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I. Belle #F %3 &

@ =.(2930)%in Bt — KA A, ; evidence of charged Z.(2930) in B® — K°AFA;.
@ Measurements of absolute Bs of Z°.
°

+

e"e” — v+ Xes/ne, observation of x.1.
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Z.(2930) in B — K + AFA_ at Belle
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Z.(2930)%in Bt — KTATAZ, =.(2930)in B® — K°ATA.~

0 =.(2930)° = csd: the first charmed-strange baryon established in B decays; clear
confirmation (5.1¢) for BaBar claim.
Y.B. Li, C.P. Shen, et al, EPIC78, 252(2018)

o First evidence of charged Z.(2930) (4.10): M = 2942.3 4.4 4+ 1.6 MeV/c?,
I'=14.8488+7.1MeV/c*
Y.B. Li, C.P. Shen, et al, EPJC78, 928(2018)
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Search for Y (4660) and its spin partin B* — KA} A_ at Belle
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Eur. Phys. J. C78, 252 (2018)
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* No Y(4660) and its spin partner Y, were observed. in the AYAZ
invariant mass distribution

* 90% C.L. upper limits of Bt - K1Y (4660) -» K*A¥A7 and
Bt - K+Yn - K*tAFA7 are 1.2x 10~* and 2.0 X 1074,

X.L. Wang (Fudan)
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Measurements of Br of B~ - A7 2%, 22 »anything

® The /_\; reconstructed via its pk*n~ and pK? decays

® A tagged B meson candidate, B{:lg, is reconstructed using a neural network

based on the full hadron-reconstruction algorithm preliminary
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® An unbinned maximum likelihood fit: N(£2)=40.9 +9.0, 5.50(stat.)
® B(B~ - A;E?, E? —anything)= (9.5112.10£0.88) X 10 *for the first time

From Chen&Ping’s talk at HFCPV2018.
X.L. Wing (Fudan)
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Measurements of Brs of B~ —» A_E
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Measurements of absolute Brs of =?

Summary of the measured branching fractions and the ratios of 2 decays

preliminary

B(B~ - AZE? (9.51+2.10+0.88) X 10

B(B~ — A;E?) B(EQ — E~mr*) (1.7140.2840.15) X 105 (24£0.9)X10°°
B(B~ - A;EQ) B(E? -» AK™m*)  (1.1140.2640.10)X 105 (2.1£0.9)X10°°
B(B~ - A;EQ) B(EQ - pK™K~m™) (5.47+1.78+0.57)X 106

B(EQ - E~rr™) (1.80+£0.50+0.14)%

B(E? - AK™ 1Y) (1.17£0.37£0.09)% PDG

B(EQ - pK~K~m*) (0.58+0.23+0.05)% /

B(E? » AK~m*)/B(EQ - E-mr*)  0.65+0.1840.04 1.0740.14
B(EQ » pK~K~n")/B(EQ » E~m*) 0.32+0.12+0.07 0.3410.04

We have performed an analysis of B~ — Az E¢ inclusively and exclusively

First model-independent measurement of absolute Brs of ¢ decays

The branching fraction B(B~ — A;EY) is measured for the first time

The measured B(EQ — Z~m*) can be used to determine the BR of other EQ decays.

X.L. Wang (Fudan) Belle/Belle II Status 6/31



€+€7 — 7+ XCJ/'WC

Motivation
@ Continuum production predictions by NRQCD (for Belle II):

D) < D) O O(ati) + Ola’) + Ofal) Olalf) + Olau) + Olele)

n=vip n=vir

=iz

ofee” > xa+7) in o
slete” s xa+y) infb

alete > xa +

o0 s Mo T 2
55 [ o T 7 0 s W0 5] &

V3in GV V3 in GV Viin Gy

N. Brambilla er al., PRD97, 096001(2018)
@ We can study with Belle data at first:
o glete™ = xco +7) = (1.4 0.3) fb;
o olete™ = xe1 +7) = (15.0 4 3.3) fb;
o olete™ = xe2+7) = (4.54+1.4) fb.
@ ete — ¥ 4+ XeJ /e measured by BESIIL: PRD96,051101(2017) and Chin.Phys.C39, 041001(2015)

Ecm (GeV) No significance (o) U (pb) 0P (pb) 30F (b)
Assumptions
N 70466 16 182 65.0+613+53 s
4009 o 44£26 22 53 2414202 . [Gonventional States
2 20 —w(4040)
Yoo 1817 15 18 47444406 B 20—
< —y(4415)
Xeo 02423 00 2 07£80+01 £
4230y 67443 19 17T 07£05%01 T
|
Xe2 133552 29 50 27x11%03 ¢
o
N 01419 00 2 05+88+01 Y
4260 xer 30430 11 11 04£04%01
N 15439 23 42 2021102
X 01407 00 0.7450%01 sk
X.L. Wang (Fudan) o o o li‘e!lsl‘ligll;‘ ‘l'l Status | 717131




ete™ — v+ x.s from Belle

® Xes — vJ/, J/p — pTu~ for reconstruction;

@ 5C constraints: 4C to initial eTe™ collision system &. 1C to .J/) mass

o ISRevents e"e™ — ysr¥(2S) — YisrYXcs removed by
M (Yexeyp ™) < 3.60 GeV/c® or > 3.78 GeV/c”:

° Nresidual(Xcl) —0.84 + 0.15 and Nresidual(xcz) = 0.43 + 0.05.
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S. Jia, X.L. Wang et al.,

X.L. Wang (Fudan) Belle/Belle II Status

A significant y.; signal in 10.58 GeV
data sample:
o N°"(x.1) = 39.0753 with
e =19.9%;
o The significance: 5.1¢ including
systematic uncertainties;
e ete™ =5y 4 xa) =
(17.37%2(stat.) +
1.7(syst.)) fb.

Born(
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olete™ = vXe1) V8. /s

Te™ = yxes/ne) o 1/s™, the prediction:

@ Assuming o (e

charmonium | Xco  Xe1  Xe2 e
n 14 21 24 13
L.B. Chen, Y. Liang and C.F. Qiao, JHEP1801,091(2018)
@ Combining measurements from BESIII and Belle.
o Fitting yields n = 2.1793.

10% ¢
103 \f"
5 10°¢
= E
o r 4o
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F —— BESIll results for e’e >y,
1 E —a— BELLE results for e’e'ﬁyxc1
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o ULs determined in ete™ — v 4 1c, Xe0, Xe2-
@ Accepted by PRD.
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I1. Belle 113 &

o Belle 14148

o SuperKEKBi# &

o Belle IR M % & 2L,

o THEHAR KT

X.L. Wang (Fudan) Belle/Belle II Status 10/31



Belle II Collaboration

@ Belle II Collaboration: 26 counties/regions, 113 institutions, > 800 collaborators.

@ Belle IT China Group: & #&AT, FAKR, db X, dbft, £ 2, T TH K, ARZMKRE R{AR
$45% .

o F EH4 M N: https://napp.fudan.edu.cn/belle2/

X.L. Wang (Fudan) Belle/Belle IT Status 11/31



Current schedule

‘ €ihﬂ“ year 2016 2017 \ 2018 I 2019 | .
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
S tdow hutdowr] Summer{shutdow
(power shving) (power sving) I (power 1ving)
| —— 18
of Feb-2°
asS n. 7_0'_\_8

=as Of v
Ongoing status and JFY2018 plan \/ﬂ?f.iu )

Phase 1 Meoc

wloBelle Il

w/ full Belle Il

Phase 2 Phase 3

VXD installation

HER start

MR renovation for phase 2, including
LER start

installation of QCS and Belle II

Phase 3 operation
g9 months / year

DR installation & startup

missioning

@ First collisions on 4/26/2018, 8 years after KEKB and Belle being shut down.
@ Phase 2 until July 17th.
@ On the way to Phase III: Physics Run.

X.L. Wang (Fudan) Belle/Belle II Status 12/31



The SuperKEKB

A lot of new designs

e NI

" New beam pipe KEKB SuperKEKB

& bellows

“nano-beam” scheme
Beam squeezing: x20 smaller at IR

Add / modify RF @
systems for higher

beam current N\ T
Low emittance - . Yi ay i(iy RL
i ini Luminosity = 1+—= —
positrons to inject T — y 2 0_; B;’ Ry

Damping ring * 3
Sl

Low emittance gun

Low emittance
electrons to inject

New positron target
capture section @

Target luminosity: 8x1035cm-2s!
KEKB x 40!

X.L. Wang (Fudan) Belle/Belle II Status 13/31



The final focus: Key of achieving the goal of L = 0.8 x 1036 cm—?s~!

The superconducting final
focus system

SuperKEKB
design

Large cross angle:

22 mrad (KEKB) — 83 mrad (SKB).
v

X.L. Wang (Fudan)

E Belle Ii 2018 (prel ) . .
S veson-—ocisem % | @ Effective bunch length is
g0 f sasooBem v, reduced from ~ 10 mm
g::: it Runs 18692007 (KEKB) to 0.5 mm
5 oo : B (SuperKEKB).
S0 [ g 2appt S E
o —0.4 -0.2 0.0 0.2 0.4
2o lem)
T 85% T T ! ® 5 =8mm
Ed E 1 SuperKEKB/Belle Il !
g 8 * 2018 (preliminary) ® B, =6mm
ast o =amm
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2 h + 7
155 Li% % =
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E AR
0.5; Y E
&

- L L I T
05/03 0517 05/31 06/14 06/28 07/12
Date

@ The record the vertical spot size is 400nm with I ~ 15 mA, goal is
O(50 nm) with full capability of the QCS system.

@ Early Phase 3 will continue with 3% = 3 mm, goal is 8% ~ 0.3 mm.

@ Struggling with beam-beam blow-up, a major issue for Phase3.
Belle/Belle II Status 14/31



SuperKEKB achievements at Phase 11

Keep on squeezing the two beams with the superconducting final focus 8y = 3 mm.
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@ Luminosity tuning had priority, so most of the time was assigned for accelerator physicists.
@ Belle I only record 0.5 fb—! data, usually owl shift.
@ L =0.55 x 1034 cm 25~ achieved in Phase II, compared to Lyqz = 2.1 x 1034 by KEKB.

X.L. Wang (Fudan) Belle/Belle II Status 15/31



Cut view of Belle II detector
H="71m, L =7.4m, W = 1400t

K, and muon detector:
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2 barrel

Csl(Tl), waveform sampling
Pure Csl for end-caps

Beryllium beam
pipe

[ positron (4GeV)
i

Rea out (TRG, DAQ):
M le-&)_l trigger ~100% efficient for
onic events.
B(PXD)+100kB(others) per event
over 30GB/sec to record
ffline computing:

He(50%):CaHs(50%), Small cells, long
lever arm, fast electronics

Distributed over the world via GRID

@ Belle II subsystems: PXD: SVD: CDC. iTOP, ARICH, ECL, KLM, DAQ/TRG, GRID...
o ¥E4A () %5 . PXD, SVD, CDC, iTOP, ARICH, KLM, DAQ/TRG, GRID

X.L. Wang (Fudan) Belle/Belle IT Status 16/31



Detector highlights

PXD and iTOP

Backward
Photon Detectors

Photon from «
Photon from K

Vertex detectors:

@ spatial resolution has a factor ~ 2 than Belle;

@ despite lower Lorentz boost, O(30%) improvement in separating
the B decay vertices!

@ ~ 30% larger acceptance for K¢ reconstruction

esolution ¢ [um]

Forwar'
Mirro '
N

Particle Identification (PID):

@ K — 7 separation is fundamental to distinguish among important
final states and bkgs;
@ crucial ingredient for B flavor tagger;

@ expected performance: K () efficiency > 90%, with 7 (K') fake
rate < 10% for p < 4 GeV/c.
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Signals involving photons (ECL)
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X.L. Wang (Fudan)
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TOP for Particle Identification: K=+, p and 7+

@ The charged correlation with the slow pion determines which track is the kaon (or pion)
@ Kinematically identified kaon from a D*™ in the TOP.
@ Cherenkov x vs. t pattern (mapping of the Cherenkov ring):

7 60, " 60, - . . T . .
‘s | Belle Il TOP 2018 (Preliminary) ‘s | Belle Il TOP 2018 (Preiminary) ‘s | Belle Il TOP 2018 (Preliminary)
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40 ERTS . 1w .
35 : L e . 35 .
30 1 s ERE
R amne) p— | s
26| I— 25 — - ]
7 E3 5 5 2% 76 32 ] 5 2 3 32 5 E
Pixel column Pixel column Pixel column
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H 3
No PID TOP LL(K) > TOP LL(x) S os00- Belle 1 TOP 2018 (Prelminary) 3 os00. Belle I TOP 2018 (Preliminary)
£ Z b Ldt= -1 = Lat= !
[T R I H 7 Jren-so — Bostit % Jran=som — Bostit
[peTtg i § 4 £2000- Correct pion ID - Background £20000 7 s K mis-identiication Background
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T L s Eff(data) = 80% Eff(data) = 10%
PR i Eff(MC) = 93% Eff(MC) = 7%
o) e e cas 1000 1000
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. oo rorupsTorun o e R
£ werane] § T emirorams AN
£a S e ] wd [ e | A i
§ o NS o e A A
5o sy £ | 072 0ai 045 048 050 052 051 056 0s8 04 044 046 048 050 052 054 055 058
o ; 150 } M=) [GeVie? M(x*r) [GeVic?)
e Vi E I () [GeVic?] (=) [GeVic?]
\
0 s N " 0 -
e " Kg —»ntr
- J——"
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B mesons from Belle 11
@ Rediscovery of B mesons in June, shown at ICHEP2018.

Bellen 2018
Preliminary

IL dt = 250 pb™'

82521 522 523 524 525 526 527 528 529
M, (Gevrc?)

@ Use the full Phase 2 dataset and apply the FEI (Full Event Interpretation) technique based
on boosted decision trees (BDTs, a machine learning technique).

hadronic B* tag

hadronic B®/B° tag
T T T

160FETT N —
E — 120—
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I Pesr > 0.2 € 1w 4 ow Pee > 02
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3 80— 2 i
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5. 5245 525 5255 526 5265 527 5275 528 5.285 5245 525 5255 526 5.265 527 5275 528 5.285
B ASRSAAERsARERSRS T ‘__é _ PP e T e T
2 o e IR S S L e -
My [GeV/c?] My [GeV/c?]
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Onwards to Phase 3 and the Physics Run

e VXD =PXD+SVD

o PXD installation ongoing well at KEK.

o *H#(DESY)E £KEK fi 548 % T4k .

o REM L+ FRALTHLAMNE, E
#ADESY# 5PXD#) T4k .

X.L. Wang (Fudan) Belle/Belle II Status

@ SVD installation, finished in July, 2018

o Successful marriage of the PXD and SVD,
current highlight of Belle II.



Luminosity and prospects

2 % Goal of Belle I/Super

(ab™)

1 ab—! (Belle data size)

x103%

8 A
‘ 6_
€9 4

o | 1 1 1 1 1
2017 2018 2019 2020 2021 2022 2023 2024 2025
Calendar Year

ee Tm(y)
precision

(cm3s)
N
I

Book of Belle II Physics is available at arXiv:1808.10567
PTEP Prog. Theor Exp. Plys. 2018, 00000 (681 pges)
DOL: 10.1093/ptep/0000000000

The Belle II Physics Book (Draft v1.0)

Emi Kou', Phillip Urquijo?, The Belle IT collaboration®, and The B2TiP theory
community

'LAL
2Melbourne

i report of the Belle T Thicory Tnferface Platformm is presented in this document.

X.L. Wang (Fudan) Belle/Belle IT Status 22/31



Belle IT China Group in the past year

@ New institutions: Fudan in June 2017, LNNU and SUDA in June 2018.
@ Workshops:1st Workshop in March 2018, 1st Winter School in Nov. 2018.

Hardware:
o New lab at Fudan, working on KLM and DAQ upgrades; M&O of KLM.
IHEP’s proposal for DAQ upgrade, based on XFP;
USTC has interest on DAQ;
THEP joining the CDC maintenance and operation;

@ M&O of Belle II: Fudan(+SUDA) in KLM, IHEP in CDC.
o Exchanges and cooperation: Agreement between Fudan and KEK.
@ Computing resources: BUAA joining Belle II GRID, Fudan building a cluster, and IHEP is

applying #1571 %1.

VIPs visiting KEK: 201857 A ¢ A et % 5 k125 Bk 8H R & & & 115
Web site: https://napp.fudan.edu.cn/belle2/

o Databases, public and internal;
o Wiki

o Blog

o Forum

o HyperNews in the future?

X.L. Wang (Fudan) Belle/Belle II Status 23/31



Summary

Belle analyses:

0 2.(2930)° in BT — KTAFAZ; evidence of charged Z(2930) in B® — KOAT AL .
o Measurements of absolute Bs of =0.
o ete™ — v+ Xcs/Me, observation of 1.

Belle II had the first collisions on April 26, 2018, and the Phase 2 was until July 17th.

The Phase 2 got very impressive results from both the SuperKEKB accelerator and the
Belle II detector.

Lypear = 0.55 x 103 cm™2s™! was achieved during Phase 2.

The nano-beam scheme is working well and the Belle II detector has very good
performance!

Belle II is going to start physics running in 2019.
Belle II China group did a lot of work in the past year.

Thank you!

X.L. Wang (Fudan) Belle/Belle II Status 24/31



Back-up
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A lot list of charged charmonium-like states

State MOV TMev)

ZIo00) 866524 WIE26 T

ZE0W00)  AR41E19 13ES 1)

2+ (4050) asid s o #
0]

7' (4200) 41963 3707, 1 E

zeaso) sl § 3

7'@a0)  wamE20  mEd 0

PI4380) 4380430
P (4450) 44503

Yolio0ee) = Fiaaa) 0t Y 0% 1t 2% 2 &other
Z;(10650) 10652215 M15£22 17 ;}m:{ ¥ 112001
s noﬂn: 7 :1‘_::
10800F A
Rough summary of XYZ discoveries: ool
o Belle: X (3872), X(3915), X (3940), Y (4160), % oo
Y (4350), Y (4660), Y (4630), Z.(3900), =
Z(4050), Z(4200), Z(4250), Z(4430), R
Z,(10610), Z,(10650), X (3860)* o000}
o BaBar: Y (4260), Y (4360) (Y (4324)). o500
o BESIIL: Z.(3900), Y (4220). 00
o LHCb: P.(4380), P.(4450), X (4700). o0
China group contributions: Y (4008), Y (4260), S. Olsen. T. Skwarnicki and D. Zieminska:
X (4350), Y (4360), Y (4660), Z.(3900), ... Rev. Mod. Phys. 90, 015003(2018)
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Some golden observables (I)
Pure-leptonic and semi-leptonic B decays

SN
'ad\@‘“
.\%Qo“
¥ . S
?‘oce%% 0“‘5&& 'Y“‘Qoa ‘5‘36'\\“\ © 8 45%6\\0 ?»‘\0‘02‘\“ <
B — iy [Vas| * kK 10-20 ** * * % % *x *
B — X, fvp [Va| *x 2-10 *kx >k ** K *
B— Ty Br. Hx >50(2)  x K * Kk * * ok ok
B — v Br. *kx >50 (5) Hx* * k% * * k%
B — DWWy, |Vas| * * * 1-10 * Kk * H*k ok *
B — X Aty |Ves| * K * 1-5 * Kk k Hok ok Hok
B— DWry,  R(DW) * ok ok 5-10 ok * ok k ok k * ok k
B— DWry, P **x 15-20 *kx * %k >k * kK
B — D*lvy Br. * - *x * %k *x -
Time dependent CPV
B— J/¥Kg o * ko 5-10 ok ok * *
B — ¢Kg 31 Hok >50 *k * Kk * * kK
B —1'Ks o2 Sk >50 ok *k ok * * kK
B — J/yr? o] * Kk Kk >50 * *kk — —
B — prp® a2 * kK - * * Kk * *
B — 7970 (o2 Hk >50 * kK *x Kk Hok Hok
B — 7Kg Scp ok >50 *xk *x Kk Hok >k
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Some golden observables (IT)

Radiative and electroweak penguin B decays

oA
yoa
.\6@“
\e .
o 0\\5‘3‘“@ s e g e @
B— KMy Br., Fy, * Kk =50 * Kk * ok Kk * ok
B — Xgiav Acp * Kk >50 * ok ko * ok ok * *x
B — Xgv Acp *k >50 * k Kk *k Kk - >k
B — K57r0",' Sk *k =50 *ok * ok Kk * * kK
B — py Spy *k >50 * kK * %k - * kK
B — X T~ DBr. * kK >50 * kK *k *k * kK
B — XTI~ Ry, * KKk >50 * ok * * % K *x * % K
B— KWetem  R(KW) *kk >50 >k >k ke >k *ok ok
B — Xy Br. ok 1-5 * Kk * * ke
Bis) =y Br., Acp ok > ok ok - ok
50(5
B K*ete™ Pl ok >50 *kx ok ok x *k ok
B — KTl Br. ok Kk >50 ok * ok x ok ok
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B — D™][u: challenge to lepton universality

@ Theoretically clean channel in SM

;ﬂ<r <<
. . W, N H . ~~%
@ Charged Higgs can contribute to the decay b ¢ b s ¢
o R(D™) s sensitive parameter to BSM! : ° °
8 osE o B o o3
E I ——
Br(B —» D®tv * e N
R(D(*)) — ( ) ,,35,!‘ - w4
Br(B > DOmy) ot ]l ‘ S
02sf e [
\ Exp M B R T e
R(D") | 0.304+0.013+0.007 0.252+0.003 RO |
R(D) | 0.407+0.039+0.024 0.300+0.008 A s
4.10 away from the SM EU e ,
. r - prediction: PRDIZ 054410 (2015), PRDSS 094025 (2012)
04F Belle I1 5 ab™!
0351~
03~ LHCb
. sl gM = Very clean theoretical
Belle Il should be able to confirm the E o it
excess with ~5ab™" data Diobste e Tt ee s lamee Ly oo nt
= 025 0.3 035 0.4 045 0.5 055 06
R(D)
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B — K*¢*/(: yet another smoking gun

- Interesting discrepancy as well as measured in P5’

JHEP 08 (2017) 055 .
T T T T ] R(K *) BR(K l,ll,l)
3 ] T Y Y
& 10 - BR(K ee)
[ X ]
08F ] > T | | :
L \ g 1] £ 016 Belle Il Projection (Feb 2018) j
+ ] £ E
061 ® LHCh ] g 014 4
[ BIP ] 2 \
04f v coHMY ] @ 0120
[ MV S
r H EOS ] 3 C
E ] ¢ o1
021 . @ flav.io ] © = 1
[ LHCb * ic ] & 0.08 - = < ‘1
0.0y [ N < . . ]
0 1 2 3 1 5 6 = 006 e |
q2 [G(*\"’ /¢ l] % T o 70% data Y(4S), 6 months, Slow ramp-up e
0.04" o 709 data Y(4$), 6 mosithis —
 —e— 70% data Y(4S), full 9 months 7]
0.02- Al data Y(48), full § monilfis |
~m- LHGb ostimate i i i |
| A | \ \ , 1
2017 2018 2019 2020 2021 2022 2023 2024

- Belle 1l: good electron identification 0 Year

K*ee: ~200 events/ab'1 Note: LHCb value is extrapolated from run-1 result
K*up: ~280 events/ab™
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Data samples and expected signals based on NRQCD

TABLE I: The numbers of expected events in eTe™ — yx.s and ete™ — 0, at /s = 10.52, 10.58
and 10.867 GeV.

o (b) predicted in Ref. [12] by NRQCD with
Channel  [/5 GeV £ (17| Baecay (x1074) | (%) | Newpeetea
all leading relativistic corrections included
ete™ = YXeo 14 76 190 0.1
efe” = yxer| 10.52 15.5 89.5 202.1 208| 58
ete 5 yxe 47 1144 199 1.0
ete™ = YXeo 14 76 189] 0.1
ete” = yxa| 10.58 15.1 711.0 202.1 19.9] 432
etem = yxe 45 1144 198 7.2
etem = VX 1.3 76 177 0.1
ete” = yxa | 10.867 13.5 121.4 202.1 68| 5.6
ete = yxe 4.0 1144 16.3| 0.9

o5 (fb) by LO QCD/ap (b) by NLO QCD
Channel  [/5 GeV £ (1) SiBizi(%) Neapected
in Ref. [14]

ete = e | 10.52 0.38/0.13 89.5 0.79 0.3/0.1
etem = me | 1058 0.37/0.12 7110 0.78 2.1/0.7
ete™ = e | 10.867 0.32/0.10 1214 0.76 0.3/0.1
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