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1. Interest of the Channel 

Most promising channel at low 
mass of the Higgs Boson :
➡ clean final state
➡ narrow mass peak

2. The CMS Electromagnetic Calorimeter (ECAL)

Discovery potential is strongly dependant of 
the resolution on the diphoton mass :
➡ excellent resolution improves sensitivity
 (design ≈ 0.5% for γ with E>100 GeV) 
➡ monitoring of crystal tranparency loss 
(du to radiation induced changes in crytals 
transparency) with a LASER system
➡calibration in situ with π0→γγ, E/p ratio 
for electrons and with Z →e+e- 

3. Vertex Determination

1.3 m
mistake in η

beam spot ≈ 6 cm 

Correct 
vertex 

PU 
vertex 

6.5 pp interactions in average with a longi-
tudinal spread of 6cm

error on vertex position larger than 10mm
→ error on M𝛾𝛾> error from ECAL resolution

for converted 𝛾 : extrapolated vertex (using cluster position in ECAL and 
conversion vertex) give a constraint to chose the good vertex
for unconverted 𝛾 : the vertex with the best rank is chosen

Vertices are ranked using 3 variables :
➡ one is the quadratic sum of the pT of the tracks from the vertex
➡ the 2 others measure the pT balance between the tracks and the 
diphoton system

identification efficiency = 82.8% ± 0.2 (stat) ± 0.5 (syst) (from DATA using Z→μ+μ-)

4. Backgrounds 
- large reducible background : 𝛾+jets event or 

multijets events with one or more jets misidenti-
fied as a 𝛾 (jets containing π0→𝛾𝛾)

- irreducible background with 𝛾𝛾 from QCD
for example Diagrams b and c.
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Yet it also yields the leading order contribution of single fragmentation type (sometimes called
“Bremsstrahlung contribution”), in which one of the photons comes from the collinear fragmen-
tation of a hard parton produced in the short distance subprocess, see for example Diagram d.
From a physical point of view such a photon is most probably accompanied by hadrons. From a
technical point of view, a final state quark-photon collinear singularity appears in the calculation
of the contribution from the subprocess gq → γγq. At higher orders, final state multiple collinear
singularities appear in any subprocess where a high pT parton (quark or gluon) undergoes a cascade
of successive collinear splittings ending up with a quark-photon splitting. These singularities are
factorized to all orders in αs according to the factorization property, and absorbed into quark and
gluon fragmentation functions to a photon Dγ/q or g(z,M2

f ) defined in some arbitrary fragmenta-
tion scheme, at some arbitrary fragmentation scale Mf . When the fragmentation scale Mf , chosen
of the order of the hard scale of the subprocess, is large compared to any typical hadronic scale
∼ 1 GeV, these functions behave roughly as α/αs(M2

f ). Then a power counting argument tells that
these contributions are asymptotically of the same order in αs as the Born term qq̄ → γγ. What
is more, given the high gluon luminosity at LHC, the gq (or q̄) initiated contribution involving
one photon from fragmentation even dominates the inclusive production rate in the invariant mass
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range 80 GeV ≤ mγγ ≤ 140 GeV. A consistent treatment of diphoton production at NLO thus
requires that O(αs) corrections to these contributions be calculated also, see for example Diagrams
e and f. They have not been incorporated in [7, 8, 9], and we compute them in the present work.
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The calculation of these corrections in their turn yields the leading order contribution of yet
another mechanism, of double fragmentation type, see for example Diagram g. In the latter case,
both photons result from the collinear fragmentation of a hard parton. In order to present a study
of consistent NLO accuracy, NLO corrections to this double fragmentation contribution, see for
example Diagrams h and i, have to be calculated accordingly. This is also done in the present
article.
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We call “two direct” the contribution given by the Born term plus the fraction of the higher
order corrections from which final state collinear singularities have been subtracted according to
the MS factorization scheme. We call “one fragmentation” (“two fragmentation”) the contribu-
tion involving one single fragmentation function (two fragmentation functions) of a parton into a
photon. Let us add one more comment about the splitting into these three mechanisms. One must
keep in mind that this distinction is schematic and ambiguous. We remind that it comes techni-
cally from the appearance of final state collinear singularities, which are factorized and absorbed
into fragmentation functions at some arbitrary fragmentation scale2 Mf . Each of the contributions
associated with these three mechanisms thus depends on this arbitrary scale. This dependence on
Mf cancels only in the sum of the three, so that this sum only is a physical observable. More
precisely, a calculation of these contributions beyond leading order is required to obtain a (partial)
cancellation of the dependence on Mf . Indeed this cancellation starts to occur between the higher
order of the “two direct” contribution and the leading order of the “one fragmentation” term, and
similarly between the “one-” and “two fragmentation” components respectively. This is actually

2More generally, the definition of the fragmentation functions rely on the choice of a given factorization scheme,
e.g. the MS scheme in this work. The fragmentation functions which we use are presented in [10].
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one of the first motivations of the present work. Thus, even though it may be suggestive to compare
the respective sizes and shapes of the separate contributions for a given choice of scale, as will be
done in 3.2.1, we emphasize that only their sum is meaningful.
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Beyond this, the O(α2
s) so-called box contribution gg → γγ through a quark loop is also in-

cluded, see for example Diagram j. Strictly speaking it is a NNLO contribution from the point
of view of power counting. However in the range of interest at LHC for the search of the Higgs
boson, the gluon luminosity is so large compared with the quark and antiquark one, that it nearly
compensates the extra powers of αs, so as to yield a contribution comparable with the Born term.
For this reason, it has been included in previous works, and will be in the present one as well. We
define the “direct” contribution as the sum “two direct” + box.

Actually one should notice, firstly, that other NNLO gluon-gluon initiated processes, such as
the collinear finite part of gg → q̄qγγ have been ignored3, although they could also be large.
Secondly one should also even worry about the next correction to the box, because the latter may
be quite sizeable. Such a possibility is suggested by the situation occurring to the first correction
to the effective vertex gg → h, computed in [11], and shown to reach generically about 50 % of
the one-loop result. Moreover, this box contribution is the leading order of a new mechanism,
whose spurious (factorization and renormalization) scale dependences are monotonic, and only
higher order corrections would partly cure this problem and provide a quantitative estimate. This
tremendous effort has not been carried out yet, although progresses towards this goal have been
achieved recently [12, 13, 14].

2.2 Presentation of the method

In [7], a dedicated calculation was required for each observable. Since then more versatile ap-
proaches have been developed, which combine analytical and Monte-Carlo integration techniques
[8], [15]. They thus allow the computation of several observables within the same calculation, at
NLO accuracy, together with the incorporation of selection/isolation cuts at the partonic level in

3The collinear divergent parts of these 2 → 4 processes have been already taken into account in the NLO corrections
to the “one fragmentation” contribution and leading order “two fragmentation” components respectively.
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5. Selection 
Cuts are applied to suppress the reducible background :
✓ isolation : based on Σpt of tracks and energy deposit 
in the calorimeters, the isolation is corrected for pileup 
using fast-jet
✓cluster shape : to reject π0→𝛾𝛾
✓lepton veto : reject 𝛾 which are also reconstructed as 
electron

cut different for 4 cate-
gories of 𝛾, depending 
of the 𝛾 position and 

the 𝛾 R9 

Isolation and cluster shape 
cuts efficiency estimated 
with Z→ee Tag and Probe 
and with Z→μμ𝛾 for lepton 
veto

6. Events Categories   
2 pT categories 

pT(𝛾𝛾)>40 GeV
pT(𝛾𝛾)<40 GeV

2 position 
categories 

•the 2𝛾 in the 
barrel
•at least 1 in 
the endcap

2 R9 categories
R9 of the 2𝛾 > 0.94
at least 1𝛾 with R9 ⊗ ⊗

Categories with different resolution and 
signal to background ratio

7. Signal  Modeling
➡Yield from DATA (trigger and selection effi-
ciency from Tag and Probe)
➡ Shape from MC fit with a sum of gaus-
sians after MC smearing

• Z➝e+e#!invariant'mass!to"determine"energy'scale'and'resolu@on
– done"in"each"different"photon"categories"(barrel/endcap,"large/small"R9)
– maximum"likelihood"analysis"performed"while"modifying"energy

• photon'energy'smeared'on"MC"to"match"data"

Daniele del Re H➝γγ with CMS 
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barrel-barrel
pT(γγ)>40GeV

R9>0.94

barrel-barrel
R9>0.94

Z➝e+e#

H➝γγ

MC
•Resolu6on"degraded"by"sub8op6mal"correc6ons"
""for"transparency"loss"and"material"budget
•S6ll"room"for"improvement

MC smearing : apply a smearing to MC in 
order that MC match DATA
→the same smearing is applied to H→𝛾𝛾 MC

8. Background Modeling
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Figure 2: Diphoton mass distribution for data (data points), and Monte Carlo simulation of SM
processes which constitute the background to the search (histograms). The uncertainty on the
cross sections of the contributing processes is estimated to be about 15%.

They are generated by randomly throwing values of the Bernstein coefficients according to the
covariance matrix of the fit and building confidence intervals from the sampled values of the
curve at each value of mgg. The mgg distribution for the combined data in all 8 event classes
together with the weighted sum of fits to the individual event classes, is shown in Figs. 5.

The description of the Higgs boson signal used in the search is obtained from Monte Carlo
simulation using the NLO matrix-element generator POWHEG [14, 15] interfaced with PYTHIA.
The pH

T spectrum has been reweighted to the NNLL+NLO distribution computed by the HqT
program [16, 17]. The simulation includes an accurate simulation of the distribution of the
number of interactions taking place in each bunch crossing.

Detailed study of the mass distribution of Z ! ee events and comparison with the Monte Carlo
simulation indicates that corrections need to be made to the measured energy of the photons.
This fine-tuning of the calibration is applied to electrons and photons with different values
in 3 separate subsets of the dataset corresponding to periods with different derivation and
treatment of the crystal transparency corrections. After the application of these corrections the
Z ! ee events are re-examined and values are derived for the random smearing that needs to
be made to the Monte Carlo simulation to account for the energy resolution observed in the
data. It is expected that the calibration and energy resolution will improve as the techniques
for using measurements from the laser and LED system to correct changes in transparency are
developed, and increasingly precise intercalibration is deployed.

Table 5 shows the additional energy resolution component determined from a comparison of
data to Monte Carlo for Z ! ee events, after the fine-tuning of the calibration has been ap-
plied. The electron showers are categorized in the same way as the photons are categorized for
photon identification, and the additional energy resolution is applied as a random smearing on
individual photons in the Monte Carlo signal model. The uncertainties on the measurements
are taken as systematic uncertainties in the limit setting.
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Figure 3: Background model fits to the pgg
T < 40 GeV/c event classes. The top row of plots

are for events with both photons in the barrel, and those below are for those having least one
photon in the endcaps. The left pair are for events where both photons have R9 >0.94, and the
right pair are where one or more photon has R9 <0.94.

For each category, 
DATA are fitted with a 
2nd order Bernstein 
polynomial

Good DATA/MC agreement : 

10. Perspectives

References :
‘’Search for a Higgs boson decaying into two photons in the CMS detector’’ [CMS PAS HIG-11-21]
‘’ECAL 2010 performance results’’ [CMS DPS 20011/008]

BUT 
very small branch-
ing ratio (≈0.002)

work in progress on 
the understanding  of 
transparency loss and 
material budget

9. Result
Statistical Method : 

both frequentist CLs using profile likelihood and 
18 9 Summary
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Figure 10: Exclusion limit on cross section of a SM Higgs boson decaying into 2 photons relative
to the SM cross section, as a function of the boson mass.

tor boson, both of which processes produce Higgs bosons with a much harder pT spectrum
than the gluon fusion process which predominates in the Standard Model. In this scenario
the pgg

T >40 GeV/c event classes have a much higher signal to background ratio than for a SM
Higgs boson for masses up to at least 125 GeV/c2. The limit setting has been run for a signal
model including only the boson coupling production mechanisms, and with modified dipho-
ton branching ratios. The limit on the cross section of a Higgs boson decaying to 2 photons
is shown in Fig. 11, and the limit relative to the cross section predicted by the fermiophobic
model is shown in Fig. 12.

9 Summary

A search has been made for a Higgs boson decaying into 2 photons in the CMS detector. The
analysis uses reconstruction and selection techniques that take account of the multiple inter-
actions occurring each bunch crossing in the current LHC operating conditions, which affect
isolation and identification of the interaction vertex. The selected events are subdivided into
classes according to indicators of mass resolution and signal to background ratio, and the re-
sults of a search in each class are combined. The expected exclusion limit at 95% CL is between
2.7 and 4.7 times the Standard Model cross section, and the observed limit fluctuates between
about 1.3 and 8 times the Standard Model cross section. For the fermiophobic model, the ex-
pected exclusion limit at 95% CL covers the mass range between 110-116.5 GeV/c2, while the
data excludes only the mass range 110-112 GeV/c2.

Main systematics are : 
➡ Gluon-gluon cross section (12.5% on scale and 
7.9% on PDF)
➡ Integrated luminosity (4.5%)
➡ class migration due of the cut pT𝛾𝛾>40GeV (6.0%) 
and the R9 cut (4.0% in barrel, 6.5% in endcap)

• Z➝e+e#!invariant'mass!to"determine"energy'scale'and'resolu@on
– done"in"each"different"photon"categories"(barrel/endcap,"large/small"R9)
– maximum"likelihood"analysis"performed"while"modifying"energy

• photon'energy'smeared'on"MC"to"match"data"
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34 4 Higgs search results
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Figure 21: The combined 95% C.L. upper limits on the signal strength modifier µ = s/sSM,
as a function of the SM Higgs boson mass in the range 110-600 GeV/c2. The observed lim-
its are shown by the solid symbols and the black line. The dashed line indicates the median
expected limit on µ for the background-only hypothesis, while the green/yellow bands indi-
cate the ranges that are expected to contain 68%/95% of all observed limit excursions from the
median.


