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We pres ent the me son-dom i nance pre dic tions for the bottomness-pre serv ing branch ing frac tions of the 
Bc

+ me son nor mal ized to the B Bc s
+ +® +0 p  de cay mode. To give a cred i bil ity to our pre dic tions, we first

test our model in the case of the B D+ ® 0 tran si tions, where the branch ing ra tios are ex per i men tally

known. Com par i son with the pre vi ous re sults based on dif fer ent ap proaches is given.

In 2013, the LHCb col lab o ra tion at the CERN LHC collider an nounced [1] the ob ser va tion
of the B Bc s

+ +® +0 p  de cay mode with sig nif i cance in ex cess of five stan dard de vi a tions.
Even now, af ter the Run 2 of the LHC collider stretch ing from 2015 to 2018, this mode re -
mains the only ex per i men tally con firmed bottomness�pre serv ing (BP) de cay mode of the 
Bc

+ me son.
In this note we pres ent the es ti mates of the branch ing ra tios of other BP de cays of the 

Bc
+ rel a tive to the al ready ob served one. We use the me son dom i nance (MD) model [2],

which de scribes well the me son de cays that fall into the �ex ter nal W-emis sion� cat e gory
ac cord ing to the quark-di a gram no men cla ture [3]. To as sess the cred i bil ity of our pre dic -
tions for the Bc

+ branch ing ra tios, we first cal cu late sim i lar branch ing ra tios con nected with 
the B D+ ® 0  tran si tion and com pare them to data.

The de cay of a pos i tive pseudoscalar (PS) me son P1  (B+ or Bc
+ ) into a neu tral PS me son 

P2(D 0 , B s
0  or B0) and a pos i tive PS me son P3(p+ or K+ ) is de scribed by a di a gram de picted

in Fig. 1. The di a gram con tains a strong in ter ac tion ver tex en tered by P1 , P2 , and a pos i tive 
vec tor me son V with fla vor quan tum num bers re quired by the con ser va tion laws. The vec -
tor me son then cou ples to the gauge boson W + , which in turn cou ples to the out go ing
pseudoscalar me son P3 . The cor re spond ing par tial de cay width is given by Eq. (4.8) from
[2], which we re pro duce for the reader�s con ve nience here.
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in cludes the strong cou pling con stant g VP P1 2
, the rpp cou pling con stant gr , the el e ment VV

of the CKM ma trix per ti nent to va lence quark and antiquark of the me son V, and a
dimensionless pa ram e ter w V »1 char ac ter iz ing the de vi a tion of the V W- + cou pling from
the r + +-W one.  At pres ent, there is no chance of get ting the value of X

B B Dc s s
+ +0 *  from its com-

ponents. This un known quan tity can cels in the branch ing ra tios we cal cu late in this work.

Fig. 1. De cay P P P1 2 3® +  in the MD model.

The pa ram e ter ZP , which is an other im por tant in gre di ent of Eq. (1), is de fined in terms
of the pseudoscalar de cay con stant fP  and the CKM ma trix el e ment VP cor re spond ing to
the va lence quark com po si tion of a par tic u lar pseudoscalar me son P by 

Z f VP P P=
2
. (2)

Its value is de ter mined from the muonic de cay width given by the for mula [2] 
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We have in cluded the ra di a tive cor rec tions ·(a) fol low ing [4]. The re sults ob tained by us -
ing the ex per i men tal muonic de cay widths [5] are shown in Ta ble I. It folows from Eq. (1)
that the branch ing ra tio be tween the K+  and p+ modes is given by
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Fig. 2. De cay P P1 2® + +r  in the MD model.

Ta ble I. Pa ram e ters ZP char ac ter iz ing the cou pling of pseudoscalar mesons to the charged gauge

boson and their sources. For def i ni tion, see Eq. (2).

P ZP (MeV2) Source

p + (1.6158±0.0019) 1́04 p m nm
+ +®

K + (1.2307±0.0032) 1́03 K + +® m nm
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We will also con sider de cay mode with the vec tor me son r +  in the fi nal state, de picted 

in Fig. 2. Its de cay width is given by Eq. (4.9) in [2]. Af ter sub sti tut ing V
ud

2
 for Yr  there

(see Ta ble I in [2]), we ob tain
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Af ter di vid ing this de cay width by that given in Eq. (1), we elim i nate the un known fac tor 
XP P V1 2

 and ob tain the branch ing ra tio for mula
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We use V
ud

 = 0.97420 [5] and gr
2  = 35.72. The lat ter value fol lows from the for mula
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and the cen tral val ues of the r pa ram e ters mr = 775.26 MeV and Gr = 149.1 MeV [5].
The semileptonic de cay P P1 2® + +l

l
n  in the MD model is de scribed by the di a gram

in Fig. 3. The dif fer en tial de cay width in t, which is the square of the four-mo men tum
trans fer from P1  to P2 , is given by
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Fig. 3. The semileptonic de cay of the P1 to P2 me son in the MD model.

For mula (5) is a sim pli fied ver sion of Eq. (4.3) in Ref. [2] ob tained by as sum ing that the
lep ton mass is neg li gi ble. Af ter di vid ing Eq. (5) by Eq. (1), the un known X-fac tor can cels
again and we ob tain

G

G

( )

( ) ( )

P P

P P

m

Z m m
V1 2

1 2

4

2

1

2

2

26

® +

® +
=

-

+

+
+

l ln

p p
p

l
l

p

-
+

-ò
1 2

1

2

2

2 2
3 2

1

2

2

2

2 20

/
/

( , , )
( , , )

( )
m m m

m m t

m t
t

V

tM

d  , (6)

where t m mM = -( )1 2
2 .

We first ap ply our model to the tran si tion B D+ ® 0 , for which the branch ing frac tions
to the fi nal states with p+ , K+ ,  r + , and l

l

+ n  have been mea sured. We cal cu late the
branch ing ra tios by means of for mu las (3), (4), and (6), in which we re place P1 by B+  and 
P2  by D 0 . Fla vor con ser va tion re quires that the place of the in ter me di ate vec tor me son V

be taken by Bc
* + , which has not been ob served yet. We use for its mass a value of

6.34 GeV/c2, de ter mined by Godfrey and Isgur [6] in a relativized quark model with
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chromodynamics. This value agrees [7] with re sults of other po ten tial mod els and from
lat tice quan tum chromodynamics cal cu la tions.

The re sults of our cal cu la tions are shown in Ta ble II to gether with branch ing ra tios
eval u ated from the ex per i men tal branch ing frac tions  B(B D+ +® 0p ) = (4.68±0.13)×10�3,       
B(B D K+ +® 0 ) = (3.63±0.12)×10�4,  B(B D+ +® 0r ) = (1.34±0.18)×10�2,  and  
B (B D+ +® 0l

l
n ) = (2.20±0.10)×10�2 [5]. The rel a tive er rors of the re sult ing branch ing ra -

tios were cal cu lated as a sum of rel a tive er rors of the in di vid ual branch ing frac tions.

Ta ble II. Branch ing ra tios be tween var i ous B D+ ® 0 tran si tions.

Branch ing ra tio MD model Ex per i ment [5]

D K D0 0+ +/ p 7.53´10�2 (7.76±0.47)´10�2

D D0 0l l
+ +n p/ 5.2 4.70±0.34

D D0 0r p+ +/ (1.85) 2.7a
2.86±0.46

                                       a Af ter the cor rec tion de scribed in the text.

Of the three cal cu lated B+ branch ing ra tios, the first two, namely D K D0 0+ +/ p  and 
D D0 0l

l

+ +n p/ , agree with data well. For the D D0 0r p+ +/ ra tio we get from Eq. (4) a
value of 1.85, which is about 1.5 times smaller than the ex per i men tal value. It is in ter est -
ing that a sim i lar fac tor ap pears in the dielectron de cay of the neu tral r me son. When we
use the vec tor-me son dom i nance (VMD) to cal cu late the r 0  dielectron de cay width as -

sum ing that the cou pling con stant in the r g0  junc tion is equal to that fixed by the nor mal -

iza tion of the pion form fac tor, namely g em g
r g r r0

2= / , we get
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where a is the fine-struc ture con stant. The r-res o nance pa ram e ters were taken from [5]

and the er rors orig i nat ing in  mr and G
r
 were summed lin early. Com par i son with the ex per i -

men tal de cay width of (7.04±0.06) keV [5] leads to 
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One pos si ble ex pla na tion of the r 0 ® + -e e co nun drum is that the r g0  cou pling con stant is 
q 2-de pend ent with g m

r g r0

2 2( ) larger than g
r g0

2 0( )  by a fac tor given by Eq. (7).

To re move the dis crep ancy of the B(B D+ +® 0r )/B(B D+ +® 0p ) ra tio with ex per i -
ment, we will as sume that the cou pling con stant in the r + +W junc tion  g

Wr+ + is q 2-de pend -
ent in the same way as the g

r g0 . We thus get the cor rected branch ing ra tio of
1.85´1.453 » 2.7, in agree ment with ex per i ment, see Ta ble II.

Af ter hav ing checked the sound ness of the MD ap proach, we turn to the pre dic tions of
the branch ing ra tios con nected with the B Bc s

+ ® 0  and B Bc
+ ® 0  tran si tions. We again use

Eqs. (3), (4), and (6). First we re place P1  by Bc
+ , P2  by B s

0 , and V  by Ds
* + . The pre dic tion of

the MD model for the B B Kc s
+ + +® , B B ec s e

+ +® 0 n , and B Bc s
+ +® 0r branch ing frac tions

rel a tive to the B Bc s
+ +® 0p branch ing frac tion are shown in the first three rows of Ta ble III

to gether with the re sults of other works. In the case of the B s
0r +  fi nal state we quote two
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val ues: un cor rected (in pa ren the ses) and cor rected by in clud ing the fac tor of 1.453 in -
spired by Eq. (7).

The anal o gous re sults for the B Bc
+ +® tran si tions, which are ob tained when P2  is set

to B+ and V to D* + , are listed in rows 4�6 of Ta ble III.
We can also com pare the branch ing frac tions of the modes with dif fer ent B-mesons in

the fi nal states, e.g.,
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is an un known quan tity. We can get a crude es ti mate of its value if as sum ing that the
light-fla vor SU(3) sym me try is only mildly bro ken. Then we can write
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This es ti mate is com pared to the re sults of other au thors in the last row of Ta ble III.

Fig. 4. Quark-line di a grams of de cays: (a) B Bc s
+ +® +0 p   and  (b) B B ec s e

+ +® +0 n .

It has been shown in sev eral the o ret i cal stud ies, see, e.g., Refs. [16, 17], that the rates
of de cay modes to the ex cited vec tor states of the B s

0  and B0  are al most as in ten sive as the
tran si tion rates to the ground states. Un for tu nately, we can not ad dress this is sue in the MD 
model yet. The P V®  tran si tions re quire an axialvector me son in the in ter me di ate state.
And the strong PVA cou pling is more dif fi cult to de scribe than the PPV cou pling, which
we ex plore in this work. In ad di tion, also the in ter me di ate states with pseudoscalar
mesons can con trib ute, what would make the MD pre dic tions of the tran si tions from Bc

+ to 
B s

*0or B*0even vaguer.
Our re sults on the Bc

+ branch ing ra tios, pre sented in Ta ble III fall in the range de fined
by the re sults of pre vi ous works. For the ra tios re lated to the r + -me son it is true only af ter
the VMD-in spired cor rec tion.
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The ap pli ca tion of the MD model to the bottomness-pre serv ing CKM-al lowed
two-me son de cays of the Bc

+ me son is pos si ble thanks to the fact that they be long to the
class of the ex ter nal W-ex change di a grams ac cord ing to the quark phe nom en ol ogy no -
men cla ture [3]. The struc ture of those di a grams is the same as that of the semileptonic de -
cays, see an ex am ple in Fig. 4. If the con tri bu tion from di a grams of other classes is none or 
neg li gi ble, the MD pro vides a good de scrip tion of branch ing ra tios, see [2] and Ta ble II
here. In ex cep tional cases, with the charged r-me son (the cou pling of which to the
W-boson is fixed by the nor mal iza tion con di tion [2]) in the in ter me di ate state, e.g., 
p p n+ +® 0e e , it yields the par tial de cay width. The ba sic as sump tion of the MD ap proach
is that the QCD cor rec tions gen er ate an in ter me di ate me son state, so we can take them into 
ac count by work ing di rectly with that me son, as shown in Figs. 1, 2, and 3.

Ta ble III. Branch ing ra tios be tween var i ous bottomness-pre serv ing de cay modes of the Bc
+me son. 

The num bers in square brack ets de note the ref er ences to pre vi ous works.

Branching
ratio

This
work

[8] [9] [10] [11] [12] [13] [14] [15] [16, 17]

B K Bs s
0 0+ +/ p 0.065 0.072 0.070 0.11 0.065 0.083 0.074 0.066

B Bs s
0 0r p+ +/ (0.38)

0.56a 0.77 0.44 2.5 0.42 0.44 0.56 0.59 1.5 0.83

B e Bs e s
0 0+ +n p/ 0.39 0.36 0.20 0.50b 0.23 0.25 0.33 0.28

0.32
(0.35)c

B K B0 0+ +/ p 0.067 0.077 0.071 0.10 0.066 0.090 0.075 0.071

B B0 0r p+ +/ (0.66)
0.97a 1.81 0.78 2.73 0.91 1.30 1.00 1.64

B e Be
0 0+ +n p/ 0.46 0.56 0.25 0.61b 0.32 0.42 0.35

0.42
(0.45)c

B B s
0 0p p+ +/ »0.07 0.056 0.064 0.065 0.065 0.040 0.051 0.066

aAf ter the cor rec tion de scribed in the text.
bUs ing ac

1 1351= .  [9] to get G( { | } )B B Bc s
+ +® +0 0 p .     

cUs ing ac
1 124 12= . ( . ) [17] to get G( { | } )B B Bc s

+ +® +0 0 p .

Fig. 5. Quark-line di a grams with sev eral gluon lines sym bol iz ing the QCD cor rec tions: 
(a) B Bc s

+ +® +0 p  (b) B B ec s e
+ +® +0 n  .
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There is a spe cial fea ture which dis tin guishes the MD model from other ap proaches
listed in Ta ble III. Be cause of the iden ti cal struc ture of the quark sys tem which cou ples to
the W-boson, see Fig. 4, the semileptonic de cay modes ac quire the same QCD cor rec tions
as the hadronic modes that be long to the ex ter nal W-emis sion cat e gory. This is vi su al ized
in Fig. 5. The QCD cor rec tion fac tor does not de pend on the sys tem that is pro duced in the
fi nal state by the W + con ver sion. The branch ing ra tios of a semileptonic to hadronic
modes is thus not in flu enced by the QCD cor rec tions. This is not true in other ap proaches,
which re quire knowl edge of a QCD fac tor re lated to the Wil son co ef fi cients when de ter -
min ing such branch ing ra tios.

What con cerns the pros pects of dis cov er ing yet un known bottomness-pre serv ing de -
cay modes of the Bc

+ me son, one can not ex pect any con tri bu tion from the ex per i ments at
the e e+ - colliders be cause they op er ate at en er gies be low the thresh old for Bc

+ pro duc tion.
So only had ron collider ex per i ments are cur rently able to study the Bc sec tor. Some re sults 
may come from the CDF and D0 ex per i ments, which are still an a lyz ing the data sets col -
lected at the Tevatron collider un til 2011. The LHC Run 2 ended on De cem ber 3, 2018
and a flow of re sults from the LHC ex per i ments will start again in 2021. Of them, the
LHCb, the first ded i cated beauty ex per i ment at the had ron collider, will again be in the
best po si tion to study the Bc de cays. Dur ing the forth com ing two year-long LHC shut -
down the cur rent ex per i ment will be largely dis man tled and an al most com pletely new de -
tec tor will be con structed. The ma jor frac tion of LHCb�s sub-de tec tors will be re placed or
up graded [18].

I am in debted to Dr. Tim Gershon for use ful cor re spon dence. This work was partly
sup ported by the Min is try of Ed u ca tion, Youth and Sports of the Czech Re pub lic
Inter-Ex cel lence pro ject No. LTI17018.
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