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From KEKB to Super-KEKB

» “Nano-beam” interaction point

e+ 4 Gev 3.6 Al » |ncrease in current

... » Factor of 40x increase in luminosity

e » Energy: e (7 GeV) e* (4 GeV)

e- 7 GeV 2.6 A

froepem— SuperKE KB

& bellows

KEKB
“":I; Tum / -
. \ 100um™ ==
Add / modify RF systems 5mm 5 i e :
for higher beam current TS [
Low emittance positrons S K E K B
to inject Positron source u pe r

Damping ring ’ ——
N/

Low emittance gun

New positron target /
capture section

Tum

aaaaa

Low emittance electrons
toinject

And almost 2x people!
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Belle-II Detector [Belle I TDR, KEK Report 2010-1]

KL and muon detector:
Resistive Plate Counter (barrel)
illator + WLSF + MPPC (end-caps)

R

EM Calorimeter: \% W\
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Belle II outreach
https://twitter.com/belle2collab/
https://www.facebook.com/belle2collab/
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Getting ready for physics

- detectors alignment

- optimization of tracking algorithms and performance
- calibration of particle identification

- calorimeter energy calibration

- DAQ and trigger studies L& No PID requirement Correct x identified with iTOP
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Mid and long term plans

M year 2016 | 2017 2018 J 2019

Japan FY JFY2016 JFY2018

Summer shutdow

(power saving) (power saving)

Phase 3 will start within
JFY2018 (target is Feb.)

/Ongomg status and JFY2018 plan \//gﬁiu(mvxm Vqu.. Bellel

Phase 1 el Phase 2 Phase
—— — - - >

VXD installation
MR renovation for phase 2, including

LER start

MR startup installation of QCS and Belle Il

Phase 3 operation
g months [ year

DR installation & startup

i

Belle Il Goal /
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- Detectors' calibration g w2 @
- Beam optimization and background 8 L T T
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10—
the nano beam scheme x10% " F
2 3
Phase 3: é 6
- Physics Run: 5 ab™ by 2020, §o 4
50 ab™ in 2024 TE 2 _
ol g
2016 2018

PHASE 3
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i SuperKEKB Goal

KEKB Performance

2020 2022 2024



The legacy of 1* generation B-factories...
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The legacy of 1* generation B-factories...
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Challenge for the new generation: sort this mess...
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Y(4S) running : B to K(cc)

x(imn)
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Y(4S) running : B to K(cc)

Mass (MeV)

Confinement XIII , Maynooth, August 2018
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Y(4S) running : B to K(cc)
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Y(4S) running : B to K(cc) oRD 97, 012005 (2018

Uniquely done in e'e” B-factories: % ! v [
2 | A
O 800 s
Full reconstruction of oneBand g | g |
inclusive reconstruction of what 2 | =150
recoils against a K in the decay of £ | £ F
the opposite B meson B 400l i 1000
Allows to calculate absolute BR: Z
BR > 3.2% = 8.6x10°/2.6x10™ 200 s
Competitive with LHCb e e R
exclusive reconstruction only for: Miiaaqcr (GEV/CY) Manssccy (GeV/c?)
- hadronic transitions with 7’1, so00
in final state; % 30001 w(2S) o X@3915) , 2
A SC) pata#® S L (e) s |
- states decaying with large 3 ( 2s o e | X(3872) *
mul’ciplicitiesy ® ® gzsm: Yo gm; ﬁww
§2000: §3|]|)o1:)3@“"1
Further developments: g : g ;
- Ky recoils (search for the spin =~ @"™*; @ o0l
singlet 1'D state) 1000 :
- Comprehensive study of: i 1000(-
K D*D™, and K D¥D** . ;
Pss T T AT 975 3.8 5853 395
M,escr (GEV/C?) M, s (GEV/C?)
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The vector landscape in charmonium
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The vector landscape in charmonium
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Recent BES-III scan data show a complex landscape
Scan of all decay channels is needed

3000 ?.'_'_!_'_'_if_'_'_f_'_'_!_'_'_if_'_'_'__'_'i:ll_'_'_'_f_'_'_'__'_'_'__'_'_'_'__'_'_'__'_'_'_f_'_'_'_Ii_'_i_'_'_'__'_'_'_i_'_'_'__'_'_'_f_'_'_f_'_'_'__'_'_ilf_'_'_ff_'_'_f_'_'__'_'_'_l_'_'_'__'_'_'_i_'_;
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= = 8
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;?.'L I é — 500 E ......B lle I, 10/0° %gFQTTT ,,,,,,,,,,,, =
g 20[ g 5 i 5 -
% ¢ i ok s Belle, 1/ab,2010
0738 4 a2 a4 45 ° - Ecm?GeV) o °
E. (GeV)
Statistical sensitivities for 10(50) ab™ are given below:
Golden Channels | F..,. (GeV) | Statistical error (%) Related XY Z states
ata=J /4 4.23 7.5 (3.0) Y (4008), Y (4260), Z.(3900)
= 4(28) 4.36 12 (5.0) Y (4260), Y (4360), Y (4660), Z.(4050)
KT K~ J/y 4.53 15 (6.5) Zes
7T he 4.23 15 (6.5) Y (4220), Y (4390), Z.(4020), Z.(4025)
WXeo 4.23 35 (15) Y (4220)
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Ground states: 2-gluon Branching ratios

g 12 . : :
and 2-photon widths ol Charmonium R |
NRQCD calculation at vINNLO order ok
- 1700 three-loop diagrams = B :
- 10° hours of CPU in Tianhe Supercomputer T o a0

, Yu Jia et al,Phys. Rev. Lett. 119, 252001 (2017) Toape _—
Total widths B e :
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1.2 T T T T T
Ground states: 2-gluon - Bottomonium T
1.0
and 2-photon widths s | °
Belle II trigger strategy: = |
. . . < 0.6:
All neutral final state : trigger on Yy g ; g o
is not possible due to the e'e” — Yy QED I S
background: 2T s
Y(4S) — nh (1IP) —» y :
T T T s s w0 2 u
pr (GeV)
1 soft 14 hard

Trigger on soft dipion pair AND hard ¥y is the solution
Y(4S) —P@h (1P) —pp ‘Y. ~0.5 Millions n (1S) (— n*n"xr’)

In 50 ab™ at Y(4S) peak
‘ ‘ ~ 15 fully reconstructed n b(18) —YY
W hard
L ~0.5 Millions m(1,25)
Y(58) —» a'w h, (1,2P)} Y In2 ab™ at Y(5S) peak

~ 20 fully reconstructed n (1S,25) — Yy
W hard
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Two photons physics
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We need >10 ab™ to

_ confirm the scalar states
Confinement XIII , Maynooth, August 2018 R.Mussa, Quarkonium at Belle II found by LHCB



Double charmonium

The legacy of previous generation (mostly Belle) : N§15° | pro 98, 082001 (2005) |Ne2Y X(3940)
2 '

I =
e'e — cc(l)cc(0Y) Q100

—> ]/, ' recoils <
Most recent result: the discovery of x_(2P) 50
(studying the ]/ D recoil)
Chilikin et al., Phys.Rev. D95 (2017) 112003 0

M (Jy) GeVic?

Future prospects, with larger statistics (>5 ab™): 18- Eﬁ%@? e

. (3860)

N
©
>

[

- - >
e'e — cc(0)cc(l orl’) §
— i 2

n_or y  recoils 2

>

(N1

- study of angular distributions:
- to decouple overlapping states
- to do cross checks on J*¢

- study on double charmonium from Y(3S)
* Belle has evidence of J/y,y_ from Y(1,2S) o !

[PRD90,112008(2014)] | M., GeVic®
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Motivations for non-Y(4S) running

Current samples in fb™ (millions of events), and the proposal for Bellell

Experiment  Y(1S) Y(25) Y(3S) Y(4S) Y(55) Y(6S5) %
CLEO 1220 12(10) 12(5) 16 (17.1) 0.1 (0.4) i 23%
BaBar - 14 (99) 30 (122) 433 (471) R}p, scan R, scan 11%
Belle 6 (102) 25 (158) 3(12) T11 (772) 121 (36) 5.5 23%
Bellell i - 300 (1200) 5x 10 (5.4x10%) 1000 (300) 100+400(scan) 3.6%
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Motivations for non-Y(4S) running

Current samples in fb™ (millions of events), and the proposal for Bellell

Experiment  Y(1S) Y(25) Y(3S) Y(4S) Y(55) Y(6S5) %
CLEO 1.2 (21) 1.2(10) 1.2 (5) 16 (17.1) 0.1 (04) - 23%
BaBar - 14 (99) 30 (122) 433 (471) R}, scan R}, scan 11%
Belle 6 (102) 25 (158) 3(12) 711 (772) 121 (36) 55 23%

Bellell - - 300 (1200)  5x10* (5.4x10% 1000 (300) 100+400(scan)  3.6%

Beam Transport  Final Focus
(magpﬂ] Ou?os

-~ 88 . . s
3 Ry Current machine limits:
= 86 iem=12 GeV am Tran: 11
> ety - not enough spare cavities to run safely at Y(6S)
2 84 - major modifications required for running above 65
E 82 - beam energy spread at 3S at high lumi: unknown
g . |
= Ecm=1124 GeV . AB - x
T 78 ) - SuperKEKB PF/AR Injector |
7 Ll eV AR | J Moot e (O B
7.4 i Y(6S) | Em”;cgy 1.5 GeV 156GV . : Bunch \"' Energy energy LER
| —— —— . Priary slcron, oW POSHIOn  campeesoncomesi knob [ By 45Soy
rap T -0.2 GeV = ' t j
< v from KEKB = :
1 1 -

6 B " | i A L al i L al 1 i 1 "
) 4 405 41 415 42 425 43 435 44
LER Beam Energy (GeV)
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Motivations for non-Y(4S) running

Current samples in fb™ (millions of events), and the proposal for Bellell

Experiment  Y(1S) Y(25) Y(3S) Y(4S) Y(55) Y(6S5) %
CLEO 1.2(21) 1.2(10) 1.2 (5 16 (17.1) 0.1(04) - 23%
BaBar - 14 (99) 30 (122) 433 (471) R}, scan R}, scan 11%
Belle 6 (102) 25 (158) 3(12) 711 (772) 121 (36) 5.5 23%
Bellell - - 300 (1200)  5x10* (5.4x10% 1000 (300) 100+400(scan) 3.6%
Spectroscopy of narrow states Bs physic§

Exotica in virtual loops Exotica discovery

Precision NRQCD tests Precision Zb measurements

BSM: DM, light Higgs Hadronic and Radiative Transitions

Hadronic and Radiative Transitions Light meson spectroscopy

Baryon correlations

Production of Antinuclei Exotica discovery

Gluon fragmentation 55 vs 65 Properties

Inclusive Charmonium(-like) Hadronic and Radiative Transitions

DD correlations
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Motivations for non-Y(4S) running

Current samples in fb™ (millions of events), and the proposal for Bellell

Experiment  Y(1S) Y(25) Y(3S) Y(4S) Y(55) Y(6S5) %
CLEO 1.2(21) 1.2(10) 1.2 (5) 16 (17.1) 0.1(0.4) - 23%
BaBar - 14 (99) 30 (122) 433 (471) R}, scan R}, scan 11%
Belle 6 (102) 25 (158) 3(12) 711 (772) 121 (36) 5.5 23%
Bellell - - 300 (1200)  5x10* (5.4x10% 1000 (300) 100+400(scan)  3.6%
Spectroscopy of narrow states Bs physics

Exotica discovery

Precision Zb measurements

Hadronic and Radiative Transitions
Hadronic and Radiative Transitions Light meson spectroscopy

Production of Antinuclei Exotica discovery
Gluon fragmentation 5S vs 6S Properties
Inclusive Charmonium(-like) Hadronic and Radiative Transitions

DD correlations
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YA6S) Vs YABS) rhadrenic transitions

Y(1S,2S,3S),Y(1D)  Y(2D)?

Y(1S,25),Y(1D) Y(ZDb)? — — —

Comparison of the decay rates will allow to better understand the nature of
the Y(5,6S) states.

Search for missing narrow bottomonia :
*Y(2D), via either dipion or eta transition

* hb(3P) , via some new Z * state?

Confinement XIII , Maynooth, August 2018 R.Mussa, Quarkonium at Belle II
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YA6S)F searchies for mOTe 4y, Jubn: tianSibions
Eta vs dipion transitions with 120 fb™ at Y(5S)

~_ 3000
L o, [ere =Y, (1D)] = (1.50 £ 0.30 + 0.20) pb
=00 o, [e'e -1 Y(25)] = (0.97 + 0.31 £0.19) pb
P 1000
g ol o, [e'¢ - n Y(1S)] < 0.61 pb
= L orn
"“_1000 oy, [e'e = nh (1P)] < 0.92 pb
O, [€€ = nh (2P)] <0.69 pb
—2000
92 963 94 95 96 97 08 99 10 101 [10.2 10.3
[GeV/c?]
n.§ [ + 2 Y(2S) .
g o000 T JT 5 o level for d1§.covery of Y(2D)
gsoooo:— Y(18) ¢ hy2P) | =} E — Y:1S
s 2 45005 —nYis)
20000 - : h(1P) : ' v@s) T 4000\ : Ll Y(ZS)
: : B o —n Y(3S)
10000 [ : i I ‘© - 1 L .
: s "R ‘> 3500 ||| n Y(1D)
ORI TR I NPT AT R YRR WENT TR % oo L Ly -~ nY(2D)
AT O PO I U L B . Y | ] 3000 —nh(1P)
9.4 9.6 9.8 10 10.2 i G‘IO.4 . E . TI hb(2P)
MM ), GeV/c 25007 - . L
S ves) s v
E \:
) : ) 2000E L\\\\\X/X/\ Y(58) =1 Y(29)
- Y(6S) running will be staged: first 10 fb™, ..30 fb™ .. 100 fb™ 1500 S Y(S) o (1P 27) (0% CL)
10000 \}
.. .. .1 S S
- Dipion transitions main discovery tool for charged T R My Fmmasgasnanee
1 ! ? :I L \j:l \:-1--- ------- o S S Ee=e==- -J:\
bottomonia (more Z's’ ) T R o 5%
.l Luminosity [fbo
- Eta transitions : best pathway to Y(2D)? yio]
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Voloshin, PRD 84, 031502 (2011)

YA(65): seanches formore 4 auaik states

The molecular model of the Z, states
predicts neutral partners (Wb) with

J=0,1,2 which are expected on the same
energy range, and should be reachable
from Y(5,6S) via radiative transitions.

Further hadronic transitions to Wbstates

are expected above 11.3, GeV,
unreachable at present.

7 ’ )
. ! ! Il
! ! S / ! !
Z, Wio » K ' . W
i

The tetraquark model predicts two states _B"B" ] ke
split by less than 10 MeV at the energy l ‘ 1-
peak of the Y(6S) Tm, by, mop - Mo, xom. Lp f,’f : xom, Tp

BB Z. ;’"-ET_“_

T, hym, mpp I,’F o, Tp
BB Wio r’;
. xem, Tp
16(JP): 14 (1) 1-(0%) 1-(1%) 1-(24)
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il enensy seans o 8

Bondar, Mizuk, Voloshin,
Mod.Phys.Lett. A32 (2017) no.04, 1750025

A high intensity scan has been

proposed:

» 400 fb", 10 fb™' / point, 10 MeV

steps: at L = 2x10™, 1 point/ week,
at L =10%, 1 point/day

« E=10.621t011.02 GeV

Note: features predicted by theory
(coupled channel model)

T i

(a)

10 ﬂ ARy

! Phys.Rev.Lett.53:878,1984 |

L

1ll]|l1
1055 10s

PR

102 IL{].BA \’f_: fGeV
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- Babar
7, (10610)t t““m
threshold +J] | " "|..+i¢+
H

11111

10.6 10.

1 [ L I L L i el
65 10.7 10.75 10.8 10.85 10.9 10.95 11 11.05
/s (GeV)

(*) At 6S: 6pt scan (1 fb™ each) in Belle-I
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YA(BS5) runs:splittingstiaes D multiplet

The Y(1D) multiplet is still
unresolved: the J=2 state is
around 10.18 GeV. We plan
to study it through both yynzn
and 4y transitions
(background: same via 25)

Lattice predictions on 1D
splittings: Daldrop et al., PRL
108, 102003 (2012)

N Yield per 10°
.Z u{e Y(3S) decays

N I ¢ 24k°D,

e 1 I b

é o Iy 3D% ¢ 19 k 3D2

ﬁ « 6.8k3D,
w0l D, S Godfrey and Moats,
50 Lo cd PRD 92, 054034 (2015)
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Scanning Y(1,23D1)?

Observable : e+e- to hadrons

Y(15)

. ()

Y(25) Y(35)

Gh adrans (fb)
%

5
23300
6

3200

108
3100

3000
r\
( Y(1D) Y (2D 2900
Ll I T R | I ||\
9.2 9.4 9.6 9.8 10 G

Energy (GeV)

107

O

Continuum cross section: ¢ = ﬁ""cQ}

X
(=]
w

5 86.8 nb
5 (GeV?)

Y(25) Y(1D)

\

Y(3S)

Y(2D)

o
-
o
-
o
(M)
o
(&

Search for 1D: 7 point scan (5 MeV steps) around 10.15 GeV

Search for 2D: 7 point scan (5 MeV steps?) around 10.43 GeV

| | | |
10.4 10.5
Energy (GeV)

IF the 2D scan is successful, we may envisage a longer run on 2D peak and search for 1F
states (single photon spectrum, probably large background from ISR Y(3S))

QWG 2016, PNNL R.Mussa, Bottomonium Physics at Belle-I1
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YABS)itimssantinucleiproduction

? 30 E - Belle Il extrapolation (30% efficiency, p > 0.4 GeV/c)
@‘é 25? — e+ BaBardata [PRD 89 (2014) 111102]
o o0 Extrapolation to 300 b BABAR results:
ot ¢ ol Y{3S)
9 E i i Process Rate
s Loe % A B(T(3S) = dX) (2.33+£0.151)55) x107®
e :F B(T(25) = dX) (2.64 +0.11192%)x10°
@ fa B(Y(1S) — dX) (2.81 + 0.49+020) 10~
;; 5 My, olete — dX) [y/s ~ 10.58GeV] (9.63+0.417117) fpy
© |7 - + - =
C b N, oe"e” = dX) +0.37 —6
00 i 5 ‘OISI ! -ll ! 115 | é L % G’(E+E_ — Hadrons) (3-01 :h 0.13_0_31) X 10
p* [GeV]
- Questions:

- Production mechanism still unclear: coalescence?

- Associated dd production not checked by Babar

- Astroparticle: AMS observes 8 *He, *He /°He=2x10"®
Production mechanism of d unknown, DM?

'IO_4 g

10-5 =

o) Belle II targets :

Study associated dd production

Study d spectrum at Y(3S)

Search for “He, and °H in Y(3S) decays

Study d spectrum in continuum (from Y(4S))

107~ £

[ 3

10 o1 1 10 -
' R.Mussa, Quarkonium at Belle II 31
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YABS5) runs: furtier dilyaryons)/ exadquanks

Belle has extensively searched for the weakly bound Jaffe's H-dibaryon in
Y(1,2S) in a broad mass range, setting limits at O(10™") the measured deuteron
production

L
M 10
— —
> L. BFRY(1,29)-dX]
) S EEEEENFENFEENEEEEENER I'III'::IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
K = Apr : AA : =p
. . 10° = . :
With 300 fb'l we = : :
expect: - E E
* 60 M events with one A A o o
5 - 'r:.! ? R : N - ™ ""\..l-.l_-"\w,“___g'*'-._'.:
. — + W non foNe Y
3 M events with one - T a 1-* A - +:
AA pai S L IR
" B [ ] '. L 1 . :
107 &= i ST A
:I 1 *'I III"Il 1 : I:'::ll 1 :-::I .:l I 1 1 1 1 I 1 1= 1 1 I 1 1 1
-50 0 50 100 150
M-2m, (MeV)

Belle-II will further investigate these channels, both with fully reconstructed
final modes, and in missing mass. We plan also to search for non strange
dibaryons, such as the d*(2380) (see Clement, Prog Part. Nucl. Phys. 93 (2017), 195) in
dnr final state.
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YABS) i S: tramnsitions) to] XY Z states

If narrow bottomonia are fertile sources of bound multiquarks, inclusive production of

X,Y,Z states should be enhanced: Belle has put various upper limits on these processes
[PRD82, 051504(R) (2010) PRD84,071107(R) (2014), PRD96,112002(2017), PRD97,112004(2018)]

g 9 . . .
= — === Y(1S) — y(2S) + X
> 30— peliies
_I —
= m
R 25—
S =
D =
s 20—
L = g
= \\ \\ \\ . SN S 0 S \\ \\ \\ \\ s
16 E— \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\-\ ...... \1«\\\
= " -
oY P PPN TR LR B e A R s A e T R R e R |t E L . .................
L L ]
— s : : : : :
= = | ] | L | - | - | = l i ] | ] 1 l .
X(ae?e) (4‘26'0) (426‘0) (436.0) (46‘60) (426-0) .__9 (47#0) (4350) %(3900) %(4200) <@430) <(4050) %(4430) %s ‘j’f
= =
I N A R R T P O

Here we compare the current limits on inclusive production of XYZ states with
measurements of inclusive production of known charmonia
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YABS) rumss transitions! tey XY Z states

If we normalize BELLE and CMS results on charmoniumlike to the
production of ', the first generation was just on the top of an iceberg :

a 24 E S RSE, | S T — L . [ ———————
N E SO0 ofpp — X(3872) + X ] x BIX(3872) — n'miy] :
> 22 N oD VESI+X] Bl viES) = ]~ L R TGN < Pt BONGEVe sempuenr T o roumnes S
(o] e x seatacnne. AR g 00 ceeeneanne v b bessanannnns
o 2E : e[ake 5 ] :
o 18— BF[Y(1S) — exotica +X] x B[exotica — f] osUL | e e n Wig, "F e AL
L = - il BFIV(1S) - w(2S) + XIx Bl v(2S) > m w ] RIS SO Ml /TS SRR Sum——
c T E . . . . .
E 14—t LRy PR TR SEP SR e L L Rr PPEPPTLIRN! FRPPPITLLR (S PRTTPRIIE PRRR i o i e .p’hc,? f- .......................
g 1.2 ;_ ................................ LI L A grrrrrareeeans Sa/,, ................
_g 1%.._ ............. S R ...................................................................................................................................
g 0.8 F—mdemmmmrere o T - T N . T I T
-g 0.6 g__. ................................ R R . . ......................................................................... CMS X(3872) productlon ratlo "
Q e e o A e T T T s e R S T S S R SRS G S sl e 0 e e S S e ————————
3 04 : A
B 02—t ieer i Rt EETTTTPPPREE SOPPS s FECEPS FRRRE ,v ................................................................ FRREES
o = I I i 1 I 1 I I t i i I
X(3872 )/(4260 (4230 (4330 (4630 ( 4260 a 40 )((4350 2 3999 20(4200 2c(4430 %(4050 %(4430 e ~> ke
)‘*m- )“’ 7~ )‘9@ )“* )”’\’7\’ )“"¢J/ )“9¢J/ )""m )~ = g )~ Sy, )< ~ )“’m Sy
Ty, Ty W) T yag ) Sy 4 W Yy Sy Yy Ve Vs,

With 300 fb™ on the Y(3S) peak, Belle II can increase:
- by a factor 3 to 5 the sensitivity to production of inclusive charmoniumlike states,
- by 10 to 15 times the sensitivity to double charmonium(like)
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D

Wrapping it up .... O

Belle II is starting to take data ! Since Apr.26, the upgraded detector is seeing
collisions at Y(4S) peak. On July 17", phase II has stopped to allow installation
of vertex detectors. We'll start the physics program with full detector in Spring
2019. The goal is to integrate 50x Belle data by 2024.

Less than 5% of data taking is expected to give a wide variety of new results on
bottomonium physics above and below the 4S:

Y(6S) peak: a pilot run of 10 fb™, then up to 100 fb™
Y(5S) peak: at least 1ab™ is envisaged, to have impactful new results

Scan of the high energy region (10.5 to 11 GeV): 400 fb™ (2021?)

Y(3S) peak: if high lumi running does not spoil the beam energy spread, at
least 300 fb" data taking , yielding 1.2 G decays) is planned

Mini scans (10-20 fb™) will precisely determine the Y(1,2D) vector masses

A wide variety of bottomonium and charmonium studies are in preparation:

Looking forward showing first results from Belle Il in end 2019. Stay tuned !
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Go raibh maith agaibh
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[stantaneous Luminosity towards L=10* cm™s™ (but not yet)

Peak Luminosity 54.675[103%/cm?/sec] @07/05 21:22
Integrated Luminosity 00[/pb] 7/2/2018 9:00 - 7/9/2018 9:00 IST
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5.55 x 1033/cm?/s (By*3mm, LER: 800mA, HER: 780mA, 1576 bunches/beam July 5t")
2.29 x 1033/cm?/s (By*3mm, LER: 270mA, HER: 225mA, 394 bunches/beam July 3)



State m (MeV)

I' (MeV)

JPC'

Process (mode)

Experiment (#0)

Year

Status

X(3872) 3871.5240.20 1.3+0.6 1*+/2=t B - K(r"n~J/v)

X(3915)  3915.6 +3.1
X (3940) 394219

G(3900) 3943 + 21
Y (4008) 40081125
Z1(4050)" 4051723

Y (4140)  4143.443.0
X (4160) 4156132
Z5(4250)"  42481'%
Y (4260) 4263 + 5

Y (4274) e
X (4350)  4350.67%6
Y (4360) 4353 + 11
Z(4430)t 444372
X (4630) 463473

Y (4660) 4664412
Y5(10888)  10888.4+3.0

(<2.2)

28410
bl

52+11
226497
goice
15t11
139%¢°
i Al

108+14

327733
13350
96442
(i oo
pRt
48+15

30,778

0 /2%

27+

7
0’2++
=
7

pD — (7r+7r" J/) + ...
B — K(wJ/v)

B — K(D*°Dv)

B — K(vJ/v)

B — K(y¥(25))

B = K(wJ/v)

ete” = ete (wJ/1)
ete” — J/yY(DD*)
ete™ = J/ (...)
ete”™ — y(DD)

ete™ = y(nTn~J/Y)
B — K(n" xa(1P))
B = K(¢J/¥)

ete” — J/¢(DD*)
B — K(n"xc1(1P))
ete™ = y(ata=J/y)

ete” = (ntn~J/¢)
ete™ — (7°7°J/9)

B = K(oJ/9)

ete” = eTe (¢J/v)
ete” = y(rT 1 9¥(29))
B — K(n"(28))
ete™ = y(ATAD)
ete” = ("7 9(25))

ete™ = (aTn~ T (nS))

Belle [85, 86] (12.8), BABAR [87] (8.6)
CDF [88-90] (np), D@ [91] (5.2)
Belle [92] (4.3), BABAR [93] (4.0)

Belle [94, 95] (6.4), BABAR [96] (4.9)

Belle [92] (4.0), BABAR [97, 98] (3.6)
BABAR [98] (3.5), Belle [99] (0.4)

Belle [100] (8.1), BABAR [101] (19)
Belle [102] (7.7)

Belle [103] (6.0)
Belle [54] (5.0)

BABAR [27] (np), Belle [21] (np)
Belle [104] (7.4)
Belle [105] (5.0)
CDF [106, 107] (5.0)
Belle [103] (5.5)
Belle [105] (5.0)

BABAR [108, 109] (8.0)
CLEO [110] (5.4)
Belle [104] (15)
CLEO [111] (11)
CLEO [111] (5.1)

CDF [107] (3.1)
Belle [112] (3.2)
BABAR [113] (np), Belle [114] (8.0)
Belle [115, 116] (6.4)
Belle [25] (8.2)
Belle [114] (5.8)
Belle [37, 117] (3.2)

2003

2004

2007

2007
2007
2008
2009
2007
2008
2005

2010
2009
2007
2007
2007
2007
2010

OK

OK

NC!

OK
NC!
NC!
NC!
NC!
NC!
OK

NC!
NC!
OK
NC!
NC!
NC!
NC!




Missing pieces of spectrum below threshold

Below threshold: GeV | Threshold
" 35:m,(35) not yet observed by anyone, ~ 11.6 7

maybe reachable from hb(3P)? | —

11.4 -
* 3P: xb(?;P) discovered at LHC, not yet |

resolved, can we see them from 4S? 11.2
h (3P) : too high to be reached from 55

11.0 -
via Z , maybe from 65?7 How?

10.8 - 5
“1D states : triplet states BEST STUDIED l

from 38, singlet (2) maybe reachable from 10-6
h (2P).We plan to scan the 1" region. 1

10.4
* 2D, 1F, 1G: totally unknown 10.2 ]
We propose to search for the lowest ]
member of the 2D triplet with a scan. 10.0 -
The others may be reached from 6S. .
9.8 -

The 1F triplet 2,3,4™" is very close in mass 1
to Y3S, but may be reached from the 2D ¢ -
triplet via E1 radiative transitions. |

L 0 1 2 3 4 5t
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