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SuperKEKB

SuperKEKB and Belle Il e
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L =6x%x 10 cm™2s~! (30x KEKB)
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... Nano-beam design:
il Beam squeezing: X20 smaller; Beam current: X2 larger
Target peak luminosity: KEKBX30
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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
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| Belle and Belle Il Datasets

Belle (1999 - 2012)
Belle Il RUN-I (2019 - 2023)
Belle Il RUN-II (2024 - 2026)

Integrated luminosity of B factories

1200 !
|—I(EI(B ——PEP-I
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199871 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

200

>1ab™!

On resonance:

Y(5S): 121 b !
Y(4S): 711 b !
Y(3S): 3!
Y(2S): 25!
Y(1S): 6 !

Off reson./scan:

~100 !

~550 fb™!

On resonance:

Y(4S): 433 !
Y(3S): 30 b}
Y(2S): 14 b !

Off resonance:

~54 fb!

Asymmetric electron-positron collider at Y (4.5)
Target instantaneous luminosity: & = 6 X 10 cm™2%s™! (30x KEKB)

Max instantaneous luminosity: & = 5.1 x 10>* cm™2s~! (World record!)

Belle Il Online luminosity Exp: 7-42 - All runs

Integrated luminosity
20.0 7" mmm  Recorded Weekly

—— [ LCRecordeadt = 804.87 [fb~]
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5.0 1 200

Total integrated Weekly luminosity [fb~!]

2.5 A1 100

0.0 -

Most data at or near the Y(4S) resonance, some below/above Y(45).
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Outline:

® Fragmentation functions [PRD 111, 052003 (2025)]

® Scarch for ZYNand 2~ N dibaryons [Preliminary]

® ((2012) —» Z(1530)K [PLB 860, 139224 (2025)]

® Threshold cusp [PRD 108, L031104 (2023), PRL 130, 151903 (2023)]
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| Fragmentation functions

Fragmentation functions (FFs) describe the probability of a high-energy parton (quark or
gluon) hadronizing into a specific hadron.

® Correlate a hadron in the final state with the partonic interactions:

® Closely related to confinement mechanism

® Denoted as D}'(z, Q?), z: momentum fraction

ete: e*e  Annihilation ©

Q2 kr OC Z Dh kh ) Dh ( khQ )) ./::dron

7 quark

* No PDFs necessary """"""
antiquark

* Flavor structure not directly accessible*
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| Single/double hadron Fragmentation functions ==

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




PRD 111 (2025) 052003 (Belle)

| Production cross section: ete™ - hX
Pn

Light hadron results: e*e™ - (p*, p% w, d, K*°, K¢, 1, f1(980))X at 10.58 GeV Oproa(Xp), Xp = .40

2
B Signal extraction: s/4 —my

00
BOOF Koot 12713922040 | - a'r 1038703 £ 1760.0 p'o r*z®  62886.8 +2783.9 | 6000 *rn0  42884.6 +521.9 k : H H h
oo : ; - o S ‘ ® Peaking structure seen, increasing with mass as
oo 12INDF 1.69 “smﬂl ok ¥?INDF 2.11 o x*INDF 2.16
1000 o 4000F 3 »
T expected
600E oat 2000 iy, e N 2000 7
4008 M 1000F i e F %\
e 1000F- te B - 1000 "y
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B e R YT Y- T Y R Y R R R b o R R O VR R R Iy 0 505 . SystematICS dom | natEd for d ” measu rementS.
M- Mo [GeV] - Mg [GeV] - M [GEV] - My [GEV]
r - 4000
8000F KO, K'x7  70440.6 +734.1 ::: K*- K'z® 238952 +505.5 so0F ¢ > K'K 18226.9 +211.1 3so0f 11— 'wn’  15487.6 +184.2
5000F 3 3 : 3000 . .
FINDE 314 | ok NoFase | 0 ~mr2z2 | @ \/ector mesons extracted for the first time at B factory
Eiannn- 21500 ) \ 25009 Ezmm .
2000) : 1000 G . 2001 | 1222 ene rg 1es
1000 I, s00f- o R, 1000 A\
i E— Mh"__‘ I—" "}%_,_‘_ . - - 503
ORI s o s BB R 7 R TR R R R B 3 505 Tl F F
M- Mg [GeV] 1 - Mg [GeV] - Mo [GEV] - Mo [GEV] . E 2 Bl
F S500F . E £
Z00F £,(980) 'm  10568.5 + 325.4 a0k D' Kr*n* 255141 +197.0 :ggg D’ Kz* 432687 +238.7 Dl (K'K)* 7% 2018.2 + 50.4 E o E ‘
E - 400 - + - e = o
2o 42/NDF 1.89 2500F #*INDF 2.19 3000 . x?INDF 3.09 43 2INDF 3.0 it L § : [
o 1500F ﬁ 2500f -] iy E E
k] b >2000f k- - S E
moum 1500 3 : %
soof- o - F I
B of : : = 1 g =
—0,‘08 —O.Iﬂ-é —()‘Iﬂii —(]I02 (I! 0.52 —0‘04 —0,‘02 lI] (!,(.]2 D‘(IM —UIM —(),IGZ 6 U.(‘)? U‘(I)4 —D‘Iﬂd —0,‘02 UI U‘(‘]-Q 0.‘04 5 I lhm.
m - My [GeV] m - My [GeV] m - My [GeV] m - Mg [GeV] L b slasadt. 1 L L L

h B

5 5 | m|f,(980) (x4)
&

B Correction: luminosity, BF, x;, width, acceptance, efficiency, § oot --“%-. .
2000F ., .
ISR 10005— ."-._.‘.. ig b eeee, e
R - v R o s

P — _ X, X %o
. 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.

X, [pb]
P
(=] o
o o
(=] o
T T




| K™: Charged to neutral ratios

PRD 111 (2025) 052003 (Belle)

B For K** and K*°, FFs should be isospin symmetric

B But difference appears, charged exceed neutral

do.’dxp [pb]

[& o® — PYTHIA (LEP/Tevatron tune)

* pt PYTHIA (LEP/Tevatron tune)

P e Reee:
0.1 0.2 03 04 05 06 07 08 09 1

Xp

Cross section ratio
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* (KT e PYTHIA (Belle tune)

cross section ratio
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Xp

2= p*/ p Belle

1.85— : p*/ p? PYTHIA (LEP/Tevatron tune)
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1.2

0.8

0.6 |

2 « | K"K Belle
1.8 e KK PYTHIA (Bellejt
1.6 ) ;F}Hf DL

.........................................
0 0102030405060708091
X,
p

Charged and neutral p:
» Higher x,,, consistent with isospin symmetric
» Middle x,,, excess up to 20% for pt over p°

Charged and neutral K™:
> Enhancement of K** production over K*°
> Increasing with x,,

In MC simulation:

® Strange quark fragmentation appears to be equal
for both neutral and charged K*

® In the eTe™ annihilation initial process, uti and dd
pairs are not produced equally (due to eé weight),
resulting in a difference in the cross sections

(Favored fragmentation u — K vsd —
K different)



Search for Z°N and Q~N dibaryons



Preliminary

Search for 2%p, O p and 2 n bound states from Y(1S,25)

decay at Belle

For ZN system:

» lattice QCD and chiral effective field theory indicate a moderately attractive
interaction, but insufficient to produce a bound state

* Agreement with the Zp correlation function measured by ALICE

» Phenomenological models allows a stronger attraction and predicts a bound =N
state (binding energy ~1 MeV)

For QN system:

» Stronger attraction than in the ZN system

» Measurements of the £2p correlation function by ALICE indicate a strong attractive
interaction

» Lattice QCD and constituent quark model suggest an attraction sufficient to form a
weakly bound (2N state

Direct production in Y(1S, 2S) decays provides a clean, gluon-rich
environment to search for near-threshold peaks

Clk)

Clk*)

“ALICE (2020)
&

Bl ~uicE data

Iq - Coulomb

Coulomb + p—=- HAL QCD
Coulomb + p—Q2~ HAL QCD elastic

- Coulomb + p—£~ HAL QCD elastic + inelastic

t I]rl-\[{] - c-‘-: R E
T E—’-] [-’-EIE'_"]

100 200
L i k* (MeV/c)

0 100 200 300

K" (MeV/c)
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Preliminary

Search for Z%p, O p and 2 n bound states from Y(1S, 2S)

Analyzed 102M T(1S) + 158M T(2S) events . Bound ..___Unbound
‘E (?) Belle Y(15) and Y(25) data (t{)) Belle Y(15) and Y(25) data
. . . —0 . . % --- Signal model (arbitrary normalisation) 80 Signal model (arbitrary normalisation)
@ Search for peaks in invariant mass near ="p, €27 p, 27 n thresholds. &
ITe) 60
0 =0 =0 - m— =
M(m%Ap), M(E%), M(E°A), M(Q™p), M(E~A) S )
No significant signal observed in any channel *:E: 2 |
. . . . Lﬁ 3 ‘\\
@ Set 90% CL upper limits on the branching fractions U S I T p T T e T E
~ . M(n Ap) '(GeV/c‘) . M(: p) (GeV/c .)
U & o (d)
B < ’ 2 Ci LA ELR (P TR {  Belle Y(15) and Y(25) data
2NT(18)+T(28 Erec H BSub. E === Signal model (arbitrary normalisation) 15 |~~~ Signal model (arbitrary normalisation)
O
| B(Y(1, 25) - d anything) | | § 10
, - d anything _ _ _ :
L Upper limits: O(10~7) to O(107°) s }
Binding energy scan —— =% ) 5
s | . —— Q7 p | . . o }
) ) 23253 Mig/)to POV Q-n ® New experimental constrainton 3 ) H S 1
. . . 0 A 2 h-L] - 0 i Mt " -
multistrange dibaryon formation e Geviey T My Geviesy

20

(e)
{ Belle Y(15) and Y(25) data
=== Signal model (arbitrary normalisation)

By. (90% CL)

el /,.ﬁ,»\ ® helps discriminate between
competing theoretical models
® Future Belle Il data will improve
sensitivity

1077 E L | | ! | 1
-30 -20 -10 0 10 20 30
Binding energy (MeV)

Events / 0.005 (GeV/c?)

2.50 2,55 2.60 2.65 270 12

M(=~A) (GeV/c?)



2(2012)" - £(1530)K —» EnK



| Discovery of (2012)"

((2012) was first observed by Belle in two-body (£K) decays,
Confirmed by BESIII (low statistics) and ALICE (150).

160
© 140
>
= 120
pi 100
2
5 80
;- 60
E
s 40
20
019 350
> 300
s
0 250§
N
g 200
- 150
c
e} 100
5
S 50

The Q(2012) was interpreted as a standard baryon or a 2(1530)K

molecule.

0K~

5o I|II[|III|III|E

i
;!
b

D (a)

BELLE

I|IIII|I| Illllllllll T

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

Events / (20 MeV/c?)

PRL 134, 131903 (2025)

100 LA N R N T T I I | =
90 E_ ———— Q(2109) ¢ Data in signal region _E
E e Q(2012) Total fit @ 3
80 b ==y 000 e Simultaneous background fit =
T0F 3
o, BESI
50 =
40F
s0f-
20E =
10 E B . \ _z
L i .I-ll-“.\L] (] I L1 1 1 i_;-; L L'1'_L_._A.<“»l—‘"|“-| I L .I"I—I J Lol I:
?.5 1.6 1.7 1.8 19 2 2.1 2.2 23
- 2
RM_+M_.-m_. (GeV/c?)
& 7000/ (©) i
% ‘ % arXiv:2502.18063
= :
~ 6500 ALICE B b
= i u + !
L il + ] | it ulld - ¥
| i PR i
g + | T |!|. . + + H I + #
(3 60001 i -n
I A
L 3f (| -+ Same-Event Pairs
- --- Fit: Background
L U g ¢ g by lgopgopl
1.95 2 2.05 2.1

M (GeVict) M



| 2(2012)" - £(1530)K — EnK

[PLB 860, 139224 (2025)]

Events/3 MeV

Events/3 MeV

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

T,(M)=

g,k (M)

(M —moaoia-+3 2 gLk, (M) +ik,(M)]|?

j=2.3

Events/3 MeV

60 — (b)

* gn 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

40

20

The mass and ratio of effective couplings :

Q(2012)" mass | (2012.5+0.7+0.5) MeV

g3/8> 2291172422

00 B — L2 o
@ i RERR B(Q(2012)~ — Z(1530)K — EnK)
C 400F = —=
o S ok R B(2(2012)~ — =K)
o 100} ™ Sl
I il I
5 I § 200f '
u:j 50'— Lﬁ 100
= 2.65_ 21 215 22 (‘?._9 195 2 2._('}5 21 215 22 0o 2 25 21 215 22 099i026i006
M(E’n%K') (GeV) M(EK) (GeV) M(EKS) (GeV)
Mode e (%) Y
Q(2012)" = Z(1530)°K~ — E- 2" K~ 6.97 +0.07 267 + 60 ” +
Q(2012) — =(1530)" K° — =~ 29 K° 1.06 + 0.01 742 Do (2317) - D7y = 0(2012) - Qy
Q(2012)~ — =(1530)" K" — =07~ K° 1.74 +0.02 2345
Q(2012)~ — E(1530)° K~ — 2070 K~ 0.63 +0.01 1243
Q(2012)~ — Z0K~ 4.00 + 0.04 242 + 40
Q(2012)- — =~ KO 15.5+0.16 293 4 65 15




Threshold cusp



| A peak at A threshold

> A trace of a peak structure is observed in the pK ™~ mass spectrum in the previous analysis of AT —
pK~m™ decay by the Belle. PRL, 117, 011801 (2016)

» LHCb performed an amplitude analysis of AY —» pK~m™*. A similar structure is also seen. LHCb explained
the structure USing a BW fOI‘m Wlth ﬁxed mass and Wldth PRD 108. 012023 (2023)

x10°
T

L /'/}A
: A+{d%d3n <K Ac{ /gqin NG

] FIG. 1. Feynman diagrams for (a) a new A" resonance and (b) a
1 visible Az threshold cusp enhanced by the A(1670) polein A} —
pK~nt decay.

[PRL117(2016)011801] .
A(1232) “3— 858

T III'IIIIIIIIIIIIIIIIIIII
e '1‘2
™ ,‘..:3
AW
\“ \.‘j

4

aa
on
T I LI

M (pK) [GeV?/c?]
Candidates/ (0.03 GeV?)

lllllllllllllllllll

[
T | LI L]

Two approach to describe this peak:

OIS e g ®© BW function
2 10‘141 1 |0‘6| 1 IUBI L1 - L1 1‘2 - |176| ] 11731 0 2 2.5 3 3‘5 4 4.5 @ Flatt e function
MK %) [GeVicY) mz(p K_) [G eVz]

25F
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| From the perspective of a new reson

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

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

Z 1 E H X1 —]
slind 1 L oLl 81 ke, HEEE
RPY T e

155 16 1.65 17 175

M(pK) [GeV/c?]

—_

Efficiency-Corrected Events / 1MeV/c? T

Pull

dance
[PRD 108, L031104 (2023)]
> We perform a binned least-x? fit to the efficiency-corrected M(pK ™ )distribution

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

,,@i;.,-,,mhl,llklr -*LIJ]A;

4F
i Eml a,!l,[nﬁ’}wguﬂ&u ,Jﬂi!u.P§
2
155 16 1 65 17
M(pK) [GeV/c?]

175

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

Reduced x?/ndf = 308/243
= 1.27

18



| From the perspective of a cusp at An threshold

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

N o 1m)2 !
— m = -

L _
dm |m—mf+7(1"’ + gank)

2] > The best fit with y2/ndf=1.06 (257 /243) is obtained at m¢=1674.4 MeV/c?

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

x']lOS' o R lAnl —
& | ' -relativistic |
2 A Elon’refa VISHE ] Our measurement A(1670)
= ol e att e function [PRD 103, 052005 (2021)]
é [ : i mass Fix m¢ =1674.4 MeV/c? (1674.3 + 0.8 + 4.9)MeV/c?
g oL Kot Total (50.3 + 2.97%42) MeV (36.1 + 2.4 + 4.8)MeV
St . width
i L ' | ,,_ » The fit result with the Flatté function to which the constant is coherently
E 5 — Igreiﬂf B added shows the best reduced x? /ndf of 1.06 (257/243,p = 0.25), while
g e 1.27 (308/243,p = 3.1 x 1073) from the best BW fit.
- L AN - fxre®+fxre® |
R » The best fit explains the structure as a cusp at the An threshold.
7 E S » The obtained parameters are consistent with the known properties of
2 v v . fear s 1 .
= ¢ bl e Lo T A(1670). (See Duan, Bayar and Oset for a theoretical
c O ¥ %%?g‘% ;ggaf’“%;a“%?gfﬂ%‘ggg‘?@ f %%ffﬁﬁ? ( ) interpretation of this result. Phys. Lett. B 857
AU U U First identification of a threshold cusp (2024 139003)

. 19
M(pK') [GeV/e?) in hadrons from the spectrum shape



| Peak at pn threshold in Af — pKIT® i 2s05.00371

o N » A clear peaking structure near the pn
f | | | | . s mass threshold is evident in the
L P E § M (prc®) distribution.
S . £
'?; s _,.-‘"‘-.._ B & » The same effect was observed in the
% 5:— ::'.: —: AZ'- - PKSOU StUdy
L e T . > The similarity of this effect and the An
R L L B ;3 threshold cusp, which was found to be
N VR P R ¥ S ¥ N K BN X B KT MK = amplified by the A(1670) in the pK~
M(pK2nO) [GeV/c?] % system
A , —_——— , L
T 0 > Suggesting that the peak near the
. pn threshold may also be attributed to a
%:‘ £ . threshold cusp enhanced by the
= 8 3 N(1535)+.
4 g 2
} % » A further analysis is planned for the near
i future
V(K29 [GeVc] M(K2r%) [GeV/c?] 20



I Investigation of the At substructure [prL130, 151903 (2023)]

Cusp candidates are observed in Arr® invariant mass spectrain A} - Ar™n* ™ decay

3<103 : : : : : : ><1|03 . . . . . | | . . x10°
) % or . Ny ] % 6F A binned least- x* fit -
L = S 2 I« ]
> o o :;' |
: S oL Z(1385) S T .
zﬁ § : | Clear enhancements near the - ]
é A , e KN mass thresholds b DN o
= 2 L _ 2 -
200w " b uém s 2f w m H wn
8.25 2.26 227 228 2.29 2.3 231 232 1.35 1.4 1 45 1 5 1.55 1.35 1.4 1.45 15 1.55
M(Ar ') [GeV/c?] M,..Breit-Wigner [GeV/c’] M, Breit-Wigner [GeV/c?]

» To interpret the signals as X* resonances, we use a nonrelativistic
Breit-Wigner r/2

x 50
c A pr—
\ \\ IO = Epy ) + 1774
@ b) * Significance 7.5(6.2)c
Mode Epw (MeV/cz) r (MCV/CZ) ZZ/NDF * This interpretation implies the existence of an
(a) search for £* resonances Ax* 14343 £ 0.6 11.5+2.8 74.4/68  exotic state, 5(1435).
AV 1438.5+0.9 33.0+7.5 92.3/68

(b) study K N rescattering with a cusp
21



| Investigation of the Art* substructure

> Dalitz model (describe a KN cusp) [Czech. J. Phys. B32, 1021 (1982)]
> KN cusp is related to the KN scattering length A = a + ib and decay momentum k/ | k]|.

»10° x10°
4zb e by o T ]
= : E > mg 21000 . L6l A binned least- y fit-
o =TT ko) + (ka)? & iy 7 x
4rb b s f S 4 :
— ’ mg ’ 2 3 ; [N e
(1+ ka)* + (xb)? KN 5 | E ol e 1
© | s e
4 . ,.......T....---I-"' e I""-'-'I-'-'.'.-.-.-_-.-I.-:.'-'-'-‘-'f_-,-_.'._.l_._.‘._.r._. ,
Mode a (fm) b (fm) 7>/NDF = c2)_ _ 2r t { HH} b | bl
e Of S5 of f 4#4* i ﬂHﬁw#p | ?H' i hy ;?M gty
+ 48 +032 12240, . 2} I S [ U AR U L L
ZX;‘ (1)22 + 827 0.18 + 85132 32?;22 135 14 145 1 155 435 1?4 1.45 M15 155
M, ., Dalitz [GeV/c"] M, _Dalitz [GeV/c?]

 Many theories predict a cusp here. Dalitz model gives slightly better 2, but the difference is not significant.

— Due to the attraction between K and N in the I=1 * Peak/cusp at KN threshold in A, - Attt

channel
_ _ — Peak? Cusp?
* Obtained scattering lengths are larger than most _ .
: . . — Cannot be identified from the spectrum only due to
theories, but with large uncertainties ooor S/N

(Also, form factor is ignored.)
 More studies should be done with Belle Il and

other experiments. 2



Summary

- Belle Il and Belle hold a unique data sample. Some interesting measurement
has been already performed in light hadron, such as

» Fragmentation function for various light hadrons; Multistrange dibaryons; Discovered of
a new Q(2012) three-body decay, first determined a threshold cusp in experiments.

- Only ~2% of target luminosity collected so far. Stay tuned for more exciting
results from Belle & Belle IlI.

Thanks for your
attention!
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| Data-taking plan at Belle li

Peak luminosity [x10°°cm2s!]

7T — o
i Peak luminosity ]
6k [ e TN N LR | SS— //__:
Integrated luminosity (delivered) :
o w/ QCS upgrade wio QCS upgrade
S5+ [ = inLs2 ' " inLS2
- Projected by SuperKEKB/Belle II ]
P It e o [
d [
/] g s
/__/
| E s
ol

Jan 2024 Jan 2029  Jan2034  Jan 2039

Date

~70

60

Integrated luminosity (delivered) [ab™]

Until 2026, about 1 ab~?! data,
comparable to Belle
Until 2029, about 4 ab~?! data.
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| Belle Il physics

25 L
- Z
g .. 2Yas N
= 20 E
% F .
= i a8 ete” —  Cross section [nb]
E - . & E T (45) 1.05 £ 0.10
o Cr i p
4 e Y(2s) -
= dd 0.40
$ 1000 © - W () 0.919
' - i wpm () 1.148
Q EENT A | f "Il ete(v) 300 + 3
e &Y E A i
S’ 5 N . ’ 4 t" )
b r :l-’ l“* 0-:-.?' Wwe i .M..‘. »
L qq pairs (continuum) -

9.44 946  10.00 10.02 1034 1037  10.54 10.58 10.62
2
Mass (GeV/¢')
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| Belle Il physics
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The Belle Il Physics Book:
[PTEP 2019 (2019) 12, 123C01]
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e’
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.
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®
o
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v
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Unique capabilities of Belle/Belle 11

Beam energy constraint I X
8y BELLE ‘o oo caronsis Soredso
I Y Y, T ——— ‘\”\\\\\\\\\\\\‘\‘.\:
Clean experimental environment: high B, D, K| /////,//////%?Z//f “”ll" \§\§§\\Q§\§Q
. . ' N/ /77 AT
T lepton reconstruction efficiency A/ \\\\\,.-;aas.-.-g-..,” DAL
. @fé&‘o@@@ﬂm&.‘; K N
-':;"'.".‘@Q- —

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

Capability of inclusive measurements

N — Kn~ntn™)
S=——__——="B" — 7(— evit)v

BB produced in quantum correlated state: high

flavour tagging effective efficiency (30% vs 5% @I1.HCb)

The full reconstruction of one B (By,,) constraints g
the 4-momentum of the other B (Bg) / By,
e+
Reconstruction of channels with missing energy =777~ * Y(4S)
J_Bugl
Ejv = Pete— — meg - pBSig] D°
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| Access to Fragmentation functions

* Semi-inclusive DIS (SIDIS):

O-h(ar;a <y QQ: PhJ_) X Z 63(](3:;1%; QQ)D?,q(Z‘} kta QQ)

* Relies on unpol PDFs
e Parton momentum known at LO
* Flavor structure directly accessible

* Transverse momenta convoluted between FF and PDF

* pp: Uh(PT)O(/w )

Z fa(ml) & fa’ ($2) @ Ogar @ Diq(z)

a,a’'€q,g

* Relies on unpol PDFs
* leading access to gluon FF
e Parton momenta not directly known

o (2, Q% k) Zeg (D]f,q(z, ke, Q°) + D?,E(Z,]fta Qz))

* No PDFs necessary

q

* Clean initial state, parton momentum known at LO
* Flavor structure not directly accessible*

SIDIS
o A 3O
lepton k,s ‘ ’ Hadron
Q P
nucleon
P,s quark xP,
helicity *+
pp collisions Hadron
nucleon /,,,/ P|-.1
P1sS, :

nucleon

P,,s,

e*e- Annihilation ©
Hadron

e+ p Ph1

e k antiquark

Hadron
Ph2
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From mass cross sections to resonances
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Analysis setup

Use two/three-particle decays into charged pions, kaons and/or neutral pions

Look for: K. ©tw, p? 2 nm, p*=2nmn, K¥*2>Kn, 02 KK, n=2nnn, o> nnn, D°2>Kn, D*2>Kntnt,
D**>(Knt*) t, D*>(Ktt) n0, D+ (K'K*) ¥, D, *>v(K'K*) 7*; recent PDG values for BR,
consistency tests using D% nw, D% KK, D> K n’, D.*=2> (1 ) K*

Additional Mass constraints for D% from D* decays and for ¢, K, from D, decays

Use X;} P/P.a iNstead of z as fractional momentum due to mass constraints (runs truly from
Oto1l

Analyze on Y(4S) resonance (75% qqgbar productlon + Y(4S) decays, 558 fb!) and off
resonance (only qgbar production, 74 fb™) samples separately, merge at x,=0.55

Analsysis process and sources of uncertainties:
* Calculate yields in 40 x, and 100 inv. mass bins —>Stat uncertainties
* PID correction = Unfolding method, random sampling of matrix uncertainties
* Fit resonances, extract signal yields = BG functional form, comparison to BG subtracted yields
* Acceptance/efficiency correction within barrel, then to 4t = MC stat uncertainties, MC tune variations
* |SR correction »MC Tune Variations
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Initial state radiation correction
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Systematics budget

e Results overall systematics
limited, mostly from tune
dependence, PID correction,
and at low x,(and all D¥)
from uncertainties on low-
momentum reconstruction

efficiencies

* Drop of statistical
uncertainties at 0.55 from
using on-resonance dataset
with more statistics (safe
from B decays above 0.5)

relative uncertainties

o e

uncertainties

-
- 2

=1

| Q| G| =
& o e

— statistical

' upper correlated systematic

= = == upper uncor. systematic

= = lower correlated systematic

pt— n*n®

lower uncor. systematic

w— Tn?

Xp

DI- (K'K)n*

]
y

by PSP 1 1

.........
nnnnn

statistical

= ' upper correlated systematic

= = upper uncor. systematic

lower comelated systematic

lower uncor. systematic



Comparisons at resonance and below

Bl = * Very clear distinction at
e[| — low x,, from B decays
Ei‘.bl". . ""l.... i;. ! u® l.' (] e
ol TT-*' . T " < Consistent for higher x;
”ﬂj%f TE v+ where B decays cannot
R o s contribute
e I — e Similarly for light
0. e e | Lo o
"HFT.-" E fﬂf M ] hadrons except not as

| : pronounced due to
o 'd.'é"é.'é"t')_"i"{i.ls"'d.'é"tj.'i'"t').'é”é_lg;p 0.1 02 0.3 0.4 05 06 0.7 0.8 D.QXP 01702 03 04 05 06 07 0.8 ggip' mUCh Iower Xp FF peaks
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Previous study

[Belle, PRD 100 (2019) 032006]

What’s the difference?
e Choice of E(1530)

50
% 5 aLiD) — Phase space treatment is updated
> S 3 | (i 700 - : .

5| I C i
- = N e 600F - P Dat
S N ; ‘ AN, = = N < Data
2 3 2 l ..r.-"'i ,F|| | ! © - 2 Previcus ¢
3 g 15 At 111 > 500 — e =—Signal MC
( @ 10 ity %) - s 2 f
e L > New: ¢ ¢
| e T e 2300 —iti
- C s z

a5 ~ 2005_ . e ngo’? oo T
b v w @ 00 ettt B R T,
= > 30 ’ | Ozh. m__: ——
§ 5 - l | sl I 1.46 1.48 15 152 154 156 158 1.6
2 i | L o e -
aCJ % 15 ||| Ii:: ||.|!| | “"I “| . lil M(:a TC+) (GeV/Cz)
e o 10 , i }

5 I -

L * Additional cut on kaons from ¢
M(E"nK3) GeV/c? M(Z°n°K") GeV/c?
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Preliminary

Search for Z%p, O p and 2 n bound states from Y(1S, 2S)
decay at Belle

Why T(15,25)?

@ Gluon-rich hadronization: B(T(1S) — ggg) = 81.7%,
B(T(25) — ggg) = 58.8% — enhances multibaryon production (e.g.,
antideuteron observed by BaBar/CLEO).

Key advantages

@ Production distinct from hadronic/nuclear Relevant decay channels

reactions Candidate | Hypothesis | Reconstructed final state
=0 0 _
@ Sensitive to weakly bound or unbound =P Bound ZOAP (_3 bESY) .
tat threshold Unbound ="p with =¥ — A
>tates near thresho Q- p Bound =OA with =0 — 79A
@ Clean environment for multibaryon final Unbound Q p with Q— — K~ A
states Q™ n Bound =" Awith =7 - 77A

First search for =%p, Q p, Q nin T decays .,
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