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3200 Phaethon occults UCAC4
Star: (Dia < 0.1 ma:

My 13.1; Mr 12.2;

RA =

660-021020 on 2025 Sep 19
Duraticns: Max = 0.51 secs
[Mb 13.3] [+1 near] 1km = 0.10 secs,
4 7 38.8770 (astrometric)
Dec = 41 5% 10.512 .
[of Date: 4 29 26, 42 3 18]
Prediction of 2025 Rug 25.2

Imss = 0.13 secs
Mag Drop: 5.3 [59%]v, 5.5 [559%]r
Sun : Dist = 108°
Moon:

Dist =
Reliszble 1.0 (good), DupSrc,

4%, illum = 5%
lc Err: £(0.& x 0.2) mas in DA 114°
3 }

Die = 5.0 +0_4km, 4 mas
Parallax = 5.127"

from 16h 38m to 16éh 59m UT

Estercid:
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4; Mr = 17.¢6

v
LY
warney

54 ’

50

459
48

R

Occuls 4.2025.3.58
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year-m-d

2025-09-19 16

16h52m20s

SORAH 73

=D RE 175

zoom=1 (£IKX)

Object Diam
Phaethon 0 km

Tmax dots <> ra_offset_dec
0.0s 60 s <> +0.0 +0.0

o ¥

ra__dec__J2000__candidate C/A
04 07 38.8772 +41 59 10.512 0.666 210.82

P/A vel

0 172

G* 1long
12.3 171



=z 7-\WT &
« Bdfd B H D DERER
e [FEA~ADRA R (TxT)

-+ [SORAlZpythonTEIK V— LT, fELAI—-FZBHTEL
NEADH Y F T

e [T—FDBIFTVTITHY) £9

c L VA F—=ILDA
e O— MDA, HIDP




G TIFET 2 7- 0 O ER

e WSITD A >R ;—Jl.txt

o addnasajplperm txt [request.get TIERBED T 7 —HH 555

ZEFRAE(CEMT BA T F X K]

: Phaethon 20250919.ipynb jupyter notebookE= 7 7 1 L
SEOBREZFHRSTSI— K




MNRAS 511, 1167-1181 (2022)
https://doi.org/10.1093/mnras/stac032

Monthly Notices

SORA

MNRAS 511, 1167-1181 (2022) https://doi.org/10.1093/mnras/stac032
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SORA: Stellar occultation reduction and analysis
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ABSTRACT
The stellar occultation technique provides competitive accuracy in determining the sizes, shapes, astrometry, etc., of the occulting
body, comparable to in-situ observations by spacecraft. With the increase in the number of known Solar system objects expected
=\ _ = L from the LSST, the highly precise astrometric catalogs, such as Gaia, and the improvement of ephemerides, occultations
® EIH:H (, - E%-\j E:F ;E observations will become more common with a higher number of chords in each observation. In the context of the Big Data era,

we developed SORA, an open-source python library to reduce and analyse stellar occultation data efficiently. It includes routines
from predicting such events up to the determination of Solar system bodies’ sizes, shapes, and positions.

Key words: methods: data analysis —software: data analysis —occultations . 5
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https://sora.readthedocs.io/latest/GettingStarted.html

« O 8 sorareadthedocsio
~ \\

~ # Stellar Occultation Reduction
Analysis A Getting Started

Getting Started

erview from sora.prediction import prediction
frem scra.axtras import draw_ellipse
Using and City
Instaliation from sstropy.time import Time
import astropy.units as u

import numpy as np
ioport matplotlib.pylab as pl
inport os

SORA version: 1.8dev

Getting Started Before analysing stellar occultations data, let's predict them.
Examples

Video Tutorials >

window.

Jupyter-Notebook Guidelines

Known BS [21:

chariklo « Body(nama«"'Chariklo

sphes=| ‘guldelines/ input /basp/Thariklo.t

print{chariklo)

<

L

PR—

Obtaining data for Charliklo from 5808

Automatic doc previews for every PR 10199 Chariklo (1997 CU26)

when you host your documentation on T T T T e T Ty e e e

0 e Orbi 1 lass y .
Read the Docs Object O ','""l Cla Centaur
Spectral Type

SMASS: D [feference: EAR-A-5-DOR-TAXONOMY-VE.8)

Sign up today.

Discovered 1997-Feb-15% by Spacewatch at Kitt Peak

Physical parasmeters:

Diameter

from sora import Occultation, Body, Star, LightCurve, Obzerver

Relatively festureless specteum with very steep red slope,

PIZLILTCIIAIRIAIAAIAARAAAVBUAALVVABJLL VLI BRI TIIFLIIITIIATAFAIAAIpURBRU BB RS0

V}UW’DJEW‘JMHVQ

To predict stellar occultation we needs the intended Solar System body ephemeris and a time
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Windows D i54&
« WSL (windows subsystem for Linux) D{RAEIRIE % F| FF
e jupyter notebookfZ=7 7 1 /L= VS code E TEIN T

. rWSITOD/f X b=l txt] BF
:t ! JPL horizons|CiERHRTE ¢ 2ATI 7 —HHBGEILIFIEGOSRE

e dedd2s.bspFD—AxEVZRIPLIE = LU T H o BES
https: //na||of_1rp nasa. gov/pub b/ naif f/generic_ kernels/spk/planets

« JPLABLEVST % *bsp7 74 )L SPK)O) B aMEZR L 7= WSS IENAIF
toolk|t7a°:vvs| /f/XE—/l/ Fortran

MacDig A 2727 (ANZBEWTHTLETW)



AN
_7D

@)

 Bcn ¥

Phaethon 202509109.

ipynb
e jupyter notebookfz
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import matplotlib.pyplot as
import xml.etree.ElementTree as

# JIPL SPKER{SHA
import json
import baset4
import requests

# ## Other packages

from astropy.time import
import astropy.units as
from astropy.time import
import g;f;épy.:ﬁs 85 cCrs
## SORA packages

from sora import Occultation, Body, Star,
from sora.prediction import prediction
from sora.extrz import

SORA version: ©.3.2

20250919PhaethonfEm it EE > SWE=H

B Phaethon 20250

VS code TOFRTA

T4

&8

319.1pynb

P

i

By 25 2 Ak 8
OO o

L Python3.113

Python

IPLD SPhaethonDIBET—FEF D /O—-FLET, Bf2025F9H 1 9BORR 1 FZMBLTHET

ol a diam - dld]lave'e i oo~

A b Sun aun
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markdown
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« @python modules% 4 > R— k

e DIPLA B/NKLE (3200 Phaethon)ghigs —%%2#4X 7 >Aa— K
« Xrequest.getCTIT 7 —A'\HBIGEIFEAEZENMT 5

c QAT U FADIERL
« /NR{Kphaethon
s FHfEpred
- [E&star_occ
. fEfkocc

» OF HEER




T AL@import

import matplotlib.pyplot as plt

# JPL SPKHEX{SH
import json
import base64
import requests

# ## Other packages

from astropy.time import Time
import astropy.units as u

from astropy.time import TimeDelta
import cartopy.crs as ccrs

## SORA packages

from sora import Occultation, Body, Star,
LightCurve, Observer

from sora.prediction import prediction
from sora.extra import draw_ellipse

EEH

DB EVE

#F—str‘ingc‘: L TEHurlIZBEZ Y IAHRF T
# JPLA'TEZ L 7=SPK ID(spkid)IZ/NEE D5

£132000,0000 + NEEHES

20003200
"2024-09-19"
"2026-09-19"

spkid
start =
stop

HBICISCTEEH]R S

url = f"https://ssd.jpl.nasa.gov/api/horizons.api”

url += "?format=json&EPHEM_TYPE=SPK&OBJ DATA=NO"

url +=

f"&COMMAND="'DES%3D{spkid}%3B'&START TIME='{start}'&STOP_TIME='{stop}"'"

KZDT—REBEREXDEZAHICOVWTIEIUTZ SR
https://ssd-api.jpl.nasa.gov/doc/horizons.html

response = requests.get(url)
if response.status_code 200:
data = response.json()
if "spk_file_id" in data:
spk_filename = data["spk file id"] + ".bsp"
with open(spk_filename, "wb") as f:
f.write(base64.b64decode(data["spk"]))
print(f"wrote SPK content to {spk filename}")
elif response.status code == 400:
data = response.json()
print ("MESSAGE: {}".format(data.get("message

", json.dumps(data, indeT}=2))))
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# OXEAF72 7 b "phaethon”
phaethon = Body(name='Phaethon',diameter=5, database=None,

spkid=20003200,
ephem=[ '20003200.bsp ', 'ded442s.bsp'])

# QFHKRA 77 bk "pred”

pred =

prediction(body=phaethon, time beg='2025-09-19 00:00:00°,
time end='2025-09-20 00:00:00' ,mag_lim=14)

# QEF 7V 7 b i SEIFFHRN 1 DL DOTFHR[O)|ZIBTE
star_occ = Star(code= pred['GaiaDR3 Source ID'][©@])

# WwkA 7> 7 b FRETCEONT-HXZIET

OCC

= Occultation(star=star_occ, body=phaethon, time=pred['Epoch’'][0])

13
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Object Diam Tmax dots <> ra_offset_dec

Phaethon 0 km 0.0s 60 s <> +0.0 +0.0

~N

* RIF60MHERR
- C/A @ H' K@

year-m-d h:m:s UT ra__dec__J2000__candidate C/A P/A vel Delta G* 1long
2025-09-19 16:48:20.660 04 07 38.8772 +41 59 10.512 0.666 210.82 -9.80 1.72 12.3 171

occ.plot occ_map(nameimg="occ local2")

B (E72IEFHR) objectd AV v K

cpoints=1,1#
zoom=256, Bk %
25677 F]
resolution=1 &

N RE

A FIEEsites=sites.
EIfE$5 Ecpoint=1 [s]

Object Diam Tmax dots <> ra_offset_dec
Phaethon 5 km 8.5s 01 s <> +0.0 +0.0

year-m-d h:m:s UT ra__dec__]2000__candidate C/A P/A vel Delta G* long
2025-09-19 16:48:20.660 04 07 38.8772 +41 59 10.512 0.666 210.82 -9.80 1.72 12.3 171

sites= {
"Date-Monbetsu st.": [140.85633650665656,42.46941118201754,0,0,"red","."],
"E-Muroran st.":[ 141.02528514543485, 42.34876141396795,0,0,"red","."]
}
pred[@].plot_occ_map(centerproj=[141.02,42.34],
nameimg="pred_centerproj_local256_date",
sites=sites,site_name=True, cpoints=1, zoom=256, resolfﬁion=1)
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« 74 b Hh—"lc

« kA 7Y = 7 hoccllaka BN e.g.
occ.chords.add_chord(observer=obs, lightcurve=lc)

» 74 b H =T8T occ_Icfit(), 74 v bdchi2Z By b T4 v
NEF7 Ay Keplot lc()

« 5% 7°0 v b occ.chords.plot_chords()
« B~ 4 v b occ.fit_ellipse(), I8 ~7 A v b draw_ellipse()
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2466 Golson (1959 R)) 2024-12-21 10:26
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