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Outline

• Physics with electrons and photons at CMS 

• Electron/Photon triggers

• Electron candidates in Minimum Bias events
• Prompt electrons from W/Z decays

   electron reconstruction commissioning
    electron selections commissioning
    electron variables commissioning

• Electron fake rate measurement

• Photon reconstruction
• Selection of photon enriched sample
• Converted photons
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Figure 15: Significance of the SM Higgs boson observation via the H → 4e channel in the CMS experiment
at the LHC. ScP significance estimator as a function of mH of the SM Higgs boson observation for an integrated
luminosity of 30 fb−1; the ScL significance estimator is also shown for comparison. The significance ScP is shown
as obtained without and with systematic errors included, and for systematic errors obtained either by controling
backgroundsusing sidebands, or in an analysis where theZZ(∗) continuum is normalized to the single Z production.
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Figure 16: Example of single MC experiments corresponding to an integrated luminosity of 30 fb−1; a) example
of a “favorable” case; b) example of an “unfavorable” case. The Poisson probabilities to observe in a single
experiment a Higgs boson signal more significant than in case a), or less significant than in case b), are about 5%.

7.2 Mass and Cross-Section Measurements

The precision on the estimation of the Higgs boson mass depends on the quality of the reconstructed electrons
and can, in general, be improved using event-by-event errors on the electron momentum estimation [24].
A fit of them4e mass distribution can be used to extract simultaneously the mass and cross-section observables.

The estimate of the total cross-section is obtained from the fitted number of signal events corrected for the overall
acceptance. The width measurement is possible only for Higgs boson masses above >

∼ 2 × mZ where the natural
width becomes the dominant factor.
As an alternative to the fit procedure, the Higgs boson mass can be estimated by computing the mean of the

measurements inside the signal window. It is expected that, in the early stage of a Higgs boson discovery, such
a mass estimate will be more robust, and, for low statistics, the only possible method for the Higgs boson mass
measurement.
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Figure 2.3: Invariant mass spectrum after the selection relative to the cut-based analysis with

four categories defined in the text: barrel with large R9 (a), barrel with small R9 (b), endcaps

with large R9 (c) and endcaps with small R9 (d), Events are normalised to an integrated

luminosity of 1 fb
−1

and the Higgs signal, shown for different masses, is scaled by a factor

10.

An error of 0.65% has a very large effect on the discovery CL when only one category is used.

The reason is that a large fraction of signal events corresponds to a very low s/b, of the order

of a percent. The effect can be reduced by applying a cut on the signal over background

s/b. This corresponds to using events in a mass window around the analysed mass, until s/b
becomes smaller than the chosen cut. The optimal cut for this analysis is 0.02.

When the events are split into categories the number of background events in each category

is reduced on average by 1/Ncat and this increases the statistical error on the background es-

timation by approximately a factor
√

Ncat, but this error is completely uncorrelated between

the different categories. The error related to the uncertainty of the fit function remains con-

stant and it is also uncorrelated between the different categories because, due to the different

cuts the background shapes are different and described by different functions. The total error

is then less than the total error reduced by 1/Ncat. This reduces the effect of the systematic

error on the discovery.

The effect of the systematic error on the background estimation is also related to the signal

over background of the analysis. A more sensitive analysis, for which a larger part of the sig-

nal has a higher s/b ratio, is less affected by the same relative uncertainty on the background.

Clearly the current understanding of the background is affected by larger uncertainties such

as: cross section, diphoton kinematic distributions and efficiency of the selection (mainly

affected by jet fragmentation, pile-up and by the structure of the underlying events).

Physics with e and γ at LHC
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On the critical paths of LHC major discoveries  H→ZZ*→4e, H→γγ, Z’ →ee,...

Vital objects to establish calibration and SM candles Z→ee,W→eν,...

Performance for physics depends on: efficiency, energy resolution, particle identification, isolation

Present Future
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CMS Detector

4

The Electromagnetic CALorimeter
made of homogeneous PbWO4 crystals 

Barrel 
61200 crystals with APD readout                                                                                                     
Endcap 
14648 crystals with VPT readout                                                                                                        
Preshower

More details in the P.Gras’s talk in this session 

The Tracker
all silicon, coverage |η|<2.5 

Pixels
~1 m2 of Si sensors, 65 M channels
Strips
~198 m2 of Si sensors, ~9.6 M channels

More details in the S.Lowette’s talk in this session

ECAL and Tracker inside the superconducting solenoid (B=3.8T)
 Important material budget before ECAL → dedicated algorithms  

D. Giordano (CERN) 14/03/2010

The CMS Tracker System

Silicon Pixel detector surrounded by Silicon Strip detectors

• Pixels: 
• ~ 1 m2 of Si sensors, 65 M channels, 1440 modules 
• r = 4, 7, 11 cm ;  L= 53 cm

• Strips 
• ~198 m2 of Si sensors, ~9.6 M channels, 15148 modules
• 10 barrel layers, 9 End-Cap Wheels per side

• Tracking efficiency: ! >99% (µ), ~90% hadrons

• Resolution: "pt/pt ~ 1-2% (#<1.6)

5

Pixels

Longitudinal Section

Monday, March 8, 2010



Roberto Salerno,  ICHEP July 22-28, 2010, Paris

 [GeV]TE
1 10 210

Ef
fic

ie
nc

y

0

0.2

0.4

0.6

0.8

1

 [GeV]TE
1 10 210

Ef
fic

ie
nc

y

0

0.2

0.4

0.6

0.8

1

 [GeV]TE
1 10 210

Ef
fic

ie
nc

y

0

0.2

0.4

0.6

0.8

1

L1_SingleEG5

ECAL Barrel

ECAL Endcaps

CMS Preliminary 2010 (7 TeV)
 

-1 L dt = 63 nb!
L1 E/Gamma Trigger
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Level1 and High Level Trigger
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The HLT efficiency for nominal 15 GeV 
threshold 

The Level1trigger efficiency for a nominal 
5 GeV threshold 

Electrons in the ECAL barrel (black dots), electrons in the ECAL endcaps (red empty squares)

Events filtered online in two steps: Level1 (hardware) High Level Trigger (software)

M
inim

um
 Bias D

ata

Trigger efficiencies has been measured on Minimum Bias data



Roberto Salerno,  ICHEP July 22-28, 2010, Paris

Electron reconstruction

6

Tracker DrivenTracker DrivenTracker Driven

Energy clustering to recover bremsstrahlung
• Superclusters are built by collecting clusters of 
crystals within in φ window

Electron seeding two complementary algorithms 
• Start from ECAL superclusters and search for 
compatible hits in the tracker inner layers (ECAL driven)
• Start from tracks (Tracker driven)

Electrons tracking
• Bremsstrahlung energy loss modeled with a mixture of 
Gaussians (Gaussian Sum Filter)

Electrons preselection
• Track Supercluster position matching cuts
• Multivariate analysis

Electron reconstruction in PF

3

PF electrons seeding
PF electrons are built from all GSF tracks
! tracker-driven seeded 

KF-tracks and PF clusters
! ECAL seeded 

e/ superclusters

PF clustering
! collect clusters linked to track tangents

PF identification
! tracker and ECAL variables
! boost decision trees to combine 

output: 

PF algorithm optimized to reconstruct electrons down to low pT and in jets
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First electron commissioning

7

Tracker DrivenTracker DrivenTracker Driven

assessment with Minimum Bias events

The contribution of ECAL driven 
electron is above 4 GeV/c
The contribution of tracker driven 
electron extends coverage at low pT

At this stage the inclusive sample of electron 
candidates is composed from 
4.6% real electrons (mainly Ds/Bs decays, few J/Ψ)
33.9% gamma conversion
61.5% fakes from hadrons

Figures are norm
alized to num

ber of entries
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Electron commissioning at high pT

8

Tracker DrivenTracker DrivenTracker Driven

with more statistics use electrons from W/Z

W Selection:
• high MET 
• 1 high energy ECAL supercluster
• little hadronic activity

Z Selection:
• Tag: identified/isolated electron
• Probe: 1 ECAL supercluster
• Invariant mass 

W and Z selections are used to commission reconstruction and 
measure efficiencies 

Figures are for selected electrons

Z peak out of the box shift within 1%
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Electron reconstruction

9

Tracker DrivenTracker DrivenTracker Driven

W Tag

11th Topical Seminar on Innovative Particle and

 Radiation Detectors,  1-4 October 2008, Siena, Italy 
Roberto Salerno 

Electron seeding 

7 

!! Start from energy weighted mean position !

    of super-cluster"

!! External object used to filter tracker seeds"

!! Propagate back through the B field to the !

    two corresponding layers"

!!implicit ET/pT match"

!! Both charge hypotheses considered"

Same algorithm for the online (HLT) and offline selection"

HLT 2.5 HLT 2.5 

CMS pixel detector"

Reduced pixel detector!

(discarded)"

ECAL driven seeding

Detector Method Data MC

Barrel Z Tag&Probe 0.993 ± 0.014 0.985

Endcap Z Tag&Probe 0.968 ± 0.034 0.961

• Start by high ET ECAL supercluster and 
extrapolate toward innermost tracker layers

• Pair of hits are selected within a window around 
the expected position (r-phi and r-z planes)

Electron reconstruction efficiencies

ECAL barrel

Electron reconstruction efficiency ratio between data and MC
The shaded region is the combined efficiency data/MC ratio         
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Electron selections

10

Tracker DrivenTracker DrivenTracker Driven

Selection for first physics uses simple cuts on the discriminating observables
The selection is tuned to different tightness e.g. here 80% and 95% efficiencies

A more elaborate selection is obtained using an electron classification to 
separate electrons as function of the radiated bremsstrahlung and E/p variables 
(Cuts in Categories)

95% working point 80% working point

Electron selection is based on Identification, Isolation, Conversion rejection variables

Sim
ple C

uts
C

uts in C
ategories

Figures are norm
alized to integrated lum

inosity
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Electron variables

11

ECAL barrel ECAL endcap

Examples of discriminating variables:
 
• supercluster shower spread in η (σiηiη) 
• electron isolation

• combined ECAL/Tracker/HCAL isolations
• removal of the electron footprint in each detectors 

Figures are norm
alized to integrated lum

inosity
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Selection efficiencies

12
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Simple Cuts Selection Cuts in Categories Selection

 
Measured 
efficiency

Error 
(stat. + syst)

MC
efficiency

WP95 Barrel 92.5% 3.2% 95.4%

WP95 Endcap 86.4% 6.7% 92.9%

WP80 Barrel 77.5% 4.7% 85.1%

WP80 Endcap 75.1% 8.6% 76.2%

 
Measured 
efficiency

Error 
(stat. + syst)

MC
efficiency

CiC Loose Barrel 96.4% 2.1% 97.0%

CiC Loose Endcap 94.1% 4.7% 95.3%

CiC Tight Barrel 89.3% 3.4% 89.3%

CiC Tight Endcap 85.5% 6.5% 79.4%

Z Tag&Probe Z Tag&Probe

Electron selection efficiency ratio between data and MC
The shaded region is the combined efficiency data/MC ratio         
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Fake rate measurement

13
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Electron fake rate per reconstructed electron as a function of ET in data and simulation

Background selection:
• Single jet trigger with 
Raw ET>15 GeV

• Small MET 

• Reconstructed electrons 
outside triggering jet

ECAL barrel ECAL endcap

Simple Cuts Selection Cuts in Categories Selection
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2 2 Supercluster and Photon reconstruction, corrections and observables

sample of photon candidates.

2.2 Supercluster selection and observables

In order to compare observables important to supercluster reconstruction between the data

collected in 2010 and Monte Carlo simulations, we imposed the following selection:

• We required the events to pass the high-level trigger path HLT Photon15 L1R, seeded

by the Level-1 EG5 trigger [3].

• We required that superclusters have a minimum uncorrected (‘raw’) transverse en-

ergy of 20 GeV.

• We considered only superclusters in regions in η also covered by the tracking detec-

tors (|η| ≤ 2.5), and we exclude the region in η between the barrel and the endcaps,

which is occupied to a significant extent by services ((|η| > 1.4442 and |η| < 1.566)

• We have removed superclusters containing anomalous ECAL signals by imposing

the criteria on topology and signal time outlined in [4].

• We cut on the hadronic to electromagnetic energy ratio H/E < 0.05 to reject jets with

a substantial hadronic component, and to avoid differences with the simulation of

the Level-1 trigger, which did not take into account the relaxed H/E cut used online

at startup.

Reconstructed superclusters in data were compared to those in a Monte Carlo sample of QCD

and photon plus jet events with outgoing parton transverse momentum in the center of mass

frame of p̂T > 15 GeV simulated with PYTHIA 6 [5], tune D6T. In the data sample analyzed,

there are a total of about 1.3× 10
5

events passing the above selection.

Figure 1 shows the pseudorapidity distribution of reconstructed superclusters. Here the Monte

Carlo and data statistics are normalized using the integrated luminosity in data. A profile his-

togram of the ratio between data and Monte Carlo simulation is shown beneath each distribu-

tion in this section. The measurements are fairly well reproduced by the Monte Carlo simula-

tion. The dips at the transition between the ECAL Barrel and Endcap is due to the fiducial cut

introduced above.
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Figure 1: Detector pseudorapidity of superclusters in 7 TeV minimum bias collisions

Photon reconstruction

14

Photon objects are reconstructed 
from the superclusters

4 2 Supercluster and Photon reconstruction, corrections and observables

Figure 3 shows the distribution of the r9 observable used for the energy determination of pho-

ton candidates. The shape of the distribution is similar in data and Monte Carlo, so the fraction

of the sample of photon candidates lying above or below the typical 0.94 (0.95) cut agrees with

Monte-Carlo within 10%
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Figure 3: Ratio of the energy of the 3x3 matrix of crystals surrounding the most energetic crys-

tal to the total energy of the supercluster, for EB (left) and EE (right) superclusters. The Monte

Carlo results are normalized separately for each plot to the number of entries in the data his-

togram.

2.5 Photon identification and isolation

To increase the purity of the photon sample, we apply additional isolation and identification

requirements. The selection criteria and the cut values have been adjusted on the basis of

Monte Carlo simulation, in absence of a data-driven control sample, aiming to maximize the

background rejection while keeping the efficiency flat as a function of η and ET. This is a

robust selection intended to be used for commissioning and early analysis. By design, we use

a very similar isolation scheme to that used for electrons, so that photon ID efficiencies can be

measured on an electron control sample in data when sufficient statistics are available. The

photon selection is based on the following variables:

• The supercluster is required not to match pixel hits consistent with a track from the

interaction region.

• ECAL isolation: the sum of ECAL ET around the photon candidate in an annular

region of inner radius R =
�

(∆η)2 + (∆φ)2 = 0.06 and outer radius 0.4. A three-

crystal wide strip along φ is excluded.

• HCAL isolation: the sum of HCAL ET around the photon candidate in an annular

region of inner radius R = 0.15 and outer radius 0.4.

• Tracker isolation: the scalar sum of pT of tracks consistent with the primary vertex

in a hollow cone around the photon candidate in an annular region of inner radius

R = 0.04 and outer radius 0.4. The inner radius is chosen to avoid counting the

momentum of photon conversion tracks in the isolation sum.

• σiηiη is the η-η element of the η-φ covariance matrix, which provides another ex-

pression for the extent in η of the supercluster, similar to ση . (It is calulated with

E3×3/ESC is used to separate converted 
from unconverted photons

More details on photon in the R.Shyang’s talk in the QCD session 

Supercluster selection  

• HLT Photon15
• ET >  20 GeV
• SC in |η| ≤ 2.5 but excluding barrel/endcap transition 
region
• H/E < 0.05 
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Photon selection

15
Photon purity increases with ET

6 2 Supercluster and Photon reconstruction, corrections and observables
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Figure 4: N − 1 plot of the flag for presence of pixel seed in EB (left) and EE (right) photons,

used in the selection in the text. The Monte Carlo results are normalized separately for each

plot to the number of entries in the data histogram.
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Figure 5: Sum of the isolation variables (ECAL, HCAL, and tracks) for barrel (left) and endcap

(right) photon candidates, before applying photon isolation cuts. The Monte Carlo results are

normalized separately for each plot to the number of entries in the data histogram.

Simple selection allows to define a sample with more than 
50% purity from prompt photons with an efficiencies 
around 90% for the Barrel and 80% for the Endcap 
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Figure 10: Transverse energies of EB (left) and EE (right) reconstructed photons in the selected
sample. The purity increases with ET. The Monte Carlo results are normalized separately for
each plot to the number of entries in the data histogram.
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Figure 11: Pseudorapidity of reconstructed photons in the selected sample.

ECAL barrel ECAL endcap

 Variable Barrel photon Endcap photon

photon ET > 30 GeV> 30 GeV

tracker isolation < 2.0 GeV< 2.0 GeV

ECAL isolation < 4.2 GeV< 4.2 GeV

HCAL isolation < 2.2 GeV< 2.2 GeV

(hadronic/EM) energy <0.05<0.05

shower shape σiηiη <0.01                         <0.03<0.01                         <0.03

Require not to match a pixel hitRequire not to match a pixel hit

ECAL barrel
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ECAL-seeded conversions
Conversions have a characteristically large 
displaced vertex. 

• ECAL information can be used to 
seed a track-finding designed 
specifically to reconstruct conversion 
tracks.

• In the first step, we look for hits in 
the outer tracker layers which are 
consistent with an ECAL 
supercluster.  Tracks are built by 
looking inward and collecting hits.

• In the second step, we assume the 
innermost hit of the first track is the 
conversion vertex, and look outwards 
for hits from the second track.
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12 3 Photon conversions

(a) (b)

Figure 14: Angular separation between the conversion electrons at the impact with ECAL; (a)
in the longitudinal plane and (b) in the transverse plane.

(where the distribution should peak at 1) and π0s where only one of the two legs converts. The
data and simulation are in good agreement.

(a) (b)

Figure 15: Conversion p/E (a) with p from the tracks and E from the super-cluster; the distri-
bution is inclusive for barrel and endcap. Conversion p/E for candidates with |η| < 1.45, with
the photon candidate selection from Table 1 applied (b). The MC distribution for QCD fakes
and signal photons are shown separately.

Converted photons
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Selection

• |Δ cot θ| between the tracks at vertex < 0.3
• |Δφ| between the tracks at vertex < 0.2
• P(vertex) returned by fitter > 0.0005.

12 3 Photon conversions

(a) (b)

Figure 14: Angular separation between the conversion electrons at the impact with ECAL; (a)
in the longitudinal plane and (b) in the transverse plane.

(where the distribution should peak at 1) and π0s where only one of the two legs converts. The
data and simulation are in good agreement.

(a) (b)

Figure 15: Conversion p/E (a) with p from the tracks and E from the super-cluster; the distri-
bution is inclusive for barrel and endcap. Conversion p/E for candidates with |η| < 1.45, with
the photon candidate selection from Table 1 applied (b). The MC distribution for QCD fakes
and signal photons are shown separately.

HLT Photon, ET > 20 GeV, selection cuts applied

Variable may be used to extract 
photon purity in physics analysis

Conversion p/E with p from the tracks 
and E from the supercluster
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Conclusions

• With 200 nb-1 of analyzed data at sqrs(s) = 7 TeV electrons from W 
and Z have been measured

• CMS has commissioned the key observables for the measurement, 
identification and isolation of primary ("prompt") electrons and 
photons 

• Trigger, reconstruction and electron selection efficiencies have been 
measured and found to be very close to Monte Carlo simulation  

• Electron fake rate has been measured and found in good agreement 
with expectation   

• Photon variables have been compared between data and simulation 
for background and photon enriched samples and found in very good 
agreement with Monte Carlo expectation
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