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e mp > mp + mg for BB’
1. B— BB'M

B(B" — npD**) ~ 102 observed in 2001 (CLEO)
B(B~ — ppK~) ~ 107° observed in 2002 (BELLE )
2. B— BB’, LHCb

B(B~ — A(1520)p) = (3.15 4 0.48 42 0.27) x 10~" (2014)
B(B — Ap) = (24158 4£0.3) x 1077 (2017)
B(B
B(B;

0 — pp) = (1.25 4+ 0.27 £ 0.18) x 107° (2017)
— pp) < 1.5 x 1078 (2017)




Introduction

e The threshold effect in the mgp spectrum

Peak near the threshold area of mgg >~ mp + mu,

Smallness of B(B?S) — pp, AN, B~ — Ap)
Hou and Soni, PRL86, 4247 (2001)




3. 1st observation of a baryonic BY decay (LHCb, 2017)
B(BY — ApK+ + ApK™)
= (5.46 4+ 0.61 £ 0.57 4= 0.50 £ 0.32) x 107°

4. B(S) — BB'M M’
B(B~ — Aprtm™) = (5.927555 4 0.69) x 107¢ (BELLE, 2009)
B(B" — pprtr™) = (3.04£0.240.240.1) x 107° (LHCb, 2017)

B(B" — ppKFn™%) = (6.6 £0.3+£0.34+£0.3) x 1079 (LHCb, 2017)
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e Angular distribution asymmetries

Ay for Bt — ppK+, Bt — pprt, B — pAn~
0.45 £ 0.06, —0.47 & 0.12, —0.41 £ 0.11,
measured by BELLE

large and unexpected.
'PRD76, 052004 (2007), PLB659, 80 (2008)]
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e Factorization
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Matrix elements of the BB’ formation

0 — BB’, timelike baryonic form factors
B — BB’ transition form factors (Chua, Hou, Tsai, 2002)



Extractions of the baryonic form factors
1. Timelike baryonic form factors:

(BB'|(q¢)v[0) = @ | Fiyu + s i“uvqylv
(BE|(30)A10) = 007, + s 50
(BB'|(7¢)s|0) = fsuw
(BB'|(7q") p|0) = gptiysv

C g C _g
Fl:%ag/l C;2A7f_tf2$7gP C;2P

C; = Cy[In(t/A2)]~ with v = 2.148 and Ay = 0.3 GeV.

(CF17 CgAv Cf57 Cgp) — \/%(CH, Cﬁ? _Clla _C_’ﬁ) (fOI‘ (Aﬂ (gu)V,A,S,P|O>)

x?/d.o.f ~ 2.3 (20 data points)

(Cy, 6C)) = (154.4 +12.1, 19.3 £ 21.6) GeV*
(Cy, 0C7) = (18.1 £ 72.2, —477.4 £ 99.0) GeV*
(Cyj, 6C)) = (537.6 +28.7, —342.3 £+ 61.4) GeV*



2. B — BB’ transition form factors:

(BB'|(3b)v|B) = iti[g1V, + 9200uD” + 93pu + 9aqu + 95(PBr — PB)u] V50
(BB'|(8b) 4| B) = it[fivu + foiowp” + fspu + faqu + f5(pa — PB) W)V
(BB'|(5b)s|B) = iu[gip + g2(Es, + EB,) + g3(Es, — EB,)]7s5v
(BB'|(3b)p| B) = z'u,[flp—l— fo(Eg + EB) + f3(Eg — Eg)|v

Dy, - _Dij _ _ D,
fi:tha i:t37fi—t3zagz—

(Ap|(8b)v,a|B™)

Dy, = Dy, = \[Dlla g5 = D = —\/gDﬁ’s

x?/d.o.f ~ 0.8 (28 data points)
Dy = (45.7 £ 33.8) GeV°, (Df, D}) = (6.5 +18.1, —147.1 £ 29.3) GeV*
(D), Df, Dif) = (35.2 £ 4.8, —22.3 + 10.2,504.5 & 32.4) GeV"*




5 1 5 . 1, o

Cr =300+ 307, Coa = 30 — 30, (for (pp|uu(75)ul0))
1 2 1 . 2 -

Cp = gCII T gcﬁa Cga = §C|| —3Y (for (pp|dyu(75)d|0))

1 -~ | R, =
Cfs — gclla CgP — §C|| ) (fOI‘ (ppld(’75)d|0>)
3 3 . i
Cr, = \/;Clla Cgp = \/;C’” , (for (Ap|57,(vs)ul0))

3 _ 3. N
Cm=—¢;mﬁb=—¢;%,ﬁmUWM%Mm)



e Predictions, approved by data.

decay modes predictions data

10°B(B~ — AAK™)| 2.8+0.2 3.38103 £ 0.41
108B(B° — AAK®) | 2.5+0.3 4.7617085 +0.61
10"B(B~ — AAn™) | 1.7+£0.7 <94
10°B(B~ — ApD®) |1.144+0.26]  1.437928 +0.18
1058(B~ — ApD*)|3.23 £ 0.32|1.5375 22 + 0.47 (< 4.8)
10°B(B° — Y°AD%)| 1.8+ 0.5 1.570

108B(B° — Apg) | 1.5+0.3 | 0.818 +0.215 + 0.078




e Baryonic BY decay

First observation of a baryonic BY decay (LHCb)
B(B? — ApK* + ApK ™)

= (5.46 + 0.61 £ 0.57 £ 0.50 & 0.32) x 1070
PRL119, 232001 (2017)]
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e our results [PLB767, 205 (2017)]

B(B® — pAK*) = (3.75 £ 0.811957 £ 0.01) x 1076

B(B? — pAK~) = (1.31 4 0.3215%2 £ 0.01) x 105

B(B? — pAr~) = (2.79+ 1.371955 £ 0.17) x 1077

errors: form factors, non-factorizable effects, CKM matrix elements.
B(B? — pAK*T +pAK~) = (5.1 £1.1) x 107,

to agree with the data of

(5.46 + 0.61 £ 0.57 £ 0.50 £ 0.32) x 107°.
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e Four-body Baryonic By decays

B(B~ — Apntn~) = (5.92798% + 0.69) x 10~¢ (BELLE, 2009)
B(B° — pprtr™) = (3.0£0.2£0.240.1) x 107% (LHCb, 2017)
B(B° — ppK¥r*) = (6.6 0.3 £ 0.3 £0.3) x 10~ (LHCb, 2017)
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e B — MM, transition form factors

(M1 Ms|q177,(1 — v5)b| B) =
hewapPsD” (Prty — Pary)P + irqu + 1wipy, + iw_(Pa, — Pary)

_ Ch _ Duw_
h=%, w-=—

Chua, Hou, Shiau and T'sai,

“Evidence for factorization in three-body anti-B — D™ K~ K9 decays,”
PRD67, 034012 (2003); EPJC33, S253 (2004).

(Ch, Cow_ )| Boswr = (3.6 £0.3,0.7+ 0.2) GeV*

(Chy Cow_ )| Bk k(kr) = (—38.9 £3.3,14.2 £+ 2.3) GeV*



phase space

|AJ?
dl' = Xagoan ds dt dcos g dcos Oy do
4(4m)0ms,
| 1/2
X = Z(mQB—s—t)2—st :
aB = %/\l/z(t, szl,mzl—Bz) )
1
oM = _)‘1/2(37 m%wla m?\lz) ’

S

Aa, b, c) = a® 4+ b* + ¢* — 2ab — 2bc — 2ca,

(mar, + mag,)? < s < (mp — \/2)2, (mp, + m]-32)2 <t<(mp—muy —m)?,

0<0g,m<m, 0< ¢ < 27.



branching ratios our results data 10; /\\ lllllllllll
108B(B~ — Aprtn~) | 3.7152+0.1+£0.9 |59+ 1.1 % : \\\_) —
10B(B~ - ApKTK™)| 3.0755 £01£0.7 | — Z SN
1068(B° — pprta~) | 3.0703 £0.3+£0.7 [3.0+03| § 2 "
10°B(B° — ppr*KT) (6.6 +05+0.0+£23(6.6+05] %5535 30 35 70 4.5'

my5 (GeV)

The errors come from the non-factorizable effects,
CKM matrix elements, and form factors, respectively.

Phys.Rev. D99 (2019) no.3, 032003
B(Bt — pAK+TK™)
= (4.22709° 4+ 0.51) x 1076
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B~ — Apn®) and BY — AAnO)

b — snn — sn, (n=uord) and b — s§s — sn,
B(B— Kn) < B(B— Kn')

B(B — K*n) > B(B — K*r)

large interference effects, n-n’ mixing, QCD anomaly
e B BB'n),

Hou, Soni, PRL86, 4247 (2001); Cheng,Yang, PRD66, 014020 (2002).






AB~ = Apn") = A(B~ — Apn")) + As(B~ — Apn)

A(B™ = A1) = “E{ar(Agl (5701 = 7)ul0) (1 (1~ 250 ")

+ ag(ABIS(L+75)ul0)(nla(1 — 75)blB7) |,

_ oy _ GrF , o _
Aa(B™ — M) =7{[62 (nly5n]0) + Ba (1 57,75510) | (491371 = )81 B7)
Be(n"

575510) (ABIS(1 — 95)b1B7) }



e 7-n’ mixing (FKS):
1) = (lu@ +dd))/ V2, |ns) = |s3)
ny _ COS @ —sin ¢ Mn
n' sin¢g cos ¢ Ns
e decay constant:
<77(/) 7_7/7/ﬂ/5n‘0> = _\/L§f:;(/)qN

(0" |57u75510) = —if 5
2mi(n")|5y5s]0) = —ih?,

e (QCD anomaly:
2m(n"|5i7y55(0) = 0*(n")|57,75510) + (n")|§2GG|0)
8“(77(’)\5%755 0) = fn(,)mz(,), (77(’)|CMSGG\O> = 4ma, )

n
2
fooy = ago + 1m0




e B — n) transition

2 2 2 2
_ mp—m () ) mp—m 0
nV|q@y*b|B) = |(pg + pyo ) — —22g* | FP" () + —22gHFy™ (t)
i Bn(") i Bn()
FlBﬂ( ) (t) _ F7"7(0) FOBTI( ) (t) _ _ K 7 7(0)

__L _atat27 _atat2
T2 AR AT

(FBn, FBT) = (FB™ cos ¢, FB™ sin ¢),

(FBsn, FBS'”') = (—FPBs"s sin ¢, FB+" cos ¢)

£ fm, £2, £5) = (0.108, 0.089, —0.111, 0.136) GeV

(

S 1,8\ __ 3
(h2, h%,) = (~0.055, 0.068) GeV?
(FBnn,O'll,O'lz,O'Ol,O'OQ) — (033, 0.48, 0, 0.76, 028) :
(

FBsnS,O'll,O'lz,O'Ol,O'OQ) — (036, 060, 020, 080, 040),



B~ — Apn:
(B, By, Bi.o) = (2.92,1.73,0.65) x 1079
B~ — Apn/”:

(B}, B}, B,,) = (1.71,2.24, —0.61) x 107

branching ratios By

10°B(B~ — Apn) |5.3 £0.7 £ 1.2
10°B(B~ — Apn')|3.3 £ 0.6 + 0.4
1063(

-+Amﬁ12iQQiQ2
"V12.6 £ 0.5 £ 0.6




Summary

e In factorization, together with
the baryonic form factors,
we can study baryonic B decays.

e Particularly, we have explained
BY — pAK+ +pAK~—, B — ppM M’
and predicted B — BB/n").
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