K*tn (125 + 016 )x10~4 s=1.1
KT 1n'(958) (1.85 + 020 ) x 1074
Ktrtn— (491 + 009 )x10~4
Kt p0 (19 + 05 )x1074
K*(892)°7F, K*(892)0 — (23 + 04 )x1074
Ktrn—
KT 1,(980), 1(980) — (44 +26 )x107°
T
K3(1430)0 7T, K3(1430)° — (39 + 27 )x1075
Ktn—
K+ 7~ nonresonant not seen
Ktrta— a0 (121 + 0.09 )x 103
KT nt 7~ 7%nonresonant (1.10 + 0.07 )x 1073
Ktw (57 © 25 )x10°5
2Kt K~ (614 + 0.11 )x 105
#(1020)0 K+ < 21 X 1075CL=90%
KT $(1020), ¢ - KT K~ (44 + 06 )x10°6

K+(K+ K~ ) S—wave

(577 + 0.12 ) x 1075

619
260

682

864
776
571
846
679
714

846
817
817
675

550

550

AC = 1 weak neutral current (C1) modes, or Lepton Family number (LF) ,

or Lepton number (L), or Baryon number (B) violating modes

ntete c1 < 11 x 10~6CL=90%
atalete < 14 x 10~5CL=90%
ate, ¢ — ete loo] (17 * 14 )x10-6

atut c1 < 67 x 10~8CL=90%
ate, ¢ — ptu~ [oo] (1.8 =+ 08 )x10©

ptutp~ c1 < 56 x 1074CL=90%
Ktete~ [pp] < 85 x 10~ 7CL=90%
Ktrlete— < 15 x 10~5CL=90%
Kintete™ < 26 % 1075CL=90%
KiKteter < 11 % 1075CL=90%
Ktutp~ [pp] < 5.4 x 10~8CL=90%
atetp~ LF < 21 x 1077 CL=90%
ate put LF < 22 x 1077 CL=90%
Ktetu~ LF < 15 x 1078CL=90%
Kte put LF < 1.0 x 10~ 7CL=90%
7 2et L < 53 x 10~ 7CL=90%
7 2ut L < 14 x 10~8CL=90%
n-etut L < 13 x 1077 CL=90%
p=2ut L < 56 x 10~4CL=90%
K~ 2et L <9 x 10~7CL=90%
K%r=2e* < 33 x 10~6CL=90%
K~ 792et < 85 x 10-6CL=90%
K= 2ut L < 10 x 1075CL=90%
K= etput L < 19 x 100CL=90%
K*(892)~ 2u* L < 85 x 10~4CL=90%
Net LB < 11 x 10~6CL=90%
Aet LB < 65 x 107 CL=90%
s0et LB < 17 x 10-6CL=90%
30t LB < 13 x 10-6CL=90%

930
925

918
757
870
864
792
856
927
927
866
866
930
918
927
757
870
863
864
856
866
703
602
602
554
554

1Py = 307)

Mass m = 1864.84 £+ 0.05 MeV

Mps — Mpo = 4.822 + 0.015 MeV

Mean life 7 = (410.3 + 1.0) x 1075 s
cr = 123.01 pm

Mixing and related parameters
[mpo — mMpo| = (0.997 £ 0.116) x 1010 7 s—1
1 2
(Tpo = Tpo)/T =2y = (123 £0.11) x 1072
1 2
|a/p| = 0.995 + 0.016

Ar = (0.089 + 0.113) x 10~3

Kymm _ +0.04
"™ =0.027 )08

KT 7~ relative strong phase: cos 6 = 0.97 & 0.11

K=+ 0 coherence factor R o = 0.792 + 0.033

K~ nt =0 average relative strong phase PR (198 + 10)°
K~ 7~ 2r%t coherence factor Rx3, = 0452f8:(1)8

K~ n~2n" average relative strong phase 637 =
(1497280 (S =1.4)

DY — K—n27%, Rksx (v cosdX3™ — x singK37) = (=3.0 +
0.7) x 1073 Tev~!

0 o+ — _
K's K™~ coherence factor RK%KTA’ = 0.70 £ 0.08

K% K+ 7~ average relative strong phase gKSKT (0 + 16)°
K* K coherence factor Ry. ;o = 0.94 £ 0.12

K* K average relative strong phase 6K" K = (=17 + 18)°

CP-violation decay-rate asymmetries (labeled by the D? decay)

Acp(KTK™) = (-0.07 £ 0.11)%

Acp(2KY) = (-1.9£1.1)% (S=1.1)

ACP(TF+7T7) (0.13 + 0.14)%

Acp(r070) = (0.0 £ 0.6)%
Acp(py) = (6 + 15) x 1072
Acp(¢7) = (-9 £7)x 1072
A (

A
A

T~ =(09+1.3)x 1072

Ac = (1.2 £ 0.9)% lad]

Acp ,(770)%0 — ata 0) (=3.1 + 3.0)% l9d]

A %) = (—1.0 + 1.7)% lod]

)t ﬂ" — ata a0 = (0 £70)% lad]
Va0 5 ptg WO) = (—20 + 40)% ladl
)yt o 7r+ 70) = (6 + 9)% 99l

cp p(1700)+7r — atx 71'0) = (=5 + 14)% 94
L —> rtaa0) = (13 + 9)% Lol
) + 7r+7mr°) = (8 + 11)% ladl

= (0 + 35)% [99]

cp f0(1370)7r - 7r+ 70) = (25 + 18)% (4]

0) = (0 + 18)% ladl

cp f0(1710)7r0 - 7r+ 7= 70) = (0 + 24)% [ad]

)>)>)>)>)>g>)>)>)>)>
B
B~
’:
J
o
S

= (6 + 8)% 7d]
¢ p(nonresonant 7r+7r 7r°) = (—13 + 23)% ladl
op(ar(1260)t 7= — 27t 2r~) = (5 + 6)%
op(a1(1260)" 7 — 27T 277) = (14 + 18)%
1300)* 7~ — 27t 277) = (-2 £ 15)%

) =(9+26)%
= (7 +18)%

)>)>)>)>)>)>%>)>)>)>J>)>
s
A A

ACP ata=a20n)in DO, DY — 7ta—70p=(-646)x 1072
Acp(KTK=n%) = (-1.0 £ 1.7)%
Acp(K*(892)t K~ = Kt K~ 7% = (0.9 + 1.3)% 99
Acp K*(1410)+ K= = KTK=a0) = (=21 + 24)% lodl
Acp ( )5 wave K~ — KtK~ 7Tc') = (7 £15)% [aa]
Acp 0(1020)77 = KtK= 7% = (1.1 + 2.2)% ladl
Acp fo(gso)ﬂ - KT K=a0) = (=3 + 19)% lad]
Acp(39(980)°0 70 — KT K= x0) = (=5 + 16)% [99]
Acp(fh(1525)70 — Kt K~ %) = (0 £ 160)% [99]
Acp(K*(892)" Kt — Kt K~ x%) = (-5 + 4)% 9]
Acp K*(1410) Kt = KTK=x0) = (-17 + 29)% l9a]
ACP ( )S wave Kt — KT K_Tro) = (710 + 40)% laq]
Acp(Kt K n)in D%, D° - KT K~n=(-1.4+35)x 1072
Ac ¢(1020)T, — KTK=n)in DO, D° — ¢(1020)n = (-2 +
x 10~

CP(K 0) =(-0.20+0.17)%
Acp(KY (0.5 + 0.5)%
Acp(K 3,/) = (1 0+07)%
ACP(Kgo) =(-3+9%
ACP( 7r+)—(02:|:05)%
Acp(KT77) = (=09 + 14)%
AC’P(D(‘P(:(:I) — Kq:ﬂ' ) (12.7 + 1.5)%
Acp(K—nt70) = (0.1 + 0.5)%
ACP(K+7F 71'0) = (0 + 5)%
Acp(KSntn™) = (~0.1 £ 0.8)%
ACP(KH n) in D% D — KFzxEn=(-1.9+ 1.6) x 1072
Acp(K&n%n) in D°, D° — K%n0n = (—3.9 £3.3) x 1072
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Acp(KFatr0n)in DO, D° — KFrtaly = (—8 + 5) x 1072 Most decay modes (other than the semileptonic modes) that involve a neu-
Acp(K*(892)~ Tt = KO atx =)= (0.4 £05)% tral K meson are now given as Kg modes, not as KO modes. Nearly always
ACP(K*(892) T *> K0 +r ) = (1 + 6)% itis a K% that is measured, and interference between Cabibbo-allowed
ACP( /) N K ) (0.1 £ 0.5)% and d%ubly Caﬁgbo—suppressed modes can invalidate the assumption that
Acp(KOw — K° +‘n’ )= (-13£7)% 21(Ks) = T,
Acp(K° £,(980) — 0 ataT) = (-04+27)% Scale factor/ p
ACP(KO £(1270) — KO ﬂ.+ “)=(-4+£5% D% DECAY MODES Fraction (I';/T) Confidence leve(MeVj/c)
Acp (KO fy(1370) — KO ) =(-1+9% .
Acp(KO ,0(1450) — 0 Tt ) = (=4 + 10)% . Topological modes
N -prongs [l (15 +6 )% -
0 o + _
ACP(K* f0(600) *) K 0 +) = ( 3+ 5)% , 2-prongs (71 4+ 6 )% —
Acp(K*(1410)" m + KO )=(-2+9% 4-prongs [ss] (146 + 05 )% -
Acp(Kg(1430)~ 7T+ - Kentn™) = (4+4)% 6-prongs Itt] (65 =13 )x10~4 -
Acp(K§(1430) 7 — KU Tr7) = (12 £ 15)% nclusi g
Acp(K (1430)—7r+ S KSrtrm) = (3 £ 6)% . nclusive modes
ACP(K*(1430)+777 . K§ﬂ+ﬂ,) (- 10 + 32)% eianyth{ng uu] (649 + 0.11)% -
Acp(Komtatn—) = (0.2 + 0.5)% p”anything (68 £ 06 )% -
Ao (K m—mtr=) = (-2 4 4)% K™ anything (547 + 28 )% S=1.3 -
cp(KTmmmta™) = (= )% KOanything + KO%anything @1 +4 )% -
K=t 0 Y Y
Acp(KTK™rra™) = (13 £1.7)% Kt anything (34 +04 )% -
Acp(K{(1270)T K~ — K+0K77f+7f) =(-23+17)% K*(892) ~ anything (5 +9 )% -
Acp(Kj(1270)T K~ — K*92tK™) = (=1 £ 10)% K*(892)° anything (9 +4 )% -
Acp(Ki(1270)” K+ — KO0n~K*) = (—10 £ 32)% K*(892)* anything < 36 % CL=90% -
Acp(K3(1270)" Kt —» KtK-nt77) = (1.7 £ 35)% K*(892)0 anything (28 +13 )% -
Acp(Ki(1270)Y K= = KT K™) = (-7 £ 17)% n anything (95 +£09 )% -
Acp(Ki(1270) Kt — pO K~ K*) = (10 £ 13)% 7' anything (248 + 027 )% -
Acp(K(1400)T K~ — KTK 7t717) = (44 +2.1)% ¢ anything (1.08 £ 0.04)% -
Acp(K*(1410)T K~ —» K*¥0ntK=) = (=20 £ 17)% invisibles < 94 x 1075 CL=90% -
Acp(K*(1410)" Kt —» KO0n=Kt) = (-1 +14)% Semileptonic modes
ACP(K*SLGS(?)T K_o ioK+ K~ 7071”0_) = (=17 £29)% K~ etw, ( 3549+ 0.026) % S=12 867
ACP(K*OE*O) in DY, D¥ — KK = (=54 14)% K= uty, (341 + 004 )% 864
ACP(K*O K* 56"‘@’(?) = (7(?,9 £2.2)% K*(892)~ et v, (215 + 016 )% 719
ACP(@PO) in D%, D% = ¢p” = (1+9)% K*(892)~ ut v, (1.89 + 024 )% 714
Acp(op” Swave) = (=3 £5)% 0t + 13
Acp(6p® D-wave) = (—37 + 19)% 50 71 €+l’e (16 T g5 )% 861
Acp(@(7 T )5 ane) = (6 £ 6)% Kg &ve | (Laaxo)% o
ACP(K*(892)O(K77T+)57wmfe) = (=10 + 40)% (KY77) s—wave € Ve (79 £ 17 )x10 860
Acp(KT K~ 7 = non-resonant) = (8 & 20)% K- ntan~ e, (28 * 14 x4 843
Acp((K™wt )P wave (K m )s wave) = (3 +11)% K1 (1270)~ et v (1.01 % 0.18 ) x 103 511
ACP(K+K N p=)in DO, DO - KTK=ptp= = (0+£11)% K- ntn 't < 13 x10~3  CL=90% 821
Acp(rtaptp) in DO, D0 mtampt T = (5= 4)% (K*(892)m)~ ut v, < 15 x1073  CL=90% 692
CP-even fractions (labeled by the D° decay) T e:”e (1291 + 0.04 ) x 10:2 927
CP-even fraction in D9 — #+ 7~ 70 decays = (97.3 + 1.7)% i “0 Vf: (267 & 0.127)x 1073 =L 9
CP-even fraction in DO — KT K~ 70 decays = (73 + 6)% 7:_ ;_i Ve ( i‘gz i g'?; ) x 1373 1o 335
CP-even fraction in DO — ata~ a1t 7~ decays = (76.9+2.3)% P +Ve E 135 4 013 ;i10_3 -
CP-even fraction in D% — K%at 7~ 70 decays = (23.8£1.7)% pom o . B ~ ’ N 0'34 .
CP-even fraction in DO — K+ K~ ata— decays = (75 + 4)% a(980)" et e, @~ — 7w (133 T g3p ) x10” -
-t - - —4 _ _
CP-violation asymmetry difference b1(1235)~ e ve, by — wm < 112 x 10 CL=90%
DAcp = Acp(KTK™) — Agp(nt ™) = (—-0.154 + 0.029)% . Hadronic modes with one K
—_— K=m (3.947+ 0.030) % s=12 861
2 .
x* tests of CP- vuolatuonﬁ(CPV) p-values Kg 7r0 (12404 0.022) % 860
Local CPV in D%, D° — 7t n= 70 = 4.9% Kox (100 + 07 )x10-3 860
2, B 7 . .
toca: gﬁ& n go’ go j:;ﬂ” 9_60/(0'6 +0.2)% K° ta ] (280 + 0.18 )% S=11 842
oca in = (
ed 0.0 + 06 -3
Local CPV in DY, D° — K+ K- 0 = 16.6% Ksp (63 T gg )x10 674
Local CPV in D%, DO — K+ K~ mtn~ =9.1% Kgsw, w— Tt (20 06 )x107* 670
+ = -3
T-violation decay-rate asymmetry Ks (;T )5 -wave . (33 = glio )x10 842
Ar(KTK=ntr) = (2.9 +22) x 1073 [7] Ks1(980), fo — n*n (120 * §93 ) x 1073 549
ATvioI(§5W+7"_ﬂ'0) in D%, D% - Ksrtr 70 =(-037]¢)x K3 %(1370), fo —» =t7~ (28 93 )x103 t
10~
K%5(1270), £, — 7t~ (o F10 yx10-5 262
CPT-violation decay-rate asymmetry
S - + 014
Acpr(KF %) = 0.008 + 0.008 K*(2%27377r , K = (164 T 517 )% 711
5
Form factors K§(1430)" 7, Ki~ — (267 T 8gg yx10-3 378
rv = (0)/A1(0) in D — K*(892) ¢t v, = 1.46 + 0.07 K9n~ '
ro = Ax(0)/A1(0) in D® — K*(892)~ ¢ 1y = 0.68 + 0.06 . _ 19 B
.(0)in DO — K~ ¢+ 1y = 0.736 + 0.004 Ko(1430)7™, Ky = (34 T g )xn07 367
£(0)|Ves| in D® — K= 1y = 0.7166 + 0.0030 HKsmoo .
n= 21/30 in DO N K7€+l/[ = 2404+ 0.16 K (1%802 at, K — (44 +£ 35 )x10™ 46
r=ay/ayin D® - K~ (ty, =5+4 Ksm
f.(0)in DO — 7~ ¢y, = 0.637 + 0.009 K*(892)Tr~, K*t — w (113 + 380 ) 104 711
(0)|Veg| in DO — 7~ £ 1y = 0.1436 £ 0.0026 (S = 1.5) Kxt
n=a/ain D% — 70Ty =—-1.97+028 (S=14) Ky(1430)T 7, Kit — w] < 14 x1075  cL=95% = —

n=a/ain D% —» 7 (ty, = -02422 (S=17) K%nt

2202 494000 9z uo Jasn enbiwoyy aibisuz, v jeuessiwwo) Aq 9991599/100£80/8/220z/a101e/de1d/woo dno-ojwapeoe//:sdiy woli papeojumoq
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* + - *+ —
K2(1§30J)r T, K37 = [w] < 3.4 x107°  CL=95% - Fractions of some of the following modes with resonances have already
KS"T appeared above as submodes of particular charged-particle modes. These
KO o nonresonant (25 4 60 10 . nine modes below are all corrected for unseen decays of the resonances.
. . X -
K*7f+ . ) 216 . 842 K%n (509 + 013 )x 103 772
gl il 8411: i gi ;;, 5=2.0 844 K%w (111 + 0.06 )% 670
. . A 675 KO, -3
K- (1700)F, j* 5 710 (52 18 )x10-3 : 7f77(95§%) Y (1949 + 032 ) x 10 565
K*(ng e o K*(892) 7r0+7r P (19 +09 )% 643
)077 (892)~ (2315 550 )% 711 K_K*S_S‘BQ) n (141 £ 012)% 583
- md 0 Ro(392)0 X . “rtw (31 +06 )% 605
(K 7)T (892)° — (1.95 £ 0.24)% 711 7K*£89/2)°w (11 +05 )% 410
K3(1430) 7+, K3~ — (45 22 )x10-3 - KO T n'(958) (643 + 034 )x 1073 479
0 K$n'(958) w0 (252 + 027 )x 1073 479
0.0 0 L 50 B K*(892)04/(958) < 10 x1073  CL=90% 119
K5(1430)%7°%, K30 — (59 T 32 )yx1073 379 >
K—nt Hadronic modes with three K's %
K*(1680) . K o (19 + 07 )x10-3 % KYK*T K- (442 + 032 )x 1073 544 @
_K+7r0 o K2 a(980)°, aJ — K+K~ (29 + 04 )x10-3 - >
0K ;r 70 nonresonant (115 = 280 )9 844 K~ ap(980)", af — (59 + 18 )x1074 - é
KS2077 . (91 + 11 )x1073 S=22 843 K*KS (3D
Ef (n )OSBME i (26 + 07 )x10-3 _ KT ag(980)~, a; — < 11 x10~4  CL=95% - o
K*(892) ér , K0~ K% O (81 + 07 )x1073 711 K= K% 2
K*(lﬁmo) 70, K (4 423 )x10°5 _ K%fo(gso), fo » KTK™ <9 x1075  CL=95% - 2
7*K57r o KSp, ¢ = KTK™ (203 + 015 )x10-3 520 %
K (;2800) 0, K0 - (10 + 04 )x1073 - iggfo(BTO), fy = KtK— (17 +£11 )x10~% - I
5T 3K (75 +07 )x1074 s=1 o)
. . ) s : . =14 539 2
Ksof2(1270)6 fo — 0271' (23 + 11 )x1074 - KT2K™nt _ (225 + 032 )x1074 434 o
2K%, one K% — 2r (32 +11 )x104 - KT K=K*(892)°, K*0 — (45 + 18 )x107° T 5
K- 27r+7r*0 Ll (822 + 014)% S=1.1 813 _K§ mt 4 o
K*w*p total (687 + 031 )% 609 K,f ¢, 0‘7) - KTK (40 + 17 )x107° 422 S
K=+ p93-body (61 + 16 )x10-3 609 ¢>K7(8092) L b= KTK—, (108 + 021 )x1074 1 N
¥ _
K*(892)° 0, K (1.01 + 0.05 )% 416 K0 o Kot ®
ol KT 2K~ 7" nonresonant (34 + 15 )x107° 434 S
K*(892) tranS\frse, (12 +£04 )% 417 2K05 Kt (59 13 )x107* a2 a
KO K x ioni 8
K~ a1(1260)F, af — (432 £032)% 327 + - Plonic modes 2
ot T 071' ( 1454+ 0.024) x 1073 S=14 922 >
2 -4 R
Ki(1270)" 7+, K7 — (39 + 04 )x1073 - S DM S o 2
7o), Ky atm (149 + 0.06 )% s=21 907 I
K= 7+ 7~ total pra (1.0 + 0.04 )% 3
K1(1270)" 7, K{ — 66 + 23 )x1074 0 70 ‘ ' X ot =
1 ( ) 484 -3
(o2 k0 P (386 + 0.23 ) x 10 764 g
i , po T (515 + 0.25 ) x10~3 764
K-+ +a— ot + .0 -5 1
K~ 27T 7~ nonresonant (1.81 + 0.07 )% 813 p(1450)0 7r0 ’ g 7 I f (Lo w2 _ g
A ol (sa + o6 )u p(1450)°70, oV — 7t (45 + 20 )x107° - 3
SKOy e . 6 )% . 813 p(1450)~ 7t, p~ — 770 (27 + 04 )x1074 - @
KOS z‘, 1 T (117 + 003 )x10 ; 2 p(1700) 7, pt — 770 (61 + 15 )x1074 - )
L Sf’ L(;J*) ata— (99 + 06 )x10~ 670 (1700070, 0 — 7tz (74 +18 )x1074 - o
Kom 371 . (886 + 023 )% 815 p(1700)~ 7+, p~ = 70 (48 + 11 )x1074 - >
K~ onta—n _ (43 +04 )% 771 £(980)7°, fy — ata— (37 +09 )x10°5 - -
K*(892)iﬂ'+7r’770, K*0 — (13 £06 )% 643 f(500)7°, fy — wtx— (1.22 + 022 )x 1074 - oy
K- 0 - ‘ ' 2
K*ﬂ'*Z, w— ata 70 (28 05 )% 605 fo(1370)ﬂ'0, o T (55 +21 31077 _ <
T i - o f(1500) 7%, fy — at7— 58 + 16 -5 - o
K*(892)%w, K*0 — (65 + 30 )x1073 410 o 7 ( ob N
o) : f0(1710)770, fo —» 7ta~ (46 + 16 )x1075 - =
A £(1270)7°, £ — atz~ (197 + 021 )x 1074 - %
P (Lol £ 005 )% o g‘*’ 7~ n%nonresonant (13 + 04 )x1074 907 g
— c
K% a9(980), ag — nm0 (120 + 028 )% - gw+2 - (20 %05 )x10 : o c
R (8920 R0 0 0 = ~ T2 (756 + 0.20 ) x 10~ 880 S
K_Tri ; ) n — Kgm E j:s i 3;5 );10 a(1260)* 7, af — (453 £ 031 )x1073 - 3
" . " B . .05 )% S=1.4 721 2nt 7~ total g
K*(892)07, K*® - K—xt (89 T 08 )x103 - a(1260)* 7, af — (313 + 021 )x 1073 - N
- 0.+ s o
a(980)t K—, al — prt (74 T 99 yx10-3 - p A
' o ) To7 ) a(1260)F 7=, af — (19 + 05 )x10~% - 8
K3(1980)~x+, K5~ — (22 * 17 )x10-4 - POt D-wave &
K= a(1260)* 7=, af — (64 + 07 )x1074 - {
K(; taly (4.49 + 027 ) x 103 656 ot S
K057T+07T—7/ (280 + 0.21 ) x 1073 651 21(1260) %, ay — (23 +09 )x107* - N
K% 2m0n (176 + 026 ) x 1073 656 PO 7~ Swave
Kont2n— (266 + 030 )x 1073 768 21(1260)" 7%, 2y — om” (60 +34 )x107° -
K90t 7=, no K*(892) (11 + 07 )x10-3 _ m(1300)t 7, 7(1300)* — (51 + 27 )x1074 -
K*(892)~ 27t 7, (5 +7 )x1074 642 7
K(892)- - KSn—, m(1300)~ 7+, 7(1300)" — (23 + 22 )x1074 -
0 o
no p a1(1640) T 7, af —4
K*(892)~ por, (16 +06 )x1073 230 il 0 l T (32 =16 )
K*(892)~ — K% e poave | +
. —a
K% 27+ 27~ nonresonant < 12 x1073  CL=90% 768 20040 . a1+—> o (18 =1 _
M 7 m(1670) 7, 7l — 20 + 09 )x1074 -
i B ( )
K= 3rTor (22 +06 )x1074 713 0+ 2
£(1270)07F, 3 —

ata~
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m(1670) 7=, nf - oxt 26 £ 10 )x1074 - K*(892)~ K+, K*(892)~ — 54 £ 04 )x1074 -
2( 2 ( ) ( )
2p%total (185 + 013 )x 103 518 ! ’OWO ~ _3
209, parallel helicities (83 + 32 )x1075 - (K_ WO)Sfluaue K+ (243 £ 018 )x10 X 743
2p0, perpendicular helici- (48 + 06 )x1074 - (K™ ") s —wave K (13 +£05 )x10” 743
ties £(980)7°, fy - Kt K~ (36 +06 )x1074 -
209, longitudinal helicities (127 + 010 ) x 103 - onl, ¢ —» KTK- (66 + 04 )x1074 -
2p(770)%, S-wave (18 + 13 )x1074 - 2K =0 < 59 x 104 740
2p(770)°, P-wave (53 + 13 )x1074 - KtK™n (59 + 1.9 )x107° 514
2p(770)°, D-wave (62 + 30 )x1074 - $(1020)7n (184 + 012 )x1074 489
Vgt -3 _
Resonant (777 )7t m (151 £ 012 )x10 K+ K~ nnonresonant (99 g.g ) x 105 514
3-body total o : .
onta— (62 + 09 )x10~4 _ 2Ksn oo (1.3 +£06 )x10™ 508
o p(770)° (50 + 25 )x107% - KtK—r9r (69 +08 )x1074 681
£(980) 7t 7=, fy — (18 + 05 )x10—% - KtK—ntzr— (247 + 011 )x1073 677
7T+ 7T7 ¢)(7T+ 71-7)5—71}(17)6’ (b — (10 +5 ) X 10_5 614
£(1270) 7 77, £ — (37 +£06 )x1074 - KTK™
atn~ (0°)s—wave, ¢ = KTK™ (69 +06 )x1074 250
26(1270), f, — ata~ (16 =18 )x1074 - (6°) p—waver & — KTK™ (40 +19 )x1075 -
fg(lSZO)U, fo — + 05 )x1073 - (60°)D—waves ® — KT K= (42 + 14 )x1075 -
Tt K*(892)°K*(892)) s _spave. 224 + 013 ) x10~4 -
ata— 270 (102 £ 0.09 )% 882 ( (*0 ) K(iyﬁ) )s-wave ¢ )x
50 _ _ _
1/71'0 [yl (63 =+ 06 )x10 4 S=1.1 846 (K*(892)0 K*(892)0)P—waver (1.20 + 0.08 ) x 10—4 —
W ] (117 + 035 )x 1074 761 K* = KtnF
wn (198 + 0.18 ) x 1073 S=1.1 648 (K*(892)° K*(892)%) p—wave: (47 + 04 )x10-5 _
2t 27~ 70 (42 + 05 )x10-3 844 K* s KEoF
nrta byl (116 + 0.07 )x1073 827 K*(892)° (K~ ) s_wave (14 + 06 )x1074 -
wrta~ vyl (133 £ 020 )x103 738 3-body, K*® — Ktz~
w070 < 110 x10~3  CL=90% 740 Ki(1270)* K=, Kf — (14 +09 )x1074 -
7270 (38 + 13 )x1074 829 P
rta=aly (3.23 + 0.22)x1073 797 K1(1270)T K—, Kl+ — (15 +05 )x10~4 -
3nt3n~ (43 +12 )x104 795 K*(1430)0 7+, K*0 -
7/ (958) 7° (92 £ 10 )x1074 678 K+n—
7'(958) 7w~ (a5 +£17 )x1074 650 Ki(1270)* K=, K{ — (22 +06 )x10-4 -
2n (211 + 019 )x 1073 S=22 754 LK+
27 (73 x22 )x1078 699 Ky(1270)* K=, K} — (15 + 12 )x10°5 -
9 — — 0,
3r1, 958 < 1.31 X X 1073 CL=90% 421 Ww(8)KY, w— atam
11 (958) (101 0'_9 )< 10 537 Ki(1270)” K*, K[ 