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An Algorithm for Absolute Radiometric Calibration                                                     
of Astronomical Spectra 

Anthony Mallama (anthony.mallama@gmail.com) 
Bruce Krobusek (bkrobusek@gmail.com) 

Hristo Pavlov (hristo_dpavlov@yahoo.com) 
 
Abstract 
A method for modeling spectroscopic instrument sensitivity and atmospheric extinction based 
on observations of standard stars is described. The resulting sensitivity and extinction coefficients 
may then be applied as the radiometric calibration constants for computing the spectral energy 
in absolute units from observations of program stars. The recommended standard stars are those 
of CalSpec database. A listing of bright CalSpec stars having highly accurate fluxes derived from 
Hubble Space Telescope data is provided. Tests with observed spectra indicate that the algorithm 
delivered results that were accurate to about 2% under ordinary seeing conditions with just a 
simple grating. Strategies for successful observation and data analysis are also discussed. Under 
favorable conditions, observations can probably be calibrated to about 1% accuracy with the the 
AbsFlux algorithm. 
 
1. Introduction 
Radiometrically calibrated spectral data may be applied to a wide range of astronomical 
investigations. One example is variable star research where the brightness (and thus the 
spectrum) of an object changes over time. Calibration may either be absolute or relative. 
Absolute calibration results in spectral energy distributions (SEDs) with units such as 
ergs/centimeter^2/Angstrom/second as measured above the Earth’s atmosphere. Relative 
calibration lacks the units of energy and, so, it might reveal whether the color of a star has 
changed but it cannot determine the flux in physical units. 

This paper describes a precise, simple and robust algorithm for absolute radiometric calibration. 
Recommendations for making accurate observations and for analyzing data are also provided. 
Section 2 gives background information about existing computer programs that are available to 
the pro-am community for radiometric calibration. Most of these computer applications lack 
tools for absolute calibration. Section 3 describes the CalSpec library of precise spectral fluxes 
and explains why it is recommended for use as the reference database for absolute 
spectrophotometry. Section 4 examines the core of the radiometric calibration algorithm, which 
is named AbsFlux.  

This algorithm simultaneously models instrument sensitivity and atmospheric extinction which 
are the two essential components of radiometric calibration. Section 5 presents the results of 
running the AbsFlux algorithm on simulated data for the purpose of verification. Section 6 
examines the results of processing real observational data and compares calibrated SEDs to 
reference values. Section 7 describes the estimation of uncertainties including those found 
empirically from the results given in the preceding section. Section 8 discusses scenarios for 
successful observation and for optimal use of AbsFlux or any other radiometric calibration 
algorithm. A summary of the major points of this paper is provided in Section 9. The AbsFlux 
algorithm has been coded in a Fortran computer application of the same name. The appendix to 
this paper illustrates the flow of the algorithm in the source code. At the present time, the 
executable is a command line program controlled by parameters that are set by the user in an 
input file. 
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2. Available software 
Several computer applications that are available to the pro-am community may be employed for 
radiometric calibration. Three widely used programs are RSpec (www.rspec-astro.com), BASS 
(uk.groups.yahoo.com/neo/groups/astrobodger/info) and ISIS (www.astrosurf.com/buil). 
These are general purpose programs which support the display and manipulation of image files, 
provide for wavelength calibration and output spectral profiles (pairs of wavelength and raw flux 
values). RSpec can process video data as well as CCD images. A fourth program, Tangra 
(http://www.hristopavlov.net/tangra3/) which was developed exclusively for video data, has 
recently been enhanced to allow for wavelength calibration. RSpec supports relative radiometric 
calibration, BASS seems to allow a limited form of absolute calibration, while ISIS can perform a 
fairly sophisticated form of absolute calibration 
(http://www.astrosurf.com/buil/calibration2/absolute_calibration_en.htm). Tangra now 
offers radiometric calibration following the AbsFlux algorithm. 

Some of these applications employ the stellar spectral flux libraries developed by Pickles (1998) 
and the MILES data base (Sánchez-Blázquez et al., 2006 and Falcón-Barroso et al., 2011) as 
reference data sources for most of their radiometric computations. Both libraries are high quality 
resources which are used extensively in the astronomical community. The Pickles library 
contains 131 composite spectra that cover a wide variety of spectral types, luminosity classes and 
metal abundances. The MILES database is similarly rich and includes an even greater number of 
spectra of individual stars.  

The disadvantage of using the Pickles and MILES libraries, though, is that their fluxes are 
normalized and thus are more appropriate for relative calibration. While the MILES spectra can 
be converted to absolute flux values, one must apply wide-band photometric magnitudes to the 
normalized fluxes at a certain wavelength. Since the magnitudes were actually derived from the 
spectra that process is circular. Furthermore, the MILES spectra were obtained from the ground 
so the normalized data itself must contain some inaccuracy due to atmospheric extinction which 
cannot be removed perfectly. Those are the reasons that we recommend the CalSpec library of 
Hubble data for high precision radiometric calibration as described in the next section. 
 

3. CalSpec standard stars 
Data obtained from above the terrestrial atmosphere with the Hubble Space Telescope is 
considered to be the most accurate source of radiometrically calibrated reference spectral data. 
The HST CalSpec database of SEDs is described by Bohlin et al. (2014). Those SED values from 
the Space Telescope Imaging Spectrograph (STIS) instrument on-board Hubble are the best of 
all.  

Bohlin and Landolt (2015) validated the STIS/CalSpec fluxes by synthesizing visible and near-IR 
Johnson-Cousins magnitudes from the spectra and comparing them with the highly accurate 
magnitudes of photometric standard stars. A similar study was performed by Mallama (2015) 
through a comparison with Sloan magnitudes and it extended the comparison to near-UV 
wavelengths. Both studies indicate consistency at the 1% (0.01 magnitude) level. Since the 
CalSpec flux system and the two magnitudes systems were developed independently, the 
comparisons may be interpreted as a measure of absolute accuracy. 

Most importantly, the CalSpec fluxes are given in units of ergs/centimeter^2/Angstrom/sec. 
Since they are not normalized, no additional information is needed in order to use the data as a 
reference for absolute calibration.  

A list of moderately bright CalSpec stars with data from STIS between 3,000 and 10,000 
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Angstroms is given in Table 1. There are many fewer stars in this list than in the libraries 
described in the previous section. Unlike some other algorithms, though, AbsFlux does not 
require a dense network of standard stars. The CalSpec SEDs in the form of FITS files may be 
downloaded from ftp://ftp.stsci.edu/cdbs/current_calspec. Plain text files are also available 
from author AM. 
 

Table 1. Recommended CalSpec standard stars for small telescopes 
Name            FK5_Coordinates_J2000      Type    Mag    B-V 
HD___9051_    01 28 46.502 -24 20 25.44    G7III   8.92   0.81 
HD__14943_    02 22 54.675 -51 05 31.67    A5V     5.91   0.19 
HD__31128_    04 52 09.910 -27 03 50.95    F4V     9.14   0.41 
HD__37725_    05 41 54.371 +29 17 50.92    A3      8.31  -0.19 
HD__37962_    05 40 51.967 -31 21 03.99    G2V     7.85   0.65 
HD__38949_    05 48 20.059 -24 27 49.86    G1V     7.80   0.57 
HD__60753_    07 33 27.318 -50 35 03.32    B3IV    6.68  -0.09 
HD__74000_    08 40 50.804 -16 20 42.52    sdF6    9.66   0.45 
HD_106252_    12 13 29.509 +10 02 29.90    G0      7.36   0.64 
HD_111980_    12 53 15.053 -18 31 20.00    F7V     8.38   0.53 
HD_116405_    13 22 45.123 +44 42 53.90    A0V     8.34  -0.07 
HD_158485_    17 26 04.837 +58 39 06.82    A4V     6.50   0.13 
HD_159222_    17 32 00.993 +34 16 16.13    G1V     6.56   0.65 
HD_160617_    17 42 49.324 -40 19 15.53    F       8.73   0.45 
HD_163466_    17 52 25.374 +60 23 46.95    A6V     6.85   0.19 
HD_165459_    18 02 30.741 +58 37 38.16    A4V     6.86   0.13 
HD_180609_    19 12 47.199 +64 10 37.18    F-A0V   9.42   0.15 
HD_185975_    20 28 18.728 -87 28 19.94    G3V     8.10   0.68 
HD_200654_    21 06 34.750 -49 57 50.28    G       9.11   0.63 
HD_205905_    21 39 10.152 -27 18 23.67    G2V     6.74   0.62 
HD_209458_    22 03 10.772 +18 53 03.54    G0V     7.65   0.59 
BD+21_0607    04 14 35.516 +22 21 04.26    F2      9.22   0.44 
BD+54_1216    08 19 22.571 +54 05 09.62    sdF6    9.71   0.48 
BD+29_2091    10 47 23.163 +28 23 55.92    F5     10.22   0.50 
BD+26_2606    14 49 02.357 +25 42 09.16    A5      9.73   0.39 
BD+60_1753    17 24 52.268 +60 25 50.74    A0-A1V  9.65   0.07 
BD+02_3375    17 39 45.596 +02 24 59.60    A5      9.93   0.45 
BD+75_325_    08 10 49.488 +74 57 57.92    O5p     9.55  -0.33 
HD__34816_    05 19 34.520 -13 10 36.44    B0.5IV  4.27  -0.23 
HD__15318_    02 28 09.540 +08 27 36.20    B9III   4.28  -0.04 
HIP_27204_    05 45 59.890 -32 18 23.16    O9.5V   5.15  -0.26 
HD_214680_    22 39 15.680 +39 03 00.97    O9V     4.88  -0.21 
HD_48915A_    06 45 08.920 -16 42 58.02    A1V    -1.46   0.00 
HIP_23692_    05 05 30.610 +52 49 51.96    DA.8   11.78  -0.33 
HIP_45880_    09 21 19.180 +81 43 27.64    sdO    11.95  -0.36 
HIP_115195    23 19 58.400 -05 09 56.16    D0p    11.83  -0.30 

 

4. Modeling atmospheric extinction and instrument sensitivity 
There are two factors to consider when calibrating spectra from ground-based instruments. One 
is the extinction of light caused by our terrestrial atmosphere and the other is the sensitivity of 
the instrument itself. Models of the extinction and sensitivity functions may be derived from the 
observations of spectral standard stars.  

Extinction is an exponential function of the air mass through which the observations are made. 
Therefore magnitudes are better adapted for computational work than are fluxes because 
magnitudes are logarithmic. Equation 1 demonstrates the relationship between magnitudes and 
fluxes,  

M = -2.5 log 10 ( F ) + K    (1) 
 

where M is magnitude, F is flux, and K is a constant that adjusts the flux units to the zero point 
of the magnitude system being used. 
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The effects of atmospheric extinction and instrument sensitivity may appear to be unrelated but 
they can be represented by a single mathematical equation. Therefore, if raw spectral profiles of 
two or more standard stars are available, the coefficients for the models of both extinction and 
sensitivity may be derived simultaneously. The relationship is given by equation 2, 
 

MON – MRN = KS + KE * XN   (2) 
 

where MO and MR are the observed and reference magnitudes, respectively, KS and KE are 
coefficients of the sensitivity and extinction models, respectively, and N indicates the serial 
number of the observation. The term, X, is the air mass which is represented in equation 3  
 

X = secant (Z)     (3) 
 

where Z is the angle measured from zenith. This equation is for a plane parallel atmosphere. In 
the real case of the spherical terrestrial atmosphere it is accurate to 0.01 air mass up to 65 
degrees from the zenith.  Equation 2 has been presented in a variety of forms dating back to 
early work on the reduction of photoelectric photometry observations by Hardie (1962) and 
more recently by Henden and Kaitchuck (1982) and by Warner (2006). The set of N equations is 
usually solved by the method of least squares.  

Both extinction and sensitivity depend on wavelength. So, the coefficients must be assigned to 
arrays indexed accordingly. After these arrays have been filled, the coefficients may be applied to 
the raw spectral data of program stars using the same three equations. This process results in 
absolute calibration. 

 
5. Simulated data 
In order to test the AbsFlux algorithm and computer code, analytical functions for atmospheric 
extinction and instrument sensitivity were formulated. These functions were applied to the 
absolute fluxes of CalSpec stars, in the inverse sense of calibration, for the purpose of simulation. 
Thus, the CalSpec SEDs were converted from absolute fluxes to raw fluxes. The results were 
then written to files of simulated raw spectral profiles. 

Several stars were designated as standard stars while others were identified as program stars. The 
AbsFlux program read in the files of simulated raw profiles and derived the extinction and 
sensitivity functions from the standard stars as described in section 4. The derived functions were 
found to match those which had been formulated and applied in simulation. 

Finally the derived functions of extinction and sensitivity were applied to the simulated raw 
profiles of all the stars. The computed absolute SEDs of the simulated standard stars and the 
simulated program stars matched perfectly with the original data from the CalSpec database.  

In order to further test the algorithm, errors were intentionally introduced into the simulated 
spectra. For example, the profile of one standard star was reduced by 10% to mimic the effect of 
a thin cloud. These errors had the expected result on the SEDs of the standard stars and of the 
program stars. 
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6. Observed data 
The generation and processing of simulated data demonstrated that the AbsFlux algorithm and 
the program logic worked correctly. Next, the algorithm was tested with real spectra obtained 
through telescopes. To give one example, author BK recorded spectra of ten CalSpec stars with 
an 8-inch telescope, an SA100 Star Analyzer grating and an SBIG ST-8 CCD camera on the night 
of 2015 June 24. Dark and bias frames were obtained for the purpose of image reduction along 
with stellar spectra. The method of accounting for non-flat field effects, which is different in 
grating spectroscopy than in direct imaging, is discussed in Section 8. 

Inspection of the resulting images revealed that two stars had very weak spectra with low signal-
to-noise ratios while a field star contaminated the spectrum of a third star. These spectra were 
rejected prior to processing and analyzing the remaining seven images. 

The RSpec program was used to extract raw spectral profiles from the reduced CCD images. 
The reference features used for wavelength calibration included the hydrogen Balmer alpha, beta 
and gamma lines as well as the zero order star images and the minimum of the tulleric band at 
7605 Angstroms. A fourth order polynomial wavelength calibration resulted in RMS residuals of 
less than a pixel and the dispersion of the CCD images was found to be 23.6 Angstroms per 
pixel. The resulting wavelength-calibrated spectral profiles are shown in Figure 1. 

Next, the AbsFlux program was run to generate the coefficients of atmospheric extinction and 
instrument sensitivity which are plotted in Figure 2. Notice the ripples in Figures 1 and 2. These 
are an artifact related to the SA100 grating and the KAF sensor as discussed by Leadbeater et al. 
(2015a). Fortunately, the process of radiometric calibration removes the ripples. 

The portion of the AbsFlux  algorithm that applies the extinction and sensitivity functions to 
program stars had already been validated with simulation data. Therefore, when testing with real 
observations, all stars were treated as standards and the criterion for algorithm success was the 
retrieval of CalSpec SEDs from a set of spectra. The SEDs corresponding to the profiles in Figure 
1 are shown in Figure 3 where they are compared with SEDs from the CalSpec library. Since two 
of the stars were considerably fainter than the other, they are shown at a different vertical scale in 
Figure 4.  

Author BK also observed a smaller set of CalSpec stars on 2015 June 17. These results will be 
briefly summarized in the next section along with the results of video observations discussed 
below. 

Author HP recorded spectra with a 14-inch telescope, an SA100 Star Analyzer grating and a 
WAT-910BD video camera on five nights between July 3 and August 13. The recording was done 
with the OccuRec software (http://www.hristopavlov.net/occurec/) where standard analogue 
video frames are stacked on-the-fly before recording the result as a higher bit depth video.  Dark 
and bias videos were also obtained with the same exposure and gain settings. The video 
exposures ranged from 0.16 sec to 2.56 sec. 
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Fig. 1: The raw spectra of seven CalSpec stars with vertical lines indicating the hydrogen Balmer 
gamma, beta alpha lines (from left to right). Exposure durations are indicated to the right of the 
star names. The ripples seen here and in other spectral profiles obtained with the SA100 grating 
and KAF sensors are discussed in the narrative. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2: The coefficients of the extinction and sensitivity model.                         
Extinction generally decreases with wavelength. The sharp spikes between 4000 and 5000 
Angstroms appear to be due to small misalignments of the hydrogen Balmer beta, gamma and 
delta lines. Instrument sensitivity peaks at about 6000 Angstroms in the red sensitive KAF-1600 
chip of the ST-8 camera. Ripples of the same frequency as seen in the raw spectrum are revealed 
here too. When these functions are applied as the radiometric calibration the ripples are removed 
from the SEDs as shown in Fig. 3 and 4. 
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Fig.3: Radiometrically calibrated SEDs derived from the raw spectral profiles shown in Fig. 1 are 
compared to those from the CalSpec reference library. The overall fit is very good though small 
scale differences are apparent in some of the spectral lines. One reason is that the observed 
spectra in this study were recorded at a much lower spectral resolution than the Hubble data. 
There may also be small mismatches in wavelength calibration despite performing a fourth order 
polynomial fit. The legend identifying the stars is the same as Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: The faintest two stars in Fig. 3 are shown here on an expanded vertical scale. 

The reduction was done with Tangra. Between 200 and 500 video frames from the same videos 
were aligned using the point-spread-function of the zero order image and were then processed to 
produce a single spectra image using median pixel values. A sub-pixel alignment and 
accumulation was used during the processing. Spectral videos were corrected for dark and bias 
using the same exposure dark videos. Videos were not corrected for flat field effects (see Section 
8). Some of the reduced spectra were then smoothened using a 1-st order Gaussian blur with 
FWHM of between 1 and 2 pixels. The wavelength calibration was done on a star with well 
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defined absorption features using the hydrogen Balmer alpha, beta, gamma and delta lines as well 
as the zero order star images and the minimum of the tulleric band at 7605A. A 3-rd order 
polynomial was fitted with RMS of less than a pixel and a dispersion of 11.6A/pixel. 
 
7. Estimation of the uncertainty 
In order to estimate the uncertainty of the observations of 2015 June 24 discussed in section 6, 
their mean biases and root-mean-square (RMS) differences from SEDs of the CalSpec library 
were computed. Table 2 lists two sets of statistics. The values under ‘full_res’ represent a 
comparison with the SEDs from the reference library at their full spectral resolution which is a 
few Angstroms. Since the resolution of the observed spectra was much lower (about 50 
Angstroms) than those from the library, a second set of values under ‘smoothed’ corresponds to 
the differences taken after the library SEDs were averaged over the same resolution as the 
observations. For the full resolution comparison, the biases ranged from -0.001 to +0.017 with 
a mean of +0.009. The RMS values ranged from 0.032 to 0.121 with an overall RMS of 0.090. 
Since seven stars were observed, though, the overall error expected from the AbsFlux algorithm 
should be reduced by approximately the square root of the number of stars minus the number of 
degrees of freedom which is two (extinction and sensitivity). So that the overall reduced RMS 
would be 0.040. For smoothed CalSpec SEDs, the biases ranged from -0.011 to +0.012 with an 
average of 0.000. The RMS values ranged from 0.005 to 0.036 with an overall RMS of 0.028. 
When divided by the square root of 5 the overall reduced RMS value is 0.012. It is worth noting 
that the total exposure time used for recording spectra of the 7 standard stars was only 9 
minutes. Furthermore, the observations were obtained from upstate New York which is not 
known for having very clear skies and the site is at an elevation of only about 200 m above sea 
level. Table 3 indicates that the results which BK obtained on 2015 June 17 also gave excellent 
results. We have found that video observations can give reliable SEDs as well. Table 3 shows the 
results for SEDs derived from spectra obtained by author HP from St. Clair, NSW, Australia on 
five nights between July 3 and August 13. In all 7 cases of CCD and video observation the 
absolute accuracy of the ensemble data sets are on the order of 2%. 

Table 2. Residuals between star observed on 2015 June 24 and CalSpec SEDs 

                                    --------- Differences --------- 
Star         Exposure    Air         Full_Res          Smoothed 
             (seconds)   mass       Bias    RMS      Bias     RMS 
HD 106252        60      1.52      +0.003  0.032    +0.001   0.005 
HD 158485        45      1.10      +0.007  0.121    -0.006   0.029 
HD 159222        45      1.13      +0.017  0.057    +0.011   0.034 
HD 163466        45      1.13      +0.013  0.100     0.000   0.016 
HD 165459        45      1.14      +0.008  0.120    -0.004   0.029 
BD +26 2606     180      1.07      +0.017  0.047    +0.012   0.036 
BD +60 1753     120      1.08      -0.001  0.107    -0.011   0.034 
 
Table 3. Residuals from all nights of observing 

 Date       Sensor  -- Stars --     -- RMS (smoothed) -- 
 2015               Total Omitted    Overall    Reduced* 
June   17    CCD       4      0       0.057      0.014 
June   24    CCD      10      3**     0.040      0.012 
July    3    Video     7      0       0.060      0.027 
July   17    Video     9      0       0.045      0.017 
August  6    Video     8      0       0.053      0.022 
August 10    Video     6      0       0.034      0.017 
ugust 13    Video    13      0       0.056      0.017 A

 
 * Factors in multiple observations as explained in the text 
** The text explains why these stars were omitted 
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8. Strategies 
Accurate radiometric calibration depends on the careful observations, detailed examination of 
the resulting images and wise usage of the algorithm for data processing. This section mentions a 
few useful strategies. 

Flat field corrections in the usual sense are not feasible when performing grating spectroscopy. 
Therefore, we followed the advice of Leadbeater (2015b) and placed all the stars at the same XY 
pixel location of the sensors as nearly as possible. This approach causes any instrumental 
signatures (including vignetting and dust spots) to effect all images equally. These signatures are 
then modeled as part of the sensitivity function described in Section 4. 

The AbsFlux algorithm models atmospheric extinction accurately over the range of air masses of 
the standard stars. However, calibration outside of that range is less certain. So, whenever 
possible, at least one of the observed CalSpec star should be higher in the sky than the programs 
star (or stars) and at least one CalSpec star should be lower. 

For the most accurate result several standard stars should be observed over a range of air masses. 
If only two stars are recorded there is a danger that the calibration and sensitivity functions will 
fit both stars nearly perfectly even if there are anomalies in the data. (For example, with grating 
spectroscopy there may be a field star superposed on the spectrum of a standard star.) The same 
is true if three stars are recorded but two of them are at nearly the same elevation. In that case, 
the extinction coefficient will adjust to fit the SED of the third (possibly anomalous) star and it 
may not represent the true extinction. Two or more standards that are higher than the program 
star and two or more lower is a safe approach. One higher, one lower and one at an intermediate 
elevation also works well. 

The program star may lie very close to a CalSpec star or may (for a time) be at nearly the same 
elevation in the sky. Under those circumstances atmospheric extinction dims both stars 
approximately equally, so absolute calibration can be achieved using just that one standard star. 
(The danger from anomalies as mentioned above should not be ignored though). When only one 
standard is observed, the AbsFlux algorithm can be instructed to ignore the effect of extinction 
altogether or it can apply a preprogrammed extinction coefficient in order to minimize the error 
from omitting empirical modeling of extinction based on the observations. 

The AbsFlux algorithm outputs files containing the extinction coefficient and the instrument 
sensitivity function. These values should be plotted and inspected for anomalies. (See Figure 2.) 
Generally, the extinction coefficient should decline with wavelength from the ultraviolet to 
approximately 7000 Angstroms. Typical values in the blue, green and red portions of the 
spectrum are 0.45, 0.25 and 0.15 magnitudes per air mass, respectively. At about 7600 and 9400 
Angstroms there are strong tulleric bands that can cause the extinction coefficient to increase 
abruptly. Sensitivity should be a smooth function that peaks in the red portion of the spectrum 
for most solid state sensors. 

Furthermore, the AbsFlux algorithm takes spectral resolution as one of its inputs. This allows for 
smoothing of the SEDs from the CalSpec library in order to match that of the instrument before 
modeling is performed. Resolution is different than dispersion because focusing can never be 
perfect. The resolution may be approximated by multiplying the dispersion in Angstroms per 
pixel times half the width of the spectrum in pixels. The exact resolution is not too critical for 
successful use of the algorithm. 

Lastly, it is worth mentioning that efficiency can be gained by interleaving multiple observations 
of the program star with those of the CalSpec standard stars. The accuracy of the radiometric 
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calibration should improve by averaging the program stars spectra. An even better approach is to 
observe multiple program stars multiple times along with the standards. In this way, accurate 
radiometric calibration, derived from just one set of standard stars, can be applied to a great 
many program stars during a single night of observing. In other words, the AbsFlux algorithm 
works most efficiently as a batch process. 
 
9. Summary 
This paper has described an algorithm along with a set of strategies for deriving accurate SEDs 
from spectral observations. The AbsFlux algorithm models instrument sensitivity and 
atmospheric extinction based on observations of CalSpec standard stars. The resulting calibration 
coefficients are then applied as the radiometric constants for computing the SEDs of program 
stars. A computer application which codes the AbsFlux algorithm was tested with simulated data 
to insure correct logical implementation. The same program was then tested with observations 
of CalSpec stars recorded with CCD and video cameras. Statistical analysis of the results 
indicates that AbsFlux produced SEDs with absolute accuracies of approximately 2%. Several 
strategies for achieving reliable results were described. These include positioning all stars at the 
same location on the sensor to minimize non-flat field effects, careful inspection of the spectral 
images especially for the detection of field stars that might interfere with the spectra of the 
target stars, observing multiple standard stars over a range of air masses which includes that of 
the program star or stars, and batch  observation and processing of large numbers of standard 
and program stars.                                                                                                                      
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Appendix - The AbsFlux Algorithm 
Note: Parts 3, 4 and 8 pertain to simulation. So they may be ignored for the purpose of processing observed 
spectra.                                                                                                       

Part 1. Initialize                                                                                                                                        
Input the following – 

Site coordinates 
UT date 
Path to CalSpec master file 
UT time and exposure duration for each spectral profile 
Spectral resolution (may be different than dispersion per pixel) 

Compute JD, Greenwich sidereal time at JD and sidereal time at site.                                                  
 
Part 2. Input coordinates, wavelengths and fluxes of the CalSpec stars 
Build the path-plus-file-name of the CalSpec master file and open the file. 
Loop over the master file records which are one per star. 

Read the star name, star file name, RA and Dec from the master file. 
Apply precession to the coordinates. 
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Build the path-plus-file-name of each CalSpec star file. 
Loop over the star file records. 

Read wavelengths and fluxes from CalSpec star files. 
Interpolate values to one-per-Angstrom array of fluxes. 

 
Part 3. Simulate standard stars 
Skip to part 5 if simulation is not specified. 
Assign the half-width based on simulation wavelength spacing specification or spectral resolution. 
Loop over standard stars. 

Build the path-plus-file-name of each standard star file and open the file. 
Match standard star to CalSpec star and store its number as an index. 
Compute the air mass. 
Loop over the specified wavelengths according to spacing specification. 

Stagger the starting wavelengths for realism. 
Use half-width to sum fluxes from CalSpec star.  
Adjust flux for exposure duration. 
Adjust flux for sensitivity function. 
Adjust flux for extinction function. 
Write wavelength and flux to output file. 

 
Part 4. Simulate program stars 
Do the same as for simulation of standard stars beginning with ‘loop over standard stars’. 
 
Part 5. Derive extinction and sensitivity functions from standard stars 
Loop over standard stars to read, interpolate and store raw fluxes, one-per-Angstrom per star. 

Build the path-plus-file-name of each standard star file. 
Match standard star to CalSpec star and store its number as an index. 
Compute the air mass. 
Loop over standard star records. 

Store the wavelengths and raw fluxes. 
Loop over specified wavelengths to be processed, one-per-Angstrom. 
 Interpolate values to one-per-Angstrom array of fluxes. 

 Determine the half-width for smoothing the CalSpec spectrum. 
Loop over specified wavelengths to derive extinction coefficients, one-per-Angstrom. 
 Loop over standard stars. 
  Smooth the CalSpec fluxes according to the half-width. 
  Compute delta magnitudes for ratios of observed and CalSpec fluxes. 
 Derive the extinction and sensitivity coefficients, one-per-Angstrom. 
 
Part 6. Apply extinction and sensitivity functions to program stars 
Loop over program stars 
 Process coordinates and compute air masses. 
 Build the path-plus-file-name of each program star and open the file. 
 Loop over program star records. 
  Correct each flux for extinction and sensitivity. 
  Output the corrected flux and its wavelength. 
 
Part 7: Assess the standard star calibrations 
Initialize the accumulating variables for overall statistics. 
Loop over the standard stars. 
 Build the path-plus-file-name of each standard star and open the file. 
 Initialize the accumulating variables for statistics of one star. 
 Loop over  each wavelength/flux pair. 
  Compute the index to extinction and sensitivity array values. 
  Compute the luminosity ratio from the extinction coefficient and air mass. 
  Apply the extinction and sensitivity corrections. 
  Normalize the difference between observed and CalSpec fluxes. 
  Accumulate the difference and its square. 
 Compute the normalized mean and RMS differences for this star. 
Compute the overall mean and RMS differences. 
 
Part 8. Assess the program star calibrations (for simulation only) 
Do the same as for standard stars.  
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Spectral 2 2014 
(by Alfonso L. Calvente Ortiz) 

 
as also opened up the possibility of comparatively analyzing the structure and composition of C 2014 Q2. 

alysis 
rovides us with information that surrounds and the comma following the comet nucleus.  

ds and accompanies the comet and will 
resent different absorption lines of the solar spectrum. 

be with a Atik 314L + (binx2) through a spectrograph DADOS 200 l/ 
m (15/01/14, 23:40). 

 
Spectrum 200 l/mm C 2014 Q2 

 

 Study of Comet Lovejoy C Q

 
Summary  
Using the spectrograph DADOS with 200 l / mm and 900 l / mm gratings at home observatory of Tejina 
(C11), Tenerife, we obtained the visual spectrum of Comet Lovejoy at their point of closest approach to 
Earth. Spectral analysis allows us to cover a range between 3800 and 7500 Å. We have compared our re-
sults with the work on other comets, allowing positive identification of the elements and molecules found and
h
 
1. Introduction 
The astronomical spectroscopy allows chemical and structural study of comets. Comets are 
chunks of ice itself and dust residues originating disk of dust and gas from which our solar 
system was formed. The study of comets is of great interest not only from the perspective of a 
deeper understanding of planetary formation processes of knowledge, also for the study and 
identification of these molecular complexes that hold biological structures of live and that one 
day they landed on our planet possibly through cometary impacts. Spectroscopic an
p
 
Approaching the sun, the core substances sublime (go directly from solid to gas) due to the 
effects of a quick rise in temperature produced by solar radiation, this process produces 
spectrally countless emission lines corresponding to different molecules and chemicals involved 
in the process and came entirely from the cometary nucleus. In the visible spectrum, which is 
the wavelength range in which we work, in addition to the effects of atomic and molecular 
emission analyzed, we can observe the spectrum of sunlight that is reflected on the comet. This 
allows to study the envelope of dust and gas that surroun
p
 
2. The spectrum of 200 l / mm 2014 C Q2.  
The spectrum obtained from the observatory at Tejina (Tenerife) was composed by a single wall 
made on a C11 300seg tu
m
 
 
 
 
 
 

 
 
 
 
 
 

Color synthesized spectrum 200l/mm C2014 Q2 
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The spectrum of 200 l / mm shows a range between 3785 and 7160 Å. The raw spectrum 
shows a high intensity continium that corresponds to the core region of the comet, loses 
strength towards the ultraviolet and infrared. The strong emission lines correspond to the CN 
(cyanide) in the violet and C� (Carbon diatomic) in green, somewhat attenuated the issuance of 
NH2 (dihydride Nitrogen - amine group) appears in red. Check the intensity of emission lines 
are going dissipating a greater or lesser degree depending we move away from core (in this case 
this distance corresponds to the top and bottom of the raw image in which the continuous and 

isappears), this emission can be observed even also quite far from the nucleus, and in the part 

ation of the different molecules that can be found in the dust 
at is part of the cometary coma. We must be content with the limited analysis of the radicals 

, 
C2H6 and NH3, every time that these s mation process produced by photodisso-
ciation those. These elements produce th ioned identified among the following: 

C2H6 >> C2 

make 
ur means. A comparison of our spectrum with the spectrum of other comets shows that both 
e composit

 

Spectrum 200 l/mm C 2014 Q2. AESESAS,2015 

structural composition of the core and the cloud of dust and gas that surrounds it. The chart 

d
of the comet's tail.  
 
The distribution of the main lines is typical of the spectra obtained in other comets. The abun-
dance of the identified elements is characteristic of many comets with which we visually com-
pared the spectrum obtained. Not so much the lack of resolution as limiting the wavelength 
range studied, we prevent identific
th
identified in the visual spectrum.  
 
Even with these limitations, we can sense the abundance of elements such as HCN, C2H2

ame in the subli
e radicals ment
HCN >> CN 
C2H2 >> C2 

NH3 >> NH2 
 
To detect directly the original (and even some of the aforementioned radicals) molecules should 
work with radio waves or infrared and ultraviolet spectroscopy, which cover wavelengths where 
the detection of molecular emission lines is possible. Still very interesting analysis that can 
o
th ion and processes that are triggered in their approaches to the sun are similar: 
 
 
 
 

 

 
 
 
 
 
 

C/2002 C1 (Ikeya-Zhang) 
 

We can see how the emission lines of comet C / 2002 C1 (Ikeya-Zhang) coincide dramatically 
with those observed in our spectrum of Comet C / 2014 Q2 (Lovejoy). The spectrographic 
analysis will allow us to identify each of the lines giving us unambiguous information on the 
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shown below presents the spectrum of Comet C/1995 O1 (Hale-Bopp) obtained with the 1.5 m 
telescope. ESO in 1997. In addition to checking the same spectral distribution, surprising detail 
chieved

 

 

 

 
Comet C/1995 O1 (Hale-Bopp) Tel. 1,5 m. ESO 1997 

stem is undoubtedly a remnant of that primigenioo material that was 
rmed our solar system. 

tion on the processes of planet formation 
nd even molecular structure that underpins life itself. 

a  with our little humble C11 and our means against the spectrum shown in the graph. 
 
 

 
 
 
 
 

 
 
 

 

 
A identical distribution of identified lines (more and in greater detail in our graph shown below) 
and matched well with the spectrum of Ikeya Zhang corroborate the common origin of these 
stellar objects by way of comets appear to us so close to our planet. The great cloud of Orts that 
surrounds our planetary sy
fo
 
The influence of gravitational and tidal forces, proximity or even the impact of other moving ob-
jects and can catapult new pieces of "cosmic ice" to the center of our planetary system leading to 
new observable comets. They keep the same general features but a deeper study of them con-
tributes and will continue to provide important informa
a
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In our spectrum at 200 l / mm we have successfully identified a total of seven elements and sub-

867-6884; 7594-7621 Å. Emission lines are identi-
fied within those calls forbid  decom-
position). In our case OI line

λ = 6363.776 Å >> ¹D-³P; in red 

 as HCOOH and H2CO not seem to 
e responsible for the OI resultant-gotten accounts that the latter do not suffer degradation fast 

s, which the 
esolution of our spectrograph shown as a single strong and broad absorption line. Perhaps 

 found emission C2: 4737Å (-20nm) and 5165Å (-30nm). These emission 
ands can be found far from the nucleus, in the far tail of the comet, which implies a high pro-

he C2 is straightforward, mainly from C2H, which in turn comes from the decomposition of 

ratory ob-
rvations. Find a remarkable group between 3900 and 4140 Å, and although the density C3 

ess leading to C3 is actually unknown. Chemically it is possible that its origin is due to 
e decomposition of C3H4 and C3H8, but these molecules have been detected in cometary 

e infrared, but you can not know for sure if 
 is the main producer or a secondary one. Festou et al (1998) concluded that seems consistent 

hoto-dissociation. Probably its origin is in the CH4. 

stances: 
 
O I: this has nothing to do with atmospheric oxygen O2 identified that exhibits strong absorp-
tion lines in the lengths of λ = 6276-6287; 6

den transitions (only seen in some processed or molecular
s identified are: 
λ = 6300.304 Å >> ¹D-³P; in red 

λ = 5577.339 Å >> ¹S-¹D; in green 
 
Oxygen responsible for emissions has been formed by different processes of decomposition of 
the nucleus molecules and fall off it. The original molecules are mainly H2O and CO and CO2. 
Other molecules that can undergo similar processes, such
b
enough to produce the transition observed in the O (¹D). 
 
Na: In our spectrum of 200 l / mm, the reflection on Lovejoy surface of sunlight is the respon-
sable of sodium absortion line the surface of Lovejoy. Absorption is referred to respond to the 
solar Na placing absocion strong doublet at λ = λ = 5889.95 and 5895.92 line
r
higher resolution we can identify the issue that has been observed in other comets. 
 
C2: two major bands
b
duction of this item. 
 
T
C2H2 product.  
 
C3: The instability of this molecule difficult to study by the lack of experimental labo
se
lines make it very difficult to individualize, can find him lines attributable to 4700 Å. 
 
The proc
th
spectra. 
 
CN: In our visual spectrum are two CN emission bands, one of great intensity although short in 
3883 Å (-4nm), and a short and very intense in 4215 Å (-4nm). The element that potentially 
gives rise to CN is yes HCN has been observed in th
it
to think that the main producer of CN is the C2N2. 
 
CH: CH has its emission peak at the 4314 Å. Its stability 1HU is very short and can range from 
35-315 sec. until it is decomposed by p
Methane first decay in CH2 and then east on CH. There is an emission line at 3886 Å but you 
can not isolate the CN at low resolution. 
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NH2: The NH2 from the decomposition of NH3 (newly detected radio wave). NH NH2 decay 
which is detectable in the ultraviolet. Nicolas Biver (Cometary Spectroscopy) presents the main 

nes of NH 2: 515, 545, 600, 630, 665, 695 and 735 nm. The heaviest have been identified in 

 4133 Å and 4591 Å. 4591 Å line has subsequently been identified as among the 
omet C2 components, emitting at this wavelength (4590.95 Å) at the transition (2,1) R1 (61) 

 Resolution cometary emis-
on lines" published by the "Astronomical Journal" (112, 1197-1202, 1996), which was made 

nfusion since they are in 4100.30 Å (C3) and 4182.21 
 (CN). This line is not observed in the spectrum of Halley-Bopp although it seems to have 

o reference to this line or 
ny nearby with which it might be confused. Our concern is that if on the Lovejoy. 
here is a line of great intensity but it is observable in the spectrum: 

 a line relative absorp-
on, possibly the result of sunlight reflected on the comet, and would correspond to unconjunto 
bsorption lines where the predominant Fe I between 4132 and 4135 Å. 

 

li
our spectrum. 
 
3. The line 4133 of Bobronikoff 
 
In 1925, from the Royal Observatory of Catania Italiano, NT<Brovonikoff takes seven shots ul-
traviolet camera. It is they pointed to the comet Temple-2, which achieves a visual magnitude of 
9. There were seven shots with exposure times of 30-230 minutes. Brovonikoff identify the 
"Cyanogen" to 3883 Å, Carbon Monoxide (CO) at 4355, 4722 and 4919, and two lines for him 
unidentified
c
+ R2 (60). 
 
 However the 4133 Å line does not appear in the "Catalogue of High
si
by ME Brown, A.H. Bouchez, H. Spinrad, and C. M. Johns-Krull.  
 
The nearest known lines can not cause co
Å
formed in the spectrum of Ikeya-Zhang. 
 
Anyway, among all the literature and consultation work we found n
a
T
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the detail of our spectrum Brobonikoff note that the line is followed by
ti
a
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4. Spectrum 900 l / mm 
The spectrum obtained with the spectrograph DICE with "grating 900 l/mm", the C11 tube 
and ccd Atik 314L +, has not allowed us a big difference in the final outcome, since we use the 
ccd" with the option binx2 limiting the maximum R achievable with this grid. 

 

                                                    

"
 
 
 
 
 
 
 

 
 

Espectro a 900 l/mm en el area de 5900-6800 Å.           
La fuerte línea de emisión de la derecha corresponde al O I. 

series 
f C2 emission is possible that there seems to be at the center of the absorption line of Na. 

Spectrum 900 l/mm. 5200-6100 Å 
 

. Elements to be identified 

edium a list of those who have come to be 
entified in different comets and their structures: 

 

 
Perhaps the most revealing fact, besides the splitting of multiple lines and identifying new 
o
 

 

 
5
 
As reference for future studies, and to confirm the importance of the study of comets has to un-
derstand not only the formation of our solar system, but to decipher the processes of molecular 
formation culminating developing all molecular structures that it uses life for sustenance. Hueb-
ner et al (Heat and Gas Diffusion in Comet Nuclei, 2006), shown in a comparison with the ele-
ments and molecules identified in the interstellar m
id
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CH NH 
OH C2 
CN CO 

 

 

 OH(CH)2OH 

 

H 

CHCHO NH2CHO 

omparative spectroscopy with Orion Nebula 

 a 
tally different molecular compounds that can identify a comet composition. The spectrum of 

N2 CS 
NS NO 
N2 CH2 
H2S C3 
CO2 OCS
SO2 CS2 
NH3 HC2H 
H2CO HNCO
H2CS C2H6 
CH3OCHO
NH2 H20 
C2H HCN
HN HCO 
CH4 HCOO
C4H HC3N 
CH3OH CH3CH 

 
C

 
Comet Lovejoy (2015 – Blue) and M42 (2014 – Red) 

 
In the graph we can see red spectrum of the Orion Nebula to the same resolution as the spec-
trum of Comet Lovejoy (in blue). It is evident that so very different spectra correspond to also 
completely different elements. The hydrogen cloud in which the stars in M42 are formed has
to
M42 and the spectrum of a comet show two different stages of the process of star formation.  
 
Shown in M42 we spectrum of an H II region of the cloud affected by radiation from nearby 
young stars that cause ionization of different nebular elements, which allows us to identification 
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by spectral emission in the visual. The gas we observe, then, is the same compound (region HI) 
who participated in training (accretion) of young stars surrounding, only now this gas been adi-
ated and ionized significantly increasing its temperature which prevents, in that place new proc-
esses nebular collapse and accretion.On the other hand the spectrum of the comet shows the 
remaining compounds the end of the star formation process, ie we are in the before and after a 

rocess of star formation that runs over a period that varies depending on the size star on a scale 

 

 
M42 spectrums with 200 y 900 l/mm DADOS done at 2014                                                         

p
ranging from 10 to 10 ³ million years. 

 
by Calvente, Zumaquero et Sosa. 

 
Despite not find, in general, any correlation between the lines observed in the spectrum of 
Lovejoy and M42 (a line coinciding appearance differs higher resolution, as HeI emission in M42 
at 5876 Å that is different to that found Lovejoy at 5874.56 Å corresponding to the emission of 
C2), we find S III emission in M42 with a very similar to the one identified as OI in Lovejoy con-

 
Espectro de M42 obtenidas a 900 l/mm en 2014 por Calvente, Zumaquero y Sosa 

 
 

tour. 
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However considering the higher resolution spectrum of M42 are actually the splitting line S III 
also identifies a OI emission being also in the spectrum we find a splitting comet NH2 with the 
peculiarity that in this case the OI emission is much more intense.  
 
It is important that information which indicates that the processes leading to the issuance of OI 
(forbidden line) by dissociation of more complex molecules were present in the H II region and 
comets radiated by our sun. However while different molecules originating in each case the 
process of emission from ionized oxygen is the same (transitions electronos levels are the same). 
 
Conclusions 
 
The media of today are arranged at the amateur level are really amazing. Not only in terms of 
tools and equipment with which to work in astronomy, and more specifically in astronomical 
spectroscopy, but also in a way unimaginable for a scientist fifty years with regard to access to 
specialized documentation libraries, databases, experimental simulation programs and catalogs.  
 
All this makes our task amateur simple, an exciting trip to the intricacies of cutting-edge science 
spectrograph. We have checked with our own means as comets are carriers  of complex mole-
cules that constitute the fundamental building blocks of the building of life for their livelihood 
uses.  
 
The discusivo study on the identification of emission lines opens the door for further study of 
comets, their classification, and why not, in the identification of new lines and elements such as 
open question Bobronikoff line. The actual magnitude of comets for the spectrographic tech-
nique is much less than the visual as this decreases to disregard the brightness of the entire object 
but the line or points of light from which it obtains the spectrum.  
 
That will force us in other studies to make presentations more time we can provide light spectra 
at high resolution. The first brick is laid. It will be interesting to continue comparative studies 
with interstellar medium, accretion disks, protostars, protoplanetary disks and laboratory stud-
ies to continue watching the hands weaving life. 
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