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For QCD, LEP, HERA, .. gave

2

Pa
rto

n 
D

is
tri

bu
tio

n

Running of aS and Parton Distribution established, i.e. we have 
good knowledge about the region of perturbative treatment. 
Still unrevealed aspects in non-perturbative region.

M. Tanabashi et al. (PDG)
PRD 98, 030001 (2018)



Outline

• Legacy of B-factories
• Missions/possibilities at a higher luminosity e+e-

colliding beam experiment
– Challenges in non-perturbative region QCD

• SuperKEKB accelerator / Belle II detector
– Design
– Status and plans

• Summary
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Legacy of B-factories
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KEKB&Belle 8 GeV�3.5 GeV
(Run 1999-2010)

PEP II&BaBar 9 GeV�3.1 GeV
(Run 1999-2008)

High luminosity, asymmetric-energy  
e+e- colliding beam experiments 
were desired to study CP violation.
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470M BB

772M BB

In total, more than 1.5 ab-1 including 1G BB pairs are 
recorded at B-factories



Originally in order for 
time-dependent CPV

CP side
(B to fCP)

Tag side
(the other B)Dz

measurement

Dz=bgcDt, 
bg=0.425(KEKB),

0.56(PEP-II)
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This is very demanding measurement, requires 
sophisticated detector and analysis methodology!



All these are great benefit
4p general purpose spectrometer with
• High momentum resolution, sp/p = 0.3%@1GeV/c.
• Ability to detect g down to 30 MeV.
• Good g energy resolution, sM =5 MeV for p0→gg.
• Lepton identification capability, e>0.9, fake<0.01. 
• K/p/p separation capability, e~0.9, fake<0.1.
• Excellent B decay vertex reconstruction, sDz =80 µm.

+
• World highest luminosity
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“XYZ” sensations at Belle
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PRL91,261801(2003)

X(3872)→J/yp+p-

X(3872)
→J/y g

PRL107,091803(2011)

Ml+l-p+p- - Ml+l- (GeV)

PRL110,252002(2013)

Y(4260)→J/yp+p-

Z(3900)+→J/yp+

PRL100,142001(2008)

Z(4430)+ 

→y(2S)p+

Two Zb
�→Υ(nS)p�

PRL108,122001(2012)

PRL110,252002(2013)



What made it possible?

From the experience of “XYZ” states,
We need to have possibilities to access;
• Various production mechanisms

– Each physics process has preferable states.
– Interplay among several approaches is effective.

• Various decay modes  
– Each hypothesis; other decay modes, partner states.
– Partner states have specific decay modes.
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Variety of recorded reactions

B decays

gg collisions

Initial state radiation Double cc

Change CM 
energy

JPC=0-+, 
1− −, 1++

JPC=1− −

C=+1

JPC=0�+, 
2�+,3++

Allowed/favored 
quantum numbers are 
different depending on 
production processes.
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X(3872)
Belle’s the most famous discovery
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Belle PRL91,261801(2003)

X(3872)→J/yp+p-

Ml+l-p+p- - Ml+l- (GeV) Belle  PRL07,091803(2011)

X(3872)→J/y g; C=+1

B�
B�

JPC=1++ (Belle, BaBar, CDF, LHCb) from J/y p+p- angular distribution. 
(PRL110, 222001(2013) and cited papers)
Br(X(3872)→D0D*0) is about Br(X(3872)→J/y p+p-)�10. 

1530 citations as of Nov. 10th



Admixture : most plausible 
interpretation for X(3872)
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D0D0*

D�D∓* ~ 7 fm

Ar nucleus
X(3872)

cc core

DD* component is coupled with the same JPC cc, cc1(2P) (unseen).
→can explain Br(X→D0D*0)/Br(X→J/y p+p-) is about 10.
→D+D*� component can explain J/y p+p- and J/y p+p- p0 coexitst.
→pure molecule; too fragile to have prompt produced in Tevatron/LHC.
→another cc1(2P) dominant state would become broad.

Meson-meson 
molecule

E. J. Eichiten et al. Phys. Rev. D 73, 014014 (2006);
A. M. Badalin et al. Phys. Rev.D 85, 031103 (2012);
S. Takeuchi, K. Shimizu and M.Takizawa PTEP2014, 123D01(2014).



Z(4430)+ in y(2S)p� final state

Clear peak at 
4.43 GeV/c2

5.28GeV/c2

Reconstructing B → y(2S) p� K, 
M(y(2S) p�) is looked back.
Confirmed by LHCb
PRL112, 222002(2014)
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PRL100,142001(2008)
PRD 80, 031104(2009)
PRD 88, 074026(2013)



Confirmation by LHCb
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4D fit(M(y(2S)p�), M(Kp), cosqy(2S), f), PRL112, 222002(2014)
Argand diagram (phase change as a func .of mass) gives a proof of resonance.
Such approach will be possible to study other states with Belle II statistics only.



bb p� system atΥ(10860)
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Υ(1S)p� Υ(2S) p� Υ(3S) p�
Belle 
PRL108,122001(2012)

hb(1P)p� hb(2P)p�

Zbs’ decay to B(*)B* found to be dominant. 
Belle PRL116,212001(2016)

10610 MeV~M(BB*)
10650 MeV~M(B*B*)



Molecular picture works
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Decays to Υ and hb

can co-exist.
Decay into B*B(*)

found to be 
dominant.
PRL116,212001(2016)

JP=1+ is supported 
by Dalitz analysis.
PRD91,072003(2015).

A.E.Bondar et al., PRD84,054010(2011)



Partner states of Zb

• Partners may decay into cbJ
(PRD86,014004(2012)). 
– Zb → cbJ p, Zb0 → cbJ g

• Br(cbJ→Υ(1,2,3S)g) and g
efficiency are multiplied, signal 
yield may be lower one order of 
magnitude.

↓ 
Higher statistics needed.
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Zb(10610)0 → ¡ (2S)p0p0 seen
6.5s stat. significance

PRD88, 052016 (2013)

Various partner searches at Belle II are awaited.

IG=1+, first isospin partner among “XYZ”.



Charm baryon to check “di-quark”

• Thought to be a good place to 
check if “di-quarks” is behaving as a 
good degree of freedom to form 
hadrons.

• One of the constituent quark is 
heavy, correlation between the 
remaining light quarks would 
become clear.

• L1 : r mode, L2 : l mode. 
18



To which mode, how much br.?
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Xc(2980)+

Xc(3055)+

Xc(3080)+

PRD89,052003(2014) PRD94,032002(2016)

“charm baryon + light hadron” or “charm meson + baryon” ? 
Very important info., just started to be got in our hand.
For JP determination, higher statistics needed.

Xc(3055)+

Xc(3080)+
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e- 2.6 A

e+ 3.6 A

Colliding bunches

Damping ring

Low emittance gun

Positron source

New beam pipe
& bellows

Belle II

New IR

TiN-coated beam pipe 
with antechambers

Add / modify RF 
systems for higher 
beam current

New positron 
target / capture 
section

New superconducting 
/final focusing quads near 
the IP

Low emittance 
electrons to 
inject

Low emittance 
positrons to 
inject

Replace short  
dipoles with longer 
ones (LER)

• Nano-beam

• Increase currents

Peak luminosity : 2.1x1034 cm-2s-1 => 8.0x1035 cm-2s-1

Beam energy : 3.5 / 8.0 GeV => 4.0 / 7.0 GeV
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SuperKEKB collider
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Belle II detector



First e+e- collision 
2018 April 26th 0:38 JST

• Not only accelerator and detector control 
rooms but also made remotely 
accessible.

• Not only Bhabha, continuum but also the 
first B-meson pair production candidate 
event was gotten. 22



Rediscoveries in phase-2 operation
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KSàp+p-

p0àgg

2
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-1 L dt = 250 pb∫

Figure 2: This figure shows the Mbc distribution of B candidates in 250 pb�1 of collision
data, in the mode B ! D(⇤)h, J/ K(⇤) where h = ⇡, ⇢. Events are required to contain at
least three good tracks to purify the sample with processes of the type e+e� ! hadrons,
while rejecting beam induced background, Bhabha scattering, and other low multiplicity
background sources. The charged kaon and pion tracks are required to have impact param-
eters, |d0| and |z0| less than 0.5 cm and 3.0 cm respectively. Particle identification criteria >
0.5 is applied to K. The K0

S , D
0, ⇢+, J/ and K⇤ candidates are selected within 0.489 <

M⇡+⇡� < 0.506 GeV/c2, 1.85 < MD < 1.89 GeV/c2, 0.675 < M⇡+⇡0 < 0.875 GeV/c2,
3.0 < Ml+l� < 3.12 GeV/c2 and 0.845 < MK⇡ < 0.942 GeV/c2, respectively. The D⇤+

candidates are required to have 0.143 < �M < 0.147 GeV/c2 and D⇤0 candidates are re-
quired to have 0.140 < �M < 0.144 GeV/c2. qq̄ background is suppressed with R2 < 0.3,
0.25 and 0.4 for B ! D⇡ and B ! J/ K(⇤), B ! D⇢ and B ! D⇤h modes, respectively.
The internal document reference is BELLE2-NOTE-PH-2018-004.

)2) (GeV/c- K+m(K

1 1.01 1.02 1.03 1.04 1.05 1.06

])2
En

tri
es

/(1
 [M

eV
/c

0

200

400

600

800

1000

-1 = 250 pbL dt ∫
Belle II 2018

Preliminary

FIG. 1: This figure shows m(K+K�) distributions in 250 pb�1 of collision data. Kaon PID
requirement using all the detector is applied. The selection criteria are the same as mentioned in
BELLE2-NOTE-PH-2018-005.
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KS, p0 are confirmed 
by the early 5/pb.
Fully reconstructed 
B mesons are seen 
with 250/pb. 
In total, 500/pb got.



Vertex detector
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Next runs and prospects
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l Phase 2: without fully 
equipped vertex detector, 
data taking with e+e-

collision, studying beam 
background.

l Phase 3: fully equipped 
detector, tuning up 
operation parameters 
toward the design 
luminosity 8�1035cm-2s-1.



Closing remarks
• For quarkonium(-like) XYZ states

– Other decay modes and Partner searches need more data.

– Argand diagram only possible with Belle II statistics.

• Charmed baryons to test “di-quark” picture.

– JP determination need more data.

• Variety of recorded reactions and accessible decay 
modes continue to be exploited.

• All attempts with higher statistics data to give 

convincing and comprehensive understanding is a 

Belle II mission in hadron physics.

• Accelerator and detector commissioning is going on. 
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