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ABSTRACT

The heavyweight stellar initial mass function (IMF) observed in the cores of massive
early-type galaxies (ETGs) has been linked to formation of their cores in an initial swiftly-
quenched rapid starburst. However, the outskirts of ETGs are thought to be assembled via the
slow accumulation of smaller systems in which the star formation is less extreme; this sug-
gests the form of the IMF should exhibit a radial trend in ETGs. Here we report radial stellar
population gradients out to the half-light radii of a sample of eight nearby ETGs. Spatially
resolved spectroscopy at 0.8—1.35um from the VLT's KMOS instrument was used to measure
radial trends in the strengths of a variety of IMF-sensitive absorption features (including some
which are previously unexplored). We find weak or no radial variation in some of these which,
given a radial IMF trend, ought to vary measurably, e.g. for the Wing-Ford band we measure
a gradient of +0.06 + 0.04 per decade in radius.



Bbibopka

Table 1. List of sample galaxies with observation details and key properties listed. Effective radii and total (J-band) magnitudes within the effective radius
were extracted from 2MASS J-band images and used to calculate the mean surface brightness. Recession velocities were derived using pPXF (see Section 2.3)

and o R.g /8) values and fast/slow rotator status were taken from the ATLAS 3D survey (except for NGC 1407 for which a value was derived from our pPXF
fits). Relative M/L taken from CvD12b.

Name Bands  Seeing Ruf cz o(Rqg/8) surface brightness relative M/L ellipticity Notes
farcsec  farcsec  /kms™!  /kms™! /magj arcsec™?  (Milky Way = 1)
NGC0524 12Y] 1.3, — 233 2400 243 17.8 1.09 0.00 Fast rotator
NGC 1407 12 1.4, 1.0 36.2 1950 301 17.4 — 0.00 Slow rotator
NGC 3377  12Y] 1.8, — 23.3 690 146 17.0 1.16 0.40 Fast rotator
NGC3379 1Z 1.2,0.8 28.5 900 213 16.5 1.60 0.00 Fast rotator
NGC 4486 IZ2.Y] 1.1, 1.3 44.5 1250 314 16.9 1.90 0.00 Slow rotator
NGC4552 1ZYJ 1.1, 16 24.1 390 262 16.6 2.04 0.00 Slow rotator
NGC4621 1ZYJ] 13,16 217 480 224 16.8 1.96 0.33 Fast rotator
NGCS5813 1ZY) 13,12 337 1920 226 17.9 1.37 0.25 Slow rotator
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Figure 1. Left panel: The KINETYS observing strategy for an example galaxy. Individual KMOS IFU fields of view (2.8" x 2.8"") are shown to scale, colour
coded by the isophote they are sampling. Dashed line indicates the J-band effective radius. Right Panel: TFU fields for the ensemble of all galaxies scaled

relative to the J-band circular effective radius. Colour scheme as in left panel.
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Figure 2. Three models of NIR spectra are illustrated: the solar abundance, Milky-Way-like IMF fiducial model (eyan): a model with [Na/H]= +0.9 (orange).

and a model with a dwarf-enriched stellar population formed according o an X = 3 IMF (black). The models are broadened 1o 230 kins ™

L We include
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Figure 3. The data, median-stacked at fixed R/R,.s. indicating the recovery of the signal in the absorption line spectra even in the outlying regions of the
calaxy (feature measurement bands indicated). The colour scheme is as in Fig. 1. The hatched regions indicate particularly strong telluric absorption, visible



[ pagneHTbl MHOEKCOB NMMHUN

Mal 0.82 uin 10 Call Triplet Mgl 0.88 wm
15 CaH=103  —— fducial %=3 1M AR S
— [KH]=+2.3 == [aiH=10.4 L = =7 O [ . e S = |
10 : ! a
e : |
L
& 134 w
& 03
4
-2.0 -LG -10 -05 0.1 0E -2 —1E -1.0 .5 oo 05 2.0 1.5 -1.0 -5 10 0.5
) Wing-Ford band (FeH .88 umj e Cal 1.03 um Mal 1.1 pin
e L -
T Lh »
t 8 [FES
[ A e T J‘; ___________________________
=8 paf @ ¥
L.
R B e + — 5 - oz
2 ap— s
= 1 ol
L aa .
=0 -L5 -L0 0.5 0.1 nE  -20 -1k -1.4 -0.5 0.0 05 - -15 -14 L& oo [
13 Kl 1.1/ p#m composite Kl 125 jm All1.31 pm
: 1E
1z 1.
o 1 K %
10 14
= [ ]
4 i = ‘-_"“--._,_
q 3 0o "'—+' . b + il Sl b 'Y
e T *_ _________________ T
2 + -0.5 ni
14
=24 -1.5 -1.0 0.5 G4 5 =20 -LE =14 15 (ENH B5 =240 =15 =10 0.5 3 15
log(RIR.:)

Figure 4. The index trends with log(R/R .7 ). The index measurements for each radial extraction region (corrected to 230 kms™?! in all cases) are shown
in black with errors. The best fit trends are in red with the calculated 1o uncertainty region shown (grey shaded). The S5P model predictions are denoted
by horizontal lines (Cyan: fiducial model: Green: [a/H]=+0.4: Tan: X=3 IMF: Orange: [Na/H|=+0.9: Dark blue: [Ca/H]=+0.3 (but note that Ca is also an
re-element so scales with [ov/H] too): Purple: [K/H]=+0.3)
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Table 9. Model parameters and best fit values for stacked spectra at five radii

Extraction Region [ex/H] [Fe/H] BT [Na/H] [Ca/cl reduced y?
R < 0.02Rgq 040715 E:‘j U.f]lﬁf?ﬁfi g4y 0. f,s’f? 12 ga3ethis 0.84
R=0.02-005R,g  0.2870-02 1l G o B O4aripls 034l 2.00
R=1Req 0.1213:33 -0.21¥393 105123 0.00rg12  -0.3113:08 1.54
R=2R.g 0.10+%9- E: -0.211258 6. ?J_fl‘ ;{ 0. nn“%: o 0.35
R =R 0003055 021131 g.ot3®  _g3st0d4s 43014 0.91

best-fit gradients 020001 <0.107£002 -0608 =048 £0.07 0.00=L0.04
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ABSTRACT

We present a detailed analysis of the white dwarf luminosity functions derived from the local 40
pc sample and the deep proper motion catalog of Munn et al. (2014, 2017). Many of the previous
studies ignored the contribution of thick disk white dwarfs to the Galactic disk luminosity function,
which results in an erronous age measurement. We demonstrate that the ratio of thick/thin disk white
dwarfs is roughly 20% in the local sample. Simultaneously fitting for both disk components, we derive
ages of 6.8-7.0 Gyr for the thin disk and 8.7 4+ 0.1 Gyr for the thick disk from the local 40 pc sample.
Similarly, we derive ages of 7.4-8.2 Gyr for the thin disk and 9.5-9.9 Gyr for the thick disk from the
deep proper motion catalog, which shows no evidence of a deviation from a constant star formation
rate in the past 2.5 Gyr. We constrain the time difference between the onset of star formation in
the thin disk and the thick disk to be l.ﬁi‘g:i Gyr. The faint end of the luminosity function for the
halo white dwarfs is less constrained, resulting in an age estimate of 12.5‘1‘%:3 Gyr for the Galactic
inner halo. This is the first time ages for all three major components of the Galaxy are obtained
from a sample of field white dwarfs that is large enough to contain significant numbers of disk and
halo objects. The resultant ages agree reasonably well with the age estimates for the oldest open and
globular clusters.
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* Kakmne BbIOOPKM HE aHanMn3npyu, Kak
napamMeTpbl MOOENN HE MEHSIN, BCeraa
nony4yaeTcs pasHuLa anox Havyana
3Be300006pa3oBaHNst B TOHKOM M TOSICTOM
avncke 1.6+0.3/-0.4 mnpa neT — To eCcTb
BMOSHE YBEPEHHLIN pa3pbiB BO BPEMEHMW.



