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Dataset and charmed baryon production at Belle(I1I)

* In B-factories, ete™ collider at 10.58 GeV to make Y (4S) resonance decaying into BB and

B*B~ in 96% of the time.
* Meanwhile, a large cross section for continuum processes ete”™ — qQ (Qq=u,d,s,c).
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20 > E%h° (h® =n%, n, ) [Preliminary results]
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A(2625)F - £ T [PRD 107, 032008 (2023)]

A —» At T [PRL 130, 151903 (2023)]

0 - E-nt/ETKT/Q™K* [JTHEP 01 (2023) 055]



Study of Z2 - Z°h® (h® =n,n,n")

Motivation:
* Nonfactorizable amplitudes arising from internal W/ -emission and W-exchange lead to the
difficulties for theoretical predictions in hadronic weak decay of charmed baryons.

Theoretical predictions for branching fractions (Xx1073) and asymmetry parameters: Internal W-emission for Z0 — Z%h°
Reference Model BE2 =% BE 2% BE!-Z%) oF! - =Y d —> d
Korner, Kramer [5] quark 0.5 3.2 11.6 0.92 < -
Xu, Kamal [7] pole (£ - - 0.92 d
Cheng, Tseng (8] pole 3.8 - - —0.78
Cheng, Tseng [8] CA 17.1 - - 0.54 >
Zenczykowski [9] pole 6.9 1.0 9.0 0.21 c > > 5
Ivanov et al. [6] quark 0.5 6 4.1 0.94 P 5 s
Sharma, Verma [11] CA = = 2 -0.8
Geng et al. [12] SU3)r 4.340.9 gt g a0 : W-exchange for 22 —» Z%h°
Geng et al. [13] SU(3) 7.6+1.0 10.34£2.0 9.1+4.1 11 1 J s 5
Zhao et al. [14] SU(3)x 4.740.9 8.342.3 7.241.9 : P
Zou et al. [10] pole 18.2 26.7 - —-0.77 -

Huang et al. [15] SU(3)r 2.5640.93 - - —0.23 £+ 0.60

Hsiao et al. [16] SU3)p 6.0+1.2 49t - - <

Hsiao et al. [16] SU(3)g-breaking 3.6:11.2 7.3+3.2 - - >
Zhong et al. [17] SU(3)p 113000 1.5641.92 0.68313272 075070 5% @ > >
Zhong et al. [17] SU(3)p-breaking 742 2435518 1635297 <=9 5220 S >

Xing et al. [18] SU(3)r 1.3040.51 s : —0.28 +0.18

[5] Z. Phys. C 55 (1992) 659 [6] PRD 57 (1998) 6532 [7] PRD 46 (1992) 053004 [8] PRD 48 (1993) 4188 [9] PRD 50 (1994) 5787
[10] PRD 101 (2020) 014011 [11] EPIC 7 (1999) 217 [12] PRD 97 (2018) 073006 [13] PLB 794 (2019) 19 [14] THEP 02 (2020) 165
[15] JHEP 03 (2022) 143 [16] JHEP 09 (2022) 35 [17] JHEP 02 (2023) 235 [18] PRD 108 (2023) 053004
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Events/(3 MeV/c?)

Pull

Reference mode of E0 —» E™ Tt

First BELLE + Belle II combined charm measurement.
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Branching fractions for Z2 — Z°h? (h® =n’,n, ')

Pull Events/(5 MeV/c?)
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0

Asymmetry parameter for 0 — E°

1.':O

The asymmetry parameter, related to P-violation, i1s measured through the differential decay

rate: L
Preliminary results

dN
d cos f=o

x 14+ a(E2 = Z%ANa(EY - A1) cos f=o

The cosBxo is the angle between the A momentum vector and the opposite of the 22 momentum vector in the Z° rest frame.

" Belle, 980 b " Belle Il, 426 fb™
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The a (22 - E%°1t%) = —0.90+0.15+0.23, which is consistent with predictions based on the pole model [PRD 48 (1993)
4188, PRD 101 (2020) 0140111, CA [EPJC 7 (1999) 217], and SU(3)r flavor symmetry [PLB 794 (2019) 19] approaches.



Search for the semileptonic decays of Z2 —» E0¢£* £~

Motivation

* Few baryonic neutrino-less semileptonic decays were observed experimentally [1-4].

* Only upper limits were set for Af - pf* £~ decay for the charmed baryons [5, 6].

 With the SU(3) flavor symmetry, B(EQ - Zete™) < 2.35x107° and B(E? - E%utp™) < 2.25%107° [PRD
103, 013007 (2021)].

« Tt will help the understanding of the recent anomalies in b — s£+£~ processes, i.e. B » K" £+ ¢~

decays Experimental results on By Ref.

2% > Aete” (76 £0.4+04+0.2) x10°° [1] PLB 650, 1 (2007)
Tt 5 putu” (8.6+8¢ +55) x 1078 [2] PRL 94, 021801 (2005)
A) - Aptp” (1.73 £ 0.42 + 0.55) x 107° [3] PRL 107, 201802 (2011)
A9 - Aptps (0.96 + 0.16 + 0.13 + 0.21) x 107° [4] JHEP 06, 115 (2015)
AL - pete” < 5.5x107% @ 90% C. L. [5] PRD 84, 072006 (2011)
AL - putp < 44x107% @ 90% C. L. [5] PRD 84, 072006 (2011)
AL - putp~ < 7.7x1078@ 90% C. L. [6] PRD 97,091101(2018)




Search for the semileptonic decays of Z2 —» E0¢£* £~

Results:

=9 reconstruction

» No significant signals are observed in the Z%¢* £~ invariant-mass spectra.
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* 90% credibility upper limits on branching fractions are set:
> B(E » B0+ ¢7)/B(E2 - 2™ nt) < 6.7 (4.3)x1073 and
> B(E? —» 50¢%¢7) < 9.9 (6.5)x10~° for electron (muon) mode.
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Measurements of A7 — >y, X™n,and X'’

B Motivation

® For the charmed baryon weak decays: B, — B + M, there are six topological diagrams. Among them, T
and C are factorizable, while C" and E;_; are nonfactorizable.

® All the nonfactorizable diagrams contribute to AY - X*n(n’).

HVC ‘ %C: !
7 ‘ﬁC
T

4 /
q q C
> 7 '
q q 9
& G
external W-emission T internal W-emission C inner W-emission C’

—> > > >

q ¢ c§'

> — > (
c q

E 1 E. 2 E’3

W-exchange diagrams Eq, E,, E;

Y

Y

Y




Measurements of A7 — K ¥™n,and ™’
B Motivation

® Theoretical predictions on the branching fractions and asymmetry parameters of AL — 2*n(n’) vary across.

® Branching fractions of AY — X™n(n’) are measured with large uncertainty (0 B/B>40%). Decay asymmetry
parameters for these two modes have never been measured.

Decay Korner [1]  Ivanov [2]  Zenczykowski [7]  Sharma [8]  Zou [10] Geng [11] Experiment [18]
ATX3Ty 0.16 0.11 0.90 0.57 0.74 0.32+0.13 0.44+0.20 _y
AF—s2ty/ 1.28 0.12 0.11 0.10 - 1.44+0.56 1.540.6 x10
F S Ya o 0.70 0.43 0.39 —0.31 —0.76 —0.35+0.27  —0.55+0.11
AF—=2ty 0.33 0.55 0.00 —0.91 —0.95 —0.404-0.47 -

Ar=sxty’ —0.45 —0.05 —0.91 0.78 0.68 10055 E

Branching fractions

Asymmetry parameters

[1] Z. Phys. C 55, 659 (1992) [2] PRD 57, 5632 (1998) [7] PRD 50, 5787 (1994) [8] EPJC 7,217 (1999) [10]
PRD 49, 3417 (1994) [11] PLB 794, 19 (2019) [18] PTEP 2022, 083C01 (2022)



B Measurements of branching fractions of AL - X*nand Af - X7/

Measurements of Af - X*n%, 2*n,and T’

[PRD 107, 032003 (2023)]
(E* - pn® n' 5w - yy)
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21 215 22 225 23 235 24 245 21 215 22 225 2.3 235 24 2.45 595 22 255 23 235 24 945
M(Z*n%) [GeV/c?] M(Z™n) [GeV/c?] M(E*) [GeV/c?]
B(AZ-Z*n) + + -3
n = 0.25+ 0.03 + 0.01; B(A{ - 2™) =(3.14+ 0.35+ 0.11 + 0.25)%10
B(Af->z*m0)
B(AZ-Ztn/) + +! -3
< =0.334+0.06+0.02; B(Af > Itn) = (4164 0.75+ 0.21 + 0.33)x10
B(Af-xz+n0) l l N
e - + +.0
PDG: B(Af » 2tn) = (4.4 + 2.0)x1073 statistical systematical from B(A{ — Z7m")

PDG: B(AY - *n') = (15+ 6)x1073 Consistent with PDG. Most precise result to date.
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Measurements of AL — X7

0 %*n,and X’

B Measurements of asymmetry parameters of A —» Xm0, Ztn, and Ztn’ PrRp 107032003 2023))

The differential decay rate depends on the asymmetry parameter Qy+y as:

dN
dcosOy+

pn0COSOyz+

Apro = —0.982 £ 0.014 from world average value.

- 600F
B + +.0
4000 (a) AT = X7 (b) Al — ¥¥n
<) C ) i
&~ 3000f &~ 400~
w - w
> 2000 =) L
N = [75]
= C = 200
1000 i
0—|||I.||I|||I||||‘||||||||||||||||||||1| GlIIIlIII\IIIIIIIIIIIIII[IIIIIIIIIIIII(!
-1 -0.8-06-04-02 0 0.2 0.4 0.6 0.8 1 )1 0.8-06-04-02 0 02 0.4 0.6 0.8 1

cOSO;..

® 05+ 0 = —0.48 4 0.02 + 0.02

COS0y..

» agrees with the world average value: —0.55 + 0.11.

» with much improved precision

A} rest frame £* rest frame

300

v b o by by b b b by b Ly
-1 -0.8-06-04-02 0 02 0.4 0.6 0.8 1
COSO;..

» The consistency with ayo + = —0.463 £ 0.016 & 0.008 [Sci.Bull. 68 (2023) 583] indicates no isospin symmetry

broken.

. az-i'n
» measured for the first time

= —0.99 £ 0.03 £ 0.05 and ag+,, = —0.46 + 0.06 + 0.03
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Branching fractions of A¥ — pKJK¢, pKdn

B Motivation

® No result of branching fraction for A — pK2K¢ (singly Cabibbo-suppressed)
1s reported. According to theoretically results based on SU(3)r symmetry

[EPJC 79 (2019) 946], B(A¥ - pK2K2) = (1.9 + 0.4)x1073.

® Measured branching fraction B(A{ — pK2n) = (4.15 £ 0.90)x1073 has
large uncertainty (0B/B~20%) [PDG].

® Check Dalitz-plot for the intermediate resonances existence, e.g. N*(1535)—
pn.

14



Branching fractions of Af — pK3K?, pKan

B Signal Yield Extraction

Candidates/(2 MeV/c?)

Pull

Signal: AT —» pK2K2

Signal: A¥ — pKn

[PRD 107, 032004 (2023)]

Full Belle
dataset

Reference: Af — pK2
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= S
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Branching fractions of Af — pK2K?, pKan
[PRD 107,032004 (2023)]
N*(1535) is observed in M(pn).

B Efficiency Plane

At— pKgn

M?(pn) [GeV?/c?]

I
............ 0.09
a5 ' ' ' e 1.8 ! 10°
N — | — T T T T T T T T T R T
L 3 017 & 17 0.085 . %, i
N> S | ~ L
(Y]
[4)) > 16 . > 8— ++ .
G 28 016 @ ;. 0.08 I o i +
l_'>< (.2. ’ ' O - + +
© I 6,_ e
£ 2.6 = 14 o I
—_ . (op]
So 015 = o075 . 8 | + H + ' !
s 24 x 13 | - 9 a4l + H -
= 22 : @ 5 ]
PR PRI PRI PO DR S, f 013 1'1 - E 2._
22 24 26 28 3 32 ' 2122 230242526272829 3 00 I o o
4 2 0 2 " FI R A T L N s Yol A SN VA N [ O ol
M (pKs) . [GeV/cf] M(pK 5) [GeV“/c?] I 022 24 26 28 3 32
I
I

B Branching fraction

B(Af>pKeKg) —2 + 01,0\ _ —4
BATpKD) (1.48 + 0.08 + 0.04)x10 ) B(AC - pKSKS) = (2.35+0.12+0.07 + 0.12)x10
c 7”PRKg).
> First observation
+ KO
BB(?AC+ ppisg) = (2.73+£0.06 £ 0.13)x10™" = B(Af - pKdn) = (4.35 £ 0.10 £ 0.20 + 0.22)x1073
c ”PRg

> Consistent with world average value (4.15 + 0.90)x1073 and threefold improvement in precision.
16



Mass and width of A.(2625)Tand BR of A.(2625)% = 20 n

B Motivation

® \.(2625)T(J¥ = 3/27) is the excited state of Af. It dominantly decays to Afn*m™ via P-

wave decay. The D-wave decay A.(2625)" — 22'++n is also allowed, but its contribution
is known to be small.

® The mass of the A.(2625)%, relative to the AL mass, is already relatively well known

[PRD 84012003 (2011)], but the large Belle data sample allows for a more precise
measurement.

® No intrinsic width of the A.(2625)" has yet been measured, and the current upper limit

' < 0.97 MeV/c? at 90% confidence level is based on the CDF measurement in 2011
[PRD 84,012003 (2011)].

17



Mass and width of A.(2625)and BR of A.(2625)% = 20 n

B Measurements of mass and width [PRD 107, 032008 (2023)]

Reconstruction mode: A.(2625)% - Afn*n™,Af - pK™nt Full Belle
dataset

1600 . « Data

-- Signal
1400 -- Background
1200 -

— OQverall fit
1000 |

800
600
400
200

Candidates / (0.1 MeV/c?)

-
~
Y

l"
i

..................................................

D624 2626 2628 263 2.632
M(Aintr) (GeV/c?)

O M[A.(2625)*] — M(A}) = 341.518 + 0.006 + 0.049 MeV/c?

> consistent with the world average value 341.65 + 0.13 MeV/ c?
» has approximately half the uncertainty

O I[A.(2625)*] < 0.52 MeV

» a factor of 2 more stringent than the previous limit I’ < 0.97 MeV
» An improved limit on the width of the A.(2625)* will help to constrain various theoretical predictions. 18




Mass and width of A.(2625)%and BR of A.(2625)* - 22" " n

B Measurements of branching fractions [PRD 107, 032008 (2023)]
Full Dalitz plot fitted with AmpTools is performed [PRD 98, 114007 (2018)].

&~ 900 - _ 6.2 — 120
8 800 E — Overall fit
% : —Pgnase space {; 6.15 [ — 100
S 700 © —30 . S -
: — 3.(2520) -

Tp) . c > 6.1 =
12 600 o = : ” 80
S 500 - — 2((2520)"* S 605t ..
» 400 [ S-hady T o
o] g &, 6
© 300 < - 40
O a & 5.95
T 200 - = . 5
© E 59
O 100E ‘ i

Or-... TR T A b b by by by by by by 0

2.42 243 244 245 246 247 248 249 25 251 59 5095 , 6 6.05 26.1 6.15 6.2

M(An*) (GeV/c?) M(Asr) (GeV</c?)

B(A:(2625)t - 22m)

= (5.19+0.23 £ 0.40)9
B(Ac(2625)F - A{mtm) (5194 +040)%

B(A.(2625)* — 5+m)
B(A.(2625)* - Afmtm)

= (5.13 + 0.26 + 0.32)%

O The measured branching fraction ratios agree with PDG values and are the most precise to date.
O Our measurements align with the prediction that assuming A.(2625)7 is a A mode excitation [PRD 98, 114007 (2018)]. 19



Peak at KN threshold in AY - An™ ™

B Motivation

[PRL 130, 151903 (2023)]

® The A(1405) (I =0) state, which has been interpreted as an orbitally excited quark-diquark [PRC 49, 2831
(1994)], or as a KN bound state [PRL 114, 132002 (2015)].

® The KN (I = 1) interaction is a virtual state could exist [PLB 500, 263 (2001)] and could be observed as a

threshold cusp.

Counts / 1.0 MeV/c?

20

§<103
70 |
60 |
50 |
40
30 b

_ ..................... ..................... B A 'g—>AT[+T[
10 | ' ' ‘ |

R B
2.25 2.26

g A | I fia pg g ¥y pa
2.27 2.28 2.29 2.3 2.31 2.32
M(An*r*r) [GeV/c?]

+

Full Belle

dataset
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Peak at KN threshold in AY - Ant™
[PRL 130, 151903 (2023)]

[ Full Belle
b
%10_ % dataset
s S
o f o
S 5| 3
23 JH; .g_.“ &a w L |3 1 ""'&"ﬁ wm i ’;;i;:;;;‘"
< oF Wi ] 22 w fﬂm i W |
1.35 1.4 145 1.5 1.55 1.35 1.4 1.45 15 1.55
M, .. Breit-Wigner [GeV/c’] M, Breit-Wigner [GeV/c?]
Standard Breit-Wigner
1-\/2 Mass (MeV/c2)  Width (MeV) x?/NDF
fBW —_— At 1434.3+0.6+0.9 11.5+2.845.3 74/68
(E - EBW)2 _I_ F2/4 At™ 1438.5+0.9+2.5 | 33.0+7.5%+23.6 92/68
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Peak at KN threshold in AY - An™ ™

—
o

Counts / 2.0 MeV/c?

Pull
NDON +

Counts / 2.0 MeV/c?

Pull

[PRL 130, 151903 (2023)]

Full Belle
dataset
Dalitz model gives
____________________ slightly better
o | I T 1  x%/NDF, but the
[ difference 1s not
[ 1§ ,,,,,,, significant.
21 * by b
ol haggwWmﬂéﬁfifgﬁw#%?1+i4+,f+§§%g++#%+4i+W |
1.35 1.4 1.45 15 1.55

Dalitz [GeV/c?]

M M, . Dalitz [GeV/c?]

Amn+

Dalitz model (cusp) [Czech. J. Phys. B 32, 1021 (1982)]
For scattering length A=a+ib and decay momentum k/k.

fp=

47b

(14 kb)? + (ka)?’
47h

(14 ka)? + (kb)?’

E>mf(N

Mode a [fm] b [fm] x?/NDF
Arc?t 0.48+0.32+0.38 | 1.22+0.83%+2.54 69/68
At 1.24+0.57+1.56 | 0.18+0.13+0.20 78/68

Obtained center values for a are larger than most theories (e.g.,
a(K™n)=0.3~0.6 fm for [Nucl. Phys. A 881, 98 (2012)]), but

with large uncertainties.
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Evidence for Q2 - E-ntt and search for Q2 —» Z~K* and O~K™* decays

* The theoretical study of hadronic weak decays of the Q2 has a long history. But due to the
low production rate of Q2 and low detection efficiency for long-lived final states, our
knowledge of the Q2 state is very limited.

» The singly Cabibbo-suppressed decay Q2 - Z~nt and doubly Cabibbo-suppressed decay
02 - E7K* decays have been studied systematically in various theoretical models.

Predicted ratios of branching fractions for using light-front quark model (LFQM), pole model, and
current algebra (CA).

Branching fraction ratios LFQM Pole model and CA
: CPC 42,093101 (2018) PRD 101, 094033 (2020)

B(Q? > E-nt)/B(Q2 > Q1) 1.96x1073 1.04x1071

B(Q? > K1) /B(Q? - Q1) 1.74x10™% 1.06x1072
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Full Belle
dataset

The first evidence of Q0 —» Z~nt with a
signal significance of 4.50 including
systematic uncertainties.

No significant signals are found in Q0 —
QK+ and Q0 - Q-m*.

B(Q2 - E=nt) /B - O™ nt) = 0.253 + 0.053(stat.) + 0.030(syst.)

B(QY - EKM)/B(Q? - O nt) < 0.070

B(Q2 - OKH)/B(Q? - 0 nt) < 0.29
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Summary

[0 At Belle, we are still producing excited results for A, =, and (). charmed
baryons.

[0 We are combining Belle and Belle II data to study charmed baryon decays.

[ These experimental results will be useful to future constrain the parameter
space of the theoretical models [quark model, chiral symmetry...] and can be
applied to other heavy quark systems.

O 1n the future, Belle II will provide greater sensitivity and precise measurements
in charmed baryon physics with 50 ab™1.

Thanks for your attentions!
25



