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What is the absolute magnitude? esa

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 esa

visual magnitude

: Asteroid-Sun distance

: Asteroid-Observer distance
phase angle

H =m —5logy(r-A) — g()

< B 5 =

Bowell et al. 1989 - HG model
g9(v) = —2.51log;((1 — G)1(7y) + Géa(v))

Muinonen et al. 2010 - HG1G2 model
g(v) = —2.5log15(G101(7) + G22(7) + (1 — G1 — G2)¢3(v))

Carry et al. 2024 - sHG1G2
g(v, a,0) = —2.510g;o(G191(77) + G202(7) + (1 — G1 — G2)¢3(v)) + s(a, 9)
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H mag estimation implemented in Aegis esa

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
o = 1 if no decimal in V
o = 0.7 if 1 decimal is reported in V
o = 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 esa

Aegis produces Residuals Weights Observations (rwo) files:
« Astrometric measurements and residuals

« Astrometric errors
e Photometric measurements and residuals

« Photometric errors
Available from the NEOCC Web Portal. Available in ADES xml format in the future.

E]
'vfccl?'
8.14489E-01
3.58999E-01
ENU_UF_HEADER
! Object Right Ascension Declination Magnitude ==== Ast Obs \Residual
| Design KT .dddddddddd  Accuracy . Accuracy RMS F Accuracy RMS i Resid Val B RMS Resid Cat Cod Chi
2023VD3 .40242 .000E-05 . .500E-01 .500 F .Q00E-01 .500 -0.120 19.8 G ©0.70 -0.12 V G9% .41
2023vD3 .40761 .B0BAE-05 . .500E-01 .500 F .PBRE-01 .500 -0.092 19.5 G 0.70 -0.42 G96 .28
2023VD3 .393635 .000E-06 . .500E-02 .800 F . . . .000E-02 .800 0.277 19.20G 0.50 0.36 703 .55
F
F
F
F

2023VD3 .400733 .Q00E-26 . .500E-82 .500 .000E-02 .500 “¥.004 18.59G @.50 -0.24 G696 .34
2023vD3 .404242 . D0BE-26 . .500E-82 . 800 .B00E-B2 . 800 -0.484 703 .45
2023VD3 .405907 .@0OE-06 . .500E-02 .500 .000E-02 .5P% -0.048 18.67G @.50 -0.16 G96 o
2023vVD3 .409560 .Q0OE-026 . .500E-02 . 800 .000E-02 . 800 -0.725 703 .15
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Weighted RMS of residuals Photometry details Acceptance flag
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H mag estimation implemented in Aegis

esa

# 2023VD3 help

Summary

Arc Information
Arc Length
Unobserved

Normalized RMS of residuals

Optical
First Observation
Last Observation

Total Optical Observations
(Discarded)

Radar
First Observation
Last Observation
Delay (Discarded)
Doppler (Discarded)

Total Radar Observations
(Discarded)

Orbit Properties | Physical Properties

hemerides Close Approaches MOID Possible Impacts

OBSERVATIONAL INFORMATION

Documentation

Value

2
365

0.814489 - (1

Observations Tab

ASTROMETRY SUMMARY

rwo file

Value Unit Source
2023-11-06.40242 - [2]
2023-11-08.660703 - [2]

90 (4) - [1]

RADAR SUMMARY

Value Unit

[3]
[3]
0 (0} [1]
0 (0} [1]
[1]

+ DOWNLOAD ASCII FILE

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

r Orbfit Input.
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https://neo.ssa.esa.int/

Some examples

esa

It is often not possible to fit H and G together - especially for NEAs

18
= (99942) MPC data, no corrections = .
- B i i e Asteroid Phase Plot: 2608 (all-band)

19 . c-band, RMS=0.34, Num=83 ° _ —
V-band, RMS=0.42, Num=1472 17.5 ¢ V- Data(nocor), RMS=0.3, Num=13
w-band, RMS=0.56, Num=32 w - Data (no cor.), RM5=0.25, Num=19

20 . rband, RMS=0.4, Num=127 o . e - Data (no cor.), RMS=0.88, Num=8

Y _
-"g’ + R-band, RMS=0.63, Num=3418 S 18.0 & . ¢ Theory (H=17.658, G=0.15)
=l G-band, RMS=0.31, Num=2845 = > - +/- 0.2 mag
= Sice o-band, RMS=0.44, Num=98 s 18.5 e o
= . § °% +  I-band, RM5=0.19, Num=5 © :
7 22 CEFsEed L Sband, RMS=0.31, Num=4 =
] . fog S8 seesd t _—
S E AN 3 g no-band, RMS=0.7, Num=298 @ 19.0 .
80 L 555 o L-band, RMS=0.67, Num=65 Y
§§. . | — Reference (H=18.902, G=0.15) =
& +/- 0.2 mag &’ 19.5
24 > —
g8 ‘
%3 20.0
25 °
5 2
% 1 [] -
w1 . = °
g ] |. _‘9 O  § 02 : [ ] = ° -
©c 0 . 1 $ -1 ]
3 o °
x-1 . -2 T T T . T T
5 0 10 20 30 40 50 60
120 140 Phase (deg)
Phase (deg)
I | 1 | — :E I I | 1| | N LA . | !
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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

esa

Step 1

Population models for:

« Colors

« Slope parameter
« Rotation period
 Phase curve

Proper eccentricity
o
N
o

18 2.0 2.2 24 26 28 30
Proper semimajor axis (au)

Step 2 Step 3

« 500 synthetic asteroids « Compute uncertainties
« Simulate V mag for Hand G

 H residuals « Compute errors

« Minimize y?

Word we want b chece -
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Sampe Mmean o
‘\
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n / / 2 f we obeave : ”\(’xe is counpon
_ E mk(t ) Gk? Ok) (t_f) :u;‘,‘;,h :m?anm:oj may oer rmaan("‘ wodd 10 not acuvale
5m(t) S I batng s dala pont He ovange boundaves hae bo be.
=1 J extended thus decreasing ara undex He blue KU

. decveasing p-value = Ac we decvease pvalue , ouy rudll

h ‘,,(,H.ggs (o{ he wold we wanked o dletk) | 0okes
loss and less pradical. Thus if we gek p-vane <0-05
W soys hew is lesc than 5:/- chana that the nul
hypothesis ‘s hue " we 'mJed Tl laaﬂw.sls
lower [he p-value, hJJhQY e wnkidene +hak the
l  hgpothedis was  weong Chence. mJeded)

Veres et al. 2015, Absolute magnitudes and slope parameters for 250,000 asteroids observed by Pan-STARRS PS1 - Preliminary results, Icarus 261
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Statistical model for H estimation of NEAs esa

Main argument: G is generally different from 0.15

0.0035 . , | | 0,005
a'.f/— \\\ ~ - C type
0003 | l."’fll \\ T /\ IIIII." \-,lllll S type
/ \ 0004 [\ /| — |
, I\
! \ |
0.0025 t / \ | [\
g : \ = / \ |
3 : \‘ S 0.003 | | \ /
S o002 / \ 5o | \
£ / ‘\ 2z / A
5 | £ | N\
0.0015 |/ ‘ | |
-(.g / \ _(ng 0.002 \.\ "-.\
L] | \ E II \_\.
* 0.0t f \ _ | O\
| AN / \ \
AN 0001 |/ v\
0.0005 | A ] Vs \\\x .\\\
“m.a.h. - —_— - ‘/./ u___h_&‘::‘____:;-::__-_-__
° | | | — 0 —
0 0.2 0.4 0.6 08 1 0 0.2 0.4 0.6 08 1

Slope parameter, G

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

Slope parameter, G

Fig. 1. Distribution of G determined from SsODNet [1].

[1] Berthier et al. 2023, SsODNet: Solar system Open Database Network, A&A 671, A151 0
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Statistical model for H estimation of NEAs esa

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

70 " \ " \ \ \ World we wank k> checle -

0.0035
0.003 | \
0.0025 | / \\

0002 / \
0.0015 | / \\\
\

f
0.001 j \

Snm‘je mean ’ ! | \ :‘:‘1103
! \ Eﬂ }mbabuf] that ous wodd Wl
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Fepictinn,
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> 4 batng s dala ponk e ovange boundazes hae h;\’ e
extended thus de(ﬂuémj area’ ondew e blue u,mu
2, decreasing p-value = Ac we decyease p-value. , OUY
hupothesis (o the wolld we wanted to chede) 10oks
s and less pradical. Thus i we gt prvalre <0-%5
. Tt soys thewe is lesc thon 5/- chana that the null

' ' ‘ - 266 268 27 272 274 276 278 28 g - .
0 0.2 0.4 0.6 08 1 Absolute Magnitude, H hypothesis ts hue " we e jedt Ml hy pothesis -

Slope parameter. G lower [he p-value, h')dhw the wnfidenc that the
) hypothedis was waong Chence. mjaded)

Probability density
Frequency

0.0005 | .

11

e e Bl 2 2= — | I | + THE EUROPEAN SPACE AGENCY

|
I
1
[
|
.I.
I
1



Example: 2023 VD3 esa

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

70 | | | | | | 1r o 0.375
08 &
' S oa7
o
) 206" :g -,
§ E g 0365 ¥
o ©
0] o el
I ® 041 X
s g
» S 036
02t =
P 0.355 CSEEME 2 :
0 - : : : : : : : 0 0.2 0.4 0.6 0.8 1
266  26.8 27 27.2 274 276 278 28 26.6 26.8 27 272 274 276 278 28 Slope Parameter, G
Absolute Magnitude, H Absolute Magnitude, H
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

d
dy

(g (y))‘

The PDF of H can be computed semi-analytically: f}’(y) = fx (H_l(y)) ‘
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Example: 2023 VD3

25

"y
o
T

Probability Density

o
(&)

0

Estimated absolute magnitude:

H — 27.074+O'222_0_212

We can take also 5th and 95th percentile:

5th percentile: 26.755

26.6 26.8 27 27.2 274 27.6 27.8 28

Absolute Magnitude H

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

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
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Example: 2011 EB7 esa

l | — Estimated from our model:
3 L eosg v H — 21.08+O'165_0_1652
i | \ I Estimated from Pravec et al. 2012:
H = 21.27+02t
| Assumed slope
T TSSO ETa—) G =0.24*%11 4 44

Absolute Magnitude, H

[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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esa

Estimated from our model:

H — 16. 27+O'169_O_180

Example: (1862) Apollo

(1862) Apollo

Estimated from Pravec et al. 2012:

H — 16'21+0-05-0.05
Assumed slope
G — O.24+O'11_0_11

Probability Density

16.4
Absolute Magnitude, H

[1] Pravec et al. 2012, Absolute magnitudes of asteroids and a revision of asteroid albedo estimates from WISE thermal observations. Icarus 221,
16

365-387
2 THE EUROPEAN SPACE AGENCY
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Example: (3838) Epona esa

Estimated from our model:

H — 15.80+O'185_0_172

Estimated from Pravec et al. 2012:

H — 15.642+0'02_0_02
* Estimated slope
B G = O g O 5 +0.01 -0.01

[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 esa

: (3999 Epons | Epona is a C type asteroid
| | B oo e (SDSS colors)

- - — Pravec Value
—- -~ NEOCC Value

Estimated from our model:

H = 15. 7O+O'206_0.138

Estimated from Pravec et al. 2012:

H —_ 15.642+O'02_0_02

05 -

154 156 158 16 16.2 16.4 16.6
Absolute Magnitude, H

[1] Pravec et al. 2012, Absolute magnitudes of asteroids and a revision of asteroid albedo estimates from WISE thermal observations. Icarus 221,
365-387
18

- oIl N 1= o111 = — em O e Bl 2R == _— B Em i vl » THE EUROPEAN SPACE AGENCY



Extrapolation of diameter distribution esa

NOTE: Different G have different albedos.

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

12000 | .
0.025
— 0.0<G<0.1 2023 VD3
| —01<G<02 10000 r
002 - | 02<G<03] -
‘ | — 0.3<G<04
= ‘ || 04<G<05 8000 r
‘é’ 0.015 o
> o
z » S 6000
© o
2 00t || B
o 4000 |
0.005
2000 -
0 .
0.8 1 0
0 10 20 30 40 50 60
Diameter, m
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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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