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ABSTRACT

Measurements of the 7-ray emission in the medium energy range _

are presented. The importance of this energy region in determining
whether ©° - decay or electron bremsstrahlung is the most likely domi-
nant source mechanism is discussed along with the implications of such

observaticons. Specifically, the data from this experiment suggest

.that emission from the galactic pIane is similar to the theoretical

spectrum calculated by Fichtel et al (1976) including both source

mechanisms; but with the bremsstrahlung component enhanced by a factor

- of about 2. A spectral distribution of y~rays produced in the residual

atmosphere above the instrument is also presented and compared with other
data. . A rathet smooth spectral variation from high to low energies is

found for the atmospheric spectrum,

Subject hgadings: Cosmic Rays: general - galaxies: Milky Way -

galaxies: nuclei - gamma rays: general

.#Alse University of Maryland .



I. INTRODUCTiON
Recent high energy y-ray obqervations (Fichtel et al. 1975; Bennett
et al. 1977; Kniffen, Fichtel, arid Thompson 1977) and their interpreta-
tion (Bignami et al 1975; Dodds, Strong, and Wolfendale 1975; Fichtel
et al. 1976; Paul, Cassa, and_Gesarsky 1976; Fuchs, Schlickeiser? and
Thielheim 1976; Stecker 1977; Kniffen, Fichtel, and Thompson 1977) have
indicated the_émportant role ofxy-ray astfonomy_in understanding the

structure and dynamics of our Galaxy. These c0nclusions are based on the

féct_that the <vy-rays are produced in the 1nteractionsrdf energetic cosmic

- rays with the interstellar gas in proportion to the product of their

densities. The spatial variations in the results from SAS~2 are consistent
with such an ‘origin for the bulk of ‘the galactic Y-ray emission (Kniffen,

Fichtel - and Thompson 1977) althaugh the relative contributions from compact

sources have not yet been established. Tichtel et al. {1976) Schlickeiser

. and Thielhedm (1974), and Shﬁlka and Cesarslk, (1977) have pointed out

that although the higher energy galactic y-rays result from the decay of
ngutral pions produ¢ed in interactions involving cosmic ray nucieons,

in the region below:about §0 MeV the bremsstrahlung process invelving -
cosmic ray EIeptroué becomes dominaﬁt over most of the.Galaxyg Belbﬁ
about: 7 ﬁév, the. backgfoundlof &ﬁclear lines produced both astrophysically
and in some of the sPacecrafE and devector materials degrade the observa-
tions of rhe’ cosmic cqntinﬁum radiation.

8ince electrons in energy range from 7 to a féw hundred MeV cannot

fbe Dbsenved_by'pther means and are highly'affected'by'solar:ﬁo&ulatioﬁ,

_observations of medium'energj'y—rays p¥ovide the most ditect means of



studying the:intensity and distribution.of thesé interstellar galactic
cosmic ray eleéﬁ%bns. Exlsting observations are few, with only one
rgféup reporﬁing positiﬁe resul;s with limited statistics from the
'galactic plane (Samimi, Shéré, and Kinzef:1974; Shgre et al. 19725?

For this reason a program has been undertaken to é;vElop a deteétdf td
make mediﬁm energy y-ray observations, and two ballooﬁ fligh;s were made

in Brazil in November and December 1975 with a preliminary version of

-————tirisdetector to observe Che mediufl energy y-ray emission from the

galactic center region.

II. SCIENTIFIC BACKGROUND
Fichtel et al. (1976):have emphasized the significance of galactic -

©y-ray observations in the medium energy fange. As these authors pointed
out, the information obtained from such observations is unique and
.cannot be obtained from high energy (®100 MeV) w-ray observations or

from radio astronomy. The-reason for this is cleér from Table I which
‘indicatgs that while high energy y-rays# are expected to be predominantly
due to thé decay produéts of neutral pioms produced in collisions of the
energetic cosmic ray nucleons with'the interstellar gas,'thé medium |
energy y-rays (5 70 MeV) result'p;ima£ily from the bremsstrahliung
radiationﬂof elgctfons trgve:sing Ehe'séme interstellar gas. Since:

the_interstellar gas density iéfs_commdﬁ*cqefficient in the.productién.
of Ehe medium and Eigh energy 75féfﬁédmp;;énts;-reiétive inférmétioﬁ

on the. intensity énd distﬁibutibn.dfveﬁergeticnelectfans in the 7:to

~ 200 MeV range iszbﬁtﬁined. TEis-inforﬁéﬁiéhrié uhdbtainablé by other



means because of solar hodulation effects (Goldstein, Fisk, and Rﬁmaty

1970) in the case of direct measurements of electrons in the solar viecinity
and because of uncertainties in the galactic parameters which affect
absnrpfion of the radio signals in the case of radio astromomy observations;
On.hharother hand, this information is extremely val:. ble in understanding
the dynamics and structure of our Galaxy and in,determiﬁing‘therorigin,

confinement aud propagation of the cosmic ray electrons. Also, a

comparLson with the rad10 observations helps to define better the inter—r

stellar properties which make interpretation of the radio ‘data so difficulb, 77

The specific predictions of Fichtel et al. (1976) as refined by

Kniffeﬁ, Fichtel, and Thompson (1977) are piven in Tigure 1. These authors
show that the total electron iﬁtensities,éfe expected bo be dominated by
the primary electrons throughout: most-éf the Galaxy, and hence the obsexr-
vation.nf their spatial variations velative to ﬁﬁoﬁé,bf the nucieons as
revealad Ey the y-radiation provides valuable information oy the origin
and confinement of the electrons relative to those of the ngcléons.

The caleculated spectra shﬁwﬁ iﬁ Figure 1 are for a galactic ldugitude

of 340°, but as the authots éuggest, the relative conkributions of
'hrémss#rahlung énd ° yﬁrajs should remain constant since bbth inbéf—

actions occur with the same interstsllar gas, Hence the spectral shapes

~ should appiy to other longitudes except perhaps near the galactic cénter.

'HereJ accurding to several authofs {Cowsik and Voges 1975- Stecker 1977;

Plcc1nott1 and Bignam1 l977 Shukla and Paul 1977) there may be a sxgnlw
fmcant compwnent of meﬂium energy - Lays resultmng from the Compton scat-
tering of starllght and lnfrared photons to ?rray energies by the ene:getic

cosmic ray alectrons. Observations of the latter component would provide



important information on the interstellar enviroment near the galactic
center, Ramaty and Wegterga;rd (1976), schlickeiser and Thielheim |
(1977), and Shukla and Cesavsky (1977) have indicated that lack of
knowledge of the unmodulated electron intensities makes the bremsstrah-
lung calculations uncertsin. QObservations of the medium energy ¥-way.
épectral shape will thexefore provide evidence on the interstellar

electron intensites.

IIT. THE EXPERIMENT
a) The Detector _

bec;‘.;?is a rﬁSEﬁiaatiéi*eﬁr an _'fri'fs:t‘fﬁﬁéﬁ*ﬁseﬂ:'ea;-zr};i&n—:ia;_---_-_.__,:,: ..... |
“high énergy 7-ray studies (Ross et;al. 1969) . The configuration used
in the 1975 Brazil ballocon flights,_depicted in Figure 2, is a modifiled
version of this detector designed to reduce.the low energy threshold
and to increase the efficilencles for wedium energy Y-ray observations.
Turther modifications in prﬁgress will increase the 20 MeV sansittvity.
by nearly an order of magnitude. .

For the 1975 flights the upper assembly, above the piastic scintiilator
.plane consisted of 15 aluminum pair-production_plates interspersed between

16 wire frame assemblies. A frame had dimensions of 50 em x 50 cm and two

planes containing 400 wires each, with all wires within one plane parallel,

and pefpendicular to the wire directions in the facing plane. The modules
(pair-production.plate plus wire grid) were separated by 1.41 em. .fhe lower
aséembly; below the.scintiilator'plane, contained an additional 3 plates

and 4 grids, but here the separation was iﬁcreaséd to 5.66 em. A Cerenkov
_countér was locaLed Below ﬁhe lower agéembly,i After a pair was formed,.

the plétes.servéd ﬁs.scattering material to<p¢rmit an estimate of the

energy of the pair members from scattering theory.. The sparlk chamber

B - L
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stack was encased in a thin aluminum pressure vessel and the inner " ‘
volume was filled with spark chamber gas. The instument was surrounded
by a dome-shaped plastic scintillator anticoincidence counter.

A y-ray that entered the detector converted with a known probability
into a cha;ged pair that sﬁbsequently propagated through the remainder of
the telescbpe. The chamber was triggered when a coincidence occurred.
between the scintillator and Cerenkov counter witﬁout the presence of
a signal in the anticoincidence dome. This event signified a neutral
pafticle had.entered the instfument and converted td charged secondaries.

When tha trigger logic was satisfied, high voltage was applied across

I~

.. ths wira planes-of each—grids—=Spark-breakdown between wire planes occurred
at points along the trajectories of the charged particles a=s a result of
their residual donizatfon. Each of the wires in the grid threaded a

memory core, and the current in the spark served to set the cores of wires

intersecting the sPafk. The two orthogonal sets of wire plénes in each
spark chamber level thus provide an x-y coordinate posifion for the
' parﬁicle trajectories of that level. Folldwing the high voitage pulse,'é
readout and réset_scan of.all cores was initiated; The_add;esses_of the
.set cores weré encoded into the,telemetgred data stream along with'
houéekeeping information including magnetometer readouﬁs, temgeratures,
chambér prassure, atm&spheric.pressure, bgtta:y current, event rate,
'1ive—time, and countfﬁg Tates in ﬁhe anticoincidence dome, the central
sciﬂtillétgr; aﬁd ﬁhe Cergnkov cdynﬁef. During.the readout eycle, the
chamﬁe; Wéé inhibited f;oﬁ:further triggers.

| b) Balloocn Tlights

‘The instrumghtldescribeﬂ above was flown twice in late 1975

(19_Novéﬁber.and-3 Decembgr),primarily to-stud§ thHe y-ray emission from -

 the galactic ﬁlané. The flights were launched from RESEndé, Brazil at




geographic caordinates 522.3 W 44.7, Here, the galactic center regilon
of the gky passes nearly overhead, and the high geomagnetic cutoff
(11.2 @v, Sheé and Smart, 1975) helps to minimize the background of
sécondary y-rays produced by cosmic ray interactions in the residual
atmosphere 2bove the instrument, |
In each flight, a 8.72 x 105 m3 (30.8 Mf£35 balloon was used for

a payload weight of 830 kg, including ballast, and a fleat altitude

corrésponéing_to a resldual pressurg_;f 2.5 mb was achieved. The instrument

“pointed towérd the local zenlth so that the galactic center region of

ey ATiT A GCTOSS e Apertuce of Hie detector with the earth's
“ rotation. The azimuthal aspect of the instrument was aepermined by mesans
- of two orthogbnal magnetomeLexrs Qhose signals werezcontinually'monitored‘
as?@art of the on—board housekeeping data. |
.-A PCM tpﬁise codélmodulated) telemetr& syskem was used to trausmit
experiment data at.a.lz kiz rate duiing the flights. Information was
- received at a g:ound station and recorded along with timiug information
on analog tapes. In gddipion,.the ground support equipment decoded the
.data étreag to provide a real-time readuufzof housekeaping parametexrs
and to dis£¥ay_picturgs of sp;rk_chémber events. The trajectory was
.. determinéd using a digitized':récki;guantenna to recofd bearing and

elevation angles which, together with altitude information given by

onboard pressure sensors, defined the position vector of -the balloon.

) calibration
An essential task in any y-ray experiﬁent 1s an accurate determination
of the telescope's efficlency and angular and energy resolutions as functions

7 of-the Y-ray énergy and arfi?al:direcpioﬁ. The most desirable approach to



determining these properties is to simulate the expected flipght exposure
with a'y—ray beam produced at a particle accelerator. The requirements
for the beam include an independent means of monitoring the £lux, and

known angular and‘energy dispersions which are small compared to the

resolutions of the telescope. The bDremsstrahlung technique for producing

a ''tagged' photon beam;thac was used in the SAS~2 calibration (Hartman

et al. 1973) unfortunarmly is not practical at ene;g;ee below about

50 MeV, the enexrgy region of primary interest in this experiment.

An alternate approach was developed that utilized the in-fiight'

‘annihilation of positiens in-a. 10 mil Be target foil to produce two

7-Tays whose energies are determined bfjthe ineident positron energy

and the emission angles of the photons from the heam axis, The pasitron
beam was obtained at the linear accelerator (LINAG) at the National
Bureau of Standerds in Gaithersburg, Maryland. One of the two photens

from the interactiqn was detected by a NaI crystal located at 20 degrees

. from the beam axis, and this.signal served to flag the presence of the

companion: photon in the'tefescope which was located behind a shielding

'ail with an aperture at the apﬁropriate angle. The'effieiencv of the

"tagg{ng" technique was measured perlndicnlly by replacing the telescope

- with a secoad Nal crystal. Further details of_this metnod of calibration

ill be publlshed later.

A complete analysie of the mnerument propertles using the eccelerator

“beam was not possible due tc. cost and time limitations. Instead the

calibratiOn da ta were used to nupplement an extensive serias Df calculatlons

‘that were made using Mante carlo techniques to slmulate 7-ray and secondary



electron and positron intevactions (pair production; Compton scabtitering,
radiative and collisignal losses and Coulowh scattering) in the instrument.

DéCailed histories of each avent were tabulated. Those that wet the

logle ruq&itements of the instrument and in addition satisfied event

renognition tests, that in practice are appl ' to all real events, were

noted and compa;&ﬂlwith the total number of events to detexmine efficiency.
The efficiency results from the Monte Carle calculations were found

to be about 30% higher than the accelerator results, This apparent

diqcrepancy is qunllLJLkvely-munderstood in terws Qf simplifyihéuapprox-

imations made to reduce the computer time requivsd to run these rather
lengthy Monte Carlo.programs for the perticular: configuration used in

the s expgriment. For this réuson, all Monte Caxlo efficiencies weére
.npfmalizud by a fﬂctor.of L/1.3 to match the measured afficiancies. As

a further check, the Monte Cawlo program was run for the SAS-2 instrument
and thg results wore in close agreaemént with calibration measurements. In
.the S8SAS-2 case no normalizntion;Qas-required. Figure 3 shows the area x

afficiency Ffunctions for a variety of encérgies as.Functions of arrival

~angle for the telescopa used in this.expariment. Also shown here axe the

bﬁsayved measurewents. -

“In addition to studying the efffciency of the instrument, the Monte
Gaxlo program was utilized to evaluate the enexpy nnd_augular-respnnse
functions. Fox tha.accepted events, the ‘spark coordinates oE ‘the simu-

lated aecondnry elgctrOns and positrons were used to aalﬁula & the energy

and arrival dmructionxoﬁ ezch event dccording to the sama”plocadurcs
used with £light dnta. Comparison of thase results with the input
values yielded the desired resolution functions. Figure 4 shows tha

three-dimeusional g angular uncertainty as a function of enexgy. It



can be seen that the results from the acceleratdr exposure agree with
the calculated function. At higher eﬁergies, the effect nf uncertainties
in the flight aspect data dominates the angular uncertaintﬁ from the
Monte Carlo values shiown s a dashed line.

The energy resolution from the Monte Carlo analysis is approximately'
35 to 38% over the range of energies from 15 to 100 MeV. This is {n good

Gereement with. the beam data as well.

e T :hszbatq;ﬁnalysis

The initial step in the data aﬁalysis consisted of translatdng the
information from the analog to digital computer tapes. These were used
in three different programs. TFirst, housekeeping parameters such as
counting rates im the various detector elements, temperatures, power
cohsumption, aspect, altitude, live-time and chamber p-tossure were tabu-.
.1atad to determine the general operation of the instrument. Second,
the picture data, aspect, time, together with supplemental trajecto;y.
and magnetic field data were storaed Into an event catalogue gystem
developed for SAS-2 data analysis. Finally, the data tapes were used
to produce microfilim plots of each event that triggared'the'telescéﬁe.

The m{crofilm pictures of each event were examinéd visually according
to strict criteria to select only those events that result from 2 pair;
production interaction in one of the spark chamber plates. Sbecifically,_
two tracks corresponding to the electron and poéitron had to be observed -

..to_prigingte from a common vertex that was located haeneath the upper
.plate gnd above the central scintillator. To assure an efficient selec-

tion of good events, all of the microfiln was rescanned by an independent

observer.



For the unext phase of the auslysis, tha pleture infermation of each
seleéted event was transferred to an. interactive graphies display unit
where an operator identified anu Iﬁbelz& the spark coordinates for each
of the two secondary particles in both orthogonal views. The adited

avents were then analyszed to determine the energy of each eleetron using

ra.multiple schttering formalism adapted to tha multiplate geowetry with

v%riablu plate Supnrntions Ihe L“hrgiLS were summeﬂ tm d&turmiﬁg the

y-Tay enevgy, and the arrvival divection velative te the t@lmscﬂpb axls

wag caleulated from an oncrgy-weighted bisector of the electron tracks
(Fichtel, Kniffen, and Ogelman 1962). Events that eatered the telescope with
angles groater than 30° Frow its axis were eliminated from further consid-

ration. Finally, the orientation, time, snd trajeectory data were used to

‘map the arrival diveetions to celestial and galactic coovdinates. Tha

~ lougitudes 340°

be high (kniffen et al., 1977). Pigure 5

analyzed event along with enargy and arrival Information was then rTestared
to the avent encyclopedia,

To determine p-ray Eluxes, tables of raposure factors (effective
area ¥ time) were enlculnted 13 5° x 5° bins in galactic coordinates for
several different eﬁeigy raugesv These fnctoxs vere cﬁtaiﬁed from the

functiona shuwn iu Fipars 3 cogether with trﬁjectnry ﬂht&. Histogfams

- oF Flux as a Ffunction of galactic latitude: between -40° II s 40°

ware ohtained by'éhmming events ahd'eﬁpbsure factors in latitude bands.
of width towmparable to tha angulsr resolutign (in one dimension) between

ElI 30° where tha galactic plane flux is expacted to

shows such a_hisﬁngram for tha

Lnergy interval 70 € E S 100 Mev.  qu a uniform flux (eithin the 30°
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aceeptance cone from the.zenith), the distribution sbiould vary as the
solid angle of the bhin si:c; and hence as cosine of galactic latitude
for a plot in cqual inevements of pelactic latitude, The solid ewnrve
here is a least Qquuros fit to the duta excluding the contral sone
lh1[| < 107 This Ll pives a measure of the atmospberic plus di £fuse
Cy=ray backpround. The exeess flux in the centyal region (only threc
contrat bins im this case) wis used to determine the galactice center
intensity. Corrections to the measured enerpy distribution for the
energy resolution of the detector were made to both atmospheric and
palacbic contdy oo rdfidnts To T it R host estimate
spectrum.  In addition a small corvectien, =1 6%, was made to the ;o Tactie
intensitia ser the Meings" of the angular resolution function that
extond beyond ihe central bins, Similar histograms were obtainc. for
the energy intervals 15 € B < 30 Me¥, 30 < E € 70 MeV and 100 < E «
200 MeV.
IV. RESULTS
The Tesults obtsined according to the techniques described above
may be divided iunto three categories. the atmospheric secondary y-xay
spectrum, the galactie y-ray svectrum in the general direction of the
galactic center, and tle Jiffuse all sky y-ray background spectrum. These
ropics will be ﬁiscu#sed below in order and compared with existing data

from other experiments in the ssme or nearby energy regilons.

a) Atmosphevic Background Spectrum
As discussed above tha analysis of the galactic labitude distribution
leads to an ec«timate of the diffuse p-radiation at high galactic latitudes.
rox Balluénnborne”experiments, this radiation consiste of the extra-
 terrastria1 diffuse y-radiation as well as the atmospgheric secondary

y-radistion produced as & result of the collisions of energetic cosmic



12

rays with the residual atmospheric gas and any other material gbove

the detector aperture such as the baliaon, gondola, riggint and other
suﬁport hardware. Great care was taken in this experiment to reduce

the overlying material to a minimum so the hardware background amounts

to only a small fracﬁion of a percent ofF the total. Alsc, the cosmic
diffuse y-radiation contributes less than ten percent of the total
vbservad T-rﬁy intensity.at the float ﬁepth of the balloon flight throﬁgh—
oué.the energy range of this investigation (Fichtel, Simpson, and Thompson
1978). Hence, following the épproach of other authors, the total diffuse

. speetrum at a depth ,,o;E,,,Z.,S,,g_/ cmz,, is taken.as. b eing. representative 6F the

atmospheric spectrum. The only corrections applied include the effects
of detectur response (sensitivity and energy resolution) and instrument

live~time.

The results are given in Figufe é5 together with other related

measﬁrements. Where possible, results from measurements neatr the
11 GV magnetic rigidity .cutoff appropriate for these balloon flights
were chosen for cowparison. However, bhelow 10 MeV, no high cutoff data
are availéble and the.results of sch#nfelder, Graser, énd Daugherty
(1977) and Ryan et al. (1977) obtained‘at‘a 4.5 GV cutoff have been
used, Their reported fluxes as well as those of Thompsonl(19¥4) have
‘been divided by & factor of 0.57 as reported by Staib, Frye and;Zych'_
(1974) at higher energies for the ratio of the intensities at il.2 GV to
- those at 4.5 GV.

_ Thé.data from this éxperimeﬁt are seen to be consistent_with a smdoth
spectfum éxtending througﬁout.the range of the observations and connecting
W;th'those-of-Byap ét al. (1977) at lowér energies.and those of Thompson (1974)

énﬂ-StaiB, Frye, and Zych (1974) at higher energies. It should be noted that

A B I | L e EERL RS
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the lowest energy point of Thompson is near detector threshold and hence
may be less reliable than the higher encrgy points. A swogoth spectrum in
the intermediate encrgy reglon does nol immediately lend itself to a jell
separated clectromagnetic snd w-decay component as is suggested by the
rasults of Kinzer, Share, ﬁnd Seeman (1974) although tlhe influéﬁce of the
latter apprars to be présent. However, the sharp peak in their calculﬁted
efficiéncy versus energy response curves abt about 50 MeV makes interpre-
tation of results extremely difficult, vequiring a detniled kﬁowledge

of the unucrtainty.in anergy determination and a cafeful.unfolding off

cnergy fegiou'ﬁhere the spectral features appeaf in their results, As
pointed out by Kinzer, Share and Seéman (1974) the caleulated speétra.
of Daniel and Stephens (1974) and Beﬁermann (1971} also dp nos show this
:'strong n°~decay feature, altﬁough these calculétions generally do not
repfod?ca the ﬁeasured spectra and are very sensitive to the Flux of

reentrant albedo eleectrons, which L5 not well known.

The uncertainties in the 20 to 70 MeV energy vanges underscore
the difficulties in making fy-ray observations in the wedium energy

range and the lack of data at these energies. To make further improve-

ments in the observational picture, an extensively redesigned and much:

tmproved version of the detector (Morxis et al.  1978) is being assembled
for a new balloon flight series..
b) Galactiv Oenter and Cosmic Diffuse y-Radiation

'The'primary obiactive of this experiment was a measurement of the

- medium energy ¥~ray enission from the region of the palactic center.

Rt O Auiamuivtial TR R

Becausg of Llimited statistics{ it was necessary to agcumulate the obser-
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the data with the energy response function, —Phis- s ufortimately the
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vations aver ?ﬁe Lull longitude wideh of 340 : 30%, an interval

chﬁracterizgg{by an averall enhapcoment dwthe high energy y-rwy data (Knifion,
Fichtel, av& Thowmpsan L4773 Banngtt et al, 1977). The enerpy spectrum
obtained;iu the manner described above and covveciod for the enexgy

resolutign aof the instrument as detevmined by the calibration and

Mounte Carlo vesults s glven ifn Plgure 7 together with othew vecent

meagurenengs.  The data of this experiment are consistent with thcse

of 8AS-2 (Kniffen, Fichtel .and Thmmphnn 1977) and FOh*B (Bennetp et jl¢, U

19777 at high energies, and kiuzer, ShaLe, and Seeman (1974) at lnuor eneryioes,
The best £it to the results reported here is obtadped with twice the
brgmsstrahluug emission assumed by Fichtel et al. (1976) a5 shown in Figure
1. ‘the total spectrum shown in Figure 7 contains the same ﬂn-decny
contribution as.assumed_hy Fichtel et al. (1976) but with the increased
bremsst:éhlung contribution. Such a spectrum is consistent wiﬁh thé
uncertainéies in the interstellar electron spectrum (Séhlickéiser and
Thielhe%m, 1977 Gesarsky and Shukla, 1977).

Growth curves- of the ascent portion of the data have Eeen used to
obtain an estimate of the cosmic diffuse ? TRy intensicv in a manner

similar to that described by Shame kinzer, and Swoman {1974) and

_-Schuufulder; Graser, and Daughepty (1977). An 1ntensity of (5.2 + 3.0)

6

x'10.7 7({em”-sT-s-MeV) "is obktained at 53 MeV, This inktensity lies about one

_standard deviation above the SAS-2 meésuremenc (Fichtel, Simpson and Thowpson

1978). Other balloon weasurements in this energy range f(Hoppev et al. 1873;

. Shaxe, Rinzer, and Seeman 1974 Bratuiyubova~rsykyjudze et als 1971)

also appear to be above the SAS-2 data as etpected din the case of a

g, Y e 1) o o : T —r g g e i e Bt 2 el s —
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marginal signal-to-noise result, and hence balloon results should only

be considered as upper limits to the diffuse intensity in this energy range.

V. CCNCLUSION
The results obtaieed in this experiment have provided new data
in an energy range where very few reliable data exist. These rssults
have demonstrated that the cudervation must be made with great care.

in the design of the instrument, in understending the lnstrument response

and in analyzing the data. The potential importance of the results makes it
highly desirable to make the measurements, using the best available
' techniques.
The most siénificant aspect of the resﬁlte is the observation
that there.is a larger gelaetie emission beiow about 50 MeV than pre-
viously believed, This is also suggested by the SAS-2 data (Kniffen.pichtel’
and Thombson 1977). This result“is:consistent_ﬁith the interpretation tﬁat
the contribution to the galactic center emission below 50 MeV due to electron
bremsstrahlung is twlce as intense as theoretically predicted (Fichtel
et al., 19765, although the uncertainties are too great to exclude other
possible interpretions such as an enhanced Gompton scatteringvcomponent
in the galactic center region. Additional observations with much
'improved sensitivity and energy resolution are needed to distinguish
between the alternatives. Major revisions of the detector used here are
..cetreetly un&erwey te'érovide the neede&'obsefvetione ovef’a'significantly"

larger-energy range.,
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FIGURE 1.

CAPTIONS TO FIGURES

IT.00 and 21t=335°,

Expected y-ray SPeEtrum above 10 MeV for b
Shown are the contributiouS'from cosmic ray nucldon-inter-
stellar gas interaction,'end from bremsstrahlung emission
from primary and secondary eleetrons:with the same inteF—
stellax gae (Tichtel et al. 1976)., The total epectrum is

indicated by the dashed curve. The general features of this

spectrum &re expected to exisL at other longltude§4 except

"“$TGURE 3.

" FIGURE 4.

- FIGURE 2.

FIGURE 5.

possibly near Ethe galactic center where a substantial Compton
component;hight also be present,

Schematic of the medium energy'digitized ¥-ray telescope
Instfument_area X effieiency as a function of arrival

angle with respect to the telescooe axis at energies

between 15 and 200 Mev. Soiid curves are calculated

using a Monte Carlo program and reduced by a factor of

hl 3 as described in the text to agree with the calibration

.'measurements at 15 and 30 MeV shown by the data p01nts

Three dimensional angular uncertainty as a function of
energy. The turve is calculated by the-Monte Carlo program.
The dotted curve is iustrument resolution alone, while the

éolid curﬁe iocludes the added uncertainty in the aspect

data duriug flight. The points shown are from accelerator

calibration measurements.

Latitude dlstrlbution of 70 to 100 MeV . 7-rays summed

_ between 1ongltudes 340°< ﬂII < 3¢°. The smooth curve g




FIGURE 6.
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a cosine curve fitted to data |bII | > 10° which is the form
expected for the atmospheric backgfound in this type of
presentation. Only the three central bins were used to
calcﬁlate the galactic plane emilssion.

Diffgrential atmospheric f£lux spectrum at 2.5 gm/cm2 and

for a vertical cut off rigidity of = 11L.2 GV. Data of

~other workers have heen scaled linearly with observed

depth te 2.5 g/cmz. Results of Schonfelder et al, (1977

- TFIGURE 7.

anH‘Ryan_Et'aL umwvviﬁ=*c#— aexgéﬁs;aniﬁthﬁrggl!§§,9f

Thompson(l97@ were scaled by 0.37 as suggested by Staib
et al. (.974) to adjust for the cutoff effects from.4.5 GV
to 11.2 GV, o

Nifferential energy.spectrum from the galactic plané.
the solid cirples and.the.uppef limit are dﬁta from this

experiment. The data shown with "x" is from Kinzer,

Share, and Seeman 1974 and the solid squares are SAS-2

observations (Kniffen Fichtel, ard 'Yhompson 19?7).

~ Triangles denocte Lhe data from COS-h for the loungitude

inl:erval Exom 10° tn 40 (Bennel:t et -11 1977). Tor

comparison, the calculated spectra given in Figure'l aré.

also shown here, except Lhe bremsstrahlung compunent has

been mncreased by a factor of 2 to improve agreement with

'the observations
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Table 1

SOURCE FUNCTIONS IN THE SOLAR VICINITY

Value of Source Function

e e -'3 Fodeyl

Source Mechanism “unw~::tx:::::;:igggrgﬁgzzzfTW“km )
10-30 Mev > 100 MeV
. - Y
Neutral pion decay® | 0.7 x 10728 13.0 x 10728
-26 , -26

Electron bremsstrahlung _ o 11.8 x 10 3.5 x 10
Compton scattering (starlight) o 0.6 x 10 28 0.2 x 10 26
Compton scattering CBQK)' 1.0 % 10r26 0.2 = 10-26
' -30 -30

Synchrotron radiation 1.0 x 10 0.2 = 10

*Aséuming 1.04 hydrogen nuclei cm-a locally in the Galaxy, s helium-
to-hydrogen rétio of 0.1, and heavy-nucleij£o~hydrogen ratio of 0.61;
Standard valueé.were used for the local demodulated cosmic ray nucleon
apd electron spectra (Fichtel et al, 1976; Kniffen, Fichtel, and |

Thompson 1977}.
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