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1. Motivation

Determining the CKM parameter V. as a
compensation to the measurements on mesons

Investigating the non-perturbative QCD effects
in the heavy baryon system

Serve as an ideal laboratory to explore new
physics
its characters and inner structure of =.
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(1)7' quark—dmuark{%‘FE’Jvertex functlon

In the heavy quark limit the heavy quark decouples from light quarks in baryons,
and the two light quarks tend to form a diaquark

Ny (is composed of one heavy quark b(c)
and a light 0+ diquark [ud].

2, consists of a light 1* diquark[ud] and
one heavy quark b(c).

diquarkZpk 7 =RiF




AQ(P.S.S.)) = [{d'piHd*m} 20278 (P - py - )
XY 5% (P, Pa, A1) -fETFbC | Qalp1. Aﬂ[@fﬁﬂ’i] (p2))

A1
SS: (=~ b |
W= (P p2. A1) = <)\1 ’RM(J?L;’JILTW)‘ S1> 00): 551 Ebz (. k)
i | I 1 ) -
<’\1 ‘RM(H?L kuﬂ“ﬂ) .51> <00; %1 §5z> - u(py, A)Tu(P,S,)

\/Q(pl - P+ my M)




So(P.S.5.)

S

JAd B s} 226 (P = iy~ 1)

<Y U= iy, o, M)CGLF™ | Qa(pr M) @3 (p2))
A1

A _
w7 (B1, D2, A1, m) = NG Pi — )'l_t(pl_-, A1) [—75¢(p2, m)|u(P, Sz)p(z, k1)
pr - my M, |
4 — 12( Mom +p; P)
<19 12Momy +4p P+8p1.p2p.2.P/7ng

Hong-Wei Ke, Xu-Hao Yuan, Xue-Qian Li, Zheng-Tao Wei and Yan-Xi Zhang,
Phys.Rev.D86, 114005 (2012)

C.~K.~Chua, fEPhys. Rev.\D 99, 014023 (2019) [arXiv:1811.09265 [hep-ph]]T"
A2 17—




Another scheme for axial vector diquark

The wavefunction of X, with a total spir S =1 /2 and momentum P
Sq(P,S,S.)) = [{d*piH{d*ha} 20278 (P — pr — o)
X Y U (P, o, M, m)Cg, FY | Qa(Pl,)\1)[(1‘?1(13)(772)](172»

-~ , 1 1
U3 (P, P2, A, m) = <)\1 'RT\I(Tla ki, m)‘ 51> <§31§ Im '§Sz> oz, k1)

%31; 1m|%Sz> = Aju(p;, Sl)%lt(ﬁ S.)

1
\/‘2(1’\10772.1 +py - P)

A =

Hong-Wei Ke , Ning Hao and Xue-Qian Li, arXiv:1711.02518, J.Phys. G46 (2019) , 115003
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(2)7’ three- quark{%‘FE’Jvertex functlon

Bo(P. S, S.) / (B PP P} 2027263 (P = iy — s — i)

X Z *(P1. P2. D3, A1. A2, /\3)(YO3WFQdu | Qa(p1: Av)ug(pa. A2)d,(ps. Az))
A1 A2,A3

The spin and spatial wave function for Ag is
WS (P Ag) = Aoti(pa. Aa)[(P+ Mo)vs]v(pa. Ao)iig(pr. A )u( P, S)p(ws, ki),
and for Xg

U5 (P Ai) = Avti(pa, Aa)[(P+ Mo)y1alv(pa. Ao) g (pr. M)V Larsu( P, S)p(wi kiy ),

Hong-Wei Ke, Ning Hao and Xue-Qian Li, arXiv:1904.05705 Eur.Phys.J. C79 ,
540(2019)

S. Tawfiq, P. J. ODonnell and J. G. Korner, Phys. Rev. D 58, 054010 (1998)
doi:10.1103 /PhysRevD.58.054010 [hep-ph/9803246].
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N 4\/ PHM3(my + e1)(mo + e3)(ms + e3)
1

Ay

B 4\/ 3P+ Mg (my + e1)(mg + e2)(ma + ()3).

Ko— Kk
€1€69€4 S ) vo — K3
plry, wo. w3, k1 hoy kay ) = e ] p( k1. B)p( ‘ , [F23)
.‘lrl;lg;lgﬁjo 2
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Xj‘ pr— pr— pr— [
) I = Py p—{

Z(PS 8)) = [{d B HAd Bl d*hs} 20206 (P = = 1 — 1)

<Y U (G A)C P | Ca(prs M )es(pa, Aoy (pa, As)),
A1.A2.A3

=0(P,5,5.)) = [{d 5 Hd i His} 207D = 1 — o — 1)

X Z VSRR (Pis A 603 Fesu | Sa(P1- A1)es(pa. Ao )uy(ps. A3)).
A A2 \a
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3. the transition matrix elements
WFN,—NERE, BEmeriEtlAENE

O - @
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us (ds) subsystem H Ji¢ 40
<" us (ds) subsystem H ig A1
cc  subsystemH ig N1

o

[x]1 [1] [1]

(]
(¢]
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A B i Racah BiEl
ﬂ(

'] u] =

V3 2171 Loy
_ > [(. H( 11]0 = E[( H( “‘]1

V3

e Lo
_T[(". H( ll.]o + 5[( H( “‘]1)

V3

[sulolc] = —%[s] lculo + TH [culy

[suly[c] = ? [s][culo + %[s] [cuy

2

W. Wang, F. S. Yu and Z. X. Zhao, Eur. Phys. J. C 77, no. 11, 781 (2017) y
doi:10.1140 /epjc/s10052-017-5360-1 [arXiv:1707.02834 [hep-ph]].
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\IlcSc:?z (pl /\ ) \/_[_7\/:_\1158 (])z /\ ) + %\I].SS,: (]31 /\ )]
1 : 3
VS G \) = — B ) + LU
055 (o A) = LU (o A + S5 (5 )
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The form factors for the weak transition =.. — =, are defined

(E(P S, ) | 59,1 = 15)e | 2l P, S, S.)

/ VI g . > ( L .
= ug, (I, 5),) [Am.h((lg) + 10w falq®) + \[i fa(q )] uz,. (P.5;)

— , ) q (]
—uz. (P, 5;) [':f#gl(qg) 1002 @) + 5 I

o

‘\ﬁ

vV

q

M=,

(q2>] Y5tz (P, 5:)
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' L ) a \/6 = Q) — L — \
(Z(P'.SY) | 39"(1 = v5)c | e P, S,)) = T<:C(P’, S0 SY(L = y5)e | Zee( P S2))o

\/6 — Q! — M f— J
+T<:C(p ’ ‘Sz) | (mfﬁ(]- - Ai”‘5)b | ':'cc(p.- bz)>1

(Ze(P',S2) | 37 (L = v5)c | Zee( P, S2))o B B
/ {([31)2}{(13'7 bor (2 K)oz, (k) Tr[(P" — My)ys(pot ma) (L2 + Mo)vs(ps— ms)]
16\/])1 PiE PP M3 (my + e1)(ma + e2)(ms + e3)(my + €;) (mly + eb)(mlh + €4)

< (P, )+ m) v (1 — ) (Pt mo)u(P, S.)

(Z(P',50) | 39" (1 = s)c | Zee( P, S2))1

_ J{BP P dPPps}or (2 K )bz, (x, kL) Tr[v§ (P + M) vs(pot ma) (P + Mo)vs) l(}/ﬁ— ms)]
46\/])1 PP M3 (my + 1) (ma + e2)(mg + e3) (1l + &) (mbh + éb) (ml + ¢4)
X U( P, Sy Las (P + )Y (1 = 45) (Pt my)yisysu( P, S.).
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{:EC(PIﬂ S’,S;) I §’}#(1 - ’}'5)6 | EC‘C(Pv S? SZ):}O
the form factors are denoted to f7, g’

{EC(P,‘S;) I gm".“(]_ o /}'5)0 | EC‘C(P" SZ):}I

the form factors are denoted to f . g;

Xt (Z(P'.S",S)) | 37u(1 —ys)e | Zae(P, S, S:))

'y 'y '
V6 s V6 v V6 8 \"fg v
fi= T‘fl +Tf1.~91 =19 + - 9
V6 .. V6, Ve . V6
fz_ 4 2+ 1 gagz_Tz"‘ 492
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dzod®k3| dzsd®k3) Tr[(P'— M)y (Bt ma) (P+ Mo )ys(pa— ma))

2(2m)*  2(2m)3 \/}\103(7711 + ey )(my + e3)(ma + ea)(m) + €] )(ml, + €,)(mf 4+ €})
y oL (' K\ o=, (x, kL) Tr[(:]_’-l- 4’\'10)’}‘4-(?’-'- M) (P + mi )y (Bt 7))

16/x12) S§p+pt
5 —t fdeyd?k3) dasd®k3) Tr[(P'— M})ys (Pt mo)( P+ My)ys(ps— ms)]
Mz, / 2(2m)®  2(2m)3 \/A-Ig(m, + e1)(my + e3)(ma +e3)(m) + e )(m), + e )(mf + €})
b2 (&' K )om (2, k) (P4 Mo)o™ (P4 Mj)(#h 4+ mi)y* (e mn)]
16/x12) 8p+p ’
g = dngzkg | dryd?k2) Tr[(ff— A,f(;)q-s»( M m.g)(,é+ J\,fo_)qu(;63— m;)]
2(2m)*  2(2m)* \/}\13(1711 + ey )(my + ez )(ma + ea)(m] + €))(m + &) (mf +ef)

Xc)éc(:i:’,kj_)g{ Sz k) Te[( P+ Mo)yHys (P4 M) (g1 + m))vH s (h+ ml)]

16, /x,x) Sptp

gg _ 2 / dlzd AZ.L dl'3d2k3_l_ Tr[(F AI, (5(1}2’*‘ 7712 P+ ‘Io) 15(}63— Mo ]
Mz,, 1 \/Afg(ml +e,)(my +e5)(ms + 63)(7711 + e )(mf, + el)(mh + €5)
y oL (o', kj_)g:')E“(;r, ki) Te[(P+ My)otys( P+ ML)(g1 4+ mi)y s (gt ma ]

164/, x} 8P+P'+

‘ Hong-Wei Ke, Ning Hao and Xue-Qian Li, arXiv:1904.05705 Eur.Phys.J. C79 , 540(20192)1



dzod®k3| dxad?k3, Tefy§ (P + M) ys (gt m2) (P + Mo)ys] ($a— ms)]]
2(2m)*  2(2m)* \/}\r-foz(ml + e1)(mz + e2)(ms + ea)(m] + €1)(m5 + e5)(mf + €5)
5 (-f);-c(rl5 ki )955«(13 ki) Tr[(P-l— ﬂ‘fo)"f"L(P"*' M) vLavs(P1+ 7”’1)”!’+ (¥ + ml)“.'ls’}'s] ‘
48\/1?117’1 Sp+pt ‘
2 —i / dwad®k3| dwsd®k3| Ty (7 + M) ys(#t ma)(P + Mo)ysyl (#s— ma)]
Mz, il 2(2m)? 2(27")3 \/\13(7711 + e1)(mz + e2)(m3z + e3)(m) + e} )(m5 + ) (mf + €5)
xc%c(.r’ | o=, (z, kL) TI[(P— Mg)a'( F’ Mg )yiays(#1+ myy (ot 777»1)".'13’}'5]‘
48\/:1:11‘1 Sptpt '
o _ [ deed®k3) dusd®ki) Tr[y3 (P + M)ys(Bot m2) (P + Mo)ysy] ($a— ma))
2(2m)*  2(2m)? \/j\foz(ml + e (mg + ez)(ma + ez)(m] + e’l (mé +ée5)(m5 +e5)
oL (', K )= (2, k1) Te[(P— Mo)y s (P'— Mg)yiays(@i 4+ miyt (it ma)yis7s)
48, /xz 7} S§pP+pt ,
@ i [dedh ek TP+ Mt mo) P+ Mo)ysyf (B my)]
Mg, qy 2(2m)*  2(2m)3 \/3-103(7711 +e1)(my +e5)(ma + ea)(m] + €})(mf, + e5)(mf + €5)

X

y ox (' K\ o= (0, k1) Tr[( ,P— Mp)oita «5(P’— M)y 1ays(#1+ m) v (it ma)y87s)
48,/ x 7} 8ptpt

‘ Hong-Wei Ke, Ning Hao and Xue-Qian Li, arXiv:1904.05705 Eur.Phys.J. C79 , 540(20192)2



For the transition (Z.(P’, 5", 5") | @ u(l —v5)Q | Z(P, S, S.))

’ 3\ § v ! 3\7 3 \,/_ .
Hi=-— fi + 1 —fi51 = — — 0, + a,
4 4
’ 3\f ‘/_- - 3\/’? 3 V 2
f2= f9 2.*gI2=— gz'l' gg.

1 1 1
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Y. Numerical Results

the reciprocal of 3 is related to the electrical radium of two constituents

Goqth = \;/i.ﬁqq(')

for a compact ggl") system
.qu(q = Z'Q-IBQQ(')

MRPEIX L, FATAT UG T

'BC[C"-‘I o 29-‘305 y .38 [cu] == \'6.305,7 .’3 [cu] == \,-/230(‘

Q. Chang, X. N. Li, X. Q. Li, F. Su and Y. D. Yang, Phys. Rev. D 98, no. 11, 114018 (2018)
doi:10.1103/PhysRevD.98.114018 [arXiv:1810.00296 [hep-ph]].
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ARl F

Since these form factors f; (i =1,2) and g;

0ie ¢

region. In Ref.[31] a tl

s(v)

"

F(0)

1

F(¢*) =

() e ) o

[31] H Y. Cheng, C K

Chua and C. W. Hwang, Phys. Rev. D 70, 034007

doi:10.1103/PhysRevD.70.034007 [hep-ph/0403232].

TABLE II: The form factors given in the three-parameter form.

F F(0) a b
fi 0.586 0.640 -0.194
-0.484 1.23 -0.222
g 0.420 -0.0142 0.0748
P 0.228 1.02 -0.101
I 0.610 1.18 -0.0492
3 0.463 1.32 -0.0642
P -0.140 -0.501 0.274
gy 0.0673 0.00936 0.327

(2 = 1,2) are evaluated in the frame ¢+ =
= —g] = 0 (the space-like region) one needs to extend them into the time-like

(2004)
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F(q*) = F(0)

1+a'( ’)w(

TABLE IIT: The form factors given in the ploynomial form.

q
MZ_

)|

we suggest a polynomial to parameterize these form factors

F F(0) a’ Y

: 0.586 1.57 1.59
3 -0.484 2.06 2.42
@ 0.420 0.983 0.692
@ 0.228 1.90 2.07
f 0.610 2.04 2.27
P 0.463 2.14 2.49
g -0.140 0.422 0.0031
ge 0.0673 0.925 0.245
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dr/de (10%s™)

25

244
2.24
2.04
1.8
1.6
144
1.24
1.04
0.8 4
0.5 4

(a)

—

—
—

[

T
106

7y

22—
2.0 ===-drl /do

q ------dr_lde
b I.!!-. 7 /-’_\
‘o 16

(b)

= s = i7
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mode r I I'r R
Eee — =l 0.100+0.015 0.0879+0.0114 0.012340.0019 7.144-0.61
Eee — EllD 0.09954+0.0091 0.05694-0.0060 0.04264-0.0062 1.344-0.07
(in unit 102571

I“(Eoc — EC_[I?[) — (0.173 x 10712571 R=9.99
(=, — Z.lp) = 0.193 x 1071271 R=1.42
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3. ¥ ER%

<:‘(,)(Pl -V)A[ | H | Zeel P, 52))
Cp‘CJ

V2

(M | (1 =s5)q | ) ED (P, SL) | (1 = y5)e | Zeel P, S2))

“~

mode our results  preditions in Ref.[8] mode our results  preditions in Ref.[8]
Zee = ST 13.6£1.8 23.9 Zee — =L 7.68£0.92 16.7
See — Zop 110£L5 - See = Slp  13.941.2 -
Zee = 2K 1.03£0.14 - See — =LK 0.49240.059 -
Eee — ZLK* 0.414£0.055 1.81 Eee — ZLK* 0.62340.052 2.84

(in unit 101%s=1)
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fA. Summary

1. T Ethree-quark 1 K% S ¢ T doubly charmed baryon ) 55 % 4%
(E(P', S, 50) | 37u(1 — y5)c | Eel P, S, S2))
EUP. S0 | @l = 5)Q | a2 5. 52)

2. BAHE TR 7, il &
3. BATHE 1 R AR AL
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