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

Mass m = 6.277 £ 0.006 GeV
Mean life 7 = (0.453 + 0.041) x 10712 s

(S = 1.6)

Bc_ modes are charge conjugates of the modes below.

BOTTOM, CHARMED MESONS
(B= C=+1)
Bl =cb, B, =¢Tb, similarly for B's
Bf 1JP) = 0(07)

p
Bg' DECAY MODES x B(b — B() Fraction (I';/T) Confidence level (MeV/c)

The following quantities are not pure branching ratios; rather the fraction

I’,-/I' X B(f_) — BC)'

J/4(1S) £+ vganything (5.2+2%) x 105 -
J/p(1S) 7+ < 8.2 x 10~5 90% 2372
J/Yp(AS)n T T T < 5.7 x 1074 90% 2352
J/%(15)a,(1260) <12 x 1073 90% 2171
D*(2010)* DO < 6.2 x 1073 90% 2468
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Pre-LHC: Status of B_* meson !

- Discovered by CDF in 19982 using
B>/ Itv X (I=e,u)

- Mass and lifetime measured at
Tevatron34
- 6 MeV mass uncertainty
- 10% uncertainty on lifetime

- Only 1 (o x BF) measured

1pR D86, 010001 (2012)
2pRL 81 2432 (1998)
3pRL 100 182002

4PRL 101 012001
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Motivation

- B_."is the heaviest flavored meson

- Production, lifetime, mass affected by 2 heavy quarks:
- 0o(B.*)/o(B.) ~ 2% (@ LHCb)
- Lifetime ~ 1/3 of B, lifetime
- Mass: ~ 6275 MeV

- Interesting system to test QCD models

- Very little known, all knowledge in PDG from Tevatron

- LHCb vs Tevatron, already now:
o(bb) x JL = 100 x 1/10 —> 10x more bb
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Bc+ - BSO Tt (PRL 111 (2013) 181801)

- Theoretical motivation:

- First decay with b as spectator:
- M(B_*) = M(B,%) ~ 910 MeV
- M(D.%) — M(D*) ~ 98.9 MeV; M(B.) — M(B*) ~ 87 MeV

- B, > B largest branching ratio of B_.* (Vvs V).
(Same diagram as abundant D°—>K*m)
- Experimental interest:
- Possible source of B2 mesons
- Possible tagging of B.° decays

- Use 2 B,° decay modes:
- B> [D,Sf > K*Km*] v
- B> /b > wul ¢ > KK]
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First select the B°...
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0 + - 0
B,° > D/jm B>/
- Partially reconstructed bkg - 2 muons in final state
- Misidentified bkg - narrow ¢ mass peak
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B, > B m*

... Then add a pion.

o : R & 4o ' T -]
L 5F | LHCb B, LHCb :
% - (a‘) = Data . % - ( ) e Data ]
> wf Bi~B(—~D x5 OF B~ BY(— Iy
Z F ------ Comb. bkg. 1 - -~ Comb. bkg. .
2 a: B;— Bjp* 18 20 - B~ Blp* -
3 20Fk B— B*n* 13 \ B— B*n* )
bS] ' + . '8 10 e _
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+
__________________ >
o >t

Largest background:
real B,* + prompt pions
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B, > B m*

Result:
o(B)
o(By)
—> 1/400 B_° originate from B_*> B.° m* decays (@ LHCb)
- Largest systematic due to B_* lifetime

x B(Bf — Byn™) = (2.37 4 0.31 (stat) = 0.11 (syst) £g:15 (75+)) x 107°

- Combined with other measurements!-3
- BR(B.;* > B0 *)/BR(B,* > J/U 1*) = 88 + 21

- Assuming BR(B_.* - J/Y nt*) = 0.15% *
-BR(B.* > B.°m*) ~10% (typical hadronic B BR < 1%)
- o(B.*)/a(B.L) ~ 2%

1 HCb: PRL 109 (2012) 232001
2L HCb: JHEP 04 (2013) 1
3pDG: PR D86 (2012) 010001
4pR D73 (2006) 054024
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Bc+ > 1/ ) Ds+ (PR D87 (2013) 112012)

- B, > J/U D.*: weak annihilation topology not CKM suppressed

¢ _ b _
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- Narrow peak: Q-value ~ 1300 MeV
- D,*" contribution:

LHCb

W
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I;IIVIB
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- Pseudoscalar = vector vector, missing p

Candidates/(10 MeV/c?) -

Candidates/(25 MeV/c?)

- helicity components 30l

- D) [Gev/e]
20
Results:

10
- First observation of B_.* -> J/{ D*") Lol :
- M(B,") = 6276.28 + 1.48 MeV S6 58 6 62 64 66

m(JA DY) [Gev/c?]
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B, > )/ v, X (B lifetime)

- Large spread of predictions in various QCD models: 0.300 — 0.700 ps *
- Large systematic uncertainty in B_* branching fraction measurements

- Complicated analysis ( misID, missing momentum, feed-down, 2D fit, ...)

o 10°E T
. . . . = B, —>..I/1p,ut v, X
- Avoid lifetime bias = prompt backgr. ¢ LHCb Combinatoral bk
Q -.—-- Prompt peak
% 10° a) Fa(l)(e 3/15:21(3.
a Wrong PV bkg.
<
e 102 —— Total
1 + + '2 oD
CDF! B->J/betv 0.448 +- 0.049 ps S 1w
D02 B ->J/utX  0.463 +-0.079 ps s
LHCb® B.* > J/ p*v, X 0.509 +- 0.014 ps e B e S A 7
tpx ps
—> best measurement of B_* lifetime
1PRL 97 (2006) 012002
2PRL 102 (2009) 092001
3arXiv:1401.6932, submitted to EPJC
4PAN 67 (2004) 1559; PR D53 (1996) 4991; PL B452 (1999) 129 ; NP B585 (2000) 353; PR D64 (2001) 014003 N
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B_* branching ratios by LHCb

(Normalized to BR(B_*—> J/W 1*) )

BR(B.* = J/ m*rrmtt ) 2.14 + 0.45 >56 19 Jun 2012  PRL108(2012) 251802
BR(B.* > U (2S)mt) 0.250 £ 0.070 5.20 26 Apr 2013 PR D87 (2013) 071103
BR(B.* - J/Y D.*) 2.90 £ 0.62 >90 28 Jun 2013 PRD87 (2013) 112012
BR(B.* = J/y D *) 6.9+2.2 >90 * v “
BR(B.* = J/ K*) 0.069 £ 0.020 5.00 13 Sep 2013 JHEP 09 (2013) 075
BR(BC+ > Bso Tt+) 88 + 21 775 ** 1 Nov 2013 PRL 111 (2013) 181801
BR(B." = J/U K*K'Tt*) 0.53+0.11 6.20 Subm. (Suzréii\t/tield?’i):l%SESFZ)
BR(B.* & J/+L|J 3Tt+02n+') 1.74 £ 0.50 4.50 Subm. (suzréii\t/t:eld?:fl)-leslz)

(submitted to PLB)

* originally normalized to BR(B_* - J/y D,*), to be 2.37 +- 0.57
** calculated using the same references as on slide 9
*** NOT normalized to BR(B.*=> J/{ m*) )
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Experiment and Theory

LHCb RQM & fac. NRQCD/HQET QCDrel. pot. NLO & nonf Other
BR(B.* - J/Y ) - 0.034-0.17 0.13 0.13 0.291 0.13-0.2
BR(B.* > J/U e ) / BR 2.14 + 0.45 - 2.85 1.5-4.5
BR(B.* - $(2S)m*) / BR 0.250 £ 0.070 0.18 0.15 0.26
BR(B.* - J/Y D.*) / BR 2.90£0.62 2.0-34 1.31 2.62 1.6-2.9
BR(B.* - J/{ D.**) / BR 6.9+2.2 5.7 15.2 4.5 3.4-6.4
BR(B.* > J/Y K*) / BR 0.069 £ 0.020 | 0.076-0.089 0.085 0.052 0.076
BR(B.* - B, *) / BR 88 +21 23-353 127-135 31
BR(B.* - J/U K*KTt*) / BR 0.53+0.11 0.47-0.49
BR(B.* - J/Y 3n*2mr) / BR 1.74 £ 0.50 0.95-1.1

(all modes relative to BR(B.* - J/ 1*) )

RQM & fact.: 1S. Naimuddin et al., Phys. Rev. D86 (2012) 094028

2M.A. lvanov et al., Phys. Rev. D73 (2006) 054024

3D. Ebert et al., Phys. Rev. D 68 (2003) 094020 and D.Ebert et al., Eur. Phys. J. C32 (2003) 29
NRQCD/HQET: 4V. Kiselev et al., Nucl. Phys. B585 (2000) 353 and |. Gouz et al., Phys. Atom. Nucl. 67 (2004) 1559
QCD re.pot.: 5P. Colangelo and F. De Fazio, Phys. Rev. D61 (2000) 034012
NLO & non-fact.:®C.-F. Qiao et al., Phys. Rev. D89 (2014) 034008

Other: ’A. Rakitin and S. Koshkarev, Phys. Rev. D81 (2010) 014005 , A.K. Likhoded and A.V. Luchinsky, Phys. Rev. D81 (2010) 014015
8A.V. Luchinsky, arXiv: 1307.0953, using form factors from 4 and 3(1)
SLHCb Collaboration, Phys. Rev. D87 (2013) 112012 =
10A.V. Luchinsky, Phys. Rev. D86 (2012) 074024, using form factors from 4 and 3(1) N I' ' E F
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Conclusion

First B.*>B.° transition measured

B_.* mass precision 6 MeV - 1.5 MeV

B.* lifetime relative uncertainty 10% - 2.8%

Many decay modes observed, can be directly compared to QCD models

9+1 papers on B_* by LHCb so far
More analyses in pipeline
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Bc mass measurements

CDF! Bc -> J/psi pi 6275.6 +- 3.8 MeV (2008)
D02 Bc -> J/psi pi 6300 +- 15 MeV (2008)
LHCb (0.37 fb-1)3 Bc -> J/psi pi 6273.7 +-2.1 MeV  (2012)
LHCb (3 fb-1)*  Bc ->J/psi Ds+ 6276.28 +- 1.48 MeV (2013)

IT. Aaltonen et al. (CDF collaboration), Phys. Rev. Lett. 100 (2008) 182002
2V.M. Abazov et al. (DO collaboration), Phys. Rev. Lett. 101 (2008) 012001
3R. Aaij et al. (LHCb collaboration), Phys. Rev. Lett. 109 (2012) 232001

4R. Aaij et al. (LHCb collaboration), Phys. Rev. D87 (2013) 112012
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Theory predictions

(All'in %) Naimud Ivanov Ebertl Ebert2 Kiselev Gouz Colang Qiao Rakitin,Likh  Luchinl LHCb est Luchin2
BR(B.* > J/ 1) 0.034 0.17 0.061 0.13 0.13 0.291 +- 0.2 (1%),
0.045? 0.13-0.17
BR(B.* > )/ *rrm) 2.85 * 0.3 (1),
0.291 0.52-0.77
BR(B.* > {(25)r*) 0.011 0.019  0.076 +-
0.0147
BR(B.* - J/Y D) 0.115 0.34 0.17 0.34 1.6-29*
J/psipi
BR(B.* - J/Y D**) 0.97 1.97 0.59 2.1-2.2*
J/psi Ds+
BR(B.* - J/Y K*) 0.003 0.013 0.005 0.011 0.0068 0.022 +-
0.004?
BR(B.* - B, m*) 12.01 3.9 2.52 17.5 16.4 4
BR(B.* = J/{ K*K'rr*) 0.49-0.47 *
Jpsipi
BR(B.* = J/ 3m* 2m) 0.95-1.1*
Jpsipi
1S. Naimuddin et al., Phys. Rev. D86 (2012) 094028
2M.A. lvanov et al., Phys. Rev. D73 (2006) 054024
3D. Ebert et al., Phys. Rev. D 68 (2003) 094020 and D.Ebert et al., Eur. Phys. J. C32 (2003) 29
4V. Kiselev et al., Nucl. Phys. B585 (2000) 353 and I. Gouz et al., Phys. Atom. Nucl. 67 (2004) 1559
5P. Colangelo and F. De Fazio, Phys. Rev. D61 (2000) 034012
6C.-F. Qiao et al., Phys. Rev. D89 (2014) 034008
7: A. Rakitin and S. Koshkarev, Phys. Rev. D81 (2010) 014005, A.K. Likhoded and A.V. Luchinsky, Phys. Rev. D81 (2010) 014015
8: A.V. Luchinsky, arXiv: 1307.0953 , using form factors from 4 and 3(1)
9: LHCb Collaboration, Phys. Rev. D87 (2013) 112012
10: A.V. Luchinsky, Phys. Rev. D86 (2012) 074024, using form factors from 4 and 3(1) e
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