Heavy FLavor AVeraging group (HFLAV) - April 2019
Compilation of B? Branching Fractions (x107%) - UL at 90% CL
Preliminary Updated results not included in PDG Live as of Dec. 31, 2017

RPP# Mode PDG2017 Avg. Belle CDF DO LHCb CMS ATLAS Our Avg.
85 mtr- 0.68 4 0.08 <12 0.60 +0.17 £ 0.04 0.691 + 0.083 4 0.044 * 0.671 £ 0.083
90 ' 3347 33170121 a 331471
91 6f0(980), fo(980) — mta— 1.124+0.21 112£0.18 £0.11 1.1240.21
92 $f2(1270), f2(1270) — ntm— 0.61701% 0.6170:1% £ 0.06 0.615919
93 #p°(770) 0.27 £0.08 0.27 £ 0.07 £0.02 0.27 £0.07
94 gntm 35405 3.48+£0.20+£0353 3.48 £0.46
95 60 187+ 15 191+£26+16 1 184+£05£188 18.6+1.6
96 K- 56406 <26 53+09+03 1 5.6+0.6+03" 55405
97 K+K- 254+ 1.6 3870+ 7 25.9+22+1.771 23.7+1.6+1.5 1 ] 24.8+1.7
08 KK’ 20+6 19.675% £1.0+2.01 10.6762
99 KOntn— 15+4 9.54+2.0
100 KOK—n+ 1 77410 843489
101 K=t 33412 33+12
102 K**KF 12.5+2.6 24£08+4.0+£20° 18.6 + 4.7
Kj(1430) 5 KF £07+251£33°5 31.3+25.4
K3(1430)* KF 3+£25+£11£163+£11°7 10.3+16.6
103 KR 9 16 + 4 19.8+£28+1.2+44+2.1° 19.84+5.7
KOK,(1430)° 1 33.0425+£09+9.1435°3 33.0 +10.1
K'K;(1430)° ¥ 16.8+4.5+1.7+21.241.8°7 16.8 +21.8
104 K°K+K <35 <25 <25
106 KR 111+27 108+£21+£14£068 10.8+2.6
107 e 1.14£03 1.13 £0.29 £ 0.06 1.13 40.30
108 v 002870072 <0.015 <0.015
111 7y <31 <31 <31
112 et 35.2:43.4 36547 35.1+£35+121 35.2:+3.4
113 whp 0.00240-000 0.01370:007 0.0030 % 0.00060-0003 0.0028*+0:008 0.002870-0007 |2 0.0031 = 0.0006
114 etem <0.28 <028 <0.28
Thr < 5200 < 5200
115 phpmptp < 0.012 < 0.0025 ! < 0.0025 !
17 St 0.83 +0.12 0.797+0-0%% + 0.068 0.797+9-052
118 atr 0.084 £ 0.017 0.086 + 0.015 £ 0.010 2 0.086 £ 0.018
120 e*pF <0.011 <0.20 < 0.0054 < 0.0054
PAK™ +PAKT 5.46 £ 0.61 % 0.57 £ 0.50 £ 0.32 5.46 £ 1.02
PPKTE~ 424£03+£02+£03+£024 42405
pPK* 1.30 £0.21 4 0.11 £ 0.09 £ 0.08 1.30 +0.27
pprta <0.66 < 0.66
7' <0.82 < 0.82
Kt~ 0.029 £ 0.010 £ 0.002 % 0.003 § 0.029 £ 0.011

Channels with no RPP# were not included in PDG Live as of Dec. 31, 2017.
Results for CDF, D0, LHCb, CMS and ATLAS are relative BFs converted to absolute BFs.
T The first error is experimental, and the second is from the reference BF.

 Last error represents the uncertainty due to the total number of BSBS pairs.

§ Last error takes into account error the reference BF and fg/ fs.

9 Includes two distinct decay processes: B(B? — f) + B(B? — f).

¢ Uncertainties are statistical, systematic related to experimental and model uncertainties, and due to the reference BF.
L UL at 95% CL.

2 Muon pairs do not originate from resonances and 0.5 < m(r+t7~) < 1.3 GeV/c2.

3 In the mass range 400 < m(7T7~) < 1600 GeV/c2.

4 The third error is due to the reference BF and the fourth to fy/fs.

5 Results are more than 3o significant when only statistical uncertainties are included.



Heavy FLavor AVeraging group (HFLAV) - April 2019

Compilation of BY Relative Branching Fractions
Preliminary Updated results not included in PDG Live as of Dec. 31, 2017

RPP# Mode PDG2017 Avg. CDF LHCb Our Avg.
85/257 fB(B? — wtn)/f,B(B? — K*+r~) 0.008 & 0.002 £ 0.001  [2] 0.00915 4 0.00071 + 0.00083 [3]  0.00880 + 0.00090
85/387 LB(B? = wtn™)/faB(B? — 7tn™) 0.05073:988 + 0.004 9 0.0500:018
95/46 B(B? — ¢6)/B(B? — J/¢¢) 0.0178 £ 0.0014 % 0.0020 [6] 0.0180 = 0.0020
95/343 B(B? = ¢¢)/B(B" — ¢K*) 1.8440.054+0.13 30] 1.8440.14
96/257 fB(BY — K+n~)/fB(BY — K*n) 0.071 4 0.010 £ 0.007  [g] 0.074 4 0.006 = 0.006 9 0.073 4 0.007
97/257  f,B(B? - K*K~)/f:B(BY = K*77) 0.347 4 0.020 £ 0.021 |10 0.316 4 0.009 =+ 0.019 ) 0.327 4+ 0.017
99/291 B(B? — K°7+77)/B(B° — K°ntn~) 0.191 £ 0.027 £ 0.031 + 0.011 [12] 0.191 4 0.043
100/322 B(B® — K°K~7+)/B(B’ — K'K—7+) t 1.70£0.07+0.11 £ 0.10  [12] 1.70 £0.16
101/294 B(BY — K* nt)/B(B® — K*7~) 0.39 4 0.13 4 0.05 (13 0.39+0.14
104/329 B(B° — K°K+K~)/B(B° — K°K+K~) <0.051 [12] <0.051
106/294 B(B® —» K*K™)/B(B® — K*+n~) 1.114£0.22+0.13 [15] 1.1140.26
107/343 B(BY = ¢K°)/B(B° = ¢K*) 0.113 £0.024 +0.016 16| 0.113 £ 0.029
112/371 B(B? — ¢7)/B(B° — K*0) 0.8140.04 + 0.07 {19 0.81 +0.08
117/46  B(B® — ¢u*p™)/B(B? — J/1¢) x 10°  0.76 4 0.09 © 1.1355.89 136 0.74175:542 +0.029 129 0.876 4 0.041
B(B? — ppK*+77)/B(B° — ppK*r~) 0.2240.04 £0.0240.01 |33 0.22 + 0.05
B(B? — ppK+n~)/B(B? — ppK*+K~) 0.31 + 0.05 £ 0.02 133] 0.31 % 0.05
BB = K*utp)/B(BY — J/WK™) 9 0.014 = 0.004 = 0.001 = 0.001 (35| 0.014 % 0.004
BB = Kyt um)/ (BB’ = K ut ) 0.033 2 0.011 % 0.003 = 0.002 35| 0.033 £ 0.012

Channels with no RPP# were not included in PDG Live as of Dec. 31, 2017.

T Numerator includes two distinct decay processes: B(B? — f) + B(B? — f).

9 The denominator is multiplied by B(J/v¢ — uT ™).

¥ Last error is from the S-wave fraction in BY — ?*O,LL+/.L_ and BY — J/q,/)F*O.

§ Last error is from the S-wave fraction in BY — f*o;ﬁru* and B° — f*olfru*, and fq/fs.
¢ PDG also uses the denominator as input when computng the average.

References

1]

2]

[6]

[7]
8]

[9]
[10]

[11]

C. C. Peng et al., (Belle collaboration), Phys. Rev. D82, 072007, (2010), arXiv:1006.5115
[hep-ex].

T. Aaltonen et al., (CDF collaboration), Phys. Rev. Lett. 108, 211803, (2012),
arXiv:1111.0485 [hep-ex].

R. Aaij et al., (LHCD collaboration), Phys. Rev. Lett. 118, 081801, (2017), arXiv:1610.08288
[hep-ex].

R. Aaij et al., (LHCD collaboration), Phys. Rev. Lett. 115, 051801, (2015), arXiv:1503.07483
[hep-ex].

R. Aaij et al., (LHCDb collaboration), Phys. Rev. D95, 012006, (2017), arXiv:1610.05187
[hep-ex].

T. Aaltonen et al., (CDF collaboration), Phys. Rev. Lett. 107, 261802, (2011),
arXiv:1107.4999 [hep-ex].

R. Aaij et al., (LHCb collaboration), JHEP 10, 053, (2015), arXiv:1508.00788 [hep-ex].

T. Aaltonen et al., (CDF collaboration), Phys. Rev. Lett. 103, 031801, (2009),
arXiv:0812.4271 [hep-ex].

R. Aaij et al., (LHCD collaboration), JHEP 10, 037, (2012), arXiv:1206.2794 [hep-ex].

T. Aaltonen et al., (CDF collaboration), Phys. Rev. Lett. 106, 181802, (2011),
arXiv:1103.5762 [hep-ex].

B. Pal et al., (Belle collaboration), Phys. Rev. Lett. 116, 161801, (2016), arXiv:1512.02145
[hep-ex].


http://dx.doi.org/10.1103/PhysRevD.82.072007
http://arxiv.org/abs/1006.5115
http://arxiv.org/abs/1006.5115
http://dx.doi.org/10.1103/PhysRevLett.108.211803
http://arxiv.org/abs/1111.0485
http://dx.doi.org/10.1103/PhysRevLett.118.081801
http://arxiv.org/abs/1610.08288
http://arxiv.org/abs/1610.08288
http://dx.doi.org/10.1103/PhysRevLett.115.051801
http://arxiv.org/abs/1503.07483
http://arxiv.org/abs/1503.07483
http://dx.doi.org/10.1103/PhysRevD.95.012006
http://arxiv.org/abs/1610.05187
http://arxiv.org/abs/1610.05187
http://dx.doi.org/10.1103/PhysRevLett.107.261802
http://arxiv.org/abs/1107.4999
http://dx.doi.org/10.1007/JHEP10(2015)053
http://arxiv.org/abs/1508.00788
http://dx.doi.org/10.1103/PhysRevLett.103.031801
http://arxiv.org/abs/0812.4271
http://dx.doi.org/10.1007/JHEP10(2012)037
http://arxiv.org/abs/1206.2794
http://dx.doi.org/10.1103/PhysRevLett.106.181802
http://arxiv.org/abs/1103.5762
http://dx.doi.org/10.1103/PhysRevLett.116.161801
http://arxiv.org/abs/1512.02145
http://arxiv.org/abs/1512.02145

[12] R. Aaij et al., (LHCb collaboration), JHEP 11, 027, (2017), arXiv:1707.01665 [hep-ex].

[13] R. Aaij et al., (LHCDb collaboration), New J. Phys. 16, 123001, (2014), arXiv:1407.7704
[hep-ex].

[14] R. Aaij et al., (LHCb collaboration), JHEP 06, 114, (2019), arXiv:1902.07955 [hep-ex].
[15] R. Aaij et al., (LHCb collaboration), JHEP 07, 166, (2015), arXiv:1503.05362 [hep-ex].
[16] R. Aaij et al., (LHCb collaboration), JHEP 11, 092, (2013), arXiv:1306.2239 [hep-ex].

[17] R. Aaij et al., (LHCb collaboration), Phys. Rev. Lett. 119, no. 23, 232001, (2017),
arXiv:1709.01156 [hep-ex].

[18] D. Dutta et al., (Belle collaboration), Phys. Rev. D91, 011101, (2015), arXiv:1411.7771
[hep-ex].

[19] R. Aaij et al., (LHCb collaboration), Nucl. Phys. B867, 1, (2013), arXiv:1209.0313
[hep-ex].

[20] T. Aaltonen et al., (CDF collaboration), Phys. Rev. D87, 072003, (2013), arXiv:1301.7048
[hep-ex].

[21] V. M. Abazov et al., (DO collaboration), Phys. Rev. D87, 072006, (2013), arXiv:1301.4507
[hep-ex].

[22] R. Aaij et al., (LHCb collaboration), Phys. Rev. Lett. 118, no. 19, 191801, (2017),
arXiv:1703.05747 [hep-ex].

[23] V. Khachatryan et al., (CMS and LHCb collaborations), Nature 522, 68, (2015),
arXiv:1411.4413 [hep-ex].

[24] M. Aaboud et al., (ATLAS collaboration), JHEP 04, 098, (2019), arXiv:1812.03017
[hep-ex].

[25] T. Aaltonen et al., (CDF collaboration), Phys. Rev. Lett. 102, 201801, (2009),
arXiv:0901.3803 [hep-ex].

[26] R. Aaij et al., (LHCb collaboration), Phys. Rev. Lett. 118, no. 25, 251802, (2017),
arXiv:1703.02508 [hep-ex].

[27] R. Aaij et al., (LHCb collaboration), JHEP 03, 001, (2017), arXiv:1611.07704 [hep-ex].

[28] V. M. Abazov et al, (DO collaboration), Phys. Rev. D74, 031107, (2006),
arXiv:hep-ex/0604015 [hep-ex].

[29] R. Aaij et al., (LHCb collaboration), JHEP 09, 179, (2015), arXiv:1506.08777 [hep-ex].

[30] R. Aaij et al., (LHCb collaboration), Phys. Lett. B743, 46, (2015), arXiv:1412.6433
[hep-ex].

[31] R. Aaij et al., (LHCb collaboration), JHEP 03, 078, (2018), arXiv:1710.04111 [hep-ex].

[32] R. Aaij et al., (LHCDb collaboration), Phys. Rev. Lett. 119, no. 4, 041802, (2017),
arXiv:1704.07908 [hep-ex].


http://dx.doi.org/10.1007/JHEP11(2017)027
http://arxiv.org/abs/1707.01665
http://dx.doi.org/10.1088/1367-2630/16/12/123001
http://arxiv.org/abs/1407.7704
http://arxiv.org/abs/1407.7704
http://dx.doi.org/10.1007/JHEP06(2019)114
http://arxiv.org/abs/1902.07955
http://dx.doi.org/10.1007/JHEP07(2015)166
http://arxiv.org/abs/1503.05362
http://dx.doi.org/10.1007/JHEP11(2013)092
http://arxiv.org/abs/1306.2239
http://dx.doi.org/10.1103/PhysRevLett.119.232001
http://arxiv.org/abs/1709.01156
http://dx.doi.org/10.1103/PhysRevD.91.011101
http://arxiv.org/abs/1411.7771
http://arxiv.org/abs/1411.7771
http://dx.doi.org/10.1016/j.nuclphysb.2012.09.013
http://arxiv.org/abs/1209.0313
http://arxiv.org/abs/1209.0313
http://dx.doi.org/10.1103/PhysRevD.87.072003
http://arxiv.org/abs/1301.7048
http://arxiv.org/abs/1301.7048
http://dx.doi.org/10.1103/PhysRevD.87.072006
http://arxiv.org/abs/1301.4507
http://arxiv.org/abs/1301.4507
http://dx.doi.org/10.1103/PhysRevLett.118.191801
http://arxiv.org/abs/1703.05747
http://dx.doi.org/10.1038/nature14474
http://arxiv.org/abs/1411.4413
http://dx.doi.org/10.1007/JHEP04(2019)098
http://arxiv.org/abs/1812.03017
http://arxiv.org/abs/1812.03017
http://dx.doi.org/10.1103/PhysRevLett.102.201801
http://arxiv.org/abs/0901.3803
http://dx.doi.org/10.1103/PhysRevLett.118.251802
http://arxiv.org/abs/1703.02508
http://dx.doi.org/10.1007/JHEP03(2017)001
http://arxiv.org/abs/1611.07704
http://dx.doi.org/10.1103/PhysRevD.74.031107
http://arxiv.org/abs/hep-ex/0604015
http://dx.doi.org/10.1007/JHEP09(2015)179
http://arxiv.org/abs/1506.08777
http://dx.doi.org/10.1016/j.physletb.2015.02.010
http://arxiv.org/abs/1412.6433
http://arxiv.org/abs/1412.6433
http://dx.doi.org/10.1007/JHEP03(2018)078
http://arxiv.org/abs/1710.04111
http://dx.doi.org/10.1103/PhysRevLett.119.041802
http://arxiv.org/abs/1704.07908

[33] R. Aaij et al, (LHCb collaboration), Phys. Rev. D96, mno. 5, 051103, (2017),
arXiv:1704.08497 [hep-ex].

[34] R. Aaij et al., (LHCb collaboration), JHEP 05, 158, (2017), arXiv:1612.08110 [hep-ex].
[35] R. Aaij et al., (LHCb collaboration), JHEP 07, 020, (2018), arXiv:1804.07167 [hep-ex].

[36] T. Aaltonen et al., (CDF collaboration), Phys. Rev. Lett. 107, 201802, (2011),
arXiv:1107.3753 [hep-ex].


http://dx.doi.org/10.1103/PhysRevD.96.051103
http://arxiv.org/abs/1704.08497
http://dx.doi.org/10.1007/JHEP05(2017)158
http://arxiv.org/abs/1612.08110
http://dx.doi.org/10.1007/JHEP07(2018)020
http://arxiv.org/abs/1804.07167
http://dx.doi.org/10.1103/PhysRevLett.107.201802
http://arxiv.org/abs/1107.3753

