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Introduction
e mp > mp + mg for BB’ (DI — pn, B of order 107°)

1. B— BB'M
B(B" — npD**) ~ 1073 observed in 2001 (CLEO)
B(B~ — ppK~) ~ 107° observed in 2002 (BELLE )

2. B — BB/, 1st evidence in 2014 (LHCD)
B(B® — pp) = (14755351 073) x 107°
B(B) — pp) = (2.841163553) x 107°



e The threshold effect in the mypp spectrum

Peak near the threshold area of t ‘
mpgr >~ MB + My gt B 4 pk
as the difference between TL
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1. Accessibility of charmless cases
2. Smallness of B(B?s) — pp, AA, B~ — Ap)

Conjecture by Hou and Soni, PRLS86, 4247 (2001)
(Inspired by B — D*pn and B — D*mpp)



e Factorization

The factorizable amplitudes
Ac o (BB'|(q1g2)|0)(M|(gsb)|B) A7 o (M|(q192)|0) (BB'|(g3b)| B)
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A. matrix elements of the BB’ formation
0 — BB': timelike baryonic form factors (ee — pp)
B — BB’: B meson transition form factors, new term

B~ — Apy (2005, BELLE), B~ — ppl~ i (2014, BELLE)



B. approaches under factorization

1. pole model:
H.Y. Cheng, K.C. Yang, PRD66, 014020; 094009 (2002)

2. paramterization of B — BB+pQCD counting rules:
W.S. Hou, A. Soni, PRL86, 4247 (2001);

C.K. Chua, W.S. Hou, S.Y. Tsai, PRD66, 054004 (2002);

C.K. Chua, W.S. Hou, EPJC29, 27 (2003).



e Timelike baryonic form factors

BBIVI0) = i Frry + o o

(BB'|A,|0) = fa{g,wﬂ - mB’i@l_lqﬂ}%v
(BB'|S|0) = fsuv, (BB'|P|0) = gpiiysv

e pQCD counting rules (Lepage and Brodsky, 1979)

C Fl

Fi = ()17, g4 = Ayl

The B — BB’ transition form factors
(BB'|(7b)y|B) =

ll_l (I)B)[gl f}"ﬂ + 1)) ig[l.z/l)” + 931)[1 + g‘-lQ[l + (15 (1)13' - IB

(BB'|(7'b)|B) =

i (pB)[fl T + f‘ZiU;u/pV + f:‘!p;z + f-lq“, -} f5 (pﬁ, — PB

q=pB+pPg,P=Pg— PB— Pp
Dfi Dy»;

fi=F, gi= 5

n = 3 for 3 gluon propagators
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e Approved to be reliable

decay mode predictions data
1058(B~ — AAK™)| 2.840.2 3.381036 £ 0.41
10B(B° - AAK®) | 2.540.3 4767083 £0.61
10"B(B~ — AA7™) | 1.74+0.7 <9.4
10°B(B~ — ApD®) [1.14 £0.26]  1.43792 1+ 0.18
10°5B(B~ — ApD*?)[3.23 £ 0.32(1.5315:42 4+ 0.47 (< 4.8)
10°B(B° — X°AD°)| 1.8+ 0.5 15703

e Recent challenge from observations

Predictions (2008)
B(B® — ApD™*) = (3.4+£0.2,11.94+£2.7) x 10~

Observations [PRL115, 221803 (2015), BELLE]
B(B® — ApD*) = (25.1 £2.6 £3.5) x 107°

B(B® — ApD**) = (33.6 + 6.3 + 4.4) x 10~

Ag(B® — ApD*) = —0.08 £ 0.10

Ag(B® = ApD**) = +0.55 4 0.17



e Comment from BELLE:

“The measured branching fractions are clearly
incompatible with the theoretical predictions ...

This indicates that the model parameters

used in the calculation need to be revised and, perhaps,

some modification of the theoretical framework is required.”

e Underestimation of the baryonic form factors
due to the information of ee — pp

(electromagnetic interaction only)



e With the new extractions of BFFs
from baryonic B decays, we obtain

decay mode data our results

10°B(B° — ApD*) | 2.514+£0.44  1.8540.30

10°B(B° — ApD**)| 3.36 £0.77  2.754+0.24
Ap(B® — ApD*) |—0.08 4 0.10 —0.030 = 0.002
Ag(B° — ApD**) |+0.55 4 0.17 +0.150 = 0.000

1. The data of B® — ApD™)+

are not involved in the extractions.
2. Factorization still works.



e B — BB’

1st evidence (2014, LHCDb)
B(B® — pp) = (147555 1573) x 107°
B(B] — pp) = (2.847 15570 13) x 1078
with the statistical significances to be
3.30 and 1.90, respectively.



Factorization

Annihilation mechanism

A(B° — pp) = G—jg ubVog a2(pp| (@u)y—4]0) (0] (db)y —4| BY)
— VaViyaifa (Bl ~ rle*4,10))
(0|dy,uy5b| BY) = ifpqy

V,=uyu, A, = uy,vsu

1. CVC: ¢*V, =0
2. PCAC: ¢"A, = 2fxm2¢, (¢ pion field)
B(B° — pp) ~ 0



e In at least 13 papers,
nonfactorizable effects as the main contributions:

diquark model

C.H.V. Chang and W.S. Hou, EPJC23, 691 (2002),

sum rule,

flavor symmetry

X. G. He, B. H. McKellar and D. d. Wu, PRDA41, 2141 (1990),
pole model

H.Y. Cheng, K.C. Yang, PRD66, 014020 (2002)

topological approach

C.K. Chua, PRD68, 074001 (2003); 89, 056003 (2014)



B~ — Ap

A = %Wb vs 2a6(Ap|(su)s+p|0)(0|(ub)s—p|B™)

— iS5V 2005 (Aplsul0) + (Aplsyeul0) )
(Ap|su|0) = fsuv

(Ap[sv5ul0) = gpuysv

No constraints from CVC and PCAC!
B(B~ — Ap) = (3.5797) x 1078,

to be used to test factorization.

B(B~ — A(1520)p) = (3.1 £ 0.6) x 1077
(2013, LHCD)



CP violation in baryonic B decays

I‘(B—)f) I'(B—f)
Acp(B = f) = ['(B—f)+T(B—J)

A(B — f) = ae® + be's
A(B — f) = ae " 4 be®s
(B — f)#T(B— f)
5w: Vub — A)\3(,0 T ”7)

0s: on-shell processes
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A = i%mbe[aK<pﬁ|ﬂb|B_> + Bk (pp|uysb| B™)]
Ag = %mK*fK%“OéK* (pp|uyu(l —75)b| B7)
B(B~ — pp(K~,K*)) = (5.84+1.7,2.24+0.6) x 107°

Threshold effect:
Sharply raising peak around m,; ~ m, + m;



Direct CP violating asymmetries:

Ak = TFmbe[OéK<PZ5|ﬂb|B_> + Bk (ppluysb| B™)]
Ag+ = ﬂmK*fK*f‘:MCVK* (pp|uyu(l — 75)b| B7)
ar(Bu) = VVya1 — VeV (as & rysae)

ok = VipVis01 — VipVigaq

ry = 2ma,/[mp(mg + my)]

a; =+l /Nc(ef " for i =odd (even)



_ (B —=ppM~)-T(Bt—ppMt)
Acp(M) = F(B——fgﬁM—)+F(B+TI;§VI+)

awl2—la w2
Acp(K) ~ SE25 (ak > Br)
AC’P(K*) _ |O‘K*|2—|5‘K*|2

o P a2
Hadronic uncertainties eliminated!

e Direct CP violation in B — ppM
Geng, Hsiao, Ng, PRL98, 011801 (2007)

Acp(M) Acp(K*F) | Acp(K*) Acp(T*)
Our result (2007)| 0.22 £0.04 | 0.06 £ 0.01 -0.06
BELLE (2004)]  — —0.05 £ 0.11 —
BABAR (2005)| —  |—0.160.09 —
BABAR (2007)| 0.32 & 0.14 — 0.04 + 0.07
BELLE (2008)|—0.01 £ 0.20| —0.02 £0.05| —0.17 £ 0.11
PDG (2014)| 0.21 £0.16 |—0.16 +0.07 0+ 0.04
LHCb* (2014)]  —  [0.021 « 0.020|—0.041 + 0.039

*PRL113, 141801 (2014)




The resonant states

1. ¥.(2800), A.(2880), Ay(2940), and B.(3212) in B® — ppD*)"
H.Y. Cheng, C.Q. Geng and Y.K. Hsiao, PRD89, 034005 (2014)

2. Identifying the glueball state at 3.02 GeV in BY — ppD®)0
Y.K. Hsiao, C.Q. Geng, PLB727, 168 (2013)

3. resonant f(2220) to explain B(BY — ppJ/+) = 3 x 107°
Y.K. Hsiao, C.Q. Geng, EPJC75, 101 (2015)

BY — s5 — pp encounters the OZI suppression

BY — s5 — f7(2220) — pp

f7(2220) as the tensor glueball candidate

B~ — K~ (f;(2220) —)pp, suggested by

W.S. Hou et al., PLB544, 139 (2002)



Summary

e The theoretical approach is tested to be reliable
to study the baryonic B decays.

e Consequently, it can be used

to explore the discrete symmetries like CPV, and
exotic states like glueballs

measured in the baryonic B decays.



Thanks for
paying attention!



