
Phillip Urquijo, ARC Future Fellow & Belle II Physics Coordinator 1

Belle	
  &	
  Belle	
  II	
  Experiment

High	
  intensity	
  e+e-­‐	
  colliders 
@KEK	
  Japan	
  →	
  “Flavour	
  factories”	
  

Professor	
  Elisabetta	
  Barberio	
  

Associate	
  Professor	
  Martin	
  Sevior	
  

Professor	
  Geoffrey	
  Taylor	
  

Dr	
  Phillip	
  Urquijo*	
  (Belle	
  II	
  Physics	
  Coordinator)



Phillip Urquijo, ARC Future Fellow & Belle II Physics Coordinator 2

The	
  case	
  for	
  new	
  physics	
  @	
  Belle	
  (II)

Issues	
  (addressable	
  at	
  a	
  Flavour	
  factory)	
  

• 19	
  free	
  parameters	
  that	
  need	
  to	
  be	
  measured  
→	
  Extensions	
  of	
  SM	
  relate	
  some,	
  (GUTs)	
  

• CP	
  asymmetry	
  from	
  cosmological	
  observations.	
  	
  

• Quark	
  and	
  Lepton	
  family	
  flavour	
  &	
  mass	
  hierarchy/
spectrum	
  	
  

• No	
  candidates	
  for	
  Dark	
  Matter	
  

• Finite	
  neutrino	
  masses.

Flavour	
  phenomena	
  &	
  possible	
  absence	
  of	
  new	
  physics	
  at	
  LHC	
  point	
  to	
  
existence	
  of	
  new	
  symmetries	
  at	
  energies	
  beyond	
  the	
  LHC.
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Flavour	
  in	
  the	
  Standard	
  Model

•Why	
  3	
  sets	
  (=	
  generaZons)	
  of	
  parZcles?	
  
•How	
  do	
  they	
  differ?	
  
•How	
  do	
  they	
  interact	
  with	
  each	
  other?	
  
•Are	
  there	
  only	
  3?

strong E&M weak

g γ
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  ±
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νμ s
τ	
  − t
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leptons quarks

e− u

νe d
1st	
  generaZon

2nd	
  generaZon

3rd	
  generaZon

It	
  turns	
  out	
  there	
  
are	
  two	
  “extra”	
  

copies	
  of	
  parZcles

The Flavour Puzzle Phillip URQUIJO

What is flavour?

•Flavours = Several copies of the same 
gauge quantum charges 

•Quarks and leptons come in three flavours
(u,c,t), (d,s,b), (e,μ,τ), (ν1,ν2,ν3)
•Flavour physics = Interactions that 

distinguish among flavours

•In the SM: only the Yukawa and weak (W) interactions

•Flavour parameters = Yi (mi), Vij (W-couplings)

•Flavour changing processes: B → ψK(b →cc ̄s), K→μν...

•FCNC: B0↔anti-B0,μ→eγ,K→πνν,... 

•Flavour factories: Babar, Belle, MEG, LHCb, (CDF, D0)... 
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Cabibbo-­‐Kobayashi-­‐Maskawa	
  matrix

What have we learned?

Kobayashi and Maskawa (I)

The number of real and imaginary quark flavor parameters:

• With two generations:

2 × (4R + 4I) − 3 × (1R + 3I) + 1I = 5R + 0I

• With three generations:

2 × (9R + 9I) − 3 × (3R + 6I) + 1I = 9R + 1I

• The two generation SM is CP conserving

The three generation SM is CP violating

CP violation = a single imaginary parameter in the CKM matrix:

• LW ∼ gVij ūLidLjW−

V ≃

⎛

⎜⎜⎝

1 λ Aλ3(ρ+ iη)

−λ 1 Aλ2

Aλ3(1 − ρ+ iη) −Aλ2 1

⎞

⎟⎟⎠
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Figure 4. The relative magnitudes of quark transition amplitudes in the Standard
Model.

λ is known at the ∼ 1% level, A = 0.83 ± 0.03 is known (due to mea-
surements I will later discuss) at the ∼ 5% level, and ρ and η have larger
uncertainties.

A huge number of quark transitions is therefore determined by these
four parameters (in addition to the quark masses, gauge couplings, and
gauge boson masses), a few of which are shown in Fig. 5. The standard
model is therefore extremely predictive, and the goal of the B factories
and other precision low-energy experiments is to test these predictions as
redundantly as possible.

Figure 5. Some flavour-changing transitions.

Transitions between quarks of different charge, such as b → cℓν̄ℓ and
b → cud̄, are dominated by tree-level graphs in the SM and many of its
extensions, and therefore simply reflect the CKM hierarchy. At one loop,
however, things get more complicated. The decays denoted “FCNC” are
flavour-changing-neutral current decays, in which the transition is between
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New	
  parZcles	
  governing	
  transiZons	
  
analysed	
  through	
  quantum	
  effects!	
  -­‐	
  
Uncertainty	
  principle.
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Maler-­‐AnZMaler	
  Asymmetry

•Abundance	
  of	
  maler	
  over	
  
anZmaler,	
  Why?  
(Nbaryon–NanZbaryon)/Nγ	
  ~10-­‐10	
  

•The	
  Only	
  CP	
  violaZng	
  phase	
  in	
  
SM	
  leads	
  to	
  10-­‐17	
  ΔNB/Nγ.	
  

•We	
  should	
  not	
  be	
  here!	
  

•SoluZon?	
  extend	
  the	
  SM

C Charge	
  ConjugaZon parZcle⟺anZ-­‐parZcle

P Parity x→-­‐x,	
  y→-­‐y,z→-­‐z

T Time	
  Reversal t→-­‐t

10,000,000,001 10,000,000,000

q                  q

t=
0

t=
no

w 1	
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Brief	
  Flavour	
  physics	
  History

1964	
  Fitch	
  and	
  Cronin	
  discover	
  CP	
  
violaKon	
  (indirect	
  CP	
  in	
  K)

1973	
  CPV	
  in	
  K	
  due	
  to	
  3rd	
  
generaKon:	
  Kobayashi	
  &	
  Maskawa	
  
(not	
  a	
  new	
  force)

1970	
  Γ(K0→μμ)≪Γ(K+→μν)	
  Glashow-­‐
Iliopoulos–Maiani:	
  No	
  tree	
  level	
  FCNC	
  
⇒	
  Charm	
  inferred

1987	
  Argus	
  (DESY)	
  B	
  mixing	
    
∆mB	
  ⇒	
  mt	
  ≫	
  mW

2002	
  BABAR/Belle	
  establish	
  indirect	
  
CP	
  violaZon	
  in	
  Bd	
  mesons,	
  
confirming	
  KM	
  theory

Jonas Rademacker (University of Bristol): “Multi-generation Flavour Physics with LHCb and CLEO”, University of Sussex, 19 Nov 2009 

Nobel Prize in Physics

About Nobelprize.org  Privacy Policy  Terms of Use  Technical Support  RSS The Official Web Site of the Nobel Foundation Copyright © Nobel Web AB 2008

"for the discovery of

the mechanism of

spontaneous

broken symmetry in

subatomic physics"

"for the discovery of the origin of the

broken symmetry which predicts the

existence of at least three families of

quarks in nature"

The Nobel Prize in Physics 2008

Photo: SCANPIX Photo: Kyodo/Reuters Photo: Kyoto University

Yoichiro Nambu Makoto Kobayashi Toshihide Maskawa

 1/2 of the prize  1/4 of the prize  1/4 of the prize

USA Japan Japan

Enrico Fermi Institute,

University of Chicago

Chicago, IL, USA

High Energy Accelerator

Research Organization

(KEK)

Tsukuba, Japan

Yukawa Institute for

Theoretical Physics

(YITP), Kyoto University

Kyoto, Japan

b. 1921 b. 1944 b. 1940

Titles, data and places given above refer to the time of the award.
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U.	
  Melbourne’s	
  role	
  in	
  Flavour	
  Physics

Critical	
  Role	
  of	
  the	
  B	
  factories	
  
in	
  the	
  verification	
  of	
  the	
  KM	
  
hypothesis	
  was	
  recognised	
  
and	
  cited	
  by	
  the	
  Nobel	
  
Foundation

A	
  single	
  irreducible	
  phase	
  
in	
  the	
  weak	
  interaction	
  
matrix	
  accounts	
  for	
  most	
  
of	
  the	
  CPV	
  observed	
  in	
  
kaons	
  and	
  B’s.

2008 Nobel Prize
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Are	
  we	
  done	
  ?	
  

8

BAU:	
  Kobayashi-­‐Maskawa	
  
mechanism	
  still	
  short	
  by	
  10	
  orders	
  
of	
  magnitude	
  !!!

New	
  physics	
  amplitudes	
  10-­‐20%	
  
the	
  size	
  of	
  the	
  Standard	
  Model	
  
contributions	
  allowed	
  by	
  data

(Didn’t	
  the	
  B	
  factories	
  accomplish	
  their	
  mission,	
  recognized	
  by	
  the	
  
2008	
  Nobel	
  Prize	
  in	
  Physics	
  ?)
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New	
  Physics	
   
“DNA	
  Chip”

Split fermions in large extra dimensions

Universal extra dimensions
Universal extra dimensions

KK graviton exchange

mSUGRA (moderate tan )b
mSUGRA ( large tan )b

SU(5) SUSY GUT with   nR
Effective SUSY

Bd unitarity

Time-dependent  violationCP
Rare  decaysB

Other signals

New	
  Phenomena	
  “DNA”

Flavour	
  Changing	
  Neutral	
  
Current	
  InteracZons

Precision	
  tests	
  of	
  quark	
  
interacZons

New	
  Phenomena	
  in	
  rare	
  decay	
  
processes

Search	
  for	
  lepton	
  flavour	
  
violaZon	
  (neutrino	
  mass...)
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Belle	
  →	
  Belle	
  II	
  Experiment

• Belle experiment@KEKB (1999-2010)

•B & D mesons, & τ leptons.

•Discovered CP violation in B:  

Nobel Prize to Kobayashi & Maskawa 
2008


• Belle II experiment@SuperKEKB 
(commissioning from 2015, first 
physics in 2017)

•40x collision rate

•New detector technology.


•Premier flavour experiment of the 
decade.

[400 collaborators, 15 nations]

[600+ collaborators, 23 nations/regions]
Silicon Vertex Detector: 
Melbourne built
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Belle	
  II	
  is	
  the	
  e+e-­‐	
  intensity	
  frontier

40 times higher 
luminosity

1036

KEKB

PEP-II

     

11
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Melbourne	
  team

Academics	
  
Professor	
  Elisabetta	
  Barberio	
  
Associate	
  Professor	
  Martin	
  Sevior	
  
Professor	
  Geoffrey	
  Taylor	
  
Dr	
  Phillip	
  Urquijo*	
  

 

PostDocs	
   
Dr	
  Chunhua	
  Li	
  	
  
Dr	
  Matteo	
  Volpi	
  	
  

Urquijo	
  group	
  PhD	
  Students	
  
Luis	
  Pesantez	
  
Eiasha	
  Waheed	
  
Alexander	
  Ermakov	
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Belle	
  and	
  Belle	
  II	
  Physics

• Semileptonic	
  and	
  Leptonic	
  B-­‐meson	
  Decays 
SM	
  metrology:	
  CKM	
  Quark	
  mixing	
  matrix	
  elements,	
  b-­‐quark	
  mass 
New	
  physics:	
  Charged	
  Higgs,	
  Right	
  Handed	
  Currents	
  

• CP	
  Violation	
  (Matter-­‐Antimatter	
  Asymmetries	
  in	
  the	
  Quark	
  sector) 
New	
  sources	
  of	
  CP	
  violation	
  and	
  Right	
  Handed	
  currents	
  in	
  loop	
  decays	
  of	
  b→dγ	
  and	
  
b→sγ,	
  and	
  hadronic	
  b→d	
  transitions	
  

• Dark	
  sector  
Kinetic	
  mixing	
  to	
  dark	
  photons	
  and	
  production	
  of	
  dark	
  matter	
  @	
  0.1	
  -­‐	
  10	
  GeV	
  

• Τau	
  Leptons	
  (Symmetry	
  violation	
  in	
  the	
  Lepton	
  sector)	
    
Lepton	
  Flavour	
  and	
  CP	
  Violation,	
  sensitive	
  to	
  GUT	
  scale	
  heavy	
  neutrinos	
  

• CKMFitter	
    
Full	
  phenomenological	
  analysis	
  of	
  the	
  quark	
  sector	
  and	
  key	
  areas	
  with	
  striking	
  
anomalies.
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Belle	
  II	
  Development

• Trigger	
  and	
  Data	
  acquisition	
  system 
World’s	
  highest	
  luminosity	
  accelerator,	
  30	
  kHz	
  readout	
  -­‐	
  data	
  volume	
  ~	
  LHC	
  
experiments.	
  Only	
  about	
  2%	
  of	
  all	
  events	
  will	
  be	
  of	
  interest.	
  

• Physics	
  Implications	
  of	
  the	
  Silicon	
  Vertex	
  Detector  
Commission	
  and	
  analyse	
  the	
  first	
  data	
  for	
  precision	
  CP	
  analyses.	
  (Melbourne-­‐
built.)	
  

• Data	
  mining	
  and	
  Grid-­‐based	
  physics	
  data	
  analysis  
Design	
  of	
  sophisticated	
  data-­‐mining	
  and	
  analysis	
  techniques	
  to	
  be	
  undertaken	
  
on	
  the	
  world-­‐wide	
  Belle	
  II	
  grid.	
  

• Feasibility	
  studies	
  for	
  New	
  physics	
  discoveries  
Prepare	
  for	
  Belle	
  II,	
  and	
  reveal	
  exactly	
  what	
  Belle	
  II	
  can	
  tell	
  us	
  about	
  new	
  
physics.


