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In the presénf note the processee"competing
with the electromagnetic at high energles are con-
sidered. It %s shown that such procésses .may be-tho~

LY SR AR
a4 5

seninvolving the four-fermion1n£éféct£oné:



I I n % r o duction

LAY

It was shownl%J‘that;the application oféthe;qupxn
renormalization method in the quaﬁtum elgctrodynamics leads
to the principle difficulty, 1.e., to the vanishing of the
renormalized charge. Although the absolute procf\of this
con‘clusion‘wasargued,lzl none the less, the preseﬁce of

the principle difficulties in the energy region E deter—

. E .
mined by the condition a(@nrncz~4(d=2i¢KD appears to be ra-
: ~377T '
ther convinecing. The space scale Eo—vgisga Aﬁcorrespond—

ing to this energy is far beyond the limits of the gravita -
tional radius of the electron as 1t was first pointed out |
1n.tBl The extreme.energy\itself is ‘enormously high /F ,~

‘ | ,thca.e3ﬁ%x/ | '

Ii can be expected, therefore, that the limits of the
applicability of the modern eléctrodynamics will be revea-
led much earlier, e.g}, due to a possibie change ¢f space-
time structure in space—fime regions which are small but
still considerably greater than €, . .

There is, howevéf, another possibility of limiting

the significance of the quantum electrodynamics which 1s

more accessible for the theoretical analysis.



Togeﬁhér with the purely electrodynamic interactions
of photons, electrohéAahd positronéAthere dccur the proces—
ses involving mesons and”ﬁucleons.;They méyﬂbe'indﬁced in a
purely electrodyhémib way , eng.; Ey photon 1nte§action @ith
‘an electron. | " ;

If 1t tﬁrned out that the contributidn'of these non—
electromagneiic processes exceeds tha;-qf e%pgtromagnetic
then it would be not possibie to considé;“tﬂé pure eléctro—
'dynamics without essential inVleing other types of intefact-
~lons. In particular, fram a certain energy E:NP 'the expan=—
sion in a series Q%/nc; would become hot reasonablee |

: WE will show that oUCh a competing 1nteraction may be
the weak four—fermion Fermi intﬁractiono o

The val;dity of this interaction in high energy region
is not experimental 1y checked and different theoretical
doubts on the applicabilityfof this interaction for the ener-
gles E ))ﬂﬂca may afise. | o

Howevér, we shall start from the assﬁmption about the
Aapplicability of tuis interdction up to very high enpr zies
anduconsider the conclusiqns resulting from this assumpt-
ion. |

The physicél property of the purely fermion interact-

lons 1is that the matrix elements of these interactions do.



not decrease wiﬁh the :dncrease inghe energy‘pf;the fermions.
involved in the process while the matrixnelements,ofﬁpge
proceoseé invelving the bosons (photons, JT—- and k ~me—
sons) decrease with the boson energy increase. It can be ac-

counted for the fact that with the boson Lnexby 1n01ease

the boson field falls as follows ,K -1/2
‘ ..;[T ol pt L conj.
flere K 13 the boson momentum, &: 1@ the operafor of

boson production) and the fermwon field with thp fermion’

enerﬁy 1ncrease remalno’conqtant (tyk-uL“(@ (lk COHJ

where: Tik 1u the spinor dmplitudp, CIK - 1is the operator

of the fermion production;e T o
we ghall ghow further tbat due to this property the

R fermion 1nteractiops become PSbentidl in the eleutromdgnetlc

J
processes much ea*lier than the logarithmic 1imit E~mc 93‘&

15 rnached



" IT. Fermicn-RElectromagnetic Interaction -/

Let ua ‘consider the nhoton 1ntpruction yrocess‘}Kii'
wlth.the electron (e ) letdinp to the p;oduotion of P‘
meson ( ( B ) and two neutrinos. VI a'f: |

R+Q,-—->—,.L+u‘+u ./ (1)

L

Such process will-be des c*ibed by thc infpr%ction Laprdq~ .
gian | 7
W=eWe +@Wp +qWopy - (2)

where QW =50 A) is the electron interaction { Yg.

is the electron current) with the eleciromagnetic Tield

¢ 1‘»

{4 1s the vector pctential},gAmﬁb' has the same mnanjnf

for a meson. Finally, QWouy  1s the four-t ?rmion

interaction of an electron, po —meson and a neutrino:
3 . -7

3 F,C/\o ~ ergr o .‘Ls- the Ferml .consx.ant No=6.10 cmt

\”}-\urear\ WQ,’.LV (%,0 VQ)(%OZVU) + co*xj« xie:r‘e Yo, ‘lj,.g.,‘i/u

are fhe spinor fields of e‘ec*rons, }» -meson and a neutrinc
respectively; 0, and 0, are certain spinor operators.

The total effective cross sectlon for process (1)

N

2 Pudpvdg=vp pv dpv dQV
(2nh)®dEy

TN
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N

hw o



where Vv&f is fhe matrix element fromithe.interaction

energy (2) for prbCésgw(l),Fb; P, are neutrino and anti-

neutrino mcmenta, EF' 1s the finite state energy.

The strubture of this matrix elemenﬁ bv&g 1s such
thaf in the first nonvanishing approximatioh it is equai
to “

- (ajw/ ,C)(CIWepvlfj’)' "(‘a}Wé";iﬂ')lc)(’c'lw 1)
\N&ffeﬂg- 'Ei”Ec* S +, Eo‘"Ez § '

(4)

where - EO is the initial statg:enefgy, gndﬂ Ec is the
intermediate state energy. Inzihe system of'center of gra-
vity of a photon and electron E, - chv'B ck (K 15 the
phoﬁon‘wave’yectof),({ﬂvvélc)ﬂ,R“V% (CIVQF‘¥);;R'%{ f

I . The weight factor in (3) is

Therefore, [Wa]ela««egk—
Proportibnal'to K5.'Thhs;‘the*total cross section is as
follows ; | | .J : |
6‘},_’-‘_-' o /\1 KEF R L)
wherej}F;\is the factor of the,orderli; which weékly de—

'“ﬁends on K¥.

e These quaiitative cdnolusions are.supported by
more detailed calculations made by Dr. M. Mayer (Rumania).
The author is very grateful to him. :



Just 1n a simlilar manner ohe may considér the ool—
lision of two electrons with their simultaneouo conver-~

sion into two MeSOons, 1q dccordunce with the ccheme

) +-Q R P’+ P‘- (1)
The differential Cross section (in CeMeSe) 1or this
process will be - A | »

A6y = 1% cL"p?EL' de

o &) .
where q 1is the momentum transfer and P 1is the ini-

' : o ‘ : ottt
tial electron momentum both measured in reciprocal lengths.

On ‘the other hand, the cross sections of purely elec—

tromagnéfic processeS'aretqﬁhl'to

e

for thE‘Compton'effect;m“
5 szd‘

d();ge‘:d ay 5 \ Lo o
q’ | (8)
for electron elastic collision,
8 o :
Gp=£2 ~35
P=7g ka(ﬁ" 3,5) * (9)

me

R TR

forvpair;production/herp =

andy“



for the bremsstvlniung in the 1ect:qn ccllision.
The comparisen’ of *bogv cro s sections with those

of mixed processes (1) and (1 ) showsvthét

_ Vo
Sp > Gc Cwith Ky 7:_; Ay

x /e 1 N
d(i,,,,L ydGee = with q3 cc,_/_" ’ - (13)
Gf"l" > 66’ : with 'Cl«-P?/ VE /\3) Ao (14)

KHere the factors ~1§ are omitted e

As 1s seen from these inegualities that if four-fermion
interactilons may be considered applicable in the energy
range l()f/ko) the processes with neutrinox and f -
meson production are more 1n£ensivé thanvthe purely elec-
tromagnetic proceSsés. The corresponding photon and elec-
tron energy in the system of center of gravity should be

hc

more than ___,\,2 BeV.’

This 13 great energy but, nevertheless, it is much

lower than the loguarithmic one.

-~
(S

* Note that pair production in this enerby ‘range 1is
the main electromagnetic process. The Compton scattering
in this case is minor in comparison with the diffractional
one induced by pair production.



It shouid be noted that the production of nucleon
and meson pairs will p;ay a consideiaﬁlyjsmafler role
sincé thelr production cross sectiocn will be ({g_)z
times legsvthansthat'of electron—positron paifs.

Thé proééssés involving tﬂghpfoducgidﬁ of neutrinos
and boson mesons.wiil Bé esséhtiai iéter due to the above-—

mentioned difference in the behaviour ofkthe_boson and fer-
| mion matrix elements. | ’ | | |

-Thus, the fefmion interaction may be thélone which
~restricts the region of the applicabiliéyidf_électrodyna—
mics by the scales » Ao For smaller scales and, consequ-
ently, for the energlies above IH% it is nof-reasonable
at all to study electrodynamics without»considering the

precesses involving both - }b -mesons and neutrinos and the

Fermi constant 3, together With.EL%/hC:.

* . *
*
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