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The	  challenge	  
In Run II, maintain: 
•  100 kHz L1 output rate 
•  1 kHz HLT output rate 

Given that: 
•  cross sections increase at 13 TeV 

•  ~1.7 for W/Z 
•  x4-5 for high-pT jets 
•  https://indico.cern.ch/getFile.py/access?

subContId=1&contribId=5&resId=0&materialI
d=slides&confId=282365 

•  luminosity increases 
•  X2 at 1.6E34 

•  Rate	  non-‐linearity	  with	  pile-‐
up	  e.g.	  of	  jet/MET	  paths	  
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Beware the effect of 
PU on jet/met seeds! !
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L1	  upgrade	  and	  the	  scalar	  !"#$%"&'(")&*"#+,-$"(,)&".,--/"
•  Improve e/! object isolation using calorimeter energy distributions with Pile-

Up (PU) subtraction"
! Better isolation at L1 –> lower threshods on the SingleEG seeds"

•  Improve jet finding with PU subtraction"
! Save the Jets / MET – only triggers (Hbb/HiggsEXO) "

•  Improve hadronic " ID with a smaller fiducial area"
!Critical for H2Tau!"

•  Improve muon pT resolution (below 2.1 only 2016)"
! Improved L1_Muon seeds "

•  Improve global Level-1 trigger menu "
•  Allow greater number of triggers (2016)"
•  Allow more sophisticated algorithms (2016)"

! More (and more flexible) multi object"
 triggers at L1 will allow to lower thresholds""
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L1	  upgrade	  &	  2015	  
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HLT	  ½	  rate	  menu	  
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+	  need	  to	  account	  for	  more	  paths	  (Run	  I	  parked	  triggers;	  new	  /	  HiggsExo	  signals)	  

1	  kHz	  -‐>	  need	  factor	  2	  rate	  reducMon	  on	  average	  
PT	  thresholds	  for	  a	  factor	  2	  reducMon	  on	  each	  HLT	  path:	  

Z.Demiragli	  
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HLT	  objects	  and	  the	  scalar	  
•  Better consistency of offline and HLT reconstruction 

•  Electrons: PF clustering; H/E; fbrem; laser corrections 
•  PF isolation 

•  Tighter cuts in single-lepton paths 
•  WH->lnubb; H->WW->lnujj 

•  Improved muon efficiency vs. pile-up and for nearby muons 
•  MET cleanup 

•  save MET-based paths (VBF H->invis.; ZH->nunubb) 
•  Improved tau ID and isolation 

•  Purer lepton+tauh and di-tauh paths to keep low pT 
thresholds 

•  Improved PFJets at HLT 
•  Improved b-tagging 

•  ZH->nunubb; WH->lnubb (l+b-tag; w/ single-top) 
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Egamma	  L1	  

CMS electron/photon trigger Alexandre Zabi

90%). This criterion is characterized by the fine grain veto bit that is enabled only for candidates
with ET > 4 GeV. Moreover, the associated HCAL energy contribution is required to be below a
threshold (typically H/E < 5% only for the central tower and for candidates with ET > 2 GeV).
Non-isolated electron/photon candidates must pass these criteria. In addition, isolated candidates
must have a quiet neighbourhood characterized by at least five adjacent TT among the 8 nearest
ones with their ET below 3.5 GeV.

Sliding window centered on all
ECAL/HCAL trigger tower pairs

Max Et of 4
Neighbors
Hit + Max
Et > Threshold

Hit

Max

Candidate Energy:

0.0175 η

φ

η

Hit

0.087 η

0.087 φ

Max

0.0175  φ
Had

EM

Figure 1: The L1 electron/photon trigger algo-
rithm. The candidate ET is the sum of the central
TP (orange) and highest ET TT from the 4 broad-
side neighbours (yellow). The Fine Grain pro-
file (left box) and the ratio with HCAL TT energy
H/E (green) are used as vetoes while the quiet cor-
ners (orange L-shapes) are used to separate isolated
from non-isolated candidates. The HCAL TT are
aligned with the ECAL TT in pseudorapidity.

3. Online anomalous signals and their suppression

Anomalous signals were observed in the EB shortly after collisions began in the LHC: these
were identified as being due to direct ionization within the APDs, thus producing fake isolated
signals, with high apparent energy. These “spikes” can induce large trigger rates at both L1 and
HLT On average, one spike with ET > 3 GeV is observed per 370 minimum bias triggers in CMS
at
√

s = 7 TeV. If untreated, 60% of the EG trigger candidates, above a threshold of 12 GeV, would
be caused by spikes. At high luminosity these would be the dominant component of the 100 kHz
CMS L1 trigger rate bandwidth [5].

3.1 Spike identification and removal

In the CMS ECAL the energy of an electromagnetic (EM) shower is distributed over several
crystals, with up to 80% of the energy in a central crystal (where the electron/photon is incident)
and most of the remaining energy in the four adjacent crystals. This lateral distribution can be used
to discriminate spikes from EM signals. A “Swiss-cross” topological variable s = 1−E4/E1 (E1 :
ET of the central crystal; E4 : summed ET of the 4 adjacent crystals) has been implemented offline
to serve this purpose. A similar topological variable has also been developed for the on-detector
electronics: the strip fine grain veto bit (sFGVB). Every TP has an associated sFGVB that is set to 1
(signifying a true EM energy deposit) if any of its 5 constituent strips has at least two crystals with
ET above a programmable sFGVB threshold, of the order of a few hundred MeV. If the sFGVB is
set to zero, and the trigger tower ET is greater than a spike-veto threshold, the energy deposition is
considered spike-like. The trigger tower energy is set to zero and the tower will not contribute to
the triggering of CMS for the corresponding event.

3

Current:	  regional	  ID;	  	  
absolute	  local	  isolaMon	  in	  3x3	  
tower	  region	  

Upgrade	  (also	  for	  taus):	  	  
•  relaMve	  isolaMon	  in	  

12x12	  region	  (2015)	  
•  (E12x12-‐E2x1)/E2x1	  <	  cut	  
•  PU	  corrected	  

•  Mid-‐run:	  wider	  cluster	  
than	  2x1	  

J.B.	  Sauvan	  hdps://indico.cern.ch/getFile.py/access?
contribId=13&sessionId=1&resId=0&materialId=slides
&confId=276893	  	  
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Egamma	  HLT	  
Main	  single-‐e	  path:	  HLT_Ele27_WP80	  
Rate	  in	  2012D:	  45Hz	  -‐	  ½	  rate	  menu:	  Ele36	  

21

6 Lepton reconstruction, selection and trigger efficiencies272

Since the lepton reconstruction, selection and trigger efficiencies can be slightly different be-273

tween data and simulation, correction factors have to be applied to the MC to account for these274

differences. The efficiencies are calculated using a Tag and Probe technique exploiting Z boson275

decays to a pair of electrons or muons, respectively. One of the leptons is used as tag and has276

to pass a tight selection, while the second one is used as probe if the tag-probe pair combines277

to the Z boson mass. The total lepton efficiency can be factorized into three components:278

�total = �Reco · �Id · �HLT (1)

The tag and probe method is nearly the same compared to the one already used in the 2011279

data analysis for this Higgs search ([28],[29]). Therefore, only the most important information280

will be discussed.281

6.1 Electron efficiencies282

In the electron case, the reconstruction efficiency �Reco characterizes the transition from a super-283

cluster in the electromagnetic calorimeter to a reconstructed Particle Flow electron. The ability284

of a reconstructed electron to pass the offline selection consisting of several isolation and iden-285

tification criteria is given by the identification efficiency �Id. Finally, the selected electron has286

a certain probability to fire the high level trigger and the efficiency to fulfill the HLT require-287

ments is parametrized as �HLT. In data, a single electron trigger is used at HLT level, while in288

MC the HLT requirements are dropped.289

Since the HLT efficiency is MC is equal to 100%, the HLT efficiency measured on data is applied290

directly in the analysis of MC samples, while the other two efficiency components are calcu-291

lated both for data and MC, so that a data/MC scale factor is applied in the other cases.292

In general, since the efficiency depends both on pT and η of the electron, the measurement is293

binned in pT as (30, 35, 40, 45, 50, 200) GeV/c and in η as (-2.5, -1.5, 0.0, 1.5, 2.5) of the probe294

electron. The resulting efficiencies and scale factors are summarized in table 5 and shown in295

figure 23.296

6.2 Muon efficiencies297

In the muon case, the reconstruction efficiency �Reco describes the ability to reconstruct a Par-298

ticle Flow muon starting with a particle track and can be assumed to be one [21]. The identi-299

fication efficiency �Id gives an estimate for a reconstructed muon to pass the offline selection300
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Figure 23: Electron efficiency and data/MC scale factors for super-cluster to reconstructed elec-
trons �Reco (a), reconstructed to selected electrons �Id (b) and selected to HLT electrons �HLT (c).

Main	  double-‐e	  path:	  
HLT_Ele17_Ele8;	  on	  each	  leg	  	  
CaloIdT_CaloIsoVL_TrkIdVL_TrkIsoVL	  
rate:	  5.5	  Hz	  @	  7E33	  
Quite	  pure	  already	  
½	  rate	  menu:	  Ele30_Ele27	  ???	  
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Data	  
	  

NB:	  e+jet	  cross	  
triggers	  used	  
single	  non-‐iso	  L1	  
EG	  seed	  during	  
Run	  I	  

Hugues BRUN /09HLT for the fully leptonic final state 9

trackerIso
ECALiso

HCALiso  i i SC
 

SC
 H/E conv vtx fit

no missing hit
dO dZ0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

purity of 1 cut only 

purity study:

Hugues	  Brun	  

Purity	  improvement	  
from	  single	  ID	  or	  
isolaMon	  cut	  

Dominick	  Olivito	  
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Double-‐e	  HLT_Ele17_Ele8	  
•  T&P	  efficiency	  

Trailing	  leg	  	  
Slow	  turn-‐on	  esp.	  
in	  runs	  B,C,D	  

barrel	  

barrel	  

endcap	  

endcap	  

Leading	  leg	  
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Muon	  L1	  !"#$$%"&'()&*+,(&-./0%1&23$"')%/&
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!"#$"%#&$'$()*$+,-$./012)34$$
Improvement  of PAC trigger efficiency (3 out of 4 layers to generate and RPC trigger candidate)!
!
We are not aiming for better pT resolution with RE4.!
!
Further studies to optimize rate reduction/efficiencies testing different GMT muon qualities!

MC data efficiency 
study for 16!
GeV L1T muons.!

12
/6
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3!

L1
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12!

RPC	  PACT:	  new	  RE4	  chambers	  
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Muon	  HLT	  
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,/"$59)$?"/&615-4*$$/,,3'*PP71,/-?F(52P(2'I'#P(2''#P3-99PQRSQ$

=F$T55>
UF$V&)?-40>
!F$!"-2"1',"4

Fixed	  pile-‐up	  dependence;	  feedback	  from	  PAGs	  requested	  
Performance	  for	  cuts	  as	  in	  2012	  shown	  below	  
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Muon	  HLT	  (2)	  
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TkMuon	  studies	  
CPU	  consuming	  path	  –	  gain	  for	  H	  ?	  

PF	  vs	  detector-‐based	  iso	  
Muons	  self-‐vetoing	  
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Purity	  of	  HLT_Mu17_Mu8	  
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Hugues BRUN /09HLT for the fully leptonic final state 5

PF trackChi2
nbOfMatches

nbValidMuonHits

TMlastStation
trackKink

nbTkLayer
nbValidPixHits

trackError

0.75

0.8

0.85

0.9

0.95

purity study:

purity with 1 cut only :

pt and eta cuts
+ global or tracker muon 
already applied

                      globalTrack.normalizedChi2 <10 
                      globalTrack.hitPattern.numberOfValidMuonHits > 0 
                     numberOfMatches > 1 )
                     muonID('TMLastStationTight') 
                     combinedQuality.trkKink
                     innerTrack.hitPattern.trackerLayersWithMeasurement > 5 
                     innerTrack.hitPattern.numberOfValidPixelHits > 0 
                     " abs(track.ptError / pt) < 0.10

Purity	  improvement	  
from	  single	  ID	  or	  
qualityt	  cut	  

S.Fiorendi	  

J.Sekaric	  
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Tau	  HLT	  

Higgs Workshop, CERN, 5 December 2013 12
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Tau	  HLT	  (2)	  

Trigger Workshop, Lyon, 23 April 2013 12
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Tau	  HLT	  (3)	  

Higgs Workshop, CERN, 5 December 2013 13
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Tau	  HLT	  (3)	  

Higgs Workshop, CERN, 5 December 2013 14
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B-‐tagging	  

default
b vs g at L2

True tag rate
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FastPV @ L2, b vs g

Marked working point corresponds to discriminator value of 2.5

A-C Le Bihan, I. Marfin (IPHC-DESY) BTV POG status report 02/12/2013 6 / 30

default
b vs g at L3
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FastPV @ L3, b vs g

 = 25 PU! 

 = 45 PU! 

FastPV @ L3, b vs g

Marked working point corresponds to discriminator value of 3.5

A-C Le Bihan, I. Marfin (IPHC-DESY) BTV POG status report 02/12/2013 9 / 30

Pixel-‐hit	  based	  primary	  vertex	  finder	  (FastPV)	  
L2:	  pixel	  tracks	  /	  L3:	  pixel+sistrip	  tracks	  
	  
Ttbar;	  13	  TeV;	  BX25;	  PU25	  and	  PU45	  

A.-‐C.	  Le	  Bihan,	  I.Marfin;	  rates	  with	  data:	  A.Popov	  
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Tools	  and	  samples	  
•  New OpenHLT 
https://twiki.cern.ch/twiki/bin/viewauth/CMS/NewOpenHLT 
https://twiki.cern.ch/twiki/bin/view/CMS/OpenHLTReport 
 

•  13 TeV samples in CMSSW62 
https://twiki.cern.ch/twiki/bin/view/CMS/TriggerStudiesFall13MC62X#HIG_AN1 
https://twiki.cern.ch/twiki/bin/view/CMS/TriggerStudiesFall13MC62X#L1T, #TSG, #TOP, #FSQ,… 

•  PU 40, 25 ns => L = 1.40 x 1034 cm-2s-1(2508 bunches) 
•  PU 20, 25 ns => L = 0.70 x 1034 cm-2s-1(2508 bunches) 
•  PU 40, 50 ns => L = 0.75 x 1034 cm-2s-1 (different number of bunches) 
•  Two samples with PU80BX50, not yet done: GG HToGG 125GeV and VBF 

HToTauTau 125GeV 

•  8 TeV data 
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