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Photometry on sdB stars

Workshop on evolved stars
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Targets: sdB type stars

0.0
Hot subdwarfs

Mass ~ 0.47 M@ (sdO/Bs)

N

P
U

Radius ~0.1-0.3 R

ol
o
—

Effective temperature ~ 20 — 100 kK

Absolute G Magnitude [mag]
~
S

. Main sequence ]
10.0f 4
H envelope | _ o k
« <0.02 M, Les L ‘White dwarfs
| He mantle
0-951 "o 35M,

15.0F
He - C/O r 1 L ' | | ]
0.1I1M® ‘ ‘ -1 0 1 2 3 4 5

0.00 0.05 0.10 0.15 0.20 Gaia BP_RI) [mag] U Heber 2009

U. Heber, 2009 R{ Re



8. I I I | 1 I | |
Targets: sdB type stars I —
Helium burning without helium flash 6. I~
e 5 L
Mass ~ 0.47 M, .
o 4 I
Radius ~0.1-0.3 R, =
Effective temperature ~ 20 — 100 kK -
2y I
" “_HMMM MMMMW
0.25 0.35 0.45 0.55 0.65

Fontaine, 2012 M/M,




RLOF = Roche lobe overflow CE-only channel

(mass ratio>1.2-1.5)
Formation of sdB binaries CE = Common envelope

e Determined by mass ratio

Unstable RLOF
4’ 5 ‘\\
- N
(N ’l

Common envelope

q = Mdon/Macc

Short-period sdB binary
MS

P ,=0.1-10days

M, =0.40 - 0.49 M,

S. Ohlmann, 2016 Podsiadlowski, 2008


http://www.youtube.com/watch?v=4iw_E2akn4M

Lightcurve of eclipsing binary

Primary eclipse: Strong
decrease in brightness of
sdB due to companion
Secondary eclipse: sdB
moves behind the
companion, weaker than
primary eclipse

Brightness

o -

. Companion

AV

il ol

P
\ /AR,

Ateclipse

Time

|

l

Sana, 2025



Limb darkening

e Luminosity of the stellar disk

decreases from the centre to the limb
e Transit depth is not constant
e Linearlaw

contacts: 1 2

I = Iy(1 — e+ ecosny y

e Limb darkening factor e is temperature
dependent => other model used

Brown, 2001 6



Reflection effect

QG

magnitude

A

A

\_A“I /\f\

U

1 | | |

-0.2 0.0 0.2 0.4 0.6

D. Bartkova, 2021

orbital phase



Eclipsing binary with reflection effect - HW Vir

e Determine inclination and radii from

lightcurve

e Estimate companion mass by assuming

main sequence star:

MO<R17O

0.9

> 4%

1.8

2.

v

; 5

¥

% i

§ e i3
¢ ﬂ#ftf % e -
S, & oot k4 . .
+té;,§+% %g ﬁ&$#+ *+ + % +:

%55 + 2000 73

" o 2002 =

s 2003

+ g £ g

% v 2004 +

. o 2005 .

5% ¢ 2007 Lt

., « 2008 &

& &

| | | | | ! | |
0.2 0.0 0.2 0.4 0.6 0.8 1.0 152
Phase

Lee, 2009
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Minimal Companion Mass

Determine K from mass function:

flz) =

M3sin(i)®>  PK?

(M1 —|—M2)2 N 217G

K 1[km/s]

100E T T T T ‘ T T T T T T T E
90" » o -
o B © ]
=, U s
80" ™ L star =
- L] ® .
705 '_ . =
= @ =]
60" o i » =
T m -
ol ® ]
SO-  an® E
40" =
- - o
30:— Evaporation? .
- @y ]
20~ CE-merger? & brown dwarf
= ® ]
W r
0: I VO O | | | planet i ]
0.05 0.1 0.2 0.5
P [d]

Schaffenroth, 2019

1
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Known HW Vir systems

12h00

30

60

90

60

=60

-30

18h00
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= = g
n —
i. - ®

Schaffenroth, 2019
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Target selection

Very few candidates inside Galactic disk despite very high stellar

density

13



Target selection
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Target selection

Constraints:

e Brighter than 18.5 mag
e \Visible: dec > -11°,

ra >255° or <75°

e Variability index V over
0.03

oG
VG — v/ Tobs,G

< G > 2m telescope

D50
M. Nekola+, 2014
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Target selection - No HW Vir

Lightcurve for Gaia DR3 2005503612748318976

WP "’""W.m
a ik '( M

I =|O 193053 (+0.000006 / -0.000006) d

| :w,,%
] M”(h"gb H'qil ||

=
N

5
=

Lightcurve with reflection
effect, without eclipses:

! o
#H

Normalized flux
-
i |

'»wa

f  TESS flux (CROWDSAP=0.04)

©o

o 9
[o9)
L

=
5

Lightcurve for Gaia DR3 2185841249306525696

= 0.140787 (+0.000004 / -0.000004) d
1.10 { 4 !

#”M’I IINHWWMH hq I'H*HWWI’"W M‘ h4
it 'IIHIH% " '”ium,u'uﬂll’q*

t  TESS flux (CROWDSAP=0.10)

Lightcurve of cataclysmic
variable:
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Normalized flux

Normalized flux

Target selection - HW Vir

Eclipsing reflection effect systems:

L3 4 0088963 (+0.000001 /-0.000001) d L7571 p = 0.311069 (+0.000011 / -0.000012) d
1.2 1 ; 1.50 4
- - .. - =
1'1" -'."0.“. " ."0\'... o 1.25 =2 0nte .-'.""‘ )
- ) - .:c - -~
104 - & e R d 4 ot
o = = 1.00 1 Congr i iy cvi
~pl e neg §i8 © B R b e SRt R
0.9 4 .’ .' §0754 LICIPY e ® .'--.' R
L L T o . .
0.8 o o 4 ZTF zg flux = 0.50 - Z . }  2ZTF 29 flux
e §  ZTF zr flux {  ZTF 2 flux
; . : : - : : - ! ! 1 L H } 4
T
P = 0.088963 (+0.000001 / -0.000001) d 1751 p=0.311069 (+0.000011 / -0.000012) &
1.2 1
X 1504«
4 ] + | = »ad e e .
111 v “o, dhrey o “o, e E St sl e B
OQ". . ¢ " ‘Q‘. : W ‘ o 1251 s i CH o
1.0 4 Yooy .':‘ LT ."‘ 3 3 .o. 13 .o.
W, v #te W, v Hde, = 1.00 A Seu s " 5
L 1,4 . 4 §.! @ PN S “we t.
0.9 1 " ‘e L5 (0 £ b St LTI 3 "N P &
Py Pt 5 0.751 Teet Hevicng
081 g i b aAsofnux | 2 S B
v 3 | ATLAS C flux 0.50 . . t ATLAS o flux
0.7 - - : - . . - b ATLAS ¢ flux
-1.00 -0.75 =0.50 -0.25 0.00 0.25 0.50 0.75 1.0l T T T T T T T
Phase

17



Final Targets

Target

Magnitude

Period in
hours

17.37

2.14

17.05

.47

17.61

3.81

17.42

5.04

Ondrejov (Czechia)
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Moon (dashed): 90 : ; Sor;
: : ar
15:5.2 —?7:47 : 3 star3
llumination: 75% : : 4 star4
Quarter: 2 80} Ly
il
SN I S AL s
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times. o e
i % !
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"
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= E
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Mean Solar Zone Time, starting night 02 09 2025
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348.844+-58.48
279.59+ 5.00
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Data reduction - Flats and Darks

Each exposure time needs its own master dark, here 120s

Each filter needs its own master flat, here R filter




Data reduction - Photometry

1.31e+03

1.42e+03

1.52e+03

5000

4000

3000

2000

1000

1.63e+03 1.74e+03

e lga=goae Laogeg g gupgugil gugugege e gl

Frr [T T[T T T T[T T T T[T TTT[TTTT[H

W -

2 4 6
sky FWHM

231 3296, 4907, 0,05 -40 9.76 2,60 2,47




Data reduction - Aperture, Annulus & Dannulus

e Aperture: where flux of star will be measured
e Annulus: distance at which to start counting bg
e Dannulus: width of ring to count bg NI

Aperture

‘ Dannulus
L P

—— insert in list of photometry files

Annulus

24



Data reduction - Comparison stars
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Data reduction - Comparison stars

G_star X
G_compl X
G_comp2 X
G_comp3 X
G_comp4 X

00000000000000000000000000000¢000000000004

4rénmnoe

VV'VVVVVVVVVVVVVVV'VVVVVVVV'V"VVVV'VVVVWVVVVVVV
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Relative Magnitude

Data reduction - Building a light curve

Target 1

Filter: R (shifted up)
—-0.41 § Filter: 1
—0.2
"
0.0 4+
0.2 1 -
'\
0.4 -

-0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 1.25
Phase



LCurve

Simulates effects: limb darkening,
reflection, beaming, geometry.

Reflection Effect Beaming
1.0r
3 Secondary Eclipse
o
3 0.8f
N
©
S
S i
> 0.6

Limb Darkening
(rounded edges)

0.2 . Primary.Fclipse

0.0 0.2 0.4 0.6 0.8
Orbital Phase

1.0




Fitting- Starting the Fit

hid
2460925,33485
2460925.33637
2460925.33788
2460925.33939

HID Mag Mag er

ror

2460925.33485 -0.2633 0.0619
2460925.33637 -0.2080 0.0527
2460925.33788 -0.2260 0.0559

2460925.33939 -0.1870 0.062

delta_phase flux
0.00024609253348500005 1.2744417785504178

©.00024609253363700004 1.2111557629827332
©.000246092533788 1.2314024122062166
0.000246092533939 1.1879550279416518

3

flux error
0.07265848347559231
0.05878767644430633
©.06339974161372101
0.06816535905906546

F = Fy- 1074

F X 10—0.4m

Flux-Magnitude Relation

weight

(S

factor

1

1
1
1
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Model Setup

Prim

/7

Period
P

S. Mdller, 2009
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Flux

Residual (x)

1.4

1.2

0.8
0.6
0.4

Running Fits- Initial Fit
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Flux

Residual (x)

Running Fits- After Simplex
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Flux

Residual ()

Slight Change in

Inclination

14 F | I I
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Flux

Residual (x)

1.4

1:2

Slight change in t0
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Flux

Residual (x)

Slight change in r2
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Corner Plots and Degeneracies

Corner plot: chain_out_R_25000.txt
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Flux

Residual (x)

Results

Primary Eclipse

Target 3 - Gaia DR3 2010408220561381632
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https://docs.google.com/file/d/1ArgONppxWngTAOd02a94QqZCPKrUn7ga/preview

Flux

Residual (x)

Results primary Eclipse Secondary Eclipse e
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Dat. L4
Lar Mo?iea: oL
(] P X < T
09 -
08 i 05
0 0.02 0.04 0.06 0.08 0.1

Time (phased) "
3k I I I I I xlt‘I |
2 | o X ® - Mag - 17.37

L .
oW 7 TSN e Al ..’.:,.‘,,o:‘ . ] Period - 0.089 d
A 1 S O e ] L TR e Inclination - 70.4°
L] . .
i I . Companion Mass - 0.08 M_
3 1 | 1 1 1 1 - . .
i - _— - - - Companion Radius - 0.17 R

" Hins sl | | K value - 53.32 km/s


https://docs.google.com/file/d/1rBVSzfsAlKTfSmN890W98u8lFGIF-6xj/preview
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Results

Target 2 - Gaia DR3 2202073408192045056 | e
R - Filter
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https://docs.google.com/file/d/1ITcFefXa-vnX5WapWfxwDpBB-jA8sshH/preview

Mass-Radius relation

Assumptions for subdwarf: :: ;

Mass - 0.47 M_ o1 b

Radius - 0.167 M_ B gl

Temp - 33,000K ; 00s |

Formula: MOCRQ 0.07;— 2 “ hydrogen-burning limit
M3sin(i)>  PK? 006 [9010

fa) = (M7 + M>)? B 2w (s “ood o0e | ooa o9 o o4

IVlcompanion [M®]

‘ obtained ‘K’ value ‘




Results

Target 1 all filters

160 - M Target 1 mean
Target 3 all filters
High K value - 140 - @ Target 3 mean
. X Target 2 in R filter
main sequence S‘&\zz\-
X
g 100+
€
=
~ 80 A
VY
60 - o
Stars
0 -
Low K value -
brown dwarf 20 1 Brown dwarfs
0 I I I I I I 1 I
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Results

Target 1
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Conclusion

e Target 1 - Close Binary System
Strong Reflection Effect.

e Target 2 & 3 showed clear primary eclipse.
e Target 2 has a high mass companion.

e Stellar companion and

Brown dwarf companion was found.

D50 telescope
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Looks like the flat (and dark possibly) correction did not work



Flux
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Thank you for your
attention!
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https://docs.google.com/file/d/1ArgONppxWngTAOd02a94QqZCPKrUn7ga/preview
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