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1. Introduction

The Michigan/MIKE Fiber System (MMFS) is a multi-object, �b er-fed, echelle spectro-
graph available at the Magellan 6.5m Clay Telescope at Las Campanas Observatory. Each
of the MIKE spectrograph's two channels receives light fromup to 128 �bers, allowing for
the simultaneous acquisition of 256 high-resolution spectra over a �eld of diameter 200. This
document serves as a guide for observers planning observations with MMFS. Because �bers
are held in position by aluminum plug plates manufactured bythe machine shop at Carnegie
Observatories, the observer must identify,at least six weeks before the observing run, the co-
ordinates of all targets as well as stars used for �eld acquisition, guiding, and wavefront
analysis. After a brief description of the instrument we outline the requirements for each
type of setup star as well as the steps necessary for preparing the plate-machining �les used
by the machine shop. FORTRAN codes and Supermongo scripts that aid in this process are
available at http://www.astro.lsa.umich.edu/ � mmateo/mmfs.html.

2. Overview of the Michigan/MIKE Fiber System

In its standard slit observing mode the MIKE spectrograph delivers high-resolution spec-
tra spanning visible and near-infrared wavelengths. MIKE's �rst optical element is a coated
glass dichroic that re
ects/transmits incoming light into one of two independent channels.
The \blue" channel has wavelength coverage 3200-5000�A, while the \red" channel covers
4900-10000�A. The dual-beam design allows for independent optimization of throughput and
dispersion characteristics over each range of spectrum. Accordingly, the two channels di�er
in a number of design features. Blue and red gratings have unique sizes, rulings, and blaze
angles designed to minimize variation in the linear free spectral range. For cross dispersion
the blue channel uses fused silica prisms while the red channel employs a higher-dispersion
prism that is opaque at shorter wavelengths. Refracting cameras and CCD detector coatings
are optimized independently for image quality and quantum e�ciency. Independent injec-
tion optics convert the F/11 telescope output to the focal ratio of the refracting camera (�
F/3.6 for blue, � F/3.3 for red) in each channel. 2k� 4k CCD detectors have spatial scale
0:1200pix � 1 (blue) and 0:1300pix � 1 (red). In standard con�guration (no �bers), blue and red
detectors sample at� 0:02 �A pix � 1 and � 0:05 �A pix � 1, respectively. See Bernstein et al.
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(2003) for a complete description of MIKE.

For multi-object observations using Magellan+MMFS, MIKE is modi�ed from its stan-
dard slit con�guration to receive light from up to 256 �bers. In �ber mode MIKE is placed
on a handling cart � 2 m away from the Nasmyth port and remains �xed with respect to
gravity. Inserted at the port is a conical structure onto which an (interchangeable) aluminum
plug plate is mounted. The plug plate holds �bers at speci�edtarget locations in the focal
plane. At the telescope end, the tip of each �ber is encased ina ferrule that opens to form
a 1:400aperture stop. When setting up for an observation, each ferrule is pushed by hand
through an assigned hole in the plug plate until a plastic ferrule tip contacts a telecentra-
tor lens placed at the focal plane; the telecentrator lens ensures that all �bers accept light
parallel to the optical axis and along the focal surface, regardless of position in the target
�eld. A drum lens in each ferrule forms an image of the pupil onthe 175-� m �ber core.
The drum lens and the natural focal ratio degradation of the �ber convert the incoming
beam from F/11 to F/3.5 (more similar to MIKE's camera optics). Fibers run from the plug
plate through a junction box, where they are bundled and sorted into one of two 128-�ber
assemblies that enter the two channels of the spectrograph.Light losses are minimized by
the short �ber length; from end to end, blue (red) �bers extend just 2.43 m (2.29 m).

At the spectrograph end, the two 128-�ber assemblies replace MIKE's standard injection
optics. Due to the spectrograph's �xed optical elements, blue and red channels remain
optimized for smaller and larger wavelengths, respectively. In order to �t spectra from all
128 �bers onto a single detector in each channel, narrow-band �lters are used to isolate a
single order of spectrum for each target object. The set of �lters now available isolate the
spectral regions 5130� 5185�A(magnesium-b triplet), xxx. Wavelengths in the range xxx-
xxx can be observed on both channels of the spectrograph, allowing for the simultaneous
acquisition of up to 256 spectra. Wavelengths in the range xxx-xxx may be observed only
with the blue channel (up to 128 spectra), and wavelengths inthe range xxx-xxx may be
observed only with the red channel (128 spectra). The usable�eld of view has angular
diameter � 200.

MMFS furnishes its own optical systems for �eld acquisition/alignment, focusing, and
guiding. MMFS �elds are chosen such that a suitably bright (V � 16) star is located at
the �eld center. This star is used both for �eld acquisition and as a source for the Shack-
Hartmann (SH) wavefront analysis/active optics system (Schechter et al. 2003). Two 1500

coherent �ber bundles are plugged at the positions of relatively bright (12 � V � 16) stars
and are used for guiding. Finally, up to eight alignment �bers that are physically identical
to the science �bers are plugged at the locations of bright stars across the �eld. Alignment
�bers deliver light to the guide camera and allow for adjustments in real time to the zero
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point and rotation of the coordinate system.

Figure 1 shows MMFS data frames resulting from a Th-Ar arc lamp exposure (5130-5185
�A �lter in both channels). The Th-Ar emission line spectrum appears in nearly all apertures
on both blue and red detectors (one blue �ber was not plugged). Enlarged portions of
these frames (lower panels of Figure 1) show the resolution element clearly. The arc lines
help enumerate several traits characteristic of MMFS spectra. First, the blue channel o�ers
superior throughput and spectral resolution, as evident inthe bottom panels of Figure 1.
After 3 � 3 binning of the 2048� 4096 pix2 detectors at readout, arc lines have mean FWHM
� 3:5 binned pixels in the spectral direction. The blue channel's spectra have� 0:059 �A
pix � 1 (R � 25000) and the red channel's spectra have� 0:073�A pix � 1 (R � 20000). Second,
spectra on both detectors shift along the dispersion direction from aperture to aperture,
rendering the exact spectral coverage �ber-dependent. Whereas apertures near the top and
bottom of the detectors have approximate coverage 5130� 5190�A, those nearest the chip
centers cover 5140� 5190 �A. Finally, there is some order overlap at lowx� values on the
red detector. We refer the reader to Walker et al. (2007) for adetailed description of the
reduction of MMFS data.

3. Preparation for MMFS Observations

3.1. Criteria for Targets and Setup Stars

MMFS �bers are held in place by aluminum plug plates with holes drilled at the precise
�eld locations of the desired targets as well as three types of \setup stars" unique to each
�eld. Setup stars are used for �eld acquisition, guiding andwavefront analysis. Plug plates
are constructed at Carnegie Observatories in Pasadena, CA.At least six weeks prior to the
observing run, the observer must send plate machining instructions, in the precise format
described in Section 3.4, to Vince Kowal (email: vink@ociw.edu). In this section we describe
the various types and number of objects/stars used in every MMFS observation, as well as
their photometric/astrometric requirements and �eld locations. This information should be
used �rst as a guide in identifyingcandidatetargets and setup stars in each �eld. The choice
of a subset of these candidates to use in the actual observations will depend on physical
constraints set by the number and sizes of the �bers, as well as the number of �elds observed
with the same plate, and will be discussed in Section 3.2.

The objects/stars that must be assigned for a given setup are:

1. TARGETS. Subject of the observations.
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Fig. 1.| Raw Th-Ar emission line spectrum (5130 � 5180�A). The top left/right panels show unprocessed frames obtained
simultaneously from �bers feeding MIKE's blue/red channels. A s in all MMFS frames, the dispersion axis is horizontal, with
spectral apertures stacked vertically. Wavelength increases le ft to right in blue frames and right to left in red frames. Bottom
panels are enlarged portions of the top panels.
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Number per Field: � 128 per channel, so� 256 if using both channels. Included
among these are any blank-sky targets used for background subtraction. One
typically wants � 16 sky targets per MIKE channel, which means the maximum
number of science targets is� 224 (� 112 per channel).

Field Location: Anywhere over the 200 �eld.

Photometry: Depends on science goals. In our survey of stellar kinematicsin dSph
galaxies (Walker et al. 2007) we require exposures of� 2 hours to obtain S/N� 3
per resolution element ((after 3� 3 binning of the detectors) over the spectral
region 5130� 5180�A for stars as faint asV � 21.

Astrometry: Coordinates accurate to within� 0:200� 0:300. Note that science �bers
have apertures of 1:400. In addition to limiting the types of objects suitable for
MMFS observations, this aperture size implies that the relative astrometry of the
targets must be accurate to� 0:200� 0:300.

2. Shack-Hartmann (SH) STAR. Used for preliminary �eld acquisition and Shack-
Hartmann wavefront analysis, de�nes the �eld center.

Number per Field: 1

Field Location: At the center.

Photometry: Must be suitably bright for use with the Shack-Hartmann system. One
should try to use stars with 9� V � 14, but it is possible to use stars as faint
as V = 16 if nothing brighter is available. For the fainter SH stars, one must
integrate for longer times during the SH iterations. For ourMMFS observations
we typically select SH stars from stars in the USNO-B catalog, avoiding those
with large proper motions.

Astrometry: Coordinates accurate to within� 0:500.

3. GUIDE STARS. Used for preliminary �eld acquisition and guiding.

Number per Field: 2.

Field Location: Between� 60� 100 from the �eld center (the SH star), and on roughly
opposite sides of the �eld (the two guide stars ought to form an angle of at least
90 degrees with the �eld center).
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Photometry: V � 16, but note that because the guide camera integrates for the
same amount of time on each of the two guide stars, they ideally have similar
brightnesses. Thus one should try to choose guide stars thathave 12� V � 16.
As with SH stars, guide stars can be selected from the USNO-1Bcatalog, (again
avoiding large proper motions).

Astrometry: Coordinates accurate to within� 0:500.

4. ACQUISITION STARS. Used for �ne-tuning of �eld acquisition, observed with
�bers identical to the science �bers but which feed the guidecamera for viewing in
real-time.

Number per Field: 4

Field Location: Between� 30� 70 from the �eld center (the SH star), well-spaced in
position angle.

Photometry: 12 � V � 16

Astrometry: Coordinates accurate to within� 0:200� 0:300. Note that because of the
photometric requirements, these stars can be chosen from the same set of stars
that meet guide star photometry requirements. However, because the acquisition
stars are used for �ne-tuning of the telescope pointing, it is best if they stars are
chosen from the same astrometric data as the targets. Of course it is desirable
if all setup stars are chosen from the same photometric/astrometric data as the
targets, but this is not always possible.

3.2. Assignment of Objects to the Plate

The previous section outlined the criteria by which the observer identi�es candidate
objects (targets and setup stars) for each �eld. Aside from any priorities related to science
goals, the choice of which candidates actually to assign to the plate is constrained by the
number of available �bers, the sizes of the plug-holes required for each object, including
those on other setups that may be included on the same plate (Section 3.2.3).
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3.2.1. Number of Fibers

As previously mentioned, MIKE's blue and red channels each are fed by 128 �bers, so
the maximum number of targets in each observation is 256. There are two coherent �ber
bundles used for guiding, so the observer should identify two guide stars for each �eld. There
are eight �bers available for use with acquisition stars, but four are generally su�cient, so
the observer should identify four acquisition stars for each �eld. And of course there is just
one central SH star.

3.2.2. Sizes of Fibers

In practice, the choice of which candidates to include in theactual observation is con-
strained by the physical size of the �bers. The size of the plug-hole required for each type
of object create a \zone of avoidance" around each assigned object, and care must be taken
to avoid hole \collisions" on the plate. The angularradii subtended by the holes for each
type of object are given below:

� SH star: 2500

� guide star: 3300

� acquisition star: 800

� target: 800

So, for example, one must ensure that a given target is separated from all other targets
and/or acquisition stars by at least 800+ 8 00= 1600, from all guide stars by at least 800+ 3300=
4100, and from the SH star by 800+ 2500= 3300. Guide stars must be separated from other
guide stars by 3300+ 3300= 6600, etc.

3.2.3. Multiple Setups on the Same Plug Plate

Each plug plate costs� 300 USD to manufacture. It is usually cost-e�ective to place
setups for multiple �elds on the same physical plate, but onemust then identify and eliminate
collisions between holes on di�erent setups1. Between two target stars on the same plate

1In order to identify such collisions, we recommend placing all coordinates on a Cartesian system, such
as the standard coordinate system, with origin at the �eld center (SH star).
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but not in the same �eld/setup, separations can be as small as 1200before compromising
the holes (science �bers can still be held in place by a hole that partially overlaps with an
adjacent, empty hole). All other separations for inter-setup collisions are the same as those
for intra-setup collisions (see above). Of course one need not worry about collisions between
SH stars on di�erent setups, since all SH stars use the same hole at the center of the plate.

3.3. Procedure for Assigning objects to the Plate

The typical procedure for identifying candidates and assigning objects for observation
is as follows:

1. Superimpose a map of all stars meeting SH star requirements onto a map of all science
target candidates.

2. From the constraint that MMFS �elds are 200 in diameter, centered on the SH star,
determine which SH stars will allow the desired �eld coverage. These SH stars then
de�ne the centers of the �elds that will be observed.

3. Identify all target candidates (including blank-sky coordinates if desired), in each �eld.

4. Identify suitable guide stars and acquisition stars in each �eld. Both types of star have
the same photometric requirements, but acquisition stars ought to be distributed more
closely to the �eld center than the guide stars. Choose 2� 4 candidate guide stars and
4� 7 candidate acquisition stars for the plate (it helps to havealternates in case there
are collisions with target stars or objects in other setups included on the same plate).

5. For all setups on the plate, assign the guide and acquisition stars to the plate, avoiding
collisions between stars in the same setup or objects in other setups included on the
same plate (see Section 3.2).

6. For all setups on the plate, assign targets (up to 256 per setup, including skies if
desired) to the plate, avoiding collisions with other targets as well as with the SH,
guide and acquisition stars (including those on all other setups included on the same
plate (see Section 3.2).

7. Generate a list of coordinates for all assigned objects ineach setup (identifying which
are science and which are sky) as well as SH, guide and acquisition stars for each setup
on the plate. Write this list to a �le that has the format described in Section 3.3.1
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3.3.1. For Each Setup, A Formatted List of Objects

Per item 7 in Section 3.3, the observer must write to a �le the equatorial coordinates
of every target and setup star chosen for the observation. This �le can have any root name,
but the extension must be \.objects.txt". A unique .objects.txt �le must exist for every
individual setup; i.e., if four setups are included on the same plate, there must be four
separate .objects.txt �les, one for each of these setups.

The �rst line of the .objects.txt �le must contain the univer sal time and date of the
observation. This information will be used to calculate thehour angle at the time of obser-
vationa in order to correct the hole placement for atmospheric di�raction. Thus the �rst line
of every .objects.txt �le must begin with the letters \UT", f ollowed by six �elds separated
by white space: UT hours, UT minutes, UT seconds, UT day, UT month, UT year (all
�elds have two digits except UT year, which has four).Note that UT day precedes UT
month. In general it is necessary for the UT time to be accurate only to within � 3 � 4
hours, and for the UT date to be accurate only to within� 7 days.2

Each of the subsequent lines in the .objects.txt �le speci�es the equatorial coordinates
of either a target or setup star. The �rst eight �elds of each line must be separated by
white space and contain the following information: RA hours, RA minutes, RA seconds,
Dec. degrees (must have three characters, including \+" or \-"), Dec. arcmin, Dec. arcsec,
epoch (e.g., \1950.0", \2000.0", etc.; donot include \J" for Julian), and a character string
that speci�es the type of object. The type must be speci�ed, in capital letters, as one of
the following: TARGETSTAR, TARGETSKY, GUIDESTAR, ACQSTAR, SHSTAR. Only
these eight �elds are required; however, any additional information (e.g., photometry, etc.)
that the observer wishes to include may be placed after theseeight �elds.

Suppose we have identi�ed all the objects for a setup in whichwe will observe the Fornax
dwarf galaxy at UT=05:30:00 during a run taking place the second week of September, 2007.
We would give our �le a name like fornax1.objects.txt, and itwould have the following lines:

UT 05 30 00 10 09 2007
02 41 59.52 -33 58 6.0 2000.0 TARGETSTAR
02 42 18.88 -34 01 42.7 2000.0 TARGETSTAR
02 41 56.75 -34 01 50.3 2000.0 TARGETSTAR
02 42 14.91 -33 58 49.3 2000.0 TARGETSTAR
02 42 5.96 -34 01 23.5 2000.0 TARGETSKY

2The important factor is the ability to calculate the hour ang le at the time of observation, so observations
occurring, e.g., an integral number of years later than the speci�ed UT date will not be adversely a�ected.



{ 10 {

02 41 55.87 -34 05 54.3 2000.0 TARGETSKY
02 42 9.07 -34 02 38.6 2000.0 TARGETSKY
02 42 21.40 -33 58 23.8 2000.0 ACQSTAR
02 37 10.45 -34 58 21.2 2000.0 ACQSTAR
02 36 22.16 -35 00 42.2 2000.0 ACQSTAR
02 37 5.23 -35 02 22.5 2000.0 ACQSTAR
02 37 2.59 -35 01 1.5 2000.0 GUIDESTAR
02 36 14.21 -35 07 53.1 2000.0 GUIDESTAR
02 41 36.01 -33 57 40.6 2000.0 SHSTAR

We would make similar �les for each of any additional setups we wish to include on the
same plate. The order in which the di�erent types of objects are listed is not important; the
only requirement regarding the ordering of lines in the .objects.txt �le is that the �rst line
include the UT information.

3.4. Preparing Plate-Machining Files

Plug plates are manufactured at the machine shop at CarnegieObservatories in Pasadena.
At least six weeks prior to the run the observer must submit toVince Kowal (email:
vink@ociw.edu) ASCII (extension .asc) �les that state the locations and sizes of every
required hole in each plate. A unique set of .asc �les must be generated for every de-
sired plate, although multiple setups on the same plate willall be included in a single
set of .asc �les for that plate. The .asc �les specify hole positions in rectilinear coordi-
nates and in units of inches. The process of converting from equatorial coordinates to
the necessary rectilinear system is non-trivial, as the surface of the plate is curved to
match the telescope's focal surface and small corrections must be made for di�raction
according to the hour angle of the target �eld at the date/time of the planned obser-
vation. The observer must therefore use the FORTRAN routine\holesxy," available at
http://www.astro.lsa.umich.edu� mmateo/mmfs.html, to create .asc �les in the necessary
format and rectilinear system. For each desired plate, the observer is responsible for prepar-
ing a \holesxy" input �le, which can have any name but which wewill call \plate�le.txt".
The plate�le.txt �le speci�es the equatorial coordinates of all objects on the plate, and the
date/time of observation. The next section discusses the required format of the plate�le.txt
�le.
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3.4.1. Format of plate�le.txt

The plate�le.txt �le serves as input to the \holesxy" routin e that converts equatorial
coordinates for each object into rectilinear coordinates that depend on the date/time of
the planned observation. After assigning all objects for all setups onto a given plate (i.e.,
after completing the procedure outlined in Section??), the observer should prepare the
plate�le.txt �le. The plate�le.txt �le contains, for each s etup on the plate, three sections:
header, body, and footer.

The header for a given setup consists of three lines. The �rstline speci�es equatorial
coordinates of the SH star at the center of the �eld.
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