The Godal

We want the distance to a cluster.
This Is an exercise In Main-Sequence
fitting, using photometry, and involves
colors and magnitudes.
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The Problem

Direct parallax measurements become difficult once stars
are hundreds or thousands of parsecs away.




Using the Distance Modulus

The main-sequence stars in any

population of stars follow closely the
same relation between color and

- m,— M, d(pc)
absolute magnitude: s

1 16

Mg = a(BP -RP) + b :
The cluster stars lie along a parallel line,
but : -
offset by the cluster’s distance modulus.

(m = M) = Mg - I\/\g .:-'ff:; 1



The Procedure

From the main sequence data, compute absolute magnitude for
for each star where d = 1000/PIx-mas:
Mg = mg - Slog(d -5)

Fit the linear relationship between Mg and BP- RP:
Mg = a(BP-RP) + b
Use the offset between the cluster stars and the main
sequence stars 1o find the cluster’s distance:
m-M = mg - Mg
The vertical offset between the two lines is:
b(cluster) — b(main sequence) =m - M

Convert back to parsecs gives:
d(cluster) = 10A[(m-M + 5]/5



Cluster Distance Estimate

0.5 1.0 1.5 2.0
MS Stars Best Fit: G = 3.025 (BP-RP) + 2.512

Cluster Stars Best Fit: G = 3.053 (BP-RP) + 7.791

Cluster Distance 117.0 pc




# distance 1in parsec
dist_pc = 1000.0 / ms['Plx-mas’']

# distance modulus = 5*log1@(d) - 5
# absolute mag M = m - (5*Logie(d) - 5)
ms['M G'] = ms['G-mag'] - (5*np.logle(dist_pc) - 5)

# Cluster stars apparent magnitude, color

cl = df[df['DataSet'] == 'Cluster'].copy()

¢l = cl.dropna(subset=["'BP-mag', 'RP-mag', 'G-mag'])
cl['color'] = cl['BP-mag'] - cl['RP-mag']

# Fit straight Llines by least-squares
def fit_line(x, y):
xmean, ymean = x.mean(), y.mean()
slope = ((x - xmean)*(y - ymean)).sum() / ((x = xmean)**2).sum()
intercept = ymean - slope*xmean
return slope, intercept

# Main-sequence fit in color againist absolute mag
slope_ms, int_ms = fit_line(ms['BP-mag'] - ms['RP-mag'], ms['M_G'])

# Cluster fit in color againist apparent mag
slope_cl, int_cl = fit_line(cl['color'], cl['G-mag'])

# Compute distance modulus and cluster distance
dm = int_cl - int_ms #m-M
distance_pc = 10**((dm + 5) / 5) # per distance modulus formula




MS fit: G = 3.0296(BP-RP) + 2.5043
Cl fit: G = 3.8512(BP-RP) + 7.7874
Distance modulus (m-M): 5.2831
Distance to the cluster: 113.9 pc

Multi-Point Average Method:

Points used (Color): [1.05 1.62 2.19 2.77 3.34]
Offsets at points: [5.31 5.32 5.33 5.34 5.35]
Avg Distance Modulus: 5.3303

Avg Distance:

Cluster Distance Estimation via Main-Sequence Fitting
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Messier 45, The Pleiades

Distance via Parallax is 135 to 136 Parsecs



Adventures we didn’t sign up for:

Corey Tim

1. Trying to read my own code after
1. choosing poor variable names.

2. Pondering the mental state of a
2. language programmer who called a
python math function ‘coerce’.

3. Reflecting on why I’'m proud of

3. myself for figuring out how to use a
star for graphing a data point instead
of a dot.






