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A search for scalar particles decaying via narrow resonances into two photons in the mass range
65-600 GeV is performed using 20.3 fb~! of /s = 8 TeV pp collision data collected with the ATLAS
detector at the Large Hadron Collider. The recently discovered Higgs boson is treated as a background. No
significant evidence for an additional signal is observed. The results are presented as limits at the 95%
confidence level on the production cross section of a scalar boson times branching ratio into two photons, in

a fiducial volume where the reconstruction efficiency is approximately independent of the event topology.

The upper limits set extend over a considerably wider mass range than previous searches.
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In July 2012, the ATLAS and CMS collaborations
reported the discovery of a new particle [1,2] whose
measured couplings and properties are compatible with
the standard model Higgs boson (H) [3-6]. However,
several extensions to the standard model—in particular,
models featuring an extended Higgs sector [7—13]—predict
new scalar resonances below or above the H mass which
may be narrow when their branching ratio to two photons is
non-negligible.

This Letter presents a search for a scalar particle X of
mass my decaying via narrow resonances into two photons.
It extends the method developed for the measurement of the
H couplings in the H — yy channel [3] to the range
65 < my < 600 GeV. Analytical descriptions of the signal
and background distributions are fitted to the measured
diphoton invariant mass spectrum m,, to determine the
signal and background yields. The result is presented as a
limit on the production cross section times the branching
ratio BR(X — yy), restricted to a fiducial volume where the
reconstruction efficiency is approximately independent of
the event topology. The resonance with mass my is
considered narrow when its intrinsic width is smaller than
0.09 GeV + 0.01my. This upper limit is defined such that
the bias in the number of fitted signal events is kept below
10%. This ensures that the diphoton invariant mass width is
dominated by the experimental resolution in the ATLAS
detector. Model-dependent interference effects between the
resonance and the continuum diphoton background are not
considered.

The ATLAS detector [14] at the LHC [15] covers the
pseudorapidity [16] range |n| < 4.9 and the full azimuthal
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angle ¢. It consists of an inner tracking detector covering
the pseudorapidity range || < 2.5, surrounded by electro-
magnetic and hadronic calorimeters and an external muon
spectrometer.

The search is carried out using the /s =8 TeV pp
collision data set collected in 2012, with stable beam
conditions and all ATLAS subsystems operational, which
corresponds to an integrated luminosity of £ = 20.3 &+
0.6 fb~! [17]. The data were recorded using a diphoton
trigger that required two electromagnetic clusters with
transverse energies Ep above 20 GeV, both fulfilling
identification criteria based on shower shapes in the
electromagnetic calorimeter. The efficiency of the diphoton
trigger [18] is (98.7 £ 0.5)% for signal events passing the
analysis selection.

The event selection requires at least one reconstructed
primary vertex with two or more tracks with transverse
momenta pt > 0.4 GeV, and at least two photon candi-
dates with Et > 22 GeV and || < 2.37, excluding the
barrel and end cap transition region of the calorim-
eter, 1.37 < || < 1.56.

Photon reconstruction is seeded by clusters of electro-
magnetic calorimeter cells. Clusters without matching
tracks are classified as unconverted photons. Clusters with
matched tracks are considered as electron candidates but
are classified as converted photons if they are associated
with two tracks consistent with a y — e*e™ conversion
process, or a single track leaving no hit in the innermost
layer of the inner tracking detector. The photon energy
calibration procedure is the same as in Ref. [3].

Photon candidates are required to fulfill identification
criteria based on shower shapes in the electromagnetic
calorimeter, and on energy leakage into the hadronic
calorimeter [19]. Identification efficiencies, averaged over
n, range from 70% to above 99% for the Et range under
consideration. To further reduce the background from jets,
the calorimeter isolation transverse energy E° is required
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to be smaller than 6 GeV, where EiTSO is defined as the
sum of transverse energies of the positive-energy

topological clusters [20] within a cone of size AR =

V/ (A¢)? + (An)? = 0.4 around the photon candidate. The

core of the photon shower is excluded, and EiTSO is corrected
for the leakage of the photon shower into the isolation cone.
The contributions from the underlying event and pileup are
subtracted using the technique proposed in Ref. [21] and
implemented as described in Ref. [22]. In addition, the
track isolation—defined as the scalar sum of the py of the
primary vertex tracks with pr > 1 GeV in a AR =0.2
cone around the photon candidate, excluding the conver-
sion tracks—is required to be smaller than 2.6 GeV.

The m,, invariant mass is evaluated using the leading
photon (y;) and subleading photon (y,) energies measured
in the calorimeter, the azimuthal angle A¢ and the
pseudorapidity Ay separations between the photons deter-
mined from their positions in the calorimeter, and the
position of the reconstructed diphoton vertex [3].

After selection, the data sample consists of a continuum
background with dominantly yy, y-jet, and jet-jet events and
Drell-Yan (DY) production of electron pairs where both
electrons are misidentified as photons. Two peaking back-
grounds arise from the Z boson component of the DY and
from H — yy.

To increase the sensitivity, the search is split into two
analyses: a categorized low-mass analysis covering the
range 65 < my < 110 GeV and an inclusive high-mass
analysis covering 110 < my < 600 GeV. To provide side-
bands on both sides of the tested mass point my, the m,,
ranges are wider than the my ranges probed and overlap at
the transition between the two analyses.

The low-mass analysis requires a precise modeling of the
DY background, dominated by the Z boson resonance,
where both electrons are misidentified as photons, mostly
classified as converted photons. The loss of signal sensi-
tivity is mitigated by separating the events into three
categories with different signal-to-background ratios,
according to the conversion status of the photon pair:
two unconverted (UU), one converted and one unconverted
(CU), or two converted (CC) photons. Table I shows the
fractions of signal and DY events expected in each category.

TABLEI. Number of diphoton events in data (N g,,), number of
expected Drell-Yan events (Npy), fractions of expected signal
(fx), and Drell-Yan (fpy) in each conversion category for the
low-mass analysis. The signal fraction is given for my = 90 GeV
but the mass dependence is negligible.

yy category Uuu CU CcC
Ngata 272184 253804 63224
Npy 1080 + 260 3400 £+ 600 2700 £ 250
/oy 15.0% 47.3% 37.7%
fx 48.7% 42.5% 8.8%

In each category, the Z resonance shape is described by a
double-sided Crystal Ball function [23]. Because of the
limited size of the fully simulated Z — ee sample [25,26]
where both electrons are misidentified as photons, the
shape parameters are determined by a fit to a dielectron data
sample, where both electrons are required to fulfill shower
shape identification criteria and the same Et thresholds as
the photons.

Since most of the electrons misidentified as photons
underwent large bremsstrahlung, the invariant mass dis-
tribution of the Z boson reconstructed as a photon pair is
wider and shifted to lower masses by up to 2 GeV with
respect to the Z boson mass reconstructed as an electron
pair. The Z — ee invariant mass distributions extracted
from data in each category are transformed by applying Et-
dependent shifts and smearing factors to the electron Ep
and ¢, to match the kinematics of the electrons misidenti-
fied as photons. Two sets of transformations are derived for
71 and y, depending on their conversion status, using a
Z — ee sample generated with POWHEG [27,28], interfaced
with PYTHIA8 [29] for showering and hadronization.
Figure 1 illustrates the effect of the electrons’ transforma-
tions on the invariant mass shapes in the fully simulated
Z — ee sample. Systematic uncertainties on the template
shapes and the Z peak position are evaluated by varying the
parameters of the electrons’ transformations by +1o.

The DY normalization is computed from the e — y fake
rates, defined as the ratios of ey to ee pairs measured in
Z — ee data, separately for y; and y, and each conversion
status. A correction factor obtained from fully simulated
Z — ee events is applied to account for additional effects,
mainly the differences in isolation efficiencies and vertex
reconstruction efficiency between yy and ee events. The
associated uncertainties (9% to 25%) are dominated by the
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FIG. 1 (color online). Invariant mass distributions in the CC
category for fully simulated Z — ee events reconstructed as ee
(dotted lines), reconstructed as yy (squares), and reconstructed as
ee after transforming the electrons to match the kinematics of the
electrons misidentified as converted photons (circles).
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subtraction of the continuum background and the detector
material description.

The determination of the analytical form of the con-
tinuum background and the corresponding uncertainties
follow the method detailed in Ref. [1]. The sum of a Landau
distribution and an exponential distribution is used over
the full m,, range. The bias on the signal yield induced by
the analytical shape function is required to be lower than
20% of the statistical uncertainty on the fitted signal yield
for the background-only spectrum. This bias is measured
from a large sample generated from a parametrized detector
response and is accounted for by a mass-dependent
uncertainty. Figure 2 shows background-only fits to the
data in the low-mass analysis for the three conversion
categories.

In the high-mass analysis, relative cuts EY'/ m,, > 0.4
and E? /m,, > 0.3 are added to the selection requirements
to reduce the continuum backgrounds and thereby increase
the signal sensitivity. In total, 108 654 events with 100 <
m,, < 800 GeV are selected.

To determine the continuum background shape over
this large mass range, an exponential of a second-order
polynomial is fitted inside a sliding m,, window of width
80 - (my — 110 GeV)/110 + 20 GeV, centered on the
mass point my. The analytical shape and the fit window
width are chosen to fulfill the signal yield bias criterion,
as defined for the low-mass analysis, to minimize the
statistical uncertainty on the background.
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FIG. 2 (color online). Background-only fits to the data (black
dots) as functions of the diphoton invariant mass m,, for the three
conversion categories in the low-mass range. The solid lines show
the sum of the Drell-Yan and the continuum background
components. The dashed lines show the continuum background
component only.

The H background shape is modeled by a double-sided
Crystal Ball function and normalized for my = 125.9 GeV
[30,31] using the most up-to-date standard model cross-
section calculations and corrections [34] of the five main
production modes: gluon fusion (ggF), vector-boson fusion
(VBF), Higgsstrahlung (WH, ZH), and associated produc-
tion with a top quark pair (7H). The ggF and VBF samples
[3] are simulated with the POWHEG generator interfaced
with pyTHIAS. The WH, ZH, and tfH samples [3] are
simulated with PYTHIAS. Figure 3 shows background-only
fits to the data in the high-mass analysis.

The expected invariant mass distribution of the narrow
resonance signal X is also modeled with a double-sided
Crystal Ball function in the mass range 65 < my <
600 GeV, using fully simulated ggF(X) samples generated
as for H, where H is replaced by a scalar boson with a
constant width of 4 MeV. Polynomial parametrizations of
the signal shape parameters as a function of my are
obtained from a simultaneous fit to all the generated mass
points my, separately for the high-mass analysis and the
three low-mass analysis categories. The signal shape
parameters extracted from ggF(X) are compared to the
other production modes: VBF(X), WX, ZX, and 7X; the
bias on the signal yield due to the choice of ggF(X) shape is
negligible. The systematic uncertainty on the signal shape
due to the photon energy resolution uncertainty ranges
from 10% to 40% as a function of my [3]. The systematic
uncertainty on the X peak position due to the photon energy
scale uncertainty is 0.6% [3].

The fiducial cross section ozgBR(X — yy) includes an
efficiency correction factor Cy through
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FIG. 3 (color online). Background-only fits to the data (black
dots) as functions of the diphoton invariant mass m,, for the
inclusive high-mass analysis. The solid line shows the sum of
the Higgs boson and the continuum background components. The
dashed line shows the continuum background component only.
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TABLE II. Summary of the systematic uncertainties.

Signal and Higgs boson yield Z component of Drell-Yan
Luminosity 2.8% Normalization” 9%—25%
Trigger 0.5% Peak positionb 1.5%-3.5%
y identification® 1.6%-2.7% Template shapeb 1.5%-3%
y isolation® 1%—6% Higgs boson background
Energy resolution™” 10%-40% Cross section” 9.6%
Signal and Higgs boson peak position Branching ratio 4.8%
Energy scale 0.6% Cy factor
Continuum yy, yj, jj, DY Topology®” 3%-15%
Signal bias® 1-67 events Pileup and U.E.* 1.4%-3.2%

*Mass dependent.
bCategory dependent.

“Factorization scale plus parton density function uncertainties [34].

where Ny, 1S the number of fitted signal events in data,
Nyi¢ the number of simulated signal events passing the
selection criteria and N the number of simulated signal
events generated within the fiducial volume. The fiducial
volume, defined from geometrical and kinematical con-
straints at the generated particle level, is optimized to
reduce the model dependence of Cy using fully simulated
samples of the five X production modes to cover a large
variety of topologies. The photon selection at generation
level is similar to the selection applied to the data: two
photons with Ex > 22 GeV and || < 2.37 are required; for
my greater than 110 GeV, the relative cuts EY'/ m,, > 0.4
and EP /m,, > 0.3 are imposed. The particle isolation,
defined as the scalar sum of py of all the stable particles
(except neutrinos) found within a AR = 0.4 cone around
the photon direction, is required to be less than 12 GeV. The
Cy factor is parametrized from the ggF(X) samples and
ranges from 0.56 to 0.71 as a function of my. Systematic
uncertainties include the maximum difference between the

Cy of the five production modes, the effect of the under-
lying event (U.E.) and pileup.

The statistical analysis of the data uses unbinned
maximum likelihood fits. The DY and H shapes and
normalizations are allowed to float within the uncertainties.
In the low-mass analysis, a simultaneous fit to the three
conversion categories is performed. Only two excesses with
2.1 0 and 2.2 o local significances above the background
are observed over the full mass range 65-600 GeV, for
my =201 GeV and my = 530 GeV, respectively. This
corresponds to a deviation of less than 0.5 ¢ from the
background-only hypothesis. Consequently, a 95% limit on
oiaBR(X — yy) is computed using the procedure of
Ref. [1]. The systematic uncertainties listed in Table II
are accounted for by nuisance parameters in the likelihood
function. In the low-mass analysis, the dominant uncer-
tainties are the DY normalization and the residual topology
dependence of Cy. In the high-mass analysis, the largest
uncertainties arise from the energy resolution and the
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FIG. 4 (color online).

Observed and expected 95% C.L. limit on the fiducial cross section times branching ratio BR(X — yy) as a

function of my in the range 65 < my < 600 GeV. The discontinuity in the limit at my = 110 GeV (vertical dashed line) is due to the
transition between the low-mass and high-mass analyses. The green and yellow bands show the +1¢ and +2¢ uncertainties on the
expected limit. The inset shows a zoom around the transition point.
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theoretical uncertainty on the production rate of the
standard model Higgs boson around 126 GeV.

The observed and expected limits, shown in Fig. 4, are in
good agreement, consistent with the absence of a signal.
The limits on opBR(X — yy) for an additional scalar
resonance range from 90 fb for my = 65 GeV to 1 fb for
my = 600 GeV. These results extend over a considerably
wider mass range than the previous searches by the ATLAS
and CMS collaborations [1,35], are complementary to spin-
2 particles searches [36,37], and are the first such limits
independent of the event topology.
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S. Hellman,ma’147b D. Hellmich,21 C. Helsens,30 J. Henderson,119 R.C.W. Henderson,71 Y. Heng,174 C. Hengler,42
A. Henrichs,177 A. M. Henriques Correia,30 S. Henrot—Versille,116 C. Hensel,54 G. H. Herbert,16 Y. Hernandez Jiménez,168
R. Herrberg—Schubert,l(’ G. Herten,48 R. Hertenberger,99 L. Hervas,30 G.G. Hesketh,77 N.P. Hessey,lO6 R. Hickling,75
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M. Hirose,158 D. Hirschbuehl,176 J. Hobbs,149 N. Hod,lo6 M. C. Hodgkinson,140 P. Hodgson,140 A. Hoecker,30
M.R. Hoeferkamp,]o4 F. Hoenig,99 J. Hoffman,40 D. Hoffmann,84 J.1 Hofmann,sga M. Hohl’feld,82 T.R. Holmes,15
T. M. Hong,]21 L. Hooft van Huysduynen,]o9 J-Y. Hostalchy,55 S. Hou,152 A. Hoummada,]%a 1. Howard,119 J. Howarth,42
M. Hrabovsky,]14 I Hristova,]6 J. Hrivnac,”6 T. Hryn’ova,5 C. Hsu,146C P.J. Hsu,82 S.-C. Hsu,]39 D. Hu,35 X. Hu,25
Y. Huang,42 Z. Hubacek,30 F. Hubaut,84 F. Huegging,21 T.B. Huffman,119 E. W. Hughes,35 G. Hughes,71 M. Huhtinen,30
T A. Hl'jlsing,82 M. Hurwitz,15 N. Huseynov,“’C J. Huston,89 J. Huth,57 G. Iacobucci,49 G. Iakovidis,10 1. Ibragimov,142
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M. Kaci,168 A. Kaczmaurska,3 ° M. Kado,116 H. Kagan,110 M. Kagam,144 E. Kajomovitz,45 C.W. Kalderon,119 S. Kama,40
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A. Katre,49 1. Katzy,42 V. Kaushik,7 K. Kawagoe,69 T. Kawamoto,156 G. Kawamura,54 S. Kazama,156 V.F. Kazanin,108
M. Y. Kazarinov,64 R. Keeler,170 R. Kehoe,40 M. Keil,54 J.S. Keller,42 J.J. Kempster,76 H. Keoshkerian,5 0. Kepka,126
B.P. Keréevan,74 S. Kersten,176 K. Kessoku,156 J. Keung,159 F. Khalil—zada,ll H. Khandanyan,ma’Wb A. Khanov,113
A. Khodinov,97 A. Khomich,58‘1 T.J. Khoo,28 G. Khon'auli,21 A. Khoroshilov,176 V. Khovanskiy,96 E. Khramov,(’4
J. Khubua,”" H. Y. Kim,* H. Kim,'"’*'** S H. Kim,'®' N. Kimura,'”> 0. Kind,'° B. T. King,”” M. King,'® R. S. B. King,'"
S.B. King,]69 J. Kirk,]30 A.E. Kiryunin,]o0 T. Kishimoto,66 D. Kisielewska,‘ggfIl F. Kiss,48 T. Kit’[elmann,]24 K. Kiuchi,m]
E. Kladiva,145b M. Klein,73 U. Klein,73 K. Kleinknecht,82 P. Klimek,ma’]47b A. Klimentov,25 R. Klingenbelrg,43
J A Klinger,83 T. Klioutchnikova,30 P.E Klok,105 E.-E. Kluge,Sga P. Kluit,lo6 S. Kluth,100 E. Kneringer,61
E.B.E G. Knoops,84 A. Knue,5 ’D. Kobayashi,15 8T, Kobayashi,15 M. Kobel,44 M. Kocian,144 P. Kodys,128 P. Koevesarki,21
T. Koffas,29 E. Koffeman,106 L. A. Kogan,119 S. Kohlmann,176 Z. Kohout,127 T. Kohriki,65 T. Koi,144 H. Kolanoski,16
1. Koletsou,5 J. Koll,89 A A. Komar,95 Y. Komori,156 T. Kondo,65 N. Kondrashova,42 K. Ktineke,48 A.C. Kﬁnig,105
S. Ktinig,82 T. Kono,”* R. Konop]ich,log’[ N. Konstantinidis,”’ R. Kopeliansky,153 S. Kopemy,3821 L. Ktipke,82 A. K. Kopp,48
K. Korcyl,39 K. Kordas,155 A. Korn,77 A A. Korol,w&u 1. Korolkov,12 E. V. Korolkova,140 V. A. Korotkov,129 0. Kortnelr,100
S. Kortner,w0 V. V. Kostyukhin,21 V.M. Kotov,(’4 A. Kotwal,45 C. Kourkoumelis,9 V. Kouskoural,155 A. Koutsman,moa
R. Kowalewski,170 T.Z. Kowalski,3ga W. Kozanecki,137 A.S. Kozhin,129 V. Kral,127 V. A. Klramarenko,98 G. Klramberger,74
D. Krasnopevtsev,97 M. W. Krasny,79 A. Krasznahorkay,30 J.K. Kraus,21 A. Kravchenko,25 S. Kreiss,lo9 M. Klretz,58C
J. Kretzschmar,73 K. Kreutzfeldt,52 P. Krieger,159 K. Kroeninger,54 H. Kroha,mo J. Kroll,121 J. Kroseberg,21 J. Krstic,1321
U. Kruchonak,64 H. Kriiger,21 T. Kruker,17 N. Krumnack,63 Z. V. Krumshteyn,64 A. Kruse,174 M. C. Kruse,45 M. Kruskal,22
T. Kubota,®” S. Kuday,™ S. Kuehn,” A. Kugel,”™ A. Kuhl,"*® T. Kuhl,** V. Kukhtin,"* Y. Kulchitsky,”" S. Kuleshov,”*"
M. Kuna,"***"¥ . Kunkle,?! A. Kupco,'?® H. Kurashige,*® Y. A. Kurochkin,” R. Kurumida,®® V. Kus,'*® E. S. Kuwertz,'**
M. Kuze,158 J. Kvita,114 A. La Rosa,49 L. La Rotonda,3 7a376 ¢, Lacasta,168 F. Lac21va,l33a’133b J. Lacey,29 H. Lacker,16
D. Lacour,79 V.R. Lacuesta,168 E. Ladygin,64 R. Lafaye,5 B. Laforge,79 T. Lagouri,177 S. Lai,48 H. Laier,ssa L. Lambourne,77
S. Lalmmers,60 C.L. Lampen,7 W. Lampl,7 E. Lan(;on,137 U. Landgraf,48 M.P.J. Landon,75 V.S. Lang,SSa A.J. Lankford,164
F. Lanni,25 K. Lantzsch,30 S. Laplace,79 C. Lalpoire,21 J.F. Lalporte,137 T. Lari,90a M. Lassnig,3o P. Laurelli,47 W. Lavrijsen,15
A.T. Law,138 P. Laycock,73 O. Le Dortz,79 E. Le Guirriec,84 E. Le Menedeu,12 T. LeCompte,6 F. Ledroit—Guillon,55
C.A. Lee,152 H. Lee,106 J.S.H. Lee,117 S.C. Lee,152 L. Lee,177 G. Lefebvre,79 M. Lefebvre,170 F. Legger,99 C. Leggett,15
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C.M. Lestelr,121 M. Levchenko,122 J. Levéque,5 D. Levin,88 L.J. Levinson,173 M. Levy,18 A. Lewis,119 G. H. Lewis,lo9
A.M. Leyko,”! M. Leyton,”! B. Li,”*® B. Li,* H. Li,'"” H.L. Li,' L. Li,* L. Li,”* S. Li,¥ Y. Li,”*" Z. Liang,"®
H. Liao,** B. Liberti,"*** P. Lichard,”® K. Lie,'* JI. Liebal,”’ W. Liebig,'* C. Limbach,”" A. Limosani,®” S.C. Lin,"*"
T. H. Lin,82 F. Linde,106 B.E. Lindquist,]49 J.T. Linnemann,89 E. Lipeles,]21 A. Lipniacka,14 M. Lisovyi,42 T. M. Liss,166
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A. Loginov,177 T. Lohse,'® K. Lohwasser,** M. Lokajicek,126 V.P. Lombardo,’ B. A. Long,22 J.D. Long,88 R.E. Long,71
L. Lopes,12561 D. Lopez Mateos,57 B. Lopez Paredes,m I. Lopez Paz,12 J. Lorenz,99 N. Lorenzo Malrtinez,60 M. Losada,163
P. Loscutoff,]5 X. Louf” A. Lounis.,]16 J. Love,6 P. A. Love,71 Al Lowe:,l44’f F. Lu,3 3aN. Lu,88 H.J. Lubatti,]39
C. Luci,**"* A. Lucotte,”” F. Luehring,”® W. Lukas,®’ L. Luminari,"*** O. Lundberg,""*'*"® B. Lund-Jensen,'**
M. Lungwitz,82 D. Lynn,25 R. Lysak,126 E. Lytken,80 H. Ma,25 L.L. Ma,33d G. Maccarrone,47 A. Macchiolo,100
J. Machado Miguens,lzsa’125b D. Macina,30 D. Madaffari,84 R. Madar,48 H.J. Maddocks,71 W.E Mader,44 A. Madsen,167
M. Maeno,® T. Maeno,” E. Magradze,”* K. Mahboubi,* J. Mahlstedt,'® S. Mahmoud,” C. Maiani,"”’ C. Maidantchik,***
A A. Maier,loo A. Maio,125 a.125b.125d g Majewski,115 Y. Makida,65 N. Makovec,116 P. Mal,13 2B, Malaescu,79 Pa. Malecki,3 0
V. P. Maleev,'” F. Malek,” U. Mallik,”® D. Malon,” C. Malone,'"** S. Maltezos,'® V. M. Malyshev,'® S. Malyukov,”
J. Mamuzic,"® B. Mandelli,” L. Mandelli,”” I. Mandi¢,”* R. Mandrysch,”* J. Maneira,'>*'*® A. Manfredini,'"™
L. Manhaes de Andrade Filho,24b J. A. Manjarres Ramos,léOb A. Mann,99 P.M. Manning,]38 A. Manousakis—Katsikakis,9
B. Mansoulie,137 R. Mantifel,86 L. Mapelli,30 L. March,168 J.F. Marchand,29 G. Marchiori,79 M. Marcisovsky,126
C.P. Marino,'™ M. Marjanovic,"** C. N. Marques,'** F. Marroquim,”** S. P. Marsden,*® Z. Marshall,"” L. F. Marti,"’
S. Marti—Garcia,168 B. Meur‘[in,30 B. Martin,89 T. A. Meurtin,171 V. J. Martin,46 B. Martin dit Latour,14 H. Mar“tinez,137
M. Martinez,'*° S. Martin-Haugh,"** A. C. Martyniuk,”” M. Marx,'” F. Marzano,"™ A. Marzin,” L. Masetti,**
T. Mashimo,15 ®R. Mashinistov,95 1. Masik,83 A.L. Maslennikov,108 I Massa,zoa’20b L. Massa,zoa’zo" N. Massol,5
P. Mastrandrea,149 A. Mastroberardino,3791’37b T. Masubuchi,156 P. M'zittig,”6 J. Mattmann,82 J. Maurer,m1 S.J. Maxﬁeld,73
D. A. Maximov,'™" R. Mazini,"* L. Mazzaferro,”**"*** G. Mc Goldrick,"” S.P. Mc Kee,*® A. McCarn,*®
R.L. McCaI‘[hy,149 T.G. McCalrthy,29 N. A. McCubbin,130 K. W. McFarlane,%’a J.A. Mcfayden,77 G. Mchedlidze,54
S.J. McMahon,13O R.A. McPherson,”O’j A. Meade,85 J. Mechnich,106 M. Medinnis,42 S. Meehan,31 S. Mehlhase,99
A. Mehta,73 K. Meier,sg'd C. Meineck,99 B. Meirose,80 C. Melachrinos,31 B. R. Mellado Galrcia,146C F. Meloni,17
A. Mengarelli,zo""zob S. Menke,loo E. Meoni,162 K. M. Mercurio,57 S. Mergelmeyer,21 N. Meric,137 P. Mermod,49
L. Merola,ma’lo3b C. Meroni,%"1 E.S. Merritt,3 'H. Merritt,110 A. Messina,3()""'”l . Metcalfe,25 A.S. Mete,164 C. Meyer,82
C. Meyer,"?! J-P. Meyer,"” J. Meyer,” R. P. Middleton,'™ S. Migas,” L. Mijovi¢,”' G. Mikenberg,'”? M. Mikestikova,'*®
M. Mikuz,”* A. Milic,” D. W. Miller,”! C. Mills,*® A. Milov,'” D. A. Milstead,'"’*'*’" D. Milstein,' A. A. Minaenko,'*
I. A. Minashvili,”* A.1. Mincer,'” B. Mindur,”®* M. Mineev,”* Y. Ming,'”* L. M. Mir,"* G. Mirabelli,"*** T. Mitani,'”*
J. Mitrevski,99 V. A. Mitsou,168 S. Mitsui,65 A. Miucci,49 P.S. Miyagawa,140 J.U. th‘)rnmalrk,80 T. Moa,wa’147b
K. Mochizuki,84 S. Mohapatra,35 W. Mohr,48 S. Molander,m‘j"147b R. Moles—Valls,168 K. M('jnig,42 C. Monini,55 J. Monk,36
E. Monnielr,84 J. Montejo Berlingen,12 F. Monticelli,70 S. Monzani,ma’133b R.W. Moore,3 A. Moraes,53 N. Morange,62
D. Moreno,82 M. Moreno Llé.CCI‘,54 P. Morettini,50a M. Morgenstem,44 M. Morii,57 S. Moritz,82 A. K. Morley,148
G. Momacchi,30 J.D. Morris,75 L. Morvaj,102 H.G. Moser,lo0 M. Mosidze,5 by, Moss,110 K. Motohashi,158 R. Mount,144
E. Mountricha,” S. V. Mouraviev,” E.J. W. Moyse,” S. Muanza,** R. D. Mudd,"® F. Mueller,”® J. Mueller,'**
K. Mueller,21 T. Mueller,28 T. Mue]ler,82 D. Muenstermann,49 Y. Munwes,154 J. A. Murillo Quijada,18 W.J. Murray,m’130
H. Musheghy.am,54 E. Musto,' A. G. Myagl<0v,l29’bb M. Myska,127 O. Nackenhorst,”* J. Nadal,”* K. Nagai,61 R. Nagai,158
Y. Nagai,84 K. Nagano,65 A. Nagarkar,“o Y. Nagaszalkal,59 M. Nagel,loo A. M. Nairz,30 Y. Nzalkzalhama,30 K. Nakamura,65
T. Nakamura,]56 1N Nakano,”1 H. Namasivayam,41 G. Nanava,zl R. Narayan,sgb T. Nattermann,21 T. Naumann,42
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L. Nozka,114 K. Ntekas,lo G. Nunes Harminger,87 T. Nunnemann,99 E. Nurse,77 F. Nuti,87 B.J. O’Brien,46 F O grady,7
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Q. Ouyang,33 A Ovcharova,15 M. Owen,83 V.E. Ozcan,19a N. Ozturk,8 K. Pachal,119 A. Pacheco Pages,12
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