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ABSTRACT

Our recentmultibandphotometricstudyof the colourwidth of the lower main sequenc®f the openclusterM37 hasrevealed
thepresencef asizeabldnitial chemicalcompositiorspreadn thecluster.If initial chemicalcompositionspreadsrecommon
amongstopenclusters this would have major implicationsfor clusterformation modelsand the foundationof the chemical
taggingtechnique Here,we presenta study of the unevolvedmain sequencef the openclusterM38, employingGaia DR3
photometryandastrometrytogethemwith newly acquiredSloanphotometryWe haveanalysedhe distributionof the cluster’s
lower main-sequencstarswith a differential colour—colourdiagrammadeof combination®f GaiaandSloanmagnitudeslike
in the studyof M37. We employedsyntheticstellarpopulationsto reproducethe observedrend of M38 starsin this diagram
andfoundthatthe observedtolourspreadsanbe explainedsimply by the combinedeffectof differentialreddeningacrosshe
faceof theclusterandthe presenc®f unresolvedinaries.Thereis no needto includein the syntheticsamplea spreadf initial
chemicalcompositionasinsteadnecessaryo explainthe main sequencef M37. Furtherphotometricinvestigationdike ours,
aswell asaccuratdifferential spectroscopi@analysesn large samplesof openclusters arenecessaryo understandvhether
chemicalabundancepreadsirecommonamongthe openclusterpopulation.

Key words: techniguesphotometric- stars:abundances binariesigeneral- openclustersandassociationsndividual: M38.

1 INTRODUCTION

Openclustershavebeentraditionally consideredo hostpopulations
of starshornall with thesamenitial chemicalcompositiorin aburst
of starformationof negligibleduration(simplestellarpopulations).

The recentdiscovery of extendedturn-offs (TOs) in the Gaia
colour—-magnitudeliagrams(CMDs) of a sampleof about15 open
clusterswith agesin therange 0.2-1Gyr andinitial metalmass
fractionsZ between 0.0land 0.03(Bastianetal. 2018 Cordoni
et al. 2018 Marino et al. 2018 has somehowchallengedthis
paradigm,given that extendedTOs can be naturally explainedby
a rangeof agesamongstthe cluster'sstars(e.g. Mackey & Broby
Nielsen 2007 Correnti et al. 2014). Further detailed studies of
the extendedTO phenomenonwhich is seenalso in CMDs of
MagellanicClouds’ clustersyoungerthan 2 Gyr (seee.g. Mackey
et al. 2008 Piatti & Bastian2016 Goudfrooij, Girardi & Correnti
2017 andreferencesherein),stronglypointto the effectof rotation
(e.g. Bastianet al. 2018 Kamannet al. 2018 2020 2023 as
the main culprit (see also D’Antona et al. 2023. In this case,
stellarpopulationsin individual openclustersmight still be simple
stellar populations,born with uniform age and initial chemical
composition.

Very recently, our photometric multiband study of the main
sequencéVS) of theopenclusteM37 (Griggioetal. 20220 hasdis-

E-mail: massimo.griggio@inaf.it

closedthepresencef asizeabldnitial chemicalcompositiorspread
in the cluster (either a full metallicity range [Fe/H] 0.15dex
or a helium massfraction total range Y 0.10). This resultis

independenof whetherrotationor agespreads responsibldor its

obsenedextendedl O, becausé is basedbnananalysisof thelower

MS, populatedby starswith conwective envelopesthat are anyway
slow rotators.

This resulthasimportantimplicationsfor our understandingf
open cluster formation (see e.g. Clarke, Bonnell & Hillenbrand
2000 and the techniqueof ‘chemical tagging’ of Galactic eld
stars(e.g. Freeman& Bland-Hawthorn2002 Hogg et al. 2016),
especiallyif high resolutionspectroscopidnvestigationsof M37
will disclosethatthe chemicalspreads dueto aninhomogeneous
initial metal content.Indeed,the basicidea of chemicaltagging
is that starsare born in unboundassociation®r star clusters(like
open clusters)that disperserapidly and over time they populate
very differentpartsof the Milky Way phasespacestarsof common
birth origin shouldhowever be identi able throughtheir measured
photospheri@bundancesn the assumptiorthat their birth cluster
hasachemicallynomogeneousompositionlt is thereforamportant
to asseswhetherinitial abundancspreadsimongthe Galacticopen
clustersarea commonphenomenon.

In this paperwe haveinvestigatedhe poorly studiedopencluster
M38 that,like M37, displaysin the Gaia DataRelease3 (DR3; Gaia
Collaboration2022 CMD, an MS broaderthan what is expected
from photometricerrorsonly. We haveappliedthe samemultiband
techniquedevelopedfor M37 that combinesboth Gaia and Sloan
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Figure 1. ClustermembeiselectionTopleft panel:Membershigrobability
for all thesourcesln ouranalysiswerejectstarswith P < 50 percent Top
right panel: G magnitudeversugparallax.In thiscasewe rejectstarsthatfall
outsidetheregionboundeddy thetwo redlines(reddots).The blackdashed
line denoteshe medianparallax.Bottomleft panel: Propermotionsversus
G magnitudeof all sourceshat passedhe two previousselectionsin this
case,we keptthe sourcedying betweenthe red dashedines. Bottomright
panel: Spatialdistributionof the sourcesThe blue dotsdenoteour selected
membersf M38.

photometry,to assessvhetherthe broadeningof the MS can be
explainedby differential reddeningandbinariesonly, or whethera
chemicalabundancspreads alsorequired.

The plan of the paperis as follows. Section 2 presentsour
membershipanalysisand the resulting Gaia DR3 CMD, and is
followed by Section 3 that describesthe complementarySloan
photometryusedin this work. Section4 describeshe theoretical
analysisof the MS width and Section5 closesthe paperwith our
conclusions.

2 THE GAIA COLOUR-MAGNITUDE DIAGRAM

Theanalysisof the CMD diagramof a starclusterrequiresasample
of memberstarsfree from eld sourcescontamination.To obtain
sucha sample,we have derived the membershipprobabilitiesfor
all the sourcesin the Gaia DR3 cataloguewithin a circle with a

1.5degradius,centredonthecluster( o = 82167, o= 35.824;
Tarricqetal. 2021).

The membershigprobabilitieswere computedfollowing the ap-
proachdescribedy Griggio & Bedin (2022, which relieson Gaia
DR3 astrometry.Clustermemberswere selectedby performinga
seriesof cutsontheastrometriqparametersasdisplayedn Fig. 1. In
thetopleft panelwe showthemembershiprobabilityP: weapplied
acutby-eye following thepro le of thebulk of sourcewith cluster
membershipat eachmagnitude(dashedred curve). This selection
becomedessstrict at faintermagnitudesasthe measuremergrrors
increaseand membershipdecomeless certain. We then applied
a cut on the parallax (top right) and propermotions (bottom left)
distributions.Theredlineswerede ned by the68.27thpercentileof
theresidualsaroundtheirmedianvaluein eachl-magbin, multiplied
by afactorof 2 (asin Griggio etal. 20223. The bottomright panel
showsthe spatialdistributionof the selectednembers.

Thebroadeningof the mainsequencén M38
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Figure 2. Mean valuesof the parallaxand the componentf the proper
motion in each magnitudebin; the dash—dottedine denotesthe overall
weightedmeanvalues,also reportedat the top right cornerof eachpanel
(in masandmasyr°1, respectively)andin Tablel.

Table 1. M38'’s astrometrigparametergstimatedn this work.

Y (mag/ré D) (mas) Distancgpc)

$4.429+ 0.006 0.884+ 0.001

u (masyrst)
1.553+ 0.007

1130+ 50

Thederivedist of probableclustermembersillowedusto estimate
the clusterastrometrigparametersyve followed the sameprocedure
asin Griggio & Bedin (2022, by applyingsomequality cutsto the
Gaiadata,i.e.

(i) astrometric  _excess _noise < 0.25;

(ii) phot _bp_rp _excess _factor < 1.4;

(iii)y phot _proc _mode = 0;

(iv) astrometric  _gof _al < 4;

v [/ <01, y/p < Oland ,/n < 0.1

With this selectedsampleof memberswe have estimatedthe
cluster'smeanpropermotionandparallax.Themeanvaluesin each
magnitudeinterval are shownin Fig. 2, with the weightedaverage
reporteconthetopright cornerof eachpanel Theclusterparameters
arealsoreportedn Tablel.

The averageparallax gives a distanced of 1132 + 2pc that,
accountingor the parallaxzero-pointcorrectionby Lindegrenetal.
(2021, becomesl183+ 2pc. In the following, we considerthis
correctionto represent maximumerrorin the distancehenced =
1130+ 50pc. Our estimateis alsoin agreementwithin the errors,
with thedistancegivenby Bailer-Jone®tal. (2021), which provide
amedianvaluefor M38 starsequalto 1186+ 2pc.

TheCMD of theselectedtlustermemberss shownin Fig. 3. The
MS is very well de ned anddoesnot exhibit a clearextendedl O.
However, a detailedanalysisof the TO regionis hampereddy the
factthatthereareonly 40 MS starswith G > 12.

The metallicity of this cluster is not well determined,given
that spectroscopi@nalysesof small samplesof clusterstarshave
provideda rangeof [Fe/H] determinationdoetween S 0.07 and
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Figure 3. Gaia CMD for the selectedmembersof M38. Theredline is a
300Myr BaSTI-IAC isochronewith [Fe/ H] = 0.06, shiftedby E(B S V) =
0.26andd = 1130pc (seetext for details).

S 0.38, and E(B S V) estimatesrange between 0.25 and
0.35mag(seee.g. Subramanian& Sagarl999 Diasetal. 2002

Majaess,Turner & Lane 2007 Frinchaboyet al. 2013 CarreraR.

etal. 2019 Donoretal. 2020 Zhongetal. 202Q Li etal. 2021).

In the sameFig. 3, we showfor referencea 300Myr! BaSTI-IAC
(Hidalgo et al. 2018 solar scaledisochronewith [Fe/ H] = 0.06,
matchedo the blue edgeof the lower MS (seebelowandSection4
for the de nition of lower MS andits blue edge).We adoptedthe
distanced = 1130pc,andfor theassumednetallicity we determined
E(B S V) = 0.26from thematchto thelower MS colour,which can
be consideredo be the minimum value of the reddeninggiventhe
presencef differential reddeningacrossthe face of the cluster,as
discussedater in Section4. We employedextinction coef cients
in the Gaia bandsobtainedfrom the relationsgiven in the Gaia
website?

We tried alsoisochroneswith lower [Fe/H] morein line with the
uncertairspectroscopiestimateg[Fe/ H] = $0.08andS0.20dex).
After adjusting(actuallyincreasingE(B S V) to matchtheblueedge
of the lower MS andtheisochroneageto approximatelyreproduce
theobservedrightnesof theTO region,the t of theupperMS was
poorerwhenconsideringhesesubsolametallicities.

We stressat this stagethat— asfor the caseof M37 — theresults
of the analysisin Section4 are insensitiveto the exactvaluesof
the adoptedisochronemetallicity, the cluster distance(within the
adoptederrorbar),andthe minimumvalueof E(B S V), becausef
thedifferential natureof thetechniqueapplied.

2.1 The width of the MS

As discussedor M37 (Griggio et al. 20221, if openclustershost
single-metallicity populations,the observedcolour width of the
unevolvedMS is expectedto be setby the photometricerror, the

1This valueis consistentvith the ageof 302Myr assignedo this clusterby
Tarricqetal. (2021).
2hitps://www.cosmos.esa.imteb/gaia/edr3-ekiction-law
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Figure 4. Top panels Observed(left) and simulated(right) CMDs of the
lower MS of M38. Bottompanels Colour residualsas a function of the G

magnitudearoundtheobservedleft) andthesynthetiqright) CMD ducials.

Theareashownin white containghestarsemployedo computehel values
of the dispersionof the residualsalsoshownin the two panels(seetext for

details).

presencef unresolvecbinarieswith a rangeof valuesof the mass
ratio g, andthedifferentialreddeningacrosshefaceof thecluster,if
ary. To verify this hypothesisn the caseof M38, we havefollowed
thesameproceduraletailedin Griggio etal. (20221).

In brief, we rst calculatedan observed ducial line of the
unevolvedMS in the G-magnituderangebetween15.2 and 16.6
(denotedaslower MS from now on). Accordingto theisochronen
Fig. 3, in this magnituderangethe single star populationcoversa
massrangebetween 0.9 and 1.15M , approximatelythe same
rangeas in our analysisof the lower MS of M37 (see Griggio
et al. 2022h. We have calculatedthe ducial line assumingthat
the observedMS is populatedust by singlestarsall with the same
initial metallicity, asdescribedn Griggio et al. (2022h. Synthetic
stars have been then distributed with uniform probability along
this ducial; each synthetic magnitudehas beenthen perturbed
by a photometricerror obtainedby randomlysamplinga Gaussian
probability distribution with zero meanand a standarddeviation
setto the medianerror at the correspondings magnitude taking
advantageof the individual errorsfrom the Gaia DR3 catalogue.
Fig. 4 (top panels)comparesthe observedCMD (left) with the
simulatedcounterpar(right) in theselectednagnitudeangeandthe
colourresidualsaroundthe ducial line asa functionof G (bottom
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Table 2. Log of theobservations.

Filter Nexp texp Seeing Airmass

u 57 400s 2.25arcsec 1.08
57 400s  2.20arcsec 1.09

i 57 400s  2.17arcsec 1.07

Figure 5. Threecolour stackof the Asiago SchmidtTelescopedata. The
eld of view is approximatelyl x 1ded.

panels).We also show the valuesof the colour dispersionaround
the ducial valuesatvaryingmagnitudesn both CMDs. Theyhave
beencomputedasthe 68.27thpercentileof the distribution of the
residualsaroundzero.

Notice that we have discardedobjectswith the positionin the
CMD consistentwith being unresolvedbinarieswith massratio q
> 0.7 (accordingto the adoptedisochrone)when we calculated
the dispersionof the residualsfrom the observationsBut even
neglectingtheseobjects,it is clear from Fig. 4 that the simulated
starsdisplay a much narrowerdistributionaroundthe ducial line
thanthe observations.

To assestheorigin of thecolourspreadf theobservedCMD, we
employedanauxiliary photometryin the Sloanugi Iters —described
in thefollowing section-andappliedin Sectiord, thesameechnique
developedn Griggioetal. (2022h).

3 SLOAN OBSERVATIONS AND DATA
REDUCTION

Thedatawerecollectedwith the AsiagoSchmidttelescopéetween
2022 0ctober2 andNovemberl5. We obtaineda setof 57 images
in the Sloanlike Iters ugi, with an exposuretime of 400s. The
imageswvereditheredto mitigatethe effectof badpixelsandcosmic
rays,andcovereda total areaof about1degd. The observatiorlog

is reportedin Table2. A threecolour stackof the eld of view is

shownin Fig.5, wherewe usedtheu Iter for thebluecolour,g for

thegreen,andi for theredcolour.

Thebroadeningof the mainsequencen M38
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Figure 6. CMD in theSloan Iters for M38 membersThepurpleline is the
sameisochroneof Fig. 3 (seetext for details).

To measureositionand ux of the sourcesn this dataset,we

followed the sameapproachasin Griggio etal. (20223. Brie y, we

rst derivedagrid of 9 x 9 empiricalpoint spreadunctions(PSFs)
for eachimageconsideringoright,isolated andunsaturatedources,
by usingthesoftwareoriginally developedy Andersoretal. (20086.

The grid is necessaryo accountfor spatialvariationsof the PSF
acrossthe CCD. We then proceededby measuringthe position
and ux of individual sourcesn eachimagewith the appropriate
local PSF, obtainedby a bilinear interpolation betweenthe four

nearesPSFsin the grid, usingthe softwaredescribedy Anderson
et al. (2009. This routine goes through a series of iterations,
nding andmeasuringrogressiveljaintersourcesuntil it reaches

speci edlevelaboutthesky backgroundoise. Thesoftwareoutputs
a cataloguewith positionsand instrumentalmagnitudesfor each
image.

We transformedhe positionsand magnitudesf eachcatalogue
to the referencesystemde ned by the rst imagein each lter
(namely, SC233176, SC233182, and SC233188). Finally, we
crossidenti ed the sourcesandproduceda cataloguecontainingthe
averagedositionsand magnitudedor all the starsmeasuredn at
least v e exposuresThesecataloguesvere matchedwith the Gaia
one,to haveSloanmagnitudedor all the Gaia sourcesietectedvith
the Schmidttelescope.

The instrumentalmagnitudeshavebeencalibratedasin Griggio
etal. (20223 exploitingtheIGAPS catalogugMonguio etal. 2020).
We crossidenti ed our sourceswith thosein the IGAPS catalogue
andderivedthe coef cients of therelationmey = Minsy + a(ginstré
iinstr) + b with alinear t.

The CMD of memberstarsin theugi Iters is shownin Fig. 6,
togethemwith the sameisochrong(purpleline) of Fig. 3, employing
the samedistanceand reddening,and the extinction law from the
NASA/IPAC infraredsciencearchivé for the Sloan lters.

Shttps://irsa.ipac.cadich.edu/applicains/DUST/
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Figure 7. Top panels Cluster GS (GgpSGrp) and GS(u S i) diagrams.
The blue dashedline denotesthe MS blue edge ducial. The lower MS
starsconsideredn our analysisare displayedin dark grey. Bottompanels
GS cer andGS gy diagrams(seetext for details).Along the left-hand
side of each panel, we display the median+1 colour error for three
representativ& magnitudesasestimatedrom theindividual catalogues.

4 THE BROADENING OF THE LOWER MS

To investigatein detail the origin of the broadeningof the lower
MS, we followed the sametechniquedescribedin Griggio et al.
(20221. We consideredstarsin theGaia CMD with G betweerl5.2
and16.6 (we havea total of 132 starsin this magnituderange)and
combinedthe photometryin the Gaia Iters with the corresponding
u andi magnitudeso build a differential colour—colourdiagram,as
summarizedelow.

We havede ned anMS blue ducial in boththeG S (Ggp S Grp)
andG S (u'S i) diagramsasdescribedn Griggio etal. (20228 and
for eachobservedstarwe havecomputedin bothG S (Ggp S Grp)
andG S (u S i) diagramsthe differencebetweerits colourandthe
colour of the correspondinglue ducial at the star G magnitude.
Thesequantitiesare denotedas ¢gr and gy, respectively(see
Fig. 7).

We then plotted these colour differencesin the @grS  cui
diagram shown Fig. 8. As for the caseof M37, the lower MS
starsaredistributedalongawell-de ned sequencé¢hatstartsaround
the coordinates(0, 0) — correspondingo the starslying on the
blue ducials — andstretchegowardsincreasinglypositive values
(denoting stars increasingly redder than the ducials) with the
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Figure 8. gsrS cui diagramfor thelower MS stars.Thelines showthe

directionsalong which starswould be displacedby differential reddening,
unresolvedinaries,andinitial chemicalspread seetext for details).

quantity gy increasingfasterthan ggr. Thesecolour spreads
cannotarisefrom (underestimatedlandomphotometricerrorsonly,
becauseén this casetheywould be distributedwithout a correlation
between gy and ggr.

In the same gure, togethemwith the data,we showthereddening
vector, calculatedusingthe extinctionlaws for the Gaia and Sloan
Iters referencedbore. We alsoplot thevectorcorrespondingo the
predictedpositionof binarieswith varyingmasgatioq (blue)andthe
rangeof coloursspannedy isochroneswith increasingFe/H] and
increasingy (greenandmagenta)Thesevectorhavebeencalculated
asdescribedoy Griggio et al. (20220 for M37, usingasreference
theisochronein Fig. 3, andthe correspondingaluesof d andE(B
S V) (seeSection2). In this gure, we displaythe effectof binaries
asatwo-slopesequencehecausét is a betterrepresentationf the
trendpredictedby syntheticstellarpopulationscomparedo asingle

slopeasshownin Griggio etal. (2022h.

The gure showsthat, in the caseof M38, the distribution of
the stars’coloursin this diagramfollows a trend consistentwith a
combinationof differential reddeningacrossthe face of the cluster
and the presenceof unresolvedbinarieswith varying g. Thereis
no needto invoke the presenceof a rangeof [Fe/H] or Y among
the clusters’stars. This is at odds with the caseof M37, where
binariesand differential reddeningproducedtoo shallow slopesin
this diagram,comparedo the observationgseethe AppendixA for
acomparisorof the CMDs and  ggrS i diagramsof M37 and
M38).

Fig. 9 showsa syntheticsampleof stars— computedasin Griggio
et al. (2022h, usingisochrone distance,and referencereddening
previouslydiscussed comparedo observationsn the 6BRS G
diagram.The purposeof this comparisoris justto seehow binaries
and differential reddeningonly can accountqualitatively for the
observedlistributionof lower MS starsin this diagram.

Thefull syntheticsampleof 500000bjectsincludesobservational
errorsin both the Gaia and Sloan magnitudesand containsa 70
percentfractionof unresolvedinarieswith massatiosq distributed
asf(q) o°°® following Malofeeva,Selezne\& Carraro(2022. It
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Figure 9. Comparisorof thedistributionof thesyntheticpopulation(includ-

ing binariesanda spreadof E(B S V) to accountfor differential reddening
— seetext for details)andthe observedclusterstars(grey lled circles)in

the erS Gui diagram.Syntheticsingle and unresolvedbinary starsare
shownin blueandredrespectivelyHistogramsf theobservedwith Poisson
error bars)andsimulatednumbercountsalongthe two axesarealsoshown
(seetext for details).

is worth pointing out thatin the caseof assuminga at probability
distributionfor g, thesameresultsdescribedelowareobtainedwith
a10-15percentbinaryfraction.

We displayhereonerandomsubsebf thefull sample containing
thesamenumberof objectsastheobservationsThe gure alsoshows
alongthe horizontaland vertical axis a comparisornof the number
distributionsof syntheticand observedstarsas a function of the
two quantities ggr and gy, respectivelyWhencalculatingthese
histogramswe have consideredhe full sampleof syntheticstars
andrescaledhe derivedhistogramgo havethe sametotal number
of objectsasobserved.

The contributionof differentialreddeninchasbeenaccountedor
by using a double Gaussiardistribution; only in this way, we are
able to reproducethe clump of starsclearly visible in the ggr
histogramat ggr  0.12.Theparametersf thedistributionshave
beeradjustedo roughlyreproducgheobservedrendsof thenumber
distributionsin both ggr and i, becauseve couldnotdetermine
a reliable differential reddeningmap for M38 using the technique
describedby, e.g. Sarajediniet al. (2007), given the relatively low
numberof objects.The rst Gaussiaraccountdor arandomsample
of 80percentof thesyntheticstargbothsingleandbinaryobjects)
andiscentrecbnE(BS V)= E(BS V) + 0.04,with = 0.033mayg,
where E(B S V)t = 0.26. The secondGaussiandistribution is
centredon E(B S V) = E(B S V)r + 0.15,with = 0.01mag,
andaccountdor theremainingobjectsin the syntheticsample.

It is remarkablehow this syntheticsample,which includesjust
unresolvedinariesandthe effectof differential reddeningfollows
nicelytheobservedrendin thisdiagram Also, theobservediumber
distributionacrosshe diagramcanbe followed quite well by using
two simple GaussiarE(B S V) distributionsand the power-lawq
distributiondeterminedby Malofeeva et al. (2022. This showsthat
thereis no needto invoke a chemicalabundancepreadto explain
thewidth of thelower MS in this cluster.

Thebroadeningof the mainsequencén M38
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We havethenrepeatedhe analysispreviouslydescribedconsid-
ering this time starsin the brighter G magnituderange between
12.5 and 14, correspondingo single star massesbetween 1.5
and 2.2M . Using the samebinary fraction, q and E(B S V)
distributionsof the previouscomparisonwe havefound the same
agreemenof thenumberdistributionsof syntheticandobservedtars
acrosshe grS i diagramasin Fig. 9.

The samecomparisorcould not be performedfor objectsin the
TO regionof the CMD, becaus®f the smallsampleof clusterstars
in this magnituderange(seeSection2).

5 SUMMARY AND CONCLUSIONS

We haveemployedthe accurateGaia DR3 photometryandastrom-
etry of the poorly studied open cluster M38 to selectbona de
memberanddetermingheclusterdistanceandmeanpropermmotion.
The Gaia CMD doesnot showan obviousextendedl'O despitethe
clusterbeing 300Myr old, butthenumberof starsin the TO region
is too smallto investigatequantitativelythis matter. The unevolved
MS is broaderthan expectedfrom photometricerrorsonly andto
determinethe origin of this broadeningwe haveappliedthe same
techniquedevelopedo studythe openclusterM37 (Griggio et al.
20221, makinguseof auxiliary photometryin the Sloansystemto
build a differential colour—colourdiagramof the lower MS from
combination®f Gaia andSloanmagnitudes.

We employedsyntheticstellar populationsto reproducethe ob-
servedrendof M38 stardn thisdiagram andfoundthattheobserved
MS colour spreadcanbe explainedsimply by the combinedeffect
of differential reddeningandunresolvedinaries.Thereis no need
to includea spreadbf initial chemicalcomposition(eithermetalsor
helium)asinsteadhecessaryo explainthe samedifferentialcolour—
colourdiagramfor thelower MS of M37.

Despitehavingsimilar total massegestimatedotal massesnthe
orderof 1000-1500M , mutually consistenwithin the associated
errors seePiskunowetal. 2008 andmetallicitiesdifferentonaverage
by no morethan at mosta factor 2 and 3, the openclustersM38
and M37 seemto host stellar populationswith a clear difference:
single versusmultiple chemicalcompositions.The origin of this
differenceis unknown and we do not know as well whetherthe
chemicabbundancsepreadoundphotometricallyn M37 isafeature
commonto manymoreopenclusters andif thereis any connection
with the extendedl O phenomenon.

Furtherphotometricinvestigationdike ours,aswell asaccurate
differentialspectroscopianalyse®nalargesampleof openclusters
arenecessaryo shedlight on this phenomenomndits implications
for cluster formation and the use of open clustersand chemical
taggingto studythe formationandevolutionof the Galacticdisc.
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APPENDIX A: COMPARISON OF M37 AND M38
DIAGRAMS

We presenhereacomparisorof theGaiaCMD andthe ¢grS  cui
diagram®of M37 andM38. Thetoppanelof Fig. A1 showtheCMDs
of our M37 (left) andM38 (right) bona de membershighlighting
in a darker shadeof grey the sourcesemployedin the analysis
of the width of the MS. The bottom panelsdisplay the ggr S

cui diagramsof both cluster’'slower MS. The points are clearly
distributedalongdifferentslopesin the two diagramsjn particular,
we alsonoticethe behaviourof high-q binaries( ggr  0.1)in the
caseof M37, which aredistributedalonga steepetine, while M38
starsin the sameregionfollow a shallowerdirection.

Figure A1l. Comparisorof M37andM38CMDsand cgrS i diagrams.

This paperhasbeentypesetrom a TEX/IATEX le preparedy theauthor.
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