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Search for a Higgs boson produced in the vector boson fusion process in the
diphoton channel with the ATLAS experiment
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Abstract. Details of the production of the new particle discovered by the ATLAS experiment at the LHC in
the mass region afhy = 126 GeV in the search for the Standard Model Higgs bosog'sat 7 TeV and 8

TeV are presented. The addition of a category enriched in vector boson fusion event$linthgy search

allows to increase the sensitivity of the search of a Standard Model Higgs boson. It also allows to separate
better between gluon fusion and vector boson production modes, thus giving a first insight to the couplings of
this newly discovered boson.

1 Introduction \s ggF | VBF | VH | ttH | total data

. . 7Tev| 709 | 58 | 3.7 | 0.3 | 80.7 || 23788

The ATLAS [1] and CMS [2] collaborations have inde- 8Tev || 1003| 83 | 5.0 | 05 | 114.11 35271
pendently reported observations of a new boson compat
ible with the SM Higgs boson, using the 2011 and 2012 Tap|e 1. Number of events in the data and number of expected
datasets collected until the end of June 2012 [3, 4]. More signal events fomy = 125 GeV [5]
detailed measurements of this particle is necessary in order
to check the compatibility with the Standard Model pre-
dictions, in particular the study of the several production N ) o o
modes. These production modes are, by decreasing or- In addmon.to the |den.t|f|cat|0n criteria, both photons
der of cross-section production: gluon-gluon fusion (noted@'® also required to be isolated: the transverse energy
as ggF), vector boson fusion (VBF), associated produc- SUM of p_osmve-energy topological clgsters deposited in
tion with a vector boson\(H) and associated production the calorimeter around each photon in a cone\Bf =
with att pair ¢ttH). The expected cross-sections for those 0-4, @nd is required to be less than 4 GeV. The resolution
four processes, for a center-of-mass energy of 8 TeV and &' the diphoton mass is dominated by the photon energy
Higgs mass of 125 GeV are 44.5 fb, 3.6 fb, 2.5 fb and 0.gresolution.
fb respectively, when multiplied by thé — yy branching The number of selected data events and expected
ratio (228 x 1073). signal events fomy = 125 GeV after the full selection is

The addition of a category enriched in VBF events al- given in table 1.
lows to improve the sensitivity of the Higgs boson search
as well as giving tools to give a first estimate of the cou-
plings of this new boson to fermions and bosons.

3 Categorisation

2 Event selection The data is divided into 10 exclusive categories with dif-

The dataset used in this study is based on 4:8d s  ferent signal-to-background ratios andfelient invariant

= 7 TeV data recorded in 2011 and 5.9%0ys = 8 TeV mass resolution. This increases the sensitivity of the

data recorded in the first months of 2012 [5]. search. The first nine categories are described in [5] and
At least two photons satisfying tight identification cri- are based on the information of theand conversion status

teria based on the shapes of the EM showers are re0f the photons, as well as the diphoton transverse momen-

quired. The transverse energies for the leading and subt!m orthogonal to the diphoton thrust axis in the transverse

leading photons are required to be larger than 40 GeV and!ane @r). The use of the categories basedmpalready

30 GeV, respectively, and both need to be within the fidu-9ives a separation between VBF apgf events, the for-

cial calorimeter region of pseudorapidity < 2.37 (ex-  Mer having largepr values. The tenth category is based

cluding the transition region between the barrel and theOn jets and described in the following.

end-cap calorimeters,37 < || < 1.52).

1AR = /2 + ¢2, whereg is the azimuthal angle around the beam
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3.1 Definition of the 2-jet category pothesized values of a strength paramgtetefined as the
ratio of the signal rate (cross section) being tested to that
predicted by the SM. That ig,= 0 is the background-only
hypothesis ang = 1 is the SM hypothesis. At fixed val-
ues of the Higgs boson mass, , different values of are
tested using a statistic based on the profile likelihood ra-
tio. To quantify discovery significance, the— value of
me background-only hypothesigg , is reported and can
be seen in figure 4. Equivalently, this can be expressed
using the discovery significance. By using an inclusive
study, the expected (observed) significance is 13860),
whereas by using the 10 exclusive categories, the expected
(observed) significance is 2.44.707). Adding a tenth cat-
egory improves the expected significance by a few per-
ents.

The definition of a VBF-enriched category (called "2-jet
category") is based in the kinematic properties of the VBF
for which two forward jets are produced. Jets are recon-
structed from three-dimensional clusters of energy in the
electromagnetic and hadronic calorimeters using the anti!
k; [6] algorithm with a distance parameter o=R0.4. Jets
candidates are required to have a transverse momentu
greater than 25 GeV, expect for tRis = 8TeV data where
the threshold is 30 GeV for 25| < 4.5.

This category collects events containing at least two
jets with a pseudorapidity separatipky| larger than 2.8
and an invariant mass greater then 400 GeV. In addition,
the azimuthal angle differen¢fy| between the diphoton
and the dijet systems is required to be larger than 2. 6C€
Those variables are presented in figures 1 and 2 for VBF
andggF produced signal as well as background. One ca : ; ;
see that those variables are used to distinguish betweensn Higgs boson coupling properties
VBF andggF as well as between VBF and background.

As those cuts, the fraction of VBF events in this cat-
egory is of 76.7% and 68.4% for th¢s = 7 and 8 TeV
respectively.

Because of a category sensitive to the VBF, it is possi-
ble to study the contributions from the different produc-
tion modes, in order to assess any tension between the data
and the ratios of the production cross-sections in the Stan-
dard Model. For each production mode, a signal strength
3.2 Signal properties and uncertainties is defined, which is defined by, = oi/oi.sm. Produc-

Figure 3 shows the diphoton invariant mass,(ndistri-  tion modes have been grouped togetheg;r with sui

bution in the "2-jet category” for the/s = 7 and 8 Tev ~ as they scale with th&H coupling, anduyer With pivn

data events. For the/s = 8 TeV processes, the signal-to- as they scale with the&VWH and ZZH couplings in the

background ratio in a window containing 90% of the signal Standard Model. Constraints in the planeigfe..n x

is 0.22, which has to be compared to 0.03 in the inclusiveB/Bswm (whereB is the branching ratio foH — yy) and

case. This high signal-to-background ratio explains thetver+vi X B/Bsm can be seen in figure 5, fony = 126

increase of sensitivity due to this category. The mass resGeV. The data are compatible with the Standard Model

olution (FWHM) is this category is 3.7 GeV, similar to the €xpectation at the 1.5tevel.

one in the inclusive case (3.9 GeV). The coupling properties of the boson can be further
The introduction of jets to define this category added studied by combining results from several decay channels:

uncertainties related to them. The main one comes frorH — vy, H = ZZ,H - WW, H — 77, andH — bb [7].

the perturbative uncertainty on the gluon fusion contribu- The leading order (LO) motivated scale facterare de-

tion to this category, and is found to be 25%. The produc-fined in such a way that the cross sectiofjsand the par-

tion cross-section of a Higgs boson via gluon fusion asso-ial decay widthd'j; associated with the SM partidlscale

ciated with two jets is only know at the Next-to-Leading With the factorK when compared to the corresponding SM

Order, and higher-order logarithmic contributions are pre-prediction.

sented in this limited region of phase space. This large For example, among the production modcgs,. "WE

uncertainty is fortunately compensated by the small con- _ o r

tribution of ggF events in the category (22.5% and 30.4% K = T . etc, and among the decay mode,=

for 4/s=7 TeV and 8 TeV respectively). The uncertainty &3, = FWW“ , etc.

due to the _mod_ellmg of the unqlerlylng event |s_est|ma_ted The coupllngs to fermions and vector bosons are stud-
by comparing different underlying event tunes in the sim-; 4 by assuming scale factots for the couplings to all

ulation. For the 2- jets category, a 30% uncertainty iS as- formions and, for the couplings to all vector bosons:
signed to the contribution frogyF, VH andttH, and a 6%

uncertainty is assigned to the contribution from VBF. The

experimental uncertainties on the jet energy scale is eval-
uated by varying the scale corrections within their respec-
tive uncertainties. The uncertainty for the different classes

of categories and different production processes amountto BY @ssuming that the total width of the Higgs boson
up to 19% for the "2-jet category”. is given by the sum of the known SM Higgs boson decay

modes, the constraints in tke andxy plane are given in
figure 6. The 68% CL intervals when profiling over all
4 Results other parameters are¢ € [-1.0,-0.7]uU [0.7,1.3] and
The statistical procedures used to test the background-only, € [0.9,1.0]U [1.1,1.3]. The compatibility of the SM
hypothesis takes the form of statistical tests of different hy-hypothesis with the best fit point is 21%.

r21

KF = Kt = Kb = Kr

Ky = Kw = Kz (1)
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Figure 1. Jet multiplicity andn separation of the leading and 10 B T N
subleading jets fory/s = 7 TeV compared to simulation. The W00 i18 126" 125 136 135 140 148 T80
diphoton component is simulated with Suerea, while faenma- m, [GeV]

jet component is simulated with Acecen, and the small jet-jet

and Drell-Yan components are neglected. The distributions areFigure 4. Expected and observed local p0 for the analysis using

normalized to unit area [5]. 10 categories, compared to an analysis using only 9 categories
(no 2-jets category) and a fully inclusive analysis for the com-
bined v/s=7 TeV and+/s = 8 TeV data [5].
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Figure 2. Dijet invariant mass ang separation between the 2= 7
diphoton and the dijet system fot/s = 7 TeV compared to oE E
simulation. The diphoton component is simulated witigsa, 2 ‘ ‘ ‘ ‘ ]
while thegamma-jet component is simulated with Avpcen, and 0 1 2 3 4 5 6
the small jet-jet and Drell-Yan components are neglected. The Hograns X B/Bsu

distributions are normalized to unit area [5].

Figure 5. Measurements of the signal strength parametfar
mH =126 GeV for the individual channels and their combina-
tion. [7].
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Figure 3. Background-only fit to the diphoton invariant mass E O ]
spectra for the category 2-jets, fafs = 7/8 TeV . The bottom e R E
inset displays the _residual of the data yvith respect to the back- L
ground fit. The Higgs boson expectation for a mass hypothe- K,

sis of 126.5 GeV corresponding to the SM cross section is also

shown [5]. Figure 6. Fits for 2-parameter benchmark models probing dif-

ferent coupling strength scale factors for fermions and vector
bosons; in this case the correlation of the coupling scale fac-
tors kg andky , assuming no non-SM contribution to the total
width [7].
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