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Introduction



Variable Stars

o Stars that change their apparent magnitude in time
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* Two main types of variable stars:
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2. Extrinsic variables
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Extrinsic variables

 Two main types of extrinsic variables:
1. Rotating variables

2. Eclipsing binaries
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Binaries

» Classification:
1. Apparent binaries

2. Visual binaries

3. Astrometric binaries

4. Spectroscopic binaries

5. Eclipsing binaries

« Up to 85 % of stars in binaries or systems with three or \

more stars

* Important for understanding stellar evolution
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A Spectroscopic Binary System

High-mass star A and lower-mass B orbit around a common centre

of mass. The observed combined spectrum shows periodic splitting
and shifting of spectral lines. The amount of shift is a function of the
alignment of the system relative to us and the orbital speed of the stars.

A biue-shifted
B rad-ghifted

Sirius B ~~ 1990

Sirius A




The goal

1. Find and observe suitable binaries
2. Reduce obtained data and acquire lightcurves
3. Fit our lightcurves

4. Determine main parameters of our targets



Theoretical Background



Theoretical Background

Spectroscopic Binaries
 Components close together

Object rocoacing Otjoct appoaching * Periodic Doppler Shift in spectral lines

Waves appear longer Waves appear shorter
Redshift Blueshift

NN /777N .

SB1: Only one spectrum visible
i ——-» i  SB2: Both spectra are visible

o SB2 system usually: i=90 degrees:
masses can be determined for both
the components

M3sin®i _ K3P
(M1 + M2)2 21 G

f(m) =



Luminosity (compared to the sun)

Hot Subdwarfs

sdO/Bs

CE-only channel
(massratio>1.2-1.5)

He-burning

Unstable RLOF

Mass ~0.47 M
Radius ~0.1 - 0.3 R,
Effective temperature ~ 20 — 100 kK

Common envelope

* Only consider sdBs in

Binaries
Short-period sdB binary
. MS
« Companions: MS /Brown ° @
Dwarf P . =0.1-10days

M, . =040-0.49 M,

50

30,000 L ™ Heber et al. (2009) Han et al. (2002,2003)



Hot Subdwarfs

Photometry Lightcurves sdO/Bs

Eclipsing Binary Stars

———

Secondary
Primary Eclipse Primary
Eclipse Eclipse

Brightness

Vik Dhillon/Tom Marsh

kepler.nasa.gov

 Photometry Filters: |, g, r, b


http://kepler.nasa.gov

Hot Subdwarfs: sdB Binaries

Factors affecting the lightcurves

e Reflection effect

e Variation in lightcurve due to
irradiated hemisphere of the
companion

 Companion: Moon or Venus
like phases




Hot Subdwarfs: sdB Binaries

Factors affecting the lightcurves

e Reflection effect

e Variation in lightcurve due to
irradiated hemisphere of the
companion

ed light

D renthangs” ™ » Companion: Moon or Venus
like phases

maliz

 Filters and Inclination affects
the reflection effect



Hot Subdwarfs: sdB Binaries

Factors affecting the lightcurves: Reflection effect

normalized flux
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HW Vir Systems

normalized flux

Hot Subdwarfs: sdB Binaries
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Inclination more than 70 degrees
Average Period roughly 5 hours

200 known

Eclipse duration > 15-20 minutes



Target Selection



ol VizieR Catalogue Service v A X
Target Selection T (@]

Crossmatch | —

Server: |http://vizier.u-strasbg.fr/ v

o —Row Selection
1. Crossmatch hot subdwarf Candidate\

catalog of Culpan et al. 2022 v

(J_A+A_662_A40_hotsd - 61.585 targets) =] goon
with the catalog of the Asteroid Terrestrial-
ImpaCt [ ast Alert System (ATLAS) with Maximum Row Count: {unlimited -

— Column Selection
4- 734-21 5 ta rg etS Output Columns: [standard v
— Catalogue Selection
[ By Category | By Keyword | Surveys | Missions

/ Measured Variables Stars B e
| | Sub-Table Detaiis | | Include Obsolete Tables

- - - Search Catalogues
From Photometry Folder in the Virtual machine 28
A Name Popularity| Density Description
/A+A/654/A107 8995 0{Catalogues of Blue Horizontal Branch Stars ({
A+A/662/A40 57745 0!Hot subdwarf stars studied with Gaia (Culpan
/A+A/685/A134 26790 0{Blue Horizontal Branch stars catalog (Culpan
/A+A/686/A25 1600 0{Hot subluminous stars 500pc volume-limited
q [ s

OK




Match Tables v A X

Target Selection T

C ro SS m atc h -Match Criteria

Algorithm: |Sky -

iq

Max Error: |1 0 arcsec |w

2 TOPCAT A

File Views Graphics Joins Windows VO Interop Help

. S (= | D ; 1] |
B 47 || | e l @® X =7 L @D O B &EX | ® Table 1
-Table List ‘|- Current Table Properties Table:|2:J_A+A_662_A40_hotsd w
1: TAP_1_gaiadr3.gaia_source §§ LabelHAnk 88T RAT o] e "T'
: s e - |_RAJ2000 v | |degrees |w

2:) A+A 662 A40_hotsd @ : Location: /home/workshop/Share/session.vot-2 RA column: | RAJ €9

A1 e 602 A% Jnowmhad : Name: J/A+A/662/A40/hotsd Dec column: |_DE}2000 v | |degrees |w

4: ATLAS cat.fits o - - . . : Rows: 61585 =

5: table_paper_publication_simplified_ZTF.csv " B Tt . -Table 2

6: Match_hotsdCandidates_ATLAS : 3 ; R

7: Match_hotsdCandidates ATLAS 10Err ¢ e Order:ﬁ hof ble: 4 ATLAS B

8: Targets_photometry Row Subset: |All |+ e n R
- 2 v v
;|| Activation Actions: 1/3 SARUETHE 9
Dec column: |dec v | |degrees |w
-Output Rows
Match Selection: | Best match, symmetric v
Join Type:|1and 2 v
|-sAmP

T s [rooes] O Jceni@B | &




Ig'J TOPCAT(8): Row Subsets v AN X

Target Selection LR CORIDEERICE
Selection criteria in TOPCAT p—— AL
2. Select a series of cutting criteria: e ——

- apparent magnitude < 18.5 mag (Perek minimum brightness)

- RA > 240 and DEC > -11 (Sun is at ~150 deg RA at the moment ->
center of the night is at 330 deg -> +/- 90 deg to both sides of the

interval) OR DEC > 60 for circumpolar stars

- Period from ATLAS greater than zero

49°

ZO?lth




https://atlas.fallingstar.com/videolist.php

Target Selection
ATLAS Lightcurves

 Look at ATLAS lightcurves to search for short

STRIAL-IMPACT LAST ‘tn S
-\\;,- v :‘ - > i
':‘\'\ ‘.' ] L. L

period targets that show reflection effect and = T
eclipse
§ ..":,'. v, e .o‘:):;;:. ..;,’,,. ", e ..':,:;
* Also take targets into account that have S Lo e VA %
missing data -
* Delete Garbage data altogether where no
conclusion about HW nature can be drawn - ,
E . . “ o : J‘ .

.00
Phase



ATLAS Lightcurves

Target Selection

A 0 [mag)
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* For the left targets search the high resolution ZTF spectra

Target Selection
ZTF spectra

(ZTF_interactive.ipynb file)

|ICKY

ANSIENT
FACILITY

* [he ones with big error bars or bad data coverage are particularly interesting

1.0

| |

T 0.0
Phase [|D]



g-Mag. | ATLAS Period (days)
Target Selection J296.1785+54.8285 |15.75085 0.0701
Final targets J331.6658+32.7267 | 1692184 022041
J018.4128+22.9608 |16.61009 0.09337

1. J296.1785+54.8285: shows eclipse and no good data coverage especially In
| and r filter

2. J331.6658+32.7267: shows eclipse in g filter but not in i filter

3. JO18.4128+22.9608: faint target with bad | filter data coverage and short
period

Other targets were: J283.0316+14.7630, J344.3341+49.6592, J294.7689+11.1822,
J343.8249-03.1778

N Not observed because of V|S|b|I|ty, Iong perled magnltude
orweakindicationoneclipse |




J018.4128+22.9608




Filter wavelength (n m) “ Period_c = 2.4724964909335325
i’ (SDSS) 762.5 |
I’ (SDSS) 623.1 é il |
J018.4128+22.9608 T 8Dss) | 4770 M

Period o = 2.2409264471135337
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J018.4128+22.9608

Ondrejov (Czechia)
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Reduction: J018.4128+22.9608

IRAF: Image Reduction and Analysis Facility

S SR s e VA R0 SRy y S oo o R 5
wﬂh@nQWﬁUmawwaWwUMEMHUJ = B X

This is the EXPORT wversion of IRAF ¥2.16 supporting PC systems. [ PaCkageS'
]

Welcome to IRAF. To list the available commands, type 7 or ?7. To get

detailed information about a command, type ‘help <{command>’. To run a PY nOaO
command or load a package, type its name. Type ‘bye’ to exit a

package, or 'logout’ to get out of the CL. Type ‘news’ to find out

what is new in the version of the system you are using.

e d h
Visit http://iraf.net if you have questions or to report problems. aop Ot

The following commands or packages are currently defined:

(Updated on 2013-12-13) * |mred

adccdrom. deitab. images. mtools. softools. upsqgiid.

cfhlzk. esowfi. kepler. nfextern. sqgiid. utilities. ° CCdred
cirred. finder. language. noao. stecft. VO.

ctio. fitsutil. lists. obsoclete. stsdas. xdimsum.

cutoutpkg. geminil. memo. plot. system. xXray.

dataio. gmisc. mscdb. proto. tables.

dbms. guiapps. mscred. rvsao. ucsclris. * d Ig I phOt




Reduction: J018.4128+22.9608
Step 1: Organising the files

§ > Home > Share > Photometry data > Archive > backup_d

B3 photo... ¥ = B3 Witho... ™Y Do... X | B3 ATL.
- - IRAF RECOMMENDED:
Name A | Size Modified
£20240827000001.fit 2,1 MiB 27.08.24 at 19:31 .
f20240827000002.fit 2,1 MiB 27.08.24 at 19:33 ® Jdark frames science
f20240827000003.fit 2,1 MiB 27.08.24 at 19:40 - o
f20240827000004.fit 2,1 MiB 27.08.24 at 20:30
f20240827000005.fit 2,1 MiB 27.08.24 at 20:31 ® Jdark frames flats
f20240827000006.fit 2,1 MiB 27.08.24 at 20:33
f20240827000007.fit 2,1 MiB 27.08.24 at 20:36
£20240827000008.fit 2,1 MiB 27.08.24 at 20:39 o f/ats
f20240827000009.fit 2,1 MiB 27.08.24 at 20:39
f20240827000010.fit 2,1 MiB 27.08.24 at 20:44
f20240827000011.fit 2,1 MiB 27.08.24 at 20:46 ® sc/enhce frames
f20240827000012.fit 2,1 MiB 27.08.24 at 20:46
f20240827000013.fit 2,1 MiB 27.08.24 at 20:47
f20240827000014.fit 2,1 MiB 27.08.24 at 20:50

Perek 2-m data files Make a copy of your data!



Reduction: J018.4128+22.9608
Step 1: Organising the files

B photo... * B3 Witho.... - DO B3 ATL... Py Challenges with the archive:

Name ~  Size Modified

£20240827000001.fit 2,1 MiB 27.08.24 at 19:31 . FI _ I d &f
£20240827000002.fit 2,1 MiB 27.08.24 at 19:33 llenames. On y ate rame no.
f20240827000003.fit 2,1 MiB 27.08.24 at 19:40
£20240827000004.fit 2,1 MiB 27.08.24 at 20:30

2024082700005t 2,1 MiB 27.08.24 at 20:3 * TJest exposures: can be dark/flat/
f20240827000006.fit 2,1 MiB 27.08.24 at 20:33 target

f20240827000007.fit 2,1 MiB 27.08.24 at 20:36
f20240827000008.fit 2,1 MiB 27.08.2

f20240827000009.fit 2,1 MiB 27.08.24 at 20:39 ® Diﬁerent CCd temperatures
f20240827000010.fit 2,1 MiB  27.08.24 at 20:44

f20240827000011.fit 2,1 MiB  27.08.24 at 20:46

f20240827000012.fit 2,1 MiB 27.08.24 at 20:46 ° S ' d d
f20240827000013.fit 2,1 MiB  27.08.24 at 20:47 cience arkS T Flat arkS
f20240827000014.fit 2,1 MiB  27.08.24 at 20:50

. EOON MO ADAT2EDN A=

4 at 20:39

 May have more targets
Perek 2-m data files



Reduction: J018.4128+22.9608
Step 2: Organising the files

'O i
B3 Share © [ photo-20240827 * B3 Downloads * [ ATLAS output > o Workaround: ( |

Name A Size Modified

™ 0.1s -13 dark 1 item 8 minutes ago

1 0.01s -15_1 flat 11 items 8 minutes ago ‘ data_sorting_perek.py

™ 0.01s -15 3 flat 12 items 8 minutes ago

™ 0.01s_-15_dark 20 items 8 minutes ago

*ilas = c§, LAstdary)

E 1.05_'13~dark 1 item 8 minutes c!gO filas = litem for item in files if isinstancelitem, str) and item.andswith: .fit )
B9 5.0s_-13_dark 1item 8 minutes ago ‘iles.sert(]

™ 10.0s_-10_dark | item 8 minutes ago

fur file in files:
hdul = rits.open{file)

™ 10.0s -13 dark 1 item 8 minutes ago b
i ° ' ahject_nane = head 62T
3 10.0s_-15_dark 2 items 8 minutes ago e e
if dark_avail 's #:
™ 10.0s_0 _dark | item 8 minutes ago Lt not cs.path.isdir(f {heed [ZXPTIME"]}s (round!{nesd ' CCDTEMPM]

os.wxdiri ' {head I"EXFTIMNE" | }s_d{roundhead ["CCOTEN="] | b _cark
aovelfile, as.parh. joinios.gercwd( ), ' ‘head [Y"FXETTMEY | ) s _

B 20.05_‘15_dark 11 items 8 minutes Eigo L head! "'IMAGETY?'|.stripl).lowerl)

B 60’05--15—dark 11 items 8 minutes dgo : ‘l.;r_'?wj:.;'.jf;sdx'( {head [“XPTIME"] Fs {round{nead["CCOTEMP"])) <head["FILTER"|} f.at’
B J018.4128+22.9608_01:13:39.000+22:57:39.00_-15_1_10.0s  4items 8 minutes ago et e R e e

P J018.4128+22.9608_01:13:39.000+22:57:39.00_-15_1_20.0s item 8 minutes ago o 410,05 garh. S 05 get et 1 R EXCTINY 1) round s [*cE3TENPY

9 J018.4128+22.9608_01:13:39.000+22:57:39.00_-15_1_60.0s 151 items 8 minutes ago

NN TN TNV TN T N TN TN, TN TN, NN, TN TN TN TN TN T

it head|[ MAGEIYP'].stoip().Lower) = 'target':
P J296.1785+54.8285_19:44:42.900+54:49:42.90 -15_3_20.0s 360 items 8 minutes ago il object_pome = ' | T - f | | H
1* not os.path.isdir(r' (obj2ct_name] (head["RA"]) (head["DEC*)) _C(roundi{hegz["CCOTEMP"])] _{[h2ad["FILTER _ihead [YEXPTIME"] [s*):
. . . . o D . ne - arini{ob;ect_npana)
a target—1 75322787-00025520—-13-2—205 1 ILEIT & minutes ng in.mkair(r' {object_name} {heas [VRA"]M{head [MDEC"1) _{round(head[ ' CCDTEMPY] )} {head [VFILTER"]) _{hezd ["EXETINE"|}n')
P9 target_17:53:22.787-00:02:55.20_-13_2_5.0s | item 8 minutes ago Mt et s i ane e e o D il e
3 1T not os.path.isdar(f' (head ["IMALELY L [head ["HA"] ) (head [("DEC™ ]} (rourcibheac"Ccniz=Ne"] )] [head "FILTER"]) {(head ["ExPiIME 5')s
(9 target_17:53:22.787-00:02:55.20_-13_2_10.0s ] item 8 minutes ago orimtChead|"RA" |, had [ 'DEC™ | )

1S.mkair{ ' (head " TMACETYP" ] ) _(heed ["RA"]) (head [YDEC"]] _(round(head["CCOTEMP" ] )) _(head ["FTLTER" ) _{head [ EXFTINE"])

e Al - - A Al i) - - A - - - - - HF SRS SR - W A S . ' ‘
S bt AQICLAAOOLATLOOT AN 42 O L Na Bl = = shutil.movelfile,os.path.joinlos.cetowd( ), " {nead [ IMALLIYP" )} -head["Ra"] < head (“DEC ] {round(head|"CLDTEN] )} {heac|"FiLIZR™]} {heac |"EXFTIME"] )¢

Sorted Perek 2-m data files

r




Reduction: J018.4128+22.9608

Step 2: Check your data with ds9 and Fixing Header

Ut '00:04:39’ / UTUC of start of observation
DATE-0BS= '2024-(8-28' / UIC date start of observation
P

| [TMAGETYP= ' ob ject
OB 0T84 28722- 9608
ST "'/ Local sidereal time at start of cobservation
SYSYER "PESO 2020-06-12"
FILENAME= ' f20240827000410.fit"’
CCOTEMP =  -14.93684005/37305 /7 Detector temperature
OBSERYAT= 'ONDREJOY' Name of observatory (IRAF style)
LATITUDE= '49.91058"' Telescope latitude (degrees). +49:54:38_0Q
LONGITUD— '14.78361' Telescope longitude (degrees), +14:47:01.0
[ICIGHT = '528 ' lleight above sea level [ml
TELESCOP- 'ZEISS-2n' 2m Ondre jov observatory telescope
DETECTOR= "Moravian Instruments GZ-1000B1' 7 Name of the detector
CHIPID = 'CCD47-10' / Name of CCD chip
CCDXPIXE= 13.3 7 Size in microns of the pixels, in X
CCNYPTXF= 13.3 7/ Size in microns of the pixels. in ¥
CCDXSIZE- 1062 /7 X Size in pixels of digitised frame
CCDYSIZE= 1026 7/ Y Size in pixels of digitised frame
RA ~ '01:13:39.000"
DEC = "+22:57:39.00'
TLE-TRHD= '-26.0314 23.1392’
TLE-TRGY= '-15.4 22.9’
TI F-TRCS= '?2 '
TLE-TRUS— '0.0000 0.0000’
TELFOCUS= 6181
CAMPOS - 15626
CHECKSUM= " ZIBcaH9Z¥HAbZHIZ’ / HDU checksumn updated 2024-08-28T102:05:48
DATASUM 1242850 : ata unit checksum updated 2024-08-28T102:05:48
BIASSEC '[1058:1062,2:1022]"°
TRTMSFC 'T1-1056.1:-10261"

I DATASEC '[1:1056,1:10261"

ICH o000

JD 2460550 .50357639
HJD 2460550 .50714082
STDIN-line 52-file 1 of 1

Fixing headers

* Science frames:
 Throw frames: Noisy
 Make a list
Is *.fit > list_science
* Fix headers:
e Flats, Darks, Science frames

e Science frames:
'IMAGETYPE’:’target’ -> 'object’



Reduction: J018.4128+22.9608

Step 2: Check your data with ds9 and Fixing Header




Reduction: J018.4128+22.9608

Step 3: Creating Master Dark and Master Flat: epar imcombine

» Make a list and pass it to imcombine: frames

5.5e+02 5.7e+02 5.9e+02 6e+02 6.2e+02 6.4e+02 6.5e+02 6.7e+02 6.9e+02

DF



Reduction: J018.4128+22.9608

Step 3: Creating Master Dark and Master Flat: epar imcombine

 Master Flat: frames
 Make a list and pass it to imcombine : Combined Flat (CF)

o Subtract DF from CF using epar ccdproc -> Master Flat (MF)




Reduction: J018.4128+22.9608

Step 4: Correct Science Frames: epar ccdproc

* Using DS and MF -> Keep the Dark & Flat corrections to ‘yes’

AL : Pl Y e s el e NI BN S - P32 TV tma Y EC - W - - gt ' . - - S ¢ . Nk g .
5 . N . g waon -t 4 . 4 ) < . Lo - . g x .- <\ R e e » v 2F ol o . [ X - L . |8 b . . . r- ~ - - " . ¢ g . v ,. . £ s o) . 4 <
L 1 -1 b % e Lt T A . ot ‘ 3 M oo V5 g . LR - L. W s ; < v ot . . ey - X - | . . ’ B : >
- . . - . » . - ~ g -~ 0 . v - - L . . . <. - ~ Y ) < . Sty . . - Y - A y - . -
J o ‘ e “ v - T s = Y G - Ny A =iy CAvsy o m N ) x < , 2 x e X i . & E 3
» . . . I e 3% . » . o 4 . . 1 > L . y AT, TN s e U N . 2 - - . - . & v 5 ¢ N > :

945 991 1037 1083 1129 1175 1221 1268 1313 4.5e+02 4.7e+02 4.9e+02 5.2e+02 5.4e+02 5.7e+02 5.9e+02 6.2e+02 6.4e+02

Uncorrected Corrected
Save the list of corrected frames!



Photometry: JO18.4128+22.9608

Step 1: Find the stars co-ordinates: epar daofind

e Choose a middle frame: imexamine : Note FWHM & SKY

 Pass FWHM to daofind: Output: *.fit.coo.1

FWHM & Sky
Save the columns into coordsl file



Photometry: JO18.4128+22.9608

Step 2: Display the stars : epar tvmark

* Open the same file used for daofind: Pass coordsl & Radii to tvmark

: 02 4.7e+02 4.9e+02 5.2e+02 5.4e+02 5.7e+02 5.9e+02 6.2e+02 6.4e+02

Star-coordinates

Note down the star number



Photometry: JO18.4128+22.9608

Step 3: Extracting Relative Magnitudes : epar phot

* Use Annulus,Dannulus, SkyValue within phot: Output: .mag.1 files

Annulus:

Where the Backgorund

Aperture: counts start

Flux of the star

measured Dannulus:

Width of the ring to
count background

txdump @Imag _files fields=ID,XCENTER,YCENTER,FLUX,MAG,MERR > 1 _mags



Photometry: JO18.4128+22.9608

Step 4: Photometry into separate file :

o | awk '{if ($1==25) print;}' | mags > |_star

e | awk '{if ($1==30) print;}' | mags > 1 comp1

2obAA A AAAADAANM M g AR AR A AN DAL AN A ASAAMNMAL ASAAMNAAN PAAMIANMNSLAADAANMA A b AN AAAMAAAS AN A AL A AL DDA PAA I A AL INA RS DAy AMSAADASNNA
I N I I N N A R

Images Number

X-Tracking

)
))))))

750 AOSIRONOIRIEHINON DN IRIIIEIIEN ORIEIIENIETI I DEINORIOIRIDONONIENINOIICIIIEIINONIE HEDITIERIEINN N HDOIIIO NN ONININNG)

AADMAS A DA 2 AN it ot A DM ASA by oA Ao b b b ol ph A b A MAAA b A DA b o AL Ak P A DAty ol o A A AL o DA A Lt e A A Rl D o Ao A AR A DA Ay

Image Number

Y-Tracking




Photometry: JO18.4128+22.9608

Step 5: Photometry - Magnitudes :

e ——— RS R IR et M

Image Number

Mean magnitude of each star on the terminal




Photometry: JO18.4128+22.9608

Step 5: setjd & Generate the lightcurve:

Use those mean magnitudes to generate the lightcurves



J018.4128+22.9608 lightcurve fitting



J018.4128+22.9608

SED fitting - single fit (no RV-

1.6

1.4

o

fA3 (10 %ergem—2s~1 A?)
=
>

=
D

—

s o
=

=
b

X magnitude
— (P

1
S

curve but spectra, use for fit)

B W1

B | | | | | | |7

B | | | | | | |

e e e e s e e e m o w om om omomomomomomowowowowowowowowowomeowomowowow o ow X ........................... X ...........

= = _X === X‘ _______ * 2<_><_ _>_<->< ______________________ B

_ | | | | | | | ]
2000 3000 5000 8000 20000 30000 50000

A(A)

Object: Gaia DR3 2791084432881749760 68% confidence interval

Color excess E(B — V) from SFD (1998) 0.0386 + 0.0012 mag
Color excess E(B — V) from S&F (2011) 0.0332 + 0.0010 mag
Color excess E(B — V) from Stilism (Capitanio+ 2017) 0.048 + 0.016 mag
Distance from Stilism and E(44 — 55) 465 = 0 pc
Color excess E(44 — 55) 0.058 + 0.008 mag
Extinction parameter R(55) (fixed) 3.02
Angular diameter log(® (rad)) ~11.518%07°
Parallax @ (Gaia, RUWE = 1.00, ZPO = —-0.0014 mas) 0.42 + 0.08 mas
Distance d (Gaia, mode) (2.2f8:451) x 10° pc

Distance d (Gaia, median)

Effective temperature T.q (prescribed)
From

spectra

Surface gravity log(g (cms™?)) (prescribed)
Microturbulence ¢ (fixed)
Metallicity z (fixed)
Helium abundance log(n(He)) (prescribed)
Radius R = ®/(2w) (mode)
(median)

Mass M = gR?/G (mode)

(median)
Luminosity L = (R/Ro)*(Tet/Tero)* (mode)

(median)

1.5+ 0.5kms™!

Gravitational redshift vgr,y = GM/(Rc)

V28R

950" 130 km 7!

Escape velocCity veg. = ~150

0.023 mag
1.00

(Generic excess NO01SE Oexcess
Reduced y at the best fit




J018.4128+22.9608

Lightcurve fitting

P : - Model
g’ - $ Data

1.1} i 1 - - : . + 'I‘ i 1 ! 1 | - U
} ] N fe If" i ) i ‘

0.9 ) ‘ |

Flux

0.8 | ' : - !

0.6 \¢ ! _

0.50 0.52 0.54 0.56 0.58 0.60 0.62
HMS +2.46055€6



P Kl 1 I"l,z
a = . . —+1 R12=—°Cl
27 SIN i ’

J018.4128+22.9608

Lightcurve Fitting Parameter Results M, =q-M

 |0.0921 0.0029 | 0.4941 0.16 28700
ce |+ : /- » gfg 5| +0.033/ 71/'?‘110 +300/ | 3000 (fixed)
T 0.0001 0.0004 | 0.002 |1 0,024 -700

_ Lightcurve SED



J331.6658+32.7267




1.0

J331.6658+32.7267

Atlas and Z spectra
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J331.6658+32.7267

Visibility on night 29.08.2024
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Observation

Ondrejov (Czechia)

LST —> 18h33m’

14.7811E 49.9153N, 525 m

Mean Saolar Zone Time, starting night 29 08 2024

Procaessed: 2024/0B/29 ot 20:48:01 UT. lscac Nawton Group of Telescepss, La Polma laland.

| Object

above sea level

22: 6 +32:43
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J331.6658+32.7267 [

Observation

v v

« 18:58 UT to 1:10 UT

* 60s exposures - faint target

* Clouds were coming in during
the observation - removed
ome iImages




J331.6658+32.7267

Data Reduction | filter - Master Dark and Flat

i TRt N T y - 5 < ’ L . RN T S 3 . K - | , LT s\ SRS
- o x e M . . . e W , e o1 > PO LN > LG L 4 . e 3 . Lt

e e % e A &y ' PR S 2SR LR L e Lt AT

LA » Rl e ' B AT . \ ot e o . 3 -4 LR Sk A ” D ) S . e : . SN R . AN | SRSl whe ot . . 3 e 4 - R | o . S 4L ) R e

5.7e+02 5.9e+02 6.2e+02 6.5e+02 6.7e+02 7e+02 7.2e+02 7.5e+02 7.8e+02 1.9e+04 2.06e+04 2.23e+04 2.39e+04 2.56e+04
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J331.6658+32.7267

Data Reduction i filter - Tracking and Magnitudes
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J331.6658+32.7267

Data Reduction i filter - Lightcurve ]




J331.6658+32.7267 lightcurve fitting



Object: Gaia DR3 1899579411285853952 68% confidence interval

Color excess E(B — V) from SFD (1998) 0.121 £+ 0.004 mag

Color excess E(B — V) from S&F (2011) 0.1038 + 0.0027 mag

Color excess E(B — V) from Stilism (Capitanio+ 2017) 0.09 + 0.04 mag

Color excess E(B — V) from Bayestarl5 (Green+ 2015) 0.097 + 0.006 mag

+ Distance from Stilism and E(44 — 55) 935 £ 0pc

u u Color excess E(44 — 55) 0.150*)038 mag

- - - - Extinction parameter R(55) (fixed) 3.02

- Angular diameter log(® (rad)) —-11 .4904_’8:8%‘21

SED fitting - binary fit (no RV or spectra, let oo L, .. S
Distance d (Gaia, mode) (3.0f8:§) x 10° pc

the program fit the values) 528 10

Component 1:

— | | | | | . Effective temperature Teg {_ 2660052
B Surface gravity log(g (cm s~2)) (prescribed) s '
1.2 _ . ] Microturbulence ¢ (fixed)
| Metallicity z (fixed)
,f,\ — Helium abundance log(n(He)) (prescribed)
g 1 _ Radius R = ©/(2w) (mode)
'T | (median)
Nm Mass M = gR?/G (mode)
| 0.8 — - (median) 4 Mo
g | NUV Luminosity L = (R/Re)*(Tes/ Teﬂ?’®)4 (mode) (—nan + —nan) X 102 TATASSEH ‘ |
a0 (median) 24719
s 0.6 — - _% - Gravitational redshift vg,y = GM/(Rc) 0.8* ¢kms™!
Y | FU Escape velocity vee = +/2gR 950*2]0 kms™!
2 0 4 B Component 2:
e:-/ . - - Effective temperature Teq 38001’768 K
~ mﬁ — Surface gravity log(g (cms™2)) (fixed) 44
S~ Microturbulence ¢ (fixed) Okms™!
0.2 - -~ Metallicity z (fixed) 0 dex
— — Helium abundance log(n(He)) (fixed) -1
0L | | | | | | | Surface ratio Aeg/Acr. 1 5.65)7
[ | | | | < | | I Radius R = (Act/Acrr1)!?0/(2@) (mode) 0.517017 Ro
= L L S X X (median 035513 R
§ % SCs¢ T ¢ Mass M = gR%/G (mode) (—nan + —nan) x 102147483647 31
) 9 A o e s S = = == = - (median) 0271021 M,
i ... )( .................... X... - X o Luminosity L = (R/R)*(Tet/Tefio)* (mode) (—nan = —nan) X 1021474836410182
(median) 0.077 004
-2~ | | | | >$< | | I Gravitational redshift vy = GM/(Rc) 0.30*010 km 5!
2000 3000 5000 8000 20000 30000 50000 Escape velociy e = V2R 303 ks

o Generic excess N01Se Oexcess 0.058 mag
A (A) Reduced y? at the best fit 1.00




J331.6658+32.7267

Lightcurve fitting | filter

tdata for the fitting |

| 1 I || 1 1 1 ||
— Model
Data
1.2 -
®-
1.0} hi -
Baa P
o X )

0.8

Flux

0.6 | ‘, 1 a

10

0.2} -

0.300 0.325 0.350 0.375 0.400 0.425 0.450 0.475 0.500
HMS +2.460552e6



P K 1 r
.= LK (_+1) R, =12,

J331.6658+32.7267 — —

Lightcurve Fitting Parameter Results M, =q-M

0.2186 0.0084 | 0.5831 0.47 0.23
+/- - +/- +/- +0.02/ +0.07/
0.0001 0.0048 | 0.002 -0.02 -0.05

82.183 26600
+/- +2200/ | 3000 (fixed)
1 -2500

j-
filter

‘ R SR Lightcurve SED

ibecause SED|
values and |
lerrors are |
lincorrect and |
llarge |




J296.1785+54.8285



Flux

Period ¢ = 1.5399028034973918

J296.1785+54.8285

‘ and ATLS spectra
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J296.1785+54.8285

Visibility on night 27.08.2024, 29.08.2024, 31.08.2024
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J296.1785+54.8285 g-filter



J296.1785+54. 8285

Observation g filter

e 20:18 UT to 23:17 UT
 20s exposures

Observation was scheduled to

start earlier but the shutter
failled




J296.1785+54.8285

Data Reduction g filter - Master Dark and Flat
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J296.1785+54.8285

Data Reduction g filter - Tracking and Magnitudes
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J296.1785+54.8285

Data Reduction g filter - Lightcurve
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J296.1785+54.8285 I-filter



J296.1785+54.8285

Observation | filter

e 1:14 UT to 2:51 UT

 20s exposures

* Observation was towards end
of the night and some clouds
were obscuring the view

e | ots of satellites had to be
removed




J296.1785+54.8285

Data Reduction | filter - Master Dark and Flat
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J296.1785+54.8285

Data Reduction | filter - Tracking and Magnitudes
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J296.1785+54.8285

Data Reduction | filter - Lightcurve

Missing secondary
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J296.1785+54.8285 r-filter



J296.1785+54.8285

Observation r filter

e 18:46 UT to 21:33 UT
 20s exposures

e Only 3/4 of the frames could
be observed because the
dome had to be closed due to
high humidity




J296.1785+54.8285

Data Reduction r filter - Master Dark and Flat
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Data Reduction r filter - Tracking and Magnitudes
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J296.1785+54.8285

Data Reduction r filter - Lightcurve

Seconcary Esipes
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J296.1785+54.8285 lightcurve fitting



RV [km/s]

J296.1785+54.8285

RV-curve
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Parameter Value Error +/-
Teff (K) 25096 615
logg 5.446 8.7E-02
helium -2.830 -
K-amplitude
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J296.1785+54.8285

SED Fitting - single fit (use values
from RV curve for fit)
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Object: Gaia DR3 2138663782338254464 68% confidence interval

Color excess E(B — V) from SFD (1998)

Color excess E(B — V) from S&F (2011)

Color excess E(B — V) from Stilism (Capitanio+ 2017)
Color excess E(B — V) from Bayestarl5 (Green+ 2015)
Distance from Stilism and E(44 — 55)

0.160 + 0.008 mag
0.138 + 0.007 mag
0.071 £ 0.012 mag
0.065 + 0.006 mag
(1.165 + 0.000) x 10° pc

Color excess E(44 — 55)
Extinction parameter R(55) (fixed)

Angular diameter log(® (rad))
Parallax @ (Gaia, RUWE = 1.11, ZPO = —0.005 mas)

0.146 + 0.008 mag
3.02

—11.236 + 0.008
0.65 + 0.04 mas

Distance d (Gaia, mode) (1.53f8:(1)8) x 10° pc
Distance d (Gaia, median) (1.54+0 10} %103 pc

+7oo'

Effective temperature T.g (prescribed) 251007 K
Surface gravity log(g (cms™)) (prescribed) 5.45%0.10

Microturbulence ¢ (fixed)
Metallicity z (fixed)

Helium abundance log(n(He)) (prescribed)
Radius R = ®/(2w) (mode)

(median)
Mass M = gR?/G (mode)
(median)

Luminosity L = (R/Ro)*(Terr/ Tefr o)* (mode)

(median) 50
Gravitational redshift v,y = GM/(Rc) 1.22+)>7 kms™!
Escape velocity vese = +/2gR 8701 0 kms™!
Generic excess N01SE Jexcess 0.022 mag
Reduced y? at the best fit 1.00




J296.1785+54.8285

Lightcurve Fitting g Filter
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J296.1785+54.8285

Lightcurve Fitting | Filter
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J296.1785+54.8285

Lightcurve Fitting r Filter
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J296.1785+54.8285

Lightcurve Fitting Parameter Results

. [0.0646 0.0022 0.1980
Fils +/- 52+/-2 +/- +/- +0.12/ +0.013/
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Mass-Radius Relation

Companion |Cool ' f,

,

0.45

- 1Gyr tracks ™
5Gyr tracks

- 10Gyr tracks :
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Thank you for your attention!



