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Abstract

We are developing single-photon 2-D imaging X-ray spectrometers for applications in X-ray astrophysics. The devices
employing a Ta strip X-ray absorber with Al traps and a tunnel junction at each end have been tested. They achieve an
energy resolution of 26 eV out of 5.9 keV over a limited length (Segall, IEEE Trans., in press) with a 1-D spatial resolution
of about 2 lm over the full 160 lm length. By analytical and numerical simulations of the quasiparticle di!usion process,
we study related devices with a square Ta absorber having four traps and attached junctions to provide 2-D imaging. The
traps give charge division to the corners or to the edges of the square absorber. We "nd that these devices can give good
2-D spatial resolution. We discuss the operating principle and the factors which a!ect the spatial resolution. ( 2000
Elsevier Science B.V. All rights reserved.

1. Introduction

Superconducting tunnel junctions have been ex-
tensively used in developing single-photon X-ray
spectrometers. In the last 10 years, they have been
integrated in di!erent devices which also performed
imaging. We have developed a single-photon imag-
ing X-ray spectrometer employing lateral trapping
in order to detect photons with competitive energy
and spatial resolutions. These devices employ a Ta
strip absorber with Al traps. The energy of
a photon absorbed in a superconductor can break
Cooper pairs and excite quasiparticles. The number
of quasiparticles created is proportional to the en-

ergy of the photon. The quasiparticles di!use in the
absorber and are collected in the traps. They tunnel
through each junction. When an X-ray is absorbed
at time t"0 at position x"x

0
, y"y

0
, the dy-

namics of the quasiparticle distribution n(x, y, t)
inside the absorber can be described by a standard
di!usion equation including a term for quasipar-
ticle loss on a time scale of q

-044
to account for the

"nite life time. Since the process of quasiparticle
generation is fast on the time scale of the di!usion
inside the absorber, the initial distribution can be
assumed to be point-like. Quasiparticles at the ab-
sorber-trap interfaces will be trapped into each trap
by inelastic scattering. The resulting di!erential
equation is

Rn(x, y, z)

Rt "D+2n(x, y, t)!
n(x, y, z)

q
-044

.
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Fig. 1. The left design is an absorber with a junction at each
side. The right design is an absorber with a junction at each
corner.

Fig. 2. Contour plot of the fraction of total quasiparticle charge
Q

1
/Q

0
collected in trap 1 as a function of the position of X-ray

events. We assume there is no loss in the absorber and perfect
trapping.

The initial condition is

n(x, y, 0)"N
0
d(x!x

0
, y!y

0
)

where D is the di!usion constant and N
0

is the total
number of charges generated by the X-ray photon.
We report a study performed by analytical and
numerical simulations on two di!erent designs
of 2-D imaging four junction detectors shown in
Fig. 1. The "rst device has a junction on each
side and the second one has a junction on each
corner. Their performance is discussed in the next
section.

2. Analysis

2.1. Junction on each of the four sides

In the devices we studied the trapping is close to
be perfect, so it is realistic to choose perfect bound-
ary condition as [1]

nD
x/0, x/L

"0, nD
y/0, y/L

"0

where ¸ is the length of the absorber.
The charge collected at trap 1 Q

1
is calculated

analytically and we "nd

Q
1
(x, y)"

4

p
Q

0

=
+

m/1

sin((2m!1)(px/¸))

2m!1

]
sinh(J(2m!1)2#(¸2/p2Dq
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) (1!(y/¸))p)
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where Q
0
"eN

0
is the total charge produced.

Charges at other traps Q
i
, (i"2, 3, 4) are cal-

culated similarly.
Fig. 2 shows the contour plot of the fraction of

the total charge versus position of the X-ray events.
If the X-ray event is close to one junction, most of
the charge will be collected by that junction. The
farther the photon absorption event is from the
junction, the fewer quasiparticles can be collected
by that junction. The bending of the equal collec-
tion lines shows the e!ect of the two traps close
to the trap we selected. They act as trapping
sinks strongly reducing the collection power of the
selected junction. This behavior will be the same

for all the junctions of the device. The charge
collected at each of the four junctions give the
information to determine both the photon energy
and the position of the X-ray absorption event,
which can be used to implement 2-D imaging. In
order to get the best spatial resolution, we intro-
duce combination variables f"Q

1
/(Q

1
#Q

3
)

and g"Q
2
/(Q

2
#Q

4
). If *Q

i
is the RMS charge

noise of junction i, (i"1, 2, 3, 4), from the *Q
i
/Q

0
at each junction, the spatial resolution can be
calculated.
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Fig. 3. Contour plot of the spatial resolution *r/1 mm of
a 1 mm]1 mm absorber with junctions on four sides. The solid
contour line is the spatial resolution with no charge loss. The
dashed contour line is the spatial resolution with charge loss.
For each junction we assume that each readout has charge noise
of *Q

i
/Q

0
"0.01.

We de"ne
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Assume that the noise of the charge readout from
the four junctions is not correlated and equal to
*Q. Then
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where i " 1, 2, *x
1
"*y, and *x

2
"*x.

Fig. 3 shows the normalized spatial resolution

*r/¸"J(*x)2#(*y)2/¸ depending on position
of the photon absorption, with loss and without
loss in an absorber of 1 mm]1 mm size. We as-
sume *Q

i
/Q

0
"0.01 and for the case of loss

D"8 cm2/s [2] and q
-044

"450 ls, as derived from
the recent two-junction device measurements [3].
From the plot the spatial resolution in the center is
better than the region near the edges. That is be-
cause when the event is close to one junction, the
charge collected by the other junctions is small.
The signal-to-noise ratio is thus lower, and this
degrades the spatial resolution. On the contrary the
spatial resolution near the center is better than 2%.
Comparing the spatial resolution with and without
loss, the spatial resolution is worse with loss, as
expected. This can be seen in Fig. 3. For astronomy
application we need a larger absorber. The im-
proved quality of the absorber "lm will increase the
loss time and the di!usion constant.

2.2. Junction at each of the four corners

The boundary condition changes to n"0 at the
four corners, quasiparticles are re#ected at
the other parts of the boundary. The corner traps
extend over 10% of each side.

In this case, due to the complexity of the prob-
lem, the random walk method [4] has been used to
solve for the charge collected at each of the four
corners as a function of the location of absorption
in the absorber. Fig. 4 shows the results of the
fractional charge collected in one junction without
loss.

Similar to the method for the previous device, the
same variables f and g are de"ned to determine the
location of the X-ray absorption event. Fig. 5 shows
the spatial resolution normalized to the absorber
size of the detector with the junctions at four
corners.

Comparing the two designs, the device with the
junctions at the four corners gives almost the same
spatial resolution as the device with the junctions at
four sides. In fact, in spite of the better spatial
separation of charge in the four-corner junction
device, we lose information about the charge posi-
tion near the center of the edges due to random
re#ection of the quasiparticles at the boundary with
no traps. This device with junctions at four corners
is more sensitive to the loss of quasiparticles
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Fig. 4. Contour plot of the fraction of the total quasiparticle
charge Q

1
/Q

0
collected in trap 1 as a function of the position of

X-ray absorption events. We assume there is no loss in the
absorber and perfect trapping.

Fig. 5. Contour plot of the spatial resolution *r/¸ normalized
to the absorber size with junctions at four corners. For each
junction we assume that each readout channel has charge noise
of *Q

i
/Q

0
"0.01.

because its junctions take a longer time to collect
the quasiparticles generated by X-ray photons.

3. Conclusion

We have studied two designs of four junction
devices. Our results show that they can provide
good 2-D imaging. The loss of quasiparticles in the
absorber a!ects the spatial resolution of the device.
With the life time we measured in a recent two-
junction device, the 1mm]1mm absorber still can
provide very good spatial resolution. The advant-
age of such 4-junction devices compared to arrays

of single pixels [5,6] is that one can implement 2-D
maging with only four readout channels, with e!ec-
tively 103 or more pixels.
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