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ABSTRACT

8 Aims. We present a comprehensive study of the Crab Nebula speotady distribution (SED) over more than 6 decades in frecueanging
CDfrom 1 to 16 GHz. We focus on the millimetre regime where an excess of falteen claimed. For this purpose we use new radio and
submillimetre data from the WMAP satellite between 23 and3®4 and from the Archeops balloon experiment between 143%46d5Hz,
N and a compendium of already published Crab Nebula obsengati
_O Methods. The Crab SED has been compared to models including threegoaiponents : synchrotron which is responsible for the doriss
@ at low and at high frequencies, dust which explains the exoéfux observed by the IRAS satellite and an extra compoteeatcount for a
L possible millimetre excess.
Results. For this extra component we have considered both a low—texye dust and a low—energy cfitesynchrotron. In the case of extra
dust component the best fit model requires extremely low@usperatures of 5-6 K and therefore a large dust mas4d d9-230 M,, making
1 the model fully unrealistic. In any case the extra dust camepd does not significantly improve the fit to the data in th#immétric regime
from 100 to 1000 GHz. For the case of an extra synchrotron oort we find that the spectral index of the energy distriouéind the cutd
frequency are not constrained by the model. More impontaht best-fit to the data has larger residuals in the millimeegime that when
C assuming no extra component.
O conclusions. The currently available data in the unpolarised emissigh@Crab Nebula show no evidence of millimetric excess vatipect to
(7) the known synchrotron emission. This is important for theniek satellite mission which will use the Crab nebula folapishtion cross-checks
CT) in the range 30 to 857 GHz.

> Key words. ISM: individual objects: Crab Nebula - calibration - cosmdacrowave background
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©1. Introduction known to exhibit a synchrotron power law with a spectral

N o indexg ~ —0.299+ 0.009 (Baarst al. (1977)). This contin-
mAs the strongest source of synchrotron radiation in oungala , ,m from radio synchrotron seems to be fading with a rate

Nthe pulsar_—power.ed Crab pe.bul'éamus A) is a well studied @ = (~0.167 = 0.015)%yr" (Aller & Reynolds (1985)). At
oastrophysmal object and it is therefore used for callbnattl_hi(‘:]her frequency, above 1GGHz, the observation are also

purpose. This will be the case for the Planck satellite mms'consistent with ‘synchrotron emission with a power-law of
1 which will use the Crab Nebula for polarisation cross-cf&ecgpectra' index-0.73

(M in the frequency range from 30 to 857 GHz. A good URrhe data from IRAS satellite ) have
Q.derstanding of the SED of the source as well as of the to[?éen reanalyzed b Strom & Greidanus (1092) revealing a
Nintensity flux within the Planck beam will be required fo%ignificant excess of emission over the low frequency syn-
.>=an accurate determination of the angle of polarisation ef tEhrotron spectrum, well explained by a single dust compbnen
detectors and of a possible cross polarisatifieot between at a temperature T~ 46 K, thus requiring a 02 M, dust
detector as they limit the _accuracyto which the CMB polatise, oo Using MPIfrR bolometer arrays at the IRAM 30 m
angular power spectra will be measured. telescope| Bandiemt al. (2002) gave the first evidence for a
new component at milllimetre wavelengths. They have shown
The emission spectrum of the A.D. 1054 supermoyfat this 13 mm excess flux cannot be interpreted as emission
remnant has been the subject of a host of investigatiopsm a dust component whereas the data may be consistent
over several decades in frequency. The radio spectrumyigh a low energy cutf in the energy distribution of the
emitting particles. However this excess of flux is based on a
ggique measurement at3lmm.
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* Currently at CESR, 9 Avenue du Colonel Roche, 31028 Toulou
cedex 4, France
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In this paper, we use recent observations of the Crab
Nebula by the WMAP satellite at 23, 33, 41, 61 and 94 GHz
(Pageet al. 2004) and by the Archeops balloon experiment
at 143, 217, 345 and 545 GHg (Macias-Patedl. (2007),
Desertet al. (2008)). These data in addition to already pub-
lished data are used to study the Crab Nebula SED in or-
der to assess the validity of the millimetre excess proposed
by Bandieraet al. (2002). The paper is organized as follows.
Sect|P presents the SED of the Crab Nebula from 1 Gz
and compares it to a model including the synchrotron and dust
well known components. In Seﬂ. 3 we perform a coherent anal-
ysis of the Crab SED over the full frequency range adding an
extra component to the previous model to account for the pos-
sible millimetre excess. Summary and conclusions are diven
Sect[h.

Flux (Jy)

I | I
1 10 100

2. SED of the Crab Nebula Frequency (GHz)

We present in this section a coherent analysis of the Crab SEig. 1. SED of the Crab Nebula from 1 to 100 GHz. The red

in the range 1 to 10GHz based on a compendium of obsetine corresponds to a global power-law best-fit of the data as

vationg shown in Tabld]1. Notice that to be able to directiglescribed in the test. The blue line corresponds to the power

compare to the Archeops and WMAP data, we have chodew best-fit to the data excluding the WMAP data (black dia-

only those data sets for which integrated fluxes over the fationds). The black line corresponds to the power-law beti-fit

extension of the Crab Nebula are available. the data using only the WMAP data. The light blue diamonds
are the WMAP data (black diamonds) increased by 8 %.

2.1. Low-frequency synchrotron emission

An accurate determination of the low-frequency synchrotro
component is necessary to assess the synchrotron contri-
bution at mm frequencies. Any inter-comparison of low-
frequency radio observations of the Crab nebula must take
into account its well-known secular decrease. In particula
Aller & Reynolds (1985) have estimated a secular decrease in
the flux density at a rate = (-0.167+ 0.015) %yr~* from ob-
servations at 8 GHz over the period 1968 to 1984. This result i
in good agreement with other studies at lower frequencaes: f
exampler = (-0.18+ 0.1) %yr~* over the period 1977 to 2000

at 927 MHz by[Vinyajkin (200%).

All these measurements are in fair agreement with theoreti-
cal evaluations of the evolution of pulsar driven superreva-
nants by| Reynolds & Chevalier (1984) which predietsang-
ing from —0.16% to—0.4%yr 2. N ‘ .
For this paper the value = —0.167 %r 1 is chosen for the Fromuency (CHz) o
fading of the Crab Nebula and all data are converted to a com-
mon observation date, fi1/2003. In figurd]L we trace the fluxFig. 2. High frequency SED of the Crab Nebula. Data samples
of the Crab Nebula as a function of frequency for the fadre represented in black. The best-fit power law model to the
ing corrected low-frequency data in tatﬂe 1 ranging from 1 ttata is overplotted (see text for details).

143 GHz. We observe a large decrease of flux with increas-
ing frequency which can be represented by a power law of the

form A; 1GVHZﬁ1. By x? minimization, we obtain for the low-

H

10~ =

Flux (Jy)

[a=ul
i
(=
—a4
. I

frequency data up to 100 GHz with x?/Ngof = 1.03 shown as a red solid line on FE} 1.
This result is not in agreement with the "canonical” value
B1 =—-0.324+ 0.006 andA; = (1005« 18) Jy B~ —0.299+ 0.009 from(Baarst al. (1977)%. However when

1 Ereenet al. gZOOZ_lb data at 85@m was not used as no accurate > Kovalenkoet al. (1994) obtaine@; = (—0.27 + 0.04)
estimate of the total flux and its error bar are given. Theealithe B

flux proposed by the authors is 190 Jy is in agreement with the
Archeops data at 85@m with a flux 186+ 33Jy.
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| v(GHz) [ S () [ AS (Jy) | Central Epoch]| Reference |
1.117 990.0 59.4 1969.9 \VVinogradovaet al. (1971
1.304 980.0 | 58.8 1969.9 Vinogradovaet al. (1971
1.4 930.0 | 46.5 1963 Kellermannet al. (1969)
1.765 940.0 | 56.4 1969.9 \Vinogradovaet al. (1971)
2.0 840.0 | 50.4 1969.3 Dmitrenkoet al. (1970
2.29 810.0 | 48.6 1969.3 Dmitrenkoet al. (1970
2.74 795.0 47.7 1969.3 Dmitrenkoet al. (1970
3.15 700.0 24.5 1964.4 Medd (1974)
3.38 718.0 | 43.1 1969.3 Dmitrenkoet al. (1970
3.96 646.0 | 38.8 1969.3 Dmitrenkoet al. (1970
4.08 687.0 | 206 1964.8 Penzias & Wilson (1965)
5.0 680 34 1963 ellermannet al. (1969)
6.66 577.2 20.2 1965. Medd (1979)
8.25 563.0 22.5 1965.9 lllen & Barrett (1967)
13.49 524.0 19.9 1969.9 Medd (1979)
15.5 461 24 1965.9 llen & Barrett (1967)
16.0 447.0 15.6 1970.6 Wrixon et al. (1972)
22.285 397 16.0 1973.1 Janssert al. (1974)
22.5 401 11 2003 Pageet al. 2006
31.41 387 72 1966.7 Hobbset al. (1968)
32.8 367 6 2003 (
34.9 340 68 1967.3
40.4 340.9 6.0 2003 Pageet al. 2006
60.2 302.1 7.0 2003 Pageet al. 2006
92.9 261.1 11.0 2003 Pageet al. 2006
111,1 290 35 19735 Pabolotnyiet al. (1976)
143 231.4 32.4 2002 Desertet al. (2008
217 181.9 38.2 2002 Desertet al. (2008
230 260 52 2000 Bandieraet al. (2002)
250 204 32 1985.3 Mezgeret al. (1986)
300 194.0 19.4 1983 %hini etal. (1984_19|2
300 131 42 1978.75 right et al. (197
300 300 80 1976.0 erneret al. (1977)
353 185.9 33.6 2002 Desertet al. (2008
545 236.6 | 68.4 2002 Desertet al. (2008
750 158 63 1978.75 Wright et al. (197
1000 135 41 1978.75 Wright et al. (197
3000 184 13 1983.5 Strom & Greidanus (1992)
5000 210 8 1983.5 Strom & Greidanus (1992)
12x 10° 67 4 1983.5 Strom & Greidanus (1992)
25x 10° 37 1 1983.5 Strom & Greidanus (1992
3.246x 10° 6.57 0.66 1989 Meron-Cetty & Woltjer (1993)
4.651x 10° 4.78 0.48 1989 \eron-Cetty & Woltjer (1993)
5.593x 10° 4.23 0.42 1989 \eron-Cetty & Woltjer (1993)
7.878x10° | 3.22 0.32 1989 \eron-Cetty & Woltjer (1993)

Table 1. Compendium of Crab Nebula observations from 1 to® 1BHz. Fluxes ($) are presented in Jy. For
\Veron-Cetty & Woltjer (1993) an¢l Chirt al. (1984) a conservative 10% error has been chosen to accouakti@polation
errors. The central epoch of observation is also indicdthi is used for the evaluation of the fadingeet of the low frequency
synchrotron component, up t0100 GHz.

we exclude the WMAP data (black data points), we find with y?/Ngot = 0.20 (solid black line on Fid]l) for which
the power law exponenf,, is in good agreement with the
B1=-0.294+0.012 and A = (968« 22) Jy canonical value and the amplitude is ~ 8 % lower.

with ¥2/Ngot = 0.78 (blue solid line on Figﬂl) in good agree- The incompatibility of the above results can be explained
ment with the canonical value. Furthermore, using only ttegther by inter-calibration errors of 8 % or by an evolution
WMAP data we obtain of the synchrotron SED towards a harder spectrum or by a
dramatic change of the fading with time. The latter seems
B1 =—-0.305+ 0.03 andA; = (927+ 107)Jy to be quite unlikely and no other indication of evolution
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on the synchrotron spectrum at those frequencies has b2e® Millimetric excess

claimed yet. To illustrate a possible intercalibrationoenve : . . .
y P Tg evaluate a possible millimetric excess of flux in the range

: . on (1
also tr_ace on Flﬂl the WMAP data mcreas_ed by 8 % (Ilgfi 0 to 1000 GHz we assume the above canonical modeling of
blue diamonds) to make them compatible with the rest of t%e

low-frequency data e Crab nebula SED: a synchrotron component with a spectral
' index break at high frequency and a dust component at infrare
wavelengths. We can thus reconstruct the Crab nebula emis-
However, the data we use does not clearly favor any gfn at the millimetric frequencies and compare it to thedtat
the above options and a more detailed study of this problggie[]. For the low-frequency synchrotron emission we con-
is out of the scope of this paper. Indeed, we are only int&fiyer the best-fit for the three data sets A (all data but excep
ested in quantl_fylng a possible excess of flux at mﬂhmetanAp), B (only WMAP at low frequencies) and C (all data).
wavelengths with respect to the low frequency synchrotr@fiom eft to right Fig[B shows the residuals to the canonical
emission. Therefore, being conservatives, hereafteranallf 46| from 10 to 2x 10* GHz for data sets A, B and C, re-
the analyses performed we will use thredfehent data sets: gpectively. For clarity, the residuals for the Archeopsadate
the first one containing the full low frequency data set e¥apresented in red on the figure. We observe that there is no
cept WMAP (data set A), the second one containing only theyhificant excess of power in the millimetric regime from010
WMAP data at low frequency (data set B) and the last one cqg-1000 GHz except for the 545 GHz Archeops data sample
sidering the full data set at low frequency (data set C). &@bl which presents only a 1.5 sigma excess. Indeed #ilgor

summarizes the parameters for the best-fit model to the thfgeine null hypothesis are.88, 115 and 132 for the data sets
data sets for the low-frequency synchrotron spectrum. A, B and C, respectively.

| Data Set| x*/Noor | Ai(Jy) | B1 | 3. Refined modeling

All except WMAP: A | 0.78 | 968+22 | -0.294+0012 | |y the previous section we have proved that the millimet-
Only WMAP:B | 0.20 | 927107 | -0305£003 | ¢ gata in table[]1, from 100 to 1000 GHz, are compatible
All: € 1.03 | 1005+ 18 | ~0324+0006 | iy the canonical model assuming single synchrotron and
Table 2. x*/Ngor value and parameters for the best-fit model tgust components. However, it is interesting to check if an ex
the data for the low-frequency synchrotron spectrum. Sete tga component may improve significantly the fit to the data.
for detail description of the A, B and C data sets. Following [Bandieraet al. (2002) we consider either an extra
low-temperature dust emission or an extra synchrotron com-
ponent. Thus, the three component model is defined as follows

1. Canonical synchrotron that is described by four parame-

ters: spectral index and amplitude for the low and high fre-

2.2. High frequency synchrotron and dust emission quency emission. At high frequency we consider both the
amplitude and the spectral index fixed and set them to the
values obtained in Sedt. P.2. At low frequency we fix the
spectral index to the value obtained in S 2.1 and the

The Crab synchrotron emission described above evolves at
higher frequencies, around 4GHz, towards a much harder

hS/ED V\éthtt a &S\F/)Ve cltt_ral (nge; O:f —0.73 t(slee I‘.)r etxatlmple amplitude,Asg, is fitted. We also assume a constant fading
eron-Cetty oltjer )). To accurately estimate tha-s ofa = —0.167 %L as before.

chrotron emission properties at high fre_quency we havedfittez_ Canonical dust (followingj Strom & Greidanus (1992)) de-
the data from 16to 10° GHZZ prgsgntgd in tablg 1 to a power scribed by a modified black body with three free parame-
law of the fprm Azzvlﬁ. By y“ minimization, we found the data ters, Ap, Tp andgp that represent the amplitude, tempera-
to be well fitted x“/Ngot = 0.155, by a power law of parame- ture and spectral index respectively.

ters 3. One of the extra components as described below.

B2 = (-0.698+ 0.018) and A = (435 8.8) x 10°Jy 3.1. Extra low-temperature dust emission

In Sect.[23 we concluded that at 545 GHz th&eience
Figure[2 represents the high-frequency data in black and #i@ween the standard model and the data is at its maximum.
best-fit power law model in red. In the case of an extra dust component this implies very low
temperature dust in the range from 4 to 10 K. To model this
Finally, the infrared satellite observatory IRAS has resomponent we assume a modified black body spectrum with
vealed significant excess emission above this synchrotmon cthree free parameteis 1p, Torp andBirp that represent the
tribution around 5Q:m g]Marsderet al. (1984)). As shown by amplitude, temperature and spectral index respectivéig T
trom & Greidanus (199P) this can be explained, after chrehest-fit model to the data is found k¢ minimization on the
removing of the synchrotron component, by a single dust cofl frequency range from 1 to 0GHz. As above we have

ponent described by a modified black body of emissigity2 performed our analysis on data sets A, B and C.
at T= 46+ 3 K, requiring a dust mass of@ M.
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Fig. 3. From left to right plots represent in the frequency rangenfrt0 to 2000 GHz the residuals to the standard model of
the Crab nebula emission assuming a synchrotron and a dugtoceent for the data sets A, B and C respectively (see text for
details). The residuals for the Archeops data are traceeldmn the figure. Notice that the millimetric data were notliseghe

fit. We show for each plot the full data set in the region of ias.

From left to right the plots on the top panel of figblﬂe 8.2. Extra synchrotron component
represent data sets A, B and C respectively as black data sam-
ples. The global best-fit model to the data is representeetin rFor_the extra synchrotron component we consider, as
The canonical synchrotron component is shown on light blil Bandierz?e'g al. (2002), that the distribution of energy
and the canonical dust in orange. The extra low temperatl‘j’tfethe relativistic electrons responsible for the emissisn
dust component is represented in blue. The parameters ¥§ represented by a power law with spectral index in the
error bars for the best-fit model to the data and the percent&@nde 1 to 3 and present a low-energy ¢tdo account
of flux at 545 GHz associated to the extra component wifgr an excess of ﬂux_in the millimeter regime, the critical
respect to the total flux are given in tatfle 3. We also presdftauency corresponding to the lowest energy electrons mus
the y2/Ngos values for the global fit in the frequency rangé’e somewhere in the range 200 to 600 GHz. In total the low-

from 1 to 16 GHz and on the millimetric range from 100 to€nergy cuté synchrotron model has three parametgrshe
1000 GHz. spectral index of the electron energy distributionthe low-

energy cutff critical frequency andA gcs, @ normalization
codficient. The best-fit to the data is found gminimization.

For the three data sets we obtain a good global fit to the data FOr this case we have also performed our analysis on data
as shown by tha?/Ngos values. The best-fit parameters obSets A, B and C. The parameters and error bars of the best-fit
tained for the canonical synchrotron and dust componeets i the data for the three data sets as well as the percentage of
in good agreement with those presented in Eﬂact. 2 Comparﬂﬁl@f due to the extra component with respect to the total flux at
with Btrom & Greidanus (1990), we found the same dust tef@4> GHz are given on tablé 4. We also presghiNgr values
perature, 46 1 K, with an error bar improved by a factor offor the best-fit to the data on the full data set from 1 t& GBiz
three, as we carefully account for the canonical synchnotrdnd on the millimetric regime from 100 to 1000 GHz. From
spectrum. For the data set A the amplitude of the extra colfift to right the plots on the top panel of figule 5 represents
ponent is compatible with zero and therefore we conclude tigta sets A, B and C, respectively, as black data samples.
there are no evidence for an extra component in the form b€ global best-fit model to the data is represented in red.
low—temperature dust. For data sets B and C an extra compB€ canonical synchrotron component is shown on light blue
nent not compatible with zero at 95 % CL is favored. Howeveind the canonical dust in orange. The extra low-energyficuto
we observe that on the one hand the data require extremely R{@chrotron componentis represented in blue.
temperatures of 5 and 6 K, therefore dust masses280 and
~ 110 M, for data sets B and C respectively, making the model As above, for the three data sets we obtain a good global
rather unrealistic. On the other hand, the improvement ef tfit to the data as shown by thg?/Ngos values. The best-fit
x?/Ndot in the millimetric region between 100 and 1000 GHparameters obtained for the canonical synchrotron and dust
is not significant to justify the addition of the three exteagm- components are in good agreement with those presented in
eters required by the low-temperature dust component.i§hi§ect.|]2 and or)_Strom & Greidanus (1992). For data sets A
also clear on the bottom panel of figLI]e 4 where we represamid C the amplitude of the extra synchrotron component is
from left to right the residuals to the best-fit model to théadacompatible with zero as well as the value of the spectrabinde
on the millimetric regime for data sets A, B and C, respedbtive of the electron energy distribution. We therefore conclilmde
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these two data sets show no evidence of an extra component inBeside the canonical synchrotron, the IRAS data of the
the form of low-energy cut® synchrotron. For data set B theCrab Nebula emission show a large excess in the infrared,
raw result is that the amplitude of the synchrotron componemell explained by a modified black-body with a temperature
is non-zero at the 95% CL. However, the best-fit values for tlog ~ 46 K (Strom & Greidanus (1992)). As we considered in
spectral indexp and the critical frequency. are compatible our analysis the low and high frequency data, we obtained
with zero indicating that this component is not physical. lan accurate estimation of this temperature, 46 + 1 K,
addition, we observe that for this data set §#f¢Ngo¢ in the with error bar improved by a factor of three with respect to
millimetric region from 100 to 1000 GHz is worse than th&trom & Greidanus (1992).
one obtained in Se.3 assuming the canonical model only.
The bottom panel of figurE 4 represents from left to right the Concerning the millimetric excess, we first observed that
residuals to the best-fit model to the data on the millimetribe data are compatible with the canonical model. To check if
regime for data sets A, B and C, respectively. From these &B extra component may improve significantly the fit to the
conclude that the fit to the data in this regime is not improvethta, we consider either an extra low-temperature dust-emis
by adding an extra synchrotron component. sion or an extra low-energy cufesynchrotron component, as
in (Bandieraet al. (2002)). In both cases, we conclude that

We have also performed the analysis of the three data d#s current data on the un-polarised Crab Nebula emission
considering thep and v, parameters fixed and set to the valpresent no evidence of a millimetric excess with respedtéo t
ues quoted by Bandiegh al. (2002). The analysis for the threecanonical synchrotron and dust model.
data sets show that the amplitude of the extra synchrotnon co
ponent is compatible with zero and therefore we conclude tha From this analysis, we conclude that considering an extra
the data show no evidence of millimetric excess. synchrotron with a low energy cutpwe can exclude at 95%
(CL) an excess of flux of 48 Jy at 545 GHz with respect to the
canonical synchrotron. This is of importance for the calitom
of the Planck satellite mission which will use the Crab Nebul
We present in this paper a comprehensive analysis of floe polarization cross-checks in the range 30 to 857 GHz.
SED of the Crab Nebula in the frequency range from 1 to
10° GHz. For this purpose we have used new data from theknowledgements. We thanktheT Archeops collaboration for their ef-
WMAP satellite [Pagetal. 2006) and from the Archeopsfortsthroughoytthe I'ong campglgns.We acknowlgdge R. Baador
balloon experiment| (Desest al. (2008)) in addition to data &Y, Nelpful discussions. We finally thank Claudine Tur (iG)Sor

. - 4 . . fruitful help on bibliographic searches.

currently available. We are mainly interested in the milli-
metric regime from 100 to 1000 GHz where an excess of
flux with respect to the canonical model has been claimed
by [Bandieraet al. (2002). This canonical model assumes a
synchrotron component with SED well represented by a power
law with different spectral index at low and high frequency,
plusa dust component corresponding to a modified black body
emission at a temperature f46 K and spectral index 2.

4. Summary and conclusions

We have first characterized the canonical model. The low
and high frequency synchrotron component were modeled by
a simple power law with two free parameters, amplitude and
spectral index and the fading of the Crab Nebula emission
was accounted for by assuming a fixed value of 0.162 %
per year. At high frequency, the best-fit model is compatible
with previous results. However, at low frequency, the bigst-
model considering the full data sets is not compatible with t
"canonical” spectral index valug ~ -0.299 + 0.009 from
Baarset al. (1977). By contrast, when we exclude WMAP
), or considering them on their own, the
canonical value is recovered. This can be explained either
by inter-calibration errors of 8% or by an evolution of the
synchrotron SED towards a harder spectrum or by a dramatic
change of the fading with time. As we are interested only in a
possible millimetric excess, we leave that question oped, a
consequently considered thredfdient data sets (full data,
WMAP only and excluding WMAP) in which we searched for
a millimetric excess.
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Fig.4. Refined modelling of the SED of the Crab nebula in the frequeaage from 1 to 1® GHz assuming an extra dust
component at low-temperature. Top panel: from left to rigktfigures correspond data sets A, B and C respectively asssied
in the text. In black, red, light blue, yellow, and blue wenegent the data, the best-fit model to the data and the symohythe
main dust and the extra dust components associated togeatagely. Bottom panel: residuals in the millimetric neg for the
top panel models. Notice that only the data used for the fitggpeesented in the figures.

Data Set| x*/Naos As (Jy) Ap (Jy) To (K) Bo Ao (By) | Turo (K) BLp LTD % | x@wm/Naot
A 0.68 973+ 7 128+ 7 | 459+1.2 | 1.93+ 050 31+29 5+17 37+34 | 19+18 0.97
B 0.59 927+ 14 | 138+8 459+ 1 1.77+0.29 49+ 28 5+8 18+16 | 26+ 15 1.20
C 0.90 1005+ 10 | 144+8 | 459+ 16 | 1.89+0.78 53+ 32 6+14 16+13 | 29+ 18 1.24

Table 3. Best-fit model parameters and errors for the extra dust caemtanodel for data sets A, B and £.,/Nqor for the full
data set and on the millimetric regime from 100 to 1000 GHzc&w&age of flux at 545 GHz due to the extra dust component
with respect to the total flux.
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Fig. 5. Refined modelling of the SED of the Crab nebula in the frequeaiege from 1 to 19GHz assuming an extra synchrotron
component. Top panel: from left to right the figures corregpm the data sets A, B and C respectively as discussed iexhe t
In black, red, light blue, blue and yellow we represent thiadée best-fit model to the data and the main synchrotrergxtra
synchrotron and the dust components associated to it,ctsglg. Bottom panel: residuals in the millimetric regirfoe the top
panel models. Notice that only the data used for the fit areesgmted in the figures.

Data Set| x*/Nawot | As(Iy) | Ao (y) To (K) Bo Aecs (JY) | vc (GH2) p LECS % | Xfm/Ndot
A 0.67 966+ 14 | 128+9 | 459+10 | 1.89+04 9+10 531+298 | 5+5 5+6 0.91
B 0.72 868+39 | 141+8 | 459+50 | 1.80+04 24+12 501+1923 | 4+ 14 15+ 8 1.25
C 1.09 999+ 12 | 143+10 | 459+10 | 1.80+04 4+6 459+ 106 | 3+10 3«5 1.98

Table 4. Best-fit model parameters and errors for the extra synaratomponent model for data sets A, B andy&/Ngos for
the full data set and on the millimetric regime from 100 to Q@Hz. Percentage of flux at 545 GHz due to the extra synchrotro
component with respect to the total flux.



