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. X-RAY AND GAMMA RAY ASTRONOMY

R. L. Brown

-“I.ii H Cosmic'Phbtén Specfrum‘-‘

E A, ngm observations of‘¢osmic'radio-éburces we know that the uni- -
 vet§§ is‘filied‘with photons which haﬁe energies as 1ow'as 10;§ éV; while
from cosmic ray:exténsife air showers it can be inferfed tﬁat phbtoﬁé'with
. energies‘exceeéing perhaps'1022 ¢V are also present. ihe coémic.élect;o-
,magnecic speﬁtrum can be derived both from direct observations whefe pos—

sibie‘(radio, microﬁave,,X-ray) and from extrapolations into the ﬁngbse;vable 
regipnsvwith tﬁe'help of théore;ical models. Doing‘this one finds (Go;ld

1958, Annual Reviews of Astronomy and Astrophysics, 6, 195)
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B. The radio flux (R) is due to a sﬁperposition of flux from sources

out to the Hubble radius, at microwave energies (M) the emission is dominated



" the infrared (IR) region reflects largely 12. 8u ‘emission from the 2P

v'by the 3° K blackbody radlatlon ‘whose energy exceeds all other contrlbutor5°
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transmt1on in Ne from H II regions in all‘galaxies; the 0ptica1 (0) ‘radia-

» tion is due to cool stars while the ultrav1olet (Uv) is due to the 1ntegrated

flux of young stars.:
*C. It is easily observed that fhe X-ray (&'13}6 eV-1 MeV) and y-ray

(> 1 MeV) contributions to the total photon spectrum are certainly miniscule

~when compared to the others. Much can be learned, however, from a study of

this region.

II. Hlstory of X-ray and y-ray Astronomy (cf. Friedman 1968, in

Stars and Stellar Svstems, vol. 7).

A. It has often been said that the'discdvery of extra—sélar X-rays
was totally_udéxpected; This is largely because most of our previous.astro—
nomical knowledge resulted from efforts ditected toward observation of
optiégl photons and presented a prejudiced view ofAthe constituents of the
wniverse. |
) B. X-ray éstronomy is still so young that one méy stért wi£h the
earliést-observations. A scintillation éounter‘flOQn in 1956 indicéted
the presence of a non-solér component to ghe X*réy flux at keV energies,

but the data was not convincing.

C. In June 1962 a groﬁp from NRL flew an X-ray proportional counter

-in an attempt to detect X-rays from the moon presumably excited by fluorescence

as stimulated by solar X-rays. They failed to detect lunar X-rays but

noticed a strong source slightly diéplaccd from the moon; analysis showed



this source to be nearly'coincident with the galactic center. From this

observation, X-ray astrondmy was born--just eight years ago!

II1I. Detectors

A, Becanse‘qf‘the'enofﬁous’energy réngev(& 20»decades)‘seyera1 dif-

~ ferent techniques must be used to make the required measurements.

B. 'Proportional Counters: (0.1 kéV‘< E < 10 keV). This is éséential;
ly a Geiger coﬁnter consisting of a gas'with elécfrodes arranged so that a
high electric field gradient is obtained near the éathode. An X-ray photén
is absorbeavin the counter gas (argon—methane), ionizes an atom and ejects
a‘photoélectron which causes further'ionizati;n and produces a cloud of

electron-ion pairs. This cloud drifts toward and is collected on the anode:

The total charge is proportional to the number of electrons and provides a

measure of the phofon energy. Schematically (Giacconi et al. 1968, Annual

Reviews of Astronomy and Astrophysics, 6, 373),
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C. Sciatillation Detectors: (10 keV < E < 10 MeV). This detector
' is essentially a scintillétion crystal, NaIl (T1) or CsI (T1), in which a -
high energy y ray-converts its energy to electron-positron pairsQ These

pairs radiate bremsstrahlung photonsfwhich‘are recorded by a photomultiplier

" tube mounted directly behind the crystal. As the PM output iS'prdportionalv: 

: o + - : _ : : o

to the number of e -e pairs, and these are in turn proportional to the
energy of the incident y ray, one can obtain some.energy resolution. The
whole detector is usually shielded from‘éha:ged particles by another scintil-

- lation counter used as an anti-coincidence shield.
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D. Scintillation-Cerenkov Counters and Spark Chambers

(10 MeV < E < 10 GeV). In this energy region a gamma ray photon is detected

by the electron-positron pair it produceé when interacting with matter. The



most recent such detector uses spark chambers both to convert a 'y"r'ay into
electron-positron "pairs and also to make visibilé-thé paths of the pairs;
this apparatij_s is followed by_a Cerenkov detector which permits eneigy

Ameasuremen_ts to be made. The spark patterns are recorded'phot_ographically and

provide relatively good ‘angulér' and: energy resolution. Schematically (Fazio g

1967, Annual Reviews of Astronomy and Astrophvéics, S5, 481),
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" E. ‘Detectors for Photon Energies > 1010 eV.  Gamma ray photons

~with ghetgies exceeding 1011' eV can be detected only by the cascade of



_particles they produce upon 1nteraction with the atmosphere. The‘reaction

'is initiated by an electron~p051tron palr that ' produces additional photons,
é*, e by bremsstrahlung, Compton scatterlng, and palr productlon. The cascade
.,shower can be detected on .the ground either by looking at the Cerenkor
radiation produced by the shower or by use of a large array of sc1nt111at10n

counters to detect the arrival of a burst of charged particles in the shower.

IV. Observational Data

A. Discrete Sources. There have presently been identified approxi-

; metely sixty discrete X-ray sources (bolen 1970,;5#_;,,‘l;, 223) having
‘fluxes in the range 20—0.2‘ﬁhocons/cmz—sec—scer—kev for‘energies 1-40 keV.
Five of thesebsources’have also been seen at y-ray energies. The sources
seem to group in.two broad clusters; one is an. association in the Cygnus—
Cassiopeia region (Q 60°-120°) within an average of + 7° from the galactic
plane--the suggestion here is that they 1ie.in the Orich—Cygnus arm of which
the sun is a member et an average distance of ‘v 1 kpc. The other group. oc-
curs in the direction of the galactic center -again predominantely in the
plane; assuming that these sources lie in the Sagittarius arm their distance
.is N2 kpe. |

Due to the low flux levels which can be currently observed, only two
sources have haa their spectra studied in any detail (Sco X-1 and Tau X-1),
buf these seem to be representatives of two general classes of.X—ray sources.

Sco ¥-1. Sco X-1 is the brightest X-ray source in-the sky and has

“been optically identified with a very peculiar blue starlike object of



maghituae 12.5.‘:The opti¢ai‘chéfaéfe;i#tiés suégéét'that the objéct i§ an
',‘old or recurrent nova.  Ihe:X;ray spécﬁrum is well repfbd#éed by ther@al

o brémsstfahlung'emissioh aﬁ»a charaétéristi;»témperatufe 6f around 50 ﬁillioﬁ
degréés.. Suéh'é spectrum ﬁoulé account b;thifor the very blqe 6p;icalﬂconf B

 tinuum and the radio éﬂiséion,ﬁhich'has been détected at‘;he proper level
at 3,7 and.11 cm. The entife spectrum is subject to large ééalévvériétiohs
,c& 10 perqent)’on a time scéle §f Qeeks and a_ﬁ;onoﬁnced flickering isvalso
present at much‘shofﬁeiyintérVgis..

. Tau X-1. The Crab Neb#ia haé'alsqvﬁeen exténsively studied.in'tﬁe 
X-ray; the.picture'which emergesAis'that of a éynchrptron séurce-with_ﬁhé
éame spectral index that is observed in the,éptiéél région; n 1.5.. A long-

'»sﬁanaing problem associated this ékplanation has béeﬁ that of feplenishing
the syhchrotron eleqprong'which presumabl§ ﬁfoduce this‘X~fadiation: Their
Alifgtime i$.&30 yearsAWhefeas thevnebﬁlé is 21000 yéars éld. This problem
ﬁésreithér been solved or fe-directed'(depénding on yoﬁr own faith) ﬁith‘
tﬁe diécovery of the puléar in thé Cfabf In this respect, apéroximately
VlO befcent.éf the X%rays from the Crab have been identified as cqming ffom
. the pulsar (by a 1uhar occulfation experiment) and this component déeé in
fact show the pulse sﬁructure Qith the same shape and period as is derived

from the radio data.

N

exist suggest that they either have an exponential-type bremsstrahlung

All the other discrete X-ray sources for which moderately good data

spectrum (as Sco X-1) or the power law synchrotron spectrum as is found in

the Crab. Much further observational‘data,is needed however.
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- 'B. ,biffuse'Background. In addltion.to locallued dlscrete sources,v
aAgeneral background of x- and Y-rays has been observed from 0.25 keV to a
‘ 100 MeV. Isotropy meesurements show this " background to be 1sotr0p1c to
better than 5 percent and thus it is 1nferred that the diffuse X~rays are
‘ eitraglactic. As a very good approx1matlon the background can be. represented |

by two power laws, the spectrum flattenlng at. 1ower energles.

, 9.8 g6
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V.. - Diffuse Cosmic X- and y-Ray Background:~ Theorv.

A. Theory of the X-ray Background Since'the diffuse background -

hlgh energy photons are nelther deflected by magnetlc fields nor substantlally
absorbed in reachlng‘us, they can.be used as a sen51t1ve.tool to examine the
"large—scele structure ofvthe universe; Essentially two types of mechanisms:
nave‘been proposed to explain the X-ray background; each involves well under-
stood‘processes for photon production which must occur between particles and
‘an ambient gas'or between partiCles»andAradiation; In one case inter-

: ectionS'between these components in the intergalactic medium is proposed
uhereas in the other thevintegrated effect of discrete sources is invoked.

(a) Discrete source models»(Silk-l968, Ap. J., ;;i, L19).

This model assumes that all ordlnary galay1es contaln a mlxture of

\

Sco X-1 and Crab-type X—ray sources and that they evolve 1n a manner 31m11ar
‘ to‘thatbobservéd in strong radio sources. The spectral features presumably
are a result of a superposition of the two types of galactic sources making -

contributions at different energies.



.

(b) Inverse Compton scatterlng in. dlscrete sources (Bergam1n1

'et al., 1967, Nuovo Clmento, 528, 495) : Here it,is proposed that a large”

| flux of X—rays is generated by Compton scatterlng of fast electrons on the

microwave background radiation inside strong radio sources at very early

- times. in the evolutlon of the unlverse (z v o5). However, in order not to

-

produce an 1nord1nately large radio background ‘they must assume magnetlc

ffields inside sources of the order of 10 =6 gauss, a value far below‘that

inferred from radio data.

(¢) Inverse Compton scattering in the intergalactic medium. (Fgelten,

1963, Phys. Rev. Letters; ;g,’453, Brecher 1969, Phys. Rev. Lefters, 23, 802).

" In this case it is assumed that the samehelcctronsvwhich‘produce the radio.
 flux of strong radio galaxies by synchrotron radiation, eventually escape
'fron the galar) and under"o 1nver°e Ccn ton scattering on the microwave

radlatlon in the 1ntergalact1c medlum and thereby produce the X-ray background.,

However, without the use of several ad hoc assumptions the intensity derlved

is two orders of magnitude too low, althongh the spectral Shape does in fact

‘agree with that observed.

B. Theory of -Gamma Ray Background. The existence of high energy

cosmic photons is inferred from measurements of high energy cosmic rays.

3

Assuming that the bulk of cosmic rays are protons, these particles in traversing

the intergalactic or interstellar gas, can collide with atomic nuclei and

N

produce a number of high_energy pions; the neutral pions decay directly into

photons while the charged pions decay into muons, electrons and neutrinos.
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lThe high energy electrons froe the n-u-e decay can theo produce, for example
in being scattered by another nucleus or electron, a Bremsstrahlung photon
:of any energy from zero up to the 1n1t1a1 energy of the electron. Moreover,A
sincevthe bulk of the‘eﬁission‘from'strong radio sources isﬂbm syncﬁrotron
_rediatiOn froﬁ high eﬁergy eleCtrons in.magnetic fielde,'theee electroosb
‘must also be prodeciﬁg high-energy.photons. | | |

C. 1Is There a Maximum Photon Energy? The cosmic gamma‘ray spectrum

- will be attenuated by electron-positron‘pair production through interaction

of the high‘energy photon.yh with other ambient photons Y,

vt Y, et e L

The thresholds for this reaction are 1012 eV when Y, refers to optical
photons, -lO14 eV when ya,is a microwave photon and 1020 eV when Y, refers

to radio photons. Accordingly, there should be‘few photons above 1020 eV (cf}

Gould-l967,‘Phys.-Rev; Letters, lﬁ 252).

.-

"VI. Future Expectations

*(a) There now exist marginal X-ray detections of the stroog radio
galax1es Cyg A, M87, and Centaurus A. When these detections can be con-
firmed Wlth much lower errors it will be p0551b1e to unambnguously establish
the value of the magnetic field in these radio sources w1tbA;ec0urse to the
conventional equl-partition arguments.~~Assume the X-ray radiation isce
result of inverse Comp ton radiation in the sources from ao electron distri-

bution N(£)dE = KE ¥ dE, then the flux is
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medium could be observed and therefore an‘unambiguous’detérmination of the

‘atomic abundances in the interstellar medium could be made.

11
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. ihe radio radiation is due to synchrotron radiation so,

w12 -y
S R
sb.thag knowing the ratio §f these quantities provides a direct measure of
the‘magnetic field H.
(b) With detectors of sufficiently narrow energy resolution the K-

shell ionization edges of the atomic species present in the interstellar

-~

(¢c) If provided with sufficient angular resolution and sensitivity,

one could resolve whether the diffuse backgtound is being produced by dis-

crete sources or rather in a continuum process operating in the intergalactic

medium,
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