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1 Preface

This \Cookbook" is written for the astronomer who plans to analyze obser-
vations obtained by the Far Ultraviolet Spectroscopic Explorer (FUSE). The
�rst version of the Cookbook appeared in 2001, when version 1.8.7 of the cal-
ibration pipeline, CalFUSE, was being used to process the data. Signi�cant
improvements in the pipeline were made, and the next major versions to be
used for large-scale processing was CalFUSE v2.4.1 and v2.4.2. The steps in
the data processing, and the structure and content of the data �les did not
change between CalFUSE versions 1 and 2. Then, in 2003, the decision was
taken to re-write the calibration pipeline to make processing faster, and to
introduce more 
exibility in screening and manipulating the data. The new
version (version 3) of CalFUSE was released in early 2004. Observations are
now routinely processed with CalFUSE v3.0.8 and the FUSE \�nal archive"
will contain data processed with the gold version, CalFUSE v3.1. Although
some of the notation and structure of data �les have been carried over, the
new version of CalFUSE isfundamentally di�erent from the earlier ver-
sions. This tutorial is meant for use with FUSE data that has been processed
using the new calibration pipeline. In the remaining part ofthe Cookbook,
we will refer to the pipeline simply as CalFUSE v3. The �rst version of the
Cookbook should not be used while analyzing FUSE data processed with
CalFUSE v3.

There is a basic di�erence between CalFUSE v3.1 and versionsv3.0.x in
the way the arrays are stored in the FITS �les. This issue willbe discussed
in x4.2. Data stored in the archive will be a mix of those calibrated with v3.1
and with v3.0.x until the "�nal archive" is in place. Therefore users should
be aware of the di�erence.
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2 Introduction

The Far Ultraviolet Spectroscopic Explorer (FUSE) satellite telescope was
launched in June, 1999 under NASA's \Origins" program. The instrument
operates in the wavelength region 905{1187�A. The data obtained by FUSE
are processed and calibrated at the FUSE Science Center in the Department
of Physics and Astronomy at the Johns Hopkins University. The raw and
calibrated FUSE data as well as ancillary �les are archived with MAST - the
Multimission Archive at the Space Telescope Science Institute. Links to the
FUSE archive at MAST and to instructions for data retrieval can be found
at http://fuse.pha.jhu.edu/archive/archive.html .

We start with a brief description of the �les that constitute a dataset,
and then we outline the steps required to get the data to a formsuitable
for scienti�c interpretation. In these sections we will assume that the user is
working just with the �les obtained from the archive. The worked examples
presented here use IDL, but the steps described can be implemented in any
other software program.

The pipeline calibration program CalFUSE and all auxillary�les required
for calibrating raw data are available to the public. There are also several
analysis tools, written in IDL, available from the FUSE project. We will
introduce these programs and their supporting documentation to the the
user and describe how they can be used to facilitate the analysis of FUSE
data.

Other Documentation: The FUSE Cookbook is designed to be used
as the starting point for data analysis. Many details about FUSE are not
given here, and instead the reader is referred to other documents or websites.
The most relevant of these are listed below. They can all be accessed via
http://fuse.pha.jhu.edu/ , the o�cial FUSE website.

� The FUSE Observer's Guide -
http://fuse.pha.jhu.edu/support/guide/obsguide.html

� The CalFUSE Pipeline Reference Guide -
http://fuse.pha.jhu.edu/analysis/calfuse.html

� FUSE IDL Tools -
http://fuse.pha.jhu.edu/analysis/fuse idl tools.html
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3 FUSE Observations and Data Files

We �rst de�ne what constitutes an observation, and then describe the termi-
nology used for FUSE datasets. This will help familiarize the user with the
sometimes confusing nomenclature, and will also help in archive searches.

A FUSE observation is made up of a set of exposures obtained while the
telescope is pointed in the same direction. Multiple exposures are required
since in the course of an orbit the satellite passes through the South Atlantic
Anomaly (SAA) during which time the detectors are powered down. The
exposure time-line is also interrupted when the target is obscured by the
earth. All the exposures that constitute an observation areprocessed and
archived as a set. In this Cookbook we will use data from the observation
Z9034201for many of the examples. The target is the white dwarf WD 2321-
549.

In any given observation name, the �rst four characters identify the FUSE
program that the observation is a part of. In the example above, the program
ID is Z903. Program IDs always start with a letter, and can thus be identi�ed
as Guaranteed Time programs (P, Q), Guest Investigator programs (A-F),
Early Release (X), Target of Opportunity and Observatory Programs (Z),
and Calibration, Instrument Operations and Science Veri�cation programs
(M, I, S).

The next two characters in the observation name,42, refer to the target
number within the program Z903. Note that an astronomical object may
have been observed as part of two or more programs.

The last two characters,01, refer to the sequence number of the obser-
vation of a particular target in a particular program. The most common
reason for multiple observations of the same target is the monitoring of a
variable target (often a binary star system). Multiple observations will exist
if a longer observation has been broken up into shorter pieces, or if the �rst
observation did not get enough exposure time. Failed observations are not
archived, but their observation name is not duplicated, so the user may �nd
observations numbered out of sequence.

A FUSE observation typically consists of several exposures. For a given
observation, all the exposures are taken through one of three apertures
(LWRS, MDRS, HIRS) and are carried out either in TIME-TAG mode (tem-
poral information is retained) or in HISTOGRAM mode (no temporal infor-
mation). Each exposure consists of data taken on four independent detector
segments { 1A, 1B, 2A, 2B. The calibration pipeline is applied to each ex-
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posure/segment combination. Each segment has two channels: LiF (lithium

uoride) and SiC (silicon carbide). The pipeline outputs calibrated spectra
for each of these two channels. Thus, there are several �les associated with
each FUSE observation. The raw and calibrated data are stored in FITS
�les, as are the trailer �les and supplementary �les used in the processing.
In addition to these, there are several GIF �les that allow a quick assessment
of the data.

Our example observation,Z9034201, consists of 5 exposures. Since there
are 4 raw spectral �les associated with each exposure, therewill be 20 such
�les. We will use one of them,Z90342010032attagfraw.fit , to explain how
the �le names are constructed. The leading characters are identical to the
observation name. The following three characters (here,003) represent the
exposure number. Then comes the detector segment label,2a. The t̀tag '
identi�es the exposure (and this holds for the entire observation) as one taken
in TIME-TAG mode. (The equivalent label for HISTOGRAM observations
is h̀ist '.) Finally, fraw.fit shows that the �le is a FITS �le containing raw
FUSE data.

The calibrated spectra corresponding toZ90342010032attagfraw.fit
are output to �les Z90342010032alif4ttagfcal.fit andZ90342010032asic-
4ttagfcal.fit . Following the exposure number and the segment identi�ca-
tion is the channel label,lif or sic , followed by the numeric code for the
aperture { LWRS:4, HIRS:3, MDRS:3 (note that this follows the order on
the focal plane assembly). As the name indicates, observation Z9034201was
obtained through the LWRS aperture.

There are 2 useful GIF �les associated with each raw exposure/segment
combination. For our example case these areZ90342010032attagfext.gif
and Z90342010032attagfrat.gif . The *̀ext.gif ' �le shows the image of
the detector overlaid with the locations of the extraction windows. The pixel
scale and wavelength scale are shown and some other information about the
exposure is also given. The `*rat.gif ' �le shows a plot of the count rate
against time for both LiF and SiC channels. The orbital `day'and `night'
times are indicated on the plot, as are times screened for bursts, excessive
jitter and other events that in
uence the data calibration.

Associated with each exposure are a few more �les, normally of less rele-
vance for the user. We list them here, but do not discuss them any further in
the Cookbook. There are raw and calibrated �les for the Fine Error Sensor
(FES) image (Z9034201003fesafraw.fit and Z9034201003fesafcal.fit ).
Z903420100300all4ttagfcal.fit has 3 FITS extensions, containing cal-
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ibrated spectra from 3 of the channels spanning the entire FUSE band-
pass. These are used towards making the combined \quicklook" spectrum
that will be described below. There are also engineering andtelemetry
�les used by the pipeline -Z9034201003hskpf.fit , Z9034201003jitrf.fit ,
Z9034201003snapf.fit and Z9034201003snpaf.fit .

In addition to all the exposure related �les describe above,there are a few
�les relating to the whole observation. The �le Z903420100000all4ttag-
fcal.fit contains the combined spectrum from all the exposures. The
SiC2A, LiF1A and LiF2A spectra, which together cover the FUSE wave-
length range, are stored in extensions 1, 2 and 3, respectively. The spectra
themselves are shown in a GIF �le,Z903420100000specttagf.gif . In or-
der to produce these spectra, individual exposures have simply been added
together, thereby avoiding many steps needed for a \correct" co-addition.
We strongly discourage the use of the combined spectra provi ded
as part of the archival data for scienti�c analysis. There are also quick-
look images of spectra from each channel in 4 other GIF �les,Z903420100000-
lif1ttagf.gif , and similar for lif2 , sic1 and sic2 . Finally, there is the
FITS �le Z9034201000asnf.fit that contains the association table for the
observation.

For the user, the most important �les are the*ttagfcal.fit (or *histf-
cal.fit ) �les. In the main part of this Cookbook, where we assume the user
will not re-process the data, we will exclusively deal with these calibrated
�les. Also useful are the GIF �les showing the count rates andextraction
windows for each exposure.

4 From Data Files to Spectra

In this section we describe the steps necessary to get a calibrated FUSE
spectrum suitable for scienti�c analysis. We start with thebasics of how to
read in data. We then describe how to combine the data from multiple expo-
sures for a single detector channel. After that, we describehow spectra from
di�erent detector segments may be co-added if necessary. The calculations
are very simple (even trivial) but FUSE data have certain instrument related
characteristics that must be taken into account when combining data from
di�erent exposures or channels. In the latter sections, we will discuss these
characteristics and how they a�ect the data.
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4.1 Reading the Data

The calibrated data are stored in FITS �les in the form of binary tables. The
table containing the spectral data is stored in the �rst extension of the �le,
and can be read into IDL with themrd�ts function:

IDL> a001 = mrdfits('Z90342010011alif4ttagfcal.fit',1, hd)

With this command, the LiF1A, LWRS aperture data for exposure 001
is read into a structure,a001, and hd contains the header information. The
The structure a001 contains the following seven data �elds: wavelength, 
ux,
error, counts, weights, background and quality. The wavelength is in units
of �A, the 
ux and error are in units of erg cm� 2 s� 1 �A � 1, the counts, weights
and background are in units of `counts', and the quality 
ag is unitless. This
information is listed under various keywords in the header,hd. Note: the
�rst extension headers of the calibrated data are identical, and do not contain
any exposure or observation speci�c information.

The tags corresponding to these data �elds can be displayed using the
help, . . . , /structure procedure:

IDL> help, a001, /structure
** Structure <fc590>, 7 tags, length=200020, refs=1:

WAVE FLOAT Array[7693]
FLUX FLOAT Array[7693]
ERROR FLOAT Array[7693]
COUNTS LONG Array[7693]
WEIGHTS FLOAT Array[7693]
BKGD FLOAT Array[7693]
QUALITY INT Array[7693]

Although not necessary, it is convenient to work with arraysrather than
structures. One-dimensional arrays containing the wavelength and 
ux can
be formed as follows:

IDL> wave = a001.wave
IDL> f001 = a001.flux

The 
ux vectors for the other exposures can be formed in similar fashion.
The wavelength scale for LiF1A will be the same for all exposures. For
instance:
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IDL> a002 = mrdfits('Z90342010021alif4ttagfcal.fit',1)
IDL> f002 = a002.flux

and so on for all 5 exposures that make up observation Z034201.

4.2 Di�erence between CalFUSE v3.1 and v3.0.x

The above example used a dataset reduced with CalFUSE v3.0.8. Let us
consider data from a science veri�cation observation,S3070101, reduced with
CalFUSE v3.1.

IDL> b014 = mrdfits('S30701010141alif4histfcal.fit',1)

The LiF1A LWRS data is read into structure, b014. Note that this is
exposure 014 of a HISTOGRAM observation.

IDL> help, b014, /structure
** Structure <143e60>, 7 tags, length=28, data length=26, r efs=1:

WAVE FLOAT 985.000
FLUX FLOAT 0.00000
ERROR FLOAT 0.00000
COUNTS LONG 0
WEIGHTS FLOAT 0.00000
BKGD FLOAT 0.00000
QUALITY INT 0

The tags for the structure are the same as fora001 and a002 considered
in the previous section, but note the di�erence in the third column. This
is because in v3.1, each array is stored as a column in the FITStable. In
v3.0.x, arrays were stored sequentially for e�ciency. However, a decision was
made to revert to usage that conformed with earlier versionsof the pipeline
(CalFUSE v2.X, v1.X).

Because both datasets are for LiF1A LWRS aperture, the wavelength
arrays are the same:

IDL> help, a001.wave
<Expression> FLOAT = Array[7693]
IDL> help, b014.wave
<Expression> FLOAT = Array[7693]

7



IDL> print,min(a001.wave), max(a001.wave)
985.000 1085.00

IDL> print,min(b014.wave), max(b014.wave)
985.000 1085.00

but are stored di�erently (recall a001 is from v3.0.8 andb014 from v3.1):

IDL> print, a001.wave[0:3]
985.000 985.013 985.026 985.039

IDL> print, b014[0:3].wave
985.000 985.013 985.026 985.039

and errors may be encountered if array elements are not correctly ad-
dressed:

IDL> print,b014.wave[0:3]
% Subscript range values of the form low:high must be >= 0, < si ze,
with low <= high:

<No name>.
% Execution halted at: $MAIN$
IDL>

In either version, the other quantities (
ux, error, counts, weights, bkgd
and quality) are treated in the same way as the wavelength (wave).

Important note: the di�erence between the two versions can b e
bypassed by working with one-dimensional arrays as recomme nded
at the end of x4.1.

4.3 Co-adding Exposures

Flux from individual exposures are added together to get �nal spectra for
the observation. The addition is done separately for each detector channel.
The location of the target within the aperture can di�er from one exposure
to the next. Furthermore, jitter in the spacecraft moves thetarget around.
Although these e�ects are to a large extent corrected for by the calibration
pipeline, it is possible to have residual zero-point o�setsin the wavelength
scale between one exposure and another. These need to be checked and
corrected for before co-adding exposures.
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Another issue that a�ects the process of adding spectra is channel drift.
The FUSE optical bench 
exes slightly on orbital timescales, causing the
line of sight of each of the primary mirrors to shift by several arcseconds
with respect to one another. The Fine Error Sensor used for guiding (in
all observations taken up to December 2004) is part of the LiF1 channel, so
the location of the source is held steady in the LiF1 spectrograph apertures.
Large changes in the orientation of the satellite can cause the channels to
become misaligned. (Predictive models are used to align thechannels when
the spacecraft slew is commanded, but these are not perfect and for any
given observation, initial alignment may not be achieved.)The source could
therefore move in and out of the aperture during an exposure.Counts are lost
when the channels drift, since photons don't hit the detector. The calibration
pipeline does not know about drifts, and because the true (e�ective) exposure
time is lower than the expected exposure time, the calculated 
ux is an
underestimate. Before co-adding exposures, the 
uxes needto be scaled
appropriately. If the 
ux from each exposure is weighted by the exposure
time, it is necessary to assign weights based on the actual time during which
the target was in the aperture.

4.3.1 Wavelength shifts

We illustrate the e�ect of wavelength shifts by using the SiC1A LWRS data
from exposures 001, 006 and 009 of observationS3070101. In Figure 1,
spectra between 1036 and 1037�A from these three exposures are shown.
The C II � 1036 absorption line centers are shifted by 0.05{0.1�A between
exposures. The amount of the shift can be estimated by eye, simply shift-
ing the 
ux vectors till the absorption features line up. Alternatively, the
cross correlate procedure (distributed in several IDL astronomy packages,
e.g. the HST/GHRS package) can be used.

Before using thecross correlate procedure, it is necessary to restrict the

ux arrays to regions including and just surrounding the feature of interest.
This can be done in IDL using thewhere function. Assuming that the
wavelength vector,wave, (same for all exposures) and the 
ux vectors,f001,
f006, f009 have been read in:

IDL> f1 = f001(where(wave ge 1036.0 and wave le 1037.0))
IDL> f6 = f006(where(wave ge 1036.0 and wave le 1037.0))
IDL> f9 = f009(where(wave ge 1036.0 and wave le 1037.0))
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Figure 1: SiC1A spectra of exposures 001, 006 and 009 of observation
S3070101. Wavelength pixels are 0.013�A. The 
ux is in units of 10 � 11 ergs
s� 1 cm� 2 �A � 1.

IDL> cross_correlate,f1,f6,offset_1_6,corr_1_6,width =21
IDL> print,offset_1_6

3.01931
IDL> cross_correlate,f1,f9,offset_1_9,corr_1_9,width =21
IDL> print,offset_1_9

-2.86526
IDL> f6_shift = shift(f6,3)
IDL> f9_shift = shift(f9,-3)

will produce appropriately shifted 
ux arrays, f6 shift and f9 shift. (Note
that we have arbitrarily chosenf1 to be the reference 
ux array.) The pro-
cedure calculates the correlation between arrays for a range of shifts deter-
mined by the keyword width, and stores the values. In the above example
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these variables arecorr 1 6 and corr 1 9. The peak of the correlation array
is determined and the optimal shift is returned. In our example, as variables
o�set 1 6 and o�set 1 9 for the two cases. The calculated shifts can then be
rounded to the nearest integer and applied to the 
ux arrays.

In Figure 2 we show the e�ects of shifting arrays before co-adding expo-
sures. The solid line is the result of adding the 
ux arrays without applying
any shifts - f1+f6+f9 /3.0. The dashed line is the result of adding the shifted
arrays - f1+f6 shift+f9 shift/3.0. The di�erence between the two is evident.
We note that in this example the simple averaging is adequate. If the num-
ber of counts is vastly di�erent in di�erent exposures, thensuitable weighting
should be used.

Figure 2: Co-added spectra: exposures 001, 006 and 009 of observation
S3070101. Flux units are 10� 11 ergs s� 1 cm� 2 �A � 1.
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4.3.2 Flux normalization

We use the LiF 1A, SiC 2B and SiC 2A data from exposure 003 of observation
Z9034201in order to illustrate the e�ects of channel drift. LiF 1A and SiC
2B both cover the \middle" wavelengths -� 1000{1100�A, while SiC 2A covers
the \short" wavelength region - � 900{1000�A. The wavelength coverage and
regions of overlap are clearly seen in the plot of the spectra(Figure 3). The
true 
ux of the source is recorded in the LiF 1A spectrum (seex4.2 above).
The target drifted out of the SiC 2 channel for some fraction of the exposure
time on target. The nominal exposure time, about 3370 seconds, used by the

Figure 3: Spectra from three channels of exposureZ9034201003. The expo-
sure time was about 3370 seconds. The true 
ux is recorded in the LiF 1A
spectrum. Photons are lost in the SiC 2A and 2B data because ofchannel
drift. Flux units are 10� 12 ergs s� 1 cm� 2 �A � 1.
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calibration pipeline is an overestimate for the SiC 2 data, and hence the 
ux
is underestimated.

The SiC 2 and LiF 1A 
ux can be compared in order to �nd the scaling
factor needed to correct the former. One way of doing this is to �nd some
overlapping wavelength region with a relatively smooth spectrum and take
the ratio of the averages. In our example we use the region between 1030
and 1050�A and �nd that the ratio between the LiF 1A 
ux and the SiC 2B

ux is about 1.45. This implies that the target was in the SiC 2channel for
only about 69% of the time, or roughly 2320 seconds. Note thatthis factor
applies to both SiC 2B and SiC 2A. It is preferable to use the overlap region
with SiC 2B because the LiF 1A absolute calibration is less accurate near
the detector edge where it overlaps with SiC 2A.

The 
uxes calculated by the pipeline for all other channels should be
compared with that for the LiF 1 channel, and where necessaryshould be
corrected. This should be done before co-adding all the exposures in an ob-
servation. One point (perhaps obvious) is that while co-adding, if individual
exposures are being weighted by the exposure time then the corrected 
ux
and true exposure time should be used. The nominal exposure time is stored
under the keyword `EXPTIME' in the 0th extension of the FITS � le, and in
IDL may be retrieved with the fxpar command:

IDL> dummy=mrdfits('Z90342010032bsic4ttagfcal.fit',0 ,hdr)
MRDFITS: Null image, NAXIS=0
IDL> print,fxpar(hdr,'EXPTIME')

3368.00

4.4 Co-adding spectra from two or more detector seg-
ments

The FUSE mirrors, gratings and detectors are designed so that, for every
observation, eight independent spectra are produced for anexposure taken
through one of the apertures. Of these eight, the 900�A{1000�A range is cov-
ered by two segments | SiC1B and SiC2A; the 1000�A{1100�A range is cov-
ered by four segments | LiF1A, LiF2B, SiC1A and SiC2B; the 1100�A{1200�A
range is covered by two segments | LiF1B and LiF2A. (These wavelength
ranges are approximate, as there are slight o�sets between channels.) The
detector segments di�er in their characteristics, and the spectral resolution
varies from one segment to another. Furthermore, mirror andgrating motions
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can smear out the spectrum along the dispersion direction independently in
each of the channels. Thus, adding data from multiple segments will increase
the signal, but degrade the spectral resolution. Localizederrors in the wave-
length scale for any one segment can lead to erroneous results when data
from di�erent channels are combined.

When possible, data from each segment should be analyzed separately.
However, if the signal in any one segment is insu�cient, or ifthe science
goals are not compromised by reducing the spectral resolution, then spectra
from di�erent segments may be co-added.

Normally, the spectra from two or more detector segments should be
added together after the data from all the exposures have been correctly
combined as outlined inx4.3. The 
ux arrays for each of the detector seg-
ments to be added should be interpolated on to a common wavelength scale.
Since zero-point o�sets may be present between the wavelengths in the two
segments, the spectra should be cross-correlated over the region of interest.
Then, they can be co-added. Corrected exposure times (seex4.3.2) may be
used to weight each array.

We use the SiC 1B and SiC 2A spectra from observationZ9034201to
illustrate the procedure for co-adding data from di�erent detector segments.
The procedures outlined inx4.3 were used to obtain the total 
ux for each of
the segments. The total exposure times were about 14 ksec forSiC 1B and
about 11 ksec for SiC 2A. The SiC 2A 
ux array was interpolatedon to the
SiC 1B wavelength array and shifted by 9 \pixels". The two 
ux arrays were
co-added, weighted by the exposure time. The spectra from both segments
and the co-added spectrum are shown in Figure 4.

In the following, w1b,f1b,w2a,f2aare the wavelength and 
ux arrays for
SiC 1B and SiC 2A over the wavelength region of interest (976{978.5�A).

IDL> linterp, w2a, f2a, w1b, f2a_interp
IDL> cross_correlate, f1b, f2a_interp, offset, corr, widt h=25
IDL> print, offset

8.59874
IDL> f2a_interp_shift = shift(f2a_interp, 9)
IDL> t1b = 14.0 & t2a = 11.0
IDL> f_total = (t1b*f1b + t2a*f2a_interp_shift)/(t1b+t2a )
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Figure 4: Top panel: SiC 1B and SiC 2A spectra obtained by co-adding the
data from all �ve exposures of observationZ9034201. Note the o�set in the
center of the C III � 977 absorption line between the two spectra. Bottom
panel: co-added spectrum. Flux units are 10� 12 ergs s� 1 cm� 2 �A � 1.

5 Other resources for FUSE data analysis

In the preceding sections of this Cookbook we have describedhow to retrieve
FUSE data and extract spectra that can be used for scienti�c analysis. The
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FUSE project has made available several software tools, including the cali-
bration pipeline, to help with data analysis. We brie
y mention the three
most important of these. Links to the software and to the documentation
can be found on the CalFUSE and fuseidl tools web pages given inx2.
FUSE REGISTER:

This is an interactive IDL tool for registering, scaling andco-adding cali-
brated FUSE spectra. Multiple exposures for the same channel may be com-
bined or data from multiple channels may be merged using thisroutine. The
combined data can be written out to FITS �les, and plots can begenerated.
All of the steps described inx4 can be carried out using this procedure.
CalFUSE v3.0.x and v3.1:

The pipeline used for calibrating raw FUSE data is availableto the public.
At the time of writing, version 3.0.x is being distributed. This will be replaced
by v3.1 once data for the �nal archive starts being processed. Use of CalFUSE
is necessary for extracting spectra from the non-primary apertures. This
is often necessary for extended targets such as supernova remnants where
emission is detected in all the apertures. (Note: this is possible only for
TTAG data, since in HIST data only the primary aperture raw data are
retained.) CalFUSE is also useful for extracting temporal information on
time scales that are shorter than the length of individual exposures.
Intermediate Data Files and CF EDIT:

CalFUSE maintains the data as a photon list throughout. It isonly at
the last step that the spectrum is extracted from the list. The photon lists
are stored in \Intermediate Data Format" (IDF) �les. The IDF �les are
not stored in the FUSE data archive available at MAST - it is necessary to
download and run CalFUSE in order to use IDF �les.

CF EDIT allows the user to examine, manipulate and combin IDF �les
generated by CalFUSE v3.0.x and v3.1. Users without access to IDL can use
the Virtual Machine version of the program.

FUSE REGISTER and CF EDIT were written by Don Lindler. The
former is part of the \ltools" suite of his IDL routines.
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