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What is the absolute magnitude?

Absolute magnitude H

Magnitude of an object: 

- Located at 1 au from the Sun

- Located at 1 au from the observer

- Observed at 0 phase angle
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Absolute magnitude models

m: visual magnitude
r: Asteroid-Sun distance
𝚫: Asteroid-Observer distance
𝛾: phase angle

Bowell et al. 1989 - HG model

Muinonen et al. 2010 - HG1G2 model

Carry et al. 2024 - sHG1G2
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H mag estimation implemented in Aegis

Aegis: ESA NEOCC Orbit Determination and Impact Monitoring System [1]

Fit with HG model by Bowell et al. 1989, using:

1) Slope parameter G = 0.15

2) Use debiasing scheme by [2]

3) Simple weighting scheme for photometry based on reported V precision 

1) 𝜎 = 1 if no decimal in V

2) 𝜎 = 0.7 if 1 decimal is reported in V

3) 𝜎 = 0.5 if 2 decimals are reported in V

4) Convert V into H and get nominal value by weighted LS 

5) Outlier rejection scheme

6) RMS of the residuals

NOTE: The same model is used for computing V magnitude predictions in ephemerides

[1] Fenucci et al. 2024, The Aegis Orbit Determination and Impact Monitoring System and services of the ESA NEOCC web portal, CMDA
[2] Hoffmann et al. 2024, Debiasing astro-Photometric Observations with Corrections Using Statistics (DePhOCUS), Icarus
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H mag estimation implemented in Aegis

Aegis produces Residuals Weights Observations (rwo) files:

• Astrometric measurements and residuals

• Astrometric errors

• Photometric measurements and residuals

• Photometric errors

Weighted RMS of residuals Photometry details Acceptance flag

Available from the NEOCC Web Portal. Available in ADES xml format in the future.
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H mag estimation implemented in Aegis

Observations Tab

rwo file

https://neo.ssa.esa.int/

Documentation

https://neo.ssa.esa.int/
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Some examples

It is often not possible to fit H and G together - especially for NEAs
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Opened issues, motivation and goals of this work

Motivations:

1) Reliable determination of H is crucial for impact assessment

2) Even more important in the first phases during discovery and first follow-up 

Opened issues with NEAs:

1) NEAs are generally observed a high phase angles

2) At discovery, with a short arc, the phase angles coverage is even smaller

3) Because of lightcurve effect, H could have large errors

4) Impossible to fit the slope parameter G

5) Small amount of data for other H models 

Goal of this work:

1) More robust determination of H of NEAs using statistical approach
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Statistical model for H estimation: Previous Works

Vereš et al. 2015, Absolute magnitudes and slope parameters for 250,000 asteroids observed by Pan-STARRS PS1 – Preliminary results, Icarus 261

Step 1
Population models for:
• Colors
• Slope parameter
• Rotation period
• Phase curve

Step 2
• 500 synthetic asteroids
• Simulate V mag
• H residuals 
• Minimize 𝜒2 

Step 3
• Compute uncertainties 

for H and G
• Compute errors 
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Statistical model for H estimation of NEAs

Main argument: G is generally different from 0.15

Fig. 1. Distribution of G determined from SsODNet [1]. Fig. 2. Distribution of G of C- and S-type asteroids, 
determined from SsODNet [1].

[1] Berthier et al. 2023, SsODNet: Solar system Open Database Network, A&A 671, A151
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Statistical model for H estimation of NEAs

Monte Carlo based approach: 

Step 1: A-priori population-based distribution of G 

Step 2: Fit H over a sample of G

Step 3: Get statistics of H

STEP 1 STEP 2 STEP 3
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Example: 2023 VD3

Fig. 1. Distribution of H. Fig. 2. Magnitude H vs. slope G. Fig. 3. Slope G vs. RMS H 
residuals.

Note: one-to-one dependency in H-G

The PDF of H can be computed semi-analytically:

2023 VD3: small NEA ranked 1st in NEOCC Risk List – 2 days arc – phase [20, 40] deg 
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Example: 2023 VD3

Fig 1. PDF of H from MC (histogram) 
and from semi-analytical model.

H = 27.074+0.222
-0.212

Estimated absolute magnitude:

We can take also 5th and 95th percentile:

5th percentile: 26.755

95th percentile: 27.489
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Comparisons with known asteroids

Sample set: asteroids from Pravec et al. 2012

Caveats:

1) We are not fitting G

2) We are not solving for rotational state

3) We use only MPC data (no high quality lightcurves)

4) The problem we are solving is different

[1] Pravec et al. 2012, Absolute magnitudes of asteroids and a revision of asteroid albedo estimates from WISE thermal observations. Icarus 221, 
365–387



15

Example: 2011 EB7

[1] Pravec et al. 2012, Absolute magnitudes of asteroids and a revision of asteroid albedo estimates from WISE thermal observations. Icarus 221, 
365–387

H = 21.08+0.165
-0.1652

H = 21.27+0.21
-0.21

Assumed slope

G = 0.24+0.11
-0.11

Estimated from our model:

Estimated from Pravec et al. 2012:
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Example: (1862) Apollo

[1] Pravec et al. 2012, Absolute magnitudes of asteroids and a revision of asteroid albedo estimates from WISE thermal observations. Icarus 221, 
365–387

H = 16.27+0.169
-0.180

H = 16.21+0.05
-0.05

Assumed slope

G = 0.24+0.11
-0.11

Estimated from our model:

Estimated from Pravec et al. 2012:
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Example: (3838) Epona

H = 15.80+0.185
-0.172

H = 15.642+0.02
-0.02

Estimated slope

G = 0.05+0.01
-0.01

Estimated from our model:

Estimated from Pravec et al. 2012:

[1] Pravec et al. 2012, Absolute magnitudes of asteroids and a revision of asteroid albedo estimates from WISE thermal observations. Icarus 221, 
365–387
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Example: (3838) Epona

[1] Pravec et al. 2012, Absolute magnitudes of asteroids and a revision of asteroid albedo estimates from WISE thermal observations. Icarus 221, 
365–387

H = 15.70+0.206
-0.138

H = 15.642+0.02
-0.02

Estimated from our model:

Estimated from Pravec et al. 2012:

Epona is a C type asteroid 
(SDSS colors)
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Extrapolation of diameter distribution

NOTE: Different G have different albedos. 

Diameter distribution: Monte Carlo method to convert (H, G) into D  

2023 VD3
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Future works and improvements

Grocery list:

• Debiasing of G distribution

• Use full population model of NEOs (e.g. Granvik et al. 2018):

• Extrapolate source region probabilities from orbital elements

• Produce a debiased G distribution for each source region

• Produce a G distribution according to source region probabilities

• Follow the same procedure described here

• Use available data about physical properties (e.g. spectrum, colors, etc)

• Use of other models of absolute magnitude, e.g. Muinonen et al. 2011, Carry et al. 2024

• What about the G12*? Could improve the fit for NEAs?

• Use of ADES for weighting of photometry

• Better weighting scheme for old photometry

• Could it help to use lightcurve data to improve the model?

• Comparisons with all the well known asteroids from Pravec et al. 2012
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