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100um =

L =6x%x 10 cm™2s~! (30x KEKB)

5mm =

e+ 4 GeV 3.6 A |

L Botell bl Y2SIRSE&ATYY
New R . STEY aljdzSs aIviA Y. ISBNIT  OYaNINBN,
D ¢ NBSG LIS YOWdzarAy2aAiGRY
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- 7GeV 2.6 A

e
'/Newbeampipe SuperKEKB
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A multi HEP
A The Belle 1l Detector
vertexing, PID, neutrals,

electrons, muons and
hermeticity.

KLong and muon detector: )
Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s (end-caps , inner 2
barrel layers) J

B /

>

T e

Add / modify RF systems
for higher beam current

electrons (7 GeV)
{ i ]
Positron source Beryllium beam pipe

[EM Calorimeter: -
Csl(Tl), waveform sampling :\\\\\\\\\\\\\\\ :

Vidmp p S +

Low emittance positrons
to inject

~ 2cm diameter
Damping rin ~ 47 48
el ke ’ ~N 7 New positron target / ; 7 =
ture section Vertex Detector /
‘ E ‘ cap | 2layers DEPFET + 4 layefs DSSD
’/ = positrons (4 GeV)

. e
Central Drift Chamber \
He(50%):C2Hs(50%), small cells, long léve
arm, fast electronics (Core element), dE/dx |

Low emittance gun

Low emittance electrons
to inject




| Belle and Belle Il Datasets

A . S f M qsq:l}ﬂ*n” M H - Asymmetric electron-positron collider at Y (4.5)
A . é f f/\[ S ﬂ_ I:| ki) NI D/ E' 0O . Target instantaneous luminosity: & = 6 X 10°° cm™2s~! (30x KEKB)

A A~ , , . Max instantaneous luminosity: & = 5.1 X 103 cm™2s~! (World record!)
A. St wSthlblnédmwmn b c

Belle Il Online luminosity Exp: 7-42 - All runs
Integrated luminosity of B factories Integrated luminosity
_1 _ 200 .. - Recorded Weekly T PP, 800
(tb™) >1ab! o —— [ CRecordeqdt = 804.87 [fb~] .
1200 : | =, 17.5 e 700 '_I'
: On resonance: > Y
—KEKB ~ ——PEP-| Y(5S): 121 b} 2 =
1000 | Y(4S): 711 ﬂ)_l c 15_0 R ———— . 600 %
Y(3S): 3! 5 2
Y(ZS): 25 ﬂ)_l > 125 b esnennsesieannsatssaennntstensatssennsnsnstnanssssternnssiansnndgontansslhicansnnnssassnnnsesisannterssasnnrsssssnntssesndlsnioncesnntncenssisrnssisntannnsares 500 E
800 Y(1S): 6 ! é g
Off mson.!scan: 3 10.0 B PSRRI N IR S | || USRS . 400 8
~100 fb* b g
600 E 75 1 AR RTTPRRRRRTTRR 5 | SRR | DU | | RPIRTSTIRRPRTN | . 300 P_’J
> £
~ -1 2 ©
i 550 fb € 5oLl e B . 500 ag
[+ o ) R S SN SN SN S —_— On resonance: = =
Y(48): 433 fb g L5 iy W .
Y(3S): 30 b : 100
200 Y(2S):14 '
/__/‘_// Off resonance: 0.0- T | 0
i ~54 fb! o " % ™ 5 ©
V]S P S SRR S S S L . L
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 Date

a2al RIFGHIKS3 BBIE ¥ B3 IS 56 St p sx8 0
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+ - e*e- Annihilation
ete : | ©
Qz kr OC Z Dh ) + Dh ( 2, kt; Qz)) + / ::dron

ep 7 quark
* No PDFs necessary e /

S~

* Clean initial state, parton momentum known at LO  ¢X \‘S:Hadron

* Flavor structure not directly accessible*®
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Unpolarized ingredients Polarized ingredients Flavor sensitivity
Single hadron cross sections: Azimuthal asymmetries: Unpol SIDIS, pp: L
+ — + _ ! . dz
ete” — h ey ete - (WX
1 . (2, QE) L(l 22 PRD92 (2015) 092007
* (2,Q%) PRD101(2020) 092004
PRL111 (2013) 062002 PRL 96 12-0061 232002 and scale dependence
PRD101(2020) 092004 PRD 78 (2008) 032011
Transverse momentum dependent FFs: Transverse momentum dependent Polarizing A fragmentation
ete™ - (WX asymmetries
ete™ = (h)(h)X, LA 2
h 2 -
DY (2, kr, Q) cos(¢s + $2),Q, Dy 4 (2 k7, Q7)
‘Hl .4 (}3’ "E‘T: Q )
PRD 99 (2019) 112006 PRD100 (2019) 92008 B PRL 122 (2019), 042001
Dihadron FF (IFF)
Unpolarized ingredients Polarized ingredients HF/resonances/hyperons
Dihadron cross sections Azimuthal asymmetries: ete” - (pt,p%w, ¢, K, K0 K,
ete™ - (hh)X ete™ - (hh)(hh)X, n,D% D*,D*°, D**, D}, D) X
T’if’z (z,m, Q%) cos(¢1 + ¢2), PRD 111 (2025) 052003
HILL ha, d(,,Q , Mp,) ete” - (A A, Q,3,..) X

PRDI6 (2017) 032005 PRL107 (2011) 072004 PRD 97 (2018) 072005 7
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. FIG. 9. Production cross sections as a function of x, for p*, p% @, K*+, K*0, ¢b, , K%, and f,,(980). The ¢b and f,(980) cross sections

d:ﬁp E X B x A:{,’p EI'EC x Eacc X ELOWP X EISR are scaled by a factor of 8 and 4, respectively, for better visibility.
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|'Yq3cyazb&§:a1~ 4=t et d=j 630047 ﬁb#f

Analyzed 102M T(1S) 4 158M T(2S) events .. 2dzy R —
& @ (b)
§ ? :_egllel‘((lst)jaln(d‘(b(_25)r:ata g {  Belle Y(15) and Y(25) data
. . . —_— _ _ —-— Signal model (arbitrary normalisation -~~ Signal model (arbitrary normalisation)
@ Search for peaks in invariant mass near =%p, Q p, Q~n thresholds. & ”
P P P e .
©n " \ A1 \ N ev ey Y ey o
O (* w0 (h AR (h )M (m M h ¥ S o
No significant signal observed in any channel £ 2
>
.. . . w R e N
(* ) Set 90% CL Upper |ImItS on the branCh|ng fl’aCtlons 520 225 2.30 235 2230 2250 2275 2300 2325  2.350
N M(°Ap) (GeV/c?) " M(=p) (GeV/c?)
B < Ny g o "' ' ‘ @ | |
L Belle Y(15) and Y(25) data elle Y(1S) and Y ata
2NT(15‘)+T(28 Erec H BSub. ’ E === Signal model (arbitrary normalisation) e _i_ :ig”nal f.ij;d {(:arb(iztfa)r;j normalisation)
O]
[ T T T T T 5
B(Y(1,2S) - d anything) - . _ —6y 2 10
St il A~ O— Upper limits: O(10~7) to O(107°) s }
Binding energy scan — = ; | W
— c
105 e Range: —30 to +30 MeV —— Q7 p | - .‘” . ]
5 (stop 2 MeV) RGN . bSﬁ.SELJSNJ\YSYU “33 )\y,\l_| i
. Ydzt 0 A RANIWRSR Y F2 me‘ LA)’%J&/C? y: M) (Gevies)
o 20
(*)] | 2 ~ ~ ~ > o (e) P ~ V4 . A~
2ok m , KSf LJA RAA&aONRM YA R U §§37§§33§?$.§33n‘2ma@.0§ Sy
] e O2YLISGAYy3I (KS2NBIAOIf Y2RSTt A
8 10 ~ 1 P A
., CdzidzNs . Sttt S LLE RI'}I'..'II' g At AYLINR OGS
ol |7 ASyaAGABAGSR AN
-30 =20 =10 0 10 20 30 Q
Binding energy (MeV) & T
2.50 2.55 2.60 2.65 270 M H

M(=~A) (GeV/c?)
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tWI\[loZmo MCb-II'II'DHp

. §_ e Q(2109) + D al _§
Confirmed by BESII | (@lGow st % 7 o T:Ij.’;f'g“ resen @
&: 80:_ =00 SEERs Simultaneous background fit =
= S 70F =
L~ i D (a) % - 5
v wf E'K D = 60F BES]]I E
> - L o =i _—
g 120 :_ : + BELLE S 50g
:‘)' 100 — +{ + X + + + 2 405— ]
& ’ / / = =3 =
GC, )] vr Ll 0 ) r : « { O 30: 3
S 80 pfg 0 Tl T J al" ® ot e ST ‘ > = ]
'}"T; 60 . + + * i sa} 20; =
g:: = 1 h’ 106 L E
Q 40; L y .I-ll-“.\t ||||||| i;-; L L-1"_LJ.‘T'J—1“-| Ly docnd gy o
©  0E 95 16 17 18 19 2 21 22 23
= R PP I IS I RM§+M§+-m§+(GeV/02)
&,  350F b —~
S 5 (b) %, 7000} (©) _ i
: 9B > | % arXiv:2502.18063
o 250) = | u-'l'=
p: 200 §6500j ALICE g By » H |
g 150 w L g 1.:,_1'1: I o i ‘ll :,;
- = [ | 7.‘|7 -1 + +++ i
5 100 & 6000 o
Q 50 I |i-“;:' ; +
= Y O -+ Same-Event Pairs
N
9 1.95 2 205 2.1 2.15 2.2 55002 : — Fit: Signal + Bkg.
M(Z K) GeV/c? --Fit: Background
N , 7 PN A v v | I S S I T S R
KScmpgla AydSINLINBIGGRI NR (o NB 2y 2NE T 2 o 21
2f S®dzf S Maxo (GBVIE)
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The Flatté-like function [PRD 81, 094028 (2010)]

g,k (M)

T,(M)=

Events/3 MeV

Events/3 MeV

j=2.3

(M —moaoia-+3 2 gLk, (M) +ik,(M)]|?

60 — (b)

Jn is the effective coupling of to the n—body final state.

k,, and K, parameterize the real and imaginary parts of the
Q(2012)" self-energy.

Events/3 MeV

(c)
20

15

10F

LI
0

1.95

The mass and ratio of effective couplings :

Q(2012)™ mass

(2012.5+0.7+0.5) MeV

g3/82

22.9137342.2

=ErK _
REK -

B(©2(2012)~ — =(1530)K — =Z7K)

B(2(2012)~ — EK)

[']

0.994+0.26+0.06

O (CopRO ¢+t mcmpe nj]

r 500
@ 150 ;
> 40- > f > 400¢
2 | s I -
o _ o 100} a 300
% 20} ‘% % 2005
> L > 50,—_ Lﬁ [
= 3 = r 100F
g 1.95 . 2I 2.65 2I.1 2.|15 2.2 qg 1.135 é 2.(|]5 2I.1 2.|15 2.2 qg 1.‘:35 é 2.65 2I.1 2.|15 2.2
M(E’n%K') (GeV) M(EK) (GeV) M(EKS) (GeV)
Mode e (%) Y
Q(POIZ)— — Z(1530)° K~ = =2 2t K~ 6.97 +0.07 267 + 60
Q(2012)” - =(1530)" K? - == 7"K" 1.06 +0.01 T+2
Q(2012) - E(1530)"K? - =72~ K" 1.74 +0.02 23+5
Q(2012)” - E(1530)° K~ - E' 2K~ 0.63 +0.01 12+3
Q(2012)" - Z°K~ 4.00 +0.04 242 +40
Q(2012)" - =27 K" 15.5+0.16 293+ 65

Mp
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UA trace of a peak gt macstsurs@eicsd rabnsemv edPei mrtlv
n “ decay by the Belle. t Wl EST M M\ C
ULHCb performed anvalmwl“i t uMesiamiall yrsi st mdcture |
the structure using a BW form Wittlwﬂrﬂz.ylMHﬂflb-ng%SS

10°
[PRL117(2016)011801] .« .~ A E —_—
T e 10 S 1o l | | T | d}A*< /}A
A123) 4% W 8 A+{d/ K AC{ {Q}
[ What's this? 1] @ gf "ﬁ; }TC N 1670)
4: = . 9 I d d}7T
%3‘5__ _:"_0'8 § 6 I ] FIG. 1. Feynman diagrams for (a) a new A" resonance and (b) a
=~ :io . _'8' i 1 visible Az threshold cusp enhanced by the A(1670) polein A} —
2 [ o = -
® sl k = 41 : pK~nt decay.
[ losa O I
25[- » 21 |, Two approach to de:
L A(1520 ‘ 03 e e J BW f_ uncti on
2540505 T2 14 16 e © 2 25 3 35 4 45 k FIl atf unct i on

MK %) [GeVicY)

m2(pK)[GeV?]



| From the perspective of a new resonance

wt w52yn ¢ m aHUTIH 6

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

» Fit to M(pK™) distribution using non-relativistic BW

function.

dm

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

Reduced x?/ndf = 328/24
= 1.35

* Not very good °F 0, I,g } I B ok 1
. S 2l b Lol e 15 2k [nﬁh S {a; ’ J,Hmu
especially near Ol T lﬁﬁ‘q?"fr“*']'grruw_; ZF 'i‘ W ¥ "'fnm-"n%“ b
the peak_ 155 16 165 17 175 155 16 165 17 175
M(pK) [GeV/c?] M(pK) [GeV/c?]

—_

Efficiency-Corrected Events / 1MeV/c? &

20

10

—_

Efficiency-Corrected Events / 1MeV/c? T

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

dm

N x |BW(m) + reie|2

20

10

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

Reduced x?/ndf = 308/243
= 1.27

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

N )2 = 1 ’ > The best fit with y?/ndf=1.06 (257/243) is obtained at m=1674.4 MeV/c?

dm m—mg + 5 (I + Gank)

e o » The measured: I = (27.2 £ 1.9739) MeV, g, = (258 +23%55) x 1073

Our measurement A(1670)
20 [PRD 103, 052005 (2021)]
] mass Fix mf =1674.4 MeV/c? (1674.3 + 0.8 + 4.9)MeV/c?

10 A Total (50.3 + 2.91%42) MeV (36.1 + 2.4 + 4.8)MeV

[ ] width

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

----- fxre+fxre™

.-

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

Strength [arb. units] Efficiency-Corrected Events / 1MeV/c?

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

» The obtained parameters are consistent with the known properties of

2_ éx ? . . i% o2 o L B .
= Coamal bl bl g A(1670). (See Duan, Bayar and Oset for a theoretical
& O %?g’ 5‘% ?ggg“égﬁ??f?f?g%g%ﬁ%gg %%ﬁ%“ %%sgé interpretation of this result. Phys. Lett. B 857
_2 L . : . . .
. - L S U FI r st | dent i1 f1 cat i % 13%%3f a t hr es

M(pK) [GeV/c? in hadrons from the spectr Um st
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Cusp candidates are observed iz,

M(Ar ) [GeV/c?]

(a) (b)
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