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Toward	
  the	
  “Framework	
  TDR”	
  
•  The	
  LoI	
  upgrade	
  submiKed	
  to	
  LHCC	
  by	
  the	
  beginning	
  of	
  

March	
  2011.	
  [CERN-­‐LHCC-­‐2011-­‐001]	
  
–  Physics	
  case	
  fully	
  endorsed	
  and	
  40	
  MHz	
  architecture	
  reviewed.	
  

•  LHCC	
  recommendaUon	
  in	
  June	
  2011	
  to	
  proceed	
  to	
  detector	
  
TDRs,	
  in	
  Ume	
  for	
  installing	
  the	
  detectors	
  and	
  electronics	
  in	
  
2018.	
  

•  The	
  LHCb	
  CollaboraUon	
  proposed	
  to	
  the	
  LHCC	
  to	
  go	
  for	
  a	
  
“Framework	
  TDR”	
  aiming	
  to:	
  
–  Convince	
  our	
  LHC	
  machine	
  colleagues	
  that	
  the	
  HL-­‐LHC	
  will	
  have	
  to	
  
deal	
  with	
  at	
  least	
  3	
  IPs.	
  

–  Ease	
  the	
  negoUaUons	
  with	
  our	
  funding	
  agencies.	
  
–  Proceed	
  a.s.a.p.	
  with	
  the	
  MoUs.	
  

•  The	
  proposal	
  has	
  been	
  very	
  well	
  received	
  by	
  the	
  LHCC	
  
referees	
  on	
  March	
  2012.	
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Content	
  of	
  “Framework	
  TDR” 	
  	
  
•  1st	
  chapter.	
  

–  	
  IntroducUon	
  explaining	
  the	
  
evoluUon	
  since	
  LoI,	
  with	
  update	
  
on	
  expected	
  physics	
  performance.	
  

–  	
  Update	
  on	
  the	
  evoluUon	
  of	
  the	
  
detectors	
  requirements	
  and	
  main	
  
technical	
  opUons.	
  

•  2nd	
  chapter.	
  
–  Update	
  on	
  evoluUon	
  of	
  sub-­‐

systems	
  R&D	
  since	
  LoI.	
  
•  3rd	
  chapter.	
  (Content	
  agreed	
  with	
  

LHCC).	
  
–  Schedule	
  
–  Cost	
  
–  DeclaraUon	
  of	
  interest	
  of	
  

insUtutes.	
  
Subject	
  to	
  funding.	
  

3	
  

CERN
/LHCC	
  2012-­‐007,	
  LHCb	
  TDR	
  12,	
  25	
  M

ay	
  2012	
  



Main	
  assumpUons	
  
•  In	
  the	
  LoI	
  LHCb	
  declared	
  its	
  interest	
  to	
  upgrade	
  the	
  
detector	
  such	
  to:	
  

•  Run	
  at	
  a	
  nominal	
  luminosity	
  of	
  L=1.*1033	
  cm-­‐2s-­‐1.	
  
•  Exploit	
  a	
  fully	
  flexible	
  soeware	
  trigger,	
  selecUng	
  events	
  
synchronously	
  with	
  the	
  BX	
  clock,	
  at	
  40	
  MHz.	
  

•  Increase	
  signal	
  efficiency	
  for	
  leptonic	
  channels	
  by	
  a	
  
factor	
  5	
  and	
  for	
  hadronic	
  channels	
  up	
  to	
  a	
  factor	
  10.	
  

•  Accumulate	
  50	
  i-­‐1	
  over	
  10	
  years.	
  
•  For	
  reasons	
  of	
  flexibility	
  and	
  to	
  allow	
  for	
  possible	
  
evoluUons	
  of	
  the	
  trigger,	
  LHCb	
  decided	
  to	
  design	
  those	
  
detectors	
  that	
  need	
  replacement	
  for	
  the	
  upgrade	
  such	
  
that	
  they	
  can	
  sustain	
  a	
  minimal	
  luminosity	
  of	
  	
  
L=2*1033	
  cm-­‐2	
  s-­‐1.	
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Major	
  milestones	
  

•  2011:	
  LoI	
  (fully	
  endorsed	
  in	
  June).	
  
•  Mid	
  2012:	
  “Framework	
  TDR”.	
  
•  2012:	
   	
  ConUnue	
  with	
  R&D	
  towards	
  technical	
  choices.	
  
•  2012/13:	
  	
  Technical	
  review	
  and	
  choice	
  of	
  technology.	
  
•  2013:	
  TDR	
  and	
  prototype	
  validaUon.	
  
•  2014:	
  Tendering	
  and	
  serial	
  producUon.	
  
•  2016-­‐17:	
  Quality	
  control	
  and	
  acceptance	
  tests	
  
•  2018:	
  InstallaUon	
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LHC	
  10	
  years	
  plan	
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1	
  MHz	
  L0	
  trigger	
  rate	
  limita:on	
  

The	
  present	
  L0	
  trigger	
  architecture	
  

3	
  –	
  4	
  kHz	
  

1	
  MHz	
  



LLT	
  efficiency	
  vs	
  LLT	
  output	
  rate	
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  RelaUve	
  rates	
  	
  LLT-­‐μ	
  :	
  LLT-­‐hadron:	
  LLT-­‐e/γ	
  =	
  1:3:1.	
  

LLT-­‐γ	
  
LLT-­‐μ	
  

LLT-­‐hadron	
  
LLT	
  efficiency	
  	
  



Running	
  condiUons	
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•  Max	
  input	
  rate	
  to	
  the	
  HLT	
  of	
  non	
  empty	
  events	
  ~	
  30MHz	
  	
  
•  Number	
  of	
  colliding	
  bunches	
  ×	
  revolu:on	
  frequency	
  	
  	
  

	
  à	
  LHCb:	
  nb×	
  f	
  =	
  2622	
  ×	
  11245	
  =	
  	
  29.5	
  MHz	
  	
  
•  Events	
  with	
  at	
  least	
  one	
  interacUon	
  per	
  crossing:	
  

•  At	
  L	
  =	
  1.	
  ×	
  1033	
  cm-­‐2s-­‐1	
  :	
  29.5	
  ×	
  (1.	
  –	
  exp(-­‐2.))	
  =	
  26.	
  MHz	
  
•  At	
  L	
  =	
  2.	
  ×	
  1033	
  cm-­‐2s-­‐1	
  :	
  29.5	
  ×	
  (1.	
  –	
  exp(-­‐4.))	
  =	
  29.	
  MHz	
  
•  Average	
  pileup	
  	
  σpp(√s=14TeV)=	
  60	
  mb	
  (inelasUc)	
  the	
  

average	
  pileup:	
  	
  	
  μ	
  :=	
  <pileup>	
  =	
  	
  L	
  ×	
  σpp	
  /	
  (nb	
  ×	
  f)	
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  Trigger:	
  the	
  key	
  to	
  higher	
  luminosity	
  	
  

LLT	
  
pT	
  of	
  h,μ,	
  e/γ	
  

	
  
Custom	
  electronics	
  

HLT	
  
Tracking	
  and	
  vertexing	
  

pT	
  and	
  impact	
  parameter	
  cuts	
  
Inclusive/exclusive	
  selecUons	
  

Event	
  Filter	
  Farm	
  

READ-­‐OUT	
  
TELL40	
  

Custom	
  electronics	
  

40	
  MHz	
  

All	
  	
  the	
  sub-­‐detectors	
  
	
  informaUon	
  to	
  the	
  
readout	
  at	
  40	
  MHz	
  
	
  

40	
  MHz	
  

FCTS	
  

Accept	
  

LLT	
  trigger	
  rate	
  10	
  –	
  30	
  MHz	
  

Bandwidth	
  	
  presently	
  	
  
limited	
  	
  to	
  	
  1MHz	
  

40	
  MHz	
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HLT	
  

Current	
  

HLT++	
  Upgrade	
  

Readout	
  
Supervisor	
  

L0	
  
Hardware	
  
Trigger	
  

Readout	
  
Supervisor	
  

Low-­‐level	
  
Trigger	
  

40	
  MHz	
  electronics	
  

	
  
HLT	
  

	
  
HLT	
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TELL40	
  

Architectural	
  Overview	
  

Front-­‐end	
  



Readout	
  at	
  40	
  MHz	
  

•  Data	
  throughput	
  from	
  the	
  FEE	
  to	
  the	
  read-­‐out	
  
boards	
  (TELL40).	
  
– 40.	
  MHz	
  ×	
  4.	
  (pileup)	
  ×	
  35.	
  kB/evt	
  ~	
  45.	
  ×	
  1012	
  bit/s	
  

•  Number	
  of	
  GBT	
  links:	
  	
  	
  
45	
  ×	
  1012	
  bit/s	
  /	
  3.2	
  ×	
  109	
  bit/s	
  ~	
  14000	
  links	
  
Current	
  detector	
  has	
  already	
  8300	
  links	
  
installed.	
  

•  Number	
  of	
  TELL40	
  readout	
  boards:	
  ~	
  200	
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Adaptable	
  board	
  to	
  cover	
  all	
  the	
  funcUonaliUes	
  required	
  by	
  the	
  
Uming,	
  control,	
  low	
  level	
  trigger	
  and	
  data	
  acquisiUon	
  systems.	
  
First	
  prototype	
  to	
  be	
  fully	
  tested	
  by	
  end	
  2012	
  

TELL40	
  adaptable	
  board	
  	
  

24	
  opUcal	
  input	
  per	
  AMC	
  
mezzanine	
  board	
  	
  



L	
  
L	
  
T	
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SelecUon	
  Board	
  



The	
  DAQ	
  network	
  
•  The	
  network	
  as	
  a	
  modular	
  

system:	
  split	
  the	
  network	
  
into	
  several	
  sub-­‐networks	
  
(slices).	
  

•  Each	
  readout	
  board	
  is	
  
connected	
  to	
  all	
  the	
  sub-­‐
network.	
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Cost	
  of	
  the	
  Event	
  Filter	
  Farm	
  (HLT)	
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Total	
  Cost	
  of	
  EFF	
  vs.	
  input	
  rate	
  

slope	
  ~	
  560	
  kCHF/MHz	
  

minimum	
   maximum	
  

Assuming	
  a	
  HLT	
  mean	
  processing	
  Ume	
  of	
  	
  20	
  ms/event	
  



Tracking	
  efficiency	
  vs	
  mulUplicity	
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  Efficiencies	
  

Increasing	
  the	
  EFF	
  allow	
  to	
  relax	
  the	
  trigger	
  cuts.	
  
The	
  bandwidth	
  division	
  minimises	
  the	
  overall	
  loss	
  in	
  efficiency	
  by	
  
minimising:	
  

Luminosity	
  of	
  1033	
  cm−2s−1:	
  average	
  pileup	
  of	
  2	
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  Detector	
  modificaUons	
  



The	
  LHCb	
  tracking	
  system	
  

21	
  

TT	
  and	
  IT	
  are	
  microstrips	
  silicon	
  detector.	
  
Pitch	
  200	
  μm,	
  length	
  11,	
  22	
  and	
  33	
  cm.	
  
Outer	
  tracker	
  is	
  a	
  gaseous	
  detector	
  
based	
  on	
  very	
  thin	
  (5	
  mm)	
  
and	
  very	
  long	
  straw	
  
tube	
  (2.4	
  –	
  5	
  m).	
  
Occupancy	
  limited	
  to	
  20	
  –	
  25%	
  

T	
  StaUons	
  

Outer	
  Tracker	
  

Inner	
  Tracker	
  

Trigger	
  Tracker	
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Increased	
  occupancy	
  in	
  the	
  inner	
  region	
  of	
  the	
  tracking	
  system	
  	
  

2·∙1032	
  cm-­‐2s-­‐1	
  
μ	
  =	
  0.4	
  	
  

10·∙1032	
  cm-­‐2s-­‐1	
  	
  
μ	
  =	
  2	
  	
  

Note:	
  	
  
•  LHCb	
  have	
  been	
  running	
  

already	
  at	
  pileup	
  μ	
  ~	
  2.5	
  
•  The	
  current	
  geometry	
  limiUng	
  

to L ≤	
  	
  10·∙1032	
  cm-­‐2s-­‐1	
  	
  
•  No	
  safety	
  margins.	
  
	
  

OT	
  	
  

IT	
  	
  

	
  Tracking	
  upgrade	
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Silicon	
  Strip	
  Inner	
  Tracker	
  	
  

 OT: Straws 

“Central	
  Tracker”	
  with	
  
250	
  μm	
  SciFi	
  	
  

OT: Straws 

“large	
  area”	
  IT	
  with	
  	
  
Silicon	
  Strips	
  	
  

Tracker	
  opUons	
  
	
  250	
  μm	
  Scin:lla:ng	
  Fiber	
  	
  
	
   	
  “Central	
  Tracker”	
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Ø  light:	
  reduce	
  X/X0	
  ~	
  2	
  
Ø  large:	
  increase	
  area	
  by	
  ~	
  3.3-­‐4	
  :	
  from	
  126x22(42)cm	
  to	
  255x42(63)cm	
  	
  
Ø  opUmise	
  staUon	
  layout:	
  now	
  3x(xuvx)=12	
  layers	
  in-­‐front	
  of	
  T3	
  to	
  2x(xuxvx)=10	
  layers	
  behind	
  T1	
  &	
  T3	
  	
  

OT: Straws 

light IT:  
Silicon Strips  

Current	
  IT	
  

Light	
  &	
  large	
  area	
  IT	
  

Tape	
  
Automated	
  
Bond	
  

Effort	
  started	
  
Ø  strip	
  chip	
  design	
  
Ø  cooling	
  proof	
  of	
  concept	
  (air	
  flow)	
  
Ø  received	
  10	
  sensors	
  for	
  tesUng	
  	
  TAB,	
  

module	
  assembly,	
  HV,	
  etc.	
  

Large	
  area	
  IT	
  
with	
  Silicon	
  strips	
  



CT: 
Scintillating 
Fibers 
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•  5	
  layers	
  of	
  densely	
  packed	
  250μm	
  diameter	
  fibers	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
•  readout	
  with	
  128-­‐channel	
  Silicon	
  PhotomulUpliers	
  (SiPM)	
  
•  2×2.5m	
  long	
  fibers,	
  readout	
  on	
  top	
  and	
  at	
  boKom	
  of	
  

staUons	
  
Advantages:	
  
•  only	
  sensiUve	
  material	
  in	
  acceptance	
  (no	
  cables,	
  no	
  cooling,	
  ...)	
  
•  uniformity	
  in	
  material	
  distribuUon	
  
•  50-­‐60	
  μm	
  resoluUon	
  (to	
  be	
  demonstrated	
  with	
  test	
  beam	
  data)	
  

Fiber	
  Central	
  Tracker	
   32	
  channels	
  Si	
  PM:	
  0.25	
  x	
  1	
  mm2	
  

128	
  channels	
  SiPM	
  available	
  



The	
  VELO	
  detector	
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•  Silicon	
  strip	
  detector	
  with	
  24	
  back	
  to	
  
back	
  modules:	
  strips	
  in	
  radial	
  and	
  
angular	
  direcUons,	
  readout	
  at	
  1	
  MHz.	
  

•  Proximity	
  to	
  proton	
  beams:	
  7mm	
  
•  Detector	
  sits	
  in	
  vacuum	
  in	
  high	
  	
  

radiaUon	
  environment.	
  
•  The	
  whole	
  thing	
  moves	
  …	
  

IP	
  resolu:on	
  ~	
  13	
  +	
  25/pT	
  μm	
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  VELO	
  upgrade:	
  requirements	
  
Dose	
  aher	
  50	
  i-­‐1	
  

185	
  MRad	
  	
  	
  or	
  4.1	
  1015	
  neq/cm2	
  

Rad-­‐hard	
  up	
  to	
  ~	
  5⨉1015	
  1	
  MeV	
  neqcm-­‐2	
  

Curves	
  fiKed	
  to	
  A.r-­‐1.9	
  
radius	
  (cm)	
  Pa

rU
cl
e	
  
Hi
ts
	
  /	
  
Ev
en

t	
  /
	
  c
m

2	
  

Luminosity	
  
(cm-­‐2s-­‐1)	
  

2.1032	
  

Current	
  
5.1032	
  	
   10.1032	
   20.1032	
  

A=	
   0.98	
   1.46	
   2.46	
   4.80	
  

~ 5 particles/cm2/event at r=7.0 mm 

Par:cle	
  occupancy	
  per	
  event	
  	
  

Electronics	
  has	
  to	
  digiUze,	
  zero	
  suppress	
  and	
  
transmit	
  event	
  data	
  at	
  40	
  MHz.	
  
The	
  total	
  data	
  rate	
  is	
  approximately	
  2.8	
  Tb/s.	
  
	
  

The	
  occupancy	
  of	
  the	
  VELO	
  is	
  miniscule,	
  
but	
  the	
  data	
  rate	
  is	
  rather	
  high:	
  
1	
  chip	
  O(1cm2)	
  has	
  to	
  transmit	
  ~13	
  Gb/	
  s	
  
	
  



VELO	
  Upgrade	
  plan	
  
•  Different	
  systems	
  of	
  the	
  current	
  VELO	
  will	
  

be	
  retained:	
  
•  CO2	
  cooling	
  plant	
  
•  LV	
  &	
  HV	
  power	
  supply	
  systems	
  
•  Vacuum	
  vessel	
  and	
  equipment	
  
•  MoUon	
  system	
  	
  

•  Major	
  new	
  components:	
  
•  Detector	
  modules	
  based	
  on	
  pixel	
  sensors	
  
•  New	
  readout	
  ASIC:	
  ´VELOPIX´	
  
•  Enhance	
  module	
  cooling	
  interface	
  
•  New	
  design	
  of	
  low	
  material	
  RF	
  foil	
  between	
  

beam	
  and	
  detector	
  vacua	
  
•  MulU	
  Gb	
  s-­‐1	
  readout	
  system	
  	
  

•  Main	
  design	
  concerns:	
  	
  
•  Efficient	
  cooling	
  to	
  avoid	
  thermal	
  runaway	
  
•  Handle	
  the	
  huge	
  data	
  rate	
  	
  
•  Reduce	
  material	
  budget	
  	
  
•  Maintain	
  if	
  not	
  improve	
  the	
  excellent	
  

performance2:	
  
•  Proper	
  Ume	
  resoluUon	
  ~	
  50	
  fs	
  
•  IP	
  resoluUon	
  ~	
  13	
  +	
  25/pT	
  μm	
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Replace	
  



VELO	
  upgrade	
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Chips	
  

26	
  modules	
  equipped	
  	
  with	
  hybrid	
  pixel	
  sensors,	
  arranged	
  around	
  the	
  beam	
  axis,	
  each	
  
consisUng	
  of	
  four	
  3-­‐chip	
  pixel	
  ladders	
  assembled	
  in	
  an	
  L-­‐shaped	
  arrangement	
  on	
  alternaUng	
  
sides	
  of	
  a	
  diamond	
  substrate,	
  which	
  acts	
  as	
  a	
  cooling	
  interface	
  	
  

beam	
  



•  Sensor	
  Ules:	
  3	
  readout	
  ASICs	
  on	
  a	
  
	
  	
  	
  	
  	
  	
  	
  single	
  sensor,	
  with	
  a	
  guard	
  ring	
  	
  
	
  	
  	
  	
  	
  	
  	
  ~500	
  μm	
  

•  2	
  sensor	
  Ules	
  are	
  mounted	
  on	
  	
  
	
  	
  	
  	
  	
  	
  opposite	
  sides	
  of	
  a	
  substrate:	
  

•  Readout	
  &	
  power	
  traces	
  on	
  the	
  substrate	
  

•  Substrate	
  choices:	
  
•  CVD	
  diamond	
  :	
  excellent	
  mechanical	
  
	
  	
  	
  	
  	
  	
  	
  &	
  thermal	
  properUes:	
  =>	
  low	
  mass	
  
•  Carbon	
  fibre/TPG	
  or	
  Al/TPG	
  

•  Material	
  in	
  sensiUve	
  region	
  ~	
  0.8%X0	
  

•  Prototype	
  work	
  started	
  using	
  	
  
	
  	
  	
  	
  	
  	
  Timepix	
  ROCs	
  (@	
  CNM).	
  

Velo	
  Pixel	
  module	
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~15mm  
ASIC	
   ASIC	
   ASIC	
  

~43mm  

Sensor	
  Ule	
  :	
  

sensor 

Bot Sensor 200um 
ASIC150um 

Substrate 400um 

Cooling 
channel 

Glue 50um 

Top Sensor 200um 
ASIC150um 

Connector 

60μm Kapon+120μm Al  



VELO	
  Upgrade	
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  VELO	
  upgrade	
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Thickness	
  of	
  	
  RF	
  foil	
  is	
  a	
  criUcal	
  item	
  for	
  the	
  performance	
  of	
  
the	
  upgraded	
  detector	
  

Aluminium	
  alloy	
  AlMg3	
  	
  300	
  μm	
  to	
  be	
  reduced	
  
Carbon	
  fiber	
  polymer	
  CFRP	
  300	
  μm	
  thick	
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RICH	
  upgrade	
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MaPMTs(Hamamatsu)	
  	
   	
  

R7600	
  vsR11265	
  :	
  	
  
8x8	
  pixels,	
  2.0x2.0	
  mm2,	
  2.3	
  mm	
  pitch	
  (2.9	
  
mm)	
  
18.1x18.1	
  mm2acUve	
  area	
  (23.5x23.5	
  mm2)	
  
CE	
  (simulaUon)	
  :	
  80%	
  (90%)	
  	
  

FracUonal	
  coverage:	
  50%	
  
(80%)Prototyping	
  using	
  40	
  MHz	
  
Maroc-­‐3	
  R/O	
  chipGain	
  
compensaUon	
  	
  
Binary	
  output	
  
	
  

RICH-­‐1	
  and	
  RICH-­‐2	
  detectors	
  are	
  retained,	
  replace	
  pixel	
  HPDs	
  with	
  1	
  MHz	
  readout	
  chip	
  
integrated	
  by	
  MaPMTs	
  and	
  readout	
  with	
  40	
  MHz	
  custom	
  ASIC.	
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PID upgrade: RICH detectors 
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•  RICH-­‐1	
  and	
  RICH-­‐2	
  detectors	
  are	
  retained,	
  replace	
  HPDs	
  (1	
  MHz	
  internal	
  Readout):	
  
Ø  Baseline	
  readout:	
  replace	
  pixel	
  HPDs	
  by	
  MaPMTs	
  &	
  readout	
  with	
  40	
  MHz	
  custom	
  ASIC	
  
	
  

•  Baseline	
  MaPMTs	
  (Hamamatsu):	
  

R7600	
  vs	
  R11265	
  (baseline):	
  	
  
	
  	
  	
  8x8	
  pixels,	
  2.0x2.0	
  mm2,	
  2.3	
  mm	
  pitch	
  (2.9	
  mm)	
  
	
  	
  	
  	
  18.1x18.1	
  mm2	
  acUve	
  area	
  (23.5x23.5	
  mm2)	
  
	
  	
  	
  	
  CE	
  (simulaUon)	
  :	
  80%	
  (90%)	
  	
  
	
  	
  	
  	
  FracUonal	
  coverage:	
  50%	
  (80%)	
  
	
  

Prototyping using 40 MHz Maroc-3 RO chip: 
•  Gain compensation 
•  Binary output 
 

Digital functions in ACTEL Flash FPGA FE module. 

Under development 
 @ Hamamatsu  

R7600	
  characterizaUon:	
  	
  
•  Channel to channel gain variation (correction in 

FE) 
•  Excellent cross-talk (below 1%)  
•   ~10% gain reduction in 50 gauss  BL-field (25 

gauss max BL-field in LHCb) 

3712 R7600/R11265	
  	
  units	
  for	
  RICH1&2	
  ~238k	
  # 



PID upgrade: TORCH  
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•  Time of Flight detector based on a 1 cm quartz plate, for the identification of p<10 GeV 
hadrons (replacing Aerogel) combined with DIRC technology:  
Ø  TORCH=Time Of internally Reflected Cherencov light* 
Ø  reconstruct photon flight time and direction in specially designed standoff box 
Ø  Measure ToF of tracks with ~15 ps (~70 ps per photon) 

K-π separation vs p in upgrade: TORCH detector: 

à could be installed later than 2018! 

* See talk by Neville Harnew  



Calorimeters Upgrade 
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•  ECAL and HCAL remain 
Ø  Keep all modules & PMTs 

Ø  Radiation tolerance of inner modules being assessed @ LHC tunnel  

Ø  Reduce the PMTs gain by a factor 5 to keep same <current> 

•  PS and SPD might be removed (under study)  
Ø  (e/γ/hadron separation later in HLT with the whole detector info.) 

•  New FEE to compensate for lower gain and to allow 40 MHz readout: 
Ø  Analogue part: ASIC or Discrete* components solutions (keeping noise  ≤1 ADC cnt (ENC < 5-6 fC))  
Ø  Digital part: prototype board to test FPGAs (flash/antifuse) for: 

Ø  Radiation tolerance 
Ø  Packing of Data @ 40 MHz New digital electronics prototype 

ASIC prototype 



•  The	
  current	
  system	
  was	
  designed	
  in	
  order	
  to	
  
stand	
  incident	
  parUcle	
  rates	
  up	
  to	
  1	
  MHz	
  per	
  
front-­‐end	
  channel	
  without	
  any	
  loss	
  of	
  
efficiency	
  due	
  to	
  space	
  charge	
  effects	
  and	
  
without	
  any	
  degradaUon	
  of	
  the	
  Ume	
  
resoluUon.	
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Muon Detector Upgrade 
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•  Muon detectors are already read out at 40 MHz in current L0 trigger 
Ø  Front-­‐end	
  electronics	
  can	
  be	
  kept	
  
Ø  Remove	
  detector	
  M1	
  (background	
  and	
  upgraded	
  L0(LLT),	
  room	
  for	
  TORCH)	
  

•  Investigations:	
  	
  
Ø  MWPC	
  aging	
  :	
  	
  

Ø  tested	
  at	
  two	
  sites	
  up	
  to	
  0.25	
  C/cm	
  and	
  0.44	
  C/cm	
  with	
  no	
  loss	
  of	
  performance	
  
Ø  1C/cm	
  is	
  considered	
  as	
  an	
  upper	
  limit	
  for	
  safe	
  operaUon	
  of	
  MWPC	
  chambers	
  

Ø  Rate	
  limitaUons	
  of	
  chambers	
  and	
  FE:	
  
Ø  High-­‐rate	
  performance	
  tested	
  @	
  CERN-­‐GIF	
  no	
  saturaUon	
  effect	
  	
  up	
  to	
  30nA/cm2	
  (	
  factor	
  2	
  for	
  1033)	
  	
  
Ø  No	
  deterioraUon	
  in	
  the	
  FE	
  electronics	
  up	
  to	
  1MHz	
  

R 

Z 

R 

Z 

Accumulated charge (C/cm) for 50 fb-1 
 Maximum rates/channel MHz @ 1033 cm-2s-1 



Muon Detector Upgrade 
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•  Performance at higher occupancy: OK  
Ø Studied with real data July-October 2010 <PV> ≥ 2. 
Ø After retuning the Muon ID algorithm the J/ψ : 

•  Worsening S/B ≤ 15% 
•  Efficiency loss ≤  5% 

J/ψ à µ + µ – for single PV events J/ψ à µ + µ – for events with <PV>=2.3 
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Interests	
  to	
  sub-­‐systems	
  

sUll	
  evolving	
  …	
  	
  

Common	
  fund	
  part	
  
amounts	
  to	
  ~	
  30%	
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SensiUvity	
  to	
  key	
  channels	
  	
  


