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p Bc Production in Higgs Decays
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P-wave, Color-octet, 'Intrinsic charm and bottom mechanisms':
C. H. Chang, C. F. Qiao, J. X. Wang and X. G. Wu, 2004~2005.

Generator:
BCVEGPY 1.0~2.2,
C. H. Chang,  C. Driouichi, P. Eerola, J. X. Wang and X. G. Wu, X. Y. Wang, 2004~2015.

Auto calculation program:
HELAC-Onia 1.0-2.0,
H. S. Shao, 2013~2016.

n Direct Bc Production
1. Hadronic Production (Theoretical Study)
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S-wave        (Complete calculation ): 
C. H. Chang etc., 1993/95; S. R. Slabospitsky, 95;
A. V. Berezhnoy, 95/96; M. Masetti and F. Sartogo, 95;  
K. Kolodziej, A. Leike and R. Ruckl, 95; 
K. M. Cheung, 2000; etc.

Heavy quark fragmentation calculation:
E. Braaten, K. M. Cheung and T. C. Yuan, 93~96;
C. H. Chang, Y. Q. Chen, G. P. Han and H. T. Jiang, 95;
V.A. Saleev, D.V. Vasin, 2005; etc.



n Direct Bc Production

Excited state Bc(2S) was found by ATLAS at LHC in 2014 through ).(2)()(    mBmBm cc

./   JBc

2. Hadronic Production (Experimental Study)

Firstly observed by CDF at Tevatron in 1998 through ./ vlJBc   

CDF run2 data (2016): LHCb 8TeV (2015):
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n Direct Bc Production
3. Other Production Mechanisms

Electron positron collision:
Z. Yang, X. G. Wu, etc., 2012.

Photon photon interaction:
K. Kolodziej, A. Leike and R. Ruckl, 95; 
A. V. Berezhnoy, V. V. Kiselev, A. K. Likhoded,96.

Electron proton collision：
A. V. Berezhnoy, V. V. Kiselev and A. K. Likhoded, 98;
A. V. Berezhnoy, A. K. Likhoded, 04.

Pb Pb interaction：
Y. Liu, C. Greiner and A. Kostyuk, 13;
E. Norbeck, J. Nachtman and Y. Onel, 13. 

In a super-Z factory, Z0 resonance effect would 
enhance the production rate heavily.
Generator: BEEC (2013).
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n Indirect Bc Production

LO calculation:
C. F. Qiao, etc., 2011; Q. L. Liao, etc., 12.

LO calculation: 
C. F. Qiao, C. S. Li and K. T. Chao, 96; C. H. Chang, J. X. Wang and X. G. Wu, 08/09.

NLO calculation: P. Sun, L. P. Sun and C. F. Qiao, 10.
Top
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n Decay Widths & Uncertainties
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n Decay Widths & Uncertainties

Conclusions:
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 Uncertainties caused by varying mc are 

much larger than those caused by varying mb.
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n Decay Widths & Uncertainties
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Z. J. Xiao, X. Liu, 2014.

Low efficiency: (0.81~1.52) in 104.

n Branching Fractions & Events

.101.3)(

,109.2)(

.108.4)(

,106.3)(

50

50

5*0

5*0

















bcBZBr
bcBZBr
bcBZBr
bcBZBr

cNLO

cLO

cNLO

cLO

Pseudoscalar Bc

Vector Bc
*

.109.7)(

,105.6)(
50

50









XBZBr

XBZBr

cNLO

cLO

Is it possible to detect the Bc signals in Z0 decays experimentally? 10

Bc detection efficiency:



XllJBZ c   ))(/(0 

n Branching Fractions & Events

Bc indirect production at Z factory:

Z factory: ECM ~ Z0 mass pole
                  L ~ 1035~36 cm-2s-1

                  Z0 events ~ 1010-11/year 
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n Decay Widths & Uncertainties

New 
Physics!
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n Decay Widths & Uncertainties

.10)(50.8)(

,)(57.3)(
46.1

1.2
0

67.0
88.0

0











bcBHBr

keVbcBH

ctotal

ctotal

Total decay widths and branching fractions:
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QCD QEDDecay widths:



n Differential Distributions
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n In Comparison with Fragmentation Calculation
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n In Comparison with Higgs Decays to Quarkonia
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NRQCD calculation: Fragmentation calculation:
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G. T. Bodwin, etc., 2014. 
M. Konig and M. Neubert, 2015.



uBc indirect production through Z0 and Higgs decays

Ø  NLO correction to Bc
* production in Z0 decays

Ø  Bc production in Higgs decays

NLO corrections enhance the LO contributions by 30%.

Scale dependence is reduced. Uncertainties caused by quark masses are discussed.

Experimental study in future Z factories is doable.

The processes are dominated by Higgs and b quark couplings.

Branching fractions are 5 times bigger than those of Higgs decays to quarkonia.
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