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• Introduction : [Why]

• Photon reconstruction and Identification : [How] 

• Photons and : [What]

– Tests of pQCD & Tunning of PDFs

– “Completion”  of the SM

– Test of EW SM sector and perform
SM Measurements for the discovery of new physics

• Summary and Future
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Introduction
• Measurements with photons in the

final state are of great important in
order to:

– Test pQCD in ever-growing and new
energy regime

– Test the EW sector of the SM

– Provide constraints on PDFs, whose
uncertainties often dominate both
Standard Model (SM) measurements,
and beyond the SM searches

– Tune Monte Carlo generators in order
to better describe the data.

– Measure and understand the main
background to a variety of new
physics searches, or get a chance to
have a first glimpse of something new
and unexpected.
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ATLAS and CMS Experiments 

Electromagnetic Calorimeter
σE/E ≈ 10%/√E(GeV)⊕0.7%⊕0.2GeV/E 

Pixels
σ/pT~ 1.5∙10-4pT(GeV)⊕0.005

Pixels,Si strips & Straw tubes
σ/pT~ 3.8∙10-4pT(GeV)⊕0.015

Electromagnetic Calorimeter
σE/E ≈ 2.9%/√E(GeV) ⊕
0.5%⊕0.13GeV/E  
Hadronic Calorimeter
σE/E ≈ 120%/√E(GeV) ⊕ 6.9% 

Hadronic Calorimeter
σE/E ≈ 60-100%/√E(GeV) ⊕ 3% 

Muon Spectrometer
σpT/pT ≈ 1% for low pT muons
σpT/pT ≈ 5% for 1 TeV muons

Muon Spectrometer
σpT/pT <10 % up to 1 TeV muons

3.8 T 2.0 T
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Data Collection

All of the ATLAS and CMS  results shown can be found at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Prompt Photons and Backgrounds
• Prompt photons are isolated energy deposits in the

experiments electromagnetic calorimeter (ECAL), with no charged
track pointing to them, and with a shape compatible with a
photon electromagnetic shower : they can be converted or
unconverted.

• Non prompt photons (main background) are π0 from hadronic
jets, discrimination in this case based on isolation and different
shower shape characteristics.

2. Overview of prompt photon event generation in Sherpa

This section contains a short overview of how prompt photon production is simulated in full
event generators like Sherpa. It starts from the basic parton shower picture, and then describes
the more advanced approaches. While the description is mostly kept general, the details and
examples will refer to the implementation in the Sherpa event generator [17].

2.1. Basic parton shower

In a traditional parton shower simulation, based on 2 2l matrix elements and a subsequent
parton cascade, photons can be produced by three different mechanisms:

(i) Direct production
Matrix elements for pp Xgl + production are calculated at the leading order and the
parton shower adds QCD emissions, see figure 1(a).
This implies a strict hierarchy of scales in the shower evolution variable t, with QCD
parton emissions tQCD allowed only at a lower (softer) scale than the factorisation scale
defined by the direct photon production process tQED.

(ii) Fragmentation production
Parton showers can be extended straightforwardly to include not only QCD splitting
functions, but also their QED equivalent [18]. Thus, photons can be emitted from quark
lines, resumming the corresponding logarithmic enhancement from collinear configura-
tions.
This implies a combined shower evolution with a ‘competition’ for the emission phase
space between QED and QCD emissions. Since QCD and QED emissions do not
interfere, the Sudakov form factor takes a factorised form [13]:
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contains the QED splitting functions z t,i
QED# ( ), in direct analogy to the QCD part.

The production of photon pairs through this fragmentation mechanism requires the

Figure 1. Photon production mechanisms in traditional parton shower programs. The
black dots represent parton shower splittings, while the grey circles represent
hadronisation and hadron decay processes.

J. Phys. G: Nucl. Part. Phys. 44 (2017) 044007 F Siegert
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Photon Identification in  CMS
• Several shower shape and isolation variables, used as sequential

cuts, or combined in a multivariate analyzer (BDT).

• Selection efficiencies estimated in a data-driven way using Z → llγ and
Z → ee data-drive methods.

JINST 10 (2015) no.08, P08010
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Photon Identification in ATLAS
• Several shower shape and isolation variables utilized and combined

with sequential cuts.

• Detailed data-driven methods deployed to measure efficiencies in
data and simulation, using Z→llγ , Z→ee and isolation measurements
using the tracker in an inclusive photon sample

Eur. Phys. J. C 79 (2019) 205
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Isolated prompt Photon and Photon + jets 
measurements

• Direct photons are a direct (colorouless) probe of the hard
scattering

• Sensitive in the gluon PDF
• Can be used to tune MC Models
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Inclusive Photon Cross Section at 8 and 
13 TeV and their ratio : ATLAS  (1)

• Utilizing ratios of photon cross section measurements at 8 TeV and 13 TeV
achieve, through cancelation, smaller experimental and theoretical
systematics!

• Main theoretical uncertainty coming from scale, and PDFs and main
experimental uncertainty from photon energy scale.

• Theoretical uncertainties now smaller than experimental ones
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Figure 1: Relative theoretical uncertainty in R�13/8 as a function of E�T for di↵erent ⌘� regions arising from the scale
variations (shaded area), the value of ↵s (dashed lines), the PDF (dotted lines) and the beam energy (dot-dashed
lines). The total theoretical uncertainty is shown as the solid line.

The sources of uncertainty in the theoretical predictions based on MMHT2014nnlo are the same as those
described in Section 4.1. The uncertainty related to the beam energy is neglected, due to the small size
of its e↵ect on R�13/8. The uncertainties in the prediction of RZ

13/8 due to the scale variations, the PDFs
and ↵s(mZ) are +0.02

�0.3 %, +0.9
�0.8% and �0.03

�0.3 %, respectively. For the predictions of D�/Z13/8, the uncertainties have
been estimated as follows:

• The scale variations are considered uncorrelated between Z boson production and isolated-photon
production since they are di↵erent processes.

9

JH
EP 1904 (2019) 093
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Inclusive Photon Cross Section at 8 and 
13 TeV and their ratio : ATLAS

• The significant reduction of the experimental and theoretical uncertainties
allows for a more stringent test of NLO QCD.

• NLO pQCD predictions and data agree given uncertainties. This validates the
description of the evolution of isolated-photon production in pp collisions
with the centre-of-mass energy.
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Figure 7: The measured R�13/8 (dots) as a function of E�T in di↵erent regions of |⌘�|. The NLO QCD predictions based
on the MMHT2014 PDFs (black lines) are also shown. The inner (outer) error bars represent the statistical (total)
uncertainties. The shaded band represents the theoretical uncertainty in the predictions. For most of the points, the
error bars are smaller than the marker size and, thus, not visible. The lower part of the figures shows the ratio of the
NLO QCD predictions based on the MMHT2014 PDFs to the measured R�13/8 (black lines). The ratios of the NLO
QCD predictions based on di↵erent PDF sets to the measured R�13/8 are also included.

20

Table 2: Uncertainties (in pb) in the fiducial cross section: photon identification (“� ID”), photon energy scale and
resolution (“� ES+ER”), lower limit in Eiso

T in regions B and D (“Eiso
T Gap”), removal of upper limit in Eiso

T in
regions B and D (“Eiso

T upp. lim.”), variation of the inverted photon identification variables (“� invert. var.”), correl-
ation between � ID and isolation in the background (“Rbg”), signal leakage fractions of Sherpa (“Leak. Sherpa”),
unfolding with Sherpa (“Unf. Sherpa”), modelling of Eiso

T in MC simulation (“Eiso
T MC”), mixture of hard and

bremsstrahlung components in MC samples (“Hard and brem”), pile-up (“Pile-up”), statistical uncertainty in MC
samples (“MC stat.”), trigger (“Trigger”), statistical uncertainty in data (“Data stat.”) and luminosity (“Luminos-
ity”).

Uncertainties [pb]
� ID (�5.2,+5.4) � ES+ER (�7.9,+8.4) Eiso

T Gap ±0.3
Eiso

T upp. lim. +0.6 � invert. var. (�4.1,+3.5) Rbg (�6.2,+6.1)
Leak. Sherpa ±4.1 Unf. Sherpa ±2.9 Eiso

T MC �2.8
Hard and brem (�1.0,+1.9) Pile-up (�1.1,+1.3) MC stat. ±0.4
Trigger ±1.1 Data stat. ±0.4 Luminosity ±8.4

9 Summary

A measurement of the cross section for inclusive isolated-photon production in pp collisions at
p

s =
13 TeV with the ATLAS detector at the LHC is presented using a data set with an integrated luminosity of
3.2 fb�1. Cross sections as functions of E�T are measured in four di↵erent regions of ⌘� for photons with
E�T > 125 GeV and |⌘�| < 2.37, excluding the region 1.37 < |⌘�| < 1.56. Selection of isolated photons is
ensured by requiring that the transverse energy in a cone of size �R = 0.4 around the photon is smaller
than 4.8 + 4.2 · 10�3 · E�T [GeV]. Values of E�T up to 1.5 TeV are measured. The fiducial cross section is
measured to be �meas = 399 ± 13 (exp.) ± 8 (lumi.) pb.

The experimental systematic uncertainties are evaluated such that the correlations with previous ATLAS
measurements of prompt-photon production can be used in the fits of the proton parton distribution func-
tions. A combined fit at NNLO pQCD of the measurements in pp collisions at centre-of-mass energies
of 8 and 13 TeV which takes into account the correlated systematic uncertainties has the potential to
constrain further the proton PDFs than either set of measurements alone.

The predictions of the Pythia and SherpaMonte Carlo models give a good description of the shape of the
measured cross-section distributions except for E�T & 500 GeV in the regions |⌘�| < 0.6 and 0.6 < |⌘�| <
1.37. The next-to-leading-order pQCD predictions, using Jetphox and based on di↵erent sets of proton
PDFs, provide an adequate description of the data within the experimental and theoretical uncertainties.
For most of the phase space the theoretical uncertainties are larger than those of experimental nature
and dominated by the terms beyond NLO, from which it is concluded that NNLO pQCD corrections are
needed to make an even more stringent test of the theory.

Acknowledgements

We thank CERN for the very successful operation of the LHC, as well as the support sta↵ from our
institutions without whom ATLAS could not be operated e�ciently.
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Inclusive photon and Photon plus jet 
cross section at 13 TeV : CMS

• Measurements compared with
theoretical predictions produced
using JETPHOX NLO calculations
and several different PDF sets,
and found to be in agreement.

• For low to middle range in
photon energies, where the
experimental uncertainties are
smaller or comparable to
theoretical uncertainties, these
measurements provide the
potential to further constrain the
proton gluon PDFs.

EPJC 79 (2019) 20 
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Ratio of photon + jet / Z+jet cross 
differential sections at 8 TeV : CMS (1)

• At high vector boson pT and at LO effects due to the mass of the Z
boson are small : cross section ratio of Z + jets to γ + jets as a
function of pT is expected to become constant, reaching a plateau.

• A precise measurement of the (pp→Z+jets)/(pp→ γ + jets) cross
section ratio provides important information about the higher-order
effects of large logarithmic corrections [ln( pTZ /mZ )] at higher pT

• Searches for NP characterized by the presence of large missing ET
and hard jets, use the γ + jets process to model the invisible
Z decays, Z → νν. Measurements of the (pp→Z+jets)/(pp→ γ + jets)
can help reduce uncertainties related to the Z → νν background
estimation in these searches.

J. High Energy Phys. 10 (2015) 128 



N. Saoulidou, Univ. of Athens, Greece
13

Ratio of photon + jet / Z+jet cross 
differential sections at 8 TeV : CMS (2)

• Four phase space regions
used: njets ≥ 1, 2, 3, and
HT > 300 GeV.

• MADGRAPH+PYTHIA6
(LO+PS) and BALCKHAT
(NLO) overestimates the data
by a factor ~1.2, but with the
same shape.

• These results show that
properties of the Z→νν
process can be predicted by
the measured γ + jets and
the simulated ratio between
Z → νν + jets and γ + jets.

J. High Energy Phys. 10 (2015) 128 
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gluon PDFs with photons
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Prompt photon production 
used in PDF fits (1)

• Authors conclude “….we have shown that the
available isolated-photon data provides
constraints on the gluon PDFs and thus on
many relevant LHC processes, most
importantly Higgs production in gluon-gluon
fusion. Given that even more precise data as well
as theoretical improvements will be available in the
next future, we see no objection why isolated-
photon data should not become integral part of
future global QCD analyses..”

Nuclear Physics B Volume 860, Issue 3, 21 July 2012, Pages 311-338
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Prompt photon production 
used in PDF fits (2)

• Authors conclude “….that there is no reason, neither in principle nor in
practice, for excluding collider direct photon data from a global PDF
analysis. Indeed, the most precise LHC measurements available agree well with
state-of-the-art theoretical predictions, and the latter can be included in global
PDF analyses using fast interpolation tables….. For these reasons, collider direct
photon production should be rightfully restored to its well-deserved position
as a full member of the global PDF analysis toolbox.”

Eur. Phys. J. C, 78 6 (2018) 470
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Inclusive diphoton measurements



Diphoton non-resonant Production
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• Diphoton production important test of
pQCD and non-perturbative QCD:
Rich phenomenology, making
theoretical predictions challenging.

• Experimental challenge: distinguish
it from non-prompt jet background.

• Irreducible background to Higgs
diphoton decay channel

• Irreducible background to Non-
resonant diphoton production from
BSM physics.



Diphoton Production at 8 TeV : CMS
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• The 2γNNLO and SHERPA
predictions show an
improved agreement in
shape with the data for the
kinematic distributions with
respect to the DIPHOX +
GAMMA2MC and RESBOS
predictions, especially in
the low mγγ , low Δφγγ
regions, which are the
most sensitive to higher-
order corrections.

Eur. Phys. J. C (2014) 74:3129



Diphoton Production at 8 TeV : ATLAS

N. Saoulidou, Univ. of Athens, Greece
20

• The predictions of DIPHOX
and RESBOS show
significant deviations from
the data for all variables
under consideration.
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Diphoton Production at 8 TeV : ATLAS
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• The predictions of a parton-
level calculation of varying
jet multiplicity up to NLO
matched to a parton-
shower algorithm in
SHERPA 2.2.1 provide an
improved description of
the data.
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Resonant Diphoton Production : CMS
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• Photon “SM” measurement yielding major discoveries

CMS PAS HIG-18-029



Resonant Diphoton Production : ATLAS

N. Saoulidou, Univ. of Athens, Greece
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ATLAS-CONF-2018-028

• Photon “SM” measurement yielding major discoveries
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Diboson Production: Vγ , VVγ, Vγγ

• Test the electroweak sector of the SM with high accuracy.
• Probe the SU(2)L×U(1)Y gauge symmetry that determines the structure

and self-couplings of the vector bosons
• Search for signs of new physics through anomalous triple and quartic

gauge-boson coupling (aTGC and aQGC)
• Tune MCs for main backgrounds in SM and BSM analyses.

(a)

q

q̄

Z

γ

Z

(b)

q

q̄ Z

Z

γ

(c)

q

q̄

Z

Z

γ

Figure 1: The LO Feynman diagrams for the partonic process qq̄ → ZZγ.

D = 4−2ϵ. We generate the related Feynman diagrams, simplify the amplitudes and perform numerical

calculation successively by using the FeynArts-3.7+FormCalc-7.3+LoopTools-2.8 packages [8–10]. The

IR singularities from the real jet and photon emissions are handled by both the Catani-Seymour dipole

subtraction [11] and the two cutoff phase-space slicing methods [12] for comparison. We use also the

MadGraph5 [13] package to perform part of NLO QCD calculation, and find that the numerical

results from both packages are coincident with each other within the calculation error.

At the LO, the inputs of fine-structure constant are taken as α = α(0) and α = αGµ
for the

electromagnetic and weak couplings, respectively. Then the LO squared amplitude is proportional to

α(0)α2
Gµ

. We calculate the NLO EW correction following the method in [14,15]. In this way, the extra

EW coupling at the EW NLO is chosen as αGµ
, which is suitable for EW correction due to the EW

Sudakov logarithms caused by the soft/collinear weak gauge-boson exchange at high energies [16].

II.2 EW virtual correction

The virtual correction is contributed by the related self-energy, vertex, box and pentagon Feynman

diagrams. In the calculation of the NLO EW correction, the mixed scheme is used for EW couplings.

As declared above, in this scheme the electromagnetic coupling in the LO amplitude is related to an

α(0)-scheme where α is defined in Thomson limit and the electric charge renormalization constant is

thus [17]

δZα(0)
e = −

1

2
δZAA −

1

2
tan θW δZZA =

[

1

2

∂
∑AA

T (p2)

∂p2
− tan θW

∑AZ
T (p2)

M2
Z

]

p2=0

, (2.3)
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Zγ @ 8 TeV : CMS
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Figure 1. Leading-order Feynman diagrams for Zγ production in pp collisions. Left: initial-state
radiation. Center: final-state radiation. Right: diagram involving aTGCs that are forbidden in the
SM at tree level.

Both ATLAS and CMS Collaborations have presented measurements of the inclusive

Zγ cross section and searches for anomalous ZZγ and Zγγ couplings using data collected

at a center-of-mass energy of 7TeV [4, 5]. The larger 2012 data sample and the increased

cross section at 8TeV allow for the first measurement of the inclusive differential cross

section for Zγ production as a function of the photon transverse momentum pγT. Results

on the differential Zγ cross section for events with no accompanying central jets, referred

to as exclusive cross sections, are also presented, providing some insight into the effect

of additional jets on the distribution of pγT. The cross sections are measured for photons

with pγT > 15GeV and restricted to a phase space defined by kinematic requirements on

the final-state particles that are motivated by the experimental acceptance. In addition,

the photon is required to be separated from the leptons by ∆R(ℓ, γ) > 0.7 where ∆R =√
(∆φ)2 + (∆η)2, φ is the azimuthal angle and η the pseudorapidity. Furthermore, the

dilepton invariant mass is required to be above 50GeV. With this selection the fraction of

FSR photons is reduced and photons originating from ISR or aTGCs are dominant.

2 The CMS detector and particle reconstruction

The central feature of the CMS apparatus is a superconducting solenoid of 6m internal di-

ameter, providing a magnetic field of 3.8T. Within this superconducting solenoid volume

are a silicon pixel and strip tracker, a lead tungstate crystal electromagnetic calorime-

ter (ECAL), and a brass and scintillator hadron calorimeter (HCAL), each composed of

a barrel and two endcap sections. Muons are measured in gas-ionization detectors em-

bedded in the steel flux-return yoke outside the solenoid. Extensive forward calorimetry

complements the coverage provided by the barrel and endcap detectors.

The silicon tracker measures charged particles within the pseudorapidity range |η| <
2.5. The ECAL provides coverage in pseudorapidity |η| < 1.479 in a barrel region (EB)

and 1.479 < |η| < 3.0 in two endcap regions (EE). A preshower detector consisting of two

planes of silicon sensors interleaved with a total of three radiation lengths of lead is located

in front of the EE regions. Muons are measured in the pseudorapidity range |η| < 2.4, with

detection planes made using three technologies: drift tubes, cathode strip chambers, and

resistive-plate chambers.

– 2 –

JHEP04 (2015) 164

• At high pTs measurement
well described by the
NNLO calculation and by
the SHERPA prediction
including up to two
additional partons at
matrix element level,

• A clear excess is observed
with respect to the MCFM
(NLO) calculation. This
emphasizes the
importance of NNLO QCD
corrections for this
measurement.

• Place limits on NP (aTGC)
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Wγγ - Zγγ @ 8 TeV : CMS

• NLO calculations and observations agree.
• Stringent limits on NP (aQGC)

JHEP10(2017)072



N. Saoulidou, Univ. of Athens, Greece
27

Zγ, Zγγ @8 TeV : ATLAS

• Very consistent results with the ones  obtained with CMS, both in terms 
of the SM measurements, and in terms of searches for NP
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anomalous couplings hγ3 and h

γ
4 (left), h

Z
3 and h

Z
4 (right), corresponding to an infinite cutoff scale. The horizontal and vertical lines inside

each contour correspond to the limits found in the one-parameter fit procedure, and the ellipses indicate the correlations between the one-
parameter fits. The cross inside each contour corresponds to the observed best-fit value.
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the one-parameter fits. The cross inside each contour corresponds to the observed best-fit value.
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Z(vv)γ @13 TeV : ATLAS

• Z(νν)γ process is less
contaminated with hadrons by
a large multijet background.

• A higher branching ratio of
Z→vv yields higher sensitivity
to bosonic couplings.

• This channel is sensitive to
anomalous neutrino dipole
moments, although a higher
integrated luminosity would be
required to improve over
previous LEP results.

Results in agreement with the leptonic channels

JHEP12 (2018) 010



Light by Light Scattering : ATLAS

• Exclusive light-by-light scattering occurs at impact parameters larger than about
twice the radius of the ions. The strong interaction becomes less significant
and the electromagnetic (EM) interaction becomes more important in these
ultraperipheral collision (UPC) events.

• Light-by-light scattering, γγ → γγ proceeds via virtual box diagrams involving
electrically charged fermions (leptons and quarks) or W bosons, at order α4EM

• In various BSM models extra contributions are possible, making the
measurement of γγ → γγ scattering sensitive to new physics

N. Saoulidou, Univ. of Athens, 
Greece
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Light by Light Scattering : CMS

• In various BSM models extra contributions are possible, making the
measurement of γγ → γγ scattering sensitive to new physics.

• CMS sets best limits on the production of a pseudoscalar-axion like
particle.

N. Saoulidou, Univ. of Athens, 
Greece
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Photons and the Future : HL-LHC, HE-LHC

• The high luminosity LHC is an approved upgrade of the LHC accelerator complex
and the experiments.

• The HE-LHC is an option under discussion, going up to energies of 27 TeV at
centre of mass.

• There are many options for the future, including linear colliders, muon
colliders …

20/12/2018 Physics at Lepton Colliders - Paolo Giacomelli 

From European Strategy in 2013: “ambitious post-LHC accelerator project”  
Study kicked-off in Geneva in Feb 2014

The Future Circular Colliders 
CDR and cost review to appear Q4 2018 for ESU

International collaboration to Study 
Colliders fitting in a new ~100 km 
infrastructure, fitting in the Genevois 

• Ultimate goal:  
100 TeV pp-collider (FCC-hh)  

à defining infrastructure requirements  

Two possible first steps:  

• e+e- collider (FCC-ee)  
High Lumi, ECM =90-400 GeV 

• HE-LHC  16T ⇒ 27 TeV  
in LEP/LHC tunnel 

Possible addition: 

• p-e (FCC-he) option

~16 T magnets

!3

P. Giacommeli, P. Janot, A. Blondel & others
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Photons and the Future : HL-LHC, HE-LHC

• Significantly increase
statistics and probe
much higher energies!
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Figure 16: Predicted relative statistical uncertainty on the number of inclusive isolated photon events as a function
of E

�
T assuming an integrated luminosity of 3 ab�1 of pp collision data at

p
s = 14 TeV in di�erent ranges of photon

pseudorapidity: (a) |⌘� | < 0.6, (b) 0.6 < |⌘� | < 1.37, (c) 1.56 < |⌘� | < 1.81 and (d) 1.81 < |⌘� | < 2.37. The
shaded band represents the relative systematic uncertainty due to the photon energy scale (�ES) and resolution
(�ER) estimated with 3.2 fb�1 of pp collisions at

p
s = 13 TeV [15].
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Photons and the Future : HL-LHC, HE-LHC

• Inclusive photon and photon+jet measurements aid in decreasing gluon PDF
uncertainties.

• Diphoton production at higher energies significantly benefits from reduced
PDF uncertainties

arXiv:1902.04070v2 
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Summary - Conclusions

• Photons are excellent probes of the EW and QCD sector of the SM.

• Photon measurements reduce main theoretical uncertainties for
precision SM measurements and BSM searches.

• Photon measurements yielded a monumental discovery at the LHC, that
of the Higgs Boson

• Photon measurements are also clean probes of BSM physics.

Phos = Φως in Greek means “light” and “bright”
and the Photon Physics near and longer term future is Bright!
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Photon Shower Shape
Signal shape : Pythia MC

Background Shape: Track 
Isolation  Sideband
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JetPhox Predictions
• NLO pQCD

– JETPHOX1.1,CT10 PDFs, BFG II FF
– Renormalization, fragmentation, and

factorization scales set to ET
– Require “isolated” definition: ΣET<5

GeV within R<0.4

• Scale uncertainty
– 30 to 11% with ET, change all scales

to ET/2 and 2ET
• PDF uncertainty

- 6% over full ET range

• Envelope of CT10, MSTW08 and
NNPDF2.0 (PDF4LHC
recommendation)

• CTEQ6M instead of CT10: 3%
• BFG I instead of BFG II: <1%

N. Saoulidou, Univ. of Athens, 
Greece
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Non Perturbative Corrections
• Non-perturbative effects increase 

energy in isolation cone

• Correction is obtained by comparing 
the efficiency of isolation cut of 5GeV 
in a cone of radius 0.4 with and 
without:

– Multi-parton interaction
– Hadronization

• Final correction is the mean of the 
four different tunes considered

– D6T
– Z2

– DWT
– P0

• ~3% overall correction applied to the 
NLO calculation N. Saoulidou, Univ. of Athens, 

Greece
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Photon Reconstruction
Photons are key objects for both calibration and major discoveries.
(H->γγ and BMS searches)

• Photons are isolated energy deposits in the ECAL, with no charged track
pointing to them, and with a shape compatible with a photon
electromagnetic Shower.
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Photon  reconstruction & identification

CMS  Efficiency 

ATLAS efficiency 

CMS Purity

Tight


