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Abstract

The Weizsacker - Williams method for czlculating the bremsstrahlung
cross section utilizes the electron rest frame as the natural frame in which
to carry out the calculation in terms of compton scatteriag the virtual
photons of the proton electromagnetic field. Since suprathermal proton
bremsstrahlung isa process in which the e¢lectron is initially at rest and
the proton is moving the Weizsacker - Williams method is cbviously the
most natural one to use in this case. In the present paper the cross section
for suprathermal proton bremsstrshiung is calculated by means of this method
and the result; are shown to differ considerably from those of a previous
paper in which the cohventional and much more difficult method was used,
In particular we conclude that the suprathermal proion bremsstrahlung process

camot explain the 2.6 Mev gamma rays reported by Vette et al.




I Introduction

The process of suprathermal proton bremsstrahlung (SPB) has been recently
discussed (Boldt and Serlemitsos 1969; Hayakawa 19703 Brocwn 1970 a,b) as a
possible source of cosmic Xandy sys. This process differs from ordinary
bremsstrahlung only in that in this case the electron is at rest and the
heavy particle (proton) is moving. It is therefore just ordinary electrnn-
proton hremsstrehlung viewed from the electrons rest frame rather than from
the protons rest frame as is usually the case,

The usual method of calculating the radiztion cross secticn lor SFB
has been to view the process in the protons rest frame, treat it there as
ordinary bremsstrahlung, and then transform back to the electron rest frame
(lab frame). In the case of very non-relativistic protons (g.c 1) the
effect of the transformation back to the lgk frame on the enerzy of the
emmitted photons 1s insignificant and since the crecss secticn is an invariant
the result is just the Bethe - Heitler (Heitler 1954) formula in the non-rela-
tivistic approximation (Boldt and Serlemitsos 1969; Hayakawa 1970; Brown
1970a). In this formula the kinetic energy T must be interpreted as the
kinetic energy of the eleétron in the protons rest frame ie. = (m /M ) T

In the case whpre the Draton is relat1v1¢t1c( B A 1,,hQWever, the
Doppier shift of the photon frnquency is 1mportant and must be taken 1nto

account, In treatlng this case (Brown 1 7“b) one must use a bremsstrahlung

€I

ross se tlan that 1ncludes the =2 ng$e of em1551on of the photon (Gluckstern
and H 11 1953) 31nce *hese enuer *nta ,he ,ransformatlon to the 1ab frame

in a v&ta& way.
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Brown (1970b) has employed this method to compute a possible source of
1-100 Mev gamma rays that might explain the observations of Vette et al (1970)
in this energy region. He derives a spectrum with a peak at ~ 5.5 Mev
which when suitably red shifted can presumably fit the observations.

The eross section‘of Glucksternand Hull (1953) and the necessary Lorentz
transformation employed by Brown are quite complicated and tedious. It i;
the purpose of this note to point out that a far simpler method for calculat-
ing the SPB cross section exists and when it is employed one obtains spectra
that are considerably diffefent from those obtained by Browm(1970b).

It has long been known that one can obtain the Bethe - Heitler formulas
for bremsstrahlung by means of the Wéizé:cker~->Williams method (Weizs¥cker
19345 Williams 1535; Heitler 19543 Jackson 1962). In this approach the
collision process is viewed from the rest frame of the electron. In this
frame the electromagnetic field of the moving proton resembles a plane
pulse of radiation, This pulse may be Fourier analyzed and the resulting
photon spectrum is ailawed to Cnmpton«écatter off of the electron making
use of the 3. 2in - lehlna cross sectlon. The resulting scattered photon
spectrum is then,LorentZ'transfﬁrmed back ‘to the proton-rest frame and one

obtains a spectrum that is in chPJete agreement w1th the Bethe - Heitler

- formulas <or bremsstrahlung.»

In thls approanh the—smmplest v1ew of the proeess as obtalned in the
rest frame of the electron and s1nee thls is the natnral 1ab frame for the
SPB process the'Wélzsacker - Williams method is obv1ausly the natural one

;to,uﬁe,3 051ng thls approach 1n calculat:ng the SPB radlatlon eross - seetlonf;



there is no need to keep track of angles and there are no Lorentz transfor-
mations required.
IT The SPB Cross Section

From Jackson (1962) we have the number spectrum of virtual photons in
the protors electromagnetic f1ield given by
Nao) day = % z& Lo falafao) £20 (1)
where we have already integrated over all possible impact parameters and
where g = fi® /B c?
and A = 1.123 (M /m ) v 8% exp (-g%/2),
The spectrum, equation{1) is non-zero only for g°< A; actually for aa” A
equationlis not strictly correct and the spectrum goes to zero exponentially
as expf- anme/Mp YB®).
This part of the spectrum does not contribute significantly to the scattered
spectrum due to the drop of of the Klein - Nishina cross section at high
energies, therefore we shall ignore this complication and use equation(1)
as though it were exact.

The Klein - Nishina cross section for scattering a2 photon of energy o,

into an energy between o and ¢ + d is given by

_’%_g_ (ot,do) = _11'_22 i + (2 + o - 2/a) +(1.r2 a) L% (2)
2  lag2 o, g — J




nere T is the classical electron radius ea/iﬂece
> >
and o has the constraint o =o= o/ (l+2ao).

The SPB cross section is now obtained by a simple integration

ou
_%_g_ (o) _ Jéi%(,a,ao) N (ozo) dar (3)
o
where g = Min, (A, of(1-20)) .

The integral in equation 3 may be performed in a straightforward, analytical

manner to obtain, after some algebraic rearrangement

do (o) aro®
TZ_O: = "’ffg( [fl(a) - fa(a)} (L)

where

(5)
and if o < A/(1+24)
£ (o) = SEmothoP-80%420%-847) in [A(1-20) /o ]
2 ’ 304: - ~ -
= (13/8):8q + 200 - hoo® + 10g% -160° (6)
and if o> A/(1+28) -
: f2(&)= - — + (i-izé_g_;_ +.,Al_& : '4 ) (7) |




Equations 5)through’7)appear a bit complicated yet may be computed and
plotted quite simply. In Figure 1 we show curves of (dc/da) (2¥°2/137)'1
= fl(U) - fz(d) plotted for various values of Y = Ep/Mp°2
ranging from v = 1,1 to 40.

11T Discussion

If one converts the scale in Figure 1 to cm®/Mev (2r02/137 = 1,16 x 10 27cn®;

a unit of o is 0.511 Mew) one can compare these results with those of
Figure 1 of Brown (1970b).

For v=10-70 the cross sections are comparable at o=10Kev but the
present curves are about two orders of magnhatude below those of Brown at
o = 1 Mev,Browns curves are roughly prop.rtional to o ! while the present
results tend to be steeper than o Zat least for o>%. Also there appears to
be no maximum in the cross section for a proton energ:- =f 10 Gev as was
reported by Brown (1970b). It is difficult to imagine how such a maximum
could arise in this problem because there is no characteristic energy of
this order in the electromagnetic interaction of electrons ~nd protons.

If one examines the curves of Figure 1 for o>k (255 Kev) (the slight
bump in the curves at o~f 1is due to £he transit%on from equation(5; io
equation 7)s presumably using the more correct form for N(ab) would have
smoothed this out some) one notices that the slopes are never any flatter

-T
than.¢ with I~2.25.Therefore, no distribution of proton snergies can

produce a spectrum of photons that is flatter than this for energies above



255 kev. Including a cosmological red shift will not alter this argument,
thus it is Ciffieult to see how the SPB process can produce the flattening
of the spectrum to I<2 reported by Vette et al (1970). Incidentally, the
above argument applies equally well to the cross section curves of Brown
(1970b) and it is therefore difficult to see how he obtains a positive
slope and the maximum in his final spectrum.

All in all it appears dubious that the SPB process can explain the
gamma rays reported by Vette et al (1970) but in those cases where the SPB
cross section is relevant the Wéizsgcker - Williams method is the simplest

and most natural way to calculate it.
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Figure Captions
Figure 1 - Plot of the suprathermal proton bremsstrahlung (SPB) Cross
Section as a function of awhw/mec® for various values of v nE'p/Mch.
The cross section is plotted in units of 2r°2/137 (=1.16x10'27cm2)’

per unit « .,
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