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Abstract. The relationship between age, rotation, and magnetic activity can be used to
roughly estimate the ages of solar-type stars. At lower stellar masses, the relationship be-
tween activity and age changes due to the less efficient angular momentum loss, and may
disappear entirely for ultracool (late-M and L) dwarfs. The detection of flares (as a tracer
of magnetic activity) can be combined with kinematic tracers of age to explore the rela-
tionship between age and activity for ultracool dwarfs. The final data release of Gaia will
provide time-resolved photometry of Gaia targets in the G filter, but the effect of flares in
the G-band is not well understood. I use a simple flare model to estimate the conversion of
flare magnitudes for M3–L5 dwarfs in the Johnson V-, SDSS r-, and Kepler- bands to the
Gaia G-band. By applying those conversions to previously observed flare rates, I estimate
that M0-M6 dwarfs will have a flare rate in Gaia of R f ,Gaia & 8.73 × 10−4 hr−1 deg−2, corre-
sponding to a total of &20,000 flares in the whole survey. If ultracool dwarfs have the same
flare rate, I would expect a total of &20 flares on M7-L5 dwarfs.
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1. Introduction

“Activity” is a blanket term that describes any
interaction of surface magnetic fields with the
material at and above the photosphere of a star
or brown dwarf. Tracers of activity are either
quasi-static/quiescent (e.g., Hα or Ca II H&K,
which trace heated regions likely associated
with starspots) or are part of flares (dramatic
events that result in emission across the elec-
tromagnetic spectrum). As stars age, they dis-
sipate angular momentum and their rotation
gradually slows. Fast rotators have stronger
magnetic fields than slow rotators, so overall
magnetic field strength declines with age. As
the magnetic field abates, activity indicators
weaken or disappear because the surface mag-
netic field interacts less with the stellar surface.

This overall relationship between age and
activity changes with stellar mass. The Ca II
H&K index of solar-type stars declines with
age, allowing rough age-dating of younger
FGK stars (e.g., Mamajek & Hillenbrand,
2008). Early- to mid- M dwarfs (spectral
types M0–M7) are characterized by activity
lifetimes—Hα is in emission for 1–8 Gyrs (1–
2 Gyr for M0–M2 dwarfs, increasing to 8 Gyr
for M7 dwarfs), then the star becomes inac-
tive (West et al., 2008). The relationship be-
tween activity and age for ultracool dwarfs
is unclear; observations of Hα emission com-
pared to Galactic height indicate that late-M
and L dwarfs may follow a similar activity life-
time relationship to the earlier-M dwarfs, but
with longer active lifetimes (Schmidt, 2012).
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Observations of rotation in ultracool dwarfs in-
dicate a breakdown of the age/rotation relation-
ship for L dwarfs (Reiners & Basri, 2008). It is
possible that the angular momentum loss of L
dwarfs is so slow that even at 10 Gyr, they still
have strong magnetic fields.

The presence and strength of flares may
prove to be a good age indicator for M and L
dwarfs. Based on data from the Sloan Digital
Sky Survey (SDSS; York et al., 2000), both
Kowalski et al. (2009) and Hilton et al. (2010)
found that M0-M6 dwarfs that flare are pref-
erentially found at lower Galactic heights than
stars with Hα emission, implying a “flare life-
time” for M0-M6 dwarfs that is shorter than the
activity lifetime. Ultracool dwarfs could follow
a similar pattern, with flare lifetimes of a few
Gyrs. Recently, an M8 and an L1 dwarf have
both been observed during dramatic flares, and
neither shows any significant signs of youth
(Schmidt et al., 2014; Gizis et al., 2013).

The Gaia mission presents an ideal oppor-
tunity to investigate the relationship between
flare activity and age. While repeat observa-
tions are intended primarily to derive an astro-
metric solution, they can also be used to iden-
tify and classify flare stars. Those flare detec-
tions can be combined with kinematics to un-
derstand the relationship between flare activity
and age. In the rest of the proceedings, I es-
timate the flare magnitudes that could be ob-
served by Gaia (Section 2) and a rough flare
rate for Gaia (Section 3).

2. Estimating flare magnitudes in the
Gaia filter

Flares are characterized by high temperatures,
so they are best observed with relatively blue
filters (e.g., the SDSS u- or g-band) where the
hot, blue flare emission is much stronger than
then the cool, red surface of the star. The Gaia
G filter is not an ideal flare filter; it is both
very broad, encompassing 3200–10000 Å, and
relatively red, with a peak wavelength of ∼
6000 Å. To estimate the effect of flares on
the G-band, I adapted the Davenport et al.
(2012) technique. I assembled spectroscopic
templates of M3–L5 dwarfs, then generated a
suite of flares using a T = 10000 K blackbody

Table 1. Details for Each Spectral Type

ST Infrared Spectrum ∆G = 1
Object Ref ∆V ∆r ∆Kep

M3 NLTT 57259 1 1.6 1.2 0.36
M4 LP 508-14 2 1.7 1.3 0.34
M5 Gl 866AB 3 1.9 1.4 0.33
M6 Wolf 359 3 2.2 1.6 0.31
M7 VB 8 3 2.6 1.9 0.31
M8 VB 10 2 3.2 2.5 0.33
M9 LHS 2924 4 3.3 2.5 0.35
L0 2M0345+25 4 3.8 2.4 0.37
L1 2M1439+19 2 3.9 2.4 0.36
L2 Kelu-I 5 3.9 2.3 0.35
L3 2M1146+22 6 4.1 2.3 0.36
L4 2M1104+19 2 3.9 2.3 0.40
L5 2M1239+55 6 4.5 2.5 0.42

References: (1) Kirkpatrick et al. (2010); (2)
Burgasser et al. (2004); (3) Burgasser et al. (2008);
(4) Burgasser & McElwain (2006); (5) Burgasser
et al. (2007); (6) Burgasser et al. (2010)

(Kowalski et al., 2013) scaled to different phys-
ical extents.

For wavelengths bluer than λ < 9200 Å,
I used the M dwarf template spectra from
Bochanski et al. (2007) and the L dwarf tem-
plate spectra from Schmidt et al. (2014b, sub-
mitted to PASP). The templates do not extend
all the way to 3200 Å; I set the flux to zero be-
tween the end of the template (λ < 3800 Å for
M3–M9 and λ < 5200 Å for L0–L5) and
3200 Å. This should not have a strong effect
on the G-band flux, but prevents us from cal-
culating comparisons between blue filters (e.g.,
SDSS u and g) with the G-band. To extend the
templates to redder wavelengths, I combined
each template with infrared spectra of indi-
vidual objects from the SpeX PRISM archives
(listed in Table 1).

Flare emission can be modeled by a combi-
nation of Balmer emission and a thermal spec-
trum (e.g., Kowalski et al., 2013). Because the
majority of Balmer emission occurs at wave-
lengths bluer than ∼ 4000 Å(where the G-band
response is low), I adopt a simplified model
of a flare as a single T = 10000 K black-
body spectrum. To produce different flare mag-
nitudes, I scaled the surface coverage of the
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Fig. 1. The change in magnitude in the G (∆G) due
to a flare (modeled by a T = 10000 K blackbody) as
a function of the change in magnitude in Johnson V ,
SDSS r, and the Kepler filters.

blackbody emission to produce a range of ob-
servable flares when contrasted with the quies-
cent spectrum. The flare response for Johnson
V , SDSS r, and the Kepler band are given for
∆G = 1 in Table 1 and shown for a range of
∆G and spectral type in Figure 1.

3. How many UCD flares will Gaia
observe?

The flare rate of ultracool dwarfs has not been
thoroughly measured, but a simple estimate
can be obtained by scaling the flare rate of

M0-M6 dwarfs. Kowalski et al. (2009) calcu-
lated a flare rate for M0-M6 dwarfs in repeat
observations of Stripe82 from SDSS, finding
that flares larger than ∆u > 0.7 on M0-M6
dwarfs brighter than u < 22 have a rate of
R f ,S 82 = 1.2 hr−1 deg−2. A first estimate of the
flare rate in Gaia can be obtained by scaling
this estimate as follows:

R f ,Gaia =

(
dmax,Gaia

dmax,S 82

)3

× f f ,S 82 × R f ,S 82, (1)

where the rate of flares in Gaia, R f ,Gaia,
is based on the ratio of the volumes observed
within the distance limits of each survey (based
on the maximum observed distances of Gaia,
dmax,Gaia, and Stripe82, dmax,S tripe82) and f f ,S 82,
the fraction of Stripe82 flares that would be ob-
servable in the Gaia G-band.

Using the West et al. (2011) catalog of M
dwarfs, I estimate a constant u − r ∼ 3.7 over
M0–M6 spectral types, and spectrophotome-
try indicates a roughly constant G − r ∼ 4.5.
The limit of u < 22 roughly corresponds to
Glim,S 82 < 23. To scale the flare rate to Gaia,
I apply the effect of the limiting magnitude
(Glim,Gaia < 20) on the volume observed:
(

dmax,Gaia

dmax,S 82

)3

= 100.6×(Glim,Gaia−Glim,S 82) = 0.0158. (2)

We next scale by the fraction of Stripe82
flares that will be visible in G-band. To scale
from ∆u to ∆G, I first used the Davenport et al.
(2012) relation between ∆u and ∆r for M6
dwarfs, then the relationship between ∆r and
∆G for M6 shown in Figure 1. A ∆u = 0.7 flare
would be equivalent to a ∆G = 0.002 flare,
which is too small to be detected in individ-
ual exposures. A ∆u = 5 flare, however, would
correspond to a ∆G = 0.04 flare, likely to be
above the detection threshold for a single visit.
Of the 217 flares detected in Stripe82, only one
was ∆u > 5, resulting in f f ,S 82 = 1

217 .
The scaled flare rate in Gaia is then

R f ,Gaia = 8.73 × 10−4 hr−1 deg−2, significantly
lower than the Stripe82 flare rate due both to
the smaller number of M0-M6 dwarfs observed
per square degree and to the decreased flare
sensitivity of the G-band compared to the u-
band. This flare rate can be used to estimate
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the total number of M dwarf flares observed in
Gaia as follows:

N f ,Gaia = # exp × ET × Area × R f lare,Gaia, (3)

where the # exp is the average number of
visits (70) and the total exposure time per ob-
servation is ET = 79 s (2 telescopes each with
9 ccds with individual ET = 4.4 s). Gaia cov-
ers the whole sky (Area = 41253 deg−2), re-
sulting in ∼20,000 flares on M0-M6 dwarfs.

There are no strong constraints on the flare
rate of ultracool dwarfs; if they flare at the
same rate as M dwarfs then the flare rate of
ultracool dwarfs can be scaled by the ratio of
M0–M6 dwarfs to M7–L3 dwarfs expected in
Gaia. According to simulations (Robin et al.,
2012; Sarro et al., 2013), there should be
∼1000 times as many M0–M6 dwarfs as M7–
L5 dwarfs, resulting in an ultracool dwarf flare
rate of 8.73 × 10−7 hr−1 deg−2, corresponding
to a total of ∼20 flares.

These numbers are likely to be only lower
limits on Gaia flare observations. Stripe82
covers an area around the southern Galactic
pole, and its deeper magnitude limit observed
M dwarfs to greater distances (and thus,
larger Galactic heights) than Gaia will sam-
ple. Because the Gaia M dwarfs will be closer
to the Sun, they will have smaller Galactic
heights, they will be younger on average, re-
sulting in an increase in observed flares.

4. Summary

The Gaia G-band is not ideal for observations
of flares, but due to the large number of stars
observed an all-sky coverage, the survey is
likely to observe at least ∼20,000 flares on M0-
M6 dwarfs and ∼20 flares on M7-L5 dwarfs.
These flares can be combined with other indi-
cators of age (e.g., kinematics) to examine the
age/activity relationship of cool and ultracool
dwarfs.
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