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1. OVERVIEW

Spectrophotometric data using MIKE was obtained to evaluate the performance of the Atmospheric
Dispersion Corrector (ADC) installed in March 2019 at Clay Telescope. A series of standard stars were
observed during the engineering night of Jan 27, 2021.

2. DATA OBSERVATION AND REDUCTION

During that night a couple of standard star spectra were obtained covering a wide range of airmasses in
order to evaluate the spectroscopic performance of the ADC installed at Clay. For each airmass, two
back-to-back spectra were obtained for both states of the ADC (In and Out) and with two different slit
widths (2.0” and 0.77).

Weather conditions: the sky was clear and photometric. The seeing was better than 0.6” most of the
time.

2.1 Observational setup

Slit: 0.7 and 2.0” (observed one after the other)
Binning: 2x2

Sequence of exposures:

2x0Obs1A ADC In SLIT 0.7 Airmass1
2x0Obs1B ADC Out SLIT 0.7 Airmass1
2x0bs1C ADC In SLIT 2.0 Airmass1

2x Obs1D ADC Out SLIT 2.0 Airmass1

2x 0Obs2A ADC In SLIT 0.7 Airmass?2
2x Obs2B ADC Out SLIT 0.7 Airmass?2
2x0bs2C ADC In SLIT 2.0 Airmass?2

2x0Obs2D ADC Out SLIT 2.0 Airmass2



2.2 Data Reduction

The data reduction was performed by using the official MIKE pipeline for each set of data, with slit 0.7”
and slit 2.0 in two separated folders. Almost all orders have been extracted correctly by the pipeline, with
the exception of a few of the bluest orders for data taken with the 0.7” slit when observed in very high
airmass without ADC.

3. RESULTS

In the following sections we present the main results we obtained. In Sec. 3.1 we evaluate the flux
stability when using the ADC to observe a standard star. In Sec. 3.2, we show a set of spectral ratios of
data taken with and without the ADC. As the narrow slit is more affected by the atmospheric diffraction
than the broad one, we focused the analysis of Sec. 3 in data taken with that slit, comparing its results
with the ones obtained for the broad slit. In Sec. 3.3, we compare the flux of data taken with and without
the ADC using the narrow slit and in Sec. 3.4 we show how the ADC affects the optical efficiency of the
system.

3.1 ADC STABILITY

In order to evaluate the ADC performance and the correction it provides to data taken in low high
airmass, we tested first its stability and reliability. Below, we show the spectral ratio for data taken
back-to-back with the ADC In and ADC Out when using the broad slit (2.0” wide), which is the natural
choice to test stability, since it may be only marginally affected by the atmospheric diffraction effect.

In Fig. 1, from low to high airmass, we can see that the ADC flux stability is, on average, better than
2.5%. The stability is also better than 5% in the bluest orders, which have bigger noise and are more
affected by flux variation. This is not an effect from the ADC, however, as we can see from Fig. 2, which
shows the flux stability with ADC Out of the optical beam. As expected, the flux is more stable in the
reddest orders, with flux variability better than 2.5%.
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Fig. 1 - Spectral ratio for data observed back-to-back with ADC In. It shows the spectral ratio for low, medium and
high airmasses. It also shows the difference in degrees between the slit angle and the parallactic angle.

If we compare the flux variability for data taken back-to-back with ADC Out of the beam (Fig. 2), we see
that the flux fluctuation increases to up to 15% in the bluest orders when observed in medium-to-high
airmass. It means that the fluxes in MIKE are more stable with ADC In, especially in the bluest orders and
in higher airmasses, even with a broad slit.
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Fig. 2 - Same as Fig. 1, but for data observed back-to-back with ADC Ou of the beam.



3.2 FLUX RATIO: ADC IN vs OUT

3.2.1 NARROW SLIT

By comparing the ADC In vs Out ratio for data observed with the narrow slit, we can evaluate how well
the ADC works in keeping the star centered on the slit. The same effect may be observed with the widest
slit, however, as it is broad enough to keep the star in the slit even with the ADC Out. Therefore, we show
in Fig 3. the spectral ratio for ADC In vs Out when observed with the 0.7” slit. In Figs. 4.1, 4.2 and 4.2, we
compare the ratios for the 0.7” and the 2.0” slit in low, medium and high airmasses, respectively.

The Fig. 3 shows clearly that for a narrow slit, the ADC works really well in keeping the star centered in
the slit and increases the number of photons reaching the instrument, when compared to observations
with ADC Out of the beam. Its positive effect is dramatically increased when observing in high airmas and
therefore, the correction it provides (in keeping the star in the slit) is dominant when compared to the loss
of efficiency introduced by its optical elements, particularly in medium-to-high (> 1.3).
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Fig. 3 - Spectral ratio for data observed alternately with ADC In and Out. It shows the spectral ratio for a couple of
airmasses range and the corresponding delta theta (delta theta = slit angle - parallactic angle).



3.2.2 BROAD x NARROW SLIT

By comparing the ratios obtained for the narrow slit with the ones obtained for the broad slit, we can
highlight the ADC correction effect in the spectral flux, mainly in medium-to-high airmass. In Figs. 4.1, 4.2
and 4.3 we show these ratios (ADC In vs Out) using the 0.7” and the 2.0” slit.

In the Fig. 4.1, for low airmass, we see that ADC will introduce some loss of flux in the system (~ 20% in
the bluest orders), independently of the slit width. However, in intermediate airmasses (Fig. 4.2), with the
narrowest slit, the ADC keeps the star centered on the slit, making it essential to maximize the number of
photons that reaches the detector, in particular the ‘bluest photons’. With the widest slit, as the star is
almost always centered on the slit (despite the atmospheric refraction effect), the dominant ADC effect
will be some loss of efficiency. In high airmasses (Fig. 4.3), however, the ADC positive effect on
observations is very dominant when observing with narrow slits. Therefore, the ADC is fundamental when
observing with narrow slits in medium-to-high airmasses (>1.4), as highlighted in the flux comparison
figures in Sec. 3.3.
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Fig. 4.1 - Spectral ratio for ADC In vs Out in low airmass. In this figure we show a comparison between ratios from
spectra obtained with the 0.7” and the 2.0” slit.
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Fig. 4.2 - Same as Fig. 4.1, but in medium arimass.
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Fig. 4.3 - Same as Fig. 4.1, but in high arimass.



3.3 FLUX ADC In vs Out

In Figs. 5.1, 5.2, 5.3 and 5.4, we show the spectral fluxes in both blue and red channels for data obtained
with ADC In and Out using the 0.7” slit. Note that in Figs. 5.1 and 5.2 show the spectral flux in low
airmass (<1.3), while in Fig. 5.3 we show the spectral flux in intermediate airmass (>1.4) and in the Fig.

5.4 we show the spectral flux in high airmass.

From the figures below, it can be seen that

elements introduce into the system.
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the ADC starts to be critical when the airmass increases, in
particular, to airmasses bigger than 1.4. This effect is dramatical in high airmasses. In low airmasses,
however, the ADC correction is not enough to compensate for the loss of efficiency that its optical

2021-01-27 - Airmass = 1.1

—— ADC In
A A A — Apcou
A ?Jn \ ‘ \
A A § A
| (
) if A
" 3l
|\
n
4250 4500 4750 5000
Wavelength (A)
2021-01-27 - Airmass = 1.1
A f —— ADC In
P A —— ADC Out
7000 8000 9000

Wavelength (A)

Fig. 5.1 - Spectral flux with ADC In and ADC Out in low airmass.
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Fig. 5.2 - Spectral flux with ADC In and ADC Out in low airmass.
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Fig. 5.3 - Spectral flux with ADC In and ADC Out in medium airmass.
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Fig. 5.4 - Spectral flux with ADC In and ADC Out in high airmass.

3.3 Flux Ratio vs Airmass

In this section, we show how the fluxes from figures above (Sec. 3.2) changes with airmass, but choosing
a single order to be displayed. In the blue channel, we took the flux at ~ 4000 Angs and in the red one, at
~7810 Angs, which corresponds to the maximum flux of each band. From figures below, it can be seen
that flux ratio improves (Flux Ratio >1.0) in high airmass, meaning that ADC is recovering flux that would
be lost due to the atmospheric diffraction effect.
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Fig. 6.1 - Flux ratio vs airmass for data observed with the 0.7” slit. The flux ratio shown here was obtained from the
maximum flux at a specific wavelength for data observed with ADC In and Out, respectively.
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Fig. 6.2 - Same as Fig. 6.1, but with the delta theta as independent variable, instead of the airmass.
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iciencies

3.4 Eff

We estimated the efficiencies in both channels by measuring the throughput for data taken in low airmass
by using the 2.0” slit, since this setup allows us to evaluate the optical losses associated with the ADC

elements. In the figures below, we show the results:
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The maximum efficiency without the ADC in the Blue channel reaches ~0.19, while in the Red it goes to
~0.14, which is in line with measurements from previous engineering runs. Introducing the ADC in the
optical path, as expected, makes the flux decrease. The figure below shows the ADC In vs Out ratio for
this specific set of data, showing losses of ~ 19% in the bluest orders (< 4000 angs.). For wavelength
redwards than 4000 angs, however, it keeps on average between ~5% and 12%.
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4. SUMMARY

We have evaluated the ADC performance by taking MIKE spectroscopic data. In our observations, which
covered a range of airmass going from 1.0 to 2.0, we found that the ADC is critical for observations in
high airmass and recommended to intermediate airmasses (21.4), as it still can improve the flux counts in
the bluest orders of the blue channel. In high airmass, the ADC correction improved flux counts in the
bluest orders up to 10 times when compared with observations that did not use the ADC. In some cases,
depending on the source magnitude, it can recover some blue orders that otherwise would have no flux
detection.In low air masses, however, the ADC mainly introduces some loss in the final MIKE throughput,
which is on average lower than 12% (between 5% and 12%) in wavelengths redwards than 4000
angstroms and reaching ~19% for wavelengths bluewards than 4000 angstroms. Therefore, for short
observations in low airmass, the ADC might be introducing more flux losses than it actually corrects . In
any other situation, the ADC overcomes possible loss of efficiency due its optical elements, delivering
better data than without using it.



