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ABSTRACT

Aims. The “B fields in OB stars” (BOB) collaboration is based on an ESO Large Programme, to study the occurrence
rate, properties, and ultimately the origin of magnetic fields in massive stars.

Methods. In the framework of this programme, we carried out low-resolution spectropolarimetric observations of a
large sample of massive stars using FORS 2 installed at the ESO VLT 8-m telescope.

Results. We determined the magnetic field values with two completely independent reduction and analysis pipelines.
Our in-depth study of the magnetic field measurements shows that differences between our two pipelines are usually well
within 30 errors. From the 32 observations of 28 OB stars, we were able to monitor the magnetic fields in CPD —57° 3509
and HD 164492C, confirm the magnetic field in HD 54879, and detect a magnetic field in CPD —62° 2124. We obtain
a magnetic field detection rate of 6 + 3% for the full sample of 69 OB stars observed with FORS2 within the BOB
programme. For the pre-selected objects with a v sin i below 60 kms™*, we obtain a magnetic field detection rate of
5 4+ 5%. We also discuss X-ray properties and multiplicity of the objects in our FORS 2 sample with respect to the

magnetic field detections.
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1. Introduction

Magnetic fields may have a key influence on the evolution
of massive stars. Magnetized winds can spin down the star
by applying a torque at the surface (ud-Doula et al. [2008;
Meynet et al. 2011]) and they can mediate angular momen-
tum transport in the stellar interior (Heger et al. 2005}
Maeder & Meynet [2005). Understanding these processes
will provide strong constraints on the role of rotationally
induced mixing in massive stars (Brott et al. 2011]), and
on the frequency of long gamma-ray bursts (Yoon et al.
[2000) and massive black hole mergers (Mandel & de Mink

* Based on observations made with ESO Telescopes at the
La Silla Paranal Observatory under programme ID 191.D-
0255(E,G).

2016, Marchant et al. 2016). Dedicated surveys targeting
the detection and the characterization of magnetic fields in
massive stars have started only in recent years (Wade et al.

2016, Morel et al. 2014, 2015)), leading to an increase in the
number of massive stars with characterized magnetic fields.

The “B fields in OB stars” (BOB) collaboration, es-
tablished in 2013, aims at investigating the frequency and
strength distribution of magnetic fields in OB stars using
spectropolarimetric observations, concentrating mainly on
slow rotators. Data are obtained in the framework of the
ESO Large Programme 191.D-0255, scheduled on the 8-
m Very Large Telescope (VLT) on Paranal and the ESO
3.6-m telescope on La Silla. The instruments used for the
spectropolarimetric observations are the FOcal Reducer low
dispersion Spectrograph (FORS 2; Appenzeller et al. [1998)
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Table 1. Objects studied with FORS 2 during the runs in
2014 June and 2015 March. Objects marked by an asterisk
were also observed in runs A and C (Fossati et al. 2015]).

Object Spectral Type my
BD —12° 4982 BOII 9.22
CD —22° 12513 BOV 10.01
CPD —57° 3509* B21V 10.68
CPD —62° 2124 B21V 10.99
HD 54879* 09.7V 7.64
HD 56779 B21V-V 5.02
HD 72754 B2Ia.pshe 6.85
HD 75759 0O9V+BOV 5.99
HD 95568* 09/B0V 9.60
HD 97991~ B21II 7.40
HD 110432 B2 pe 5.31
HD 118198* 09.71I1 8.47
HD 120324 B2 Vnpe 3.35
HD 120991 B2IIne 6.08
HD 156134 BOIb 8.06
HD 156233 BO 9.10
HD 156234 BOIIT 7.74
HD 156292 09.7111 7.51
HD 164492B B2Vnn 10.52
HD 164492C* B1V 8.66
HD 164536 07.5V(n)z 7.11
HD 164704 B21II 8.16
HD 164816 095V +B0V 7.09
HD 164844 B1/B2111 8.29
HD 165052 O7Vz+07.5Vz 6.87
HD 166033 B1V 9.60
HD 315032 B2 Vne 9.19
HD 345439 B1/B2V 11.26

and the High Accuracy Radial velocity Planet Searcher po-
larimeter (HARPSpol; Snik et al. 2008). Details about the
aims and the implications of the first discoveries by the
BOB survey are presented by Morel et al. (2014} 2015) and
Fossati et al. (2015]).

In this work, we present the most recent FORS 2 obser-
vations of 28 stars, concluding the low-resolution spectropo-
larimetric campaign within the BOB survey. We describe
the observations and data reduction in Sect. 2] present the
magnetic field measurements in Sect. Bl give an extensive
overview about the statistics and quality of the measure-
ments in Sect. [ discuss some object properties in Sect. [5,
and finally conclude with a discussion in Sect.

2. Observations and data reduction

The BOB collaboration is mainly targeting OB dwarfs and
giants with low projected rotation velocities. A full descrip-
tion of the target selection criteria was presented by Fossati
et al. (20I5), who published FORS 2 magnetic field mea-
surements of 50 O- and early B-type stars obtained in runs
A and C. Since the presence of weak magnetic fields in Be-
type stars is not yet established, we additionally carried out
observations of four Be stars, three of which were selected
on the basis of their hard X-ray spectra (see Sect. [5.3)).
We conducted 32 new spectropolarimetric observations
of 28 OB stars in visitor mode with FORS2 during
2.5 nights each on 2014 June 1-3 and 2015 March 16-18, as
part of runs E and G of our observing campaign. No data
were obtained on 2015 March 16 and 18, due to high hu-
midity and clouds, respectively. All other nights had severe

issues with clouds and/or strong winds. The observed ob-
jects are listed in Table[I] together with their spectral type
and their V magnitude. Main sources of the spectral classi-
fication are the Galactic O-Star Spectroscopic Survey (Sota
et al. 2014)), the Michigan Catalogue of HD stars (see Houk
[1994), and previous BOB publications. The primary source
for the photometry is the catalogue of Mermilliod (2006]).
For seven of these objects, observations were already car-
ried out in earlier runs with FORS 2 and were reported by
Fossati et al. (2015]). We reobserved these sources either to
check earlier marginal magnetic field detections or to ob-
tain magnetic field measurements at different phases of the
object’s — usually unknown — rotation cycle. In total, 71 dif-
ferent objects were observed with FORS 2 within the BOB
programme, in 134 observations.

FORS2 is a multi-mode instrument equipped with
polarization-analyzing optics comprising super-achromatic
half-wave and quarter-wave phase retarder plates, and a
Wollaston prism with a beam divergence of 22" in standard-
resolution mode. We used the GRISM 600B and the nar-
rowest available slit width of 074 to obtain a spectral
resolving power of R ~ 2000. The observed spectral
range from 3250 to 6215 A includes all Balmer lines apart
from Ha, and numerous Hel lines. The position angle
of the retarder waveplate was alternated in the sequence
—45°445°445°—45°. Between two to six such sequences
of exposures were combined to form a single polarimetric
observation. For the observations, we used a non-standard
readout mode with low gain (200kHz,1x1,low), which pro-
vides a broader dynamic range, hence allowing us to reach
a higher signal-to-noise ratio (S/N) in the individual expo-
sures, which is especially advantageous for bright targets.

The determination of the mean longitudinal magnetic
field using low-resolution FORS 1/2 spectropolarimetry has
been described in detail by two different groups (Bagnulo
et al. 2002, 2009, 2012; Hubrig et al. 2004al 20040, 2016;
Scholler et al., in preparation). The V/I spectrum is calcu-
lated using:

Kzl (M) (M) (1)
I 2\ ) ase NPT s

where +45° and —45° indicate the position angle of the
quarter-wave plate and f° and f¢ are the fluxes of the or-
dinary and extraordinary beams, respectively.

For low-resolution FORS 2 spectra, the mean longitu-
dinal magnetic field (B,) is usually diagnosed from the
slope of a linear regression of V/I versus the quantity
—get AN A2LIL(B) + V;y /Iy, where V is the Stokes pa-
rameter that measures the circular polarization, I is the
intensity observed in unpolarized light, geg is the effective
Landé factor, X is the wavelength, dI/d\ is the derivative of
Stokes I, and Vp /Iy denotes the instrumental polarization.
The diagnostic (IV,) parameter was calculated following the
formalism of Bagnulo et al. (2009).

To identify systematic differences that might exist when
the FORS 2 data are treated by different groups, the mean
longitudinal magnetic field, (B,), was derived for all stars
by two groups separately, using independent reduction
packages. Details of and differences between the two re-
duction and analysis packages are described in detail by

Fossati et al. (2015).
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Table 2. Results from our spectropolarimetric observations with FORS2 in 2014 June and 2015 March. Names of
objects with magnetic field detections are highlighted in bold face.

Object MJD S/N Group H lines Whole spectrum

Nexp /texp [5] (B)[G] o (N)[G] o| (B)[G] o (N)[G] o

HD 72754 56809.94942 3416  Potsdam —50+36 / 1.4 —29+33 /0.9 —29+27 / 1.1 —16+24 /0.7
24/320 3308 Bonn —53+26 / 2.0 —36+23 /1.6 —17+16 / —414+15 /2.7

HD 72754 56810.94153 2906 Potsdam —65+47 / 1.4 174+28 /0.6 —55430 / 1 31+20 /1.6
12/203 2779  Bonn —38+28 / 14 —24425 /1.0 —214+18 / 1.2 14+17 /0.8

CPD —57° 3509 56809.97981 2025 Potsdam —19+71 / 0.3 —28+86 /0.3 88+54 / —45+59 /0.8
8/4400 1943  Bonn —71471 / 1.0 —58+77 /0.8 40+46 / 0.9 —514+47 /1.1

CPD —57°3509 56810.96178 2348 Potsdam 979+68 /14.4 —108+77 /1.4 920+48 /19.2 2450 /0.0
8/4400 2289 Bonn 1049469 /15.2 —90+61 /1.5 943+41 /23.0 1439 /0.0

CPD —57°3509 57099.06734 1826 Potsdam 582499 / 5.9 —75+101/0.7 671+62 /10.8 —33+61 /0.5
8/4500 1791 Bonn 607198 / —4489 /0.0 734456 /13.1 8+55 /0.1

HD 118198 56810.04647 2628 Potsdam —36+60 / 0.6 46+£68 /0.7 | —84+34 / 2.5 —14438 /0.4
8/800 2583 Bonn —65+58 / 13+57 /0.2 —66+£37 / 1.8 —43+37 /1.2

HD 164492C 56810.06846 2829  Potsdam 651485 / 7.7  —52+73 /0.7 540+72 / 7.5 —59+49 /1.2
8/1520 2775 Bonn 75674 /10.2 —3457 /0.1 601+49 /12.3 —32+42 /0.8

HD 164492C 57099.31332 2666 Potsdam | —495+92 / 5.4 —954+89 /1.1 | —544+66 / 8.2 —31£62 /0.5
8/1320 2612 Bonn —574488 / 6.5 —81+£78 /1.0 | —551+56 / 9.8 —35+51 /0.7

HD 164492B 56810.09776 1530 Potsdam —274+150/ 0.2 273+£177/1.5 —444130/ 0.3 —199+110/1.8
8/4400 1547  Bonn —59+138/ 0.4 4+133/0.0 26+115/ 0.2 —24119/0.0

HD 164704 56810.16040 2667 Potsdam 23+83 / 0.3 —46+74 /0.6 18+46 / 0.4 3+44 /0.1
8/560 2596 Bonn —43+61 / 0.7 —97+55 /1.8 32438 / —53+36 /1.5

HD 166033 56810.17880 2702  Potsdam —90+94 / 1.0 —63+88 /0.7 | —131+58 / —103+53 /1.9
8/800 2655 Bonn 32465 / 0.5 14464 /0.2 5+44 / 2+43 /0.0

BD —124982 56810.19963 2510 Potsdam 130+130/ 1.0 51£111/0.5 271452 / —40+53 /0.8
8/2700 2113 Bonn 97+98 / 1.0 148484 /1.8 266+57 / —21£47 /0.4

HD 345439 56810.24718 1140 Potsdam 57+153/ 0.4 58+136/0.4 —224116/ 02 64+103/0.6
8/4800 1678  Bonn 9+132/ 0.1 25+108/0.2 —4479 / 0 61+74 /0.8

CD —2212513 56810.31559 2706 Potsdam | —105+53 / 20 —53+63 /0.8 | —106+35 / 30 —52+41 /1.3
8/2400 2585 Bonn —89+52 / 1 —82+46 /1.8 —77+36 / 2.1 —794£35 /2.3

HD 164536 56810.35596 3472  Potsdam 108+77 / 1 —64+85 /0.8 56+£63 / 0.9 —48+72 /0.7
12/317 3331 Bonn 193+68 / 2 —93+68 /1.4 71453 / 1.3 —80£53 /1.5

HD 164816 56810.37405 3576  Potsdam —60+68 / 0 —34462 /0.5 —60+45 / 1.3 —98+44 /2.2
12/480 3469 Bonn —35+51 / 0 —22+46 /0.5 —40+35 / 1.1 —76+33 /2.3

HD 165052 56810.39407 3872  Potsdam —67£72 / 0 44488 /0.5 —28+59 / 0.5 49471 /0.7
12/555 3779 Bonn 3+65 / 00 42469 /0.6 73449 / 1.5 7649 /1.6

HD 164844 56810.41567 2897 Potsdam | —148+65 / 2.3 4£78 /0.1 —72451 / 14 67£59 /1.1
8/1130 2865 Bonn —180+61 / 3.0 —28+61 /0.5 —86+41 / 2.1 —144+42 /0.3

HD 95568 56811.02373 3170  Potsdam 57451 / 1.1 —59+58 /1.0 13+35 / 04 —42437 /1.1
8/3050 3104 Bonn 73147 / 1.6 —50+45 /1.1 38+29 / 1.3 —17£29 /0.6

HD 156134 56811.07084 3789  Potsdam 28+51 / 0.5 72463 /1.1 —46+26 / 1.8 25+31 /0.8
12/2260 3666 Bonn 38+53 / 0.7 35448 /0.7 9+32 / 0.3 8+31 /0.3

HD 156292 56811.11206 3619 Potsdam —75+75 / 1.0 32+63 /0.5 33+51 / 0.6 114+49 /0.2
12/810 3619 Bonn —24+455 / 0.4 41447 /0.9 24435 / 0.7 18+34 /0.5

HD 97991 56811.13721 3619 Potsdam | —154+81 / 1.9 62£75 /0.8 —51+62 / 0.8 41456 /0.7
12/1110 3496  Bonn —106+£72 / 1.5 15+66 /0.2 48+52 / 0.9 —46+50 /0.9

HD 156234 56812.15657 3819  Potsdam —954+50 / 1.9 4488 /0.0 | —114+31 / 3.7 10+50 /0.2
10/2350 3813 Bonn —53+62 / 0.9 —26+£56 /0.5 —61+43 / 1.4 4+38 /0.1

HD 54879 57099.00901 3060 Potsdam | —633+£65 / 9.7 33+£68 /0.5 | —527+45 /11.7 52445 /1.2
8/545 2925 Bonn —600£79 / 7.6 1458 /0.0 | —4714£39 /12.1 69+35 /2.0

HD 56779 57099.02950 3363  Potsdam —84+42 / 2.0 48+57 /0.8 —614+33 / 1.8 3+41 /0.1
10/60 3058 Bonn —121437 / 3.3 —2432 /0.1 —72429 / 2.5 —44+25 /0.2

HD 75759 57099.05031 2721 Potsdam | —102+71 / 1.4 57475 /0.8 | —103+58 / 1.8 —34+77 /0.4
8/120 2936 Bonn —32463 / 0.5 54+57 /0.9 —1+45 / 0.0 —414+41 /1.0

HD 110432 57099.13247 4708 Potsdam —55+48 / 1.1 55455 /1.0 —62+39 / 1.6 66+48 /1.4
18/244 4606  Bonn 5444200/ 2.7 129+183/0.7 38+66 / 0.6 39+58 /0.7

HD 120324 57099.16026 4833 Potsdam 9+40 / 0.2 80+48 /1.7 —22431 / 0.7 4435 /0.1
14/28 4362 Bonn 47+44 / 11 26+33 /0.8 22427 / 0.8 7+23 /0.3

HD 120991 57099.18338 5919  Potsdam —76+35 / 2.2 —15+39 /0.4 —85+26 / 3.3 —21+28 /0.8
18/745 5595  Bonn —77+£60 / 1.3 —26+32 /0.8 —76£25 / 3.0 —15+19 /0.8

CPD —62° 2124 57099.21385 1820 Potsdam | 4636+128/36.2 28+102/0.3 | 4531+98 /46.2 9+76 /0.1
8/4800 1767 Bonn 52224123/42.5 27495 /0.3 | 4399+65 /67.7  —31£53 /0.6

HD 156233 57099.28267 2222 Potsdam —92+124/ 0.7 34+117/0.3 | —139+76 / 1.8 19+79 /0.2
8/1440 2215 Bonn —344102/ 0.3 86+92 /0.9 —50£68 / 48+63 /0.8

HD 315032 57099.34159 3660 Potsdam —48+78 / 0.6 —22485 /0.3 —50+51 / 1.0 —37+59 /0.6
16/3780 3581 Bonn —69+£75 / 0.9 —314+56 /0.6 —43+47 / 10+41 /0.2
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Fig.1. Overview of the results of the analysis of the FORS2 data of CPD —62°2124, collected during the night of
2015 March 17, considering the hydrogen lines, using the Potsdam pipeline. Top left panel: observed Stokes I spectrum
arbitrarily normalized to the highest value. Top right panel: the top profile shows Stokes V' (in %), while the bottom
profile shows the spectrum of the N parameter (in %). The Stokes V spectrum is shifted upwards by 0.9% for better
visibility. The regions used to calculate the longitudinal magnetic field are marked by horizontal lines close to the top of
the panel. Bottom left panel: linear fit to Stokes V. Bottom middle panel: linear fit to the N spectrum. From the linear
fit, we determine (IV,) = 28 + 102 G. Bottom right panel: distribution of the longitudinal magnetic field values P((B,)),
obtained via bootstrapping. From the distribution P((B,)), we obtain the most likely value for the longitudinal magnetic
field (B,) = 4636 + 128 G. We note that the gaps in the region around Hd in the two upper panels result from masking

an internal reflection in that spectral range.

3. Results

We present the results of our magnetic field measurements
in Table Bl The first column gives the object name, fol-
lowed by the modified Julian date, as well as the number
of exposures and the total exposure time in Col. 2, and the
peak value of the S/N for the extracted full Stokes I spec-
trum, separately for the two groups, in Col. 3. The S/N is
calculated per A as the median of the 100 pixels with the
highest flux, excluding emission lines. In the next column,
we list the reduction software used for the determination of
the magnetic field (“Bonn” or “Potsdam”). Columns 5 and
9 show the values for the longitudinal magnetic field deter-
mined from the Stokes V' spectrum, for the hydrogen lines
or for the whole spectrum, respectively. Columns 7 and 11
give the same values, but determined from the N spectrum.
Columns 6, 8, 10, and 12 indicate the significance of the re-
spective measurements, defined as the absolute value of the
measurement divided by its 1o error. Please note that the
wavelength ranges used both for the hydrogen lines and for
the whole spectrum might differ between the two pipelines.

Object names are given in bold face, if a magnetic field was
found in the measurement.

The detection of strong magnetic fields in the stars
HD 54879, CPD —57° 3509, and HD 164492C was already
discussed in the previous paper on BOB FORS 2 observa-
tions (Fossati et al. 2015). Individual studies of HD 54879,
HD 164492C, and CPD —57° 3509 were presented in the pa-
pers by Castro et al. (2015)), Hubrig et al. (2014), and
Przybilla et al. (2016]), respectively. We have reobserved
these objects and find rotational modulation of the mag-
netic fields in HD 164492C and CPD —57° 3509, and con-
firm the magnetic field in HD 54879.

The magnetic nature of the star HD 345439 was already
discussed in the work of Hubrig et al. (20I5)). The analy-
sis of HD 345439 using four subsequent spectropolarimetric
FORS 2 subexposures does not reveal a magnetic field. On
the other hand, Hubrig et al. (2015) report that the indi-
vidual subexposures indicate that HD 345439 may host a
strong magnetic field that rapidly varies over 88 min. The
fast rotation of HD 345439 is also indicated by the behav-
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ior of several metallic and HeT lines in the low-resolution
FORS 2 spectra that show profile variations already on this
short time-scale. Wisniewski et al. (2015]) found clear evi-
dence that the strength of Ha, Hel, and the Brackett se-
ries lines indeed vary on a time scale of ~0.7701d from
their analysis of multi-epoch, multi-wavelength spectro-
scopic monitoring.

Apart from these detections, a very strong mean lon-
gitudinal magnetic field (B,) = 5222 £+ 123G (using the
Bonn pipeline on the hydrogen lines) in the rather faint
(V = 11.0) early B-type star CPD —62° 2124 is discovered
in our survey. In Fig. [[l we illustrate the analysis of the
hydrogen lines for this object, using the Potsdam pipeline.
Such a strong longitudinal magnetic field implies a dipo-
lar magnetic field strength of more than 17kG. Massive
stars with such extremely strong magnetic fields are very
rare (Bychkov et al. 2009 Petit et al. 2013} Fossati et al.
[2015). Follow-up measurements of CPD —62°2124 using
HARPSpol on one occasion also confirm the presence of
an extraordinarily strong magnetic field. A paper present-
ing an individual study of this extremely interesting star
was recently submitted by Castro et al.

Another interesting result is achieved for the star
BD —124982, where the magnetic field is measured at the
4.70 significance level using the Bonn pipeline and 5.20
using the pipeline in Potsdam. These results are achieved
when the whole spectrum is used for the measurements. The
measurements using only the hydrogen lines show a signif-
icance level below 30. Work on this object using HARPS
observations is currently ongoing (Jarvinen et al., in prepa-
ration).

For a few stars, HD 56779, HD 120991, CD —22° 12513,
and HD 164844, longitudinal magnetic fields are detected
at a significance level between 3-3.30, using either both
reductions from Bonn and Potsdam or only one of the
pipelines. It will be important to monitor these stars with
additional FORS 2 observations or to obtain high-resolution
spectropolarimetric observations to scrutinize more me-
thodically for the presence of a magnetic field.

It would be especially interesting to carry out a follow-
up study of the Be star HD 120991, since there is currently
no undisputed evidence of a magnetic field in any classical
Be star. Hubrig et al. (2009) carried out a search for mag-
netic fields in 16 Be stars and concluded that magnetic
fields in such stars are usually very weak, below 100G.
Bagnulo et al. (2012, 2015) could not confirm the mag-
netic field detections from the same data sets. The MiMeS
group reported that none of the 85 Be stars studied with
ESPaDOnS, Narval, and HARPSpol showed the presence
of a magnetic field, with a median 1o error of 103G (Wade
et al. 2014). In our sample of 71 stars, we included four Be
stars, HD 110432, HD 120324, HD 120991, and HD 315032.
For the first three Be stars, hard X-ray emission was de-
tected using XMM-Newton observations (see Sect. [B.3)).
Only for the Be star HD 120991 do we obtain magnetic
fields at a 3-3.30 level, using both pipelines applied to the
whole spectrum. Should the presence of a magnetic field in
HD 120991 be established with additional measurements, it
would be weak.

4. In depth analysis of the magnetic field
measurements

4.1. Comparison of the two data reduction pipelines

The FORS 2 spectropolarimetric data obtained within the
BOB collaboration was independently reduced and ana-
lyzed by two teams using different tools and pipelines. This
gives us the possibility to directly compare the results for
a statistically large sample of stars.

Figure 2l shows the comparison between the results ob-
tained by reducing and analysing the spectra with the Bonn
and Potsdam pipelines. We consider here all 134 sets of
measurements (this work and Fossati et al. 2015]), each set
composed of two measurements (i.e., (B,) obtained from
the analysis of the hydrogen lines or of the whole spec-
trum), and obtained by the two pipelines, for a total of 536
measurements. As was already evident from the analysis of
a subset of the data we present in Fig. 2] (see Fossati et al.
[2015), there is a general good agreement between the re-
duction and analysis of the two groups, with the occasional
outlier.

To allow a better quantification of the agreement be-
tween the results of the two groups, we have compared
the difference of the two distributions of magnetic field
measurements from Bonn (BN) and Potsdam (P) with a
Gaussian distribution. For this, we computed for each of
the 134 measurements the following value:

(B2)pn — (B)p
\/0<232>,BN + s,

<BZ>diff = (2)

which is the error-normalized difference between the (B,)
values measured by both the Bonn and Potsdam groups.
The normalization was made using the square root of the
sum of the squared errors coming from the Bonn and
Potsdam analyses, following error propagation.

In Fig. Bl we show the resulting density distributions
for the differences from the measurements of the hydrogen
lines (top) and from the whole spectrum (bottom). In these
graphs, all values calculated according to Eq. (2]) are sorted
and then plotted corresponding to their rank in the distri-
bution. The solid overlayed line shows the density distribu-
tion for a Gaussian. While the density distribution for the
normalized differences for the (B,) obtained from all lines
corresponds well with a Gaussian distribution, the equiva-
lent density distribution for the hydrogen lines is much nar-
rower, owing to the larger errors. We would like to stress
that strictly speaking it is only possible to make statistical
comparisons in the way presented here for repeated mea-
surements of the same value, but not for individual mea-
surements of different values. Also, the difference of two
similar Gaussian distributions results in a distribution that
is a factor of v/2 wider than the original distributions, i.e.
the distribution coming from the difference of our two mea-
surements is narrower than should be expected, pointing to
a correlation between the Bonn and Potsdam reduction and
analysis approaches.

Please note that one measurement is not shown for
the hydrogen density distribution, since the difference be-
tween the measurements is quite large. This outlier is
CPD —62° 2124, where we have a normalized difference of
3.3. This is due to the 12% difference in the value for the
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Fig. 2. Top left panel: comparison between the | (B,) | values obtained by analyzing the whole spectrum with the Bonn
pipeline and the Potsdam pipeline. Top right panel: same as top left panel, but for the uncertainties of the (B,) values
obtained analyzing the whole spectrum. Bottom left panel: same as top left panel, but for the | (B,) | values obtained
analyzing only the hydrogen lines. Bottom right panel: same as top left panel, but for the uncertainties of the (B,) values
obtained analyzing only the hydrogen lines. Filled circles are from measurements presented in this paper, while open
circles are from the measurements presented in Fossati et al. (2015). The extreme outlier in the bottom right panel in
the lower right is from the Be star HD 110432 (see the discussion in the text).

magnetic field determined by both groups, and the high
significance of the result (see also Fossati et al. 2015).

Overall, our results show that differences between the
two data reduction and analysis pipelines are usually well
within 30. The differences become important when evalu-
ating measurements near the 30 threshold and when as-
sessing the absolute values of the magnetic fields measured
with high significance.

4.2. S/N in spectra and resulting errors

In Fig. [d we show the dependence of the derived errors of
the magnetic field measurements on the S/N obtained in the
raw spectra. It is obvious that with higher S/N;, i.e. higher
flux, the errors become smaller. Using the whole spectrum
(circles) results in smaller errors than using only the hy-

drogen lines (squares). Also, the Potsdam reduction usually
delivers spectra with a slightly higher S/N than the Bonn
reduction. The errors derived from the Bonn analysis are
usually slightly smaller than from the Potsdam analysis,
mainly due to accounting for deviations from the nominal
CCD gain via x2-scaling (see Fossati et al. 2015). The out-
lier from the Bonn pipeline using only the hydrogen lines
is from HD 110432, where the Bonn pipeline excludes the
various emission lines.

The measurement error o depends not only on the S/N|,
but also on the nature of the spectrum, i.e. spectral type,
v sin 4, binarity, etc. For the same S/N, o is expected to
be lower for observations of early B-type stars compared to
observations of O-type stars. FORS 2 magnetic field detec-
tions in O-type stars that have been confirmed with high-
resolution spectropolarimetry rarely reach 40. Based on our
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Fig. 3. Density distributions for the error-normalized dif-
ferences between the magnetic field values determined by
the Bonn and Potsdam groups for the 134 measurements
presented in Fossati et al. (2015) and in this paper. The
overlayed lines are for a Gaussian density distribution. Top
panel: Normalized differences for the (B,) obtained from
hydrogen lines. Bottom panel: Normalized differences for
the (B,) obtained from all lines.

data, where only very few stars were studied at a S/N higher
than 4000, we can not make conclusions on the saturation
of o at even higher S/N.

Bagnulo et al. (2015) presented a comparable analysis
(see their Fig. 5) for ~1400 data sets obtained with FORS 1
in spectropolarimetric mode, mainly concentrating on the
errors obtained from the analysis of the null spectra. While
their results are qualitatively similar, it can be seen that
our data typically have higher S/N than the heterogeneous
FORS 1 sample.

4.3. Rectification

All Stokes V' spectra were rectified to ensure that the con-
tinuum is consistent with zero (see as an example the work
by Hubrig et al. and Fossati et al. 2015). The off-
sets of the non-rectified Stokes V' spectra from 0 are typ-
ically small, below 0.0015. Rectification usually leads to a
vertical shift of the spectra. Among the whole sample of
71 stars discussed in this paper and in Fossati et al. (2015),
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Fig. 4. Derived lo errors plotted against the obtained S/N
for the magnetic field measurements presented in Table
Circles denote measurements using the whole spectrum,
squares measurements using only the hydrogen lines, filled
symbols results from the Potsdam reduction and analysis,
and open symbols results from the Bonn reduction and
analysis.

the non-rectified V' spectrum is tilted only for the Be star
HD 110432 and the spectroscopic binary HD 92206C, with
an 06.5V((f)) primary. Such a behavior of the Stokes V/
spectrum is sometimes observed in Herbig Ae/Be stars
due to the presence of a circumstellar disk (Hubrig et al.,
in preparation). A variable tilt of the Stokes V' spectrum
over the orbital phase was detected in the CygX-1 sys-
tem, which consists of an O-type supergiant and a black
hole (Karitskaya et al. [2010]). Usually, this type of feature
is attributed to cross-talk between linear and circular po-
larization and is seen in sources that show strong linear
polarization (e.g. Bochkarev & Karitskaya 2012} Bagnulo

et al. 2012)).

In Fig. Bl we present the rectified and non-rectified
spectra of HD 110432 and for the three observations of
HD 92206C. While the rectification has only some influence
on the determination of the magnetic field in HD 110432,
leading to a value of (B,) = 22 + 46G for the mag-
netic field from the non-rectified spectrum compared to
(B,) = —62+39 G from the rectified spectrum, the influence
is significant for HD 92206C, where we obtain values for the
magnetic field of (B,) = 366 + 103 G, (B,) = 208 £ 113G,
and (B,) = 239494 G, respectively for the three nights from
the non-rectified spectra, compared to (B,) = 76 + 64 G,
(B,) = —48 £ 72G, and (B,) = —39 £ 55G from the rec-
tified spectra. All values were determined using the whole
spectrum and the Potsdam pipeline, which employs a linear
fit to rectify the V' spectrum.

The Bonn pipeline, which uses a fourth-order polyno-
mial for the rectification, leads to similar results. Without
rectification, the measurements of HD 92206C give (B,) =
357+ 98G, (B,) = 209 + 104G, and (B,) = 313 £ 97G,
respectively, while the rectified spectra lead to (B,) =
39+ 66G, (B,) = —117 £ 68G, and (B,) = —26 + 56 G.
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Fig.5. Non-rectified (black) and rectified (grey) Stokes
V/I spectra of the Be star HD 110432 (top left) and the
spectroscopic binary HD 92206C with an O6.5V((f)) pri-
mary on three consecutive nights, determined using the
whole spectrum and the Potsdam pipeline.

4.4. Spectral variations due to pulsations

A number of stars in our sample of 71 objects (this pa-
per and Fossati et al. 2015) observed with FORS 2 are re-
ported in the literature to exhibit different types of pul-
sations. From high-resolution spectropolarimetric observa-
tions, pulsations are known to have an impact on the analy-
sis of the presence of a magnetic field and its strength (e.g.,
Schnerr et al. 20006 Hubrig et al. 2011} Neiner et al. 2012).
Sometimes, it is also possible to observe features similar
to Zeeman patterns expected in Stokes V spectra in null
spectra. This depends on the pulsation phase, i.e. on the
radial velocity amplitude and the profile shape changes,
and on the ratio between the exposure time and the pul-
sation period. These features can be seen in observations
where the duration of the subexposures taken at different
retarder waveplate angles is a significant fraction of the pul-
sation cycle. Unfortunately, so far the effect of pulsations
on the low-resolution spectropolarimetric observations with
FORS 2 has not been thoroughly investigated.

The following objects from the full sample of 71 stars
are known to show pulsations.

HD 44597: This is a candidate short-period variable ob-
served by Hipparcos and found by Koen & Eyer (2002).
No frequency was found by Pigulski & Pojmanski (2008]).
Buysschaert et al. (2015]) did not find a clear periodic vari-
ability with isolated frequencies from Kepler data, but sev-
eral low-frequency peaks stand out of the noise level. The
current speculative interpretation are convectively-driven
internal gravity waves (e.g. Rogers et al. [2013)

HD 46149: Degroote et al. (2010) detected rotational
modulation and stochastic p modes from 3.05 to 7.23d~!
from CoRoT data.

HD 46150 and HD 46966: Blomme et al. (2011]) detected
in both stars a “red noise power excess” in CoRoT data,
which was interpreted as convectively-driven internal grav-
ity waves of a stochastic nature by Aerts & Rogers (2015)).

HD 46202: Briquet et al. (2011)) used CoRoT data to
detect heat-driven p modes, similar to 8 Cephei-like modes
with pulsation frequencies of 0.5 — 4.9d~!.

HD 46223: Blomme et al. (2011]) detected a “red noise
power excess” in CoRoT data, which was interpreted as
convectively-driven internal gravity waves of a stochastic
nature by Aerts & Rogers (2015)). The detected frequencies
were 2.007, 4.011, and 13.792d~L.

HD 46328: This is a well-known [ Cephei star with a
period of ~5h (Saesen et al. and references therein).

HD 64365: Telting et al. (2006) found /3 Cephei pulsa-
tions of low degree.

HD 93521: Howarth & Reid (1993) and Rauw et al.
(2012) found that the stellar pulsations in this star dis-
play a bi-periodic (1.75 and 2.89h) absorption line profile
variability that is commonly interpreted as the signature of
two non-radial pulsation modes.

HD 95568: Pigulski & Pojmanski (2008)) found 8 Cephei
pulsations with a frequency of 6.152355d 1.

HD 117857: Pigulski & Pojmanski found
3 Cephei pulsations with frequencies of 2.08106(3)d~! and
6.53990d 1.

HD 144470: Telting et al. (2006) found high degree
[ Cephei pulsations.

Not all stars that exhibit pulsations also showed
changes between the spectra of the different subexposures.
HD 46328, HD 64365, and HD 95568 were all observed three
times, and HD 117357 was observed twice. All spectra of
these four stars showed profile changes within the observ-
ing sequence. The single data set for HD 46966 also showed
small changes in the spectra. HD 44597 was observed in
two nights. While profiles changed during the first night,
no variability was found in the second night. HD 46202 was
observed three times. Profile changes can be seen in the first
two data sets, but there are no changes in the last one. No
variations were found in the spectra of HD 46149, HD 46150,
and HD 46223, each observed during a single epoch, dur-
ing the six epochs for HD 144470, or the three epochs for
HD 93521.

It is possible that pulsations are a cause for spuri-
ous magnetic field detections. However, they might also
be traceable as significant values of the diagnostic (N,).
Looking at the (N,) measurements in the full data set of
71 stars, there are five objects where (N,) exceeds 30 in
at least one of the measurements: HD 46328, HD 95568,
HD 101008, HD 102475 (twice), and HD 289002. While the
first two objects are known pulsators (see above), nothing
is known about pulsations in the other three stars. They all
have a spectral type of B1 and might be pulsation candi-
dates.

5. Exploring indirect magnetic field indicators

Two properties were suggested in the past as indirect mag-
netic field indicators: slow rotation and X-ray character-
istics. Furthermore, as was already reported in previous
studies, the occurrence of magnetic stars with radiative en-
velopes in close binary or multiple systems is extremely low

(e.g., Carrier et al. 2002 Schéller et al. 2012t Grunhut &
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Wade [2013). This motivated Ferrario et al. (2009) to sug-
gest a merger scenario to explain the origin of the magnetic
fields. According to this scenario, if mergers were the sole
mechanism to produce a magnetic field in an OB star, no
magnetic fields would be expected in a close binary. To in-
vestigate the usefulness of these indicators, we studied all
71 stars in our sample observed with FORS 2. About 1/3 of
our targets were selected on the basis of their low v sin i,
a few were explicitly selected for their hard X-rays. In the
following we discuss these properties for our FORS2 sam-
ple.

5.1. Rotation

Morel et al. (2008) suggested that magnetic OB stars are
mostly slowly rotating and nitrogen-rich. Following their ar-
guments, we selected 20 stars that have a rotational velocity
v sin i below 60 kms~! from the catalogues of Howarth et
al. (1997) and Simén-Diaz & Herrero (2014).

From these 20 stars, only HD 54879 shows a magnetic
field. The other three targets with detected magnetic fields
were not selected on the basis of their low v sin 4. In the sub-
sequent studies by Przybilla et al. (2016) on CPD —57° 3509
and Castro et al. (submitted) on CPD —62° 2124, both stars
were found to have a v sin 4 of 35kms~!. HD 164492A was
selected on the basis of its low v sin 4, but a magnetic field
was found in the component HD 164492C (Hubrig et al.
20145 Gonzalez et al., submitted).

5.2. Multiplicity

In the following, we list known companions to the systems
in our sample. We limited this compilation to companions
closer than 3", which corresponds to the worst seeing con-
ditions under which we observed.

CPD —59 2624: The Washington Double Star (WDS)
Catalogue (Mason et al. 2001]) lists a companion at a dis-
tance of 0’1 with a visual magnitude of 12.3.

HD 387020: This is 0! Ori A, which consists of two vi-
sual components. The WDS Catalogue gives a distance of
0”2 for the pair. Pourbaix et al. (2004)) list one of the two
components as a spectroscopic binary. Its period is under
discussion, with values of 65.4 or 6.5d.

HD 46150: The WDS Catalogue lists companions at 21
and 3”7 with visual magnitudes of 13.65 and 12.4, respec-
tively,

HD 46202: Sana et al. (2014) resolved a companion with
the Sparse Aperture Mask mode (SAM; Tuthill et al. 2010)
of NAOS-CONICA (Lenzen et al.[2003} Rousset et al.[2003)
at a distance of 85.5 mas.

HD 46223: The WDS Catalogue lists a companion at a
distance of (0’5 with a visual magnitude of 12.

HD 46966: The WDS Catalogue lists one companion at
a distance of 0”1 with a visual magnitude of 8.3. Sana et
al. (2014)) detected this companion with SAM at a distance
of 50.5 mas.

HD 72648: The WDS Catalogue lists one companion at
a distance of 177 with a visual magnitude of 14.2.

HD 72754: Pourbaix et al. (2004) list this system as a
spectroscopic binary with a period of 33.734d.

HD 75759: Sota et al. (2014) list HD 75759 as a double-
lined spectroscopic binary. Pourbaix et al. (2004) give a
period of 33.311d and an orbital eccentricity of 0.63. Sana

Concluding the FORS 2 observing campaign

et al. (2014) resolved this system both in 2012 and 2013
with PIONIER (Le Bouquin et al. 20T1)) on the Very Large
Telescope Interferometer (e.g. Scholler 2007). They found
a sub-milliarcsecond companion, whose exact position and
magnitude in the H band were determined with very large
error bars.

HD 92206C: Sana et al. (2014)) resolved this system with
SAM and found a companion at a distance of about 30 mas.
Sota et al. (2014)) list HD 92206C as a double-lined spectro-
scopic binary.

HD 152218: Pourbaix et al. (2004) list this object as a
spectroscopic binary, with a period of 5.4d.

HD 152246: Sana et al. (2014]) resolved this system with
PIONIER and found a companion at a distance of 3 mas.
Sota et al. (2014) list HD 152246 as a double-lined spectro-
scopic binary.

HD 152590: Pourbaix et al. (2004) list this object as a
spectroscopic binary, with a period of 4.5d.

HD 156292: This object is a double-lined spectroscopic
binary with a period of 4.94d (Sota et al. 2014).

HD 164492A: Sana et al. (2014)) resolved this system
with both PIONIER and SAM and found a companion at
a distance of between 25 and 33 mas. The WDS Catalogue
lists another companion at a distance of 1”5 with a visual
magnitude of 13. Sota et al. (2014)) list HD 164492A as a
potential single-lined spectroscopic binary.

HD 164492C: Hubrig et al. (2014) showed that at least
two components are visible in the HARPS spectra of this
magnetic star. Further analysis confirmed the presence of
three components in the spectra (Gonzélez et al., submit-
ted). Note that according to the WDS Catalogue, compo-
nent HD 164492D is at a distance of between 2”3 and 2”9.

HD 164536: The WDS Catalogue lists a companion at
distances between 175 and 177 with a visual magnitude of
12.4.

HD 164816: This system was resolved by Sana et al.
(2014) both with PIONIER and SAM in 2012. PIONIER
found the companion at a distance of 57 mas with a magni-
tude difference of 3.5 in the H band. Sota et al. (2014)) list
HD 164816 as a double-lined spectroscopic binary.

HD 165052: Morrison & Conti (I978) published the first
orbit for this spectroscopic binary with a period of 6.14d,
which was later revised by Stickland et al. (1997) as 2.96 d.

HD 168625: The WDS Catalogue lists one companion
at a distance of 1”1 with a visual magnitude of 12.6.

In total, 16 out of the 71 objects in our sample have
known companions at a distance below 1”. Among these
multiple systems, a magnetic field at high confidence level
was found only in the star HD 164492C.

5.3. X-ray properties

Although strong and hard X-ray emission is often used as
an indirect indicator of the presence of a magnetic field in
massive stars (Ignace et al.2013; Nazé et al. 2014} ud-Doula
& Nazé[2010), previous studies have demonstrated that this
condition is not a necessary indicator of stellar magnetism,
and that magnetic stars can be insignificant X-ray sources
(Oskinova et al. 2011; Nazé et al. [2014). Using the FORS 2
observations, we intended to check whether strong X-ray
emission always results from a magnetic field and thus may
be a good magnetic field indicator.

For this purpose, we extensively searched X-ray archives
and selected early B-type stars with unusual X-ray
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Table 3. Objects in our FORS 2 sample with available X-ray observations.

Object Spectral Lx Adopted  References Comments
Type distance
[10%! ergs™!] [kpc]
BD —12 4982 BOII 1 1.5 1
HD 110432 B2pe 40 0.37 2,3 v Cas-analog
HD 120324 B2 Vnpe 0.06 0.115 4
HD 120991 B21Ine 30 0.83 4.5 ~ Cas-analog ?
HD 164816 09.5V+BOV 3 6 6 X-ray pulsations
HD 165052 O7Vz+0O7.5Vz 300 1.2 7 colliding wind binary
HD 166033 B1V 800 1.5 4,8
HD 315032 B2Vne 10 1.2 9
HD 345439 B1/B2V < 0.05 1.5 10 o Ori E-analog
CPD-59° 2624 095V 1.9 2.3 11
HD 37020 B0.5V 25 0.45 12
HD 46056 o8V 32.5 1.4 13
HD 46106 09.7111 0.9 1.4 13
HD 46149 08.5V((f)) 1.1 1.4 13
HD 46150 05 V((£)) 22 1.4 13
HD 46202 09 V((f)) 1.3 1.4 13
HD 46223 04 V((£)) 24 1.4 13
HD 46328 BO.71V 3 0.42 14 X-ray pulsations
HD 60848 08:V: 0.13 0.5 15
HD 93027 0951V 1.3 2.3 11
HD 93521 09Vp 1.1 1.2 16
HD 101008 B11I/III 3 2.3 17
HD 117357 09.5/B0V 20 7 18
HD 125823 B71llpv 0.005 0.14 19
HD 152246 091V 14 1.6 20 triple

Notes.
photometry, or taken from the literature.

Distances and the interstellar absorption column density — used to derive Lx — are estimated on the basis of UBV

References: (1) De Becker et al. (2005); (2) Motch et al. (2015); (3) Torrején et al. (2012]); (4) Oskinova et al. (in preparation);
(5) Frémat et al. (2002); (6) Trepl et al. (2012)); (7) Pittard & Parkin (2010); (8) Dahm et al. (2012); (9) Damiani et al. (2004);
(10) Eikenberry et al. (2014); (11) Nazé et al. (2011)); (12) Stelzer et al. (2005)); (13) Wang et al. (2008)); (14) Oskinova et al. (2014));
(15) Rauw et al. (2013); (16) Rauw et al. (2012)); (17) Nazé et al. (2013); (18) Beer (1961)); (19) Nazé et al. (2014]); (20) Nasseri et

al. (2014).

characteristics: HD 166033, HD 110432, HD 120991, and
HD 120324 (see Table[]). A detailed discussion of the X-ray
properties of these stars will be presented in a forthcom-
ing publication (Oskinova et al., in preparation). We also
obtained X-ray observations of the known magnetic B-type
star HD 345439 with the XMM-Newton telescope. Below,
we briefly discuss the results of our search for a correlation
between X-rays and magnetic properties for the objects de-
scribed in this study.

HD 166033 is thought to be the main ionizing source of
the nebula around IC 1274 (Dahm et al. 2012). The high
X-ray luminosity of this B1V star is outstanding (however,
one has to keep in mind the possible uncertainty on the dis-
tance). E.g. the X-ray luminosity of the well known mag-
netic stars 7 Sco (B0.2V) and ¢! CMa (B0.7IV) are two or-
ders of magnitude lower (Oskinova et al. 20111 2014). Yet,
no magnetic field was detected in HD 166033.

Among our targets there is also HD 110432, which is
a hard and bright X-ray source. This Be star is rotating
near critical velocity, and is classified as a v Cas-analog (e.g.
Motch et al. 2015, and references therein). It was suggested
that a magnetic field may be responsible for the unusual
X-ray properties of these enigmatic objects (Smith et al.
[2016). However, our measurements do not confirm the pres-
ence of a strong magnetic field in this object. Here, we re-
port that its spectroscopic twin, HD 120991, has similar X-
ray properties, and propose HD 120991 as a -y Cas-analog.
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Similarly, the X-ray luminosity of another of our targets,
HD 315032, is comparable to that of the v Cas-analogs, and
its low signal-to-noise X-ray spectrum indicates that this
star too is a hard X-ray source. Further studies are needed
to confirm it as a yCas-analog. No strong magnetic field
was detected in these objects either.

The X-ray properties of the v Cas-analogs are in sharp
contrast with those of HD 120324, another fast rotating Be
star. Its X-ray luminosity is low and the spectrum is quite
soft. Our study allows us to rule out a strong stellar mag-
netic field as a reason for this discrepancy.

The fast rotating star HD 345439 is an analog of o Ori E,
but its X-ray luminosity is about two orders of magnitude
lower. It is comparable to that of the magnetic B stars
V1046 Ori, ¢ Cas, V2052 Ori, and LP Ori. It was shown in
the past that magnetic early-type stars can be insignificant
X-ray sources (e.g., Oskinova et al. 2011} Ignace et al.2013).
We should note that ¢ Ori E almost certainly has a low mass
active companion (e.g., Sanz-Forcada et al. 2004 Bouy et
al. 2009).

BD —124982 is a likely member of the NGC 6604 clus-
ter and one of its brightest X-ray sources. To estimate its
X-ray luminosity, we adopted the cluster distance and red-
dening from Kharchenko et al. (2009). It appears that this
object has unremarkable X-ray properties. A magnetic field
in BD —124982 was measured in the whole spectrum, at the
4.70 and 5.20 levels.



M. Schéller et al.: B fields in OB stars (BOB):

The X-ray emission from HD 164816 was studied in de-
tail by Trepl et al. (2012), who detected X-ray pulsations
with a period of 9.78s in this object. The faint close com-
panion to HD 164816 found by Sana et al. (2014]) could be
an active pre-main sequence star responsible for the X-ray
emission (see also Sect.[5.2)). No magnetic field was detected
in this source.

HD 165052 is another massive binary. Presumably, the
bulk of its X-ray emission is produced in the colliding winds
of the two O stars (Pittard & Parkin [2010). Also in this
source we did not detect a magnetic field.

An overview about the known X-ray properties of the
71 objects in our survey is given in Table Bl In Columns 1
and 2, we list the object name and the spectral type, fol-
lowed by the X-ray luminosity in Col. 3, and the adopted
distance in Col. 4. Col. 5 gives the corresponding reference
and the last column comments on the object. The upper
part of the table lists objects studied in this article, the
lower part objects reported in Fossati et al. (2015). No de-
tails on X-rays are reported for the sources not listed in
Table [Bl However, even this limited study confirms previ-
ous reports that while some magnetic stars are strong X-ray
sources, others are not. Moreover, strong and hard X-rays
from presumably single massive stars are not necessarily
associated with the presence of stellar magnetic fields, and
hence cannot serve as their indirect indicators (e.g. Petit et

al. 2013).

6. Discussion and conclusion

The “B fields in OB stars” collaboration aims at charac-
terizing the incidence of magnetic fields in slowly rotating
massive stars. As part of this study, we employed the low-
resolution FORS 2 spectropolarimeter to observe a total of
71 OB stars, focussing on the fainter, less studied, objects
and the faster rotators in our sample. From the 32 observa-
tions of 28 OB stars reported in this article, we were able to
monitor the magnetic fields in CPD —57° 3509 (Przybilla et
al.[2016) and HD 164492C (Hubrig et al. 2014), confirm the
magnetic field in HD 54879 (Castro et al. 2015), and detect
a magnetic field in CPD —62° 2124 (Castro et al., submit-
ted). While the standard analysis of HD 345439 did not
reveal a magnetic field, the individual subexposures indi-
cate that HD 345439 may host a strong magnetic field that
rapidly varies over 88 min (Hubrig et al. 20T5). A magnetic
field in BD —124982 was measured in the whole spectrum,
at 4.70 and 5.20 levels by the two groups, while the mea-
surements using the hydrogen lines showed only significance
levels below 3o.

Since the BOB Collaboration decided to consider a
magnetic field to be detected with FORS2 in a sin-
gle observation only above the 50 level, and excluding
the two previously known magnetic stars HD 46328 and
HD 125823, we have detected with FORS 2 magnetic fields
in four stars in our sample of 69 OB stars: CPD —57° 3509,
HD 164492C, HD 54879, and CPD —62° 2124. This leads to
a magnetic field detection rate of 6 + 3%, which is com-
patible with the detection rate of 7% reported by Wade et
al. . Please note however that CPD —57°3509 and
CPD —62° 2124 are both He-strong stars and thus strongly
magnetic (e.g. Smith [1996). Also the magnetic star in the
system HD 164492C is very likely He-strong (Gonzdlez et
al., submitted). For the 20 objects pre-selected on the basis
of their low v sin i, we obtain a magnetic field detection
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rate of 5 4+ 5%. An in-depth discussion on the incidence of
magnetic fields in all stars observed in our sample with both
FORS 2 and HARPSpol will be presented in a forthcoming

paper.

We again compared the results of the independent re-
duction and analysis carried out by two teams using dif-
ferent and independent tools and pipelines and could show
that the results agree with expected statistical distribu-
tions. This gives us high confidence of the accuracy of our
longitudinal magnetic field measurements.

The results presented in this article underline the cen-
tral role of FORS 2 observations for stellar magnetism stud-
ies in stars of different spectral classification at almost all
stages of stellar evolution, especially for fainter targets.
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