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Figure D-8. SPICA Diagnostics of gas in planet-forming disks. LEFT: Image of Beta Pictoris, a nearby 

(d=20 pc) disk system. (credit ESO/VLT, J.L. Beuzit et al.) CENTER: Spectrum of a 0.03 M  disk 
around a Myr-old solar-mass star at 150 pc characteristic of a young system. RIGHT: The same system, 
but as it might be seen evolved after 100 Myr, after which most of the gas is likely depleted. Intensities are 
appropriate for the BASS resolving power (R=300), showing that BASS can probe all stages in gas disk 

evolution. Models after Gorti and Hollenbach (2004, 2008). 

~50 pc (for which there are only a few young 
systems), BASS and ESI will enable a statisti-
cally significant survey out to hundreds of 
parsecs, addressing the fundamental problem 
of gas evolution in these disks. 
D.7 Sensitivities of Far-IR Platforms 
The far-IR is one of the few remaining frontiers 
in the electromagnetic spectrum, where huge 
improvements in observing speed are still 
achievable due to the rapid and continuing pro-
gress in detector sensitivity, array format, and 
mission architecture. The critical combination is 
a modest cryogenic aperture with a sensitive 
spectrometer. 

Substantial gains are still possible in the far-
IR because existing far-IR spectroscopy plat-
forms operate far from the ultimate sensitivity 
limitation: photon noise from the diffuse astro-
physical background. The background is pro-
duced by interplanetary and interstellar dust, 
the cosmic far-IR background and the CMB. 
Careful analysis of COBE DIRBE data (Arendt 
et al. 1998, Kelsall et al. 1998) has revealed the 
components, and it is straightforward to calcu-
late the resulting sensitivities. In regions of low 
zodiacal light and cirrus, the photon noise on a 
cold telescope can be four orders of magnitude 
lower than that produced by a passively cooled 
(~80 K) telescope such as Herschel. This trans-
lates into factors of 107–108

 speed improvement 
in obtaining a complete spectrum for a distant 
galaxy. The BASS instrument proposed here for 
the SMEX MoO is not quite at the background 
limit, due to the use of semi-conducting bolom-

eters described in Section E.5, but will still be a 
huge step forward, as shown in FO1 and 
page B-1. 
D.8 BASS Instrument  
We now present the key technical elements 
which make BASS unique: the optical, detec-
tor, and sub-K cooling systems. Section E con-
tains further details on our systems approach 
and the more traditional aspects of the instru-
ment. 
D.8.1 Instrument Philosophy, 

Architecture 
The architecture philosophy is based on the 
aims of the scientific investigation outlined in 
Section D.2–D.6: broadband follow-up spec-
troscopy of unresolved sources with known posi-
tions. The instrument therefore aims to provide 
maximum sensitivity at moderate resolving 
power with complete instantaneous spectral 
coverage. Spatial multiplexing (imaging/map-
ping) is a secondary goal. Heterodyne spec-
trometers are not well-suited to cold space tele-
scopes because they suffer from quantum 
noise—a term that is factors of 100–1000 times 
greater than the photon noise from the natural 
backgrounds. Moreover, the heterodyne 
backend bandwidths are insufficient for effec-
tive spectral surveying. 

Direct-detection spectrometers are the 
natural choice, and the broad bandwidth re-
quirement permits two basic options: diffraction 
gratings and Fourier-transform spectrometers 
(FTS). With suitable detectors, the grating  
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Table D-3.  Overview of Technology 
Heritage 

Hardware TRL Heritage Adaptations 
NTD Ge 
bolometers 

6–8 Herschel, 
Planck, Z-Spec, 
Boomerang 

Change NTD doping 
Reduce G 
1-D arrays 

JFET 
readouts 

8 Herschel None 

Warm 
electronics 

8 Herschel None 

WaFIRs 
spectrometer 

6 Z-Spec Reduce dimensions 
for shorter λ, fixed R 

ADR 9 XRS, sounding 
rockets 

Add 400 mK 
intercept 

Chopper 9 Herschel/HIFI, 
Spitzer/MIPS 

Small amplitude 

 
spectrometer is more sensitive for observations 
of a single point source. BASS is therefore a 
broadband grating, optimized for the very best 
sensitivity for a given detector choice.  

To stay within the SMEX budget and 
schedule constraints, we selected an instrument 
based on proven technologies (see Table D-3 
and D-4), and chose a limited spectral band 
with the most promising science given the de-
tector formats available. BASS uses 320 detec-
tors in two WaFIRS spectrometers (described 
below). Each spectrometer is a duplicate of the 
Z-Spec spectrometer, simply reduced to ac-
commodate shorter wavelengths. A single spec-
trometer covers a factor of 1.6 in wavelength, 
thus the two-band system provides a factor of 
2.56 in coverage. We do point out that much of 
our cost is non-recurring engineering and hard-
ware (e.g. the refrigerator) so the marginal cost 
to add more bands would be modest, and would 
not substantially impact our interfaces. 

The BASS range was chosen to provide 
coverage shortward of the 350-µm window ac-
cessible from the ground: the chosen range is 
130 to 340 µm. in two bands (see Table D-5). 
This choice complements the proposed ESI 
spectrometer by extending the capability to be-
yond 200 µm, and offering enhanced sensitivity 
for the high-redshift observations. 
D.8.2 Optics Configuration 
Figure D-9 shows the SPICA telescope and 
BASS optical configuration. A fore-optics relay 
section with a chopper mirror illuminates the 
pair of spectrographs. Mirror m3 forms a beam- 

Table D-4.  Control of Systems Issues 
Hardware TRL Heritage Adaptations 

Straylight 
suppression 

6 Z-Spec Add 1.7 K shield 

EMI/EMC 
suppression 

8 SPIRE/Herschel, 
HFI/Planck 

None, but must test 
to SPICA 

environment 
Microphonic 
noise 
suppression 

8 HFI/Planck None, but must test 
to SPICA 

environment 
Temperature 
stabilization 

8 HFI/Planck Reduce as BASS 
requirements are 
less demanding 

 
waist and permits the chopper to be located at 
the image of the SPICA secondary, minimizing 
chopper-induced spillover. The chopper mirror 
is curved, saving one mirror and reducing beam 
aberration and cross-polarization relative to the 
comparably compact 3-mirror configuration 
(flat chopper between two curved mirrors). The 
spectrometer input feedhorns are separated by 
5.7 mm, corresponding to 60″ on the sky. The 
chopper modulates the astronomical source be-
tween the two spectrometer bands. Thus, while 
one spectrometer is coupled to the source, the 
other is coupled to reference position 60″ away. 
The modest requirements for variable chopper 
period (2 s to 10 s) and duty cycle (>90%) do 
not significantly drive the chopper mirror de-
sign. The half-power beamwidth (HPBW) is 19″ 
at the longest wavelength, and the chopper re-
peatability is 3″.  
D.8.3 Waveguide Grating Approach 
A major problem with conventional grating 
spectrometers is the large size when scaled to far- 
IR wavelengths. Spectrometer size scales as the 
product of wavelength and resolving power, thus 
the volume scales as the cube of this length 
scale. Conventional spectrometers typically use 
planar gratings and multiple collimating and fo-
cusing optics, making the size of the spectrome-
ter much larger than the grating itself. The prob-
lem is exacerbated when the requirement of 
large instantaneous bandwidth is included. We 
have developed and tested a new approach that 
overcomes these limitations for BASS.  

The WaFIRS system couples a single spatial 
mode through a feedhorn, propagates the radia-
tion in a parallel plate, and uses a custom-
machined (not ruled) curved grating. Radiation 
is focused onto an arc, which accommodates the 
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Table D-5.  BASS Spectrograph Modules  
BASS: R=300, 2-beam system, 320 NTD-sensed bolometers 
WaFIRs Modules: 2 modules, 1.5 kg mass offset per module 

Band λmin 
µm 

λmax 
µm 

R L 
cm 

spac 
µm 

flt tol 
µm 

H 
cm 

2-d tol 
µm 

Mscale 
kg (1 mod) 

Mtot 
kg 

A 132 211 300 7.3 495 46 1.0 13 0.05 1.55 
B 211 339 300 11.7 795 75 1.2 21 0.07 1.57 

 
Figure D-9. BASS optics layout: (a) Two sub-assemblies in the focal plane of the SPICA telescope 

and (b) detail of fore-optics. 

1-D detector array (see Bradford et al. 2003). 
Relative to conventional ruled gratings, the ma-
chined grating offers the potential to minimize 
aberrations and thus provides greater flexibility 
in optical design. It allowing a faster (more com-
pact) system and does not require additional 
focusing elements beyond the grating itself. Fur-
ther, the two-dimensional geometry dramati-
cally reduces the system mass and therefore cost 
for a single beam, and presents the possibility for 
stacking multiple modules. Our prototype in-
strument Z-Spec (Figure D-10) operates at the 
Caltech Submillimeter Observatory atop Mauna 
Kea. Z-Spec provides instantaneous coverage 
from 190–310 GHz, at a resolving power of 
250–400, with sensitivities close to the back-
ground limit. The design can be simply scaled 
with wavelength and the resolving power 
(∝Nfacets), and this forms the basis of BASS. The 
BASS instrument configuration is shown in Fig-
ure D-11.  
D.8.4 BASS Detectors 
Perhaps the most demanding technical aspect of 
BASS is the long-wavelength detectors and the 
associated readouts. For wavelengths beyond 
the 38 µm silicon BIB cutoff, sensitive large-
format detector arrays which can be built for 

flight remain a non-trivial technical hurdle. 
Bulk germanium photoconductors have been 
used to 200 µm (e.g. on Spitzer and previous 
missions), but devices are large and thus suscep-
tible to cosmic-ray spikes, exhibit a variety of 
non-linear behaviors, require mechanical stress-
ing, and do not provide complete wavelength 
coverage. Bolometer development in the U.S. 
has been supported by NASA for many decades, 
particularly for studies of the CMB and for 
X-ray and far-infrared/sub-mm astronomy. This 
investment has achieved especially notable sci-
entific successes in COBE and BOOMERANG. 
Low-temperature bolometers developed by 
NASA-JPL are now ready for launch on the 
Planck-HFI and the Herschel-SPIRE instru-
ments in 2008. 

The BASS instrument will use low-
background neutron transmutation doped 
(NTD) germanium bolometers operating from a 
base temperature of 50 mK. Arrays of very simi-
lar NTD Ge bolometers operating at 300 mK 
have been space-qualified by JPL for the SPIRE 
instrument on Herschel. Single-element NTD 
Ge bolometers operating at 100 mK have been 
space-qualified by JPL for the High Frequency 
Instrument on Planck. Herschel and Planck are 
scheduled for a joint launch in 2008. 

(a) (b)
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Figure D-10. Z-Spec, the WaFIRS waveguide spectrometer prototype for 1 mm wavelength [upper left], 
and integrated with its cryostat and 50 mK refrigeration system [upper middle]. Z-Spec provides R~300 

from 190 to 310 GHz (1-1.6mm) with a grating which is 55 cm in its longest dimension. In the right 
picture, the light enters the parallel plate section via a feedhorn in the upper right, and illuminates the 
curved 480-facet grating on the left. The 160 bolometers couple to the parallel plate through curved 

waveguide feeds to both the front and back of the structure. Bolometers are individually mounted, a close 
up view of the 2.5 mm by 1.6 mm absorber region with NTD thermistor chip is shown in the upper right. 

This instrument is operating at the Caltech Submillimeter Observatory with 100% detector yield and near-
background-limited performance there, as the spectrum below shows. The WaFIRS modules size scales as 

λ × R, and BASS bands A and B are simply scaled from Z-Spec.  
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Figure D-11. BASS layout (schematic). Band A and B waveguide spectrometers have size scaled with 
wavelength. The input feedhorns are separated by 5.7 mm, corresponding to the 60 arcsecond chop throw. 
The detector cold stage (50 mK) and the intercept stage (~400–500 mK) are each cooled with an ADR. 

The intercept shield is removed for clarity, but is shown in elevation view in upper right). 

Table D-6.  BASS Detector Loadings, Requirements, and Design Values 
 Loading Requirements Design Values 

Band Popt 
aW 

NEPphot 
aW Hz-1/2 

NEP 
aW Hz-1/2 

τ 
ms 

ηabs 1/f knee
Hz 

format Ntypes NEP 
aW Hz-1/2 

τ 
ms 

G0 
pW/K 

C0 
fJ/K 

Vn (amp)
nV Hz-1/2

A 1.3 0.039 0.5 300 0.8 0.1 8×(1×20) 1, 2 0.25 130 0.9 30 10 
B 0.6 0.044 0.5 300 0.8 0.1 8×(1×20) 1, 2 0.25 130 0.9 30 10 

NOTE: Ntypes is the number of different types (bolometers, back-shorts) for each band. 
 

The requirements for the BASS bolometers, 
which carry a factor of 2 margin in detector 
NEP and heat capacity, are described in Table 
D-6. Sensitivity margin will be allocated to sys-
tems issues during the development of the in-
strument. While the detectors have slow re-
sponse times of 130–300 ms, this does not incur 
any sensitivity penalty with stable readout elec-
tronics that have already been developed 
and tested. The SPIRE instrument already 
demonstrates 10 times better stability than the 
BASS requirement of a 100 mHz 1/f knee. The 

bolometers have a high degree of dynamic 
range, giving NEPdet = NEPphoton under an opti-
cal power ~100,000 times larger than the de-
sign loading. 

The BASS bolometers will be thermally iso-
lated on silicon nitride support members, and 
read out with superconducting Niobium leads. 
The devices will be optically coupled through 
bare absorbers and a tuned backshort in linear 
arrays of 20 devices. Each spectrometer assem-
bly will have 8 linear arrays with two backshort  
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Figure D-12. A block diagram of the BASS detector and readout chain. Detectors are assembled into 
modules of 1x20 linear bolometers arrays bonded to backshorts (2 types per spectrometer) and mounted 
with biasing load resistors onto a printed circuit board. BASS requires 16 detector modules in total, 8 per 
spectrometer. Pairs of 2x20 channels are read out using cryogenic JFET power amplifiers developed for 

Herschel/SPIRE. BASS incorporates proven defenses against systems issues developed for Herschel, 
Planck, and Z-Spec. The detectors are enclosed in a cryogenic Faraday cage to reduce susceptibility to 

EMI/EMC. Following SPIRE, every wire into the Faraday cage is RF filtered. The readout is based on a 
balanced AC-biased differential design to minimize response to common-mode signals. Following Z-Spec, 

three levels of shielding at 50 mK, 500 mK and 1.7 K are used to defeat stray light. The detectors view the 
instrument space only through the 50 mK spectrometer, which defines a narrow spectral band and a single 
electromagnetic mode for minimal coupling to stray photons from the instrument. Microphonic response is 

mitigated by using the carbon-jacketed microphonically insusceptible low-conductivity cabling developed for 
the Planck 100 mK bolometers. 

distances. The optical coupling scheme follows 
the same design used on the Z-Spec spectrome-
ter. A single pixel on Z-Spec is shown in Figure 
D-10. 

The detectors will be assembled into focal 
plane panels using a process closely following 
that used in the manufacture of the SPIRE 
bolometer arrays. JPL developed 10 flight arrays 
for SPIRE, with 5 different array designs. These 
arrays exceeded all of the stringent performance 
requirements of the SPIRE instrument, and in 
some cases surpasses the performance goals. 
Laboratory tests of the SPIRE arrays indicate an 
average optical efficiency of 73 %, a detector 
NEP sub-dominant to the photon NEP as de-

signed to match the expected flight loading, a 
1/f knee below 30 mHz, and a total yield of 
98.5% including both non-functioning and 
noisy detectors. A block diagram of detector 
module is shown in Figure D-12, and an open 
view of a SPIRE detector assembly showing the 
mounted array, backshort, and load resistors is 
shown in Figure D-13. 

The 20-element BASS detector sub-arrays 
will be fabricated on 4″ wafers, and screened for 
functionality at room temperature. Each array 
will be hybridized to a backshort wafer and 
mounted in a detector readout module. The 
readout module will have lithographed bias re-
sistors and electrical connection to low- 
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Figure D-13. Focal plane assembly of the SPIRE 
instrument incorporating NTD Ge bolometer array, 

micro-machined backshort array, biasing load 
resistors, and wirebonds to low thermal conductivity 

kapton cables. 

conductivity cables for readout. The hybridiza-
tion process will be carried out in JPL’s electron-
ics packaging laboratory. Eight readout modules 
will be mated to each spectrometer and deliv-
ered to the array testbed. 

In the development phase we plan to adapt 
the SPIRE/Planck NTD process to the low- 
background requirements of BASS, which will 
be designed to have 2 orders of magnitude lower 
NEP than SPIRE. This will require a lower op-
erating temperature, lower thermal conduc-
tance, and lower heat capacity. The lower oper-
ating temperature will require a higher NTD Ge 
doping level than that used for SPIRE. Resis-
tance as a function of temperature will be meas-
ured for NTD Ge samples to determine the op-
timum doping for 50 mK operation. The 
thermal conductance of the SPIRE bolometers 
was selected by the Au thermistor leads; for 
BASS the Au will be replaced with supercon-
ducting Nb so that the limiting factor will be the 
conductance of the Si3N4 absorber legs. We do 
not anticipate difficulty in achieving the re-
quired thermal isolation: bolometers using 
Nb/Si3N4 leads have already demonstrated 
thermal isolation 100 times lower than the 
BASS design value. We will adapt the SPIRE 
membrane etch and release process to be com-
patible with Nb leads.  

Finally we plan a series of tests to reduce the 
heat capacity of the bolometers, which is cur-
rently limiting the detector NEP due to the 
speed of response requirement (Table D-6). 
However, the required speed of response can be 
met with the existing SPIRE NTD Ge chip and 
contacts technology, conservatively scaling the 
achieved heat capacity of the SPIRE bolome-

ters. At the end of the advanced development 
phase, the bolometers developed will undergo 
component thermal cycling and accelerated ag-
ing testing to verify readiness for the flight build 
phase.  
D.8.5 Cyrogenics Cooler Subsystem 
The BASS cryogenic subsystem consists of a 
2-stage adiabatic demagnetization refrigerator 
(ADR) that cools both the detector system to 
50mK and also an intercept stage. The intercept 
stage serves as thermal radiation and stray light 
shield and dramatically reduces the conducted 
heat loads to the detector stage. The ADR, 
opto-mechanical structures, intercept shield and 
detector subsystem are mounted inside a chassis 
cooled by the SPICA facility cooler to 1.7 K. A 
high-heat-capacity thermal ballast is mounted 
in the chassis to minimize thermal disturbances 
created by the ADR on the other SPICA in-
struments. Other than the optical access port, 
the chassis is light tight to prevent direct view-
ing of high temperature (>4K) thermal radia-
tion sources on SPICA, and to control stray 
light from the telescope. The chassis is mounted 
to the 4.5-K optical bench using low-thermal-
conductance standoffs.  

The cooling cycle for the BASS ADR sys-
tem, is as follows (refer Figure D-14). A pair of 
3He filled gas gap switches are turned to the ON 
state to conduct heat to the 1.7 K cold stage.as 
the magnet currents are ramped up. After the 
magnets achieve full field, 20 kG and the cold 
stages equilibrate at 1.7 K, the heat switches are 
turned OFF and the magnets are ramped down. 
The initial ramp down causes rapid cooling of 
the intercept stage to ~500 mK and the detec-
tor stage to 50 mK. Once at temperature, the 
ramp down rate of the current for each ADR 
stage is reduced and adjusted on several second 
intervals to maintain the fixed operating tem-
peratures. This cycle is repeated every 1–2 days 
at a duty cycle of ~90%. Temperature stability 
of 1–10 µK/rt Hz at the chop frequency 
~0.5 Hz and drift rates <3 mK/hr are required 
to eliminate contributions to detector noise and 
maintain calibration accuracy. This presents no 
problem since stability 1–<0.1 µK/rt Hz at fre-
quencies f>0.01 Hz and drift rates ~2–3 µK/hr 
were easily achieved for the Planck 100 mK fo-
cal plane, a bolometric focal plane similar to 
BASS. 

An ADR, similar in design to the BASS 
ADR, achieved 60 mK in space on 7/27/05 on  
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Figure D-14. BASS Cryogenic subsystem. One 

stage of the ADR cools the intercept shield to 
~500 mK. The second stage cools the detectors and 

WAFIRs spectrometers to 50 mK. Both ADR 
stages consist of a salt pill, thermal straps, and a 

superconducting electromagnet with paramagnetic 
shield. The 3He filled gas gap heat switches 

indicated as black dots with a white “G”. A high 
heat capacity thermal ballast is located at the base 

of the magnets and the heat strap to the 1.7 K 
cooler to attenuate high heat loads during magnet 

ramp up. 

Astro E II. The ADR for Astro E I was never 
operated due to rocket failure on launch. JPL 
has invested internal research money to devel-
oping components necessary for a space quali-
fied ADR as shown in Figure D-15. 

The main improvement with the BASS 
ADR is that two ADR stages are employed to 
dramatically improve hold time and reduce 
mass. Functionally, the ADRs for each stage are 
identical. They differ only in size as dictated by 
system optimization. However, they could be 
made identically with a penalty of either 10–
20% increase in mass or decrease in cold time. 
The temperature (50 mK) and heat loads (~2 
µW at 50 mK) are typical of sub-Kelvin coolers 
for ground based instruments. Many of these 
instruments, for example Z-Spec, are fielded at 
remote telescopes and cooled by ADRs. 
D.9 Core Science Deliverables 
We anticipate that the observations for our core 
program can be carried out within the first year 
of SPICA observations, or at least be well un-
derway so that analysis can begin (1000 hours of 
observing is 12% of a year). After the core pro-
gram, the BASS instrument will be available to  

 
Figure D-15. ADR technology status. See also 

Appendix I-11. 

SPICA (though this proposal does not include 
support of BASS during this period). 

 The science deliverables will be calibrated 
spectra of the 500 galaxies described in Section 
D, published in articles and available to the 
community. The labor will be provided by the 
PI, 2–3 post doctoral scholars, and the Co-Is. 
We recognize that our analyses will not likely 
tap the full potential of the rich dataset. Our 
emphasis will be on producing calibrated spectra 
that can be used by the worldwide community, 
and we anticipate survey articles that will sup-
port the further use of the data. The data will be 
made available in FITS format as well as in raw-
product form on a publicly-available website no 
later than 18 months after receipt of data prod-
ucts from JAXA. We will strive to make them 
available sooner. The data will also be in a form 
accessible to existing databases and archives 
(e.g. NED, IRSA).  

To produce these spectra, we will generate a 
pipeline based on examination of the first 20-40 
spectra obtained early in the core science pe-
riod. Based on experience of the PI and instru-
ment scientist, and the maturity of the NTD 
bolometer technology, it is anticipated that 
these basic science products will be calibrated to 
10%, absolutely and from channel to channel 
across the spectrum. This level of calibration is 
suitable for the bulk of the astrophysics outlined 
in Sections D.2–D.6. We have budgeted 
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$3.4M (FY08$) for the science team in 
Phases E and F to carry out this reduction 
and analysis. This will support the PI, the 
postdocs, and the Co-Is (part-time) unless 
indicated in Table D-7.  
D.10 Minimum Mission 
BASS is optimized for the SMEX MoO cost 
envelope, yet carries sufficient margin to en-
sure success within this envelope. Neverthe-
less, should cost and schedule be threatened, 
our descope plan is presented in Section F.3, 
which leads to the minimum mission: a single-
band (Band B) spectrometer which uses drift 
scanning rather than the chopping mirror. In 
addition to the wavelength coverage reduction, 
the survey speed would be impacted by the loss 
of the chopper. However, some of the basic 

science topics could still be addressed, such as 
the [CII] surveying (Section D.4.2) which has 
substantial margin in the baseline BASS in-
strument. 
D.11 Science and Engineering Team 
Each member of the BASS science team is se-
lected to perform specific duties, though most 
are broad experienced scientists who can advise 
on the overall scope of the project. Team mem-
bers and their roles and qualifications are sum-
marized in Table D-7. In addition to more fre-
quency subgroup interactions, the entire team 
will interact by bi-monthly telecons and semi-
annual working meetings in Pasadena. 

We can’t wait to get started working with 
the SPICA team and developing the BASS in-
strument!

Table D-7.  BASS Science Team—Roles and Responsibilities 
Science Team 

Member Role and Responsibility Capabilities and Experience 
Matt Bradford PI (JPL)—Carries overall responsibility for all the 

BASS activities and will be directly involved in all 
aspects. Will ensure coordination between 
individuals and Science Team sub-groups. 

12 years experience in instrumentation for far-IR–
mm wave astrophysics, led the development and 
commissioning of SPIFI and Z-Spec, two novel 
background-limited bolometer-based spectrometers 
for Mauna Kea observatories. 

James Bock Co-I (JPL)—BASS Instrument Scientist—will take 
much of the responsibility for the instrument 
development, including interface and requirements 
definition, scheduling, interacting with QA. Will 
provide oversight on the BASS detector fabrication 
tasks. Will serve as PI in the absence of Bradford. 

16 years experience, with key roles in scientific and 
flight programs. PI of the U.S. involvement in 
Herschel SPIRE (bolometric detectors), and plays 
critical roles in several sub- orbital microwave and 
near-IR background experiments. 

Alfred Nash (JPL) Project Manager—day-to-day instrument 
management. Responsible for cost and schedule 
management.  

14 years experience with flight hardware and 
instrument development. 10 years experience with 
instrument management. Managed JPL build of 
Planck sorption 20 K cooler recently delivered to 
ESA. 

Timothy Koch (JPL) System Engineering Manager (JPL)—
develops technical requirements, coordinates, and 
manages system-level technical resources. 

10 years experience in flight hardware and 
instrument development plus 7 years experience in 
balloon-borne radio astronomy payloads. 

Warren Holmes Co-I (JPL)—will lead the development and in-flight 
operation of the BASS sub-Kelvin refrigerator, and 
be responsible for the definition of the thermal 
interfaces between BASS and SPICA. 

20 years of experience in low-temperature physics, 
with an emphasis on refrigerators and bolometer 
instrumentation. Recently led the testing and 
qualification of the 100 mK detector arrays 
delivered by JPL to ESA for Planck HFI. 

Hideo Matsuhara Co-I (ISAS/JAXA)—will be the liaison between the 
SPICA team and the BASS instrument team. Will 
ensure that the interfaces are properly 
communicated between the SPICA mission team 
and the BASS team. Will participate in scientific 
analysis 

20 years experience in space astronomy, 
instrumentation, and cryogenics. Akari project 
scientist. 
Requires no BASS support. 

Bradford, Bock and Holmes will provide scientific oversight on the hardware phases and are funded throughout the project. 
Together with Nash, Koch, and Matsuhara, they will be responsible for the instrument development, integration with SPICA, 
and performance in flight. 
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Science Team 
Member Role and Responsibility Capabilities and Experience 

Lee Armus Co-I (IPAC)—will lead the development of a 
pipeline for the BASS data during the in-orbit 
checkout period at the end of Phase E.  
Will participate in scientific analysis.  

Leading the Instrument Support Team for the IRS 
at the Spitzer Science Center (SSC). Expert in 
studies of starburst and luminous infrared galaxies. 

George Helou Co-I (IPAC)—will be responsible for science data 
interfaces with JAXA, archiving the BASS data at 
IPAC for public access after proprietary period.  
Will participate in scientific analysis. 

Director of Infrared Processing and Analysis Center 
(IPAC), and Deputy Director of the SSC. Expert in 
the spectroscopic study of normal galaxies. 

J. D. Smith Co-I (U. Toledo)—will develop software for the 
reduction and analysis of the BASS data. 
Will participate in scientific analysis. 

Has written and released similar software for the 
Spitzer IRS that is widely used by the astronomical 
community. Expert in spectroscopy of dust features 
in normal galaxies. 

In addition to their scientific roles, Armus, Helou, and Smith will coordinate the data pipelining and develop basic software tools 
for the BASS data. 
Once science-quality data are in hand, all members of the science team will participate in the analysis and publication. Our 
budget includes two postdoctoral scholars for two years each in phases E, F, and it is anticipated that these younger scientists 
will play a major role in the analysis well as Bradford and the team members below. To advise in the analysis and publication of 
the data, our team includes experts in all areas relevant to the BASS science program. Our budget includes funding for all 
science personnel which require it in Phases D,E,F. 
Scott Chapman Co-I (Cambridge)—will provide modeling support 

for BASS distant galaxy sample selection. 
Expert,in high-redshift dusty galaxy populations has 
developed models for high-redshift dusty galaxy 
populations.  
Requires no BASS support. 

Uma Gorti Co-I (Ames)—will guide the interpretation of the 
BASS observations of disks. 

Expert, has developed models of far-IR line 
emission of protoplanetary disks.  

Martin Harwit Co-I (Cornell)—will consult on far-IR cooling lines of 
molecular gas, and development of an international 
mission.  

Expert in far-IR molecular cooling lines, has 
experience in international mission development 
and operation through ISO and Herschel. 

Daniel Lester Co-I (Univ. Texas)—will guide the interpretation of 
elemental abundances from N, O, and C 
spectroscopic measurements. Will serve as liaison 
with SAFIR / CALISTO study team 

Has made similar measurements in Galactic 
regions and nearby galaxies with the Kuiper 
Airborne Observatory. PI of SAFIR and CALISTO 
mission concept studies. 

Takao Nakagawa Co-I (ISAS/JAXA)— SPICA PI. Will work with the 
BASS team during the formulation and 
development phase, and he has final authority to 
approve the role of BASS within SPICA, including 
scientific capability and interface requirements. 

20 years experience in far-IR instrumentation and 
astronomy from space-borne and balloon 
platforms. Played major role in JAXA Akari mission. 
Requires no BASS support. 

Matt Malkan Co-I (UCLA)—will guide interpretation of 
diagnostics of active galactic nuclei (AGN). 

Expert in the study of AGN, both obscured and un-
obscured.   
Requires no BASS support. 

George Rieke Co-I (Arizona)—will advise on the far-IR scientific 
and technical results with Spitzer MIPS, will provide 
a liaison with the mid-IR instrument on JWST 
(MIRI). 

Spitzer MIPS PI, leading large guaranteed-time 
programs. Science lead for MIRI.  
Requires no BASS support. 

Gordon Stacey Co-I (Cornell)—will guide the analysis of far-IR fine- 
structure line cooling of the interstellar medium. 

Over 27 years experience in far-IR spectroscopy 
and spectroscopic instrumentation, Authored over 
100 refereed articles on the subject.  
Requires no BASS support. 

Michael Werner Co-I (JPL)—will consult on strategies for AGN 
identification and study, will consult on 
requirements definition and development issues. 

Spitzer Project Scientist, JPL Astronomy and 
Physics Chief Scientist.  
Requires no BASS support. 

 
 


