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How	
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!  Constrained at HLT as well as somewhat less at L1 
!  Run2 menu designed as ~same triggers as Run1 but with tuned threshold  
      -- HLT rate estimation is based on offline objects as HLT(Run2) ~ Offline 
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RPV SUSY Direct Stops

Jet-HT Triggers
Turn-On Curves: EF_j145_a4tchad_ht500_L2FS_delayed
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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
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j145 ht500 trigger: jet pT1 for di�erent H �
T cuts
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L1	
  Calo	
  Calib	
  and	
  Simul	
  for	
  Run	
  2	
  (I)	
  
•  Many	
  new	
  features	
  added	
  to	
  calibra>on	
  at	
  L1	
  

–  New	
  hardware:	
  nMCM,	
  L1Topo	
  
–  New	
  firmware:	
  Cluster	
  Processor	
  

•  More	
  realis>c	
  pulse	
  shape	
  and	
  finer	
  granularity	
  

–  New	
  strategies	
  :	
  Autocorrela>on	
  FIR	
  filter	
  coefficients,	
  noise	
  cuts,	
  BCID	
  
dependent	
  pedestal	
  correc>ons,	
  isola>on,	
  Met	
  calibra>on	
  (other	
  slide)	
  
•  Adapted	
  to	
  luminosity	
  condi>ons	
  to	
  cope	
  with	
  pile-­‐up	
  dynamically	
  

–  Dual	
  LUT	
  op>on	
  allowing	
  for	
  different	
  calib	
  for	
  Tau/EM	
  and	
  Jet/Met	
  

è Improve	
  Jet	
  and	
  Met	
  performance	
  in	
  2015	
  condi>ons	
  compare	
  to	
  2012	
  
configura>on	
  in	
  same	
  condi>ons	
  
•  Some	
  op>miza>on	
  and	
  calorimeter	
  status	
  dependence	
  s>ll	
  needed	
  

•  Studies	
  done:	
  	
  
–  Compare	
  MC12	
  (matched	
  coefficient	
  +	
  2012	
  noise	
  cuts)	
  to	
  MC15	
  

(Autocorrela>on	
  coefficients	
  +	
  pedestal	
  correc>on	
  +	
  0.5%	
  occupancy)	
  using	
  
<µ>	
  =	
  60	
  minbias	
  and	
  ZH	
  signal	
  samples	
  09/09/14	
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•  Noise	
  cut	
  op>miza>on:	
  
	
  	
  	
  	
  	
  	
  Huge	
  rate	
  reduc>on	
  with	
  no	
  loss	
  of	
  efficiency	
  

–  overall	
  best	
  working	
  point	
  at	
  0.5%	
  occupancy	
  	
  
–  Reduc>on	
  of:	
  MET	
  –	
  98.5%,	
  JET	
  –	
  42%,	
  4J	
  –	
  99.3%	
  

L1	
  Calo	
  Calib	
  and	
  Simul	
  for	
  Run	
  2	
  (II)	
  

Noise Cut Optimisation
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MET Single Jet Multi Jet

I Comparision of MC12 to new samples with di↵erent noise cut optimisations

I Thresholds selected to match trigger e�ciencies at ⇠90% + obtain rates

) Noise cuts optimisation driven by multi-jets

) Best working point at 0.5% occupancy

) Huge rate reductions: MET ⇠1.5%, J ⇠58%, 4J ⇠0.7% of MC12
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•  Met	
  distribu>on:	
  
–  Non-­‐exponen>al	
  tail	
  removed	
  	
  
–  Shi�s	
  at	
  start	
  of	
  bunch	
  train	
  

reduced	
  and	
  corrected	
  

Missing ET and Sum ET

I
E

miss
x , E

miss
T and ⌃ET

I Significant non-exponential tails of E

miss
T components removed

I Large shifts observed at the start of a bunch train in the E

miss
T and ⌃ET

distributions in MC12
I In MC15 the shifts have been successfully corrected for and significantly reduced

respectively
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•  Jet	
  posi>on	
  resolu>on	
  sharper	
  
in	
  central	
  region	
  

L1	
  Calo	
  Calib	
  and	
  Simul	
  for	
  Run	
  2	
  (III)	
  
Jet Position Resolution
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I Find closest distance between
jet RoI and anti-kt jet

I 10 < E

jet
T < 50 GeV

I Require anti-kt jets isolated
by �R > 1.0

I No ⌘ resolution for forward
jet ROIs, so just look at ��

I Position resolution sharper in
central regions

I Interpretation a little more
tricky for forward RoIs
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•  Jet	
  ET	
  correla>on	
  shows	
  reduced	
  
overes>mate	
  at	
  low	
  ET	
  due	
  to	
  
start	
  of	
  bunch	
  train	
  correc>on	
  

Jet ET Correlation

I Match jet RoIs and anti-kt jets within �R < 0.4 and �� < 0.4 in forward region
I Reduced overestimation at low ET as a result of the start of a bunch train
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•  Jet	
  linearity	
  sharper	
  with	
  
reduced	
  tail	
  

Jet ET Linearity

I < = (E jet, L1

T � E

jet, antikt
T )/E

jet, antikt
T

I Minbias with ET > 10 GeV for three regions in ⌘
I Typically the jet ET is underestimated and resolution is getting poorer with ⌘
I Distributions much sharper for MC15 with significantly reduced tails
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•  Efficiency:	
  sharper	
  turn-­‐on	
  
with	
  similar	
  plateau	
  

Jet E�ciency

I Per jet e�ciency in central and forward regions for L1 ET > 15 GeV using
minbias data

I
e↵(x) = "

2

[1 + erf( x�µp
2�

)]
I Sharper turn-ons in MC15 and plateauing at similar pT
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Andrew Daniells L1Calo Calibration for Run 2 28 / 32

09/09/14	
   Jet/MET	
  Trigger	
  Session	
  -­‐	
  HCW	
  2014,	
  Munich	
   19	
  



Improvement	
  of	
  L1Met	
  with	
  L1Topo	
  I	
  
•  Objec>ve:	
  Use	
  L1Topo	
  to	
  calibrate	
  Met	
  using	
  offline	
  informa>on	
  

on	
  L1	
  within	
  look-­‐up	
  tables	
  è	
  maximize	
  correla>on	
  to	
  real	
  Met	
  

•  Method:	
  Find	
  Ci	
  that	
  minimize	
  Δpx,y	
  =	
  (px,y	
  reco	
  –	
  px,y	
  true),	
  using	
  
Kalman	
  filter	
  

•  Two	
  approaches:	
  
–  Met	
  =	
  Σ	
  jets	
  
–  Correc>on	
  to	
  L1Met	
   09.07.14

 
MET with L1Topo
Antonia Strübig

4

General idea

make use of new L1Topo for improving L1 MET trigger performance

calibrate MET contributions with offline information stored in look-up
tables

(E
T

miss)2  = (Σ
i    

E
 T,i  

* C
i 
)2

   
| for all i with w

i
 > cut value

 

two approaches for calibration

w
i
 : probability ratio for jet-cluster to be pile-up or hard-scattering

      event

      downgrade pile-up jets from MET calculation

C
i
 : calibration of jet-clusters depending on p

T
 and η

maybe different LUT for low and high jet multiplicities
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MET with L1Topo
Antonia Strübig

3

General idea

pile up jets

hard scattering
jets

MET
truth

MET
L1Calo

MET L1Topo

C
1 
= 1.3

C
3
 = 1.35

C
2
 = 0.7

C
4
 = 0.1

C
5
 = 0.12

C
6
 = 0.09

C
7
 = 0.2

C
8
 = 0.1

C
i 
= correction factors
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MET with L1Topo
Antonia Strübig

6

Kalman filter

 Kalman filter finds best average value for each consecutive state
  by learning from previous states

 many applications, e.g. particle tracking

C⃗n=C⃗n−1+Kn ( y⃗ n− f⃗ n(C⃗ n−1))
previous
estimation

K
n
 := Kalman Gain (product of measured E

x,y T
, error and covar.

matrix)

current
estimation

truth value E
x,y T
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•  Implementa>on:	
  	
  
–  LUT	
  with	
  16	
  bins	
  in	
  η	
  and	
  10	
  bins	
  in	
  ET	
  

(1-­‐1023	
  GeV)	
  
–  Test	
  on	
  FPGA:	
  less	
  than	
  18%	
  of	
  resources	
  

•  Results:	
  
–  Correla>on	
  significantly	
  improved	
  
–  Be�er	
  efficiency	
  and	
  plateau	
  gain	
  (~30	
  GeV)	
  
–  Doesn’t	
  depend	
  much	
  on	
  signal	
  

•  Need	
  to	
  redo	
  with	
  new	
  L1	
  noise	
  cuts	
  

Improvement	
  of	
  L1Met	
  with	
  L1Topo	
  II	
  

 09.07.14
 

MET with L1Topo
Antonia Strübig

8

Correlation to MET Truth
ttbar sample, μ=40 

L1Calo MET

L1 MET calib. σ(H
T
) 

Improvement
 of MET 
resolution 

L1 MET calib. σ(p
x/y,truth

) 

L1 MET calib. σ(E
T,tmiss

) 

 09.07.14
 

MET with L1Topo
Antonia Strübig

11

Signal ZH → ννbb, pile up μ=60

improvement almost independent of signal
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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.

Fat Jet Trigger Seeding – (UBA) 12 / 14

(GeV)
T

Leading’ offline Trimmed Fat jet p
0 100 200 300 400 500 600

E
ffi

ci
en

cy

0

0.2

0.4

0.6

0.8

1

signal distritubion
J100

<2.0�HTC190 Et>15

<2.5�HTC200 Et>20
=4�⇥HTSW190

=4�⇥HTSW200

= 1 TeV)
Z’

Z’ (m
Open symbol:L1 / Close symbol: L1+ EF

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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L1	
  HT	
  triggers	
  for	
  fat	
  jets:	
  rates	
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•  New	
  proposed	
  HT	
  triggers	
  have	
  25%	
  unique	
  rate	
  despite	
  
having	
  a	
  lower	
  total	
  rate	
  than	
  the	
  “default”	
  J100	
  single	
  jet	
  
trigger	
  

•  Higher	
  efficiency	
  at	
  L1	
  for	
  boosted	
  objects	
  

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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UBA	
  (Devesa,	
  Reisin,	
  Otero,	
  Piegaia)	
  	
  



PARTIAL	
  AND	
  
FULL	
  SCAN	
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•  No	
  Level	
  2	
  trigger	
  anymore!	
  
–  I.e.	
  take	
  full	
  L1	
  rate	
  as	
  HLT	
  input	
  

•  Run	
  full-­‐scan	
  on	
  TriggerTowers	
  (aka	
  Level	
  
1.5)	
  to	
  iden>fy	
  jet	
  posi>ons	
  
–  Avoids	
  L1	
  bias	
  from	
  close-­‐by	
  jets	
  
–  Runs	
  An>-­‐kt	
  instead	
  of	
  cone	
  
–  <t>	
  ≈	
  12ms	
  (from	
  Run-­‐I	
  typical	
  run)	
  
–  L1-­‐like	
  ET	
  resolu>on	
  
–  Not	
  yet	
  tested	
  for	
  new	
  data	
  

•  HLT	
  jet	
  finding	
  on	
  Super	
  RoI	
  
–  Union	
  of	
  all	
  regions	
  iden>fied	
  by	
  L1.5	
  
–  Assuming	
  full-­‐scan	
  is	
  too	
  expensive	
  	
  

•  Only	
  <t>	
  ≈	
  40-­‐50ms	
  available*	
  
•  Evalua>ng	
  performance	
  and	
  costs	
  of	
  new	
  

scheme	
  
–  Tuneable	
  parameters:	
  L1_Jx	
  seed,	
  size	
  of	
  

RoIs	
  making	
  sRoI	
  
–  Data:	
  14TeV	
  <μ>=80	
  

•  Efficiency:	
  	
  
–  PS	
  (L1_J20)	
  ≈	
  99.5%	
  wrt	
  Full	
  Scan	
  (j110)	
  

L1.5	
  

Par>al	
  versus	
  Full	
  Scan	
  

(*)	
  depends	
  on	
  money	
  spent	
  on	
  trigger	
  CPU	
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•  Par>al	
  vs	
  Full	
  scan	
  
•  ET	
  of	
  3rd	
  jet	
  in	
  3j50	
  
•  sRoI	
  size	
  1x1	
  	
  

David	
  Freeborn	
  

Par>al	
  Scan	
  vs	
  
Offline	
  (EM+JES)	
  

JZ4W	
  

Rob	
  Cantrill	
  

1.5	
  <	
  |η|	
  <	
  2.8	
  
JZ1W	
  –	
  JZ6W	
  
EM+JES	
  offline	
  

Performance	
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Full	
  Scan	
  :	
  <n>	
  	
  ≈	
  190k	
  cells	
  
Par>al	
  Scan:	
  L1_J20	
  1x1	
  :	
  	
  

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

	
  <n>	
  ≈32k	
  cells	
  

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

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

	
  <t>	
  ≈	
  10ms	
  

Full	
  Scan	
  :	
  <t>	
  	
  ≈	
  260ms	
  
Par>al	
  Scan:	
  L1_J20	
  1x1:	
  	
  	
  

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

	
  <t>	
  ≈	
  45ms	
  

Nr	
  of	
  cells	
  

Ademar	
  Delgado	
  

JZ2W	
  (80-­‐200GeV)	
  

CellMaker	
  >me	
  

JZ2W	
  (80-­‐200GeV)	
  

ClusterMaker	
  >me	
  

JZ2W	
  (80-­‐200GeV)	
  

Cost…	
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TOPOCLUSTERS	
  
IN	
  THE	
  HLT	
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Clustering	
  ‘Saga’	
  and	
  the	
  ‘Disaster’	
  Plot	
  

History:	
  
*  Requested	
  samples	
  to	
  study	
  2015	
  
performance	
  1	
  year	
  ago.	
  

*  The	
  samples	
  arrived	
  in	
  February,	
  and	
  
we	
  in	
  essence	
  saw	
  the	
  same	
  thing	
  
(and	
  on	
  top	
  problems	
  with	
  L1)	
  

*  A�er	
  talking	
  to	
  HLT	
  calo	
  &	
  L1	
  and	
  
both	
  gave	
  their	
  heads	
  up	
  we	
  
requested	
  a	
  second	
  produc>on.	
  

Sven	
  Menke	
  

Sven	
  Menke	
  tracked	
  down	
  the	
  problem	
  	
  
at	
  light	
  speed;	
  noise	
  levels	
  in	
  Tile	
  &	
  FCal	
  	
  
underes>mated,	
  hadronic	
  calibra>on	
  also	
  
not	
  doing	
  what	
  it’s	
  supposed	
  to	
  be	
  doing.	
  

	
  L1	
  &	
  HLT	
  combined	
  10-­‐5	
  reduc+on	
  

Cells	
  
Clusters	
  

‘D
isa

st
er
’	
  P
lo
t	
  

Allen	
  Mincer	
  



Sven’s	
  toy	
  

Used	
  	
  
noise	
  cuts	
  

Adjusted	
  	
  
noise	
  cuts	
  

We	
  should	
  use	
  one-­‐sided	
  noise	
  cuts	
  for	
  clustering	
  

Noise	
  plays	
  a	
  big	
  role	
  on	
  the	
  performance	
  of	
  the	
  trigger	
  



Rerunning	
  clustering	
  with	
  faulty	
  samples	
  

RefFinal	
  

4/2/0	
  Clusters	
  

Cells	
  
+4/3.2/0	
  	
  
Clusters	
  



Ok,	
  so	
  what	
  now?	
  	
  

•  We	
  will	
  show	
  this	
  to	
  the	
  Trigger	
  General	
  Mee>ng.	
  

•  Samples	
  are	
  in	
  physics	
  valida>on,	
  but	
  a	
  fixed	
  version	
  will	
  
arrive	
  too	
  late	
  for	
  the	
  decision	
  making	
  process	
  if	
  addi>onal	
  
CPU	
  should	
  be	
  purchased.	
  

/19�

Main note : turn-on curve 

February 7, 2014 – 11 : 53 DRAFT 6

threshold (GeV)
Topo Cluster Emiss

T (current reference) 80.0
Jet+FTK based Emiss

T 90.2
Jet based Emiss

T 91.1
Jet+Cluster based Emiss

T 77.1

Table 3: Threshold for each algorithm

with respect to the background rate, as shown in Table 3, e�ciency curves for the di↵erent algorithms121

can be compared directly. Besides the e�ciency curve, Table 4 shows the HLT trigger e�ciency with122

respect to Level-1 and various o✏ine cuts.123
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Figure 2: HLT trigger e�ciency comparison for ZH signal events as a function of (a) truth Emiss
T and

(b) o✏ine Emiss
T . The denominator of this e�ciency curve is defined as events that pass “BCID cut”

and L1 XE50. The dashed curve shows the distribution of truth and o✏ine Emiss
T with arbitrary unit

for reference. It shows that the Jet+FTK based Emiss
T will be the most closely matched to the o✏ine

definition.

o✏ine cut (GeV) 100 110 120 130 140 150
denominator 1.55 ⇥ 103 1.39 ⇥ 103 1.23 ⇥ 103 1.07 ⇥ 103 9.12 ⇥ 102 7.75 ⇥ 102

Topo Cluster Emiss
T 93.3 95.0 96.0 97.1 98.4 99.3

Jet+FTK based Emiss
T 99.5 99.8 100.0 100.0 100.0 100.0

Jet based Emiss
T 98.7 99.6 99.9 99.9 100.0 100.0

Jet+Cluster based Emiss
T 93.9 95.3 96.2 97.2 98.2 99.1

Table 4: HLT trigger e�ciency comparison for ZH signal samples for various o✏ine cut points. The
e�ciency in this table is defined with respect to the “BCID” cut, L1 XE50, and o✏ine cut, and corre-
sponds to Figure 2. In this table “denominator” shows numbers of total ZH signal events that pass the
denominator requirements, normalized to

R
Ldt = 100 fb�1.

3.4 Multi-Jets124

Will include:125

• Plots of single jet e�ciency and fake rate of JVF and nJVF126

��



PERFORMANCE	
  
EXPECTATIONS	
  
FOR	
  RUN	
  II	
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Razor	
  triggers	
  at	
  HLT	
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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	
  mul>jet)	
  

Chris	
  Rogan,	
  Emma	
  Tolley	
  



Razor	
  trigger	
  implementa>on	
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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	
  



Trigger	
  for	
  ZH	
  (ννbb)	
  in	
  Run	
  2	
  (I)	
  
•  One	
  of	
  the	
  biggest	
  costumer	
  for	
  Met	
  trigger	
  
– Use	
  Met-­‐Jet	
  cuts	
  to	
  improve	
  performance	
  

•  New	
  L1	
  triggers:	
  
– Offline	
  Met	
  >	
  120	
  GeV	
  
– Offline	
  Δφ(met-­‐jet),	
  Δφ(Metcalo,	
  Mettrack),	
  ΔR(j1,j2)	
  

• Proposed Triggers: 
1) L1_XE50_J40_dPhi1(Imma Riu)    
https://indico.cern.ch/event/251802/contribution/3/material/slides/0.pdf

https://indico.cern.ch/event/256410/contribution/1/material/slides/0.pdf

2)   L1_XE60_J30(Chiao-Ying, Song-Ming)
https://indico.cern.ch/event/281326/session/4/contribution/40/1/material/slides/0.pdf

• Rate and Efficiency:

Trigger Trigger
Rate(kHz)

Signal Efficiency w.r.t. offline(%)

8TeV 14TeV

XE50_J40_dPhi1 5.3 91.9 ± 0.3 91.5 ± 3.3

XE60_J30 4.1 89.9 ± 0.4 93.9 ± 2.6

XE50_J40_dPhi1||L1_XE60_J30 7.6 96.3± 0.2 95.1±2.4

XE70 5.6 78.8 ± 0.5 79.3 ± 4.5

XE40_J75 5.5 51.7 ±0.6 48.8 ±5.5

Efficiency and Trigger Rate after L1 trigger:
• Presentation:

XEY  : L1_MET  > Y GeV

JY : L1_pT_J1> Y GeV 

dPhiY: Min(Δφ(L1_MET,J1), Δφ(L1_MET,J2) )>Y
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•  Strategy:	
  	
  
–  Assume	
  L1	
  trigger	
  passed	
  (take	
  L1_XE50_J40_dPhi1)	
  
–  Remove	
  12	
  first	
  bunches	
  on	
  14	
  TeV	
  samples	
  
–  Apply	
  EF_xe90	
  (high	
  efficiency,	
  trigger	
  rate	
  of	
  1khz)	
  as	
  star>ng	
  point	
  
–  Consider	
  combina>on	
  of	
  cuts	
  on:	
  jet	
  PT,	
  min	
  Δφ(Met,J),	
  Δφ(Met,J12),	
  Δφ(j1,j2)	
  	
  

•  Efficiency	
  w.r.t.	
  L1:	
  89.5%	
  (14	
  TeV);	
  	
  EF	
  Trigger	
  Rate:	
  53	
  ±	
  37	
  Hz	
  
•  S>ll	
  not	
  low	
  trigger	
  rate,	
  but	
  based	
  on	
  low	
  sta>s>c	
  samples…	
  

Trigger	
  for	
  ZH	
  (ννbb)	
  in	
  Run	
  2	
  (II)	
  

Trigger configuration on different parameters(1) 
- EF_xe90_dphi(met,j)X_JY

dPhi(met,j)>1.0

dPhi(met,j)>1.2 dPhi(met,j)>1.5

dPhi(met,j)>0

EF_pT_j1(GeV)EF_pT_j1(GeV)

EF_pT_j1(GeV) EF_pT_j1(GeV) 14

Trigger: EF_xe90_dphi(met,j)1.5_j90

Signal Efficiency w.r.t. L1:

8TeV  : 90.2±0.4%
14TeV: 91.0±1.8%

EF Trigger Rate:

53.2±37.2Hz

After EF_xe90_dphi(met,j)1.5

EF_pT_j1(GeV)

15
09/09/14	
   Jet/MET	
  Trigger	
  Session	
  -­‐	
  HCW	
  2014,	
  Munich	
   38	
  



Preliminary	
  look	
  at	
  FTK	
  based	
  pTmiss	
  use	
  in	
  MET	
  trigger	
  
•  Pure	
  track-­‐based	
  pTmiss	
  very	
  useful	
  in	
  offline	
  event	
  selec>on.	
  Can	
  it	
  be	
  

used	
  online	
  to	
  reject	
  events	
  with	
  badly	
  measured	
  or	
  fake	
  MET?	
  
•  	
  Use	
  FTK	
  tracks	
  to	
  es>mate	
  pTmiss	
  online	
  and	
  compare	
  to	
  online	
  MET	
  
	
  

	
  

•  A	
  simple	
  study	
  on	
  ZHννbb	
  for	
  trigger	
  efficiency	
  at	
  EF	
  
	
  

A�er	
  pass:	
  XE60	
  J30	
  

ZHννbb	
   J3	
  

Difference	
  was	
  tracked	
  
down	
  to	
  online	
  MET	
  
More	
  MC	
  samples	
  are	
  
needed	
  

Online	
  ΔΦ(MET,	
  pTmiss)	
  	
  

Very	
  preliminary	
  results:	
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PILEUP	
  STUDIES	
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Pileup	
  Studies	
  
•  Ongoing	
  studies	
  of	
  pileup	
  impact	
  on	
  trigger	
  rate,	
  turn-­‐on	
  and	
  resolu>on	
  
•  Rates	
  studied	
  with:	
  	
  

–  (hacked)	
  standard	
  MenuFast	
  tool	
  
•  Uses	
  enhanced	
  bias	
  8TeV	
  data,	
  8/14TeV	
  MC	
  	
  

–  Jet	
  trigger	
  analysis	
  package	
  LIPJetTrigPerfAnalysis/JetTrigEff	
  	
  
•  Based	
  on	
  RootCore	
  –	
  will	
  migrate	
  to	
  xAOD	
  
•  Study	
  turn-­‐on,	
  resolu>on,	
  rate,	
  etc	
  	
  

•  Several	
  pileup	
  scenarios:	
  <μ>	
  =	
  20,	
  40,	
  60,	
  80	
  

Annabelle	
  Chuinard	
  

MenuFast	
  example	
  output	
  
Pileup:	
  μ	
  =	
  60	
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Effect	
  on	
  jet	
  ET	
  –	
  very	
  preliminary	
  
•  Used	
  JZ4W	
  sample:	
  truth	
  jet	
  500	
  GeV	
  <	
  ET	
  <	
  1	
  TeV	
  
•  An>kt4_topo_calib_EMJES	
  -­‐	
  no	
  trigger	
  cut,	
  but	
  ET	
  >	
  500GeV	
  (truth)	
  	
  

21638	
  
entries	
  

19088	
  
entries	
  

38390	
  
entries	
   4646	
  

entries	
  Le
ad
in
g	
  
HL

T	
  
je
ts
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Effect	
  on	
  jet	
  ET	
  –	
  very	
  preliminary	
  
•  Used	
  JZ4W	
  sample:	
  truth	
  jet	
  500	
  GeV	
  <	
  ET	
  <	
  1	
  TeV	
  
•  An>kt4_topo_calib_EMJES	
  -­‐	
  no	
  trigger	
  cut,	
  but	
  ET	
  >	
  500GeV	
  (truth)	
  	
  

21638	
  
entries	
  

19088	
  
entries	
  

38390	
  
entries	
   4646	
  

entries	
  Le
ad
in
g	
  
offl

in
e	
  
je
ts
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Pileup	
  subtrac>on	
  in	
  the	
  HLT	
  

•  Want	
  to	
  remain	
  as	
  close	
  to	
  the	
  offline	
  schema	
  
for	
  jet	
  calibra>on	
  and	
  pileup	
  subtrac>on	
  as	
  
possible	
  
– Rho	
  calcula>on	
  may	
  become	
  difficult	
  in	
  the	
  HLT	
  
– Need	
  to	
  determine	
  resource	
  requirements	
  (data	
  
volume	
  and	
  CPU	
  >me)	
  for	
  area	
  calcula>on	
  

– Can	
  we	
  use	
  Voronoi	
  area	
  for	
  jets	
  (both	
  in	
  rho	
  
calcula>on	
  and	
  applica>on)	
  

– Could	
  look	
  at	
  using	
  trigger	
  towers	
  as	
  well	
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MONITORING	
  AND	
  
VALIDATION	
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Monitoring	
  and	
  Valida>on	
  
Several	
  levels	
  of	
  scru>ny:	
  
1.  So�ware	
  development	
  valida>on	
  

–  Func@onal	
  valida>on	
  (ATN/NICOS):	
  
•  TriggerTest,	
  TrigAnalysisTest,	
  

TrigP1Test	
  
•  Regression	
  tests	
  on	
  fixed	
  reference:	
  

EDM,	
  event	
  counts,	
  new	
  menus,	
  etc	
  
–  Performance	
  valida>on	
  and	
  

infrequent	
  errors	
  (RTT)	
  
•  Also	
  runs	
  same	
  tests	
  as	
  ATN	
  
•  Expanding	
  tests	
  as	
  new	
  

developments	
  are	
  produced	
  
•  Detailed	
  valida>on:	
  resolu>ons,	
  cost	
  

monitoring,	
  etc	
  
–  Jet	
  trigger	
  diagnos@cs	
  

•  Run	
  in	
  trigger	
  chains	
  for	
  detailed	
  
studies	
  

•  Allows	
  greater	
  access	
  to	
  input	
  data	
  
as	
  seen	
  by	
  trigger	
  chains	
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Monitoring	
  and	
  Valida>on	
  
1.   	
  So[ware	
  valida@on	
  	
  

–  Previous	
  slide	
  
2.   Online	
  monitoring:	
  	
  

–  P1	
  opera>ons	
  
–  Fast	
  detec>on	
  of	
  problems	
  and	
  fast	
  

response;	
  not	
  detailed	
  analysis	
  
–  Look	
  for	
  error	
  situa>ons	
  affec>ng	
  jet	
  

trigger	
  performance	
  
•  Hot	
  towers,	
  trigger	
  rate,	
  etc	
  

3.   Offline	
  monitoring:	
  	
  
–  Examine	
  data	
  quality	
  a�er	
  Tier0	
  

reconstruc>on	
  
–  Comparison	
  to	
  offline	
  jets	
  
–  Harmonizing	
  with	
  	
  offline	
  monitoring	
  
–  Trigger	
  menu	
  awareness	
  essen>al	
  to	
  

efficient	
  opera>on	
  	
  
–  Migrated	
  TrigJetMonitoring	
  to	
  xAOD	
  
–  Current	
  priority/tes@ng	
  ground:	
  M5	
  	
  

Sebas>en	
  Prince	
  

Lee	
  Sawyer	
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ISSUES	
  AND	
  
CONCERNS	
  FOR	
  

RUN	
  II	
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Issues	
  to	
  watch	
  out	
  for	
  and	
  planning	
  
for	
  coping	
  with	
  trigger	
  issues	
  in	
  Run	
  II	
  
•  Calibra>on	
  of	
  jets	
  for	
  the	
  MET/MHT	
  trigger	
  
–  How	
  important	
  is	
  the	
  L1	
  jet	
  calibra>on?	
  Does	
  the	
  
upgraded	
  nMCM	
  calibra>on	
  proposal	
  have	
  a	
  large	
  impact?	
  

–  How	
  do	
  we	
  incorporate	
  (technically)	
  the	
  jet	
  area	
  and	
  rho	
  
calcula>ons	
  into	
  the	
  HLT?	
  

–  How	
  does	
  calibra>on	
  impact	
  the	
  Trigger	
  Level	
  Analysis	
  
(TLA)	
  

•  Fall	
  back	
  scenarios	
  for	
  jet/MET	
  calibra>ons	
  
– What	
  to	
  do	
  with	
  errors/issues	
  with	
  calibra>ons	
  in	
  the	
  
trigger	
  

–  How	
  to	
  handle	
  missing	
  calibra>on	
  data	
  or	
  inputs	
  (e.g.	
  
rho)?	
  

•  Impact	
  of	
  IBL	
  material	
  and	
  services	
  on	
  MET	
  trigger	
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Impact	
  of	
  IBL	
  service	
  on	
  Met	
  

•  Quick	
  study:	
  
–  Remove	
  any	
  object	
  in	
  high	
  

material	
  region	
  
–  Recalculate	
  Met	
  
–  Compare	
  to	
  Met	
  without	
  

addi>onal	
  material	
  

•  Rate	
  increases	
  at	
  trigger	
  level	
  due	
  to	
  so�	
  jets	
  falling	
  in	
  this	
  region	
  
–  Increases	
  threshold	
  by	
  ~10%	
  to	
  keep	
  trigger	
  rate	
  fixed	
  

Hyungsuk	
  Son	
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LOOKING	
  
TOWARDS	
  RUN	
  

III	
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Fat	
  jet	
  trigger	
  at	
  L1	
  for	
  Run	
  III	
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Level 1 trigger: gFEX Jet 
Pile-up Energy Density Correlation

How does our simplified calculation 
of pileup density match up to the 
corresponding offline calculation? 

Correlation between offline event energy density 

(�) and simplified calculation of event energy 
density using gFEX 

Pile-up is calculated using two cuts on gTowers: 

ET <6 GeV, -1.6 ! " ! 0.0 7Adapted from https://cds.cern.ch/record/1749167

Giordon	
  Stark	
  



Fat	
  jet	
  trigger	
  at	
  L1	
  for	
  Run	
  III	
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Your Paper
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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	
  



SUMMARY	
  &	
  
CONCLUSIONS	
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Summary	
  

•  No	
  conclusions,	
  just	
  lots	
  of	
  fun	
  ahead	
  J	
  
– Lots	
  going	
  on	
  in	
  the	
  trigger	
  
– Great	
  opportuni>es	
  to	
  make	
  significant	
  contribu>ons!	
  

•  Many	
  thanks	
  to	
  everyone	
  contribu>ng	
  to	
  Jet/MET	
  
triggers!	
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