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For me, the appeal of spectroscopy is in its scientific potential

Photometry reveals changes 
in a star’s brightness

Spectroscopy reveals why 
these changes are 
happening

R Scutum



My aim is to get as close as possible to the spectral flux or energy 
distribution with wavelength  emitted by the target object

To do this I need to:

• Calibrate pixel to wavelength transformation for the instrument

• Correct for instrument and atmospheric responses

• Convert the spectrum onto an absolute flux scale

• Correct for interstellar extinction and reddening 



My setup

• C11 scope

• Optec 0.5x FR

• G-11 mount

• LISA spectrograph

• SXVR-H694 CCD

• SXV-EX guider

• Astroart

• Guide



Ar/Ne

LISA spectrograph



Screenshot of image capture and guiding with Astroart



Ar/Ne calibration lamp spectrum

FWHM = 2.65 pixels = 4.8Å       Spectral resolution ~1200



• ISIS spectral image of HD 212454 (reduced vertical readout)
• Spectrum vertical binning zone in blue
• Sky background subtraction zone in green

Hβ Hα



4th order fit of wavelength vs pixel number – residual to linear fit

Limits of Ar/Ne lamp calibration

Using 16 Ar/Ne emission lines, the fit has an rms residual of ~0.1Å

Wavelength calibration



Correcting for instrumental and atmospheric response

These can most easily be achieved by taking the spectrum of 
an A or B-type star, ideally A0V, with a known spectrum at the 
same altitude as the target star

A and B stars have a smooth continuum and few spectral lines

Ideally choose a star in the MILES library which has exact 
spectra

Otherwise use a generic spectrum of the correct type from the 
Pickles library

At the same altitude these stars will suffer the same 
atmospheric attenuation so the effects will cancel out



•Observed spectrum of HD212454 in blue (1)
•MILES library spectrum of HD212454 in red (2)
• Instrument and atmospheric response 

correction in green = (1)/(2) 



Smoothed instrument and 
atmospheric response profile



Wavelength calibrated and response 
corrected spectrum of HD212454

This is a relative intensity spectrum 
scaled to 1 at 6650 Å



Comparison with MILES library spectrum



If a relative intensity spectrum is sufficient, eg to identify what 
spectral lines are present, there is no need to flux calibrate

But a relative intensity spectrum contains no information about 
the absolute level of flux or energy density of the spectrum

So it is impossible to monitor changes in the energy output of a 
star over time or to detect changes in the energy distribution 
across the spectrum

Flux calibration brings spectra onto an absolute flux scale in units 
of erg/cm2/sec/Å

Why flux calibrate?



Flux calibration

There are 2 methods of flux calibration generally used by amateurs

• Wide slit method described by Christian Buil

(http://www.astrosurf.com/buil/calibration2/absolute_calibration_en.htm)

• Calculation based on a simultaneously measured V magnitude

(based on work of Martin Dubs, Francois Teyssier, Robin Leadbeater and others)

Given the limited time, I will only talk about the latter method 
which I have used successfully



The principle is simple….

• You measure the absolute flux of the object transmitted 
through a V filter and compare that with the flux through 
the same V filter from a relative flux spectrum

• You then scale the relative flux spectrum by the ratio of 
these two numbers to get an absolute flux spectrum 

• To find the absolute flux transmitted by a V filter, you need 
to know the spectroscopic zero point for your V filter

• For this you need spectra of some spectrophotometric 
standard stars – these are available in the CALSPEC library



Let Fs(λ) be the absolute spectral flux density from a 
spectrophotometric standard star

Let R(λ) be the spectral transmission profile of our V filter

Then the absolute flux transmitted by the V filter is 
∫ R(λ) Fs(λ) dλ

The measured V magnitude of the standard star is given by
ms = -2.5 log10 [∫ R(λ) Fs(λ) dλ ] - ZP     

where ZP is a zero point 

So ZP = -ms -2.5 log10 [∫R(λ) Fs(λ) dλ ] 

Calculating the V filter zero point



To do this we need to know R(λ), the spectral transmission 
profile of our V filter

This is the profile of the Astrodon V filter which I use

By measuring ∫R(λ) Fs(λ) dλ for a set of standard stars with known 
absolute spectral flux density profiles and V magnitudes, we can 
determine the zero point for our V filter



spectroscopic 
zero point  ZP

ZP = - V mag - 2.5 log(flux) 

Flux is in erg/cm2/sec/Å



Suppose Ft(λ) is the absolute spectral flux density from our target 
star (this is what we want to know)

The measured V magnitude of the target star is given by
mt = -2.5 log10 [∫R(λ) Ft(λ) dλ ] - ZP 

The absolute flux from the target star transmitted by the V filter is 
FA = ∫R(λ) Ft(λ) dλ = 10 ^ [-0.4 * (mt + ZP)]

If ft(λ) is the relative spectral flux density of our target star (what 
we measure) then the relative flux transmitted by the V filter is

FR = ∫R(λ) ft (λ) dλ

We can then find the absolute spectral flux density Ft(λ) by scaling 
the relative flux density ft(λ) by FA / FR

Converting a relative flux spectrum to absolute flux



• We know mt = 9.68

• So we know the absolute flux transmitted by the V filter is
FA = 10 ^ [-0.4 * (9.68 + 13.63)]  = 4.7424*10-10 erg/cm2/sec/Å

• Take a relative flux spectrum of BD+25 4655, multiply it by the V 
filter profile and measure the relative flux transmitted by the V 
filter

FR = 2040.2929

• To get the absolute flux spectrum of BD+25 4655 we scale the 
relative spectrum by FA / FR

• This is straightforward to implement in ISIS

Worked example: CALSPEC star BD+25 4655 (B0)



Relative spectrum of BD+25 4655



Relative flux transmitted by V filter



Scale relative spectrum
by FA / FR

FA

FR

Now absolute flux in erg/cm2/sec/Å



Comparison of flux calibrated spectrum (blue) 
with CALSPEC library spectrum (red)



Another example: HD209458 (G0V)

The mismatch at the blue end is due to inadvertently using 
a reference star at a slightly different altitude!



Correcting interstellar extinction and reddening – why do it?

If light from a star experiences a significant amount of both 
extinction and reddening due to the interstellar medium, this can 
change the spectral type we might infer from the spectrum

Only apply this correction if necessary for analysing the spectrum, 
in most cases it is not necessary

EE Cephei has a colour excess E(B-V) of 0.5



Spectrum of EE Cep as measured

Spectrum of EE Cep corrected for 
interstellar extinction and reddening



Spectral type F2V – wrong! 

Spectral type B5III – correct



Interstellar extinction and reddening – how to calculate it

• E(B-V) is a measure of the colour excess of a star in magnitudes 
due to interstellar extinction

– this can usually be found somewhere in the literature

• A(V) is the total extinction in magnitudes in the V band (5500Å)

• A(V) = RV * E(B-V) where RV is conventionally taken as 3.1 for the 
diffuse interstellar medium

• We can find values of the function A(λ)/A(V) in various references
• e.g. Cardelli et al. Astrophysical Journal, 345, 245 (1989)

• The generalised λ-V colour excess, E(λ-V) = A(λ)-A(V)        
(= 0 at 5500Å)



There are two corrections to be made

1. For extinction at 5500Å we scale the whole absolute flux 
spectrum by 10^[0.4*A(V)]

2. To correct for wavelength-dependent extinction or reddening 
we scale the spectrum by 10^[0.4*E(λ-V)]

The latter can be calculated in a 
spreadsheet and exported as a 
scaling profile used to scale the 
absolute flux spectrum

Again these corrections are 
simple to apply in ISIS

For E(B-V) = 0.5



Once a set of spectra have been corrected for flux and extinction 
they can be compared to reveal real physical changes in the source

e.g. spectra of EE Cep during ingress to eclipse in 2014



Some examples of observations with a LISA



SS Cygni

5 spectra were recorded during an outburst in Sep-Oct 2013 and 
flux calibrated using V magnitudes from the AAVSO database



The reduction of 3 magnitudes in V over this period is equivalent 
to a 16x reduction in flux at 5500Å – which is exactly what we see

a

b

c

d

e

a – 23 September
b – 24 September
c – 26 September
d – 5 October
e – 9 October



This is a peculiar eclipsing binary and supersoft X-ray source 
consisting of a WD, possibly surrounded by an accretion disc, which 
is accreting matter from a more massive secondary star and emitting 
a variable wind with both stars surrounded by a hot gaseous 
envelope

One possible model:

Each published paper seems to propose a slightly different model!

Hachisu & Kato, Astrophysical Journal, 598, 527, (2003)

V Sagittae – a strange object!



Eclipse timing measurements over 70 years show that its 
12.5 hour orbital period is steadily decreasing at the rate 
of dP/dt = -5.24(5)*10-10 (0.017sec/yr)



Primary eclipses on 6 & 7 Sept 2015 have quite different profiles 

I recorded 7 spectra, flux-calibrated with concurrently 
measured mean V magnitudes during these two eclipses



This animation shows how the spectrum 
of V Sge changes through the eclipse

phase 1.00 = eclipse minimum



What we see:

• Balmer and He II emission lines remain strong throughout the 
eclipse so can’t come from the WD which is being eclipsed

• Secondary peaks of these emission lines move from red-
shifted to blue-shifted as the eclipse progresses with a 
relative velocity of ±780km/s

Similar secondary peaks were reported in Williams et al., MNRAS, 219, 809 (1986)

Most models seem to agree that:

• the uneclipsed Balmer and He II emission lines arise within 
the gaseous envelope around both stars

• the source of the red- and blue-shifted components is not 
understood but could be material in orbit around the WD



And just to make it more interesting – in the shallow secondary 
eclipse the side peaks move from blue to red!



I wanted to answer 3 questions :

a) Is it possible?

b) How well can it be done?

c) Can it produce useful results?

Measuring radial velocity with a LISA



Initial impression is that it is going to be difficult

Measuring lines in the calibration lamp spectrum at 6000Å gives 
FWHM ~2.7 pixels at 1.8 Å/pixel = ~5Å

So spectral resolution R is ~1200

Taken as a RV resolution, this is equivalent to ~250 km/s

However, calibration using 16 lines in the Ar/Ne lamp gives

rms = 0.1 to 0.2Å

This indicates that a correlated analysis could do a lot better



ISIS includes a function for cross-correlating two spectra

After applying heliocentric corrections, the relative wavelength 
shift between the two spectra gives their relative radial velocity

dλ/λ = v/c



Boris Gaensicke (Warwick Univ) suggested I try to measure the 
RV of a post common envelope binary (pre-CV) V471 Tau

This contains a cool K2V main sequence star and a hot WD with 
Porb ~0.5 d and RV amplitude of ±160 km/s

Spectra were taken on 
9 nights and RVs 
calculated relative to 
the first night using 
the cross-correlation 
function in ISIS 



The rms scatter relative to the sine curve is ~45 km/s

This looked hopeful, measuring RVs was indeed possible 
– but how well could it be done?

Phased on the published orbital period of 0.521183d these 
measurements compare quite well to published RV curves



Experience showed that several factors are important if more 
precise results are to be obtained:

a) Temperature of the LISA must have stabilised before starting

b) LISA must be carefully focused at the operating temperature

c) Calibration lamp spectra must be taken frequently

d) Star spectrum should have many lines - eg spectral type F or G 

e) Spectrum should be cropped to remove main telluric features



Next step was to test the procedure using a known binary star

HD116514 is a 9.3 mag single lined spectroscopic binary with 
period 5.939 days, K1 = ±37.82 km/s and spectral type G5V

A reference spectrum was taken on the first night (average of 3)

26 spectra were taken on 12 nights and RVs calculated relative 
to the reference spectrum using CCF in ISIS 

RV data phased on 
Porb = 5.939 days

Each error bar is std dev of 
2 or 3 RV measurements 
made on the same night



Plot of the RV data with 
the actual RV variation
(e = 0)

rms scatter about the 
real RV curve is 5.2 km/s

Zero point of the RV variation is arbitrary as it was not measured 
relative to an RV standard star

So now we know how well it can be done – how can we use it?



Boris Gaensicke suggested I look at a mag 10.8 star, 
spectral type G whose spectrum showed a UV excess 
– could this be evidence of a white dwarf companion?

Mean intra-night std dev was 5.7 km/s

Period analysis revealed a periodic signal at 7.563 days

42 spectra taken on 15 nights



RV plot phased on this period showed this object is probably an 
eccentric post common envelope binary – a new discovery!

So measuring RVs carefully with the LISA can produce useful results!



Thank you for listening

I hope this gives you an idea of the scientific potential 
of an instrument like the LISA spectrograph


