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* Brief review

e Recent results
1. Production modes
2. Final state combinations
3. Relations between XYZ

* Future
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From meson/baryon to exotic hadrons

Hybrid
Glueball Molecule

Pentaquark H-dibaryon Tetraquark

@
dQu Gl
All allowed by QCD

figures from arXiv:1403.1254, S. Olsen
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Charmonium-like states
Beyond potential model

CMS

2021-6-8

Charmonium spectrum
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Charmonium spectrum

Charmonium-like states
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Charmonium-like states

2016

Charmonium spectrum
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Integrated Luminosity in fb™’

e”e/aBar data Samples Both started in 1999, 20 years ago.

1800 — | | I | | [ I I .
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1000 n,(1S) =
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800 Y(4360) n5(2S) E
600 =
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Integrated Luminosity (1/fb)

BESIII scan data samples
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Production modes @ ete™ machines

e ete™ direct annihilation
* B decay
* |SR

*YY
e Charmonium/Bottomonium(-like) decay

2021-6-8 Kaizhu@FPCP2021



Observation of eTe™ — nP(2S) at center-of-mass
energies from 4.236 to 4.600 GeV arXiv:2103.01480

20 _ ete” - nj/y
—_ [ Besm: PRD(RC) 102, 031101 (2020)
Q [ ]
2 15} - %
a : : 50§ é I‘.I -
5 10 s "
- L - o
1 : ; =
+l:|'J S = :’;
o °F |/ -
— - - 0
R LlH __________ R 4

J—H—I—IJ—H—I—IJ—U—I—IJ—H—I—IJ—H—I—IJ—H—I—IJ—H—I—IJ—U—I—IJ—U—IJ
4.2 425 4.3 435 4.4 445 45 455 4.6

s (GeV)
* The process of eTe™ — ny(2S) is observed

38 39 4 41 42 43 44 45 46

for the first time with 50 significance. G To



https://arxiv.org/abs/2103.01480
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.031101

Observation of eTe™ — nP(2S) at center-of-mass
energies from 4.236 to 4.600 GeV arXiv:2103.01480

20

T ] ete” > n'J/Y
3 BGS]]I ) PRD 101, 012008 (2020)
= 1OF ] £
= i ] 5
U) B i _—‘: BGS....
N Lok h o t
= i | . 5 Voo — -
.T i . 22 a3 a4 a5 Tas
+l:l.J 5 _ Is (GeV)
Q9 I l i [ |
m - - L
o L] | I |1 - A Coherent sum of
V) i S S = 1 (4160) and 1(4260)
| T P FEET FEE S SR T SR EEE PR T T P | 5 t
4.2 425 4.3 4.35 4.4 4.45 45 455 4.6 52
s (GeV) s N b Sh— 4
* The process of eTe™ — mP(2S) is observed T et

for the first time with 5o significance. 15 (GeV) 1


https://arxiv.org/abs/2103.01480
https://link.aps.org/doi/10.1103/PhysRevD.101.012008

ete™ = @pAA, 3.51t0 4.60 GeV arXiv:2104.08754
BCSII

%o 9OF
5 > 80 M-
a O 70F —PHSP
*E = 80 E ﬂ+ background
S O f
= o 2OF
3 N 40F
B ~ 30F
7)) -
5 € 20F
7" .
| ' | | 3.2 2.4 2.6 2.8 3 3.2
CM energy (GeV) M(AN) (GeV/c?)
Peaking structures at 4.23 and 4.36 M=2262+4+28,T=72+54+ 43 MeV

GeV with significance 4.20 and 3.10 Not match any known resonance
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https://arxiv.org/abs/2104.08754

Candidates/5 MeV/c

Measurements of the Absolute Branching Fractions

of Bf - K*X,,

400 - )
B X(3872)y " ' 424fb -
- e Koaker X Jhp M,
300 — l l Ne “e2'c1 %o
. R Lo
200 [ |
- ' - 4
- Al + ’
i ‘-"-' i 'L Font
- iy 3P Ml e * Db s
0 :: 5 Jl hIII||| "y + Lt =5, H| ol
Il +
~100
N o |
1 1.2 1.4 1.6 1.8

§EXIX PRL 124, 152001 (2020)

B[BT — X(3872)K™|
= [2.1 +0.6(stat) £ 0.3(syst) +0.1(ref)] x 10~

First measurement, 3o

B[X(3872) - J/yntn] = (4.1 £1.3)%

Kaon Momentum (GeV/c)

After background subtraction

Suggest X(3872) has significant
molecular component.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.152001

Yy = yY(25) = vy = X(3872)
arxiv:2105.06605 PRL 126, 122001 (2021)

- 30._
40p - 825fh~L
i L] B . Tl R etes sl E e e, e e ..
bt -
>30] s X(3872)
S E 3‘.3 E - /
820t E 15— NN Il"#.
o I = X(3915)
o, F Y F -
10} 10— e
ey X Rl J': -.-n'“_ i in, o e 53_ I
97 738 39 4 P 41 42 - e !
Myp(23)) (GeVie) o= IEEEI N alrl - '355' - 3!9' - ':;' - '4|.1' - '4]2' - '4[3' )
e Two narrow structures at 3921 and M(Jlyrn) (GeV/c?)
4014 MeV with local significance .
406 and 3.00 & Three X(3872) candidates are observed
' ' with significance 3.00

* Maybe yco(2P) and x,(2P)
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https://arxiv.org/abs/2105.06605
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.122001

K*Y

K**

20k1>|6—8

Eightyfold way
os

[¢(3770) } i

c(25)
S

Different combinations in final states
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BESIII recent results with . and x,;

Details in Xuhong Li’s and Ruiting Ma’s talks (both Wed AM)

BESII

* Search for the reaction e*te™ - x, 't and a charmonium-like

structure decaying to x,n™ between 4.18 and 4.60 GeV, Phys. Rev. D

103, 052010 (2021)

* Search for the reaction channel e*e"->n_n n'it” at center-of-mass
energies from 4.23 to 4.60 GeV, Phys. Rev. D 103, 032004 (2021)

* Measurements of e*fe™>n *nn®, nat'n” and n % at Vs from 4.18 to
4.60 GeV, and search for a Z_ state close to the DDbar threshold at

4.23 GeV decaying to n_t, Phys. Rev. D 103, 032006 (2021)

2021-6-8

Upper limit is matter!

Kaizhu@FPCP2021
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.032004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.032006

Relations between XYZ states

D:Dg,(2460)

X.K. Dong, F.K. Guo, B.S. Zhou, PRL 126 (2021) 152001 D" D;(2460) | | DiDZ,(2573)
1 1

L—140 MeV : 220 MeV :

DD, (2420)
! DDy, (2536)
D*D,(2420), DyDy; (2460)

4 A
<>
@ D

2021-6-8 KaiZhu@FPCP2021
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https://doi.org/10.1103/PhysRevLett.126.152001

BESII
Y(4230) - yX(3872) PRL 122, 232002 (2019)

0.8

—+- Data
-4 BESIII 2014

2F —+-Data i
0.6 | — Fit

— Fit

0.4|

0.2}

ol

o(yX(3872)—>ywdly) (pb)
o(yX(3872)—yrn'nJ/y) (pb)

4 42 44 46 42 44 46
/s (GeV) Is (GeV)

A simultaneous fit with a single BW resonance.
« M =4200.6777, +3.0MeV, T'=115738 + 12 MeV

2021-6-8 Kaizhu@FPCP2021 18


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.232002

Y(4230) » n°Z.(3900)° PRD 102, 012009 (2020)

Besm R A I I Consistent with charged mode

PRD 100, 012005 (2019)

= i +d':c“ﬂ i
£ 10+ — Fit — 1000 [T ]
> i -+ Y(4220) i " DORun I, 10.4 f5' (a) 1
> I Y U % T NonRes . 800 P
& - - interference > [ Displaced vertex ]
kR 51 - S 600} :
N I i S 400[ + .
& - 1 = - .
.T 0= vl 200 -
S - . : + ¢ ¢
Q i i ] ¢ E
© i ] - + ]
B e _209-1_1“H4|2H”4|3HII4I4”I:4I5“|:4I6I”4?
41 415 42 425 43 435 44 445 45 ' ' MA - ' ' '

(Jym) [GeV]
(s (GeV)

Details in Ruiting and Xuhong’s talks Zc(3900) signal yield
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.012005

BESII

Y (4660) —» K*Z(3985) ? e
, . 1S = 4. e
PRL 126, 102001 (2021) of (@ o
20?— S—— Eij(zsuu)“n*”
Details of Z ¢ in Ruiting’s talk g le - ' ------- non-Res.
G 1op ) %44 b, i
% ol | comb. BKG
= . . .
Mpoie|Zes(3985)7] = (3982.51)¢ +2.1) MeV/c?, Q TG
' o s=4, e
oole[Zes(3985)7] = (12.813; +3.0) MeV. 2
-
a8

 Main contribution seems from
4.681 GeV, due to Y(4660)?

* Related analyses such as the
searching Z . in neutral mode,
KJ /1y mode, excited states are on-
going at BESIII

RM(K") (GeV/c?)
2021-6-8 KaiZzZhu@FPCP2021 Zvu


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001

Study of ete™ = %X (3872)y and search for
Z.(4020)° - X(3872)y  arXiv:2102.00644

3 3 ,
BESTT t o . - (b)
5 2F S 2f
2 = |
Q . v Q ! ¥ v
o 1 . © 1 ,
whryryv, v 'Tﬂl"ﬂ"r"f'v‘r‘r" ‘,
0% 43 44 45 46 042 43 44 45 46
s (GeV)

(s (GeV)
FIG. 2. The upper llIIIllb at the 90% C.L. on o(e'e y O X(3872)) - B(X(3872) —» w'w J/¢) (a) and o(e'e ¥
" Z.(4020)") - B(Z.(4020)" — X (3872)7) - B(X (3872) = w a—.J/4) (b) for each energy point.

No obvious signal
2021-6-8
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https://arxiv.org/abs/2102.00644

Relations between XYZ states

K. Zhu arxiv:2101.10622

D:Dg,(2460)

X.K. Dong, F.K. Guo, B.S. Zhou, PRL 126 (2021) 152001 D" D;(2460)

DD, (2420)

D:DZ,(2573)
1

140 MeV : 220 MeV :

D*D,(2420), DyDy; (2460)

DDy, (2536)

Information
is still

very limited.
Z.(3900)

/

2021-6-8

KaiZhu@FPCP2021

Z.(3985)
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https://arxiv.org/abs/2101.10622
https://doi.org/10.1103/PhysRevLett.126.152001

Same strategy applied to enhance luminosity:
squeeze beam size & boom beam current

Near future

* Upgrade on BEPC Il (details in Yuan Zhang’s talk in Friday AM)
* Luminosity: 3 times @ 4.7 GeV
* Energy: maximum from 4.94 to 5.6 GeV

e SuperKEKB and BELLE Il (details in Minakshi NAYAK’s talk in Friday PM)
e Luminosity: KEKB x 40!
e Detectors: vertex, tracking, PID, high event rate, etc

* Plan:
e Peak luminosity: ~6 X 103> em™2?s 1 in ~2028;
« Integrated luminosity: 50 ab™ ! in ~2030 (40 ab™1in ~2029)

* Has started collected data since 2019 Mar., some preliminary XYZ results
already

2021-6-8 Kaizhu@FPCP2021
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summary

* Lots of contributions from e*e™ machines
* Many discoveries and precision measurements
* Improved knowledge on various aspects

e Still many unknown about these exotic states
e Mass and width (especially important near thresholds)
* Quantum numbers
* Transitions between them

New/Undiscovered states

Absolute/Relative decay rates

Production modes

e BESIIl and BELLE Il will continue be active in the next 15~20 years

2021-6-8 Kaizhu@FPCP2021 24



Thawnks, and wish you good health!
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ete” -» BMBX) 2 R Mizuk, QWG2021

BELLE

Dressed cross sections

dressed _ N
a — Le(110sR) stat., uncorrelated syst. errors
: ==F =F =
5 BB 5 1 BB* s B*B*
2 200 £ 00l 2
0 O | O
woff 100} }
. : MM n_z&
S T A T T [ T I | WE W eI i i3 07 e T BT
E.. (GeV) E,,. (GeV) F.., (GeV)

* First exclusive cross sections in the range 10.63 and 11.02 GeV
* Oscillatory behavior and no obvious signal of Y(55)

27


https://indico.cern.ch/event/838970/contributions/4260186/attachments/2210504/3740978/mizuk_QWG2021.pdf
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* These states may be the same
20* Need improved precision
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e
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o
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O
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b
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i1 B
T, |

45 45
M(DD ,(2536) ) (GeVic?)

5
M(D}D",(2573)) (GeV/c?)

~
1
—

55

Belle, A} AZ 46341813 gataua e
Belle, m*m (2S) 465241048 68+11+1
BaBar, n* " W(2S) 4669121413 104+48+10
Belle, D3 D4, (2536)" 462617 +1 498%15 +4
Belle, D7 D%,(2573)" 4620%3 +3 47.0732 + 55
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Y(4626): eTe™ — y,ep DI D,(2536)™ PRD 100, 111103(R)

D¥D%,(2537)"

PRD 101, 091101(R)

29

50
B —e— Data C —— Data
b L (a) D,{2536) sidebands o - —— D*_,(2573) sidebands
“:-S 3 0 - | D;nsi[.zsaﬁ} contribution O 40 — Data fit
Q R BL Y E::: {:'mkgmund % N 11 N Background shape
= - N Fitto D, (2536) sidebands = 30 -~ Sideband fit
a 20 __ [ \ -+--=-- Fitto D,'D,(2536) contribution ﬁ - _ ‘}
@ 2 200+ H
E 10 :_ i .Illiﬁ'l * + + % g ali : +
2 or 4 b ey . & 10f Ly 1]
iof g ety - i
0% c 5 &g 0546474849 5 51525354 55 56
. ) . 4 - 2
M(D;D(2536)) (GeV/c?) M(D’D*,(2573)) (GeV/c?)
* No obvious signal from D¢ Dy,
 Uncertainty is large, cross check from BESIII is deserved.
202165 * Y(4626) =Y(4660)? Maybe. Need improve precision.


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.111103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.091101

SuperKEKB accelerator

e '

New beam pipe
& bellows

KEKB SuperKEKB

“nano-beam” scheme
Beam squeezing: x20 smaller at IR)

systems for higher ;

Add / modify RF

beam current *

. Y+ oy\1+:¢{+y R,
Luminosity = 1+— :
Positron source Zere Oy ﬂy Ry

New positron target
capture section @

Target luminosity: 8x10%cm-2s-
KaiZhU@FPCPZOZKEKB x 40!

N

Low emittance
positrons to inject

Damping ring ’ —~——
—_—

Nige &
Low emittance gun

Low emittance
electrons to inject
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Belle II: significant upgrade

KL and muon detector:

Resistive Plate Counter (barrel outer layers)
Scintillator + WLS fiber + MPPC (end-caps
& inner 2 barrel layers) 2

EM Calorimeter:
CsI(TI), waveform samp
Pure CsI (part of end-ca

\

\gation counter (barrel)

electrons (7GeV) Aerogel RICH (fwd)

r

Beryllium beam pipe o
2cm diameter //,/" ‘}

4 \
Co -~

//J’?
/ —
/@\ ==

.
N
==
- g— \
- ~

Central Drift Chamber 3
He(50%):C2Hs(50%), small cells, lonhg
lever arm, fast electronics

positrons (4GeV)

Belle Il TDR arXiv:1011.0352

Kaizhu@FPCP2021 |
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10 ] : 70
i —Lpeak Before IR upgrade || ——Int. Luminosity
Recent data taking and plan ¢t remw .
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Evidence for the X(3872) in Belle |l data

K. Chilikin
XYZ workshop

- Balle i Belle I
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Using a data sample of 62.8 fb™!, evidence for the X (3872) was found

with 4.60 significance. 33



