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A Laser Scanning Device for Cryogenic Beam
Steering at 20 Millikelvin

Jonathan W. Dean , Avirup Roy , Joseph W. Fowler , Kelsey M. Morgan , Sae Woo Nam, Nathan Ortiz,
Daniel S. Swetz , Joel N. Ullom , Joel C. Weber , and Galen C. O’Neil

Abstract—It is often desirable to steer light within a cryostat
and have a well focussed laser spot incident upon a detector.
We demonstrate the operation of superconducting transition-edge
sensor microcalorimeters with a fiber-coupled laser scanning de-
vice colocated on the 20 mK mixing plate of a dilution refrig-
erator. The scanner directs a 515 nm laser beam with spot size
<40 µm over a range of±14mm in two orthogonal axes (covering
784 mm2). We present the optical elements of the system, show
that the detector noise spectrum is unchanged when the scanner is
operating or OFF, and observe less than 340 nW power dissipation in
our use-case. This device will allow detector calibration up to 10 keV
on a pixel-by-pixel basis with simultaneous X-ray measurements.
Further, this device will enable more effective characterization of
certain detector artifacts including crosstalk, position dependences,
and drift corrections.

Index Terms—Laser steering, microelectromechanical system
(MEMS), superconducting detector, transition-edge sensor (TES),
X-ray detector.

I. INTRODUCTION

LASER light is a powerful tool for investigating and ma-
nipulating superconducting detectors. Visible and infrared

lasers along with a wide range of compatible optical elements
to manipulate the beam are readily available from many com-
mercial sources. Commercial wavemeters are available with
absolute accuracies exceeding one part in 109. Laser light is
used at cryogenic temperatures to study photo-induced super-
conductivity [1], modulate the inductance and resistance of su-
perconducting circuits [2], and move vortices [3]. Applications
of scanning lasers include imaging [4] and characterization of
position-dependent behavior in superconducting detectors [5].
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The application of lasers in sub-100 mK cryogenic environ-
ments typical of quantum sensors, qubits, and other quantum
devices is limited due to the low cooling power and need for
light-tightness. Typically, the moving mechanism that enables
scanning is located at a higher temperature stage where cooling
power is greater [6]. However, the same path that permits laser
radiation to reach quantum devices on the lowest temperature
stage may also permit undesired light-leak.

We present a laser scanning apparatus operating on the mixing
chamber (MXC) of a dilution refrigerator (DR) at temperatures
as low as 16 mK within a light-tight box. We base our design
on a capacitively driven MEMS mirror, similar to the work of
Stifter et al. [7]. We demonstrate some capabilities of this system
by scanning a focussed spot across an array of transition-edge
sensor (TES) detectors. We map a single detector showing a large
“sweet spot” where pulse response does not vary with location.
Also possible with this device is mapping physical detector
position with readout channel. Tests are provided showing that
the scanner dissipates a small (< 340 nW) amount of power and
does not otherwise degrade the performance of the detectors or
the DR. This scanner is a versatile tool and we expect that the
ability to incorporate laser scanning in light-tight environments
at millikelvin temperatures will be valuable for many quantum
applications.

Manipulating a highly focussed beam within a cryostat has
many potential applications and simultaneously poses several
challenges. Steerable optical beams are important in several
areas including microscopy, ion/atom manipulation for quantum
information, light detection and ranging (LiDAR), among oth-
ers. Cryogenic particle detectors, such TESs, microwave kinetic
inductance detectors (MKIDs), thermal kinetic inductance de-
tectors (TKIDs), and superconducting tunnel junctions (STJs),
could all benefit from a steerable and tightly focussed laser pulse.
For each of these detectors, and others, optical beam steering
offers a method for time-resolved characterization, persistent
current switching via thermal [8], [9], and nonthermal [10]
means, inductance modulation [2], and position dependence
tests of detector responses [11]. Laser annealing is important
to the manufacturing of quantum devices and while performed
at room temperature, our laser scanner would allow it to be done
within the cryostat [12], [13].

Optical laser light has been used previously to calibrate TES
and STJ microcalorimeters [14], [15], [16]. Typically, X-ray
TES microcalorimeters are calibrated using the values of known
X-ray lines and some function that maps between pulse response
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Fig. 1. Laser scanning device showing the optical elements with the red line
representing the laser beam path. Dashed lines indicate the element is behind
something else. The inset shows a face-on view of the MEMS mirror. A US
quarter coin is given for scale along with a scale bar. The detector array is under
the 45° mirror, outlined with a green dashed line. This enclosure is placed within
a light-tight Al enclosure (not shown).

and energy [17]. The number of calibration points, their uncer-
tainty, the proximity to the X-ray measurement line, and the time
between calibration and measurement are all sources of uncer-
tainty in the final measurement. Using optical photons allows for
calibration references at each integer multiple of photon energy,
leading to vastly more calibration points and greater proximity
to the desired measurement line. Moreover, the absolute energy
of laser light is known and can be measured to much greater
accuracy than X-ray fluorescence lines. In the mentioned studies
calibrating TES detectors with laser light [14], [15], [16], they
had light incident across the entire detector array, known as
flood illumination. With flood illumination, all the detectors are
hit simultaneously, causing the maximum amount of detector
crosstalk effects. Roy et al. [18] found crosstalk effects exceed-
ing one part per thousand when using flood illumination with
the same TES detector array described in this work. Our laser
scanning device has a spot size well within the pixel size and
can be moved across the detector face for pixel-by-pixel detector
calibration which will eliminate crosstalk effects. Furthermore,
our device allows for simultaneous X-ray measurements and
pulsed-laser calibration.

II. LASER SCANNING DEVICE

The laser scanning device, shown in Fig. 1, has been designed
and constructed to be compatible with a wide range of cryogenic
detectors, electrical circuits, and laser wavelengths. This work
will focus on the laser scanner as used with a 4 × 6 array of
soft X-ray TES microcalorimeters. Each pixel of the detector
array consists of a 250 µm × 250 µm by 250 nm thick Au
absorber adjacent to a 30 µm × 90 µm MoAu (47 nm and
700 nm thick) in a “sidecar” geometry [19]. These elements
are suspended on 4 µm thick Si3N4 membranes upon a larger
Si wafer with details in [19]. The detector array sits at the
center of a Cu enclosure which also houses a microwave SQUID
multiplexer chip and a separate chip with shunt resistors and

inductors for the TES circuit. The copper enclosure fits in a
120 mm × 120 mm square and is less than 50 mm tall. The
optical elements are mounted on the lid of the enclosure and
placed within a light-tight Al enclosure (not shown), which
acts as a superconducting magnetic shield. The whole device
is placed at the end of a copper scepter attached to the MXC of
a horizontal DR.

The laser photons are provided by a green diode laser (515 nm)
pulsed with a waveform generator with optical feedthrough
into the DR provided by a 200 µm core-diameter multimode
fiber. At the MXC, the multimode fiber is adapted to a 2.5 µm
core-diameter single-mode fiber with 125 µm cladding-diameter
suitable for 450 nm to 600 nm wavelength light. Power loss
from coupling a multimode to a single-mode fiber is not a
concern in this work due to the low, few-photon, energy range
being investigated. The single-mode fiber from the MXC is then
coupled to an off-axis parabolic (OAP) mirror collimator with
focal length (fc) of 33 mm (top-right of Fig. 1). The output
of our collimator is a 8.58 mm diameter beam (d0) given by:
d0 = 2fc(NA), where NA is the numerical aperture of the fiber
optic. All beam diameters in this work use the 1/e2 definition
unless otherwise stated. The collimated beam is incident on a
second OAP mirror focuser with a focal length (f0) of 152.4 mm
(top-left of Fig. 1).

The next optical element is the microelectromechanical sys-
tem (MEMS) mirror from Mirrorcle Tech.1 is modified for
cryogenic purposes and is similar to the mirror used by Stifter
et al. [7]. The MEMS mirror is capacitively driven and should
therefore dissipate zero power in the steady state [20]. A
datasheet is provided [20] to convert the MEMS voltage differ-
ence to a mechanical angle on each axis. The maximum voltage
difference is ±170 V and the region from –50 V to 50 V is
highly linear with 1 V translating to 0.036◦. Here, we use these
provided values to give values in MEMS mechanical angle or
position on the detector face. The reflective surface is a 5 mm
diameter bonded mirror with ±5◦ range of mechanical motion
in two perpendicular axes. So far, all optical elements are in the
same plane, parallel to the detector enclosure and roughly 20 mm
above. The final optical element is the 45◦ mirror directly above,
and sending the beam onto, the detector array. This mirror may be
replaced with a thin (0.1 µm to 1 µm) aluminum film to transmit
X-rays and filter out infrared light. Prior to the 45◦ mirror is a
hole, which may be covered with indium tin oxide glass, but was
left open in the experiments reported here. Alignment pins are
used to ensure accurate position and alignment of each optical
element. The relevant optical element parameters for this system
are given in Table I.

The spot size of the beam at the detector array determines
whether we are able to hit single pixels, rather than flood illumi-
nation. Spot size, or expected effective beam-width (deff) of the
laser at the focal point is the quadrature sum of the divergence

1Certain commercial equipment, instruments, or materials are identified in this
article to foster understanding. Such identification does not imply recommen-
dation or endorsement by the National Institute of Standards and Technology,
nor does it imply that the materials or equipment identified are necessarily the
best available for the purpose.
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TABLE I
VALUES OF RELEVANT OPTICAL PARAMETERS

limited, ddiv, and diffraction limited, ddiff, spot sizes

deff =
√

d2diff + d2div (1)

with

ddiff =
2× 1.22λf0

d0
, ddiv =

dff0
fc

. (2)

With the optical elements from Table I we have a diffraction
limited spot size of 22.32 µm, a divergence limited spot size
of 11.55 µm, and an effective spot size of 25.13 µm. These
parameters give a spot size well within our 250 µm square pixel
absorber.

The detector array covers 14 mm × 7 mm with the MEMS
mirror neutral state aimed at the center of the array. The full scan
range, SR, of the optical path is limited by the optical angular
extent (twice the mechanical extent) of the MEMS mirror (θscan)
and the distance from the MEMS to the array (Lscan) along the
beam path

SR = 2Lscantan(θscan). (3)

To reach each pixel of this detector, the MEMS mirror must
be at least 40 mm from the detector array. Due to concerns
of possible scan range deterioration in the cryogenic state and
the desire to use larger detectors in the future, we have almost
doubled this required distance and placed the MEMS mirror
78.98 mm from the detector, allowing for a full scan range of
27.85 mm (±13.93 mm) across two perpendicular axes. In fact,
it seems as though the cryogenic environment may increase the
scan range of the MEMS mirror [21], which we observed in our
tests, discussed later with reference to Fig. 8.

The distance between the parabolic focusing mirror and the
MEMS mirror is zMEMS = f0 − Lscan = 73.42 mm where z is
the distance along the optical path from the focusing element.
The beamwidth, w(z), at the MEMS mirror is 4.45 mm, from

w(z) =
4f0λM

2

πd0

√
1 +

4(z − f0)2

(DoF)2
, DoF =

8λM2f2
0

πd20
(4)

where λ is wavelength, DoF is the depth of field, and M2

is beam-quality. We approximate M2 = 1 due to the use of
single-mode fiber. The angle between the MEMS mirror normal
vector and the beam path is 22.5◦ for the MEMS mirror neutral
position, resulting in the Gaussian laser profile effectively being
incident on an ellipse with semimajor and semiminor radii of
a = 2.5 mm and b = 2.22 mm, respectively. The power of a

Gaussian beam outside this ellipse is

Pout(z)

Ptot(z)
=

∫ ∫
x2

a2 + y2

b2
≤1

dxdy
2

πw2
exp

(
−2

x2 + y2

w(z)2

)
. (5)

The integral is solved numerically and gives a power loss at
the MEMS mirror of 10.4%. Power incident outside the mirror
is reflected and may reach the sensors. Some applications may
choose to reduce the power outside the MEMS mirror by in-
creasing zMEMS, which will necessarily decrease the scan range,
Lscan for a fixed f0. Another design tradeoff is between scan
range and spot size, demonstrated by rearranging (1) and (2)
with parameters from Table I

deff =
f0
fc

√(
1.22λ

(NA)

)2

+ d2f (6)

which shows linear proportionality between spot size and fo-
cal length (deff ∝ f0). The focal length expressed in terms of
distances Lscan and zMEMS is f0 = Lscan + zMEMS, which is
substituted into (6), and using the definition (3) gives

deff =

(
SR

2fc tan(10◦)
+

zMEMS

fc

)√(
1.22λ

(NA)

)2

+ d2f . (7)

For the chosen zMEMS = 73.42 mm, we obtain

deff = 0.4675 SR + 12.10 (µm). (8)

Highlighting the tradeoff between spot size and scan range.

III. RESULTS

Results are presented on spot size measurements at room-
temperature, power dissipation, detector readout noise, photon
detection and detector characterization, and cryogenic measure-
ments of spot size.

A. Room-Temperature Spot Size

The spot size was measured by placing a CCD camera at
the same distance from the MEMS mirror as the detector array
would be. The CCD contains an array of 3.45 µm × 3.45 µm
square pixels. An histogram is obtained from the intensity along
the row of pixels that gives the largest spot size. A constant
background and Gaussian profile are fitted to the histogram
and result in an FWHM of 20.72 µm ± 3.45 µm (see Fig. 2).
Converting FWHM to a 1/e2 definition of beam width, d, gives
a spot size of 35.20 µm ± 5.90 µm, from

d = FWHM/
√
2 ln(2). (9)

Measurements were also performed in the cryostat while cold,
discussed in Section III-E.

B. Cryogenic Power Dissipation

Power dissipated by moving elements can be a challenge in
cryogenic environments. In a DR the cooling power at 15 mK
is typically of order 1 µW while in adiabatic demagnetization
refrigerators 1µW may be a significant power load even at
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Fig. 2. Room temperature spot size measurement with a CCD camera with
3.45 µm × 3.45 µm square pixels. The histogram comes from a slice at the
widest part of the beam.

Fig. 3. Raw power dissipated (left y-axis) by the MXC heater to regulate
at 21 mK. The light colored points are regulation heater power (black) and
temperature at the laser scanner (red) with the 20-event-averaged data in dark
color. The shaded regions are when the MEMS are, first, turned ON and stationary
at position (0◦, 0◦), second, during a scan. Only the last quarter of the data during
these regions is taken to obtain average power dissipation once the power is
stable.

100 mK. The laser scanner is on the end of a scepter at-
tached to the MXC and we measure the temperature there,
approximately 16 mK at base. We operate at 21 mK using
proportional–integral–derivative (PID) feedback to regulate and
observe a root-mean-square variation of 16 µKwith mean power
dissipation from the heaters of 2.83 µW.

The MEMS has been tested in three different “ON” settings:
centered, stationary at (0◦, 0◦); offset, stationary at (5◦, 5◦);
and scanning. The scanning procedure is important later in
imaging an individual pixel (see Fig. 5) and is explained: the
MEMS moves the laser to a point, waits for 0.2 s allowing for
any controller delay [20]; then the laser is pulsed with 16 ns
wide pulses every 10 ms (100 Hz) for 0.5 s; last, the MEMS
controller output is shut OFF for 0.3 s, then moves to a new point
and repeats. This power cycling prevented some arbitrary and
unwanted behavior where the mirror would occasionally jiggle
around some (x, y) position. We believe this arises because the
total capacitance of our wiring exceeds the specified maximum
capacitance of the MEMS controller and have plans to amend
this in future work. During the “ON” state, the laser is outputting
less than 1 fW of power. Fig. 3 presents the MXC heater power
as a function of time for the “OFF,” “centered,” and “scanning”
settings while regulating at 21 mK. With the MEMS “OFF” the

TABLE II
MEMS POWER DISSIPATION IN THREE STATES: CENTERED, STATIONARY AT

(0◦, 0◦); OFFSET, STATIONARY AT (5◦, 5◦); AND SCANNING

Fig. 4. Detector noise spectral density measurements for a single biased pixel
at different MEMS settings. No noticeable difference was observed during the
different MEMS settings.

mean power dissipated from the MXC heater is 2.83 µW, from
data across an hour before the start of the data in Fig. 3. The
quantitative values for power dissipation are given in Table II
and are found from taking the difference in the MXC heater
power from the “OFF” state (2.83 µW) and the mean power
dissipated in the last quarter of the “ON” or “scanning” periods
to allow for the heater power to settle. We find that the MEMS
power dissipated is no more than 0.34 µW at the three tested
setting, with all three being roughly equal.

C. Impact on Detector Noise

Noise measurements on 0.34 V biased detectors were per-
formed with the MEMS “OFF,” at each of the three “ON” settings
described previously, as well as scanning the mirror sinusoidally
at 11 Hz and 37 Hz. These values are arbitrary prime numbers
with higher frequency than our typical use case. The results are
presented in Fig. 4 with no significant noise observed from any
of the settings.

D. Laser Photon Detection

The TES microcalorimeter array in this work is typically used
for soft X-ray detection and has not been modified in any way
to work with optical photons. The laser used here is a 515 nm
(2.4 eV) green laser and is pulsed with a function generator,
varying the width of each pulse and with physical attenuators
we are able to reach the desired photon numbers absorbed on the
detector. The scanning procedure from earlier, but with dwell
time reduced to 0.3 s (30 total laser pulses), is used to create
the heat map in Fig. 5(a). For these scans, we are in the single
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Fig. 5. Heatmap imaging a single TES absorber and selected individual pulse
traces at three different locations. (a) Heat-map of median pulse-height as the
laser is scanned across a TES microcalorimeter pixel. Three circles are shown at
y = 0 µm and x = 0 µm, 126 µm, 251 µm, for the origin set to the centre of the
pixel, which are the locations of the pulse traces below. (b) Three pulse traces
from the locations above. For the “offabsorber” pulse (green, x = 251 µm) the
majority of events are indistinguishable from noise, we selected an event with a
pulse for display.

photon regime, with a mean photon number,n, of approximately
three arriving in each pulse. These pulses are quite small and
difficult to discern from noise, therefore we trigger the data
acquisition software with each pulse and do not rely on some
pulse triggering algorithm. We clearly resolve the shape of the
detector and membrane. There is a sharp decrease in pulse-height
as the laser is aimed toward the edge of the absorber and on the
membrane (light-blue). Occasionally, small pulses are observed
when the laser is aimed off the absorber (dark-blue), possibly
due to reflected photons that reach the detector membrane. The
TES is attached above (positive y) the absorber in “side-car”
geometry [19] which is seen here with the stretching-out of the
heat-map in the positive y-axis. Three circles along the y-axis
are shown and a representative pulse from those locations is
given in Fig. 5(b). There is great consistency between pulses

Fig. 6. Histograms of counts (y-axis) per 0.025 photon-number bin versus
photon-number (x-axis) for twelve different points along the vertical-axis on
the TES pixel shown in Fig. 5(a). Raw data is blue, with a fit of seven Gaussians
overlaid in orange. The top value in each cell is the number of counts at the top
of the y-axis, the lower value is the MEMS coordinate y-axis value in microns
where the center of the absorber is the origin.

on the edge of the absorber, x = 156 µm, and the center of the
absorber, x = 0 µm. The pulse on the Si wafer at x = 251 µm is
much smaller and only occurs for roughly one in ten laser pulses,
with the rest being indistinguishable from noise, we have chosen
one of these pulses to report in Fig. 5(b). We believe the small
differences in mean pulse-height on the absorber in Fig. 5(a) are
from Poissonian variations in laser output power, which should
have a mean and variance of 90 for the 30 events.

As the laser is driven across the absorber, we are able to
achieve single photon resolution of the detector with 515 nm
photons, shown in Fig. 6. We expect n laser generated photons
of energyEn will result in an identical pulse as if a single photon
of energyn× En were absorbed. This is a safe assumption as the
10% to 90% rise time of these pixels is 12 µs [19], significantly
longer than the 16 ns laser pulsewidth. Pulses are recorded in
filtered pulse-height units [22], which are then converted to
photon-number units by using the centroid of the single photon
peak. Fig. 6 presents the counts per 0.025 bin of photon-number
units as the laser is moved across the absorber along the y-axis.
For this scan the dwell time is increased to allow for roughly
5000 events at each location. The first frame shows that when
the laser is aimed off the membrane, most pulses fall into the
“zero photon peak.” When the laser is aimed at the edge of the
absorber and significantly on the membrane, as in panels two
and three, then 11 and 12 show that multiple photon peaks are
visible, however, the resolution is quite poor. When the laser
is aimed at the Au absorber, as in panels four to ten, there is
great consistency between the collected histograms. In total,
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Fig. 7. Detector characteristics as the laser is scanned across the x-axis. The
center of single-photon peak is the centroid of the Gaussian in the second peak
of Fig. 6. For both measures, the flatness of the central region indicates a large
area with no position dependence. The dashed lines indicate the center of the
absorber and the edges of the membrane on each side, 135 µm from the center.

Fig. 8. Convolution of a top-hat and Gaussian fit to the median pulse-height
data during a scan across the x-axis. The low sampling rate results in the
misshapen Gaussian and top-hat function.

27 different locations were recorded in an x-axis scan with all
data supporting the trends observed in the 12 locations from
Fig. 6. The single photon peak shows a resolution of 0.8 eV
averaged across the 18 locations on the absorber and events up
to eight-photon peaks are observed.

Fig. 7 shows the center of the single-photon peak as the laser
scans across the x-axis. The center of the single-photon peak is
determined by the centroid of the Gaussian used to fit the second
peak in Fig. 6. Also shown in Fig. 7 is the mean pulse-height.
Both metrics show a region of very consistent detector response.

E. Cryogenic Spot Size

The room temperature direct measurement of spot size with a
CCD camera achieved a spot size of 35.20 µm ± 5.90 µm (see
Fig. 2). A second measurement was done in the cryogenic state
by scanning the beam across one of the 250 µm wide Mo/Au
absorbers [see Fig. 5(a)]. The 10 µm wide membrane on each
side of the absorber has a pulse response and is included in
the model. The ideal response on a perfect absorber from an
arbitrarily small laser width is a top-hat function. The laser spot
is modeled as a Gaussian. Therefore, the median pulse-height
response as a function of laser position across the pixel is
appropriately modeled as the convolution between a Gaussian
with FWHM, σ, and a top-hat with width, ŵ = 270 µm. This

convolution is the sum of two error functions

f(x) =
A0

2ŵ

[
erf

(
x+ ŵ√

2σ

)
−
(
x− ŵ√

2σ

)]
(10)

where A0 is a normalizing constant. The convolution is fitted to
the data from a horizontal slice from Fig. 5(a) at y = 0.33 µm.
The result of this fit is presented in Fig. 8. The Gaussian FWHM
is σ = 23 µm, or, beam width (1/e2) of 39 µm ± 3 µm. For
Fig. 8, the voltage-to-position conversion is done through fitting
a top-hat function with fixed width. Using the MEMS mirror
data sheet for this conversion and having the top-hat function
width as a free parameter provides an absorber plus membrane
width of 284 µm± 4 µmwidth. This supports a previous finding
from Stifter et al. [21] where the mechanical angle of the MEMS
increases for the same voltage difference applied.

F. X-Ray Filter as the 45◦ Mirror

One of the features of our design is that the 45◦ mirror may be
swapped with a thin aluminum foil that is permeable to X-rays.
This operates as an optical/X-ray dichroic beam splitter and
enables simultaneous calibration and X-ray detection. During
this operation, a similar Al foil is placed in the light-tight Al
enclosure that surrounds the scanner from Fig. 1 so there is
line-of-sight for X-rays from some source to the detector array
with the enclosure remaining light-tight. The soft X-ray filter
is a 25.4 mm diameter, 116 nm thick aluminum foil layered
on a ≈25 µm thick polymer. The filter is not designed to be
used as an optical mirror, however, it is capable of performing
well-enough for our purposes since the laser spot size remains
within the pixel size. Using the convolution methods from the
previous section, the infrared filter being used as a mirror results
in a 1/e2 spot size of ≈ 70 µm. This is significantly smaller
than our absorber size allowing for single-pixel calibration with
simultaneous X-ray measurements.

IV. CONCLUSION

In this work, we have demonstrated the ability to focus a laser
beam to ≈ 35 µm spot size and scan over an array of detectors
on detectors mounted on the MXC of a DR. We have imaged
a single pixel using the pulse response as the laser is scanned
across it in two axes. We observed no impact on detector noise.
The ability to regulate at 21 mK has been demonstrated with the
MEMS dissipating roughly 0.3 µW in three different settings.
We plan to use this device in combination with a significantly
upgraded laser setup to perform high accuracy TES energy
calibration on a pixel-by-pixel basis, avoiding any impacts of
crosstalk. With 400 nm photons of 3 eV, and based on state of
the art multiplexed X-ray microcalorimeter energy resolutions
of 2.33 eV at 8 keV [23], we expect this method of calibration
to be viable for X-rays of at least 10 keV.

The ability to scan a focussed laser spot in a light-tight box
is a versatile tool for manipulating and studying low tempera-
ture detectors. We expect to continue to use this laser scanner
for crosstalk-free TES array calibration, characterizing position
dependence, crosstalk evaluation, and mapping resonator fre-
quency to physical position. It may also serve as a more flexible
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replacement for the large LED arrays used for kinetic inductance
detector position mapping [24]. Already, this laser scanner has
been used in two other experiments with results to be published
simultaneously: for directing the laser to drive segments of a
superconducting circuit normal, acting as a persistent current
switch [25]; and for mapping position dependence on a thermal
kinetic inductance detector [26]
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