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What are asteroids?

Small bodies in therrc%grl‘gr System i t,“m“' &
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MBAs — most known objects . .- 2
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Large asteroids

4 Vesta

1 Ceres

10 Hygiea

100 km
52 Europa 511 Davida 87 Sylvia
15 Eunomia 3 Juno 324 Bamberga
88 Thisbe 48 Doris 19 Fortuna

D > 200 km

2 Pallas

704 Interamnia

31 Euphrosyne

16 Psyche

24 Themis

29 Amphitrite 13 Egeria 7 Iris

45 Eugenia 41 Daphne 9 Metis
51 Nemausa 11 Parthenope 173 Ino
18 Melpomene 187 Lamberta 89 Julia

» L @

230 Athamantis 21 Lutetia 63 Ausonia

130 Elektra 6 Hebe

354 Eleonora 22 Kalliope
145 Adeona 8 Flora

216 Kleopatra 12 Victoria
30 Urania
' 100 km

D <200 km

Vernazza+ 2018







Asteroid Photometry?

Asteroids reflected
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Klet Observatory, asteroid 2000 UG11



Choosing a Target

Brightness & observability

Sky position and altitude

Phase angle (avoid very small/very large extremes)
Rotation period (fast/slow, too slow? unknown)

Science interest:
NEAs (rapid rotators, hazard, close flybys, even a few meter objects can be bright enough)

Main-belt asteroids (spin states and shapes, collisional families)
Space mission targets

Binarity

Activity

Maximum Observing Minimum Ap.
Duration (h) Mag. (V)
Young Families 702 Alauda (A910 OA) 12.977 16.7072
Young Families 26382 Charlieduke (1999 LT32) 15.91 7.784

Young Families 5394 Jurgens (1986 EZ1) 15.915 6.073
Young Families 1051 Merope (1925 SA) 15.977 13.71
Young Families 2775 Odishaw (1953 TX2) 16.087 NaN

Young Families 4988 Chushuho (1980 VU1) 16.168 3.17
Young Families 29595 (1998 HL14) 16.196 6.418




Tools for Target Selection

We need the on-sky coordinates — RA and Dec
JPL Horizons
MPC ephemerides

Periods

Lightcurve Database (LCDB, Brian Warner)
Physical properties

Minor Planet Lightcurve Photometry Catalogs

MP3C database
Other literature

05394 [H=13.80]
Date ut R.A. (J2000) Decl. Delta Sky Motion Object Moon
hms "/min P.A. Azi. Alt. Phase Dist.

... Suppressed ...

2025 12 04 180000 07 24 03.7 +23 11 20 0.17 271.9 238 +04 1.00 040
2025 12 04 190000 07 24 03.0 +23 11 20 0.18 272.0 249 +13 1.00 @39
2025 12 04 200000 07 24 02.2 +23 11 21 0.19 272.0 260 +22 1.00 @39
2025 12 04 210000 07 24 01.4 +23 11 21 0.19 271.8 271 +32 1.00 038
2025 12 04 220000 07 24 00.5 +23 11 21 . . 0.20 271.4 284 +42 1.00 037
2025 12 04 230000 07 59.6 +23 11 22 0.20 271.0 299 +51 l1.00 037
2025 12 05 000000 07 58.7 +23 11 0.21 270.4 319 +58 1.00 036
2025 12 05 010000 07 57.8 +23 11 22 0.21 269.9 346 +63 1.00 036
2025 12 05 020000 07 56.9 +23 11 22 0.21 269.3 016 +63 1.00 @35
2025 12 05 030000 07 56.0 +23 11 21 0.21 268.7 043 +58 1.00 034




Telescope and Camera Requirements

Aperture: 2040 cm is enough for many targets

Camera: cooled CCD/CMOS

Good tracking (but not necessarily autoguiding), usually half sidereal
Filters: R or unfiltered for S/N; V for standard photometry, Sloan filters

Field of view: must include good comparison stars

Small 11cm eVscope smart telescope.
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Calibration F

Bias frames: re
short (zero ti
with telescc

Dark fre
longer exg
science d:

capped
Flat field:
vignetting
Collect eac
or regular

Removes in
signatures

Reduces scatte

Ensures stability a
night(s)

Essential for combining
night lightcurves

Dec5, 2025, Belgrade.
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Ditferential Photometry

Comparison stars:
Similar brightness as asteroid
Not saturated
Non-variable (choose multiple)
Good S/N
Preferably similar color

Measure target + comparison stars (signals in small ("’3_\ -
circles, instrumental flux) L.

Compute Am = m_target — m_comp




Ditterential Photometry - software

MPO Canopu.s v12 Initial Release Available
AStrOImage] Download the version 12 installer.

Download the v10 to v12 data converter.

MaXImDL More than 150,000 asteroid photometry measurements producing more than 2,500 lightcurves published in more than 200
papers. More than two dozen binary asteroid discoveries. More than 2,500 double star measurements. More than 50,000
variable star observations. All these were done by just one person using MPO Cancopus since its first release in 1999. There

MPO Canopus (nOW are untold numbers more when including the work of hundreds of MPO Canopus over the years.

m 141 MPO Canopus/PhotoRed is a complete package for astrometry and photometry. With it you can easily measure the positions
free’ any Cltlzen of asteroids or other targets and perform photometry on just about any variable object. Combined with the supplemental
M program, PhotoRed (Photometric Reductions), you can transform raw instrumental magnitudes taken through one or more

aStr Onome rS n filters to standard magnitudes. This makes combining your data from night to night with that of other observers much easier.

Eur Ope) MPO Canopus is a tried and true research-level tool for amateurs, small colleges, and even professionals.

PhOtometryp lpellne Quick and Accurate Astrometry Fourier Period Analysis
Supports ATLAS, APASS, UCAC4, CMC-15 Solves up to three simultaneous additive periods

(Python package), Gaia DR3 coring -

. s ; g (85804) 1998 WQ5
u Sually profeSSIOnals o ’ e i Period: 2.6761 £ 0.0003 h Amp: 0.08
Some professionals AR
1 e : ' 85804) 1998 WQS5

have developed their | | (350 ios was

own dedicated

software/pipelines

(e.g., Petr Pravec)

JDo(LTC): 2459760.888353




Creating a lightcurve

Convert instrumental flux to relative magnitudes
Plot brightness vs. time

Remove outliers (clouds, guiding jumps)

Merge nights
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Methods:

Lomb-Scargle periodogram

Fourier series fit

Phase Dispersion Minimization

(PDM)
Look for repeating patterns

JDo(LTC): 2459224.592121
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Issues with partial lightcurves, slow
low amplitudes

2- or 1/2-fold aliases common

24h alias
rotators,

Ambiguities:

period spectrum.

Period (hours)




Rotation periods
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Understanding Lightcurve Shapes

2003-10-21.9 Durech_et al_2007 2006-01-13 4 Warner

data ' data
model ’ model

Amplitude — shape

= z
e 1 O n g a. ti O n g W g .-;,W,,....-—»-‘“Wt'»ﬂ.!_nu.mw.-«!.«
Two maxima — | e s 47 | e s = 257
typical elongated

Time [h] Time [h]

body

Unequal maxima —

irregularities

o 2008-01-04.2 Michalowski_2
Very large amplitude A
— contact binary ’ |
candidate z

Flat — spherical or
pole-on geometry
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Time [h]
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Shape modeling by lightcurve inversion

(130) Elektra Convex inversion

Convex inversion of Kaasalainen : . - = sy
et al. (2001) and Kaasalainen & IR I LT 1 : -
Torppa (2001)

Approach of Durech and Hanus
(2023)

Physical model (CI):

Sidereal rotation period P

Orientation of the spin axis —
ecliptic longitude and latitude

Cycl 1/d
Shape — convex polyhedron veles 1/day)

Periodogram based on convex inversion with

Parameters of the phase function 2 Y ,
indicated best-fitting period (blue).

(exp-linear model)

We search the parameter space
for the global minimum

~26,000 solutions . E '

DAMIT, Kaasalainen+ 2002

7 Iris
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Evolved by YORP -> bimodality, spin vectors are mostly perpendicular to

tors of astero

Spin vec

_for sizes D <30 km

Evolved by Yarkovsky -> asymmetry near resonances

the orbital plane
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Collisional evolution can reset the spin state




Spin vectors in families

We have large dataset to study individual families
Evolved by Yarkovsky and YORP
Spin sense is well separated, only little contamination

Some minor mixture in the center (more apparent for Themis)

(221) Eos (24) Themis




What Students Can Actually Do

Photometry with 20-30 cm telescope — connect with institutes
Contribute to LCDB - rotation periods, amplitudes, binarity, etc.
Detect rotation period (new estimates)

Participate in coordinated campaigns — young families, NEAs, etc.
Analyze archival survey photometry (ZTF, ATLAS, Gaia DR3)

Contribute to shape-model databases — free version of the lightcurve
inversion code on DAMIT

Analyze the physical properties available in databases (e.g., DAMIT)



Summary

Dec5, 2025, Belgrade.



Families with ages | (668) Dora
of several 100 Myr |

Adeona and Gefion (400-700 Myr,
Carruba2013, Nesvorny+2009) o

Dora, age 500 Myr, Broz+2013 A8 R X
Spin vectors are pretty much R S
evolved for Gefion and Adeona,

but not for Dora

2.75 2.76 2.77 2.78 2.79 2.80 2.81
a [au]

(145) Adeona (1272) Gefion

- =30

I—EU
—-40

01— : : : - : : 0 : - . . - :
2.5502.5752.6002.6252.6502.6752.700 272 274 276 2.78 2.80 2.82
a [au] a [au]




Young tfamilies

Issue — young families are small clusters, with small bodies
Usually not many members with spin states (e.g., Karin, age 5.8 Myr, Nesvorny+2002)
A single exception is Veritas (age 8.3 Myr, Nesvorny+2003)

We are conducting an observational campaign with our colleagues from Greece (Athanasopoulos+2024) to
increase the statistics

And waiting for LSST and Gaia
Spin vectors are isotropic in Veritas — collisionally dominated, still close to
the initial distribution, this is also valid for rotation periods

(490) Veritas (832) Karin

- .00
3.160 3.165 3.170 3.175 3.180 2.8622.8642.8662.8682.8702.8722.874
a [au] a [au]




Young families — rotation periods

Rotation periods in Veritas — almost no fast or slow rotators
Comparison with the old Maria family, where the rotation period
distribution is more extended

490 Veritas 170 Maria
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