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[ Abstract ]

We present preliminary results from a windowless calibratemp for determining
wavelength solutions and detector flat-fielding at faravitnlet wavelengths. This lamp
produces free electrons from a filament, accelerating th@mard a tungsten target by

an applied voltage~¢ 200 — 2000 V). An emission line spectrum is produced by elec-

trons impacting the residual gas molecules present andncmuts emission is produced
by bremsstrahlung as the electrons collide with the taifje¢. emission line spectrum can
be modified to provide a rich wavelength coverage by intradydifferent species, and

spectra of H, HD, Ar, No, Oo, and CQ have been measured at modest spectral resolution

(~ 1 A) across the far-UV bandpass (900 — 1490 The long wavelength tail of the x-ray
bremsstrahlung continuum falling in this bandpass can bd ts make detector flat-field
measurements. The lamp is robust and compact, housed in-aoniiat cube and operates
at the ambient vacuum compatible with microchannel platragon. It is scheduled to be
tested on an upcoming sounding rocket flight. We presenalimgsults of both electron

impact and bremsstrahlung spectra and adaptability teespased instrumentation.

[ Lamp Mechanical Structure and Emission Characteristics ]

Intoduction Astronomers have long relied on emission line and contingahfration
spectra to improve science return at optical wavelengtinsis&on line spectra pro-
vide wavelength solutions and continuum spectra allow her ¢construction of de-
tector flat-field maps that can be used to correct for instniedlenon-uniformities
during the data reduction process. The most common methobitaining such spec-
tra is through the use of lamps designed for each processhré&tan spectra in the
windowless ultraviolet are challenging to obtain as emissine sources generally

require operating pressuressfl Torr (McCandliss et al. 2000), several orders of

magnitude higher than the operating pressarel(—> Torr) of micro-channel plate
(MCP) detectors commonly used in the far-ultraviolet (FUBAndpass. Continuum
sources are even harder to come by as most continuum souecgsnainated by line
emission. We report on the development of a lamp that seivd®mtn an emission
line and continuum source, and operates at the ambient racegessary for FUV
instrumentation.

Lamp Mechanical Structureand Operation  We have found that electron impact
sources can produce strong FUV emission line and contingpeutisa in high vac-

uum environments> 10~/ Torr). The line spectrum is produced as free electrons

collide with the residual gas in the vacuum. The continuuecspim is produced by
bremsstrahlung as the electrons collide with a thick tueng&trget (Bayard and Alpert
1950). In practice, current flowing through a thin tungsibbon filament produces a
source of free electrons that are accelerated towardsrigpet tay an applied voltage.
The filament is typically run at 3 — 4 Amps, and tests have beefopned with target

biases ranging from 20 — 2000 Volts. Unlike traditional &lee impact experiments
(Ajello et al. 1991; James et al. 1997), the geometry of omplaloes not produce
a mono-energetic environment. Our results indicate thatasap approximates pre-
vious mono-energetic experiments when dividing our opeyatoltage by a factor

between four and five.

The lamp consists of a mini-cff cube into which are mountesdfttament in prox-
imity to the tungsten target, a 3/32” diameter rod. The larap & window for visual
iInspection and filament temperature determination durpgration. In the current
test configuration, the lamp directly illuminates the shivjof a long-slit Rowland
Circle spectrograph that was the primary science instrtimethree previous sound-
ing rocket flights (NASA/JHU 36.136, 36.186, and 36.198, Baggh et al. 2002).
The spectrograph aperture is a narrow slit (@%), and uses a holographically ruled
grating and MCP stack detector with a KBr photocathode,aetldy a double-delay
line anode. All data presented here were obtained in thiSgumation with a spectral
resolution of about A.
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Figure 1. Raw spectral image of electron impact on HD. Gdsalganto the testbed raised the pressure to
4.5 x 107 Torr, and the emission spectrum is seen superimposed aveptitinuum.
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Figure 2. A comparison of the electron impact induced speatH, and HD, with a target bias of 1.2 kV.

The HD spectrum, plotted in red, shows a band structure tffatglfrom H, due to the different term values
and oscillator strengths of HD.

0.00" i 1AM a1
1100 1150

Emission Characteristics A typical emission line spectrum shows atomic hydrogen,

atomic and molecular nitrogen, and atomic oxygen; a contioimaf atmospheric
constituents and water vapor. The spectrum can be alterédteagtroduction of dif-
ferent species into the lamp. The emission lines presentremdstrength will depend
on the gas and the quality of the vacuum. A gas leak valve otestived allows us to
introduce different species for a richer wavelength caoyerand absolute calibration
studies using electron impact cross-sections, as dedcbelew. To date, electron
impact spectra of bl HD, Ar, No, O,, and CQ have been measured. Typically lines
of H 1 Lyman-a, N1 A1200, Nit A1084, O1 A1304, O A989, and N (c)-X) 958 dom-
inate, while Lyman, O1A1152, Ni A1243, Ni A1135, Cii A1335, CO (B-X) 1150
and CO (C-X) 1088 are weaker. A comparison of the band strectH, and HD is
presented in Figure 2.

The bremsstrahlung continuum spectrum is a strong funaioslectron emis-
sion current (ie- filament temperature) and target volt&geission current increases
sharply as the filament temperature goes abevE100 K. The dependence on op-
erating pressure is much weaker than in the case of the emikses, thus contin-
uum/line contrast can be varied by changing the lamp pres3ims contrast can also
be changed by increasing the target bias (see Figure 3). rEnesktrahlung emission
rises with bias where the expected cross-sections for itgantation of molecules
typically rise to a peak at 50 — 100 eV and then fall towardf&rgelectron energies
(Ajello et al. 1989; Ajello et al. 1991, James et al. 1997, Kaet al. 1995; and
Shemansky et al. 1985). Our source follows this trend eveagh the energy of
electrons in the line emitting volume is not mono-energetic
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Figure 3. The emission line to continuum ratio decreasesgaehtarget voltages. The spectra shown here

are bremsstrahlung and electron impact ornp @@h target voltages of 200 and 2000 \olts.
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Figure 4. Raw spectral image of bremsstrahlung continuuimeatiestbed baseline pressure of 3 x&Torr.
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The brightness gradient across the images is due to viggetithin the spectrograph.

[ | mpact Cross-Sectionsand Absolute Calibration ]

We have found the rise and fall of our Lymanintensity to span a much wider range
of target voltage than found in the Ajello work where mon@@etic electrons were used.
Our understanding of this discrepancy has been aided bydhelabment of a n-body
code to calculate the trajectories of the electrons emityeithe lamp filament and attracted
towards the target rod. This code allows us to determine ldatren energy distribution
within the line emitting region. We found that the averagergg of the electrons was
4.5 of the maximum provided by the target voltage, in goocagrent with the expanded
energy scale in comparison with Ajello’s data. The scalengkaallowed a much closer
match to Ajello’s work, and we are now addressing discrejgsnassociated with the non-
mono-energetic electron distribution.

For gas species with known measured cross-sections, alutbfox can be predicted
using these known values as well as a knowledge of the ingiigpecies density, elec-
tron flux, and the geometry of impact region (James et al. 19B7e electron flux can be
measured from the electron emission current, thus, alescdlibration will require two ad-

ditional guantities, the partial pressure of the emittipg@es and a detailed understanding

of the emitting volume. The partial pressures can be pravimea residual gas analyzer.
The emitting volume will come from the n-body calculations.

1000. Volts

1000. Volts

=
) v
—~

y(mm)
\

] -2}

‘,——41——’—; *47 | | | | |
-1.5-1.0-05 0.0 05 1.0 1.5
x(mm)

N |
-1.5-1.0-05 0.0 05 1.0 1.5
x(mm)

1000. Volts

Energy (eV)
o
o
o
|

o
-8 —6 —4 -2 0

y(mm)
Figure 5. N-body simulation of the electron distributionveeen the filament and the target for a target

voltage of 1000 V. Increasing the target voltage results figlater spatial distribution as well a narrower
distribution in the relative electron energies.

The extensive set of gas species and energies measureatipus\vides data for theo-
retical calculations seeking to reproduce the emissianihiensity variation produced by
the integrated distribution of electron energies inhetenhe lamp filament-target geome-
try, a task critical to the development of an absolute catibn. If it is found that we can
predict and verify the emission line intensities of a varigtgases and we find that they are
repeatable from lamp to lamp, then we can transfer thesesemiBne calibrations to the
continuum emission at select wavelengths. We know thatpketsal energy distribution
of the bremsstrahlung continuum is a slowly varying powera our wavelength range
(Stephenson and Mason 1949) so the transfer of emissiorcdili@ations will in effect
provide a means for a self calibrated primary standard atalelengths in the bandpass.

To date we have used the current configuration to study ta@welcalibration offered by
the stability and reproducibility of the continuum shapéhis bandpass (see Figure 6). In
these experiments the continuum slope was found to flattéreaarget voltage increased,
in agreement with the expectations for bremsstrahlungsamsAt high target voltage and
direct illumination of the spectrograph slit, the spectrofthe continuum closely follows
the shape of the absolute calibration curve of the spe@ptgto within an arbitrary scale
factor. The match is so close that where it does differ we aginming to question the
accuracy of the absolute calibration.
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Figure 6. A comparison of the independently measured effigi®f our current spectrograph and a lamp
spectrum taken with a target bias of 1.2 kV. The electron chpaluced emission lines (Argon) provide a

wavelength calibration, and dividing out a thick-targegisstrahlung continuum model roughly reproduces

the spectrograph efficiency.
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Figure 7. Cutaway shows the optical path of the electron ahgalibration lamp and the telescope input in
green. The tungsten target is shown in blue. The pickoff #atsgrating are shown in red.

Figure 7 shows the calibration lamp integrated into theoaptpath of the Long-
Slit Imaging Dual Order Spectrograph (LIDOS), currentiydandevelopment by the JHU
Sounding Rocket Group (McCandliss et al. 2002). An entrafhittor the lamp is mounted
in the copper gasket in the flange joining the lamp to the spg@ph. A deep channel run-
ning the diameter of the baseplate allows for the propagati@ beam from the lamp slit
into an optical path intercepting the grating and detect®ath mirrors are made from pol-
Ished stainless steel and overcoated with ion beam spadit&€ The first is a simple 45
elliptical flat. The second, located along the telescop&alxdxis, has a horseshoe shaped
cutout to allow an unobstructed passage of the telescope,beaile picking off the faster
calibration beam and redirecting it towards the grating.

LIDOS is designed to observe UV-bright objects and theirt&i surrounding nebulosity
simultaneously in the FUV bandpass (900 — 185@t moderate spectrad(3 A) and spa-
tial (= 3") resolution. LIDOS uses complementary detectors to colaga dynamic range
in a single observation. Bright objects are observed witkdaped charge coupled device,
whose high maximum count rate (corresponding to objects Wi fluxes Fyy < 10~/
ergs s cm~2 A~1) will allow measurements of stars several orders of magriteyond
the bright limit of instruments such as FUSE. Faint extenei@ission is observed with a
MCP channel that employs a coronographic strip to occulbtinght central object. The
MCP channel takes advantage of the low background equiverof such a detector and
extends the LIDOS faint limit to fluxes offy < few x 10 ergs st cm 2 A1 for a
signal-to-noise ratio of 3 over typical sounding rockeegration times. The electron im-
pact calibration lamp shares a common vacuum with the dwteand will be used in all
phases of integration and testing. In-flight, the lamp walltbrned on via a timer event and
will provide realtime wavelength and flat-field calibratidaring the science acquisition.

[ Future Work j

Fabrication of the final flight version of the calibration lams underway. The compact
and rugged design of the lamp is inherently robust, appatgiio the high-stress envi-
ronments of a space-based mission. Further work will beiredun designing a wiring
harness for the lamp that is more sturdy than the currentdaday configuration and can
be integrated into the payload power system. We anticipdiestaflight for LIDOS in
August-September 2003. A complete model of the internaplamvironment will bring
us closer to using this lamp as an absolute calibration sodrlae full characterization of
the lamp as an absolute calibration source would drasticadluce the time and effort that
goes into the pre and post-flight calibration processeswall for a faster turn around
between flights, hence, an enhanced science return. Suchi@ smwuld also be of similar
use to the general ultraviolet astronomy community.

This work was supported by NASA grant NAG5-5315 to The Johogkihs University.
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