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/ This.classroom a,ctivity shows how students can estimate the age of ' : : : ; 3 T ; -
an-open star.cluster.from real astronomical observations. The exercise
was irspired by the Winter Schdol of Physics org’amzed [EEL TR A )

Faculty.of Sciences artd Mathematics in Nis. It was intended for upper-

. For Excel processing, we use-colimns BP_RP_0 (color) and M:G -
{magnitude) ffom GaiaCSV, ‘and BP_RPIM_G columns from each

: lsochrone they d|rectly represent coordrnates to the CMD. . e S ; '
? "~ Hyades CMD: Gaia DR3*

i secondary students and |ntroductory un|verS|ty courses. : K8y, steps to perform data processmg in Excel : el T i L% members with PARSEC '__
Gara DR3 prov;des parallaxes, proper . motions and photometry for - 1. Loadmg osv cluster e S e S : e '_SOChronesiEhe MST?'S_the 2
" tmore than 1.5 billion stars [1]. For an opén cluster; selected mémber 2: CMD diagram sketchrng R e e T . agefsens't'v‘?feat_qre' ~ A -
¥ stars- can be ‘placed on a color—magnrtude diagram (CMD), using-the - 3. Loading and overlay isohrones. - - % < Tam - — - — — — 3
. initrinsic color (Bp = ‘Rp)o and the absolute magnitude M€[2].  ~- ' - 4.” 1dentifying turnoff-point S A b Pleiades Hyades >
In this exercise; We use’the Gaia color (Bp — — Rp)p on the x-axis and.: 5. .Mark tljrhoff point on diagram 3 Reference age a

. the absolute’ magmtude M ‘on.the y-axis.-All'stars. of the same age et 6

Numerical fitting age using Excel Solver _V
along one isochrone-(a curve on a.CMD dlagram that represents stars of

Classroom estimated

different initial - masses"at the same’ point in their-evolution).. For this otep: 6 & partrcularly gritral; se thesclistar age can be ObJeCt'Vely-‘ : . ol
Sy determined by minimizing an objective function that evaluates the fit of - 4 Theoretrcal and eXpe“mental '9§Ulf§' f0f Pleladesand l-l'yades
> exercrse we. witl use PARSEC [3] database, whrch was also used for : the |sochrone to the cluster's data points. : : 2 A LI A s hoe ] :
calculatron oftheoretrcalrsochrones S g 2R ’ 2 P i3 : eondujuon o Ly Tl 1

- Numerical flttlng in:" Excel Solver determmes cluster age . by
minimizing’ the average distance between the stars with the hélp of

. o Ty

_ " This exercise demonstrates ‘how ~ Gaia® DR3 observatrons and PA‘RSEC‘
stellar svolution models can be combined to estimate the ages of open star
- PARSEC isochrones, where the vertex of the fltted parabola provides g 3
th baat A o ¢ di h 5 ; clusters while pro\/rdrng students with practlcal experrence in working” with
e best-fitting age within the-adopted isoc rone gri : _real astronomrcal data, _interpreting color—magnrtude dragrams and”
“Lastly, after observing the magniitude- of turnoff point, we can connecting observations with theoretical models. Although the éstimated ages~ -

2% The mam sequence turnoff (MSTO)~ p0|nt on a CMD is the specmc
loca't|on where“stars:depart from the ma|n sequence because they have
e used up th’e hydrogen fuelin. the|r cores [4] : g

. "wwd’ o8 ! b o - determine. masses alesats and using relation. for |ndependent age - depend on membership setection, éxtinction corrections and the ddopted-_~
£ yrd “ The full Workflow |ncludes two |ndependent data downloads Gaia assessment ', o, o ; Ve .. isochrone .models; these limitations are- app,—op,—,afe for an educationat
o DRG data for.seledted cluster [1], and PARSEC isochrones f0r several SR e e e S ~ | exercisé and provrde a useful opportunity to discuss uncettainty and .model -~
P ages that we will overlay over the CMD[3] i : e R%“'a)) Bt did ety 7 I AR Adependence The activity introduces a eomplete Tesearch-like wotkflow: data
! Provrded Python scrrpt executes the retrleval and processmg of Gala il our example, the same workflow was applied to the Pleiades and retrieval, ~seléction, ~'Vlsuallzatlon, model ~.comparison and: physical’
DR3 datathrough the. followmg stepsy™ ¢ Hyades The same Workflow can be applied to other clusters. - . ;- interpretation.. \ : ‘j N S 5
‘7% 1.sends an ADQL query to the Gaia arch|ves for all stars in the circle | ' The glven :combination . of Gaia DR3 data afid PARSEC stellar- Rq)uenoe)) Jopisie s s R MR s e
. ~atound the cluster center with G < 18.5 mag; ' : : .- evolution models provides a practical’ method for estimating the ages . +[1] Gaia ESA archive, 2 ~ o 3 s T o
; v‘ 2. filters members by proper motlon (30H), Parallax (3011) and RUWE , of open star clusters: Thus, the ‘obtained results are in sat|sfactory '[Sﬂrzf:lsecl_taf:’;eonbsewat'onflAStronomy~20-18/2(?T9 Colour magnltude diagram” ofanopen cluster ;
(measureofthe qua“tyof the astrometnc solution) ; : agreement with the expected values, conS|der|ng the S|mpl|fy|ng [3] PARSEC, | : i el = B
3. calculates the lntr|nS|c color (Bp —'Rp)p and the absolute magnltude assumptions and the.educational purpose of the exercise. " [4] Discovery of-28 open-clusters with Ga'a DR3 - . R 2
. [5] Gaia DR3 open-cluster members toCSV - -~ [6] PARSEC isochrone to CSV >

Mg, applymg the d|3tance modulus and ext]nctron Sisg 2 o vn < ’Primarily, this method was intended to illustrate how’ observat|onal

: data can be compared with theoretical models in’ a classroom
setting. F|gure shows the CMD for the Hyades cluster An analogous
-dlagram can be obtained for the Pleiades. -

4. ertes thé. result |n a.csv file

For one cluster we take several |sochrones of different ages The scrrpt
- retrieves the |sOchrone for the given log (age) The results of this program
, can also be loaded into Google Colab Notebook enwroment [5] [6]

- o e



https://gea.esac.esa.int/archive/
https://stev.oapd.inaf.it/PARSEC/
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