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Introduction
V889 Her is a magnetically active young solar analogue with many published surface temper-
ature (Doppler) maps (Willamo et al. 2019). According to some studies, it is one of the most
differentially rotating known stars (Marsden et al. 2006, Jeffers & Donati 2008), while other
studies have found no evidence of differential rotation (Huber et al. 2009). Commonly, such
rapidly rotating stars are not believed to have strong differential rotation.

Here we study one particularly high quality set of circularly polarized spectra of V889 Her
from May 2011. It is evident that the Stokes line profiles at similar rotational phases change
between consecutive rotations. We ask the question whether the differential rotation can
explain this, or is there required to be some abrupt evolution of the magnetic field occurring
in the time frame of a few days.

Prot Pcyc Age Spectral class v sin i Inclination V-magnitude
∼1.3 d ∼10 yr 30-50 Myr G2 V 38.5 km/s 70◦ ∼7.5

Table 1: Stellar parameters for V889 Her.

Data
We use data from the ESO archives with the programme ID 087.D-0771(A). This set was
observed with the HARPSpol high-resolution spectropolarimeter at La Silla, Chile during May
15-20 2011 (nights 1-6). It contains 35 individual spectra with S/N ≈ 20 000 - 40 000 (for
the Stokes V LSD profiles), distributed evenly over the rotational phases of the star. This
is an exceptionally good phase coverage, and allows us to divide the observations into two
independent subsets with three consecutive nights each. This way we can map the magnetic
field for the time intervals May 15-17 (nights 1-3, contains 19 spectra) and May 18-20 (nights
4-6, contains 16 spectra), and study whether some evolution has occurred in between.

We determine the rotational period (for the models with no differential rotation) Prot =
1.3300 ± 0.0031 d from V-band photometry from the T3 0.4m Automatic Photoelectric Tele-
scope at Fairborn Observatory, Arizona, using only the 28 data points from May 2011. Fig.
1 (left) shows the LSD V profiles of two very closeby rotational phases (φ). It is clear that
there is evolution happening between them, which has to be either due to differential rotation
or rapid evolution of the magnetic field.

• For future analysis: unpublished data from the SOFIN spectropolarimeter at the NOT at
La Palma.
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Figure 1: Left: Observed and modeled LSD V profiles for two closeby rotational phases. Their
difference is evidence that a constant magnetic field with solid body rotation cannot explain
our data. Right: The deviation σ as a function of α and Prot. The cross indicates the best
fit (α = 0.075 and Prot = 1.31 d).

Zeeman-Doppler imaging
To enhance the signal of the polarimetric line profiles, we use Least-Square Deconvolution
(LSD; Kochukhov et al. 2010), which combines thousands of spectral lines to Stokes I &
V LSD profiles. We use the Zeeman-Doppler imaging (ZDI) code InversLSD (Kochukhov et
al. 2014) to map the magnetic field and brightness distribution on the surface of the star.
The surface must be assumed to stay constant (only evolving due to the possible differential
rotation) through the time span of the observations.

A solar-like differential rotation law is assumed. The strength of the differential rotation is
measured as:

α = Ωeq − Ωpol

Ωeq
, (1)

where Ωeq and Ωpol are the angular frequencies at the equator and the poles. We try models
with different combinations of α and Prot to our data. We also try to divide the data to two

subsets (nights 1-3 and 4-6), which are modeled independently, both with solid body rotation
and with differential rotation.

In Table 2 we study the deviation between the modeled and observed LSD V profiles σ for
the different models. The models which minimize σ should be preferred. Fig. 1 (right) shows
σ for different differential rotations, assuming the magnetic field to stay constant for all 6
nights.

Nights included α Prot σ × 10−5

1-6 0 1.3300 3.3560
1-3 0 1.3300 1.9456
2-5 0 1.3300 2.1631
4-6 0 1.3300 2.8015
1-6 0.075 1.31 2.5298
1-3 0.075 1.31 1.9440
2-5 0.075 1.31 2.0933
4-6 0.075 1.31 2.6936

Table 2: The deviation σ for the models with different differential rotation and subsets of the
data between which the magnetic field is allowed to evolve.

Results
The following results are apparent from our study:

• A strong differential rotation is required to explain our data. Our best value was with
α = 0.075 and Prot = 1.31 d.

• The scenarios with strong differential rotation and abrupt magnetic field evolution are
difficult to distinguish from each other with only ZDI.

• It seems likely that some abrupt magnetic field evolution has also occurred, possibly
around longitude 120.

Figure 2: ZDI maps of two subsets of our data, with differential rotation parameters α = 0.075
and Prot = 1.31 d. The upper map is for nights 1-3 and the lower for nights 4-6.

Conclusions
• The strong differential rotation contradicts most theoretical/numerical results, where

rapidly rotating stars have only weak differential rotation.
• The possible abrupt evolution of the magnetic field may cast some questions relating

to how reliable ZDI maps constructed over long time spans can be regarded, since the
surface configuration has to be assumed constant over the observations.

Future work
New ZDI maps from SOFIN data from the NOT should be compared to these results.
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