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|  GAUGE AND HIGGS BOSONS |
1Py — or1a )

Mass m < 2 x 10716 ev
Charge g < 5% 10 e
Mean life = = Stable

1(JPy = o(1™)

or gluon

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

J=1

Charge = +1e

Mass m = 80.41 + 0.10 GeV

mz — my, — 10.78 + 0.10 GeV
Myp — My, = —02 £ 0.6 GeV
Full width I' = 2.06 + 0.06 GeV

W™ modes are charge conjugates of the modes below.

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

] [B] (10.74+0.33) % -
ety (109 0.4 )% 40205
A (102 +05 )% 40205
Tty (11.3 +0.8 )% 40185
hadrons (67.8 £1.0 )% -

atey < 22 x 1074 95% 40205

J=1
Charge = 0
Mass m = 91.187 + 0.007 GeV ]
Full width I = 2.490 + 0.007 GeV
T(£te7) = 83.83 £ 0.27 Mev 4]
I (invisible) = 498.3 £ 4.2 MeV [9]
T (hadrons) = 1740.7 + 5.9 MeV
Mt p=)/T(ete™) — 1.000 £ 0.005
T(rtr7)/F(ete™) = 0.998 £ 0.005 []
Average charged multiplicity
(Nehargeay = 21.00 + 0.13
Couplings to leptons
g%, = —0.0377 + 0.0007
g{ = —0.5008 + 0.0008
g% = 0.53 + 0.09
g = 0.502 + 0.017

Asymmetry parameters [/]
Ag = 0.1519 £ 0.0034
A, = 0.102 + 0.034
A, — 0.143 £ 0.008
Ac =059 £ 0.19
Ap = 0.89 = 0.11
Charge asymmetry (%) at Z pole
ALY — 150+ 0.18
ASD —40£73
A% —99+31 (s=12)
AL — 730 4 058
ALY — 10,02 + 0.28

Z DECAY MODES Fraction (I;/T)

P
Confidence level (MeV/c)

ete ( 3.366+0.008) %
el (3.367+0.013) %
P ( 3.360+0015) %
fa [b] ( 3.366+0.006) %
invisible (2001 £0.16 )%
hadrons (69.90 £0.15 )%

(ut+cc)/2 (101 +11 )%

(dd+s5+bb)/3 (166 +06 )%

cc (124 +06 )%

bb (15.16 +0.09 ) %
g8g < 11 %
70y < 52 %1075
7y < 51 x 1075
wy < 65 x 10~
7/ (958)y < 42 x 10758
vy < 52 %1075
Yy < 1.0 %1075
rEWTF gl < 7 %1075
prwF le] < 83 x 1075
J/p(18)X (366 £0.23 ) x 1073
P(25)X (160 £0.29 )x 1073
Xc1(1P)X (29 407 )x1073
Xeo(1P)X < 32 %1073
T(AS) X +7(25) X (10 +05 )x10 *

+7(3S) X

T(15)X < 55 x 1075

T(25)X < 139 x10 4

T(3S)X < 9.4 x 10758
(D% /D% x (207 +20 )%
DEX (122 +1.7 )%
D*(2010)*X ] (14 +13 )%
BEX seen
anomalous ~+ hadrons [A] < 3.2 x 1073
ete [ < 5.2 x10—4
/fr/t"y [A] < 5.6 x10™%
THrTy [H < 73 x 1074
e yy 1< 68 %1076
qgyy 1< 55 x 1076

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

90%

95%
95%
95%

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

45594
45593
45559

45593
45592
45590
45588
45594
45594
10139
10114



11-2

vy 1< 31 x107%  95% 45594
et F F gl < 17 x1076 5% 45503
et 7T [F [gl< 98 x1076 5% 45576
T F gl < 12 %1075 5% 45676

Higgs Bosons — H® and H, Searches for

H® Mass m > 77.5 GeVI CL — 95%
HY in Supersymmetric Models (”’Hg <’"H‘g)
Mass m > 62.5 GeVICL = 95%

A° Pseudoscalar Higgs Boson in Supersymmetric Models U]
Mass m > 625 GeVICL = 95% tang3 >1

HE Mass m > 545 GeVICL = 95%

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

Heavy Bosons Other Than
Higgs Bosons, Searches for

Additional W Bosons
Wg — right-handed W
Mass m > 549 GeV
(assuming light right-handed neutrino)
W' with standard couplings decaying to evl v
Mass m > 720 GeVICL = %%
Additional Z Bosons
Z,SM with standard couplings
Mass m > 690 GeVICL = 9%5%
Mass m > 779 GeVI CL = 95%
Zg of SU(Q)LXSU(Q)RXU(I)
(with g = gg)
Mass m > 630 GeVI'CL = 95%
Mass m > 389 GeVICL = 95%
Zy of SO(10) — SU(5)xU(1)y
(coupling constant derived from G.U.T.)
Mass m > 595 GeVI'CL = 95%  (pp direct search)
Mass m > 321 GeVICL = 95%  (electroweak fit)
Zy of By — SO(10)xU(1)y,
(coupling constant derived from G.U.T.)
Mass m > 590 GeVI'CL = 95%  (pp direct search)
Mass m > 160 GeVI'CL = 95%  (electroweak fit)
Z, of By — SU(3)xSU2)xU(1)xU(1),
(coupling constant derived from G.U.T.);
charges are @, = /3/8Qy — /5/8Qy)
Mass m > 620 GeVICL = 95%  (pp direct search)
Mass m > 182 GeVICL = 95%  (electroweak fit)

Scalar Leptoquarks
Mass m > 225 GeVI'CL = 95% (1st generationl pair prod.)
Mass m > 237 GeVI'CL = 9% (1st gener.single prod.)
Mass m > 119 GeVI'CL = 95% (2nd gener.[" pair prod.)
Mass m > 73 GeVI'CL = 95% (2nd gener.T'single prod.)
Mass m > 99 GeVICL = 95% (3rd gener.l pair prod.)

(See the Particle Listings for assumptions on leptoquark quan-

tum numbers and branching fractions.)

(pp direct search)
(electroweak fit)

(pp direct search)
(electroweak fit)

Gauge & Higgs Boson Summary Table

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

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

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

NOTES

In this Summary Table:

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

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

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

[b] # indicates each type of lepton (el ul"and 7)ot sum over them.

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

[d] This partial width takes into account Z decays into v end ary other
possible undetected modes.

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

[f]Here A = 2¢vea/(gy+€3)-

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

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

[7] For m.,, = (60 + B) GeV.

[/] The limits assume no invisible decays.



LEPTON SUMMARY TABLE

LEPTONS
L]

Decay parameters

See the 7 Particle Listings for a note concerning 7-decay parameters.
p7(e or u) = 0.748 + 0.010

J=1
2 p7(€) = 0.745 + 0.012

Mass m = 0.51099907 + 0.00000015 MeV ]
= (5.485799111 _L 0.000000012) x 10" u
(Mg — m_)/m< 4x1078 CL=90%
|9 + . |/e < 4x 1078
Magnetic moment y = 1.001159652193 + 0.000000000010 g
(8o~ — 8e-) / Baverage = (—05 L 2.1) x 10712
Electric dipole moment d = (0.18 4 0.16) x 10726 ecm
Mean life 7 > 4.3 x 1023 yr, CL = 68% [©]

p(1) — 0.741 + 0.030
£7(eor p) = 1.01 + 0.04
£7(e) =0.98 + 0.05

£7(1) = 1.07 + 0.08

77(e or ) — 0.01 + 0.07

7 (1) = —0.10 + 0.18
(8¢)7 (e or 1) — 0.749 + 0.026
(8¢)7(€) = 0.733 + 0.033

(86)7(1) = 0.78 £ 0.05

£7(x) = 0.99 + 0.05

£7(p) — 0.996 £ 0.010

£7(a1) = 1.02 £ 0.04

£7(all hadronic modes) = 0.997 + 0.009

1
J=1

Mass m = 105.658389 =+ 0.000034 MeV []
= 0.113428913 + 0.000000017 u
Mean life 7 = (2.19703 + 0.00004) x 106 s
7/, =1.00002 + 0.00008
cr = 658.654 m
Magnetic moment 1 = 1.0011659230 | 0.0000000084 efi/2m,,

7T modes are charge conjugates of the modes below. “pEn stands for
7T or KE. “" stands for e o . “Neutral” means neutral hadron whose
decay products include s and/or 70,

Scale factor/ P
(8, — £,-) / Gaverage = (—2.6 £ 1.6) x 10-8 +— DECAY MODES Fraction (T;/T)  Confidence level (MeV/c)
Electric dipole moment d = (3.7 4 3.4) x 1071 ecm . .
P ( ) Modes with one charged particle
Decay parameters [] particle™ > 0 neutrals > 0K 1, (84.71+ 0.13)% s=1.2 -
p _ 0.7518 + 0.0026 ("1-prong”) .
7= —0.007 + 0.013 particle™ > 0 neutrals > 0K" v, (85.30+ 0.13)% $=1.2 -
5—0 71‘;9 Lo 064 vy [ (17.37% 0.09) % 885
¢P, — 1.003 1 0.008 [ WUy le] (3.0 + 06)x1073 -
=1 . . - o
~ anor [él e Ve, [l (17.81+ 0.07) % 889
5,Pi§ép00>i00‘90i682’ L —90% h~ > 0 neutrals > OK‘Z 2 (49.52+ 0.16) % $=1.2 -
{ =1 : h > 0K v (12324 0.12) % s=15 -
¢~ 07 £04 h 1 t (11.79+ 0.12) % S=15
- 3 vy . 12) % =1. -
"//A =(0+4)>10 . T v [l (11.08+ 0.13)% S_1.4 883
f/Y/A —(0£4)x 1073 K~ v, [l (71 £ 05)x10"3 820
B/A=(4+6)x10 . I~ > 1 neutralsy, (36.91+ 0.17) % s=12 -
F/A=(2+6)x 10" h 7O, (25.84% 0.14) % s=1.1 -
7 =0.02 £ 0.08 P, [1 (25.32+ 0.15) % S=1.1 878
_ o -3
uF modes are charge conjugates of the modes below. 7}r<77r Onon o(770)y i E 22 i 22 ; x 1273 z:i
U, i . .5 ) x
B ] ] p h > 2%, (10.79+ 0.16) % s=12 -
p— DECAY MODES Fraction (I;/T) Confidence level (MeV/c) h2on0 v, ( 939+ 0.14) % S=1.2 _
e v, vy 2 100% 53 hor0 vy (eX.KO) (9.23+ 014) % S=1.2 -
e Tevyy M (Lat0a)% 53 TF:QTFOOVT (ex.K%) [l (9154 015)% s=12 862
e Deu et e le] (34+04) x 10-5 53 K 207r v, (ex.K% [ (80 + 27)x1074 79
h™ > 3r°u, ( 140+ 011) % S$=1.1 -
Lepton Family number (LF) violating modes 370, (1.23+ 0.10) % S=1.1 -
eV, LF W <12 % 90% 53 773000 (ex.K®) [ (Ll 0.14)% 836
e:')’+ B LF <49 x 10’1; 90% 53 K737%, (ex.K®) 1 (43 T35 )= 1074 766
e"ete LF <10 %107 90% 53 _ 0 0 3
2y iF <72 w1011 0% 5 h™ 4r v, (ex.K") (17 £ 06 )x10 -
’ 4% (exK%n) [ (11 + 06)x1073 -
K= >0r% > 0K o, ( 1.66% 0.10) % -
J=1 K= >1(x%or KO v, (95 + 1.0)x1073 -
Mass m = 1777.057922 Mev O partices) M°dESWi(th K% ” .
o - _is particles) 1, 1.66% 0.09) % —1.4 -
Mea;—hie ;—6;3%?:‘0 L12)x107% s h K‘L% 0 neutrals > 0K%u, ( 1.62+ 0.09) % s=1.4 -
L h Ko (s9 +08)x1073 s_18 -
— — 0, iy
Magn.etlc.moment anomaly > —0.052 and < 0.058,16CL =95% K, M (83 + 08)x10-3 s—1.4 512
Electric dipole moment d > —3.1 and < 3.1 x 107° ecm, CL = KO < 17 «10-3 ClL—o5% a12
95% (non-K*(892)™ vy
Weak dipole moment K K Op. [ ( 159+ 0.24) x 103 737
Re(d¥) < 056 x 10717 ecm, CL = 95% h Koo (55 +05)x1073 -
Im(d¥) < 1.5 x 10717 ecm, €L = 95% T Koty (1 (39 % 08)x1072 o4
L K'p v (1.9 + 07)x10™ =
Weak anomalous magnetic dipole moment K KOxOu, ] ( 151+ 029) %103 685
Re(al) < 4.5 x 1073, CL = 90% 7~ KOx%7%u, (6 +4 )x107* -
Im(e) < 9.9 % 1073, CL = 90% K=KOr070p, < 39 x 1074 CL=os% -
7~ KOKOu, [l (121% 021)x 1073  s=12 662
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0 K0
T KSKSIIT (20 +05)x10 4  s=12 -
7 KK v, (60 + 1.0)x107%  s=12 -
7" KK ErOu, < 20 x 1074 CL=05% -
— 40 6.0 _
T KKy u, (31 + 12)x1074 -
K~ K® >0 neutrals v, (31 + 04)x1073 -
KOhth~—h~ >0 neutrals v, < 17 x 1073 CL_95% -

Konthh o, (23 £ 20)x1074 -

Modes with three charged particles

h™h™ bt >Oneut. v,(“3-prong”)  (15.18+ 0.13)% s=1.2 -
h~h~ ht > 0 neutrals v, (14.60+ 0.13) % s=1.2 -
(ex. Kg — xtaT)
7~ 7T x~ >0 neutrals v, (14.60+ 0.14) % -
hh hto, ( 9.96+ 0.10)% $_1.1 -
h™ b~ hto, (ex.K9) ( 9.62 0.10) % s=1.1 -
h™ b bt (ex. KOw) ( 9.57+ 0.10) % s—1.1 -
rta v, (956 0.11)% S=1.1 -
7T T v, (ex. KO) (9.52+ 0.11)% s=1.1 -
7wt 1 ve (ex. KOw) [ (9.23+ 011)% S_11 -
h™h™ it > 1 neutrals v, (5.18%+ 011)% s=1.2 -
A~ i bt > 1 neutrals v, (ex. ( 498+ 011)% s=1.2 -
Kg — xtx7)
h~h~ hta0u, ( 450+ 0.09)% s=1.1 -
h~h~ hta0u (ex.KO) ( 431+ 0.09) % S_11 -
h o 0t alu (ex. KO, w) ( 259+ 0.09) % -
aata w0, ( 435+ 0.10) % -
7 x T 7%, (ex.KO) ( 422+ 010) % -
wma T w0 (ex. KOw) [ ( 249+ 0.10)% -
h (px )P, ( 2.88+ 0.35)% -
(a1(1260) h)~ v, < 20 % CL=95% -
h™prOu, (1.35+ 0.20) % -

h pth v, (45 + 22 )x103 -

h p hru, (1174 023)% -
h~h~h+2z00, (54 + 04)x1073 -
h~h~ ht 270, (ex.K) (53 + 04 )x10"3 -
h 2%y (ex.K%w) [ (11 * 04 )x1073 -
h= b bt > 3700, m (ra+3%)x103  sis -
h=h bt 370, (29 + 08 )x1074 -

K hTh >0neitrekls v, (54 +07)x1073  s-11 -
K~ xtx~ > 0 neutrals v, (31 + 06)x1073  s=11 -
K ntn v, (23 4+ 04)x103 -
K=t r~ v (ex.K®) [l (18 + 05)x10-3 -

K- ata a9, (8 +4 )x1074 -

K atr n%, (ex.K®) [ (24T ‘1‘:2 yx 1074 -
K=7TK™ > 0neut. v, < 9 x 1074 CL=95% -
K~ Ktx~ >0neut. v, (23 + 04)x1073 -
K Kta v, [l (1614 0.26)x 103 685

K- Kta =%, [1 (69 + 30)x10~4 -
K™K+K~ >0neut. v, < 21 x1073  CL—95% -
K KYK < 19 x1074 CL_90% -

7" KT7~ >0 neut. v, < 25 x1073  CL=95% -
e e ey, (28 + 15 )x 105 889
poe ety < 36 %1075 CL=90% 885

Modes with five charged particles
3h~ 2hT > 0 neutrals v, (9.7 + 07 )x1074 -
(ex. K — 77 7h)

("5-prong’)
3h 20t p, (ex.K9) [l (75 + 07 )x10"4 -
3n~ 20+ 700, (ex.KO) 1 (22 + 05 )x10~% -
3n~2mt 279, < 11 x1074 CL_90% -
Miscellaneous other allowed modes
(57) v, (74 + 07 )x103 -
4k~ 38 > 0 neutrals v, < 2.4 %1076 CL=00% -
(“7-prong”)

K*(892)~ > 0(h° # KS) v,
K*(892)~ > 0 neutrals v,

(1.94+ 031) % -
( 133+ 013)% -

K*(892) v, ( 1284 0.08) % 665
K*(892)° K~ > 0 neutrals v, (32 £ 14)x10"3 -
K*(892)° K~ v, (21 + 04)x1073 539
K*(892)°7~ > 0 neutrals v, (38 + 1.7 )x1073 -
K*(892)% 7 vy (22 + 05)x10"3 653
(K*(892)7) " v, — (11 4+ 05 )x1073 -
0.0

7 Kor v,
K1(1270) " v, (4 4 yx1073 433
K1(1400)~ v, (g8 =4 )x1072 35

H

Lepton Summary Table
K3(1430) v, < 3 x10 3 CL=95% 217
N v, < 14 x 1074 CL=95% 798
a7 v, [1 ( 174+ 0.24) x 1073 778
nr 7970, (14 =07 )x1074 746
nK™ v, (27 + 06 )x107% 720
nrTaT 7T >0 neutrals v, < 3 x 1673 CL=90% -
pr-atr v, (34 + 08 )x1074 -
7a1(1260)" v, — 57 pOu;y < 39 x 1074 CL_90% -
T vy < 11 x 1074 ClL=95% 637
gy 7 u, < 20 x10~4  CL=05% 550
7' (958) 1~ vy < 74 x 1075 CL—90% -
7/(958)7~ 700, < 80 %1075 CL=90% -
v < 20 x 1074 CL—90% 585
g8
OK vy < 67 x 1075 CL=90% -

£1(1285) 7~ v,
f(1285) 7 v, —
nE 7r+7r’1/7.
h w >0 neutrals v,

(58 + 23 )x1074 -
(19 4+ 07)x10 4 -

( 2.36+ 0.08) % -

h wv, [1 ( 193+ 0.06) % -
hwrlv, 1 (43 +05)x102 -
h w2rf0, (19 = 08 )x104 -

Lepton Family number (LF), Lepton number (L),
or Baryon number (B) violating modes
(In the modes below, £ means a sum over e and iz modes)

L means lepton number violation (e.g2 7~ — eTx = ). Following
common usagel” LF means lepton family violation and not lepton number
violation (e.g. 7~ — e~ xTx). B means baryon number violation.

ey LF < 27 x 1076 CL_90% 888
oy LF < 30 x1076  cL=90% 885
e n° LF < 37 x 1076 cL=90% 883
w7 LF < 40 x 1078 CL=90% 880
e~ K° LF < 13 x 1073 CL—90% 319
W KO IF < 10 x1073  CL_90% 815
ey LF < 82 x 1076 CL=90% 804
W LF < 96 x 1076 cL=90% 800
e p° LF < 20 %1076 CL=90% 722
s IF < 63 x 1078 CL—90% 718
e~ K*(892)" LF < 51 x1¢76 ¢ 0% 663
w K*(892)° LF < 75 x1¢7®  CL=90% 657
e K*(892)° LF < 74 x10 © CL=90% 663
o K*(892)° LF < 75 x 1076 cL=90% 657
e ¢ LF < 69 x 1076 CL=00% 59
) LF < 70 x 1076 cL—o0% 590
Ty L < 28 x 1074 CL_90% 883
a x0 L < 37 x 1074 Cl=90% 578
e ete LF < 29 x10 8 CL=90% 888
e ptu LF < 18 x 1078 clL=00% 882
et LF < 15 x 1076 cL—o0% 882
uete” LF < 17 x 1076 cL=00% 885
ute e LF < L5 x 1076 cL=00% 885
woutu LF < 19 x10 ® CL=00% 873
e~ xTxw LF < 22 x 1078 CL=00% 877
etrw L < 19 x 1076 CL_90% 877
pontw LF < 82 %1076 cL=00% 866
whra—x L < 34 x 1070 CL=90% 866
e mt K™ LF < 6.4 x10 6 CL=90% 814
e n KT LF < 38 x 1076 CcL=090% 814
et K™ L < 21 x 1076 cL_90% 814
e KTK™ LF < 6.0 %1076 cL=00% 739
et K=K~ L < 38 x 1078 CcL=20% 739
ety o LF < 75 x 1078 CL—00% 800
po T KT LF < 74 x 1076 cL=00% 800
wram K™ L < 70 x 1076 cL=00% 800
woKTKT LF < 15 %1075 CL=90% 699
WK=K~ L < 60 %1076 CL=090% 699
e~ 7970 LF < 65 x 1078 CL—90% 878
w7070 LF < 14 x 1075 CL_90% 867
e ny LF < 35 x 1075 CcL=90% 700
1o LF < 6.0 x 1075 CL=90% 654
e 7% LF < 24 %1075 CL=00% 708
w w0y LF < 22 x 1075 CL—90% 784
Py 1B < 29 x 1074 CL_90% 641
pr° 1B < 66 x 1074 CL=90% 632
Pn LB < 130 %1072 CL=00% 476
e~ light boson LF < 27 x 1073 CL—95% -
u1” light boson LF <5 x1073  CL_95% -




Lepton Summary Table

| Heavy Charged Lepton Searches

LE — charged lepton

Mass m > 80.2 GeV, CL=95% m, =~ 0
£ — stable charged heavy lepton

Mass m > 84.2 GeV, CL = %%

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

=

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

Mean life/mass, 7/m,,, > 7 x 10 s/eV  (solar)

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

Magnetic moment ;1 < 1.8 x 10720 g, CL = 90%

Solar Neutrinos

Detectors using gallium (E,, 22 0.2 MeV), chlorine (£, 22 0.8 MeV),
and Cerenkov effect in water (E,, 27 MeV) measure significantly
lower neutrino rates than are predicted from solar models. The deficit
in the solar neutrino flux compared with solar model calculations
could be explained by oscillations with Am? < 1075 eV? causing
the disappearance of v,.

Atmospheric Neutrinos

Underground detectors observing neutrinos produced by cosmic rays
in the atmosphere have measured a v, /v, ratio much less than ex-
pected and also a deficiency of upward going v, compared to down-
ward. This could be explained by oscillations leading to the disap-
pearance of v, with Am? 71073 to 1072 ¢V2.

v oscllatlon; 7, / Te (6 = mixing angle)
Am? < 9x107%eV?, CL —90%  (if sin%28 — 1)
sin?29 < 0.02, CL = 90%  (if A(m?) is large)

v osclllation: v, (7,) — ve (7e) (any combination)
Am? < 0.075€V2, CL — 90% (ifsin®26 — 1)
sin?20 < 18x 1073, CL=90% (if A(m?) s large)

1
@
Mass m < 0.17 MeV, CL = 90%

Mean life/mass, 7/m,, > 15.4 s/eV, CL = 90%
Magnetic moment ;2 < 7.4 x 10710 5, CL = 90%

J=3

Mass m < 18.2 MeV, CL = 95%
Magnetic mement ;o < 5.4 x 1077 g, CL — 90%
Electric dipole moment d < 5.2 x 10717 ecm, CL = 95%

Number of Light Neutrino Types

(including ve, v, and v;)
Number N = 2.994 &+ 0.012  (Standard Model fits to LEP data)
Number &/ = 3.07 +£ 0.12  (Direct measurement of invisible Z
width)

Massive Neutrinos and
Lepton Mixing, Searches for

For excited leptons, see Compositeness Limits below.

See the Particle Listings for a Note “Neutrino Mass” giving details of
neutrinos, masses, mixing, and the status of experimental searches.
While no direct, uncontested evidence for massive neutrinos or lepton
mixing has been obtained, suggestive evidence has come from solar neu-
trino observations, from anomalies in the relative fractions of v, and v,
observed in energetic cosmic-ray air showers, and possibly from a 7, ap-
pearance experiment at Los Alamos. Sample limits are:
Stable Neutral Heavy Lepton Mass Limits
Mass m > 45.0 GeV, CL = 95%  (Dirac)
Mass m > 395 GeV, CL — 95%  (Majorana)
Neutral Heavy Lepton Mass Limits
Mass m > 69.0 GeV, CL = 95%  (Dirac 1 coupling to e, j1, T
with [Upj|? > 10712)
Mass m > 582 GeV, CL = 95%  (Majorana v coupling to e,
7 with [Upp]? > 10712)

NOTES

In this Summary Table:

When a quantity has “(S = ...)" to its right, the error on the quantity has
been enlarged by the “scale factor” S, cefined as S = 4/X2/(N — 1), where N
is the number of measurements used in calculating the quantity. We do this
when S > 1, which often indicates that the measurements are inconsistent.
When S > 1.25, we also show in the Particle Listings an ideogram of the
measurements. For more about S, see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decay, p is
the momentLm of each decay product ir the rest frame of the decayirg particle.
For a 3-or-mare-body decay, p is the largest mementum any cf the products
can have in this frame.

[a] The uncertainty in the electron mass in unified atomic mass units (u)
is ten times smaller than that given by the 1986 CODATA adjustment,
quoted in the Table of Physical Constants (Section1). The conversion
to MeV via the factor 931.49432(28) MeV/u is more uncertain because
of the electron charge uncertainty. Our value in MeV differs slightly from
the 1986 CODATA result.

[b] This is the best “electron disappearance” limit. The best limit for the
mode e~ — vy is > 2.35 x 102° yr (CL=68%).

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

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

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

[] This only includes events with the -y energy > 10 MeV. Since the e~ ¢ 17,
and e~ 7 v,y modes cannot be clearly separated, we regard the latter
mode as a subset of the former.

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

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

[/] Basis mode for the 7.



QUARK SUMMARY TABLE

QUARKS (2] 0 =u)

The u-, d-, and s-quark masses are estimates of so-called “current- Mass m = 4.1to 4.4 GeV  Charge = 7% e Bottom = —1
quark masses,” in a mass-independent subtraction scheme such as
MS at ascale e =2 2 GeV. The ¢- and b-quark masses are estimated p N
from charmonium, bottomonium, D, and B masses. They are the E 1Py =01
“running” masses in the MS scheme. These can be different from
the heavy quark masses obtained in potential models. Charge = % e Top = +1
,(JP) _ l(l+) Mass m = 173.8 + 5.2 GeV  (direct observation of top events)
22 Mass m =170 + 7 (+14) GeV  (Standard Model electroweak
Mass m = 1.5 to 5 Mev [d Charge = % e I,= +% fit, assuming My = Mz. Number in parentheses is shift from
my/my = 0.20 to 0.70 changing My to 300 GeV.
1Py =133 b’ (4t Generation) Quark, Searches for
Mass m = 3 to 9 MeV [d Charge=-1e [,=-1 Mass m > 128 GeV, CL =95%  (pp, charged current decays)
mg/mg =17 to 25 Mass m > 46.0 GeV, CL = 95% (e* e, all decays)

m=(m+mg)/2 =2 to6 MeV

Free Quark Searches
1Py =0(37)

All searches since 1977 have had negative results.

Mass m = 60 to 170 MeV [a Charge = —_}’ e Strangeness = —1

(ms=(my+ mg)/2)/(mg — my) =34 to 51 NOTES
I JP )= 0(%"’) [a] The ratios my,/mgy and mg/m are extracted from pion and kaon masses
using chiral symmetry. The estimates of # and d masses are not without
Mass m=1.1t0 1.4 GeV Charge = % e Charm=+1 controversy and remain under active investigation. Within the literature

there are even suggestions that the & quark could be essentially massless.

The s-quark mass is estimated from SU(3) splittings in hadron masses.



MESON SUMMARY TABLE

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

For /=1 (al bl pla): udl (uT—dd)/V/2T dT;
for I = 0 (M y/TATHTWEGT T ') ¢ (uT + dd) + ¢(s3)

16(UPy=17(0")

Mass m = 139.56995 + 0.00035 MeV
Mean life 7 = (2.6033 £ 0.0005) x 1078 5 (S = 1.2)
cr =7.8045m
7t = £Eyy form factors 2]
Fy = 0.017 + 0.008

Fa = 00116 £ 0.0016
— +0.009
R=0.059125%

(5=13)

7~ modes are charge conjugates of the modes below.

P
«+ DECAY MODES Fraction (I';/T) Confidence level (MeVjc)

W, [6]  (99.98770-£0.00004) % 30

Wy ] (124 025 )x1074 30
et [6] (1230 +0004 )x 1074 70

cTvey (] (161 023 )x1077 70
et ven® (1025 +0034 )x 108 4
etveete (32 405 )x107? 70
et VelD < 5 x 1078 90% 70

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

1o, L [d< 15 %1073 90% 30
wFoe LF [d] < 80 %1073 90% 30
uetety LF < 16 x 1076 90% 30

IG(JPC) =170~1)

Mass m = 134.9764 £+ 0.0006 MeV
m . —m_o = 45936 + 0.0005 MeV
Mean life 7 = (8.4 + 0.6) x 1077 s (5 =3.0)
cr =251nm
Scale factor/ P

0 DECAY MODES Fraction (I';/T) Confidence level (MeVc)
2y (98.798 10.032) % S=L.L 67
ete ( 1.19840.032) % s=1.1 67
-y positronium (182 £0.29 ) x 1072 67
etete e (314 4030 )x 1075 67
ete” (75 420 )x1078 67
4y < 2 %1078 CL=90% 67
Vo le] < €2 x 1077 CL=90% 67
VeTe < 17 %1076 CL=90% 67
VT < 31 %1076 CL_90% 67
U, Ty < 21 %1076 CL=90% 67

Charge conjugation (C) or Lepton Family number (LF) violating modes
3y c < 31 %1078 CL=90% 67
utem + e put LF < 172 %1078 CL=90% 26

/G(JPC) — 0+(0*+)

Mass m = 547.30 £+ 0.12 MeV

Full width T = 1.18 + 0.11 keV []

(s=18)

C-nonconserving decay parameters

7+
ata 70
ata 70
ata~ o
ata~ o

Dalitz plot parameter

(5=15)

7~ 7°  Left-right asymmetry = (0.09 £ 0.17) x 1072
Sextant asymmetry = (0.18 + 0.16) x 1072

Quadrant asymmetry = (—0.17 + 0.17) x 1072
Left-right asymmetry = (0.9 + 0.4) x 1072
0 (Dwave) = 005 + 0.06

°797° o= -0.039 + 0.015
Scale factor/ p
1 DECAY MODES Fraction (T';/T) Confidence level (MeV/c)
Neutral modes
neutral modes (71.5 +£0.6 )% S=14 -
2y ] (30.2140.34) % s=14 274
370 (322 +04 )% $=13 178
792y (7.1 +14 )x 1074 257
other neutral modes < 28 % CL=90% -
Charged modes
charged modes (285 +06 )% S=1.4 -
T (231 £05 )% $=14 173
ata =y ( 47740.13) % S=1.3 235
etey (49 £11)x1073 274
uty (3.1 £04 )x10°4 252
ete < 77 %1075 CL=90% 274
it (58 £08 )x 1076 252
atx ete” (13 132 yx1073 235
atr” 2y < 241 x 1073 235
rtr 2y < 6 x1074  cl-e0% 173
Oty < 3 %1076 Cl=o0% 210
Charge conjugation (C)IParity (P)I
Charge conjugation x Parity (CP)lor
Lepton Family number (LF) violating modes
Far PP < 9 x1074  CL=90% 235
3y c <5 x 1074 CL=95% 274
wVete C lg< 4 %1075  cl=e0% 257
7Ot [T P %1076 CL=90% 210
pte  + pet LF < 6 x1076  CcL=90% 263
Al
f5(400-1200) 16(JPC) = o+ 0+ +)
oo
Mass m = (400-1200) MeV
Full width T = (600-1000) MeV
15(400-1200) DECAY MODES Fraction (T';/T) p (MeVjc)
T dominant -
Yy seen -




11-8

IG(JPC) =171 ")

Mass m = 770.0 = 0.8 MeV (5 = 1.8)
Full width I = 150.7 + 1.1 MeV
lee = 6.77 £ 0.32 keV

Scale factor/ P
p(770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T ~ 100 % 358
(770)= de
p cays
ey ( 45 £05)x10 4  s=22 a2
ty < 6 %1073 CL=84% 146
rtrln 7 < 20 %1073 CL—sa% 249
o(770)° decays
ataTy (9.9 +1.6 )x 1073 358
a0~ ( 68 £1.7 )x 1074 372
7y (24 788 )x107"  s=16 189
wtp~ 1 ( 4.60+0.28) x 1075 369
ete™ 1 ( 4494+022)x 1075 384
770 < 12 x 1074 cL=90% 319
rtratr— < 2 x 1074 CL=9%0% 246
atr— 7070 < 4 x 1075 cL=90% 252
6P =0
Mass m = 781.94 = 0.12 MeV (S = 1.5)
Full width ' = 8.41 + 0.09 MeV
[ee = 0.60 + 0.02 keV
Scale factor/ p
w(782) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ata 0 (88.8 +0.7 )% 327
70y (85 405 )% 379
[ ( 2.2140.30) % 365
neutrals (excluding z°+~) (53 1% )x1073 -
7y (65 +1.0 ) x 104 199
Pete (5.9 £1.9 )x 1074 379
wOut (96 £2.3 )x 1075 349
ete™ ( 7.0740.19) x 1075 S_1.1 391
at a7 070 < 2 % CL=90% 261
atrTy < 36 x 1073 CL_95% 365
ata r T <1 x 1073 CL=90% 256
7070~ (7.2 25 )x 1075 367
wtru~ < 18 x10~%  CL=90% 376
3y < 19 x 1074 cL=95% 391
Charge conjugation (C) violating modes
nr° c <1 %1073 CcL=00% 162
370 c < 3 x 1074 CL_90% 329
,G(JPC) _ O+(O - +)
Mass m = 957.78 =+ 0.14 MeV
Full width I = 0.203 + 0.016 MeV (S = 1.3)
Scale factor/ P
7/(958) DECAY MODES Fraction (I';/T") Confidence level (MeV/c)
xtx "y (438 £1.5 )% s=1.1 232
2%~ (including non- (302 £1.3 )% $—1.1 169
resonantxt 7~ )
7970y (207 +1.3 )% $=1.2 239
wy ( 3.0140.30) % 160
vy ( 21140.13) % $=1.2 479
37 ( 1.5440.26) x 1073 130
wtp=y ( 1.0310.26) x 10—4 267
kb < 5 % CL—90% 427
00 < a % CL=90% 118
rrrt T <1 % CL=90% 372
at 7t m~ 7 neutrals < 1 % CL=95% -
rtatr—r 20 <1 % CL=90% 298
6w < 1 % CL=90% 189
trTeter < 6 x 1073 CL_90% 458
w0yy < 8 x10 4 CL=9%0% 469
470 <5 x 1074 CL_90% 379
ete < 21 x10 7 CL=9%0% 479

Meson Summary Table

Charge conjugation (C) or Parity (P) violating modes

ata~ PrCP < 2 % CL=90% 58
x0x0 PrCP < 9 %1074 cL=90% 459
wOete C  [gl< 13 % CL=90% 269
nete~ c 6] < 11 % CL=90% 322
3y c < 10 x10~%  CL_90% 479
wtp=° c le] < 6.0 %1075 CcL=90% 445
wtun c lg] < 15 x1075  CL_90% 274
IG(JPC) =ot@T™h
Mass m = 980 + 10 MeV
Full width " = 40 to 100 MeV
P
5(980) DECAY MODES Fraction (I';/T") Confidence level (MeV/c)
T dominant 470
KK seen -
¥y (1.19£033) x 10753 490
ete™ <3 x10 7 90% 490
,G(JPC) =170+
Mass m = 983.4 &+ 0.9 MeV
Full width I = 50 to 100 MeV
2(980) DECAY MODES Fraction (I';/T) P (MeVjc)
nT_ dominant 321
KK seen -
Y seen 492
1SUPSY=0—a— )
Mass m = 1019.413 + 0.008 MeV
Full width = 4.43 + 0.05 MeV
Scale factor/ P
#(1020) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
KtK— (49.1 +0.8 )% $=1.3 127
KOKY (38.1 £0.6 )% S_1.2 110
o+ ata 0 (155 £0.7 )% S=L5 -
ny ( 1.26+0.06) % S_11 363
7Oy (1.31£013)x 10 3 501
ete™ ( 2.99+0.08) x 10~4 S_1.2 510
whp (25 £04 )x10 4 499
nete (13 158 )« 1074 363
rta— (8 F3 )x10 5 S=15 290
wy < 5 % CL—84% 210
oy < 7 %1074 CL=90% 219
v~ < 3 x 1075 CL—90% 290
5(980)y <1 x 1074 CL=90% 39
w0 x0y <1 x 1073 CL=90% 292
LR I 2 < 87 %1074 CL=90% 410
ataxtr—a a0 < 15 x 1074 cL=95% 341
wete < 12 x 1074 CL—90% 501
Oy < 25 x1073  cL=90% 346
ap(980)y < 5 x 1073 CL—90% 36
7 (958)y (12 ¥37 )yx 104 -
/,L+/,L7')’ (23 +10 )x 1075 -
IG(JPC) =0 (1 +*)
Mass m = 1170 + 20 MeV
Full width I = 360 + 40 MeV
hy(1170) DECAY MODES Fraction (I';/T) P (MeV/c)
pT seen 310




Meson Summary Table

IG(JPC) =1tat-)

Mass m = 1229.5 + 3.2 MeV (S = 1.6)
Full width T = 142 = 9 MeV (S = 1.2)

p
by (1235) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
wT dominant 348
[D/S amplitude ratio = 0.29 =+ 0.04]
atny ( 1.6+0.4) x 1073 608
np seen -
LA o < 50 % 84% 536
(KK)*x° < 8 % 90% 248
KYKY 7t < 6 % 90% 238
KY KQr < 2 % 20% 238
o < 15 % 84% 146
Mass m = 1230 + 40 MeV 7]
Full width I = 250 to 600 MeV
a1 (1260) DECAY MODES Fraction (I';/T) P (MeVic)
pT dominant 356
[D/S amplitude ratio = —0.100 =+ 0.028]
ided seen 607
(77 s-wave possibly seen 575
IG(JPC) _ O+(2++)
Mass m = 1275.0 + 1.2 MeV
; 38
Full width I = 1855738 MeV (S = 1.5)
Scale factor/ 2l
#5(1270) DECAY MODES Fraction (I';/T) Confldence level (MeV/c)
aw (sas 125 )% 5=13 622
atr—2x0 (72 £35)% $=13 562
KK (46 £0.4)% $—2.8 403
ot on— (28 +04)% s=12 559
nn (45 +1.0 )x 1073 S_2.4 327
47 (3.0 +1.0 ) x 1073 564
vy (1321310y 5 1075 637
nrTT < 8 x1073  CL=95% 475
KoK~ 7t 4+ cc < 34 x1073  CL=95% 293
ete” <9 x 1079 CL=90% 637
IG(JPC) _ 0+(1 + +)
Mass m = 1281.9 + 0.6 MeV (S = 1.7)
Full width ' = 24.0 = 1.2 MeV (S = 1.4)
(47 = p(77T) Pryane)
Scale factor/ p
#(1285) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Am (35 + 4 )% S—16 563
7007t (23.5+ 3.0)% 5=16 566
25t 2~ (1174 1.5)% $=1.6 563
POrtr— (1174 1.5)% s=16 340
479 < 7 x1074  CcL=90% 568
nTw (50 +18 )% 479
30(980) 7 [ighoring a,(980) — (34 £8 )% $=1.2 234
KK]
nrr [excluding ag(980)x] 1 +£7)% S—11 -
KKz ( 9.6+ 1.2)% S—15 308
K K*(892) not seen -
~vp° ( 5.4+ 1.2)% 5=23 410
oy ( 7.9+ 3.0)x 1074 236

11-9

IG(JPC) =0t~

Mass m = 1297.0 & 2.8 MeV
Full width ' = 53 + 6 MeV

n(1295) DECAY MODES Fraction (I;/T) P (MeV/c)
7]7r+7r7 seen 488
a0(980) 7 seen 245
n070 seen -
n(r7)s-wave seen -
Mass m = 1300 = 100 MeV [7]
Full width ' = 200 to 600 MeV
«(1300) DECAY MODES Fraction (I;/T) p (MeV/©)
P seen 406

(77 s-wave

seen -

IG(JPC) =172+

Mass m = 1318.1 £ 0.6 MeV (S = 1.1)
Full width T — 107 = 5 MeV [" (K*K$ and 57 modes)

Scale factor/ p
25(1320) DECAY MODES Fraction (F;/T) Confidence level (MeV/c)
p (70.1+2.7) % S=1.2 419
nw (145+1.2) % 535
W (10.6+3.2) % $=13 362
KK ( 49+08) % 437
7'(958) 7 ( 5.3+09) x 1073 287
rty ( 2.840.56) x 1073 652
¥y (9.4+0.7)x10 © 659
ataT o < 8 % CL=90% 621
ete” < 23 x 107 CL—90% 659
16(UPCY =0t * )
Mass m = 1200 to 1500 MeV
Full widlh [ = 200 Lo 500 MeV
#(1370) DECAY MODES Fraction (I;/T) p (Mevie)
T seen -
4 seen -
470 seen -
25t o~ seen -
atr—2x0 seen -
2An)s-wave seen -
i TL seen -
KK seen -
023 seen -
ete~ not seen -
Mass m = 1426.2 +£ 1.2 MeV (S = 1.3)
Full width ™ = 55.0 = 3.0 MeV
# (1420) DECAY MODES Fraction (F;/T) P (MeV/c)
KR?L dominant 439
KK*(892)+ c.c. dominant 155
nww possibly seen 571
| w(1420) [ | 1SUPG =017 )
Mass m = 1419 + 31 MeV
Full width ' = 174 + 60 MeV
w(1420) DECAY MODES Fraction (I;/I) b (MeV/c)
P dominant 488
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16PC =0t~

,7(1440) [l

Mass m = 1400 - 1470 MeV [™]
Full width I = 50 - 80 MeV 7]

7(1440) DECAY MODES Fraction (I';/T) p (Mev/c)
K KTr seen -
K K*(892)+ c.c. seen -
nTmw seen -
a(980) 7 seen -
n(77)s-wave seen -
4 seen -
2(1450) 16(FC =17+
Mass m = 1474 £ 19 McV
Full width ' = 265 + 13 MeV
20(1450) DECAY MODES Fraction (I;/T) p (Mev/e)
T seen 613
ﬂ?i(958) seen 392
KK seen 530
p(1450) 4 16(PCy 1t =)
Mass m = 1465 -+ 25 MeV [7]
Full width [ = 310 + 60 MeV [7]
p
p(1450) DECAY MODES Fraction (I';/I) Confidence level (MeV/c)
T seen 719
A seen 665
wT <2.0% 95% 512
ete~ seen 732
np <4 % 317
o <l % 358
KK <16x 1073 95% 541
£(1500) 1 [G(JPC) _otth
Mass m = 1500 + 10 MeV (S = 1.3)
Full width T = 112 4 10 MeV
fp(1500) DECAY MODES Fraction (I';/T) p (Mevyc)
11/ (958) seen -
77 seen 513
4 seen -
470 seen 690
2nton— seen 686
2% seen -
T seen 737
E‘Iro seen 738
KK seen 563
f4(1525) 1SUPCy = ottt
Mass m = 1525 + 5 Mev [7]
Full width I = 76 + 10 Mev [
f"2(1.525) DECAY MODES Fraction (I';/T) p (Mev/c)
KK (888 +3.1 )% 581
nm (103 +31 )% 531
EE (82 +15)x1073 750
vy ( 1.324021) x 1076 763

Meson Summary Table

w(1600) 14

ISUPCY =01~ )

Mass m = 1649 + 24 MeV (S = 2.3)
Full width T = 220 £ 35 MeV (S = 1.6)

w(1600) DECAY MODES Fraction (I';/T) p (Mevfc)
pr seen 637
wrw seen 601
ete” seen 824
w3(1670) 1GUPG 03— )
Mass m = 1667 + 4 MeV
Full width T = 168 + 10 MeV [7]
w3(1670) DECAY MODES Fraction (I';/") p (Mevic)
p seen 647
wrm seen 614
b1 (1235) 1 possibly seen 359
m5(1670) ISP =12 1)
Mass m = 1670 + 20 MeV [
Full width I = 258 + 18 Mcv [ (S = 1.7)
7o(1670) DECAY MODES Fraction (I';/T) p (MeVfc)
3r (95.8+£1.4) % 806
£(1270) 7 (56.24+3.2) % 325
P (31 +4 )% 649
#(1370) (87£34)% -
KK*(892)+ c.c. (42£14)% 453
$(1680) ISP =0 )
Mass m = 1680 + 20 MeV [7]
Full width I = 150 + 50 MeV [7]
$(1680) DECAY MODES Fraction (T';/T) p (MeVic)
KK*(892)+ c.c. dominant 463
K % Kr seen 620
KK seen 681
ete” seen 840
WrT not seen 622

IG(JPC) _ 1+(3* )

JP from the 27 and KK modes.
Mass m — 1691 + 5 MeV [7]

Full width T = 160 + 10 MeV [™]

p3(1690) DECAY MODES

Fraction (I';/)

(S=15)

P
Scale factor (MeV/c)

4r (711 £ 19)% 788
S (61 +22 )% 788
wr (16 £6 )% 656

T (236 + 13 )% 834

KK= (38 +1.2)% 628

KK ( 158+ 0.26) % 1.2 686

777r+7r’ seen 728
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p(1700) [ 1SUPGY =171 )

Mass m = 1700 = 20 MeV ("]
Full width I = 240 + 60 MeV [7]

(7p° and 7 7~ modes)
(1p° and 7 7~ modes)

(1700) DECAY MODES Fraction (I;/T) p (MeVic)
pPET dominant 640
2ArTa) large 792
pufr’ T large 640
/)i o x0 large 642
. seen 838
Trzro seen 839
K K*(892)+ c.c. seen 479
o seen 533
KK seen 692
cte” seen 850
Pw seen 662
f;(1710) @ 1G6(JPCY = 0T (even T 1)
Mass m= 1712 + 5 MeV (S =1.1)
Full width I = 133 & 14 MeV (S = 1.2)
£4(1710) DECAY MODES Fraction (I;/T) p (MeVic)
KK seen 690
nn seen 648
T seen 837
(1800) 16(UPG =170~ 1)
Mass m = 1801 £ 13 MeV (S = 1.9)
Full width T' = 210 + 15 MeV
#(1800) DECAY MODES Fraction (I';/T') P (MeVjc)
e r seen -
6(980) 7~ seen 623
fo(1370) 7~ seen -
P not seen 728
T seen -
a0(980)n seen 459
fo(1500) 7~ seen 240
0 (958) 7~ seen -
K3(1430) K~ seen -
K*(892) K~ not seen 560
$3(1850) 16(PC = 0~3— )
Mass m = 1854 = 7 MeV
Full width T = 87128 Mev (S = 1.2)
$3(1850) DECAY MODES Fraction (I';/T) P (MeVfc)
K K seen 785
KK*(892)+ c.c. seen 602

IG(JPC) — 0+(2++)

Seen by one group only.
Mass m = 2011755 MeV
Full width I' = 202 + 60 MeV

£(2010) DECAY MODES Fraction (I';/T) P (Mevic)
oY) seen -
24(2040) 16(PCY =1~ (4t 1)
Mass m = 2020 + 16 MeV
Full width ' = 387 + 70 MeV
24(2040) DECAY MODES Fraction (I';/T) p (MeVfc)
KK scen 892
Fag e seen -
70 seen 941
£4(2050) 1GUPGY =gt T
Mass m = 2044 + 11 MeV (S = 1.4)
Full widih I = 208 + 13 MeV (S = 1.2)
£3(2050) DECAY MODES Fraction (T';/T) p (Mev/c)
ww (26 +6 )% 658
w (L7.0£15) % 1012
KK (6813)x 1073 895
nn (2.1408)x 1073 863
470 < 12 % 977
£(2300) 1G(UPCY — ot t 1)
Mass m = 2297 + 28 MeV
Full width I' = 149 + 40 MeV
£(2300) DECAY MODES Fraction (I';/I") p (MeVfc)
oY seen 529
£(2340) 1GUPG = oteTh
Mass m = 2339 + 60 MeV
Full width I = 3197 3 MeV
£(2340) DECAY MODES Fraction (T;/T) P (MeV/0)
[52:3 seen 573

11-11
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STRANGE MESONS
(S=+1, C=B=0)

KT = usTKO = dsTK? = dsT K~ =Ts  similarly for K*'s

1Py =3007)

Mass m = 493.677 & 0.016 MeV [ (S = 2.8)
Mean life ~ = (1.2386 4 0.0024) x 1078 s (S = 2.0)
cr=3713m

Slope parameter g [*]
(See Particle Listings for quadratic coefficients)
Kt — atrtr™ = —0.2154 +0.0035 (S =1.4)
K™ — 7 7 7T = 0217 £ 0.007 (S —2.5)
KE - 77970 =0594 £0019 (S =1.3)
K% decay form factors [2:%]
Kl AL =00286 4 0.0022
Kl A, =0032£0008 (S=16)
Kty Mg =0.006 £ 0.007 (S =16)
K, |fe/fe| —0.084 £0.023 (S—12)
K& |fr/f| —038+011 (S—1.1)
Kb |fr/f ] =002x012

Kt — eTvey |Fa+ Fy| —0.148 £0.010
Kt — ptu,y |Fa+ Fy| < 0.23ICL=90%
Kt — eTwey |Fa— Fy| < 049

Kt — ,u*t/u'y |FA - FV| =—-22t003

K™ modes are charge conjugates of the modes below.

Scale factor/ il
K+ DECAY MODES Fraction (I; /) Confidence level (MeV/c)
wh, (63.51£0.18) % $—1.3 236
et e ( 1.55£0.07) x 1075 247
at a0 (21.16£0.14) % s=1.1 205
atata™ ( 5.59+0.05) % $=1.8 125
ata9x0 ( 1.73+0.04) % $=1.2 133
xOuty, ( 3.180.08) % S=1.5 215
Called K 1.
w0et e ( 4.82£0.06) % s=13 228
Called K},
w070t 1, (21 £04 )x 10758 206
atretu, (3.91£0.17) x 1075 203
rtr by, (1.4 £09)x1075 151
w00 xlety, < 35 %1076 cL=90% 135
atyy [x] ( 1.10+0.32) x 10—© 227
at3y [X] < 1.0 x1074  Cl=90% 227
W vo < 60 %1070 CL=90% 236
et veuD < 6 %1075 CL=90% 247
whryete (1.3 +04 )x1077 236
etveete (30 132 )x108 247
wro < 41 %1077 cL=90% 185
Wy [xy] ( 5.50£0.28) x 10—3 236
ataly [xy] ( 2.75+0.15) x 10—4 205
7t 7%+(DE) [xz] (18 £04)x1075 205
atatr [yl ( 1.04£031) x 10~4 125
atr9r0 kvl (75 T58 )x1078 133
™ uty,y oyl < 6.1 %1075 CL—90% 215
w2et ey oyl ( 2:624£020) x 1074 28
Oet vy (SD) [aa] < 53 %1075 CcL=90% 228
7%t by <5 %1076 CL=90% 206

Meson Summary Table

Lepton Family number (LF) Lepton number (L)TAS = AQ (5Q)

violating modeslor AS = 1 weak neutral current (51) modes

rtrte v, 5Q < 12 %1078 CL_90% 203
o, 5Q < 30 x107%  Cl=95% 151
atete s1 ( 2.7440.23) x 1077 227
atut s1 (50 £1.0 ) x 1078 172
tuw 51 (42 13T )yx10710 227
uvetet LF < 20 x1078  CL=90% 236
wtve LF [d < 4 %1073 CL_90% 236
atute LF < 21 % 10710 cL=90% 214
atuet LF <7 %1072 CL=90% 214
T ute L < 7 x107%  CL=90% 214
retet L < 10 x1078  CL=90% 227
autut L [d] < 15 x107%  CL=90% 172
ut o, L [d] < 33 %1073 CL=90% 236
et p, L <3 %1073 cL=o0% 228
Py _ 19—
I(J )7 5(0 )
50% KsT50% K
Mass m = 497.672 + 0.031 MeV
Mo — My= = 3.995 =+ 0.034 MeV (S = 1.1)
. 41p—18 [bb)
|mKU - m70| / Maverage < 10 [bo]
0 Py _ 19—

IUP) = 3(07)

Mean life 7 = (0.8934 + 0.0008) x 107 s

cr = 2.6762 cm
CP-violation parameters [<c]
Im(74—o) — —0.002 = 0.008
Im(n000)? < 0.1MCL — 90%
Scale factor/ p
Kg DECAY MODES Fraction (I';/T) Confidence level (MeVc)
rtr (68.61£0.28) % s=1.2 206
7070 (31.3940.28) % s=12 209
Ty ndd] ( 1.78+0.05) x 10—3 206
vy (2.4 £09)x1076 249
ot x° (34 T3 yx1077 133
370 < 37 %1075 CL_90% 139
ey lee] ( 6.70+0.07) x 104 s—1.1 299
t utu lee] ( 4.69+0.06) x 10~4 S=1.1 216
AS = 1 weak neutral current (51) modes

ut s1 < 32 x10~7  CL=90% 225
ete” s1 < 14 %1077 CL—90% 249
wVete s1 < 11 x 1076 CL=90% 231

1Py = 307)

my, — myg — (0.5301 £ 0.0014) x 1010 s 1
= (3.489 =+ 0.009) x 10712 MeV
Mean life 7 = (5.17 + 0.04) x 1078 s (S =1.1)
cr =1551m

Slope parameter g [*]

(See Particle Listings for quadratic coefficients)
K9 = 7t 7% — 0670 £0014 (S—1.6)

K; decay form factors (%]
K9, Xy =0.0300 £ 0.0016 (S =1.2)

Ap =0.034 £0.005 (S =23)

KO Mo =0.025+0.006 (S=23)

K% |fs/f| < 0.047CL =68%

K9 |fr/fy| < 0.237CL=68%

KO |fr/fe| =012+ 012

K — ete y e = —0.28 +0.08
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CP-violation parameters [¢]
§ = (0.327 £ 0.012)%
[noo| = (2.275 £ 0.019) x 1073 (S = 1.1)

[n4—| = (2.285 4+ 0.019) x 1073
[00/11+—| = 0.9956 + 0.0023 71 (s = 1.8)
dfe=(15+08)x1073 17 (5 =18)
b = (435 +0.6)°
oo — (43.4 + 1.0)°
doo — ¢4 =(-01+08)°
jfor K — #+x~#%=0.0011 + 0.0008
[74—y]| = (2.35 £ 0.07) x 1073
by = (44£4)°
€y |/e < o3rcL =o0%
AS = —AQin K% decay
Re x = 0.006 + 0.018 (S = 1.3)
Im x=—0.003 +£0.026 (S =12)
CPT-violation parameters
Re A = 0.018 + 0.020
Im A =0.02 + 0.04

Scale factor/ p

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

370 (21.12 4027 ) % s—1.1 139
atxx0 (12.56 £0.20 ) % $=1.7 133
T lsg] (2717 £025 )% s=1.1 216
0
Called K 3
rteFu, lgg] (38.78 +£0.27 )% s5—1.1 229
0
Called Kgs.
2 (592 +0.15 ) x 1074 249
3y < 24 x 1077 CL—90% 249
702y [Wh] (170 £028 ) x 10— 231
wOrteFu lgg] (518 +£029 ) x10~5 207
(7 palom)r (1.06 £0.11 ) x 107 -
st eFuay lngghh] (262 T329 )5 1073 229
alr v uhh] (461 £014 Yx10 5 206
w0x0n < 56 %1076 200

Charge conjugation x Parity (CP, CPV) or Lepton Family number (LF)
violating modesor AS = 1 weak neutral current (51) modes

rta~ [e2% ( 2.0674+0.035) x 1073 $=1.1 206
7070 PV (936 £020 ) x 1074 200
whu— s1 (72 +05 )x1079 s_14 225
wtpy st (325 +£0.28 ) x 1077 225
ete™ s1 < 41 x 10711 cL=90% 249
ete s1 (91 +05 )x107® 249
ete vy st [m] (65 +12 )x1077 249
atrTete” S1 [hH] < 46 x 1077 CL=90% 206
utpuete™ s1 (29 57 )x107° 225
ete ete™ s1 (41 +£08 )x1078 s=1.2 249
Ot CPISt [i] < 5.1 x 1079 CL_00% 177
wete CPISI [if] < 43 %1072 €l —90% 231
Faa%7 cPrs1 [j] < 58 %1075 CL=90% 231
et T LF [gg] < 33 x 10711 cL=90% 238
etet FuF IF [gg] < 61 x 1079 CL_90% -

1Py =4017)

K*(892)T mass m = 891.66 & 0.26 MeV
K*(892)° mass m = 896.10 + 0.28 MeV (S = 1.4)
K*(892)T full width [ = 50.8 + 0.9 MeV
K*(892)° full width I = 50.5 + 0.6 MeV (S = 1.1)

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

Kr ~ 100 % 291
KOy ( 2.3040.20) x 1073 310
Kty ( 99 409 ) x 1074 300

Krrm < 7 x 1074 95% 224

1Py = 3

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

K;(1270) DECAY MODES Fraction (I';/T) p (MeV/c)
Kp (12 +6 )% 76
K§(1430) 7 (28 +4 )% -
K*(892) (16 +5 )% 301
Kw (11.04+2.0) % -
K (1370) (3.0£2.00% -

1Py = 30

Mass m = 1402 £+ 7 MeV
Full width I’ = 174 + 13 MeV (S = 1.6)

K1(1400) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892)w (94 +£6 )% 401
Kp (3.0£3.0)% 298
K 15(1370) (20+£2.0)% -
Kw (1.0+1.0)% 285
K§(1430) 7 not seen -

1Py = $(17)

Mass m = 1414 + 15 MeV (S = 1.3)
Full width I' = 232 +£ 21 MeV (S = 1.1)

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

K*(892) > 40 % 95% 408
K= (6.6+1.3)% 611
Kp < 7 % 95% 309

1Py = 4ot)

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

K%(1430) DECAY MODES Fraction (;/T) p (MeV/)

K= (93£10) % 621

1Py = 424

K35(1430) mass m = 1425.6 & 1.5 MeV (S = 1.1)
K3(1430)° mass m — 1432.4 & 1.3 MeV

K5(1430)F full width I = 98.5 £ 2.7 MeV (S = 1.1)
K35(1430)° full width T =109 +5 MeV (S = 1.9)

Scale factor/ p

K;(1430) DECAY MODES Fraction (I';/I) Confidence level (MeV/c)

K= (49.94+12) % 622
K*(892)m (24.7£1.5) % 423
K*(892)mn (13.4+2.2) % 375
Kp ( 87+0.8) % S$=1.2 331
Kw ( 2.9£0.8) % 319
KTy ( 2.4+0.5) x 1073 s—1.1 627
Kn (15538 x 1073 $—13 192
Kwrm < 72 x 1074 CL=95% 110
KOy <9 x 1071 CL=90% 631




11-14

1Py = 4a7)

Mass m = 1717 = 27 MeV (S = 1.4)
Full width ™ = 322 + 110 MeV (S = 4.2)

K*(1680) DECAY MODES Fraction (I';/T) p (MeVic)
K= (38.742.5) % 779
Kp (31a*5) % 571
K*(892)w (209+22) % 615
1Py =367
Mass m = 1773 = 8 MeV
Full width ' = 186 + 14 MeV
K5(1770) DECAY MODES Fraction (I';/T) p (MeV/e)
Krn -
K3(1430) 7 dominant 287
K*(892)w seen 653
K H(1270) seen -
Ko seen 441
Kw seen 608

1Py = 4(37)

Mass m = 1776 =7 MeV (S = 1.1)
Full width I = 159 4 21 MeV (S = 1.3)

K%(1780) DECAY MODES Fraction (I';/T)

p
Confidence level  (MeVje)

Kp (Bl +£9 )% 612
K*(892)x (20 £ 5 )% 651
Kr (18.8+ 1.0) % 810
Ky (30 +£13 )% 715
K3(1430)x <16 % 95% 284
1Py = 4@7)

Mass m = 1816 £ 13 MeV

Full width ' = 276 + 35 MeV
K5(1820) DECAY MODES Fraction (I';/T) P (MeVic)
K;(1430)7r seen 325
K*(892)w seen 680
K H(1270) seen 186
Kw scen 638

107y = 36)

Mass m = 2045 + 9 MeV (S = 1.1)

Full width ' = 198 + 30 MeV
K73(2045) DECAY MODES Fraction (I;/T) p (Mev/)
Kr (9.9+1.2) % 958
K*(892)r = (9 +5 )% 800
K*(892)rrrw (7 £5 )% 764
pKm (5.7£3.2) % 742
wKr (5.03.0) % 736
PK=w (2.8:1.4) % 591
PK*(892) (1.4+0.7) % 363

Meson Summary Table

CHARMED MESONS
(C=+1)

DT =cdlDP = ¢l D =cur D~ =Tdl  similarly for D*'s

1Py = 307)
Mass m = 1869.3 = 0.5 MeV (S =1.1)

Mean life 7 = (1.057 = 0.015) x 10712 5
cr = 317 ym

CP-violation decay-rate asymmetries
Acp(KTK 7%) = —0.017 + 0.027
Acp(KEK*0) = —0.02 + 0.05
Acp(epnE) = —0.014 + 0.033
Acp(rta=7+)=—002+004

Dt — K*(892)° &+ vy form factors
= 0.72 = 0.09
r, =1.85+0.12

r/Tr =123+013
My/T_ — 016+ 0.04

D™ modes are charge conjugates of the modes below.

Scale factor/ p

D+ DECAY MODES Fraction (F;/I) Confidence level  (MeV/c)

Inclusive modes

et anything (172 +19 )% -

K~ anything (242 +28 )% s—1.4 -

KOznything + KOarything (59 *7 )% -

K+ znything (58 +£1.4)% -

7 enything [nn] < 13 % CL=20% -

Leptonic and semileptonic modes

whu, < 72 x10 4 CL=090% 932

KOty [oo] ( 65 =05 )% 368
KOet v, (67 £09)% 268
KOutu, (70 38y % 865

K- xtetu, (a1 82 y% 863
K*(892)%* 1, (32 +£033)% 720

x B(K*0 — K~ xT)

K~ nt et u, nonresonant < 7 x 1073 CcL=90% 863
K=rtpty, (32 +04)% S=1.1 251

K*(892)0 it v, (29 +04)% 715

% BR™® = K~ %)

K=+ i+ v, nonresonant (27 +11)x1073 251
(K*(892)m)0et v < 12 % CL=90% 714
(K 77)° e™ ve non-K*(892) < 9 x1073  CL—90% 846
K=nta0uty, < 14 x1073  CL=90% 825
70ty [ppl (3.1 415 )x 1073 930

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

K*(892)0 4t v, [oo] ( 47 =04 )% 720
K*(892)%* 1, (48 +£05)% 720
K*(892)00uty, (44 +£06)% S=1.1 715

Petue (22 £08)x1073 776

Pt u, (2.7 +0.7 ) x 1073 772

pet v, < 2.09 % CL=90% 657

dut < 372 % CL=90% 651

1ty < 5 x1073  CL_90% -

7' (958) T, <9 x1073  CL=90% 684

Hadronic modes with a K or KKK
Koxt ( 2.89+0.26) % S=1.1 862
K- atxt [ag] (9.0 +06 )% 845
K*(892)° n ( 1.27:0.13) % 712
w BR™® - K~ 7F)

K3(1430)0 7+ (23 +£03)% 368
x B(K3(1430)° — K~ 7+)

K*(1680)0 n+ (37 408 )x 1073 65
x B(K*(1680)° — K—x+)

K~ 7T 7 nonresonant (85 +08)% 845
KOxtx0 lga] (97 +3.0)% S=L.1 845



Meson Summary Table

KOpt 66 £2.5 )%
K*(892)° 7+ 63 +0.4 ) %1073
x B(K* — K°#9)
K97+ 70 nonresonant (13 £11)%
K~ ntrt g0 [gq] (64 £11)%
K*(892)° pT total (1.4 £09 )%
x B(K*® = K=z
K1(1400)° 7t (22 06 )%
x B(K1(1400)° — K~ 7 tz°)
K~ ptattotal (31 4+11)%
K~ pt a1 3-body (11 £04)%
K*(892)° T xtotal (45 £09 )%
x B(R® — K-
K*(892)° 7t 7%3-body (28 £09 )%
x B(K*® — K—xt)
K*(892)~ nt nt 3-body (7 +3 )x1073
x B(K* — K 79
K~ ntxt 70 nonresonant [l (12 £06 )%
Kortrtn [ag] (7.0 £09 )%
K a1(1260) (40 £09 )%
x B(a1(1260)t — 7t atr7)
K1(1400)° 7t (22 06 )%
x B(K1(1400)° — K%z tx7)
K*(892)~ nt nt 3-body (14 +06)%
x B(K*~ = K°z™)
KO 2t total (42 £09 )%
KO 2t 3-body (5 +5 )x1073
KOtz 7~ nonresonant (8 +4 )x1073
K- ntrtatne™ lgg] (7.2 1.0 )x 1073
K*(892)°xtnta— (54 £23)x1073
% B(RK™ = K=t
K*(892)°p° 7t (19 Tl yxi03
x B(K*® - K~ xt) ‘
K*(892)°rt rt 7~ no-p (29 +11)x1073
x B(K*® — K~ xt)
K=t xt (31 109 )x1073
K~ xTrtat x~ nonresonant < 23 %1073 CL=90%
K atxtg0z0 (22 tgg )%
Kortrtrx° (54 fig )%
Kortrtrta—n— (8 =£7 )x 1074
K- rtatrta— 70 (20 +18 )x 1073
KOKOK+ (18 £08 )%

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

KOpt (66 £25 )%
KOy (1260)T (80 +£17 )%
KO a,(1320)F < 3 %1073 CL_90%
K*(892)0x+ ( 1.90£0.19) %
K*(892)% pT total [l (21 £13)%
K*(892)° pt S-wave [l (16 £16 )%
K*(892)° pt P-wave <1 %1073 CL=90%
K*(892)° p D-wave (10 +7 )x1073
K*(892)° pt D-wave longitu- <7 x 1073 CL=90%
_ dinal
K1(1270)° 7+ < 7 x1073  CL=90%
K1(1400)% (49 £12)%
K*(1410)0 7+ <7 %1073 CL_90%
K3(1430)°0 7+ (3.7 £04)%
K*(1680)° 7T ( 1.43030) %
K*(892)% rt nCtotal (67 £14)%
K*(892)°xt x03-body [l (42 £14)%
K*(892)~ nt nt 3-body (20 £09)%
K~ ptattotal (31 £11)%
K pTxt3-body (11 £04)%
KO0t total (42 £09 )% CL_90%
K° p° rt 3-body (5 +5 )x10 3
KO £5(980) 7T <5 %1073 CL—90%
K*(892)0°xtntz— (81 £3.4)x 1073 s=17
K*(892)° p"n (29 T yx1073  s=138
K*(892)°r T rtxnop (43 £17 )x 1073

K= pPrtat (3.1 409 )x 1073

680
712

845
816
423

390

616
616
687

687

688

816
814
328

390

688

614
614
814
772
642

242

642

529
772

775

773

714
718
545

680
328
199
712
423
423
423
423
423

487
390
382
368

65
687
687
688
616
616
614
614
461
642

242

642
529

Pionic modes

ot 0 (25 £0.7 )x 103
atrta~ (3.6 +04 )x10~3

POnt ( 1.05+0.31) x 1073

at 7T 7~ nonresonant (22 404 )x1073
atata 20 (19 f%g )%

nrt x By — ata—7Y) (17 +06 )x 1073

wrt x Blw — «ta 7Y < 6 %1073 CL=90%
atatatar™ (2.1 £04 )x 1073

atatate—r 20 (29 f%g )% 1073

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

pat (75 +2.5 )x10~3
POrt ( 1.05+0.31) x 1073
wrt <7 %1073 CL=90%
npt < 12 % CL=90%
7' (958) =t <9 %1073 CL=90%
7'(958)p™ < 15 % CL=90%
Hadrenic medes with a KK pair
Kt KO (7.4 £1.0 )x 1073
Kt K=zt laq] ( 85 £08 )x 1073
o1t x Blp — KTK™) (30 £03 )x 1073
KTK*(892)° (28 £04 )x 1073
x B(K*® = K1)
K+ K~ 77T nonresonant (45 409 )x 1073
KOKOzt —
K*(892)+ K° (21 +10)%
x B(K*t — KOrt)
KtK—xtx0 —
orta x B(¢p — KTK™) (11 405)%
¢pt x Blp — KTK ) < 7 x 1073 CL=90%
Kt K=zt 7%non-¢ (15 P27y
KtKOxtr— < 2 % CL=90%
KOK—ztrt (1.0 06 )%
K*(892)t K*(892)° (12 £05)%
x B2(K*t — KOxT)
KOK— xt 7t non-K*+ K*0 < 79 %1073 CL=90%
KtK ztztr —
ortrtr™ < 1 %1073 CL=90%
x B(¢ — KT K™)
K+ K= 7% 7% 7~ nonresonant < 3 % CL—90%

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

ort (61 £06)x1073
prt 70 (23 £1.0)%

opt < L4 % CL=90%
prtata™ < 2 %1073 CL=90%
KT K*(892)° (4.2 £05 )x 1073
K*(892)t KO (32 £15)%
K*(892)1 K*(892)° (26 £11)%

Doubly Cabibbo suppressed (DC) modesl”
AC =1 weak neutral current (C1) modeslor

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

Ktata™ DC (68 £15 )x 1074
Ktp° pC (25 +1.2 yx 1074
K*(892)° nt DC (36 £16 )x 1074
KT 7T 7 nonresonant D¢ (24 £12 )x 1074
KTKTK™ DC < 14 %1074 CL=90%
pKT DC < 13 %1074 CL_90%
atete c1 < 66 x 1075 CL=90%
atutp~ c1 < 18 %1075 CL=00%
ptutu c1 < 56 x 1074 cL=o00%
Ktete™ [ss] < 2.0 %1074 CL=90%
Ktutu~ [ss] < 9.7 x 1075 CcL=90%
tetu~ LF < 11 x 1074 CL—90%
ate ut LF < 13 %1074 CL=90%
KTetyu™ LF < 13 %1074 CL=90%

925
908
769
908

882

848
764
845

799

848
769
764
658
680
355

792
744
647
610

744
741
611

682
619
268

682

678
678
273

678
600
565

600

647
619
268
565
610
611
273

845
681
712
845
550
527
929
917
759
869
856
926
926
866
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Kte put LF

CL=90%

866

Meson Summary Table

< K= rtx0 [ga]l (139 409 )% s—13 844
retet L < 11 x 1074 CL—90% 929 K= pT (108 +1.0 )% 678
Tt L < 87 x 1075 CL=90% 917 K*(892) " x (17 402 )% 11
retpt L < 11 x 1074 CcL=90% 926 X B(K* — K 19)
p ot L < 56 x 1074  CL=90% 759 K*(892)070 (2.1 +£03)% 709
K~ etet L < 12 x 1074 ClL=00% 869 x B(K*® — K~ 77t)
K™ utut L < 12 x 1074 CL 90% 856 K~ 770 nonresonant (69 £25)x 1073 844
K~ etut L < 13 x 1074 cL=90% 866 KO7070 — 843
K*(892)~ ptpt 1 < 85 1074 CclL=90% 703 K*(892)970 (11 +02)% 700
% B(K*0 — K°z0)
P 1 K979 70 nonresonant (7.9 421 )= 1073 843
1(07)=3(07) K- xtata— laq] (7.6 =04 )% S=1.1 812
— 0
Mass m — 1864.6 = 0.5 MeV (S = 1.1) K pa tht;'b . E o2 s ;%10 . o
_ _ 7+ pP3-body 8 +2.1 ) x 107 2
My — Mpp = 476 4 0.10 MeV (?77 1.1) (89230 0 (o8 422 )x10-3 s
Mean life 7 = (0.415 £ 0.004) x 10~ '* s % B(R® — K= F)
or =1244 pm 10 . » K~ ay(1260)* (36 +£06 )% 327
|ng — ng| < 24 %1019 A s~ IrCL = 90% [t x B(ay(1260)* — atataT)
1 2 —
IFpo = Tpol /T < 0.207CL = 90% [ K*(892)%7+ 7 total (15 +0.4)% 683
LR, o . x B(K*0 — K~ x7T)
T(K* =7 (via D)) /T (K™ £T 1) < 0.005M CL = 90% K*(892)0 r 7~ 3-body (9.5 +2.1 )x 103 683
M(K~x orK~x = = (viaD%)) o x R(?*O — K= xt)
< 0.0085 (or < 0.0037)ICL =
F(K—7 orK—7 7 77) ( ) K1(1270) " 7+ [l (36 £1.0)x 1073 483
90% [44] % B(Ki(1270)~ — K~ x+r7)
i . K~ 77+ 7~ nonresonant ( 1.76-:0.25) % 812
CP-violation decay-rate asymmetries —
i Ny = ! Kortn 0 [aa] (100 +1.2 )% 812
ACP(K+ K) =0026£0.035 KO x B(y — wta—x9) (16 +03 )x 103 772
Acp(rm~) =—0.05 +0.08 K% x Blw — xtx 79) (1.9 +£0.4 )% 670
Acp(K2$) = —0.03 + 0.09 K*(892)~ pt+ (41 +16 )% 422
Acp(K %) = —0.018 + 0.030 X B(K*™ — K%77)
5 ) K*(892)° p° (49 +11 )x1073 418
DY modes are charge conjugates of the modes below. w B(?*O _ ?o 7r0)
Scale factor/  p Ki(1270) =+ [r] (5.1 +1.4)x1072 483
D DECAY MODES Fraction (I';/T) Confidence level (MeV/c) x B(K:(1270)~ — anrfﬁn)
Inclusi a K*(892)0 7T 7~ 3-body (45 +£1.1 )x1073 633
Inclusive ma: 0, 00
eTanything ( 6.75::0.29) % - " f('f 0 K2x%) .

-+ anythin 6.6 10.8 )% _ K" 7 x~ x" nonresonant (21 +£21)% 812
T anything ( )% K~ xtx0x0 (15 +5 )% 815
K~ anything (53 +4 )% $=13 - K atn e 0 (41 204 )0/" -
KO anythin K%anythin 42 45 )% - T . SN

N Y '_g+ vining ( o8 ) K*(892)%xt 70 (1.2 +06 )% 641
K™ anything (34 o0 )% - x B(?*O - K—7th)

7 anything [nn] < 13 % CL—90% - K*(892)0y (29 +08 )x 1073 580
o % B(K*® = K—z7T)
Semileptonic modes < B(y — xTr a9
K=+, Jool ( 3.50+0.17) % $=13 867 K- 7w % Blw — w7 x0) (27 +05 )% 605
K= eT v, ( 3.66-:0.18) % 867 R*(892)0w (7 +3 yx10-3 106
K utuy, (3.23::017) % 863 x B(K*0 — K—x7T)
K~ %t u, (16 Tiye% 861 % Blw — wta—x9)
%0 " 17 s KOortrtr—n— (5.8 £1.6 )x 1073 768
T eTy, 2.8 g % 860 —
y < N (28 Zog )% KOt n—x070(x0) (06 T3 )% 771
K*(892) eTre ( 1.35+0.22) % 719 O K+ o~ . 11‘ 10-2 -
x B(K*~ — K%x™) K (9. 0)x10
K*(892)~ £+ 1, _ _ K9 x B(¢p — KtK™) (43 +05 )x 1073 520
Al O K+ K= non-d 3
K*(892)07r* et o 708 0K é( OK non-¢ (51 408 )x 1074 544
K= rtrptu, < 12 %1072 CL=00% 821 KiK{K{ N (84 15 )% 1074 538
(K*(892)m) " pty, < 14 x 1073 CL=90% 693 K™K 5 B (21 £05 )10 434
ety (3.7 +06 )x 1072 227 K+ K~ KOx0 (72 48 )x103 435
A fraction of the following resonance mode has already appeared above as Fractions of many of the following modes with resonances have already
a submode of a charged-particle mode. appeared above as submodes of particular charged-particle modes. (Modes
K*(892)7 et Ve ( 2.02::0.33) % 719 fborI whi)ch there are only upper limits and K*(892) submodes only appear
elow.
Hadronic modes with a K or KKK Kop (71 £10 )x 1073 772
K xt ( 3.85£0.09) % 861 KO0 ( 1.2140.17) % 676
KoxO (212£021) % 511 860 K~ pt (10.8 £1.0 )% s=1.2 678
KOrtn— lgq] (54 +£04 )% $=1.2 342 KO (21 +04 9% 670
a0 K 2. 4 )%

LS (ra1koins 676 K04/ (958) ( 1.72+0.26) % 565

K? 15(980) . (3.0 £08 )10 549 KO £,(980) (5.7 +1.6 )x 1073 549

iy Bllo - 7777) L K9 (8.6 +£1.0 )x 1073 520

K° 5(1270) . (24 +£09 )x 10 263 K~ 2y (1260)* (7.3 £11 )% 397

Bl ) » K03,(1260)° < 19 % cl-so%  3m

K° 16(1370) - (4.3 &£1.3 )10 - KO £,(1270) (42 +£15 )x 1073 263

> B(@jr ) K~ a(1320)+ < 2 x 1073 CL—90% 197

K*(892) i N (34 £03)% 711 KO £(1370) (70 +2.1 )x 103 _

= B(K™ ¥ Km™) 5 K*(892)~xt (5.1 +0.4 )% s=12 711

K§(1430) = B (6.4 £1.6 )x 10~ 364 K*(892)0 0 (3.2 £04 )% 200

 x B(K3(1430)" — KOz ) K*(892)°x T x total (2.3 +05 )% 683

KOzt 7~ nonresonant ( 1.47-£0.24) % 842 ?*(892)°7r"'7r 3-body ( 1.434032) % 633



Meson Summary Table 11-17

K~ 7t pPtotal (63 £04)% 612 dw < 21 %1073 CL—90% 239
K=zt p°3-body (48 +21 ) x1073 612 drta— (1.0840.29) x 1073 614
K*(892)° p° ( 1.474033) % 418 ¢p° (6 +3 )x1074 260
K*(892)° pPtransverse (15 +05 )% 418 ¢t 3-body (7 45 )x1074 614
K*(892)° p” Swave (28 £06 )% 418 K*(892)°K—xt+ c.c. [ww] < 8 %1074 CL=90% -
K*(892)° p° S-wave long. < 3 %1073 CL=90% 418 K*(892)° K*(892)° (1.4 +05 )x1073 257
K*(892)° p° P-wave < 3 x1073  CL=00% 418 ]
K*(892)° p° D-wave (19 £06 )% 418 Doubly Cabibbo suppressed (DC) modesr
K*(892) p* (61 424)% 12 AC =2 forbidden via mixing (C2M) modesl"

. I, AC =1 weak neutral current (C1) modeslor

K*(892)~ pT lorgitudinal (29 £12)% 422 . -
. _y . Lepton Family number (LF) violating modes

K*(892)~ p™T transverse (32 +£18)% 422 e D 4

K*(892)~ p* P-wave < 15 % CL=oo% 422 KJ ve(via D°) @M< 17 xomh chmso -

K~ £,(980) < 11 o CL=90% 159 K 7r+or7 I oM < 10 > 10 CL=90% -
K*(892) £,(980) <7 %1073 CL=00% - K*K’ mot T (via D7) .

Ky (1270)" =t [l ( 1.06£0.29) % 83 K*Tr* 2 70 bc (28 £09 ) x 1074 ! 861

K (1400)" =t < 12 % CL=90% 386 +7r7(vf b%) < 19 X1074 CL=90% 861

K, (1400)0 0 < 37 % CL=90% 387 K+7r [ bc (19 £27 )x10 812

K*(1410)~ 7+ < 12 o CL_oo% w78 Ktr rtr (VIQ‘LU) ) < 4 x 10*: CL=90% 812

_ S _ o _

K(1430) 7+ (1.044£026) % 64 lt+ aiythmg (via D) < 4 x 10 . CL=90%

K3(1430) 7+ I 103 Clson w7 ete c1 < 13 %1075 CL=90% 932

73 0o < . 7 whu— c1 < 41 %1076 CL_90% 926

75(14303 1 e < 4 10 CL=s0% 363 Oete” c1 < 45 x1075  CL=90% 927

Kig*92) A (18 £09 ):/° 641 Ot c1 < 18 %1074 CL=90% 915
K &892) n (19 £05)% 580 nete” c < 11 x107%  CL9o% 852

K?t(g“éz)U (30 £06)% 605 putu~ c1 < 53 x107%  CcL=90% 838

w (11 £05)% 406 0ot o —4 —o0?
k pPete c1 < 10 x 10 CL=90% 773

KJ;* 7]'(9U58/) (70 £18)x1073 479 POut c1 < 23 x10~4  CL=90% 756
K*(892)"7'(958) < 11 x107%  CL=90% 99 wete™ c1 < 18 x10 4 cl=so% 768

o S . —4 .
Pionic modes w,u+ ,ui C1 < 83 X 1075 CcL 902/0 751

o ( 1.53+0.09) x 103 999 peTe c1 < 52 % 10 CL=90% 654

70,0 (85 £2.2 )x 10~4 922 dutu~ c1 < 41 x107%  CL=90% 631

e (16 411)% 527 907 ng+ e~ [ss] < 11 x1074  CL=90% 866

at ot (74 £06 ) x 10-3 879 KOt~ [ss] < 26 x107%  CL=90% 852

atrtr— 70 (15 +04)% saa K*(892)%et e [ss] < 1.4 x4 cl=e% 717

wFatrt e (40 £3.0 )x10—4 795 K*(892)° it pi— [s] < 118 x1073  CL=90% 698

) ) S ‘fr*‘fr"fro,u*,u’ C1 < 8.1 x1074  CL=90% 863
Hadronic modes with a K K pair uteF LF [gg] < 19 %1075 CL=90% 929

KtK- ( 497+0.16) x 1073 791 Ot ¥ LF [gg] < 86 %1075 cL=90% 924

KE K° (65 +18 )x1074 s=12 788 net ut IF [gg] < 10 «10 4 Cl—9u% 848

K K™ at (64 £1.0)x1073 $=1.1 739 PPet T LF [gg] < 49 %1075 cL=90% 769
K*(892)° KO < 11 %1073 CL_90% 605 wet T LF gl < 12 %1074 CL=90% 764

x B(K*® = K~ x7T) pet T LF g8l < 3.4 %1075 CL=90% 548
K*(892)T K~ . (23 05 )x1073 610 KetpT LF g8l < 10 %1074 CL=90% 862

x B(K*" — KOr™) K*(892)0 e 11 F LF gl < 10 %1074  CL—90% 712
K° K~z nonresonant (23 423 )x1073 739

KOKtn— (50 £1.0 )x 1073 739

K*(892)" K° <5 x107%  CL_90% 605 1Py =11
x B(K* — Ktn7) IT JT P need confirmation.
- - K+ 3

K=(892) K™ (12 +07)x10 610 Mass m = 2006.7 = 0.5 MeV (S = 1.1)
x B(K*~ — K°r™)

o ) Mg — Mpo = 142,12 + 0.07 MeV

KOK*r nonresonant (39 F23)x1073 739 Full width T < 2.1 MeVI'CL = 90%

+ K0 -3 _

K'K™x (1.3 +04)x10 742 D*(2007)0 modes are charge conjugates of modes below.

KY Km0 < 59 x10~4 739

KtK—ntr™ [W] ( 2.52+0.28) x 103 676

D*(2007)° DECAY MODES Fraction (F;/T" MeV)
T % B(p — KTK™) (53 +1.4)x1074 614 (2007) raction (7/7) P (M0
¢p° % B¢ — KTK™) (3.0 £1.6 )x 1074 260 Dgfro (61.9+2.9) % 43
Kt K= p°3-body (9.1 423 )x1074 309 D%y (38.1£2.9) % 137
K*(892)° K~ 7t 4cc. [ww] < 5 x 1074 528
x B(K* — Ktn™)
_ P 10—
K*(892)° K*(892)° (6 +2 )x1074 257 (7)) —3017)
x B2AK* — K+zo) T JT P need confirmation.
KT K=t a non-¢ _ 676 Mass m = 2010.0 = 0.5 MeV (S = 1.1)
K+ K= m— nonresonant < s w10-%  clesow 676 M peaoro)- — Mp- = 140.64 £ 010 MeV (S =1.1)
KOKOnt (69 +27 )x 1073 673 Mpe(ao10)- — Mpo = 145.397 + 0.030 MeV
KTK—rtr =" (31 £20)x1073 600 Full width T < 0.131 MeVICL — 90%
) . . D*(2010)™ modes are charge conjugates of the modes below.
Fractions of most of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

7"(892)0 KO < 16 «10~3  CL=90% 605 D“‘(Zl?llo)jt DECAY MODES Fraction (I';/T") p (Mevic)

K*(892)T K~ (35 +08 )x 1073 610 Dzt (68.3+1.4) % 39

K*(892)° KO+ < 8 x107%  CL—90% 605 D+ g0 (30.6+2.5) % 38

K*(892) K (1.8 £1.0)x1073 610 51

Dt 11721y 136
¢7° < 14 %1073 CL=90% 644 v (112p7)%

&1 < 28 x1073  CL=90% 489
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1Py =101

I T P need confirmation.

Mass m = 2422.2 + 1.8 MeV (S = 1.2)
Full width I = 18.972% Mev

Meson Summary Table

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

D} = csrD; —es  similarly for D¥'s

El (2420)0 modes are charge conjugates of modes below.

0 i D* P _
Dy (2420)° DECAY MODES Fraction (I;/T) p (Mev/c) s = H{J7)=0(0")
D*(2010)F 7~ seen 355 i
DFa not seen 474 Mass m = 19685 + 0.6 MeV (S = 1.1)
mDS: —Mmp- —99.2+05MeV (S —-1.1)
1Py =3@h Mean life 7 = (0.467 & 0.017) x 10712 5
P cr = 140 um
— ot assi
J7 = 27 assignment strongly favored (ALBRECHT 89B). D:_ form fa
Mass m= 2458.9 + 2.0 MeV (S =1.2) =16+ 0.4
Full width ' = 23 £ 5 MeV fy=15+05
55(2460)0 modes are charge conjugates of modes below. /T =072+0.18
Branching fractions for modes with a resonance in the final state include
D;(zm)° DECAY MODES Fraction (I';/T) p (MeV/c) all the decay modes of the resonance. D~ modes are charge conjugates
of the modes below.
Dta— seen 503 Scale factor/ P
D*(2010)+ T seen 187 Df DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Inclusive modes
1Py = 1" K~ anything i Ty -
KCanything + K%anythin 39 128 )% -
JP — 2% assignment strongly favored (ALBRECHT 89B). p 0 hi y vning ¢ L8 ) : B
Mass m = 2459 = 4 MeV (S = L.7) anything @0 T4 )%
_ _ _ non- K K anythin, 64 +17 % -
M e oas0y= ~ Mpsaseoy = 0-9 £ 33 MV (S =1.1) ” _ ything ( - )
Full width I = 252 Mev e anything (s T5 )% -
¢ anything (s 15 )% -

D§(2460)’ modes are charge conjugates of modes below.

Leptonic and semileptonic modes

D‘2'(2460)i DECAY MODES Fraction (I';/T) P (MeV/c) wt v, (a0t %g ) x 1073 s—1.4 981
DOxt seen 508 o, (7 +4 )% 182
D*Ort seen 390 IYan ] (20 £ 05)% -
v + 0 (958) 41 vy Pl (34 + 10)% -
nétyy (25 +07)% -
7' (958) 41 vy (88 + 34 )x1073 -
Hadronic modes with a KK pair (including from a )
KTKC (36 + 11)% 850
Kt K— 7t ag] (44 + 12)% $—1.1 805
ont Iyl (36 1L 09)% 712
KT K*(892)° ]l (33 +008)% 682
£(980)r T vl (18 L 08)% s=1.3 732
KT K3(1430)° byl (7 +4 )x1073 186
£(1710) 7t — KTK= 7t [z (15 + 1.9 )x1073 204
K'! K 7! nonresonant (9 +4 )x1073 805
KOK 7t — 802
K*(892)t K° Dyl (43 + 14)% 663
KtK=zt 70 — 748
Grt 70 byl (9 +5 )% 687
p! vl (67 +23)% 407
$r T 793-body byl < 26 % CL_90% 687
Kt K=zt 7%non-¢ < 9 % CL=90% 748
KT KOzt 7= < 28 % CL=90% 744
KOK—ztrt (43 +15)% 744
K*(892)! K*(892)° Iyl (58 £ 25)% 212
KK~ xt 7t non-K*+ K*0 < 29 % CL=90% 744
KtK ntatr (83 +33)x10 3 673
drtata— byl ( 118+ 0.35)% 640
KT K= ztrtx non-¢ (30 7% 39)x1073 673

Hadronic modes without K's

atatr™ (1.0 £ 04)% $=1.2 959
Pt < 8 x 1074 CL=90% 827
£(980) 7+ Il (18 + 08)% $=1.7 732
6 (1270) 7+ Iyl (23 + 13)x103 559
H(1500)7t — 7Tr"xt  [aaal (28 + 16 )x 1073 391
a7+ 7~ nonresonant < 28 x 1073 CL=90% 959

atatr— 0 <12 % CL=00% 935

T byl (20 + 06)% 902
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wrt ] (31 4 14 )x1073 822
atatatr oo (69 + 30)x10 3 899
atata 79%0 — 902

npt Iyl (103 + 32 )% 727

nrtr93-body Il < 30 % CL=90% 886
atatates= =0 (49 £32)% 856

7'(958) 7+ ] (49 + 18)% 743
sttt e 2 x%x0 — 803

7'(958) p+ wl (12 L4 )% 470

7/(958) 7| 7°3-body Wl < 31 % CL=90% 720

Modes with one or three K's
KOnt <8 x1073 Cl=900% 916
Ktrta™ (1.0 +04)% 900

KT p° < 29 %1073 cL=90% 747

K*(892)°n+ byl (65 + 28 )x1073 773
KTKY K= < 6 x 1074 cL=90% 628

dKT Il < 5 x 1074 CL=90% 607

AC =1 weak neutral current (C1) modeslor
Lepton number (L) violating modes
atutu~ [ss] < 43 x10~4 cL=00% 968
Ktutu~ c1 < 59 x 1074 cL=90% 909
K892 T pt p— c1 < 14 x 1073 CL=90% 765
Tt L < 43 x 1074 CL=90% 968
K utut L < 59 x 1074 CL=90% 909
K*(892) pt pt L < 14 %1073 CL=90% 765
D 1Py =0
JP is naturallwidth and decay modes consistent with 17
Mass m = 2112.4 + 0.7 MeV (5 = 1.1)
mD;: — mDs: = 143.8 + 0.4 MeV
Full width ' < 1.9 MeVICL = 90%
Df:* modes are charge conjugates of the modes below.
D:+ DECAY MODES Fraction (I';/T) p (Mev/c)
Dy (94.242.5) % 139
D r° ( 5.8+2.5) % 8
Dy;(2536)* 1(4P) = o11)
JT P need confirmation.
Mass m = 2535.35 + 0.34 + 0.5 MeV/
Full width ' < 2.3 MeVICL = 90%
D41(2536) ™ modes are charge conjugates of the modes below.
Dgy(2536)+ DECAY MODES Fraction (I';/T) p (MeVfd)
D*(2010)T K© seen 150
D*(2007)° K+ seen 160
DT KO not seen 382
DOK+ not seen 392
D;Jr'y possibly seen 389
7
D, ;(2573)% 1Py = o(77)
JP is naturall width and decay modes consistent with 2.
Mass m = 2573.5 + 1.7 MeV
Full width I = 1575 MeV
D, 7(2573)™ modes are charge conjugates of the modes below.
D"J(2573)+ DECAY MODES Fraction (I';/T) P (MeV/)
DOK+ seen 436
D*(2007)0 K+t not seen 245

BOTTOM MESONS
(B= +1)

Bt = ublB® = dbr'B° = dbr B~ =l similarly for B*'s

B-particle organization |

Many measurements of B decays involve admixtures of B hadrons. Pre-
viously we arbitrarily included such admixtures in the B sectionl but
because of their importance we have created two new sections: “B%/B?
Admixture” for T(45) results and “B=/B°/B2/b-baryon Admixture” for
results at higher energies. Most inclusive decay branching fractions are
found in the Admixture sections. B%-B° mixing data are found in the B°
sectionlwhile B%-B2 mixing data and B-B mixing data for a 8°/82 ad-
mixture are found in the Bg section. CP-violation data are found in the
BP section. b-baryons are found near the end of the Baryon section.
The organization of the B sections is now as followsl where bullets indi-
cate particle sections and brackets indicate reviews.
[Production and Decay of b-flavored Hadrons]
[Semileptonic Decays of B Mesons]
o BE
massl mean life
branching fractions
o B°
massl'mean life
branching fractions
polarization in B® decay
BO-B° mixing
[B°-B° Mixing and CP Violation in B Decay]
CP violaticn
o BT BY Admixtures
branching fractions
« B*/B9/B8%/b-baryon Admixtures
mean life
production fractions
branching fractions
L] B)k
mass
. Bg
massl mean life
branching fractions
polarization in BY decay
BY-BY mixing
B-B mixing (admixture of BT BY)
At end of Baryon Listings:
o /ly
massl mean life
branching fractions
o b-baryon Admixture
mean life
branching fractions

11-19
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1Py 107) DFK° < 11 %1073 cL=90% 2241
DIt RY < 11 %1073 ClL_90% 2184
L DI K*(892)° 5 1074 cL=90Y 2171
T JT P need confirmation. Quantum numbers shown are quark-model Di+?£ 89; 0 < * 074 c 9004, 7
predictions. s K (+ ) < 4 % 10 ) CL=90% 2110
D_nTK %107 =909
Mass m . = 5276.9 + 1.5 MeV A <8 xlom cmsme
" ; — —aq®
Mean life 7 5 = (1.65 =+ 0.04) x 1012 s s T < 12 xdom Cl=so% 2164
or — 495 um Dy r T K*(892)" < 6 %1073 cL=90% 2137
B ] ) DI T K*(892) " < 8 %1073 Cl-90% 2075
B™ modes are charge conjugates of the modes below. Modes which do not
identify the charge state of the B are listed in the Bi/B0 ADMIXTURE Charmonium modes
section. J/p(1S)KT (9.9 +1.0 )x 1074 1683
Jp(AS)K T ntn~ (14 +06 )x 1073 1612
The branching fractions listed below assume 50% BOBC and 50% B8+ 8~ J/9p(18) K*(892)* ( 1.4740.27) x 1073 1571
praduction at the 7(45). We have attempted to bring alder measurements /(1 5)7r+ (5.0 +£15 )% 10~5 1727
up ta date by rescaling their assumed 7°(45) production ratia ta 50:50 ]/ 3‘(15) 4 7‘7 : 4 o )
and their assumed DI DI D*T"and + branching ratios to current values ) ’40 4 . <7 - 1073 CL=s0% 1613
whenever this would affect our averages and best limits significantly. J/¢(15) 31(1260) < 12 x 10 CL=90% 1414
Indentation s ueed to ndicat behomnel of ) con. Al P(2S)Kt (69 £31)x107% $—1.3 1284
ndentation 1s usex 0 1Indicate a subchannel of a previous reaction. I * —+ —3 ~1 —_ano,
resonant subchannels have been corrected for resonance branching frac- %(25) K+(832), < 30 * 1073 CL=s0% 115
tions to the final state so the sum of the subchannel branching fractions w(QS)K T (19 £12)x10 209
can exceed that of the final state. X1 (1PYKT (10 +04 ) x 1073 1411
Scale factor/  p X1 (1P)K*(892)* < 21 %1073 CcL=90% 1265
B+ DECAY MODES Fraction (/) Confidence level (MeV/c) K or K* modes
. ; . KOrt -5
Semileptonic and leptonic modes T (23 +11)x10 5 2614
n ) Kt 0 < 16 x1075  CL=90% 2615
+ ypanything lppl (103 +£03 )% - s i - -
QU[Jr v ol ( 1.86+033) % _ 71/ K*(892)" (65 +£1.7 )x 1074 ) 2528
D*(2007)° £+ 11, lppl (5.3 £08 )% - ”K Y < 13 x 1075 CL:90°/n 2472
ety < 22 %1073 clL=90% 2638 "K* 0+ < 14 X CL:QOeA’ 2567
Wty ool < 21 w104 Clesov B 7(*(8(92)0) N < 30 M 1075 CngoeA, 2534
Pt gl < 21 Y10t ClL_son _ (o2 +7r0 < 41 x 1075 CLzeoeA, 2561
et v, < 15 %1075 cl=90% = 2639 K+( 7 )+" < 99 X CL=s0% 2562
— —90¢
who, - o v105  Cleso% 9638 p Tr+ Tr+ nonresonan: < 28 % 10 : CL79O°A, 2609
¥ nonresonan < 56 10 = -
P < 5.7 x107%  CL—90% 2340 el CL=s0%
. K1(1400)° 7+ < 26 %1073 cL=90% 2451
€ vey < 20 x 10—t CL=so% B K%(1430)0 7+ < 68 1074 Cl=00% 2443
ut oy < 52 1075 cL=90% - 2 - * e
H Kt p0 < 19 %1075 cL=90% 2559
DI D*Tor D modes KO pt < 48 %1075 CL=90% 2559
DOrt (53 +05 )% 10-3 2108 K*(8*92)+71+70r’ < 11 %1073 CL=90% 2556
Qop+ ( 1.340.18) % 2038 K*(892) é) < 9.0 %1074 Cl-90% 2505
DO rt ot (11 £04 )% 2089 K1(1400)+/)0 < 78 %1074 CL=90% 2389
T n _
DOrt 7~ nonresonant (5 +4 )x1073 2289 K2(¥30)+/’ < 15 x1073  CL=90% 2362
DOt 0 (42 £30)x 10-3 2909 KT K° < 21 %1075 cl=o0% 2592
D% a,(1260)+ 5 44 )x10-3 2193 KT K~ T nonresonant < 7.5 %1078 CL=90% -
1
D*(2010) 7+ o+ (21 +06 )x10-3 2947 KtK— K+t < 20 %1074 CL90% 2522
D rtrt < 14 x10 3 Cl=90% = 2299 Ko < 12 %1075  cl=ao% 2516
D*(2007)0 7+ (46 +04)x10-3 2956 KT K K™ nonresonant < 38 %1075 Cl=90% 2516
D*(2010)* 7° < 17 %1074 Cl=90% 2254 K (892t KT K~ < 16 %1073 CL=00% 2466
Q*(2007)0p+ ( 155+031) % 2183 K*(892)t ¢ < 70 %1075 CL=90% 2460
D*(2007)° rt a7~ (94 £26 )x 1073 2036 K1(1400)" ¢ < 11 X173 Cl-eu% 2339
D*(2007)° a4 (1260) T (19 £05)% 2062 K3(1430) % ¢ < 34 %1073 CL=e0% 2332
D*(2010)" 7t 7t x0 (15 407 )% 2235 KT £5(980) < 8 x1075  CL-90% 2524
D*(2010)~#t at ot <1 % CL=o0% 2217 K*(892)" (57 £33)x1075 2564
D3 (2420)° 7+ (15 £06 )x 1073 s=13 2081 K1(1270) "y < 73 x1073  CL=o0% 2486
D*(2420)° p* < 14 x10-3  Cl=eo% 1997 K (1400) < 22 x1073  CL=90% 2453
D§(2460)° p - 13 «10-3  Cl—go% 2064 K3(1430) Ty < 14 %1073 CL=90% 2447
= & _
D5(2460)° pT < a7 x1073  Cl=so% 1979 K *(1680)17 < 19 x 10 z CL=90% 2361
Dot (13 £04 )% 1815 K1(1780)+7 < 55 x 10*31 CL=90% 2343
o D:* (9 +4 )x10-? 173 K;(2045) "y < 99 % 10 CL=90% 2243
9*(2007)0 o (1.2 £05 )% 1737 Light unflavored meson modes
D*(2007)° D} (27 +10)% 1650 rtr© < 20 x10 5 CL=90% 2636
ofx° < 20 x107%  CL=90% 2270 atata < 13 x107%  CLo9o% 2630
Dt Y < 33 x1074  CL=90% 2214 /,0‘,r+ < 43 x 10’i CL=90% 2582
D:ﬂ <5 O 7r+t[)(980) < 14 x 10 CL=90% 2547
b 4 T £(1270) < 24 x107%  cL=90% 2483
Dy < 8 x 10 CL—90% 2177 NS _5
S . 104 cleoom, 2198 7@~ ® " nohresohant < 41 x 10 CL=90% -
if 0 < * . =90% at 7070 < 89 %1074 Cl—s0% 2631
Di P < 5 * 10 Cl=s0% 2139 pta0 < 77 %1075 Cl_s0% 2582
Dfw <5 %1074 cL=90% 2195 ata"at a0 < 40 %1073 cl=90% 2621
Dfrw < 7 x 1074 Cl=90% 2136 ptp° < 1.0 x1073  CL=90% 2525
DY 2;(1260)° < 22 %1073 ClL=90% 2079 31(1260);r i < 17 x1073  CL=o0% 2494
+ ~ .
DT ay(1260)° < 16 «10 3 Cl—so% 2014 a}r(1260) T < 9.0 % 10 : CL=90% 2494
Do < a2 w104 Clesow 2141 wr < 40 % 10 CL=90% 2580
Dite < 4 %1074 cl=90% 2079
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nat < 15 %1075 CL-90% 2609 Indentation is used to indicate a subchannel of a previous reaction. All
7]’ xt < 3.1 %1075 CL=90% 2550 resonant subchannels have been corrected for resonance branching frac-
7]’ /)+ < 47 %1075 CL=90% 2493 tions to the final state so the sum of the subchannel branching fractions
7IP+ < 32 «10-5  CL—90% 2554 can exceed that of the final state.
atatate r™ < 86 %1074  CL—90% 2608 o Scale factor/  p
pO a (1260)+ < 62 <104 CL=90% 2434 BY DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
pPay(1320)F < 72 %10 4 CL—90% 2411 o N ,
atatat e a0 < 63 %1073 CL=90% 2592 ”fanf‘ ng [ (105 + 08 )f’ -
21(1260) 1 21 (1260)° < 13 % cL=90% 2335 D " lpp] (2.0 0.25) % -
D*(2010)~ ¢F 1 [ppl  ( 460+ 0.27) % -
_ Baryon modes Pty bl (25 + 98 ) <107t -
pprt < 16 x107%  CL—90% = 2439 ot N 8 .
pPprT nonresonant < 53 %1075 CL=90% - T (18 = 06 )x10
pprtrtn < 52 «107%  CL=90% 2369 Inclusive modes
pP K T nonresonant < 89 %1075 CL=90% - KT anything (78 +80 )% -
pA < 6 %1075 CL=90% 2430 .
pArtw < 20 %104 CL_90% 2367 . DrD*Tor Dg modes
ACp < 38 w1074 CL=90% 2402 Dr (30 £ 04)x1073 2306
Attp < 15 x107%  Cl—90% 2402 D pt (79 £ 14)x1073 2236
A prt (62 £27 )x104 _ Dortr— < 16 x1073 Cl=90% 2301
AZ prt a0 < 312 w10 3 cleso% _ D*(2010) # T ( 276+ 021)x10 3 2254
. - —atrta— w103
A prtata < 146 %1073 CL_90% - b T (80 & 2571072 2267
A prt 0 L34 " ooy, _ (D™=« %) nonresonant (39 +£19)x10 2287
cpT T < b ¢ =% Dt 0 (11 + 1.0)x1073 2007
Lepton Family number (LF) or Lepton number (L) violating modeslor D~ 31(1%‘034r (60 +33)x1073 2121
" )
AB =1 weak neutral current (B1) modes D*(2010)" ™ (15 +05)% s 2247
P - -
rtetes B1 < 39 %1073 CL=90% 2638 *D (2010) A (67 £ 33)x10 3 2181
ot B1 < 91 «10-3  CL—90% 2633 D (2(110) W—Tr+7r+ B (76 £ 17 )x10 . $—13 2235
Ktete B1 <6 %1075  Cl=90% 2616 (D*(2010)~ 7 * 7 ¥ 77) non- (00 L 25)x10 2235
Ktptu~ B1 < 10 1075 cl=90% 2612 resonant
T o ; D*(2010) "7+ o0 (57 + 3.1 )x1073 2151
K*(892)Tet e B1 < 69 % 10 CL=90% 2564 " - +
" b 3 s D*(2010)~ a,(1260) ( 130+ 0.27) % 2061
K*(892) Tty B1 < 12 * 10 CL=90% 2560 " 21 T
ot 3 o D*(2010) " 7T at 1 (34 +£18)% 2218
atety LF < 6.4 x 10 CL=90% 2637 Bx(2460) 7+ A 03 cl_ows 2064
ate ut IF < 64 x1073  Cl=90% 2637 ~2 77r+ s * 5 °
Ktetpu— IF < 64 «10-3  CL—90% 2615 D3(2460)~ p < 49 %1073 CL=90% 1979
S .
Kte ut LF < 64 x1073  CL=90% 2615 D™D (80 % 30)x1073 1812
xetet L < 39 «10~3  CL=90% 2638 D*(2010) DF (9.6 + 34 )x1073 1735
ottt L < 91 %x1073  CL=90% 2633 D*D:Jr (10 £ 05)% 1731
woelp! LF < 64 %10 3 CL=90% 2637 D*(2010)~ D}T (204 07)% 1649
K~ ej:etr L < 39 x 10*2 CL=90% 2616 Dra- < 28 «10-% Cl=oo% 2270
- — oo
K- mon L < 91 <10 CL=o0% 2612 D= < 5 x107% Cl=90% 2214
K- etu LF < 6.4 %1073 CL=90% 2615 C 4
Dip < 7 x 10 CL=90% 2198
Dt p < 8 w1074 clL=90% 2139
i(JF) = 10) Dy a1(1260)~ < 26 x10 3 CL—90% 2079
D 2 (1260)~ < 22 %1073 CL=90% 2014
I JT P need confirmation. Quantum numbers shown are quark-model Dy KT << 24 %1074 CL=90% 2242
predictions. Dy KT < 17 x107% cL=90% 2185
Mass mgg = 5279.2 + 1.8 MeV Dy K*(892)* < 99 %1074 Cl—90% 2172
Mpo — Mg =035 +£0.29 MeV (S =1.1) Dy K*(892) " < 11 %1073 CL=90% 2112
Mean life 7o = (1.56 = 0.04) x 10712 5 D, wt KO <5 %1073 CL=90% 2221
cr = 468 um D; 7t KO < 31 %1073 CL=90% 2164
Tg-/Tgo —1.02+ 004 (average of direct and inferred) D 7! K*(892)° < 4 «10-3 Ccleso% 2136
Tg-/Tgo = 1.04 =004  (direct measurements) D* nt K*(892)° < 20 ©10-3 CL_90% 2074
_ +015 ] . Y ool
Tg-/Tgo = 09575715 (inferred from branching fractions) D00 < 12 w10~4 cL=o0% 2308
Doo < 39 x10~% Cl=90% 2238
BO-B° mixing parameters =7 ’ ;
€ pa D%, < 13 %1074 CL_90% 2274
Xg —0.172 £ 0.010 " L DYy < 94 ~x10~% CcL=90% 2198
Ampgo = Mgy — Mpo = (0.464 £ 0.018) x 1012 A s~ DO < 5.1 x10 4 cL—90% 2235
Xg = Amgo/T go = 0.723 £ 0.032 D*(2007)° 70 < 44 x10~% CL=90% 2256
o D*(2007)° p° < 56 %1074 cl=o0% 2183
CP Violation parameters D*(2007)% < 26 x107% ClL_oo% 2220
|Re(ego)| = 0.002 = 0.008 D*(2007)%x' < 14 %1073 CL—90% 2141
50 mod . eates of the modes below. Reactions dicat D*(2007)°w < 74 x10~% CL=90% 2180
modes are charge conjugates o e modes below. Reactions indicate o+ + y* — _ 3 .
the weak decay vertex and do not include mixing. Modes which do not D*(2010)+ D7(2010) < 22 * 1073 CL—90% 1711
identify the charge state of the B are listed in the 8= /B0 ADMIXTURE D*(2010)* D < 18 %1073 CL-90% 1790
section. Dt D*(2010)~ < 12 %1073 CL=90% 1790
The brapching fractions listed below assume 50% B.0 B0 and 50% B+ B~ Charmonium modes
produc;lon a; the T(II}S). hWe have attzmﬂﬁteito bnzg ol.der me.asurements 1/7/‘;(15) KO (89 £ 12 )x 104 1683
up to .ate y rescaling tl elr*assume (4 ) pro L{Cthn ratio to 50:50 J/z/?(lS) KT r— (11 + 06)x 103 1652
and their assumed DI DI D*T and 3 branching ratios to current values J1(15) K*(892)° 3
whenever this would affect our averages and best limits significantly. /1/( )0 (892) (11.35+ 0.18) x 10 1570
J/p(18) < 5.8 x10 ® CL—-90% 1728
J/4(18)n < 12 %1073 CL=90% 1672
J/9(18)p° < 25 x10 4 Cl=90% 1614
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J/p(18)w < 27 x107% CL=90% 1609 Baryon modes
$(25) KO < 8 %1074 CL_90% 1283 pp < 18 %1075 CL=90% 2467
P(2S)Kt 7~ <1 %1073 CL_90% 1238 pprtr < 25 %1074 CL_90% 2406
$(25) K*(892)° (14 £ 09 )x1073 1113 phAr~ < 18 x10 4 CL=90% 2401
X1 (1PYKO < 27 x 1073 CL=00% 1411 AOA° < 15 x 1073 CL—90% 2334
X1 (1P) K*(892)° < 21 %1073 CL=90% 1263 ATH AT < 11 x 1074 CL=90% 2334
oAt < 10 x10 3 CcL=90% 1839
K or K* modes <
o5 Acprtr (13 + 06 )x1073 -
Ktr™ (15 1+ 25 yx1078 2615 < 4 "
— 04 Acp < 21 x 10 CL=90% 2021
KO7© < 41 %1075 CL=90% 2614 A pr® < 59 w104 CL—oo% _
7 KO (a7 T 28 )x1075 2528 Az prta a0 < 507 %1073 CL=90% -
7 K*(892)° < 39 %105 CL-90% 2472 A prtarta™ < 274 x 1073 CL_90% -
K*(892)° 3.0 %1078 CL—90% 2534 . I
nK*(892) < 8 o Lepton Family number (LF) violating modeslor
0 5 —90%
nK < 33 x 10 CL=90% 2593
e 6 AB =1 weak neutral current (B1) modes
KTK < 43 % 10 CL=90% 2593 5 .
KOK® < 17 %1075 CL=90% 2592 L b1 < 39 * 1076 CL:9°°/° 2640
K+ < as «10-5 cL_oo% 2569 e+e7 B1 < 59 x 1077 CLJ.aocA, 2640
K2p° < 39 x10~5 CL=90% 2559 ‘;{0 ro_ '; < 68 x 1074 ctfeoe/o ;637
KO £,(980) < 36 x1074 Cl=90% 2523 Oe+67 < 30 x 074 ¢ *gof 616
K*(892)" 7~ < 72 «10-5 cl—sg% 2562 KO ;LO B1 < 36 %1074 CL=90% 2612
K*(892)°7° - 2s w105 ClLsow 2562 K"(892)0 ete™ B1 < 29 x 1074 CL_90% 2564
K(1430) 7~ < 26 w10-3 Clesow 2415 K*(892)°ut ™ B1 < 23 %1075 CL=90% 2559
024 s . K*(892)°0vw B1 < 10 x1073 CL=90% 2244
KoKt K < 13 x1073 CL=90% 2522 ot T e
0 c 1 LF  [gg] < 59 %1076 CL=90% 2639
K ¢ < 88 31072 CL=90% 2516 + T 4 .
ST 4 o et T LF [gg]l < 53 x 10 CL=90% 2341
K rrrntrm [bbb] < 23 % 10 CL-90% 2600 + F 4 N
K*(892)°ntn— < 14 x 1073 CL=90%  25% e LF o legl < 03 10T CL=90% 2339
K*(892)° p° < 46 x10 4 CL=90% 2504
K*(892)° £5(980 < 17 104 CL=o0% 2467
(892)° (980) Xt % B*/B% ADMIXTURE
K1 (1400) " = < 11 %1073 CL=90% 2451
K™ a1(1260) " [bbb] < 23 x107% CL=90% 2471 ] ] )
K*(892)0 K+ K~ < 61 w10—4 CL=90% 2466 'I;]hegrzrg:hlrfhfrac‘tllon measu;ements arehfor;n;dgxture Tgfg nlej%r;i;t
K*(892)0¢ < 13 ©10-5 cL_oo% 2450 the 7(45). The values quoted assume that B(7°(45) — )= b.
K1(1400)(“p0 < 3.0 %1073 CL=90% 2389 For inclusive branching fractionsle.g., B — DT anythingl the treatment
K1(1400)0¢ < 50 % 10~3  CL=90% 2339 of mu\tipl: D's inbthe ffinal state r:ust be deﬁnedb Onedpgssi:\itg/ w:u\d beI
* 00 _3 " to count the number of events with one-or-more 1’s and divide by the total
K3(1430)0p < Ll x 10 3 CL—90% 2380 number of B’s. Another possibility would be to count the total number of
K2(1430) ¢ < 14 %1077 CL=90% 2330 D’s and divide by the total number of B’sI'which is the definition of average
K*(892)0'y (40 4+ 19 )x 10—5 2564 multiplicity. The two definitions are identical when only one of the specified
K1(1270)0'y < 70 %1073  CL—90% 2486 particles is allowed in the final state. Even though the “one-or-more”
_ definition seems sensiblel for practical reasons inclusive branching fractions
K1(1400)° - 43 1073 cL=90% 2453 P 2
1* O’Y < A * 4 =75 are almost always measured using the multiplicity definition. For heavy
K2(1430) Y < 40 > 10 CL=90% 2445 final state particlesT authors call their results inclusive branching fractions
K*(1680)0'y < 20 %1073 CL=90% 2361 while for light particles some authors call their results multiplicities. In the
K§(1780)0'y < 10 % CL=90% 2343 B sectionsl we list all results as inclusive branching fractionsl” adopting a
K*(2045)° -3 Loy multiplicity definition. This means that inclusive branching fractions can
4( ) v < 43 x10 L=90% 2244 exceed 100% and that inclusive partial widths can exceed total widthsl
PP < 39 %1072 CL=90% 2435 Jjust as inclusive cross sections can exceed total cross sections.
Light unflavored meson modes B modes are charge conjugates of the modes below. Reactions indicate
ata— < 15 «10-5  CL_90% 2636 the weak decay vertex and do not include mixing.
- L —90%
7r07r0 < 93 %1076 CcL=90% 2636 Scale factor/ 2l
7]‘“'0 < 8 %10~ CL=90% 2609 B DECAY MODES Fraction (I';/I) Confidence level (MeV/c)
N
nn < 18 %1075 CL=90% 2582 . : :
7' 70 < 11 105 CL_oo% 2851 Semileptonic and leptonic modes
g - a7 10-5 CL—so% 2460 B — et uganything [ccc]  ( 10.41£0.29) % $=1.2 -
W < 21 w10-5 cleso% 2522 B — ereJr veanything < 16 x 1073 CL=90% -
i o, —
71'/70 < 23 «10-5  CL—90% 2493 B — H+ uuanyt}?mg [ccd] (103 +£05 )%
np° < 13 %10~5 CL=90% 2554 B — {7 ypanything ] [pp,cec]  ( 10.4540.21) % -
e a0 < 72 “10-4 CL_oo% 2631 B— Q;l* g anything lppl (27 £08)% -
200 < 24 105 cleso% 2582 B — D¢ ysanything bl ( 7.0 £14)% -
pFrt lgg] < 88 %1075 CcL=90% 2582 B— D"ty " lppddd] (2.7 £0.7)% -
—3 —
rtaatr < 23 %1074 CL=00% 2621 B — Dy(2420) " vgany- (74 £16)x10
2000 < 28 % 10~% CL=90% 2525 thing N .
. o _
a1(1260)F 7+ leg] < 49 x 1074 CL=90% 2494 B _'*D”f yganything + (23 £04)%
3,(1320)F =+ legl < 3.0 %10~ cL=so% 2473 5 D %ﬁ uganytrmg ., .
atr— w070 < 31 %1073 CL=90% 2622 _t’h_ 5(2460) £+ 1pany- < 65 X 1072 CL=95% -
. e -3 cL—90Y 25; ing
ptp < 22 x 10 CL=90% 2525 S .
21(1260)° 7° < 11 %1073 CL=90% 2494 B _t'h_ D= 4T vgany- ( Look0.34) % -
_ ing
wr < 46 %1074 CL=90% 2580 - . _
rtata—a a0 < 90 %1073 CL=90% 2609 E— D ljufanyt}jrmg el <9 X1 z cL=s0 B
- — oY _
21(1260)F p < 34 %1073 CL_90% 2434 B— DolTuyKTany-  fpl < 6 x 1072 CL—90%
21(1260)° ° < 24 %1073 CL_90% 2434 thing o . 5
— a0y _
sttt r— e~ < 30 %1073 CL=90% 2502 B— f)sf K .anythmg lppl < 9 x 1072 CL—90%
21(1260)+ a1 (1260) < 28 %103 cL=s0% 2336 B — KT ypanything lppl (60 £05)% -
atrtate a7 70 < 11 % CL=90% 2572 B — K¢t uyanything bl (10 +4 )x1073 -

B — KY/KO#tuysanything [pp] ( 44 £05)% -
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DI D*T'or Dg modes

Lepton Family number (LF) violating modes or

B — D¥anything (241 £19 )% AB =1 weak neutral current (B1) modes
B — D°/DCanything (631 £29)% $=1.1 B— ete s B1 < 57 x 1075 CL—90%
B — D*(2010)* anything (227 £16)% B— utu~s B1 < 58 %1075 cL=00%
B — D*(2007)° anything (260 £27 )% B— e uTs LF < 22 %1075 CL=00%
B — Dsianything [gg] ( 10.0 £2.5 )%
b — ccs (22 +4 )%
=+ /R0 /R0
B> D;DFDIDTD.D*For [gg] ( 49 £13)% B*/B%/B;/b-baryon ADMIXTURE
DiD*
s . . .
B — D*(2010)y < 11 «10-3  CL—90% These measurements are foi an admixture of bottom particles at high
B D;rfr— r DI‘F T lggl < 5 <104 CL—00% energy (LEPT Tevatronl SppS). b
D:rp’l' D:er’l' D:rfrol' Mean I!fe 7 = (1.564 £ 0.014) x 1012 ]
- OF At ot Mean life 7 = (1.72 + 0.10) x 10~'¢s  Charged b-hadron
DT DIl D pl .
S OE el OF ot admixture
DEp T DT p T DY wl . 19
st Mean life 7 = (1.58 =+ 0.14) x 10 s Neutral b-hadron ad-
D w P
s mixture
B + i X —3 _90Y .
- 051(2536) anything < 98 * 10 CL—90% Tcharged b—hadron/"neutral b—hadron = 1.09 +0.13
i Charmonium modes The branching fraction measurements are for an admixture of B mesons
B — J/y(18)anything ( 1.134+0.06) % and baryons at energies above the 7(4S). Only the highest energy results
B —  J/4(15)(direct) any- ( 8.0 408 )x1073 (LEFT Tevatronl Spps) are used in the branching fraction averages. The
thing production fractions give our best current estimate of the admixture at
B — (2S)anything ( 35 405 )x 1073 LEF.
B — Xc1(1P)anything ( 42 07 )x1073 For inclusive branching fractionsl c.g., B — DT anythinglthe trcatment
B — Xd(lP) (direcL) any- (3.7 £07 )% 10-3 of multiple D’s in the final state must be defined. One possiblity would be
thin to count the number of events with one-or-more D’s and divide by the total
B glP hi 3 " number of B's. Another possibility would be to count the total number of
— Xeof )anyt_“”g < 38 x 10 ) CL=90% D's and divide by the total number of B'sTwhich is the definition of average
B — nc(1S)anything < 9 %1073 CL=90% multiplicity. The two definitions are identical when only one of the specified
- particles is allowed in the flnal state. Even though the “one-or-more”
N . K or K* modes definition seems sensiblel for practical reasons inclusive branching fractions
B — K= anything [gg] (789 +25)% are almost always measured using the multiplicity definition. For heavy
B — K+anything (66 +5 )% final state particlesl authors call their results inclusive branching fractions
B K— anything (13 +4 )% while for light particles some authors call their results multiplicities. In the
B KO/?O hi 64 14 o B sectionslwe list all results as inclusive branching fractionsl adopting a
" ?yt mg_ legl ( 1% multiplicity definition. This means that inclusive branching fractions can
B — K*(892) anything (18 +6 )% exceed 100% and that inclusive partial widths can exceed total widthsl
B — K*(892)0/ K*(892)Oanyf [eg] (146 £2.6 )% just as inclusive cross sections can exceed total cross sections.
thing 4 " The modes below are listed for a b initial state. b modes are their charge
B — K1(1400)~ < 41 x 10 CL=90% conjugates. Reactions indicate the weak decay vertex and do not include
B — K3(1430)y < 83 x 1074 CcL=90% mixing.
B — K>(1770)y < 12 %1073 CL=90% »
B — K3(1780)~ < 30 %1073 CL=90% b DECAY MODES Fraction (F;/T) Confidence level (MeV/c)
B — K;(2045)y < 10 x 1073 CL=90%
B— b— 3y ( 23 +07 )x10~% PRODUCTICN FRACTIONS
B — b — Sgluon < 68 % CL=90% The production fractions for weakly decaying b-hadrons at the Z have
. been calculated from the best values of mean livesI mixing parametersl and
. . nght unflavored meson modes branching fractions in this edition by the LEP B Oscillation Working Group
B — « anything [ggece] (359 +7 )% as described in the note “Production and Decay of b-Flavored Hadrons”
B — n anything (176 £16 )% in the BT Particle Listings. Values assume
o .
g — p any;r.ung (21 5 ) :A, ) B — B+)— R — BY)
— w anything < 81 % CL=90% B(b — B1) + B — B9 +B(E — BY) + B(b — Ap) = 100 %.
B — ¢ anything ( 35 +07)% S—_1.8 N
The notation for production fractions varies in the literature (fBOI'f(b —
N ) Baryon modes BO)rBr(b — BY)). We use our own branching fraction notation herel
B — AZanything ( 64 +1.1)% B(b — BO).
B — A_etanything < 32 %1073 CL=90%
B — A7 panything ( 36 £07)% Bt (307 18)%
B— A_petue < 15 x 1073 CL—90% B0 (3907 + 18 )y
¢ 7T o
B — X _~anything ( 42 +2.4)x1073 o ig
Ze . + 1.
B — ¥_anylhing < 96 x 1073 CL_90% B; (105 T 37)%
B — X2anything ( 46 £24)x1073 Ap (101 + 39y
B — TON(N=porn) < 15 %1073 CL-90% ’
B — ZYanything ( 14 105 ) x1074 DECAY MODES
X B(_:?_H ==zt Semil icand I . "
B, =t anything ( as +13 )x 104 ) emileptonic and leptonic modes
—c < —12 vanything (231 +15)%
— Zoatrh) £ vpanything lppccd  ( 1099+ 0.23) %
B — p/Ppanylhing [gg] ( 8.0 £0.4)% e vganything [ecd] (109 + 05 )%
B — p/p(direct) anything lgg] ( 55 +05)% wT v, anything [eec] (108 + 05 )%
B — A/ Aanything lgg] ( 4.0 £05)% D~ T ypanything [ppl ( 202+ 0.29)%
B — Z=/Z T anything lggl ( 27 06 )x 1073 DP ¢+ vy anything el (65 + 06)%
B — baryons anything (68 +06)% D*~ ¢F ypanything ool ( 276+ 0.29)%
B — ppanything ( 247+0.23)% Dj?ﬁ vpanything [pp,fif]  seen
D i 0, —
B — AE/Apa!1yth|r1g [eg] ( 2.5 £0.4)% D T vpanything 7] seen _
B — AAanything < 5 x 1073 CL=90% - J

D3(2460)° £+ vpanything
D3(2460) £ vpanything
7+ v, anything
¢ — {~ Dganything [op]

seen
seen
( 26 +
(78 +

04)%
06 )%
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Charmed meson and baryon modes

E[ianythi.ng (60.L L 32)% - BOTTOM, STRANGE MESONS
D~ anything (237 £23)% - (B: :I:]., S: :Fl)

D, anything (18 +5 )% -
Acanything (97 £29)% - BY = shrBY =3h  similarly for BY's
€/ canything lece] (117 + 4 )% -
Charmonium modes
J/(1S)anything ( L6+ 0.10)% - BY 1Py =0(0™)
1(25)anything (48 +24)x1073 -
Xey(1P)anything (18 Lo5)% N T JT P need confirmation. Quantum numbers shown are quark-model
K or K* modes predictions.
Sy < 54 x 1074 9% - Mass m go = 5369.3 + 2.0 MeV
+ ; _ s
gﬂ ;:yytt:.l:gg E B ;“j Mean life r = (154 = 0.07) x 1012 5
s - 2 N or = 462 pm
Pion modes i
79 anything lece] (278 60 )% - B9-BY mixing parameters
Xg at high energy = f4X4+£fXs = 0.118 + 0.006
J— Baryon mlodesi . Bmgo=mgy ~mgy > 91x 1012 1 s71rCL = 95%
anythin 4 - s 5 5
p/panytning ( " x5 = Do/l g > 14.07CL = 95%
Other modes 75 0
X L4975 CL =
charged anything Jece] (497 +7 )% - s > 0497TCL = 95%
hadron™ hadron— (177 [1’.(7) )x 105 _ These branching fractions all scale with B(b — Bg)l'theiLEP Bg pro-
. _3 duction fraction. The first four were evaluated using B(b — Bg) =
charmless (7 +21 )x10 - 105+ 18y, _ o o
.5 717)% and the rest assume B(b — Bs) = 12%.
Baryon modes
/\/Zanything (59 +06)% _ The branching fraction B(Bg — D;(*:;{any‘thing) is not a pure mea-

surement since the measured product branching fraction B(b — Bg) x

AB = 1 weak neutral current (B) modes B(BY — D £+ upanything) was used to determine B(B — B as

/1+/17 anything B1 < 3.2 x 1074 90% - described in the note on “Production and Decay of b-Flavored Hadrons.”
p
I(JP) = %(17) Bg DECAY MODES Fraction (I';/I") Confidence level (Mev/c)
. . D anything (92 +33 )% -
I JI P need confirmation. Quantum numbers shown are quark-model D, ¢y anything legg] (&1t 25)% _
predictions. Di - 1 " -
Mass m ;. = 5324.9 + 1.8 MeV W - .
Mo o — 4578 4 0.35 MeV /4:(15)é (9.3 £ 33)x10 1590
A J/4(18)a° < 12 x 1073 90% 1788
J/4¢(18)n < 3.8 x 1073 90% 1735
B* DECAY MODES Fraction (I';/T) p (MeV/o) $(28)¢ seen 1122
By dominant 6 ata~ < 17 x 1074 90% 1122
7070 < 21 x 104 90% 2861
70 < 10 x 1073 90% 2655
m < 15 x 1073 90% 2628
at K~ < 21 % 1074 90% 2660
KTK— < 59 x 1075 90% 2639
pp < 5.9 % 1078 90% 2515
¥y < 148 x 1074 90% 2685
oy < 7 x 1074 0% 2588
Lepton Family number (LF) violating modes or
AB =1 weak neutral current (B1) modes

e BI < 20 x 1076 90% 2682
ete” B1 < 54 x 1075 90% 2864
eyt LF [ee] < 41 x 1075 90% 2864

vv < 5. x 10~ b —
B1 5.4 103 90%




Meson Summary Table

| c¢ MESONS

Mass m =2979.8 £ 2.1 MeV (S =2.1)
Full width I = 13.2% 3% Mev

7¢(18) DECAY MODES Fraction (I';/T) Confidence level (MfV/c)
Decays involving hadronic resonances
7'(958) m (41 £1.7) % 1319
pp (26 +0.9) % 1275
K*(892)°K =t + ce. (20 £0.7) % 1273
K*(892) K*(892) (8.5 +3.1) x 1073 1103
o2} (7.1 £2.8) x 1073 1086
ap(980) ™ <2 % 90% 1323
a(1320) 7 <2 % 90% 1193
K*(892)K + c.c. <128 % 20% 1307
£(1270)n <11 % 90% 1142
ww <341 x 1073 90% 1268
Decays into stable hadrons
KK= (5.5 +1.7) % 1378
nwT (49 118)% 1425
T KT K™ (20 T0D) % 1342
2AAKTK™) (21 £12) % 1053
2rtrT) (12 £04) % 1457
pp (1.2 +04) x 1073 1157
KKy <31 % 0% 1262
Tt~ pp <12 % 90% 1023
AA <2 x 1073 90% 987
Radiative decays
5y (3.0 +1.2)x 10 * 1489
1€UPC =0ma= )
Mass m = 3096.88 = 0.04 MeV
Full width ' = 87 + 5 keV
Tee = 5.26 + 0.37 keV  (Assuming Tee = T,,,)
Scale factor/ P
J/4(18) DECAY MODES Fraction (I';/T) Confidence level  (MeV/e)
hadrons (87.7 £0.5 )% -
virtualy — hadrons (17.0 +2.0 )% -
ete™ ( 6.02+0.19) % 1548
wtp~ ( 6.01£0.19) % 1545
Decays involving hadronic resonances
o ( 1.2740.09) % 1449
PO 0 (42 +05 )= 1073 1449
a(1320) p ( 1.09+0.22) % 1125
wrtate o~ (85 +34 )x 1073 1392
wrtr— (72 £1.0 )x 1073 1435
w £,(1270) (43 406 )x 1073 1143
K*(892)0K5(1430)0 + c.c. (6.7 +2.6 ) x 1073 1005
wK*(892) K+ c.c. (53 120)x1073 1098
KYK*(892)" + c.c. (5.0 £0.4 )x 1072 1373
KOK*(892)°+ c.c. (42 +04 )x 1073 1371
wr¥7Y (34 08 )x10 3 1436
by (1235)E T lez] (3.0 05 )x 1073 1209
wK*KLrF leg] (3.0 0.7 )x 1073 1210
by (1235)0 20 (23 +06 )x 1073 1299
PK*(892) K+ c.c. ( 2.04+0.28) x 1073 269
wKK (1.9 £04 )x 1073 1268
wF(1710) —» wKK (48 £1.1)x 1074 878
@2(rtx) ( 1.60+0.32) x 1073 1318
A(1232) T pr— (16 105 )x1073 1030
wn ( 1.58+0.16) x 10—2 1394
PKK ( 1.48+0.22) x 1073 1179
G £(1710) — KK (36 £0.6 )x 1074 875
pPw ( 1.304025)x 10 3 $=13 769
A(1232)TF A(1232) 7~ ( 1.10£0.29) x 1072 038
>(1385)” £(1385)T(or c.c.)  [gg] ( 1.03+0.13) x 1073 692
pP1 (958) (9 +4 )x107% $=1.7 596
¢ £4(1525) (8 +4 )x1074 s_2.7 871

ortr—
SKEKS T

w £f(1420)

on _
=(1530) =T
pK—Z(1385)°
Wi

$1/(958)
$15(980)
=(1530

=

=0

)
>(1385)” X1 (or c.c.)

& £1(1285)
P
wn'(958)
w 5(980)
o
pr'(958)

pPPo

2(1320) 7T

K K3(1430)+ c.c.
K3(1430)° K35(1430)°
K*(892)0K*(892)°
# £(1270)

ppp

¢n(1440) — onrw
w F(1525)
5(1385)°4
A(1232)Tp

SOA

¢x0

2Axt =)0
3(rta—)n®
atrx0

atr 20Kt K-
4(rt )0
T Kt K™
KKt

pprtT
2(ntrT)
3(xtaT)

nnrt o~

5050

2Axtr T )KY K™
pprta™ v

PP

pp1

phr

nn

AA
ppr®

0 10
KsKs

y1(18)
yrt o 2x
k%
yn(1440) — YK K=

Y7(1440) — yvp°

0

yn(1440) — yyprt o~

Ypp
1y (958)

~yortor—
+£4(2050)

Fyww

y1(1440) — yp°p°
+5(1270)
v,(1710) — vKK

(8.0 £1.2)x107%
lgg] (7.2 £09 )x 1074
(68 £2.4 ) x 1074
(65 +0.7 ) x 104
(59 +15 )x 1074
(5.1 +3.2 )x 1074
(42 +06 )x10 4
(33 04 )x 1074
(32 409 )x 1074
(32 +14 )x 1074
lgg] (3.1 05 )x107%
(26 +05 )x10 4
(1.93+0.23) x 1074
( 1.67+0.25) x 1074
(14 +05 )x 1074
( 1.05+0.18) x 1074
(45 +15)x10 °

[gg] < 43 x 1073
< 40 x 1073
< 29 x 1073
< 5 x 1074
< 37 x 1074
< 31 x 1074
< 25 x 1074
< 22 x 1074
< 2 x 1074
< 1 x 1074
< 9 x 1075
< 68 x 1076

Decays into stable hadrons
( 3.37£0.26) %
(29 +06 )%
( 150+0.20) %
( 1.20+0.30) %
(90 +3.0 )x 1073
(72 +23 )x 1073
(6.1 +1.0 )x 1073
(60 +05 )x10 3
(40 £1.0 )x 1073
(40 £2.0)x 1073
(4 +4 )x10 3
( 1.2740.17) x 1073
(31 413 )x1073
(23 09 )x10 3
( 2.14+0.10) x 1073
( 2.09+0.18) x 1073
( 2.00+0.10) x 10—3
(19 +05 )x 1073
(18 +04 )x10 3
( 1.3540.14) x 1073
( 1.0940.09) x 1073
leg] ( 1.06+0.12) x 1073
(89 +16 )x10 4
(7.0 £3.0 )x 1074
(29 08 )x 1074
( 237+0.31) x 1074
(22 +07 )x10 *
( 1.47+0.23) x 1074
( 1.08+0.14) x 10~4

[hhh)

< 15 x 1074
< 52 x 1076
Radiative decays

(13 £04 )%
(83 +31)x1072
(6.1 £1.0 )x 1073
[Pl (91 +18)x107%
(64 £14 )x 1075
(34 107 )x107%
(45 +08 )x 1073
( 4.3140.30) x 1073
(28 405 )x 1073
(27 107 )x1073
( 1.59+0.33) x 1073
(1.7 £04 )x 1073
( 1.38+0.14) x 1073

(85 T2 yx104

S$=14

$=1.9

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

$=1.3

CL—90%
CL=90%

$=1.3

$=1.2

1365
1114
1062
1320
597
645
1447
1192
1182
608
857
1032
1398
1279
1271
1283
527
1263
1159
588
1263
1036
779
946
1003
911
1100
1032
1377

1496
1433
1533
1368
1345
1407
1440
1107
1517
1466
1106

992
1320
1033
1232

948
1174
1231

818
1074
1176

945

876
1131

820
1468

998
1542
1466
1032
1466

116
1518
1487
1223
1223

1343
1400
1517

874
1337
1223
1286

1075
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11-26

1y (86 +08 )x10"% 1500
v£(1420) » yKKn® (83 +15 )x1074 1220
~£1(1285) (6.5 £1.0 ) x 1074 1283
¥ £5(1525) (a7 £57 yx 104 1173
Yo (40 12 )x 1074 S=2.1 1166
~pp (38 £1.0 )x 1074 1232
yn(2225) (29 +06 )x 1074 834
y1(1760) — p°p° (13 £09 ) x10~4 1048
¥ (39 £13 )x 1075 1546
ypprta— < 79 x10~4  CclL—90% 1107
vy < 5 x107%  CL=90% 1548
yAA < 13 x10 4 CL=90% 1074
3y < 55 x1075  CL—90% 1548
~£4(2220) > 2.50 x 1073 CL_99.9% -
~£o(1500) (57 +08 )x 1074 1184
~ete™ (88 £1.4 ) x1073 -

Mass m = 3417.3 £+ 2.8 MeV
Full width ' = 14 + 5 MeV

P
X.o(1P) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Hadronic decays
2(rt77) (3.7+£07) % 1679
T KT K™ (3.0£0.7) % 1580
pPOrta— (1.6+0.5) % 1608
3(nta) (15£0.5) % 1633
KTK*(8R2)°r~ + c.c. (1.24£0.4) % 1522
xta— (7.5+2.1) x 1073 1702
KtK— (7.1+2.4) x 10 3 1635
rtr pp (5.0+2.0) x 1073 1320
PP < 9.0 x 1074 90% 1427

Radiative decays
vd/4(18) (6.6+£1.8) x 1073 303
¥y <5 x 104 95% 1708

1GPCYy =ot(1 T

Mass m = 3510.53 =+ 0.12 MeV
Full width ' = 0.88 + 0.14 MeV

X,1(1P) DECAY MODES Fraction (T;/T) p (MeV/)
Hadronic decays
3n'w ) ( 2.2+08) % 1683
2(ntn) ( 1.6105)% 1727
rtrT KT K™ (9 +4 )x1073 1632
POrtr— ( 3.9+35) x 1073 1659
KTK*(89%2)' 7~ + c.c. (32421)x 1073 1576
Tt pp ( 1.440.9) x 1073 1381
pp ( 86+1.2) x 107> 1483
atrT + KHK™ < 21 x10 3 -
Radiative decays
vd/4(18) (273+£1.6) % 389

IG(JPC) —ot@eth

Mass m = 3556.17 + 0.13 MeV
Full width ' = 2.00 + 0.18 MeV

P
Confidence level (MeV/c)

X5(1P) DECAY MODES Fraction (I;/T)

Hadronic decays

20rtT77) ( 2.2405) % 1751
rtaT KT K™ (1.9105)% 1656
3(ntw ) ( 1.2:+08) % 1707
pPrtr— (7 14 )x1073 1683
KTK*(8R2)°r~ + c.c. ( 48+2.8) x 1073 1601
Tt pp (33+13)x103 1410
rtr (1.9+1.0) x 1073 1773
K+ K~ (15+1.1) x 1072 1708

(10.0+1.0) x 10~5 1510

pp
Jjp(1Synt 0 < 15 % 90% 185

Meson Summary Table

Radiative decays
yd/(18) (13.5+1.1) % 430
vy ( 16+0.5) x 1074 1778
Mass m = 3686.00 + 0.09 MeV
Full width T =277 + 31 keV (S = 1.1)
Tee =214 £0.21 keV  (Assuming T =T, ,.)
Scale factor/ P
%(28) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons (98.10+0.30) % -
virtualy — hadrons (29 £04)% -
ete~ (85 107 )x1073 1843
W (77 £1.7 ) x 1073 1840
Decays into J/4(1S)and anything
J/¢(1S)anything (542 £3.0 )% -
J/4(1S)neutrals (228 £1.7 )% -
Jjp(1S)nt 7™ (302 +1.9 )% 477
J/4p(18)79x0 (17.9 £18 )% 481
4/4(18)n (27 £04)% s—1.7 200
J/4(18)x° (97 421 )x 1074 527
J)p(AS)pt (100 £33 ) x 1073 -
Hadronic decays
3(rtx Y (35 +16)x1073 1746
2Arta=)x0 (3.0 +08 )x 1073 1799
T KT K™ (16 +04 )x1073 1726
=t pp (8.0 £2.0 )x1074 1491
KIK*(8%2)°r +cc (67 +2.5 ) x10~% 1673
2oxtxT) (45 +1.0 ) x 1074 1817
POrtr— (42 £15 ) x10~% 1751
pp (1.9 +05 ) x 1074 1586
3(rtr7) (15 £1.0 ) x 1074 1774
ppr° (1.4 £05)x10~% 1543
KtK— (1.0 £0.7 ) x 1074 1776
atr—x° (9 +5 )x10 5 1830
pr < 83 x1075  CL—90% 1760
xtr— (8 15 )x1075 1838
AR < 4 x10 4 Ccl=90% 1467
==t < 2 x1074  CL=90% 1285
Ktk z° < 2.9 x1075  cl=90% 1754
KTK*(892)™ + cc. < 54 x107%  CL=90% 1698
Radiative decays
Y¥X0(1P) (93 1L09)% 261
YXc1(1P) (87 +08)% 171
YXa(1P) (78 £08 )% 127
¥11c(1S) (2.8 £0.6 ) x 1073 639
~1(958) < 11 %10 3 CL=90% 1719
vy - < 1.6 x 104 CL=90% 1843
yn(1440) — KK~ < 12 x10 4 CL=90% 1569
Mass m = 3769.9 + 2.5 MeV (S = 1.8)
Full width T = 23.6 + 2.7 MeV (S = 1.1)
Fee = 0.26 + 0.04 keV (S = 1.2)
P
%(3770) DECAY MODES Fraction (I';/T) Scale factor (MeV/c)
DD dominant 242
ete™ (1.1240.17) x 1072 12 1685
16(UPCy =77 (17 )
Mass m = 4040 £ 10 MeV
Full width ' = 52 + 10 MeV
e = 0.75 & 0.15 keV
1(4040) DECAY MODES Fraction (I';/T) P (MeVjc)
ete™ (1.4+0.4) x 1075 2020
DOD° - seen 777
D*(2007)°D°+ c.c. seen 578
D*(2007)°D*(2007)° seen 232




Meson Summary Table

1GUPEy =271~ )

Mass m = 4159 + 20 MeV
Full width ' = 78 + 20 MeV
Tee = 0.77 + 0.23 keV

1(4160) DECAY MODES Fraction (I';/T) p (MeV/c)
ete™ (1044) x 1076 2079
16UPCy =217

Mass m = 4415 + 6 MeV

Full width T =43 + 15 MeV (S = 1.8)

lee = 0.47 + 0.10 keV
1(4418) DECAY MODES Fraction (I';/T) p (MeV/c)
hadrons dominant -
ete™ (1.14+0.4) x 1075 2207

| bb MESONS

1CUPS =017 )

Mass m = 9460.37  0.21 MeV (S = 2.7)
Full width T = 52.5 + 1.8 keV
e = 1.32 + 0.05 keV

Scale factor/ P
7T(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
THr 67 i % 4384
ete™ (2.5240.17) % 4730
wtp~ (2.48+£0.07) % S=1.1 4729

Hadrenic decays
J/4(1S)anytring (1.1 £0.4)x1073 4223
pr <2 x10™4  CL 90% 4698
rta~ <5 x107%  CL=90% 4728
KTK™ <5 x107%  CL_90% 4704
PP <5 x1074  CL=90% 4636
Radiative decays
~y2ht2n— (70 £15 )x 1074 4720
y3ht3n~ (5.4 £2.0 ) x 1074 4703
yahTan— (74 £35)x10 4 4679
yrt T KT K™ (2.9 09 ) x 1074 4686
~yortor (25 £09 )x10 4 4720
~3nt 35— (25 +1.2 )x 1074 4703
yortor KYK (24 +12 )x 1074 4658
~yrtx pp (1.5 +06 ) x 1074 2604
~y2rt2n” pp (4 +6 )x1075 4563
~2Kt 2K~ (2.0 2.0 ) x 1075 2601
~17'(958) <13 x 1073 CL=90% 4682
bz <35 x 1074 CL=00% 4714
7 £5(1525) <14 x 1074  CL=90% 4607
v £(1270) <13 x10 4 CL=90% 4644
~y1(1440) < 82 x 1075 CL=90% 4624
v £(1710) — yKK <26 x 1074 CL=90% 4576
v £(2200) — yKTK™ <2 x 1074 CL_90% 4475
vF(2220) — KT K <15 x 1075 CL=on% 4469
Y1(2225) — o <3 x10 3 CL=90% 4469
¥X <3 %1075 cL=90% -
X = pseudoscalar with m< 7.2 GeV)
XX <1 %1073 CL=90% -
XX = vectors with m< 3.1 GeV)
IG(JPC) _ 0+(0++)
J needs confirmation.
Mass m = 9859.8 + 1.3 MeV
Xpo(1P) DECAY MODES Fraction (I';/T) Confidence level (MfV/c)
¥ T(18) <6% 90% 391

,G(JPC) —ot@a++)
J needs confirmation.

Mass m = 9891.9 + 0.7 MeV

Xp1(1P) DECAY MODES Fraction (;/T) p (MeVjc)
v T(1S) (35+8) % 422
,G(JPC) =ot@++)
J needs confirmation.
Mass m = 9913.2 + 0.6 MeV
Xp(1P) DECAY MODES Fraction (I';/T) b (Mevie)
¥ T(1S) (22+8) % 143

1SUPS =0 )

Mass m = 10.02330 + 0.00031 GeV

Full width ' = 44 + 7 keV
[ee = 0.520 + 0.032 keV

P
Confidence level (MeV/c)

T(25) DECAY MODES Fraction (I;/T)

TAS)rt (185 £0.8 )% 475
7(18)7%x° (88 +11)% 480
T (17 £1.6 )% 4686
= (1.314£021) % 5011
ete ( 1.1840.20) % 5012
T(18)n° < 8 %1073 90% 531
T(1S)n < 2 x 1073 90% 127
J/(1S)anything < 6 x 1073 90% 4533
Radiative decays
Y Xp1(1P) (67 £09 )% 131
YXpo(1P) (66 £09 )% 110
YXpo(1P) (43 +10)% 162
~v£,(1710) < 59 x 1074 W% 4866
7 F4(1525) < B3 x 1074 90% 4896
~£(1270) < 241 x10 4 90% 4931
,G(JPC) —ot@++)
J needs confirmation.
Mass m = 10.2321 + 0.0006 GeV
Xpo(2P) DECAY MODES Fraction (I';/T) p (MeVjc)
¥ T(25) (46+2.1) % 210
v T(1S) (9 +6 )x1073 746

IG(JPC) _ 0+(1 + +)
J needs confirmation.
Mass m = 10.2552 + 0.0005 GeV

MY, (2P) — MXo(2p) = 23.5 + 1.0 MeV

p
Xp1(2P) DECAY MODES Scale factor (MeV/c)

¥ T(25)
¥ T(1S)

Fraction (F;/T)

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

16(JPC) = ot 2+ )
J needs confirmation.
Mass m = 10.2685 + 0.0004 GeV

mx,,(2P) — Mx,,(2F) = 13.5 £ 0.6 MeV

Xpo(2P) DECAY MODES Fraction (;/T) p (MeV/c)
v T(2S) (16.242.4) % 242
v T(18) (71+1.0)% 776
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6Py =01~ )

Mass m = 10.3553 + 0.0005 GeV
Full width ' = 26.3 + 3.5 keV

Scale factor/ p
T(3S) DECAY MODES Fraction (T';/I") Confidence level (MeV/c)
T(25)anything (10.6 £0.8 )% 296
TSyt n~ (2.8 £06)% s=22 177
T(28) 7070 ( 200+0.32) % 190
T(2S) vy (5.0 £0.7 )% 327
T(AS)rtr ( 4.48£021) % 814
T(1S)707° ( 2.06+0.28) % 816
T(1S)n < 22 x1073  CcL=90% -
wtum (1.8140.17)% 5177
ete” seen 5177
Radiative decays
¥ Xpo(2P) (114 £0.8 )% $=13 87
¥Xp1(2P) (11.3 0.6 )% 100
¥ Xpo(2P) (54 £0.6 )% S=1.1 123
T(4S)

G PCy _ 7% ——
or T(10580) PU=Tam

Mass m = 10,5800 =+ 0.0035 GeV
Full width I = 10 + 4 MeV
Mee = 0.248 + 0.031 keV (S = 1.3)

T(4S) DECAY MODES Fraction (T';/") Confidence level (Msv/c)
BB > 9 % 95% -
non-8B < 4 % 95% -
ete” (28+07) x 1078 5200
J/4(3097) anything (22407) x 1073 -
D** anything + c.c. < 74 % 90% 5099
¢anything < 23 x 1073 90% 5240
T(1S)anything < 4 x 1073 90% 1053

Mass m = 10.865 + 0.008 GeV (S = 1.1)
Full width I = 110 + 13 MeV
Mee = 0314007 keV (S =13)

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

ete” (2.8+0.7) x 1076 5432

Mass m = 11.019 + 0.008 GeV
Full width I = 79 + 16 MeV
lee = 0.130 £ 0.030 keV

T(11020) DECAY MODES Fraction (T';/I) P (MeV/o)

cte™ (1.6%05) x 1076 5500

Meson Summary Table

NOTES

In this Summary Table:

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

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

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

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

[h] Measurements of ' (e™ 1, ) /T (12 1,) always include decays with ~'sMand

measurements of [(e™ v, ) and [T 1, v) never include low-energy ~'s.
Thereforel since no clean separation is possiblel we consider the modes
with +'s to be subreactions of the modes without themland let [[(e™ 1)
+ r_(/"+ ”/L)]/rtotal = 100%.

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

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

[€] Astrophysical and cosmological arguments give limits of order 10713; see
the #° Particle Listings.

[f] See the “Note on the Decay Width (5 — )" in our 1994 editionl”
Phys. Rev. DBOI'1 August 19941 Part Ip. 1451.

[g] € parity forbids this to occur as a single-photon process.

[h] See the “Note on scalar mesons” in the f,(1370) Particle Listings . The
interpretation of this entry as a particle is controversial.

[i] See the “Note on p(770)" in the p(770) Particle Listings .

[/] The e* e~ branching fraction is from e+ e~ — 7+ 7~ experiments only.
The wp interference is then due to wp mixing onlyland is expected to
be small. If e universality holdsT T()° — ut ™) =T(° = ete™)
x 0.99785.

[k] See the “Note on scalar mesons” in the f£,(1370) Particle Listings .
[1] See the “Note on a;(1260)" in the a; (1260) Particle Listings .

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

[n] See the “Note on the £;(1420)" in the 7(1440) Particle Listings.

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

[p] See the “Note on the 7(1440)" in the n(1440) Particle Listings.

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

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

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

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

[4] See the note in the KT Particle Listings.

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

M =1+ g(ss — so)/m?_+---.
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[w] For more details and definitions of parameters sce the Particle Listings.

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

[¥] Most of this radiative modelthe low-momentum + partlis also included
in the parent mode listed without +'s.

[z] Direct-emission branching fraction.
[aa] Structure-dependent part.
[bb] Derived from measured values of ¢, I gool ||l |mK‘2 - ng|Fand
7o ["as described in the introduction to “Tests of Conservation Laws.”
s
[cc] The CP-violation parameters are defined as follows (see also “Note on

CP Violation in Ks — 3#”" and “Note on CP Violation in K% Decay”
in the Particle Listings):

A(K% — 079
A(K% — 09

oo — |7700|ei¢°° - =¢—2¢

r(KfL’ A r(KfL’ — 7T iy)
MKY = 7= tF0) + T(KQ — 7 iw)

r(K% N 7r+7r’7r0)cp viol.

MK} — rrr= )

Im(y;_o)? =

) MK — 7%:%x0)

ImGroo0)” = o500y -

MK} = =7°7°)
where for the last two relations CPT is assumed validl i.e., Re(n; o) ~
0 and Re(nggo) == 0.

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

[ee] Calculated from K’z semileptonic rates and tre Kg lifetime assuming AS

[F] € /e is derived from |no/7— | measurements using theoretical input on
phases.

[g8] The value is for the sum of the charge states of particle/antiparticle
states indicated.

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

[if] Allowed by higher-order electroweak interactions.

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

[kk] See the “Note on £,(1370)" in the f,(1370) Particle Listings and in the
1994 edition.

[I1] See the note in the L(1770) Particle Listings in Reviews of Modern
Physics 56 No. 2 Pt. 11 (1984)I"p. 5200. See also the “Note on K, (1770)
and the K5(1820)" in the K5(1770) Particle Listings .

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

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

[00] This value averages the e* and 1+ branching fractionsrafter making a
small phase-space adjustment to the ;T fraction to be able to use it as
an et fraction; hence our ¢1 here is really an e,

[pp] An £ indicates an e or a 1« model not a sum over these modes.

[gq] The branching fraction for this mode may differ from the sum of the
submodes that contribute to itl due to interference effects. See the
relevant papers in the Particle Listings.

[#r] The two experiments measuring this fraction are in serious disagreement.
See the Particle Listings.

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

[tt] The D9-DY limits are inferred from the D°-D° mixing ratio
MKt e y(via D)) / T(K~ £ 1),

[uu] The larger limit (from E791) allows interference between the doubly
Cabibbo-suppressed and mixing amplitudes; the smaller limit (from E691)
doesr't. See the papers for details.

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

[ww] HoweverTthese upper limits are in serious cisagreement with values ob-
tained in another experiment.

[xx] For nowTwe average together measurements of the X e v, and Xt 1,
branching fractions. This is the averagel not the sum.

[yy] This branching fraction includes all the decay modes of the final-state
resonance.

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

[aaa] This value includes only 7+ 7~ decays of the f,(1500)because branching
fractions of this resonance are not known.

[6bb] B and BY contributions not separated. Limit is on weighted average of
the two decay rates.

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

[ddd] D** stands for the sum of the D(1%P;)I D(13Py) D(1 3Py ) D(13P,)"
D(2Sy)rand D(21S;) resonances.

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

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

0
[ggg] Not a pure measurement. See note at head of B¢ Decay Modes.
[hhh] Includes pprt a~y and excludes ppyl ppuwl ppiy'.

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

[jif] Spectroscopic labeling for these states is theoreticall pending experimen-
tal information.
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it A, B0 ey 1) O A
o a,(1320 17(07 ) | e (2000) 12" * Ka(1770) 1/2(27) .x. (P (")
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(s oto++) | K(1820) _ o 70
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BARYON SUMMARY TABLE

This short table gives the name, the quantum numbers (where known), and the status of baryons in the Review. Only the baryons with 3-
or 4-star status are included in the main Baryon Summary Table. Due to insufficient data or uncertain interpretation, the other entries in the
short table are not established as baryons. The names with masses are of baryons that decay strongly. See our 1986 edition (Physics Letters
170B) for listings of evidence for Z baryons (KN resonances).

p P kK A(1232) Py x| A Po1 kx| 3+ P i P Fk ¥k
n Py FREE | A(1600) Py ¥t | A(1405) Sy ¥ | 20 Py R [ = Py e
N(1440) Py PPEE | A(1620) Sy BRRR | A(1520)  Dpy  RRRE | B Py RRRE | Z(1530)  Pyy  ReRE
N(1520)  Dyz  *** | A(1700) Dy FRRE | A(1600) Py ke [ X(1385) Py PR | =(1620) *
N(1535)  Syp ¥R | A(1750) Py * A1670) Sy kerr | T(1480) * 2(1690) ek
N(1650) Sy PRF [ A(1900) Sy x| A(1690)  Dgy  ¥ekx | X(1560) ¥ | Z(1820) Dyy  ¥F*
N(1675) D5 *RF L A1905)  Fpy  RRRE | A(1800)  Sp P+ | Z(1580) Dy3 =(1950) k¥
N(1680)  Fi5  FRF | A(1910) Py ek | A(1810) Py Rk [ X(1620) S ** | =(2030) FEE
N(1700)  Diz *** | A(1920) P R | A(1820) Ry kRt | Z(1660) Py R | 2(2120) *
N(T7I0) Py P | A(1930)  Djs Yt | A(1830) Do ¥R | Z(1670) Dy RRE | Z(2050) o
N(1720) P13 *¥*%% | A(1940) Dy ¥ A(1890) Py ¥xx | X(1690) | 2(2370) *
N(1900) P13 ** | A(1950) Fy;  *FEE | A(2000) * T(1750) Sy *F* | Z(2500) *
N(1990)  Fz  ** | A(2000) Fys  ** [ AQ020) Ry ¥ (o) Py ¥
N(2000) F5 ¥ A(2150) Sy * A(2100) Gy HeRE F(1775)  Dys ¥ | 07 *okokk
N(2080) Dz ** | A2200) Gy A2110)  Fps ¥+ | X(1840) Py * 2(2250)~ Fork
N(2090) S * A(2300)  Hy  ** [ A(2325) Dy * T(1880) Py ¥+ | 12(2380)° **
N(2100) Py * A(2350) Dy * A2350)  Hp ¥ | Z(1915) F5  eeek | 02(2470)° **
N(2190) G R L A(2390) Ry * A(2585) | T(1940) Dy R
N(2200) D15 ** | A(2400) Gy ¥ £(2000) Sy K A ks
N(2220)  Hig ¥ | A0420)  Hygq HHHE T(2030) Fy;  eeer | A(2593)T *Ek
N(2250)  Gio  *** | A2750) k3 T(2070) Fi5  * Ac(2625)" FEx
N(2600)  hgp ¥ A(2950)  Kaqs ** X (2080) Py3  ** X(2455) *Exk
NQTO0)  Kigs ** ’ T(2100) Gy ¢ | Ze(2520) weE
5 (2250) w | 2T ek
Y (2455) | 20 Tk
5(2620) #* | Z,(2645) e
X (3000) * fop ok
¥(3170) *
Ag k¥
=0 =, *

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

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

**  Evidence of existence is only fair.

*  Evidence of existence is poor.

11-31



11-32 Baryon Summary Table

Antilepton + photon(s)

N BARYONS p— ety > 460 90% 469
(S — 0, | = 1/2) p— puty > 380 90% 463

n— vy > 24 90% 470
pINT = wud,  nTAP = udd p— etyy > 100 90% 469
Three {or more) leptons
Py _ 1(1+ p— etete > 510 90% 269
107y =3G")
p— etutu~ > 81 90% 457
Mass m = 938.27231 = 0.00028 MeV [2] p— etuy >11 90% 469
= 1.007276470 + 0.000000012 u n— ete v >T74 90% 470
22| /(22) = 1.0000000015 = 0.0000000011 n— pre >47 90% 464
» P 5 n— ptu v >42 90% 458
|9p + gp|/e < 2x 10 . p— prete >9 90% 464
|gp + Ge|/e < 10107 o1 p— phutu— > 190 90% 439
Magnetic moment . = 2.79284739 + 0.00000006 1 p— 'Lﬁyy =21 90% 463
Electric dipole moment d = (—4 + 6) x 1023 ecm p— e putut >6 20% 457
Electric polarizability @ = (12.1 + 0.9) x 10~* fm3 n— 3v > 0.0005 90% 470
Magnetic polarizability 3 = (2.1 + 0.9) x 10~ fm3 Inclusive modes
Mean life 7 > 1.6 x 10?5 years  (independent of mode) N — eTanything > 0.6 (n7p) 0% -
> 103! to 5 x 1032 years []  (mode dependent) N — st anything ~12 (5 p) 90% _
Belowl for N decaysl p and n distinguish proton and neutron partial life- N — et xPanything > 0.6 (17 p) 90% -
times. See also the “Note on Nucleon Decay” in our 1994 edition (Phys. _ .
Rev. D50 1673) for a short review. AB =2 dinucleon modes
The “partial mean life" limits tabulated here are the limits on ~/B;Mwhere The following are lifetime limits per iron nucleus.
T is the total mean life and B; is the branching fraction for the mode in pp — r;r* r;r* > 0.7 90% -
question. pn— xta0 >2 90% -
nn— xta~ 07 90% -
Partial mean life P nn : ;Oﬂr.ro =34 900/0 -
p DECAY MODES (1030 years) Confidence level (MeV/c) i g N
pp — eTe >5.8 90% -
Antilepton + meson pp — etut >36 20% -
N— etx > 130 (n)l > 550 (p) 90% 459 pp — whpt > 17 90% -
N— utrm > 100 (m)F > 270 (p) 90% 453 pn— etw >28 90% -
N— vr > 100 (n) > 25 (p) 90% 459 pn— ptw >16 90% -
p— ety < 140 20% 300 nn— T, > 0.000012 90% -
p— uty - 69 90% 296 nn— v, 7, > 0.000006 90% -
n— urJ]r > 54 90% 310 P DECAY MODES
N— e p > 58 (Mr>75(p) 90% 153
N— pulp > 23 (n) > 110 (p) 90% 119 Partial mean life p
N— vp > 19 (> 27 (p) 90% 153 p DECAY MODES (years) Confidence level (MeV/c)
p— eJ’rm > 45 90% 142 P— ey - 1848 95% 269
p— puw >57 90% 104 p— e x° > 554 95% 459
n— vw >43 90% 144 p— e p - 171 95% 309
N— etK > 1.3 ()l > 150 (p) 90% 337 P— e K <29 95% 337
p— etk > 76 90% 337 P— e KO S 5% 137
p— etK? > 44 90% 337 L
N— utK > 1.1 (> 120 (p) 90% 32 p Lt
p— utkg > 64 90% 3% m 17y =3GT)
p— utK? > a4 90% 3% e 4l
N— vK > 86 (M > 100 (p) 0% 330 Mass m = 939.56563 + 0.00028 MeV
p— et K*592)° s s as = 1.008664904 % 0.000000014 U
N K (892) < 22 () > 20 (p) o s My — mp = 1.293318 + 0.000009 MeV
. = 0.001388434 + 0.000000009 u
- Antilepton + mesons Mean life 7 = 886.7 £ 1.95 (S = 1.2)
p— etata— >21 90% 448 _ 8
p— et 7070 > 38 90% 449 r N 2,656 x 107 km
+ — o I, 0% 49 Magnetic moment 4 = —1.9130428 + 0.0000005 ppy
Z : Z+:r+:r, i 17 900; 95 Electric dipole moment d < 0.97 x 10 25 ecmICL = 90%
b . N _
[ S 00% 197 Electric polarizability v = (O.98+gég) %1073 fm® (S =1.1)
n— ptr—a® >33 %0% 497 Charge g = (—04 £11)x 1077 e
n— etKOr— <18 90% 319 Mean np-oscillation time > 1.2x108 sTCL = 90% 4] (bound )
Lepton + > 0.86 x 10% sTCL = 90%  (free n)
epton + meson
n— e nt >65 90% 459 Decay parameters [¢]
n— @ w: > 49 %% 453 pe Ve  galgy = —1.2670 £ 0.0035 (S = 1.9)
n— e p > 62 90% 154 " A= —01162 + 00013 (S =1.8)
n— upt >7 90% 120 " B — 0.990 + 0.008
e K+
n e,lf(+ >32 0% 340 . 2= —0.102 + 0.005
n—op > 87 90% 330 " day = (180.07 = 0.18)° 7]
Lepton + mesons " D=(-05+14)x1073
p— e xtxt >30 90% 448 p
n— e xta° > 29 90% 249 n DECAY MODES Fraction (I;/T)  Confidence level (MeVic)
p— prtrt >17 90% 425 pe7. 100% 110
n— y xtx0 >34 20% 427
p— et KT > 20 90% 320 Charge conservation (Q) violating mode

p— wort KT >5 20% 279 PreTe Q< 8x107% 68%  1.29
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N(1440) Pyy

1Py =137

Breit-Wigner mass = 1430 to 1470 (x 1440) MeV
Breit-Wigner full width = 250 to 450 (a2 350) MeV
Pream = 0.61 GeV/c 4732 = 31.0 mb
Re(pole position) = 1345 to 1385 (= 1365) MeV
—2Im(pole position) — 160 to 260 (= 210) MeV

1P =437

Breit-Wigner mass = 1640 to 1680 (~ 1650) MeV
Breit-Wigner full width = 145 to 190 (= 150) MeV
Pream = 0.96 GeV/c 4732 = 16.4 mb
Re(pole position) = 1640 to 1680 (= 1660) MeV
—2Im(pole position) — 150 to 170 (= 160) MeV

N(1440) DECAY MODES Fraction (T';/T) p (MeVfe) N(1650) DECAY MODES Fraction (I;/T) p (MeVfe)

Nr 60-70 % 397 Nr 55-90 % 547

Nrrm 30-40 % 342 Nn 3-10% 346
Ar 20-30% 143 AK 3-11% 161
Np <8% 1 Nrrw 10-20 % 511
N(ra )20 e 5-10% - Ar 7% 344

Py 0.035-0.048 % 414 Np 4-12% 1
pryThelicity=1/2 0.035-0.048 % 414 N(rm)E0 e <4% -

ny 0.009-0.032 % 413 N(1440) 7 <5% 147
nyThelicity=1/2 0.009-0.032 % 413 2% 0.04-0.18 % 558

pThelicity=1/2 0.04-0.18 % 558
ny 0.003-0.17 % 557
1P =43 nyThelicity=1/2 0.003-0.17 % 557
Breit-Wigner mass = 1515 to 1530 (= 1520) MeV
Breit-Wigner full width = 110 to 135 (= 120) MeV 1Py = 3(37)
Poeam = 0.74 GeV/c 4732 = 235 mb
Re(pole position) = 1505 to 1515 (= 1510) MeV Breit-Wigner mass = 1670 to 1685 (= 1675) MeV
—2Im(pole position) = 110 to 120 (~ 115) MeV Breit-Wigner full width = 140 to 180 (~ 150) MeV
Pheam = 1.01 GeV/c 4732 = 154 mb

N(1520) DECAY MODES Fraction (T';/) p (M) Re(pole position) = 1655 to 1665 (= 1660) MeV

Nr 50-60 % 156 —2Im(pole position) = 125 to 155 (x 140) MeV

Nrrw 40-50 % 410 .

Ar 15259 28 N(1675) DECAY MODES Fraction (I ;/T) p (MeVf)
Np 15-25 % t N 40-50 % 563
N(ra )20 o <8% - AK <1% 209

Py 0.46-0.56 % 470 N7z 50-60 % 529
pThelicity=1/2 0.001-0.034 % 470 A 50-60 % 364
pyThelicity=3/2 0.44-0.53 % 470 Np <13% t

ny 0.30-0.53 % 470 py 0.004-0.023 % 575
nyT helicity=1/2 0.04-0.10 % 470 pyThelicity=1/2 0.0-0.015 % 575
nyThelicity=3/2 0.25-0.45 % 470 p~yT helicity=3/2 0.0-0.011 % 575

ny 0.02-0.12 % 574
n~yThelicity=1/2 0.006-0.046 % 574
1Py =147 nyThelicity=3/2 0.01-0.08 % 574
Breit-Wigner mass = 1520 to 1555 (a2 1535) MeV
Breit-Wigner full width = 100 to 250 (~ 150) MeV. 1P =361
Pheam = 0.76 GeV/c 4732 = 225 mb —
Re(pole position) = 1495 to 1515 (= 1505) MeV Bre!t—W[gner mass = 1675 to 1630 (= 1680) MeV
—2Im(pole position) = 90 to 250 (= 170) MeV Breit-Wigner full width = 120 to 140 (= 130) MeV
Pheam = 1.01 GeV/c 4732 = 152 mb
N(1535) DECAY MODES Fraction (I';/I") p (MeVjc) Re(pole position) = 1665 to 1675 (x 1670) MeV
Nr 35-55 9% 167 —2Im(pole position) = 105 to 135 (a2 120) MeV
- o,

x:’m i:gi /q/" izz N(1680) DECAY MODES Fraction (T ;/T) P (Mevo)
Ar <1% 242 N= 60-70 % 567
Np <4 % t Nrrm 30-40 % 532
N(rr)E0 o <3% - Ar 5-15% 369
N(1440)7 <7% 1 Np 3-15% t

Py 0.15-035 % 481 N7 )5 e 520% -
pyThelicity=1/2 0.15-0.35 % 481 Py 0.21-0.32 % 578

ny 0.004-0.29 % 480 pyThelicity=1/2 0.001-0.011 % 578
myThelicity=1/2 0.004-0.29 % 480 pryThelicity=3/2 0.20-0.32% 578

ny 0.021-0.046 % 577
n~ylhelicity=1/2 0.004-0.029 % 577
nyThelicity=3/2 0.01-0.024 % 577
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1Py =367

Breit-Wigner mass = 1650 to 1750 (a2 1700) MeV
Breit-Wigner full width = 50 to 150 (~ 100) MeV
Pheam = 1.05 GeV/c 4732 = 145 mb
Re(pole position) = 1630 to 1730 (=~ 1680) MeV

—2Im(pole position) = 50 to 150 (a2 100) MeV

N(1700) DECAY MODES Fraction (I';/T) p (MeVjc)
Nx 5-15 % 580
AK <3% 250
Nrx 85-95 % 547
Np <35% T
py 0.01-0.05 % 591
pyThelicity=1/2 0.0-0.024 % 591
pyThelicity=3/2 0.002-0.026 % 591
ny 0.01-0.13 % 590
nyThelicity=1/2 0.0-0.09 % 590
n+yThelicity=3/2 0.01-0.05 % 590

1Py =13Gh

Baryon Summary Table

Breit-Wigner mass = 2180 to 2310 (a2 2220) MeV
Breit-Wigner full width = 320 to 550 (a2 400) MeV
Pheam = 2.14 GeV/c 47x2 = 5.97 mb
Re(pole position) = 2100 to 2240 (=~ 2170) MeV
—2Im(pole position) = 370 to 570 (= 470) MeV

N(2220) DECAY MODES Fraction (I';/T) p (MeVjc)

Nx 10-20 % 905

Breit-Wigner mass = 2170 to 2310 (= 2250) MeV
Breit-Wigner full width = 290 to 470 (= 400) MeV
Pbeam = 2.21 GeV/c 47X =574 mb
Re(pole position) = 2080 to 2200 (a2 2140) MeV
—2Im(pole position) = 280 to 680 (~ 480) MeV

N(2250) DECAY MODES Fraction (F;/T) p (Mevic)

Nr

5-15 %

923

Breit-Wigner mass = 1680 to 1740 (~ 1710) MeV
Breit-Wigner full width = 50 to 250 (= 100) MeV
Pbeam = 1.07 GeV/c 4732 = 142 mb
Re(pole position) = 1670 to 1770 (=~ 1720) MeV

—2Im(pole position) = 80 to 380 (=~ 230) MeV

N(1710) DECAY MODES Fraction (I';/T) p (MeV/c)
Nx 10-20 % 587
AK 5-25 % 264
Nrx 40-90 % 554
Ax 15-40 % 393
Np 5-25 % 40
N(xm )IS?V?IQVP 10-40 % -
py 0.000-0.05% 598
pryThelicity=1/2 0.002-0.05% 598
ny 0.0-0.02% 597
n~ T helicity=1/2 0.0-0.02% 597

1Py =53Gh

Breit-Wigner mass = 1650 to 1750 (a2 1720) MeV
Breit-Wigner full width = 100 to 200 (= 150) MeV
Pbeam = 1.09 GeV/c 4xx° = 139 mb
Re(pole position) = 1650 to 1750 (a2 1700) MeV
—2Im(pole position) = 110 to 390 (~ 250) MeV

N(1720) DECAY MODES Fraction (T';/T) P (Mev/c)
Nx 10-20 % 594
AK 1-15 % 278
Nrrw >70 % 561
Np 70-85 % 104
py 0.003-0.10 % 604
pyThelicity=1/2 0.003-0.08 % 604
pyThelicity=3/2 0.001-0.03 % 604
ny 0.002-0.39 % 603
nyThelicity=1/2 0.0-0.002 % 603
ny T helicity=3/2 0.001-0.39 % 603

1Py =437

Breit-Wigner mass = 2100 to 2200 (a2 2190) MeV
Breit-Wigner full width = 350 to 550 (= 450) MeV
Pbeam = 2.07 GeV/c 4732 = 6.21 mb
Re(pole position) = 1950 to 2150 (= 2050) MeV
—2Im(pole position) = 350 to 550 (~ 450) MeV

N(2190) DECAY MODES Fraction (F;/T) p (Meve)

Nx 10-20 % 888

1Py = 4%

Breit-Wigner mass = 2550 to 2750 (= 2600) MeV
Breit-Wigner full width = 500 to 800 (= 650) MeV
Pheam = 3.12 GeV/c 47X% = 3.86 mb

N(2600) DECAY MODES Fraction (I';/T) P (MeVfe)
N=x 5-10 % 1126
A BARYONS
(S=0, = 3/2)

At = yuuT AT = yudl A° = yddl A~ = ddd

1Py =3G6h

Breit-Wigner mass (mixed charges) = 1230 to 1234 (= 1232)
MeV

Breit-Wigner full width (mixed charges) = 115 to 125 (= 120)
MeV
Pbeam = 0.30 GeV/c 47x2 = 94.8 mb

Re(pole position) = 1209 to 1211 (=~ 1210) MeV

—2Im(pole position) = 98 to 102 (a2 100) MeV

A(1232) DECAY MODES Fraction (I';/T) p (Mevfc)
N >99 % 207
Ny 0.52-0.60 % 259
N~ T helicity—1/2 0.11-0.13 % 259
N~ T helicity=3/2 0.41-0.47 % 259

Breit-Wigner mass = 1550 to 1700 (~ 1600) MeV
Breit-Wigner full width = 250 to 450 (= 350) MeV
Pbeam — 0.87 GeV/c 47x2 — 186 mb
Re(pole position) = 1500 to 1700 (= 1600) MeV
—2Im(pole position) = 200 to 400 (= 300) MeV

A(1600) DECAY MODES Fraction (I';/T) p (MeVfe)
N=x 10-25 % 512
Nrx 75-90 % 473
Ax 40-70 % 301
Np <25 % t
N(1440) 7 10-35 % 74
N~ 0.001-0.02 % 525
N~T helicity=1/2 0.0-0.02 % 525
N~ helicity=3/2 0.001-0.005 % 525




Baryon Summary Table

Breit-Wigner mass = 1615 to 1675 (~ 1620) MeV
Breit-Wigner full width = 120 to 180 (a 150) MeV
Pheam = 0.91 GeV/c 4732 = 17.7 mb
Re(pole position) = 1580 to 1620 (= 1600) MeV
—2Im(pole position) = 100 to 130 (= 115) MeV

Breit-Wigner mass = 1900 to 1970 (x 1920) MeV
Breit-Wigner full width = 150 to 300 (a2 200) MeV
Pheam = 1.48 GeV/c 4732 = 9.37 mb
Re(pole position) = 1850 to 1950 (= 1900) MeV
—2Im(pole position) = 200 to 400 (= 300) MeV

A(1620) DECAY MODES Fraction (T';/T) p (MeVfe) A(1920) DECAY MODES Fraction (I;/T) p (MeVfe)
Nr 20-30% 52 N7 5-20% 722
Nrr 70-80% 488
Arx 3060 % 318
Np 7-25% 1 1P =367
N~y 0.004-0.044 % 538
NAT helicity=1/2 0.004-0.044 % 538 Breit-Wigner mass = 1920 to 1970 (~ 1930) MeV
Breit-Wigner full width = 250 to 450 (= 350) MeV
Pheam = 1.50 GeV/c 4732 = 9.21 mb
/(JP) =36M Re(pole position) — 18610 to 1940 (= 1890) MeV
- —2Im(pole position) = 200 to 300 (a2 250) MeV
Breit-Wigner mass = 1670 to 1770 (& 1700) MeV
Breit-Wigner full width = 200 to 400 (x 300) MeV /A(1930) DECAY MODES Fraction (I';/T) p (MeVic)
Poeam = .1A05 GeV/c 47X% = 145 mb Nr 1020% -~
Re(pole position) = 1620 to 1700 (= 1660) MeV Ny 0.0-0.02 % 77
—2Im(pole position) = 150 to 250 (x 200) MeV NAT helicity=1/2 0.0-0.01 % 737
. N~Thelicity=3/2 0.0-0.01 % 737
A(1700) DECAY MODES Fraction (T';/T") p (MeVjo)
Nr 10-20 % 580
Nrrx 80-90 % 547 /(JP) = %(%ﬂ
Ar 30-60 % 385
Np 30-55 % 1 Breit-Wigner mass = 1940 to 1960 (x 1950) MeV
N~y 0.12-0.26 % 591 Breit-Wigner full width = 290 to 350 (= 300) MeV
N7 T helicity=1/2 0.08-0.16 % 591 Pream = 1.54 GeV/c 4732 = 891 mb
Ny helicity=3/2 0.025-0.12 % 591 Re(pole position) = 1880 to 1890 (x 1885) MeV
—2Im(pcle positicn) = 210 to 270 (= 240) MeV
1Py =36H A(1950) DECAY MODES Fraction (T ;/T) p (Mevie)
Breit-Wigner mass = 1870 to 1920 (s 1905) MeV N 35-10% at
Breit-Wigner full width = 280 to 440 (~ 350) MeV Nrx 716
2 Arm 20-30 % 574
Poeam = 1.45 GeV/c 47X° = 9.62 mb Np <109 169
Re(pole position) = 1800 to 1860 (~ 1830) MeV Ny 0.08-013 % 79
—2Im(pole position) = 230 to 330 (~ 280) MeV NyThelicity=1/2 0.03-0.055 % 719
. N~Thelicity=3/2 0.05-0.075 % 749
A(1905) DECAY MODES Fraction (T';/T") p (MeVjo)
Nr 5-15 % 713
N7 8595 % 687 A(2420) Hy 1y 1Py = 34
Arn <25 % 542
Np 60 % 421 Breit-Wigner mass = 2300 to 2500 (x 2420) MeV
Ny 0.01-0.03 % 721 Breit-Wigner full width = 300 to 500 (x: 400) MeV
NAT helicity=1/2 0.0-0.1% 721 Pheam = 2.64 GeV/c 4732 = 4.68 mb
NyThelicity=3/2 0.004-0.03 % 1 Re(pole position) = 2260 to 2400 (~ 2330) MeV
—2Im(pole position) = 350 to 750 (= 550) MeV
1Py =3G9 A(2420) DECAY MODES Fraction (T;/T) » (MeViQ)
Breit-Wigner mass = 1870 to 1920 (~ 1910) MeV Nx 5-15% 1023
Breit-Wigner full width = 190 to 270 (= 250) MeV
Pheam = 1.46 GeV/c 47X% = 9.54 mb
Re(pole position) = 1830 to 1880 (= 1855) MeV
—2Im(pole position) = 200 to 500 (~ 350) MeV
A(1910) DECAY MODES Fraction (T';/T") p (MeVjo)
Nrx 15-30 % 716
N~y 00-02% 725
NAT helicity=1/2 0.0-0.2% 725
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Baryon Summary Table

Py _ o(l—
A BARYONS | /(1670) Sy | 17y =0(7)
(5 =-1,1/= 0) Mass m = 1660 to 1680 (= 1670) MeV
0 Full width T = 25 to 50 (= 35) MeV
A = uds Dream = 0.74 GeVjc 432 = 285 mb
/(JP) — 0(%-%—) A(1670) DECAY MODES Fraction (T';/T) p (MeV/c)
NK 15-25 % 414
Mass m = 1115.683 + 0.006 MeV s 20-60 % 303
Mean life r = (2.632 £ 0.020) x 10710 s (S = 1.6) An 1535 % o
cr =7.89 cm
Magnetic moment ;¢ = —0.613 + 0.004 upy
Electric dipole moment d < 1.5 x 10716 ecmlICL = 95% 1Py = 0(37)
Decay parameters Mass m = 1685 to 1695 (= 1690) MeV
pr Z— = ?6;‘251(;051; Full width I = 50 to 70 (= 60) MeV
" - = (=65 %3 = 0.78 GeV 432 = 26.1 mb
N 4 — 0768 Phbeam eV/c . m
" A_=(8+ 4 d A(1690) DECAY MODES Fraction (';/T) p (Mevjc)
0 ]
nm ag = +0.65 + 0.05 VK 0307 .
7 - €] o
pe ve ga/8v 0.718 £+ 0.015 s 20-40 % 409
A DECAY MODES ) Arm ~25% 415
Fraction (I';/T) P (Mevie) S ~20 % 150
pr~ (63.9 405 )% 101
nn° (358 405 )% 104 P
ny ( 1.7540.15) x 103 162 1Py =0(7)
prTy [H( 8.4 +1.4)x 1074 101
pe Te ( 8.3240.14) x 1074 163 Mass m = 1720 to 1850 (=~ 1800) MeV
puT Y, ( 1.5740.35) x 1074 131 Full width I = 200 to 400 (~ 300) MeV
Pheam = 1.01 GeV/c 47X> = 17.5 mb
1Py =07 A(1800) DECAY MODES Fraction (T;/T) p (MeVio)
Mass m = 1407 + 4 MeV NK 25-40 % 528
Full width ' = 50.0 + 2.0 MeV I seen 493
Below K N threshold Z(1385) 7 seen 345
NK*(892) seen 1
A(1405) DECAY MODES Fraction (T'; /T) P (MeV/e)
I 10 2 | A(1810) Py | 1Py =03 *)
/(JP) ) Mass m = 1750 to 1850 (= 1810) MeV
2 Full widlth T = 50 Lo 250 (= 150) MeV
_ 2
Mass m — 1519.5 + 1.0 Mev [1 Pheam = 1.04 GeV/c 47X% = 17.0 mb
Full width T = 15.6 + 1.0 MeV [
A(1810) DECAY MODES Fraction (I;/T" MeV)
Deam = 0.39 GeVjc  4mi2 =828 mb (1810) raction (Tj/1) P (Mevie)
NK 20-50 % 537
A(1520) DECAY MODES Fraction (F;/) p (MeVie) I 10-40 % 501
— N T (1385)7 seen 356
NK 45 + 1% 244 NK*(892) 3060 % t
r 42+ 1% 267
Arm 10+ 1% 252
Srrw 09 1 0.1% 152 /(JP) — 0(g+)
Ay 0.8+ 0.2% 351
Mass m = 1815 to 1825 (= 1820) MeV
- JUP) = o(3 ) Full width I = 70 to 90 (= 80) MeV
T2 Ppeam = 1.06 GeV/c 47X2 = 16.5 mb
Mass m = 1560 to 1700 (s 1600) MeV A DECAY MODES i
Full width T = 50 to 250 (= 150) MeV (1820) Fraction (7/T) P (Mev)
Pheam = 0.58 GeV/c 47X% = 41.6 mb NK 55-65 % a5
r 8-14 % 508
A(1600) DECAY MODES Fraction (T;/T) p (MeVjo) (1385) 7 5-10 % 362
NK 15-30 % 343
> 10-60% 336 | /(1830) Dgs | 1Py =037)
Mass m = 1810 to 1830 (= 1830) MeV
Full width I = 60 to 110 (= 95) MeV
Pheam = 1.08 GeV/c 4732 = 16.0 mb
A(1830) DECAY MODES Fraction (I';/T") p (Mev/c)
NK 3-10% 553
r 35-75 % 515
(1385) >15% 371




Baryon Summary Table

A(1890) Pgs 1Py =037
Mass m = 1850 to 1910 (= 1890) MeV
Full width I = 60 to 200 (~ 100) MeV
Ppeam = 1.21 GeV/c 4732 = 136 mb

> BARYONS
(S=-1,1=1)

St=yust 0= udsT £~ =dds

A(?QO) DECAY MODES Fraction (I';/) p (MeVfe) /(JP) _ 1(%+)
NK 20-35% 599
Ir 3-10% 559 Mass m = 1189.37 £ 0.07 MeV (S =2.2)
T(1385) 7 seen 20 Mean life 7 = (0.799 + 0.004) x 10710
NK*(892) seen 23 or = 2.396 cm
Magnetic moment i = 2.458 £ 0.010 py (S =2.1)
T(Z+ = ntto)/TI(E- = ni77) < 0.043
A(2100) Gyr 1Py = o] (7= nf)/IET = e <
Decay parameters
Mass m = 2090 to 2110 (= 2100) MeV pa° ag = —0.980fg‘gg
Full width T = 100 to 250 (= 200) MeV n b0 = (36 + 34)°
Pheam = 1.68 GeV/c 4732 = 8.68 mb " 7o = 0.16 [8]
" Do = (187 + 6)° el
A(2100) DECAY MODES Fraction (I';/T) p (MeVe) nrt oy = 0.068 + 0.013
NK 25-35 % 751 " by = (167 +20)° (S=1.1)
Xz ~5% 704 " vy = —0.97 18]
P " _ 133y0
An <3% 617 A, = (-3 133 ]
= <3% 483 Py ay = —0.76 + 0.08
Aw <8% 443 ,
*
NK*(892) 10-20% 514 £+ DECAY MODES Fraction (F;/T)  Confidence level (Mevc)
pr® (5157 10.30) % 189
A(2110) Fos 1Py = o3 h) nat (48.3L+0.30) % 185
Py ( 1.23+40.05) x 10~3 225
Mass m = 2090 to 2140 (~ 2110) MeV naty [ (45 +05)x 1074 185
Full width T = 150 to 250 (= 200) MeV Aetve (20 +05)x 1073 i
_ 2_
Pbeam = 1.70 GeV/c 47Xx4 = 8.53 mb AS = AQ (5Q) violating modes or
AS =1 weak neutrzl current (S1) modes
A(2110) DECAY MODES Fraction (T;/T) P (MeVje) net v, 0 <s 10-6 oo o
NK 5-25% 757 mty, $Q < 30 x 1075 90% 202
7 10-40% 711 pele s1 < 7 x 1076 225
Aw seen 455
X (1385) seen 589 p N
NK*(892) 10-60 % 524 107y =1(57)
Mass m = 1192.642 + 0.024 MeV
A(2350) Hoo /(JP) _ 0(%+) my — mygo = 4807+ 0035 MeV (S=11)
Myo — My — 76.959 + 0.023 MeV
Mass m = 2340 to 2370 (=~ 2350) MeV Mean life r = (7.4 £ 07) 107705
Full width T = 100 to 250 (= 150) MeV er=222x107"m
Pheam = 2.29 GeV/c 4752 = 5.85 mb Transition magnetic moment |ux 4| = 1.61 % 0.08 py
p
A(2350) DECAY MODES Fraction (T';/I) p (MeVi) 50 DECAY MODES Fraction (;/T) Confidence level (MeV/c)
NK ~12% 915 Ay 100 % 74
I ~10% 867 Ayry < 3% 90% 74

Aete™ - 5x1073 74
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1WFh =134

Mass m — 1197.449 + 0.030 MeV (S — 1.2)
my — mg, —808+008MeV (S—_19)
my_ — mp = 81766 + 0.030 MeV (S =1.2)
Mean life 7 = (1.479 4 0.011) x 1079 s (S = 1.3)
cr =4.434 cm
Magnetic moment p = —1.160 + 0.025 uy (S = 1.7)
Decay parameters
nx— a_ = —0.068 + 0.008
" é_ = (10 + 15)°
" . = 0.98 €]
" A= (289F 120 e

ne v, 2a/gy = 0.340 + 0.017 €]
" £(0)/f1(0) = 0.97 £ 0.14
" D—0.11+0.10
Ae"ve  gy/ga—001+010[€ (s —15)

" gwm/ga — 2.4 + 1.7 €]

X~ DECAY MODES Fraction (I;/T) p (MeV/c)
nr~ (99.8480.005) % 193
nr Ty [H]( 46 +06 )x1074 193
ne v, ( 1.01740.034) x 1073 230
vy (45 +04 )x107% 210
Ae" T ( 573 £027 ) x 1075 79
Z(1385) Pys 1P =131
T(1385) mass m — 1382.8 + 0.4 MeV (S — 2.0)
T(1385)° mass m = 1383.7 + 1.0 MeV (S = 1.4)
¥ (1385)"mass m = 1387.2 + 0.5 MeV (S = 2.2)
5(1385) Ffull width T = 35.8 & 0.8 MeV
5(1385)° full width T — 36 + 5 MeV
S(1385) full width T — 39.4 + 21 MeV (S — 1.7)
Below K N threshold
X(1385) DECAY MODES Fraction ([;/T) P (MeV/c)
A 8842 % 208
Ir 1242 % 127
X(1660) Py 1Py =13
Mass m = 1630 to 1690 (~ 1660) MeV
Full width T = 40 to 200 (~ 100) MeV
Poeam = 0.72 GeV/c 4732 = 29.9 mb
X(1660) DECAY MODES Fraction (F;/T) p (MeVic)
NK 10-30 % 405
Ax seen 439
I seen 385
¥(1670) Dy3 1Py =137)
Mass m = 1665 to 1685 (~ 1670) MeV
Full width T = 40 to 80 (= 60) MeV
Poeam = 0.74 GeV/c 47X% = 285 mb
¥(1670) DECAY MODES Fraction (I;/T) P (MeVic)
NK 7-13% 414
Ar 5-15 % 447
I 3060 % 393

Baryon Summary Table

Z(1750) 5y 197y = 137)
Mass m = 1730 to 1800 (~ 1750) MeV
Full width T = 60 to 160 (= 90) MeV

Pheam — 0.91 GeV/c 4732 — 20.7 mb
X(1750) DECAY MODES Fraction (F;/T) P (MeV/c)
NK 10-40 % 486
Ax seen 507
Ir <8% 455
PRl 15-55 % 81
X (1775) Dis 1Py =137
Mass m = 1770 to 1780 (~ 1775) MeV
Full width I = 105 to 135 (= 120) MeV
Pbeam = 0.96 GeV/c 47X% = 19.0 mb
X(1775) DECAY MODES Fraction (F;/T) P (MeV/c)
NK 37-43% 508
Arx 14-20% 525
I 2-5% 474
X (1385)w 8-12% 324
A(1520) & 17-23% 198
X (1915) Fy5 1Py =13
Mass m = 1900 to 1935 (= 1915) MeV
Full width I = 80 to 160 (=~ 120) MeV
Pbeam = 1.26 GeV/c 47X’ = 12.8 mb
X(1915) DECAY MODES Fraction (F;/T) P (MeV/c)
NK 515 % 618
Axr seen 622
Py seen 577
53 (1385) 7 <5% 440
5(1940) Dys 1Py =137)
Mass m = 1900 to 1950 (= 1940) MeV
Full width T = 150 to 300 (= 220) MeV
Pbeam = 1.32 GeV/c 47X% = 12.1 mb
¥(1940) DECAY MODES Fraction (F;/T) P (MeV/c)
NK <20 % 637
Ax seen 639
X seen 594
3 (1385) 7 seen 460
/\(1520)1 seen 354
A(1232)K seen 410
NK*(892) seen 320
(2030) Fi7 1Py~ 13
Mass m — 2025 to 2040 (~ 2030) MeV
Full width ' — 150 to 200 (= 180) MeV
Phearm = 1.52 GeV/c 4722 = 9.93 mb
£(2030) DECAY MODES Fraction (I';/T) p (Mev/)
NK 17-23 % 702
Am 17-23 % 700
I 5-10% 657
K <2% 412
X (1385)w 5-15 % 529
A(1520)7 10-20 % 430
A(1232)K 10-20 % 498
NK*(892) <5 % 438




Baryon Summary Table

1Py =129

AS = 2 forbidden ($2) modes

nr” s2 < 19 x 1073 90% 303
- -3
Mass m = 2210 to 2280 (~ 2250) MeV ne Ve f < 32 o 0%
Full width T = 60 to 150 (= 100) MeV/ R 2 <18 o, e o
Pheam = 2.04 GeV/c 4732 = 6.76 mb prm sz <4 * 10~ W% 223
ca P e Te s2 < 4 x10—4 90% 304
] —a4 5
5 (2250) DECAY MODES Fraction (T;/T) p (MeVic) SR 2 <4 e 0% 280
— pr i L < 4 x 10 90% 272
NK <10 % 851
Ar seen 842
Py s seen 803 | 5(1530) Pi3 | I(JP) = %(ng)
Z(1530)° mass m = 1531.80 + 0.32 MeV (S = 1.3)
= BARYONS =(1530)"mass m = 1535.0 + 0.6 MeV
(S =2 |= 1/2) =(1530)° full width T = 9.1 &+ 0.5 MeV
- 1= Z(1530) full width T = 9.9 17 Mev
=0 = ysst = =dss »
=(1530) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Py_ 1.1+ =7 100 % 152
17 =31 =y <4 % 90% 200
P is not yet measured; + is the quark model prediction.
Mass m = 1314.9 + 0.6 MeV 1(0Py = 129
Mz — Mz = 6.4 £ 0.6 MeV
Mean life 7 = (2.90 & 0.09) x 1070 s Mass m = 1690 &+ 10 MeV I
cr =8.71cm Full width T < 50 MeV
Magnetic moment ;e = —1.250 + 0.014 gpy
Decay parameters =(1690) DECAY MODES Fraction (I';/T) p (MeV/c)
Ax® o= —0411+0.022 (S=21) AK seen 240
" ¢ = (21 £ 12)° }:_K seen 51
" ~ =0.85 [£] =rtre possibly seen 214
" A= (218F 1) le]
Ay a=04+04 1Py =437
50 o= 0.20 + 0.32 22
- p Mass m = 1823 + 5 MeV ]
=V DECAY MODES Fraction (I';/T) Confidence level (MeV/c) Eull width T — 2438 Mev [
Ax0 (99.5440.05) % 135
Ay ( 1.062:0.16) x 1073 184 =(1820) DECAY MODES Fraction (I';/T) p (Mev/c)
Uy (35 +£04 )x1073 117 —
Tte T, < 11 x 1073 20% 120 AK large 400
S, < 11 x10~3 20% 64 LK 5’"3:: 3;2
=7 smal 4
AS = AQ (5Q) violating modes or =(1530) 7 small 234
AS = 2 forbidden ($2) modes
S etwe sQ < 9 x 1074 0% 112
Py _ 177
T oty Q@ « 9 x 1074 20% 49 1(47) = 2(7%)
pr $2 < 4 x 1075 20% 299
pe—7, 2 < 1a 103 1 Mass m = 1950 1 15 MeV [T
piTT, s2 < 13 w10 3 200 Full width T = 60 + 20 Mev []
=(1950) DECAY MODES Fraction (F;/T) p (MeV/c)
i
1Py =361 3 -
212 AK seen 522
P is not yet measured; + is the quark model prediction. }:_K possibly seen :z
=7 seen
Mass m = 1321.32 £ 0.13 MeV
Mean life 7 = (1.639 + 0.015) x 10710 s ,
cr =491 cm /(JP)—i(Z‘;")
Magnetic moment j» = —0.6507 + 0.0025 ;1
Decay parameters Mass m = 2025 + 5 MeV [
_ Full width T = 20713 Mev [1
Am o= —0456 £ 0.014 (S =1.8) 5
" o =(4+4)¢
" 5 =089 le] =(2030) DECAY MODES Fraction (I;/T) p (MeVfc)
" A = (188 + 8)° le] AK ~20% 589
Ae"ve  ga/gy = —0.25+0.05 [ IK ~80 % 533
» =r small 573
=~ DECAY MODES Fraction (I;/I) Confidence level (MeV/c) ;%1530)# sma:: 4z
ks smal 501
Ax— (99.887+0.035) % 139 SKr small 430
STy (127 4023 )x 1074 118
Ae v, ( 563 +£031 )x 1074 190
A~ 7, (35 T35 )x104 163
e 7, (87 +17 )x1075 122
07, < 8 x107% 0% 70
e 7, < 23 x1073 9% 6
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2 BARYONS

(S=-3,/=0)

27 =sss

[o]

4P

1Py =031)

is not yet measured; %'*’ is the quark model prediction.

Mass m = 1672.45 + 0.29 MeV
Mean life 7 = (0.822 + 0.012) x 100 s
cr = 246 cm

Magnetic moment j¢ — —2.02 £ 0.05 ppy
Decay parameters

AK— = —0.026 + 0.026

07— «—0.09+0.14

=70 =005+ 021

02— DECAY MODES Fraction (I';/I")

P
Confidence level (MeV/c)

AK™ (67.8+0.7) % 211
(236+0.7) % 294
( 86+0.4)% 290
(13739104 190
(6aF50yx 1074 17
( 5.642.8) x 1073 319
< 46 x 10~4 0% 314
AS = 2 forbidden (S2) modes
Ar~ 52 < 19 x 1074 90% 449
0(2250)~ 1Py = 0%
Mass m = 2252 + 9 MeV
Full width ' = 55 + 18 MeV
(2250 DECAY MODES Fraction (I;/T) p (MeVic)
=rt K- seen 531
=(1530)° K~ seen 437

CHARMED BARYONS
(C=+1)
A =wudel £IT = puel If =udd X% =ddcl
=h=user 20 =dscr 0 =ssc

AF 1Py =03 %)

J not confirmed; % is the quark model prediction.

Mass m = 2284.9 £ 0.6 MeV
Mean life 7 = (0.206 + 0.012) x 1072 s

cr = 61.8 um
Decay asymmetry parameters
Axt a=-098+0.19
sta0 a=—0454+0.32
AMFvy  a— 082750

Nearly all branching fractions of the Aj_' are measured relative to the
pPK™ T moder butthere are no model-independent measurements of this
branching fraction. We explain how we arrive at our value of B(A'Lf —
pK 1r+) in a Note at the beginning of the branching-ratio measurementsl”
in the Listings. When this branching fraction is eventually well determinedl”
all the other branching fractions will slide up or down proportionally as the
true value differs from the value we use here.

Baryon Summary Table

Scale factor/ P

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

Hadronic modes with a p and one K

pK° (25 +07)% 872
pK—nt [{] (50 + 13)% 822
pK*(892)° M (18 +06)% 681
A(1232) T K~ (8 =5 )x1073 709
A(1520) =T M (45 2% )x10°3 626
p K~ 7 nonresonant (28 + 09)% 822
pK% (13 +04)% 567
pKOrt ™ (24 £11)% 753
pK-xt 70 seen 758
pK*(892)~ 7T M (11+06)% 579
P(K77r+)nonresonant7r0 (36+12)% 758
A(1232) K*(892) seen 416
pK xtrtr™ (11 + 08 )x1073 670
pK— 7T 7970 (8 +4 )x1073 676
pK— 7T 797020 (50 + 34 )x1073 573
Hadronic modes with a p and zero or two K's
prta~ (35 + 20)x1073 926
p £5(980) 1 (28 +19)x1073 621
prtatr r™ (18 + 12 )x1073 851
pKT K™ (23 + 09 )x1073 615
po [ (1.2 + 05)x1073 589
Hadronic modes with a hyperon
Ant (90 + 28 )x1073 863
Axt a0 (36 +13)% 843
Apt <5 % CL=95% 638
Artrta— (33 +10)% 806
Anty (17 + 06 )% 690
Z(1385) 1y [l (85 +33)x1073 569
AKTKO (60 + 21 )x1073 aa1
SOxt (99 + 32 )x1073 824
A0 ( 1.00+ 034)% 826
Sty (55 + 23 )x1073 712
Strte~ (34 £10)% 303
st0 < 14 % CL=95% 578
Soptat (18 + 08)% 798
SO0zt 70 (18 + 08)% 802
SO0zt atr— (11 + 04)% 762
Statr—#0 — 766
St M (27 +10)% 568
strtata—z— (307 31yx103 707
STKTK™ (35 + 12 )x1073 346
st [ (35 =+ 17)x1073 292
StKta— (7 +§ )xw3 668
0K+ (39 + 14 )x1073 652
= Ktgt (49 £ 17 )x1073 564
=(1530)° KT I (26 +10)x1073 an
Semileptonic modes
Aty [m (20 + 06)% -
Net v (21 +06)% -
At (20 +07)% -
et anything (45 +17)% -
peTanything (18 £ 09)% -

Aet anything — -
AT anything — _
A+ ypanything — -

Inclusive modes
p anything (50 =£16 )% -
p anything (no A) (12 +19 )% -
p hadrons — -
n anything (50 +16 )% -
n anything (no A) (29 +17 )% -
A anything 35 £11 )% S=1.4 -

S*anything Ml Qu +5 )% -



Baryon Summary Table

AC = 1 weak neutral current (C1) modeslor

Lepton number (L) violating modes
putu~ c1 < 34 x 104 cL=90% 936
Soptut L < 70 x107% CL=90% 81l
Ac(2593)* 1Py =03 7)
The spin-parity follows from the fact that £.(2455) 7 decaysiwith
little available phase spacel are dominant.
Mass m = 2593.9 + 0.8 MeV
m—mg =3089+06MeV (S$=11)
c
Full width I = 3.6729 Mev
/\2—7r7r and its submode X (2455)m — the latter just barely — are the
only strong decays allowed to an excited /\2’ having this mass; and the
/\‘wa‘*'w’ mode seems to be largely via X;_H'n—* or X?_n—‘*’.
A(2593) DECAY MODES Fraction (I;/T) » (MeV/c)
Nrrtr— [o] 2267 % 124
(2455 T~ 24+7% 17
5 (2455)°x U+7% 23
AT 7 7 3-body 18+£10% 124
/\2’ x° not seen 261
/\2’ ~ not seen 290
Ac(2625)F 1Py Zo?h
s expected to be 3/27.
Mass m = 2626.6 + 0.8 MeV (S = 1.2)
m—m, =3417 £ 06 MeV (S =16)
c
Full width T < 1.9 MeVICL = 90%
/\‘Lf o and its submode X (2455) 7 are the only strong decays allowed to
an excited /\‘Lf having this mass.
A(2625) DECAY MODES Fraction (I;/T) » (MeV/c)
/\2’ ata~ seen 184
S (2455) T 7~ small 100
5 (2455) nt small 101
AT 7T 7 3-body large 184
/\2r x° not seen 293
/\2’ b not seen 319
2455) 1Py =111
JP not confirmed; %“' is the quark model prediction.
5.(2455)TTmass m = 2452.8 + 0.6 MeV
5(2455)T mass m = 2453.6 4+ 0.9 MeV
5.(2455)° mass m = 24522 + 0.6 MeV
Mypy — My — 167.87 £ 0.19 MeV
[ [
Mey — My = 1687 £06 MeV
[ [
Myo — My = 167.30 &+ 0.20 MeV
[ c
My — mf‘; = 0.57 £ 0.23 MeV
c
m)__:r - ng — 1.4+ 0.6 MeV
A:'w is the only strong decay allowed to a X having this mass.
X (2455) DECAY MODES Fraction (I';/T) p (MeV/e)
Nor 100 % 90

2520) 1Py Z 1029
5.(2520)tTmass m — 2519.4 + 1.5 MeV
5.(2520)° mass m — 2517.5 + 1.4 MeV
My (a5o0yr+ — Myr = 2345 + 1.4 MeV
My fasapp — My = 2326 = 13 MeV

:
My 520yt — Mg (25000 = 1.9 + 1.9 MeV
T(2520)TFfull width T = 18 + 5 MeV
5(2520)° full width I = 13 + 5 MeV

1Py = 344

I(JP) not confirmed; (1) is the quark model prediction.

Mass m — 2465.6 + 1.4 MeV
Mean life 7 — (0.3575:37) x 10712 5

er = 106 ym
= DECAY MODES Fraction ('; /T p (MeVfc)
AK ;7r+ t seen 784
AK* (892)07r+ not seen 601
S(1385) T K7t nat seen 676
StK ;7r+ seen 808
ST K*(892)° seen 653
SO gt 2t seen 733
0.+ seen 875
Zoatat seen 850
_:(1530)0 T not seen 748
Z0x+40 seen 854
gt gt p— seen 817
ety seen 882
1P =360
1(JP) not confirmed; 1(37T) is the quark model prediction.
Mass m = 2470.3 + 1.8 MeV (S = 1.3)
Mg —m_y =47+ 21MeV (S=12)
~c ~c
Mean life 7 = (0.098 73022y« 10712 s
cr — 29 ym
Eg DECAY MODES Fraction (I';/T) p (MeVfe)
AKO seen 864
= xt seen 875
= ﬂifr‘*’fr’ seen 816
PKK* 892)0 seen 406
2K+ seen 522
et seen 882

~ £+ anything seen -

Z.(2645)T mass m = 2644.6 + 2.1 MeV (S = 1.2)
=.(2645)° mass m — 2643.8 + 1.8 MeV

M= (easyr — mE(L] — 1743 £ 1.1 MeV

M (oeasyp — Mzr = 178.2% 11 MeV

Z.(2645) full width T < 3.1 MeVICL = 90%
Z:(2645)° full width T < 5.5 MeVICL — 90%

=7 is the only strong decay allowed to a = resonance having this mass.

=.(2645) DECAY MODES Fraction (I;/I) p (Mevc)

= g xt seen 101

=+, -
=T seen 107
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10Py =03 +)

I(JP) not confirmed; O(;*) is the quark model prediction.

Mass m = 2704 + 4 MeV (S = 1.8)
Mean life 7 = (0.064 £ 0.020) x 1072 s

cr =19 ym
ng DECAY MODES Fraction (;/T) p (MeVjc)
STK-K xt seen 697
= K 5t seen 838
fomr a seen 827
QO ratat seen 759

BOTTOM BARYONS
(B=-1)

A = udbM =Y = ush =, = dsb

107y — o(3+)

/(JP) not yet measured; 0(%*) is the quark model prediction.
Mass m = 5624 + 9 MeV (S = 1.8)
Mean life 7 = (1.24 + 0.08) x 10712 s
cr = 372 pm

These branching fractions are actually an average over weakly decaying
b-baryons weighted by their production rates in Z decay (or high-energy
pp)branching ratiosand detection efficiencies. They scale with the LEP
Ap production fraction B(b — Ap) and are evaluated for our value B(b —
Ap) = (1017 39y,

The branching fractions B(b-haryon — A{™ Dyanything) and B(Ag —

Azr[’ﬁ[anything) are not pure measurements because the underlying
measured products of these with B(b — Ap) were used to determine
B(b— Ap)las described in the note “Production and Decay of b-Flavored

Hadrons.”
P
Ag DECAY MODES Fraction (T';/T) Confidence level (MeV/c)
J/P(1S)A (4.7+2.8) x 1074 1744
Ara seen 2345
AL 21 (1260)~ seen 2156
- i .1
/\zrl veanything [pl (9.0fg_8) % -
pr <50 x 1075 90% 2732
pPK™ <50 x 1075 90% 2711
b-baryon ADMIXTURE (A, Zp, T, %) |
Mean life 7 = (1.20 4 0.07) x 1072 s

These branching fractions are actually an average over weakly decaying

b-baryons weighted by their production rates in Z decay (or high-energy

pP)lbranching ratiosland detection efficiencies. They scale with the LEP

A, production fraction B(b — Ap) and are evaluated for our value B(b —

39

Ap) = (10173 )%.

The branching fractions B(b-baryon — A¢™ Tyanything) and B(Ag —

/\:_W’Wanything) are not pure measurements because the underlying

measured products of these with B(b — Ap) were used to determine

B(b— Ap)las described in the note “Production and Decay of b-Flavored

Hadrons.”
b-baryon ADMIXTURE (ApI=pXpM2)  Fraction (7;/T) p (MeVjc)

pu~ vanything
AL~ Dpanything

(49+ 2.0)%
(31t 9%
A/Aanything 35 12 y%

=~/ wpanything (55F 291073

Baryon Summary Table

NOTES

This Summary Table only includes established baryons. The Particle Listings
include evidence for other baryons. The masseslwidthsl and branching fractions
for the resonances in this Table are Breit-Wigner parametersibut pole positions
are also given for most of the A/ and A resonances.

For most of the resonancesl the parameters come from various partial-wave
analyses of more or less the same sets of datal and it is not appropriate to
treat the results of the analyses as independent or to average them together.
Furthermorel the systematic errors on the results are not well understood.
Thuslwe usually only give ranges for the parameters. We then also give a best
guess for the mass (as part of the name of the resonance) and for the width.
The Note on N and A Resonances and the Note on A and X Resonances in
the Particle Listings review the partial-wave analyses.

When a quantity has “(S = ...)" to its rightl the error on the quantity has
been enlarged by the “scale factor” ST defined as S = +/X2/(N — 1)['where N
is the number of measurements used in calculating the quantity. We do this
when S > 1T which often indicates that the measurements are inconsistent.
When S > 1.251 we also show in the Particle Listings an ideogram of the
measLrements. For more about ST see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decayl p is
the momentum of each decay product in the rest frame of the decaying particle.
For a 3-or-more-body decayl p is the largest momentum any of the products can
have in this frame. For any resonancel the nominal mass is used in calculating
p. A dagger (“") in this column indicates that the mode is forbidden when
the nominal masses of resonances are usedl but is in fact allowed due to the
nonzero widths of the resonances.

[a] The masses of the p and 1 are most precisely known in u (unified atomic
mass units). The conversion factor to MeVI'1 u = 931.49432 + 0.00028
MeVTis less well known than are the masses in u.

[b] The limit is from neutrality-of-matter experiments; it assumes g, = gp+
ge. See also the charge of the neutron.

[c] The first limit is geochemiczl and irdeperdent cf decay mode. The
second ertryl a range of limitsl assumes the dominant decay modes are
among those investigated. For antiprotors the best limitFinferred from
the observation of cosmic ray p'sis 75 > 107 yrTtre cosmic-ray storage
timelbut this limit depends on a rumber of assumptiors. The best direct
observation of stored antiprotons gives 7—5/8(5 — e ) > 1848 yr.

[d] There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons (from which the
best limit comes). The second limit here is from reactor experiments
with free neutrons.

[€] The parameters g4l gy Tand gy for semileptonic modes are defined by
Brlnlev + gars) + ilgwm/ms;) oa ¢1BiT and pay is defined by
ga/8v = |ga/gv|€¥4. See the “Note on Baryon Decay Parameters”
in the neutron Particle Listings.

[f] Time-reversal invariance requires this to be 0° or 180°.

[g] The decay parameters v and A are calculated from o and ¢ using

v =1v1-a? cospT
See the “Note on Baryon Decay Parameters” in the neutron Particle List-
ings.
[#] See the Particle Listings for the pion momentum range used in this mea-
surement.

1 .
tanA = —% V1-a? sing.

[#] The error given here is only an educated guess. It is larger than the error
on the weighted average of the published values.

[/1A theoretical value using QED.
[k] See the “Note on /\:r Branching Fractions” in the Branching Fractions
of the /\2r Particle Listings.

[/] This branching fraction includes all the decay modes of the final-state
resonance.

[m] An ¢ indicates an e or a ;x modelnot a sum over these modes.

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

[0] Assuming isospin conservationl'so that the other third is /\2r 7070,

[p] Not a pure measurement. See note at head of /\g Decay Modes.



SEARCHES SUMMARY TABLE

MONOPOLES, SUPERSYMMETRY,
COMPOSITENESS, etc.,
SEARCHES FOR

| Magnetic Monopole Searches |

Isolated supermassive monopole candidate events have not been con-
firmed. The most sensitive experiments obtain negative results.
Best cosmic-ray supermassive monopole flux limit:
< 10x107 ¥ em 2% 1s7! for 1.1x107* < 3 < 0.1

Supersymmetric Particle Searches

Limits are based on the Minimal Supersymmetric Standard Model.
Assumptions include: 1) X9 (or #) is lightest supersymmetric particle;
2) R-parity is conserved; 3) All scalar quarks (except t; and tg) are de-
generate in mass, and my, = Mg, 4) Limits for selectrons and smuons
refer to the /g states.
See the Particle Listings for a Note giving details of supersymmetry.

i? — neutralinos (mixtures of 5, Z°, and FI?)

Mass myq > 10.9 GeV, CL = 9%5%

Mass myy > 453 GeV, CL=95%  [tang >1]
Mass my, > 758 GeV, CL=95%  [tang >1]
Mass m;cz > 127 GeV, CL = 9% [tans >3]

4

ili — charginos (mixtures of W= and Flii)

Mass my. > 65.7 GeV, CL = 95% [m)Z:

1
Mass ms,..
poy

' — sczlar neutrino (sneutrino)

Mass m > 37.1 GeV, CL = 95%  [one flavor]

Mass m > 43.1 GeV, CL = 95%  [three degenerate flavors]
@ — scalar electron (selectron)

Mass m > 58 GeV, CL = 95% [ng—m;(? > 4GeV]

%0 >2GeV]
> 99 GeV, CL=95% [GUT Telztions assumed)]

7t — scalar muon (smuon)

Mass m > 55.6 GeV, CL = 95% [mp—myo > 4GeV]
1
7 — scalar tau (stau)
Mass m > 45 GeV, CL = 95% [if mgo < 38 GeV]
1

g — scalar quark (squark)
These limits include the effects of cascade decays, evaluated
assuming a fixed value of the parameters ;. and tang. The
limits are weakly sensitive to these parameters over much of
parameter space. Limits assume GUT relations between gaug-
ino masses and the gauge coupling; in particular that for |,u|
not small, mi‘f o m§/6.
Mass m > 176 GeV, CL =95%  [any my <300 GeV,
1= —250 GeV, tang = 2]
Mass m > 224 GeV, CL = 95% [m'g < mg,
n= —400 GeV, tang = 4]
g — gluino

There is some controversy on whether gluinos in a low-mass
window (1 < myz S 5 GeV) are excluded or not. See the
Supersymmetry Listings for details.
The limits summarised here refere to the high-mass region
(mg 2 5GeV), and include the effects of cascade decays, eval-
uated assuming a fixed value of the parameters i and tang.
The limits are weakly sensitive to these parameters over much
of parameter space. Limits assume GUT relations between
gaugino masses and the gauge coupling; in particular that for
1| not small, msy = my/6.
i o & mgl

Mass m > 173 GeV, CL =95%  [any my, p = —200 GeV,

tan3 = 2]
Mass m > 212 GeV, CL = 95% [mE > Mg p= —250 GeV,
tang3 = 2]

Quark and Lepton Compositeness,
Searches for

Scale Limits A for Contact Interactions
(the lowest dimensional interactions with four fermions)
If the Lagrangian has the form
2 — —
+ s vty L
(with g2 /4= set equal to 1), then we define A = /\ﬁ. For the
full definilions and for olher forms, see Lhe Nole in Lhe Lislings

on Searches for Quark and Lepton Compositeness in the full Re-
view and the original literature.

A'[L(eeee) > 2.4 TeV, CL = 95%

A (eebb)

A (nnaq)

A nrqq)

/\fR(l/}l Ve jt€)

Af(9999)
Excited Leptens

The limits from £+ £*~ do not depend on X (where ) is the
£4* transition coupling). The A-dependent limits assume chiral
coupling, except for the third limit for e* which is for nonchiral

2.9 TeV, CL = 95%
2.9 TeV, CL =95%
4.2 TeV, CL = 95%
3.1 TeV, CL = 90%
1.6 TeV, CL = 95%

A (eeee) > 3.6 TeV, CL =95%
Af(eenp) > 2.6 TeV, CL = 95%
A leepp) > 29 TeV, CL =95%
Af(eerr) > 1.9 TeV, CL =95%
Ajj(eerr) > 3.0 TeV, CL = 95%
Afi(eeery > 35 TeV, CL = 95%
ALy > 38 TeV, CL=95%
Afi(eeqq) > 25 TeV, CL = 95%
A (eeqq) > 3.7 TeV, CL =95%
Afj(eebb) > 3.1 TeV, CL =95%

>

>

>

>

>

coupling. For chiral coupling, this limit corresponds to A, = V2.

*+  excited electron

Mass m > 85.0 GeV, CL = 95%  (from e*+e*™)
Mass m > 91 GeV, CL = 95% (ifxz > 1)
Mass m > 194 GeV, CL = 95% (if A, = 1)

e

1*F — excited muon

Mass m > 85.3 GeV, CL = 95%  (from p**+pu*™)
Mass m > 91 GeV, CL = 95% (ifxz >1)

7*E — excited tau

Mass m > 84.6 GeV, CL — 95%  (from 7*+7*7)

Mass m > 90 GeV, CL = 95% (if \z > 0.18)
" — excited neutrino

Mass m > 84.9 GeV, CL =95%  (from v*7*)

Mass m > 91 GeV, CL = 95% (ifxz > 1)

Mass m = none 40-96 GeV, CL = 95%  (from ep — +*X)
g* — excited quark

Mass m > 45.6 GeV, CL = 95% (from ¢*G*)

Mass m > 88 GeV, CL = 95% (ifxz > 1)

Mass m > 570 GeV, CL = 95% (PP — ¢*X)
Color Sextet and Octet Particles

Color Sextet Quarks (gg)

Mass m > 84 GeV, CL =95%  (Stable g)
Color Octet Charged Leptons (¢g)

Mass m > 86 GeV, CL = 95%  (Slable £g)
Color Octet Neutrinos (1)

Mass m > 110 GeV, CL = 90% (15 — rg)
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TESTS OF CONSERVATION LAWS

TESTS OF CONSERVATION LAWS
Revised by L. Wolfenstein and T.G. Trippel'May 1998.

In keeping with the current interest in tests of conservation lawsI
we collect together a Table of experimental limits on all weak and
electromagnetic decaysl'mass differencesl’and momentsl’and on
a few reactionsI’whose observation would violate conservation
laws. The Table is given only in the full Review of Particle
PhysicsI'not in the Particle Physics Booklet. For the benefit of
Booklet readersI’we include the best limits from the Table in
the following text. Limits in this text are for CL=90% unless
otherwise specified. The Table is in two parts: “Discrete Space-
Time SymmetriesI”i.e. TCTPTTTC PTand CPT; and “Number
Conscrvation LawsI™ i.e.I'leptonl’baryonl"hadronic flavor’and
charge conservation. The references for these data can be found
in the the Particle Listings in the Review. A discussion of these
tests follows.

CPT INVARIANCE

General principles of relativistic field theory require invariance
under the combined transformation C'PT. The simplest tests
of CPT invariance are the equality of the masses and lifetimes
of a particle and its antiparticle. The best test comes from the
limit on the mass difference between K© and K . Any such dif-
ference contributes to the C'P-violating parameter €. Assuming
C P17 invariancel'¢.['the phase of € should be very close to 44°.
(See the “Note on C'P Violation in K2 Decay” in the Particle
Listings.) In contrastTif the entire source of C'P violation in K°
decays were a K0 — K" mass differencel’¢. would be 44° + 90°.
Assuming that there is no other source of CPT violation than
this mass differencel'it is possible to deduce that [1]

2(myo —myo) n| (Z¢4— + 200 — do)

sin¢gg

m—o — Mgo =
78 K

)

where ¢g = 43.5° with an uncertainty of less than 0.1°. Us-
ing our best values of the CP-violation parametersl”’ we get
\(mfo — myo)/myo|l < 1078, Limits can also be placed on
spectfic C PT-violating decay amplitudes. Given the small value
of (1 — |noo/n+—|)T'the valne of ¢oo — ¢4— provides a measure
of C'PT violation in Kg — 27 decay. Results from CERN [1]
and Fermilab [2] indicate no O PT-violating effect.

CP AND T INVARIANCE

Given C' PT invariancel'C' P violation and T violation are equiv-
alent. So far the only evidence for CP or T violation comes
from the measnrements of n_T'ngoland the semileptonic decay
charge asymmetry for KyT'e.g.|n | = |A(K2 — 7T+7r7)/A(Kg«
— 7T 7)| = (2.285 £ 0.019) x 107% and [(K? — 77etw) —
D(KY — ate7)]/[sum] = (0.333 £ 0.014)%. Other searches
for CP or T violation divide into (a) those that involve weak
intcractions or parity violationl'and (b) thosc that involve pro-
cesses otherwise allowed by the strong or electromagnetic in-
teractions. In class (a) the most sensitive are probably the
searches for an electric dipole moment of the neutronl'measured
to be < 1.0 x 107?® ¢ cmTand the electron (—0.18 & 0.16) x
10728 ¢ cm. A nonzero value requires both P and 7 violation.
Class (b) includes the search for C' violation in 7 decayl’ be-
lieved to be an electromagnetic processl’ e.g.I'as measured by
I'(n — ptu==®)/T(n — all) < 5 x 107Tand searches for T'
violation in a number of nuclear and electromagnetic reactions.
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CONSERVATION OF LEPTON NUMBERS

Present experimental evidence and the standard electroweak
theory are consistent with the absolute conservation of three

separate lepton numbers: electron number L.I'’muon number

L,I'and tau number L.. Searches for violations are of the fol-

lowing types:

a) AL=2 for one type of lepton. The best limit comes

from the search for neutrinoless double beta decay (Z,A) —

(Z +2,A)+e” +e . The best laboratory limit is ¢ /5 > 1.1 %

10% yr (CL=90%) for "Ge.

b) Conversion of one lepton type to another. For

purely leptonic processesI'the best limits are on g — ey and

it — 3eT'measured as T'(i — ev)/T(p —all) < 5 x 107 and

T(y — 3e)/T(p — all) < 1.0 x 107'2. For semileptonic
processesI’ the best limit comes from the coherent conversion
process in a muonic atoml =+ (Z,A) — e~ + (Z, A)l'mca-

sured as ['(p~Ti — ¢ Ti)/T (¢ Ti — all) < 4 x 10712, Of
special interest is the case in which the hadronic {lavor also

changesl'as in K — ep and KT — 7Fe”pt T measured as

I(Kp — ew)/T(KL — all) < 33 x 107! and T(KT —

mre pt)/T(K* — all) < 2.1 x 107 Limits on the conversion
of 7into e or y are found in 7 decay and are much less stringent

than those for ;1 — e conversionl'e.g.I'T(7 — py)/T(T — all) <

3.0 x 1076 and T'(7 — ev)/T(7 — all) < 2.7 x 1075.

c) Conversion of one type of lepton into another type

of antilepton. The case most studied is g~ + (7, A) —

et 4+ (Z — 2, A)T'the strongest limit being I'(z~Ti — e*Ca)/

[(p~Ti— all) < 9 x 1074

d) Relation to neutrino mass. If neutrinos have massI'then

it is expected even in the standard electroweak theory that the
lepton numbers are not separately conservedl'as a consequence
of lepton mixing analogous to Cahibbo quark mixing. Howeverl"
in this case lepton-number-violating processes such as y — ey
are expected to have extremely small probability. For small neu-

trino massesI”the lepton-number violation would be observed
first in neutrino oscillationsI” which have been the subject of
extensive experimental searches. For examplel'searches for 7,

disappearancel'which we label as 7. /4 7. ['give measured limits
A(m?) < 9% 1071 eV? for sin(26) = 1Tand sin?(26) < 0.02

for large A(m?)T'where 6 is the neutrino mixing angle. Possible
evidence for mixing has come from two sources. The deficit in
the solar neutrino flux compared with solar model calculations
could be explained by oscillations with A(m?) < 1072 eV? caus-

ing the disappearance of .. In addition underground detectors
observing neutrinos produced by cosmic rays in the atmosphere
have measured a v, /1, ratio much less than expected and also
a dcficiency of upward going v, comparcd to downward. This
could be explained by oscillations leading to the disappearance
of v, with A(m?) of the order 1072-1072 eV2.

CONSERVATION OF HADRONIC FLAVORS

In strong and electromagnetic interactionsI’ hadronic flavor
is conservedI’ i.e. the conversion of a quark of one flavor
(d,u, s,c,b,t) into a quark of another flavor is forbidden. In
the Standard Modell'the weak interactions violate these conser-
vation laws in a manner described by the Cabibbo-Kobayashi-
Maskawa mixing (see the section “Cabibbo-Kobayashi-Maskawa
Mixing Matrix”). The way in which these conservation laws are
violated is tested as follows:

a) AS= AQ rule. In the semileptonic decay of strange par-
ticlesI" the strangeness change equals the change in charge of
the hadrons. Tests come from limits on decay rates such as
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I(ZF = net)/T(ET —all) < 5 x 107°Tand from a detailed
analysis of Ky — wevI'which yields the parameter zI'measured
to be (Rezl'Imz) = (0.006 & 0.0181'—0.003 =+ 0.026). Corre-
sponding rules are AC = AQ and AB= AQ.

b) Change of flavor by two units. In the Standard Model
this occurs only in second-order weak interactions. The classic
cxample is AS = 2 via K0 — K mixingl'which is directly mea-
sured by m(Kg)—m(Kr) = (3.489-£0.009) % 10~'2 MeV. There

is now evidence for B® — B" mixing (AB = 2)T'with the corre-
sponding mass difference between the eigenstates (m By — M BP)
= (0.723 £ 0.032)L'go = (3.05 = 0.12) x 10710 MeVIand for
B0 Eg mixingl'with (mBuyﬂnBuI) > 14Tgo or > 6% 1079 MeV

(CL=95%). No evidence exists for D — D’ mixingl'which is ex-
pected to be much smaller in the Standard Model.

c) Flavor-changing neutral currents. In the Standard
Model the neutral-current interactions do not change flavor. The
low rate T(Ky, — ptp™)/T(K, — all) = (7.2-£0.5) x 1079 puts
limits on such interactions; the nonzero value for this rate is
attributed to a combination of the weak and electromagnetic
interactions. The best test should come from K+ — 7tupT
which occurs in the Standard Model only as a second-order weak
process with a branching fraction of (1 to 8)x107°. Obser-
vation of one event has been reported [4]'yielding I'(K+ —
7rup)/T(KT — all) = (42fgg) % 10710, Limits for charm-
changing or bottom-changing neutral currents are much less
stringent: T(D° — ptp™)/T(D° — all) < 4 x 107% and
I(B® — ptu™)/T(B® — all) < 7 x 1077, One cannot isolate
flavor-changing neutral current (FCNC) effects in non leptonic
decays. For exampleI'the FCNC transition s — d + (@ + u) is
equivalent to the charged-current transition s — « + (@ + d).
Tests for FCNC are therefore limited to hadron decays into lep-
ton pairs. Such decays are expected only in second-order in the
electroweak coupling in the Standard Model.
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| TESTS OF DISCRETE SPACE-TIME SYMMETRIES |

CHARGE CONJUGATION (C) INVARIANCE
r(x® — 3%)/Tiotal <31 % 10781 CL = 90%
7n C-nonconserving decay parameters
at 7~ 70 left-right asymmetry
parameter
atx 70 sextant asymmetry
parameter
At 0 quadrant asymmetry
parameter
at ~ left-right asymmetry
parameter
7 x 7 parameter J (D-wave) 0.05 4= 0.06 (S = L.5)
r(n— 37)/Tiotal <5 x10 4rcL=95%
Mn — 79t e )/ Tigtal [a] <4 x1075TCL — 90%
1) Thotal [a] <5x1078rcL — 90%
M(w(782) = 179)/Toal <1%1073rCL = 90%
M(w(782) — 379)/Tiota) <3 % 1074TCL = 90%

(0.09 4+ 0.17) x 1072
(0.18 4 0.16) x 10 2
(—0.17 + 0.17) x 1072

(0.9 + 0.4) x 1072

r(n— =0

(o (958) — Qe e™)/Tigtal [ <1.2x1072rCL = 90%
(7' (958) — net e™)/Tioral Ja] <11 x 10-2rcL — 90%
r(7'(958) = 3v)/Tiotal <1.0 x 1074rcL = 90%
r('(958) = 1t 16~ 79) Fiotal [a] <6.0 x 1075rCL = 90%
T (958) — 1 1™ ) /Trotal [3] <15 x10-5rCL = 90%

Limits are given at the 90% confidence levellwhile errors are given as -1 standard deviation.

PARITY (P) INVARIANCE

e electric dipole moment
¢ electric dipole moment
7 electric dipole moment (d..)

T — 7+ 77)/Tigtal

(' (958) — 7)Mol
F0r/(958) — 7070)/Tiops
p electric dipole moment

n electric dipole moment

A electric dipole moment

(0.18 + 0.16) x 1026 ecm

(3.7 £3.4)x 10719 ecm

> —31and < 3.1 x 10716 ecmr

CL = 95%
<9 x 1074TCL — 90%
<2 % 1072rCL = 90%
<9 x 1074TCL = 90%
(—4+6)x10 2 cem

<0.97 x 10725 ecmlCL = 90%
<1.5x 10716 ecmrcL — 95%

TIME REVERSAL (T) INVARIANCE

Limitson e, 1, 7, p, n, and A electric dipole moments under Parity
Invariance above are also tests of Time Reversal Invariance.

¢ decay parameters
transverse e polarization normal to
plane of ;& spinl’e+ momentum
ol/A
8'/A
T electric dipole moment (d.)
Im(&) in K}E decay (from transverse y pol.)
Im(£) in K?ﬁ decay (from transverse z pol.)
n — pe~ v decay parameters
bayTphase of g4 relative to gy
triple correlation coefficient D

triple correlation coefficient D for &= —
ne e

16

0.007 + 0.023

0+4)x1073
2-+6)x 1073

> —3.1and < 3.1 x 10716 ecmr

CL =95%
—0.017 = 0.025

—0.007 + 0.026

(180.07 + 0.18)°
(—0.5 +1.4) x 1073
0.11 +0.10

CP INVARIANCE

Re(d?)
Im(a%)
T — =5 77)/Tiotal
T(#/(958) — 77~ )/Tygeq
r(n/(958) = 70x0)/Tioa)
KE o rdErtr rate difference/average
KE o 7E7070 rate difference/average
Kt — ot 7\_0,\/ rate difference/average
(- —8.)/ (g,— + ) for K —
rExt
CP-violation parameters in Kg decay
Im(n,__g) = Im(A(KE — =z 70T
CP-violating) / A(KY —
ata—x0))
Im(nggg)? = F(KE — 370y /
r(k9 — 320
charge asymmetry j for KE — ata— 0
\(;77\/( for K(LJ .
Tk — 700t 1) Miotan
M(KY = 7% ™)/ TMgtal
T(KY — 7O0um) /ol
Acp(K+H K™ 7E) in DE - KK %
Acp(KEK*) in D+ — K+K*0 and
D™ — K~ K*0
Acp(onE)in DE = ¢t
Acp(rta—aE) in DE o 7 2
Acp(KTK™)in DOrB0 — Kk+k—
Acplrta=)in DOrp0 — xta—
Acp(K%#)in DOrD0 — k%o
Acp(KEr0)in DOFD0 — KQx0
‘Re((Bo)‘
[a_(A) + ar (D] / [e_(A) — a (W)

[c]

[¢

<056 x 10717 ecmrCL = 95%
<15 x 10717 ecmlCL = 95%

<9 % 1074rCL = 90%
<2 % 1072rcL — 90%
<9 x1074rCl — 90%
(0.07 £ 0.12)%

(0.0 £ 0.6)%

(0.9 £ 3.3)%

(—0.7 + 05)%

—0.002 4= 0.008

<0.11CL = 90%

0.0011 - 0.0008
<03rCL — 90%

<5.1 x 1079 CL = 90%
<43 x1079rCL = 90%
<5.8 x 10757 CL = 90%
—0.017 + 0.027

—0.02 + 0.05

—0.014 + 0.033
—0.02 4= 0.04
0.026 + 0.035
—0.05 =+ 0.08
—0.03 4= 0.09
—0.018 + 0.030
0.002 + 0.008
—0.03 = 0.06
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CP VIOLATION OBSERVED

KE branching ratios
charge asymmetry in thq decays
800 = M=t oy,)
- I'(7r+/L’17,L)]/sum
5(e) = [M(r—etwy)
— (= e~ 5)]/sum
parameters for K(LJ — 2r decay
[noo| = |AKY — 2x0) /
A(KY — 2r9)|
b |~ IAKY — ta) /
AKG = 7 x|
dfe m Re(df) = (1 |mog/mp. [)/3 el
d;+7l'phase of Ny
dpgl phase of 7gg
parameters for K(LJ — xtx"y decay
[14—qy| = [AKKY = xFx—rrcp
violating) /A(KE — x|
d’+—'y — phase of Ny
H(KQ = 7t 77)/Frotal
M(KQ = 7070)/Tigta

(0.304 + 0.025)%

(0333 + 0.014)%

(2.275 £ 0.019) x 1073 (5 = 1.1)
(2.285 + 0.019) x 10—3

(1.5 4+ 0.8) x 1073 (S = 1.8)
(43.5 = 0.6)°

(434 + 1.0)°

(2.35 4+ 0.07) x 1073

(44 + ay°

(2.067 + 0.035) x 1073 (S — 1.1)
(9.36 4 0.20) x 1074

CPT INVARIANCE

My~ = My )/ Maverage

(meA me,) / Maverage

(9o -+ ae-I/e

(8~ — 8e-) / Baverage
(T,r - T,L )/Taverage
(&,~ =8, )/ Baverage
(mﬂ_A mo )/maverage
(",‘.A - ",‘.7) / Taverage

(mye = mu )/ Maverage
(TKA - TK—) /Taverage
KE = [l.;tl/” rate difference/average
KE = 770 rate difference/average [f]
Mo~ Mol / Maverage le]
phase difference dgy — dp
CPT-violation parameters in KO decay

real part of A

imaginary part of A
(‘%‘_%)/‘ %,‘average
lap -+ apl/e
(np + 1p) / ‘/“avcragc
(mp — mp) / Maverage
(mp—mz) [ mp
(Ta — T]) / Taverage

(g + /‘ff)/ ‘/“average
(’"_:— —m=. /maverage
r= - ) / Taverage

(mn, - "75‘) / Maverage

—0.002 =+ 0.007

<4 % 1078rcL = 90%
<2x 10718

(—0.5 +2.1) x 10712
(2+8)x 1075

(—2.6 +1.6) x 1078
(2+5)x 1074

(6 +7)x 1074

(—06 +1.8)x 1074
(0.11 = 0.09)% (S — 1.2)
(—0.5 + 0.4)%

(0.8 +1.2)%

<10~18

(—0.1 +0.8)°

0.018 = 0.020

0.02 + 0.04

(15 +11)x10 ?
<2x 1075

(—2.6 +29)x 1073
(9 £5)x 1075
(—1.0 +0.9) x 105
0.04 + 0.09

0.014 - 0.015
(11+27)x 1074
0.02  0.18
(0-+5)x10 4

Limits are given at the 90% confidence levellwhile errors are given as -1 standard deviation.

Tests of Conservation Laws

| TESTS OF NUMBER CONSERVATION LAWS |

LEPTON FAMILY NUMBER

Lepton family number conservation means separate conservation

of each of Le, L,
NZ = i) Migtal
NZ = e rF) Mgl
MZ = 1) Miotal
limiton £+ — e conversion
a(pm 325 — o= 32g)
o 3?2 1
ol Ti— e Ti)/
o~ Ti — capture)
a( Pb— e Pb)/
o Pb— capture)

S — 1

limit on muonium — antimuonium

conversion Rg = Ge / Gr
T~ = € veT,)/Teotal
M= = ¢ )/ Tictal
M — e ete )igtal
T~ — € 29)/Tygtal
(= — €™ %)/Tiotal
F(r™ = 1~ 7)/Tiotal
M= — e 7\'[J)/l—total
T(r= = 5 79)/Teotal
Mz~ — e K9 /Myotal
rr— — = KO)/rtotaI
F(r™ = e n)/Tiotal
T(r™ = 17 m)/Tetal
M = e )/ Myetan
rr™ = 1)/ Total
M~ — e~ K*(892)%)/Tigtal
F(r= = 1 K*(892)°)/Tyotal
F(r™ — e K*(892)%) /M toral
T~ — 5 R*(892)0) /T oal
T(r7 = ¢~ ¢)/Tigtal
T~ = 17 ) /Tiotal
r(r— — e~ ete )/ Migtal
rr™ = e utu™)/Tiotal
T = e 17/ Tiotal
r(r~ = et e )/ Tigtal
r(r~ — whre” e ) Total
rr= = 65T 1) Motal
r(r= = e 7t a7)/Total
rr — p 7t ) iotal
F(r~ — e~ K™)/Tiotal
Fr= — e 7 KT)/Tiotal
r(r— — e~ KT K™)/Tigtal
r(r~ = =7t K7)/Tyetal
Fr = g 7 KT)/Tyeral
M(r™ — 5~ KT K)ol
rr= = e 7979/ Mgtal
rr= = w7079 Mg
(=~ = ¢ 9m)/Ttotal
M=~ — 1~ 9m)/Tiotal
rr= — e 799)/Total
rr= = w709/ Total
F(r — e light boson)/Tygty
F(r= — i light boson)/Tstq

L.

32px)

[h] <1.7x1076rcL = 95%
[h] <9.8 x 1076rcL = 95%
[h] <l2x1075rcL =95%

<7 x 107 11rcL = 90%

<43 % 10712rcL — 90%
«<4.6 x 10711rCL = 90%
<0.018MCL = 90%

[ <1.2x1072rcL = 90%
<49 x 10711rcL = 90%
<1.0x 10 12rcL = 90%
<7.2% 10711rCL — 90%
<2.7 x 10781 CL — 90%
<3.0x 1078rcL = 90%
<3.7 x 10761 CL = 90%
<4.0 x 10781 cL = 90%
<1.3 x 1073rCL — 90%
<1.0 x 10731 CL = 90%
<82 x 1078 L = 90%
<9.6 x 10791 CL = 90%
<2.0 x 1078rcL = 90%
<63 x 10781 CL — 90%
<5.1x 1078rcL = 90%
<7.5x 10791 CL = 90%
<7.4%1078rCl = 90%
<7.5x 1076rcl = 90%
<6.9 x 107°9rCL = 90%
<7.0 x 10791 CL = 90%
<2.9x 1078rcL = 90%
<1.8 x 1078rCL — 90%
<15 % 1078rcL = 90%
<1.7 x 1079rcL = 90%
<15 x 10781 CL — 90%
<1.9 x 10781 CL = 90%
<22 x 1078rcL = 90%
<8.2x 10 OrcL =90%
<6.4x 1078rCL = 90%
<3.8 x 10781 CL — 90%
<6.0x 1078 CL = 90%
<7.5x 1070 CL = 90%
<7.4x10 OrcL =90%
<1.5x 1075rCL — 90%
<65 x 10781 CL — 90%
<1.4 % 10757 CL = 90%
<3.5 x 10751 CL = 90%
<6.0 x 10751 CL — 90%
<2.4x1075rCL = 90%
<22 x 1075TCL = 90%
<27 x 10 3rcL =95%
<5x 1073rCL = 95%

v oscillations. (For other lepton mixing effects in particle decayslsee the Particle Listings.)

Ve # Ve
A(m?) for sin2(20) = 1
sinz(zﬂ) for “Large” A(mz)
ve — v
A(mz) for sinz(zﬂ) -1
sin2(26) for “Large” A(m?)
Te — Ty
sin2(20) for “Large” A(m?)

Y= Ve

<9 x 1074 ev2reL = 90%
<0.02r CL = 90%

<9 eVArcL — 90%
<0.25MCL — 90%

<0.7TCL — 90%
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A(mz) for si|12(29) =1
sin2(20) for “Large” A(m?2)
Vi T Ve
A(m?) for sin2(20) — 1
sinz(zﬂ) for “Large” A(mz)
v, () — ve(Pe)
A(m?) for sin” (20) — 1
sinz(zﬂ) for “Large” A(mz)
T Ve
A(m?) for sin?(20) = 1
sin2(26) for “Large” A(m2)
v, = 7
A(m?) for sin(20) — 1
si|12(29) for “Large” A(mz)
1 (P,) = v (Pr)
A(m?) for sin2(20) = 1
sin2(26) for “Large” A(m2)
ve A ve
A(m?) for sin2(20) = 1
sin” (26) for “Large” A(m?)
Vi
A(m?) for sin2(20) = 1
sin2(26) for A(m2) = 100eV2
P 7 P
A(m?) for sin2(20) = 1
sin2(20) for 190 eV2 < A(m?) <
320 ev2
I'(7r+ - Il'+ Ve)/rtotal
Tt — p= et et i) /Mgt
r(x0 = pte” + e ) /Mol
T — pFe™ + w et ligral
MKt — 5 vetet) Mgl
Tkt — it ve)/Ttotal
TKT — =Tt e ™) Migtal
TKT = =T eT)/Migal
T(KY — €& 1F) Tioral
r(K9 = et et ¥ 1) Miotal
T(OT — w et ™) Mygtal
r(ot — xte” 1) Mgl
roT — KTet ™)/ Migtal
To! — Kle u)/Tigtal
r(00 — ) /Feopay
(D0 — 7Ot i) Tigpa
T(0° — ne® 1) /Mioal
r(DO - I’Oeilﬁz)/rtotm
(D0 — wet ¥ ) Tigrs
r(D% = oc® 1) /Tiotal
100 — ROt 1) /Tigtal
r(D° — R*(892)0 et 1 F) /T oral
T(BT — =T et 1) /Mital
r(8T — =t e 1) /Miotal
r(e+ — Ktet ™) /Motal
rBT = KTe™ nh)/Mgtal
r(8T — == e 1) /Miotal
T(BF — K™ e 1)/ Tigtal
(8% = e i) /Migal
(B2 — ebrT) Migtal
r(BY — & rF)/Tiotal
(8 — et T ) Tigral
182 = el pt)/Migtal

i

[7]

4]

n

Ul

Il
[A

<0.09 eV2r CL = 90%
<3.0 x 10737 CL = 90%

<0.14 eV2r CL — 90%
<0.004rCL = 95%

<0.075 eV’TCL — 90%
<1.8 x 1073 CL = 90%

<0.9 eVArcL = 90%
<0.0047CL = 90%

<2.2eV2rcL — 90%
<4.4 x 10727 CL = 90%

<1.5 eV2rcL = a0%
<8 x 1073 CL = 90%

<0.17 eV2rCL = 90%
<7 x 10T CL — 90%

<0.23 or 1500 V2
<0.09TCL = 90%

<7 or >1200 V2
<0.02ICL — 90%

<8.0 x 1073 CL = 90%
<1.6 x 107rCL = 90%
<1.72 x 10781 CL — 90%
<6 x 1070rCL = 90%
<2.0x10 8rcL =90%
<4 x 10731 CL — 90%
<2.1 x 107101 CL = 90%
<7 x1079rCL = 90%
<3.3x 10711rCL — 90%
<6.1 x 10797 CL = 90%
<1.1 x 10741 CL = 90%
<1.3x1074rCL = 90%
<1.3 x 10747 CL = 90%
<1.2x 10 4rcL =90%
<1.9 x 10751 CL — 90%
<8.6 x 1075 CL = 90%
<1.0x 10 4rcL =90%
<4.9 x 10757 CL — 90%
<1.2 x 1074 CL = 90%
<3.4 % 10751 CL = 90%
<1.0 x 10741 CL = 90%
<1.0 x 1074rcL — 90%
<6.4 x 10737 CL = 90%
<6.4 x 10737 CL = 90%
<6.4 x 10731 CL = 90%
<6.4 x 1073 CL = 90%
«6.4 x 1073 CL = 90%
<6.4 x 1073rCL — 90%
<5.9 x 10781 CL — 90%
<5.3 x 1074rCL = 90%
<8.3x 1074rCL = 90%
<2.2 X 10757 CL — 90%
<4.1 x 10751 CL = 90%

Limits are given at the 90% confidence levellwhile errors are given as +1 standard deviation.

TOTAL LEPTON NUMBER

Violation of total lepton number conservation also implies violation
of lepton family number conservation.

limiton px— — et conversion
o3 — eT32si%)
o(n— 32 — V,L32P*)
o 1271 o et 127gp%y
(1271 = anything)
a(p~Ti— etca)/
o(p~ Ti — capture)
F(r™ = 779/ Total
M= — == 70 Total
M= = et n™77)/Tiotal
T~ = w7777 Tigtal
Tz~ — et x™ K™ Tigtal
Mz~ — e" K=K ) Miotal
M~ = r =K7Y/ Thotal
e — T K K )liotal
r(z= = P7)/Tiotal
M~ = pr9)/Tiotal
T(r= = Bn)/Tiotal
ve = (Tl
aA(mz) for sin2(29) =1
azsinz(zs) for “Large” A(mz)
v, = (FelL
aA(m?) for sin2(20) = 1
o?sin?(26) for “Large” A(m?2)
T(x T — 1T5e)Tiotal
Kt — 77T et /Miotal
MKt — == et et)Mgpal
KT = o 5t ut) Miotal
Tkt — /‘+’7e)/rtotal
(KT — 20T me) Moral
DT — et o) Mg
r(oF — 771 1) Tiotal
(DT — 7~ et u ) Migtal
TPt — 7t ) Mggal
r(D+ — K 6+ 5+)/rtota\
(ot — K= utut)Tiotal
r(Dt — K=et 1)/ Mggal
T(DT — K*(892)" 1t 1)/ Tygtal
iD= =it ) Miotal
r(Df = K= i) gral
r(pF — K*(892)~ it 1) /Teoral
N8+ — = etet)/Migral
N(BT — ==t p )/ Tietal
r(et — K=etet) /Mgl
r(8T — K= it 1) /Miotal
ME" = pi 157 ) Tiotal
rAf = =6 i) Figral

[

L
[

<9 x 10710r ¢l — 90%
<3x10710reL = 90%
<8.9 x 107 11rcL — 90%

<28 x 1074TCL = 90%
<37 x 10747 CL = 90%
<1.9 x 10781 CL — 90%
<3.4 % 1078 CL = 90%
<2.1 % 1078rcL = 90%
<3.8 x 10761 CL = 90%
<7.0x 1078rCL = 90%
<6.0x 10 OrcL = 90%
<2.9 x 10747 CL = 90%
<6.6 x 10747 CL = 90%
<1.30 x 1073rCL = 90%

<0.14 eV2r CL = 90%
<0.032rCL — 90%

<0.16 eV2rCL = 90%
<0.0011CL — 90%

<15 x 1073 CL = 90%
<7 x1079rCL = 90%
<1.0 x 1078rcL = 90%
<15 x 1074TCL = 90%
<33 x1073rCL = 90%
<3 x1073rCL — 90%
<1.1 x 10747 CL = 90%
<8.7 x 10751 CL = 90%
<1.1 x 10741 cL = 90%
<5.6 x 1074TCL = 90%
<1.2 x 1074rCL = 90%
<1.2 x 10741 CL = 90%
<1.3x 1074TCL — 90%
<8.5 x 1074rCL = 90%
<4.3 x 1074T CL — 90%
<5.9 x 10747 CL = 90%
<1.4 x 1073 CL — 90%
«3.9 x 1073 CL = 90%
<9.1 % 1073rCL = 90%
<3.9 x1073rCL — 90%
<9.1 x 1073 CL = 90%
<4 x 10741 CL = 90%
<7.0 x 10747 CL — 90%

BARYON NUMBER

M=~ = P7)/Tiotal

(™ = 57O Trotal
T(r= — Pn)/Total

p mean life

<2.9 x 10747 CL — 90%
<6.6 x 10747 CL = 90%
<1.30 x 10731 CL = 90%
>1.6 x 10%5 years

A few examples of proton or bound neutron decay follow. For limits on many other nucleon

decay channelslsee the Baryon Summary Table.

(N — etr)
(N — phm)
N — etK)
(N — p! K)

limit on 17 oscillations (bound 1)
limit on n7 oscillations (free n)

[m

> 130 (m) > 550 (p) x 103 years™

CL — 90%

> 100 (n)l> 270 (p) x 1030 yearsk
CL = 90%

> 1.3 (n)I> 150 (p) x 1030 yearsh
CL = 90%

> 1.1 (n)> 120 (p) x 1030 yearsr
CL — 90%

>1.2 x 108 sTCL = 90%
>0.86 x 108 sTCL — 90%
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ELECTRIC CHARGE (Q)

[7] >4.3 x 1023 yrTCL = 68%
<8 x10727rCL — 68%

e mean life / branching fraction
T(n = prePe)/Tiotal

AS=AQRULE
Allowed in second-order weak interactions.

<L2x10 8rcL =90%
<3.0 % 10781 CL = 95%
x— A(KO — 7=+ ) /AKO — 77 e+1) — A(AS——AQ)/A(AS—AQ)
real part of x 0.006 + 0.018 (S — 1.3)
imaginary part of x —0.003 + 0.026 (S = 1.2)
(=t — nety)/r(s — ne 7 <0.043
M=+ — netve) Miotal <5 % 10781 L = 90%
r(=F = npf )M <3.0 x 1075rCL — 90%
M= — == etue)/Motal <9 x 1074rCL = 90%
N(E0 = =7 ) Miotal <9 % 10747 CL = 90%

TKT — xtaTe™5e) /Miotal
K+ — w+7r+,rp”)/rtota|

AS = 2 FORBIDDEN
Allowed in second-order weak interactions.

<4 x 10751 CL — 90%
<13 %1073

<13x10 3

<1.9 % 10751 CL = 90%
<32 x 10731 CL — 90%
<15 x 10721 CL = 90%
<4 %1074 CL = 20%
<4 x1074rcL = 90%
<4 x 10741 CL — 90%
<1.9 x 1074TCL — 90%

M= = pm)/Tietal
(=0 — pe™7e)/Miotal
M=% — pr 7,)/Migtal
= 7))/ Tiotal
— ne"Te)/Tiotal
— n/tfpﬂ]/rtutal
ME" = pr 77 )/ Tiotal
— P e 7)) Tiotal
= P 1T 7)) Teotal
MR~ — An7)/Tiotal

AS =2 VIA MIXING
Allowed in second-order weak interactions, e.g. mixing.

Mo = Mg (0.5301 + 0.0014) x 1010 f 5= 1

s = Mo (3.489 + 0.009) x 10712 Mev

AC =2 VIA MIXING
Allowed in second-order weak interactions, e.g. mixing.

\mD? - ng\ [o] <24x 100 s lrcL =90%
\an - an\/an mean life [o] <0.20rCL = 90%
1 2
difference/average
F(KT e py(via D) /M(K™ €T 1y) <0.0057CL — 90%
F(KTx"or KT~ 7t x~ (via D9))/ [p] < 0.0085 (or < 0.0037)r CL = 90%
MK~ xFor K- ntatr™)
r(D% — Ko mp(via DO))/Tigtal
r(p® — Ktx—or Kt r—xtr— (via
o)/ Motal

<1.7 x 1074TCL = 90%
<1.0 x 1073 CL = 90%

Limits are given at the 90% confidence levellwhile errors are given as -+1 standard deviation.

Tests of Conservation Laws

AB =2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.

Xd

Ampog=mo — Mg
B 8%, ~ "8}

xd:AmBO/I'BO

Xpg at high energy

AmBg = mBSH - mBSL
Xg = AmBO/I'BO

s Ps
X

s

0.172 - 0.010
(0.464 + 0.018) x 1012 ;51

0.723 4 0.032
0.118 = 0.006
9.1 x 1012 i s—1rcL = 95%

>14.0MCL = 95%

>0.4975ICL = 95%

AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

F(KF = 76 ) Tt

MK+ — 7t 0 7) Teotal

I'(K+ - 7"+V’7)/rtotal

T(KQ — 1+ 67 Meotal

r(Kg — ete™)/Miotal

TKY = =0t e™)/Mgal

MK = 1 1) Miotal

T(KD = 159 Tiotal

r(KY — e*e)/Migtal

T(KY — cFe™ )/ Tiotal

T(K9 = et e™v7)/Miotal la
I'(K‘Z — qFaet €7 )/Total [a
F(K9 = whpete™)/Miotal

r(K? — e+e’e+e’)/rt0ta|

r(K9 — 700t 1)/ Meotal

MK = Oete )/Tigtal

T(K9 — =0um) Miotal

Tzt — pete™)/Myotal

(274 + 0.23) x 1077

(5.0 + 1.0) x 1078
(A.zfg:;) x 10710
<3.2%1077TCL = 90%
<1.4x1077TCL — 90%
<1.1 x 1078rCL = 90%
(724+05)x 1079 (S = 1.4)
(3.25 + 0.28) x 1077

<4.1x 1071 CL — 90%
(9.1+£05) x 1078

(6.5 4+1.2)x 1077

<4.6 x 1077TCL — 90%
(29757 x 1079

(4.1 +£08) x 1078 (S — 1.2)
<5.1 x 1079 CL = 90%
<43 %10 9rcL = 90%
<5.8 x 10757 CL = 90%
<7x107°

AC =1WEAK NEUTRAI CURRENT FORRIDDEN

Allowed by higher-order electroweak interactions.

MO+ — xtet e ) Migtal
r(or — =t p ) Mgal
M0t — ot ™) Tiotal
10 — et em) Mgl

r(P% = 1+ )/ Teotal

r(D0 — w0t e™)/Tgpal

r(D0 — 70p+ =)/ Teotal

(D% — et e ) Mgral

r(P% — 9 1) Teotal

r(0° = Pete) Migtal

r(D0 — Ot 1) Feotal

r(D% — wete )/ Tigral

r(P% = wpt ) /Migtal

T = dete) Mgl

r(OY = &t 1) Meotal

r(D° — wta=x0ut 1) Migeal
roF = KTt ) Mioal
r(DF — K*(892)T it 1) Mygtal
I'(AZ‘ — it 7)) Teotal

<6.6 x 10757 CL = 90%
<18 %10 5rcL = 90%
<56 x 1074rCL = 90%
<1.3 x 10757 CL — 90%
<4.1 x 1078rcL = 90%
<45 x 1075rCL = 90%
<1.8 x 10741 CL = 90%
<1.1 x 1074rcL — 90%
<53 x 1074TCL = 90%
<1.0 x 10741 CL = 90%
<23 x 1074rCL = 90%
<1.8 x 10741 CL = 90%
<83 x 1074TCL — 90%
<5.2 x 10751 CL = 90%
<4.1 x 10741 CL = 90%
<8.1 x 1074rcL = 90%
<5.9 x 10747 CL = 90%
<1.4 x 1073rcL = 90%
<3.4x1074rCL = 90%



Tests of Conservation Laws

AB =1 WEAK NEUTRAL CURRENT FORBIDDEN
Allowed by higher-order electroweak interactions.

<3.9x1073rcL = 9%
<9.1x 1073 CL — 90%
<6 x 10751 CL = 90%

<1.0x10 SrcL = 9%
<6.9 x 1074TCL — 90%
<12 x 10731 CL = 90%
<3.9x 10757 CL = 90%
<5.9 x 1076rcL — 90%
<6.8 x 1077TCL = 90%
<3.0x 1074 CL = 90%
<36 x 1074TCL — 90%
<2.9 x 1074TCL = 90%
<23 x1075rCL = 90%
<1.0x 10731 CL = 90%
<5.7 %10 5rcL = 90%
<5.8 x 10751 CL = 90%
<32 x 1074TCL = 90%
<2.0x 1075rCL = 90%
<54 x 10751 CL = 90%
<5.4x 10737 CL = 90%

r(e+ — xtete™)/Migal

r(e+ — =t 1) Mol
T(BT — Kt )/ Tiotal
T(BT — K*(B92)Tete™)/Mgral
T(BT — K*@9)T it ™)/ Tiotal
T(B% — v9)/Ttotal

r(8% — et e )/l

r(8% — 1 1 7) Miotal

T(B% — KOete™) Mgt

(8% — KOut 1™) /Moral

r8% — k*(892)%et e )/ Tyoral
r(8% — K*(©92)° 1 117)/Tyotal
(8% — K*(892)0um)/Mygtal
r(B— ele s)/Mioal

T8 — 1t ™)/ Miotal

T — pT p~ anything)/Tioral
r(8Y — 1+ 1) Miotal

r(8Y — et e ) Mgl

(B2 = vP)/Tiotal

Limits are given at the 90% confidence levellwhile errors are given as 1 standard deviation.

NOTES

In this Summary Table:

When a quantity has “(S = ...)" to its rightl the error on the quantity has

been enlarged by the “scale factor’ Sdefined as S = /x2/(N — 1)['where N
is the number of measurements used in calculating the quantity. We do this
when S > 1T which often indicates that the measurements are inconsistent.
When S > 1.25[ we also show in the Particle Listings an ideogram of the
measurements. For more about Sl see the Introduction.

[a] C parity forbids this to occur as a single-photon process.
[b] Time-reversal invariance requires this to be 0° or 180°.
[¢] Allowed by higher-order electroweak interactions.

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

[e] € /e is derived from |1700/17+,| measurements using theoretical input on
phases.

[f] Neglecting photon channels. Seele.g.l A. Pais and S.B. Treimanl Phys.
Rev. D12r 2744 (1975).

[g] Derived from measured values of ¢ _T ¢nol” ||l |mK[2 — ng|I'and

T 10 ["as described in the introduction to "Tests of Conservation Laws.”
s

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

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

[/] A(m?) — 100 eV2.

[K]190 eV? < A(m?) < 320 eV2.

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

[m] There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons (from which the
best limit comes). The second limit here is from reactor experiments
with free neutrons.

[n] This is the best “electron disappearance” limit. The best limit for the
mode e~ — vy is > 2.35 x 1025 yr (CL=68%).

[o] The DS-DS limits are inferred from the DO-D° mixing rztio
T(K+ e pg(vie DOY) / T(K ¢+ ).

[p] The larger limit (from E791) allows interference between the doubly
Cabibbo-suppressed and mixing amplitt.des; the smaller limit (from E691)
doesn’t. See the papers for details.

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