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➢ Photon is a crucial object for a large physics program at CMS:
·SM measurements

·Higgs boson and its properties
·search for BSM physics

➢ Several aspects of photon reconstruction, identification and 
measurement affect the physics performance

In this talk, I will focus on some of the specific topics
I’ve most contributed to.

Important note: this presentation contains work-in-progress material that has not 
been reviewed nor approved by the CMS collaboration.
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CMS  ECAL
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The CMS electromagnetic calorimeter will consist of over 
80,000 lead-tungstate (PbWO4) crystals equipped with 
avalanche photodiodes or vacuum phototriodes and asso-
ciated electronics operating in a challenging environment: 
a magnetic field of 4T, a time of 25 ns between bunch 
crossings, a radiation dose of ≈ 1-2 kGy/year for LHC oper-
ation at maximum luminosity, and also difficult access for 
maintenance
After an intensive R&D program, lead tungstate  crystals 
were chosen because they offer the best prospects of 
meeting these demanding requirements.  The choice was 
based on the following considerations:

• PbWO4 has a short radiation length and a 
   small Molière radius
• it is a fast scintillator
• it is relatively easy to produce from readily available
  raw materials and substantial experience and pro-
  duction capacity already exist in China and Russia

The crystals have a front face of 
about 22x22 mm2 — which 
matches well the Molière radius 
of 22 mm.  To limit fluctuations 
on the longitudinal shower leak-
age of high-energy electrons and 
photons, the crystals must have 
a total thickness of 26 radiation 
lengths — corresponding to a 
crystal length of only 23 cm

PbWO4 is intrinsically radiation-hard, but non-optimized 
crystals do suffer from radiation damage.  The R&D pro-
gram of the last few years has led to a better understand-
ing of the damage mechanism.  The main conclusion is 
that radiation affects neither the scintillation mechanism 
nor the uniformity of the light yield along the crystal.  It only 
affects the transparency of the crystals through the forma-
tion of color centers and the transport of light is changed 
by self-absorption of the crystals. This light loss can be 
monitored by a light-injection system

Lead-Tungstate Crystals
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The π0  rejection algorithm using the preshower compares 
the highest signal (summed in 1, 2 or 3 adjacent strips) with 
the total signal in 21 adjacent strips centered on the high-
est-signal strip.  The fraction of the two energies, F, is then 

used to select 
photons (and 
reject π0 's)

CMS will utilize a preshower detector in the endcap region 
(rapidity range 1.65 < |η| < 2.6).  Its main function is to 
provide γ–π0 separation
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The measurement of the energy deposition in the ~2 mm 
pitch silicon strips allows the determination of the impact 
position of the electromagnetic shower by a charge-
weighted-average algorithm with very good accuracy 
(~300µm at 50 GeV).  The fine granularity of the detector 
enables the separation of single showers from overlaps of 
two close showers due to the photons from π0 decays

The preshower 
detector contains two 
thin lead converters 
followed by silicon 
strip detector planes 
placed in front of the 
ECAL.

The scintillation light from the crystals must be captured by 
a photodetector, amplified and digitized.  A schematic of 
the readout sequence is shown in the figure below

The rejection ob-
tained with this 
simple algorithm 
approaches a 
factor of 3 and is 
fairly independ-
ent of ET.

The active planes of silicon detectors are built from a large number of 
identical modules each of which contains an individual detector, as 
shown above.  A module contains an aluminum tile ('holder') onto 
which a ceramic support is glued.  A silicon detector, subdivided into 
32 strips at 1.9 mm pitch, is then glued and bonded to the ceramic.  
The hybrid containing the analog front-end electronics is also glued 
and bonded to the ceramic.  The modules are then assembled on long 
ladders which contain two columns of adjacent detectors

On-detector light-to-light  readout
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The upper level readout has four main functions:
• formation of trigger tower energy sums
• pipelining (storing the data until receipt of a Level-1 
trigger decision)
• transmission of the data from the triggered event to 
the Data Acquisition System
• providing interface functions for the on-detector 
electronics
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Layout of the upper-level read-
out.  The optical receiver deseri-
alizes the data from the Very 
Front-Ends.  The linearizer  
transforms the incoming data to 
a representation which facili-

tates analysis by the trigger (e.g. formation of energy sums) without 
further conversions

The first element is the PbWO4 crystal which converts en-
ergy into light.  The light is converted into a photocurrent by 
the photodetector.  The relatively low light yield of the crys-
tal necessitates a preamplifier in order to convert the pho-
tocurrent into a voltage waveform.  The signal is then ac-
quired and digitized. The resulting data are transported off 
the detector via optical fibre to the upper-level readout
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To avoid the design 
and construction of 
a very large quanti-
ty of radiation-hard 
electronics, the data 
are transported, im-
mediately after the 
digitization step, to 
the counting room 
by fibreoptic links
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Photodetector (Avalanche Photodiode) princi-
ple: Photons convert in the p++ layer.  Photo-
electrons drift towards the abrupt p-n junction 
where ionization starts and avalanche break-
down occurs.  The avalanche breakdown re-
sults in impact electron multiplication.

The light monitoring sys-
tem, shown on the left, 
is designed to inject light 
pulses into each crystal 
to measure the optical 
transmission.  The puls-
es are distributed via an 
optical-fibre system.  
The system is designed 
to continuously monitor 
the calorimete

One of the principal CMS design objectives is to construct a very high per-
formance electromagnetic calorimeter.  A scintillating crystal calorimeter of-
fers excellent performance for energy resolution since almost all of the ener-
gy of electrons and photons is deposited within the crystal volume.  CMS has 
chosen lead tungstate crystals which have high density, a small Molière radi-
us and a short radiation length allowing for a very compact calorimeter sys-
tem.  A high-resolution crystal calorimeter enhances the H→γγ discovery po-
tential at the initially lower luminosities at the LHC
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Measuring e/gamma objects
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14 4 ECAL monitoring and calibration

Figure 9: Position accuracy of charged tracks with pT > 20 GeV/c incident on the Preshower
after alignment.

The ECAL crystals are approximately one Molière radius in size, thus high energy electromag-382

netic showers spread over a few crystals: typically more than 90% of the energy of a 50 GeV383

electron or photon is contained in a 5⇥ 5 matrix of crystals. Furthermore, in CMS, the presence384

of material in front of the electromagnetic calorimeter (corresponding to 1–2 X0 depending on385

the h region) causes conversion of photons and bremsstrahlung from electrons and positrons.386

The strong magnetic field of the experiment tends to spread this radiated energy along f. Clus-387

tering algorithms are used to sum together energy deposits in adjacent crystals belonging to388

the same electro-magnetic shower and to recover the radiated energy. Further details on the389

clustering algorithms are described in Section 4.4. Small algorithmic energy corrections are em-390

ployed to account for the residual cluster non-containment effects, particularly shower leakage391

and bremsstrahlung losses which are dependent on the type of the particle, its momentum,392

direction and impact point position.393

The ECAL estimated particle energy can then be expressed as:

Ee,g(GeV) = Fe,g · G(GeV/ADC) Â
cluster crystals i

Si(t) · Ci · Ai + EES (3)

where the sum is over the crystals belonging to the cluster, Ai is the reconstructed pulse am-394

plitude in ADC counts, Ci is the inter-calibration constant while G is the global ECAL energy395

scale. The term Si(t) is the monitoring correction to the crystal amplitude due to the radiation-396

induced channel response change at the event time t. The factor Fe,g represents the cluster397

energy correction. For endcap clusters the preshower energy EES is added.398

This factorization of the various contributions to the electromagnetic energy estimation al-399

lows to disentangle monitoring and inter-calibration (uniformization of the relative response of400

ECAL channels to the same deposited energy in the channel) from material and non-containment401

effects.402

Crystal inter - calibration
and transparency correction

Object - dependent SuperCluster 
energy correction:

different response of SC algorithm 
for different objects and showering
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Energy corrections
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The assumptions behind this formulation are:
-            is the single variable describing the shower development and it is well described in G4
- the second term is a minor extra correction

-                   and                    can be factorized

��/�⌘

(ET , �)��/�⌘

(not addressed in this talk)

The factorization seems sub-optimal:                    

describes the photon conversion originated in the 

material upstream the calorimeter which is     

dependent

��/�⌘

⌘

ET above ~20 GeV  is expected to be less correlated even in the 4T field
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Different approach
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Material dependence
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Brem shower shape:

Material budget (tracker)
in front of ECAL

η dependence

Interaction
(e± ≠ γ)

Geometry
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Deriving the correction f(σφ/ση, η)
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- First exclude η-cracks, compute the correction for bins of σφ/ση and η, and then 
extrapolate it to the η-cracks (in order to not mix material budget and ECAL geometry). 

- Then fit the σφ/ση dependence for each bins of η.
- η-binning follows the material budget η-dependence, strong η dependence of σφ/ση
=> Take care of the fourth module

Photon low R9 Electron

New scheme for object-dependent SuperCluster correctionsM.Peruzzi (ETHZ)

New factorization
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Deriving the correction f(σφ/ση, η)

3

- First exclude η-cracks, compute the correction for bins of σφ/ση and η, and then 
extrapolate it to the η-cracks (in order to not mix material budget and ECAL geometry). 

- Then fit the σφ/ση dependence for each bins of η.
- η-binning follows the material budget η-dependence, strong η dependence of σφ/ση
=> Take care of the fourth module
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So we don’t factorize (brem,eta) anymore:

Old scheme (tuned on electrons):
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⇓

New factorization motivated 
by this physical correlation:

Erec/Egen distribution is then fitted with a Crystal Ball function. The inverse of the position of the peak (most
probable value) of the distribution, shifted below unity, is used as a multiplicative correction factor. 5)

In photon events, after correcting for f(��/�⌘, ⌘) a small residual dependence of Erec/Egen is still observed as a
function of the transverse energy. To cure this dependence an extra multiplicative correction is derived. We found
that using a parametrization as F (ET ) in the barrel and F (E) in the endcap gives the best results. This extra
factor will be used for both photons and electrons where, as it will be shown, it will have a large impact on the
performance. The same crystal ball fit is applied again on this residual correction, this time binning the events in
ET in the barrel and in E in the endcap. The correction factor is again the shift of the crystal ball peak from unity.

The ⌘ binning has been chosen by referring to Fig. 1, in order to obtain a material distribution as flat as possible
within one ⌘-bin and excluding the regions in between the ECAL barrel modules and the barrel/endcap gap region
(see Appendix A).

A slice of ±2 degrees in � has been removed around each module boundary. The reason for this is to avoid
intra-module inefficiencies. Those will be treated in a second step applying ad hoc crack corrections extracted for
instance from E/p analyses [5].

Finally a minimum cut at ET > 10 GeV is required for all photon superclusters. This corresponds to the lowest
photon transverse energy selection applied at reconstruction.

The dependency of the mean of the crystal ball fit on the brem variable before any correction is shown on Fig. 2
(left). The different colors represent different ⌘ bins. The larger the amount of material in the ⌘ bin the steeper
the brem dependence. The slopes in the EE are larger than the slopes in the EB and even at low brem (where the
transverse shower profile is almost circular) the most probable value of Erec/Egen for the endcap showers only
plateaus at about ⇠ 97%.

After deriving the corrections outside of the cracks, the function f(��/�⌘, ⌘) is extrapolated in the cracks. Then,
f(��/�⌘, ⌘), F (ET ) and F (E) are fitted to smooth out bin-by-bin fluctuations.

Figure 2: (left) Projection of f(��/�⌘, ⌘) in bins of ⌘, for a photon Monte Carlo sample with no correction applied;
(right) 2D representation of the f(��/�⌘, ⌘) correction after histogram smoothing is applied.

After correcting for f(��/�⌘, ⌘), the residual dependence of the energy scale as a function of ET in the barrel and
E in the endcap is shown on Fig. 3. The residual dependence is at the per mil level for photons, and we corrected
for it.

2.2 Validation on Photon Gun MC sample

In this section we apply the energy corrections described above, on the same photon gun MC sample. We look at
the most probable value of the Erec/Egen distribution as a function of ET (Fig. 4), ⌘ (Fig. 5), ��/�⌘ (Fig. 6) and
5) The correction acts by applying a multiplicative factor to the distribution to bring its most probable value to 1. This implies

that the correction will be more effective the narrower the distribution is. There is no attempt to reduce the tails in one bin,
i.e. the correction factor will be the same for all the events in a given bin.

4

Work in progress
not approved
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Extraction procedure

7

➢ MC particle gun, separately for electrons and photons
➢ Excluding η/𝜑 cracks of the detector

➢ Crystal Ball fit of Erec/Egen in bins of (brem,η) 
→ correction to bring the peak back to 1
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F(brem,η) corrections

8

Indeed, a strong brem ⇔ η correlation is observed.
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Deriving the correction f(σφ/ση, η)

3

- First exclude η-cracks, compute the correction for bins of σφ/ση and η, and then 
extrapolate it to the η-cracks (in order to not mix material budget and ECAL geometry). 

- Then fit the σφ/ση dependence for each bins of η.
- η-binning follows the material budget η-dependence, strong η dependence of σφ/ση
=> Take care of the fourth module

Photon low R9 Electron

Work in progress
not approved
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Validation on photons

9

about 1% in the endcap. In the new correction scheme, the two approaches for the residual corrections (F (ET )
and F (E)) give consistent results. After corrections, Erec/Egen as a function of ET is around unity within a few
per mil. The remaining effects can be attributed to statistical fluctuations in the photon MC sample.
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Figure 5: Erec/Egen most probable value as a function of ⌘ for different correction schemes, evaluated using a
photon MC sample

The corrections seem to perform as expected also as a function of the ⌘ variables (see Fig. 5) where only a mild
structure in the fourth module (1.16 < ⌘ < 1.44) can be seen.
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Figure 6: Erec/Egen most probable value as a function of ��/�⌘ for different correction schemes, evaluated using
a photon MC sample

The previous correction scheme is over-correcting and showing a trend as a function of ��/�⌘ (see Fig. 6); this
effect is removed with the new scheme.

As a function of the energy (Fig. 7), one can see a similar behavior of the corrections schemes as with ET . The
previous corrections over-correct especially at low energy (up to 3% in the barrel and 10% in the endcap). One
can also observe that parametrization of the residual dependence as F (ET ) in the barrel and F (E) in the endcap
performs slightly better than just using F (ET ) everywhere.

As a conclusion, using in photon MC samples, the new corrections (and fitting procedure to smooth out statis-
tical fluctuations) seem to behave properly. Retuning the photon corrections on photon MC sample significantly
improves the energy scale.
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Figure 3: (left) F (ET ) correction in the barrel, (right) F (E) correction in the endcap, in photon sample after
f(��/�⌘, ⌘) is applied. The blue line represents the smoothed correction function plugged in CMSSW.

E (Fig. 7), and compare the following correction schemes:

• Before any correction is applied (i.e. raw energy times C(⌘) in the barrel, raw plus the preshower energy in
the endcap)

• The standard correction scheme f(Brem)⇥ F (ET , ⌘) previously implemented in CMSSW, where the cor-
rections are derived from an electron MC sample

• The standard correction scheme f(Brem)⇥ F (ET , ⌘) this time re-derived from a photon MC sample

• The new correction scheme f(Brem, ⌘)⇥ F (ET ) that will be used in the barrel

• The new correction scheme f(Brem, ⌘)⇥ F (E) that will be used in the endcap
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Figure 4: Erec/Egen most probable value as a function of ET for different correction schemes, evaluated using a
photon MC sample

One can see on Fig. 4 that the previously used corrections with the scheme f(Brem) ⇥ F (ET , ⌘) derived from
electrons are over-correcting the photon energy almost everywhere and especially at low ET , by about 4%. Using
the corrections derived from photon MC sample, Erec/Egen is brought back to 1. The old correction scheme
derived from photons has a tendency to overcorrect at high ET in the barrel and under-correct systematically by

5
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·Corrections tuned on 
electrons over-correct 

photon energy

·Scale is much flatter 
thanks to the new 

factorization scheme



M.Peruzzi (ETHZ) Physics with diphoton events at CMS

Validation on Hgg
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Corrections applied on MC Higgs @ 120 GeV 
in the diphoton decay channel 

 (GeV)γ γM
95 100 105 110 115 120 125 130 135 140

a.
u.

0

10

20

30

40

50

60 Corr. scheme
default
regression
P. Dauncey's
new corr.

 (GeV)effσ
1.89
1.27
1.56
1.57

Inclusive cat 
(1+2+3+4)

 (GeV)γ γM
95 100 105 110 115 120 125 130 135 140

a.
u.

0

10

20

30

40

50

60 Corr. scheme
default
regression
P. Dauncey's
new corr.

 (GeV)effσ
1.89
1.27
1.56
1.57

 (GeV)γ γM
95 100 105 110 115 120 125 130 135 140

a.
u.

0

10

20

30

40

50

60 Corr. scheme
default
regression
P. Dauncey's
new corr.

 (GeV)effσ
1.89
1.27
1.56
1.57

 (GeV)γ γM
95 100 105 110 115 120 125 130 135 140

a.
u.

0

10

20

30

40

50

60 Corr. scheme
default
regression
P. Dauncey's
new corr.

 (GeV)effσ
1.89
1.27
1.56
1.57

Work in progress
not approved

Comparison with:

· older correction scheme
· photon energy regression 
used in 2011 Hgg analysis
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Events splitted in categories defined in terms of (eta,r9)

· Improvement over default photon energy
· Regression takes a large advantage from inclusion of local 

variables in EE and many more shower shapes
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Zee data (Run 2011A) / MC comparison:
· scale calibration comparable to older corrections
· improvement in resolution in both MC and data
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Performance summary
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New factorization scheme is a step forward in SC energy 
reconstruction at CMS:

·Performance validated in the data

·Substantial improvement in scale calibration (especially for 
low ET photons) and resolution (~15% in Hgg)

·Now used by default in the CMS event reconstruction code 
for photon and electron SC energy
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NNLO prediction: azimuthal angle between the two 
photons 

 Prediction uses Frixione isolation -> no fragmentation 
contribution. 

 Measurement: cone isolation.

D. de Florian, L. Cieri et al D. de Florian, L. Cieri et al 

arXiv:1110.2375 arXiv:1110.2375 

(JHEP 01 (2012) 133) (JHEP 01 (2012) 133) 

LHC-Higgs XS WG  YR2 LHC-Higgs XS WG  YR2 arXiv 1201.3084v1arXiv 1201.3084v1

Motivation and theory

15

Diphoton events as a probe of QCD @ NNLO
· recent theory result arXiv:1110.2375 (Catani, Cieri, De Florian, Ferrera, Grazzini)

(µR) and factorization (µF ) scales are set to the value of the invariant mass of the diphoton system,
µR = µF = Mγγ . The QED coupling constant α is fixed to α = 1/137.

We apply typical kinematical cuts [17] that are used by the ATLAS and CMS Collaborations
in their Higgs search studies. We require the harder photon to have a transverse momentum
pharderT ≥ 40 GeV, while for the softer photon we demand psofterT ≥ 25 GeV. The rapidity of both
photons is restricted to |yγ| ≤ 2.5, and the invariant mass of the diphoton system is constrained
to lie in the range 20GeV ≤ Mγγ ≤ 250GeV.

σ (fb) LO NLO NNLO

µF = µR = Mγγ/2 5045± 1 26581± 23 45588± 97
µF = µR = Mγγ 5712± 2 26402± 25 43315± 54
µF = µR = 2Mγγ 6319± 2 26045± 24 41794± 77

Table 1: Cross sections for pp → γγ + X at the LHC (
√
s = 14 TeV). The applied cuts are

described in the text.

Figure 1: Invariant mass distribution of the photon pair at the LHC (
√
s = 14 TeV): LO (dots),

NLO (dashes) and NNLO (solid) results. We also present the results of the box and NLO+box
contributions. The inset plot shows the corresponding K-factors.

We start the presentation of our results by considering diphoton production at the LHC (
√
s =

14 TeV). In Table 1, we report the results of the accepted cross section at LO, NLO and NNLO.
We have fixed µF = µR = µ and we have considered three values of µ/Mγγ (µ/Mγγ = 1/2, 1, 2).
The numerical errors estimate the statistical uncertainty of the Monte Carlo integration.

We note that the value of the cross section remarkably increases with the perturbative order
of the calculation. This increase is mostly due to the use of very asymmetric (unbalanced) cuts
on the photon transverse momenta. At the LO, kinematics implies that the two photons are
produced with equal transverse momentum and, thus, both photons should have pγT ≥ 40 GeV.

3

NLO is effectively only LO
in this region

( at LO, photons are back to back)
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γγ+jets as Hgg background

16

Measuring relative purity of prompt-prompt, prompt-fake 
and fake-fake background components
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General procedure

17

March 30, 2012 Philippe Gras CEA/IRFU 14

Measurement

 Measurement signal: two signal photons
 Measurement background: 

 Two background photons, 1 background + 1 signal photon.
 Drell-Yan: subtracted (POWHEG NLO + PS + full simulation)

 Signal photon:
 photon with SE

T 
of the particles surrounding it within a cone 

R=÷Dj2+Dh2 = 0.4, smaller than 5 GeV.

 Background photon:
 Mainly pairs of collinear photons from p0 and h decays, 

reconstructed as a single photon
 rejection based on isolation and on ECAL shower 

transverse shape.
 remnant statistically substracted

Unfolded signal event yield

Acceptance x efficiency correction

Bin width

Luminosity

 Measurement of differential cross sections as function of m
γγ

, p
T,γγ

, Δφ
γγ

, 

cos θ* = tanh(Δy
γγ

/2) in two pseudorapidity regions:

|η| < 1.44  and  |η| in [0, 1.44] » [1.56, 2.5]

Procedure:

·Extraction of signal purity
from templates fit

·Unfolding

·Correction for signal efficiency

Interesting differential variables 
to compare with theory:
·diphoton pT   ·mᵧᵧ
·cos θ*   ·delta 𝜑

Work in progress
not approved

Toy MC

prompt
fakes

50% purity toy
fit
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Selection and templates

18

Selection:
photon pT1 > 40 GeV, pT2 > 30 GeV, |η| < 2.5

H/E < 0.05, σiηiη (shower shape) < 0.011 (0.030)
PU-subtracted combined Particle-Flow isolation < 5 GeV 

Data-driven techniques for template generation:
· random cone for prompt photon template

· σiηiη sideband for fakes template

Templates:
Photon component of PF isolation

PU subtraction done with FastJet ρ and eff. area technique
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Random cone template
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Ansatz:
Once the photon footprint has been 

removed, the PFphotonIso for prompt 
photons is due only to pileup and 

underlying event

(true if energy leakage from the photon footprint
into the isolation cone is negligible)

SC

Isolation cone

Interaction
vertex
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Random cone template
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signal template
random cone template

PFphotonIso (GeV)

Pythia GJet doubleEMEnriched
(both templates) EB

Work in progress
not approved

Procedure:

· rotate the isolation cone in 𝜑 by π/2

 · check that no other object is nearby
· underlying activity does not change
· build the template from this isolation 

sum away from the photon candidate
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sidebandselection

Work in progress
not approved

σiηiη sideband template

21

PFphotonIso (GeV)

fakes template
σiηiη sideband template

Pythia GJet doubleEMEnriched
(both templates) EB

W
or

k 
in

 p
ro

gr
es

s -
 n

ot
 a

pp
ro

ve
d

Ansatz:
· the signal contamination in a sample selected 

reverting the σiηiη cut is negligible
· the template variable is not correlated with σiηiη
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Conclusions
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Just a couple of topics, but already some ideas emerging:

➢ understanding the physical correlations introduced among photon 
observables by the interaction with the detector is a key for accurate 
measurement

➢ events with photons probe a wide range of theoretical scenarios

➢ data driven techniques increase the robustness of photon 
measurements in physics analyses
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Additional corrections
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➢ Crack corrections (up to a few %, affect many crystals):
· corr. for energy leakage near module boundaries
· applied on top of interpolated corrs already shown
· for every BC for electrons and low R9 photons
· for seed BC only for high R9 photons

➢ Local containment corrections (not more than ~ 1 %):
· corr. for different fraction of EM energy picked up, depending 
on hit position in the crystal 
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Residual correction
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After applying (brem,eta) correction:
residual ET/Energy dependence:

photons

ET [GeV]
50 100 150 200 250

)
g

e
n

/E
re

c
C

ry
s
ta

lB
a
ll
  

  
 m

p
(E

0.9

0.92

0.94

0.96

0.98

1

E [GeV]
0 200 400 600 800100012001400160018002000

)
g

e
n

/E
re

c
C

ry
s
ta

lB
a
ll
  

  
 m

p
(E

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

Figure 3: (left) F (ET ) correction in the barrel, (right) F (E) correction in the endcap, in photon sample after
f(��/�⌘, ⌘) is applied. The blue line represents the smoothed correction function plugged in CMSSW.

E (Fig. 7), and compare the following correction schemes:

• Before any correction is applied (i.e. raw energy times C(⌘) in the barrel, raw plus the preshower energy in
the endcap)

• The standard correction scheme f(Brem)⇥ F (ET , ⌘) previously implemented in CMSSW, where the cor-
rections are derived from an electron MC sample

• The standard correction scheme f(Brem)⇥ F (ET , ⌘) this time re-derived from a photon MC sample

• The new correction scheme f(Brem, ⌘)⇥ F (ET ) that will be used in the barrel

• The new correction scheme f(Brem, ⌘)⇥ F (E) that will be used in the endcap
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Figure 4: Erec/Egen most probable value as a function of ET for different correction schemes, evaluated using a
photon MC sample

One can see on Fig. 4 that the previously used corrections with the scheme f(Brem) ⇥ F (ET , ⌘) derived from
electrons are over-correcting the photon energy almost everywhere and especially at low ET , by about 4%. Using
the corrections derived from photon MC sample, Erec/Egen is brought back to 1. The old correction scheme
derived from photons has a tendency to overcorrect at high ET in the barrel and under-correct systematically by

5

Figure 8: (left) Projection of f(��/�⌘, ⌘) in bins of ⌘, for an electron Monte Carlo sample with no correction
applied; (left) 2D representation of f(��/�⌘, ⌘) correction after smoothing.
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Figure 9: (left) F (ET ) correction in the barrel, (right) F (E) correction in the endcap, for an electron Monte Carlo
sample after f(��/�⌘, ⌘) applied.
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Validation: electrons
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• The new correction scheme f(Brem, ⌘)⇥ F (E) that will be used in the endcap
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Figure 10: Erec/Egen most probable value as a function of ET for different correction schemes, for an electron
MC sample

The old correction scheme (f(Brem) ⇥ F (ET , ⌘)) is over-correcting, as a function of ET , over the entire range
(see Fig. 10). In the barrel, Erec/Egen is offset by a few per mil, while in the endcap it shows an almost linear
dependence as a function of ET , reaching 1.5% at low ET . The new corrections bring Erec/Egen to 1.
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Figure 11: Erec/Egen most probable value as a function of ⌘ for different correction schemes, for an electron MC
sample

The corrections seem to perform as expected also as a function of the ⌘ variables (see Fig. 11) where again only a
mild structure in the fourth module can be seen.

The previous correction scheme is systematically over-correcting Erec/Egen as a function of ��/�⌘ (see Fig. 12).
This dependence is now eliminated in the barrel. In the endcap, for electrons with ��/�⌘ > 2.5, the new correc-
tions perform better than the old ones but still leave a small offset below 1%. This could be attributed to the fact that
for electrons emitting large bremsstrahlung (i.e. large ��/�⌘), the ⌘ dependence of the residual correction, F (E),
is sizable. At the electron level, once ECAL information is combined with the tracker, the showering electrons will
receive a combined energy which reduces this effect.

As a function of the energy (Fig. 13), a behavior similar to what has already been observed for ET is visible. The
previous corrections over-correct especially at low energy (about 2% in the endcap).
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Figure 12: Erec/Egen most probable value as a function of ��/�⌘ for different correction schemes, for an electron
MC sample
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Figure 13: Erec/Egen most probable value as a function of E for different correction schemes, for an electron MC
sample
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Uncertainty on corrections
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Figure 26: Effective sigma of Erec/Egen distributions as a function of ⇤ for electrons, low and high R9 photons.
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Figure 27: Effective sigma of Erec/Egen distributions as a function of ET in the barrel for electrons, low and high
R9 photons.

T
p

20 40 60 80 100 120 140 160 180 200

R
el

at
iv

e 
un

ce
rta

in
ty

0

0.02

0.04

0.06

0.08

0.1

0.12 Electrons EE
 from old coreff!
 from new coreff!

T
p

20 40 60 80 100 120 140 160 180 200

R
el

at
iv

e 
un

ce
rta

in
ty

0

0.02

0.04

0.06

0.08

0.1

0.12 Photons EE R9<0.95
 from old coreff!
 from new coreff!

T
p

20 40 60 80 100 120 140 160 180 200

R
el

at
iv

e 
un

ce
rta

in
ty

0

0.02

0.04

0.06

0.08

0.1

0.12 Photons EE R9>0.95
 from old coreff!
 from new coreff!

Figure 28: Effective sigma of Erec/Egen distributions as a function of ET in the endcap for electrons, low and
high R9 photons.
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The procedure is repeated for each ⇤ and ⌅⇤/⌅⇥ bin, for electron, low R9 photons and high R9 photons. The fit
bias is shown to be negligible as shown fig. 32 for the electrons.

Figure 32: Fit bias of uncertainty fit in electron MC.

7.3 Validation in Z ⇤ ee events

If the material modelisation of the simulation was perfect, one could expect a perfect agreement for the energy
uncertainties between Z ⇤ ee data and MC events. The agreement is close to be perfect in the barrel while there
is a discrepancy in the endcap, as can be seen fig. 33. The discrepancies should disappear once the energy smearing
applied.

Figure 33: Energy uncertainties in Z ⇤ ee events in data and MC, barrel (left) and endcap (right).

8 Implementation in CMSSW

The electrons and low R9 photons corrections:
RecoEcal/EgammaCoreTools

Electron-based corrections applied at the SC level:
RecoEcal/EgammaClusterProducers
RecoEcal/EgammaClusterAlgos

21

Per-event uncertainty estimation 
validated on Zee data/MC:
large improvement from
new correction scheme

Work in progress
not approved

Work in progress
not approved

Definition: eff. sigma of Erec/Egen 
distribution after corrections

(relevant for combination of SC energy with 
track for electrons, fitted in (brem,η) bins)
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Egamma ID Meeting 
22nd March 2012 

David Futyan 
Imperial College 

Probably the single most significant proposed change to photon ID 
 
 
 
 

 
Avoids double counting of information in each subdetector 
Signal photon footprint removal intrinsic to PF 
 But veto cones still needed in cases where the signal photon is not 

identified by the PF reconstruction 
Need to converge on implementation and veto definition: 

Recipe for using PF isolation (for electron case) presented by Florian: 
 https://indico.cern.ch/conferenceDisplay.py?confId=183356 
 Equivalent recipe for photons is being prepared (Vasu) 

Need to compare with implementation in globe from UCSD group 
 

 

Particle Flow Isolation 



H → γγ sensitivity studies using RooStats

H → γγ W.G. meeting
H → γγ W.G. meeting
Nicolas Chanon, ETH
Grégory Schott, KIT

Hugues Brun, Suzanne Gascon-Shotkin, Morgan Lethuillier, IPNL

ETH Zürich

11/02/2011

Nicolas Chanon H → γγ sensitivity studies using RooStats 1 / 7

Photon Particle-Flow isolation

8

PF isolation energies around signal photons (matched 
with MC-truth) :

- PF Photon isolation has a default cut on photon 
pT>500 MeV

- PF Neutral hadron isolation has a default cut on 
neutral hadron pT>500 MeV

- PF Charged hadron isolation : by default PFnoPU is 
applied (remove ch. had. not coming from PV)

=> We will sometime relax these requirements in the 
following slides

e/gamma, 11 Feb 2011 3
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- From now on, we will use PFPhotons and PFElectrons considered as photons
- Use Hgg mH=120 GeV sample in 42X AOD
- PFPhotons and PFElectrons have a different preselection (will be closer in 44X)

PF isolation
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eff. area = slope(PFphotonIso)/slope(rho)
Iso_corr = Iso_uncorr - pi*0.4*0.4*eff_area*rho
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FastJet rho Pile-Up subtraction

FastJet PU subtraction is based on two 
elements :
- The area A where PU will be subtracted
- ρ, the PU density energy per unit area, 

estimated on a per-event basis : estimated 
building jets from all pfcandidates, taking 
the median of ptjet/Ajet distribution
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Fastjet PU-subtraction: Introduction

4CMS PVT Meeting
February 23rd 2011

• “It is based on two novel ingredients: i) the 
measurement of each jet’s susceptibility to 
contamination from diffuse noise and ii) an 
essentially parameter-free technique to measure the 
level, !, of this diffuse noise in any given event, 
where by noise (or also ‘background’), we refer to 
any form of diffuse contamination in the event, 
usually due to minimum-bias pileup and to some 
extent the underlying event.”

• “To define a sensible area one therefore adds 
additional, infinitely soft particles (ghosts) and 
identifies the region in y, " where those ghosts are 
clustered with a given jet. The extent of this region 
gives a measure of the (dimensionless) jet area.”

• “It turns out however that some jet algorithms, like 
kT and C/A (but not SC), lead to a large sample of 
quite regular soft PU ‘jets’ for each event — these 
jets do not represent any particular hard structure in 
the PU, but rather reflect these jet algorithms’ 
tendency to naturally organise a uniform background 
of soft particles into structures (‘jets’) each of area ∼ 
!R2. In the limit in which the noise component is 
uniform and dense, each pure pileup jet will have the 
property that its pT divided by its area is equal to !.”

arXiv:0802.1188v2

arXiv:0707.1378v2

jet area

- For lepton or photon isolation, A is simply defined by the area of the isolation 
cone : A = π.(0.4)2

- The PU corrected isolation energy is : ISOPU-corr = ISO - ρ.π.(0.4)2

- This should work for the isolation sum
- For particle specific (photon, neutral hadron, charged hadron iso) => a 

correction factor is needed : effective area method
- Other possibility : build ρ directly from photons or neutral hadrons or 

charged hadrons pfcandidates
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