Accepted to ApJ:  July 31st, 2008

The Recent Star Formation Histories of M81 Group Dwarf
Irregular Galaxies

Daniel R. Weisz, Evan D. Skillman
Astronomy Department, University of Minnesota, Minneapas, MN 55455
dweisz@astro.umn.edu, skillman@astro.umn.edu

John M. Cannon

Department of Physics & Astronomy, Macalester College, 186@Grand Avenue, St. Paul,
MN 55125

jcannon@macalester.edu
Andrew E. Dolphin
Raytheon Corporation, 1151 E Hermans Rd, Tucson, AZ 85706
adolphin@raytheon.com
Robert C. Kennicutt, Jr.

Institute of Astronomy, University of Cambridge, Madinglg Road, Cambridge CB3 OHA,
UK

robk@ast.cam.ac.uk
Janice Lee

Observatories of the Carnegie Institution of Washington,18 Santa Barbara Street,
Pasadena, CA 91101

jlee@ociw.edu
Fabian Walter
Max-Planck-Institut far Astronomie, Kenigstuhl 17, D-69117 Heidelberg, Germany

walter@mpia.de



{2{

ABSTRACT

We present observations and analysis of nine dwarf irregulgalaxies (dIs) in
the M81 Group taken with the Advanced Camera for Surveys aboathe Hubble
Space Telescope. The nine galaxy sample (the Garland, M81 &WwA, DDO 53,
Ho IX, Ho I, DDO 165, NGC 2366, Hall, and IC 2574) spans 6 magnitudes
in luminosity, a factor of 1000 in current star formation rate, and 0.5 dex in
metallicity allowing us to study star formation (SF) under avariety of di erent
conditions. Here we use color-magnitude diagrams of resadvstellar populations
to study the star formation histories (SFHs) of these galags. Based on luminos-
ity we divide the sample into faint and bright galaxies, witha dividing line of Mg
= 15, and then analyze the similarities and di erences in theF3s, birthrate
parameters, fraction of stars formed per time interval, andpatial distribution of
stellar components. Comparing these parameters as a furostiof luminosity, we
nd only minor di erences in SF characteristics among the M& Group dlIs de-
spite a wide range of physical properties. We extend our cowrmison to select dis
in the Local Group (LG), with similar quality photometry, and again nd only
minor di erences in SF parameters. The lack of a clear trenchiSF parameters
over a wide range of diverse environments suggests that SFlgmv mass systems
may be dominated by stochastic processes. The fraction ofst formed per time
interval for an average M81 Group and LG dl is consistent witla constant SFH.
However, individual galaxies can show signi cant depart@ws from a constant
SFH. Thus, we nd this result underlines the importance of sichastic SF in dls.
In addition to a statistical comparison, we compare possielformation scenarios
of the less luminous and candidate tidal dwarfs in the M81 Gup. The SFHs
and the lack of an overdensity of associated red stars suggtst the Garland
and Ho IX are not dIs and are potentially tidal dwarf galaxies. Interstingly, a
noteworthy di erence between the LG and the M81 Group is thedck of tidal
dwarf candidates in the LG.

Subject headings: galaxies: dwarf | galaxies: stellar content | galaxies: for -
mation | galaxies: evolution
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1. Introduction
1.1. The M81 Group Dwarf Galaxy Project

The ability to translate resolved stellar populations intostar formation histories (SFHs)
has become an increasingly powerful method for understandi how star formation (SF)
shapes galaxy evolution (e.g., Gallart et al. 2005). The p@&wof the Hubble Space Telescope
(HST) is truly being realized as we are able to resolve the #isw components of increasingly
distant galaxies. With the continuing expansion of the sanlp of galaxies with measured
SFHSs from resolved stars (e.g., the ACS Nearby Galaxy Surv@yeasury (ANGST), Dalcan-
ton et al. 2008), we are able to study how a wide variety of gatees evolve both individually
and in their respective environments.

Of particular interest are star forming galaxies that samg@ the faint end of the galactic
luminosity function. Characteristics of SF in this regime g not as well studied as brighter,
more massive galaxies, due to completeness limits of largdaxy surveys (e.g., SDSS). For
example, Lee et al. (2007) and Kennicutt et al. (2008) empaally nd an increased dispersion
in the H equivalent width (EW) measurements, the normalized SFR ovehe past 5 Myr,
of star forming galaxies fainter thanMpg 15 compared to brighter galaxies. The cause
behind the increased dispersion is not clear, and we coulangly be observing the galaxies
at di erent points in their SF duty cycle. Alternatively, di erent physical mechanisms could
be responsible for the observed dispersion. There are seVarandidate theories that have
distinct signatures: stochastic e ects (cf., Mueller & Arrett 1976; Gerola & Seiden 1978),
internal feedback (stellar winds, supernovae, e.g., Pelagsy et al. 2004; Stinson et al. 2007),
external interactions (mergers, tidal in uence, e.g., Tomre & Toomre 1972; Gnedin 1999),
or a combination thereof. Direct observational evidence oécent SF episodes can shed light
into the role of each process.

Speci cally, dwarf irregular galaxies (dls) are excellenenvironments for probing the
mechanisms which regulate SF. By number, dls dominate theifé star forming galaxy count
and span a wide range in mass, luminosity, metallicity, andFIR (Mateo 1998). They are
solid body rotators (Skillman et al. 1988), so that featuresesulting from past SF episodes are
preserved and not destroyed as they are in larger galaxieghwvili erential rotation (Skillman
1996). Thus, SFHs based on resolved stellar populations dédlirectly probe the physical
mechanisms that govern SF in low mass galaxies.

Additionally, dis are useful for understanding galaxy inteactions within a group envi-
ronment. Because SFHSs trace the evolution of each galaxy ov¥ke history of the universe,
we can measure the fraction of stellar mass formed at di ereepochs, which is directly
comparable to models of galaxy interactions within groupse(g., Ricotti & Gnedin 2005;
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Orban et al. 2008). At more recent times, SFHs of dIs can be us® quantify patterns and
duty cycles of SF over the past 1 Gyr and compare them to theoretical predictions and
amongst di erent groups of galaxies.

Comparing nearby galaxy groups, an interesting feature ohé M81 Group is the pres-
ence of suspected tidal dwarfs (e.g., Makarova et al. 2002atachentsev et al. 2004), which
have no counterparts in the Local Group. A three body interaon between larger galaxies
in the M81 Group (M81, M82, and NGC 3077) occurred 300 Myr ago, and there have
been numerous observations of IHidal debris leftover from this event (e.g., van der Hulst
1979; Yun et al. 1994). Young stellar systems have been ohet in these tidal remnants,
and we may be witnessing the formation of new dwarf galaxiesq|, tidal dwarfs) in the
nearby universe (e.g., Walter & Heithausen 1999; Makarovd al. 2002).

In this paper, we introduce the observations, color-magnitle diagrams (CMDs), and
SFHs of nine dlIs in the M81 Group based on HST/ACS imaging. WHa our focus is on the
recent temporal SFHs, we can also place loose constraintstbe ancient SFHs and use red
and blue star density maps to trace locations of past SF epdes. Using the recent SFHs,
we are able to quantify and compare the strength and durationf SF episodes amongst the
sample and to similarly observed galaxies in the LG. We useithpaper to establish analysis
techniques that we anticipate applying to a larger sample ithe future. Here, we present
a limited comparison of the SFHs to observations in other walength regimes (e.g., H,
ultraviolet (UV), infrared (IR), H 1), and in our future work we will compare the spatially
resolved recent SFHs to Hobservations and calibrate di erent SFR indicators to our 1D
based SFHs.

1.2. The M81 Group Dwarf Galaxy Sample

The M81 Group presents an excellent environment for the stydof resolved stellar
populations and SFHs. The M81 Group is a prominent group of g&ies close enough to
the Local Group (with distances typically 3.8 Mpc, Karachentsev et al. 2002) that the
HST/ACS easily resolves the bright, young stellar populatins. Further, the kinematic state
of the M81 Group is very dynamic. H observations and related models of the M81 Group
(Yun et al. 1994; Yun 1999) reveal a recent ( 300 Myr) interaction between the major
member galaxies and the presence of tidal streams and debrsthree dimensional map as
well as detailed structural and kinematical information ofthe M81 Group are presented in
Karachentsev et al. (2002).

The sample of nine M81 Group dIs was selected from galaxiesigthhad excellent
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ancillary observations, starting with galaxies observedsgpart of the Spitzer Infrared Nearby
Galaxies Survey (SINGS; Kennicutt et al. 2003). There are giit M81 Group dls in both
the SINGS and The H Nearby Galaxy Survey (THINGS; Walter et al 2008). This list
was augmented by adding NGC 2366 (which had similar qualitynaillary observations,
although not part of the SINGS survey), the Garland (for whib HST/ACS observations
already existed, GO-9381, PI: Walter), and UGC 4483, whiclsia dwarf starburst galaxy
(cf., Skillman et al. 1994; van Zee et al. 1998). Two galaxiegre subsequently dropped from
the sample. UGC 4483 was observed on December 31, 2006, bet dbservation failed; this
was shortly followed by the failure of the ACS, so we have no weobservations for it and it
was dropped from the sample. M81 Dwarf B was dropped from tharaple after we found
it to be signi cantly more distant than the other galaxies in agreement with other recent
analysis (e.g., 5.3 Mpc, Karachentsev et al. 2002). The naample of nine M81 Group dls
spans a wide range of properties including 6 magnitudes innhinosity, a factor of 1000 in
current star formation rate (SFR), and 0.5 dex in metalliciy (see Table 1).

In Figure 1 we have highlighted the dis from this paper (M81 Gaup dls in blue and LG
dis in black) in the context of the Local Volume star-forminggalaxy sample (Lee et al. 2007;
Kennicutt et al. 2008). The galaxies here are shown in thegM H equivalent width (EW)
plane, which traces mass and current normalized SFR, respieely. Lee et al. (2007) nd
an empirical transition at Mg 15 based on the dispersions in HEW. Our sample of dIs
straddles both sides of this division, allowing us to probei @érences in SF characteristics in
both luminosity regimes over a wide range of current SFRs.

Within our sample, we have two candidate tidal dwarf galaxi® the Garland and HolX .
We will adopt that label throughout this paper, recognizingthat the status of these features
as true galaxies is controversial (e.g., van Driel et al. 189Makarova et al. 2002; Karachent-
sev et al. 2002) and they may simply be stellar systems fornginn the outskirts of their
larger companions (see Figure 2). We chose to exclude the diaate tidal dwarfs from our
statistical analysis because of we nd them to be fundamernity di erent than dlis in the
sample.

2. Observations and Photometry

We obtained HST/ACS (Ford et al. 1998) images of seven of thane M81 Group dlIs
with ACS/WFC between January 27, 2006 and December 30, 2006Q-10605) using the
Iter combination of F555W (V) and F814W (I) in order to optim ize the combination of
photometric depth and temperature baseline (represented/Istellar color in the observation
plane). The requisite photometric depth of a signal to noiseatio of 5 at My = 05
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allows us to su ciently resolve CMD features that give us leerage on the recent SFHs
(Dohm-Palmer & Skillman 2002). The selection of lIters is important because a larger
di erence in the central wavelengths of two selected Itergrovides for a clearer separation
between features in the CMD. While observing at very blue anced wavelengths (e.g., U or
B and I) would provide for a greater color di erence, it also rakes the integration time to

the same photometric depth increase greatly. Thus, to optiime both color separation and
photometric depth we observed the M81 Group dlIs using F555Whd F814W.

For most of the galaxies, a single ACS eld was su cient to cogr a signi cant fraction
of the stars, for the larger galaxies, NGC 2366 and Hib, we observed two elds each,
and for IC 2574, an ACS eld from the HST Archive was supplemeed by two additional
elds. The ninth galaxy, the Garland, was also added from théiST archive. Both of these
galaxies were observed in the same Iter combination for cqrarable integration times. All
observations were CR-split to reduce the impact of cosmicys and dithered to cover the
chip gap. Most of the M81 Group is also in the HST's continuougiewing zone, making for
very e cient observing strategies (e.g., Caldwell et al. 198).

After the images were processed with the HST pipeline, we ff@med photometry using
DOLPHOT, a version of HSTphot (Dolphin 2000) optimized for ACS observations. Cosmic
rays, hot pixel residuals, and extended objects were all egted based on their brightness
pro les. Remaining objects were then subject to further phtometric tests (signal to noise,
crowding, and sharpness) resulting in catalogs of only wetieasured stars (signal-to-noise
5, JF 559Wsharp + F 814Wgharp] > 0:27, andF 555Wowg + F 814Weowg < 1:0), where sharpness
and crowding follow the de tions in Dolphin (2000). Arti ci al star tests were performed to
determine the completeness limit for each eld and these vas are listed in Table 2.

The faintest well measured stars in our photometry have M 0, which is adequate
for recent SFHs, but only allows us to place weak constraintsn the ancient & 6 Gyr)
SFHs. The main restriction resulting from shallower CMDs ighe loss of time resolution
at older ages (Dolphin 2002). For example, the study of the lcal Group galaxy Leo A
by Tolstoy et al. (1998) used similar depth photometry (M  0) to infer that bulk of the
SF in Leo A occurred at later (more recent) times. This conchion was veri ed by the
very deep photometry, including the oldest MS turno s, presnted by Cole et al. (2007).
While the emphasis of our work is to constrain the recent SFH#&r which we have su cient
photometric depth (e.g., Dohm-Palmer et al. 1997), we can gte loose constraints on the
ancient SFHs by placing all S 6 Gyr into a single old age time bin.
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3. Methodology
3.1. Features on the CMD

In order to highlight important features on the CMD, we presat a simulated CMD
(Figure 3) made with the stellar evolution models of Marigo &Girardi (2007). We have also
overplotted the timescales from the theoretical isochroseon the young stellar sequences to
demonstrate the relationship between age and magnitude. t¢e we provide a brief overview
of main features of the CMD. For a more thorough review see Gatt et al. (2005). The
main sequence (MS) stars burning hydrogen in their cores amsarked by the green line.
Immediately to the right of the MS are the blue helium burningstars (BHeBs), indicated
by the blue line. These are intermediate mass stars (2 15 M ) that have evolved o
the MS and are burning helium in their cores. In a parallel trek to the right of the BHeBs
are the red helium burning stars (RHeBs), denoted by the rednle. The HeB phase of
stellar evolution is very short lived, making the HeB stars xxellent chronometers for SF
episodes as discussed ¥3.2. Note the BHeBs are roughly 2 magnitudes brighter than #ir
corresponding MS stars of the same age. In the orange box tethght of the RHeBs are
asymptotic giant branch stars (AGBs) which are low to internediate mass evolved stars
burning both hydrogen and helium in shells. The magenta linmarks the red giant branch
stars (RGBs), which are low to intermediate mass stars thatdve evolved o the MS and are
burning hydrogen in shells surrounding the cores. The tip dhe red giant branch (TRGB),
where the helium core of RGBs ignite, is an excellent dista@andicator as it has a virtually
invariant absolute | magnitude at low metallicities (Lee etal. 1993). The red clump (RC) is
a phase where low and intermediate mass stars lie on the CMD thgy burn helium in their
cores and is enclosed by the cyan circle. Note that the RC olegns with RGB stars and also
merges with the BHeBs at (at 1 Gyr old BHeBs) and RHeBs (at 500 Myr for RHeBSs)
on the bright side, making this a very dense region on the CMD.

3.2. Connecting CMDs to Recent SFHs

An important step in verifying the accuracy of any derived SH is being able to relate
features of a given CMD to the corresponding SFH. We have cangted an instructional
aid by simulating two CMDs from simple input SFHs and color-ading the ages of the stars
(see Figure 4). Similar diagrams can be found in the literate (e.g., Gallart et al. 2005),
but here we emphasize theecent SF by limiting our input SFH to the last 5 Gyr. These
CMDs were created with the code of Dolphin (2002) and stellavolution models of Marigo
& Girardi (2007) using a power law initial mass function (IMF with a spectral index of



{8{

= 130 (i.e.,, / daogﬁ where = 1:35 represents the Salpeter IMF, Salpeter 1955),
between 0.15 and 100 M, a binary fraction (BF) of 0.35, zero foreground reddeninggnd a
constant metallicity (of a typical dl) of [M=H] = 1.0 (i.,e.,, Z=0:1Z and where M=H]

is the logarithmic relative abundance of heavier element$), with respect to hydrogen, H,
relative to the solar value).

The CMDs in the left column of Figure 4 were created assumingcanstant SFR of 0.005
M yr ! (typical for a dI) for the past 5 Gyr. To more clearly demonstate the positions of
younger stars on the CMD, the CMDs in the right column were cedged with an increasing
SFR over the past 5 Gyr, such that SFBs,, =0.005M yr *and SFRoresent =0.1 M yr 1.
Because our emphasis is primarily on recent SF, we will notalyze the contributions of AGB
and RGB stars because they are indicators of SF older than 1 Gyr.

In the top two panels of Figure 4 we present the CMDs as they wiglappear as if we
were to observe this simulated galaxy. We present the same Ol with the stars color-coded
by ages in the lower four panels.

In the center panels of Figure 4, we present the constant SFIReft panel) and increasing
SFR (right panel) CMDs with color coded ages. Evident in botlpanels are the distinct age
divisions of the MS and BHeB stars as a function of magnitudélhat is, the youngest stars
(0O 10 Myr, black points) are located at the brightest magnituds and older stars are located
at fainter magnitudes (i.e., 10 25 Myr, orange points; 25 75 Myr, blue points; 75 150
Myr, grey points, etc) and they are divided into fairly distinct age divisions. The MS shows
these divisions all the way back to 5 Gyr, the oldest age of tcke CMDs, while the BHeBs
extend back to 1 Gyr, where they merge into the RC. The RHeBs also demonsteat
a similar magnitude-age relationship, but blend into the RCat a brighter magnitude, or
younger age.

Considering only the MS in Figure 4, we see stars of di erentggs can have the same
magnitude and color. For example, while the magenta pointsl$0 300 Myr) appear as a
distinct age division on the MS, this is only a stripe of the hightest magenta MS colored
stars. The fainter magenta colored MS stars are obscured amg CMD by older, fainter MS
stars. Even stars of ages younger than 150 Myr (0 10 Myr, black points; 10 25 Myr,
orange points; 25 75 Myr, blue points; 75 150 Myr, grey points) can have the same
color and magnitude as the magenta colored stars. To furthemphasize this important
degeneracy, in the lower panels we plot the same CMDs, onlytlvthe plotting order of the
points reversed (young on top of old vs. old on top of young). he reversal of the plotting
order demonstrates that stars with the same magnitude and lmy on the MS can have vastly
di erent ages such that the youngest stars (0O 10 Myr, black points) populate the entire
MS to very faint magnitudes, and can occupy the same CMD spaes 5 Gyr old MS stars.
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In contrast, the BHeBs are particularly powerful chronometdrs for recent SF episodes
because BHeBs of di erent ages have distinct magnitudes adlors. Consider the magenta
points (150 300 Myr) on the BHeB sequence in the two center panels of Figad. There are
no stars of any other age that have the same color and magniteichs the magenta colored
BHeB stars. This fact is further accentuated by the reverselgited CMDs in the lower
two panels. Whereas the MS stars do not retain the same neateadivisions between the
center and lower panels, the BHeBs do. A slight caveat appdi¢o the boundaries between
the di erent generations of BHeBs. There is a slight overlapf di erent age stars in these
regions, but this e ect is on order of 10% according to simul@ns we have conducted. Thus,
the BHeBs provide us with extremely powerful leverage to agrately measure the recent SFH
of a galaxy.

3.3. Method of Measuring SFHs

Technological and theoretical advances in the past decadeve made it possible to
derive SFHs of stellar populations with unprecedented ddtaand accuracy. Sophisticated
programs (Tosi et al. 1989; Tolstoy & Saha 1996; Gallart et a1996; Mighell 1997; Holtzman
et al. 1999; Hernandez et al. 1999; Dolphin 2002; Ikuta & Ariato 2002; Yuk & Lee 2007)
enable us to directly compare observed stellar populationgith model stellar populations
and measure the corresponding SFH.

Explicitly, a SFH is the SFR as a function of time and metallity (i.e., SFR(t,2)).
To derive the SFH of each M81 Group dlI in our sample, we used tmeaximum likelihood
method of Dolphin (2002). The program creates synthetic CM®using the models of Marigo
& Girardi (2007) for every combination of xed (IMF, BF, etc.) and searchable (distance,
extinction, metallicity, and SFR) variables. The synthetc CMDs are then compared to the
observed CMD using a modi ed 2 parameter. The best t synthetic CMD yields the most
likely SFH of the galaxy. See Dolphin (2002) for a full desgiion of the SFH measurement
algorithm.

Along with the SFR, metallicity information is extracted from the best t isochrone
at each age. These ts yield a mean value oM=H] in each time bin allowing us to trace
the chemical evolution of a galaxy. Because our photometryods not reach the ancient MS
turno, it is hard to place tight constraints on the chemical evolution from CMD tting
alone. To aid in our solutions, we require that the program tmonotonically increasing
metallicities. For deeper CMDs this assumption would not beecessary.

To ensure that we have a robust SFH, we compute both systematand statistical
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uncertainties of the SFR in each time bin. The systematic umectainties are a product of
the stellar evolution isochrones and are manifested as a éegracy between distance and
extinction. To account for this form of uncertainty, we re-slve for new SFHs allowing the
distance and extinction values to vary slightly from the vales associated with the most
likely SFH. The uncertainties in the SFRs for each variatiorare added in quadrature to
produce the systematic component of our uncertanties. Theasistical uncertainties are a
result of counting statistics in each CMD bin. We use Monte Qo tests to re-solve for
SFHs after redistributing the stars in each bin according ta Poisson distribution. The
resultant systematic and statistical uncertainties are aded in quadrature to produce the
error bars in our nal SFHs. A more detailed discussion of thealculation and interpretation
of uncertainties in SFHs can be found in Dolphin (2002).

4. CMDs, SFHs, and Stellar Spatial Distributions

The three main tools for our analysis are CMDs, SFHs, and skat density maps for blue
and red stars. The combination of these three products aids our analysis of the temporal
and spatial properties of the SFHs for each galaxy. In this sion, we present the CMDs of
each ACS observation, the lifetime and recent SFHs of eachl@ay, and the stellar density
maps for each galaxy. As a setup for our later comparison of $fased on luminosity, the
sample is divided into two luminosity regimes with a dividiig line of Mg =  15.

We present four-panel gures in order to demonstrate provigl spatial context of our
analysis of each galaxy in our sample (Figures 5 13). Panel (a) shows an R-band DSS
image with the ACS eld(s) of view overlaid in blue with the chp gap position shown in
red. Panel (b) shows a color image of each ACS eld, createdn@ combined, for multiple
pointings) using drizzled images from the HST pipeline. Paats (c) and (d) are density maps
of the blue (young) and red (old) stars, respectively, in eacgalaxy. The density plots of
blue and red stars give a sense of the spatial distribution gbung and old stars in the each
galaxy. Red stars are de ned as having a color (i.e., #Bssw -Meg1aw ) between 0.6 and 3.0
and a magnitude fainter than the TRGB, to exclude the young RidBs, but include RGB,
RC, and AGB stars. We de ned the blue stars to have a color legkan 0.6 and include MS
and BHeBs. We also exclude faint spurious detections by cahering stars that are only
brighter than the 60% F814W completeness limit as determideby the arti cial star tests.
To create the maps, we binned the stars and smoothed the resug distribution using a
Gaussian kernel such that the nal image resolution is 7%8

The CMDs of each ACS eld are shown as density contours to reafegreater detail in
otherwise crowded regions of the CMD (Figures 14 17). These CMDs were made using a
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nearest neighbor plotting algorithm such that regions witha stellar density 4 stars dmag?
(decimags, 0.1 magnitudes) are shown as contours with thentour levels spaced uniformly
by a factor of 2. Stars are plotted as individual points whenhe density< 4 stars dmag 2.

The lifetime (Figures 18 and 19) and recent (Figures 20 and RSFHs show the SFHs
of each galaxy for both the history of the universe and the mbsecent 1 Gyr with di erent
time resolutions. The typical time resolution for the lifetme SFHs is log(t) 0:3, while
the recent SFHs have a 10 Myr resolution in the most recent tienbin and a 250 Myr
resolution for the oldest time bin. We note that the recent SHs appear di erent from the
most recent 1 Gyr of the lifetime SFHs due to the choice of bimmg, although they are
equivalent SFHs. We chose a ner time resolution for the mostcent 1 Gyr because of
excellent leverage on the recent SF a orded by the BHeBs, alling us to study pattens of
recent SF in greater detail.

Similar to the di erent appearance of the lifetime and recenSFHSs, the value of the SFR
error bars also vary with time bin resolution. This e ect is nost evident in the oldest age
bin of the lifetime SFHs. Although the photometry only allovg us to place weak constraints
on the ancient SFHs, the error bar appears quite small. This ibecause we bin all SB
6 Gyr into a single coarse bin as opposed to multiple bins of ar time resolution. If we
had selected ner time resolution, we would have increasethé uncertainty in the SFR in
each time bin. Despite being able to quantify the ancient SFHve can only do so with very
low time resolution (6 14 Gyr), which equates to placing a loose constraint on SF ahis
epoch.

To quantitatively compare the SFHs, we employ the two paramers. The rst, f, is
the fraction of stars formed over a given time period. Spedaally, we computef,, fg, and
f 14, the fraction of stars formed from 0 1 Gyr,1 6 Gyr, and 6 14 Gyr (see Table 3).
By comparing the fraction of stars we can assess how activeetigalaxy has been at recent,
intermediate, and ancient times (e.g., for a constant SFR,; = 0.07, fg = 0.36, and f 14 =
0.57). The second set of parameters we compute are the "bigte' parameters, i.e., the
ratio of the current SFR to the lifetime averaged SFR (cf., Sdo 1986; Kennicutt 1998),
for recent time intervals of 100 Myr, 500 Myr and 1 Gyr. The bithrate parameter by
represents the SFH of a galaxy averaged over the past 100 Myormalized to the lifetime
average, and, similarly,l500 and by are the birthrate parameters for the past 500 Myr and
1 Gyr respectively (see Table 3). A galaxy that forms stars a constant rate would have a
birthrate parameter of unity. Birthrate parameters greate than unity show that the SFR is
a higher than average at that time.
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4.1. Galaxies withM g > 15

In this section we present the CMDs, spatial stellar distribtion, and SFHs for each of
the galaxies with Mg > 15 in increasing order of luminosity. We discuss and compaifee
formation and evolution of these galaxies ix6.

The Garland { As shown in Figure 5, the Garland is located in close proxinyitto the
southeast of NGC 3077. The Garland is very hard to discern iroth the DSS and color ACS
images, but is more prevalent in the density maps. There is aedse red star component
(panel (d)) in the ACS eld which decreases away from NGC 307mplying that these stars
are associated with the larger galaxy. In contrast, the blustellar density map (panel (c))
reveals several regions of concentrated blue stars in agnemt with Sakai & Madore (2001).
The region of highest blue star concentration overlaps witthe the outer red stars and it is
not possible from the ACS observations alone to determinettiese blue stars are a separate
system or merely young stars in the outer part of NGC 3077. Wdsa note that there does
not appear to be an overdensity of red stars associated withnya of the concentrations of
blue stars.

In Figure 14 we show the CMD of the entire ACS eld of the Garlad. The high stellar
density and breadth of the RGB are due to the red stars from theuter part of NGC 3077.
Young stars are present in the form of MS stars and a very sparslistribution of HeBs.

The lifetime and recent SFHs of the Garland are shown in Figas 18 and 20. To produce
a more accurate SFH, we isolated the Garland from NGC 3077 byldracting out the stars
that lie in the green through red contour shown in panel (d) oFigure 5.

The lifetime SFH shows an ancient SFR which exceeds the awgealifetime SFR (
0.006 M yr 1) and is presumably due to the inclusion of red stars from NGCO37; only 1%
of the stars in the ACS image have been formed within the morecent Gyr. The additional
red stars have the e ect of increasing the lifetime averageFR of the Garland. Over the
most recent 1 Gyr, we see that the SF remains roughly constaattii 300 Myr ago when
there was an increase in the SFR that continues to the presentWe quantify this increase
in SFR by computing % 2.5, done so to eliminate the dependence on the contaminated
lifetime average SFR (see Table 3). To further aid in measug the SFH, we did not require
the metallicity to monotonically increase with time. The Galand is best t with more metal
poor isochrones over the past 1 Gyr{f] = 1:0) and more metal rich ancient (}{] = 0:4)
and intermediate age (ﬂ] = 0:3) components. This metallicity distribution is consisteh
with the old and intermediate age stars coming from the more assive NGC 3077, while the
young stars in the Garland come from metal poor gas.

M81 Dwarf A { The ACS observation and stellar density maps of M81 Dwarf A
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are shown in Figure 6. We see from panel (d) in Figure 6 that theed stars are highly
concentrated in the center, with a slight elongation in the sutheast-northwest direction.
The highest blue star concentrations form a ring shape and eraligned with the densest
region of rest stars (panel (c)).

From the CMD of M81 Dwarf A (Figure 14) we see a prominent RGB ahvery few AGB
stars. The MS and BHeB sequences are distinct and both modgsly populated, although
their absence at brighter magnitudes suggests that there ligtle, if any, recent SF.

The lifetime and recent SFHs of M81 Dwarf A are shown in Figuseel8 and 20. The
lifetime SFH shows the oldest stars were formed at a rate highthan the lifetime average
(0.001 M yr 1), f1,=0.75, followed by intermediate age SF at a rate lower than #hlifetime
average (g = 0.19) until the last 2 Gyr. Within the last 1 Gyr the SFH is consistent
with the lifetime average,b,c = 0.92 and oo = 1.08, with a signi cant increase in the SFR
in the past 100 Myr (bygo = 1.84). In the most recent time bin, 0 10 Myr, the SFR
signi cantly drops o, which is conrmed by the absence of H emission, indicating M81
Dwarf A is not forming stars at the present (Lee 2006; Kennidtiet al. 2008).

DDO 53 { Figure 7 shows the ACS observations and stellar density maps§ DDO 53.
The red stellar density map, shown in panel (d), reveals analgated distribution of red
stars in the northeast-southwest direction that appears textend to the east beyond the
ACS eld of view. The highest concentration of blue stars (pael (c)) is coincident with the
highest concentration of red stars, and does not seem to su &#om truncation as the red
stars do. The asymmetric distribution of red stars could be uk to an interaction and is
discussed in greater detail irx6.

The CMD of DDO 53 (Figure 14) shows high density RC and RGB star with a smaller
population of AGB stars. There is a bright MS of moderate sté&r density and HeBs are
present but more so at fainter magnitudes, which are indicete of recent SF € 25 Mrs).

The lifetime and recent SFHs are shown in Figures 18 and 20. dlifetime SFH shows
ancient and intermediate SF consistent with the lifetime asrage of 0.005M yr ! (f1, =
0.64 andfg = 0.28). Over the most recent 1 Gyr DDO 53 has formed 8% of itsats and the
birthrate parameters are very near the lifetime average, egpt over the past 100 Myr bigo
= 1.24, see Table 3). The cause of this rise in birthrate is du® an elevated SFR within
the past 25 Myr, which is in excellent agreement with the presice of more young MS than
HeB stars, the latter of which do not appear before 25 Myr.

Holmberg IX { The blue and red stellar density maps reveal a wealth of infaration
about Ho IX (see Figure 8). The highest concentration of red stars (panéd)) is along
the western edge of the ACS eld and decreases in density assothe eld to the east. It
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is unclear whether the low level of red stars (purple contosrin panel (d)) that occupy the
majority of the eld are due to background or the very outer raches of M81. The blue
stars (panel (c)) are very prominent in the blue stellar denty map as they show a very high
density concentration of stars in the center of the ACS eld.Similar to the Garland, we do
not nd a concentration of red stars associated with the bluetars of HolX .

In Figure 14 we show the CMD of the entire ACS eld for HdX . Much like the Garland,
Ho IX has a relatively broad RGB, which is due to contamination frm red stars associated
with M81. What makes the CMD of Ho IX especially interesting is the clustered dense
nature of the HeBs, which is the signature of a recent burst &F activity. The lack of
bright MS stars tells us that Ho IX very recently stopped forming stars.

The lifetime and recent SFHs of HAX are shown in Figures 18 and 20. In a similar
manner as for the Garland, we excluded the stars associatedhwM81 (roughly, we removed
most of the blue and cyan contoured stars in panel (d) of Figar8) and measured the SFH
of Ho IX based on the remaining stars. We also did not require a monaioally increasing
metallicity in the CMD tting routine. Like the Garland, Ho [X is best t with a more
metal rich old component and a more metal poor young comportefsee Table 3).

The lifetime SFH shows that HolX has ancient and intermediate age SFRs consistent
with the lifetime average SFR ( 0.002 M yr 1). We nd that Ho IX formed a signi cant
fraction of its stars within the past 1 Gyr (f; = 0.30) with SFRs up to the most recent
250 Myr consistent with the lifetime average SFR. Even morescently, we see thatb
20, which implies a large fraction of stellar mass in HBXX was formed within the past 100
Myr. The most recent time bin, 0 10 Myr, shows a signi cant decline in the SFR, and H
observations show an anomalously low HEW of 9A, which is the signature of a post-burst
galaxy (Lee 2006; Kennicutt et al. 2008). The combined SFH drH , which is sensitive
to 0 6 Myr SF, are evidence that HAX is in a post-burst state and has just stopped
forming stars within the last 10 Myr. We discuss the formation and evolution of HdX
in more detail in x6.

Ho | { Figure 9 shows the ACS observation and stellar density maps$ido |. The ACS
eld has captured most of the galaxy, although the red stelladistribution appears to be
truncated to the south and west (panel (d)). There is a high dsity concentration of red
stars in the center of the eld, with a more moderate density @amponent occupying the rest
of the eld. The blue stars are centrally located in the eld,with several areas of very high
density (panel (c)).

The CMD of Ho | is shown in Figure 16. The RGB and RC are densely populated due
to ancient SF and the presence of a more sparsely populated BGequence implies lower
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levels of intermediate age SF. The HeB and MS tracks share gily the same densities and
together tell us the Hol has recently been forming stars.

The lifetime and recent SFHs of Hd are shown in Figures 19 and 21. The ancient SFR
is slightly greater than the lifetime average SFR ( 0.01 M yr 1), while the intermediate
age SFRs are lower than the lifetime average SFR.4 = 0.76, fs = 0.15). Within the past
1 Gyr, we nd the SFRs are slightly greater b, = 1.26) than the lifetime average and that
the most signi cant deviation from the lifetime average SFRoccurs within the past 100 Myr,
boo = 1.88. H observations con rm that Ho | is presently forming stars (Ott et al. 2001,
Lee 2006; Kennicutt et al. 2008).

4.2. Galaxies with M g 15

In this section we present the CMDs, spatial stellar distribtion, and SFHs for each of
the galaxies with Mg 15in order of increasing luminosity. We do not provide extesive
comments and comparison with other wavelengths on individli features in the larger galax-
ies. In future work, we will conduct more detailed analysiseof the spatial resolved recent
SFHSs of these galaxies.

DDO 165 { Figure 10 shows the ACS observation and stellar density majé DDO
165. The red stellar density map (panel (d)) shows a distriliion of red stars elongated
in the east-west direction, with the highest density centrily located. The red stars appear
to extend beyond the ACS eld of view on the west side. There ia high density central
concentration of blue stars (panel (c)) that cover a largerraa than the central concentration
of red stars. The blue stars are also elongated along the eastst axis.

The CMD of DDO 165 is shown in Figure 15. We see fairly well pofated RGB
and AGB tracks, indicators of old and intermediate SF. The yong stars in this galaxy are
particularly interesting and unusual. On the blue side, we @not see separate MS and BHeB
tracks, rather, there is just one fairly dense blue star feate. We are able to conclude that
this feature is indeed composed of BHeBs based on the emgitieork of Dohm-Palmer &
Skillman (2002), which show that in Local Group dI Sextants Athat the ratio of BHeBs to
RHeBs is greater than unity on average. The fact that the HeBare so dominant over the
MS is evidence that DDO 165 must have had recent SF activity,up is no longer forming
stars.

The lifetime and recent SFHs of DDO 165 are shown in Figures d48d 21. The ancient
and intermediate age SFRs are mostly consistent with the éfime average SFR ( 0.013
M yr 1) with f4, = 0.55 and fg = 0.28. Over the past 1 Gyr, DDO 165 has formed 17%
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of its stars, the highest fraction in our sample outside of HBX (Table 3). We see that the
birthrate parameters are consistently higher the unity g = 2.43, bsgg = 2.74, and bygo =
3.95), with a signi cant increase over the past 100 Myr. Thex is little H emission in DDO
165, indicating very little, if any current SF. Further, the low H equivalent width (EW)
classi es DDO 165 as post-burst, in excellent agreement \Wwibur SFH (Lee 2006; Kennicutt
et al. 2008).

NGC 2366 { Two ACS elds were required to cover most of NGC 2366 (Figurel).
We created a mosaic of the entire galaxy from the ACS obserias (panel (b)) using
Multidrizzle (Koekemoer et al. 2002) . The red stellar dentyi map (panel (d)) reveals an
elliptical distribution of red stars with the major axis in the northeast-southwest direction
with a central high density concentration. The blue stars (pnel (c)) are scattered through
the main body, with a few highly concentrated regions. Field (southern eld) contains the
powerful star forming HI region, NGC 2363 (Kennicutt et al. 1980), seen as the largeukel
central region in panel (b). Coincident with this region is alense concentration of blue stars
(panel (c)) and a de ciency of red stars (panel (d)). This mayeither be a true lack of red
stars or, more likely, a photometric e ect, due to the high stllar density and extended H
emission in the F555W lter. To the west of NGC 2366, we nd anther concentration of
blue stars, with no associated clustering of red stars, wihids unlikely due to a photometric
e ect, because the region of extended IH emission is not very large.

We show the CMDs of Fields 1 and 2 in Figure 16. The similarityfdhe RGB, RC, and
AGB components of the two elds re ect the symmetry of the sp#al red star distribution
in the galaxy. Field 1, which contains NGC 2363, contains MSnd HeB tracks that are
more densely populated at brighter magnitudes, indicatinghe southern half of the galaxy
has stronger recent SF.

The lifetime and recent SFHs of NGC 2366 are shown in Figure8 and 21 for Fields 1
and 2 combined. The ancient and intermediate SFRs are mosttpnsistent with the lifetime
average SFR ( 0.03 M yr 1) with f1, = 0.59 and fg = 0.29. Over the past 1 Gyr, the
birthrate parameters range from 1.5 2 andf; = 0.12, indicating NGC 2366 has been
very actively forming stars.

Ho Il { Ho Il required two ACS elds to cover a signi cant fraction of the glaxy
(Figure 12). The color ACS gure (panel (b)) was created usig Multidrizzle. Even with the
two elds, there is still some truncation of both blue (panel(c)) and red (panel (d)) stars
in the northwest direction, due to the galaxy extending beyad the ACS elds. Neither the
red nor blue stars show preferential elongation along any iax The red stars are centrally
concentrated and coincident with the highest concentratio of blue stars. In the color ACS
image (panel (b)), we see several prominent blue regions off Hemission on the eastern side
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of the galaxy. Each of these blue regions has an associatedrdensity of blue and red stars,
suggesting these regions have been forming stars more thastjat recent times.

The CMDs of Field 1 (south) and 2 (north) of Holl are shown in Figure 16. The RC,
RGB, and AGB sequences are similarly populated, which is ifne with the symmetry of
the galaxy's red stellar spatial distribution (panel (d)). The MS and HeBs are also virtually
identical on the CMD, although Field 2 contains a more densglpopulated bright MS,
indicative of stronger recent SF in Field 2.

The lifetime and recent SFHs of the combined elds of Hdl are shown in Figures 19
and 21. The ancient and intermediate SFRs of Hb are consistent with or below the lifetime
average ( 0.04 M yr 1) with f14,=0.67 andfg = 0.21. The birthrate parameters of Holl
range from 1.6 2.7 andf; = 0.12 (see Table 3). We see a dramatic rise in the SFR over
the past 50 Myr.

IC 2574 { IC 2574 is the largest and most metal rich of the dlIs in the sang We used
two ACS elds to cover the southern and central regions and altd a previous observation
from the HST archive to the north to give us close to full coverge (Figure 13). We combined
the three elds using Multidrizzle to create the color ACS meaic image in panel (b). Panel
(d) shows that the red stars are elliptically distributed wth a major axis in the northeast-
southwest direction. The highest concentration of red starare located in the northern part
of eld 2 (center eld) and southern part of eld 3 (upper eld). The blue stars (panel (c))
are scattered throughout the main body of the galaxy, rangmfrom low density in the Field
3 (lower eld) to extremely prominent in the eld 1. The high density concentration of blue
stars in the northern eld are associated with an H supergiant shell (SGS; Walter & Brinks
1999).

The CMDs of each of the three elds are shown in Figure 17. The® RGB, and
AGB sequences of Fields 2 and 3 are virtually identical, a sigof the symmetric spatial
distribution of red stars in these elds. Field 1 contains Iss stars in these same regions,
primarily because this eld does not contain as large a seoti of the optical galaxy as the
other two elds. The MS and HeBs are most prominent in Field 3which is expected due
to the young stellar association near the SGS. Fields 1 and Beamostly occupied by a low
density of blue stars, with a few concentrated regions, wihds re ected in the CMDs and
blue density map.

The lifetime and recent SFHs of the three combined elds of I@574 are shown in
Figures 19 and 21. The oldest SFR is slightly higher than thefétime average ( 0.09 M
yr 1), while the intermediate age SFR is lower than the lifetime&rage €14 = 0.65 andfg
= 0.20). We see from both the lifetime and recent SFH plots thaa large SF event occurred
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at 1 Gyr and continued to form stars at a rate above the lifetime BR for 500 Myr
(g 2 andf; = 0.15). Over the most recent 500 Myr, the SFR is still above té lifetime
average B0 bioo  1.4), but recently, IC 2574 is not forming stars as stronglysaover the
500 Myr 1 Gyr period.

5. Comparison of SFHs and SF Parameters

In this section we examine the fraction of stars formed and thrate parameters as both
a function of luminosity and in comparison to the Local Group We divide the sample of
galaxies based on their absolute blue magnitude with the dding line at Mg = 15.0, an
empirical separation used by Lee et al. (2007) based on HEW measurements. Additionally,
we exclude both the Garland and HdX from this analysis because they are likely to be
stellar systems forming from tidal debris and not indepena galaxies. This leaves us with
seven galaxies from the M81 sample for analysis. While thigraple is in the regime of small
number statistics, we are able to compensate by probing SF atvariety of ages, something
H , UV, and IR ux surveys are unable to do. Additionally, we aredeveloping this analysis
in anticipation of a larger number of galaxies with similar dta quality (e.g., ANGST), where
the number of galaxies will be a factor of ten larger.

Similar to Lee et al. (2007) and Kennicutt et al. (2008) we prent the mean and dis-
persion of the birthrate parameters as well as the fractionfstars formed in two magnitude
regimes, My > 15 and Mg 15 (see Table 4). Comparing the M81 Group galaxies in the
two magnitudes regimes, we nd that both types of galaxies fmed comparable fractions
of stars at ancient and intermediate times (see Table 4). Th#&action of stars formed in
the most recent Gyr is slightly higher in the more luminous daxies (f (Mg 15) =
0.14 andhf (Mg > 15)i = 0.08). This di erence may re ect that the SFH correlates wih
mass, or that a higher fraction of recent SF boosts the lumisdy of a galaxy increasing the
probability that it will have M g <  15.

Within the past Gyr, we can use the birthrate parameters to caracterize the patterns
of recent SF. For the fainter dis we ndHgi and hbgi 1, consistent with the lifetime
average SFR. At more recent times, the SFR is elevated withgy 1.6. Looking at the
larger dis, we nd a similar increase otygg with hogi and hosgol 1.9 and hoyol 2.3.
Despite the di erences in the mean values of the birthrate pameters of the two classes of
galaxies, the fractional increase in the birthrate paramer in the past 100 Myr is 1.5 for
both types of galaxies. Overall, the fraction of stars fornteand birthrate parameters are
consistent with one another in the two luminosity regimes.
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Examining the dispersions in the birthrate parameters, we nd that the values for
(log(bspo)) and  (log(byg)) are roughly equal for both types of galaxies, but over the gst
100 Myr the dispersion in the birthrate parameters is 1.5 times greater for the brighter
galaxies. The increase in both dispersion and mean birtheatparameters in the past 100
Myr is not too surprising because the sample of dis was seledtto span a wide range of
current SFRs as measured by Hemission (Figure 1 Lee et al. 2007; Kennicutt et al. 2008).
However, the resultant dispersions are subject to our sangpselection bias, and will be more

meaningful with an expanded sample.

5.1. Comparison with the Local Group

An interesting application of measured SFHs is to compare ¢hproperties of galaxies
in di erent groups. The M81 Group is a more massive analog tohe Local Group (LG)
and experienced a major interaction within the last 300 Myr. In the previous section,
we explored the properties of the SFHs of the M81 Group dIs arfdund minor di erences
in the two luminosity regimes in both the fraction of star fomed and birthrate parameters.
We apply the same statistics to select LG dls with similar quay photometry and compare
the results to those of the M81 Group dls.

To assemble a sample of LG galaxies, we selected those galxn the Local Group
Photometry Archive (Holtzman et al. 2006) whose WFPC2 photmetry is of comparable
quality to our M81 Group dwarf observations. The sample corss of Leo A, WLM, Sex
A, IC 1613, NGC 6822, NGC 3109, and IC 10. The SFHs of both setf galaxies were
computed using the same method to allow for uniform compads (Dolphin et al. 2005). As
we can see, the mean lifetime averaged SFR of the LG sample0.001M yr 1, is lower
than that of the M81 Group sample, 0.02M yr 1. Of course our selection of galaxies for
comparison is based on photometric quality and not on physit characteristics and thus is
subject to a selection bias. For example, the samples are ragmprable in their luminosity
distributions.

Comparing the fraction of stars formed in M81 Group dis and L@Glls, we nd very little
di erence between the two groups (Figure 22 and Table 4). WH individual galaxies do not
share the samd values, the averages in the two luminosity regimes are veryrslar. We
extend this comparison by examining the average values ofeltomposite sample with the
expected values for a constant SFH (i.ef, = 0.07, f¢ = 0.36, and f 14 = 0.57). While very
few of the individual galaxies (Table 3) are consistent withthe constant SFRf values, the
average of the composite sample, in both luminosity regimds in excellent agreement with
a constant SFH. It is important to note that this result does rot imply that a constant SFH
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is a good model for any given dl. Rather, this result emphasig that dis have SFHs that

deviate randomly from a constant SFH model. Additionally, v searched for a correlation
between ourf parameters and , the tidal index (seex6 and Karachentsev et al. 2004), as
well as ourf parameters and the center of mass of the respective groupaddound none.

Similarly, we compare the birthrate values for the M81 dis ah LG dls, nding little
di erence between the composite values in the two luminogsitregimes (Figure 23 and Table
4). On average the the faint LG galaxies have higher mean bimate parameters than
their M81 counterparts. Conversely, the bright M81 Group 8 have higher mean birthrate
parameters than the bright LG dIs. Examining the composite alues, we nd that they are
consistent with one another and are well above what we woulxkmect for a constant SFH
(i.e., b=1). This conclusion suggests that the birthrate parametes for dis are not correlated
with luminosity and are randomly distributed. However, we eed to examine a larger sample
to support this conclusion. We also examined trends betweemr b parameters and and
between ourb parameters and the center of mass of the respective groupst bound no clear
correlation.

6. Formation and Evolution of Small and Potential Tidal Dwar fs

Of the 4 faintest galaxies, there is evidence that the Garlahand HoIX are tidal dwarfs
(Yun 1999; Makarova et al. 2002). There have also been suggess that DDO 53 is the
result of a merger (Begum et al. 2006), and that M81 Dwarf A malge of tidal origin (Bureau
et al. 2004). All of these galaxies share a common feature anmcreased SFR over the past
100 Myr, which may be due to induced SF as a result recent insgtions. We now assess
the evidence to determine which of these galaxies may be netty formed tidal dwarfs and
which may be genuinely old, but with recent SFR enhancements

Close interactions between galaxies are capable of leaviidal debris that may be
the raw material for the formation of new stellar systems, phaps even new independent
galaxies (e.g., Zwicky 1956; Toomre & Toomre 1972; Duc et d1997). In the M81 Group,
HI observations (Yun et al. 1994) reveal evidence of tidal saes and debris indicative
of a recent interaction of larger galaxies within the group.Subsequent modeling of the
group dynamics (Yun 1999) nd the three large galaxies (M81M82, and NGC 3077) had
an interaction 250 Myr for M81 and NGC 3077 and 220 Myr ago for M81 and M82.
Within this tidal debris around NGC 3077, we nd the Garland, an overdensity of young
stars (see Figure 2), also coincident with peaks inlHand CO (van der Hulst 1979; Walter
& Heithausen 1999; Yun et al. 1994). Based on our SFH, we nd #se in the SFR at 250
Myr, slightly more recently than the proposed interaction imescale. Similar to the Garland,
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Ho IX is located in the inner tidal arm of M81 (see Figure 2), and adsexperienced a rise in
SFR, bigo 20, slightly more recently than the interaction time of 220 Mr. Further, these
two systems have large tidal indices, garand = 4.0 and o 1x = 3.3, which indicate the
relative amount of gravitational disturbance from a neighbring galaxy (see Equation 8 in
Karachentsev et al. 2004). Large positive values indicatetagh degree of disturbance and
more negative numbers imply a larger degree of isolation.

While it is di cult to determine if the Garland and Ho IX are tidal dwarfs, it is rea-
sonably straightforward to see that the Garland and HdX are not dls. Comparing red
star distributions with the two faint dis in the sample, we se that both DDO 53 and M81
Dwarf A have prominent red star components that are distinctfrom the background and
coincident with the high density of blue stars. However, th&arland and HoIX (Sabbi et
al. 2008) do not show any evidence of a red star overdensityimadent with the blue stars.
From this we can conclude that the Garland and HdX are not dIs.

Beyond comparing the Garland and HdX to dls, we cannot distinguish if the Garland
and Ho IX are true tidal dwarfs or alternatively stellar systems fornmg in their larger
companion. A primary criteria for determination of a tidal dwarf is a low mass-to-light
ratio, due to the absence of dark matter (e.g., Barnes & Hernoést 1992; Duc et al. 2000),
which we cannot measure from the resolved stellar componem/ithout this measurement,
we can only conclude that these are possible tidal dwarf galas.

HI observations and analysis by Bureau et al. (2004) sugges@athM81 Dwarf A may
also be of tidal origin formed from tidal debris originally elonging to Holl . However, M81
Dwarf A shows no dramatic increase in the recent SFH and thedar stellar population is
centrally concentrated, both unlike the candidate tidal dwarfs in our sample. Examining the
SFH, neither the ancient nor recent SFHs show evidence of gildformation. M81 Dwarf A
formed 75% of its stars 6 14 Gyr ago, which is unlike HoX . The Garland does show a
higher fraction of stars formed in the same bin, but this iskely due to red star contamination
from NGC 3077. At recent times, M81 Dwarf A does show an increiag trend in birthrate
parameters toward the present, but there is not a sudden inease in the SFR as is the
case with the other candidate tidal dwarf galaxies in the M8Group sample. Spatially, the
red star distribution is fairly symmetric, which is not like that of the other tidal dwarfs.
Similarly, the HI component of M81 Dwarf A does not show an asymmetry toward omng
connection to a nearby companion (Begum et al. 2006; Waltet al 2008). In agreement
with these observations, M81 Dwarf A has a tidal index of 0.7Té@ble 3), which indicates
it is fairly isolated. Thus, M81 Dwarf A is not a tidal dwarf candidate like the Garland or
Ho IX .

The unusual kinematics of the H in DDO 53 led Begum et al. (2006) to speculate
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that DDO 53 may be a product of a recent merger between two fdaer dwarfs. The H
kinematics are comparable to other galaxies thought to be texstage mergers (Hunter &
Wilcots 2002; Koribalski et al. 2003). From our spatial angkis (Figure 7), we do nd that
the red stars are not symmetric, which could be due to a merger at least gravitational
in uence of another galaxy. The blue stars are centrally carentrated and align well with
peaks in both H and HI observations (Walter et al 2008; Begum et al. 2006), but they
do not follow the distribution of red stars, which we might epect if there was a recent
gravitational disturbance. The recent SFH of DDO 53 revealthat it is forming stars at a
higher rate at the present than any other time within the morerecent 1 Gyr. Outside of
this dramatic increase, DDO 53 has been forming stars at or o the lifetime average over
the past 1 Gyr, which would not be consistent with a merger inhis timeframe. Similarly,
with a tidal index of 0.7, DDO 53 is a relatively isolated galgy and does not appear to have
been gravitationally disturbed recently. It is possible tiat DDO 53 is the result of a merger,
but such an interaction would have had to take place more thah Gyr ago according to our
observations and analysis.

We can also compare the the chemical evolution measured froine SFH tting method
to search for di erences between the small and candidate atl dwarfs. M81 Dwarf A and
DDO 53 show very little evolution in their chemical abundanes over their lifetimes (see
Table 3) and DDO 53 has a 1 Gyr value close to the observed abamte (Tables 1 and
3). The galaxies underwent very little in the way of chemicagvolution over their lifetimes,
which would be consistent with isolated, i.e., non-interdmg galaxies. In contrast, the
candidate tidal dwarfs have signi cant chemical evolutione.g., Barnes & Hernquist 1992).
As previously mentioned, for the candidate tidal dwarfs we id not require the chemical
evolution to monotonically increase. The motivation for tiis was to help nd evidence if
there truly were two populations of stars in these elds. Theli erence in the ancient and
recent metallicity values (0.6 dex for the Garland and 0.3 defor Ho IX) and the fact that
the younger components are relatively metal poor are bothgsis, albeit indirect, that there
are mixed populations in those elds; the more metal rich sta from the large companion
and the more metal poor stars formed from tidal debris.

7. Conclusions

From HST/ACS imaging we use resolved stellar populations tstudy the temporal and
spatial properties of nine diverse dIs in the M81 Group. Photmetry from the HST/ACS
images was used to create CMDs and trace the temporal evotuti of each galaxy via mea-
sured SFHs. From the CMD, we isolated red (old) and blue (yow) stars and created stellar
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density maps to better understand the stellar spatial compwents. Notably, we analyze two
candidate tidal dwarf galaxies, the Garland and HdX , and nd that they are clearly dif-
ferent from any of the other galaxies in the sample, both in #ir SFHs and spatial stellar
distributions, despite having similar luminosities. Theyare particularly interesting because
they are two of the nearest candidate tidal dwarf galaxies ithe universe, as we do not have
similar galaxies in the Local Group.

In addition to analyzing the galaxies on an individual basiswe divided the sample into
two groups, based on an empirical separation in luminosityf star forming galaxies in the
Local Volume (Lee et al. 2007; Kennicutt et al. 2008). Basecdhahis division, we compute
the fraction of stars formed and birthrate parameters, and ampare these values between
the two regimes, nding very little di erence. We extend ourcomparison of dis to the LG,
selecting LG galaxies with similar quality photometry for omparison. Again, comparing
the M81 Group diIs and LG dlIs, we nd very little di erence in their SF characteristics (i.e.,
fraction of stars formed and birthrate parameters). Analying the composite population of
the M81 and LG dls, we nd that the average values of the fractin of stars formed in both
luminosity regimes are consistent with that of a constant SH. Importantly, we note that
individual galaxies are not well modeled by a constant SFH. ®\interpret this result to mean
that the fraction of stars formed in each galaxy is essentlgl random (or stochastic), but
that with a larger sample, the mean values converge on thosensistent with a constant
SFH. We searched for trends in the birthrate parameters as arfction of luminosity, but
found none, supporting the idea that stochastic SF is impaant in dis. With our future
work, we will explore the same type of analysis with a largeample, as well as comparing
spatially resolved SFHs to multi wavelength observationsotgive us further insight into the
impact of SF on the evolution of low mass galaxies.
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Table 1. Basic Properties of M81 Group Dwarf Galaxies
Galaxy Alternate Mg Log(Mp )t (m M)y Ay®  Z Field RA Dec
Garland 11.40 7.54 27.75 0.22 10:03:51.70 +68:41:25
Dwarf A K52 11.49 7.12 27.75 0.07 08:23:56.00 +71:01:45
DDO 53 UGC 4459, VIl Zw 238 13.37 7.61 27.76 0.12 1.08 08:34:07.20 +66:10:54
Ho IX UGC 5336, DDO66, K62 13.68 8.50 27.84 0.26 0.4210:11 09:57:32.00 +69:02:45
Ho | UGC 5139, DDO63 14.49 8.12 27.92 0.16 0.9¢6° 09:40:32.10 +71:11:12
DDO165 UGC 8201 15.09 8.14 28.39 0.08 13:06:26.40 +67:42:24
NGC 2366 DDO42 16.02 8.85 27.52 0.12 0.75
1 07:28:43.96 +70:42:04
2 07:28:59.60 +69:14:15
Ho Il UGC 4305, DDO50 16.72 8.99 27.65 0.11 0.74":8
1 08:18:58.96 +70:42:04
2 08:19:20.50 +70:43:40
IC 2574 DDO81, UGC 5556 17.46 9.23 28.02 0.12 0.57%7
1 10:28:43.14 +68:27:04
2 10:28:23.07 +68:24:36
3 10:27:50.00 +68:22:55

Note. | (1) Karachentsev & Kaisin (2007) (2)Karachentsev et al. (2002) (3) Karachentsev et al. (2006) (4) CMD tting

program (Dolphin 2002) (5) Schlegel et al. (1998) (6) Miller & Hodge (1996) (7) Masegosa et al. (1991) (8) Lee et al. (2003)

(9) Skillman et al. (1989) (10) van Zee et al. (1998) (11) Deniob et al. (2002)

} 8z}
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Table 2. Observations and Completeness

Galaxy Field Int. time Int. time No. of Stars 50% completeness 50% completeness

F555W (secs) F814W (secs) in CMD F555W F814W

Garland?! 9600 19200 127,778 28.6 28.1
Dwarf A 5914 5936 17,450 28.4 27.8
DDO 53 4768 4768 67,903 28.1 27.8
Ho IX 4768 4768 68,373 28.3 27.7
Ho | 4446 5936 121,198 28.0 27.8
DDO 165 4768 4768 120,281 28.0 27.2

NGC 2366 1 4780 4780 246,750 27.8 27.4
2 4780 4780 232,569 27.9 27.4

Ho Il 1 4660 4660 239,742 27.8 27.3
2 4660 4660 226,602 27.9 27.5

IC 2574 1 6400 6400 253,736 28.2 27.7
2 4784 4784 234,369 27.7 27.0

3 4784 4784 159,169 28.1 27.6

Note. | All data observed under HST Program GO-10605 (PI Skil Iman), except (1) GO-9381 (Pl Walter)
and (2) GO-9755 (PI Walter).



Table 3. SF Properties of M81 Group and Local Group Dwarf Gades

Galaxy  Global Average SFR by b0 bic fic fec fue [ffhe [Hlee [Hluac

102 (M yr b
Garland 0.61 037 0.25 0.15 0.01 0.09 091 1.0 0.3 04 4.0
Dwarf A 0.10 184 108 092 0.06 0.19 0.75 1.3 1.3 1.6 0.7
DDO 53 0.52 124 0.76 1.08 0.08 0.28 0.64 1.2 1.2 1.2 0.7
Ho IX 0.19 1983 546 421 030 046 0.24 1.4 0.8 11 3.3
Ho | 1.03 188 1.27 1.26 0.09 0.15 0.76 1.2 1.3 1.4 15
DDO 165 1.27 395 274 243 0.17 0.28 0.551.3 1.4 1.7 0.0
NGC 2366 3.37 214 199 161 0.12 0.29 0.591.2 1.3 1.4 1.0
Ho Il 3.64 270 200 163 0.12 0.21 0.67 1.3 1.3 14 0.6
IC 2574 8.63 138 1.38 1.9/ 0.15 0.20 0.651.0 11 1.2 0.9
Leo A 0.02 339 237 205 011 059 0.30 1.3 1.4 1.4 0.2
WLM 0.08 1.73 208 224 0.10 0.44 0.46 1.0 1.0 1.3 0.3
Sex A 0.18 506 228 170 0.15 028 05714 14 16 06
IC 1613 0.10 1.61 095 083 0.06 041 05307 10 17 09
NGC 6822 0.17 259 1.12 1.12 0.07 0.56 0.370.5 0.8 1.9 0.6
NGC 3109 0.56 136 1.05 0.75 0.05 0.03 0.920.8 0.9 1.2 0.1
IC 10 0.87 034 105 0.81 0.04 048 0.48 0.4 0.5 0.8 1.8
Note. | bioo: SFR over the last 100 Myr normalized to the lifetime average  SFR, bsgo: SFR over the last 500 Myr normalized to the lifetime
average SFR, bjg: SFR over the last 1 Gyr normalized to the lifetime average SF R. f1 is the fraction of stars formed from 0 1 Gyrs, fg from 0

6 Gyr, and f14 from 6 14 Gyr. [M—]le is the mean metallicity from O 1 Gyr, [ﬂ—]ee from1l 6 Gyr, and [%]14‘3 is from 6 14 Gyr. Note
that for a constant SFR, fi1 =0.07, fg =0.36, and f14 = 0.57. All metallicity values are from our CMD tting progra m. is the tidal index of the
galaxy as calculated by Karachentsev et al. (2004); Karache ntsev & Kaisin (2007), with higher values indicating a highe r likelihood of gravitationally
induced tidal interactions. Errors on the f and b values are dominated by systematic errors, which are very sm all, and do not noticeably a ect the
values in the table, and are not listed.

}og}
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Table 4. Star Formation Statistics

M81 Group Local Group M81 + LG

Mg > 15 15 > 15 15 > 15 15
H i 0.08 0.14 0.11 0.05 0.09 0.10
Hf i 0.21 0.25 0.43 0.36 0.34 0.29
HF 141 0.71 0.61 0.46 0.59 0.57 0.61
(f1) 0.02 0.02 0.04 0.02 0.03 0.05
(fe) 0.07 0.05 0.12 0.29 0.15 0.18
(f 14) 0.07 0.06 0.12 0.29 0.16 0.17
Hog(byoo)i 0.21 0.37 0.42 0.03 0.33 0.23
Hog(bsoo)i 0.01 0.29 0.26 0.03 0.15 0.18

Hog ()i 0.03 0.27 0.20 0.06 0.13 0.13
(log(b1oo)) 0.10 0.19 0.24 0.45 0.21 0.35
(log(bso)) 0.11 0.12 0.19 0.02 0.20 0.17
(log(by)) 0.07 0.08 0.20 0.09 0.17 0.19

Note. | The mean and dispersion of the fraction of stars formel and the loga-
rithm of the birthrate parameters for the M81 Group, Local Goup, and combined
set of galaxies. We have divided the sample atdy= 15 based on a similar division
by Lee et al. (2007). Dispersions indicated the range sparthby the sample, but do
not represent a true dispersion intrinsic to the populationdue to sample selection
biases. Note that for a constant SFR f; = 0.07, fg = 0.36, andf 4, = 0.57. Errors
on thef and bvalues are dominated by systematic errors, which are very aih) and
do not noticeably a ect the values in the table, and are not bted.
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Fig. 1.| The Local Volume star-forming galaxy sequence ploted as as H EW vs. Mg (Lee
et al. 2007; Kennicutt et al. 2008). The M81 Group dls in this gper are shown in blue, and
the Local Group dlIs in this paper are shown in black. Note the e range of luminosities
and current SFRs (H EW) that the dlIs in our sample span.
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Fig. 2.| A high resolution H | image of the M81 Group (Yun et al. 1994) with the locations

of the three larger galaxies (M81, M82, and NGC 3077) and twawdidate tidal dwarfs (the
Garland and HolX) indicated.
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Fig. 3.] A simulated CMD of increasing SF over the past 5 Gyr. Importart features on the CMD are
highlighted: Main Sequence (MS, green), Blue Helium Burnes (BHeBs, blue), Red Helium Burners (BHeBs,
red), Asymptotic Giant Branch (AGB, orange), Red Giant Bran ch (RGB, magenta), and Red Clump (RC,
cyan). For the MS, BHeBs, and RHeBs we overlay the logarithm¢ ages of stars at a given magnitude (Marigo

& Girardi 2007).
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Fig. 4.| Simulated CMDs using models of Marigo & Girardi (2007) that d  emonstrate the power of HeBs as chronometers
of SF within the last 1 Gyr. Panels on the left were constructed using a constant SF R (0.005 M yr 1), while panels on the
right represent a ramped up SFR (0.005 0.1 M yr 1). The stars are color coded by age and middle and bottom panel s are
plotted in opposite order. The points are plotted in reverse  order to demonstrate the physical reality that HeBs, partic  ularly
BHeBs, of di erent ages do not have overlapping magnitudes a nd colors, making them very accurate chronometers for recen t
(< 1 Gyr) SF. In contrast, MS stars of di erent ages can overlap i n magnitude and color, which provide limited leverage on SF

over the past 1 Gyr.
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Fig. 5.| A four panel gure of the Garland showing the ACS foot print in blue with the chip
gap direction in red over the R-Band DSS image (a), the color@S image (b), and stellar
density maps of blue (c) and red stars (d) as determined by threpositions on the CMD.
The blue stars have a colok 0.6 and magnitude> 60% completeness in F814W. The red
stars are de ned as 0.6 color 3.0 and a magnitude range between the TRGB and 60%
completeness in F814W. The highest density regions are thedrcontours and the lowest are
in purple. Note our ACS observation of the Garland contains aigni cant number of red
stars from NGC 3077 (see4.1 for further discussion).
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Fig. 6.| A four panel gure of the M81 Dwarf A showing the ACS fo otprint in blue with
the chip gap direction in red over the R-Band DSS image (a), thcolor ACS image (b), and
stellar density maps of blue (c) and red stars (d) as determ@a by their positions on the
CMD. The blue stars have a colox 0.6 and magnitude> 60% completeness in F814W.
The red stars are de ned as 0.6 color 3.0 and a magnitude range between the TRGB
and 60% completeness in F814W. The highest density regione @he red contours and the
lowest are in purple.
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Fig. 7.| A four panel gure of the DDO 53 showing the ACS footpr int in blue with the chip
gap direction in red over the R-Band DSS image (a), the color@S image (b), and stellar
density maps of blue (c) and red stars (d) as determined by threpositions on the CMD.
The blue stars have a colok 0.6 and magnitude> 60% completeness in F814W. The red
stars are de ned as 0.6 color 3.0 and a magnitude range between the TRGB and 60%
completeness in F814W. The highest density regions are thedrcontours and the lowest are
in purple.
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Fig. 8.| A four panel gure of the Ho IX showing the ACS footprint in blue with the chip
gap direction in red over the R-Band DSS image (a), the color@S image (b), and stellar
density maps of blue (c) and red stars (d) as determined by threpositions on the CMD.
The blue stars have a colok 0.6 and magnitude> 60% completeness in F814W. The red
stars are de ned as 0.6 color 3.0 and a magnitude range between the TRGB and 60%
completeness in F814W. The highest density regions are thedr contours and the lowest
are in purple. Note that our ACS eld of Ho IX contains red stars from M81 (sea4.1 for
further discussion).
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Fig. 9.| A four panel gure of the Ho | showing the ACS footprint in blue with the chip
gap direction in red over the R-Band DSS image (a), the color@S image (b), and stellar
density maps of blue (c) and red stars (d) as determined by threpositions on the CMD.
The blue stars have a colok 0.6 and magnitude> 60% completeness in F814W. The red
stars are de ned as 0.6 color 3.0 and a magnitude range between the TRGB and 60%
completeness in F814W. The highest density regions are thedrcontours and the lowest are
in purple.
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Fig. 10.| A four panel gure of the DDO 165 showing the ACS footprint in blue with the
chip gap direction in red over the R-Band DSS image (a), the wr ACS image (b), and
stellar density maps of blue (c) and red stars (d) as determ@a by their positions on the
CMD. The blue stars have a colox 0.6 and magnitude> 60% completeness in F814W.
The red stars are de ned as 0.6 color 3.0 and a magnitude range between the TRGB
and 60% completeness in F814W. The highest density regione @he red contours and the
lowest are in purple.
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Fig. 11.| A four panel gure of the NGC 2366 showing the ACS fodprints in blue with
the chip gap directions in red over the R-Band DSS image (a)hé color ACS image (b),
and stellar density maps of blue (c) and red stars (d) as detmined by their positions on
the CMD. The blue stars have a colok 0.6 and magnitude> 60% completeness in F814W.
The red stars are de ned as 0.6 color 3.0 and a magnitude range between the TRGB
and 60% completeness in F814W. The highest density regione @he red contours and the
lowest are in purple.
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Fig. 12.| A four panel gure of the Ho Il showing the ACS footprints in blue with the chip
gap directions in red over the R-Band DSS image (a), the col®CS image (b), and stellar
density maps of blue (c) and red stars (d) as determined by threpositions on the CMD.
The blue stars have a colok 0.6 and magnitude> 60% completeness in F814W. The red
stars are de ned as 0.6 color 3.0 and a magnitude range between the TRGB and 60%
completeness in F814W. The highest density regions are thedrcontours and the lowest are
in purple.
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Fig. 13.| A four panel gure of the IC 2574 showing the ACS footprints in blue with the
chip gap directions in red over the R-Band DSS image (a), theolor ACS image (b), and
stellar density maps of blue (c) and red stars (d) as determ@a by their positions on the
CMD. The blue stars have a colox 0.6 and magnitude> 60% completeness in F814W.
The red stars are de ned as 0.6 color 3.0 and a magnitude range between the TRGB
and 60% completeness in F814W. The highest density regione @he red contours and the
lowest are in purple.
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Fig. 14.| The HST/ACS CMDs of M81 Dwarf A, the Garland, DDO 53, and Ho IX
presented in ACS instrumental Iters F555W and F814W, contared by stellar density on
the CMD. Regions of density less than 4 stars dmag (0.1 0.1 magnitudes bins) are
plotted as points. Contours are spaced by factors of 2 to shawe detailed structure of the
CMDs.
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Fig. 15.| The HST/ACS CMDs of both elds of Ho 1l and DDO 165 presented in ACS
instrumental Iters F555W and F814W, contoured by stellar aénsity on the CMD. Regions of
density less than 4 stars dmag’ (0.1 0.1 magnitudes bins) are plotted as points. Contours
are spaced by factors of 2 to show the detailed structure oféhCMDs.
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Fig. 16.] The HST/ACS CMDs of both elds of NGC 2366 and Ho | presented in ACS

instrumental Iters F555W and F814W, contoured by stellar aénsity on the CMD. Regions of

density less than 4 stars dmag’ (0.1 0.1 magnitudes bins) are plotted as points. Contours
are spaced by factors of 2 to show the detailed structure ofénCMDs.



{48

Fig. 17.] The HST/ACS CMDs of all three eld of IC 2574 present ed in ACS instrumental
Iters F555W and F814W, contoured by stellar density on the ®ID. Regions of density less
than 4 stars dmag? (0.1 0.1 magnitudes bins) are plotted as points. Contours are sped
by factors of 2 to show the detailed structure of the CMDs.
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Fig. 18.| The lifetime SFHs of the Garland, M81 Dwarf A, Ho IX, and DDO 53 with a time resolution of log(t)
0.3. The orange dashed line represents the SFH averaged dwer lifetime of the of galaxy. The error bars re ect both
systematic and statistical uncertainties.
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Fig. 19.| The lifetime SFHs of Ho |, DDO 165, NGC 2366, Hdl, and IC 2574 with a time resolution of log(t)
0.3. The orange dashed line represents the SFH averaged dwer lifetime of the of galaxy. The error bars re ect both
systematic and statistical uncertainties.
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Fig. 20.| The recent SFHs of the Garland, M81 Dwarf A, Ho IX , and DDO 53 with a time resolution ranging from 10
Myr in the most recent time bin to 250 Myr in the oldest bin. The orange dashed line representse SFH averaged
over the lifetime of the of galaxy. The error bars re ect bothsystematic and statistical uncertainties.
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Fig. 21.| The recent SFHs of Ho I, DDO 165, NGC 2366, Hdl , and IC 2574 with a time resolution ranging from 10
Myr in the most recent time bin to 250 Myr in the oldest bin. The orange dashed line representse SFH averaged
over the lifetime of the of galaxy. The error bars re ect bothsystematic and statistical uncertainties.
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Fig. 22.| The fraction of stars formed in the past 0 1 Gyr (f1), 1 6 Gyr (fg), and 6

14 Gyr (f 14) plotted versus Mg for both M81 Group (orange triangles) and Local Group
(blue circles) galaxies. The grey dashed line representsrarisition luminosity noted by Lee
et al. (2007) based on H EW measurements.
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Fig. 23.| The birthrate parameters plotted versus Mg for both M81 Group (orange trian-
gles) and Local Group (blue circles) galaxies. The grey dah line represents a transition
luminosity noted by Lee et al. (2007) based on HEW measurements.



