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I. INTRODUCTION

A study of the diffuse X-ray background using Uhuru satellite data

was initiated at Caltech for the purpose of'obtaining‘specific.informaﬁion

on:

1)

- 2)

4)

5)

The distribution of X-rays'originating from selected regions

of the galaxy in at least two energy bands.

The mean Spgcttum‘bf the disc component for Séveta}_longitude 
ranges. | |

The éngulnr fluctuétions:in the X;ra§ bhckgroundndonn tn 1%

in 5° X 50 cells over a substantial portion of the celestial
sphere in twn energy bands. .

The energy spectrum of the cosmic X;ray-baCRground in tne_2?18

* keV band, especially to seek evidence for a change in spectral

-

slope above 10 keV,
Variations in the non-cosmic X-ray background as a function
of geographic position, solar and magnetic éétivipy and solar

illumination,

.The above objectives were broader in scope than could be accomplished

- within the limited budget of the program; however, the 6bjéctives remain -

important. to our future studies from the HEAO-A spacecraft and our current

rocket-borne observations at lower energies. As will be discussed below,

these objectives had to be considerably descoped, both from alleged

conflicts with ongoing AS&E programs and difficultigs in obtaining

appropriate data from AS&E. Following a meeting'with Drs. R. Giacconi,



© 7" Dr. Giacconi to Iimit the scope of the investigation to areas related

H. Gursky and T. Matilsky, a letter of uﬁderstaﬁding was written to

to the soft X-ray'program and specific topics of mutuélliﬁteregt th#t

could be worked on in collaboration with-ﬁhe AS&E scientiéts;

| From existing published data it was essen;ially.impoésible to evaluate
the amount 6f data required tq'provide a 1% statistical acéuracy on
diffuse backgrbﬁnd_data.' Much depended»bn thé'f;action 6f each tape
”containing useab1e<da;5. A c@nservativé estiméte requstéd 96 tapes.

' As anaiysis of Caltech rocket observations progressed bﬁ the Geﬁiﬁi-:
Monocefos enﬁéncement and the Vela region, an additional 19 tapes werev.
requestedvto‘covéf these'portiops of the sky.

After réduciﬁg three of the best tépes,'it.wés cleér that even mofe
data would be req@ired'to reach the level: of siétistical precisioﬁ deemed:
necessary to extr&ct the‘small galactic contribucioﬁ’t§ the'diffhseifiux
_ abové 2 keV. Only 24% of an a?érage day's data was nighttime data for
which an equation of ﬁdtion could be deﬁermihéd.» Only 25% of this data
was useful sky’data,,Since much of the sky data,wgé-contaminated by o
' partiéles or telemetry dfopodts and»noise. In order to do ahy kind of
complete‘skyistudy, nearly 200 days of data with scans gbingfto high
‘galactic latitude would be required.

~In actual féct, only 13 tapes were sent to us by'AS&E.i Of these,
one was empty, fWo scanned along the galactic plane, two had so-littlé
data‘asxto make superpﬁsitibn impossible, and.two séahned very close to
the plane (|b| < 200), but not 6vér the régions we requested; 'This.left

us with six useful tapes, three of which had nearly bveflapping ééan



paths while two others overlappéd on a different scan path; The totai 
"amount of useful hiéhtfimé'daté:feduéed'toil.lgdayé; 6%'wﬁibﬁﬁ§ﬁly70;27n:
day was useful sky data, |

' -The_following repér; discusses the héndiing of thevdafa and_the‘
fesults of the analysis. A modified version is being‘subﬁitted for :
Vpublication’to the Astroghjsicél Journal , Pfelimihafy results were
| prééented at the AAS meetipg in San Diego in August 1975.

Objectives 1 and 2 coﬁcerning emission from the‘galactié plane

Wefe atteﬁptea, but.unsuc¢eSSfu1 mainly.because of insufficient data
to:achieve ;he ;equiréd stati#tical preciéion. Objective 3 was accomQ
piishéd,'but only over a limited portion of the celestial sphere, aéaih :
rééulting frém 1ack.of3good dataf The fourth.objective necessitated use
'ofvdata'exceeding'io kev.  In theory there éﬁould.be4two SOQrcés of-thié
- data, the 1/2° xvsoldecgétor;which covérs the :#qge 1-20 keV and the
"side-éwitéhing" capability of the detectoré} whiéh méaﬁtxthat at ceftain
times the 5° x 5° detector cduldAdetect radiation above its usual
discrimination setting'of 10 keV, The 1/2o x 5° detector could not be
uséd for this.objectivé becaﬁse of the poor statistics dué to.ﬁhe limitéd
.field_of viéw;lthe side~switching capability ‘was not éméloyed dﬁrihg'che'
days of data at our diséosal.’.The fifth objéctive was met f&r the
Uhuru data as a byproduct of the selection of godd datatneeded té fulfill
the diffuse background objectives. Comparison Qith Caltech récket flight
data has proven impossible.éo far, since we’havevbeen unablé to ébﬁain ,

sufficient data which overlap our objects of interest,



A positive aspect of this guest investigator prdgtam was the frequent

énd beneficial.cbntact we enjoyed by letter and telephone with the AS&E

staff, In particular, Drs. S. Murray, T. Matilsky, D. Koch and M. Ulmer

i
'

were most helpful iﬁ answering our numerous queries with respect ;o@
data format and>handlihg. o R ’ ;

Fof future programs of a guést investigator,nature, we would suggest
that the guest investigatdr_have a more deliberate hand in.the'seleﬁtion |
‘of the data. For éxample, the scanpaths and total amount of good night-
timé data for which an -aspect solution can be derived shouid_be méde
public. in this way thé inyeétigator might choose, with regard to
celeétial'poéition, geomagnetic field iﬁdiceé, ;nd total exposure time,
the daﬁa mosf clbsely‘safisfying.his objectives. We can alsd see no
purpose in restriéting thé.amount of data available for analysis.  This
amouﬁt should be decided on the‘Basis of the experimental.objectives.

and the compufing'budget.restrictions.
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- ABSTRACT

A”new;méaSﬁrémenﬁioé éh; éiffﬁ;eix-ray emission sets more stringent.
upééé limits-éﬁ'thé fluctuations ofithe backgrbﬁnd%andldﬁ the number
counté of X-tay sources‘with |b| >-20°.than-previogs meésurementé. A
random sample of background data from the Eggsg'satelliteigives a relative
fluctuation in exéesé of statistics of-Z.O% -between 2,4 and 6.9.keV. ‘Thg |
hYpothesis that #hevreiétive fluctuation exceedé 2.9% can be rejected
at.the 90% confidence level. No discernable energy dependence isfe;ident
iﬁ the flqctuatioﬁs in tﬁévpulée:height data, wﬁenjseéérated into fhree

enérgy-chanﬁels of nearly equal width fro@ 1.8 to‘I0.0'ReV}‘ Thé probability

distribution of fluctuations was convolved ﬁith the photon noise éhd.ﬁosﬁic

J

rayibackgfound.deviation_(pbtained from the eérth?viewing data) to yieldv'

the differential source count dist:ibutioﬁ for high latitude sources:

N(S) ds =8 ("_Hg) s72 gs.

. at a 9Q% confidencé leyel, where the slope assumes a Euclidean world
model. This implies that a makimum of 160 sources are between 1.7 aﬁd
5.1 x 10-11.erg$ cm-z sec-lA(1-3 Uhuru counts).  An analysis of thebpulse-

=1.41 = .04

“height data gives a xz beét-fit'spectrpm: dN/dE = 7 E photons

_(cﬁz-s-kev-éterad)-l for the diffuse X-ray background.



I. THE EXPERIMENT

The following anaiysis.utilizeS'thé ﬁighttime ghg£g dat# for
January 2-5, 1971, that is, within.the first month of the satellite's
oéeratioh.' The.scgn paths.for eéch day were apérokimately perpendiqular‘“
_to the galactic plane. ’(A "day" corresponds tvone.orieﬁtatibn of the
spin axié.) The range in £ at the plane Crossings was 6S°‘< 2 <'9£_o0
aﬁd 245° < 2 <.270°. A descriptioﬁ'of the vital;featureé'of_fhe.épaceéfaft
ié given byFGiacconi et al. (1971). Fdrrconyenience,'re1e§ant features
'of.thé_instrumentation are repeatéd here. - |

The apogee of the space yehiclé was abqﬁt 560 km ahd.its>perigée
520;km dufiﬁg the observing period. The satellite‘sﬁin périod‘wés:12
. minutes during which ti@e the sky and Earth aitefnétély.fillgd.theafieldA
of view of the dgpéctofs,J Two back-;orback proportional counters wérei_.
oriented'perpendicuiar‘to tﬁe‘spaCécrgft spin axis. One éetectofiwith
0952 x 592 cplliﬁation'(fuli width half maximuﬁ) gave gbod angular
"resblutioh, wﬁiie'thé oﬁﬁer detector,‘withla larger soiid:angle of
592 x 5?2, had higher sensitivity and was therefore mére useful for a
background study. The lattef’had an effective area of about 840 cmz;
it will be the detector referred to in the following discussion. The.
energy range of the cédnters was‘cpnstrainéd at the low eﬁd by’the:thinf
Béryllium windows and at the upper eﬁd by the filling,gaé. This ;énge
ﬁaé 2.4 - 6.9 keV for the broadbénd data and 1.8 - 10,0 keV fdr the seﬁen
pulse heiéhﬁ éhannels; |

For this analysis only ﬁighttime daté Qgre used to avoid;contamination

\

of the data by the sun. Pulse shape discrimination and anticoincidence -



~logic were employed to minimize charged pafticle and high energy photon

.contributions-to the X-ray background. -

II. TREATMENT OF DATA

If thé'techniqués for rejecting solaf, cha;ged particle and cosmic
ray evénfs were 100% effecfive the méasurement of the fluctuations would
ﬁave;been routine. It was the identificatién of such contributing factors
 to the flucfuatibps,'tﬁe quantitative'évaluation of theif degree of
influence, and subsequehﬁ determination of:criterié fo;'fejéction of
daﬁa'whicﬁ cbmprised:the effért of the data reduction. The aim was to
. eliminate knowu_and'systematic sources of contamination, while leaving

in the data those '"glitches" which may be just the fluctuations we are
;rying to measure. |

V Tﬁe follbwing'kinds of data were.eliﬁinated frdm the analysis: _those :
>aff11cted:with parity errors; inétrumental noisé, no pulse-sﬁape discrimina-
‘tion, éalibrations,_léek of an aspect solution, or earth blocking. Also

rejected ﬁere data whiéh.fit certain‘réjectioﬁ cfiteria (described iater)‘
+ for éharged particle, discrete source, galactic plane, or sun contamination,
"ﬁe list in Table 1 the éefcehtage reductioné in thé total amount of.avaiiable-

date due to the reasons enumerated above. The column labeled



"Earth viewing' refers to only non-contaminated (e.g., by charged
particles) data during thcﬁ the earth filled the'eﬁtire field of
'view; ﬁPéftialrEérfﬁ ocgﬁiﬁatioh comes u&&ef-ﬁhewcééég;f§ ofr"ﬁartﬁ
blocking". This last type of data cannot be used for either the sky
or the cOsmic-fay bégkground measurement since‘both sky and earth
are observed at the same time.

Since the scaﬁs wéré pefpendicular to the galacﬁic plane, we -
divided the data into intervals of 5° in galactié_latitude b for the
broadband data, and 10° in b for the pulse height data. No galactic
- plane (|b| < 200) data were used in thé fluctuation measurement.
Selecting alternate intefvals on tﬂe sky to avoid overlap of the
data with the wide collimator, we theﬁ had a batch of random samples,
as well as an alternéﬁe batch. Since the spin axis of the satellite
‘changed only a few degrees on the three days éf observétién,.there
Qere many instances where a choice had to bé made as to wﬁich samplg
looking at the same piece of the sky would go into the random sample.
batch. The choice cohsistently made was for the sampie with fhe
lé;gésﬁ éxposure time. It is necessary only tq work_with one batch
~in determining the fluctuations, but we used both as a check on our
.estiﬁation of the error.v Both sample batches géVe the same resﬁlt.
for the rglative fiuctuations; all :esults are described later in thisbh

'paper.



IITI. CONTAMINATION OF THE DATA

a) Geophysical Effects: The Problem of Electrons

' Contamination of the data by charged partiéles.may severely distort’
measurement of background fluctﬁations at the few percent ievel. Seward
‘et al. (1973) have examined the data from numerous‘rocket flights with "
X-ray detectors aboard and foqnd.that the fiux of electrons depends on
solar activity and viéwing directién. The geomagnetié activit? indices

for January 2-5, 1971 indicate average activity.:. The Kp index (see

Soiar Geophysical Data, May 1971) was about 4 onia scale from 0 to 9.
No sudden cémmencement occurred on or during the tweek preyious to these
days. Such an event signéls the beginning of a magnetic s;orm during
which the disturBed magﬁetoséhere can cause fluctuations in the par;icle'
background. The average daily planetary magnetic field index Ap sh;wed
January 2, 4, and 5 relatively quiet with January 3 disturbed. This was
reflected in the percentage of data which satisfied the charged particle
;ontamination critefion. For'thernight of Jaﬂuafy 2-3;'1EZ of the data
could be rejected on this account, on January 3-4, 18%; and on Janua:y
| 4_5’ 14%. Wh%le_this sdggests a»possible correiation between magnetic
field activity and detector counting rate, more daté is required to
determine the noise about the mean value.

At a height of ~ 540 km we expectlto encounter 5 popﬁlation of
quasi-trappéd particles spir#ling around the Earth;é magnetic field
lines; "The 2;5-&11 beryllium Qindow of the counter éorresponds ﬁo the

most prbbable range of a 55~keV electron, but due to straggling electrons



with energiés as gredt as 100 keV may appear‘as X-ray counts in the
brdadband détecESfﬁ(Scﬁwértz 1974). Electrons of fhié enefgyiéf the
#ltitudé in question Qill'bounce many times between mirror points on
a time scélé of.<< 1 second while also slowly drifting to the east.
Eventually tﬁey will scatter in the atmosphere and be lost.

The magnetic shell- in whigh_an electron drifts is characterized
by the McIlwain paramgtér L, a length which rgduces to the equatorial
radiué’of a field line»in a dipole field (McIlwain 1961). TFor the’ghgsg‘
data analyzéd here L varies between ~ 1.05 and 1.24 Earth radii, a region
populated by inner-zone electrons. The yalue of the magnetic field at
the electron's mirrorvpoints;'B, varies between'; 0.22 and 0.33 gauss.
B and L would completely determine the partidle's motion wére it not
for the violations of these adiabatic invariants.due tq-particle colli-
sions, wave-particle interéctions, and sudden chénges inlthe magnetic
fiel&.' |

In Figure 1 data taken froﬁ above the upper level discriminator
(hereafter reférred to as the ULD aata) are plotféd versué Earth lbngitude.
_ Each division.correspoﬁds to 1° in longitude, or%abouﬁ 16 ﬁeconds. The
figure shows the essgntial fe#tures of the electron distribution: the
high, narrow‘spikes of "perpendicuiar" electfons whose pitch angle (the
angle between thé particle's velocity vector and the magnetic field)
ié 90°,and the more broadly distributed "papallel" electfons. Thé former
mirror near the spacecraft, while the latter come down the field lines’
into the atmosphefe below the sqteilite. -The huge flux of.elecfrons

between about -40° and 0° Earth longitude alwéys occurs when Uhuru, with



o L o oo *
its nearly equatorial orbit, is over the Soauth Atlantic .

r

*The dipole axis of the Earth's magnetic field ié displaced ébout 400 -
km from>thé Earth's cente?. The perigee of thebinhef zéne pérticlé :
drift shells is located over the South Atlantic, éb that fhevmagnétic
field inteﬁsity is much.smaller there. In additisn ﬁﬁé:e-is a true
‘magnétic‘anoﬁaly due to.higher'multipoles'of the Eore field just to the:

west of this region (0-300) (Schulﬁz and Lanzerotti 1974),

5

The broad#and data during this passage‘doubles in inteﬁsity.

- Another feature‘of Figure 1 is thé buildup from a parallel.electron
distribution to a higher perpehdicular-plﬁs-pafallel flux going east of
Greenwich, " This results from pitch angle diffusion produced by atmosphéric
scattering and wavefpafticle interactions as-thexeleétrons drift f}oﬁ .
west to east. A'discussion.of:the azimuthal variations in flux is
given ' in Schqltz and Lanzerotti (1974). 5The net ‘effect .
is that e1e¢trons with criticai pitch ahgles:(close §0.900) aré lost
in the "anomaly" region because the L shells dip deeély into the atmésphere.-
Just east of the South Atlantic "anomaly" the pitch.angle distribution
vanishes at 90°. G;édually'the intensity of électrons increases‘with
longitudé asdiffusion réplenishes the-missingﬂinterva}. |

The question, of course, is whether a correlation exis;s.between y
B and L and the data beloﬁ the upper-level discriminator cutoff, This
assumes that electrons could induce X-ray evénts,by scatferinglf?om the

collimator into the detector.



‘We examined the ULD data directly to determine whether or not a

correlation existed between charged particles and the observed sky data.
Cdmpelling\evidence for charged particle cbntamina;ion comes from
comparison of ploﬁs of Earth-&iewing counts and ULD counts VerSUS tiﬁe or
angle where an increasé ih the former apparently correlates with an increése
in the latter. Aﬁ example is shown in Figure 2. Average values for the
cbuﬁt rates for two sequential time intervaié 6ccurring dﬁrihg bne:Eartﬁ
viewing~passage are tabQiated above the figure to:emphasi;e the_correlation..
This is only one of many obvious suggestions of contaminétidn.

To pfecisely de;ermine the degfee_of contamination for all of the datg
we compdted thé'sums'ofjthe cross products of theﬂdeviat;ons from the"
means of. the two pﬁpulations_(Earth data_and?ULD data), and’from this‘the
corrélation cdefficiént, r. For greater than 2000 samples of 0.768 sgcénds
each for each of the three tapes, we found r to be 0.177 % 0.014, showing
an eXtrémely'high positivg correlation fof_the number bf’obserQations.
- The glope_pf the regression line Betﬁeen X-ray and ULD eventsvénd its
étandard error; N = 0.017‘t 0.002,.follow froﬁ the ‘above. = -
| : .Assuming the same cor;elation betweén ULD and.sk? data (we ﬁsed.
thelﬁarth daﬁa as the original comparison populatibn éaﬁpie'sinée it'ﬁ"
free of the source confusion andbpossible exceés'fluétuations suffered
_ by the sky data), we set a level offaccéptance of X%ray confaminatioh

at %, Then the highest acceptable ULD rate is givén by p in

T -p)=.02X .
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The parameter p 1s the average ULD (i €.y cosmic ray) rate estimated by

several methods to be ~ 98 counts sec 1; X is the mean.sky rate‘of

~ 20 counts ggc"l; and T is the regression line slope given abover We
f£ind p equals ~ 122 counts sec = for the three day; of data considered.
Samplesiwhich had corresponding rates greater thanlp in the ULDAdata'
were rejected as contaminated . That our efforts nere not exaggerated is
later demonstrated (see Table 2) when we compare the spectra of the |

"clean" sky data and charged particle contaminated data,

b) X—Rays Scattered by the Atmosphere: A Twilight Effect‘

Scattered X -rays (energy 3 keV) from the sun are observed on the
detector for a short_while after (before) the optical sunset (sunrise),.
as determined by the sun sensor. To remove this source oficontamination;:
we rejected data within a few minutes of the rising or setting of the

sun when the low energy (<3 keV) flux exceeded 30 above nominal

c) Contamination by Known Discrete-Sources:
To elﬁninate possible contamination from known sources to % of'
' . the average background rate of 20. counts s 1, we rejected data for which
‘the. magnitude of source 1ntensity (as given in the 3U Catalog) times the
collimator transmission function (canonical triangular response function
for a slat collimator)vwas greater than ~ 0.4 counts s-l. Only 3U sources
with magnitudes greater-than 5% 10511 ergs (cmz- s)-1 were considered
as this is the 11m1t of the Uhuru sen31tiv1ty (Matilsky et al.

1973) . Thus, any discrete source with lower flux will contribute
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to the fluctuations; this includes identified sources in the 3U Catalog

as well as those not discovered by

Uhuru because of inadequate sky

~ R

coverage at this low level of sensitivity.

Y

d) - Other~Cdnt¥ibutions to the Fluctdatipﬁs

It is easy to see Qhen the Earth ig in full Qiew of the detecﬁorl
because the cpunting rate is down by a factor of & 6. What ié mofe
difficult to discern‘iswhenthe Earth occludes only a fracfion of the
field of view. The amaunt of time it.takes=£he detector to go-from sky
viewing to Earth viewing (or in the reverse Sense)'changes’depending;
on the orienfation ofvfhe épiﬁ axis of the satelliite with reépect to
the'Ea;th's horizon. Misjudging the "dipping time" will ceftainly
increase the fluctuations and result in a systematic obse;vance of "holes"
in fhe»backgr0und. Eaéh spin cycle of the data was examined fo£ this effect
and a separate fejection criterion was established to eliminate data so
affecfedi'

The rejection_of-discfete sources has béen described, but some of
thevdifficulties with this proéedure should be emphasized. vFirst; for
nonvariable sburces,'the'soﬁrcé intensity used in éstimatihg its:possible
contribution to the eﬁission was ;he wcighted'averége given in the 3U
Catalog (Giacéoni‘gg al. 1974). Many ﬁther sources have sizable ranges
over which their flux varies; neither fhis nor the uncertainties in'thg
intensities was taken into:éccount in this ahalyéis. Secondly; errors in
the.positions of’the sources ‘were jgnored.‘Theée'crrbrs are corrélated with

the errors in the source intensities. The conversion of the value of the
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intensity in Uhuru counts to energy flux is subject to a 30% uncertaépty
due ﬁo spectrairéhapé vériétion;Aénd an édAitiohal 10%-due'to uncertainty
in the effective area of the detector (Giacconi et al. 1974),

More contributions to éhe fluctuations may arise fr;m "iines of
position'" in the data which did not satisfy the AS&E source criteria
beéause they were not crossed over again. from a different spin axis
orientation, or fell in iﬁtensity»below detector sensitivity before
later écans. Such "sources" were left in the data;

In the sample diééuésed hefe only one source of emission nof listed
in the 3U Catalog was rejected. This decision was férced by the 3-5
sigma signal of theASOUfce in different superpbsition périods and its
occurrence in many>spin cycles during two different orientatioqs of the
spin axis. All evidence points to an X-ray source of'magnituae greatef
than 3 Uhuru counts. We would locate the source (with considerable
uncertainty in lbngitude because of the perﬁendiculaf-to-the—plane
ofieﬁtation of both scan paths) at b ~ 750 énd L~ 2680. The known.
X~-ray éource Virgo X1 at £ = 283.5 is téo far away to contribute such a
'

large flux at the center of the collimator where g = 267°. This "source'

also satisfied the line of position criterion for one day.

IV, RESULTS

a) Fluctuations
Taking a random sample of 29 patéhes_of sky approximately 5% x 5%

in galactic coordinates, we derived a weighted mean value for the sky
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.data (with no Earth baékgrduﬁd subtracfed) of 19.90 counts.é-l. For

26 §a§ples;qf Eartheviehiné datar(i.e.g'thé'coémieii&yvﬁgcﬁgfédnd) Qe/.f
found the rate to be 3.36 counts ssl."This gaGeﬂgh intensity, I, for tﬁé
sky of 16.54 counts s—l; The standard éerivafioﬁ?of fhe_éky'samplés‘ 3
was OQSA'coﬁhts 5-1 while the statistical error :was 0.41 céuﬁts s-l.
© The Earth.showed ve?y little deviation in éxcessfof Poisson'statisticéﬁ
with a standard deviatibn of 0.23 counts s-l'andfa'statistical error of
O.Zlicounté s-l. The exceés sky fluctuation; 61,' then becomes the
 square root of the differéncé between the standard deviation énd'the s
sfatiStical error of the skyfsamples; the Earth contriﬁuting a negfigiblé'
amount to the fluctuation. Including the Earth excess, we find a rela;ive‘A
fiuctuatibn, 61/1, for the X-ray skY‘bapkgroﬁnd of 0.020.”

To ev#luate the error on this measurement we' employed tﬁe Neyménf;

Peafson lemma which defines the critical region'fof the mostrpowerful'
test.betwéen twgfalternativé hypotheses (Lindgren l968);..Tﬁe.hypotheSes~'

2 .
Jexcess. Such

being tested are that 612 = 0 versus 612 = some nodzerq‘
a test was applied to the case>of.the microwave backgrouﬁd by Boyntdn '

énd Partridgé (1973). We have modified the form éf the'critiqallfegioﬁ
described by them to include thé.cqsmic ray background éfror (i.e., |

standard deviation of the Earth viewing data). The statistic'appropriéte-

in this case to the most powerful test becomes

2

é; -5 ' Um . _
CTw 2,2, 2 T 2- >y,
. o (oa_ + o0 . o )

m - m excess earth
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where rU ] are the deviations of the. samples (m) from the mean: [0 ] are
the- statlstlcal errors on the samplee (m). and yApresérlbes the critical
region which may be used to define the confidence level. By rgaefining
the number of degrees of freedom (as described in the above referenéed
article by Boynton and Partridge). the statistic may be made a x
variable, The EEEEE data analyzed here then says that the hypothe31s-
that 6I/1 = 0.029 may be rejected at the 90% confidence level The
fluctuations are over a solid angle of 0.,0042 sterad (sChwgrfz et al,
1975). It should be noted that the alternate batch of samples also ga&e

6I/I = 0,020,with an upper (907 confidence) limit of 0.025.

b) Tﬁe Source Counts
It is'possible from the obsérvations alone té estimate thé number 
of X-ray sources near theiintenSity corresponding to one source per beam
width (Séheuér 1974)., Ve wisﬁ to find the best-fit parameters in the

" equation for the differential source counts:
N(S) ds = KS-P as ,

where N(S) dS is tbe number of sources per sterédian of true intensity

S to S + dS. If we postulate a Euclidean universe where the sources are
distributed uniformly up to some finite distance;B = 2.5. The choice of
this model is consistgnt‘ﬁith the results of MatilskyAgg al. (1973),

Holt et al. (1974); and Fabian (1975).

The probability distribution of fluctuations fqr variable values of

K and B has been worked out for the case of the triangular beam of the
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-egg-crate collimators used in X-ray sky observations by Scheuer (1974),'

» aéi;g Ehé‘ﬁé?héd“a}’Eﬁéﬁéléeiié£1é¢}§§ééldﬁs. For B' 5 e convolved
this.probability distribution (cf. eq. 12 of the Scheuer 1974 reference)
with the Caussian distrihution due to nhoton'noise'andithe exceSS’Earth
(coemic.ray) fluctuation..
Fitting the observatlons to the convolution, we find a x2 minimum
‘for K = 8. The total_x minimum was 4.17 for 6 degrees of freedom;v An
error on K may be calculated using the prescription of Lampton gg gl.i
(1975). At the 90% confidence ievel we find: |
N(S) @S = B (*13) s725 g5 |
Figure 3 shows the predlcted distributlon of fluctuations and the convolution
for K = 8. The observed distributlon of the data is also illustrated
Again‘we must point.out that the power-law index reflects an assumed
cosmological model. We.may compare this to the Log.N vs; Log S curve
for 2U Catalog>sourceelwhich suggeets K > 64 (Matiiskyzgt.gl, 1973), to
_ that‘curVe for the 3U Catalog sources-where K °'60-1s‘found'(Hol t et al.
1974), and to the value K = 25 (110) derived by Fabran-(1975).' Integrating |
fthe above expression for N(S), we find that no more than 156.80urces:shou1d
~be observed between 1 and 3 Uhuru counts(1‘7 - 5.1 x 10-11 ergs cm -2 sfl); -

" in contrast to the 433 predicted by the Matilsky et a1. curve.
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c) Energy Distribution

O

In féblé_Z Qé_lfst f;r each of the seVéﬁ_pulse'ﬁeighé cﬁaﬁnéls the
energy range, mean codnting rate and photon statistiéﬁl_érror fér cleaﬁ '
sky data and for data designated as‘contaminated‘becausé of'ﬁigh‘counting
rates,in:the'upper-levél disdfiminator channel, In the last colgmn the
difféfence between the two rateé is divided by the clean Sky,fate; thus;
itbis a measﬁre of thé contribution of a high particlefﬁackground to_the
" spectral intehsity;' | |

', To detérmine the intensify coeffiqient aﬂd-speqtral-iﬁdex.éf the;
péwér law (AE-d)vwhich best fiﬁs ;he.data we usea thé'efficiencieé fof ‘
the detector as calculated by Séhwartz.(privaté céﬁmunicétion)'énd'thé
corrections fo the pulse height channels, 'These_ébrregﬁions weré'deﬁermined
(Schfeierz priVafe communication) by comparing the ébsefvéd éounts périh
chaﬁnel per second’froﬁ,the,Crab with those pfédiéted.by_the pbwer_law:‘
0.99

-1 (E) ~9 E keV(cmZ-s-keV-sterad)fl.

A xz_test gaQe a miniﬁumlvalue for the Spectral.index of:a ¥.1,41,
The prob;bility ;f.exéeeaing.this miﬁiﬁum_value of xz was b,10. -Inclu&ea
in the errors.for‘each cbannel'weré the errors due to photon statistics‘v
and the errors due ;o the unceftainties’iﬁ the Crab spectral slope and
cutoff. An>erfor of 0.04 on @ was determined using the 90%.confidénce
interval of Lampton et gl.,(1975), Including a deﬁermination of the
intensity, we fihd: dN/dE = 7 E-l'QIiO’Oa pﬁotoné(cmzfé-kev;sfeféd)-1

for the diffuse sky background. '
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V. AOBSERVATfONS OF THE GALACTIC  PLANE

| " 'An attempt wésvmaderfo,teét é éqfrelét;on of the counting rate §f
the low energy (1.8-2.4 keV) channel for |b| < 20° with the column density
of intergtellarAatqmic'hydrbgen. If at Ieast‘a large fractiod of the |
X-;ay béckground is indeed e#tragalacfic, we would expecf'tb see ‘a
reduced fiux at low energies.dug to HI absorption aléng.tﬁé line of sight.
This‘efférf was obviated.by.the 1§rge'statistica1:erforslih”tﬁé fétes, |
even when the,dafa was summed over 10° in b, Tbe:lack>of g§od'sta£istié3iﬁ
data was a résultiof déleting éossib1e:coptributions frém'tﬁe numeréus”
discréte sou?ées in the'plane; fejecting data because ofvsolar cont;mingtioh
and Earth biocking, and the inherently low_countiﬁg rate of the chéﬁneI”
being analyzed. 'Thg few instances where an ébsorption_effect might bev.
. seen are only of one'sigMa'signifiéance; |

‘The bfoadband data were potéﬁtially more statisfiéallyisignif;caht;
for tﬁe test Of'emigsion theofies.‘-We measured ;‘few peréeng (4.9¥'for
E > 3;4 keV) Qverall iné?easé in the plane flﬁx over the background aﬁ'
higher latitudes. It is likely (see theireview.by Silk 1973, Section Sb)
thét-this‘"ridgeﬁ_ié due to weék,.uhresolved soﬁrdes. ‘Ffom the limited
rahgé.in longitude of our sample, we canno§ discuss variatioﬁS'in the
intensity of the ridgé Qith direc#ion (i.e., associatiqns Qith thefspiraij
arms), or infer the gradienc.towafds the galactié_center. The spectrqmb
of the excess plane eﬁission has'thg same shape as that for'lbl > 200-
for énérgigs-higher than 3.4-keV. Below this?'tﬁg spectruﬁ has a'steepé:'
cut-off, suggesting H I absorption of the extragalactic componéhp.of ﬁhé

diffuse emission.
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VI. DISCUSSION

" There is no unanimous agreement on the source of the diffuse X-ray

emission, rAny model must'be consistent withrthe observed isotropy éﬁd
intensiﬁy of the radiation. Silk (1973) has ;g?iewedithe argumenté-ﬁor.
the inverse Compton mechanism, thermal bremsstfahlung.fro@ a diffgéé hot
intergalactic gas,.and-the cpﬁtribution of Qiécfetg éx;fagalactic sdurces,
including the existence of a hot, ionized intracluster gaé a$ a diffpse'

X-ray source.

Consideripg the discrete source model, it.is of ihteréstvtoifind .

what number of weak;'dprgsoived sources is reqhirea_to.aécQun; fof the
| observed flu;tuations. .Tﬁis-has been done for the miérowéve background
(Smith and Partridge 1970) wﬁere.evolutionary éoémolégical modeis and
Thomson scattering by iﬁtergalaétic mattér have been t;keh into aﬁéount;'
It is clear that smaller relétive fluctuations imbly_a larger numbér of
soufces.if we assume (foilowiqg»the discoufse by Smith and Partridgéj
that firét, tﬁe sources are of the same apparenﬁ luminosity énd are
distributed uQiformly-throughbuf the QniQerSe;,secoﬁd, the sources are
statistically independent; third,  the sources are formed before some
early epo;h; and 1ast,»the sources afe not visible for.z iesslthah séme
small zé. As Smith and Partridgé point out, all assumptions but the
third are cbnservativé in_the sense that a change in any of.them only
increases the fluctuations. Hence the number of sources réquifed wili
. nqc be~overestimatéd. Smith_and Partridge pafametefize the felétion
between density and relaﬁive fluctuations by the:qUantity

2.. . :
b 3

(=]
—~

we=naf

"

wo oo
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rﬁThey fiﬁdrg minimﬁm Qéiﬁe.for,prbf'~-2.5 16;13'ste?fﬁpé3vfbf'qéi;jd.OZ.'.T
This figure does not iﬁclude any as;umpgions o;her‘than the abﬁve, hence
it is a nﬁmﬁer relevant f§ the X-ray case if it is postulated that the
background is comprised of discrete sources aione. Using the upper
limit té L ‘of 2.9 and the effective solid angle of 0.0042 steradians,

I
the number density of sources required.is n:2'10-7 Mpc-B.

An alternative is that discréfe sources form'oniy pért of the.#otal
X-réy sky backgfound with.various_types of spurces‘(normal éaléxies,‘.
clusters of galéxies, Seyférts, supernov& remnants and quasars, for
example) contributing différent amOUnfs.; The dependence of. the fluctua-
tioné on the effective beam area, the number density of sources, the
Spatiél éxteﬁsion of fhe sourceé, and the fraction of tbe X-ray Badkg:pnnd
due to the sources, pg, is derived by Rowgn-Rdbinson'énd ngiaﬁ (1974)..

The relationship shows:
1/3

e

1) the fluctuations are proportional to n
2) the fluctuations decrease as the sources become more extended;
3) as the effective beamwidth increases, the fluctuations decrease;

4) the fluctuations are linear in p and

W

5) the fluc;uations are inversely proportional toyx, a coémological

parameter equal to 1/2 in the Milne cosmology.

-4

Their calculation gives n = 10 (pb)3 (2;29 Mpc“3 where our value for

the background intensity has been used. This discussion is especially

appropriate to the X-ray background since the 3U Catalog of sources
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detected by Uhuru between 2 -and 10- keV contalns 62 high 1at1tude sources,

of wh1ch ‘about 2/3 are unldentlfled If the source counts are corrected ,

11 ergs(cmz-s)

;for unxform sky coverage ‘and a 1ower 11m1t S S X. 10
i(or 3.95552 counts)’ is used . hecause of the uncertalnty in the sky exposure
‘correctlon‘for weaker-sources,.a value:of 97. equ1va1ent‘sourcesbof‘
1ntens1ty greater than S . over. the entlre sky is. derlved from the Log N

‘ vs; Log S curve, U51ng thlS and the effectlve SOlld angle of 0 0042
h;sterad,ia~reiative‘fluctuation of-S %_ is.pred;Cted .(Schwartz _5.;l.
1975). ThlS may be compared w1th the 2 LOf relatlve fluctuat1on measured
ustng‘the random sample prev1ously descrlbed‘ There are at least two B
‘wayslof viéwing this inconSistency. One 1s to say. that the unldentifled

hlgh latltude Uhuru sources ‘do’ not form a homogeneous populatlon at

non-cosmolog1ca1 distances’ (Holt et al 1974 Schwartz et a1 1975),

the second is to assume ‘an errot was made 1n estrmatlng the source counts.‘

: Fablan (1975) suggests that the slope of the source counts may cause -
weak sources to ‘be. detected at 1nten81t1es greater than thelr true L
1ntensrt1es, and that some of the weak hlgh 1at1tude source counts may

be due to source confu31on.
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' - VII. CONCLUSIONS

'The'present measurement‘of a 2;0% spatial fluctuation-oyer an angular
'scale-of76.0042-sterad rules out the possibility that.normal galaxies lying
'in'superclusters contribute more than 30% of the background flux (Rowan-
Robinson and Fabian 1974). However, normal galaxies with no evolution -
predict the correct fluctuations‘if they'supply the entire background
.radiation. However, the number density of normal galaxies is 3 orders of
magnitude larger ‘than the number density of X-ray sources., As emphasrzed
by Rowan-Robinson and Fabian (1974), the question of which single population
of sources could, with or without evolution, contribute most of the-back-
ground'radiation can only be decided when constraints'on the evolution
of the sources can be'made on the basis of further identificatidns of theh
high-latitude'population, and the angular scale.of the fluctuations can
be determined. | o o |

We believe:that the limit on the fluctuations'derived in this
analysisbis lower than previous measurements becausefof the‘care taken to
remove sources of contamination which were either not identified or ignored .

:_as insignificant by other investigators. These sources were found to
produce small, but systematic increases in the background rate with respect
to‘time, angle, energy, or spatial coordinates. Our attempt to remove
contaminated data to a level ofAZ% of the nominal'background flux is
consistent with the upper limit of 2.9% fluctuations measured. The fact
that we find such a large discrepancy between the predicted (S%) and the
observed (2%) fluctuations suggests that the source counts are in error :
and/or that the basic assumption of homogeneously distributed-point sources

(B = 2.5) is incorrect;.
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FIGURE CAPTIONS

The counting rate ofvthe data from above the upper level
discriminator (ULD) is plotted vs. Earth Longitude in 1o
bins., The South Atlantic region (aboﬁf -409 to Oo)

contributes the largest flux of e1ectr0ns;

Evidence of charged particle contamination can be seen in
this comparison of the ULD data and 2-7 keV data vs. time,

The average ULD and Earth viewing rates are'cdmpared for

two adjacent sections of data, labeled 1 and 2.

The distribution of the observations (histogram) is éompared,'
with the probability distribution of fluctuatioms (dashed -

curve) and its Gaussian convolution with the noise (open

circles) for the xz best fit value_of K.v
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