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BelleᵙBelle IIḫ іẶḒ￼ ԋ

{ǳǇŜǊY9Y. ŀƴŘ .ŜƭƭŜ LL

bŀƴƻπōŜŀƳ ŘŜǎƛƎƴΥ
.ŜŀƳ ǎǉǳŜŜȊƛƴƎΥ нл ǎƳŀƭƭŜǊΤ .ŜŀƳ ŎǳǊǊŜƴǘΥ н ƭŀǊƎŜǊ 
¢ŀǊƎŜǘ ǇŜŀƪ ƭǳƳƛƴƻǎƛǘȅΥ Y9Y.ол 

Ἳ Ϥ млΦру DŜ±

н

Ἳ Ϥ млΦру DŜ±



Belle and Belle II Datasets
Å.ŜƭƭŜ όмффф π нлмнύ
Å.ŜƭƭŜ LLw¦bπL όнлмф π нлноύ
Å.ŜƭƭŜ LLw¦bπLL όнлнп π нлнсύ

aƻǎǘ Řŀǘŀ ŀǘ ƻǊ ƴŜŀǊǘƘŜ ɭτ3 ǊŜǎƻƴŀƴŎŜΣ ǎƻƳŜ ōŜƭƻǿκŀōƻǾŜ ɭτ3Ȣ

о



Outline:

¸Fragmentation functions

¸Search for ɧὔand  ὔ dibaryons

¸ɱςπρςOɧρυσπὑ

¸Threshold cusp 

ώtw5 мммΣ лрнлло όнлнрύϐ

ώt[. услΣ мофннп όнлнрύϐ

ώtǊŜƭƛƳƛƴŀǊȅϐ
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ώtw5 млуΣ [ломмлп όнлноύΣ tw[ молΣ мрмфло όнлноύϐ



Fragmentation functions

р



CǊŀƎƳŜƴǘŀǘƛƻƴ ŦǳƴŎǘƛƻƴǎ

с

CǊŀƎƳŜƴǘŀǘƛƻƴ ŦǳƴŎǘƛƻƴǎ όCCǎύ ŘŜǎŎǊƛōŜ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ŀ ƘƛƎƘπŜƴŜǊƎȅ ǇŀǊǘƻƴ όǉǳŀǊƪ ƻǊ 
Ǝƭǳƻƴύ ƘŀŘǊƻƴƛȊƛƴƎ ƛƴǘƻ ŀ ǎǇŜŎƛŦƛŎ ƘŀŘǊƻƴΦ 

¸/ƻǊǊŜƭŀǘŜ ŀ ƘŀŘǊƻƴ ƛƴ ǘƘŜ Ŧƛƴŀƭ ǎǘŀǘŜ ǿƛǘƘ ǘƘŜ ǇŀǊǘƻƴƛŎ ƛƴǘŜǊŀŎǘƛƻƴǎΥ

¸/ƭƻǎŜƭȅ ǊŜƭŀǘŜŘ ǘƻ ŎƻƴŦƛƴŜƳŜƴǘ ƳŜŎƘŀƴƛǎƳ

¸5ŜƴƻǘŜŘ ŀǎ Ὀ ᾀȟὗ Σ ᾀȡ ƳƻƳŜƴǘǳƳ ŦǊŀŎǘƛƻƴ



{ƛƴƎƭŜκŘƻǳōƭŜ ƘŀŘǊƻƴ CǊŀƎƳŜƴǘŀǘƛƻƴ ŦǳƴŎǘƛƻƴǎ
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Â{ƛƎƴŀƭ ŜȄǘǊŀŎǘƛƻƴΥ

Â/ƻǊǊŜŎǘƛƻƴΥ ƭǳƳƛƴƻǎƛǘȅΣ .CΣ ὼ ǿƛŘǘƘΣ ŀŎŎŜǇǘŀƴŎŜΣ ŜŦŦƛŎƛŜƴŎȅΣ 

L{w 

tǊƻŘǳŎǘƛƻƴ ŎǊƻǎǎ ǎŜŎǘƛƻƴΥ ▄▄ ᴼ▐╧

у

tw5 ммм όнлнрύ лрнлло ό.ŜƭƭŜύ

¸tŜŀƪƛƴƎ ǎǘǊǳŎǘǳǊŜ ǎŜŜƴΣ ƛƴŎǊŜŀǎƛƴƎ ǿƛǘƘ Ƴŀǎǎ ŀǎ 
ŜȄǇŜŎǘŜŘ

¸{ȅǎǘŜƳŀǘƛŎǎ ŘƻƳƛƴŀǘŜŘ ŦƻǊ ŀƭƭ ƳŜŀǎǳǊŜƳŜƴǘǎΦ

¸±ŜŎǘƻǊ ƳŜǎƻƴǎ ŜȄǘǊŀŎǘŜŘ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ŀǘ . ŦŀŎǘƻǊȅ 
ŜƴŜǊƎƛŜǎ 

[ƛƎƘǘ ƘŀŘǊƻƴ ǊŜǎǳƭǘǎΥ ▄▄ ᴼ ⱬȟⱬȟⱷȟꜚȟ╚ᶻȟ╚╢ȟⱢȟ█ ╧ ŀǘ млΦру DŜ± „ ὼ ȟὼ
ὴ

ίȾτ ά

ȟτπ



╚ᶻȡ Charged to neutral ratios

ф

tw5 ммм όнлнрύ лрнлло ό.ŜƭƭŜύ

Lƴ a/ ǎƛƳǳƭŀǘƛƻƴΥ

¸{ǘǊŀƴƎŜ ǉǳŀǊƪ ŦǊŀƎƳŜƴǘŀǘƛƻƴ ŀǇǇŜŀǊǎ ǘƻ ōŜ Ŝǉǳŀƭ 
ŦƻǊ ōƻǘƘ ƴŜǳǘǊŀƭ ŀƴŘ ŎƘŀǊƎŜŘ ὑz

¸Lƴ ǘƘŜ ὩὩ ŀƴƴƛƘƛƭŀǘƛƻƴ ƛƴƛǘƛŀƭ ǇǊƻŎŜǎǎΣ όό ŀƴŘ ὨӶὨ 
ǇŀƛǊǎ ŀǊŜ ƴƻǘ ǇǊƻŘǳŎŜŘ Ŝǉǳŀƭƭȅ όŘǳŜ ǘƻ Ὡ ǿŜƛƎƘǘύΣ 

ǊŜǎǳƭǘƛƴƎ ƛƴ ŀ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǘƘŜ ŎǊƻǎǎ ǎŜŎǘƛƻƴǎ 
όCŀǾƻǊŜŘ ŦǊŀƎƳŜƴǘŀǘƛƻƴ όᴼὑ Ǿǎ Ὠᴼ
ὑ ŘƛŦŦŜǊŜƴǘύ

ÂFor ὑᶻ and ὑᶻȟ FFs should be isospin symmetric

Â.ǳǘ ŘƛŦŦŜǊŜƴŎŜ ŀǇǇŜŀǊǎΣ ŎƘŀǊƎŜŘ ŜȄŎŜŜŘ ƴŜǳǘǊŀƭ 

/ƘŀǊƎŜŘ ŀƴŘ ƴŜǳǘǊŀƭ ⱬΥ
üIƛƎƘŜǊ ὼΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƛǎƻǎǇƛƴ ǎȅƳƳŜǘǊƛŎ 

üaƛŘŘƭŜ ὼΣ ŜȄŎŜǎǎ ǳǇ ǘƻ нл҈ ŦƻǊ ” ƻǾŜǊ ”

/ƘŀǊƎŜŘ ŀƴŘ ƴŜǳǘǊŀƭ ╚zΥ
ü9ƴƘŀƴŎŜƳŜƴǘ ƻŦ ὑᶻ ǇǊƻŘǳŎǘƛƻƴ ƻǾŜǊ ὑᶻ 
üLƴŎǊŜŀǎƛƴƎ ǿƛǘƘ ὼ



Search for ɧ. ÁÎÄ ɱ. dibaryons

мл
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ϓϥϡϲϣϨΞϦϯϲΞ▬ΫΞ▬ΞϡϮϤΞ♦ ▪ΞϢϯϵϮϤΞϳϴϡϴϥϳΞϦϲϯϭΞ╢ȟ ╢Ξ
ϤϥϣϡϹΞϡϴΞρϥϬϬϥΞ

tǊŜƭƛƳƛƴŀǊȅ

CƻǊ ♀Ἒ ǎȅǎǘŜƳΥ
üƭŀǘǘƛŎŜ v/5 ŀƴŘ ŎƘƛǊŀƭ ŜŦŦŜŎǘƛǾŜ ŦƛŜƭŘ ǘƘŜƻǊȅ ƛƴŘƛŎŀǘŜ ŀ ƳƻŘŜǊŀǘŜƭȅ ŀǘǘǊŀŎǘƛǾŜ 
ƛƴǘŜǊŀŎǘƛƻƴΣ ōǳǘ ƛƴǎǳŦŦƛŎƛŜƴǘ ǘƻ ǇǊƻŘǳŎŜ ŀ ōƻǳƴŘ ǎǘŀǘŜ 

Å!ƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ɧὴ ŎƻǊǊŜƭŀǘƛƻƴ ŦǳƴŎǘƛƻƴ ƳŜŀǎǳǊŜŘ ōȅ ![L/9

ütƘŜƴƻƳŜƴƻƭƻƎƛŎŀƭ ƳƻŘŜƭǎ ŀƭƭƻǿǎ ŀ ǎǘǊƻƴƎŜǊ ŀǘǘǊŀŎǘƛƻƴ ŀƴŘ ǇǊŜŘƛŎǘǎ ŀ ōƻǳƴŘ ɧ. 
ǎǘŀǘŜ όōƛƴŘƛƴƎ ŜƴŜǊƎȅ Ϥм aŜ±ύ

CƻǊ ╝ǎȅǎǘŜƳΥ 
ü{ǘǊƻƴƎŜǊ ŀǘǘǊŀŎǘƛƻƴ ǘƘŀƴ ƛƴ ǘƘŜ ɧ. ǎȅǎǘŜƳ

üaŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ  Ð ŎƻǊǊŜƭŀǘƛƻƴ ŦǳƴŎǘƛƻƴ ōȅ ![L/9 ƛƴŘƛŎŀǘŜ ŀ ǎǘǊƻƴƎ ŀǘǘǊŀŎǘƛǾŜ 
ƛƴǘŜǊŀŎǘƛƻƴ

ü[ŀǘǘƛŎŜ v/5 ŀƴŘ ŎƻƴǎǘƛǘǳŜƴǘ ǉǳŀǊƪ ƳƻŘŜƭ ǎǳƎƎŜǎǘ ŀƴ ŀǘǘǊŀŎǘƛƻƴ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ŦƻǊƳ ŀ 
ǿŜŀƪƭȅ ōƻǳƴŘ  . ǎǘŀǘŜ

5ƛǊŜŎǘ ǇǊƻŘǳŎǘƛƻƴ ƛƴ ɭρὛȟςὛ ŘŜŎŀȅǎ ǇǊƻǾƛŘŜǎ ŀ ŎƭŜŀƴΣ ƎƭǳƻƴπǊƛŎƘ 
ŜƴǾƛǊƻƴƳŜƴǘ ǘƻ ǎŜŀǊŎƘ ŦƻǊ ƴŜŀǊπǘƘǊŜǎƘƻƭŘ ǇŜŀƪǎ



мн

ϓϥϡϲϣϨΞϦϯϲΞ▬ΫΞ▬ΞϡϮϤΞ♦ ▪ΞϢϯϵϮϤΞϳϴϡϴϥϳΞϦϲϯϭΞ╢ȟ ╢
.ƻǳƴŘ                             ¦ƴōƻǳƴŘ

tǊŜƭƛƳƛƴŀǊȅ

ὓ “ɤὴȟὓ ɧὴȟὓ ɧɤȟὓɱὴȟὓɧɤ 

¸bŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ŎƻƴǎǘǊŀƛƴǘ ƻƴ 
ƳǳƭǘƛǎǘǊŀƴƎŜ ŘƛōŀǊȅƻƴ ŦƻǊƳŀǘƛƻƴ

¸ƘŜƭǇǎ ŘƛǎŎǊƛƳƛƴŀǘŜ ōŜǘǿŜŜƴ 
ŎƻƳǇŜǘƛƴƎ ǘƘŜƻǊŜǘƛŎŀƭ ƳƻŘŜƭǎ

¸CǳǘǳǊŜ .ŜƭƭŜ LL Řŀǘŀ ǿƛƭƭ ƛƳǇǊƻǾŜ 
ǎŜƴǎƛǘƛǾƛǘȅ



♦ ᴼ♀ ╚ᴼ♀Ⱬ╚

мо



5ƛǎŎƻǾŜǊȅ ƻŦ 

ɱςπρςwas first observed by Belle in  two-body (ɧὑ) decays,
Confirmed by BESIII (low statistics) and ALICE (15ů).

tw[Σ мнмΣ лрнлло όнлмуύ

tw[ мопΣ момфло όнлнрύ

arXiv:2502.18063

¢ƘŜ ɱςπρςǿŀǎ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ŀ ǎǘŀƴŘŀǊŘ ōŀǊȅƻƴ ƻǊ ŀ ╚
ƳƻƭŜŎǳƭŜΦ

мп



♦ ᴼ♀ ╚ᴼ♀Ⱬ╚ ώt[. услΣ мофннп όнлнрύϐ

мр

Ὀᶻ ςσρχOὈz ‎ᵼɱςπρςOɱ‎



Threshold cusp

16



! ǇŜŀƪ ŀǘ  ǘƘǊŜǎƘƻƭŘ
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.

tw[Σ ммтΣ лммулм όнлмсύ

tw5 млуΣ лмнлно όнлноύ

ɤρφχπ

мт

Two approach to describe this peak:

j   BW function

k Flatt Ӣe function



From the perspective of a new resonance
ώtw5 млуΣ [ломмлп όнлноύϐ

му



CǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ŀ ŎǳǎǇ ŀǘ Ɫ ǘƘǊŜǎƘƻƭŘ

мф

ƴƻƴπǊŜƭŀǘƛǾƛǎǘƛŎ
Cƭŀǧ ȳŜ ŦǳƴŎǘƛƻƴ

First identification of a threshold cusp 

in hadrons from the spectrum shape



ü! ŎƭŜŀǊ ǇŜŀƪƛƴƎ ǎǘǊǳŎǘǳǊŜ ƴŜŀǊ ǘƘŜ ▬Ɫ 
Ƴŀǎǎ ǘƘǊŜǎƘƻƭŘ ƛǎ ŜǾƛŘŜƴǘ ƛƴ ǘƘŜ 
ὓὴ“  ŘƛǎǘǊƛōǳǘƛƻƴΦ

ü¢ƘŜ ǎŀƳŜ ŜŦŦŜŎǘ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ 
ɤ ᴼὴὑ– ǎǘǳŘȅ

ü¢ƘŜ ǎƛƳƛƭŀǊƛǘȅ ƻŦ ǘƘƛǎ ŜŦŦŜŎǘ ŀƴŘ ǘƘŜ ɤ– 
ǘƘǊŜǎƘƻƭŘ ŎǳǎǇΣ ǿƘƛŎƘ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ 
ŀƳǇƭƛŦƛŜŘ ōȅ ǘƘŜ ɤρφχπ ƛƴ ǘƘŜ ὴὑ  
ǎȅǎǘŜƳ

ü{ǳƎƎŜǎǘƛƴƎ ǘƘŀǘ ǘƘŜ ǇŜŀƪ ƴŜŀǊ ǘƘŜ 
ὴ– ǘƘǊŜǎƘƻƭŘ Ƴŀȅ ŀƭǎƻ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŀ 
ǘƘǊŜǎƘƻƭŘ ŎǳǎǇ ŜƴƘŀƴŎŜŘ ōȅ ǘƘŜ 
bόмрорύҌΦ

ü! ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ ƛǎ ǇƭŀƴƴŜŘ ŦƻǊ ǘƘŜ ƴŜŀǊ 
ŦǳǘǳǊŜ

Peak at ▬Ɫ threshold in ╬ᴼ▬╚╢Ⱬ

нл

ŀǊ·ƛǾΥнрлоΦлпотм



LƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ Ⱬ ǎǳōǎǘǊǳŎǘǳǊŜ

όŀύ ǎŜŀǊŎƘ ŦƻǊ ɫzǊŜǎƻƴŀƴŎŜǎ

όōύ ǎǘǳŘȅ ὑὔ ǊŜǎŎŀǘǘŜǊƛƴƎ ǿƛǘƘ ŀ ŎǳǎǇ

ü ¢ƻ ƛƴǘŜǊǇǊŜǘ ǘƘŜ ǎƛƎƴŀƭǎ ŀǎ ᶻǊŜǎƻƴŀƴŎŜǎΣ ǿŜ ǳǎŜ ŀ ƴƻƴǊŜƭŀǘƛǾƛǎǘƛŎ 
.ǊŜƛǘπ²ƛƎƴŜǊΥ

ώtw[ молΣ мрмфло όнлноύϐ

Cusp candidates are observed in Ⱬ invariant mass spectra in ╬ᴼ ⱫⱫⱫ  decay 

нм

/ƭŜŀǊ ŜƴƘŀƴŎŜƳŜƴǘǎ ƴŜŀǊ ǘƘŜ 
ὑὔƳŀǎǎ ǘƘǊŜǎƘƻƭŘǎ

! ōƛƴƴŜŘ ƭŜŀǎǘπⱵ  Ŧƛǘ

ɫρσψυ


