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Abstract. The extragalactic background light (EBL), exclusive of the
cosmic microwave background, consists of the cumulative radiative output
from all energy sources in the universe since the epoch of recombination.
Most of this energy is released at ultraviolet and optical wavelengths.
However, observations show that a significant fraction of the EBL falls in
the 10 to 1000 um wavelength regime. This provides conclusive evidence
that we live in a dusty universe, since only dust can efficiently absorbs
a significant fraction of the background energy and reemit it at infrared
wavelengths. The general role of dust in forming the cosmic infrared
background (CIB) is therefore obvious. However, its role in determining
the exact spectral shape of the CIB is quite complex. The CIB spectrum
depends on the microscopic physical properties of the dust, its composi-
tion, abundance, and spatial distribution relative to the emitting sources,
and its response to evolutionary processes that can modify all the fac-
tors listed above. This paper will present a brief summary of the many
ways dust affects the intensity and spectral shape of the cosmic infrared
background. In an Appendix we present new limits on the mid-infrared
intensity of the CIB using TeV ~-ray observations of Mrk 501.

1. Introduction

The extragalactic background light (EBL), exclusive of the cosmic microwave
background, is the repository of all radiant energy releases in the universe since
the epoch of recombination. Radiative sources contributing to the EBL include
stars, which derive their energy from the nuclear processing of hydrogen into
heavier elements, active galactic nuclei (AGN), which are powered by the release
of gravitational energy associated with the accretion of matter onto a central
black hole, and various exotic sources, such as decaying particles, primordial
black holes, exploding stars, and substellar mass objects. Current limits on the
EBL, and the relative contribution of the various energy sources to the EBL are
presented in these Symposium Proceedings by Hauser (2001) and in the review
paper of Hauser & Dwek (2001).

In a dust-free universe the EBL can, in principle, be simply derived from
knowledge of the spectrum of the emitting sources and the cosmic history of their
energy release. In a dusty universe the total intensity of the EBL is unchanged,
but its energy is redistributed over the entire X-ray to far-infrared region of the
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spectrum. Predicting the EBL spectrum in a dusty universe therefore poses
a significant challenge, since the exact frequency distribution of the reradiated
emission depends on a large number of factors. On a microscopic level, the
emitted spectrum depends on the wavelength dependence of the absorption and
scattering properties of the dust, which in turn depend on the dust composi-
tion and size distribution. The reradiated spectrum also depends on the dust
abundance and the relative spatial distribution of energy sources and absorbing
dust. Finally, the cumulative spectrum from all sources depends on various evo-
lutionary factors, including the history of dust formation and processes which
destroy the dust, modify it, or re-distribute it relative to the radiant sources.
Intergalactic dust, if present in sufficient quantities, can cause an overall dim-
ming of the UV-optical output from distant sources, and produce a truly diffuse
infrared background. In steady-state models for the universe, dust plays a more
significant role, producing the cosmic microwave background via the thermal-
ization of starlight by iron whiskers (Hoyle, Burbidge, & Narlikar 1993). In the
following I will examine in more detail the various factors and processes that
determine the intensity and spectral energy distribution (SED) of the cosmic
infrared background (CIB).

2. Dust Properties

The presence of dust in the interstellar medium (ISM) of the Milky Way is
manifested in many different ways including the extinction, scattering, and po-
larization of starlight, the infrared emission, the interstellar depletion, and the
presence of isotopic anomalies in meteorites. The most accepted interstellar
dust model consists of a population of bare silicate and graphite grains with a
power law distribution in grain radii extending from a few tens of angstroms
to about 0.5 pm. An additional population of macromolecules, most commonly
identified with polycyclic aromatic hydrocarbons (PAHs) must be added to this
model. The very small dust particles and macromolecules are stochastically
heated by the ambient radiation field, and give rise to the mid-infrared contin-
uum spectrum and mid-infrared emission features observed in the Milky Way
and in external galaxies.

Figure 1 (left panel) presents the mass absorption coefficient of graphite
and silicate dust grains as a function of wavelength. The Figure illustrates the
different absorption efficiencies of carbonaceous and silicate dust particles, the
latter being significantly more transparent in the UV-visible regions of the spec-
trum. The efficiency of converting starlight to thermal infrared emission clearly
depends on the relative abundance of carbonaceous-to-silicate dust in galaxies.
Graphite particles posses a strong absorption feature at 2175 A seen in the ex-
tinction curve towards many stars in the Milky Way (MW) and nearby galaxies.
The ratio of the 2175 A-to-continuum extinction can be used to estimate the rel-
ative abundance of graphite-to-silicate dust in the interstellar medium towards
the extincted source. The right panel of Figure 1 is a schematic representation
of the observed average extinction in several local galaxies. The Figure shows
an obvious trend of increasing strength of the 2175 A feature from the SMC,
LMC, the MW, and M51. The numbers next to each curve represent the average
metallicity in these galaxies in solar units. The Figure suggests a trend of in-
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Figure 1.  Left panel: the mass absorption coefficient of graphite and
silicate grains. The dotted line gives the V-band position. Right panel:
the average interstellar extinction in several local galaxies. Curves are
labeled by the metallicity of the galaxies, normalized to that of the
Milky Way.

creasing graphite-to-silicate dust ratio with metallicity. The trend may suggest
that details of the galactic star formation history and stellar initial mass func-
tion play an important role in determining the dust composition and abundance,
and hence the opacity, in galaxies.

3. Relative Distribution of the Dust Compared to the Sources

Given a dust abundance and composition, the most important parameter that
determines the absorption efficiency of starlight and the spectrum of the rera-
diated infrared emission is the proximity of the dust to the radiation sources.
One can distinguish between four different dust environments characterized by
the spatial relation between the dust and the radiation sources: the circumstel-
lar environment, consisting of dust that had recently formed out of the stellar
ejecta and that is heated by the underlying stellar radiation field; the interstellar
environment, consisting of dust residing in the ISM and heated by ionizing stars
and/or the general interstellar radiation field; the AGN environment, consisting
of a dusty torus, heated by the emission from the accretion disk; and the in-
tergalactic environment, consisting of dust that has been expelled from galaxies
and heated by the general diffuse background radiation.

3.1. Circumstellar Dust

Circumstellar dust dominates the mid-IR emission from intermediate age stel-
lar populations (Bressan, Granato, & Silva 1998), and may be an important
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source of thermal mid—IR emission in elliptical galaxies (Knapp, Gunn, & Wynn—
Williams 1992). However, ISOCAM 4 and 15 um images of some elliptical galax-
ies reveal that the morphology of the 15 um dust emission component is signif-
icantly different from the 4 um stellar emission component (Madden, Vigroux,
& Sauvage 1999), suggesting an interstellar origin instead. Dust around young
stellar objects will also have a very high efficiency for converting the radiation
from the underlying object into infrared emission. However, the lifetime of this
embedded phase is very short compared to the main sequence lifetime of these
objects. Circumstellar dust therefore plays a minor role in the redistribution of
energy in galaxies.

3.2. Interstellar Dust and the Infrared Spectrum of Galaxies

Most of the processing of galactic starlight is done by interstellar dust particles
that reside in the different phases of the ISM. In fact, the infrared SEDs of
all galaxies in the local universe can be constructed from a linear combination
of several distinct emission components representing the different phases of the
ISM: (1) a cirrus component, representing the emission from dust and carriers
of the solid state infrared bands at 3.3, 6.2, 7.7, 8.6, 11.3, and 12.7 pm, both
residing in the diffuse atomic phase of the ISM and heated by the general in-
terstellar radiation field; (2) a cold dust component, representing the emission
from dust residing in molecular clouds, and heated by an attenuated interstellar
radiation field; and (3) an H II or starburst emission component, representing
the emission from dust residing in H II regions and heated by the ionizing ra-
diation field. An additional AGN component may be needed to represent the
spectra of some of the most luminous infrared galaxies. Using this simple proce-
dure with two or more emission components, one can reproduce the fluxes and
colors of IRAS galaxies with luminosities ranging from normal (L ~ 1085 L)
to the most luminous (L ~ 103 L) galaxies, and the observed trend of increas-
ing S(60 pm)/S(100 pm) and decreasing S(12 um)/S(25 pm) flux ratios with
increasing infrared luminosity.

These empirical models offer a simple way of calculating the infrared spec-
tra of galaxies in the local universe (Malkan & Stecker 1998; Dwek et al. 1998;
Guiderdoni et al. 1998; Rowan-Robinson & Crawford 1989). However, to pre-
serve the radiative energy balance of a galaxy, this emission must equal the
amount of starlight absorbed by the dust. Calculating the opacity of galaxies
poses a significant challenge, since in addition to the microscopic dust proper-
ties, the efficiency at which dust absorbs stellar photons depends on the dust
abundance, the clumpiness of the ISM, and the relative distribution of stars and
dust — all of which are evolving quantities.

Various radiative transfer models attempting to represent this complex re-
ality were presented in the workshop on “The Opacity of Spiral Disks” (Davies
& Burstein 1995). Models that include a 2-phase ISM consisting of molecu-
lar clouds and an intercloud component that calculate not only the attenua-
tion of starlight but the re-radiated IR emission were developed, among others,
by Silva et al. (1998), Vérosi & Dwek (1999), and Misselt et al. (2000). The
Varosi & Dwek model is analytic, and provides a very good approximation to the
Monte—-Carlo model of Witt & Gordon (1996) that calculates the attenuation of
radiation due to absorption and multiple scattering from clumpy spherical sys-
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tems. The models of Silva et al., which include a clumpy interstellar medium,
are quite successful in fitting the UV to submillimeter wavelength emission of
galaxy types ranging from ellipticals and spirals to starbursts and interacting
systems. The observed SED of representative galaxies is characterized by an
increasing Ljr/Lop: ratio along the sequence from giant ellipticals, to spirals
(NGC 6946), to starbursts (M 82), to mergers (Arp 220). Silva et al. attribute
this trend to increasing infrared emission contributions from dust in giant star-
forming molecular clouds. In fact, the infrared spectrum of Arp 220 is almost
identical to that of an H II region. These models provide a more physical ap-
proach to the construction of galaxy spectra, using radiative transfer methods
to calculate the contribution of the various ISM dust components to the overall
spectrum of the various types of galaxies.

3.3. Dusty Torii Around Active Galactic Nuclei

The energy output from AGN represents the radiative energy budget of the
universe exclusive of the CMB and that released in nuclear burning processes.
The energy of an AGN is derived from the release of gravitational energy as-
sociated with the accretion of matter onto a central black hole (BH) located
in the nucleus of a host galaxy. A significant fraction of this energy can be
absorbed by the dusty torus around the central BH. The energy output from
AGN-dominated galaxies is the sum of the reradiated thermal dust emission
and the non-thermal synchrotron emission. The overall spectral energy distri-
bution from these objects depends on the viewing angle. AGN that are viewed
face-on have a synchrotron dominated power-law spectrum, whereas AGN that
are viewed edge-on exhibit a thermal infrared excess consisting of a hot (~ 50
K) component commonly attributed to emission from the dusty torus, and a
cooler (~ 20 K) component, commonly attributed to reradiated stellar energy
(Haas et al. 1998). In principle, the total bolometric contribution of AGN to the
EBL could be comparable to the starlight contribution. However, direct obser-
vational correlation between X-ray and IR/submillimeter sources suggests that
AGN contribute only ~ 10-20% of CIB intensity at 100 and 850 um (Barger et
al. 2000). Their contribution at shorter wavelengths depends on the exact shape
of the IR spectrum and is therefore still uncertain.

3.4. Intergalactic Dust

The progressive dimming of the light output of Type Ia supernovae with redshift
has been taken as evidence that the mass density of the universe is subcritical,
requiring a cosmological constant for closure (Perlmutter et al. 1999). An alter-
native scenario was suggested by Aguirre (1999) who argued that intergalactic
dust could produce the same observational effect, alleviating the need to aban-
don the concept of a flat universe with a zero cosmological constant. Such
intergalactic dust would be heated by the ambient intergalactic radiation field
and produce a truly diffuse infrared background. Aguirre & Haiman (2000)
calculated the contribution of such dust to the CIB provided it was sufficiently
abundant to account for the dimming of the distant supernovae. In particular,
they found that intergalactic dust would produce most of the CIB at 850 pum.
However, sources detected by the SCUBA survey account for over 50% of the
CIB at this wavelength, leaving little room for any diffuse emission component.
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4. The IR Evolution of Galaxies and Models for the CIB

In order to calculate the contribution of galaxies to the CIB, one needs to know
how their cumulative spectral energy density in the universe has evolved with
time. Various models have been put forward to predict the CIB. These mod-
els can be grouped into four general categories: backward evolution, forward
evolution, semi analytical, and cosmic chemical evolution models (see review
by Hauser & Dwek 2001). They differ in their degree of complexity, physical
realism, and ability to account for various observational constraints or to make
predictions. Backward evolution models are the simplest. They extrapolate
the spectral properties and/or the comoving number density of local galaxies
to higher redshifts using some parametric or unphysical form for their evolu-
tion. The main disadvantage of these models is that they are not constrained by
the physical processes, such as star and metal formation, or radiative transfer
processes that go on in the galaxies they represent.

Some of the shortcomings in backward evolution models are corrected in
forward evolution models. At the heart of these models is a spectral evolution
code which evolves the stellar populations and calculates the stellar, gas, and
metallicity content and SED of a galaxy as a function of time. Initial conditions
and model parameters are adjusted to reproduce the observational properties of
galaxies in the local universe. Models for the diffuse interstellar dust emission
vary in degree of complexity and physical input. As in the backward evolution
models, the IR emission is represented by a sum of two or more components
corresponding to the gas phases in which the dust resides and the radiation
field it is exposed to. The various dust emission components are then evolved
backwards in time in a manner that is determined by the evolution of the various
physical parameters that determine their present intensity and spectral energy
distribution.

Detailed spectral evolution models that follow the evolution of the dust com-
position and abundance, the galactic opacity, and the UV-to-far infrared spec-
tral energy distribution for various stellar birthrate histories were constructed by
Dwek (1998) and Dwek, Fioc, & Virosi (2000). The results of these calculations
for spiral galaxies are shown in Figure 2.

The left panel of the Figure shows how the dust-to-metals as well as the
carbon-to-silicate mass ratios evolve with time. The evolutionary trends reflect
the temporal behavior of the evolution of the different stellar sources (carbon
stars, OH/IR stars, supernovae) that give rise to the dust composition. The
right panel depicts the evolution of the V-band opacity perpendicular to the
plane of the galaxy as a function of time. The Figure shows that a maximum
opacity is reached at an epoch of ~ 6 Gyr. Figure 3 shows the various emission
components contributing to the SED of a typical spiral galaxy at 12 Gyr (Fioc
& Dwek 2000). They include the infrared emission from H II regions and diffuse
H I clouds. The contribution to the latter from PAH molecules, carbon and
silicate dust is explicitly shown in the Figure.

Figure 4 examines the effect of the evolution of the dust composition and
abundance on the SED of spiral galaxies, by plotting the spectral ratio of S, (mw)
to S, (evol), versus wavelength for various epochs. The spectrum S,(mw) is the
SED calculated under the assumption that the dust-to-metal and the graphite-
to-silicate mass ratios are constant, and equal to their currently observed Milky
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Figure 2. The evolution of various observable quantities in spiral
galaxies as a function of time. See text for details.
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Figure 4. The spectral ratio S, (mw) /S, (evol) versus wavelength for
various epochs in Gyr. See text for details.
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Way values of 0.35 and 0.75, respectively. The spectrum S, (evol) includes the de-
tailed evolution of the metallicity dependent dust-to-gas and graphite-to-silicate
dust mass ratios, and galactic opacity as depicted in Figures 2 and 3. The Fig-
ures show that non-evolving dust models over-predict the infrared emission at
early epochs, especially the mid-infrared emission bands. Both models relax to
the same spectrum at about 12 Gyr.

In forward evolution models galaxies evolve quiescently, with no allowance
for any interaction or any stochastic changes in their star formation rate or mor-
phology. In particular these models fail to match the SCUBA 850 pum galaxy
number counts without the ad hoc inclusion of a new population of ultralumi-
nous infrared galaxies. The SCUBA observations of dust enshrouded galaxies at
redshifts of z =~ 2 — 3, suggest a quick rise in galactic opacity. Figure 5 (based on
the calculations of Dwek 1998; Varosi & Dwek 1999; and Dwek, Fioc, & Vérosi
2000), shows the evolution of gas, metals, and dust mass in a pristine starburst
(left panel) and the evolution of the attenuation of starlight (right panel) as
a function of time. The Figure shows that starbursts can become effectively
opaque in the UV and optical in a mere 100 Myr.

Most models for the CIB make similar predictions for the intensity and
spectral energy distribution of the CIB, regardless of their degree of complexity
or realism (Hauser & Dwek 2001). This should not be surprising, since the CIB
is the cumulative sum of energy outputs in the universe, and many details of the
emission may be “washed out” in the summation process. The CIB is therefore
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Figure 5.  The evolution of various parameters (left panel) and the
fraction of escaping radiation (right panel) from evolving pristine star-
bursts. The curves in the right panel are marked by the starburst’s age
in Myr.

not a strong discriminator between models, especially since it is still not well
determined in the mid-infrared spectral region.

5. Summary

The very existence of the CIB provides conclusive evidence that we live in a dusty
universe. The CIB is produced by the absorption and reemission of (mostly)
starlight by interstellar dust in normal and active galaxies.

The CIB intensity and spectrum depend on a large number of microscopic
and global parameters that affect the optical properties of the dust, its abun-
dance and size distribution, the spatial distribution of the dust relative to the
radiation sources, and the clumpiness of the interstellar medium in galaxies.
Some physical processes, such as the stochastic heating of very small dust par-
ticles and macromolecules, may be responsible for a significant fraction of the
CIB in the mid-infrared. In individual galaxies all these microscopic and global
properties evolve with time. For example, it is very likely that the clumpiness
in galaxies and the clump filling factor evolve in a fashion that depends on the
total mass of gas in the galaxy, the supernova rate, and its metal content. Un-
derstanding the various physical processes that determine why local galaxies are
the way they are, and how they evolved to their present conditions are crucial
for predicting their spectral appearance at various redshifts.

The CIB represents, however, the time integrated emission from galaxies.
There is therefore no unique way to determine the evolution of the various
microscopic and global parameters from studying the CIB alone.
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Evolutionary models show that massive star forming regions rapidly be-
come opaque at visible wavelengths. Consequently, the total energy released by
these objects is mostly deposited in the CIB. The CIB can therefore provide a
useful integral constraint on the star formation history of the universe. Different
wavelength regions of the CIB sample the contribution of galaxies at different
redshifts. Studies of the CIB can therefore provide important insights into the
nature and evolution of the various sources contributing to the CIB.
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Appendix: Probing the Cosmic Infrared Background with TeV y-ray
Sources

Co-authored with Okkie C. de Jager
Potchefstroom University, Potchefstroom 2520, South Africa

The TeV spectrum of ~v-ray sources can be attenuated by pair producing
~-v interactions with the extragalactic background light (EBL). Using recent
detections of the EBL in the UV-optical (UVO) and far-infrared regions, we set
limits on the cosmic infrared background (CIB) intensity in the ~5 to 60 pum
region with minimal assumptions on the intrinsic Mrk 501 source spectrum. The
results are shown in the four panels of Figure 6. The upper left panel depicts
the TeV spectra of Mrk 501 and Mrk 421. The panel to its right depicts the
constraints used to construct possible EBL spectra. These include 3 possible
UVO spectra, 100 (5x5x4 intensity combinations at 6, 30, and 60 pum), and a
fixed far-IR spectrum, for a total of 300 EBL spectra. The intrinsic Mrk 501
source spectra, corrected for attenuation by all EBL combinations, are shown
in the lower left panel. Most source spectra exhibit an unphysical rise at >
10 TeV energies. However, some spectra remain flat in E2dN/dE, as shown
for select cases in the lower right panel. Two source spectra are shown for
each choice of UVO spectrum. The upper curve depicts an unphysical spectral
behavior, whereas the lower one corresponds to a dN/dE « E~2 power law.
Preliminary upper limits on the CIB, derived by excluding EBL spectra giving
rise to unphysical source spectra, are 5 nW m™2 sr™! in the 6 - 30 um interval
and < 10 nWm™2sr~! at 60 um, for Hy = 70 kms~! Mpc~1.
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Discussion

Mike Hauser: The shaded region in your figure comparing models with CIB
measurements is the same as the +20 region in my talk on the observations of
the CIB, earlier in this Symposium.

Eli Dwek: Right.

https://doi.org/10.1017/5S0074180900226314 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900226314

	J-CUSP0005-0199.pdf
	0000fm01
	0000fm02
	0000fm03
	0000fm04
	0000fm05
	0000fm06
	0000fm07
	0000fm08
	0000fm09
	0000fm10
	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160
	0161
	0162
	0163
	0164
	0165
	0166
	0167
	0168
	0169
	0170
	0171
	0172
	0173
	0174
	0175
	0176
	0177
	0178
	0179
	0180
	0181
	0182
	0183
	0184
	0185
	0186
	0187
	0188
	0189
	0190
	0191
	0192
	0193
	0194
	0195
	0196
	0197
	0198
	0199
	0200
	0201
	0202
	0203
	0204
	0205
	0206
	0207
	0208
	0209
	0210
	0211
	0212
	0213
	0214
	0215
	0216
	0217
	0218
	0219
	0220
	0221
	0222
	0223
	0224
	0225
	0226
	0227
	0228
	0229
	0230
	0231
	0232
	0233
	0234
	0235
	0236
	0237
	0238
	0239
	0240
	0241
	0242
	0243
	0244
	0245
	0246
	0247
	0248
	0249
	0250
	0251
	0252
	0253
	0254
	0255
	0256
	0257
	0258
	0259
	0260
	0261
	0262
	0263
	0264
	0265
	0266
	0267
	0268
	0269
	0270
	0271
	0272
	0273
	0274
	0275
	0276
	0277
	0278
	0279
	0280
	0281
	0282
	0283
	0284
	0285
	0286
	0287
	0288
	0289
	0290
	0291
	0292
	0293
	0294
	0295
	0296
	0297
	0298
	0299
	0300
	0301
	0302
	0303
	0304
	0305
	0306
	0307
	0308
	0309
	0310
	0311
	0312
	0313
	0314
	0315
	0316
	0317
	0318
	0319
	0320
	0321
	0322
	0323
	0324
	0325
	0326
	0327
	0328
	0329
	0330
	0331
	0332
	0333
	0334
	0335
	0336
	0337
	0338
	0339
	0340
	0341
	0342
	0343
	0344
	0345
	0346
	0347
	0348
	0349
	0350
	0351
	0352
	0353
	0354
	0355
	0356
	0357
	0358
	0359
	0360
	0361
	0362
	0363
	0364
	0365
	0366
	0367
	0368
	0369
	0370
	0371
	0372
	0373
	0374
	0375
	0376
	0377
	0378
	0379
	0380
	0381
	0382
	0383
	0384
	0385
	0386
	0387
	0388
	0389
	0390
	0391
	0392
	0393
	0394
	0395
	0396
	0397
	0398
	0399
	0400
	0401
	0402
	0403
	0404
	0405
	0406
	0407
	0408
	0409
	0410
	0411
	0412
	0413
	0414
	0415
	0416
	0417
	0418
	0419
	0420
	0421
	0422
	0423
	0424
	0425
	0426
	0427
	0428
	0429
	0430
	0431
	0432
	0433
	0434
	0435
	0436
	0437
	0438
	0439
	0440
	0441
	0442
	0443
	0444
	0445
	0446
	0447
	0448
	0449
	0450
	0451
	0452
	0453
	0454
	0455
	0456
	0457
	0458
	0459
	0460
	0461
	0462
	0463
	0464
	0465
	0466
	0467
	0468
	0469
	0470
	0471
	0472
	0473
	0474
	0475
	0476
	0477
	0478
	0479
	0480
	0481
	0482
	0483
	0484
	0485
	0486
	0487
	0488
	0489
	0490
	0491
	0492
	0493
	0494
	0495
	0496
	0497
	0498
	0499
	0500
	0501
	0502
	0503
	0504
	0505
	0506
	0507
	0508
	0509
	0510
	0511
	0512
	0513
	0514
	0515
	0516
	0517
	0518
	0519
	0520
	0521
	0522
	0523
	0524
	0525
	0526
	0527
	0528
	0529
	0530




