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Belle experiment and data samples
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Observation of an excited Q™ baryon

B(Q*~—>EK™)

R = 3 oo —1-20.3
Data Mode Mass (MeV/c?) Yield ['(MeV) x*/d.o.f.|ns
Y(1S5,25,39) | 2K, 2" K2 | 2012.440.7 |[2424+48,279+ 71| 6.4752 |[227/230 (8.3
(simultaneous)
T (15,285, 35) =K / 2012.6 £ 0.8 239 £ 53 6.1 £2.6 |115/114 6.9
Y (15,28, 3S5) =K 2012.0+ 1.1 286 + 87 6.8 +3.3 |101/114 |4.4
Other =K~ 2012.4 (Fixed) 209 + 63 6.4 (Fixed)| 102/116 |3.4
Other =K 2012.4 (Fixed) 153 + 89 6.4 (Fixed)|133/116 |1.7
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excited states, which is closer to the
negative-parity orbital excitations of

PRL 121, 052003 (2018)
The gap in the spectrum between the

ground state and this excited state
(~340 MeV) is smaller than in other 2~

many other baryons.
The narrow width observed implies that

the quantum number j* =§ IS

preferable.




heoretical interpretation for the Q*(2012)

It iIs generally accepted that 2%(2012) is 1P orbital excitation of
the ground state (2 baryon with the three strange quarks, whose
quantum numbers are jF == .

Notably, the newly observed From PRD 98, 056013 (2018)
1*(2012) is revealed as a .
KE(1530) hadronic molecule. o T e

[PRD 98, 054009 (2018), o~
PRD 98, 056013 (2018), E
arxXiv:1807.02145,
arxXiv:1807.06485,

FIG. 1: The three-body decays of €(2012) in the K=(1530) molecular picture.
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arXIV 1807.06485, Mode 9(2012) (KE(1530))

______ ] Widths (MeV) Branch Ratio(%)
— K= 0.4 14.3

The KEm three-body Ko 04 -

component is largely Total 2.3 100.0

dominant.



Events/2 MeV/c?

Events/2 MeV/c?

Search for 1(2012) —» KZ(1530) —» Kn=

We use the same data samples to search for Q(2012) —» KZ(1530) —» KnZ in the
decay of the narrow resonances Y(1S), Y(2S), and Y(3S).
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Mode NFit NUL
Q - £(1530)°(—» E~n")K~ 22.5+12.9 41.0
Q - £(1530) (- £ m%)K2 -3.5+11.6 16.6
Q - E(1530)" (- E°m7)K2 -1.0+3.6 7.2
Q - £(1530)°(~ E°n%)K™ -12.0+9.8 13.2

No clear 2(2012) signals are
observed.

We give the upper limits on the
ratios of the branching fractions at
90% C.L. as below.
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S.Jia, *C.P.Shen et al (Belle)
PRD 100, 032006 (2019)



Search for 1(2012) —» KZ(1530) —» Kn=

A simultaneous fit to all three-body decay modes is performed.
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Evidence for Q2 - n*Q(2012)” - nT(KE)~

Motivation:
* Searching for new production model is very important to understand

the nature of Q(2012)~;

* A theoretical study of the 2(2012)~ in the nonleptonic weak decays
of Q) » n*tK £(1530)(nQ) » n*(KnE)~ and (KZ)~ was reported;
the authors predicted the clearly 0(2012) peak in the (KE)~ invariant
mass spectrum of the QY —» 7+ (K=)~.

[PRD 102, 076009 (2020)]
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Evidence for Q2 - n*Q(2012)” - nT(KE)~

preliminary

* To extract the 2(2012)~ signal events from Qg decay, a 2D maximum-
likelihood fit is performed to M(K™Z°)/M(KJZ™) and M(n~Q(2012)).
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Ngie(K™20%) = 28.3 + 8.9

Br(Q% - #tQ(2012)7)Br(Q(2012)~ - K~E°)
Br(Q2 - ntK~-E9)

= (9.64 + 3.04(stat.) + 1.89(syst.))%

Ngi(KSE™) = 17.9 + 8.9

Br(Q% -» #*Q(2012)7)Br(Q(2012)~ - K°E7)
Br(Q2 - ntKO98")

= (4.62 + 2.30(stat.) + 0.75(syst. )%

The statistical significances of Q2 - 7+ Q(2012)" » 7TK~E° and QY-
ntQ(2012)” - ntKJZ~ decays are 4.00 and 2.3, respectively. 9



Evidence for Q2 - n*Q(2012)” - nT(KE)~

e A 2D un-binned maximum-likelihood simultaneous fit is performed
to M((KZ)™) and M (7 *tQ(2012)7) distributions. preliminary
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(including systematic uncertainties) = (6.50 + 1.22(stat.) + 0.94(syst.))%
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Measurements of Branching Fractions of A} —
prr’and A} — pn decays at Belle

Motivation:

» The weak decay of charmed baryons is very useful for testing many contradictory
theoretical models and methods. However, the cognition and exploration of charmed
baryon goes pretty slowly.

» The precision of measurement of the decay branching fraction remains poor for many
Cabibbo-favored (CF) decays and even worse for some decays dominated by Cabibbo-
suppressed even though many different experiments like Belle and BESIII have hard
work on improving the measurement results of charmed baryons.

> In theory, the singly Cabibbo-suppressed (SCS) decays A7 — pr® and A7 — pn
proceed dominantly through internal W-emission and W-exchange. The measurement of
these two decay branching fractions may be interesting to study the underlying
dynamic of charmed baryon decays.

» In experiment, BESIII report the branching fractions of these two SCS decays, which are
B(A} - pr®) < 2.7 x 10™* at 90% confidence level and B(A} — pn) = (1.24 +
0.30)X 1073,

> In this analysis, we utilize the much higher statistic sample of A} collected by Belle
detector to improve the measurement precision.

11



Measurement of AF - pK~ " decay
PRD103, 072004 (2021)
A method of branching ratio with respect to CF decay A} - pK~n* (reference
mode) is applied to measure the branching fractions of two SCS decays.
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= X N L
MC obs S001
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Measurement of A7 - pr® (- yy) decay

PRD103, 072004 (2021)
® The efficiency estimated from signal MC sample is (8.891 + 0.030)%.

® There is no obvious signal excess in M(pm®) from data. We set an upper limit
on branching fraction of B(Af — pn®) < 8 x 107> at 90% C.L., reducing the
value to more than half of the current best upper limit of 2.7 x 107,
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Left: fit to the invariant mass distribution of pr® with a fixed signal yield of 1269. Right: The
likelihood distribution changing with the branching fraction with the systematic uncertainty
involved. 13



Measurement of AF —» pn(- yy)decay

PRD103, 072004 (2021)
® The efficiency estimated from signal MC sample is (8.279 + 0.030)%.

Gaussian + CB for signal.
Second-order polynomial
for background.

Yield: 7734 £+ 263
x?/ndf=1.23
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® A significant A} signal is observed in M(pn) distribution from data. The
branching fraction is B(A} — pn) = (1.42+0.05+ 0.11) x 1073 , which is
consistent with the latest BESIII measured result of (1.24 + 0.30) x 10~3 with
much improved precision.

® The measured B(A} — pn) is at least an order of magnitude larger than
B(A} - pr®), which is consistent with the theoretical prediction of an internal
W-emission mechanism involving an s quark in Af — pn.

14



Measurements of A} - nAn* and A} - nX°n*
® A method to measure the branching fractions of above two decays is:  prp 103, 052005 (2021)

B(Decaymode) ~ y (Decaymode)  (y s the efficiency-corrected yield).
B(Af » pK~m*) Bppg X y(Af > pK—m*)
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photon from the x° decay. MP(Kx) [GeVec'
Dalitz plots for decay and reference mode.

The extracted yields are efficiency-corrected in each bin and summed up over the Dalitz plots.

Decay mode y(x 10%) Branching Fraction Reference y(x 10%)
mode

AY 5 At | (7.41 +0.07) (1.84 + 0.02 + 0.09)%
AF 5 X%t | (3.05+0.16) | (7.56 + 0.39 + 0.37) x 103

AY > pK—mt | (100.47 + 0.10)
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Measurements of A7 - A(1670)rt* and A —» nX(1385)*

® A - A(1670)r* and AF — nX(1385)T are visible in Dalitz plot. PRD 103, 052005 (2021)

® Fit to the M(nArrt) distributions in every 2 MeV/c? bin of the M(nA) and M(Arrt)
distributions to extract the signal yields.

® Clear A(1670) and X(1385)* signals show up.
(First observation of the A4(1670) in A} - A(1670)w™.)
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Left: Dalitz plot for A} —» nAn* from data. Middle: fit to the M(nAr™) distributions in each M(nA) bin.
Right: fit to the M(nAn™*) distributions in each M(Axz*) bin.

Decay mode Yield y(x 10%) Branching Fraction
Af - A(1670)™ 9760 + 519 (1.40 £ 0.07) (3484 0.19 + 0.46) X 1073 «
Af - nZ(1385)* 29372 + 875 (4.23 £0.13) (1.21 £ 0.04 + 0.16)%

*B(AF > A(1670)1*) X B(A(1670) - nA)
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Measurements of absolute Brs of =
Summary of the measured branching fractions and the ratios of Z2 decays
Y.B.Li, C.P.Shen et al (Belle) PRL122, 082001 (2019)

BF JReut  |Thoy PG

B(B~— A ED) (9.51+2.10+0.88) x 10°* ~ 1073
B(B™ - AEDBE? - 2 nrh) (1.714+0.28 £ 0.15) x 107> (2.44+0.9)x10°°
B(B~ - AED)B(E? - AK nth) (1.11+0.26 +£ 0.10) x 107> (2.1+0.9)x107°

B(B~— A;EDB(E? - pK K nt) (5.47+1.78+0.57) x 1076

B(EQ > En* (1.80+ 0.50 + 0.14)% 1.12% or 0.74%

B(E? - AK ™) (1.17 £ 0.37 £ 0.09)%

B(E? - pK K~ n*) (0.58 + 0.23 + 0.05)%

B(E? - AK n*)/B(E2 » E nt 0.65+0.18 + 0.04 1.07 +£0.14
B(EQ > pKk K n*)/B(EQ > E"n*) 0.32+0.12 +0.07 0.34 £ 0.04
® We have performed an analysis of B~ - A EQ inclusively and exclusively

® First model-independent measurement of absolute Brs of £¢ decays
® The branching fraction B(B~ — A;E?) is measured for the first time
o

The B(EY - Z~n*) can be used to determine the BR of other E2 decays.
17



Measurement of 1 absolute BRs

Y. B. Li. C. P. Shen et al (Belle) PRD 100, 031101 (2019)

L - - G

B(B%- A =] (1.16 + 0.42+0.15) x 103 ~ 1073

B(B'—> ALEN)B(E! - E-ntm™) (3.3240.74+0.33) x 1075 (1.8+1.8) x 107>
B(B°- A ENB(EF - pKnrh) (5.27+1.51+0.69) x 10~°

BE} > Entnt) (2.86+ 1.21 + 0.38)% (1.47 + 0.84)%

BE! - pKnt) (0.454+0.21+0.07)% (221 0.8)%

BE} - pK~nt)/BE! - E ntn*)  0.16 +0.06 + 0.02 0.21+ 0.04

» First model —independent B(B° » A;Z}) measurement
« B(E; - E-m*m") can be used to determine the BR of other £/ decay

18



Measurement of the Resonant and Non-Resonant

Branching Ratios in =

Motivation:
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arXiv: 2012.05607 (2020)

Background Motivation in Excited Q Searches

From quark model predictions, it can be
expected that Q(2012) could have a
partner near 1.95 GeV/c? [PRD 101,
016002 (2020)] and low-statistics
evidence of an excess in M(E°K™) has
been noticed.

Spin-Polarized £ - E%¢(— KTK™) Substructure

A resonant ¢p(— KTK™) in the decay
channel 22 - E%(— KTK™) is known to
be polarized due to the spin helicities of
the parent baryon decay (1/2 > 1/2 1).

19



Dalitz Plot arXiv: 2012.05607 (2020)

(2% Mass-Constrained, Sideband Subtracted)

= 5 22K K, 22 ¢ [Belle]

Across the entire M(Z°K*K’) phasespace only

a single resonance (¢p->K*K) at .

&3

To study these resonant substructures, we

ideally proceed with an amplitude analysis 33

of the M(Z°K*K") phasespace using
AmpTools (v.10.2)

MZ(K*K’) = 1.04 GeV?/c? is observed — [
38— —16
Along the resonant ¢ band, two non- - s
uniform substructure peaks in the M(Z°K?) '%z 3T
projections are indeed observed near ‘% 36 nN
M?(Z9K’) = 3.85 GeV?/c* and 3.425 GeV?/c*, | e
due to the % = % 1 polarization of the p = 35 —2
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Amplitude Model to Analyze the Dalitz Plot:
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Direct process, phase space decays are /

modelled with a constant, phase space
amplitude (Aphsp)

Polarized resonances are modelled with a
Breit-Wigner and Spin-Polarization amplitude
20



Amplitude Fit over the Belle Data Sample
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Resonant Amplitude
Non-Resonant Amplitude
Amplitude Sum (Resonant and Non-Resonant)

B(Ec ~ E'¢(> K'K™))
B(E¢ » E-mt)
B(E? —» E°K*K")

B(E? —» E-mt)

0.036+0.004(stat.)+0.002(syst.)

0.039+0.004(stat.)+0.002(syst.)
e The measurements of these Z¢ decay modes, which can only proceed via W-
exchange together with ss production, add to our knowledge of the weak decay
of charmed baryons.

e Itis unlikely that contributions from these resonant 2°¢(— K*K™) decays will

correlate to significant event excesses in the Z°K™ reconstruction near 1.95

GeV.
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Measurements of Brs and asymmetry parameters of
2 = AK*?, E¢ - 2K, and E0 — VK", 1xiv:2104.10361
U There are some difficulties for the theoretical study in the non-leptonic decays of
charmed baryons due to the failure of the factorization approach.
U Branching fraction measurements help to distinguish different theoretical
models.
O The asymmetry parameters of Z0 are still not well measured, which is important

to test parity violation in charmed-baryon sectors.
Decay branching fractions (%) and asymmetry parameters of the Cabibbo favored B.->B_+V decay

in QCD and SU(3); approach.

20 - AOK*0 1.55 1.15 0.4610.21 1.37+0.26
20 - x0K*0 0.85 0.77 0.27+0.22 0.42+0.23
20 5 ZTK*- 0.54 0.37 0.93+0.29 0.24+0.17

20 —» AOK*0 0.58 +0.49 -0.67+0.24

20 - »0K*0 -0.87 +0.25 -0.42+0.62

= () *— .

2 > XtK -0.60 +0.51 —0.76705%

[1] Z. Phys. C 55, 659 (1992) [2] Phys. Rev. D 50, 5787 (1994) [3] Phys. Lett. B 792, 35 (2019)
[4] Phys. Rev. D 101, 053002 (2020) 22



Measurements of Brs 22 —» AK*?, 0 - 29K*0, and 0 —» Z+K*~

=0 0Tz *0 =0 0Tz *0 =0 KA
20 - A°K 20 —» xOK* Ec = LK™ arXiv:2104.10361
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M(K=*) (GeV/c?) M(K'n*) (GeV/c?) M(K’r) (GeV/c?)
(=0 A0 (=0 N By using the reference
= = AK* = — =" 0.18 +0.02(stat.) £ 0.01(syst. — — .
(=e )/B(=e ) (stat.) (syst.) mode E0 — =Z-t* [arXiv:
B(E0 — $OK*0)/B(Z0 — =~ 7t) 0.69 = 0.03(stat.) = 0.03(syst.) 2103.06496 (2021)], we
B(=° = SK*)/B(2° — £ 1t) 0.34 + 0.06(stat.) = 0.02(syst.) calculate the absolute
- branching fractions with
B(Z% — AK*Y) (3.3 & 0.3(stat.) & 0.2(syst.) £ 1.0(ref.)) x 1073

signal yields between
B(E2 — 20K*0) (12.4 4 0.5(stat.) + 0.5(syst.) & 3.6(ref.)) x 10~3  reference and signal
channels after efficiency

B(E) - ©tK*) (6.1 £ 1.0(stat.) & 0.4(syst.) & 1.8(ref.)) x 1073 .
corrections. 23




Asymmetry parameter extractions

B B arXiv:2104.10361
For 22 —» A°K*0, B2 — 29K*Y and £2 —» *K*~, the differential decay rates [PRD
101, 053002 (2020)] are given by:

dN
dcosB,

o 1+ a(E2 » AK*®)a(A - pri~)cosf,,

dN
dcos@zo

o« 1+ a(E2 - Z°K*)a(Z° - Ay)cosbyo, and

dN
dcosez+

o« 1+ a(EQ - ZYK*)a(Zt - pn?)cosOg+.

Definitions of 6,, 050, and Oy+:

4
. . Y By ® K*~
A\ g2 @B Y] ® R0 T+ 20
—{ e ZO\ =0 -c
~-c

« This measurement is insensitive to production polarization of Z2 in B-factory [PRD 63,
111102 (2001)].
» The asymmetry parameter a(2° — Ay) is expected to be zero due to the case of parity

conservation for an electromagnetic decay of £° — Ay. 24



Asymmetry parameters

Events/0.25

0 -, AOK*0

15000

20 > 20K*0

—to—
lo—
o
le—

cosf,

COSGEO

arXiv:2104.10361

Events/0.4

B - K (c)

cosez,

Note that a(A - pr~) = 0.747 & 0.010 and a(2* - pn®) = -0.980 + 0.017 from PDG.

(20 - AK*)a(A — pr7)

(20 — LOK*) (X0 — yA)

a2 - XTK*)a(Zt — pr?)

0.115 + 0.164(stat.) 4+ 0.038(syst.)
0.008 £ 0.072(stat.) 4= 0.008(syst.)

0.514 £+ 0.295(stat.) £ 0.012(syst.)

a(Z2Y — AK*Y)

a(E0 — THK*)

0.15 £ 0.22(stat.) 4+ 0.05(syst.)

—0.52 & 0.30(stat.) & 0.02(syst.)

25



=. semileptonic decay

®BESIII measured the B(A} — Al*v) PRL 115, 221805(2015) & PLB 767, 42 (2017)

Aetu, (3.6 +0.4)%
Apty, (3.5 +0.5)%

O ARGUS:495.0 pb~tat Y(1S,25,3S) and off_res energy points; 18 events; pLB 303,
368(1993)

o(ete™ - EQX)B(EQ - E71*v;) = 0.74 + 0.24 + 0.09 pb I = pu* or e?

O CLEOIl:2.1fb~tat and bellow Y(4S) energy point; 54 signal events; PRL 74
16(1995)

o(ete™ - E0X)B(EQ - Ee*v,) = 0.63 + 0.12 + 0.10 pb
olete” - EFX)B(EF - E%*v,) = 1.55 + 0.33 £ 0.25 pb

®B(Z.~ E[l"v) was measured by ARGUS and CLEOII

:‘9“12 20_ T T T 1 T T I T T T i T T T ]
> (o) C (a) ;
= a ~ ol -
o 8 o 10 —
g ARGUS S CLEOII A
; = 5L R ISNSL L SU RSN IUEue!
o L 1 1 IEANESEE I AAERNASRAIIAASRNAARA
* :9\ 1 2 3 4 5
. .
P M (Z",e*) (Gev/c?)
0 l % 20- T T ] T T L r T T T ! T T T i
T T o G
3 4 5 F ]
MASS(Z™ ") [Gev/< 0 Mt
1 2 3 4 5

BR(Z? — Z-/%X)
BR(E? — Z~n+)

M (Z°%e") (Gev/c?)

= 0.96+0.43+=0.18

B(EY - E-7*)/B(E? - E et v,) = 0.32 * 0.10500;
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Measurements of B(Z? —» E-lv

89.454 fb! continuum data below Y(4S)

p;‘.{’ ()

Events / (50 MeV/c?)

Events / (50 MeV/c?

*k
pmax

N
(=}
(=)

—_

o

o
L

—— Data
{ — Total Fit
....... All Fitted Bkg
L g + Z- sideband
T R
15 2 2.5

Mz, (GeV/c?)

-
o
o

T

w
[=]
T T T T

15 2 2.5

% —«— Data
— Total Fit
----- Fitted Bkg
=~ sideband
M = — EneX

M, (GeV/c?)

-+ con-data

— Total Fit
----- Fitted Bkg

245 25
M=.(GeV/c?)
[0.45, 0.55)

Events / (50 MeV/c?

Events / (50 MeV/c?)

150}
100f

50[

—— Data

% — Total Fit

+ ------- All Fitted Bkg|
+ =~ sideband

L
D

100

50

—— Data
— Total Fit
----- Fitted Bkg

=~ sideband
T, =, — Sn+X
o]

. . a8
My, (GeV/c?)

—=—con-data
— Total Fit
---- Fitted Bkg

45 25
M=.(GeV/c?)
[0.55, 0.65)

. —— Data
§ 100l —— Total Fit
>l + - All Fitted Bkg
= | + E- sideband
o |
Q L
~ 501
}2 L
C
S |
> L
LIJ L
L P
05 2 25
2
M, (GeVic?)
c‘i(g —»Data
= L — Total Fit
g 60 C ----- Fitted Bkg
= + - sidebang
| M E - En+X
© sl i )
Z [
82}
o 20F
2 S A
Lu L
0% 2 25

My, (GeV/c?)

200f
o

=150F
oof

50}

Events/ (2

—=—con-data
— Total Fit
----- Fitted Bkg

45 25
M=, (GeV/c?)
[0.65, 0.75)

ar

Events / (50 MeV/c?

Events / (50 MeV/c?)

iy
o
o

T

10F

F —— Data
40 C —— Total Fit
. - All Fitted BKg|
20 F E- sideband
200
10F
iz L L : :-d‘""‘ L1
0 15 2 25
2
Mg, (GeV/c?)
L —— Data
r — Total Fit
30 | T Fitted Bkg
r Z- sideband
20f

—=—con-data

— Total Fit
----- Fitted Bkg

Pzo(r) 1S the momentum of E£(r) in center of mass system , prqx

iv:2103.06496

. 2 — M2
= e MEg



Measurements of B(Z? - E-1lv)

Ve B(E) =ty arXiv:2103.06496
=0 =, = = Ty
B(EY = =1ty = c - x B(E? = =7 xt
= 2 Nzo - B(E0 = =—7+) (= ™)
[0.45,0.55) [0.55, 0.65) [0.65,0.75) >0.75 %

P}/ Phax
0 5 Eetre (8.714£0.74) x 10%/15.79% (9.15 £ 0.77) x 10%/18.87% (5.13 4+ 0.56) x 10%/21.60% (2.13 £0.30) x 10%/22.54% 0.954 £ 0.055

Z0 5 EpTy, (3.10£0.72) x 107/6.43% (5.24 £ 0.64) x 10%/10.47% (4.34 £ 0.44) x 10%/14.37% (2.05 £ 0.40) x 10%/17.81% 0.952 & 0.094

0

E0 5277t (9.4140.07) x 107/23.36% (1.29 4 0.07) x 10°/24.71% (1.51 £ 0.06) x 10%/25.91% (1.22 4 0.06) x 10%/27.13%

~e*v,) = (1.72 £ 0.10(stat.) + 0.12(syst.) + 0.50)%

) = (1.71 £ 0.17(stat.) + 0.13(syst.) + 0.50)%

nrvy
B(Z2 > E e*v,) /I B(E? > £~ p*v,)=1.00 £ 0.11 £+ 0.09

The result is consistent with the expectation of LFU.
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—~N—

Measurements of A, of £0— &~ m*
arXiv:2103.06496
dN 51+ am s s cos0= 0z: angle between the p and —pgo
d cos 0= in the £~ rest frame

20000 20000

15000 - “215000/
o [ o I
- ~ i =0 -t
) i % I . — Zm
210000 - 210000 -
(] )
> I > i (b)
L 5000 - L 5000/
| | | | |

cos0O= cos0=

az- .+ =—0.60+ 0.04 +0.02 The result is consistent with no CP violation.
az+ .- =0.58+ 0.04 1+ 0.02

=£f£r £7 —0.015+0.052+0.017.

Ap— g+ T g+ o~
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= worklist:

1. Measurement of absolute decay branching fractions
B(Eg ) +) (1.80 + 0.52)%PRL 122 082001
‘B(E;’ - EnTnt) = (2.86 + 1.27)% PRD 100031101
B(E2 - E7e v)=(18+1.2)%
- 6?

[I] [I] [1

Need updated

- { PDG
K B(Eg_ E ) (1 8+ % PDG, ratios to
E2nt
2. Find more decay modes: 3.Decay parameter measurement:

PRD 101, 053002

=) DECAY PARAMETERS The only
140 £ 0.69° O Si3103 aFORZ - = «t —0.6+0.4 measurement
14.48 + 2.44" 11.45 & 1.52 with Iarge
2.85 + 0.81 T
1.37 £0.26 4.11 = 0.77
042 +0.23 1.82 + 0.40" 4- Form faCtorS
‘ 4.28 = 1.64
'E'—’Z K™~ 0.24 £0.17 SCS()HHH] .......................... -
- :ll/;“ 0.88 +0.22 1.51 + 0.20 o8 f I os fit I—
Z:- - =g 2.78 +0.45 0.44 £ 0.08° B N
- =0 0.14 +£0.13 5 5 i(J.'}) B s —
o 2.52 .79 0.4 £
8.98 £ 0.55 0.11 £ 0.10 '
0.70 = 0.13 0z 15 i
0.30 + 0.07 . aob 5 .
— A'K 0347837 O- 0.19 +£0.13 o 02 04 08 08 10 12 00 02 04 06 08 10 12
— vt 032 w047 1 5.56 + 0.34 o e
EPJC 79 695

ERS

> '”i'M s
» A

0

—_
—
—

—

—

—

—

—

T
I3

=0
=0
=0
=
=0
=e
—0
=

M1z g

1.66 +=0.70
2.29 = 0.39
0.43 £0.33
3.08 =0.20
0.40 £0.08

0.28 £0.13

=0 0RO

=0 - = K

0.15

=0.11

0.07 £+ 0.06
0.56 £ 0.24
0.77 £0.13
0.07 £0.01
2.08 =0.14

0.79 £0.23
3.36 +0.23

31+04

1043(5"' — Ae"'yg) 103+1.5

104B(="

— YTeTw,) [15.74+2.2

FIG. 1: Form factors of the weak =

. —+ E transitions

semileptonic | Plentiful physics parameters

PLB792, 214

need to be measured !



First Determination of the Spin and Parity of £.(2970)7
arXiv:2007.14700

® Report the first measurement of the spin-parity of a Z. baryon

® There are many possibilities for /¥ values of £.(2970)%, including 1/2, 3/2-, 5/2*
from different models

® Experimental determination of the spin-parity will provide important information to

test these predictions and help decipher the nature of the state

® Decay modes: £.(2970)"—> £.(2645)°w* and 27" with £.(2645)° - Zfn~ and

=/0 =0 . :

Ec > VE. The helicity angle 6}, of Z.(2970)": the yield of
S 00" 2.(2970)t— E.(2645) 1" is obtained by fitting the
3 invariant-mass distribution of M(Efw~n™") for the
" ok + : £.(2645)Y signal region and sidebands.

i —— the best fit is obtained for the spin 1/2 hypothesis, the
2000 . 1 e -] . . 5 <
ol =] exclusion level of the spin 3/2 (5/2) hypothesis is as
mo: —_12 5D small as 0.8 (0.5) standard deviations.
500% L 302 L Spin hypothesis| 1/2 3/2 5/2

= 0% ° s cose! C/ndf. | 93/9  17/7 7.5/6
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First Determination of the Spin and Parity of £.(2970)7

fthe helicity angle of Z,(2645)° anAIVEZCER
gsooo; ‘]P 1/2i 3/27 5/2+
[ 1/2 _5}23/2 2/ f. 6.4/9 32.2/9 922.3/9

e Probablility 0.69 1.8x107* 7.9 x 1073

3000

N the result to favor the 1/2* hypothesis over the 3/2~
S T N T 0% 1 (5/2%) one at the level of 5.1 (4.0) standard deviations.

1000

OT 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
—1 05 0 0.5 1
co!

R =B[E.(2970)" —>Z.(2645)n")/B[E.(2970)t* —E27*] is sensitive to the
parity of £.(2970)* [PRL 98, 262001 (2007); PRD 75, 014006 (2007).]

R=1.67 £ 0.291335+
0.25 [the last error is
due to possible isospin-
symmetry-breaking

‘ - effects] : favor 1/2* from
s ik .'-""' LR } - heavy-quark spin

s ..l Symmetry prediction

"
[1]
(@)
N\
N
o
N
U1
N’
o
~)
H
4_

Events/(2 MeV/c?)
Events/(5 MeV/c?)
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SuperKEKB Collider

SuperKEKB is a new e*e-collider located at KEK (Tsukuba, Japan),
it operates in the intensity frontier region with a target instantaneous luminosity of
6 X 10%° cm2s-! which is 30 times larger than that of the previous KEKB collider.

Instantaneous Integrated
luminosity recorded luminosity
Vs = 10.58 GeV (cm2s1) (ab1)
7 GeV Tsukuba 4 GeV
° | © Babar 1x10** cm?s! 0.55 0.43Y(4S)
BELLE-II PEP-II
Detector 4
Belle 2.11x10%** cm=?s™' | 1 0.71 (Y4S)
KEKB
Belle Il 6x10%° cm2s?® | 50
, 2 SuperKEKB
Circumference: 3016 m O

HER energy: 7 GeV
LER energy: 4 GeV

Wiggler RF

L x30 : x1.5 current increase
x 20 B," vertical beta function decrease

— 0, =22 mrad 6, = 83 mrad
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Current integrated luminosity

We kept SuperKEKB and Belle II running in 2020/2021 during the COVID-19

crisis, with extra effort from the local crew and the help of remote shifters

Luminosity world record

2.11 X 1034 cm-2s-1
(KEK June 2009)

2.14 X 1034 cm—=2s-1
(LHC May 2018)

2.4 X 1034 cm-2s1
(SuperKEKB June 2020)

[ £recordeadt =100.98 [fb~?]

Belle Il Online luminosity

Exp: 7-8-10-12-14-16 - All runs

7 4- Integrated luminosity
mmm Recorded Weekly

| = [Lrecordeadt =100.98[fb~*]

Total integrated Weekly luminosity [fb=']

;;;;;;;;;;;;;;;;

////////////

44444444

- 100

Total integrated luminosity [fb~1]
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Submitted to MEXT 10

roadmap 2020

Luminosity Plan

— mmam— — 70
—Lpeak Before IR upgrade | ——Int. Luminosity

- 3 —L__ After IR upgrade 60
%
E 12
m B c
o RF 40
2 [partial] g
Z IR (QCs*) 30 2
g & <
£ ‘W
£ PXD 19 =
= 9 —
= e 10
Q
a.

0 I (Tuping) 0

! |
[ £=05<1ab"in 2022
| £=10ab"in 2026

2019/1 202111 202311  2025/1 2027/1 20291 2031/1

Lpeak = 6 1033 cm2s1in 2029

35



Belle II energy points

Energy scan

Y(1s) Y(2s) Y(3s) Y(4s) Y(5s) Y(6s)

946 GeV 10.02GeV 10.35GeV 10.58 GeV 10.86 GeV  11.02 GeV

A
[ |

B*B- BOBO
(51.4+0.6)% (48.6+0.6)%

o [ete—>Y(4S)] =1.11nb

ol[ete—=ttT (y)] =0.92nb l
o[ete—utu (y)] =1.15nb "
o [ete— ,SS ()] =0.78 nb
o[ete—ete(y)]=74.4nb

o [ete—uu (y)] =1.6nb
o [ete—=yy (y)]=3.3nb

—

[ete—eteete] =39.7 nb

Js = 10.58 GeV.
GTOT=143 nb

The Belle Il Phyiscs book
[arXiv:1808.10567]
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Summary

« We are still producing interesting results in baryons and
charmed baryons using Belle data

* The expected Belle Il data sample of 50 ab-! will provide
a lot of new opportunities for physics analyses

« Some of them are unique for Belle Il, for example the
absolute branching fraction measurement

Thanks a Lot!
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Measurements of absolute Brs of ES

® \Veak decays of charmed hadrons play an unique role in the
study of strong interaction; the charmed-baryon sector also
offers an unique and excellent laboratory for testing heavy-
quark symmetry and light-quark chiral symmetry.

® For the charmed baryons of the SU(3) anti-triplet, only A,
absolute Brs were measured by Belle [PRL113,042002(2014),
first time] and BESIII [PRL116,052001(2016)] @

® Since £ [PRL62,863(1989)] and Z}[PLB122,455
(1983)] were discovered ~30 years ago, no absolute @’@
Brs could be measured.

® For Z?, the Brs are all measured with ratios to the Z~n %, the
so called reference mode.
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Measurements of absolute Brs of =

® Theory: B(E? - 2 n*)~1.12% or 0.74% [PRD48, 4188 (1993)],
(2.24+0.34)% [JHEPO3, 66(2018)], (1.91+0.17)% [1811.07265]

® The B(E2 > AK n*)/ B(E2 > 2~ n*)=1.07 £ 0.12+£ 0.07 and

B(E2 - pK"K %) B(E? - 2 %)= 0.33 + 0.03+0.03 [PLB 605,237]

® =0 - pK K n* plays a fundamental role in lots of bottom baryons

study at LHCb .
® How to measure E2 absolute Brs ? Model Independent!
_ . BB~ — AZ=29B(Z — == 7t) 5
B(E! - =Z77%) = £ e 2 , ' ’ -
BB A=) gt Pty A
_ .. BB~ = AEHBE? 5 AK 7T W - f h! Cre W
BE M =T e S Am i A e

B(B~ — AZE0B(Z0 — pK-K~—7+) panimc AN

B(E) = pK K 7" = B(B- - A-Z0)

® Forinclusive B~ - A 22, £2 —»anything, never measured before.
® Forexclusive B(B~ - A EQ) B(E? » Z nt); B(B~ - ALEQ) B(EQ » AK 1t ™),
measured by Belle and BaBar with large errors.
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Measurements of Br of B~ - A; 5,

~()
=~ c

—anything

® The Azreconstructed via its pK*m~ and pK? decays

® Atagged B meson candidate, B, is reconstructed using a neural

network based on the full hadron-reconstruction algorithm

"o. }:3,__;.:*.-.:':.::._..._! o: ..:: :;:!:..9.. o : — Data
B R T o 200 rowirn
ST I 5 TR S AL L N St > --- Bkg
S 5 P IR St I LR St © |  sideband
o %, ¢ o %00} O .:’ -' L . .
q) . _:;{.“; ....... ;-‘--.'-."-:’. ....": _‘ Ot'e s 2 : —Generlc MC
(D oI . !G:l Q.E‘.‘ ¢ :: - i+ '- \k_
~ e :-‘.:Q ':{“ 5 R .'_..' ) .e.e . R 10 h
o . c."o ‘e -'.q.- b4 0.;.‘.:..0' .'. 4‘2 :
s e i :
E ‘s, :... g.--..-.u‘...:}.‘. ’E..";:.‘...“"*.. . qc)
22508, Bare N N ULk \lii\ST'
L ® ey e '-LA...,......,... ..........
...‘...'P'L.J.n?..'.J...‘T'IL'..L 0*&
524 525 526 527 528 5.29
M9 (GeV/c? RN
o (GEVICY) Blaghc

-

772M BB

242 244 246 248 25 2.52

(GeV/c?)

® An unbinned maximum likelihood fit: N(£2)=40.9 £9.0, 5.50(stat.)

® B(B~ - A E?,
time

—
=
|

0 Sanything)= (9.51+2.10+0.88)x 10~4for the first
Y.B.Li, C.P.Shen et al. (Belle)

PRL122, 082001 (2019)
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Measurements of Brs of B~ —» A E2,with

m— -+t —— ‘\g |+ Data < 16 <Hada
- s, 15 —AuFit —All Fit
= T o . ¥ < [ BKG (bl) E i3 BKG
+ """"""" N sideband < 12 sideband
44 . 8 b 7 3 Iy ,\Q 10 _ —Generic MC % 12 —Generic MC
‘ St
Lot S | @
9.50 T G o Z i
.- ] 2
RAC) I ! L. b} e A 0 4 A 0 ECLA .. o 1T
235 24 245 25 _ 255 525 526 527 528 529 5.3 -0.04 -0.02 0 0.02 0.04
M,. (GeV/c?) AE (GeV)
(\g --Data % 14;_ - Data
—All Fit > - —All Fit
g 10l - BKG (b2) e 125 (c2) BKG
AK_ + sideband ~ 10F sideband
TE o — Generic MC ; 8 E —Generic MC
. B *E E
0 - F
24.1 +5.5 2 4 g of
R i
6.80 - i 2F I
oy 1 L W 0 f .L IR ! Ll l l l l 0'. S R e N
235 24 245 25 _ 255 525 526 527 528 529 5.3 -0.04 -0.02 0 0.02 0.04
M,. (GeV/c?) AE (GeV)
N§ 10 ‘ ~anFi 3 ° _ bt
© [ BKG (b3) 2 7t (c3) “BKo
23 = 8  sideband X 6F sideband
pK_ K_ TE + i QI’ 6 . EenoG ; 5 g— —Generic MC
~ b4 =
’ 2 4 § 44
16.6 = 5.4 5 & |
.} w2 8 /
4.60 i |
o > £ % & e o et . 0 0:_.I_ l l l
235 24 245 25 2 2.55 525 526 527 528 529 5.3 -0.04 -0.02 0 0.02 0.04
M., (GeV/c?) M,. (GeV/c?) AE (GeV)

Y.B.Li, C.P.Shen et al (Belle) PRL122, 082001 (2019)
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Measurements of absolute Brs of Z}
gH. Jbtk

* The decays of charmed baryons in experiment are needed to extract the
non-perturbative contribution thus important to constrain phenomenological

models of strong interaction.

« For the SU(3) anti-triplet charmed baryons the branching fractions of A{
[PRL 113,042003(2014); PRL 116,052001(2016) ] and =2 [PRL
122,082001(2019) ] has been measured.

« The Brs of remaining £/ are all measured with
ratiotothe Ef - E-n*m™

« The comparison of ZF decays with those of A} and and =2
can also provide an important test of SU(3) flavor symmetry.

2& »p K~ nt is a particularly important decay mode as it is the one most
often used to reconstruct £ candidates at hadron collider experiments,
such as LHCb. Theory predicts the B(Ef —»p K~ n*)=(2.2+0.8)% [EPJC 78,
224 (2018); Chin. Phys. C 42, 051001 (2018)].



Measurement of ZF absolute BRs

Measurement B(B® - A;Z}) with £F — anythings
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- tag a B® with neural network based Full-Reconstruction algorithm.
« An unbinned maximum likelihood fit: N(£f) = 18.8 + 6.8

« B(B® > A;Z}) = [1.16 + 0.42(stat.) + 0.15(syst.)] x 1073


http://arxiv.org/abs/1904.12093

Measurement of 1 absolute BRs

Measurement B(B® — A =}
with EF - E- "t or pK~ o™
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