
Triggers,	  Data	  Acquisi0on	  and	  
Data	  Processing:	  Part	  2	  

HCPSS	  2014	  
Sarah	  Demers	  
Yale	  University	  

	  



Plan	  for	  Today	  

•  Finish	  up	  last	  topics	  from	  yesterday	  (trigger	  
performance)	  

•  Respond	  to	  discussion	  session	  
– ATLAS	  Trigger,	  Timing	  and	  Control	  (TTC)	  funcDonality	  
–  latency	  pipeline	  

•  A	  few	  comments	  about	  Data	  PreparaDon	  

•  What	  keeps	  trigger	  people	  up	  at	  night?	  

•  Trigger/DAQ	  Upgrades	  
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EvaluaDng	  Performance	  

OperaDons	  
	  DeadDme,	  busy,	  run	  start/stop	  

	  
Algorithms	  	  

	  Timing	  
	  Efficiency	  
	  Purity	  
	  Response	  to	  Instantaneous	  Luminosity	  
	  Response	  to	  pile-‐up	  

	  
Physics	  

	  Were	  the	  triggers	  used	  in	  analyses?	  
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2012	  ATLAS	  
Performance	  

Running	  and	  not	  busy:	  94.4	  %	  
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2012	  ATLAS	  
Performance	  
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(Sobering)	  event	  size	  coming	  out	  of	  	  
SFO	  (HLT/DAQ)	  as	  a	  funcDon	  

of	  pile-‐up	  

SDll,	  much	  less	  than	  the	  
O(100)	  MB	  at	  ALICE	  pb-‐pb	  



Performance:	  Use	  of	  bandwidth	  
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CMS:	  On	  average	  400	  Hz	  
for	  “core”	  physics,	  600	  Hz	  
“parked”,	  1kHz	  “scout”	  –	  
reduced	  in	  size	  by	  103	  



Performance:	  Use	  of	  bandwidth	  
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Prescales	  kick	  in	  

CMS:	  On	  average	  400	  Hz	  
for	  “core”	  physics,	  600	  Hz	  
“parked”,	  1kHz	  “scout”	  –	  
reduced	  in	  size	  by	  103	  



Performance:	  Use	  of	  bandwidth	  
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In	  2012,	  LHCb	  used	  a	  “deferred”	  trigger	  
scheme,	  sending	  20%	  of	  L0	  rate	  directly	  to	  disk	  
	  
Allowed	  for	  more	  inclusive	  tracking	  condiDons,	  	  
increasing	  efficiency	  for	  important	  signal	  processes	  
	  

efficiency	  increased	  by	  factor	  of	  three	  



Measuring	  Algorithm	  Performance:	  
Tag	  and	  Probe	  
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Z	  e/µ	  	   e/µ	  	  

Tag:	  passes	  trigger	  
0ght	  iden0fica0on	  cuts	  



Measuring	  Performance:	  
Tag	  and	  Probe	  
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Z	  e/µ	  	   e/µ	  	  

Tag:	  passes	  trigger	  
0ght	  iden0fica0on	  cuts	  

Require	  ee	  /	  µµ	  pair	  to	  
-‐	  have	  opposite	  charge	  

-‐	  give	  Z	  mass	  



Measuring	  Performance:	  
Tag	  and	  Probe	  
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Z	  e/µ	  	   e/µ	  	  

Tag:	  passes	  trigger	  
0ght	  iden0fica0on	  cuts	  

Require	  ee	  /	  µµ	  pair	  to	  
-‐	  have	  opposite	  charge	  

-‐	  give	  Z	  mass	  

Probe:	  unbiased	  object	  
with	  known	  ID	  

Can	  even	  do	  this	  for	  hadronic	  tau	  decays!	  
What	  about	  high	  pT	  objects?	  



Tomorrow…	  

Data	  PreparaDon	  and	  analysis	  
	  
What	  keeps	  trigger	  people	  up	  at	  night?	  
	  
Trigger/DAQ	  upgrades	  
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Today…	  

Data	  PreparaDon	  and	  analysis	  
	  
What	  keeps	  trigger	  people	  up	  at	  night?	  
	  
Trigger/DAQ	  upgrades,	  but	  first,	  some	  details	  about	  
the	  TTC,	  and	  the	  latency	  pipeline.	  
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ATLAS	  TTC:	  Trigger,	  Timing	  and	  Control	  
(ATLAS	  L1	  Technical	  Design	  Report:	  ATLAS	  TDR-‐12)	  	  

14	  

Design	  Numbers	  
not	  

OperaDons	  



ATLAS	  L1	  Trigger	  
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Central	  	  
Trigger	  

Processor	  



ATLAS	  TTC	  
Trigger,	  Timing	  and	  Control	  
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central	  trigger	  
	  processor	  

From	  the	  LHC:	  
	  bunch-‐crossing	  clock	  
	  once	  per	  orbit,	  BC=0	  signal	  

	  
From	  CTP:	  

	  type	  of	  trigger	  with	  each	  L1	  Accept	  
	  prepulse	  (for	  calibraDon	  triggers)	  

	  
Out	  of	  TTC:	  

	  clock	  from	  LHC	  (BC	  clock)	  
	  L1	  Accept	  with	  trigger	  type	  
	  BCID:	  Bunch-‐crossing	  ID	  
	  EVID:	  event	  idenDfier	  
	  for	  reset/synchronizaDon,	  BCR	  +	  ECR	  
	  BCR:	  bunch	  counter	  re-‐set	  
	  EVR:	  event	  counter	  re-‐set	  



ATLAS	  
Latency	  
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For	  Real	  This	  Time:	  Tomorrow	  Today	  

Data	  PreparaDon	  and	  analysis	  
	  
What	  keeps	  trigger	  people	  up	  at	  night?	  
	  
Trigger/DAQ	  upgrades	  
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Common	  Data	  Fragment	  Header	  

A	  Challenge:	  Open	  the	  “data	  fragment	  header”	  black	  box	  for	  your	  experiment	  
	  

Advanced	  Challenge:	  understand	  data	  format	  for	  raw	  data	  



So,	  you	  want	  to	  introduce	  a	  new	  
trigger?	  
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So	  you	  want	  to	  introduce	  a	  new	  
trigger?	  

What	  is	  the	  rate	  of	  the	  trigger?	  	  Both	  TOTAL	  and	  UNIQUE	  Rate.	  
	  
	  
What	  fracDon	  of	  that	  rate	  will	  you	  use	  in	  your	  analysis?	  	  
OpDmize	  against	  your	  offline	  reconstrucDon	  objects,	  not	  truth	  objects!	  
How	  will	  you	  evaluate	  your	  trigger	  efficiency?	  
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Data	  PreparaDon	  
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Data	  PreparaDon	  
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Data	  Quality	   Reprocessing	  
Example	  from	  CMS,	  P.	  Azzi	  



Data	  PreparaDon	  
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Data	  Quality	  
Example	  from	  ATLAS	   Reprocessing	  

Example	  from	  CMS,	  P.	  Azzi	  



What	  keeps	  the	  trigger	  group	  	  
up	  at	  night?	  

Missing	  physics	  beyond	  the	  standard	  model	  because:	  
	  

	  Triggers	  are	  too	  Dghtly	  tuned	  to	  specific	  scenarios	  	  
	  and	  miss	  new	  physics	  that	  we	  didn’t	  expect.	  

	  

	  Slow-‐moving	  parDcles	  do	  not	  fire	  the	  trigger.	  
	  Long-‐lived	  parDcles	  do	  not	  fire	  the	  trigger.	  
	  Cascade	  decay	  products	  of	  new	  parDcles	  all	  have	  low	  energy	  	  
	  and	  are	  therefore	  below	  trigger	  thresholds	  

	  
Your	  nightmare	  scenario	  here…	  
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Reminder	  of	  some	  challenges	  	  
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Examples	  from	  Adam	  Falkowski’s	  slides	  



Dedicated	  Triggers:	  CMS	  Stopped	  Gluinos	  

BPTX	  Monitors	  175	  m	  from	  collision	  point	   Time	  Profile	  of	  Events	  	  

CMS	  PAS	  EXO-‐10-‐003	  
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Dedicated	  Triggers:	  CMS	  Stopped	  Gluinos	  

BPTX	  Monitors	  175	  m	  from	  collision	  point	   Time	  Profile	  of	  Events	  	  

CMS	  PAS	  EXO-‐10-‐003	  

10	  GeV	  (L1)	  and	  20	  GeV	  (HLT)	  trigger	  

Pulse	  shape	  consistent	  with	  energy	  deposit	  

veto	  on	  cosmic	  rays	  

veto	  jets	  too	  wide	  or	  narrow	  (consistent	  with	  
noise)	  60%	  of	  energy	  needs	  to	  require	  <	  6	  
towers,	  90%	  of	  energy	  needs	  to	  require	  >	  3	  

single	  photodiode	  reads	  out	  18	  channels,	  all	  	  
with	  the	  same	  phi	  
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Looking	  Forward.	  	  Waaaaay	  forward.	  
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detector	  with	  pile-‐up	  

detector	  



Trigger/DAQ	  Upgrades	  
ALICE	  

	  Upgrade	  of	  the	  Readout	  and	  Trigger	  System	  
	  htp://cds.cern.ch/record/1603472?ln=en	  	  
	  

ATLAS	  
	  Phase-‐I	  Upgrade	  of	  TDAQ	  
	  htp://cds.cern.ch/record/1602235?ln=en	  	  
	  Leter	  of	  Intent	  for	  Phase-‐II	  Upgrade	  
	  htp://cds.cern.ch/record/1502664?ln=en	  

CMS	  
	  Level	  1	  Trigger	  Upgrade	  
	  htp://cds.cern.ch/record/1556311?ln=en	  	  
	  

LHCb	  
	  Trigger	  and	  Online	  Upgrade	  
	  htps://cds.cern.ch/record/1701361/files/LHCB-‐TDR-‐016.pdf	  	  
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Upgrade	  
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Going	  back	  to	  the	  mantra	  of	  being	  driven	  by	  physics,	  how	  would	  you	  define	  the	  
performance	  needs	  of	  the	  upgrade?	  

Crossing	  with	  pile-‐up	  of	  50	  events	  

LS1:	  Ongoing,	  prepare	  for	  
	  ∼13	  TeV,	  	  1	  x	  1034	  cm-‐2s-‐2	  	  

<PU>	  25	  -‐	  40	  
	  

LS2:	  2018,	  prepare	  for	  
2.5	  x	  1034	  cm-‐2s-‐2	  	  

	  <PU>	  ∼60	  
PHASE-‐I	  Upgrades	  

	  

LS3:	  2022,	  prepare	  for	  
5	  x	  1034	  cm-‐2s-‐2	  
	  <PU>	  ~140	  

PHASE-‐II	  	  Upgrades	  
	  



ALICE	  Upgrade	  

Broad	  Physics	  Goals	  
	  

	  Precision	  measurements	  of	  quark-‐gluon	  plasma	  
	  heavy	  flavor	  transport,	  quarkonia,	  low	  mass	  di-‐leptons	  

	  
	  Jet	  quenching	  and	  fragmentaDon	  

	  
	  ExoDc	  heavy	  nuclear	  states	  

Maximum	  readout	  500	  Hz	  -‐>	  50	  kHz	  	  (pb-‐pb)	  and	  up	  to	  200	  kHz	  (p-‐p	  and	  p-‐pb)	  
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ATLAS	  Upgrade	  
Current	  Work	  Includes:	  
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Insertable	  B-‐Layer	  
Topological	  Trigger	  

Combining	  muon	  
and	  calorimeter	  objects	  –	  can	  make	  	  

requirements	  on	  angular	  distribuDons,	  
masses	  to	  select	  signal	  or	  reject	  BG	  



Fast	  TracKer	  (FTK)	  
Electronics	  for	  global	  tracking	  on	  every	  L1	  Trigger	  to	  provide	  
early	  access	  to	  tracking	  informaDon	  at	  Level	  2.	  
	  

Main	  moDvaDon:	  b-‐	  and	  τ-‐tagging	  	  
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FTK	  
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Efficiencies	  for	  muons	  and	  pions	  
with	  respect	  to	  

	  truth	  (simulaDon)	  
and	  	  

offline	  reconstrucDon	  

ATLAS-‐TDR-‐021-‐2013	  



PHASE-‐I	  
	  

2018	  –	  2022 	  	  	  	  300	  x-‐1 	  60	  -‐	  80	  pile-‐up	  events	  
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Level1	  Calorimeter	  Trigger/Readout	  
	  

Muon	  New	  Small	  Wheel	  



Level	  1	  Calorimeter	  Trigger:	  Increased	  Granularity	  
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Level	  1	  Calorimeter	  Trigger:	  Increased	  Granularity	  

Current	  L1	  Trigger	  Tower	  
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Level	  1	  Calorimeter	  Trigger:	  Increased	  Granularity	  

Full	  Detector	  Granularity	  

Current	  L1	  Trigger	  Tower	  

40	  



Level	  1	  Calorimeter	  Trigger:	  Increased	  Granularity	  

Full	  Detector	  Granularity	  

Current	  L1	  Trigger	  Tower	  

Phase-‐II	  Supercell	  
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Muon	  New	  Small	  Wheel	  (NSW)	  
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A	  set	  of	  precision	  tracking	  and	  trigger	  detectors	  	  
that	  can	  work	  at	  high	  rates	  with	  excellent	  Dme	  and	  

spaDal	  resoluDon.	  

ATLAS-‐TDR-‐020-‐2013	  

budget	  of	  L1	  ~100	  kHz	  



Muon	  New	  Small	  Wheel	  
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Low	  purity	  (currenty)	  in	  the	  end-‐cap	  region	  



Muon	  New	  Small	  Wheel	  
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Segment	  finding	  for	  a	  2	  TeV	  Z’	  decaying	  
to	  a	  pair	  of	  muons	  



PHASE-‐II	  
	  

2024	  –	  203x 	  3000	  x-‐1	   	  140	  –	  200	  pile-‐up	  events	  
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Level	  1	  
Track	  
Trigger	  
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MoDvaDon	  for	  the	  Track	  Trigger	  



The	  ATLAS	  Tracking	  Chambers	  
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an	  example	  upgrade	  layout	  
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channel	  occupancy	  with	  200	  pile-‐up	  interacDons	  
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Constraints	  Include	  Access	  



From	  ATLAS	  Phase-‐II	  Leter	  of	  Intent	  
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Performance	  assumpDons	  based	  on	  full	  simulaDon	  for	  an	  upgraded	  ATLAS	  
detector	  at	  a	  High-‐Luminosity	  LHC	  

The	  ATLAS	  CollaboraFon	  
ATLAS-‐PUB-‐2013-‐009	  

offline	  cuts	  of	  	  
	  

25	  GeV	  for	  electrons	  and	  muons	  
60	  GeV	  for	  photons	  and	  taus	  

180	  GeV	  for	  Missing	  ET	   52	  



CMS	  TDAQ	  Upgrades	  
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Currently	  ongoing	  –	  prep	  for	  phase-‐1	  upgrade,	  splizng	  signals	  so	  	  
that	  the	  upgraded	  trigger	  can	  be	  implemented	  in	  parallel.	  

LHCC Meeting, 12th March 2013.

Overview: calorimeter trigger

! Complete commissioning of calorimeter trigger in parallel
" Necessary to install oSLB/oRM during LS1 (complex operation)
" Necessary to install passive optical splitters for HCAL (LS1 and YETS)
" Underway already
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Thanks	  to	  slides	  from	  
	  Jeff	  Spaulding	  



CMS:	  Expected	  for	  2016	  data-‐taking	  
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LHCC Meeting, 12th March 2013.

Upgrade summary
! CMS reviews in 2012

" Internal Review of Calorimeter Trigger
" Conceptual Design Review I
" Conceptual Design Review II

! Timeline
" Mezzanine cards for ECAL and splitting for 

HCAL LS1
" Mezzanine cards for Endcap Muon Track 

Finder LS1
" Commissioning of new calorimeter trigger in 

2015
" Commissioning of new muon trigger in 2015, 

using slices of DT and RPC and full CSC

23

! New trigger system ready for physics for 2016 LHC run

Allow	  for	  access	  to	  objects	  from	  Calo	  and	  Muon	  systems	  together	  at	  L1	  



CMS:	  Phase-‐1	  
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New	  L1	  Global	  Trigger	  will	  be	  commissioned	  and	  running	  (2016)	  
	  

New	  Pixel	  Detector	  
	  

HCAL	  upgrade:	  photodetectors	  and	  electronics	  	  

htp://cds.cern.ch/record/1481838/files/CMS-‐TDR-‐011.pdf	  	  	  

htp://cds.cern.ch/record/1481837/files/CMS-‐TDR-‐010.pdf	  	  

hybrid	  photodiodes	  (HPDs)	  -‐>	  silicon	  	  
photomulDplier	  (SiPM)	  devices	  

	  

on-‐	  and	  off-‐detector	  electronics	  upgraded	  

H-‐>ττ	

(VBF)	  



CMS:	  Phase-‐2	  
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Outer	  tracker	  material	  	  
Phase	  1	  &	  Phase	  2	  

“conceptual	  design”	  layout	  

Major	  upgrades,	  including	  
the	  muon	  trigger	  and	  	  

introducing	  a	  L1	  track	  trigger	  
	  

Goals	  
track	  info	  for	  all	  L1	  triggers	  

increased	  EM	  Calo	  granularity	  
1	  MHz	  into	  HLT	  

10	  kHz	  output	  from	  HLT	  	  



LHCb	  Upgrade	  
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Thanks	  to	  the	  school	  organizers	  for	  the	  opportunity	  to	  talk	  about	  triggers	  and	  
data	  acquisiDon!	  
	  
Thanks	  to	  many	  colleagues	  for	  wriDng	  such	  beauDful	  slides	  and	  documentaDon	  
that	  preparing	  for	  this	  talk	  was	  a	  pleasure!	  
	  
Thanks	  to	  you	  for	  your	  atenDon!	  
	  
Enjoy	  the	  rest	  of	  your	  week!	  

I’m	  heading	  home	  to	  	  
cheer	  up	  the	  pirates!	  


