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SuperB,	
  Belle-­‐II	
  	
  
and	
  the	
  Flavour	
  
or	
  	
  why	
  are	
  we	
  s9ll	
  looking	
  for	
  flavour	
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SuperB	
  and	
  Belle-­‐II	
  
•  We	
  have	
  been	
  proposing	
  for	
  years	
  the	
  SuperB	
  project	
  as	
  a	
  

tool	
  complementary	
  to	
  LHC	
  to	
  explore	
  new	
  physics	
  
•  The	
  SuperB	
  project	
  was	
  beGer	
  than	
  Belle-­‐II,	
  at	
  least	
  on	
  paper,	
  

but	
  Belle-­‐II	
  has	
  an	
  outstanding	
  physics	
  program	
  

•  Ques9ons	
  are:	
  
	
  
o  Are	
  KEK-­‐B	
  and	
  SuperB	
  	
  discovery	
  machines	
  in	
  the	
  LHC	
  era	
  ?	
  
o  Why	
  is	
  a	
  high	
  luminosity	
  required	
  ?	
  
o  Why	
  LHCb	
  is	
  not	
  enough	
  for	
  flavor	
  studies	
  ?	
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2-­‐way	
  street	
  to	
  New	
  Physics	
  

5 

Relativistic path Quantum path
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Why	
  flavour	
  physics	
  
1. Explore	
  the	
  origin	
  of	
  CP	
  viola9on	
  

o Key	
  element	
  for	
  understanding	
  the	
  maGer	
  content	
  of	
  our	
  
present	
  universe	
  	
  

o Established	
  in	
  the	
  B	
  meson	
  in	
  2001	
  

o Direct	
  CPV	
  established	
  in	
  B	
  mesons	
  in	
  2004	
  

2. Precisely	
  measure	
  parameters	
  of	
  the	
  standard	
  model	
  

o For	
  example	
  the	
  elements	
  of	
  the	
  CKM	
  quark	
  mixing	
  matrix	
  

o Disentangle	
  the	
  complicated	
  interplay	
  between	
  weak	
  
processes	
  and	
  strong	
  interac9on	
  effects	
  

3. Search	
  for	
  the	
  effects	
  of	
  physics	
  beyond	
  the	
  standard	
  
model	
  in	
  loop	
  diagrams	
  

o Poten9ally	
  large	
  effects	
  on	
  rates	
  of	
  rare	
  decays,	
  9me	
  
dependent	
  asymmetries,	
  lepton	
  flavour	
  viola9on,	
  …	
  

o Sensi9ve	
  even	
  to	
  large	
  New	
  Physics	
  scale,	
  as	
  well	
  as	
  to	
  phases	
  
and	
  size	
  of	
  NP	
  coupling	
  constants	
  

Statistics 
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Future	
  Super	
  B	
  Factories	
  

SuperB	
  	
   Super	
  KEKB	
  

Peak	
  Luminosity	
   >1036	
   0.8	
  x	
  1036	
  

Integrated	
  
Luminosity	
   75	
  ab-­‐1	
   50	
  ab-­‐1	
  

Site	
   Green	
  Field	
   KEKB	
  Laboratory	
  

Collisions	
   mid	
  2016	
   2015	
  

Polariza9on	
   80%	
  electron	
  beam	
   No	
  

Low	
  energy	
  
running	
   1035	
  @	
  charm	
  threshold	
   No	
  

Approval	
  status	
   Approved	
   Approved	
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Power	
  of	
  Intensity	
  
"   Precision	
  measurements	
  in	
  the	
  flavour	
  sector	
  are	
  sensi9ve	
  to	
  New	
  

Physics	
  (NP)	
  
"   Intereference	
  effects	
  in	
  known	
  processes	
  
"   SM	
  Rare	
  or	
  forbidden	
  decays	
  

"   NP	
  effects	
  are	
  controlled	
  by	
  
"   NP	
  scale	
  Λ	
  and	
  effec9ve	
  couplings:	
  C	
  

"   Different	
  coupling	
  intensity	
  (different	
  interac9ons)	
  
"   Different	
  paGerns	
  (e.g.	
  because	
  of	
  simmetries)	
  

"   With	
  	
  5	
  to	
  10	
  x	
  1010	
  bb,	
  cc,	
  ττ	
  pairs	
  (50-­‐100	
  ab-­‐1)	
  one	
  can:	
  

LHC does not find NP(Λ) 
• Look	
  for	
  indirect	
  NP	
  signals	
  
• Connect	
  them	
  to	
  models	
  
• Exclude	
  regions	
  in	
  parameters	
  
space	
  

LHC finds NP(Λ) 
• Determine	
  detailed	
  structure	
  of	
  
couplings	
  of	
  NP	
  	
  

• Look	
  for	
  heavier	
  states	
  
• Study	
  NP	
  flavour	
  structure	
  

Some	
  channels,	
  such	
  as	
  the	
  LFV	
  decays	
  of	
  τ	
  are	
  unambiguous	
  signals	
  of	
  NP	
  

L~1034 cm-2 s-1 ↔  EW scale ~100GeV 
L~1036 cm-2 s-1 ↔        TeV scale 22/5/2013 F.Forti: Belle-II 



Cross	
  sec9on	
  is	
  not	
  everything	
  

B-­‐Beam	
  Method	
  
•  Fully	
  reconstruct	
  one	
  the	
  two	
  Bs	
  in	
  

hadronic	
  modes	
  
o  High	
  efficiency:	
  a	
  few	
  per	
  mille	
  
o  >	
  107	
  recoil	
  Bs	
  in	
  10ab-­‐1	
  

•  Obtain	
  a	
  pure	
  B	
  Beam	
  on	
  	
  
the	
  other	
  side	
  
o  High	
  purity	
  sample	
  
o  Can	
  look	
  at	
  channels	
  with	
  a	
  lot	
  of	
  

missing	
  energy.	
  
o  For	
  example	
  BR(Bànothing)	
  

measured.	
   Recoil kinematics well known 
Recoil flavor and charge is determined 

•  Hadron machines do have the advantage of an enormously larger B 
production cross section,     ….BUT…!

•  SuperB has a super-easy ½ track trigger!
•  Initial state is coeherent, allowing interference measurements!
•  SuperB can do τ physics.!
•  Has access to states with a loss of missing energy!
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Bu,d	
  physics:	
  Rare	
  Decays	
  
•  Example:	
  

o  Rate	
  modified	
  by	
  presence	
  of	
  H+	
  	
  

SM NP
H

SM

r +=
B
B

B± → �±ν

Currently	
  the	
  inclusive	
  b	
  to	
  sγ	
  
channel	
  excludes	
  mH+	
  <	
  295	
  
GeV/c2.	
  
	
  
The	
  current	
  combined	
  limit	
  
places	
  a	
  stronger	
  constraint	
  than	
  
direct	
  searches	
  from	
  the	
  LHC	
  for	
  
the	
  next	
  few	
  years.	
  

10 22/5/2013 F.Forti: Belle-II 
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Leptonic decay B !  l !

tan "

M
(H

+
)(

Te
V

)

2 ab-1 10 ab-1 75 ab-1

Exclusion regions @ 2! in case of no-signal

Today some >2# discrepancy..

SuperB -75ab-1

MH~1.2-2.5 TeV

for tan"~30-60



Charged	
  Lepton	
  Flavour	
  Viola9on	
  (LFV)	
  

•  ν	
  mixing	
  leads	
  to	
  a	
  low	
  level	
  of	
  charged	
  LFV	
  (B~10−54).	
  
o  Enhancements	
  to	
  observable	
  levels	
  are	
  possible	
  with	
  new	
  physics	
  scenarios.	
  
o  Searching	
  for	
  transi9ons	
  from	
  3rd	
  genera9on	
  to	
  2nd	
  and	
  1st,	
  i.e.	
  

	
   	
   	
  	
  	
  	
   	
   	
  and	
  

	
  

Almost	
  two	
  orders	
  of	
  magnitude	
  
improvement	
  at	
  SuperB(Belle-­‐II)	
  
over	
  current	
  limits.	
  	
  
Ø x80	
  for	
  background-­‐free	
  
channels	
  (3	
  leptons)	
  
Ø x10	
  for	
  channels	
  with	
  
irreducible	
  backgrounds	
  (µγ)	
  

Ø Hadron	
  machines	
  are	
  not	
  
compe99ve	
  with	
  e+e−	
  machines	
  
for	
  this.	
  

τ → µ τ → e

11 22/5/2013 F.Forti: Belle-II 



•  s	
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Comparison	
  

•  Luminosity	
  
assump9ons	
  

•  Belle-­‐II:	
  50ab-­‐1	
  
•  LHCb:	
  10ab-­‐1	
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SuperKEKB	
  
the	
  path	
  to	
  high	
  luminosity.	
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SuperKEKB and Belle II 
à Major upgrade of  
              KEKB and Belle 
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Machine design parameters 

parameters 
KEKB SuperKEKB 

units 
LER HER LER HER 

Beam energy Eb 3.5 8 4 7 GeV 

Half crossing angle φ 11 41.5 mrad 

Horizontal emittance εx 18 24 3.2 4.6 nm 

Emittance ratio κ	
   0.88 0.66 0.37 0.40 % 

Beta functions at IP βx*/
βy* 1200/5.9 32/0.27 25/0.30 mm 

Beam currents Ib 1.64 1.19 3.60 2.60 A 

beam-beam parameter ξy 0.129 0.090 0.0881 0.0807 
Luminosity L 2.1 x 1034 8 x 1035 cm-2s-1 

• 	
  Nano-­‐beams	
  and	
  a	
  factor	
  of	
  two	
  more	
  beam	
  current	
  	
  to	
  increase	
  luminosity	
  	

•  Large	
  crossing	
  angle	
  
• 	
  Change	
  beam	
  energies	
  to	
  solve	
  the	
  problem	
  of	
  short	
  life9me	
  for	
  the	
  LER	
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e-­‐	
  2.6	
  A	
  

e+	
  3.6	
  A	
  

To obtain x40 higher luminosity	


Colliding	
  bunches	
  

Damping	
  ring	
  

Low	
  emiGance	
  gun	
  

Positron	
  source	
  

New	
  beam	
  pipe	
  
&	
  bellows	
  

Belle	
  II	
  

New	
  IR	
  

TiN-­‐coated	
  beam	
  pipe	
  with	
  
antechambers	
  

Redesign	
  the	
  lasces	
  of	
  HER	
  &	
  LER	
  
to	
  squeeze	
  the	
  emiGance	
  	
  

Add	
  /	
  modify	
  RF	
  systems	
  
for	
  higher	
  beam	
  current	
  

New	
  positron	
  target	
  /	
  
capture	
  sec9on	
  

New	
  superconduc9ng	
  /
permanent	
  final	
  focusing	
  	
  
quads	
  near	
  the	
  IP	
  

Low	
  emiGance	
  electrons	
  
to	
  inject	
  

Low	
  emiGance	
  positrons	
  
to	
  inject	
  

Replace	
  short	
  	
  dipoles	
  
with	
  longer	
  ones	
  (LER)	
  

KEKB to SuperKEKB	
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Installing the 4 m long LER dipole 
over the 6 m long HER dipole 
(remains in place). 

All 100 4 m long dipole 
magnets have been 
successfully installed in 
the low energy ring 
(LER)! 
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 Fabrication of the LER arc beam pipe section is completed 

Entirely new LER beam pipe with  
ante-chamber and Ti-N coating 
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Damping ring: construction started in Jan 2012 

e+	


primary e-	


 Damping Ring 	


3.5GeV	


•  Fabrica9on	
  of	
  accelerator	
  components	
  
ongoing.	
  

•  Buildings	
  will	
  be	
  constructed	
  in	
  
JFY2012-­‐13	
  awer	
  the	
  tunnel	
  is	
  
completed	
  	
  

•  Damping	
  ring	
  will	
  be	
  completed	
  by	
  the	
  
end	
  of	
  JFY2014.	
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21�

Depends	
  on	
  opera>on	
  budget	
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Belle-­‐II	
  
the	
  path	
  to	
  high	
  sensi9vity.	
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Belle	
  II	
  Detector	
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electrons	
  	
  (7GeV)	


positrons	
  (4GeV)	


KL	
  and	
  muon	
  detector:	
  
Resis9ve	
  Plate	
  Counter	
  (barrel	
  outer	
  layers)	
  
Scin9llator	
  +	
  WLSF	
  +	
  MPPC	
  (end-­‐caps	
  ,	
  inner	
  2	
  
barrel	
  layers)	


Par9cle	
  Iden9fica9on	
  	
  
Time-­‐of-­‐Propaga9on	
  counter	
  (barrel)	
  
Prox.	
  focusing	
  Aerogel	
  RICH	
  (fwd)	
  

Central	
  Driw	
  Chamber	
  
He(50%):C2H6(50%),	
  small	
  cells,	
  long	
  lever	
  
arm,	
  	
  fast	
  electronics	
  

EM	
  Calorimeter:	
  
CsI(Tl),	
  waveform	
  sampling	
  (barrel)	
  
Pure	
  CsI	
  +	
  waveform	
  sampling	
  (end-­‐caps)	
  

Vertex	
  Detector	
  
2	
  layers	
  DEPFET	
  +	
  4	
  layers	
  DSSD	
  

Beryllium	
  beam	
  pipe	
  
2cm	
  diameter	
  



Belle II Detector (in comparison with Belle)	
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SVD:	
  4	
  DSSD	
  lyrs	
  g	
  2	
  DEPFET	
  lyrs	
  +	
  4	
  DSSD	
  lyrs	
  
CDC:	
  small	
  cell,	
  long	
  lever	
  arm	
  
ACC+TOF	
  g	
  TOP+A-­‐RICH	
  
ECL:	
  waveform	
  sampling	
  (+pure	
  CsI	
  for	
  endcaps)	
  
KLM:	
  RPC	
  g	
  Scintillator	
  +MPPC	
  (endcaps,	
  barrel	
  inner	
  2	
  lyrs)	
 



Vertex	
  Detector	
  
2	
  layers	
  DEPFET	
  +	
  4	
  layers	
  DSSD	
  

Belle II Detector – vertex region	
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Beryllium	
  beam	
  pipe	
  
2cm	
  diameter	
  



Vertex Detector	
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DEPFET	
  sensor:	
  very	
  good	
  S/N	


Beam	
  Pipe 	
   	
  r	
  =	
  10mm	
  
DEPFET	
  

	
  Layer	
  1	
  r	
  =	
  14mm	
  
	
  Layer	
  2	
  r	
  =	
  22mm	
  

DSSD	
  
	
  Layer	
  3	
  r	
  =	
  	
  38mm	
  	
  
	
  Layer	
  4	
  r	
  =	
  	
  80mm	
  
	
  Layer	
  5	
  r	
  =	
  115mm	
  
	
  Layer	
  6	
  r	
  =	
  140mm	


Mechanical	
  mockup	
  of	
  pixel	
  detector	


DEPFET	
  pixel	
  sensor	


DEPFET: 
http://aldebaran.hll.mpg.de/twiki/bin/view/DEPFET/WebHome	




Vertex Detector	
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Beam	
  Pipe 	
   	
  r	
  =	
  10mm	
  
DEPFET	
  

	
  Layer	
  1	
  r	
  =	
  14mm	
  
	
  Layer	
  2	
  r	
  =	
  22mm	
  

DSSD	
  
	
  Layer	
  3	
  r	
  =	
  	
  38mm	
  	
  
	
  Layer	
  4	
  r	
  =	
  	
  80mm	
  
	
  Layer	
  5	
  r	
  =	
  115mm	
  
	
  Layer	
  6	
  r	
  =	
  140mm	


Double	
  sided	
  silicon	
  strip	
  detector	
  with	
  APV25	
  
read	
  out,	
  rectangular	
  (Hamamatsu)	
  and	
  
trapezoidal	
  sensors	
  (Micron)	


DEPFET: 
http://aldebaran.hll.mpg.de/twiki/bin/view/DEPFET/WebHome	




Central	
  Driw	
  Chamber	
  
He(50%):C2H6(50%),	
  small	
  cells,	
  long	
  lever	
  
arm,	
  	
  fast	
  electronics	
  

Main tracking device: small cell drift chamber 

      Status: drift chamber wires are being strung.   22/5/2013 F.Forti: Belle-II 28 



Aerogel radiator	

Hamamatsu HAPD + readout	


Barrel	
  PID:	
  Time	
  of	
  Propaga9on	
  Counter	
  (TOP)	


Aerogel radiator 

Hamamatsu HAPD 
+ new ASIC 

Cherenkov photon 
200mm 

n~1.05 

Endcap	
  PID:	
  Aerogel	
  RICH	
  (ARICH)	


200 

Particle Identification Devices 

22/5/2013 F.Forti: Belle-II 29 

Quartz radiator 
Focusing mirror 

Small expansion block 
Hamamatsu MCP-PMT (measure t, x and y) 



•  Cherenkov ring imaging with precise time measurement. 
•  Device uses internal reflection of Cerenkov ring images 

from quartz like the BaBar DIRC 
•  Reconstruct Cherenkov angle from two hit coordinates 

and the time of propagation of the photon  
–  Quartz radiator (2cm)  
–  Photon detector (MCP-PMT)‏ 

•  Good time resolution ~ 40 ps 
•  Single photon sensitivity in 1.5 T field 
•  Hamamatsu SL10  

 

Barrel	
  PID:	
  Time	
  of	
  propaga9on	
  (TOP)	
  counter	
  

22/5/2013 F.Forti: Belle-II 30 



TOP image 
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Pattern in the 
coordinate-time space 
(‘ring’) of a pion 
hitting a quartz bar 
with ~80 MAPMT 
channels 

 

 

Time distribution of 
signals recorded by 
one of the PMT 
channels: different for 
π and K (~shifted in 
time) 



Aerogel	


Hamamatsu HAPD 

Clear Cherenkov image observed	


Aerogel	
  RICH	
  (endcap	
  PID)	


22/5/2013 F.Forti: Belle-II 32 

Test Beam setup	


Cherenkov angle distribution	


6.6 σ π/K at 4GeV/c !	


RICH with a novel 
“focusing” radiator – 
a two layer radiator  

Employ	
  multiple	
  layers	
  with	
  
different	
  refractive	
  indicesà	
  
Cherenkov	
  images	
  from	
  
individual	
  layers	
  overlap	
  on	
  the	
  
photon	
  detector.	
  	
  



4cm aerogel single index 

2+2cm aerogel  

Focusing configuration – data 

22/5/2013 F.Forti: Belle-II 33 àNIM A548 (2005) 383  

Increases the number of photons without degrading the resolution 



EM	
  Calorimeter:	
  
CsI(Tl),	
  waveform	
  sampling	
  (barrel)	
  
Pure	
  CsI	
  +	
  waveform	
  sampling	
  (end-­‐caps)	
  

Belle II Detector	
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EM calorimeter: upgrade needede because of higher rates and radiation load   
(barrel: electronics, endcap: electronics and CsI(Tl) à pure CsI) 



KL	
  and	
  muon	
  detector:	
  
Resis9ve	
  Plate	
  Counter	
  (barrel)	
  
Scin9llator	
  +	
  WLSF	
  +	
  MPPC	
  (end-­‐caps	
  +	
  barrel	
  2	
  inner	
  layers)	


Belle II Detector	
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Ρ 50Ω	



hv	



Ubias 
 

Depletion 
Region 
2 µm Substrate 

Detection of muons and KLs: Parts of the present RPC system 
have to be replaced to handle higher backgrounds (mainly from 
neutrons). 



Muon detection system upgrade in the endcaps 	


•  Two independent (x and y) layers in one superlayer made of 
orthogonal strips with WLS read out 

•  Photo-detector = avalanche photodiode in Geiger mode (SiPM)  
•  ~120 strips in one 90º sector  

 (max L=280cm, w=25mm) 
•  ~30000 read out channels 
•  Geometrical acceptance > 99%  

22/5/2013 Φ.Φορτι: Βελλε-ΙΙ	

 36 
2008/2/28 Toru Iijima, INSTR08 @ BINP, Novosibirsk 36 Strips: polystyrene with 1.5% PTP & 0.01% POPOP Diffusion reflector (TiO2) 

WLS: Kurarai Y11 ∅1.2 mm GAPD 

Mirror 3M (above  
groove & at fiber end) 

Iron plate 

Aluminium frame 

x-strip 
plane 

y-strip 
plane 

Optical glue increases the 
light yield by ~ 1.2-1.4) 

Scintillator-based KLM (endcap)	




SuperKEKB/Belle	
  II	
  Status	


•  Not	
  enough	
  money	
  for	
  forward	
  and	
  backward	
  calorimeter	
  cristal	
  
replacement	
  for	
  Day	
  1	
  

•  Fwd/Bwd	
  ECL	
  replacement	
  needed	
  for	
  full	
  luminosity	
  opera9on	
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Funding	
  
•  ~100	
  MUS	
  for	
  machine	
  approved	
  in	
  2009	
  -­‐-­‐	
  Very	
  Advanced	
  Research	
  Support	
  

Program	
  (FY2010-­‐2012)	
  
•  Full	
  approval	
  by	
  the	
  Japanese	
  government	
  in	
  December	
  2010;	
  the	
  project	
  was	
  

finally	
  in	
  the	
  JFY2011	
  budget	
  as	
  approved	
  by	
  the	
  Japanese	
  Diet	
  end	
  of	
  March	
  
2011	
  

•  Most	
  of	
  non-­‐Japanese	
  funding	
  agencies	
  have	
  also	
  already	
  allocated	
  sizable	
  
funds	
  for	
  the	
  upgrade	
  of	
  the	
  detector.	
  

	
  
àconstruc9on	
  started	
  in	
  2010!	
  
	
  
Fortunately	
  liGle	
  damage	
  during	
  the	
  March	
  2011	
  earthquake	
  à	
  no	
  delay	
  



Calendar�

Japan FY � ・・�
・・・�

SuperKEKB/Belle II schedule �

KEKB �
operation�

SuperKEKB construction �

�
SuperKEKB operation �

Upgraded Linac operation �
for SuperKEKB, PF, PF-AR �Linac�

Belle II roll in�
QCS install �Belle roll out �

2010� 2011� 2012� 2013� 2014� 2015� 2016� 2017�

2010� 2011� 2012� 2013� 2014� 2015� 2016� 2017�

Detector upgrade to Belle II �

Dismantling KEKB�

Fabrication and tests of ring components�

Install and set up�

DR tunnel �

MR & DR 
buildings�

Electricity and 
cooling facility �

Linac upgrade / operation for PF&PF-AR �

Feb. 2013� Jan. 2015�

Accelerator tuning �
BEAST�

VXD install �

Physics run �
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452 physicists, 70 institutions, 20 countries 
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Italian	
  Par9cipa9on	
  
or	
  capitalize	
  on	
  exper9se.	
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SuperB	
  groups	
  evolu9on	
  
•  The	
  SuperB	
  group	
  was	
  large	
  and	
  

ac9ve.	
  
•  Many	
  R&D	
  ac9vi9es	
  and	
  a	
  lot	
  

design	
  work.	
  
•  Added	
  value	
  of	
  a	
  very	
  friendly	
  and	
  

effec9ve	
  collabora9on	
  
•  Special	
  effort	
  to	
  keep	
  the	
  

collabora9on	
  together	
  to	
  
capitalize	
  on	
  previous	
  work	
  

•  Not	
  easy	
  to	
  move	
  such	
  a	
  large	
  and	
  
strong	
  group	
  into	
  an	
  exis9ng	
  
collabora9on	
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•  People	
  who	
  joined	
  SuperB	
  from	
  LHC	
  experiments	
  went	
  back	
  
•  The	
  other	
  groups	
  mostly	
  are	
  joining	
  Belle-­‐II	
  and	
  LHCb.	
  

o  Physics	
  interest	
  is	
  domina9ng	
  the	
  choice	
  
o  Support	
  by	
  INFN	
  to	
  differen9ate	
  ac9vi9es	
  



Belle-­‐II	
  opportuni9es	
  
•  We	
  had	
  various	
  mee9ng	
  with	
  Belle-­‐II	
  collabora9on.	
  
•  Very	
  open	
  and	
  posi9ve	
  about	
  our	
  joining.	
  
•  Many	
  opportuni9es	
  to	
  contribute	
  even	
  in	
  a	
  experiment	
  during	
  

construc9on	
  phase.	
  
•  Iden9fied	
  possible	
  contribu9ons	
  from	
  italian	
  groups	
  in:	
  

o  Vertex	
  detector	
  
o  Par9cle	
  iden9fica9on	
  
o  Electromagne9c	
  calorimeter	
  
o  Compu9ng	
  
o  Sowware	
  development	
  
o  Physics	
  analysis	
  

•  Specific	
  responsibili9es	
  are	
  s9ll	
  in	
  discussion.	
  
•  Many	
  other	
  opportuni9es	
  exist	
  for	
  addi9onal	
  contribu9ons.	
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Par9cle	
  iden9fica9on	
  
•  Torino,	
  Bari,	
  Padova	
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TOP 
•  Calibration system 

o  Laser and fiber optics 
o  Laser operation system 
o  Online calibration 

•  Environment monitor 
•  Software work collaborating with Ljubljana 

o  Convertion from raw data to reconstruction level 
o  Applying calibration constant 
o  Alignment scheme 
o  Database handling 

•  Power supply 
•  Cooling system 

ARICH 
•  mirror system (planar mirrors at the edge of acceptance) 
•  low voltage power supplies for read-out electronics 
•  quality assessment (cross check) of (a few) selected HAPD 
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Electromagne9c	
  Calorimeter	
  
•  Perugia,	
  Roma3,	
  Napoli,	
  Frasca9,	
  Casaccia	
  (Roma1)	
  
•  For	
  day	
  one	
  sowware	
  ac9vi9es	
  

o  Simula9on	
  
o  Calibra9on	
  sowware	
  

•  For	
  phase	
  2	
  (2017-­‐2018)	
  
o  Contribu9on	
  to	
  endcap	
  construc9on	
  (expensive	
  pure	
  CsI)	
  
o  Possibility	
  of	
  one	
  complete	
  endcap	
  module	
  
o  Possibile	
  contribu9on	
  to	
  electronics	
  
o  Detailed	
  plan	
  will	
  depend	
  on	
  available	
  resources	
  

•  R&D	
  
o  R&D	
  for	
  different	
  solu9ons	
  	
  

(especially	
  for	
  backward	
  endcap)	
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Compu9ng	
  
•  Torino,	
  Bari,	
  Napoli,	
  Pisa	
  
•  Amount	
  of	
  needed	
  resources	
  s9ll	
  not	
  fully	
  understood	
  

o  Probably	
  underes9mated	
  

•  Contribu9on	
  in	
  terms	
  of	
  compu9ng	
  resources	
  
o  In	
  the	
  Tier	
  centers	
  and	
  in	
  PON-­‐RECAS	
  infrastructure	
  

•  Contribu9on	
  for	
  infrastrustructure	
  management	
  and	
  
distributed	
  framework	
  
o  Extensive	
  experience	
  in	
  SuperB	
  can	
  be	
  exported	
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Vertex	
  Detector	
  
•  Pisa,	
  Trieste	
  
Trieste:	
  
•  Contribu9on	
  to	
  silicon	
  detector	
  tes9ng	
  

•  Not	
  yet	
  clear	
  whether	
  sample	
  tes9ng	
  of	
  
produc9on	
  tes9ng	
  

•  Environmental	
  monitoring	
  
•  Radia9on	
  monitoring	
  

o  Take	
  advantage	
  of	
  development	
  funded	
  in	
  
SuperB	
  for	
  diamond	
  detectors	
  with	
  fast	
  
remote	
  readout	
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Vertex	
  Detector	
  
•  Pisa:	
  contribu9on	
  to	
  assembly	
  of	
  strip	
  detector	
  modules	
  

o  On	
  cri9cal	
  path	
  
o  Assemble	
  the	
  forward	
  and	
  backward	
  sensors	
  of	
  layer	
  4,5,6	
  
o  Ship	
  to	
  other	
  assembly	
  sites	
  (Melbourne,	
  Vienna,	
  IPMU	
  Tokyo)	
  
o  Par9cipate	
  in	
  overall	
  mechanical	
  design	
  and	
  assembly	
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Origami -z
Origami ce

Origami +z

Airex

DSSDs

Pitch adapters
for bottom strips CF ribs

Pitch adapters and readout PCB
of the backward edge sensor

Pitch adapters and 
readout PCB of the 

forward edge sensor



Asvità	
  di	
  assemblaggio	
  a	
  Pisa	
  
•  Ricezione,	
  ispezione	
  e	
  test	
  componen9	
  

o  Sensori,	
  pitch	
  adapter	
  (PA)	
  –	
  solo	
  ispezione	
  
o  Ibridi	
  –	
  ispezione	
  e	
  test	
  

•  Incollaggi	
  
o  PA	
  a	
  sensore	
  e	
  a	
  ibrido	
  –	
  procedure	
  da	
  definire	
  
o  Necessario	
  studio	
  su	
  tecnica	
  di	
  incollaggio	
  

•  Microsaldatura	
  
o  Su	
  due	
  livelli	
  con	
  pitch	
  45um	
  
o  Da	
  fare	
  in	
  due(phi)	
  +	
  due(z)	
  fasi	
  con	
  test	
  intermedio	
  
o  Canali	
  con	
  problemi	
  da	
  non	
  conneGere	
  (o	
  staccare)	
  

•  Test	
  finale	
  
o  Teststand,	
  laser,	
  sorgente	
  
o  Forse	
  da	
  fare	
  burn-­‐in,	
  ma	
  non	
  ancora	
  definito	
  	
  

•  Spedizione	
  
o  Sistema	
  di	
  trasporto	
  da	
  definire	
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Scala	
  temporale	
  
•  La	
  scala	
  temporale	
  è	
  vicina,	
  ma	
  umana	
  
•  Entro	
  il	
  2013	
  

o  Design	
  dei	
  jig	
  
o  Costruzione	
  del	
  primo	
  modulo	
  completo	
  meccanico	
  

•  Febbraio	
  2014	
  
o  Inizio	
  assemblaggio	
  di	
  produzione	
  

•  Periodo	
  di	
  produzione	
  
o  Nell’ipotesi	
  più	
  osmista	
  (8+8):	
  6-­‐7	
  mesi	
  
o  Più	
  realis9camente	
  (6+6):	
  8-­‐9	
  mesi	
  

•  Fine	
  2014	
  
o  Conclusione	
  assemblaggio	
  a	
  Pisa	
  

•  Poi	
  	
  
o  Assemblaggio	
  dei	
  ladder	
  
o  Da	
  metà	
  2015	
  -­‐	
  montaggio	
  dei	
  ladder	
  sulla	
  struGura	
  meccanica	
  a	
  KEK	
  

•  Si	
  è	
  svolto	
  il	
  17/5	
  un	
  Incontro	
  con	
  il	
  gruppo	
  Alte	
  Tecnologie	
  per	
  valutare	
  la	
  
compa9bilità	
  
o  Non	
  sembrano	
  esserci	
  grosse	
  difficoltà	
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Opzioni	
  
•  Power	
  supplies	
  

o  Interessante	
  sia	
  per	
  VXD	
  sia	
  per	
  PID,	
  per	
  le	
  possibili	
  ricadute	
  
sull’industria	
  italiana	
  

•  Maggiore	
  contributo	
  nella	
  costruzione	
  del	
  calorimetro	
  
o  Dipende	
  fortemente	
  dalle	
  risorse	
  disponibili	
  

•  Contributo	
  per	
  i	
  layer	
  PXD	
  1-­‐2	
  
o  Il	
  progeGo	
  DEPFET	
  è	
  molto	
  ambizioso	
  e	
  un	
  po’	
  marginale.	
  	
  

•  Potrebbe	
  essere	
  in	
  ritardo	
  per	
  le	
  difficoltà	
  di	
  produzione	
  
•  Potrebbe	
  non	
  avere	
  la	
  performance	
  richiesta	
  a	
  causa	
  dei	
  background	
  e	
  
della	
  complessità	
  del	
  sistema	
  

o  Possibilità	
  di	
  (ma	
  sono	
  tuGe	
  da	
  capire)	
  
•  Costruire	
  un	
  layer	
  a	
  striplets	
  con	
  APV25	
  da	
  inserire	
  in	
  caso	
  di	
  ritardo	
  
•  Concludere	
  l’R&D	
  su	
  INMAPS	
  iniziato	
  in	
  SuperB	
  in	
  modo	
  da	
  proporre	
  un	
  
sistema	
  a	
  pixel	
  veloci	
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Belle-­‐II	
  Pisa	
  

•  Circa	
  8-­‐10	
  persone	
  con	
  4	
  FTE	
  
•  Mantenuta	
  partecipazione	
  in	
  

Babar	
  
•  Apertura	
  anche	
  di	
  un	
  progeGo	
  di	
  

CNS5	
  

•  Risorse	
  di	
  sezione	
  ancora	
  da	
  
quan9ficare	
  esaGamente	
  

	
  
•  Laboratori	
  puli9	
  e	
  gruppo	
  alte	
  

tecnologie	
  
•  ProgeGazione	
  ed	
  officina	
  
•  EleGronica	
  (opzioni)	
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(Ancora	
  qualche	
  incertezza)	
  
o  Angelini	
  	
  
o  Ba9gnani	
  	
  
o  BeGarini	
  	
  
o  Casarosa	
  	
  
o  (Fella)	
  	
  
o  For9	
  	
  
o  Giorgi	
  	
  
o  (Lusiani)	
  	
  
o  (Oberhof)	
  	
  
o  Paoloni	
  	
  
o  (Perez	
  Perez)	
  	
  
o  Rizzo	
  
o  Walsh	
  à	
  LHCb	
  
	
  



Belle-­‐II	
  Italia	
  
•  Numeri	
  ancora	
  da	
  verificare	
  

•  Risorse	
  finanziarie	
  necessarie	
  compa9bili	
  con	
  un	
  budget	
  
costante	
  di	
  CSN1.	
  
o  Piano	
  finanziario	
  globale	
  verrà	
  presentato	
  in	
  CSN1	
  il	
  3	
  giugno	
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CSN1:	
  Tempi	
  e	
  sigle	
  
•  A	
  gennaio	
  2013	
  le	
  assegnazioni	
  di	
  SuperB	
  sono	
  state	
  per	
  la	
  

maggior	
  parte	
  riprese	
  dalla	
  commissione,	
  lasciando	
  solo	
  poco	
  
metabolismo	
  

•  3	
  giugno:	
  presentazione	
  proposta	
  Belle-­‐II	
  alla	
  CSN1	
  ed	
  
approvazione	
  di	
  massima	
  

•  4-­‐7	
  luglio:	
  Belle2	
  General	
  Mee9ng	
  dove	
  fare	
  l’applica9on	
  e	
  
diventare	
  formalmente	
  membri	
  della	
  collaborazione	
  

•  15	
  luglio:	
  assegnazione	
  (su	
  sigla	
  P-­‐SuperB)	
  dei	
  fondi	
  necessari	
  
per	
  arrivare	
  a	
  fine	
  2013	
  sulle	
  nuove	
  asvità	
  

•  SeGembre	
  –	
  presentazione	
  asvità	
  deGagliata	
  
•  2014	
  –	
  apertura	
  sigla	
  Belle-­‐II.	
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Outlook	
  
•  Belle-­‐II	
  at	
  SuperKEKB	
  is	
  an	
  exci9ng	
  physics	
  opportunity	
  

o  Precision	
  measurements	
  allowing	
  to	
  detect	
  discrepancies	
  from	
  the	
  
standard	
  model	
  

•  Rare	
  decay	
  measurements	
  
•  Lepton	
  flavour	
  viola9on	
  
•  CP	
  viola9on	
  in	
  Charm	
  

o  Synergic	
  and	
  complementary	
  to	
  LHC	
  program	
  
•  The	
  collabora9on	
  is	
  open	
  and	
  welcoming	
  new	
  contribu9ons	
  

o  A	
  strong	
  and	
  mo9vated	
  group	
  exists	
  in	
  Italy	
  
o  Important	
  contribu9on	
  to	
  mul9ple	
  systems	
  
o  Compa9ble	
  with	
  available	
  resources	
  

•  Ready	
  to	
  start	
  the	
  new	
  adventure	
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