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Abstract. We present a new analysis of the far-IR emission #al correlation between the far-IR dust emission as measured
high Galactic latitude based on COBE and HI data. A decorny DIRBE and FIRAS and the 21 cm HI emission as measured
position of the Far-IR emission over the HI'tand H, Galac- by the Leiden/Dwingeloo survey of the northern hemisphere.
tic gas components and the Cosmic Far InfraRed Backgroufite dust emission spectrum derived from this correlation (for
(CFIRB) is described. Ngr < 4.5 1¢° cm™2) can be quite well represented by a
For the first time the far-IR emission of dust asscsingle modified Planck curve characterized by T=17.5 K and
ciated with the Warm lonised Medium (WIM) is evi-7/Ny; = 1072% (\/250 um)~—2 cm?. This emissivity law is
denced. This component determined on abouf 25 the very close to the one predicted by the Drafnkee (1984) dust
sky is detected at a &0 level in the [200, 350] pm model.
band. The best representation of the WIM dust spectrum Dustemission associated with molecular clouds has beenre-
is obtained for a temperature of 29.1K and an emissivigently studied through Far-IR and submillimeter (submm) ob-
law 7/N}; = 3.8 + 0.8 10726 (\/250 um)~! cm?. With servations with the DIRBE, FIRAS and SPM/PRONAOS in-
a spectral index equal to 2, the emissivity law becomssruments. In a previous paper (Lagache et al., 1998), we have
/N =1.0+0.2107% (\/250 um)~2 cn?, with a tempera- extensively studied the spatial distribution of the temperature
ture of 20 K, which is significantly higher than the temperatumf the dust at thermal equilibrium using the DIRBE and FIRAS
of dust associated with HI gas. The variation in the dust spex¢periment. We have found at large angular scale the presence
trum from the HI to the WIM component can be explained bgf a cold dust component (with a median temperature of 15K),
only changing the upper cutoff of the Big Grain size distributiovery well correlated with molecular complexes with low star
from 0.1 pm to 30 nm. forming activity such as Taurus. The lowest values of the tem-
The detection of IR emission of dust in the WIM signifiperature found in the cold regions (13 K) are comparable
cantly decreases the intensity of the CFIRB, especially arowrith that obtained for dense clouds in star forming regions by
200 pm which corresponds to the peak of energy. the balloon-borne experiment SPM/PRONAOS (Ristorcelli et
al., 1997, 1998, Serra et al., 1997). The association between the
Key words: ISM: dust, extinction — ISM: general — cosmologycold dust component and molecular clouds is further demon-
cosmic microwave background — cosmology: observationsstrated by the fact that all sky pixels with significant cold emis-
infrared: ISM: continuum — submillimeter sion have an excess IR emission with respect to the high lati-
tude IR/HI correlation. A threshold value of the column density,
Nz 7=2.510%° H cm~2, below which cold dust is not detected
within the FIRAS beam of- 7° has been deduced. This knowl-
edge on the spatial distribution of the dust associated with cold
The extraction of the Cosmic Far Infrared Background (CFIRBholecular clouds is important for the search of the CFIRB since
induced by the emission of light from distant galaxies (Partridgteallows to select parts of the sky for which cold dust is not de-
& Peebles, 1967; Bond et al., 1986 and references therein), teg:ted.
quires an accurate subtraction of the Interstellar Medium (ISM) On the other hand, the knowledge of the dust emission as-
foreground emissions. The two instruments DIRBE and FIRASciated with the Ff component is very poor. Observations of
on board the COBE satellite provide actually the best availalpg, emission at high Galactic latitudes and of dispersion mea-
data to study, on the whole sky, the distribution and propertiggres in the direction of pulsars at higt| indicate that the
of the ISM far InfraRed (far-IR) emission. low-density ionised gas (the Warm Interstellar Medium, WIM)
Boulanger et al. (1996) have extensively studied the emigscounts for some 30 of the gas in the solar neighborhood
sion of the dust associated with the HI component using the spReynolds, 1989). There is also evidence that part of the WIM
is spatially correlated with the HI gas (Reynolds et al., 1995).

1. Introduction
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Consequently, a significant fraction of the Far-IR emission asgmsh our knowledge of the Galactic emission one step forward
ciated with the WIM may contribute to the spectrum of the duby deriving the far-IR spectrum of the WIM dust emission. Then,
associated with the HI gas. However, the scale height of the e use our understanding of the interstellar dust emissions asso-
medium is much larger than the HI one, so a significant part ciited with the HI and H components to give a more accurate
the H™ is completely uncorrelated with the HI. Since most of thestimate of the CFIRB spectrum. The paper is organised as fol-
grain destruction is expected to occur in the low-density corow: in Sect(2, we present the data we have used. The variations
ponent of the ISM (Mc Kee 1989), the WIM could also be dusif the dust emission spectrum associated with different HI gas
poor. Depletion studies of elements that form the grains shaalumn densities are studied in S&tt. 3. In Sdct. 4, we show that
that grains are indeed partly destroyed in the low density phaties spatial variations of the dust emission spectrum in the low
ofthe ISM (review by Savage & Sembach, 1996). Measuring th# column density regions can be due to the presence of the
dust emission from the WIM could allow to understand the evoen-correlated Fi component. After the removal of the dust
lution of the dust in the low-density gas. However, this measur component, we detect a residual Galactic emission which is
is difficult because one can not easily separate the contributattributed to the WIM (Sedi] 5). This is the first detection of the
of the H gas from that of the HI. Boulanger & Perault (1988WIM dust emission. We show (Selci. 6.1) that the FIRAS spec-
unsuccessfully searched in the 1p@h IRAS all-sky map for tra in the very low HI column density regions exhibit a large
such a contribution. The unfruitful analysis may be due to tlexcess over the emission of dust associated with HI ahd H
spatial correlation between the HI and ldmissions. Boulanger components. In these regions, the CFIBR dominates the FIRAS
et al. (1996) have searched for such a component in the resiceraission. We test its isotropy in Sdct.6.2. All the results are
FIRAS emission after the removal of the HI component. Thesummarised in Se¢il 7.
found that the residual emission is consistent with an emission
spectrum like that of the HI gas fori\ ~ 4 10" cm~2. How-
ever, they consider this as an upper limit for the contributi
of the H" component since they could have measured emighe FIRAS instrument is a polarising Michelson interferometer
sion from low contrasted molecular clouds. Arendt et al. (199&jth 7° resolution and two separate bands which have a fixed
have also investigated potential IR WIM dust emission. Th&pectral resolution of 0.57 cm (Fixsen et al. 1994). The low
conclude that they were unable to detect any IR emission ggquency band (2.2to 20 cm) was designed to study the CMB
sociated with low density ionised gas at hlgh Galactic |atituq@05mic Microwave Background) and the h|gh frequency band
(the fraction of the sky used is less than@)3However, very (20 to 96 cnt!) to measure the dust emission spectrum in the
recently, Howk & Savage (1999) have pointed out, for the firgalaxy. We use the so-called LLSS (Left Low Short Slow) and
time, the existence of Al- and Fe-bearing dust grains toward${Ss (Right High Short Slow) data from the “pass 3" release
two high-z stars. They have shown that the degree of grain gghich cover the low and high frequency bands respectively (see
struction in the ionised medium, through these two stars, is AR FIRAS explanatory supplement).
much higher than in the warm neutral medium. If dustis present DIRBE is a photometer with ten bands covering the range
in the WIM, one should detect its infrared emission. from 1.25 to 240.m with 40 arcmin resolution (Silverberg et
The CFIRB is expected to have two components: diregf. 1993). We choose to use annual averaged maps because they
starlight redshifted in the far-IR and submm, and the stellgave a higher signal to noise ratio than maps interpolated at
radiation absorbed by dust. We concentrate here on the subfR@isolar elongation ¢f0° (see the DIRBE explanatory supple-
part of this background. Its detection is very difficult beC8U$ﬁent)_ In our analysis, we only use the 140 and 240 maps.
of the strong and fluctuating Galactic foregrounds. First, uppBhe present study is based on “pass 2" data.
limits have been reported: Hauser et al. (1995) from DIRBE Sjnce in our ana|y5i5 we combine the FIRAS and DIRBE
data and Mather et al. (1994) from FIRAS data. Lower limitgata at 140 and 24@m, we convolve the DIRBE maps with
on the CFIRB have been obtained from the deepest IRAS angHg FIRAS Point Spread Function (PSF). The PSF is not pre-
galaxy counts (Hauser et al., 1994 and references therein). Ekgly known for all wavelengths, so we use the approximation
first direct detection of the CFIRB has been reported by Pugetggested by Mather (private communication) &f aliameter
al. (1996). All the Galactic foregrounds were modeled and rgircle convolved with a line 08° length perpendicular to the
moved using independant dataset in addition to the FIRAS daggliptic plane (Mather et al. 1986).
Its spectrum indicates the presence of sources at large redshiftBefore studying the Far-IR emission, we have subtracted
The main uncertainty on the CFIRB comes from Galactic forghe CMB and its dipole emission from the FIRAS data using
grounds. Therefore, we stress that the Puget et al. (1996) resgéSparameters given by Mather et al. (1994) and Fixsen et al.
were confirmed in the cleanest partsf{N< 10%° cm™? ina (1994). To remove the InterPlanetary (IP) dust emission, we
7° beam) of the sky (Guiderdoni et al., 1997). More recentlfiyst consider the25 xm map as a spatial template for the IP
Fixsen etal. (1998) and Hauser etal. (1998) have also confirmggt. Then, we compute the IP dust emission at 480using
the detection of the CFIRB using FIRAS and DIRBE data. the zodiacal emission ratio given by Boulanger et al. (1996):
A general problem with all these determinations of thpy(log)/[l/(gg)) = 0.167. We remove the IP dust emission at
CFIRB comes from a potential Far-IR emission from the WIM > 140 ym using the IP emission template at 0@ and
which has never been determined. The goal of this paper iscihsidering a zodiacal spectrufin  * (Reach et al., 1995).

o Data presentation and preparation
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The HI data we used are those of the Leiden/Dwingeloo 200
survey, which covers the entire sky downdte= —30° with a L 1
grid spacing of 30in both | and b (Hartman& Burton, 1997). “5? % * £
The 36 Half Power Beam Width (HPBW) of the Dwingeloo 25+ i %
m telescope provides 21-cm maps atan angular resolution which '° a % E
closely matches that of the DIRBE maps. These data represment r >’<
an improvement over earlier large scale surveys by an order‘of 0'5:’ Jf >’< |
magnitude or more in at least one of the principal parameters r
of sensitivity, spatial coverage, or spectral resolution. Details -0f y ’
of the observationnal and correction procedures are given by | ]
Hartmann (1994) and by Hartma&rBurton (1997). The 21cm-  —0:5¢ ]
HI data are convolved with the FIRAS PSF. We derive the HI : ]
column densities wit 1 K km s71=1.8210'® H cm~2 (optically SO é B w‘o B 1‘5 —— ”

thin emission).

Throughout this paper, diffuse parts of the sky are selected . . .
following Lagache et al. (1998). To remove molecular clouddd- 1. Residual flux integrated in the [609-98Ljn band after re-
and HIl regions, we use the DIRBE map of the 2461 excess moving a single component modified Planck curve witf? from dust
with respect to 'the 60m emission:AS=S,(240)- CxS,(60) spectra normalised af;;; =10°* H em-* and computed for different

. . ) o : HI column densities.
with C=4+0.7. This map shows as positive flux regions, the

cold component of the dust emission, and as negative flux Fgépond t0W 7 [60, 150, 200, 250, 400, 500, 600, 700, 900,

gions, regions where the dust is locally heated by nearby Sti‘ﬁ)O] K km s-L. These different sets cover between?d dor

(like the HIl regions). Therefore, diffuse emission pixels are sg- " :
lected with|AS| < zo, o being evaluated from the width of ththe highest (.:Oll.Jmn density) and’Zfor the lowest) of the sky.
Dust emission spectra are computed for each set k using the

histogram ofAS andx being chosen for our different purposeséquation_

For example, in Se¢f] 5, we take= 1, which is very restrictive, '

to ensure that the selected pixels are mostly coming from théF’ (k1) = (£)y, — (F), )

diffuse medium; in Sedt. 62, we take= 3, since we need a dNg; " (Nur), — (Nur),

fraction of the sky as large as possible. where(F'), corresponds to the mean FIRAS spectra computed
We also use the 24.QLm/H.I map excess of Reach et alﬁ‘or the set of pixels i, andNy ), the mean HI column den-

(1998). Regions for which this excess is greater tharage sity for the same set of pixels. Forming the difference infEq. 1

sysfmatllc_:ally drllscatrd?d. 1998 h f hii £ hemoves, within statistical variance, any residual IR emission
rom Lagache etal. ( ), we have for eac IN€ O SI90¥kich is not correlated with the HI gas such as an isotropic
the spectrum of the cold component of the dust emission (if cod mponent

SUSt IS de;cect;ed) antdli)hi_cwrufstipect:grg. Tthes‘? spect.ra%r}etuse this part, (F'), correspond to the FIRAS spectra com-
0 compute the contribution of the cold dust emiSsion In 2ec p%ted for the 10 sets of pixels given above &i¢), to the

(Tablel1). spectrum derived in the very low HI column density regions,
Ny < 1.110%° Hcm™2 (representing- 2% of the sky).
3. Emission spectrum of dust associated with HI gas For each set of pixels k, the dust spectrgffi— (k) is fitted

) _ _ o by a modified Planck curve:
In this part, we first concentrate on the spatial variations of the

-2
dust emission spectrum with the HI gas column densities. We _ A ) ,(T)
deduce a column density threshold above which the contribu- 250 pm ’

tion of the cold dust component induces a significant subMghere is the optical depth at 25@m B, (T) is the Planck
excess with respect to thé emissivity law. Then, we investi- -;nve (in W/n?/sr) and) the wavelength inim. Thea=2 emis-
gate the spectrum of the dust associated with regions containffiy index corresponds to standard interstellar grains (Draine

102 Hcem™

HI column densities below this threshold. & Lee, 1984). The mean temperature is equal to 17.7 K with no
significant variations from set to set (Table 1, column 3). The
3.1. Variation of the dust emission spectrum optical depth £) increases linearly with the HI column den-
with the HI column densities sity up to Ny ;=102' H cm~2. Then, it levels off ak-1.710~°

. _ _ gable[l column 2).
To compute the emission spectrum of dust associated with HI \yq compute the residual spectrum for each set:

gas from low to large column densities, we use the same method

asinBoulanger etal. (1996). We first select sky pixels accordipgr , — dF

to their HI column density and sort them into 10 sets of pixels dNpr

bracketed by the following values @¥;: [1.1, 2.7, 3.7, 4.6, and study it by integrating R,, in the [609-981] um band.
5.5,7.3,9.1,10.9, 12.7, 16.4, 20:41.0°° H cm~2 which cor- Results are presented column 4 of Table 1 andTig. 1. Fgr N

- I/IV’
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Table 1.Mean Ny computed for different sets of pixels (see Secl. 3.1). Optical depjfemfl temperatures (T) of the HI dust emission spectra
(derived following Eq]L). Residual flux integrated in the [609-984] band are obtained by removing a single comporémhodified Planck
curve (defined by and T) from each HI dust spectrum. The fifth column gives the percentage, in flux in the [609x981dnd, of the detected
cold emission with respect to the cirrus emission for the corresponding set of pixels (see Lagache et al., 1998 for more details).

Mean Ny r 1078 x 7 T (K) Residual flux % of detected
(Hem™2)  (normalized at 25Q.m) ao~fPwm2srt cold emission
for Ngy = 10 Hem™2
1.810%° 6.8+ 1.8 18.0t1.2 —1.0+8.6 0.0
3.210%° 9.8+ 1.4 17.3:0.6 3.0+3.7 0.0
4.110%° 9.7+1.1 17.20.5 4.0+ 2.7 0.9
5.010%° 10.2+ 1.0 17.6:0.4 44422 0.6
6.310%° 11.3+0.9 17.5:0.3 6.4+ 1.6 3.4
8.110%° 12.14+0.8 17.8:0.3 9.5+ 1.3 6.6
9.9102%° 13.4+0.7 17.9+0.2 10.9+ 1.1 7.1
1.210% 17.1+ 0.6 18.0:0.2 13.1+ 1.0 11.9
1.410% 16.3+ 0.6 18.6:0.2 13.9+ 0.8 12.3
1.810%! 17.1+ 0.6 17.6:0.2 13.9+ 0.7 8.0

larger than 830%° H cm~2, we detect a significant residual emisTable 2. HI bins for the set of pixels | and k
sion (> 30). Spectra at high column density contain a positive
submm excess with respect to a single temperatdremis- Wg; ()  Wgr (K)
sivity law Planck curve for\ > 600 um. In Lagache et al. Kkms™' Kkms™*
(1998), we have shown, using DIRBE data (at the FIRAS resg-

) L. - . 0, 50] [50, 250]
lution), that cold emission from interstellar dust associated wi 90] [90, 140]
H> gas is only detected where HI column densities are larggrso (50, 140]
than~ 2.5 1¢° H cm™2. In the Galaxy, atb| > 10°, 90% of [0, 140] [140, 250]

this cold emission is distributed over regions with HI columnm
densities larger than ®2° H cm~2. Column 5 of Table 1 gives
the percentage, in flux in the [609-984in band, of detected lowing Eq[1, for various couples (I, k) of smaller HI sets of
cold emission for the different sets, derived from the analygiéxels (Tabld D).
of Lagache et al. (1998). We clearly see that the submm excessFig[da shows that the spectral shape of the four spectra is
increases with the contribution of the cold emission. Thereforelatively constant but the absolute level varies by a fastbib
we conclude that this positive excess is due to the emissiogtween the two extremes. The two spectra obtained in regions
of cold Galactic dust (%15 K). We can note that the residualvhere Ny; < 2.5 10°° H cm™2 (Wy; < 140 K km s71)
flux as well as the optical depth become nearly constant f&how a significant variation of about %0 This variation cannot
Nz; > 1.2 10*1 H cm~2 since the contribution of the coldbe explained by the contribution of the cold dust since (1) it
emission does not increase anymore. is not detected in these very low HI column density regions
In conclusion, in the diffuse medium, the spectrum of th@able[2) and (2) the residual emission R,, see Seci 31
dust associated with the HI gas can be accuratly representeddrythe definition) is around zero. Moreover, cold dust would
a modified Planck curve with @ emissivity law and a single produce an excess at long wavelength rather than a constant
temperature (the residual emission is around 0, see Thble 1) aaitation on the whole spectra. Inthe next section, we show some
was already shown by Boulanger et al. (1996). Far;Narger evidence that these variations of the diffuse medium spectra can
than 5102 Hem~=2 (A, >0.25), the cold dust (F15K)induces be due to dust associated with the ionised gas, more specifically
asignificant submm excess with respect tathemissivity law. from small scale structures in the WIM uncorrelated with the
distribution of HI gas.

3.2. Dust emission spectrum in low HI column density regions

In order to assess the reliability of the spectrum associated w‘|1t'h Effects induced by the Q|ffuse lonized gas
; . . . s on the Far-IR/HI correlation

very diffuse regions, we explore now in detail, the variations of

the HI spectrum in the low HI column density medium, wher€o simulate the potential effect of the WIM Far-IR emission on

the contribution of the cold dust to the total emission is nethe Far-IR/HI correlation, we have first to evaluate the hydrogen

ligible (Nz;7<4.510%° Hcm™2 i.e Wy ;<250 K km s°!, see column density of the WIM. The only direct determination of

Table 1). This threshold is the same asin Boulanger et al. (1996 WIM column density comes from dispersion measures in

We construct the spectrum of dust associated with HI gas ftite direction of high altitude pulsars, most of which located at
|b] < 10° (Reynolds, 1989). However, these measures, which
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200 1000 200 1000
a A (um) b A (um)

Fig. 2. aSpectra of dust associated with HI gas (normalisedat.02° H cm~2) computed following the Ef]1 for different sets of pixels
(Tablel2).b Spectra of the dust computed in the same wag aisd for the same sets. The normalisation is no more by HI atom but by the total
hydrogen column density defined 8; = Nu; + Negy+ + Nncg+ With Nncgs = b x Ngr, Ney+ = a x N, a = 0.09 and

b = 0.21 (see Secll4). The dotted line corresponds tolthe; sets of pixels [0, 140] and [140, 250], the continuous line to [0, 90] and [90,
140], the dashed line to [0, 50] and [50, 140] and the dashed-dotted line to [0, 50] and [50, 250] ¥ kB&psctra have been truncated below
135 pum because of the poor signal to noise ratio. They have been smoothed to a resolutiondf. 4 cm

give Ng+/Npy; ~ 30%, do not necessarily apply to the local2) The non-correlated part of the WIM has an IR
ISM. A more direct measurement of the WIM at high Galactiemissivity per hydrogen equal to that of the HI gas,
latitude comes from Jahoda et al. (1990). They have measuréd/;; = 10725 (\/250 um)~—2 (Boulanger et al., 1996).
in Ursa Major the HI emission through the 21 cm line and théomputingr, defined a§240/B240(T = 17.5 K), gives the
H,, intensity. They have obtained;; = 0.7 10°° Hcm~2 and corresponding column density.

H, = 0.2 R. The emission measure may be converted into col-

umn density assuming a certain electron temperature and den-

sity. ForT, = 8000 K andn. = 0.08 cm™? (Reynolds, 1991),  The map obtained with assumptions (1) and (2) is written
we find for Ursa Major the sam& -+ /Ny ratio (~ 30%) as  Ny;. Thus, thg uncorrelated’™Hcomponent is represented by:
with dispersion measures. In the following, we thus consider thal, ¢+ = bx Ny ;. The constrainton andbis: a +b = 30%.
this ratio do applied to the high latitude sky. Thesé&3fbntain Dust spectra are computed following Ep. 1, us(mg{>l i

the correlated ¥c;+) and the non-correlatedVinc+) H™  rather than(Ny;), ,, for the same HI sets as in the previous
components (by correlated, we mean spatially correlated wiction (Tabl&]2) and for different valuesoandb with a step

the HI gas). equal to % and the constraint + b = 30%. We quantify the
The total hydrogen column density is defined as: dispersion between the spectra by computing the total rms of
the difference between the four spectra and the mean spectrum,

Nug = Nur + Neg+ + Nneg+. in the wavelength range [200, 30@}n. Fig.[2b shows the re-

o . sult for the minimal dispersion, obtained with-B1%. We see
We neglect the contribution of the molecular hydrogen singgy e gifferences between the absolute levels of the spectra.
(1) it represents less tharilof the emission in regions whereryay are gl stabilized on the mean spectrum. The same conclu-
Wi <250 Kkms™! i.e. Ny <4.510° Hem™ (Tablestl o is reached with other HI sets of pixel as for example: I=[0,
and2) and (2) the fraction of Hgas is less than% in the 50] and k=[50, 190], I=[0, 190] and k=[190, 250], I=[0, 70] and
very diffuse medium (Bohlin et al., 1978). The correlated Hy=[70, 160], |:'[0, 1(’)0] and k=[100, 180] K knTe . This sinm-
component can be writtelVey+ = a x Nyr. SinCe OUr 1akion s only illustrative but we think that it has a quantitative
knowledge on the non-correlated Htomponent is very poor, gianificance provided that the spatial distribution of the uncor-
we choose to simulate it using two assumptions: related WIM shares the same morphological properties (ratio
(2) It is distributed in the sky like the 24Q:m emission at between small scale structures and large scale Galactic gradi-
the same longitude but opposite latitude. This assumptioneist) than our “DIRBE” template. This is demonstrated by the
arbitrary but ensures that the non-correlated WIM gas has faet that the optimab value is very stable when we rotate the
same scale properties and dependance with the Galactic latitétje template with the Galactic longitude as long as this template
as the diffuse interstellar medium. We note that it is essentsahys uncorrelated with the HI component at small scales. This
to use, forNncg+, @ map with small scale structures to ensurgmulation leads to the following proportion of uncorrelated and
the non-correlation with the HI component at small scales. Thisrrelated H gas of 70% and 3%% which are in agreement with
map is calleds. the Reynolds et al. (1995) determination in a small region.
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The emissivity of the spectrum of dust associated with the 90

HI gas (including the//} component) that we deduce is:
7/Nyr =87+0.9 10726(\/250 um) =2  cm? )

with a temperature of 17.5K.
This emissivity value is compatible with the one derived i
Boulanger et al. (1996).

Correlatio® slopes

5. Emission spectrum of the diffuse H component

5.1. Detection o N

The IR emission from any dust associated with the WIM would
follow a csc(b) variation, like that from any diffuse component 100
in the Galactic disk. Based on such an hypothesis, Boulanger A (um)
ﬁé aelm(ég%?‘) (';?tveer ftﬁl;nrdegot\?; zf”fﬁ; Sl_ﬂaéina:ggﬁgjnut? lcgr?:l—clb. 3. Correlatiqns slopes of the residual Galactic emission (dotted

A o . ﬁ‘ne) after the main HI component has been removed (slopes have been
tent with an emission spectrum I_'ke thf_’“ of the HI ga_s f_Q,romputed using the residual Galactic emissiof,in The dash-dotted
Ny ~ 410 H cm™2. They consider this as an upper limifine represents a modified Planck curve with1, T=29.1 K and the
for the contribution of the M component since they could havejot-dot-dot-dashed line a modified Planck curve wi# and T=20 K.
measured emission from low contrasted molecular clouds. This spectrum is the first detection of the WIM dust emission

To search for any residual diffuse component after the re-

moval of the HI contribution, we use all sky FIRAS maps &atable 3. Cosecant slopes (D, ) of the residual Galactic emission aver-
[b] > 20°. We keep only pixels for whichAS| < 1 o (see aged in the wavelength band [200,35@h and computed in different
Sect[?). This criterium is over restrictive (we keep only 25.6 Galactic longitude areas.

of the sky) but ensure that the remaining pixels are mostly com-

ing from the diffuse medium. Galactic longitude  Residual Galactic emission
For each selected FIRAS spectruf(i, j), we remove the range (in°) (10 Wm=?srt)

HI related emission following the equation: 0-85 0.4-05

AF,(i,5) = F,(i,5) — Nuz(i, j) x Lz (v 3) 85170 6.4:0.4
v(i,4) = Fu(i,5) = Nui(i,§) x 1a1(v) () o oas 0.90.6

where Ny; the HI column density anfly ; (v) is computed from 235-360 10.20.7

I/IH[(Z/) = T/NH] X B,,(175 K) WhereT/NH[ is the HI
dust emissivity given EQJ2 an@, (17.5 K') the Planck curve at
17.5KinWnr2srt, The ISM is known to contain structures over a very wide
We first search for any residual emission by correlating thiange of scales withinhomogeneous physical conditions. Within
Galactic latitude emission profiles AfF,, at each FIRAS wave- the large FIRAS beam (7, small scale molecular clouds or
length, with the mean latitude emission profile computed in th#l regions can be diluted and thus not detectable using our
wavelength range [200-35Q}m. This correlation method is criteria. In order to check whether such small scale structures
probably more accurate because it avoids the problems wéttntaminate the residual spectrum of Eig. 3, we use the same
the cosecant method linked to the local bubble. The spectrtvwo methods (correlation and cosecant variations) to derive the
obtained with these correlations is presented on[ig. 3. Tisgectrum using different cuts for the selection of the pixels (ei-
emission is clearly non zero and is detected atal&Qel inthe ther more or less restrictive than above). The spectra obtained
[200-350] m band. The spectrum can be fitted by a modifiedith correlations or cosecant laws are very stable. This supports
Planck curve with a® emissivity law. The best fit is obtainedthe idea that the residual Galactic emission cannot be due to low
for =1 and T=29.1 K. The value=2 is also compatible with contrasted molecular clouds or HIl regions.
the data. In that case, we have T=20.0 K, which is significantly Moreover, to check whether this residual Galactic emission
higher than the temperature of dust associated with HI gas. is not dominated by a particular region of the sky, we repeat
To check the Galactic origin of this residual emission, wdie same cosecant fit analysis in 4 bins of longitude of roughly
fit the latitude profiles computed over the selected regions aggual size (& of the sky each). The small number of pixels does
for each FIRAS wavelength with cosecant variations: not allow to have a better sampling. We see, in TRble 3, that the
residual Galactic component is present in the 4 different bins
AF,([b]) o Dycosec|b] “) with small variations. 'Irzherefore,pwe can exclude this residual
The slopesD, measured at each wavelength form a spectruBalactic component to come from a particular region of the sky.
which has the same temperature and shape as the spectrum obFhe residual Galactic spectrum corresponds to material
tained with the correlation (Figl 3). Therefore, we conclude thahich is uncorrelated with the HI gas (by construction). How-
the spectrum derived with the correlation has a Galactic origever, itis Galactic because it follows a cosecant law. We propose
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7

that this is the first detection of the submm emission of dust as- 10~
sociated with the WIM.

5.2. Normalisation and emissivity I EK\; 7
To normalise the WIM far-IR spectrum, we make use of the 10 “\?k‘\ ‘ A
cosecant law measured féf, emission at high Galactic lati- S TN R
tude. The slope of the Hcosecant law is egabtl R (Reynolds, & 'O [ T | BN
1984). This gives (following the results obtained in Sect. 4,70 ~ |,-12_ S e, * ]
of 1R) 0.7 R for the non-correlated ™ gas. Using a conversion EN

factor Iy, (R) = 1.15 x N;;/10%° cm~2 (derived from 10710k o A
Osterbrock, 1989), we obtaiNncy+ = 6.1 102 cm=2. This 014 | RS
column density is close to that derived from the pulsar observa- 100 1000

tions (Reynolds, 1989). A (um)

Using this normalisation, the emissivity per'Hons is:
/N = 3.84 0.8 10720 (A/250 um)~! cn?. The uncer- Fig. 4. Upward curves: HI dust emission spectrum (dotted line), HI
tainty corresponds to the 2% dispersion observed in the dif_synthe_tic spectrum (corres_ponding to the (_emi_ssivity and temperature
ferent longitude bins (Tablé 3). Withd emissivity law, we find Ve " f(;%mc“n;gasé‘;v‘jn'v';‘aer)d ?::(rjv:s! Em(;lsjz'togmf:“sz‘l’;'] S‘l‘éﬁ)ﬂ for
7/Ng+ = 1.0+0.21072 (/250 im)~2 cm?. This emissiv- " = ' ; P

. | ithi b ith th . fd dotted line, divided by 1.50%), H™ synthetic spectrum (correspond-
ity value agrees within error bars with the emissivity of du g to the emissivity and temperature given in 9gct. 5, dashed line) and

associated with HI gas. _ _ H* emission model (triangle) faN,,+ = 102 cm2.
We have not taken into account until now of the uncertainty

on the HI dust emission spectrum. The removal of the HI maxi-
mal spectrum, defined by/ N+ = 9.6 1072% (A\/250 um)~2 1996, Fig.17). We have used the dust model developped by
(see Ed.R) and T=17.5K, only decreases the emissivity of tbésert etal. (1990) to test the effect of the size distribution on the
WIM dust component by 3@; the removal of the minimal spec-Far-IR spectrum. First, a standard Big Grains composition and
trum, defined byr/Ny+ = 7.8 10726 (A\/250 um)~2 and size distribution (abundance in mass myfin= 5 10-2, silicates
T=17.5K, increases the emissivity by%24 with dark refractory mantle composition, distribution in size fol-
The spectrum derived from the slopes of the cosecant léawing a 2.9 power law with g;,=15 nm and a,,=110 nm,
(which measures the Galactic emission in a direction perpemd a density of 3 g/c) remarquably reproduce the dust emis-
dicular to the Galactic disk over a significantly large area) casion spectrum associated with the HI gas (Eig. 4, upward curve).
responds to the submm dust emission of an HI equivalent cAl-smaller cutoff in the size distribution (with,,a,=30 nm,
umn density of 18 cm~2 (this value is estimated using,  which is compatible with what is predicted in Jones et al., 1996)
and Iy (v)), which is higher than the tentative detection o needed to reproduce the spectrum of the WIM (Big. 4, down-
Boulanger et al. (1996) due to the difference in the HI dustard curve). This comparative analysis suggests that the dif-
spectrum used for the normalisation. Since this column dendiéyence of temperature between the HI antl tHffuse media
of 10?° cm~2 is roughly the Reynolds’s estimate of the total H can be explained by the erosion of the dust grains due to the
column density, our result is consistent with a dust abundaradlisions.
in the WIM which does not differ much from that of the HI gas.
We reach the same conclusion using the minimal or maxi
HI spectrum. However, this conclusion is still preliminary sin
the Reynolds’s estimate is made in parts of the sky which &@€l. FIRAS spectra in low HI column density regions:
different from those used here. Future comparison of the Far- evidence for an extragalactic component

IR dust emission with the Wisconsin H-Alpha Mapper surve ) ) o
(WHAM, Tufte et al., 1996; Reynolds et al., 1998) will allow t uget et al. (1996) have found in the residual emission after the

give a more precise estimate on the dust abundance in the wiffnoval of the Hi correlated emission, an isotropic component
which could be the Cosmic Far Infrared Background (CFIRB)

o _ due to distant Galaxies. Ab| > 40°, at least one third of the
5.3. Firstinterpretation emission at 50Q:m comes from this isotropic component. Thus,

It is extremely difficult to disentangle whether the WIM spec@t high Galactic latitude in very low HI column density regions,
trum follows av? or av' emissivity law because of the poortis component should dominate the FIRAS emission.
signal to noise ratio of our spectrum at long wavelength (Fig. 3). Ve have selected pixels for which:N <9.1 109 Hem™>
However, this spectrum has a definitively higher temperat@8d 2>40" (33 pixels). These pixels are located near and in the

than the spectrum of dust associated with HI gas. ! This abundance in mass is lower than the one givenédaelt et

Dust grains in the WIM are expected to have smaller sizgs 1990 gue to the difference of calibration between the IRAS and
due to grain shattering in grain-grain collisions (Jones et ghyrBE/FIRAS instruments

I .
r;g The extragalactic component
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Table 4. Contribution of the different components to the DIRBE 140 107/ 2 ‘ ‘ T
and 240um emissions in the Lockman Hole region where the mean F 1
HI column density is 8 1 H cm™2. Res2 corresponds to the CFIRB
values. B
0 -8 S

Component 14Qm 240pm 5 10 7F E

1Wm2srt 10Wm2sr! ¢
Total 4.53t0.57 2.46:0.15 i
HI+HT 1.94+0.19 0.9%0.09 9
Res1=Total - (HI + H) 2.59+0.60 1.49-0.17 1007k YA
HE, 1.06£0.22 0.35:0.07 S
Res2=Total - (HI + H) -H,  1.53+0.64 1.14-0.19 /‘
Residual” 2.50+£0.70 1.36£0.25 : : e
Residuaf 3.19+0.43 1.620.17 100 1000

A (um)

Fig.5. Mean FIRAS (continuous line), HI (dash-dot) and Kdash-
dot-dot-dot) spectra in regions wherg;N <9.1 10° H cm~2. The

. residual emission (dot line), obtained by removing from the mean
Lockman Hole and represent 0:64f the sky. For this set of glras spectrum the HI and H components, dominates the FI-

pixels, the mean HI column density is equal to 8%1Bl cm™2.  RAS emission at high latitude in low HI column density regions.
In this region, the non-correlated*Hcolumn density is esti- The typical uncertainties for this residual emission are around 2.6
mated usingVy+/ Ny ;=30% (Jahoda et al., 1990) which gives10~° W m~2 sr?! for 200 < X < 400 pm, 1.7510° W m™2 sr !
Nneg+l Ngr=21% (see Sectl4). We clearly see (Fif. 5) thabr 400 < A < 600 pm, and 2.510"° Wm~2 sr~* for A > 600 pm.

the emission of dust associated with the Hl anddémponents Also reported are our determinations of the DIRBE CFIRB at 140 and
cannot account for the FIRAS spectrum, especially-a800 240 pum (cross points, see Talilé 4).

pm. The presence of another component is evident. The level ‘
of this component is the same as the residual FIRAS emission b
obtained in Puget et al. (1996) before they subtract the esti- g/ >’<
mated H and is in very good agreement with the Fixsen et S
al. (1998) determinations. Puget et al. (1996) have shown that i
the most likely interpretation for this component is the Cosmig
Far-Infrared Background (CFIRB) due to the integrated light 10 " F
of distant galaxies. Despite the fact that it is not physical te ;
consider a unique temperature for this background, it can be an- .
alytically represented in the same way as in Fixsen et al. (1998).10~ 101
The best fit, valid between 200 and 200, i

! Hauser et al., 1998
2 Schlegel et al., 1998

I(v) =8.80 x 107°(v /1) * B, (13.6 K) (5) o1 | -

wherer,=100 cnT!, is presented on Figl 6, together with the 1000

range of determination of Fixsen et al. (1998). The uncertainties A (um)

on the fit will be discussed in a forthcoming paper (Gispert et . _

al., 1999). Fig. 6. CFIRB emission computed on %l(dashed line) and on 0.9

. of the sky (dotted line). The continuous and dotted-dashed lines corre-
The CFIRB can also be determined at 240 and 140 spond to the analytic forms of the CFIRB given by[Hq. 5 and Fixsen et

using DIRBE data for the same part of the sky. Results ale ; ggg) respectively. Cross points correspond to our DIRBE CFIRB
presented in Table 4 together with previous determinations.\lf),es at 140 and 24pm (Res2 of Tablgl4).

this Table, uncertainties on total emissions are the dispersions

measured for the selected pixels, uncertainties on the HI dust

emissions are given by Hg. 2, and uncertainties on the Wihd FIRAS data is not possible due to the considerable increase
dust emissions correspond to thé2dispersion observed in theof the FIRAS data noise (that is why we have prefered to cut
four bins of Galactic longitude (Tallé 3). Our residual emissiotise spectrum at 20@m in Fig.[3).

(Res2 in Tabl&}4) are significantly lower than the ones reported

in Hauser et al. (1998) and Schlegel et al. (1998) since th%)é Isotropy
have neglected the contribution of the dust associated with the"

WIM. We clearly see that it is essential to take into account the test in this part the isotropy of the CFIRB on large scales
dust emission associated to the WIM below 24@. In FIRAS since we do not know the spatial distribution of the WIM dust
data at 240um, the CFIRB emission (Figl5) is very close teemission at small angular scales. This test at large scales is im-
our DIRBE value. At 14Qum, the comparison between DIRBEportant to detect potential systematic effects caused by an inacu-
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rate subtraction of ISM dust emissions. As expected from our 8§ ““““““““““““““““ ]

detection of the WIM dust emission, we show that the CFIRB
is isotropic only if we consider the emission of dust associated
with the H™ component. -

Thus, we have to compute the CFIRB spectrum on a frae- 6f
tion of the sky as large as possible. For that, we prefer to use a_t ¥ * % X i |
Galactic template based on far-IR emissions rather than Hl gés,5 3 X 1
(1) to take into account variations in the dust temperature fr g
place to place and (2) to avoid the large hole in the southetn 4?
hemisphere of the Leiden/Dwingeloo survey. We combine the
DIRBE 140 and 240um data with FIRAS spectra. First, we 5§
extract from DIRBE data (at°/resolution) a Galactic emission g
template. Then, the DIRBE Galactic emission is extrapolated o 100 200 400
to longer wavelengths and subtracted from each individual se- Galactic longitude

lected FIRAS spectrum to derive the CFIRB emission and test
its isotropy. Fig. 7. Variation of the FIRAS residual emission averaged in the [300,

The two (140 and 24Qum) Galactic DIRBE templates, 609] pm band with the Galactic longitude. The error bars are statistical
I, are computed by removing the CFIRB (Table 4) from thg'o"s ().
DIRBE emissions. Assuming:& emissivity law, temperature
and optical depth of each pixel are estimated using the tfigpresents the non-correlatétff, spectrum derived in Se€i. 5.
DIRBE Galactic templates. The residual FIRAS emission e FIRAS residual emission is computed in the following way:
computed in the following way. First, we discard pixels locate . . / e .
in known molecular clouds or HIl regions. We keep pixels wit esv(i,5) = Fu (0, J) = By x I6(i, ) = Eneq+ (i, ,v) - (7)
| AS| < 3 0 and work atb| > 15° (51% of the sky). Then, for whereR,, andI, represent the new ratio and DIRBE 24n
each selected pixel with its associated temperature, we deriegitral Galactic template respectively, obtained after removing
the ratio R, between the modified Planck curve computed #ie contribution of the dust emission associated with the non-
each FIRAS wavelength and the modified Planck curve corwrrelated HIl component. The mean residual emissionisin very
puted at 240um. Finally, the residual emission is computed ijood agreement with the previous estimates [Fig. 6). Moreover,

the following way: we see no more residual cosecant variations[[Fig. 8b): the resid-
. . o ual component of Fig.l8a was due to the non-correldted
Res,(i.5) = Fy (i) — Ry x Ia(i,J) (6 U2 comp o

The mean residual emission spectrum is showr(Fig. 6 togetherIn conclusion, we clearly show that the main uncertainty to
with the spectrum obtained on 0 %4f the sky and its analytical the CFIRB determination on individual pixels of the sky comes
determination (E{J5). The two spectra agree very well. from dust emission associated with the non-correlatéaém-

The isotropy of our residual emission is addressed by logkenent.
ing at its variation with the Galactic longitude or latitude. The
variation of our residual with the Galactic longitude is derived conclusions
by computing the mean residual emission (in the [300, 6a4]
band) in 8 different longitude bins (each bin representing aroufid1€W analysis of the correlation between gas and dust at high
3.5% of the sky). The profile, shown in Figl 7, does not shoalactic latitude has been presented. For the first time, we are
any particular Galactic structure. To test the isotropy with tifPle to present a decomposition of the Far-IR emission over the
Galactic latitude, we compute the emission profile versus th H* and H gas with the determination of the dust emission
latitude (cosecant variation) of our residual emission (Fig. 8@Pectrum for each of these components. This decomposition is
We clearly see a residual Galactic component. The slope of tAwortant to study the evolution of interstellar dust as well as
fitted cosecant law is- 7 101 W m—2 sr-! which is 4 times t0 give new constraints on the CFIRB (spectrum and test of
smaller than the slope of the/Hcosecant component. isotropy).

The pixels selected before represent only the diffuse medium The data used in this analysis are the COBE far-IR data and
but contain both the neutral and ionised emission and thus cHif: Leiden-Dwingeloo HI survey. Our decomposition is based
not be very well represented by a single temperature compon&#ftthe IR/HI correlation and DIRBE and FIRAS IR colors. The
Therefore, our residual FIRAS emission could be affected by Biin quantitative results of this work follow:
inaccurate subtraction of the interstellar medium emissions. IpDust emission spectrum associated with the HI ds:con-
test the effect of the presence of the WIM dust emission on dirm that the emission spectrum of dust in HI gas is well fitted
residual emission, we apply the same method as previously byta modified Planck curve with:& emissivity law and a tem-
remove from the DIRBE data, before determining the tempgrerature of 17.5 K. However, the emissivity normalised per H
atures, the Hi. dust emission defined dsncy - (i, j,v) = bx atom varies by about 30 depending on the pieces of the sky
Nz7(i,5) x Incg+(v) with b = 0.21 (see Seckl4)ncy+(v) used to compute the spectrum. We show that this variation may
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Fig. 8. aVariation of the FIRAS residual emission averaged in the [300, §88]band with the Galactic latitudé. same as but the FIRAS
residual has been computed by taking into account dust emission from the WIM.
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