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Abstract. We present an extended analysis of the high digen on the Galactic and extragalactic interstellar medium along
persion IUE spectra of SN1993J in M 81, based on the irthe lines of sight to the two neighbouring galaxies.
proved data in the IUE final archive. Eight interstellar absorp- Afirstanalysis ofthe ISMin the direction of SN 1993J using
tion components can be identified in the velocity range frotJE spectra was made by de Boer et[al. {1993). Optical spectra
—200km s~! to+200 km s~t. Column densities are determinef the supernova were analysed by Vladilo et/al. (1993, 1994).
for Fer1, Mg1, Mg1i, O1, Sii, Sit1, and Znit. From the ion ra- High velocity clouds (HVCs) and intermediate velocity clouds
tios, we estimate electron densities and temperatures of the @e€s) are present. These designations refer to gas with velocity
in these components. In addition, we rederive column densitgt compatible with what is expected from Galactic rotation.
profiles for the higher ionisation stagesifl Sitv, and Civ  Rather arbitrarily, HVC is used fow,.q| > 100 kms~! and
for the entire line of sight. IVC for 100 kms™! > |v.q] 2 25 kms™t. We extend the
Of special interest are the absorption components at positprevious analysis of IUE spectra by using the rereduced spectra
velocities, which are associated with the intergalactic mediunom the final archive (IUEF@) to determine column densities
(IGM) in the foreground of M 81. The medium has many gda®rthe metalsinthe neutral components. We rederive the column
components, as known from radio measurements, probablydensity profiles for the high ion stages of i, Sitv and Crv.
leased in dynamical interactions by galaxies in the M 81 group. The absorption components at velocitiess0 kms™! are
The IUE spectra contain the only UV absorption informatioaf major interest here. Their velocities are uncommon for the
on such gas. We find neutral and ionised gas absorption at @edactic sky in this direction and the absorption most likely
same velocity, having a metal content similar to a galactic dighriginates in or near the M 81 galaxy group (distance of M 81
We combine the spectra towards SN 1993J in M 81 with63 £+ 0.34 Mpc, Freedman et al. 1994). The column densi-
those towards SN 1987A in the LMC, the directions being eties derived are used to estimate the density and temperature in
sentially antipodes on the celestical sphere. Comparing the takedse clouds and to find support for the proposed location. Ap-
profile with QSO spectra, we conclude that most absorptionpieton et al.[(1981) give a list of velocities for members of the
QSO spectra occurs in diffuse clouds on those sight lines avd1 group. M 81 itself has a systemic velocity-e$4 kms™1,
is not similar to absorption by galactic disk gas. However, ométh a rotational velocity of-130 kms™! at the position of
absorption component towards SN 1993J is clearly very simi@N 1993J (Rot5 1975). The velocity of M 8245183 kms™!;
to some of the absorption components in QSO spectra. that of NGC 3077-19 km s™!. Intergalactic molecular gas was
found in CO emission southeast of the M 81 disk at a veloc-
Key words: stars: supernovae: individual: SN 1993J — Galaxijty of —35 kms~! (Brouillet et al.[1992). Also, intergalactic
halo — galaxies: intergalactic medium — galaxies: ISM — galagas at velocities 0f-120 to +140 km s~ is detected in a tidal
ies: quasars: absorption lines — ultraviolet; stars tail region connecting M 81 and M 82, north of the M 81 center
(Appleton et al/1981; Yun et &al. 1993). The gas found in the
SN 1993J absorption spectra fits into this range of velocities.
Combining the spectratowards SN 1993J with those towards
1. Introduction SN 1987A (essentially on the opposite side of the sky) allows

In recent years two supernovae occurred in nearby galaxi@d€ o create the absorption spectrum through 3 galaxies. This
SN 1987A in the LMC and SN 1993J in M 81. High resolutiofiPt@! SPectrum is compared with absorption as seen on QSO
UV spectra of both supernovae have been taken with the IUJgeS Of sight. This provides a possibility to judge the origin of

satellite in the full wavelength range from 1150 up to 3&pq the absorptions. )
A large number of absorption lines from various metals is lo- 1h€ data used are presented in Séct. 2. The results from the

cated in this part of the spectrum, providing valuable inform&nalysis of the SN 1993J data are given in $ect. 3 for the neutral
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Table 1.1UE high dispersion spectra of SN 1993J

Image 1993 Date Time  Exp.time [min]

LWP 25238 30 March 06:13 UT 80
SWP 47386 30 March 07:58 UT 320
SWP 47394 31 March 05:43UT 655
LWP 25250 01 April  03:41 UT 240

0 E
gas and in Sedil 4 for the ionised gas, followed in $éct.5 by a
discussion of the structure of the SN 1993J line of sight.

In Sect[® we present the combined spectra of the full line of
sight, followed by the comparison with QSO spectra in $éct. 7.
Finally, in Sect B, we summarise our understanding ofthe nattgé 0
of the intergalactic clouds towards SN 1993J in relation to thg O1(1302)
dynamics of the M 81 group of galaxies.

relative in

2. The data

Mg Il (2803)

We analysed the IUE spectra provided by the ESA IUE Fi-
nal Archive at VILSPA, Spain. Four spectra of SN 1993J were
obtained: two each in the short and long wavelength range o }
(SWP 47386, SWP 47394, LWP 25238, LWP 25250). The res-
olution of the spectra is aboRb — 25 kms~1. The dates of the
spectra are listed in Tablé 1. For a representative selection of
absorption line spectra see Hi). 1. Due to the rapid decrease in
UV flux in the supernova, the net flux is significantly weaker |
for those spectra which were taken later. This leads to a lower
signal-to-noise ratio, even though these spectra have larger ex-
posure times.

The SN 1993J data from IUE can be combined with pub-
lished data from other wavelength regions. In particular, we use :
sodium column densities derived by Vladilo et Al. (1993, 1994) 0 [, s Lol . .
and by Bowen et all (1994) from optical spectra. Bowen et al. -300 -200 -100 0 100 200 300
(1994) also derive column densities for Mdgrom HST GHRS Vi sr [km s™]
spectra, ata higher resolution than that of the [UE. The Effels.—g 1.Interstellar absorption profiles of some transitions from the ear
Zgg%rét_zl cm spectra (Viadilo et al. 1994) are also taken In{?er spectra SWP 47386 and LWP 25238.12(2026,&) blends with

Mg 1 at positive velocities. The relative err@y, /n in the continuum is
A much larger number of spectra was taken for SN 198744 vicinity of 10%. The “R” denotes a reseau mark

Referring to the spectral atlas of Blades etlal. (1988), we use the
short wavelength spectrum SWP 30381, which has unsaturated

net flux of FN< 40000 in the echelle orderss-115. The spec- ge Boer et al.[(1993). This provides an improved background
trum was taken on 25 February 1987 with an exposure time Qfyrection, especially in the higher, closely spaced echelle or-
30 min. No long wavelength spectrum of SN 1987A is used. gers, an increased signal-to-noise ratio, and a higher spectral
The spectra show the typical velocity profile seen along &ksojution (Garhart et &l 1997). We smoothed the data using
most all sight lines towards the LMC (Savage & de Boer 1983 pixe| wide boxcar algorithm. In the NEWSIPS spectra the
de Boer & Savage 1980): local Galactic gas arolrkin s, erq intensity level of strong absorption lines appears to lie a

a Galactic IVC and HVC at-60 and +125 km 3—1.' reSpec- few percent too low. We have generally lifted the zero level
tively, one absorption component of as yet unassigned locatigyorgingly.

infront of the LMC at4-160 km s™!, and broad LMC absorption
betweent-200 and+330 kms™1.
Metal column densities for SN 1987A were recently derivedl Lower ionisation stages in the SN 1993J spectra
by Welty et al. (1999) using profile fitting. Forthe high |on|sat|o%.1_ Metal andH 1 column densities
states we use the analysis by Savage et al. (1989).
The SN 1993J spectra discussed here are reduced byThe wavelength scale of the IUE spectra might be affected by
NEWSIPS algorithms, in contrast to the analysis published pginting errors, resulting in a velocity shift for the absorption
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Table 2. Metal column densitiekg N [cm~2] towards SN 1993J

A B C D, Dy E F G
vLsr [kms™'] —130 —90 —50 —-10 +10 +80 +130 +160
Fenr 15.25 4+ 0.25 13.90+0.30 15.1540.20 14.9540.25 14.3540.40 14.1540.25 15.30+0.20 14.1540.25
Mg1 - - 12.65 £ 0.15 12.45 4+ 0.20 - 11.20 £ 0.35 12.95+0.35 11.80+0.15
Mg 11 14.95+0.30 >13.90 14.1540.15 14.604+0.30 < 13.40 14.704+0.30 14.60 +£0.30 14.20 +0.30
O1 14.904+0.30 > 15.85 - - 13.85 4+ 0.45 15.70+0.50 16.50 & 0.20 15.25 4 0.45
Sn 16.10 & 0.40 14.60 4+ 0.20 15.5540.25 15.6540.25 15.8540.45 15.30 +0.40 14.25+0.25 < 14.15
Sin 15.05 £ 0.15 14.35+0.10 15.20+0.10 15.0540.15 14.4540.15 14.20 +0.20 14.10 +0.20 14.25 +0.20
zZnu 12.90 +£0.20 12.3540.25 12.0540.30 12.95 4 0.20 - 11.8540.25 12.40 4 0.20 -
b[kms™1]? 6—7 4-6 9 6—7 1.5-2 5-7 6—7 5—6

2 p-values are derived from curves of growth. Their uncertainties can be2ugrtes™!, depending on the scatter of the equivalent widths

components. We therefore fix the velocity scale by aligning, faes from the review by Savage & Sembach (1996). fFaalue
each transition, the absorption-at0 and~ —50 kms~! with  for each absorption component is fixed using the equivalent
the corresponding clearly visible emission in the Vladilo et alidths of the Si1 and Far transitions. The remaining equiva-
(1994) H1 21 cm spectra. All velocities are given with respedent widths are then fitted to the appropriate theoretical curve of
to the LSR. growth. Column densities amevalues are given in Tablé 2. The

For the identification of the absorption components we userors listed represent minimum and maximum column densi-
the well exposed transitions of Siat 1304A and of Fer ties possible within the range iy allowed by the errors in
at 2382A. Due to the improved data reduction, we are ablhe equivalent widths. All subsequent error values follow from
to resolve eight absorption components (see[Fig. 1) with tendard error propagation.
velocities listed in TablE]2. An additional component might be H1 column densities from H 21 cm emission spectra
presentat-170 kms~! in some transitions, but it is too weak for(Vladilo et al.[1994) can only be derived for the components
analysis. No absorption components are seen at velocities lo@est —50 kms~! and D, and D, around0 kms~!. The broad
than—180 kms~! or larger thant-200 kms™!. Due to the low emission from the disk of M 81 makes it impossible to give
signal-to-noise ratio of the spectra, the centres of the absorptiefiable Hi column densities for the absorption components at
components vary slightly and we refer to the components higher negative velocities. At positive velocities only upper lim-
rounded radial velocities. its follow from the21 cm spectra.

The component D around kms™! in many cases splits ~ However, we can derive Hcolumn densities for all absorp-
into a strong componentand a weak [). These components,tion components from the column densities of the normally only
however, cannot be clearly distinguished in all transitions. Corslightly depleted sulfur and zinc, under the assumption of no
ponents A and B near 130 and—90 kms~! are resolved, but depletion at all for these two metals. Although this assumption
still seem to blend in some transitions. We analyse them sémtroduces an additional source of error, this method provides
arately now, in contrast to the previous publication. The samwore reliable information on IHin the single components than
holds for F and the weaker component G. The blending leatie 21 cm radio spectra at large cloud distances, since these
to larger uncertainties in the resulting column densities, es@e based on integration over the full width of the radio beam.
cially for the weaker of these components. Component E wAs shown in Tabl€l3, the Hcolumn densities calculated this
disregarded in the previous publication, but is clearly visible imay are in good agreement with the 21 cm measurements for
most transitions. those components, for which values are given by Vladilo et al.

The equivalent widths of the absorption lines are measur@®94). For the other components the column densities from the
using a trapezium fit. Due to the faint continuum no better réJE data are equal to or larger than those from the radio emis-
sults would be achievable with Gaussian fitting. We accousibn spectra, which is expected for clouds at a larger distance
for uncertainties in the continuum by determining equivalettiat do not fill the radio beam. Based on these data, the metal
widths for a lowest and highest possible local continuum. Hadbundances also listed in Table 3 can be calculated. The large
of this variation is quadratically added to the error resultindepletion of metals in component, s possibly the result of
from noise. Metal column densities are then determined usingderestimated metal column densities due to blending with the
standard curve-of-growth methods. strong component P

We use the transitions of Fe (1608, 2260, 2344, 2374,
2382, 2586, and 2608), Si11 (1260, 1304, 1526, and 1839,
Mg1 (2852A), Mg 11 (2796 and 2803\), O1 (13024), St
(1250, 1253, and 1258), and of Zni1 (2026A); f values are Important information on the physical conditions in the inter-
taken from the compilation by Mortofi (1991), plus newer vastellar clouds, such as temperatures and electron densities, can

3.2. Physical conditions in the gas
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Table 3.Hydrogen column densitidsg Ng [cm™?2] and metal abundancésg (Nx /Ny ) derived towards SN 1993J (discussion in 9dct. 5)

A B C D. Ds E F G  solat
log Nug 5,  20.60£0.45 19.58+0.32 19.90+0.39 20.40+0.32 <21.10 19.78+047 19.43+0.32 < 18.95
10g Nit, .., ” - - 19.81 20.36 <19.4 <19.4 <19.4 <19.4
Fe —5.35+0.51 —5.68+044 —4.75+0.44 —545+£041 > —7.15 —5.63+£0.53 —4.13+£0.38 > —5.05 —4.50
Mg —5.65+054 >-—568 —574+042 —580+£044 > —7.70 —5.08+0.56 —4.82+0.44 > —5.05 —4.46
o —570+0.54 > —3.73 - - > —7.70 —4.084£0.69 —2,93+0.38 > —4.15 —3.16
Si —5.55+0.47 —5.234+0.34 —4.70+0.40 —5.35+0.35 > —6.80 —5.58£0.51 —5.33+£0.38 > —4.90 —4.45

# solar abundances are taken from review by de Boer ét al. (1987a)
> 21 cm HI column densities are taken from Vladilo et &I, (1994)

Table 5. N(Zn11)/N(Na1) ratios, based either on the observedZn

Table 4. N(Mg1)/N (Mg 11) ratios and Na column densities or on Nalone, using Eq{1)
log Nnvg 1 log Ng: log Nvgn log Nvigi/Nugn log Nznu  log Nxar  log NNa: log Nznu/Nna:
(Bowen) (Vladilo)  (Bowen)

A - 12.41£0.02 14.95+£0.30 —2.54+0.30 A 1290+0.20 1206 12.03+0.01 0.86+0.20 obs.

B - 12.00+0.08 > 13.90 < —-1.82 B 12.35+0.25 - < 11.48 >0.62  obs.
C 12.65+0.15 12.644+0.06 14.15+0.15 —1.514+0.16 C 12.05+0.30 11.23 11.34+0.02 0.77+0.30 obs.
D, 1245+0.20 13.63703; 14.604+0.30 < —0.55 D. 12954020 12.62 14.09+0.13 <0.53  obs.
Dy - 11.41 +£0.03 < 13.40 > —2.02 D, _ 12.18 < 10.23 > —0.84 Eq. Cﬂ)
E 11.204+0.35 11.92+0.08 14.704+0.30 —3.50+0.46 E 11.85+0.25 _ < 10.49 > 1.11 obs.

F 12954035 12761015 14.60+030 —1.84+033 F 1240+020 1289 13.01+0.01 —0.55+0.20 obs.
G 11.80+0.15 11.93+£0.03 14204030 —2.27+0.30 _ _ < 10.32 > 074 Eq.[)

be inferred from the column density ratios of the atom'’s differ-

ent ionisation stages. The various spectra of SN 1993J provide COlumn densities for Neare given by Viadilo et al[(1994)
column densities for two of these- and by Bowen et al[{1994). We equate the higher resolved op-

The ratio of N (Mg 11) /N (Mg1) can be read directly from tical velocity componepts with our IUE components as defined
the IUE spectra for most absorption components. Ifildglumn above for Mg. Both optical data sets are quite 5|r_n|lar. Bowen_et
densities cannot be determined from the IUE spectra, we t&Ret1994), however, have spectra of a slightly higher resolution
the values of Bowen et al_ (1994) from GHRS spectra. Singéa_“ those of Vladilo et al._(1994), resulting in a larger number
these data have a higher resolution, we have to identify thffitted Nar components.

components with those found by us. We assume (velocities in N Mostcases, the N&olumn densities from the two optical
kms-1) [-145,—115] — A; [~110, —70] — B; spectra, assigned to our component structure, are comparable

[70,-30] — C; [-20,+5] — Da; [+5,+15] — Dy; (Tab_ld}'p). The va_lues disagree forthe weak componegndide
[+80, +105] — E; [+110,+150] — F; [+150,+175] — G. to different velocity centres of the fitted components. V_Ve_thus
The resulting values are listed in Table 4. For Mg D, we take the.value from _VIaQ|_Io et. al. (1994) as an upper limit. A
assume the larger column density from Bowen efal. (1994) ${&ong discrepancy is visible in the local componept Dhe

an upper limit. The larger value in E can be due to an addition&!ue of Viadilo et al. (1994)1 is assumed as a lower limit. No
component at04 kms-! in the GHRS data. We will use the/N@! iS detected at-160 kms™* (component G). _
column density from IUE in this component. The other values !N the components Dand G, where a column density for
agree within the ranges of the errors. Znn_ cannot be_- determmeq, VYG use instead the linear approxi-

Comparing the Mg profile at 2803 from IUE and GHRS Mation of Viadilo & Centuron (1994)
spectra, one finds in the IUE profile what looks like a feature N(Zn1)
between—50 and0 kms~! (see Figl). Considering the supelog NNa1) = —0.78(+0.07) log N (NaT) + 1)
rior quality of the GHRS spectra, this feature is probably not
real. The effect of the feature on the resulting column densities,
however, is negligible.

The ratioN (Na11)/N(Nar) is not available from observa-
tions. We can, however, usg(Zn11)/N(Na1) as a substitute
(Vladilo & Centuri6bn[1994). The only slight depletion of Zn
and its ionisation potential af8.0 eV make it a good tracer of
the neutral gas, while Nds sensitive to the physical conditions N (X 11) I'x

in the gas. NXD)  a(D)-ng’ 2)

+10.31(+0.80),

based on only Na However, these values can only describe the
general tendency and must not be overinterpreted.

Temperaturd” and electron density, in a gas are related
to the ionisation ratio of an element X according to
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Table 6. Estimated temperatures, electron densities, hydrogen densi- i F Mg R Mg roTTTTTT
ties, and line of sight extents of the identified velocity components 0 k S E
-1 E
ne [cm™3] 2 T[K] * nu [em™3] 1 [pc] )
A 0.02-02 ~100—5000 250° 2.6 b
B <02  3200-10000 <7° >18 4
C 0.08—0.32 5000—7000 2.7—11° 10—2 i E
D, 0.02—-32 ~ 100 — 6000 250" = 1.6 0
D, <16 2 5000 <50° £8 L
E < 0.06 ~ 100 — 10000 <2°¢ > 10 2
F 013-40 ~100—4000 300" <0.3 Ny
G <016 > 3500 <5° 506 Py
2 from Fig[2 g s

b adopting fully neutral H, free electrons mainly front C
< adopting 3% H

wherel'x is the photoionisation rate ard7T") the recombina-
tion coefficient. As an initial approximation faryx, we use the
values WJ1 of de Boer et &l. (1973), based on the mean Galactic’
radiation field of Witt & Johnson[ (1973). Additional contri-
butions from charge exchange reactions (see &guignot &
Aldrovandi 1986) can be neglected, since the density of the gas
is low.

Radiative recombination coefficients are taken from R
Péquignot & Aldrovandi[(1986). For magnesium we mustalso >, 5 55 30 35 40 45 20 25 30 35 40 45 50
take into account the dielectronic recombination coefficient log T
given by Shull & van Steenberg (1982), and the contribution

of dielectronic recombination processes at lower temperatufdg 2. Electron densities and temperatures of the different ab-
calculated by Nussbaumer & Storéy (1986). sorption components. “Mg” denotes the plots calculated from

For magnesium we therefore get a temperature depend?ﬁwgl)/N(MgH)’ Na” those fromN (Na) /N (Na ), which are
- erived fromN (Na1) /N (Zn 11). From the intersepts of the curves we
electron density of

estimate the physical parameters of the gas
IRV N(Mg1)
’ne( ) = g L s—

AN BRor

(4,10 I RN RN

: ®3)
a(T) N(Mg) D, seems to have a combination of high temperature and high
while we use for sodium electron density. For E and G we probably have temperatures
betweent000 and10 000 K.
N(Na1) = N(Na) . N(Znm) (4) Since the curves of magnesium and sodium are nearly par-
N(Na1) ~ N(Znm) N(Na1) allel below abou8500 K, we need additional information for a
with more precise temperature determination. According to Vladilo
& Centuridn (1994),Jlog Ry = log[N(Zn11)/N(Nar)] can be
N(Nan N(N ;
(Na 1) ~ (Na) ~ 50, (5) used by itself as an indicator for temperature and electron den-

N(Znm) — N(Zn) sity in the gas. In our data the column densities are not exact
assuming solar abundances. The left approximation ifEq. (5¢isough forog R to provide tight restrictions to these param-
valid, because in neutral gas the first ionisation stages of sodiatars, but we can at least assume cold gas ara06 for

and zinc are far more abundant than the neutral forms. log Ry < 0.8 and warm gas folog Ry = 0.9.

Plotting these two functions into a diagram for each compo- Under this criterion, we find that component Bnd proba-
nent, we can read the physical conditions in the gas from the liolg also F consist of cold gas. While A and C are still undecided,
curve intersepts (Fifgl 2). The resulting limits for temperaturéise gas in B is probably warm. For the gas in E and especially
and electron densities are given in Table 6. Exact limits coulwe also get a tendency towards higher temperatures.
not be given for all components. With known electron densities we can now roughly esti-

Only component C yields a well defined intersept that proaate hydrogen densities and hence the extents of the clouds.
vides firm limits onT andn.. For A, a value in the flat part Assuming the hydrogen in the gas is totally neutral, most of the
of the diagram belov8500 K seems to be most probableZIf electrons stem from carbon, which is the most abundant ionised
was significantly higher in this cloud, one would expect a muchetal in the ISM. For cold gas at about0 K we thus can
higher state of ionisation and thus much higher electron darse the carbon abundance-e8.4 dex (de Boer et al. 198/7a)
sities in the gas, which would not fit with the diagram. Onlyo derive the hydrogen abundance. This probably is the case in
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components A, B, and F. For warm gas of severdl00 K the 14.0

fraction of ionised hydrogen can b6 to 5%, depending on the

level of ionising radiation in the environment (Vladilo & Cen- 135 | .

turion[1994; Kulkarni & Heile$ 1987). Under this assumption,

electrons from ionised hydrogen are by far dominant. However, cv

the wide temperature ranges derived above and the lack of ia- 130 1

formation on the radiation field in the clouds make it difficult tep SV

determine exact densities. For the probably warm components125 | A ]

B, C, Dy, E, and G withT" & 4000 K, we assume a fraction of Al b 1 FrEel I R

ionised hydrogen a3%. 2ol ]
Based on the values derived foy;, we then calculate the l l

line of sight extent of each cloud, with appropriate uncertainties.

The results are listed in Tallé 6. 115

-150 -100 -50 0 50 100 150 200 250

Due to the uncertain ionisation ratio of hydrogen, especially -1
Vi gRr [kms™]

in the warm components, the derived densities could be smaller
than listed in Tablgl6. McKee & Ostriker (1977) assume a fra€ig. 3. Apparent column densities for the highly ionised atoms C
tional ionisation of 15% for the warm neutral ISM, which wouldBi1Vv, and Aliir. The extremely low Gv value at—40 kms ™" was
lead to a factob smaller hydrogen densities. In the cool COmpdalisrega?rd_ed. Where no column de_nsity is plotted_, the profile indicated
nents A, D, and F a non-negligible fraction of ionised hydrogeHPPer limits lower than the end points of the profiles
could have an even larger effect on the hydrogen densities.

As a consequence, also the calculated cloud sizes strongly

depend on the level of hydrogen ionisation assumed for thgout a factor o6 lower than that of Gv, making Nv hard to
clouds. The warm clouds are about a facolarger if 15% detect in the halo. Furthermore, thevNransitions are located

of the hydrogen is ionised. Looking at the cool componentsg@smaller wavelengths, where the UV flux from the supernova
fractional ionisation of only 1% already means a linear exteRhd already decreased, thus lowering the signal-to-noise ratio

about a factoR5 larger than stated in Tallé 6. in this region of the spectra.
Reliable absorption profiles are calculated for each of the
4. Higher ionisation stages towards SN 1993J observed spectra. The comparison of the apparent column den-
N sity profiles in each doublet shows no indication of saturation for
4.1. Column densities any of the atoms, i.e., no unusual deviation in the peak heights.

The gas seen in the absorption lines of higher ions is likefye thus take the mean of the four available profiles (two tran-
spatially distinct from the lower ionised gas and has to be treaflfions in each of the two spectra) of each ion. Fig. 3 shows the
separately. resulting mean apparent column density profilesv Ghowed

For the analysis, we determine apparent column densiti@8, unnaturally low column density at40 kms~*, which was
as described by, e.g., Savage & Sembach (1991): The optiégregarded.

depthr at a wavelengti is approximately Significantly larger errors for the mean apparent col-
umn densities at velocities lower than-100 kms™!
T(A) ~ 7a(A) = In[lo(N)/Lops(N)], (6) (Al —120 kms™!) and larger than+220 kms™! (Al i:

. . : . . +200 kms™!) indicate a lack of absorption at these veloc-
with Io()) the continuum intensity ankl,s(1) the observed in- .. | Only upper limits can be given here. Especially near

. . Lo 1
tensity at this wavelength. For each velocity bire6fkms™*, _130 kms~!, the rotational velocity of M 81 at the position

which is the resolution of the IUE, the logarithmic column dendf SN'1993J, no absorption is found.

:;y log[N,(v)] apparently occuring in that bin then computes We find a broad absorption component arount) km s-1
and another broad absorption betweesd and+200 kms™!,
log[N, (v)] = log 74 (v) — log(fAir) + 15.876 (7) the latter probably due to at leastlouds of velocities around
[atoms cm 2 (20 km S_l)fl], +.1.1() and+1_70 kms™!. Also, aweak gqmponent&km slis
visible. The integrated column densities for these components
wheref is the transition probability and;, the wavelength of are listed in Tablgl7.
the transition.

We examine the doublet transitions of il (1854 and
1862 A), Sitv (1393 and1402 A), and Crv (1548 and1550 A).
No absorption of the N doublet at 238 and1242 A isobserved lonisation of gas to the level of 8 and Al1ir can be explained
along this line of sight. This lack of N absorption was also ob- by stellar photons. For G the necessary ionisation energy is
served towards SN 1987A (Fransson et al. 1987) and was tabe large to be provided by stellar radiation, but these ions can
expected. The lower solar abundance of nitrogen and the lower easily produced, for example, in the cooling process of a
f-values for the N/ transitions lead to a nominal line strengtlgalactic fountain.

4.2. Physical conditions in the gas
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Table 7. High ion metal column densities towards SN 1993J. Onlyhe extent of this gas is abokit- 4 pc. These parameters agree
upper limits can be given for gas atl30 kms™'. The errors for the nicely with our results.

other values are in the range@fl 5 dex. In the rightmost column the In the profiles of the highly ionised atoms we find ad-

total column density for absorption aboye&0 kms™! is listed ditional Milky Way absorption components: The absorption
around) km s~! hasiits origin probably in Galactic disk gas, pos-
log [, N(v)] [em™?] sibly in gas of the Local Bubble, surrounding the Local Cloud.
vLsr [kms™'] —130 —40 0 +110 +170 110& 170 The gas seen aroundd0 kms~! could be related to the IVC
Civ <131 14.3 ~13.0 14.0 13.9 14.3 component C in neutral gas. A transition between neutral and
Sitv <12.8 14.0 ~12.8 13.7 13.7 14.0 ionised gas also would explain the coexistence of @nd Sirv
Al 111 <123 131 - 129 129 132 found in Chaptelr 4]2. We obviously have no contribution from

the nearby Galactic HVYC Complex C, which, in this general
direction, shows velocities 6f100 km s~ and below (Wakker

1991).
Looking at the apparent column density profiles, we find )

similar profiles for Siv and Crv in the negative velocity range, )
with a nearly constant ratiog[ NV (C 1v) /N(Si1v)] of about2.5. °-2- Gasin M81
The profile of Al differs, butthis mightbe due tothe weaknes@e find neutral gas in absorption at velocities near
of the absorption. Both 6/ and Sirv possibly existin the same _130 kms-1. From the radiointerferometry map of M 81 gas
spatial environment, in a border region between hot, infalling, Rots(1975), this is the rotational velocity of the galaxy at the
fountain gas and cooler, photoionised or recombined, gas. Thisition of the supernova. Peak-shaped emission is not visible
spatial coexistence seems to be a common phenomenon in fialfle H 21 cm emission spectra at this velocity, but rather only
gas, itwas also found by Savage etial. (1989) on the line of sigithad background emission from the disk of M81. The gas in
to SN1987A. ) . " ) absorption is thus probably located at a large distance, at which
Nothing comparable is found in the positive velocity rangg. could not be detected separately in tgadio beam of the
The profile of Qv clearly differs from that of Siv. We prob-  Effelsherg telescope. For these reasons the components A and
ably have spatially distinct clouds at similar velocities herg -an pe assumed to be located in the disk or the lower halo of
possibly in the vicinity of M 81. M81.
In component A the Hi column density is comparable to

) local gas. The metal column densities in this component are

5. Spatial arrangement of the clouds very similar to those in Milky Way gas. We probably see cold

An estimate of the locations of the absorbing clouds is difficUd 81 disk gas at-130 kms™* here.

for the highly ionised gas. However, we can distinguish three AlSO assuming a location in M8Lomponent Bcan be
basic groups of gas: gas within the Milky Way, either in the didrterpreted as an IVC or a blend of such clouds, at a velocity of
orin its halo, gas in M 81, and intergalactic gas at some positiorf0 kms™* relative to the M 81 disk.

in the space between M 81 and the Galaxy, probably near the NO highly ionised gas is detected that would have to be
M 81 group. associated with a location near M 81.

5.1. Gas in the Milky Way 5.3. Intergalactic gas in front of M 81

Inthe low ion transitions, components C, and D, are consid- e three absorption components E, F, and G seen at positive
ered to be Galactic gas. Their velocities and their clear visibili¥glocities can hardly be assigned to the Galaxy or M 81 itself.

in the21 cm radio emission spectra let any other interpretatidi€y must be intergalactic clouds, located probably in the IGM
than nearby gas seem improbable. of the M81 group. The gas seen in the highly ionised atoms

Component C, from its velocity of—50 kms™1, is by defi- at positive velocities is associated with intergalactic clouds as
nition an IVC in our Galaxy, probably part of the Low Latitudevell.

Intermediate Velocity (LLIV) Arch (Kuntz & Danly 1996). The ~ The hydrogen column density of the coatemponent Eis
large b-value and column density indicate a possible blend 6pmparable to that of the IVC components B and C, with metal

more than one cloud. depletions in a normal range.
Component D, shows the typical parameters for cold local !N the coldcomponent Fwe find a hydrogen column den-
disk gas. sity about one order of magnitude smaller than for the local

Component D, may represent absorption by gas of the Ld>alactic component RThe depletiqn Iis Iow,_ wi.th presumably
cal Cloud, in which our solar system is imbedded. For L& depletion at all for oxygen. This is an indicator for a low
cal Cloud gas in the direction of M 81,&ova et al.[(1990) dust content in the gas. If we assume a location in the vicinity
ng ~ 0.1 cm3 at a velocity of+11 kms~!. The magnesium Ple. The low temperature, however, contradicts an origin from

column density has a low value of onlyg N(Mg) < 12.1. & galactic fountain mechanism.
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i M8l The gas seen in the high ion absorption lines at velocities
s larger than+-80 km s~ must also be located in front of M 81.
Sl Bregman [(1980) predicts mainly negative velocities in Galac-

tic neutral gas in the direction of M 81. Of course, the highly
ionised gas cannot be identical to this neutral gas. Nevertheless,
if both ionisation stages are only different states of infalling
gas, their velocities should be comparable. Positive velocities
around+140 kms~!, however, have been found by Yun et al.
(I993) in the tidal tail region connecting M 81 and M 82.
Since we find indicators for a high energy environment from
sMC the lower ionisation stages, the coexistence of highly and low
.. ionised gas and cold, shielded cloud cores in the M 81 group
) , <7 IGM is plausible. Similar conditions were recently found by
EMCE= Sembach et al[ (2000) in the Magellanic Stream and in outer
Fig. 4. Schematical view of the lines of sight from the Milky Way toGalaxy HVCs, where neutral Hgas is visible together with
the two nearby supernovae. In the lower right the Magellanic Clou@sv1 at the interface to the surrounding hot medium.
are visible at about 50 kpc distance; M 81 at 3.63 Mpc is found in the

upper left corner 6. Combined SN 1987A to SN 1993J line of sight

6.1. Line of sight and velocity structure

Component Gshows warm gas of very low hydrogen col-

umn density and low metal depletion. Similar to component

it could be high velocity gas still in its cooling phase, infallin
towards M 81.

he antipodal directions of the two supernovae allow us to com-
ine their lines of sight into a single one that traverses three
%alaxies in a direction nearly perpendicular to the plane of the
Local Group (Fig.4). As noted by de Boer et al. (1987b), the
We find very low electron densities for the warm neutralosition of SN 1987A is on the backside of the LMC. Starting
gas components E and G at positive velocities. This is unusubkre, the line of sight crosses the local LMC gas, the HVCs and
since our calculations are based on the Galactic disk radiatlCs of the southern Galactic halo, the full disk of the Milky
field, which is too large for halo gas. The disk radiation field#/ay, and its northern halo with the IVC. It continues on, sam-
of the Galaxy and M 81 should be comparable. However, if tipding the intergalactic medium towards the M 81 group and the
components are located at some distance from the disk of M 84lo of M 81, before it reaches the disk of M 81 itself at the lo-
as assumed from their velocities, the level of radiation shoutdtion of SN 1993J. The total length of this line of sight is about
be significantly lower, leading to even lower electron densi:7 Mpc, sampling gas at a total velocity width 50 km s~!.
ties than derived above. We thus conclude that an enhancedTo create a spectrum over the combined line of sight we
level of ionising radiation exists at the location of the companerge the absorption line spectra of the two supernovae. We
nents E and G, at least at the level of a disk radiation fielexamine the transitions of 8iat 1304, 1526 and 1808 A, as
Evidence for enhanced ionising radiation in a range typical farell as the Qv transition at1548 A. For the combination we
the Galactic disk was also inferred by Vladilo et al. (1994) fromse the ripple corrected spectra and sum over the absorption in
the N(Ca1r)/N(Car) ratio. each velocity bin. We do lose some equivalent width in those
Radiation from hot disk stars is an improbable source absorption components which are saturated. It is shown below
energy for this level of ionisation. The interpretation of typicglSect[6.2), however, that this loss has a negligible effect on the
HVCs seems unlikely under these conditions. If located in thetal equivalent width. It is not neccessary for this examina-
foreground of M 81, the dynamic intergalactic medium of thiéon to add the optical depths and generate Voigt profiles of
M 81 group itself could provide the energy needed. The sounte absorption, which is the mathematically correct procedure.
of energy is unclear, but could be shocks or plasma effects likigy.[3 shows the combined absorption profiles for the total line
magnetic reconnection (Birk et al. 1998). Also mixing effects af sight. We see a complex blending of absorptions from the
the border region between hot intergalactic gas and cooler tidiferent galaxies in the absorption profile. Without knowledge
debris are possible. about the individual galaxies it is impossible to associate indi-
The low pressure in the IGM would explain the probablyidual absorption components with a particular galaxy.
large extent of the hot component E. Component F, from its
ve!ocny assigned to thl§ mtergalat_:tlc gas, is p_ossnbly the cogi_z_ Column densities
shielded core of some intergalactic cloud. This would explain
the high hydrogen density at a low extent. The high densikye obtain the equivalent widths for the complete absorption
ng = 300 cm~3 derived assuming free electrons solely fromstructure by a trapezium fit. For 8iwe can fit these values
carbon might indicate that at least a small fraction of hydrogém a theoretical curve of growth with a doppler parameter of
is ionised in this component. This would mean a lower density~ 80 kms™!. A b-value that large was to be expected for such
and a larger extent, rather typical for an extended cold cloudmassive blending of absorption components. The total absorp-
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' ' ' ' ' ' ' Table 8. Quasar column densities in comparison to column densities
LMCe7 HVCa7  IVCer Locer on the line of sight from SN 1987A to SN 1993
Ag3 Bgg Cg3DaDp,, Egg Fg3Gos
N Il z log N [em~?] Note?
_ ! Sin Civ o
Si'll (1304)
QS0 1756-237 1.673 > 14.3 <158 <15 a
QSO 0002422 2.302 14.9 14.9 0.0 b
0 1, PKS2126-158 2.638 14.8 > 15.0 > 0.2 c
2> 2.769 14.3 14.7 0.4 C
g QS0 J2233-606 1.787 < 14.9 143 >-06 d
£ Si Il (1526) 1.869 < 14.8 145 >-03 d
Lol 1 1928 <136 <137 ~01 d
k 1 1.943 <140 <148 ~08 d
- Si Il (1808) 2.077 <136 133 >-03 d
2.198 < 13.3 13.8 > 0.5 d
ol 1 2.206 < 14.3 142 >-01 d
1 SN1987Ato SN1993J > 161 2150 < —1.1
LMC gas 16.4° >14.8° > —1.6
Clouds F+G to SN 1993J 14.5 14.3 —0.2
C IV (1548)
or . . . . . . L] @ Data from (a) Turnshek et al. (1979); (b) Sargent et al. (1979); (c)
-100 0 100 200 300 400 500 Young et al.[(1979); (d) Savaglid (1998)

b Gas atrsg > 190 kms™t, from Welty et al.[[1999)

¢ Gas atrsr > 190 kms™!, from Savage et al {1989)

Fig. 5. Absorption profiles created for the combined line of sight from

SN 1987Ato SN 1993J, based on the spectra to each of the supernovae.

The velocity origin is set to the position of SN 1987A. The marks in the

top of the figure indicate which absorption structure is due to which b€ of sight (see, e.g., Savage & Jeske 1981; York €t al.[1986;

the individual gas components along the total line of sight. They novanny & York[1992). We now compare typical quasar absorp-

heavily blend, of course tion with the absorption structure found on our Local Group
line of sight. We use equivalent widths listed for three different
guasar sight lines from Savage & Jeske (1981) and those of one

tion leads to a column density tfg Niot.1 (Si11) = 16.1. Ifwe  quasar in the Hubble Deep Field South from Savaglio (1998).

just sum over the equivalent widths of the single componentge velocity widths of the absorption complexes are between

and fit these to a curve of growth, we get the same value 10f0 and 550 kms~*, which is comparable to th&00 kms*

log Nyotal (Sil) = 16.1, but with ab-value of100 kms™". Ob-  found for the local absorption. The data are listed in Table 8.

viously, the column density for these data is not very sensitive The column densities in Si are generally lower on the

to changes in the equivalent width. This justifies the procedujgasar sight lines than in the SN 1987A - SN 1993J gas, while

of just adding the absorption profiles instead of correctly adding C1v the values are similar. The relation of lower to higher

the optical depths. ionisation stages is thus significantly lower on the quasar sight

From the sum over the single column densities we dfies. Both results are expected, since the local line of sightis an
log Niota1 (Sit) = 16.6, which is about a factor o larger extreme case of three galactic disks along one line of sight. Most
than from the curve of growth. This deviation shows that, i6fthe neutral gas is found in the disks of galaxies, so this explains
absorption profiles with heavy line blending, the total columgie high column density in $i. The halos of galaxies are far
density can easily be underestimated by a significant amourthore extended than the disks, so the probability of sampling

No reliable total column density can be determined fovC  halo gas in a quasar sight line is far higher than for disk gas.
With only one data point we cannot use the curve of growtthis leads to the observed relation of lower to higher ionisation
method. The apparent column density method is not suitaBlages in the quasar absorption complexes and to the generally
here, due to the saturation of the profile. The sum over the sinier column density in the less dense halo gas.
column densities i®g Niota1 (C1v) R 15.0, using the value of  Dwarf galaxy gas or gas of any other diffuse nature may
14.7 (Savage et al. 1989) for SN 1987A and the values froflso produce absorption lines. Substantial iay be present
Tablel ¥ for SN 1993J. in dwarf galaxies, as in the case of the LMC. Free gas outside
galaxies containing metals is most likely material expelled by
such galaxies.

The ratioN(C1v)/N(Si1) could possibly be used as an
Complex absorption structures seen in the spectra of quasadicator for halo gas along lines of sight. For local gas we get
are commonly identified with absorption by galaxies, galacticvalue of< —1.1 dex, while the values for quasar absorption
halos, or other diffuse objects such as dwarf galaxies along twnplexes range betweer).6 and1.5 dex. This ratio can be

-1
VeN 19874 [km s™]

7. Comparison with quasar lines of sight
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influenced by different depletions of the elements, however, 8%ie level of radiation should be different in intergalactic space
pecially since both ionisation stages existin completely differefar away from galaxy disks. Nevertheless, the intergalactic ab-
environments. sorption components show signs for ionisation comparable to
In particular, we can compare the cloud complex F+G ldhat in the radiation field of the Galaxy or even larger. Another
cated in the intergalactic medium in front of M 81 with thesexplanation for the observed level of ionisation could be the
results. Since we do not detect high ions at the velocity of M §tesence of a stellar component in the gas, not unrealistic in a
component E, we consider only the ratio for components F ascknario of material ripped from M 82 in a close encounter. If
G alone (see Tablg 8). In contrast to the total line of sight, thé&82 indeed lost its spiral arms, stars could well be present in
ratio of N(C1v)/N(Sim) for the intergalactic cloud complexthe intergalactic medium of the M 81 group.
is very similar to those from QSO absorption systems, with The detection of highly ionised gas in the complex F+G
comparably low column densities. demonstrates that neutral and ionised gas are mixed, very similar
to what is seen in QSO absorption line systems. It is unclear,
however, justwhere exactly the ionised gas is situated. Itis either
in the border region of the hot intergalactic plasma, thermally

The cloud complex F+G found in the foreground of M 81 doexcited by collisions, or it is gas excited by a radiation source
not show a low density, metal poor structure as one usuafi9mewhere within the M 81 system.
assumes for intergalactic gas. Instead, it shows a mixture o

cold and warm, normal density, metal rich gas, in coexistent LnowledgementsOM is supported by Deutsche Forschungsge-
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with highly ionised hot components, as normally expected O aochargran 5o e gagLised n tis paper were provice
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lines of sight crossing a galactic disk. This indicates that th& -omments which helped to improve the paper.

F+G complex probably contains gas of galactic disk origin.

The complex extragalactic gas features of the M 81 grou
have been mapped in emission of both (3ee, e.g., Cottrell References
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