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Abs tract

The V, R light cur ves for 33 RR Lyrae stars in M15 were used to cal cu la te their physi cal pa -
ra me ters. The Blazhko effect, pre vious ly re por ted in V12, was not de tec ted. The va lues for the
iron con tent and dis tan ce of the clus ter are: [Fe/H]= -1.98 ± 0.24 and d = 8.67 ± 0.41 kpc, res -
pec ti vely. The mean va lues of  the physi cal pa ra me ters, de ter mi ned for the RR Lyrae, stars pla ce 
the clus ter pre ci sely into the se quen ces Oos terhoff type – me ta lli city and me ta lli city – effec ti ve
tem pe ra tu re, va lid for glo bu lar clus ters. Evi den ces of evo lu tion from the ZAHB are found for the
RRc but not for the RRab stars.
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Parámetos físicos de estrellas RR Lyrae en M15

Re su men

Las cur vas de luz V, R de 33 es tre llas RR Lyrae en M15 se han uti li za do para cal cu lar sus
pa rá me tros fí si cos. El efec to Balzhko, re por ta do pre via men te para V12 no ha sido de tec ta do.
Los va lo res de ter mi na dos para el con te ni do de hie rro y la dis tan cia del cú mu lo son: [Fe/H]=
-1,98 ± 0,24 y d = 8,67 ± 0,41 kpc, res pec ti va men te. Los va lo res me dios de los pa rá me tros fí si -
cos de las es tre llas RR Lyrae co lo can al cú mu lo co rrec ta men te en las se cuen cias tipo de Oos -
terhoff – me ta li ci dad y me ta li ci dad – tem pe ra tu ra efec ti va, vá li das para cú mu los glo bu la res. Se
han en con tra do evi den cias de evo lu ción, des de la Rama Ho ri zon tal de Edad Cero, de las es tre -
llas RRc pero no de las RRab.

Pa la bras cla ve: Cúmulos globulares-M1; efecto Blazhko; estrellas variables-RR Lyrae.
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In tro duc tion

M15 (NGC7078) is one of the most lu -
mi nous and dense clus ters in the Milky
Way. Nu mer ous pho tomet ric stud ies of the
clus ter have origi nated, since the pio neer ing 
work of Brown (1), un til the most re cent
CCD study of RR Ly rae in the clus ter, by Sil -
ber mann & Smith (2). More than 150 vari -
ables are listed in the cata logue of Clem ent
(3) and ap proxi mately 100 them are RR Ly -
rae. M15 is one of the globu lar clus ters with
a very low metal con tent, the nany de ter mi -
na tions of its me tal lic ity range be tween
-2.15 £ [Fe/H] £ -1.76 (4).

Dur ing the last dec ade, the light curve
Fou rier de com po si tion tech nique, to es ti -
mate physi cal pa rame ters of RR Ly rae stars
(5-7) has been ap plied to some globu lar
clus ters with a large range of me tal lici ties
(8, 9). The re sults of the me tal lic ity, stel lar
mass, ef fec tive tem pera ture, and lu mi nos -
ity, ob tained from this ho mo ge ne ous ap -
proach, clearly show trends that of fer in -
sights on the ori gin of the Ooster hoff di chot -
omy (9, 10).

The Fou rier light curve de com po si tion
tech nique has not been ap plied for RR Ly rae 
in M15. With the aim to in clude M15 in the
list of clus ters, for which this tech nique has
been ap plied to es ti mate fun da men tal
physi cal pa rame ters, we have ob tained fur -
ther VR CCD pho tome try of two se lected
fields of the clus ter, and have Fou rier de -
com posed the light curves of 33 RR Ly rae.

Ob ser va tio nal ma te rial
and re duc tions

In the pres ent study, 129 V and 127 R
im ages, dis trib uted in two fields of the clus -
ter, as il lus trated in Fig ures 1 and 2, were
ob tained in 2000 and 2001, us ing the 1.5 m
tele scope of San Pe dro Már tir Ob ser va tory
(SPM), in Baja Cali for nia, Mex ico. The tele -
scope was equipped with a CCD Tek tronix of 
1024 x 1024 pix els with a size of 24 µ2.
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Figure 1. A se lec ted ima ge of the east field of

M15, ob tai ned in this work. Iden ti fi ca -

tions of known RR Lyrae stars be gin

with “V”, other wi se they are stan dard

stars.

Figure 2. A selected image of the west field of

M15, obtained in this work.

Identifications of known RR Lyrae

stars begin with “V”, otherwise they

are standard stars.



The trans for ma tion to the stan dard
sys tem was per formed dif fer en tially, rela -
tive to a group of stan dard stars in the ob -
served fields of M15, avail able in San dage
(11). The ac cu racy of the pho tome try was es -
ti mated as ±0.031 and ±0.019 for the V and
R fil ters, re spec tively.

The RR Lyrae stars in M15

In Clement’s (12) data base of vari ables
stars, a to tal of 158 vari able stars are
known, from which ap proxi mately 104 are
RR Ly rae type stars. In this work, 30 known
RR Ly rae stars, iden ti fied in Fig ures 1 and 2, 
have been stud ied. For all the stars, a new
time of maxi mum light has been cal cu lated;
for oth ers, the pe riod also has been cal cu -

lated, ei ther be cause it was not re ported in
the list of vari ables of Clem ent (12) or, be -
cause it has been no ticed that the re ported
pe riod does not pro duce a co her ent light
varia tion.

a. Fourier pa ra me ters of the light cur ves

In or der to es ti mate the Fou rier pa -
rame ters of the light curves, the data were
fit ted us ing the har monic de com po si tion
tech nique ac cord ing to the fol low ing equa -
tion:

f t A A k t E Po k k
k

n

( ) cos( ( ) / ).= + - +
=

å 2
1

p f [1]

The solid curves in Figures 3 and 4 are
the Fou rier fits rep re sented by equa tion [1].
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Fi gu re 3. Light cur ves and Fourier fits of known RRab stars in M15.



From the am pli tudes and phases of the har -
mon ics in equa tion [1], the Fou rier pa rame -
ters, de f ined as f f fij i jJ i= -  and 
R A Aij i j= /  were cal cu lated.

b. The physi cal pa ra me ters of the RR
    Lyrae stars from their light cur ves

For RR Ly rae stars of Bai ley’s type RRc
stars, Si mon & Clem ent (5) ap plied hy dro dy -
namic pul sa tion mod els to cali brate equa -
tions for the ef fec tive tem pera ture Teff, a he -
lium con tent pa rame ter Y, the stel lar mass
M/M�, and the lu mi nos ity log¹L, in terms
of the pe riod and Fou rier pa rame ter f31.
Their work has been ex tended to RRab stars, 
by Jurc sik & Kovács (13) (JK96), Kovács &
Jurc sik (6) (KJ96); (7), and Jurc sik (14)
(J98). We have adopted Mor gan et al. (15)
cali bra tion for RRc type stars to es ti mate
[Fe/H]. These pa rame ters are sum ma rized
in Ta bles 1 and 2.

Dis cus sion

a. The iron abun dan ce of M15

The cali bra tions men tioned above are
strongly de pend ent on f31. Hence, if the dis -

per sion of the light curve is large, f31 is un -
cer tain and the value of [Fe/H] is un re li able.
We de cided to keep the physi cal pa rame ter
cal cu la tions lim ited to those stars with well
de fined light curves. These stars and their
physi cal pa rame ters are listed in Ta bles 1
and 2.

The mean val ues are [Fe/H]¹ -1.87 ±
0.24 for the RRab stars and [Fe/H ]¹ -2.12 ±
0.16 for the RRc stars. Our over all av er age
for [Fe/H] is then – 1.98 ± 0.24 for M15.

b. The dis tan ce to M15

An im por tant fact is that the above re -
sults can be used to es ti mate the dis tance to 
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Fi gu re 4. Light curves and Fourier fits of known RRc stars in M15.



the clus ter. For the RRc stars, the lu mi nos -
ity val ues in Ta ble 2 have been firstly trans -
formed into Mv. In do ing so, we have
adopted the ex pres sion for the bo lo met ric
cor rec tion BC = 0.06 [Fe/H] + 0.06 (16) and

Mbol� = 4.75. To ob tain the true dis tance
modu lus we have adopted E(B-V)= 0.08 (17) 
and a total- to- selective ab sor tion ra tio
R¹3.2. For the RRab stars the Mv val ues in
Ta ble 1, ob tained from the cali bra tions,

Scien ti fic Jour nal of the Ex pe ri men tal Fa cul ty of Scien ces,
at the Universidad del Zulia Vo lu me 15 Nº 3, July-September 2007

G. García Lugo y et al. / Cien cia Vol. 15, Nº 3 (2007)  393 - 400 397

Ta ble 1

Physi cal pa ra me ters for the RRab stars

Start [Fe/H]* log Teff Mv

V2

V12

V13

V20

V36

V44

V45

V46

V52

V55

V65

-1.70

-1.97

-2.23

-1.77

-1.99

-1.99

-2.25

-1.60

-1.84

-1.51

-1.70

3.794

3.800

3.800

3.784

3.797

3.800

3.793

3.792

3.804

3.789

3.789

0.67

0.72

0.68

0.64

0.71

0.70

0.61

0.67

0.71

0.65

0.66

Mean

s

-1.87

±0.24

3.795

±0.006

0.67

±0.03

 *From the ca li bra tion of JK96.

Ta ble 2

Physi cal pa ra me ters for the RRc stars

Star M/M
¤

Log(L/L
¤
) Y Mv Log Teff [Fe/H ]*

V3

V10

V11

V24

V40

V42

V64

V66

0.81

0.81

0.79

0.80

0.62

0.82

0.88

0.62

1.841

1.839

1.793

1.822

1.771

1.819

1.840

1.774

0.23

0.23

0.24

0.24

0.26

0.24

0.23

0.25

0.72

0.73

0.71

0.76

0.66

0.74

0.76

0.72

3.848

3.848

3.855

3.851

3.855

3.852

3.849

3.855

-2-29

-2.28

-2.02

-2.19

-1.91

-2.15

-2.21

-1.93

Mean

s

0.76

±0.08

1.812

±0.028

0.24

±0.01

0.72

±0.03

3.852

±0.003

-2.12

±0.16

*From the ca li bra tion of Mor gan et al. (15).



have been used to cal cu late the dis tance
modu lus. We find the mean true dis tance
moduli 14.72 ± 0.05 mag and 14.87 ± 0.15
for the RRab and RRc stars, re spec tively.
The av er age of these moduli corre sponds to
a dis tance of 8.67 ± 0.41 kpc, where the un -
cer tainty is the stan dard de via tion of the
mean from in di vid ual stars. This value of
the clus ters dis tance is to be com pared with 
10.3 kpc listed in the cata logue of Har ris
(18), 10.11 ± 0.46 kpc from Cox et al. (19),
and with the dy nami cal es ti mate of 9.98 ±
0.47 kpc ob tained by McNa mara et al. (20),
from the proper mo tion and ra dial ve loc ity
dis per sion of 237 stars.

As  for NGC 4147 (9), the Fou rier de -
com po si tion ap proach places M15 about
17% closer than the adopted dis tance in
Har ris (18). In the pres ent work, both val ues
of the lu mi nos ity and ab so lute mag ni tude of
the RR Ly rae stars, also have been ob tained
with Fou ri er’s tech nique. Nev er the less, as
seen in Ta bles 3 and 4, these val ues pro duce 
a co her ent se quence of physi cal pa rame ters
with me tal lic ity, within the Ooster hoff type
of the clus ter, as it will be dis cussed in the
fol low ing sub sec tion.

c. Physi cal pa ra me ters of glo bu lar
    clus ters as a func tion of me ta lli city

Ta bles 3 and 4 are up dates of Ta bles 3
and 6 of Kaluzny et al. (8), with new clus ters
added to the list. In these Ta bles the clus -
ters are or dered ac cord ing to their Ooster -
hoff type and their [Fe/H] value. It is easy to
con firm that the mass and the lu mi nos ity
in crease with de creasing, me tal lic ity. These 
trends were first fore seen by Si mon & Clem -
ent (5) (3). It can be seen that the mean val -
ues of the physi cal pa rame ters of the RR Ly -
rae stars in M15, ob tained in this work, lo -
cate the clus ter in the ex pected place in the
gen eral se quences. In par ticu lar, our av er -
age val ues [Fe/H] = 2.12 ± 0.16 for the RRc
and [Fe/H] = -1.87 ± 0.24 for the RRab stars
make the rest of the pa rame ters con sis tent
with the gen eral se quences. The above
[Fe/H] val ues are con sis tent, within the un -
cer tain ties, with the gen er ally ac cepted
value of [Fe/H] = 2.26 (18) and are brack -
eted by the sev eral in de pend ent de ter mi na -
tions listed by Buonanno et al. (4), that
range from -2.15 to -1.76.
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Ta ble 3

Mean physi cal pa ra me ters ob tai ned from RRab stars in glo bu lar clus ters

Clus ter
(Oo type)

N [Fe/H] Teff Mv

NGC61711(I)

NGC41472(I)

NGC18513(I)

M54 (I)

M35(I)

M26(II)

M557(II)

M928(II)

M159(II)

3

5

7

26

17

20

3

5

11

-0.91

-1.22

-1.22

-1.23

-1.42

-1.52

-1.56

-1.87

-1.87

6619

6633

6494

6465

6438

6687

6325

6160

6237

0.85

0.81

0.80

0.81

0.78

0.71

0.68

0.67

0.67

1. Cle ment & Shel ton (3), 2. Are lla no Fe rro et al. (9), 3. Walker (21), 4. Ka luz ny et al. (8), 5. Ka luz ny et al. (22), 6. Lá za ro
et al. (10), 7. Olech et al. (23), 8. re cal cu la ted in this work from the data in Ma rín (24), 9. this work. N is the num ber of
stars stu died.



Con clu sions

V and R-band CCD pho tome try for 33
known RR Ly rae vari ables in M15 have been 
pre sented. The Blaz hko varia tion in V12 is
not con firmed. The stars V30, V58, and V60
were con firmed as dou ble mode pul sa tors or 
RRd type vari ables. For the star V34, whose
vari abil ity has been ques tioned in the past
(25), we find authen tic varia tions but a pe -
cu liar and scat tered light curve that pre -
cludes clas si fy ing the star’s vari able type.

From the Fou rier pa rame ters de rived
from the light curves of RRab and RRc stars,
and the physi cal pa rame ters cali bra tions
avail able in the lit era ture, we es ti mate for
the RRc stars the mean mass and ef fec tive
tem pera ture as 0.75 ± 0.08 M

�
 and logTeff=

3.852 ± 0.003, re spec tively; [Fe/H]¹ -2.12 ±
0.16, log(L/L

�
)¹ 1.812 ± 0.028, and a mean

rela tive abun dance of he lium Y¹ 0.24 ±
0.01. For the Rrab stars, we find logTeff ¹
3.795 ± 0.006, [Fe/H]¹-1.87 ± 0.24, and
Mv¹ 0.67 ±0.03. The av er age me tal lic ity and 
dis tance of the clus ter are thus es ti mated as
[Fe/H]¹-1.98 ± 0.24 and 8.67 ± 0.41 kpc,
respec tively. This es ti mate of the me tal lic ity
is in agree ment with pre vi ous de ter mi na -
tions, al though the clus ter ap pears closer to
the sun. Fur ther more, when com pared with
other globu lar clus ters, both RRab and RRc
stars place M15 in the cor rect place in the
se quences first forseen by Clem ent & Shel -
ton (3), in the sense that Ooster hoff type II
clus ters are more metal de fi cient than those
of type I and the mean tem pera ture of their
RR Ly rae stars de creases with a de creas ing
iron con tent.

The tem pera tures and lu mi nosi ties for
the RRab stars are con sis tent with those
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Ta ble 4

Mean physi cal pa ra me ters ob tai ned from RRc stars in glo bu lar clus ters.

Clus ter
(Oo Type)

[Fe/H] N M/M
¤

log

L/L
¤

Teff Y

NGC6171 (I)

NGC41471 (I)

M5 (I)

M52 (I)

M33 (I)

M24 (II)

M9 (II)

M555 (II)

NGC2298 (II)

M926 (II)

M68 (II)

M15 (II)

M157 (II)

-0.68

-1.22

-1.25

-1.25

-1.47

-1.52

-1.72

-1.90

-1.90

-1.87

-2.03

-2.28

-2.12

6

9

7

14

5

11

1

5

2

3

16

6

8

0.53

0.54

0.58

0.54

0.59

0.60

0.60

0.53

0.59

0.64

0.70

0.73

0.76

1.65

1.69

1.68

1.69

1.71

1.71

1.72

1.75

1.75

1.77

1.79

1.80

1.81

7447

7334

7338

7353

7315

7320

7299

7193

7200

7186

7145

7136

7112

0.29

0.28

0.28

0.28

0.27

0.28

0.27

0.27

0.26

0.26

0.25

0.25

0.24

Data ta ken from Cle ment & Shel ton (3), ex cept: 1. Are lla no Fe rro et al. (9), 2. Ka luz ny et al. (8), 3. Ka luz ny et al. (22), 4.
Lá za ro et al. (10), 5. Olech et al. (23), 6. re cal cu la ted in this work from the data in Marín (24), 7. this work. N is the num -
ber of stars stu died.



found by J98 for the large sam ple of 272
RRab stars. A com pari son with the mod els
of Lee & De marque (26), in di cates that, for
Y=0.24, the RRab stars have not evolved
from zero age hori zon tal branch (ZAHB).
How ever, we have found a clear cor re la tion
be tween the lu mi nos ity and the tem pera -
ture with the me tal lic ity for the RRc stars,
sug gest ing evo lu tion ary ef fects for these
stars. Fur ther de tails on this in ves ti ga tion
can be found in Ar el lano Ferro et al. (27).
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