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° Introduction

Charmed baryon physics

* There are various experimantal facilities focus
on charmed baryon physics in the world.

The theoretical analysis 1s still incomplete.

Charmed baryon physics are hopeful to become
a new platform for study NP.

gy~ -
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° Introduction

Charmed baryon physics

R(A, )=0.242 + 0.026 + 0.040 = 0.059  PRL 128 (2022)191803 Rsm(Ac) = 0.324 £ 0.004.

Belle
Collabovration

First observation of A, —» nmm™ PRL.128(2022)142001 7>
First observation of A, —» pK~e*p PRD 106 (2022) 11, 11201(

First observation of A, — pn’ JHEP 03 (2022) 090

First search for the weak radiative decaysA; — ="y and z{ - =%
PRD 107 (2023) 3, 032001

Search for the weak radiative decay A — nt at BESIII =
PRD 107 (2023) 5, 052002 IB-@S!]]I!




Introduction

Charmed baryon physics

SU(3) analysis: [PLB 823 (2021) 136765], [JHEP 03 (2022) 143], [ JHEP 12 (2022) 003],
[JHEP 09 (2022) 035], [JHEP 02 (2023) 235].

A, — A Form Factors in Lattice QCD Turk.J.Phys. 45 (2021) 4

First lattice QCD calculation of semileptonic decays of charmed-strange
baryons = * Chin.Phys.C 46 (2022) 1, 011002

QCDSR : [PRD 104 (2021) 5, 054030], [PRD 106 (2022) 9, 9] , [ 2103.09436].

Weak radiative decay A ;F—X *y using light-cone sum rules
EPJ.C 83 (2023) 3, 224




° Introduction

SU(3) analysis
SUG) symmetry %
A, = Aety, 36i04_] 3.6 £04
Ae = Apty, 3.5 4 0.5[1] ‘ 3.5+ 0.5
=+ 5 2ty 741 12.7 + 1.35

— 2 eTr, 1.54 + 0.35(2, 3] 4.10 4+ 0.46
— E uty, 1.27 + 0.44(3] 3.98 & 0.57

—c
—0
—c
—0
—c

Not consist with SU(3) symmetry

[1].PDG
[2].S.Acharya et al. [ALICE], Phys. Rev. Lett. 127, n0.27, 272001 (2021)
[3].Y. B. Li et al. [Belle], Phys. Rev. Lett. 127, no.12, 121803 (2021)

X.G.He, F.Huang, W.Wang and
7.P.Xing,Phys. Lett. B 823, 136765 (2021)
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° Introduction

Channel experiment
data(%)
e+ve 1.04 4+ 0.24[1
+y, 1.01+0. 25[1]

globe fit

Not consist with SU(3)
symmetry

[1].PDG

[2].X.G.He, F.Huang, W.Wang and Z.P.Xing,Phys. Lett. B 823, 136765 (2021)

[3].Q.A.Zhang, et al.Chin. Phys. C 46, no.1, 011002 (2022)
[4].Z.X.Zhao, [arXiv:2103.09436 [hep-ph]]
[5].H.H.Duan, Y.L.Liu and M.Q.Huang, Phys. Rev. D 106, n0.9, 9 (2022)

B Frd R

e’/ TSUNG-DAO LEE INSTITUTE

£ - anormaly

SU3) Lattice(%) QCD sum light-cone sum
symmetry(%o) rules(%o) rules(%o)
4104+0.46[2] 2.384+0.44[3) 3.4+£0.7[4] 2815 1[5

3.98 £ 0.57[2] 229+ 0-42[3] - 2.7275:15[5]

Table 3
Experimental and fit data of anti-triplet charmed baryons decays.

Channel Branching ratio (%)

Experimental data Fit data

3.6040.40 1.94 +£0.18
3905 1.87 £0.176
23+15 6.53 +0.60
1.54+0.35 2.17 =0.20
1.27 =0.44 2.09+0.19
f1=1051+0.30 £ =0 11H0.95
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° Introduction

SU(3) symmetry breaking from the quark mass

my, O 0 SU(3) symmetry breaking

O 0 O
M= 0 mg O |~mg|O0 O O] =msx|w.
0 0 1
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° Introduction

global fit
Helicity amplitude:

ay™ +a5™ = f1(@*) x ARy Fuie; ow) = F1(@%) x 2R YH* ysuGies Gw),
ay™ —ag™ =8 f1(@*) x AWy uGE, (o) — 8 f1@%) x TRy *ysuhiey, Gw),

o™ = Af1(g)) x UMW)y P u(el (Aw) — Af{(@%) x TRV ysur)es (w),

Filg )= qu e = %

2
Mmp

Pole model Constant
Experimental data  Fit data (pole model) Fit data (constant).

AF — ABety, 3.64+0.4 3.6140.32 3.62+0.32
A= A%y, 35405 3.484+0.30 3.45+0.30
Ef — E%Tv, 23115 3.89+0.73 3.92+0.73
B B ety 1.54 +0.35 1.29+0.24 1.31+0.24
B > E ptv, 127+04 1.244+0.23 1.244+0.23
Fit parameter f1=1.01+0387,6f1 =—0.51+£0.92
(Pole model) f1 =0.60+0.49, § f; =—0.23 £ 0.41
Fit parameter f1=0.864+092,5f1 =—0.254+0.88

(Constant) f;=0.85+0.36, 8 f] = —0.43+0.50

x%/do.f=16

x%/do.f=19

|
>
Z)
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The differential branching ratio
with two different treatments of
form factors

— B(pole model)

— B(constant)
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='9/1 mixing effect

Amplitude:
Hy s (T30 = Tes) = d4™ x (T ) (Teo) iy

The anti-triplet and sextet and mixing by the
SU(3) symmetry breaking effect w.

—~0/+mass

Op = C0sf X uc/

—0/+7
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Redefine the helicity amplitude: SU(3 ) amplltUde
I, A AL Aw A
ag ™ =agt e /V2
Af — A%ty —\/g(a?'lw +agtyv
AT —>nltv @V

The 8 and c¢; can be absorbed into a; and | ERECIEEE =t

3CJLJ.W

Ldw o dokw _ A w39
(@"" 207" —a3" " a7 + OV

a 4 gt — A%ty = NG V2

’ AL
~ ~ C g
ng— nof+vf _(a?lhl\w aé,lw _ aﬁ,lw ag\.lw 1/5

SAw
=0 SR A Aw AAw A Aw C?lL *
Dl 2 TR AR 5 +a; ay 7 VY
A Aw

LAw
il o s Aok Ak X
Bg—> E LTy, (@)™ 4o —a, ™ 4 ag™ +

&

L)V

The SU(3) symmetry breaking term a2 and
a4 can also be explained by the mixing effect
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. — 2., mixing From Lattice QCD

[ ] [}
ml 8 lng e ect Hang Liu,! Liuming Liu,>® Peng Sun,*3 Wei Sun,* Jin-Xin

Tan,! Wei Wang,lvs’ﬂ Yi-Bo Yang,®7:%3 and Qi-An Zhangg*l

'INPAC, Key Laboratory for Particle Astrophysics and Cosmology (MOE),
Shanghai Key Laboratory for Particle Physics and Cosmology,
School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China
2 Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou, 730000, China

° 3 University of Chinese Academy of Sciences, Beijing 100049, China
o 4 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

a lce 9 — (1 .200 :I: 0.090 :I: 0.020) 5Southern Center for Nuclear-Science Theory (SCNT), Institute of Modern Physics,

Chinese Academy of Sciences, Huizhou 516000, Guangdong Province, China

SCAS Key Laboratory of Theoretical Physics, Institute of Theoretical Physics,

Chinese Academy of Sciences, Beiging 100190, China
7School of Fundamental Physics and Mathematical Sciences,
He hou Institute for Ad: d Study, UCAS, Hangzhou 310024, China

8 International Centre for Theoretical Physics Asia-Pacific, Beijing/Hangzhou, China

2 o o 9School of Physics, Beihang University, Beijing 102206, China
Q C D S u m rule S [ ] 90 — 5 . 5 :I: ]_ . 8 .In heavy quark limit, tl]e Alowest—lying ch?rmed barzorfs with two light quarks can form an SU(3)
triplet and sextet. The Z. in the SU(3) triplet and =, in the sextet have the same J¥ © quantum
number and can mix due to the finite charm quark mass and the fact the strange quark is heavier than
the up/down quark. We explore the Z.-Z/, mixing by calculating the two-point correlation functions
of the E, and Z,, baryons from lattice QCD. Based on the lattice data, we adopt two independent
methods to determine the mixing angle between = and Z,. After making the chiral and continuum
extrapolation, it is found that the mixing angle € is 1.2° & 0.1°, which seems insufficient to account

I I E I 3 9 _ 8 1 20 ﬂ: 0 8 00 for the large SU(3) symmetry breaking effects found in weak decays of charmed baryons.
C —— . -

LFQMI[4] 0. = 16.27° 4 2.30°

Mass spectrum|5] 6.] =0.1377

[1].H.Liu, L.Liu, P.Sun, W.Sun, J.X.Tan, W.Wang, Y.B.Yang and Q.A.Zhang,[arXiv:2303.17865 [hep-lat]]
[2].T.M.Aliev, A.Ozpineci and V.Zamiralov,Phys. Rev. D 83, 016008 (2011)

[3].Y .Matsui, Nucl. Phys. A \textbf{1008}, 122139 (2021)

[4].H.W.Ke and X.Q.Li, Phys. Rev. D 105, no.9, 9 (2022)

[5].C.Q.Geng, X.N.Jin and C.W.Liu,Phys. Lett. B 838, 137736 (2023)
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mixing effect

Lattice[1] 6 = (1.200 = 0.090 + 0.020)°
QCD sum rules|2] 0, =55°41.8°
HQET]|3] 0. = 8.12° + 0.80°

LFQMI[4] 0. = 16.27° 4 2.30°

Mass spectrum|5] 6.] =0.1377

[1].H.Liu, L.Liu, P.Sun, W.Sun, J.X.Tan, W.Wang, Y.B.Yang and Q.A.Zhang,[arXiv:2303.17865 [hep-lat]]
[2].T.M.Aliev, A.Ozpineci and V.Zamiralov,Phys. Rev. D 83, 016008 (2011)

[3].Y .Matsui, Nucl. Phys. A \textbf{1008}, 122139 (2021)

[4].H.W.Ke and X.Q.Li, Phys. Rev. D 105, no.9, 9 (2022)

[5].C.Q.Geng, X.N.Jin and C.W.Liu,Phys. Lett. B 838, 137736 (2023)
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. — =/ mixing From Lattice QCD

Mixing Angle of Hadrons in QCD: A New
View

T. M. Aliev® *! A. Ozpineci® ! V. Zamiralov® §
%Middle East Technical University, Ankara, Turkey
bInstitute of Nuclear Physics, M. V. Lomonosov MSU, Moscow, Russia

October 30, 2018

Abstract

A new method for calculation of the mixing angle between the
hadrons within QCD sum rules is proposed. In this method, the mix-
ing is expressed in terms of quark and gluon degrees of freedom. As
an application, the detailed calculation of the mixing angle between
heavy cascade baryons Eg and Eb, @ = c, bis presented and it is
found that the mixing angle between Z; (E.) and =} (E),) is given by
0 = 6.4° £ 1.8° (0, = 5.5° & 1.8°).
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mixing effect
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Mass spectrum|5] 6.] =0.1377
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[2].T.M.Aliev, A.Ozpineci and V.Zamiralov,Phys. Rev. D 83, 016008 (2011)

[3].Y .Matsui, Nucl. Phys. A \textbf{1008}, 122139 (2021)

[4].H.W.Ke and X.Q.Li, Phys. Rev. D 105, no.9, 9 (2022)
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Mixing Angle of Hadrons in QCD: A New
View

/

Mixing Angle of = — =,
in Heavy Quark Effective Therory

Yoshimitsu Matsui *
Faculty of Law, Aichi University,
Nagoya, Aichi 453-8777, Japan

Abstract

The Heavy Quark Effective Theory provides a systematic method
to estimate a mixing angle of hadron states in a heavy quark, such
as the charm quark (c) and the bottom quark (b). By using this
method, the mixing angle of the baryons Zg — Eb can be estimated.
It is found that the mixing angle between =g and E& is given by
0y = 4.51° £ 0.79° for @ = b case and 0. = 8.12° £ 0.80° for Q = ¢
case.
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[2].T.M.Aliev, A.Ozpineci and V.Zamiralov,Phys. Rev. D 83, 016008 (2011)

[3].Y .Matsui, Nucl. Phys. A \textbf{1008}, 122139 (2021)

[4].H.W.Ke and X.Q.Li, Phys. Rev. D 105, no.9, 9 (2022)

[5].C.Q.Geng, X.N.Jin and C.W.Liu,Phys. Lett. B 838, 137736 (2023)

S d R

TSUNG-DAO LEE INSTITUTE

. — =/ mixing From Lattice QCD

Mixing Angle of Hadrons in QCD: A New
View

/

Mixing Angle of = — =,
in Heavy Quark Effective Therory

Revisiting the transition =, — E()* to understand the data from
LHCb

Hong-Wei Ke'* and Xue-Qian Li%
L School of Science, Tianjin University, Tianjin 800072, China
2 School of Physics, Nankai University, Tianjin 300071, China

Abstract

The LHCb collaboration newly measured the decay rate of doubly charmed baryon Z}+ — &+t

=cc
and a ratio of its branching fraction with respect to that of the decay E;F — ET7T is reported as
1.41 +£0.17 £ 0.10. This result conflicts with the theoretical predictions made by several groups.
In our previous work, following the prescription given in early literature where the us diquark in

- . B i B . T - S
=7 is assumed to be a scalar whereas in =" is a vector i.e. the spin-flavor structure of =} is

[us]oc and that of Z* is [us]ic, we studied the case of 5+ — E()* with the light front quark

model. Numerically we obtained T'(Zf;t — ='+7+)/I(E4+ — Etat) = 0.56 4 0.18 which is about
half of the data. While abandoning the presupposition, we suppose the spin-flavor structure of

+ - could be

us in E} may be a mixture of scalar and vector, namely the spin-flavor function of Z
cost [us]o[c]+sind [us]i[c]. An alternative combination —siné [us]o[c]+cosf [us]i[c] would correspond
to Z,F. Introducing the mixing mechanism the ratio T(E}+ — E+a+)/T(E4t — Stat) depends
on the mixing angle §. With the mixing scenario, the theoretical prediction on the ratio between
the transition rate of Zf, — E.t and that of E}, — =} can coincide with the data as long as
6 = 16.27° & 2.30° or 85.54° £ 2.30° is set. Definitely, more precise measurements on other decay
portals of Z, are badly needed for testing the mixing mechanism and further determining the

mixing angle.

PACS numbers: 13.30.-a,12.39.Ki, 14.20.Lq
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. — =/ mixing From Lattice QCD

Mixing Angle of Hadrons in QCD: A New
View

/

Mixing Angle of = — =,
in Heavy Quark Effective Therory

Revisiting the transition =, — E()* to understand the data from

LHCb

Resolving puzzle in = — Z-¢*v, with =, — =/, mixing

Chao-Qiang Geng, Xiang-Nan Jin and Chia-Wei Liu*
School of Fundamental Physics and Mathematical Sciences,
Hangzhou Institute for Advanced Study,

UCAS, Hangzhou 310024, China

(Dated: October 14, 2022)

Abstract

We study the ratio of R = 2I'(Z0 — E-etw.)/3T(Af — Aetv,), which is found to be
R =1 (0.8) from the exact (broken) SU(3) flavor symmetry, in sharp contrast to the average
value of Rqy, = 0.59 & 0.10 from the ALICE collaboration and lattice QCD results. We
propose to use the mixing of =, — =/, to resolve the puzzle. With the model-independent mass
relations, we find that the mixing angle is |0.| = 0.137(5)m, which suppresses =, — et
about 20% model-independently, resulting in R ~ 0.6 with the SU(3) flavor breaking effect.
‘We explicitly demonstrate that R = 0.70 +0.09 from the bag model, which is also consistent
with Rg. To test the mixing mechanism, we recommend the experiments to measure the
decays of =, — =/(1530)e* v, whose branching fractions are determined to be (4.4 ~ 8.7) x
1073 and (1.3 ~ 2.6)% for Z0 and =, respectively, but vanish without the mixing. In
addition, nonvanishing values of B(Ef — E/°(1530)r+) and B(Ef — E’+(1530)F0) will also

be evidences of the mixing based on the Koner-Pati-Woo theorem, which are calculated as

arXiv:2210.07211v1 [hep-ph] 13 Oct 2022

(3.8 ~ 7.5) x 1073 and (6.6 ~ 13) x 10~*, respectively. We emphasize that 6, is sizable and

should be given serious considerations in future studies on the heavy baryon systems.
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® Theorical formwork

=.; = luArt four body decays kinematics
= =0Ty ATl Ty

+
Resonance: =0: % , = (1530) >+ =°(1620): %' =°(1690): %
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° Angular distribution

SU(3) forbidden process




° Angular distribution

preliminary analysis

=. — Z(Am)lv) < Br(Z — Am)

!
99.8%

— Z'(Am)lv) < Br(Zr — An)

|
5.02 x 10~13

[1].R. M. Wang, M. Z. Yang, H. B. Li and X. D. Cheng, Phys. Rev. D 100,
no.7, 076008 (2019)




° Angular distribution

Amplitude

M(E, — EV(Am)eHy) = Z > iM(E - EVety)

e $=20)

1
X , iM(ED > Ax), (2
P, —mi, +imznT=0 ( ) (2)

=
Sub-processes

amplitude

Breit-Wigner form
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kinematics

A
/
i m———
’
v ]
s
7’
’
. 4
/ 0 / ¢ A5 "-‘
’
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° Angular distribution

Amplitude

Hamiltonian Wigner Function

Hemss = 2 V257 (1 = 1) 2,(1 = 15)8] + hic. (3) iME? = Am) = AV x|D;Z, ) 5, (9=, b2),

iIM(Ee - EOH) 27 %5 (1= 95) € (50)

A= /T(E — Am)8rm2/|pa|

= /T(E = Am)167m2, /|pa|

X (2 ’)Isv (1—'75)6|~c) *l4m)
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° Angular distribution

Special process

< Wigner Function

i ,
U =) iM(EY — Am) = AV x|DJ= | (4=, 0=),

S=(r)15A

iM(EY) = AT) = u(s,,p )T (p=+, papr)u(sz., p=r)

1 A= /T(E — Am)8rm2/|pa|

iIM(A*(M) > pK) = 3 als1,P) D3 (6,000, Rp, Rp, Dl 2, (6,0)u(s2,p) = \/F(E/ — Am)16wm2,, /|pal.

sl,s52

Y DF_ (6,0iM(ED — Ar) = Aude o
s2

- —
o

=)
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° Angular distribution

decay width kinematics
4
dl' = dIl, x (2m) IM(E. = EV (Am)Tv)|?,

A

2m= /

—
—c : ~mimg
» s
4 s’

i 4

0 W Vo = %
ra
< .

M(E. —» EV(Am)TY) = ) T

=) Sg() 15w
x Hyz %, L3 (, 0)D;Z s (9=, 02),
iAW)

h =
2(,) _l" ZmE(I) FE(f) Sw,Sg)
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° Angular distribution

dr B
d cos Od cos O=dpdpZdq®

B e d o kT
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Angular distribution

P(Lu + Li2cosOp + L13cos20p + (La1 + Lag cosfy) cos 2¢

+(Ls31 + L3z cosOp + L3z cos 20, ) cos
(L41 + Lgocos2¢ + Lyg cosOx + Lag cos 20p + Ly cos 20 cos 2qb) cos 20

+ L51 sin QA + L52 sin 29/\) sin @ cos (;25 =+ (Lﬁl sin QA -+ L62 sin 291\) sin 26 cos (;b

(
—|—(L71 sin QA + L72 sin 29/\) sin 6 sin (;?5 + (Lgl sin QA =iE ng sin 29A) sin 260 sin d)
(

+(Lo1 + Loz cos 20 ) sin 2¢ + (L101 + L1o2 cos 26, ) sin 2¢ cos 29) :

L — mez)\/A(mac, VD, V)NV PE, ma, my)
2 (27?)6512??’&35‘:})25\/})25 ’
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° Angular distribution

Observables . .
kinematics

ST
- ?’P(QLH —3L13 —3L41 + L44)-

.
?
s
rs
/’
I
’

" 'd

(o]
/ m K

4

A
[
=0 o
0 dl
—f_l]dCOSGA dp%dcosGA / )Z/ /u

L dl
f—l d cos 9)‘ dp2 dcos O

3L19 — Laj

A9
FB
Interference of vector Interference of resonance
and axis-vector current with different spin

see work: PRD 106 (2022) 11, 114041




° Angular distribution

Observables

previous work: A, — A5 (pK~)J/v(— £7(7) PRD 106 (2022) 11, 114041

=
iry

=

=
=
v

N
2
3
x,
it
=

A
e

dA}
g
5

=

. ]
34 2% 28 3 A2 34 36 38 4
M2 [GeV']

FIG. 4: The dA‘;lB/'d}lfs,\- of process Ay, — A5(pK)J /(6147 for £ = p.
It can be seen from Fig.4 that there are two cross point s} and sZ:

sh =2307GeV?, 82 =3.231GeV>.
The two points are very close to the invariant mass square of Aj.,, q00: mihm = 2.308GeV?, mi:&nn = 3.240GeV2. Call we SearCh the resonance E' and e
by forward-backward assymetry?

Thus the s! and s2 should be close to the mass square of A7 . It will be a new method for precisely measuring
0 0 1 1520.1800 P ¥ =

resonant mass in experiments. Besides, one can find that the Ay is positive in the region M7 =[sj, sj| and negative
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° Angular distribution

)ip<?

=, ->=0(Ar)e* ve

=c—>=

2

dArg(Z

8=, 6.8=,
(0089 hsw <> +sinf.hs) %

two zero point

['= =2.26 x 107 1°GeV
= = 0.0093GeV
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e Numerical results
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® Numerical results

decay width kinematics
4
dl' = dIl, x (2m) IM(E. = EV (Am)Tv)|?,

A
2mz= -]
=
=c ¢ wmmy
’
y v ]
¥ s’
. 4
0 W L g =0 a
’
=z 5

M(E, - EO(Ametv) = y‘

=) Sg() 15w
x Hyz %, L3 (, 0)D;Z s (9=, 02),
iAW)

hoe
2(,) ~+ ZmE(;) FE(f) S'wasg)
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® Numerical results

Hadron matrix element

jy =e e (E(’)|,§'y’“’(1 — ¥5)c|ER )€}, (Suw)

Sw,S=

(Z|57v*(1 — v5)c|=P) = cos 8{=|5v*(
+ sin O(=|5v#( = Three hadronic matrix element
(Z'|53v*(1 — v5)c|EP) = sin O{Z'|5v*(




® Numerical results

sJu(pz, , s=.)

,]ﬂ}/BH(pEc’ SEC)) ?

Y A iR T
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Lattice Calculation
Eur. Phys. J. C (2022) 82:11

Light-cone Sum rule Calculaion

arXiv:1107.5925v2

Light-front quark model

Eur. Phys. J. C (2020) 80:1066




® Numerical results

Mixing angle

Lattice[1] 6 = (1.200 = 0.090 + 0.020)°
QCD sum rules|2] 0, =55°41.8°
HQET]|3] 0. = 8.12° + 0.80°

LFQMI[4] 0. = 16.27° 4 2.30°

Mass spectrum|5] 6.] =0.1377

.H.Liu, L.Liu, P.Sun, W.Sun, J.X.Tan, W.Wang, Y.B.Yang and Q.A.Zhang,[arXiv:2303.17865 [hep-lat]]
.T.M.Aliev, A.Ozpineci and V.Zamiralov,Phys. Rev. D 83, 016008 (2011)

.Y .Matsui, Nucl. Phys. A \textbf{1008}, 122139 (2021)

.H.W Ke and X.Q.Li, Phys. Rev. D 105, no.9, 9 (2022)

.C.Q.Geng, X.N.Jin and C.W.Liu,Phys. Lett. B 838, 137736 (2023)
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The matrix element depends on the
mixing angle

(Z|37"(1 — v5)c|EE) = cos (E|5v*(1 — 75)c|Ec)
+ sin 8(Z|57* (1 — ¥5)c| =7,
(Z'|57*(1 — v5)c|EE) = sin 8(E'|59*(1 — ¥5)c|=,,). (16)

Comparing with Belle data:
B(ZP — Eetw,) = (1.314+0.0440.03+0.38)%

0. = —0.164r

Y. B. Li et al. [Belle], Phys. Rev. Lett. 127, no.12,121803 (2021)




® Numerical results

Decay width

B (Ec - Eﬁ(l\rr)e* Vg)
— E“(/\rr)e* v,,)

-+ En(l\rr)e'vg)

B(z. > Amevs)

B(z

25 3.0

(d) 6, = —0.1647

(c) fc = —0.137r

TSUNG-DAO LEE INSTITUTE
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Observables

6. =0.1377

0. = —0.1377w

0. = —0.1647

T'(2)(GeV)

2.476 x 10713

2.198 x 104

1.678 x 10~

T'(2'")(GeV)

4.975 x 10728

4.975 x 10728

4.975 x 10728

T'(E07)(GeV)

2.476 x 10~13

2.198 x 10714

1.678 x 10714

BEY)(%)

5.68

0.504

0.385

Model dependence
Does not change
significantly with
angle




® Numerical results

Forward-backward Asymmetry

)

->=Am)e

Ara (=

Vip

dArg (Z->=(Amr)e v

>=(Am)e’ v.)ip:?

|
>
Z)
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Observables

0. = —0.1377

0. = —0.1647

I'(E7)(GeV)

2.476 x 10713

2.198 x 1014

1.678 x 10~ 4

IT'(2'-)(GeV)

4.975 x 10~28

4.975 x 10~28

4.975 x 10728

['(EV7)(GeV)

2.476 x 10713

2.198 x 10~ 14

1.678 x 10~

BE"")(%)

5.68

0.504

0.385

AFB (GeVz)

0.0647

-0.0557

—0.0466

I L
25 3.0

(C) 90

| '
35 4.0

= —0.1377

dArp(Zi-

dArg (S->Z(Ame" va)ip:2

P

PR RS |
35 4.0

0.

= 0.137m

(b)

.

A

> disappeared when mixing angle is zero

Y R(HE,

.S'_‘ ,8=

(pg —

2

3 x
HE s2)
SE S=,.,S=

m2)(p2 — mz) — TemzT'zmz

~ (GZ-mZ)?+Tim

2)((p2 —

mZ)2 + [L,mZ,)

=2 6,s=,
(cos Bchsw,sa + sinf.hg), %% ) sin Bchs =
wySz

(11)




® Conclusion
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The puzzle in charm baryon decays can be solved by the =, — Z
mixing effect.

The mixing effect can be observed in angular distribution of

=, — 2 (Ar)fv process

The forward-backward asymmetry is good observables for searching
the mixing effect.
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