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| Belle and Belle Il Datasets

 Belle (1999 - 2012) In December 2024
 Belle Il RUN-I (2019 - 2023) WORLD RECORD: 5. 1 x 103% cm—25-1
 Belle Il RUN-II (2024 - 2025) SO .

B Recorded Weekly

>1ab™!
On resonance:
Y(5S): 121 b !
Y(4S): 711 b !
Y(3S): 3!
Y(2S): 25!
Y(1S): 6 !

l
Ly &
QC?
Off reson./scan:
~100 fb*
r ~ 550 fb!
On resonance:
Y(4S): 433 !
Y(3S): 30 fb™*
Y(2S):14 b !
Off resonance: 0.0 -
~54 bt
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Most data at or near the Y(4S) resonance, some below/above Y(45).
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Outline:

® (1(2012)" —» Z(1530)K — EnK [PLB 860, 139224 (2025)]
® Peak at An threshold in AL —» pK™mt™ [PRD 108, L031104 (2023)]
® Pecak at KN threshold in Af —» Antnttt™ [PRL 130, 151903 (2023)]

® $(2170) ine*e”™ > nd [PRD 107, 012006 (2023)]



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).

Combinations/2.5 MeV/c®

Combinations/2.5 MeV/c?

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

40

20

j=2.3

60 — (b)

Events/3 MeV

* 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

150F

100§

Events/3 MeV

500

400F

Events/3 MeV

The mass and ratio of effective couplings :

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

g3/8> 2291172422

B(©2(2012)~ — =(1530)K — =Z7K)
B(Q(2012)~ — ZK)

[']

0.994+0.26+0.06

=ErK _
REK -

Our result is consistent with the molecular model of

Q(2012), which predicts comparable rates for Q(2012)

decay to =(1530)K and =K [PRD 98 (2018) 054009, PRD
98 (2018) 056013, PRD 98 (2018) 076012]

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(POlz)— — 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
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Peak at An threshold in
AT > pK @™



| 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
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Two approach to describe this peak:

OIS e g ®© BW function
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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
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| 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)

o 11
M(pK') [GeV/e?) in hadrons from the spectrum shape



| Peak at pn threshold in A7 — pKIT® 250500371

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?] 12



Peak at KN threshold in
Al > At



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

Cusp candidates are observed in Am* invariant mass spectrain A} - An*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 .
‘:a § Z | Clear enhancements near the - """" ]
é A , e KN mass thresholds - it o
= of _ 2F
200w " b uém ] 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 KN rescattering with a cusp
14



| 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. b
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| History

> Babar studied the e*e™ — n¢ process vis ISR using a 232fb~! data sample and an excess was
observed around 2.1 GeV/c?, called the ¢"'.

» BESIII also measured the Born cross section of e e™ - ¢
and determined the resonant parameters of ¢(2170).

My 2170 = (2163.5 + 6.2 £ 3.0) MeV/c?

Fp2170) = (L7 £ 1.1) MeV

+ —
[52170)B($(2170) - ¢n) = (0.241
or (10.115387) eV

0.12
0.07

) eV

aB7(s) [pb]

1000

500

Nominal fit
Without ¢(2170) fit
6.90 #(2170) contribution

} ----=-- |nterference

—&— This work
—é— BABAR 11 - yy[3]
il BABAR n — n*n*n® [43]

. [PRD 104, 032007 (2021)]

/s [GeV]

[PRD 76

o(e'e—¢n) (nb)

(N

,092005 (2007), PRD 77, 092002 (2008)]

(8]
T T

o K'K'yy channel

o K'Krn'nn channcl__
[PRD 77, 092002 (2008)]

| My = (2125 + 22 £ 10)MeV/o
Ml Ty = (61£504+13)MeV |

+

1 I
8]

+1.3)eV

N T B 5 ) = (17 £074
2 2.5 3
E. n(GeV)

> In this analysis, we study the process eTe™ — n¢ via ISR using all 980 fb~! data sample.

17



||V|(11qb) distributions from ISR production " %000l

Events/20 MeV/c?

¢ (= K*K™)n(= yy) mode

T

T

120
100
80
60
40
20
?.5 2.5 3 3.5 -
Mne)(GeV/c?)
400FT L LI B R LR B BRI M
E —— Data
o 30k (a) -
E 300:,_ $(1680) contribution
% E iy e 6(2170) contribution
2 250;— continuum contribution
& 200 3
(2] E ]
"g 1505— E
2 100p ) W 3
w E f E
s0E- ' fub b 3
E *
0- fopopeg b RPN DS e e - &
16 1.8 2 22 24 26 28
M(n) (GeV/c?)
400FT L B L B B B e
r —e— Data
% 350F (C) Fit
- _:_ = §(1680) contribution
%’ 3005 ------- #(2170) coniribution
= 250;— continuum contribution
o E E
% 200E 3
RN :
&% N, 3
50F- ' U 3
E I. K ) e =
9] "2 ST ST I PRI B AL Bl S 4 T\
16 1.8 2 22 24 26 28

M(n}) (GeV/c?)

$(= KK (- ntn~n®) mode

T T T T .
o, 200F (b) -
> $(1680) signal ]
b 150'_— #* / =]
o
S o g
2 1o0f I/ signal -
H ]
2 t¢ ]
E ot /
# ]
5 ]
?.5 2 25 3 3.5
M(no)(GeV/c?)
4QQFTT T T T T TS
E —e— Data
. 350k (b) —
-;2 3005_ $(1680) contribution
() E ------- $(2170) contribution
= 250:_ continuum contribution
& 200F :
7} E c
£ 150F , /
= 100F A 3
W E ¢ ’ E
50F, L =
F * COP
0 | . 2k PR aanal o L = d T
1.6 1.8 2 22 24 26 28
M(n¢) (GeV/c?)
7000 LB B B B S I
F —— Data
G R
~ E < §(1680) contribution
% 3005 -+=+= $(2170) contribution
= 250:— continuum contribution
(=] E E
% 200E 3
2 1s0f :
o = t 3
&% N ;
50F tt E
F Il i) 3
o] = EEPSN WP TOVRI RNt S0 0 b e .o
1.6 1.8 2 22 24 26 28

M(n¢) (GeV/c?)

» No significant ¢p(2170) signal is seen
» Clear J /Y and ¢p(1680) signals.

Perform unbinned maximum likelihood fit to the M (n¢)

» The parametrization for the cross section of ete™ — n¢

phase space of final state $(1680) amplitude

Gnp(V5) = 121Py (V)| Al (V5) + AL (5) + 425370 (y5) 2
l "1

$(2170) amplitude

Non-resonant contribution

» We assume that the ¢(2170) exists, and fix its mass and
width based on the values measured by BESIII. There are
four solutions of equivalent quality, having the same

M¢(1680) and F¢(1680)'
» The statistical significance of ¢$(2170) is only 1.70.
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| Extraction of Resonant Parameters

» Fit results with both $(1680) and $(2170) included, or without ¢(2170). The mass and width of $(2170) are fixed from
the prior BESIII measurement.

Parameters With ¢(2170) Without ¢(2170)
Solution 1 Solution II Solution 11 Solution IV Solution [ Solution 11
¥ /ndf 77/56 85/60
ff’) 1630)3{/‘);680)( V) 122 +£6 219 + 15 163 + 11 203 + 12 75 4+ 10 207 £ 16
ng
M(p(l()go)(MeV/C ) 1683 :|:7 1696 :l: 8
gﬁﬁlﬁx() 0.18 £0.02 0.19 £0.04 0.21 £0.02 0.17 £ 0.04 025+0.12 0.23 £0.10
nq
‘f” 2'7“ B‘/J;”U (eV) 0.09 £ 0.05 0.06 +0.02 167+ 1.2 170+ 1.2
ng
M(p(zl—/()) (MCV/C ) 21635 (flxed)
[p2170) (MeV) 31.1 (fixed)
(,5 1680) (°) -89 +2 96+ 6 -092+1 —-86+7 —87 + 15 108 + 22
¢2170 (°) 37+ 14 —102 + 11 —167 +6 —155+5

» The upper limits at 90% C.L. on the ¢(2170)B
consistent the BESIII measurement.

$(2170)

are determined to be < 0.17eV or < 18.6eV, both are

[PRD 104, 032007 (2021)]
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Summary

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

» Discovered of a new Q(2012) three-body decay, first determined a threshold cusp in

experiments, measured resonant parameters of ¢ (1680).

- Only 1% 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 Il

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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| International Belle Il collaboration

Philipo 1
Philippines.

Beihang: Beihang Univ.(BUAA)
iy Fudan: Fudan Univ.
iy HNU: Henan Normal University
HUNNU: Hunan Normal University
IHEP-China: Institute of High Energy Physics(IHEP)
JLU: Jilin University
LNNU: LiaoNing Normal University(LNNU)

NNU: Nanjing Normal University

Papua New

Nankai: Nankai University

SEU: Southeast University
Shandong: Shandong University
Soochow: Soochow University

Belle Il now has grown to 1229 . ofScienesand Technloay o China(USTC)
researchers from 28 countries/regions.

ZZU: Zhengzhou University




| 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

H?i’_’jﬁlrs
New hadron states Zb's, b bbar juon o Up“"?o
: ')fs‘r
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L, ,
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—10Nium,. lik S
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&
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2 New Ha
g+e- ~>ISR, pi+ pi- cross-sections (B2) drop, . oc
\"790 Sag,
: HoNS L~ -
Spin Fragmentation Funct 2 ‘-‘h;e
o d e ;
o
Unar_e“‘?‘_gi :
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Invisible 7 ¢ 25
ipp 'y
D k H i Cark Poeey park$esis
a r Iggs Heavy tau neutrinos
S 4
: A0 :
_LP"(L'.)r.-'L'.'Jed P2 00\7,‘? g
- 0 e
Magnetic MC 3\@ Tau mass, jir..
we s & A o
1;“3??':'\5«.\:-,‘.' Tau Spectral L'uﬂc“ons &S i’?
<2 ‘Q?
Lepton Flavor Viclation (LFV) Q\l’
<

T physics

The Belle Il Physics Book:
[PTEP 2019 (2019) 12, 123C01]

A in Charm

S N 108 Fractions, Dalitz analyses
o Charmed baryon
Nbp “Plon flavor violation
< ‘dt‘,Ca_Vs Np\eas;\“ﬂme"“
e’
QN

\Kdmlufrom enguins )

.
s\\it:\'l‘\lum Extlusive measurements C KM m at rlx
sl 6\@‘\" & "{’)(*
&
d&h a{,"\"‘% U ny, MIU_‘H@[L - e I e m e nt

12, D012, anma
P

Time Dependent Measurements Direct T violation

New ohysic.
(LSS phases in b->s; B->ph Ks, D->eta’ Ks

ct CPV, isospin sum rules

Lepton-Flavor
universality

B,JK_P;‘ Ml QIE

P

Q‘b
2
®
o

& x> pamma anc radiative penguins, B-->K(*) nu nubar

v
o Y: right handeg ‘

e, -currents, triple products

— I,

% i\ﬂ:[_m‘—"-m—c(s‘“_‘.",“" >S5 NU nubar

2 B rare decays

minations
Cca _ma deter
S ;A

A“E‘
Weha
larmed resonances
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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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* ISR allows to scan
the mass of the
final state in a very
clean environment

Quarkonium Initial state
decay/transitions radiation

nt @
P
)_ +
£ X e
T

* Photon quantum
numbers must be
conserved in final
states to be created

Two photon
a: production

- P Also, particle production in
=t fragmentation g>hX

charmonium
J even e-

C=+1
e+

cc states produced
without additional

i sy ans )y @ Different sub processes access
look at recoil mass different JPC States and mass ra nges

* Very rare process of creating double
charmonium pairs, but dominant
prompt J/y production process
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Virtual state & threshold cusp

* Molecular type state -- when interaction is not
strong enough to make a bound state, there would
be a virtual state.

— E <0 (bound??), but in different Riemann sheet

— Appears as threshold cusp instead of usual Breit-Wigner
peak (in the narrow sense).

— However, identification is rather difficult
due to experimental resolution

* Are there really such states?
— Pointing shape is not confirmed yet.

"threshold cusp” IETEYIEUIZAIREERNE (threshold) ML, FHLEVNE (NSGIEE. TR, S
27%F) HIAEFTRIRSIRSEE (cusp) . XMIISEERTHIRNEERT TS EA TR
7.
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Fitting the M(n¢)

« The parametrization for the cross section of ete™ — n¢

2
0,6 (V) = 12175 (V5)| Ay ™" (V5) + Ayg PAEOWS) + Ay ? 27O (V5)

Ape""(\s) = ay/s™ is used to describe the non-resonant contribution

,160, )
0(1680) \/—) \/mego e +f580 \/ [4(1680)/ pr)(p (M whm)) (1680)
uw o( )" @ ) \ '{3(1680} - \/_F¢ 1650 \/E)

Pr k+(892)(V/5) Prs(V/5) é
& I' : 23”
d’(lbw)(f) i [Ph'h"(892) (M ¢(1680)) 'pw(n 1 ¢»(1680)) #1509

n¢ KK*(892)
+(1 -~ B«:i?lﬁﬂ()) - Bq‘:(lﬁﬁ()) )]

KK*(892)
B¢(1ﬁsu_) +

Brp(mso)m*(m) R 2 X B¢(1680)n¢ from Ref. [1] directly

A92170) () \/3 [ete- VLoeimo)/P Mg(mﬂ) ™) B(p)
ne @(2170) gb(2170) ,\12(2170) 1\/_F (2170) B(])’)
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ko andx are PRD 81, 094028 (2010)

2
20, q(M) qg(M) — £-)(2+1)/2
ks(M) = 2 f pAdp x ah ~ 3,). —
2mpp Jo (Mg — q(M) + £-)2 + G (a(M) — £-)%+!

k3(M) = r(q(M)) + £'(q(M)) — K(q(m)) — £'(¢(m)),

Mg — Q(M) + zip

k(M) = L/ p*dp x
Thp Jo (Mg —q(M) + £-)% + 9 (q(M) — T a1’
00 »° (20+1)/2
H}!(M) _ gi / p2dp x ( U-P M))
21y J/apip (M) (Mp — g(M) + £2-)2 + & (q(M) — )2+t
mg(My+mg) .

Here. g(M) = M(EK) — mg —m,, —my, g(m) =mg 2012y~ — Mz — m, — my, piy, = T

the reduced mass of the ZK system, Mg = mg(1530) — mg — my is the mass of the unstable
constituent, the coupling gy is 'y / El+1 /2 ( (g is the width of Z(1530)), the orbital angular momentum of
K in the Z(15930)K systemis | =1, and pis the K momentum in the Z(1330)K center-of-mass system.

The functions k, and k., are identical to k5 and k5 with =(1530) replaced with =, followed by = — A



| 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(l 670) pole nearby.

» We fit the efficiency-corrected M(pK™)distribution using a non-relativistic (2 ggg_ : - T " Jaso
Flatté function [PLB, 63, 224 (1976), EPJA, 23, 523 (2005)]: 0E [ } { + .
06E { * —360
— o |f(m)|? = il 3 ”HH Einl
m m—mf+7(["+g"m,k) 0.3 l_i —320
0-2E- } ]
: : . 0.1 oo —
* my is a parameter corresponding to the nominal mass of A(1670). = ? i * : { % Ce =‘300
» T’ is a parameter for the sum of the partial widths of the decay modes (b) 0.5F < | } _:400
other than An, and is approximated as a constant. 04F- | f } ]
* k 1s the decay momentum in the An channel, and g, k represents the ' } } ¢ :350
partial decay width of the An channel. o 0‘35_ ; ; b t bt fit with 17 %
. . 0.2 ¢ x2/ndf = 1.06 at my =
» We fix my when we perform a fit and repeat the fit with various mg : | g b ! 1674.4MeV  —{300
values. 01 : Lid / -
ot }66 “665 1|6% e T 250
» We take into account an interference with another S-wave amplitude m, [GeV/c?]
such as a tail of A(1405). We perform a binned least-y? fit with the Figure ;g 4,k and x? from Flatté model (a)

. . dN ig|2 . . :
combined function, — X |f(m) + relel : without and (b) with the interference as a

function of fixed m¢ . 31



||V|(11qb) distributions from ISR production " %000l

» The number of the n¢ signal events we obtained is

- 064FT about seven times of that in the previous work.
P 0.62E
B o ! T 065 [PRD 77, 092002 (2008)]
L > osef No significant ¢(2170) signal is seen.
® FET S o567
E 05E= % ook There are clear J/\ signals in both the m*m~n® mode
s 3 E k. .1 . .
0.4f = e e i a and the yy mode, and the branching fraction are
0.3l iean 5T od6f  laoliian i id  determined to be
’ 1 1.02 1.04 1.06 099 1 1.01 1.02 1.03 1.04 1.05 1.06
M(K*K ) (GeV/c?) M(K* K )(GeV/c?)
B(J/Y —nd) =
prod + + 0
¢ (= K*K™)n (- yy) mode $(= KK (- ntn n®) mode Oisr X L X €XB(d— K*K™) x B(n - yy/n*mn")
0 o o ] = (0.71+ 0.10 + 0.05) x 1073,
o 1 ~_ 200F (b) T
s 100 > 1680) signal : . .
e 80 s 150} #H q} ) signa . which agrees well with the world average value
2 & I ] -3
g e 2 100f w I/ signal 1 (074- + 008) x 1077,
2 40 g ; ! '
" o osop "##! ,/ ] S 40:
05 2 25 B as ?.5 > 25 3 ab § i { Fit to J /4y signal
Mno)(GeV/c?) M(no)(GeV/c?) 3% sl '
! .
“f]l-é-ll *
89 3 32

M(no) (GeVic)



| Cross section of eTe™ - n¢

» The cross section of e*e™ — n¢ for each

M, bin is calculated according to —— Belle

’ —— BaBar
% . BESIHI

i

MW« e

6 18 2.0 22 2.4 26 2.8 3.0 32 34 3.6 38
\ s(GeV)

Figure: Cross section of ete™ — n¢ from
threshold to 3.95 GeV.

—_———
——

G(e+e'—>n¢)(nb)
\®)

uﬂ

» The cross sections for ete™ — n¢ are
around 2.6 nb and 0.4 nb at the $(1680)
and $(2170) peaks, respectively.

e =
WI |III|III| IIIIIIIII|IIII|IIII|III|__

s
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