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Very	
  lively	
  and	
  useful	
  workshop!	
  
•  First	
  4me	
  there	
  was	
  a	
  trigger	
  session	
  in	
  HCW	
  –	
  very	
  good	
  for	
  harmonisa4on!	
  
•  192	
  contribu4ons	
  to	
  HCW,	
  25+	
  in	
  Jet/MET	
  trigger	
  session	
  
•  Won’t	
  cover	
  full	
  set	
  of	
  subjects	
  here	
  

–  Par4cle	
  flow	
  coming	
  of	
  age	
  
–  Simula4on	
  /	
  fast	
  simula4on	
  /	
  ISF	
  
–  IBL	
  and	
  increased	
  dead	
  material	
  
–  Calibra4on	
  and	
  noise	
  suppression	
  
–  Jet	
  cleaning	
  
–  Jet	
  energy	
  scale	
  and	
  resolu4on	
  
–  Substructure	
  techniques	
  
–  Tagging	
  (q/g,	
  boson,	
  top,	
  etc)	
  
–  Missing	
  ET	
  
–  Monitoring	
  and	
  valida4on	
  
–  So]ware	
  and	
  analysis	
  model	
  
–  Jets	
  in	
  run	
  III	
  	
  and	
  HL-­‐HLC	
  
–  etc	
  

•  Concentrate	
  on	
  issues	
  involving	
  trigger:	
  
–  Jet	
  trigger	
  use	
  cases;	
  	
   	
   	
  –	
  Jet	
  trigger	
  monitoring	
  
–  Jet	
  calibra4on	
  and	
  pileup	
  subtrac4on	
  plus	
  TopoCluster	
  4ming	
  measurements	
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Single	
  jet	
  triggers	
  in	
  the	
  hadronic	
  
diboson	
  resonance	
  search	
  (VV-­‐>JJ)	
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RPV SUSY Direct Stops

Jet-HT Triggers
Turn-On Curves: EF_j145_a4tchad_ht500_L2FS_delayed
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(a) jet pT1, no HT cut

 [GeV]
T,1

Leading jet p
100 150 200 250 300 350 400

Ef
fic

ie
nc

y

0.85

0.9

0.95

1

1.05

1.1
ATLAS Internal

 bs! t~, t~ t~ !Process: pp 
 2" jet

stdN
AntiKt LCTopo R=0.4
Trigger: j145_a4_ht500 (Ref. trigger: j145_a4)

Herwig++ (dijet background)  = 100 [GeV]t~m
 = 200 [GeV]t~m  = 300 [GeV]t~m
 = 400 [GeV]t~m  = 500 [GeV]t~m

(b) jet pT1, HT > 650 GeV

I An o⇥ine cut of H�
T > 650 GeV makes the EF_j145_ht500

trigger fully e�cient around pT1 > 175 GeV
• This is a critical observation since a pT1 & 300 GeV, as seems necessary

in figure (a), would have made us much less sensitive to low stop masses
down to 100 GeV

Joakim Olsson (UChicago) 3 / 8 HCW 2014

Joakim	
  Olsson	
  



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.

Fat Jet Trigger Seeding – (UBA) 13 / 14
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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

! " # $ % & ' ( ) !* !! !" !# !$ !% !&

!*+!

!**

!*!

!*"

!*#

!*$

!"
#$
%&
'(
)%
*(
+,

-./01%2)1%30"1'/"'4'15

! Timing results on lxplus node 
! Must keep algorithm under 

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

Larry	
  Lee	
  



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	
  mul4jet)	
  

Chris	
  Rogan,	
  Emma	
  Tolley	
  



Fat	
  jet	
  trigger	
  at	
  L1	
  for	
  Run	
  III	
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9

Your Paper

You

September 4, 2014

tt̄ ZH ! ��bb̄

1

Your Paper

You

September 4, 2014

tt̄ ZH ! ��bb̄

1

Level 1 trigger: gFEX Jet 
correlation with offline jet PT

 
How does the gFEX Jet reconstruction 
match up to the AntiKt10LCTopo offline 
jets? 

Pileup subtraction is performed on gFEX 
jets 

Still observe strong correlation for both 
physics 

gFEX jets are in region 1: !ϵ[-1.6, 0.0)

Giordon	
  Stark	
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Introduction

Overview of the calibration chain

Begin with input jets...
1 Jet area and residual pile-up

corrections decrease e�ects
from pile-up conditions

2 Origin correction points
reconstructed jet to primary
hard scatter vertex

3 MC energy & � calibrations
correct for e�ects such as
leakage, dead material and
noncompensation

4 Global Sequential Calibration
(GSC) uses global variables to
improve energy resolution and
decreases systematics such as
dependence on jet flavour

5 In-situ calibration applied to
data uses reference objects to
validate MC calibrations
against data

... Jets ready for physics!

D. DeMarco (U. of Toronto) Hadronic Calibration Workshop 2014 September 9, 2014 12 / 33
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Requires	
  full	
  
event	
  

topoclusters	
  for	
  
rho	
  calcula4on	
  

Requires	
  full	
  
event	
  tracks	
  and	
  
PV	
  iden4fica4on	
  

Only	
  requires	
  
derived	
  

constants:	
  	
  
f(pT,	
  eta)	
  

Requires	
  extra	
  
jet	
  info	
  like	
  layer	
  
energies	
  and	
  full	
  
tracking	
  info	
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Example: application to HI collisions

pp + pileup AA

-4 -3 -2 -1 0 1 2

0
1

2
3

4
5

6
0

5

10

15

20

25

30

siscone (R=0.7)

y

 [GeV]
t

p

%

-4 -3 -2 -1 0 1 2

0
1

2
3

4
5

6
0

5

10

15

20

25

30

antikt (R=0.6)

y

 [GeV]
t

p

%

– p. 32

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

 0

 5

 10

 15

 20

 25

 30

 35

-4 -2  0  2  4

P
t,

je
t 
/ 

A
re

a
je

t

'

median

background jets

hard jets

implemented in FastJet

on an event-by-event basis

– p. 30

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

 0

 5

 10

 15

 20

 25

 30

 35

-4 -2  0  2  4

P
t,
je

t 
/ 

A
re

a
je

t

'

median

background jets

hard jets

implemented in FastJet

on an event-by-event basis

– p. 30

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	
  calcula4on	
  



TopoClustering,	
  Full	
  and	
  Par4al	
  Scan,	
  and	
  all	
  that…	
  
•  Several	
  techniques	
  developed	
  and	
  maintained	
  in	
  the	
  offline	
  world	
  that	
  are	
  needed	
  in	
  trigger	
  

–  Pileup	
  suppression	
  will	
  become	
  more	
  important	
  
–  Calibra4on	
  should	
  be	
  taken	
  from	
  offline	
  
–  We	
  don’t	
  have	
  the	
  capability	
  to	
  keep	
  maintain	
  our	
  own	
  versions	
  (and	
  would	
  complicate	
  things)	
  

•  TopoCluster	
  making:	
  	
  
–  3D	
  groups	
  of	
  adjoining	
  cells	
  started	
  from	
  seed	
  cells	
  (4σ	
  above	
  noise)	
  
–  Add	
  adjoining	
  cells	
  if	
  above	
  2σ	
  above	
  noise,	
  plus	
  an	
  extra	
  layer	
  0σ	
  above	
  noise	
  (4/2/0	
  scheme)	
  
–  Split	
  ini4al	
  clusters	
  into	
  smaller	
  ones	
  surrounding	
  hot	
  spots	
  –	
  splipng	
  
–  Following	
  that:	
  calculate	
  cluster	
  moments,	
  classify	
  clusters	
  (EM/HAD),	
  apply	
  calibra4on,	
  find	
  jets,	
  calibrate	
  

9/24/14	
   HCW	
  Jet	
  Summary	
  -­‐	
  TGM	
  -­‐	
  24	
  Sept	
  2014	
   16	
  



Latest	
  4ming	
  tests	
  
•  Rel_0,	
  devval,	
  on	
  a	
  test	
  bed	
  pc	
  
•  RoI	
  size	
  of	
  1x1	
  (Par4al	
  Scan)	
  
•  Chains:	
  L1	
  J20	
  →	
  EF	
  j110;	
  also	
  tried	
  mul4jet	
  chains	
  for	
  comparison	
  
•  Geometry	
  -­‐	
  ATLAS-­‐IBL-­‐03-­‐00-­‐00	
  
•  Condi4onsTag	
  -­‐	
  OFLCOND-­‐MC12-­‐IBL-­‐20-­‐80-­‐25	
  
•  pT	
  (lead	
  An4-­‐kT6	
  truth	
  jet)	
  =	
  80-­‐200	
  GeV	
  sample	
  
•  mc12	
  14TeV.147911.Pythia8	
  AU2CT10	
  jetjet	
  JZ2W.recon.RDO.e1996	
  s1715	
  s1691	
  r4741	
  

–  pileup-­‐	
  80	
  
•  mc12	
  14TeV.147912.Pythia8	
  AU2CT10	
  jetjet	
  JZ2W.recon.RDO.e1996	
  s1715	
  s1691	
  r4739	
  

–  pileup-­‐	
  40	
  
•  Will	
  redo	
  with	
  wider	
  range	
  of	
  samples	
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CellContainer	
  and	
  cluster	
  making	
  
•  Cell	
  maker:	
  
–  Par4al	
  scan	
  much	
  
less	
  costly	
  on	
  
average	
  

–  But	
  longer	
  tails	
  and	
  
bigger	
  dependence	
  
on	
  pileup	
  

•  Cluster	
  Maker:	
  
–  Full	
  Scan	
  total	
  4me	
  
much	
  larger	
  than	
  
Par4al	
  Scan	
  

–  Breakdown	
  in	
  next	
  
slide	
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Par4al	
  vs	
  Full	
  Scan	
  –	
  Timing	
  Summary	
  
•  Cluster	
  making	
  4me	
  

roughly	
  same	
  as	
  
calibra4on	
  

•  PS	
  much	
  less	
  than	
  
FS	
  but	
  longer	
  tails	
  

•  Small	
  effect	
  from	
  
pileup	
  

•  Comparing	
  to	
  r.17:	
  	
  
–  6%	
  increase	
  in	
  

clustering	
  in	
  r.19	
  
–  6x	
  reduc4on	
  in	
  

cell	
  container	
  
making	
  (60	
  to	
  
10ms/evt)	
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Clustering	
  [ms]	
   <μ>=40	
   <μ>=80	
   CalibraDon	
  [ms]	
   <μ>=40	
   <μ>=80	
  

Cells	
   9.9	
   9.7	
   Moments	
  	
   27.0	
   29.7	
  

Clusters	
   53.7	
   52.7	
   Dead	
  Material	
   18.5	
   17.2	
  

Cluster	
  splipng	
   57.7	
   61.9	
   Out	
  of	
  cluster	
   17.8	
   16.3	
  

Full	
  calorimeter	
  scan	
  	
  
Local	
  calibra4on	
   23.9	
   26.4	
  

Out	
  of	
  cluster	
  Pi0	
   17.8	
   16	
  

Totals:	
   121.3	
   124.3	
   Totals:	
   105	
   105.6	
  

Clustering	
  [ms]	
   <μ>=40	
   <μ>=80	
   CalibraDon	
  [ms]	
   <μ>=40	
   <μ>=80	
  

Cells	
   4.9	
   5.1	
   Moments	
  	
   2.3	
   2.5	
  

Clusters	
   4.8	
   5.4	
   Dead	
  Material	
   2.1	
   2.4	
  

Cluster	
  splipng	
   6.0	
   6.6	
   Out	
  of	
  cluster	
   2.0	
   2.2	
  

ParDal	
  calorimeter	
  scan	
  	
  
	
  

Local	
  calibra4on	
   2.9	
   3.2	
  

Out	
  of	
  cluster	
  Pi0	
   2.0	
   2.2	
  

Totals:	
   15.7	
   17.1	
   Totals:	
   11.3	
   12.5	
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Calibra4on	
  
•  Resolu4on	
  and	
  

linearity	
  
improvement	
  	
  for	
  
charged	
  pions	
  a]er	
  
each	
  correc4on:	
  
–  EM	
  
–  LCW	
  
–  Out	
  of	
  cluster	
  
–  Dead	
  material	
  

•  Condi4ons:	
  
–  <μ>=0	
  
–  IBL	
  geometry	
  
–  2<|η|<2.2	
  
–  4	
  samplings	
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Summary	
  
•  Very	
  lively	
  discussions	
  and	
  many	
  issues	
  covered	
  

•  Great	
  interac4on	
  with	
  offline	
  jet/MET	
  group	
  
–  Extremely	
  useful	
  for	
  e.g.	
  so]ware	
  development	
  and	
  monitoring	
  

•  Made	
  clear	
  that	
  we	
  should	
  strive	
  for	
  full-­‐scan	
  as	
  default	
  solu4on	
  if	
  at	
  all	
  possible	
  
–  Pileup	
  subtrac4on	
  essen4al	
  to	
  good	
  performance	
  in	
  coming	
  LHC	
  runs	
  
–  Keep	
  in	
  sync	
  with	
  offline	
  developments	
  to	
  help	
  maintainability	
  and	
  make	
  use	
  of	
  offline	
  effort	
  
–  New	
  4ming	
  breakdown	
  suggests	
  solu4ons	
  

•  Keep	
  studying	
  performance	
  impact	
  from	
  L1	
  (nMCM),	
  L1.5	
  (calibra4on?),	
  HLT	
  
clustering	
  and	
  pileup,	
  etc	
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Backup	
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L1.5	
  performance	
  
•  The	
  TriggerTower	
  full	
  scan	
  recovers	
  

L1	
  inefficiency	
  for	
  close-­‐by	
  jets	
  	
  
–  See	
  ATL-­‐COM-­‐DAQ-­‐2012-­‐009	
  

•  Reasonable	
  spacial	
  resolu4on	
  
•  Energy	
  resolu4on	
  same	
  as	
  L1	
  	
  

–  See	
  ATL-­‐COM-­‐DAQ-­‐2012-­‐009	
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L1.5	
  cost	
  
•  From	
  Run	
  I	
  tests	
  (see	
  ATL-­‐COM-­‐DAQ-­‐2012-­‐015):	
  	
  

–  L1Calo	
  ROSes	
  (3	
  for	
  TT,	
  1	
  for	
  JE)	
  read	
  out	
  
at	
  up	
  to	
  7kHz	
  

–  Expect	
  up	
  to	
  15kHz	
  with	
  upgraded	
  ROSes	
  
•  Total	
  4me	
  around	
  12ms	
  

–  Readout	
  4me	
  around	
  9ms	
  
–  Jet	
  finding	
  (an4-­‐kT	
  0.4)	
  around	
  1-­‐2ms	
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TopoCluster	
  
performance	
  

•  Comparing	
  PS	
  to	
  FS	
  	
  
•  Assumes	
  FS	
  
performance	
  is	
  
closer	
  to	
  offline	
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•  ET	
  of	
  3rd	
  jet	
  in	
  3j50	
  
•  sRoI	
  size	
  1x1	
  
•  Events	
  have	
  	
  

David	
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(ETPS	
  -­‐	
  ETFS)/ETFS	
  	
  versus	
  ηFS	
  	
  


