Magnetic Fields on Low
Mass Ultra Fast Rotators
using TESS and FORS2

/INTRODUCTION
Stars which are rapidly rotating are expected to show high levels of
activity according to the activity-rotation relation. However, previous
TESS studies have found groups of Ultra Fast Rotating (UFR) stars with
periods less than one day displaying low levels of flaring activity. As a
result, in this study, we are utilising VLT/FORS2 spectropolarimetric data
of 10 low mass UFR stars all with P, < 1 day, to detect the presence of a
magnetic field. We also have TESS 2-min lightcurves from cycles 1 & 3

Kallowing for the investigation of long-term variability in all of our targets/
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/2. OUR PILOT STUDY
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* Obtained spectropolarimetric observations using the VLT/FORS2
instrument during December 2020.

* Total of 5 period bins, each with one less active and one more

\ active star taken from the larger sample of Doyle et al. (2019). /
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/4. VARIATIONS BETWEEN TESS CYCLES

Sector 1

. Figure 3:

Two portions from TESS
lightcurves of the M5.5 dwarf
UCAC3 53-724 (TIC
425937691). The upper panel
shows a section from sector 1
and the lower panel a section
from sector 28, taken
approximately 2 years apart.
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* TIC 425937691: Change in the shape of the rotational modulation
caused by manifesting spots resulting in a 1034 erg flare.

* TIC 141807839: Changes in the shape of the modulation between
cycles, no change in flare activity. Could this be migrating spots?

Figure 4.
Two sections of TESS lightcurves from cycle 1 (top panel) and cycle 3 (bottom
panel) of the M4.5 dwarf AL~442 (TIC 141807839).
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/1. PREVIOUS STUDIES
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Figure 1:

Normalised number of
flares per day for each star
as a function of rotation
period. The red represent
the stars from Doyle et al.
(2018) using K2 short
cadence data, and the blue
the 149 targets from Doyle
et al. (2019) using TESS 2-
min cadence data.
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* In Doyle et al. (2019), we discovered 9 low mass UFRs (black circle in
Fig. 1) in sectors 1-3 of TESS data with low levels of flaring activity,
rotating with P, < 0.3 days.

* Ramsay et al. (2020) investigated this further on 609 low mass stars
using TESS data from sectors 1-13. The fraction of stars which show
flares appears to drop significantly at P,, < 0.2 days.

* This is consistent with Gunther et al. (2020) who find tentative

\ cycle 1 & 3, indicative of long-term variability.

evidence for a drop-in flaring activity at P,., < 0.3 days in the first two
\ months of TESS data.
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Figure 2: The FORS2 spectra of AL 442. \

/3. VLT/FORS2 RESULTS

Normal non
polarised

spectrum \

Na |l lines at 818.3
and 819.4 clearly
show the Zeeman
effect on their

Stokes V profiles.

Stokes V normalised
to |, circular

polarisation \
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* ldentified 5 stars (50% of our sample) with a detectable magnetic field.
* Of these, four were the more active stars in the period bins.
* All magnetic fields detected have a strength < 1 kG.

* We do not detect a magnetic field on our fastest rotating star
\UCAC3 53-724 which has a rotation period of 0.1 days.

W

/5. CONCLUSIONS

* We used TESS and FORS2 data to conduct a pilot study into the
magnetic fields of low mass UFR stars. 50% of our sample showed
evidence of a detectable field, out of these four were the more active
star in our period bin.

* This tells us the magnetic field configuration of these UFRs is not the
key to solving the lack of their flaring activity!

* Two targets (TIC 425937691 and TIC 141807839) show changes in the
shape of the rotational modulation and/or flare number between
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