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The search of a Standard Model Higgs boson in the two photons channel
with the ATLAS detector is reviewed with a particular emphasys on the
expected detector performance. The results of the inclusive analysis on
the most recent samples of full simulated events are reported. The overall
discovery potential in this channel is finally updated including a discussion
on NLO corrections.
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1. Introduction

The Standard Model Higgs Boson decay into two photons is a promising
discovery channel in the 115 < mH < 140 GeV mass range at the LHC.
The mentioned mass range is also favoured by the global fit on electroweak
variables which sets a 95% confidence level upper limit to mH < 189 GeV.
The Higgs decay into two photons is a rare process with a branching ratio
times cross section of the order of only 50 fb. The final state consists of two
high-pT photons (pT ∼ 50 GeV) with an invariant mass compatible with the
Higgs boson mass. Despite the simple signature it’s one of the most chal-
lenging channel for the detector: excellent energy and angular resolutions
are needed to observe the narrow mass peak above the γγ QCD continuum
which has a typical cross sections ∼ 125 fb/GeV (NLO for MH = 120 and
after kinematical cuts and photon efficiency). In addition a powerful par-
ticle identification capability is required to reject the background coming
from jet-jet and γ-jet events in which one or both jets are misidentified as
photons whose cross sections are many order of magnitude larger than the
signal.
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The analysis has been completely reviewed with respect to the results pre-
sented in the in the ATLAS Physics TDR ([1]) using updated GEANT 3
([2]) based detector simulations, newer versions of PYTHIA ([6]) and the
available NLO generators.

2. Main experimental aspects of the analysis

2.1. Photon identification and jet rejection

The identification of isolated high transverse momentum photons (pT >
25 GeV) is essential in the search for the Higgs in the γγ channel. In or-
der to reduce the jet-jet and γ-jet background to a level below that of the
irreducible γγ continuum a single jet rejection factor of ∼ 5000 is required.
In order to separate photons from jets, discriminating variables are defined
based on both calorimeter and inner tracking system. Cuts on these vari-
ables are developed to keep high photons efficiency (∼ 80%) even in the
presence of pile-up. The offline photon/jet separation procedure consists
mainly of the following steps:

1. calorimeter information is used to select events containing high ET

electromagnetic showers. The fine grained first compartment of the
electromagnetic calorimeter allows a further rejection of π0 induced
showers.

2. inner detector information is used to improve the results using a track
isolation algorithm.

The ATLAS performance in the gamma/jet separation has been tested
on a large set of full simulated dijet QCD events (more details in [4]). After
all cuts a jet rejection factor of ∼ 5000 in both high (1034 cm−2 s−1) and
low (2 · 1033 cm−2 s−1) luminosity conditions has been obtained keeping
an overall photon efficiency of about 80 % as reported in fig. (1). Differ-
ent jet rejections factor has been obtained for quark and gluon initiated
jets: for pT > 25 GeV the rejection after the isolation cut is 2880±190
for quark initiated jets and 20650±2370 for gluon jets. This is due to the
lower probability of fragmentation of gluons to π0 carrying a large fraction
of the original parton momentum: the impact of this difference on the Higgs
discovery potential is discussed in section 4.

2.2. Photons calibration and reconstruction

The expected S/
√

B in this channel is proportional to the inverse of the
square root of the mass resolution of the Higgs peak. As in the interesting
mass range the Higgs width is negligible (a few MeV), the mass resolution is
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Fig. 1. Efficiency (left) and jet rejection (right) as a function of pT at low and high

luminosity including track isolation cut.

dominated by experimental resolution. This can be expressed as a function
of the photon energy and position resolutions as:

σMH

MH

=
1

2

[

σE1

E1

⊕ σE1

E2

⊕ σα

tan(α/2)

]

, (1)

where E1 and E2 are the energies of the two photons measured in the
electromagnetic calorimeter and α if the angle between them. The calibra-
tion algorithm has been carefully optimized on GEANT 3 based simulations
of the detector and the obtained results show that the requirements for the
H → γγ analysis can be generally fullfilled ([3]): the sampling term of the

energy resolution can be kept at the level of 10%-15%/
√

E and the non lin-
earity has found to be of the order of a few permille in the required energy
range. The resolution on the θ angle is of the order of 60 mrad/

√
E while on

φ position is 4-6 mrad/
√

E also thanks to precise knowledge of the primary
vertex in the transverse plane at the LHC.
In order to reduce the contribution of the angular term to the mass resolu-
tion (see eq. 1) the photon direction must be known with a good accuracy.
Since at the LHC the z coordinate of the primary vertex will be know with
a σz = 5.6 cm, a more accurate reconstruction of the primary vertex is
required. As the two photons do not provide any charged track that can
be reconstructed in the Inner Detector (unless they convert), the primary
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vertex has to be determined from tracks produced with the Higgs boson.
The presence of pileup is dangerous to the success of this technique so that
this method is foreseen in the low luminosity phase. At high luminosity con-
ditions it is more difficult to identify the Higgs primary vertex among the
pileup vertices: in this case the stand-alone measurement of the γ direction
provided by the electromagnetic calorimeter has to be used: a resolution on
the z coordinate of the primary vertex of ∼ 16 mm has been obtained in
high luminosity conditions.

3. Analysis cuts and Higgs invariant mass reconstruction

In the standard inclusive analysis the following kinematical cuts are
applied in order to optimize the signal significance:

1. The two photon candidates are required to have a transverse energy
greater than 40 and 25 GeV respectively

2. Both photons are required to hit the electromagnetic calorimeter in
the region |η| < 2.5

3. Three η regions have been excluded where the electromagnetic calorime-
ter response is not optimal: the gap between the two half barrels
|η| < 0.05, the barrel-endcap transition region 1.37 < |η| < 1.52 and
the last part of the endcap outer wheel 2.37 < |η| < 2.5.

An example of the invariant mass distributions of the two photons from
a Mh=120 GeV Higgs decay is reported in figure 2. The mass resolutions
determined from an asymmetric gaussian fit ([−2σ,+3σ]) on the mass peak
for different Higgs are masses reported in table 1. In the following the mass

bin will be defined as window of ±1.4 σ around the central value.

MH 120 GeV 130 GeV 140 GeV

σMH
(2 · 1033 cm−2 s−1) 1.36 1.42 1.51

σMH
(1034 cm−2 s−1) 1.59 1.65 1.70

Table 1. Mass resolutions at low luminosity (Inner Detector primary vertex mea-

sure with nominal 40 µm z-resolution included in the direction reconstruction al-

gorithm) and high luminosity (electromagnetic calorimeter stand-alone direction

reconstruction) for different Higgs boson masses.
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Fig. 2. Reconstructed two photons invariant mass for H→ γγ decay at low (left)

and high luminosity (right). The yellow histograms represent events containing at

least one converted photon.

4. ATLAS Higgs discovery potential in the γγ channel

4.1. Signal significance

The H→ γγ decay has been analyzed in the past ([1]) using LO calcula-
tion while NLO, NLL and sometimes NNLO calculation are now available
for both signal and background so that the analysis can be revisited in a
consistent way. Signal and background cross sections have been computed
using different tools.
For what concerns the signal, ResBos ([5]) NLO Monte-Carlo generator for
the gluon gluon fusion has been used. Higgs production by vector boson
fusion was generated by Pythia 6.224 to which was added a PT independent
constant K=σNLO/σLO factor from HiGlu ([7]). The transition from LO
to NLO gives rise to a K factor of 1.8 for the dominant gluon-gluon fusion
process and for the vector boson fusion. Additional Higgs production pro-
cesses of quark fusion and associated production were generated by Pythia.
The LO Pythia branching ratio into two photons has been corrected with
the one obtained by HDecay ([8]).
Concerning the irreducible backgrounds ResBos was used to derive the NLO
cross section: an increase of the order of 47 % with respect to the LO has
been obtained.
The dominant contribution to the reducible background consists of jet-jet
events which are dominated by gluon initiated jets which are easier to reject
with respect to the quark initiated jets. On the contrary quark initiated jets
are the dominant contribution to the γ-jet events. To take the NLO into ac-
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count, a factor K=σNLO/σLO =1.7 ([9]) has been included for the reducible
background. The numbers of expected signal and backgrounds events in the
mass bins are reported in table 2.

MH 120 GeV 130 GeV 140 GeV

Signal 815 758 610

Irr. Backg. 14100 11472 9552

jet-jet Backg. 603 553 483

γ-jet Backg. 3364 2843 2356

S/
√

B (30 fb−1) 6.06 6.22 5.48

S/
√

B (100 fb−1) 9.81 10.07 8.84

Table 2. Number of expected signal and backgrounds events in the mass bins

at NLO for 30 fb−1 of integrated luminosity. Statistical significances S/
√

N are

reported in the case of 30 and 100 fb−1 of integrated luminosity

.
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Fig. 23: Invariant mass distributions for different Higgs boson masses and luminosities. The three rows are asso-
ciated with masses 120, 130 and 140 GeV respectively. The three columns are associated with 10 fb−1, 30 fb−1

and 100 fb−1 respectively.

MH=120 GeV MH=130 GeV MH=140 GeV
LO NLO LO NLO LO NLO

gg → H0 → γγ 382 697 311 650 280 519
VBF H0 → γγ 89 92 86 90 73 78

others H0 → γγ 62 62 50 50 35 35
signal 534 852 449 792 389 633

Born+brem 6409 11223 5517 9334 4423 7607
box 3141 3395 2432 2866 1852 2270

irr. γγ 9551 14619 7949 12200 6275 9877
red. jet-jet 367 625 346 588 294 500
red. γ-jet 2052 3488 1778 3023 1434 2437

S/B (30 fb−1) 0.04 0.05 0.04 0.05 0.05 0.05
S/

√
B (10 fb−1) 2.82 3.60 2.58 3.64 2.52 3.23

S/
√

B (30 fb−1) 4.89 6.23 4.48 6.30 4.36 5.59
S/

√
B (100 fb−1) 8.30 10.23 7.42 10.51 7.18 9.27

S/
√

Birr (30 fb−1) 5.46 7.05 5.04 7.17 4.91 6.37

Table 12: Number of events in the mass window (mH ± 1.4σ) for different Higgs boson masses for a 30 fb−1

luminosity and significances for different luminosities, using a standard analysis.

a high accuracy is required on the background, and therefore it is likely that both the normalisation and
the shape of the background have to be fitted on the data using enough parameters to described well the
background shape. This would reduce by ≈ 10% the statistical significance by increasing the uncertainty

25

Fig. 3. Expected H→ γγ signal for a MH = 120 GeV Higgs boson for 100 fb−1 of

integrated luminosity.

The statistical significance computed as a counting experiment as a func-
tion of the Higgs mass is reported in fig. 4 for 30 fb−1 of integrated lumi-
nosity collected in low luminosity conditions and 100 fb−1 of integrated
luminosity collected in high luminosity conditions using both LO and NLO
cross sections.

The discovery potential can be increased by ∼ 30 % using a likelihood
technique ([10]) based on the shape of the distributions of some kinematical
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Fig. 4. statistical significance as a function of the Higgs mass for 30 fb−1 of inte-

grated luminosity collected in low luminosity conditions (2 ·1033 cm−2 s−1) and 100

fb−1 of integrated luminosity collected in high luminosity conditions (1034 cm−2

s−1) using both LO and NLO cross sections

variables. The most relevant inclusive variables are the trasverse momentum
of the photon pair and the angle in the center of mass of the two photons
system between one photon and the center of mass velocity in the labora-
tory. NLO computations for signal and background are required to obtain
a reliable prediction for these quantities.

4.2. Uncertainties on the signal significance

There are many uncertainties on the Higgs boson production cross sec-
tion as well as on the background cross sections which have a direct con-
sequence on the estimation of the ATLAS Higgs boson discovery potential.
These uncertainties are mainly due to the parameterization of the PDF,
the choice of renormalization and factorization scales, the order of pertur-
bative development and the branching ratios. Assuming that the different
contributions are uncorrelated an uncertainty of the order of 35 % has been
estimated in the 100-140 GeV mass range. For what concerns the irreducible
background an uncertainty of the order of 18 % has been determined taking
into account the PDF uncertainty, the scale dependence and the photons
isolation modelling. From previous studies ([11]) a factor of 3 uncertainty
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on the reducible background has been assumed. Assuming that the different
contributions are not correlated an one can deduce uncertainty of 50 % on
the predicted significance.
To quote the significances reported in table 2 a perfect knowledge of the
average value of the background in the mass window is assumed. In reality
the background normalization and shape will be determined on data from a
fit on the sidebands of the mass distribution. This would reduce by ∼ 10 %
the statistical significance by increasing the uncertainty on the background.

5. Conclusions

The ATLAS detector discovery potential of a Standard Model Higgs
boson in the H→ γγ channel has been reviewed on most recent full de-
tector simulation. The expected detector performance both in terms of
photons reconstruction and identification capabilities generally fullfill the
requirements, in agreement with previous studies. Thanks to the use of
NLO prediction the expected discovery potential is enhanced by ∼50 %
with respect to previous LO analysis ([1],[3]). Although the uncertainties
are large, the ATLAS detector is expected to see a Higgs boson decay in
the γγ channel with a statistical significance greater than 5 only with 30
fb−1 of integrated luminosity. Less integrated luminosity could be enough
by using likelihood techniques or combined H+0jet, H+1jet ([12]) and VBF
([13]) analysies which are now being addressed.
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