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We present the results of our observations of eight maghietibig Ae/Be stars obtained with the X-shooter spectrdyrap

mounted on UT2 at the VLT. X-shooter provides a simultanemedium-resolution and high-sensitivity spectrum over

the entire wavelength range from 300 to 2500 nm. We estinetertass accretion ratea/(..) of the targets from 13
different spectral diagnostics using empiric calibrasialerived previously for T Tauri-type stars and brown dwane

have estimated the mass accretion rates of our targetshwdrge from2 x 107°t02 x 10~7 Mg lyr. Furthermore, we
have found accretion rate variability with amplitudes df@®-0.40 dex taking place on time scales from one day to tens of

days. Additional future night-to-night observations néede carried out to investigate the characteiMf.. variability
in details. Our study shows that the majority of the caliloradl relations can be applied to Herbig Ae/Be stars, butisgv
of them need to be re-calibrated on the basis of new spectalfdr a larger number of Herbig Ae/Be stars.

(© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

1 Introduction tail by the model of magnetospheric accretion (MA; e.qg.
Bouvier et al[ 2007, and references therein). According to
Herbig Ae/Be stars (HAeBes) are pre-main sequence (PM®e MA-model, the field truncates the disk where the ram
objects of intermediate mass approximately from 2 tpressure of the accreted matter is balanced by pressure from
10M ) (Herbig[1960; Finkenzeller & Mundt 1984). Theythe stellar magnetic field. At the truncation radius the ac-
range from spectral class F2—-09 and are surrounded ®igted material is channeled into funnel flows and ballisti-
relict dust/gas accretion disks, reflecting themselvesién tcally falls onto the stellar surface. A situation that issles
form of an IR excess as a result of thermal emission ¢lear for HAeBes. Their interiors are mostly radiative (see
circumstellar (CS) dust. For a number of stars, the diskesg. Fig. 8 in Hubrig et al. 2009). However, convection is
can also be directly detected on images (e.g. Grady et ageded to maintain a stellar dynamo that generates a strong
2005). The CS environment of HAeBes possesses a comagnetic field. Nevertheless, most late-type HAeBes with
plex structure. Gaseous streams are accreted from the ecRectral classes later than B9 (HAes), have possibly esiolve
torial disk onto the star and a stellar wind zone exists &om the so-called intermediate mass T Tauri stars (IMTTS)
higher latitudes. On the other hand, the disk wind, the sef K—G spectral types (see e.g. Palla & Stahler 1993) pos-
called magnetocentrifugal wind, carries the excess of anggessing sub-atmospheric convective zones and, as a result,
lar momentum away (e.g. Garcia et[al. 2001). CS contribgtrong magnetic fields. Itis likely that these fields do net di
tion to the stellar atmospheric spectrum provides inform&ipate completely during the PMS evolutionary stage. Ad-
tion on physical processes in the envelope and on its intglitionally, it is possible that magnetic fields of HAeBes are
action with the star. The character of this interaction & re generated by differential rotation of the star or originate
sonably well studied for PMS objects with masses of abodynamos within the CS disk (Tout & Pringle 1995; Tout
one solar mass and less (T Tauri-type stars or TTS). ThekdPringle [1996). Recent direct measurements of HAeBe
objects have significant (several kG) dipole-type magnetisagnetic fields using spectropolarimetry (Wade et al. 2007;
fields. The star/CS interaction in TTS is described in dédubrig et al. 2007, 2009, 2011a, and references therein)
have allowed to detect longitudinal magnetic fields of hun-
* Based on observations obtained at the European Southeen@bs dreds of Gauss in a number of HAes. Stars for which so far

tory, Paranal, Chile (ESO programme 385.C-0131(A)). no magnetic field could be detected may still have a field
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but below the current sensitivity limits. The inner boundar2 Mass accretion rate calibrations
of their accretion disks are likely to be located close to the
stellar surface. 2.1 Calibrations for TTS and BDs

The existence of magnetically controlled disk accretioAt present, a number of empiric spectral indicators ard-avai
in HAes going through polar funnels was confirmed byble for the determination ¥/, for TTS and BDs.
Muzerolle et al.[(2004), Mottram et al. (2007), and Grady
et al. [2010). In any case, the magnetospheric radii of HA@s1.1  Model method
with B~100G must be much smaller in comparison with
those of TTS, where magnetic fields are of the order dihe basic accretion indicator is the additional emission in
several kG. As a result, we can expect the character of tHt€ continuum superimposed onto the stellar spectrum and
star/CS interaction in HAes to be different from that of TTS¢@lculated on the basis of MA models for these objects
In our study aim at investigating the general picture of thé€-9-, Calvet & Gullbring 1998, Gullbring et al. 2000, Aralil
star/CS interaction in HAes and at comparing it with that ift al-/2002). It is assumed that the overwhelming bulk of
TTS. One of the initial goals was also to study the varfthis emission originates in funnel flows inside the magneto-
ations of the accretion mass rates over the magnetic p's@here and in the shock zone on the stellar surface in a com-
riod. However, due to weather or technical constraints tH&ct region. This assumption is rather plausible since the
observations were carried out mostly for targets with siftMissivity in the continuum is proportional t§¢ (where
gle magnetic field measurements, i.e. for targets with uAYe is the electron density), and the magnetospheric streams
known magnetic phase curves. Clearly, an analysis of tg@nsist of the densest CS matter. The gas density in other
temporal behaviour of different mass accretion rate indicRarts of the envelope (disk and wind) drops very quickly
tors over the magnetic/rotation periods would provide furwith distance from the star, and its contribution to the ad-
damental clues on how magnetospheric accretion worlditional continuum emission is negligible. In the observed
The targets for which magnetic/rotation periods have beSRectra, this emission is seen as veiling of the atmospheric
determined in our previous studies include HD 97048 arlifes and as an excess radiation at wavelengths below the
HD 101412 with only one X-shooter observations, respe&almer jump. The theoretical models allow to construct a
tively, HD 150193 with two observations, and HD 176386luantitative relation betweel,... and the veiling plus UV

with four observations (Hubrig et al. 2011b, 2011a). excess. Yet, veiling and UV excess frequently prove not to
be convenient for these measurements, due to the large ex-

One of the most important parameters characterizing thiaction in the regions where the targets are located.
properties of the star/CS interaction is the mass accretion
rate M,... It determines strongly the disk structure and dy2_1_2 L - type calibrations
namics (e.g., D'Alessio et al. 1999, 2001). Measurements
of M,.. are well-developed for TTS, based on a number dlternatively, empirical calibrations have been detereqin
empirical spectral diagnostics (e.g., Oudmaijer ef al. 1201between emission lines and mass accretion.
Rigliaco et al[ 201]1, and references therein). All emission lines in the spectrum of a PMS object are
) of multi-component origin. They are formed not only in
Three main purposes of our work presented here are:ihe magnetospheric streams, but also in the disk and in the
wind. The source function determining the emissivity in a

1. To determineV,.. in a sample of HAes whose mag-lme drops with the distance from the star much slower than

netic fields have been detected (Hubrig et[al. 20081€ €missivity in the continuum (for example, see Pogodin
1986|1980 for Balmer emission lines). However, according

2011b) using calibrations previously obtained for TTS h del h h tth
and brown dwarfs (BDs). Magnetic HAes appear to bi? the MA models, such parameters as the mass of the star,
ss of the disk},... and mass loss rat®lyi,q are likely

most suitable targets for such a study because their diZless. .
accretion process is expected to better fit the MA sclo be interdependent. It has been established that the-accre

nario in comparison with non-magnetic stars. tion luminosity (L...) is clearly correlated with luminosity

2. Totest the applicability of different calibrations foear In Some emission Imeﬁim)' A number of empirical Cal."
suringM,.. of HAes and to select the best SpeCtrOSCOp&):ratlons have been published so far . The dependencies are

tracers of accretion necessary to provide accurate (,ﬁpproxmated by expressions of the type:

cretion rates for systematic studies of large samples of 1og(L,c.) = alog(Lime) + b, (1)
HAes. _ IR
3. To search for variability of\/,.. in HAes with more Moo = —25C (2)

than one available spectrum. This variability can be GM,
twofold: a) a real change in the accretion process, and where M, and R, are the stellar mass and radius, re-
b) a modulation of\Z,.. by the rotating magnetospherespectively, and: and b are coefficients determined sepa-
and a cyclic screening of the stellar limb by local funnelately for each spectral line (e.g., Fang et'al. 2009, Dahm
streams. 2008, Herczeg & Hillenbrarld 2008, Gatti etlal. 2008, Natta
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5 2.2 Calibrations for HAeBes

1 At present, calibrations constructed specifically for H&eB
] are small in number.
] Donehew & Brittain [(201/1) derived’, .. for a consid-
] erable sample of HAeBes using the model method, where
1 the modeling was applied to the emission Balmer jump
ADpg. They calculated/,.. in dependence of the emission
Balmer jump for more than 30 HAeBes using the models
[ s Donehew & Brittain | and methods developed by Calvet & Gullbring (1998), Gull-
8oL (2011) 1 bring et al. [(2000), and Muzerolle et &l. (2004). The model
I T S T S SN T of Muzerolle et al.[(2004) takes into account the main phys-
0.1 0.2 0.3 0.4 0.5 0.6 0.7 ical processes predicted by the MA model such as: a bal-
ADp (mag) listical infall of material from the disk onto the stellarrsu
face along accretion columns, heating of the photosphere
g‘ue to its shock interaction with the accretion streams and
releasing soft X-rays that are absorbed by the surrounding
material. This material then emits optical and UV radiation
as it thermalizes. In the model, the flux from accretion is

et al.[2004, Mohanty et &l. 2005). The calibrations are coﬁf:‘k:u"’jlted for three different regions: the shock regibe, t

structed on the basis of spectroscopic observations of thgated photosphere, and the accretion columns, to get the

chosen line in a representative sample of targets, whoQgerall flux from accretion, which is a function af., R,

M,.. values were determined beforehand using the moo@?dMaCC' The resulting spectral energy d|str|but|9n (SED)
method. including both the accretion and the stellar flux is used to
calculate the expected emission Balmer jutxp g for dif-
ferentM,.. and stars of different spectral types. The value
2.1.3 F - type calibrations of ADp was defined as the differencelins (Balmer jump)
for a given star from that of a standard (non-accreting) star
Besides of that, another type of empirical calibrations eXf the same spectral type, whefeDy is the difference in
ists that is based on a direct correlation betwéép. and the magnitudes at both sides of the discontinuity. The rela-

the flux in the emission lineH;,.). The dependencies aretionship betwee\ Dz andL,.. calculated by Muzerolle et

Fig.1 Relationship betweeADp andM,.. constructed
on the base of data extracted from Table 3 in Donehew
Brittain (2011) and fitted by a polynomial.

expressed as: al. (2004) and betweeh,.. and M,.. given in Sectl 2.1]2
were used by Donehew & Brittain (2011) to determig,..
10g(Mace) = clog(Fiine) + d, (3) of their program stars with differedt/, andR... They used
the expression:
wherec andd are coefficients (e.g. Herczeg & Hillenbrand F,+ Fy4
2008). The F-type calibrations are constructed analogoust ADp = 2.5log —— (5)

the case of L-type calibrations where the valueshf. are

derived beforehand using the model method or from other The observational D for all targets have been mea-
types of calibration. sured in the observed spectra normalized to the fyat

4000A using the spectra of standard stars and the Castelli-

Kurucz LTE models (Castelli & Kurudz 2008) of stellar at-
2.1.4 Hxl10% - indicator mospheres with correspondifiy; andlog g. As it turned

out, the observationah Dg demonstrated a very convinc-
There is also a separate accretion indicator, the(4. It  ing correlation with theoreticall,... This result is likely to
is defined as the full width W of the emissiomtprofile at be related to the fact that the../R..-ratio is practically the
the level of10% of the maximum intensity (White & Basri same in PMS stars from late-B to K types with a dispersion
2003). Natta et al[(2004) extended this indicator to vergf +0.1dex. We have built the dependence betwadn;
low-mass objects, wheré/,.. was determined by fitting andM,.. using the data taken from Columns 2 and 3 of Ta-
the observed H profiles with predictions of MA models ble 3 in Donehew & Brittain[(2011) and fitting them by a
(Muzerolle et al[2001). The calibration is expressed in thgolynomial. This relation is shown in Fi§l 1 of this paper

form: and used in our study.
. Donehew & Brittain [(2011) measured also the equiv-
log(Mace) = 1 log(W (Hal0%)) + di, (4) alent widths of the By emission line and constructed the

empiric correlation betweetbg(L,...) (determined from
wherec; andd; are coefficients and W(tll0%) is givenin  ADpg) and Lg,~. They concluded that this relationship is
(km/s) (Natta et al. 2004) different for HAes and for earlier type HAeBes (HBes)

Www.an-journal.org (© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



4 M. A. Pogodin et al.: Measuring the mass accretion rateseobig Ae/Be stars with X-shooter

and that the correlation for HAes is in satisfactory agre@able 1  Target stars for which X-shooter data were ob-
ment with the calibration constructed earlier by Calvet @¢hined during our observing run. Spectral type and photo-
al. (2004) for classical TTS (CTTS) and IMTTS. Thereforemetric data were taken from the SIMBAD database.
it appears that the Bremission line is probably a reliable
tracer ofM,.. in HAes. One of the goals of our study is test—obJECt Stpeztral v R J H Av
ing the reliability of additional available spectral indtors. yp

HD 97048 AOpshe 846 850 7.27 6.67 1.00

Also Garcia LOpeZ et al! (2006) determiné@cc for HD 100546 B9Vne 6.80 6.70 6.43 596 0.10
36 HAes using a similar calibration for TTS. Eight object$yp 101412 BO95Y 929 930 864 822 054
are in common between their target list and the list of Dong+p 1353448 F4-F8 7.85 7.83 7.31 6.67 0.10
hew & Brittain (2011). For four objects the agreement in theiD 150193 AlVe 8.88 890 6.95 6.21 1.60

derived M,.. values is rather good with log Moee rang- HD 176386 B9lvVe 7.30 - 6.90 6.75 0.60
ing from 0.01 to 0.23 dex. Four other objects demonstratédd 190073~ A2lvpe 7.82 780 7.19 6.65 0.12
significant differences from 0.7 to 1.2 dex. As a whole, thBDS2 F2 1073 - 1001 968 055

difference between the results of these two works makes up

—0.18 £0.75dex, where the error is the standard deviation. _

Taking into account that the accuracy of an individual egresent rates ranging frobd—* to 10~ M /yr. Such large

timate is of the order of:0.4-0.5dex in both papers, themass accretion rates can be expected only in protostars or in

conclusion can be made that the results obtained in theg¢&h unique objects as FUORSs. In addition, according to the

two works demonstrate no significant difference. stellar masses and ages presented in Table 1 of Mendigutia
During the time when our work was in preparatior?t al. [2011k), six out of ten targets of the spectral type B8

one additional paper was published by Mendigutia et ar, A2 are located on the HR diagram close to the main se-
(2011&), where a similar model method was used to det&4ence where the accretion rates already become smaller

mine mass accretion rates in 38 HAeBes and the L-type cipan at earlier stages of the PMS evolution. Generally, the

ibrational relationships were constructed for severalsemiMasses of accretion disks around HAeBes range fidr
0.1Mq (Hillenbrand et all 1998, Henning et al. 1998,

sion lines. We compared the results of this work with thos@ ) !
obtained in Donehew & Brittairf (2011) and Garcia Lope?"'ma_ft al 2_%00)' With mass accretion rates of the order
et al. [2006). The Mendigutia et al. (2011a) sample h&d 10" 10 107" Meyr, the accretion disk would be com-

o 5 5 o
overlap with the target list of Donehew & Brittain (2011)P'etely dissipated already aftéo” — 10° years. This time
2008 terval is much smaller than the time of the whole PMS

— 14 stars — and with that of Garcia Lopez et al. (2 i ! _ )
¢ evolution stage of objects with masses2df/), which is

— 13 stars. We see thatl,.. of about half the targets o 6 - .
Mendigutia et al.[(2011a) are estimated to be systematicafi?0utl0” years according to Palla & Stahler (1993).

higher in comparison with those obtained in the two other Based on these results, the question arises whether cal-
studies ¢-0.74 + 0.44dex for Donehew & Brittaii 2011 ibrations determined for lower mass pre-main sequence
and—+1.67 + 0.83 dex for Garcia Lopez et &I, 2006). OnlyStars, T Tauri stars, can be employed to estinfag. in
upper limits of M,.. have been obtained in Mendigutia etAeBes. Clearly, applicability of such calibrations flf,.

al. (2011h) for the second half of their targets. The diffef? HAeBes demands a special examination. It can be as-
ences in theil/,.. determinations with those obtained insumed that identical calibrations are applicable to HAeBes
the two other works account for more than.74--0.56dex Provided that the character of the disk/magnetosphere and
compared to the work of Donehew & Brittain (2011) andhe disk/wind interactionin TTS and HAeBes is similar and
—0.50 + 0.24 dex compared to the work of Garcia Lopez efhat the contribution of the CS regions to the whole CS spec-
al. (2008). trum formed in TTS and HAeBes is comparable too. As was

Trying to understand the possible cause of these dgi_scussed in Sedil 1, the size of the magnetosphere and the

crepancies, we compared the values of the emission Balmaru€ of B is expected to be much smaller in HAeBes in

jump AD;; measured in Mendigutia et &1 (2011a) by a phchomparison with TTS. It is not clear yet whether these dif-

tometric method and in Donehew & Brittain (2011), Wheréerences h_ave an '”_‘pa.Ct on the rel_at|0ns betwelgn and

a spectroscopic method was used. We have obtained the H?fe emerging radiation in speciral lines.

ference).17 & 0.17. Taking into account the different dates

of observations and different methods of measurements agd Qbservations and data analysis

their errors £0.07 for Mendigutia et al. 2011a antt0.03

for Donehew & Brittain 2011), we can conclude that therhe opservations were performed in service mode with the

differences in these measurements are not essential. X-shooter spectrograph mounted on the 8m UT2 of the
Thus we assume that some systematic distinctions cehT. X-shooter allows to obtain spectral data simultane-

be expected in a model calculating the relationship betweensly over the entire wavelength range from the near-UV to

M,.. andA Dy carried out in the different studies. We notehe near-IR in three arms (the UVB-arm covering the range

that M,.. values determined in Mendigutia et al. (2011a300-590 nm, the VIS-arm 550-1000nm, and the NIR-arm

appear significantly overestimated: ten objects in themyst 1.0-2.5um). The observations were performed with the

(© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Www.an-journal.org
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Table 2  Stellar parameters of the targets. The majority of the dagdaken from Hubrig et all (2009). Further data is
from; a — Catala et all_(2007); b — Montesinos etlal. (2009)Cotlson & Walter[(1995); d — this work.

Object Tost logg M./Mz R«/Re wsini < B, >
[K] km/s [G]
HD 97048 10000 4.0 2.5 2.2 140 1887
HD 100546 10500 4.5 2.5 1.5 65 896
HD 101412 9500 4.0 2.5 2.7 5 -4%42
HD 135344B 6250°  4.0° 1.36 1.9 70 -3%12
HD 150193 9000 4.0 2.2 2.0 100 -2528
HD 176386 10000 4.0 2.7 2.3 -12B5
HD 190073 9250 3.5 2.85% 3.6% 12 104+19
2.1°
PDS2 7000¢  4.0¢ 2.5 1.6 30¢ 103+29

S S
I o Model: b
Terz= 7000 K, log@= 4.0, V sini = 30 km/s

Table 3  Non-accreting stars used as flux standards 11

Object Spectral type MJD \% 1.0 |

HD 100604 F2v 55352.008 7.69 -
HD 100627 F6IVIV 55408.332 8.49 0.9 T

HD 100926 A3V 55466.170 9.75 r
HD 100928 AOIV 55648.147 9.52 0.8 §
07k -

Fel+Fell+Till Mgll
. . . . . . blend

highest possible spectral resolution, ieis ~9100 in the 0.6 - e -

UVB-arm, ~17400 in the VIS-arm, and-11 000 in the

NIR-arm (D’Odorico et all_2006). The data were reduced
using the X-shooter pipeline (Version 1.1.0) following the LV
standard steps. For more details see Modigliani et al. (010 09l
Due to a very high efficiency of the X-shooter spectrograph
the signal-to-noise ratio (S/N) of 300-500 was achieved 0.8 -
during exposure times ranging from 13-15s for the bright- I

(9]
=0
~
=
1.0

est targets to 450 s for the faintest target PDS 2. o7 i ]

26 spectra of eight HAes with magnetic field detections 0.6 | PDS2 (mean) | .
were obtained during 13 nights distributed between May W . . . T
and September 2010. After each science exposure, telluric 4460 4470 4280 4490
standards were automatically observed in Obseratory time A ( f\)

at S/IN~100. They are usually main-sequence hot stars or

solar analogs. Further, the data package delivered by EE@.2  Comparison of the mean observed spectrum of
includes a number of spectrophotometric standards. TR®S 2 in the range of\4460—4508 with the synthetic
flux standards used in our work are presented in Table 3. spectrum corresponding to the best fit. Top panel: The syn-

The original observation request foresaw several obsdfetic spectrum. Bottom panel: The overplotted observed
vations per target over the rotation period, but due to tecBP€ctrum (solid line) and the synthetic spectrum (dotted
nical problems with X-shooter and mediocre weather cofine)-
ditions, the program was only partially completed. The tar-
gets were chosen from the sample of Herbig Ae/Be stars . i )
investigated previously by (Hubrig et &L, 2009). The list of-0» @ndvsini = 30km/s. The complete list of observing
X-shooter targets is presented in Table 1, and their stell@@t€s is given in Tablg 5.
parameters together with the detected longitudinal magnet The data analysis concentrated on the emission lines and
fields are summarized in Taklileé 2. Since the star PDS 2 wide emission Balmer jump that can be considered as accre-
less intensively studied in the past than other targets, wien indicators. To remove telluric features, we used the te
estimated atmospheric parameters of this object by comphuric standards observed immediately after each observati
ison between the observed spectrum in the rang®160— at a similar zenith distance. The equivalent widths (EWs) of
4500A and the synthetic spectrum computed using the cogenission lines were measured after subtraction of stetlar a
SYNTH+ROTATE (Piskunov_1992). The best model fit ismospheric profiles from the observed ones. The synthetic at-
presented in Fid.]2 with parameteigz= 7000K , logg = mospheric profiles were calculated using the computer code

Www.an-journal.org (© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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SYNTH+ROTATE (PiskunoV 1992) and the standard LTE 5,400 [ 'HD‘woéw‘ S

Kurucz models for the corresponding values of the stellar
parameters (see Tallé 2). The synthetic atmospheric line
profiles were also smoothed in accordance with the spec-—~
tral resolution and sini. For the near-IR hydrogen lines 2
(Brv, Pa3, and Pg), the excess of radiation was taken into
account by comparing the photometric magnitudes of the o r
target stars with those for unreddened stars of correspond-_ 15000 |
ing spectral type and a correction fds, using the standard 5 L
extinction law. All necessary data for this step are presgnt 2 10000 .
in Table[1. The EWs of the Na | D lines were measured as a r ]
sum value for both componeni$;, and D-, where the wa- 5000 HD100928 .
ter vapour absorption lines and the interstellar (IS) narro ¥ ]
components were removed prior to this step. The IS com- R T R T R
ponents of the Na | D lines were cleaned by simple cutting.
This procedure leads to a small underestimation of the EW, I ]
but it does not account for more than 10%Q(1 dex) in 2.6 |- ADe = 2.5 (log ra/T1)
the value oflog M,... The emission lines of the IR Ca Il L |
triplet are blended by weak emission components of Pal3,
Pal5, and Pal6. But their contribution to the EWs of the
Call lines can be taken into account by polynomial interpo-
lation of the EW/(Pa-lines) using synthetic spectra based on
the unblended Pal2, Pal4, and Pal7 lines [Fig. 6) We used
standard LTE Castelli-Kurucz models (Castelli & Kurucz
2008) to determine fluxes at different wavelengths corre- ]
sponding to lines chosen as accretion indicators for all pro 3600 3800 4000 4200 4400 4600
gram stars. The values of their stellar maskgsand radii A (A)

R. were taken from Tablgl 2 to calculate luminosities in thE_

line-indicators. ig.3

25000 |

-E; [
20000
=} L
(o]

2.8 T Tz :

~

Spectral energy distribution (SED) in the ob-

served spectrum of HD 100546 and of the normal main-

The procedure of measuring the emission Balmer jumquence star HD 100928 of spectral type AOV in the
ADg is illustrated in Fig[ B using HD 100546 as an ©Xtange of A\3600-460& covering the Balmer jump

ample. The ratia- of the initial unreduced spectra of the(top panel). The bottom panel illustrates the ratio=
target (HD 100546) and the standard star of spectral tyligp(HD 100546)/SED(HD 100928). The solid line marks
A0 (HD100928) is approximated polynomially betweeRne polynomial approximation of()\) between\4000A
40007 and 4600%. The polynomial is extrapolated 10 530446004, and the dotted line shows its extrapolation up

3640A and the ratio of ordinates, andr, allows to de- 5 \36404. The formula for the calculation of the emission
termine the value oA D = 2.5log ¢2/r1). This procedure Balmer jump is also inserted.

is identical to that used in the work of Donehew & Brittain
(2011).

last indicator is k10%, which was calibrated by Natta et
al. (2004). All these diagnostics are presented in Table 4.

4 Spectral accretion indicators Selected regions of the observed spectra of the program
stars are presented in Fig$. 410 7.

We examined 13 spectral diagnosticg\iﬁCC that have pre-

viously been used in studies of TTS and BD. The basic in-

dicator was the emission Balmer jurdaD 5, calculated by 4.1 Ha emission

the method described in Sett. 3. We used the relation be-

tween ADp and M,.. presented in Fig:l1. Eight indica- The emission K profiles vary strongly from object to

tors, based on the measurementd.@f. include Hx, H3, object (Fig.[4) . HD 150193 and HD 190073 demonstrate

He | A5876, Bry, Na | D, P&, Pay, and Ca 11\8542. We P Cyg-type profiles indicating the existence of a stellar

considered also three indicators where flux in an emissiovind between the star and the observer. Theptofiles of

line was used for the direct determination/of,.. accord- HD 100546 and HD 101412 are double-peaked with a cen-

ing to eq. 3: He I\5876, Ca 11A\8542, and Ca II\8662. tral absorption shifted relative to the stellar rest wangth

Further in the text we use the abbreviations “(L)” and “(F)’of the line. The K profile of HD 97048 is double-peaked

to mark indicators based on the measurements,gf and too, but of a complex structure, and single emission profiles

flux, respectively (e.g., Pa(L), Ca Il \8662 (F), etc.). The are observed in the spectra of HD 135433B and PDS 2.

(© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Www.an-journal.org
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Fig.4 Normalized Hv profiles in the spectra of studied HAes. For HD 135344B, HDIB&) HD 176386, HD 190073,
and PDS 2 the displayed profiles are observed on dates MJD5835371, 55352.047, 55465.138, 55446.078, and
55410.343, respectively. Profiles of HD 135344B and PDS Zhosvn in comparison with synthetic profiles calculated
with the computer code SYNTH+ROTATE of (Piskuriov 1992). Th& models of Castelli & KurucZ (2008) are used for
the stellar parameters listed in Table 2. In the case of P@&2yaluev sini = 30km/s was used to calculate the model

profile.
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Table 4 Mass accretion rate diagnostics that have been used iropiesiudies of TTs and BDs and are analyzed in this
work

Reference Diagnostic Mass range\[.. /M )]
Fang et al.[(2009) H (L), H3 (L), He 1 A5876 (L) 0.1-2.0
Herczeg & Hillenbrand (2008) Na I D (L), Ca N8542 (F), Ca lIA8662 (F), He IN5876 (F) 0.1-1.0
Dahm [2008) P& (L), Pay (L), and Ca 118542 (L) 05-2.0
Natta et al.[(2004) Ra(L), Ha10% 0.01-0.1
Gatti et al. [(2008) Pa(L), Pay (L) 0.1-1.0

As can be seen in Fid] 4, thecHemission is practi-
cally invisible in the spectrum of the B9e star HD 176386.
This fact was already discussed by other authors. Bibo et
al. (1992) characterized this object as a higher-mass gnalo - - T T T

of so-called weak-line T Tauri stars (WTTS) with already 1.3 HD97048 ]
dispersed accretion disks. On the other hand, Grady et al. 1.2 8
(1993) report that signatures of a matter infall onto the sta 1 bat? Pats Pais  Paid Pata ]
is observed in the UV spectrum of HD 176386. If the disk 1.0 - .
of HD 176386 is already dispersed, calibrations derived for 0.9 ;,\;;\/ AV W.’
the magnetospheric accretion scenario are no longer valid I S VAN

because the balance of the emission from different parts of
the circumstellar components (magnetosphere, disk, wind)
changes. In any case, the standard model of magnetospheric
accretion from the disk can hardly be applied to this object.
Therefore, any empirical spectral calibration based on the
MA model cannot be used.

B HD100546 ]

O = a4 a4
© o LN w
T T T T
|

B HD150193 ]

F/Fc

O = a4 o

4.2 Other emission lines

Fig.[d illustrates the spectra of the targets in the region of
the He I\N5876 and Na I D lines, and Figl 6 in the region of
the IR Ca Il triplet. The emission profiles of H&5876 are
in general single-peak or double-peak type in the spectra of ]
the HAeBes, but in some cases a deep redshifted absorption i HD190073 ]
overlaps the red emission wing (see for more details Bohm 3.0 F  can .
& Catala[ 1995, Mendigutia et &l. 2011b). An example of s call ]
such a feature is seen in the spectrum of HD 97048 [FFig. 5). 251 Call y
This line originates in the highest temperature regionbef t . ]
CS envelope involving the inner boundary of the accretion
disk interacting with the magnetosphere, the matter stseam
infalling onto the star, and the region of the impact of the
streams on the stellar surface. These regions are rather com NI
pact in size and screening of the stellar limb by the accreted e R AR \/[I"rI
flows can be an important factor in forming the observed 8500 8600 8700
line profile. This screening leads to the appearance of a red- A (8
shifted absorption component of the profile. Therefore, we
have to be careful in using the He | emission for fle.. Fig.6  Normalized spectra of HD 97048, HD 100546,
determination. At the time when the infalling stream sceeeriD 150193, and HD 190073 in the spectral region contain-
the stellar limb, theé\/,.. measurement can be considerabljng near-IR Ca triple lines. The positions of the Pa lines
underestimated. are indicated in the upper panel, and the positions of the
The types of the Na | D line profiles (Fif] 5) as wellCa Il Iines in the lower panel. Strong emission near-IR Ca
as of the IR Ca Il triplet profiles (Fidl 6) in the spectra offiPlet lines appear only in two HAe stars, HD 150193 and
the targets are very diverse. Even in objects of similar spedD 190073.
tral types (A2—-B9) are the intensities of these emissiogslin
completely different. The emission in the Na | D lines is
clearly visible and the EW can be measured in three objects

© o L b W
T

2.0 F .
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Fig.5 The same as in Fi@l 4, but for the spectral region around HZ6 a&d Na | D.

(HD 190073, HD 150193, and HD 101412). As for the Ca llated to the presence of a wind zone between the star and the
triplet, the EW can be measured only in HD 190073 andbserver. The signatures of the matter outflow are clearly
HD 150193. It is remarkable that in our sample HD 190078een in the Na | D lines of HD 190073 and HD 150193 in

is the star with the strongest intensities of the Na | D anfdrm of the P Cyg-structure.

IR Ca Il lines. This object demonstrates the clearest devel-

oped P Cyg-structure of thedprofile (Fig.[4). The second .

object with an H profile of P Cyg-type is HD 150193. It 4-3 Balmer jump

shows also rather intense emission in Na I D and IR Ca I|l_,. . . .
This fact leads us to the hypothesis that the appearance & [@ illustrates the normalized spectra of the targets in

considerable emission inthe Na | D and IR Ca ll lines is ret-he region of the_ Balmer jump in comparison with spec-
tra of non-accreting stars of similar spectral types. Qlaste

Www.an-journal.org (© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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F(A)/Fc(4000)

rHD1 853144B

| L | i

\ ; I ' 1 .
3800 4000 4200 3800 4000 4200

A (A)

Fig.7 Normalized spectra of our targets in the region near 3600844 The normalization was made to the fléx )
at the level of the model continuum at= 4000 A. Spectra of standards of similar spectral type are givercdonparison
(dashed lines).

Kurucz LTE (Castelli & Kurucz 2008) models were appliedlates and magnetic/rotation phases calculated accomling t
for normalization of the observed spectra of non-accretinge ephemerides presented in Hubrig etlal. (2011a, 2011b).
stars to fluxF at 40004 at the continuum level. The - Mean accuracies of the measurements are presented in Ta-
dependencies (see Sédt. 3 and[Hig. 3) were used to consthlefd. The errors of the individual estimates of the equiviale
the normalized spectra of the targets. widths were computed using a program that takes into ac-
count the width and the maximum intensity of an emission

The EWs of all studied lines, thed10% width and . ;
. ; ’ . | Il as the S/N ratio of th t th -
ADg are listed in Tabld]5 together with the observmgIne aswefias the ratio ot Ihe speciitim near the mea

(© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Www.an-journal.org
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Table 5 Observing dates, magnetic/rotation phases calculateatdiog to the ephemerides presented in Hubrig et al.

(20114[ 2011b), and measurement results of BWEIa10%), andA D g for HAes in our sample.

Object MJD Magn. EWA] W(Hal0%) ADg
phase B P& Pay Call Call Ho Nal D Hel HB [km/s]
8662 8542 5876
HD 97048 55352.000 0.43 10.30 2190 9.12 - - 30.8 - 0.0525 1.58 604 0.25
HD 100546 55352.022 16.05 26.41 9.72 - - 30.7 0.035 0.162 2.55 540 0.18
HD 101412 55351.992 0.71 5.79 7.77 3.63 - - 13.6 0.340 0.14569 1. 560 0.225
HD 135344B  55329.362 2.27 3.88 1.47 - - 10.3 - 0.43 1.57 496 5
55352.034 3.21 4.10 1.72 - - 14.5 - 0.32 2.16 501 0
55357.251 2.65 3.21 1.39 - - 11.1 - 0.26 2.00 501 0
HD 150193 55329.371 0.59 8.83 7.66 493 0.87 1.61 11.9 0.2535300 1.15 517 0.19
55352.047 0.81 10.19 9.80 6.06 1.06 2.13 13.6 0.479 04790 15 561 0.19
HD 176386 55329.387 0.09 0.392 0.188 - - - 0.167 - - - -
55463.171 0.88 0.184 0.144 - - - 0.159 - - - -
55465.138 0.06 0.270 0.203 - - - 0.175 - - - -
55466.166 0.21 0.231 0.153 - - - 0.161 - - - -
HD 190073 55329.397 9.97 15.8 8.04 550 6.58 23.9 1.94 0.21364 2 - 0.19
55410.250 10.67 18.8 9.45 591 7.29 26.8 2.25 0.337 3.54 - 7
55446.078 10.97 19.1 9.74 5.48 6.87 25.2 2.14 0.471 3.58 - 7
55463.182 8.91 18.1 8.36 4.65 5.93 20.5 1.83 0.364 2.37 - 50
55465.159 8.65 17.2 8.67 4.73 5.92 20.5 1.82 0.257 2.56 -
55468.141 8.40 16.4 7.82 4.53 5.56 20.5 1.79 0.317 2.8 -
PDS 2 55375.418 1.60 0.627 0.358 - - 3.16 - 0.0286 0.34 380
55408.317 - - - - - 5.69 - 0.0745 0.68 348
55409.410 - - - - - 5.52 - 0.0585 0.54 380
55410.343 - - - - - 4.50 - 0.0464 0.32 396
55411.394 2.85 2.05 0.829 - - 5.90 - 0.1068 0.74 365
55446.307 2.33 1.00 0.450 - - 3.30 - 0.0621 0.28 424
55463.210 2.77 1.30 0.627 - - 5.25 - 0.0734 0.55 425
55464.208 1.79 0.95 0.460 - - 6.10 - 0.0335 0.33 409
Table 6 Mean errors of measurements presented in Tdble 5.
Object +o(EW) [A] W(Hal0%) ADgp
Bry P& Pa Call Call Hoe NalD Hel HB [km/s] [mag]
8662 8542 5876
HD 97048 0.25 040 0.25 - - 0.45 - 0.015 0.10 20 0.03
HD 100546 0.30 040 0.25 - - 045 0.015 0.020 0.15 20 0.03
HD 101412 0.20 0.25 0.20 - - 0.30 0.05 0.030 0.10 20 0.03
HD135344B 0.15 0.15 0.10 - - 0.25 - 0.045 0.10 20 0.03
HD 150193 0.25 0.25 0.20 0.07 0.10 0.25 0.04 0.060 0.10 20 0.03
HD 176386 0.08 0.05 - - - 0.05 - - - - -
HD 190073 025 030 0.25 0.15 0.20 0.40 0.10 0.04 0.15 - 0.03
PDS2 0.10 0.10 0.06 - - 0.20 - 0.02 0.06 20 -

sured line. Further, the program considers the contributi® Accretion rates

of the photospheric background and the telluric line suistra
tion. Since we used for the determination™D g a method 5.1 Testing existing empirical calibrations
similar to that used by Donehew & Brittain (2011), our er-

ror estimates are of the same order as presented by th¥éecomputed théZ,.. values for HAes in our sample using

authors, about 0.03mag. The errors for the individual metie measured quantities from Table 4 for indicators speci-

surements differ from the mean values presented in Tabldigd at the beginning of Se¢t. 4.
by not more than 20%.

www.an-journal.org

HD 176386 was excluded from our analysis for the rea-
son discussed in SetT_]ﬂf.l. The formal calculatiod&f.
of this object leads tdog M,.. = —8.70 for Bry, —9.03
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for Brj3, and—9.63 for Ha. Other indicators are absent in e it A
all observed spectra of the star or too weak to be measured -6.5 F o 3
precisely. . o ]

The indicatorA D was used only for six objects with ’g -70F%g N e .
Moo > 10~ %M /lyr . As was concluded in Donehew & \: 8 '/ / ]
Brittain (2011), this diagnostics is inefficient fa&xDp < 2 -75F4 ’ ]
0.1™. The width AV (Ha10%) cannot be measured cor- g F ]
rectly for HD 190073 because a strong P Cyg-type structure ~z;° -8.0 F3 9 . Pa 3
overlaps the blue wing of the emissiomHprofile. Taking S r e . Pag, .
into account that such features are not common to all HAes, -85 [ . ]
there is a doubt if it is reasonable to use them at all. Still, i s ]
is of interest to compare th¥/,... estimations derived from 9.0 _Iﬂ L I"“hm(f“e) L]
Ehese diagnostics with values obtained from other indica- —0.0-85-80-75-7.0-—6.5
ors.

longo (Mo/year)

Fig.9 Comparison of the results of theg M,.. [dex] de-
termination for our targets obtained from the differentPa

Our aim was to choose diagnostics that lead to results cdHld P& calibrations defined in Dahrn (2008) and Fang et al.
sistent with each other, where the basic indicasdp is (2009). The dashed line indicates the equality of measured

the only tracer connected with,... directly on the basis of ValUes.
model calculations. We introduce the criterion of applica-

bility of a diagnostic X for measuring thel/,. of HAes  \g662(F) (top left panel). These two lines originate in the
as follows: the indicator is applicable if the.mean value ofame circumstellar region, and we conclude that conditions
< log Mace(ADp) — log Mace(X) > (furtherin the textas i this region in HAes are different from those in TTS for
“ADp—X")is consistent with zero within the,,, errors,  which these two F-calibrations have been introduced.
calculated for our sample. Heeg,=o/vn — 1 is the stan- The mean difference between values obtained from

dard error of the mean value ands the number of objects. A8542(F) and\8542(L) is +0.90dex for HD 190073 and

As a result, we identified a number of diagnostics satr .40 dex for HD 150193 (top right panel). A similar pic-
isfying this criterion (see Tab 7). A small disagreement iyyre is observed if we compare thé,.. derived with He |
presentin the Pa(Dahm 2008) indicator+-0.30+£0.09dex,  \5876(F) and He \5876(L) calibrations (bottom panel).
and in the Ca 1I\8542(L) (Dahm 2008) indicator. In any The values obtained with the F-type calibrations are sys-
case, the mean spread of all these differences 85 —  tematically higher with the spread lying between 0.15 and
X" is of the order of+0.10-0.15dex. It is remarkable thatg 70 dex for different objects. Each star has its own offset
if the lines Na | D and IR Ca IN8542 are clearly visible in \yhjch is the same at all observed epochs pointing at some
the spectrum of an object, the,.. estimates derived from gystematic factor. Based upon the results of this test, we as
these indicators are in a satisfactory agreement with 8alug me that the L-type calibrations are best suitable for the
obtained from other spectral diagnostics. HAes in our sample. We suggest that the observed system-

The three remaining indicators dff... that make use atic differences between the values derived with the F- and
of F-type calibrations (Ca IA\8542, Ca 118662, and He | |-type calibrations are likely to be caused by an insuffitien
A5876) were additionally examined because th&)s —  accuracy of the: andd coefficients in the F-type calibra-
X" values of two Ca Il (F) indicators demonstrate differtjons applied to HAes, as well as by uncertaintiedn or
ences at larger amplitudes than all other tracers presentdof the targets, used for the calculationof,..
in Table[7: ¢0.44 + 0.32dex and—0.28 + 0.35dex for
Ca 1l \8542 (F) and Ca IN8662 (F), respectively). Further
the He 1\5876 tracer shows a notable systematic shift
“ADp — X"=40.69 £+ 0.19 dex.

5.1.1 Criterion of applicability

'05}.1.3 Other factors leading to systematic effects

The uncertainties in stellar parameters (especially in the
stellar radiusR,) can be a source of considerable system-
5.1.2 Testing F-calibrations atic errors in theM,.. determination. As an example, we
) computed the mass accretion rate of HD 190073 separately

The analysis ofi/,. estimates that were obtained usingwith two different values of its stellar radiug.. / R, = 3.6
these diagnostics demonstrate considerable systematic (Datala et al. 2007) and the more recent estiniatéR ) =
consistencies between each other as well as between F- and(Montesinos et al. 2009). In the first case, we have ob-
L-type calibrations for the same lines. These discrepancigiined a mean value of the accretion rat6.23, with a
are illustrated in Fid.18. spread at the level of standard deviationded.17 dex us-

The estimates derived from Ca N8542(F) are sys- ing eight spectral indicators derived from luminositie o
tematically 0.75-0.03dex higher than those from Ca llemission lines (L-type). This value strongly deviates from

(© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Www.an-journal.org
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Table 7

indicates the accuracy of determination.

|
~
o

|
~
N

Call 8662 (F)
[ [
_\l ~
o »

|
~
04}

Hel 5876 (F)

Fig.8

Diagnostic Reference Mean value of Number of
“ X “ADp — X" objects
[dex] n
Bry(L) Donehew & Brittain (2011) +0.19 +0.15 6
Pa3(L) Dahm [2008) +0.30 £ 0.09 6
Pay(L) Dahm [2008) +0.11 4 0.15 6
Ha(L) Dahm [2008) —0.02 £ 0.12 6
HA(L) Dahm [2008) —0.13 £ 0.09 6
He 1 A5876(L)  Fang et al[(2009) +0.17 £ 0.17 6
Na | D(L) Herczeg & Hillenbrand (2008) +0.10 & 0.16 3
Call A8542(L) Dahml(2008) —0.22 £+ 0.07 2
Ha10% White & Basri [2003) +0.08 £0.10 5
T T . T . T
B ,-° HD190073 S —6.4 - HD190073 o.° N
- . ~ L j
-, < -6.6 | -
s/ g - -
= 0 —B6.8 .
- w - -
B ‘g —7.0 - O HD150193
L &) L ,
L o HD150193 —7.92k o -7
I O - ///’/ ]
T R NSRS N S T N | 1 L7 |
-7.2 —-6.9 -6.6 -6.3 -7.6 —-7.4 -7.2

Call 8542 (F) Call 8542 (L)

L L I IS IS L L L
-6.0 F « o -7
—6.5 F v et :
~7.0 F L E
~75F . .-’ ]
-8.0 b W . 3
-8.5 [.. o ;
~9.0 - ]

L S N N TN TN [N TN TN S TN [N T TN TN TN AN TN TN TN TN N TN TN TR T AT SO TR SR S N

-9.0 —-8.5 -8.0 -7.5 -7.0 —-8.5 —6.0

Hel 5876 (L)

List of diagnostics satisfying our criterion of applicatyil(besides ofA D). The error of the mean valug,,

lllustration of systematic discrepancies between theli®sfi thelog M,.. [dex] determination obtained from

comparing three pairs of diagnostics: Ca8542 (F) vs Ca IN8662 (F) (left top panel); Ca k8542 (L) vs Ca 11A8542 (F)
(right top panel); and HeX5876) (L) vs He IN5876) (F) (bottom panel). The dashed lines indicate thetiposif equality

of abscissa and ordinate. Results for different objectsnaaeked by different symbols. In the upper panels the filled
circles mark the six measurements for HD 190073, while opeates refer to measurements obtained for HD 150193.
Ca line diagnostics can be used only for these two stars.drbtiitom panel HD 97048 is marked by the open circle,
HD 100546 by the open triangle pointing downwards, HD 101 the open triangle pointing upwards, HD 135344B by
filled triangles pointing upwards, HD 150193 by open squaris190073 by filled circles, and PDS2 by filled triangles

pointing downwards.
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the —7.14 obtained from\ D 3 which, according to Fid.]1, respectively. Such a significant discrepancy for HD 190073
is independent ol/, andR, of a star. UsingR. = 2.1 Rz  is mainly related to the very large value of the stellar ragdiu
leads to the mean value7.15+0.17, that is in good agree- R. = 8R), used in Mendigutia et al. (2011a). This radius
ment with the estimation fromDj. is by a factor of four larger than the value adopted in our

Applying different empiric relations between Pand Work (Tablel2).
Pay luminosity, respectively, and the mass accretion rates We note that the existence of a HAeBe wiffig
that have been derived for the TTS by various authors tess than 10000 KM, = 5.1 My, and R. = 8 R
our sample, we find considerable and systematic discrefpdendigutia et all 2011a) is not consistent with the PMS
ancies. This is demonstrated in Fig. 9 where we show tieyolution model by Palla & Stahler (1993). According to
M, values for the targets that result from the calibrationeir model, a PMS object with the initidl/. = 5 M,
by Gatti et al.[(2008) versus those from Dalim (2008). Astarts to become visible at the birthline wilhg of about
can be seen in Fif] 9, the difference between the two cali2 000K, and later, closer to the end of the PMS stage near
brations is practically absent for sméadlg M. (less than the main sequence, its effective temperature will become
—8.0) and becomes up to 0.40 dex fiog M,.. > —7. We about 16 000 K. With the age of abol® years given for
have to mention that Gatti et al. (2008) have calibrated thdilD 190073 in Hubrig et al. (2009) and Mendigutia et al.
relation over thdog Moee range from—9.6 to —8.2 (M, (2011a), the star has to be located in the H-R diagram al-
range 0.1-1.0/,) and Dahm[(2008) from-8.7 to —7.2  ready near the main sequence, and wlifh = 2 — 3 M,
(M, range 0.5-2.01,)), that is more similar to value¥/,.. (Tablel2) its stellar radiu&.. cannot be as large 8%
and M, for our targets. Therefore, we used in our study the As was discussed in Seti. R.2, thg .. calibrations de-
diagnostics Pa(L) and Pa/(L) introduced by Dahni (2008). rived in Mendigutia et al[(2011a) lead to very large values
of the mass accretion rates for a considerable part of their
targets, which are not in agreement with the masses of ac-
cretion disks (.01 — 0.1 M) and the length in time of the
PMS stage for HAes10® — 10° years). They demonstrate

Fig. (10 illustrates the mass accretion rates obtained f@FO s_ignifica’mt differenc_es with the results of Donehew &
seven program stars (except HD 176386) that have been gLittain (2011) and Qarc_la L_opez et 4l.{2006)

rived using the indicators that passed successfully odi-app ~ OUr Macc determination is based on:

cability test (see Se¢t. 5.1.1). Because the F-type didigsos — consistence of values derived from several independent
lead to systematic differences in thé,.. estimates in com- calibrations,

parison with the values obtained with the other indicators- agreement of our estimates with those obtained in Gar-
(see Secf.5.1.2 and Fig. 8), we did not include the values of cia Lopez et al[{2006), and

M. derived from F-type indicators in the calculations of — accordance of our results with the predictions of the
the mean values and the uncertainties of the mass accretionPMS evolution model by Palla & Stahlér (1993).

rates. As a result, only L-type indicators were used (exce . . :
Ha10% andA D) and, further in the text, we dropped the&‘early, for HAEs with accretion disk masses of the order

abbreviation (L) in the names of the indicators. 0f0.01-0.1 M and a length of the PMS stage of HAEs of

. 105 — 10 years, the expected mean accretion rates during
The mean values af/,,.. over the observed epochs anqhe PMS stage are of the order i —6 — 10‘8M®/yr.

over several diagnostics as well as their standard devigrege expected rates are similar to the values obtained in
tions are presented in Talllé 8, where estimates from Galr work

cia Lopez et al.[(2006) and Mendigutia et al. (2011a) are : . .
also given for comparison. One can see that, in spite of the Comparing the accuracy of our estimates with the re-
. ' . i Igults obtained by other authors, we can see that the differ-
fact that the observations of Garcia Lopez et al. (2006) WeLE < are not significant (see TaBle 9)
carried out in 2004, the discrepancies are within the limits '
of the standard deviations obtained in both works. On the
other hand, the results obtained in Mendigutia efal. (2p116 Variability of the mass accretion rates
demonstrate significant differences with our estimates. Th
difference is+0.94 dex for HD 150193 and-2.15dex for  Four out of seven of our targets were observed on more than
HD 190073. Using data oAy, L(Hc), and L(Brvy) pre- one occasion (from two to eight). As was discussed in the
sented in Mendigutia et al. (2011a) and from our paper, w&evious sections, all emission lines chosen as indicafors
estimated contributions of various factors forming thaltot A7, are formed not only in the magnetosphere, but also in
discrepancy. These contributions ared.2 — 0.3dex fol- the disk and in the wind, and their contribution to the en-
low from differences in fluxes measured on different datetire emission is different for each line. Investigating mte
+0.4 — 0.5 dex result from distinctions in/,.. calibrations poral behaviour OV pec using different spectral diagnos-
(for both HD 150193 and HD 190073). The contributionéics, we have to be certain that a variability revealed from
from differences in adopted stellar parametéfs and R,  these indicators relatesto a changé@tC and not to varia-

are+0.2 dex and4-1.5 dex for HD 150193 and HD 190073, tions of physical and kinematical conditions in the disk and

5.2 The deduced accretion rates for the targets in our
sample

(© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Www.an-journal.org
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Fig.10  Mass accretion rates of the targets determined from difterelicators, as labeled. The solid line shows the
meanlog M. value and the dashed lines indicate the regiott &F uncertainty where is the standard deviation.

Table 8 Mean mass accretion rates. The error is given as the staddeiationo. Literature data on accretion rates are
taken from Garcia Lopez et al. (2006) and Mendigutia et &I1(2).

Object Numberof  Number of  log Macc log Mace log Mace

indicators  observations M /yr] [Mg /1] [Me /yr]

Garcia Lopez et all (2006) Mendigutia et al. (2011a)

HD 97048 8 1 —6.80 + 0.38 —-7.17
HD 100546 8 1 —7.23+0.13
HD 101412 9 1 —7.04 £0.15
HD 135344B 8 3 —7.69 + 0.30 —8.27
HD 150193 10 2 —7.06 +0.20 —7.29 -6.12
HD 190073 9 6 —7.15+0.16 -5.00
PDS2 7 8 —8.68 + 0.36
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Table 9 Mass accretion rate determinations using several diaigsgstesented in this work and the results published in
the literature.

Mean standard Error of the

Paper Range dbg M... Range of individual deviationr mean valuer,,
[Mg/yr] deviations [dex] [dex] [dex]
This paper —8.68+ —6.69 0.13-0.36 0.25 0.11
Dahm [2008) —8.72+ —-7.20 01-1.4 0.30 0.12
Rigliaco et al.[(20111) —9.86 04-14 0.45 0.14

the wind. For example, the emission in such lines as H  The other two stars with more than one available spec-
Hpj, and DNa | originates predominantly in the wind, whilerum, HD 150193 and HD 135344B, demonstrate the tem-
that in the Hel line and near the Balmer jump in the highporal behaviour of\/,.. derived from all calibrations that is
temperature region close to the stellar surface (Pogoding@ilar to the case of HD 190073. The only exception is the
al.[2012). If the variations take place particularly in thieey He | \5876 diagnostic. Variability of\/,.. values derived
circumstellar envelope, they are reflected differentlydnte from this indicator is quite different from that obtainedrin

of these lines. As a result, the amplitudes and even the chalt-other indicators. Presently, no strict model for theniar
acter of the measuret/, .. variability derived from differ- tion of the He IA5876 line in the high-temperature circum-
ent spectral calibrations can be different too. In suchwa sitstellar gas around HAeBes exists. We can only assume that
ation, the revealed changes &f,.. must be considered asa multi-component variability is likely taking place that i

an artifact. connected with a change of geometric configuration, optical
thickness and emissivity of the gaseous flows accreted onto
the star inside the magnetosphere. But this has a rathelr smal
amplitude and the mean value derived from He I differs not
so strongly from all the others estimates (see[Eif). 10).

6.1 Temporal behaviour of individual accretion
diagnostics

Fig. [17 illustrates variations of,.. of the two targets
HD 190073 and PDS 2 with the largest number of observ
tions determined from all indicators. Since the amplitudess a measure for the overall accretion variability, Fig. 112 i
of the variability are smaller than the discrepancies betwe |ystrates the temporal behaviour of the mean valuéd of
the values obtained from different diagnostics, we analyzgor the four targets derived from several diagnostics. The e
not the values themselves but the residuals relative to thg of the mean value,,,=o//n — 1 (Whereo is the stan-
mean value for each indicator. As one can see in[Eiy. 1dard deviation and: is the number of the used diagnos-
both objects demonstrate variability which: (a) corredate tics) is shown by vertical bars. Indicators showing a tem-
a majority of the indicators, and (b) shows amplitudes Qoral behaviour of\/,.. different from all others were ex-
the variations that are very similar for different diagricst  cluded from the calculation of the mean values and their
It could be intrinsic)M,.. variability but also some geomet-errors (these are HeN5876 for HD 190073, HD 1353448B,
ric effect that affects in the same way our view of all theynd HD 150193, and #10% for PDS 2).
different emitting regions. HD 190073 demonstrates variability on the timescale of
However, one indicator exists for both objects showintgns of days with a spread of the values of about 0.1 dex with
a distinct temporal behaviour 6ff,.: it is He 1 \5876 for an accuracy ato,, level of +0.01 dex. Short-term varia-
HD 190073 and KH10% for PDS 2. The character of thetions (from night to night) are undoubtedly found in PDS 2.
variability of the M, value from the He I line in the spec- The observations of HD 135344B and HD 150193 were car-
trum of HD 190073 is similar in comparison with other in-ried out only on two to three different nights, separated by
dicators, but shows a much larger amplitude. In the caseveral to tens of days. Thus, it is impossible to examine the
of PDS 2, the estimations derived from thexH0% width ~cause of the variability.
strongly differ from all others. A possible cause for thimca  An effective way to analyze the amplitudes and the
be related to the existence of small-amplitude variatiaks t timescale of accretion variability was suggested by Nguyen
ing place in the circumstellar gas outside the magnetosphet al. (2009), where a change in amplitude versus the time
(the outer disk and the wind) which may influence the fulinterval between observations was constructed for 40 clas-
width of the profile but might be insufficient to have a sigsical TTS. The authors sampled the timescale range from
nificant effect on the EW of H. This could explain a rather hours to months and concluded the maximum extent of the
small distorting influence of the non-magnetospheric varit/,.. variability is reached after a few days and amplitudes
ability onto thelZ, .. derived from the k(L) diagnosticand of variations are as a rule not more than 0.5 dex. This result

.2 Global accretion variations

a rather significant — onto that obtained with the 8% in-
dicator.

(© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

has been confirmed by other authors. Costigan €t al. {2012)
bolster it with a sample of 10 accreting TTS observed in
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Fig.11 Temporal behaviour dbg M, in HD 190073 and PDS 2 obtained from different indicatorsstnucted relative
to the mean value for each indicator. Thin solid lines joiilghbour points for each indicator for better illustratidrhe
temporal behaviour of the residudts; M. obtained from the indicator He | (for HD 190073, left panaifdgrom the
indicator Hv10% (for PDS 2, right panel) are marked by open symbols and ttsheldlines. Dotted lines indicate positions
of zero for each indicator.

the Longterm Accreting Monitoring Project (LAMP) show-sion can be made that a variability has been revealed on
ing that accretion variation amplitudes do not increaserwhémescales from several days to tens of days. In the case of
extending the timescales of the monitoring beyond a weekiD 190073 we can derive the rotation periéd= 9.1 sin

In F|g [I3 we present our ana|ysis of tMacc vari- dayS USing data from Table 2. In HUbrlg et al. (2009) the
ability as a function of timescale following Nguyen et alUpper limit of i is given asi < 40°. A P Cyg-type of the
(2009). Our results are fully in agreement with those olddc profile (Fig.[3) evidences that this object has to be of
tained previously by other authors. In the case of PDS@n intermediate orientation relative to an observer (@rini
variations on a timescale of about tens of days with ampl Rostopchina 1996). With the expected valuei of 40°
tudes of up to 0.4 dex are observed. Besides of that, variab€ estimate’~6 days. Since no observations separated by
|ty on a timescale near one day is C|ear|y seen with ampﬁhort time intervals have been carried out for this target SO
tudes of up to 0.3 dex. Such a timescale is comparable wiidl, we cannot examine a presence of rotational modulations
magnetic/rotation periods expected for our targets (Hubref the line profiles in the spectrum of HD 190073.
et al.[2009] 2011a). Therefore variability on such a short Another plausible alternative could be that the variabil-
timescale is likely to be connected with a modulation ofy is the result of stochastic variations in the accretion
profiles and intensities of the spectral lines by a rotatinigte through the disk, as one might expect if the magneto-
magnetosphere. Using data from Table’2, (and v sing), rotational instability is the primary source of viscosity i
we estimated the rotation period of PDS2 P = 2.7dmys. accretion disks. More spectral data obtained on different
This object is likely to be oriented relative to an observefmescales (from days to tens of days) are needed to rig-
close to “pole-on”, and its inclination angleis expected orously test the character of the variability of the Herbig
to be of order ofl5°. Such orientation is confirmed by aAe/Be stars.
single peak emissionddprofile (Fig[4) (see Grinin & Ros-

Due to the insufficient number of observations, it is
not possible to analyze th&f,.. variability on different We present results of observations of a sample of eight mag-
timescales for the other three targets. The only conclaetic Herbig Ae stars obtained with the X-shooter spectro-
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Fig.12 Temporal behaviour of the mean values of the resim@l\laCC of four targets. The errors dtlo,,, whereo,,
is the error of the mean, are marked by bars. The values amebtusing all indicators for each object (see Eig. 8) ekcep
He | (for HD 190073, HD 135344B, and HD 150193) and % (for PDS 2).

graphs installed on the 8m UT2 at the VLT. This spechem to the sample of earlier-type PMS objects with higher
trograph covers simultaneously the whole spectral rangé,...

from the near-UV to the near-IR (300-2500nm), provid-  an important cause of errors is the uncertainty in deter-

ing medium resolution, high-quality spectra. We examingginations ofaz, and especially?. for a number of targets
13 different spectral accretion diagnostics derivedeadn o the indicators are based on luminosity determination.
the basis of TTS and BD observations on their applicabit-o; opiects with small accretion rate valudse(Moc. <

ity to HAes. This applicability has been confirmed for a g 5y orrors of measurements of EWs and widths of emis-

number of the indicators. The criterion of the applicabilgjon hrofiles become an additional factor for the measure-
ity was based on a consistence of the resultd/Qf. de- ment accuracy.

termination one with another and with the only direct ac- ) S o .
cretion indicatorA D, based on the CS emission near the OUr investigation of variability of\/,.. has shown that
Balmer jump. We have used the diagnostics satisfying 1134l four Herbig Ae stars observed on more than one ocassion
criterion to computeV,.. of all targets, which are ranged démonstrate a change df. of about0.10 - 0.40 dex on
from 2 x 107° to 2 x 10~7 M, /yr with standard devia- the timescale of tens of days. One object observed on a short
tions of 0.25 dex relative to the mean value. The targets ffnescale, PDS 2, shows also night-to-night variation& wit
our sample demonstrate a large variety of spectra. One &t @mplitude of up t@.30 dex. This variability might be re-
the eight targets, HD 176386, was excluded from our anafited to the modulation of spectral parameters by a rotating
ysis as an object that has a “non-developed” accretion digR@gnetosphere. In the case of even longer-term variability
It was not possible to use all 13 indicators in all objectd” ~ t€ns of days) it remains unclear whether this variabil-
The number of the indicators used varies from 7 to 10, dY iS connected with a change in the accretion regime or is
pending on the target. An important factor limiting the ap@ result of rotational modqlatlon. We note t_hat due to the
plication of all indicators is the necessity to re-calierat Small number of observations of targets with determined
number of empiric relations constructed earlier for olgecfn@gnetic/rotation periods, not much can currently be con-
showing smallM,e. < 10~° M /yr. Their application for cluded on the role of magnetic fields in the dynamics of
HAes with higher (7,c. ~ 10~7 M /yr) can lead to sig- the accretion processes. Future multi-epoch observations
acc . . .
nificant systematic errors. We would like to emphasize th e;?netlcdHA(tas V(\j":ﬂ X—s:\ooter \3"” b.e sﬁremely use::fu: 0
additional future spectral observations of a larger nurober etter understand the nature and variabilith4f.. spectra

HAes are needed to improve all calibrations and to expa aagnostics to constrain more realistically magnetospher

accretion models for Herbig Ae stars.
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