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Abstract The observed microwave background radiation (MBR) is comlgnm-
terpreted as the relic of an early hot universe, and its obseatures (spectrum and
anisotropy) are explained in terms of properties of theyaariverse. Here we describe
a complementary, even possibly alternative, interpratedif MBR, first proposed in
the early 20" century, and adapt it to modern observations. For examipestellar
Hipparcos data show that the energy density of starligmfiioe Milky Way, if suit-
ably thermalized, yields a temperature~02.81 K. This and other arguments given
here strongly suggest that the origin of MBR may lie, at léast very large part,
in re-radiation of thermalized galactic starlight. Theeayths and weaknesses of this
alternative radical explanation are discussed.
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1 INTRODUCTION

In 1926, Eddington made an order of magnitude calculationhicth he estimated the total back-
ground radiation from stars in the Galaxy by assuming a mdjmul of only 2000 stars of ap-
parent bolometric magnitude: = 1.0. He arrived at an energy density of starlight of around
7.67 x 10~ '3 erg cnm 3. If equated to a blackbody equilibrium distribution, thisnked out to a
temperature of- 3 K. Eddington (1926) identified this as the “temperature tdiistellar space.” An
earlier calculation by Guillaume (1896) had led to a simitsult for temperature{ 5 — 6 K). Both
he and Eddington had felt that the actual temperature miglsoimewhat higher than their values
when estimated in this way.

First we note that the observed microwave background iiadi@1BR) is a very close approx-
imation to a blackbody of temperature’tif = 2.726 K. This radiationa priori, could have three
possible sources, without excluding other possible imetgpions:

(1) Cosmological radiation (CR in brief) as the fossil rdidia from an early hot universe, cooled
adiabatically by expansion, as first proposed by Alpher &htam (1948), and later as definitely
accepted in the reference frames of the “standard” cosnuabignodels;
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(2) Directradiation (DR) from galaxies and stars, everiysdattered by dust, and:

(3) Reradiated radiation (RR), i.e. stellar radiation ia @alaxy or galaxies which is absorbed and
reradiated by dust (i.e. non—scattered). A systematiofistt account of various attempts to
estimate the temperature of cosmic radiation backgroummbathose lines was given by Assis
& Neves (1995).

It is interesting to note that although George Gamow was romi-author of the paper (Alpher
& Herman 1948) predicting the existence of a relic backgthine later was an enthusiastic propo-
nent of the interpretation. His own estimate of the thermaiperature of the background increased
progressively through a sequence of values fridfto 50 K. As is now realized, the standard model
with its given dynamical parameters is not able to prediefttesent temperature of this background.
The observed value @726 K is taken as an additional parameter of the theory.

The CR, as is well known, is not related to starlight or to anpydation of discrete sources.
The MBR according to CR would have existed even in a univelifgowt any star formation. The
CR completely ignores any possible influence of starlightitiscattered or reradiated. The second
alternative (DR) seems unworkable as its background riadiat quite small in both microwave and
infra-red (IR), compared to the observed MBR, and clearig@ropic and different in its spectrum
from blackbody radiation. However, as we shall soon seeaasible case can be made for the third
alternative, that of RR. This alternative does not call foy aosmological relic radiation and was
indeed suggested by several authors without referencestnaogy. We have already mentioned
Guillaume (1896) and Eddington (1926), but Regener (1988)nst (1938) and Born (1954a,b)
made similar estimations, as described by Assis & Nevesy)199

The discovery of small scale inhomogeneities in the MBR leyGbsmic Background Explorer
(COBEB and the subsequent fine measurements of their power speloyrtheWilkinson Microwave
Anisotropy Probé WMAP) has provided momentum to the CR option with detailed exatians of
the observed features. However, as mentioned above, thal éemperature of the MBR cannot be
predicted: it is taken as a free parameter arbitrarily sésgiresent value. An alternative way of
stating this is to say that as yet, the photon to baryon nundi&r cannot be deduced from any
calculations pertaining to the “early universe.”

By contrast, in the RR contribution to the MBR, the tempematof the background can be
derived from the given data on the stellar background, withay recourse to a cosmological model.
It is known for example that if all the observed helium weredwrced in stars, the resulting starlight
would have an energy density equaling that of a blackbody. oK (see for example, Hoyle &
Wickramasinghe 1968; Hoyle et al. 2000). This, of coursggssts an astrophysical character for
the MBR rather than a cosmological one. In this paper we Walberate on this idea further.

In Section 2 we discuss the RR version, starting with its @function. Using the method for
stellar atmospheres we estimate its temperature. Thiglesvied by the consideration of interstel-
lar dust and how it absorbs and reradiates the stellar fadiathen in Section 3 we discuss the
process of thermalization by the dust grains which are megfthped. Section 4 deals with observa-
tional checks including those provided BYDBEandWMAP. In Section 5 we discuss the Sunyaev-
Zeldovich (S-2) effect and how it may help distinguish bedw@ur model and the standard model
of MBR. Finally in Section 6 we conclude by proposing furtisardies to check on the viability of
the RR paradigm.

2 THE RR VERSION
2.1 The “Source-function”

In an earlier paper referred to henceforth as Paper |, P&Rarkikar (2006) had calculated (see
the Appendix) the fluxt” of starlight received at the Earth, based on the extensippaicos data
stored in the CDS archives at Strasbourg.



The Local Contribution to the Microwave Background Radiati 463

That flux is obviously highly anisotropic. From it, to derithe local temperature of the medium,
we need to consider a transfer problem, similar to the psotest dominates stellar atmospheres.
We shall therefore use the classical context of radiativélibgium, as described in several stan-
dard textbooks on stellar structure. In the radiation ti@msquation, we shall neglect the so-called
“scattering term,” which is important at short waveleng#s it is not related to the “reradiation,”
whereas the reradiation is only important at the long wangtles (microwaves). We can write, in a
plane-parallel geometry

dl,/dh = —k,1I, + B, , 1)

where we relate the optical depth to the vertical height: by k,dh = —dr, with k, being the
opacity of matter with respect to radiation of frequemcylhe “source-function’B,, can be taken
to be the Planck function3,, is the function of the local blackbody temperature at heighthich

we denote byl'(h). Note that although the source functi®) in the interstellar medium (ISM) is
by definition isotropic, the intensity;, of the radiation coming from the Galaxy is indeed obviously
anisotropic. In that particular case, if, at a given locatiothe medium, we denote the mean intensity
of radiation averaged over all directions b, ), then the conservation of radiative flux gives the
result

Iy = /0 L kv = /0 " By(T)dv = B(T). @)

The dominant part of the integral on the left-hand side isotie contributed by the short wave-
lengths and visible parts of the spectrum; there the opacithe ISM is very weak, and we can
consider that the intensity of the radiation coming from@sadaxy is identical with what we observe
at the Earth, with the radiation flux resulting from obseinas reported in the preceding paragraph.

The relation of the fluxF" as observed with the intensity) is simple and is derived from an
integration over the whole sky as follows

Fo = (1/4@(/0% /;(I(G))Cosb‘ sin 6 do d(b). 3)

Within this framework, the real value of the fluk), which is an average value of the intensity,
is smaller than the value of the fluX from Galactic radiation, which is the average value of the
intensity of only a small fraction of the sky, namely the Milkay, with the rest of the sky being
almost dark.

The results of the analyses of the Tycho 2 catalogue are (sperlix):

F= 1782 x 1072 ergem~2s~! > Fy, using bolometric corrections

(4)

or F = 171 ergcm™2s~!, using multicolor data .

Assuming that the radiation was coming isotropically frairdaections, the equilibrium tem-
perature of dust in the medium would be

Tog = [F/o]V/* =421 K, or T.g=417 K, (5)

whereo is the Stefan-Boltzmann constant. This is the “effectivaferature,” as in stellar atmo-
spheres, i.e. not the local temperature, but the temperaturadiation, with both being equal to
each other only if the radiation field is isotropic.

However the distinctive property of the stellar radiation flux is thigis not isotropic The bulk
of it comes from the plane of the Milky Way. The solid anglesubtended by the distribution of
stars in the Milky Way is notr. A dust grain does not receive radiation from all directidrence a
large part of the dust grain does not receive radiation. TtheH}, actually received by each énof
a grain (be that square centimeter in light or in shadow)rishe average,

Fy = (Q/4r)F . (6)
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In such a situation, a dust grain is not heated by the stellardVer all its surface but only on
the fractionQ2 /47 < 1, but it reaches an equilibrium temperature. The rest of thangs not heated,
but radiates. Thus isotropicallyradiates the blackbody radiation at the temper&alyre: T.q, and
the isotropic radiated flux is

Fy = oTy = (Q/4n)F, 7)

hence
Ty = (Fo/o)"/* = (FQ/4za)'/*. ®)

What is the value of2? As determined by us from tteOBEimages (Mather et al. 1994), we
can consider the Milky Way as a band with widtht® 15°, on both sides of the celestial equator.
It fills about 1/9 to 1/3 of the whole sky. This means that thealoaverage flux transferred into
thermal energy is only a fractian= /47 = 1/9to 1/3 of the flux 7", when considered per square
centimeter of grain surface. This results in a reductiomeflocal thermal temperature of the grain,
with respect to the temperature equivalent to the incideaigy, by the factor

q"/* ~ 0.58 t0 0.76 , 9)

thus bringing it down, from Equation (8), to

Tyt = 242K t0 3.20 K. (10)
An “average value” corresponding to a Milky Way with a tengdere of ten degrees on each
side of the Galactic plane would be
(To) =~ 2.81 K. (11)

An analogy with the local radiation field in the solar photospe can help: there the effective tem-
perature is of the order e 5770 K and the local “surface” temperature is of the order01670 K.

2.2 The Opacity Term

In the RR case, we assume that, given an effective thernializaf dust, a similar situation will oc-
cur for the RR, i.e. a local isotropy. As the re-radiation lhg interstellar dust occurs predominantly
in the microwave band, given the above valu@gfit can produce a completely isotropic blackbody
radiation with temperatur@;, in the vicinity of the Earth. Therefore, the “source-functi of the
equation for the radiation transfer,, (Ty) with B, (T') being the Planck-function. For this black-
body radiation to be as intense as that within an opaquederna. that of an undiluted blackbody, it
requires the re-emitting medium to be sufficiently opaqubat band. If the medium is not opaque,
but has an optical depth then the temperature of the microwave radiation field aE#eh will be
reduced by the factail — e~7)'/. Forr of the order of 10, it would be reduced by a factor of the
order of10°. Clearly for the above explanation to be viable, the optitsgdth must largely exceed
unity in the microwave spectral domain. As the late Fred ldayice put it: the situation is like that
of a mountaineer lost in heavy fog, which produces a verytstaoige of visibility. The anisotropic
landmarks that would have helped him to find the right traekadrscured by this low visibility.

Also, in a local explanation, the absorbing dust must be ehrge, perhaps not far from the
galactic center. In any case, it has to be located within thealGroup.

What type of absorbing matter can be viable? What are theputtles in the galactic envi-
ronment that produce such a “microwave fog?”

These dust particles will be such that for them the grey appration would be valid. Above, we
have computed the equilibrium temperature arising fronréagation energy flux of all stars in the
Galaxy at a point in the solar system (where we happen to bekndwv more or less the absorption
coefficient of dust in the visible and ultraviolet parts oé tpectrum and its density distribution in
the galactic surroundings. For the purposes of our disocns#t us assume that it is non zero, so
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the starlight will therefore be (partially) absorbed ancadgated. If this process is allowed to go
on many times during the lifetime of the Galaxy, then an eéluilm temperaturd} such as that
determined above will be reached. The actual time scaléfettd occur is estimated as follows.

The interstellar matter would reach this temperature drilye lifetime of the region where the
interaction takes place is sufficiently long. Since the Gideage is of the order of 10 Gyr, the time
taken for thermalization can be as high as 1 Gyr. Taking thiacda dimension to be-30 kpc,
light takes~ 10° yr to traverse it once. Thus, in a period f” yr, the starlight will get absorbed
and re-emitted~100 times. So the Galactic time scaleldf® yr is more than adequate to assure
thermalization.

2.3 The Dust Absorbing in the Microwave Domain

The conventional candidates for interstellar absorpfionexample atoms or molecules of various
kinds, and dust, e.g. in the form of carbonaceous graing baen thoroughly discussed in the
context of the galactic environment. None of these servepoupose of providing opacity peak-
ing in the microwave region. However, the dust made of metathiskers discussed by Hoyle &
Wickramasinghe (1988) will serve the purpose adequately.

Metallic whiskers form when the metals synthesized in supesie are ejected as vapours, which
cool down to condense in solid form. Laboratory experimébéars 1956; Nabarro & Jackson 1958;
Dittmar & Neumann 1958; Lefevre 1967) show that these cosaleis are not spherical but are
shaped like whiskers. Typically a whisker may be 0.5-1.0 mngland around0—% cm in cross-
sectional diameter. Absorption of light by such whiskerakseat mm-wavelengths, being moderate
in the optical band and much less in the radio wavelengthd&tails see Hoyle & Wickramasinghe
(1988), Wickramasinghe & Hoyle (1994) and Wickramasingt@®g). Whiskers swept away by the
shock wave generated by a supernova and propelled by @d@&ssure can reach even beyond the
parent galaxy.

Whiskers have earlier been invoked by Narlikar et al. (2a07¢xplain the origin of the mi-
crowave background in thQuasi-Steady State Cosmolo@SSC) (see also: Hoyle et al. 2000).
According to QSSC, the universe has no beginning; it expanddong term exponential way to-
gether with short term oscillations, as exemplified by tHeWaing scale factor

S(t) = exp(t/P) x [1 +ncos(2mt/Q)] ., (12)

where P = 20 (@, andn has a magnitude less than unity. Thus this model is non-Engdti is
argued that new matter is produced at the beginning of eadt ahen the scale factor is minimum;
then this matter forms into stars, which evolve and evehtgait extinguished. With typically) =

50 Gyr, this is possible in each cycle for all but very low maswst The relic starlight from all
the previous cycles can be calculated and it is shown thah#renalization of this relic radiation
leads to the observed MBR with a Planckian spectrum and pspestrum as observed by Bennett
et al. (2003) and Bouchet (2006). The thermalization is doyenetallic, i.e. mainly by carbon
and iron, whiskers. The same whiskers in the intergalacédiom help reproduce the observed
redshift-magnitude relation for Type 1A supernovae (Wackasinghe & Wickramasinghe 2008;
Narlikar et al. 2002). Other astrophysical evidence forskbr-dust has been discussed by Narlikar
et al. (1997). The article by Fries & Steele (2008) gives &mne¢account of work on grain shapes,
especially in the form of a whisker.

3 THERMALIZATION

While iron at cryogenic temperatures and in the form of Idrgad-like particles (whiskers) is likely
to be the dominant source of opacity in the microwave regiarhon particles also in the form of
whiskers considerably exceed the effect of iron at shorteelengths. This is both because a larger
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amount of carbon is produced by stars than iron, and bechasabsorption efficiency of carbon is
greater at shorter wavelengths.

The value of mass absorption coeffici€nt;,s for graphite whiskers is essentially constant for
all wavelengths longer thak 1 mm, extending even to long radio wavelengths, and i8.33 for
whiskers with diamete®.01 um and length~ 1 mm, equivalent to an absorption coefficient of
10° cm? g 1.

The great bulk of optical radiation that becomes subjedi¢orhalization has been traveling for
105 — 107 yr, and even more in the case of microwaves. The radiatiddént on a carbon whisker
has mostly been in propagation at least for this long andided all the microwave radiation existing
before. So, all such radiation has suffered very many soageand is exceedingly uniform in its
energy density. For the moment we assume that radiationtielgruniform, and quickly returns
to uniformity after slight deviations. What we do not assuimawvever, is that the carbon whiskers,
responsible for absorbing the starlight and re-emittinigtd microwaves, are uniformly distributed.
The carbon whiskers can be lumpy on the scale of clustersus. sthis means that the conversion of
starlight to microwaves will start lumpily but each carbohnigker, wherever it is situated, finds itself
in a radiation bath of uniform energy density, a radiatiothli which the major fraction already
consists of microwaves from previous scatterings and thtiagenostly starlight still to be converted
to microwaves. If all the radiation were microwaves, them tifital flatness of).;,s with respect to
wavelength, through the range longwardofl um, the temperature attained by the particles would
simply be the standard microwave temperatere, 73 K as we know it to be. But because a fraction,
say ten percent of the radiation, is at shorter wavelengftlesstellar component has a higher value
of Q.ps- This forces up the temperature of the grains, to a valuedsror

~ (0.9 +3Y% % 0.1)2.73 < 2.82 K,

with the second term in the brackets being contributed byatisorption of the starlight. Here we
have assumed 0.1 of the total radiation is emitted at a wagtiethat is shorter by a factor of 3,
and that s is higher at these wavelengths. As the starlight is progrelysabsorbed with optical
depthr, the factor 0.1 in this equation should be replaced by 07.1and the factor 0.9 replaced by
(1 — 0.1~ 7), so that the grain temperature varies according to

[140.1e77(3Y/4 —1)]2.73 K.

Thus, as the starlight begins to be absorbed, the whiskgrearature increases about 0.1 K higher
and then returns to 2.73 K as the starlight is progressivedpded.

The effect ofr being lumpily distributed on the scale of clusters of stangses this process of
producing a slight temperature rise followed by a fall bazR {73 K to be correspondingly lumpy.
But what it does not do is to make the total radiated energitietumpy at all.Once the radiation
energy density is totally uniform, this essential propértyot changed by absorption and re-emission
due to particles. Because of course each particle emitagustuch energy as it absorbs - the total
assembly of particles itself has only a negligible heat entit the particles do not store heat except
in a very small amount. Thus, objections to this theory, dase lumpiness of the particles, are
clearly invalid.

Since the emissivity of the particles has no wavelength diégece, they simply emit a Planck
distributionl/[exp(g—;) —1] atwhatever value df' they may happen to have, according to the above
temperatures, which may range up to about 2.82 K. But in génttiey do not produce the Planck
intensityv3[exp(2—;) — 1]. WhenT is raised slightly to 2.82 K, the intensity distribution Ightly
diluted. So what is the outcome from this first absorptionhef starlight? It is a uniform energy
density of microwaves with a distribution approximatelatiof a blackbody at 2.73 K, but with
some fluctuations in the details of the intensity curve wlithse details initially having a somewhat
uneven distribution, to the extent that the carbon whiskeggistributed unevenly.
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But now, with the starlight absorbed, and with the tempeeatd the particles everywhere the
same, further absorption and re-emission inevitably geaerthe strict Planck distribution for 2.73
K. Only a few further absorptions are sufficient for this lstefp. It can be done with carbon whiskers,
as Narlikar et al. (1976) suggested nearly four decadestémoever, the addition of even a small
guantity of iron whiskers, with very high opacity at the camdf the microwave distribution, would
make this final step even more decisive.

We need to clarify that the MBR is produced in the QSSC by thepbkysical process of
thermalizing starlight, but it is supposed to exist all othex universe. Thus according to the QSSC,
the MBR temperature at the present epoch is 2.7 K everywinetieel universe. Although in the
present model of RR we are using the same thermalizing ageheaQSSC, the MBR produced in
this model is purely local. Taking metallic density to 8e10~28g cm =3 in the Galaxy, we get an
optical depth of~ 10 across our local region extending to just beyond the MilkyyWaght takes
~ 108 yr to cross this region. Thus over 10'°yr, the presumed age of the Galaxy, light makes
~ 10* transits. With each transit giving = 10, clearly there is ample opportunity for a very strict
Planckian distribution to be established.

We see maser emission from some extragalactic sourceselud mot know how weakened they
are in the microwave band. The resolving power of the mickevgatellites likecCOBE WMAPand
evenPLANCKI s grossly insufficient to enable seeing microwave emittja¢pxies; however, one
could observe clusters of galaxies; these have been cldimmactually exist. Finding such sources
would be a key observation that is in apparent contradiatiibin the present model. We will come
back to that important point in the final discussion.

4 OBSERVATIONAL CONSTRAINTS

Spectroscopic observations like those by Swings & Rosdi{f€d37), McKellar (1941), Douglas &
Herzberg (1941), etc., are strictly local and do not allowwausonstrain this model or to make a dis-
tinction between CR and RR. Some authors have claimed tolfintthe same method, temperatures
higher than 3K in the vicinity of some quasars with high refisbcated near their parent galaxy.
This argument is interesting but not decisive; the “locahtribution in those conditions might be
quite different than in the case of our own Galaxy. Howevieea and detailed studies of the MBR
by COBE (Mather et al. 1990, 1994) an&/MAP (Bennett et al. 2003; Bouchet 2006) do indeed
allow us to make a distinction between RR and CR. The CR padavell in explaining these ob-
servations, but at the expense of assumptions about ngo+badark matter and dark energy, for
which no independent direct evidence exists so far.

At the same time, we wish to draw attention to the featuresy@nQOBE and WMAP data
which seem to have generally been ignored. In the domaitivel® the Galactic plane, there exist
(Fig. 1) two well-known conspicuous reddish-yellow regg@nd one conspicuous blue region, both
of which are essentially not included in the power spectrallysis as published, but which are
both located in the Galactic plane. The images of the whaoteas& corrected for the Galactic non-
blackbody (stellar) radiation. However, if there is a Gétablackbody component, the correction
procedure will not get rid of it. Therefore, what we observaymwell have a blackbody component
with a Galactic origin. In which case, one may wonder if theerved small scale fluctuations are
indicative of turbulent patterns in our Galaxy rather thamig the signature of galaxy formation in
some early epoch.

The picture we have proposed for our Galaxy and its neighdmaittould very well apply to
other galaxies and thus we may see local microwave radifigtas around them. This may ex-
plain why we may still see the S-Z effect at large redshifts. WMl return to this issue in the final
discussion.
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Fig. 1 Could the microwave features have originated in our own &&d his image is fromWVMAP.

On the original image of the sky issued by the NABAMVIAPgroup (see references), the authors in-
dicated three remarkable regions dominated, unlike thteofedee map, by dark blue or red colors,
signifying a peculiar behavior. They are located in the Mikay. They defy any power-type analy-
sis, in view of their large size and small number.

We end with a piece of evidence that may prove potentiallg larexplain. This is related to
solar motion measured relative to the rest frame of the MBI fiumerical values obtained by
various sources may be summarized as follows:

(1) COBEdata (1996): Solar apek:= 264° andb = 48° with velocity towards the apex (estimated
by us from the quoted datAT = 3.35 mK and Wien’s law) = 364 kms'.

(2) Landolt-Bornstein compilation (Landolt & Bornsteif@5): Solar apex with respect to galactic
stars (the standard solar motioh}: 56° andb = 22.8° with velocity towards apex = 20 knTs.

(3) Velocity relative to the nearby extragalactic univeesederived from Galactic rotation: Velocity
at the Sun’s location = 225 knrs.

(4) Apex of the Galaxy’s motion relative to the extragalaciniverse: this has been difficult to esti-
mate but the order of magnitude value of the motion is expkictée around 100-200 knT,
as measured relative to the Local Group of galaxies.

From these figures, it is difficult to reconcile in an unamloigsiway theCOBE measurements
with all that we know about the solar motion as summarizedrabdowever, the existence of any
solar motion relative to the MBR is disturbing for the RRrfrawork.

5 DISCUSSION

Our interpretation may be objected to on the grounds thatdsahot correctly take into account the
S-Z effect, as applied to the photons from the MBR. This dipacis not correct. The S-Z effect
is in essence an inverse Compton effect linked with the attésn between incident photons and
local electrons. The S-Z effect demonstrates that the MBRexkas far back in time as the typical
redshifts> 2 for clusters of galaxies. How does the apparently localinig MBR account for this
effect? To answer this question, we first note that a typilcetter containing several hundred galax-
ies will have starlight generated in similar amounts as értharby Virgo cluster of galaxies. There
is nothing special about the thermalizing mechanism desdrinere at it relates to our cluster, and it
will be expected to operate in every cluster. In the stangantdire, the background radiation present
in a typical cluster of redshift would have a thermal spectrum with temperatiire- 2.7(1 + z).
Accordingly one could make a calculation of how much of thidiation is depleted in the millimeter
region and enhanced in the high energy (typically X-ray)aordpy Compton scattering. The defini-
tive ambient temperature makes this calculation relatigghple. In our model, we can likewise
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proceed so far as the calculation of Compton depletion ahdmsement are concerned. However,
the assumed thermal spectrum will have a temperature deyead the stellar background in the
cluster. In short, we do not and cannot have a unique epoandept temperature on which to carry
out such a calculation. Recent studiesfriyANCK (Planck Collaboration et al. 2011a,b) have con-
siderably enhanced the database of objects that exhib-theffect so as to enable us to propose a
test to distinguish between the standard model and our mbulsi, we expect a larger variation in
the magnitude of the effect, because the temperature ofatiegbound radiation varies from clus-
ter to cluster even at the same epoch. Secondly, if we haveabdetails about the cluster, it may
be possible to include that information to work out the X-eashancement. Then one may tabulate
and plot the X-ray enhancement against the optical lumiyno$ithe cluster. Provided such data are
available in an unambiguous form, the S-Z effect holds ceipibssibility of distinguishing between
this model and the standard model.

6 CONCLUSIONS

We would like to point out that the estimate of a stellar citmition to the MBR made here is based
on the extensive HIPPARCOS database, used in its totalitysTt leads to a considerably greater
accuracy than the Eddington (1926ughestimate, which used 2000 stars of magnitude 1 located at
10 pc to approximate the desired stellar contribution. Aiyy Eddington only computed the tem-
perature of the incoming Galactic radiation; he did notrneate or even consider the temperature
of the dust, which can only be computed by taking into accoamtve do, the distribution of light
sources on the sky. Moreover, we also have the advantage QQIBE spectrum of the MBR for

a comparison with the thermalized stellar background. Tdurswork is based on direct observa-
tional evidence. For this reason the excellent agreemeB26 difference) found between the MBR
temperature and that of the thermalized stellar backgroeeds to be taken seriously. Another sug-
gestive argument that favors thermalization is that tharssystem seems to be entering a dense
spiral arm of the Galaxy (McCrea 1975).

To summarize, we conclude that the RR interpretation desefurther consideration since
prima facieit is able to provide a very accurate estimate of the obselBR temperature, viz.,
2.81Kin place of 2.726 K. The accuracy of these data is homsyiegood enough to rule out a cos-
mological contribution, albeit as a minor component in thBR4 The validity of the RR paradigm,
however, would imply considerably revising the standardietovith potentially profound implica-
tions for cosmology.
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Appendix A: DETAILED COMPUTATION OF THE RADIATIVE FLUX RECE  IVED AT
EARTH

A.1. Introduction

The flux F' received at the Earth is defined by

F=SF, F :/Fi,k(/\)d)\a (A1)
i A

where the summation is made over all the sources of radjatitmeach producing a bolometric flux
F;; each bolometric flux is the integral of the flux densdity, over all frequencies (or wavelengths).
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Fig. A.1 Sensitivity curves for the Johns@hBV (solid lineg and the TychaBr V- filters (dotted
lines) (from Maiz-Apellaniz).

The computation of’ was made with two different methods: the first method usedtiedard
bolometric correction (Sect. A.2), and the second one ugedtdlux computations (Sect. A.3).
Both methods rely on the usage of all-sky photometric susVvElgre, we use the Tycho-2 catalogue
in the optical and the 2MASS in the near-IR.

A.1.1. The Tycho-2 catalogue

The Tycho-2 catalogue (Hgg et al. 2000) resulting from ftigoarcosmission contains positions,
proper motions and two-color photometric data for the 2 fianibrightest stars in the visible band.
The satellite scanned the whole sky, and the result is aft#aszatalogue containing all the sources
detected. The result is therefore especially appropraatstatistical applications.

The passbands used by the Tycho projégt,and Br, differ slightly from the Johnso3V
standard colors (see Fig. A.1, adapted from Maiz Apetl&t06): the central wavelengths (in
Angstroms) of the Tycho system are 4192 and 5232 compared880 dnd 5470 for the Johnson
system (Fiorucci & Munari 2003). As a consequence, the dobtex By — V differs slightly from
the Johnson inde®B — V, with the average relation beiri@g — V') = 0.850( Bt — V) (Hipparcos,
ESA 1997).

A.1.2. IR surveys

The fraction of light received in the red- and IR part of thespum can be computed from the
2MASS point source catalog (Cutri et al. 2003), which camgaabout 500 million point sources
detected in the near-IR bandg1.24 um), H (1.65 um) andK (2.17 um).

A.1.3. The ASCC-2.5 catalog

Kharchenko (2001) combined the Tycho-2 catalogue withragheund-based astrometric catalogs,
and also the 2MASS catalog. The result is a catalog of 2 501s84r3, with accurate astrometry
(positions, proper motions) and photometryBnand V' (reduced to the Johnson system) plus the
near-IR photometry from the 2MASS. However, it should bdasat that only a small fraction of
the IR flux is received from optically bright stars — the AS@QG-catalog is therefore not adopted
for estimation of the flux received in the IR part of the spewtr
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Table A.1 Characteristics of the Filters and Their Zero-magnitude&$

Ao (nm) FWHM (um) Band Fo (Jy) Remarks
0.419 0.067 Bt 3943 Tycho
0.438 0.093 B 4063 Johnson
0.523 0.095 Vi 3761 Tycho
0.547 0.084 \% 3636 Johnson
0.610 0.063 r 3300 UCAC3
1.24 0.15 J 1594 2MASS
1.65 0.24 H 1024 2MASS
2.16 0.25 K 667 2MASS

A.1.4. Other all-sky surveys

The deepest all-sky surveys in the optical are still reprieskby the photographic surveys like POSS
— but the photographic calibrations are generally not bidiawith the brighter part being absent.
However, the UCAC3 all-sky survey (Zacharias et al. 201pprts relatively accurate photometry
in a band covering the wavelengths 579-642 nm, i.e. the ergrtiow part of the optical spectrum.
The brighter stars{ 4) are absent from this survey; these were manually added.

A.2. Estimation with Bolometric Corrections

In afirst step, we have used thig magnitudes of the Tycho-2 catalogue, and corrected themg @asi
standard bolometric correction, given as a function of frectral type. The stars from the brightest
down to magnitude 2.5 (i.e. from Siriud#{ = —1.088) and Canopust = —0.608) etc. to

z Centauri Y = 2.497), i.e. 142 stars altogether) were individually considefear less bright
stars, we have used bins B magnitudes covering intervals of 0.25 mag dowri/to = 15; to
apply the bolometric correction, we have used the average i the Br magnitude for each bin.
We have also considered the 15 brightest galaxies, from LMC= 0.86) down to NGC 4736
(m = 8.91), and applied a solar-like bolometric correction to theadahe examination of the data
has demonstrated that stars less bright tiian= 15 do not contribute to the total flux received at
the Earth. Our result is

F=1.78210"2ergem s 1. (A.2)

A.3. Direct Estimation of the Flux

Here we try to directly estimate the flux of Eq.(1) from lardlesky surveys. The total flux of Eq.(1)
can be derived directly from the observations in variousrlt if the observations can be converted
into actual fluxes. For this computation, we need to knowgtmh filter:

(1) its coverage along the electromagnetic spectrum. Herassume this coverage can be reduced
to a central wavelengthk, and a bandwidti’;

(2) the flux-magnitude relation, to convertthe observedmitades (conventionally expressed in the
Vega system) into actual fluxes. This relation follows thérdion of the monochromatic mag-
nitudemy = —2.5log(Fy/Fo, ), whereFy » represents the flux density of a zero-magnitude
star.

The parameters adopted here are summarized in Table A.Zkelecentral wavelengths and
their FWHMs are from the ADPS database (Fiorucci & Munari 20@nd the zero-magnitude
factors are from the NStEDatabase, except for the UCAC3 where the value of 3300 wasnass

1 NASA/IPAC/NExScI Star and Exoplanet Database, it //nsted.ipac.caltech.edu/NStED/docs/parhelptBmetry.html
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Fig. A.2 lllustration of the coverage of the electromagnetic speotused by the all-sky survey
(bandsBTVTrJHKS).

Table A.2 Resulting figures for the total flux (inW m™?2) received in the bands
summarized in Table A.1; values in italics are interpolagior extrapolations.

Band Observed Completeness Faint end Total
(uW m~—2) (uW m~—2) (LW m~2)
F(B) 1.016 e <12) +0.479 1.495
F(V) 1.481 v <12) +0.654 2.135
F(r) 1.015 - < 15) +0.275 1.390
F(J) 2.011 s < 15) +0.412 2.510
F(H) 1.444 g < 14) +0.275 1.719
F(K) 1.299 (nr < 13) +0.259 1.558
gap 4.412 (m < 15) +0.688 5.010

from a comparison with similar filters. The relation betwelka bandwidthil” and the FWHM is

assumed to bél = ‘/ﬁ ~ 1.47 FWHM, which stands for a Gaussian filter. The resulting

coverage of the electromagnetic spectrum by the six barfdgtieer illustrated in Figure A.2.

The observed fluxesinthe, V, r, J, H andK bands are illustrated in Figure A.3, which shows
the variation of the flux density in each of the six bands asatian of magnitude. The behavior of
the UCACS flux density in the range 7—9 mag is likely due to diffiy involved in the calibration
of brighter stars.

Using the filter characteristics of Table A.1, the observeddt can be computed in each of
the six bands. The results are listed in the “Observed” calofrable A.2 (non-italicized values),
where the limits of completeness in each band are also specifhe limits in the completeness
of the Tycho optical bands may be estimated with the phofiigcasurveys, at least in the range
13-18 mag.

Figure A.4 shows the trends of the photographic blue and ghitudes from the USNO-A2.0
catalog (Monet et al. 1998) which go beyond the limits of tlyelb-2 catalogue, where the decline
can be estimated to béln N/dm ~ —0.18, i.e. an additional flux of the order of 5.5, the flux
corresponding to the higher 1-mag bin. The final estimatiothe fluxes in each filter are given in
the right-hand column of Table A.2.

The gap betweenandJ bands was estimated from an interpolation betweefrtaed.J bands
for the bright part{: < 12), and from an interpolation between thend.J bands for the fainter
objects; the results of this estimation are given in thedmtine of Table A.2.

The remaining overlaps and small gaps in the coverage ofévelangth range 364 nm (Balmer
jump) to 2.5um can finally be estimated with the linear approximation

F(0.364 — 2.5 um) = F(Br) + 0.908F (V) + 0.782F(r)
+1.216F(J) + 1.47T7TF(H) (A.3)
+1.287F(K) + F(gap) ,

which finally gives the valug¢” = 17.1 pW m 2.
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Fig. A.3 All-sky flux densities from all-sky surveys as a function cigmitude in band® (circles),
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Fig. A.4 All-sky flux densities from the all-sky photographic suridNO-A2 in B (circles) and
R (diamondy; the pluses represent the UCAC3 magnitudes, as in Fig. A.3.

References

Alpher, R. A., & Herman, R. 1948, Nature, 162, 774

Assis, A. K., & Neves, M. C. 1995, Apeiron, 2, 79

Bennett, C. L., Bay, M., Halpern, M., et al. 2003, ApJ, 583, 1

Bouchet, F. R. 2006, in Current Issues in Cosmology, edeckd?, & J. Narlikar (Cambridge, UK: Cambridge

Univ. Press), 49
Born, M. 1954a, Proceedings of the Physical Society A, 63, 19

Born, M. 1954b, Nachr. Ak. Wiss Gottingen, 7, 102
Cutri, R. M., Skrutskie, M. F., van Dyk, S., et al. 2003, TheSIR2MASS All-Sky Point Source Catalog,

NASA/IPAC Infrared Science Archivehttp://irsa.ipac.caltech.edu/applications/Gatqi¢atalog 11/246 in



474 J.-C. Pecker et al.

CDS collection of catalogs)

Dittmar, W., & Neumann, K. 1958, in Proceedings of Interoaéil Conference on Crystal Growth held at
Cooperstown, eds. R. H. Doremus, B. W. Roberts, & D. TurniiNgw York: Wiley)

Douglas, A. E., & Herzberg, G. 1941, ApJ, 94, 381

Eddington, A. S. 1926, The Internal Constitution of the S{&@ambridge: Cambridge Univ. Press)

Fiorucci, M., & Munari, U. 2003, A&A, 401, 781

Fries, M., & Steele, A. 2008, Science, 320, 91

Guillaume, C. E. 1896, La Nature, 24, 234

ESA 1997, The Hipparcos and Tycho Catalogues (ESA SP-12a®rlwijk: ESA)

Hag, E., Fabricius, C., Makarov, V. V., et al. 2000, A&A, 3827

Hoyle, F., Burbidge, G., & Narlikar, J. V. 2000, A Differenipfairoach to Cosmology: From A Static Universe
Through the Big Bang Towards Reality, eds. F. Hoyle, G. Bigbj & J. V. Narlikar (Cambridge: Cambridge

Univ. Press)

Hoyle, F., & Wickramasinghe, N. C. 1968, Nature, 218, 1124

Hoyle, F., & Wickramasinghe, N. C. 1988, Ap&SS, 147, 245

Kharchenko, N. V. 2001, Kinematika i Fizika Nebesnykh Tel, 409 (catalog 1/280 in CDS collection of
catalogs)

Landolt, H., & Bornstein, R. 1965, Numerical Data, New $8sriVI, 1, Section 5.2.6, Voigt, H.H. (ed.), 318

Lefevre, J. 1967, Ann. Astr., 30, 731

Maiz Apellaniz, J. 2006, AJ, 131, 1184

Mather, J. C., Cheng, E. S., Eplee, R. E., Jr., et al. 1990, 2(4, L37

Mather, J. C., Cheng, E. S., Cottingham, D. A., et al. 1994], 420, 439

McCrea, W. H. 1975, Nature, 255, 607

McKellar, A. 1941, Publications of the Dominion Astrophgali Observatory Victoria, 7, 251

Monet, D., et al. 1998, “The USNO-A2.0 Catalogue” in VizieRIDe Data Catalog, 1252, 0 (catalog 1/252 in
CDS collection of catalogs)

Nabarro, F. R. N., & Jackson, P. J. 1958, in Proceedings efriational Conference on Crystal Growth held at
Cooperstown, eds. R. H. Doremus, B. W. Roberts, & D. Turn@I(New York: Wiley)

Narlikar, J. V., Edmunds, M. G., & Wickramasinghe, N. C. 19#nits on a microwave background without
the big bang, in Far Infrared Astronomy, ed. M. Rowan-Raobing?ergamon, 131

Narlikar, J. V., Wickramasinghe, N. C., Sachs, R., & Hoyle1®97, International Journal of Modern Physics
D, 6, 125

Narlikar, J. V., Vishwakarma, R. G., & Burbidge, G. 2002, FA314, 1092

Narlikar, J. V., Burbidge, G., & Vishwakarma, R. G. 2007, dwl of Astrophysics and Astronomy, 28, 67

Nernst, W. 1938, Annalen der Physik, 32, 44

Pecker, J.-C., & Narkikar, J. V. 2006, Journal of Astrophgsind Astronomy, 27, 1

Planck Collaboration, Ade, P. A. R., Aghanim, N., et al. 281A&A, 536, A8

Planck Collaboration, Aghanim, N., Arnaud, M., et al. 201ABA, 536, A10

Regener, E. 1933, Zeitschrift fur Physik, 80, 666

Sears, G. W. 1956, Annals of the New York Academy of Scier@®s388

Swings, P., & Rosenfeld, L. 1937, ApJ, 86, 483

Wickramasinghe, N. C., & Hoyle, F. 1994, Ap&SS, 213, 143

Wickramasinghe, N. C. 2006, Evidence for Iron Whiskers i@ thhiverse, in Current Issues in Cosmology,
eds. J. Pecker, & J. Narlikar (Cambridge: Cambridge UnigsB), 152

Wickramasinghe, N. C., & Wickramasinghe, J. T. 2008, Ap&S5/, 15

Zacharias, N., Finch, C., Girard, T., et al. 2010, AJ, 1382(catalog 1/315 in CDS collection of catalogs)



