~ : '
Variable Interstellar Absorption toward HD 219188
N Daniel E. Welty (University of Chicago)
[ Abstract ] [ Optical Spectraof Nal and Call ] [ Variationsin Column Densities

We discuss the results of continued optical/UV monitorihthe variable intermediate-velocity

(IV) absorption toward the low halo star HD 219188. CompasbetweetdSTSTIS echelle | | | | | ‘
spectra obtained in 2001, 2003, and 2004 A&8d/GHRS echelle spectra obtained in 1994-1995 i |
indicate the following: 100 = % o
(1) The IV absorption from the dominant species,© 1, Siii, and Fal appears to be essentially 280 B o e I -
constant, within the uncertainties, in all four sets of $@ee- suggesting that the total hydrogen 7 ~~ N(s 1) (10 L cm 72 |
column density and the (mild) depletions have not changgmifgantly over a period of nearly S gol. * NNal) (10" em ) : _
ten years. %‘ %‘ _ o N(CI) (10 cm ) . ]
(2) The IV column densities of the trace speciaglibth ground and excited fine-structure states)@ I3 § 40 L (v=-38 km s ) ; .
and of the excited state & all increased by factors of 2-5 between 1995 and 2001 — aimil = = g o g * % $s ¢ %% 5 -
to the increases seen for both Nand Cai. The changes in Cand Ci* suggest that the local jz: E 20 |— —
hydrogen densityy increased by a factor 2 (from about 25 cm? to about 60 cm?, for T = 3 < ~1980.75) B .
100 K) and that the electron density may have increased by a factor of 3—4 over that 6-year¥ ) 0| 7 : | | | | | | | | | | | | | L]
period. 1990 1992 1994 1996 1998 2000 2002 2004
(3) The IV column densities of Cand Ci* have remained roughly constant (or may have Pate Observed
decreased slightly) between 2001 and 2004, however — stiggge$ roughly constanny and Na I 5895 Ca 11 3933 ] | | | | | | | | a
Ne over that interval. 00 ] 0.0 b ] 0l B
The relatively low (and apparently constant) tat{H) and the modesty suggest that the IV | | L | L - . N(Na I)/N(Ca I |
cloud is not a dense knot or filament. In this case, the vanatappear to be due to modest —60 —-40  -20 0 _, 20 ~60 —40  -20 o _, 20 gl _
differences in density and/or ionization (and not totaliooh density), over scales of tens of AU heliocentric velocity (km =) heliocentric velocity {km s ) o NS ID/N(Fe D) i
(compared to an estimated cloud thickness along the linigbf ef order 1000 AU. Figure 1. Selected Na 5895 (eft and Ca I1A393 (ight) spectra toward HD 219188 (Welty & Fitzpatick 2001). The & 6 — /0 <™ s ) -
sources and dates of the spectra are indicated. The KPN@ ¢eed spectra were obtained at resolutions of 1.35—-1.56 km ng -

[ | ntroduction ]

the lower resolution spectra from Albert (1983; Alb80) amtbach et al. (1993; SDS91) were generated from the componen A
structures listed therein. The column densities in thamnésliate-velocity component ai~ —38 km s™! increased by factors
of 2—3 between 1995.82 and 2000.46; no Na | was detectedtatdiozity in 1980.

It has become evident that some clearly interstellar albsorpnes can vary in strength and/or [
velocity. For example, changes in the profiles of INend/or Cal lines have been observed

UV Spectra (GHRS, STIS)

]

toward several stars in the direction of the Vela supernewanant (Hobbs et al. 1991; Danks
& Sembach 1995; Cha & Sembach 2000) — presumably due to claiidms in that energetic
environment. HigiN(Cauil)/N(Na1) ratios suggest significant shock processing of the irdiast
dust grains in some of those clouds. In several other case®gMer, the narrow Naline widths

(b ~ 0.3-0.5 km 51) and/or lowN(Can)/N(Na1) ratios characterizing the variable components
suggest that the gas is relatively cool and quiescent (Bladel. 1997; Price et al. 2000;
Crawford et al. 2000; Lauroesch, Meyer, & Blades 2000; Waltyitzpatrick 2001; Lauroesch
& Meyer 2003). If these differences are due to variationsvarall hydrogen column density
[assuming “typical’N(Na1)/N(H) ratios], the high implied densities (generally sevéhalusand
cm~3) are difficult to reconcile with clouds in thermal pressugeiéibrium at typical interstellar
pressures of order 3000 cr¥K. The differences may reflect a population of cold, densmats

or sheets, embedded in warmer, less dense neutral gas @athocunl10-30% of the total column
density of cold, neutral gas (Heiles 1997). Alternativéitye differences in these trace ions might
be due to small-scale variations in density and/or iormzafe.g., Lauroesch et al. 1998).

HD 219188 is an early B supergiant located about 2800 pc fhensun atl,b) ~ (83>, —50°).
Sometime between 1980.75 and 1997.77, strong, narromalNsorption appeared &at, ~ —38
km s toward HD 219188; that absorption continued to strengthbgra factor 2—3, between
1997.77 and 2000.46 (Fig. 1; Welty & Fitzpatrick 2001). Timelof sight appears to be moving
into/through a relatively cold, quiescent intermediatory (IV) cloud, due to the 13 mas/yr
proper motion of HD 219188 (ESA 1997); the variations inINaobe length scales of 2—38
AU/yr. The high resolution (FWHM- 1.2—2.0 km s1) achieved for most of the spectra enabled:
measurement of the line widti{Na) ~ 0.55-0.60 km s — soT must be less than 490 K. UV
spectra obtained with ttéSTGHRS in 1994-1995 suggesti@H;o) ~ 5.6 x 10" cm~2, “halo
cloud” depletions of silicon and iromy ~ 25 cnm 3, andne ~ 0.5-5.2 cn? (if T ~ 100 K) for
the portion of the 1V cloud sampled at that time. The reldyiegh fractional ionizationne/ny
2> 0.02, implies that hydrogen must be partially ionized. lis tase, thé&(Nai)/N(Hiot) ratio is
very high (Fig. 5), and the variations in Ndo not imply large local pressures or densities.

Iintensity

relative

GHRS wvs. STIS—1

relative intensity

STIS—3 vs. 5TIS—1

1992 1994 1996 1998 2000 2002
Date Observed

2004

Figure 3. Variations inN(Na I), N(C I), andN(S 1l) (top) and inN(Na I)/N(Ca Il) andN(S Il)/N(Fe 1l) (botton), atv ~ —38

km s~1 toward HD 219188. Na | was not detected, and Ca Il only weakly980 (Albert 1983); a weak Na | feature may have
been detected in 1991 (Sembach et al. 1988Na |) (filled circleg increased steadily between 1997.77 and 2000.46, but then
decreased between 2000.46 and 2003.99; the chandH€if) (open squargsappear to parallel those M(Na I). N(S Il) —

and thusN(H) — has remained essentially constant between 1995.32@0¢142. ThéN(Na I)/N(Ca 1) andN(S I1)/N(Fe II)
ratios — and thus the depletions — appear to have remainativedy constant since 1995 (though the former is highen tha
was prior to 1992).
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Figure4. C | fine-structure excitation in the 38 km s component toward HD 219188. The GHRS value (1995.37) isgive
by the open triangle; the three STIS values (2001.74-2QD4ve given by the filled circles. The solid lines show thedpred
ratios forT = 50, 100, and 200 K (Jenkins & Shaya 1979; Jenkins & Tripp 200 open squares along each curve denote
log(ny) = 0—4 (the squares nearest the STIS points are fonlggt 2). The three STIS values are in good agreement with

the predicted curves — suggesting that the IV gas may be deaized by uniform pressure (i.e., not a mixture of low- and

[ New Optical and UV Spectra of HD 219188 j high-pressure gas).

We have obtained additional optical and UV spectra of HD 3B91n order to monitor the 15 y ‘ [T 1] ‘ [ TT] ‘ [ TT] ‘ [ TT1 ‘ [T/ ‘ %
continuing variations of the column densities and phygicaperties of the IV gas. The new op- - —
tical spectra, obtained from ESO (2000.80; 3.6m/CES; FWH3 km s 1), KPNO (2001.80; 14 — o= Sco-Oph ]
couck feed; FWHM~ 4 km s 1), and APO (2002.79-2003.99; ARC echelle; FWHMS8 — % = Trapezium .
km s~1), include lines from Naand/or Cai. The new UV spectra, obtained at three epochs with — — .
the HST'STIS echelle (2001.74, 2003.43, 2004.42; FWHM.3 km s1; central wavelengths = 13 = -
1271, 2363, and 2818), include lines from G (for estimating the pressure and density);*C © — .
(for determiningng), Su [for estimatingN(H)], and Sin and Fen (for gauging the depletions). | ‘ \Z/ 12 } {
The IV column densities for the various species were detethvia detailed fits to the line -60  —-40  -20 0 20 -60 —40 —20 20 = — A —
profiles, using component structures derived from the Hgresolution optical and UV spectra heliocentric velocity (km s ) heliocentric velocity (km s ) o0y L Eees B
(e.g., Welty, Hobbs, & Morton 2001). _ . . . . = — i _

Figure 2. Profiles of selected UV lines toward HD 219188, observed #igHSTGHRS at resolutions of about 3.5 km's — ]

Table 1 iss the derived column densites, everal radiod some physical properties inferred 19 7 eHSTISTI at esautons ofabout 22 ' The vertca doted e ndates e IV somporentds 10 -
for the IV gas. Because theiCA\1334 line is saturatedN(S11) was used to estimate the column |n several cases, lines observed with GHRS have been scaldfor comparison with the lines observed with STIS (C | — _
density of carbon (Gplus C); the resulting values foK(C ) andN(C 1) are given in paren- 11560 mtolt 3102253 Fe 02600, e e ey e st of e e soces o arour, S e
theses. The column densities listed foriNand Cai (in square braces) are for the observationSessentially constant. The right panel compares the STI®fies (2004.42ashed lineswith the STIS-1 profiles (2001.74; 9
closest in time to the UV observations. The hydrogen dernsigstimated from the Cfine-  solid lineg. Both C I and C II* appear to have weakened slightly betwe®SSL and STIS-3, but the dominant species again 17 18 19 20 21 22
structure excitation, assumifig= 100 K (Fig. 4: Jenkins & Shaya 1979; Jenkins & Tripp 2007),2PPea" to have remained essentially constant. log|N(Hio) |

o . . | : U — )
;II-QI’? eeiletjclzltlg.?u?ne?rs':mf()lg Esmafergd?g’;g:ggﬁjr) tgﬁd(?rléfﬁttﬁenlao?Inee)_s?fuscl{[mztg)xﬂgm2-;-?2 Column Densitiesand Inferred Pr OpertleS ] Figure5. N(Nal) vs.N(H) for sigh_t lines (mostly) in the local Gale_lct!c ISM (e.yVelty & Hobbs 2001). The IV component
' toward HD 219188 has a much highg(Na 1)/N(H) ratio — more similar to the values found for componentstiner sight

100 K); the latter (and lower) value is adopted to estimagefithctional ionizatiome/ny.
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Table 1. HD 21918838 km s Component

GHRS STIS-1 STIS-2 STIS-3
1994.43/1995.37  2001.74 2003.43 2004.42

N(C 1) (cm ) 10.7+1.0e12  24.62.9el12 22.33.0el2 20.22.6el2
N(C I*) (cm~2) 2.3+0.3e12 11.90.7e12 8.20.5e12  7.8-0.5el12
N(C I**) (cm —2) 0.8+0.3e12 2.80.3e12 1.50.2e12 1.80.3el12
N(C lot) (cm?) 13.8+1.1e12  39.33.0e12 32.83.0e12 29.82.7el12
N(C Il) (cm~?) (6.0£2.2e13) (3.%#1.1e13) (4.5-1.4el13) (4.5-1.2e13)
N(C 1I*) (cm—2) 0.4+0.1e13 0.20.1e13 0.80.1e13 0.#0.1lel3
N(C lltor) (cm~?) (6.4+2.2e13)  (4.6:1.1e13) (5.31.4el13) (5.21.2el13)
N(O I) (cm™?) 1.1+0.4e14 o o o
N(Na I) (cni?) [3.4+0.4e11] [3.2-0.4e11] [2.9:0.3e11]
N(Mg I) (cm~2) 9.6+1.5el1
N(Si Il) (cm 2) 9+1lel2 12-2e12 "
N(S I1) (cm 2) 8.7+2.5e12 9.61.2e12 9.51.6el2 9.Z21.4el2
N(Ca Il) (cm?) [2.8+0.7e10] [6.8+1.4e10] [6.6:1.2e10]
N(Fe 11) (cm2) 3.8+0.6e12 2.40.6el2 2.50.7e12 3.30.6el12
N(C I*)/N(C ltor) 0.17+0.03 0.3:0.03  0.26:0.03  0.26:0.03
N(C I**)/ N(C lyoy) 0.06+0.02 0.020.01  0.05:0.01  0.06:0.01
N(C 1I*)/ N(C 1) 0.09+0.04
N(Na I)/N(Ca II) . e [5.7+1.2] [4.4+0.9]
N(S )/N(Fe II) 2.3+0.8 4.0:1.1 3.8:1.2 2.8+0.7
N(H) (cm?) 5.6+1.2el7 6.20.8el7 6.11.0el7 5.90.9el7
log(nyT) (cm—3K) 3.4+0.1 3.8+0.1 3.740.1 3.70.1
Ny (cm3) 25 60 50 50
thickness (AU) 1500 700 800 800
ne(C 1) (cm3) 5.2 20.4 14.6 13.7
ne(C I1) (cm~3) 0.5 1.9 1.3 1.2
Ne/Ni 0.02 0.03 0.03 0.02

lines sampling the Galactic halo (e.g., Wakker & Mathis 2000

[ Variationsin Column Densitiesand Inferred Properties ]

e Between 1997.77 and 2000.46, theM¢Na) increased from- 3 x 101 cm=2 (an order
of magnitude higher than the limit found in 1980)406 x 10 cm~2. By the end of 2003,
N(Na1) decreased again to 3 x 10*1 cm™2. If the variations are due solely to the proper
motion of HD 219188, the roughly 5-year “FWHM” correspondsittransverse linear scale

of 10—-200 AU for the 1V cloud.

e Both the totalIN(C 1) and the relative population in the excited state* @ere higher in
2001-2004 than in 1995 — indicating pressures and densitidg® 1V component higher

by factors~ 2 — thoughny is still less than 100 cm?. The Ci fine-structure populations
in 2001-2004 are consistent with gas at a uniform pressurees—+iot a mixture of low-
and high-pressure gas (cf. Crawford 2003; Lauroesch & M2§6B). The slight decline in
N(C 1) between 2001 and 2004 is similar to that seenN(a) (cf. Lauroesch & Meyer
2003); the ratidN(C 1)/N(Nai) ~ 100 is somewhat higher than usual, however.

e The column densities of the dominant species Si, Fen have remained relatively con-
stant between 1995 and 2004 — indicating roughly constaaltht{H) and depletions over

that period.

¢ Increased column densities for the trace neutral spece€an [together with the roughly
constantN(X 11)] suggest increasea: (but more similame/ny) between 1994 and 2001—
2004. While the ratioN(O 1)/N(S11) suggests that the IV gas is predominantly neutral, the
relatively highng/ng suggests that hydrogen is partially (several percentyemhi

e TheN(Nal)/N(H) ratio is much higher than the values typically found fagtterN(H) sight
lines, but is similar to the values found for clouds in othalorsight lines (e.g., Wakker &
Mathis 2000). The variations iN(Na1) in the HD 219188 IV component appear to be due
to variations in density and/or ionization [and not ovel(H)], on scales of tens of AU.



