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New forms of hadrons = exotic states

B Conventional hadrons consist of 2 or 3 quarks:
Naive Quark Model:

meson i!! baryon

B QCD predicts new forms of hadrons:
* Multi-quark states : Number of quarks >= 4

® ®

* Hybrids : qGg. qqqgg ..
e Glueballs : gg, ggg.. g (

Goal of BESIII: establishing these new forms of hadrons
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BEPCII Upgrade ( REE )

* Increase of beam energy
— Epean=2.3022.35>2.45 GeV
— Plan:
« get to 2.35 GeV in 2019
» Getto 2.45 GeV in 2020-21, change ISPB (Interaction
region SePtum Bending) magnet, big challenge
— Funding approved
* Top-up injection
— Data taking efficiency increases by 20~30%

— Funding approved
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400F
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Cross section (pb
Cross section (pb)
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e'e> KZ..@ E_>4.5 GeV

e*e” — K'K'J/y at 4.600 GeV

15 B L L L e _ > g
- 4600-4700, 4750-4800, 4900- | 3 ™ = 26.5%7
S | 5000 MeV? ] & BESI | T
— 10 ] 101 £=29%
S ey i
S | <O
+¥ 5 i + { sale ol
° Il * o ﬁ +++++++++ ++ + - 20 |H+
0 —.I PR B + + +“ ““‘l i O: 3 2H3i4i 6+3 8 31fjigi23 jI->’E':'1i’5'x'1“3 32
4 4.5 5 55 6 MoV
E_. (GeV)

1000 observed evts at 4.66 GeV ~ 10 fb1
1000 observed evts at 4.79 GeV ~ 5 fb1
1000 observed evts at 5.00 GeV ~ 10 fb1

£ K*KJ/y 353 Z. (c cu s)? .




MeV

5000 |
4800 |
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4400 |
4200 |

4000

¥ Z(c cs s)?

T'hresholds involving two D, mesons

Marek Karliner and Jonathan L. Rosner ]

- —— D,,(2460)D,,(2536) .
‘ ‘ Nuclear Physics A 954 (2016) 365
D,,(2460)D,, (2460) Table 1: Possible S-wave resonances with two L), mesons below 5 GeV.
—~=—=  Dis(2817)D:(2573)
—— D(R317)D,,(R536) States (J¥) M M — M(JA)) Binding Allowed
(MeV) —M(4) by n? Jr
——  D%(2317)D,,(2460) DF(07) D7 (07) 3936.6 -179.8 No -
DfF(07) D 3 =(17) 4080.4 -36.0 Yes i
D (17) D(17) 4224.2 107.8 Yes 0+, 2t @
——  D,D2(2573) DF(07) Dy (2317)(01) 4286.0 169.6 Yes 0~
___ D,D,(536) Dj(O ) D;;(2460)(1%) 4427.8 311.4 No” [17]°®
D30(2317) D50(R317) D;+(1 ) Dy (2317)(0+) 4429.8 313.4 No? [1-]°
- DF(07) D7(2536)(1F) 4503.4 387.0 No -
gsDDil((z;gg)) DF(07) DI (2573)(2%) 4540.2 423.8 Yes 2=
L DSDSZ -t D**(l*) Dy;(2460)(17) 4571.6 455.2 Yes  07,17,2°
=D (rooC! D (2317)(0%) Dig (2317)(0+)  4635.4 519.0 No —
Dx*+(17) D(2536)(1%) 4647.2 530.8 Yes  07,17,2-
——— DyDy(2460) D*(17) D5 (2573)(2%) 4684.0 567.6 Yes  17,27,3°
T DI 2317)(0+) D,,(2460)(17)  4777.2 660.8 Yes 1T
D (2317)(0%) D(2536)(1F)  4852.8°¢ 736.4 Yes 1+
D (2317)(0%) Dy (2573)(2+) 4889.6° 773.2 No —
—  DyD(2317) D} (2460)(17) D1 (2460)(17)  4919.0° 802.6 Yes 0+, 2+
DJ1(2460)(17)D;(2536) (1)  4994.6° 878.2 Yes 0+, 1%,2t
—— i
I/ ¢ threshold
— 0.0 J/9£,(990) threshold
[ —— one 71 exchange possible 1
--—-  D,D, --- one 7 exchange not possible :LZ
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BESIT opservation of Y(4260)->vX(3872)

PRL 112, 092001 (2014)

5 = 06
[ —+ Data 7 é f —4— data
REE — Total fit < 05F —Y(4260)
= = C --== Phase Space
) i === Background 7 ) _
= 10 - B --- Linear
i B
© | ] &
o | 1 L
e
LI>J " ] ™
T PRI &
g.S 3.85 3.9 3.95

M(r* /) (GeV/c?) | E.. (GeV)

A new Y(4260) decay mode
A new X(3872) production mode H



X, Y, Z particles are correlated

Whatever they are, they are very similar.

Molecule”? Compact tetraquark? Kinematic effect?

Y(4220)

X(3872) 7 Z.(3900)



HX, Y, ZR FH YRR

Y(4220)>yX(3915)?
Y(4360)/y(4415)>1Z (4020)?

Z (4020), Z(4430)
? ?

X(3872) Z_(3900)

16
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3 loop pQCD
__________ Naive quark model |
2175 -
o' 0.1 fb~! -
! Yoo T S T S S S S
O Y i ned
Energy Scan 526 pb—! =

! LW‘MWM
u d s o«

W T i
F ST L LS R NL
Fai™

Can cover 0-4.6 GeV from 4* ———

dlrect annlhllatlon or ISR

measurements

4190, 4200,
4210, 4220,

O 5 1 1. 5 2 2.5
- — T T T — I — — - .ni&\..‘:)' 42361 4245;
E qu-b “lb(?S) 4040 als 4426 4270, 4280
= A MarkI 0.5 fb~1>  4230+4260 1.0 fb ! 3.9 fb?
N Mark-T + LOW 1.9 fb-1 _
N m Mark-TI 7 . ‘{’ | ze000) ' A1
o | - | | -
- ® PLUTO g5, 100 7™ 0.6 1Y 1
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— fr Crystal Ball | ' | . —
: e | I|I § %‘H"ili \' - 2019
— i 1 +
3 | 2.9‘;- fb 2l b “ | 4350_1,-_ Lo— - = A
SR | Ty % Jl|'1h' LIl -
F 4L L ””1 j@rl | E
e =t | R ::an 1.3 fb—1 (130 polnts | -
= - | ] ] ] ] | ] ] ] )l' | | T
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BESII R values

50 |
45 [
40 [
3.5
3.0 |

25 |
2.0
15 |-
10 |-
05 F |
0.0
.0l

.
=

v’/d.0.f=1.08
C.L.=31.8%

- res
& "l"
f L~ R
4 o 4 int
i § b

¢ = A% SN = R

i L - & con
- ra - T 5 t“;-._
s Ry e T e e — R EEE————————.

pqntlripultiqnﬁf’f'c;)rrll each component

37 38 39 40 41

BES, PLB660, 315 (2008)

42 43 44 45 46 47 48 49 50
Ecm(GeV)



v resonance parameters from BESII

Rthe — Rcon + Rres

Coherent sum of 4 BWs

Reon=Co+ C1(W —=2Mps) + Co(W — 2Mp+)?

127

Ure.x
R res — — o

O
>_"|
J

L
f

Tesl? =YD T (W)

Mass dependent width

ZZL+1

Fj(W) _ f
- B;

BES, PLB660, 315 (2008)

— 1Ty 1> + | Tres ]

Amplitude of r 2> f

2 Tf W Mr Freerrf
(W)= W2 — M2 +iM,T,

ei@,»

¥ (3770) = DD;

¥ (4040) = DD, D*D*,

¥ (4140) = DD, D*D*, DD*, D; D, D;D*;

¥ (4415) = DD, D*D*, DD*, D; D, D;D*,
D¥D¥, DD, DDj}.

DD*, D,D,:

20

May use data now!




Y states don’t match

—
-
—
-
=

-

1.5

Y

(4260)

y(4415)

PRD80, 091101 (2009)

DD*=n

JS

R value

M(DD*n)

PRELIMINARY

Belle(2010)
BES(2002)

oy

D )D

s) () peaks

= B + ' | | PRD77,011103(2008) ]
JHACRIT
@ oElie oo
4 : < <) :
= ++H‘:}h gl £ ’
2 ) ;5+||,|.1| £ 1
0:. e I P M.Mﬁ'&&ﬂ
s 2 EE PRL9, 092001 (2007)
= Sk Bl g oo
2 TiELE 1§ PP
2 TS =
0 T ! E ;| \ L ]
1  PRL100,062001(2008) + g
0.5 (| PP~ +H’ §
o . it |+||t|iﬁ| ﬂm ﬂ,+,1++ﬂ
_PRLlOl 172001(2008)
051 AA, M(4630)= +'|'+
- Y(4660) ? $
0".1...1.. N‘h*#“h“
3.8 4 4 2 4 4 4 6 4.8

s, GeV»*'c2



BESIIIA LA1E3.8-4.6GeVAEE

o (nb)

o (nb)

o (nb)

)

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0970707-009

C O

Y DD
D*D —]
® D*D*

@
—y. v ¥
v D¢Ds
D.*D,
. DS*DS*
vy !
D*Dr
® D*D*n

A &

-
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» Argand plot
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Z, RT3

= (BRAEMIERAE? )

Im(AZ?)

> BT FR E 1R
> Z.(3900)
¢ 1.9 @ 4.23/4.26 GeV ~ 6000 n+n-J/w$éu | Re(Az,)
> Z.(4020)
® 3.5 b @ 4.23/4.26/4.36/4.42 GeV ~ 2000 n*7 hc 4l
> Z.(4030)=Z(4020)?
& 1.0fb" @ 4.42 GeV ~ 1000 t*n ' E4l

0
1
2
r i
-3 '\
4
5
6

»5- 8N RfRE—1TE, BTaXA? 1NEH
> Argand plot BEFIRENITAEE? y




MCks£x: 1/fb data at 4.23 GeV
(e*e 9 7I+7t'J/\|1, ZC BW)

1‘%@2[&1

B3

ImA
)




MCks£x: 10/fb data at 4.23 GeV
(e*e 9 e nJ/\p, ZC BW)

7
L)/ : : : :

1‘%*—2&1 :




MCks£x: 10/fb data at 4.23 GeV
(ete" 2w nJ/\p, Zc Flatte )

GEST I ________.__f]f_f_f_f_f_fffff[ﬁ_f]__f%;;ff[ﬁ?fj]f_f_f_f_f_f_f_f_f.
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Search for Z.— pn,

* Search for new decay mode of Z_(3900) and Z_(4020)

* The ratios of Zg') — pn,to ZE') — mf /Y (ith,.) may
discriminate the tetra-quark and molecule models.

100

100
Dynamical Z tetraq. Type-l — namical Z'. tetraq. (type indep.) —
1 1l
Molecular Z. — Molecular Z'. — |
L1072 1 N 102
104 /\ o
_6_ i e \“.\..\. " PR E——— - _6 1 i 1 1
10702 0.1 1 10 100 1000 D007 107 0.1 1 10 100
RZ ‘RZ'
/
_ BZ:—-pn) P B(Z: - pn.)
z zr — /
B(Z. - nj/Y) B(Z; — mh,)

A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015)

Type II tetraquark model:
neglect the spin—spin interaction outside the diquarks



preliminary

e ete” st 'y,
* 1,—9 hadronic decays

Evidence for Z.— pn,

Strong evidence of e'e'— 1Z_,
Z.— pn,at+s =4.23,
statistical significance is 4.30.
(3.90 including systematics)

ete— nZ,,Z; = pn,.not seen.

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

preliminary 60N - 200z 50 preliminary
BOEN,= 21+ 13 ’

F x*DOF = 33.7/33

-----
~ &

Events / 10 ( MeV/c?)

Decay mode BR
N~ PP ~0.13%
Ne = 2(K*K") ~0.15%
N =2 TUTUKYK™ ~1.50%
N, = KK ~1.20%
n. = ppr° ~0.18%
Ne =2 KK ~1.80%
Ne = TUTUN ~1.60%
N =2 KK™n ~0.57%
Ne > T nond ~2.40%

ete—mnZ,,Z, - pn, @ 4.23 GeV
30



Evidence for Z.— pn,

 Measure Born cross section at 4.23 GeV:

dB8(ete” ot nn,) =

(46 + 12+ 10) pb

oB(ete —mnZ,,Z, - pn)=(47£ 11+ 11) pb

V5 =4.23GeV /s = 4.26GeV /5 = 4.36 GeV

Tetra-quarks-I Tetra-quarks-II Molecule

Rz (3900 2108 <64 23015 027557 0.046%g57
Rz ao20)| <19 <12 <1.0 6.6725° 0.010%0 005
o A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015)
; i utets A i 100 ‘ ;
Dynamical Z, tetraq. Type-l — namical Z'. tetraq. (type indep.) —
1} L
Molecular Z. — 1 Molecular Z'c. —
Q107?) N 102

1074+ 107

1076

1075-

1072 01 1 T 1000

p — B = pn)
© BZc-m)/Y)

100

107

100

10

0.1
R,

p — B> pn.)
7 B(Z - mhe)

102 1072

Does this suggest Z, have both tetraquark and molecule components?

preliminary
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Je R IE AR FXfEH _EAYAL g (IS IE 78
RENTFHRPRSEZHRE, BXAXRLIN
VFRMEHIRENFESES. 7TH11H,
CEIFEEIRIRIR) LA “REBIEE" IR AR
TAEFIEM N SEIG RS B R “Observation of
ag(980) — f,(980) Mixing ” (PRL121, 022001
(2018)).
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we found lots of XYZ states

GeV

2(4430) 4 g0

Z(3900)
Z(4020)

4.40
X(3872)

XYZ(3940) 4 1

X(3915)
X(4160)
Y(4008)
Y(4140)
Y(4260)
Y(4360)
X(4350)
Y(4660)

3.20

2.80

Not all XYZ states are charmonial

3.60

A

3%p,(4.52)

777 81 16.48)

2%D,(4.19)
,3%&4.10)

'So PF, (4.09)
3'50(4.06 :
2'p (3.96) 2% (392) 2%, (3.95) 2P2(3.98)

AP

What are they ?

2iDp(4.21) 23Dy(4 21) 2%Dy(4 @

I'Fy@09) | *F3(4.10) IPFa(

13p(3.82) I'Dy(3.84) 13Dy(3.84) 1°D,(3.85)
2's(3.62) L’:ﬂégﬁ}
77 o2 (m}mm Charmonium?
e Hybrid?
~ 1%,(3.10) Tetraq uark?
B Molecule?
| 1 | | | | | 1 ] | l
O—+ I__ I-I- O++ l++ 21--!- . 2-—-+ 2—-—- 3—— 3-&— 3-|-+ ,



we found bb-like states

*
GeV

Z,(10610)
Z,(10650)

What are they ?
Y,(108607?)

11.20F s @
5%s,(10.88) @ ?
10.80} 33p(10.70) .

4%5,(10.63)

FAEIERRIEIS R F 8
23p,(l0.44) 2'Dp(10.45) 2%D,(1045) 2704 10.45)

1040 ﬂ?‘.ﬁlm} I°F,(10.35) I'F3(10.35) 13F5(10.35) I° Fa(10.36)

Ea,tm,zslgﬁpcﬂozg,,z’mm.am ., 2°P,(10.26)
— . il s L L]
1*D,(10.14) g Sy P I'Dol10.15)  13D010.18) 1PD4(10.16)

10.00 258058 231220 Bottomonium?

1Ip(9.88) 1Pp.(0.85) | Pil9.88) I*P{9.90)
P(o.88) 1’R(9.85) |, v .
Hybrid"

960 aiome Tetraquark?
[ Ze0100 o Molecule?
9‘ 20 1 | | ] 1 1 | | e ] | | J
o—-l- i—- |+— O++ '++ 2++ 2-+ 2-— 3-— 34-— 3++ 4++

Are there bottom analogy of XYZ states?*



BESII Fit of intermediate state

Interference not conS|dered & fits Cannot descrlbe data weII'
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% \/_—4226GeV o f—42a8C—eV3 0 ! ]
3 T 3 I |
g ] A QO'SZ g[].zl_ 17115
:'?' ] :'?0-2: ; I a ] 10
G Hs & BT e
s ] = ="
] ] ] r 5
4 2 .
00_...|....|....|....|..__ 00 oo U.O-T.l....l....l....l._
15.0 155 16.0 16.522 0 15.0 155 16.0 165 ETU 15 16 1+?' 18 0
M(y(3686)r) (GeV/c?) MP(y(3686)") (GeV/c) MP(y(3686)r") (GeV/c?)
o £ ™ LIS N L L L L L L N L L B o N =~ [T LI T
oo L Tyl T T ++
o - H’ + + “" > + 1 2 I %150_— h
o %t o 1 ooy S F f
S 40 -'+ ‘. - + 1 S [ + + }: + 1 S40 ani _4 1
~ TaT -~ \ ~ | AN FIL I ] = ~ t £+~ ]
EE A BRI "'A+ + ' 1 £ 20f 2 50 +++ +';++ ++ +++ 7
AT A VL I TN T N S o | \ -
w AT w A . L] W TR S
0 15.0 155 16.0 16.5 5 0 15.0 I\1/|3.5 16.0 165 9 0 0 15 16 82
M (et (3686))(GeV/c?f (mty(3686))(GeV/c?f Mz{niw(BGBB}}(GeV! ¥
@:: Frrrrrrrrrrr e ™ rg:: [ l‘)t:(i[] g: _| T T '|""|_
L b + 1 gL R W% ]
> UF + > > S + ]
@ L L Q [1}] 4
g30++ + ‘H:H:\, E @,20_ 2 S ' #
s | R 5 | S i
o ¢ ‘H{Jq, \'\ 1 2 SN 8 *
- L mmEm e e ——— - - -~ [ — 20 :2{]—
~d- 10
[ T 4 Vgl o Tt @ L
g 10 s } ﬁ, .\: £ c | % +HH+ ﬁ&
@ o 0—'1'0”'" S 5 o o¥de= L 0 = ' D oel=rToit -"-“'"-_-"- _______________
X . . 5! 0.10 0.15 020 025 03[] 9 0.1 0.2 Mgﬁ ) 04 ) 01 02 03 52
)(GeV/c )5i M(rt)(GeV/c? P (') (GeV/c?Y MZ(:-: T ){GeWc ¥

PRD 96, 032004 (2017) 37



Bellell —FI| F§ & Fh# &1 fF 33

%ﬁ%ﬂi%gﬁfm%ﬁ?ﬁgﬁ'ﬁf =L -
%ﬁ_‘l‘?}a/_ LT . . ‘
B?'\?E@Z - j§ I

ﬂjlﬁ?ﬁzl_d 2?(4143) JJ\ i

tdoE T Ll }m ki
RERED
Y(1S). Y(2S) ZE3
U e

(R) RBRTAE:
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Analogy ~ open th

%)
=

Cross section (nb)

[\
=)

10 |-

LN I RON N J

reshold

Y(4260) ®

4.4 4.6

Ecm (GeV)

—r—
32F w

30F

I:'t"«.flSIBLE

g
»

n
™
T

CUSB: PRL 54,
377 (1985)

Y(5S)

CLEO: PRL 54,

-l A 381 (1985)

2 | | Y(10890)

5.0 | + !M.F“‘,* “# q_
*.l AN

i AT

CENTER OF MASS ENERGY (GeV)



———

What are Y(5S), Y(4260), $(??)? 5 PRL 54,

‘ 377 (1985)
30F .
s BES: PRL 88, N TS
A @{ 101802 (2002) | 42°[
> Z 26}
v 4 - Hﬂﬁﬁﬁﬁ{{ ﬁ{{{ﬂ { 2.6
‘ { }EE HH E 2.4
s 4 42 a4 48 SO} ﬂ CLEO: PRL 54, |
Ecm (GeV) Jﬁ 381 (1985)
We are exploring a mass region with =l “ 1
many open-flavor thresholds! oLt
Constructive interference between rﬁﬁ“ﬁ%ﬁ*:#q
g
amplitudes? as| ¢ 1
Need more study! e S

CENTER OF MASS ENERGY (GeV)



Inclusive J/y at B-factories

(a)

200

Belle:
PRD79, 071101 (2009)

100

do(e’e — JAy X)/dp" (nb/0.5GeV/c)

(} _____________________
= Precisions can be
B further improved at
Belle 1.
50
O ey B s ST S i el ot e satetitets Ml e el SRl i
(] 1) 2 3 4 5

: GeVi/c
Py “7¢ " Can momentum

FIG. 3. pj, spectra: (a) inclusive (open circles), from distribution be

e e — J/YH.X (filled squares) and from double charmonium

production (filled circles); (b) the sum of all e"e™ — J/ e CaICUIated?

processes (open squares), from the e"e” — J/ X, op-cc Pro-

cesses (filled triangles). The fit results are shown in (a) for the

inclusive spectrum, and in (b) for the processes e* e~ — J/ce

(solid curve) and e*e™ — J/ i X, on-cz (dashed curve). 41



Double charmonium at B-factories

Many calculations!
NLO correction Is

| different for different
| states.

N/40 MeV/c?

Cross sections

iz i depends on charged-
i particle multiplicity
N { | (CPM) of
N SARE 2 S N = . wowr v T4 charmonium decays.
2.2 2.6 3 3.4 3.8 2 2.6 3 3.4 3.8
Mec(CT) GeV/c? Mec(CC) GeV/c?

CPM of n. & y. can

FIG. 1. The M. ((cE)y) spectra: (cT)yy = (a) J/ ¢, (b) ', be measured at
(€) Xe1» and (d) x.». The curves are described in the text. BESIII!

Belle: PRD79, 071101 (2009)
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The “12% rule”

M. Appelquist and H. D. Politzer, PRL34, 43 (1975)

Ty = | M, |2 [%(0) |2

=(2/9m)(r* - 9)fa, ($a,)me . ®) | This is the famous
The leptonic width via one photon into 7 is (or' HOTOF'iOUS)
T, = 3,120 * =3 (§a)*(30,)me, (4) “12% rule”.

where o =35 Although separately these calcula-
tions are not trustworthy, the ratio

It's 13% now,

L 1 (5)
Ty (2/97)(n*~9)5/c was 12%, 14%,
is independent of wave-function effects. or 15%

B,. B, .
Qh: vy ->X _ Yy —oe'e —~12%

BJ/W—>X BJ/Lp—>e+e
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"12% rule” and "pr puzzle”

< Violation found by Mark-ITI , confirmed

MARK-1I

N by BESI at higher sensitivity.

| = | « Extensively studied by BESI/BESII/CLEOC

= | = More channels, higher precision at BESIII

1| v’/ Jhy =

] B - BESII: y’ | BESIII: J/y
- § "RENEE 7.0k evts | 1.9 M evts

o : ' 40 z
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. MK2{1983) £ -
pm 0

0 5 10 15 2I0 2I5 30 -20 Ve e e e s
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m(x'n’)? [GeVZ/cY] m(r*1%)? [GeV2/c4]




BESI studies of the

“12% rule”
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BESII: 382U RS [k #1858
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BESIII: J/\|I & \|1 ">y,

PRL105, 261801

n & m 010

:40

0.4 0.5
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0.9 0.95 1

1 0.05 01 0.15 02 025 0.3

M(yy)
r _ BV —>yn)
vV I
B(V—->yn')
R, =(20.9+0.9)%

Q. Zhao,

M(nrer) My Ry =(1.10£0.39)%
Mode | B(y) [x10°] | B(J/y) [x10%] Q (%) | nterpret
yno 1.58+0.42 0.35+0.03 45+1.3 |ationby
M 1.38+0.49 11.04+0.34 | 0.13+0.04 |pigeor
m 12619 52.8+1.5 24+02 [52(0)




Extension of the "12% rule" to "

«In Potential model, if J/y, v', and y" are pure 1S, 2S5,
and 1D states, one expects [PDG2012]

B B. .
Q, =YX = _V¥=ee _(130+0.3)%

BJ/W—>X J/y—>e'e”

B. B. .
Q= ¥=X - ¥oee _(163+012)x10

BJ/W%X J/y—e'e”

*but ' and y" are known not pure 25 and 1D states
PRD17, 3090 (1978); 21, 203 (1980); 41, 155 (1990); ...
*«|Let's look at data ... 48



Jy, v, v’ —pr I'(J/y — pr)=2.1keV

Partial width of y">pm is ['(y'— pr)~0.014keV
larger than that of y'>pml [(y"'— pr)~50keV
-hard to understand if ¢" is

pure 1D state, also hard if y" or

is 25 and 1D mixture. TC(y'"— pr)~0.6keV

W2 pm) _013+005)% Q, =13. 0%
B(J/y — pr)

B 57 _g0116y Qe = 0- 016%

B(J/yw — pr)

In S-D mixing model, using mixing
or angle ©=12° , using Rosner’s

assumption (12% rule for 1S and
B(l)””_) /07[) _ (010+0.15 )% 25), one pr‘edicTs Q'pn :(2.7-5.3)% |
B(Jy — pr) 009

¢=-90° or imperfect model? *°



Y *H} A3

« 4 GeVIL EXKE

« Ecm=4.0-4.7 GeV, 10 MeV, 0.5 fbo-'= 7015 , 35 fb-

« B3XE& Ecm=4.01, 4.18, 4.19, 4.20, 4.21, 4.22, 4.23, 4.24,
4.25,4.26, 4.27, 4.36, 4.42, 4.60 GeVH 145
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1. What is the Y (4220), is it a hybrid state?
2. Are the Y(4630) & Y (4660) the same?

3. What is the nature of these states?

4. Other Y states beyond 4.7 GeV?

5. Coupled channel analysis of vectors Y4008

Y4260 Y4360 Y4630/Y4660
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e OnX state53
— Nature of X(3872); Production of other X states
« OnY states
— Is'Y(4220) an exotic state? Are there other Y/ states?
* On Z states

— Argand plots of Zc(3900), Zc(4020), Zc(4030); Production and decays 051‘1 them
— Search for Zcs states with data at ~4660, 4790, or 4900 MeV



cle’e = my(2S)] (pb)

o(y(28)n'm) (pb)

100 I

Y(4630) and Y(4660)

Belle: PRD91, 112007 (2015), 980/fb

751
501

251

N
= T
——

BaBar: PRD89, 111103 (2014), 520/fb

Belle: PRL101, 172001 (2008), 695/fb
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4 Belle, Y(4630) 4634%8 *5, Q2+40 +10

3 Belle, Y(4660) 4652+10+8 68+11+1

T él

4 42 44 46 48

Ecm (

52 sa 56 ss BabarY(4660) 4669+21+3 104+48+10

GeV)



0 MeV/c

Events/(5
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PRD 89,072015(2014), 980 fb-

4-6 GeV: 213 events
35 bkg, 178+16 signal

Evidence for Y (4660)—
K*K-Jd/hy

Is the one bin jump In
4.75-4.80 GeV a genuine
signal?

Thresholds of charmed-
strange meson pairs



Search for Z_~2>KJ/y states

22 e @ 2 g me PRD 89, 072015(2014)

~ 20 N signal  J[ls ok sidebands ] {25
Y B W, < | _ Large data
£ o [ _' > [ N .
8 o & il ¢°F = {ll . samples at Belle Il
= [ H ] = | mlrl"
5 16} i | S 1| I. i g B - 1 are needed to
" ™ hrad ™
o : . : o : :
5 L f e b, =t . 11|, understand KJ/y
Pl Il T P P P L, F] I P PP P P 1, and KKJ/\V
12 14 16 18 20 22 12 14 16 18 20 22 Structures |
MZ(K J/y) (GeV/c?)? M2(K J/y) (GeVic?)? '
__15F 1 ! 4 R B R 0T 71— ]
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= 0 = | = 15F .
= 10} 1 2 ol 2 ]
g | 1 § ¢ g 10f .
& gf 12 (b 1 3 ¢
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1 15 2 25 3 a5 4 4.5 5 3.5 4 4.5 5
M(K'K) (GeV/c?) M(K* Jhy) (GeVic?) M(K Jhy) (GeV/c?)

No evident structure in K=J/y mass distribution
under current statistics



Search for Z.(4430)>y'n at > 4.8 GeV

4of PRD 88, 074026 (2013)] ~ PR O,
N> = —
KR /> ‘ S [ LHCb i
3 30 S 200H.0<m2,_ <1.8GeV? -
Q) ~ E |
~ 25 | E
S 20 } 8
€ 15 - { | E 100[ ‘ =1 8 .
Z 10 ]l ! ][ 9 i e Z(4430)
H + ; i o =g %
° 2, A H17 7(4240) .~ .
0 g bl | -~ 3 & *.*‘t
15 16 17 18 19 20 21 22 23 0 T ls”"“j‘oﬁ 2.
M2y’ ), GeV?/c* m2,- [GeV?]
Experiment | Mass (MeV) |Width (MeV)
+28 +41 +26
Belle 44851227 ;, 2007 40 ¢
LHCD 447547415 . 172+13%%7,,

Threshold from e*e- 2 n Z(4430) = 4480+200+140 = 4820 MeV
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Belle Il vs. BESII]

ISR produces events at all CM energies BESIII can reach
3000
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1000 :_ .............................. ______________________________ _:

Lum (pb'1/1 0 MeV)

5OQ [ ?ES"L_




Belle |l vs. BESIII in XYZ study

Full Belle 11 data sample (50 ab-! at 10.58 GeV, ISR events
in 10 MeV) compared with 0.5 fb-1 at BESII|I

ISR mode Leesii/Lgelie 11 €aEs111/€Relle 11 NBESIII/NBelle 1

'y @ 4.26 GeV  05fbt/22fbt  46%/10% 1.07

Ty @ 4.36 GeV 0.5fb1/2.3fb1  41%/5% 1.82

@ 4.66 GeV 05fbl/25fb1  35%/6% 1.19

n'wh, @ 4.26 GeV  05fbt/2.2fb1  2.7%/— > 5
@ 4.36 GeV

K'K-Jy @ 4.6 GeV  05fbl/2.4f  29%/7.5% 0.81

@ 4.9GeV 05fbl/2.7fbl ~29%/10% 0.54

A A, @4.6GeV 05fbl/24f1  51%/7.5% 1.42

@4.9GeV 05fbt/2.7tht ~37%/7.5% 0.91
59



