Astron. Astrophys. 339, 591-600 (1998) ASTRONOMY
AND
ASTROPHYSICS

The dust extinction, polarization and emission
in the high-latitude cloud toward HD 210121

Aigen Li'2 and J. Mayo Greenberd

! Leiden Observatory Laboratory, Leiden Observatory, Postbus 9504, 2300 RA Leiden, The Netherlands
2 Beijing Astronomical Observatory, Chinese Academy of Sciences, Beijing 100101, P.R. China

Received 14 April 1998 / Accepted 27 August 1998

Abstract. The interstellar extinction, polarization and emisi. Introduction
sion in the high-latitude cloud toward HD 210121 have been
explored in terms of a four-component core-mantle interstelf@he interstellar dust content in high-latitude clouds (HLCs) has
dust model. We assume that the dust content in this cloudbigen the subject of considerable attention not only because it
of Galactic plane origin and has been lifted to its current pogirovides information on the spatial variation of the chemical
tion either by some sort of (particle) destructive violent enesnd physical properties of interstellar dust, but also because,
getic expulsion (“Galactic fountain”), or by the relatively gentléo some extent, it reflects the cloud’s history and present envi-
“photolevitation”, or some combination of these two. The polafronment (radiation field, shocks, magnetic field etc). Dust also
ization curve, peaking at a smaller wavelength than the Galagiiays an important role in the photon/chemical processes in in-
average, is well fitted by the core-mantle particles with thinnesrstellar clouds and thus the knowledge of the dust properties
mantles than for the average interstellar dust as would havejggessential for the studies of the interstellar cloud chemistry for
sulted from partial erosion of the Galactic plane core-mantjghich HLCs provide one of the best testing grounds. The cirrus
particles. In modeling the extinction curve, an extra componeflbud toward HD 210121 (a B3V background star), discovered
of small silicates resulting from the destruction of the “laidhy de Vries & van Dishoeck (1988) and identified as DBB 80
bare” core-mantle particles is added to account for the FUN the IRAS 10Qum emission survey (Bsert et al. 1988), is
extinction together with PAH's. The sum of the four dust conbne of the most extensively studied high latitude clouds. This
ponents (core-mantle, hump, PAH’s and small silicates) can&eud is located atl, b) ~ (57°,—45°) with a vertical dis-
made to closely match the extinction curve which is characteésnce of~ 104 pc from the Galactic plane [Gredel et al. 1992;
ized by an extremely steep FUV rise. The dust IR emission sp@git also see Welty & Fowler (1992) who suggesti 50 pc].
trum has also been calculated for radiation fields with variogshservations of this line of sight covered various wavelength
intensity. Comparison of the model calculation with the IRABands ranging from ultraviolet (UV), optical, infrared (IR) to
data suggests that the radiation field is weaker than the ayeub)millimeter and radio (Heiles & Habing 1974é8ert et al.
age interstellar radiation field in the diffuse Galactic interstellangs; de Vries & van Dishoeck 1988; Welty & Fowler 1992;
medium. For comparison, attempts have also been made tofitthiedel et al. 1992; Stark & van Dishoeck 1994; Larson et al.
extinction on the basis of the silicate/graphite (+PAH's) model996; Stark et al., in preparation). With respect to its relatively
While the core-mantle model and the silicate/graphite+PAHSw visual extinction A, ~ 1 mag, comparable to the classical
model are consistent with theolar abundance constraint, thediffuse cloud¢ Oph), the molecular abundances in this cloud
silicate/graphite model needs an unrealistically high silicon dgre rather high and are more characteristic of dark clouds (de
pletion to account for the FUV extinction. If the interstellak/ries & van Dishoeck 1988; Gredel et al. 1992; Welty & Fowler
medium abundance is orty'3 of the solar abundance, all mod-1992; Stark & van Dishoeck 1994). The well-determined molec-
els would face the problem of an abundance budget crisis usingr abundances are of particular interest for understanding the
the standard dust/gas ratio. However, due to the uncertaintyp@f/sical and chemical structure of high-latitude clouds through
the hydrogen column density, the actual dust/gas ratio mayihgerstellar cloud chemistry modeling and in turn, provide tests
different from the standard value. Thus the abundance constra@ifimodels (see e.g., van Dishoeck & Black 1988, van Dishoeck
may not be as serious as it appears. & Black 1989). In chemical modeling, the dust extinction and
scattering properties and the elemental depletion are needed as
Key words: ISM: dust, extinction — polarization — ISM: abun-input parameters (see van Dishoeck 1994 for a review). The
dances — stars: individual: HD 210121 — ultraviolet: ISM — inmain purpose of this work is to quantitatively constrain the dust
frared: ISM: continuum properties in the HD 210121 cloud so as to more competely un-
derstand the environment and the physical characteristics of this
cloud. The recent optical and near-infrared (NIR) polarimetric
Send offprint requests té. Li and the NIR photometric measurements (Larson et al. 1996)
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with the addition of the UV extinction curve (Welty & Fowlerlatitudes by radiation pressure (Franco etal. 1991). Here we pro-
1992) are used as an observational basis for our dust modepose a model forthe HD 210121 cloud by assuming that the dust
In Sect. 2 we discuss the possible dust components in temgngins in this cloud originated in the Galactic plane and were
of the core-mantle interstellar dust model, assuming that tteased most likely by the violent “Galactic fountain” explosion
HD 210121 cloud dust is of Galactic plane origin but has be@mnocess, although the relatively gentle “photolevitation” mech-
subjected to destructive processes. The polarization is calanism is not excluded as making an extra contribution. We thus
lated in Sect. 3 so as to infer the nature of the large core-mareipect that the core-mantle particles in the HD 210121 cloud
grains. In Sect. 4 the extinction curve is modeled on the basisstiould be smaller than their Galactic plane counterparts since
the four-dust-component core-mantle model. For comparisdiey could have been partially eroded during the expulsion pro-
we have also modeled the extinction in Sect. 5 in terms of thess. We also expect a component of small silicate particles
silicate/graphite model as well as the modified silicate/graphltecause a fraction of the core-mantle grains could even have
model with an addition of a PAH's component. The elementhken destroyed or fragmented into small pieces. This scenario
depletions are discussed for the core-mantle model and for theualitatively consistent with the above-mentioned observa-
silicate/graphite (+PAH’s) model. Sect. 6 presents the predictiéahs for the smaller peak wavelength,.. and the steep FUV
dustinfrared emission spectrum calculated from the core-mareidinction rise indicating decrease in size of the tenth micron
model and its implication for the strength of the interstellar radparticles as well as enhanced numbers of very small particles.
ation field in this high-latitude cloud. Discussions are present&dmmarized then, there could be four dust components in the
in Sect. 7 followed by a concluding summary in Sect. 8. high latitude cloud toward HD 210121: silicate core-organic re-
fractory mantle dust particles; small silicate particles; very small
carbonaceous hump particles; and PAH’s. Finally, although the
dust layer in the Galaxy has a thickness of abi@atpc (Deul
In contrast to clouds in the Galactic plane average, the interstglBurton 1992), the variations of the IR intensities near the
lar polarization curve for the line of sight toward HD 21012HD 210121 region and the large brightness (Welty & Fowler
peaks ai\ . ~ 0.38 um (Larson et al. 1996). A ,,., is pro- 1992) support that the dust contents seen in this line of sight are
portional to the grain size (Greenberg 1968), the HD 210120t local.
cloud dust is considerably smaller than that of the diffuse
Galactic interstellar medium v_vhe_benax, on average, is abqut& Polarization
0.55 pm. Furthermore, the extinction curve for this line of sight
is characterized by an extremely steep far ultraviolet (FUV) ri§éhe detection of interstellar polarization tells us that the
and by a relatively weak and broader 220Gump (Welty & dust grains (at least some) in the line of sight cloud toward
Fowler 1992). This clearly indicates that very small particlddD 210121 must be non-spherical and aligned. It is reasonable
which are responsible for the FUV extinction are unusually ridl assume that the core-mantle grains, exclusively, contribute to
in comparison with the Galactic average. Itis interesting to ndtee observed polarization and assume that small silicates, hump
that a steeper FUYV rise for the high-latitude cloud dust than tharticles and PAH’s are either spherical or not well-aligned since
average Galactic value was predicted in modeling the averagealler grains are less efficiently aligned and no 2¢°Xmﬁblar—
high-latitude cirrus spectrum (Dwek et al. 1997). In additionzation was detected for the general diffuse interstellar medium.
the ratio of the IRASL2 um emission to the 00 ym emission, For simplicity, we model the core-mantle grains as infinite
I(12 pm)/I(100 pm), of this cloud is higher by a factor of 2—cylinders. Following our earlier work on the Galactic average
3 than that of the typical diffuse interstellar medium (WeltyLi & Greenberg 1997), the size distribution is taken to be
& Fowler 1992). Since thé2 ym emission is attributed to then(a) ~ exp[—5 (222<)?], wherea, a, a; are the radius of the
stochastic heating of very small particles, this also implies thadre-mantle dust g‘rain, the radius of the silicate core, and the
very small particles are enhanced in the HD 210121 cloud. cut-off size of the distribution, respectively. The average radius
For the diffuse clouds in the Galactic plane, on the bass< a > = a. + 0.252a;. Note that(a) is actually the distri-
of grain cyclic evolution, a tri-modal interstellar dust modédbution of the mantle thickness, whilgis kept as a constant, rep-
has been developed: large silicate core-organic refractory meesenting the average size of the silicate core. Inthiswork, the ra-
tle dust particles; very small carbonaceous particles responsitiiles of the silicate core is taken as the same as the Galactic plane
for the hump extinction; and PAH's responsible for the FUValue,a. = 0.042 um (Li & Greenberg 1997), because the sil-
extinction (Greenberg 1978; Hong & Greenberg 1980; Li &ate core (of those particles which are still coated) has been
Greenberg 1997). However, the origin and evolution of the digtielded by the organic refractory mantle. Therefore, there is
components of HLCs are not yet known, although the exisnly one free parameter left in modeling the polarization curve:
tence of dust at high galactic latitudes has been known fonaThe optical constants of silicates and organic refractories are
long time (see e.g. Shane & Wirtanen 1967, de Vaucouletaken from Li & Greenberg (1997). Adjusting the cut-off size
& Buta 1983). On the one hand, it is well established that sand assuming perfect spinning alignment, we find that the polar-
pernova explosions can expel dust and gas from the Galadtiation curveis bestfitted by = 0.056 pm which corresponds
plane (“Galactic fountain”). On the other hand, it has also be&m(by coincidence) an average radias > = 0.056 yum. For
suggested that small dusty clouds can be raised to high Galattie Galactic average, the best fit is given 4y= 0.080 ym

2. Dust components: observational evidences



A. Li & J.M. Greenberg: The dust properties in the HD 210121 high-latitude cloud 593

1.2 ‘ ‘ hump width is indeed strongly influenced by the particle shape

and the clustering degree. They suggested that isolated nano-
sized carbon grains could serve as a real dust analog for the
hump carrier. We are not going to explore the hump particle
material in detail but just assume that it is some form of car-
bonaceous material. The optical properties of hump particles
are here described by a Drude profile with a peak position at
4.6 pm~' and a width1.09 um~"! (Welty & Fowler 1992) for

the hump regionh < 0.5 um. Note that the hump of the Galac-

PON/Pr
o
L L L L A A B

0.2 tic average extinction curve peaks at the same position but with
a somewhat narrower width0 ;m~"! (see Fitzpatrick & Massa
% 2 8 1986, Desert et al. 1990). If one attempts to attribute the larger

4 6
At (um) hump width to a higher particle clustering degree, itis difficult to
Zﬁ‘uderstand why the general size distribution tends to be smaller

Fig. 1. The silicate core-organic refractory mantle dust particles (sol .
line) fits to the interstellar polarization curve of the high-latitud an the Galactic average. Fbr> 0.5 um, the carbonaceous

cloud toward HD 210121 (squares with error bars; Larson et @UMP particle extinction s calculated using the graphite optical

1996). The dust size distribution ig(a) ~ exp[—5 (2=2<)?] with ~Constants of Draine & Lee (1984).
ac = 0.042 ym anda; = 0.056 pum. ' For PAH’s, we adopt the absorption cross sections summa-

rized in an analytical formula by &ert et al. (1990) which was
. . . _ obtained by subtracting the large (core-mantle) particle and the
with a corresponding average radius: > = 0.062 um (Fig. 4 ;15 component from the curvature of the extinction curve in
in Li & Greenberg 1997)' This q_uan'utatlvely shows that. thfhe FUV. We should note that the FUV absorption properties of
HD 210121 cloud grains are relatively smaller than those in tB& 1. are not well known. The uncertainty in the PAH's FUV

culated polarizati(_)n_curve_ as well as _the opservationa_ll data. LMQ the PAH's carbon abundance which depends inversely on
fortug?tely, therils insufficient polgrlmetrlc observational da{ﬁe adopted PAH's FUV absorption properties. Allamandola et
forA™" > 3 pm™". Future observations at shorter wavelengthg - 1 9gg) estimated the FUV cross sections per carbon atom of
would provide a useful test on the core-mantle dust model. PAH's to be3 x 10~18 — 2 x 10-17 cm?. Joblin et al. (1992)
measured the FUV cross section of a 31-carbon-atom PAH to

4. Extinction be~ 6 x 10~!® cm? per carbon atom at~* = 8 um~!. The
analytical approximation adopted here&dert et al. 1990) gives
~ 1 x 10717 cm? per carbon atom at~! = 8 ym~! which is
The extinction is a sum of the contributions of four dust conptermediate between the other estimates.
ponents. The contribution from the core-mantle component can The size distributions for hump particles and PAH'’s are
be easily obtained because the parameters for the core-mam@se flexible than for the core-mantle particles because the
grains have already been determined through fitting the pol@ktinction efficiencies (i.e. the Drude function for hump par-
ization curve. The thin solid line in Fig. 2 shows the theoreticliFles and the analytical formula for PAH's) are not sensitive to
extinction curve calculated from the core-mantle particles. It cghain size in the size ranges considered here. Thus we adopt for
be clearly seen in Fig. 2 that the infrared, visual, near-ultraviokée HD 210121 cloud the size distributions as derived for the
extinction, similar to the Galactic average case, are dominafedlactic averagei(a) oca™?, a € [15, 120] A for hump par-
by the contribution of the core-mantle component. ticles anch € [6, 15] A for PAH's (see Li & Greenberg 1997).

In spite of various attempts made to investigate the 2200 For the component of the small silicates resulting from
A hump carrier (hump particles), its nature still remains uribe erosion of the silicate cores whose organic mantles have
known. No existing analogs are able to satisfy the major obeen completely removed, the size distribution is taken to be
servational constraint of a very stable hump peak position bu#) ~ exp 5 ()?], wherea, a; are the silicate grain radius
with large variations in the hump width along sight lines afind the cut-off size of the distribution, respectively. The small
different environment. Mennella et al. (1996) reported thatsdlicate particles are also treated as infinite cylinders; i.e., as-
stable peak position can be obtained by subjecting small lspming that they have some memory of the parental shape. This
drogenated amorphous carbon (HAC) grains to UV radiatiofshape assumption) does not significantly modify our results.
although the laboratory produced humps are too wide and too Finally, in fitting the extinction curve, there is only one free
weak with respect to the interstellar one. Most recently, Rouleparameter left to be specified, i.g; for the small silicate grains.
etal. (1997) proposed that the effects of particle shape and péarying a; and adjusting the relative number of each compo-
ticle clustering as well as the intrinsic particle chemical corment, we find that; ~ 0.04 m (corresponding to an average
position could account for the hump width variability. On thsize of< a >~ 0.01 um) provides a good fit to the observed
basis of such theoretical expectations, Schnaiter et al. (198&)inction. Fig. 2 depicts the theoretical extinction curve calcu-
performed experimental investigations and confirmed that tla¢ed from the four-dust-component model from NIR to FUV

4.1. The extinction curve
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Table 1. Sizes and numbers of each dust component in the HD 210121 cloud. The dust-to-gas ratio is taken to be the same as the Galactic
average value for the diffuse interstellar mediul (Ng ~ 5.3 x 10™2* mag cm?, Bohlin et al. 1978). The elongation of “infinite cylinders”
is denoted by.

core-mantle small silicate hump PAH’s
grain n(a) ~ exp[—5 (%)2} n(a) ~ exp [-5(2)7] n(a) ~a? n(a) ~a?
size | ac = 0.042 um, a; = 0.056 um aj = 0.040 ym a € [15, 120) A ael6, 15 A
n4/ny I x2.83x 10 "7 Zx 1.60 x 107" 1.69 x 107 1.31 x 107°
N4 /Nem 1.00 57 2 x 597 x10° | 2= x 4.63 x 10°
My ,/Mem 1.00 1.34 0.12 0.37

4.2. Elemental abundance constraints

The adopted dust size parameters and the numbers of each
dust component per hydrogen atom are summarized in Table 1.
The mass ratio of the PAH’s component to the core-mantle
particles is about three times that for the Galactic average.
Such an overabundant PAH component could reasonably re-
sult from the erosion of the organic refractory mantles through
grain-grain collisions or grain mantle explosions (Greenberg
& Yencha 1973). To estimate the elongatienwe compare

the infinite cylinder extinction curve with that calculated from
volume-equivalent spherical core-mantle dust. It appears that
spheres with volumes equivalent to infinite cylinders:6f 4

give arise to similar extinction results. We should note that,

Fig. 2. The core-mantle model fits to the interstellar extinction curve %’i:able 1, the dust-to-gas ratio is assumed to be the same as

AN)/A(V)

HD 210121. The observational data (Welty & Folwer 1992: Larson e Galactic average value for the diffuse interstellar medium

- — 922 2 ;
al. 1996) are plotted as squares. Model results (thick solid line) are w/Nu > 5.3 x 107" mag cm=, Bohlin et al. 1978)_' From
sum of four dust components: core-mantle grains (thin solid); hurfipese numbers we can obtain the elemental depletion, another

particles (dot-dashed); PAH's (dotted); small silicates (long dasheBpSsible constraint on our dust model. Here special attention is
Also plotted is the residual PAH’s extinction (short dashed). given to silicon and carbon. Variations on the dust-to-gas ratio
A, /Ny will be discussed later.

Assuming a mass density 8f5gcm =3, 1.8gcm ™3, and

2.3gcm™? for silicates, organic refractories, carbonaceous

as well as the four individual contributions. The sudden drcmJmp particles, respectively, we derive the total silicon deple-

-1~ -1 i s iqcm
f':\t)\ S 7.5 pm s caused by the sudden steep r|§e qf tl}ﬁ‘)n to be [%]d ~ 43.6 % 10-6 with [%]Z ~12.6 x 106
imaginary partin (\)] of the silicate complex refractive in-

dex [m(\) = m'(\) — im” (\)]. For detailed discussions wel0cked in the core-mantle grains arjdr]; ~31.0 x 107

refer to Kim & Martin (1995). We do not see such a drop im'the small silica'ge Sparticles. However, the solar system
the polarization curve or in the extinction curve from the cordilicon abundance i$3 ], ~36.0 x 107? (Grevesse et al.
mantle particles because the organic mantle masks the silic#g®)- If the interstellar abundance is that of the solar
core so that the sudden dropiaf ()\) has been substantiallySyStem, then it implies that our model needs about 20%
diluted. Also plotted in Fig. 2 is the net decomposition PAH’§'0re silicon than is available to condense into the solid
extinction contribution derived by subtracting the other thré?%ase- Similarly, the'carb((j)ncmdepletlon is estimated to be
components (the core-mantle, the hump and the small silicatelq & 276 x 107¢ with [5] =~ 110 x 10=° locked in
components) from the observation. Comparison of the calthe organic mantles[%]zump ~ 39 x 10~ in hump parti-
Iatgd RAH’S extinction with the decomposition denved_PlAH’%Ies and[%]gah ~ 123 x 10-6 in PAH's [derived from the
extinction shows close agreement exceptat > 7.5 um™". | oqiqal PAN's extinction (short-dashed line in Fig. 2)]. Re-

The visual polarization-to-extinction ratio is calculated to bg -
ently, Cardelli et al. (1996) have analyzed the gas phase
(P/A), ~ 0.187mag!. For finite cylinders this should be re- y ( ) y A

b bund & f six sight li ith the Goddard
duced by a factor of abog@t but it is still much higher than the E?r horl;(;’jlsclleﬂtisgc{;ﬁ]egctcr)o Srl;( ilg(GJl;ess) v;lboarde ch HaLlerbIe
observationP/A), ~ 0.0165mag~' (Larson et al. 1996). It 9 b grap

is not surprising that our model overestimatBg A ), because Space .Tellescppe. They fqund that Fhe gas phase carpon abun-
I . ance is invariant and environment independent, and is always
we have assumed not only perfect spinning alignment but a

a completely perpendicular magnetic field in the calculationﬁ]g 140 £ 20 > 1077, The environment independence is

not easily explained. Snow et al. (1998) pointed out that these
sight lines observed by Cardelli et al. (1996) are limited to dif-
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fuse cloud medium. If we adopt the value determined by Cardelli g
et al. (1996), our model requires a total carbon abundance of
[§] ~ 412 x 107, about15% higher than the solar carbon

abundancé<]  ~ 360 x 10° [see Grevesse et al. 1996; but_. ,
we should point out here that the actual solar carbon abundanee
may probably be higher th&60 x 10~%; for example, in order S r
to account for the comet coma abundances, Greenberg (1958% B
suggested a carbon to oxygen ratlo O = 0.6 which implies
[%]@ ~ 417 x 107%]. Arecentstudy (Snow et al. 1998) shows
thatthe gas phase carbon abundance in the translucent molecular, _ e~
cloud line of sight toward HD 24534 is on|y: | S44 10~ 00 5 4 5 8
which is much lower than the value suggested by Cardelli et ATt (um™)

al. (1996). Furthermore, the gas phase carbon abundance "I]—'ilé.:& The silicate/graphite model fits to the extinction curve of

63, a reflection nEbUIa_' IS on.be 50 x 107° (ansen et al._ HD 210121. Squares are the observational data (Welty & Folwer 1992;
1996). Moreover, and in particular, on the basis of chemicgl;son et al. 1996). Model results (solid line) are the sum of two dust
modeling, Gredel et al. (1992) found that a gas phase ab@bmponents: silicates (dotted); graphite (dashed).

dance of[%}g ~ 47 x 107 for the HD 210121 cloud is con-

sistent with the observed molecular abundances. If we adopt

[%]g ~ 47 x 107° (Gredel et al. 1992), then the total carbon Although the silicate/graphite model can qualitatively re-
abundance is onlyS] ~ 323 x 10~, which is lower than the produce the HD 210121 interstellar extinction observation, the
solar carbon abundance. For the sake of illustration, we list tig§luired silicon abundance is unacceptably high. As can be seen
relevant elemental abundances in Table 2. in Fig. 3, a large amount of silicates are needed to account for
the FUV extinction; as a matter of fact, the FUV extinction is
dominated by silicates. On the other hand, the silicate/graphite
model does not use up all the available carbon (at least within the
solar abundance limit). This leads us to suggest a modified sili-
The above discussions are based on the silicate core-org&aie/graphite modelwith an additional FUV component—PAH’s
refractory mantle model. For comparison, in this section wecluded. We have attempted to fit the extinction curve in terms
shall consider an alternative interstellar dust model: the ba&kthe silicate/graphite+PAH’s model using the UV properties
silicate/graphite model (Mathis etal. 1977; Draine & Lee 19849f PAH's as represented by an analytical formul&¢brt et al.

In the framework of the silicate/graphite model, the inted990)- No sgtisfactory fit can be obtained. This cquld be due to
stellar extinction is a joint effort of bare silicate and graphité® uncertainty of the adopted PAH's UV properties. To put a
grains while the interstellar polarization is accounted for onfffictinterpretation on the failure of the silicate/graphite+PAH'’s
by silicate grains because graphite is difficult to align. FoIIowir)%Odd in fitting the extinction curve, appropriate experimental
Mathis et al. (1977) and Draine & Lee (1984) and adopting tif§terminations of the UV cross sections as a func_:tlon of wave-
Draine & Lee (1984) optical constants of silicates and graphilgngth are needed for a larger variety of PAH's of different sizes.
we first model the silicates and graphite as spherical grains with Here we are concerned primarily with the elemental abun-
a power law size distribution(a) o a~3-5. Adjusting the size dances. So let us just estimate the carbon abundance required
ranges (both for silicates and for graphite), we find the bestftbe locked up in graphite and in PAH's. The silicon depletion
to the extinction curve is provided lye [0.001, 0.20] um for IS arbitrarily set at the solar abundan¢g;| , ~ 36.0 x 10-°.
silicates anch € [0.001, 0.12] um for graphite. As displayed We keep the same amount of graphite as used in the sili-
in Fig. 3, the general match to the observation is acceptable 6)te/graphite model since it is needed to provide the 2200

Cept for the deviation in the regioh_l > 70 Mm_l which is hump We then extract the sum of graphite and silicate from
relatively large. the extinction curve and attribute the remaining extinction to

Similarly, we calculate the elemental depletion. We finfAH'S: Note that the hump particles should not be expected

that the silicate/graphite model requir{%]d ~ 795 x 1076, to account for (even partially) the FUV rise (Greenberg &

an uncomfortablely high silicon abundance, being abogplewicki 1983). If we adopt the FUV absorption cross sec-

twice the solar abundance. The carbon depletion HQNS 9iven by the fo[rlnula of @Seﬂ etal. (1990)10~ "7 cm?
[%]d ~ 195 x 10-6. Add”_‘g up the_ gas phase_ Farper carpon ato’m'alsC ;h&O pm=), ﬂli carbon abundance
bon abundance, the silicate/graphite model indicat®sked in PAH's is[] " ~ 136 x 107°. The total carbon
[§] ~ 335 x 1076 ([%]g ~ 140 x 1075, Cardelli et al. depletion is then[] ~ 331 x 1075. If the gas phase car-
1996) or [£] ~ 242 x 1070 ([£] ~ 47 x 10-%, Gredel et bonabundance ig]g ~ 47 x 1079 as suggested by Gredel et
g . . .
al. 1992), both of which are within the solar carbon abundangk (1992), then the silicate/graphite+PAH'’s model needs only
limit. The corresponding elemental abundances are also lisfgg] ~ 378 x 1076, well within the uncertainty of the solar
in Table 2. carbon abundanc{ag] ~ 360 x 1075. However, if the gas

5. The silicate/graphite model

©
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Table 2. The elemental depletion and cosmic abundance constraint(i a >= 0.01 ym) can be determined on the basis of the
unit of atoms pei0° hydrogen nuclei). energy balance between absorption and emission. On the other
hand for hump particles and PAH's, since their heat contents
are comparable to or smaller than the energy of an interstellar
UV photon (photon absorptions are infrequent), they cannot

element x Si C
cosmic abundanc{%]C 36.05,24.0 | 355, 237

core 12.6 - reach steady-state temperatures; instead, they would undergo
mantle - 110 temperature fluctuations (Greenberg 1968). In calculating grain
core-mantle | silicates 31.0 N temperatures or temperature fluctuations, we need to know the
model hump - 39 interstgllar radiation field (ISRF). Fo.r the solar neighporhood,
oA - 173 van Dishoeck (1994)_ has summarlzed_ several typical ISRF
estimates (see her Fig. 2). For high latitude clouds, the ISRF
K d 43.6 276 would be relatively weak due to the deficiency of nearby early-
I 43.6° 412,323 type stars as well as being abaif pc away from the Galactic
silicate 79.5 - plane. Indeed, the relatively high molecular abundances with
silicate/graphite| graphite - 195 respect to the low visual extinction in the cloud are shown to
model B 795 195 be indicative of a low ISRF (de V_ries & van Dishoeck 1988;
Hld Gredel et al. 1992; Stark & van Dishoeck 1994). We adopt the
[%:[deg 795 335', 242 general wavelength distribution of solar neighborhood ISRF as
silicate 36.0 - compiled by Mathis et al. (1983) but, following van Dishoeck
silicate/graphite| graphite - 195 & Black (1989), scale the ISRF by a constdpt, without
+ PAH PAH - 136 taking into account the hardness/softness modifications. With
model [%] ] 36.0 331 the excess UV dust extinction, the penetration within the cloud

BF 47T 378 is subs_tantlally less than for an equal visual extinction in the
d+tg Galactic plane.

For the purpose of calculating dust FIR emission, we repre-
sent the infinite cylinders (elongatien= 4) by equal-volume
spheres of which the extinction curve is similar to that of the

[

T This “reference abundance” (the cosmic abunda{rg;]ac) is
assumed to be that of the solar system (Grevesse et al. 1996).
i This “reference abundance” is assumed t@ i& of the solar

|

system abundance (Grevesse et al. 1996). infinite cylinders. For a giveh,,, the temperatures of the core-

@& Assuming very low gas phase abundance for Si. mantle grains as a function of dust size are derived by equating
* This gas phase carbon abundance is take[r%sg ~ 140 x 10~¢  the absorbed and emitted energy. The emission is then inte-
(Cardelli et al. 1996). grated over the whole dust size distribution. The steady-state
* This gas phase carbon abundance is take[rﬁ%sg ~ 47 x 1076 temperatures are also calculated for the equal-volume spher-
(Gredel et al. 1992). ical counterparts of the small silicate particles as a function

of grain size. In the fully extended size range of smaller sil-
icate grains, temperature fluctuations need to be considered,
s but note that those transiently heated particles take up only a
phase carbon abundance[%}g ~ 140 x 107 as argued by yery small fraction in the size distribution and make a negligi-
Cardelli et al. (1996), then the silicate/graphite+PAH's modgjfe contribution to the emission. The elongation of the smalll
needs | ~ 471 x 105, whichis again much higher than thesjlicate infinite cylinders is chosen as= 4 (same as their
solar carbon abundance. The elemental depletion for this moggtental grains) because their extinction curve is also well rep-
is also presented in Table 2. resented by the corresponding equal-volume spheres. While
e = 5 gives the best representation, there is almost no differ-
ence in the resulting emission spectrum between5 and
e = 4. The equilibrium temperatures for the mean size core-
Dust grains absorb stellar UV/visual photons and reradiate themantle grains € a > = 0.056 um) are about 19.6K, 17.5K,
at longer wavelengths. Apart from the extinction and polarizaé.4 K and 15.6 K fol,,, = 1,1/2,1/3,1/4, respectively. For
tion observational constraints, the IR emission comparisonthe small silicate particles, the mean size >= 0.01 um)
the measurements with the model predictions permits furtheguilibrium temperatures are about 18.0K, 16.0K, 15.0K and
tests of dust models and also provides information on the i4.3K forl,, = 1,1/2,1/3,1/4, respectively. Note the result-
terstellar radiation field which is needed in interstellar cloudg emission is always the integration over the whole dust size
chemical modeling (see e.g. van Dishoeck 1994). In this sefistribution. For the hump particles and PAH’s, we use the rel-
tion we will concentrate on the four-component core-manthgively simple method described in Aannestad (1989) to cal-
model and only with a brief discussion on the silicate/graphiteilate the temperature distribution probabilities as a function
model. of grain size. The enthalpy of graphite (Chase et al. 1985) is
The temperatures of the core-mantle grainssed for hump particles and the approximate formula given by
(<a>=0.066pum) and the small silicate particlesLéger & d’'Hendecourt (1987) is used for PAH's. The emis-

6. Emission
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sion from hump particles or PAH’s is obtained by integrating '* ™ £ T T T

over the temperature distribution and over the grain size distri- i
bution. The resulting emission spectrum is a sum for all four ;g-s |
dust components. For simplicity, we have not considered the g
cloud depth-dependence as was done in the chemical modelihg
efforts (see e.g., de Vries & van Dishoeck 1988; Gredel et af. 10 :
1992; Stark & van Dishoeck 1994); instead, we treat the entife i
cloud as illuminated homogeneously by fhe-scaled ISRF. £
In Fig.4 we present the dust emission spectra calculated
fromI,, =1,1/2,1/3,1/4. Also plotted is the IRAS.2 um, k
25 pm, 60 pm and 100 um data (Welty & Fowler 1992). It 10750 £
can be clearly seen that the IRAS data are best matched by
I,, = 1/3. This is consistent with the earlier determinations - L o i
(de Vries & van Dishoeck 1988; Gredel et al. 1992; Stark 1 10 100 1000
& van Dishoeck 1994) which suggest that the ISRF inci- A (um)
dent pn the. HD 210121 ClO_Ud surface may be only half %9.4. Fits of the emission by the core-mantle model with var-
the diffuse interstellar mediuml{, = 1/2). Note the ISRF jos radiation field intensities (solid lines; from top to down:
(scaled byl,, =1/3) used in this work is for the whole, — 1 1/2 1/3 1/4) to the IRAS data (points; Welty & Fowler
cloud, rather than the ISRF incident on the cloud surfaces92). Also plotted are the contributions from each dust component:
A weaker ISRF is also in agreement with the lower raticore-mantle particles (dotted); PAH’s (long dashed); hump particles
of the IRAS 100 m intensity to the hydrogen column den<{dashed); small silicates (dot-dashed).
sity I(100 ym) /Ny = 0.34 M Jy sr~1(10%° cm=2)~1 (Welty
& Fowler 1992) than that for the diffuse interstellar medium
[(100 pm) /Ny = 0.87M Jysr—1(10*° cm™2)~!. Dust IR extinction leads to rapid attenuation of UV photons (per unit vi-
emission measurements at much longer wavelenigth/m, sual extinction) and thus decreased molecular photodissociation
160 pm, 180 pm and 200 um) have been performed by ISOrates. Indeed, observations have shown thatdH and CN are
and the data reduction and analysis are in progress (Starlketanced in lines of sight characterized by steeper FUV ex-
al., in preparation). We expect that the ISO data will providetiction (Cardelli 1988). Van Dishoeck & Black (1989) have
powerful test of our dust model and on the conclusion reachgoretically demonstrated that higher UV extinction leads to
for the ISRF. higher CO, CN abundances. Furthermore, the anomalously large
We did not perform new calculations of the FIR emissioamount of small particles provide an exceptionally large grain
for the silicate/graphite model. However, we expect that simurface area for molecular formation. Moreover, the relatively
ilar results on the radiation field will also be obtained for theveak UV radiation field provides a less harsh environment for
silicate/graphite model. Compared to the Galactic average, thavival of molecules.
HD 210121 cloud dust grains in the silicate/graphite model are While the abundances of the molecular species in the HLC
relatively smaller (see Sect.5). If the radiation field were theward HD 210121 4, ~ 1.0 mag) are enhanced compared
same as in the Galactic plane, then the dust grains would\ieh the classical diffuse cloud Oph of comparable visual
hotter and the corresponding emission spectrum would pealkgtinction A, ~ 0.9 mag), the CHf abundance, which is com-
a shorter wavelength than for the Galactic average. The pigonly considered as a signature of shock processes, is relatively
liminary analysis of the ISO data shows that the HD 210123w (de Vries & van Dishoeck 1988). [However, it is interesting
cloud spectrum peaks at 160 um (Stark et al., in prepa- to note thata correlation between ti#g:m emission (indicative
ration) which is longer than that of the general diffuse intebf very small particles) and the CHabundance was reported
stellar medium 4 140 zm). Our model spectrumi{, = 1/3) for some lines of sight by Boulanger (1994).] In addition, Welty
peaks at~ 150 um. In general, the silicate/graphite mixtures, Fowler (1992) found that the calcium and titanium depletions
are somewhat hotter than the core-mantle particles (see Figbrkhis line of sight are within the normal range for moderately
in Greenberg & Li 1996), thus the emission spectrum predictgénse diffuse clouds. Furthermore, the CO velocity is almost
from the silicate/graphite model fdg, = 1/3 would peak at constant across the cloud (Gredel et al. 1992). All these seem
a wavelength even shorter than150 um. Therefore the sili- to rule out substantiaiurrentgrain destruction and thecent
cate/graphite model also leads to a weaker ISRF. occurrence of strong shocks in the cloud. Thus the presence of
a large amount of small particles cannot be interpreted in terms
of destruction mechanisms such as sputtering, or shattering due
to shock-driven grain-grain collisiorurrentlytaking place in
The relatively high molecular abundances per unit visual ethe cloud. Larson etal. (1996) attributed it to a lack of growth by
tinction (Ay) for the line of sight toward HD 210121 can becoagulation of the small to medium-sized grains. This is ques-
readily understood in terms of its peculiar dust properties atidnable because, compared to the diffuse interstellar medium,
the incident radiation field. First of all, the unusually steep FU¥ne may expect a more efficient grain-grain coagulation in the
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HD 210121 cloud where there are no strong shocks and a l18ss'Ny ~ 4.2 x 10722 mag cm?, which is about 20% lower
intense radiation field. The model proposed here is more taan the general valug, /Ny ~ 5.3 x 10722 mag cm?!

vorable since we assume that the core-mantle grains have beerHowever, one should keep in mind that there is a con-
earlier eroded somewhere in their paths to high latitudes ratrsiterable scatter in the estimation of the molecular hydro-
than directly in the cloud. We have not explored here in detgjén column densitN(Hz) (de Vries & van Dishoeck 1988).
how dust and gas are transferred to high latitudes but just asségnthis moment one can not rule out the possibility of a
it to some sort of cloud photolevitation, Galactic fountain amuch lower column density. As discussed in de Vries & van
turbulence. Dishoeck (1988), a smdll, /CO conversion factor would lead

Recently, it has been suggested that the elemental abithN(Hz) ~ 2 x 10*° cm™?, while the otheN(H,) numbers
dance of the interstellar medium is perhaps only 2/3 of the sot4pich are much higher could be overestimated by adopting
abundance (see e.g., Snow & Witt 1996). With such reducBg = 3.1 or by using theCH/H, abundance correlation with-
abundances, all attempts to fit the average Galactic extinctf#f taking into account the different physical conditions (e.g.
curve face the problem of insufficient carbon (Mathis 1996; Li &1¢ radiation field). Therefore, it may also be possible that the
Greenberg 1997). If the interstellar abundance is really subsof#st/gas ratio in the high-latitude cloud toward HD 210121 is
the depletion problem imposed on the HD 210121 cloud digtually higher than in the Galactic plane; namely, the extinc-
(both for the core-mantle model and for the silicate/graphit®n (thus also the total amount of dust grains) per unit mass
model) is even more serious because, there would be ngygas material is higher. This implies that there is a relatively

O] '~ 355 x 1075 x 2/3 — 140 x 1075 = 97 x 10~° larger amount of condensed atoms (e.g. C, O, Si, Mg, Fe etc.)
(Cardelli et al. 1996) or per H atom than in the Galactic plane. In the context of this
[S], ~ 355 x 1076 x 2/3 — 47 x 1076 = 190 x 106 scengrio, it.can be understood why thg core-_mantle model for
(Gredel et al. 1992) carbon andthe high-latitude cloud needs a much higher silicon and carbon

[%}d ~36x 100 x 2/3 =24 x 10-% silicon available depletion than for the Galactic averagf%qd ~ 20 x 1079,

for depletion in dust. (5]~ 194 x 1079, see Li & Greenberg 1997).

Even with the solar abundance, there is clearly a silicon, On the othe_rGhand, if the gas phase carbon abundance is
budget crisis for the silicate/graphite model (see Sect.5 ao[ﬁ]g ~ 47 x 107" (Gredel et al. 1992), itimplies that there is
Table 2). However with the inclusion of a PAH’s componenﬁ,ti” some carbon left to be included in the core-mantle model.
the silicate/graphite model seems to be reasonably consisiée set the small silicates 4] | ~ 23.4 x 1076 so that the
with the solar abundance ([f%]g ~ 47 x 10~% as proposed total silicon abundance 6 x 105 ~ [$}] _, and attribute the
by Gredel et al. 1992). For the core-mantle model, the bégfmaining FUV extinction to be accounted for by PAH's, then
fitting case requires a bit more silicor: (20%) than the so- we need[%]zah ~ 160 x 10~¢ and the total carbon depletion
lar silicon abundance. If the gas phase carbon abundancqgi%%]d ~ 309 x 10~%. Thus the dust plus gas carbon abun-

Cl A - : . : .
(7], ~ 140 x 107° (Cardelli et al. 1996), the core-mantlejance is[$] , ~ 356 x 1079, closely consistent with the solar

model consumes 15% more carbon than the solar abundancebundance.
Note that the above discussions on the elemental depletions arane also need to note that the adopted mass density
made on the basis of the adoption of the canonical dust/gas rati9g cm—3, and1.8 g cm 2 for silicates and organic refracto-

A, /Ny =~ 5.3 x 10~?* mag cm? whichis valid for the Galactic ries, respectively, may be overestimated. It may be more reason-
average. It isnotclear a priori that the Galactic average dUSt/We to assume a lower mass density for silicates and organic
ratio also applies to the high-latitude clouds. refractories. As a matter of fact, the density of terrestrial sili-
Thus one possible solution to the abundance problerates could be as low @s5gcm™?. If this is indeed the case,
may lie in the existence of a lower dust/gas ratio in th&e corresponding abundances required to be locked up in dust
HLC toward HD 210121 as is the case for some dark clo@dains as listed in Table 2 would be lower.
lines of sight (Kim & Martin 1996) and the high latitude Because of the uncertainties remaining in the constraints on
cloud MBM 18 (Penprase et al. 1990). If the dust/gas ratibe high-latitude cloud dust and gas composition it is difficult
is ~ 20% lower than that of the general interstellar mediurto be dogmatic about what we can infer from the depletion. We
(A, /Ny ~ 5.3 x 10722 mag cm?) adopted here, then the corebelieve that among the suggestions above, the most reasonable
mantle model is in good agreement with the solar abundanoee is that the dust/gas ratio is actually higher than the Galactic
As a matter of fact, Larson et al. (1996) estimated the total ayerage and that the extra silicon abundance relative to the solar
selective extinction rati®, ~ 2.1 £ 0.2 and the color excess system is consistent with the fractionation produced by having
Eg_v ~ 0.38, giving the visual extinctiom, ~ 0.8 =0.09; more dustrelative to hydrogen as aresult of the selective ejection
the total hydrogen column densit){fj = N(H) + 2N(H,)] of the dust outward from the plane.
was estimated to b&Ny ~ 1.9 x 10! cm~2 [the molecu- Finally, we note that the HD 210121 cloud sight line is not
lar hydrogen column densiti¥(Hs) ~ (8 +2) x 102°cm~2  a unique case. Many other lines of sight also exhibit a steeper
(de Vries & van Dishoeck 1988); the atomic hydroFUV extinction than the average one (see Cardelli et al. 1989
gen column densityN(H) ~ 2.9 x 102°cm~2 (Welty & andreferences therein). The physical conditions of these lines of
Fowler 1992)]; therefore, the dust/gas ratio becomegyhtcould be generally differentfrom that of diffuse interstellar
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