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Unique capabilities of Belle/Belle 1l

Beam energy constraint

Clean experimental environment: high B, D, K|
T lepton reconstruction efficiency

Long lived particles (e.g. Ks), % and photons well
reconstructed

Capability of inclusive measurements

BB produced in quantum correlated state: high
flavour tagging effective efficiency (30% vs 5% @I1.HCb)

The full reconstruction of one B (B
the 4-momentum of the other B (B,

tag) CONstraints

Reconstruction of channels with missing energy

Pv = Pete~ — PBiag ~ PBsiy
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| A peak at

threshold

U Atrace of a peak structure is observed inffbe mass spectrum in the previous analysis oP

nu

U LHCb performed an amplitude analysisywof© fu

decay by the Belle.

the structure using a BW form with fixed mass and width.

[PRL117(2016)011801]
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| FIG. 1.

PRL, 117, 011801 (2016)

“ . Asimilar structure is also seen. LHCb explained

PRD 108, 012023 (2023)
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Feynman diagrams for (a) anew A* resonance and (b) a
1 visible Az threshold cusp enhanced by the A(1670) polein A; —
pK~z" decay.
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| From the perspective of a new res

onance

[PRD 108, L031104 (2023)

> We perform a binned least-x? fit to the efficiency-corrected M(pK ™ )distribution

function.

dm

—_

Efficiency-Corrected Events / 1MeV/c? &

m, = (1662.4 + 0.3) MeV
[, = (22.6 + 1.5) MeV

Reduced x?/ndf = 328/24
= 1.35

* Not very good
especially near
the peak.

Pull

20

10

Fit to M(pK™) distribution using non-relativistic BW
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M(pK) [GeV/c?]
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Efficiency-Corrected Events / 1MeV/c? T

Pull

Fit to M(pK™) using BW with complex constant added
coherently, leading to constructive interference below the An
threshold and destructive above that.

N x |BW(m) + reie|2

m, = (1665.4 + 0.5) MeV
I, = (23.8 + 1.2) MeV

Reduced x?/ndf = 308/243
= 1.27

ik " -"“E o k ‘b%ﬂ"fsf’yﬁvg -hu‘m' JEG}JM;&
I 9
1.55 16 165 17 175
M(pK') [GeV/c?]



| From the perspective of a cusp at

t

» Another possibility is that the peak structure is a cusp at the An threshold enhanced by the A(1670) pole nearby.

Strength [arb. units] Efficiency-Corrected Events / 1MeV/c?
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> The best fit with y?/ndf=1.06 (257/243) is obtained at me=1674.4 MeV/c?*

» The measured: I'" = (27.2 £ 1.9739) MeV, ga, = (258 +23%5;) x 1073

Our measurement A(1670)

[PRD 103, 052005 (2021)]

mass Fix m; =1674.4 MeV/c? (1674.3 + 0.8 + 4.9)MeV/c?
Total (50.3 + 2.97%3) MeV (36.1 + 2.4 + 4.8)MeV
width

» The fit result with the Flatté function to which the constant is coherently
added shows the best reduced % /ndf of 1.06 (257/243,p = 0.25), while
1.27 (308/243,p = 3.1 x 1073) from the best BW fit.

» The best fit explains the structure as a cusp at the An threshold.

» The obtained parameters are consistent with the known properties of
A(1670) (See Duan, Bayar and Oset for a theoretical
interpretation of this result. Phys. Lett. B 8517 0
First identification of a threshold cusp ~ (2024).139003)

In hadrons from the spectrum shape



| Peak atmatthreshold in 4O wa=yZ oxiv250.04371
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A clearpeaking structure near the mmt
mass threshold is evident in the
O n“ distribution.

The same effect was observed in the
¥ O nu —study

The similarity of this effect and they—
threshold cusp, which was found to be
amplified by the ¥ p ¢ x imthe o
system

Suggesting that the peak near the

N -threshold may alsobe attributed to
a threshold cusp enhanced by the
N(1535)*.

A further analysis is planned for the
near future 11



The bar yon

in| p & B 3decaydPRL 121, 052003 (201B)

Them ¢ 1 p cwas interpreted as standard baryon or a
Them ¢ 11 p was first observed by Belle fp+ final states ) p L o+HmMolecule.

160
ERREY PRD 98, 034004 (2018), EPJC 78, 894 (2018),
2 120 The PRD 98, 114023 (2018), PRD 101, 016002 (2020),
9 o0 Standard d PRD 105, 094006 (2022), PRC 103, 025202 (2021),
T . baryon MG TP CUECAYS  pRrp g8, 014031 (2018), PRD 107, 034015 (2023),
2 1 dominantly tof+. PRD 98, 014031 (2018), CPC 47, 063104 (2023),
£ 60 PRD 107, 014025 (2023)
E 40
© 20

Them ¢ Tt p cdecays PRD 98, 054009 (2018), EPJC 78, 857 (2018),
N PRD 98, 076012 (2018), JPG 48, 025001 (2021),
y %0 h puvao#t eq‘;]a”yf)og;a”d PRD 98, 056013 (2018), PRD 101, 094016 (2020),
2 8007 molecule A P - EPJC 80, 361 (2020), PRD 102, 074025 (2020),
o 250f Orthef) p v o#decay  prp 106, 034022 (2022), Few Body Syst. 64, 55
% 200 mode is dominant. (2023).
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No clear m ¢ Tt p sighals are observed.

We give the upper limit on the ratio of the branching

fractions at 90% C.L.

Events/2 MeV/c?

Events/2 MeV/c?

60

50+

40

30F

20
10

20
18
16
14
12
10

"o N A~ ®

ol

- (a)

WSO

]

A

pe

: ‘

E(C)mof]pucﬂ(to |

ELL

205 21
M(2°(1530)K’) GeV/c?

95

2

2,>

o1 218
M(Z(1530)K?) GeV/c®

Events/2 MeV/c?

Events/2 MeV/c?

a

50¢

45
40
35
30
25
20
15
10

5

P

PRD 100, 032006 (2019)
ecdetay of the n.

(b) mo fpu

AL R LY L RALR) LA LA

LA AL LNy R e |

95 27‘ B
M(Z°(1530)K") GeV/c?

[ cdd oPO & (0 IMbodR0R

Fm Rt




ey

Revisit O ¢ O & SOE9/3 6 <5635 8

(V4

The comparisons between the previous analiZ&#)y100, 032006 (2019and this work.

Analysis strategy The previous analysis [40] This work
The requirement of M (Ex) 1.49 < M(Zm) < 1.53 GeV/c? M(Em) < 1.517 GeV/c?
The signal shape of 2(2012)” A Breit-Wigner function A Flatté-like function [41]
¢-induced backgrounds No requirement IM(K~K') —mgy| > 10 MeV/c?
700¢
. . ~om TheFlattfike function [PRD 81, 094028 (2010)]
QO . : S
> 500 — k) —Signal MC
= 400F F iy Tn(M) = M, — + fng(MT).(M.)_F &k, (M;)]]?
:m@ 300; 4_ . + n — MQ(2012) 23_:2’393 Kj (VL LR (M
S 200|- SN L S E _ _ ) _ |
TR et T TN A ~Q is the effective coupling of to th@ body final state.
ﬂ o A "Q andll parameterize the real and imaginary parts ofhjhe 1T p Gelf-energy.
09746 148 1.5 152 154 156 158 1.6
M(En+) (GeV/c?) Above 2.02 GeV, the phase sp&géncreases sharply to cover more signal candidates

The red arrowor this updated worKT he blue arrow for the previous analysis. 14




Events/3 MeV

Events/3 MeV

Revisit O ¢ O e PLB 860, 139224 (2025)

We fit simultaneously to the binnéda + . A + A + H) A + ) + andfj + mass distributions from
| (1S,2S,3S) data sgles

60

The mass and effectivauplings :

m¢ T p ¢mass

40

(2012.50.7+0.5) MeV

The coupling tdy+

Events/3 MeV

(1.7+0.3+0.3)x102

20

Events/3 MeV

The coupling to
h p v oHt

0

1.95 2 2.05 2.1 215 2.2 1.95 2 2.05 2.1 215 22

(0w 9)x102

METK) (GeV) M(E7OKY) (GeV)

[ (a) % H ol =z B(Q(2012)" — =(1530)K — E7K)
401 i -7 — =

; g : | = B(Q(2012)~ — EK)

| % 100H ‘% ;
20 5 & 2000

: o soF ™ toof 1
0 1'95 é 2.(|J5 2‘.1 2.‘15 2.2 979 1.I95 é 2.65 2‘.1 2.‘15 2.2 99 1.55 é 2.(|)5 2I.1 2.|15 2.2

M(EnK) (GeV) ME) (GeV) M(EKS) (GeV) 0.990.26(stat.}0.06(syst.)

Our result isconsistent with the molecular modelmgf¢ 1 p ¢ which predicts comparable rates figrc T p ¢decay to

h p v oHandh+ .

15




Discovery of

(

)

m ¢ Tt p was first observed by Belle in twmndy @u) decays,

Confirmed by BESIITI (1 ow
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Events / (20 MeV/c?)

PRL 134, 131903 (2025)
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Total fit
Simultaneous background fit
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MC -based PWA of i © Z Z PRD 111, 074039 (2025)
T

. B ©hf“ “ isagolden channel to study properties of tfieexcited baryons

600_ OO T T T T T T T

“‘?5005— . ;‘1 E « ] Bell e has reported Td eneepsoel
"S- ; a I: l:'l &(-; e . E
8 400k b = Ufirst obBeogati on of
@ C O : . .
§300; 3 U 18, evi dend)e eapft t h e
% 200 [ S 0 An unknown str dcdBudeed,i n
S : 5
:>j100; o (D ) expected to be duhdputgom r ¢

o EESERES £ . ..... - II E 0 dt o

14 16 18 2 22 TR T N R ipwonw Amdo

M(Z*)(GeV/c?) M., [GeV/c?

. The spin-parities of ( ) h( ) ,and ( ) have not been determined yet.

PWA is one of the best technigues to study the internal dynamics of thré®dy decays and the large

statisticof L ©  Z Z inBelle () makes the PWA possible. 17
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MC -based PWA of 1L O

Z

In this work, we demonstrate the reliability of PWA method for analyzing the  “ *

toy MC simulations.

A Decayamplitudeofj © R** H)* O f “ is constructec
usingthe covarianttensorformalism,expressea@s

Z

PRD 111, 074039 (2025)

decay using the

We generate a set of toy MC samples using the propertie

Resonance Mass (MeV/c?) Width (MeV) JP
1 i}
%10z o 7 © =(1530)" 15318 o1 m
0 O isthespinorfor abaryonw is the effectivevertex,”O 2(1620)° 1620.0 320 1-
is th ftheh? 2(1690)° 1690.0 20.0 1-
IS the propagaton t_ ef)” resonance | =(1820)" 18930 40 L
A Thetotaldecayamplitudeof j © K “ *“ is 2(1950)° 1950.0 60.0 -
I £(2030)° 2025.0 20.0 5
/
_(}}228)0 5(15510)0 3(106(2)0)0 5(10630)0 E(108(2)0)0 5(109560)0 3(200?1,0)0 non_re%o;ance
A Usemaximumlikelihoodfit. Thejoint probability densityis =(1620)° | 3 01 00 01 00 1.4
4 4 =(1690)° 0.7 0.0 0.0 0.0 1.1
] [ O e 2(1820)° 28  —0.6 0.0 0.1
o (o)M 4 =(1950)° 9.0 0.0 —0.8
_ _ [ PR =(2030)° L5 0.0
Thedifferentialcrosssectionis givenby o (e) Non-resonance 79.3

B.ad |
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MC -based PWA of i © Z Z SU@4/B: 736858
T

Best fit results to toy MC sample Significances of rejection of alternative over favored)

500 400
r1‘:’_400 ‘1_’_ - T
> > 300_ _ _ _ _
3. S Resonance U, ! y : 3 1
S S 200 =(1530)° 3+ 10.06 9.00 2.00 - 5.8¢0 6.60 . .
=20 = 2(1620)° 1- 3.90 2240 24.50 : .
2 100; 2 1oop £(1690)° I- - 1.86 2436 2.16 : cos

: i _ - | ] - . =(1820)° 3- 28.00 26.56 286 5.80 57¢
1.5 1.6 1.7 1.8 19 2.0 21 22 2.3 03 04 05 06 07 08 09 1.0 1.1 5(1950)0 %7 3.2¢ 2330 23 8¢
M(Z~n*) (GeVic?) M(n*n*) (GeV/c?) £(2030)° 5- - 6.3 6.00 - 296 11.60 8.76
600
f bk ¢ Dat 1 =(1690)° . . ) i )

500 alta = .s
8 T 4 Total - (1820)° U Based on the current Belle integrated luminosityyépection
300 - Backgroind =3 =19501° significance ofb overV s strong for different spins, but weak for
Q — _(1530) — _(2030)0
=200 - 0 - . Pl
o 1 =620/ 3 non-resonant different parities.

0
-0.8 -0.4 0.0 0.4 0.8
cosO=-

Further data collection is needed to improve the sensitivity of parity determination in
the future, e.g., Belle Il
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| KINY LINRRdzOUA2Z2Y
A At Belle 1A A mainly collide at 10.58 GeV to maket 3resonance mainly decaying intd .

A Meanwhile,continuum processe$8H"H © 11 (g = u, d, s, c) have large cross sections
A Two ways to produce charm samplé3*H"H © “Fiffand 2) B> charm decays

0 . SftfS LL

1.ete” = ccb?r

L S ——
ete” — Cross section [nb] e
3 l\ Y(45) 1.05 4 0.10 ] C
qof L i -
. ;! Wi 1.61
& ! * dd 0.40
e o vt~ (v) 0.919
15 } ' pt () 1.148
'8 ) ete (v) 300 + 3 - -
= 2 - e C
1 10} 4 '. A BB threshold 2.B-decay
.0 : " ‘* . . s /
+ | 3 ! < S c X
(0] “ ¢ iy
Y(1S) Y0S) Y03S) v) el
| - | PR A | PP
\

0 s 2 2 M | I M M ?
044 046 10001002 103 1037 1054 1058 108 \/
)
Mass (GeV/c') 21
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o the only channel with > 3¢ evidence of CPV in charm.
o The SM generates CPV through interference of a tree-level and suppressed QCD loop
amplitude Al = 1/2 (I = 1sospin) [Pys. Rev.D 85, 114036 (2012)].
e D'—>a'n’:
o I=2 and can be reached from the I= 1/2 initial state only via a Al = 3/2 transition.
o  Therefore, any observation will confirm New Physics.

e D'-n'n’:
o Can have I=0 or [=2 and hence can have nonzero direct CP asymmetries in SM.

o  Isospin sum rule:

- 0.0 0
R acp(mtn™) x acp(m'7Y) x acp(mtaV)
) sl D0, Boo _ 2 Bio ] = 202 By 2Die _ 37p+ ( Bao + By
By- \Tpo 3 Tp+ Boo \ Tpo 37Tp+ 2 Byo \Tpo Tp0
O a7 0, R=0: CP violation from the Al= 3/2 amplitude (New Physics!!)
R =(0.93 +£3.1) X 107, uncertainty is dominated by the n°n’ mode HFLAV

22



CP asymmetry Ta T @ Z Z PRD 112, L031101 (2025
The physics variable that we are interesteers|. 1 © Z 24

‘Hr °2%) Er °% 2
Hr °2 %) Ef °% %
, 0 isrelatedby=21 =}%. =L, == |O nuisance asymmetries

But the variable easily accessed in exp%i o

Afm ;- forward-backward asymmetric production in e*e™ collisions of charm hadrons, due to 2
y* — Z interference and higher-order QED effects, is an odd function of cosOy(DF).
. L
AT : detection asymmetry of the low-momentum tagging pions. us [ﬁ O Z I—_” a S a contr
mode to esti mate t
Control mode Dt —» 7r+K§) (Br = (1.562 £ 0.031) %, Cabibbo-favored)
1 K D *
APS=Ar HAD +A
I raw K prod €
| A 1, CP-violation in the K%-Ksystem.
Slgnal mode 2. different nuclear-interaction cross-sections for K° and K° mesons with detector. 23



Candidates per 14 MeV/c?

Asymmetry

Candidates per 7 MeV/¢?

Asymmetry

dACUUO

«10° Tagged decays

%10

ara € Z &y

Null-tag decays

Signal mode

Tagged Null-tag
Yield 5130+110 18510+240
A, (-2.9£1.8)% (-0.4£1.0)%
Control mode
Tagged Null-tag
Yield 39630+300 123560500
A (0.54+0.53)% | (0.33+0.30)%

L5F Belle IT | L dt = 428 fo™! 6 { Data
Preliminary — Fit
L 1 L [ Phys. backg.
| Signal mode | S
0.5 2F
i > i _q L 1
0.2F * 0.1
0 A t 0 " He ++ + *
—0.2F i
f p[-o1 i ﬂhx i
1.8 2 2.2 1.8 2 2.2
m(m* ) [GeV/c?] m(r* % [GeV/c?]
5 %10 Tagged decays 15 x10° Null-tag decays
F Belle IT | L dt = 428 fb! t Data
4 L Preliminary — Fit
" 10 - Background

1.85 1.9
m(?z'*Kg] |GeV/c?)

1.85 1.9
m(ir*K?) [GeV/c?)

PRD 112, L031101 (2025

24




