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ABSTRACT

We provide manganese abundances (corrected forfibet of the hyperfine structure) for a large number of starhédwarf
spheroidal galaxies Sculptor and Fornax, and for a smalierter in the Carina and Sextans dSph galaxies. Abundandesready
been determined for a number of other elements in theseigajancludinga and iron-peak ones, which allowed us to build [[Ae]
and [Mrya] versus [F¢H] diagrams. The Mn abundances imply sub-solar M ratios for the stars in all four galaxies examined.
In Sculptor, [MnFe] stays roughly constant between ffe- —1.8 and-1.4 and decreases at higher iron abundance. In Fornax,
[Mn/Fe] does not vary in any significant way with 8. The relation between [Mr] and [FgH] for the dSph galaxies is clearly
systematically fiset from that for the Milky Way, which reflects thefldirent star formation histories of the respective galaxibs.
[Mn/a] behavior can be interpreted as a result of the metal-degerin yields of type 1l and type la supernovae. We also coegbut
chemical evolution models for star formation histories chatg those determined empirically for Sculptor, Fornaxd €arina, and
for the Mn yields of SNe la, which were assumed to be eithestzon or variable with metallicity. The observed [Me] versus
[Fe/H] relation in Sculptor, Fornax, and Carina can be reproduardy by the chemical evolution models that include a mieigft
dependent Mn yield from the SNe la.

Key words. Stars: abundances — Galaxies: dwarf — Galaxies: stelldenbr Galaxies: evolution — Galaxies: formation — Galaxies
individual: Fornax, Sculptor, Sextans, Carina

1. Introduction Nevertheless, Cescultti et al. (2008), with their chemivale

. . tion model, and Badenes et al. (2008), with their new metbod f
Manganese (Mn) is an iron-peak element that can be produggd g ring the metallicity of Type la supernovae, indepetige
by both type Il and type la supernovae (SNe). Theoreticakaiory,, g additional evidence of the metal-dependence of the SN
indicate that the SNe Il yields of Mn should increase withahet |, \1n yields, which was also suggested by theoreticians agch
licity (Woosley & Weaver 1995), which is supported by obsegpiho et a’l. (2006).

vations such as the rise in [MD] with [O/H] increasing from . . .
~0.5 to Q0 (e.g., Feltzing et al. 2007). Conversely, the ques- Badenes et all (2008) suggest the following explanation of

tion of the metal dependence of the SNe la yields remaind/¥ Phenomenon: during the late evolution of the superreMg (

: 4 X
matter of debate. Shetrone et al. (2003) suggested thatNke da prl%gemtor, the N prqduced by the CNO cycle is co_nve_rted
la yields of both Cu and Mn increase with metallicity, and© ~F (befqreét;emg finally transformed inf8Ne), which is
McWilliam et all (2008) brought additional arguments inday ransformed intc”0 throughs™ decay. This increases the num-
of this hypothesis by comparing the Mn abundances in theymillP€r Of neutrons in the stellar core, which is the future white
Way bulge, the solar neighborhood, and the Sagittarius dspffarf. The neutron excessis proportional to the metallicity
galaxy. These arguments in favor of a metallicity-depend and is es_sentlally preserved until the supernova explosion
Mn yield by SNe la were however challengedby Carrettalet Ithough this neutron excess leaves the prodgcnon of thetmo
(2004), who judge that the observational results gathevddrs abundant species (e.g. Fe) fieated, the formation of elements

are too complex to allow a clear-cut conclusion to be drawg'i?u?i:]agr%ﬁ(rangliln?grecquggg%gﬁﬂracvi?goignzsésgﬁ)vtg;esdg:]gi

* Based on observations made with the FLAMES-GIRAFFE mult30 neutrons, is the most abundant of them; it is produced dur-
object spectrograph mounted on the Kuyen VLT telescope @-ESING incomplete Si burning (first &Co, which then decays into
Paranal Observatory (programs 171.B-0588, 074.B-04150@6cB- >°Mn). When compared with the abundance of an element in-
0146) sensitive to the neutron excess (especially Cr, which & lalslt
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during incomplete Si burning), the resulting Mn abundarexe ctrograph. Their Mn abundances were corrected for HFS struc-

be expected to be atffieient tracer of the progenitor metallicity. ture and their sample complements ours. In summary, allsaece
To shed light on the production mechanisms of Mn, weary data, such as equivalent widths and stellar parameters

clearly require to investigate its abundances in a varidty available for the present analysis of manganese.

galaxies, with dierent star formation histories. To date the

number of systems in which this information is available i

small and thye number of stars is very limited: besides thﬁél' Galaxy and stellar sample

Milky Way, about two dozens of stars have been analyzedThe Fornax dSph galaxy was studied by Letarte et al. (2010),

in_Sagittarius [(Bonifacio et al. 2000; McWilliam et al. 2003who provided and discussed the abundances of a large number

Sbordone et al._2007), nine stars in Sculptor_(Shetrone et@l elements. There are 72 stars with at least one measurable M

2003; | Geisler et al._2005; Tafelmeyer etial. 2010), and up fiae, 60 of which have three reliable Mn lines.

a maximum of five stars per galaxy in Draco_(Shetrone et alin Sculptor, 76 stars have at least one measurable Mn line, 50

2001), Sextans_(Shetrone etlal. 2003; Tafelmeyer et al.)2016F which have a reliable average Mn abundance based on three

Carina_(Shetrone etal. 2003), Fornax (Shetrone et al. | 2008ges (Hill et al., in prep) .

Tafelmeyer et al. 2010), and Leol (Shetrone et al. 2003). e Twenty-one stars constitute the stellar magnitude-lichii@m-
DART, the Dwarf galaxy Abundance and Radial-velocitieple (I < 18) in Sextans (Jablonka et al, in prep.). However, only

Team, allows a real step forward for Sculptor, Fornak stars have reliable Mn equivalent widths.

Carina, and Sextans. This ESO Large Program based on éhi@ Carina, 17 stars have at least one Mn line (Lemasle et al.

FLAMES/GIRAFFE spectrograph at the VLT can encompasx012), but only 6 have detectable Ma5407 A and15420 A

stellar samples of up to 80 stars per galaxy with opticalspet lines, which were finally selected to compute the average Mn

relatively high resolution (R20,000). The abundances of mosabundance.

elements with measurable lines have already been publisked  The detailed analysis of the Mn lines and the composition of

cept for manganese: the equivalent widths of this element ahe final sample of stars is performed in Secfibn 3.

available, but the abundance determination is more comtplic

Since manganese has an odd atomic numbet (25), it has

a significant hyperfine structure (hereafter HFS), whichadro

ens the spectral lines. This can lead to desaturation ofites,l The abundance analysis was performed with two cactes;ai
which cannot be neglected as soon as the equivalent widths g% the one hand, andoog on the other, both used with
ceed a few tens of mA. Therefore, reliable abundances cantig§ new MARCE spherical models of stellar atmospheres
be obtained by just using the equivalent width and totallesc{Gustafsson et al. 2003, 2008), under the LTE approximation
lator strength of a given line. All components of the hyperfin(for Sculptor, thecalrai abundances were determined using
structure have to be taken into account. This work provides Myane-parallel MARCS models). The computation of the radia
abundances (with HFS taken into account) in the three Logsle transfer was still done in a plane-parallel geometry.
Group dwarf spheroidal galaxies for an unprecedentedfielar  The stellar §ective temperatures, gravities, and turbulence
number of stars. This constitutes by far the largest sets mf Melocities were adopted from the DART general analysesdi ea
abundances in any galaxy other than the Milky Way, and tree sigalaxy. Temperatures and gravities were determined froma ph
of our sample is comparable to e.g. the samples of stars in tbeetric data for Fornax, Sextans and Carina, and from spect
thin and thick disks of our Galaxy considered. by Feltzinglet ascopic data in the case of Sculptor.
(2007). In principle, equivalent widths were measurable for up to
This paper is organized as follows. Section 2 introducésur Mn lines. All of these lines belong to the wavelengthgan
our sample of stars. Section 3 describes how we derived Mfithe HR10 FLAME$GIRAFFE setup. One line, Mn15432,
HFS-corrected abundances, while Section 4 discusses theb@longs to the multiplet No 1 and is a resonance line, whie th
sults. Section 5 presents chemical evolution models tigbre other three belong to the multiplet No 4. All four lines weig-s
duce the observations. Finally, Sect. 6 summarizes oultsesu nificantly broadened by the hyperfine structure.
The Mn hfs-corrected abundances were derived in two steps:
> First, the uncorrected Mn abundances were computed with
2. Observational material and analysis calrai. The code was initially developed by Spite (1967) (see
_ _ also the atomic part descriptionlin Cayrel et al. 1991), aasl h
In the following, we analyze five dierent samples. For four yoapn continuously updated over the yearslrai was used
of them, the FLAMEJGIRAFFE HR10, HR13, and HR14 ., anayze all DART data sets. The DART results were partly
grisms were used, respectively, centered on 5488, 6273, &hmarized ih Tolstoy et al. (2009a). The homogeneity aféhe
6515 A (see Tolstoy et al. 2006). The full abundance analynalyses allows us to perform robust comparisons of the Ehem
sis papers of the DART FLAMEGIRAFFE in Sextans and ca| patterns for all metallicity ranges and between gakaxie
Sculptor are being written up. Surveys of the Fornax, Seulpt 1~ Second, an HFS correction was computed with the August
and Sextans galaxies have already been been performegd®o version of Chris Snedeni®og codé. On the one hand,
search for extremely metal-poor stars (Tafelmeyerlet &l0P0 for each line we computed the uncorrected Mn abundance (i.e.
The results for the Mn abundances of these stars, which weggylecting the hyperfine structure), using #isfinddriver and
previously corrected for HFS, are incorporated in the presghe totallog(gf) value of the lines, taken from the Kurucz file
work. The results of the analysis of all elemental abundsincgrhy0600.108. The resulting abundances are very close to those

besides Mn are published in_Letarte et al. (2010) for For“%’ﬁlen bycalrai (see the Appendix for a comparison between
and in Lemasle et al. (2012) for Carina. In a companion wor.

Venn et al. |(2012) presented the chemical composition ofli23 e httpy/marcs.astro.uu.se
ements in nine bright Carina red giant branch stars obsevithd 2 httpy/www.as.utexas.edehrigmoog.html
either the FLAMEQUVES fibers or the MagelldMIKE spec- 2 available at httg/kurucz.harvard.edlinelist.html

2.2. Stellar atmosphere models and HFS corrections
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themoog andcalrai Mn abundances). On the other hand, we The 15407A line in Fornax also behaves in a slightly dif-
computed the abundanosih the hyperfine structure, using theferent way, with respect to thé5420A and15516A lines. As
blendsdriver ofmoog and introducing all hyperfine componentgor the 15432A line, this is probably due to the large equivalent
listed in the above Kurucz file. ) ~widths of the most metal-rich stars of this galaxy, which may
Finally, the HFS correctiornts for each line was defined greaily exceed 200 mA. Therefore, we excluded all lines with
as the diference between the two above abundances. The i8¢\, .” 230 mA (for theA5407A one, but also the two others)

parameters and hyperfine components are given in Table 1. ¢ the Fornax sam : )
; ; ple when computing the average Mn abun

As an example, the HFS corrections for the /2 stars in tP:I(?-':mces The safer and more stringent criterioB\3f > 200 mA
Fornax dSph galaxy are shown in Hig. 1 as a function of equiy: :

alent width, for the four available lines (for 71 stars oniytie Would have left only 25 stars with an average Mn abundance

case of thel5516A line). The behavior of the correction for thebased on three lines. Including stars with 20EW < 230 mA

strongest ine, Mn5432A., is especially noteworthy: the cor-gu et G2 SRRt (RRLIDE Y S PR T el B
rection becomes increasingly negative as the eq_uwalecduhw metallicity, hence this tradefiwas deemed to be acceptable.
increases, then turns upward beyond 220 mA. This behawior re
flects the curve of growth: the minimum correction (or maximu  The line-by-line [MnH] and [MryFe] abundances are listed
of its absolute value) coincides with the plateau of the ewl in TabledA.1 andAl2 for the Fornax dSph, in TakleslA.3 and
growth, while the desaturatiorffect of the hyperfine structure[A.4] for the Sculptor dSph, in Table_A.5 for the Sextans dSph,
become unimportant in the linear part on the one hand, and ad in Tabl€A.b for the Carina dSph.

the strongly saturated part on the other. The scatter in #® H

corrections at a given equivalent width is due to the vargdty

stellar parameter values, especially for the micro-tuehtve- 3 5 average abundances and compilation of the [Mn/Fe] vs
locities. In Sculptor, the behavior of the HFS correctiosiis- [Fe/H] diagram

ilar, except that the rising branch (for the MiB432A line) is

r|-T|]|L:jgh short?_r, because of tre Iow;ehr meotzllslcgy. Irthextﬂm_s, To compute the final abundances, we used an average weighted
corrections are never ‘argertharn ©. X, tiS MaxiMyy the inverse variances of the abundances obtained from the

being reached for tha5432A line, which is the strongest. Iningjvigual lines; these variances were propagated fronegtie
Carina, the HFS corrections are smaller than 0.3 dex for thesied errors in the corresponding equivalent widths.

A5407A andi5516A lines, and smaller than 0.6 dex for the other
two lines. > In Fornax as well as in Sculptor, the average abundances

We note that the amplitude of the HFS correction may reaglere computed from the three line¥5407A, A5420A, and
1.6 dex; Figl1L illustrates how inescapable this corredgon  15516A. Since some stars lack one or more of these lines, or
the equivalent width of some of the lines is larger than 230 A,
only 60 stars are left out of the initial 72 ones.in Sculptor,
the average abundances could be computed from the same three
3.1. Final line-by-line abundances lines as in Fornax, for a final sample of 50 stassln Sextans,

] _ ) keeping only those stars with three reliable lines wouldehay

The final Mn abundances were obtained by addifg to the sulted in only one single object. Therefore, all 5 stars (idia
Inltlal. abundances derived wittalrai. For Carlna,_Whose datation to the EMP stars of Tafe|meyer etlal. 2:)10) were included
was included later, we used oniyog to determine the Mn the final sample, even though the average abundances atk base
abundance, because the results of this code perfectly thats& on fewer than three lines in most casesln Carina, the initial
of calrai, as shown in Fig. All, where we used the same sph&gmple of 17 stars shrinks to 6 objects having at least thé/wo

ical atmosphere models as for the abundance determindtt@ 0|jneg 15407A, 15420A. The average Mn abundances are based
and other elements. on these two lines.

Fig.[2 displays [MyiFe] versus (vs) [F#l] for the Sculptor,
Fornax, Sextans, and Carina galaxies, for each of the four Mn The average Mn abundances are computed from three lines
lines. The three line$5407A,15420A, andt5516A follow very  in both Sculptor and Fornax but from only two lines in Carina,
similar trends, while thei5432A line behaves in a clearly dif- Which might cause a zero-point problem, when our results for
ferent way. the two galaxies are compared. However, Elg. 2 shows that the

While for the Sculptor dSph, thé5432A line leads to dif- A5516A line, which was not included in the average [Mel
ferences in [MyFe] of only a few tenths of a dex compared tyalues of Carina, yields [Mfre] ratios that are in-between those
the other ones, for the Fornax dSph, both the mean/fefn derived using the two other lines (see e.g. the averages for
level and the variation with [Fel] are dfected. The Girie Sculptor), such that neglecting the line does not changavhe
sample of stars at the center of the Fornax dSph is inde¥@ge values by more than a few hundredths of dex at most.
more metal-rich than those at the center of the Sculptor dsg#other kind of zero-point problem does, however, arise be-
Therefore, the equivalent widths of ti6432A line are larger in Ween some published values and those of this work because

- the diferent solar abundances adopted. We adopNag)(+
Fornax than in Sculptor and above 200 mA for most stars. T ~ 539 and logliee) + 12 = 7.50, Sobeck et Al (2006) adopt

15432A line is the most sensitive to non-local thermodynamg39 and 752 respectively, arid Venn etldl. (2012) adogEand

equilibrium (NLTE) efects because of its low excitation poteny g rhjs diterence of a few hundredths of dex remains smaller
tial. Furthermore, it IS so strong that its prqﬁle_ depargmﬂ_— than the uncertainties and was therefore neglected.
cantly from a Gaussian, thereby severely biasing the ebanva

width estimated by thdaospec code, which indeed assumes a  All points corresponding to fewer than two Mn lines were
Gaussian profile. As a consequence, we discarded3482A ignored in Fig[B, except for a few stars in Sextans. Figlire 3 i
line in the computation of the average Mn abundances. discussed further in Section 4.

3. Mn final abundances
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Table 1. Parameters of the four Mrines used in this work and of their hyperfine componentsrigkom Kurucz’ database. The
first line gives the total log(f) value of the line considered as single, while the subsedires give the logff) values of the
hyperfine components.

Mn115407A Mn115420A Mn15432A Mn15516A
A Xexc loQ(gf) A Xexc loQ(gf) A Xexc IOQ(gf) A Xexc IOQ(gf)
(Al [eV] Y [eV] [Al [eV] [Al [eV]
5407.420 2.14 -1743| 5420.360 2.14 -1.462 | 5432.550 0.00 -3.795 | 5516.770 2.18 -1.847
5407.325 2.14 -3.139| 5420.256 2.14 -3.018 | 5432.506 0.00 -4.377 | 5516.699 2.18 -3.273
5407.332 2.14 -3.394 | 5420.261 2.14 -2988 | 5432.510 0.00 -5.155 | 5516.709 2.18 -2.905
5407.333 2.14 -3.394 | 5420.270 2.14 -2733 | 5432.535 0.00 -5.155 | 5516.718 2.18 -2.905
5407.341 2.14 -3.075| 5420.272 2.14 -3.766 | 5432.538 0.00 -4.640 | 5516.728 2.18 -4.482
5407.354 2.14 -3.196 | 5420.281 2.14 -2812| 5432.541 0.00 -4.992 | 5516.743 2.18 -2.773
5407.353 2.14 -3.196 | 5420.295 2.14 -2511| 5432.561 0.00 -4.992 | 5516.757 2.18 -2.773
5407.354 2.14 -3.196 | 5420.298 2.14 -3.687 | 5432.564 0.00 -4.971 | 5516.771 2.18 -2.947
5407.366 2.14 -2.900 | 5420.311 2.14 -2.745| 5432.566 0.00 -4.987 | 5516.790 2.18 -2.875
5407.382 2.14 -3.131 | 5420.329 2.14 -2327 | 5432.580 0.00 -4.987 | 5516.809 2.18 -2.875
5407.384 2.14 -3.131 | 5420.333 2.14 -3.812 | 5432.583 0.00 -5.418 | 5516.828 2.18 -2.398
5407.400 2.14 -2708 | 5420.351 2.14 -2771| 5432.584 0.00 -5.089
5407.420 2.14 -3.162 | 5420.374 2.14 -2.169 | 5432.594 0.00 -5.089
5407.422 2.14 -3.162 | 5420.379 2.14 -4.164 | 5432.595 0.00 -6.117
5407.442 2.14 -2523 | 5420.402 2.14 -2947 | 5432.596 0.00 -5.351
5407.468 2.14 -3.344 | 5420.429 2.14 -2.029 | 5432.601 0.00 -5.351
5407.469 2.14 -3.344
5407.494 2.14 -2.352
7\..\\\\\‘\\\\‘\\\\‘\\\\\\L L.\.‘\\\ \\\\‘\\\\‘\\\\7 7\\\\\\\\‘\\\\‘\\\\‘\\.\\7
L% Mn I 5407 & , r Mn I 5420 A 1 —0.4 Mn 15432 4 o * 4
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Fig. 1. Hyperfine structure correction (defined as the abundandehst correction versus abundance without it) as a functfon o
equivalent width for the Mnlines 15407,15420,45432, and15516 A for red giants in the Fornax dSph galaxy. T#32 line
was finally discarded (see text).

3.3. Discussion of possible NLTE effects

Whilst we took the line HFS into account, our abundances may
still suffer from NLTE dfects. Very few studies address this
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Fig. 2. Final Mn abundances for each of the four lines availableHerstars in the Sculptor (blue), Fornax (red), Sextans (jree
and Carina (dark green) dSph galaxies. The black horizbnésindicates the zero value; the dashed lines are the wesigtverages
for their respective galaxies. Note the strongly discrépahavior of thet5432 line.

problem for the manganese lines. Bergemann & Gehren (20@7)s difficult to infer what the NLTE correction should really
examined the solar atmosphere for a total of 39 lines betangibe for our stars. Bergemann & Gehren (2008) consider 18 lines
to ten multiplets, and their line list includes the four Mimes from 14018A to 16021A but none of them coincide with the
we use here. They showed that the NLTE correction (definediggs used here. Nevertheless, the possibility remairasg, abr

AX = loge"'TE — loge'TE, wheree is the ratio of the number [Mn/Fe] values might increase by as much as 0.2 dex when cor-
densities of Mn to H) is at most on the order of 0.1 dex in abected for NLTE éects.

solute value.. The maximum correctiohiX = +0.11, applies to On the observational side, Feltzing et al. (2007) arguet tha
the 15432A line, closely followed by the other threeQ(09 for e excitation balance is ufiacted by departure from LTE in
A5420A, and+0.085 for 154074, and15516A). Unfortunately, their sample, based on the identical behavior of lines with d
these corrections cannot be applied directly to our casmus® ferent excitation potentials, when plotting the abundamse
the surface gravities and metallicities of our sample arg 88 function of Ty, logg, and [F¢H]. However, they did not exclude
ferent from solarl_Bergemann & Gehren (2008) computed th@ssible departures from ionization balance. In additdinheir
NLTE abundances of 14 stars, all of which but one are metakars are either on the main sequence or the subgiant bieamth,
deficient, down to [F#]~ —2.5. Unfortunately, all but one are none have [F#1] < —1. Furthermore, we have only one line in
main sequence or subgiant stars, the only exception beiitg ammon with Feltzing et all (2007), Mm5432, which, as ar-
ant star with log ~ 1.5 and [F¢H]= -2.51. In this case, the guyed above, we chose to discard because it is probably the mos
NLTE correction to [MriFe] is on the order 0£0.44. However, sensitive to NLTE fects and its equivalent width is biased ow-
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|

NLTE corr.?

|

-4 -3 —2 -1 0

[Fe/H]

Fig. 3. The relation between [Mke] and [F¢H]. Data: Each dSph galaxy is shown with afdirent color: blue stands for Sculptor,
red for Fornax, green for Sextans, dark green for Carinadankiturquoise for Leo I. The two green triangles identifg extans
stars S05-010 and S08-038, whose Mn abundances are basehi432 line only. The colored filled circles identify the sarpl
analyzed in this work; the open symbols stand for previolsigloed analyzes. The four open pentagons gHF& —2.9 are from
Tafelmeyer et &l. (2010) and are corrected for the HFS. Tiaelad arrows gives an idea of the NLTE correction that thejy
need,+0.44, as computed by Bergemann & Gehren (2008) for the hald g§iBnl22563. The results of Shetrone et al. (2003) for
Sculptor, Fornax, and Leo | are displayed with open circs] for Carina with open triangles. The dark green open sgueae
the Carina results of Venn etlal. (2012). The dark gray opehfilad circles represent the Feltzing et al. (2007) Milky yMain
and thick disk stars, respectively. The Sobeck et al. (200Ky Way cluster and field halo stars are shown with full gsmuares;
gray dots are very metal poor stars in the Milky Way halo froayfel et al.|(2004). The vertical blue and green downwarovesr
indicate the "knee”, where [Me] starts to decrease with increasing/Hein the Sculptor and Sextans dSphs (DARW)odels:
The chemical evolutions of the Sculptor (model A in cyan aratiet B in blue, see text), Fornax (model C in magenta and model
D in orange, see text), and Carina (model E in dark green) si§phfollowed. The continuous lines show models with mietgjt
dependent SNe la Mn yields aslin Cescultti etlal. (2008). Tkaeathlines follow the evolution of [Mke] for the same SFHSs, but
with metal-independent SNe la Mn yields.

ing to its large strength. Therefore, the conclusion reddhe field stars with similar stellar parameters. They also reghe
Feltzing et al.[(2007) cannot be generalized to our sample. the NLTE &fects, on the grounds that they should be small
when considering [Mfire], which involves two neutral species

Sobeck et 2l.1(2006) determined Mn abundances for 2@Jans et al 2001). Interestingly, they found an average- co
stars in 19 globular clusters and for a comparable number of
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stant value<[Mn/Fe}>= —0.36 for their halo field stars, which

is about 0.15 dex lower than the value found by Feltzing et al. - T T ]
(2007) for their most metal-poor stars ([Fg~ —1) in the thick 0 -
disk. In the range-1 <[Fe/H]< +0.4, where [MriFe] increases I . e ]
to values above solar for the thick disk starg of Feltzind.et a _o2 L . R e 1
(2007), the [MriFe] values ol _Sobeck etial. (2006) show the T O ege -'. et

same trend but systematically lower by about 0.1 dex. One pos; I o o 8o 0

sible explanation of this ierence is a bias produced by there= —0.4 7« ¢ 5 o ° 5 o . ]
being only one line, Mn 16013A, in common td Sobeck etlal. £ I . ]
(2006). Another explanation might be an NLTE correctionttha™ —o.6 - . ) . s
would be 0.15 dex larger for giants than for less evolvedftar I ]
but this remains to be confirmed on theoretical grounds. _os L . . o .
4. Discussion of the observational results -1 S I —

4.1. The [Mn/Fe] versus [Fe/H] diagram [Fe/H]

4.1.1. Description Fig.4. Same as Fid3, but for Sculptor only (blue dots), showing

The main results of the present study are summarized aplateau followed by a decreasing trend rather than a moiwto
Fig.[3. Our comparison sample is composed of the results dgcrease in [Mfire]. Results for the globular clusterCentauri

i) [Sobeck et &1[(2006) for the Milky Way globular clusters andre also shown as red circles (Cunha et al. 2010) and red dots
field halo starsij) (Cayrel et al.[(2004) for field halo stars, aiiid ~ (Pancino et al. 2011).

Feltzing et al.l(2007) for the Milky Way thin and thick dislass.

We also display the extremely metal-poor (EMP) stars foun

by [Tafelmeyer et al.[ (2010) in Sculptor, Fornax, and Sextanﬂ‘iS agreement can only be considered qualitative, owingeo
y 3 ro point issues raised earlier and th&edent kind of stars

and the nine stars 6f Venn et dl. (2012) in Carina. Finally, w&'© ; : . .
show the stars studied by Shetrone ét.al. (2003) in the Smulptonsidered (dwarfs instead of giants) in the case of Feltziral.

Fornax, Sextans, Carina, and Leo | dSph galaxies. (2007). ) )
A closer look reveals some interesting features. In Fornax

(red dots in Fig.B), there seems to be a very slight cormidie-
4.1.2. The extremely metal-poor (EMP) stars tween [MrfFe] and [F¢H], but the trend is essentially due to the
small group of 4 stars near [F¢]= —1.4. Pearson’s correlation
cient is only 017 (for 60 stars), the more robust Spearman
lation co#icient is Q05, and the Student-t test is38. The
relatively large diference between the two correlation fibe

Tafelmeyer et &l. (2010) noted that the manganese abunsla
of their Sextans members, S11-04 and S24-72, were base 8he
only one line, Mn 1482352A which difers from the lines we
used. In spite of this dlierence, their [Mfe] values are in good

. ; 4 ients is due to the small group of 4 stars aroundHlfe —1.4,
agreement with those c_)f other Sextans stars of hlghgr ”"Etal(ivhich lie rather far away from the bulk of the data and cause th
ity. They also agree with the values found in the Milky Wa

halo (Sobeck et al. 2006) and our results in Fornax and Snulp%je value of Pearson's aieient. In conclusion, even though

ture observations might confirm the trend suggested here i
The Mn abundance of the most extreme EMP star, Scl07- rnax, we can only tell for the time being that it is not stati

was obtained fro.m the three resonance _Iine§ of the t.riplett Ily significant. [MniFe] might thus be considered constant
A~ .4030 A, while that of Fnx05-42 (Whlc;h is only 5“9h“ywith [Fe/H], with an average value [Mn/Fe] >= —0.32+ 0.02.
less iron-poor but has the lowest [Mie] ratio) was obtained any cosmic dispersion must be smaller than about 0.09 dex, be
from two lines of the same triplet. These resonance lines g se the scatter in the [WfFe] values around the mean amounts
expected to be stronglyffected by NLTE. Hence, we drew any, _ 012 dex, while their average erroris0.07 dex.

upward arrow at the position of the two most iron-poor stars, cgnverselv. the 50 Sculptor stars display a global negative
with an amplitude of 0.44 dex matching the NLTE correctiofaong y b Payag g

of Bergemann & Gehren (2008) for the metal-poor giant HD
122563. These arrows, however, have to be considered onlyK8 /Fe](Scl)= —0.299 [F&/H] - 0.679, rms= 0.085 dex,
a qualitative indication, because the true NLTE correctioght
be very diferent (possibly larger), with respect to the extremelyhere Pearson’s correlation dbeient is —0.569, Spearman’s
low [Fe/H]. codficient is —0.546, and the Student-t test is4.51 (for 50
stars). This is clearly significant because the null hypsitheas
) , a probability well below one percent. Zooming into Sculgtor
4.1.3. [Mn/Fe] trends with [Fe/H] in Sculptor and Fornax: are Fig.[3, the relation does not appear, however, to be a pigcise
they real? monotically declining line, but rather like a plateau foed by

In a broad sense, the [MPe] vs [F¢H] relations for the three @ decreasing linear function (Figl 4). If real, a "knee” agise
Local Group dSphs of this study agree rather well with thedse P€tween [FH]=-15and-1.3. _
found for the Galaxy by both Feltzing et . (2007) in the khic T e contrasting behaviors of [Me] in Fornaxand Sculptor

disk and_Sobeck et al. (2006) in the halo and globular clastep€em dificult to explain entirely in terms of NLTEfEects, pri-
marily because the average surface gravities are the safé (

4 Note thal Feltzing et al_(2007) see ndfdience between dwarf andd€X) in both cases. Moreover, while one would expect NLTE

giant stars in the [M{©] vs [O/H] diagram, which contradicts this ex- effects alone to produce in all galaxies the same monotonic re-
planation, unless Fe alone is responsible for tifiedince. lation with metallicity as seen in the Milky Way, the obsetve
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trends instead dier for each galaxy. An alternative explanatiorquivalent widths for the Mn lines. Nevertheless, we have a
could be a systematic error in the HFS components (splittindpzen stars between [fF§~ —1.8 and~ —1.4 , where the slope
oscillator strengths), because on average, the lower tel[F of the relation between [M&e] and [F¢H] is strongly nega-

the smaller the HFS correction. tive. After an initial increase ind/Mn] with metallicity [Fe/H],
We conducted two dierent tests to explore the possibility ofboth [MryMg] and [MryCa] are constant at [Ad]> —1.4. The
erroneous HFS corrections: [Mn/Ca] mean level is higher in Fornax than Sculptor stars as

First, we excluded from the sample all Sculptor stars witl consequence of the lower [E&] abundance ratio in Fornax.
HFS corrections larger than a given limit. Limiting the sdeto  The dispersions around the mean are similar for both gaaxie
the 45 stars withAntd < 1 for the three lines at 54074, 5420A,In Carina, the 20 stars (6 from_Lemasle €t al. (2012), 9 from
and 55164 still provides a Spearman rank correlatiorfacient Venn et al. [(2012), and 5 from_Shetrone et al. (2003)) lieelos
of —0.5 and a t-test 0£-3.75, implying a probability well below to the sequence (_Jleflned by the Sculptor stars. Hovyever,ahe st
one percent that the correlation is random. Limiting owsel at [F§H]= —14 lies outside the general trend defined by the
further to|Anrd < 0.3 (24 stars), the correlation remains, with $2Mple of Lemasle etal. (2012), and the star's of Shetrorie et a
probability of random occurrence being well below five petce (2003) do not show any trend. Our 5 Sextans stars define an in-
This suggests that only a very large relative errokjins, on the Créasing trend similar to that of Sculptor and possibly stee
order of 50%, could account for the trend we see in Sculptd¥hich needs confirmation by further observations.
which spans almost 0.2 dex in [MryFe]. This seems unlikely. In Sculptor, the variation in [MiMg], from ~ —0.8 to ~

Second, instead of using the Kurucz line list, we extractedf-3, With [FeH], reflects i) the plateau at [MRe] for [FeH]
from Tables 1, 5, and 6 6f Vitas & Vince (2003) the HFS comRelow —1.4 (see FigLh), and ii) the decrease in [¥g] due
ponents of the 5420A and 54324 lines, which are based on fi§eSNe la, as can be most clearly seen ayifffe> -16.
laboratory measurements of Booth et al. (1983). We retaimed 'he diferential behavior of Mn and the-elements can be at-
uncorrected wavelength and oscillator strength values“(tH tributed to t_he_lr d‘.ifere_nt nucleosyn_thetlc paths : Mn is produced
and “log@f)”” ones). We computed the HFS correction for thes@Ver more in increasingly metal-rich core-collapse supeas,
data again for the seven Sculptor stars for which the origifg @nd definitely more than in the metal-poor type la supernovae
corrections ranged from0.10 to-1.60 for the 5420A line, and (McWilliam et al'l2003). To further investigate the relamoles_
from —0.34 to —1.07 for the 54324 line. For the 542047 Iine,Of SNe Il and SNe la, we introduce simple models of chemical

we obtained the sam®g, s values as for the Kurucz componentsevOIlJtIon in the next section.

within 0.02 dex. For the 5432A line\nts was recovered to be
within 0.01 dex for six stars, and within@ for the lastone. g pq nucleosynthesis of Mn
Therefore, the HFS corrections appear to be very robust, es-
pecially as the uncorrected lagf)’ values listed in the paper of We now discuss the chemical evolution of the three galax-
Vitas & Vince (2003) dfter only slightly from Kurucz’ ones (the ies of our sample with the largest number of stars, Sculptor,
total log@@f) value is—1.492 instead of-1.462 for the 5420A Fornax, and Carina, adopting afférential approach in which
line, and—3.740 instead of-3.795 for the 54324 line). we compare models with and without metal-dependent SNe la
In summary, the variation in [MiFe] can probably be taken Mn yields.
at face value and genuinely related to the nucleosynthéslao
The decreasing trend in [MRe] with increasing [F&] seen N 5 1 Models of chemical evolution
Sculptor had been observed nowhere else, except for giadts a
subgiants in the globular cluster Centauril(Cunha et al. 2010; Fig. [@ presents the evolution of the star formation rate (SFR
Pancino et al. 2011), where the anti-correlation is everempor- with time for our five diferent models. They are based on
nounced (see Fifll 4). Romano et al. (2011) attempted to-intére observed star formation histories (SFHs) of de Boerlet al
pret these last sets of results, but unsuccessfully, ajiindley (20121) for Sculptor, Coleman & de Jang (2008) for Fornax, and
also found that a metallicity-dependentyield of SNe la widag |Rizzi et al. (2003) for Carina.
more realistic than a constant yield. Models A, C, and E are set up to follow the observations
as closely as possible, whereas models B and D are extreme
cases, with which we intend to test the influence of the chafice
SFH on the results. These five models attempt to describexthe e
Since ther-elements are mostly produced in massive stars whitemes of the possible SFH for these galaxies, the true ang ly
Mn can be produced by both SNe 1l and SNe la, the ratio of M¥pmewhere within these boundaries. Their main charatiteris
to some of ther-elements may reveal at which point manganesge summarized in Tablé 2.
is produced by one or the other nucleosynthetic route.[Big. 5 Models A and B refer to the Sculptor dSph. In model A, the
displays the cases of Mg and Ca, tweelements with slightly SFR is a decreasing exponential function on atimescale gf1 G
different nucleosynthetic origins: Mg is produced in a hydrdn model B, the SFR is also a decreasing exponential function
static phase of the evolution of massive stars, while Castead although on a shorter timescale of 100 Myr. Both models have
produced during a type Il supernova explosion (Woosleylet al low star formation rate tail of 510> M/yr, stopping 5 Gyr
2002). ago. They both form a similar total mass of stars on the ortler o
Figure[B clearly shows that the position in [A¢ of the ~ 1.5-10° M, from a total initial mass of gas of-2L0’ M.
rising branch of [Mra] depends on the galaxy star formation Models C and D refer to the Fornax dSph. Model C assumes
history, similarly to the “knee” in¢/Fe].[Tolstoy et al.[(2009b) an exponentially decreasing SFR on a long timescale of 10 Gyr
report a decrease in [MBe] for Sculptor from~ +0.5 to ~ whereas model D, with an exponentially decreasing SFR on a
—0.2 dex for [F¢H] between~ -2.4 and~ —1, while [CaFe] short timescale of 100 Myr, has an extended tail with a star fo
decreases from +0.3 to ~ 0.0. Unfortunately, most of the mation rate of 3 10-3 My/yr. The evolution of the models was
—2.4 <[Fe/H]< -1.8 stars in our sample do not have reliablstopped 1 Gyr ago and has an amplitude of star formation that

4.2. Manganese and the o elements
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Fig.5. [Mn/a] versus [F¢H] for each of thex elements Mg and Ca, for the Sculptor (blue dots), Fornax deed), Carina (dark
green symbols), and Sextans (green symbols) galaxies.&he khe symbols is the same as in [lg. 3. For comparison, axéds
results for field Milky Way stars, gathered from the liter&uThe open and full black dots are the thin and thick, retbpedy,
disk dwarf stars measured by Benshy etlal. (2003), Benshy @095), and Feltzing et al. (2007). The full grey symbais fiom
Cayrel et al.|(2004) (round dots), Aoki et al. (2005) (diamsy and Gratton et al. (2003) (squares).

is ten times higher than for the Sculptor models. Both Fornax =500 Myr. These three Gaussian functions are centered at

models form a total mass of stars-o#.5- 10’ M, from a total look-back times of 4, 7, and 14.5 Gyr, with respective pedk va

initial mass of gas of 310° M. ues of~ 1074 Meyr-1, ~ 4- 1074 Moyr~t, and~ 1074 Mgyr .
Model E refers to the Carina dSph. The star formatiohhe Carina model forms a total mass of stars @5 - 10° M,

(SF) history is modeled by three Gaussian functions, withut of a 13 10° M, total initial mass of gas.
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Table 2. Parameters of our models. The models A, B, ... are furthatigigd®d into Al, A2, B1, B2 etc.: the X1 models have a SN
la Mn yield o (Z/Z,)%%°, while the X2 models have a constant SN la Mn yield (this subitin is not shown in the table).

Galaxy  Model Star formation rate (SFR) @yyr] Final stellar  Initial gas
(t is the look-back time expressed in Gyr) massJM mass [Md]
Sculptor A 22x 103 exp(- 1) +5x 10°° (t > 5) ~15x10F  2x10
0 (t<5)
B 2.25x 102 exp(-%5) +5x 10° (t > 5) ~15x10F  2x10
0 (t<5)
Fornax c Bx10°3 exp(—ll—Eg‘) +3x10°3 (t>1) ~45x100 3x1C®
0 t<1)
D 34x 10 exp(-2&) +3x 108 (t> 1) ~45%x100  3x 108
Caina  E  2x10%exp(- 455 ) + 48x 104 exp(- S5 ) + 12x 104 exp(-SEF)  ~05x10°  13x10P

For all these models, we used the initial mass functic
(IMF) of Kroupa (2001), in addition to the chemical evolu- o
tion parameters, such as stellar lifetimes and SNe la scheime
Cescutti et al. (2007).

For the SN la rate, which is a key component @
our analysis, we underline that it was computed followin
Matteucci & Greggiol(1986), hence expressed as:

Maw 05 j L
Reneia= A f o(Mg) f ) (t - w) At | Mg, 1
Mgm m g

g -3

where y(t) is the SFR,M, is the mass of the secondary.
Mg is the total mass of the binary system, = My/Mg,

Hm = max[M(t)2/Mg, (Mg — 0.5Mgm)/Mg], Mgm = 3M,, and

Mgm = 16M,. The IMF is represented by(Mg) and refers to -4
the total mass of the binary system when computing the SNe
rate, f (u) is the distribution function for the mass fraction of the
secondary Time [Gyr]

_ nl+
) =271+ (2) Fig.6. The SF histories for the analyzed models. In cyan model

with y = 2 andA is the fraction of systems in the appropriaté: and in blue model B, for Sculptor. In magenta model C and in
mass range that can give rise to SNe la events. This quanffgnge model D, for Fornax. In dark green, model E for Carina.
is fixed to 0.05 by reproducing the observed SNe la rate at the

present time (Cappellaro et al. 1999).

The metal-dependent yields of Fe and Mn for SNe Il Figure8 indicates the respective contributions of the SNe |
are taken from_Woosley & Weaver (1995), with théfeience and SNe la to the Mn abundance. The plain lines show the total
that we halved the iron yields for SNe Il, as suggested lmpntribution of both types of SNe, similarly to Fig. 3. Thetteal
Romano et al.| (2010). These yields are represented by the liads show the contribution to Mn of the SNeadhly. In other
curve in Fig[T for SNe Il with a 15 M progenitor, which is words, the Mn yields of the SNe la are switchedd, dut not
taken as representative of the majority of the core-coll&@ise. the yield of Fe. Finally, the dashed curves show how [’}

We firstimplemented the hypothesis of Cescutti el al. (2€%8) evolves when only the SNe la contribute to the Mn abundance.
the metal dependence of the Mn SNe la yields ds(¥/Z.)%%° Below [FgH]~ —2.5, [Mn/Fe] is set by the SNe Il up to an
(see the black line in Figl 7), which led to the five models A1, B average level 0£0.2 dex. The SNe Il Mn ejecta are also metal-
C1, D1, and E1. We then considered the Iwamoto et al. (1998 pendent and increase with [R& At [Fe/H]~ —2.5, the ex-
metal-independent Mn yields for a solar metallicity, takihe ploding SNe la produce [M&elsneia< [Mn/Felsnen. This situ-
SNe la yields for iron from_lwamoto etial. (1999). This led tation holds up to [F&d]~ —1, when our nucleosynthesis predicts
the five additional models A2, B2, C2, D2, and E2. for the progenitors of SNe la that [VRelsneia ~ [MN/Felsnel.
This explains the decreasing trend for [¥B] vs [FéH] in the
metallicity range-2.5 <[Fe/H]< —1 for Sculptor and Fornax.

The Sculptor model A1, which has the closest SFH to the ob-
Figure[3 unambiguously demonstrates that regardless of gevations, results in a shallower decline of [Ae] with [Fe'H]
galaxy and the assumed SFH, models for which there is tian observed. This may well indicate that the form of the as-
metallicity dependence for the Mn SNe la yields (dasheds)inesumed metal-dependence of the SNe la yields is not fully cor-
predict a far too high [Mfi-e]. In contrast, all five models with rect. We did not try any fine-tuning at this stage, since ola-re
a metal-dependence (solid lines) do pass through the ddxberiively simple models imply clearly enough that metal-pobieS
data points. la should produce less Mn than metal-rich ones.

5.2. Does the Mn yield depend on metallicity?

10
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—2 Sculptor, the increase for [fd]> —1 is due to metal-rich SNe
la progenitors, which are a consequence of the longer SFH.

As in Fornax, the data in Carina span a narrow range of
metallicities, except for the three stars with [Hg < 2.0 pub-
lished by Venn et al. (2012). We see that the model E1 repro-
duces the observations quite satisfactorily. It is int@ngsto
see the consequence of the bursty Carina SFH./fRehde-
creases between the first and the second star formation peaks
(-3.5 <[Fe/H] < —2.2), because of the very low production of
Mn by metal-poor SNe la. The second decrease in/féh(-
1.6<[Fe/H] <-1.4), at the end of the intermediate age peak of
star formation, is shallower owing to the higher metaljicif
the SNe la at that time.

log(Mn yield) [M,]
\
[@v)]

T T T
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\
N
\
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\
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5.3. Comparison with Lanfranchi’s models

The chemical evolution models adopted here are very sinalar
Fig.7. Metallicity-dependent Mn yield of SNe la accordinghe ones computed by Lanfranchi et al. (2003; 2008), althoug
to the prescription of Cescutti etlal. (2008) (black linejida there are two major ffierences : we do not consider galactic
of SNe Il with 15 M, progenitors (red line) according towinds and our SFHs are quitefidirent. While we adopt SFHs
Woosley & Weaver (1995) initially derived from color-magnitude diagrams, Lanfcéun et
al. adjust their SF feiciency until the observations are repro-
duced.

Galactic winds or any other dynamicatects such as tidal
and ram pressure stripping must have removed the gas in
these dSphs, because none is detected. Moreover, as shown by
1 Lanfranchi et al., the galactic winds can influence the cloami
1 evolution at the end of the evolution of these galaxies, & on
1 considers dterential winds, i.e., that fferent elements can be
expelled with diferent wind #iciencies. Nevertheless, to keep
1 our models as simple as possible, galactic winds were ngpan o
o without SNe Ia / 1 tionin ouranalysis. This does nafect our conclusions. Indeed
-5 without SNe II / - the evidence that SN la Mn yields depend on metallicity does
e o 1 notarise from the latest stages of the galaxy chemical &oolu
r 1 whenwinds would play arole, but much earlier. Moreoveregiv
S S -1 that Lanfranchi’'s wind fiiciency is essentially the same for Fe

L —— e 1 and Mn, [MryFe] is definitely not expected to change.

—05

[Mn/Fe]

[Mn/Fe]
N
\

e 1 6. Conclusion

- 1 Onthe basis of the three Mn | lines #8407, 5420, and 5516 A,
---------------- without SNe la L7 1 we have derived the stellar abundances of manganese in three
- ~without SNe Il .~ 1 dSph galaxies, Sculptor (50 stars), Fornax (60 stars), anith&
S —"——"—————_ (6 stars); Mn abundances in a fourth dSph galaxy, Sextans (5
[Fe/H] stars), was based on only one to three Mn lines. These Mn abun-
dances are corrected for HFSs, the correction reachihgeéx
. . . for strong lines (EW 200 mA).
Fig.8. Same as Fid.]3 but for models only, showing the respec- our e?nalysis(of the relatio)n between the [e] and [Mria]

tive contributions of the SNe Il and la to the Mn synthesislyOn ; o : )
the models Al and B1 for Sculptor (continuous cyan and bl at;ggd.ance ratios and [f§ has highlighted the following fea

lines respectively), and C1 and D1 for Fornax (continuous ma .
genta and orange lines) are shown. The dotted lines show tﬁe' The erllfabun;jarl]nces (Ifag toI sub-solar [l rg&cﬁéqr
evolution of [MryFe] assuming no Mn is produced by the SN stars |||1|_a_ ourofthe studied galaxies, as expect I
la, in contrast to Fe and all other elements. The dashedilines " metallicity.

: ; . : e The variation in [MriFe] with [FgH] in Sculptor has two
S;;?r:(ee tshses?lme evolution, but assuming that no Mn is praﬂuc&]ases " a plateau at [ < —1.4, followed by a~ 0.3 dex

decrease at higher metallicity. This decreasing trend of/ ]
with [Fe/H] had only been observed previously in the globular
clusterw Centauri. In Fornax, there is a marginal suggestion of
Unfortunately, the data for Fornax only span a narrow range increasing trend, but without any statistical signif@an
of [Fe/H], making it more dificult to check the suitability of e Our datasets in four fferent galaxies, and their compar-
the models. The model C1 shows an increase in/fdhabove ison with the case of the Milky Way clearly demonstrates that
[Fe/H]~ -1 after an initial decrease as in the case of Sculptahe evolution of [Mrie] as a function of [FAH] depends on the
While the origin of the first drop is the same as in the case galaxy SFH. The variation in [Mia] can be interpreted in terms

11
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of the balance between the metal-dependent yields of tyguedl Tafelmeyer, M., Jablonka, P., Hill, V., et al. 2010, A&A, 52458+
type la supernovae. Tolstoy, E., Hill, V., Irwin, M., et al. 2006, The Messeng&g3, 33
e Three simple chemical evolution models for Sculpto g:sigz' E"::”'&'g%g'mggggg ﬁsﬁgﬁv a g%
Fornax, and Carina have been developed. The impacts\Qf, k. A" shetrone, M. D., Irwin, M. J., et al. 2012, ApJbsuitted
the type Il and type la Mn _yle|dS_, with and WlthOUt_ anWitas, N. & Vince, . 2003, Serbian Astronomical Journal7185
metal-dependence, have been investigated. They unamislyuoWoosley, S. E., Heger, A., & Weaver, T. A. 2002, Reviews of ModPhysics,
demonstrate that the reproduction of the observationsinesju 74.| 10155 E awi T A 1095, ADJS. 101 181
SNe la metal-dependent yields. The successive increasgeand’/00S!®Y: S- E. & Weaver, T. A. 1995, ApJS, 101,

crease in [MyfFe] as a function of [F&l], as well as the am-

plitude of these variations, are the result of the incrapSiNe
Il Mn yields with [Fe/H], combined with initially low SNe la
yields that subsequently augment with metallicity.

Appendix A: Comparison between MOOG and
CALRAI abundances
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computed with both codesalrai andmoog for the same atmo-
sphere models. Therefore, it is possible to compare thdtsesu
and check the consistency between the two codes.

For Fornax, the raw (i.e. uncorrected for HFS) Mn abun-
dances given by the two codes prove to be perfectly consisten
(Fig.[AT).

For Sculptor, however, there is a systematic shift of abdut 0
to 0.2 dex, in the sense that tiheog abundances are lower than
the calrai ones for all four lines. The slopes are very close to
1, but tend to be slightly above unity.

The reason why the systematic zero-point shift is much
larger in Sculptor than Fornax lies in the atmosphere models
used. While spherical models were used in connection wih th
moog spectral synthesis code for both galaxies, plane-parallel
models were used in connection with thelrai code in the
case of Sculptor, leading to the overestimated abundaeess s

in Fig.[A2.
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Fig. A.1. Comparison between the Mn abundances (not corrected fpolbifained for the Fornax dSph galaxy usingtiseg code,
and the ones obtained using tbhelrai code, for each of the 4 lines M15407,45420,45432, and15516. In both cases, the
abundances were determined using spherical atmospherdsnod
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Fig.A.2. Same as Fid._Al1, but for the Sculptor dSph galaxy. Herectfierai abundances were determined using plane-parallel
atmosphere models, while theog abundances are based on spherical models.
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Table A.1. Equivalent widths, HFS corrections (labeled “HFS” on toph# respective columns), and Mn abundance for the Mn
45407 and15420 lines observed for the stars of the Fornax dSph galaxy.

15407 15420
Star EW  HFS [MnH] [Mn/Fe] EW  HFS [MnH] [Mn/Fe]
BLO38 | 2109:56 -140  -099 -008+x009 | 2174=34 -145  -124 -0.33008
BLO45 | 1522+56 -094  -132 -027+006 | 1605+39 -104 -157 -052+0.06
BLO65 493+44 -014  -181 -037+008 67.8+43 -023 -192 -0.48+007
BLO76 | 1906+49 -126  -109 -023+006 | 188668 -126 -142 -056+007
BLO77 | 1885+34 -124  -113 -034+006 | 198164 -134 -136 -057+007
BLO81 | 2180+63 -151  -081 -018+009 | 2035+97 -147 -126 -0.63+0.11
BLO84 | 1859+64 -131  -122 -035+007 | 2024+58 -146 -138 -051+007
BLO91 | 1550+45 -096 -125 -027+007 | 1763+57 -121  -141 -0.43+007
BLO92 | 153563 -106 -147 -055+£008 | 1625+56 -118 -171 -0.79+008
BLO96 | 1720+66 -118  -129 -058+009 | 1925+279 -138 -142 -071+025
BLO97 | 1895+30 -116  -111 -019+006 | 2093+50 -133  -124 -0.32+007
BL100 | 1490+7.9 -091  -140 -046+008 | 1740+26 -120 -154 -0.60+0.06
BL104 | 2014+43 -134 -105 -007£007 | 1875+67 -125 -148 -050+008
BL113 | 203353 -135 -086 -0.10+008 | 2001+78 -133 -118 -042+009
BL115 871+41 -033  -177 -0.30+007 958+46 -041  -200 -053+007
BL123 | 1916+43 -119 -118 -020+006 | 2036+7.0 -130 -138 -0.40+0.08
BL125 | 1999+43 -142  -099 -024+007 | 1970+62 -142 -132 -057+008
BL132 | 2209+86 -149  -094 -002+£010 | 2208+57 -153 -127 -0.35+009
BL138 | 2198+56 -139 -100  Q01+008 | 2224+78 -139 -126 -0.25+0.10
BL140 | 1854+59 -130 -120 -037+009 | 1954+57 -140 -141 -058+0.09
BL141 | 1851+52 -129  -111 -027+008 | 1743+66 -120 -150 -0.66+0.08
BL146 | 1983+64 -123 -102 -009+008 | 2078+55 -132  -124 -0.31+008
BL149 | 1703+47 -106 -121 -029+008 | 1810+81 -117 -143 -051+009
BL150 | 2117+51 -141  -093 -011+008 | 2131+58 -143 -122 -040+008
BL151 | 2008+35 -141  -102 -014+008 | 2116+64 -149  -122 -0.34+0.09
BL155 | 2267+70 -140 -075 -004+009 | 2103+79 -134 -121 -050+0.10
BL156 | 1287+41 -062 -149 -034+008 | 1502+64 -086 -166 -0.51+0.08
BL158 | 1895+69 -142  -107 -022+010 | 2061+85 -153  -122 -0.37+011
BL160 | 1966+48 -131  -107 -020£008 | 2031+67 -137 -131 -044+009
BL163 | 2228+71 -138 -073  001+009 | 2212+84 -140 -106 -0.32+0.11
BL166 | 2103+69 -131  -0.89  000+009 | 2155+35 -136 -115 -0.26+0.08
BL168 | 1871+54 -130 -106 -016+008 | 1893+51 -135 -136 -0.46+0.08
BL171 | 2045+£69 -121  -100 -008+008 | 2220+83 -132 -114 -0.22+0.10
BL173 | 2205+£84 -137  -087  Q00£011 | 2107+81 -135 -127 -040+0.10
BL185 | 2229+81 -152 -075  002+010 | 2112+60 -150 -118 -0.41+0.09
BL190 | 2049+75 -128  -102 -023+008 | 2087+78 -133 -130 -051+0.09
BL195 | 1411+£39 -080 -122 -024+007 | 1698+58 -113 -134 -0.36+007
BL196 | 187529 -107 -120 -0.16+006 | 1681+43 -088 -162 -058+007
BL197 | 2011+£85 -134  -111 -022+010 | 1989+55 -135 -145 -056+008
BL203 | 1835+52 -129  -118 -034+008 | 2179+70 -151  -115 -0.310.10
BL205 | 2070+57 -136 -074 -003+008 | 2221+60 -146 -090 -0.19+0.09
BL208 | 2021+47 -142  -087 -019£008 | 2011+50 -143 -118 -050+008
BL210 | 2236+7.4 -145 -077 -001+£010 | 213450 -144 -119 -043+009
BL211 | 2379+35 -155 -063 -001+007 | 2300+125 -156 -101 -0.39+0.16
BL213 | 1971+37 -132  -107 -013+007 | 1918+60 -128  -141 -0.47+008
BL216 | 2285+41 -147 -078  001+008 | 2066+68 -141  -131 -052+0.09
BL218 | 2414+69 -153  -063  Q00+£011 | 2211+54 -159  -118 -055+011
BL221 | 1753+58 -121  -122 -039+008 | 1859+72 -132 -144 -061+009
BL227 | 1775+86 -132  -120 -033+011 | 1559+62 -109  -165 -0.78+0.09
BL228 | 1938+59 -120 -114 -027+007 | 2175+65 -139  -124 -0.37+008
BL229 | 2301+33 -141  -076 -008+007 | 2222+68 -141  -115 -0.47+0.09
BL233 | 2277+£39 -146  -073 -008+008 | 2047+53 -138 -126 -0.61+009
BL239 | 168329 -112  -119 -025+006 | 2246+80 -154 -102 -0.08+0.10
BL242 | 1635+42 -108 -131 -017+008 | 1807+67 -127  -148 -0.34+0.09
BL247 | 2321+87 -143  -075  Q09+012 | 2262+80 -142 -110 -026+012
BL250 | 2368+112 -147  -074 -010£014 | 2118+92 -144 -131 -067+012
BL253 | 2384+65 -142  -067  003+008 | 2035+57 -131  -133 -0.63+008
BL257 | 2380+£75 -143  -068 -014+011 | 22042109 -140 -116 -0.62+0.13
BL258 | 2357+67 -147  -064 -006+011 | 2385+7.8 -151  -094 -0.36+0.12
BL260 | 2106+59 -125 -098 -012+008 | 1900+73 -110 -146 -0.60+0.08
BL261 | 1850+44 -138  -113 -035+010 | 1857+50 -140 -142 -0.64+0.10
BL266 651+51 -019 -182 -0.36+0.08 711+21 -022  -206 -0.60+0.06
BL267 | 2084+71 -147  -080 -006+010 | 201444 -143 -116 -042+008
BL269 | 1894+56 -143 -116 -036+009 | 2046+48 -153  -131 -051+0.09
BL278 | 2524+80 -147  -055  Q18+011 | 2222+54 -142 -114 -041+009
BL279 315+27 -009 -211 -059+0.09

BL295 | 2391+£81 -143  -071 -005+011 | 2293+48 -144 -112 -046+009
BL300 | 1959+49 -131  -113 -021+008 | 1965+66 -133  -143 -051+0.09
BL304 | 2046+55 -129 -110 -013+008 | 2170+47 -139  -130 -0.33+008
BL315 | 1694+65 -142 -116 -038+010 | 1993+101 -165 -122 -044+0.14
BL323 | 2049+71 -129 -116 -024+009 | 1927+66 -121  -157 -0.65+008
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Table A.2. Equivalent widths, HFS corrections (labeled “HFS” on topha# respective columns), and Mn abundance for the Mn
45432 and15516 lines observed for the stars of the Fornax dSph galaxy.

15432 15516
Star EW  HFS [MnH] [Mn/Fe] EW  HFS [MnH] [Mn/Fe]
BLO38 | 2876:79 —059  -056 035013 | 1604:128 -085  -102 -011z0.14
BLO45 | 2477+193 -081  -0.84 021028 993+59 -034  -146 -0.41+007
BLO65 | 1202+23 -042  -204 -0.60=+007 361+39 -008 -182 -0.38+0.09
BLO76 | 2809+69 -063  -049  037+011 | 145469 -067 -115 -0.29+008
BLO77 | 2726+86 -068 -065 Q14+012 | 1450+36 -066 -118 -0.39+0.06
BLOSB1 | 2913+182 -054  -025  038+023 | 1716+77 -095 -088 -0.25+0.10
BLO84 | 2522+70 -074  -093 -006+013 | 1379+51 -066 -129 -0.42+0.06
BLO91 | 2158+66 -086 -124 -026+012 | 1172+60 -047 -127 -0.29+008
BLO92 | 2516+£87 -073  -091  Q01+£014 | 1327+62 -069 -135 -043+009
BLO96 | 2890+107 -054  -037  034+016 | 1412+69 -070 -123 -052+0.10
BLO97 | 2714+66 -070 -073  019+011 | 1417+60 -056 -118 -0.26+0.07
BL100 | 2497+93 -077 -087  007+013 | 1118+53 -044  -143 -0.49+007
BL104 | 2645+£97 -072 -081  Q17+£013 | 1386+73 -061 -126 -0.28+0.09
BL113 | 2635+48 -076 -057  Q19+010 | 1355+78 -055 -109 -0.33+0.09
BL115 | 1796+88 -082  -189 -042+013 473+28 -010 -196 —0.49+007
BL123 | 2546+60 -073 -103 -005+011 | 1471+91 -060 -121 -0.23+0.09
BL125 | 2665+101 -070  -058  0Q17+014 | 1744+70 -097 -086 -0.11+0.10
BL132 | 2917+76 -052 -054  038+011 | 162998 -088  -114 -0.22+011
BL138 1750+96 -0.84  -105 -004x0.11
BL140 | 2625+£55 -071  -077  Q06+£010 | 1361+35 -065 -129 -0.46+008
BL141 | 2550+87 -076 -074  010+013 | 1446+39 -072 -113 -0.29+0.07
BL146 | 2556+81 -073 -0.88  005+012 | 1382+40 -054 -120 -0.27+0.07
BL149 | 241893 -078  -095 -003+014 | 1122+101 -039  -137 -045+0.11
BL150 | 2938+129 -055 -038  044+018 | 1556+82 -074 -108 -0.26+0.10
BL151 | 2612+80 -072 -074  014+012 | 1487+36 -075 -113 -0.25+008
BL155 | 2948+82 -057 -037  034+013 | 1704+62 -079  -091 -0.20+0.09
BL156 | 2144+86 -081  -142 -027+014 954+59 -028 -151 -0.36+0.08
BL158 | 2559+111 -073  -065  020£018 | 855+375 -028 -159 -0.74+033
BL160 | 2645+128 -073  -077  Q10+018 | 1516+48 -072 -113 -0.26+008
BL163 1665+75 -074  -089 —015+0.10
BL166 | 2697+74 -071  -071  018+013 | 1518+93 -065 -109 -0.20+0.11
BL168 | 2746+102 -065 -044  046+016 | 1335+61 -061  -119 -0.29+0.09
BL171 1381+54 -050  -123 -031+008
BL173 954+ 645 -025  -158 -0.71x058
BL185 | 2728+75 -067 -050  027+013 | 1823+46 -103  -078 -0.01+0.09
BL190 | 2874+69 -061  -060  019+011 | 1450+64 -059  -121 -0.42+007
BL195 | 1917+69 -080 -144 -046+011 | 108842 -040 -122 -0.24+007
BL196 | 2587+75 -073 -105 -001+011 | 133682 -046 -132 -0.28+009
BL197 | 2978+88 -052 -047  Q42£012 | 1595+58 -078 -114 -0.25+008
BL203 | 2974+242 -049  -024  060+030 | 1525+103 -078  -109 -0.25+0.12
BL205 | 2486+66 -079 -062  009+010 | 1584+35 -073  -082 -0.11+007
BL208 | 2721+60 -067 -036  032+011 | 1336+178 -060 -111 -043+0.16
BL210 | 2762+120 -066 -055 021+018 | 1751+88 -090  -0.88 -012+0.11
BL211 | 2945+7.4 -052  -024  038+011 | 1726+149 -096  -091 -0.29+0.17
BL213 | 2702+48 -071  -071  023+009 | 1413+57 -061 -120 -0.26+0.08
BL216 | 2979+53 -054 -037  042+009 | 1919+99 -101  -074  Q05+0.12
BL218 1823+92 -111  -0.87 -024x0.14
BL221 | 2373+46 -081  -102 -019+010 | 1403+48 -068 -119 -0.36+007
BL227 | 2660+180 -066  -055  032+028 | 1601+81 -094 -101 -0.14+0.12
BL228 | 2789+87 -067 -074  013+016 | 1346+103 -052 -132 -0.45+0.09
BL229 | 2748+82 -065 -067  001+011 | 1781+38 -084 -088 -0.20+0.07
BL233 | 2718+56 -068 -061  Q04+009 | 1603+43 -078 -101 -0.36+008
BL239 | 2579+50 -076 -065  029+010 | 1264+40 -055 -122 -0.28+007
BL242 | 2392+52 -082 -102  012+010 | 1313+59 -059  -125 -0.11+0.08
BL247 | 2815+218 -065 -061  023+029 | 1404+147 -056 -121 -0.37+0.15
BL250 1578+58 -075 -113 -049+0.10
BL253 | 2921+£82 -060 -050  020£013 | 1677+129 -077  -099 -0.29+0.13
BL257 1747+89 -082  -092 -038x0.11
BL258 | 2838+7.1 -062 -045  013+012 | 1791+68 -093 -083 -0.25+0.11
BL260 | 2682+99 -068 -0.88 -002+013 | 1462+31 -054 -119 -0.33+007
BL261 1565+120 -088  -101 -0.23+0.15
BL266 | 1563+7.8 -064 -198 -052+0.10 499+24 -011  -181 -035+007
BL267 | 2369+141 -084  -083 -009+021 | 1393+103 -065 -105 -0.31+011
BL269 | 2540+71 -069 -076  004+011 | 1644+99 -098 -102 -0.22+013
BL278 2109+143 -106 -054  019+018
BL279 | 1114£57 -052  -222 -0.70£0.10

BL295 2112+108 -106  -059  Q07+0.14
BL300 | 2810+66 -063 -063  029+011 | 1588+134 -077 -111 -0.19+0.14
BL304 | 2709+96 -067 -0.89  008+013 | 1611+79 -071  -113 -0.16+0.09
BL315 | 2205+97 -089 -096 -018+019 | 1080+46 -054 -133 -05540.10
BL323 | 2919+69 -058 -076  Q16+011 | 1442+91 -059 -135 -043+0.10
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Table A.3. Equivalent widths, HFS corrections (labeled “HFS” on toph# respective columns), and Mn abundance for the Mn
45407 and15420 lines observed for the stars of the Sculptor dSph galaxy

15407 15420
Star EW  HFS [MnH] [Mn/Fe] EW  HFS [MnH] [Mn/Fe]
ETO09 | 520:37 —011  -183 -017+007 500+33 -010  -213 -047£007
ETO13 | 350+39 -012 -184 -018+009 | 380+121 -014 -209 -043+018
ET024 | 1500+55 -084  -152 -029+007 | 1830+49 -119 -159 —036+007
ET026 280+42 -008  -235 -057+0.09
ET027 | 570£22 -013 -180 -032+005 690+26 -017  -197 -049+005
ET028 | 1350+38 -080 -139 -020+004 | 1550+47 -104 -156 —037+004
ETO031 300+48 -008 -205 -040+0.08
ET033 240+55 -006  -234 -059+0.12
ETO39 | 320£47 -013 -158  051+013

ET043 | 740£40 -032 -153 -031+006 970+40 -054  -163 -041+006
ET048 170+46 -004  -217 -029+013
ETO51 | 1650+26 -149  -136 -046+007 | 1650+41 -149 -165 -075+008
ETO54 | 260+38 -006 -200 -021+0.08 350+31 -009 -214 -035+006
ETO57 | 1090£32 -058  -144 -013+005 | 1140+16 -063 -169 -0.38=004
ETO59 | 650+£37 -018  -157 -0.06+0.05 730+41 -022  -178 -027+005
ET060 600+29 -021  -191 -0.37+004
ETO63 | 1110+46 -071  -145 -029+008 | 1340+35 -103 -161 —045+007
ETO64 | 850+100 -034  -152 -016+009 | 1100+29 -058  -164 -0.28+0.04
ETO66 | 680+42 -022 -158 -030+0.05 800+44 -030 -176 -048+005
ETO67 | 400+57 -012  -183 -0.20+0.09 400+£67 -011  -211 -048+0.10
ETO69 | 230+41 -006 -182  027+0.10 190+54 -005 -220 -011+0.15
ETO71 | 850+55 -041  -147 -014+006 970+52 -055 -168 -0.35+0.06
ETO73 | 440+78 -013 -167 -016+010 | 510+123 -017 -188 -0.37+0.14
ET083 260+27 -006 -217 -0.22+0.06
ET094 | 430+50 -009 -196 -012+008 560+47 -013  -210 -0.26+0.07
ET097 | 210+37 -004 -203  Q11+008 350+51 -007 -214 -0.25+008
ET103 | 1040+43 -046 -134 -015+006 | 1130+69 -055 -158 —039+007
ET104 | 310+44 -008 -189 -029:0.08 380+42 -011  -208 -048+007
ET109 | 680+34 -014  -193 -010+0.05 720+22 -015  -218 -0.35+005
ET121 | 190+28 -005 -181  052+009

ET126 | 1110+41 -072  -141 -032+006 | 1290+49 -098 -160 -051+006
ET132 | 500+43 -017 -170 -0.22+006 470+44 -015  -202 -054+006
ET133 | 1270+£47 -093 -129 -024+006 | 1280+46 -097 -160 -055=006
ET137 | 1870+£63 -160 -130 -043+009 | 1850+90 -160 -162 -0.75+0.10
ET138 | 280+43 -006 -213 -045+009 420£60 -009  -220 -052+0.09
ET139 | 1150+83 -044  -154 -015+008 | 1430+53 -0.68 -165 —026+007
ET141 | 420£34 -010 -192 -026+007 700+43 -024  -193 -027+006
ET147 | 1060+118 -056 -124 -011+011 | 1050+99 -055 -154 -041+0.10
ET150 | 1190+66 -085 -148 -057+008 | 820+502 -039  -201 -110+043
ET151 | 500+43 -017 -172  Q03+0.06 460+£33 -015 -205 -0.30+0.06
ET160 | 900+51 -047 -144 -029+005 | 1110+58 -072 -159 -044+005
ET164 | 300£53 -007 -168 019010

ET165 | 1180+42 -083  -131 -023+007 | 1290+66 -098 -153 -045+008
ET166 | 500+45 -016 -163 -0.16+0.06 720+53 -031  -171 -024+006
ET168 | 1100+68 -069 -124 -016+008 | 1130+119 -072 -150 -042+0.10
ET173 | 1410+67 -061  -151 -006+007 | 1230+200 -047 -192 -047+0.14
ET198 | 500+47 -016 -155 -041+007 630+7.6 -023 -170 -056+0.08
ET200 | 350£60 -008 -180 -033+0.10 490+£52 -013  -189 -0.42+008
ET202 | 580+76 -020 -148 -018+0.10 720+76 -029  -163 -0.33+0.09
ET206 | 660+49 -025 -140 -0.09+0.06 680+36 -027 -167 -0.36+0.06
ET232 | 510+48 -022 -130 -032+006 530+45 -023 -156 -058+0.06
ET237 | 320+£105 -009 -172 -013+0.18 570+65 -020 -168 —0.09+0.10
ET238 310+41 -008  -207 -052+008
ET240 | 560+50 -023 -160 -047+008 960+51 -065 -156 -043+007
ET241 | 250+58 -006 -188 -049+012 560+44 -020 -175 -0.36+0.06
ET242 | 610+61 -022 -149 -0.19+0.06 810+75 -037 -159 -0.29+0.06
ET244 | 650+£48 -024  -136 -0.14+0.06 550+45 -019 -176 -054+0.06
ET270 | 320+£31 -008 -184 -030+0.06 460+£59 -014  -194 —0.40+0.08
ET275 | 460+76 -012 -150 -0.30+0.10 590+63 -017 -162 -0.42+008
ET300 | 490+64 -016 -154 -017+0.10 690+62 -029 -163 -0.26+0.09
ET317 | 270£34 -007 -181 -014+008 320+42 -008 -200 -0.33+008
ET320 | 340+37 -010 -158  011+007 200+65 -004  -211 -042+017
ET321 17.0+46 -004  -235 -044:0.14
ET327 | 660+52 -026 -149 -018+007 750+43 -033  -170 -0.39+0.06
ET339 | 1060+55 -065 -122 -015+006 | 1170+37 -0.80 -144 —037+006
ET342 | 550+£68 -022 -137 -004+009 | 410+102 -013 -181 -048=0.14
ET354 | 480+51 -020 -131 -026+007 490+£79 -020 -158 -053+0.10
ET363 | 540+53 -014 -120 Q06007 470+99 -012  -160 -034+012
ET369 160+38 -004 -214  019+013
ET376 | 810+54 -029 -134 -019+008 940+61 -038 -148 -033+008
ET378 | 760+41 -036 -146 -030+0.08 920+44 -055 -164 -048+008
ET379 | 290£32 -008 -170 -0.07+0.09 200+66 -008 -198 -035+013
ET382 | 360+47 -014 -157  Q15+009

ET384 | 280+50 -009 -173 -029+011 320+84 -011 -196 -052+0.15
ET389 330+66 -011  -207 -049+013
ET392 | 530+£110 -019 -140  006+0.13 240+83 -006 -209 -063+018
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Table A.4. Equivalent widths, HFS corrections (labeled “HFS” on toph# respective columns), and Mn abundance for the Mn
45432 and15516 lines observed for the stars of the Sculptor dSph galaxy

15432 15516
Star EW  HFS [MnH] [Mn/Fe] EW  HFS [MnH] [Mn/Fe]
ETO09 | 1310:80 —034  —225 -059+009 200:48 -004 -199 -033:010
ETO13 | 520+94 -012  -260 -094+013 360+43 -011  -167 -0.01+0.09
ET024 | 2500+88 -079  -126 -003+015 | 1290+35 -051  -141 -0.18+007
ET026 | 670+£39 -014  -255 -077+0.06

ET027 | 1480+£130 -044  -208 -060+0.13 360+20 -006 -189 -041+005
ET028 | 2010+155 -092  -158 -039+023 | 1060+36 -042 -137 -018+004
ETO31 | 870+30 -014  -219 -054+006 280+39 -005 -178 -0.13+0.09
ETO33 | 510+£50 -009 -259 -084+007

ETO39 | 280£62 -005 -241 -032+015

ET043 | 1300+121 -063 -196 -074+014 500+7.7 -018  -149 -0.27+0.09
ET048

ETO51 | 2400+164 -073  -084  Q06+026 | 1340+7.0 -092 -128 -038+009
ETO54 | 630+48 -012  -245 -0.66+0.06

ETO57 | 1800+144 -089  -164 -033+0.20 690+55 -019  -155 —0.24+0.06
ETO59 | 1180+54 -033  -215 -0.64+0.06 300+£30 -005 -184 -033+0.06
ETO60 | 1070+89 -040 -224 -0.70+0.08 370+54 -008 -174 -0.20+0.08
ET063 | 1880+154 -107 -151 -035+026 860+51 -036 -143 -0.27+008
ET064 | 1490+139 -064  -192 -056+0.16 580+43 -014  -158 -0.22+0.06
ET0O66 | 1360+120 -053  -196 -068+0.12 48044 -011  -161 -0.33+0.06
ETO67 | 910+104 -027  -226 -063+0.10 260+33 -005 -189 -0.26+0.08
ET069

ETO71 | 1330+50 -065 -199 -0.66+0.06 500+57 -013  -162 -0.29+0.08
ETO73 | 690+43 -016 -226 -075+0.06 280+35 -007 -176 -025+007
ET083 | 370£53 -005 -261 -0.66+0.09

ET094 | 1110+51 -021  -246 -0.62+0.06

ET0O95 | 330+45 -004 -280 -0.66«007 170£24 -002  -198  016+007
ET097 | 330+45 -004 -280 -049+005

ET103 | 730£33 -012  -238 -043+019 640+72 -015  -148 -0.29+0.09
ET104 | 1740+£150 -078  -162 -051+0.06 200+29 -006 -176 —0.16+0.06
ET109 | 920+55 -029 -211 -057+0.10 480+22 -006 -196 -0.13+005
ET121

ET126 | 1680+39 -098 -168 -059+007 830+55 -035 -142 -033+007
ET132 | 940+45 -032 -216 -0.68+0.06 320+£22 -007 -176 -0.28+005
ET133 | 1900+£180 -104  -130 -025+0.30 790+56 -031  -143 -038+007
ET137 | 2530+174 -064  -088 -001+026 | 1640+103 -116 -113 -026+0.13
ET138 | 1270+118 -036  -219 -051+011

ET139 | 2130+158 -079  -163 -024+022 880+74 -021  -154 -0.15+0.09
ET141 | 1140£40 -035 -231 -065+0.06 240+50 -004  -206 -040+011
ET147 | 15404218 -079  -179 -066+0.27 670+82 -020 -138 -025+011
ET150 | 2120+164 -094  -107 -016+028 | 1080+47 -061 -133 —042+007
ET151 | 740+41 -017  -240 -0.65+005

ET160 | 1530+ 144 -086 -173 -058+0.18 640+56 -021  -148 -0.33+0.06
ET164 | 410+48 -006 -230 -043+008

ET165 | 1600+61 -091  -166 -058+0.10 900+50 -041  -128 -0.20+007
ET166 | 1160+146 -049  -189 -042+015 340+51 -008 -168 -0.21+0.09
ET168 | 1510+339 -084  -170 -062+041 700+67 -023  -135 -0.27+0.09
ET173 | 2120+73 -074 -192 -047+0.10 870+79 -019 -171 -0.26+0.08
ET198 | 1100+126 -043  -181 -067+0.13 450+£61 -011  -144 —0.30+0.09
ET200 | 740+95 -014  -217 -070+0.10

ET202 | 1140+82 -046 -184 -054+010 350+31 -008 -160 -0.30+0.08
ET206 | 1010+103 -036  -193 -062+011 270+50 -006 -173 -042+0.10
ET232 | 830+31 -036 -162 -064+005 360+37 -011  -133 -035+007
ET237 280+55 -006 -162 -003+0.12
ET238 | 690+85 -016 -220 -0.65+0.09 380+41 -009 -152  0Q03+0.07
ET240 | 1460+128 -098  -157 -044+0.19 500+46 -022 -140 -0.27+008
ET241 | 690£63 -017 -212 -073+0.08

ET242 | 1250+121 -057  -177 -047+012 310+57 -007 -170 -040+0.10
ET244 | 880+71 -026 -195 -073+008 340+42 -008 -157 -035+008
ET270 | 770+41 -020 -219 -0.65+006 370+54 -009  -161 -0.07+0.09
ET275 | 900+£118 -019 -174 -054+012 410+57 -008  -140 -0.20+009
ET299 | 260+56 -004  -202 -020+012

ET300 | 620+104 -014  -218 -081+013 250+35 -006 -174 -037+0.10
ET317 | 580+83 -012 -219 -052+0.10

ET320 | 180+42 -002 -260 -091+012

ET321 | 510+70 -008 -241 -050+0.09 200+42 -004 -184  Q07+0.11
ET327 | 1130+54 -046  -193 -062+007 500+52 -013  -148 -017+007
ET339 | 1340+64 -066 -176 -0.69+0.09 620+54 -019  -138 -031+007
ET342 | 430+78 -008 -219 -086+012 420+74 -012  -134 -001+011
ET354 310+68 -009  -139 -034+013
ET363 | 560+81 -008 -187 -061+0.10 230+73 -004 -158 -0.32+0.17
ET369 160+31 -003 -170  063+0.10
ET376 | 1250+84 -040 -170 -055+0.10 670+61 -017 -131 -0.16+0.09
ET378 | 1260+45 -066  -190 -0.74+0.09 300+47 -007 -182 -0.66+0.11
ET379

ET382 | 260+68 -006 -251 -079+0.15 270+66 -008 -156  016+0.14
ET384 | 560£92 -016 -207 -063+012

ET389 | 580+7.0 -015 -230 -072+011

ET392 | 870+87 -027 -179 -033+010 280+74 -006 -157 -011+0.15
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Table A.5. Equivalent widths, HFS corrections (labeled “HFS” on topha# respective columns), and Mn abundance for the Mn

15407,15420,45432, andi5516 lines observed for the stars of the Sextans dSph galaxy.

15407 15420 15432 15516
Star EW HFS  [MnH] [Mn/Fe] EW HFS  [MnH]  [Mn/Fe] EW HFS  [MnH] [Mn/Fe] EW HFS  [MnH] [Mn/Fe]
S05010 360 -0.05 -2.59 -0.74
+3.3 +0.06
S05047 | 360 -012 -1.40 —-0.06
+5.8 +0.14
S08003 290 -0.06 -2.39 -0.50 750 -0.13 -2.58 -0.69
+1.3 +0.03 +15 +0.02
S08006 | 540 -017 -1.78 -038 | 670 -024 -1.93 -0.53 | 1060 -0.35 -2.20 -080 | 360 -0.08 -1.82 -0.42
+1.3 +0.04 | £2.0 +0.04 +35 +0.07 | +39 +0.08
S08038 330 -0.06 -2.53 -0.54
+2.3 +0.06

Table A.6. Equivalent widths, HFS corrections (labeled “HFS” on toph# respective columns), and Mn abundance for tha Mn
A5407,45420,15432, andi5516 lines observed for the stars of the Carina dSph galaxy.

15407 15420 15432 15516
Star EW HFS [MnH] [Mn/Fe] EW HFS [MnH] [Mn/Fe] EW HFS [MnH] [Mn/Fe] EW HFS [MnH] [Mn/Fe]
MKV _0458 500 -0.12 -2.17 -0.57
+4.1 +0.09
MKV _0484 533 -011 -1.70 -0.17 791 -0.22 -1.77 -0.24 | 1414 -0.35 -1.86 -033 | 305 -004 -1.83 -0.30
+4.5 +0.05 +2.9 +0.03 +5.9 +0.05 | +9.3 +0.16
MKV 0514 220 -0.01 -2.84 -0.52
+2.3 +0.07
MKV 0524 389 -0.07 -1.68 Q07 375 -0.06 -1.98 -0.23 863 -0.11 -2.05 -0.30
+1.8 +0.03 +3.5 +0.05 +4.5 +0.05
MKV _0596 210 -0.05 -1.76 -0.22 310 -0.09 -1.86 -0.32 530 -0.12 -1.90 -0.36
+2.6 +0.08 +3.1 +0.08 +3.5 +0.07
MKV 0612 572 -0.16 -1.48 -0.18 656 -0.19 -1.68 -0.38 | 1345 -045 —-1.45 -015 | 324 -0.06 -161 -0.31
+3.8 +0.04 +4.3 +0.04 +5.2 +0.05 | +4.4 +0.07
MKV _0640 330 -0.08 -1.88 -0.15 260 -0.06 -2.28 -0.55 650 -0.13 -2.34 -0.61
+2.9 +0.08 +3.2 +0.09 +4.5 +0.08
MKV 0677 300 -0.08 -2.12 -0.37 340 -0.09 -2.34 -0.59 900 -0.26 -2.44 -0.69
+3.1 +0.08 +2.9 +0.08 +4.6 +0.07
MKV _0698 910 -0.35 -1.75 -0.27 | 1150 -058 -1.88 -0.40 620 -015 -181 -0.33
+2.8 +0.05 +3.3 +0.05 +2.1 +0.05
MKV _0705 745 -0.24 -1.32 Q003 725 -023 -1.63 -0.28 | 1283 -042 -151 -0.16 | 380 -007 -153 -0.18
+3.9 +0.04 | +10.6 +0.09 +6.2 +0.06 | +59 +0.08
MKV 0729 530 -0.13 -1.47 -0.08 270 -0.05 -1.66 -0.27
+5.6 +0.11 +3.4 +0.11
MKV 0733 480 -0.13 -1.59 Q05
+54 +0.10
MKV 0740 830 -026 —-1.45 -0.25
+7.7 +0.13
MKV 0769 748 -021 -1.47 021 763 -011 -1.86 -0.18 | 348 -0.06 -1.44 024
+6.7 +0.06 +5.0 +0.05 | +59 +0.12
MKV 0780 650 -0.08 -2.03 -0.25
+6.1 +0.10
MKV _0825 620 -0.24 -1.70 -0.27 1230 -0.55 -2.01 -0.58
+4.8 +0.08 +55 +0.09
MKV _0840 530 -021 -2.01 -0.83 890 -0.36 -2.24 -1.06
+4.8 +0.10 +3.0 +0.10
MKV _0880 500 -0.13 -2.04 -0.46 670 -0.23 -2.17 -059 | 1160 -0.37 -2.48 -090 | 320 -0.06 -211 -0.53
+3.9 +0.06 +3.0 +0.06 +4.9 +0.06 | +2.7 +0.07
MKV _0900 360 -0.10 -221 -0.49 1110 -043 -2.53 -0.81 | 290 -0.06 -2.16 -0.44
+2.8 +0.06 +4.1 +0.06 | +3.6 +0.08
MKV 0902 540 -0.08 -2.61 -0.62
+6.7 +0.08
MKV _1007 580 -0.28 -1.76 -0.37 530 -024 -2.10 -0.71 | 1020 -0.55 -2.23 -084 | 370 -012 -1.84 -0.45
+4.3 +0.09 +4.0 +0.09 +2.8 +0.09 | +31 +0.09
MKV _1009 710 -0.13 -211 -0.36
+7.9 +0.12
MKV 1013 329 -0.06 -1.66 -0.36 893 -0.29 -1.40 -0.10 920 -0.17 -1.79 -0.49
+4.6 +0.07 +4.2 +0.04 +4.9 +0.05

1 From FLAMES-UVES spectra (Venn etlal. 2012)
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