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Abstract

Multi-slit masks can be used with the R.C. Spectrograph (RCSP) at the Mayall
4-Meter Telescope. Covering a field of five-arcminutes, the entrance mask consists
of an array of slitlets that can be centered on 10-20 objects in the field. Local sky
measures are obtained by extending the slitlets, when space permits, beyond the
object. Using typical 2.5-arcsecond wide slitlets, resolutions in the range 1.5-15A
are available with the RC Spectrograph in off-axis collimator mode. Using the lower
resolution Cryogenic Camera, resolutions in the range 8-30A are available. Improved
metal masks, offering better spectrograph throughput, went into use in January 1996.
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1 Introduction

Multi-slit masks can be used to multiplex spectroscopic observations at the 4-m with either
the RC Spectrograph or Cryogenic Camera. Each mask consists of typically a dozen slits
created on thin stainless steel, corresponding to the positions of program objects, say a
cluster of galaxies or stars in a cluster. The mask is then used at the focal plane of
the telescope to serve as an entrance mask for the spectrograph. The new metal masks
offer improved throughput over the old film masks. The slit allows precise determination
of the sky spectrum immediately adjacent to the object and thus enables excellent sky
subtraction.

The multi-slit masks cover a 5 arcmin (diameter) field, and individual slits are typically
2.5 x 12 arcsec in size, although either the slitlet width or the length can be varied in
constructing the masks. (Objects can be located as close as 3 arcsec apart)

Because the individual slits may be located at differing locations in the dispersion di-
rection, the central wavelength shifts as a function of position of each slit. The maximum
shift corresponds to +225 pixels with the RC Spectrograph with the UVF Camera (de-
magnification of 4.3) and T2KB (244 pixels). Or (as the scale is 0.69 arcsec/pixel, and
the radius of the field 156 arcsec), about +13% of the unvignetted wavelength range. The
Cryogenic Camera (demagnification of 8) with the Ford-Loral 800x1200 CCD (15u pixels)
has a scale of 0.84 arcsec/pixel, and, hence, this shift corresponds to £180 pixels, or about
+15% of the unvignetted wavelength range.

When multi-slits are used, the normal slit is opened to its maximum and the masks are
placed where the normal decker assembly is used, about 12mm above the usual focal plane.
For this reason the “slit viewing” optics and TV cannot be used for locating objects. In-
stead, the “rear slit” viewing TV is used at the start of each exposure to align the telescope
on the field. Of course, this TV must be removed from the beam before observations begin
and hence exposures are made “blind”, although with excellent tracking and guiding this
does not prove to be a problem. However, because the decker assembly must be replaced
with the mechanism for holding the multi-slit masks, any long-slit observations planned
for the same night must be made using a special metal slit which is inserted into the mask
holder, and the observations made in the same “blind” mode as with multi-slits. A col-
lection of about twenty metal long-slit masks provides a selection of widths and offsets for
“tuning” the central wavelength.

1.1 What Are The Advantages And Disadvantages of Multi-
Slits?
Kitt Peak supports spectroscopic multiplexing with the fiber-positioner Hydra and Bench

Spectrograph on the 3.5-m WIYN telescope (beginning in the Spring 1995 semester) and
with multi-slit masks on the RC Spectrograph and Cryogenic Cameras at the 4-m. Which
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is better for your particular application?
e The advantages of multi-slits over Hydra are:

1. Closer spacing of objects. The closest spacing of objects with multi-slits is 3 arcsec
(although this leads to very limited sky availability), while the closest spacing of
Hydra at WIYN is 40.0 arcsecs.

2. Better sky subtraction in fields with variable background.

3. Higher throughput under many seeing conditions.
e The disadvantages of multi-slits over Hydra are:

1. Considerably smaller field (5.2 arcmin vs. 60 arcmin).
2. More limited number of objects (typically a dozen versus 70-80).

3. The fact that the wavelength range covered is a function of position within the focal
plane.

4. Hydra fibers provide image scrambling, useful for precise radial velocity work.

1.2 Where Can I Use Multi-Slits?

Multi-slits can be use in one of two configurations on the RC Spectrograph at the 4-meter
telescope. Both cover a full five arcminute field. The multi-slit replaces the normal decker
in the spectrograph. The configurations are:

e Normal Configuration: The RC spectrograph using the normal off-axis collimator,
8x10-inch reflectance gratings, the UV Fast Camera and the T2KB CCD in a uni-
versal dewar. Resolution: 1.5-15 Angstroms.

o Cryogenic Camera Configuration: The CryoCam attaches to the RC Spectrograph
in place of the normal collimator. It uses a lens collimator, grisms and a dedicated

Ford-Loral 800x1200 CCD. Resolution: 8-30 Angstroms.
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Figure 1: A Typical Multi-Slit Mask

1.3 How WIill I Use Multi-Slits?

The answer depends a little upon your application but let us assume that your program
objects are faint and are not expected to be readily visible on the rear-slit viewer itself.
In that case, in addition to specifying the location of your program objects, you will also
need the coordinates of two “setup stars”. These stars should be bright (V = 10 — 15),
separated by 2-4 arcmin, and may be several arcminutes away from your actual program
fields. Small square holes will be “drilled” in your multi-slit mask corresponding to the
position of these stars, and when setting up on your field, you will first move the telescope
to these setup objects and ascertain that the spectrograph rotation is precisely set. The
telescope operator will turn on the automatic guider at this point and carefully center the
setup stars. When all is well the telescope will be offset (and the guider moved an exact
corresponding amount) to your program field. When exposing on your program field of
course there will (hopefully!) be nothing but “sky” exposed through the setup star holes.

In addition to your setup stars you also may wish to have a “check” star within your
program field. The purpose of this star is simply to ascertain that the positioning is perfect.
The star needs to be faint enough (V' > 15, depending upon your setup) not to saturate
during the exposure, but bright enough (V' < 17) to be readily visible on the TV.
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1.4 Fringing

Fringing, due to multiple reflections within the multi-slit film, used to be a problem with
the old film masks when working in the red at high dispersion. With the new metal masks,
fringing is no longer a problem!

2 Designing Multi-Slits

2.1 Recommendations For Astrometry

Users of multi-slits must have determined the positions of their program objects, “check
stars”, and “setup stars” to an accuracy of a few tenths of an arcsec for good results. We
have a number of ways to help you achieve this:

1. Guide Star Catalog. If the objects you plan to observe are bright (V < 15 — 16),
stellar, and relatively un-crowded, chances are good that they will be in the Space
Telescope Guide Star Catalog (GSC). If you have the approximate positions, then
the Fortran routine FINDER can be used to search the GSC, (which we keep on-
line on two CD-ROMS. Care must be taken to select coordinates that all come from
a single “plate”, as it is well known that the positions of GSC stars that occur
on multiple plates have coordinates that are typically offset by 1-2 arcsecs. Aside
from this concern, we have found that the GSC provides coordinates which have
excellent internal consistency (< 0.2 arcsec). In addition, since their coordinates
were determined from recent (circa 1985) plates, corrections for proper motion are
likely negligible.

2. POSS plates and the Grant Machine. In the downtown Kitt Peak plate vault, we
have glass copies of the old (circa 1952) POSS. Positions of objects down to a stellar
magnitude of 21 can be readily measured on these using the 2-axis GRANT machine
and reduced using FINDER/ASTRO routines. However, because the epoch of the
plate material is 40 years old, great care must be taken to assure that proper motion
is either explicitly accounted for, or is demonstratably negligible.

3. CCD frames and IRAF’s “finder/tfinder” routines. If you have selected your objects
for observations from wide-field CCD frames, then you can use this material directly
for determining excellent coordinates. To aid in this, Rob Seaman has provided a
set of routines in the “nlocal” package “finder”. These routines will allow you to
search the Guide Star Catalog for stars that are on your CCD frames, and display
your image overlaying the predicted location of the GSC stars it finds. Interactive
cursor options allow you to shift and find “astrometric quality” x and y centers for
these reference stars on your frame. Good x and y centers for your program objects
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can be found using any of a variety of routines within IRAF. The AAT/STARLINK
“astrom” routine is then used to find the 6-coefficient plate solution. Contact Rob
Seaman (rseaman@noao.edu) or Jeannette Barnes (jbarnes@noao.edu) for further
information.

4. Digitized Sky Survey Images. In a trial agreement between NOAO and STScl, Space
Telescope has agreed to provide the digitized scans of the “Quick V” (1985) Palomar
Schmidt survey used in producing the Guide Star Catalog. These scans contain stars
as faint as V=19 (i.e., several magnitudes fainter than the GSC itself), and come
with an accurate “plate solution” as part of the header information. Routines in
STSDAS (usually distributed with IRAF) can then be used to take x and y positions
and output accurate celestial coordinates. Contact Tod Lauer (tlauer@noao.edu) for
further details.

2.2 MSLIT - A Program to Design Multi-Slit Aperture Plates

MSLIT currently resides on the UNIX machine BigX and can be accessed by typing
“Susr/local/bin/t” 1t “/usr/local/bin/is in your path, typing ”t” should suffice. Users
should contact Jim De Veny for special instructions before using the program. The pro-
gram runs under a UNIX shell script procedure with the execution time usually being
sufficiently short that it can be thought of as “semi-interactive”. FORTRAN-77 and the
NCAR plot routines are used. The most satisfactory approach, especially for first
time users, is to run the trial solutions over the network. Users should contact
Jeannette Barnes or Central Computer Services for a visitor account before attempting
to run the program over InterNet. The program should be run from an xterm window or
a xgterm window. For hardcopy to a LaserWriter, the UNIX environment variables are
used and the printer option should be set with the UNIX setenv command. For example,

‘setenv PRINTER 1w7” will send the output to lw7.

2.2.1 How Does The Program Work?

The program takes a weighted list (most important targets have highest weight) of target
coordinates and inserts them into the design one at a time, where possible, in order of
their weight. As more targets are inserted the spectra would overlap. To avoid overlap the
position angle of the spectrograph is changed with respect to the target field. A range of
position angles (0° <PA< 180°) is searched to find the one with maximum total weight
with no overlap.

To align the mask to the sky, two setup stars (not necessarily in the field of targets)
are used. These stars should be within 10-15 arcminutes of the field center. The program
calculates the offset from the easily visible (on the acquisition TV) setup stars to the field
center.
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The program has a additional feature that will extend each slitlet, where possible, to
record extra sky. One pass is made through the target list to design the mask and then
another pass is made to extend the slitlets.

Once satisfactory trial solutions have been made, the input files can be E-mailed to
deveny@noao.edu. He will run the the final solutions and produce the necessary material
for fabrication of the masks. The lead time to produce the masks is, at least, three weeks
in advance of a run.

2.2.2 The Input Data File

The required structure for input data file is:

parameter line
setup star #1
setup star #2
target record for central object (or position)
target record for additional objects - repeated as required

last target record
blank line as eof

The parameter line looks like:
'PNAME’ NPLATE SKYRAD DX PA1 PA2 EXTEN DEXT NEXT EPOCHIN /

where the parameters and their default values are:

Default Parameter Description
NONAME  PNAME Plate or field name, should have no more that 10 characters
and must be surrounded by * 7 (apostrophes). Upper case only.

1 NPLATE Number of plates (masks) for this field. Crowded fields may require
more than one mask per field.

7.5 SKYRAD  The slit half-length in arcsecs.

0.400 DX The minimum inter-slit separation, i.e. edge-to-edge distance, in mm.
The default is recommended to avoid overlap.

0 PA1 Low end of the range of PA (degrees) to be searched; if a given PA

is needed, set PAl = PA2.
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180 PA2 High end of the range of PA (degrees) to be searched; if a given PA
is needed, set PAl = PA2.
T EXTEND  Flag for extending the length of object slitlets on the mask.

As described in section 2.2.3, the extension will be done only

for those objects with KFFLAG = 0.

0.5 DEXT Incremental step size for slit extension, in arc-secs.
7 NEXT The maximum number of extension steps at each end of a slit.
2000.0 EPOCHIN  Epoch of the input coordinates

The following is a template file available on BigX in /ul/deveny/mslit /mslit/bin/cdfmt
for the setup star and target object data:

fxkxkxkkx SAMPLE RECORD FOR MSLIT PROGRAM skskkskkskx
where: X = blank, n = number, t = text

NUM 0BJNAME RH RM RS.S DD DM DS.S WT E
XXXnnnXXXXttttttttttXXXXXXXXXXXXXXXnnXnnXnn . nnXX-nnXnnXnn . nXnnnn . nXXXXXXXn/

1234567890123456789012345678901234567892012345678901234567890123456789012345
0 1 2 3 4 5 6 7

2.2.3 A Sample Input File

Here is a sample input file (test.dat):

>TEST.DAT’> 1 6.0 ,, 80. 100. T 0.5 7 1950. /

setup a 02 19 23.31 +42 47 25.0

setup b 02 19 30.95 +42 47 57.9
1 QS0 abc 02 19 29.99 +42 48 30.2 5000.
101 02 19 30.55 +42 48 43.0 2000.
102 02 19 31.22 +42 49 55.8 200.
103 gal q 02 19 31.42 +42 49 14.6 200.
104 02 19 33.99 +42 49 45.5 500.
105 02 19 31.69 +42 48 42.5 1500.
106 blk hole 02 19 34.57 +42 49 05.4 1000.
107 02 19 32.61 +42 48 40.2 2500.

108 02 19 22.09 +42 49 55.7
109 CHECK STAR 02 19 30.97 +42 48 29.0 2000.
110 02 19 32.05 +42 48 24.1 700.

[blank line]
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2.2.4 Special Notes for the Parameter Line

e A blank or comma must separate each parameter as in the FORTRAN-style free
format.

o When entering the parameter line, to skip over N parameters use N+1 commas, i.e.
15, Will skip over three adjacent parameters using the defaults.

o A slash / marks the end of the parameter line.

e Since the program can use the name “SKY” internally, do not specifically use it as

an OBJNAME. Use “SKY1” instead.
o WEIGHTS should be in the range 0 to 9999. Note that if a bright non-program

object is in the field, its coordinates should be measured and assigned zero weight to
prohibit other slitlets from being “drilled” in that location . On the other hand, if
there is a specific patch of sky for which you would like a slit “drilled”, put in those
coordinates with an appropriate weight and treat it as an “object”.

o EFLAG allows for the extension or non-extension of an individual slitlet. KFLAG =
1 will prohibit the extension of the slitlet, KF LAG = 0 permits extension. Normally
all object slitlets will be extended and EFLAG will be zero on all lines. Note that
zero is the default and need NOT be physically entered.All numbers (and blanks)
other than 1, are assigned FFLAG = 0. Setup holes and CHECK STARS are NOT

extended.

e An additional feature of the program allows more than one solution on a given field,
i,e. NPLATE > 1. For example, problems may arise in crowded fields when trying
to drill a number of high weight objects on a single plate. For additional solutions
on a given field, the program flags the “drilled” objects from earlier plates and sets
their weight to a small non-zero value. Then a second pass through the targets is
made to design the second mask. This permits all high weight objects to eventually
be “drilled”. The first mask will have a higher total drilled weight than the second
mask. Several fields may be run together as long as a blank line separates the fields.

2.2.5 Check Stars and Other Options

It is an advantage to have a check star that is bright enough to see on the TV acquisition
system included on the plate. When the final setup is made on the program field, it will
be very nice to be able to see the check star coming through a slitlet to give confidence
that the alignment and offset were done properly. A check star need not be brighter than
V~15 or problems could occur with saturation on the acquisition TV. The program has a
special option for ensuring that check stars always are drilled and always appear on each
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solution if more than one solution is requested (i.e. NPLATE > 1). To use this option, the
OBJNAME must be listed as CHECK STAR (upper case only). This will automatically
set the object weight to 9999. and produce a 3.0 arc-second long slitlet.

One useful option, that is also available, covers the need for the field center to be a
position, i.e. not a target object. This is useful for making minor manual tweaks to the
field center to include more objects in the solution, especially in crowded fields. To envoke
this feature, call the field center name 'BLANK CENTER’ in the coordinate list. The
"object weight” is ignored, here.

Another option available is one where no setup stars are used. Users are cautioned
that before using this option, they should have had at least one successful multi-slit run
on the telescope. If all of your astrometry seems to be working correctly, then the chances
are good that the no setup star option could work for you. To invoke this option, enter
-99 as the object NUM for the setups. No position or other information is needed by the
program. You must have one check star to use as a field locator.

2.2.6 Selection Rules for “Drilled” Objects

Frequently, while running trial aperture plate solutions, difficulties arise getting all the
high weight objects “drilled”. Below is a list of possible reasons why an object may NOT
be “drilled”.

1. The slitlet may be competing for space with an object of higher weight. The higher
weight object will be selected.

2. The slitlet may lie on or beyond the limiting radius for the mask. The radius is
23.60mm (156.3 arcseconds) for the RC Spectrograph and Cryogenic Camera. Mov-
ing the field center coordinates (central object) or decreasing SKYRAD may correct
the problem. Slitlet lengths less than the default, however, are not generally recom-
mended as this will limit the amount of sky available for good sky subtraction.

3. The slitlet may lie within 3.0 arc-seconds of another object(any weight). To prevent
contamination from nearby objects, no slitlets may be “drilled” within this radius
of another object regardless of weight. Removing one of the conflicting objects from
the data file may “solve” the problem.

4. Occasionally the program will run but will not produce a solution resulting in all
objects winding up in the undrilled list. If the field is sufficiently crowded, it may
not be possible to drill the setup stars without hitting one of the targets in the list.
Setup holes have the highest priority on a mask and if one of them cannot be drilled
no solution is possible. Changing the field center or deleting the conflicting object
may fix the problem.
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5. Difficulties can arise when too many restrictions are placed on a field and may result
in no solution. For example, setting the position angle to 90° and having setup stars
of similar RA could result in no solution. The setup stars and possibly the field
center(if non-zero weight) would all compete for the center line of the mask.

2.3 Slitlet Width

The width of the slitlet is not a user setable parameter. The width is specified in the final
steps of the mask fabrication process, so you will need to tell the KPNO support person
making your masks the desired width. The width is setable in steps of 0.38 arcseconds (the
film recorder pixel size corresponds to 0.38 arcseconds). Most observers choose the default
2.5 arcseconds which rounds to seven pixels on the final mask. The minimum recommended
width is on the order of two arcseconds.

3 The Data and Data Reductions

3.1 Data Format

Figure 2 shows a typical image using a multi-slit. The exposure time is 3000 seconds with
the Cryogenic Camera, grism 650, and the Ford-Loral 800x1200 CCD. Red is on the left.
At least five object spectra are visible superimposed on the night sky spectrum. Figure 3
shows the typical nightsky spectrum from a single row on the CCD centered in the topmost
slitlet of Figure 2. The bias level is 410 ADU.

Figure 2: Typical Multi-Slit Image
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Figure 3: The Nightsky Spectrum

3.2 Outline of Reducing Multi-Slit Data

Reducing multi-slit data is relatively straightforward using IRAF tasks, although the pro-
cess is not as automatic as in the simple cases of single objects on slits. We give below an
outline of how we reduce our own data. A more complete description can be found in the
manual:

A User’s Guide to Multislit Spectroscopic Reductions with IRAF
E. Ellingson
November 1, 1989

The complete document is only available in paper copy from the Tucson IRAF office. 1t
is also available, without plots, from the IRAF FTP archive using "ftp ftp.noao.edu” in the
file /iraf/iraf/docs/slits.ps.Z . Due to some problem in the PostScript file, the complete
manual can not be viewed on Mosaic. The document is somewhat dated as several of
the IRAF tasks have changed since it was written but the basic outline of the reduction
procedure is still valid. The details below differ slightly from those shown in this manual.
Feel free to contact fvaldes@noao.edu, pmassey@noao.edu, or vsarajedini@noao.edu for
more advice on these issues.

We will explicitly note some of the important parameters below, but one should read
through the help pages and make sure that all settings are sensible before proceeding.
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3.2.1

3 THE DATA AND DATA REDUCTIONS

Preliminary Reduction

setinstrument specphot: Sets up cedred parameters.
zerocombine: Average all of the bias frames separately for each night of observing.

ccdproc: Apply zero correction to all frames using the appropriate zero image for
each individual night. The trim section and bias section are specified during this
process. Also, any bad CCD columns can be removed at this time using the fixpix
parameter once you have constructed a bad pixel map.

flatcombine: Average together the flat field images taken for each mask separately.
Scale by the exposure time if necessary.

apflatten: This routine flattens the flat field for each mask leaving an image which
represents the pixel-to-pixel gain variations in the CCD. Presently you have to load
this from the noao.twodspec.apextract package. The resulting flat-field no longer
has spatial (slit-function) information, but this is appropriate for quartz exposures.
During this task, the apertures must be defined and traced. Make certain that
you explicitly set the “width” parameter to the width of the full slit using the colon
command (i.e., :width=30) once within this task, or the trace will not work correctly.
Each aperture must be fit with an appropriate polynomial to remove the overall shape
of the quartz lamp flat. We suggest function=spline3 and order=90 with nit=3
for flattening the spectra.

ccdproc: Apply the flat field correction to each individual mask image (object im-
ages as well as the comparison lamp images) being sure that the flattened image
corresponds to the same mask as the object and comparison images it is being ap-
plied to.

setjd *.imh Set the jd in all the image headers; this will be used in refspec below.

3.2.2 The Extractions

You are now ready to begin the extractions. If you can combine your object frame at

this point, it will save you a fair amount of work; use imcombine. However, if you've
tweaked the telescope between individual exposures you should first check using implot

that the objects line up exactly. If not, you should treat your frames separately and

combine after they are extracted. For the purposes of this outline we will assume that you
have three object frames (object1, object2, object3), one quartz-lamp frame (flat!), and one

comparison spectrum (compl). We assume that you are starting with “fresh” parameters,
i.e., the default settings of specred, and explicitly refer only to parameters that we would

change.
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e Create an “aperture id” table (apidtablname) for each slitlet mask in the form of “1
1 objectnamel”, “2 2 objectname2”, one per line.

e apall objectl,object2,0bject3 reference*” find- trace4+ b_nave—-60 back-
ground=fit weights=variance clean=yes readnoise=rdnoise gain=gain ap-
idtab=apidtabname t_nit=1 width=10 Extract the object spectrum from each
aperture. In this task, the region for the object within the aperture is set as well
as the region to be used for sky subtraction. The “width” parameter should be the
base-to-base width of an object spectrum. Once in the task, you will be given a
chance to define the apertures using “m” (proceed left to right”), and to adjust the
background regions (“b”). After this stage, the spectra will be traced.

The result is an image which contains the object spectrum for each aperture with
variance weighting, the object spectrum without variance weighting, the sky spectrum
for each aperture, and the error spectrum for each aperture.

It you have only very weak signal in your object frames, use the trace of the quartz
exposure as the reference, i.e., apall objectl,object2,0bject3 reference=flatl
trace- recenter-+ resize+ back=fit width=10

e apsum compl output=cl reference=objectl recent- resize- trace- back-
interact-

apsum compl output=c2 reference=object2 recent- resize- trace- back-
interact-

apsum compl output=c3 reference=object3 recent- resize- trace- back-
interact-

Extract the comparison spectra from the comparison image using the aperture and
trace of each object spectrum.

e identify c1 Run identify on the first comparison spectrum generated by apsum,
You’ll be presented with the comparison spectrum of the middle aperture: use “m”
to mark and identify a few good comp lines and then an “f” to do a fit. Change the
fitting function using :function spline3 and the order using :0 3; a “q” returns you to
identify. An “1” will find the remaining lines. You can then zoom using “z” and step
through the lines using “4+” and “-7; delete blends using “d”. A new “t” will make
a new fit. Next, do solutions for all the other apertures: a “k” or “;”7 will change
to the next aperture up or down. Identify a prominent line and type an “s”
position to shift the solution. Do a new “f”. If need be, reinitialize using a

begin using “m”. When all the apertures are correctly identified and fit, exit using
[Tl

q

at its

LLi?? and
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4 THE MASK FABRICATION PROCESS

reidentify cl c2,c3 newaps- refit4+ verbose+ override- This will make the
slight adjustments to the comparisons obtained by using the object2 and object3 as
the reference image as above.

refspect objectl.ms reference=cl1 ignoreap- verbose—+

refspect object2.ms reference=c2 ignoreap- verbose—+

refspect object3.ms reference=c3 ignoreap- verbose—+

This puts the identification of the right comp into the headers of the object spectra.

dispcor objectl.ms,object2.ms,object3.ms samedisp- global+4 ignoreap- con-
firm+ verbose-+ This dispersion corrects the data.

scombine objectl.ms,object2.ms,object3.ms output=final.ms reject=av-
sigclip scale=mode weight=mode Combines the three spectra into one, weight-
ing by the signal. Many other rejection options are available; if you have only two
spectra, you can use “ccdclip”; read the help page.

The Mask Fabrication Process

Below are the steps necessary to make the masks. Since significant manpower costs are
involved in producing these masks, the Observatory cannot supply unreasonable numbers
of masks to meet every conceivable situation which may arise during an observing run. It
is felt among the staff experienced with multi-slit observations that six masks per night
is ample for most programs. The observer need only be concerned with obtaining the

astrometric positions and running the trial solutions for the slitlet pattern.

1. Accurate coordinates of the program objects must be obtained from the Sky Survey

or other suitable material (CCD frames) to 0.1 to 0.3 arc-second precision (see Sec-
tion 2). It is important to have a true astrometric solution including any secondary
standards as may be needed. Taking short-cuts, such as creating fictitious “astro-
metric coordinates” from CCD xy positions, usually ends up wasting everyone’s time
and can cause some real surprises on that first night at the telescope.

. Running the MSLIT program is most profitably done by the observer so that the

various trade-offs for the design of the pattern can be seen firsthand. Several trials
per plate are usually required with appropriate changes in the data file.

. After the TRIAL solutions have been completed, a final DRILL run is done by a

member of the support staff. The printouts and plots are cataloged for archival and
data reduction purposes.
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4. The next step is the preparation of specially formatted (gerber) file of the pattern
dimensions for a vendor. The final masks are photo-etched using technology from
the printed circuit card industry. After chemical blackening, the masks are ready for
immediate use at the telescope.

5. As can be seen, the production of aperture masks is a laborious process. Therefore,
observers are requested to submit their MSLIT data files (input files) to Jim De Veny
THREFE weeks before the run.

5 A Sample Run - MSLIT

The following is a sample run on BigX using the data in file “test.dat” listed in the section
2.2.3. One other auxiliary file ’specsl2.dat’ is also needed in your directory. Typing
"t”should start the trial program, assuming /usr/local/bin/is in your path.

WELCOME TO THE PROCEDURE FOR DESIGNING MULTISLIT MASKS
*¥*% Kitt Peak National Observatory **x*

* THESE MASKS WILL BE DESIGNED FOR USE AT KPNO 4-M TELESCOPE x*

* ASSIGN SPECIFICATION FILE FOR KPNO CRYOCAM/RCSP FILM MASKS *
Fortran LUN 1 is: ./specsi2.dat

ENTER THE INPUT DATA FILENAME FOR PROCESSING (file.typ): test.dat
Fortran LUN 2 is ./test.dat; 0K? [Y] y

THE SOLUTION CAN APPEAR ON YOUR TERMINAL OR BE WRITTEN TO A FILE.
DO YOU WISH THE SOLUTION TO APPEAR ON YOUR TERMINAL? (Y/N): y

DO YOU WANT ANY PLOTS: (Y/N)? y
ENTER THE NUMBER OF PLOTS TO BE GENERATED [1]: 1

YOU MAY APPEND TO OR DELETE THE EXISTING PLOT FILE.
CHOOSE APPEND OR DELETE [DELETE] :

PROGRAM SLITS, VERSION 28MAR85 , BY DON WELLS.
MULTI-SLIT MODIFICATIONS BY JIM DE VENY.
Converted for Unix, 260ct94, jan@noao.edu.



16 5 A SAMPLE RUN - MSLIT

SYSTEM SPECS NAME=CRYO-FILM1 (SPECS COMPUTED: 10/29/84 14.43.00.)
FL= 31136.66, PSCALE= 6.624, RMAX=  23.60
XA-YA= 26.19 25.76, XL-XH= -100.00 100.00, YL-YH= -100.00 100.00

DATA DECK.
MULTI-SLIT APERTURE PLATE NAME=test.dat
DX= 0.40, SKYRAD= 6.00, NPLATE= 1
PAl=  80.00, PA2= 100.00, DPA= 0.05 EXTEND = T, DEXT = 0.50, NEXT = 7
YEAR= 1995.25 EPOCHIN=1950.0 PLOT=T
setup a 02 19 23.31 +42 47 25.0
setup b 02 19 30.95 +42 47 57.9
1 QS0 abc 02 19 29.99 +42 48 30.2 5000.
101 02 19 30.55 +42 48 43.0 2000.
102 02 19 31.22 +42 49 55.8 200.
103 gal q 02 19 31.42 +42 49 14.6 200.
104 02 19 33.99 +42 49 45.5 500.
105 02 19 31.69 +42 48 42.5 1500.
106 blk hole 02 19 34.57 +42 49 05.4 1000.
107 02 19 32.61 +42 48 40.2 2500.
108 02 19 22.09 +42 49 55.7
109 CHECK STAR 02 19 30.97 +42 48 29.0 2000.
110 02 19 32.05 +42 48 24.1 700.

NS= 15 [NSMAX=200]

THE DATA ARRAYS: ( EPOCH = 2000.0 )
0 SETUP 02:22:32.82 +43:01:03.4 6.364 -2.433 0.0 1.2 0
0 SETUP 02:22:40.50 +43:01:36.0 -6.365 2.436 0.0 1.2 0
109 CHECK STAR 02:22:40.53 +43:02:07.0 -1.628 -0.192 9999.0 1.5 1
1 QS0 abc 02:22:39.55 +43:02:08.3 0.000 0.000 5000.0 6.00
107 02:22:42.18 +43:02:18.2 -4.363 1.475 2500.0 6.00
101 02:22:40.12 +43:02:21.1 -0.945 1.925 2000.0 6.00
105 02:22:41.26 +43:02:20.5 -2.838 1.835 1500.0 6.00
106 blk hole 02:22:44.16 +43:02:43.3 -7.643 5.257 1000.0 6.00
110 02:22:41.61 +43:02:02.1 -3.415 -0.946 700.0 6.00
104 02:22:43.59 +43:03:23.4 -6.727 11.317 500.0 6.00
102 02:22:40.81 +43:03:33.9 -2.138 12.909 200.0 6.00
103 gal q 02:22:41.00 +43:02:52.6 -2.423 6.686 200.0 6.00
108 02:22:31.65 +43:03:34.1 13.023 13.004 0.0 6.00
O setup a 02:22:32.82 +43:01:03.4 11.171 -9.755 0.0 6.00
O setup b 02:22:40.50 +43:01:36.0 -1.569 -4.888 0.0 6.00

*kkx PROGRAM RUNNING sk



MULTI-SLIT APERTURE PLATE NO. 0000

POSITION ANGLE= 80.00 DEGREES. [FOR 1995.25]
SUM OF WEIGHTS FOR THIS PLATE= 0.1850E+05
NUMBER OF APERTURES= 6 [NSKY= 0,NOBJ= 4]

SETUP POSITION= 02:22:36.66 +43:01:19.7 (2000)

CENTER POSITION= 02:22:39.55 +43:02:08.3 (2000)

DELTA POSITION= 2.89 48.6

0BJ NAME RA (2000) DEC XLO

106 blk hole 02:22:44.16 +43:02:43.3 -9.874
O SETUP 02:22:40.50 +43:01:36.0 -6.880

107 02:22:42.18 +43:02:18.2 -5.987

109 CHECK STAR 02:22:40.53 +43:02:07.0 -1.796
1 QS0 abc 02:22:39.55 +43:02:08.3 -0.906
O SETUP 02:22:32.82 +43:01:03.4 6.502

Hokok ok ok PLOT FINISHED Hokok ok ok
A LIST OF THE REMAINING UNDRILLED OBJECTS:

NUM  NAME RA DEC
101. 35.67 43.04
105. 35.67 43.04
110. 35.67 43.03
104. 35.68 43.06
102. 35.67 43.06
103. gal g 35.67 43.05

*kx PROGRAM EXIT - NORMAL **x

PAUSE == >> HIT <CR> FOR PLOTS

[test.dat ]

EXTEND SLITS =

XHI (MM) Y
-7.308 3.850
-6.503 1.294
-3.119 0.695
-1.343 -0.472

1.434 0.000
6.879 -1.291
WT

2000.00
1500.00

700.00

500.00

200.00

200.00

()TN0 >N e ) N> TN e ) 0]

T

100

250
999
500

RAD

.00
.00
.00
.00
.00
.00

WT

0.
0.
0.
9.
0.
0.

00
00
00
00
00
00

PAUSE == >> SWITCH TO TEK MODE (control-middle button) ON X-TERMINALS
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RADIUS

o2 I i o) I i @)

.00
.25
.00
.50
.00
.25

After viewing the plot to return to the normal xterm window, hit any letter key when
the cursor is in the TEK window, then the hit control-middle mouse button and select

"Hide TEK Window”.
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25.

20.
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5 A SAMPLE RUN - MSLIT

VIEWEDU FRUM BELUW IHE FULHL FPLHNE
T T T T

X=ZERY Wl +=URILLEU, BUX=UNURILLEU
I

! 1 { | | 1 1 | | 1

0000

-25. -20. -1 -10.

-30. 5. -5. 0. . 5. 10. 15.
PLATE 0000 = TEST.DAT . PA= 80.00 DEG

Figure 4: Plot Generated by Program MSLIT

20.

25.
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