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Motivation
o Unknown baryon wave functions
o Failure of the conventional factorization approach

BN — T 7% exp = (1.24 £ 0.10)%

o Measurements with higher precision in Belle and

BESSIII
B(\} — pK™7") = (6.23 £0.33)%
Decay channels Absolute branching ratios(%) Asymmetries
A — =(1530)°K ™" 0.502 +0.099 + 0.031 —1.00 £ 0.34!
A+ — ¥(1385) 0.91 + 0.18 + 0.092

M. Ablikim et al. [BESIII Collaboration], Phys. Lett. B 783, 200 (2018)
°M. Ablikim et al. [BESIII Collaboration], Phys. Rev. D 99, no. 3, 032010 (2019)
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Introduction of SU(3) Flavor Symmetry

mt =Py =60 Iy = (7))

M = (MY, })
[ B+ con + son) n K~
(M); = ( " Z5(® = cgm — s¢n') K° ) ;
K* K —son+con’ ),

where (c¢,s¢) = (cos ¢, sin ¢) and ¢ = (39.3 + 1.0)°.

1

T. Feldmann, P. Kroll and B. Stech, Phys. Rev. D 58, 114006 (1998); Phys. Lett. B 449, 339 (1999).
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Introduction of SU(3) Flavor Symmetry

Invariant tensor }

ek 51
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Introduction of SU(3) Flavor Symmetry

Invariant tensor
€K k) 5ty }

Antisymmetric tensor gives us singlet

1
S50t =14
% (Irgb) — |rbg) + |gbr) — |arb) + |bre) — |bgr))

Same thing happens in color states of mesons

(Ir7) + |g2) + |bb))

1
V3
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Introduction of SU(3) Flavor Symmetry
Anti-triplet charmed baryons

N = |udc) —|duc) = 12)p, — |21) g, = O3 i) g, ~ Okal®)
(BC)i = (E?_w _E;F’ /\;:F)I
Octet Baryons
B = B™ [5i) = (Bu)ic” |iu)
p = |112) — h21) = (676" — 67 6%0") ) = (6™ 013¢”™) )

1 1 50
(B,) = >~ \/lg/\ — %ZO n

J
= =0 _ /2
- = )
y
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Introduction of SU(3) Flavor Symmetry

Sextet charmed baryons

SF = |udc) +|duc) = [12)p, + |21) g, = (BL)[if)5.

++ Lyt 1=+

B zC \/izc \/§_C

B = 1 s+ 50 1 =0
( c) - \/i c c >—c )

A =+ 1= Qo

\/E_C \/E_C c

Decuplet Baryons

1 = 1)(space) ® P(spin) ® 1(flavor) ® 1 (color)

Vaatt oat o gt At A0 £0 s+ 0z
At I =i o V2 o 2
s || a CVND X I - z- ,
s+ £/0 ;//g £/ /= == : p
vz - 1 = ! == V3Q-
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Introduction of SU(3) Flavor Symmetry

Sextet charmed baryons

SF = |udc) +|duc) = |12)p, + |21) g, = (BL)[if)5.

++ 1 v+ 1 =+

fﬂ VEgs VB,

1y _ i 4 =
B = | Hz& = =0 |

1 =+ 1 =0 QO

2—C ﬁ—c c

Decuplet Baryons (spin-3/2)

Y = 1)(space) ® (spin) ® (flavor) & 1 (color)

V3Att At gt At A0 0 s+ =0 =0
1 + o x/ V2 V2
Bp= — A SR S I R VN <Cul I I < R ,
V3
s+ 0z £/0 =

M
S

N

-

.
=
1

B
|
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Charmed Baryon Weak Decays

Effective Hamiltonian for ¢ transition

Her = —=(c_O_ +¢,0.).

&Q

VigVey ((79)(d ¢)—(d'a)(dc)) ,

S

Vig Vi ((39)(d'c)+(d'q)(ic)) ,
d,s

/

Il
Q

9,9

NI= N =

a,q'

where (Gq’") = §*vu(1 —¥5)qa and v =r, g, b.
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Charmed Baryon Weak Decays

Effective Hamiltonian for ¢ transition
G " —ii
Mo — 7% (C_H(s),k(gu/ /2) Ok + ¢, H(15) ;o,.f)

1, _ _
05 = E(qiqk)V—A(qjC)V—A Sc = Ved
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Charmed Baryon Weak Decays
The process B. — Bp(spin-3/2) M

M = (BpM|Her|Bc) = iquwg, (P — Dvs)us, ,

(BoM|Her Bc),_y = (Bp) M, H°(B)g (i )es (Mm| 0% [(e) s
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Charmed Baryon Weak Decays
The process B. — Bp(spin-3/2) M

M = (BpM|Her|B.) = iq,wg, (P — Dvs)us, ,

(BoM|Her Bc),_y = (Bp) M, H°(B)g (i )es (Mm| 0% [(e) s

()80 (MMl 02, [(Dee) g ~ P16;,6%03€%

P(O) = Pu(BL)jk(M)IH(I5)(B)nc"™ + P2(B7) (M) H(IE ) (Bc)ne™
+P3(B},) ik (M), H(15)] (B )ne™
P(Os) = Po(B)ik(Be)iHam(6)(M),e"ek™ .
Example
P(Nf — ATTK™) = 2Py — P, J

July 24, 2019 12/19
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Charmed Baryon Weak Decays

We omit O, for two reasons

o Factorizable part Qi dm
<BD|J'(#A)|BC> =0 c )
flavor symmetry \7 qi

qj q;

e Nonfactorizable part: qx } qr
(B2|O1[By) =0
color symmetry Figure: Factorizable diagram
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Charmed Baryon Weak Decays

We omit O, for two reasons
e Factorizable part O
<BD|J'(HA)‘BC> =0
flavor symmetry

e Nonfactorizable part: / \
(B2|0|B,) =0
color symmetry

Figure: Nonfactorizable diagram
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Charmed Baryon Weak Decays
The process B. — Bp(spin-3/2) M

M = (BpM|Her|Bc) = iq,wg, (P — D7s)us, ,
(BoM| Hegr IBe),_y = (Bp) M, H°(B) o (i1 )en (M)l OL 1(9)e) 4
(()Bo (MM 08, (D) g ~ P10,,0,02€P
P(Og) = Po(B)ik(Bc)iHnm(6)(M)Le"e"™ = Pofs gom -

Example
PN} — ATTK™) = —2P, J
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Numerical Results

Decay width and up-down asymmetry
(B — By + P) = leLmimet&) {ipp2 1 D2}

67 m;

dr(Ps,-pe,=+1)—dr(Ps, ps,=—1) 2Re(PD")

&= ar(Po, bo,—+1)+dr (Po, Bo,—1) _ (IP+DP)
Table: Experimental data of the up-down asymmetries and branching ratios.
channel 10°Bexp Qexp
/\j — ATTK™ | 10.7£25
NF — ¥t 9.1+£20

ANf — ZOK*+ | 5.0241.04 -1.00+0.34
=05 Q Kt 42+1.0

=+ 5 v*+K° | 1.04+052

=F - =0t < 0.1'2

1), M. Link et al. [FOCUS Collaboration], Phys. Lett. B 571, 139 (2003)
measured relative to B(=Zf — = 2x%)

2
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Numerical Results

Fitting Results
P = Pyfg oM

D = Dofg.Bpm
(Po, Do)pm = (3.2 £ 0.4, 5.1 £ 2.5)1072G¢GeV, Rp,p, = 0.70

Table: Our results of the up-down asymmetries and branching ratios.

channel 103Bexp Qexp 103BSU(3) Asy(3)
N — ATTK™ | 10.7+25 153+24 —0.86707,
N — Ty 9.1£2.0 31+£06 —0.977003
Nf — =K+ | 5.02+1.04 —1.00+034| 1.0+02 —1.00703%
QKT | 42£10 32407 —1.00753
=+ 5 y+K’ | 1.0+ 0.5%2 0 -

=5 - =0t <0.1%2 0 -

1J. M. Link et al. [FOCUS Collaboration], Phys. Lett. B 571, 139 (2003)
’measured relative to B

=t 5 = ont
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channel fe.Bpr|  pm 10°By,  10°B., [10°B 10°B  10°B 10°Bea(cter)
our result [15] [16]  [34] data

AP = AYPK-[ —2 0 |-0.861011 1534 2.4 124 £ 1.0 95 27.0 7.0+£40| 10.7+25 [2]

Af = ATRY | 28 | 0867011 51408 414£03|31 90 23413

A} - BHa0 610917015 22404 21402[21 50 46+18

Af = Sty V2 |-097H083 31406 62405 - 104 21+ 11| 9.14+2.0 [13]

A - 20t f —0901 010 22404 21£02] 21 50 4.6+ 18

A — EK* 211000080 1.0£0.2 4140307 50 23+09) 5.02+1.04 [11]

(—=1.00 +0.34) [11]

0wtk | 2E 088701 31405 23+02(13 49 1.3+07

=0 WOKO Y6 0887043 1.6£02 1.2£0.1[07 26 0.6+04

=0 — E0x0 ~V8 1 001F08 14402 12£0.1[09 28 26+10

=0 — 20 ~V2 |-097T002 21404 35403 - 02 1.3+06

S0 Zoat | B8 091708 28405 23+02] 19 56 5.0+20

=0 Kt =2 [=1.00%030 23405 7.0+£0.6| 1.1 34 45+ 18| 54+ 1.6 (2 14]

= - 9RO - 0 0 0 0 0 LO£0.52 [2]

=f — E0q+ 0 - 0 0 0 0 0 <0.10" [2]
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Summary

e There is only two parameters in B, — BpM.
o We find out
a(N — ATTKT) = —0.861014

which could be tested by the future experiment in BESSIII
and Belle.

e Through the experimental data, we predict the non-leptonic
decays branching ratios.
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