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Motivation

o Unknown baryon wave functions

o Failure of the conventional factorization approach
B(Aj— — Z+7TO)EXP = (124 + 010)%

o Measurements with higher precision in Belle and
BESSIII

B(AF — pK~nt) = (6.23 +0.33)%
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Introduction of SU(3) Flavor Symmetry

1) =1u),[2) =1d) ,]s) = s
N =1, =1d),F) =13)
=) = [[) = (Y1)
M = (M)} ;)
A Z3(m° + con + sn') ™ K™
(M); = ( mt S (1 —con —son') K° ) ;
K K —son+con' /

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

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 }
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Introduction of SU(3) Flavor Symmetry

Invariant tensor
€K k) 5ty }

Antisymmetric tensor gives us singlet

1
S5t =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
Singly charmed baryons

N = |udc) — |duc) = |12) g, — |21)p, = "“6k3 |ij) g,
(BC)i = (E?n _Ej:rvl\j:r)i
Octet Baryons
B = B% ;) = (Bn)jc” )
p=112) — |121) = (66 — 6" 626") |y = (6™ 013¢”™) )

1 1 50
(B,) = >~ \/lg/\ — %ZO n

J
= =0 _ /2
- = )
y
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Charmed Baryon Weak Decays

Effective Hamiltonian for ¢ transition

Hefr = % (¢+ O +c-0-).
0; = Z VugVeg ((89)(§'c) (g q)(ac))
qq =d,s
0 = 3 Y VigVey ((59)(d ) (da)(ac).
qq’ d,s

where (§q") = 3*v.(1 — 75)9a-
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Charmed Baryon Weak Decays

Effective Hamiltonian for ¢ transition

GF il k TENT Ak
Her = 5 7> (c-H(O)w(c"/2)0f + e H(15)] OF)
Of = (Giak)v-a(gic)v-a se = Vis
0 0 0
He); = [0 2 —2s |,
0 —2s. 2sc2 p

[oNeoNe]
[eoNeNe]
[oNeNe)

o ((31)
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Charmed Baryon Weak Decays

Gr

V2
= (B,)]MyH°(Bo)g(()B, (7 )ml 05, |%) g,

The process B, — B,M with T¥ = (B.) el

T(Os) = a1H(6); T*(Ba)k(M)] + a2H(6); T*(M)L(Bn),
a3H(6);(Bn)i( My,T“+hH(6),,T'k( BnY, (M)],
arH(T5)} (Bc);(M)I(Bn)f + as(By) (M) H(TI5)] (Bc )«
as(Bn), (M)IH(I5)! (Be )k + a7(Bn)i(M)iH(I5)] (Bc )«

H(I5YX (Bn)j(M))(B.); ,

A(l = F) = {I|Her |F) = T(B. — B,M)

+

T(01)

+ o+

Example
ds — ay
B
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Charmed Baryon Weak Decays

T(Os) = a1H(6); T*(Bn)k(M)] + a2H(6); T*(M)L(B,),
+  a3H(6);(Bn)i (MY, T + hH(6); T*(Bn), (M)},
T(O5) = aH(5)(B c),-( Yi(Bn)K + a5(Bn) (M) H(I5)] (Bc)x
+ aa(Bn),(M),H(ls)J’( )k + ar(Bn)(M)iH(I5)] (Bc )«
+  WH(IBYK (B (M)(Bo);
AL Transition Amplitude
sO0nt —V/2(a1 — a2 — a3 — 527
PI V2(a1 — ap — a3 —5571)

Ttn V2eh(—ar — ar + a3 — 2h + B2 4 s (g, +2h — H)
Sty Y29(_a) —ay 4 a3 — 2h+ B gy 4 20— K)

EO l;<+ —2(3 a4+a7 )
pKO —2(3 _ a5+36)
A0yt _\/g(al+32+a3_25—2%+37)
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Charmed Baryon Weak Decays

Table: The T-amps of the B, — B, M decays.

= T-amp. AT
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Charmed Baryon Weak Decays

We omit O, for two reasons
o = ~04 M

e Baryon pole: A
(B/]0-[B,) = 0 B,

H. Y. Cheng, X. W. Kang and F. Xu,

“Singly Cabibbo-suppressed hadronic decays of /\j,”

Figure: Baryon pole

Phys. Rev. D 97, no. 7, 074028 (2018)

Chia-Wei Liu (National Tsing-Hua University Anti-triplet Charmed Baryon Weak Decays wi December 31, 2018 12 /20



Numerical Results

Fitting Results

(a1, @, a3, h) = (0.244 +0.006,0.115 + 0.014,0.088 + 0.019, 0.105 + 0.073) GeV?,
(8ay, 03y, 025, 08) = (0,78.1+7.1,35.1 +8.7,10.2 + 29.6)°,
x?/d.o.f =5.32/3 =1.77.

Table: The data of the B, — B, M decays.

Branching ratios Data Branching ratios Data
10°B(A — pK®) [] 3.16 £0.16 |[ 10°B(Af — £ 7n) 0.70 £0.23
10°B(NE — AnT) || 1.30+£0.07 || 10°B(Af — AKY) 6.14+1.2
10°B(AE — 7% || 1.244£0.10 || 10*°B(AF — £°K™) 5.240.8
10°B(Af — X)) || 1.204+0.07 10°B(A — pn) 12.44+3.0
102B(Azr — :0K+) 0.50+0.12 R = B?égg—;/\l(:l) 0.420 + 0.056
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Numerical Results

Fitting Results

(a1, a2, a3, h) = (0.244 4 0.006, 0.115 + 0.014, 0.088 + 0.019,0.105 + 0.073) GeV?,
(0ay5 02y, a3, 0n) = (0,78.1 +7.1,35.1 4 8.7,10.2 £ 29.6)°,
x?/d.o.f =5.32/3 =1.77.

Comparing with the experiment announcement in 2018 November

Decay branching ratio B:n By
B(=X — ="xT) (1.57 £0.07)% (1.80 £ 0.52)% 2
BN — T H7) (1.0%58)% (1.34 +0.57)%3

2ar)(iv:1811.09738 [hep-ex]. “First measurements of absolute branching fractions of Eg at Belle,”

3arXiv:1811.08028 [hep-ex]. “Evidence for the decays of AT — £ and TTn’)"

Chia-Wei Liu (National Tsing-Hua University Anti-triplet Charmed Baryon Weak Decays wi December 31, 2018 14 /20



Numerical Results

Table: The numerical results of the B, — B,M

=0 our results our results AT our results
35£0.9 10° By 4o 8.0 £ 3.9 10" Byo - (I3E£0.2)
4.7+1.2 10° Bzo v 8.1+ 4.0 10325?# (1.3 ;Eug.zi)f
43500 war | G
T e Yos
8.611L0 10? B=ojc+ 0.5+ 0.1)"
15.7 £ 0.7 10°B o (3.3+0.2)1
8.3+ 0.9 10? Bpo g+ (1.3 £ 0.2)t
2.0+05 10" Byo - 185 + 2.2 10" Bs- o 8.0+ 1.6
9.0+ 0.4 10° By o 18.5 + 2.2 10% Byoy+ (4.0 £ 0.8)
32+0.3 10*Bs-, 28.4752 10 B o 5.7+ 1.5
3.67% 10° By 1324249 10°B,, (12,5738
1759 10° Bo 18.0 + 4.7 10 B, 12,2443
7.6+ 0.4 10 B zo 20.3 + 4.2 10°B .- 11.3 + 2.9
6.3+ 1.2 10° Bt 1.6 +£1.2 10° Bpok- (4.6 +0.9)
2.1+05
7.9+1.4
0.2£0.2
+
Jgpvet]
c - 6.8
21E31 10° Byox- 8.8 L 0.4 1008 0 12.2 £ 6.0
44.5 £2.1 10° By ko 17.6 +£ 0.8 10° B i+ 12.2 £ 6.0
22.3+ 1.0 0°B e 23.8+6.1
6.0+ 1.5 10°B,, 10.574%
26,5;};“:] 10°8,, 12,1767
3071505 10°B,+ 47.6 + 12.2
14.4 +3.7 10° Bpoj: 56.8 & 14.5
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Summary

o We find out
B(EY - = 7)) = (15.74+0.7) x 1073,

which is consistent with the experiment.

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