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1 Introduction

The doubly charm baryons
€ Two SU(4) baryon 20-plets with J? =% and J” =% , each contains a SU(3) triplet

with two charm quarks: E, (ccu) E.. (ccd) Q. (ccs).

+

3 ¥ : .. .
® /= > expected to decay to J” =% states via strong/electromagnetic interaction.
o=t

, states decay weakly with a quark transformed to lighter quarks.
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1 Introduction

» SELEX observed E;, inZ;, > A K n" and E;, - pD"K" decay
» LHCDb observed the E },* state in the ALK n"n" decay
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1 Introduction

» Theoretical work that proposed the discovery channel

Chinese Physics C Vol. 42, No. 5 (2018) 051001

Discovery potentials of doubly charmed baryons "

Fu-Sheng Yu( T-#i7t)"*" Hua-Yu Jiang(#*% £)"? Run-Hui Li(Z#E#)* Cai-Dian Lii( {4 #i)452
Wei Wang( £11)%*  Zhen-Xing Zhao(# #z >%)°

! School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China
2 Research Center for Hadron and CSR Physics, Lanzhou University and Institute of Modern Physics of
Chinese Academy of Sciences, Lanzhou 730000, China
4 School of Physical Science and Technology, Inner Mongolia University, Hohhot 010021, China
4 Institute of High Energy Physics, Chinese Academy of Sciences, YuQuanLu 19B, Beijing 100049, China
5 School of Physics, University of Chinese Academy of Sciences, YuQuanLu 19A, Beijing 100049, China
% INPAC, Shanghai Key Laboratory for Particle Physics and Cosmology, School of Physics and Astronomy, Shanghai Jiao-Tong
University, Shanghai 200240, China

Abstract: The existence of doubly heavy flavor baryons has not been well established experimentally so far. In this
Letter we systematically investigate the weak decays of the doubly charmed baryons, =% and =%, which should be
helpful for experimental searches for these particles. The long-distance contributions are first studied in the doubly
heavy baryon decays, and found to be significantly enhanced. Comparing all the processes, =5 = AJ K n*n* and

—_—CC

=Fnt are the most favorable decay modes for experiments to search for doubly heavy baryons.

> A phenomenological model is employed Fu-Shenng Yu's report

» Under this framework we calculated the BR and I" of B, > B.V 5



2 Framework and Calculations

» Effective Hamiltonian

We focus on weak decays induced by the charge currentc —s/d.

The contributing low energy effective Hamiltonian 1s given by

Z cq uD[C ﬂ ( )+C2(,u)0§(,u)]+h.c.

qu

Of = (@aDp)v-a(@sca)v-a, O3 = (@aDa)v-a(gscs)v-a
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2 Framework and Calculations

» Topological Diagrams

Both short distance and long distance contributions are contained.

(T)




» Short Distance Amplitudes

pseudoscalar meson  (0[4,|P(q)) = ifpqu,

—> vector meson  (o|v,|V(q)) = fumye, .

< factorization hypothesis

f_-rru \
Bl )|V = A)ulBeclpr5)) = a0, ) [ml(qz) tiow L e + ﬁﬁ;(qﬂ iy

gz(q Yo —y (q )] Ysu(p, 52),

_ﬂ(pr, '5;) [F}'_u,gl (qz) 53 ?:J,Lw M M

8



» Long Distance Contributions

The long distance contributions are modeled as final-state
interactions (FSIs) and calculated under the one-particle-
exchange model

5 5
2 —
T
Lk
3\‘ 3 5

H. Y. Cheng, C. K. Chua and A. Soni, Phys. Rev. D 71, 014030 (2005)
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» Long Distance Contributions

We adopt Optical theorem to calculate the imaginary part of triangle
diagram , treat the intermediate particles 2 and 3 as on-shell.

The absorptive part :

1 [ dPpad®ps
frr _L'-I'l"jr D ) D) I )
Abs M (p1 — psps) / (2m)%4Ey Ey (

2 27)4 6% (ps + p6 — p2 — p3)M (p1 — paps)T™ (Psps — P2p3)-

The dispersive part can be calculated via the dispersion relation:

, 1 [ Abs A(s)
Dis A(m?) = = ds’,

T gl mj

We assume the absorptive part is dominating and neglect the dispersive
part.

H. Y. Cheng, C. K. Chua and A. Soni, Phys. Rev. D 71, 014030 (2005)
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» Long Distance Contributions

To proceed, the Lagrangian for the strong couplings 1s necessary:

Lohh =0gnBgBg 1T [gﬁi’}BHBﬁ] +gnB;B; T?‘[ggi’}’s,ﬂﬁgl 4 {gﬂﬁﬁﬁﬁ g5 [551751_[33] +h.c.},
Lonh=f1p8686T[BsvuV* Be]+ h;ETﬁEETT [Baopl V]
6
f2pB5B5
2ms

fbpﬁﬁsg
me—+ms3

+f108585 Tr B3y V" B3]+ Tr[B30,,0" V" Bj]

+{f1p5553 TT[B‘E’T” VH Bﬁ]"' ir [Bﬁdp.v aHVyB§]+hC},

igp:'t:"c

V2

Lopp=" LT {O.V,= V)V V"= LTV, V0. V,)V*]

Tr[V*[IL 0, 11]],

Eprf?‘t:
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» An Example|z:. - E:p"|:Short Distance Contributions

— F e 5 + +
SD(‘—'+ 7 +p ) — ﬁK:SVHdQQfPEuu(pSaS;) [(fl(mf}) . fQ(mp)) Mt f2(m_r;)p6
oo ip . e, b 2 2 p
- (Q‘l(mp) + —~ gz(mp)) Y5 — it g2(m2)pgys | ulpr,s:)
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» An Example |z > =70’ : long Distance Contributions

Fan Y

- () ()

Wh%Ch. corresponds to two Which corresponds to one depictions at hadron level
depictions at hadron level
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» An Example |5, > 5"

Ignored

|

Which with a resonance-
like structure 1s expected
to be highly suppressed

: long Distance Contributions

Tt ipT

= I.':'r(fl

o

(al)

—il I,-":HI

(a2)

s-channel

Considered

t-channel

t-channel contribution
with a light meson
exchange
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» An Example [z: - =:p°| : long Distance Contributions
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» An Example [z: - =:p°| : long Distance Contributions

A= 0 =i

— =

=l f—

B F [

(e)

uu with an isospin factor %, while dd with —% 6



» An Example [z: - =7p°| : long Distance Contributions

=
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':‘ 1
EL '—ft'h_
=i =l at
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» An Example [z: - =:p°| : long Distance Contributions

o i |p3|sinfdfdy G g F2(t,mzo)
Abs M (w1 29:2%) = —— V:iVida A i
c( c c) \/ﬁ 32?1'2?‘71»ch '\/§ cs Vud lfﬂ'g_,j‘_,gqr‘F i m%q 6
— .fZE‘:?:':f g
XT(ps, 52) 75 (Pa + mzp) (flagsgmu +:4 QT;_"D” O uvlf

#s + mzo) [(majc — mgo) fi(m3) + (mzy + mag)gl(m?r)'rs] u(p1, 52),

where

A2 — R\ A= Cheng,Chua,Soni,PRD
_ — m+nA N ,Chua,Soni,
F(t,m) = ( AT ) i 71, 014030(2005)

18



» An Example [E;. > E

The amplitude of E! — E!p’ is expressed by

—+ o
A(Be = Ep’) =

Csp(Ecc = EFp°) + i [Abs M (nF;E2; B2) + Abs M. (p+; 22; E)
+Abs M. (7 +.:”,:{“) + Abs M (p™; 2% E0) + Abs M, (n; E°; £9)
+Abs M,(p* ,::ﬂ,:ﬂ)+AbGM( B0, 29 |+ Abs M (p*; ED; ED)
+Abs M.(K°; AF; K°) + Abs Me(K*“, AY: K*) 4+ Abs M (K% =t K°)
+Abs M (K*°; K*”)]
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» Inputs : Form Factors

Transition form factors with scalar (0+) and the axial vector (1+) diquarks.

F F(0) |mg.| o F F(0) |mg| o F F(0) |mg| 6 F F(0) |mg | @
=2 =AL 0.653[1.72[0.27[ 755 7 |—0.7381.56[0.32 =0T 0637 [1.49]0.37| 55 A | 0725 | 1.53 | 0.32
Ertaat e ; | Err=at & 2 =ttt =t At .

g |0.533]2.03|0.38) gz = T [—0.053[1.12[1.10 gre e |—0.167[1.99]0.23| g5 == T |—0.028%|2.03* [2.62*
EXTLET i | =TT =ET = .| =T TaET . . RS M
foe 77 |0.653]1.72|0.27| fo == T |—0.738(1.56{0.32 free e | 0.637 |1.49/0.37( f= T | 0.725 | 1.53]0.32
Ett,aet ] el el Effart g =ttLut : o o ! ;
g ¢ (0.533]2.03[0.38] g5 T |-0.053[1.12|1.10 gre e [—0.167(1.99(0.23[ g5 77 [—0.028*|2.03* [2.62*
EIT=ET [0 oe c ELT=ET ot . ST T =T - - =X ==Y .
See e 0.754[1.84)0.25] fre= =< [—0.782[1.67(0.30 Coc e 1 0.739 (1.58[0.36] £ 77 | 0.801 | 1.62 | 0.31
=ttast . Sl stta=t - A Erta=t : Ett=t s B "
g < |0.620]2.16/0.35| gz == ~ = [—0.080[1.29(0.52 g 0 [—0.198]|2.10]0.21 | gz T [<0.018"[1.62*|1.37
=TT =T i 5 =t T =T = i =TT =0T _ ¥ =TT =T ) .
free T |0.754(1.84[0.25] £ T |—0.782(1.67]0.30 fie 77 0.739 |1.58]0.36] £, < | 0.801 | 1.62]0.31
et g P dagp | St ; ” sht=it sl 2 . =
gre e (0.620]2.16[0.35] g5 T |—0.080(1.29/0.52 g e [—0.198]2.10]0.21 gz T [—0.018*[1.62*|1.37*
=ET 457 e T S . =T 457 g Y s s o &
e e |0.653]1.72|0.27| fo=  |—0.738]1.56]0.32 fre="7e | 0.637 |1.49(0.37| fa==" e | 0.725 | 1.53]0.32
=+ -0 =+ 0 =t _ v0 = —;L]n .
gre= " 0.533[2.03]0.38| g5=""= [-0.053]|1.12|1.10 grec e [—0.167(1.99]0.23| g5 |—0.028"|2.03* 2.62*
=F =0 =T =0 =T =0 o ] [ =T =0 = - :
T 0.754(1.84[0.25 fr=T" |—0.782[1.67(0.30 fie"== | 0.739 [1.58[0.36] fo=="""° | 0.801 |1.62|0.31
=t =0 = =t =0 e Ef =0 , o Ef =0 R wopw |1 e
gre = [0.620[2.16{0.35] gy=" = |—0.080]1.29]0.52 gr=" < |-0.198/|2.10{0.21| g5==""= |-0.018*|1.62*|1.37
= = =% T = = ] 5= % E+ =i E-'U x %
freT e 10.754[1.840.25| fo==7 " |—0.782(1.67]0.30 =" | 0.739 (1.580.36 fz=""= | 0.801 |1.62]0.31
=t =0 : ; st oyt = : =t =10 : =t =0 . . P
g0 0.620[2.16(0.35] g5 |—0.080]1.29]0.52 g e |—0.198]|2.10{0.21| g5 =7 [-0.018*[1.62*|1.37
=0 =i + =0 - 3t =0 ’ e
Fm2e 10,646]1.68[0.28] f257=¢ [—0.770(1.54]0.33 fiemEe | 0.632 |1.47(0.38| fi=="= | 0.734 |1.52]0.33
Qf =0 | : at 4=90 - Q. —=0 = yor| o e—Ee 31*|2.32%|3.09*
g1 © [0.5281.99(0.40] g5 |—0.060|1.12|1.02 g = © |-0.165|1.97(0.27| g, —0.031*]2.32* (3.92

C—— 5T =0 : 1T == e T == e L
fie== 10.646[1.68(0.28] f37== = |—0.770]1.54[0.33 fre7=e [ 0632 [1L470.38] £ | 0734 | 1.52]0.33
o =0 - F =0 e ar ""E::n ' i nr '“’E:—n G1* aae |9 gow
gy 0.528]1.99(0.40] g5 =7 |—0.060]1.12]1.02 g, —0.165(1.97(0.27| g, == [—0.031*|2.32*|3.92

= - F o0 ) F 00
;R o 7a8]1.80]0.27] 727 [—0.819]1.64[0.32 e [ 0735 |157[0.37] £~ | 0.812 | 1.61]0.32

+ V] + 0 . . !_J+ - :.Ia | g % [ !-!:—c EEE L » i
gr="" 10.615[2.11(0.36] g5 |-0.088[1.28[0.52 g1 |~0.196/2.08]0.24] gy |-0.021*]1.79*|1.77

W. Wang, F. S. Yu and Z. X. Zhao, Eur. Phys. J. C 77, no. 11, 781 (2017) 20



» Inputs : Strong Coupling Constants

TABLE V: Strong coupling constants of V PP and VV'V vertices.

vertex g vertex g vertex g vertex g vertex g vertex g
pt = %7t [6.05] p° = n~nt [6.05] pt - KR |4.60] p° — K”F" 325 p° - KYK— [325]| w— KTK~ [3.25
6— K-K+ (460 B = nsK° |563| K™ = Kot [460| B° - K n° [-3.25|k*+ - Kk+x%3.25| ¢ 5> K K |4.60
K*t - skt |5.63|K*t > 7t K°[4.60 [ K*© —» 7~ Kt [4.60] K*© —» K% |5.63| K*° > n9K° [-3.25] w o KK |3.25
pt = p%+ |7.38] p° = pmpt [7.38[pT = KR [5.22(p° - K**K*—[3.69|w - K*tK*[3.60]p° - KK |-3.69
K’ 5ok 522K o Kp°|-3.60| B - K w [3.69| K = ptK*|5.22 | K** — oKk |5.22 | K — K*+)°| 3.69
K* — wK**|[3.69| K*° - p°K*°|-3.69) K — wK*® [3.69] K*° = K*%¢ [5.22|¢ —» K*—K*+[5.22|K"° = K*—p*|5.22
w— KK (3.69)| ¢ 5 K K*0 | 522
TABLE VI: Strong coupling constants of B.3B.3P, B.3B.s P and B.gB.¢ P vertices.
vertex g vertex g vertex g vertex g vertex g vertex g
=0 5 =R~ 099 ]| =F —>:§ +10.99| 22— =22° |-0.70] 22 - ATK™ |-090| EF - =4 |o.70| =2 = =0ps |-0.70
AF s Arm |o7s| =5 s =g [007] 20 = =0 [0.07| AF = AFgs |081] BF = =Fgs |-0.70] =8 5 AF R [0.90
20 5 xnfr | 8.0 20 - =070 [-4.0 EL“ K 90| =t ot (80| sstk-]|64 |20 5= r ]| 57
70 5 300,° |-80 L“ —SZO0K0 90 |2t 5 =47 | 40 |Et 5 SH K| 9.0 :L+ =%+ | 5.7 [ = =txt]| 8.0
>t 5=tk 90 |5 5 =K | 6.4 zj Settr[ 80| Er 5 0kt |90 [EF o =tK |64 |[SF 5 =0kt 64
Q=K 90| 20> %K 90| 20— % |26 90— [-11.0 Q“ ’“F‘ 9.0 | 205 5%s | 4.6
Q0 - Qe |-104| =F > tm |26 =2 5 =0 | 26| 2 a=tm | 26| S o> Sins | 46 | 20 = =0 |-2.3
20 5=t 44| Er szt 312 520t 44| o=tk |65 |2 o AR |46 = 5 Afx° [ 65
=0 5 0Kk° | 6.5 Q“ =K |65 20 = =0K° |71 ]| =+ - AFKC |46 | =F - =07t | 44 |AF - E°KT | 46
=0 3otk [5.0] 20 5 =%0 |3.1|=F 5 =0t | 44 | E°0 5 AFK- |46 |EL 5 Era— |44 [ - Q°K* | 6.5
it S ErKt |71 |EF 5 SHYK- |71 |2 o A:?ﬁ 65| =0 = 2K |-7.1 A;" S xttr—|-65| AF - 20t | 6.5
v+ 520Kkt (50| 0 s AFr 65| = ot [ 54| SFo=rK° |50 =R |50 =05 =% | 54
AY 5 =0kt 090 =F = AT KC [0.90| = —» = s | 2.3
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» Inputs : Strong Coupling Constants

TABLE VII: The strong coupling constants of B.3B.3V vertices, each of which owns two SU(3) triplet singly charm baryons
and one light vector meson.

vertex fil fz vertex il f2 vertex fil f2 vertex fil f2

Z2 5 ATK* [-46[-60]| =2 E2° |-60|-75| =F 522" (85106 | AT - =2K*t [-4.6|-6.0
E25=l¢ |46]60| E2o=2w 55|75 A= Atw |49|60 | E2os=tp [85]106
= ATKT 46|60 | o= 60|75 | = ozte 55|75 =toz=re [46] 6.0

»0 & =9k [50(30.0] 20— =0° |-25]-16.0] =° - =1p [35]226] =° =% [4.0]21.0
=+ 520t [35(226| 5 - =0k [35]21.2] =0 5=0% [24]15.0]| =2 5 FrKk* [35]21.2
=0 5 20K 150300 =F -5 =tp 40270z 5 = K=t|5.0(30.0 [EF - =t K| 5.0(30.0
=t 5 etKT 35212 = 5 =40 (25160 = == |40(210] EF o =tw [24]15.0
wF e e | 35 21| ot sttt |40 |ore| =Eonds® |aplovel »P o3l 35240
5 2%t [40]270] 22ty |40|270| EF = QK |7.0(35.0] Q% = =°K*° (7.0]35.0
Q° = 0% (11052090 - =K~ [7.0]35.0] Q° ==K [7.0]350]| =F —->tw [3.5]24.0
=0 5 29° [-15]-110] =° =% [21]130] =°—==%w |12]|80]| =Ef-o=fw |[15]11.0
A 5 E0k+ (23141 E0 5 A K~ |23]141| =F 5 =%+ [21]156]| =2 o =tp [21]156
=t S MK |-23[-141] =F = =2+ [-22]-130] =F - mrx® |-22[-130] =t 522" [21]156
=+t 5= 15110 = 5=te |21f130] =2 =tp [21]|156] oF 5 =K |-2.2[130
S AFp® |26]16.0| =F — QK [33]200 AF - =K |-23]-14.1| =0 - 2K [-2.2]-13.0
ot 5 ErKH[-3.1]-184|5F - =K |-3.1[-184| =H = Afpt |-2.6[-16.0] AF = THp— [-2.6]-16.0
A 5 3%*t |26]16.0] 2= Atp [26]160] 92 -5 =FKk [33]|200] =2 - 2K |-22]-13.0
=0 5 0°k*° [33]200] =° - =2k [-2.2[-130] 9° ==K [33[200] A} - =1 K*° [46] 6.0

[1] H. Y. Cheng, C. K. Chua and A. Soni, Phys. Rev. D 71, 014030 (2005)

[2] T. M. Aliev, K. Azizi and M. Savci, Phys. Lett. B 696, 220 (2011) doi:10.1016/j.physletb.2010.12.027

[3] T. M. Aliev, K. Azizi and M. Savci, Nucl. Phys. A 852, 141 (2011) doi:10.1016/j.nuclphysa.2011.01.011
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» Topological FCNC contributions Induced by FSI

An Example:

L

L

N

> The weak decay is induced at quark level by ¢ —udd . The dd pair annihilates
subsequently, and the weak transition is equivalent to a flavor changing neutral
current ¢ — uy/G . The same situation exists in ¢ — uss inducing decays.

» Topologically, it looks the same as O, or O, operators in the low energy effective
hamiltonian, which are purely loop effects and suppressed highly at short distance
in the standard model.

» However, it is the long distance contributions that are considered here, thus they
are kept. 23



3 Results and Discussions

For lack of experimental data we use 7 =1.5 in this work and range it from 1 to 2 for error

estimation.
Channels BR(%) |Contributions| CKM Channels BR(%) |Contributions | CKM
EXr BT EY 540730 Csp, C CF | E&.f - Elpt |15.92752%| Tsp,T,C’' | CF
=Xt 5 tpt 16501 % | Tsp, T,C" | CF | BXY o 5tpt | 1.673083 | Tsp, T,C', N | 8CS
et = Adp' 2104 | Ton, T,C, N | SCS | EL" - 5¢+p” | 0047503 | Csp,C,N | SCS
s 42w (0152217 | Csp,C,N |BCS | ELT — BIte | 0.097208 Csp, C SCS
=+ 5 2K | 0.59791 | Tsp, T, N, C' | SCS L+ —» =t K*t| 0.8510% | Top, T, N, C' | SCS
EL - S 006408 | Tep,T,C° | DOS |EEF — ATK*T] 0057080 | Tsp,T,C’ | DCS
wt Py iRl Q07 e Csp, C DCS
» The BR of singly CKM suppressed decays range from order of 10~ to 10~ . The doubly CKM

suppressed decays have the smallest BR. at the order of 107 .

Among decays in the same CKM mode, those with T contributions tend to have largest BR..

The C type decays are about several times smaller than the T type. The other types of decays

Checking the errors, one can find that the T contributions are not sensitive to the variation

of n. However, the other types of contributions which increase or decrease rapidly as M

>

are suppressed highly.
>

changes.
» |Ef > 8ip'||ar > 8

have the largest R , whose values are around 16% (P may have a

low reconstruction efficiency in experiments ).

24




®

3 Results and Discussions

Because there is no experimental data for lifetime of E;, . Instead of branching fractions we
present the decay widths in unit of GeV.

Channels I'/GeV Contributions CKM| __Channels I'/GeV Contributions CKM
=t — SR (13T 107 Csp, C, E2 CF |EX = AZK ] (1.041518) » 10712 Csp, C, E» CF
=t o 227 [(3.837033)x 10713 Tsp, T, E; CF | 2t - =%+ | (4.771931) 4 10-13 Tsp, T, E; CF
2L 2 Ep? | (.01755) « 1071 ', B CF | L - =7p% | (1.597176) x 10715 C’', By CF
EL - Etw | (78278 R)x1071° ', By eF | BL 8w | (1838 w1018 2 By CF
Br, — Da K| (7.387 053) 10710 E; CF | B, - B¢ |(5.12750) %10 = Es CF
=L 22t [(9.9071%2%) « 10717 Es CF |EL — Q0K*t|(2.331218) 10714 B CF
2L o e | (1.267583) %107 |Csp,C,C",E1, E2, N| SCS | BE. = AFp® [ (4.977523) * 107® |Csp, C,C', 1, E5, N| SCS
EX—YTw |(3.22732%)* 107" |Cen,C,C, E1, B, N| 5CS | EL = Atw |(1.605723) %107 |Csn, C,C" . B, Ea, N | BCS
EL = D% | (9.025372) x 107 Tsp, T, E1, N SCS | Ef, 5 ¢ | (154170 % 10715 Csp, C SCS
EL = AT | (2611250 x1071° Csp,C SCS [EX, = E2K*+| (1.3010:25) x 1074 Tsp, T, E1, N SCS
=t = ELK* | (2.1919:18) x 10714 Tsp, T, Ey, N SCS [EL. - =X K*°| (1.061227) % 1071° C'.Es, N SCS
=5 o S0P K*0 [ (2.647288) x 10715 C' Ea,N 908 |2 =Bt | (7601253 x 10710 E>, N SCS
=+ 5 5K [(1.961203) + 10715 Chits, 0, & DCS |EX - ATK*°[(9.9911%18) x 10716 Cin, C.€ DCS
g2 s ZIE | (2880000 10710 Tsp, T DCS

> Estimated with the t_, =45fs ,the four largest branching fractions are given as

BR(EY, - TFK™) € [03%,1.9%], BREL - ATE™) € 0.2%,1.5%] ,

—on

BR(EX — =) € [2.4%,2.9%], BR(EL — =°%%) € [3.1%,3.5%].

» Some pure W exchange decays which are highly suppressed at short distance. These decays
are thought to be activated almost by the long distance effects.
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3 Results and Discussions

Channels I'/GeV Contributions |CKM/| Channels I'/GeV Contributions |CKM
Ot - EXE" | (5.531380) x 10713 Csp, C, C" CF |t — =K (1.067199) x 10712 Csp; C, €’ CF
Qf = Q2p+ | (8.7570:00) 10718 Tsp, T CF [0 5 =K | (3.267382)x 107 | C',E,,N | SCS
OFf - AFK™ | (2.597321) x 10716 C',Ex, N SCS | Q. — :j,@0 (3.047333)x107"* | Csp,C,E1,N | SCS
0 — Eﬁpﬂ (2.75728)+107*® | Csp,C, E;, N |8CS | Ot —»ZEF (2.38127%)«10~'% | Csp,C, E1,N | SCS
QFf 4= 7 (2.53t27%) « 107 | Csp,C,E1,N [SCS| Qf — :8p+ (4.451222)x 107" | Tsp,T,E;,N | SCS
Qf — :_;?'p+ (5.597302) 107" | Tsp,T,E1,N [SCS| Qf. - ZF¢ |(8.967552) %107 |Csp,C,C’, B2, N| SCS
Qf 5210 | (4547533« 1071 |Csp, C,C", B2, N| SCS [QF, — Q0K** | (4.1812%) %107 | Tsp,T,F1,N | SCS
QL s TR | (BTt L8 w1070 Es, N SCS |Qf —» B K| (8.171897) x 1078 | Csp,C, Ea, N | DCS
Gt s 3bg | (B4BTRLY) wilg~1" '8 DCS| Qf - Ate | (4.25755%4)x 10717 ¢ DCS
Qf - 20K | (1.001202) %107 |  Tsp, T, E; DOS |0 s EP R {LA7 0 e 1070 Tsp, T, By DCS
Qf - XK | (8.131532) «107% | Csp,C,Ez, N [DCS |Qf. = ZFtp~ | (1.20%5:33) 10717 E2, N DCS
Qt. = 2 [(9.0612%7) x 10718 E\,E2,N DCS| QL = ATp" | (1.03%33) x107Y7 E\,E;, N DCS
O 2 Erw  |(872H%2%) + 10718 Ei,E3, N DCS| Qf - Alw [(8.7813%1%) 10718 E,,Ey, N DCS
Qf — B2 | (1.397582) x 1071° E; DCS
» Estimated with t_, =75fs , the branching ratios of the three decays are given as
BR(Q, — Ejf"‘ﬂ) € [2.0%,13.1%], BR(Q}, — Efjf"‘”) € [3.9%,24.5%], BR(QF. — Q%) ~ 10.0%.

!

Q' > pK'n K n”
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4 Summary

Calculation: the BR and T of B. > B.V

Theoretical framework:—

The factorization hypothesis
The final-state interactions (FSIs)

Results and Discussions:

with the one-particle-exchange model
'CF Large B8R
< SCS Smaller 3 T, C
' DCS Smallest B8R, .

The largest BR. s of B, —» B, V decays are at the percent level.

It seems easy to track Q) — pK*7z K z* In experiments.

27






