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Outline

m Some exotic states in hadronic transitions.

m Belle Il experiment.

m Some important contributions during Belle 1l construction.
m Belle Il at Fudan.
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Exotic states in hadronic transitions
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New knowledge of the XYZ states

(charmonium(-like) only)
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Quarkonium Spectroscopy
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m The first two hadronic transitions: =+ = ~ -transition and
n-transition

Eichten et al., Rev. Mod. Phys.80,1161(2008)
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Particle “Zoo" about open-charm threshold
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R. F. Lebed et al., Prog. Part. Nucl. Phys 93, 143(2017)
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Timeline of the discoveries

From Prog. Part. Nucl. Phys 93, 143(2017)

208 T (3872) observed at Belle

X(3872) confimed at. DO, CDE

X(3015) [as ¥ (3040)] observed at Belle

Y (4260) observed at BaBar

Xea(2P) s Z(3030)] obsorved at Bello

¥(4260) confirmed at CLEO-c

X(3040), Y (4008), ¥ (1660) observed at Belle

Y(4360) observed at BaBar

Y (4360) confirmed at Belle

X(3015) [as ¥ (3940)] confrmod at BaBar

X(3040) coirmed at Belle

Z4(4050), X(4160), Z*(4260), Z* (4430), X(4630)
observed at Belle

¥ (4140) observed at CDF

X(3915), X(4350), Y(10888) observed at Belle

Xea(2P) [ Z(3930)] confirmed at BaBar

Y (4274) observed at CDF

X(3915) confirmed at BaBar

Z(10610)* observed and confirmed st Belle

Z4(10650)* observed and confirmed at Belle

X(3823) [likely 62 (1D)], Z(10510)° observed and confirmed at Belle

Z.(3000)%, Z.(4020)* observed at BESIII

Z(3000)* confirmed at Belle

Z.(3000)° observed at CLEO-c

Z.(4020)° observed at BESIIT

Y(4140) coufirmed at DD, CMS

2 ¥(4274) confirmed at CMS

Y/(4660) confirmed at BaBar

Z(4020)* confirmed at BESTIT

2013 1 2*(4200) observed at Belle

Z*(42140) observed at LIICH,

Z%(4430) confirmed at LECh

2005

2006

2007

2008

2000

2010

W

2011

2014 1 X(3823) [lkely v2(2D)], Z.(3900)°, Zc(4020)° confirmed at BESIII
Z(4055)* observed at Belle
¥ (4230) observed at BESIIL
2015 P (4380), P! (4450) observed at LHCH
Y,(10888) no longer observed at Belle
X(5568)° observed at DO
2016 —

X(5568)° NOT observed at LICh
Y(4140), ¥ (4274) confirmed at LHCh
X(4500), X(4700) observed at LHCh

A lot of achievements!

Wang(Fudan Univ.) Exotics&Belle Il




So ...

It's hard to cover all the topics. Let’s focus on those from hadronic transitions,
especially from Belle.
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Heavy quarkonium: progress, puzzles, and opportunities

CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
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Mostly focus on Belle results.
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KEKB and Belle

KEKB
uest for CPV [ Mt. Tsukuba

kekb.jp
Belle Detector

Aerogel Cherenkov cat.
3. n=1015-1.030

KEK, Tsukuba (near Tokyo), Japan
i



The data samples

-1
(™) >1ab™?
1200 l On resonance :

e T 3
1000 | point (fb) _/' E Y(4S): 711 b !
10.865 121.4  Ynrm, hynm, BOBO Y(3S): 3! :
10.63- 6+16 ~1 Ry, Ynm, hynm Y(25): 25 ﬂ_’,
800 - 11.02 Y(1S): 6 b
Off reson./scan:
10.75- 61  ~0.05 R, ~100 fb-!
11.05

600 | e g
10.52 1 1.03 Continuum bkg. est.
~550 fb!

400 /-' f On resonance:
/_' Y(4S): 433 fb !
/_/ Y(3S): 30 fb!

4 Y(2S): 14 b !
/_/‘_" Off resonance:
0 e ~54 b

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

Huge data samples for quarkonium(-like) state.
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Outline

m X(3872) — ntw—J /4

mete —natn J/Y

mete — atr y(2S)

m p-transitions

m 7"~ -transitions and n-transitions in T(4S,5S)
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The start: X(3872)

In the search for 1 in B — Ko — Knw~J/4. (Prof. Stephen Olsen’s talk at a
summer school.)
Eichten et al., PRL98, 162002(200)

T
h— Dy, Dt Jy?? E o) X(3872)
\ 8
B meson W T s
o a0f v mml/y ] 8
8 S e PR
° o Il
2 200 |- G 2%‘0 0.50 0.60 0.70 0.80
q >K g s N oV . .
£ /& < 3
2 100 - - g
o g 125 ]
ol L %
0.40 0.80 1.20 o
M M) Ga1 fnace o.iu et o.; 061
Belle PRL 91, 262001 (2003) M(r'r) (GeV)

My = 3872.0 + 0.6 MeV/c? and My < 2.3 MeV/c?.
(ep : 13D, state, JPC = 2= —)
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C(X(3872)) = +
Not X(3872) — ~xc, but X(3872) — ~J /4 decay found.

X(3872)> y Jiy 2

BaBar 2009:

Events/ 9.5 MeV/c?

75 o5 T 55 o oE
My (GeVich
V. Bhardwaj QWG 2010

555

C(X) = C(v) x C(J/1) = (=) x (=) = +, it must be not !

+
C=- ™
-\ p / Belle agrees
o - -
5 p>ntn lineshape
\ 2
e
3
VA
i
Iu
040 050 080
M(n*n )

JPC = 1%+ or2= from angular analysis by CDF and Belle. (CDF: PRL98, 132002(2007); Belle: PRD84, 052004(2011))

Wang(Fudan Univ.)

X(3872)> yy'?

s
BaBar 2009:

CDF agrees

5
00

X(3872) — Jlyr'x

50| Muitipole Expansions for ct:

ool g3 Pixs
=7,

50 2
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LHCb determined J™° of X(3872)
m Angular correlations in Bt — X(3872)K™.
m X(3872) — p%J/1, p° — mtr and J/p — ptp.

m Measure orbital angular momentum contributions and determine the J"C.
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. e aay o 5 +
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f ok A+, + Aty [ F + T+ = Data
2 T T 50 | B — PO+ E
t t t } - + cosfy =
Seol JSegr L Sz
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3 150 F + 1
Sl ++ ++ | ~+—+ ++ J + +
§ an s a
e e ol :
8 I ‘ JPIC=4" 3 ' I 2
» 60 g 4 O 580 I B
dor et —Ln:"__&leg cost, Ay,
55m . X o~ L - ] 03 0.5 o 05 * 0 3
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LHCb: PRD92, 011102(R)(2015)

JPC =1+t
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Initial State Radiation

. JPC = 1~

\l}’, W?’, 'Y'".

m JC = 17 of the final states!

X. L. Wang(Fudan Univ.) Exotics&Belle Il



ete™ — ntnJ/ Y Y(4260), Y(4008), Z,(3900)F, Y(4220) and Y(4320)

X. L. Wang(Fudan Univ.) Exotics&Belle Il



Y(4260) from ISR

Once =7~ J/4 again, butin e e~

PRL95, 142001 (2005)

ntn-J/y Mass

— nt = J/4 via Initial State Radiation (ISR). Y(4260) found at BaBar: (2005).

« 40 R L D
L - F 1 BaBar:
L Jhy sideband 100 1
E i I:l 'y sidebands ol A\\II(ZS) o 232 bl
30— 2f —
§ L e ) @ ¥ ] >8 significance
o [ l Bt ﬁ***’ﬂ'rﬁpv’vﬂﬂwg 1 structure called
% 20 6 3.8 4 4.2 44 46 48 5_| Y(4260)
>
w ]
L 7 M(J/ynr) of w(25)
105 1 with J/y constraint
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£ i ik i Cauchy shape funct.
g-aw L \4 L 42\ L 14-41 1 ‘46 L |48| L
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Yy 807\ T T T T T T ™
2 ]
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I |
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Confirmed at CLEO

Y (4260) was confirmed by CLEO at first.

10
7 3850606-00° S
2o
sk ol [ ves 3
L S 2|
®
2 5F Top 3
= 20
o 4f g0
< 1t u>-’
saf 2
=
22
Z2f

o

.15 -01 -005 0 005 0.1 0.1
Missing Momentum (GeV)

o

==
=1

i @ r T FIG. 2 (color online). The missing momentum (k) distribution
3.8 4 42 44 46 48 5 . for =" 7~ J /i (top), @ a°J /i (middle), and K"K~ J/i (bot-
M (n*n-Jhy) (GeVic?) tom) in the data at /5 = 4.26 GeV (circles), and the signal shape
as predicted by MC simulation (solid line histogram) scaled to

the net signal size.

1. With data taken in T(1S — 45), via ISR:
Q. He et al. PRD74, 091104(R)(2006) 2. With data taken on /s = 4.26 GeV. Three decay modes:
ata=Jd/p, 70700/ and KTK™J /2.

T. E. Coan et al., PRL96, 162003(2006)

Wang(Fudan Univ.)
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Y (4260) at Belle

With 550 fb—! data, Belle got much better line shape of Y(4260). It started from the background of

ete™ = ~r + 7T~ 7t ™. No v(4040), (4160) or +(4415) observed!
v v F Y »L' v ¥y = '.
80 7 ¢ M, spectra in different
%‘ o0 | Belle s regions:
:; Systematics7.5% ~ \s=3.8-42 &4.4—46
S 40F l» - GeV in agreement with 3—
;_K body phase space.
& .
=20 { * | I{ . — Y(4260) region
©
” || ﬂ* \ ﬂhh{Hﬂ b i s = 4.2 ~4.4 GeV: two
ot | )\ ‘{\ t '*; H{' {ﬂ+ m’i 4’*#‘ clusters at low and high
4I. 4|5 é 5.5 masses. Cluster around 1
3 : GeV. (scalars?).
E.m (GeV)
N T o~ T T % T T T
2 L0 —& 132% E
%20— E %’30_ H+ E %15- k!
P e
ey 1f Hapoite) 5o o% T
M(z'z) (GeV/c?) M(x'x) (GeV/c?) M(x'%) (GeVic?)
m Asymmetry shape of Y(4260). Looks not only one component of Y(4260) signal.
m Strange M_, __ distribution from Y(4260) decays. C.Z. Yuan et al., PRL99,182004(2007)

Wang(Fudan Univ.)
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Fit for Y(4260) at Belle

Entries/20 MeV/c?

80

@
S

a
S

N
=]

+= === Solution | 1

=+ =+ = Solution Il

M(r' T Jhy) (GeV/c?)

.5

Parameters Solution I Solution II
M(R1) 4008 + 40741

Iy (R1) 226 * 44 £ 87

BT ,+,-(R1) 5.0 = 14781 12.4 + 2.4+ 148
M(R2) 4247 = 12417

T (R2) 108 = 19 = 10

Bl,+,- (R2) 6.0 + 1.2747 20.6 + 23591
¢ 12 £29%% -1 =73

Fit with two BWs can describe the lineshape of Y (4260) well.

Wang(Fudan Univ.) Exotics&Belle Il



Update on ete~ — 77~ J/¢ from BaBar
BaBar updated the measurement with 454 fb—! full data sample. BaBar: PRD86, 051102(R)(2012)

[rp— E e
70;(3) 50|~ (b) 4

Tw | of ]

3 .

N PR | l E

: : =

N g 20F T + * *,

g 3

H 0k 3

C L 1 1 1 1 1 L L L
-1 08 06 04 02 0 02 04 06 08 1
cost,

T T T T
o continuum ()
Interference term |
,(980) component
0E — All components

o(e'e” — J/yn'm)(pb)
2

Events / 20 MeV/c?
=5

| A L I
38 4 42 44 46 48 5 52 54 04 05 06 07 08 09 1 L1
Ein(GeV) m(r'm)(GeV/c)

m Enhancement at 4.01 GeV/c? not confirmed.

m Fit with £(980) to describe the M_.__ distribution for Y(4260) decays.

B 77~ systemis in a predominantly S-wave state.
W ,(980) branching ratio: 0.17 £ 0.13(stat.)

X. L. Wang(Fudan Univ.) Exotics&Belle Il 21/86



Updateon ete™ — 7t

With 980 b~ full Belle data sample.

120 £ @)
100 |

Entries/20 MeV/c?
o]
o

38 4 42 44 46 48 5

Mz Jy) (GeVic?)

Z. Q. Liu et al, Belle: PRL110,252002(2013)

X. L. Wang(Fudan Univ.) Exotics&Belle Il

52 5.4

~J/v at Belle

Parameters Solution I Solution IT
M(Ry) 3890.8 +40.5 * 11.5
Fa(Ry) 254.5+39.5 + 13.6
TBR, — 77 J/¢) (8+06=04) (B4=12%L1)
M(Ry) 42586 +83 = 12.1

Fa(R,) 1341 £ 164 =55

TeB(Ry— w7 I/ )

(6.4 0.8 =0.6)
59+17+11

(20.5 = 1.4 £2.0)
—116 £ 6 = 11

m N> doubled.

sig

m Still asymmetry shape of Y (4260).

m Notice the bin near 4.3 GeV/c?.
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Zc(3900)* from Belle
Intermediate state searched for.

Events / 0.02 GeV/c?

u M_, _:%(980), /(500) and nonresonant S-wave

amplitudes.

m S-wave amplitude can not reproduce the structure at

SO
fart
SRS DR

12

14 16 18 20
M dly) (GeV/c?

+ cata

— Fit

- PHSP MC

38 89 4 41
Mo (mly) (GeV/c?)

3.9 GeV/c?. — Z:(3900)

Wang(Fudan Uni Exotics&Belle Il

— Background

4.2

Events/ 20 MeV/c? Events/ 30 MeV/c?

Events / 20 MeV/c?

0.4

06 08 1
M) (GeV/c?)

34

34

36 38 4
M(zJly) (GeV/c?)
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Energy scan on Y(4260) at BESIII

BESIII: PRL118, 092001(2017)

100 r 150

— —~+ XYZ — [ —+ Scan I

£ el . N

2 —Fitl . R [ —Fitl n .

= . 8.2fb™ /19 pts = 100 0.8 fb~ /103 pts

5 o[ - -Fitll 5 F

£ 20

B r (5} L

1o T s0f

+ﬂJ F +ﬂJ r

L 20k 2 L

© r =] L

L L L L 1 1 0 C
0 38 4 4.2 4.4 4.6
Is (GeV)

Parameters Fit result
M(R,) 3812.618600 (-9
C(R1) 4769184 ()
M(R,) 4222.0 + 3.1 (4220.9 + 2.9)
Cw(R2) 44.1 £4.3 (44.1 £3.8)
M(R;) 4320.0 + 10.4 (4326.8 + 10.0)
Lo (Rs) 10147552 (98.21752

m Two structures: Y(4220) and Y(4320) (7.60)

X. L. Wang(Fudan Univ.) Exotics&Belle Il 24 /86



ete” — mtr (2S): Y(4360), Y(4660), Z(4050)"

X. L. Wang(Fudan Univ.) Exotics&Belle Il



ntn~1(2S) scan at BaBar

BaBar searched for Y(4260) in =" 7~ (2S) final states later.

298 fb! z
10) single BW: £
&

M = (43244 24) MeV
I =(172+33) MeV
Statistic errors only

Events / 50MeV/c>

PTERTE ra

w

L e s e e R

2
m(wr) (GeV/c?)

|
-
o

=

5 -
m)INy) (GeVic)

Efficiency

Significant enhancement but
with a mass inconsistent
with Y(4260).

o(e’e— Tryw(2S)) (pb)

I b4
5 3

\¥ (GeV)

BaBar: B. Aubert et al., PRL98, 212001(2007).
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ntr(2S) at Belle

- T T 4
%15 , :
=« i Twosolutions |
(] L i iy
= f z ~
10F g
S I :
a2 F ]
= 5 1
r=d 8 ]
w r 1
ok ——— = M
4 4.5 b 5
Mz T w(28)) (GeV/icY)
Parameters Solution one Solution two
A (Y (4360)) T6LL0L0
Tiot (Y(4360)) T4+£154+10

B-T.+.-(Y(4360)) 104+1.7+15 11.8+1.8+14

M (Y (4660)) 4664 £11 45
oo (Y (4660))
B-T.i. (Y(4660)) 3.040.9+0. 61+1.8+0.8

) 39 £30 £ 22 =79 17

+ 20

Belle: X. L. Wang et al., PRL99,142002(2007)

Wang(Fudan Univ.)

Exotics&Belle Il

6

Entries/50 MeV/c?
o 3
.
oy

n [ ekl = S B,

D s e D
M(m*mm*I'T) (GeV/c®)
T T

o
IS

%:100 Systematics£9.5%
%75 E
a
g, } b .
4‘-: +
A ,
©

0 | | 41*4+ Hodtos tosased

4 55

5 5
E., (GeV)

m ete™ — 7774 (28) via ISR, with
P(28)wt 7 J/yp and
J/b = ete” /utuT

m Backgrounds quite clean!

m Y(4360) - confirmed for the first time with
much better resonance parameters.

W Y(4660) - A 5.80 narrow state discovered.

Two solutions: constructive and destructive
interference.
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Y(4360) and Y(4660)

T T
- T T 12 T T T
15 7 26fF (@ ‘ 4 2100 @ “
- @ (o}
= = 8r ]
o . I 4 1 & 6F | |
L . 2 K
> 2 2 ] 2 4r } ]
[ g g 5 ]
[©) . w w
—_ 1F .o . . Ll 0 1 1 0 l 1 L
‘® -t o 04 0. 0.8 04 06 08 1
s M(r'n) (GeV/c?) M(r') (GeV/c?)
s "l
. ' m Blue histograms: MC simulation based on phase
05 K B space mode.
Do ’ " . m Y(4360): M_. __ tends to be large, different from
- - phase space.
1 1 1 1 1 1 1 1 1 1 1 1 1
4 4.5 5 55 m Y(4660): like a f(980) signal dominates in 7+ 7~

R 2 system. Somebody considered Y(4660) to be a
M(x"ny) Gevic £(980)%(2S) molecular state.

The scatter plotof M_, (2s) VS [ —

Wang(Fudan Univ.) Exotics&Belle Il



BaBar updates on ISR

BaBar 520 fb !

PRD89,111103(R)(2014)

20
181
16
14

a)

12

Events /50 MeV/c?

10

= -

'4

w(28) = Iy’

¢+ BaBA4R

112 events (520 fb™")

[’1Belle

110 events (673 ﬂJ'l)

%l‘l\\‘Hl‘\u|\|\|u\|\|\‘H\‘H\

G T[T T[T [T [T [T oo
=~

m p(2S) —» i

5 52

5.4

m(y(28)x' 1) (GeVich)

m M_, _ for Y(4660) in the vicinity of f,(980).

X. L. Wang(Fudan Univ.)
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T
E(

Events /20 MeV/c?
T ST

a) "
£ Y(4360) ’ ’ E

03 035 04 045 05 055 06 0.65 0.7 0.75
m(r') (GeVic®)
T T g
5 (b) E
£ Y(4660) 3
3 3
2 E
g 3
g =
¢ 3
]

J/pwith J/yp — et e™ /utu=, orp(2S) — ptu~
m Y(4660) confirmed.

L L L L L
04 05 06 07 08

m(r*) (GeVich)
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ete” — w1 (2S) update at Belle

m Two modes used in reconstructing ¥(2S) signals:
P(28) = mtr T J/p, P(28) = T
m Selection criteria improved comparing to previous measurement.

980 fb~!

T
gy =)
1o ~r (b) 0
© © * T modiess
> >
$ N EE
= 1 ~ 1r I g
S = ‘e
+ ) .
= E A NI
= FCR .
0.5 05 F 5.;-" * |
! C !

55 45 5 ,
M[TT TY(2S)] (GeV/c?)

45 5,
M[T TY(2S)] GeV/c

m Purity: 245 candidate events with a purity of 96% from =7~ J/1 mode, and 118
events with a purity of 60% from u*p~ mode.

m M_._ - :tends to the phase space boundary; #(980) belts.

PRD91, 112007(2015)
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M. .- projections in 777~ J/v

It's not so clean in ut 1~ mode, due to the width of sidebands:
Mass resolution: oy, = 2.7 +0.2MeV/c? o4, =13.8+2.1 MeV/c%

-
o

[N
15
-
o

10

Entries/20 MeV/c?
Entries/20 MeV/c?
Entries/20 MeVi/c?
s
o

Dots: data; Blank hist: MC simulations; Shaded hist: bkg from ¢(2S) sidebands.
(@with4.0 <M1 __ g < 5.5GeV/c?.

Y(4360): 4.0 < M4 — 55, < 4.5 GeV/c?, looks like £(500)
Y(4660): 4.5 < M4 5 < 4.9 GeV/c?, could only be f,(980).

MC simulation with an incoherent sum of the f,(500) and f(980).
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Fit of M. .-, (2s) spectrum with two resonances

Unbinned simultaneous maximum likelihood fit for Y'(4360) and =
. _ i -
Y (4660): Amp = BW; + €'¢ - BW.. T
25
~, 20F )
> >
[} (]
=151 =
& &
g g
w 5r H w
O s 5 55 45 5 0 45 5
M TTy(2S)] (GeVv/c?) M T y(2S)] (GeVic?) M[TTEQ(2S)] (GeVic?)
Parameters Solution | Solution |l
My (4360 (MeV/c?) 4347 £ 6+ 3
Iy (a360) (MeV) 103+9+5 m Consistent with previous measurement
B-T{360)(6V) ~ 92£06+06 109+06+07 m No obvious signal above Y(4660).
M‘F(“eﬁ") (Mev,/c%) 4652+ 10 £ 11 m 12 events accumulate at Y (4260),
v(4660) (MeV) 68+ 1145 . nulat
g especially the 7" 7~ J /4 mode.
B - T5 &0 €V) 20+£03+£02 81+1.1+1.0
¢ (0) 324+ 18+ 20 2724+ 847 m If Y(4260) is included in the fit,

X2 /ndf = 18.7/21 .
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Fit of M.+ .- (2s) spectrum with three resonances

@
s

@
8

@
=}

N
S

Entries/20 MeV/c?
=
5

Entries/20 MeV/c®

N
3

=
5

N
S

Entries/20 MeV/c?
oy
5

45 5
M TTY(2S)] (GeV/c?)

Biat e

o 45 5
M[' T Y(2S)] (GeVic?)

g

B - T 4260) (V)

My (4360) (MeV/c?)

1.5+0.6+£0.4

1.7+ 07+£05 10.4 £1.3+0.8

8.9+1.2+0.8

4365+ 7+ 4
My(a3e0) (MeV) 74+14+4
B~r%&€o) (eV) 41+1.0£0.6 49+13+06 21.1+35+1.4 17.7 £ 26+ 1.5
My a0y (MeV/c?) 4660 + 9 + 12
My(as60) (MeV) 74+12+4
B- r%teego) (eV) 22404402 84409409 9.34+1.241.0 24405403
b1 (°) 304 + 24 + 21 294 + 25 + 23 130 £ 4 + 2 1M £5+4
b2 (°) 26 - 19 & 10 238 + 14 + 21 329+845 117 + 23 + 25

m Significance of Y (4260) is 2.4c—low, but affects the parameters of Y(4360) and Y (4660)!
m FOUR solutions with equally good fit quality, which is x?/ndf = 14.8/19.

m Mathematical solutions with n Y states: 2”7’

Wang(Fudan Univ.) Exotics&Belle Il
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Search for intermediate states in Y(4360) decays

R (2B

C
~anl ~aol +,— (b) |

<42 4.2

) )

S S 'I:L ,U/ BELLE
] O

e e

@ @

g 4ar b o o4 . q

= =

£ E

= =

w
o

ol

0

4 4.2
M $(2S)] (GeVic?)

i
[l
T

=

©® o

=
o
T

v
T
Entries/12.5 MeV/c?

Entries/12.5 MeV/c?

.ﬂ I mm m= ]

4 42
MITW(2S)] GeVic

0,
3.8

4 4.2
M[EW(2S)] (GeVic?)

B M, +,0s) SUMofthe M 1 o5 and M, — g
B Anexcess atboth 77~ J/+ and "~ modes, and both M, 1,55 and M, — 5!
m Anew Z at4.05 GeV/c??

m No excess found at previous measurement of Belle, because only 110 signal events observed then.
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Y (4360) — 7 + Zo(4050)

Z,(4050)*F — 7*¢(2S) in Y(4360) decays lpelle PRL110. 14200 1‘(2008)
142 1
20 T T

N
8

Events/0.01 GeV

P K+ Z

Entries/20 MeV/c?

o . 41\“ — B M =4433 + 4 + 2 MeV/c?
M, [ty(2S)] (GeVic?) " T =~ 45MeV

max

m Y(4360) signal region =
m M= (4054 + 3+ 1) MeV/c? =
m[=(45+11+6)MeV -
m About 45 signal events.
m Significance: > 3.5¢

L B T e
" M2(K1t') Gev?
“K* Veto”
X. L. Wang(Fudan Univ.) Exotics&Belle Il 35/86




Search for intermediate states in Y(4660) decays
No obvious excess found in Y(4660) decays.

475 f 1 475 f 1
~ +. - ~ +,,—
9 T 4 b
Sl @y g, W (b)
) ]
S ©)
gus F — @4.25 F o —
B = e
E £
S a4 O — S a4 —
.
L L 2 L L L L L
4 425 45
M[rt Y(2S)] (GeV/c?)
No N(.)
> >
Q Q
= =
& &
b b
2 2
2 2
w w
4 425 4. 4.75 4 425 4l 4.75
MITEY(2S)] (GeV/(?Z) M[EW(2S)] (Gev/?z)

m (980)v(2S) dominates in Y (4660) decays.
m However, looks no-f,(980) component exists.
m Relationship between Z; and Y(4660) would be interesting at Bellell.

X. L. Wang(Fudan Univ.) Exotics&Belle Il 36/86



Measurement from BESIII

m BESIII: 16 energy points, Lyt = 5.1 fb~!
m ¢(2S) reconstructed modes:

® Mode I: (28) — ntn=J/,J/¢b — ete™ /utu~

m Mode II: )(2S) — neutrals 4 J /4, neutrals = (97°, 7%, n & vv), J/v — ete™ /utu~
m Fit with Y(4360) + Y(4220), the significance of Y (4220) is 5.80.

120 [
r - BESII ]
100 | 4 Belle ]
Ego:— = BaBar |
= L | ]
g eop H N .
n C ! . 2
2 of | i'
1] o 'I
<] L N, | -
O 20 ‘ii | *TI
0 l’ FF + T +
_20 RN T DT T

4.0 4.1 4.2 4.3 4.4 4.5 4.6
(s(GeV)

BESIII: PRD96, 032004 (2017)
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Search for Z; — 7(2S) at BESIII

10

°
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s = 4.416 GeV]

5 TR 1% ] % . Gosf FPRETYOR s
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Sul 18 SoF = T .
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AT iy 1

Sef 131 134 bole ]
2. b 22 1 o2t 12w

w}?v(aegé’)xeewc’f e w?(w(ﬁ%%e)xeewaf * NF(;rs’w(3686))‘(ESeV/c2)z

3 40 S 0 1S =

3 JrJrJ( 3 } 3 13

S wnf +H+++ 920_ ] Cap 1 Cw
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Baf TS L P - 137 137
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Not like tJ/Y, the structures in m Y(2S) vs. « M = (4032.1 + 2.4) MeVic?
Ecm are much more complicated ! * = (261 + SuNMBY

BESIII: PRD96, 032004 (2017)
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n-transitions: ¢(4040), ¢(4160), T’s

X. L. Wang(Fudan Univ.) Exotics&Belle Il



nd/v via ISR
m Via emitting n should have large partial width of hadronic transition of charmonium.
m Belle searches for et e~ — nJ/4 via ISR for the first time.
mn— yy/m n 7w and J/¢p — ete™ or ut T in the reconstructions.

M(T)

Entries/20 MeV/c®

45 5
MMz %) GeVic?

Entries/20 MeV/c®

X 0.7 D‘.B 4 45 5
M) Gevie? M) Gevic®

m o(4(2S)) =13.9+ 1.4 pbinn — 7" 7~ =° mode; o(1)(2S)) = 14.0 & 0.8 pb in  — v~ mode. The
expectation: o(+(2S)) = 14.7 pb.

m Clear 1(4040) and +(4160), but no Y state found! Really Y???

Belle: Wang et al., PRD87, 051101(R)(2013).
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nd/v via ISR

30 T r Parameters Solution T Solution IT
M 1040y 4039 (fixed)
Ty a0s0) 80 (fixed)
) 1By 4809+ 15 112+ 13%21
> MWWJ) 4153 (fixed)
= T ya160) 103 (fixed)
& B 40+08+ 14 138+ 13+2.1
2 ¢ 336 = 12 14 2515457
Z
w
T o+ g— (1(4040)) = (0.86 £ 0.07) keV from PDG —
B(1(4040) — nJ/4p) = (0.56 + 0.10 + 0.18)% or

(1 30 + 0.15 +

Fot o (4(4160)) =
B(4(4160) — nd/1p) =

0.26)%.

m This is the first time to found ' states in charmonium (1.66 + 0.16 + 0.29)%.
transition! The I'(¢p — nd /) is about 1 MeV.
> 6.00 for 4(4040); > 6.50 for 4)(4160). B* S)/wnk*
m Large B(¢y — nd/y)! 212 -
- & 4648 w preliminary
B(1(25) — nJ/v) = (3.28 £ 0.07)% gl 18 eventsfor arKiv:1209.0886
m Unlike 7+~ transition, no significant Y signal!!! & 4040
m Fit with parameters of ¢(4040) and +(4160) free, first time wt | 3872 | 4160
in an exclusive channel: “
B 1)(4040): M = 4012 4 5 MeV /c?, =
I =54 + 13 MeV. ofy

W )(4160): M = 4157 + 10 MeV/cz,
I = 84 + 20 MeV.

Meanwhile, no 1)(4040) or 4 (4160) in nJ /¢ seenin
B — K+ nd/y.

Wang(Fudan Univ.) Exotics&Belle Il

(0.83 £ 0.07) keV from PDG —
(0.48 £ 0.10 £ 0.17)% or
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Cross sections of ete™ — 777 ¢(2S), 7t7n~J/¢y and nd /¢

R " L ) Other cross sections from ISR:
e e~ — final states cross section is calculated with

nebs — ke _ . r
oi = m woF P~FL110, 252002(2013)
where i indicates the mass bin and j indicates the 1(2S) decay s |e+e— =T/
mode. § wf | ’] ]
100 ‘ 2°ﬁ||i ||||| f ||“| "
5 JIEE i {H»Imlmmmmq,ﬂ,,.om
S 75} l PRD91, 112007(2015) - e
) | BELLE pepks ~ 75 pb! ne
~— 50 - -
> . ! :
I*: m HH 10 PRD87,051101(R)(2013) |
oo ’ } {H | H'+ b b ] S o e
3 efe” — 1
"; 0 |“'II * ....... + }+ + _____ T {+H B {ﬂh ++} +k+++ ‘fﬁ % 50 N b
© ”” L % o H ’ ” i
4 4.5‘]_ GeV) 5 55 H i ,r;&i#{’mw,},m,,mw,ﬁ

\g GeV
The o(ete™ — n'm~J/4) at Y(4260), o(e"e™ — w n +(2S)) at Y(4360) and o(e" e~ — nd/v) at
1)(4040) are almost the same!!l WHY?
— Need Belle Il data, or more BESIII data.
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ete~ — nJ/v at BESHI

BESIII: PRD91, 112005(2015)

100
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g 4 BESIII(2012)

r —— This work

i

LT ©

I T
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m Confirm Belle’s measurement.

= No Y, but !

m Need to measure the resonant parameters of ¢(4040) and (4160) in the future.
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n and 77~ transitions from bottomonium(-like) states.
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The n vs 7+~ transitions from T(nS): theory vs exp

[ [KeV]
3

. Y(58) e No predictions?
7 E Y39 Y(4S) ( Nopregh

10 o an transitions

E=—#——] Experiment (PDG 2014)

“——+"— Segovia, PRD 91, 014002 (2015

101 s Segovia, arxiv:1507. 1607 (201 5)
g Simonov, Front.Phys.China 1, 19 (2006)

s Simonov PRD 79, 034024 (2009)

102 @~ Simonoy PLB 671, 55-* ss (2ooa)
W Meng, PRD 77, 074003

-

102 P T T R I R S T S T T I T T S S R S N R R R R
= 10°
2
=102
—
10
1 n transitions
Experiment (PDG 2014)
101 Guo PRL 109, 062001 (2012)
Segovia, arxiv:1507.01607 (2015)
102 - Simonov, Front.Phys.China 1, 19 (2006)
- Simonov PRD 79, 034024 (2009)
100 Meng, PRD 77, 074003 (2008)
10-4 L 1 L 1 I 1 1 1 L 1 1 1 1 1 L | 1 L 1 1 1 1 1 L yl 1 | 1
Ves, ”Ias Vs ”rvs s, Yss) "(5s Yiss) Viss) | Miss) iss)
Y~ Vg Yns, Svas D Vag Vg Chom Vg < Viag) Vs S hom ey Mg,
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More hadronic transitions
The partial width in units of keV:

Limited by available channels

T(5S) transitions
T(4S) — T(58) —
T(AS)r 'n=  1.7+02 TAS)r 238 £ 41
T(S)n 40+08 TS 39 4 11
T@S)rt 7~  1.8+03 TAS)K K~ 33+ 11
ho(1P) 45+7 T(@S)rtr— 428 + 83
T(2S) 204 + 44
B(T(4S) = nT(15)) > B(T(4S) — T(3S)r 7w~ 153 + 31
atr= T(AS) xo1(1P)w 84 + 20
X6t (1P) (77~ 7Y non— o 28 + 11
Xea(1P)w 32415
Limited by available statistics xb2(1P) (7t 7~ 7% non— o 33 + 20
T,(1D)rt 7~ ~ 60
T(6S) — J‘(rJ(1)D)n 150 + 48
T(AS)m m— 137+ 32 Z,(10610)* 7 F 2070 + 440
T@S)r"n~ 183 + 43 Z,(10650) = F 1200 + 300
T@BS)ntn— 77 £ 28

Z5(10610, 10650)£7F 1300 — 6600

7wt~ -transition is enhanced by Z, states.

A full scan (10 MeV/c? steps, [ Ldt) from the BB threshold to the maximum availabe energy will
give Belle Il a unique opportunity to shed light on the hadronization mechanism.

Bondar et al. Mod. Phys. Lett. A32(2017), 1750025
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Dipion transitions

a0 250) T T T T T T T
m Measurement of dipion transitions also provided s 0
N = 2005 yas) - e (is) !
m Fitto AM = MWJrW,Mﬂr - M‘ﬁ“, 2 s -
£ 1s0f 4
2
C T ] L
1020 (a) Y(28)-»n 'Y (18)] moi !
[ (b) Y(38)>n'mY(1S) P el
10E (C) Y4S)ormY(18)] o 3
LN (d) YdS)—m'nY(28) ] ST TR TR TR TN
S g‘g; T - 107 108 109 1.1 111 112 113 114 115 116
Q"/ E () ] AM (GeV/c®)
- 96 ] < s T T T
= b o S0p
3 r Z [
E 941 2 ENGS S wnves) E
i r ‘:", E Y(2S) = p'w
92;* E 30;— El
C e 20 + |
03 04 05 06 07 08 09 1 L1 12 g + +
AM (GeV/e?) OF T T
Belle: PRDQG, 052005(2017) 0.; o|51 0‘52 0.‘53 0‘54 o.‘ss o.‘sa o.I57 n.‘sx o|59 0.6
AM (GeV/c?)
Measurement Result PDG value

B(T(4S) —» =T~ T(1S)) (82+054+0.4)x10> (8.1+06)x 10>

B(T(4S) = ntx~T(2S)) (7.9+1.0+04)x107° (8.6+1.3) x 107°
aisr(T(25)) (17.36 £0.19 £ 0.69) pb (7.1 £0.3) pb
aisr(T(3S)) (28.9 + 0.5 + 1.3) pb (28.6 + 0.5) pb

The ISR cross section osk is based on B°6(T(2S,3S) — 7 7n~ T(1S))

X. L. Wang(Fudan Univ.) Exotics&Belle Il
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M_. .- in the 7" 7~ -transitions

4500 T T ] r T T T
4000E- @ + E 0.7 1200 |- (b) ) 1,
E Y2S) - r'nYas) + 4 Joe L Y(3S) - n'nY(1S) ]
S PO vas) s o T # a9 o Jos
2 3000 + 405 3 400 q .
Z 2500 + + o4 202 F Joe 2
S + 15 g Wil te #+ 1 B
<2000 + oz & < T +y t &
2 El I - o 04 &
g E| 400 ]
H ELET S oy ]
é 01 200 - + ] 0.2
B A | 1 1 E| o | 1 I 1 1 I
0.3 0.35 0.4 045 0.5 0.55 0.6 0.3 0.4 0.5 0.6 0.7 0.8 0.9
M) (GeV/c?) M(m*m) (GeV/c?)
180 prerrrrrery T Basassass 12 Sl T T T
i 200 -
160 (¢) 1 150 E @ 12
oL Y@S) o mmYds) -1 _ E YdS) 5 n'nY(2S) L
) Y(18) - 'y 1 T 160 Y(28) -
> 120 —H0.8 > 140
% . - 3 5 IS
= + ] 2 2 o g
8 406 5 8 wf 3
I ] = I £ =
P o4 & g SF )
] Jo. E
I i
Jo2 oE
=l 20
03 04 05 06 07 08 09 1 L1 12 03 0.35 0.4 045 0.5 0.55
M(m') (GeV/c?) M(m') (GeV/c?)

m Double peaked structure in T(4S) — 7" 7~ T(2S) and T7(3S) — = 7~ T(1S), enhancement near
M_ .- threshold.

m /,(980)in T(4S) — nt = T(18)?2?
Belle: PRD96,052005(2017)
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f,(980) in T(4S) — 7+tr~T(1S)

m Behaviour not seen in previous data at the T(4S).

m However, f,(980) signals were observed in Y(4260) — 77~ J/+ and Y(4660) — 77~ 4(2S).

Y(4660) — 7+ 7 p(28)]} © N§ :BIABAR :Sog
% 18 8150~ 4515 Eha
= [ il
2 = 160 §
8" S 100 -
@ = [ -40 1
: B |ty i
T D 50- ' oo
ol Ls 5 |
025 05 075 1 1.25 0
Mir'e] - Gevit T

M., (GeV/c

Belle: PRD91,112007(2015) BaBar: PRL96, 232001 (2006)
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f,(980) in T(4S) — 7+tr~T(1S)

m Major interest comes from T(4S) — =+ 7~ T(18) dipion invariant mass.

m very similar to what observed at the T(5S):

%
&

T T

= —4— data

| non-resonant

—— non-resonant + Y(lS)fO(‘)BO)

Events / (30 MeV/c?)
o 85383k 582

7

08 O

|
N
=]

Belle: PRD96,052005(2017)

X. L. Wang(Fudan Univ.) Exotics&Belle Il

9I I 1 I Il.l‘
M(t*) (GeV/e

>

)

2

(Events/20 MeV/c?)
3
T

02 04 06 08 10 12 14 16
Belle: PRL108, 122001(2012)

Recently predicted by theory:
Chen et al., PRD95, 034022(2017)

An amplitude model including a resonant f,(980)
contribution is preferred by data (2.8¢0)

Addition of £(1270) does not improve the
description
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n transitions from 7T(5S)

m 7 reconstructed in n — v+, look at the missing mass spectrum, after combinatorial background

subtraction

(
(
i
i
i
1
I
H

4
(
I
i
()
I
!
?
()
I

a0 Y{D) | Preliminary@D1S2014
% zzzg é:gill‘iaminary ) s %hb(zm
P b1
» %{'TH' lﬂ% .WL U;# IV%\H} }T anh Thll ‘hT | IH
2 11 1 1
=aRUMELIRTE i L 4
.85 9.9 10 10.05 10.1 10.15 10.2 MM::;)ZTGeV]

m |n particular, B(T(5S) — nT(1D)) in compatible with the
prediction (via triangular meson loops)

Wang et al., PRD94, 094039(2016)
m Observation of T(5S) — nT(1D)
B(T(55) — nT(1D)) = (2.8 £ 0.7 & 0.4) x 1073
m Now finalizing the result on the branching fractions

X. L. Wang(Fudan Univ.) Exotics&Belle Il

T(58)

15(1D)

51/86



T(4S) - nT(1S)

Belle: PRD96,052005(2017)

m With the same approach and a similar event

F T T |
selection. 20 E
= Fitto st ’D ’
_ G 16F Y(ES) > nY(1S) E
AM, = M7r+7r_’y’yu+;,¢_ _M;ﬁ'u— _M7r+7r_'y'y % 4 n- = E
m Confirmation of the enhancement with respect to = pf YOS oww E
dipion transition S b E
T(4 T(1 z  sp 4
ro BOUS) oar(18) 0 F sk :
B(T(4S) —» mtx—=T(1S)) z 6 =
4F -
m Confirm the enhancement of T(4S) — nT(1S) NE E
via spin-flip transition. oF = T T T - =
05 052 054 056 058 06 062 064
AM, (GeV/e?)
Measurement Result PDG value
B(T(4S) = nT(1S)) (1.70+£0.23+0.08) x 10~* (1.96+0.28) x 10~*
R 2.07+£0.30 £0.11 2.41+0.42
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Very good processes on exotic states.
But, Question: What is the nature of the exotic states?

m Multi-quark states?
m Molecule?

m glueball?

m hybrid?

We need more datall!

X. L. Wang(Fudan Univ.) Exotics&Belle Il



SuperKEKB and Belle Il
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Advantage of new accelerator: SuperKEKB

SuperKEKB

Baie I Supercanducting Solenaid

beam size: .
100pm(H) X 2pum(V) —
10pm(H) x 59nm(V)

» e’ 3.6A/
Redesign the lattice to reduce the

emittance (replace short dipoles
with longer ones, increase wiggler
cycles) (being tuned)

HHHHHH

L

HitHkHHEH

Replace beam pipes with TiN-
coated beam pipes with antecham-
bers (works weII)

New superconducting final focusmg mag-
nets near the Interaction Point (IP)

KEKB— SuperKEKB

m Nano-Beam scheme,
extremely small ﬂy*,
low emittance

m Beamcurrent (/1) x2

[
26%[1 4 {] i&yi ;y]

40 times higher Iumlnorsny.
2.1 x 103 — 8 x 10% cm

Reinforce RF systems for
higher beam currents

Improve monitors and control system
Injector Linac upgrade:

Upgrade positron capture section
Low emittance RF
electron gun

DR tunnel

New et Damping Ring constructed
Wang(Fudan Un Exotics&Belle Il 55/86




D

Belle I

25countries/regions
105 institutions
~750 researchers

Saudi Arabia Korea

Australia 33 Malaysia 6

China 33 Vietnam 8

India 44 Taiwan 28

Japan 150 Thailand 2
Turkey 3

Recently, France (June) and Israel (Oct) joined.
56/86



Belle Il detector

BEAST_ B?Ck‘ round KL and muon detector: (KLM)
commissioning detector) Resistive Plate Counter (barrel outer layers)
o Scintillator + WLSF + MPPC (end-caps , inner 2 barrel layers)
T

EM Calorimeter: (ECL
Csl(Tl), waveform samplin,
Pure Csl + waveform sampli

ication
electrons (7GeV - tion counter (barrel): (TOP)
Aerogel RICH (fwd): (ARICH)

Beryllium beam pipe
2cm diameter

[Vertex Detector: (VXD \

2 layers DEPFET + 4 lay = !
23| positrons (4Gev)
Central Drift Chamber: = 3
He(50%):CzHs(50%), small cells,
arm, fast electronics
5
~7.5m ~1400 Ton

Wang(Fudan Univ.) Exotics&Belle Il



Expected performance of Belle Il

IP resolution

005~

001

.~

LA A R AN R LA R LA LA

—e— transverse impact par, d,

—e— longitudinal impact par, z,

Belle Il works similar to or better than Belle
despite ~20 times higher beam background
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rof. Ushiroda’s talk at LP2017.

Wang(Fudan Univ.)
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Expected events in 5ab”

2z
02" 0a

AE (GeV)
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Bo—ply vs. K*oy

Energy resolution
Better w/ no background,
worse w/ background

—+—BGx0.0 Barrel
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Projecte ambient neutron rate in Belle Il means that endcap RPCs
would never see muons

Efficiency in Belle Efficiency in Belle Il
Forward | Backward Forward | Backward
Layer Barrel Endcap Endcap Layer Barrel Endcap Endcap
0 0.97 0.91 0.9 0 0.9 0 0
1 0.98 0.93 0.9 1 0.94 0 0
2 0.99 0.94 0.9 2 0.96 0 0
3 0.99 0.94 0.9 3 0.97 0 0
4 0.99 0.94 0.89 4 0.98 0 0
5 0.99 0.92 0.88 * 5 0.98 0 0
6 0.99 0.93 0.89 6 0.98 0 0
7 0.99 0.92 0.87 7 0.99 0 0
8 0.99 0.92 0.86 8 0.98 0 0
9 0.99 0.9 0.85 9 0.99 0 0
10 0.99 0.87 0.82 10 0.99 0 0
11 0.99 0.82 0.8 11 0.99 0 0
12 0.99 0.78 0.81 12 0.99 0 0
13 0.99 0.77 0.76 13 0.99 0 0
14 0.99 - — 14 0.99 — —

X. L. Wang(Fudan Univ.) Exotics&Belle Il



KLM scintillator strip
Scintillator (with TiO, reflective coating) delivers blue light to central-bore WLS fibre.

+50

150 um 1.6+0.1 mm
«— 0 > e

300
l—

FNAL scintillator for barrel

o

10.6+0.1 mm

R4 e 2.

26.3£0.1 mm

Light is captured by
wavelength-shifting fibre
(Kuraray Y11 MC, 1.2 mm Q)

X. L. Wang(Fudan Univ.) Exotics&Belle Il 60/86
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WLS fibre is epoxied to a ferrule that is epoxied to the scintillator
strip

// /// // ’/ u\\\\\f\\ -

/]

A

Scintillator strip

BN
1 s

Fiber Connectors
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An endcap scintillator superlayer

X. L. Wang(Fudan Univ.) Exotics&Belle Il



Barrel PID: image Time Of Propagation (iTOP)

Cherenkov ring imaging with
precision time measurement (better
than 100ps)

Installation completed! 2016, May 11

Quartz Property Requirement
Flatness <6.3um
Perpendicularity <20 arcsec
Parallelism <4 arcsec
Roughness < 0.5nm (RMS)
Bulk ransminance > 98%/m

Surface reflectance ~99.9%/reflection

single channel (af x = 10 cm) ™

pions
| B kaons
‘IJl‘a‘J‘JLJLWA&LLajLAIg;4Ag‘-
10 15 20 25

30

- §EEEE

35
i mf 1(ns)
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The Belle Il vertex detector

(DSSD) (SVD) layers

resolution

i

» 2 DEPFET pixel detector (PXD) layers
» 4 Double Sided Si-Strip Detector

- Improvement in the impact parameter

T
100 Belle:

« Fast detector to keep small occupancy

» High spatial resolution 50 \ _— o]
« Very short distance from the IP 2 \\-m Belle Il

«  Minimum thickness T 1o

) 04 0.8 1.2 1.6 2.0
ppsin(6) [GeVic]
i



PXD: DEPFET pixel detector

# modules 8 12

Distance from IP (cm) 14 2.2

Thickness (um) 75 72

# pixels 768 x 250 768 x 250

Total # pixels 3.072M 4.608 M

Pixel size (um?2) gg i gg ;g i gg c\é }:;{:r;/
Sensitive area (mm?) 44.8x12.5 61.44x12.5

Wang(Fudan Univ.) Exotics&Belle Il

M Sensitive
W Switcher

W Cu Layer
W Bumps
M Frame

total 0.2% X,
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Profile of SuperKEKB luminosity and Belle Il data sample

70
60

Goal of Belle 11/SuperKEKB

(ab™)

1ab' (Bellg data sizg

IIIIIIIIIIIIII |r|||||||||l|||||||||||| ||||Iu||

Py

l . i | | I I |
7 2018 2019 2020 2021 2022 2023 2024 2025
Calendar Year

- TTT
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Updated SuperKEKB/Belle Il schedule

Start of Phase Il for Belle Il is unchanged

Calendgryear 2016 2017 2018 2019

Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown| Summer Power saving Summer shutdown
(power saving) (power saving) after mid July 2018 (power saving)

| (end Feb. — mid Jyj. 2018) RGBT
phase 1 oo 'phase 2 (MR)! I phase 3
— | - - -

w/Qcs | 1
w/ Belle Il (no VXD) 1

HERstart ! . i
LER start :VXDlnstaIIanPn
I
1
Rcommisswomng

[ I [ [ I [ [ I [ [ [

1
MR renovation for phase 2, including :
installation of QCS and Belle |1 1

phase 3 operation
9 months / year

/

Change in the start of DR commissioning (due to problem with linac waveguides)
Shutdown for VXD installation ~ 6 months (mistakenly ~ 5 months was allocated in
earlier schedules)

X. L. Wang(Fudan Univ.) Exotics&Belle Il 67 /86



Phase Il

Belle Il rollin, 11/4/2017 _ _  Commissioning of accelerator and
: e, sub-detectors

m Start beginning of 2018, duration
about 5 months.

m Beam collisions with focusing magnets
(QCS).
1

m Target luminosity is 10%* cm—2s~",
which is KEKB level.

m 20-40 fb~' data for physics analyses.

m W/o vertex detector dependent
What can be done with Phase 2 data? measurements.

m Background studies

m Detector and trigger performance studies
u

u

Simulation validation The first collision is expected in Feb.
Exercising of calibration and alignment 2018, about 8 years after KEKB being
ETIEETE shut down.

m Reconstruction algorithm tuning

m Physics measurements

v

X. L. Wang(Fudan Univ.) Exotics&Belle Il 68/86




IR construction toward phase 2

‘“17/0ct Nov Dec ‘“18/Jan Feb Mar

End-cap position adjustment/fix

ARICH| commissioning
-q
Beast2 VXD/T|PC installations
ﬂ

Ph 2
QCS$ push-iYRVC connection - ase

IR magnet re-installation

>

Corjcrete shield installation

-n

B Endcap push-in/End-yoke closg
—>

X. L. Wang(Fudan Univ.) Exotics&Belle Il 69/86



6 months shutdown for VXD installation and transition to phase lll

m Belle Il management: total shutdown must be 6 months or shorter
m Appears to be possible by clever arrangement of work in parallel.

Jul Aug Sep Oct Nov Dec Jan |Feb

E."‘l-a:e 2 VXD [installation .
) VED servicey mrk:Gvr
Shield removal EEEy |
End- Igcaffoldi .
i € Dpenigcatioldin Qpposite steps from|July to Adc
Magnets dis| bl
Phase 3
QCs gush back >
-

F/B Endcap pxtracted

> C? mmandtﬂ:ks

Beast 2 removl
>

-
coCiLsw)

X. L. Wang(Fudan Univ.)
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The “Big Picture” now

m The first “Global” Cosmic ray running took place during two periods in July and
August 2017.

m Very rocky start with many more problems than anticipated. Tracks, momentum,
energy, timing resolutions and efficiencies from nearly all outer detector
subsystems were obtained in the end. Shakedown of many problems (e.g. but
firmware of TOP, KLM are not ready for high rates). EKLM is not connected.

m The last parts of the outer detector were installed (ARICH and forward ECL). RPC
readout electronics was finished. BKLM scintillator readout has issues.
m First high rate tests of the VXD part of the Global DAQ were successful.
m The PHASE Il VXD was put together at KEK in a new clean room at Tsukuba Hall.
® Amazing progress continues ! \We will be ready for Phase Il but much hard
work is still ahead.

Slides from Tom Browder.

X. L. Wang(Fudan Univ.) Exotics&Belle Il 71/86
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Some guys working for Belle 1.

X. L. Wang(Fudan Univ.) Exotics&Belle Il



I## . £ HCincinnatikx##+5, 20125F—
KIEFEIFEAGSZ A | | B2 ACincinnatik % TAFRE .

Work on iTOP subdetector

* Hardware:

* The acceptance tests of the quartz radiator of the iTOP
detector.

* The alignment and gluing of the iTOP optics components.
* Assembly and commissioning of the iTOP detector.
* Participated in the beam test of the prototype iTOP detector
in SPring-8, Japan.
* Software:
* Develop and implement DQM histograms for iTOP detector.

* Manage the source code repository for the Belle | DQM
software package.

X. L. Wang(Fudan Univ.) Exotics&Belle Il




44 . RA# EMelbourne X £+ 5. 20145 —

m Leading the development of the High Level Trigger (HLT)
m The HLT group convenor.
m Develop the HLT software, trigger menu, and the integration of
the online software.
m Coordinate the DAQ, trigger, software and physics groups for
HLT.

HLT: New for Belle Il

B Physics Trigger: suppress event rates from 30 kHz to 10 kHz on DAQ

B PXD Rol: provide HLT trigger and tracking information of SVD and CDC to calculate Rol of
PXD

B Calibration: Flag samples for the calibration of sub-detectors

B DQM: Information from reconstruction of data quality monitoring

m Leading the development of the simulation of hardware trigger
(TSIM) PxD

m Co-coordinator of the TSIM group
m Simulation of hardware trigger of each sub-detector

m Coordinate the work between trigger and physics groups

X. L. Wang(Fudan Univ.) Exotics&Belle Il 74/86
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*H# . DESY ¥+, 2014%F—

Pressure

2-pahse CO2 cooling and VXD mechanics -
* MARCO is universal 2-pahse CO2 cooling syst
and is the base design for the ATLAS IBL an
VXD cooling systems.
¢ The full size VXD mockup is built to verify the thermal
and mechanical performance of the VXD detector and
CO2 cooling system.

DEPFET PXD commissioning and integration
Beam tests of the VXD system including full DAQ
chain.

PERSY (Permanently running system) testing setup
at DESY, including PXD, SVD, and BEASTII
subdetectors.

Mass-testing for Phase3 PXD

Preparing for the half-shell commissioning at DES
hua.ye@desy.de

FET gate
P+ source

amplifier -
clear gate |
N+ clear

\-

P+ drdin
=>

—

X
™ deep n-dop
Internal gatef

P+ back contact

Wang(Fudan Univ.) Exotics&Belle Il
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R&®. PiEKA, DESYH LS, 20145F—

Magnetic field measurement for Bellell

> How does B-field affect physics
analysis? -
* Momentum measurement
* Trajectory extrapolation
¢ Particle identification -
» Accuracy requirement:
¢ <0.1%
> Method
¢ 3D Hall probe
> Procedure
* Map CDC volume with Bellell

2/ mm

> The B field measurement campaigns
were successfully finished in August of
2017

§olenoid only (Before CDC > Intrinsic quality of data is sufficient to
installed) ) reach 0.1% precision goal

¢ Map V?(D volume with Bellell » Discrepancy between data and
solenoid and QCS (after CDC calculation was observed and the
installed)

measurements provided essential
information to improve the simulation

X. L. Wang(Fudan Univ.) Exotics&Belle Il 76 /86



ZHE. £BIndianak B AKFFRXEELZ (PNNL) H+
5B, 2015 ——

Work on KLM detector at Bellell

¢ Work for the commissioning of the K,-Muon (KLM)
detector at Bellell

* Electronic boards installation, cabling, debugging the electronics
and data acquisition (DAQ) chain.

* Analyze the cosmic-ray data to investigate the performance of
the hardware and software of the KLM.

* Implementation of slow control software and GUI for controlling
and monitoring high voltage (HV) system and run control
software controlling DAQ for KLM.

* Development and maintenance of the
simulation/reconstruction software of KLM

* KLM stand-alone tracking

* Alignment

* Manage KLM data in data base

2017. June. cosmic ray test

X. L. Wang(Fudan Univ.) Exotics&Belle Il 77/86
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Belle |l at Fudan
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% 8 X #Belle 15t 7.7+ % : Physics analysis, hardware and software

m Physics analyses in the future, to match the goals of Belle Il experiment.
m Build a computing center, and join Belle Il Grid: 320 cores and 200TB
m Join Belle Il GRID.
m Support from LNPIA: needs a computing center and can share the cost. the resources
to have a more powerful computing center.
m RAEAY X208, 36 TBU R F E X% -
m Operation and Maintenance of KLM.

m Based on my work on KLM construction at VPI(# & B I3 T).
m FDU will share responsibility with VPI and Indiana.
m Easy travel from £ 2 to KEK.

m R&D for KLM upgrade: replace the legacy RPC modules.

m Take this opportunity to build a hardware lab mainly for Belle Il experiment.
m Set up the R&D facility, prepare to participate in upgrade if it happens.

m Calibrations for iTOP and KLM: important before Phase Ill data taking.
m %A f FTBCH H 1 £ (30 ps) -
m iE# % Cincinnatit) — ME + £ T4

m Work for ARICH(% ).

Getting post-docs and students to establish our group.

X. L. Wang(Fudan Univ.) Exotics&Belle Il 80/86
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Our lab
m LF$2%%, NIMVME, &EMAE. - -
BEAEE-EFHEAMRKAL.

m EEde—3RKLMAL R MKEKZ 5] £ 2 .

m EE %[ﬁ‘é;’iﬁik“—?Gary Varneré1D Lab#y &1k -
G,
e L@ @ . B4
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KLM upgrade

Integrate the readout electronics in the module, like iTOP module.

PMT/electronics access

panel (sheet metal w/EMI
gaskets) is removed in this
example for visibility.

Electrical and fiber cables
remain attached to electronics
when access panel is removed.

In reverse, all modules are
fully cabled before the access
panel is replaced.

Avoid the headache troubles from the long ribbon cables.

X. L. Wang(Fudan Univ.) Exotics&Belle Il
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Summary

m The exotics from the #*#~ and n hadronic transitions:

El There have been a lot of exotic states observed in the past decades.

B ~ 7 -transitions and n-transitions performed the major roles in the discoveries of
exotic states.

H Studying the 77~ -transitions and n-transitions may help us to understand the nature
of the exotic state.

A Need to pay more attention to

B /5(980) in 7 7~ -transitions
B Enhancement of n-transition

H Belle Il data are coming, and there will be a unique data sample for exotic states.
m Belle Il is going to take data soon.
m Work plan at Fudan Univ. for Belle Il is reported.

Thank you!
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Back-up
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ete” — K*K~J/v via ISR at Belle

PDG y(4415) + 1 BW:

N I & | M =(4875+132) MeV
BN I' =(630+126) Mev The figure is still not clear.
? 6k New resonance or just
E { _single BW: continuum production,
0 -
3 4 M = (4430+38) MeV or other mechanism?
R [ ={254+49) Mev Larger data sample from
BT -y future B factories should

U 45 + = 5;5 5 give an answer-.

MIK™K J/w) (GeVie?)
T T T 4

i 35 )

Lasf (@) el EDE

3 25 S5 g L R .

= of M2 g Similarly, KK invariant

X o 15 @ 4

sk ' M2 ) mass tends to be

= T. 05 W

b i S 3l g o largel
4 45 5 55 _6 115 2 25
M(K*K JAy) (GeV/c?) M(K'K) (GeVic?)

‘F(Y(4260) >e'e)-B(Y > KK J/y)<l2eV @ 90% C.L.‘
Belle: C.ZY & C.P. Shen et al., PRD77,011105(RC)
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Belle Quantum Number of X(3872)

Ad

ot

TABLE 1. Result of the X(3872) particle angular analysis.
Listed are the state, the decay mode, the L and § quantum
numbers of the J/y-(7w" ™) system, the y* with 11 degrees
of freedom and the y* probability.

Jre decay LS x> (11 doof) x° prob.
[ J/p® 01 13.2 0.28
2= J/wp® 11,12 13.6 026
1= J/lmm)g 01 35.1 2.4 % 1074
257 T 11 389 55%107°
1Y I lmm)g 11 39.8 3.8% 1075
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Scanonete™ — KtK—J/y

N’o‘15 N’o‘15:_ (b) ¢  +one resonance.
% % [ 980fb! o Fit with y(4415)
210 =0
0 v L s
K] 30 - S x¥/ndf=30/11
g° g °f : >M=4747+117MeV
i 4 of »>I'=671486 MeV.
"4——47—_’—'_‘—I
0 PR = | —— 1
4 45 5 55
MK*K Jhy) (GeVic?) M(K*K Jhy) (GeVic?)
Dalitz analysis performed
__15F T T 3 T T T ] 20— T T T
S @ 13" (b) ¢ (©
2 10 12 12
o o 1or ] E
5 I g 10 B
2 5 12 12
A P P & (o L IR NP IR Y
01 15 2 25 3 0 35 4 45 5 0 35 4 45 5

M(K'K') (GeV/c?)

M(K" Jhy) (GeVic?)

MK Jhy) (GeV/c?)

m Not clear on a structure produced in ete™ — KTK~J/4.
m No evident structure in K*J/+) mass distribution under current statistics.

X. L. Wang(Fudan Univ.)
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Yp: b-quark version of Y (4260)

':; 350

2 300

S 250

S 200

S 150

+ - . 2 100

m T(5S) — T(nS) + ==~ searched at Belle with £ 50

21.87 b~ !@10.87 GeV/c? data. & o
m 77~ transition of T(5S) has much large partial width.

. _ o

(Like Y(4260) — 7t = J/4) % 140

m A b-quark version of Y(4260) — Y;,? Or something not 4 }gg

understood? S 80

m The abnormal B needed more study! So Belle took more % 50

data after then. < ;g

120 fb—!, including scan data. ES

AM = M{pprm)-M(uu) (GeVic?)

= (a) uunr cdndidates in the Y(18)—p 'y iregion H
= ' (28) (38) Y (4S) E"Y(sS)"
0.4 0.6 0.8 1 1.2 14

E: (b) punr candidates in m:e Y(2S)—pu*p region
E=v(as) Y(48) sy’
E: Il
0.4 0.6 0.8 1 1.2 1.4

AM = M(uprn)-Muu) (GeVic?)

B(T(5S) — T(2S)rtx~) =
0.85 + 0.07(stat.) & 0.16(syst.) MeV/c?.

Process T otal J FY(|SM+ -
Y(2S) = Y(IS)mT 7~ 0.032 MeV 0.612 keV 0.0060 MeV
Y(3S) = Y(1S)rt 7™ 0.020 MeV 0.443 keV 0.0009 MeV
Y(4S) — Y(1S)ymt 7~ 20.5 MeV 0.272 keV 0.0019 MeV
Y(10860) — Y(1S)7* 7~ 110 MeV 031 keV 0.59 MeV/

K. F. Chen et al., PRL100,112001(2008)
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Charged Z,’s in 1(5S) — (bb)=

o=

m 7 and 7~ reconstructed only, Myss(7t 7~ ) ~ bb.

m Structures in 7 h, modes:

317500 data

Instead, Y(5) decays viaIntermediate charged
sate

312000
2 H
S10000F S15000f
2 gooof 212500
2 2
% so00f Phase droo00 Phase”
spac hase, |[[?
so00f SPace 7500 space;
2000 5000F H
o 2500F
2uoui X . °F
104 105 108 07 104 1045 105 1055 106 1065 107
M| h,(1P) 7= | P) 7+ =3 = =t
m Structures in 7= modes:
T T T T T T 100 T T T T T T T T T T T T T
N pales T __________] e
o O -G v0ofF - > (3
< eof 3 N
5 5 5 80 =g
2 S el H 4 2
° b )
S 3 3
w Taf { E
M 2 i ! 40
&
§ § p ]k
& g 2f 1 8 2 ] M
0 N LT
101 102 103 104 105 106 107 108  10.4 1045 105 10.55 106 10.65 107 10.7¢ 1058 1062 toss 1070 o

M(Y(15)7),.., (GeV/c?)

M(Y(28)m) .,

(Gev/c?)

M(Y(35)7) ppps  (GeV/e?)

m Z,(10610)/Z,(10650) — (bb) + w+: PRL108,122001(2012).

B Z,(10610): M; = (10607.2 4 2.0) MeV/c?, Ty = (18.4 & 2.4) MeV.
B Z,(10650): My = (10652.2 & 1.5) MeV/c?, T = (11.5 & 2.2) MeV.

Need to pay more attention to n-transitions
X.

Wang(Fudan Univ.) Exotics&Belle Il
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