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ἦμος δ᾽ ἠριγένεια φάνη ῥοδοδάκτυλος Ἠώς
When primal Dawn spread on the eastern sky
Her fingers of pink light…(Homer Odyssey 5, 228)
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TRIPLE APPROACH (... TO CONTEMPORARY HIGH ENERGY PHYSICS)
Introduction



LEGACY OF THE B FACTORIES
Flavor physics

CKM matrix elements /  
unitarity triangle
CPV in B decays

Limits on BSM Physics
Rare decays
New physics search loops  

b→sγ, b→sll
B->D(*) τ ν
Search for LFV τ decays

New particles
Exotic quarkonium

2008

e.g.: “The Physics of the B Factories”, EPJC 74, 3026 (2014)

+

"for the discovery of 
the  origin of the 
broken  symmetry 
which predicts  the 
existence of at least  
three families of 
quarks in  nature".
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 Belle II is an Intensity Frontier experiment

 Searches for new particles in loop diagrams with huge data samples.

 A new particle that may
appear in a loop diagram
can deviate the related
observables from the
SM prediction.
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Belle II will collect 50 ab⁻¹ data, which is x50 of Belle (1 ab⁻¹).
Belle II is sensitive to  new physics up to an energy scale of ~20 TeV.

CKMfitter 2016
Any discrepancy 

will become 
statistical significant  
with 50 ab⁻¹ data at 
Belle II if the current  
central values hold.

Belle II
50 ab⁻¹

PHYSICS PROSPECTS@HIGH STATISTICS



June 20: Reached 1.9x1033 cm-2s-1



PHYSICS RUN 25/6/2018



SUPERKEKB SECOND GENERATION B FACTORY (1)

•
•

Belle (KEK Laboratory, Japan)  
BaBar (SLAC Laboratory, California)

Important results: confirmation of the CKM  
mechanism in the SM, CP violation  
observation in the B meson system etc..

Belle II: usage of the improved  collider
SuperKEKB

The  problem
Statistics collected by KEKB and PEP-
II colliders was not sufficent to 
analyse some rare decays, perform
precise SM validations furthermore
many other measuremements were
statistically limited



SUPERKEKB SECOND GENERATION B FACTORY (2)

By increasing the luminosity it is
possible to investigate the SM
through precision measurements and
searches for rare or forbidden
decays.

Increased luminosity detector performances We can probe NP

Time

cm
-2 s -1



COLLIDER SUPERKEKB

Beam section at the  
interaction point:

~42 nm in y
~6 µm in x

Nano-beam scheme

Damping Ring

details..

Source  
position



COLLIDER SUPERKEKB

KEKB SuperKEKB

I e+ / e - = 1.64/ 1.19A

Beam section at the  
interaction point:

~42 nm in y
~6 µm in x

Nano-beam scheme

Damping Ring

I e + / e - = 3.6/2.6A

details..

Source  
position



COLLIDER SUPERKEKB

KEKB SuperKEKB

I e+ / e - = 1.64/ 1.19A
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COLLIDER SUPERKEKB

KEKB SuperKEKB

I e+ / e - = 1.64/ 1.19A

f3y
*
e + / e - = 5.9/5.9mm

Beam section at the  
interaction point:

~42 nm in y
~6 µm in x

Nano-beam scheme

Damping Ring

Expected improvement of integrated luminosity of a factor ~50 at BelleII: 50 ab-1
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SUPERKEKB COMMISSIONING

goal: 5 pm

First  
turns

Belle II rolled inBeam  
studies

Now: collisions

Phase I (2016): NO Belle II, circulate both beams, NO collisions
Phase II (2018): Belle II, NO vertex detector, first collisions

Very successful phase 1 run
1 Amp

~7 pm
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nb Ib+Ib- [mA2]

310 mA x 252 mA
nb = 600

βy* = 6 mm

340 mA x 285 mA
nb = 789

βy* = 6 mm

340 mA x 285 mA
nb = 789

βy* = 4 mm

340 mA x 285 mA
nb = 789

βx* = 200 mm (LER) / 100 mm
(HER)

βy* = 4 mm

WHERE ARE WE NOW (PHASE 1 TRAVEL GUIDE)?

1033 cm-2s-1

2.5*1033 cm-2s-1

5*1033 cm-2s-1

1034 cm-2s-1

Courtesy of Y. Ohnishi

nb Ib+Ib- [mA2]



SOME MEMBERS OF THE BELLEII COLLABORATION

750 member collaboration



DETECTOR CHALLENGES@HIGH LUMINOSITY

Belle @  KEKB Belle II
MC ‘Cartoon’

Higher background → radiation damage, occupancy → VTX (also closer to  the beampipe), 
background in EMC

Higher event rate → trigger, DAQ, computing

In addition improvement to low momentum particle reconstruction and 

ID, hermeticity

Detector had to be upgraded for SuperKEKB conditions
to achieve equal or better performance than at KEKB



THE BELLEII DETECTOR

except VXD, all others are ready since 2017.



VERTEX DETECTOR

4 layers DSSD (SVD)
2 layers DEPFET (PXD)

final focus quadrupole
„integrated“ into VXD

vertex resolution improved  
by a factor of 2
(compared to Belle)

76 µm thickness DEPFET

red is Belle blue is Belle II



DRIFT CHAMBER

standalone  
cosmic ray test

ef
fc

ie
nc
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ECL EM CALORIMETER

waveform sampling to reject out of time hits

standalone cosmic ray test  
(single high enery shower)



KLM KL AND MUON DETECTOR

Interleaved with the iron plates of the flux  return yoke



PARTICLE IDENTIFICATION DEVICES

TOP

• K
• π

TOP ARICH



L1 TRIGGER AND DAQ

CDC
ECLTOP

KLM
ECL

ECL
KLM

KLM

Belle II Level 1 trigger  
(CDC + ECL + TOP + KLM)
beam bunch crossing 254 MHz (max.)
nominal beam background rate ~10 MHz  
nominal L1 trigger rate ~20 KHz
L1 max. latency 5 µs  
L1 z-vertex trigger
L1 Global Reconstruction Logic

Belle II software platform  
BASF2 (ROOT/C++/Python)

DAQ, HLT, and analysis

* HLT output rate 6 KHz (1.8 GB/s)



26 APRIL 2018 00:38 GMT+9: FIRST COLLISIONS
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FIRST PLOTS

j/ψ rediscovery D+ rediscovery

B meson rediscovery



B+  D(K-Π+)Π+

ρφ view ρz view

3D view



THE PATH TO THE NEW LAND

Navigant quidam et labores peregrinationis longissimae
una mercede perpetiuntur cognoscendi aliquid abditum
remotumque. (Seneca De Otio V)

Some go to sea and endure the labors of a very long 
journey driven by profit alone to know something hidden 
and far away



DARK SECTOR: INVISIBLE DECAY (SENSITIVITY)

Lower trigger
threshold wrt BaBar

New Physics: Dark Photon searches

•BaBar 53 fb-1,
including
systematic  
errors

Barrel ECL without  
projective cracks

Belle II simulation 20 fb−1

statistical errors only •Lower
threshold for  
single photon
trigger

•Higher ECM

energy



DARK SECTOR:AXION LIKE PARTICLES (SENSITIVITY)

With coupling to Z
JHEP (2017) 2017: 94

LEP
LEP

SN 1987A

HB stars
Beam dump
experiments

HB stars

SN 1987A

Beam dump
experiments

AA
e+

e-

e- e-

e+ e+

γ

γ

γ

γ

γ

γ∗

Only coupling to γ

JHEP (2017) 2017: 94

LEP



PHYSICS HIGHLIGHTS
Belle II expectations:

Improvement of ≲2 order of magnitude w.r.t. the current limits



FLAVOUR ANOMALIES IN R(D*) AND R(D)
4.1σ SM disagrement

It could be explained through 
the existence of charged Higgs 
or other New Physics models

If average values are
confirmed we have a 5 σ 

effect at 𝓛𝓛 in t=5 ab-1



SUMMARY
• After a successful phase I operation in 2016, phase II of SuperKEKB  

commissioning started and first data have been collected

• Following the installation of the vertex detector in summer 2018, the 
almost complete Belle II detector will be ready for the first physics run 
to start at the beginning 2019 at the Υ(4S) energy

• The Belle II Collaboration is looking forward to the next 10 years to  
carry out a rich physics program, complementary to existing  
experiments, and to significantly contribute to the quest for new physics  
beyond the Standard Model
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