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1Py = 1(07)

Quantum numbers not measured. Values shown are quark-model
predictions.

See also the B+ /B% ADMIXTURE and B*/B%/B%/b-baryon AD-
MIXTURE sections.

See the Note “Production and Decay of b-flavored Hadrons” at
the beginning of the BE Particle Listings and the Note on “B9-B°
Mixing and CP Violation in B Decay” near the end of the BO Particle
Listings.

B% MASS

The fit uses m 34 (mgo — mpgy), and mg to determine mp.,, mpo,
and the mass difference.

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
5279.41+0.5 OUR FIT
5279.3+0.7 OUR AVERAGE

5279.14+0.7 +0.3 135 1 CSORNA 00 CLE2 efTe — T(4S) I
5281.3+2.2 +1.4 51 ABE 968 CDF pp at 1.8 TeV

o o o We do not use the following data for averages, fits, limits, etc. @ o o
5279.2+0.544+2.0 340 ALAM 94 CLE2 efTe — T(4S)
5278.0+0.4 +2.0 BORTOLETTO92 CLEO ete™ — T(4S)
5279.6+0.7 +2.0 40 2 ALBRECHT 90J ARG ete™ — T(4S)
5278.2+1.0 +3.0 40 ALBRECHT 87C ARG etTe™ — T(4S)
5279.5+1.6 +3.0 7 3 ALBRECHT 87D ARG ete™ — T(4S)
5280.6+0.8 +2.0 BEBEK 87 CLEO efTe — T(4S)

1 CSORNA 00 uses fully reconstructed 135 BO J/ () K% events and invariant masses I

without beam constraint.

2 ALBRECHT 90J assumes 10580 for T(4S) mass. Supersedes ALBRECHT 87C and
ALBRECHT 87D.

3 Found using fully reconstructed decays with J/v. ALBRECHT 87D assume my(45) =

10577 MeV.

Mgo — Mg+

VALUE (MeV) DOCUMENT ID TECN COMMENT
0.33+0.28 OUR FIT Error includes scale factor of 1.1.
0.34+0.32 OUR AVERAGE Error includes scale factor of 1.2.

0.414£0.254+0.19 ALAM 94 CLE2 ete™ — T(45)
—0.4 +£0.6 £0.5 BORTOLETT092 CLEO eTe™ — T(4S)
—0.9 +1.2 £0.5 ALBRECHT 90 ARG ete™ — T(49)

2.0 +£1.1 +0.3 4 BEBEK 87 CLEO eTe™ — T(4S)

4 BEBEK 87 actually measure the difference between half of E_, and the BT or BO
mass, so the Mpo — Mpy is more accurate. Assume my(45) = 10580 MeV.
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M8, ~ T8}

See the BO-BO MIXING PARAMETERS section near the end of these B0
Listings.

B% MEAN LIFE

See Bi/BO/BS/b—baryon ADMIXTURE section for data on B-hadron
mean life averaged over species of bottom particles.

“OUR EVALUATION" is an average of the data listed below performed by the LEP
B Lifetimes Working Group as described in our review “Production and Decay of b-
flavored Hadrons” in the BT Section of the Listings. The averaging procedure takes
into account correlations between the measurements and asymmetric lifetime errors.

VALUE (1012 5) EVTS DOCUMENT ID TECN  COMMENT

1.548+0.032 OUR EVALUATION

Average is meaningless.  [(1.553 =+ 0.032) x 10~ 12 s OUR 1998 AVERAGE]

1.52340.057 +0.053 5 ABBIENDI ~ 99) OPAL ete™ — Z

1.58 40.09 +0.02 6 ABE 988 CDF  pp at 1.8 TeV

1.474+0.039 7922 7 ABE 98Q CDF  pp at 1.8 TeV

1.52 +0.06 +0.04 5 ACCIARRI 98s L3 ete— — Z

1.64 +0.08 +0.08 5 ABE 97) SLD  ete — Z

1.53240.04140.040 8 ABREU 97F DLPH ete— — Z

1.61 +0.07 +0.04 7TBUSKULIC ~ 96J ALEP ete™ — Z

125 T9-12 +o.05 121 OBUSKULIC  96J ALEP eTe™ — Z
+0.17 +0.08 9 L

149 To-3f 008 BUSKULIC ~ 96J ALEP ete™ — Z

161 T913 +o.08 7,10 ABREU 95Q DLPH ete™ — Z

1.63 +0.14 +0.13 11 ADAM 95 DLPH ete™ — Z

1.53 +0.12 +0.08 7,12 AKERS 95T OPAL ete™ — Z

o o o We do not use the following data for averages, fits, limits, etc. @ o o

1.54 4+0.08 +0.06 7 ABE 96C CDF  Repl. by ABE 98Q

1.55 +0.06 =+0.03 13BUSKULIC ~ 96J ALEP ete™ — Z

1.62 +0.12 14 ADAM 95 DLPH ete™ — Z

1.57 +0.18 +0.08 121 6 ABE 94D CDF  Repl. by ABE 98B

117 T332 +0.16 96 7 ABREU 930 DLPH Sup. by ABREU 95Q

1.55 +0.25 +0.18 76 11 ABREU 936 DLPH Sup. by ADAM 95
+0.24 +0.12 7

151 1953 7012 78 ACTON 93C OPAL Sup. by AKERS 95T

152 19-20 +0.07 77 TBUSKULIC 93D ALEP Sup. by BUSKULIC 96J
+0.52 +0.16 15 ce _

120 T3¢ To1a 15 WAGNER 90 MRK2 EE8 = 29 GeV

0.82 7937 +o0.27 16 AVERILL 89 HRS EEE = 29 GeV

5Data analyzed using charge of secondary vertex.
6 Measured mean life using fully reconstructed decays.
" Data analyzed using D/ D* £X event vertices.
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8Data analyzed using inclusive D/D* ¢ X.
9 Measured mean life using partially reconstructed D*— 7T X vertices.
10 ABREU 95Q assumes B(BO — D**~¢tu)) = 3.2 + 1.7%.
1 pata analyzed using vertex-charge technique to tag B charge.
12 AKERS 95T assumes B(BO — D_(*) DO(*)) = 5.0 + 0.9% to find BT /B0 yield.

13 Combined result of D/D* £x analysis, fully reconstructed B analysis, and partially recon-
struced D*~ 71 X analysis.

14 Combined ABREU 95Q and ADAM 95 result.

15WAGNER 90 tagged BO mesons by their decays into D*~ e v and D*~ ut v where
the D*~ is tagged by its decay into 7~ DO.

16 AVERILL 89 is an estimate of the BO mean lifetime assuming that BY — D*t4 X
always.

MEAN LIFE RATIO 7 g, /7 o

T g+ /T go (average of direct and inferred)

VALUE DOCUMENT ID
1.060+0.029 OUR AVERAGE Includes data from the 2 datablocks that follow this one.

T g+ /T go (direct measurements)
“OUR EVALUATION" is an average of the data listed below performed by the LEP
B Lifetimes Working Group as described in our review “Production and Decay of b-
flavored Hadrons” in the BT Section of the Listings. The averaging procedure takes
into account correlations between the measurements and asymmetric lifetime errors.

VALUE EVTS DOCUMENT ID TECN COMMENT

The data in this block is included in the average printed for a previous datablock.

1.0621+0.029 OUR EVALUATION
Average is meaningless. [1.03 + 0.04 OUR 1998 AVERAGE]

1.079-0.064+0.041 17 ABBIENDI 99 OPAL ete™ — Z
1.06 +0.07 £0.02 18 ABE 988 CDF  pp at 1.8 TeV
1.110+0.056 T 0-33 19 ABE 98Q CDF  pp at 1.8 TeV
1.09 +£0.07 +0.03 17 ACCIARRI 985 L3  ete™ — Z
1.01 +0.07 +£0.06 17 ABE 97) SLD  ete™ — Z
0.08 +0.08 +0.03 19 BUSKULIC ~ 961 ALEP ete™ — Z
10.23 +0.03 18 4o
127 +9-23 +0.03 BUSKULIC ~ 96J ALEP eTe™ — Z
1.00 T31L +o.10 19,20 ABREU 95Q DLPH ete™ — Z
1.06 T313 +0.10 21 ADAM 95 DLPH ete™ — Z
0.99 +0.14 7352 19,22 AKERS 95T OPAL ete™ — Z
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o o o We do not use the following data for averages, fits, limits, etc. @ o o

1.01 +0.11 +0.02 19 ABE 96C CDF  Repl. by ABE 98Q
1.03 +0.08 £0.02 23 BUSKULIC ~ 96J ALEP ete™ — Z

1.02 +0.16 +0.05 269 18 ABE 94D CDF  Repl. by ABE 98B

111 T333 +o11 188 19 ABREU 930 DLPH Sup. by ABREU 95Q
101 7923 +o.12 253 21 ABREU 93G DLPH Sup. by ADAM 95

1.0 1933 +o.os 130 ACTON 93C OPAL Sup. by AKERS 95T
0.96 7912 018 154 19 BUSKULIC 93D ALEP Sup. by BUSKULIC 96

17Data analyzed using charge of secondary vertex.

18 Measured using fully reconstructed decays.

19 Data analyzed using D /D* £X vertices.

20 ABREU 95Q assumes B(BO — D**~ ¢t 1)) = 3.2 + 1.7%.

21 pata analyzed using vertex-charge technique to tag B charge.

22 AKERS 95T assumes B(B? — D¢ (*) pO(*)) = 5.0 + 0.9% to find B /B0 yield.
23 Combined result of D/D*¢X analysis and fully reconstructed B analysis.

T g+/Tgo (inferred from branching fractions)
These measurements are inferred from the branching fractions for semileptonic decay
or other spectator-dominated decays by assuming that the rates for such decays are
equal for BY and BT. We do not use measurements which assume equal production
of B and BT because of the large uncertainty in the production ratio.

VALUE CLY% EVTS DOCUMENT ID TECN COMMENT
The data in this block is included in the average printed for a previous datablock.

0.95+0-127+0.001 24 ARTUSO 97 CLE2 ete™ — T(45)
o e o We do not use the following data for averages, fits, limits, etc. @ o o
1.15+£0.17 +0.06 25 JESSOP 97 CLE2 eTe™ — T(4S)
0.9340.18 £0.12 26 ATHANAS 94 CLE2 Sup. by AR-
TUSO 97
0.014+0.27 +0.21 27 ALBRECHT 92 ARG ete™ — T(4S)
1.0 £0.4 29 21,28 ALBRECHT 926 ARG eTe™ — T(45)
0.89+0.19 +0.13 27 FULTON 91 CLEO eTe™ — T(4S)
1.00£0.23 +0.14 27 ALBRECHT 89L ARG ete™ — T(4S)
0.49 to 2.3 90 29 BEAN 878 CLEO eTe™ — T(4S)

24 ARTUSO 97 uses partial reconstruction of B — D*Eug and independent of B and
Bt production fraction.

25 Assumes equal production of BT and BO at the T(4S).

26 ATHANAS 94 uses events tagged by fully reconstructed B~ decays and partially or fully
reconstructed B0 decays.

27 Assumes equal production of BO and BT.

28 AL BRECHT 92G data analyzed using B — DSE, DSE*, D: D, D:E* events.

29 BEAN 878 assume the fraction of BOBO events at the T(4S) is 0.41.
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B% DECAY MODES

BY modes are charge conjugates of the modes below. Reactions indicate
the weak decay vertex and do not include mixing. Modes which do not
identify the charge state of the B are listed in the B+~ /B0 ADMIXTURE

section.

The branching fractions listed below assume 50% B9BO and 50% B+ B~
production at the 7(4S). We have attempted to bring older measurements
up to date by rescaling their assumed 7(4S) production ratio to 50:50
and their assumed D, D, D*, and ) branching ratios to current values
whenever this would affect our averages and best limits significantly.

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

Scale factor/

Mode Fraction (I';/T) Confidence level
1 ¢Tuypanything [a] (105 £0.8 )%
[ D~ {Ty, [a] ( 2.10£0.19) %
3 D*(2010)~ ¢t v, [a] ( 4.604£0.27) %
I, p Ty, [ (26 708 )x10*
[s AR (1.8 £0.6 )x 104

Inclusive modes
e T pt vy
[, KTanything (78 +8 )%
D, D*, or Ds modes
e D 7t (3.0 £0.4 )x 1073
g D pT (7.9 £1.4 )x 103
g Dntnm~ < 16 x 1073 CL=00%
M1 D*(2010)~ 7+ ( 2.76+0.21) x 103
Mo D ntata™ (8.0 £25 ) %103
M3 (D~ w7t 7~ ) nonresonant (39 £1.9 )x 103
M4 D~ 7r+ 0 (1.1 +£1.0 )x 1073
15 ~a1(1260)™ (6.0 £33 )x1073
M6 D*(2010) 7t 0 (15 +£05 )%
M7 D*(2010)~ p* (68 +3.4 )x103
Mg D*(2010) 7tat o~ (76 +£1.8 )x 103 S=1.4
Mo (D*(2010)" 77+ 7~ ) non- (00 +25)x103
resonant

Mo D*(2010)~ 7t p° (57 £32 ) x 1073
M1 D*(2010)~ a1(1260) ™ ( 1.304£0.27) %
M D*(2010) 7t at 7 =0 (35 £1.8)%
M3 D5(2460) 7F < 22 x1073  CL=90%
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M2 D3(2460)" p*
s DDt

M DD

7 D*(2010)~ DY
Mg DDt

9 D*(2010)” DIF
F30 Dj—ﬂ'_

F31 D:+7T_

M52 Dfp~

3 DI p~

34 D} a1(1260)~
M35 DIt a;(1260)~
M3 D KT

M7 DI7 KT

M3g D, K*(892)"
F39 DI~ K*(892)"
My D7t KO

My DI 7wt KO

Mo D_ m K*(892)0
i3 DI mm K*(892)°
[ 44 DO 70

45 D°pP

M6 D%n

Fs7 D

F48 Dow

M9 D*(2007)07°
M50 D*(2007)°p°
51 D*(2007)%7

Mso  D*(2007)%%/

M55  D*(2007)°w

M54 D*(2010)* D*(2010)~
M55 D*(2010)t D~
r56 D(*)OB *)0

57 J/¥(15) KO

Mg J/Y(1S)K T 7~
so  J/¥(1S)K*(892)°
Feo  J/v(15)m°

Fe1  J/9(1S)n

Moo J/1(15)p°
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< 4.9 x 103
< 1.2 x 103
(8.0 £3.0 )x10~3

(9.6 £3.4 )x 103
(1.0 £05 )%
(2.0 +£07 )%

< 2.8 x 10~4
< 5 x 10~4
< 7 x 10~4
< 8 x 10~4
< 26 x 103
< 22 x 103
< 24 x 10~4
< 17 x 10~4
< 9.9 x 10~4
< 11 x 103
< 5 x 103
< 3.1 x 103
< 4 x 103
< 20 x 103
< 12 x 10~4
< 3.9 x 10~4
< 13 x 10~4
< 94 x 10~4
< 5.1 x 104
< 44 x 10~4
< 5.6 x 10~4
< 2.6 x 10~4
< 14 x 103
< 74 x 10~4

(62 731 )x10*
< 1.8 x 1073
< 27 %

Charmonium modes
(89 +1.2 ) x 10~ 4

(1.2 +£0.6 )x 1073
( 1.5040.17) x 10~3

< 58 x 1072
< 1.2 x 103
< 25 x 104
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CL=90%
CL=90%

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

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
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J/p(1S)w
»(2S)K°
P(2S)KT 7~
¥(2S) K*(892)°
Xc1(1P) K°
Xe1(1P)K*(892)°

Ktn—
KO 70
77/ KO
7 K*(892)°
n K*(892)°
nK°
w KO
wK*(892)°
KtK-
KOKO
Kt p~
KOrt ™
KO ,00
K 1,(980)
K*(892)t 7~
K*(892)0 70
K35(1430) T 7~
KOKT K~
K%¢
K- ntnto—
K*(892)0 7t 7~
K*(892)0 p°
K*(892)° £,(980)
K1(1400) T 7~
K~ a1(1260)*
K*(892)0 K+ K~
K*(892)° ¢
K1(1400)0 p0
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< 27
< 8
< 1
(93
< 27
< 21

K or K* modes
(15

< 41
(4.7

3.9
3.0
3.3
5.7
2.3
4.3
1.7
3.5

ANNNANNNANNNNA

3.9
3.6
7.2
2.8
2.6
1.3
3.1
2.3
1.4
46
1.7
1.1
2.3
6.1
2.1
3.0
5.0
1.1
1.4

( 4.0

(5]

(5]

ANNNNANNNNNANNANNNANNNANNNNNANNNA

Page 7

x 10~4
x 10~4
x 103
+23 )x10~4
x 103
x 103

fgz ) x 1072
x 1072
f%g ) X 10~°
x 1072
X 10_5
x 1072
x 1072
x 1072
X 10_6
x 1072
x 1072

x 1072
x 104
x 1072
x 1072
x 103
x 103
x 1072
x 10~4
x 103
x 10~4
x 10~4
x 103
x 10~4
x 10~4
x 1072
x 103
x 103
x 1073
x 103
+1.9 )x 107>

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

CL=90%
CL=90%

CL=90%

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

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
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101
102
103
104
105
106

107
108
109
10
M111
M112
113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
M35
136
137
138
139
140
141
142
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AN NN AN NANA

ANNNNNNANNNANNNANNNNANNNANNNNANNNNNNNNNANNNANNANNNNNNNA

7.0
4.3
4.0
2.0
1.0
4.3

Light unflavored meson modes

1.5
9.3
8

1.8
1.1
4.7
2.7
2.3
1.3
1.2
6.0
1.1
1.9
5

9

3.1
1.3
2.1
1.2
7.2
2.4
8.8
2.3
2.8
4.9
3.0
3.1
2.2
1.1
1.4
9.0
3.4
2.4
3.0
2.8
1.1

x 103
x 103
x 10~4
x 103
%

x 103

x 1072
x 100
x 100
x 1072
x 1072
x 1072
x 1072
x 1072
x 1072
x 1072
x 1072
x 1072
x 1072
x 100
x 1076
x 1072
x 1072
x 1072
x 1072
x 10~4
x 1072
x 1072
x 10~4
x 104
x 10~4
x 10~4
x 103
x 103
x 103
x 1072
x 103
x 103
x 103
x 103
x 1073
%

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

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
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Baryon modes

M43 PP < 70 x1070  CL=00%
F1a4 ppmt o™ < 25 x 1074  CL=90%
M1a5 pAT™ < 1.3 x1075  CL=90%
M2 AN < 3.9 x1070  CL=90%
M47 AYA° < 15 x1073  CL=90%
Mag ATTA™ < 11 x 1074  CL=90%
Ma9 Z_ ATT < 1.0 x1073  CL=90%
M50 Ao prta (1.3 +£06 )x 103

M51 A_p < 21 x10~4  CL=90%
M52 A pr® < 59 x 1074 CL=90%
M55 A prt =m0 < 5.07 x 1073 CL=00%
M54 ﬂ; prta -t < 274 x 1073 CL=90%

Lepton Family number (LF) violating modes, or
AB = 1 weak neutral current (B1) modes

M55 V7 < 3.9 x 1072 CL=90%
M156 et e BI < 59 x1076  CL=90%
M57 php™ BI < 6.8 x10~7  CL=90%
Msg KleTe™ B1 < 3.0 x 1074 CL=90%
Mg KOutp™ BI < 3.6 x1074  CL=90%
Meo K*(892)eT e B1 < 29 x 1074 CL=90%
Me1 K*(892)° ut ™ BI < 4.0 x1076  CL=90%
Mex K*(892)°vw B1 < 10 x 1073 CL=00%
Me3 eTuT LF [ < 35 x1076  CL=90%
Ma eT7T LF [ < 53 x 104 CL=90%
Mes pt7T LF  [d< 83 x 1074 CL=00%

[a] An /¢ indicates an e or a u mode, not a sum over these modes.

[b] BY and Bg contributions not separated. Limit is on weighted average of
the two decay rates.

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

B% BRANCHING RATIOS

For branching ratios in which the charge of the decaying B is not deter-
mined, see the BT section.

[ (¢* vganything) /Ttotal ry/T
VALUE DOCUMENT ID TECN COMMENT

0.105 +0.008 OUR AVERAGE

0.1078-£0.0060 = 0.0069 30 ARTUSO 97 CLE2 eTe™ — T(4S)
0.093 +0.011 +0.015 ALBRECHT 94 ARG eTe™ — T(4S)

0.099 +0.030 +0.009 HENDERSON 92 CLEO ete™ — 7(4S5)

o e ¢ We do not use the following data for averages, fits, limits, etc. @ o o
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0.109 +0.007 +0.011 ATHANAS 94 CLE2 Sup. by ARTUSO 97

30 ARTUSO 97 uses partial reconstruction of B — D*Eug and inclusive semileptonic

branching ratio from BARISH 96B (0.1049 + 0.0017 + 0.0043).

I'(D= ot Vg) /Ttotal

¢ denotes e or pu, not the sum.

ra/T

VALUE DOCUMENT ID TECN COMMENT
0.0210+0.0019 OUR AVERAGE

0.0209+0.001340.0018 31 BARTELT 99 CLE2 eTe™ — T(4S)
0.0235-£0.0020 4 0.0044 32 BUSKULIC 97 ALEP ete™ — Z

0.018 +0.006 +0.003 33 FULTON 91 CLEO eTe™ — T(4S)
0.020 +0.007 +0.006 34 ALBRECHT 89J ARG ete™ — T(4S)

o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
0.0187-£0.00150.0032 35 ATHANAS 97 CLE2 Repl. by BARTELT 99

31 Assumes equal production of BT and BY at the T(4S).

32 BUSKULIC 97 assumes fraction (B1) = fraction (B0) = (37.8 + 2.2)% and PDG 96

values for B lifetime and branching ratio of D* and D decays.

33 FULTON 91 assumes assuming equal production of BO and BT at the T(4S) and uses

Mark Il D and D* branching ratios.

34 ALBRECHT 89J reports 0.018 + 0.006 + 0.005. We rescale using the method described

in STONE 94 but with the updated PDG 94 B(D0 — K7t

35 ATHANAS 97 uses missing energy and missing momentum to reconstruct neutrino.

I'(D* (2010)~ et V[) /Ttotal r3/r
VALUE EVTS DOCUMENT ID TECN COMMENT
0.0460+0.0027 OUR AVERAGE
0.0508 £0.0021 +0.0066 36 ACKERSTAFF 97G OPAL ete™ — Z
0.0553 £ 0.0026 +0.0052 37 BUSKULIC 97 ALEP ete™ — Z
0.055240.0017 4-0.0068 38 ABREU 96P DLPH eTe™ — Z
0.0449-0.0032 40.0039 376 39 BARISH 95 CLE2 ete™ — T(4S)
0.045 +0.003 +0.004 40 ALBRECHT 94 ARG ete™ — 7T(45)
0.047 +0.005 40.005 235 ALALBRECHT 93 ARG ete™ — T(4S)
0.040 +0.004 =+0.006 42 BORTOLETTO898 CLEO ete™ — 7T(45)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
0.0518£0.0030 +0.0062 410  “43BUSKULIC 95N ALEP Sup. by
BUSKULIC 97
seen 308 4 SANGHERA 93 CLE2 ete™ — T(4S5)
0.070 +0.018 +0.014 45 ANTREASYAN 908 CBAL ete™ — T(4S5)
46 ALBRECHT 89C ARG ete™ — T(45)
0.060 +0.010 +0.014 47 ALBRECHT 89) ARG ete™ — T(45)
0.070 £0.012 40.019 47 48 ALBRECHT 87J ARG ete™ — 7T(45)

36 ACKERSTAFF 97G assumes fraction (B1) = fraction (BY) = (37.8 +2.2)% and PDG 96

values for B lifetime and branching ratio of D* and D decays.

37 BUSKULIC 97 assumes fraction (B1) = fraction (B0) = (37.8 + 2.2)% and PDG 96

values for B lifetime and D* and D branching fractions.

38 ABREU 96P result is the average of two methods using exclusive and partial D* recon-

struction.

39BARISH 95 use B(DY — K~ #1) = (3.91 + 0.08 + 0.17)% and B(D*t — DO7t)

= (68.1 + 1.0 + 1.3)%.
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40 ALBRECHT 94 assumes B(D*1T — DO7xt) = 68.1 & 1.0 + 1.3%. Uses partial recon-
struction of D*1 and is independent of Do branching ratios.

41 ALBRECHT 93 reports 0.052 + 0.005 + 0.006. We rescale using the method described
in STONE 94 but with the updated PDG 94 B(D0 — K~ aT). We have taken their
average e and p value. They also obtain a= 2*FO/(F_ +rt)—1=11+04+0.2,

ApfF = 3/4x(T7 —TT)/T = 0.2 £ 0.08 + 0.06 and a value of |V, | = 0.036-0.045
depending on model assumptions.

42\We have taken average of the the BORTOLETTO 89B values for electrons and muons,
0.046 + 0.005 4 0.007. We rescale using the method described in STONE 94 but with

the updated PDG 94 B(D0 — K™ 71'"‘). The measurement suggests a D* polarization
parameter value o = 0.65 4+ 0.66 4 0.25.

43 BUSKULIC 95N assumes fraction (BT) = fraction (BO) =38.2+ 1.3 +2.2% and T g0
= 1.58 £ 0.06 ps. M(D*~¢T vy)/total = [5.18 — O.13(fraction(BO)—38.2)— 1.5(7
1.58)]%.

44 Combining D*0 ot vp and D*— ¢t vp SANGHERA 93 test V—A structure and fit the

decay angular distributions to obtain Apg = 3/4x(I'™ — rt)/r =0.14 4+ 0.06 + 0.03.
Assuming a value of V;, they measure V, A;, and A,, the three form factors for the

BO

D*Eug decay, where results are slightly dependent on model assumptions.

45 ANTREASYAN 90B is average over B and D*(2010) charge states.

46 The measurement of ALBRECHT 89¢C suggests a D* polarization v1 /T of 0.85 £+ 0.45.
ora = 0.7 + 0.9.

47 ALBRECHT 89J is ALBRECHT 87J value rescaled using B(D*(2010)~ — DO07x—) =
0.57 £+ 0.04 + 0.04. Superseded by ALBRECHT 93.

48 ALBRECHT 87J assume j-e universality, the B(7(4S) — BOEO) = 0.45, the B(DO —

K™ 71'+) = (0.042 £ 0.004 £ 0.004), and the B(D*(2010)~ — Dow_) = 0.49 £+ 0.08.
Superseded by ALBRECHT 89J.

(o™ € vg) [Tiotal Fa/T
¢ = e or u, not sum over e and p modes.
VALUE (units 10_4) CL% DOCUMENT ID TECN COMMENT
26 108 OUR AVERAGE
2.57+0.2910-33 49 BEHRENS 00 CLE2 ete™ — T(4S)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
2.5 +0.4 jg-g 50 ALEXANDER 96T CLE2 Repl. by BEHRENS 00
<4.1 90 51 BEAN 938 CLE2 eTe™ — T(4S)

49 BEHRENS 00 reports systematic errors tgzg + 0.41, where the second error is theo-

retical model dependence. We combine these in quadrature.

50 ALEXANDER 96T gives systematic errors fg? + 0.5 where the second error reflects
the estimated model dependence. We combine these in quadrature. Assumes isospin
symmetry: F(BO — p ot vp) =2 X% ret — POt vp) ~ 2 X rBt — wet vp).

51 BEAN 93B limit set using ISGW Model. Using isospin and the quark model to combine
F(poﬁ" vyp) and Mwet vp) with this result, they obtain a limit <(1.6-2.7) x 10~4 at
90% CL for BT — (wor po)£+ vy. The range corresponds to the ISGW, WSB, and
KS models. An upper limit on ’Vub/Vcb’ < 0.08-0.13 at 90% CL is derived as well.
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(7~ €*vg) [Tiotal s/l
VALUE (units 10_4) DOCUMENT ID TECN COMMENT
1.8+0.4+0.4 52 ALEXANDER 96T CLE2 e+ e~ — T(4S)

52 ALEXANDER 96T gives systematic errors +0.3 + 0.2 where the second error reflects
the estimated model dependence. We combine these in quadrature. Assumes isospin

symmetry: F(BO — 7ot vp) =2 X ret — 70t vp).

Mz~ ut Vu)/rtotal Fe/T
VALUE DOCUMENT ID TECN
o o o We do not use the following data for averages, fits, limits, etc. @ o o
seen 53 ALBRECHT  91C ARG

53|n ALBRECHT 91C, one event is fully reconstructed providing evidence for the b — u

transition.

I (K™ anything) /T otal r7/T
VALUE DOCUMENT ID TECN COMMENT
0.78+0.08 OUR AVERAGE
0.78+0.08 54 ALBRECHT 96D ARG ete™ — T(45)

54 Average multiplicity.

VALUE EVTS DOCUMENT ID TECN COMMENT
0.0030+0.0004 OUR AVERAGE
0.0029 -£0.0004 +0.0002 81 95 ALAM 94 CLE2 ete™ — T(4S)
0.0027 +0.0006 + 0.0005 56 BORTOLETTO92 CLEO ete™ — T(4S5)
0.0048-£0.001140.0011 22 97T ALBRECHT 90J ARG ete™ — 7T(4S)
0.0051 +0.0028 +0.0013 4 58 BEBEK 87 CLEO ete™ — T(45)

—0.0025 —0.0012
o o o We do not use the following data for averages, fits, limits, etc. @ o o

0.0031-:0.001340.0010 7 STALBRECHT 88k ARG ete™ — T(45)

55ALAM 94 reports [B(BO — D~ xt) x B(DT — K atat) = 0.000265 +
0.000032 + 0.000023. We divide by our best value B(DT — K zxtzt) =
(9.0 £ 0.6) x 1072, Our first error is their experiment’s error and our second error
is the systematic error from using our best value. Assumes equal production of Bt and
BO at the T(4S).

56 BORTOLETTO 92 assumes equal production of BT and BY at the T(4S) and uses
Mark Il branching fractions for the D.

57 ALBRECHT 88K assumes BOBO0:B+T B~ production ratio is 45:55. Superseded by AL-
BRECHT 90J which assumes 50:50.

58 BEBEK 87 value has been updated in BERKELMAN 91 to use same assumptions as
noted for BORTOLETTO 92.

F(D~p*)/Tiotal Fo/T
VALUE EVTS DOCUMENT ID TECN COMMENT
0.0079+0.0014 OUR AVERAGE

0.0078-£0.0013 4-0.0005 79 59 ALAM 94 CLE2 ete™ — T(4S)
0.009 +0.005 +0.003 9 60ALBRECHT 90 ARG ete™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

0.022 +0.012 40.009 6 O0ALBRECHT 88« ARG ete™ — T(45)

HTTP://PDG.LBL.GOV Page 12 Created: 12/18/2000 15:33



Citation: D.E. Groom et al. (Particle Data Group), Eur. Phys. Jour. C15, 1 (2000) (URL: http://pdg.lbl.gov)

59 ALAM 94 reports [B(BY — D~ pt) x B(DT — K~ xtat) = 0.000704 +
0.000096 + 0.000070. We divide by our best value B(DT — K ztzt) =
(9.0 £ 0.6) x 1072, Our first error is their experiment’s error and our second error
is the systematic error from using our best value. Assumes equal production of Bt and
BO at the T(4S).

60 ALBRECHT 88K assumes BOBO:B+T B~ production ratio is 45:55. Superseded by AL-
BRECHT 90J which assumes 50:50.

MO+ ™) /Teotal Mo/l
VALUE CLY% EVTS DOCUMENT ID TECN COMMENT
<0.0016 90 61 ALAM 94 CLE2 eTe™ — T(4S)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<0.007 90 62 BORTOLETT092 CLEO ete™ — 7T(45)
<0.034 90 63 BEBEK 87 CLEO eTe™ — T(4S)

0.07 =+0.05 5 O4BEHRENDS 83 CLEO ete™ — T(45)

61 Assumes equal production of BT and BO at the T(4S).

62 BORTOLETTO 92 assumes equal production of BT and BY at the T(4S) and uses
Mark Il branching fractions for the D. The product branching fraction into DS(2340)7T
followed by D8(2340) — DY is < 0.0001 at 90% CL and into D§(2460) followed by
D}(2460) — DO is < 0.0004 at 90% CL.

63 BEBEK 87 assume the T(4S) decays 43% to BOBO. We rescale to 50%. B(D0 —
K=aT)=(42+04+04)% and B(DY - K~ at7xt77)=(9.1+08+08)%

were used.
64 Corrected by us using assumptions: B(D0 — K~ xt) = (0.042 + 0.006)

and B(7(4S) — BOEO) = 50%. The product branching ratio is B(B0 —
DYt 7 )B(DY — Kt 7—) = (0.39 + 0.26) x 10~ 2.

[(D*(2010)~ 7t) /T otal /T
VALUE EVTS DOCUMENT ID TECN COMMENT
0.00276+0.00021 OUR AVERAGE

0.00281 +£0.00024 == 0.00005 65 BRANDENB... 98 CLE2 ete™ — T(4S5)
0.0026 +0.0003 +£0.0004 82 96 ALAM 94 CLE2 ete™ — T(4S)
0.003374-0.00096 -+ 0.00002 67 BORTOLETTO92 CLEO ete™ — T(4S5)
0.00236--0.00088£0.00002 12 98 ALBRECHT 90 ARG ete™ — T(4S)
0.00236 790910 £0.00002 5 69 BEBEK 87 CLEO ete™ — T(45)
o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

0.010 +£0.004 =0.001 8 0 AKERS 94) OPAL etTe™ — Z
0.0027 =0.0014 =+0.0010 5 TLALBRECHT 87C ARG ete™ — T(4S)
0.0035 +0.002 +0.002 T2 ALBRECHT 86F ARG ete™ — T(4S)
0.017 +0.005 +0.005 41 T3 GILES 84 CLEO ete™ — T(4S)

65 BRANDENBURG 98 assume equal production of BT and BO at T(4S) and use the D*
reconstruction technique. The first error is their experiment’s error and the second error

is the systematic error from the PDG 96 value of B(D* — D).

66 ALAM 94 assume equal production of BT and BY at the T(4S) and use the CLEO I
B(D*(2010)" — DO71) and absolute B(DY — K~ n1) and the PDG 1992 B(D® —
K= nt70)/B(DO - K= nT)and B(D? - K~ xt7xt77)/B(D0 — K—=t).

67 BORTOLETTO 92 reports 0.0040 = 0.0010 & 0.0007 for B(D*(2010)T — DO7xt) =
0.57 + 0.06. We rescale to our best value B(D*(2010)t — DOxt) = (67.7 + 0.5) x
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10~2. Our first error is their experiment’s error and our second error is the systematic
error from using our best value. Assumes equal production of BT and BO at the T(4S)
and uses Mark Ill branching fractions for the D.

68 ALBRECHT 90J reports 0.0028 = 0.0009 + 0.0006 for B(D*(2010)t — DOzxt) =
0.57 & 0.06. We rescale to our best value B(D*(2010) 1t — DO7T+) = (67.7 £+ 0.5) x
10~2. Our first error is their experiment’s error and our second error is the systematic
error from using our best value. Assumes equal production of BT and BY at the T(4S)
and uses Mark Il branching fractions for the D.

69 +0.0015 +-0.0010 * + 0. _+y _
BEBEK 87 reports 0.0028 ' 35015 0.0006 o B(D*(2010)™ — D¥7™) = 0.57 +

0.06. We rescale to our best value B(D*(2010)T — DO7T+) = (67.7 + 0.5) x 102,
Our first error is their experiment’s error and our second error is the systematic error
from using our best value. Updated in BERKELMAN 91 to use same assumptions as
noted for BORTOLETTO 92 and ALBRECHT 90J.

70 Assumes B(Z — bb) = 0.217 and 38% B, production fraction.

71 ALBRECHT 87C use PDG 86 branching ratios for D and D*(2010) and assume
B(7(4S) — Bt B™) =55% and B(7(4S) — BOBO) = 45%. Superseded by AL-
BRECHT 90J.

72 ALBRECHT 86F uses pseudomass that is independent of DO and DT branching ratios.

73 Assumes B(D*(2010)t — DOxt) = 0.60 1298 Assumes B(T(4S) — BOBO) =

—0.15°
0.40 £ 0.02 Does not depend on D branching ratios.
r(D= nt 7r+7r=)/rtotal |'12/|_
VALUE DOCUMENT ID TECN COMMENT
0.0080+0.0021 +0.0014 74 BORTOLETTO92 CLEO ete™ — T(45)

T4 BORTOLETTO 92 assumes equal production of BT and BY at the T(4S) and uses
Mark Il branching fractions for the D.

F((D~#* a7~ ) nonresonant) /Tygtal M3/l
VALUE DOCUMENT ID TECN COMMENT
0.0039+0.0014 +0.0013 75 BORTOLETTO92 CLEO ete™ — T(45)

7SBORTOLETTO 92 assumes equal production of BT and BY at the T(4S) and uses
Mark Il branching fractions for the D.

F(D~ 7% p%) /Tiotal M1a/T
VALUE DOCUMENT ID TECN COMMENT
0.0011 +0.0009+0.0004 76 BORTOLETTO92 CLEO ete™ — T(45)

76 BORTOLETTO 92 assumes equal production of BT and BY at the T(4S) and uses
Mark Il branching fractions for the D.

(D~ a1(1260)%) /T iotal Ms/T
VALUE DOCUMENT ID TECN COMMENT
0.0060+0.0022 +0.0024 7T BORTOLETTO92 CLEO ete™ — T(45)

7TBORTOLETTO 92 assumes equal production of BT and BY at the T(4S) and uses
Mark Il branching fractions for the D.
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I (D*(2010)~ 7+ 7°) /Teotal M6/l
VALUE EVTS DOCUMENT ID TECN COMMENT
0.0152+0.0052+0.0001 51 '8 ALBRECHT 90J ARG ete™ — 7T(45)

o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

0.015 4+0.008 40.008 8 79 ALBRECHT 87C ARG ete™ — T(4S)

78 ALBRECHT 90J reports 0.018 & 0.004 + 0.005 for B(D*(2010) " — DOxt) =057 +

0.06. We rescale to our best value B(D*(2010)T — DOzx1) = (67.7 + 0.5) x 10~ 2.
Our first error is their experiment’s error and our second error is the systematic error
from using our best value. Assumes equal production of BT and BO at the T(4S) and
uses Mark Il branching fractions for the D.

79 ALBRECHT 87C use PDG 86 branching ratios for D and D*(2010) and assume
B(T(4S) — Bt B™) =55% and B(7(4S) — BOBO) = 45%. Superseded by AL-
BRECHT 90J.

[(D*(2010)~ p*) /Ttotal F17/T
VALUE EVTS DOCUMENT ID TECN COMMENT

0.0068 +0.0034 OUR AVERAGE

0.0160 +0.0113 +0.0001 80 BORTOLETTO92 CLEO ete™ — T(4S)

0.00589+0.003524+0.00004 19 81 ALBRECHT 90J ARG ete™ — T(4S)
o o o We do not use the following data for averages, fits, limits, etc. @ o o

0.0074 +0.0010 40.0014 76 82:83 ALAM 94 CLE2 Sup. by JESSOP 97
0.081 +002 TO953  19 84 cHEN 85 CLEO ete™ — T(4S)

80 BORTOLETTO 92 reports 0.019 + 0.008 + 0.011 for B(D*(2010)t — DOzxt) =
0.57 + 0.06. We rescale to our best value B(D*(2010)t — DOxt) = (67.7 + 0.5) x
10~2. Our first error is their experiment’s error and our second error is the systematic

error from using our best value. Assumes equal production of BT and BY at the T(4S)
and uses Mark Ill branching fractions for the D.
81 ALBRECHT 90J reports 0.007 & 0.003 + 0.003 for B(D*(2010)* — DOxt) =057 +

0.06. We rescale to our best value B(D*(2010)T — DOzx1) = (67.7 + 0.5) x 10~ 2.
Our first error is their experiment’s error and our second error is the systematic error

from using our best value. Assumes equal production of BT and BO at the T(4S) and
uses Mark Il branching fractions for the D.
82 ALAM 94 assume equal production of Bt and BO at the T(4S) and use the CLEO I

B(D*(2010)" — DO71) and absolute B(DY — K~ nt) and the PDG 1992 B(D® —
K= nta0)/B(DO - K= aT)and B(D? - K~ xtxt77)/B(D0 — K—xt).
83 This decay is nearly completely longitudinally polarized, 'y /I = (93 & 5 & 5)%, as

expected from the factorization hypothesis (ROSNER 90). The nonresonant 7t a0

contribution under the p+ is less than 9% at 90% CL. o
84 Uses B(D* — DO 7T) = 0.6+ 0.15 and B(7(4S) — BO BO) = 0.4. Does not depend
on D branching ratios.

r(D*(2010)~ 7t 7t &) /Tiotal Mg/l
VALUE CL% EVTS DOCUMENT ID TECN COMMENT
0.00761+0.0018 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram
below.
0.0063+0.001040.0011 49 85,86 AL AM 94 CLE2 ete  —
T(45)
0.0134+0.0036 +0.0001 87 BORTOLETT092 CLEO eTe™ —
T(45)
0.0101+0.0041 +0.0001 26 88 ALBRECHT 90J ARG ete™ —
T(45)

o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
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0.033 40.009 +0.016 27 89 ALBRECHT 87C ARG ete  —
T(45)
<0.042 20 90 BEBEK 87 CLEO eTe  —
T(45)

85 ALAM 94 assume equal production of BT and BY at the T(4S) and use the CLEO I
B(D*(2010)t — DO7x1) and absolute B(D® — K~ 1) and the PDG 1992 B(DY —
K= nt70)/B(DO - K= nT)and B(D? - K~ xtxt77)/B(D0 — K—=t).

86 The three pion mass is required to be between 1.0 and 1.6 GeV consistent with an a;
meson. (If this channel is dominated by ai—, the branching ratio for D*~ ai— is twice
that for D* T 7t 7))

87 BORTOLETTO 92 reports 0.0159 = 0.0028 & 0.0037 for B(D*(2010)T — DO7xt) =
0.57 + 0.06. We rescale to our best value B(D*(2010) T — DO7T+) = (67.7 £+ 0.5) x
10~2. Our first error is their experiment’s error and our second error is the systematic
error from using our best value. Assumes equal production of BT and BY at the T(4S)
and uses Mark Ill branching fractions for the D.

88 ALBRECHT 90J reports 0.012 & 0.003 + 0.004 for B(D*(2010) " — DOxt) =057 +
0.06. We rescale to our best value B(D*(2010)T — DO7T+) = (67.7 + 0.5) x 102,
Our first error is their experiment’s error and our second error is the systematic error
from using our best value. Assumes equal production of BT and BO at the T(4S) and
uses Mark Il branching fractions for the D.

89 ALBRECHT 87C use PDG 86 branching ratios for D and D*(2010) and assume
B(T(4S) — Bt B™) =55% and B(7(4S) — BOBO) = 45%. Superseded by AL-
BRECHT 90J.

90 BEBEK 87 value has been updated in BERKELMAN 91 to use same assumptions as
noted for BORTOLETTO 92.

WEIGHTED AVERAGE
0.0076+0.0018 (Error scaled by 1.4)

’

2
X
—— N ALAM 94 CLE2 08
~~~~~ BORTOLETTO 92 CLEO 25
— ALBRECHT ~ 90J ARG _ 0.4
3.7

(Confidence Level = 0.160)
| | | [ J

0 0.005 001 0.015 0.02 0.025 0.03

r(D*(2010) "7t 7 77 ) /Tyopal
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I((D*(2010)~ '+ 7+ 7~ ) nonresonant) /T otal Mo/
VALUE DOCUMENT ID TECN COMMENT
0.0000+0.0019 +0.0016 91 BORTOLETTO92 CLEO ete™ — T(4S)

91 BORTOLETTO 92 assumes equal production of BT and BY at the T(4S) and uses
Mark Il branching fractions for the D and D*(2010).

[(D*(2010)~ 7+ p°) /T otal T20/T
VALUE DOCUMENT ID TECN COMMENT

0.0057 +0.0032 OUR AVERAGE

0.00573+0.00317 +0.00004 92 BORTOLETTO92 CLEO ete™ — T(4S)

92 BORTOLETTO 92 reports 0.0068 = 0.0032 & 0.0021 for B(D*(2010)T — DO7xt) =
0.57 + 0.06. We rescale to our best value B(D*(2010)t — DOzt) = (67.7 + 0.5) x
10~2. Our first error is their experiment’s error and our second error is the systematic

error from using our best value. Assumes equal production of BT and BY at the T(4S)
and uses Mark Ill branching fractions for the D.

[ (D*(2010)~ a1 (1260)*) /T total Fa1/T
VALUE DOCUMENT ID TECN COMMENT
0.0130+0.0027 OUR AVERAGE

0.0126-£0.0020 4 0.0022 93,94 ALAM 94 CLE2 eTe™ — T(4S)
0.0152:0.0070 40.0001 95 BORTOLETTO92 CLEO ete™ — 7(45)

93 ALAM 94 value is twice their I'(D*(2010)~ 7 7 7 )/Ttotal Value based on their
observation that the three pions are dominantly in the a;(1260) mass range 1.0 to 1.6
GeV.

94 ALAM 94 assume equal production of BT and BY at the T(4S) and use the CLEO I

B(D*(2010)t — DO71) and absolute B(D® — K~ 1) and the PDG 1992 B(DY —
K= nt70)/B(D0 - K= aT)and B(D? - K~ xt 7zt 77)/B(D0 — K—=t).
95 BORTOLETTO 92 reports 0.018 + 0.006 + 0.006 for B(D*(2010)t — DOzxt) =
0.57 + 0.06. We rescale to our best value B(D*(2010)t — DOxt) = (67.7 + 0.5) x
10~2. Our first error is their experiment’s error and our second error is the systematic

error from using our best value. Assumes equal production of BT and BY at the T(4S)
and uses Mark Ill branching fractions for the D.

r(D*(2010)~ 7+ 7t = 70) /T otal Moo/l
VALUE EVTS DOCUMENT ID TECN COMMENT

0.035 +0.018 OUR AVERAGE

0.0345+0.0181+0.0003 28 99 ALBRECHT 90J ARG ete™ — T(45)

96 ALBRECHT 90J reports 0.041 & 0.015 + 0.016 for B(D*(2010) " — DOxt) =057 +

0.06. We rescale to our best value B(D*(2010)T — DO7x1) = (67.7 + 0.5) x 10~ 2.
Our first error is their experiment’s error and our second error is the systematic error

from using our best value. Assumes equal production of BT and BO at the T(4S) and
uses Mark Il branching fractions for the D.

r (D; (2460)~ 1r+) /Ttotal M3/l
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0022 90 97 ALAM 94 CLE2 eTe™ — T(4S)

97 ALAM 94 assumes equal production of BT and BO at the T(4S) and use the CLEO Il
absolute B(DY — K~ 1) and B(D}(2460)" — DO7t) = 30%.
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r(D;(2460)= P+)/rtotal F2q/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0049 90 98 ALAM 94 CLE2 eTe™ — T(4S)

98 ALAM 94 assumesequal production of Bt and BO at the T(4S) and use the CLEO I
absolute B(DY — K~ 1) and B(D}(2460)" — DO7t) = 30%.

r(D_ D+)/rtotal |'25/|_
VALUE CL% DOCUMENT ID TECN COMMENT

<5.9 x 1073 90 BARATE 98Q ALEP eTe™ — Z

<1.2x 103 90 ASNER 97 CLE2 ete™ — T(45)
(D~ 0})/Tira ras/T
VALUE EVTS DOCUMENT ID TECN COMMENT
0.0080+0.0030 OUR AVERAGE

0.0084:£0.0030 T 5020 99 GIBAUT 96 CLE2 ete™ — T(45)
0.013 +0.011 +0.003 100 ALBRECHT 926 ARG et e™ — T(4S)
0.007 +0.004 =+0.002 101 BORTOLETT092 CLEO ete™ — T(4S5)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

0.012 +0.007 3 102BORTOLETTO9 CLEO ete™ — T(4S)

99 GIBAUT 96 reports 0.0087 = 0.0024 + 0.0020 for B(DJ — ¢7) = 0.035. We rescale

to our best value B(D:— — ¢rt) = (3.6 £ 0.9) x 10~2. Our first error is their
experiment’s error and our second error is the systematic error from using our best value.
100 ALBRECHT 926G reports 0.017 + 0.013 + 0.006 for B(Dj — ¢nt) = 0.027. We

rescale to our best value B(D:— — ¢7rt) = (3.6 £0.9) x 10~2. Our first error is their
experiment’s error and our second error is the systematic error from using our best value.
Assumes PDG 1990 D7 branching ratios, e.g., B(DT — K~ at xt) = 7.7 + 1.0%.
101 BORTOLETTO 92 reports 0.0080 = 0.0045 + 0.0030 for B(Dj — ¢nT) =0.030 £

0.011. We rescale to our best value B(D:— — ¢nT) = (3.6 £0.9) x 10~2. Our first
error is their experiment'’s error and our second error is the systematic error from using

our best value. Assumes equal production of BT and BO at the T(4S) and uses Mark 11
branching fractions for the D.

102 BORTOLETTO 90 assume B(Ds — ¢w+) = 2%. Superseded by BORTOLETTO 92.

r(D*(2010)~ D}) /T osa F7/T
VALUE EVTS DOCUMENT ID TECN COMMENT
0.0096+0.0034 OUR AVERAGE

0.0090+0.0027 £ 0.0022 103 gIBAUT 96 CLE2 ete™ — T(4S)

0.010 -£0.008 =0.003 104 ALBRECHT 926 ARG et e™ — T(4S)

0.013 -£0.008 =0.003 105 BORTOLETTO92 CLEO ete™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

0.024 +0.014 3 106 BORTOLETTO90 CLEO ete™ — T(4S)

103 GIBAUT 96 reports 0.0093 4 0.0023 + 0.0016 for B(D] — ¢7) = 0.035. We rescale

to our best value B(D:— — ¢nt) = (3.6 £ 0.9) x 10~2. Our first error is their
experiment’s error and our second error is the systematic error from using our best value.
104 Al BRECHT 926G reports 0.014 4 0.010 4 0.003 for B(Dj — ¢nt) = 0.027. We

rescale to our best value B(D:— — ¢rt) = (3.6 £0.9) x 10~2. Our first error is their
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experiment’s error and our second error is the systematic error from using our best value.
Assumes PDG 1990 Dt and D*(2010)% branching ratios, e.g., B(D9 — K~ 71) =
3.71 +£ 0.25%, B(DT — K~ 7t xt) = 7.1 £ 1.0%, and B(D*(2010)" — DOxT)
= 55 4 4%.

105 BORTOLETTO 92 reports 0.016 + 0.009 4 0.006 for B(D:" — ¢nT)=0.030=+0.011.

We rescale to our best value B(D: — ¢mT) = (3.6 £ 0.9) x 1072, Our first error
is their experiment’s error and our second error is the systematic error from using our
best value. Assumes equal production of Bt and BO at the T(4S) and uses Mark Il
branching fractions for the D and D*(2010).

106 BORTOLETTO 90 assume B(Dg — ¢ T) = 2%. Superseded by BORTOLETTO 92.

(D™ DX*) /Tiotal Mg/l
VALUE DOCUMENT ID TECN COMMENT

0.010+0.005 OUR AVERAGE

0.010=£0.004 0.002 107 gIBAUT 96 CLE2 eTe™ — T(4S)
0.020£0.014 +0.005 108 ALBRECHT 926 ARG ete™ — T(4S)

107 GIBAUT 96 reports 0.0100 & 0.0035 + 0.0022 for B(D] — ¢7) = 0.035. We rescale

to our best value B(Di — ¢nt) = (3.6 £ 0.9) x 10~2. Our first error is their
experiment’s error and our second error is the systematic error from using our best value.
108 ALBRECHT 92G reports 0.027 + 0.017 + 0.009 for B(Dj — ¢nt) = 0.027. We

rescale to our best value B(Di — ¢7rt) = (3.6 £0.9) x 10~2. Our first error is their
experiment’s error and our second error is the systematic error from using our best value.
Assumes PDG 1990 D7 branching ratios, e.g., B(DT — K~ at xt) = 7.7 + 1.0%.

[F(D*(2010)~ DY) + (D*(2010)~ D)) /T eotal (F27+T29)/T
VALUE (units 10_2) EVTS DOCUMENT ID TECN COMMENT
a15+1.11+9-%9 22 109 BORTOLETTO90 CLEO eTe™ — T(4S)

109 BORTOLETTO 90 reports 7.5 & 2.0 for B(Dj — ¢7T) = 0.02. We rescale to our

best value B(Dj — ¢7tT) = (3.6 +0.9) x 10~2. Our first error is their experiment’s
error and our second error is the systematic error from using our best value.

I (D*(2010)~ DX%) /Tiotal F29/T
VALUE DOCUMENT ID TECN COMMENT

0.020+0.007 OUR AVERAGE

0.020+0.006 £ 0.005 110 GIaUT 96 CLE2 eTe™ — T(4S)
0.019-:0.011+0.005 111 ALBRECHT 926 ARG ete™ — T(4S)

110 GIBAUT 96 reports 0.0203 = 0.0050 == 0.0036 for B(Dj — ¢nt) =0.035. We rescale

to our best value B(Di — ¢7nt) = (3.6 £ 0.9) x 10~2. Our first error is their
experiment’s error and our second error is the systematic error from using our best value.
111 Al BRECHT 926G reports 0.026 4+ 0.014 + 0.006 for B(Dj — ¢nt) = 0.027. We

rescale to our best value B(Dj — ¢rt) = (3.6 £0.9) x 10~2. Our first error is their
experiment’s error and our second error is the systematic error from using our best value.
Assumes PDG 1990 D1 and D*(2010)" branching ratios, e.g., B(D? — K~ =1) =
3.71 +£ 0.25%, B(DT — K~ 7t zxt) =71 £ 1.0%, and B(D*(2010)" — DOxTt)
= 55 4 4%.
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-|- —_
F(DF 7~) /Teotal M3/
VALUE CL% DOCUMENT ID TECN COMMENT
<0.00028 90 12 ALEXANDER 938 CLE2 ete™ — 7T(45)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<0.0013 90 3 BORTOLETTO90 CLEO ete™ — T(45)

112 Al EXANDER 938 reports < 2.7 x 10~4 for B(Dj — ¢7rt) = 0.037. We rescale to
our best value B(D:— — ¢7t) =0.036.
113BORTOLETTO 90 assume B(Dg — ¢ 1) = 2%.

* —
F(D:t 7)) /Teotal M31/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0005 90 114 ALEXANDER 938 CLE2 ete™ — 7T(45)

114 ALEXANDER 938 reports < 4.4 x 10~4 for B(Dj — ¢7rt) = 0.037. We rescale to
our best value B(D:— — ¢7t) =0.036.

[F(DF 7=) +T(D; K*)]/Teotal (T30+T36)/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0013 90 115 ALBRECHT 93 ARG ete™ — 7T(45)

115 ALBRECHT 93E reports < 1.7 x 1073 for B(D] — ¢7) = 0.027. We rescale to our
best value B(D:— — ¢nt) =0.036.

[F(D3*7=) +T(D~ K*)]/Teotal (F31+M37)/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0009 90 116 ALBRECHT 93 ARG ete™ — 7(45)

116 ALBRECHT 93E reports < 1.2 x 10~3 for B(Dj — ¢rt) =0.027. We rescale to our
best value B(D:— — ¢mT) = 0.036.

+ —
F(DF p~)/Tiotal 32/l
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0007 90 117 ALEXANDER 938 CLE2 ete™ — 7T(45)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<0.0016 90 118 ALBRECHT 93 ARG ete™ — 7(45)

117 ALEXANDER 938 reports < 6.6 x 10~4 for B(Dj — ¢7rt) = 0.037. We rescale to
our best value B(D:— — ¢7t) =0.036.

118 ALBRECHT 93E reports < 2.2 x 10~3 for B(Dj — ¢rt) =0.027. We rescale to our
best value B(Dj — ¢nt) =0.036.
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*+ —
F(D:7 p~)/Tiotal 33/l
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0008 90 119 ALEXANDER 938 CLE2 ete™ — 7T(45)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<0.0019 90 120 ALBRECHT 93 ARG ete™ — T(45)

119 ALEXANDER 938 reports < 7.4 x 10~4 for B(Dj — ¢7rt) = 0.037. We rescale to
our best value B(D:— — ¢7t) =0.036.

120 ALBRECHT 93E reports < 2.5 x 103 for B(D:’ — qb71'+) = 0.027. We rescale to our
best value B(D:’ — ¢nt) =0.036.

+ _
I'(Ds a1(1260) )/rtortal M34/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0026 90 121 ALBRECHT 93 ARG ete™ — 7(45)

121 ALBRECHT 93E reports < 3.5 X 103 for B(D:’ — qb71'+) = 0.027. We rescale to our
best value B(D:— — ¢nt) =0.036.

F(D%F 21(1260)~) /Teotal M35/l
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0022 90 122 AlBRECHT 93 ARG ete™ — T(45)

122 ALBRECHT 93€ reports < 2.9 x 103 for B(D] — ¢n ") = 0.027. We rescale to our
best value B(Dj — ¢nt) =0.036.

F(D; K*)/Teotal 36/l
VALUE CL% DOCUMENT ID TECN COMMENT

<0.00024 90 123 ALEXANDER 938 CLE2 ete™ — 7T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.0013 90 124 BORTOLETTO90 CLEO ete™ — T(45)

123 ALEXANDER 938 reports < 2.3 x 10~ 4 for B(D:" — ¢7rt) = 0.037. We rescale to
our best value B(Dj — ¢7t) =0.036.
124 BORTOLETTO 90 assume B(Dg — ¢ 1) = 2%.

*_
r(Ds K+)/rtotal I_37/r
VALUE CL% DOCUMENT ID TECN COMMENT
<0.00017 90 125 ALEXANDER 938 CLE2 ete™ — 7T(45)

125 ALEXANDER 938 reports < 1.7 x 10~% for B(D] — ¢n ) = 0.037. We rescale to
our best value B(D:’ — ¢7t) =0.036.
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r(D; K*(892)") /Tiotal M3g/l
VALUE CL% DOCUMENT ID TECN COMMENT

<0.0010 90 126 ALEXANDER 938 CLE2 ete™ — 7T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.0034 90 12T ALBRECHT 93 ARG ete™ — T(45)

126 ALEXANDER 938 reports < 9.7 x 10~ 4 for B(Dj — ¢7rt) = 0.037. We rescale to
our best value B(D:— — ¢7t) =0.036.

127 ALBRECHT 93€ reports < 4.6 x 1073 for B(D:’ — qb71'+) = 0.027. We rescale to our
best value B(D:’ — ¢nt) =0.036.

*_
r(Ds K*(892)+)/rtotal I_39/r
VALUE CL% DOCUMENT ID TECN  COMMENT
<0.0011 90 128 ALEXANDER 938 CLE2 ete™ — 7T(45)
o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
<0.004 90 129 ALBRECHT 93 ARG ete™ — T(45)

128 ALEXANDER 938 reports < 11.0 x 10~4 for B(Dj — ¢mT) = 0.037. We rescale to
our best value B(D:— — ¢7t) =0.036.

129 ALBRECHT 93€ reports < 5.8 x 1073 for B(D:’ — qb71'+) = 0.027. We rescale to our
best value B(D:’ — ¢nt) =0.036.

r(Ds_ nt KO)/rtotaI I_40/|-
VALUE CL% DOCUMENT ID TECN COMMENT
<0.005 90 130 ALBRECHT 93 ARG ete™ — 7(45)

130 ALBRECHT 93E reports < 7.3 X 103 for B(D:’ — qb71'+) = 0.027. We rescale to our
best value B(D:— — ¢nt) =0.036.

*_
r(Ds at Ko)/rtotal |'41/|_
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0031 90 131 ALBRECHT 93 ARG ete™ — 7T(45)

131 ALBRECHT 93E reports < 4.2 x 10~3 for B(Dj — ¢mt) =0.027. We rescale to our
best value B(D:— — ¢nt) =0.036.

- 0
r(D; 7t K*(892)°) /T total Fa2/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.004 90 132 AlBRECHT 93 ARG ete™ — T(45)

132 ALBRECHT 93E reports < 5.0 x 103 for B(Dj — qb71'+) = 0.027. We rescale to our
best value B(Dj — ¢nt) =0.036.

*— 0
r(D:~ nt K*(892)°) /Tiotal a3/l
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0020 90 133 ALBRECHT 93 ARG ete™ — 7(45)

133 ALBRECHT 93€ reports < 2.7 x 1073 for B(D] — ¢nt) = 0.027. We rescale to our
best value B(D:— — ¢nt) =0.036.
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r(ﬁO 7"0)/ Mtotal I_44/ r
VALUE CL% DOCUMENT ID TECN  COMMENT

<0.00012 90 134 NEMATI 98 CLE2 eTe™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.00048 90 135aLAM 94 CLE2 Repl. by NEMATI 98

134 NEMATI 98 assumes equal production of B and BY at the T(4S) and use the PDG 96

values for D9, D*0, n, 0, and w branching fractions.
135 ALAM 94 assume equal production of BT and BO at the T(4S) and use the CLEO I

absolute B(D9 — K~ 1) and the PDG 1992 B(D? — K~z #0)/B(D0 — K= =)
and B(DO — K~ atatx")/B(DY — K~ xt).

[(D°6°) /Total Fas/T
VALUE CLY% EVTS DOCUMENT ID TECN COMMENT

<0.00039 90 136 NEMATI 98 CLE2 eTe™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.00055 90 137 ALAM 94 CLE2 Repl. by NEMATI 98
<0.0006 90 138 BORTOLETTO92 CLEO ete™ — 7(45)
<0.0027 90 4 139 ALBRECHT 88k ARG eTe™ — T(4S5)

136 NEMATI 98 assumes equal production of B and BY at the T(4S) and use the PDG 96
values for D9, D*0, n, 0, and w branching fractions.

137 ALAM 94 assume equal production of BT and BY at the T(4S) and use the CLEO I
absolute B(D9 — K~ 1) and the PDG 1992 B(D? — K~z #0)/B(D0 — K= =)
and B(DO — K~ atata")/B(DY — K~ xt).

138 BORTOLETTO 92 assumes equal production of BT and BY at the T(4S) and uses
Mark Il branching fractions for the D.

139 ALBRECHT 88K reports < 0.003 assuming BOBY:BT B~ production ratio is 45:55.
We rescale to 50%.

r(ﬁO "7) / ltotal M46 / r
VALUE CL% DOCUMENT ID TECN  COMMENT

<0.00013 90 140 NEMATI 98 CLE2 eTe™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.00068 90 4l aLAM 94 CLE2 Repl. by NEMATI 98

140 NEMATI 98 assumes equal production of B and BY at the T(4S) and use the PDG 96

values for DO, D*O, n, ', and w branching fractions.
141 ALAM 94 assume equal production of BT and BO at the T(4S) and use the CLEO I

absolute B(D9 — K~ 1) and the PDG 1992 B(D? — K~z #0)/B(D0 — K= =)
and B(DO — K~ atatx")/B(DY — K~ xt).

LY
F(D°') [Tiotal az/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.00004 90  142NEMATI 98 CLE2 eTe™ — T(4S)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<0.00086 90 143 ALAM 94 CLE2 Repl. by NEMATI 98

142 NEMATI 98 assumes equal production of B and BY at the T(4S) and use the PDG 96
values for D9, D*0, n, 0, and w branching fractions.

143 ALAM 94 assume equal production of BT and BY at the T(4S) and use the CLEO I
absolute B(D9 — K~ 1) and the PDG 1992 B(D? — K~z #0)/B(D0 — K= =)
and B(DO — K= atztax)/B(D0 — K~ =t).

HTTP://PDG.LBL.GOV Page 23 Created: 12/18,/2000 15:33



Citation: D.E. Groom et al. (Particle Data Group), Eur. Phys. Jour. C15, 1 (2000) (URL: http://pdg.lbl.gov)

o
r(D w)/rtotal Fag/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.00051 90 144 NEMATI 98 CLE2 eTe™ — T(4S)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<0.00063 90 145 ALAM 94 CLE2 Repl. by NEMATI 98

144 NEMATI 98 assumes equal production of BT and BO at the T(4S) and use the PDG 96
values for D9, D*0, n, 0, and w branching fractions.

145 ALAM 94 assume equal production of BT and BO at the T(4S) and use the CLEO I
absolute B(D9 — K~ 1) and the PDG 1992 B(D? — K~z #0)/B(D0 — K= =)
and B(DO — K= atxtax)/B(D0 — K~ =t).

r(b* (2007)0 7"0) /Ttotal F49/T
VALUE CL% DOCUMENT ID TECN  COMMENT

<0.00044 90 146 NEMATI 98 CLE2 eTe™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.00097 90 147 ALAM 94 CLE2 Repl. by NEMATI 98

146 NEMATI 98 assumes equal production of B and BY at the T(4S) and use the PDG 96
values for D9, D*0, n, 0, and w branching fractions.

147 ALAM 94 assume equal production of BT and BY at the T(4S) and use the CLEO I
B(D*(2007)0 — DO70) and absolute B(D® — K~ x1) and the PDG 1992 B(DY —
K= nt70)/B(D0 - K—nT)and B(D? - K~ xt 7zt 77)/B(D0 — K—=t).

I (D*(2007)° p°) /Teotal Mso/I
VALUE CL% DOCUMENT ID TECN COMMENT

<0.00056 90 48 NEMATI 98 CLE2 eTe™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.00117 90 149aLAM 94 CLE2 Repl. by NEMATI 98

148 NEMATI 98 assumes equal production of B and BY at the T(4S) and use the PDG 96
values for D9, D*0, n, 0, and w branching fractions.

149 ALAM 94 assume equal production of BT and BO at the T(4S) and use the CLEO I
B(D*(2007)0 — DO70) and absolute B(D? — K~ 1) and the PDG 1992 B(DO —
K= nta0)/B(D0 - K= nT)and B(D? - K~ xt7xt77)/B(D0 — K—xt).

I(D*(2007)°7) /T otal Ms1/T
VALUE CL% DOCUMENT ID TECN COMMENT

<0.00026 90 150 NEMATI 98 CLE2 eTe™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.00069 90 151 aLAM 94 CLE2 Repl. by NEMATI 98

150 NEMATI 98 assumes equal production of B and BY at the T(4S) and use the PDG 96
values for D9, D*0, n, 0, and w branching fractions.

151 ALAM 94 assume equal production of BT and BY at the T(4S) and use the CLEO I
B(D*(2007)0 — DO70) and absolute B(D® — K~ «1) and the PDG 1992 B(DY —
K= nt70)/B(D0 - K= aT)and B(D? - K~ xt7xt77)/B(D0 — K—xt).
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r(D *(2007)0 TI’)/ I-total I_52/ r
VALUE CL% DOCUMENT ID TECN COMMENT

<0.0014 90 BRANDENB... 98 CLE2 eTe™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.0019 90 152 NEMATI 98 CLE2 eTe™ — T(4S)
<0.0027 90 153 ALAM 94 CLE2 Repl. by NEMATI 98

152 NEMATI 98 assumes equal production of B and BY at the T(4S) and use the PDG 96
values for D9, D*0, n, 0, and w branching fractions.

153 ALAM 94 assume equal production of BT and BY at the T(4S) and use the CLEO I
B(D*(2007)0 — DO70) and absolute B(D® — K~ x 1) and the PDG 1992 B(DY —
K= nt70)/B(D0 - K= aT)and B(D? - K~ xt 7zt 77)/B(D0 — K~ =)

I (D*(2007)°w) /T total M3/l
VALUE CL% DOCUMENT ID TECN COMMENT

<0.00074 90 154 NEMATI 98 CLE2 eTe™ — T(4S)

o e o We do not use the following data for averages, fits, limits, etc. @ o o

<0.0021 90 155 ALAM 94 CLE2 Repl. by NEMATI 98

154 NEMATI 98 assumes equal production of B and BY at the T(4S) and use the PDG 96
values for D9, D*0, n, 0, and w branching fractions.

155 ALAM 94 assume equal production of BT and BY at the T(4S) and use the CLEO I
B(D*(2007)0 — DO70) and absolute B(D® — K~ xT) and the PDG 1992 B(DY —
K= nt70)/B(D0 - K= nT)and B(D? - K~ xt7xt77)/B(D0 — K—xt).

I (D*(2010)* D*(2010) ) /T yotal Msa/T
VALUE CL% DOCUMENT ID TECN COMMENT
(6.21';:8:&1.0) x 10—4 156 ARTUSO 99 CLE2 eTe™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

< 6.1 x 1073 90 157 BARATE 98Q ALEP ete™ — Z

<22 x 1073 90 158 ASNER 97 CLE2 Repl. by ARTUSO 99

156 ARTUSO 99 uses B(7'(4S) — BOBO)=(48 + 4)%.

157 BARATE 98q (ALEPH) observes 2 events with an expected background of 0.10 £ 0.03
which corresponds to a branching ratio of (231"%8 + 0.4) x 10-3.

158 ASNER 97 at CLEO observes 1 event with an expected background of 0.022 + 0.011.
This correcsponds to a branching ratio of (531";% + 1.0) x 10—4.

I'(D* (2010)* D‘) /Ttotal Mss/T
VALUE CL% DOCUMENT ID TECN COMMENT

<1.8x 103 90 ASNER 97 CLE2 ete™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<5.6 x 1073 90 BARATE 98Q ALEP ete™ — Z

r(D(*)O 5(*)0) /Total se6/T
VALUE CL% DOCUMENT ID TECN COMMENT

<0.027 90 BARATE 98Q ALEP eTe™ — Z
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[(J/%(1S)KO) /T eotal Ms7/T
VALUE (units 10_4) CL% EVTS DOCUMENT ID TECN COMMENT
8.9+1.2 OUR AVERAGE
85T 1%+0.6 159 JESSOP 97 CLE2 ete™ — T(45)
115423417 160 ABE 96H CDF  pp at 1.8 TeV
7.04+4.1+0.1 161 BORTOLETT092 CLEO ete™ — T7T(45)
9.34+7.3£0.2 2 162 A\|BRECHT 90J ARG etTe™ — T(4S)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
75424408 10 161 a1AMm 94 CLE2 Sup. by JESSOP 97
<50 90 ALAM 86 CLEO ete™ — T(45)

159 Assumes equal production of BT and BO at the T(4S).
160 ABE 96H assumes that B(BT — J/y K1) = (1.02 £ 0.14) x 10~ 3.
161 BORTOLETTO 92 reports 6 == 3 = 2 for B(J/1(1S) — et e™) = 0.069 + 0.009. We

rescale to our best value B(J/1(1S) — ete™) = (5.93 £ 0.10) x 10~2. Our first
error is their experiment'’s error and our second error is the systematic error from using

our best value. Assumes equal production of BT and BO at the T(4S).
162 ALBRECHT 90J reports 8 & 6 = 2 for B(J/1(1S) — et e™) = 0.069 & 0.009. We

rescale to our best value B(J/1(1S) — ete™) = (5.93 £ 0.10) x 10~2. Our first
error is their experiment'’s error and our second error is the systematic error from using

our best value. Assumes equal production of BT and BO at the T(4S).

F(J/¥(1S)K*T77) /Tiotal s/l
VALUE CL% EVTS DOCUMENT ID TECN COMMENT
0.0012 +0.0006 OUR AVERAGE
0.00116+0.00056 +-0.00002 163 BORTOLETT092 CLEO ete™ —
T(4S)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<0.0013 90 164 AlBRECHT 87D ARG eTe™ —
T(4S)
<0.0063 90 2 GILES 84 CLEO eTe  —
T(4S)

163 BORTOLETTO 92 reports 0.0010 + 0.0004 + 0.0003 for B(J/4(1S) — eTe™) =
0.069 + 0.009. We rescale to our best value B(J/1(1S) — et e™) = (5.93 + 0.10) x
10~2. Our first error is their experiment’s error and our second error is the systematic
error from using our best value. Assumes equal production of BT and BY at the T(4S).

164 Al BRECHT 87D assume BT B_/BOE0 ratio is 55/45. K system is specifically se-
lected as nonresonant.

M (J/9(15)K*(892)°) /T iotal Mso/T
VALUE EVTS DOCUMENT ID TECN COMMENT
0.00150+0.00017 OUR AVERAGE

0.00174 +0.00020 = 0.00018 165 ABE 980 CDF  pp 1.8 TeV
0.00132:0.00017 -£0.00017 166 jEssop 97 CLE2 eTe™ — T(45)
0.00128+0.00066 -+ 0.00002 167 BORTOLETTO92 CLEO ete™ — T(4S)
0.00128-:0.00060-£0.00002 6 1068 ALBRECHT 90 ARG ete™ — T(4S)
0.0041 =0.0018 =£0.0001 5 169 BEBEK 87 CLEO ete™ — T(4S)
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o o o We do not use the following data for averages, fits, limits, etc. @ o o

0.0013640.00027 +0.00022 170 ABE 964 CDF  Sup. by ABE 980
0.00169+0.00031+0.00018 29 171 ALAM 94 CLE2 Sup. by JESSOP 97
172 ALBRECHT 946 ARG eTe™ — T(4S5)
0.0040 40.0030 173 ALBAJAR  91E UA1  EPP— 630 GeVv
0.0033 -+0.0018 5 174 ALBRECHT 87D ARG ete™ — T(45)
0.0041 +0.0018 5 175 ALAM 86 CLEO Repl. by BEBEK 87

165 ABE 980 reports [B(BO — J/9(15)K*(892)0)]/[B(BT — J/yp(1S)K)] =1.76 +
0.14+0.15. We multiply by our best value B(BT — J/9(15) KT)=(9.9+1.0)x 10—4.

Our first error is their experiment’s error and our second error is the systematic error from
using our best value.

166 Assumes equal production of BT and BO at the T(4S).

167 BORTOLETTO 92 reports 0.0011 =& 0.0005 =+ 0.0003 for B(J/1(1S) — eTe™) =
0.069 + 0.009. We rescale to our best value B(J/1)(1S) — et e™) = (5.93 + 0.10) x
10~2. Our first error is their experiment’s error and our second error is the systematic
error from using our best value. Assumes equal production of BT and BO at the T(4S).

168 ALBRECHT 901 reports 0.0011 = 0.0005 = 0.0002 for B(J/1/(1S) — et e™) = 0.069 +

0.009. We rescale to our best value B(J/9(15) — eTe™) = (5.93 + 0.10) x 102,
Our first error is their experiment’s error and our second error is the systematic error

from using our best value. Assumes equal production of Bt and BO at the T(4S).
169 BEBEK 87 reports 0.0035 -+ 0.0016 =+ 0.0003 for B(J/¥(1S) — et e™) =0.06940.009.

We rescale to our best value B(J/1(15) — eTe™) = (5.93 + 0.10) x 10~2. Our first
error is their experiment'’s error and our second error is the systematic error from using
our best value. Updated in BORTOLETTO 92 to use the same assumptions.

170 ABE 96H assumes that B(BT — J/pKT) = (1.02 £ 0.14) x 1073.

171 The neutral and charged B events together are predominantly longitudinally polarized,
7, /T =0.080 £ 0.08 + 0.05. This can be compared with a prediction using HQET, 0.73

(KRAMER 92). This polarization indicates that the B — 1 K™ decay is dominated by
the CP = —1 CP eigenstate. Assumes equal production of Bt and BO at the T(4S).

172 AL BRECHT 94G measures the polarization in the vector-vector decay to be predominantly
longitudinal, ' /I = 0.03 + 0.16 & 0.15 making the neutral decay a CP eigenstate when

the K*0 decays through K% 70,
173 ALBAJAR 91E assumes Bg production fraction of 36%.

174 ALBRECHT 87D assume B+ B~ /BOBO ratio is 55/45. Superseded by ALBRECHT 90..
175 ALAM 86 assumes B:t/B0 ratio is 60/40. The observation of the decay BT —
J/1 K*(892)T (HAAS 85) has been retracted in this paper.

[(J/%(1S)K*(892)°) /T (J/%(1S) K®) Iso/Ts7
VALUE DOCUMENT ID TECN COMMENT
1.3940.36+0.10 ABE 96Q CDF  pp

[ (J/9(1S)7°) /Trotal Feo/T
VALUE CL% EVTS DOCUMENT ID TECN COMMENT

<5.8 x 10~ 90 BISHAI 96 CLE2 ete™ — T(49)

o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

<32x107% 90 176 ACCIARRI 97¢ L3

<6.9 x 1073 90 1 177 ALEXANDER 95 CLE2 Sup. by BISHAI 96

176 ACCIARRI 97¢ assumes B9 production fraction (39.5 & 4.0%) and B, (12.0 £ 3.0%).
177 Assumes equal production of BT B~ and BYBO on T(4S).

HTTP://PDG.LBL.GOV Page 27 Created: 12/18/2000 15:33



Citation: D.E. Groom et al. (Particle Data Group), Eur. Phys. Jour. C15, 1 (2000) (URL: http://pdg.lbl.gov)

r(J/"p(ls)n)/rtotal I_61/r
VALUE CL% DOCUMENT ID TECN
<1.2x 1073 90 178 ACCIARRI  97c L3
178 ACCIARRI 97¢ assumes B9 production fraction (39.5 & 4.0%) and By (12.0 £ 3.0%).
0
r(4/%(15)p% /Ttotal le2/T
VALUE CL% DOCUMENT ID TECN COMMENT
<25x10~4 90 BISHAI 96 CLE2 eTe™ — T(45)
[(J/%(1S)w)/Ttotal le3/T
VALUE CL% DOCUMENT ID TECN COMMENT
<27x10~4 90 BISHAI 96 CLE2 eTe™ — T(45)
r(¥(2S)K®)/r s/l
total 64
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0008 90 179 aLAM 94 CLE2 eTe™ — T(4S)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<0.0015 90  179BORTOLETT092 CLEO ete™ — 7T(45)
<0.0028 90 179 ALBRECHT 90J ARG ete™ — 7T(45)
179 Assumes equal production of BT and BO at the T(4S).
F(%(2S) K+ 77) [Teotal les/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.001 90 180 ALBRECHT 90J ARG ete™ — 7T(45)
180 Assumes equal production of BT and BO at the T(4S).
0
M ((25) K*(892)°) /Tyotal Fe6/T
VALUE CL% DOCUMENT ID TECN COMMENT
(9.3 +23 ) x 10—4 OUR AVERAGE
0.00090+0.00022-0.00009 181 ABE 980 CDF  pp 1.8 TeV |

0.0014 +0.0008 +0.0004  182BORTOLETTO092 CLEO ete™ — T(45)
o o o We do not use the following data for averages, fits, limits, etc. @ o o

< 0.0019 900 182pLAM 94 CLE2 ete™ — T(4S)
< 0.0023 90 182 ABRECHT 90 ARG ete™ — T(4S)

181 ABE 980 reports [B(BO — (25)K*(892)9)]/[B(BT — J/p(1S)Kk)] =0.908 + |
0.194+0.10. We multiply by our best value B(B+ — J/4(15)K1)=(9.9+£1.0)x10~4.
Our first error is their experiment’s error and our second error is the systematic error from
using our best value.

182 Assumes equal production of BT and BO at the T(4S).

I (xc1(1P) K%) /Total Fe7/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0027 90 183ALAM 94 CLE2 eTe™ — T(4S)

183 BORTOLETTO 92 assumes equal production of BT and BO at the T(4S).
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M (xe1(1P) K*(892)°) /Teotal Fea/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0021 90 184 aLAM 94 CLE2 eTe™ — T(4S)
184 BORTOLETTO 92 assumes equal production of BT and BO at the T(4S).
F(K*7™)/Tiotal Feo/T
VALUE (units 10_5) CL% DOCUMENT ID TECN COMMENT
151021014 GODANG 98 CLE2 eTe™ — T(4S)
o e ¢ We do not use the following data for averages, fits, limits, etc. @ o o
24717402 185 ADAM 96D DLPH ete™ — Z
< 1.7 90 ASNER 96 CLE2 Sup. by ADAM 96D
< 3.0 90 186 BUSKULIC 96V ALEP ete™ — Z
<9 90 187 ABREU 95N DLPH Sup. by ADAM 96D
< 8.1 90 188 AKERS 94L OPAL etTe™ — Z
< 2.6 90 189 BATTLE 93 CLE2 eTe™ — T(4S)
<18 90 ALBRECHT 91B ARG ete™ — 7(45)
<9 90 190 AvERY 898 CLEO eTe™ — T(4S)
<32 90 AVERY 87 CLEO eTe™ — T(4S)

185 ADAM 96D assumes fgo = fg— = 0.39 and fB = 0.12. Contributions from B0 and

B decays cannot be separated. Limits are given for the weighted average of the decay

rates for the two neutral B mesons.
6 BUSKULIC 96V assumes PDG 96 production fractions for BO, BT, By, b baryons.

187 Assumes a BO, B~ production fraction of 0.39 and a B production fraction of 0.12.
Contributions from BQ and B9 decays cannot be separated. Limits are given for the
weighted average of the decay rates for the two neutral B mesons.

188 Assumes B(Z — bb) = 0.217 and Bg (Bg) fraction 39.5% (12%).

189 BATTLE 93 assumes equal production of BOBO and BT B~ at T(4S).

190 Assumes the T(4S) decays 43% to BYBO.

I (K%70) /Fiotal M70/T
VALUE CL% DOCUMENT ID TECN COMMENT

<4.1x 105 90 GODANG 98 CLE2 eTe™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<4.0 x107° 90 ASNER 96 CLE2 Rep. by GODANG 98

I (n' K°) /T total M7/
VALUE DOCUMENT ID TECN COMMENT

(47127 +0.9) x 1075 BEHRENS 98 CLE2 ete™ — T(45)

(' K*(892)°) /Frotal F72/T
VALUE CL% DOCUMENT ID TECN COMMENT

<39x 1075 90 BEHRENS 98 CLE2 etTe™ — T(4S)

I (nK*(892)°) /T iotal 73/l
VALUE CL% DOCUMENT ID TECN COMMENT

<3.0x 1073 90 BEHRENS 98 CLE2 ete™ — T(45)

HTTP://PDG.LBL.GOV Page 29 Created: 12/18,/2000 15:33



Citation: D.E. Groom et al. (Particle Data Group), Eur. Phys. Jour. C15, 1 (2000) (URL: http://pdg.lbl.gov)

r("lKo)/rtotal M74/T
VALUE CL% DOCUMENT ID TECN COMMENT
<33 %105 90 BEHRENS 98 CLE2 ete™ — T(4S)
M (wK®) /Teotal I7s/T
VALUE CL% DOCUMENT ID TECN
<5.7x 1073 90 191 BERGFELD 98 CLE2
191 Assumes equal production of BT and BO at the T(4S).
0
r(w K*(892) )/ Mtotal 76/
VALUE CL% DOCUMENT ID TECN
<23 %1075 90  192BERGFELD 98 CLE2
192 Assumes equal production of BT and BO at the T(4S).
[F(K*tx~) +T(xt77)] /Teotal (Teo+T107)/T
VALUE EVTS DOCUMENT ID TECN COMMENT
(1.94+0.6 ) x 10~5 OUR AVERAGE
(2. 8+ 0£2.0) x 1073 193 ADAM 96D DLPH etTe™ — Z
(1. 8+06+04) x 1075  17.2 ASNER 96 CLE2 ete™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

(24158+02) x 1075 194 BATTLE

193 ADAM 96D assumes fgo = fg-

93 CLE2

ete™

— T(4S)

= 0.39 and fg_ = 0.12. Contributions from B0 and

B decays cannot be separated. Limits are given for the weighted average of the decay

rates for the two neutral B mesons.

194 BATTLE 93 assumes equal production of BOBY and BT B~ at T(4S).
F(K*K™)/Ttotal F72/T
VALUE CL% DOCUMENT ID TECN COMMENT

<4.3x10~0 90 GODANG 98 CLE2 ete™ — T(4S)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<4.6 x 1072 195 ApAM 96D DLPH etTe™ — Z

<0.4 x 1072 90 ASNER 96 CLE2 Repl. by GODANG 98
<1.8 x 1072 90  196BUSKULIC  96v ALEP ete™ — Z
<12x107% 90 197 ABREU 95N DLPH Sup. by ADAM 96D
<0.7 x 1072 90 198 BATTLE 93 CLE2 eTe™ — T(4S)

195 ADAM 96D assumes fBO = f,_ = 0.39 and fB = 0.12. Contributions from B9 and

B decays cannot be separated. Limits are given for the weighted average of the decay

rates for the two neutral B mesons.

196 BUSKULIC 96V assumes PDG 96 production fractions for BO, BT, B, b baryons.

197 Assumes a BO, B™

production fraction of 0.39 and a B, production fraction of 0.12.

Contributions from B9 and BY decays cannot be separated. Limits are given for the
weighted average of the decay rates for the two neutral B mesons.
at 7(4S).

198 BATTLE 93 assumes equal production of BOBO and BT B~
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I-(K()?o)/l-total I_78/|_
VALUE CL% DOCUMENT ID TECN COMMENT

<17 x 105 90 GODANG 98 CLE2 eTe™ — T(45)
I_(K+P=)/rtotal F79/T
VALUE CL% DOCUMENT ID TECN COMMENT

<35x 105 90 ASNER 96 CLE2 eTe™ — T(45)
(K97t 7~) /Teotal go/T
VALUE CL% DOCUMENT ID TECN COMMENT

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<4.4x 1074 90 ALBRECHT 91E ARG ete™ — 7(45)

M (K°6%) /Total Fg1/T
VALUE CL% DOCUMENT ID TECN COMMENT

<39 x1075 90 ASNER 96 CLE2 ete™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<32 x1074 90 ALBRECHT 918 ARG ete™ — T7(45)

<50 x10% 90 199 AVERY 898 CLEO eTe™ — T(4S)
<0.064 90 200 AvERY 87 CLEO eTe™ — T(4S)

199 AVERY 898 reports < 5.8 x 10— 4 assuming the 7°(4S) decays 43% to BOBO. we

rescale to 50%. _
200 AVERY 87 reports < 0.08 assuming the T(4S) decays 40% to BYBO. We rescale to

50%.

I (K° 5(980)) /T total g2/l
VALUE CL% DOCUMENT ID TECN COMMENT
<3.6x10~4 90 201 AVERY 898 CLEO eTe™ — T(45)

201 AVERY 898 reports < 4.2 X 10— 4 assuming the 7 (4S) decays 43% to BOBO. we
rescale to 50%.

I'(K*(892)+1r_)/l't°ta| g3/l
VALUE CL% DOCUMENT ID TECN COMMENT

<72x1075 90 ASNER 96 CLE2 eTe™ — T(45)
<3.8x10~4 90 202 AVERY 898 CLEO ete™ — 7(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<6.2 x 10~4 90 ALBRECHT 91B ARG eTe™ — T(4S)

<5.6 x 1074 90 203 AVERY 87 CLEO eTe™ — T(45)

202 AVERY 898 reports < 4.4 X 10— 4 assuming the 7 (4S) decays 43% to BOBO. we

rescale to 50%. _
03 AVERY 87 reports < 7 x 10~# assuming the T(4S) decays 40% to BOBO. We rescale

to 50%.

r(K * (892)0 7"0) / Mtotal I_84/ r
VALUE CL% DOCUMENT ID TECN COMMENT
<2.8x 105 90 ASNER 96 CLE2 eTe™ — T(45)
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r(K%(1430)* =) /Ttotal lgs/I
VALUE CL% DOCUMENT ID TECN COMMENT

<2.6 x 103 90 ALBRECHT 91B ARG ete™ — T(4S)
M(KOK*+ K~) /Tiotal g6/l
VALUE CL% DOCUMENT ID TECN COMMENT

<1.3x 1073 90 ALBRECHT 91E ARG ete™ — T(4S)
I_(K‘)(b)/l-total I_87/r
VALUE CL% DOCUMENT ID TECN COMMENT

<3.1x1072 (CL = 90%) [<8.8 x 10~ (CL = 90%) OUR 1998 BEST LIMIT]
<31x107° 90  204BERGFELD 98 CLE2

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<8.8x107° 90 ASNER 96 CLE2 eTe™ — T(4S5)
<7.2x 1074 90 ALBRECHT 91B ARG eTe™ — T(45)

<4.2 x 1074 90 205 AVERY 898 CLEO eTe™ — T(45)
<1.0x 1073 90 206 AVERY 87 CLEO eTe™ — T(45)

204 Assumes equal production of BT and BO at the T(4S).

205 AVERY 898 reports < 4.9 x 10— 4 assuming the 7 (4S) decays 43% to BOBO. we
rescale to 50%. .

206 AVERY 87 reports < 1.3 x 103 assuming the T(4S) decays 40% to BYBO. We rescale
to 50%.

I'(K‘1r+1r+1r—)/l'm| Mg/l
VALUE CL% DOCUMENT ID TECN COMMENT

<23 x10~4 90 207 ADAM 96D DLPH ete™ — Z

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<21x107% 90 208 ABREU 95N DLPH Sup. by ADAM 96D

207 ADAM 96D assumes fgo = fg— = 0.39 and fBS = 0.12. Contributions from B0 and
B, decays cannot be separated. Limits are given for the weighted average of the decay
rates for the two neutral B mesons.

Assumes a BY, B~ production fraction of 0.39 and a B, production fraction of 0.12.

Contributions from B9 and Bg decays cannot be separated. Limits are given for the
weighted average of the decay rates for the two neutral B mesons.

(K*(892)° 7t 7)) /T iotal lgo/T
VALUE CL% DOCUMENT ID TECN COMMENT

<1.4x 103 90 ALBRECHT 91E ARG ete™ — T(45)

M (K*(892)° %) /Teotal Foo/T
VALUE CL% DOCUMENT ID TECN COMMENT

<4.6 x 10~4 90 ALBRECHT 91B ARG ete™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<5.8x 104 90 209 AVERY 898 CLEO eTe™ — T(4S)

<9.6 x 10~4 90 210 aAvERY 87 CLEO eTe™ — T(4S)

209 AVERY 898 reports < 6.7 X 10— 4 assuming the 7 (4S) decays 43% to BOBO. we
rescale to 50%. .

210 AVERY 87 reports < 1.2 x 103 assuming the T(4S) decays 40% to BOBO. We rescale
to 50%.
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I (K*(892)° (980)) /T total o1/l
VALUE CL% DOCUMENT ID TECN COMMENT
<1.7x10~4 90 211 AVERY 898 CLEO eTe™ — T(45)

211 AVERY 898 reports < 2.0 X 10— 4 assuming the 7 (4S) decays 43% to BOBO. we
rescale to 50%.

I'(K1(1400)+1r—)/l'm| Fg2/T
VALUE CL% DOCUMENT ID TECN COMMENT

<1.1x10-3 90 ALBRECHT 91B ARG ete™ — T(45)

I'(K - 31(1260)"') /Ttotal Fo3/T
VALUE CL% DOCUMENT ID TECN COMMENT

<23 x10~4 90 212 ApAM 96D DLPH ete™ — Z

o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

<39x107% 90 213 ABREU 95N DLPH Sup. by ADAM 96D

212 ADAM 96D assumes fBO = fB_ = 0.39 and fg = 0.12. Contributions from BO and

)
B, decays cannot be separated. Limits are given for the weighted average of the decay
rates for the two neutral B mesons.
Assumes a BO, B~ production fraction of 0.39 and a B, production fraction of 0.12.
Contributions from B9 and BY decays cannot be separated. Limits are given for the
weighted average of the decay rates for the two neutral B mesons.

r(K*(892)° K+ K~) /Tiotal lo4/T
VALUE CL% DOCUMENT ID TECN COMMENT

<6.1 x 104 90 ALBRECHT 91E ARG ete™ — T(4S)
M(K*(892)°¢) /T total Fos/T
VALUE CL% DOCUMENT ID TECN COMMENT

<21 %1079 (CL = 90%) [<4.3 x 10~ (CL = 90%) OUR 1998 BEST LIMIT]
<21x107° 90  2l4BERGFELD 98 CLE2

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<43 x107° 90 ASNER 96 CLE2 eTe™ — T(4S)
<3.2x 1074 90 ALBRECHT 91B ARG eTe™ — T(45)
<3.8x 1074 90 215 AVERY 898 CLEO eTe™ — T(45)
<3.8x 1074 90 216 AVERY 87 CLEO eTe™ — T(45)

214 Assumes equal production of BT and BO at the T(4S).

215 AVERY 898 reports < 4.4 X 10— 4 assuming the 7°(4S) decays 43% to BOBO. we
rescale to 50%. _
16 AVERY 87 reports < 4.7 x 10~4 assuming the T(4S) decays 40% to BOBO. We rescale
to 50%.

I (K1(1400)° 6°) /Total e/l
VALUE CL% DOCUMENT ID TECN COMMENT

<3.0 x 10-3 90 ALBRECHT 018 ARG ete— — T(45)
r(K1(1400)° ¢)/ I-total I_97/ r
VALUE CL% DOCUMENT ID TECN COMMENT

<5.0 x 10-3 90 ALBRECHT 018 ARG ete— — T(45)
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I'(K ;(1430)0 Po) / ltotal I_98/ r

VALUE CL% DOCUMENT ID TECN COMMENT

<1.1x 103 90 ALBRECHT 918 ARG ete™ — 7(45)

I (K%(1430)° ) /Total Foo/T

VALUE CL% DOCUMENT ID TECN COMMENT

<1.4 x 103 90 ALBRECHT 918 ARG ete™ — 7(45)

(K*(892)°7) /Ttotal M00/T

VALUE (units 10_5) CL% EVTS DOCUMENT ID TECN COMMENT

4.0+1.74+0.8 g8 217 AMMAR 93 CLE2 ete  —

T(4S)

o e o We do not use the following data for averages, fits, limits, etc. @ o o

< 21 90 218 ADAM 96D DLPH ete— — Z

< 42 90 ALBRECHT 896 ARG ete™ —
T(4S)

< 24 ) 219 AVERY 898 CLEO ete™ —
T(4S)

<210 20 AVERY 87 CLEO efTe —
T(4S)

217 AMMAR 93 observed 6.6 + 2.8 events above background.

218 ADAM 96D assumes fBO =fp_ =039 and fg = 0.12.
S

219 AVERY 898 reports < 2.8 X 10— 4 assuming the 7 (4S) decays 43% to BO9BO. we
rescale to 50%.

I (K1(1270)%7) /Tiotal M01/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0070 90 220 ALBRECHT 896 ARG ete™ — 7T(45)

220 ALBRECHT 896 reports < 0.0078 assuming the 7 (4S) decays 45% to BOBO. we
rescale to 50%.

I (K1(1400)%) /Tyotal 102/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0043 90 221 ALBRECHT 896 ARG ete™ — 7T(45)

221 ALBRECHT 896 reports < 0.0048 assuming the 7 (4S) decays 45% to BOBO. we
rescale to 50%.

I(K%(1430)°7) /Teotal o3/l
VALUE CL% DOCUMENT ID TECN COMMENT
<4.0 x 104 90 222 ALBRECHT 896G ARG ete™ — T(4S)

222 ALBRECHT 896 reports < 4.4 x 10— 4 assuming the 7°(4S) decays 45% to BOBO. we
rescale to 50%.

I (K*(1680)°7) /T total 104/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0020 90 223 ALBRECHT 896 ARG ete™ — 7T(45)

223 ALBRECHT 896 reports < 0.0022 assuming the 7(4S) decays 45% to BOBO. we
rescale to 50%.
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I (K%(1780)%) /Teotal o5/l
VALUE CL% DOCUMENT ID TECN COMMENT
<0.010 90 224 ALBRECHT 896 ARG ete™ — 7(45)

224 AL BRECHT 896 reports < 0.011 assuming the T(4S) decays 45% to BOBO. We rescale
to 50%.

I (K73(2045)%) /Teotal Mos/T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0043 90 225 ALBRECHT 896 ARG ete™ — 7T(45)

225 ALBRECHT 896 reports < 0.0048 assuming the 7 (4S) decays 45% to BOBO. we
rescale to 50%.

F(nt77) /Teotal lo07/T
VALUE CL% EVTS DOCUMENT ID TECN COMMENT
<15x1073% 90 GODANG 98 CLE2 ete™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<45 x 1070 90 226 ADAM 96D DLPH ete™ — Z
<20x1075 90 ASNER 96 CLE2 Repl. by GODANG 98
<41x1075 90 227 BUSKULIC 96V ALEP ete™ — Z

<5.5 x 1072 90 228 ABREU 95N DLPH Sup. by ADAM 96D
<47 x107° 90 229 AKERS 94L OPAL ete™ — Z
<29x107° 90 230 BATTLE 93 CLE2 eTe™ — T(4S)
<13x107% 90 230 ALBRECHT  90B ARG ete™ — T(45)
<7.7x107° 90 231 BORTOLETTO89 CLEO ete™ — T(45)
<26x107% 90 231 BEBEK 87 CLEO eTe™ — T(4S)

<5 x107% 90 4 GILES 84 CLEO eTe™ — T(4S)
226 ADAM 96D assumes fBO = fB_ = 0.39 and fBS = 0.12.

227 BUSKULIC 96V assumes PDG 96 production fractions for BO, BT, B, b baryons.
228 Assumes a BO, B™ production fraction of 0.39 and a B, production fraction of 0.12.
229 Assumes B(Z — bb) = 0.217 and Bg (Bg) fraction 39.5% (12%).

230 Assumes equal production of BOBO and BT B~ at T(4S).
231 paper assumes the T(4S) decays 43% to BOBY. We rescale to 50%.

I (7% 70) /T eotal 108/
VALUE CL% DOCUMENT ID TECN COMMENT

<93 x 100 90 GODANG 98 CLE2 ete™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.91 x 10—° 90 ASNER 96 CLE2 Repl. by GODANG 98
<6.0 x107° 90 232 ACCIARRI 95H L3 ete= = Z

232 ACCIARRI 95H assumes fgy = 39.5 & 4.0 and fg_ = 12.0 + 3.0%.
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I (n7°)/Teotal l100/T
VALUE CL% DOCUMENT ID TECN COMMENT
<8 x10~0 90 BEHRENS 98 CLE2 ete™ — T(4S)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<25x1074 90 233 ACCIARRI 95H L3 ete” = Z
<1.8x 1073 90 234 ALBRECHT 90B ARG ete™ — T(45)
233 ACCIARRI 95H assumes figg = 30.5 & 4.0 and fg_ = 12.0 £ 3.0%.
234 ALBRECHT 908 limit assumes equal production of BOBO and BT B~ at T(4S).
[ (n1)/Ttotal 10/
VALUE CL% DOCUMENT ID TECN COMMENT
<1.8 x 105 90 BEHRENS 98 CLE2 ete™ — T(4S)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<41x107% 90 235 ACCIARRI 95H L3 ete” = Z
235 ACCIARRI 95H assumes figg = 39.5 & 4.0 and fg_ = 12.0 £ 3.0%.

/
[ (7' 7°) /Teotal M11/T
VALUE CL% DOCUMENT ID TECN COMMENT
<1.1x 105 90 BEHRENS 98 CLE2 ete™ — T(4S5)

/
r("l TI’)/rtotaI |'112/|_
VALUE CL% DOCUMENT ID TECN COMMENT
<4.7 x 105 90 BEHRENS 98 CLE2 ete™ — T(4S5)

/
r("l n)/rtotal |'113/|_
VALUE CL% DOCUMENT ID TECN COMMENT
<2.7x 1075 90 BEHRENS 98 CLE2 ete™ — T(4S)

/7 0
F (7' p°) /Ttotal 114/T
VALUE CL% DOCUMENT ID TECN COMMENT
<23x10°5 90 BEHRENS 98 CLE2 ete™ — T(4S)

0
I (76°)/Ttotal l1s/T
VALUE CL% DOCUMENT ID TECN COMMENT
<1.3x 105 90 BEHRENS 98 CLE2 ete™ — T(4S)
I (wn)/Teotal l116/T
VALUE CL% DOCUMENT ID TECN
<1.2x 1073 90  236BERGFELD 98 CLE2
236 Assumes equal production of BT and BO at the T(4S).
/

I (wn')/Ttotal M17/T
VALUE CL% DOCUMENT ID TECN
<6.0 x 10~5 90 237 BERGFELD 98 CLE2

237 Assumes equal production of BT and BO at the T(4S).
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I_(WPO)/rtotal I_118/r
VALUE CL% DOCUMENT ID TECN
<1.1x1073 90 238 BERGFELD 98 CLE2
238 Assumes equal production of BT and BO at the T(4S).
MN(ww)/Teotal M119/T
VALUE CL% DOCUMENT ID TECN
<19 x 107 90  239BERGFELD 98 CLE2
239 Assumes equal production of BT and BO at the T(4S).
[ (¢7°)/Teotal M20/T
VALUE CL% DOCUMENT ID TECN
<0.5 x 10~ 90 240 BERGFELD 98 CLE2
240 Assumes equal production of BT and BO at the T(4S).
I_((ls"7)/rtotal |'121/|_
VALUE CL% DOCUMENT ID TECN
<0.9 x 10—3 90 241 BERGFELD 98 CLE2
241 Assumes equal production of BT and BO at the T(4S).
/
F(6n)/Ttotal F122/T
VALUE CL% DOCUMENT ID TECN
<3.1x107 90  242BERGFELD 98 CLE2
242 Assumes equal production of BT and BO at the T(4S).
0
r(¢P )/rtotal |'123/|_
VALUE CL% DOCUMENT ID TECN
<13x 107 90  243BERGFELD 98 CLE2
243 Assumes equal production of BT and BO at the T(4S).
M (¢w)/Tiotal F124/T
VALUE CL% DOCUMENT ID TECN
<2.1x1073 90  2%4BERGFELD 98 CLE2
244 Assumes equal production of BT and BO at the T(4S).
[(¢¢)/Mtotal l125/T
VALUE CL% DOCUMENT ID TECN
<1.2x 1075 (CL = 90%) [<3.9 x 105 (CL = 90%) OUR 1998 BEST LIMIT]
<12x 107 90  245BERGFELD 98 CLE2
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<3.9x1075 90 ASNER 96 CLE2 — . T@4S)
245 Assumes equal production of BT and BY at the T(4S).
r('n"" L Wo)/rtotal M26/T
VALUE CL% DOCUMENT ID TECN
<72x 104 90 246 ALBRECHT  90B ARG -~ T(4S)

246 ALBRECHT 908 limit assumes equal production of BOBO and BT B~ at T(4S).
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0.0
[ (p7°) /Ttotal F127/T
VALUE CL% DOCUMENT ID TECN COMMENT
<2.4x 105 90 ASNER 96 CLE2 eTe™ — T(45)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<4.0x 104 90 247 ALBRECHT 90B ARG ete™ — T(45)
247 ALBRECHT 908 limit assumes equal production of BOBO and BT B~ at T(4S).
I (o7 7%) /Teotal 28/l
VALUE CL% DOCUMENT ID TECN COMMENT
<8.8 x 10~5 90 ASNER 96 CLE2 eTe™ — T(45)
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<52x 104 90 248 ALBRECHT 908 ARG eTe™ — T(45)
<5.2 %1073 90 249 BEBEK 87 CLEO eTe™ — T(45)

248 ALBRECHT 90B limit assumes equal production of BOBO and BT B~ at T(4S).

249 BEBEK 87 reports < 6.1 x 10~3 assuming the T(4S) decays 43% to BOBO. We rescale
to 50%.

I'('n"" ot 1r_)/l't°t3| M29/T
VALUE CL% DOCUMENT ID TECN COMMENT

<23x10~4 90 250 ADAM 96D DLPH ete™ — Z

o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

<28x107% 90 251 ABREU 95N DLPH Sup. by ADAM 96D
<6.7x10~4 90 252 ALBRECHT 908 ARG ete™ — T(45)

B = 'B
251 Assumes a BO, B~ production fraction of 0.39 and a B, production fraction of 0.12.
252 ALBRECHT 908 limit assumes equal production of BYBY and BT B~ at T7(4S).

250 ADAM 96D assumes f fo_ = 0.39 and fBS = 0.12.

[(6°%) /Ttotal 130/
VALUE CL% DOCUMENT ID TECN COMMENT

<2.8x10~4 90 253 ALBRECHT 90B ARG ete™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<2.9x10~4 90 254 BORTOLETTO89 CLEO ete™ — T(45)
<43x10"4 90 254 BEBEK 87 CLEO eTe™ — T(4S)

253 ALBRECHT 908 limit assumes equal production of BYBY and BT B~ at T(4S).
254 paper assumes the T(4S) decays 43% to BOBY. We rescale to 50%.

I (21(1260)F 7) /Teopal 131/T
VALUE CL% DOCUMENT ID TECN COMMENT

<49 x 104 90 255 BORTOLETTO89 CLEO ete™ — 7T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<6.3x 104 90 256 ALBRECHT 90B ARG ete™ — T(45)
<1.0x 1073 90 255 BEBEK 87 CLEO eTe™ — T(4S)

255 paper assumes the T(4S) decays 43% to BOBY. We rescale to 50%.
256 ALBRECHT 908 limit assumes equal production of BYBY and BT B~ at T(4S).
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M (a2(1320)F 7%) /Tiotal 132/
VALUE CL% DOCUMENT ID TECN COMMENT

<3.0x10~4 90 257 BORTOLETTO89 CLEO ete™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<1.4x 1073 90 257 BEBEK 87 CLEO eTe™ — T(4S)

257 Paper assumes the 7°(4S) decays 43% to BOBO. We rescale to 50%.

I'('n"" w70 1r°) /Ttotal M33/T
VALUE CL% DOCUMENT ID TECN COMMENT

<3.1x1073 90 258 ALBRECHT 90B ARG ete™ — T(45)

258 ALBRECHT 90B limit assumes equal production of BOBO and BT B~ at T(4S).
Mo p7)/Teotal 134/
VALUE CL% DOCUMENT ID TECN COMMENT

<22x1073 90 259 ALBRECHT 90B ARG ete™ — T(45)

259 ALBRECHT 908 limit assumes equal production of BYBY and Bt B~ at T(4S).

I (a1(1260)°7°) /T eotal l13s5/T
VALUE CL% DOCUMENT ID TECN COMMENT

<1.1x10~3 90 260 ALBRECHT 90B ARG eTe™ — T(45)

260 ALBRECHT 90B limit assumes equal production of BOBO and BT B~ at T(4S).

M (wn®) /T otal l136/T
VALUE CL% DOCUMENT ID TECN COMMENT

<1.4 x 1075 (CL = 90%) [<4.6 x 10~% (CL = 90%) OUR 1998 BEST LIMIT]

<1.4 x 1075 90 261 BERGFELD 98 CLE2

e o o We do not use the following data for averages, fits, limits, etc. @ o o

<4.6 x10~4 90 262 ALBRECHT 908 ARG ete™ — T(45)

261 Assumes equal production of BT and BO at the T(4S).
262 ALBRECHT 90B limit assumes equal production of BOBO and BT B~ at T(4S).

I'('n'+ atrn~ 1r°) /Ttotal M37/T
VALUE CL% DOCUMENT ID TECN COMMENT

<9.0 x 103 90 263 ALBRECHT 90B ARG ete™ — 7T(45)

263 ALBRECHT 908 limit assumes equal production of BOBO and BT B~ at T(4S).

I (21(1260)* p~) /Teotal 138/l
VALUE CL% DOCUMENT ID TECN COMMENT

<3.4x 103 90 264 ALBRECHT 90B ARG eTe™ — T(45)

264 ALBRECHT 908 limit assumes equal production of BOBO and BT B~ at T(4S).

I (a1(1260)° 6%) /Ttotal 39/l
VALUE CL% DOCUMENT ID TECN COMMENT

<24x1073 90 265 ALBRECHT 908 ARG ete™ — T7T(45)

265 ALBRECHT 908 limit assumes equal production of BOBO and BT B~ at T(4S).
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Matatata= o~ 77) /Tiotal Ma0/T
VALUE CL% DOCUMENT ID TECN  COMMENT

<3.0x 103 90 266 ALBRECHT 908 ARG ete™ — T(45)

266 ALBRECHT 90B limit assumes equal production of BOBO and BT B~ at T(4S).

I (a1(1260) 23 (1260) ™) /T sotal M141/T
VALUE CL% DOCUMENT ID TECN  COMMENT

<2.8 x 103 90 267 BORTOLETTO89 CLEO eTe™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<6.0 x 1073 90 268 ALBRECHT 90B ARG ete™ — T(45)

267 BORTOLETTO 89 reports < 3.2 X 103 assuming the 7°(4S) decays 43% to BOBO.
We rescale to 50%. _
268 ALBRECHT 90B limit assumes equal production of BOBO and BT B~ at T(4S).

I'('n"" atata—a 1l'°)/ Mtotal M42/T
VALUE CL% DOCUMENT ID TECN COMMENT

<1.1 x 102 90 2069 ALBRECHT 90B ARG eTe™ — T(45)

269 ALBRECHT 908 limit assumes equal production of BOBO and BT B~ at T(4S).

I (pP)/Mtotal M43/T
VALUE CL% DOCUMENT ID TECN COMMENT

<7.0x 1070 (CL = 90%) [<1.8 x 10~ (CL = 90%) OUR 1998 BEST LIMIT]

<7.0 x 10~6 90 270 COAN 99 CLE2 ete™ — T(4S)

o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

<1.8x107° 90 271 BUSKULIC 96V ALEP ete™ — Z
<35x1074 90 272 ABREU 95N DLPH Sup. by ADAM 96D
<3.4x107° 90  273BORTOLETTO89 CLEO ete™ — 7T(45)
<12x10~4 90 2T ALBRECHT 88F ARG ete™ — T(45)
<1.7x10~4 90 273 BEBEK 87 CLEO eTe™ — T(4S)

270 Assumes equal production of BT and BO at the T(4S).

271 BUSKULIC 96V assumes PDG 96 production fractions for BO, BT, By, b baryons.
272 Assumes a BO, B™ production fraction of 0.39 and a B, production fraction of 0.12.
273 paper assumes the T(4S) decays 43% to BOBY. We rescale to 50%.

274 ALBRECHT 88F reports < 1.3 x 10— 4 assuming the 7°(4S) decays 45% to BOBO. we
rescale to 50%.

F(ppa* 7)) /Tiotal M144/T

VALUE (units 10_4) CL% DOCUMENT ID TECN COMMENT

<25 90 275 BEBEK 80 CLEO eTe™ — T(4S5)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<95 90 276 ABREU 95N DLPH Sup. by ADAM 96D
5.4+1.8+2.0 27T ALBRECHT  88F ARG ete™ — T(45)

275 BEBEK 89 reports < 2.9 x 10~# assuming the T(4S) decays 43% to BYBO. We rescale
to 50%.
276 Assumes a B, B~ production fraction of 0.39 and a B, production fraction of 0.12.

277 ALBRECHT 88F reports 6.0 + 2.0 + 2.2 assuming the 7(4S) decays 45% to BOBO.
We rescale to 50%.
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M (pA7™) /T iotal 45/
VALUE CL% DOCUMENT ID TECN COMMENT

<1.3x 1079 (CL = 90%) [<1.8 x 104 (CL = 90%) OUR 1998 BEST LIMIT]
<1.3x10~5 90 278 COAN 99 CLE2 etTe™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<1.8x10~4 90 279 ALBRECHT 88F ARG ete™ — T(45)

278 Assumes equal production of BT and BO at the T(4S).

279 ALBRECHT 88F reports < 2.0 X 10— 4 assuming the 7°(4S) decays 45% to BO9BO. we
rescale to 50%.

F(AA) [Tiotal F146/T
VALUE CL% DOCUMENT ID TECN  COMMENT

<3.9x10~0 90 280 coaN 99 CLE2 ete™ — T(4S)

280 Assumes equal production of BT and BO at the T(4S).

r(AOZO)/ I_total I_147/ r
VALUE CL% DOCUMENT ID TECN  COMMENT

<0.0015 90 281 BORTOLETTO89 CLEO ete™ — T(45)

281 BORTOLETTO 89 reports < 0.0018 assuming 71°(4S) decays 43% to BOBO. We rescale
to 50%.

F(A++ A7) /TNotal M8/l
VALUE CL% DOCUMENT ID TECN COMMENT
<1.1x10~4 90 282 BORTOLETTO89 CLEO ete™ — T(45)

282 BORTOLETTO 89 reports < 1.3 X 10— 4 assuming 71(4S) decays 43% to BOBO. we
rescale to 50%.

r(2:= A++) /rtotal I_149/r
VALUE CL% DOCUMENT ID TECN COMMENT
<0.0010 90 283PROCARIO 94 CLE2 ete™ — 7T(45)

283 PROCARIO 94 reports < 0.0012 for B(/\;L — pK—xwt) = 0.043. We rescale to our
best value B(/\j‘_— — pK~xT) = 0.050.

F(AZ prt77) [Tiotal 150/
VALUE (units 10_3) DOCUMENT ID TECN  COMMENT
1331048 +0.37 284 Fy o7 CLE2 eTe™ — T(4S)

284 FY 97 uses PDG 96 values of A branching fraction.

I (Az p)/Teotal l1s1/T
VALUE CL% DOCUMENT ID TECN COMMENT
<21x10~4 9 285Fy 97 CLE2 eTe™ — T(45)

285 FY 97 uses PDG 96 values of A branching ratio.
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r(AZ pn) /Teotal M52/l
VALUE CL% DOCUMENT ID TECN COMMENT

<5.9 x 104 90 286y 97 CLE2 ete™ — T(45)

286 FU 97 uses PDG 96 values of A branching ratio.

r(A; prt o~ n%) Megral 153/
VALUE CL% DOCUMENT ID TECN COMMENT

<5.07 x 103 90 287 Fy 97 CLE2 ete™ — T(45)

287 Fy 97 uses PDG 96 values of A branching ratio.

FAc prta™ 7t 77) [Mioal F154/T

VALUE CL% DOCUMENT ID TECN COMMENT

<2.74 x 103 90 288 Fy 97 CLE2 ete™ — T(45)

288 FY 97 uses PDG 96 values of A branching ratio.

r('Y'Y)/rtotal 155/l

VALUE CL% DOCUMENT ID TECN COMMENT

<39 x 105 90 289 ACCIARRI 951 L3 ete= = Z

289 ACCIARRI 951 assumes fgo = 39.5 + 4.0 and fg_ = 12.0 % 3.0%.

(et e™)/Tiotal 156/l
Test for AB = 1 weak neutral current. Allowed by higher-order electroweak interac-
tions.

VALUE CL% DOCUMENT ID TECN COMMENT

<5.9 x 10—6 90 AMMAR 94 CLE2 ete™ — T(4S)

o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

<1.4x 1072 90 290 ACCIARRI 978 L3 ete= = Z

<2.6 x 1072 90 291 AVERY 898 CLEO eTe™ — T(4S)

<7.6 x 1072 90 292 ALBRECHT 87D ARG ete™ — T(45)

<6.4 x 107> 90 293 AVERY 87 CLEO eTe™ — T(4S)

<3 x107% 90 GILES 84 CLEO Repl. by AVERY 87

290 ACCIARRI 978 assume PDG 96 production fractions for BT, BO, B, and Ay,

291 AVERY 898 reports < 3 x 1072 assuming the T(4S) decays 43% to BOBO. We rescale
to 50%.
292 ALBRECHT 87D reports < 8.5 x 102 assuming the T(4S) decays 45% to BYBY. we
rescale to 50%. _
93 AVERY 87 reports < 8 x 10~ assuming the T(4S) decays 40% to BYBO. We rescale
to 50%.

r(ﬂ'+ I‘_)/rtotal M1s7/T
Test for AB = 1 weak neutral current. Allowed by higher-order electroweak interac-
tions.

VALUE CL% DOCUMENT ID TECN COMMENT

<6.8 x 10~7 90 294 ABE 98 CDF ppat 1.8 TeV

HTTP://PDG.LBL.GOV Page 42 Created: 12/18/2000 15:33



Citation: D.E. Groom et al. (Particle Data Group), Eur. Phys. Jour. C15, 1 (2000) (URL: http://pdg.lbl.gov)

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<4.0 x 1072 90 ABBOTT 988 DO  pp 1.8 TeV

<1.0 x 1072 90 295 ACCIARRI 978 L3 ete™ - Z

<1.6 x 1076 90 296 ABE 96L CDF  Repl. by ABE 98
<5.9x 1070 90 AMMAR 94 CLE2 eTe™ — T(4S)
<8.3x 1070 90 29T ALBAJAR  91c UA1  EPP— 630 Gev
<1.2x 1072 90 298 ALBAJAR  91c UA1  EPP— 630 Gev
<43 x107° 90 299 AVERY 898 CLEO eTe™ — T(4S)
<4.5x107° 90 300 ALBRECHT 87D ARG ete™ — T(45)
<7.7x107° 90 301 AVERY 87 CLEO eTe™ — T(4S)
<2 x1074 90 GILES 84 CLEO Repl. by AVERY 87

294 ABE 98 assumes production of O'(BO) = o(B1) and O'(BS)/O'(BO) = 1/3. They nor-
malize to their measured o(B%,p7-(B)> 6,|y| < 1.0) = 2.39 + 0.32 + 0.44 pb.

295 ACCIARRI 978 assume PDG 96 production fractions for BT, BO, Bg, and Ay,

296 ABE 96L assumes equal BO and BT production. They normalize to their measured
o(BT, p7(B)> 6 GeV/c, |y| < 1) = 2.39 £ 0.54 pb.

297 g0 4nd Bg are not separated.

298 Optained from unseparated BO and Bg measurement by assuming a BO:BS ratio 2:1.

299 AVERY 898 reports < 5 x 103 assuming the T(4S) decays 43% to BOBO. We rescale
to 50%.

300 ALBRECHT 87D reports < 5 x 10™° assuming the T(4S) decays 45% to BYBY. we
rescale to 50%. .

301 AVERY 87 reports < 9 x 10™° assuming the T(4S) decays 40% to BOBO. We rescale
to 50%.

r(KO et e=)/rtotal M58/l
Test for AB = 1 weak neutral current. Allowed by higher-order electroweak interac-
tions.

VALUE CL% DOCUMENT ID TECN COMMENT

<3.0x 104 90 ALBRECHT 91E ARG ete  — T(4S)

o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

<52x 104 90 302 AVERY 87 CLEO eTe™ — T(4S)

302 AVERY 87 reports < 6.5 x 10~ %4 assuming the T(4S) decays 40% to BOBY. We rescale
to 50%.

F(KOut ™) /Teotal l1s9/T
Test for AB = 1 weak neutral current. Allowed by higher-order electroweak interac-
tions.

VALUE CL% DOCUMENT ID TECN COMMENT

<3.6 x 10~4 90 303 AVERY 87 CLEO ete™ — T(45)

o e ¢ We do not use the following data for averages, fits, limits, etc. @ o o

<5.2x 1074 90 ALBRECHT 91E ARG ete  — T(4S)

303 AVERY 87 reports < 4.5 x 10~ %4 assuming the T(4S) decays 40% to BOBO. We rescale
to 50%.

r(K*(892)°et e™) /Meotal 60/
Test for AB = 1 weak neutral current.

VALUE CL% DOCUMENT ID TECN COMMENT

<2.9 x 10—4 90 ALBRECHT 91E ARG etTe  — T(4S)
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0 —
M(K*(892)° u* ™) [Tiotal Me1/T
Test for AB = 1 weak neutral current.
VALUE CL% DOCUMENT ID TECN COMMENT
<4.0x 1070 (CL = 90%) [<2.3 x 10~ (CL = 90%) OUR 1998 BEST LIMIT]
<4.0 x 10— 90 304 AFFOLDER 998 CDF  pp at 1.8 TeV |
o o o We do not use the following data for averages, fits, limits, etc. @ o o
<25 %1075 90  305ABE 96L CDF  Repl. by AF-
FOLDER 998
<23 x107° 90 306 ALBAJAR 91c UA1  EPP = 630 GeV
<34x107% 90 ALBRECHT 91E ARG ete™ — 7(45)
304 AFFOLDER 998 measured relative to B0 — J/4(15) K*(892)0. |

305 ABE 961 measured relative to B0 — J/¥(1S) K*(892)0 using PDG 94 branching ratios.
306 ALBAJAR 91C assumes 36% of b quarks give BO mesons.

(K*(892)°v7) /Ttotal Me2/T
Test for AB = 1 weak neutral current.

VALUE CL% DOCUMENT ID TECN COMMENT

<1.0 x 10—3 90 307 ADAM 96D DLPH ete™ — Z

307 ADAM 96D assumes fgo = fg— = 0.39 and fBS = 0.12.

I (et u¥) /Teotal 63/l
Test of lepton family number conservation.

VALUE CL% DOCUMENT ID TECN COMMENT

<35 x 1076 (CL = 90%) [<5.9 x 1070 (CL = 90%) OUR 1998 BEST LIMIT]

<35 x 10~6 90 ABE 98V CDF  pp at 1.8 TeV |

o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

<1.6 x 1072 90 308 ACCIARRI 978 L3 ete= = Z

<5.9x 1070 90 AMMAR 94 CLE2 eTe™ — T(4S)

<3.4x107° 90 309 AVERY 898 CLEO eTe™ — T(4S)

<4.5x107° 90 310ALBRECHT 87D ARG ete™ — T(45)

<7.7%x107° 90 311 AvERY 87 CLEO eTe™ — T(4S)

<3 x1074 90 GILES 84 CLEO Repl. by AVERY 87

308 ACCIARRI 978 assume PDG 96 production fractions for BT, BO, B, and Ay,
309 paper assumes the T(4S) decays 43% to BOBO. We rescale to 50%.

310 ALBRECHT 87D reports < 5 X 10—° assuming the 7°(4S) decays 45% to BOBO. we
rescale to 50%. _

311 AVERY 87 reports < 9 x 10™° assuming the T(4S) decays 40% to BOBO. We rescale
to 50%.

+
I'(e T:F)/rtota| r164/r
Test of lepton family number conservation.
VALUE CL% DOCUMENT ID TECN COMMENT
<5.3x10~4 90 AMMAR 94 CLE2 eTe™ — T(45)
+
(u=7F) /Tiotal 165/
Test of lepton family number conservation.
VALUE CL% DOCUMENT ID TECN COMMENT
<83 x10~4 90 AMMAR 94 CLE2 eTe™ — T(45)
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POLARIZATION IN B® DECAY

ry/Tin B® - J/9(15)K*(892)°
[, /T = 1[0] would indicate that BO — J/4(15) K*(892)0 followed by K*(892)0 —
K270 is a pure CP eigenstate with CP = —1[+1].

0
VALUE > EVTS DOCUMENT ID TECN COMMENT

0.60+0.09 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below.
0.52-£0.0740.04 312 jessop 97 CLE2 ete™ — T(45)
0.65+0.10£0.04 65 ABE 95z CDF ppat 1.8 TeV
0.974+0.16+0.15 13 313 ALBRECHT 946 ARG ete™ — T(45)

o o o We do not use the following data for averages, fits, limits, etc. @ o o
0.80--0.0840.05 42 313 aALAM 94 CLE2 Sup. by JESSOP 97

312 JESSOP 97 is the average over a mixture of BO and BT decays. The P-wave fraction
is found to be 0.16 4+ 0.08 4 0.04.
3Averaged over an admixture of B9 and Bt decays.

WEIGHTED AVERAGE
0.60+0.09 (Error scaled by 1.4)

2
X

----------- JESSOP 97 CLE2 10
~~~~~~~~~~~ ABE 952 CDF 0.2
----- ALBRECHT  94G ARG _ 2.9

4.0

(Confidence Level =0.132)
J

0 0.5 1 15 2

M /Tin BY = J/(18)K*(892)°
ry/Tin B —» D*pt

VALUE EVTS DOCUMENT ID TECN COMMENT
0.93+0.05+0.05 76 ALAM 94 CLE2 ete™ — T(4S)

BY%-B° MIXING
Written March 2000 by O. Schneider (Univ. of Lausanne)

Formalism in quantum mechanics
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There are two neutral B’ B° meson systems, By B, and
Bs—Bj; (generically denoted B,~By, ¢ = s, d), which exhibit the
phenomenon of particle-antiparticle mixing [1]. Such a system is
produced in one of its two possible states of well-defined flavor:
|B%) (bq) or |BY) (bg). Due to flavor-changing interactions, this
initial state evolves into a time-dependent quantum superposi-
tion of the two flavor states, a(t)|BY) + b(t)| BY), satisfying the

equation
o) =) ()0

where M and I', known as the mass and decay matrices,
describe the dispersive and absorptive parts of B%-B? mixing.
These matrices are hermitian, and C'PT invariance requires
M1 = My = M and I'11 = I'og = I', where M and I' are the
mass and decay width of the B and B® flavor states.
The two eigenstates of the effective hamiltonian matrix
(M — % ) are given by
|B+) = p|B%) £4[B"), (2)

and correspond to the eigenvalues

)\j::<M—% >ﬂ:%<M12—%F12> : (3)
where
¢ [ M- i, "
p Mz — 5112

We choose a convention where Re(q/p) > 0 and CP|B") = |BY).
An alternative notation is
0 _ A\|Rro 1 —
(1+4¢€)|B”) + (1 —¢)|BY) with c_4q
2(1 + |e|?) l+e p

|B1) = (5)
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The time dependence of these eigenstates of well-defined
masses M1 = Re(A1) and widths 'y = —2Im(A1) is given by

—idgt _ p—iMyt, Ty T £

the phases e : the evolution of a pure |B°)

or |BY) state at t = 0 is thus given by

IBY(t)) =g (t) | BY) + %g_<t> BY), (6)
BO(t)) =g+ () |B°) + gg_@s) B, (7)

where
gj:(t) _ % <e—i/\+t 4 e—i/\t> . (8)

This means that the flavor states oscillate into each other with
time-dependent probabilities proportional to

€

ool = S eosh (51 4) £ eostamn)] . (9

where
=|My — M_|, ATl'=1T"'y —T_|. (10)

Time-integrated mixing probabilities are only well defined when
considering decays to flavor-specific final states, i.e. final states
f such that the instantaneous decay amplitudes Az = (f|H|B°)
and Ay = (f|H|B), where H is the weak interaction hamilto-
nian, are both zero. Due to mixing, a produced BY can decay
to the final state f (mixed event) in addition to the final state
f (unmixed event). Restricting the sample to these two decay
channels, the time-integrated mixing probability is given by

XB°—>§° fo (fIH|B (t))|dt
! Joo [CFIH|BY( )I2dt+f0 |(f|H|BO(t))|2dt
€717 (22 4 42)

— : (11)
E712 (22 + y2) +2 + 22 — o2
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g 7
where we have defined {; = =— and
p Ay
A AT

T T or

The mixing probability X?O_’BO for the case of a produced
BY is obtained by replacing & with 1/& in Eq. (11). It is
different from X?O_’EO if |€¢|* # 1, a condition reflecting non-
invariance under the C'P transformation. C' P violation in the
decay amplitudes is discussed elsewhere [2] and we assume
|ZT| = |Ay| from now on. The deviation of |¢/p/* from 1,

namely the quantity

2 2
4
_ Re(e) L0 Re(e) | (13)
1+ |ef? 1+ |e]?
describes C'P violation in B%-B° mixing. As can be seen from
Eq. (4), this can occur only if Mjs # 0, I'12 # 0 and if the
phase difference between M9 and I'(9 is different from 0 or 7.

In the absence of C'P violation, |¢/p|> = 1, Re(e) = 0, the
mass eigenstates are also C'P eigenstates,

Nk
p

CP|B+) = £|Bx+), (14)
the phases py,, = arg(Mi2) and ¢r,, = arg(I'12) satisfy

sin(¢an, — ¢ry,) =0, (15)

the mass and decay width differences reduce to
Am =2 |M|, Al =29, (16)
and the time-integrated mixing probabilities x?o_’go and

X?O_’BO become both equal to

x? + y2
= ——. 1
X9 (17)
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Standard Model predictions and phenomenology

In the Standard Model, the transitions Bg — Eg and
Eg — Bg are due to the weak interaction. They are described,
at the lowest order, by the box diagrams involving two W bosons
and two up-type quarks, as is the case for K K" mixing.
However, the long range interactions arising from intermediate
virtual states are negligible for the neutral B meson systems,
because the large B mass is away from the region of hadronic
resonances. The calculation of the dispersive and absorptive
parts of the box diagrams yields the following predictions for

the off-diagonal element of the mass and decay matrices [3],

2 .,2 2
GFmWanBq BBq qu IS
0

Mo = — 92 (mi /miy) (th}th)Q (18)
T
. GEmingms, Be,[3,
8T
2
* 2 * * me
Vo + ViV, © (25
b

4
+Vav? o) (19
my,
where G is the Fermi constant, myy the W mass, m; the mass
of quark ¢, and where mp, = M, fp, and Bp, are the Bg mass,
decay constant and bag parameter. The known function Sy(z;)
can be approximated very well with 0.784 970 [4] and Vj; are
the elements of the CKM matrix [5]. The QCD corrections npg
and 7'z are of order unity. The only non negligible contributions
to Mjo are from top-top diagrams. The phases of Mys and I'19

satisty
m

2
POMig — PIip = T+ O <—§) (20)

my
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implying that the mass eigenstates have mass and width dif-
ferences of opposite signs. This means that, like in the K9 K"
system, the “heavy” state with mass Myeayy = max(My, M_)
has a smaller decay width than that of the “light” state with
mass Miight = min(My, M_). We thus redefine

Am = Mheavy - Mlight ) Al' = Flight - Fheavy ) (21)

where Am is positive by definition and AT is expected to be
positive in the Standard Model.

Furthermore, since I'1s is, like Mjs, dominated by the
top-top diagrams, the quantity

L 3y ! ~0 (m—%) (22)
2 m2, So(m?/m,) m?

I'19
Mo

is small, and a power expansion of |¢/p|? yields

g’ I'12 o |?
I =14 =2 s - =1, (23
‘p + ‘MIQ Sln((leQ (IOF12) + O ( M12 ) ( )

Therefore, considering both Egs. (20) and (22), the CP-

violating parameter

q 2 IED)
~ Im | —= 24
D (Mm) (24)

- ‘_
is expected to be tiny: ~ O(1073) for the By By system and
< O(107%) for the By By system [6].

In the approximation of negligible C'P violation in the
mixing, the ratio AI'/Am is equal to the small quantity
IT'12/Mio| of Eq. (22); it is hence independent of CKM matrix
elements, i.e. the same for the B; By and By B, systems. It
can be calculated with lattice QCD techniques; typical results
are ~ 5 x 1073 with quoted uncertainties of 30% at least. Given
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the current experimental knowledge (discussed below) on the

mixing parameter x,

{ xg=0.73+£0.03  (ByBg system)

5220 at 95% CL (ByBj system) (25)

the Standard Model thus predicts that AL'/T is very small
for the By By system (below 1%), but may be quite large
for the By~ Bs system (up to ~ 20%). This width difference
is caused by the existence of final states to which both the
Bg and Eg mesons can decay. Such decays involve b — ccq
quark-level transitions, which are Cabibbo-suppressed if ¢ = d
and Cabibbo-allowed if ¢ = s. If the final states common to
BY and B are predominantly C'P-even as discussed in Ref. 7,
then the B, B, mass eigenstate with the largest decay width
corresponds to the C'P-even eigenstate. Taking Eq. (21) into
account, one thus expects I'jjgne = 'y and

Amg=M_—M; >0, Al's=I;-T_>0. (26)

Experimental 1ssues and methods for oscillation anal-
yses

Time-integrated measurements of B%~B? mixing were pub-
lished for the first time in 1987 by UA1 [8] and ARGUS [9], and
since then by many different experiments. These are typically
based on counting same-sign and opposite-sign lepton pairs
from the semileptonic decay of the produced bb pairs. At high
energy colliders, such analyses cannot easily separate the By
and By contributions, therefore experiments at 7°(45) machines
are best suited to measure yg .

However, better sensitivity is obtained from time-dependent
analyses aimed at the direct measurement of the oscillation

frequencies Amg and Amg, from the proper time distributions
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of By or Bs candidates identified through their decay in (mostly)
flavor-specific modes and suitably tagged as mixed or unmixed.
This is particularly true for the B, B, system where the large
value of xs implies maximal mixing, i.e. xys ~ 1/2. In such
analyses, performed at high-energy colliders, the neutral B
mesons are either partially reconstructed from a charm meson,
or selected from a lepton with high transverse momentum
with respect to the b jet, or selected from a reconstructed

displaced vertex. The proper time t = B 1, is measured from

the distance L between the production V]egrtex and the B decay
vertex, as measured with a silicon vertex detector, and from an
estimate of the B momentum p.

The statistical significance S of an oscillation signal can be

approximated as [10]

S~ /N2 fag (1 — 2m) e~ (BmaD)*/2 (27)

where N and fse are the number of candidates and the fraction
of signal in the selected sample, 1 is the mistag probability, and
o is the proper time resolution. The quantity S decreases very
quickly as Am increases; this dependence is controlled by oy,
which is therefore a critical parameter for Amg, analyses. The

. . mp Op .
proper time resolution oy ~ ——o, & t— includes a constant

(p)

contribution due to the decay length resolution o (typically
0.1-0.3 ps), and a term due to the relative momentum resolution
o

—2 (typically 10-20% for partially reconstructed decays), which

increases with proper time.

In order to tag a B candidate as mixed or unmixed, it
is necessary to determine its flavor state both at production
(initial state) and at decay (final state). The initial and final
state mistag probabilities, 7; and 7, degrade S by a total
factor (1—2n) = (1—2n;)(1—2n¢). In inclusive lepton analyses,
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the final state is tagged by the charge of the lepton from
b — £~ decays; the biggest contribution to 7 is then due to
b — ¢ — ¢~ decays. Alternatively, the charge of a reconstructed
charm meson (D*~ from BY or Dy from BY), or that of a kaon
thought to come from a b — ¢ — s decay [11], can be used.
For fully inclusive analyses based on topological vertexing, final
state tagging techniques include jet charge [12] and charge
dipole methods [11].

The initial state tags are somewhat less dependent on the
procedure used to select B candidates. They can be divided
in two groups: the ones that tag the initial charge of the b
quark contained in the B candidate itself (same-side tag),
and the ones that tag the initial charge of the other b quark
produced in the event (opposite-side tag). On the same side,
the charge of a track from the primary vertex is correlated
with the production state of the B if that track is a decay
product of a B** state or the first particle in the fragmentation
chain [13,14]. Jet charge techniques work on both sides. Finally,
the charge of a lepton from b — ¢~ or of a kaon from b — ¢ — s
can be used as opposite side tags, keeping in mind that their
performance depends on integrated mixing. At SLC, the beam
polarization produced a sizeable forward-backward asymmetry
in the Z — bb decays and provided another very interesting
and effective initial state tag based on the polar angle of the
B candidate [11]. Initial state tags have also been combined
to reach n; ~ 26% at LEP [14,15] or even 16% at SLD [11]
with full efficiency. The equivalent figure at CDF is currently
~ 40% [16].

In the absence of experimental evidence for a width dif-
ference, and since AI'/Am is predicted to be very small,

oscillation analyses typically neglect AI' and describe the data
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with the physics functions e 1#(1 £ cos Amt)/2. As can be
seen from Eq. (9), a non zero value of AI' would effectively
reduce the oscillation amplitude with a small time-dependent
factor that would be very difficult to distinguish from time
resolution effects. Whereas measurements of Amg, are usually
extracted from the data using a maximum likelihood fit, no
significant Bs—Bj oscillations have been seen so far, and all By
analyses set lower limits on Amg. The original technique used
to set such limits was to study the likelihood as a function
of Amg. However, these limits turned out to be difficult to
combine. A method was therefore developed [10], in which a
B; oscillation amplitude A is measured at each fixed value of
Amg, using a maximum likelihood fit based on the functions
[ye 1st(1 4+ Acos Amgt) /2. To a very good approximation, the
statistical uncertainty on A is Gaussian and equal to 1/S [10].

Measurements of A performed at a given value of Amg, can be

true

averaged easily. If Amg, = Amj

, one expects A = 1 within
the total uncertainty o 4; however, if Amg is far from its true
value, a measurement consistent with A = 0 is expected. A
value of Amy can be excluded at 95% CL if A+ 1.64504 < 1.
If Am!™® is very large, one expects A = 0, and all values
of Amg such that 1.64504(Ams) < 1 are expected to be ex-
cluded at 95% CL. Because of the proper time resolution, the
quantity o4(Amyg) is an increasing function of Amg and one
therefore expects to be able to exclude individual Amyg values
sens sens

up to Ami™, where Ami®™, called here the sensitivity of the
analysis, is defined by 1.645 0 4(AmS™) = 1.

By mixing studies

Many By B, oscillations analyses have been performed
by the ALEPH [17,12], CDF [13,18], DELPHI [19], L3 [20],
OPAL [21] and SLD [11] collaborations. Although a variety
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of different techniques have been used, the Amg results have
remarkably similar precision. The systematic uncertainties are
not negligible; they are often dominated by sample compo-
sition, mistag probability, or b-hadron lifetime contributions.
Before being combined, the measurements are adjusted on
the basis of a common set of input values, including the
b-hadron lifetimes and fractions published in this Review.
Some measurements are statistically correlated. Systematic cor-
relations arise both from common physics sources (fragmen-
tation fractions, lifetimes, branching ratios of b hadrons),
and from purely experimental or algorithmic effects (effi-
ciency, resolution, tagging, background description). Combin-
ing all published measurements [17,13,19,20,21] and accounting
for all identified correlations as described in Ref. 22 yields
Amg = 0.478 £ 0.012(stat) & 0.013(syst) ps.

On the other hand, ARGUS and CLEQO have published time-
integrated measurements based on semileptonic decays [23,24],
(45) = 0.156 4 0.024. The width difference
ATy could in principle be extracted from the measured value

which average to Xg

of 'y, and the above averages for Amy and x4 (see Egs. (12)
and (17)). The results are however compatible with Al'y = 0,
and their precision is still insufficient to provide an interesting
constraint. Neglecting AI'y and using the measured By lifetime,
the Amg and Y4 results are combined to yield the world average

Amyg = 0.472 4+ 0.017 ps~? (28)

or, equivalently,
xq = 0.174 + 0.009 . (29)

Evidence for C'P violation in By mixing has been searched
for, both with semileptonic and inclusive B, decays, in samples
where the initial flavor state is tagged. In the semileptonic
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case, where the final state tag is also available, the following
asymmetry

N(BYt) — ¢ty X) — N(BY(t) — 7, X)
N(BY(t) — ¢ty X) + N(BY(t) — -7, X)
)

4Re(ed
1+ |eg?

—acp ~1—|q/plj =~ (30)

has been measured, either in time-integrated analyses at
CLEO [24] and CDF [25], or in more recent and sensitive
time-dependent analyses at LEP [26,27,28]. In the inclusive
case, also investigated at LEP [29,27,30], no final state tag is
used, and the asymmetry [31]

N (BY(t) — all) — N(BY(t) — all)
N(Bg(t) — all) + N(Eg(t) — all)

~ acp % sin(Amg t) — sin’ (An;ﬂ)] (31)
must be measured as a function of the proper time to extract
information on C'P violation. In all cases asymmetries compat-
ible with zero have been found, with a precision limited by
the available statistics. A simple average of all published and
preliminary results [24-30] neglecting small possible statistical
correlations and assuming half of the systematics to be corre-
lated, is acp = —0.017 £ 0.016, a result which does not yet
constrain the Standard Model.

The Amyg result of Eq. (28) provides an estimate of |Mjo|
and can be used, together with Egs. (16) and (18), to ex-
tract the modulus of the CKM matrix element V;; within
the Standard Model [32]. The main experimental uncertainties
on the resulting estimate of |V4| come from m; and Amy;
however, these are at present completely dominated by the
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15-20% uncertainty usually quoted on the hadronic matrix
element fp,\/Bp, ~ 200 MeV obtained from lattice QCD
calculations [33].

B; mixing studies

B, B oscillation has been the subject of many recent stud-
ies from ALEPH [14], CDF [34], DELPHI [35,15], OPAL [36]
and SLD [37]. No oscillation signal has been found so far. The
most sensitive analyses appear to be the ones based on inclusive
lepton samples, and on samples where a lepton and a D meson
have been reconstructed in the same jet. All results are limited
by the available statistics. These are combined to yield the
amplitudes A shown in Fig. 1 as a function of Amg [22].

As before, the individual results have been adjusted to
common physics inputs, and all known correlations have been
accounted for; furthermore, the sensitivities of the inclusive
analyses, which depend directly through Eq. (27) on the as-
sumed fraction f; of Bs; mesons in an unbiased sample of
weakly-decaying b hadrons, have been rescaled to a common
value of fs = 0.100 & 0.012 [22]. The combined sensitivity for
95% CL exclusion of Am values is found to be 14.5 ps~1. All
values of Am, below 14.3 ps—! are excluded at 95% CL, and no
deviation from A = 0 is seen in Fig. 1 that would indicate the
observation of a signal.

Some Amg analyses are still preliminary [15,37]. Using only
published results, the combined Amyg result is

Amg > 10.6 ps~t  at 95% CL, (32)

with a sensitivity of 12.1 ps1.

The information on |Vi4| obtained, in the framework of
the Standard Model, from the combined limit is hampered by
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Figure 1: Combined measurements of the Bj
oscillation amplitude as a function of Amg [22],
including all preliminary results available at the
end of 1999. The measurements are dominated
by statistical uncertainties. Neighboring points
are statistically correlated.

the hadronic uncertainty, as in the B; case. However, many

uncertainties cancel in the frequency ratio

2
Vis

Vid

Amg  mp, .o

Y

Amg mp

d

(33)
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where £ = (fB,\/BBg,)/(fBy;\/BB,), of order unity, is currently
estimated from lattice QCD with a 5-6% uncertainty [33].

The CKM matrix can be constrained using the experimental
results on Amg, Amg, |Vip/Ve| and eg, together with theoret-
ical inputs and unitarity conditions [32]. Given the information
available from |V,;/Vy| and ex measurements, the constraint
from our knowledge on the ratio Amg/Amyg is presently more
effective in limiting the position of the apex of the CKM
unitarity triangle than the one obtained from the Amg mea-

surements alone, due to the reduced hadronic uncertainty in

Eq. (33). We note also that the Standard Model would not
easily accommodate values of Amg above ~ 25 ps—L.
Information on AI'g can be obtained by studying the proper
time distribution of untagged data samples enriched in By
mesons [38]. In the case of an inclusive B selection [39] or
a semileptonic By decay selection [40,41], both the short-
and long-lived components are present, and the proper time
distribution is a superposition of two exponentials with decay
constants I's + Al'g/2. In principle, this provides sensitivity to
both T'y and (ALs/T)2. Ignoring ATy and fitting for a single
exponential leads to an estimate of I's with a relative bias
proportional to (AI's/T's)%. An alternative approach, which is
directly sensitive to first order in AI's/T'g, is to determine
the lifetime of B; candidates decaying to CP eigenstates;
measurements already exist for B — J/¢¢ [42] and BY —
DT i~ [43], which are mostly C'P-even states [7]. An
estimate of AI's/T's has also been obtained directly from a

T DM branching ratio [43),

measurement of the BY — D
under the assumption that these decays practically account for

all the C' P-even final states.
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Present data is not precise enough to efficiently constrain
both I'y and AI's/T's; since the Bs; and By lifetimes are
predicted to be equal within less than a percent [44], an
expectation compatible with the current experimental data [45],
the constraint I'y = 'y can also be used to extract Al's/T.
Applying the combination procedure described in Ref. 22 on
the published B lifetime results [40,42,46] yields

ATl'y/Ts < 0.65 at 95% CL (34)
without external constraint, or
AT'g/Tg < 0.33  at 95% CL (35)

when constraining 1/I's to the measured B, lifetime. These
results are not yet precise enough to test Standard Model

predictions.

Average b-hadron mixing and b-hadron production frac-
tions

Let fu, fa, fs and foaryon be the B,, By, Bs and b-
baryon fractions composing an unbiased sample of weakly-
decaying b hadrons produced in high energy colliders. LEP
experiments have measured f; x BR(BY — D, (T, X) [47],
BR(b — Ag) X BR(Ag — A" 7,X) [48] and BR(b — Z,7) X
BR(Z, — Z707,X) [49] from partially reconstructed final
states including a lepton, fparyon from protons identified in b
events [50], and the production rate of charged b hadrons [51].
The various b hadron fractions have also been measured at CDF
from electron-charm final states [52]. All the published results
have been combined following the procedure and assumptions
described in Ref. 22, to yield f, = fq = (384 +1.8)%, fs =
(11.7+3.0)% and foaryon = (11.5£2.0)% under the constraints

fu:fd and fu+fd+fs+fbaryon:1- (36)
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Time-integrated mixing analyses performed with lepton
pairs from bb events produced at high energy colliders measure
the quantity

Y:f(/iXd_f—féXS? (37)

where f) and f. are the fractions of By and B, hadrons in
a sample of semileptonic b-hadron decays. Assuming that all
b hadrons have the same semileptonic decay width implies
fo = fo/(Tqm) (¢ = s,d), where 7, is the average b-hadron
lifetime. Hence Y measurements can be used to improve our
knowledge on the fractions fy, f4, fs and fraryon-

Combining the above estimates of these fractions with the
average Y = 0.118 £ 0.005 (published in this Review), xg from
Eq. (29) and s = % yields, under the constraints of Eq. (36),

fu=f1=(38.9+1.3)%, (38)
fo=(10.7£1.4)%, (39)
Foaryon = (11.6 £ 2.0)% , (40)

showing that mixing information substantially reduces the
uncertainty on fs. These results and the averages quoted in
Egs. (28) and (29) for x4 and Amgy have been obtained in a
consistent way by the B oscillations working group [22], taking
into account the fact that many individual measurements of
Amyg depend on the assumed values for the b-hadron fractions.

Summary and prospects

BY% BY mixing has been a field of intense study in the
last few years. The mass difference in the By B, system is
very well measured (with an accuracy of ~ 3.5%) but, despite
an impressive theoretical effort, the hadronic uncertainty still

limits the precision of the extracted estimate of |Vj4|. The
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mass difference in the B, By system is much larger and still
unmeasured. However, the current experimental lower limit
on Amg already provides, together with Amy, a significant
constraint on the CKM matrix within the Standard Model.
No strong experimental evidence exists yet for the rather large
decay width difference expected in the B, B, system. It is
interesting to recall that the ratio Al's/Amg does not depend
on CKM matrix elements in the Standard Model (see Eq. (22)),
and that a measurement of either Amg or AI'y could be turned
into a Standard Model prediction of the other one.

The LEP and SLD experiments have still not finalized all
their B oscillation analyses, but a measurement of Amyg from
data collected at the Z pole becomes unlikely. In the near
future, the most promising prospects for Bs mixing are from
Run II at the Tevatron, where both Amg and Al'g are expected
to be measured; CDF will be able to observe By oscillations
for values of Amg up to ~ 40 ps~! [53], well above the current
Standard Model prediction.

CP violation in B mixing, which has not been seen yet,
as well as the phases involved in B mixing, will be further
investigated with the large statistics that will become available
both at the B factories and at the Tevatron.

B mixing may not have delivered all its secrets yet, because
it is one of the phenomena where new physics might very well
reveal itself (for example new particles involved in the box
diagrams). Theoretical calculations in lattice QCD are becom-
ing more reliable and further progress in reducing hadronic
uncertainties is expected. In the long term, a stringent check
of the consistency, within the Standard Model, of the B; and
Bs mixing measurements with all other measured observables
in B physics (including CP asymmetries in B decays) will be
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possible, allowing to place limits on new physics or, better,

discover new physics.
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Xd

VALUE

B9-BY MIXING PARAMETERS

For a discussion of BO-BO mixing see the note on “BO-BO Mixing” in the
BO Particle Listings above.

X is a measure of the time-integrated BO_B0 mixing probability that a
produced BY(BO) decays as a BO(BD). Mixing violates AB # 2 rule.

x5

X =
47 2(1+x2)

Am

g0
Xy =
d I

=(mgy —mgg) Tpo s
. 8o, M) "B

where H, L stand for heavy and light states of two BO cp eigenstates and
1
Th) = ~ere———+-
BY — 0.5(T o +T 0)
By BL

This B0-BY mixing parameter is the probability (integrated over time) that a produced
B0 (or EO) decays as a BO (or BO), e.g. for inclusive lepton decays

Xg =T(BY — ¢~ X (via BO))/r(BY — ¢£X)

=1(BO - ¢t X (via BO))/r(BO — ¢*x)

Where experiments have measured the parameter r = X/(l—x), we have converted to
x- Mixing violates the AB # 2 rule.
Note that the measurement of x at energies higher than the 7°(4S) have not separated
X4 from xg where the subscripts indicate BO(Ed) or Bg(gs). They are listed in the

Bg-Eg MIXING section.

The experiments at 7°(4S) make an assumption about the BOBO fraction and about
the ratio of the BT and BO semileptonic branching ratios (usually that it equals one).
OUR EVALUATION, provided by the LEP B Oscillation Working Group, includes x4
calculated from AmBO and RO

CL% DOCUMENT ID TECN  COMMENT

0.17440.009 OUR EVALUATION
0.156+0.024 OUR AVERAGE

0.16 +0.04 +0.04 314 ALBRECHT 94 ARG

— T(4S)

+ —

e' e
0.149+0.023+0.022 3I5BARTELT 93 CLE2 ete™ — T(45)

+ —

e' e

0.171+0.048 316 ALBRECHT 921 ARG

— T(4S)
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o o o We do not use the following data for averages, fits, limits, etc. @ o o

0.20 +0.13 +0.12 317 ALBRECHT 96D ARG ete™ — T(45)
0.19 £0.07 +0.09 318 ALBRECHT 96D ARG ete™ — T(45)
0.24 +0.12 319 ELSEN 90 JADE et e 35-44 GeV
0.158 70522 ARTUSO 89 CLEO ete™ — T(4S)
0.17 +0.05 320 ALBRECHT 871 ARG ete™ — T(45)
<0.19 90 321 BEAN 878 CLEO ete™ — T(4S)
<0.27 90 322 AVERY 84 CLEO ete™ — T(4S)

314 ALBRECHT 94 reports r=0.194 4 0.062 4 0.054. We convert to x for comparison. Uses
tagged events (lepton + pion from D*).
315BARTELT 93 analysis performed using tagged events (lepton+pion from D*). Using

dilepton events they obtain 0.157 + 0.0161"8'8%%.

316 ALBRECHT 92L is a combined measurement employing several lepton-based techniques.
It uses all previous ARGUS data in addition to new data and therefore supersedes AL-
BRECHT 871. A value of r = 20.6 4+ 7.0% is directly measured. The value can be used
to measure x = AM/I" = 0.72 £ 0.15 for the By meson. Assumes f, _ /fy = 1.0 +£0.05

and uses TBi/TBO = (0.95 £ 0.14) (L _/fy).
317 yses D*t K= correlations.
318 yses (D* T ¢~) KT correlations.
319 These experiments see a combination of B; and By mesons.

320 ALBRECHT 87! is inclusive measurement with like-sign dileptons, with tagged B decays
plus leptons, and one fully reconstructed event. Measures r=0.21 4 0.08. We convert
to x for comparison. Superseded by ALBRECHT 92L.

321 BEAN 878 measured r < 0.24; we converted to x.
322 Same-sign dilepton events. Limit assumes semileptonic BR for Bt and BO equal. If

BO/B:*: ratio <0.58, no limit exists. The limit was corrected in BEAN 87B from r
< 0.30 to r < 0.37. We converted this limit to .

AmBo = mB% - mBg
AmBO is a measure of 27 times the BO-BO oscillation frequency in time-dependent
S
mixing experiments.

The second “OUR EVALUATION" (0.478 + 0.018) is an average of the data listed
below performed by the LEP B Oscillation Working Group as described in our “Review
of B-B Mixing” in the BO Section of these Listings. The averaging procedure takes
into account correlations between the measurements.

The first “OUR EVALUATION" (0.472 + 0.017), also provided by the LEP B Oscil-
lation Working Group, includes Am j calculated from x4 measured at 7(4S).

VALUE (1012 p s—1) EVTS DOCUMENT ID TECN  COMMENT
0.472+0.017 OUR EVALUATION

0.478+0.018 OUR EVALUATION

Average is meaningless.  [(0.467 + 0.015) x 1012 7 s—1 OUR 1998 AVERAGE]
0.503--0.064 +0.071 323 ABE 99k CDF  pp at 1.8 TeV
0.50040.052 +0.043 324 ABE 99Q CDF  pp at 1.8 TeV
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0.516+0.099 7522 325 AFFOLDER ~ 99¢C CDF  pp at 1.8 TeV
+0.078 +0.033 326 =
0'471—0.068 20034 ABE 98Cc CDF pp at 1.8 TeV
0.4584-0.04640.032 327 ACCIARRI 98D L3 ete™ — 7
0.43740.04340.044 328 ACCIARRI 98D L3 ete™ — 7
0.472+0.04940.053 329 ACCIARRI 98D L3 etTe™ = Z
0.5234-0.0724-0.043 330 ABREU 97N DLPH etTe™ — Z
0.4934-0.04240.027 328 ABREU 97N DLPH eTe™ — Z
0.499+0.05340.015 331 ABREU 97N DLPH ete™ — Z
0.48040.04040.051 327 ABREU 97N DLPH eTe™ — Z
0.444+0.020 7 0-929 328 ACKERSTAFF 97U OPAL ete™ — Z
0.43010.043f8-8§8 327 ACKERSTAFF 97v OPAL ete— — Z
0.482+0.044+0.024 332 BUSKULIC ~ 97D ALEP ete™ — Z
0.404+0.04540.027 328 BUSKULIC ~ 97D ALEP ete™ — Z
0.452+0.039 4+ 0.044 327 BUSKULIC ~ 97D ALEP ete™ — Z
0.53940.0600.024 333 ALEXANDER 96V OPAL ete™ — Z
0.56710.0891"8'8%2 334 ALEXANDER 96V OPAL ete— — Z
o o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
0.44440.0284+0.028 335 ACCIARRI 98D L3 ete™ — 7
0.497+0.035 336 ABREU 97N DLPH ete™ — Z
0.46710.0221‘8-8%; 337 ACKERSTAFF 97V OPAL ete™ — Z
0.446+0.032 338 BUSKULIC ~ 97D ALEP ete™ — Z
0.53170:5%9 +0.078 339 ABREU 96Q DLPH Sup. by ABREU 97N
0.496f8:8§?i0.043 327 ACCIARRI 96E L3 Repl. by ACCIARRI 98D
0.548+0.050 +0-023 340 ALEXANDER 96v OPAL ete™ — Z
0.496 +0.046 341 AKERS 95) OPAL Repl. by ACKER-
STAFF 97v
0.46210-040+0.052 327 AKERS 95) OPAL Repl. by ACKER-
—0.053—0.035
STAFF 97v
0.50 +0.12 +0.06 330 ABREU 94M DLPH  Sup. by ABREU 97N
0.508-0.075+0.025 333 AKERS 94C OPAL Repl. by ALEXAN-
DER 96V
0.57 +0.11 +0.02 153 334 AKERS 94H OPAL Repl. by ALEXAN-
DER 96V
0.50 T9-97 +0.11 327 BUSKULIC ~ 948 ALEP Sup. by BUSKULIC 97D
0.52 jg:}‘l’ jg:gg 334 BUSKULIC ~ 93k ALEP Sup. by BUSKULIC 97D

323 Jses di-muon events.

24 Yses jet-charge and lepton-flavor tagging.
325 Yses ¢~ D*t ¢ events.

Uses m-B in the same side.

327 Yses ¢-1.
328 Yses -Qhem-
329 Uses ¢-¢ with impact parameters.
330 Yses D*j:—Qhem.
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331 Yses 71'2: -Qhem-
332 Uses D*i—E/Qhem.
333 Uses D*iE—Qhem.

334 Yses D*E 4.
35 ACCIARRI 98D combines results from L-L, b-Qpem: and £-£ with impact parameters.

336 ABREU 97N combines results from D*i—Qhem, £-Qhem: w;tf—Qhem, and ¢-¢.
337 ACKERSTAFF 97V combines results from £-¢, £-Qpem, D*-f, and D*E-Qp oy
338 BUSKULIC 97D combines results from D**-£/Qpom: - Qe and £-£.

339 ABREU 96Q analysis performed using lepton, kaon, and jet-charge tags.

340 ALEXANDER 96V combines results from D*T-¢ and D*if—Qhem.

341 AKERS 95J combines results fromt charge measurement, D*ié—Qhem and /-£.

The second “OUR EVALUATION" (0.740 + 0.031) is an average of the data listed
in AmBO section performed by the LEP B Oscillation Working Group as described

in our “Review of B-B Mixing" in the BO Section of these Listings. The averaging
procedure takes into account correlations between the measurements.

The first “OUR EVALUATION" (0.730 + 0.029), also provided by the LEP B Oscil-
lation Working Group, includes x 4 measured at T'(4S).

VALUE DOCUMENT ID
0.730+0.029 OUR EVALUATION
0.740+0.031 OUR EVALUATION
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CP VIOLATION IN B DECAY - STANDARD
MODEL PREDICTIONS

Revised January 2000 by H. Quinn (SLAC) and A.I. Sanda
(Nagoya University).

With the commissioning of the asymmetric B Factories at
KEKB and PEP II, and of CESR III and with the completion
of the main ring injector at Fermilab, we are headed into an
exciting time for the study of C'P violation in B meson decays.
This review outlines the basic ideas of such studies. For the

most part, we follow the discussions given in Refs. [1-3].

Time evolution of neutral B meson states

Neutral B mesons, like neutral K mesons, have mass eigen-
states which are not flavor eigenstates. This subject is reviewed
separately [4]. Here we give some formulae to establish the

notation used in this review. The mass eigenstates are given by:

B1) = p|B%) + ¢|B") ,
|Ba) = p|B®) — q|B) (1)

-0 . .. T
where BY and B~ are flavor eigenstates containing the b and b
quarks respectively. The ratio

7
q MI*Q _ §F>{2
74 2 2)
p Mo — §F12

Here, the C'P operator is defined so that CP|BY) = |§0), and

CPT symmetry is assumed. We define My = Mi9e™, where
the phase ¢ is restricted to —%7‘(‘ <E< %7‘(‘, and M9 is taken
to be real but not necessarily positive; and similarly (with a
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different phase) for I'12. The convention used here is that the
real part of ¢q/p is positive.

The differences in the eigenvalues AM = My — M; and
AI' =11 — I'y are given by

AM = —2Re <2(M12 — 31“12))
P 2
~ —2M12
q 1
Al = —4Im (—(M12 — —Flg))
P 2
~ 219 cos( . (3)

I .
Here we denoted —= = reiC. As we expect 7 ~ 1073 in the

Standard Model for %d, we kept only the leading order term
in r. In the Standard Model, with these conventions and given
that all models give a positive value for the parameter Bp,
AM is positive, so that Bs is heavier than Bj; this is unlikely
to be tested soon. (Note that a common alternative convention
is to name the two states By and Bp for light and heavy
respectively; then the sign of ¢/p becomes the quantity to be
tested.)

This review focuses on the B, system, but also mentions
some possibly interesting studies for C'P violation in B de-
cays, which may be pursued at hadron colliders. Much of the
discussion here can be applied directly for Bs decays with the
appropriate replacement of the spectator quark type.

The time evolution of states starting out at time ¢ = 0 as
pure BY or B is given by:

IBY(t)) = g4 ()| B) + %g_u)@“

)

B

B°(t)) = g+ (1) B") + gg_<t>|30>, (4)
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where
1 1
gi(t) _ %e_iMlte_ﬁrlt 14 e_iAMteﬁAFt | (5)

We define

A(f) = (f|H|B") ,

A(f) = (fIH|B)

A
3(f) = % () (6)

where f is a final state that is possible for both B? and B
decays. The time-dependent decay rates are thus given by
L(B%(t) = f)

2

o e T A(F)|? [K+(t) + K_(t) ‘% B(f)?

+ 2Re {L*(t) (g) ﬁ(f)H , (7)

p
-0

(B (t) = f)

2
o e T A(f)? {KJr(t) + K _(t) ‘g‘ lo(f)]?

+ 2Re [L*(t) (1—9) p( f)] } (8)

q
where

1 _
g(0)f? = e EL (D),
* 1 —I'1t 7 *
9-()g4(t) = e "L (2) ,

1
Ki(t) =1+ 2T +2¢20  cos AME |

1
L*(t) =1— 2l ¢ 2ie2sin AMY . 9)
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For the case of By decays the quantity AI'/T" is small and is
usually dropped, for By decays it may be significant [6] and
hence is retained in Eqs. 4-8.

Three classes of C P violation in B decays

When two amplitudes with different phase-structure con-
tribute to a B decay, they may interfere and produce CP-
violating effects [5]. There are three distinct types of C'P viola-
tion: (1) C'P violation from nonvanishing relative phase between
the mass and the width parts of the mixing matrix which gives
lg/p| # 1, often called “indirect;” (2) Direct C'P violation,
which is any effect that indicates two decay amplitudes have
different weak phases (those arising from Lagrangian couplings),
in particular it occurs whenever |p(f)| # 1; (3) Interference be-
tween a decays with and without mixing which can occur for
decays to C'P eigenstates whenever Arg((q/p)p(f)) # 0. This
can occur even for modes where both the other types do not,
i.e. |q/pl, |p(f)| =1.
(1) Indirect C P violation

In the next few years, experiments will accumulate a large
number of semileptonic B decays. Any asymmetry in the wrong-
sign semileptonic decays (or in any other wrong-flavor decays)
is a clean sign of indirect C'P violation.

The semileptonic asymmetry for the wrong sign B, decay,

where ¢ = d or s, is given by

T(By(t) — 7 X) = T(By(t) — £~ X)

CLSL(BQ) - F(Eq(t) N €+X) + F(Bq(t) R E_X)
_p/dlP =la/ol®
= \pJalE T la/plE  "BaSNCB, (10)

where we kept only the leading order term in rp,. Within the
context of the Standard Model, if hadronic rescattering effects
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are small then sin (g, is small because M2 and I'12 acquire their
phases from the same combination of CKM matrix elements.
Since this asymmetry is tiny in the Standard Model, this may
be a fruitful area to search for physics beyond the Standard
Model.
(2) Direct CP violation

Direct C'P violation is the name given to C'P violation that
arises because there is a difference between the weak phases
of any two decay amplitudes for a single decay. Weak phases
are those that arise because of a complex coupling constant in
the Lagrangian. Note that a single weak phase from a complex
coupling constant is never physically meaningful because it can
generally be removed by redefining some field by a phase. Only
the differences between the phases of couplings which cannot
be changed by such redefinitions are physically meaningful. The
strong and electromagnetic couplings can always be defined
to be real but, as Kobayashi and Maskawa first observed,
in the three generation Standard Model one cannot remove
all the phases from the CKM matrix by any choice of field
redefinitions [7].

There are two distinct ways to observe direct C' P-violation
effects in B decays:
) |ZT/Af| # 1 leading to rate asymmetries for CP-conjugate
decays. Here, two amplitudes with different weak phases must
contribute to the same decay; they must also have different
strong phases, that is, the phases that arise because of absorp-
tive parts (often called final-state interaction effects). When the
final state f has different flavor content than its C'P conjugate,
this gives a rate asymmetry that is directly observable. The
asymmetry is given by

a4 — 2A1A2 Sin(fl - 52) Sin(51 - 52)
A2 + A2 + 241 A5 cos(€é1 — &) cos(d1 — 62)

(11)
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where the A; are the magnitudes, the &; are the weak phases, and
the ¢; are the strong phases of the two amplitudes contributing
to Ay. The impact of direct C'P violation of this type in decays
of neutral B’s to flavor eigenstates is discussed below.
e Any difference (other than an overall sign) between the C'P
asymmetries for decays of B; mesons to flavor eigenstates,
or between those of neutral Bs mesons, is an evidence of
direct C'P violation. As is shown below, such asymmetries arise
whenever the decay weak phase is not canceled by the mixing
weak phase, hence any two different results imply that there is a
difference between the weak phases of the amplitudes for the two
decays. Only if the asymmetries are the same can one choose a
phase convention which ascribes all C'P-violating phases to the
mixing amplitude. For example, the expected asymmetries for
the B — J/¢Kg and B — 7w decays are different (whether or
not penguin graphs add additional direct C'P-violating effects
of the type |ZT/Af| # 1 in the latter channel) because the
dominant decay amplitudes have different weak phases in the
Standard Model.
(3) Decays of B° and B’ toCP eigenstates

In decays to C'P eigenstates, the time-dependent asymmetry
is given by

f) = T(B"(t)
f)+T(BO(t)

o
f)

Asymmetry is generated if: (i) both A(B — f) and A(B — f)
are nonzero; and (ii) the mixing weak phase in 9 is different

a(t) = ——g o (12)

I(B (1)

—
—

p
from the weak decay phase in p(f). To the leading order in 7,
the Standard Model predicts

_ {Z‘/td — _i2¢mixing 1
4/p= % =e . (13)
tbVid
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If there is only one amplitude (or two with the same weak phase)
contributing to A(B — f) and A(B — f) then [p(f)| = 1 and
the relationship between the measured asymmetry and the
Kobayshi-Maskawa phases is cleanly predicted by

as(t) =Im (%p( f)) sin AM¢

= —nyfsin 2(¢mixing + ¢decay) sin AM? . (14)

Here we have used the fact that in such cases we can write
p(f) = npe2Pdecay where 1y = % is the C'P eigenvalue of the
state f. The weak phases Qmixing and @gecay are parameteriza-
tion dependent quantities, but the combination @mixing + Pdecay
is parameterization independent. This is C'P violation due to
the interference between decays with and without mixing. Note
that a single measurement of sin(2¢) yields four ambiguous
solutions for ¢.

When more than one amplitude with different weak phases
contribute to a decay to a C' P eigenstate there can also be direct
CP violation effects [A; = (¢/p) p(f)| # 1 and the asymmetry
takes the more complicated form

(IAf]? = 1) cos(AM¢t) + 2ImA s sin(AM?) |
(1+[Af[?)

as(t) = (15)
The quantity Ay involves the ratio of the two amplitudes that
contribute to Ay as well as their relative strong phases and
hence introduces the uncertainties of hadronic physics into the
relationship between the measured asymmetry and the K-M
phases. However in certain cases such channels can be useful in
resolving the ambiguities mentioned above. If cos(2¢) can be
measured as well as sin(¢) only a two-fold ambiguity remains.
This can be resolved only by knowledge of the sign of certain

strong phase shifts [8].
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When a B meson decays to a CP self-conjugate set of
quarks the final state is in general a mixture of C'P even
and C'P odd states, which contribute opposite sign and hence
partially canceling asymmetries. In two special cases, namely
the decay to two spin zero particles, or one spin zero and one
non-zero spin particle there is a unique C'P eigenvalue because
there is only one possible relative angular momentum between
the two final state particles. Quasi-two-body modes involving
two particles with non-zero spin can sometimes be resolved into
contributions of definite C'P by angular analysis of the decays
of the “final-state” particles [9].

There can also be a direct C'P violation in these channels
from the interference of two contributions to the same decay
amplitude, |p(f)| # 1. This introduces dependence on the rela-
tive strengths of the two amplitude contributions and on their
relative strong phases. Since these cannot be reliably calculated
at present, this complicates the attempt to relate the measured

asymmetry to the phases of CKM matrix elements.

Standard Model predictions for C P-violating asymme-
tries
o Unitarity Triangles

The requirement that the CKM matrix be unitary leads
to a number of relationships among its entries. The constraints
that the product of row ¢ with the complex conjugate of row j is
zero are generically referred to as “unitarity triangles” because
they each take the form of a sum of three complex numbers
equal to zero and hence can be represented by triangles in
the complex plane. There are six such relationships, (see for
example Ref. 10); the most commonly studied is that with all

angles of the same order of magnitude, given by the relationship

ViaVap + VedVey, + ViaVip = 0 . (16)
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This relation can be represented as a triangle on the complex
plane, as shown in Fig. 1, where the signs of all three angles are
also defined. When the sides are scaled by |V,.4V}|, the apex of
the triangle is the point p, n, where these parameters are defined
by the Wolfenstein parameterization of the CKM matrix [11].
If n =0, the CKM matrix is real and there is no C'P violation
in the Standard Model.

+Vip Via .
VoV L -V Via
ub Vud EKL)) D] Dj?

+szb Ved = Ve Ve
: Va V. f o\
- Vub Vud??\tb & Vub Vud Dd
~Veb Ved

Figure 1: Angles of the unitarity triangle are
related to the Kobayashi-Maskawa phases of the
CKM matrix. The right-hand rule gives the pos-
itive direction of the angle between two vectors.
This figure was reproduced from Ref. 1 with
permission from Cambridge University Press.

The angles of the triangle are

—V&iV,
¢1=w—arg(+“d)=ﬁ,

- Cchd
VipVid )
—arg | —— | =«
P2 g (_ A
VLY
¢3 = arg [ —M ) — o (17)
o cb‘/Cd

Two naming conventions for these angles are commonly used

in the literature [12,13]; we provide the translation dictionary
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in Eq. (17), but use the ¢; notation in the remainder of this
review, where ¢; is the angle opposite the side V;jV;q of the
unitarity triangle and ¢ represents the i-th up-type quark. As
defined here, for consistency with the measured value of €,
these angles are all positive in the Standard Model, thus a
determination of the sign of these angles constitutes a test of
the Standard Model [14].

There are two other independent angles of the Standard
Model which appear in other triangles. These are denoted

\ —arg <ﬂ) _ 5

{;th

VIV
¢ =g () — g (19
cd?’ CS

Again there are two naming conventions in common usage so we
give both. These angles are of order A> and A\* respectively [15],
where A = V5. The first of them is the phase of the B; mixing
and thus is in principle measurable, though it will not be easy
to achieve a result significantly different from zero for such a
small angle. The angle ¥’ will be even more difficult to measure.
Meaningful standard model tests can be defined which use the
measured value of A\ coupled with x and any two of the three
@i [16].

A major aim of C' P-violation studies of B decays is to make
enough independent measurements of the sides and angles that
this unitarity triangle is overdetermined, and thereby check the
validity of the Standard Model predictions that relate various
measurements to aspects of this triangle. Constraints can be
made on the basis of present data on the B-meson mixing and
lifetime, and on the ratio of charmless decays to decays with
charm (V,;/V.), and on € in K decays [17]. These constraints

have been discussed in many places in the literature; for a
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recent summary of the measurements involved, see Ref. [18].
Note, however, that any given “Standard Model allowed range”
cannot be interpreted as a statistically-based error range. The
ranges of allowed values depend on matrix element estimates.
Improved methods to calculate such quantities, and understand
the uncertainties in them, are needed to further sharpen tests
of the Standard Model. Recent progress in lattice simulation
using dynamical fermions seems encouraging [19]. It can be
hoped that reliable computations of fp, Bp, and Bg will be
completed in the next few years. This will reduce the theoretical
uncertainties in the relationships between measured mixing
effects and the magnitudes of CKM parameters.

In the Standard Model there are only two independent phases
in this triangle since, by definition, the three angles add up to
7. The literature often discusses tests of whether the angles add
up to m; but this really means tests of whether relationships
between different measurements, predicted in terms of the two
independent parameters in the Standard Model, hold true. For
example, many models that go beyond the Standard Model
predict an additional contribution to the mixing matrix. Any
change in phase of M5 will change the measured asymmetries so
that ¢1(measured) — @1 — dpew and ¢o(measured) — @2+ Gnew-
Thus the requirement that the sum of the three angles must
add up to 7 is not sensitive to ¢new [20]. However, the angles
as determined from the sides of the triangle would, in general,
no longer coincide with those measured from asymmetries. It
is equally important to check the asymmetries in channels for
which the Standard model predicts very small or vanishing
asymmetries. A new mixing contribution which changes the

phase of Mjs will generate significant asymmetries in such
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channels. In the Standard Model the CKM matrix must be
unitary, this leads to relationships among its entries.

e Standard Model decay amplitudes

In the Standard Model, there are two classes of quark-
level diagrams that contribute to hadronic B decays, as shown
in Fig. 2. Tree diagrams are those where the W produces
an additional quark-antiquark pair. Penguin diagrams are loop
diagrams where the W reconnects to the same quark line.
Penguin diagrams can further be classified by the nature of
the particle emitted from the loop: gluonic or QCD penguins
if it is a gluon, and electroweak penguins if it is a photon or
a Z boson. In addition, one can label penguin diagrams by
the flavor of the up-type quark in the loop; for any process
all three flavor types contribute. For some processes, there are
additional annihilation-type diagrams; these always contribute
to the same CKM structure as the corresponding trees. For a
detailed discussion of the status of calculations based on these
diagrams, or rather on the more complete operator product
approach which also includes higher order QCD corrections see,
for example, Ref. 21. Note that the distinction between tree
and penguin contributions is a heuristic one, the separation of
contributions by the operator that enters is more precise.

To explore possible C'P violations, it is useful to tabulate all
possible decays by the CKM structure of the various amplitudes.
Let us first consider decays b — ¢q’'s. The CKM factors for the
diagrams for such decays are given in Table 1. Here we have
used the fact that, for all such decays, the contribution to the
amplitude from penguin graphs has the structure

Ap(qqs) = Vi Vi Py + Vy VAP, + Vi VAP, | (19)

HTTP://PDG.LBL.GOV Page 82 Created: 12/18,/2000 15:33



Citation: D.E. Groom et al. (Particle Data Group), Eur. Phys. Jour. C15, 1 (2000) (URL: http://pdg.lbl.gov)

c

@
W S
b c
[§

(b)
gluon o
b u,c,t S

Figure 2: Quark level processes for the exam-
ple of b — c¢s. (a) Tree diagram; (b) Penguin
diagram. In the case of electroweak penguin
contributions, the gluon is replaced by a Z or a

.

where the P; quantities are the amplitudes described by the loop
diagram with a flavor ¢ quark apart from the explicitly shown
CKM factor (i.e., including strong phases). These are actually
divergent quantities, so it is convenient to use a Standard Model
unitarity relationship, Vi Vi + Vo Vi + Vi Vs = 0, to regroup
them in the following way

AP(an) = %b‘/z;(Pc - Pt) + VubVJs(Pu - Pt) ) (20)
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or, equivalently,
Ap(qqs) = VaVis(Pr — Pe) + ViV (Py — Fe) . (21)

The first term is of order A2, whereas the second is of
order A%, and can be ignored in most instances. For modes with
q # g, there are no penguin contributions. Note also that for
the ¢g = uw@, dd cases, the QCD penguin graphs contribute only
to the isospin zero combinations, whereas tree graphs contribute
only for vz and hence have both Al =0 and Al = 1 parts, as
do electroweak penguins.

The CKM coefficients for b — ¢g'd are listed in Table 2. A
similar exercise to that described above for the penguins yields

AP(CIW) - ‘/tb‘/tZ(Pt - Pc) + Vub Jd(Pu - Pc) . (22)

Here the two CKM contributions are of the same order of
magnitude A3, so both must be considered. This grouping is
generally preferred over the alternative, because the second
term here is somewhat smaller than the first term; it has
no top-quark contribution and would vanish if the up and
charm quarks were degenerate. In early literature it was often
dropped, but, particularly for modes where there is no tree
contribution, its effect in generating direct C'P violation may
be important [22]. Here the qg = wu, dd cases in the penguin
graph contribute only to the isospin zero combinations, yielding
AI = 1/2 for the three-quark combination, whereas tree graphs
and electroweak penguins have both AI = 1/2 and AI = 3/2
parts. For qqg = cc, isospin does not distinguish between tree

and penguin contributions.
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able 1: B — ggs decay modes

Quark Sample By Sample B
process Leading term Secondary term By modes angle Bs modes angle
b—ces VgV = AN Vi Vs = AAHp—in)  J/¢ Kg B J/in 0
tree + penguin(c — t) penguin only(u — t) DsDg
b — s5s VeVes = AN? Vb Vs = A)‘4(:0 — in) ¢ Kg B on’ 0
penguin only(c — t) penguin only(u — t)
b—utis  VyViE = AN2 Vi Vi, = AN (p — i) 70 Kg competing ¢ competing
b— dds penguin only(c —t) tree + penguin(u — t) pKg terms KgKg terms
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Table 2: B — ¢qd decay modes

Quark Sample By Sample

process Leading term Secondary term B, modes angle Bg modes

b—ced  VypVi=—AN Vip Vi = AX3(1 — p+in) DtD~ *B J/Y Kg
tree + penguin(c — u) penguin only(t — u)

b—ssd  VyVi=AX(1—-p+in) VeV = AX3 o competing $»Kg
penguin only(t — u) penguin only(c — u) KgKg terms

b — u?d VibVoy = AN (p —in) Vi Vi = AN(1 — p+in) T TP *a 10Kg

b— ddd tree+ penguin(u — c) penguin only(t — ¢) Tay P’ Kg

b—cud VypVr = AN2 0 DY70, po,o B DVKg¢

—>|—> C'P eigenstate

|—> C P eigenstate

*Leading terms only, large secondary terms shift asymmetry.
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Modes with direct C P violation

The largest direct C'P violation is expected when there are
two comparable magnitude contributions with different weak
phases. Modes where the tree graphs are Cabibbo suppressed,
compared to the penguins or modes with two comparable
penguin contributions, are thus the best candidates. As can be
seen from the tables and expressions for penguin contributions
above, there are many possible modes to study. Because strong
phases cannot usually be predicted, there is no clean prediction
as to which modes will show the largest direct C P-violation
effects. One interesting suggestion is to study three-body modes
with more than one resonance in the same kinematic region.
Then the different amplitudes can have very different, possibly
known, strong phase structure because of the resonance (Breit-
Wigner) phases [23].

Over the past two years, new information has become avail-
able from the CLEO Collaboration which suggests that penguin
contributions, at least for some modes, are larger than initial
estimates suggested. This is seen by using SU(3) and com-

paring B — Km and B — mm decays. To get an order of
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magnitude picture, we ignore such details as Clebsch-Gordan
coefficients and assume that top penguins dominate the penguin
contributions. Thus, we identify the tree and penguin contribu-
tions, minus their CKM coefficients, as 1" and P, the same for
both modes. Writing A p(K) for the tree and penguin con-
tributions to the K7 amplitude, and similarly for 77 from the
Tables, we see that |AT (K1) /AT (n7)| = O()). Thus, if the tree
graph matrix elements were to dominate both decays, we would
expect Br(B — K)/Br(B — 7mr) ~ O(\?). Naively, this was
expected, since the ratio of tree to penguin contribution was

. P m? .
estimated to be — = —log ~ 0(0.02). Experimentally,

T 127
this is not so [24]; in fact, the K7 branching ratio is larger.

This indicates that AP(Kn) ~ AT (7m), which suggests that

P
— = O(A) or larger, considerably bigger than expected. Note

that this is one way that new physics could be hidden in modes
with |p(f)| # 1; any new physics contribution can always be
written as a sum of two terms with the weak phases of the
two Standard Model terms (for example in Eq. (22)), and thus,
when added to the Standard Model contributions, appears only
as a change in the sizes of P and T from that expected in the
Standard Model. However, we cannot calculate these relative
sizes well enough to identify such an effect with confidence.
From the point of view of looking for direct C' P-violation
effects, a large P/T is good news. The largest asymmetry
is expected when the interfering amplitudes have comparable
magnitudes. This may be so in B — K decay (or the penguin
contribution may even be larger than the tree). There is no rea-
son for the strong phases to be equal (although they could both
be small). Therefore, B¥ — K*7 is a likely hunting ground
for direct C'P violation. (Note there is no gluonic penguin con-
tribution to charged B — 7w, and hence, no significant C'P
violation expected in the Standard Model.) However, as we will
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see below, a large P/T complicates the relationship between

the measured asymmetry in neutral B decays to 777~ and

KM phases.

Studies of CP eigenstates
o f = J/YKs

The asymmetry in the Golden Mode B — J/¢Kg [25] will
be measured soon. Since, using Eq. (20), the dominant penguin
contribution has the same weak phase as the tree graph, and the
remaining term is tiny, there is effectively only one weak phase in
the decay amplitude. Hence, in the asymmetry, all dependence
on the amplitudes cancel. With about 1% uncertainty,

_Wé‘/}d ) Va Vs ) VesVea — _p2i61
- 9
VinVig VaVes ViVea

]%pu/wm ~ (23)

where the last factor arises from the KO K. mixing ampli-
tude and appears because of the Kg in the final state. The
asymmetry is thus given by

a’J/lDKS = Sin(2¢1) sin AMt X (24)

where the angle ¢ is defined in Fig. 1. Given current constraints
a large positive value for sin(2¢;) will be strongly suggestive
that the KM ansatz for C'P violation is at least one of the
sources of this interesting phenomenon.
e B — gxtq-

The tree and penguin terms appear at the same order in
A (see Eq. (22) and Table 2.) If penguin decays were negligible
the asymmetry would directly measure sin(2¢3). Given the
enhanced penguin contribution seen from comparing 77 and
K7 decays, the penguins cannot be ignored, and a treatment
that does not assume |p(f)| = 1 must be made.

If all six modes of BT — nt7Y, BY — 77—, BY — 7070
and their charge conjugates can be measured with sufficient
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accuracy, ¢2 can be extracted using an isospin analysis [26], up
to small corrections from electroweak penguins. However, the
branching ratio for the charged modes is less than 107> [24], and
that for the more difficult to measure B — 7970 is expected to
be even smaller. Therefore, further ingenuity is needed to get
at this angle cleanly. A future possibility is to study the Dalitz

plot of B — 37 decays [27].

Further Measurements

As Tables 1 and 2 suggest there are many more CP-
eigenstate modes that are interesting to study, both for B; and
similarly for Bg decays. The latter states are not accessible for
the B factories operating at the 7°(4S) resonance, but may be
studied at hadronic colliders. The CDF result on the asymmetry
in the J/¢Kg mode is an indication of the capabilities of
such facilities for B physics [29]. Upgrades of the Fermilab
detectors are in progress and proposals for new detectors with
the capability to achieve fast triggers for a larger variety of
purely hadronic modes are under development, promising some
future improvement in this capability.

In addition to C'P-eigenstate modes there are many addi-
tional modes for which particular studies have been proposed,
in particular those focussed on extracting ¢s (). Modes such as
DK, DK* and D*K where the D mesons decay to C'P eigen-
states provide theoretically clean extraction of this parameter
but have small branching ratios [30]. Other approaches involve
the more copious K7 modes but rely on the use of isospin
and SU(3) (U-spin) symmetries, so have larger theoretical un-
certainties [31]. This is an active area of current theoretical
work.

For a recent review of how predictions for CP-violating
effects are affected by Beyond Standard Model effects see
Ref. 28. There are also many ways to search for new physics
effects in B decays that do not involve just the CP-violation
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effects. For example searches for isospin breaking effects in K

modes have recently been suggested as a likely method to isolate
such effects [32].
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CP VIOLATION PARAMETERS

Re(eBo )/(1+|€Bo |2)

CP Impurity in Bg system. It is obtained from either ay,, the charge asymmetry in

like-sign dilepton events or a ., the time-dependent asymmetry of inclusive BO and

cp
BY decays.

VALUE DOCUMENT ID TECN COMMENT
0.002+-0.007 OUR AVERAGE
0.0014-0.01440.003 342 ABBIENDI 99) OPAL etTe™ — Z
0.002+0.0074+0.003 343 ACKERSTAFF 97U OPAL eTe™ — Z

o o o We do not use the following data for averages, fits, limits, etc. @ o o

<0.045 344 BARTELT 93 CLE2 ete™ — 7(45)
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342Data analyzed using the time-dependent asymmetry of inclusive BO decay. The pro-

duction flavor of BO mesons is determined using both the jet charge and the charge of
secondary vertex in the opposite hemisphere.

343 ACKERSTAFF 97U assumes CPT and is based on measuring the charge asymmetry in a

sample of Bo decays defined by lepton and Qpem, tags. If CPT is not invoked, Re(eg) =
—0.006 + 0.010 + 0.006 is found. The indirect CPT violation parameter is determined
to Im(6 B) = —0.020 + 0.016 + 0.006.

344 BARTELT 93 finds ajy = 0.031 + 0.096 + 0.032 which corresponds to |agy| < 0.18,
which yields the above ’Re(GBO )/(1+’680 ’2’

sin(23)
For a discussion of CP violation, see the note on “CP Violation in B Decay Standard
Model Predictions” in the BO Particle Listings above. sin(283) is a measure of the

CP-violating amplitude in the B0, — J/¢(1S) K%.

d
VALUE DOCUMENT ID TECN COMMENT
0.9 +0.4 OUR AVERAGE
0.79 134 345 AFFOLDER ~ 00C CDF  pp at 1.8 TeV |
32 T18 o5 346 ACKERSTAFF 987 OPAL ete™ — Z I
o o o We do not use the following data for averages, fits, limits, etc. @ o o
1.8 £1.1 +0.3 347 ABE 98U CDF  Repl. by AF-

FOLDER 00C

345 AFFOLDER 00C uses about 400 B0 — J/zZJ(IS)Kg events. The production flavor of

BO was determined using three tagging algorithms: a same-side tag, a jet-charge tag,
and a soft-lepton tag.

346 ACKERSTAFF 987 uses 24 candidates for Bg — J/zZJ(IS)Kg decay. A combination I
of jet-charge and vertex-charge techniques were used to tag the Bg production flavor. I

347 ABE 98U uses 198 =+ 17 Bg —  J/Y(1S) KO events. The production flavor of BO was I
determined using the same side tagging technique.

B° — D*— ¢+, FORM FACTORS

Ry (form factor ratio ~ V/A7)

VALUE DOCUMENT ID TECN COMMENT

1.18+0.304+0.12 DUBOSCQ 96 CLE2 eTe™ — T(4S)
Ry (form factor ratio ~ Ay /A7)

VALUE DOCUMENT ID TECN COMMENT

0.714+0.2240.07 DUBOSCQ 96 CLE2 ete™ — T(45)

2 (form factor slope
pAl ( pe)

VALUE DOCUMENT ID TECN COMMENT
0.91+0.15+0.06 DUBOSCQ 96 CLE2 ete™ — T(45)
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