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ABSTRACT

Context. Some globular clusters in our Galaxy are noticeably rictoim-inass X-ray binaries. Terzan 5 has the richest population
among globular clusters of X- and radio-pulsars and lowané&say binaries.

Aims. The detection and study of optigi®® counterparts of low-mass X-ray binaries is fundamerdaiharacterizing both the low-
mass donor in the binary system and investigating the mésinarof the formation and evolution of this class of objede. aim at
identifying the near-IR counterpart of the 11 Hz pulsar IGRIB0-2446 discovered in Terzan 5.

Methods. Adaptive optics (AO) systems represent the only possjtiitit studying the very dense environment of GC cores from the
ground. We carried out observations of the core of Terzantbeémear-IR bands with the ESO-VLT NAOS-CONICA instrument.
Results. We present the discovery of the likely counterpart inkladand and discuss its properties both in outburst and in cenes.
Archival HST observations are used to extend our discugsitime optical bands.

Conclusions. The source is located at the blue edge of the tufrax@a in the color-magnitude diagram of the cluster. Its hasity
increasefrom quiescence to outburst, by a factor 2.5, allasvto discuss the nature of the donor star in the contexteofiduble
stellar generation population of Terzan 5 by using recesitestevolution models.

Key words. pulsars: general — pulsars: individual: IGR J17480-2446haries: close — globular clusters: individual: Terzan 5

1. Introduction larly interesting, because the long spin period of the reustar
(~ 90.54 ms) points to the possibility that it has been caught at
IGRJ17480-2446 (hereafter IGRJ17480) was detected @ peginning of the mass-transfer phase that is accelgriato
October 10, 2010 withNTEGRAL (Bordas etall 2010) and 5 mjjlisecond pulsar, thus it is a good candidate for enéghitg
then later identified as a newly discovered accreting pylie jink between the X-ray sources and the radio milliseqarid
sar_with a _spin_period of 90.6 ms_(Altamirano etal. 201Qsars proposed by this “recycling scenarlo”. Papitto £(201¢)
Strohmayer & Markwardt 2010). The properties and evolutiogha|yze the spectral and pulse properties of IGRJ17480 add fi
of its X-ray emission have been studied in detail (see, e@qat the pulsar is indeed spinning up, and a similar resuilss
k’\]/'Otta et a‘ll g%l%’tr?nd thte t'mr']”g a”aWE'_f ?f th%g%';g E’b”(bresented by Patruno ef al. (2012).
as revealed that the systém nas an orbital period. r The detection and study of opti¢® counterparts of
(Strohmayere‘g al. 2010. Papitio et al. 2011). This is thetmcLSMXBs is important in order to study the nature and charac-
central |,oulsar In the_ globular cluster (GC) Terzan 5, lodzte teristics of donor stars and clarify the evolutionary statfithe
about 4 of the optical center. The X—ray position has beey o petection of opticR counterparts in GCs is often dif-
accurately determined by Pooley etal_. (2.010) W't,h the salgl It because of crowding conditions thdiiect many GCs. The
lite Chandra ?nQ' morehregently, b% R'gﬁ"o e'zjal. (2012) USIny; covery is usually achievable only from space or with adap
g(r)n;on occultation method (MO) that allowed an accuracy file optics (AO) systems from the ground. Near-IR bands have
e . ) .the advantage of a reduced extinction with respect to thie opt
Low-mass X-ray binaries (LMXBSs) are binary systems iRa| hands, a crucial bonus for cases like this, in which the ta
which a compact primary (neutron star or black hole) acsretgg: ¢uster lies in a strongly obscured regi@&@{g — V) = 2.38,
matter via mass transfer by Roche lobe overflow from a do’:%eaning an extinction in th¥ band of more than six magni-
low-mass star. The accreting gas transfers angular momentu ;,qes Barbuv et 1. 1998 Valenti eflal. 2007).
the old neutron star, “recycling” it to millisecond rotatiperiods Te‘rzan 5‘is one of the densest and metal-richest clusters
(Bhattacharya & van den Heulel 1991). This system is particl% our Galaxy [(Cohn et al. 2002; Ortolani eflal. 2007), and thi
- ~ characteristic feature favored the formation of a large hum
* Based on observations collected at the European Orgamsai  her of rotation-powered millisecond pulsars, with 35 prdsa
Astronomical Research in the Southern Hemisphere, Chilel Pro-  4iscovered so fAr (Ransom et all 2005; Hessels et/al. 20086;

posal 286.D-5012. Based on observations made with the NBSA e :
Hubble Space Telescope, obtained from the data archiveeeé®phce Paoley et al! 2010). In addition, recent studies have reeeal

Telescope Science Institute. STScl is operated by the Aatsmt of
Universities for Research in Astronomy, Inc. under NASA tcact ! see the web page maintained by P. Freire for an updated list:
NAS 5-26555. http;//www.naic.edy~pfreirg¢ GCpsr.htmi
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in Terzan 5 the presence of twofiiirent stellar populations: the inverse square of the noise. In this way we found that the
a metal-poor (fe/H] ~ —0.2 + 0.1) and a metal-rich one PSF model varies with the distance from the star chosen éor th
([Fe/H] ~ +0.3 £ 0.1) (Ferraro et al. 2009, F09). Although thewavefront analysis with a trend described well by a quadrati
presence of multiple populations is now recognized to bg vefunction of the radius. Calibration was obtained via corngmar
common in GCs (e.g. Carretta etlal. 2009; Piotto 2009), ihis uwith the photometry of FO9 obtained on the same field with the
usual to have such bimodality in metallicity. The two intexga- Multi-conjugated Adaptive Optics (MAD) camera at ESO-VLT,
tions proposed (see, e.g. D’Antona et al. 2010) are eitladthie by analyzing a subset of stars in common with our observation
two generations dlier by~6 Gyr in age (F09), the younger beingafter selecting those that were not too bright to prevertesys

the most metal-rich, or they are almost coeval, but in thiecaatic dfects of nonlinearity.

the metal richer population must also show higher He content

In this work, we report on the near-IR counterpart identtfara
of IGRJ17480, obtained with observations taken after theae
tion of the outbursting pulsar and by comparison with arghivTo obtain the astrometric calibration, we attempted to e t
data of the same field taken in the same bands and with sSimilaCAC3 catalogl(Zacharias etlal. 2010), which is an improved
techniques in 2008 by F09. The comparison allows us to detgersion of the more commonly used USNO catalog obtained
mine the brightening of the source between the quiescersieph@ith astrographic techniques, but we found only one catsiag

and the X-ray outburst of 2010, as well as its consequencesifp the small field of view of NACO. We therefore followed a
the binary model. In addition, the location of the sourcelireg- two-step approach, using archival images from the HST eechi
cence with respect to the cluster average stellar loci iogieal |n particular, we used two images of Terzan 5 taken with the
color-magnitude diagram allows us to consider its probalate ACS/WFC in 2003 in the F606W (R) and F814W () filters.
lutionary status and to place it in the context of the twolatel These images already have an astrometric solution writtémei
generations that populate Terzan 5. In Sect. 2 we descrée jifhage header, which was found to have a’Ooffset from the

data set and the procedure used for the detection of the IR COUCAC3 reference positions.

terpart, then we analyze the results with the help of photome  As a first step, we thus obtained an astrometric solution by
of archival optical data from HST and compare them with modgking 21 UCAC3 catalog stars present in the field of view of
predictions in SecE]3. Finally, we briefly summarize thedon HST/ACS, with a magnitude range between 11 and 16. Then,
sions in Secf 4. we used the sources from HST images as secondary astrometric
calibrators for our VLTNACO images. As a byproduct, we also
obtained the photometric catalog of the stars in the AEB
images. The uncertainty on the astrometric fit, obtainedeas d
2.1. Observations, reductions, and calibrations scribed above, was estimated by combining the error from the

first fit and the fit of the secondary calibration process. Rer t

O_bs_ervatipns W,ere_ carri_ed during the X-ray outburst phagfes e assumed as source errors the r.m.s. of the fit, the posi
within a director’s discretionary Time (DDT) proposal at@S iqna error on the catalog given in the UCAC3 table, the cen-
VLT with the NAOS-CONICA AO near-IR camera. Data Wergyq;4ing error on the HST stars, and the systematic errohef t

obtained during four nights in November 2010 in thed, and  |;cac3 catalog with reference to the absolute coordinate sys

Ks baf‘ds’ at the very b(_eginning O.f the nigh_t at a c_onsideraq m. The secondary astrometric fit has a negligible erron(#
high airmass (- 1.9), owing to the limited visibility window of | ., "¢ 0.01 m.a.S.) so that we neglect it in the total eesr

the target at the epoch of observation. Although in;hsde timation. The adopted uncertainty on the astrometry forotine
bands data were never good enough to allow precise photo%&t

2.2. Astrometry, photometry, and counterpart identification

2. Near-IR photometry

. : ; e T/NACO ition is 50 m.a.s., on the basis of th lysi
ric analysis, th&ks-band images taken in nights 3 and 4 were / posttion 1 M-a.s., on the baslis of the analysis

suficient quality to resolve the very crowded center of Terzan escribed above.
; . * Figurel (lef [) sh A x 1.5 i
The whole data set consists of 12 images of Z8s each igureLl (left panel) shows .8’ x 1.5 subimage around

_ . o~ the X-ray transient position. The positions of the X-raysi@nt
which were reduced following a standard procedure for fefila o, g with the Moon occultation method and with Chandra are
images: i) subtraction of a median sky frame, takéiRsource g, with error circles drawn atdand 3- radii, computed by
becaus_e of th_e crowding; ii) fl_at f|eI§j|ng;_ lii) alignment a:smtn_ combining the errors quoted by the authors (0.fa¢ MO, 0.08’

of all single images to obtain a final image of 672s equiVgs: chandra) and the uncertainty on the astrometric fit (0.05
lent exposure time. On this image we used the DAOPHOTIT \y fnd three sources withinsradius of the X-ray tran-

(Stetson 1987. 1994) version available in the suite IR@®Y ~ gjont positions. For the MO position, the easternmost so(##8

1986,1993) to detect and measure sources via bOth. PSF %OFig.EI]) is outside the error box, so we only consider it as a

model for the PSF, with a core described by an analytic fun ssible counterpart to the Chandra position. Table 1 tsfioe

R . ) ﬁbsition and magnitudes of the three sources. Source #hgon t
tion (in this case the best choice among the available f°“"$ Ybther hand, is very close to the nominal position of the MO X-

a “penny2” function, i.e. a Gaussian core with Lorentziangé o, ansjent. If we consider the latest measurement paefdr
model with a beta parameter of 1.0, where the Gaussian c§(¢ ,qing the lunar laser altimetry by the LROASA satellite
and Lorentzian wings may be tilted infiirent directions). The (see Riggio et al. 2012), the two positionsfei by 32 m.a.s..
outskirts were modeled by adding to the analytical functen T, jetermine whether one of the three candidate sources had
scribing the wings of the PSF a nonanalytical contributiothe - je \ith respect to the epoch of MAD observations, we com-
form of a residual correction matrix, egtat?llshed by us_ﬂh@hlae pared our catalog with the one from F09. One of thé sources
stars used for the PSF model, and weighing the contrlbubyns(#z) is not present in the FO9 catalog. This source has mait

2 |RAF is distributed by the National Optical AstronomyKs =1540+0.15 (see Tablel1), whereas the limiting magnitude
Observatories, which are operated by the Association ofssities Of the VLT/NACO image isKs = 16.2 (at 3 level).
for Research in Astronomy, Inc., under cooperative agreémith the We checked in the images of FO9 that the source is indeed
National Science Foundation. visible but not included in the photometric catalog, or isihot
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Fig. 1. Map of 1.8’x1.5” area surrounding the position of IGRJ17480. Left panel: WACO image (this work), with superim-
posed error circles drawn at-land 3r radii of the X-ray transient positions obtained from Chanfifashed circles) and the Moon
Occultation method (solid circles). X-Ray transients fioss are computed combining the errors given by the autf@ofst’ for
MO, 0.08’ for Chandra) and the uncertainty on the astrometric fit (0.06entral panel: VLIMAD image. Right panel: HSTACS
image in the F606W filter. The three sources inside the enxedare marked as well. Source #2, marked with a dot, is tididate
counterpart (see text).

ID# R.A. Dec. K(ZO]_O) O'(K)zoj_o K(ZOOS) O'(K)zoog
1 17:48:04.822 -24:46:48.81 13.88 0.05 13.91 0.02
2 17:48:04.822 -24:46:48.90 15.40 0.15 16.44 0.15
3 17:48:04.845 -24:46:48.82 16.10 0.40 15.90 0.10

Table 1. Photometry of the sources found withiar ®f the X-ray transient position (both MO and Chandra).

visible at all. We therefore selected the best K-band iméges
the MAD dataset (i.e. those having the lowest values of FWHN

and again performed the photometry in the subimage arownd

X-ray transient position. In this image, the object has been

tected and measured by DAOPHOTII, findikg = 16.44+0.15,

with a 3 level magnitude limit ofKs ~ 19, while the other

two sources do not show variation in magnitude between the t

epochs. .l

On the basis of the results described above, it can be seten
the source has increased its brightness b4 mag between the
two epochs, i.e. a factor of 2.5, and thus we identify it as the
most probable IR counterpart to the X-ray transient IGR8074
Figurel (central panel) shows the same area around thésmains
position on the MAD image, while the corresponding area |
the HSTACS F814W image is shown in the right hand pane
of the same figure. According to our astrometric calibrattbe
position of the source ig=17:48:04.822 $=-24:46:48.90, to
which we associate arrluncertainty of 0.05,

Figure[2 shows the X-ray transients positions determin
with Chandra [(Pooley et al. 2010) and with R@&3iE and
the Moon Occultation method, using twofldirent laser al-
timetry onboard lunar missions, i.e. LRCASA (LOLA) and

NAGUYA/JAXA (.LALT) (Ri_ggio_et alll2012), and the IR coun- Fig.2. Map of the area around the pulsar IGRJ17480-2446.
terpart position discussed in this work. Circles with a cross at the center mark the four transient po-
sitions as determined by Pooley et al. (2010) (Chandra) and

2.3. Comparison with archival HST observations during Riggio et al. (2012) with the Moon occultation method (LALT
quiescence and LOLA) and this work (VLT).

Another check was made by using the two archival images taken

with the HSTACS in the F606W and F814W filters. The source We then transformed the magnitudes of the WSJS cat-

is visible in the two HST images, although the image is undeatog into standard V,I magnitudes by using the Sirianni gt al
sampled and the crowding conditions extreme. Despite the YR005) relations, and obtad = 2431+ 0.22,1 = 2055+
dersampling (FWHM- 1.8 pixels), DAOPHOTII was able to de-0.20 for the candidate counterpart,. Figlite 3 shows the color-
tect and measure the candidate, although the procedureevas rmagnitude diagram with the position of the candidate caunte
challenging and required a manual identification of the seur part superimposed. The mean loci of the color-magnitude dia
We foundF606W = 2352+ 0.23,F814WN = 20.65+ 0.19 for gram are considerably spread out most probably because of th
the source in the Vegamag system. differential reddeningfecting the cluster.
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] bluer in a dereddened diagram. We therefore assume that the
- star is actually on the blue edge of the main sequence locus at
1 the turndf level.

We now make a dierential analysis of the few data we
have on this system, to understand whether they form a cohere
frame in which to interpret its evolution and properties. ifye
to answer to two main questions:

7 1. Are the location of the optical companion in the HR diagram
in 2003 and the increase by a factd2.5 between 2008 and

1 2010 inits IR luminosity consistent with the system’s evolu
. tionary status?

1 2. Can the photometric results for the optical counterpant p
vyt 1 vide indications that attribute IGRJ17480 to one of the two
stellar populations of Terzan 57

20

21

3.1. X-ray heating during the X-ray transient phase
I et Y R I R R ST R |

3 V":I 5 First of all, the location of the object identified as a pokesib
companion of the pulsar, close to the cluster ttifaoring the
Fig.3. 1,V — | color-magnitude diagram of the central area diuiescence status of 2003, shows that its mass must be olose t
Terzan 5 from HSJACS data. The candidate counterpart i§1€ turndf mass in this cluster. We put it here kp=0.8Mo,
marked with a large black dot. but see the discussion in SEct.]3.2. We choose a typicalareutr
star mass oM;=1.4M,, for the pulsar (see the justification be-
low). The X-ray burst activity of the source and the fact et

We compared our results with_Patruno & Milorie (2012peqtron star has been accelerated up to the 90 ms spin period
who used the same HST archival data set as used in this wdpgicate that the neutron star is accreting from the dorothat
The authors report identifying the optical companion of odf€ donor radius must be close to its Roche lobe radius. We can
IR counterpart as their star #2, which has magnitudes and dgerefore require that the companion radiusi& equal to its
ors that are consistent with the ones reported above. HayweWoche lobe radiuRgy,, whereRg,, can be calculated using the
star #2 of Patruno & Milorie[ (2012) does not seem to corrélandard approximation by Paczynski (1971).
spond to our proposed conterpart. It is a faint object latate From similar optical studies performed on other known ac-
halfway between the bright star just above the countergdrt (Creting LMXBs we know that the observed optical counterpart
in [Patruno & Milond 2012) and the much brighter star locate®f these sources is too bright to be the result of intrinsission
to the SW. It is at about 0.6from the X-ray source position asfrom the companion star (expected to be a low-mass stalpsua

determined by Chandra and the Moon occultation observed Iﬁgs than 1Mo). Optical emission during X-ray outbursts comes

; s i ; the X-ray irradiated face of the companion star /and
RXTE. This object is not visible in the IR image of F[g. 1 be; m . . : - N
cause the choice of the contrast level is such that it is endxbd mgeaec;r?;g)g (jtliigl(ﬁjerre]ir?é)%.i tGIiIsezS;:rl\./ é‘é’?ga\é\éa;gv'\;ittg?b)znoo
in the PSF of the bright star, but it is visible in the HBTS im- ' P y y

age (see right panel of Fig. 1). However, it has been detertdd the X-ray flux decays during the outburst, until it reachesra-m

: = ¢ L lue during X-ray quiescence. Both the disk and one face
measured in the near-IR, showing no sign of variation betweg 1M Va : ) e =
the 2008 and 2010 epochs. Moreover, in the optical imageﬁoftthceeﬁ?rg}r;%ﬂ?cnew'" be irradiated by the X-ray emissiorniro
looks extended, and in the F814W image it has been actuall N . .
deblended into two separate components. On the basis of theThe X-ray luminosity - during the outburst in the date of IR

N 2 —— S ; i
discussion above, we conclude that the counterpart prdpinse()bservm'OnS was.8x 10°" erg's (Papitto et al. 2012), calcu

Patruno & Milone |((2012) does not correspond to our IR Couh‘gte%_from thefrgegiured é-rﬁy ﬂlﬁx and spectrum offth%_s%urce,
e oA : e : at a distance of 5.9 kpc, which is the current estimate fadre
'E:eorlpé?rt, but it is another object that has similar magnitadd (Lanzoni et al. 2010). In the hypothesis that this luminokséats

the accretion disk and a side of the companion star and asgumi
isotropic emission, we can evaluate the fraction of thelieton
luminosity that will be intercepted and reprocessed by ikk d
and the companion star, respectively (as, e.d., in Burdeit| e
The counterpart, at the epoch of HST observations (2003)2803; Campana et al. 2004). For the accretion disk, theidract
presumably in quiescence and lies in the tufiiregion of the of intercepted luminosityfp, is given by the projected area of
color-magnitude diagram, slightly bluer than the averagénm the disk as seen by the central sourceR2 2H(R) (whereR is
sequence locus. We take it as a bona—fide position, althoubh disk outer radius and(R) is the disk semi-thickness &

it could be simply due to the relatively high photometric erdivided by the total area,R?. Adopting a standard Shakura-
ror andor to the diferential reddening féecting the cluster. Sunyaev|(Shakura & Sunyaev 1973) disk model, in which the
Considering the dierential reddening, we note that the averageuter edge is truncated at 80% of the Roche lobe of the neutron
value for reddening in Terzan 5EB-V) = 2.38 (Barbuy et al. star, the orbital period ot 21 hr, a Roche lobe-filling com-
1998), and recent determinations indicate that in the soanea, panion star of about 0.8V, we find fp ~ 4.7 x 1072, For
very close to the optical center of the cluster (Massarilet dhe companion star the intercepted fraction can be writeen a
2012). This correction does not help put the object closéiéo fc = 2ra?(1 — cosh)/(4na?), wherea is the orbital separation
main sequence mean locus, because the source would be ewaty the angle subtended by the companion star as seen from

3. Analysis and comparison with theory
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3.2. Which population for IGRJ17480?

1 . 5 T T T T I T T T T I T T T T I T T T /17;7 I T T T T
V4

In the 2003 observations, the optical companion must idstea
close to its intrinsic luminosity. In principle, when actiom onto

the neutron star isff) the neutron star should still emit energy
according to the Larmor formula because it is a rotating mag-
netic dipole, and part of this energy can be intercepted epichr
cessed by the companion star. Indeed, this mechanism has bee
invoked to explain the high optical luminosity of the comjmam
star of the accreting millisecond pulsar SAX J1808.4-3658 i
quiescence (Burderi etial. 2003; Campana et al. |2004), aad se
D’Avanzo et al. (2009) for similar studies on other sourcés o
this class.

To estimate this féect in the case of IGR J17480-2446,
we should start from the estimates of the neutron star mag-
netic field. Papitto et all (2011) evaluate the magnetic field
the range betweer 2x 108 G to ~ 2.4x 10*° G, assuming
NG that the inner disk radius lies between the neutron stausadi
T e e et T T T and the corotation radius, while the source shows pulsation

6000 5500 Teff 5000 4500 Papitto et al.|(2012) estimate the magnetic field in the rdrege
€ tween~ 5x 10° G and~ 1.5x 10'° G from the derived esti-
ate of the NS spin up, whichis= 2.7 x 10"12Hz s'¢, attained
when the X-ray luminosity reached its peak value and assgimin
Eat the NS accretes the Keplerian angular momentum of mat-

log L/L,

-0.5

Fig. 4. Isochrones representing the two possible stellar popu
tions in Terzan 5. The basic population has0r26 and Z0.01

(blue full lines, isochrones of 10, 12, and 14Gyr). The se r at the inner disk boundary. These estimates agree vateth

ond population may either be coeval (dashed black linesesa > . "
isocr?ro%es for \éO.éS and Z0.03) or (be much younger (redglven by Cavecchi et al. (2011), who estimate the magnetit fie

) . I
dash—dotted isochrones for 6 and 8 Gyr0r29, z=0.03). in the range % 10° G to 3x 10'° G, using arguments similar to

The lines with squares represent the location for each settppittoetal. [(2011). Finally, Miller et al (2011) use tresuits

isochrones at which the evolving mass has a radius equato a relativistic iron line fit to estimate the magnetic fieldtze

Roche lobe radius of IGRJ17480 in a system with orbital erid©!es 10 beB = 9(2)x 10°G or B = 3(1)x 10° G depending on
P—21 274hr. he assumed value (1 or 0.5, respectively) of the convefaimn

tor from spherical to disk accretion when balancing magneti
and ram pressures. In agreement with all these estimates, we
consider an upper limit to the neutron star magnetic monment i
this system ofz < 2.4 x 10°® G cn?® and the spin frequency of
the neutron star ~ 11.045 Hz.
With these values, the Larmor formula gives an emitted
the central source. In the same hypothesis as above, wenobgwer of Lpsg < 3.3 x 10°2 ergs, resulting in a heating lumi-
fc ~25x 1072 nosity ofLy = f 3.3x10%° erg's, which is about Bx 103 times

Adopting an X-ray albedo of 0.85 and 0.93 for the compaﬁpwer than the intrinsic bolometric Ium_inosity of a 0N, com-
ion star and the accretion disk, respectively (correspupttian Panion. We therefore conclude that, in the case of IGRJ1,7480
averaged X-ray albedo 6f 0.9, see e.d. van Paradijs 1996), thighe optical luminosity in quiescence is truly represewéeadif the
corresponds to similar luminosities of the irradiated fat¢he INtriNsic luminosity of the companion star.
companion star and the irradiated diglg, ~ Lp ~ 1.4 x 10%® We can now try to interpret the location of the companion
ergys, respectively. The corresponding reprocessed blackbaigse to, but bluer than, the turfiof the cluster. We first recog-
temperatures are estimated to g ~ 11400 K for the com- nize that, independent of how long ago the system was formed,
panion star andp ~ 11980 K for the irradiated surface ofthe pulsar acceleration began a short time ago, and it is to be
the disk. From the two blackbodies of temperatifesand Tp ~ attributed to the evolution of the donor to larger radii. §he-
and luminosities ¢ andLp, respectively, we have calculated thealls the evolutionary status of the system PSR J1740-5840 i
predicted apparent (incremented for the appropriate etitimn = NGC 6397, whose very fast radio millisecond pulsar was iddee
correction towards Terzan 5, Cardelli et/al. 1989; Valensile accelerated when the companion began its evolutitimain
2007) magnitudes in three IR bandk,H, andKs, which are sequence, as shown by the models presented in Burderi et al.
my ~ 17.5,my =~ 16.7, andmk ~ 16.2 for the irradiated face of (2002). In PSR J1740-5340 today the companion mass has been
the companion star and; ~ 17.3, my ~ 16.6, andmk, ~ 160 reduced to~0.4Mo, whereas in IGRJ17480 we must be close
for the irradiated disk, respectively. Combining tke magni- to the beginning of a similar evolutionary path. The evaint-
tudes of the irradiated companion star and accretion digk, when irradiation is low — proceeds from the tufitowards the
estimate a magnitude ofix, ~ 15.3 for the observed IR coun- red giant branch, so that we should expect that the donor star
terpart, which is compatible with the observég magnitude of is in factredder than the turn. Its bluer location might mean
our candidate. The largest uncertainty in our calculatibthe that it sufers a low illumination from the pulsar (see Fig. 1 in
irradiated luminosity is in the X-ray albedo. In principiéjn Burderi et al. 2002, left side evolution), but, as mentioakdve,
the future it were possible to disentangle the companiaorasta  We find this explanation unlikely.
accretion disk reprocessed luminosities, it would be (ixsdg0 We now examine this problem from aff@irent point of view,
put a constraint on the X-ray albedo of these two componédntsiay using a detailed model for the Terzan 5 cluster. Recerdrebs
the system. vations of the color-magnitude diagram features and thenehe
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