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Sunto	
  

•  Introduzione:	
  la	
  fisica	
  del	
  flavour	
  
•  L’acceleratore	
  SuperKEKB	
  :	
  	
  

–  Status/Schedule/Luminosity	
  profile	
  
•  Il	
  detector	
  Belle-­‐II	
  /	
  la	
  partecipazione	
  italiana	
  
•  AJvita’	
  gruppo	
  di	
  Pisa:	
  	
  

•  SVD:	
  costruzione	
  moduli	
  
•  SW	
  Tools	
  
•  CompuPng	
  

•  Richieste	
  ai	
  servizi	
  di	
  sezione	
  	
  
•  Manpower	
  &	
  Richieste	
  INFN	
  ($)	
  
•  Conclusioni	
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SuperKEKB/Belle-­‐II	
  	
  Commissioning	
  phases	
  

•  Phase	
  1	
  
–  No	
  QCS,	
  No	
  Belle	
  II	
  solenoid	
  
–  Basic	
  machine	
  tuning;	
  Low	
  emi%ance	
  tuning	
  
–  Vacuum	
  scrubbing	
  	
  

•  Need	
  enough	
  vacuum	
  scrubbing	
  in	
  this	
  stage,	
  before	
  Belle	
  II	
  roll	
  in.	
  
•  At	
  least	
  one	
  month	
  at	
  beam	
  currents	
  of	
  0.5̃1A	
  /ring.	
  

–  DR	
  commissioning	
  starts	
  before	
  Phase	
  2.	
  

•  Phase	
  2	
  
–  with	
  QCS	
  and	
  Belle	
  II	
  (w/o	
  Vertex	
  detectors)	
  
–  Low	
  beta	
  opPcs	
  tuning;	
  	
  Small	
  x-­‐y	
  coupling	
  opPcs	
  tuning;	
  Beam	
  collision	
  tuning	
  
–  Belle	
  II	
  background	
  study	
  
–  Target	
  luminosity	
  at	
  this	
  stage	
  is	
  1	
  x	
  1034	
  cm-­‐2s-­‐1	
  

•  Phase	
  3	
  
–  Physics	
  run	
  (Vertex	
  detectors	
  installed)	
  
–  Increase	
  beam	
  currents	
  
–  Beam	
  tuning	
  conPnued	
  to	
  increase	
  luminosity	
  



A	
  target	
  luminosity	
  profile	
  of	
  SuperKEKB/Belle	
  II	
  
(by	
  K.Akai,	
  KEK	
  Accelerator	
  

May	
  13,	
  2015	
  @B2EB)	
  	
  
ab-­‐1	
  

cm-­‐2s-­‐1	
  
Assumes	
  full	
  opera-on	
  	
  
funding	
  profile	
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electron	
  	
  (7GeV)	


positron	
  (4GeV)	


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

Particle	
  Identification	
  	
  
Time-­‐of-­‐Propagation	
  counter	
  (barrel)	
  
Prox.	
  focusing	
  Aerogel	
  RICH	
  (fwd)	
  

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

EM	
  Calorimeter:	
  
CsI(Tl),	
  waveform	
  sampling	
  (baseline)	
  
(opt.)	
  Pure	
  CsI	
  for	
  end-­‐caps	
  

Vertex	
  Detector	
  
2	
  layers	
  DEPFET	
  +	
  4	
  layers	
  DSSD	
  

Beryllium	
  beam	
  pipe	
  
2cm	
  diameter	
  

Belle	
  II	
  Detector	




The	
  Belle-­‐II	
  CollaboraPon	
  
	
  

615	
  colleagues,	
  98	
  ins.tu.ons,	
  23	
  countries/regions	
  (July	
  2015)	
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Recent	
  updatesà	
  



Partecipazione	
  Italiana	
  
•  Gruppi	
  italiani	
  
perfe%amente	
  inseriP	
  
nella	
  collaborazione.	
  

•  Ruoli	
  di	
  
coordinamento	
  
–  Gruppi	
  di	
  fisica	
  
–  ReconstrucPon	
  

•  SVD,	
  TOP,	
  ECL	
  
•  Assunzione	
  di	
  
responsabilita’	
  
specifiche	
  

Rappresentante	
  nazionale:	
  G.	
  Finocchiaro	
  (LNF)	
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pβ	
  sin(θ)5/2	
  [GeV]	
  



L5@9%F@$HM@4.C&.2(&DC5$HC&B(4>$
"  aHK:M"&&'+H%?,*:&)+*+'#*"+H%6'

"  (,*^'V"3H%6'P)*I*&'K#"PP*+'6H'HPPH&)6*'&)+*'

"  \,,'IJ)P&'",)<3*+'H3'H3*'&)+*'"'&)3<,*'IHH,)3<'P)P*'-9'o'CE['MM4'

>'(*?#%"#@'ABCD'!E(#)*+,'-./0.1'2)*33"4F'829'G36#H+%I6)H3' CX'

8)+*'2)*K'
-?*,HK4'

APV25 chips
(thinned to 100!m)

3-layer kapton hybrid

 fanout for n-side (z)
DSSD

flex fanout wrapped 
to p-side (r-phi)

cooling pipeCF sandwich 
ribs

APV25
(thinned to 100!m)

support ribs

cooling pipe

Sensor
Airex

Kaptonwrapped
flex fanout

•  4	
  layers	
  with	
  silicon	
  strips	
  
(DSSD)	
  with	
  APV25	
  read	
  
out	
  	
  	
  

•  Individual	
  sensors	
  
connected	
  to	
  APV25	
  
chips,	
  to	
  reduce	
  
capaciPve	
  load	
  

L5@9%F@$N5C>C>K4($OC'3)(D$
"  8)3<,*'j#)<"M)'MH+%,*'

"  9H%?,*'j#)<"M)'MH+%,*'

>'(*?#%"#@'ABCD'!E(#)*+,'-./0.1'2)*33"4F'829'G36#H+%I6)H3' C['

•  Origami	
  chip-­‐on	
  sensor	
  for	
  central	
  sensors	
  in	
  L4-­‐5-­‐6	
  
•  Layer3	
  and	
  FW/BW	
  sensors	
  in	
  L4-­‐5-­‐6	
  have	
  more	
  convenPonal	
  

structure	
  with	
  chips	
  on	
  PCB	
  hybrid	
  



DSSD	
  backside	

Flex	


Flex	


APV25	


DSSD	


APV25	

Flex	
 The	
  backside	
  signals	
  

are	
  transmiMed	
  to	
  the	
  
APV25	
  via	
  bent	
  (and	
  
glued)	
  flex	
  circuits.	


Flex	
 Flex	


DSSD	
  front	
  side	
  with	
  APV25s	


The	
  “Origami”	
  Concept	
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Belle II SVD Overview 
•  Four DSSD layers 

–  2, 3, 4, 5 sensors (L3 to L6) 
•  Only three variants of sensor 

made from 6” wafers 
–  Large rectangular DSSD (HPK) 
–  Small rectangular DSSD (HPK) 
–  Trapezoidal DSSD (Micron)  

•  Fast readout based on  
–  APV25 chips 50ns shaping time 
–  Origami chip-on-sensor concept 
–  FPGA for pulse processing, zero-

suppression, common-mode corr., 
hit time finding 

•  Low material budget 0.6%X0 
per layer 

–  Very light mechanical structure 
–  Thin cooling pipes (CO2) 

2
0	
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Forward/Backward Assembly 

•  Produce single-sensor subassemblies of the forward and 
backward sensors.  

•  Connect sensor to pitch adapter, pitch adapter to hybrid 
•  Ship the tested sensor sub-assembly to the module assembly 

sites 

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

22 



MPC with BW mech. assembly  
under survey before shipping 
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Numeri	
  ed	
  elemenP	
  

•  Da	
  produrre	
  in	
  totale	
  47	
  forward	
  +	
  47	
  backward	
  subassemblies	
  
(inclusi	
  spares:	
  4,3,2	
  per	
  Layer	
  6,5,4)	
  

•  Ritmo	
  per	
  sostenere	
  la	
  produzione	
  dei	
  ladder:	
  	
  
–  Necessario	
  8	
  +	
  8	
  /	
  mese	
  =	
  2	
  +	
  2	
  /	
  seJmana.	
  

•  Piano:	
  
–  Per	
  assemblare	
  ciascun	
  modulo	
  ci	
  vuole	
  in	
  totale	
  circa	
  una	
  seJmana	
  

•  Incollaggi	
  –	
  2	
  giorni;	
  Microsaldatura	
  –	
  2	
  giorni;	
  Test	
  –	
  1	
  giorno	
  
–  Si	
  possono	
  tenere	
  2+2	
  moduli	
  in	
  lavorazione	
  

•  Fino	
  a	
  2	
  stazioni	
  di	
  allineamento	
  so%o	
  la	
  macchina	
  di	
  misura	
  
•  Jigs	
  sufficienP	
  per	
  mantenere	
  il	
  parallelismo	
  

•  Micro	
  saldature	
  
–  1	
  modulo	
  (fwd	
  o	
  bwd)	
  =	
  10	
  chip	
  *	
  128	
  *	
  2	
  =	
  2560	
  saldature	
  
–  A	
  regime	
  dovremmo	
  microsaldare	
  4	
  moduli/seJmana	
  =	
  circa	
  2000	
  

saldature	
  al	
  giorno	
   24	
  

Layer Radius ladders Sens/ladder Sensors RO/sensor RO1chips
6 135 16 5 80 10 800
5 104 12 4 48 10 480
4 80 10 3 30 10 300
3 38 7 2 14 12 168

172 1748



Sub-assembly procedures scheme 
Written schematically by/for the expert operators who 
developed them and who will build/test the assembly.  

25 

LEGENDA 

Il 29/5 Pisa ha superato la full 
review interna all’SVD, OK per la 
produzione dei moduli classe A. 



BW/FW sub-assembly 
developed tools  

26 

•  Multi Purpose Chuck: designed for bonding/
testing sub-assemblies in Pisa and their safe 
shipment (Z-side up). P-side up MPC are used to 
perform upside-down operation.  
•  Tranfer jigs: to safely transfer the subassembly 

•  after the the P-side gluing to the MPC, 
perform the upside-down operation and take 
that on the Z gluing jig  

•  after the Z-side gluing to the MPC 

 

•  Gluing jigs: det<->PA<->hybrid 
Required high planarity for the chucks 
Two (detector and hybrid) towers 
raising to squeeze the glue on the PA 

Glue line 

Phi-side 

Z-side 

•  Hybrid gluing jigs: sandwich single 
side hybrids 



FW/BW	
  sub-­‐assembly	
  producPon	
  status	
  

So	
  far,	
  Pisa	
  produced:	
  
•  BW	
  (all	
  with	
  final	
  procedure	
  and	
  jigs)	
  

–  3	
  class	
  C	
  SBW	
  (see	
  Pisa	
  review	
  in	
  Oct.)	
  
–  4	
  class	
  C	
  SBW	
  
–  3	
  class	
  B	
  SBW	
  
–  3	
  class	
  B+	
  SBW	
  

•  FW	
  	
  
–  3	
  class	
  C	
  SFW	
  (temporary	
  jigs)	
  
–  1	
  class	
  B	
  SFW	
  (the	
  test-­‐beam	
  one,	
  with	
  temp.	
  jigs)	
  
–  4	
  class	
  C	
  SFW	
  (3	
  for	
  the	
  Ladder	
  Sites	
  +	
  1	
  for	
  Pisa	
  mech.	
  Test,	
  with	
  final	
  FW	
  

jigs	
  and	
  procedures)	
  
–  2	
  class	
  B	
  SFW	
  (with	
  final	
  FW	
  jigs	
  and	
  procedures)	
  
–  2	
  class	
  B+	
  SFW	
  (with	
  final	
  FW	
  jigs	
  and	
  procedures)	
  

•  Ready	
  to	
  start	
  producPon	
  of	
  class	
  A	
  subassemblies	
  
27	
  



Sub-assembly electrical 
characterization and laser-scan 

•  After the unique bonding phase (N&P side w/o any intermediate test) a 
complete electrical test is foreseen with the sub-assembly Z-up on the MP 
chuck, to eventually spot new defects (and verify the known ones!). 

•  The final qualification of the sub-assembly is the functional characterization by 
a laser scan. 

28 

1060 nm laser (developed @CERN) 

Laser output 

Dark 
box 

Fiber with lens 



Automated Offline EQA	
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Open fingerprints	
 Short fingerprints	
 Pinhole fingerprints	


High noise	
 Low gain 
(adjacent strips)	


Low gain	


Fingerprints can be used to automatically detect 
faults in a ladder/subassembly, and to rate it.	


Typical response to injection of a good channel à 

In case of defect, the channel behaves differently:  



Subassembly characterization 
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The new 2 SFWs class A  
under bonding phase. 

Good match with the defects  
resulting from the det’s tests. 



Costruito il primo ladder 
elettricamente funzionanate (L5) 

•  Vienna ha finito (24/3) di costruire il primo ladder class B: 

31 

•  Usati i tools meccanici e procedure finali 
•  Caratterizzazione elettrica à completamente funzionante 
•  Una milestone importante!   
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#1: 
•  Tested samples of the 
flex new production 
have been delivered in 
mid-March 
• OK (~80% yield) after 
the pad survey@IPMU 

#2: 
•  Required re-production of all 

Origami hybrids with thinned APV 
chips 

•  More robust design against cracks 
implemented 

 

 

PA0 



Micron Sensor Inspection (Pisa)	
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Superficial 
scratch 
No issue	


Light scratch 
Pinhole?	


Heavy scratch 
Short or pinhole?	


44 A	
 21 B	
 … total 65 
in Pisa	


20 OK	
 24 
scratched	


8 OK	
 13 
scratched	


2 out of 8 
upgrades 

to A	


2 out of 13 
upgrades 

to A	


26 no 
scratch A	


Scratched during test in Vienna	


# of the trapezoidal 
sensors is limited.  We make 
the AC test in Trieste to 
know the real quality of the 
scratched sensors.	




Installazione	
  moduli	
  SVD	
  
•  Al	
  termine	
  della	
  produzione	
  dei	
  

FW/BW	
  assemblies,	
  Pisa	
  partecipa	
  
al	
  ladder	
  mounPng	
  	
  e	
  
commissioning	
  del	
  rivelatore	
  SVD.	
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•  Il	
  	
  metodo	
  ado%ato	
  per	
  il	
  ladder	
  mounPng	
  e’	
  quello	
  orizzontale	
  (by	
  KEK).	
  

•  Il	
  posizionamento	
  della	
  (pre-­‐bent)	
  pipe	
  per	
  il	
  raffreddamento	
  deve	
  avvenire	
  per	
  
ogni	
  half	
  layer:	
  

1.  Pipe	
  calata	
  dall’alto	
  fissata	
  ad	
  una	
  stru%ura	
  di	
  supporto	
  
2.  clamping	
  sul	
  ladder	
  per	
  rotazioni	
  successive	
  (la	
  presenza	
  dei	
  cavi	
  rende	
  difficile	
  

questa	
  operazione)	
  



CO2	
  Cooling	
  

35	
  

The	
  total	
  SVD	
  (Origami)	
  power	
  dissipaPon	
  688(328)	
  W	
  
Edge	
  hybrids:	
  APV25	
  chips	
  cooled	
  by	
  end	
  rings	
  
A	
  pre-­‐bent	
  cooling	
  pipe	
  (OD=1.6mm)	
  will	
  be	
  clipped	
  
onto	
  the	
  ladders	
  on	
  top	
  of	
  the	
  Origami	
  APVs	
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1	
  

3	
   4	
  

0.33	
  mm	
  

0.84	
  mm	
   1.32	
  mm	
  

0.46	
  mm	
  

2	
  

SVD	
  “collision	
  analysis”	
  



Module	
  Mechanical	
  CharacterizaPon	
  (PISA)	
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SVD	
  Power	
  Supplies	
  



SVD	
  Commissioning	
  Schedule	
  



Tracking Efficiency Study 

legend: 
•  ε, physical efficiency	


•  ε’, geometrical acceptance and 

detector efficiency factored out	



ε’ = 80% @ pt = 100 MeV/c	



ε’ = 97% @ pt = 500 MeV/c	



(*) numbers and plots shown are based on a simulation of 8k Y(4S) events !

➡  physical efficiency 

‣  ε = (85.7±0.1)% 

➡  efficiency factoring out 
geometrical acceptance and 
detector efficiency 

‣  ε’ = (94.3±0.1)% 

➡  patter recognition efficiency 

‣  εPR = (96.8±0.1)% 

➡  pattern recognition inefficiency 
reduced by 20%, physical 
inefficiency reduced by 10% with 
respect to begin of the year 



Impact Parameters Study 
⟨d0reco–d0true⟩ ≃!

d0 residuals!

3 μm#
17 μm#

z0 residuals!

3.5 μm#
19 μm#

•  Resolution on the 
impact parameters 
matches TDR 
expectations (<20 µm) 

•  a small bias is present, 
it’s under study 

•  Error estimation is correct 
within to 5-10% 

d0 pulls! z0 pulls!



Comparison with BABAR Tracking 

•  Belle II VXD Tracking (when 
PXD clusters are attached to 
the track) performs a factor 
~2 better than BABAR 

σz0 Tracks with PXD clusters	


σd0 Tracks with PXD clusters	



BABAR σz0	



BABAR σd0	





➡  D0 mass–constrained vertex fit yields a resolution of 
the vertex position of ~40μm in transverse plane 
and also in the longitudinal direction	



➡  D*+→D0π+ beam-spot constrained fit yields an 
unprecedented precision of the determination of the 
D0 production vertex	



D*-tagged D0 Production & Decay Vertex 

average transverse D0	



flight distance ~ 180μm	



beam-spot	



D0 vertex	



BelleII MC  PRELIMINARY	



60nm	


10µm	



K+	



K–	



D0 decay vertex:	


mass-constrained fit	



D0	



D0 production vertex:	


beam-spot constrained fit	



beam spot	


profile	



TRANSVERSE PLANE	



NOTE: the cartoon is not to scale	



π+	



BABAR beam-spot: 6µm x 110 µm	



D*+→D0π+, 
        D0→K+K– 



D0 Proper Time: Resolution and Error 

➡  factor 2 improvement in the proper time resolution 
➡  factor 3.5 improvement in the estimation of σt	



•  average σt = 0.07 ps VS 0.25 ps for BABAR	



•  RMS  σt = 0.03 ps VS 0.09 ps for BABAR	



➡  factor 3 improvement in the D0 proper time significance	



•  average t/σt = 6 VS 2 for BABAR	



resolution 	


of 0.14 ps	



BelleII MC	


PRELIMINARY	



D*+→D0π+, 
        D0→K+K– 

proper time resolution# proper time error#

BelleII MC	


PRELIMINARY	



resolution	


of 0.27 ps	



factor 2	


improvement!	



proper time resolution#

results confirmed in D*+→D0π+,D0→π+π– 



Belle2-­‐	
  CompuPng	
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Belle2	
  CompuPng	
  Resources	
  EsPmate	
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SVD	
  Pisa	
  acPviPes	
  2016	
  
•  Complete	
  the	
  construcPon	
  of	
  the	
  FW/BW	
  assemblies.	
  
Prod.	
  Rate:	
  2	
  SFWs	
  +	
  2	
  SBWs	
  /	
  week.	
  Start	
  next	
  week	
  
àneeded	
  ~8	
  months.	
  In	
  Silicon	
  Lab.	
  :	
  
–  gluing	
  	
  
–  u-­‐bonding	
  	
  
–  electrical	
  characterizaPon	
  	
  
–  shipping	
  to	
  the	
  producPon	
  sites.	
  

•  ContribuPon	
  (1	
  ENG	
  30%	
  +	
  1	
  tech.	
  20%)	
  to	
  the	
  ladder	
  
mounPng	
  (start	
  April	
  2016)	
  and	
  cooling	
  pipes	
  
installaPon.	
  

•  TesPng	
  ladder/half	
  layer	
  ayer	
  mounPng.	
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Pisa	
  Manpower	
  2016	
  (preliminare)	
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Non	
  entrano	
  nel	
  DB:	
  
•  1	
  nuovo	
  assegnista	
  di	
  Ric.:	
  T.	
  Lueck	
  (prende	
  servizio	
  dal	
  15/10/2015)	
  
•  1	
  laureando:	
  G.	
  De	
  Pietro	
  (laurea	
  spec.	
  in	
  Fisica)	
  	
  

Nome Posizione % Ruolo
Angelini'C. PO 100
Batignani'G. PO 8033>70 contact'calcolo'PI
Bettarini'S. RU 70 Resp.Loc.'&'SVD3IT'coord.
Casarosa'G. Ass.'Ric. 80 Charm'Phys.'Coord.
Forti'F. PA 70 SVT3IB'&'EB'chair,'QCG
Paladino'A. Ass.'Ric. 70
Paoloni'E. RU 7033>60 Tracking'coord.
Rizzo'G. PA 50 PA'task'force

5.933>5.7 Tot.'FTE'phys.
7433>71 <%>

Mazzoni'E. Techn'INFN tbd computing'T23PI



Richieste	
  servizi	
  di	
  sezione:	
  2016	
  

•  Calcolo:	
  supporto	
  per	
  il	
  Tier2	
  di	
  Belle2	
  
•  Alte	
  Tecnologie:	
  

–  Bosi:	
  30%	
  (+	
  20%	
  tecnico	
  x	
  montaggio)	
  
•  Design	
  tools	
  meccanici	
  per	
  installazione	
  cooling	
  pipes	
  
•  Cara%erizzazione	
  meccanica	
  ladder	
  L4/6	
  
•  Intervento	
  in	
  caso	
  di	
  necessita’	
  di	
  aggiustaggi	
  jigs	
  in	
  produzione	
  

–  Tecnico	
  per	
  assemblaggio	
  FW/BW	
  assemblies	
  (2	
  teams/day	
  
con	
  1	
  tecn+1	
  phys):	
  1	
  FTE	
  per	
  i	
  primi	
  6	
  mesi	
  

–  Tecnico	
  (u-­‐saldatura):	
  1	
  FTE	
  per	
  i	
  primi	
  6	
  mesi	
  
•  Officina	
  meccanica:	
  

–  2	
  m.u.	
  per	
  modifica/aggiustaggio	
  chucks/jigs	
  
–  Esecuzione/oJmizzazione	
  tools	
  montaggio	
  

49	
  



Pisa:	
  richieste	
  finanziarie	
  2016	
  
(preliminari:	
  da	
  discutere	
  in	
  Belle2-­‐IT)	
  	
  

Per	
  il	
  so%osistema	
  SVD:	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Missioni	
  (PH-­‐Tools):	
  	
  
•  5	
  kE	
  +	
  5	
  kE	
  per	
  coordinamento	
  tracking	
  +	
  Charm-­‐Phys.	
  
•  3	
  kE	
  per	
  i	
  face2face	
  tracking	
  meePng	
  
Missioni	
  (CompuPng):	
  
•  2	
  workshops	
  x	
  2	
  persone	
  	
  
Missioni	
  (collaboraPon):	
  	
  
•  5	
  kE	
  per	
  chair	
  EB	
  
Generali	
  (missioni	
  -­‐	
  consumi	
  metabolismo)	
  secondo	
  “formula”	
  (1	
  m.u.	
  
+	
  1.5	
  kE/FTE	
  –	
  1.5	
  kE/FTE)	
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Conclusioni	
  
•  L’esperienza	
  del	
  gruppo	
  di	
  Pisa	
  ha	
  permesso	
  di	
  individuare	
  alcune	
  

criPcita’	
  del	
  proge%o	
  (Flex	
  PA,	
  PA0,	
  scratch	
  durante	
  la	
  fase	
  di	
  test	
  dei	
  
rivelatori)	
  e	
  ha	
  contribuito	
  non	
  poco	
  a	
  stabilire	
  un	
  metodo	
  
sistemaPco	
  per	
  la	
  soluzione	
  dei	
  problemi,	
  potendo	
  cosi’	
  arrivare	
  
all’inizio	
  della	
  fase	
  di	
  produzione	
  dei	
  ladder	
  di	
  SVD.	
  

•  Da	
  ora	
  fino	
  alla	
  meta’	
  del	
  2016	
  l’aJvita’	
  di	
  maggiore	
  impegno	
  per	
  il	
  
gruppo	
  di	
  Pisa	
  riguarda	
  ancora	
  la	
  costruzione	
  (assemblaggio/test)	
  
dei	
  FW/BW	
  assemblies.	
  Successivamente	
  l’esperienza	
  di	
  BaBar-­‐SVT	
  
sara’	
  messa	
  a	
  fru%o	
  nella	
  partecipazione	
  al	
  montaggio	
  dei	
  moduli	
  e	
  
nella	
  successiva	
  fase	
  di	
  commissioning	
  del	
  rivelatore.	
  

•  L’aJvita’	
  del	
  gruppo	
  si	
  e’	
  arPcolata	
  su	
  molP	
  fronP,	
  ricoprendo	
  
responsabilita’	
  (tracking,	
  analisi,	
  costruzione	
  moduli).	
  

•  La	
  nostra	
  presenza	
  sul	
  SW	
  (tracking)	
  e	
  nei	
  gruppi	
  di	
  Fisica	
  (charm)	
  ha	
  
lo	
  scopo	
  di	
  far	
  crescere	
  il	
  gruppo	
  sPmolando	
  l’interesse	
  per	
  l’analisi	
  
dei	
  daP.	
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Back-­‐up	
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Why	
  flavour	
  physics	
  
1. Explore	
  the	
  origin	
  of	
  CP	
  violaPon	
  

– Key	
  element	
  for	
  understanding	
  the	
  ma%er	
  content	
  of	
  our	
  
present	
  universe	
  	
  

–  Established	
  in	
  the	
  B	
  meson	
  in	
  2001	
  

– Direct	
  CPV	
  established	
  in	
  B	
  mesons	
  in	
  2004	
  

2. Precisely	
  measure	
  parameters	
  of	
  the	
  standard	
  model	
  

–  For	
  example	
  the	
  elements	
  of	
  the	
  CKM	
  quark	
  mixing	
  matrix	
  

– Disentangle	
  the	
  complicated	
  interplay	
  between	
  weak	
  
processes	
  and	
  strong	
  interacPon	
  effects	
  

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

– PotenPally	
  large	
  effects	
  on	
  rates	
  of	
  rare	
  decays,	
  Pme	
  
dependent	
  asymmetries,	
  lepton	
  flavour	
  violaPon,	
  …	
  

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

Statistics 









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	
  lifePme	
  for	
  the	
  LER	
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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)	
 



•  	
  Replacement	
  of	
  the	
  old	
  Power-­‐Supply	
  	
  



Torino-­‐Padova	
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Estra%o	
  dal	
  talk	
  di	
  P.	
  Cecchi	
  	
  
a	
  Belle2-­‐Italia	
  (maggio	
  2015)	
  



Similar	
  comparisons	
  on:	
  
•  (semi)leptonic	
  
•  EWP	
  &	
  RadiaPve	
  	
  
•  Charm	
  &	
  Tau	
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Test	
  on	
  Micron	
  and	
  HPK	
  DSSD	
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Bottleneck for the production was testing at Micron 
•  Trieste/Vienna decided to take over these tests  
•  3 pre-series and 15 (final prod.) tested  
•  10 are under test now 

Test from HPK not very clear/accurate (eg they didn’t test n-side, 
list of defective strips)  
•  Trieste performed a detailed tests on 2 sensors, showing some 

problems (low inter-strip resistance, ect) 
•  HPK acknowledged our results 

Overall quality good in both cases 



RadiaPon	
  Monitoring	
  and	
  Beam	
  Abort	
  
•  A	
  document	
  with	
  Requirements	
  prepared	
  

–  Measurement	
  of	
  instantaneous	
  dose	
  rates	
  &	
  integrated	
  doses	
  
•  sensiPvity	
  O(1	
  mrad/s),	
  sampling	
  rate	
  O(100	
  KHz),	
  etc	
  	
  

–  Beam	
  Abort	
  for	
  excessive	
  beam	
  losses	
  affecPng	
  PXD,	
  SVD	
  
•  “Fast”	
  (10	
  μs),	
  “slow”	
  (ms	
  -­‐	
  s)	
  Beam	
  Abort	
  triggers	
  with	
  programmable	
  	
  thresholds	
  

•  Conceptual	
  design	
  based	
  on	
  experience	
  from	
  BaBar,	
  Belle,	
  CDF…	
  
–  Rad-­‐hard	
  Diamond	
  sensors,	
  measurement	
  of	
  currents	
  

•  Noise	
  should	
  be	
  limited	
  to	
  a	
  few	
  pA,	
  in	
  current	
  measurements	
  

–  up	
  to	
  4	
  +	
  4	
  sensors	
  PXD-­‐beam	
  pipe	
  
–  up	
  to	
  8	
  +	
  8	
  sensors	
  on	
  SVD	
  L3	
  support	
  rings	
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3+15 m (3+40 m) triax cables 
Voltage sources (150÷500 V) 
picoAmmeters 

Shielded 
diamond 
sensors 



Temperature	
  and	
  humidity	
  
•  StarPng	
  point:	
  document	
  of	
  requirements	
  

–  Temperature	
  monitoring:	
  	
  
•  near	
  heat	
  sources	
  and	
  at	
  the	
  inlets/outlets	
  of	
  CO2	
  cooling	
  pipes	
  
•  about	
  1oC	
  (0.1oC)	
  absolute	
  (relaPve)	
  accuracy	
  

–  Interlocks	
  on	
  temperature	
  and	
  humidity	
  (stand-­‐alone,	
  VXD)	
  
•  Temperature	
  above	
  threshold,	
  or	
  dew	
  point	
  approaching	
  -­‐30oC	
  

•  Current	
  acPviPes	
  and	
  preliminary	
  design	
  
–  Adopt	
  rad-­‐hard	
  proven	
  sensors	
  and	
  readout:	
  borrowed	
  from	
  CMS	
  experts:	
  ELMB	
  

board	
  and	
  Betatherm	
  NTC	
  thermistors	
  for	
  absolute	
  T	
  and	
  interlocks	
  
–  12	
  sensor	
  pairs	
  a%ached	
  to	
  the	
  12	
  half-­‐rings	
  supporPng	
  the	
  SVD	
  ladders	
  
–  16	
  sensor	
  pairs	
  on	
  the	
  inlets	
  and	
  outlets	
  of	
  the	
  CO2	
  cooling	
  pipes	
  
–  Under	
  construcPon:	
  2	
  motherboards	
  and	
  10	
  adapter	
  mini-­‐cards	
  

–  Fiber	
  Op.cal	
  Sensors	
  (FOS)	
  and	
  laser	
  interrogators	
  
•  Based	
  on	
  Bragg	
  graPng	
  reflecPon	
  of	
  specific	
  wavelengths	
  
•  One	
  fiber	
  can	
  monitor	
  stress,	
  temperature,	
  humidity	
  	
  at	
  several	
  points	
  
•  PXD	
  FOS	
  R&D	
  completed,	
  successfully	
  tested	
  at	
  the	
  DESY	
  beam	
  test.	
  One	
  fiber	
  per	
  SVD	
  ladder,	
  can	
  be	
  

inserted	
  in	
  the	
  Airex	
  foam,	
  to	
  measure	
  temperature	
  close	
  to	
  sensors	
  and	
  chips	
  

–  Humidity	
  interlock:	
  “sniffers”	
  plus	
  chilled	
  mirror	
  hygrometer	
  outside	
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PS	
  System	
  delivery	
  and	
  test	
  plans	
  

•  The	
  final	
  test	
  of	
  the	
  PS	
  boards	
  performed	
  in	
  Vienna	
  (1	
  
July):	
  modificaPon	
  effecPve	
  to	
  filter	
  out	
  switching	
  noise.	
  	
  	
  	
  

•  The	
  boards	
  are	
  basically	
  produced.	
  	
  
•  Final	
  modificaPons	
  should	
  be	
  completed	
  in	
  July	
  

–  Including	
  test	
  with	
  stacked	
  power	
  supplies	
  
•  End	
  of	
  July:	
  Shipment	
  to	
  KEK	
  
•  Mid	
  August:	
  test	
  at	
  KEK	
  with	
  FADC	
  system	
  and	
  real	
  
module	
  
–  FF	
  will	
  be	
  at	
  KEK	
  Aug	
  15-­‐31	
  for	
  this	
  test	
  
–  Need	
  a	
  working	
  FADC	
  system	
  a	
  module,	
  and	
  cables	
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Thanks to the hard work of the PA-task 
force the flex issue seems to be solved…  
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-   PA0 have been wiped and then bonding tests successfully performed! 
•  Assembly of 12 PA0/ORIGAMI with present 

PA0  
– no cracks until the end of stress-full assembly steps  
-  Verification OK all the ORIGAMI assembly procedure up to 

SMD and reflow  
-  Go on with the chip loading/bonding and el. tests (July) 
•  Build/test the 1st class B+ (L5) ladder before end-August 
•  The 1st batch of the new origami production is expected in mid-November, 

the last one 2 months later. 


