
Jet	  Trigger	  and	  changes	  for	  Run	  II	  	  



Outline	  

•  Introduc6on	  
•  Jet	  Trigger	  in	  Run	  I	  
–  Level	  1,	  Level	  2,	  Event	  Filter	  

•  Jet	  Trigger	  for	  Run	  II	  
–  Par6al	  Scan	  
–  Faster	  clustering	  and	  Full	  Scan	  	  
–  Calibra6on	  op6ons	  

•  Jet	  Trigger	  Menu	  
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All	  jets	  are	  
connected	  

•  Unusual	  trigger…	  
–  Jets	  defined	  by	  jet	  algorithm	  	  
–  Jets	  have	  non-‐negligible	  size	  in	  detector	  
–  Nearby	  jets	  influence	  reconstruc6on	  
–  Signal	  is	  same	  as	  background	  
–  Just	  selec6ng	  phase	  space	  (i.e.	  physics!)	  
–  Very	  steeply	  falling	  spectrum	  
–  Jet	  pT	  resolu6on	  determines	  “background”	  rate	  

•  Region	  of	  Interest	  (RoI)	  approach	  not	  really	  suitable	  
•  Reproduce	  offline	  reconstruc6on	  as	  much	  as	  possible	  
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Jet	  Trigger	  in	  Run-‐I	  
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Level	  1	  Jet	  Trigger	  
•  Jet	  Elements	  built	  from	  2x2	  

Trigger	  Towers	  
•  Sliding	  Window	  jet	  algorithm	  
•  Iden6fies	  L1	  jet	  RoI	  if	  local	  ET	  

maximum	  found	  and	  above	  
threshold	  

•  Trigger	  Tower	  ET	  resolu6on	  
around	  1GeV	  (digital)	  

•  Very	  slow	  turn-‐on	  due	  to	  poor	  
resolu6on	  (J15	  reaches	  100%	  
efficiency	  at	  ≈50GeV)	  

•  NOTE:	  expect	  significant	  
improvements	  for	  Run	  II	  from	  
nMCM	  calibra6on	  
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Jet	  trigger	  in	  Run	  1	  
Level	  2:	  
•  Cone	  algorithm	  in	  RoI’s	  
•  An6-‐kt	  jets	  from	  Trigger	  Towers	  (Level	  1.5)	  

–  ≈L1	  granularity	  and	  resolu6on	  but	  full	  calo	  scan	  
–  Par6ally	  recover	  close-‐by	  jet/jet	  spligng	  bias	  

from	  L1	  sliding	  window	  
•  Much	  faster	  turn-‐on	  than	  L1	  
Event	  Filter:	  	  
•  Offline-‐like	  jet	  reconstruc6on	  

–  An6-‐kt	  jets	  star6ng	  from	  TopoClusters	  
•  Offline-‐like	  performance	  (on	  surviving	  events)	  
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Jet	  Trigger	  plans	  and	  difficul6es	  
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Architecture	  &	  SW	  changes	  for	  Run	  II	  
•  Merged	  High	  Level	  Trigger	  instead	  of	  separate	  L2	  &	  Event	  Filter	  
•  L1Topo	  topological	  processor	  at	  Level	  1	  (see	  later	  slides)	  
•  Migra6on	  to	  xAOD	  led	  to	  major	  somware	  changes	  

•  Challenging!	  
–  Re-‐wri6ng	  of	  jet	  trigger	  somware	  and	  config,	  updated	  monitoring,	  etc	  

•  Opportuni6es!	  	  
–  Improve	  on	  RoI-‐based	  jet	  reconstruc6on	  in	  Level	  2	  
–  Greater	  re-‐use	  of	  offline	  jet	  reconstruc6on	  and	  calibra6on	  
–  Good	  collabora6on	  with	  HLTCalo	  and	  offline	  jet	  groups	  (thanks!)	  

•  Main	  obstacle:	  CPU	  6me,	  mainly	  clustering	  
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•  HLT	  jet	  finding	  on	  Super	  RoI	  built	  from	  union	  of	  all	  L1	  RoIs	  	  
–  Or	  beoer	  alterna6ve:	  start	  from	  Trigger	  Tower	  full	  scan	  (L1.5)	  
–  Tuneable	  parameters:	  L1_Jx	  (or	  L1.5	  seed),	  size	  of	  RoIs	  making	  sRoI	  
–  Good	  jet	  reconstruc6on	  performance	  and	  costs	  
–  Efficiency:	  (L1_J20)	  ≈	  99.5%	  wrt	  Full	  Scan	  (j110)	  

•  Major	  downside:	  no	  jet	  area	  subtrac6on	  of	  pileup	  

Par6al	  solu6on:	  Par6al	  Scan	  
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Full	  Scan	  :	  <n>	  	  ≈	  190k	  cells	  
Par6al	  Scan:	  L1_J20	  1x1	  :	  	  

	  <n>	  	  ≈	  16k	  cells	  
Par6al	  Scan:	  L1_J20	  1.5x1.5	  :	  	  	  

	  <n>	  ≈32k	  cells	  

Full	  Scan	  :	  <t>	  	  ≈	  10ms	  
Par6al	  Scan:	  L1_J20	  1x1:	  	  	  

	  <t>	  	  ≈	  6ms	  
Par6al	  Scan:	  L1_J20	  1.5x1.5	  :	  	  	  

	  <t>	  ≈	  10ms	  

Full	  Scan	  :	  <t>	  	  ≈	  260ms	  
(actually…	  this	  was	  a	  glitch)	  
Par6al	  Scan:	  L1_J20	  1x1:	  	  	  

	  <t>	  	  ≈	  30ms	  
Par6al	  Scan:	  L1_J20	  1.5x1.5	  :	  	  	  

	  <t>	  ≈	  45ms	  

Nr	  of	  cells	  

Ademar	  Delgado	  

JZ2W	  (80-‐200GeV)	  

CellMaker	  6me	  

JZ2W	  (80-‐200GeV)	  

ClusterMaker	  6me	  

JZ2W	  (80-‐200GeV)	  

Cost…	  
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Improvements	  in	  clustering	  6me	  
Updates	  to	  TopoCluster	  lead	  to	  
much	  improved	  CPU	  <me	  	  
TopoCluster:	  
•  Clustering	  
•  Spligng	  
•  Moment	  calcula6on	  
•  Calibra6on	  
Full	  calorimeter	  scan	  in	  HLT	  
•  Cluster	  making:	  	  

–  80ms/evt	  
•  Cluster+Calibra6on	  (LCW):	  	  

–  140ms/evt	  
New	  baseline	  plan:	  	  
•  Full	  calorimeter	  scan	  
•  Keep	  Par6al	  Scan:	  plan	  B	  
•  Plan	  to	  use	  L1.5	  to	  reduce	  

rate	  for	  TopoCluster	  scan	  (in	  
progress)	  
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The	  road	  ahead	  
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Requires	  full	  
event	  tracking	  
and	  pr.	  vertex	  

Requires	  full	  
tracking	  &	  calo	  

details(*)	  

Jet	  Calibra6on	  in	  HLT	  
•  Apply	  as	  much	  as	  possible	  of	  offline	  jet	  calibra6on	  
•  Concentrate	  on	  steps	  leading	  to	  larger	  improvements	  
•  Essen6al:	  	  
–  Pileup	  (jet	  area)	  subtrac6on	  and	  Jet	  Energy	  Scale:	  working	  

•  In	  progress/plans:	  
–  Global	  Sequen6al	  Calibra6on:	  some	  factorizable	  steps	  possible	  
–  Tracking-‐based	  steps	  may	  be	  possible	  but	  not	  yet	  addressed	  
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Key	  
•  Jet	  Algorithm:	  

–  a4	  =	  an6-‐kt	  jet	  finding	  algorithm	  with	  R	  parameter	  of	  0.4	  
–  a10	  =	  an6-‐kt	  jet	  finding	  algorithm	  with	  R	  parameter	  of	  1.0	  

•  Input	  objects	  used	  for	  jet	  finding:	  
–  tc	  =	  TopoClusters	  reconstructed	  from	  calorimeter	  cells	  
–  TT	  =	  Level	  1	  TriggerTowers	  read	  out	  in	  HLT	  to	  allow	  fast	  but	  coarse	  full	  calo	  scan	  (a.k.a.	  Level	  1.5)	  	  

•  Calorimeter	  scan:	  
–  PS	  =	  par6al	  calorimeter	  scan	  seeded	  by	  L1	  RoI	  or	  L1.5	  	  
–  FS	  =	  full	  calorimeter	  scan	  (default)	  

•  Pseudorapidity	  range:	  
–  xxETAyy	  =	  jets	  in	  interval	  xx	  <	  |η|	  <	  yy	  –	  default	  is	  0eta32	  (old	  central	  jets)	  

•  Cluster	  Energy	  Scale	  correc6on:	  
–  em	  =	  no	  weights	  applied	  
–  lcw	  =	  local	  cluster	  weigh6ng	  

•  Jet	  Energy	  Scale	  correc6on:	  
–  jes	  =	  JES	  calibra6on	  factors	  without	  pileup	  subtrac6on	  
–  sub	  =	  pileup	  subtrac6on	  applied	  but	  no	  JES	  factors	  
–  subjes	  =	  both	  pileup	  subtrac6on	  and	  JES	  factors	  

•  Some	  possible	  combina6ons:	  
–  a4tcem	  =	  jets	  built	  from	  EM-‐scale	  clusters	  with	  no	  jet	  level	  calibra6on	  
–  a10tcemsubjes	  =	  jets	  built	  from	  EM-‐scale	  clusters	  with	  pile-‐up	  subtrac6on	  and	  jet-‐level	  calibra6on	  	  
–  a10TTem	  =	  jets	  built	  from	  TriggerTowers	  with	  no	  jet	  level	  calibra6on	  	  
–  a4tclcwsub	  =	  jets	  built	  from	  LC-‐scale	  clusters	  with	  only	  a	  pile-‐up	  subtrac6on	  applied	  at	  the	  jet	  level	  
–  a10tclcw_PS	  =	  jets	  built	  from	  LC-‐scale	  clusters	  found	  in	  a	  SuperRoI	  seeded	  by	  all	  L1_Jx	  items	  
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Primary	  Jet	  Menu	  Items	  at	  low	  &	  high	  lumi	  
•  Menu	  for	  MC15	  under	  final	  discussion	  right	  now	  

–  5x1033	  menu:	  j360,	  fatjet360,	  4j85,	  5j60,	  6j50.0ETA24,	  ht800	  
–  2x1034	  menu:	  j400,	  fatjet450,	  4j100,	  5j85,	  6j50.0ETA24,	  ht1000	  

•  Default	  calibra6on:	  emsubjes	  	  
–  Calibrated	  +	  pileup	  subtract	  jets	  EM-‐scale	  clusters	  

•  “Cross-‐check”	  chains	  with	  alterna6ve	  calibra6ons	  for	  a	  few	  strategic	  
thresholds	  
–  E.g.:	  j360_a4tcemjes/j380_a4tcemsubjes/j380_a4tcemjes/j380_a4tclcwsubjes	  

Chain	  Type	   L1	  Seed	  at	  0.5x1034	   HLT	  Item	  at	  0.5x1034	   L1	  Seed	  at	  2x1034	   HLT	  Item	  at	  2x1034	  

Single	  jet	   J75	   j360	   j100	   j400	  

Single	  fat	  jet	   HT150	   j360_a10	   HT190	   j450_a10	  

4	  jets	   3J40	   4j85	   3J50	   4j100	  

5	  jets	   4J15	   5j60	   4J20	   5j85	  

6	  jets	   5J15.0ETA24	   6j50.0ETA24	   5J15.0ETA24	   6j50.0ETA24	  

HT	  trigger	   HT190	   ht800	   HT190	   ht1000	  
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UBA	  (Devesa,	  Reisin,	  Otero,	  Piegaia)	  	  

L1Topo,	  Fat	  Jets,	  et	  al.	  

•  L1Topo	  allows	  to	  cut	  on	  complex	  
quan66es	  using	  L1	  objects	  

•  Example	  here:	  	  
–  Op6miza6on	  of	  fat-‐jet	  L1	  seed	  	  
–  HTC:	  ET	  sum	  of	  all	  jets	  with	  ET>20GeV	  

within	  |η|<2.5	  
•  Several	  other	  studies,	  like:	  	  

–  HT	  trigger	  for	  stop	  searches	  
–  Fat-‐jet	  trigger	  for	  VV-‐>jj	  
–  Razor	  triggers	  for	  resonances	  decaying	  

to	  jets+invisible	  par6cles	  
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Rates at L1

Trigger Data (14 TeV) Unique (wrt J100) Unique (wrt J100+4J20)
J100 (default) 5.8±0.7 - -
HTC190 w/ET >15|�| <2.0 4.3±0.8 2.9±1.8 1.4±1.0
HTC200 w/ET >20|�| <2.5 3.8±0.6 1.0±0.4 0.9±0.7
HTC210 w/ET >15|�| <3.0 3.8±0.6 0.6±0.2 0.4±0.2P

ET >110 �R<1.0 4.3±0.7 0.3±0.2 0.2±0.2P
ET >120 �R<1.5 3.1±0.5 0.1±0.0 0.0±0.0P
ET >110 �R<1.5 4.7±0.7 0.6±0.3 0.2±0.2

HTSW>190 ��=4 5.3±0.8 1.9±0.6 1.1±0.5
HTSW>200 ��=4 4.3±0.7 1.2±0.5 0.8±0.4

I To pick the optimal trigger item we didn’t minimize the rate as did for slides 6-10.
I Here we vetoed triggers with rates above 5.8 kHz (the rate of J100), and then

ranked the remaining L1-seed triggers by the number of signal events that pass
the given condition but not J100.

I In this way we maximized the signal acceptance that is not captured by J100,
while keeping a lower rate.
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Other	  loose	  ends…	  
Several	  other	  studies/improvements	  not	  men6oned	  here	  6me:	  
•  Impact	  of	  pileup	  subtrac6on	  (Erich	  Varnes)	  
•  Impact	  of	  pileup	  in	  resolu6on	  and	  bias	  (Annabelle	  Chuinard)	  
•  Jet	  offline	  analysis	  framework	  (Rob	  Cantrill,	  Lourenço	  Lopes)	  
•  Lots	  of	  work	  in	  Monitoring	  and	  valida6on	  (Lee	  Sawyer,	  Sebas6en	  

Prince,	  Aparajita	  Daoagupta,	  et	  al)	  
•  Jet	  menu	  studies	  in	  SUSY,	  

SM,	  Higgs,	  Exo6cs,	  etc	  
•  Jet	  cleaning	  (Nuno	  Anjos,	  

liaising	  with	  Caterina	  
Doglioni)	  

•  Etc…	  
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Conclusions	  
•  Big	  changes	  in	  Jet	  Trigger	  for	  Run	  II	  	  
•  Baseline	  plan:	  

–  Trigger	  Tower	  full	  scan	  to	  reduce	  input	  rate	  	  
–  Full	  calorimeter	  scan	  –	  Par6al	  Scan	  as	  plan	  B	  	  
–  Jet	  area	  subtrac6on	  and	  as	  much	  as	  possible	  of	  offline	  calibra6on	  	  

•  Long	  road	  to	  get	  here	  –	  but	  main	  features	  working	  
–  Much	  room	  for	  improvement!	  Volunteers	  (very)	  gladly	  accepted!	  

We’re	  (almost)	  ready	  for	  new	  run!	  
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Bonus	  slides	  

R.Gonçalo	   ATLAS	  Weekly	  -‐	  Jet	  Trigger	   19	  



Inclusive	  single	  jet	  chains	  
Level	  1	  seed	   Rate	  @	  0.5	  &	  2x1034	   HLT	  chain	   Rate	  @	  0.5	  &	  2x1034	   Prescale@2x1034	   Clients	  

L1_RD0	   j55_a4tcemsubjes	   O(Hz)	   ?	   bootstrap	  

j60_a4tcemsubjes	   O(Hz)	   ?	   bootstrap	  

J12	   0.95	  /	  3.8	  MHz	   j55_a4tcemsubjes	   150	  /	  600	  kHz	   600,000	  –	  1	  Hz	   taus	  

J15	   0.53	  /	  2.1	  MHz	   j60_a4tcemsubjes	   100	  /	  400	  kHz	   400,000	  –	  1	  Hz	   taus,	  btag	  

J20	   240	  /	  970	  kHz	   j85_a4tcemsubjes	   21	  /	  85	  kHz	   85,000	  –	  1	  Hz	   taus,	  mul6-‐j	  

j85_a4tcemjes	  

j85_a4tclcwsubjes	  

j85_a4tclcwjes	  

J25	   130	  /	  510	  kHz	   j100_a4tcemsubjes	   10	  /	  41	  kHz	   41,000	  –	  1	  Hz	   taus	  

J30	   75	  /	  300	  kHz	   j110_a4tcemsubjes	   6.5	  /	  26	  kHz	   26,000	  –	  1	  Hz	   LAr	  calib	  

J40	   32	  /	  130	  kHz	   j150_a4tcemsubjes	   1.6	  /	  6.5	  kHz	   6500	  –	  1	  Hz	   J+MET	  

J50	   15	  /	  60	  kHz	   j175_a4tcemsubjes	   0.75	  /	  3	  kHz	   3000	  –	  1	  Hz	   mul6jet	  

j175_a4tcemjes	  

j175_a4tclcwsubjes	  

j175_a4tclcwjes	  
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Inclusive	  single	  jet	  chains	  
Level	  1	  seed	   Rate	  @	  0.5	  &	  2x1034	   HLT	  chain	   Rate	  @	  0.5	  &	  2x1034	   Prescale@2x1034	   Clients	  

J60	   7.5	  /	  30	  kHz	   j200_a4tcemsubjes	   0.4	  /	  1.6	  kHz	   1600	  –	  1	  Hz	   btag	  

J75	   4	  /	  17	  kHz	   j260_a4tcemsubjes	   140	  /	  400	  Hz	   400	  –	  1	  Hz	   btag,	  low	  Lumi	  

J85	   2.5	  /	  10	  kHz	   j300_a4tcemsubjes	   67	  /	  270Hz	   200	  –	  ≈1	  Hz	   mul6jet,	  
medium	  Lumi	  

j320_a4tcemsubjes	   43	  /	  170	  Hz	   150	  –	  ≈1	  Hz	   mul6jet,	  
medium	  Lumi	  

J100	   1.3	  /	  5	  kHz	   j360_a4tcemjes	   22	  /	  90	  Hz	   100	  –	  ≈1	  Hz	   unprescaled	  at	  
1x1032	  
or	  lower:	  aim	  for	  
1-‐2	  points	  during	  
year	  to	  change	  
lowest	  
unprescaled	  chain	  
	  
Also	  re-‐think	  set	  
of	  cross-‐check	  
chains	  with	  
different	  
calibra6ons	  if	  
needed	  

j380_a4tcemsubjes	   16	  /	  65	  Hz	   50	  –	  ≈1	  Hz	  

j380_a4tcemjes	  

j380_a4tclcwsubjes	  

j380_a4tclcwjes	  

j400_a4tcemsubjes	   9	  /	  35	  Hz	   unprescaled	  

j400_a4tcemjes	  

j400_a4tclcwsubjes	  

j400_a4tclcwjes	  

J120	   1.3	  /	  2.7	  kHz	   j460_a4tcemjes	  +	  
cross-‐check	  chains	  

<1	  /	  2.8	  Hz	   unprescaled	   High	  Lumi	  

J400	   0	  /	  0	  Hz	   noAlg	   5.5	  Hz	   unprescaled	   Passthrough	  
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Mul6-‐jet	  and	  fat	  jet	  chains	  
Level	  1	  seed	   @	  0.5	  &	  2x1034	   HLT	  chain	   @	  0.5	  &	  2x1034	   Prescale@2x1034	   Clients	  

3J40	   0.4	  /	  1.6	  kHz	   4j85_a4tcemsubjes	   45	  /	  180	  Hz	   180	  –	  1	  Hz	  

3J50	   0.3	  /	  1.0	  kHz	   4j100_a4tcemsubjes	   12	  /	  50	  Hz	   unprescaled	   SUSY,	  SM,	  top,	  jets	  

4J15	   2.4	  /	  9.5	  kHz	   5j55_a4tcemsubjes	   65	  /	  260	  Hz	   260	  –	  1	  Hz	  

4J20	   0.5	  /	  1.9	  kHz	   5j60_a4tcemsubjes	   40	  /	  170	  Hz	   170	  –	  1	  Hz	  

4J20	   0.5	  /	  1.9	  kHz	   5j85_a4tcemsubjes	   4	  /	  15	  Hz	   unprescaled	   SUSY,	  SM,	  top,	  jets	  

5j85_a4tcemjes	  

5j85_a4tclcwsubjes	  

5j85_a4tclcwjes	  

5J15.0ETA24	   0.1	  /	  0.3	  kHz	   6j45.0eta24_a4tcemsubjes	   25	  /	  100	  Hz	   100	  –	  1	  Hz	   SUSY,	  SM	  (*)	  

5J15.0ETA24	   0.1	  /	  0.3	  kHz	   6j50.0eta24_a4tcemsubjes	   10	  /	  40	  Hz	   unprescaled	   SUSY,	  SM	  (*)	  

5J15.0ETA24	   0.1	  /	  0.3	  kHz	   6j55.0eta24_a4tcemsubjes	   8	  /	  30	  Hz	   30	  –	  1	  Hz	   SUSY,	  SM	  (*)	  

HT150	   3	  /	  12	  kHz	   j360_a10tcemsubjes	   14	  /	  60	  Hz	   60	  –	  1	  Hz	   exo6cs,	  jets	  

HT190	   1.2	  /	  5	  kHz	   j450_a10tcemsubjes	   2	  /	  8	  Hz	   unprescaled	   exo6cs,	  jets	  

(*)	  A	  new	  study	  from	  SUSY	  indicates	  that	  6j	  chains	  can/should	  start	  from	  4J20	  to	  
save	  bandwidth	  –	  need	  to	  understand	  if	  this	  is	  also	  ok	  for	  SM	  
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Forward	  jet	  and	  HT	  chains	  
Level	  1	  seed	   Rate	  @	  0.5	  &	  2x1034	   HLT	  chain	   Rate	  @	  0.5	  &	  2x1034	   Prescale@2x1034	   Clients	  

J15.24ETA49	   ?	   j60.24eta49	   ?	   ?	  –	  1	  Hz	   egamma	  

J15.28ETA32	   ?	   j60.28eta32	   ?	   ?	  –	  1	  Hz	   SUSY,	  SM,	  top,	  jets	  

J20.28ETA32	  	   ?	   j85.28eta32	   ?	   ?	  –	  1	  Hz	   jets	  

J15.32ETA49	   ?	   j60.32eta49	   ?	   ?	  –	  1	  Hz	   jets	  

J20.32ETA49	   ?	   j85.32eta49	   ?	   ?	  –	  1	  Hz	   jets	  

J30.32ETA49	  	   ?	   j110.32eta49	   ?	   ?	  –	  1	  Hz	   jets	  

J50.32ETA49	   ?	   j175.32eta49	   0	   unprescaled	   Jets,	  SM	  

J75.32ETA49	   ?	   j260.32eta49	   0	   unprescaled	   SM	  

J100.32ETA49	   ?	   j360.32eta49	   0	   unprescaled	   SM	  

•  Default	  R	  parameter	  and	  calibra6on	  is	  a4tcemsubjes	  
•  Add	  cross-‐check	  chains	  (a4tcemjes,	  a4tclcwsubjes,	  a4tclcwjes)	  for:	  

•  j85.28eta32,	  j85.32eta49,	  j175.32eta49,	  j260.32eta49,	  j360.32eta49	  

Level	  1	  seed	   Rate	  @	  0.5	  &	  2x1034	   HLT	  chain	   Rate	  @	  0.5	  &	  2x1034	   Prescale@2x1034	   Clients	  

HT190	   1.2	  /	  5	  kHz	   ht1000	   3.5/14	  Hz	  (0	  unique)	  	   unprescaled	  

HT150	   Ht500(?)	   prescaled	  
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Bonus:	  rates	  with	  pileup	  correc6on	  
•  Condi6ons:	  

–  L=2x1034	  
–  4j45	  rate	  
–  No	  event	  weigh6ng	  

•  Only	  fixed	  ρ=6	  here	  
•  	  ρ	  calcula6on	  works	  

in	  private	  code	  so	  
far	  

•  Top:	  no	  areas	  
subtrac6on	  

•  Bo[om:	  with	  ρ=6	  
area	  subtrac6on	  
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Architecture	  	  Changes	  in	  Run-‐II	  

•  Main	  change	  is	  merged	  HLT	  instead	  of	  separate	  L2	  &	  EF	  
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New	  L1	  LUT	  calibra6on	  	  
•  Improved	  jet	  calibra6on	  in	  
Level	  1	  Look	  Up	  Table	  

•  Applied	  in	  new	  nMCM	  
L1Calo	  boards	  

•  Add	  small	  non-‐linear	  term	  to	  
op6mize	  resolu6on	  
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L1	  HT	  triggers	  for	  fat	  jets:	  signal	  
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I In QCD, the turn-ons for the best L1 seeds are shifted to the right with respect to
J100. This is a consequence of the optimization for which it was required that the
new seed had a lower rate than J100.

I For signal samples, the seeds are shifted to the left wrt J100, in consistence with
the maximization of the signal acceptance in the optimization procedure.
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UBA	  (Devesa,	  Reisin,	  Otero,	  Piegaia)	  	  

L1 Trigger definitions

We investigate different L1 seed candidates for fat jet trigger taking advantage of the L1
topo capabilities.

L1 selection threshold name
Sum of ET of all jets with ET >20 GeV and |�| <2.5 200 GeV HTC200
As above but for a Sliding Window in �, of size ��=1.0 100 GeV HTSW100
Sum of ET for (up to 2) jets closer than �R =1.0 100 GeV

�
ET (2)100

Explored a large number of trigger configurations, varying parameters in blue.

Studied di-jet, and three signal samples (t t̄ , Z � � t t̄ , W � � tb):
I mc12 8TeV.117050.PowhegPythia P2011C ttbar.merge.NTUP COMMON.e1728 s1581 s1586 r3658 r3549 p1625

I mc12 8TeV.110903.Pythia8 AU2MSTW2008LO zprime1000 tt.merge.NTUP COMMON.e1345 s1499 s1504 r3658 r3549 p1562

I mc12 8TeV.110722.MadGraphPythia8 AU2CTEQ6L1 Wprime right tb hadronic M1250.merge.NTUP TOP.e1817 s1499 s1504 r3658 r3549 p1400

I mc12 8TeV.159111.Herwigpp EE3CTEQ6L1 jetjet JZ*W.merge.NTUP COMMON.e1373 s1499 s1504 r3658 r3549 p1562

I Note: These are 8TeV samples. Haven’t adressed the impact of 14 TeV samples.
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Rates at L1

Trigger Data (14 TeV) Unique (wrt J100) Unique (wrt J100+4J20)
J100 (default) 5.8±0.7 - -
HTC190 w/ET >15|�| <2.0 4.3±0.8 2.9±1.8 1.4±1.0
HTC200 w/ET >20|�| <2.5 3.8±0.6 1.0±0.4 0.9±0.7
HTC210 w/ET >15|�| <3.0 3.8±0.6 0.6±0.2 0.4±0.2P

ET >110 �R<1.0 4.3±0.7 0.3±0.2 0.2±0.2P
ET >120 �R<1.5 3.1±0.5 0.1±0.0 0.0±0.0P
ET >110 �R<1.5 4.7±0.7 0.6±0.3 0.2±0.2

HTSW>190 ��=4 5.3±0.8 1.9±0.6 1.1±0.5
HTSW>200 ��=4 4.3±0.7 1.2±0.5 0.8±0.4

I To pick the optimal trigger item we didn’t minimize the rate as did for slides 6-10.
I Here we vetoed triggers with rates above 5.8 kHz (the rate of J100), and then

ranked the remaining L1-seed triggers by the number of signal events that pass
the given condition but not J100.

I In this way we maximized the signal acceptance that is not captured by J100,
while keeping a lower rate.
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Razor	  trigger	  implementa6on	  
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TrigHLTJetHemisphereRec

! Trigger/TrigAlgorithms/
TrigHLTJetHemisphereRec 
! HLT::FexAlgo, Modeled on 

TrigHLTJetRec. Takes in an xAOD jet 
collection and attaches a new jet 
collection of exactly 2 jets which 
represent the hemispheres to the TE 

! Brute force - all combinations of N jets 
into two hemispheres 
! Running time grows as ~2N logN so 

needs some passthrough at NMax 
jets where a multijet trigger should 
take the event anyway (then offline 
OR) 

! jobOptions configurable jet pT, eta, NMax

4
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! Timing results on lxplus node 
! Must keep algorithm under 

200ms → ~14 Jets 
! NMax ~ 10-13 should be safe

Larry	  Lee	  



Pile-‐up	  subtrac6on:	  rho	  
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Example: application to HI collisions
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Pileup subtraction (for uniform backgrounds)

Basic idea: [M.Cacciari, G.Salam, 08]

pt,subtracted = pt,jet − ρpileup × Areajet

Jet area: [M.Cacciari, G.Salam, G.S., 08]

region where the jet catches infinitely soft particles

(active/passive)

analytic control and

understanding in pQCD

Pileup density per unit area: ρpileup

e.g. estimated from the median

e.g. of pt,jet/Areajet
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G. Soyez / 00 (2011) 1–7 2

In order to apply that master formula, three building blocks, described below, are necessary: define jets, define their
area and estimate the background density �.

Before getting to that, let us mention that eq. (1) is incomplete in two major aspects. The first one comes from
the fluctuations of the background, leaving an uncertainty of the order of ⇥

⇧
Ajet. The second source is referred to

as back reaction [7]: since background particles have a non-vanishing momentum, they can a⇥ect the clustering of
the “hard” particles; this means, on top of the pure background contamination (�Ajet), the hard contents of the jet can
change when considering it together with the background. We will show some examples of these e⇥ects in Section 3.

Jet definitions. Defining jets from a list of input objects — e.g. particles or calorimeter towers — has been the
topic of many discussions over the last few decades (see e.g. [8]). Here, we shall concentrate on recombination-type
algorithms that define the distances

di j = min(k2p
t,i , k

2p
t, j )
�
�⇤2

i j + �y2
i j

⇥
, (2)

diB = k2p
t,i R2, (3)

respectively between any pair of particles and for a single particle. The clustering works by successively identifying
the smallest distance; if it is a di j recombine particles i and j, otherwise, call i a jet.

The geometric factor in di j basically ensures that collinear particles will be clustered in the same jet. The kt-
dependent prefactor varies from one algorithm to another: the kt algorithm [9, 10, 11] has p = 1 so that soft QCD
emissions are clustered early in the sequence; the simple case p = 0 corresponds to the Cambridge/Aachen (C/A)
algorithm [12, 13], useful e.g. for jet substructure studies; the anti-kt algorithm [14], p = �1, will cluster jets around
hard objects, producing hard jets with rigid, circular, shapes. Note that the anti-kt algorithm is the default choice for
most of the LHC experiments. All these algorithms are accessible using the FastJet package [15, 16] and we shall fix
R = 0.4 in what follows.

Recently, a lot of progress has been made that involve making use of the substructure of the jets. To illustrate
that, we shall consider, on top of the 3 algorithms introduced above, the C/A algorithm supplemented with a filter
(C/A(filt)) [17]. The latter works by reclustering each individual jet with a smaller radius (we shall use R/2) and only
keep the 2 hardest subjets. Because of the collinear nature of QCD branchings, the filtering procedure is expected to
keep most of the QCD part of the jet and reject part of the Underlying-Event contamination.

Jet areas. Practically, the area of a jet is defined [7] as the region in which it captures (infinitely) soft particles (ghosts).
Here, we will use the active area of jets determined by adding a dense coverage of ghosts to the event1, each carrying
a “quantum” of area, clustering them together with the jets, and obtain the area by summing the ghost it contains. This
procedures mimics the addition of a background to the event with the exception that ghosts are infinitely soft.

The precise details of how the jet area is defined are largely irrelevant. However, we would like to stress that for
the computation of the background density (see below), we advise the use of the explicit ghost option of FastJet [15]
to correctly handle empty regions of the event.

Background estimation. In [6], the following method has been suggested: first cluster the event with the kt or C/A
algorithm with a radius2 R� to use, as an estimator for the background density per unit area,

� = median
⇤

p j,t

A j,t

⌅
, (4)

where the computation of the median includes all the jets up to a maximal rapidity ymax. We refer to that choice as the
global range below.

To better take into account the non-uniformities of the background, we have realised that there is some interest in
using only jets in the vicinity of the jet we want to subtract:

�R(|) = median
⇤

p j⇥,t

A j⇥,t

⌅

j⇥⇤R(|)
, (5)

1This will not modify the clustering of the hard jets, provided the algorithm is infrared-safe.
2This choice of jet definition for the estimation of the background is independent of the choice made to reconstruct the jets in the event. For the

former, we suggest using the kt or C/A algorithm as it avoids having many jets with a small area.

Requires	  full	  
event	  

topoclusters	  for	  
rho	  calcula6on	  



Cluster	  
Calibra6on	  

•  Resolu6on	  and	  
linearity	  
improvement	  	  for	  
charged	  pions	  amer	  
each	  correc6on:	  
–  EM	  
–  LCW	  
–  Out	  of	  cluster	  
–  Dead	  material	  

•  Condi6ons:	  
–  <μ>=0	  
–  IBL	  geometry	  
–  2<|η|<2.2	  
–  4	  samplings	  
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Unique	  efficiencies	  of	  the	  razor	  triggers	  
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5 Emma Tolley - 2/9/2014 

Read	  the	  
Y-‐axis	  for	  a	  	  
given	  trigger	  
and	  then	  look	  
at	  the	  value	  	  
for	  any	  trigger	  
on	  the	  X-‐axis	  to	  
see	  the	  benefit	  

Razor	  triggers	  with	  
Different	  L1	  seeds	  
(HT	  and	  mul6jet)	  

Chris	  Rogan,	  Emma	  Tolley	  


