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OUtllne Nomenclature

® Status of Belle |l —> X(3872) (historic)
® Tetraquark flavor landscape Xe1(3872) PDG 2022
* X(3872) lineshape although decay tox1mm not observed
* T Tf LHCb proposal
* T v (if tetraquark)
0
® Absolute branching fractions > Lz PDG proposal

® Focus of this talk:
* charmonium-like states, in particular in B decays,

* For bottomonium-like states and ccss states,

(if tetraquark)

in particular in continuum and initial state radiation (ISR) production,

see talk by Elisabetta Prencipe
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Status of Belle |
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Status and plan of Belle Il data taking

— Belle Il Online luminosit Exp: 7-26 - All
* Belle Il collected data 428 fb™ i —

362 fb_l for B mesons mmm Recorded Weekly
(~50% of Belle, ~85% of BaBar)

15.0 s f P o O 22 AT T [y o e
1 fb~! is about 1.1 Mill. BB pairs

® Peak luminosity reached
4.7 x 103* cm™ s71

* Factor 24 higher than previous

- 400

12.5
- 300

10.0
7.5 F 200

5.0

Total integrated Weekly luminosity [fb~!]

2.5 4

world record by KEKB %mm
SPOERPERE
* Factor 4+ higher than KEKB o e ED
design luminosity o — e | |
_ . e 8| [——muw] >0
®* 89.5% data taking efficiency g 0
during pandemic situation % °[  Extrapolation 0
* Long shutdown (LS1) in 2022/23 ¢ ° | 20
completed, new pixel detector % 2 _a_/—f:,-i’_ﬁ 110
® Plan: 50 ab™ y 34 0

2019 2024 2029 2034
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Belle |l plan for 2024

® Run stably at 10%® cm™ s™! [ i
(corresponding to ~1 Belle or ~2 BaBar per year) 55
® Squeeze 3, to 0.6 mm 7 beam current
(still factor 2 higher than design) B3, vertical 3 function
® |ncrease* beam currents x factor 2 Gaussian width of a single beam near the IP

(plus: modified injection,
*
new Linac accelerating structures installed) Oy X Y

® Exceed 1 ab™! integrated luminosity
(2 ab~! Belle and Belle Il combined data set would enable new analyses,
sensitivity estimates existing)

® 50 ab™! planned by 2035 SuperKEKB
(~50 Belle and ~100 BaBar) Aum

KEKB 100 um (horizontal) x 2 um (vertical)
SuperKEKB 10 pum (horizontal) x 59 nm (vertical) NANOBEAM

*Reminder: beam current at both KEKB and SuperKEKB up to now =1 A, at PEPIl =2A
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AFE = EcBms __ cms

beam

Belle (lI) characteristics for XYZ

&

® Different from hadron collisions:

Events /( 0.007 GeV )
B @

* ete initial state fixed, no pile-up

* Beam energy is known to precision 0.1 MeV

beam-constrained variables: B meson mass, AE
(improve resolution)

* Y(4S) — BB AE/GeV

thus other side B meson can be used Belle, X(3872) in B decays
(absolute branching fractions can be measured) Phys. Rev. D84 (2011) 05200
®* High efficiency for neutral particles © .~ ISR
v, 7T0, n (e.g. Dsy(2317) or neutral Z states for isospin triplets) % x
® Unique at Belle (||) and BESIII: Extrapolated yield for 50 ab™: et
Y states, e.g. Y(4260) in ISR State Production and decay N
_ X (3872)| B — K X(3872), X (3872)— J/¥nt 7~ |~14.000
* Unique at Belle (II): Y (4260) |ISR, Y (4260)— J/Urtm~ ~929.600
Y(5S) and Z, states 7(4430) | B — KT Z(4430), Z(4430)— J/¥nt |~10.200

Z states accessible at threshold and in B decays (far from threshold)
XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ 6



Belle Il DEPFET Pixel Detector
Univ. Bonn, DESY, Univ. Giessen, Univ. Géttingen, Univ. Heidelberg, Univ. Mainz,
KIT Karlsruhe, HLL Miunchen, MPI Minchen, LMU Minchen, TU Minchen

Monolithic type

Radius 1.4, 2.2 cm (very close
Pixel size 50 x (55-85) um”
Sensor 75 um thickness, 0.2% 2

Radiation 2 MRad/year (facto
* *
R (A

L
A . i
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LAy * ox K Belle IT

An MSCA-RISE project funded by European Union under grant n.644294
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PXD1 (1 999—2023)
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DY and D* meson lifetime at Belle || Phys Rev. Lett. 127 (2021) 211801

® D* tagging
e Unbinned fit to (t,0,)
® Resolution ~60-70 fs
® [argest systematic error:
alignment
0.72 fs (DY), 1.70 s (D™)
0 i\ Belel |
2: : D™ — Dz}
Be//el\og—‘ D" — Kr -
10; |
BABAR\,E\ / Improvement
1\ : in resolution
4 visible at t<0
-2 0 2 'J‘4
t [ps]
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Candidates per 1 MeV/c?

Candidates per 40 fs

—

~171K D+ = DO(=> K1+)r1+
L L B L L

10* Belle IT ¢ Data -
frar=7216" — Fit E
Preliminary § % Background ]

3 ' : D”—’K+K' -

ISR W
1.75 18 1.85 19 1.95 2
m(K-x*) [GeV/c?)
10* S
Belle I E
t, DO fLdr=72fb" 3
10° Preliminary _|
D"— Km* 3
; ¢ Data
ad — Fit E
10 E
Background
permille level

(no red line)

-2 0 2 4 6

Decay time [ps]

Candidates per 1 MeV/c¢?

Candidates per 70 fs

~59k D*+

— D+(—= K1+11+)r10

4

0°F Belle 11 ¢ Data 5
[ [ Ldr =721 — Fit ]
[ Preliminary 4} Background

i l T S| Ll lE P TR l |
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m(K-m* ) [GeV/c?]
l l T T T T l

Belle 11 i
10° JLdi=72f7"
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D*— K-mtat
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— Fit
I - Background 1
10 F .
[ LY | e

Decay time [ps]



Meson lifetime results achieved with PXD1
(1999-2022)

yyyyyyyyyyyyyyyyyyyyyyyyyy

3 1 @« Belle IT

o 10°F -+ Belledt 1 £ tNOO |5l Belten ¢ Data
o F E o | $ Data (207 by | 10 Ldt<207fo" — Total fit
S C Ldi=2072f" | = C . =
100 - g ok — Fit Q402 ‘ -- Background
GUQ.': . + Data 8 F ---- Background 3 e

10" g E = T
2 — Total fit 3 A 9
= 00 S o o 10
g 10E --- Background 3§ £ |3 5
8 r ] (@) 1 :': I-E O 1

i3 it :
. E | ! | E ) AE ) ) ) 10—1 1 I I ] ] N
3 2 -1 0 1 2 3 4 5 -2 -1 0 1 2 3 4

( [ps] ° ey ime ] {(ps)
Particle | Measured lifetime Reference . .
AT 203.2 + 0.9 + 0.8 fs | Phys. Rev. Lett 130 (2023) 071802 5 o 3O
QY 243 + 48 £ 11 fs Phys. Rev. D 107 (2023) L031103
DO 4105 + 1.1+ 0.8 fs | Phys. Rev. Lett. 127 (2021) 211801 | & .|
Dt 1030.4 + 4.7 + 3.1 fs | Phys. Rev. Lett. 127 (2021) 211801 i
Dt 499.5 £ 1.7+ 0.9fs | Phys. Rev. Lett. 131 (2023) 171803 | £ .,
BY 1499 4+ 13 £ 8 fs Phys. Rev. D 107 (2023) L091102 S A |
Aty [ps]

Resolution in beam direction Az > 25um (factor ~2 better than Belle).

Belle Il confirms surprising LHCb observation: contrary to the expectation by HQET,
lifetime of 2. is larger than that of the A..

Precision propagates into reconstruction of e.g. X (3872) — DD,
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PXD2 2023) Both hit efficiency and hit purity ~20% higher than PXD1.

PXD2 layer 1 efficiency

zzzzz
15 s ey T S T
3 + 1 ¥ +
S + L14
% 08 i + noisy +
.§ +
=
- 0.6 forward cosmic tracks going through gaps
S backward
X
o 04
0.2
0 T T T T T T
-180 -135 -90 -45 0 45 90 135 180
SVD track ¢ at PXD [deg]
PXD2 layer 2 efﬂaencv
1+ — x o Entries 31 01:‘
E‘ I o+ 4 + * ¥
3 I VAR
-% L2.12 bwd
© 08 noisy
.o
s
2 t
3 %87 forward
S backward
X
Q04+
0.2

0 T T T T T T T T T
-180 -150 -120 -90 -60 -30 0 30 90 120 150 180
SVD track ¢ at PXD [deg]

Efficiency

from cosmic data taking

PXD1 in 09/2023

~8 Million pixels
(factor 2 more than PXD1)
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PXD2 installation (2023)

QCS (flnal focusmg quadrupole)

for nanobeam operation

= ar

Fotos: KEK (official), B. Spruck, K. Trabelsi, S.L.
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Present view of the
Tetraquark flavor landscape:
which combinations
are missing?

Here: only charmonium-like states
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New hadrons found at Belle, BESIII, LHC

10.8

L °
Z,(10650
of Sr Zb(10£10)° Y(10753)
106 11 24 new hadrons at Belle 2,(10610)
10.4 e bb
e bb (qq)
r— hy(2P) @ = =
S 102 g e bb (qglg)
<]
O 10 °
T hb(lP) [ ] nb(ZS)
0 48
(7)) (4660) —
@© 46 " e CC
S Z,(4430)9 X(4350) e CC (q7)
4.4 (4360)® . -+ e CC (qqlg)
° Z.(4200)
4.2 X(4160)® | X(4250) °
4 %;(3915) s 2.(3900)*
X(3872) “vg @ o X(4050)* c
- ° X(3940) %,(3930) e %,,(3860) o
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1053 o* 'L](sm -~
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7.04 oBees” P Ty(6900) H 4 ° ® , L] ©2,(3900)° Waz30) Z.(3985)'g
B0 (6350)- T,(6600) F Z(3900) ] (3823)
6.5 )  AW(6152)° 0(6340) ) B ° o v,
o mie 8 UG me e |
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3.0 499 D;(3000)°@ D;1(2860)" Ac(2860)* | 0((3066)° Z(2939)° Tes0(2900)° T2, (2900 F
B bgg  Di27607g [ 0,(3050)0 ooz @790 Ll
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2.0 . . . . . . . . . . . . 2012 2014 2016 2018 2020 2022
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oMs 140 fo”* (13 Tev)
§ data
180+ —fit
— (X(3872), ¢) }
140~ - - (X(3872), bkg) % Eooo
<e- (bkE ) } =
---- (bkg, bkg)

candidates/5 MeV
N
o
3
1

t

3.80 3.85 3.90 3.95
m(J/yrn) [GeV]

Events / 20 MeV/c’
N

1
38 4 42 44 46 48 5
m(m I (GeVic?)

100 —4- Data

- BESIII o

«==+ Background fit
== PHSP MC

+ [l sideband

\

Events / 0.01 GeV

37 38 39 4.0

m(J/yr) / GeV

istoric XYZ states (2000-2010)

ccce

£8CC

cHTC

cdcc

CCSC | €8SC | cusc sc
cecs | cscs | cucs | cdés | cess | csss | cass | cdss
CcCcu | cscu | cucu Cu | ccsu | cSsu | cusu A5t
ceed | csed | cued | eded || cesd | cssd | cusd | cdsd
CCUC | c8ucC | cwuc uUc cede | esde | eudc C
ceus | csus | cwus | cdus || ceds | ¢sds | cwds S
couT | ¢sut | cuuu | cduu || cedu | ¢sdu | cudu 0}
XY Z
ceud | csud | cuud | edud || cedd | c¢sdd | cudd | cddd

Z XY

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ
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Molecular and compact states

CCCC | £BCT | ChcT | cdCc | cesc | €8sT | cust | edsc
—
see talk by No isospin, often called " compact

Cs | 3¢5 | cacs | edés | cess | but e.g. m-exchange possible
Karliner, Rosner, Nucl. Phys. A 954 (2016) 365

Elisabetta Prencipe

cecu | scu | cucu | cdtu | cesu | cssu | cusu | cdsu

ceed | ¢sed | cued | eded | cesd | cssd | cusd | edsd

u, d-quark substructure
Molecule-type potentials with isospin term possible

ccus | csus | cuus | cdas || ceds | csds | cwds | cdds

cedu | csdu | cudu | cdda

Pion substructure
cc or c¢, and uu, ud, du, dd

cedd | csdd | cadd | cddd

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ 16



Candidates/0.014 (GeV)

2
2

TCS

Neutral (and
doubly charged)

Ds not possible

in meson model.

cdce

Example (not observed yet)
[Ds+K—]

LHCb J/Psi K+
LHCb
K prelimiinary 7% ::_prelim;nary i :
i 20 il
Wiis BN oL

28 30 32 34
MDDy ) (GeV)

30 32 34
M(Dg 77) (GeV)

C CCSC | £€8SC | cusc sC
cecs | cscs | qucs | cdés || cess | 5535 | cass | cdSs
cect | cscu |[cucu | cdeu | cesu | cssu | cusu su
cecd | csed || cued | eded || cesd | cssd | cusd | cdsd

X0

X1
CCUC | CF cwaT | cdic || cede | €sde | ende ¢
ceus | cslis | cwas | cdus || ceds | csds | cuds S
Zcs+ Zcs0
couT | ¢sut | cuuu | cdtu || cedu | ¢sdu | cudu u

| TesO
ceud | csud | cuud | -edud || cédd | ¢sdd | cudd | cddd
Tcs++

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ

T %0
Z 70
= 60
“

= 50
= a0
2

g 30
=

2 20
5 10

LH"C‘b
j A
I 2SS I
25 3 35
m(DK") [GeV/c?]
D-K+ LHCb
0
5 -
0 E
5 -
0 E
5 =
0 =
5 k .
O 405 41 415
RM(K*) (GeV/c?)
Ds+ D*— BESIII
Ds+-pi—

ISOSPIN PARTNERS

Ds+pi+ LHCb
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Candidates/0.014 (GeV)

Doubly charged states

Not possible

cece | csc | cucr | cdic | cest | cast | cast | cdse
in meson model.
cccs | cscs | et | edes | cess | 355 | cwsT | cdSs
o+
5 states
T | cscu | cucu | cdeu | cesu | cssu | cusu | cdsa
not observed yet
ceed | csed | cued | eded | cesd | cssd | cusd | edsd
++ ++
et CCUC | cBuT | cwue | cdiic || cede | €sde | ewde | cdde
“r 9!
ok preliminary l
w fH | ceus | csus | cws | cdis || ceds | csds | cuds | cdds
Lob ”Iﬂmuw e \I
20 ’f;_ e - ! ++
A S I R S —
B A (GeV) couT | csuT | cuun ;du/a cedu | csdu | cudu u
LHCb
On |y state ceud | csud | cuud | edud || cedd | ¢sdd | cudd | cddd
O -

observed yet

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ
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8 states

not observed yet

cdce

CCCC | €8CC | cuct CCSC | £88C | eusc ScC
TeccO

cecs | cscs | cucs | cdes || coss | csss | cwsS | cdss
CCCcu | cScu | cucu Cu || ccsu | ¢ssu | cusu 45U
ceed | csed | cued | eded || cesd | c¢ssd | cusd | edsd

Tecc+

couc | cauT | cwae | cdue || cede | esde | emde | cdde
ccus | csus | caus | cdis || ceds | csds | cuds S
ceut | csut | cuut | cduu || cedu | ¢sdu | cudu 0]
ceud | csud | cuud | edud || cedd | ¢sdd | cudd | cddd

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ

J/Psi J/Psi
LHCb, ATLAS, CMS

L=1351" CcMS
{s=13TeV

i
f fl W T
‘A\
/
40 /
0 .

Candidates / 25 MeV
o]
o

— Resonances
— Background

65 7 75 8 85

160 L=1401" ATLAS
L fs=13TeV

Events / 40 MeV
|
®
8
&
g
2

. . I
6.5 7 7.5 8 8.5

L=9t" LHCb
(s=7,8,13TeV

160
120 -

80

w| IJ/\N

Weighted candidates / 28 MeV

6.5 7 7.I5 é 8.I5
m (Jhp Jiy) (GeV)
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Quantum numbers JPC whereever determined)

CC | €8T | cacT | cdic | cesc | esse | ewse | edSc
77+
CCCS | CSCS | TS ﬁ% CCSS | €555 | ciss | cdSs
14,0+
(T | CSCT | CUCT | cd@i | cesu | cssu | cusu cdst
ceed | csed | cucd | cded || cesd | ¢ssd | cusd | edsd
1+ 1+,1-
ctue | csut | cwat | cduic || cede | esde | ewde | cddc
cous | csus | cwas | cdus || ccds | c3ds | <wdS | cdds
1+
cout | csuu | cuuu | cdtu || cedu | ¢sdu | cudu | cddu
irJr’ 1+, 14
ceud | csud | cuud | edud || cedd | ¢3dd | cudd | cddd
1+, 1- (1++)
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20



X (3872)
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. New 2023, Belle, Phys. Rev.D 107 (2023) 112011
LIneShape of X(3872) Hikari Hirata and team (Nagoya)

. X(3872) — D°D"” (not X(3872) — J/wnt7™)
® Neutral and charged B decays
® 711 fb! (total Belle Y(4S) data set, but no Belle Il data)

® Two fit approaches:
Breit-Wigner and Flatté (as closeby threshold distorts simple Breit-Wigner)

dox < 0.2MeV
X(3872) — 7" D'DFn-
I | >
| | | | —
DY PDOL0 DO o+ D+D—7=0 D+D—* nergy
S~ _
N N
7MeV 8 MeV

Figure 1: Thresholds close to the X (3872) (to scale, anti-particle states omitted).

Schmidt, Jansen Hammer, Phys. Rev. D 98 (2018) 014032 (2018)

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ
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_ New 2023
B — D™D in B meson decays gy, phys. Rev.D 107 (2023) 112011

Breit-Wigner fit Flatté fit

ﬁ Signal % Broken signal ===+ Generic background = Total
% sof 80 s % sk 80 2
gt : s o o g
U} [ 3 40 U] 8 [Cl3 8
N eof UL N ~ 6oF ol L ~
8. 3 20 b 8 S ] 20 B S
2 2 P 2
c = c c
Qo [ ] 8]
@ 7 @ @
587 3875 888 3885 889 3895 39 0%5§7 3875 288 3885 380 3895 3.9 87 3875 388 5885 589 2895 3.9 OS5 s875 388 3885 380 3895 89
0 0 . et
M(D’D ) (GeVic?) M(D’D ") (GeVic?) M(D°D ) (GeVic?) M(D’B ) (GeVic?)
;ﬂ 22F Nﬁ —~ 22F — 12
g 20F O 15 2 2 20F 0 15 B 0 10
@ 18;‘B 10 ® H } $ 18F B 10 ¢ 1of H }
O 16f H O O 16f H o 5
N 3 5 N 2] F o~
g uf g g b g of
o 12F 0 39 765 ! o o 12f o 0 30 365
< 1w0f = < wf = °F
2 sF 2 2  sf 2
T of o G sf g T
> E | | _J > > ] | > 1
O af | I | m W af | a o Lb
2 ] A ‘:. '-J-t_':- _"_:T: _0__}_ i L I‘ J 1] é _ _f__l_ - ’_+ 0 : RSN ST . t 1 J 1 _|- [_"_
0387 3875 388 3885 3 89 3895 39 388 3885 3. 89 3 395 3.9 387 3875 365 5885 3 89 3895 3.9 387 3875 388 288 3 89 3895 3.9
MDD ) (GeVic?) M(D’D ") (GeVic?) M(D’D ) (GeVic?) MDD ") (Gevic?)
D — D% D% — DOxr0 D% — D% D% — D70
LHCD,
Phys. Rev. D 102 (2020) 092005 gk 0TS0
8000 mbMF(M) E) — DY D*
7000E E Incl. resolution and backgmund fBW ( [‘/2 ) p— 5 5 5 5 F ( ) 5 Flatte T D E 2
. oo Breit-Wigner ( ﬂ\ 52 _ ) /‘1 | ( ) ‘
Z 6000F — Flatté LHCb 1 mpw + Mpw
< 5000F :

136 E — Ey — 59kp+p+- + 59k pop.0 + T(E)]
Yield 70.5777°2 events (BW) D(E) | for 0 < E < 4,
E = Ef + 5(9(kpopeo + kp+p--) + T(E)]
384 386 388 39 for £ > 5,
Mt [GeV]
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Flatté formalism

The Flatté-inspired parametrization is defined as fol-
lows using the energy from the DYD*? threshold, £ =

M — (mDo —I—mD*o) [22, 27, 43]:

k 0)=0
fFlatte(E) - gD—DQ’ (7)

|D(E)

E — E; — 59kp+p+ + 5[0k popeo + T(E)]
for 0 < F < 6,

E — Er + 5l9(kpop-0 + kptp-—) + T'(E)]
for £ > 4,

D(E) =

(8)

where Fy = mg — (mpo +mp-o) is the mass difference of
this state (mo) from the threshold, and g 1s the coupling
constant for the D D™ channels; we assume the coupling
constants for the DVD*Y and DT D*~ channels are the
same due to isospin symmetry. The momenta k, and
for the channel a are measured in the rest frame of the
X (3872). They are expressed using the reduced mass

as
kDOB*O = v/ 2ND05*0E,
kp+p« = \/Q/JDﬁLD** (B —9),

kptp- =V 2ppipe (6 — E),
0 = (mD+ —|—mD*f) — (mDo -+ mD*O)-

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ

The energy-dependent width I'(E) is defined by

(E) =Ty/yp(E) + Ly (E) + Lo, (10)

where I', is the partial width for the channel a. For the
J/wp and J /1w channels, the dependence on E is defined
as follows using the phase space and effective coupling
constants, f, and f,, [27]:

Lyjpu(E) = fw/

3m

M(E)=ma/ /! q(m’, )T,

2 (m/ —my,)? + 12 /4

(12)
where I', and I',, are total widths for the p and w reso-
nances, respectively. The upper bound of the integral is
set by the difference between

M(E) = E + (mpo 4+ mpwo)

(13)

and mj,,. In each case, g(m’, E) is the momentum of

the two- or three-pion system in the rest frame of the
X (3872):

2M1(E) VME) — (0 +myp)?

x \/M2(E) — (m —m ).

q(m', E) =

(14)

Background function (BB and continuum)

\/M — (mDO —I—ml;*o)
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New 2023
Belle, Phys. Rev.D 107 (2023) 112011

Flatté fit

Hanhart, Kalashnikova, Kudryavtsev, Nefediev
Phys. Rev. D 76 (2007) 034007
Kalashnikova, Nefediev

Based upon

e unbinned maximum likelihood fit (simultaneous for B™ and B")
e 5 free parameters: Ev¢, g, fy, fu, L0

e 3 constraints:

— B(D*D*") = B(D™D")
~ B(J/drta) = B(J J4bw), fixes f,
— Soft constraint on the ratio of B(J/yxt7~) vs. B(D*D)

e Mass constraint on m(D*) is applied

— Improves mass resolution from 2.72 MeV to 0.22 MeV
Belle, Phys. Rev. Lett. 97 (2006) 162002

— contribution from non-resonant DD is negligible
BESIII, Phys. Rev. Lett. 124 (2020) 242001
1.3+0.7 events vs. 20.54+7.4 events D*D in D* — D
—0.54+2.3 vs. 36.1+7.7 events D*D in D* — Dz

— however introduces a bias below threshold
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BESIII, Phys. Rev. Lett. 97 (2006) 162002

Events /4.25 MeV/ c?

W
@)

N
o
—

%%
SRR
20, %08
KRR

.
%,
058
&
08
3
0t
o2
s
R
oo

[e-—
— T
2
<R
355
RS
5
s
R
0%
o
52
'S
oS
%

X
o
K5
XX
e
3%
5
f%
XX
qp
XA
X
%68

% %% %
SIS

o
o
%
ook
%
%
%
o2
$5o%s %
IR
X% o
35
Sotes
o2

25
SRR
SRRIKIKIKKIKKLE,
SISEKRKKKE
GBIERRKS

%
RS

o
030
XX
XX
55
%
XX
55
Qp
5
&S
55
5
X
XX
55
XX
XX
5
%
XX
5
‘0
X X
55
XX
X
o

%

ol¢
QR
o
&K
5%
bo%es
958

%5
%
029

0%

%S
QR
3
o5
X
0%
3
0K
XX
3K
o20%s
s50s
25

‘o::oo’o‘o"oooooounooo.
SRR IIRREKEE:
oot ot tatatotetetetatetotoreretotototeseses
R RERIIIKRAIII

2
%%
Setotodes
Q5K
2R

o%

%

X
5

%
35
CRR

s

09553

o2
9
2RSS

959
3

0%%%
25

35
XXX

%%
9085
L
XX
58
RN

2
BRLLLS
P
odﬁaé%%vﬂe
PR0I000% Fosesatototess

Y

s

2909005

R
N

Sogstetetes
POTOSIT;

oaSoooe
2RSS
datatetetoteted
0sntesessietetets
SRS
So0o0%0%et
29583 R
RN
s Sote%et9%es
SR

orosesetels

SRS,

3L

LR

teotels

ootetetel

K

R

X KK
$0505%s
095%%
o200l
XX
0%
XX
o%
L

o5
%

R

05050808
e e e sa a0 te et e o e et ta et etoseseseseseses
KK

oo
XXX
pPoteteters
R

4
o>

oo
e ¥%%

X RIRKX
5SS
S

o9t
%%

0RXK
o2

S
X
5

S
o

o
R

o
RS
3
28
ooboted
R

&
%
0%

o%
%
%%
&L

o%

XX KX
X KKK

0=
0) 0.0255 0.051

0.0765

M(D°D°r%)-2M(D%)-M(x°) GeV/c>

BESIII, Phys. Rev. Lett. 124 (2020) 242001

Events / (3 MeV/c?)
o o

o

Events / (3 MeV/c?)

$)

— —
¢ o (6}

o

3.9 '_(') T 3.95
M(r°D°D") GeV/c?

25



/£ We search for the best lineshape fitted to the M (DD*?)

ReSU |tS frO m Flatte flt distribution when the following ratios of parameters are

fixed to the values measured at LHCb: dg/dE; is fixed

® Values of Flatté energy parameter E; to —15.11 GeV ™', and fo/E¢ and Fg/Ef are fixed based

close to D*DP threshold are disfavored; Z,Edt h&;“;i:ﬁ;‘ig;%:ls LJ;; Zlf;gl?\qe\?nd;ﬁ: ifl Mexi/;,
stable fits only for negative values of Es floated as a free parameter.

(as also observed by LHCb)

® practical solution: fix my = 3864.5 MeV
corresponding to Ef = —7.2 MeV (adopted from LHCDb)

Ef = Mo — (mDO —’—mD*D)

Result: scattering length is negative and large (larger than scale of strong interaction, ~1 fm)
(weakly attractive interaction excluded, would be positive)

TABLE V. Summary of the seven parameter sets used in the evaluation of lower limits on the coupling constant g, showing the
g of the best fit, the g lower limits, and corresponding Ef upper limits. The parameter sets are the center values of dg/dEy,
[0, and f, measured at LHCb [26] (1), changing dg/dE by +1o0 (2), changing dg/dE; by —1o (3), changing I'o by +10 (4),
changing I'o by —1o (5), changing f, by +1c (6), and changing f, by —1o (7). For the parameter set (7), no lower limit is
determined, because no best fit is found in the range g < 50.

Parameter set (1) (2) (3) (4) (5) (6) (7)
dg/dE; (GeV ™) —15.11 —14.95 (+10) —15.27 (—10)  —15.11 —15.11 —15.11 —15.11
Lo/Ey —-0.19 —0.19 —0.19 —0.29 (+10) —0.09 (—10) —0.19 —0.19
fo/E; (GeV™H) —0.25 —0.25 —0.25 —0.25 —0.25 —0.38 (+10) —0.12 (—10)
g of best fit 0.29 0.27 0.31 0.21 0.46 0.17 > 50
g lower limit at 90% C.L. > 0.143 > 0.136 > 0.151 > 0.105 > 0.212 > 0.094 —
at 95% C.L. > 0.113 > 0.108 > 0.119 > 0.082 > 0.167 > 0.075 —
E¢ upper limit at 90% C.L. (MeV) < —9.5 < -=9.0 < —10.0 < —6.9 < —14.0 < —6.2 —
at 95% C.L. (MeV) < —7.6 < 7.2 < =79 < —=5.5 < —11.1 < —5.0 —

XYZ at Belle | Lange | Hirschegg 18.01.2024 !é: UPPER LIMIT 20



o . New 2023
Results from Breit-Wigner fit  gqjie, phys. Rev.D 107 (2023) 112011

mpw = 3873.717020 (stat) 4 0.13(syst) MeV
Ipw = 5.277 2 (stat) £ 0.4(syst) MeV
* reminder: in D*D° mode only

® Pure S-wave assumed
(limit on D-wave <4% at 95% C.L., LHCb Phys. Rev. D 92 (2015) 011102)

® Difference between mgyw and threshold

2.0217025 (stat) £ 0.08(syst) MeV

significantly (2 MeV) higher than in J/¢W+7T_
(which was consistent with zero)

®* Width is significantly larger than 1 MeV,
weakens the anticipated impact of future sub-MeV experiments

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ
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Comparison of lineshape analyses of X(3872)

J/ymta™ only

3871.66 "0 0r "015 MeV (Flatté)

1.4 + 0.4 + 0.6 MeV (for my fixed at —7.2 MeV) (Flatté)
Phys. Rev. D 102 (2020) 092005

(2 poles, real part of energy +0.06 and —3.58 MeV)

Mass resolution Coupling g
(near peak) (from fit)
LHCb, Breit-Wigner, B decays 2.4—3.0 MeV
J/ypmtr only
3871.695 £ 0.067 £ 0.068 + 0.010 MeV (BW, relativ to ')
1.39 + 0.24 + 0.10 (BW)
Phys. Rev. D 102 (2020) 092005
LHCb, Flatté, B decays 2.4-3.0 MeV 0.108 + 0.00370:9%

BESIII, efe~ — X (3872)

DD and J/¢n 7, coupled channel

3871.63 + 0.13 T{08 MeV (Flatté)

2.67 + 1.77 7525 MeV (Flatté)

arXiv:2309.01502 [hep-ex]

(2 poles, real part of energy +0.26 and +7.04 MeV)

0.82 MeV (D D7)
1.90 MeV (J/¢m)

0.16 +0.1075 ]

Belle, Breit-Wigner and Flatté, B decays
D*D only (mass constrained D* fit)
3873.71 1326 + 0.13 MeV (BW)

52 122 4 0.4 MeV (BW)

Phys. Rev. D 107 (2023) 112011

0.22 MeV

0'29+2.69 +oo

—0.15 —0.029

(fit bias)

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ
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Systematics: natural D* width and branching constraint

o For the D* mass, myrue — Mrec is 4.8 MeV for Dy mode, 0.8 MeV for D” mode
much larger than natural width (impact on line shape negligible)

however, influence on [DD*| pair is investigated for systematics
two MC sets: natural width 61.0 keV or 65.5 keV 0 o
(a) mass difference and (b) interference of X (3872) — D°D™", D D*°

one D* fixed (true mass), one D* reconstructed

e BESIII D*Y 55.9 keV, D** 83.4 keV, 50-70 keV for uncertainties

e LHCb 65.5 + 15.4 keV (measured width of D**, then inserted into k})

Impact on pole position observed

Belle
B(B — X (3872)K) x B(X(3872) — J/drtn)
S o) Frvae(M (o 7)) AM (J 7

_ JIm(D%)+m(D*0

S o) Fotae (M (DOD0))dM (D° D)

x B(B — X(3872)K) x B(X(3872) — D°D*")

~ [ (8.614+0.32) x 10°% for the BT mode
|l (41+£1.1)x107°% for the B mode

Im EA
< >
Re E
¢ _FD*O/2
v
K (E) = \/=2u(E — Eg + iT'pw/2)
LHCb
I'(y.1(3872) — D°D*?) ' '
BESIII
T(X(3872)—ntan—J/¢) +0.01
['(X(3872)—D0D*0) — 0.05 = 0.01Z¢ 05
29
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B* and B° decays are different

Swanson, Phys. Rept. 429 (2006) 243

|

Color enhanced graph

B — K+
B — KV
Bt — K*
B+ — K°

any combination possible

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ

Color suppressed graph

B - K7

B — K°

(charge sign changes by W,
and changes back,

— same charge for B and K)

(color is locked by spectator quark)
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X(3872) —» J/ymxtwx~ , charged vs. neutral B mesons

Phys. Rev. D 77(2008)111101, 413/fb

8

-
o

Events /( 0.005 GeV/c?)
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arXiv:0809.1224, 605/fb

BELLE I

BELLE2-NOTE-PL-2021-002

(ICHEP 2008)
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Presently factor ~7 more data on tape,

but no reanalysis yet

https://docs.belle2.org/record /2277 /files/BELLE2-NOTE-PL-2021-002.pdf ?version=2
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X(3872), charged vs. neutral B mesons

Ratio BY/B™ is a test of isopin.
e |f X(3872) has no isospin (charmonium, hybrid), ratio large (~ 1)

B(BY — KY.J/v)
B(Bt — K+.Jvy)
B(B" — K%))
B(B+ — K+/)

0.873 + 0.026 (PDG 2023)

= 0.929 + 0.085 (PDG 2023)

Limit = 1, for m(B")=m(B™), m(K+T)=m(K"), and only constituent charm quarks

e If X(3872) is a D*D molecule, ratio should be small (<0.1)
B, K° contain d quarks
BT, Kt contain u quarks

DY D*V contain u quarks
precise calculation see Braaten, Lu, Phys. Rev. D77 (2008) 014029

e Present world average (PDG 2023), dominated by J/¢ynm

B(B° — K°X(3872))

— 0.500 =+ 0.24
B(B+ — K+X(3872)) 0500 % 0-246

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ
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X(3872) - D*D, charged vs. neutral B mesons

B(B® — X (3872)K°)
— 1.3471047 +0.10
BB+ = X872+~ 34-oao(stat) Zoa(syst)

Mode Bﬁ*o Z €35 X B?;j

Efficiency is a result of the BW fit Combined 8.70 x 104
(varies near threshold) X(3872)KT  6.92x 107" factor ~4
X (3872) K" 1.78 x 10~ *

e Reminder: branching fraction of X(3872) to D*D
is factor ~10—20 larger than to J/¢mtn~

e Conclusion: ratio of B?/B™ is very different:
~0.5in J/¢YnTn~ vs. ~1.3 in D*D

e Confirms former observation from Belle, Phys. Rev. D81 (2010) 031103

B(B® — X (3872)K°)

= 1.26 & 0.65 + 0.06
B(B+ — X(3872)K+)

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ
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Search for R++ LHCDb, 1\I:1twe I?hysl 18 ('20'2'2)‘ 751

0¥ %607 L}|ICb ;3

Remember T_.T, as [DYD 7] state at LHCb 2 | ot

| i
[D7 Dy (2317)] e | T
predicted [DDK] molecular state by kaon exchange I 12
Sanchez Sanchez et al., Phys. Rev. D 98 (2018) 054001 20; ﬁ J | H | :
5-15 MeV binding energy Omﬁ/%++ﬁ+ ﬁwﬂ* T Hﬂwmﬂﬂ
mass 4.13-4.17 GeV 3.87 T 3.89I EY

Mpopo+ [G(,V/(‘ ]

Double charge (exotic nature obvious)

D,y 17(2317) decay to DK kinematically forbidden,
but decay to [D*D,*"] possible by triangle diagram 6
DF/D* @

Needs two charm quarks, D,(2317) :
thus also two_anti-charm quarks R““@
Y(nS) — cceeX Dt D™D

kinematically not accessible in B decays

— take Y(1S) and Y(2S) decays G
and inclusive production in e+te- q

at three energies (continuum, Y(4S) and Y(5S))

Belle, Phys. Rev. D 102 (2020) 112001

+
TCC

R++

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ 35



R++

cecc | €8T | cwee (eS¢ | €55 | cuse | edse
CCCS | ¢5¢5 | cwcs | cdés || coss | c5s5 | cuss | cdss
cccu | cscu | cucu dct || cesu | cssu | cusu | cdSu
ceced | csed | cucd | eded || cesd | ¢ssd | cusd | edsd
B

Ut | couT | cwaT | cdtc || cede | esde | emde | cdde
ceus | csus | cwus | cdius || ccds | ¢3ds | cwds | cdds
ceut | csuu | cuuu | cduu || cedu | ¢sdu | cudu | cddu
ceud | csud | cuud | edud || cedd | ¢sdd | cudd | eddd

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ

36



Search for R**

Fit examples for fixed mass 4.14 GeV/c? and fixed width 2 MeV

Events / 2.5 MeV/c?

- Data

-
o
T T

Events / 2.5 MeV/c?

(a) \/s=10.52 GeV — Total Fit

-+ Background
Sideband

| I

e

R RUTRET

414 416

2
M, o (GeV/c?)

4.18

Belle, Phys. Rev. D 102 (2020) 112001

10
N CY * Duta 15 (b) - Data
o Y1) s v | 1(2S)
i Sideband > I Sideband
: = 10}
6 0
QY
: 2
i
T T M o
I I
OI—IALIAUlll LJTIJTL J 0 | e T e i e =
41 412 414 416 4.18 4.2 41 412 414 4.162 4.18 4.2
MD.D;. (GeV/c?) MD*D'; (GeV/c?)
200 [~ -+ Data i ~-Data
NO i (b) \/§=1058GeV — Total Fit NO i (c) \/§=10867GeV — Total Fit
~ B Background - | ==+ Background
2150:_ Sideband E) 20+ Sideband
0 ! t 0
N 100} } A I L l
% £ 10f 'ﬁ I“J
® s0p : H ]
L L
0- PR T S " s 1 PR [ e B 0 1 1 P
4.2 41 412 414 416 4.18 4.2 41 412 414 416 418 4.2
2
My ( (GeV/c?) My (GeV/c?)
No signal observed. Upper limits on cross sections are small (order of few fb)
37
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Search for Y.

e Search for T, [ccce], but in ISR
— vector state Y.

o [Jiym,| threshold is 6081 MeV

>

et

NEW 2023
Belle, JHEP 08 (2023) 121
Junhao Yin and team

ez (Korea University)

JP¢ =17~ can be reached by P-wave (L=1), suppressed by (2L+1)

e |h.n.| threshold is 6509 MeV

JPY =17~ can be reached by S-wave (L=0)

decay to Juyn,. is open

e T(nS)(n=1-5) and 10.52 GeV (off-resonance)

055 fb—! (total Belle data set)

exclusive analysis:
J /1 reconstructed
7. reconstructed
<3 extra tracks

inclusive analysis (J/ or J/vyrsr):
J /1) reconstructed

ISR photon Ev >1 GeV
>4 tracks

suppress BB by Ry > 0.13

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ
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NEW 2023
Search for Ycc Belle, JHEP 08 (2023) 121

251 401 10¢
o 20F* £{1S) Data o 10 [ 4 v(25) Data o 8|+ Y(@39) Data
(4] [eeens n m = (4] |
S Ly (=) o i
S 15[ nles) o S 6F
P _ --bkg * @ 20 P i
c 10 c - c 4
@ B [4)] - [} B
> i , 4 > : 3% > -
W gr Puvncs o W 10r ) 51 S B P
BT L o asueiis ST S S S B 5 s W
25 3 35 25 3 3.5 2.5 3 35
Mo (JW) + M(J/y) - m(J/y) (GeV/c?) M,y (JW) + M(JNy) - m(J1y) (GeV/c?) M, ooy (JW) + M(JNy) - m(J/y) (GeV/c?)
60
I 150 -
o | +-10.52 Data 1l o [ 4Y(4S) Data o L4 v(5S) Data
S 40 S [ S T
o i o 100 o
e S = e
2 2 i 2
® 20 ® - 3 20
> > 50 >
L . L [ L
0 e et i, 0 N IR T 0 1 S BV R ST L
25 3 35 2.5 3 3.5 2.5 3 3.5
M__.((J/w) + M(J/y) - m(Jiy) (GeV/c?) M. (J/w) + M(J/y) - m(Jly) (GeV/cd) M,...(J/W) + M(JAy) - m(J/y) (GeV/c?)

MrecoiI(J/w) = \/|p6+e_ —P(J/¢)|2

subtracting resolution by using PDG mass m(.J /)
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Candidates / 25 MeV

NEW 2023
Search for Y, Belle, JHEP 08 (2023) 121

—_
N

Simultaneous unbinned maximum likelihood fit

-
o

for [J/14n.] invariant mass and y;gg recoil mass 2 8f
5 eF
e Signal shape: Breit-Wigner, free mass and width, g 4 \LE | |
convolved with Gaussian from resolution study Yo it | l
_ s 7 75 8
e Background shape: ARGUS function, Mn Jhy) (GeVi/c?)
parameters from fit to the 7. and J/v sideband 35F
30F
e Signal-yield fractions fixed from signal MC 25
20F
Mass resolution ~15 MeV 3
10
. - o :
Signal efficiency ~4% st
Reminder: yield in P-wave suppressed by factor 3 T S
Miezail(t g5 (GEV/C?)
arXiv:2006.16957 arXiv:2304.08962 arXiv:2306.07164
160F L LW=135 " CMS 160 - Iv:: 1401 ATLAS E 160 I-r=9fb'1 LHCb
L1/ . s=13TeV + Data % L s=13TeV + Dat @ $=7,8,13TeV + Data . L ol
wlidy f - £ o] N i Significance 2.10
of EmiThea. o | e . S w Mass 6267 + 43 MeV
{ @ g :
M Pt o S, 1ol ) Width 121 + 72 MeV
065 7 78 " 85 9 Y U N 20 A T e S R Yo
m (Jap Jry) (GeV) m (Jp Jhy) (GeV) m (Jrp Jy) (GeV)
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Search for Y.

Simultaneous unbinned maximum likelihood fit

to reconstructed 7. mass and [yrsrJ/] recoil mass

e Signal shapes: from MC (smoothed)

e Background shapes: ARGUS for exclusive,
third-order-polynomial for inclusive analysis

e Signal-yield fractions fixed from signal MC

Statistical significance of enhancement near threshold 3.30

] ©
> >
[5] [}]
= =
o o
o o
=+ 2
© i)
= c
[ o
> >
w w
-'\7 L
L 20f ’ ©
s> - =
o 15: J o
b= : / b=
N / <
S 10 >
w g w
o 5t l 'l' @
02 2.5 3 3.5 4

2
Min)/M___(rdiy) (GeVicH)
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+{ LA feesde T

3

3.5

2,
M(n )M ___(yJiy) (GeVic?)

4

Events / 40.0 MeV/c®

Events / 40.0 MeV/c®

25 3 35 4
Min)/M___(yJiy) (GeVic?)

Cross sections/pb

45k
3.5

2.5E

1.5

0.5

NEW 2023
Belle, JHEP 08 (2023) 121

__ --step 400 MeV _;
3 -=- step 500 MeV T
- -a- step 600 MeV 3
6 7 8
center-of-mass energy (GeV)
Flatté — like
k factor
f_}%
| V2uAM
Fitcuve o=A

(55)"

_mne)m(J/)
P = mn)+m /)

AM = /5 — m(nc) — m(J /i)
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T.s searches at Belle

Neutral or doubly charged D; must be exotic.

e B meson decay channel of X((2900) [esud] (J¥'=01) and X;(2900) [csud] (JF'=17)
was investigated by BaBar pro s3(2011)032004 and Belle pre 93(2004)051803 :

BT — KTDtD~
(D~ K] mass was not investigated.

e B meson decay channels of 757 (2900) [csud] (J¥'=07) and T2,(2900) [c5du] (JF'=07)
were investigated by Belle pro 91(2015)002011, as it contains D;‘O(2317):

B » 7~ D’D
Bt = atD-D?}

[DF7*] mass was only investigated up to 2.4 GeV.

Events / ( 0.004 GeV )

. L+ s
23

23

For other states with D.(*) D(*), ot

see talk by Elisabetta Prencipe WD, ) (GeV) M(D] =) (GeV)

P S | c..l..-
235 24 225
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Xcl (3872)

PDG 2020

also known as X(3872)

Mass m = 3871.69 &+ 0.17 MeV
Full width ' < 1.2 MeV, CL = 90%

X c1(3872) DECAY MODES Fraction (I';/T) p (MeV/c)
7™ J/9(1S) > 3.2% 650
wJ/1P(1S) > 23% t
DO DO 70 =40 % 1 O O 0/ P ur

D*0 po =30 % o - 4
70 %c1 = 28% 319
v J/ =7 x103 697
v 1(25) >4 % 181
rta— nc(IS) not seen 745
Tt~ Xcl not seen 218
[o¥5] not seen 1693

Xc1(3872)

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ

also known as X(3872)

PDG 2021

lG(JPC)

Mass m = 3871.65 £+ 0.06 MeV
My _,(3872) — My = 175 = 4 MeV

Full width ' = 1.19 + 0.21 MeV

Xc1(3872) DECAY MODES

Fraction (I';/T)

0+(1 + +)

(S =1.1)

p
Confidence level (MeV/c)

€+ e

a 't J/(1S)
at 79 J/¢(1S)

wn(19)
wd/(1S)
ol
pODO 70
5*0 DO
vy

popo

< 28 x 10~6 90%
(38+ 1.2)%
Thot seen
< 33 % 90%
(43+ 2.1)%
not seen
(40 T38 )%
(37 +£9 )%
<11 % 90%
<29 % 90%
<19 % 90%
< 4 % 90%
( 34+ 1.6)%
<70 % 90%
< 14 % 90%
< 7 x 1073 90%
< 24 x 1072 95%
Radiative decays
< 4 % 90%
< 6 % 90%
(8 + 4 )x103
< 9 % 10™3 90%
< 32 % 90%
( 45+ 2.0)%
C-violating decays
< 18 % 90%

1936
650
588
368

t
1646

116

}
1936
519
502
273
319
745
218
1693

502
519
697
344
303
181

491
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Bt = K™ X,

Particular situation at Y (4S): m(Y(4S))=mp+mx
— B mesons at rest in cms system

TAG B Y(45) B

-

Kaon

X -
CcC

Hierarchical full reconstruction of 1104 hadronic decays
NeuroBayes neural-network package

M. Feindt, F. Keller, M. Kreps, T. Kuhr, S. Neubauer, D. Zander, A. Zupanc
Nucl. Instrum. Meth. A654 (2011) 432

Disadvantage: reconstruction efficiency small (requires tag side)
e <0.26 %
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Absolute branching fractions in BT — K™ X

Belle, Phys. Rev. D97 (2018) 012005
711 b~ (full Belle data set)

3 BaBar, Phys.Rev.Lett. 124 (2020) 152001
8 a0o 424 fb! (full BaBar data set)
g © 400
3 50 é - X(3872)y "
§ B n; xc c xc J/ nc
w 400- Q 300__ l l QC ! 0 v
i a Vvl Vo
200-— -Ei :
~ T -‘,ﬁzoo_—
T TR T R T R R ¥ T R KT S T
M,y (GEV/C?) O B
—~5000 . 100__
T X(3915)| .. _
3 T X(3872) ( )W*V
w 4000 1,,(3770)
g I 3
= 30004 r
LI 100 - ~
" 2000 o - Measurement (2,1+0.7) x 10~
L Upper limit 1 1.2 1.4 16 1.8 2
; <26 x 104 Kaon Momentum (GeV/c)
[ | [ L. 1 + .
ST O, A L p(K*) in the B meson rest frame
: : -1
<
Mooy = \/(p;e_ — pt., — pp)2/c Belle Il can improve error to <0.1 with 50 ab
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Conclusion and Outlook

® Long shutdown 1 sucessfully completed,
next beams (start of run 2) planned for January 29, 2024

® New results in 2023:
* X(3872) lineshape in D*D (mass resolution 220 keV)
* Search for T,

® Production modes: B decays, ISR, Y decays, ete™ continuum, ...

(different quantum numbers accessible)
® Cross sections carry surprising information, see e.g. X(3872)

® Target in 2024: 2 ab™! combined Belle and Belle 2 data set

(“2 x Belle")

® NUPECC Long Range Plan, Input from Belle |
https://arxiv.org/abs/2212.09182

XYZ at Belle | Lange | Hirschegg 18.01.2024 ﬁ

48



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48

