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@KEK, Tsukuba
One hour away from Tokyo
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An asymmetric electron-positron collider
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SuperKEKB

SuperKEKB

Nano-Beam Scheme
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Belle 11 Detector

fmmmmmm— o P !
. ! KEM:

'ECL: energy, KL and muon detector: | . :
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e e = —B =Séintillator + WLSF + MPPC (end‘-'cz?p?)' T T

EM Calorimeter: 3 W‘-—
Csl(Tl), waveform sam '\\£§\\\\g‘%£ . ////kI |

dentification
agation counter (barrel)

electron (7GeV)

---------- rm————_ (12 1 AT
: PXD.SVD: Beryll.lum beam pipe " 7 3 d | OF _K_/lf_> Al
I 2cm diameter V. /% 4 L

 Decay vertex T e - -‘ f vy

:position Vertex Detector /// I~ —

SRR 2 layers DEPFET + 4 |3 270 S = _ .

positron (4GeV)

CDC: track, !
:momenta, :
|




From Belle to Belle 11

New Vertex Detectors

o, 'SVD: 3-6 layers © 120
| PRD: 1-2 layers_ I+ 4 layers of strip detectors S
'+ 2layers of pixel detectors . the full Belle II 5 100
* Inner most layer very close COVETS e TUH BETe g 80
to IP (r = 1.4cm) angular acceptance e
' of 17°< 0 <150° <

Fit function: o = a2 + —L&

ppsin()**

Belle SVD2 cosmic (Data) BN715
a= 17403 um
b= 34.3 = 0.7 um GeV/c

Belle 1l single track events (MC)
a= 96+14um
b= 16.2+ 1.9 um GeV/c
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SuperKEKB and Belle 11 Schedule

Year 2016 2017 2018 2019
Japan FY 2016 2017 2018 2019
Summer Summer Summer Summer
shutdown shutdown shutdown shutdown
'Phase 1 iasl . Phase 2 Phase 3
E— nsertion [ I - - - I
Main Ring(MR) [ LER(E) 1 o
. T8 . . |circulating . . .
commissioning MR commissioning for phase 2 i " installation
' { HER(e) !
_ | circulating S

Damping Ring (DR) Ihstallation and commissioning

DR commissioning

During phase 3, Belle |l
activity of 9 month/year

have been assumed /

* Phasel, Feb.-June, 2016
® Accelerator commissioning, no collision
* Phase2, Feb.-July 17, 2018
Collision w/o vertex detectors
Understand background and detector performance
Instantaneous luminosity reach ~0.5x103%* cm=—2s-1
~0.5 fb-! data at the Y(4S) resonance was collected
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et+e-—BBbar Candidate on Apr. 26 evening
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Belle 11 Performance

CDC dE/dx particle identification with early calibration in the hadronic event sample

10
Ll
= -

_protons

deuterons

pions

Extra cuts: i I
- |dD| < 1 11— |_1 | ST P el 10 ) R -
- |dz[ <3 0 Momentum [GeV/c]
- # layers hit > 20




Belle 11 Performance

Entries / (2 MeV/c?)

Glance at data
Clear Ks and piO signals

TUTT invariant mass

R AAmaaaas e s e e YY invariant mass
000;- KS ++ f]_:..,spb" -q ‘:\ M"T"'Y' T Tt
S ) - p
: candidates . ‘ Belle ll 2018 % 1.5 :—fl_ =B pb‘ b4 no 7
8001 . Preliminary —~ 0] t candidates
: - = [ E,>0.15GeV  * J
! . t . - } ¢ )
800l ' ¢ ¢ f” i § 1.0 } u
=3 - ' '
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400/~ _ £ 05 -.,// N ]
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E 3 o.o £ 2.2 4 -2 o @ '3 32 2§ ‘o g ‘g -} g gig -§
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P450.46 0.47 0.480.49 0.5 0.610.520.530.54 055 m,, (GeV/c?)

m(x*) (GeV/c?)
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Belle 11 Performance
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Clear charm signals e+e- — ccbhar
Belle Il detector is working well!
11



Belle 11 Performance

We are seeing B signals!
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Belle 11 in future

Year 2016 2017 2018 2019
Japan FY 2016 2017 201 2019
Summer Summer Summer Summer
shutdown shutdown shutdown shutdown
Phase 1 ielEl . Phase 2
— insertion g
Mot R i ! LER(e*)
UL Ll . |circulating
commissioning MR commissioning for phase 2 |
' 1 HER(e")
| — circulating During phase 3, Belle I
Damping!Ring (DR) Ihstallation and commissioning DR commissioning activity of 9 month/year

have been assumed

=/

Phase 3
®* Installation of VXD

® Start physics run with full detectors in Spring 2019

® Operate 9 months per year

13
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Belle 11 Collaboration
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Quarkonium

(25+1) (2S+1), 3¢ 3p 3p 3 1 3 3 3 1 ?
Lig s p, %p, *p, P, D, °D, D, D, L, ’s, °s, *P, °P, °P, 'P, °D, °D, °D, D, 2,
<~ 5000 11000
5:! — © Y(58)
T 4750 CC 210800 m
= Y(a660) % Z;(10650)
» 4500 ¥(4415) Z(eas0 @ 10600 o Open flavour threshold .
@ - mY(4360) z: @ s Z, (10610)
= 42505160 Y9250 . = £oul3P)
. — !HTﬁﬂi 7+ 10400~
———— ! W .1
4000~ @oa0——  X@919) - L ES)YES) = . .
= = v(D) Z:(420) :
1[3930:;({3;?2} " L Z(3900) 10200 - %l 2P)y, (2P) (2P Me(2P), . L e B
3750 _{;5_} Open charm threshold (3770) 10000l —*— Y(1 a}Y{1D:}‘r'{1D1‘.I n,(1D)
350042 e e L29)Y@S)_, .
2 h = = =
Xeo 9800 1l 1Py, (1P) v H1P)
3250 = Estabilshed ® Established
3000 IJ“IJI = New States 9600 ® New States
n(1S) .- Theo
2750 ] Theory 9400== v (1s) L N
T n,(1S)
2500]]1],[l[ ' I R T T B | gzuojljlljllllllllll

or T 2 1o 1 3 20 1T 2° ?? JPC 0-+ 1-- 2++ 1++ 0++ 1+- 3" 2" 1" 2'+ 97 JPC
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Production of ccbar at B-factory

Production mechanism

®* B decay
®* B—KX(ccbar)

® Initial state radiation (ISR)
® JPC =1

®* Two-photon
* JPC =0t 0", 2% ...

®* Double charmonium

Expected statistics @50 ab! of XYZ

State Production and Decay N

X(3872)| B—+KX(3872), X(3872)—J /¢y m™ |~14400
Y (4260) | ISR, Y (4260)—J /¢Ym " 7~ ~29600
7(4430) | B—KT7(4430), Z(4430)—J /¢y~ |~10200

®* Now I(X(3872))<1.2MeV, precious measurement of the X(3872) width at Belle Il

16



Charmonium(-like) by B Decays

B— Kchbar

® Arich source of charmonium(-like) mesons

®* Discoveries of conventional and exotic states
® Study the properties of these states.
Observed two narrow charmonium

¢ nc(ZS)*KSKT[

* W2(1D)—-yXc

Observed charmomium-like states e.g. X(3872) in
wd/y, Z(4050)" and Z(4250)" in T ¥c1

Search for the missing narrow charmonium

® Spin-singlet nc2(1D) JP¢ =2

® The only unobserved narrow charmonium state

® Cannot decay to DD due to parity conservation

®* Expect to reside between the DD and DD* thresholds
®* Promising search channel: B->K(hcy)

17
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Charmonium(-like) by B Decays

B- Kchbar

®* Determine spin-parities of the observed

states with full amplitude analyses e.g.

X(3915), Z(4050), Z(4250).
® Confirm or deny the existing
unconfirmed states, e.g.

® Four states were observed by LHCb

* B-K(@J/Y)

* X(4140), X(4274), X(4500), X(4700)

® Search for new exotics

18
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Charmonium(-like) by B Decays

B- Kchbar

Determination of absolute branching
of Xccbar and search for new exotics
with inclusive reconstruction

® FKull reconstruction of one B
® Recoil of the Kaon in another B
* Extract the Br(B—KXccbar)

Belle: PRD 97, 012005 (2018)
B(BT — n.K*) = (12.0 £ 0.8 +0.7) x 10~*

B(B™ — n.(2S)K*) = (4.8 +1.14+0.3) x 107*

Uniquely done in e+e- B-factories

E:

800

600

Events / ( 0.005 GeV/c?)

400
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Kaon comes from charm

D+/DO lifetime =1 /0.4 ps. ctau =300/120 microns.

Expect large y?
broad TBgiq distribution

and

Bsig
decay
vertex




Kaon comes from Bsig
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xpect small yf
and correct 7 .
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distribution




Full Event Integration (FEI)

Reconstruct one out of the two B mesons
Increasing efficiency by tagging more decay
channels than Belle

More automation and analysis-specific
optimizations

Training include generic-mode for analysis w/o
signal-side selection and specific-mode for w/
signal-side selection

Essential for the analysis w/o full reconstruction
of B meson e.g. (semi-)leptonic decay,
B—KXcchar inclusive analysis

Tag FR!0 @ Belle FEI @ Belle MC FEI @ Belle II MC
Hadronic Bt 0.28 % 0.49 % 0.61 %
Semileptonic BT 0.67 % 1.42 % 1.45 %
Hadronic BY 0.18% 0.33% 0.34 %

Semileptonic B°

0.63 %

1.33%

1.25 %

22



D

@ Measurements of absolute Brs of 2! [/

® \Weak decays of charmed hadrons play an unigue role in the
study of strong interaction; the charmed-baryon sector also
offers an unique and excellent laboratory for testing heavy-
guark symmetry and light-quark chiral symmetry.

® For the charmed baryons of the SU(3) anti-triplet, only A,
absolute Brs were measured by Belle [PRL113,042002(2014),
first time] and BESIII [PRL116,052001(2016)] @

® Since =Y [PRL62,863(1989)] and =1[PLB122,455
(1983)] were discovered ~30 years ago, no @.@
absolute Brs could be measured.

® For =2, the Brs are all measured with ratios to the £~ =, the

so called reference mode.
23



Measurements of absolute Brs of E?

® Theory: B(E! - E n")~1.3% [PRD48, 4188 (1993)],
(2.2440.34)% [JHEPO3, 66(2018)].

® The B(E? - AK n%)/ B(E? - E-n*) = 1.07 £ 0.12+ 0.07 and

B(E? - pK K %)/ B(E? - 2~ 7*)=0.33 £ 0.03+0.03 [PLB 605,237]

® =) > pK K n* plays a fundamental role in lots of bottom baryons study
at LHCDb .

® How to measure Z? absolute Brs ? Model Independent !

B(B~ - AJE)B(Z? — =—7t)

B(Z) —=7") = BB 5 A=) =
L’t/‘ ink ] oo oso Fo £ by &‘ > 'q;,u
_ _ B(B~ — A;Z)B(E - AK-nt) thewe 7 ﬂww )
B(Z) - AK 71 = BB~ - A-20) - KeD o be.be =

’ W/ g ST
BB~ — AEOB(E? — pK~K—7t) P
B(B~ — A7Z9) '

B(E) = pK K 7t =

® Forinclusive B~ - AL Z?, ) —anything, never measured before.
® For exclusive B(B~ - A;EQ) B(E? - E~nt); B(B~ » ALEQ) B(E2 » AK™rrt),

measured by Belle and BaBar with large errors.
24



Measurements of Br of B~ —» A7 29, Y —anything

® The /A_reconstructed via its pK*m~ and pK? decays
® A tagged B meson candidate, B, ,, is reconstructed using a neural

network based on the full hadron-reconstruction algorithm
¢ o ..-..:q. LY . f:.'f.:-.- o’ .....:...?;....‘o.'... ...... : Dat —
— "-f :°.. ,f:.i.“."'.: "o "o 20f _ Total Fit 772M BB
O LN TR LR S T > .- Bkg
S _,‘...*.. e b Tt e = o sideband
% 23 :.....E'i“'.:':’ """ s %, ...oé‘.:.;" = 15:_ — Generic MC
0 S ‘:‘;{,i‘:.s RRRAN L o f
R S P s B S L S
< s e s e “;9.;:' c
_?. :. .-A...._._.._._. ""'.'.'i..o Q... ... “ ........ :
22 25":’.0 .i?::g ‘o :.‘:. ~ ?.E.. ?;.'-'“2.;‘:# . \Ltj |
i .i..._..q'..-.-.‘--..o.e.;‘.cl.o_‘..:! .":o:.--o'.',‘::----:-, ------- -
.................... B

5.24 525 526 527 528 5.29 54 D42 D4 D46 248 25 2.5
. J (GeV/c?) M5s < (GeV/c)

tag

® An unbinned maximum likelihood fit: N(E2)= 40.9 +9.0, 5.50(stat.)
® B(B~ - A:E?, E? »anything)= (9.51+2.10+0.88)x10~4for the first
time 25



Measurements of Brs of B~ - A;Z?,with

20 > 2 T E) > AK et EY - pKTK ™ rrt
C 1 =C ) =C
PN — + —~ E —~~ C
= T[ [— * — N§ [ «Data % 16;_ <Data
. i ':-é(al): s & Sale ©» 15 —AllFit (bl) = 14F (cl) —All Fit
I iy |- = | -BKG : -BKG
+ 7 . 3 NQ i '."".", P e o~ | sideband I 12f sideband
% 2-3j' ............ 3 . '.:. ool ~ 4of —GenericmMC ; 10 ~Generic MC
9.50 A s *?:3 - T 8f
Ty [P 5 il e | > 6
§|< .. Wy : ...... s B8 5 - L 45_
225 *° i . ® :
Vo ‘ . ® %e..a s g = 2:_|-_0_ n
0 s e B 0 e SR o S MY oL
235 24 245 25 o 2.55 525 626 527 528 5.29 5.3 -0.04 -0.02 0 0.02 0.04
M., (GeV/c?) M,. (GeV/c?) AE (GeV)
AK™ + [ an ., S e s I % 14F ~Data
oo t e o\ | R AR T AIVES Al E
T o [raE2L EUEL RN 3 TR (b2) = 20 (c2) TeKke
B e o a ey | sideband ~ 10F + ideband
241 155 > 23R " as P R - s .'- N} e Gansfic MC = : — Generic MC
IR 2 T A 7 ATAMIN & S 2 8
6 8 o) 28 L LR R £ 2 4 § 6F
- < o T INT eBl % e o) TR
............. \ sescassseacy @0 @ @ . SRR 4
=7 L 1% °, Oy Qe g0 ey, S 0 —[ :
220 T el F Laog o niml |
. "..1"....1. 71...‘.A|... 0 l Al e --l'lllll O-—.l ’-é_L R e ] ;
2.35 2.4 245 25 5 2.55 525 526 527 528 5.29 5.3 -0.04 -0.02 0 0.02 0.04
M., (GeV/c?) M,. (GeV/c?) AE (GeV)
L pu- sk Tt fop *Data % 8F ~Data
O e bed e T st = 8 sideband S 6E -
—_ —_ + o il . . oeg ° N . 4 E sideband
p K K 7'[ % 2-3f ............ : ‘.‘-.:: " . . E‘..._’e.‘__' N 6L :Generlc MC B 52_ -4 | 4 —Generic MC
£ | R R ’f ‘::.:".'Ci‘ ; L T 4f RS
S— : I > A : Pt - q) -
16 6 + 5 4 Z : ........ - — o = 4F S aF /
- §'<2 e g 0T e ey :;‘ L% 2:] _ | w of // l
* IE . 1 * o b °Te 1 [ T . :
SRR | le...QR.! o 2 10 i
4.60 - e © I A P10y I
2.35 24 2.45 2.5 2.55 525 526 527 528 529 5.3 -0.04 -0.02 0 0.02 0.04

M., (GeV/c?)

M, (GeV/c?)

AE (GeV)
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Measurements of absolute Brs of EQ

Summary of the measured branching fractions and the ratios of =Y decays

B(B~ —» A;E? (9.51+2.10+0.88)x10~*
B(B~ - A;E) B(E? » E~r+) (1.71+0.28+0.15)x 105 (2.4+0.9)x107
B(B~ - A;E)) B(E? - AK r™) (1.11+0.26+0.10)x107° (2.1+0.9)x1073
B(B~ - A;E?) B(E? - pK~ K™ ™) (5.47+1.78+0.57)x1076
B(E? - Erm* (1.80+0.50+0.14)%
B(E? - AK~ 1) (1.17+0.37+0.09)% PDG
B(E? -» pK K~ r+) (0.58+0.23+0.05)% /
BE? > AK n)/B(E2 - E n?) 0.65+0.18+0.04 1.07+0.14
B(E? - pK K n*)/B(E? - E-nt)  0.32+0.12+0.07 0.34+0.04

We have performed an analysis of B~ - A;Z2 inclusively and exclusively
First model-independent measurement of absolute Brs of £2 decays
The branching fraction B(B~ - A;E?) is measured for the first time

B(EY - E~rrt) can be used to determine the BR of other E? decays.
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Charmonium(-like) by ISR

Main force of the discovery of - Y
. e c,b
exotics at Belle
* Discover new exotics \
® Study of the properties of the et Y <. b
states ’
Golden Channels | E..m. (GeV) | Statistical error (%) Related XY Z states
nta=J/y 4.23 7.5 (3.0) Y (4008), Y (4260), Z.(3900)
rtn~(29) 4.36 12 (5.0) Y (4260), Y (4360), Y (4660), Z.(4050)
KTK~J/Y 4.53 15 (6.5) Zcs
Tt he 4.23 15 (6.5) Y (4220), Y (4390), Z.(4020), Z.(4025)
WX 0 4.23 35 (15) Y (4220)

7N\

10pb*  50pb-
With > 5(10) ab-! data sample, ISR e*e>a charmonium+light hadrons[n*n-J/hy, Tt~
v(2S), K*K-J/y, K*K y(2S), YX(3872), ntnX(3872), n*n"hc, ntn~hc(2P), wX, ;, @ X ;
nJ/v, n’dhy, nw(2S), n hc]; and charm meson pair+light hadrons [DD, DD*, DD*r, . . .]
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Charmonium(-like) by ISR

3000 ¢
: At 4.26 GeV for rmrd/y
i esesii = 46%

2500 : €gelle = 10%

2000 ¢
1500 ¢

1000 ¢

Lum (pb'/10 MeV)

500 {

Courtesy of Prof. C. Z. Yuan
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Two-photon processes at Belle |l

Strict constraints for quantum numbers of the resonance
Q=0,C=+, J’=07,07,2%,2, 3%, ....(even)’, (odd #1)*
I'yy, two-photon partial decay width

proportional to the cross section
Important information for the meson’s internal structure

New resonances, Hadron properties

Resonance

Hadrons

PRL96, 082003 (2006) Where is
= —— /A
: l 25
M ‘ - Belle data ]
£, k o PRD 86: 091501(R), 2012
W [ + s 15¢
e b RS |
3.7 3.a 3.8 + M-‘;I;_D} (Ge-:;cz) 4.3 y
Z(3930) = Y .,(2P) 1y R

M(DD) |GeV|



Charmonium-like by two-photon

®* yy—wlJ/Y by Belle and BaBar € — e
X(3915) = X0 (2P) ? ¥ =
. C

®* yy—DDbar by Belle and BaBar o Y,_f ot

X(3930) = x2(2P) ?

®* Precise measurements of the
properties of X(3915), X(3930) are

needed
* X(4350) in yy—@J/y (3.20) by N§ 8T

Bel_le o g 6 F Belle, PRL 104, 112004 (2010)
* limited statistics P -
* Belle Il will revisit the process & 4 -

(also in B decay) to confirmor .2 [ v(4140) |

deny the state c 2 -_l r

w b T lle B
o 1Y i = —

4.2 4.4 4.6 | 4.8 5
M(oJAyp) (GeV/c?)
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Two-photon processes at Belle |l

PRL 104112004 (2010). _ arXiv:1606.07895
i 5

8 “4350 :
D‘-E : ;: 100
2 °f N=8.8733 :
LD I ']- - E %0
g 4r 3.26 Evidence of & .
= Lo 1 X(4350)
L] i l q;_\ 20 ?:_‘ H..

0 — AR ;H AT "H_' SEm— o Bt T e e R e A

4.2 4.4 4.6 4.8 5 4100 4200 4300 4400 4500 4600 ”jl?_m [i%g%’]
M(oJ/y) (GeV/c?) Ve

X(4140) , X(4274) , X(4500) , and X(4700)

With > 5(10) ab! data sample, Two-photon processes yy
—>a charmonium+light hadrons[e@ J/y, @ y(2S), w J/y,
wy(2S), ...]; and charm meson pair+light hadrons [DD,
DDX(X=soft pions or photons), ...]


http://arxiv.org/abs/arXiv:1606.07895
https://inspirehep.net/record/1477026

Double Charmonium

18 -
Observed the xc0(2P) candidate X(3860) by '® | Belle PRD 95 (2017) 112003
Belle ey
* e+e-— J/y DDbar 10 |
®* Reconstruct J/y and one D,
®* Another D is identified by the recoil mass
M(J/@D)

Events / 50 MeV/c?

o N B~ o

e+e-— JIpX
®* The recoil of J/y or y(2S)
® Observed X(3940), X(4160)

-

(4]

o
|

N/20 MeV/c?
=
o
\

Prospects at Belle |l _
®* Full amplitude analysis to measure spin- 50 -

parities of the observed new states
¢ Studies of e+e-— hcX, ete-— neX ...

M. () GeVic?

Belle, PRL 98, 082001 (2005)
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Bottomonium(-like) States

(25+1) ?
LJ 1Sn 351 3P2 3P1 3pn 1P1 SDS SDE 3D1 1D2 2

®* Precious measurements of 11000 N~
o
- .
observed resonances e.g. Ewsno—
M(no), I'(No), I'(xbo0) < s Z 10650
210600 . Open flavour threshold n
E . Z."(10610)
* Search for the missing 10400 @)
conventional bottomonia below 10200"1—“35} (3S) = « .
B 122P) 5, (2P) o) N (2P) —u
the BBbar threshold * (1D Y(1D,) ¥(1D) ny(1D)
®* Xxb(3P) triplet 10000; 25)Y(25) _ _
®* Y(2Ds3) triplet 9800 xh!“"l'xmﬂP}ﬁmﬁPl
® nb(3S), nb(lD), Y(1D1,3) m Established
° 9600+ ® New States
F-wave states .
e eo
9400i~ﬁ15] r Yy
n,(15)
l I 1 | 1 l L 1 I l | ] l L l 1 J

9200

0t 172" 1" 0" 1" 37 27 17 2* 27 J©
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Promising energy regions  Bondar. RV, Voloshin

arxiv:1610.01102

Molecular states are naturally located near corresponding thresholds:

Particles Threshold, GeV /c?

B B 11.00 — 11.07
B{*) B+ 11.13 — 11.26
Ay Ay 11.24
B** B** 11.44 — 11.49
BX*B** 11.48 — 11.68
Ay AF* 11.53 — 11.54
ni*) 5 11.62 — 11.67
A AF 11.82 — 11.84

* Belle-1l maximal energy of 11.24 GeV covers B_*)B_** threshold region.
* Increase to 11.35 GeV will give information about Ay A, threshold region.
* Increase to 11.5 GeV is crucial to search for partners of Z, states.
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On-resonance data

If a new state is found, collect (a few) hundred fb! at its peak:
Search for partners of Z,(10610) and Z, (10650):

¢ (J P )  Name Composition Co-produced particles Decay channels
[Threshold, GeV/c?]
17(17) Zy, BB* 7 [10.75] Y (nS)mw, hy(nP)m, n,(nS)p
1T(17F) Z] B*B* 7 [10.79] Y (nS)w, hy(nP)mw, np(nS)p
17(0™) Wio BB p [11. 34 , v [10.56 T(nS)p, np(nS)m
17(0") Wi, B*B* p [11.43], v [10.65] T (nS)p, np(nS)m
17 (17) Wi BB* p [11.38], v [10.61] T (nS)p
17(27) Wi B*B* p j1 1.43], v [10.65] Y(nS)p
0~ (17)  Xpm BB* n |1 1 15] Y (nS)n., np(nS)w
0—(17) X/, B*B* 1 [11.20] T (nS)n, n(nS)w
07 (07) X0 BB w [11.34], ~ [10.56] Y(nS)w, np(nS)n
0T (0") X/, B*B* w [11.43]. ~ [10.65] Y (nS)w. ny(nS)n
0 (17) X BB* w [11.39], ~ [10.61] T (nS)w
07 (27) Xpo B*B* w [11.43], v [10.65] T (nS)w

st : Bs_B*' Q*_B*

produced in e*e” —> Z, K.

Need new vector state above 11.43 GeV !

Energy ~ 11.2 GeV.
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On-resonance data (ll)

Search for missing conventional bottomonia below BB threshold

Name L S Jre Mass, MeV/c? Emitted hadrons [Threshold, GeV/c?]
m3S) 0 0 0F 10336 o [11.12]._ & [11.36)
hy(3P) 1 0 17~ 10541 7 [10. 82' -1 [11.09], o’ [11.50]
ma(1D) 2 0 27T 10148 W [10 93], ¢ [11.17]
?'],52(2 ) 2 0 27T 10450 w [11.23], ¢ [11.47]

r,2D) 2 1 (1,2,3)" 10441 — 10455 atr= [10.73], 5 [11.00], 1 [11.41]
hps(1F) 3 0 37~ 10355 mrr~ [10.63]., n [10.90]. n' [11.31]
xos(1F) 3 1 (2,3.4)7F 10350 — 10358 w [11.14], ¢ [11.38]
rm(l@) 4 0 47T 10530 w [11.31], ¢ [11.55]

Y;(1G) 4 1 (3,4.5)~ 10529 — 10532 nrr~ [10.81], n [11.08]. n' [11.49]

B, meson spectroscopy

Need new vector state above 11.5 GeV !

are P wave j=1/2 states below BK threshold? narrow similarly to D,?
Energy ~ 11.2 GeV.
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Energy frontier of Belle 11

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

Experiment  Y(1S) Y(2S) Y(3S5) Y(4S) Y(5S) Y(6S) Ezgg
CLEO () 9 12 5) 16 (17.1) 0.1 (0.4) - 23%
BaBar - 14 (99) 30 (122) 433 (471) R}, scan R}, scan 11%
Belle 6(lU2) 25 (1H8) 3 (12 7111 (772) 121 (36) 5 23%

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

* Interesting physics beyond Y(6S)
®* AvAv threshold ~ 11.24 GeV, up to 11.35GeV could cover Ao\
threshold region
® Search for new molecular states around 11.5-11.6 GeV e.g. partners
of X(3872) and Zb via vector states transition
® Machine limits
® The range of beam energies covers the Y(1S) and Y(6S) resonance for
physics operation, but no enough spare cavities to run safely at Y(6S)
®* Maximum center of mass energy is 11.24GeV in SuperKEKB dueto
the maximum beam energy of the injector linac
® Linac upgrade is required for running beyond 11.24GeV.
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Belle 15855 3% BB SR & o] &
Y CKMIEBETCHOFSTRME, HhiniE?
* BB FEIICPIIFRIIERA? bosiITiEHAORTEMARRBIC PR IRATN
&: BodK’ n'K°.
*FTIREESXIright-handed currentsidfzfBamER? KEEAIZRER
¥&B - K*y, VV; B - Vlv (V=D*, p)
B EIRE RS R ENRMERIETE? bosvv: B » KWvo
*EHIMERBERNLFVERE? - yu
*MEREIREIAXIRTESHFDIRRIER: bosll
*BNFHARFERE: HHIEHIggsRIER ?
*CPVRYTIIETED — D iR&?
* IEYIEIRREERISH: ete- AT

ZBIPEABAEBRNRERSSHAZ ., SREBEPHMIENIEHSIZA
EZHEIE, RRHEEIRM, HENKX, FESEERIEFRINES!



Past at Belle (only physics!)

DD mixing (PKU, USTC)

o XYZ & quarkonium (IHEP)
— ISR, continuum production
— Two-photon processes
—Y(nS) decays

* Light hadron spectroscopy (PKU, IHEP)
— Two-photon processes
— J/psi recoll, double-vector production
— B decays



1

Now at Belle

e DD mixing (USTC, IHEP)
» Heavy flavor (Fudan, BUAA)
— Bs decay
— B semileptonic decays
« XYZ & quarkonium (IHEP, BUAA, Fudan)
— ISR, continuum production
— Two-photon processes
— Y(nS) radiative decays, transitions wy,, ¢xy,
 hadron spectroscopy (BUAA, PKU, IHEP)
— Two-photon processes (n’nr)
— Charmed baryons (=,), Tcs, Tcc, ...
— Glueballs, light tetraguarks, ...



RSB — L o) &

K XYZ: BERIEZMF=ERER ? Y(1S,25,35,55,65)FE ? FEE?
*4.6 GeV ELLEXYZRIZS ? WEFE? EF+NF? REF+IMF? =%
AU EE?

*MissingBIMAESIIEF? Y(1S,2S,3S,55,65)53F ? FITE?
*Missing I EBHIRHNIRS RIBER/RSRER ? 1m2, e
*BIrFHRCHIZRIGHE ?  (RIPSEIEYNIEFERIEZAYITIE)
*BERENMIPRIFHENSZS SRS Tcc, Tcs, ...

*ASTRES, "SRolF: n.+ N xg +N, ...
*BESREFHRKEK? ESHET4IHIE?
*THTHICPVAIIIE ?

* IEYIESRESETEY (1S,2S,3S) HEE ?

WIS RIS RIS SHHES!

N



