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Generalities:

» What are we going to study? , , e
We will study the stellar popualatlons the =i ypulations In
a sample of 1 ~<: M81 (Santiago-Cortéz et al, 2010),
M101 (simanton et al. 2015), NGC 4258, M51 (Hwang et al. 2008) y \\[e]e
628 (NGC 1300, NGC 1483 NGC 2397 NGC 1309) L

e How are we going to do |t’> , a gl |
Performlng ar e -and spectroscor anaIyS|s

. Photometrlc data: ‘we use lmages observed with Advance.
. Camera for Surveys on. board Hubble Space Telescope_
. F435W (B), F555W (V) y F814W (I) bands and F336W
(V) , | o

-Spectroscoplc ‘data; we ised OSIRISIGTG data, taked with
R1000B grism (3650-10000 A) Tlme obtalned Wlth the Mexican
part|C|pat|on time. - e | o |

?Jéﬂl?o%ly Spectroscoplc data from ME IGTC. L e



- Goals:

1.- In thls Work the principal objectlve 1S estabhsh the presence of
, In a sample of. spiral gaIaX|es hearby.
These SSCs are believed to be the 'link" between a middle-aged
cluster and a globular cluster (GC) (In thls presentatlon only |
'establlsh the presence ofSSC) | T K e

2.- Study the evolution of . inos inction (L of SSC at dlfferent :
,ages (Here the globular cluster LF is onIy present) ' - _

3.- Estimate the Stellar Formatjon- (SFH), through Ssc of
"dlfferentages ' Vo R e . y

4.- Determine the |mportance of | "; .".‘in‘the'fOi‘mation _andt 2
’evolutlon of gaIaX|es ‘ L e o : ' .

6 dejunio2021. 0, 0 A e G F g



Stellar clusters (a brlef mtroductlon)

Open clusters*: ‘ i Compact cIusters***
* Typel. | e , ' - Starburst galaxies .
. ¢ : :' v s
* Young (<10 anos). - ¢ 0ld (. Yoo i Slzes (r, <10pc) and masses
e Blue. . e : L | i 2 : ' (105 Msun) '
: , o e Super Stellar cluster (SSC) are
* Metal-rich. 3 .7 Metal-poor. 2 & 0 1HE most massive.

* Disk and core. B0 Ages between: open and GC.

Transmon clusters‘?

Faint. Fuzzy clusters****
' Extended (7<r <15 pc)
Falnt (Mv -6 to 7)

Colqurs ljlke a GCs.

13 Gyr leochrones

0 0.5 1.0 1.5 2.0 2.5 3.0
B -V

(Trasom—Mirazonlo : : :
* eg., Ryon, et al. (20015)
**eg., Brodie & Strader

(2006)
***eg., Whitmore et al.

(1999)
****ag., Larsen & Brodle

(2000): ' . 5

Pléeyades | o QCentaurl '




' e S " Hubble L Archi |
Sample of galaxies: - . Frormisntiy ALyed Guicetions
* Nearby spiral galaxies (~4-30 Mpc). In this talk

| present the results for galaxies within 10-Mpc.

 Spatial observational coverture in two HST
filters: F435W and F814W, F555W (0 05 arcsecl
~pix) and F336W (0.04 arcseclplx)

LA
~

. GaIaX|es Wlth super stellar clusters - L |
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8 de junio 2021 e N e T
o , Table 1.- Sample of study. i



Sample of galaxi
weL 01

NGC 628

NGC 4258

5 arcmin
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Astrometry, detectlon and phtometry

i J Table 2.- Log of HSTIACS Tab|92 Log of HST/
Astometry: we correct the optical observations of our WFC3 F336W-band
angular coordinates using GAIA - sample galaxies. = .. ggrsnegl‘ga;';gil :Sf S
and ccmap IRAF task with a ST e

second order ‘polynomial in o & o) Oy e S D
coordinates. o

T 255 0 0.0259
T 255 1, 0.163

1..,” P 38 0 ”.5:\._ 13364
2 at AHann 13364

Detection and photometry: We  [EiEER-RE-R il BE i

T20 ERTS " (0.278

13364

employ the SExtractor software |G
: L 20,702 T AR.T7E6 0 T2 & KR . LOGZ 23,540 33 0.0154 13364
(v2.19.5), for detection (Table 2) Bl TR
0 25702 1080 25700 1050 20551 13 0.0058 ol
and phOtometry (Table 1) We ‘ i i llJ:h'Ij 1 :::j:h[_’ d60 23.046 163 (.0552 15340
* made photometry aperture. , C 2m 256 42 om1T 1364
, _ el e 5 THT - D 0.0134 62376 23.546 64 0.0281 13364
: : , : e : L 3 84 360 25767 975 25717 375 25520 8 0.0264 31780 23.546 31 0.0350 14149
0.0049
. (.00 2361 23.5406 15 0.0351 13364
E;i!.'.il.x_'\' ':'L:.: -"'*-hh['+[rili.' :“iu_c'-"‘-:'!;.c'."'.-"-'c:'_c_' Neowe /N S S0 00 000 00 0T an moomt 1o oo [ 00 10 00 e
1) : i) 14 ) 90 360 25767 975 26717 375 25.5: 3 0.0090

0039 M Feld ID Filter Proposal ID Exp. time (s)

NGC 628

i " it LT b0 =5 0025

M1 e N 145 16H Nt {1,220 ; 93 36 5768 075 95717 37H  25.5 i 0.0273 : FA3SW 10584 1 900
- e : I ) : F606W 10584 1 % 880

101 12155345 a0 1202 LG (151 i : 2orbE R Sn a0 : 0.05 : F8L4W 10584 1% 895
N — e ona e . ; Hh 56 D.TGE  OTh 25717 3Th 205 8 00145 g F435W 10584 3 x 1565
NGO4258 1360607 36 33 1 (.33 B 06 360 25.768 075 26717 373 26.521 20 0.0157 -' F606W 10584 3 x 1580
_ o . o o : 07 35 ET6E 075 95717 375 955 3 0.0054 : F814W 10584 3 x 1595
A1 I 1196 2935 . .25 o ) S A N F3-Fl4 FA35W 10584 2 % 1200
B . - Ll 3.708 T Lo, S : ‘ 0.0054 F3-F14 F606W 10584 2 % 1200
MNEORR A T0E Al 173 . 1.1 99 360 25767 O7Tn 25717 37Th 20.E 00128 F3-F10 F814W 10250 3% 1650
. Fl1l F814W 10250 2% 1100

FI2-Fl4 FR14W 10250 3 % 1650
) FI5-F16 FA35W 10584 3 x 1565

Table 3.- Sou rce detectlon and j Ste"ar 1-6 680> 4 25888 340x4 25.715 340x4 25471 209  0.0482 FI5-Fl6 FO06W 10584 3 1580

F15-Fl6 FR14W 10584 3 x 1595

CIuster SEIECtlon G ; ; ‘ g NGO 628 F17 Fa3sW 10584 2 X 665

F17 F606W 10584 1 x 350

S ’ AL 5780 1000 25.732 25528 0.0445 F17 F814W 10584 1 x 350

8 der]un10-2021 ¢ ! ! s y 5 - ap0 95 -] 95 58 ! 0,047 R2-RI3 F435W 10584 2 x 1200
_ s . . on s o . 0.034 R2-RI3 F606W 10584 2 x 1200

: : A R2-RI3 F814W 10250 3 % 1650




Selection of Super Stellar Clusters:

Structural parameters a SSC must satlsfy
with: 2.4<FWHM<10, ELLIPTICITY>0.3  and

AREA <500 pix (Mayya et. al 2008, Santlago-' 3

Cortez et., al 2010)

Simulations: a‘ (:Iuster is defined by"al

Gaussian intensity profile for a given FWHM

and a total magnitude, with FWHM taklng.v:.
values of 2.0, 2.4, 3.0, 4.0, 5.0, 6.0, 70and80' ;

pixels, and mags between 19 and 24

Colour: for aII SSC candldates we’ plot B- I

.colour. Is a bimodality dlstrlbutlon W|th a. |
vaIIeytoBI-15 L ‘ .

FWHM [pix]

8

FWHM [pix]

8
FWHM [pix]

FWHM [pix]

Observed image
¢ All dectetd sources
e« SSC(B—Io< =15
e« GCC(B-1I)>1.5
—— Selection curve

Simulated image

O 19.0 [mag] o 22.5[mag]
O 20.0 [mag] o 23.0 [mag]
o 21.0[mag] - 23.5[mag]
o 21.5[mag] « 24.0 [mag]

o 22.0[mag] = Selection curve




Colour-magnltude
diagram

 GC candidates B-I>1.5.

e SSPs with Z=0.001 (solid
line) and 0008 (dashed,

line).

« Vertical line GC with 12 Gyr,
Z=0.001 at different masses.
vectors

* The reddening
(black arrows) with
Av = 1 mag.

- The chosen colour cut
separates clusters older
than 3 Gyr from - the

younger
unreddened SSPs.

Table 3.- Source detectlon and
stellar cluster selection.

1 All M81 E
[ Mrsiaw, s —9 3

1 x2

O
1 AllM101 E
3 Mrsiaw, < — 9

1 x8

T

[ Al NGC 4258 7
I Mrgiaw, < =9 ]
I x2

SES

(F435W F814W)

T S S

(F435W F814W)0

= E
I Mrsuaw, = —9 ]

1 x3

1 x3

|:| AII NGC 628 j
I Mrgiaw, < =9

ones ' = for-

T 1x108 M, 2=0.001 3

1x10% My, Z=0.008 T
PP B B

2 3
(F435W — F814W),

,,.,_‘%_ibiryu.uu.uu
F o5t . Av=1

t:':i'll.i'li‘-i_"'.' All ."-:-,,5-,( A }‘-(,'(' I L

(1) (2) (3) 14

ME1 abindas i 1on
M101 1215043 anls 1202
NGO4258 1360607 a6 33
S N1 L52TAT L1096 24
NGOGR2ZE 224108 GOS8 173

—— 1x108 Mg, Z=0.001

1x108 My, Z=0.008 1
P B

2 3
(F435W — F814W),

(F435W — F814W),

_"' %lbyr "'7"""'

ENGC 628

. 1?\&5}@4

1x10° Mo, Z=0.001 7

(F435W — F814W),

(FA35W - F814W),

— 1x106 My, Z=0.001 =
1x108 My, Z=0.008 3

2 3
(F435W — F814W),




[ = 0.001

Colour-Colour Diagram: [

GC candidates with U-band =~ T U

(u, F336W) measure (B- : "

1>1.5).

SSPs with differen.t

metallicities.

The reddening vector (black

arrow) with Av =1 mag. o

The reddened young SSCs -

that occupy the GC colours

are contaminants, which are
iIdentified by ‘red  dots

surrounded by circles- of

cyan colour ‘ - '

i
o u o
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e e e e
Table 3.- Source detecﬂon and (F435W F814W) (F435W F814W) (FA35W — F814W),
stellar cluster selection. e Ol T O :

— 0.001 L — 0.001
" 0004 . <) "= 0.004
f—— 0.008 L 1F ] F—— 0.008

0.019 i i . 0.019
5 A 12Gyr T r T A 126Gyr

t:':il.l.il.:‘-:_"'.' All ."'t-:.,:\.,( T }\-( f i) 'r[l!-;.[ .I.-"_"\.-( i _"\-I.:“_L, ."I.'\"-': A
(1) (2) (3) (4) (5) (6)

-OF NGosas s
Ms1 LGRS L33 108 (.65 (.20
101 1215533 3605 1202 (.15 (.41
NGCA258 1360607 naG 3 (.38 (.33
A1 LR2TAT 1106 203 (.52 .25
NGOR2E 224108 Gos 173 (.41 (.14

(F336W — F435W),

0 2 s 0 T
(FA35W — F814W), (FA35W — F814W),
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, Lummosﬂy Functlons s
of Globular Clusters in

flve nearby splral
gaIaX|es

L



Globular Clusters S |
Luminosity Functlon .|\ hitrore

; it et al.
(GCLFs). ’ : e . il i (1005)

dN /dM = Nye~M-Mo)*/20°

| wccia3z
- N - 456

where -7.3<Mv<-75and [NESE

B = 10.B

0=1.1, for Milky-Way (eg., Harris Jﬂﬂ[

1996, Jordan et., aI 2006)

2 2 24 8 W 2 4
z [AB maqg] g [AB mag]

_I|II|.I|IIIIII|III_

NGC 4258

/
/

-10 -8 -6 , ___..,r/l it oo o o i

absaolute V mag ’ g qﬁ 17 18 19}_ 2[:1)_I g] 21 22 23 24

Jordanetal. (2006): ~ peacock etal. (2010) ~ Gonzalez-L6pezlira et al. (2017)

dN/dm [mag-1]




* Some authors have suggested’ that GCLFs in eIIi'pti'CaI' galaxies‘ IS
Universal (e.g. Hanes 1977b; Rlchtler 2003 Brodle & Strader 2006
Harris et al. 2014) « . , |

« What does it mean UnlverSaI?‘
All have the same form '
All have the same peak o Turnover (TO) - b -
The same processes o] § formatlon and evolutlon (‘7)

. However for splral gaIaX|es is not yet WeII deflned -
- GCs detection is more difficult compared to elllptlcal gaIaX|es
- Spiral galaxies show substructure of the same scale S|ze of GCs
(spurious detectlons) ' s .
- Most (o] § studles of GCs |n splral gaIaX|es are in edge -on gaIaX|es.\ .

* To build a complete GCLF is necessary
Spatial coverture. - ,
Spatlal resolutlon

. Are GCLFS the same for all splral gaIaX|es‘7 o

i

8de]un102021‘ o ‘ ; i 7 ‘ B o 14



M51 GCLF:

Meg1aw

-13-12-11-10-9 -8 -7 -6

[ M51 SorPlee

TO =-7.40+-0.10

MW,V

0=1.15+-0.10
TO = -8.34+-0.07

F814W

0=0.64+-0.05

Imompleteness
correction —p

Fit to GCLF
corrected

6 17 18 19 20 21 22 23 24
F814W,

8 de junio-2021

o Fitting paraméters-:
'To = 21.44%0.20,
: '.O'— 0 64+0. 05

"j'm M=29.67+0. 02
| '(Rodrlguez et al. 2014) .

:To = —8.34+0. 07
; To =,—,7 44%0.12

~ Diferencia vs MW:
. dif ;= -0.04;
dif =-0.51

=



GCLFs:

For construct the GCLF:
- Aperture photometry
Star cluster Simulations
- Structural parameters selectlon
SExtractor
- Colour selectlon
(B-l) and (U-B)
- Completeness corrections
Star cluster Simulations
- Contaminants corrections
(U-B) ,
The mean TO in four gaIaX|es is:
TO=-7.38+-0.13, C = 080+012
whlle for MW:
TO=-7. 40+ 0. 10 d= - 1. 15+-0 1

Table 4.- GCLF, flttlng parameters

q-E

MF814W
-11-10 -9 -8 -7 -6 -5 -4

aaaalssnslasnnlinnnlonds :....
qﬁ 17 18 19 20 21 22 23 24

F814W,

MF814W
-13-12-11-10 -9 -8 -7 -6

F814Wq

Meg1aw
—13 12 11 10 9 —B —7 -6

F814W,

Meg1aw
-13-12-11-10 -9 -8 -7 -6

Galaxy Nac TO oy Ao ML, M
Obs ILF total f“ﬂll”u MJ‘-'Hl-lH]J M'I-'h
(1) (2) (3) 4) (5) (6) (7) (9) (10)  (11)  (12)
M8l 126 128413 235416 1956 £0.12 —842 £0.13 ~752 £ 0.16 14017 -0.11 1166 —10.84
MIOT 1135 1644478 14014 87 2086 +0.05 ~7.44 4 0.08 -6.54 4 0.1 04005 ~0.26 -1157 -10.10
NGCA258 222 303440 347 +41 2130 £0.11 -8.15+0.11 ~7.25 £ 0.15 34015 ~022 ~1147 —11.40
M5l 43 2614+ 24 203+ 27 2144 £0.07 =834 £007 =744 £0.12 44+ 0.05 =051 <1076 =10.35
NGC628 150 151+ 16 157 £ 16 20L.75 £ 0.05 =821 +£0.06 =731 £0.12 b+ 0.07 =055 <1166 -=10.23

6 17 18 19 20 21 22 23 24

6 17 18 19 20 21 22 23 24

MF814W
-11-10 -9 -8 -7

40F
30F
20¢
10¢

F814Wq

qﬁ 17 18 19 20 21 22 23

MF814W
-13-12-11-10 -9 -8 -7 -6

500¢
400¢
300
200F
100¢E

F814Wq

Q617718 19 20 21 22 23

F814Wq

Meg1aw
-13-12-11-10 -9 -8

Q617 18 19 20 21 22 23 :

125§
100f
= 75¢
50
25¢

F814Wq
M

F814W
-13-12-11-10 -9 -8

Q6717718 19 20 21 22 23 :

60F 1 NGC628
= 40f
20F

F814Wq

A~ oDt

6 17 18 19 20 21 22 23




——- NGC 4258 ]
—-- M51 ]
NGC 628

B T - e S, R e
Mrg1aw,

_12 -11

Normalized ‘
dlstrlbutlon of our sample of galaxies. The

gray band indicate the TO maghnitude  of

the MW GC. The band-width correspond to
the TO uncertalnty :

8 de junio-2021

TOV - TOMW [mag]

absolute F8I4W maghitud'e,"'

Sab Sb Sbc Sc Scd Sd Sdm Sm
Hubble Type

'TO —TO VS the Hubble Type of host_
gaIaX|es The plot ‘includes 5 galaxies

from our sample and the MW, M31 and.
- LMC galaxies. |
- indicated by the width of the gray band. -

. The error in the MW TO is




Some conclusmns

L We find that the LF of GCs in all the flve analyzed gaIaX|es IS Iog-:
normal in nature, with the turn-over (TO) happenlng on the brlghter
side of the 50% mcompleteness I|m|t|ng

* The mean of the Mv(TO) in 4 of our gaIaX|es IS —7 38 0. 13 Whlch IS
- in excellent agreement with the values determlned for GC populatlon
in the Mllky Way Mv(TO) == 40+0 10 mag (Jordan et al. 2006)

* In the fifth galaxy M101 Mv(TO) ) 86 mag famter than the MW. We
propose that this difference in Mv(TO) arises due to morphological
differences, with spiral galaxies of the Hubble types Sc or earlier

* having a universal Mv(TO), whereas the Hubble types Iater than Sc 4

" have famter Mv(TO) i -

* The unlversallty of Mv(TO) in earIy type splrals is due to ‘the
classical GCs domlnatlng the GC population, whereas in late-type

- spirals GC populatlon is often dommated by old disk clusters, which
are in general less massive, and hence fainter than the classical
'GCs, but otherwise share the same observatlonal propertles as the

cIassmaIGCs | . b o o o
8de]un102021 ;i , : ' o e v = 8
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Generalltles |
~ « What do we want to do with the spectra” _
Date the star clusters
- How will we do it?
In three steps 1.- MetalI|C|ty (Spectral rndlces)
- 2.- Extinction (SSP)
3.- Age o (SSP)

. Spectral datlng is age colour degeneratlon free
* We use S|mple stellar populatlons (SSP) spectra With age's' rahging |
from 1 to 13.5 Gyr, and metalllcmes Z= 0 0001 0.0004, 0. 004 0.008,

" 0.02, y005 Lo

"« For this purpose the IspecFlt (INAOE Spectra F|tt|ng) software was ‘
created . e . | | .

. We have analyzed 42 GC candldates spectra |n M81

8 de junio 2021 s ey



Declination

Spectroscopic
‘campings:

OSIRIS: ‘

* 8 OBs en M81

. 30Bs en M101
. 1 OB en NGC 1300*

MEGARA: .
* NGC 4258*
 NGC, 628*

*Not observed yet

12:00.0

08:00.0

o
)
o
o
-]

69:00:00.0

M101R
s ———————
‘ [
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I
’ |
I
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i =3
| 1
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1
SDSS9 color
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250151
247 AN
(LRI
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N NeCsm
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arted only for 2010A-LS5)



Spectral fittings software:

* STARLIGHT: is a software, based on Fortran 77, programmed to fit a
composed spectrum ‘model M(A) to an observed spectrum O()\) that IS the
sum of N* spectral components | . -

* ULYSS (Unrversrty of Lyon Spectroscoprc analysrs Software) frt a spectra _
with a lineal combination of non-linear combined c¢onvolutions with a
distribution of veIocmes n the I|ne of srght and |s polynomlal muItlplrcatrve

~ * SINOPSIS (SImuIatrNg Optrcal Spectra Wlth SteIIar populatrons models):
s code created to reproduce’, the main. characterrstrcs of. observed'
~ spectra of galaxres (at rest) In a range from UV to near mfrared

. IspecFrt (INAOE Spectra Frttlng tentatlve name) is a software

" specialized in the analysis of old steIIar populatlons Itis based on IDL and
Python Ianguages It performs the spectral fit.in three steps:. 1) metallicity -

-estimation using spectral |nd|ces 2) extlnctron est|mat|on and 3) age
estrmatron using SSPs. ik ~

§dejunia 2021, .1, AT il R oy



Spectral indices:

F .,l

y, PBo+ PRe

I"l'l.-'ll'l.

where F, is the flux in the index width
F.. YV F.. are the pseudo-continuum
fluxes enclosing the index range. .

INDEX DEAMITIONS

Name

Index Bandpass

Paeudocontinma

Unites Measures

Errorl Noles

CN,
CN2
(a4227
G300
Fed383
Cad455
Fod341
Fedi68
if

Fehlla

4143.375-4178.375

4143.375-4178.375

4223 500-4236.000

4282 6254317 625

4370.375-4421 625

4453.375-4475.875

45155004560 500

4635.250-4721.500

ABAT.BT54876 625

4977.T50-5054.000

4081.375-1118.375
4245.375-4285.375
4085.125-H¥ 625
4245 3754285375
4212.250-4221 000
4242 .250-4252 250
4267 825-4283.875
4320, 125-4336.370
4360.375-1371.625
4444 125-4458 425
4447 1254455 K75
44783754493 275
4505, 500-4515 500
4561. 7504580500
4612, 750-4831.500
4744 (H-4T7H7 Tal
4827.6754847 BT5
4876.625-4801 625
4046 _S00-4077.TH0

mag CN Fel

mag OCN, Fel

Cal Fel Fell
CH, Fe1
Fel, TN lI

CalLFeI,Nil,
Til Mol V1
Fel, TH],

Fa II, Ti Il
Fel Til Crl,
Mgl Nil, Oy
HS, Fel

FelL Ni[, Ti I

0.021

0.023

5054.000-5066.250
Mg, 5069.125-5134.125  4895.125-4957.625
5301.125-5366.125
Mz, 5154.125-5194.625 4895.125-49567.626 MeH, Mg b,
BI01.125-5366.125 Fe T
Mg b 5160.125-5192.425  5142.625-5161.375 Mg b
6191.375-6208.375
Fe5270  5245.650-3285.650  5233.150-5248.150
5285.650-5318.150
Fe335  5312.125-5352.025  B3D4.G25-5315.575 Fe I
5353.475-5383.275
Fehd(lf  G3AT.500-5415.000  5376.250-5387_500
5415.00:0-5425.000
Feb709  568B.3T5-5722127  HET4.625-DOOR.ITH Fel Kil, Mgl
5724.625-5738.37% G VI
ATTRITH-ATRRATD  STRT.125-5TT7.125 Fel Ol

MgH, Fe I, Ni 1

=
o
<}

y

JLELELE BLELELE R BN
y

o
o
w

Fel, Cal

o
o
N
[Ta}
L
%
]
T 0.90
X
)
=

Fel, Crl
Fe52

— llagyr — 12gyr — 12.5qyr 13gyr 13.5gyr

11.5gyr — 12.25gyr —— 12.75gyr —— 13.25gyr 13.75gyr

P T T T T T T [N T T T T N T T T T T S TN T T I T T T T T T T T [ T A S T BT R Feb783
5240 5250 5260 5270 5280 5290 5300 5310 5320 . i _ STH9E25-5813.374 Cul, Mg
Na D 5BTR.GU5.5011.125  hRE2.IT5-58TT.3T75 Nal
A (4) 5923 875-5040.875
' J Tit, 5938.375-5000.8756  5818.375-686LATH  mag Tl
6040.375-6105.375
TiCs 6191.375-6273.876  GOGEIATH-GI433750 wmag TiO
§3T4.3T5-6416.875

Element BElue Index Red
Continuum

Continmium

OO00.00 0000,
A24G.00 4254,
4320.75 4335.
5303.00 G366,
5303.00 6366,
5193.25 5207
D2EE.00 5319
530600 5364.7!
241500 5425

et
et

4000.00 4200.00
4144.00 4177.50
4283.25 4317.00
S071.00 513475
5156.00 5197.25
5162.00 5193.25
2245.00 5286.75
5314.75 5353.50
238700 5415.00

S200.00 4000.00
ANR2.00 411550
A268.25 4283.25
A897.00 4955.00
AE97.00 4958.00
5144.50 5162.00
D235.50 5249.25
Da07.25 5317.25
D3TE.25 5387.50

" -Top: Lick incdices (Worthey et al. 1994).
-Left: Lick indices to age and metallicity
estimation - - (Mayya et <al. 2013;
Rodriguez-Merino in preparation) o

=1

=1
noononen

=)

=] =1
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Metallicity estimation:

For metallicity estimation we
used the method described -
in Maya et al. (2013). It use
tree iron spectral indices:
Fe52, Fe53 and Feb4. It was
‘calibrated using 41 MW-GCs

from Schlavon et al. (2005).

Mayya et aI (2013)

8 de junio-2021

[Fe/H] — k* = 4p(Index — h)

, ‘.where K, p and h are the polynomlal
| coefflments . -

[—1 Here

I"7! NH10 (Here)

02255720 -15 -1.0 -0.5 0.0 0.5 10
[Fe/H]

i w”[F IH] = 1 06+ .0.08 (Nantals et al., 2010) |
i il ”[FeIH] o 0 63"' 0 10 (This work) - 24 .




Fit spectral method:

* Index estimation (Brodie & Huchra 1990).

* Metallicity estimation with spectral mdexes Fe52 Fe53 y Fe54
(Mayya 2013, Lino-Merino in prep.). . -

* Extinction estimation (Cardelli et al. (1989)

* Age using Wlth a X? statistic: i

where N is the number of indexes, - I, . and I_ . are the
observed and model index respectlvely W is the statlstlcal'

. weight of the I- th mdex and 3|gma 1S the mdex error(Mayya et
- al. 2004) S |

 SSP ages range from 1to 13 75 Gyr (Bruzaul & Charlot 2003)

» Initial function mass : Kroupa Salpeter y Chabrier. -

* Metallicities; Z=0.0001, 0.0004, 0.004, 0. 008 0. 02 y 0.05.

NGC1851 NGC1851 ' NGC1851

3850 3900 3950 4000 4050 4200 4250 4300 4350 4400 450 5200 5250 5300 5350
Wavelength (A) Wavelength (A) Wavelength (A)




Spectral flt proof in MW-GC: _'

NGC 1851

From Schiavon et
al., (2005):" -
-+ 41 MW-GC
.. spectra.. Observed
- with Telescopio
" Blanco de 4m.
; IRl - A= 3350-6430 A,
Necsst N °© Resolution 3.1 A
R ehosioat NG N FWHM
4500 5000 6500 6700 s S
Wavelength (A)

'[Fe;m:-l'.ls,,&e:i3.5dyr,A;:o.is,Xz'zls.'?z' R I 72 NGCA1_85‘1': :
NGC 1851 : N [Fe/H]=-1.13 -

' Age =13.5Gyr

Av.. =0.18.

— : C"ompaﬁrison
NGC1851 51-25 3 1 [FEIH] =-1.18 -
Fit I: R De Angeli et al. (2005)

—— Observed —:
T ! ’ T - |

] Agé =10.6+-2.1 Gyr
‘4560 5000 6500 6700 ' ‘Momany et al. (2003)

Wavelength (A) %6




M81 GC candidates: :

] T v T T v T ]
[Fe/H]=-0.58, Age=13.75Gyr, Av=0.6, x2=0.13

T

— Fit
— OQObserved

3900 3950 4000
v ] v v v

ool bina i i b |||I||H||

?

4500 5000 6500 6700
Wavelength (A)

v v v v v v v v T v
[Fe/H]=-0.54, Age=13.75Gyr, Av=1.46, x?=0.71

M81-GC16;

— Fit E
—— Observed 1

6550 6600 =
T LI v ] v

A P S

“4500 = 5000 = 6500 6700
Wavelength (A)

"M81-GC1:

- [FelH] = -0.58
- 'Age '=13.75 Gyr
AV =06 "

Comparasionn:
"[FelH] = -0.60
 Edad >13 Gyr .

- (Mayya et al. 2013)

- M81-GC16

[Fe/lH] =-0.54

‘Age =13.75 Gyr
AV =146




- Some ,cohclusions of 'spectroscep'ic' -part:-} -

* Our results show a GCs mean metalhcmes hlgher than the
reported in Natals et al (2010) | .

* We develop a speC|aI|zed software to f|t old stellar populat|ons
spectra (IspecFit). G _

. IspeCFlt can be applled to estlmate 1) metaII|C|ty, 2) extlnct|on
and 3) age of stellar populatlon - -

~ ¢ We have analyzed 42 GC candlates in M81 ‘galaxy. We conflrm‘_ -
‘that ~30 objects of our sample are GC. The remaining 12
candldate could not be verlfled to be GC due to thelr low SIN
ratlo ol { - |

§dejunia 2021, .1, AT il R S e BT



General Conclusmns

B We deveIOped (|mproved) a photometrlc method for detected
SSCin splral gaIaX|es -« .

« We can establlsh the presence of SSC |n our sample of
gaIaX|es e

*In the GC system in four of five gaIaX|es here studled We found ;
~aTo S|m|Iar to MW o e L

‘ -We developed a speC|aI|zed software to f|t oId steIIar'
populatlons spectra W i

 We st|II datlng the blue and red SSC populatlons For th|s we

~ will' use a photometric method. . '»

« When we will date the que and red part We can recover the star .
‘formation history:. e - -

 We are. awaltlng new spectroscoplc observatlons from
MEGARA A | '

8de]un102021 ‘ g : e r ' . e e e o9



Luminosit functions of lobular clusters in five nearby spiral i
galaxies using HST/ACS images

Luis Lomeli-Nunez*, Y.D. Mayya, L.H. Rodriguez-Merino, P.A. Ovando.

and D. Rosa-Gonzalez
Instituto Nacional de Astrofisica Optica y Electranica, Luis Enrigue Erro 1, Tonantzintla 72840, Puebla, Mexico

* The results presented in the previous 's'I'idés,h:é'iv.e' been submitted
to MNRAS in the article titled: ‘Luminosity functions of globular_

clusters in five nearby spiral galaxies.using HSTIACS |mages
* We sent the answer in May 23th, 2020. ' -

« We response in May 18th 2021. . , oo - -ﬂ
GTC/OSIRIS spectroscopic age estlmatlon of globular
clusters in M&81

Luis Lomeli- \Iﬁﬁu " Y.D. Mayya,' L.H. Rodriguez-Merino," P.A. Ovando, '
Lum L\ Alzate,? B. Cll(\d%—()fdh()]d Javier Zdld;.,(md—(dldl(] I D. Rosa-Conzélez!

8 de junio-2021
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