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Overview

• Why CKM?

• SuperKEKB and Belle II

• Current status

• CKM physics highlights

• 1/

• 3/

• |Vxb|

• Conclusion
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CKM matrix
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• Two-by-two mixing matrix 
proposed by Cabibbo

• Kobayashi-Maskawa proposed 
third generation to explain 
observed CP violation by 
Cronin and Fitch

• 3  3 unitary complex matrix
• 4 parameters

• 3 mixing angle and 1 phase

• Intergenerational coupling 
disfavoured
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CKM matrix
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• Two-by-two mixing matrix 
proposed by Cabibbo

• Kobayashi-Maskawa proposed 
third generation to explain 
observed CP violation by 
Cronin and Fitch

• 3  3 unitary complex matrix
• 4 parameters

• 3 mixing angle and 1 phase

• Intergenerational coupling 
disfavoured
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Visualising CP violation:
the unitarity triangle
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Visualising CP violation:
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Visualising CP violation:
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Visualising CP violation:
the unitarity triangle
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Over constraint
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To update

Tree level only

Loop-level only

NP at 
O(>TeV)?



Over constraint

1
8

/7
/1

9
C

K
M

 P
h

ys
ic

s 
at

 B
el

le
 II

 -
Ji

m
 L

ib
b

y

10

Blanke and Buras, Eur. Phys. J. C79 (2019) no.2, 159

Md

Ms



BELLE II AND SUPERKEKB
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B-factory achievements
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From Abi Soffer: HEPMAD



Belle II: can never have too much 
of a good thing ( 50 Belle)
• But isn’t LHCb doing this already?
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“Moore’s” Law of Luminosity
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The path to higher luminosity
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*







The path to higher luminosity
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83 mrad

*
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e- 2.6 A

e+ 3.6 A

Colliding bunches

Low emittance gun

Positron source

New beam pipe
& bellows

Belle II

New IR

TiN-coated beam pipe 
with antechambers

Redesign the lattices of 
HER & LER to squeeze the 
emittance

Add / modify RF 
systems for higher 
beam current

New positron target / 
capture section

New 
superconducting 
/permanent final 
focusing quads 
near the IP

Low emittance
electrons to inject

Low emittence
positrons to inject

Replace short  dipoles 
with longer ones (LER)

Damping ring



Schedule and status
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Schedule and status
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Schedule and status

1
8

/7
/1

9
C

K
M

 P
h

ys
ic

s 
at

 B
el

le
 II

 -
Ji

m
 L

ib
b

y

20

2019: 6.5 fb1

EPS: 0.41 fb1



Belle II
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Belle II
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Belle II – Silicon Vertex Detector
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1/8 for Phase II – only one layer of pixels for Phase III



Particle reconstruction –
electrons and muons
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Particle reconstruction
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B and D meson reconstruction
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2CM
BC

2
B

E
M
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D*+ D0 +, D0K+ BD(*)h (h=,ρ) 



B and D meson reconstruction
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2CM
BC

2
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E
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p

D*+ D0 +, D0K+ BD(*)h (h=,ρ) 

=(37040) fs



BELLE II PROSPECTS: 1
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The Golden Mode
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CP violation in the ‘interference of 
mixing and decay amplitudes’
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In SM sin 2  and 0 when no CPV in f fS C f 

0 0

*

*

/  sensitive to

arg

S

cd cb

td tb

B J K

V V

V V







 
  

 



Time-dependent CPV violation
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Time-dependent CPV violation
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0.28 (SuperKEKB)?               



Time-dependent CPV violation
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0.28 (SuperKEKB)?               



Flavour tagging
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• Use leptons, kaons, pions and s not 
associated with signal

• Belle II more variables, MVA and 
leverage improved PID 



Flavour tagging
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• Use leptons, kaons, pions and s not 
associated with signal

• Belle II more variables, MVA and 
leverage improved PID

• Validated on Belle data 

•  20% improvement expected 



Prospects

1
8

/7
/1

9
C

K
M

 P
h

ys
ic

s 
at

 B
el

le
 II

 -
Ji

m
 L

ib
b

y

35

Phys. Rev. Lett. 108, 171802 (2012)



Prospects
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Measurement becomes systematically limited

Phys. Rev. Lett. 108, 171802 (2012)



Prospects

1
8

/7
/1

9
C

K
M

 P
h

ys
ic

s 
at

 B
el

le
 II

 -
Ji

m
 L

ib
b

y

37

Measurement becomes systematically limited

Phys. Rev. Lett. 108, 171802 (2012)

Half empty: no improvement in systematics
Half full: improvement in alignment and vertexing uncertainties



Prospects
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Measurement becomes systematically limited

Phys. Rev. Lett. 108, 171802 (2012)

Half empty: no improvement in systematics
Half full: improvement in alignment and vertexing uncertainties



BELLE II PROSPECTS: 3
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cbV

*

usV

ubV

*

csV

Measuring 3
• Tree-level determination 

• Same final state for D and  𝐷 interference  the possibility of DCPV

• Four types of D final states generally used

• CP-eigenstates [GLW]

• Gronau & London, PLB 253, 483 (1991), Gronau, & Wyler, PLB 265, 172 (1991)

• K+X (X=,  0,  +) - CF and DCS [ADS]

• Atwood, Dunietz & Soni, PRD 63, 036005 (2001)

• Self-conjugate multibody states: KSh
+h [Dalitz/GGSZ] 

• Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003); Bondar (unpublished)

• None of the above (SCS): KSK
+  [GLS]

• Grossman, Ligeti and Soffer, Phys. Rev. D67 071301 (2003) 
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1A
( )

1
Bi

BA r e  



World averages
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3 at Belle II
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• GGSZ dominates the Belle average

• Will continue to do so at Belle II

 13

3 1573 

 



3 at Belle II
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• GGSZ dominates the Belle average

• Will continue to do so at Belle II

• PID and continuum suppression key

 13

3 1573 

 



3 at Belle II
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+ 1-2 years for Belle II  



BELLE II PROSPECTS: Vxb
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Vxb
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3 at Belle II3 at Belle II



Vxb
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3 at Belle II3 at Belle II



Vxb
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3 at Belle II3 at Belle II



Vxb
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T.Keck, et al. Comput Softw. Big Sci (2019) 3: 6



Vxb
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T.Keck, et al. Comput Softw. Big Sci (2019) 3: 6



Vxb
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T.Keck, et al. Comput Softw. Big Sci (2019) 3: 6



FEI results in 2019
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Purity



FEI results in 2019

1
8

/7
/1

9
C

K
M

 P
h

ys
ic

s 
at

 B
el

le
 II

 -
Ji

m
 L

ib
b

y

53

Purity

B+ B+



FEI results in 2019

1
8

/7
/1

9
C

K
M

 P
h

ys
ic

s 
at

 B
el

le
 II

 -
Ji

m
 L

ib
b

y

54

Purity

B+ B+

B+ vs e X B+ vs  X

pe p



Vxb
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Assume theory
LQCD uncertainty 
improves 



Vxb
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Aside from the overall constraint on the Unitarity Triangle 
these measurements will go some way to understand  the 
long-standing tension between inclusive and exclusive 
measurements

Assume theory
LQCD uncertainty 
improves 



Conclusion
• Belle II has begun but 

there is a long way to 
go to 50 ab1
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Conclusion
• Belle II has begun but 

there is a long way to 
go to 50 ab1

• Precise measurements 
of 1, 3 and Vxb will 
be made with sample

• Many interesting 
results to appear prior 
to that, once the Belle 
luminosity is crossed
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Conclusion
• Belle II has begun but 

there is a long way to 
go to 50 ab1

• Precise measurements 
of 1, 3 and Vxb will 
be made with sample

• Many interesting 
results to appear prior 
to that, once the Belle 
luminosity is crossed

• What will the UT look 
like in 2027……
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BACKUP
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Belle
• Operation from 1999 to 

2010 

• 𝑒+𝑒− → Υ 4𝑆 → 𝐵  𝐵 for 
CKM measurements

• Asymmetric energy to allow 
time-dependent 
measurements

• Coherent production of 𝐵0𝐵0

• Low multiplicity

• Detectors with good tracking, 
PID and calorimetry 
• plus  hermeticity for full  

event reconstruction/tagging 
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Tracking performance - 2019
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Tracking performance - 2019
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=

Tracking performance - 2019



Super KEKB performance
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Ohnishi-san eeFACT, HKUST



Super KEKB performance
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Ohnishi-san eeFACT, HKUST



Super KEKB performance
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Ohnishi-san eeFACT, HKUST


