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KEKB and Belle

▼ͯ ȢGeV

Peak luminosity: ςȢρρρπÃÍ Ó
Integrated luminosity(~980 fb-1 in total):

ɭυ3: 121 fb-1, ɭτ3: 711 fb-1, ɭσ3: 3 fb-1, 

ɭς3: 25fb-1, ɭρ3: 6 fb-1, continuum: 90 fb-1
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SuperKEKBand Belle II

Ἳ~ 10.58 GeV Nano-beamdesign:

Nano-beamdesign:
Beam squeezing: 20 smaller; 
Beam current: 2 larger 
Target peak luminosity: KEKB 30 3

In December 2024

WORLD RECORD: Ȣ Ἣἵ Ἳ
The Belle II experiment began collecting data on 18 November.

Most dataat or neartheɭτ3
resonance,and19.6ÆÂnearɭρπχυσ



Unique capabilities of Belle/Belle II
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Light hadron
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A peak at threshold
üA trace of a peak structure is observed in the ὴὑ mass spectrum in the previous analysis of ɤ ᴼ
ὴὑ “ decay by the Belle.

üLHCb performed an amplitude analysis of ɤ ᴼὴὑ “ . A similar structure is also seen. LHCb explained 

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

PRL, 117, 011801 (2016)

PRD 108, 012023 (2023)

ɤρφχπ
Two approach to describe this peak:

j BW function

k Flatt Ӣe function
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From the perspective of a new resonance
[PRD 108, L031104 (2023)]

9



From the perspective of a cusp at Ɫ
threshold

ȉ

First identification of a threshold cusp 

in hadrons from the spectrum shape
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ü A clear peaking structure near the ▬Ɫ
mass threshold is evident in the 
ὓὴ“ distribution.

ü The same effect was observed in the 
ɤ ᴼὴὑ–study

ü The similarity of this effect and the ɤ–
threshold cusp, which was found to be 
amplified by the ɤρφχπin the ὴὑ
system

ü Suggesting that the peak near the 
ὴ–threshold may also be attributed to 
a threshold cusp enhanced by the 
N(1535)+.

ü A further analysis is planned for the 
near future

Peak at ▬Ɫthreshold in ╬ᴼ▬╚╢ⱫarXiv:2503.04371
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The baryon

The ɱςπρςwas first observed by Belle in ɧ+final states 

inɭρ3ȟς3ȟσ3decays [PRL 121, 052003 (2018)]. 

ɧ+

ɧ+

The ɱςπρςwas interpreted as a standard baryon or a 

ɧρυσπ+molecule.

Model Comments References

Standard 

baryon 

The 

ɱςπρςdecays 

dominantly to ɧ+. 

PRD 98, 034004 (2018), EPJC 78, 894 (2018),

PRD 98, 114023 (2018), PRD 101, 016002 (2020),

PRD 105, 094006 (2022), PRC 103, 025202 (2021),

PRD 98, 014031 (2018), PRD 107, 034015 (2023),  

PRD 98, 014031 (2018), CPC  47, 063104 (2023), 

PRD 107, 014025 (2023)

ɧρυσπ+
molecule

The ɱςπρςdecays 

equally to ɧ+and 

ɧρυσπ+. 

Or the ɧρυσπ+decay 

mode is dominant.

PRD 98, 054009 (2018), EPJC 78, 857 (2018), 

PRD 98, 076012 (2018), JPG 48, 025001 (2021), 

PRD 98, 056013 (2018), PRD 101, 094016 (2020), 

EPJC 80, 361 (2020), PRD 102, 074025 (2020), 

PRD 106, 034022 (2022), Few Body Syst. 64, 55 

(2023).

Measurement of the branching fraction for 

ɱςπρςO ɧρυσπ+is crucial to 

distinguish the nature of the ɱςπρς!

ɱςπρςO ɧρυσπ+
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Search for ɱςπρςO+ɧ(1530)ᴼ+ʌɧ
We use the same data samples to search for ɱςπρςO+ɧ(1530)O +ʌɧin the decay of the narrow 
resonances ɭ(1S), ɭ(2S), and ɭ(3S). 

No clear ɱςπρςsignals are observed. 

We give the upper limit on the ratio of the branching 

fractions at 90% C.L. 

ɱᴼɧρυσπ(ᴼɧʌ )+ ɱᴼɧρυσπ(ᴼɧʌ)+

ɱᴼɧρυσπ(ᴼɧʌ )+ ɱᴼɧρυσπ(ᴼɧʌ)+

1.8„

PRD100, 032006 (2019)

2
ꜞ ᴼ ᴼ

ꜞ ᴼ
Ґ όсΦлоΦтόǎǘŀǘΦύмΦоόǎȅǎǘΦύύ҈

2
ꜞ ᴼ ᴼ

ꜞ ᴼ
ғ ммΦф҈ ŀǘ фл҈ /Φ[Φ
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Revisit ᴼ ἕᴼ ἕ
The comparisons between the previous analysis [PRD100, 032006 (2019)] and this work. 

The red arrow for this updated work; The blue arrow for the previous analysis. 

The FlattǲÅ-like function [PRD 81, 094028 (2010)]

Å Ὣ is the effective coupling of to the nïbody final state.

Å Ὧ and ‖ parameterize the real and imaginary parts of the ɱςπρςself-energy.

Above 2.02 GeV, the phase space k3 increases sharply to cover more signal candidates.

SOE ;93/ 46<557 +5358,
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We fit simultaneously to the binned ɧʌ+ , ɧʌ+ȟɧʌ+ȟɧʌ+ȟɧ+ and ɧ+ mass distributions from 

ɭ(1S,2S,3S) data samples. 
The mass and effective couplings :

0.99±0.26(stat.)±0.06(syst.) 

Our result is consistent with the molecular model of ɱςπρς, which predicts comparable rates for ɱςπρςdecay to 

ɧρυσπ+and ɧ+. 

Revisit ᴼ ἕᴼ ἕ

15

PLB 860, 139224 (2025)

ɱςπρςmass (2012.5±0.7±0.5) MeV 

The coupling to ɧ+ (1.7±0.3±0.3)×10-2

The coupling to

ɧρυσπ+
(σω 9)×10-2

5.4ˋ



Discovery of 
ɱςπρςwas first observed by Belle in  two-body (ɧὑ) decays,

Confirmed by BESIII (low statistics) and ALICE (15ů).

PRL, 121, 052003 (2018)

PRL 134, 131903 (2025)

PRD112,092002(2025)

ɱςπρς ╚
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¸ ɧ ᴼɧ““ is a golden channel to study properties of the ɧz excited baryons.

MC-based PWA of ╬ᴼ ⱫⱫ
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PRD 111, 074039 (2025)

PRL 122 072501 (2019)

Belle has reported a research on this process.Theyreported:

üfirst observation of ɧρφςπ

üτȢπ„evidence of the ɧρφωπ

üAn unknown structure in the range 1.8ī2.1 GeV/ὧ, 

expected to be due to resonances such as ɧρψςπ, 

ɧρωυπ, and ɧςπσπ.

¸ The spin-parities of ȟ , and have not been determined yet.

¸ PWA is one of the best techniques to study the internal dynamics of three-body decays and the large 

statistic of ╬ᴼ ⱫⱫ in Belle (II) makes the PWA possible.

ɧ“ ɧ“

ɧ“
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¸ In this work, we demonstrate the reliability of PWA method for analyzing the ɧ ᴼɧ““ decay using the 

toy MC simulations.

MC-based PWA of ╬ᴼ ⱫⱫ

18

PRD 111, 074039 (2025)

Å Decayamplitudeof ɧ ᴼɧz“ȟɧz ᴼɧ“ is constructed

usingthecovarianttensorformalism,expressedas:

╜░ ◊╥ ᶻO Ⱬ╖ᶻ
╙╟
╥
╬O Ⱬz ◊

όό is thespinorfor a baryon,ὠis theeffectivevertex,Ὃ
is thepropagatorof theɧᶻresonance.

Å Thetotaldecayamplitudeof ɧ ᴼ ɧ““ is

╜

░

╬░╜░

Å Usemaximumlikelihood fit . Thejoint probabilitydensityis

╛

░

╝

╟●░
░

╝
ⱷ●░

ⱷ᷿●▀♠

Thedifferentialcrosssectionis givenbyⱷ● В░╬░╜░

We generate a set of toy MC samples using the properties: 
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MC-based PWA of ╬ᴼ ⱫⱫ
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SUG 444/ 3:736< +5358,

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

ü Based on the current Belle integrated luminosity, the rejection 

significance of ὐ over ὐ is strong for different spins, but weak for 

different parities. 

Further data collection is needed to improve the sensitivity of parity determination in 

the future, e.g., Belle II.
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Charm



⁄ ḙљἩ 

ÅAt Belle II, ÅÅ mainly collide at 10.58 GeV to make ɭτ3resonance mainly decaying into "".
ÅMeanwhile, continuum processes ἭἭ ᴼἹἹ(q = u, d, s, c) have large cross sections.
ÅTwo ways to produce charm samples: 1) ἭἭ ᴼἫӶἫ, and 2) B O charm decays.

/ƘŀǊƳ ǇǊƻŘǳŎǘƛƻƴ ŀǘ .ŜƭƭŜ LL
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CPV in ╓ᴼⱫⱫ
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CP asymmetry in ╓ ᴼⱫⱫ

¸The physics variable that we are interested is ═╒╟╓ ᴼⱫⱫ
╓ ⱫO Ⱬ ╓ ⱫO Ⱬ

╓ ⱫO Ⱬ ◔╓ ⱫO Ⱬ

¸But the variable easily accessed in exp is ═►╪◌
ⱫⱫ Ἒ╓ ⱫO Ⱬ Ἒ╓ ⱫO Ⱬ

Ἒ╓ ⱫO Ⱬ Ἒ╓ ⱫO Ⱬ

¸ὃ is related by ═╒╟
ⱫⱫ ═►╪◌

ⱫⱫ ═▬►▫▀
╓ ═ꜗⱫᴼ

Ź
use ╓ ᴼⱫ╚╢as a control 
mode to estimate this

nuisance asymmetries

═╒╟
ⱫⱫ ═►╪◌

ⱫⱫ ═►╪◌
Ⱬ╚╢ ═╚╢

Signal mode 

Control mode 

PRD 112, L031101 (2025)
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#0 ðĂĈüüôăāĈ øý ╓ ᴼⱫⱫ

Control mode

Signal mode

Signal mode

Control mode

PRD 112, L031101 (2025)
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