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INTRODUCTION and MOTIVATION

€ A Bc meson is different from the typical heavy-light B meson and heavy-heavy quarkonia. The
Bc-meson decays contain rich heavy quark dynamics in perturbative and non-perturbative
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regimes.
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€ From the experimental side,

¢ The first discovery of Bc meson at Tevatron in 1998 proclaimed the beginning of its
experimental studies.

¢ And, the running of LHC since 2009 promoted the measurements on Bc-meson decays to
further understand the heavy flavor physics.

¢ The LHC experiments have measured many multi-body nonleptonic Bc-meson decays through
relative ratios of the branching fractions between the related Bc decays.

¢ Some interesting results have been reported. Typically, See Pereima’s talk

M Bc->J/\psi K

gEe = BUBE = J/PKT) a0 4 0.020
Kim= = B(Bf — J/iyrt) ’

o _ BUBE = J/UK)
K/’iT — + +

LHCDb arXiv:1306.6723

= 0.079 £ 0.008 . LHCDb arXiv:1607.06823
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M Bc->J\psi nt+r-nt+ Exhibits an al peak

B+ SE———
= BB jj/m — )22-41i0-45, LHCb  arXiv:1204.0079
/T B(B — J/yrt)

+ +o— ot
pEe _ BUBE = JymTammT) 0.87 . CMS  arXiv:1410.5729
s/ B(B& — J/yrt)

+ —
ave _ BBE 2 J/mTaaT) e o408 HFLAV  arXivi2206.07501

T/ B(BE — J/yrt)

M Bc->J/\psi K+K-n+

pE B(Bf — J/YyKTK nT)
2Km/m B(B: — J/¢m)

= 0.53 £0.11, LHCDb arXiv:1309.0587

M Bc->J/\psi K+K-n+ and Bc->J/\psi n+r-n+

B(Bf = J/YyK+tK-x+) ,
Exp _ c _ .
orn/n = BT o S gy~ 189+ 0014 LHCb  arXiv:2111.03001




Mode | [32] | [33] | [34] | [35] | [36] | [37] | [38] | [39] | [40] |[41]| [21] | [42] | [29] [43] [44] Data
Ry, [0.077]0.076(0.052|0.0740.049{0.082|0.076|0.0790.088| — |0.075]0.079|0.082|0.076™ 012 |0.0757 002 |0.079F7 008
R+, 0.054/0.054]0.054|0.057|0.038 |0.063|0.057{0.058 |0.050| — [0.053| — [0.057| 0.059 0.056 —~
R,/. |3.01 |322|285|285(19.31|2.62 | 2.88 |3.16 | — [529/2.77 | — |331| 352 5.65 -~
Ry /| 0.16 [ 0.17 | 0.15 | 0.16 | 0.73 | 0.16 | 0.16 | 0.18 | — ]0.26] 0.15| 0.16 | 0.19 | 0.21 0.32 -
Rojjm| — | = 40| — | = | = | = | = | = | = |55] — | — - - —

€ From the theoretical side,

¢ Partial decay modes such as Bc->J/\psi P, JA\psi V and J/\psi al have been investigated mainly
based on naive factorization in many different models, but the predictions of the individual
branching fractions vary in a wide range.

¢ Most of the relative ratios between the branching fractions of these mentioned Bc-meson

decays and Bc->J/\psi \pi are basically consistent with each other within errors, despite their
Individual decay rates with large discrepancies.

6




¢ For the Bc->J/\psi P decays for example,

po = BB = JJOKT)  WVasl® [k
T T B(BE = Jjynt)  [Vaad? f2

~ 0.081 ,

¢ However, for the decays with suppressed or vanished factorizable emission amplitudes while
with enhanced nonfactorizable ones such as Bc->JA\psi S, Be->J/\psi T, and so on, we should
go beyond naive factorization to explore the rich but complicated dynamics within the
factorization framework based on QCD.

¢ The applications of conventional PQCD approach to the Bc-meson decays have been reviewed

shortly in 2014. Xiao and Liu, arXiv:1401.0151

¢ But, the finite charm guark mass makes the Bc meson more complicated than the typical B
mesons. Two important ingredients are demanded to further improve the PQCD formalism:
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M appropriate Bc-meson distribution amplitude to highly suppress the strong phase in the Bc

to JA\psi transition form factor;
Liu, Li, and Xiao, arXiv:1801.06145

2

1 — 2
(L= @)me + wmy exp [—2B%Cx(1 — w)bﬂ :

SB%Cx(l — )

¢B. (.CC, b) — 25%

Np x(l—x)exp |—

S ———

Figure 2 Behavior of Bc-meson
distribution amplitude on the shape
parameter: black-solid, red-dashed and
blue-dotted lines correspond to fBc =

0.9,1.0, 1.1, respectively.




M new Sudakov factor for Bc-meson decays derived by resumming the term In(mb/mc), in

addition to the ordinary one In(mb/Aqco). Liu, Li, and Xiao, arXiv:2006.12786
ar [~ - ) Liu, arXiv:2305.00713
1

Q = In[zPT/A], ¢ = In[m./(v/2A)], and b = In[1/(bA)],

Notice that, when the replacement \ hat{c} -> \ hat{b} is adopted, then the formula will
recover the Sudakov factor for B-meson decays with one-loop running coupling at next-

to-leading-logarithm accuracy.

¢ Hence, the improved PQCD (iPQCD) formalism is more self-consistent at leading order and is
also ready for the decays B and Bc to charmonia plus light mesons.
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PERTURBATIVE CALCULATIONS



€ The weak effective Hamiltonian could be written as,

_Gr

H,
RYZ,

{ b Vug[C1 (1) O1 () 4+ C2 (1) Oz (u)]} +h.c.,

with local four-quark operators
O1 = Gavu(l = 5)ug a7u(1 = ¥5)ba . O2 = Gayu(l — ¥5)ua Ea7u(l — ¥5)bs ;

€ The standard procedures in the PQCD approach are utilized in the Bc->J/\psi M decays

A(Bg_ — J/¢M+) ~ /dafldaﬁgdmgbldblbgdbgbgdbg

r [C(t)q)Bc(xhbﬂq’M(xzabz)q’J/w(xSabB)H(%abiat)e_s(t)] :
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(c)

(d)

Figure 3 Feynman diagrams for
Bc->J/\psi M at leading order in
the iPQCD formalism: (a) and (b)
are the factorizable emission
diagrams, and (c) and (d) are the

nonfactorizable emission ones.

The factorization formulas for the decays Bc->J/\ psi M could be found in the
Appendix B of arXiv:2305.00713 explicitly.
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RESULTS and DISCUSSIONS



A. Bc->J/\psi (P, V, al)

€ Branching fractions for Be-> J/\ psi P,

B(Bj N J/@M*) _ 1_17+0.31(BBC)+0.08(fM)+0.00

—0.23 —0.08 Tol00(ar) X 1077, 1_1741823421
BB — J/WK ™) =8.681135(85.) 005 (far) To s (ar) x 107° ,[18.687 7]

> They are consistent generally with those already available in the literature within errors

and particularly with those in the QCDF approach. Furthermore, they agree well with
those in CCQM and LCSR presented very recently.

+ +\ +0.002
Bf — J/ymt Bl — J/YKT B(BF — J/yrT) = (0.13670:953)%,

0.101+0.02 % 0.008 +0.002 % B(Bf — J/yK*) = (0.01073:999)%,

Issadykov and Ivanov, arXiv:1804.00472 Cheng et al, arXiv:2107.08405
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& Relative ratio,
Theo __ B(Bg_ — J/T/)Kﬂ

R =
K/m = B(B+ — J/wrt)

— 0.07410:00¢

» Within errors, it is in good consistency with the latest measurement, and also with the

naive expectation and the very recent predictions in CCQM and LCSR.

» Dramatical cancelation occurs in the nonfactorizable emission diagrams under isospin

limit.

» Slight deviation for Rx/= between the iPQCD prediction and the naive expectation is
attributed to the SU(3)-flavor symmetry breaking effects appearing in the nonfactorizable

emission amplitudes proportional to kaon DA at twist-2.

> As a byproduct, the above naive expectation for the relative ratios between the branching

fractions of Bc to other charmonia plus a kaon and a pion could also be anticipated.
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@ Branching fractions for Be-> J/\psi V,
B(BS — J/p™) = 369255 (85.) 1057 (Fa) 106 (a,) x 1072, B.6975 (S
B(B; — J/yK™) = 223538 (85,) 038 (fa0) 1067 (axc-) x 107" ,[2.2370750

» Evident discrepancies appear in lots of predictions with different approaches and
models. The iPQCD predictions agree well with those in CCQM.

Bric (B. — J/vp) = 0.38%,

- Bf — J/wpT B — Jjpk
Browm (Be — J/¥p) = 0.44%, 0.334+0.067 % 0.019+0.004 %
Brsgp (Be — J/1p) = 0.48%.
Likhoded and Luchinsky , arXiv:0910.3089 Issadykov and Ivanov, arXiv:1804.00472

& Relative ratio,
Theo __ B(B;— — J/¢K*+)

R =
K*/p = B(BF — J/vpt)

0.002
= 0.060" 0005 5

> It roughly agrees with the value 0.066 anticipated by naive factorization and is indeed

close to the similar one in Bc->]/\ psi P.
16



Theo _— B(Bj— — J/wp—l_) _ 3.15—{—0.09 RTheo _ B(B;F — J/wK*_‘_)

RN = , 10 =
P B(BE — J /) ~010 KT B(BE — J/ynt)

_ +0.01
= 0.197001 .

» They agree basically with those available in the literature within errors and are expected

to be tested in the future measurements.

€ Branching fraction for Bc-> J/\ psi al,

B(BF — J/wa) = 5.901153(85.) 088 (far) T006 (aa, ) x 1073 5,90 |15

» The similar QCD behavior with p meson and a bit larger decay constant fal lead to this

larger branching fraction.

» By assuming the validity of narrow-width approximation and with the equal branching

ratios of al+->n+n-n+ and al+->r+n0x0 around 50%, arXiv:0708.0050

B(Bj' — J/1D7T+7T_7T+)inCD = B(B;" — J/wai") : B(ai" — 7T+7T_7T+) — 2.954__8:% x 1077 )

17



> It is surprisingly well consistent with the predictions in the literature within errors.

Bric (Be — J/¢ +37) = 0.52%, X .
Bron (B — J/ +371) = 0.64%, BriBe = J/Y+araa") = 0.3%.

Brggr (B, — J/¢ +37) = 0.77%. Be = J/Yp+Bm) | 039% | 045% | 0.14%

Likhoded and Luchinsky, Rakitin and Koshkarev,

_ . Luchinsky, arXiv:1208.1398
arXiv:0910.3089 arXiv:0911.3287

& Relative ratio,
pTheo _ B(BY — J/ymtn~n")ipqep

= = 2.5270%
3r/m B(B;'- N J/wﬂ__'_)iPQCD —0.10 -

> It is well consistent with the measurements by LHCb and CMS, and the averaged value
by HFLAYV within errors.

€ Additionally,

Bt +
B((ini_ — K+K—7T+)iPQCD = REXP B( c J/wﬂ- )

e ~ (10.5770)% ,
KT B(BE — J/vay) -
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» The detection on this value would help understand the nature of al.

B(B — J/YKTK 7" )ipqcp = RQE;?;/BW . B(B} — J/yrta a)ipqep = 546715 x 1074 .

> It is roughly consistent with the predictions given in different form factors within a bit

large errors. 0.081% and 0.03% Luchinsky, arXiv:1307.0953

Theo B(Bg_ — J/wa’ii_)

RTheo _ B(Bj — J/?,ba,f) — 5.044-0.10 —
“/P "~ B(BE — J/ypt)

- | R
ai/m B(BE;'_ N J/wﬂ_+) —0.15

+0.10
= 1.60251; )

» Tests on these two ratios could help further understand the QCD behavior of al.

» But, without individual decay rates, the F.E.A. dominated decays cannot help reveal the

dynamics and constrain the shape parameter fse.

» The explorations on the modes governed by large nonfactorizable decay amplitudes are

of great necessity.
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B. Bc->J/\psi (bl, S)

€ Branching fraction for Bc-> J/\ psi b1,
B(BS — J/vbi) =7.931753(85.) 080 (far) S350 (an,) x 1071 17.9375708

» The anti-symmetric QCD behavior of bl-meson DA at twist-2 and the nearly vanished
decay constant fbl+ result in a smaller branching fraction of Bc->J/\ psi b1l than that of
Bc->J/\ psi al.

& Relative ratio,

RTheo — B(Bé_ — J/wb—f)
b

= = 0.6812-20 |
1/m B(Bi—)]/?,bﬂ'"’) —0.22

> Its experimental measurements could provide useful hints to test the reliability of the

adopted iPQCD formalism and phenomenologically constrain fBe.
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B(Bf — J/ybl)
Theo c 1 . +0.09

» Tests on this ratio could provide information on the QCD behavior of bl meson.

@ Different from Bc->]/\ psi bl with angular decomposition, the Bc-> J/\ psi S decays

have only longitudinal contributions due to conservation of the angular momentum.

@ The factorizable emission amplitudes are strongly suppressed due to the highly small
vector decay constants, while the asymmetric QCD behavior of twist-2 DAs leads to

large nonfactorizable emission contributions.

@ The light scalars are considered as two-quark structure mesons. Two possible scenarios:

» In S1, a0 and x are ground states, then a0(1450) and K0*(1430) are the first excited states;

» In S2, a0(1450) and K0*(1430) are ground states, then a0 and x are the four-quark states.
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@ Branching fractions for Bc-> J/\ psi a0 and J/\ psi x,
B(B! — J/vag) = 59871 55(Bs.) To7s(Fa) T
B(BS — J/¢r*) =1.3175756(85.) i%(fm

with relative ratios,

Theo _— B(B(_:l_ — J/?J)a,(')")
w/™ = B(B — J/prt)

» The future measurements on these results could help identify the q\ bar g components

Theo _— B(B+ — J/¢K+)

— — 0. 011+0 .005 ’
K/ B(Bé_ N J/T/)?T—i_) 0.004

— 0511013 R

R

in a0 and k.

€ Branching fractions for Be->J/ \psi a0(1450) and J/ \ psi K0*(1430),

BB+ — J/pal™) = [ 6.3971 20 (Be.) 155 (fa) T a0 (Bi) x 107 ’6‘39@ a1
| 22010 5 (8B.) "0 3 (Fa) F105(Bi) x 107 2207152

BBE — J/pKI+) = (3207080 (8p,) 100 (Far) 035 (By) x 1075 33-22% 0
223050 (B5.) 08 (fan) T02(B) x 1070 22370755




with relative ratios,

Theo _ B(BE = J/vay™) _ [ 0.55%577 e _ BBE = J/VKe™) 0.028+9:003
0T BB J/prt) | 0aorz T T T BBE < Jjent) | 0.019450%

» The experimental measurements on these values could test the reliability of the adopted

iPQCD formalism, and further help constrain the shape parameter fBc.

Theo BCBj _>J/¢R+)

k/ag

* +0.014
_ _ (.02210-002 RTheo  _ BB} — J/YK§") _ ) 00505 008
= T - Y —0.002 > K¢ /al — + r+Hy +0.050
B(BS — J/vag) B(Be — J/vyay™) 0.101Z5 022

» The future examinations on these ratios could help understand the QCD dynamics of

these light scalars, and further identify the preferred scenario.

» The theoretical errors are remarkably large due to much less constraints experimentally.
Nevertheless, the Bc->]/\ psi S decays can still provide good chances to understand the

involved dynamics because of the limit of naive factorization in such kinds of decays.
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C. Be->J/\psi T

@ The tensors cannot be produced via V, A, S, and P currents. Therefore, the factorizable

contributions with T-emission in Bc->]/\ psi T are forbidden intuitively.

@ The branching fractions of Bc->J/\ psi T are contributed purely by the nonfactorizable

emission amplitudes. It means that Bc->J/\ psi T must be explored theoretically going

beyond naive factorization.

€ Branching fractions for Bc-> J/\ psi T,

B(Bf — J/vad) = 1.397033(8.) T 18 (far) x 1074 ||1.3970-49
B(Bf — J/YK3T) =9.057555(85.) Y00 (far) x 1075 [9.05739

24



» By assuming the equal branching ratios of a2+->n+n-n+ and a2+->n+n0n0 and the validity
of narrow-width approximation, with B(a2->3 ) =(70.1\ pm 2.7) %, an interesting

branching fraction associated with relative ratio could be obtained as,

B(B! — J/waj(—> ntr ) = B(B — J/waj) : ZS'(CLQ+ —ata at) = 0.497_L8:L7l x 1074 |

B(Bf — J/?/)a;(—> ata~ ™))
R = ¢ — ().0421+0-002
S/ B(BS — J/ym) ~0-004 1

» These two values await future examinations to support the iPQCD formalism in dealing

with these types of Bc-meson decays.

& Relative ratios,

Theo B(B(_:F — J/wa‘;_)
w2/™ = B(BF — J/ynt)

B(Bf — J/YK;T)
. +0.01 Theo __ c 2 _ +0.000

R

» These ratios can help explore the Bc->J/\psi T decays at LHC, even CEPC in the future.
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€ One more interesting relative ratio,

RTheo — B(B(—:i— — J/¢K5+)
Ka/o2 ™ B(BE — J/ag)

0.002
= 0.065" 7 005 ‘

» It could be cleanly written as (fx2+/fa2)*2* | Vus/ Vud | #2~0.066 due to SU(3)-flavor

symmetry in the T-meson leading-twist distribution amplitudes.

> It agrees perfectly with naive expectation Rx+/p while is slightly larger than that in iPQCD,
because of SU(3) symmetry breaking effects in nF.E.A destructively interfering with F.E.A
in the Bc->J/\ psi K* mode.
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SUMMARY and UUTLDOK



1. The relative ratios Rx/z, R3nvz and so on are highly consistent with data and most
predictions, though no available individual decay rates experimentally. The iPQCD predictions

await future tests at relevant experiments.

2. The branching fractions and their relative ratios of Bc->]J/\psi S, J/\psi T and J/\ psi
bl, governed by nF.E.A, are predicted in IPQCD for the first time and will be confronted with
future tests. The precise measurements could help constrain fBc to further understand

(non)perturbative dynamics.

3. The model-independent ratio Rk2#/a2 is obtained in iPQCD and is expected to shed

light on the information of fBc promisingly.

4. Suggest our experimental colleagues to focus on the Bc-meson decays predominated
by nF.E.A. that could help examine the reliability of iPQCD.
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& Outlook

» To precisely determine fBc, one-loop QCD corrections to the Bc-meson wave function,

correlated with productions and decays of the Bc meson is urgently demanded;

» To precisely study Bc decays to charm mesons, a new Sudakov factor is demanded

due to the charm quark mass effects;

» To extend the iPQCD formalism to baryonic Bc-meson decays, new Sudakov factors

for baryon are important to make the framework self-consistent;
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ANALYTIC GALCULATIDNS

1 o0
FE(S) = —SWCFm%C/ déL‘ld.’L'g/ bldblb3db3qﬁgc ((El,bl)(?"g — 1)
0 0
x{ 73(rs + 25 — 2)6 ), (23) — (21 + w5 — 1)6%, (23) | ha(21, 73, b1, b3) By (ta)
+ [r3(z1 — 1) — 1] ¢5'/¢($3)hb($17373,51;bs)Ef(tb)} :

32 1 (e @)
MS(S) - %TI'OFmZ}BC /(; d.ﬁL‘ldCCQdCCg/O bldblbgdeQbBc (ﬂfl, bl)QbS(LEQ)(T% — 1)

o [08 = 1) 42 = 1008 ) + ra(aa = )0 )] B 1)
Xhe(T1, 2,23, b1, b2) + l(2331 — (9 + x3) + 75 (29 — $3))¢§/¢($3)

+T3(£U3 — $1)¢5/¢($3):| hd(l’l,ﬁ?g,l‘g,bl, bz)Ef(td)} )
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1 o0
FGL(V) = SWCpm%C / dfl?ldl'g/ bldblbgdbgquc (LEl,bl)\/ 1 — 7"%
0 0

X { [Ts(?“b + 23 — 2)¢] ) (23) — (215 + 23 — 1)95?/11,(933)] ha(21, 23,01, b3)

X Ef(ta) + [r3(@1 — 1) — re] 5, (x3)he (21, T2, b1, 52)Ef(tb)} ;

1 00
Fg(V) :STI'OF?TLZ}BCTQ/ dl‘ldﬁl??,/ bldblbg,dbg@]gc(ﬂ?l,bl)

0 0
><{ [(Tg(rb +4x3—2)+ 1y — 2)¢§/¢(m3) —r3((4ry + 23(1 +173) — 2))
quij/w(:lig)} ha(xl,a:3, bl, bg)Ef(ta) — T3 [T‘g + 27“(3 — 2331 + 1] qb?}/w(itg)
th($13$21blab2)Ef(tb)} ’

1 oo
FET(V) = 167GCm4BCT2/ d&?ld.il'g/ bldblbgdbg(ﬁf}c(l‘l,bl)
0 0
X{ [(Tb —2)¢7 1 (3) + r330Y ($3)} ha(z1,23,b1,b3)E¢(ta)

_qubij/w(ﬂjg)hb(iﬁl, o, bl, bg)Ef (tb)} ,
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32 1 o0
MEY) = ZzaCrmd, /0 A1 dadas /0 bidbrbadbydis, (1, b )by (22)1/1 — 12

{03 = )42 = 1008 0) + raCoa = )ty o] B
Xhe(xy, 9, 23,b1,b2) + [(2:51 — (xo + x3) + 7"?2’(:52 — x3))¢5‘/¢($3)
—|—T3(333 — ﬂ?l)qbf]/w(ﬂfg)} hd(l’l,mg, wg,bl,bg)Ef(td)} \

2 1 o0
MéV(V) = —S—WCFm%C/ diﬁldﬂigdafgf bldblbgdeCbBc(icl,bl)Tz
0 0

V6
x{[(r%(xl — 9 —2w3+ 1)+ 21 + 20 — D)@Y (22) + (1 —r3)%(z1 + 22 — 1)

X@%(Ig)] qb?/w(ilfg)Ef(tc)hc(SCl,582,5193, bl, bz) + [((T‘g(l’l + X9 — 2333) + x
—22)py, (22) + (1 —1r3)° (1 — 22) Y (22)) D7 1y (43) + 2r3((w3 — w2)73

+xg + 23 — 221) Py (€2) P/ (23) | ha(w1, 22,23, b1, bz)Ef(td)} :
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64 1 o0
MI(V) :—%wcpmfgc /0 dxidrsdrs f bidb badboddp, (1,b1)r
0

X { [(r3(x1 — w2 — 223 + 1) + 21 4+ 22 — )¢ (22) + (v1 + 22 — 1)

XV (22)] 071 (€3) By (te)he(w1, w2, w3, b1, b2) + (1 — 22) 07 (22)
Har (1 +73)° + mo(rs — 1) — 2r323) 9% (2)) 1y (23) + 2r3(w3(r3 + 1)

—$2(T§ — 1) — 2$1)qbt‘)/($2)¢qj/w($3):| hd(IEl,CEQ,Q?g, bl, bg)Ef(td)} .

arXiv:0705.2797
» fMincludes f Bc = (0.489 \pm 0.005) GeV and fj/\psi = (0.405 \ pm 0.014) GeV. arXiv:0412335
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231 -

+f72%{—1n%+6256}+4%1n%1n627§_1
+216%2{1n%:+%(1n22c2—m226)—%(Hmzb)( —c)}

_‘;223{46 (1—|—2ln2b)(Q—C)+%($—%)—I—%(hg@ _ 1“626)}
+‘fég§{(; + 31n26+ ;ln 2?3)@6_6 + %(é - é%) + 158(11152Q - 112226)

~

+1(IHQA2Q B 111222@)} N alﬁg{ L1, n2Q mQa} e
6" Q2 ¢ C

Q s 2
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TABLE II. Decay constants(in GeV) and Gegenbauer moments for light vectors.

| I
Jo fg Yp %20 ain a2Lp
0.107 & 0.006(0.105 £ 0.021 — 0.15 + 0.07 — 0.14 £+ 0.06
S~ ffzgj* a’!K* agK* aiLK* G’2LK*
0.118 = 0.005(0.077 =0.01410.03 = 0.02{0.11 = 0.09|0.04 = 0.03(0.10 = 0.08

TABLE III. Scalar decay constant fs (in GeV) and Gegenbauer moments B; 3 for light scalars

Scalars fs B1 B3

ao 0.365 £ 0.020 —0.93 £0.10 0.14 £ 0.08
K 0.340 £ 0.020 —0.92 £0.11 0.15 £ 0.09
—0.280 £ 0.030 0.89 £0.20 | —1.38 £0.18

ap(1450)
0.460 4 0.050 —0.58 £0.12 —0.49 = 0.15
K (1430) —0.300 £ 0.030 0.58 £0.07 | —1.20 £ 0.08
0.445 4 0.050 —0.57 £0.13 —0.42 £ 0.22
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TABLE IV. Decay constants (in GeV) and Gegenbauer moments for light axial-vectors.

1

1

jhl Ao, A4 Ao A0q a1q Aaq
1 1 1 1 1 1
0.238 + 0.010 1 — —0.02 +0.02 0 —1.04 +0.34 —
| I | 1 1 1
Jo, L0p, %1p, @b, Qob1 A1bq T2b,
0.180 £ 0.008{0.0028 4+ 0.0026|—1.95 4+ 0.35 — 1 — 0.03 £0.19
leA a(|:|)K1A anKlA agKlA aéKlA a/f_KlA G’2LK1A
0.250 £0.013 1 0.00 £0.26 |—0.05 £0.03(0.08 = 0.09|—1.08 £ 0.4&8| 0.02 £0.20
| | | 1 1 1
leB aOKlB alKlB aj2KlB &OKIB alKlB aQKlB
0.190 £ 0.010 0.14 +0.15 —1.954+0.45( 0.02 £0.10 1 0.17 £ 0.22 |—0.02 = 0.22

TABLE V. Decay constants(in GeV) for light tensors.

fas

T
as

K

k
2

Tics

0.107 £ 0.006 0.105 £ 0.021 0.118 & 0.005 0.077 4= 0.014
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€ The Bc->J/\psi M decay amplitude is decomposed into
A(G)(Bc — J/wM+) — c#I;qu(Fng) - fm + Me(a))-

® For the decays Be->J/\psi Pand J/\psi S,

B(BY — J/YyM*) =71 -I'(BI — J/yM™)

G2 3
— 1, 2 Be (g, ry) - |A(BT — JjMT|?

® For the decays Be->J/\psi V, J/\psi A and J/\psi T,

B(BF = J/YyM™*) =1, -T(Bf — J/YyM™)
GilP
167rm2B

Y ATN(BF = JJpMTYAT(BE — J/yMT)
¢ o=L,N,T

C
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€ Longitudinal polarization fractions for Be-> J/\ psi V,
fu(Bf — J/ypt) = (89.1701)% fL(BS — J/YK*") =

fL(BS — J/val) = (14.87035)% .|

fL(BE — J/wby) = (98.9770)% .

(85.650:5)%

€ Longitudinal polarization fractions for Be-> J/\psi T,

fo(Bf = J/pag) = (961700 % ,  fo(BF — J/YpK3T) = (95.3159)%
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€ Main inputs and CKM matrix elements

AUZY = 0250,  mw =8041,  mp, =6275,  my, =3.007,

7B, = 0.507, my = 4.8, me =1.5. fBc=0.489, fJ/\psi=0.405

with A=0.790 and A = 0.22650
€ Decays governed by F.E.A. first, then those sensitive to nF.E.A.
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