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Hadrons: normal & exotic

* Hadrons are composed from 2 (meson) quarks or
3 (baryon) quarks

Quark model

» QCD doesnot forbid hadrons with N %2, 3

— glueball : Nyuarks = 0 (99, 999, ...)
— hybrid : Nquarks = 2 (Or more) + excited gluon

— multiquark state : Ng s> 3
— molecule : bound state of more than 2 hadrons
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>1ab’
On resonance:
Y(5S): 121 fb !
Y (4S): 711 b !
Y(3S): 3fb!
Y (2S): 25 b *
Y(1S): 6 b !
Off reson./scan:

~100 b}

~ 550 fb™!
On resonance:
Y (4S): 433 b
Y (3S): 30 fb*
Y(2S): 14 !
Off resonance:
~ 54 fb!



Outline

ete >ntn Y (nS), ntn~h,(nP), BUBr
—Y(5S), Y(6S), Z,

ete~>ntny(nS), J/v DD

— Y(4260), Y(4360), Y(4660), Z., X*(3860)
JPC=0-- glueball, P.2>¢p In A, decays

Summary and perspectives



D>

<o

BELLE

€ tag Y(nS)>putu and select ntn,

etfe 2t Y(nS)

fit to |Agq+el®A |2

11:+71:‘Y(1S)

* *

=

Y (2S)

; ¢

Y(5S): 2 s
Mass = (10891.9+3.2 £96, .) MeV ¢ ?
Width = (53.7 £71. . +99. Y MeV ~ ©
0
Y(6S): .
Mass = (10987 5104, 5+%%; ;) MeVx,
Width = (61 29,4 +2,,) MeV. 3
$¢=-1.0 +0.4 £, , rad
€ Results agree with previous
measurements L .
€ Also agree with fit with Rb G 1
reasonably well 2

O

Eh_xinmin'_xo_xmu-hchmw oin_x?.hmb'luih-h
1 | i

: +11:‘Y(38)

:11:

€ Still room for improvement 05
arXiv:1501.01137, PRD 93, 011101(R) (2016)
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BELLE

Z, In Y(5S)=2>nTn~Y(nS)

& 121 fb' data, tag Y(nS)>u u and select ntn-

Final state Y(1S)nt o~ T(2S)rtw~ T(3S)mta—

Signal yield 2090 £ 115 2476 £ 97 628 £+ 41
Efficiency, % 45.9 39.0 24.4
By (n8) st u % [14] 2.48 £ 0.05 1.93 4+ 0.17 2.18 £ 0.21

O e t(nS)mtn— PD 1.51 = 0.08 % 0.09 27140114030  0.97 +0.06 +0.11

ot o T(nS)mtn— s DD 2.27 +0.12 4 0.14 4.074+0.16£0.45  1.46+0.09 +0.16

O tms)ein—r P 1] 161E010£012  235+010+£032 144705 £0.19

o
w
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PRD91, 072003 (2015) ;
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€ Mass, width, fraction, and JP=1+ of Z, states

(Events/10 Mev/cz)

(Events/20 MeV/cz)

80

60

40

20

120

100

80

60

40

20

_mtnY(1S)

(a) M (n'n’)>0.20Gev7/c

104 105 108
M(Y(18)m) ., (Gev/c?)

—
o b1

L L L L L

M(T'R), (Gev/c?)

ol M NI S NI NN N

({Events/5 MeV/cﬂ

(Eventg/10 Mev/cz)

100 [T

Tt~ Y(2S)

o
o

[-2]
(=)

a0 |

20 [
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Z, In Y(5S)=2>nTn~Y(nS)

€ Full partial wave analysis of Y(5S)2>ntn—utu-

determined
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PRD91, 072003 (2015) 6
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Z, In Y(5S)=2>nTn~Y(nS)

Parameter

T(1S)n 7~

TRS)r 7

T(3S)m 7w~

fZ;F(lUGthri’ 70

4.8+1.2753

18.1+£3.1755

30.0 £6.3727

Z,(10610) mass, MeV /c?

71,(10610) width, MeV /c?

10608.5 4 3.4
185i53+‘g§

10608.1 & 1.2+55
208i25+g§

10607.4 £ 1.575°3
187i34+§§

fZ:F(IUGoU)ﬂ':E’ 70

0.87 £0.327915

1.05 £ 1.270%2

13.3+£3.6"°7;

Z(10650) mass, MeV /c?
Z1,(10650) width, MeV /c?

10656.7 & 5.0737

—0—113—1—27
12.1 —4.8—0.6

10650.7 &+ 1.575°5
14.2 £ 3.7799

10651.2 £ 1.07573
9.3 +2.2+0:2

¢z, degrees
CZ,(10650) /Czb (10610)
Jr(ns)fa(1270), %0
Frnsyrtn=ysr %
fr(ns)o(980)5 %0

67 £ 36 25
0.40 i0.12t8;§’§
14.6 £ 15752
86.5 +3.2%2
6.9+ 1.6753

—10£13' 3,
0.53 £0.07037
4.00 +1. 0+° .33
101.0 &+ 4. 2+6 >

—5E£22" 5
0.69 £ 0.0970 55

44.0 +£6.2+18

0 7% 10610)n7 X Brag)zs = 109+ 27t T2 (10650)7F < Brasys = 20% 7ty fb
Ozt (0610)r= X Brias)er = T3 12658 bl 07 06507 X Bras)rs = 165+ 4973 fb
O-Zs:(lofilo)ﬂ_q; X BT(SS)?’F:F = 438:|: 92+114 fb 023(10650)71_:}: X BT(SS)W:F = 194:|: 531—%‘?}) fb
€ Relative BR of Z, decays 9

PRD91, 072003 (2015)
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<2 ete 2>ntn"h, (nP)

€ Reconstruct ntn~, require n/n~ recoil mass in Z, region:
10.59 < M,,;<(1T) < 10.67 GeV/c?

@ check the n*n~ recoil mass for h,(nP)

2
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Events / 5 MeV/c> Events, 10% /5 MeV/c

1000
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1000
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o
[T T r[rrts

0 T AT |
} } L | .“k | -““‘:‘I‘ T Illlll-I-IT.l-I-l | L I"-I-lll.I +
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arXiv:1508.06562, PRL117, 142001 (2016) 0
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<2 ete >ntn~h (nP)

Y(5S):
Mass = (10884.7 +3-2, ;£86, o) MeV
Width = (44.2 £119, o +22 . ) MeV

N
L

| ntn~h,(1P)

Y(6S):
Mass = (10998.6 +6.1+161 ) MeV
Width = (29 +20,, +2,) MeV

c (hb(1 P)t' 1) (pb)

(e ]

€ Resonant parameters agree
with from ete=2>atn~Y(nS)
€® ete >rntn~h,(nP) at the same
level as ete 2>t Y (NS)
€ 1stobs. of Y(6S)>ntn~h,(nP)
arXiv:1508.06562, PRL117, 142001 (2016)

o (h,(2P)') (pb)
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€ Events mainly from Z, intermediate states

not clear if only one Z, or both.

& Belle Il will tell us.

_—

Yield of h (1P

6000 F _ a
; 1tn—h (1P)  &16000
5000 N 214000
4000 F ] 212000
3000 F 1 210000
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ok - 31 S 4_]. 4000
000f+ | e 2000
-2000 .:.__-I ] o P -2000

Z,In Y(6S)2>ntn"h,(nP)

ntn~h,(2P)

I

. PR
105 106 107 108

2

M_._ (1), GeVic

arXiv:1508.06562, PRL 117, 142001 (2016)

1 1 1 1 1 i | 1
10.65 10.7 10.75 10.8 10.85

M,_._.(m), GeV/c?

12



=l 7 in Y(5S)>[BOBO] - +c.c.

& BBr = BB*n+c.c. @ One B is reconstructed

@ BB* = B*B*r~+c.c./ B°B**n~+c.c. @ Select a bachelor nt

& B*B*n = B*B**n—+c.c. @ Check Br recoil mass
KB / -

& arXiv:1512.07419,
5 PRL 116, 212001 (2016)
3000 ————— 1 &) :

K l 1800 frrr T T IR

18 B decay modes combined j 1600 . .

2500 B a0 B «— B*_B A
S50 12263 +168 3 : BB*

B signals

Nevents/4 MeV/c2
= o
o o
o o

Nevents/20 M

oo F el R ey

05 5.1 5.2 5.3 5.4 5.5
M(B), GeV/c2

B sidebands -

P(B), GeV/c

13

qq background BB + BBy




Z, in Y(5S)>[BOBO]+n—+c.c.

Combine the B with a charged pion k‘B/’1T
=» calculate recoil mass of Bn e é < &

600 1 I I | | 1 | I | l I | | I I I I | I | I | I I i
— BB threshold ‘I RS data 1 3000 —————————————
“o e G . ) | sianal MC
~ ! i KX WS data o 2500 Slgna (C) -
D 400 [ TR Y 4 o BB*n
= RS Ml Fit 2,2000— g
To) REERERLRIIXIAIIK - i
T 00 B ERR BB :
+ DS ISSSEEREIKISK KKK o - .
B 200 oSSR CSSss For Z, 1 §1ooo - B*B*n |
R study! 0
Z 100 BB S AN - T J |
e B B - e -

05.1-f,1 1511.1 XX 152 Nal 15-3, 4 54 L 15-5 £M(B+) +M (B) -5 .279, GeV/cz
rM(Br), GeV/c?

N(BBr) =13 £25 N(BB*m) =357 +30 N(B*B*1) = 161 + 21
arXiv:1512.07419, PRL116, 212001 (2016) o
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= Z,in Y(5S)>[BYB"]*n +c.c.

Check recoil mass of bachelor 1r* arXiv:1512.07419,
PRL116 212001(2016)

100 T T T 1T T T ] ™ 100 L
90 . background —i 90 ;— RS dat
“u g0 f BB «h} - - — - Z,(10610) only i ‘vef + - B*B*n
~ a ~ E
) Rk AP Z,(10610) + NR O (1 WS data
f) 60 ;— .............. Zb(10610) +7 (10650)— E: 60 —
F 50 E % S0 :_ background ; *:h»
8O0k 1 B E____ 710650 only
b M 1 gsof :
Q20 3 22 —
10 £ = 10 £
0: = < XA ¢ KOG (o 1 051 | T T T U g (0 @ ) 09 ¢ €60 € .
1058 106 1062 1064 1066 10.68 107 10.72 1058 106 10.62 10.64 10.66 10.68 10.7 10.72
rM(r), GeV/c? rM(r), GeV/c?
Zb(10610) saturates BB*m and Z,(10650) saturates B*B*mr
pe*n | Assuming Z, decays are

-
i | saturated by observed
channels, B®)JB* channels

dominate the Z, decays 15

20 [

Nevents/5 MeV/c?

4 N3n:3 ]
! . 10.75106 10.65 107 10.75
M(T), GeV/c rM(7), GeV/c?
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BRs of Z, decays

Assuming these modes saturate Z, decays

Channel Fraction, %

Z,(10610) Z,(10650)
T(18)z* 0.547013%0'0s 01720062005
Y(28)xt 36210764079 1.39F0481054
Y(38)x* 2.1510:35+400 1.63102340.39
hy(1P)z* 3455071 0% 8.4115151 106
hy, (2P)t 4.6711 244118 14.7554553
B* B 4 BB* 85.611511:
B+ B0 . 73.71?_'232_57

arXiv:1512.07419, , PRL116, 212001 (2016) 0



Mass (GeV)

Charmonium(like) spectroscopy

4.8
> Charmonium-like (XYZ) particles Chaéd
» New type of hadron (multi-quark ...)? 2.(4020)
4.4 » Too many vector states! Exotics? | Z.aa30)
2'D,(4.21) 2°D,(4.21) 2°D5(4.22)
/13F2(4.09) 11Fm
v (4040) .
4 CTTRRPS (EC 2015 BESII| —>
11D2(3'84) \V(13D2) 13D3(3.85) /
N 2005
3.6 he(1P) m%cz(lP) ]
XCO(]'P)
327 iy |unpredicted, discovered
A"
(M (19) | predicted, discovered
2 8 | | | |

O-+ 1 1" O++ 1++ 2++ 2-+ 2 3 3+- 3++ 4++

Godfrey & Isgur, PRD32, 189 (1985) L



e*e— ' J/y from ISR

PRL110, 252002 (2013) . a1ure of evts at ~ 4 Gev

BILELE BLELELELE DL B . .
120 4 0°F IS still not clear.
L o 3 . . . .
“0 100k R Simplified fit with 2 BWs.
> i o N
Q i ' . B
= 80 C ¥ ﬂ’mﬁﬂ“ﬂ'ﬂw' Rl—Y(4008)
~ - Lo b e bon R,=Y(4260)
0:3 i Sol Parameters Solution 1 Solution II
T 40 - Sol M(R,) 3890.8 + 40.5 + 11.5
20 [ (R)) 254.5 +39.5 + 13.6
R TRt P TR S 4 L L T,,BR, — a7 J/¢y) (8%06=04) (8.4*12+x1.1)
% - B s EEEP R LaasS M(R,) 4258.6 + 8.3 + 12.1
8 4 42 44 46 4.8 5 T (R,) 134.1 = 16.4 + 5.5
M(T' T JNy) (GEVIC® T B(R, — m*m=J/) (64+08+0.6) (20.5+ 1.4+72.0)
[0, 59 £ 17 =11 —116 =6+ 11

1. Fit with two coherent resonances |BW,+e'%+BW,|?+bkg.
2. Mass of Y(4008) is lower than before
3. Fit quality: ¥%/ndf=101/84, confidence level is 9.3% 18



D

¥ e'e— n'nd/y from ISR

BELLE

PRL110, 252002 (2013)

2 150 e, 0
o M2(nr) vs. M2(rd/v) for o
4.15<M(nmliy) <4.45GeV ~ Li1s- ... .. CUAEGREE
. (inset) Background eventsin & | .iwgheitor.
Jhy-mass sidebands T e
+ Structuresbothinmand &/ {ig e 3”'3’ :
nd/y systems Ny N.;:Jz‘.:’:-‘-..
" 689 events-in J/y signal T A S S
region, purity~80% / M2(e* J ) (Bﬁv,cz)z
60 45 45

E(a) + data 40 §_ (b) 4 data 40 §_ (c) \ —~+- data
o 50 — MC o E — MC o g — MC
g E < Z(3000) MC = 35F —--- Z(3000) MC = 351 ---- Z(3900) MC
% 40 ;— [ sideband % 30F [ sideband % 30F ’ [ sidevana
o 30 :_ o 2bF o 25F
O Ry 3 oo
0 C 0 )
*uc'; 201 *uc-; 15 *uc-; 15
> C > 10 | > 10
w 10 L L
E o e b N 5E 5F
0 LB P B B e B . 0k P P et e Y e Ay (0 e e T affd, T Tiag T
0.2 04 06 08 1 12 14 3.2 34 3.6 3.8 4 4.2 3.2 34 3.6 3.8 4 42

M(z*r) (GeV/c?) M(r*Jiy) (GeV/cd) M(zJly) (GeV/c?) 19




Events / 0.02 GeV/c?

Z(3900)* observed in two experiments!

Belle with ISR: PRL110, 252002

70F
60
50
40F
30F
200 1¢
10/

o b el

3.7 3. 3. 4 4.1 .
Mo (/) (GeV/c?)

e M=3894.5+6.6+4.5 MeV
e ['=63+24+26 MeV

e 159 + 49 events

« >5 20

—+— data
— Fit
— Background

---- PHSP MC

Events / 0.01 GeV/c?

100

(0]
o

N
o

(o))
o
. T

20 [%

BESIII at 4.260 GeV: PRL110, 252001

—4— Data

~ — Total fit
L ---= Background fit

-:=: PHSP MC

37 38 39 40
Moy (TEJ/Y) (GeV/c?)

M = 3899.0+3.6+4.9 MeV
I' =46+10+20 MeV
307 + 48 events

>8c

20



$ ete— TC+TC-\|](28) Via ISR 980 fb-2

BELLE

V'(— Jy i or pu) +
no extra tracks

detection of y,qr is not required

Entries/0.1 (GeV/c?)?

L I ! ! |
30-_ -
(o] L
o
>
(D)
=
(@)
S
)]
Q0
£ 10
L i
M mw(2S)] (GeV/ic?) S~

Two significant clusters:
Y (4360)+Y (4660);

]
o

10

Entries/0.04

(]
o

o

LTI S | L ! !
4 2 0 2 4 0
M2rec[nmy(2S)] ((GeV/c?)?) ,

« Clear signal of missed massless
particle (M recZ,(W'TC“)~0)

1 100

-~
o
—

o
o
T

(©) |

%

:M—om ot ebeteh h.&}gti

sl 05 0 05 1

cosb

« Polar angle distribution agrees

well with ISR expectation

e Combinatorial background

estimated by y’ sidebands

Bkgs from real (y'nx), . 1sg OF
V' X on - are negligibly small

a few events at Y(4260) arXiv: 14107641, PRD 91, 112007 (2015) 21



Fit with 3 BWs [4 solutions]

arXiv:1410.7641, PRD91, 112007

!
30—w_)J/\|!nn+uu N 30_ ' I T I
N___g I 7 N___(:)_ r
> r >
[1h] Sol. |l Q
. 20 i - 20
o i o
™ ™
R i
210 2 10
c | c |
L | Ll i
04 T 55 O
M T w(28)] (GeV/c?)
30 — T 30
© | o
= L = -
D i ® o0 Sol. VI _
= 20 = 20 i
o o
N QJ Iy
w %) . i
.g 10_ -g 10_ .' ;1. I‘# + —
= R 7 AR A ]
O, 45 5 55 4 45 5 55
M w(2S)] (GeV/c?) M Ty (2S)] (GeV/c?)

Significance of Y(4260) is 2.4c [significant at BESIII!]
Affect the parameters of Y(4360) and Y(4660) significantly!



M y(2S)] (GeV/c?)

Entries/12.5 MeV/c?

states from Y(4360) decays’?

I d :.. .
i .:. .."b'i
4 + *s ':o"‘ _
..
3.8 e — :
3.8 4 42
My (2S)] {GEWC)
15 .
; (c) |
10 .
O iy
: T I s B PO I I_II_I:
3.8 4 42

M[x"y(2S)] GeV/c’

M w(2S)] (GeVic?)

Entries/12.5 MeV/c?

42 - \|’ — MM
4 - - -
3-8 | I 1
3.8 4 4. 2
Mzt w(2S)] (GeV/c?)
10 | |
8 - —
(d)
8 - |
IETH
o O L T el
3.8 4 ,4.2
M w(2S)] (GeVic?)
23

arXiv:1410.7641, PRD91, 112007/
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T [ rrrt
|

Entries/20 MeV/c?
o

e R
M__ [my(2S)] (GeV/c”)

« M(Z.) =4054 + 3 £ 1 MeV/c?
« =45+ 11 £ 6MeV
 Significance: >3.50

Z (4050):> 1y’

arXiv:1410.7641
PRD91, 112007

An unbinned maximum-
likelihood fit is
performed on the
distribution of
Mo (T W(28)), the
maximum of M(TT*y(23))
and M(TTy@(23)),
simultaneously with

both modes.
24



The X state as y,(2P)

X*(3860) in double charmonium production

e'l'

P

O O

(o)

25




States In efe™2>J/y [y’] + X

SV
PRD79, 071101 (2009) S 400: (@) Jhy
Full Belle Y(4S) data 2 ok y
S 5
S i
1. Significant spin-0 > 200; Y/, e
. 100 F W e
charmonium states: "
0’....I....I....I....
nc(ls)' Kcor nc(zs) 60
2. No states with other spins :
20}
What happens at M>3.8 GeV? _
0

=»suppress background! 2.2




X*(3860) in e*e->J/y + DD

arXiv: 1704.01872, PRD95,112003 (2017)

1.

=W

Events / 10 MeV/c?

Reconstruct J/yw—2>ee/u
Reconstruct D+ in 5 decay modes, DO in 4 decay modes
Require J/yD recoil mass in D mass region
Mass constraints for J/ v, D and D to improve mass resolutions.
25 3%
ol = 12‘_ Dashed: non resonant
: o Solid:  X*(3860)
15" { E 107
- LU -
101 } M N °
RN 4 g T
5:_ i C nk 4 - *
%46 17 18 19 2 21 22 R R Y-S Sni— S

Mrec, GeV/c? M- GeVicz 27

DD’
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NN ~ — —~ — —

I

(/) / syueng

blue lines are fit with X*

-2>J/yw + DD

-
v § S
o O
1y S S
VD &
S ©
S8 gz
= E
—_— -~ O 5
o 2
0 o
6R (- =5
o0 o =
Da 3
*m %
VAM s
o
s

Z2/ASIN 0F / SjusA

arXiv




X*(3860) in ete">J/w + DD

» Mass/width reasonable agree with potential models

Mass: 3862126+40 MeV arXiv: 1704.01872, PRD95,112003
width: 201122488 MeV g%
JPC=0++ (2++ not excluded) i :Z
Good candidate for y ,(2P) [PLB661, KTChaol4 “
» With y,(2P)=Z(3930), 1,(2P)=X(3872)? 20
» J/y recoil with spin-zero dominant 12' N
A(-21nL)
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> Observed in yy fusion? [BaBar, Belle, FKGuo-PRD86]

] Belle data |

1 Mass=3838+12 MeV
| Width=221+19 MeV

-------------------

Y

M{(DD) [GeV]

29



Light Hadrons
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Search for 0-- oddball M=

® QCD allows the existences of glueballs.
® No definite conclusions from experimental results.
® Mixing with quarkonium states makes the search very hard.
® The JPC=0- could not be quarkonia (exotic numbers).
® Proposed production channel:
Y(1S,2S) »X 1+ Gy, 1,(1285)+ G,; Xp = J/Ww+G,, W+ Gy
The predicted G,~ masses are 2.80, 3.81 and 4.33 GeV/c?.
[PRL113, 221601 (2014)]. [JHEP 1510 (2015) 137]
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Measurements of Y(1S,2S) — x4 + Gy~

arXiv: 1611.07131, PRD 95, 012001 (2017)

The x4 recoil mass spectra in the (a) Y(1S) and (b) Y(2S) data samples.

60 ¥

- () BD:—{b]
b 0 sof
> - E -
g 4{}5 = 40
@ %0 B aof
@ L. -
S 20F E 20k Gason)  G3810)
- N ~
% 0f 4 jof

0 b i) ! EI .............. 1L iy

15 2 25 3 35 4 45 5 55 6 15 2 25 3 35 4 45 5 55 6

MM(_) (GeV/c?) MM{;:N} (GeV/c?)

Ngigna=—3.8+3.9 (6.2+ 6.4), ~20.4+7.8 (-18.5+9.2), -5.7+11.3 (12.5£14.9)
for the G(2800), G(3810), G(4330)
in the Y(1S) (Y(2S)) data samples. 32



Measurements of Y(1S,2S5)—f,(1285)+G,-

arXiv: 1611.07131, PRD 95, 012001 (2017)

f,(1285) recoil mass spectra in (a) Y(1S) and (b) Y(2S) data samples.
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G(4330)
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50
555 3 35 4 45 5 55 6
MM(f (1285)) (GeV/c?)

E_nIIII|IIIIIIIII|IIII|IIII|IIII

N
for the G(2800), G(3810),
in the Y(1S) (Y(2S)) data samples.
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E_ : T F I'.I':.I:::

SH 2 25 3 35 4 45 5 55 6

MM(f (1285)) (GeV/c?)

signa=20.2£14.2 (25.0% 22.3), —23.0+25.2 (31.7£39.0), 31.8+30.0 (68.3147.2)

G(4330)
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Measurements of x,; = J/PY(w) + Gy~

arXiv: 1611.07131, PRD 95, 012001 (2017)

The ¥, is identified through the decay Y(2S) - yXg1-

120
' 6000 -
R 100 —
2 < 5000
X >
> sof 0
= S 4000F
S e0f = :
e G(4330) = 3000
= G(3810 e B
g 40 i & 2000 G(4330)
3 > - G(2800)  G(3810)
oo |t o, F
1000
() Comihiniahmian I ST et
5 2 25 3 85 4 45 5 55 6 05225 3 35 4 45 5 55 6
MM(y JAy)(GeV/c?) MM(yo) (GeV/c?)

Ngigna=-11-4£6.8 (22.0£34.1), =7.1£13.5 (129.6£75.2), 27.0+19.5 (133£365 )
for the G(2800), G(3810), G(4330)

in the x,, - J/y(w)+G modes. 34



- D
No O-- oddballs observed S

EE——
Upper limits on BR ~ 10°-10-3 level @ 90% C.L.

The upper limits on the branching fractions for Y(1S) - f,(1285)+ G,~ (a), Y(2S) -
f,(1285)+ G, (b), X,1~J/w+Glueball (c), Xy,1~»w+ Gy~ (d), Y(1S) =X+ Gy (e) and Y(2S)
-Xs1+ Gy~ (f) as a function of the assumed G, decay width.
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Observation of P, states at LHCDb

LHCb: PRL115, 072001 (2015)

b S
(a) g} o (b) W (E}K—

b W :
b P

A u 0
L ) O | a—
d

coon

d

FIG. 1 (color online). Feynman diagrams for (a) A) — J/yA*
and (b) AY — PIK~ decay.
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Search for P, at Belle

Belle: arXiv: 1707.00089, PRD (in press), 915 fb-! data

A
—b—@ W’ {
¥ ST o

—D\d}p dmg} s

FIG. 1. Feynman diagram for the decay (a) A7 — ¢pr® and
(b) AT — Pir°.

Just replace cc with ssin LHCb case

Phase space is limited

Select high momentum A,

>+*->pn® vetoed 37



No significant P, at Belle

Belle: arXiv: 1707.00089, PRD (in press), 915 fb-! data

I
)
IIIII

No significant P signal.
Best fit yields a peak at
(2025+5) MeV with a
width (22+12) MeV

Events / (0.01 GeV/c?)

1 L 1 I
202

1 '] L I
204

1 I L L 1 I
208

I2.()6I I 2.1
m(¢p) (GeV/c?)

Number of candidate A.2>P°>¢pn’ events: 77.6+28.1
B(A, 2P %)xB(P,~>¢p)<8.3x10~> @90% C.L.

B(A,~> P (4450)K)xB(P,>Jhyp)=(1.3 + 0.4)x10-
[LHCb, CPC40, 011001 (2016)] 38




Summary

With the world’s largest data samples in
bottomonium energy region Belle achieved a lot

— improved knowledge on Y(5S), Y(6S), Z, states

With ISR events, Belle studied charmoniumlike states
— Improved measurement of Y(4260), Y(4360) & Y(4660)
— Observation of Z.(3900); evidence for Z(4050)>ny’

Observation of X*(3860) as a y(2P) candidate
Neither 0— oddball, nor pentaquark P, is observed
Belle II is coming ......
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Grey is recycled, colored is new

e+ 4 Gev 3_6A Colliding bunches
_—— Belle I1 }{
_QLQ_.J.!....... sl —

=~ New superconducting /

e 7 Gev 26A B, - D permanent final focusing

quads near the IP

: ~ New beam pipe
& bellows

Replace short dipoles

with longer ones (LER)

HHHHHHHHH-
A ovemitance

Redesign the lattices of o
Damping ring

HER & LER to squeeze — ___

the emittance
TiN-coated beam pipe Low emittance gun

with antechambers Low emittance
T electrons to inject

Add /| modify RF systems
for higher beam current

Positron source

New positron target /
capture section

[NEG Pump]

o8 [Beam Channel]



Belle Il detector upgrade

RPC u & K, counter:
CslI(Tl) EM calorimeter: ¢ ======--=--—-..____ 4m . scintillator + Si-PM

electronics, o, = s W T "
Beryllium beam pipe
2cm diameter, = e, il ! |
QCSR and QCSL ) Vo = i 74m
4 layers DSSD — 4 : ‘ b/ ———— »
2 layers PXD . ~
(DEPFET) + 3-of-Flight, Aeroget
4 layers DSSD srenkov Counter —!
_ ; ime-of-Propagatioin
Central Drift C.hamber: “eounter (barrel), |
smaller cell size, | ~~~-pr_Qximity focusind
long lever arm, fast electronics =~ Qe B - '



Belle 1l Roll In
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Luminosity profile of SuperKEKB

Expected data sample @ full luminosity 70g
' Goal of Belle I1/SuperKEKB
Channel Belle BaBar  Belle II (per year) 50 4
BB 7.7 x 108 4.8 x 108 1.1 x 1010 = sk Will i
_ 2« Will start physics
BB | rox108 - 60x10°  FS ,f L PRy
T(1S) | 1.0 x 10° 1.8 x 101 ; b running in
T(2S) | 1.7x108 0.9 x 107 7.0 x 1010 .~ 1 year!
T(35) |1.0x107 1.0x 108 3.7 x 1010 10E- Aot
T(55) |36x107 - 3.0x10° e O]
r 1.0x10° 0.6 x 10° 1.0 x 10 g o
* assuming 100% running at each energy "é? A
103 p—r—rNEKD Poak Luminosity E F e D DN D DN D
] ;/;_/ ] 17 2018 2019 2020 2021 2022 2023 2024 2025
20f- P
; LgpEeEEs Calendar Year

15

10f

L [em2s™"]

e

-

||

2000

—
3.85 years

With 50 times more data, we expect a bright
future of hadron physics at Belle II!

2002

001
year

2006

2008

2010

| o Assumptions:

- same commission time to reach design lum. as KEKB

- 9 months/year running

- 20 days/month

Thanks a Io}g!



The end
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Charmonium region at Belle |l

ISR produces events at all CM energies BESIII can reach

3000 E

1000

Lum (pb'/10 MeV

500

~ 2500
2000

1500

E At 4.26 GeV for m*nJd/y :
SBESIII - 46/0 ........................... . ..........................

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

0 [
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