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1. Introduction EEDJTe[IF:1ye

® Diquark: strong color correlation between quarks
S-wave color 3 diquarks: S(0*) and A(1+)

1
color 3®3:®396 spin - §®§—O®l

® Spin dependent force from magnetic gluon exchange predicts
strong attraction in S(0%).
Color-Magnetic Interaction Acy = (—) (Xi- X)) - 7))

i<j

't

S(0%) color3 Acm=-8  aka good diguark
A(1*) color 3 Acuv =+ 8/3 aka bad diquark G

M(A)-M(S) = (2/3) [M(A)- M(N)] ~200 MeV g
consistent with the splitting of A, — X

MZ—MA=80MCV

Makoto Oka (RIKEN Nishina Center and ASRC, JAEA)

'y

- Charmed baryon (A [udc])
m,, my << m,_ = diquark + quark

(qq) Q)

three-quark system
or with compact
diquark degrees of
freedom ?
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Frame Work
» The wave functions of hadrons
» The effective Hamiltonian




m 2.1 Wave function of light baryons

Nonrelativistic constituent quark model

Color SUB) 32323 =10,+8,+8,+1,
Spin SU(2) 20202 =4,+2,+2),

Flavor SUMB) 3@3®3 =10,+8,+ 8, + 1,.
Spin-flavor SU(6) 6@ 626 =56+ 70,4+ 70,4+ 20,,
Spatial O@3) L*? s, p, A, @

ISGUR N, KARL G. Phys.Rev.D, 1978, 18:4187
F. Hussain and M. Scadron, Nuovo Cim. A 79, 248 (1984)
LE YAOUANC A, OLIVER L, PENE O, et al. HADRON TRANSITIONS IN THE QUARK MODEL[M]. 1988. 0



m 2.1 Wave function of light baryons

The Hamiltonian of three quark system

2
. D Lj Lj
[

<j
where
ij 2 ag
Veonr = Cqqq 5 br'j ~37. 187' + Uij,
ij

o

¥, e

tj

’ 2a4(1ri;) |8 1 (38;-riS;i-r;
Hillj - Z 2 U) Si 'Sj53(rij) + 3 : UZ —
yp 3mlm] 3

i<j

2

Harmonic oscillator potential. H =}, (m —

_si.si>].

- ) + %szj(ri -7;)’
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m 2.1 The wave functions of hadrons

Jacobi coordinates:

. m(rl + rz) + m,rg

R = W ’ P=p, +p;+ps
" (11— 1) L (p1— ) -
=—(r;—1,), = — — )
P \/i 1 2 pp \/i P1 | )
1 1
A=—y+1r, —2r13), = ——(@Bm'p; + 3m'p, — 6mp;).
\/8( 1 2 3 P JEM P1 | ) P3
=
PZ 2 2 1 1
H= P2y Po +-mywip? + -myw;A?,

2M?2 Zm)ZL ng 2 2

The total wave function of the momentum space

LIJNLM(P: pp:pl) = 53(P - P,) [l/)nplpmp (pp:ap)l/)nlllm,l(p)u a) )]l Lt ’ 3 1
pPA; 2 2 i
where ‘ p7/2%) 2a;z,;
1 2n! % 1 _p* l+% p2 (rz ) — §<12> +l( 2)
Yum( @) ="(-1" 1 3 e 2a’L, <E> Yim (D). qc 2 2 p
(Tl + 1+ 7) ! aH—E
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m 2.1 Wave function of light baryons

Color SUM3) 3©323 =10,+8,+ 8, +|1,
Spin SU(2) 20202 =4,4+2,+ 2,

Flavor SU@B) 32323 =10,+8,+ 8, + 1,
Spin-flavor SU(6) 62 6®6 =56+ T0,+ 70, + 20,,
Spatial O(3) LY s, p, A, a

¢:I1SU(6) ® 0(3)) = ¢¢|Ng, 2T1N3, N, L, )

Baryon wave function as
representation of 3-dimension
1 permutation group.

NG (¢p)(p + CbAXA)Lpooo (Pp,P2)

Light baryons ‘56, 28 0, 0,% ):
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m 2.1 Wave function of light baryons

{L _ )
\E(”d du)c

-

%(us — Su)c

L (e oA\
kﬁ(ds sd)c

(e
%(ud + du)c
ddc

]
| .
ﬁ(us + su)c

| .
E(ds + sd)c

S5C

L.A Copley, Isgur N, Karl G. Phys.Rev.D, 20, 758(1978)
Xian-Hui Zhong and Qiang Zhao, PHYSICAL REVIEW D 77, 074008 (2008)

Anti-triplet

for A7,
—_ Eg_ngJP} Wave function
for Z°
=c~> 201T 2.
f -0 'SIE } IIIEDXSE I:'.t"E
or =_.. 2 1— A [
c’ Py5 ) ]L'lL-Exgz‘fF’B
2 .I. — o _..1-5., |
'PPE } ]IJILE XSEE-I]B
4 1 — [ s
for Z;"F’ Ppg ) ]DILE Xs5.PB
for2*
c*
o Sextet
for 2., — = : :
for =+ LoJ") Wave Function
—c 2g1T s A
for =Y 53 ) Yooxs. o5
= ] 2 1— A A |
‘;} Pr5 ) Vi x5, 0B
: ). 2p 11— PP
for Q.: P,5") Vi, X5 oB
4 1— A '
Py5 ) Vi, X5.0B
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m 2.2 Operators

A, - An .

2,

» Weak interaction

Y Y Y

» Strong interaction ’

o

Y Yy

Y

Y Y Y

n

al =

n
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m 2.2 Operators: weak interaction

d > > U

HW,2—>2 ‘ W

C > ' S
G 1 _ _
Hwa 2 = Tg‘fudvcs Wﬁg(pi + P — pi — p;)u(Pi) (1 — 75 )ul(p:) @ (P )" (1L — s )u(p;).
HPC _GFV V ]- Z Al[:—] ”(+}53( I + Fe e ) (1_< ! |G'|5' )(S! |a_|9 })
W.,2—2 _ﬁ i CS(2 )-3 ‘D‘:z -7 D; p_} Di p} Sz;i 1Yz, z,31= 212,72 ?
vy
gev  _Gry LZ“(‘””&:*( 4 —pi— )
‘W._Q—}?—\/i ud °s(2m)3 a; P Pi TP; —Pi —Pj
17

/
; ’ Di P _'P; P;
X {_(<Sz7ilai|szei> r <531j|aj|szd}) !(Zmi - Em}') + (Zm’- s Zm;)]
bi  P;\ P o P;
2m;  2m; 2m, Qm} '

+ i((s, i|oilsz,i) x (s} ;lo5]s2.5))
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m 2.2 Operators: weak interaction

d

u
H . 4%
w,1-3 °
(; »- > S
Hivaos = SEV,aVeso—6% (b = Pl — ps — pa)ADh )7, (1 = 95)u(pa, ma)i(ps, ms)7* (1 = 75)o(pas mi)
w:1—>3—\/§ wd cs(zﬁ)g P3 —P3 — P5 — P4)uP3, M3 )Yy V5 )U\P3, M3 )Uu{Ps, M5 )7y V5)U P4, T4

: = Ps P4
Hy3 = Evudvcs ) §°(p3 — P — pa — ps) {(-‘95|I|33> (s534|0]0) (zm% + 2m4)

P; | D3 ) ’ "y (m o )] _
— + s3|l|s3) — 7 (s3|o|s3) X s554|0 |0
(2 + 22 ) (shllon) = i shlra) (s554lor|0)

2mg  2mj

— (sh|ors3) K;; + 2“:};) (s554|1]0) — i (s554]c|0) x ( ps s )}

2m,  2ms
P3 P3 = NOF
 Slolsn) (22 + L) (sl a1

GFr B _ _ (=) &
HES 25 = SEViaVis 2582 = B = pa = pa) (= (s 1sa) s534l110) + (s lolse) (sssilolo)) ™ I,




m 2.2 Operators: chiral quark model

u > 1| L d H,, = 2 j dxi (x) (x)(')“qb (.X')
d > : m . fm q] Vuys q] "
S S ,

In the non-relativistic limit:

1 1 o pf o - p!' " . .
Hyy = > o + 20 k|6 (ph + k- p]
" J(2m)32w,, ; foml T\ 2mp  2my m ( ! ‘)
(bt b, for ™
The isospin operator [, is written as [/ ={ b by form™
1
& |bf by — b} b, forn®

17



m 2.3 Amplitudes and parity asymmetry parameter

The parity asymmetry parameter

Normalization:
(M(P’c)],]Z|M(Pf:)],]Z) — 53(”:: — Pc);
(B(Pf;)]’]Z|B(P£)]’]Z) — 53(”:: - Pc)-

Decay width:

|k|EzE, 1
'(A -» B+ C) = 8?2 zMZ,
(4 - ) /[ 27+ 1 |M |

where

My

spin

63(P, — Pg — P-)M = (BC|H|A).

M = GrmzBr(A — Bys)B;

The transition rate 1s proportional to

R=1+~yws w;+ (1 —7)(ws n)(w; n)

~~

o~

@y 8+ @; - n)

2Re(s*p)
a =
|s?] + |p?|

s =4,

|py|

p=2B

v

2Re(MpyMp()

= 2 3
|Mpc“| + |Mpy©|
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The hadronic weak decay
of charmed baryons

» The hadronic weak decay of A,
» The hadronic weak decay of Z,




3.1 Previous works: hadronic weak decays of A,

DME v x x U
CS v v v
Pole term v v v i : Z
Br 1.30% 1.29% 1.24% d > d
1 1 1
bp, = ﬁ (ud — du)c, pp = ﬁ (ud — du)s, pyo = ﬁ (ud + du)s

» DPE process should not be the only dominant processes.

» The important of non-factorizable processes

Peng-Yu Niu, Jean-Marc Richard, Qian Wang, and Qiang Zhao, Phys. Rev. D.102.073005
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3.1 Previous works: hadronic weak decays of A,

TABLE V: The amplitudes with J; = J7 = —1/2 for different processes and the unit is 10~ GeV~'2. Amplitudes A1(PV)
and A2(PV) are given by the parity-violating intermediate states £**(1620) ([70,%8]) and X*(1750) ([70,*8]), respectively.

Processes A(PC)  Al(PV) A2(PV) B(PC) B(PV) CS(PC) CS(PV) DPE(PC) DPE(PV)
A. — Anrt —16.50 0.74 —0.023i —2.5740.10i 22.3340.021i —10.72—0.33i  3.50 —417  —4247 24.07
A, — ¥%F 1967 —3.21+0.100 —2.23 4+ 0.090i —40.73 — 0.040i 19.16 + 0.60i —6.04 7.53 0 0
Ae = 270 19.64 —3.15+0.098; —2.19+ 0.088 —40.65 —0.10i 19.28 +0.52i —6.04 7.51 0 0

» The parity-conserving amplitudes of the pole terms are dominant.

» The interferences between factorizable and non-factorizable processes are essential.

BR(A, = Axt) BR(A, — 20z7) BR(A, = X7 1Y%)
PDG data [24] 1.30 + 0.07 1.29 +0.07 1.24 +0.10
BESIII [20] 1.24 +0.07 +0.03 1.27 + 0.08 + 0.03 1.18 £+ 0.10 4 0.03
SU@3) [39] 1.3+0.2 1.3+0.2 1.3+0.2
Pole model [4] 1.30 + 0.07 1.29 +0.07 1.24 +0.10
Current algebra [4] 1.30 £+ 0.07 1.29 £+ 0.07 1.24 £ 0.10
This work j 1.30 1.24 1.26

.

(1.31 4+ 0.08 + 0.05)%  (1.22+0.08 + 0.07)% BESIII PRL.128.142001(2022) 0



3.1 Previous works: hadronic weak decays of A,

i

s > > 8
u > > i
d » > i
(a)
DPE

08 10

00 02 04 06
(a) Ip,l/GeV

(b) Ip,liGeV

22



3.2 The diquark revisit

A, > A/ZK™

The constituent quarks of the
final baryons are the same but
with different 1sospins carried
by the light quarks.

e p,=% .and Z° for the PC processes,

e N(1535), N(1650),|Z", 2P)), "0_ ‘P, E), 4P,).
20 2Py, |20, Pp), and |Z7°, 4P)\> for the PV
processes.

u
KTt
g}
W
C | S
Acj u > w A
d > > d
(a)
u
+
// 8 } K
d > /b/s
§W
Ad ¢ —» > d tA/%°
u ! ! u
(c)
u
/ ’ }K+
u u
W
AA ¢ > > s pA/E°
d > > d

Pengyu Niu, Qian wang and Qiang Zhao arXiv: 2507.04393

d - - d

(b)
U N

/ s "

Uu » /r/s

A d —» > u A /%0
W
¢ | d




3.2 The diquark revisit

The weak Hamiltonian

A.) = _
|<AC|>=<|(§)'(§)|> cs - su,cd > duandc - sus:
’ 1 1 11
(Z° = (1,0 — _ — — = =
Al Z,AI3 2: |Hy) 55

R

M(A — AKD)]P [(AKH[Hw AP [(0,0;
D IM(A = SOK )P T [(SOK [ Hw A T (1,0

24



3.2 The diquark revisit

2.8;- (a)

2.6}

& 2.2f
2.0}

Only the a,, of anti-triplet charmed baryon are changed.

2.4f

1.8F

1.6F

|||||||||||||||||

3.5;
3.0;
p=0 1° 2.55—
a, of antitriplet states (GeV)
e IMAe > AKHP - (MK Hw|AP_ K0,0:5,5[0.0:5.5)° o
[M(A; — XOKH)[2 [(EOKF|Hw|AH2 (1,055, 5(0,0: 5, 5)[?



3.2 The diquark revisit

The a, and a; of are treated as free parameters

0.75¢ 0.80 ———
0.70F 0.75}
0.65F 0.70f

= 060 > 0.65}

) f 9} :

3 0.55} 5 0.60}
0.50F 0.55L
0.45} 0.50f
40t ' 0.45t
04925 0.30 0.35 0.40 0.45

Neither the [ud] quark pair nor the heavy-light diquark in
the single charmed baryons 1s point-like structure.

26



3.2 The diquark revisit

The amplitudes (in unit of 10~° GeV~1/?)

, Ae 5 A KT Ae 5> X0 KT
Parity Processes States
- 0 =0° 0 = 30° 0 =0° 6 = 30°
DPE . —6.71 —6.29 0 0
CS - 0.67 0.63 —1.16 —1.08
PC WS P —1.89 —2.30 0.36 0.44
SW =2 (0,0) (0,0) (0,0) (0,0)
=0 (0.60,1.13) 1.33 (—1.14,0) (—2.45,0)
Total - —6.21 —4.11 —~1.94 —3.10
DPE - 4.93 4.48 0 0
CS - —1.10 —1.08 1.97 1.91
By WS N (1535) 2.67 — 0.15i 3.23 — 0.18i 0.58 — 0.32i —0.65 + 0.084i
N (1650) 0 0.87 — 0.048i 4.37 — 0.40i 5.24 — 0.47i
SW =212 P,) (—0.36,0.82) (—0.99, 2.20) (0.89,0.096) (2.28,0.20)
Z2|*Py) (0,0) (0,0) (0,0) (0,0)
=21*P,) (0.55, —1.05) (1.45,—2.75) (—1.05,0) (—2.67,0)
=212 P,) (0,0) (0,0) (0,0) (0,0)
=212 Py) (—0.45, —0.80) (—1.19, —-2.11) (0.78,0.043) (2.03,0.091)
=014 Py) (0.56, 1.06) (1.45,2.75) (—1.05,0) (—2.66,0)
Total - 6.68 — 0.15i 8.32 — 0.23i 6.63 — 0.43i 5.77 — 0.39i

The mixing angle
of N(1535) and
N(1650) is 30"

Selection Rules

27



3.2 The diquark revisit

u

//.//“’I.}K+ N(1535):[70,% 8]

d > gw N(1650) [ 70,4 8]
A ¢ —» > d tA/x°
v — > u | The spin of u and d must be persevered.
1 1.,

156,28,0,0, 5) = E((bbxgﬁz + ¢BX3.5.)V0,0,0,

’ 1 1 ) ) ) ) P
|70=2 81,1, "') — Z (13 Lz; 53 Sz"”'jz)a [(%Xg',sz + (/JEX’:‘S',SZ)\P’;,I,LZ + ((/)iBXf‘;,SZ o (/)ing',sz)‘l’i\,l,Lz} ?

L.+S.=J.

- 3 1 i ] 4] S
7048, 1.1, ) = > (LLsy, S:l1 ) 7 [(/);x:q,szwa,l,bz + <f>fexs,szwi‘,1,bz] .
I..4+S5.=.I.

A selection rule: leads to the vanishing transition matrix element between
N(1650)of [70,* 8] and [56,28] in N(1650) > A K/ K*.

Qiang Zhao and Frank E. Close, arXiv:0711.0151v1 -



3.3 Heavy quark conserving hadronic weak decays

Evidence for the strangeness-changing weak decay =, — Ag T

LHCb Collaboration « Roel Aaij (CERN) et al. (Oct 13, 2015)
Published in: Phys.Rev.Lett. 115 (2015) 24, 241801 » e-Print: 1510.03829 [hep-ex]

pdf 2 links & DOI [ cite %) 21 citations

f=5
f

—L2B(E, » Apt7) = (5.7 + 1.8%55) x 107*
f...

fAb

First branching fraction measurement of the suppressed decay Eg — M A
LHCb Collaboration « Roel Aaij (NIKHEF, Amsterdam) et al. (Jul 23, 2020)
Published in: Phys.Rev.D 102 (2020) 7, 071101 « e-Print: 2007.12096 [hep-ex]

pdf & DOI [5 cite

~ 0.1~03 = B(E, - Ayn~) = (0.57 £ 0.21)%~(0.19 + 0.07)%

%) 0 citations

B(22 » A,mr™) = (0.55 + 0.02 + 0.18)%

Peng-Yu Niu, Qian Wang, and Qiang Zhao, Phys. Lett. B 826(2022)136916

29



3.3 Heavy quark conserving hadronic weak decays

Processes 2t — Acm? Y > A~ 2) — Apr? 2, = ApT™

Exp. Data e 0.55+0.20 [1] = 0.19 +£0.07 ~0.57 £ 0.21 [2]
MIT bag model [4] 0.0093 0.0087 0.059 0.2

Diquark model [4] 0.25 0.69

Duality [5] e e e 0.63 +0.42

Current algebra [11] 0.386 +£0.135 0.194 + 0.07 fe e

Current algebra [6] e e 1~4 2~ 8

Current algebra [10] < 0.6 <0.3 0.09 — 0.37 0.19-0.76

Our results 1.11 0.58 0.017 0.14

Larger than the theoretical values

30



3.3 Heavy quark conserving hadronic weak decays

0 0
i , ‘
/
I [
U 1 ] U 1 U
[ [
S ¥ C S ' c
. '
C > . S C . d
| [
(q) (b)
0 0
i i
/
/
1 I
u — d u > d
. -
S + u S + u
| [
'S t 1 C C 1 'S
| [
(c) (d)
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3.3 Heavy quark conserving hadronic weak decays

=5 = Aer? =0 s A =) — Ap7? =, — Ay
Pole-A yr 116.76 — 17.80: P3N 146.77 — 7.80i 9 Spin(weak)
AL [sospin Ap Spin(CQM)
Pole-B =F Spin(CQM) =+ Spin(CQM) =0 Spin(CQM) =0 Spin(CQM)
pPC =i —2.61 =0t —3.67 = Spin(weak) =0 Spin(weak)
DPE Spin(weak) Spin(weak) Spin(weak) Spin(weak)
CS Spin(weak) Spin(weak) Spin(weak) Spin(weak)
Total 114.15 — 17.80¢ 143.10 — 7.802 0 0
Pole-A ) Spin(CQM) X21°P,) Spin(CQM) Spin(weak)
) 1.59 XY12Py) 2.72 Spatial
) —0.94 XII*P,) —1.34 Spatial
) [sospin Isospin
) [sospin Isospin
) I[sospin Isospin
Pole-B ) -3.32 Z}’P, —6.02 —7.95 —11.25
) Spin(CQM) EF 2P Spin(CQM) Spin(CQM) Spin(CQM)
) -1.26 =Zf|'P, —1.77 —3.57 —5.06
1*P,) Spin(CQM) ZELF|?P, Spin(CQM) Spin(CQM) Spin(CQM)
\) 0.55 =72 Py 0.77 Spatial Spatial
) —0.41 Z'P —0.58 Spatial Spatial
DPE 0 —9.73 0 —9.79
CS 3.40 4.81 4.32 6.11
Total —1.32 4 0.0038: —11.58 4+ 0.00552 —7.20 — 0.00482 —19.99 — 0.0068

explain the sizable branching ratio for Z - A.m



3.3 Heavy quark conserving hadronic weak decays

Processes 2r — Acmrf 20 > A~ 20 — Apr? 2, — ApT™

Exp. Data E 0.55+0.20 [1] . 0.19 £0.07 ~ 0.57 £ 0.21 [2]
MIT bag model [4] 0.0093 0.0087 0.059 0.2

Diquark model [4] 0.25 0.69

Duality [5] e e e 0.63 +0.42

Current algebra [11] 0.386 +£0.135 0.194 + 0.07 x e

Current algebra [6] . e 1~4 2~ 8

Current algebra [10] < 0.6 <0.3 0.09 — 0.37 0.19-0.76

Our results 1.11 0.58 0.017 0.14

» The parity-conserving amplitudes of the pole terms are dominant for
o > AT

» The importance of non-factorizable terms for =, = A, .
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3.4 The first study of Z2 - 2%7% /n/n’" @ Belle and Belle 11

e fh 3 k £

FUDAN UNIVERSITY

First Study of =0 - 2°z°/n/n’
PRELIMINARY at Belle + Belle II ~1.4/ab:

First measurements of the branching fractions using combined data:
B(E2 — 2°7%) = (6.9 £ 0.3(stat.) + 0.5(syst.) + 1.5(norm.)) x 1073
B(E? - %) = (1.6+0.2(stat.) + 0.2(syst.) + 0.4(norm.)) x 1073
B(E2 - 2%") =(1.2+0.3(stat.) + 0.1(syst.) + 0.3(norm.)) x 1073

tf

tavoriting predictions in SU(3) tlavor symmetry [JTHEP 02, 235 (2023)]

First asymmetry parameter a(20 - E°7") measurement depending on

———— 1+ a(Z? = 28 a(E° = Ar®)cosh-0
dcosfzo =

through a simultaneous fit to Belle and Belle II data samples
a(E? - 2%7%) = —0.90 + 0.15(stat.) + 0.23(syst.)
taking a(E2° = An®) = —0.34940.009(PDG)
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3.4 The Cabibbo-favored hadronic weak decays of the =,
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3.4 The Cabibbo-favored hadronic weak decays of the =,
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3.4 The Cabibbo-favored hadronic weak decays of the =,

TABLE X: The amplitudes of =F — =% (in unit of 107 GeV "~ 172 for the real part and 10~13 GeV~1/2 for the

imaginary part). WS (SW) is 115ed to label the pole terms that baryon weak transition either preceding (following)
the strong meson emission.

%
DME | CS WS SW (Total )
v v x =0 =0
PC| (34.41,0) | (—5.62,0) (0,0) (0,0) (—8.47,0) (20.32,0)
v v X 1°Pp) Py) |'Pp) 1 Pp) 1> Py) 11Py)
PV| (~18.98,0)] (5.34,0)  (0,0) (2.84,6.04i) (0,0) (—4.22,-8.80i) (0,0) (4.12,8.98i) (—6.22,—13.26i) | (—17.11, ~7.03i) |
TABLE XI: The amplitudes of the ZY — =~ 7 in unit of 10~ GeV /2,
6ME ) CS WS SW Gotal \
v X =0 X
PC (34.41,0) (0,0) (3.37,—3.04 x 10~ 24) (0,0) (37.78,—3.04 x 10~ 24)
v X =0 =2(1690) X
PV &—19.02, 0)) (0,0) (0.36, —5.37 x 10~ 37) (2.92,-3.04 x 10~ 2i) (0,0) \(—15.74, —3.58 X 10—21'))
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3.4 The Cabibbo-favored hadronic weak decays of the =,
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3.4 The Cabibbo-favored hadronic weak decays of the =,

TABLE XI: The amplitudes of the 2% — Z~ 7" in unit of 10~ GeV~1/2,

(DME ) CS WS SW (Total )
v X =0 X

PC (34.41,0) (0,0) (3.37,—3.04 x 10~ 23) (0,0) (37.78, —3.04 x 10~ 24)
v X =x0 =92(1690) X

PV \(—19.02, 0)) (0,0) (0.36, —5.37 x 10~ 37) (2.92, -3.04 x 10~27) (0,0) (—15.74, —3.58 X 10—%‘))

TABLE XII: The amplitudes of Z? — Z%7Y (in unit of 10~ GeV Y2 for the real part and 1012 GeV~Y2 for the
imaginary part).

e Motal )
DME| CS WS SW Total
x |v =0 =0 =0
PC|(0,0)](3.98,0) (2.37, —21.34i) (0,0) (5.95,0) (12.29, —21.344)
x v =*0 =°(1690) 2Pp) 2Px) |1Pp) ?P,)  [2Px) [1Py)
PV](0,0)| (~3.77,0) (0-25, ~3.66i) (1.99,-20.73i) (~1.99,-0.423) (0,0) (2.97,0.62)) (0,0)  (~2:90, ~0.63i) (4.38,0.937)(0-92, ~23.90) |
==
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Summary

@ The hadronic weak decay can be described with the
NRCQM framework

@ Pole terms play a crucial role. There is direct evidence
for pole terms which play a crucial role 1n Z,

@ Prob the light quark correlations inside hadrons
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