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—ABSfRACT

We use the all-sky soft X-ray data of McCammon et al. and the new Ny
survey (Stark et al. to place limits on the amount of the soft X-ray diffuse
background that can originate beyond the neutral gas of th e gaAlaccic disk.
The X-ray data for two regions of the sky near the galactic poles are shown
to be ﬁncorfelated with the 21 cm column densities. Most of the observed
X-ray flux must therefore originate on the near side of the most distant
neutral gas. The results from these reglons are consistent with X-ray
emission from a locally {isotropic, umabsorbed source, but require large
variations in the emission measure of the local region over large angular

scales.
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1. INTRODUCTION

‘The soft X-ray diffuse background (SXRB, 0.13 { E < 0.284 keV) has been
mapped over most of the sky (McCammon et al. 1983). Stars and non-thermal
diffuse processes seem unlikely.to be significant contributors‘to the SXRB
(Williamson et al. 1974; Vanderhill et al. 1975; Levine et al. 1977; Rosner
et al. 1981). The large soft X-ray flux observed in the galagtic pléne,
which 1s opaque at tﬁese eﬁergies, requires that the SXRB at low latitudes
originate in a nearby reglon of hot gas (T ~ 106 K). OVI observations have
provided evidence f&f interstellar gas at somewhat lower temperatures
(Jenkins.and ﬁeloy i974; Jenkin; 1978a,b), and current theoretical models of
the interstellar medium (ISM) can accommodate widespread gas near 108 1in
the galactic disk that 1is maintained at a high temperature by supermnovae
(McKee and Ostriker 1977; Cox and Anderson 1982).

The SXRB is much brighter at high galactic latitudes “"than at low
latitudes and is anticorrelated with 21 cm column densities on a global
scale, ﬁarticularly in the northern galactic hemisphere.> The existence of
an anticorrelation between %.kev erays'and Ny has been kﬁown since the
first soft X-ray observations of Bowyer, Field, and Mack (1968), but
mechanisms responsible for this anticorrelation remain Qﬁclear.

An early model postulated flux from an extragalactic or halo source of
emission which would be partially absorbed by the neutral gas of the
galactic disk. We shall refer to models in which the spatial structure of'
the SXRB 1s the result of absorption of X-rays originaﬁing in distant

enission regions as absorption models.
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Evidence apparently inconsistent with absorption models comes from
experiments designed to measure absorption of soft X-rays by the gas of the
Magellanic Clouds (McCamﬁon.gg al. 1971; McCammon et al. 1976; Long,
Agrawal, and Garmire 1976). These experiments found. no evidence for
absorption of soft X-rays either by the neutral gas in the ﬁagellanic clouds

or by the galactic gas along the 1line of sight. These results do not

conclusively rule out ‘the absorption model, however, for the following

reasons.

1. Spatial structure in the emission from a postﬁlated»galactic haio
could conceivably compeﬁsate fér fhe'predicted intensity variations due to
absorption by galactic gas.

2. Thefe is without question local soft X-ray emissioﬁ as evidenéed by
the measured inteﬁsity in the galactic plane. We have no evidence that this
local emission 1is spatially structureless at any angular scale and it is
concelivable that this local source has intenéity variations that obscure the
expected spatial absorption features.

3. The predicted X-ray absorption by galactic gas is very sensitive to
possible misinterpretétion of the 21 cm data- because of the uncertalin
contribution of stray radiation from antenna side lobes to the measured H I
column densities, particularly at high galactié latitudes.

Current.interest in hot halo or fountain models (Shapiro and Field
1976; Chevalier and Oegerle 1979; Bregman 1980a, b; Cox 1981) and the
availability of extensive X-ray data (McCammon et al. 1983) and of 21 cm
measurements that are essentially free of stray radiation (Stark et
al. 1984) have prompted us to re—-examine the esidence for or against

absorption models. We assume a very simple model in which the SXRB consists
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of two components, one nearby and unabsorbed, the other remote and subject
to absorption by the total column density of neutral gas measured at 21 cm
(Ng) -

Under these assumptions é}l_ features 1in the Ny map should have
predictable effects on the measured soft X-ray intensity. For the purposes
of this paper, we have cﬁosen two relatively small pafches of éky a£ high
galactic 1latitudes. Both areas have reliable X-ray data with good
statistical accuracy, as well as significant features in the Ny data. X-ray
absorption, if icAis ﬁresent, should be unambiguously evideng in the;e data.
While accidental c;ncellatioﬁ-éé-ébsorption features by emission features in

one area is conceivable, such a fortuitous circumstance in two more areas is

most unlikely.
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IT. DATA

The X-ray data used in this analysis' are from the Wisconsin all-sky
survey of the SXRB. Maps of the sky in seven energy bands and complete
experimental details are given in McCammon et al. (1983). A brief
description of the experiment follows. ‘

The survey consists of data from ten sounding rocket flights. Each
payload carried two or three (depending on the :flighp) wire-walled
proportional counters préssurized to about 800 T with P-10 gas,(lOZ methane,
90%Z argon). One counter on' each flight carried -a boron-coated Formvar
window. fhe low energy band defined by the window> fransﬁiséidn
characteristics of this counter is called the B band (0.13—0.i86_kev at 20%
of the peak response). Typically, the oﬁhef counter cérrigd a polycarbongge
window. The low energy band from this counter is calied the C band
(0.16-0.284 keV at 207 of the éeak response). The B band dat; were taken
. using a circular field of vieé that can be approximated by a griangular
response function with 7°1 FWHM. The field of view for thé C band data
corresponds to 7°8 FWHM for a triangular response.._(These are larger than
the field of view for our higher energy bands, due to reflectién of 1ow
energy X-rays by the collimators.) ) |

In planning the analysis to be described here,'wé chose‘to coﬁcehtrate
our efforts on two péitibns of the entire data set, one from a r&cket flighﬁ
(25.051) that scaﬁned near the north galactic pole (NGP) and one f£from
another flight (13.049) that scanned near the south galactic pole (SGP). At
these high galactic latitudes the X-ray transmjssion of the neutral gas is
reiatiﬁely large and the -analysis should be pafticulérly‘sensitive.to an§

distant emission component. Both reglons are devold of significant discrete

I
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soft X-ray sources and the data are of good quality, free from contamination

by electrons or non-cosmic X-rays. Both reglons are also 1included in the

Crawford Hill 21 cm survey, described below. With a view towards good
spatial coverage, statistical accuracy, and 1likely spatial uniformity of
local ewission, we limited the initial analysis to regions within 20° of
(2,b) = (215°, 85°) for flight 25.051 (see Fig. 2) and to within 20° of
(L,b) = (2840, —790) fo; flight 13.049 (see Fig. 5). The data taken during
these scané were binned so that each data point in;ludes_;ounﬁs ffom a
portion of the scan path no longer than 3°93.

The 21 cm data used in this analysis are from the recently completed
survey by Stark et al. (1984), which waé nmade with the Crawford Hill horm .
antenna. - The 21 cm profiles were integrated from —100 km s~ ! to +160 km s°1(
for‘this analysis. The Crawford Hill horn antenna has over 99.9% of its
respénse within 10° of the main beam, which has a 295 ﬁPBW résponse
(Penzias, Wilson, and Encrenaz 1970). It is ther;fore insensitive fo 21 cﬁ‘
emission at large angles frbm the center of the main beam, and tﬁe data
should be essentially free of contamination by stray radiatiom. A detailed
examinatioﬁ of the structure in the Crawford Hill data frqm the tegions of
the sky used in this analysis suggests fhat adjacént scans ét constant
declination occasionally diffe; by as much as ~1x101% éh_z. A comparison ofb
measurements made within 0925 of each other in directions with Ny < 5x162°‘4
em 2 indicates that the observations were repeatable to about 6x101§md'2.
Uncertainties of 10!? em™2 in column density franslate into 0.18 and 0.08

uncertainties in ab§orption optical depths for B and C band, respectively.



-7~
ITI. ANALYSIS

We wish to place limits on the fraction of the X-ray Intensity observed

at high latitudes that 1is.absorbed by the neutral gas along the line of

sight. We consider a simple model of the form

where I{%,b) is the X—réy'count rate in éhe direction (l,ﬁ); I, is the count
rate from a local (unabsorbed) emission compoﬁent, whi;h we ;;sume does not
véry sigﬁificantly over the por;ion of the sky included in the analysis; I
is the unabsérbed count‘rate from a distant emission componeﬁt, which is
located beyond ali of the neutral gas in the line of sight, and which we
assume does not vary over this limited portion of the sky; Oatg 1s the
effective X-ray absorption cross section; and NH is the 21~cm column ﬂensity
in this'direction. The model parameters, I;, I,, and O.fg» Were varied to
provide the best fit to the observed cﬁunt rate, and the method of Lampton,
Margon, and Bowyer (1976) was used to derive confidence limits for the model
parameters.' | |

The 'distant emission component was calculated in the following mannmer..

The field of view for each data point was divided into 89 lines of sight. A

vspectral model ‘of X-ray emission from a plasma in collisional equilibrium

with temperature T = 106°0 K and unit emission measure was assumed (kaymond
and Smith'1977, 1979). TFor each 1line of sight, the column density of
neutral gas was interpolated from the Crawford H{ill data.. The incident
model spectrum Qas multiplied by the ISM trénsmissién, the calculated

atmospheric transmission (which exceeded 0.8 in all cases) and the

-a®
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collimator response for each line of sight. The results were then summed,
folded through the proportional counter response function, and binned into
our standard broad energy bands for comparison with the datai " The predicted
count rates for emission from thé local component were calculated similarly.
Thé emfssion measures and O.ff Were then varied to determine for each X—éay
energy band the best fit of the model givén by equation (1) to tﬁe data.

We estimate the nominal interstellar absorption cross sections to be‘oh
= 1.8x1072% cm? and o = 0.8x10"20 ¢cm? for the B and C bands, respecéively.
These use the Brown and Gould (1970) goﬁpilation and have been averaged over
the B and C enérgy bands for a T = 106 K. spectrum of Raymond and Smith
(1977, 1979). If there were no clumping of the interstellar gas oﬂ'angular
scales smaller than the Crawford Hill beam and if equation (1) repfesents an
appropriate model, we would expec.t Ouff values to agree with GB a.nd dc+
Smaller scale clumping would reduce the effective cross sectiéns, and that
is why.we allowed valués df O,g¢ to vary as”free parameters. We emphﬁsize.
that our analysis procedure explicitly takes into account'ﬁariations in Ny
on angular scales larger than the Crawford Hill beam.

We introduce a clumping parameter, a, defined as

. . .:.(2).

which characterizes clumping of the neutral gas on angular scales unresolved
by the Crawford Hill beam in terms of its effect upon the X-ray transmission
of that gas. 1In particular, a accounts fgr the difference between the

/

actual X-ray transmission of the gas in the Crawford Hill beam in a given
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direction and the X-ray transmigssion predicted for tﬁe average column
density measured by the Crawford Hill beam in the same direction. This 1s a
"two-dimensional”™ clumping parameter that depends only on small angular
scale variations in Ny. It does not directly describe the three-dimensional
structure of the absorbing gas, although it Is related to that structure.
The relationshlp between a and measures of the three—dimensionél gas
structure depends on the.geometry of the clumping, i.e., whether the neutral
gas exlsts In the form of spherical clouds, sheets, filamenté_, or other

shapes. -

Estimates of a can be derived from H I column density measurements made
at higher angular resolufion than the Crawford Hill béam. Such estlmates
are ﬁade by mapping the H I column density over a region the size of the
Crawford Hill beam, calculating 'the, average X-ray transmission of this
regibn, and comparing it to tﬁé X-ray transmission of the(a;erage_column

density 1n the same region. The clumping parameters due to the observed

small-scale structure in Ny are given by

—1n<exp(—oB‘NH)>

ap = 3

and

—1n<exp(—ob NH)>
a
c
oc<Ny>

where the brackets denote an angular average over the 2% (HPBW) Crawford
£y

Hill beam size of the enclosed quantity, and gg and g are the nominal B and

e’
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C band X-ray absorption cross sections, respectively. 1If the region were
mapped with infinite angular resolution, this procedure would measure the
actual values of aB4and oo for this region. Because measurements of finite
beanwidth are used, equation (3, provides an estimate of a that is actually
an upper limit.

Figure 1 shows histograms of op and ass calculated for 30 randomly
selected regions (295 radius) esing data from the Hat Creek 21 cm survey
(Heiles and Habing 1974, Heiles and Jenkins 1976), wh%ch had a beam size of
"~ 096 (HPBW). In all cases, the clumping factor, «, exceeded 0.9 for both the
B 'and C bands, with average values of <op> = 0.94 and <a> = 0.97.
Preliminary results fremva number of regions the size of the main lobe of
the Crawford Hill beam, which were &apped with the 140 foet NRAO telescope
(HPBW ~ 20') and corrected for stray radiation by comparison with .the
Crawford Hill data, give slightly smaller values, with og 2"0.8,7 “and
@ 2 0.90 (Jehoda_gglga; 1984). Similar results are obtained from mape of
500 square degrees made with-the 300 foot NRAO telescope at an effective
angular resolution of 10}x20' (Verschuur 1974). Seapches for significant
21 cm structure on smaller angular scalee at intermediate and high laeitedes :
have been uniformly wunsuccessful (Dickey 1977; Dicke& fénd Tefziaﬁhl978;
Lockhart and Goss 1978; Diekey, Salpeter, and Terzian 1979; Dicke;'i979;
Payne, Salpeter, and Terzian 1982), and eﬁe think ‘it qelikéiy"tﬁat'
small-scale strecture exists that can reduce a“‘éigeificentlyb belew the
values found above. We take.aB > 0.8 and ap > 0.8 as coeservative estimates
of the clumping parameters. However, we have calculeted-our model count

rates for a wide range of values of a.

e
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IV. RESULIS

a) Reglon near the North Galactic Pole

Figure 2 shows a portion of the scan path near the north galactic pole
from flight 25.051, superposed on a map of the Crawford Hill Ny data, which
have been Interpolated to a 1° grid in right ascension and declination. The
directions of the individual data points used in this analysis are shown in
Figure 2 and are numbered sequentially. Varlations in Ng corresponding to
more than an optical depth for C band absorption are present on thg; portion
of the scan path. ; :

The count rate data for these scans are shown in Figure 3. 1In spite of
the large Ny variaéions in this region, the observed count rates are quite
flat. Figure 3 also shows the model' predictions for a purely local
(unabsorbed) emissidn model <ID =.0), the solid 1line, and for a pﬁrely ‘
distant model (IL =0, a=1.0), the dashed line. .The model with iL = ( |
clearly does not fit the data well, whereas-the model with Iy = 0 is not a
bad approximation to the data. Count rates givem in the figures are rates
predicted for the.indicated flights; they do not correspond exactly to the
rates on the maps published by-McCammon et al (1983), which wefe'normalized
to flight 13.103. (Details of the normalizations are givenil in
Burrows (1982).) Fluxes given here are integrated from 0.1 keV to 0.284 keV;'

The model of equation'(l) was fit to thé B band.data.of flightVZS.OSI
with IL’ Iy, and O.¢¢ as free parameters. Independently, tﬁe same modél was
fit to the C band data.. (The minimum values of y2 for the B and C Sand fits
were 68.1 and 61.3, respectively, for 61 degrees of freedom, 1ndiéating
acceptable fits of this model to the.data.) Figure 4 shows the 90% and 99%

confidence contours for the allowed range of values for IL and «, which was

N
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defined 1in equation (2). I, 18 given in terms of the count rate for -this .
flight, the emission measure of the local emission region, and the fraction
of the total count rate due to the local emission component.

Rather than fitting the model to the B and C band data independently,
one would prefer to fit both sets of data simultaneoquy. That requires a
aore complicated model. To reiate ag to as, some specific clumping geometry
of the neutral gas must be assumed. One Such'pictute is discussed in 8IVc,
but first we emphasize those conclusions which are independent of any such
plcture. o , , : o i

As discussed in 8III, 21 cm observations'indicate that a cogservative
restriction on « is a>0.8 for both ag and a;. Figure 4-shows'that this
. restriction 1implies a local fraction of fL > 0.69 for the B band data and
0.56 < £; < 0.98 for the C band data at the 99% confidence level for this
region of the sky. 'We note that these local fréctiéns do not conflict with
an extrapolation to these energles . of the extrégalactic bowar law observed
ab&ve 2 keV. If the power law continues down‘to ~).1 keV,>it provides about
1Z of the B band count rate in this region and about 8Z of the C band count
rate. Tﬁe 997 confidence limits on the emission measurés and fluxes of the

two emission regions are given in Table 1, with the assuaption that « > 0.8.

b) Region near the South Galactic Pole

Similar results were found for a region of the same size near the south
galactic pole. Figure 5 shows a portion of the scan path of flight 13.649,
superposed on a map 6f the Crawford Hill Ny data, .which have been
ihterpolated to a 1° grid 15 right ascension and declinétion. The data

points used for this analysis are indicated on the figure.

I %4
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The count rate: data..for.the portions oﬁlﬁbese,scans-within 20° . of
(2840,-790) are shown in Figure 6, together with the purely local and purely
distant model fits to these data. Again, the data are much flaéter than

predicted under the assumption of distant emission. only. The model of

equation (1) was fit separately to the B band and C band data, as before..

(The minimum x2 yalues, 67.0 and 53.1 for 59 degrees of freedom, again
indicate acceptable fits of the model to these data.) Flgure 7 shows the 90%
and 997 confidence limits for. a and I; for these figs. For a > 0.8, these
give f; > 0.81 for the B band and f; > 0.62 for the C band at the 99%
confidence level. The 997 coﬁfidence limits on the 1n£ensities of the model

components for a > 0.8 are given in Table 1.

¢) Simultaneous B and C Band Fits

Up to this point our results have been expressed in terms of a; and ﬁb
as though they were independent quantities. 1In reality théy ar; related and
determined by the geometry of the cluampy structure-of th;'absorbing‘gas.
There is at present no satisfactory model for this clumpiness. One médel
that Is probably as good as any, as far as permitting us to combine our B

and C band data 1is Aconcerned, has all the absorbing gas in randomly

distributed clouds of column density Nc. The effect of this kind of

clumping on the X-ray absorption cross sections has been discussed by Bowyer

and Field (1969) and Bunner et al. (1969). This model gives us

et
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1

0 = [1 = explgi)] @
B'c
and
ocNe

These equations allow us to‘simultaneously fit our B and C band data to
produce the combined confidence limit§ shown 1In Figure 8..wHere ;% and ag
are no ionge: independent parameters, but N, is free. The combined data
allow only a narrow range of values for thé iptensity 6f tﬁe local component
for ag > 0.8. The 25.051 results give limits_pn the emiséion measure of the
local region of EM[ ~ 0.0038 + 0.0003 cm 6 pc‘ (997 confidence). This
implies that I; = 49 * 3 cps for the B band and IL = 200 16 cps for the
C band. The local emission measure in this region is more fhan a'faétor of
2 larger than the emission mea;dre required in the galactic plane
(~ 0.0017 cm € pe).

The results’for 13.049 are similar, with EM; ~0.0028 + O.OOOZAcm_6 pc
for a > 0.8 (997 confidence). This gives IL =41 £ 3 cps—for the B band and
I, = 140 * 10 cps for the C ﬁénd. Agaln, this {is substantiélly;higher than
the Intensity observed in the galacfic-plane. These results imply‘that the

local component, which -contributes most of the observed.count rate in both

regions, 1s anisotropic on large angular scales.
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V. DISCUSSION 'AND-CONCLUSIONS - -+ «:ivuimt s s ins,

Our strongest upper limit on the enmlssion measure of hot gas outside--

the galactic neutral gas 1is EMD<0.0017 cm ® pe, which implies an upper limit
on the unabsorbed distant intensity of 1.2x1078 ergs cem 2 s ! sl
(0.1-0.284 keV) at the 997 confidence limit. ~The corresponding upper limit
from a .previous measurement of soft diffuse X-rays from the direction of the
Small Magellanic Clodh was 2.6x1078 ergs cm 2 s71 sl
(McCammon et al. 1976). We ewmphasize that this Ilimit ayplies to X—fay
emission originating beyond all of the neutral gas with velocitf in tbe
range —100 to +100 km s,

As was stated earlier, the two spétial regibns considered in the
péragrapﬁs above (§1V§AE and c) were chosen for detailed analysis becauée
they provided good qdality X-ray data in relatively ;mall reglons near.the
north and south galactic poles. Quite apart from these detailed analyses,
even a qualitative perusal of Figures 5 and 6 shows that there is; in these
small reglons, no convincing tendency for the X-ray intensity to decreaée in

directions where significant absorption is predicted. On a global scale,

however, there is a long-established anticorrelation between X-ray intensity

and column density of absorbing gas. There must be X-ray intehsipy features

more nearly consistent with absorption in some spatialAregions. In.fact;
when the remainder Qf the scaﬁs near the. SGP are eﬁamined, absorption—like
features afe eQident;

The scans beyond 20° from (2840,—790) cross a sharp gradient 1n'NH and
a roughly circular cloud-like feature approximate;y.10° in diamefer (see
Fig. 5). Figure 9 shows the observed count rates from all boints-within 359

of (2840,-790), together with predictions for purely 1local and purely

gt

Tyme i pee——

s~

s L



~16-
distant emission. Counting rates tend to be 1low around observation
points 40, 65 and 90 where significant absorption 1s predicted. On the
other hand, even though the rates are roughly constant during observations 1
to 30, significant absorption centered on point 12 is predicted.

We suggest that the real disposition of hot emitting and cold absorbing
gas 1s considerably more complicated than described by equatian (L. 1f
there is significant disgant enission from an extragalackic‘source or from
én_extended halo, ili features in the absorbing gas mu;t be ;ccompanied By
X-ray absorpti&n.‘ We have shown this n;t to be the case. 6n the other
hand, a global anticorrelation of soft X~-ray Iintensity and H I column
density does exist, and in the paragraph abové we havé pointed to a specific
region where there seem to be intensit& features at léast suggestive of
absorption. Perhaps the essential oversimplification of the model deécribed
by equation (1) is the separation of emission into just two components: one
local and unabsorbed, one distant and absorbed. This is probably too naive,
in light of recent evidence for the existence of neutral gas at mofe than
1 kpc above the galatic plane (Hobbs et al. 1982? Lockman 1984, Albert
- 1983). Our knowledge of the structure of the i{nterstellar medfum is
certainly unsettled enough to allow alternate regions of hot emitting and
cold absorbing gas of various thicknesses (Hayakawa 1979) ébove and below as
well as 1in the galactic plane. A feature in the column density of coid
neutral gas can result then, under a model of this type, in widely different
depths of absorption. It all depends upon where along the line of sight the

gas responsible for the column density feature is located.
£y .
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The analysis we have presented was undertaken in order to set an upper
linit on the amount of soft X-ray emission that originates on the far sid;
of the neutral galactic gas; The upper bound results of éﬁv remaln valid
even 1if emission and absorption are mixed, for under the simple model
described by equation (1), all absorption features are attributed to distant
enission, whereas in a mixed emissiop—absorption model some neutral hydrogen
may be beyond the emitting gas. Therefore, we hesitate to associate
"distant emission” with "halo emission™, for it seems quite'po;sible that
there 1s hot halo gas on the near side of some of the neutral absorbing gas.

We are grateful to Carl Heiles for sending us the Crawfﬁrd-Hill 21 cm
profiles prilor to publication.A This work was supported by NASA grant NGL

50-002-044.
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TABLE 1

99% Confidence Limits (for o« > 0.8)

Energy Band

Local emission
measure, EHL
(cu” ® pe)

Flux from local
region, FL,
0.1-0.28 keV (ergs
em 2 g7l grTly

Distant emiggion
measure, EMD
(cm © pc)

Flux from distant
reglon,® ¥p,
0.1-0.28 keV (ergs
cm~2 g~1 grTly

Flight 25.05]1 (log T = 6.00)

0.0041>
EMy >0.0028

3.1x1078>
Fy>2.2x1078

EM<0.0175

FD<1.3x10'7

c

0.0040>
EM; 0.0023

3.1x107 8>
Fp,>1.8x1078

~ 0.0007<EM,<0.0072

5.3x107 %<
Fp<5.5x1078

B+ C
0.0041>

EML>0.0035'

3.1x107 8>
FL>2.7x10‘8

VEMD<O'0029

. -8
.FD<222x10

Flight 13.049 (log T = 6.05)

0.0030>

: EML>0.0025

2.2x10" 8>
Fp>1.8x1078

EMD<0.0058

'1?D<4.2><10-8

C
0.0030>

EM; 50.0019

2.2x1078>
Py 21.4x1078

EMD<0.0044

g -8
FD<3.2x10

B+C

0.0030>
EML>0.0026

2.2x1078>

-9

EM,<0.0017

] -8
TD<1.2x10

“Flux from an extrapolation of the power law observed above 2 keV is 6.4x10 ° ergs cm ¢ 8 & sr L.

"
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Figure Captions

Fi{g. 1.— Values of the c}umping parameter, «, found by applying
eqn. (3) to high latitude data from the Hat Creek 21 cm survey. The
clumping parameter was calculated for randomly selected directions with
5! > 20°. For each direction, ag and a; were calculated for a field 295 in
radius centered on that direction. This calculation of a provides a measure
of the reduction in the effeétive X-ray absorption cross section caused by
structure in the H I column densities on angular scaiés be;ween the
resolution of the Hat Creek survey (096 HPBW) and that of the Crawford Hill
sufvey (2%5 HPBW). (a) ag, the clumping pérameter for the B band. (b) %
the ciumping pérgmeter for the C band.

Fig. 2.- Scan path of flight 25.051, superpqsed on the Ny map made_from
the Crawford Hill data, which were Interpolated to 1° in right.ésceusion and
declination. The contour interval is 5x101% cm™2, Onlf points within 20°
of (&,b) = (2150,350) are included in the plot or the analysis. The daéa
poinﬁs are labeled in sequential order.

Fig. 3.~ B and C band count rates for the regionAshown in Fig. 2.
(a) The observed B band count rate of each data point is shown with the lo
error bars expected from counting statistics. The heavy solid 1line
indicates the model prediction for an isotropic emissfion reglfon absorbed
only by the Earth's atmosphere. The dashed line indicates the model
‘prediction for an isotrbpic emission region located beyond all the neutral
gas of the galactic disk. (bs Same as Fig. 3a, but for the C band.

Fig. 4.~ Confidence limits on the clumping parameters, ag gnd ac, and

the intensity of the local emission component. The latter is given in terms

of the fraction of the observed count rate originating in the local emission
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regfon, the count rate duve to the local emission regfon (I;), and the
emias;on measure of the local reglon (EML). The count rates given here are
for flight 25.051, and are not normalized to the all-sky maps presented in
McCammon et al. (1983). (a) Confidence limits €from the B band data.
(b) Confidence limits from the C band data.

Fig. 5.~ Same as Fig. 2, but for flight 13.049. Points within 35° of
(2,b) = (2849,~79°) are shown.

Fig- 6.— Same as Fig. 3, but for flight 13.049. Only points within 20°
of (284°,-79°) are included in this figure. : - ,

Fig. 7.~ Same as Fig. 4, but for flight 13.049.

Fig. 8.~ Combined B and C band confidence limits. The B and C band
clumping parameters were related to.each other by means of a model of the
assumed clumping. This figure assumes the clumping wodel discussed in the
text and embodied in eqn. (4). A different clumping model would result in
different confidence limits for this figure; (a) Confidence limits for the
region scanned by 25.051. (b) Confidence limits for the fegion scanned by

" 13.049.

Fig. 9.— Same as Fig. 6, but for data points within 35° of (2840,—790).

I 3
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