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ABSTRACT 

 

The Large Millimeter Telescope Alfonso Serrano (LMT) is a 50m-diameter radio telescope for millimeter-wave 
astronomy. In this paper we describe a number of initiatives underway to upgrade the antenna systems and permit scientific 
observations during daylight hours. We summarize recent efforts to characterize the thermal gradients that occur within 
the LMT structure and to identify important modes of surface deformation. The mitigation program involves use of the 
LMT's active surface to counteract the effects of measured thermal gradients within the antenna structure. It also includes 
active measures such as the installation of a ventilation system in the antenna backup structure. Prospects for additional 
active metrology measurements of the antenna surface for real-time surface corrections are also discussed. 
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1. INTRODUCTION 

 

The Large Millimeter Telescope Alfonso Serrano (LMT) is a 50m-diameter radio telescope for millimeter-wave radio 
astronomy (see Figure 1).  Heretofore, the antenna has been used for scientific observations almost exclusively during 
nighttime conditions when thermal gradients within the structure are minimized.  Structural temperature gradients lead to 
deformations of the antenna structure, which in turn translate into degradation of the overall performance of the antenna.  
Thermally induced deformations, which may lead to errors in the pointing of the telescope beam and to reduction of 
telescope gain, are often an important limiting factor in the overall performance of a large antenna. 
 
Thermally induced deformation of the LMT structure will, naturally, be a greater problem during daylight hours when the 
telescope is subject to direct solar heating.  Nevertheless, the LMT project seeks to expand use of the telescope into daylight 
hours in order to increase the amount of science observing time available to our user community.  LMT site characteristics, 
shown in Figure 2, indicate that excellent observing conditions exist during morning hours, and conditions remain useful 
for observations during the afternoon1.  Expanding the use of the telescope into daylight hours is also especially 
advantageous for Very Long Baseline Interferometry observations with the LMT paired with other telescopes over 
intercontinental baselines.  Improved performance of the LMT during daylight hours will extend the lengths of the u-v 
tracks obtained and improve the overall u-v coverage of VLBI experiments.  Finally, strategies that improve the thermal 
behavior of the telescope under daytime conditions are expected to improve the nighttime performance of the telescope as 
well. 

 

In this paper, we describe our program for improving the LMT’s thermal performance with the goal of achieving useful 
scientific observations during daylight hours.  We will present a brief overview of the telescope design, followed by 
characterization of the telescope’s thermal behavior.  Then we will present approaches that are currently in use at the 
telescope to remove major thermal effects.  Finally, we will outline further plans for mitigation of thermal effects, including 
next steps in the pursuit of a real-time metrology system for measuring structural deformations. 
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We find that the important Zernike polynomial coefficients may be determined to an error level of a few microns, meaning 
that if the shape is removed by the LMT’s active surface, the residual surface RMS error will be approximately 30 microns. 
 

TABLE 1 

 

Surface Zernike Terms Error (microns) 

Tip 9.7 

Tilt 9.6 

Defocus 4.1 

Vertical Astigmatism 8.4 

Oblique Astigmatism 8.8 

Horizontal Coma 8.3 

Vertical Coma 8.3 

Primary Spherical 4.6 

Oblique Trefoil 6.5 

Vertical Trefoil 6.5 

Vertical Secondary Astigmatism 6.8 

Oblique Secondary Astigmatism 6.9 

Vertical Quadrafoil 14.4 

Oblique Quadrafoil 4.5   

Surface RMS Reconstruction  30.3 

 

5.2 Secondary Position Measurements 

 
One of the major temperature differences within the antenna structure occurs between the secondary mirror support legs 
(the tetrapod) and the other structural elements of the antenna.  Relative positioning of the secondary mirror is critical to 
the overall performance of the telescope.  Lateral errors in secondary position at the level of 100 microns result in pointing 
errors of approximately 0.8 arcsec.  Errors in secondary position along the optical axis of the parabola lead to decrease in 
gain, with a position error of 100 microns resulting in a 1% gain decrease at a wavelength of 1.3mm.   Thus, for work at 
its shortest wavelengths, it is important for LMT to position the secondary mirror with high accuracy. 
 
Figure 14 illustrates the concept for determination of the position of the secondary mirror with respect to the primary.  A 
set of eight point-to-point measurements are made between a location at the base of each tetrapod leg and points attached 
to the LMT secondary mirror.  The points on the secondary mirror can be simple retroreflector targets, which simplifies 
the implementation of the system.  The total of eight measurements is used to determine the location and orientation in 
space with respect to the reference points on the surface.  Thus, we have 8 measurements and 6 degrees of freedom (three 
translational and three rotational) to be constrained.   We have carried out a Monte Carlo simulation of the measurement 
process using the nominal relative distance errors of the system.  Errors of several microns are found for the translational 
degrees of freedom; errors on the determination of the rotational angles are at the arcsecond level. 
 

Given the simulated results, one can compute the expected antenna properties that would result.  Z errors in the secondary 
position at the level of 11 microns RMS have no effect on the antenna gain, and so the impact on performance is mainly 
through pointing effects.  The X-Y translation errors at the level of 8 microns lead to pointing errors of 0.07 arcsec.  The 
X-Y tilt errors of 2 arcsec lead to 0.16 arcsec pointing errors.  If all errors are combined the final RMS pointing error (due 
to this term in the pointing error budget) would be 0.25 arcsec.  An antenna pointing error of this amount means that the 
beam peak is not on the source and the received power is reduced by 0.5% 
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