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ABSTRACT

Two bolometers composed of tin absorbers and NTD Ge thermistors have been
fabricated in preparation for experiments in nuclear and subnuclear physics. Both
detectors fully resolve the two Ky and Koz lines of 5Mn. The deconvolved FWHM
resolution in this energy region ranges from 4.5 to 5.7 eV, for different published values
of intrinsic widths and asymmetries of these lines, the best ever obtained at this energy
with any energy dispersive detector. The Kg' satellite peak is analyzed for the first time in

a measurement with an energy dispersive spectrometer.
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Measurements of low energy events (a few keV) in nuclear and subnucleyr

1

physics are attracting great interest. Typical examples are the studies of [ow energy hety
decays in view of the determination of thé electron antineutrino muss [1.2] In
astrophysics high resolution X-ray spectroscopy in the region between 0.1 and 10 LoV ]3]
ts of considerable interest, for instance, in astronomical observations of Xerays emited
thermally by intersteilar or intergalactic gas. From a more general point of view high

resolution X-ray spectroscopy has numerous applications in atomic physics and material

science [4].

Low 'energy X-ray spectroscopy is mainly performed with wavelength dispersive
spectrometers (WDS) instrumented with Bragg crystals. This method yields un excellent
energy resolution, but poor efficiency since only a narrow band of energy cun be
analyzed at a time. The complementary energy dispersive spectroscopy is muinly
performed with Si (Li) semiconductor detectors, whose best resolution in the energy
region of a few keV is of ~120 eV FWHM [5]. Thermal detectors operated at fow
temperature can obtain resolutioﬁs better by at least an order of magnitude. This
technique has been suggested in 1984 [6.7] and is now widely applied [S-10]. At low .
temperatures the heat capacity of a diamagnetic and dielectric crystal or of a
supercbnductor well below the transition temperature is expected to be proportionul o the
cube of the ratio between the operating and the Debye temperature. As u consequence
even the tiny energy delivered by a single particle can be measured from the resulting
femperature increase by a suitable thermal sensor. The best resolution obtained <o fur
with this type of energy dispersive spectrometers in the typical regions of K, and

Ky lines of *Mn (5.9 and 6.5 ke V. respectively) ranges from 7 to $ eV FWHM [3.11.12].



The two microbolometers described here offer a considerably improved resolution ang

represent the most resolving detectors constructed so far for this enargy region.

A series of measurements [13] has been performed in a dilution refrigerutor 1o
optimize the performance of microcalorimeters made by thin tin absorber and SitP and
Neutron Transmutation Doped (NTD) Ge thermistors [{4]. In order to be able to operate
at the same time several bolometers we have implemented a multiple pre-amplifying
system. It consists of ten silicon J-FET’s operating at a tempe%a[ure of ~120 K neur the
detector in order to reduce parasitic capacitances. The required high temperature ror FET
operation is achieved by means of a proper thermal decoupling between the FET
supporting structure and the cold point. The heat dissipated to reach the desired FET
temperature, of the order of a few mW, flows to the 1.2 K stage of the dilution

refrigerator.

The resolution obtained with the Si:P thermistors on the ““Mn lines is reasonable

(13.5eV FWHM), but the implantation-compensation procedure is not yet optimized.

Better results have been achieved with two microbolometers made by NTD Ge
thermistors of 300x100x20 um’ glued to tin absorbers of ~230 x 250 um-” surface and 25
um thickness. Two 17 um diameter, 2 mm long aluminum wires are ultrasonically
bonded to two gold pads on the NTD Ge thermistors. The pads are placed on the ~ume
300x100 wm’ side of the thermistor and are separated by 200 um. The wires provide both

the electrical contact and the mechanical suspension of the devices.

The two detectors are operated at about 70 mK. At this temperature the thermistor

resistance was 60 MQ and its sensitivity of about 4 MQ /mK. The bias current was 70



pA. They were exposed to weak sources obtained by drying a 0.1 molar water solution of
NO,H with “FeCl dissolved in it. The detectors give pulses with amplitude of abour 200

uV/keV and rise and decay times of ~0.5 and ~ 2 ms. respectively.

The spectra -in the Kq region obtained with the two microbolometers are prosenied
in Fig. 1. The corresponding effective running times are of 26 and 71 hours, respectively,
In both spectra the Ky, and Kgo lines are fully resolved for the first time with an enerygy
dispersive spectrometer. The baseline widths of the two detectors are the same: about 34

eV.

The ‘ins:mmental resolution of our microbolometers can be obtained by
deconvolving the peaks with the Lorentzians corresponding to the intrinsic widths of the
“Mn Ko and Keo lines determined in WDS measurements. In the pioneering work by
the NASA-Wisconsin collaboration [3] and in the more recent experiment by E. Silver et
al. [11] the Lorentzians d_etermined by H.W. Shnopper [15] were adopted. This procedure
yields intrinsic resolutions arounq 7.5 eV in both experiments. More precise WDS
measurements of the Ky dqublet afé, however, available and yield smaller natural widths
[16-20]. A. Wollmann et al. have performed a more detailed analysis on their K, spectia
obtained with a bolometer made by an Ag absorber and a transition edge strip as thermal
sensor [[2]. By deconvolving their Kq peaks with the natural widths determined by
Shnopper they obtain an instrumental gaussian resolution of 6.4 = .4 V. This is hetter
than the heat-pulse energy resolution itself. When using however the natural width from
the WDS experiment by PL. Lee and S.I. Salem [16] their instrumental resolution
becomes 7.2 £ 4 eV In Tuable [ we report the results of our meas.urements and compure

them with those obtained by the most resolving energy dispersive detectors. In addition to



the deconvolution according to Shnopper we consider for our experiment the resuits of
Lee and Salem. and the more recent ones of G. Holzer et al (20]. The mstrumeniy]
resolution of our two bolometers is the same, thus indicating the ceproducibility of \yyy

technique, while the long running times shows the stability of their guin.

Two peaks appear in the Kj region of *Mnp, as‘ shown by Fig.2 where oniy the
spectrum of the bolometer with a longer running time is reported. The upper one lies at
6.490 keV in agreement with the average value for the Kjg,; doublet [20-21] whose
separation is about 3 eV [17,20,22,23]. We are obviously unable to resolve this doubiet.
The presénée of the satellite Kp' peak at lower energy has been already reported in WDS
(15,17.22.23]. but never in EDS measurements. Fitting the doublet and the satellite peuk

we obtain a Kg; 5 -Kj' energy shift of 16 = | eV in reasonable agreement with the ubove-

mentioned WDS experiments.

We would like to stress that, even if the resolutions of our detectors are the best <o
far obtained in energy dispersive X-ray spectrometry, there is still some space for further
improvements. This could be achiéved for instance by a reduction of the electronic noise,
by optimization of thermistor sensitivity and geometry and by a better choice of the
absorber itself and/or a reduction of its thickness. It seems therefore not impossible to
reach resolutions comparable to those of wavelength dispersive spectrometers with

obvious advantages offered by high =fficiency single quantum detectors.

The results of the measurements reported here show that energy dispersive
bolometric detectors can perform X-ray spectroscopy- with a resolution approaching that

of Bragg crystals. This may lead to a broad range of applications in X-ray astronom:., in



fluorescence analysis of materials and even in a totally different subject like biomolecyly

spectroscopy [24-26]. In nuclear and subnuclear physics these microbolometers Provide o

powerful tool for the search for a non-zero neutrino and antineutrino mass or to Jdetegt
i

solar neutrinos. Experiments on low energy e-captures like those of Be. "Ho {271 uny

"Ge and "Ar [28] or on B decays like that of “'Re [13,27] are typical examples.
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TABLE I: Instrumental resolution (FWHM) of the most resolving energy

dispersive spectrometers on the K lines of “Mn (eV)

Experiment Deconvolution Deconvolution Deconvolution

with WDS data of | with WDS data of | with WDS data of

ref. [14] ref. [15] ref. [20]
McCammon et al. 3] 73 =4
Silveretal. [11] 7.1 =7
Wollmann et al. [12] 6.4 =4 72 £ .4
This exp. {Bolometer 1) 45 =2 55 .2 3.0 2.2

i+
_l_n
~J
I+
n
4
I+

This exp. (Bolometer 2) 4.9




FIGURE CAPTIONS

Fig.1: Spectrum obtained with the two bolometers in the K region. Bolometer|
and 2 have been operated for 26 and 71 hours of effective running times,

respectively
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: Spectrum obtained with the second bolometer in the Kj region
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