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Overview

@ Quick intro. to Belle & Belle Il

Meson Baryon

@ Charmed Pentaquark searches
v P — pJlyin Y(1S) and Y(2S5)

v P.(4459)° = AJ/yin Y(15)
and Y (25)

Molecule Tetraquark

Lot Y

Hybrid

® Updates on Y(107353)

@ Closing

Glueball

Pentaquark

from Yuan & Olsen, Nature Rev. Phys. 1 (2019) no.8, 480-494
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eTe™ collision near Y resonances
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Search for P states
in pJ/y
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mOtlvatlon @ Charmed pentaquark (P,) states have been

discovered by LHCb.

ZiD >:D* .
:  pRL 122, 222001 e P (4312)", P.(4440)", and P.(4457)" in
1200 - 5 : (2019)
" —data LHCb Ab - K+plly
% - — total fit : , . . 4+ —
= 1000 _ background @ not possible to confirm with e™e™ B factory,
g 800 [ , e not enough energy to produce /A, pair
S 600 e ‘L'/ 5 I\ o e OTOH, deuterons are observed in Y (1)
g i A by ARGUS, CLEO and BaBar.
= sy PO |0 ® Why not then look for P, in Y (nS)?
200 - = |
A L @ Belle has world-largest sample of Y(15) and
S ————— Y (29).

4200 4250 4300 4350 4400 4450 4500 4550 4600
m o [MeV]

@ We search for PT — pJ/y from Y(1S) and
Y (2S) at Belle.
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arXiv:2403.04340 ,._:
submitted to PRD e

LE

AnalySis procedure @ Event selection

. = [ -
il @ 0 (p) 3 well-measured charged tracks
> 100F 160 e L + o+
S 140- e Jdentification of e—, = and p
- S0 1205
S 60F 1005 .
g 80E e A veto for p candidates
S 40 605
2 a0f 40¢
,,,,,,,,,,,,,,,,,,,, pdatng NP 0 e e sideband for non-J/y bkg.
2995 3 305 31 315 32 3.2§ 95 3 305 31 315 3.2 3.2§
M) GeV/e MI'T) GeV/c \
@ Cuton Mrzecoﬂ(pf/l//)
- Y (1S) data - Y (2S) data _ .
§OL sdbmd  (a) - dama (b) e to suppress non-J/y bkg. with
| —signal MC | —signal MC

MZ_ (pJly) > 10 GeV?
@ Study M(pJ/y) distributions (next page)
e in Y(1S),

Events/1.0 GeV?/c?
AN
=

-10 0 10 20 -10 0 10 20 30 * in Y(25),
Mrecoil (PJ / Y ) GeVz/ C4
e in continuum (\/E = 10.52 GeV)
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Events/10.0 MeV/c>

" m m. ﬂa NM\ ..M
J A\u JJMH wa l ( Hi k |l D
it b b

M(pJ/w)

GeV/c

Y (2S) Y (1S)

10.52 GeV

Ys=

3 for P(4312)% for P(4440) for P(4457)"

N 2024 @ Kathmandu, Nepal




arXiv:2403.04340 Bl 24

submitted to PRD

o

BELLE

25 e damaof YAS) 35 “e data of Y(25) @ no significant P." signals
sideband 30 (b) sideband . ¢
20 ~ ----signal MC - - - - signal MC IN an)' Place
------ no-Pc MC - ------ no-Pc MC
. T bkg from sideband 25 SILIEY bkg from sideband | .
15 20 @ major sources of

systematic uncertainties

-
e

e particle ID (2.1 %)

e MC modeling (2.2 %,
2.8 %)

Events/25 MeV/c?
wn

Events/25 MeV/c?

M(pJiy)  GeVie?

S

® NlS’ NZS (~22 O/O)

T(1S) decays T(2S5) decays

P.(4312)F | P.(4440) ¥ | P.(4457)F | P.(4312) 7 | P.(4440) 7 | P.(4457)+ @ VVe set upper limits on
10+8 | 14+12 | —3+9 | 30+£16 | 33+15 | 0=+3 P productions from
NUE 26 37 14 52 60 6 Y(1,25)
10+8 | 12411 | 349 | 20+12 | 31+£15 | 0+3
NoVb 26 33 17 50 57 7

=
~
N9
=
(7p]
()
—
@©
—
wn
+ o
R
| -
@)
Y—
L
@)
| -
@©
(D)
w




Evidence for P (4459)"
in AJ/y
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M, GeV/c?

1.1

motivation and procedure

@ Similar motivation as the previous paper (arXiv:2403.04340)
e for neutral charmed pentaquark PCS(4459)0 in Y(1S5) and Y (25)
@ We search for PCS(4459)0 — AJ/y from Y(15) and Y (25) at Belle.
e Jiw—> ¢, A - prn
e 2D sideband for M, vs. M. .-

O 112~

) ' |
lllllllllllllll

(a)

113

1.1
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(b) Y(2S5) sample
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AJy Yield

_ 8 _
i = 10.52

) i Y(l S) N \/E 0_5 GeV
2 4+ i :
> i (a) 6 i (C)
= | | |
< 4
S Y 4 -
Z 2 -4 ‘

0 oL oL

42 43 44 45 46 47 42 43 44 45 46 4T 42 43 44 45 46 47

3 forP, (44590 M(AJA) GeV/e? M(AJ/p) GeV/c? M(AJ/p) GeV/c?

@ Assess signal yield in M(AJ/y)

o use Mpj/p = Mptp—pr — Mot o — Mpr +m gy + ma
to improve mass resolution o, (11.6 = 2.8 MeV)

® excess seen near 4.46 GeV in both Y(15) and Y(2S) data
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Preliminary
Results Signal yield of M(AJ/y)

15 : :
L b 1S and 2S combined e determined by a binned max.
| — Total fit likelihood fit, with
- ==+ Signal fit
B Background fit for sidebands
LY n.O-Pcs simulation fPDF — fR + fn 0 PCS + fSB
10 B sideband

e fit with fixed mass, width (from
LHCDb value) gives

NPcs — 19 + 5
A(—2InZ) = 13.01 (3.46 evidence

by pseudo-experiment technique)

J)
|

Entries/10 MeV/c?

@ Fit result with free mass, width

. | M, = 4469.5 + 4.1 £ 4.1 MeV
M(AJ/p) (GeV/c?) [ =143+9.2+6.3 MeV

@ Systematic uncertainty
e A selection (determined by B* — K*AA) ~ 0(5%); BF of Y(25) — Y(1S) ~ O(6%)
o for My, I parameters: fit range (2.5, 3.5 MeV), N(bins) (3.2, 5.2 MeV)
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Updates regarding
Y (10753)
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Energy scan for Y (107353)

I
. = 4F JHEP 10(2019)220 {3t
@ Y(10753) — a reminder € o
e first observed by Belle, [JHEP 10 (2019) 220] with 5.2¢ §
e in the energy dependence of ete™ = Y(nS)ntn~ 5

® J several competing interpretations

® Belle also had exotic candidates Z,(10610)™,
Z,(10650)™ [PRL 108, 122001 (2012)]

o(Y(2S)n'®) (pb)

@ Belle Il added scan points
® JHEP 07 (2024) 116
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HEP 07(2024)116 [Pl =<
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Confirmation of Y (10753) signal

B ! —l . A . . I i . i . ] ] L —— ] — i . ] . —— i I |

ol RS o Left-column figures
[ 2 Belle 11, 9.8 fb” Belle 11, 9.8 b
| . Vs=10.746 GeV o Fo 8=10.746 GeV for all events
ol . ) i E ‘A . .
: NN - : . e Right-column figures
: . . . L y for p(rmup) < 0.1 GeV to
S '*-’f S [ ' .,? suppress events from ISR
o | . E f e Red dash (----)

o5k . L corresponding to Y (n.S)

2. o Bellell, 4.7 b Belle II, 4.7 fb
P s Vs=10.805 GeV S, \/‘ = 10.805 GeV
0p Fov R - E
35T -*3.."4-"‘::, Eade | - B, i i E | i‘ '
9.,_.;. N | ,,.,_. .EI . : —_— : L
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AM [GeV/c?] AM [GeV/c?]
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Energy scan for Y (107353)

@ Y(10753) — a reminder

e first observed by Belle, [JHEP 10 (2019) 220] with 5.20
e in the energy dependence of eTe™ - Y(nS)ztn~

® J several competing interpretations

® Belle also had exotic candidates Z,(10610)™,
Z,(10650)* [PRL 108, 122001 (2012)]

@ Belle Il added scan points
e JHEP 07 (2024) 116
ecte™ > Y(nS)nr '~ with Y(nS) - utu~
e confirms Belle results of Y(10753)

T(10753) T(10753)

72(7(15/25) Rq{S;@’/QS)

Ratio 0.467012 70.10700
sme——small

® no signals for Zb(10610)i, Zb(10650)i

Recent results from Belle and Belle II for exotic hadrons Youngjoon Kwon

Born cross section [pb] Born cross section [pb]

Born cross section [pb]
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JHEP 07(2024)116

Cross-section ratios, etc.

Y (10753) Y (10753) T(55) T(55) T(6S5) T(6S5)
Roas28) Rosps) Ro(ses) Roisizs) Rogsies) Rozs)as)

Ratio 0.467975 0.107907  0.45790; 0.327505  0.64797  0.417515

Table 2. Cross-section ratios at resonance peaks above the T(45). Uncertainty in this table combines
statistical and systematic uncertainties.

Mode Nz, Ngblf oz, (pb) UZbl (pb) NgbIQ‘ Nz, o0z, (pb) JIZJbI; (pb)
10.746 GeV

7Y (1S) 0.0758 <49 000190  <0.13 - - -

rY(25) 5859 <138 0.0619%  <0.14 - - -

10.805 GeV

rY(1S) 2.57%% <52 0217030 <043  0.0007 <58 0.00009  <0.28
7Y (25) 5.2i3;0 <123 0.1519  <0.35 o.otg;g <6.0 0.0079%  <0.30

Table 3. Signal yields and upper limits at 90% credibility for ete™ — wZ,(10610,10650),
Z,(10610,10650) — 7w Y (1.5, 2S) processes and corresponding Born cross-section measurement limits.
Uncertainties for the numbers of signal events are statistical only. Here we use Z;; and Zps as

shorthand for Z;(10610) and Z;(10650), respectively.
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Di-pion mass distribution for Y (10753)

10 -

B |
25 |-
NO -1 C\lQ I — CLEO
> sl Belle Il, 9.8 fo S | Bellell. 98 fb parametrization
nnY(1S) at 10.745 GeV o '
i | (15) E | nnY (2S) at 10.745 GeV .---. phase space
o O o 15F | model
S S ~
(D) - i
o 4 __ [ ] (1) 8_ 10 [
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L] - 11 == anR B
e A es T $4 T ¢ [dhe- o L s
\ \ \ | \ \ , o : . . . L@ |
_ 1 0.4 0.6 0.8
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e similar to both phase-space model and Y(25) — z 7z~ Y(1S) for
zta~Y(1S)
® but similar to Y(25) —» z727Y(1S) only for z7z7Y(2S5)
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Y(10753) = y,,w

XbJ

/\

_I,

w(— 7t )

Y(1S)(—e'e /up)

8 B -@- Belle Il data
- =4~ Belle data
I — Total fit
6 B ==+ Solution |
-+ Solution I

* -
nt :1 ..... prEes=m

Belle II, 1.6, 9.8, and 4.7 fb™

108
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ETY R
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PRL 130, 091902 (2023)

e 98 985 99 995
M(yY(1S)) [GeV/c?]

......................................... 0
- Data Belle Il, 9.8 fb™ Belle II, 9.8 fb™' ]
L ol /s =10.745 GeV| = Daua Vs = 10.745 GeV 30
 —— Background — Total fit .

— Background ]

e - - - 0

! BeIIe Il, 4.7 fb Belle II, 4.7 fb™ ]
- Vs = 10.805 GeV Vs = 10.805 GeV -

0.9
M(=*n0) [GeV/c?]

0.7 0.8

® cross section shows a peak at Y(10753), hence

a confirmation and a new decay channel

® the ratio y,,w/znY (nS) ~ one order of

magnitude higher at Y(10753) than at Y(35.5)
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Y(10753) = y,ow and 7,

® Tetraquark interpretation of this state predicts enhancement of ['(wnp)
Y(10753) = n,(1S)w F(Yrtm—)

e We measure 177, indirectly by using recoil mass M__.,,(w) = \/ (E... —E ) —p?

® no signals observed in either modes => set upper limits

x10°

(\IO : c\‘o E
S 120— S 40000:—
(] [ (O] -
= 100;/./’//' = 35000 —— Data
8 80 = =
2 n 8 25000E-
T e0b Belle 11, 9.8 fb £ 20000
i) — elle 11, 9. © = )
T 4p T Dam T 15000 Belle I, 9.8 fb
@ — — Total fit Vs = 10.745 GeV S -
O - s 10000 {s = 10.745 GeV

20— o -

- 5000
(\'Q O; ........ (1 P) ....................... NO -
= - b0 S B Ty .9 PDb,
o 1000 = N
3 5003— 5 og(eTe” — xpo(1P)w) < 8.7 pb.
n
R 8
5 -500F- g
S _1000E- 2
S: 8
—1500_|--I-..I...I|..I..|I...I|..I...I. PRI S S (T SN ST SR SR AT ST ST ST SN NN SN ST SO SN NN SN SO SN S T TN TN TN TN [N TR TN SO T NN ST S S
978 9.8 9.82 9.84 9.86 9.88 99 9.92 9.94 92 925 93 935 94 945 95 955 96
Mrecoil(ﬂ+ TC- TEO) [GeV/CQ] Mreco”(n-'-n_no) [GeV/CZ]
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Summary

@ As a B-factory, Belle Il continues being a strong player in the study of
exotic hadrons as well as spectroscopy of conventional ones.

@ In this talk, we present the searches of charmed pentaquark states by Belle
e Search for P" — pJ/y in Y(1§) and Y (2S5)
e Evidence of PCS(4459)O — AJ/win Y(1S5) and Y(2S5)

® We also show Belle Il results regarding Y(10753),a new bb-like state first
observed by Belle in 2019.

e Confirmation of Y(10753)
e New decays channel Y(10753) — y,,w

@ Run 2 is underway with goal of collecting a several ab™! data in the
next few years. Please stay tuned!
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