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ABSTRACT

Aims. The determination of effective temperature for chemically peculiar (CP) stars by means of photometry is a sophisticated task
due to their abnormal colours. Standard calibrations for normal stars lead to erroneous results and, in most cases corrections are

necessary.

Methods. In order to specify appropriate corrections, direct temperature determinations for 176 objects of the different subgroups
were collected from the literature. This much larger sample than in previous studies therefore allows a more accurate investigation,

mostly based on average temperatures.

Results. For the three main photometric systems (UBV, Geneva, Stromgren uvbyf3), methods to determine effective temperature are
presented together with a comparison with former results. Based on the compiled data we provide evidence that He (CP4) objects
also need a considerable correction, not noticed in former investigations due to their small number. Additionally, a new relation for
the bolometric correction and the capability of standard calibrations to deduce interstellar reddening for magnetic CP stars are shown.
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1. Introduction

There are only a few direct temperature determinations avail-
able of chemically peculiar (CP) stars (results other than from
photometry), insufficient to study their evolutionary status.
Additionally, photometric standard calibrations for normal stars
are mostly inappropriate because of their anomalous proper-
ties, e.g. blanketing effects, individual abundances or magnetic
fields influencing the photometric colours. Using some pecu-
liar stars with direct temperature determinations, Geneva and
Stromgren photometry was recalibrated by Hauck & North
(1993), Napiwotzki et al. (1993), Stepieri (1994), or Hauck &
Kiinzli (1996). However, small numbers have often allowed only
a vague estimate of the CP stars temperature behaviour, best seen
on the basis of the CP3 (HgMn) sample used by Hauck & North
(1993) comprising only five objects. Napiwotzki et al. (1993)
have included only two stars for comparison, but for the group
of CP4 stars insufficient data also were available. Several new
temperature determinations having been published, we decided
to refine the available corrections and calibrations for the above-
mentioned photometric systems based on a larger sample. Due to
the fact that numerous new CP2 (magnetic group with enhanced
Si, Cr, Sr or Eu) objects also have been detected in galactic open
clusters or even in the Large Magellanic Cloud (e.g. Netopil et al.
2007; Paunzen et al. 2006), and photometric data in the above-
mentioned systems are scarce at larger distances, an investiga-
tion of the widely used UBV photometric system is necessary in

* Tables 4 to 8 are only available in electronic form at
http://www.aanda.org

order to examine the (extra)galactic distribution of CP objects in
detail.

2. Data collection

Our used starting point was the compilation of chemically pe-
culiar “standards” in previous temperature calibration investiga-
tions (e.g. Hauck & North 1993). Due to the small number of
available direct temperature determinations, most of the same
stars have been used for the calibration of the different photo-
metric systems. We consulted the literature to collect more tem-
peratures reported to date and older ones ignored in previous
compilations and included only temperature determinations not
based on photometry. Results based on averaged values includ-
ing photometric results were rejected, the same holds for works
with no clear description of the method used. Furthermore, the
objects were checked for membership of one of the CP groups
following the classification scheme by Preston (1974) primar-
ily using the peculiarity types given in Renson et al. (1991) and
Bychkov et al. (2003), refined with additional literature values.
The He representatives are divided into CP4a (He-weak) and
CP4b (He-rich). For the CP3 members subgroups also have been
defined (see Sect. 4.3). If a classification was uncertain, the ob-
ject was rejected. For instance, the star HD 2628 was found to
be a nonclassical Am star by Adelman et al. (2000). An excep-
tion was made in the case of the stars HD 5737 and HD 125823.
Hunger & Groote (1999) classified them as intermediate stars
which show He-weak and He-rich behaviour, they were kept as
CP4ab. For two cool CP2 stars (HD 29578 and HD 92499, both
with Ty < 8000) we are unable to calibrate their temperature,
since only Geneva photometry was available and therefore it was
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not possible to deduce reddening information. Since for these
two stars only one temperature determination was found, they
were rejected from the sample. In total, 364 individual temper-
ature determinations for 176 CP stars taken from 71 references
have been found that fulfil the criteria above. Since we have not
noticed significant differences in the overall result between the
various methods, no weighting was performed. Some outliers
are found, but a rejection was only carried out if more than two
determinations were available and a temperature by the same or
comparable method was deviated strongly. This was necessary
for only about 2% of the nearly 400 individual results. Finally
an average and the resulting standard deviation was calculated.
For about 92% of the sample the standard deviation does not
exceed 5%. Some outliers are based on two references only, or
the literature values are spread equally over a large temperature
range, making a rejection of individual results difficult.

Photometric data in the studied systems (UBV, Stromgren
uvbypB, Geneva) were collected by using the General Catalogue
of Photometric Data (GCPD, Mermilliod et al. 1997). Since the
averaged photometry is based on many references with several
individual measurements, in addition to wrong photometry, the
influence of several kinds of variability is reduced. If no data
were found, the literature was consulted in order not to ignore
existing measurements. An overview of the number of CP stars
compiled can be seen in Table 1.

The compiled references were divided into groups of com-
parable temperature determination methods. These are (a) the
Infrared Flux Method (IRFM) introduced by Blackwell &
Shallis (1977); (b) fitting solar/enhanced models to the visual
energy distribution; (c) fitting solar/enhanced models to the to-
tal energy distribution (from UV to red) as well as (d) fitting
(Balmer) line profiles with solar/fenhanced models. Three refer-
ences (e) do not fit into these categories. Stepiefi & Dominiczak
(1989) presented a new method based on visual energy distri-
bution modelling and a correction of the UV flux deficit. Cidale
et al. (2007) investigated He peculiar stars using a spectropho-
tometric system based on the measurement of the continuum
energy distribution around the Balmer discontinuity. Since this
method was not applicable to their He-rich subsample, non-
LTE model atmospheres were used for this CP group. Bruntt
et al. (2008) determined for the first time the temperature of
HD 128898 using angular diameter and bolometric flux. In
Table 8 we present the references for the individual CP stars to-
gether with the method used, (a)—(e). This is a rough division,
but can serve as a hint to reliability of a particular determination.
Falling into group (d) one can find works like Hubrig & Nesvacil
(2007), who used iterative processes to minimise the dependence
of the average Fe abundance on the excitation potentials of sev-
eral measured lines, but also several works like Ryabchikova
et al. (2004a) using a single line such as Ha. However, fur-
ther subdivision will probably result in a confusing number of
groups. Several references used combinations of these methods,
e.g. in the series by Adelman and collaborators often visual en-
ergy distribution modelling plus Hy profile fitting were used,
which is indicated in Table 8 as bd(+), where the plus sign shows
that a model other than a solar one was used. Several objects in
the comprehensive list by Adelman & Rayle (2000) have been
studied in previous works by Adelman with good agreement.
Since it seems that the same data have been used, we only in-
clude the results of the latter reference. Furthermore, Adelman
& Rayle (2000) used more recent model atmospheres than in the
previous studies.

The mean effective temperatures of the compiled CP stars
(Tables 4-7) are therefore based on several individual studies,
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Table 1. The sample of CP stars used in this study and the available
photometric data in the respective systems.

CPclass Stars® wuvbyB Geneva UBV®
CP1 30/13 29 30 30
CP2 79/51 78 76 63
CP3 28/14 27 27 28
CP4a 20/15 20 20 20
CP4b 17/9 14 16 15
CP4ab 2/2 2 2 2

¢ Stars in total / with average temperatures.
b Number of objects with a complete set is listed.

determined mostly with different methods (see Table 8) com-
pensating for the possible disadvantages of a particular method.

3. Interstellar reddening

For the vast majority of programme stars Hipparcos parallaxes
(Perryman et al. 1997) are available. A new reduction of the data
(van Leeuwen 2007) has been published, providing more accu-
rate results. These are used for the present study. Since only a
limited number of objects was found to be located closer than
50pc from the sun, interstellar extinction is no longer negligi-
ble, especially if examining cooler CP stars in the Geneva or
UBV photometric system, for which a reddening-free temper-
ature calibration (via Geneva X/Y or the UBV Q method) is
not possible. Several attempts have been made to now to model
the distribution of interstellar extinction. However, these stud-
ies should be treated with caution if one intends to deredden in-
dividual stars, because such models give only a general trend
and do not take local irregularities of the absorbing material into
account (Arenou et al. 1992). We therefore rely on reddening
estimations based on UBV, Geneva and uvbyfB data. To exam-
ine the applicability and accuracy for CP stars because of their
anomalous colours, we have chosen the compilation of magnetic
CP stars in open clusters by Landstreet et al. (2007). The avail-
able listing was reduced by using their flags to limit to at least
probable cluster CP objects. We also removed objects within as-
sociations and young cluster stars (log# < 7.0) to avoid strong
differential reddening due to nebulous regions. Averaged cluster
ages for the selection and the reddening values for the compar-
ison are taken from Paunzen & Netopil (2006). For clusters not
included in their list, we have proceeded analogously. For the
remaining 45 CPs in 26 open clusters that have a reddening up
to 0.5 mag, we have extracted photometric measurements in the
three mentioned systems using the GCPD and the literature. For
all objects, data in at least one system are available. Using the
Napiwotzki et al. (1993) UVBYBETA calibration, the intrinsic
Geneva colours (Cramer 1982) via the X/Y parameters and the
QO method for the UBV system (Johnson 1958),

E(B-V)=(B-V)-03320
0= (U-=-B)-0.72(B-V)-0.05B- V)

the colour excesses in the respective systems are determined.
However, the latter two systems can be used only for hotter stars.
Following the suggestion by North (1998), the correction for
hotter CP2 stars in the uvbyf system as defined by Masana et al.
(1998) was applied to take the peculiarity effects on ¢; and (b—y)
into account. Using this method, negative reddening values are
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Table 2. Overview of the temperature calibrations for the individual CP groups and photometric systems determined in this study.

CPtype System Relation Errors® Restriction Rb # Stars
CP1 UBV Ocr = 0.527 + 0.515(B - V), 0.003/0.013 0993 24
Geneva Oz = 0.632 + 0.640(B2 — V1)y© —0.160 < (B2 - V1)y < +0.730
direct use of Tyy (B2-V1)y <-0.160
uvbyB direct use of Tyupp
CP2 UBV O = 0.541 + 0.389Q 0.004/0.014  Teg = 9000 0.982 29
Ot = 0.572 + 1.177(B - V) 0.011/0.089  —0.20 < (B—V)y < -0.05 0.948 21
Ocr = 0.542 + 0.388(B — V) 0.005/0.030 —0.05 < (B-1V)y <040 0.932 28
Geneva Oy = 0.835 + 0.458(B2 — G)y? Ter S 9000
Teg = 1420 + 0.815Txy 280/0.023 Terr 2 9000 0.988 30
uvbyB direct use of Tyupyp Towpyp < 9000
Ty = 2090 + 0.756T 8 300/0.025 Twpyp = 9000 0.984 31
Ocr = 0.234 + 0.213[u — b] 0.009/0.008  Tex = 9000 0.980 33
CP3/4 Geneva  Tex = 1120 + 0.892Txy 350/0.021 0.990 37
CP3/4 uvbyB Teir = 2230 + 0.8097 i3 300/0.018 0.991 37
CP3a UBV O = 0.501 + 0.323Q 0.007/0.026 0.953 18
uvbyB Ocr = 0.233 + 0.196[u — b] 0.014/0.014 0.965 17
CP3b/4  UBV O = 0.540 + 0.4180Q 0.009/0.017 0.980 27
uvbyB Ocr = 0.173 + 0.286[u — b] 0.005/0.008 0.989 27

¢ Errors of the linear fits.

b Correlation Coeflicient.

¢ Taken from Hauck (1985).

4 Taken from Hauck & North (1982).
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Fig. 1. Histogram of the mean reddening deviations AE(B — V).

reduced reasonably; the remaining ones are set to zero. Finally,
the relations

E(B-V)=1.43E(b-y) = 0.84E[B - V]

are used to transform reddening values of the different photo-
metric systems to calculate a mean reddening. Square brack-
ets are utilised to distinguish the Geneva excess from Johnson
E(B-V). Note the transformations E(B—V) = 1.14E(B2-V1) =
0.83E(B2 — G) for the additional Geneva colour excesses. To
reduce the influence of differential reddening, which is signif-
icantly present in NGC 2516 (see, e.g., Maitzen & Hensberge
1981), the individual determined colour excesses for CP stars
E(B—-V)cp in a cluster are averaged whenever possible. Figure 1
shows the resulting deviations from the mean cluster redden-
ing (AE(B - V) = E(B— V)custer — E(B — V)cp). The CP star
HD 127924 in NGC 5662 exhibits the largest difference from the
mean cluster reddening (0.06 mag). When inspecting the redden-
ing distribution by Clarid et al. (1991) in this cluster, it is obvious
that it lies in a slightly less reddened region.

The mean deviation was found to be comparable to the er-
rors of the average cluster reddenings (~0.02 mag). We therefore

conclude that the use of the photometrically determined colour
excesses is justified and it was applied to the magnetic groups of
our sample. However, for objects closer than 50 pc we still as-
sume non reddening. The methods above cannot be used safely
in regions with an exotic reddening law.

4. Photometric temperature calibration

For all stars with available Stromgren uvbyS photometry, their
initial temperature was obtained using the UVBYBETA cali-
bration by Napiwotzki et al. (1993), hereafter denoted T'p,p.
For the hotter stars with Geneva photometry, the temperature
(Txy) was estimated using the reddening-free X/Y parameters
and the calibration by Kiinzli et al. (1997). For both systems the
grids for [M/H] = 0 are used, in order to have the possibil-
ity of a direct comparison to former studies. The stars calibrat-
able via X/ Y parameters can be selected by using X < 1.7 + 3Y
and ¥ 2 —0.07 (Hauck & North 1993) as an approximation.
For this subsample the UBV Q-parameter also can be calculated
safely. Whenever possible, the best suited relation based on the
Stromgren reddening-free indices is given, which is in all cases
the [ — b] index.

One crucial point to determine the corrections for the indi-
vidual CP subgroups and photometric systems is the considera-
tion of errors. Napiwotzki et al. (1993), Stepiert (1994) or Lipski
& Stepien (2008) have not used errors for the calculations of
their [u — b] and [c;] relations, in contrast to Hauck & North
(1993) who assumed 300K in their Geneva correction for both
axes. Inspecting their results for CP2 stars with and without the
use of errors, a non-significant difference can be found. Since
the “real” errors are unknown, and even the standard deviations
of the averaged temperatures cannot be considered as realistic
errors, we omitted them.

In Table 2 an overview of all determined relations and the
respective errors, their validity range and the correlation coef-
ficient R can be found. In the following sections the individual
CP groups are discussed together with a comparison to former
results.
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4.1. CP1

For the group of Am stars the situation is straightforward, since
well known calibrations for normal stars can be used with high
accuracy. Although they are metal-rich, solar composition within
the UVBYBETA calibration provides the best results (AT <
200 K) without the need for any correction. Using the more re-
alistic assumption of [M/H] = 0.5, the temperature is systemat-
ically underestimated by ~150K. In the light of the findings by
Hauck & North (1993) that unrecognized binarity (most of the
Am stars are SB1 objects) lowers the apparent effective temper-
ature by 2.5-3%, it seems that using a solar composition grid for
the photometric calibration balances this effect. However, in the
literature it was not always traceable whether binarity was taken
into account for the determined effective temperatures.

In contrast to uvbyB photometry, interstellar reddening has
to be known if examining cool stars with Geneva photometry.
Except for one star (HD 162132), all objects of our sample are
closer than 100 pc, about one third are even members of the
nearby non-reddened open cluster Hyades. Examining the red-
dening determined via uvbyf photometry, one can notice that
only three stars exhibit an E(B — V) greater than 0.02mag. In
consideration of these facts and that the mean reddening of the
sample is 0.004 + 0.008 mag, we have omitted a reddening cor-
rection (also for UBV), evoking an error of 225 K for the hottest
part assuming an error of 0.02mag in reddening. This is just
slightly higher than the mean standard deviation of the individ-
ual average effective temperatures (150 K). However, inspecting
the reddening determinations via uvbyf for the Hyades stars an
excellent agreement with the mean cluster reddening was found.

The easiest and most accurate way to determine effective
temperatures via Geneva photometry is the use of the (B2 - V1),
relation given in Hauck (1985):

Ger = 0.632 + 0.640(B2 — V1),

for —0.160 < (B2 — V1)¢ < 40.730 (Besr = 5040/ Tegr). See also
Hauck & North (1993) in this respect. Hauck & Kiinzli (1996)
have proposed, beside the (B2 — V1) relation above, also the di-
rect use of the calibration by Kiinzli et al. (1997), but the result-
ing temperatures are consistently underestimated by about 200 K
for stars cooler than ~9000 K and by the same value too high for
the hotter part.

For stars in the temperature domain where the Geneva
reddening-free X/Y parameters can be used directly, no cor-
rection of the calibration by Kiinzli et al. (1997) is necessary.
However, the sample of such hot Am representatives is rather
small.

In the case of Johnson UBV, a relation based on (B — V)
colours for normal stars (e.g. Flower 1996) results in temper-
atures about 200K too low, caused by line blanketing due to
metallic lines (Feinstein 1974), that has no influence on the
Geneva (B2 — V1) index (Hauck & North 1993). To obtain a
proper calibration, objects deviating more than 150K after ap-
plying the (B2 — V1) relation are rejected to reduce effects of
interstellar reddening or other individual variances.

All investigated systems can be used to calibrate effec-
tive temperatures at about the same accuracy level (~200K).
However, uvby3 photometry should be preferred because of the
possibility to deduce interstellar reddening. If the colour excess
is known or the stars are close by, an average of the three sys-
tems results in high precision. Figure 2 shows the histogram of
the deviations (AT = Tef — Tphot); Only three stars exhibit a devi-
ation of more than 150 K, whereas ~80% are calibrated to better
than 100 K.
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4.2. CP2

Several studies in the past dealt with the temperature calibration
for the CP2 group, the most recent being by Lipski & Stepieni
(2008). Since our sample for this peculiar type is rather large
(79 objects) compared to previous studies, we are able to restrict
it to a selection of the most accurate stars, such CP2s with at least
two independent temperature determinations. These 51 objects
still cover the complete temperature range of 7000—14 000 K,
including several cool roAp stars. A lack of such cool represen-
tatives occured in previous attempts. To obtain a more realistic
error analysis of the different corrections, these are applied to the
whole sample in order to take the different properties and error
sources of CP2 stars into account.

Within this limited sample, one star (HD 133880) shows a
large discrepancy if comparing effective temperatures and tem-
peratures determined via standard photometric calibrations, and
was excluded from the analysis. Stgpient (1994) argued that one
can find good reasons to reject almost every peculiar star from a
sample. However, this star is an exceptional one due to the strong
magnetic field and its geometry (Landstreet 1990).

One additional object deserves closer attention. HD 173650
was investigated by two authors (Wolff 1967; Babel 1994), but
with different results; they obtained 9000 and 11 000 K, respec-
tively. Since the average value does not affect the correlations in
all photometric systems, we decided to keep it in our sample.

In case of the UVBYBETA calibration, stars resulting in
temperatures Tyup3 < 9000K can be used without correction.
For hotter stars a correction is necessary, listed in Table 2. If
both cases are applied properly to the whole sample, an accuracy
better than ~500 K can be achieved. Some outliers are present,
but it is not possible to distinguish whether they are due to a
wrong effective temperature determination or because of indi-
vidual anomalies.

Adelman & Rayle (2000) proposed a temperature correction
for CP2 stars based on results of the UVBYBETA calibration by
Napiwotzki et al. (1993). They found T3 = 1.1984T (sp) —
1704 compared to their spectrophotometrically determined tem-
peratures using 17 stars. Applied to our sample, the cool part
(<11000K) is reproduced suitably, whereas the hotter stars are
overestimated by about 500 K. This can be explained by the large
scatter in the results among the hotter ones.

Recently, Lipski & Stepieri (2008) presented revised cali-
brations by means of the reddening free [u — b] and [c{] in-
dices. They found that a quadratic fit is necessary to take the
CP2 properties into account. Based on our sample we cannot
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by Lipski & Stepiert (2008). the cool stars also are included, although
they are not calibratable via the reddening free index. The lower panel
shows the discrepancy of the temperatures determined by the authors to
our averaged ones without their results. The line gives the one-to-one
relation.

confirm these results, although their determined temperatures are
included in our sample.

The above defined restricted sample and its [« — b] index is
compared to average 6. values in Fig. 3. We also included the
proposed quadratic fit by Lipski & Stepien (2008). To clarify
the discrepancy, especially for the cooler stars, we compare their
determined temperatures to our averaged ones excluding their
results, which is shown in the lower panel of Fig. 3. One can see
that their temperatures for the cooler stars are somewhat under-
estimated (~370K). Since the differences between the averaged
values with or without these results are marginal, we keep their
results in our sample; a too rigorous treatment probably would
exclude nearly the entire dataset.

It can be seen in Fig. 3 (upper panel) that an uncritical ap-
plication of relations based on [u — b] or [c;] results in erro-
neous data for cool stars. The linear fit based on the [u — b]
index was therefore limited to stars hotter than about 9000 K.
For this group one can achieve an even more accurate result
(£500K) than after applying the correction of T',,s. However,
without knowledge of additional information like an estimation
of temperature via another presented method, it is difficult to
separate them. The determined relation is close to former re-
sults (Napiwotzki et al. 1993; Stepieri 1994), but also to Lipski
& Stepient (2008) who included with their quadratic fit a linear
correlation for comparison.
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Temperatures determinable via Geneva X/ Y parameters have
to be corrected according to Table 2, whereas the cooler CP2s
can be calibrated using the relation

Ot = 0.835 + 0.458(B2 - G)o

for normal stars by Hauck & North (1982) with good agreement.
With these two corrections one can achieve an accuracy better
than 500K for ~85% of the sample.

The correction found for Ty is closer to the “original” one
given by Hauck & North (1993) than to the revised relation by
Hauck & Kiinzli (1996), based on the new grids for Geneva pho-
tometry (Kiinzli et al. 1997) that are also used in the present
investigation. The latter one deviates from ours by ~+400K,
whereas the “original” one differs by ~+150K only at the hot
and cool end, respectively.

Stars expected to be hotter than about 9000 K can be cali-
brated based on the Q-parameter without the need for reddening
information. The found Q dependency is in excellent agreement
with that given by Mégessier (1988) based on 11 objects. For
cooler stars or if no (U — B) colour information is available, one
can also use two relations based on (B — V), (Table 2). We no-
ticed missing UBV photometry for numerous CP2 objects. For
11 stars we have not found such data, for 5 stars there is only a
lack of (U — B).

All photometric systems are capable of estimating effective
temperatures of CP2 stars at the same accuracy level with no de-
pendency on temperature. Although it is not possible to separate
“strange” peculiar objects (like HD 133880) by averaging the re-
sults of all possible calibrations, we propose such a method also
for the CP2 stars to reduce errors due to photometric uncertainty.

The (B — V)q calibration for the hotter stars should be
only used as last resort, since the sum of errors of pho-
tometry and reddening are not negligible. For intermediate
stars (~11000K) 0.02 mag in total already results in a tempera-
ture difference of ~600 K. The obtained deviations are presented
in Fig. 4 neglecting the mentioned calibration. We are able to cal-
ibrate nearly 90% of the whole sample within an error of 500 K,
still 75% better than ~300 K.

Among the strongest deviating stars (see Table 3), the above-
mentioned object was found, as well as HD 215441 (Babcock’s
star) or HD 157751 for which Hubrig & Nesvacil (2007) found
resolved magnetically split lines and a mean field modulus
of 6.6 kG. The photometrically determined temperatures for this
object deviate strongly, only the corrected T,z result agrees
well, whereas the [u — b] relation supplies a temperature al-
ready 1750K too low. The other star (HD 92499) studied by


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:200810325&pdf_id=3
http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:200810325&pdf_id=4

550

Table 3. The strongest deviating stars after applying the individual
corrections.

HD/DM CP Tei/o AT 0T phor
—273748 CP4b 23000 11207280
21699 CP4a 16000 950/100
23408 CP3b  11900/990  —800/90
26571 CP2 11750 —1170/200
37470 CP2 13000 1340/170
51688 CP3b 12500 —880/80
60344 CP4b  22500/2120  1490/260
66522 CP4b 18000 -1210/90
133880 CP2  10700/60 —-1230/210
137509 CP4a 12680/110  —1350/680
157751 CP2 11300 10407790
215441 CP2 14000 ~780/390

the authors showing the same effect and even a larger magnetic
field modulus is unfortunately among the rejected stars due to
the poor photometry available.

To have an additional comparison for a possible magnetic ef-
fect on photometric temperatures, the relationship was deduced
by means of the (B2 — G) relation above. Since this object is
located at a distance of ~280 pc, an assumption of E(B — V) =
0.05 mag is probably the upper limit that leads to a tempera-
ture deviating only by 200 K. For HD 215441, exhibiting the
strongest magnetic field, only one direct temperature determina-
tion is available to our knowledge (Lipski & Stepieri 2008, who
discussed the problems of its investigation).

4.3. CP3 and CP4

Initially analysed separately, no differences between He-weak,
He-rich, and CP3 objects were noticed in the gradient of T3
and Tyy results. Therefore these temperature corrections are
valid for all CP3 and CP4 members. For the analysis the sam-
ple was reduced to stars with at least two temperature deter-
minations, resulting in 14 CP3, 15 CP4a, 9 CP4b, and the two
intermediate CP4 objects (see Sect. 2).

HD 137509 exhibits the second largest magnetic field be-
side Babcock’s star (e.g. Mathys & Hubrig 1997; Kochukhov
2006) and was found to be Si Cr Fe enhanced, but also strongly
He underabundant. We therefore included it as a first attempt
in the group of He-weak objects. However, like HD 133880 in
the CP2 sample, this star was excluded from the analysis be-
cause of the large deviation. An inclusion in the CP2 group also
would lead to such a rejection. The investigation of HD 137509
by Shulyak et al. (2008) shows that appropriate models should
be used for the analysis of stars with such a large magnetic field
((B) ~ 29kG). They suggest a temperature about 1000 K higher
for this star than previously published, correcting the tempera-
ture in the right way according to its deviation, placing it within
the scatter of the other representatives in our sample.

Although for the He-rich object HD 60344 two independent
temperature determinations are available, it was also excluded
from the analysis due to the strongly differing results producing
a standard deviation of more than 2000 (see Table 3). The same
holds for the CP3 star HD 23408, exhibiting an error of more
than 8%.

Temperatures for CP4 objects obtained via the UVBYBETA
calibration and Geneva X/Y parameters are found to be over-
estimated compared to effective temperatures reported in the
literature (see Fig. 5). Even for CP3 stars a correction of up
to 400K is necessary, continuing the trend of CP4 stars. A
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Fig. 5. Comparison of temperatures determined via Geneva photometry
to literature values for the restricted CP3 and CP4 samples. The upper
line shows the one-to-one relation, the middle one our linear fit, and
the bottom line the CP2 relation for comparison. Additionally, the out-
standing object HD 137509 is given. The error bars correspond to the
standard deviation of the average effective temperatures.

tendency to change with temperature for CP3 and 7,3 results
was already noticed by Adelman & Rayle (2000), and their cor-
rection is close to ours.

Former investigations (e.g. Hauck & North 1993) suggested
the direct use of Geneva X/Y temperature for He-weak and
HgMn stars, whereas Zboril et al. (1997) noticed an overestima-
tion of Geneva temperature for He-rich objects. Their proposed
correction is in fair agreement with our result. However, in con-
trast to our study they included similar errors for both axes to
determine the relation, but did not list the errors used. In Fig. 5
one can see that a direct use of the Geneva results significantly
overestimates the temperature.

Due to the limited number of available cluster CP3s, a com-
parison to the photometric colour excess estimations is not sig-
nificant. Since there are only a few objects closer than 100 pc, a
temperature calibration based on the Johnson (B — V) index, very
probably affected by interstellar reddening, was not undertaken.
For the CP4 group also only the reddening free Q-parameter was
investigated, as at such high temperatures even a small reddening
error already results in a large deviation (see also Sect. 4.2).

Inspecting the reddening free Q and [« — b] indices, the dif-
ferent properties of CP3 and CP4 stars are apparent. Among
the CP3 objects two sequences are noticed, one following the
He representatives. Therefore the CP3 sample was divided into
two groups, the “classical” cooler HgMn stars (CP3a) and pre-
dominantly hotter ones (CP3b). Members of the latter group
can be mostly considered as PGa objects, the hotter exten-
sion of HgMn stars, exhibiting deficient He and strongly over-
abundant P and Ga (Hubrig & Gonzdlez 2007; Rachkovskaya
et al. 2006). We have noticed that several of these objects were
studied as pure He-weak objects (e.g. by Cidale et al. 2007).
Additional publications helped to clarify their membership to
the CP3 (sub)group. However, since the temperature behaviour
of CP3b and CP4 members is similar in all investigated systems,
an ambiguous classification fortunately does not influence the
resulting temperature.

Using the reduced samples mentioned above, the CP4 are
combined with the three members of the CP3b group to de-
termine the relations for Q and [u — b]. The exclusion of the
latter group does not alter the results listed in Table 2. Due to
the limited number of cooler HgMn objects with more than one
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Fig. 6. Histogram of the temperature deviations for CP3 stars (Ter —
T phot)- The dark grey portion represents the “classical” HgMn objects.

temperature determination, the whole sample of 18 stars was
used for the analysis to better cover the temperature range.

The UBYV and [u—b] calibrations applied to HD 137509 agree
well with the temperature of 13 750 K proposed by Shulyak et al.
(2008). However, that can be also by chance due to its variabil-
ity. An amplitude of about 0.1 mag was found in the Geneva
[U] colour by Mathys & Lanz (1997). All other results indicate
a consistently higher temperature for this star after the correc-
tions (14630 and 14 500K for Geneva and uvbyS photometry,
respectively). See also Sect. 4.4 in this respect.

For the hot CP4b star CPD—-62 2124, we noticed large dif-
ferences between the Stromgren and UBYV results. Since this star
agrees very well with the Johnson Q relation, the discrepancy is
probably caused by the Stromgren photometry taken from Perry
& Landolt (1986), therefore this result is rejected. Unfortunately,
no Geneva photometry is available for a comparison in this sys-
tem. However, Zboril et al. (1997) noted, that this star shows
emission at least in its Balmer lines and the helium abundance is
less reliable. Additionally, the emission was not only seen in the
star but also in the surrounding sky, caused by a nebula.

The deviations of the determined temperatures compared to
literature values are presented in Figs. 6 and 7 for CP3 and CP4
stars respectively. All investigated photometric systems show the
same ability to calibrate effective temperatures for the individual
subgroups. An average of all results does not provide an im-
provement in accuracy, but helps to avoid erroneous tempera-
tures due to wrong photometry in a single system. About 85%
of the CP3 stars are calibrated to better than 500 K, for the sub-
group of HgMn objects even a slightly better result (~400K)
can be obtained. In the case of CP4 members, one can achieve
an accuracy of ~700K. However, in all groups some stronger
deviating objects are found, which are discussed in Sect. 4.4.

Like the Am group, CP3 stars are often part of spectroscopic
binaries. Adelman & Rayle (2000), a main contributor to our
sample, overcame this problem by studying single objects or
those whose companions have not been detected or contribute
very little to the optical region fluxes. A restriction to objects
studied in this reference (10 stars) reduces the error range to
~300 K. However, this CP group still suffers from a lack of well
investigated stars.

In Tables 6 and 7 the compiled data are listed. For some
objects, the peculiarity type given by Renson et al. (1991) is
misleading. The following references were therefore used for
the classification: HD 35497 and HD 77350 (Adelman & Rayle
2000), HD 147550 (Lépez-Garcia & Adelman 1994), HD 19400
(Hubrig et al. 2006), HD 144667 (Castelli & Hubrig 2007).
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Fig.7. Histogram of the temperature deviations for CP4 stars (Tey —
T phot)- The dark grey portion represents the He-weak objects.

4.4. Strong deviating objects

In Table 3 one can find the strongest deviating stars after ap-
plying individual corrections. For the star HD 37470 the stan-
dard temperature calibrations result in a much better agreement
than the corrected values. The same holds for DM —27 3748 and
HD 21699. However, the latter object is a striking helium and sil-
icon variable (Hubrig & Mathys 1994) and the deviation of the
other is still below 5%. For HD 51688, showing enhanced Si Mn,
but also a He-weak behaviour, the CP2 corrections would reduce
the deviation significantly to —290 K. The object HD 66522 also
agrees much better as a CP2, although its high temperature ex-
cludes it from this group. In Sect. 4.3 large differences between
the individual photometric results for the strong magnetic object
HD 137509 were noticed, which are not found to such an extent
using the CP2 relations. Also the deviation from literature val-
ues are noticeably reduced to —720K, when treating it as CP2.
If using the study by Shulyak et al. (2008) for comparison, the
temperature difference decreases to +360 K, but the use of the
CP4 corrections also results in a good agreement with the ref-
erence above. However, the more homogeneous photometric re-
sults suggest that this object should be classified as CP2. It seems
that strong magnetic fields do not have such a large influence
on the photometric temperatures. For the other strong magnetic
CP2 stars HD 215441, HD 133880, and HD 157751, an inves-
tigation like in Shulyak et al. (2008) would be useful to obtain
more comparative values. No influence on the temperature cal-
ibrations is given due to probable misclassifications, since none
of these objects were used for the calculations. Nevertheless, a
spectroscopic re-investigation of the listed stars is necessary, in
order to clarify their status and temperature. For most of them
only one temperature determination or strongly differing result
is found in the literature.

5. Bolometric correction

Two studies (Landstreet et al. 2007; Lipski & Stepien 2008) ex-
amined the bolometric correction (BC) for magnetic CP stars.
Both investigations presented a relation based on effective tem-
perature, a more appropriate solution than the one by Lanz
(1984) on the basis of the Geneva (B2 — G) colour index. While
the first reference shows a comparison of published BCs to pho-
tometrically determined temperatures, the second authors used
their own results for the correlation, whose temperature deter-
minations were discussed in Sect. 4.2. Since we have shown that
the former temperature corrections are partially inaccurate, we
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checked the validity of the two findings using our sample of av-
eraged effective temperatures. For this purpose we collected the
integrated fluxes (F,) for objects in our sample reported in the
references above, and some more by Shallis & Blackwell (1979),
Shallis et al. (1985), Glushneva (1987), Monier & Mégessier
(1992), Cidale et al. (2007), and Bruntt et al. (2008) to build
averages whenever possible and calculated a mean BC using

BC = 2.5 log(F,) — m, — 11.49.

In total, we found 85 individual fluxes for 35 CP2, 7 CP3 and 11
CP4 objects. To be as homogeneous as possible, the visual mag-
nitude (m,) of the Geneva photometric system was used when-
ever available, corrected for interstellar absorption by using the
determined reddening values and a mean total-to-selective ratio
of 3.1.

For HD 22920 we noticed that the integrated flux listed by
Lanz (1984) is most likely an error, the value does not corre-
spond to the given bolometric correction. We therefore used the
tabulated BC value directly for this star, since it perfectly agrees
with the compiled temperature.

Landstreet et al. (2007) argued that the integrated fluxes
by Stepien & Dominiczak (1989) are not corrected for red-
dening and removed the hottest (farthermost) stars from their
sample. We therefore checked all objects by means of the de-
termined reddening values. All objects in references with no
explicitly given reddening values are not significantly reddened
(<0.03 mag), but we rejected four deviating (CP2) objects by
comparing the listed E(B — V) values in the work by Lipski &
Stepiert (2008) to ours. For the remaining 42 magnetic CP ob-
jects the second order fit

BC = =5.737 + 18.685 et — 15.135 62,

valid for 7500—19000 K, best represents their behaviour. Even
the restriction to nearly non reddened (<0.03 mag) stars or the
use of objects with at least two integrated flux measurements
does not alter the result significantly, but the cool part especially
is not sufficiently covered by such data.

The data are presented in Fig. 8 together with the relation
determined above. No difference was noticed between magnetic
CP2 and CP4 objects, however only a small temperature over-
lap between the two groups is available. Within the temperature
range of 7500—14 000 K an uncertainty of 0.1 mag applies; for
hotter stars up to ~19 000K a slightly higher value of 0.15 mag
has to be taken into account. The discrepancy of —0.16 mag with
the result by Landstreet et al. (2007) at the hot end (Fig. 8) is
probably caused by the use of overestimated photometric tem-
peratures for He-weak stars in this reference (see Sect. 4.3 and
Fig. 5 in this respect) that lowers the resulting slope. However,
the large scatter and low number of He objects still prevents a
clear conclusion for such hot CP representatives, but at least the
main CP2 temperature domain up to 14 000 K seems to be well
defined. In contrast to the reference above, the relation by Lipski
& Stepien (2008) is shifted to larger negative BC values (see
Fig. 8) in this temperature region, placing it close to the BC of
normal stars. This can be explained due to the lower tempera-
tures mentioned in Sect. 4.2, by the use of a zero reddening for
all stars closer than 100 pc and E(B — V) < 0.03mag as well
as by the difference of the constant used to transform integrated
fluxes to the bolometric correction. The bolometric correction
for normal stars by Balona (1994) and Flower (1996) is given as
a comparison in Fig. 8. The difference in BC between normal and
CP stars of same temperature is not larger than about 0.1 mag, in
agreement with Kochukhov et al. (2008) who determined using
model fluxes a systematic difference of the same value.
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Fig. 8. Bolometric corrections for CP stars together with our fit (solid
black line) and the relations for normal stars by Balona (1994) and
Flower (1996). For better presentation, the comparison of our fit to
Lipski & Stepient (2008) and Landstreet et al. (2007) is shifted by
—0.6 mag. Whenever available, the error of BC according to error prop-
agation using the standard deviation of the averaged integrated fluxes
and 0.02 mag in reddening is given. Additionally the standard deviation
of the averaged temperatures is shown.

Concerning CP3 stars, the situation is even more problem-
atic because of the extremely limited number. For the two clos-
est stars (S50 pc) zero reddening was assumed, for the others the
values by Lanz (1984) and Cidale et al. (2007) were adopted.
One strongly deviating object (HD 358) can be found in Fig. 8,
the others are placed around the normal star relation, but we con-
clude that the available data has to be increased significantly,
which also holds for the magnetic CP types, especially for the
hotter representatives.

6. Conclusions

The literature was consulted to compile a sample of 176 chem-
ically peculiar stars with temperature determinations other than
from photometric results, in order to calibrate photometrically
determined temperatures. The obtained corrections and relations
listed in Table 2 are therefore based on a much larger sample
than in previous studies. A clear CP classification is necessary
in order to use the proper correction and to obtain the best pos-
sible result. Except the (B — V), relation for hot CP2 stars (see
Table 2), all presented corrections within the respective CP sub-
groups are able to determine the effective temperature at about
the same accuracy level. However, to avoid erroneous results due
to incorrect photometry in a single system, a mean value of all
available individual results should be always used.

A comparison to former results showed that He-weak and
He-rich objects especially have been overestimated until now,
influencing all previous studies (e.g. Landstreet et al. 2007). The
new lower temperatures and bolometric corrections will place
their hotter (CP4) objects at somewhat older ages, on the bor-
der of the adopted errors. These authors also discussed the prob-
lems of photometric temperatures (see Sect. 3.2.2 in the refer-
ence) referring to the work by Khan & Shulyak (2006) who
conclude that photometric temperature calibrations for normal
stars are not far from the true values of CP stars. However, the
present study confirms that compared to normal stars, some-
times considerable corrections are necessary (except cool Am
and CP2 stars), although we cannot exclude effects influencing
all compiled temperatures determined via different methods. For
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example, the effect of strong magnetic fields has to be examined
on a much larger sample. On the other hand, the presented re-
sults for HD 137509 together with the work by Shulyak et al.
(2008) would seem to suggest that photometric temperatures are
not significantly affected.

Recently, Bruntt et al. (2008) obtained the first real direct
temperature measurement for the roAp HD 128898 by means
of angular diameter and integrated flux measurements. Their in-
vestigation yields a 480K lower temperature compared to the
spectral analysis by Kupka et al. (1996). For a final solution of
the problematic CP temperature calibration, more studies of this
kind are needed.

It was shown that photometric standard calibrations can be
applied to determine interstellar reddening also for CP2 and CP4
objects. Additionally, a revised bolometric correction for mag-
netic CP stars is presented. Together with the proposed photo-
metric temperature relations it can serve to study the evolution-
ary status of these objects to the highest possible accuracy.

Tables 4—7, available in electronic form at A&A, list the
compiled objects of the individual CP groups together with av-
erage temperature (literature value T and photometrically de-
termined Tphot), number of literature sources #, the deviation
AT, visual magnitude m,, the revised Hipparcos parallaxes r,
and the bolometric corrections found in the literature. The ex-
isting photometry is given in the form uvbyfS/Geneva/ UBV. For
the magnetic subgroups the calculated reddening also is shown.
In parentheses the errors of the last significant digits are given.
The peculiarity type listed in the CP2-4 sample is taken from
Renson et al. (1991). Table 8 lists the references found for the
individual stars, as well as the method used for the temperature
determination.
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Table 4. The CP1 (Am) stars.

HD HIP m T Tono Phot. Te # AT

[mag] [mas] [K] K] K]

27628 20400 571  22.53(55) 7260(50) 4+ 72100000 2 -50
27749 20484  5.63  20.04(48) 7410(30) ++/+  7340(180) 5 =70
27962 20648 429  21.96(51) 9040(110)  +/+/+ 9070(210) 3 30
28226 20842 571  21.25(41) 7470(100)  +/+/+ 7450 1 =20
28355 20901 5.02  20.47(28) 7880(70) +/+/+ 7950 1 70
28527 21029 478  23.1531) 8110(70) +/+/+  8000(100) 2 110
28546 21039 548  22.27(49) 7640(20) +/+/+  7640(140) 2 0
20140 21402 424  20.86(94) 8010(170)  +/+/+ 7940 1 =70
29499 21670 538  20.33(36) 7650(10) +/+/+ 7690 1 40
30210 22157 535  13.85(38) 8040(120)  +/+/+ 8100 1 60
33204 24019 593  19.04(134) 7490(110)  +/+/+ 7650 1 160
33254 23983 542 18.27(36)  7740(40) +/+/+  7760(190) 2 20
58142 36145  4.60  11.9224) 9530(170)  +/+/+ 9500 1 =30
67523 39757 282 51.34(15)  6820(70) +/+/+ 6700 1 -120
78362 45075  4.65  25.82(54) 7170(100)  +/+/+ 7220(230) 2 50
94334 53295 4.67  13.22(50)  9950(80) ++/+ 10030 1 80
95418 53910 236  40.89(16) 9560(170)  +/+/+ 9600(10) 2 40
95608 53954 442  25.67(17) 9040(70) ++/+  8950(430) 2 -90
97633 54879 332 19.77(17) 9400(240)  +/+/+ 9250(180) 2 —150
141795 77622 370  46.28(19)  8360(20) +/+/+ 8420 1 60
162132 87045  6.47 8.56(40)  8770(50) +/+/+ 8800 1 30
173648 91971 433 20.88(17) 8040(30) +/+/+ 8160 1120
182564 95081  4.58  14.24(12) 9210(140)  —/+/+ 9130 1 -80
188728 98103 527  14.8524) 9450(100)  +/+/+ 9530 1 80
189849 98543  4.66  13.79(20) 8000(120)  +/+/+ 7820(110) 3 —180
196724 101867 4.80  15.56(52) 10130(280) +/+/+ 10200 1 70
206088 106985  3.67  20.76(72)  7330(60) +/+/+ 7640 1 310
209625 108991 528  14.68(30)  7780(70) +/+/+  7820(100) 3 40
213320 111123 481  11.27(125) 10180(50)  +/+/+ 10130 1 =50
214994 112051  4.80  10.93(67) 9580(120)  +/+/+ 9590(20) 3 10
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Table 5. The CP2 stars.
HD HIP  Pec. type m, n EB-V) Tpho Phot.  Tey # AT  BC
[mag] [mas]  [mag] K] K] [K]  [mag]
8441 6560  Sr 6.69 488(39) 0 9140(190) H/+/+ 9200 1 60
9484 7222 Si 6.58 8.54(43)  0(1) 9980(160) +/+/+ 10200 1 220
12098 a 7.97 0 7670 +/—/— 7800 1 130
12767 9677  Si 4.68 8.79(26) 0 12860(160)  +/+/+  13000(340) 3 140
15089 11569  Sr 447 2455@81) 0 8390(200) +/+/+  8280(40) 2 110 0.07
18610 13534  CrEuSr 8.15 4.68(54) 0 7680(340) +/+/— 8100 1 420
19832 14893 Si 5.78 6.47(76)  0.02(1) 12440(120)  +/+/+  12430(360) 3 -10  —0.70(4)
23387 CrSi 7.18 0.05 8420(230) +/+/+ 8250 1 -170
24155 18033 Si 6.30 8.13(35)  0.09(1) 13450(100)  +/+/+  13780(70) 2 330
24712 18339  SrEuCr 599  203239) 0O 7300(220) 4+ 7290(60) 2 -10
25823 19171 SrSi 5.19 7.76(36)  0.01(1) 12.890(90) +/+/+  12720(200) 3 —-170  —0.67(8)
26571 19672 Si 6.13 3.76(44)  0.34(1) 12920200)  +/+/+ 11750 1 -1170
27309 20186  SiCr 5.37 9.9929) 0 12000200)  +/+/+  11930(250) 2 -70  -0.51(7)
32549 23607  SiCr 4.67 8.95(24)  0(1) 9850(150) +/+/+ 9730 1 -120  -0.19
34452 24799  Si 5.38 7.91(36) 0 13980(340)  +/+/+  13830(810) 2 150 -0.80
37470 26530  Si 8.22 3.41(88)  0.15(2) 11660(170)  +/+/+ 13000 1 1340 -0.90
37808 26728 Si 6.45 4.11(40)  0.01Q2) 13140(190)  +/+/+  12890(200) 3 -250
40312 28380  Si 264 1971(16) 0O 10 180(40) +/+/+  10180(200) 4 0 -02303)
43819 30019 Si 6.27 3.85(79)  0.01(1) 11240(160)  +/+/+  10930(290) 4 -310  -0.34
60435 36537  SrEu 8.90 4.40(76)  0.06 8230(140) +/+/— 8100 1 -130
62140 37934  SrEu 6.47  10.3545)  0.02 7920(180) +/+/+  7800(140) 2 -120
65339 39261 EuCr 6.03  10.14(52) 0 8250(160) +/+/+  8170(150) 3 -80  —0.05(5)
71866 41782  EuSrSi 6.73 7.52(46) 0 9240(470) +/+/+ 9000 1 -240
75445 43257  SrEu 7.14 9.23(45) 0 7560(30) +/+/— 7700 1 140
81009 45999  CrSrSi 6.52 6.92(60) 0 7970(120) +/+/+  8250(350) 2 280
90569 51213 SrCrSi 6.01 7.73(30) 0 9850(150) +/+/+ 10500 1 650
92 664 52221 Si 5.50 6.23(24)  0(1) 13.960(70) ++/+  14300(90) 3 340 -1.03(8)
94427 53290  Sr 7.37 6.96(62)  0.03 7300(70) +/+/— 7500 1 200
108 662 60904  SrCrEu 526  13.72(25)  0.01(1) 10050(200)  +/+/+  10330(570) 4 280 -0.12
108945 61071  Sr 545 12.0927) 0 8870(130) +/+/+  8700(240) 6 170 0.03(3)
110066 61748  SrCrEu 6.41 7.43(39) 0 9180(350) +/+/+  9030(60) 3 -150
111133 62376  SrCrEu 6.32 3.76(40) 0 9670(280) +/+/+  9850(220) 2 180
112185 62956 CrEuMn 175  39.5020) 0 9190(200) +/+/+  9350(290) 4 160 —0.06(11)
112413 63125 FEuSiCr 284 2842089 0 11480(200)  +/+/+  11210(360) 5 270 —0.34(2)
115708 64936  SrEu 7.79 8.64(79)  0.01 7660(220) +/+/+  7760(350) 2 100
116114 65203  SrCrEu 7.03 7.71(55)  0.07 7800(60) +/+/—  7850(210) 2 50
118022 66200  CrEuSr 492 17.6520)  0.02(2) 9420(50) H++ 9460(410) 6 40 0.0403)
120198 67231 EuCr 567  11.2323) 0 10090(290)  +/+/+  10080(330) 3 -10  -0.14(4)
124224 69389  Si 499  12.6321)  0(1) 12120(110)  +/+/+  12540(300) 6 420 —-0.72(8)
125248 69929  EuCr 5.86 9.81(68)  0.02(2) 9850(230) +H/+/+  9650(260) 4 -200  —0.07(3)
126515 70553 CrSr 7.09 9.39(62)  0.01(1) 9640(160) +/+/+ 9500 1 ~140
128898 71908  SrEu 317 60.36(14) 0 7820(130) H++  7660(340) 2 -160  0.11
133029 73454 SiCrSr 6.36 5.8928) 0 10750(170)  +/+/+  10880(300) 4 130 —0.33(6)
133792 74181  SrCr 6.25 5.50(43) 0 9030(260) +/+/—  9300(140) 2 270
133 880 74066  Si 5.78 9.0333) 0 11930210)  +/+/+  10700(60) 2 -1230
134305 74109  SrEuCr 7.24 6.64(67)  0.02 8070(170) +/+/+ 8200 1 130
137909 75695  SrEuCr 3.67  29.17(76) O 7710(260) ++/+  8340(360) 4 630
137949 75848  SrEuCr 6.66  11.27(67) 0 7420(410) H/++  7530(40) 2 110
140 160 76866  Sr 532 148341 0 9120(110) +/+/+  9120(60) 3 0 -0.15
144897 79197  EuCr 8.60  5.62(103)  0.31(2) 11140(140)  —/+/+ 11250 1 110
148112 80463  CrEu 458  13.04(64)  0.03 9520(100) H+H+ 9220(160) 2 -300 -0.04
149822 81337  SiCr 6.38 7.92(38) 0 10430(250)  +/+/+ 10750 1 320
151525 82216 EuCr 5.21 8.2927) 0 9360(130) 4+ 9240(130) 2 -120
152107 82321  SrCrEu 480  18.10(34) 0 8760(30) +/+/+  8730(230) 3 -30  0.07(6)
153 882 83308 CrEu 6.28 6.15(44)  0.03(3) 9250(190) +/+/+  9450(580) 3 200
155102 83816  Si 6.35 7.38(44) 0 9140(190) +/—/+ 9000 1 ~140
157751 85372 SiCr 7.65 6.20(74) 0 10260(790)  +/+/— 11300 1 1040
166473 Sr Eu Sr 7.94 0.04 7500(470) +/+/—  7850(210) 2 350
168733 90074  TiSr 5.33 5.84(33)  0.03(1) 12730210)  +/+/- 13320 1 590 -0.92
170973 90858  SiCrSr 6.42 3.29(40)  0.05(2) 10830(230)  +/+/+  10740(20) 2 —-90
171247 90971  Si 6.41 1.77(41)  0.08(1) 11630(340)  +/+/+ 12170 1 540
171782 91224  SiCrEu 7.84 2.0084)  0.12(2) 11310(90) +/—/+ 11500 1 190
173 650 92036  SiSrCr 6.50 4.63(44)  0.093) 10140(160)  +/+/+  10000(1410) 2 —140
175 744 92934 i 6.63 3.22(53)  0.08(1) 12470(320)  +/+/+  12620(140) 2 150
176232 93179  Sr 590  12.76(29)  0.02 7790(190) H/++  7730(140) 4 -60  0.01
183806 96178  CrEu Sr 5.58 8.22(40)  0.01(1) 9560(30) +/+/—  9940(190) 2 380
188041 97871  SrCrEu 563  1247(36) 0 8090(60) +/+/+  8580(550) 4 490
191742 99340  SrCr 8.13 3.28(65)  0.06 8290(80) +/+/+ 8300 1 10
192678 99672  Cr 7.36 5.05(36) 0 9420(260) +/+/+ 9000 1 —420  0.09
196502 101260  SrCrEu 5.19 8.25(47) 0 8770(80) +/+/+  8900(360) 3 130 0
201601 104521  SrEu 469  27.55(62) 0 7740(110) +/+/+  7780(130) 7 40 -0.13
203932 Sr Eu 8.81 0.02 7520(70) +/+/— 7450 1 -70
204411 105898  Cr 5.30 7.9324)  0.04 8860(300) +/+/+  8510(170) 4 -350  -0.03
212385 110624  SrEuCr 6.84 7.92(63) 0 8800(530) +/+/— 9200 1 400
215441 112247 Si 8.85 0.65(78)  0.21(2) 14780(390)  +/+/+ 14000 1 -780
217522 113711 SrEuCr 752 11.36(79)  0.08 6940(10) +/+/— 6750 1 -190
220825 115738  CrSrEu 493 212529) 0 9490(310) +/+/+  9200(80) 2 —290  —0.10(4)
221006 115908  Si 5.65 8.44(29) 0 13330(130)  +/+/—  13260(20) 2 -70
223640 117629  SiSrCr 517 102331 0 12210(60) 4+ 12240(210) 3 30

“ RoAp according to Ryabchikova et al. (2004b).
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Table 6. The CP3a/b stars.

HD HIP  Pec. type m, T Tono Phot.  Tep # AT BC
[mag] [mas] [K] [X] [K] [mag]
358 677 MnHg 2.08 33.63(35) 13350(100) +/+/+ 13830(40) 2 480 -0.55(15)

4335 3604 HgMn 6.01 7.63(40) 11690(100) +/+/+ 12000 1 310
27295 20171 Mn 548  12.08(36) 11790(120) +/+/+ 11850(210) 2 60
27376 20042 MnHg 354 18.34(15) 12480(160) +/+/+ 12300 1 -180

33904 24305 HgMn 329  17.54(55) 12530(90)  +/+/+ 12160(210) 3 -370 -0.64
35497 25428 SiCrMn 1.65 24.37(33) 13320(170) +/+/+ 13320(100) 2 0
35548 25365 HgMn 6.54 4.64(58) 11060(80)  +/+/+ 11500 1 440
58661 36348 HgMn 5.71 6.71(70)  13010(50)  —/+/+ 13200 1 190
77350 44405 SrCrHg 5.46 8.31(35) 10490(70)  +/+/+ 10250 1 =240

78316 44798 Mn Hg 5.23 6.1526) 13100(50)  +/+/+ 13040(230) 3 -60 —0.82
89822 50933 HgSiSr 4.93 9.61(20) 10600(40)  +/+/+ 10950(70) 2 350
106625 59803 HgMn 258  21.23(20) 11940(70)  +/+/+ 12130 1 190
143807 78493  Mn Hg 497  10.46(24) 11040(70)  +/+/+ 10930(460) 2 -110

144206 78592 Mn Hg 471 8.76(18) 11940(70)  +/+/+ 11740(300) 2 -200 —0.68
145389 79101 Mn Hg 422 15.99(45) 11600(70)  +/+/+ 11690(160) 2 90
147550 80227 Si? 6.22 7.62(64) 10430(110) +/+/+ 10200 1 =230
159082 85826 HgMn 6.45 7.39(40)  11200(150) +/—/+ 11300 1 100
190229 98754 HgMn 5.65 5.11(32)  12910(100)  +/+/+ 13190(440) 2 280
4382 3721 MnP Hg 5.40 424(22) 12820(40)  +/+/+ 13400 T 580
19400 14131 He-wk. 5.50 6.34(20)  13530(100) +/+/+ 13000 1 -530
23408 17573 He-wk.Mn 3.88 8.52(28) 12700(90)  +/+/+ 11900(990) 2 —800
49606 32753 MnHg Si/He-wk.  5.85 3.77(42)  13700(130)  +/+/+ 13500 1 -200
51688 33650 SiMn/He-wk. 6.39 2.72(48) 13380(80)  +/+/+ 12500 1 -880

144661 79031 Mn Hg/He-wk. 6.31 8.38(41) 14930(90)  +/+/+ 15000 1 =70 -1.10

144667 79081 He-wk. 6.64 5.85(56) 13350(160) +/+/+ 12900(70) 2 -450 —0.91

144844 79098 MnP Ga/He-wk.  5.84 7.35(31) 12600(310) +/+/+ 12430(460) 2 —170 —-0.77(8)

202671 105143 He-wk. Mn 5.38 6.13(31)  13430(260) +/+/+ 13150(70) 2 —280
224926 145 He-wk. Mn 5.10 7.18(30) 13670(40)  +/+/+ 14000 1 330
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Table 7. The CP4a/ab/b stars.

HD/DM  HIP Pec. type m, 7 E(B=V) Tphot Phot. Teg # AT BC
[mag] [mas] [mag]  [K] (K] [K] [mag]
21699 16470 He-wk. Si 548  5.38(31) 0.06(1) 15050(100) +/+/+ 16000 I 950 —1.13
22470 16803 Si/He-wk. 523 6.69(51) 0.01(2) 13630(200) +/+/+ 13760(250) 3 130
22920 17167 Si/He-wk. 552 6.57(48) 0.01(1) 14440(60) +/+/+ 14100(260) 3 -340 —0.98
28843 21192 He-wk. 575  6.86(35) 0.02(2) 14510(240) +/+/+ 14830(150) 3 320 —1.18
37058 He-wk. Sr 733 0.05(2) 18850(200) +/+/+ 19610 1 760
49333 32504 He-wk. Si 6.06  4.13(51) 0.01(1) 15830(60) +/+/+ 15810(120) 3 —20
62712 37666 He-wk. Si 641  5.13(39) 0.01(2) 13430(220) +/+/+ 13530(240) 3 100
74196 42535 He-wk. 5.55  6.78(26) 0.01(1) 13530(40) +/+/+ 13950(350) 2 420
79158 45290 He-wk. 529  5.60(31) 0.01(1) 13080(160) +/+/+ 13250(70) 2 170 —0.85(14)
90264 50847 He-wk. 496  8.13(18) 0.02(2) 14230(280) +/+/+ 14600 1 370
109026 61199 He-wk. 3.83  10.04(13) 0.01(1)  15350(140) +/+/+ 15500 1 150
137509 76011 SiCrFe/He-wk. 6.90  5.12(38) 0.04(1) 14 030(680) +/+/+ 12680(110) 2 —1350
142301 77909 He-wk. Si 586  6.31(44) 0.11(2) 16100(200) +/+/+ 15860(150) 3 —240 —1.36(5)
142990 78246 He-wk. 541  5.86(24) 0.10(2) 17 040(120) +/+/+ 17700(1130) 2 660
143699 78655 He-wk. 488  8.17(30) 0.02(1) 15100(250) +/+/+ 15490(410) 2 390 —1.32
144334 78877 He-wk. 590  6.21(66) 0.09(1) 15350(70) +/+/+ 14760(380) 3 —590 —1.26(8)
146001 79622 He-wk. 6.04  6.73(40) 0.17(1) 13510(90) +/+/+ 13790(300) 2 280
162374 87460 He-wk. 5.87  3.85(46) 0.08(1) 16210(260) +/+/+ 15900(280) 2 -310 —1.59
175362 92989 He-wk. Si 536 7.57(27) 0.042) 16890(330) +/+/+ 16790(620) 3 -100 —1.43
217833 113797 He-wk. 6.50  3.84(57) 0.08(3) 15 150(300) +/+/+ 15450 1 300
5737 4577 He-wk. 430  4.19(18) 0.01(1) 13790(150) +/+/+ 13970(400) 3 180 —0.83
125823 70300 He-wk. 440  7.14(17) 0.02(1)  18240(420) +/+/+ 18940(500) 3 700 —1.74(5)
—27 3748 34781 He-rich 924 —0.17(112) 0.07(2) 21880(280) —/+/+ 23000 I 1120
—46 4639 He-rich 10.02 0.36 22850 —/+/— 22500 1 -350
—622124 He-rich 11.03 0.33(5) 25940 +/—/+ 26000 1 60
36485 25930 He-rich 6.81  4.72(58) 0.05(1) 17990(310) +/+/+ 18000 1 10
37017 26233 He-rich 6.55  2.63(73) 0.07(2) 18970(350) +/+/+ 18950(640) 2 —20
37479 He-rich 6.67  4.84(71) 0.07(1) 21590(310) +/+/+ 22500(710) 2 910
37776 26742 He-rich 6.99  3.04(55) 0.092) 21870(570) +/+/+ 22270(640) 3 400
58260 35830 He-rich 6.73  2.44(32) 0.09(1) 19030(140) +/+/+ 1900000) 3 =30
60344 36707 He-rich 773 0.25(61) 0.06(2) 21010(260) +/+/+ 22500(2120) 2 1490
64740 38500 He-rich 4.61  4.29(15) 0.02(1) 22740(200) +/+/+ 22270(1100) 3 —470
66522 39246 He-rich 7.19  227(36) 0.27(1) 19210(90) +/+/+ 18000 1 -1210
92938 52370 He-rich 479  7.19(20) 0.03(1) 14 940(130) +/+/+ 15000 1 60
96446 54266 He-rich 6.69  2.13(45) 0.092) 21620(240) +/+/+ 20950(640) 2 —670
108483 60823 ¢ 3.90  7.92(18) 0.02 18 710(240) +/+/+ 19200 1 490
133518 73966 He-rich 6.38  2.24(44) 0.11(2) 18700(260) +/+/+ 18250(1060) 2 —450
260 858 He-rich 9.14 0.31 18200 —/+/— 18000 1 —200
264111 32581 He-rich 9.64  1.26(37) 0.28(1) 22330(260) +/+/+ 21700(990) 2 —630

¢ He-rich according to Zboril et al. (1997).
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HD/DM Ter [K] Ref. HD/DM T [K]  Ref.
27628 7210090) (1) a; (2) d, 171247 12170 (2D d,
27749  7340(180) (1) a; (2),(5)d.; (3),(4)d 171782 11500 (26)c,
27962  9070(210)  (2)d,; (6) d; (7) bd, 173650  10000(1410)  (18) b; (25) d,
28226 7450  (2)d, 175744  12620(140) (23),(24) a
28355 7950  (2)d, 176232 7730(140)  (18) b; (28) bd,; (38) a; (51) b,
28527  8000(100) (1) a;(2)d, 183 806 9940(190)  (22) b,; (52) bd
28546  7640(140) (1) a; (2)d, 188 041 8580(550)  (3)d; (18) b; (22) b,
29 140 7940  (2)d, 191742 8300 (53)c,
29499 7690  (2)d, 192678 92000 (27)e
30210 8100 (2)d. 196 502 8900(360)  (25) d.; (26) c,; (28) bd.,
33204 7650  (2)d, 201 601 7780(130)  (3) d; (18) b; (20),(28) bd,
33254 7760(190) (1) a; (2)d, (22) b,; (37) a; (50) d,
58142 9500  (7) bd, 203932 7450 (54)d,
67523 6700 (8)a 204411 8510(170)  (20),(28),(55) bd.; (38) a
78362  7220(230)  (2),(5)d, 212385 9200 (22) b,
94334 10030 (9)d, 215441 14000 (26) c,
95418 9600(10)  (10) b; (11) bd, 217522 6750  (50)d,
95608  8950(430) (2)d.;(12)bd 220825 9200(80)  (32),(38) a
97633  9250(180) (10)b; (13)a 221006 13260(20)  (23),(24) a
141795 8420 (14)bd 223640  12240(210)  (18) b; (23),(24) a
162132 8800 (15)d,
173 648 8160 (12)bd 358 13830(40)  (56) cd,; (70) bd,
182 564 9130 (11) bd, 4335 12000 (3)d
188728 9530  (9)d, 27295  11850(210) (3)d; (28) bd
189849  7820(110) (2)d,; (16)d; (17) bd, 27376 12300 (42)a
196 724 10200 (14)bd 33904  12160(210) (3)d; (28) bd; (32) a
206 088 7640  (18)b 35497  13320(100) (10) b; (28) bd
209625  7820(100) (2)d,; (3)d; (17) bd, 35548 11500 (3)d
213320 10130 (14) bd 58661 13200 (3)d
214994 9590(20)  (3) d; (10) b; (19) bd 77350 10250 (28) bd
78316  13040(230)  (23) a; (28) bd; (58) c,
8441 9200  (20) bd, 89822 10950(70)  (25) d,; (59) bd,
9484 10200 (21)d, 106 625 12130  (28) bd
12098 7800  (22) b, 143807  10930(460)  (3) d; (60) bd
12767 13000(340)  (21) d,; (23),(24) a 144206  11740(300) (28) bd; (61) b,
15089 8280(40)  (25)d,; (26) c, 145389  11690(160) (3)d; (28) bd
18610 8100 (22)b, 147 550 10200 (28) bd
19832 12430(360)  (26) c.; (27) e; (28) bd, 159082 11300 (15)d,
23387 8250  (26)c, 190229  13190(440) (3)d; (28) bd
24155  13780(70) (23),(24) a
24712 7290(60)  (29) d; (30) d, 4382 13400 (3)d
25823 12720(200) (26)c,; (27)e; (31) d 19400 13000 (62)e
26571 11750 (26)c, 23408  11900(990) (62)e, (63) bd
27309 11930(250) (26)c,;(27)e 49 606 13500 (62)e
32549 9730 (32)a 51688 12500 (62)e
34452 13830(810) (26)c,;(27)e 144 661 15000 (62)e
37470 13000 (26) c, 144 667 12900(70)  (64),(65) d,
37808 12890(200) (23),(24) a; (33) d, 144844  12430(460) (26) c.: (62) e
40312 10180(200)  (26) c,; (27) e; (32) a; (34) bd, 202671 13150(70)  (62) e; (66) d,
43819  10930(290)  (20) bd, ; (23),(24) a; (26) ¢, 224926 14000 (42)a
60435 8100 (22)b,
62140  7800(140) (22)b,; (25)d, 21699 16000 (67)d,
65339  8170(150) (25)d,;(26)c,; (27)e 22470  13760(250) (23),(42) a; (62) e
71866 9000  (25)d, 22920  14100260) (21)d,; (42) a; (62) e
75445 7700 (22) b, 28843  14830(150) (23),(42) a; (62) e
81009  8250(350) (25)d,;(35)b 37058 19610 (23)a
90 569 10500 (25)d, 49333 15810(120) (23),(42) a; (62) e
92664  14300(90) (23),(24) a; (26) c, 62712 13530(240) (23),(24),(42) a
94427 7500  (25)d, 74196  13950(350) (42)a;(62)e
108662  10330(570)  (18) b; (25) d,; (26) c,; (28) bd, 79158 13250(70)  (27) e; (68) cd,
108945  8700(240)  (18) b; (25) d,; (26) cy; (27) e 90264 14600 (42)a
(28) bd,; (36) a c, 109026 15500 (42)a
110066 9030(60)  (20) bd,; (22) b,; (25) d, 137509  12680(110)  (42) a; (69) d,
111133 9850(220) (18) b; (25)d, 142301  15860(150)  (23),(42) a; (62) e
112185  9350(290) (25) d.; (28) bd.; (32),(37) a 142990  17700(1130) (42) a; (62) e
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Table 8. continued.

HD/DM Ter [K] Ref. HD/DM Ter [K]  Ref.
112413 11210(360) (26) c,; (37),(38) a; (39) b, ; (40) bd, 143699  15490(410) (23),42)a
115708  7760(350) (25)d,;(29)d 144334  14760(380) (23),(42) a; (62) e
116114  7850(210) (22) b,; (25) d, 146001  13790(300) (23),(42) a
118022  9460(410)  (18) b; (25) d,; (26) c.; (28) bd, 162374  15900(280) (42) a; (62) e

(32) a; (41) ac, 175362 16790(620)  (23),(24) a; (62) e
120198  10080(330)  (26) c.: (27) e; (28) bd, 217833 15450  (67)d,
124224 12540(300)  (23),(24),(32),(42) a; (26) c.; (28) bd.,
125248  9650(260)  (25)d,; (26) c,; (27)e; (4l) ac, 5737 13970(400)  (42) a; (66) d.; (70) b,
126 515 9500 (25)d, 125823 18940(500)  (23),(42) a; (62) e

128 898 7660(340) (43)d,;(44)e

133029  10880(300)  (26) c.; (27) €; (28),(45) bd, —27 3748 23000 (71)d,

133792 9300(140)  (46),(47) d, —46 4639 22500 (71)d,

133880  10700(60) (23),24) a ~622124 26000 (71)d,

134305 8200 (25)d, 36485 18000 (71)d,

137909  8340(360)  (18) b; (22) b,; (25) d.; (28) bd, 37017 18950(640) (42) a; (71) d,
137949 7530(40)  (22) b,; (25) d. 37479 22500(710) (62)e; (71)d,

140 160 9120(60)  (18) b; (28) bd.; (38) a 37776 22270(640)  (42) a; (62) e; (71) d,
144 897 11250  (48)d, 58260 19000(0)  (42) a; (62) e; (71) d,
148112 9220(160) (18)b; (38) a 60344  22500(2120) (62) e; (71) d,

149 822 10750  (28) bd, 64740  22270(1100)  (42) a; (62) e; (71) d,
151525  9240(130) (18)b; (38) a 66522 18000 (71)d.

152107  8730(230)  (25) d.; (26) c,; (41) ac, 92938 15000 (71)d,

153882 9450(580)  (18) b; (25) d; (28) bd, 96446  20950(640)  (42) a; (71) d,
155102 9000 (15)d, 108 483 19200 (71)d,

157751 11300  (49)d. 133518 18250(1060)  (42) a; (71) d,
166473 7850(210)  (22) b,; (50) d, 260 858 18000 (71)d,

168733 13320 (23)a 264111 21700(990)  (62)e; (71) d.

170973 10740(20)  (10) b; (28) bd,

(1) Smalley (1993); (2) Smalley & Dworetsky (1993); (3) Allen (1977); (4) Cayrel et al. (1991); (5) van’t Veer-Menneret & Mégessier (1996);
(6) Liubimkov & Savanov (1983); (7) Adelman (1994b); (8) Ramirez & Meléndez (2005); (9) Caliskan & Adelman (1997); (10) Morossi &
Malagnini (1985); (11) Adelman 1996; (12) Adelman et al. (1999); (13) Glushneva (1985); (14) Adelman & Albayrak (1998); (15) Catanzaro
(2006); (16) Takeda (1984); (17) Adelman et al. (1997); (18) Wolff (1967); (19) Adelman (1988); (20) Adelman et al. (1995); (21) Leone &
Manfre (1996); (22) Ryabchikova et al. (2004b); (23) Lanz (1985); (24) Mégessier (1988); (25) Babel (1994); (26) Lipski & Stepien (2008);
(27) Stepien & Dominiczak (1989); (28) Adelman & Rayle (2000); (29) Wade (1997); (30) Ryabchikova et al. (1997); (31) Bolcal et al. (1987);
(32) Glushneva (1987); (33) Leone et al. (1993); (34) van Rensbergen et al. (1984); (35) Wade et al. (2000); (36) Monier & Mégessier (1992);
(37) Shallis & Blackwell (1979); (38) Shallis et al. (1985); (39) Ryabchikova et al. (1999a); (40) Kochukhov et al. (2002); (41) Monier (1992);
(42) Hunger & Groote (1999); (43) Kupka et al. (1996); (44) Bruntt et al. (2008); (45) Lépez-Garcia & Adelman (1999); (46) Ryabchikova et al.
(2004a); (47) Kochukhov et al. (2006); (48) Ryabchikova et al. (2006); (49) Hubrig & Nesvacil (2007); (50) Gelbmann (1998); (51) Ryabchikova
et al. (2000); (52) Kearsley & Wegner (1978); (53) Kato & Sadakane (1999); (54) Gelbmann et al. (1997); (55) Ryabchikova et al. (2005);
(56) Derman (1982); (57) Ryabchikova et al. (1999b); (58) Zoechling & Muthsam (1987); (59) Adelman (1994a); (60) Adelman (1989);
(61) Zavala et al. (2007); (62) Cidale et al. (2007); (63) Mon et al. (1981); (64) Catanzaro et al. (2004); (65) Castelli & Hubrig (2007); (66) Leone
& Manfre (1997); (67) Glagolevskij et al. (2006); (68) Wade et al. (2006); (69) Kochukhov (2006); (70) Lépez-Garcia et al. (2001); (71) Zboril
et al. (1997)

a: Infrared Flux Method; b: fitting models to visual energy distribution; c: fitting models to total energy distribution; d: (Balmer) line pro-
file fitting; e: methods as described in Sect. 2. The + sign indicates that models different to solar ones were used or the solar model is justified
according to abundance analysis or tests as described in the respective reference. References using the same method are combined.
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