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THE DIFFUSE COMPONENT OF COSMIC X-RAYS
AND THE 83K GALACTIC BLACKDBODY RADIATION®

R. F. (yCosMeLL, S. 130 Virma

Cepariment of Physics and Astronomy, Louisiana Stale Universicy, Baton Rooge,
Louisiand, 70805, LLEA,

Assuming thal the far infared radiation, recently measured by SivamanDas,
ook, and Hamsrr, is galactic, we show thal inverse Compton scattering of this radia-
fion on cosmic ray clectrons is sufficient to produce the observed Aux of diffuse X-ravs,
Some recent experiments seem Lo support the predicted anisolrapy of this lux, An analysis
af the production of belinm in the “big bang™ expansion of the universe suggests that
this radiation is not universal,

Origin of dilluse X-rays

The results of most of the measurements [1] of cosmic X-riys in the (.25 ke¥
to 1000 keV energy interval are plotted in Fig. 1. This radiation was penerally
helieved to be isolropic, but the recent measurements of Cooxe, GriFFiris and
Pounps [2] now present evidence to the conlrary., They observed excess X-rays
from the region of the galactic equator in the 1.4 1o 18 ke¥ region with an intensily
of 0.3 photons (om® sec rad)™! near [ = 2607, increasing to L5 near | = 300° in
Centaurus region and dbout 1O near £ = 3507 Perhaps the answer is that the dilfuse
Merays result from two separate mechanisms, one producing an isotrepic component
and the other an anisotropic companent.

In an earlier paper [3] we showed that if one assumed that the far infrared
radiation [4] is galactic, then inverse Compleon scattering of these pholons with
cosmic ray electrons would explain the Mux and the energy spectrum of diffuse
M-ravs with some anisotropy. Recent measurements [2] provide evidence for this
anisolropy.

Various production mechanism are summarized in Table |, v seems clear that
the mverse Complon scatlering of photons with relativistic electrons would explain
the nature of all the following components:

I Anisotropic diffuse X-ravs in the galactic plane (8.3°K photons — clec-
trons) [3]

2 Anisotropic diffuse p-rays in the galactic plane (83K photons - elec-
Lrans) [5].

A Isotropic diffuse Meravs (3"K pholons | melagalacue elecirons) [6].
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Fig., 1 The Hux and energy spectrom of dilfuse X-ravs, Salid and apen svinhals represent measure-
ments (1] af diffuse X-rays, Open tdangles: MeTzoer o aly epen circles: BLERKER of al,;
crosses: Havaiawa, of ol open squares: Fisiies ot al, X's: RoTHeNrLLG e al; solid squares:
Baxten et al; solid circles: Grees ot ol solid trigngles and open half circles: proportional
vounter and scintillation counier date respectively (Sswarn et al.t Figo 31; salid diamonds:
Marsiona el al, (1968); circles with dols: Matsuoka ol al, (19690, open diamonds: Boesker
and Decresperc (1909)0 open diamond  with dot: Bowyes o al.; open sgquare with dot:
Moasper sram and Tevos dash-dot-dash line: Gomesstes o al: dash lines: Herwy et al,;
arrone s Hesmey el al, The solid line represents the theoretical results for galactic black body
radiztion distribution corresponiding o 837K

The exponent 3 of the electron energy spectrum is = 2.62 above 3 GeV result-
ing in the Xeray speetrum having an cxponent & = {y -+ 142 = 1L.&1. A solid line
with exponent L8] is shown in Fig. 1. It passes through most of the data points
i the 30 1o 1000 GeV energy interval corresponding 1o electron energies from | io
0 GeV, Below 3 keV the Xoray specirum flattens considerably (& = 1.3 1.5
This s quite consistent with the expenent of the eleciron spectrum below 1 Gey
(=10 X0,

The X-ray spectrum above 300 keV region seems to steepen. This may indicate
that the electron energy spectrum may have an exponent 7= 262 at higher energies.
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Tahle 1

Diffuse X-rays from the galactic disc
Observed intensity =1 pholon {om® see rad) !

Sowme progosed Remurks Predicled
meclnisms Ohservid
Synchrotron emission by galactic clecirons [T = 003
Inverse Compton scalleving of 3K photons on
gatactic electrons [6, 7, 10] = 005
Bremsstrablung emission by palaclic electron with |
thermal pas 8] | = PRV
T oproduection by © R, oprotons [10] on palactic
matter and MM annihilatien [11] 2= 0.1
Extragalactic X-ray sources ;
ay Beo-KL lype sources [12] {Inadeguate)® [ =
by Population 11 objects [13] {Inadeguate)® i
Inverse Complon scattering of 37K pholons on Fegquires a bigh electron
metagalactic electrons 6] intensity [ |
Bremsstrzhlung emission by nonrelativistic protons Reguires a high eleciron
interagcting with the thermal clectron component density
of the intergalactic medium [8, 9] =105
Inverse Compton scattering of ~3.3°K photens on Explains Aux, spectrum
mlactic electrans [3] o and possible anisotropy o8 |

1 oexplains the Mux of the low energy (1 fo 10 keV) MNoravs, butl il cannol explain
adequately the source of the hard X-orave and the shape ol Lthe spectrum

Far infrared 8.3°K radiation

An interesling question now arises — is the equivalent 8.3°K radiation not
only galactic, but universal ? Actually strong evidence against the universality of the
B raudiation already exists [14). However, il is interesting to comment hriefly
on other phenomena which we feel also argue against such an assumption, First
of all, the sharp cut-oil in the cosmic ray proton spectrum |15, 16] is reduced by
a factor of 2.8 from about 3 x 10" eV, using the current estimates of BURBIDGE [16]
o shout 10% eV This accentuates the discrepancy with observations [17], if one
tnkes the viewpoini thal the cosmic ray protons are universal [18], Second. theoret-
wal caleulations [19. 20] based on the “big bang” expansion model of the universe
and assuming a present day temperature 7 of 3°K, predict that about 23 to 38 per
cent by mass of helium ts produced, This is in the vicinity of the amount of helium
found in many astrophysical objects [20]. Now, if 7'is increased by a factor of 2.8 [rom
FK to 83K, then the baryvon densily at the time when helium production becomes
possible is reduced [19] by a faclor of 2.8% Assuming a present day density [21]
of 7= 107 glem® and taking 7 = 8.3°K leads to a helium mass ratio of about
1'% which is considerably less than the abserved abundances. Taking a present day
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density of 2x 107 glem® (the amount of matier needed 1o close (he universe)
increases this fipure to only 22 and inclusion of other effects, as electron neulring
degeneracy [20], scalar fields [22], or a primardial magnetic field [23] reduces Lhe
mass ratio still more, OF course, such relatively low theoretical mass ratios are
accepluble if one takes the viewpoint that not all observed helium is produced cosmao-
logically, but that some of 1L is produced by stellar evolution,

In summary, the abserved Mux of diftuse X-rays can be gxplamed by the assump-
tion that the $.3°K radiation is galagtic bul other considerations suggesl that this
cadiation is not universal, In addition, the expected anisolrapy of dilfuge X-rays
is consistent with the recent measuremnents [2].
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