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Abstract. Microcalorimeters have been shown to yield unsurpassed energy resolution for alpha spectrometry. up to 1.06 
keV FWH M at 5.3 MeV, These detectors use a superconducting transition-edge sensor (lES) to me,lsure the 
temperature change in an absorber from energy deposited by an interacting alpha particle. Our system has four 
independent detectors mounted inside a liquid nitrogen/liquid helium cryostat. An adiabatic demagnetization refrigerator 
(ADR) cools the detector stage to its operating temperature of 80 mK. Temperature regulation with -IS uK peak-to-pea k 
variation is achieved by PID control of the ADR. The detectors are voltage-biased, and the current signal is amplified by 
a commercial SQUID readout system and digitized for further analysis, This paper will discuss des ign and operation of 
our microcalorirne ter alpha spectrometer, and will show recent results. 
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INTRODUCTION 

C ryo gcnic microcalorimcters have been shown to 
achievc unprecedented high resolution for x- and 
gamma-ray spectroscopy, as well as alpha-particle 
spectrometry (C IT E) For analysis of low-activity 
samples, such as those encountered in nuclear 
foren s ics and environmental sampling, it is often most 
useful to pe rform alpha particle spectrometry rather 
than gam ma-ray spectroscopy, as detection efficiency 
of alpha particles IS much higher. However, 
conventional silicon detectors have insufficient energy 
reso luti on to resolve closely-spaced energy peaks from 
commonly encoun tered mixtures of radioisotope:. 
Therefore, expensive and time-consuming chemical 
separation may be required for meaningful isotopic 
an alysis. 

W ith a dem onstra ted resolution of up to 1.06 keV 
FWHM for 5.3 MeV alpha particles (C ITE), it is 
poss ib le to perform isotopic analysis with 
microcalorimcter detectors of samples containing 
mixed radiol:ucIidcs that \vould be impractical to 
measure wi th conventional silicon detectors. Using 
many commercially available components, we have 

developed a four-channel cryogenic microcalorimctcr 
system for alpha particle spectrometry at LAN L. A 
similar one-channel system exists at l'\IST that is 
primarily used for detector development , 

SPECTROMETER DESIGN AND 
OPERATION 

Detector and Source Assembly 

Microcalorrmetcr detectors usc a supereonducting 
transition-edge sensor (TES) to measure the 
temperature change in an absorber due to energy 
deposited by an incident photon or alpha particle. 
Figure I shows the de tector assem bly, which consists 
of the TE S chip and first stage superconducting 
quantum-interference device (SQUID) am plifier. The 
TE S consists of a molybdenum-copper bil ayer, with a 
transition lem peratun: of approximatcIy 120 mK. 
During operation, the bath temperature is regulated at 
80 mK, which allows the TES to be vol lag!; b iased into 
its transition region. Voltage bias creates a condition 
of negative electrothermal feedback, which makes the 



TES s table against thermal runaw'ay (CITE). Incident 
alpha parti cl es deposit their energy in the absorber in 
the form of heat; therefore, unlike semiconductor 
dctectors, a microcalorimeter detector has essentially 
no dC<id laycr to introduce energy straggle. The 
absorber consists of a 4mm x 4mm x O.25mm piece of 
tin and is mechanically and thermally couplcd to the 
T ES by multip le SUS cpoxy posts and has heat 
capacity C. The T ES is supported by a thin SiN 
membrane, whIch provides a small thermal 
conductance G to the bath that allows each interacting 
alpha particle of energy E to producc a heat pulse in 
the absorber of hei ght fiC , wh ich decays with a time 
constant equal to C/G. (C IT E) The TES therefore 
produccs a curre nt pulse proportional to this heat 
pulse, which is recorded for analysis. 

In order to make full use of the high resolution and 
minimal stragg le of the detector, alpha source 
preparation is critical. An ideal source is a uniform 
monolayer or k~~ of alpha emitting radionuclidcs. 
Thick sources emit alpha particles with significant 
straggle due to energy loss within the sources material. 
Electrodeposi tion of radionuclides has been used 
successfu lly to make sources for measurement. (CIT E) 

The alpha parti cle source to be measured is situated 
millimeters from the detector in order to maximize 
detection efficiency. It is installed on the top cap of an 
aluminum cy linder that surrounds the detector 
assembly and provides shielding to avoid trapped 
magnetic f1ux in superconducting components. This 
sh ie ld is at the same temperature as the detector, which 
reduces radiant heat load on the absorber. 

FI GL:RE I. Detector assembly consists of TES chip with 
4mm square Sn absorber and the first stage SQUID 
ampli fier 

Readout Electronics 

Each of the four detectors is read out through a 
separate chan nel, allow ing four independent 

measurements to proceed simultaneously. As shown in 
figure 2. in each channel III bias current through the 
TES is inductively coup led to a superco nducting 
quantum interference device (S) 10) am pli fi er chain 
that is manufactured by Star C ryoeJectro nics, Inc. 
(CITE). A first stage SQ UI D amp l! fier is mounted on 
thc dctector assembly to provide initial amp lification. 
further amplification occurs in a second stage SQ UI D 
series array, mounted on the 4K p la te o f the cryostat. 
feedback circuitry, at room tc;mpera ture, p rovides an 
error signal output that is digitized to prov ide a record 
of pulse shape for off-line analysis. All co mponents of 
the readout electronics are commerc Ia lly avaIlable. 
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FIG RE 2. Block diagram of electronics for one channel 

Data Analysis 

Because the shape of each pulse is digi tized and 
stored, much more info nnil tion is avaIlable for 
analysis than if only individual peak heI ghts a re stored, 
as with typical commercial Si detector sy.tc ms. This 
extra information can be used to dec n:asc the effects of 
electronic noise and pulse pileup on energy resolution. 

The energy resolution of a silico n detector is 
limited by the Fano statistics of electron-holc pair 
generation, but in a cryogenic m icrQcalorimete r, 
thermal noise processes limit intrinsic resolution. W ith 
potentially over an order of magnitude bctter intrinsic 
resolution, electronic noise in the readout circuit 
becomes a signi ficant factor in the ul timate energy 
resolution of a microcalorimelcr detector syste m. 
Applying a Wei ner-type digital tiltering algorithm to 
the data, which applies measurements o f system noise, 
can improve the energy resolution of the spectrometer. 

Pulse pileup creates tailing on energy peaks in the 
measured spectrum, and decreases energy rcsolution. 
Because the shape of each pulse is d igitized and s tored 



for ana lys is, it is possible to separate piled up pulses 
with pu lse fi tting algorithms. These algorithms are in 
development, and wil[ improve the ability of thc 
system to measure higher ac tiv ity samples. 

Cryostat 

The detectors are operated inside a liquid nitrogen-
and liquid helium-cooled ACR (adiabatic 
demagnetizat ion re frigerator) cryostat that IS 

manu facturL~d by Janis Research Company, Inc. 
(CITE). Thc A DR provides a maximum hold timc of 
20 hours at 80 m K. An AC resistance bridge and an 
analog PID controller manufactured by Stanford 
Research Systems, Inc. monitor the ruthenium-oxide 
resistance thermometer on the detector stage and 
adju st the magnet current to maintain a steady 
operating :empcrature (CITE). This conlrol sySlem 
provide~ better than 20 uK peak-to-pcak temperature 
variation at the operating temperature of 80 mK. An 
external mu-metal can that surrounds the experimental 
space of the cryostat provides magnetic shielding that 
is required to reduce trapped magnetic flux in 
supercond ucting componen ts. This trapped flux can 
cha nge dd CCt.or and SQU iD amplifier response and 
mus t be minimized [or stable operation. 

RESULTS 

209/210Po Spectra 

209/2 I OPo are useful Isotopes for testmg detector 
and source preparation performance. 210Po emits a 
5304 keY alpha particle with nearly 100% intensity. 
This peak is especia lly us fll1 to determine detector 
resolution and source straggle. Electrodeposited 
sources were made that contain 0.17 nei of 209Po and 
0.36 nC i of 210Po (activity on February 2, 2009). 
Source straggle is meas ured to be less than 2 keY. 
209Po emits two alpha partic les with similar energies: 
4R83 keV (80%) and 4885 keY (20%). As seen in 
figure:, 3 <Imi 4, three different detectors with three 
different 2091210Po sources produce nearly identical 
spectra. The three alpha detectors installed for the 
measurement yie ld consistently better than 1.5 keY 
FWH at 5304 keY. 
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FIGURE 3. 209Po peaks, with 4885 keY peak visible as a 
shoulder on the more intense 4883 h :V peak 

!toO 
~ soo ,. 
• 700 

~ 600 
& 

~"'" 
~400 

300 -

100 -

tOO 

FIGURE 4. 210Po peak at 5304 keY 

Mixed Actinide Spectrum 

lsotopic analysis of nuclear materia l containing a 
mixture of actinides is ", common cha llenge in nuclear 
forensics and environlTIl.'ntal sampling. To examine the 
performance of a JJ;crocalorimeter detec tor In 

analyzing a sample with energy peaks too close to 
resolve well with a silicon detecto r. a sample 
containing 0.3989 nCi of 23 RPu and 0. 34 26 nC i of 
241Am (activity on October 20, 2008) y as prepared . 
As seen in figure 5, thc microcalo nmetr mcsurements 
provide sufficient resolution to determine peak height 
ratios even by eye, reducing the need for the complex 
fitting algorithms required for analysis of spectra from 
Si detectors and their associated errors. Preliminary 
results (March 2009) from the LA 'L spectrometer 
show comparable resolution to the spectrum from an 
earlier measurement (May 2008) wi th the ~ I ST 

jY"tem. This demonstrates that thc detec tor technolo gy 
is robust enough to provide consi ste nt res ults with 
completely different cryostats and readout electronics. 
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FIG RE 5. Spec trum of sample containing both 241 Am 
and 23 ~Pu, as measured on the NIST and LA NL 
microc alorimcter sys tems 

Instrument Stability 

Ove r a 20 hour m easuremen t, as limI ted by the 
ADR hold li me , there is no significant variation in 
d ' tector respo nse or lo ss of SQU ID amplifier lock as 
seen in figure 6. Some variability in detector response 
occurs betwce n ADR magnet cycles due to irregular 
fl ux trapping The aluminum shielding (Tc=l.l K) 
around each detector asscmbly undergoes a 
superconducting transition on each A DR magnet cycle 
while there L some stray fiel d from the magnet and 
therefo re can produce variable flux trapping. Niobium 
shielding (Tc- 9 .2K) will become supcrconducting 
when the cryostat is initially cooled and there is no 
field from the A DR magnet. lew shields made of 
niobium arc currently being tested. 

Stability In det~10r fe5ponSe over 20 hour run, dC1eclar aPA-4 
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FIG RE 6. Measurement of 210Po shows no significant 
varia tion in detector response or loss of SQU ID amplifier 
lock over a period of 20 hours 

FUT URE WORK 

The current four-channel spectromcter w ill be used 
for measurement cam patgns to e v.dunte the 
performance of alpha source preparation techniques 
and new detector designs for alpha particle and 
gamma-ray spectroscopy. Detectors w ith improved 
counting efficiency and faster response will decrease 
required measurement time. 

The wet c['jostat will be u pgraded to a 
mechanically cooled ADR system like the LAN L 
gamma spectrom <.; te r, which uses no liquid cryogens. 
In addition to yielding more reliable perform ance and 
simpler operation, the dry cryostat will improve 
sample throughput due to its shorter cool ing ti mc . 
Eight independent channels are planned for this 
system. 

At present, installation of alpha sources requires 
that the cryostat be warmed to room tem pc ratur.; and 
partially disassembled. This is a complica ted and time­
consuming procedure. To solve this problem, a 
cryogenic load Jock is currently in devel opment that 
will allow samples to be installcd w hile most of the 
cryostat remains cold and under vacuum. MUltip le 
samples will be ins talled in a ho lder tha t can be 
gradually lowered into position next to the detectors. 
As the sample holder is low ered , he at switches will bc 
connected in sequence to cool it to 60K and finally 3K 
when it is positioned adjacent to the detectors . 

FI(;URE 7. Proposed des ign for cryostat with load .Iock lor 
rapid sample exchange 
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