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The	
  ATLAS	
  Calorimeter	
  System	
  

ElectromagneLc	
  Calorimeter	
  
• 	
  	
  Liquid	
  Argon	
  Technology	
  
• 	
  120	
  000	
  Channels	
  

Hadronic	
  Calorimeter	
  
• 	
  	
  Liquid	
  Argon	
  Technology	
  
	
  	
  	
  -­‐	
  70	
  000	
  Channels	
  
• 	
  Tile	
  Calorimeter	
  
	
  	
  	
  -­‐	
  10	
  000	
  Channels	
  

ResoluLon	
  
• 	
  	
  EM:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  σ(E)/E	
  =	
  10%/√E	
  ⊕	
  0.7	
  %	
  
• 	
  Had.	
  (jets):	
  	
  	
  σ(E)/E	
  =	
  50%/√E	
  ⊕	
  3	
  %	
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Performance	
  in	
  
Run-­‐1	
  

-­‐	
  	
  	
  	
  Excellent	
  performance	
  during	
  run	
  1	
  
-­‐  Few	
  broken	
  channels	
  
-­‐  Jet	
  energy	
  scale	
  uncertainty	
  ~1%	
  
-­‐  Electron	
  energy	
  scale	
  <	
  0.5%	
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LAr	
  Calorimeter:	
  Hardware	
  

•  Front	
  End	
  Electronics	
  
–  25	
  FE	
  cards	
  have	
  been	
  inspected	
  and	
  fixed,	
  very	
  few	
  replaced	
  with	
  spares,	
  

mostly	
  recovery	
  of	
  single	
  broken	
  channels	
  
–  Broken	
  transceivers	
  replaced	
  

•  Replacement	
  of	
  Low	
  Voltage	
  Power	
  Supplies	
  
–  All	
  58	
  LVPS	
  replaced,	
  refurbished	
  and	
  reinstalled	
  

•  Replacement	
  of	
  High	
  Voltage	
  Power	
  Supplies	
  in	
  EndCaps	
  
–  Shorter	
  ramp	
  up	
  Lme	
  
–  Current	
  reading	
  for	
  lumi	
  measurement	
  

•  Infrastructure	
  and	
  Detector	
  Control	
  System	
  
–  More	
  robust	
  FE	
  cooling	
  system	
  

•  Purity	
  and	
  temperature	
  
–  Stable	
  during	
  run-­‐1	
  and	
  LS1,	
  monitoring	
  improved	
  

•  Sohware	
  
–  Various	
  improvements	
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LAr	
  Calorimeter:	
  PreparaLon	
  for	
  
Phase-­‐1	
  upgrade	
  

Trigger	
  Upgrade	
  during	
  LS2	
  	
  
-­‐	
  	
  	
  Digital	
  signals	
  for	
  L1Trigger	
  
-­‐  Higher	
  granularity	
  

Status	
  
-­‐  2	
  Demonstrators	
  built	
  
-­‐  Installed	
  in	
  current	
  system	
  
-­‐  Changes	
  to	
  FE	
  and	
  BE	
  electronics	
  
-­‐  Tested	
  not	
  to	
  be	
  detrimental	
  to	
  current	
  

system	
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LAr	
  Calorimeter:	
  Readiness	
  for	
  Run	
  2	
  

Overall	
  Status:	
  
-­‐  Few	
  things	
  to	
  be	
  finished	
  
-­‐  Basically	
  ready	
  for	
  run	
  2	
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Tile	
  Calorimeter:	
  Hardware	
  

Signal	
  and	
  	
  
calibraLon	
  chain	
  

•  InstallaLon	
  of	
  new	
  LVPS	
  
–  No	
  trip	
  since	
  then	
  and	
  less	
  noise	
  

•  1	
  module	
  lost	
  (0.46%	
  of	
  cells)	
  
•  Improvement	
  of	
  DAQ	
  
•  CalibraLon	
  system	
  

–  Fix	
  of	
  Cs	
  calibraLon	
  system,	
  now	
  re-­‐
establishing	
  absolute	
  scale	
  

–  New	
  laser	
  calibraLon	
  to	
  improve	
  
control	
  of	
  system	
  stability	
  

–  laser	
  and	
  noise	
  calibraLon	
  from	
  data	
  
in	
  physics	
  runs	
  

8	
  



Include	
  Tile	
  InformaLon	
  to	
  
reduce	
  Muon	
  Trigger	
  Rate	
  
-­‐  Coincidence	
  Electronics	
  

designed	
  
-­‐  ProducLon	
  started	
  
-­‐  Ready	
  for	
  25ns	
  operaLon	
  

Tile-­‐Muon	
  Trigger	
  

9	
  



Tile	
  Calorimeter:	
  PreparaLon	
  for	
  Run	
  2	
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Overall	
  Status:	
  
-­‐  Few	
  things	
  to	
  be	
  finished	
  
-­‐  Basically	
  ready	
  for	
  run	
  2	
  
	
  

New	
  feature:	
  
-­‐  Improvement	
  of	
  monitoring	
  
-­‐  Beler	
  energy	
  reconstrucLon	
  

using	
  beler	
  digital	
  filter	
  



trigger towers map 

Level-­‐1	
  Calorimeter	
  Trigger	
  

-­‐  Combining	
  cell	
  informaLon	
  into	
  	
  
	
  	
  	
  	
  	
  	
  7200	
  analogue	
  Trigger	
  Towers	
  
-­‐  Uniform	
  granularity	
  	
  
   ΔηxΔφ	
  =	
  0.1x0.1	
  
-­‐	
  	
  	
  	
  	
  2	
  Layers:	
  EM	
  and	
  HAD	
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Level-­‐1	
  Calorimeter	
  Trigger:	
  Run	
  1	
  	
  
Architecture	
  &	
  Algorithms	
  

~	
  300	
  VME	
  boards	
  
~	
  3000	
  Mezannines	
  

Cluster	
  Processor	
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Efficiencies	
  during	
  Run	
  1	
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Run	
  1	
  System:	
  
Lessons	
  learned	
  

•  Trigger	
  Rates	
  scale	
  linear	
  with	
  luminosity	
  
•  Except	
  
-  ETmiss	
  	
  
-  mulLjet	
  trigger	
  	
  
-  i.e.	
  triggers	
  which	
  involve	
  many	
  trigger	
  

towers	
  

•  Effect	
  restricted	
  to	
  first	
  few	
  crossings	
  	
  	
  	
  	
  	
  
in	
  a	
  bunch	
  train	
  
-  Understood	
  as	
  convoluLon	
  of	
  	
  bunch	
  	
  

palern	
  and	
  signal	
  shape	
  (next	
  slide)	
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Pile-­‐up	
  effect	
  

Pile-up e↵ects on pedestal

I Bipolar LAr pulse shape:
R
overshoot =

R
undershoot due to

charge conservation.
I Superposition: out-of-time pile-up cancels out with in-time pile-up

in bulk of bunch train.
I Pedestal shifts due to unbalanced superposition of signals: in-time

pileup-up at start of bunch train.
I nMCM performs pile-up correction in firmware

! Pile-up correction then must be implemented in MC.
Daniel Narrias L1Calo Joint Meeting 4 / 13
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LHC	
  bunch	
  structure	
  

LAr	
  pulse	
  shape	
  
-­‐	
  LAr	
  electronics	
  produces	
  bipolar	
  pulses	
  
-­‐	
  Pulses	
  influence	
  base	
  line	
  for	
  many	
  BCs	
  	
  
	
  	
  	
  (out	
  of	
  Lme	
  pile-­‐up)	
  
-­‐	
  Overlap	
  of	
  many	
  events	
  per	
  bunch	
  crossing	
  
	
  	
  	
  (in	
  Lme	
  pile	
  up)	
  
-­‐	
  Net-­‐effect	
  is	
  0	
  due	
  to	
  bipolar	
  pulse	
  shape	
  
	
  

•  Only	
  in	
  Lme	
  pile	
  up	
  at	
  	
  
beginning	
  of	
  bunch	
  train	
  

•  Enhanced	
  baseline	
  
•  Effect	
  amplifies	
  with	
  the	
  	
  	
  	
  	
  	
  	
  	
  	
  

number	
  of	
  involved	
  TTs	
  
•  No	
  effect	
  for	
  electrons	
  
•  Big	
  effect	
  for	
  ETmiss	
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L1Calo	
  Upgrade	
  during	
  LS1	
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MCM	
  -­‐>	
  nMCM	
  

15th July 2014 Alessandra Baas, Heidelberg University 3

MCM vrs. nMCM MCM vrs. nMCM 

● MCM with ASIC        nMCM with FPGA

● nMCM more advanced algorithms (two LUTs, dynamic pedestal correction, ... )

15th July 2014 Alessandra Baas, Heidelberg University 11

LUT Calculation LUT Calculation 

Newly calibrated energy value at JES [GeV]

Sum over pulse

LUT at EM 
scale

Energy value at EM scale[GeV]

Non linear 
LUT

Beler	
  hardware	
  
-­‐  operaLonal	
  stability	
  
More	
  flexibility	
  
-­‐  Beler	
  digital	
  filter	
  
-­‐  pile-­‐up	
  substr.	
  
-­‐  sat.	
  BCID	
  
-­‐  calibraLon	
  

New	
  development	
  
-­‐  ASIC	
  -­‐>	
  FPGA	
  
-­‐  4	
  ADCs	
  -­‐>	
  2	
  dADCs	
  
-­‐  Remove	
  Phos4	
  chip	
  
-­‐  ....	
  



Expected	
  Performance	
  improvements	
  

•  Lower	
  ETmiss	
  rates:	
  Beler	
  pile-­‐up	
  suppression	
  
–  AutocorrellaLon	
  filters,	
  dynamic	
  pedestal	
  subtracLon	
  

•  Beler	
  efficiency	
  vs	
  rate	
  working	
  point	
  for	
  electrons	
  
–  FracLonal	
  isolaLon	
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nMCM	
  noise	
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L1Topo	
  
Run-­‐1:	
  threshold	
  trigger	
  
Run-­‐2:	
  evaluate	
  topological	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  event	
  informaLon	
  

jet	
  jet	
  

ETmiss	
  

Δφ

Example:	
  ZH	
  -­‐>	
  ννbb	
  

SubstanLal	
  enhancement	
  	
  
of	
  trigger	
  capabiliLes	
  

Uses:	
  electrons,	
  taus,	
  jets,	
  ETmiss	
  

Topological	
  Algorithms:	
  	
  
    Δφ,	
  Δh,	
  ΔR,	
  minv,	
  mT,	
  	
  ETmiss	
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L1Topo	
  Hardware	
  

L1Topo production

• 5 PCBs printed, 1 assembled
• Under test:

• Smoking test ok
• JTAG configuration ok
• Boundary scan ok
•

Now assembly PUDC and address resistors

•
Mezzanines ready

2 / 5

Entered	
  new	
  territory	
  in	
  	
  
many	
  different	
  areas	
  
	
  
-­‐	
  2	
  ATCA	
  modules	
  (1	
  exists	
  so	
  far)	
  
-­‐	
  Medium	
  density	
  of	
  opLcal	
  links	
  
-­‐	
  High	
  density	
  of	
  tracks	
  on	
  PCB	
  
-­‐	
  24	
  layer	
  PCB	
  
-­‐	
  2	
  big	
  FPGAs	
  	
  

	
  
	
  

We	
  went	
  through	
  a	
  long	
  history	
  of	
  prototype	
  and	
  producLon	
  boards:	
  
These	
  boards	
  are	
  expremely	
  difficult	
  to	
  built.	
  

M5 summary Production Status Plan for M6 Post M6 Plan for M7 Summary

M5 summary

5 / 14
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Level-­‐1	
  Calorimeter	
  Trigger:	
  Status	
  
•  Legacy	
  Hardware	
  	
  

–  commissioned	
  and	
  calibrated	
  
•  nMCM	
  

–  Hardware	
  installed	
  
–  Firmware	
  and	
  Sohware	
  almost	
  there	
  

•  CMX	
  
–  Hardware	
  installed	
  
–  Firmware	
  and	
  Sohware	
  largely	
  there	
  

•  L1Topo	
  
–  1/2	
  boards	
  installed	
  (2nd	
  just	
  arrived)	
  
–  Firmware	
  and	
  Sohware	
  converging	
  

•  Sohware/Database/CalibraLon	
  
–  Converging,	
  calibraLon	
  major	
  effor	
  for	
  the	
  next	
  2-­‐3	
  years	
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Summary	
  

•  Calorimeters	
  
– Repair	
  of	
  broken	
  channels	
  
– New	
  PS	
  for	
  beler	
  operaLonal	
  stability	
  
– Many	
  improvments	
  of	
  DAQ,	
  SW,	
  Monitoring	
  

•  Calorimeter	
  Trigger	
  
– New	
  funcLonality	
  to	
  cope	
  with	
  pile-­‐up	
  
– Topological	
  Processing	
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