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Abstract The Lenses Structure & Dynamics (LSD) Survey aims at stuglifie internal
structure of luminous and dark matter — as well as their eimiu- of field early-
type (E/SO) galaxies ta ~ 1. In particular, E/SO lens galaxies are studied
by combining gravitational lensing, photometric and kiin data obtained
with ground-based (VLA/Keck/VLT) and space-based telpeso(HST). Here,
we report on preliminary results from the LSD Survey, in jgattr on (i) the
constraints set on the luminous and dark-matter distobstin the inner several
R.q of E/SO galaxies, (ii) the evolution of their stellar companand (iii) the
constraints set on the value of ffom time-delay systems by combining lensing
and kinematic data to break degeneracies in gravitatiemaslmodels.
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Introduction

Even though massive E/SO galaxies enclose most mass (lusaral dark)
in the Universe on galactic scales, relatively little is etyaitionally known
about their their dark-matter halos or the evolution of ittveiernal structure
with time, and only recently studies have started to shedeslight on the
evolution of their stellar population with redshift.

The reasons for this are both observational and intrinsibéanass model-
ing. First, since many of the studies of the mass distribuGbE/SO galaxies
rely on stellar kinematics through spectroscopic obsemat only with the
advent of 8-10 m class telescopes (e.g. Keck and VLT) hasdrbes possible
to study E/SO galaxies in any detail beyond the local UneeBecond, degen-
eracies in mass models that rely only on kinematic and phetigordata often
allow for multiple solutions and place limited or no consita on the presence
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and distribution of dark-matter. These problems exacerbath increasing
redshift due to poorer observational constraints. Modgkderacies are of-
ten due to the unknown mass of the galaxy, allowing one tdyfnglay with
stellar anisotropy, the mass-density slope and its nomat#din. For exam-
ple, approximately constant velocity dispersion profilas be explained with
an isothermal, kinematically isotropic, luminous pluskdaratter distribution,
as well as a constant stelldf /L model with a radially increasing tangential
anisotropy. However, the latter model requires signifigaless mass than the
isothermal model within, say, several effective radij.).

Hence, if the total mass of an E/SO galaxy enclosed withinesoawlius
(around~ R.g) is known, one can break the degeneracy between the stellar
M/ L, the stellar anisotropy and the radial mass distributiotmor§ gravita-
tional lensing by E/SO galaxies provides exactly the regliinformation!

The Lenses Structure & Dynamics (LSD) Survey

The ‘clean’ LSD Survey sample consists of 11 relativelyasedl (e.g. no
massive clusters nearby) E/SO lens galaxies spread beteggmfts: = 0.04
and 1.01. The galaxies have a mass rangelb orders of magnitude. Multi-
color photometric data is available in the HST archive (iydsom the CAS-
TLeS collaboration) for each system (typically V, | and H 8gh In 2001—
2002, we obtained stellar kinematic data using the Echgilectograph and
Imager (ESI) on the Keck-ll telescope with typically 0.8eeing and un-
der photometric conditions. Some systems have extendeunkitic profiles
(along major and sometimes minor axes), others only lunitynasighted dis-
persions, depending on their brightness and extent. Befiideclean sample,
we also observed several other systems (also with the Vhaglyding several
disk-galaxy lenses and lens systems with measured tinagrslel

We continue with some of the high-lights of the LSD survey aslated
studies (e.g. the determination of ftom lensing).

The evolution of the stellar mass-to-light ratio

Two LSD systems (MG2016+112 and 0047-285) have thus far Sieeia
ied in detail (Koopmans & Treu 2002, 2003; Treu & KoopmansZ40 Since
we have available the (central) stellar velocity disperseffective radius and
effective surface brightness (from the HST images; transédl to rest-frame
B-band), each lens system can directly be compared witlotta Fundamen-
tal Plane (FP). The offset from the FP is an indicator of thelwdion of the
effective surface brightness, due to fading of the steleuytation with time
(i.e. “passive evolution”). Both systems are consisterth\passive evolution
of field E/SO galaxies, marginally faster than that of clug(s0 galaxies. We
find that the stellad// L determined from the FP evolution and local measure-
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ments, being close to the “maximum-bulge solution”, agré those mea-
suredonly from lensing and dynamics, suggesting that no structuraléen
has occurred in the FP below~ 1.

The luminous and dark-matter mass profile

The combination of stellar kinematics and gravitationakiag can also be
used to place stringent constraints on the luminous plusmatter mass pro-
files of E/SO galaxies ta ~ 1. The reason is that lensing determines the
mass inside the Einstein radius to a few percent accuraayindathe inner
(total) mass slope — but satisfying the stringent mass minst- leads to a con-
siderable change in the observed line-of-sight stellamargl dispersion pro-
file, as well as the luminosity weighted stellar dispersiointhe E/SO galaxy,
only weakly dependent on details such as anisotropy, eécK3¢. Thence, a
comparison with the observed stellar kinematics allowsdistermination of
an ‘effective’ slope 4’ for p o< »~; i.e. the average luminous dark-matter
power-law slope) inside the Einstein radius (typically 3).

Thus far, we have found that = 2.0 + 0.1 4 0.1 for MG2016+112 (Treu
& Koopmans 2002a) and’ = 1.97093 4 0.1 for 0047285 (Koopmans &
Treu 2003; 68% C.L. and syst. error). For B1608+656—G1 antiiR&+080,
both not part of the ‘clean’ LSD sample, we find = 2.03 + 0.14 4+ 0.03
and+y’ = 2.35 + 0.1 & 0.05, respectively (Koopmans et al. 2003; Treu &
Koopmans 2002b). E/SO galaxies in the clean sample are ba#istent with
isothermal mass profiles (i.e! = 2). From all four systems studied thus far,
the average i$y') = 2.1 with an rms of 0.2E/S0O galaxies appear on-average
isothermal to within~ 10% inside several effective radii, eventhough some
intrinsic scatter between systems is found, as expected.

We note that this is a preliminary results and the analydiseofull sample is
required to confirm/strengthen this conclusion. Even s80Ejalaxies require
a considerable diffuse dark-matter component inside #iksspheroid in or-
der to explain the observed stellar kinematics; constaaiiast)/ /L models
are excluded with high confidence in all cases. The lumindus giark-matter
appears to conspire to form an isothermal profile in its imegions, similar
to that observed for spiral galaxies. Finally, upper linhit&ve been set on the
inner dark-matter profile of E/SO as well as the (an)isotrofihe stellar com-
ponent, but we defer a discussion until the entire sampldéas analyzed.

The value of H, from lens time-delays

The most severe degeneracy in lens models is that of the gumirslope of
the radial mass profile of the lens mass distribution. Déffepower-law slopes
(other than e.g. isothermal) can often equally well fit theesdensing-only
constraints (e.g. Wucknitz 2002). Different slopes, hosvelead to different
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inferred values of kifrom time delays, roughly foIIowing&Ho/Hg/:2 = (v'—
2); i.e. steeper (shallower) than isothermal mass profile tedudgher (lower)
inferred values of Hl.

Since the combination of stellar kinematics and gravitetidensing can
tightly constrainy’ (see above; assuming the mass profile indeed follows ap-
proximately a power-law), the usefulness of this to tim&gdenses and the
determination of j is apparent. We have thus far looked at two systems in
detail and find | = 5971* + 3 km s™' Mpc™! (PG1115+080) and H=
7577 +4km st Mpc~! (B1608+656) for(y,, 24) = (0.3,0.7). The errors
are the 68% C.L. and systematic errors and include a realigtiertainty due
to the slope of the radial mass profile. These values shoelgfitre be rel-
atively unbiased. The deviation of PG1115+080 from isattar(see above)
increases ki by ~35% from 44 to 59 kms! Mpc~!, exemplifying the need
to measure the stellar kinematics of lens galaxies for dautrdelay system.
Both values are consistent with local determinations pfddg. Freedman et al.
2001), but inconsistent with the sample studied by e.g. Knek & Schechter
(2003; and references therein). We are currently obsemiag systems with
Keck and the VLT to improve the statistics of the sample amthér examine
the nature of this apparent inconsistency between lensragst

Conclusions

The combination of stellar kinematic with gravitationah$eng provides a
powerful new tool to study the internal structure and evolubf E/SO galax-
ies. Some of the preliminary results from the LSD Surveydaté that E/SO
lens galaxies ta ~ 1 evolve passively and have nearly-isothermal luminous
plus dark matter mass profiles inside severg}.RApplication of this to lens
systems with time-delays gives more accurate valuesofsdfar in agree-
ment with local determinations. The study of more lens sgstes required to
confirm/strengthen these conclusion, but results so fag haen encouraging.
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