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RESUMEN

Se ha utilizado el método de Camera Obscura (Grundhal & Sgrensen 1996)
para evaluar la presencia de luz dispersa en la pupila de salida del telescopio de
2.1-m de San Pedro Martir en su configuracién f/7.5. Se encontré presente una
cantidad importante de luz dispersa originada por reflexiones multiples sobre las
paredes internas de los baffles del cielo; esta componente dispersa puede afectar
directamente la calidad de los campos planos de calibracidn, lo cual se refleja a
su vez en la precisién de la fotometria bidimensional sobre un detector CCD. Se
implementaron acciones correctivas en los baffles de cielo del espejo primario, las
cuales eliminaron casi en su totalidad la componente dispersa espuria.

- ABSTRACT

We have used the pinhole camera method (Grundhal & Sgrensen 1966) to
evaluate the amount of scattered light present at the exit pupil of the £/7.5, 2.1-m
San Pedro Martir telescope. A substantial amount of scattered light, originating
from multiple reflections off the inner walls of the sky baffles was found to be
present; this scattered component directly affects the quality of the flat-field cal-
ibration frames, which is in turn reflected on the accuracy of CCD bidimensional
photometry. Corrective action has been performed on the primary’s sky baffle,

successfully eliminating most of the spurious scatterea component.
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1. INTRODUCTION

The motivation for this work arose from the need
to evaluate the performance of the 2.1-m SPM tele-
scope to achieve high quality bidimensional CCD
photometry required by some research programs. In
observational programs of this nature, one of the
main elements that may hinder a good photometric
calibration is the reliability of the flat-fields. Con-
tributions of scattered light along the optical path
of a telescope can have a serious effect on data cal-
ibration, particularly when the calibration frame is
acquired by exposing to a bright light source. Thus,
flat-field exposures that are obtained to compensate
for pixel to pixel sensitivity variations may be sub-
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stantially affected if the optical system relays scat-
tered light by introducing spurious intensity varia-
tions not present in the target observations and, of
course, not inherent to the response of the detector.
This effect would yield intrinsic flux calibration er-
rors beyond the expected accuracy corresponding to
a given instrumental set up and/or observing condi-
tions.

Although the ultimate effects of contributions
from scattered light may be severe in the calibra-
tion of photometric data, its presence is difficult to
detect and diagnose, particularly in telescopes with
equatorial mountings, where the CCD is rarely ro-
tated in imaging programs involving calibrated, bidi-
mensional photometry. Grundhal & Sgrensen (1996)
have extensively discussed this problem, in partic-
ular with regard to the Nordic Optical Telescope,
which has an alt-azimuth mounting where field ro-

63

© Universidad Nacional Auténoma de México * Provided by the NASA Astrophysics Data System



-oruryjuredof st sageurt yjoq 10§ Ae[dsip ayJ, 'p[ 2181y ut
S SUOISSI 93eDIPUI SISqUINU ‘SUOIIOR1I00 9} I93Je 98w aures oY} o} spuodsaizod ¢1 "S1y -ojoy urerSasse)) ayy e ayyeq Arewrtd oy Jo wrojjoq (¥ pue
‘opgeq Arewrtzd a1y Jo doy (g ‘ofyeq ATepuodss sy Jo [[em Isuur (g ‘Iolrtur ATepuodss oy Jo afewrr (T :9yedIpur pa[aqe] SUOISaI oy J, ‘paurrojrad aIam
sdoys 9A13091100 Lue 210Joq 9Fewl aY3 03 spuodsaiiod oy 81 ‘mopuim (DD Y3 Jo juory ut pase[d ajoyurd wr pg ® ySnoiyy paureyqo sefewry ‘T ‘S

,

GUTIERREZ ET AL.

J30439

64

OE9 " " CE T VWHNH966T

Data System

1CS

Provided by the NASA Astrophys

éxico ¢

de M

idad Nacional Autéonoma

1versi

© Un



. 63G

1996RWKAA. . 32. .

SCATTERED LIGHT IN THE 2.1-m TELESCOPE 65

BEFORE A

Fig. 2. Figures 2a and 2b are surface plots of the images in Figures la and 1b, respectively. The scattered component
present in 2a is apparent, this has disappeared after modification of the primary mirror sky baffle in Fig. 2b. The

intensity display in these plots is linear.

tation constantly varies the orientation of the CCD
with respect to the field of view; they have worked
out a relatively simple, yet efficient method to diag-
nose and correct for this hidden but potentially dam-
aging effect. We have followed their method to detect
and correct the spurious scattered component in the
/7.5 configuration of the 2.1-m SPM telescope. In
§ 2 we describe the methodology to detect the scat-
tered component and in § 3, the corrective steps and
results are described and discussed. Section 4 con-
tains the conclusions.

2. DETECTION OF THE SCATTERED
COMPONENT

Detection of the scattered component involves
turning the telescope into a Camera Obscura. For
this purpose we have used an industrial —high qual-
ity pinhole— 50 pm in diameter, with a conic shaped
entrance face for our diagnostic tests. This mask
was placed in front of the CCD window, about 5 cm
ahead of the chip, on a specially built mounting that
kept it firmly in position and centered. We used a
CCD Tektronix 10242 with square 24 um size pix-
els each = 0.3” x 0.3”. The nominal field of the
CCD on the sky is 5.12' x 5.12' (Lépez, Gutiérrez,
& Valdéz 1995). The optical path is left free from
any other interference and an integration is taken in
a similar way as a dome flat-field to image the tele-
scope’s exit pupil on the CCD. Figure la contains
the image obtained under the conditions described
above, before any corrective action was taken. The
display is in a logarithmic scale. The different sec-
tions of the image are labeled and described in the
legend to the figure. The main components to notice
are the image of the secondary mirror at the center of

the figure and outside of it the substantial and un-
even illumination, corresponding to scattered light,
present on the inner wall of the primary mirror baf-
fle. The tests and modifications described here were
performed on 1995, May 29.

3. CORRECTION OF THE SCATTERED
COMPONENT

Correction of the scattered light is performed by
placing a series of rings on the inner side of the sky
baffle to block out the spurious component. Five
annuli were installed, separated by approximately
23 cm each and with progressing widths from top
to bottom. The first ring has a width of 1.87 cm
and the last one, next to the Cassegrain aperture, of
6.99 cm. Before these modifications, the telescope’s
f/7.5 beam had an unvignetted field of 68.3 arcmin
(Malacara & Cornejo 1970), after the installation of
the annuli the field was reduced to 59.7 arcmin. Fig-
ure 1b contains the image obtained after modifying
the baffle. An outstanding improvement over Fig-
ure la is readily appreciated. Figures 2a and 2b are
linear surface plots of Figures 1a and 1b, respectively.
These plots allow a good visualization of the informa-
tion contained in Figures la and 1b. The scattered
component is apparent in Figure 2¢ as the irregular
pedestal at the base of the light cone corresponding
to the secondary mirror. In order to show the impor-
tance of the scattered component, Figure 3a contains
plots across the entire diameter of Figure 1g, along
both, the central column (dashed line) and along the
central line (solid line). It is apparent from this fig-
ure that outside the inner region corresponding to
the secondary mirror, the intensity distribution of
light is severely uneven and asymmetric in both di-
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Fig. 3. Figure 3a are plots across the entire diameter of Figure 1a both, along the central column (dashed line) and along
the central line (solid line). The presence of substantial, uneven and asymmetric illumination is apparent. Figure 3b,
as Figure 3a. Plots corresponding to scans for Figure 1b, after correction. The spurious component has been clearly
removed and both scans are now nearly symmetric in this figure. Intensity scale in both figures is logarithmic.

rections. The scale is logarithmic here with peak
values near 10000 counts, typical of flat-fields. It is
clear from this figure that the amount of scattered
light present can reach values in excess of 10% of
the peak intensity in some directions. In Figure 35,
the corresponding scans for Figure 15, after correc-
tion, are presented; the scattered component, repre-
sented by the “shoulders” of the plots in Figure 3aq,
has now disappeared and it can be seen that both
scans in Figure 3b are nearly symmetric. Finally, Fig-
ure 4 contains the normalized radial profiles, across
columns in the X+ direction —for the two pinhole
images— before and after correction that further ex-
emplifies the improvement achieved after the instal-
lation of the annuli in the baffle. The little peak in
intensity for the corrected plot, near vector position
310 corresponds to the Cassegrain ring at the base
of the primary baffle.

4. CONCLUSIONS

We have successfully applied the Camera Ob-
scura method (Grundhal & Sgrensen 1996) to de-
tect and eliminate the scattered component previ-
ously present in the 2.1-m (f/7.5) telescope of SPM
originating from multiple reflections off the inner wall
of the primary sky baffle. The method has proven to
be very effective and simple to implement. Observers
that in the past have obtained bidimensional pho-
tometry in this telescope, for programs that require
high accuracy, are warned that their results should
be used with caution. Similar tests and corrective
steps are planned for the other two telescopes at the
OAN-SPM. Finally, it is worth mentioning that this
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Fig. 4. Normalized radial profiles, across columns (X+ di-
rection), for both pinhole images, before and after mod-
ifications. Intensity scale is logarithmic.

method can be used as a helpful tool for a variety of
tests in a telescope, forinstance, possible vignetting
of the field of view by mechanical parts by off-set
guiders, can be tested easily following this procedure.
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