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SU(4) multiplets of baryons made of u, d, s, and ¢ quarks.

(a) The 20-plet with an SU(3) octet. (b) The 20-plet with an SU(3) decuplet.

(1, 20, 2) (1, 20, 4)
spin=1/2 spin=3/2
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20-plet of SU(4)r with 8©3®6@3 of SUG)r
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Recent experimental developments in charmed baryons:
BESIII at the Beijing Electron Positron Collider (BEPCII)
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BESIII at the Beijing Electron Positron Collider (BEPCII)
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Recent experimental developments in charmed baryons:
BESIII at the Beijing Electron Positron Collider (BEPCII)
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TABLE 1. Experimental data for charmed baryons given by the BES-III collaboration, where the
first and second uncertainties are statistic and systematic errors, respectively, while the relative

branching ratios are measured B(Al — pK~7") and X refers to any possible final state particles.

Many newly measured

Decay channels Absolute (xRelative) branching ratio| Up-down asymmetry

AF — Aetr, (3.63 £0.38 +0.20) x 1072 [1] charmed baryon decays
Al — pK? (1.52 4 0.08 4 0.03) x 1072 [2] 0.18 +£0.43 £+ 0.14 [11] :
Af - pK—nt (5.84 4 0.27 +0.23) x 1072 [2] FR—
Af — pKIrY (1.87 4+ 0.13 4+ 0.05) x 1072 [2]
Af — pKirtr~ (1.53 £0.11 £ 0.09) x 1072 [2]

+ 0 2
AS = pKTr (453 £ 0.23 £ 0.30) x 107 2 1] M. Ablikim ef al. [BESITI Collaboration], Phys. Rev. Lett. 115, 221805 (2015).
AF — Axnt 1.24 +0.07 +0.03) x 1072 —0.80 £0.11 £0.02 |11

e AT ( ) 2] 1] [2] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. Lett. 116, 052001 (2016).
AF — Artq0 (7.01 £0.37 £0.19) x 1072 [2]

[3] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. Lett. 117, 232002 (2016).
AF — Anta—ot (3.81 £0.24 +0.18) x 1072 [2]
[4] M. Ablikim et al. [BESIII Collaboration], Phys. Lett. B 767, 42 (2017).

AF = S0x+ (1.27 £0.08 £ 0.03) x 1072 [2]  |—0.73 £ 0.17 4 0.07 [11]
AF > g0 (118 +£0.10+0.03) x 10> [2] | —0.57 =010 = 0.07 [11] [5] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. D 95, 111102 (2017).
AF O St (4.5 4 0.24 £ 0.20) x 10-2 [2 [6] M. Ablikim et al. [BESIII Collaboration], Phys. Lett. B 783, 200 (2018).
AF 5 S (1.56 = 0.20 + 0.07) x 102 [2] [7] M. Ablikim et al. [BESIII Collaboration], arXiv:1811.08028 [hep-ex].
AF > prta «(6.70 £ 0.48 £ 0.25) x 1072 [3] [8] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. Lett. 121, 062003 (2018).
AY - pKTK™ (9.36 4 2.22 + 0.71) x 1072 [3] [9] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. Lett. 121, 251801 (2018).
AF — po #(1.81 £0.33 £ 0.13) x 1072 [3] [10] M. Ablikim et al. [BESIII Collaboration|, Phys. Rev. D 99, 032010 (2019).

A = Auto,

(3.49 +£0.46 £ 0.27) x 1072 [4]

AF — pr® < 2.7 x 1074 [5]

AF — pn (1.24 £ 0.28 +0.10) x 1072 [5]

AF — 20K (5.90 + 0.86 + 0.39) x 1072 [6] 0.77 £ 0.78 [6]
AF — Z(1530)°K*|  (5.02+£0.99 4 0.31) x 1072 [6] —1.00 £ 0.34 [6]

A - Xty
A — AX
AF — Xetu,
AF — Anmt

AF — ¥(1385)+y

1.34+£0.53 +£0.21) x 1072 [7]
38.2728 £0.8) x 1072 [§]
3.95 £ 0.34 £0.09) x 1072 [9]
1.84 £0.21 £0.15) x 1072 [10]
(9.1 £1.8+0.9) x 1073 [10]

[11] M. Ablikim et al. [BESIII Collaboration], arXiv:1905.04707 [hep-ex].




BELLE at the KEK-B factory

TABLE II. Experimental data for charmed baryons given by the Belle Collaboration, where the

first and second uncertainties are statistic and systematic errors, respectively, while he relative

branching ratios are measured B(A7 — pK 7).

Decay channel [Absolute (*Relative) branching ratio
A} = pK—nt (6.84 £0.247021) x 1072 [1]
A}y = pK+m— £(2.35 +0.27 £ 0.21) x 1073 [2]
A;f — (f)pﬂo < 1.53 X 10— [3] [1] A. Zupanc et al. [Belle Collaboration], Phys. Rev. Lett. 113, 042002 (2014)
Ag_ s K+K_p7l'0 < 6.3 x 10_5 [3] [2] S. B. Yang et al. [Belle Collaboration], Phys. Rev. Lett. 117, 011801 (2016)
[3] B. Pal et al. [Belle Collaboration|, Phys. Rev. D 96, 051102 (2017)
A;:l_ — K_7T+p7l'0 *(0685 + 0.007 = 0018) 3 [4] M. Berger et al. [Belle Collaboration]|, Phys. Rev. D 98, 112006 (2018)
A;I— S Yt *(0719 +0.003 + 0024) 4] [5] Y. B. Li et al. [Belle Collaboration|, Phys. Rev. Lett. 122, 082001 (2019)
: 6] Y. B. Li et al. [Belle Collaboration], arXiv:1904.12093 [hep-ex].
A} — X0r+q0 %(0.575 + 0.005 + 0.036) [4]
AF = $Hp070 £(0.247 + 0.006 + 0.019) [4
=) 5=t (1.80 & 0.50 £ 0.14) x 1072 [5]
=0y AK—m+ (1.17 + 0.37 £ 0.09) x 10~2 [5]
=0 5 pK~K—wt (5.8 4£2.3+0.5) x 1073 [5]
=+ 5 Eogptgt (28.6 + 12.1 + 3.8) x 10~3 [6]
=F 5 pK (4.5 +£21+0.7) x 1073 [6]
=+ — pK (892)0 (2.5 +£1.6+0.4) x 103 [6]
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LHCb discoveries pentaquark-like charm baryons P (uudcc)
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Precision measurement of the A+

=T and = O baryon lifetimes
arXiv:1906.08350
LHCb collaboration® June 19, 2019
Abstract

We report measurements of the lifetimes of the A}, =+ and £ charm baryons using
proton-proton collision data at center-of-mass energies of 7 and 8 TeV, corresponding
to an integrated luminosity of 3.0 fb™!, collected by the LHCb experiment The
charm baryons are reconstructed through the decays AT — pK 77, EFf = pK 7™

and =Y — pK~ K", and originate from semimuonic decays of beauty baryons.
The lifetimes are measured relative to that of the DT meson, and are determined to

be

Tyt =2035+1.0+13+14 fs,
Tor =456.8£3.5+2.913.1 fs,
Tz0 = 1545+ 1.7+ 1.6 £ 1.0 fs,
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e Effective Hamiltonians for weak decays of charmed
baryons with SU(3) flavor symmetry

The effective Hamiltonian for the semileptonic ¢ — q I* v, transition with q=(d or s):

G _ _ (©192)v—a = @ yu(1 —75)q
Hepr = TFch(qC)V—A(UuW)V—A LT v

2 (tyve)v—a = U y* (1 — vs)ve




e Effective Hamiltonians for weak decays of charmed
baryons with SU(3) flavor symmetry

The effective Hamiltonian for the semileptonic ¢ — q I* v, transition with q=(d or s):
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e Effective Hamiltonians for weak decays of charmed
baryons with SU(3) flavor symmetry

The effective Hamiltonian for the semileptonic ¢ — q I* v, transition with q=(d or s):
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e Effective Hamiltonians for weak decays of charmed
baryons with SU(3) flavor symmetry

The effective Hamiltonian for the semileptonic ¢ — q I* v, transition with q=(d or s):
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SU(3)r:  (gc) forms an anti-triplet (3)  #f,, = %H (3) (tyve)y—a
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SU(3)r:  (gc) forms an anti-triplet (3)  #f,, = GF (3) (tyve)y—a
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O = %(adg +5diu)e, Op= %(add + ddiu — 3st — uss)c, Oy = %(ﬂscj + dsii)c,
H25(6) = 2, Hy3(6) = Hag(6) = —2s., Ha3(6) = 25>
oL, — % cHE)+ e H@B)) — H®=-m@m=1.
H,*(15) = Hy'(15) = —H3*(15) = —H3'(15) = sc,

———— — _
H3*(15) = H3' (15) = —s,

T — T



SU(3)r:  (gc) forms an anti-triplet (3)  #¢,, = Cr g (3)(%yve)v—a

/2
((jiqk)((jjc) with ¢;¢°g; being decomposed as 3 x 3 x3=3+3+6+15
O = %(adg —sdu)e, Og= %(adJ — ddu + 5su — uss)c, O = %(asj — dst)e,
O = %(adg +sdu)e, Op = %(ﬂd(i-l— ddu — 55t — Uss)c, O'= %(ﬂsd_—l— dsii)c,

H22(6) = 2 H23( p— H32( ) —286,H33(6) p 283

Gr

)
Hefp = —={c-H(6)+ c; H(T5)} Hy'(15) = Hy'(15) = 1
V2 H,*(15) = Hy' (15) = —H”(ﬁ) = —H3'(15) = s,
H12( ):H21( ):

The Hamiltonian without QCD corrections: <> =c = 1



Gr

SU(3)r:  (gc) forms an anti-triplet (3)  #¢,, = EH (3)(thyve)v—a
(3:4")(g;c) with 3:9"q; being decomposed as 3 x 3 x3=3+3"+6+ 15
. 1 - L
O = %(adg —sdu)e, Op =5 (udd — ddi + 551 — uss)c, O's = %(ﬂsd — dsii)c,
. 1 - - L
Or — %(fadg +sdu)e, O = -(udd +ddu — 5si—uss)e, O'rs= %(asd + dsi)e,
H22(6) — 2,H23(6) — H32(6) — —280,H33(6) = 282
n G _— 1375\ _ 1731 /78 _
Lt = 7; c_H(6) + cy H(15)} HP) =B} (B)=1, -
H}*(T5) = H\(T5) = —HI(T5) = —H3(T5) = s,
H;*(15) = H3' (15) = —s¢
The Hamiltonian without QCD corrections: ¢ =} = 1
1 Qg M‘%/ 1 g MI?V

The first order QCD corrections: c_ =1+



Gr

SU(3)r:  (gc) forms an anti-triplet (3)  #¢,, = EH (3)(@pve)v—a
(¢:9%)(gjc) with 3:9"q; being decomposed as 3 x 3 x3=3+3"+6+ 15
. 1 - L
O = %(fadé ~sdue, O = 5(udd — ddi+ 5su—uss)e, O = %(ﬁsd _ dsi)e,
. 1 L
Ocr = %(adg +sdu)e, O = -(udd +ddu — 5si—uss)e, O'rs= %(asd + dsi)e,
H22(6) — 2,H~23(6) — H32(6) — —280,H33(6) = 28‘2
n G —_— 1395\ _ 1731 /95
Lt = 7; c_H(6) + cy H(15)} H}*(15) = H3'(15) = 1,
H}(T5) = HE\(T5) = —H}*(T5) = —H3\(TF) = s.,
H3*(15) = H3'(15) = —s¢,
The Hamiltonian without QCD corrections: <> =c = 1 ) = (e g
. ] <. M2 c . M
The first order QCD corrections: c. =1+ S =W ch =1-— = =W
2m p? 2w p?
. M2 ) 33—2Ny a(MZ ) 33—2N;
Summing up all orders: c_ = (a( W ) o ( W )
J P a(j22) = \a(w)
18 18

c_. 1 a(my)

— = LTac (a(Mew)ﬁ (ZEZ;




¢ Semileptonic decays of charmed baryons

B, — Bn€+l/g

M(Be = Bultve) = (Bultve| H ;5 |Be) = £ Ve T(Be — Br) (@ ve)v-a

Under SU(3) flavor symmetry: T(B.— B,) = ai(B,) H’(3)(B.);




¢ Semileptonic decays of charmed baryons

B, — Bne_'-l/g

7*

M(Be = Bultve) = (Bultve| H ;5 |Be) = £ Ve T(Be — Br) (@ ve)v-a

Under SU(3) flavor symmetry: T(B.— B,) = ai(B,) H’(3)(B.);

B. —- B, T-amp
20 5 =- a1

=F — =0 aq

AF =AY | =2
Eg — Z— _QISC
= 1

= 5 x0 3 Q18c
=5 5 A% |—\/gaasc
A - n —v1 8¢




¢ Semileptonic decays of charmed baryons

B, — Bn€+l/g

B —

M(Be = Bultve) = (Bultve| H ;5 |Be) = £ Ve T(Be — Br) (@ ve)v-a

Under SU(3) flavor symmetry: T(B.— B,) = ai(B,) H’(3)(B.);

B. — B, T-amp

AT <A | —\/2a1 | B(AF — A¢ty,) = (3.6 + 0.4) x 1072 Experimental Data

Eg — Z— _QISC
=5 =3 FQ18c
= 5 A0 |- éalsc




¢ Semileptonic decays of charmed baryons

B, — Bng-'-l/g

—:

M(Be = Bultve) = (Bultve| H ;5 |Be) = £ Ve T(Be — Br) (@ ve)v-a

Under SU(3) flavor symmetry: T(B.— B,) = ai(B,) H’(3)(B.);

B. — B, T-amp

AT <A | —\/2a1 | B(AF — A¢ty,) = (3.6 + 0.4) x 1072 Experimental Data

Eg — Z— _QISC
=5 =3 saisc
= 5 A0 |- éalsc

Af —wn | —aise | B(A] — netv,) = (3.76 £ 0.42) x 1073




¢ Semileptonic decays of charmed baryons

B, — Bn€+l/g

S —

M(Be = Bultve) = (Bultve| H ;5 |Be) = £ Ve T(Be — Br) (@ ve)v-a

Under SU(3) flavor symmetry: T(B.— B,) = ai(B,) H’(3)(B.);

B. — B, T-amp

AT <A | —\/2a1 | B(AF — A¢ty,) = (3.6 + 0.4) x 1072 Experimental Data

20 5 ¥- —0v1 Se

= - 0 %cnsc

=5 5 A% |—\/gaasc

Af —wn | —aise | B(A] — netv,) = (3.76 £ 0.42) x 1073

C.D. Lii, W. Wang and F.S. Yu, Test flavor SU(3) symmetry in exclusive A; decays,"
Phys. Rev. D93, 056008 (2016)




¢ Semileptonic decays of charmed baryons

B, — Bn€+l/g

R —

M(Be = Bultve) = (Bultve| H ;5 |Be) = £ Ve T(Be — Br) (@ ve)v-a

Under SU(3) flavor symmetry: T(B.— B,) = ai(B,) H’(3)(B.);

B. —- B, T-amp

=0 — = etv,) =(2.54 £ 0.28) x 1072

=c

(l—|
= — =0 a B(EF — =) = (10.1 £ 1.1) x 102

(&

AT <A | —\/2a1 | B(AF — A¢ty,) = (3.6 + 0.4) x 1072 Experimental Data

C

20 5 =- a1 B

=0 — Z— _QISC B

(

(2. > X7e I/e)—(163:1:018)><10—
=5 — xY Lagse B(

B(

B(

—0

—c

=F — Y%ty,) =(3.23 £ 0.36) x 10-3
= - Aoe+1/e) =(1.25+0.14) x 10—3
A — netv,) = (3.76 £ 0.42) x 1073




¢ Semileptonic decays of charmed baryons

B, — Bn€+l/g

B —

M(Be = Bultve) = (Bultve| H ;5 |Be) = £ Ve T(Be — Br) (@ ve)v-a

Under SU(3) flavor symmetry: T(B.— B,) = ai(B,) H’(3)(B.);

1 *
YTEI Ry Light front approach
=0 = a B(E? — = et v,) =(2.54 £ 0.28) x 102 1.35%10-2
= -2 | o B(EF — =%Tv.) = (10.1 £ 1.1) x 10~2 5.39%10-2
AT =A% | —\/2a1 | B(A} — A%ty,) = (3.6 +0.4) x 1072 1.63%10-2
2055 | —arse | B(E? - Yetr,) =(1.63 £ 0.18) x 1073 0.95x10-3
=f =20 | /3use | B(EF — X%tw,) =(3.23 £ 0.36) x 10—3 1.87x10-3
=F 5 A0 |—y/}a1se| B(EF — Aoe+1/e) =(1.25+0.14) x 10—3 8.22x10-4
Af =n | —aise | B(A] — netv,) = (3.76 £ 0.42) x 1073 2.01x10-3

*Z.X. Zhao, *Weak decays of heavy baryons in the light-front approach,"
Chin. Phys. C42, 093101 (2018)
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¢ Semileptonic decays of charmed baryons

B, — Bn€+l/g

B —

M(Be = Bultve) = (Bultve| H ;5 |Be) = £ Ve T(Be — Br) (@ ve)v-a

Under SU(3) flavor symmetry: T(B.— B,) = ai(B,) H’(3)(B.);

1 *
YTEI Ry Light front approach
=0 = a B(E? — = et v,) =(2.54 £ 0.28) x 102 1.35%10-2
= -2 | o B(EF — =%Tv.) = (10.1 £ 1.1) x 10~2 5.39%10-2
AT =A% | —\/2a1 | B(A} — A%ty,) = (3.6 +0.4) x 1072 1.63%10-2
2055 | —arse | B(E? - Yetr,) =(1.63 £ 0.18) x 1073 0.95x10-3
=f =20 | /3use | B(EF — X%tw,) =(3.23 £ 0.36) x 10—3 1.87x10-3
=F 5 A0 |—y/}a1se| B(EF — Aoe+1/e) =(1.25+0.14) x 10—3 8.22x10-4
Af =n | —aise | B(A] — netv,) = (3.76 £ 0.42) x 1073 2.01x10-3

SU(3) results < after timing factor 2

*Z.X. Zhao, *Weak decays of heavy baryons in the light-front approach,"
Chin. Phys. C42, 093101 (2018)

e




° " . C.0Q. Geng, C.W. Liu and T.H. Tsai, “Semileptonic Decays of
Semlleptonlc decays of ch Anti-triplet Charmed Baryons,” Phys. Lett. B792, 214 (2019).

B. — B,./Ty, T.H.Tsai:Talk on July 24

B —— S — —

M(B. = Balty) = (Bultv|H: 4| Be) = GFV W T(Be = B (tve)v—a

Under SU(3)r flavor symmetry: T(B.— B,) = a1(B,) H’(3)(B.):

Light front approach*
B. — B, T-amp g pp
=0 =" a1 B(E? - =7 et v,) =(2.54 £ 0.28) x 102 1.35%10-2
=F -2 | a1 | BEN - =%*w) =(10.14£1.1) x 102 5.39%10-2
AY =A% | — /21 | B(A} — A%tu,) = (3.6 £0.4) x 1072 1.63x10-2
20532 | —ase | B(E? — Y etry,) =(1.63 4 0.18) x 103 0.95%10-3
=f =30 | \Jzuse | B(EF — X% " v,) =(3.23+0.36) x 10-3 1.87x10-3
=F A% |—\/taise| B(EF — Alety,) =(1.25+0.14) x 10—3 8.22x104
Af =n | —agse | B(A] — ne'v,) = (3.76 £ 0.42) x 1073 2.01x10-3

SU(3) results < after timing factor 2

*Z.X. Zhao, *Weak decays of heavy baryons in the light-front approach,"
Chin. Phys. C42, 093101 (2018)
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® Two-body nonleptonic decays of charmed baryons B. = (20, ~E, A7)

LA Ly Y+ D %(WO + con + 541') T K+
A+
Bc _> BnM B, = Y- %A_%EO n M = m %(—WO+C¢7']+S¢T]I) K°
=- =0 —/2A K~ K° —sg1 + con’
M (B .— B, M ) — iﬂBn ( A — B')’S) ug. spin-dependent amplitude
S —— ———

Note that A and B are relatively real if CP is conserved and FSls are negligible.

e




=0 _ =+

® Two-body nonleptonic decays of charmed baryons B. = (20, ~E, A7)

LA Ly Y+ D %(WO + con + 541') T K+
A+
Bc _> BnM B, = Y- %A_%EO n M = m %(—WO+C¢7']+S¢T]I) K°
=- =0 —/2A K~ K° —sg1 + con’
M (B .— B, M ) — iﬂBn ( A — B')’S) ug. spin-dependent amplitude
S —— ———

Note that A and B are relatively real if CP is conserved and FSls are negligible.

e

Decay l’atE’ I"\ . an (ch + mBﬂ )2 o m%l A 2 (ch o mBn)2 o m%f B 2
O T B — A" + — |B|
B. B.



® Two-body nonleptonic decays of charmed baryons B. = (2,50, A;

LA Ly + D %(WO + con + 541') T K+
At
Bc _> BnM B, = Y- %A_%EO n M = m %(—WO+C¢U+S¢U') K°
=- =0 —/2A K~ K° —sg1 + con’
M (B .— B, M ) = iup, ( A — 375) up, spin-dependent amplitude
S — T

Note that A and B are relatively real if CP is conserved and FSls are negligible.

=—=—=—=—————wwww

e—

- 87 'rn2 m2
Be B.

Differential decay rate: ZF_O x1+aPg_-pp. =1+ acosb,

Up-down asymmetry:

a = . RE(A B) , K= PB,, Eg_ and pp_ the energy and three momentum of B,
|A|?> + x%|B|? Eg, + mp, e — e—
= dP(I-jBn 'ﬁBn — +1) B dr‘(ﬁBn .ﬁBn — -1)

~ dr(Pa, - pn, = +1) +dU(Pa, - pn, = —1)

the longitudinal polarization asymmetry, i.e. Pp, = a.




M(B, — B, M) =iug, (A — Bys)ug, spin-dependent amplitude
AB.»B.M) =
aoH (6)i;(BL)" (Bn)i.(M); + arH(6)i;(BL)™ (Ba)i(M)] + a2H (6):;(BL)™ (M) (Ba)] +
ag H(6);5(Bn)i(M)] (BL)" + aj(By); (M) H (T5)" (B.)x + asH (15); (B.);(M)! (B,)f +
as(By);(M);H(15)]" (Be)x + ag(Bn)! (M) H (15);,,(Be); + ar(By);(M);H(I5)]" (B,

Bg.sB.my = AB.sBanial’ — b}



M(B. — B, M) =iug, (A — Bys)up, spin-dependent amplitude
AB.5B,.M) =
aoH (6)i;(B,)™ (Bn)i(M); + a1 H(6)i;(B.)™* (Bn)i(M)] + a2 H(6):;(B,)™ (M) (Bn)] +
azH (6);(B,)i(M)] (BL)* + ag(Bn)i(M);H (T5)I"(B.)x + as H(T5)5(B.);(M)](B,); +

as(B);(M);H(15)]"(Be)x + ag(Bn)} (M) H (15);,(B.); + a7(By)i(M); H(15)]" (Bo),

BB.sB.M) = A(Bc—>BnM){a§’) - b§”}

. G
e, — % {c_H(6)+ c1 H(T5)) Assumption ~ 17, = 7; {c_H(6)}

—

Two reasons:

1. ( c-/C+)21~ 5.5:
2. O = §(ad.§ + 5du)c  1s symmetric, whereas the baryon wave function

is totally antisymmetric in color indices.

——=—Vanishing nonfactorizable contributions



M(Bc — B, M ) = 1up,, (A — B")’5) up, spin-dependent amplitude
AB.sB.M) =

a0 H(6)5(BY) (B YL (M), + a1 H(6)5(B)* (Ba)f(M)] + as H(6);s(B* (M)L(B,)] +
s H(0),(B.) (01 (B2 [

B®.»B.M) = A(BcéBnM){az(I) — bz(,)}

. G
ity = SE e H(O)+ e HTD) Assumption 742, — (e HEO)
— — T T —_—_

Two reasons:
1. (c./c+)2~5.5:

1 . . .
2. O = §(ﬂd§ + 5du)c  1s symmetric, whereas the baryon wave function
is totally antisymmetric in color indices.

——=—Vanishing nonfactorizable contributions



M(Bc — B, M ) = 1up,, (A — B")’5) up, spin-dependent amplitude
AB.sB.M) =

a0 H(6)5(BY) (B YL (M), + a1 H(6)5(B)* (Ba)f(M)] + as H(6);s(B* (M)L(B,)] +
s H(0),(B.) (01 (B2 [

B®.»B.M) = A(BcéBnM){az(I) — bz(,)}

. G
ety = SE e H(©O)+ e HD) Assumption 424, — (e HEO)
— — T T —_—_

Two reasons:
1. (c./c+)2~5.5:

1 . . .
2. O = §(ﬂd§ + 5du)c  is symmetric, whereas the baryon wave function
is totally antisymmetric in color indices.

——=—Vanishing nonfactorizable contributions

What is about the factorizable parts of H(1_5)?

R — B




M(BC — B, M ) = 1upg,, (A — B"y5) up, spin-dependent amplitude
AB.sB.M) =

a0 H (6)(B)*(B)L(M); + a1 H(6) (B *(Bu)(M)] + aaH (6),,(B)™* (M), (B, +
o H(6),(B.)i(M); (B [
I - - 5. ); oy (1) e, [

B®.sB.M) = A(Bc%BnM){az(I) — bz(’)}

Hefp = % {c_H(6) + c+H(15)}

%Wﬁm
C qi

Two reasons:
dj 1.(c/cH?2~5.5:

1 . . .
Ak 2. Oz = §(ﬂd§ + 5du)c  is symmetric, whereas the baryon wave function
is totally antisymmetric in color indices.

=2
<>
<

——=—Vanishing nonfactorizable contributions

' ' 15)? C.0Q. Geng, C.W. Liu and T.H. Tsai,
What is about the factorizable parts of H(15)’ C.0. Geng, CW: Liu and TH. Toa

:*



Channel Bezp Qlezp

AF — A0+ (13.0+£0.7) x 10~3 —0.91 £0.15
Af — pK?
AF = 3%+ (129+0.7) x 1073

Af - 3+n% (124+£1.0) x 1073 —0.45 £0.32

(15.8 £0.8) x 1073

Af -¥tp  (414+20)x1073

Af -2ty (134+5.7) x 103
Ay 52K+ (5.94+1.0) x 1073  *0.77 £ 0.78

AF = pr® (0.8 +£1.3) x 10-4[41]

AY —-pnp  (124£3.0) x 1074
A} - A°’K+ (6.1+1.2) x 10~
Af - XK+ (5.24+0.8) x 1074

=0 5= 7t (1.80+£0.52) x 1072 —0.6+0.4
=0 5 AOK?
“*Rzo 0.210 + 0.028

*This value is not included in the data input.

C.0. Geng, C.W. Liu and TH. Tsai, “Asymmetries of anti-triplet
charmed baryon decays,” Phys. Lett. B794, 19 (2019).

B ——

16 data points above to fit with 10 real parameters:

(ala as, as, ag, a, bl, b2, b3, 56, b)

R

R —

1
a0+§(a1+a2—a3)

Qe
Il

1
b0-|—§(b1+b2—b3)

(=l
Il

x2/d.o.f = 0.5

B ——

“*Reo = B(E — AKQ)/B(E2 — =-1+).

a1, as,as,a¢,d) = (4.34 + 0.50, —1.33 4+ 0.32,1.25 £+ 0.36, —0.26 & 0.64, 1.77 + 0.83) 10~ 2GpGeV?2,
( ) = (

(b1, b2, ba, bs, b) = (—9.20 & 2.09, —8.03 + 1.19,1.42 + 1.61, —4.05 & 2.48, 13.15 + 5.56) 10 2GrGeV?.



Channel Bea:p Qexp BSU(3)F aSU(3)p‘
AF = A7+ (13.0£0.7) x 1073 —0.91 £0.15| (13.0 £ 0.7) x 103 —0.87 £0.10
A - pKY% (158 +0.8) x 1073 (15.7+0.8) x 1073 —0.897 9%
AF = 3%+ (129+0.7) x 1073 (12.7£0.6) x 102 —0.354+0.27
AF =2+ (124+1.0) x 1072 —0.45+0.32| (12.7+£0.6) x 1072 —0.35 +0.27
A} - ¥tn  (414+£20)x1073 (32+£1.3) x 103 —0.40+047
Af =Sty (134+£5.7) x 103 (144 +5.6) x 10-3  1.0015%
A 520K+ (59+1.0)x 1072 *0.77+0.78| (5.6 £0.9) x 1073 0.9479Y%

A} = pr0 (0.841.3) x 10-4[41] (1.24+£1.2) x 1004 —0.05 £ 0.72

Ay = pn  (124+3.0) x 104 (11.5+2.7) x 107 —0.96703

Af - A°K+ (6.1+1.2) x 1074 (6.5+1.0) x 10~* 0.32+0.30
Ay = XK+ (5.240.8) x 1074 (54+0.7) x 10~ —1.0070:05
20 5=t (1.80+£0.52) x 1072 —0.6+0.4 [(2.21+0.14) x 102 —0.987005

=—c
=0 050
=, = A°Kg

* K
Reo

0.210 £ 0.028

(5.0 £0.3) x 103 —0.70 +0.28

*This value is not included in the data input.

x2/d.o.f = 0.5

—;;‘

“*Reo = B(E — AKQ)/B(E2 — =-1+).

(a1, a2, a3, a6,d) = (4.34 +0.50, —1.33 £ 0.32, 1.25 + 0.36, —0.26 & 0.64, 1.77 + 0.83) 102G pGeV?,

(b1, b2, ba, bs, b) = (—9.20 & 2.09, —8.03 + 1.19,1.42 + 1.61, —4.05 & 2.48, 13.15 + 5.56) 10 2GrGeV?.



Cabibbo Allowed

10°B

channel 0"

AF — A0+ 13.0£0.7 —0.87 +£0.10
A} — pK° 312+1.6 —0.909%2
AF = X0+ 12.7+ 0.6 —0.35 £ 0.27
AF = ot+q0 12.74+0.6 —0.35 £ 0.27
AF — Ty 3.2+1.3 —0.40 + 0.47
Af = T+ 144 +5.6 1.00+5:%
A} - =K+ 5.6 £0.9 0.9470%
= - 2K 8.6724 0.987092
=F = =20 3.84+20 —0.32 £ 0.52
=0 5 =-wt 221+14 —0.98055
=0 5 AYKY 10.5+ 0.6 —0.68 +£0.28
=0  XORO 0.8 +0.8 —0.07 £ 0.90
=) 5 YK 59+1.1 0.81 +£0.16
=0 5 =070 7.6 £1.0 1005057
=0 - =0 10.3 +£2.0 0.937097
=0 - =0/ 9.1 +4.1 0.987092




TABLE V. Summary of our results with SU(3)r and those in the literature for the up-down
asymmetries of the Cabibno-allowed charmed baryon decays, where the data, KK, XK, CT, UVK, Cablbbo Allowed
Zen, Iva, SV1, and SV2 are from the PDG [2], Korner and Kramer [27], Xu and Kamal [28], Cheng P——
and Tseng [30], Uppal, Verma and Khanna [31], Zenczykowski [32], Ivanov el al. [33], Sharma and

Verma [34], and Sharma and Verma [16], respectively.

channel our result data KK XK CT UVK Zen Iva SVI1 SV2
(CT') (UVK') (SV2')

AY - A%+t —0.87+£0.10 —0.91 £0.15 —0.70 —0.67 —0.99 —0.87 —0.99 —0.95 —0.99 input
(—0.95) (—0.85)

AF 5 pKY 0907072 ~1.0 051 -090 —0.99 —0.66 —0.97 —0.99 —0.99 +0.39
(—0.49) (—0.99)
A - 2% F —035+027 0.70 092 —0.49 —-032 039 043 —0.31 —0.454+0.32

(0.78) (—0.32)
AY 52+ —035+027 —045+032 070 092 —049 —032 039 043 —0.31 input
(0.78) (—0.32)

Af 5 2tn 040047 0.33 —0.94 0 055 —0.99 0.92+0.47
(—0.99) (0.96 + 0.34)

A ==ty 100409 —0.45 0.68 —0.91 —0.05 0.44 —0.75+0.38
(0.68) 0.44 (—0.91 +0.40)

AF -5 20k+ 004709 o077+078 0 0 0 0 0 0 0




TABLE V. Summary of our results with SU(3)r and those in the literature for the up-down
asymmetries of the Cabibno-allowed charmed baryon decays, where the data, KK, XK, CT, UVK, Cablbbo Allowed
Zen, Iva, SV1, and SV2 are from the PDG [2], Korner and Kramer [27], Xu and Kamal [28], Cheng | —
and Tseng [30], Uppal, Verma and Khanna [31], Zenczykowski [32], Ivanov el al. [33], Sharma and

Verma [34], and Sharma and Verma [16], respectively.

channel our result data KK XK CT UVK Zen Iva SVI1 SV2
(CT') (UVK') (SV2')

AY - A%+t —087+0.10 —0.91 £0.15 —0.70 —0.67 —0.99 —0.87 —0.99 —0.95 —0.99 input
(—0.95) (—0.85)

AT - pK®  —0.907072 ~1.0 051 —090 —099 —0.66 —0.97 —0.99 —0.99 4 0.39
(—0.49) (—0.99)
AF - 2% F —035+027 0.70 092 —0.49 —-032 039 043 —0.31 —0.454+0.32

(0.78) (—0.32)
AFY 5 2+a0 —035+027 —045+0.32 070 092 —049 -—032 039 043 —0.31 input
(0.78) (—0.32)

AF 5 E+np  —040+047 0.33 —094 0 055 —0.99 0.92+0.47
(—0.99) (0.96 + 0.34)
AF ==ty 100109 —0.45 0.68 —0.91 —0.05 0.44 —0.75+0.38
(0.68) 0.44 (—0.91 +0.40)
AF 5 20Kk+ 094109 o077+078 0 0 0 0 0 0 0
a(Af — =K *)sum) = 0.94%5 1 a(AF — ZOK )0y = 0.77 £ 0.78

T — T — —



TABLE V. Summary of our results with SU(3)r and those in the literature for the up-down
asymmetries of the Cabibno-allowed charmed baryon decays, where the data, KK, XK, CT, UVK, Cablbbo Allowed
Zen, Iva, SV1, and SV2 are from the PDG [2], Korner and Kramer [27], Xu and Kamal [28], Cheng E——
and Tseng [30], Uppal, Verma and Khanna [31], Zenczykowski [32], Ivanov el al. [33], Sharma and

Verma [34], and Sharma and Verma [16], respectively.
SV1 SV2

channel our result . . Zen Iva
BESIII Collaboration, arXiv:1905.04707 b )

D — S —
A} - A7+ —087+0.10 -0.80+0.11 —-0.70 —0.67 —0.99 —0.87 —0.99 —0.95 —0.99 input
(—0.95) (—0.85)

AF -5 pKY  —090707 0.18+0.45 —1.0 051 —090 —0.99 —0.66 —0.97 —0.99 —0.99 +0.39

(—0.49) (—0.99)

-0.73£0.18 0.70 092 —-049 —0.32 039 0.43 —0.31 —0.45+0.32
(0.78) (—0.32)

20.57+0.12 070 092 —049 —032 0.39 0.43 —0.31 input
(0.78) (—0.32)

AT 5 20+

AF 5 o+g0

AF 5 E+np  —040+047 0.33 —094 0 055 —0.99 0.92+0.47
(—0.99) (0.96 + 0.34)
A -ty 100400 —0.45 0.68 —0.91 —0.05 0.44 —0.75+0.38
(0.68) 0.44 (—0.91 +0.40)
AF 5 Z0Kk+ 09473 o770 0 0 0 0 0 0 0
a(Af — =K *)sum) = 0.94%5 1 a(AF — ZOK )0y = 0.77 £ 0.78

e — — —



TABLE V. Summary of our results with SU(3)r and those in the literature for the up-down
asymmetries of the Cabibno-allowed charmed baryon decays, where the data, KK, XK, CT, UVK,

Cabibbo Allowed

Zen, Iva, SV1, and SV2 are from the PDG [2], Korner and Kramer [27], Xu and Kamal [28], Cheng ——
and Tseng [30], Uppal, Verma and Khanna [31], Zenczykowski [32], Ivanov el al. [33], Sharma and
Verma [34], and Sharma and Verma [16], respectively.
channel new result  BESIII Collaboration, arXiv:1905.04707 gen v SV oV
) (SV2')
AF = A%+ _0.78+0.07 —0.80+0.11 —0.70 —0.67 —0.99 —087 —0.99 —0.95 —0.99  input
(—0.95) (—0.85)
AZ - pKs 003+029 0.18+045 _—1.0 051 -090 —099 —0.66 —0.97 —0.99 —0.99 +0.39
(—0.49) (—0.99)
A = X0x+ /~0.57+£0.00\-0.73+0.18 070 092 -049 -032 039 043 —0.31 —0.45+0.32
(0.78) (—0.32)
AF = B+g0 —0.57+£0.12 070 092 —-049 —0.32 039 0.43 —0.31 input
(0.78) (—0.32)
AF 5ty —044+047 0.33 —094 0 055 —0.99 0.9240.47
(—0.99) (0.96 & 0.34)
AF - Tty 0837017 —0.45 0.68 —0.91 —0.05 044 —0.75+0.38
(0.68) 0.44 (—0.91 4 0.40)
A = Z°K+  1.007097 077078 0 0 0 0 0 0 0

= 1.00777%

a(A} = E°K)suq) 0.0

e —

(A} = Z°K ) eep = 0.77 £ 0.78

—



Cabibbo Suppressed

1048 a
12412 —0.05 +0.72
124435 —0.941028
AF =y 24.5 4+ 14.6 0.917097
AF — nrt 8.5+2.0 0.1240.19
A’K*  65+£1.0 0.32 + 0.32
AF 5 XOK+  54+07 —1.001+208
AF 5 2tK®  109+15 —~1.070%
=F 5 A%t 123+41 —0.19 +0.24
— pK?° 43.3£78 —0.93+0-09
=t 5 ¥0rt 255426 —0.38 £ 0.27
Et X+ 269+6.5 0.10 & 0.43
EF 5Tty 15.5 +10.3 0.58+0-42
=Tty 34.6+219 0.72F03%
=t 52K+ 82+19 0.17 + 0.28
=0 5 A0%0 23+0.8 —0.09 £0.23
6.4+2.3 —0.42 +£0.27
16.4 + 10.6 0.87+032
—pK~ 50+ 1.1 0.67 £+ 0.17
=0 - nK" 7.5+0.5 —0.47+0.34
0 3.8+0.7 —0.8810-13
=0 X0 1.4+08 0.09 + 0.77
=0 B0y 3.3+22 0.70+9-39
Tt 3.9+0.8 0.78 £ 0.17
20wt 13.3+£09 —1.00+0:%2
=0 5 Z9K0 72+04 -0.324+0.25

- 0.06
—Z-K+  98+06 —0.95+0:96




Cabibbo Suppressed

I ———

TABLE VI. Summary of our results with SU(3)r and those in the literature for the up-down
asymmetries of the singly Cabibbo-suppressed charmed baryon decays, where UVK, SV2 and CKX
are from Refs. [31], [16] and [37], respectively.

channel our result UVK") Sva!) CKX
AF - pr? —0.05+£0.72 0.82(0.85)  0.05(0.05) —0.95
A — pn —0.94193%  —1.00 (—0.79) —0.74 (—0.45) —0.56
A = prf 0.91F557 0.87 (0.87) —0.97 (—0.99)

A s art 012£019  —0.13 (0.68)  0.05 (0.05) —0.90
A - A’K+ 032+£0.32 —0.99 (—0.99) —0.54 (0.97) —0.96
AF = XOK+  —1.007505 —0.80 (—0.80) 0.68 (—0.98) —0.73
A 5 BYKY  —1.00%508  —0.80 (—0.80) 0.68 (—0.98) —0.74

31] T. Uppal, R. C. Verma and M. P. Khanna, Phys. Rev. D 49, 3417 (1994).
16] K. K. Sharma and R. C. Verma, Phys. Rev. D 55, 7067 (1997).

37] H. Y. Cheng, X. W. Kang and F. Xu, Phys. Rev. D 97, 074028 (2018).



Doubly Cabibbo Suppressed

channel

10°B

(83

AF — pK° 1.2+19 1.0077 4o
AF 5Kt 04402 —0.4115:52
=+ 5 AOK+  33+0.8 0.76 + 0.24
=F — pn® 6.0+ 14 0.65 + 0.17
EF —py 20.4 + 8.4 —0.75 £ 0.15
=X s py 401£27.7 0.8079-2
EF s nrt 12.1+£28 0.65 +0.17
EF 520K+ 119407 —0.99100%
EF 5 2tK? 195417 —0.82+ 108
20 5 A°K?  0.6+0.2 0.32 4+ 0.45
=0 — pr 3.1+0.7 0.65 +0.17
=0 — na? 1.5+0.4 0.65 + 0.17
=20 5 ny 5.2+2.1 —0.75+£0.15
=0 5 ny 102+ 7.1 0.8079-2
20 5 30K 25+40.2 —0.82153%
20 5 YKt 6.1+04 —0.991503




Ks-Ki asymmetries in charmed baryon decays

['(B. — B,K2) — (B, = B,K?)

K9 — K} asymmetries between Cabbibo favored and doubly suppressed modes

Ris , (Be = BnKg;) =

channel Irreducible amplitude for A 10335[](3) » QSU(3) IOQRKg .

A = pKY 2((a1 — %)+ (a3 — %)s2) 15.7+08 —0.89797F 09+1.1

AF = pK? —v2((ay — %) — (a3 — %)s2) 155+08 —0.92703
c L 2 2 /%¢c 0.08

EF -5 THKY —v2((a3 — %) + (ag — %)s2) 4.9777 08070 11.8+78

EF =+ SYK) V2((a3— %) — (- %)s2) 39155 1.00%0%

=0 5 ¥OKY (aa+as— %)+ (a1 —%)s2 05+04 —0347 ¢ 17.0+14.6

c

c

=0 - YOK? —(ac+a3— %)+ (a1 —%)s2 03795 0.28+0.71

=Y — A'K? %((Qal —as —ag — %) 50+03 —0.70+0.28 —4.3+0.3

—(a1 — 2a9 — 2a3 + %)Sg)

=) — AYKY 2a1 —ag —az — %)  55+0.3 —0.66+0.28

—%(( D)

+(a1 — 2(12 — 2&3 + %—6)32)




Ks-Ki asymmetries in charmed baryon decays

I'B. — Ban) —I'(B, — Ban)
I'B. — B,K2)+T'(B. — B,K?})

K9 — K} asymmetries between Cabbibo favored and doubly suppressed modes

Ris , (Be = BnKg;) =

channel Irreducible amplitude for A 10335(}(3) r QSU@B)p IOQRKg,L

A} - pK2 V2((a1 — %)+ (a3 —%)s2) 15.7+08 —0.897937 09+1.1 -1.0~8.7
Af = pKY —V2((ag — %) — (a3 — %)s2) 15508 —0.92705%
EF 5 SRS —v2((a3 — %) + (ag — %)s2) 49777 08077 118+78 -11.3~39.0
=5 = YK V2((as— %) — (a1 — §)sz) 39735 1004573

=0 5 ¥OKY (aa+as— %)+ (a1 —%)s2 05+04 —0347)d 17.0+14.6 9.1£1.6
=0 - YOK? —(ac+a3— %)+ (a1 —%)s2 03795 0.28+0.71

=0 - A°K?2 %((Qal —ay—a3— %) 50+0.3 —0.70+0.28 —4.3+0.3 -3.70.4

—(a1 — 2a9 — 2a3 + %)Sg)

=) — AYKY 2a1 —ag —az — %)  55+0.3 —0.66+0.28

—%(( D)

+(a; — 2a9 — 2a3 + aé_s)sg ) D. Wang, PE. Guo, W.H. Long and ES. Yu, " Ks0—K\" asymmetries and CP violation
in charmed baryon decays into neutral kaons," JHEP 1803, 066 (2018)
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® Three-body nonleptonic decays of charmed baryons

ravi J.Y. Cen, C.Q. Geng, C.W. Liu and T.H. Tsai, “Up-down asymmetries
B, — B’n- MM in charmed baryon three-body decays,” arXiv:1906.01848 [hep-ph].

I ————

M(B, = BoMM') = (Bu,MM'|H,;;|B.) = itig, (A — Bys)ug,

Under SU(3)r flavor symmetry:
A(Be = B,MM') = a1(Bn)f (M) (M)1,H(6)xT7 + as(Bp)f (M) (M), H(6)x T
+a3(Bn); (M) (M);, H(6) 4T + a4(Br); (M);(M)} H(6)1m T
+a5(B) L (M)™(M)¥,H(6)yT" + ag(B,) (M) (M)} H(6) T

B(B. —» B,MM') = A(B; — B,MM"){a; — b;} T4 = €i7%(B,)x
— AN

Remarks:

1. Consider only the S-wave (L=0) contributions from MM’in the amplitudes.
2. Neglect the contributions from H(1_5).

3. Take the data with only the non-resonant parts.



TABLE 1. A-amplitudes of A7 — B,MM’.

CF mode A CS mode At ! DCS mode At 2
Y+a070 | 4aq + 2a0 + 2a3 + 2a4 — 2a5 || 2tV KD Vv2a2 + V2as + 2/2a4 »+KOK0 day
Ytata— | 4a1 + 2a2 + 2a3 —2a5 — 2a¢ || Tt K* —2as — 2a3 + 2a¢ YOKOK+ 2v/2a4
£+ KOKO 4a1 + 2a2 + 2a3 oHKO0 | ez las  2viag S-KTK+ —4ay
LHKYK- 4a1 — 2as »Oor+ K0 —v2as — V2a3 — 2v/2a4 pr? K© —v2as
SHn0n® |day + 252 4 253 4 201 2s || 0K +y0 V3a; | Viay _ N3ag pr— K+ 2a;
20707+ —2a4 — 2ag YatK+ da4 + 2ag pK P —ﬁg"—z _ 2v/Bay
YORK+KO V2as + V2as + V2as pr070 —4daq — 2a» + 2ax nmP K+ —v2as
Y-atat —4ay4 — 4ag prnP 2‘/§°2 — 2‘/:‘?“4 + 2‘/:?"5 nrtK° —2as
00K+ —v2as prtm— —4aq — 2a9 + 2ax nK+n° ‘/‘f,“% + 2‘/5?““
S04+ K0 —2ax — 2ag pK+TK~— —4aq1 — 2a3 + 2az + 2a¢
SR —2a pi'n® | —da; — 22 — 55 4 fgk 4 2
pr0 KO —32as — V3ay nar+ 0 2v6ay 2\/§a4 " 2\/Ea5
prtK— 2as3 — 2ag nK+K"Y 2a9 + 2a4 + 2as + 2ag
pKn0 _\/§3a3 + \/§a4_ A0 0 g+ \/%02 - \/?303 B 2\/§a5
nrtK° —9%a4 — 2ae A0+ KO \/liaz B \/§a3 _ 2\/§a5
A%x+n0 202 20 _ 285 _ 9q4 A°K+nP —%2 4 %5 4 285 4 9g
AOKHEO | a2 YBay _ VGas




TABLE II. A-amplitudes of =7 — B,MM’.

CF mode A CS mode Atz ! DCS mode At 2
2HalKO | —v2a2 — V2ay || o070 —4a1 — 2a3 + 2a3 »+a0K0 —V2a3
EHmtK- 2as =+a0nP 2v3ag _ 2v3aq 4 2v3as || ptg-K+ 2a3 — 2ag
K | — \/(302 - ‘/g"* Stata— —4a1 — 2a3 + 2a5 + 2ae »tK° - ‘/g“" — 2‘/5"‘1
»or+ KO Vv2a4 YEKYK - —4a1 — 2as + 2as YO0 K+ as — 2ag
0,0+ \/504 Z+non0 —day — SGTz . 2;3 + 4;4 + 2;5 0+ K0 \/503
Z07+p0 _2\/§¢12 _ \/§3a4 70,0+ 2ag »0 K +n0 _\/%13 _ 2\/§a4
0K+ K0 —2a5 2O0ptn® | —23as 4 2VBas  HVBas || y-pdpt —2ag
E-gtat —4ay YOK+KO —V2a3 — vV2a4 — V2ay 20KOK+ —2a4 — 2ag
pK K" day Y-atat dag S-KtK+ —4a4 — 4ag
A%t K© v6as 200K+ v2a2 — v2a4 + V2as pnon® 4a1 — 2as
S0+ KO 2a9 + 2a4 + 2ax + 2ag prono —2—‘/33&
20K +0 L prtm— da; — 2as
St K+ da4 + 2ag pK°K?° 4a1 + 2a2 + 2as
pr?K© Vv2as + V2as pK+K~ | 4a; + 2a2 + 2a3 — 2a5 — 2ag
prt K~ —2a9 — 2a3 + 2a¢ pr)ono daq +§§1+§§1+%1—2§5
pK 00 \/(gaz " \/(_3:;03 + d\/§a4 ntn? _ 2_\/?(?:5
nrt K° 2a6 nK+tK" —2a5 — 2ae
AOq+qn0 —igl — 333 + a4 + 333 +2ag || A7OK+ 2—‘/333 + ‘/§°3 ~ 2‘/3%
AOK+ O _2\/§a2 _ \/(303 — VBay + \/'_6;5 AOg+ KO 2\/:(;302 + \/§a3 " 2J§as




TABLE III. A-amplitudes of 2% — B,MM".

CF mode A CS mode At DCS mode At ?
Lta0K- V2ax Ltalx— —2ag Ntr— KO —2ag
Ltx— KO 2ay + 2a¢ Ltx—q° —,w;ﬂ- + V6ag Yox0K0 a3 — 2ag
E+K P ¥ L+KOK - 2ay E0x—K+ —vZag
20x0K0 a2 + as + a5 + a6 207070 [2v2a1 + v2a3 — v2a5 — 2246 || E°K9° I?;‘i‘ + %’ﬂ
2ot K- —v2a2 — V2ax nO0x0n0 | —¥Baz , VTag 4 Vas | \fGag || B-#0K+ Vv2a3
DOROpP | ¥Zea Va4 4 Fm || B0xtg- 2v3Zay + vZaz — vZay L-wtKO 2a3 — 2ag
n-xtKO 2a4 + 2ae LOKOK? | V2(2a1 +a2+a3+as—as) |[SK+qf | —Cea  2vGas
S0x0p° | ez 4 2Fas 4 2VEag | |yO0 K- 2v2a1 + v2az SOKOKO —das — dag
S0yt = —day —2a — 2a5 D000 |VZ(2ay + 222 4+ 33 — 224 %) | S-KOK+ —2a4 — 2ag
=O0KOK© —2(2a1 +a2 +aa E-xUxt —v2ag prn° —%7‘2
—ay — ag) Eoatn? | —2feay 3VEas 4 Bag || pKOK- —2ag — 2ag
=OKtK- —day + 2ay L-KtKO —2a3 — 2ay4 nx0x0 day; — 2ay
=05050 220+ F + F 0Kt 2a2 + 2a3 + 2ay nnn° 2—‘/33
+34 — 200) 0K | VB(—% - % + 254 — % 4 ag)|| nrtae day — 2ay
S a0zt VZay = a'Kt V2az — V2ay — VZag nK°K° 2(2ay +ag + a3
= iy —243&“3—3%‘1‘- = xtKC 2a3 + 2a4 —ay — ag)
=-KtK° —2a3 + 2ag prK~ —v2as — 2as nKtK~ day + 2a2 + 2aa
pK~K° 2ag pr— K° —2ay nn’n° day + %1 4 %1
nKOK© day + dag pK—n° ¥Bas 4 \/fBag R
A%TOKO [V3(%2 + 22 tas+ 3)|| na®K® | V2a2 + v2a3 + V2as — V2as || APROK? |—V3(32 + S+ 232
Atk —| Moz | Nfag | MBay || ppti- —2ay — 2a — 2ay A%~ K+ | B(282 4 %2 4 2a)
nKOonP | VB(%2 + 43 4+ 424 4 % 4 q)
A0r0z0 \/f_i(—2m - %3 - 333 4 %';)
A%%%0 \/5(2‘53-%-93" —ay — 3} — ag)
Axtx— | VB(—2ay — 222 — 23 4 %)
A°KOKO | B(—2a1 — a2 — a3 — as + ax)
A°KYK—| VB(—2ay — % — 233 4+ 20
A7y VB(—2a; — 282 — a5 + 24

+az + 2a¢)




TABLE IV. The data inputs from Refs. [3, 28-31] and reproductions for B(A7 — B,M M).

data |our results data |our results
10°B(A} - pK—7%) [3.4+04| 34405 || 10°B(A} - pK®)) [1.6+04| 0.7+0.1
10°B(AF - A°K+TK%) 5.6+ 1.1 58+1.0 || 10?B(A}f — E+7%Y) [1.3+£0.1| 1.3+£0.2
10°B(A} — A% q) [1.8+03| 1.7+£0.3 || 10°B(Af - pK*t7™) [1.0£0.1| 1.0£0.1
12B(Af - Etatn—) (44+£03[ 45403 ([10°B(EF - Entat) |47+ 17| 54+ 1.3
10°B(A} - X 7t7%) (19402 1.94+03 [[10°B(E2 - A’K—7%) |1.94+ 06| 224+06
10°B(A} — X07+7%) 22+ 08] 1.0+£0.1 [[10'B(Z? - A°K-K*)|5.2+ 19| 6.24+1.2
10°B(A} - YK +tn7)|2.1+£0.6] 254+0.3
10°B(AF - E"K+7+)[6.2+0.6| 6.1 £0.8
1°B(A} — pr—mt) [4.2404| 47404
10'B(A+ — pK—K+) [5.2+£1.2| 5.0+£1.2 a;| result ((b;| result
ai| 9.2+0.7 |[by]|18.3£0.9
16 data points above to fit with 12 real parameters: ~ |as|—3.7 £ 0.5(by|—9.8 £ 2.4
as|—7.3+0.4|by| 4.4 £2.1
XQ/d-O-f — 9.6/4 — 924 ag| 23+£04 [|by|—-54£29
as|11.5 £ 1.3 |[bs| 38.8 £ 2.2
ag|—3.7 +£0.2||bg| 12.7 £ 2.3




TABLE VI. Numerical results for B(A — B,MM").

CF mode 1088 CS mode 1048 DCS mode| 10°B
Nta0n0 6.6+34 LHx0K? 9094+ 28 [| 2tKOKkO [13+05
Y+KOKO 29+07 YHK9%P 1026 £ 0.06| XOKOK+ |1.34+05
LCtKYK~ 25+03 YROK+| 78+23 [ KTKY|[1.34+05
StnP? |(3.2+£04) x 1074|2072t K% 96+27 prPK? | 50+ 6
NO0x+g0 6.3+32 YOK+0]0.13+0.03|| pKO® [33427
LK TKO 0.26 + 0.09 pro=0 2442 nr’Kt | 51+6
0ROkt 32+6 pxn° RE =g artK° [ 99411
S0zt KO 44+ 8 pKOK?O 37T+ 8 nK+tn0 |341+27
pnol_(o 23+4 pqono 28+12
nxt K° 1141 netq® | 67+13 TABLE IX. Numerical results for {a)(A; — BoMM’).
+0
nK+K —— CF mode (a) CS mode (a) DCS mode (a)
APx°K+| 3516 Af - 5ta070 | 0854013 || A - 2+0KO | 076 £022 || AF — N+KOKO | 0434032
Aot KO e7+11 A 5 nta%° [ 0814018 ||AY = Bt~ K| 0.75+0.15 || AY = ROKOK+ [—0434+0.32
AOK +700.45 £ 0.10 A} s Strte= [ 0164027 || AL = BHK %P | —0.05 £ 0.07||A} = B KTK+|-04340.31
A 5 DYKOKC | 068+ 007 |[AF - 2%°K+ | 0.75£0.10 || Af — pr®K° | 0031597
AY SETKTK—|—006+£011 || AY 5 2% tK? | 0752022 || AZ - pr Kt | 0931007
AF 5220 | 0034+000 (| A} = 20K +9° [-0.05 £ 007|| A} = pK%%° |-0384+045
AL 5 2%+ | —0061007 ||AY = 2atKt| 0.70£0.70 || AY = nxKt | 0931007
A 5 X% tn® | 0814£0.18 || Ad = pr¥x0 |-095+0.05|| AZ - nxtK? | 0931007
A 5 2OKTKO | 0.304+0.60 A 5 pr%° [ 084+£009 || AY - nKty® |-0384+045
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A} = pK%° |-038+022([ A} = A%OKt | 0.97 £ 0.00
Al - nnt KO —O.QItg:(l)g Al = A%+ KO | 0.97 £ 0.00
AY 5 A%ty [ 0542015 || A = AKt5° | —028+0.28
AF 5 A°K+K9 | 0.41+0.08
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v We have studied the weak decays of charmed baryons B. = (=%, —=, A})
based on SU(3) flavor symmetry.
¥ From the measured semileptonic decay of B(A+ — A%tv,) = (3.6 + 0.4) x 102
we can predict other semileptonic decays of B¢, such as B(AF — netv.) =(3.76 + 0.42) x 10-3

¥ For the two-body decays of B. — BxM, we have obtained a good fit for the
10 real parameters with 16 data points by including the factorizable contributions

from H(15).

v We have examined Ks-K;, asymmetries in the charmed baryon decays, which agree
with those in the literature.

¥ By considering only the S-wave contributions from MiM> and nonresonant data

noints without H(15), we have systematically predicted the three-body decays of
B. > B,.M{M; for the first time.

S| ¢ SU(3)ris a real flavor symmetry, which is very useful and powerful to study
Charmed Baryons. The results can be tested by BESIL, LHCh, BELLE(II) ......
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