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 HgMn stars main properties	


–  Main sequence stars (late B-type) chemically peculiar stars (CP)	

–  Supposed to be rather quiet stars: 	


•  Very slow rotation	

•  Sharp lines	

•  No superficial convection zone	

•  No detection of magnetic field (very weak field?)	

•  Not classified among variable stars	

•  More often binaries than “normal” stars.	


–  Abundance stratifications due to atomic diffusion	
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Stratifications of elements in atmospheres	
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Compilation of Fe 
stratifications 
determined from the 
spectra of six CP stars 
(compilation by 
Ryabchikova 2008)	


HgMn	
 (Levels of overabundances are 
possibly overestimated. 	

Stift et al 2010)	




Bi-dimensional stratification of Fe (calculated, equilibrium) in 
magnetic Ap stars. Dipolar field. (Alecian & Stift 2010)	


4	


Magnetic pole, 20 000 G	
 Equator 10 000 G	

9080706050403020100

Degrees

90

80

70

60

50

40

30

La
ye
r#

 9 

 8.8 
 8.6 

 8.6 

 8.4 

 8.4 

 8.4 

 8.2 

 8.2 

 8.2 

 8.2 

 8 

 8 

 7.8 
 7.6 

 7.4 

Fe [ 7.50]

-3.35	


log τ	


-1.54	


  0 	




5	


A CoRoT signal !	


Lightcurve from the “exofield”	
 Amplitude ≈ 1.6 mmag	


(Alecian, Gebran, Auvergne, Richard, Samadi, Weiss, Baglin, A&A 2009)	
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Frequencies from the CoRoT lightcurve	


USNO-A2: 0825-03036752	

Teff ≈ 13500K, log g≈4	

(HgMn)	


Rotational modulation 
cannot be excluded !	




New results for HD 45975 (HgMn)	
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See the poster:	


A search for pulsations in HgMn 
stars with CoRoT observations of 
HD 45975	

(Morel et al. 2013)	


f = 0.7572 c/d	

(1.321 d)	


Teff ≈ 12500K	




Not all the HgMn stars!	
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The case of HD 175640	

bright B9-V type star with 6.21 apparent magnitude. It 
was well identified as belonging to the HgMn group and 
studied in detail through high resolution UVES-VLT 
spectra by Castelli &  Hubrig (2004).	


It was observed by CoRoT astero channel during 
SRc02 (2008). No significant signal above the noise 
level (Ghazaryan et al 2013, submitted)	




Pulsations ?	
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Model of Turcotte & Richard 2003:	

Oscillations could be driven by κ-mechanism, as for SPB stars.	

But, it is not clear whether HgMn stars are really inside the SPB instability strip, 
because of abundance stratifications deep inside the star (which change with the age 
due to atomic diffusion). This numerical model has to be improved.	


Other theoretical models are 
carried out for homogeneous 
Z ! (Miglio et al. 2007)	

	
Fig. from Morel et al. 2013 (poster)	


≈ 250 My	




Spots ?	
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YII	
 Hg II	
Pt II	
Zr II	


Sr II	
 He I	
 Nd III	
 Fe II	


Hubrig et al. 2006 (eclipsing binary AR Aur, primary:HgMn)	




Another case of a HgMn star with spots	
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HD 11753 :  Briquet et al. 2010	

A&A 511, A71 (2010)

Fig. 5. As in Fig. 4, but now using the Y  line 4900.1200 Å.

Fig. 6. As in Fig. 4, but now using the Sr  line 4215.5190 Å.

in set2. Additionally, the abundance of the high abundance spot
at phases 0.6−1.0 increases.

The Sr maps based on the modelling of the Sr 
4215.5190 Å line reveal similarities in the distribution of over-
abundant and underabundant features, though the similarity is
more pronounced in the Sr and Y maps. In Fig. 6 the equato-
rial and polar belt-like Sr structures resemble rather well those
of Y. The time evolution of the chemical spots is also seen in
the Sr maps, with the lower abundance high latitude feature at
phases 0.1−0.5 becoming more extended in set2, and the high
abundance feature of the phases 0.8−1.0 moving towards the
equator and phases 0.5. The average abundance of the Sr maps
is −6.89, which exceeds the solar abundance of −9.07.

One has to keep in mind though that set2 has a gap at the
phases 0.187−0.391. This phase gap can affect the achieved res-
olution on the surface at these phases, and can especially hamper
the exact determination of the latitudes. Still, the changes be-
tween the two sets are seen from the maps at other phases, and
also from the line profiles themselves as shown in Appendix C.

4. Discussion

All Ti, Sr, and Y abundance maps reveal a structure reminiscent
of broken rings of low and high abundance. This elemental dis-
tribution is to some extent similar to the maps previously recon-
structed for another HgMn star, AR Aur (Savanov et al. 2009),
where the elements Mn, Y, Sr, and Hg show abundance con-
centration in equatorial and polar features. Typically, inhomoge-
neous chemical abundance distributions are observed only on the
surface of magnetic chemically peculiar stars with large-scale
organised magnetic fields. In these stars, the abundance distri-
bution of certain elements is non-uniform and non-symmetric
with respect to the rotation axis. A magnetic field of the or-
der of a few hundred Gauss was detected in hydrogen lines of
four HgMn stars by Hubrig et al. (2006b) using low-resolution
(R = 2000) circular polarisation spectra obtained with FORS 1
at the VLT. This small sample of HgMn stars also included the
spectrum variable HgMn star α And with a magnetic field of
the order of a few hundred Gauss. On the other hand, high-
resolution spectropolarimetric spectra of some HgMn stars, in-
cluding α And, were used in studies of Shorlin et al. (2002) and
Wade et al. (2006), where no detection was achieved using all
metal lines together in the least-squares deconvolution multi-
line profile. Although strong large-scale magnetic fields have not
generally been found in HgMn stars, it has never been ruled out
that these stars might have tangled magnetic fields of the order of
a few thousand Gauss with no net longitudinal component (e.g.,
Mathys & Hubrig 1995; Hubrig et al. 1999; Hubrig & Castelli
2001). It is of interest that magnetohydrodynamical simulations
by Arlt et al. (2003), which combine a poloidal magnetic field
and differential rotation can produce a magnetic field topology
that is similar to the broken elemental ring structures seen in
HD 11753 and AR Aur. These simulations and their implication
have been recently discussed by Hubrig et al. (2008).

The abundance maps of HD 11753 presented in this work
exhibit clear differences between the surface abundance distri-
bution of Ti, Sr, and Y. We also detected clear differences in the
spot configurations obtained from the same lines but for different
data sets, which indicates a rather fast dynamical evolution of the
abundance distribution with time. Kochukhov et al. (2007) dis-
covered mercury clouds in the atmosphere of a HgMn star αAnd
that showed secular changes with a time period of 2−4 years.
In our analysis, using two datasets separated by ∼65 days, we
reveal that the changes in the chemical spot configuration of
HD 11753 appear much faster and can already be detected at a
time scale of months.

The results reported in this paper open up new perspectives
for our knowledge and understanding of HgMn stars. Different
dynamical processes take place in stellar radiation zones. An in-
teraction between the differential rotation, the magnetic field,
and the meridional circulation could possibly play a role in the
generation of dynamical evolution of chemical spots. From the
comparison of maps we find that it is possible that the Y and
Sr distributions show indications of an increasing rotation rate
towards the rotation pole, so-called differential rotation of anti-
solar type. On the other hand, further analyses of the elemental
surface distribution in a larger sample of HgMn stars should be
carried out before the implication of these new results can be
discussed in more detail.

Acknowledgements. We thank our colleagues from the Institute of Astronomy
of Leuven University, who contributed to the gathering of these data.
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M. Briquet et al.: Dynamical evolution of titanium, strontium, and yttrium spots on the surface of the HgMn star HD 11753

Fig. 2. Spots on the surface of HD 11753: time-series spectra phased on
the stellar rotation period of 9.54 days.

Fig. 3. Left: inhomogeneous distribution of Hg  on the surface of
HD 53244 apparent in the time-series spectra around Hg  λ3984
phased on the rotation period of 6.16 days. Right: inhomogeneous dis-
tribution of Y  on the surface of HD 221507 apparent in time-series
spectra around the spectral line of Y  λ4310 phased on the rotation
period of 1.93 days.

(set2) consist of 76 and 28 observations, respectively, evenly
spread over the stellar rotation cycle. Using two separate sur-
face abundance maps based on observations of two data sets
that are on average 65 days apart allowed us to obtain impor-
tant information on the temporal evolution of elemental surface
inhomogeneities. The Doppler imaging technique takes advan-
tage of the partial resolution of the stellar surface provided by
the rotational Doppler effect, inverting a line profile time series
into a 2D map of the stellar surface. The inversion of time se-
ries of spectroscopic observations is based on regularised image-
reconstruction procedures implemented in the Doppler imaging
code INVERS7PD written by Piskunov (see, e.g., Piskunov et al.
1990) and modified by Hackman (2001).

The observations were compared to a grid of local line
profiles calculated with the SPECTRUM spectral synthesis
code (Gray & Corbally 1994) and Kurucz model atmospheres
(Kurucz 1993). The local line profiles were calculated for
10 limb angles, and the stellar parameters were fixed to the val-
ues given in Table 1. For inclination, v sin i, and microturbulence
inversion using several different values was carried out to de-
termine the value that best fitted the observations. As best val-
ues for Ti and Y surface distribution reconstruction we obtained
v sin i = 13.5 km s−1, i = 53◦, and ξ = 0.5 km s−1. On the other
hand, the best fit for the reconstruction of the Sr distribution
was achieved for v sin i = 12.3 km s−1. The discrepancies in the
v sin i values are very likely related to the Sr vertical abundance

Fig. 4. Ti abundance map of HD 11753 obtained from Ti  line
4417.7136 Å for set1 and set2. The colour indicates the abundance with
respect to the total number density of atoms and ions.

stratification, which is frequently observed in chemically pecu-
liar stars (e.g. Kochukhov et al. 2006). For each studied element
a grid of abundances spanning from −4.0 to −9.5 was calcu-
lated, using a step of 0.5 in abundance. These abundances are in
the scale used by SPECTRUM and are thus expressed with re-
spect to the total number density of atoms and ions, and not with
respect to hydrogen, with the log of the abundance of hydrogen
set equal to 12.0.

The Ti  line chosen for the inversions is 4417.7136 Å,
which has an excitation potential of 1.237 eV. Chemical maps
were separately recovered for both datasets (set1 and set2).
As can be seen in Fig. 4, the Ti abundance does not exhibit a
distinct ring structure around the stellar equator as was found
for the Hg distribution in the HgMn star αAnd (Adelman et al.
2002). The maps in general show a surface abundance that is
higher than the solar abundance of Ti, −7.02, and have an aver-
age abundance of−6.47. Two main structures are well noticeable
on the surface: a high abundance spot at high latitudes (40◦−75◦)
spanning the phases 0.75−1.00, with an extension towards and
beyond the phase 0.5 forming a half ring, and a lower abundance
spot in the polar regions at the phases 0.1−0.5. Also, some dis-
crete spots of lower and higher abundance appear in the equa-
torial region. The Ti lower abundance spot at phases 0.1−0.5 is
less prominent in set2 than in set1. Also the spot configuration
of the high abundance high latitude half ring of Ti at the lati-
tudes 40◦−75◦ changes between the two sets.

The maps obtained from the Y  line 4900.1200 Å with an
excitation potential of 1.033 eV is presented in Fig. 5. The maps
show a high abundance region at phases 0.5−1.0 extending from
the latitude 45◦ to the pole, with an extension to the equator
around phase 0.8. The Y abundance distribution shows a high
latitude lower abundance spot around phases 0.2−0.4, similarly
to the Ti abundance maps. Some lower and higher abundance
spots are also seen at the equatorial region. The average abun-
dance of the Y maps is −7.01, which is significantly higher
than the solar abundance of −9.80. We note that all the fea-
tures revealed in the maps show abundances that are higher than
the solar abundance of Y. Similar to the Ti maps, we observed
in the Y maps that the lower abundance high latitude feature
at phases 0.2−0.4 becomes more extended and less prominent
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Ti [¤ N(Ti)/Ntot= -7.02]	
 Y [¤ N(Y)/Ntot= -9.8]	




HD 45975 (Morel et al. 2013, the poster)	
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UVES spectra	

No variation 
inside these lines	




Spots seem to exist, but…	
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Spots exist in upper layers of some stars HgMn, but :	

•  No spots detected on HD 45975 (Morel et al. 2013), 

so spots are not a general property of HgMn stars.	


•  Such spots of Y or Hg like-elements can they explain 
the photometric variations observed in the star 
discussed by Alecian et al. 2009, and in HD 45975 
(even if  there were spots)? : 	


Ø  different phases from line to line, 	


Ø  amplitude problem.	




Diffusion velocity, with and without B	
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HgMn star with weak, unorganized B ?	
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Usual diffusion model for 
HgMn stars assumes no B at all.	


However, this is not necessary !	


What if one assumes a weak B, 
perhaps less organized than in 
magnetic Ap stars ?	


Elements with high diffusion velocity: they 
could accumulate slightly, but generally 
they escape.	




B >> 100 G	


With magnetic fields	
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High spots of elements 
having high diffusion 
velocity	


No change deeper !	


B < 100 G	


Y, Hg, Pt, …	




Conclusions	
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•  Photometric variations, P ≈ 1 to 5 days in some HgMn stars.	


•  Pulsations (SPB type) or spots (rotational modulation)?	


•  Smooth stratifications of abundant metals (iron peak) can coexist 
with high and spotty clouds of heavy elements. But, are such spots 
able to produce the observed  photometric variations ?	


ü  my feeling: rather no è pulsations	


•  Atomic diffusion in weak B, with clouds formation :	

ü  explains small variations in the centre of some spectral lines,	


ü  high altitude clouds could be unveiled by propagating waves 
(Mkrtichian et al. 2008).	




Diffusion timescale in atmospheres	
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