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ABSTRACT

Context. Rapidly oscillating Ap (roAp) stars represent a subclasmafnetic, chemically peculiar stars. The explanation Hieirt
pulsations includes suppressed convection due to thegstragnetic field. These stars rotate slowly such that a sikkadynamo
and ensuing magnetic activity is unlikely to be present. Bndther hand, magnetic activity could provide the partadeeleration
suspected to be responsible for the presence of short#adgidnuclides on some roAp stars.

Aims. The detection of X-ray emission from Ap stars can be an irdicir the presence of magnetic activity and dynamo action,
provided different origins for the emission, such as windc{s and close late-type companions, can be excluded. Hereport on
results fory Equ, the only roAp star for which an X-ray detection is repdrin ROSAT catalogs.

Methods. We use high resolution imaging in X-rays with Chandra andh@near-infrared with NACO/VLT that allow us to spatially
resolve companions down t6 1” and~ 0.06” separations, respectively.

Results. The bulk of the X-ray emission is associated with a companfonEqu identified in our NACO image. Assuming coevality
with the primary roAp star{ 900 Myr), the available photometry for the companion points Ettype star with~ 0.6 M. Its X-ray
properties are in agreement with the predictions for itsag mass. An excess of photons with respect to the expect&droand
and contribution from the nearby companion is observed tieaoptical position ofy Equ. We estimate an X-ray luminosity of
log L [erg/s] = 26.6 andlog (Lx/Lyo1) = —7.9 for this emission. A small offset between the optical andXhay image leaves
some doubt on its association with the roAp star.

Conclusions. The faint X-ray emission that we tentatively ascribe to @ star is difficult to explain as a solar-like stellar coson
due to its very lowL« /Ly level and the very long rotation period gfEqu. It could be produced in magnetically confined wind
shocks implying a mass loss ratef10~** M /yr or from an additional unknown late-type companion at sejmara< 0.4 If
confirmed by future deeper X-ray observations this emissimuld point at the origin for the presence of radioactiveredats on
some roAp stars.
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1. Introduction 1982). It is unclear if these fields are fossil relics of thar $or-

. . . . . mation process or if they have a dynamo origin.
Solar-like stellar magnetic activity relies on rotationdathe : o _
presence of a convection zone. According to interior models 1he rapidly oscillating Ap stars (roAp stars; Kuriz 1982)

based on mixing-length theory the transition from radiativ10!d Special promise for elucidating the potential of dyweam
to convective envelope takes place ndag ~ 8300K (e.g. and ensuing magnetic activity within the CP class: The roAp

Christensen-Dalsgaard 2000). This is in rough accordaritte wStars have a photometrically and spectroscopically esticha
X-ray and UV observations, which place the onset of signiffémperature range from 8400K down to 6800K corresponding
cant chromospheric and coronal emission somewhere betw&SPectral types AS to F2. A shallow convective layer is ex-
spectral type A7 and F4 (Schmitt et al. 1985; Simon et al. 1992€Cted to be present. However, these stars have largeeseale
Schmitt 1997). However, as a consequence of the low spatial r9anized magnetic fields, and suppression of convection &y th
olution of the early-day X-ray instruments, the contanimgi- magnetic field has been invoked to explain the mechanismeof th
ray emission from a possible (or known) low-mass binary corfxcitation of their pulsations (Balmforth_ et al. 20Q1). Gmtent
panion has always been a problem in confirming intermediat¥ith the expected weakness of convection, no evidence forch
mass stars as intrinsic X-ray sources (e.g. Drake et al.)1994 Mmospheres have been found so far (Shore et al. 1987; Seggewis

Up to 20 % of A and B main-sequence (MS) stars are ‘chem990). On the other hand, the possible detection of Pmkline
ically peculiar (CP) stars. These stars show enhanceds linfith short half-life may be explained by flaring activity ¢t
al. 2007). None of the roAp stars is a spectroscopic binary

of some elements in their spectra which are ascribed to atnp- bri | facilitating the i X £ "
spheric abundance anomalies. A sub-group of the CP stars rig et al. 2000) facilitating the interpretation of aeally
etected signs of activity.

sess strong predominantly dipolar magnetic fields (Borral.et
X-ray emission is one of the most efficient indicators of mag-

Send offprint requests to: B. Stelzer netic activity. In this paper we present the results froGhandra




observation of the roAp starEqu, the slowest rotator of the CP
class and, thus, the least likely to exhibit activity geteddy a : ‘ : : ‘ u

rotation-dependent dynamo. We introduce the target in. Rect

In Sects. 3 and 4 we provide the findings from our investigatio

of the nature of our target. The X-ray observations and treeir

sults are described in Sect. 5. A synthesis and our conelgsio

are given in Sect. 6.

2. The target, vyEqu J

What made us suspicious of magnetic activityydbqu is the de- a— ‘ i :
tection of a nearby X-ray source tROSAT Faint Star Catalogue (arese0
(FSC). The offset between the FSC X-ray position and the op- ) i
tical position ofy Equ is28.1”, i.e. at the limit of theROSAT Fig. . lefi] NACO -band image centered onEqu B. [right] X-ray

b E h . f dial veloci abili image in0.3 — 8.0 keV with 0.25" pixel size. The position of the X-ray
error box.y Equ shows no signs tor radial velocity variabilitygrce is highlighted with a yellow (small) circle. Positiindicated by

due to orbital motion, and thus it has no spectroscopic COMPg_shaped symbols denote the proper motion corretlipgarcos posi-

ions (Hubrig et al. 2000). However, it is known to be a closgon of v Equ A at the time of th&€handra observation (black) and the

visual binary (see Sect. 3) that can be resolved in X-rayg ordorresponding expected position of the companion accgridirthe or-

with Chandra. bit solution (yellow and smaller). The expected positiorhef primary,
Measurements of the longitudinal magnetic fieldydEqu < Equ A, as inferred from the orbit solution for the assumptiiat the

over nearly six decades show a clear sinusoidal pattern f@mpanion is located at the X-ray position, is shown as b{&niger)

which Bychkov et al. (2006) derived a period®f.3 + 3.6yrs. Circle.

Rotational modulation of an inclined dipole is the most Wiyde

favored scenario for explaining this presumably cycliciabit-

ity, implying extremely slow rotation foy Equ, and indeed mak-

ing it the slowest rotator among all magnetic CP stars. To constrain the nature of the companion we searched for
For our study we adopt the fundamental parametessiedqu ~ further information in the literature. We extracted optipao-

from Hubrig et al. (2007)log T, [K] = 3.882 + 0.017 and tometry from the Tycho catalog (ESA 1997pr = 9.85 +

log(L/Ls) = 1.144 + 0.049 with the Hipparcos parallax 0.03mag andVr = 8.69 + 0.02. These values can be con-

28.38 +£0.90mas (Perryman et al. 1997). We note that the stellgerted to the Johnson system using the transformationsgive

parameters derived by Perraut et al. (2011) combiningfiater in the Introduction to the Hipparcos and Tycho Catalogues. W

ometric measurements of the star’s angular diameter wittl-ma@ssume coevality withy Equ A, i.e. an age ok 0.88Gyr,

eling of the spectral energy distribution are compatibl¢himi in order to derive the stellar parameters from the evolution

the error bars with those given by Hubrig et al. (2007). Hgbriary models. Pietrinferni et al. (2004) providé — V' colors

etal. (2007) have estimated the mass and agdzofu interpolat- for each grid point in their calculations. For our measured

ing the solar-abundance Schaller et al. (1992) tracks.itngl- (B — V)5 = 0.99 + 0.03 we obtain a mass di.8 M, a lu-

per we resort to the MS evolutionary calculations of Pideini  minosity oflog (L/Lg) = —0.6, and an effective temperature

et al. (2004). These models have the advantage of coverintp@Zes [K] = 3.68. According to Kenyon & Hartmann (1995)

wide range of masses,5...10 M, such that they can be ap-this temperature corresponds to a spectral type of K2.5V.

plied to bothy Equ and its fainter visual companion (see Sect. 3).

Isochrones and tracks of these models can be downloaded from

the BaSTI databasdor various sets of parameters. We use thd. A preliminary orbit solution

standard solar model with initial He abundanceYof= 0.273 . .

and metallicityZ = 0.0198. For stars with mass abovel 1/, Ve combined our NACO measurementoEqu with data from

overshooting from the convective core is taken into accauint the WDS catalo§(WDS coordinateg1103 + 1008) and from

these calculations. Interpolating these models we find foqu  Hipparcos to derive the preliminary orbit of Equ AB shown

a mass ofl.81 = 0.04 M, and an age 00.88 £ 0.17Gyr. The N Fig. 2. The measurements I|sted_ in the WDS cover the years

uncertainties on the mass and age are derived considering #ftween 1867 and 1994. Uncertainties on the WDS astrome-

uncertainties of ¢ and Ly, given by Hubrig et al. (2007). Our try were estimated based on the scatter of separatidi6(")

results are consistent with the mass and age obtained byigHund position angleX(4°) relative to quadratic polynomial fits of
et al. (2007). these quantities versus time. The resulting redugcedf the or-

bital fit is 1.8, and preliminary orbital elements with their formal
uncertainties are given in Table 1. Using the Hipparcosljzasa
3. The nature of the companion we derive a total mass for the systeriqu AB 0f2.4+0.4 M.
/ith the primary mass given from the HR diagram, the mass of
omponent B is estimated to Bes + 0.4 M, consistent with its
Photometry.

Given the large uncertainties of the astrometric data goint
we do not put emphasis on the mass derived from the orbit. The
orbit solution is, however, useful to predict the positidnttoe
secondary relative to the primary at the epoch of the X-ray ob
servations, shown in Figs. 1 and 2 and in Table 2.

! TheBag of Sellar Tracks and Isochrones database is accessible at
http://albione.oa-teramo.inaf.it/ 2 http://ad.usno.navy.mil/wds/dataquest.html

(arcsec)
o
T
L

The Washington Double Star Catalogue (henceforth WD
Mason et al. 2001) lists three companionsfd&qu. The closest
companion was also detected in recent adaptive optics ilgag
with NACO at the VLT (Scholler et al., in prep.) at a sepavati
of a = 0.826” £0.003" and position angle af = 256.8°+0.5°;
see Fig. 1 (left). Scholler et al. estimaké = 4.09 + 0.26 mag
for the primary andK = 6.80 + 0.29 mag for the secondary.




Table 2. Separation betweepEqu A and B measured with different in-
struments at different epochs and corresponding predietfimm orbit.

10007\\\\

Instrument Date Measured Orbit solution
i 1 [yyyy/mm/dd] ['] ["]
500~ ] Hipparcos  1991/04/02 1.26 £ 0.04 1.29
[ 1 NACO 2007/06/15 0.826 4= 0.003 0.82
Chandra 2009/07/13 1.3+ 0.6 0.76

T This measurement relies on the identificationy@&qu B with the
T X-ray source; error estimate corresponds to formal acgquofc
i ACIS-| astrometry.

Declination offset [mas]

-500 [~ T

-1000;‘ R T T R ‘; coincident with the direction of the companigiEqu B. Table 2
500 1000 1500 2000 2500 3000 summarizes _the_separations betwedigu A and the companion
Right Ascension offset [mas] measured wittHipparcos, NACO andChandra, and compares

them to the separation expected from the orbit solution. ke
Fig. 2. Apparent orbit ofy Equ AB. The position of the primary is off pected position of the companion at the time of @&ndra ob-
to the left outside the displayed portion of the orbit. The@@ mea- servation with respect to the proper motion corredt@pparcos
surement uncertainty ellipse is enlarged by a facta fafr clarity. The position of vy Equ A according to the orbit solution is marked
Hipparcosmeasurement is labeled ‘Hp'. A diamond marks the expectegiith a small yellow x-point in Fig. 1. Given the difference in
position of the companion at the date of (bieandra observations. the separation between the expected position®fu B and the
X-ray source it is appropriate to consider the astrometry.

The positional accuracy of ACIS-l is 0.6” at90 % confi-
dence. We have performed source detection on theChdhdra
image (ACIS-0123) with the aim to better constrain the astro

Table 1. Preliminary orbit fory EqQu AB (see Fig. 2).

Element  Unit Value etry of the X-ray coordinates by cross-correlation withicgi

a [mas] 1600 £ 100 and infrared (IR) catalogs. However, only few of th@ X-ray

e 0.56 £ 0.05 sources detected across the ACIS-I image have known ceunter
i [°] 99.2 +£3.0 parts at other wavelengths, and all of them are either vegkwe

w [°] 196.2 £ 4.0 (< 10counts) or at large off-axis angle. No systematic offset
Q [°] 95.0£3.0 between optical/IR and X-ray coordinates can be deduceel. Th
P [yrs] 274.5+0.8 adaptive optics image of the VLT does not allow for absolute
Ty [JD] 2475667 + 1000

astrometry and there are no other objects in the NACO field to
which we could tiey Equ.

In the following we assume thatEqu B coincides with
5. X-ray observations the X-ray source position. This seems a reasonable hypothe-

... Sis, given the fact that the accuracy of the absolute X-ray po
vEqu was observed under Obs-ID 9910 fopksec with sition may be uncertain by up to two pixels in Fig. 1, while the

Chandra using the Advanced CCD Imaging Spectromet%i P :
. . pparcos positional accuracy~ 1 mas) and proper motion ac-
(ACIS-I). The data analysis was performed with the CIAO so uracy ( — 2 mas/yr) are superb. Shifting the image accordingly,

ware packagéversion 4.2. We have applied standard filterin e position of the primaryy Equ A, would then correspond to

to the event file and applied the good time interval file. . i . . o
checked that there are no cosmic ray afterglows in the imaﬁ%llzr?rgg?ﬁ: g'rﬁtes'(;uﬁ:ghl(’sﬁ? g4§he separation andtjons

around the position of Equ. Source detection was carried ou ]
with thewavDETECT algorithm (Freeman et al. 2002) using an |t seems that there is an excess of photons over the average
image with spatial resolution df.25”/pixel and a congruent, background emission near the position of the primary, that w

monochromatic exposure map fob keV. shall tentatively call ‘Source?2'. This SUggeStS th/(':EqU Als
a faint X-ray source. However, this emission seems to be-sepa

) rated by more than the expected0.8” from the center of the
5.1. X-ray image brighter source associated with the secondary. The primise
A zoom into the X-ray image for the” x 5" aroundy Equ is tion_of this emission can not be determ!ne.d given its smalt se
shown in Fig. 1 (right). The proper motion correcteipparcos aration from the secondary’s X-ray emission and the low pho-
position of the roAp star is marked with a large black x-poinfon‘ statlst|cs:4 counts; see below). As a test on _the_S|gn|f|cance
The only X-ray source detected in the vicinity ofEqu A of Source 2 we computed thg expected contribution from the
(marked with a small yellow circle in Fig. 1) is locatad31” Wing of the point-spread-function of the X-ray source to tie
to the south-west( = 247.6°). The position angle is roughly S€Tved counts at the proper motion corredtpparcos position
of vyEqu A. In a0.5” radius around this positioh.41 counts
3 CIAO is made available by the CXC and can be downloaded frordre expected. The Poisson probability of finding the obsktve
http://cxc.harvard.edu/ciao/download/ photons in the same radiusi$s.




Table 3. XSPEC fit results for the X-ray source associated withicles thermalize their energy, giving rise to high-enekgyay

v Equ B. The free parameters of the one-temperature APEC naoelel and~-ray emission. While the latter has remained undetectable
column density Vu), temperatureXT’) and emission measur& (/).  on stars other than the Sun, part if not all of the X-ray erissi
Uncertainties aré8 % confidence levels. from magnetically active stars is usually attributed totstlare
events. Therefore, it is not implausible to attribute thegence

2
Xrea (dOT) [10221251 ],Vg‘i [kek\:/ﬁ lffri]% of isotopes with short half-lifetime in roAp stars to flaretige
076 (12) 0.07T T 0527052 51,2720 ity. The detection or failure to find X-rays from these stargym

therefore, provide critical information on the state of fliasma
in their atmospheres.

Our search of several X-ray catalogues for X-ray sources co-

} ; ; inciding with a roAp star, brought forth only one objegtEqu.

5.2. X-ray properties of the 7 Equ binary We have now shown in a dedicat@handra observation that
When examining the properties of the X-ray source assatiaténe bulk of this X-ray emission must be ascribed to a lateetyp
with the companion we consider only photons withi.&5” companion. The photometry of this object points to an early-
radius, to avoid the (small) contribution from ‘Source 2héfe K spectral type, assuming coevality withEqu A. The physi-
are89 counts in this photon extraction region. No evidence faral pairing with the primary is corroborated by clear eviden
flaring is present. for orbital motion. The X-ray luminosityl¢g L, = 28.1), X-ray

An individual response matrix and auxiliary response wetemperature ¥I" = 0.5keV) and fractional X-ray luminosity
extracted using standard CIAO tools. The background of A€IS[log (L« /L) = —5] are in accordance with the expectation for
negligibly low. We fitted the spectrum, rebinned to a minimaim the age and spectral type 9Equ B; cf. Preibisch & Feigelson
5 counts per bin, in the XSPEC 12.6.0 environment with a oné2005); Schmitt et al. (1990).
temperature thermal model subject to absorptiongs - APEC) More important is the possible identification of faint X-ray
for a range of initial values for temperature and column dermission from the roAp star. The enhanced number of photons
sity. The elemental abundances relative to hydrogen anetado to the north-east of the secondary has low probability to be a
from Wilms et al. (2000) and are globally tied # = 0.3 Z5, statistical fluctuation but its association witfequ A could not
such that the free parameters of this model are temperatilide ( be established with certainty due to uncertain astromHttigis
emission measuré{M) and column densityXy). faint emission is attributed tg Equ A, its fractional X-ray lu-

The best fit parameters are given in Table 3 together with uminosity is extremely lowlog (L« /L) = —7.9.
certainties for &8 % confidence level. As expected for a nearby The mass and age ofEqu A are similar to the normal, i.e.
star without circumstellar matter, the best fit has no absorpon-peculiar, A-type star Altair shown by Robrade & Schmitt
tion. The spectrum is formally also compatible with an absor (2009) to be an X-ray emitter withog (Lx/Lyo) = —7.4.
plasma of nearly one dex higher emission measure (see TableGhntrary toy Equ A, Altair is a fast rotator and its X-ray prop-
However, this solution goes along with quite low tempemtuerties are ascribed to compact structures at low latitudests
and we consider it unlikely. The luminosity in the3 — 8.0keV  X-ray emission can reasonably be explained by a weak solar-
band islog Ly [erg/s] = 28.06, where we have corrected for thelike corona. The extremely long period derived from the mag-
flux in the PSF wings that were missed because of our limitatimetic field variations fory EQu A makes such an interpreta-

of the photon extraction radius. tion difficult as it translates to extreme values for the Rgss
For theROSAT FSC source(.020 + 0.008 cts/s) we derive number Ry = 7conv/Prot) that have never been investigated.
with PIMMS* a similar X-ray luminosity oflog L, [erg/s] = Extrapolation of the empirical relation between X-ray esios

28.3. For this estimate that refers to tha 2 — 2.48 keV band we and rotation rate for MS stars of massesl.3 M, (Pizzolato
have assumed a Raymond-Smith spectrum with the temperatetral. 2003), if valid for stars of the massoEqu A, would pre-
derived from theChandra data. dict several orders of magnitude fainter X-ray luminositan
The total of only four photons ascribed to ‘Source 2’ proinferred from the detection of counts in outChandra observa-
hibits any firm conclusions on its X-ray properties. The phdion. Therefore, fory EqQu A, either the magnetic period is not
ton energies ar®.7,0.9,1.2 and 1.8keV, suggesting spectral identical with the rotation period or the X-ray emission mac
hardness similar to that of the emission associated wHgu nism is not due to a solar-like dynamo on the roAp star.
B. From the arrival time distribution of the photons we do not While residual dynamo activity connected to a (shallow)
infer evidence for flaring. Assuming the same X-ray tempeconvection zone is the only viable mechanism for intrinsicay
ature as fory Equ B we obtain with PIMMS a luminosity of production in normal intermediate-mass stars, magnéticah-
log Ly [erg/s] = 26.6. fined wind-shocks (MCWS) provide an alternative in the cdse o
Ap stars. MCWS have been invoked as explanation for the X-ray
] ) ] emission from the Ap star 1Q Aur (Babel & Montmerle 1997).
6. Discussion and conclusions The X-ray luminosity of IQ Aur log Lx = 29.6) is about1000
mes higher than that of Equ A (see Sect. 5.2). According

The atmospheres of the roAp stars can be termed pathologi .
Cowley et al. (2004) and Fivet et al. (2007) called attentmn {JO Babel & Montmerle (1997) for the MCWS modéL scales

the possible presence of unstable elements (Tc and Pm) ia S(WHS trrl'e mag.ne}ic _fiedld Sltrquth@), the mass loss rate\{w)
roAp stars. The longest-lived Pm isotope has a half-liferdf/o and the terminal wind velocityst.) as

17.7 years. Accelerated particles may lead to nucleosgigiog B
short-lived elements on the surface of Ap stars (Goriely7J00 Lx ~ 2.6 - 10%erg /s - (ﬁ)mf 1)
Itis a well-known fact that charged particles are accetatatur-
ing stellar and solar flares (Hudson & Ryan 1995). These pand

4 The Portable Interactive Multi-Mission Simulator (PIMMB)ac- . Mw 5 Voo € 2
cessible at http://asc.harvard.edu/toolkit/pimms.jsp &= (10—10 M@/yr) (103 km/s) @)



with § = 1 ande ~ 1...1.3. In the case ofy Equ A, the value Balmforth, N. J., Cunha, M. S., Dolez, N., Gough, D. O., & Mairc S. 2001,
measured for the maximum longitudinal fieldB% ,.x = 1 kG MNRAS, 323, 362
(Bychkov et al. 2006). According to Auriére et al. (200Het Bo E.F,Landstreet, J. D, & Mestel, L. 1982, ARA&A, AB1
face field of a dipole i$3. > 3.3B We further as- Byc_hkov, V. D., Bychkova, L. V., & Madej, J. 2006, MNRAS, 36885
sur p s 2 9.9D]max- Christensen-Dalsgaard, J. 2000, ASPC, 210, 187
sumevs, ~ 600km/s, the value derived for IQ Aur by Babelcowley, C. R., Bidelman, W. P., Hubrig, S., Mathys, G., & BoRl J. 2004,
& Montmerle (1997). With these numbers the mass loss rate re-A&A, 419, 1087
quired to sustain the X-ray luminosity estimated from ousep Cowley, C. R. & Rice, J. B. 1981, Nature, 294, 636

vation is2 - 10~* M, /yr. Michaud & Charland (1986) showedDr"’;';e; S A, Linsky, J. L., Schmitt, J. H. M. M., & Rosso, C.929 ApJ, 420,

that the CP phenomenon appears onlyXfg < 10712 M, /yr  ESA. 1997, ESA-SP 1200, 122, 3466

and that mass loss rates on magnetic Ap stars may, indees, be\gt, V., Quinet, P., Biéemont., et al. 2007, MNRAS, 380, 771

small as10~'% M, /yr. If we further set for the velocity of the ge?Ta”S' Pz'oEd%K:ZhAyipézyéTgsner' R., &Lamb, D. Q. 2002538, 185

shock ¢s,) forming from the collision of the winds from the two Hggﬁgf’sf, Kharchenko, N.. Mathys, G., & North, P. 2000, A&3S5, 1031

hemispheres in the equatorial plang ~ v, the strong shock Hubrig, S., North, P., & Schéller, M. 2007, Astronomischadirichten, 328,

condition implies a shock temperaturesof).35keV. As argued 475

in Sect. 5.2 the energies of the four photons from ‘Source Budson, H. & Ryan, J. 1995, ARA&A, 33, 239

hint at a similar spectral temperature as measured fequ B, ﬁﬁ'r‘éog ?/Vjigsga&rrzgrs’ Léégggégms, 101,117

0.52keV, which is roughly consistent with the above estimat@ason, B. D., Wycoff, G. L., Hartkopf, W. I., Douglass, G. @.Worley, C. E.

Clearly, these order of magnitude estimates that rely oasae- 2001, AJ, 122, 3466

able guess and approximations for some parameters can&r\lth.lichautd,K G-B& Cf&grlarlld,MY- 1983, ng,t31I1,28ﬁ AGA. 5269

an argument for plausibility of the MCWS scenariopBqu A - SE0TL 1 PRTE0 L rimrh B Bol d 0, o Tomen, 323, Lao

but do not demonstrate its actual presence on this star. Pietrinferni, A., Cassisi, S., Salaris, M., & Castelli, B@®, ApJ, 612, 168

An alternative explanation for the X-ray photons that we agizzolato, N., Maggio, A., Micela, G., Sciortino, S., & Ver, P. 2003, A&A,

cribed toyEqu A would be an additional unseen companion. 397, 147

Such an object would also solve the problem of the discrgparftfeibisch, T. & Feigelson, E. D. 2005, ApJS, 160, 390

between the separations 9Equ AB measured in the near-lRggs;ajdijlzgg’chAﬁﬁt’ ﬁga’ 2,39,\/' 2009, AGA. 497 511

from the NACO image on the one hand and in the X-ray imaggnaller, G., Schaerer, D., Meynet, G., & Maeder, A. 1092 4 96, 269

(v Equ B vs. ‘Source 2’) on the other hand; see Fig. 1. This closehmitt, J. H. M. M. 1997, A&A, 318, 215

companion would have to have a separation of enly.4” from  Schmitt, J. H. M. M., Collura, A., Sciortino, S., et al. 1994, 365, 704

~vEqu A. At this separatiof0 % completeness is reached in th%Ch.r.”'“' J.H. M. M., Golub, L., Harnden, Jr., F. R., et al. 398pJ, 290, 307
. . . choller, M., Correia, S., Hubrig, S., & Ageorges, N. 20A8A, 522, A85

NACO image for companions with a flux of at leds¥ of the  goygewiss, w. 1990, AgA, 229, 186

primary (Fig. 4 of Scholler et al. (2010)), i.e. any suchd@d shore, S. N., Brown, D. N., Sonneborn, G., & Gibson, D. M. 1988A, 182,

companion in our case would likely be fainter thBh~ 9 mag 285

because it escaped detection with NACO. Si_mon, T., Landsman, W. B., & Gillland, R. L. 1994, ApJ, 4239

Clearly, the possible detection of X-ray emission from th&/Ims: J- Allen, A., & McCray, R. 2000, ApJ, 542, 914

roAp stary Equ A based od photons needs to be corroborated

by future deeper observations. If confirmed, the X-ray eiorss

may be a diagnostic for the energetic events that are believe

be at the origin of the production of unstable elements onesom

roAp stars. The fact that radioactive elements are not atlgre

seen ony Equ A itself does not exclude this scenario. The exotic

elements may be concentrated in localized regions on tharste

surface which, as a consequence of its very slow rotatiory, ma

remain hidden to the observer for decades. Spots of ratb-ear

elements are well-established in the Ap star HR 465 (e.gl€ow

& Rice 1981; Rice 1988), for which the presence of PmIl has

been suggested. HR 465 shares withqu A the characteristic

of avery long rotation periody 22 — 24 yrs) but it is not a roAp

star.
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