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The low density interstellar medium (ISM) close to the Sud eside of the heliosphere provides a unique lab-
oratory for studying interstellar dust grains. Grain cletegstics in the nearby ISM are obtained from observations
of interstellar gas and dust inside of the heliosphere aadntierstellar gas towards nearby stars. Comparison be-
tween the gas composition and solar abundances suggdsgsatms are dominated by olivines and possibly some
form of iron oxide. Measurements of the interstellar Ne/@oray the Interstellar Boundary Explorer spacecraft
indicate that a high fraction of interstellar oxygen in ti$8 must be depleted onto dust grains. Local interstellar
abundances are consistent with grain destruction in50 km s~ linterstellar shocks, provided that the carbona-
ceous component is hydrogenated amorphous carbon andncabbodances are correct. Variations in relative
abundances of refractories in gas suggest variations ihigttery of grain destruction in nearby ISM. The large
observed grainsy 1 um, may indicate a nearby reservoir of denser ISM. Theordticae-dimensional models
of the interaction between interstellar dust grains andstiiar wind predict that plumes of 0.18 xm dust grains
form around the heliosphere.
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1. Introduction

The local interstellar medium (ISM) surrounding the Sun msitle of the heliosphere offers a unique set of diagnostics
for interstellar dust grains, in a well-defined region ofspmaln the local low density ISM, interstellar dust grairSRIGSs)
can be studied far from the dense clouds where grain marttetian occurs. Starlight reddening data show that the ISM
opacity becomes significant only beyord70 — 100 pc (6). Because of the low densities of the Local Bubhle; 0.005
cm~3, interstellar shocks propagate relatively long distaredsre dissipating. Local clouds are partially ionized hade
low column densities which lead to the need to include idimracorrections to calculate the gas phase abundances of
refractory elements and thereby infer the composition efdihst|(12). Variations in the relative abundances of Fe,ddd,
Siin the local ISM indicate variations in the processinddrig of the dust over parsec-sized spatial scales. In theralesof
infrared-bright dense clouds, the composition of locatdumferred from measurements of interstellar gas towasdsby
stars and inside of the heliosphei®. situ measurements of neutral interstellar gas and dust graowéder a benchmark
for understanding the Local Interstellar Cloud (LIC) sumding the heliosphere (10; 3). The mass distribution igmgiv
by in situ observations of interstellar dust in the heliosphere,agtléor the larger grains. A unique local diagnostic of the
gas-to-dust mass ratidi, 4, is provided by comparisons betweinsitu dust data and the local ISM properties inferred
from observations of interstellar gas inside and outsidd@heliosphere. The observed deficit of small grains ighated
to the interaction of ISDGs with the heliosphere, while thryé-grain excess provides fundamental information atieut
origin and destruction of grains in the ambient ISM.

2. Characteristicsof local inter stellar medium

The local ISM is clumped into low density clouds that flow peagt Sun with a mean bulk velocity of 17 kmsin the
local standard of rest (LSR), and away from the directiorhefd¢enter of the Loop | superbubble néar 335°, b= —5°.
The low local densities< ny; >~ 0.1 cm=3 and N(H°)< 10'%-® cm=2, correspond to extinctions of E(B-\4 0.001
mag towards nearby stars. Interstellar dust withits pc of the Sun is the topic of this discussion. Dust propsrtan
be inferred from observations of gas towards stars withid0 pc, since most nearby ISM within 40 pc is also within 15
parsecs, and also from situ observations of interstellar dust inside the heliosphé&xecal clouds are traced by optical
and UV absorption lines, and sorted into clouds based on eommalocities (Figurgll). For a recent review of local ISM
properties see (12).

Over the past 15 Myrs, stellar winds and supernova from theayestellar associations in Scorpius, Centaurus, anchOrio
have formed superbubbles extending to the solar vicinity. (eoop | and the Orion superbubble). Loop | is a gianty0°
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radius) radio loop of polarized synchrotron emission ledan the northern hemisphere, and surrounding the Scerpius
Centaurus Association. The superbubble shell is about 4 Migr (7). Models of Loop | that assume it is a spherical object
place the Sun in or near the shell rim. The bulk motion of thestelr of local interstellar clouds (CLIC) is flowing from

a position near the center of Loop I, as defined by the S1 supbhb shell centere@ + 10 pc away at’/= 346° + 5°,

b= —3° £+ 5° (12;141).

Both the kinematics of the CLIC and the direction of the loregnetic field suggest that the CLIC is associated with
an evolved superbubble shell. The local field direction reentderived both from the weak polarizations of nearby stars
0.0001%-0.02% (9; 8), and from the interstellar magnetld firection defined by the “ribbon” of interstellar neuteibms
observed by the Interstellar Boundary Explorer (IBEX) smaaft (27). These data indicate that the ISMF within sdvera
parsecs is approximately parallel to the rim (or perpendido a surface normal) of the S1 shelli(9; 8). Together tidesa
suggest that interstellar dust grains within several marbave recently been subjected to interstellar shocks.
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Fig. 1. Parts of the cluster of local interstellar cloudshivit10 pc are shown projected onto the galactic plane. THewelot shows the location of
the Sun and the yellow arrow gives the direction of solar amthrough the LSR. Cloud motions relative to the LSR are shwith blue arrows. The
galactic center is towards the right of the figure, @r80° is at the figure top. The bulk motion of these clouds is awagnftbe center of the Loop |
superbubble. For more information on the cloud names aratiiels see Fig. 11 in_(12) and (32). (Figure credit: Adlearfettarium, NASA, Priscilla
Frisch, Seth Redfield, Jeff Linsky)

3. Composition of local interstellar dust

In the low density local ISM, where dust emission is diffidnlbbserve, the interstellar dust composition is inferredif
the assumption that atoms missing from the gas-phase ateteipnto dust grains. This method requires knowledge of
the chemical composition of the ISM. The isotopic compositdf the LIC that feeds ISM into the heliosphere indicates
that the reference abundances for the LIC may be solar. LUlrals are ionized inside of the heliosphere, forming pgcku
ions that are accelerated to become the anomalous cosrsi¢aagrgy< 70 MeV/nucleon). Anomalous cosmic rays have
isotopic compositions that are approximately sofdNe/*?Ne ~ 13.7 and'60 /0 ~ 500, instead of showing galactic
cosmic ray ratios (23). X-ray spectroscopy of absorptiogesdn X-ray binaries also show ratios of interstellar Ndiéx t
are consistent with the solar valuel(19).

Three means of determining the composition of local dushgrare discussed, based on: (1) refractory elements that ar
missing from the gas-phase; (2) photoionization modelb@interstellar gas entering the heliosphere, that renactdhe
depletion pattern of the gas; (B)situ detections of interstellar Ne and O in the heliosphere. M@s$t? and 3 both indicate
that a large fraction (35%—-40%) of the oxygen in the local I®Mst be depleted onto dust grains.

3.1 Refractory elementsin CLIC

Surveys of interstellar absorption lines towards nearbysshat sample the CLIC (e.q. (30; 31) and references thjerei
have shown that the relative gas-phase abundances of Fe gmvdiyl within 15 pc of the Sun (Figuid 2, left). A fit to
the gas-phase abundances of Mg vrs Fe suggests that NgFB(Mg™)%-57, which indicates that grain destruction returns
more Mg than Fe to the gas. Although H ionization varies byou@% in the nearby ISM, Fe, Mg, and Si are mainly singly
ionized (Sectiof 312, (33)), so thatHdg™ ratio is relatively insensitive to ionization variation&his scenario suggests the
presence of additional iron-rich grains in the local ISMthwiron oxides a likely possibility (17). Typical depletipatterns
of Fe, Mg, and Si shown in Figuké 2, right, also suggest theasree of at least two grain components, one consistent with
amorphous olivines (MgFeSiQpwhere(Mgqust + Fequst ) /Siaust & 2, and an additional iron-rich component in the dust.
A third characteristic of the depletion pattern appearsmdhiepletions in tenuous and translucent clouds are comlined
display the gas-to-dust mass rati, /4, as a function of the percentage of the dust mass carried ¥igare[3, left,
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and (13)). The increase di,,q with Fe-dominance of the core indicates that grain desongireferentially destroys
lighter grain mantle material and leave behind iron-richeso(also see Sectign b.1). Consistent with these chaistizier

are that gas-phase interstellar Mg abundances are fourtdl® with Si abundances, and sometimes independently of Fe
abundances, both in low density galactic sightlines antiénSmall Magellenic Cloud, indicating that there is a segara
Fe-rich grain component (15;.39;/37; 4). Frisch et al. (11)nft that the composition of local grains are consistent with
olivine cores and pyroxene mantles.

Kimura and Mann[(20) looked in detail at the local grain malegy, using the assumption that the local interstellar
cloud is 30% ionized. They found that the grain mineralogyjiste sensitive to the assumed solar abundances. By
comparing depletion patterns with likely grain models dmel¢ondensation sequence of minerals, a viable model of a LIC
grain contains an Mg-rich olivine and pyroxene core withrie&-kamacite, and mantles composed of organic refractory
compounds of photoprocessed C, H, O and N ices. For this soenra 45% of the oxygen is depleted primarily into
organic refractory mantles (CHON) and enstatite (Mg3j@nd the grain composition is found to be consistent wittirgy
in molecular clouds.
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Fig. 2. The observed gas-phase column densities of Mg, and Sit in the local ISM indicate that although there is a wide vésiatin the relative
amount of F& when compared to Mg (left), the primary dust component has (Mg+Fe}SR such as expected for olivine silicates (right). The
comparable value for pyroxene is (Mg+Fe}Si. Grain destruction returns more Mg than Fe to the gas-pidsedashed line in the left figure shows
the ratio predicted by photoionization models of the LIC)(3@here it is also predicted that 15% of the Mg is doubly iexi£33). The dust composition
on the right is obtained by comparing the gas-phase abuadaidhe elements with solar abundances. The presencenafxides in the dust would
help explain the highest ratios (This figure is courtesy ¢h$edfield, using results frorn (30;31; 12).).

3.2 Elemental depletion patternsfor interstellar gasentering heliosphere

A unique aspect of the ISM enveloping the heliosphere isttteatloud properties can be derived fromsitu data as well
as sightline-integrated observations of nearby stars.shteanents of interstellar Hend other interstellar neutrals inside
of the heliosphere sample the ionizations of the gas emténmheliosphere, while measurements of the LIC towarddgea
stars gives a complete picture of sightline-integrate@zation. Photoionization models of the LIC therefore restounct the
full gas-phase abundances of refractory elements, whepmdominantly singly ionized in the local ISM.

Model 26 in Slavin and Frisch (33) provides a viable modehef depletion patterns of the ISM seen inside and outside
of the heliosphere (Figuté 3). In this model hydrogen is 2@#izied, helium is 39% ionized, and 15% of the magnesium
and neon are doubly ionized. These ionization levels shaw filll ionization models are required to reconstruct the
depletion pattern for low density gas. For this model, oxybes a total (ions plus neutrals) gas phase abundance of 331
ppm, so that 35% of the oxygen is depleted onto dust graing Heéionization is provided by radiation generated in a
conductive interface at the boundary of the LIC and surrinmbot gas, as well as starlight from nearby white dwarfse Th
depletion pattern in the LIC is consistent with grains cstiisg of amorphous olivine. These photoionization modadly
a supersolar carbon abundance in the LIC gas at the heliesgbaving no carbon for the dust (Figlide 3) and indicating
that the carbonaceous grains have been destroyed in theSd@i¢r{ ). Reconstruction of the gas-phase abundances in
the LIC gives a value for the gas-to-dust mass ratig.;, that explicitly includes hidden ionized gas. These mogegslict
values forRR, /4 that are consistent witim situ measurements (see below).

3.3 Dust composition from IBEX measurements of interstellar neon and oxygen

A new diagnostic of the oxygen composition of ISDGs has régdeen provided byn situ measurements of interstellar
Ne° and O by the Interstellar Boundary Explorer (IBEX) mission (tdrstellar N& and O flow into the inner heliosphere
from the upwind direction, near the galactic center dimttivhere a special observing configuration allows the aéfldmw
to be measured by the IBEX-LO instrument. From these datatansiellar ratio of (Ne/O}- 0.27 + 0.10 is obtained. In
order to obtain this value, the measured particle fluxes @mected for propagation through the heliosphere, iortinatf
the neutrals in the heliosphere and heliosheath regioadqtter termed “filtration”), and the ionizations of Ne andQhe
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ISM surrounding the heliosphere (which are provided by piostization models of the LIC (33)). The solar ratio is (Ng/O
~ 0.17. Since Ne will be undepleted in the ISM, the IBEX Ne/O ratier#fore indicates that 40% of the interstellar
oxygen in the ISM surrounding the heliosphere has been tbehtato interstellar dust grains.

Both the photoionization models andsitu Ne/O data indicate that 35%—40% of the oxygen in the LIC issmgfrom
the gas phase and therefore depleted onto dust grains. dttésmpis consistent with the global depletion pattern ofgen
in the ISM. Jenking (16) has found that oxygen depletes nagrielly then refractories such as Mg, Si and Fe for all levéls o
depletions. In the low density local ISM, it is difficult togdtify the compounds that lock up so many oxygen atoms inid sol
phase since water ices are not observed in high abundaecding argues that water ices may coat grains larger than 1
that are difficult to detect. Pure metallic iron is unlikefythe ISM because of rapid oxidation, but iron oxides are siptes
hidden reservoir for oxygen (17). The missing O may be in vigyaefractory grains such as seen by Stardust|(40; 20).
Whittet et al. (40) argue that the oxidation ratios of meialdust would correspond ©0/(Mg + Si + Fe) = 1.5 for a grain
population ofMgSiOs3 silicates ande2 O3 oxides and 1.2 for a mixture ¢O andMgO monoxides and primarily olivine
silicates. For the LIC, where the level of ionization in theesds reconstructed with photoionization models, an oiddat
ratio of 1.8 is found from model 26 in Slavin and Frischl (33gsabundances from Asplund et al. (2). Observations of six
clouds towards four nearby stars within 32 pc give a meanatixid ratio 0f2.5 + 0.7.

The process of inferring the oxygen budget in the ISM is stttije several major uncertainties, including the correct
reference abundance in the ISM and the composition of geainsgving shock destruction. Based on the isotopic compo-
sition of the anomalous cosmic ray component, the ISM floviinig the heliosphere has a solar composition (Setfion 3).
The solar oxygen abundancedi80 + 58 ppm, which is twice the oxygen abundance in meteorites (ajtl€tige et al.| (4)
concluded that the problem with “missing oxygen” is miniedzZor an assumed reference standard for the ISM of young F
and G-star abundances, and a grain population of silicat&BeD oxides.

4. Interstellar Grainsin the Heliosphere

Interstellar dust grains have been measured within 5 AU@®fhn by spacecratt (24). Interstellar gas and dust flowing
into the heliosphere have the same velocity vectors whamamodated to the ISM at “infinity”.Ulysses data give a dust
velocity at infinity of 24.5%1° km s™! (21) towards galactic coordinatésh = 188° + 15°, —14° + 4° (11). The gas
velocity at infinity, based on the concensus IBEX-LO obstgove of interstellar H&in the inner heliosphere, 8.2 +-0.3
km s~! towards the directiof, b = 185.25° 4 0.24°, —12.03° + 0.51°, with a temperature of, 300 + 390 K (26). A bow
shock around the heliosphere partially decouples the ghslast components of the ISM, so the dynamical interaction of
small grains with the heliosphere, in particular, is sévesito the presence of a bow shock. For the new IBEX-LO LIC
velocity vector, the heliosphere will not have a bow shoakiiagnetic field strengths 3 uG.

In principle, if the propagation of interstellar dust grathrough the heliosphere is known, the grain mass distoib(for
the larger grains) in the ISM can be recovered. A nominal pdese MRN distribution(25) is assumed for this comparison.
Although the MRN is not a realistic description of the extion and emission properties of interstellar dust over the f
spectral range from the infrared to ultraviolet, it playsey kole in the interpretation of astronomical dust data .(48)
the absence of reliable data on the mass distribution of tis¢ id the ISM outside of the heliosphere, the heliospheric
modulation of interstellar dust is often discussed in teofithe MRN distribution. (We note that the calculations cdigr
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Fig. 3. Left: Percentage of dust mass carried by Fe as a @motithe gas-to-dust mass raif®), /4 (from (13)). The interstellar column densities for
these stars span three orders of magnitude, with the stadlies of R, /4 corresponding to the lowest percentages of Fe in the gragsnRight:
Abundances relative to Asplund et al! (1) solar abundansesondensation temperature. Results from models of theaigon for thee CMa line
of sight including radiative transfer (Model 26 in_(33)). @Bymbol shape indicates the assumedcHlumn density for the model, while the color
indicates the assumed temperature for the hot gas of thd Batble. The abundances are fixed so as to match the obsemwedlumn densities. An
overabundance of carbon in the gas phase is required to rireabbserved carbon abundances, suggesting that carbosadest grains have been
destroyed in the LIC. The carbon abundance in these modelsd®m reconstructed from the cloud ionization and the T38Garbon fine-struture line
(seel(33) for additional information).
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trajectories do not depend on the size distribution.) Aiistproperty of the mass distribution of interstellar gisin the
heliosphere is the deficit of small grains, mass0~'° gr (radius 0.04-0.2m for density 2.5 gr cm?), and an excess
of large grains, masses 1010 gr. The deficit is caused by the deflection of the small gramsired the heliosphere
(11;134;136), while the excess of large grains, rasiil um for a nominal density of 2.5 cn¥, signals an unexpected
component of local interstellar dust. In 2005/2006 the flost direction shifted southwards by 30°, probably due to the
change in the solar wind magnetic polarity!(22).

The gas-to-dust mass ratidi, /.4, can be independently determined from fimesitu dust measurements, and then
compared with the predictions of the LIC photoionizationdeis. A value ofRz, 4~ 150 is consistent both with recent
Ulyssesdata (H. Krueger, private communication) and the photaiation models (which give a range Bf /4= 140 — 320,
depending on the selected solar abundance (33))inT$it value for R, ,4 only depends on the photoionization models for
the total gas mass, and otherwise tRjs, should be an upper limit because small grains are excludedthe heliosphere.

If the values forR, ,q determined separately from the dust measurements andvatiees of the gas (combined with the
missing-mass argument) do not agree, it would indicatettieagirains and gas are from different reservoirs, which sato
a decoupling of gas and dust leading to a local dust enhamtefiest indications are thak, /4 in the LIC as derived from
thein situ dust measurements will decrease significantly once the afdlse excluded grains is included.

Interstellar dust grains encountering the heliosphereimtgract most strongly with the magnetic field. The trapeits
resulting from this interaction can be quite complex, dejiem on the charge-to-mass ratio for the grain and the @etail
morphology of the magnetic field throughout the heliosphefée grains are generally charged positively because of
the strength of the solar UV/optical radiation field whictoguces photoejection of electrons from the grains. We have
used numerical magneto-hydrodynamical (MHBXinetic (for the neutrals) calculations of the heliosphratudy the
trajectories of interstellar grains incident on the heglloare |(34; 36; 35). We used two different solar wind magrfetld
(SWMF) polarities in our modeling, a de-focusing configimaisouth pole positive, corresponding to the current ityla
and focusing polarity (north pole positive).

Interstellar dust enters the the heliosphere region attlagive speed of the solar system and the LIC. The smallastgr
(~ 0.01xm) which have gyroradii that are small on the scale of theolspliere £1 AU) couple tightly to the interstellar
field and their trajectories follow that field as it is distxtby the heliosphere. Somewhat larger graing)(1.m) have
gyroradii large enough to allow them to penetrate the halige, at which point their trajectories depend on the defail
particular the polarity, of the SWMF. If the field has magoetorth coinciding with the Sun’s north pole, the grains are
deflected away from the ecliptic while for the opposite ptyathey are focused in the ecliptic plane. For intermesliat
sized grainsy~ 0.05 — 0.2 um, the SWMF polarity has strong effects on the grain trajeesoand resulting grain density,
either concentrating the grains near the north and soutiegholes (de-focusing polarity) or in the ecliptic plafiecusing
polarity). Fig.[4 shows a 3-D rendering of the dust densiggriiution for 0.18.m grains. For grains that are even larger,
their gyroradii can be- 1000 AU or larger and tend to be only slightly deflected from theitial trajectory. For these
grains the effect of the Sun’s gravity leads to an enhancadesgensity in the inner solar system.
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Fig. 4. Dust density distribution for 0.18m grains in the heliosphere rendered as the 3-D surfacesspamding to factors of 2, 2.75, 3.5, 4.25 and 5
enhancement over the ambient density. The de-focusing SVWAEE is shown on the left and the focusing SWMF polarity casddwn on the right.
The focusing SWMF leads to enhanced density in a crescepedhagion near the ecliptic plane while the de-focusingl fiehds to concentration of
the dust at the north and south ecliptic poles. The innerlynsepherical surface is the solar wind termination shockteN the interstellar inflow comes
from the lower left and flows toward the upper right.(Figurenf (35))

The very different density distributions of the grains ie timodels that use different SWMF polarities indicate that we
need to take into account the time evolution of the heliospiresuch calculations. An interstellar grain will take30 yr
to go from the heliopause to the Sun and so will experiencepmlarity changes because of the solar cycle. The SWMF
polarity of the 1990’s was de-focusing, while that of the @80vas focusing. By calculating the enhancement in grain
space density at the Sun and comparing withith&tu dust detected withJlysses andGalileo, we can, in principle, infer
the interstellar grain content, at least for the largernggain Fig[5, as an example, we show the grain size distobuliat
an MRN (25) type size distribution in the ISM would producetas Sun under the assumption of a focusing polarity in the
SWMF. Here the size distribution has the MRN power law in sizg/da o a_>> (but we show the differential mass per

grain
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logarithmic grain mass distribution), though the grairedimits extend from 0.01 to 1.0m instead of the size limits used

to fit interstellar extinction which go from 0.005um to 0.25um. A gas-to-dust mass ratio of 150 is assumed to set the
overall normalization of the distribution. It's clear fraitme figure that this “shifted MRN” distribution overpredi¢he dust
density at the Sun. As mentioned above, however, the asgamgdta single polarity for the SWMF over the entire course
of a grain trajectory is not realistic. Future modeling widled to take the time varying SWMF into account.
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Fig. 5. Grain mass distribution for interstellar grains le theliosphere observed by thiysses and Galileo spacecrafts (updated, H. Krueger private
communication). As an example, the purple line shows the MRNer law size distribution_(25) but with higher upper andiéo size cutoffs and
using a gas-to-dust mass ratio of 150. The blue points shewr#in mass distribution that results in our model (foay$SWMF). This model clearly
overpredicts the density of large grains, but is promisimglihking the observed grain size distribution with thetiadi one in the Local Interstellar
Cloud.

5. Lifecycleof local interstellar dust grains

Variations in the relative abundances of Mgnd Fe in the gas by a factor of 30 between different CLIC velocity
components (Figurgl 2) indicates an inhomogeneous graiolgiign. Either multiple grain sources or the non-uniform
destruction of the initial grain population may accounttfoese differences. The kinematical coupling between tseagd
dust suggests that the local dust is far removed from thénaligource in active stars and supernova, or massive malecu
clouds. Rather, it appears that there have been differealsl®f grain destruction in the CLIC, and that possibly grai
destruction is ongoing. The very nature of the dispersioretdcities in the CLIC £4.6 km s~! about the bulk flow vector,
(12), Figurd1) suggests that local dust grains may not haee bniformly shocked. In the Fe core-silicate mantle model
shock processing that removes only the mantle, such as shattkvelocities below 100 kms, will preferentially return
C, Si and Mg to the gas phase as compared to Fe by thermalripyit€igure ). Iron oxides may survive shocks in the
cores of grains that have protective mantles of a lower densaterial.

The efficiency of grain destruction by shocks depends on thpesties of the medium into which it propagates. If the
pre-shock gas were inhomogeneous, the efficiencies of deaitnuction will have varied. For instance, increasingcibead
density by a factor of ten raises the grain destruction rgta factor of~ 1.5, while increasing the interstellar magnetic
field strength from 1.G to 3G reduces the grain destruction rate by factordf.

5.1 Dust DestructionintheCLIC

Our photoionization models for the LIC (33) use the obse&icolumn densities toward CMa to set the gas phase
elemental abundances. We then compare the abundancesddiriy way with a set of solar abundances to indicate the
amount of depletion into grains. As can be seen in Eig. 3, wkrfiodest depletions of the refractory elements that make
up silicate grains (Fe, Mg, Si, and O) and no depletion of s Tdw level of depletion in the LIC can be interpreted as
evidence of partial destruction of grains by a fast shocketarme in the past.

In relatively slow shockSysnocc ~ 50 — 100 km s~1, the grain destruction is primarily via grain-grain cdltbiss caused
by the betatron acceleration of the grains in the post-shookng region. This sort of destruction tends to erode aapthe
the grains might have and shift the grain size distributawerds smaller grains. In faster shocks, thermal and nental
sputtering preferentially destroy smaller grains by remguthe same thickness of grain material regardless of giai
In Figure[®, left, we show the resulting depletions aftercéhpassage for a core-mantle grain model wherein the core is
silicate and mantle is pyroxene (from(11)). The effectshaick passage depend on, in addition to assumptions abant gra
composition and structure, the gas density and magnetitdiegngth.
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Fig. 6. Left: Post-shock depletion vs. shock velocity foreemantle grain model where core is assumed to be silicéitéen@) and mantle is pyroxene
(from (11)). Right: Percentage of initial total grain masstlbecause of dust destruction in the shock vs. shock speerbt the Si gas phase abundance
determined for the LIC we nee§ 35% destruction of silicate dust which is consistent with, i f 150 km s~ 1. Such shocks should destroy less than
15% of the carbonaceous dust, however, in contradictioh & large gas phase abundance of carbon found in manystatie see Sectidn_3.2).

The abundances derived for the LIC present a challenge &setust destruction models since the prediction is that
carbonaceous dust will be less destroyed than silicatefdushock velocities over 150 knt'$. The depletions we find
for silicate grain elements imply that35% of the grain mass has been destroyed as could occur ifck sfie- 150 km
s~! has passed through the cloud, but as can be seen frorilFigh6,thie shock destruction models indicate thd6%
of the carbonaceous grains should have been destroyed byasimock. A similar pattern of high carbon dust destruction
and modest silicate dust destruction is inferred for linkesight toward high and intermediate velocity clouds| (38he3$e
results prompted Jones and Nuth (18) to propose that insfegephite as the model for carbonaceous grains, hydragena
amorphous carbon might be closer to their structure. Caticuls they did for these grains indicate that they are mastee
to destroy in shocks, consistent with the above results.

5.2 Sourceof very largeinterstellar grains

Large and small interstellar dust grains in the LIC may orde in different regions of the CLIC. The gyroradius for 1
um silicate grain is~ 1 pc for a grain with a density of 3.3 gr cm, charge of 200, and traveling 23 km'sthrough a 3
1G magnetic field. Small, radius ~ 0.1 um, grains originate locally. Grains that are.in and larger may originate in
more distant regions of the CLIC. The presence of large ISD@se ISM, radius: > 1 um, if widespread, would violate
abundance constraints set by interstellar extinctionesirfhis suggests that they trace a different ISM reserkain the
small grains\(5). The large gyroradius of the large graiteal for them to be decoupled from the small grains so that the
grain population may not be uniformly shocked.

The large grains (radius> 1 uym) found byin situ measurements of interstellar dust suggests that moledolad grains
are mixed into the local ISM. Infrared observations of demsgecular clouds require micron-sized ISDGs to reproduce
the “coreshine” emission. Coreshine is produced when delstyds scatter background;8n radiation that is spatially
coincident with the cloud cores (28). The only known dens& dloud near the Sun is a thin filamentary-like cold (30 K)
feature towards Leo. The distance of this cloud has beertreamsd by absorption lines in nearby stars to be within #1-2
pc (29;.12). Densities in the Leo cloud aM(H°)~ 10! — 10%2° cm~2, andn ~ 320 cm~3. The Leo cloud velocity is
consistent with the CLIC bulk velocity, so either this cloardother similar tiny dense local clouds (e.g./(14)) may akpl
the large dust grains observed inside of the heliosphere.

6. Summary

Local interstellar dust shows the characteristics of dulhr density clouds, with high gas phase abundances ofttefa
elements that have been processed-bi50 km s~! shocks. Grains consist of silicates, primarily olivinegdam additional
Fe-rich grain component, possibly of complex oxides. Olztéans of interstellar oxygen both inside and outside ef th
heliosphere suggest high depletions that indicate aniaddltcarrier of the oxygen such as either organic refryqtarticles
or oxides. The proximity of the Sun to the Loop | superbubblggests that grain destruction may have occurred in shocks
associated with that superbubble.

Large> 1 um interstellar dust grains have been detected in the héleysp indicating either that some grains escaped
destruction in interstellar shocks, or that this dust hasodpled from a nearby reservoir of large grains, or both. The
observed deficit of small graing, < 0.1 um, in thein situ grain sample indicates that the smallest grains are exdlude
from heliospheric plasma because of large charge-to-natissr Models of this exclusion indicates that plumes-di.18
pm dust flow around the heliosphere, with the exact configomatif the plumes dependent on the solar wind magnetic
field polarity and therefore on the solar cycle phase. Thaszgk techniques for studying local interstellar dusvjte an
intriguing and still incomplete picture of the propertidsiast in low density regions of the galaxy.
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