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ABSTRACT

We present the details of a proposed microwave kinetic inductance detector (MKID) for the DAG (Eastern
Anatolia Observatory in Turkish) telescope, DAG-MKID. The observatory will have a modern 4m size telescope
that is currently under construction. Current plan to obtain the first light with the telescope is late 2019. The
proposed MKID based instrument will enable astronomers to simultaneously detect photons in the relatively wide
wavelength range of 4000 - 13500 Å with a timing accuracy of µs and spectral resolution R = λ/∆λ = 10 − 25.
With a planned field of view of approximately an arcminute, DAG-MKID will mostly be used for follow-up
observations of transient or variable objects as well as a robust tool to measure photometric redshifts of a large
number of galaxies or other extra-galactic objects.

Keywords: focal plane instrumentation, telescope, microwave kinetic inductance

1. DAG (EASTERN ANATOLIA OBSERVATORY IN TURKISH)

DAG is a Turkish state funded (Ministry of Development) project with a goal of establishing a 4m class obser-
vatory in Erzurum, Turkey (http://dag-tr.org/; see Figure 1). The project started in 2011. The telescope
will be located at Karakaya hills at an altitude of 3170 m, making it one of the highest altitude telescopes in
the world. DAG has a Ritchey-Chrétien configuration with two Nasmyth foci (no Cassegrain focus) and a 4m
primary mirror. The focal length will be 56 m, which results in an f-ratio of 14 and an unvignetted field of view
of 30 arcmin. The mirrors will be coated with Aluminum resulting in a high reflectivity in the 350 3000 nm.
There will be active optics as well as GLAO (corrected field of view 5’) in one of the Nasmyth foci (see poster
AS16-9910-113 for details). Figure 1 shows the current design of the observatory building and the telescope.
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Figure 1. Architectural design of DAG observatory building and telescope. c©2016 Günarda & DAG. See AS16-9911-106
for other details of civil work.

2. MICROWAVE KINETIC INDUCTANCE DETECTORS

A microwave kinetic inductance detector (MKID; see Figures 2 and 3) is a type of superconducting photon
detector operating below 1 K and can be used in high-sensitivity astronomical observations in a broad wavelength
range extending from 0.1 to 5 µm.1 The operation of an MKID is based on the kinetic inductance effect.2,3

Absorbed photons with an energy hν > 2∆, where ∆ is the bandgap of the superconducting material,4 in a
cooled superconducting film breaks the Cooper pairs and creates quasi-particles, leading to a change in the
surface impedance of the superconductor via the kinetic inductance process. This change can be measured using
a superconducting inductor in a microwave resonant circuit. These circuits include lithographically produced
coplanar-waveguide (CPW) resonators.3,5 An MKID can be easily fabricated using lithographic techniques in
the form of large arrays.

Although, superconducting materials have high surface impedance, as long as T < Tc, it is impossible to
calculate the surface impedance via general solutions, where Tc is the critical temperature of the material being
used.6–8 Therefore, in order to calculate the surface impedance, numeric calculation methodology is inevitably
needed.6–8 Moreover, electromagnetic wave being absorbed on the material, by itself triggers a change in the
surface impedance. As a result, this enables the calculation of the density of state (DOS) in a superconducting
material. DOS not only explains the change of carrier density in the material but also is a key parameter in the
selection of the material to be used in an MKID.

Titanium Nitride (TiN) has been used frequently as the absorbing material in MKIDs for optical as-
tronomical applications. Currently, the best quality TiN thin film can be grown by Atomic Layer Deposition
(ALD) method.9 Nitrogen composition of TiNx used in an MKID is less than 1.1,10,11 Phase separation, which
is occurs due to the electromagnetic wave being sent on the material, depends on the Nitrogen composition and
begins at 800 mK, reaching its peak level at 110 mK. Lifetime of the quasi-particles in the material varies from
50 to 100 µs.1 The fabrication of this material using orthodox lithography techniques is a difficult task because
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Figure 2. Left: Photograph of a 2024 pixel MKID array namely ARCONS. Right: Microscope image of the same 2024
pixel MKID array, reprinted from Mazin et al. (2013).1

Figure 3. Basic operation of an MKID, reprinted from Day et.al (2003).3 Left: (a) An energy level diagram showing the
number of states Ns(E) a superconductor with gap ∆. Photons with energy hν are absorbed in a superconducting film,
breaking Cooper pairs C, and producing a number of excitations called quasi-particles. (b) To sensitively measure these
quasi-particles, the film is placed in a high frequency planar resonant circuit. In the right panels, the amplitude (c) and
phase (d) response of a microwave excitation signal sent through the resonator as a function of frequency are shown. The
change in the surface impedance of the film following a photon absorption event pushes the resonance to lower frequency
and changes its amplitude. If the detector (resonator) is excited with a constant on-resonance microwave signal, the
energy of the absorbed photon can be determined by measuring the degree of phase and amplitude shift. Right: Example of
frequency domain multiplexing (FDM) of MKIDs showing many resonators being read out through a single transmission
line.

of high surface impedance of the material. It also has surface non-uniformity.9–11 For a TiN material, due to
structural defects and thermal-induced causes, DOS expansion can occur, which is undesirable and one of the
major obstacles for material lithography. This is proportional with the material’s growth condition parameter.

One of the most successful application of the TiN is the ARCONS,1 the Array Camera for Optical to Near-IR
Spectrophotometry. ARCONS is a 2024 pixel MKID array yielding a 20” × 20” when used at the Palomar 200
inch and Lick 120 inch telescopes. Within a relatively short 24 day observing run a number of scientific results
have already been published.1,12,13
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Table 1. MKID Test Device Properties1,10,14

Material Critical Internal Quality Energy Quasiparticle Optical
Temperature Tc Factor Qi Resolution E/∆E Lifetime τq Absorption

TiN 800 mK > 106 8 - 10 50 - 100 µs
PtSi 850-910 mK 150,000 8 20 µs 20-40

Figure 4. 4x4 cm uniformity of PtSi and TiN materials reprinted from Szypryt et al. 2016 14

To increase the operating temperature of MKIDs and improve their efficiency, an intense research programme
is ongoing to discover novel superconducting materials. Recently, Platinum Silicide (PtSi) has been pro-
posed14 as an alternative to TiN with its superior properties over TiN as given in Table 1.

PtSi can be grown by Electron beam physical vapor deposition methods,15 therefore it is possible to have a
larger uniform area than that of TiN material, see Figure 4. Although nitrogen composition having less than
1 in TiN material reduces the critical temperature to the desired level, non-uniformity of the surface leads to
a change in the structural characteristic of TiN material.1,9–11 Furthermore, it is impacting the equivalence of
pixel sensitivity.14

Due to its wider surface uniformity, it is expected that pixel sensitivity of the detector which is produced
from PtSi material will be better than TiN based-detector, see Figure 4.
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3. DAG-MKID

The proposed DAG-MKID will be an array of approximately 183×183 pixels sensitive to photons in the 400 nm
- 1350 nm wavelength range with and effective spectral resolution of R = λ/∆λ ≈ 25 and 10 in the 400 nm and J
band, respectively. The instrument will provide a time resolution of ∼ 1µs. DAG-MKID will be produced using
PtSi. DAG-MKID will be one of the first MKID based instruments that will be used by the general astronomical
community on site at all times. In order to allow astronomers to use the instrument as effectively as possible we
will also establish a laboratory and service unit in Istanbul University. In this laboratory tests, calibrations and
possible improvements of this instrument will be made. Also the whole data archive of the instrument will be
kept. A pipeline software based on the existing software for ARCONS16 for basic calibration and for the creation
of final science products will be developed and maintained in the same laboratory.

4. SCIENCE CASES

We are in the era of a variety of currently planned or ongoing multi-wavelength surveys (PanSTARRS, SDSS,
GAIA, LSST, WFIRST, e-ROSITA, Euclid, FERMI, etc.). Furthermore a large number of survey projects have
already been progressing for several years and resulted in large databases full of treasures (i.e. SDSS, PanSTARSS,
2MASS, GAIA). Therefore, scientific rationale and drivers of the DAG telescope have been motivated by the
obvious need of follow-up observations of all the newly discovered or to be discovered objects by these surveys.
For this purpose, DAG Science Team is planning to position the observatory as a reliable and effective follow-up
facility in addition to regular observing campaigns. The telescope will be observing in queue mode and will have
a flexible observing programme. With such aims it is important to have a versatile instrument that allows for
efficiently observing objects in a wide wavelength range.

If successfully installed DAG-MKID will play an important role in such a telescope because of its key capa-
bilities:

• No read-out or dark noise enabling the observations of dim objects effectively.

• Ability to observe with very high time resolution.

• Ability to create spectral energy distributions (400 - 1350 nm) of all the detected sources in the field of
view simultaneously without using any optical elements.

These key capabilities will allow the DAG-MKID to be effective especially in the following science cases:

• Search for electromagnetic counter-parts of gravitational wave signatures

• Follow-up of Gamma-Ray bursts and supernovae

• Monitoring observations of X-ray binaries, CVs, AGNs and other time variable objects

• Observations of nearby pulsars

• Transit observations of exoplanets

• Determining photometric redshifts of galaxies

• Detection of galaxy clusters up to z 1

Below we provide a few example cases:

4.1 Monitoring of Transient and Variable Objects

There is a small but vibrant and effective X-ray community in Turkey working mainly on sources showing
temporal variability. Researchers located especially in Sabancı University, Istanbul University, Middle East
Technical University, Istanbul Technical University, Adıyaman University and several other institutions, work on
transient and persistent low mass X-ray binaries, gamma-ray bursts, active galactic nuclei, interacting binaries
and other similar objects. Below we very briefly summarize these science cases.
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4.2 Gamma-Ray Bursts

Gamma-ray bursts (GRBs) are intense flashes observed in the gamma-ray band. During the initial peak a GRB
becomes the brightest object in the whole gamma-ray sky. A number of different monitoring telescopes today
allow the detection of the GRBs at these early stages and provide their precise coordinates that allows for larger
optical telescope to follow-up the afterglow and any other related emission in the optical/NIR regime. Although
today we know that the long GRBs (the ones that last longer that 2 s) are the result of a massive start directly
to a black hole. The details of the resulting jet emission are not known very well. Furthermore, although mostly
attributed to the mergers of compact objects, the progenitors of short gamma-ray bursts (T90 < 2 s) and their
relation with the gravitational wave sources are still not very well known.17

As mentioned above, DAG will be a queue based observatory, with an emphasize on time critical observations
and will have flexible scheduling. These properties already make this observatory and exciting site for time domain
astronomy related projects. DAG-MKID together with these policies will make DAG a unique observatory.
Specifically, DAG-MKID will allow for simultaneous observation of the afterglow (or the prompt emission) in the
whole optical and part of the near-IR band with high time resolution.

4.3 Compact Objects

Compact objects (white dwarfs, neutron stars and black holes) especially in binary systems are expected be one
of the main targets for the proposed DAG-MKID. Specifically high time resolution observations of X-ray binaries
during outbursts can provide unique clues on the jet formation and its evolution.18,19 In nearby binary systems
it has even been possible to measure directly the orbital expansion in an AM CVn system.12

Isolated and especially nearby neutron stars will also provide a very good target for DAG-MKID. Strader et
al.13 took advantage of the ARCONS detector and observed an optical enhancement from the Crab Pulsar.

4.4 Determining Photometric Redshifts

Photometric redshift is a very powerful tool to study the large-scale structures in the universe. As classical
spectroscopy is time consuming and highly demanded mode for observing, it is difficult to obtain redshifts
for large number of objects. The technique was introduced by Baum20,21 and have been used in all imaging
surveys extensively. Especially, since 2000 when SDSS became operational. Determining photometric redshifts
rely on obtaining multi-band photometry (e.g. fluxes) of interested objects. Thus, producing a spectral energy
distribution becomes possible which is used to constrain object’s redshift. In this respect having photometric
measurements in many filters becomes crucial to improve the accuracy of photometric redshifts.22

DAG-MKID will enable to determine photometric redshifts as it can measure multi-wavelength fluxes with
very low background noise. Moreover, it can measure fluxes simultaneously within the wavelength range which
is not the case for current imaging surveys. This feature will obviously decrease the time spent for each object
and will enable to undertake larger projects with the DAG telescope. Given the size of the array and the focal
ratio, expected field-of-view will be around 1 arcmin. This FOV is not very large but substantial for observing
individual objects and galaxy clusters with z ≥ 0.1.

4.5 Detecting Galaxy Clusters

Photometric redshifts will be obtained with DAG-MKID can be used to detect galaxy clusters.23 Wavelength
range of the instrument will help to detect clusters around z ∼ 1 as Y and J bands in the near-infrared will
be covered. Several studies have shown the importance of using near-infrared fluxes due to the shift of the
spectral energy distribution of galaxies towards longer wavelengths with increasing redshift.24–26 For detecting
clusters with z ≥ 0.8 it is almost crucial to use near-infrared fluxes.24 DAG-MKID can be used to detect clusters
especially in the redshift range of 0.8 ≥ z ≥ 1.2 in a similar fashion with Euclid mission. The instrument can
also be used to confirm galaxy clusters detected in X-rays. Specifically, a synergy between eRosita and ART-XC
onboard SRG satellite is strongly desired and expected.
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5. CONCLUSIONS

With its 4m aperture and high technology new design, DAG will allow astronomers in Turkey and all around
the world a unique opportunity in a number of different science cases. DAG-MKID is aimed at putting this to
another level with a state-of-the-art instrument that allows the simultaneous detection of photons in the whole
optical and near-IR (up to J band) wavelength range with high time resolution. With these characteristics
DAG-MKID is expected to especially be used in follow-up observations of transient and variable objects as well
as transit observations and photometric redshift estimations. The use of MKID based instruments in the optical
band is very new and is expected to open up an array of new scientific opportunities. Engaging in this developing
technology at its early stages also gives Turkish astronomers, physicists and engineers a chance to be involved
with the technology, make use of all the opportunities that it provides and help improving the current state of
the art of this technology.

ACKNOWLEDGMENTS

Authors would like to thank Republic of Turkey, Ministry of Development; Istanbul University, Istanbul/Turkey
(Project No: 2016K121370); Atatürk University, Erzurum/Turkey (Project No: 2011K120230, 2016K121140);
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[18] Kalemci, E., Dinçer, T., Tomsick, J. A., Buxton, M. M., Bailyn, C. D., and Chun, Y. Y., “Complete
Multiwavelength Evolution of Galactic Black Hole Transients during Outburst Decay. I. Conditions for
”Compact” Jet Formation,” ApJ 779, 95 (Dec. 2013).
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