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Blue Horizontal Branch Stars

Stars are 7, but BHBs are at leasta 5 :)

Group B:

Prem Kumar

Sahil Jhawar

Saqib Sumra

Ravi Shankar Chaurasia
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What are Blue horizontal branch stars?

post-AGB

sdO

Evolve from low-mass main sequence stars
Population Il stars

(Sub-)dwarfs
Spectral types A, B

°
Luminosity (compared to the sun)

30,000 10,000 6000 3000

Surface temperature (°)



N

-2 @ﬁ@ Universitit Potsdam
(2

- dc'\’m

Evolution of Horizontal Branch Stars

* Inlow mass stars the core is radiative

 Hydrogen gets exhaustedin the core

* Leaves the main sequence once core hydrogen burning ceases

* H-shell burning starts - Core contracts, envelope expands

e Star evolves onto the Red Giant Branch

* Large amount of the outer envelope is lost by the strong solar wind

* Critical temperature for helium burning ~108 K is reached for a core mass of about 0.48 M Due to
energy losses via neutrinos in the center, helium is ignited in a shell
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More Evolution

* Due to high temperature dependency of the 3a reaction (ov) ~

o pT*o

 HE flash-> Degeneracy is lifted - Core expands, density drops —
Stable He-core burning.

* Different mass loss 1 on the RGB leads to different thickness of the
hydrogen envelopes.

* The thinner the hydrogen envelope, the bluer the HB star

Envelope
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e g 300 Hel

BHB Characteristics: < m — Hel

S 2001 ﬁ\ — HI
. . Z: 100 A \(

Old, metal-poor, Core He burning, H burning envelope z \M

Sharper absorptlon Ilnes N ° 40I00 50IOO 60I00 70l00 80IOO 90IOO
T 3001
C 2501
§’ 200 1 M%
5 150 A
= 100 - WM\\/
u_é_ 50 4

4000 42100 44IOO 46100 48IOO 5000

A (A)

Geier et al. (2015)
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% Hel
«\E 60000 - Hell
MS Characteristics: £ 40000 i -
e Younger, higher metallicity S 200001 \
o Deeper He lines ® 2000 5000 6000 7000 8000 9000
T : : <
e Rounded absorption lines due to high rotation = gnoan
E 40000 mmm
% 20000 //‘V\
- 4000 42'00 44I00 46l00 48'00 5000
A (A)

Culpanet al.(2021)
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How are spectrums important for us?

e Temperature

e Surface gravity

e Chemical composition
Stellar winds
Magnetic fields
Projected rotation
Radial velocity
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Luminosity, Radius, and Radial velocity

_ 24
L = 4moR Teff

R—H

2w
A/l_vmd
Al c
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Motivation

Prove that BHB stars evolve from main-sequence stars without the need for stellar
interactions with other external factors

Acquire spectra for BHB candidates over several epochs to identify radial velocity variations
caused by orbiting binary companions;

Compare the number of BHB binary systems to the population seen in main-sequence
objects
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Preparing the Target list
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What are the constraints???
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Visibility

The Star has to be visible at night.
Everyone can not see every thing. Why?
Earth is a huge sphere

Rotation of Earth on its axis

Earth is orbiting Sun




Follow the “Night” arrow for Aug, 21: Notice
-~ that Aquarius is opposite the Sun in the sky,
& and hence visible all night long.

Follow the “Day” arrow for
Aug. 71 Notice that the Sun
appears to be in Leo.

Copyrignt © 2008 Pearson Education. Inc., putiishing as Pearson Addison-Wesley.
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Using Celestial Coordinates

Latitude and Longitude

To labellocationson Earth
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I LATITUDE AND LONGITUDE
North Pole N
90°
Arctic Circle 66°33'39" N
Prime Meridian - Longitude 0°
e ---\-- -= Tropic of Cancer23° 26’ 22" N
= ° 2 o
Northern Hemisphere dE
Equator 0° o° - . + Equator 0°
Southern Hemisphere oy i

Y # i o
{ip¥ Y~ ' ”
) T i Tropic of Capricorn 23° 26" 22" S

Example: Buenos Aires
34e 36' 13" s and 58° 22' 54" w

\ » Antarctic Circle 66° 33'39" S
> 90°
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Using Celestial Coordinates

Latitude and Longitude

To labellocationson Earth

Right Ascension (RA) and Declination (dec)

For Astronomical Objects



N2 north
I} Universitiat Pots celestial pole

south

_ celestial pole _



Qﬂwe ST25

"8 [T Universitit Potsdam
>,
d‘d

Where are We???

Ondrejov 2m: 49°54'54.6"N 14°46'51.6"E
Zenith: 49° approx

Zot.!lth

s th
&L < Azimuth ———> 9.7,:‘
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Where are We???

Ondrejov 2m: 49°54'54.6"N 14°46'51.6"E
Zenith: 49° approx

49°

Zenith
]
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Visibility Window

« Amount of Air Mass between Eyes
and Star is greater near the Horizon

« Air is not a pure optical medium
« Light is absorbed mostly by the air

« Light Pollution is significantly higher
near the horizon

« Best to observe the stars at least 30°
above the horizon

« In our case declination will become
11°

1 3ir mass
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Altitudes, SOAD Observatory 12845698 36.9342M, 1369 m above sea level
LST ——> 16"35™  17"35™  18"as™  1o"3s™  zo"3™ ziMEe™ | .
_ S.hse‘E“ Thwn Thwnm Szl-a'r‘m;
Maon (dashed}): o :éaégsis ' lz'wn' ] ] ' ' & '22 ] List of abjects:
coorgpom | | pom ey
- lllurnination 725 8005 ------- _3_ -
Observing Strategy curr L N | dn | s
D _ _______ % Star 2 is Altair
Mumbers below cur\r:g : : : : : : : ;
are Meon Distance =
{in degraes) ot the ___f m
carresponding 0% R
tirmnes. §
I 5092 ﬁ
. . . a : :
Efficient Observing Sequence N
. S o e S T B
Brightness of targets L el BRI
, e P g
Bad Weather - Bright Stars
Clear Night - Faint Stars T A
i : ) : : : i g
o® i : % i i : 3:
utT =211 I 13 T4 B 6 7 18 ) 20
24 21 22 23 4 1

2 3 4
tMean Solar Zone Time, starting night 07 07 2014

Proceszad: 2014 ,/07 /07 09:46:38 UT. leaac Mawtan Group of Talsacapes, La Palma.
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Finding Charts

Identify Star on the Charts.

Visual Tools
- Simbad
- Stellarium
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Creating our Target List for spectroscopy

Perek 2 meter telescope
Target Declination

Target Right Ascension
Brightness Constraints: < ~11 Gmag
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TOPCAT

iy TOPCAT(1): Row Subsets VoA X
Window Subsets Display Interop Help
o ¥ ¥ I E e X
Row Subsets for 1: BHB 2022 ADQL All Outputs
ID Name Size Fraction Expression Col $ID
9 has_epoch_photometry 4357 14% $123 -
10 has_epoch_rv 87 0% $124
11 has_mcmc_gspphot 17029 56% $125
12 has_mcmc_msc 30390 100% $126
13 in_andromeda_survey 11 0% $127
_14 matched 30370 100%
15 Photometry_QC 30387 100% [abs{phot_bp_rp_excess_factor_corrected) < 0.6 [
_16 pm_QC 30390 100% |pm_over_error =5
_17 vt QUC 20764 08% |vi_over_error = 5
_18 QC 29761 98% [Photometry_QC &8& pm_QC &8& vt QC
19 Close 11413 38% |BHB_Candidate && distance < 5000
20 nns 21758 72% |within_5_arcsec < 2 1
21 n5_bright 8308 27% (! nn5 && object_flux_fraction=> 0.7 T
22 BHE_Candidate 27784 91% |QC && ! RR_Lyrae && (nn5 | | n5_bright)
23 RR_Lyrae 1705 6% |flux_error_excess = 7.5
24 targef_list 44 0% |( BHB_Candidate &8& (dec>-118&8&(ra<70 || ra =250) && phot_g_mean_mag< 11)) | | (phot...
25 target_list 2 46 0% |( (dec=-118&&(ra<70 | | ra=250) && phot_g_mean_mag< 11)) | | (phot_g_mean_mag< 11..
26 target 22 0% |((dec=-118&8(ra<70 || ra =250) && phot_g_mean_mag < 10.5)) || (phot_g_mean_mag < 1...
27 target_2 22 0% [ra<70 | | ra =250) && phot g mean mag < 10.5)) | | (phot g mean mag< 10.5 & dec = 70) -
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Selected BHB Candidates
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First Observation Night

Local Time — 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 03:00 04:00 05:00 06:00

90 1 1 1 1 1 . 1 - 1 _ 1 _ 1 1 1 1 0
(Europe/Prague) H - : : )
UTC offsef = 2 P 2 : : H %
80 - 3 ] _ < 3
Moonrise 08:41 S 9
Affo",fi? 19:24 S : 5
70= . o - 1.06
N0 -
o5 ) 3
N io = S
- o =
60 m : " o __:
— . "I_‘ "
$'50- h o 9 & =131 3
= &N <+ o &
- BD+40515 3 w
£ 40- (Moon sep. = 138 deg) [ 8
= (Sunsep.= 127 deg) - N
TYC2213-615-1 g
(Moon sep. = 125 deg)  +
30+ (Sun sep. = 144 deg) E =20
TYC2225-153-1 g
(Moon sep. = 131deg)
20= (5un sep. = 146 deg)
TYC3655-1179-1
—— (Moon sep. = 136 deg) :
10 = (Sun sep. = 112 deg) -576
Moon (19%) :
Sun

0 1 1 O T T T T l: 1 T T
LT Time forl oral Startina Nicht 2022-0R8-31
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Second Observation Night

Local Time - 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 03:00 04:00 05:00 06:00
90 1 > 1 1 1 - 1 1 | | 1 1 1 1 1 O
rewttsers2 ; HD203563
5 i —— (Moon sep. = 60 deg)
80 = H ] (Sun sep. = 155 deg)
e TYC4205-142-1
Moonrise 14:02 O 5 % (MOOH sep. = 89 deg)
; =
Moonset 21:21 . :)/ (sun sep. = 92 deg) ~
A S BD+363268 06
N —— (Moon sep. = 65 deg)
© (Sun sep. = 108 deg)
60+ i Moon (61%)
Z Sun
— N
g 50 - 10 -1.31
o S
o N
P -
K o 40 - Y
<< o
Q
E
30= t =2.0
| -
$
20=
10 = =5.76
O [] - - [] 1] 1] [] [] [] L] [] [] []
17:00 18:00 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 03:00 04:00

UTC Time, for Local Starting Night 2022-09-04

[(z)22s] sspwdiy
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Data Reduction

Why?

BD+36 3268
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Data Reduction

Science frame

Bias frame , raw image — bias — dark current
stars = '

Dark frame flat
Flat-field frame
Calibration (comp) frame
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Science Frame

Two-dimensional array of values
To analysis and do science

BD+36 3268
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Bias Frame

To remove the CDD readout signals
Exposure time: Shortest
Remove from science

Bias frame
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Flat-Field Frame

To compensate for any non-uniformity
Variations in the sensitivity of pixels
Vignetting effect, or

Anything else in the optical path
Need to be corrected

Flat frame from 1st observation
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Dark Frame

Background noise: Thermal effect
Exposure time: Same as science frame
No dark frames were taken!

CCD cooled with Liquid Nitrogen
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Calibration (comp) Frame

ThAr lamp used
ThAr has strong emission lines
Need for wavelength calibration

ThaAr spectra from 1st observation




ANECYS7x...
N i

. _we
@I Ig Universitit Potsdam

o
%

- d‘i’rn
- -

Data Reduction Process

Pipeline — created by Mauricio Cabezas

Image Reducti damil Anal

U B R T .1t speCtrim target 1o
hdS4482 ) mput Fil LT
H CA448%7 ) JrEEt riame Ml
49) Mumbar of FrLuren 1

OD0R) Dhservatic id numbae
CALTERATIDH PARAAETERS

CESL I S TRN i
ol e
im Flal mnd camp?
g trim flat & comp?
pply zere level correctien teo
mbhlng comparlsen | s mans
mbiingd Flat Field im
ne) Exiract Flat aparluri
ne) Extract comparisen apertures?
no) Use databasze folder for fdentifi
i ..-I1||:I dar name @with identification

nal ..'I|I|'F|':'.'|" L CLrum |

(zarocer

{Cr iyE
Lifcray
{ob ject
LFlatcor
Lhallac
[ idrel

L norm

[ ncombir

Imode

FARARE | ERS

Use trim objecty

Apply zere level correctic

Hemowve cosmi Nadys

Use object with GMiC Tays @i
Extract object apertures?

Al nly flat correction Lo ol .ils-l-
calculate J0 + hallocentric corre
refer database identification to
normalize SpaCcCIra

combing normalized spoactrald

+ 1

(AL T
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Model Aperture

The lines: Aperture
49 aperture

Source: Mauricio Cabezas
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Model Aperture

irafterm (on merak)

15000

10000

KOO0

Source: Mauricio Cabezas
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Wavelength Calibration

Thorium-Argon spectra
Database of emission lines

o
| | L | | { | |
g e

Recentered=39/39, pixel shift=3,33, user shift=-0,11, z=-2,7E-5. rms=0,057

Source: Mauricio Cahezas
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Normalization

Normalisation or blaze correction
Useful:
Absorption line profiles
Model their shapes, or
Determine their widths
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Merging

Merging all aperture
Spectra is ready

1J{| { .I“..’,. -1.-” -'-1+J--r- “P‘M’ﬁﬂwﬂwﬂwrrdhmrﬂ-‘l fm'wl ‘~ ,1»[ ‘ﬁ iy 4-, '|[| ’.J’ " . "L“ {

Source: Mauricio Cabezas



Universitit Potsdam

Analysis methods
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Preliminary checks on line broadening

BD+363268
H6 Hy HB Ha
/ /g / /g
7/ 7/ 7/ 7
—— 04-09-2022
m 11-07-2022
WF VI'“P“["P‘

J

'V

/
6600

i | / / /
/ 4080 4100 4120  4tho / 4320 4340 4360 430 / 4840 4860 4880 4900 / 6540 6560

Wavelength [A]

6580
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Hy

TYC3655-1179-1

/ /
7/
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~L
~

~

/

— 02-09-2022
10-09-2021

—— 13-09-2021 M
7

|
/ 4080 4100

4120

/ L
4tho / 4320 4340

Jr ok
4360 4380 / 4840

Wavelength [A]

4860

4880

/
4900 / 6540 6560 6580

/
6600
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Radial Velocity determination

HD203563

HD203563
- g .

04-09-2022

agso agss ET= T T asTo 6550 G560 6570 e520
= RN Rk _
1.007] 1.00]
E‘U‘“@“ﬂlr v]‘{ - MUHM
-
az=20 PT=T adao azlas agso a8ss ageo ades adgro 6545 6550 6555 6560 G565 6570 6575
J \'g/ l 05-09-2022 \v | w; fd —100- ) - ~ i a
| e cw we i L aaa— 07002021 i s g olls s Q i
g@%ﬁ% =
e W o[ fr oo [y T [
va?':'ao 4336 4330 adas L asso 4850 ; agss aded ades A8 7O G550 5555 GEGO G565 G570 6575
\f \if] \\/i L
- H
N 100

- 10-09-2021

435S 4340 43S asso agss ag'so FT= T as7o s550 5555 560 5565 6570

Wavelength [A] zays
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A brief look at other stars as well TYC2295-153-1
Ho Hy HB Ha
// // // // // // // //

— 01-09-2022

12-08-2022
e MWN

; wﬁ“ﬂ%
fi

L

/ /

i / : / / /
/ 4080 4100 4120  41ho / 4320 4340 4360 4380 / 4840 4860 4880 4900 / 6540 6560 6580 6600

Wavelength [A]
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A brief look at other stars as well

BD+405154
Ho Hy HB Ha
/ / / / /
/ 7/ 7/ ! 7
m
Urad - _2595_
S
km
o=249—
S
—— 02-09-2022

/ i / : / / /
/ 4080 4100 4120  41ho / 4320 4340 4360 4380 / 4840 4860 4880 4900 / 6540 6560 6580 6600

Wavelength [A]
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A brief look at other stars as well TYC2213-615-1

Ho Hy HB Ha

7k / / 7./ / /
/ !/ 7/ /7 / 7
Vyad 334.14—
km
oc=122—
S
—— 02-09-2022
11-08-2022

\ Y lnﬁ%

\f

/ / ]

i / ! / /
/ 4080 4100 4120  41ho / 4320 4340 4360 4380 / 4840 4860 4880 4900 / 6540 6560 6580 6600

Wavelength [A]
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A brief look at other stars as well

TYC4205-142-1

Ho Hy HB Ha
/ / / /
/ 7/ 7/ ! 7
m
Vg = —201.75—
S
km
oc=121—
S
—— 04-09-2022
/ i / / / /
/ 4080 4100 4120  41ho / 4320 4340 4360 4380 / 4840 4860 4880 4900 / 6540 6560 6580 6600

Wavelength [A]
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SED Fit

2.2

2.01

1.4

BD+363268
-¥- BD+405154
-&- HD203563
1.2{ -4¢ TYC2213-615-1
-pp- TYC2225-153-1
-@- TYC3655-1179-1
-l- TYC4205-142-1

1.0 T . " r :
14000 13000 12000 11000 10000 9000 8000 7000 6000

Teff [K]
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Conclusion




