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DATA SAMPLES AND EVENT SELECTION 

 collected from February through October 2012 in 

proton-proton collisions at a centre-of-mass 

energy 

 integrated luminosity up to 

 at least one well identified event vertex whose z 

position is less than 24 cm away from the 

nominal centre of the detector and whose 

transverse distance from the z-axis is less than 2 

cm 

2 



 The collision data are compared to samples of 

simulated events that are generated either using 

PYTHIA 6, with a parameter set referred to as 

tune Z2 [7] for the QCD, γ γ    , and γ   + jets 

processes 

 or with MADGRAPH 5 interfaced with PYTHIA 6 

for top (tt and single-top), Z + jets, W+ jets, and 

diboson processes 

 The generated events are passed through the 

CMS detector simulation, which is based on 

GEANT4 
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DIJET EVENT SELECTION 

 Dijet events are selected by requiring a leading 

jet with pT > 400 GeV, which ensures that events 

are in the region where the trigger is fully 

efficient(single jet trigger, which requires at least one jet 

in the event with transverse momentum pT > 320 GeV), 

and events are required to have at least another 

jet with pT > 200 GeV 
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 a trigger that requires the presence of two muons 

with pT thresholds of 17 and 8 GeV 

 Muon candidates are required to be reconstructed 

in the tracker and in the muon chambers, have a 

reconstructed transverse momentum Pt greater 

than 20 GeV, and be reconstructed in the 

pseudorapidity  range       < 2.1 

 A muon is considered to be isolated if the 

following condition is satisfied: 
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charged hadrons from pileup 
(PU) vertices 



 double-electron trigger with pT thresholds of 17 

and 8 GeV. 

 Such electron candidates are required to be in the 

ECAL fiducial volume defined by 

 

 The electron candidates are required to be 

isolated based on Eq. (1) but with 

 reject electrons produced by photon conversion 

6 



 Events with an invariant mass of the dimuon or 

dielectron system outside of the Z mass window 

60 < M < 120 GeV are rejected 
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DIRECT PHOTON EVENT SELECTION 

 The pT boundaries of the triggers were: 50, 75, 90, 
135, and 150 GeV 

 The photon events are selected offline by 
requiring each event to contain exactly one 
reconstructed photon candidate 

 Photon candidates are selected from clusters of 
energy in the ECAL within the pseudorapidity 
coverage 

 Various identification criteria are applied in 
order to correctly identify photons with high 
efficiency and suppress the misidentification of 
electrons, jets, or spurious ECAL signals as 
photons(eg. Pt>2 0Gev) 

 The background processes that are considered 
are QCD multijet events, diphoton production, 
production of single W bosons, and single photons 
produced in association with a Z or a W boson. 
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                                                       is the 
vectorial   pT sum of charged particles 

associated with a given pileup vertex 

             The negative of the vectorial sum over all 
PF particle transverse momenta           

               is calculated using the energies 
contained in calorimeter towers and their 
directions relative to the centre of the detector 

 type-1 correction for         uses jet energy scale 
corrections for all jets that have less than 0.9 of 
their energy in the ECAL and corrected pT > 10 
GeV  for             , and for jets with pT > 20 GeV  
for        . 

 “type-0” correction: calorimeter nonlinearity and 
minimum energy thresholds in the calorimeters 
used for the PF reconstruction,          points on 
average in the direction of the vectorial  pT sum 
of neutral particles, which induces     
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 Although particles are produced uniformly in   φ, 

some φ  -asymmetry is observed 

 

 Linear functions are fitted 

12 



 Found in 2010:  

 particles striking sensors in the ECAL barrel detector, 

as well as those caused by beam-halo particles and 

ECAL dead cells.  

  anomalous        events caused by (1) HCAL hybrid 

photodiode and readout box electronics noise and (2) 

direct particle interactions with the light guides and 

photomultiplier tubes of the forward calorimeter 
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 Found in 2012: 

 There are a few channels in the ECAL endcaps that 

occasionally produce high amplitude anomalous 

pulses 

 The affected events are removed based on the total energy 

andthe number of low-quality hits in the channels 

 A misfire of the HCAL laser calibration system in the 

HCAL barrel (HB), endcap (HE), or forward (HF) 

regions can produce false signals in almost all 

channels in a sub-detector 

 The affected events are removed based on the hit 

occupancies in the channels that are used for signal and 
calibration readout. 

 The silicon strip tracker can be affected by coherent 

noise, which causes the presence of a few ten-

thousands of clusters.Some of these events are read 

out and reconstructed 
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 The anomalous events with PF      around 600 GeV are 
mainly due to misfires of the HCAL laser calibration system  

 anomalous events with PF       around 2 TeV are mainly 
caused by the electronics noise in HB and HE. 
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MISSING TRANSVERSE MOMENTUM 

SCALE AND RESOLUTION 
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 The bulge in the uncertainty band in Fig around 

PF         = 70 GeV is due to a maximized impact of 

jet energy resolution fluctuations in events in 

this region 
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DEFINITIONS OF E/T SCALE AND 

RESOLUTION 

 While there is no genuine          in                     

and photon events, it can be induced by removing 

the well measured vector boson from the event 

reconstruction 

 Momentum conservation in the transverse plane 

requires 

       the vector boson momentum in the transverse 

plane 

        the vector sum of the transverse momenta of 

all particles except the vector boson 

        due to jet energy resolution, fluctuating jet 

composition, underlying event activity, pileup, 

detector noise, and finite detector acceptance. 
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  The resolution is assessed with a 

parametrization of the                            

distributions by a Voigtian function 

 

 Breit-Wigner (BW) distribution and a Gaussian (G) 

distribution 

 The resolution is given by the full width at half 

maximum of Voigtian form 
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 Due to the nature of the perpendicular recoil 
component energy fluctuations (detector noise and 
underlying event), the distribution of      is symmetric 
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 Below 40 GeV, the uncorrected unclustered energy 

contribution starts to be significant compared to 

the corrected energy of the recoiling jets, leading to 

an under-estimation of the response 
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REDUCE THE EFFECT OF PILEUP 

INTERACTIONS 

 In this section we discuss two algorithms 

developed to reduce the effect of pileup 

interactions        reconstruction 

 Both  algorithms utilize the MVA pileup jet ID. 

 The number of charged PF particles and the number 

of neutral PF particles within a jet are also added 

 The jet shape information used in the algorithm 

consists of two sets of variables 
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calculated for 
five values 

of X from 0.0 to 

0.4 in steps of 

0.1 



 To enhance the discrimination power at low pT, 

the jet pT, η, and φ are included in the MVA 

training 

 During the MVA training, jets are identified as 

originating from the hard scatter by matching 

the reconstructed jets to true hard-scatter jets in 

simulated events 

 We determine a separate working point in each of 

the 16 categories, which corresponds to a 95% 

identification efficiency for true hard-scatter jets 

with pT > 25 GeV 
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Step1.divide the particles into two distinct categories:  

1) likely to originate from pileup interactions 

 

 

 

2) likely to originate from the primary 

 

 

 

 Jets, neutral particles, and charged particles 

overlapping with any selected lepton within  ΔR < 0.3 

are excluded to avoid double-counting. 
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Calculate in the usual way 

reweighted to reduce its 
contribution 



 Step2 

 

 

 Step3 
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reweighted to reduce its 
contribution 

determined by 
numerical optimization using a sample of 

simulated                      events 

Value added by type 0 
correction 



 Step1  

 compute a correction to the azimuthal angle of    

         by training a BDT (boosted decision tree 

   )to match the azimuthal angle of            , which is 

considered as the  true hadronic recoil direction, 

in simulated                    events 

 Step2 

 we train another BDT to predict the magnitude 

of the true             on a dataset where we have 

already corrected the direction of the              

using the regression function from the first step 

 The corrected          is then added to        to obtain 

the negative   
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 they show larger differences in both scale and 
resolution between data and MC simulation 

 A third-order polynomial and a first-order polynomial, 
both functions of the boson      , are used to describe 
the resolution and scale of the recoil, respectively 
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(With the recoil correction  applied) 
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