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Early multiband light curve of SN 2023ixf
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Keywords: Supernova, Optical, Photometry
| AstroNcees | St | Abstract: We present the early multiband evolution of SN 2023wt made from the observabions of the Observadores de Supemovas (ObSH, Spain).

We present the early photometric evolution of SM 2023id made from the observations of the Observadores de Supemovas (ObSN, Spain). This light curve begins with the data
2023-05-23 2044 52 Type: Arey Obtained by our observers from the same night (H.JD 24680084 45402) of its discovery by Mr. K. Itagaki until last night (H.JD 24680087 42115). For this, telescopes located in private
observatories spread throughout the Spanish geography and Italy have been used. CCD detectors with Johnson/Cousin BVRI and Sloan o, ',  filters have been used. In the light
Early multiband light curve of St curve, the rapid increase in the initial brightness of the supernova (=2 mags. in 1 day) can be observed, as well as a lower cadence in its ascent since it must be close: 1o reaching its
maximum. You can collect more information on the monitoring we are carmying out on the group's websile: wew obsn es
Authore. Juan Luk Gonzilez Carballo
Castlb, J. L. Messtin y F. Garcia (Obsa
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Research Article

Far-Ultraviolet to Near-Infrared Observations of SN 2023ixf: A high energy explosion engulfed in
Probing the soft X-ray properties and multi-wavelength variability of chmpley clocrnsfaline matecinl
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Cosmology and AstroParticle Physics (CCAPP), Ohio State University, Columbes, OH, USA, “Fatiron Institute Center for Computational Astrophysics, New York, NY b Department of Physses, Graduate School of Advanced Scaence and Engmeening, Hiroskama University, Kagomigema, 1-3-1

A and " Department of Physics, Ohio Stats University, Columbus. O, USA . Higashi-Hiroahima, Hisorkima 799-8526, Japan
’  Argobhatta Research nstitate of Obsermational Sciences, Manora Peak, Nuinital-269001, Uttarakhand, India

Abstract ABSTRACT

We present a detailed analysis of nearly two decades of optical/lUV and X-ray data to study the multi-wavelength pre-explosion properties We present early-phase panchromatic photometric and spectroscopic coverage spanning far-
and post-explosion X-ray properties of nearby SN2023ixf located in M101. We find no evidence of precursor activity in the optical to UV nitraviolet (FUV) to the near-infrared (NIR) regime of the nearest hydrogen-rich core-collapse su-
down to a luminosity of 1.0 x 10° Ly, while X-ray observations covering nearly 18 yr pnur w0 nphmm show no evidence of luminous pernova in the last 25 years, SN 2“'33”‘_' We observe early “Hash' f'f""f"“ n the optical spectra due
precursor X-ray emission x down 10 an ahsmbcd 0.3-10.0 keV X-ray luminosity of ~6 x 10 erg s™'. Extensive ﬁwlﬁ observations taken to a conflned dense cireumstellar mateeial (CSM). We observe high-jonization absorption lines (Fe 11,
post cxp&)mm did not detect soft X ray o Forsen CAIMNY Vel sobtlhiin tha Gt «.3 3 Jave wftos feot Nabe wdiink scnnacte o smase base o Ma 1) in the niteavinlet enegtra fram very early an Wa alen oheorve a H]llhi{)“f\kl’ﬂ omission pr(,hlp
rate for the progenitor of <5 x 10 M5 Vannini & ]ll]l() 2023a,b; Balam & Kendurkar 2023; Maund et al. professional observatories have monitored the SN. We  #ction of ﬂu-l.\‘.\ r';'vrm m‘t:‘n
the progenitor underwent a mass-loss : . o .« an outer radins of ~ 140 AU.
phscn et rays from SN2023ixf ' 2023; Smgh et al. 2023; Koltenbah 2023; Mayya et al. 2023; supplemented our photometric dataset with various de- o o 1o

65 years before the explosion

maintained this luminosity for nearly 50¢ Kendurkar & Balam 2023c; Chen et al. 2023; Silva 2023b; Daglas tections and non-detections of SN 2023ixf from As-  ited by multiple highly ionized

is interacting with dense material. Howe nch as C, N, O, Si, Fe, and Ni.

sina AV R %, O Y o T
derived from merging all Swift observatio 2(023; Sgro et al. 2023) and spectroscopic (e,g, Sutaria & Ray 2023; tronomer’s ‘Tt l(' grams™ and TNS Astranotes®, 4“?‘1_ ?" learby dense CSM coufined to
of a heavily absorbed and hotter compon . = clude the magnitudes reported by Perley & Irani (2023); (a1, yr!) two decades bofore
this soft component arises from cooling o Sutarla, Mathure, & Ra)’ 2023; Zhang et al. 2023b’ Gonzdlez- Filippenko et al. (2023); Fulton et al. (2023): Zhang et al.

Keywords: Supernovae; starsmass-loss | Carballo et al. 2023; Stritzinger et al. 2023; BenZvi et al. 2023a,b; (2023); Limeburner (2023): Kendurkar & Balam (2023);
(Received 1 September 2023; revised 30 A LunquiSl, O’Meara, & Walawendel’ 2023) Observations. Mao et al. (2023); Gonzalez-Carballo et al. (2023): Van- Supernova dynamics ( 1664);
Analysis of pre-discovery data from the ZWley Transient [E&0% nini (2023); Desrosiers et al. (2023); Fowler et al. (2023); al astronomy (1145)
A . X % P 5, leles mby ) . ot al. < Avanz . P
1. Introduction Facility (ZTF) (Perley & Irani 2023), Asteroid Terrestrial-impact Koltenbah (2023); Chufarin et al. (2023); D'Avanzo s daminated by narrow cmission fea-

et al. (2023 Balam & Kendurkar (2023): Vannini & with confined dense circumstellar ma-
Massive stars (28 Mo) end theirlives s Last Alert System (ATLAS) (Fulton et al. 2023), and many other Tuli (,”” )I Singh et al. (2023 = th et al. 2021, 2022). The characteris.
(SNe) once degeneracy pressure suppor t l d h l b 19:30 d Julio (: a,b); Singh et al. (: ). | dense CSM are visible in the spectral
capture and nuclear photodissociation, LEIESCOPES constrained the exp! osion time to between an b* faturms consisting of narow high-
lapse (e.g. Burbidge et al N"’; Iben lw"‘dﬂ’ et al 2002; pno, to core Z;I.L'\pse. it s expected that RSGs will lose mass :l,\:nu'umnr: il'l all- :;(‘: :;r\‘;\-.r(r(- z-rw;—' "\TL AS) Jonization lnes that last a few to several davs depending
I’Jdndgc & Tout 2004; Smartt 2009 Janka 2012; Ibeling & Heger via winds. However, there is evidence that these winds are not have made it pfmﬂ-lr to fhun)’-(‘r young ~np<‘rn(nmc~ on the _r‘“ﬁ"‘ ‘““I_ ‘]““"‘i_'-" of the (‘S;\l"’(;“l Y et al.
2013; Burrows 2013). Hom:\ct. the nature of the explosion is strong enough to explain the properties of SNe that exhibit strong RS GRS . it . 2014; Yaron et al. 2017; Jacobson-Galin et al. 2022)
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Revisiting the extremely long-period cataclysmic variables The evolutionary history of ultra-compact accreting binaries
V479 Andromedae and V1082 Sagitarii I. Chemical abundances and formation channel of the eclipsing AM CVn system
Gagik Tovmassian'*, Diogo Belloni’, Anna F. Pala®, Thomas Kupfer* >, Weitian Yu*, Boris T. Ginsicke®, Elizabeth O. ZTF J225237.05-051917.4 from HST Spectroscopy
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Walton®!
<t ABSTRACT
(Affiliations can be found after the references) g
' . —— Context. AM Canum Venaticorum (AM CVn) stars are ultra-compact binary systems composed of a white dwarf primary accreting from a
Qﬁ Received ; accepted Q{‘ hydrogen-deficient donor. They play a crucial role in astrophysics as potential progenitors of Type la supernovae and as laboratories for grav-
)] AV Lapana 100U, ¥aipalamsg, Cii ettt ¥ wer their formation and evolutionary history remain unsolved. Three formation channels have been discussed in the
,J:‘: ABSTRACT 10" Institute of Science and Technology Austria, Am Campus 1, 3400, ie He-star, and the cataclysmic variable channel.
o, Klosterneuburg, Austria tion of the accretor atmosphere reflects the material transferred from the donor. In this work, we aim to provide the

1 Context. The overwhelming majority of cataclysmic variables (CVs) have orbital periods shorter than 101 '' Anton Pannekoek Institute for Astronomy, University of Amster- Of the fundamental parameters of the accreting white dwarf in ZTFJ225237.05-051917 4, including the abundances
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¢s,binaria eclipsante de largo periodo?
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~elargo periodo
satenuaciones p as
*NO se detect es secundarios
* perfil de los eclipses asimétricos
* extincion “gris”

[Crédito imagen: Wikipedia Commans / NASA
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Mon. Not. R. Astron. Soc. 303, 521-524 (1999)

Is the eclipsing variable EE Cep a cousin of ¢ Aur?

M. Mikotajewski* and D. Graczyk*

Center for Astronomy, Nicolaus Copernicus University, Torwi, Poland

Accepted 1998 October 23. Received 1998 October 19; in original form 1998 June 16

ABSTRACT

We report the first five-colour Johnson UBVRI observations of the last eclipse of the long-
period (5.7 yr) eclipsing binary EE Cep. We propose that the star is a member of the Cep OB1
¢ this assumption. we find that the primary is a BS
=~ —3.L

The observations show that the obscuring body is not a star-like object. We suggest that the

association at a distance of 2.75 kpe.

bright giant of radius = 10 Rg and luminosity

invisible companion in EE Cep is a dark, thick disc around a low-luminosity central star or

binary, and that the system has a few important similarities to the e Aur system.

Key words: binaries: eclipsing — stars: individual: EE Cep.



*binaria brillante =V = 3

*p = 27,1 anos

duracion eclipse = ~ 2 anos
«amplitud = 2,92 a 3,83 (2009-2011)
*disco muy fino

«dinamicamente irrelevante

~0,07 Mg

Epsilon Aurigae Eclipse (CHARA-MIRC)

Milliarcseconds

[Crédito imagen: Wikipedia Commons / Brian Thieme, File by Aaron Price]
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[Crédito: Kloppenborg, B. et al., Nature 464, 2010]
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el sistema EE Cep

e componente A
®

—— B51II-IV (Be)

e = eyeccion de gases

———» rota a velocidad critica (~350 km/s)

- R=9-10R,
- M=8,0+22 M,

- Teff = 14 300 — 15 000 K
- L=3500L,

D = 1,99 kpc (Gaia DR2)
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componente A

—— B51II-IV (Be)

e = eyeccion de gases

———» rota a velocidad critica (~350 km/s)

- R=9-10R,
- M=8,0+22 M,

- Teff = 14 300 — 15 000 K
- L=3500L,

D = 1,99 kpc (Gaia DR2)
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componente B

« ;estrella de baja masa?
* invisible
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e Oobjeto eclipsante

» disco de granos grandes (<10 um)
eclipses “grises”

muy fino (0,6-1 Ry)

interior opaco y exterior semitransparente

radio en discusion (6 — 30Rg,)

algunos autores proponen que es un disco
protoplanetario con anillos concéntricos
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eclipses anteriores
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[Crédito: Gatan, C., et al., 2012, Astronomy & Astrophysics, 544, id.A53. 2012A&A...544A..53G]
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anatomia de los eclipses de EE Cep

la 4a

estabilidad estabilidad

[Crédito: elaboracidn propia a partir de Gatan, C., et al., 2012, Astronomy & Astrophysics, 544, id.A53. 2012A&A...544A..53G]
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anatomia de los eclipses de EE Cep

inicio del eclipse = 1a
%W— N ————————>

1a e 4a
4

recuperacion estabilidad < 4a

T

“ala” de salida = 4-4a

el disco finaliza la ocultacion de la estrella A
partes exteriores del disco, menos densas

estabilidad

la “ala” de entrada 9 1a-1 /
Q’:@ el disco comienza a tapar la estrella A
‘ partes exteriores del disco, menos densas

caida maxima = 1-2
el disco comienza a tapar la estrella A

parte mas opaca del disco =~ — 2 fin del maximo - 3
- asimetria... ¢irregularidades del disco,
1 anillos concéntricos?

=L

[Crédito: elaboracidn propia a partir de Gatan, C., et al., 2012, Astronomy & Astrophysics, 544, id.A53. 2012A&A...544A..53G]



<. %) Lacampaha observacional del eclipse de 2025 de EE Cep | ObSN

XXVII CEA Sabadell, BCN - 9-12.10.2026

modelos

 sistema binario con una gigante (Meinunger, 1975)
sus pulsaciones cambian la profundidad del eclipse poco viable:
no explica los eclipses “grises’, tampoco el minimo plano de algunos eclipses

« disco oscuro alrededor de un objeto de baja luminosidad (Mikotajewski & Graczyk, 1999)

es la base del modelo mas aceptado:
por si solo no explica las “alas” ni las irregularidades de los eclipses

- disco precesante alrededor de estrella B que oculta a la A (Gatan, 2012)
ayuda a comprender las irregularidades, es el mas usado en los modelos predictivos

 la que precesa es la estrella (A Pienkowski et al., 2020)

 estructura multianillo y disco protoplanetario (Gatan et al., 2010)
plausible pero no demostrado

* mas recientes: ¢un tercer cuerpo? ¢ disco en forma de torque?

Multi-ring structure of the eclipsing disk in EE Cep -
possible planets?

C. Galan,! M. Mikolajewski,! T. Tomov,! E. S'wi(‘rczyl'lskL1

M. Wiecek,! T. Brozek.! G. Maciejewski.! P. Wychudzki.,! M. Hajduk,!
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el efecto von Zeipel

una estrella que gira muy rapido se aplana: el radio
ecuatorial es mayor que el polar. En el ecuador, la fuerza
centrifuga compensa parte de la gravedad, y esa gravedad
superficial es menor.

segun la ley de von Zeipel, el flujo que sale de cada punto
de la superficie es proporcional a su gravedad local, y la
temperatura crece con ella

el resultado es que los polos son mas calientes y
brillantes y el ecuador es mas frio y apagado

MAYOR GRAVEDAD
MAS CALIENTE
Y LUMINOSO

MENOR GRAVEDAD
MAS FRIiO

Y MENOS LUMINOSO

MAYOR GRAVEDAD
MAS CALIENTE
Y LUMINOSO
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modelos

+ disco precesante alrededor de estrella B que oculta a la A (Gatan, 2012)
ayuda a comprender las irregularidades, es el mas usado en los modelos predictivos

Z. (direction to the observer)

Fig. 12. Schematical explanation of the geometrical parameters in the
special case when the precession axis of the disk (the symmetry axis
of the conical surface over which the rotation axis of the disk moves
cyclically with the precession period Ppc) is parallel to the ¥ axis of
the coordinate system (i.e. it is perpendicular to the orbital plane). Our
code allows this axis to be inclined by angles Hpree and dprec in a similar
way to the inclination of the rotation axis.

Brightness

Time

Fig. 13. Schematic explanation for the formation of the bump in the
light curves. The configurations of the star and the disk at the first and
second minima are shown at the top.
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[Crédito: Gatan, C., et al., 2012, Astronomy & Astrophysics, 544, id.A53. 2012A&A...544A..53G]
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modelos

* la que precesa es la estrella (A Pienkowski et al., 2020)

[Crédito: Pierkowski, D. et al., 2020, Astronomy & Astrophysics, Volume 639, id.A23. 2020A&A...639A..23P]
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modelos

* la que precesa es la estrella (A Pienkowski et al., 2020)

LAS PREDICCIONES PARA EL ECLIPSE DE 2020

NO SE CUMPLIERON

[Crédito: Pierkowski, D. et al., 2020, Astronomy & Astrophysics, Volume 639, id.A23. 2020A&A...639A..23P]
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la campana del eclipse de 2025 de ObSN

COMMISSIONS 27 AND 42 OF THE 1AU
INFORMATION BULLETIN ON VARIABLE STARS

Number 6111

Konkoly Observatory
Budapest
28 June 2014

HU ISSN 0374 — 0676

THE 2014 ECLIPSE OF EE Cep: ANNOUNCEMENT
FOR A THIRD INTERNATIONAL OBSERVATIONAL CAMPAIGN
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1 Introduction

The variability of the 11th magnitude star EE Cep was discovered in 1952 (E=0) by Ro-
mano (1956) and soon confirmed by Weber (1956), who reported observations obtained
during a previous eclipse in 1947 (E=—1). Thereafter all consecutive eclipses were ob-
served with an orbital period of 5.6 yr. The eclipses vary in an unusual way changing their
shape, duration and depth across a wide range of about 0.5 to 2.0 magnitudes (Fig.1)
and simultaneously with very small color variations.

Astronomy & Astrophysics manuscript no. ms ©ESO 2020
January 17, 2020

International observational campaign of the 2014 eclipse of EE
Cep *

D. Pierikowski!, C. Gatan!, T. Tomov?, K. Gazeas®, P. Wychudzkig, M. Mikolajewskiz, D. KubickiZ, B. Staels*, S.
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ABSTRACT

R] 16 Jan 2020

U? Context. EE Cep is one of few eclipsing binary systems with a dark, dusty disk around an invisible object similar to £ Aur. The system is
: characterized by grey and asymmetric eclipses every 5.6 yr, with a significant variation in their photometric depth, ranging from ~ 0.5 to ~ 2™.0.
Aims. The main aim of the observational campaign of the EE Cep eclipse in 2014 was to test the model of disk precession (Gatan et al. 2012). We
1 expected that this eclipse would be one of the deepest with a depth of ~ 2™.0.
o Methods. We collected multicolor observations from almost 30 instruments located in Europe and North America. This photometric data covers
j‘:,‘ 243 nights during and around the eclipse. We also ana]yse the low- and high-resolution spectra from several instruments.
w Fn'esu.‘ts The ecllpse was shallow with a depth of (0. 71 inV- band The mulncolor photomelry 1llustrates small color changes durlng the ecllpse




PiginaPrincipal  ;Quiénes somos?  ;Cémo tral

2

La camg
XXVII CE

Los ecipses ce EE Cep se
una varlakily

en Jugar de un cuerpo o

05 ue s aribuyen 3

a Be princ mbién prec

explicar b secuencia h

andl=is conjunto de

o0 € Aurigae

1 1 I 1 1 1 1 1
50740 50760 54800 SAS20 54840 S4B60 4880

1 1 1 1 1
10440 40460 40480

INFORMACION E INSTRUCCIONES PARA LA CAMPANA DEL ECLIPSE DE 2025 DE EE CEP

E echpse de este afio se espera para mediados de octubre.

Loz ecipses suelen durar mis de un mes. Son muy variables, 2 veces solo ha caldo 0,5 mags., en otras
ocasiones casl 2.

Una observacién por noche es suficente (sl se tienen varios fitros, una con cada uno de ellas).

Trataremos de hacer una fotometrk lo mds fina posible usando FotoDI (el clisico, no FotoDIfSN).
Debemeos usar ka estrella de comparadién Indicada més abajo.

También e puede usar Tycho (aunque se usard, preferentemente, FotoDIf).

Se gradece & fotometria multibanda. También son blenvenidos los espectros que se puedan obtener,
especialmente en los momento en que se esté produciendo ef eclipse.

Es una estrella brillante. Culdado con no saturar, a lo mejor un ligero desenfoque ayuda.
Se recomienda leer ef tutorlal para hacer una buena fotometria que tenemos en

Hasta medladas de noviembre se encuentra a buena altura en nuestros clelos, a partir de ese
momento estd més baja (que deberia calnckdir con el final del echipse, ojais se cumplan ks previsiones).

jGracias por vuestras medidas!
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\ / El indice : Acerca
m,\ Internacional de Buscar Entregar Registro Acceso Cuenta de

Estrellas Variables

Hora actual: 04 oct. 2026 07:57:51 UTC Bienvenido, invitado. No has iniciado sesion.
» Acceso

» Revizar ¥ Nueva bisqueda
Ultimos detalles

Inicia =esion para recuperar alias adicionales de SIMBAD.

Nombre

BD+55 2690
UID de AAVSO | 000-BCQ-031 (1327 observaciones )
Constelacion | Cefeo ¥ Secuencia
J2000.0 | 22 09 08.03 +55 47 15.5 (332.23346 +55.78764) ¥ Buscar cerca

B1950.0 | 22 07 20.14 +55 32 301
Coordenadas galacticas. | 101.480 -0.172

Otros nombres | 2MASS J22090802+5547155 GSC 0397301177 Gaia DR3 2197942680453292160
(solo para uso inferno) | TIC 323566557 TYC 3973-11771 UCACYH 729-079944
(Mo has iniciado sesidn) »

DSCT

7]

Tipo de variabilida

Tipo espectr@l | ADV

e

Rango magnétic p | 10.39-1041V

Descubridor

Epo 15 de oclubre de 2022 (HJD 2459368.3) ) ¥ Efemeérides

Explogion "=

Periodo | 0,05731766 d (52,53743 min)

Duracion del ascensoleclipse. | -
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EE.Cephei y
22 09 22.75 +55 45 24.3

Imagen de Rafael G- Farfan (22.08.25).
Secuencia fotométrica de ATLASZ.
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Marca temporal CODIGO OBSERVADOR # HJD # MAG # ERROR FILTRO SOFTWARE Empleado

23/08/2025 22:25:59  LFEA 246094534742 10,588 001e R FotoDif (preferente)

[...]

28/12/2025 21:00:02 LFEA 2461038,297181 10,854 coog Vv FotoDif (preferente)
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la campana del eclipse de 2025 de ObSN

Marca temporal CODIGO OBSERVADOR # HJD # MAG # ERROR FILTRO SOFTWARE Empleado
23/08/2025 22:25:59  LFEA 246094534742 10,588 001e R FotoDif (preferente)
28/12/2025 21:00:02 LFEA 2461038,297181 10,854 coog Vv FotoDif (preferente)

a3
‘* N
» . observadores
: AN

© gt T 128

. ﬁ
o ® 8- dias de monitorizacion continua
- {noche del 10 al 11 de octubre = 88 medidas}

' -~ 2698
W S medidas multibanda
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Figure 5. Distribution of cCamp®ign measurements by [T showing total counts and relative

percentages.
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EE Cep 2025 Eclipse | ObSN
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conclusiones

« profundidad del eclipse: 1,44 (V), la mayor desde
1997 (rompe la tendencia de 2003-2020)

Evolution of Eclipse Depths of EE Cepheil (1947-2025)
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conclusiones

« profundidad del eclipse: 1,44 (V), la mayor desde °
1997 (rompe la tendencia de 2003-2020) 1”'8'.}.&‘!-}”.“ 1

- morfologia: curva en forma de V truncada en la
rama descendente. Similar a la de 2014 pero con T
menos asimetria, muy diferente a la precedente de
2020. No se observa ala en la rama ascendente (4- ™%
4a). Recuperacién mas lenta que los eclipses
inmediatamente anteriores
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conclusiones

« profundidad del eclipse: 1,44 (V), la mayor desde 1083 .
1997 (rompe la tendencia de 2003-2020) 0% = i
- morfologia: curva en forma de V truncada en la - ma
rama descendente. Similar a la de 2014 pero con op "% g onan
. , . S0 = s
menos asimetria, muy diferente a la precedente de = -
+1058 #1137
2020. No se observa ala en la rama ascendente (4- )
4a). Recuperacion mas lenta que los eclipses e
inmediatamente anteriores i
* Ingreso no monotono: pequena caida con bump'y o ® : . ISR s g
recuperacion de ~0,02 (V) durante la rama
P . ( ) . . Figure 9. Detail of the eclipse ingress, showing a slight brightness dip followed by a recovery in the V
descendente (¢ inhomogeneidades del disco and B bands

exterior?)
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la campana del eclipse de 2025 de ObSN

conclusiones

« profundidad del eclipse: 1,44 (V), la mayor desde
1997 (rompe la tendencia de 2003-2020)

- morfologia: curva en forma de V truncada en la
rama descendente. Similar a la de 2014 pero con
menos asimetria, muy diferente a la precedente de
2020. No se observa ala en la rama ascendente (4-
4a). Recuperacién mas lenta que los eclipses
inmediatamente anteriores

* ingreso no monotono: pequena caida con bump y
recuperacion de ~0,02 (V) durante la rama
descendente (¢ inhomogeneidades del disco
exterior?)

+ color: ligero mayor enrojecimiento que en 2014 y
2020, pero sigue siendo muy “gris’
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I - Table 2. Observed minima epochs and magnitudes, including the eclipse depth per band.
c o n c u S I O n es Minimum (HJD) Magnitude at minimum Depth

« profundidad del eclipse: 1,44 (V), la mayor desde b P09 A15E0.100 100 HA0
1997 (rompe la tendencia de 2003_2020) v 2460993.066+0.125 12.274 1.437
- morfologia: curva en forma de V truncada en la fie 2460993.132:£0.158 11.827 1.249
rama descendente. Similar a la de 2014 pero con lo 2460993.206+0.224 11.403 1.14
menos asimetria, muy diferente a la precedente de Sloan g’ 2460992.86240.099 12.355 1.402
2020. No se observa ala en la rama ascendente (4- Sloan 1’ 2460993.227+0.811 12.005 1.282
4a). Recuperacion mas lenta que los eclipses Sloan 7’ 2460993.202+0.113 11.889 1.203

inmediatamente anteriores

* ingreso no monotono: pequena caida con bump y
recuperacion de ~0,02 (V) durante la rama
descendente (¢;inhomogeneidades del disco
exterior?)

+ color: ligero mayor enrojecimiento que en 2014 y
2020, pero sigue siendo muy “gris’

* minimo: respecto a las efemérides de Pienkovski et
al. (2020) presenta un O-C de +0,77 d (V) :

+ periodo: usando PDM se encuentra un p 14 .
concordante con la literatura: 2049,78 + 0,22 d. 2 + .

JDuin = 2434345.16 (£ 2.08) + 2049478 (£ 04.22) x E
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THE 2025 EE CEPHEI ECLIPSE OBSERVATIONAL CAMPAIGN

GUNZALEZCARBALLO, T.L, (cooRD.); Naves Nocuis, R (coorm ) MapTin-Vovasco, L. (Coorm )
SISTO-LOPEZ, N.; SALTOSGONZALEZ, 1. L. REINA-LORENZ, E.; LOCATELLL, G.; ARGUES-PERPISAN, 1. R.;

DiAZ-LAOPER, S ESCARTIN PERERZ, A; GARCIADE LA CUBSTA, F.; MARTINGSAURA, A LIMOR-MARTINEZ, F;

BOTANA-ALRA, O DE ELIAS, J.; CELIA MIRO, AL VICo, X COCO-LOPEZ, 1, O ARRANZ-HERAS, T.;
BROSACATON, X MORALES AIMAR, M.; TREMOSA-ESPASA, L.; CASAS, R PERALESVICH, 1. M.,
ACUIHEAZCONA, AL GONZALEZ-FARFAN, R.; CARRASCO-LOPEZ, F.; CASTILLO-GARCA, R
BENAVIDES PALENCIA, Rug SANTOS ALAMO, F. ML GONZALEZ-MARTINEZ, D.; RAMOSBORREGO, 1, M.:
SOBRNC-MUROZ, R OTAZU-PORTER, X,

Observadores de Supernovas (ObSN}, 06010 Badajoz (Spain), observader gmail.com

Abstract: EE Cephei i5 an unusual binary system in which the eclipses are produced by the
transit of an opague and precessing dust disk surrounding the secondary component. In this
work, we present the results of the observational campaign cootdinated by the group
Olservadores de Supernovas [ObSN] during the 2025 eclipse [epoch £=13), The observations,
altained throngh o metwork of 33 observers seross Spain and Italy, cover more than four
auonths of multklter monitoring (8, V, Ko, Je, and Sloan ', % 1" bands). A total of 2698
auepsurements were obtained The 2025 eclipse reached a maximum depth of 144 mag in the
Vo band, breaking the teend toward shallow minima observed over the last two decades and
snggesting a transit throngh bigh dust column density regions of the disk. The minimuom
oceuried at HID 2460993.13 £ 0.07 (multiband mean value), showing a residual (0.0 of
+0.T7 o relative to recent linesr ephemerides, Periodicity analy=is using the Phese Dispersion
Mindmization (PDM) method, intesrating  the last six eclipses  (1007-2025), vields a
Tundmmental period of 2050.5640.83 <. consistent with the published orbital moedel. These
resules provide an updated database for the reflnement of disk preceszion maodels o chis system,

Keywords: Stars: individual: EE Cepliei — Binaries: Eclipsing — Stars: Be, Circumstellar
amatter — Dust, Extinetion — Photometry

1 Introduction

EE Cep is classified in the AAVSO Vardable Star fedex (V3X; Watson ef al., 2006) as an
E-DOy type variable star. These systems are defined as binaries in which long-period, long-
duration ocenltations are cansed by a cirenmstellar disk surrounding one of the components.
Consequently, EE Cep represents an uncommon binary system whose nature has been a subject
of intense study since the mid-20th century. Tt i located in the constellation of Cephens at
woordinates 22 00 2275 455 45 243 (J2000.0), and its quiescent magnitude is ~10.7 ().

Originally identified as a variable by Romanao (1956G), it was later confirmed as an eclipsing
svstemn by Weber (1956) and Meinunger (1973). The last three decades have been marked by
the research of D Graceyk, M. Mikolajewski, C. Galan, and D Pienikowski, who have led the
sty of the system through extensive observational campaigns., Their work has allowed for
the refinement of the orbital period and the proposal of a model based on a dark, precessing
«ust disk surrounding an invisible star. This approach has been fundamental in explaining why
«ach eclipse varies in depth and duration, even attempting to predict the system's hehavioor
in its most recent cycles.

clipse de 2025 de ObSN

GONZALEZ-CARBALLO, .J.L. (COORD.); NAVES NOGUES, R. (COORD.); MARTIN-VELASCO, J.L. (COORD.);
S1sTO-LOPEZ, N.; SALTO-GONZALEZ, .J. L.; REINA-LORENZ, E.; LOCATELLI, G.; ARQUES-PERPINAN, J. R.;
DiAZ-LOPEZ, S.; ESCARTIN-PEREZ, A.; GARCIA DE LA CUESTA, F.; MARTIN-SAURA, A.; LIMON-MARTINEZ, F.;
BOTANA-ALBA, C.; DE ELIiAS, I.; CELIA MIRO, A.; Vico, X.; Coco-LOPEZ, J. C.; ARRANZ-HERAS, T.;
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nature astronomy

Article https:/idoi.org/10.1038/541550-024-02446-x

A swarmofdusty objectsinorbitaround the
central star of planetary nebulaWeSb1

Recelved: 19 January 2024 Jan Budaj®' -, Klaus Bernhard ® David Jones ®*** & James Munday®

Accepted: 18 November 2024

Published online: § January 2025 Exoplanets and smaller bodies have been detected orbiting different kind of
stars. However, we do not know of any such objects in planetary nebulae, the
short-lived stage of stellar evolution between the asymptotic giant branch
and white dwarf phases. The planetary activity (destruction and formation)
may be accompanied by dust clouds. Hence, we searched for dust
occultation events in planetary nebulae using archival photometric data. We
show that the central star of PN WeSb 1 features numerous dimming events
with typical durations of a few days to weeks that are up to 3 mag deep.
Thisvariability is mainly stochastic with an indication of a 400 d period.

The occultations are almost grey, indicating dust grains larger than about
0.1um. Based on our follow-up observations, we argue that the central staris
awide binary and that these events are most probably caused by debris from
disintegrated small rocky bodies that escaped from the former asymptotic
glant branchstar to find safe harbour around the companion star. The latter

[®]Check for updates

[Crédito: Klaus Bernhard, tomado de Budaj, J., Bernhard,

star dominates the optical spectrum enabling us to see the eclipses. This
means that planetary systems are present and undergo violent evolution
during the planetary nebula stage.

ItIs now clear that stars In our Galaxy are not alone but, rather, are
orbited by any number of planets, asterolds or smaller bodles. Infact,

number of pi 1k thanone,
and the fraction of such stars with at least one planet Is between 45%
and100%-". Colliston: hobject: 'with

dustydebris disks that are chserved In about 25% of stars**. During the
asymptotic glant branch (AGB) phase of stellar evolution, stars expand
andlose asubstantlal fraction of thelr mass. The A

entreview
Inref. 17). However, this process has not been observed between the
AGBand WD phases.

Planetary nebulae represent ashort-lived phase of stellar evolu-
tion between the AGB and WD phases. Many planetary nebulae are
probably the product of a common envelope (CE) evolution, during
which a companion star Is engulfed by the AGB star, resulting in the

* The elected material has high metallic

oncloserorbits, asitsrad! ormore. Ity andtends tobe focused in the orbital plane to create a dusty disk”,
Owing to the heavy mass loss from the star, the orbits of bodiesthat ~ sometimes with aclumpy spiral pattern™~, Suchstructuresmay have
are further away may become unstable®”. As these. to for th of asecond

(WDs), someof unst: planets or may feed a surviving first generatlon of planets with new

get very close to the Wi, where they are tidally disrupted Into dusty
debris. This dust emlts Infrared (IR} radiation and accretes onto the
WD, contaminating its surface with heavy elements. Such a scenarlo
has been proposed to explaln the metals In the atmospheres of WDs
andthelr IRexcesses™, Over thelast decade, exoplanets, exoasterolds
andassoclateddebrishave been faund In close orbits around WDs™ ¥,

material™ . indeed, have recently been

past-CE binarles (for example, refs. 28-30). However, It Is still not
clearwhetherthese planets survived the CE or are second-generation
planets™. Apart from that, more than 20% of hot WDs, which are cen-
tral stars of planetary nebula, show an IR excess™. it has been argued
thatfor the Hellx nebula, the IRexcess may be due to dust originating

‘Astronomical Institute, Slavak Academy of Sciences, Tatranskd Lomnica, Slovak Republic.
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