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TECHNICAL MEMORANDUM X-73352

THE SKYLAB ATM/S-056 X-RAY EVENT ANALYZER:
INSTRUMENT DESCRIPTION, FARAMETER DETER-
MINATION, AND ANALYSIS EXAMPLE
(15 JUNE 1973 1B/M3 FLARE)

I. INTRODUCTION

Gas-filled x-ray detectors have been utilized extensively in solar and
cosmic x-ray astronomy, These detectors include the ionization chamber, the
Geiger=Muller tube, and the proportional counter, all sharing one common
characwristie, i.e., their principle of operation is the absorption of x-rays.
Hoover et al. [1] have described the basic theory of x-ray detectors and dis-
cusscd how they are used in solar and cosmic x-ray astronomy investigations,

A proportional counter, so called because the meun amplitude of its
output pulse is proportional to the energy of the incident x-ray photon, is
typically a small ¢ylindrical volume containing a central wire (anode) held at
a high positive potential with respect to its outer wall (cathode). Electrons
generated in the gas from the primary ionizing x-ray photon are accclerated
toward the anode and acquire enough energy to produce further ion-clectron
pairs by collisions with the neutral gas atoms, thus causing a cascade or
avalanche of electrons which drift toward the anode where they are collected.
The avalanche contains M electrons for each ion pair generated in the ionizing
event and an associated M positive ions which move toward the cathode, thus
producing a pulsc of current in the external measuring circuits. The param-
eter M is lknown a < the ""gas multiplication factor,' or more sinply the ""gas
gain,' of the counter and has a Gaussian distribution about a mean value
proportional to the incident x-ray energy. Thus, by analyzing the distribution
of pulse amplitudes from a proportional counter, one obtains information
regarding the spectrum of the incident x-ray flux, In general, multichanncl
pulse-height analyzers, which separate or discriminate pulses into several
selective amplitude ranges, are used to investigate the pulse amplitude dis-
tribution and extract the spectral data.



Gas-filled x-ray detectors, in particular proportional counters utilizing
multichannel pulse=height analyzers, in addition to their ability to detect and
monitor solar activity with high time resolution (e.g., the occurrence of x-ray
enhancements associated with H-alpha flares or eruptive prominence events or
radio bursts) can also be used to probe the physical conditions of the solar
plasma volume, i.e¢., the electron temperature and emission measure, Horan
[2] and Dere et al. [3] have discussed the determination of these quantities using
ionization chamber data, a technigque which can also be applied to proportional
counter data and which is similar 1o techniques employed by Vaiana et al. [4],
Walker et al. (5], Vorpahl et al. [6], and Smith et al. [7,5] in the determina-
tion of linear physical parameters from x-ray photographic data.

The purpose of this report is to describe the Skylab ATM/ 5-056 X-Ray
Event Analyzer (part of the NASA-Marshall Space Flight Center/ The Acrospace
Corporation x-ray telescope experiment), an x-ray proportional counter sys-
tem employing multichannel pulse=height analyzers; to describe the methods
used in the analysis of its data; and to report results of analysis for a selected
event — the 15 June 1973 1B/ M2 flare.

Il. INSTRUMENT DESCRIPTION

The Skylab ATM/S-056 experiment consisted of two scientific instru-
ments: the X-Ray Telescope, which recorded solar x-ray emission on photo-
praphic film through several x-ray filters with high spatial and temporal
resolution, and the X-Ray Event Analyzer (X-REZ , which recorded solar
x-ray emission by means of a proportional counter system employing multi-
channel pulse-height analyzers. The overall experiment design, stressing
primarily the X-Ray Telescope, has been described by Nalsh et al. [9] and
Underwood et al, [10]; del.oach et al. [11] have sum ‘ized the orbital and
ground-testing performance of the instruments.

The X-REA consisted of two conventional, coaxial proportional counters
mounted inside a single housing. The two counters were designated the
"beryllium counter' and the "aluminum counter' because of their window
material. The beryllium counter had a window thickness of 2,54 < 107 em and
was 1.27 em in diameter. Further, it had a gas mix of xenon-methane (90-

10 percent) at 1 atm and responded to the 2.5 to 7.25 A x-ray flux, separating
the puls2s into 6 wavelength ranges (channels). The aluminum counter had a
window thickness of 6. 35 x 10™ ¢m and was 3.18 x 10™! ¢m in diameter. The
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window was supported by an aluminum mesh with an estimated transmission of
80 percent, Further, the counter had a gas mix of argon-methane (90<10 per-
cent) at 1 atm and responded to the 6.1 to 20 A x-ray flux, separating the pulses
into 4 wavelength ranges (channels). Both counters were 2,22 ¢m in length

and contained a central tungsten wire anode 5,08 107 ¢m in thickness.

Because both counters were « - sentially uncollimated, both viowed the
full Sun and thus had no spatial resolution. Events ohserved in the counters,
however, could clearly be associated with particular events occurring on the
Sun as long as two or more events did not occur simultancously,  The correlation
of X=-REA events and solar activity phenomena was achieved via a comparison
of the X=-REA telemetry records with information contained in Solar-Geophysical
Data and with photographic images obscrved by the X=Rav Telescope.

The pulses in cach output channel were accumulated for 2.5 5, and the
accumulated total was transferred to an output huffer register which automati-
cally crased previous data in the buffer. The 10 ripple-through counters in the
digital signal conditioner were read sequentially, once every .50 ms. and
telemetry sampled the buffer four times per cecond.

Since the maximum count rate of the tubes was approximately 6 10°
counts s~}, a four-position aperture wheel (6,35 em diameter) was fitted in
front of cach counter window to increase the dynamie range of the X-REA,
Successive apertures varied by approximately four times in area; thus, the
smallest aperture (aperture 1) was approximately 61 times smaller in area
than the largest aperture (aperture ). The apertures could be changed by
stenper motors manually by the astronaut at the Apollo Telescope Mount (ATM)
control and display pancl or, more often, automatically by the electronies which
switched apertures when the counting rate reached a cortain prescribed leve!,

An inflight functional check oi the electronics was provided by internatl
calibrators, one for cach proportional counter subsystem.  Each calibrator
consisted of a unijunction oscillatoy followed by a divider circuit.  The calibra-
tion signals were terminated when the high voltage power supplies for the
counters were turned on.  No onboard calibration sources were provided,

In addition to the telemetered counts, the total count rate from all
channcls in cach subsvstem was monitored and displaved on the ATM control
and display pancl. The counter rate as a function of time was also displayved



on a plotter (i.e., the history plotter) mounted on the AT ¢« ntrol and display
panel. These devices provided the astronaut a real=time indication of solar
x=-ray activity and a record of activity versus time, thereby enabling him to
select the best mode of operation for the X-Ray Telescope.

Figure 1 schematically describes the functional aspects of an X-REA
proportional counter subsystem, while Tables 1 and 2 summarize the X-REA
physical weight, dimensions, etc., and channel characteristics, respectively.
For additional comments concerning the X=-REA, see Reference [12].
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Figure 1. Functional diagram of typical X-REA proportional
counter subsystem.

TABLE 1. X-REA EXPERIMENT PARAMETERS

System Parameters:

Weight — ~17 kg

Size — ~0.142 X 0,157 x 0,183 m

Fower (Avg) — ~15 W at 28 Vdc

Temperature Limits — 0 to 40°C
( Allowable Operating)




TABLE 1. (Concluded)

Data Storage — ATM 1& C Tape Recorder
Data Rate — 20 Bits, 2.0 s

High Voltage — 1600 to 2300 Vde ( Tuncable)
Field of View — few degrees

Temporal Resolution — 2.0 8

Aluminum Counter:

Wavelength Range - 6.1 1o 20 A

Pulse Height Analyzor Channels =

Speetral Resolution — ~4 A

Window (Thickness) — 6.35 < 10~ em Aluminum (1,71 mg em™)
on Aluminum Mesh (50 percent
transparent)

Cas Mix = Aprgon=Methane (90-10 percent)

Aperture Areas — 1 2.45 % 107 ¢m?
2 De 3D X ]u':i em?
3 2.04 X lfl-:' em”
49 7.92 ¥ 107 em?

Beryllium Counters

Wavelength Range — 2.0 te 7.25 A

Pulse Height Analyzer Channels — 6

spectral Resolution = ~0,5 A

Window (Thickness) — 2,51 - 1077 ¢m® Beryllium (16,2 mg em™)
Gas Mix = Xenon=Methane (90-10 |n-_!-m-nl)

Aperture Arcas — 1 2,04 % 107 em?
2 S.11 2 107 em?
3 2,22 « 1071 em?
44 1.27 em®

a. Corresponds to area ol tube window .,




TABLE 2.

X=REA C HANNEL CHARACTERISTICS

Aluminum Counter

Channel Wavelength Range 7(x)a Nk
1 16 to 20 A 0. 0056 15 A (1.10 x 107%)
2 12 to 16 A 0,071 14 A (1,41 x lﬂ"')
3 8tol12 A 0,007 10 A (1.9% % 1079
4 6.1to % A 0.35 7.05 A (2.81 x 107%)
Total 6.1to020 A 0. 1051 13.05 A {1.52 x 107?)
Beryllium Counter
Channel Wavelength Range T,u()T)t i(:)h
1 6to 7.25 A 0.077 6.60 A (2,99~ 107)
2 5.5 to 6 A 0.167 5.75 A (3.44 x 1079)
3 65to 5.5 A 0.20 25 A (.77 % 107%)
4 1.5t0 5 A 0.23 1,75 A (4.17 x 1079)
5 3.75t0 4.5 A 0,42 1,13 A (4,79 x 107%)
6 2.6to 3.75 A 0.66 3,13 A (6,33 % 107)
21 ’ - o LD P y [} v . =
I'otal 2.5t07.25 A 0.29 188 A (14.06 % 107)
——

a. Excludes aluminum micsh transmittance (assumed to be S0 percent).

b. A is mean wavelength; ¢ is mean photon energy, caleulated by the
=1.98 < 10 0 erg « A/A(A).
¢. 1 is mean counter efficiency per interval mean wavelength (A).

cequation ¢




I11. PHYSICAL PARAMETER DETERMINATION

All of the solar soft x-radiation which reaches the Eayth originates in
the corona. ‘T'his x=ray energy is mostly gencerated by resonance=line emission
from highly ionized atomic species and by free-tree and free=bound continuum
processes, although various forbidden line emissions, as well as the two-photon
continua, also contribute, Walker [ 13, 14 has made an in=depth review of the
coronal x=rav spectrum, and Doschek [ 15, 16] has veviewed the spectrum of
the flarving Sun.  Also, Kahler [17] has examined the thermal and nonthermal
interpretations of flare x=ray bursts |15, 19, and Dedager et al, [20] have
summarized some recent obscervational data on solar flares,

Previous spectral measurements indicated that the temperature during

flares exceeds 10 < 10 K, and occasionally probably exceeds 30 % 10° K [21,22].
The Acrospace Corporation has developed a comprehensive program for the
computation of the thermal x-ray .-4|n-vlra.l This program has been applied to

¢ X=REA bv {olding the theoretical spectra through the caleulated response
ot the X=RE.\ counters.  The resulting model spectrum jor cach counter appears
in Tables 4 and 1. The units of the individual entries are counts per second
per square contimeter per unit emission measure of the emitting object on the
Sun.  Ratios between channels in any one counter or ratios between sums of
‘har nels of both counters are thercelore equivalent to similar ratios ol the model
X=REA specorum. Thus, a dotermination of the plasma eleetron temperature
15 possible.  Table 5 gives several selected ratios lfor the temperature regime
of 2 to 30 < 10° K which have been used in temperature determination studies.

A deteriaination of the emission measure” is straightforward once the

. _2 -
temperaturs s known, It can be shown that it |/ is the output counts em™ s :
]

from the X=-REA for a particular channel j and F_is the caleulated X-REA
|

response lfor the same channel deduced from Table B or 1, then the emission
measure, denoted EM, can be written as

1. Private communication with D, L. McKenzie.

2. Private communication with W, llenze.
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d.
EM-fNede-'FJ: : (1)
J

where Ne is the electron density and V is the volume of the emitting plasma.

By assuming a volume, a determination of the electron density is accomplished;
i- eu []

N = ;L (%) . (2)

IV. ANALYSIS EXAMPLE (15 JUNE 1973 1B/M3 FLARE)

The example chosen to illustrate the analysis using the X-REA data is
the 15 June 1973 1B/ M3, H-alpha two-ribbon flare which occurred in McMath
12379 ( NOAA active region AR131) at N17W32 around 1413 UT (H-alpha Max)
as reported by Hirman et al. [23]. This flare [24] was chosen because it was
the major flare of the first manned Skylab mission and good correlation was
possible between a number of Skylab and other instruments. Also, because it
occurred in the first manned mission, the data should be very reliable, not
suffering from the deterioration associated with methane-quenched counters
(McKenzie, private communication).

The telemetered X-REA data (i.e., the "raw" data) have units of counts
per aperture area per 2.5 8. Since it is desirable to have the output of both
counters expressed in counts cm™ s~ and since the aperture areas are not
equal for the same aperture number, the data must be adjusted accordingly.
This is accomplished by correcting for aperture area and time, so that the
units are now counts cm ™2 s~! (converted). These counts are designated
"converted'' because they still are not the true or ""correct' count rates incident
on the surface of the counter window, The correct counts are obtained by
multiplying the converted values by the appropriate inverse of X-REA efficiency
term and, when appropriate, adjusting for the degradation of the counter tubes,
known to be a problem in the latter part of the Skylab mission. However, the
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converted count rates are proportional to the true count rates, and because the
theoretical response functions have taken into account the efficiencies of the
counters, only converted count rates are used in plots of the data.  Also,
because the degradation of the tubes did not manifest itsclt nntil late in the
Skylab mission, a knowledge of their degradation functions is not regiired for
events occurring in the first and part of the second manned missions.

Figures 2 and 3 show the count rates for selected energy channels and the
totals of the beryllium counter (Fig. 2) and the aluminum counter (Fig, 3).
Figure 4 depicts the same event as observed by SOLRAD 9, A comparison of
the X=-REA data with the SOLRAL 9 data is accomplished by normalizing the
data with respect to the peak of the event, This comparison is shown in Figures
5 and 6, where only the total beryllium (Fig, 5) and aluminum count (Fig. 6)
rates are compared with the SOLRAD 9 1 to 8 A and = to 20 A fluxes, respec-
tively. Since the SOLRAD 9 memory data have a time resolution of 1 min, the
X=REA data have been averaged corrvespondingly,

Very close agreement is observed between the hervilium counter aad the
SOLRADO9 1to% A data, both showing peak fluxes at 114 UT. Similar rise
and fall curves are noted during the period bounding the peak, i.c., 1406 to
1446 UT. Some discrepancy is noted prior to 1406 UT and may be attributed to
noisy SOLPAD 9 1 to 8 A data, since the background count levels were
enhanced between 1546 to 1106 U, It is concluded that the N-REA beryllium
counter properly recorded the whole Sun x=ray cmission and that observed
variations in the X-REA data arc real and represent actual variations in the
intensity of the solar x-ray emission.

Concerning the comparison of the X=-REA aluminum counter and the
SOLRAD 9 % to 20 A data, similar peak occeurrence times are found hetween
1415 and 1418 UT, However, the pretlave, Mare vise, and flarve fall normalized
flux curves are different.  The preflare X=-REA aluminum counter levels are
somewhat higher than the SOLRAD 9 5 to 29 A levels, by alactor ol approxi=
mately 1.6, Also, the X-REA aluminum counter show s an emission decay rate
of 0.29, min between 1420 and 1440 UT, which is to be compared to the rate of
0. 31, min tor the SOLRAD instrument.  Knowledge ol the SOLRAD 9 S to 20 A
rise phase is incomplete because ol data dropout hetween THIO2 and 1108 UT;
therefore, a good comparison of the two instruments during this phase cannot
be accomplished.  Between 1409 and 1415 U, however, the two counters
displaved similar rise curves, with the X-REA counter alwayvs showing slightly
higher values. The alorementioned discrepancies may bhe attributed to noise
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in the X-REA aluminum counter and, perhaps, to slightly different bandpasses.
It is concluded that the X-REA aluminum counter did obse:ve real changes in
the solar x-ray emission; however, the analysis of its data is hampered by
noise.

Regarding the comparison of the X-REA and SOLRAD counters it is also
noted that the smoothness of the X-REA data and the ability of the counters to
record subtle changes in the x-ray emission may be indications that the X-REA
counters were, indeed, the more sensitive of the two instruments. Hence, the
X-REA counter, with its 2.5 s time resolution, may be of consiuerable benefit
for describing rapid intensity variations in solar x-ray emissions neeried for
correlations with radio burst data and the like.

To ascertain the absolute calibration of the X-REA, one of two different
approaches can be followed. First, it can be assumed that the counters behaved
as theoretically predicted; therefore, by correcting for counter efficiencies,
adjusting for bandpasses, and multiplying the resultant numbers by appropriate
nican photon encrgies (e.g., assume that all the counts can be described by
using the midwavelength energy valies in a conversion from counts em ™ gt
to erg em™ s71), one can deduce fluxes in teems of erg em™ 87! which should
be comparable to SOLRAD 9 fluxes. A second approach assumes that at least
two energy channels in one of the counters (e.g., channels 5 and 6 in the
beryllium counter) are accurate. One uses these energy channels and the model
spectrum to deduce a temperature for the peak of the event. Then, by working
hackwards, one can deduce the necessary counts em™ s™! to give such a tem-
perature in ratios between the assumed true encrgy channcls and the suspect
channels (or totals). In this way one ¢an determine the authenticity of each
channel (and total) relative to the assumed true energy channels and, by the
tirst method outlined previously, compare the results with SOLRAD 9,

Following the first method, the beryllium counter data are a factor of
3.85 lower than the corresponding SOLRAD 9 1 to 8 A values for the period
1406 to 1444 UT. This discrepancy may be attributed to a combination of
factors: the correctness of the SOLRAD 9 1 to 8 A values, the accuracy of the
X-REA efficiency determinations, the cxactness of the bandwidth adjustment
(approximated by the expression Ax X-REA, Ax SOLRAD 3, where A is
simply the instrumaent bandpass; for the beryllium countei, the adjusting factor
is 0.68), and the preciseness of using the mean photon encrgy calculated from
the mean wavelength of the beryllium counter (equal to 4,06 % 10~® erg/ count,
assuming A = 4. 38 zgx) to be representative of the entire speetrum. A similar
result is observed for the aluminun. counter data for the period 1346 to 1401 UT,
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when a factor of 1.66 lower than the corresponding SCLRAD 98 *. 20 A values
is noted. However, this factor changes greatly with time, being 0.81 higher
for the period 1410 to 1420 UT, 0.40 for the period 1421 to 1430 UT, and 0. 18
for the period 1431 to 1444 UT. These discrepancies, in addition to those
factors already described, may be attributed to noise in the aluminum counter,
which apparently {8 count-rate dependent.

From EUV spectral line data, Cheng® has deduced a peak temperature of
14 x 10° K. This value is virtually identical tu one deduced using the ratio
beryllium channel 6 to beryllium channel 5, which yiclds a peak temperature of
14.5 % 10* K. Thus, by assuming these channels to be correct, one can take
additional ratios, in particular beryllium channels 5 + 6 to beryllium total,
beryllium channels 5 + 6 to aluminum total, beryllium total to aluminum total,
and beryllium 5 + 6 to aluminum 3 + 4, to deduce ‘heir corresponding fluxes and
compare these fluxes with the observed fluxes to determine any instrumental
effects. Unfortunately, this approach has only one reference point, i.e. the
peak temperature, and, as such, can really only be applied to the peak tempera-
ture time. If one assumes that the beryllium channels 5 and 6 are accurate
over the entire event interval, then one can determine the accuracies of the
total counts for the same overall period.

Figure 7 displays the obscrved beryllium channel 6 to chiannel 5 ratio as
a function of time and its associated temperature profile. One observes pre-
flare ratics to be approximately 0.45, iadicative of temperatures of approxi-
mately 4.5 % 108 K. The ratio (hence, temperature) and the flux (Fig. 2,
beryllium channels 5 and 6) show increased values beginning about 1355 UT,
peaking approximately 1411 to 1412 UT in temperature (14.5x 108 K) and
1413 to 1414 UT in flux. Thereafter, the values decrease slowly with the
exception of a slight temperature enhancement at approximately 1426 UT. A
data cropout is noted at 1430 UT. This temperature profile is taken as baseline
for comparisons with the aforementioned ratios (observed values and calculatea
values based on the beryllium channe!s 6 to 5 reference).

Figure 8 is the result of this intercoriparison between the baseline
reference channels beryllium 5 + 6 and the beryllium counter total. Plotted are
the observed rativ, observed temperature (based on the observed ratio), 4nd
the calculated ratio, computed by assuming the beryllium channel 6/5 tempera=
ture profile (also plotted) to be correct and determining what the ratio must be
to give such a temperature. One notices that the shape of the curves for the
ohserved and calculated ratios are similar, indicating that the beryllium counter

3. Private communication with C. C. Cheng.
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remained fairly stable and did not introduce an appreciable number of noise
counts. However, as evidenced in Figure 9, the aluminum counter showed a
great deal of variation during the event. Figure 10 illustrates the time-profile
variation of the two counters more clearly. First, one notes that the total
obseived counts in both counters are below the calculated values using the
beryllium channels 6/ 5 ratio and their sum. This may be attributed partly to
degradated counters. Second, the beryllium counter, as noted earlier, appears
to have been fairly stable during the event. Some variation is however, observed
during the rise poriion of the flare, but the effect is quite small, especially in
comparison to that of the aluminum counter. An average multiplier veiue of
approximately 2.41 is obtained. Third, no one average multiplier value truly
represents the aluminum counter time=-profile variation. One observes that the
aluminum counter appeared to improve (i.e., have a lower multiplier value)

as the event progressed, especially between 1410 and 1444 UT. During this
interval its average multiplier value is approximately 3.72. The average value
for the preflare portion (i.e., 1346 to 1353 UT) is 7.10 and for the flare-rise
portion (i.e., 1354 to 1409 UT) is 13.1. A weighted average for these three
time intervals ylelds an average multiplier value of approximately 6.77.
Because of this variation, it is concluded that ratios involving the aluminum
counter total counts are unreliable.

To ascertain whether or not the variation in the aluminum counter total
counts extends to all aluminum. counter channels, one can take ratios of selected
aluminum counter channels wi:h the beryllium channels 5 + 6. Because the ratio
of beryllium channels 5 + 6 to aluminum channels 3 + 4 is the-retically a good
indicator of temperature (Table 5), it will be used here. Figure 11 depicts the
obser ved beryllium channels 5 + 6 to aluminum channels 3 + 4 ratio profile as
well as its observed temperature profile. The beryllium channels 6/ 5 reference
temperature profile is also plotted. The two temperature profiles are quite
similar, and their spread is always less than 2.4 x 10° K. While the reference
ratio determines an average peak temperature of 14.5 X 10% K, the beryllium
channels 5 + 6 to aluminum channels 3 + 4 ratio yields a temperature of 15. 9 x
10° K. The aluminum counter channels 3 + 4 variation is only slighidly apparent
in the temperature profile between the two intervals 1412 to 1426 UT and 1426 to
1444 UT, suggesting that the variation in the aluminum counter total counts may
be attributed chiefly to the lower encrgy charnels.

Completing the second method to directly compare the X-REA and
SOLRAD 9 data on the same energy scale, the previous results have been
compared with the results of the first method. The beryllium counter data are



RATIO

TEMPERATURE (K}

26

10!

103

107

106

IR

T

B BLRAL

1

|

1

B EER

TTEINN

15 JUNE 1973
18/M3 FLARE
(AR131)

0
o o
OOO

o)

RATIO

© OBSERVED RATIO BERYLLIUM CHANNELS5 & 6 TO
ALUMINUM TOTAL

CALCULATED RATIO BERYLLIUM CHANNELS 5 & 6 TO

o
06000 002 ALUMINUM TOTAL (BASED ON BERYLLIUM
CHANNEL 6/5 TEMPERATURE PROFILE)

A
“Al ‘AAA““.“.‘
abda l‘..
- Adbssanand TEMPERATURE
A OBSERVED BERYLLIUM CHANNELS 5 & 6 TO ALUMINUM

- TOTAL TEMPERATURE PROFILE

OBSERVED BERYLLIUM CHANNELS 6/5

TEMPERATURE PROFILE

1 1 =L il 1 1 1 I i ) 1 1 1
1345 1400 1415 1430 14456

TIME (UT)

Figure 9. Comparison of observed X-REA channel ratio profile
(beryllium counter channels 5 + 6 to aluminum counter total)
and calculated profile; comparison of observed
temperature profiles.



16 JUNE 1973

= 18/M3 FLARE
{AR131)
4.0
30 CYYY S nu‘a‘n
adaa®, A Aa.abdas A A,
faas saasads b adde R
20 “‘....“.‘..“
=
E 10
[‘ °°°o MULTIPLIER
z 000 o © ALUMINUM COUNTER | RATIO OF CALCULATED
& o RATIO TO OBSERVED
10.0 |- ¢ % °o°o 4 BERYLLIUM COUNTER | RATIO (FIGS. 8 AND 7)
b— o [} o
= °
[C o o%o0 ® o
™ Qo0 (o]
I o o o o 0
00 00 o o 000 %0
E I 000 oo
[ 4 [o] o
: T i
(=
-l
i 1.0 1 1 1 I 1 1 1 L | 1 | 1 =L
1345 1400 1416 1430 1445
TIME (UT)
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found to be still low by a factor of approximately 1.6 in comparison to the
SOLRAD 9 1 to 8 A data. This suggests that at least part of the discrepancy
may be attributed to an inappropriate mean photon energy conversion factor,
Thus, instead of the value 4.06 x 10~ erg/ count for X = 4.88 A, one should use
the value 6,5 > 1070 erg/ count, implyinga X = 3.05 A. The variation in the
alun..num counter data, attributed to noise, makes such an intercomparison
somewhat cumbersome. Hence, no attempt has been made to complete the
second method for the aluminum counter data.
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The analvsis of the X-REA data concerning the determination of the
physical parameters of the event is summarized as follows.  The beryllium
counter channels 6, 5 ratio viclds an average pealk temperature of 14,5 x 10° K
at 1411 to 1412 UT. The beryllium channels 5 + 6 to aluminum channels 3 + 4
ratio yields an average peak temperature of 15,9 - 10 Kat 1412 UT., Thus, a
mean average peak temperature of 15,2 % 10 K at 1412 UT is deduced.  Using
these two ratios and their associated temperature profiles, one can deduce
average emission measure values.  Basced on the beryllivm channels 65 ratio
and its associated temperature profile, a value of 9, 51 10 om ™
the average peak emission measure occurring at 1417 UT. This is to be com=
parcd with the value of 5,08 10" ¢ ™ at 1116 UT deduced from the beryilium

is found for

channels 5 + 6 to aluminum channels 3+ 4 ratio and its associated temperature
profile. Thus, a mean average peak emission measure ol 7,24 < 10% ¢ ™ at
1416 UT is determined, which corresponds to a mean average electron density

)

- e { - . 21 3 N P -
of 2,66 x 10! ¢m , assuming a volume of 10 S em®. Figure 12 depicets the

mean average values of temperature, emission measuvre, and electron density

P ]

(assuming a volun.c 10 ¢m?) as a tunction of time for the event.,

V. DISCUSSION

The analysis of the 15 June 1973 event is importnt lor several reasons.
First, it was the major flare of the first Shylab mission and, in fact, one of
the largest flares observed over the entire Skyvlab operational period.  Second,
since a number of instruments observed it, this lare may be used as a refer-
ence or calibration cvent. A large number of papers [25-01] already have been
published concerning the flare.  Although it is bevond the scope ol this report
to summarize all tne results concerning the 15 June 1970 event, an attempl is
made to highlight some of the findings as velated to temperature, density, and
flux variation with time.

Results ol the analysis of the X=REA data indicate that the x-ray emission
showeid siens of becoming enhanced as early as 1055 UT, peaking in the 2.5 to
7.25 A band at 1114 UL and in the 6.1 to 20 A band at i 116 to 1117 UT, and
then slowly decaving, reaching a value of 3.5 - 107 times the peak normalized
flux in the 2.5 to 7.25 A band at 1444 UT. An increase in temperature and n
decercase in density are concurrent with the initial flux increase.  Temperature
and density show slow inercases between 1401 and 1405 UT and rapid increasces

)
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after 1408 UT, The temperature peaks at 1412 UT, having a value of approxi-
mately 15,2 x 10 K (approximately +20 percent), and the density peaks at
1416 to 1417 UT, having a vt lue of approximately 2, 66 x 10Y em ™ (assuming
a flare plasma volume of 10* em®). Temperature and density decrease after
their respective maxima, with some indication of continued heating occurring
between 1420 and 1427 UT and a corresponding lessening of the density decay
slope between 1427 and 1434 UT. The x-ray manifestation of the flare further
indicates thut it took, assuming the x-ray enhancement start at 1355 UT,
approximately 16 min to attain 0.5 times the peak flux value from background,
only 3 min to reach peak from the 0.5 times the peak flux value, and 7 min

to decay from peak to 0.5 times the peak flux value,

A comparison of the X-REA results with some of the results reported
in the literature shows good agreement. In particular, Widing and Cheng [25)
report a peak temperature of 16 = 10° K, and more recently Cheng reports a
peak temperature of 14 x 10° K. The X-REA peak temperature lies between
these values and certainly, with its 20 percent error bars, encompasses them.
Widing and Cheng [25] also suggest that the temperature dropped below 10 x
10° K at 1419 UT, a suggestion confirmed by the X-REA results. They also
report that the electron density was 5 x 10 em™ (assuming a flare volume of
1027 cm:’) at 1412 UT, which is also confirmed by X-REA results (assuming a
volume of 10*T em? implies a density of 4,9 x 10 em ™ at 1412 UT). The X-REA
data, however, cannot confirm the suggestion that the temperature had dropped
to 5% 10° K at 1423 UT. This perhaps can be explained by the large field-of-
view of the X-REA in comparison to a small slit used in the Naval Research
Laboratory instrument. At ao time were temperatures found to exceed approxi-
mately 17 % 10° K, observed in the 2.5 s resolution data. (It must be recalled
that the temperatures and densities presented previously are based on 1 min
averages of the X-REA data. Slightly hi her and lower values surrounding this
mean are noted when using the 2.5 s resolution data,) This may be somewhat
contradictory to the view presented by Brueckner [35], who explains the flare
in terms of a hot kernel at a temperature greater than 20 x 10® K surrounded
by a hot cloud at 20 x 10° K. The results are, however, in agreement with
those of Sandlin et al. [53], who suggest a peak temperature less than 20 x
10° K.
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