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Abastract

The bremsstrahlung mechanism of axion production ati elect-
ron scattering on a nucleus is studied in detail. The cross sec-
tions of the reactions allowing to detect axions at their pase-

ing through matter are calculated.
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1. INTRODUCTICH

At the recent time the question of the existence of a light

.pseudﬁﬂulﬂr particle, "the axion', has been widely discussed.

A necessity to introduce the axion into & theory is that there
are peeudoparticle solutions in the non-Abelian gauge theories.
Due to these solutions the /~ and £~ invariances in quantum
chromodynamics can be hrﬂkan‘ﬁl/ . Invariance is conserved, by in-
troducing a global U(1) amatry"fz/ . Then, as shown by We:lnharg/ 4
and Wiluel(:ya light pseudoscalar particle must exist.

In connection with this, the quas'tion arises on a possibi-
1ity to observe this particle in experiments. One of the axion
production method is 8 process of their emission in the reaction
C+Z > Pt +4 /5/. In the present paper the analytical expres-
aions for the differential and total croee sectiona of this pro-
cesd are obtained. We also discuss some possible methods for de-
tecting the axions at their paassing through matter. Such process-
es are: the Compton-effect €+ - ra/, the electron-positron
pair production in & field of nucleus o + .~ —= E’++ E?-f by
axions, and the process similar to the photoeffect where the at-
omic electron transite to continous spectrum when axion absorp-
tion occurs. For these reactions the accurate expressions for
the differential and total croses sections are obtained.

Some of the questions of axion production and detection
being considered here have been previously discussed inﬁ‘ﬁ"?/.

We write the electron-axion interaction in the form
‘¢ E&’%df @ , where 7 :ﬁﬁ?‘_/;f*/"',ﬁ? €, ¢~ 3 while in

the numerical results below we take ¢ = 1.




2. Axion Production

Let ue consider the process & +7—~> 2 +7+&@ . The con-
ditions of Borh approximation applicability is assumed to be
fulfilled, i.e. ZX /2y </, ZX /22 <</ , where z7 amd 77
are the velecities of the initial and finite electrons, reapec-
tively. In addition, we assume that the initial electron state
ie unpolarized, and we are not inter&nt&d.uf polarization of
the electron in ite finite state. With these assumptions, the
differential cross section for the process under consideration
with the axion emission at a given energy and in & given direc-

tion, &8 well as with the secondary electrom emission in & given

direction has the form:
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Here £r, ~  and #2, /- are the energy and the momentum of
the initisl and finite electrons, respectively; «’/, £ are the
energy and the momentum of axion; »» lnﬁfﬂmf are the masses
of electron and axion, respectively.

The’ result of integration over the secondary aléctran angle
is & very cumbersome eiprnnsinn, therefore we shall confine our-
selves to an anlysis of the angular distribution of axions in
the ultrarslativistic came, that is at Eﬁgdﬂﬁ @d.z?aﬁ;ﬁf. With-
in this limit the angular distribution of sxions has a sharp ma-

i

ximum near the direction of the incident slectron momentum.

The axions are mainly emitted in the cone at an aréla e ﬂ%&.
It is easy to understand & qualitative character of the angular
distribution of axions at a given ;nergy, examining the appro-
priate formulae at « = 0O; IF/ﬁGf 0 formulae become cumberscme,
however, a qualitative behaviour is not changed essentially. In
the ultrarelativistic case, nhan/faf = 0, the anguler distribu-
tion of axions at a given emergy, irrelative of the direction of

the -seecondary electron umiu:iup, has the form:
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Integration (1) over directions of escape of the axjom and
the secondary electron leads to the following expressioms for the
spectral distribution of axion emission:
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where
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The diagrams for spectral distribution at some values of the
axion'mass and of the incident electron energy aro presented in
Fige. 1 and 2. From (3) it is easy to see that % ~ & at
A —+ 0., This result becomes clear if one takes into considera-
tinn-thn fact that the axion-electron vertex has an additional
degree A" in the numerator, compared to the phoion-electron

one, hence, at «~ — ¢
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In the ultrareletivistic case, expression (3) is essential-

ly simplified and takes the visible form:
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where @ = M?sz/zfifz..

The total eross section is obtained by integration of
exp.(3). The results for some values of/,a/ are given in Fig.3.
They coincide, with an acouracy of 4%, with the values given
in the papnr/’j/fur the total cross section of _thi process under
coneideration. ;

In the ultrarelativistic case, at/t/ = 0 the total croes
section has & simple form:
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Proceed now to another method of axion production: the de-
cay of orthopositronium to produce an axion and a photon,
B.A.Swarts drew our attention to a possibility to use this pro-

cess for axion production. The decay rate under study is equal to:

G rrioZl”
w' = '—g—*-"‘//” (6)

When our work had completed, we have acquainted ourselves with

the preprint ,ﬂf

Our result differs from that in"rwhx a factor of 2,

wherein the decay rate 1s calculated as well.

3. Methods of Axion Detection

One of possible methods for detecting the axions is the
Compton-effect &+€ *P*d"’ . The spectral distribution of the
photon emission in ¢ initial efectronis the following:
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where (¥ and iV; are the axion and photon energies, respec-
tively. The total cross section for this process has the form:
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Here /_( and A are thefmomenta of initial electron and

& -

(8)

axion, respectively. In the case Ihun/«" = 0, fornmla (4) for

a cross sectlon is transformed into the following expression:
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The dependence of & cross section on the incident axion energy,
when the initial electron is at rest, is shown in Fig.4.
Let us consider now the process analﬁgnua to the photoef-
tect dre+Z = &+ . The cross section is calculated
for the atoms with = <= 137, With the restrictions on the axion
nnua’g*4f taken into mccount, the axion energy is always high
in comparison to the coupling energy of the / -electron. For
this resson, we calculate the cross section for this case only.
Under the above asgumptions, the cross gection for the process
in question on the /A -slectron has the following form:
G = 2725 (Exm] ] pwlwret)  Cw
A /f"?f-:i’/,‘” /;f;f.f//j
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where «/, < 8nd £, 2 are the energy and the absolute wvalue of

the axion momentum and electron one, respectively. The depen-

dence of & cross section on the incident axlon energy is given
in Pig.5.

And finally, we would like to dwell upon the electron-posit-
ron pair production in a field of nucleus by axions. The differ-
ential eross section for this reasction is defined from formula
(1) by substitution:
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where 4;3w;E;'33;fér are the energy &nd the momentum of elect-
ron and positron, respectively. The energy distribution of the
pair components is readily defined from (3) by the same trans-
formation. The total cross section for the electron-positron pair
production by axione in & field of nucleus ie presented in Fig.6.
In the ultrarelativistic case uE/gf' = 0 this crosa section

has the simple form:

e e it ot
& = 72 T e K/éﬁi Aar Rf/// (11)

In Hef.f5;the total cross section of the'jg:;ﬁ“#Qpair production
by axions in a field of nucleus was calculated. Our result strong-

1y differ from the result of/” (see Table 1).

The authors wish to express their full appreciation to
I.B.khriplovich for stimulation and permanent interest to the
present work. The authors are also grateful to L.M.Kurdadzse

for useful discussions.
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CAPTTONS TO FIGURES

5
: Pig.1 Dependence ¢ {;‘{—j on «’ at £, = 10 MeV for
Table 1.
the bremsetrahlung.
| e Fig.2 Dependence of g_/_f on «t/ at £, = 10 4 MeV for
‘ The total cross asction for /,7“ -pair production Ze P £ P
| by exion in a field of nucleus ; the bremsstrahlung.
Fig.3 Dependence of the total croes section of the process
er7Z @+ + ~Z on the incident electron energy.
| C?'..,_. :‘//pd:/} -
‘ a:ﬁi‘m O gas (f,wﬁ/ {“mf{; of “f,ﬁ/) Fig.4 Dependence of the total cross section of the process
f (GeV AL T & ,f-p;f' on the incident electron smergy in the
1 0.064 0.012 rest syetem of the initial electron.
0.
3 0.17 b Pig.5 Dependence of the total cross section of the process
' 0.
5 0.22 28 g rerZ»er /2 on the axion energy.
10 ' 0.29 1.01 -
Fig.6 Dependence of the total cross section of the reaction
20 0.36 - 8 |
o ki 4.1 @ ¢ p*@ 7/ on the axion energy.
100 0.54 T.0
Em 6.61 9-"3
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