ARTICLE IN PRESS

Nuclear Instruments and Methods in Physics Research A 559 (2006) 405–407
www.elsevier.com/locate/nima

Quasiparticle propagation in aluminum ﬁns and tungsten TES
dynamics in the CDMS ZIP detector
M. Pylea,, P.L. Brinka, B. Cabreraa, J.P. Castlea, P. Collinga, C.L. Changa,
J. Cooleya, T. Lipusa, R.W. Ogburna, B.A. Youngb
a
Department of Physics, Stanford University, Stanford, CA 94305, USA
Department of Physics, Santa Clara University, Santa Clara, CA 95053, USA

b

Available online 27 December 2005

Abstract
With the aim of improving the rejection of surface beta contamination on the CDMS ZIP detector, we have studied the effectiveness of
our phonon pulse-shape discrimination by matching a Monte Carlo calculation to data from a 350 mm long Al ﬁn with W TESs
(Transition-Edge Sensors) at both ends. From this ﬁt, we determined the Al ﬁlm diffusivity to be DAl ¼ 0:010  0:001 m2 =s, the
quasiparticle trapping length in the Al ﬁn to be l trap ¼ 180  10 mm, and the Al to W TES transmission to be f Al=W ¼ 0:002  0:001.
r 2005 Published by Elsevier B.V.
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1. Introduction
To operate the CDMS detectors in a background free
regime in the future, further improvements in discrimination ability are required [1]. One promising avenue is to
increase the discrimination efﬁciency from our phonon
pulse shapes. Such an improvement requires a better
understanding of the detectors which is difﬁcult to obtain
directly. Consequently, the Cabrera group at Stanford
University in 1997 designed and ran a two TES device to
systematically study quasiparticle propagation in the
CDMS ZIP aluminum ﬁns.

2. Device
The quasiparticle study circuit shown in Fig. 1 was
characterized with an 55Fe X-ray source ﬂuorescing on Si
which produced uniformly distributed X-rays, primarily
of 1:75 keV, with some 6 keV X-rays. A sweep of
the equilibrium current through the TES, I W eq , for bias
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current, I b , was performed but unfortunately lost. Therefore, the T c was determined solely through small current
measurements while varying the temperature of the mixing
chamber, and the absolute value of the operating point
current was determined by the difference in current
between a fully saturated signal (RW ¼ Rn ) and I W eq .
3. Sensor dynamics and results
The dynamic response of the sensor to an energy input,
dq0in ðz; t; f Al=W ; DAl Þ (z is the spatial coordinate in the
direction of current ﬂow), can be adequately described by
explicitly adding internal 1-D diffusion to the coupled
nonlinear differential equations found in [4]
dq0
qT
I2 r
S
q2 T
¼ in þ W 2 
ðT 5  T 5sub Þ þ DW 2
qt
C el
qz
C el A C el A
L

dI W
¼ I b Rs  I W ðRs þ Rp þ RW Þ
dt

(1)

(2)

where Tðz; tÞ is the temperature of the electron system in
the tungsten, C el is the tungsten electronic speciﬁc heat, A
is the cross-sectional area of the W TES, and DW is the W
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diffusion constant. The resistivity, rðz; tÞ, and the phonon/
electron coupling term, SAT 5 , were both determined
empirically [4].
One additional feature of this model is the explicit
calculation of quasiparticle diffusion across the W TES.
The spatial one-dimensionality of the above equation is
allowed because DAl is large enough and the transmission
through the Al/W boundary, f Al=W , is small enough that
any event in or under the Al ﬁn effectively produces a
uniform quasiparticle ﬂux across the interface into the W.
The integrals of the current pulses for channel A and
channel B are plotted against each other in Fig. 2. The
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Fig. 1. Schematic of quasiparticle test circuit which was fabricated using a
process similar to that used for CDMS ZIP detectors [2]. The notable
exceptions are the lack of an amorphous Si layer between the Al/W and
the substrate, the thickness of the Al being 150 nm rather than 350 nm,
and the Si substrate being 1 mm thick. The Al ﬁn also serves as the
connection to ground for both TESs. Testing of this device occurred with
an electronic setup similar to that used by Stanford X-ray detector
research [3].
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primary region of interest is the curved banana-shaped
region in which energy is shared between the two TESs.
We interpret these events as occurring within the Al ﬁn.
If no quasiparticle trapping mechanism existed within
the Al, then this curved region would be a diagonal
straightpline.
Following Refs. [5,6], the attenuation length,
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
l trap ¼ DAl ttrap , was conﬁrmed to be 180  10 mm.
The dearth of events below this banana region illustrates
that events which interact in the Si substrate, even directly
beneath the central Al ﬁn, have a lower efﬁciency for
energy absorption into the TES, as expected from phonon
escape.
The banana is also separated from axis events, indicating
that the Al to W transmission f Al=W is small. We used a
1-D diffusive Monte Carlo coupled to a TES simulator that
solved Eqs. (1) and (2), which were developed as part of a
larger CDMS ZIP Monte Carlo, to match the experimental
Al pulses. Degeneracy between DAl , f Al=W , and l trap
required that the time delay between the start of the two
channels be ﬁt concurrently (see Fig. 3).
Pulses from both channels for an event near the center of
the Al ﬁn are shown in Fig. 4. These pulses are
representative of all pulses from events that occurred in
the Al as well as events that hit the substrate beneath the
Al. They display two very different fall times. By contrast,
the relative size of the initial spike varies drastically for
events occurring directly in the W and in 30% of these
events the spike is totally absent. Consequently, the spike
must be physical and cannot simply be caused by downstream electronics. One possible production mechanism is
the relatively slow quasiparticle diffusion across the W. To
see this, note that if the TES is biased on the transition in a
region where q2 r=qE 2 40 (i.e below T c ) then concentrating
the energy within one portion of the TES increases DR
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Fig. 2. Scatter plot of E A vs. E B : Since the shunt resistor, Rs , is oRW , the
device is effectively voltage biased, and as such, the energy input to the
device is to a high degree of
R accuracy independent of the pulse shape and
linear with respect to the DI W dt as long as the transition width 5T c .
Both channels were normalized to the maximum energy seen in the Al
banana shape.
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Fig. 3. Time delay between the start of the pulses for channels A and B as
a function of position along the Al ﬁn. The simulated line corresponds to
DAl ¼ 0:01 m2 =s. The position of events was determined by correlating the
location along the banana with location along the ﬁn.
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Fig. 4. Pulses for each channel from an event near the center of the Al ﬁn (lower traces), and events occurring directly in the TESs (upper traces). A
simulated pulse is shown for channel B.

more than distributing the energy evenly as long as this
portion is chosen such that it is in series with the rest of the
device. Simulations of this mechanism (Fig. 4) qualitatively
and almost quantitatively agree with the experiment for
channel B if DW is simulated as o0:0003 m2 =s. This is  15
of the simplistic DW calculated from rW . Lowering the bias
current in the simulation increases the simulation’s ability
to reproduce the experiment as well as increasing best
ﬁt DW .
The overall normalization difference of 22% between the
two channels and the dip seen in channel A’s pulse shape
are surprising and may require additional physics or
a loosening of experimental assumptions (systematic error
in bias voltage, non-uniform T c across the TES) for
explanation.

CDMS ZIP detector. The next analysis step will be to study
the interface between the Ge (or Si) substrate and the Al
ﬁlm and to understand the two asymmerties seen between
the two devices.
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