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Absolute emission cross sections for electron-impact excitation of the 3p-3s transition in Al 2¿

G. H. Dunn,1 D. S. Belić,2 C. Cisneros,3 D. H. Crandall,4 R. A. Falke,5

and D. Gregory6
1JILA, University of Colorado, and NIST, Boulder, Colorado 80309-0440

2Faculty of Physics, Belgrade University, Belgrade, Yugoslavia
3Centro de Ciencias Fı´sicas, UNAM. Cuernavaca, Mor., Mexico

4NA-11, 4C012 FOR, US DOE, Washington DC 20545
5Optometrix Inc., Seattle, Washington 98058

6Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, Tennessee 37831-6375
~Received 19 April 2002; published 18 September 2002!

Crossed beams of electrons and Al21 ions combined with fluorescence detection were used to measure the
absolute cross section for electron-impact excitation of the ions to yield 186.3 nm and 185.5 nm photons from
the 3s-3p transition. The measured cross section near the 6.7 eV threshold energy is about 16310216 cm2,
and some resonance structure near threshold is indicated. Total relative uncertainties (1s) are typically about
6%, to be combined with an 11% absolute calibration uncertainty. Total uncertainties at high confidence level
~90%! are around 20%, using a coverage factor of 1.7. Comparisons made with various theoretical calculations,
specifically distorted wave and nine-state close coupling, show better agreement of experimental values with
distorted wave calculations, with the measured values being higher near threshold than the most recent close-
coupling calculations.
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I. INTRODUCTION

Calculation and measurement of cross sections
electron-impact excitation of ions has been an active are
research for several decades, heavily motivated by the
portant role played by these processes in various hot pla
environments—most notably astrophysical, controlled
sion, and atmospheric explosions. Calculations have mat
to the point that scientists in large international consortia@1#
calculate and make available many thousands of cross
tions. This is not to say that theoretical results have b
experimentally tested to the point that one can have unflin
ing faith in them. Indeed, it has been shown in a numbe
cases—especially where resonances play a major role—
painstaking care is required, since a small error in calcula
resonance positions can lead to mistakes in the amoun
interference, and thence to incorrect cross sections.

Aluminum is influential in a number of plasma and astr
physical environments. For one example, Al21 emission
lines have been observed in the solar ultraviolet spect
with the ratio of their line intensities considered as use
temperature diagnostics@2#. Because of the importance,
number of calculations@3–7# of excitation rates and cros
sections have been performed. In this paper we will m
specific comparisons with the distorted-wave calculations
Mertset al. @6# and the close-coupling calculations of Mitro
and Norcross@8#.

Experimental efforts to test theory for electron-impact e
citation of ions at first focused on plasma rate measurem
@9#. Later, crossed beams of electrons and ions with fluo
cence detection were employed@10#, and this technique ha
accounted for a major share of the data and experime
tests of theory. Because of experimental limitations mos
the data obtained using this method have involved sin
charged ions with only a few cases of measurements on m
1050-2947/2002/66~3!/032706~7!/$20.00 66 0327
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tiply charged ions. In recent years, a merged electron-i
beams electron-energy-loss technique has been introd
@11,12#. Because of superior energy resolution compared
the other methods, it has produced some of the best dat
exploring the role of resonances in excitation cross sectio
and because of larger interaction volumes and superior si
detection efficiency it has allowed making measurements
more highly charged ions and a broader variety of spec
This newer method is, however, confined to measurem
relatively close to threshold. Still another relatively rece
innovation for study of multiply charged ions~particularly
effective for very highly charged ions! is the use of the
electron-beam ion trap@13# and related source/trap method
There are other methods that account for a smaller fractio
electron-ion excitation investigations. The various techniq
and results have been reviewed@14# a number of times over
the years.

Here we report one of the very few measurements
multiply chargedions using the crossed-beams–fluoresce
detection method. Cross sections for multiply charged io
using this technique have been published@15–18# on C31,
N41, and Hg21. This work on Al21 has been briefly re-
ported @19# in abstract form previously, but we neglecte
proper publication of the results. Since results on the sa
excitation using the merged-electron-ion beams energy
~MEIBEL! technique have recently been obtained@20#, it
was deemed important to make a comprehensive repor
this work and results so that a proper comparison could
made.

The process under investigation here is for the sodium
ion, Al21,

Al 21~3s 2S!1e→Al21~3p 2Po!1e→Al21~3s 2S!1e

1hn, ~1!
©2002 The American Physical Society06-1
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where the photon wavelength is 186 nm and the thresh
interaction energy is 6.6 eV. At as low an energy as 14.3
one may excite the 3d 2D level, which can cascade throug
the 3p 2Po state and thus, provided the resultant pho
reaches the detector, this excitation will also be detec
That is to say, excitation of higher levels followed by ca
cade through the 3p 2Po state, giving rise to 186 nm radia
tion that reaches the detector will be part of the measu
ment. Hence, the measurement here is that of anemission
cross section rather than anexcitationcross section excep
below 14.3 eV, where only the 3p 2Po level is energetically
accessible. Labeling the ground state, 3s 2S, with g; the de-
tected emitting state, 3p 2Po, with f; and the cascading state
with the running index,j; we thus have, for the measure
emission cross section,sem, in terms of the respective exc
tation cross sections,sex ,

sem~ f→g!5sex~g→ f !1(
j . f

g~ j→ f !sex~g→ j !, ~2!

where g( j→ f ) is the branching fraction fromj to f. The
doublet nature of the system is not taken into account h
as the2P1/2 and 2P3/2 levels are separated by only 29 me
and the emission lines of 185.47 and 186.28 nm are
separable in the spectroradiometer used here.

Experimental excitation cross sections near thresho
measured using the MEIBEL technique have been repo
previously for other Na-like ions: Mg1 @21#, Si31 @22#, Cl61

@23#, and Ar71 @24#. Generally, good agreement has be
found between the experimental values and those calcul
using close-coupling theoretical methods.

II. EXPERIMENTAL APPROACH

A. General

The experiment was performed using the crossed-be
apparatus at Oak Ridge National Laboratory. Thus, the te
nique is closely allied to that reported previously for me
surements@15,16# on C31 and N41, and many details of the
method can also be found in Refs.@25,26# on excitation of
singly charged ions. A schematic illustration of the expe
mental configuration is shown in Fig. 1. Ions from the sou
~ORNL PIG! @27# are extracted and accelerated by a 10
potential and are then mass-to-charge analyzed. They

FIG. 1. Schematic illustration of the experimental apparatus.
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guided to the collision region via an assortment of elect
static lenses where they are traveling in thex direction and a
magnetically ~0.02 T! confined, variable-energy beam o
electrons traveling in they direction collides with them. Pho
tons emitted by the excited ions into a fixed and known so
angle centered about thez direction pass through a definin
aperture, a supersil window, and an interference filter, a
their numbers are measured by counting them using a c
brated vacuum ultraviolet photomultiplier. A scanning s
beam probe is used to measure the ion and electron dist
tions in thez dimension for the two beams. Beam particl
are collected in appropriate Faraday cups and their curr
are measured.

Both beams impact background gas and some surfa
producing photons that are detected by the photomultip
To separate the photons produced from the beam-beam i
action from these background events, both beams w
chopped and two registering scalers were gated in a ma
@28# that the difference in events recorded by the scaler
the desired signal. Signal counts using this scheme are
lected over only about one quarter of the time, with bac
ground from the electrons, background from the ions, a
dark background being collected during the other three qu
ters, respectively. The emission cross section is calcula
from the measured quantities using the expression@29#

s5
1

YV

R

I eI i

qe2n ine

~n i
21ne

2!1/2

F

D~z0 ,l!
, ~3!

whereR is the photon signal count rate,qe is the charge of
the ion,e is the electron charge,I i and I e are the total cur-
rents of ions and electrons, respectively, andv i and ve are
their respective laboratory velocities. The factorF, with units
of length, accounts for the spatial overlap of the ion a
electron beams with spatial distributionsR(z) andG(z), re-
spectively, and it includes the relative spatial variation of t
detection sensitivityh(z,l). It can be represented by

F5E R~z!dzE G~z!dzYE R~z!G~z!h~z,l!dz, ~4!

where

h~z,l!5DR~z,l!2I 11~ewe /n it21!I 2 ~5!

with

I 15E
0

we
e2x/n itDR~x,z,l!dxYE

0

we
DR~x,z0 ,l!dx ~6!

and

I 25E
we

`

e2x/n itDR~x,z,l!dxYE
0

we
DR~x,z0 ,l!dx. ~7!

The average probability that a photon of wavelengthl
emitted in an arbitrary direction from thez5z0 plane in the
collision volume will be counted is given byD(z0 ,l). The
6-2
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ABSOLUTE EMISSION CROSS SECTIONS FOR . . . PHYSICAL REVIEW A 66, 032706 ~2002!
quantityDR(z,l) is the relative variation of that probabilit
with heightz such thatDR(z0 ,l)51. DR(x,z,l) is the rela-
tive probability averaged over the width of the ion beam t
a photon emitted from a line parallel to the electron be
will be detected,we is the width of the electron beam, andt
is the lifetime associated with the transition giving photo
of wavelengthl. The subtraction ofI 1 in Eq. ~5! is to ac-
count for the fact that some ions, due to the finite lifetime
the excited state, do not radiate while within the electr
beam, and the term withI 2 accounts for emission beyond th
electron beam which is still detected. In this experiment
integrations overx can be ignored, since the beam travels
v i 3.83107 cm/s, andt'2 ns. The quantityYV corrects for
anisotropy in the radiation, and is given by

YV5~12P^cos2u&V!Y S 12
1

3
PD , ~8!

where the cos2 u term is averaged over the solid angleV
subtended by the detector at the point of emission. In
experiment the polarizationP is not measured, but it is est
mated to be small based on theoretical considerations as
cussed later. Hence,YV is near unity.

B. Ion beam

The Al21 ions were formed by situating a rod of alum
num directly into the ORNL PIG@27# and using CCl4 as the
discharge gas. Free chlorine in the Penning discharge in
tact with the hot aluminum makes aluminum chloride, whi
has a high enough vapor pressure to yield a signific
amount in the vapor phase. The discharge was located
tween the poles of a large magnet~previously a cyclotron
magnet!, and a pair of curved plates near the exit hole of
source produces an electrostatic field transverse to the m
netic field, so that ions of a particular mass-to-charge ra
are directed through an exit aperture placed outside the m
netic field in a sort of Wien filter arrangement. The io
source was held at110 kV, so that in grounded transpo
regions and at the interaction region, the Al21 ions had an
energy of 20 keV and a velocity of 3.83107 cm s21. In the
interaction region the confining magnetic field for the ele
trons causes deflection of the ions, and this is offset by
allel plate deflectors before and after the entrance to the e
tron gun. Typical ion currents at the collision region duri
the experiment were of order 1mA. The height of the ion
beam was of order 3 mm, and the ion beam ‘‘fit within’’ th
electron beam. Calibrated current integrators of the cha
to-frequency conversion type were used to measure the
current collected in the Faraday cup which had a suppre
electrode to prevent escape of secondary electrons.

C. Electron beam

The electron beam is from a gun@30# adapted from a
design that was carefully studied and reported@25,31#. The
gun is immersed in a magnetic field~0.02 T! generated by
permanent magnet rods between pole faces. This allows
attainment of a moderately high density beam even at
electron energies. The electrons were accelerated from a
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cathode by a series of slotted plates maintaining a unifo
electric field parallel to the magnetic field, thus minimizin
spiraling of the electrons along the path. The beam w
chopped by applying a square pulse more negative than
cathode to one of the electrodes. Typical electron curre
ranged from 10mA to 320 mA between 10 and 100 eV an
were measured with a calibrated current to frequency c
vertor. The beam was approximately 5 mm high and l
than 2 mm wide.

The electron collector was strongly biased. This ser
two purposes, the first of which is to prevent secondary e
trons from escaping. Second, a problem with magnetic
confined electron beams is that it is difficult to ensure t
there are no electrons elastically reflected from the collec
entering the beam and traveling in the ‘‘opposite’’ directio
The strong bias and closely spaced razor blades on the
lector helped to minimize this, i.e., only in a very sma
angular cone~growing smaller with bias! could elastically
reflected electrons overcome the potential barrier prese
by the bias. At higher electron energies, however, the b
was typically too weak to totally ensure nonreflection
beam. Hence, one-sided uncertainties attendant to this m
be assessed at the highest electron energies.

The electric field from the ion beam deflectors whi
compensated for the magnetic field of the electron g
leaked into the gun region and compromised the elect
energy distribution. Typically, this gun design@25,31# has
exhibited an electron energy distribution of about 0.4 eV f
width at half maximum~FWHM!. However, with the degrad
ing fields just mentioned, the energy distributionDE is here
broadened to about 1.5 eV FWHM as determined by the
with energy from threshold of the excitation cross sect
measured here with this modified gun. Normally, if there a
no resonances at threshold, electron-ion excitation cross
tions rise with infinite slope at threshold~step function! @32#.
Thus, the derivative of the experimental curve at thresh
gives the energy distribution.

D. Photon detection and radiometry

The spectroradiometer illustrated in Fig. 1 consists o
defining aperture in the collision box, a supersil vacuum w
dow, an interference filter@33#, and a photomultiplier~PMT!
@34# with appropriate electronics. The distance from t
beam line was carefully measured, as were all apertures
the transmission of the window. The filter transmission w
carefully measured as a function of angle and that inform
tion was incorporated into the data analysis. The effect of
increased path length due to the vacuum window was ta
into account. The cell between the window and the pho
multiplier was filled with argon, and tests were made to e
sure that there was no absorption of photons in this cell
that gas.

An absolute calibration of the system was made and t
performed as described in the Appendix. A detailed eval
tion of DR(z,l) was made by mapping the response of t
photomultiplier over its surface. The absolute sensitiv
D(z0 ,l) was determined to be 4.9831025 counts per
photon.
6-3
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E. The anisotropy factor

The anisotropy factor,YV , shown in Eq.~8! involves
knowledge of the polarizationP of the emitted radiation and
the solid angleV. Percival and Seaton@35# have shown that
for 2P→2S multiplets, an initial polarization of 0.43 is ex
pected at threshold, going to20.27 at high energy~ignoring
cascade! for electron impact excitation ofneutral atomsand
detection perpendicular to the electron beam. For excita
of ions it is expected that the threshold polarization will b
reduced due to the Coulomb field mixing of higher part
waves. Previous measurements@25# and theory@36# suggest
that this threshold reduction factor is probably about 1/3.
sodium-like ions it is expected that the fine and hyperfi
couplings~for 27Al, I 55/2) will cause any initial polariza-
tion of the orbital angular momentum, which gives rise
polarized photons, to be converted into polarization of el
tron and nuclear spins. The formalism of Fano and Ma
@37# can be used to calculate this effect when the lifetime
the state and fine and hyperfine splittings are known. Ca
lation for 27Al21 gives a photon polarization reduction b
0.13, leading to an expected polarization of 0.018 at thre
old going to20.035 at high energy. The attendant anisotro
factor is then expected to differ from unity by the order 1
at all energies. Due to the approximate nature of the e
mates, the small correction is not applied to the data, an
one-sided energy-dependent uncertainty is assessed.

F. Experimental tests

Colliding charged particle beams are notorious@38# for
spurious signals when the backgrounds from both beams
high compared to the true signal. Thus, the space charg
one beam can slightly alter the trajectories~and in turn the
background caused by the beam! of the other beam leading
to unwanted signatures of beam-beam interactions appea
in the detector. Various tests help to ensure that these ef
are not significant for the cross sections measured. In
context, the beam currents, the ambient pressure, and
chopping frequency were varied in experimental tests,
no systematic effects were found in the data. The absenc
apparent signal below the energetic threshold is also take
evidence that space charge effects did not influence the
reported here.

III. RESULTS AND DISCUSSION

The measured cross sections are shown for 25 interac
energies in Fig. 2. The hollow square points are shown w
relativeuncertainties at the 1s level. At six energies, shade
circular points are superimposed on the relative points
these six points are shown with totalabsoluteuncertaintiesU
with a coverage factor of 1.7 so that the confidence leve
90%. There is the impression that a resonance structure
pears near 12 eV, about 2 eV below the onset of cascade
noted earlier, the rise of the cross section from thresh
defines the experimental electron energy spread, since
zero energy spread one expects an infinite slope at thres
A Gaussian distribution of 1.5 eV FWHM fits the ris
satisfactorily.
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Sources of uncertainty are listed in Table I. In the asse
ment of uncertainties, two-sided symmetric uncertaint
have been combined in quadrature, and one-sided uncer
ties have been linearly added to the result.

TABLE I. Individual sources of total uncertaintyU in the cross
section measurement; presented with a coverage factor of 1.7
attempt to make them equivalent to 90% confidence level.

Sources of uncertainty in emission
cross section determination

U at ‘‘high’’
~90%! C.L. in %

Spectroradiometry, exclusive of one-sided
anisotropy uncertainty

616.7

Electron current measurement 61.7
Ion current measurement 61.7
Beam overlap factor 63
Photon counting efficiency 63
Ion velocity 60.5
Uncollected beam currents 61
‘‘Typical’’ statistical uncertainty in data 610
Quadrature sum of two-sided uncertainties 620
One-sided uncertainty, anisotropy:

Low E 10.9
High E 22

One-sided uncertainty, reflected electrons:
Low E 20
High E 22

Total U at ‘‘high’’ ~90%! C.L.:
Low E 121,219
High E 116,224

FIG. 2. Experimental cross sections vs interaction energy. H
low square points are shown with relative uncertainties at thes
level; shaded circular points at six energies are superimposed o
square ones and are shown with total expanded uncertaintiesU with
a coverage factor of 1.7 believed to be at about the 90% confide
level. Upper solid curve represents UDW calculations of Me
et al. @6# including some cascade as discussed in the text. Lo
solid curve is from a CCV9 calculation of Mitroy and Norcross@8#.
Both theoretical curves have been convoluted with a 1.5 eV FWH
Gaussian energy distribution.
6-4
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ABSOLUTE EMISSION CROSS SECTIONS FOR . . . PHYSICAL REVIEW A 66, 032706 ~2002!
Figure 2 also shows results of the convolution of the
eV FWHM Gaussian energy distribution with the data fro
two different theoretical calculations. The top curve in t
figure represents the unitarized distorted waves~UDW! cross
sections from Mertset al. @6#. The plotted curve contain
results calculated from Eq.~2!, where the final radiating
state, 3p 2P, and cascade to that state from the 3d, 4s, 4d,
4 f , and 5s levels have been included. The lifetime asso
ated with cascade from the 3d and 4s levels to the 3p level
is around 0.7 ns, so the associated 3p-3s photons readily
reach the detector. The theory indicates that these two
cades account for about 90% of the cascade radiation,
that cascade contributes about 10% to the total signal;
detailed lifetime and branching analysis was not carried
for cascade from the other levels. Taken in the absenc
other considerations, the agreement between the experi
and the UDW results is good.

Also shown in the figure as the lower curve is the conv
luted result of a nine-state close-coupling calculation
Mitroy and Norcross@8#. These authors carried out an exte
sive investigation of the process under study including f
different theoretical approximations. The most complete
that shown, and it includes close coupling of the 3s, 3p, 3d,
4s, and 4p levels with 4d, 4f , 5s, and 5p pseudostates
coupled in as well. Two-body polarization potentials we
included in the scattering Hamiltonian, and semiempiri
~giving ‘‘best’’ eigenenergies! Hartree-Fock wave function
were employed. This CCV9 calculation agreed well with t
similar CCV5 ~without pseudostates! results and less wel
with a five-state close-coupling calculation not including p
larization potentials, a calculation with results lying interm
diate to the CCV9 and UDW results. The CCV9 results@8#
show a sharp drop in the cross section for excitation to
3p level at an energy very close to where cascade sets
The cascade contribution from the 3d, 4s, and 4p levels
adds to the total emission cross section in a way that a ra
smooth curve is predicted in this region of energy. Howev
resonances can clearly be seen in the nonconvoluted C
results@8# at energies below the cascade onset. Such r
nances are extremely sensitive to details of the calculati
and the apparent feature at 12 eV in the experiment may
be related to those calculated.

FIG. 3. Schematic arrangement for calibrating the PMT dete
@34# against a NIST precalibrated photodiode@39#.
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Clearly, the experimental results cannot be said to ag
well in magnitude with what one regards as the most sop
ticated and complete theoretical data. Unfortunately, ho
ever, the present experiment does not separate the theor
results in a definitive way. The experimental values are s
to lie just at or within the total expanded uncertainties at 9
confidence level, meaning that if one were to perform
same experiment over again including new calibrations
measurements, the chances are about 10% that there w
be ‘‘good’’ agreement with the more sophisticated theo
The dominant uncertainty in the experiment is the radiom
ric calibration, and, as seen in the Appendix, the largest c
tribution there comes from the calibration by NBS~now
NIST! of the diodes used for transfer to the photomultipl
detector in the experiment.

As the results stand, the UDW results are favored o
those of the CCV9 method. However, as mentioned earlie
recent experiment@20# using the MEIBEL technique that ob
viates the need to do absolute radiometry has been
formed, and it is reported in this volume. In that case,
results agree well with the CCV9 results and do not ag
with the UDW within the expanded uncertainty. It has be
noted already in the Introduction that measurements on o
Na-like ions using the MEIBEL technique agree well wi
the close-coupling theory.
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APPENDIX: CALIBRATION

To obtain an absolute cross section, it is necessary to
termine bothD(z0 ,l) in Eq. ~3! and DR(z,l) in Eq. ~5!.

r

FIG. 4. Variation of PMT@28# sensitivity over its surface.
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Since the response of a photomultiplier generally varies s
stantially over its surface, it was necessary to map out
response in detail. ThenDR(z,l) was obtained from

DR~z,l!5
DB

4pE Dr~x8,y8,l!
cos~g!

r 2
T~g!dx8 dy8,

~A1!

whereDr(x8,y8,l) is the relative sensitivity at wavelengthl
of the photocathode at positionsx8,y8 on its surface,DB is
the sensitivity of the photocathode at some chosen be
mark position such thatDR(z0 ,l)51, l is the angle off of

TABLE II. Individual sources of uncertainty in the assessme
of radiometric sensitivity; presented at the 1s level. A coverage
factor of 1.7 is used in presenting the total in Table I.

Source of uncertainty
in spectroradiometry

% uncertainty,
1s level

Ignoring decay length ,0.1
Dead time correction 61
Interference filter correction for angle
of incidence

,0.1

Determination of pulse counting efficiency 60.5
Numerical integrations 61
Determination of step size 61
Measurements ofZ0, diameters of limiting
apertures, and other geometric factors

61

Calibration of electrometer for diode
comparison

67.5

NBS ~NIST! calibration of photodiodes 69
Photodiode to photomultiplier transfer
~scattered light, spatial uniformity, etc.!

62

Scattered light in crossed beams apparatus 62
Quadrature sum 69.8
Anistropy of light:

Threshold 10.5
High energy limit 21.2
.

s

r.,
,

03270
b-
e

h-

normal for the photon,T(l) is the transmission of the inter
ference filter and windows as a function ofl, and r is the
distance from the point of emission to the spot on the p
tocathode,r 5@(x8)21(y8)21z2#. The integral is performed
over a number of different values ofz and fitted to within
0.03% to the functional form (z0/z)2.

The calibration arrangement is illustrated in Fig. 3. Ph
tons of wavelength 184.95 nm from a Hg discharge la
were selected with a 3/4 m vacuum monochromator. Li
from the monochromator could be transported to two po
using a stationary spherical mirror and a plane mirror wh
could be rotated about two axes. The motion of the pla
mirror allowed the detector sensitivity, including the super
window, to be mapped out; thus givingDr(x8,y8,l). The
motion also allowed a calibration transfer from one of tw
NIST-calibrated photodiodes@39# to the benchmark point on
the detector, thus determiningD(z0 ,l). The variation of the
photomultiplier sensitivity over its surface is shown in Fig.
The strong variation illustrates the need to have a w
defined reference point as well as the need to carefully in
grate over surface. The value ofD(z0 ,l) was determined
both before and after the experimental measurements an
values obtained agreed within 0.3%. A wavelength correct
of 1% between 184.95 nm from the Hg lamp used in ca
bration and the weighted average of the Al21 doublet at
185.74 nm was determined using a quasicontinuous, tho
less bright discharge lamp.

The supersil window transmission was determined se
rately and found to agree with the manufacturer’s specifi
tions. The window was examined using a polariscope a
found to be free of strains that might have been present
to mounting. The amount of scattered light entering the
tector was shown in separate tests using an isotropic l
source to be;2% (62%).

Uncertainties associated with the radiometry are listed
Table II at the 1s level. Two-sided uncertainties are com
bined in quadrature, and one-sided uncertainties are ad
linearly both here and in Table I. A coverage factor of 1.7
give an equivalent 90% C.L. has been used in entering
ues from Table II into Table I.
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