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Introduction

• Young Stellar Objects (YSOs) display variability on a wide range of timescales. Rotational 
modulation caused by surface spots occurs when spots rotate in and out of the observer’s line of 
sight.

• The fast rotation of young stars hence results in photometric variability on the order of days. The 
amplitude of variation produced by spots depends on the nature and the characteristics of the spot.

• Cold spots are regions on the photosphere, analogous to sun spots, that are hundreds of degrees 
cooler than the stellar temperature.

• Hot spots are considered to be footprints of accretion with temperatures that are several thousand 
degrees above the stellar temperature and coverage less than a few percent of the stellar surface.

• Cold spots are expected to be present during all stages of the pre-main sequence evolution of stars, 
whereas hot spots are thought to be exclusive to accreting classical T Tauri (stage 2) stars with full 
or transition discs.

• However, recent surveys present a more diverse picture with low temperature contrast, high 
coverage regions.



HOYS data and photometry

• HOYS (Hunting Outbursting Young Stars) is a citizen science project (Froebrich et al. 2018). This uses a 
world wide network of ≈ 100 amateur, university, and professional telescopes to conduct long term 
photometric monitoring of 25 nearby (d < 1 kpc) young clusters and star forming regions in optical broad 
band filters.

• The aim of this project is to obtain photometry in all filters for all target regions with a cadence of 12 – 24 
hours over many years.

• The photometry is calibrated against reference images taken under photometric conditions in u, B, V, R C , 
and I C filters (simplicity, refer to them as U, B, V, R, and I).

• To account for colour terms in the calibration due to instrumentation (e.g. slightly non-standard filters) or 
conditions (e.g. cirrus clouds), an internal calibration is applied to all data following Evitts et al. (2020).

Ø They identify non-variable stars in each target region, and use their known magnitudes and colours to determine and 
correct for the colour terms in each image.



IC 5070 cluster membership

• The star forming region IC 5070 (Pelican Nebula) centred at 
RA = 20:51:00 and DEC = +44:22:00 and is about 1*1deg in 
size, which is part of the W 80 Hii region alongside NGC 
7000 (North American Nebula) . 

• This region was found to be at ∼ 796 ± 25 pc which 
identified 395 YSOs in six astrometric groups in the region 
based on Gaia DR2. Almost all objects were found to be less 
than 3 Myr old, with a majority younger than 1 Myr.

• Select criteria using Gaia DR3
ü sources within 0.6 degrees of the cluster centre
ü parallax>0.3 mas and SNRparallax>5 and 750 <distance<900 pc
ü G<18 mag
ü excluded source with BP − Gmag < −0.2 mag and Gmag − RP 

< 0.0 mag (white dwarfs and cataclysmic variables)
ü distance

• Finally, a total of 366 potential cluster members were 
selected and of 131 have HOYS light curves with at least 
100 photometry data points in each of the V, R, and I filters.



Sliced Light Curves

• Their aim is to analyse the properties of surface spots over time. HOYS observations in this field begin in 
2014, and the light curves were extracted from our database on October 21st, 2022. 

• They have dissected (sliced) the V, R, and I light curves into blocks of six months in length, every three 
months.

• For their analyses, in each slice, they need at least 50 data points in at least two filters to determine the 
possible period, and at least 50 data points in each filter to measure the peak-to-peak amplitudes. 

• therefore at most there are 17 slices (from 16 to 33, ∼5 yr) with sufficient data for spot fitting.



Period Identification

• They used four methods: L1Boot, L1Beta, L2Beta, and the generalised Lomb-Scargle (GLS) periodogram to 
identify period (see the detailed description in Froebrich et al. 2021).
• How to selection of the best period,

ü The four period finding algorithms (L1Boot, L1Beta, L2Beta, and GLS) were applied to the photometry in each slice 
and filter (V, R, and I), separately.

ü For L1Boot, L1Beta and L2Beta, candidate periods with a peak periodogram power above 0.15.
ü The GLS equivalent to this peak periodogram power is the False Alarm Probability (FAP) and  FAP below 0.1 as 

candidate periods.
ü removed candidate periods identified within one percent of one day and removed any candidate periods that were 

within one percent of 0.5 d and 20 d as these are near the edges of the period parameter space they investigated.
ü in at least two filters with a separation of less than 0.05 d
A histogram of all candidate periods for each object in each filter was created. The peak is the period for each filter and
the median of these periods from the V, R, and I data has been adopted as the final period, the standard deviation was used 
as the final period uncertainty of the object.



Rotation Period Distribution
• Our data set contains light curves in V, R, and I for 131 objects. When divided into the six-month slices, 126 
objects had sufficient data in one or more slices to search for a period. For 68 objects we detected a period in at 
least one slice. Of those, 31 objects meet the criteria to determine a final period.

23 are found to have P < 5.5 d and 9 have P > 5.5 d. The distribution
roughly peaks at ∼3 d and ∼7 d. The cause of this bimodality is 
attributed to star-disc interactions via magnetic fields. Long rotation 
periods are indicating a disc slowing the rotation rate. Conversely, once 
the disc is dissipated or looses the magnetic connection to the star, the 
star begins to ‘spin up’, leading to fast rotators.



Gaia Colour Magnitude Diagram

They find no significant trend between period and colour.



Peak to peak amplitude identification

• In order to analyse the spot property evolution we require peak to peak amplitudes in V, R, and I over time.

• The peak to peak amplitude as 𝐴"# , which is determined as the difference between the maximum and minimum of the 
smoothed running median brightness in the phase plot.

• The associated uncertainties σ 𝐴"# are determined as the standard error of the mean of the data used.

• They  discarded all peak to peak amplitudes in slices in which one or more of them had a SNR below three and  
discarded  when the phase position of the maximum or minimum in the folded light curve scattered by more than 45 degrees 
between the three filters.



Spot property fitting

• Two assumeitions
a) They assume that the 𝐴"# in each six-month slice is generated by a single, uniform spot with temperature TS on an otherwise 

unspotted surface with temperature T★.
b) They assume that the spot rotates completely in and out of the line of sight and therefore consider the spot to be ‘in-front’ or

‘behind’ of the star.

• Model
Ø Using a flux replacement model with PHOENIX synthetic spectra, we model for a given stellar temperature T★ (from Fang et al. 

2020) , 10 6 spots homogeneously sampled in the spot temperature TS range of 2000 K ≤ TS ≤ 10000 K and spot coverage f range of 
the visible surface, 0 ≤ f ≤ 0.5. 
the model peak-to-peak amplitude 𝐴"$ is 

• The best fitting spot for the observations is with the minimum 𝑅𝑀𝑆{λ}

• This single result will be sensitive to the input peak to peak amplitudes. Thus, the 𝐴"# values are varied within their 
associated uncertainties for 10000 iterations. In the majority of cases there are cold spot and hot spot solutions for the 
𝐴"# variations. They require at least 60% of the 10000 variations to be either hot or cold spot solutions. The ratio of hot 
spot to cold spot solutions HS:CS {V } , is used as an indicator of reliability for the solution.



Object Result Summary Plots

The first (top) panel shows the peak to peak 
amplitude 𝐴(# (green), 𝐴)# (red), 𝐴*# (black) values. 

The second panel shows the phase position (in 
degrees) of the maximum brightness in the phase 
folded light curve in each filter. 

the third panel shows the spot temperatures. The 
dashed horizontal line indicates the surface 
temperature of the star

The bottompanel shows the spot coverage.
The colour coding of the symbols in the bottom 

two panels follows the scale shown at the right hand 
side of the figure. It represents the ratio of the hot 
spot to cold spot solutions (HS:CS {V }) during the 
spot property fitting. Thus, spots that are mostly 
fitted as cold spots are shown in red, and spots that 
are mostly classified as hot spots are displayed in 
blue.



Spot Property Distribution

• In those 234 amplitude sets we can reliably fit 180 as spots. Of these we identify 125 as cold spot solutions 
and 55 solutions are warm or hot spots.



Rapidly changing spot properties

A small hot spot can make a significant contribution to the peak to peak amplitudes. In the 180 d long slices 
used here, the asymmetric part of the spot distribution on the stars can evolve. Thus, evolving spots will most 
likely lead to HS:CS {V } values changing or moving into the range where no clear solution can be found.



Stellar Rotation Periods and Disc Excess Emission
A horizontal dashed line at K −W2 = 0.5 mag

(Teixeira et al. 2012) which separates sources with a 
detectable warm inner disc (above) and without (below).
15 objects of our sample do not show a disc excess 
emission and 14 objects do.

Observations at longer wavelengths can be used to 
probe the presence of disc material further from the star. 
There are 17 objects, however, that have a better than 5σ 
detection in all four WISE filters. They determine the 
slope of the spectral energy distribution (α SED ) 
following (Majaess 2013) for all of these. They find that 
amongst the 17 objects, one is classified as a Class 1 
protostar (28), 15 are Class 2 objects, and one (7) is a 
Class 3 source.

A longer period may indicate that the central
star still has magnetic ties to the inner disc, slowing 
rotation. Faster rotators have been spinning up due to a 
lack of this disc-breaking mechanism (Herbst et al. 2007). 
There is a loose positive correlation of the rotation period 
and disc excess emission,



Causes of the Surface Spots

• cold spots: 70 percent of our reliable spot solutions. The presence of these cold 
spots on young stars is well understood as being caused by magnetic activity on the 
stellar surfaces, driven by the rotation of the stars (Herbst et al. (2007) and Bouvier 
et al. (2014)). These spots are known to have a range of temperatures and can reach 
up to half the visible surface.

• warm/hot spot: Eight warm/hot spot dominated objects. Only one of these has 
a detectable inner disc (28). 

a) Accretion is common over an inner disc gap, although whether the rate is 
equivalent with full disc object is subject to debate, and so these warm/hot 
spots may be accretion related features.

b) Alternatively, warm photospheric plages have been observed on WTTSs 
with coverage values of around six percent. (These are presumed to be 
caused by mass flow between the regions of opposing polarities.)

So, the low coverage warm spots may be accretion related warm regions or 
plages, whereas the larger regions are more likely accretion related.



Conclusions

• Froebrich et al. (2024) identified 366 YSOs in IC 5070 from Gaia DR3 data. Of these, 131 have light curves 
with at least 100 data points in V, R, and I from the HOYS.
• They have used the peak to peak amplitudes in V, R, and I to measure spot properties. Out of the 234 
amplitude sets, we find 180 reliable spot solutions.
• They measured a wide range of spot properties. Roughly two thirds of all reliable spot solutions are cold. 
They suggest a limit at 2500 K above the stellar temperature, separating warm and hot spots.
• They find five hot spot solutions that are ∼3000 K above the stellar temperature, with coverage values of less 
than three percent.
• The entire YSO sample has an inner disc fraction of about 50 percent, based on the K − W2 infrared excess.
• We find that objects with more reliable spot solutions overall tend to have a higher proportion of cold spot 
solutions. Warm/hot spot dominated objects tend to have fewer reliable spot solutions. This implies that cold 
spots are longer lived, or more likely to produce rotational variability over longer timescales.
• The low coverage warm spots may be accretion related warm regions or plages, whereas the larger regions 
are more likely accretion related.



Thanks!


