Charm Baryon Decays with SU(3)r symmetry
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History for Charm in Theory

In 1956, Sakata model: ( ’ A)( ’ ) S. Sakata, Prog. Theor. Phys. 16 (1956), 686.
n e 7

In 1959 and 1962, Marshak:  Kiev symmetry @ Lepton-Baryon symmetry

R. Marshak, rapporteur talk at 9th International Conference on High Energy Physics, Kiev, Ukraine, 1959.
R. Marshak, rapporteur talk at 11th International Conference on High Energy Physics, CERN, July 1962.

In 1962, Sakata et al (Nagoya); Katayama et al (Tokyo): ( v ) ( o )
A

Z. Maki, M. Nakagava and S. Sakata, Prog. Theor. Phys. 28 (1962), 870. " c &
Y. Katayama, K. Matumoto, S. Tanaka and E. Yamada, Prog. Theor. Phys. 28 (1962),675.

In 1964, Bjorken & Glashow: Proposed a 4th quark and invented the name “Charm”
B.J. Bjorken and S. Glashow, Phys. Lett. 11 (1964) 255.

In 1970, Glashow, lliopoulos and Maiani (GIM): = GIM mechanism

S. Glashow, lliopoulos and Maiani, Phys. Rev. D2 (1970) 1285. . sinfc W~ _
u
0
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The 1974 November Revolution of HEP: Discovery of a new QUARK — Charm (c)

BT AR (Novenber 197) Jp=cc  gaeEn(1974)
At the East coast of US: Received by PRL on Nov. 12,1974 11H10,11H
Brookhaven (Proton Synchrotron) megkEsmaryie:

?{Be‘ — A + X

Lsefe™
fbe J
—_— o/g
T Re
x\\ "

At the West coast of US: Received by PRL on Nov. 13, 1974

SLAC (e*e- collider) / RN A

Nov. 10, 1974 W lI)
Nov. 11, 1974 S

Ting and Richter met at A
SLAC Nobel Physics Prize 1976
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Recent experimental developments in charmed baryons:
e BESIII at the Beijing Electron Positron Collider (BEPCII)

ot z A uniquely clean background
»;A‘ | i to study Charm Baryons

M, (GeV/ch)

Many newly measured charmed baryon decays.

® LHCb discoveries pentaquark-like charm baryons P, (uudcc) and
the doubly-charmed baryon Zzc by the Chinese group (4 @ & &)

vvvvvvvvvvvvvv

—-— S aoof 180
% ol o L $ LHCb 13 TeV
m ——
w 4 @ LHCb — ga‘:gg“"d w 700F ®) y LHCb 160
= 1800] M mEn Py ) T F + + Data
3 x> P(4380) 3 ek o 140
< 1600 ; - A(1405) £ 600 ) — Total
" - 500 W* - Signal
Ry o ¢ ¥ ! +
T 0

. M 100 == Background . 5
g 80 + 1 ] \. : |
. o bt 7

40 § + I

20

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

£off 25888

Mea(E5) MeV/c?)



Extensive recent theoretical studies on weak decays
of charmed baryons (cross-strait % s & # ):

® H.Y. Cheng et alin 1990s and recently:

H.Y. Cheng, X.W. Kang and F.R. Xu, Singly Cabibbo-suppressed hadronic
decays of Act,” Phys. Rev. D97, 074028 (2018) See Talk by F.R. Xu

J' T —

e C.D.Lu,W.Wang, FS.Yu....... ;

C.D. Li, W, Wang and F.S. Yu, Test flavor SU(3) symmetry in exclusive A decays,” = See Talk by F.S.Yu
Phys. Rev. D93, 056008 (2016)

F.S. Yu, H.Y. Jiang, R.H. Li, C.D. Lii, W. Wang, Z.T. Zhou, Discovery Potentials of
Doubly Charmed Baryons," Chin. Phys. C42, 051001 (2018)

B ———

W. Wang, Z.P. Xing and J. Xu, Weak Decays of Doubly Heavy Baryons: SU(3) Analysis,"
Eur. Phys. J. C77, 800 (2017)

- Wang, PF. Guo, W.H. Long and F.S. Yu, “Ks%-K.% asymmetries and CP violation
in charmed baryon decays into neutral kaons,” JHEP 1803, 066 (2018)

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

e ——



Studies of charmed baryons with SU(3)r flavor symmetry

® (.0. Geng, Y.K. Hsiao, Y.H. Lin and L.L. Liu
“"Non-leptonic two-body weak decays of A1:(2286),""
Phys. Lett. B776, 265 (2017).

e C.0. Geng, YK. Hsiao, C.W. Liu and T.H. Tsai,
“Charmed Baryon Weak Decays with SU(3) Flavor
Symmetry,” JHEP 1711, 147 (2017).

® C.0. Geng, YK. Hsiao, CW. Liu and T.H. Tsai,
“Anti-triplet charmed baryon decays with SU(3) Flavor Symmetry,”
Phys. Rev. D97, 073006 (2018).

® C.0. Geng, YK. Hsiao, C.W. Liu and T.H. Tsai,
“SU(3) symmetry breaking in charmed baryon decays,”
Eur. Phys. J. C78, 593 (2018).

® (.(0. Geng, Y.K. Hsiao, C.W. Liu and T.H. Tsai,
“Three-body charmed baryon Decays with SU(3) flavor symmetry,”
arXiv:1810.01079 [hep-ph].



SUQG)* SUmLX SUmk* U}y ——> SUQ)c* SUM)r-1-x < U(1)p
QCD ¢ . : Y 3 1 113 SU(n)r

I q T | o 13 3 n -1/3 Flavor Symmetry

Three light quarks: ¢=u,ds ~ SU(3)r Flavor Symmetry

e ———

SUBB)c: 3I®3I®3=10sD8msD8M.D1A
SUQB)r: 3X¥3X3=10sD8MsD8M. D1 A

SU2)ein ¢ 202®2=45D2MsD2Ma
Light physical allowed states (q=u,d,s)

Pauli Exclusion Principle "@_| an’ a o o o
d 0 d s d>(/u Q
Totally antisymmetric states P d/_m \f;d /3{ ?l N \ e
— R P LR
Space: L=0 Symmetric sd _2|_ su \( -
SN = ‘383
SU3)c, SUB)r, SUQ2)qin
( ()9 ()9 () ) (1,8,2)=Bn (1,10,4)

Antisymmetric Symmetric spin=1/2 spin=3/2



Four quarks: (=u,ds,¢  SU@)r: 4®4®4=20sD200M,D200M,D 4

——

SUB)c: 3®3®3=10sD8nsD8nm.DlA Space: L=0 Symmetric
SUR)on ¢ 202X2=4sD2Ms@D2Ma (SUB)c, SUA)F, SU(2)sin)
Antisymmetric Symmetric

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



20-plet of SU(4)r with 8®3®6®3 of SU(3)r Charmed Baryons (JP=1/2) with SU(3)r

SU)E: 3®3=3@6

g

anti-triplet (§) sextet (6)

1 1 =
0 [ s+ Lwp Lo
BC — (Eca _5:7 A+) B’C — %Z: Zg 1 =0

(& EHC
A =+ 120 0
92 ="¢c 2 ="¢c Qc /

SU(3)F:3 BCC — (E++ "l Q+

cc Y “ce? cc




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
,Hgff = TSVaJ(qC)V—A(UVW)V—A nra o v

(Uyve)v—a = Uy y* (1 — vs5)ve

For the non-leptonic ¢ — s ud, ¢ — u q q and ¢ — u d s transitions,

n G ~ S / /
W = 7; {VeVaa(e4 04 + ¢202) + VeaVaa(e3 0 + ¢_0_) + VaVis(e,0y + 0L |

Cabibbo-allowed Cabibbo-suppressed doubly Cabibbo-suppressed

I ——— S —— —

(‘/;sVuda ‘/;dvuda Vcdvus) o (17 —Se;s _52) Sc = sinf. = 0.2248

——

O
H_
|

(ud)y_a(5¢)v—a £ (5d)y_a(tic)y_4]

0 =

(2q)v-a(qc)v—a £ (qq)v—a(tc)y_a O =01 03

B | = DD | = DD =

O = S[(as)v-a(de)y—a £ (ds)y—a(tc)y_a]



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;




e Semileptonic decays of charmed baryons

B, — Bn€+l/g

S —

A(Be = Bultwe) = (Baltwie|H: 5 |Be) = ZE Ve T(Be = Ba) (wve)v-a

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

B. — B, T-amp

20 5 =- a1

=5 — =0 ay

Af =A% | —y/3e1 | B(AF — A%*tr,) = (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)




e Semileptonic decays of charmed baryons
B, — Bn€+l/g

S —

A(B. — Bultvy) = (Bultve|HY 4 |Be) = GFV T (Be — By (tve)v—a

Under SU(3)r 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

(&

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

=) > E- o B

=0 — Z— _QISC B

(

( — e I/e)—(163:1:018)><10—
= - x° 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




® Two-body nonleptonic decays of charmed baryons
B.—B,M B,=—= _=fA"

—ecy =—c C

EVTEE I S B (Zn+Hm® ot KT )
B, = - EA-L30 M = T e - om0 K°
| = =0 —\/gA) \ K K°  —\/3n)
Gr
A(Bc — BnM) = (Ban?‘lefﬂBc) = TT(B — B M)

Under SU(3)r flavor symmetry:  T(B.— B,M)=T(0s) + T (Ox)

T(Os) = a1Hi;(6)T™(B)i (M)} + az H; (6)T™ (M) (Bn)] + azHi;(6)(Bn)i.(M); T

L . N I ik T;j = (Bc)keijk
T(O15) = asH;(15)(B.)’ (M);(B,); + as(B,.);(M); H(15)]" (B.)x

+ ag(B,)f (M) H(15)(B.)), + a7(B,)}(M): H(15){*(B.)s




_ Assumption n
Two reasons: Hefs = % {c-H(6)+c:H(I5)} i o M= 7; {c-H(6)}
1. (c/e+)? ~

1 . : .
2. O = 2('&d.§ + sdu)c is symmetric, whereas the baryon wave function is totally

—

antisymmetric in color indices.

What is about the factorizable parts of H(15)?

Vanishing nonfactorizable contributions

T(Og5) = aHf;(15)(B.) (M)(B,); + as(B,)i(M);H(15)(B.)x
+ ag(B,,)] (M) H (15 )ﬂ(B )k + az7(B,,):. (M) H(1 ){A(Bc)k

as(Bn)F(M):H(15)! (B.)

the only term which leads to factorizable
contributions to B —» BnM




Cabibbo-allowed

Cabibbo-suppressed

e ——— —— ———
channel amplitude channel amplitude
20 5 NTK- 2as =Q —» Xtw— 2az
=0 —» YOK° ﬁ(—ag — a3z + 22'5-) =2 — X070 ay +a2 — 225‘
=0 — =070 V2(—a1 + as) =2 — X% Y3 (~a1 — az — 2a3 + 2as)
=2 — =% %(al — 2a9 — ag) E0 5 Y gt 2a; + ag
E¢ > E"7t 2a1 +ag Eg =+ E°K° —2a; + 2a2 + 2a3

%(—201 +a2 +az + F)

Eg' — LTKO© 2a3 — ag
E;*' — =0t —2a3 — ag
A;" — Xt x0 \/5(0,1 — a2 — a3z)
AT - Xtq @(—al — a2 + az)
AF = X0xt \/5(—0,1 + a2 + a3)
Al — 20K+ —2as
Aj' — pK"® —2a; + ag
AT = A0t Y6 (—

ay —az2 — a3 — ag)

=% - nK"°
=g = A%x°

Eg - Aon

—2a1 — ag
—2a2
2a1 — 2a2 — 2a3
ag

%(—al —az2 +2a3 — 3

a
_01_02'1'76

=F 5 2tg0
=F =+ Xty
=5 - X0nt

Ef — 20Kt

V2(—a1 +az2+ 3¢)
%(01/3 + a9 + 2a3 — %ae)
V2(a1 — a2 + %)

20.2 + 203 + ag
2a1 — 2a3

?(al +az —2a3 — 3¢

2a1 — 2as3
v2(a; — a3)
V2(az2 +asz — a?ﬁ
@(—201 + a2 — a3 + Sae)
2a2 + 2a3 + ae

@(al — 2a2 + a3 + ag)




doubly Cabibbo-suppressed

—7

channel

amplitude
=0 — ¥OK© ﬁ(al—a—;)
=05 Y KT —2a1 — ag
=0 — pw —2az
=0 — nn® V2az
=0 — nn @(Qal — ag — 2a3)
=2 —+ A’K" @(—al + 2a2 +2a3 — 3¢
¢ =+ TTKO —2a; + ae
=& — NOKt V2(—a; — 3¢)
Ed — pr® —V2az
=5 — py ?(201 — az — 2a3)
E&" — nnrT —2as
2 MK ¥ (—a1 + 2a2 + 2a3 + %)
Af — pKO© 2a3 — ag
Af - nKT
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TABLE 2. The data of the B, — B,,M decays.

Branching ratios |[|Data [4, 7]|| Branching ratios | Data [4, 7]

102B(A} — pK?) ||3.16 £0.16|| 10’°B(A} — Xtp) || 0.70 +£0.23
102B(Af — Ant) ||1.30 £0.07|| 10*B(A} — AK) | 6.1+1.2
102B(Af — ©+70)|1.24 £0.10{|10*B(A} — XOK*)|| 5.2+0.8
10°B(A} — X%71) [|1.29 £ 0.07|| 10*B(Af — pn) 12.4 + 3.0

102B(A} — E0K)|[0.50 +0.12|| R = See2O0- 110,420 + 0.056
10‘B(A;— prd) = 0.801.36

11 data points above to fit with 7 real parameters: a1, a2e"°2  aze™s  age™es
B, — B \? R, —RI \?
- - 2 th ex th exr
The minimum x2 fit: X" = E ( oi ) + E ( 7 )

i J

(a1, az, a3, ag) = (0.271 £ 0.006,0.126 + 0.010, 0.051 + 0.012, 0.055 + 0.030) GeV?
(8ays Oags ) = (82 £ 6, —20 + 24, 40 + 36)°

x*/d.o.f =1.8/4~0.5

I ————




BRs of Cabibbo-allowed decays

channel 103BR,;, 103BR gy
=205 XtTK— 3.7+ 0.6 -
=0 — ¥OK° 1.0+ 0.6 -
=0 — =070 6.1+1.1 -
=0 — =0q 3.1+0.6 -
=0 5 =—xt 20.3+ 0.9 -
=0 5 AYK° 9.3+ 0.9 -
=5 — LTK° 2.1+1.5 -
=5 — =0xt 42+1.9
Af - 2t70 12.6 £ 2.1 124+1.0
AT =5 Ztg 5.4+1.0 7.0+23
A = X0xt 12.6 +2.1 12.9+ 0.7
Al — E0K+ 5.9+ 1.0 5.9+1.0
Al — pK© 31.3+1.6 31.6+1.6
AT — A%t 13.1+1.6 13.0+ 0.7




BRs of Cabibbo-suppressed decays

channel 10°BR:x 10°BREXx
20 5 Ntg— 2.2+ 0.4 -
=0 —» X070 2.84+0.3 -
=0 — X% 1.04+£0.2 -
E X at 11.7+0.5 -
=0 - =0K0© 6.2+ 1.0 -
=05 ="Kt 9.8 + 0.4 -
=0 — pK— 2.34+0.4 -
=% - nK"° 7.8+ 1.3 -
=2 — Ax° 1.0+ 0.3 -
=0 — A% 2.7+0.3 -
=f 5 xtg0 20.3+ 2.0 -
=F =+ Xty 8.2+ 1.9 -
=5 - X0t 23.5 + 2.3 -
= - =K+ 0.8+ 3.3 -
=5 — pK© 20.2 + 5.2 -
=F — A0zt 5.1+ 2.1 -
A - BtKO 11.4+ 2.0 -
Af = BOK+ 5.7+ 1.0 52408
AT = pr© 1.3+ 0.7 0.8+1.3
AT = pp 13.0+ 1.0 12.4+ 3.0
A = nat 6.1+ 2.0 -

AT = AOKT 6.4+ 0.9 6.1+1.2




Remarks on A — pn?

10*BR¢h 10*BREX 10*BR¢h

channel Our results Data PoCA
AF 5 2TKY 114420 _ 14.4
A - ¥0K+ 57410 52408 7.18
AF 5 pr® 13407 0.8+1.3(<27) 075
AT — pny 13.0+ 1.0 12.4+43.0 12.8
Af 5 net 6.14+£20 - 3,66
AY - A°KT 64409 6.1+1.2 10.6

Our result of Br(A.*— pm?)=(1.3+0.7)x10-4
is consistent with the data of <2.7x10+as well

as that of 0.75%10-4 by PoCA.

H.Y. Cheng, X.W. Kang and F.R. Xu,
“Singly Cabibbo-suppressed hadronic decays
of Act,” Phys. Rev. D97, 074028 (2018)

R —

See Talk by F.R. Xu
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BRs of DCS decays

channel 10°BR:p,

=0 — XOKO 2.1+0.1
=05 XTKT 5.8 +0.3
=0 — pr 1.34+0.2
=0 — nn? 0.7+0.1
=2 — nn 2.5+04
=2 —» A’K"° 0.7+0.3
=F 5 XTKY  16.8+0.09
=5 5 YOK+ 11.4+0.5
=r — pn® 2.6 +0.4
=5 — pn 0.7+ 1.6
= = nrt 5.1+0.9
=5 — AKT 3.0+1.1
Al — pK© 0.3+0.2
A - nKT 0.6 +0.3




® Three-body nonleptonic decays of charmed baryons

B.— B, MM’

I ———

A(B, — B,MM'") = (Gp/vV2)T(B. — B, MM’

T4 = (Be)qe®

B ——

Under SU(3)r flavor symmetry:

T(B. — ByMM) = ai(B); (M)]"(M')3, H(6)xT% + az(Bn); (M)} (M), H (6) T

+ a3(B)i (M) (M), H (6) 1T + a4(Br); (M);(M")i"H (6)1m T
+ as(Bn) L (M) (M), H (6)4T" + ag(Bn) k(M) (M)} H (6) 3 T

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

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



T-amplitudes of AT — ByM M’

CF mode T-amp CS mode T-amp/t. DCS mode T—amp/tg
YHa07x0 | 4a4 + 2a9 + 2a3 + 2a4 — 2a5 || A0 KO Vv2as + V2as + 2v/2a4 YTKOKO 4ay
Ytrata~ | 4a1 + 2a2 + 2a3 — 2a5 — 2a¢ || 2T~ KT —2az — 2a3 + 2ag LOKOK+ 2v/2a4
$+KOKO 4a1 + 2a2 + 2a3 S+ KOn0 VGaz 4 VGas _ 2vGay S-KtK+ —4ay
STKTK— 4aq1 — 2as »Ooxt+ KO —v2a9 — V2a3 — 2v/2a4 prl KO —v2as
2+tp0n0 |4a; + 232 + 2‘53 + 234 _ 2;5 »0 K +70 \/?éaz + \/?303 _ 2x/§a4 pr— K+ 2ao
»Ox0xt —2ay4 — 2ag Y atKT 4a4 + 2ag pK%n° —@ — 2‘/5"4
YWKTKO V2as + V2a3 + V2as prO70 —4a1 — 2a9 + 2as nmOK+ —v2as
Y—atat —4a4 — 4ag pmin° 2‘/:?“% — 2‘/3§“4 + 2‘/_% nmt KO —2a9
=070 K+ —v2ay prto— —4aq — 2ag + 2asx nK+nv @ + 2‘/_%
=0+ KO —2ax5 — 2ag pKTK— —4a1 — 2a3 + 2as + 2ag
=-ntKt —2ag m'n? | —4a; — 2L32 — 833 + 4‘;“ + %
pr?K° —V/2a3 — V/2a4 nmwtn® 2‘/502— - 2‘/:?““ + 2‘/:?“5
prt K~ 2a3 — 2ag nKtKY 2a2 + 2a4 + 2ax + 2ag
pKOn° _\/(gas + \/(gm A0+ \/5302 _ \/gas _ 2\/§a5
nrt K° —2a4 — 2a¢ Aoxrt KO \/(_;02 — ‘/zaf'* — 2‘/505
A0 tq0 _i’aTz + 233 — 235 — 2ag AV K+qn0 -Z+3+ m% + 2a¢
AOK+RO _\/Eaz + \/iaa _ \/ias




T-amplitudes of =

T — BaMM'

CF mode T-amp CS mode T-amp/t. DCS mode T-amp/t2
2+a0K0? | —\/2a9 — V2a4 || Tt 7070 —4aq, — 2a3 + 2ay »ta0K0 —v2a5
Yot K- 2a9 y+a0y0 2‘/§a3 — 2‘/§a4 + 2‘/§05 Yo KT 2a3 — 2a¢
»+KOp0 ——‘/(f;az + ‘/ga“ Ytato— —4a; — 2a3 + 2as + 2ag N+ KO0p0 — ‘/(_;‘13 — 2‘/36"'4
Yort KO V2a4 STKTK— —4a1 — 2a2 + 2as Yor0 K+ a3 — 2ag
0707t V2a4 Ytnin® | —4a; — 832— — 203 + 4“‘ + 2°5 Yort+t KO v2a3
246 6 3 243
:oﬂ+n0 \/3_02 \/;04 EOWO,N+ 2(16 20K+’l70 _ \/;03 _ \/;04
=OK+KO —2as 507ty —2/3ag | 232y _ 2V3ag S-rtK+ —2ag
=gtgt —4ayq YOKTKO —\/_03 — \/_a4 — \/_as SOKOK+ —2a4 — 2a¢
pK°K" 4a4 Yoottt 4ag =E"KTKT —4a4 — 4ag
A%zt KO V6as 00K+ V2as — V2a4 + V2as pr0x0 4a1 — 2as
=0rt KO 2a9 + 2a4 + 2as + 2ag prnP — 2‘/3“5
"‘OK+770 — \/%‘2 4+ ‘/gai — —i‘/za prto— 4a1 — 2a5
=—ntKt 4ay + 2ag pKYK?© 4aq + 2a9 + 2as
pr?KO© V2as + V2as pKTK~ | 4a1 + 2a2 + 2a3 — 2as — 2ag
— 0.0 8a 8a S8a 2a
prTK —2a2 — 2a3 + 2ag e da1 + S+ 3P+ 3 - F0
pRO"]O x/(:_igag_ + \/Eag + 4\/504 n7!'+7)0 _2\/;05
nrtK° 2a¢6 nKTK" —2as — 2a¢
A07r+‘l70 _44;2 . 2;3 + 2a4 + 2ars + 2a¢ AOW0K+ 2\/302_ + \/?303 + 2\/3505
APK+RO | _2V8az _ Va3 _ /Gy, 4 V045 || AOp+g0 | 2V6az 4 VGag 4 2vag




T-amplitudes of =20 — B, MM’

CF mode T-amp CS mode T-amp/te DCS mode T—amp/tg
vtalK- Vv2ax a0z~ —v2ag Ltx— KO —2a¢
Etx— KO 2az + 2a6 Etar 2% | fEas 2070 KO az — 2ag
SHK —q0 —/%an N+KOK - 2ay Nox—K+ —VZaa
20x0KO a2 + as + as + 2a6 20x07% |2v2a1 + v2a3 — V2a5 — 2v2ae || Z°K%9° f?;"l + H;“ﬂ
N0t K- —v2a2 — v2ax 1O0x0n0 | —¥Baz 4 VBaq | VBas 4 fBas || =Kt V2a3
NOROp0 | o2 _ S8y 4 Tam || W0xtg- 2v2ay + vZaz — vZay N-xtKO %3 — 2ag
r-xtK° 2a4 + 2as LOKOKC | V2(2a1 + a2 + a3 + as —ax) EKtq? _VBas _ 2v/Bas
S0x0p0 | a2 | 2Fag | 2Fay |(yOKHK - 2v2a1 + v2an SOKOKO —das — dag
S0t x— —day —2ay — 2a3 000 [VZ(2ay + 222 + %8 — 204 S0 || S-KOK+ —2a4 — 2ag
=9KOK° —2(2a1 + a2 +aa E-xUxt —v2ag pr P —M;‘ﬂ
—ay — ag) - aty? —2—‘/_3631 + 2—‘/;‘3‘- + VBag pK°K~ —2ay — 2ag
=K tK- —4ay + 2ay L-KtKO —2a3 — 2a4 nx%x0 da; — 2ay
=059 220+ F + F =0~ Kt 2a2 + 2a3 + 2az nnon° 2—‘/?2
+54 — L) SOKOP | VB(—% — % + 284 — %2 4 ag) || nata— day — 2ay
S alxt VvZ2ay =Kt V2asz — V2ay — V2ag nK°K° 2(2a; +ag + a3
S atyg —24%3—3%‘- = xtKO 2a3 + 2a4 —ag — ag)
=-KtK° —2a3 + 2ag K~ —2ax — V2ag nKtK~ day + 2a32 + 2a3a
pK~K° 2ag pr— K© —2ay nn’n° day + Egz- s %3-
nKOK© day + dag pK—n° YBas 4 \/Bag Lo s
A°7OKO | —v3(% + 28 tas+ ) || nn®K® | V202 + v2a3 + V2a5 — V2ae || A°7OKO |—V3(332 + 32 + 2
A%xtK— i?z+2—"¢',;1+i§ﬂ nrt K~ —2a5 — 2a3 — 2ay Ao~ Kt \/(-1(3‘&1+9§-+ 2a )
nKOn® | B(22 + 82 4 424 4 2o 4 g4)
A%70%0 VB(—2ay — 22 — 32 4 %)
A= | V(32 + 5 —ay— 5 —ag)
AOxtx— | VB(—2ay — 222 — 23 4 22,
A°KOK" | VB(—2a1 — a2 — a3 — a4 + ax)
A°KYK—| VB(—2a) — 32 — 233 4+ 2%
AOPr® | VB(—2ay — 232 —az + 24
+as + 2ag)




The data of B(A; — B,MM)
data |our results data |our results
10°B(A} - pK—7t) |3.4+£04| 33+£1.0 [|[10°B(Af -2 K+71)[6.2+0.6| 6.3+£0.6
10°B(Af — pK%)) |1.6+04| 09401 ||10°B(E} - Entrt) 6.1 £3.1| 7.24+2.0
10°B(AF - A’KHKY)[56+1.1| 57+ 1.1 || 10°B(Af - pr7t) [424£04| 47+16
10°B(Af — A%7Fn) [2.2+05] 21+£09 ([ 10°B(Af - pK K*) |524+1.2] 5.1 +2.1
102B(A} — Stmtr—)(|4.44+03] 44435 || 10'B(A} - pK+7r—) [1.0£0.1| 1.0+0.1
10°B(A} - X nta+)[1.94+02| 1.9+1.3
102B(A}f — X07+x0) |22+ 08| 1.0+ 0.8
10°B(A} — 2n%7%) [1.3+0.1]| 1.3+1.3
10°B(Af - XtK+77)[2.14+0.6| 3.0+£04

(011 az,as, aq, as, (1.6) =

14 data points above to fit with 11 real parameters:

T —

(Bags Oags Oags Oags Oag) = (164 + 5,135 + 5, —30 + 13, 24 + 3,120 + 10)°

x2/d.o.f =84/3 =28

T —

—

ai, ase%e , ase™ea \ aqedes , asedas : agedae

(0.1+0.6,4.6+0.2,82+0.3,29+0.4,154+ 1.4,4.2+0.2) GeV?



BRs of Ac — BnM M

CF mode

our result

CS mode

our result

DCS mode

our result

10?By+ 0,0
10°By+ gogo
10% Byt je+ g -

107Bg+,70,,0

102320,,+,70
102320K+R0
102Bzo 05+
10?Bzo,.+ ko
IOQBp,roko

10°B,,_+ o

3.50+0.8
5.2+1.2
3.0 0.7
28 £0.6
3.4+08
0.5+0.1
4.5 +0.8
8.7+1.7
28 +0.6
09+038

IOdB}:hrOKO
10°By+ o,
10°Byozokc+
10*Byo,+ 0

10°Byogc + 40

10'By -+ kc+

10%B,50,0

10°B, 50,0

1033pko K0

10*B,,0,0

10°B,,4,0
10°B, -+ o
10°By o0+
10°Byoy+ o

104 Byogc+,0

8.6 £2.6
3.0+04
1.2+03
83+25
1.8 +0.2
3.3+23
24+08
3.7+£0.9
43+1.0
4.7+1.0
7318
59+13
4.5+0.8
88+1.5
1.9+06

10632+ KOK0

10°Byo geoc +

108By— e+ g+
10°B, 00
10°B,, .05+

10dan+K0

20+£0.5
20+0.6
2005
2.0+0.5
5.0+0.5
1.0+£0.1




BRs of E. — BaMM;

BRs of ¢ — BaM M

CF mode |our result|| CS mode |our result{| DCS mode |our result
10°By s oo | 5.4+ 4.0 || 10*°Bg+z0,0 | 9.6 £ 1.8 || 10'Bg+q0k0 | 2.6 £0.2
10%By i - [6.1£0.6 || 10°Byys 12— | 5.1 £2.0 || 10*Bgi -+ [ 1.4 £0.3
10°By+ go,0 | 4.6 £0.6 || 10°Byy gogo | 5.4 +1.3 || 10°Bg+ ko0 |20+ 1.4
10%°Byo,+go [ 1.2+ 0.3 [[10°Bg+ grx-| 1.0 £ 0.4 || 10°Byojox+ | 7.6 £5.9
10?Bzogo,+ | 1.9+ 0.5 || 10'Bg+,0,0 | 1.8 £ 1.0 || 10'Byo,+ ko | 2.5 £0.2
10°Bzog+0 [1.0£0.2 || 10°Byogor+ |5.6£0.5 || 10°Byog+,0 | 1.0 £0.7
10%Bzog+ go | 4.9+ 0.5 || 10°Byoge,0 |94+ 18 || 108y g+ | 1.3 £0.1

10°B, oo 4.3+ 1.2 || 10°Byog+ o | 4.4 £0.9 || 10°Bgogog+ [3.0£1.9
10280, +jc0 4.6 £ 1.2 [ 102By— 1+ | 1.1 £0.1 ||10°Bz- g+ o+ | 5.7 £ 3.2
10*°Bzogogc+ |64+£1.6 || 10°B, 00 [7.2£18

102Bzoz+xo | 1.9£04 || 10*°B,00 [1.1£0.2

10'Boogei,p | 1.3£03 || 10°B, 4.~ [14£04

10'Bz— 1+ |83 %53 || 1008 gogo |7.7£1.7

10°B,, 0g0 [24£02 || 108 ppe- | 1.6 £1.2

1028+~ (24203 || 10°B,p,0 |9.3+45

10°B, g0 |5.5+£05 || 10°B 1,0 [21£04

102Bpog+,0 | L7203 || 10°B, ji g0 | 1.6 £0.3

10°Brog+go | 4.7 £ 1.0 || 10*Byojox+ | 5.0£1.0

10*Byo,+ ko | 9.7 +£2.0

10°Byogc+,0 | 9.0 £2.2

CF mode |our result|| CS mode [|our result|| DCS mode |our result
10?By i poge— |88+ 1.5 [[ 10°By 440, | 7.2 0.7 [[10°Bgy o | 3.4 £ 0.3
10'Byiz-go | 1.8+ 03 [[ 10°Byip—pp | 5.7 0.9 |[10°Byog g+ [ 6.5+ 0.5
1By s j—p | 5.2 0.9 [[10°By s goge - | 24 £ 0.4 || 10°Byogcope | 26+ 1.7
10?Byo oo |44+ 1.1 || 10°Byogoro [1.3 203 |[10°By—joxc+ [ 6.4 £ 0.5
10°Byogi g | 54+ 1.2 [[ 10°Byogoe [1.9£04 || 10°By—rix0| 34 £0.7
10°Byogogp 14203 [[10°Brogs - | 9.7+ L7 |[ 107By-—go14p [ 5.1+ 3.4
10°Bgogago 8.1 1.9 ([ 10°Byoo0 [2.3% 1.2 || 10°Bzogogo [ 1.5+ 1.1
10°Bzogo,p [ 12402 ([ 10*By— 0,4 | 7.1 206 |[107Bo—goe+ [ 7.1+ 6.7
10'Boogip- | 1.3£03 || 10'By— 1,0 |63£20(| 10°B,,-,p |54£09
10°Boog i x| 3.6 £0.9 ||10°By 10| 2.9 0.6 || 10°Bpgore - |42+ 0.7
10*Booyoe (22409 || 10°Bzogoxo [3.0£0.7|| 104Byeeq0 |1.84£05
10°Bz-ors |46+ 1.2 [[10°Boor— g+ |48 209 || 10'Bpro,e [2.7+05
10°Bz—igp [ 1.1 201 [[10*Bo—qoges [62£ 13| 10%Byrin- [3.6£09
10°Byg—go | 1.2£0.1 || 10*Bz—zix0 | 72+ 15 || 10°B koo | 3.9+ 29
10°B, gogo |6.4+£6.3 [[ 10°Bprox- (95516 [[ 10*Boge - [ 20+ 05
10?Byosogo [20£06 |[ 10°B,, go | 19203 | 10°B, 0 [24+12
10?Byo,+ - |59+ 08 || 10°B -0 [1.8£0.3 || 10*Byoo0 [ 1.340.3

10°B, g0 [52+1.3]|10°Byo, 54 |25+05
10°Bpri k- [ 15203 || 10°Byogope [2.3+06
10°B,gop [1.9£06

10°Byogoxe [5.3£15

10°Byogoe |2.2£0.4

10°Byogin- | 1.1£03
10*Byogs - | 30£25

10*Byopp,p [24+14




e Summary

v We have studied the weak decays of charmed baryons B. = (=2, =, A})
based on SU(3)r 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 10~2

¥ For the two-body decays o_f B. — BnM, we have obtained a good fit for the
T parameters without H(15). By including the factorizable contributions from H(15),

we have found that Br(A.*— pm®)=(1.3+0.7)=10-4, which agrees with the
current experimental upper limit of 2.7x10-4,

¥ By considering only the S-wave contributions from M;Ms and neglecting H(15) as well
as the nonresonant data points, we have systematically predicted the three-body decays
of B — BnMiM; for the first time.

0= ¢ Rich physics for Charmed Baryons at BESII, LHC, BELLEII .....

More theoretical and experimental studies are needed.
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