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Abetract

The esymptotics at §-+00 of ths total annihilation

oross-section ¢* + 6~ —= hadroms 1s oonsidered on the assumption

that ths electromagnetlc ourrent of hadrons, J is the sum of

- currents of oharged veutor mesons, formions vr.lth spin ¥2 and be-
_Tlons with up:l.no '!.'hn asymptotions O-{E) is datcrn:l.ned by the

aolninger term, vacuum sxpextation value, of the aqual-time come
ntu‘to:.-. It s shown that in the oase of tha vector meson our-
rent the imiting prooedure, suggestsd by Schwinger, oamnct be
used for caléulating this commuvator einoe the Tesult cbtainsd
does not agree with speotral Tepresentaticn.i method free from
such comtradiotions for caloulating this commutator by integrat—
ing in the momentum space is suggested. Por the asymptotios of
the annihihti.on crou-loetion the result (J(9%)9 td 9t=a

+6 ;m) ie obtainesd, where q = 482, E 18 the energy e (e “Y in
c. I.B., o is ths vector mescn bare mass, a and b are ‘the ‘

numerical coefficients. Whende it follows that when X —» o2
G(E)-constlnr.when 22%20

- 1e Introduction

Ref, El] deals with asymptotic bBehaviour of tha total
annihilation orosa-sécticn eof + e"-hadron‘sr at high energies.
The incculation electro-megnetic ourrent of bedrons, Jf‘ s i8
aseumed in this case to be the current of charged fermions with
spin ¥2 or charged bosons with spin () The asymptotice ‘ 6 By
( whore E 18 the initial electron emergy in C.M.B.) in the first
2 15‘_d‘etem1.ned by the Bolwinger term, Yaou-
um erpeotut:l.an. value, of t.ha equal~time gommitator .
<DICJ.0(U'_, Jl,(o):” D>x o + The calculation of this commu-
tator is made by means of the limiting procedure, suggested 'by
Sohwinger [2 _with the result that at 8—=00 (O(£)~~ /Ee
:l..e., the esymptotic behaviour proves to be such which
it might be :I.n the absence of strong ioteractions.i
- The present study dea.la with the a.sylptot:l.o: of ths total
ann:l.hila.tion cross-aaotiun et + "+ hadrons @ the uaul;ption
that a contribution to the inocnlation eleotrmtic cl:n'lnt
of hadrons, Jf' s apart from fermions with a spdn ?2 nd bosm
with spin()is mede by charged veotor mescns as well,

Tha hvest:l.sation of thie problen 13 aof interoat tor tha
Tollowing reason. Ag ie known [ J the ann:l.hilation omsl-semm
of an aleotron—poaitrun alr into a pair of nonj.n.temoting oharg=

{ ed veoter meaons (with ' san anomalous nagnetio momertum equal- %0

approximation over e

2ero) O- (fv.' Jbehaves :I.tae.'l.t at E - oo. anymptotical.’
. oe- - -
1y as a constant. m nend.aoreaaing of the oross-sectlom-
). (E) nt E “»o¥ 1a due to: the imreaae in vector me-
elg- =¥y

gons with the energy of elutromgnetic :\.ntcraot:on
-3 -
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({ i.e., ~due to unrenormalization o:t electrodynamios of vector
mesons), Therefore, if in the case, whers vector mesons maks con-
tribution to 'f" » it ooourred that with accurate account of
gtrong interactions 0, (€ ) —_ ccm.st:,' 1t would imply that strong
_interactions oannot out-otr the increase in elesctromagnetic in~
teractions of Vector mesons, Applying this result to the exami~ -
pation of virtual processes ons could draw a oonclusion on a
groes viol#tfon of isotoplo inverisnce and, as far as this 18
not the oase, in the a:_.'per:l.unt to conclude that vector mesons
are compound particles, On the other hand, the proof of the fact
that at £ —=00 O-(E)?., j/g'—’in the cases of currents of parti-

" ¢les with spin O, ¥2, 1 would offer a distinct experimental
division between the two classes of thecrles: "eonventicnal” and
those baged on the algebra of fields in which Ls.g] 0 ®
‘ deoreases fasber than 1/8%,

} The calowlation of the Schwinger berm, determining the
asymptotics O (B)  1s to be effected in the two waya: 1) by
means of the limiting procedure, suggested by Schwinger, and
2) by the method of integration in the momentum epace.

It will ba shown to this end that the fomr of these me-
thods log!.l in the case of surrent of charged veotar mesons to

a wrong sign of the Schwinger term apd thus oomtradicts the con-

dition of speotrality. The latter method offers the same results

a8 the SBchwinger method for %he case of currentd of particles
with spin O and V2 and agrees with the speotrality oonditien
for the current of yartioles with spin 1, Certain verifications
of the second ocaloulation method to ghow its intrinsio self-
oonsistency are to be performed.

- d -

2,. Bchwinger term and smnihilation et 4 e_~hadrons

In the firet approximation over e® the total cross-sec—

ticn of the process e¥ + ¢ —» hadrons can be written in the

6/é}=‘?qi PO e

_uhsraq:l’ "'P ,P P_ arethemomentae*,e",:f:bE,

and the runotion? (qa) is expressed through the mabrix elemen't:s
of the total conserved electromagnetic Sc_q.rrent of hedrons, J (X)

z<ou,,w)lﬂ><nlavf°)lD>(2‘T) —g)=
= (99 9" 3 ) £(2%) @
As is known E?,E] by means of j (qa) 8 spectral representa-

tion of en average over the vacuum of the ourrent commutator can
f 4

K= 9. 5s>cwde en[di & Tl edie> &

lian.ng the 1ntegra1 53 [_al olﬂl with the average over the

)

be constraoted
oo 1Jp> <5 Jaetgie e T e
Alx) = AT (x) ~ (+)( X},
Alx, 2e) 'a(('w);jy';’f"f? el < ) )
.(uhs:e the metrics is used (5 2(1,=1,=14=1), 'DF Q.Eﬁ é: J 'a%
from (3) the relationship L?, jfollows :



vacuum of the equal-time commutator of currents, the so called
Schwinger term. -

The asymptotic behaviour of 33 (qa), when qZ — oo is-

tobe found by determining, through the analysis of right-hand part

of (5), the degree of divergence of the integral ff(‘]"v) d? Z.

We shall proceed from the principle of minimality of elec-—
tromagnetic intgrationa and assume the total eleotromegnetic cur—
rent of hadrons, cjf‘ (x) » :o be the sum of the current of
charged vector mesons J/" (X) and of that of the rest of had-
rons with spin O apd V2 J hox)

I

Jp 0= J'ﬁ"(x} +J'ﬂ" (x) ©
- - . - h o ) " ‘
[J;(l}, J;tl})-—} =[Jo (x)) JL'V(OJJX 3: [:jb,. (!))JL' () eo

Ko™ 0 .

v - i v 4D
o [y e dy o, IO .

' The contribution of the second term in the right-hand pe.rt.o.f
(7) to (5) was calculated previously [_1_7 In order to calcu-
late the Contribution from the cther terms, we shall need a num—
ber of general relationships from the tﬁeory of vector flelds
which we shall write below.

3. Commutation Relationshipe and Spectral

Representation of Vector Field

) We shall essume that in the absence of an electromagnaf
tic field the operators of & charged vector field Ef {rJ, obey
the equations of motion

-6 -

/w 5”(1:—];(3), (8)

r? '
2y . 2Yn -
= - [ 4
Here Yf“' X e Sx, (8*), /‘40 is the bare mass
~of a charged vector meson, is the current of particles with

which veotor mesons are in strong interaction. The c¢anonical per-

mutation relntiénships are of the form

[ %), 71110}]%'0 = ¢ S; 5'(,?))

1$))]
where 7&(,()13 the canonicel momentum, conjugated to the fieldx.()()‘
+
2 9’ 2%,
= (X)= —0 T
Tetx) ‘fm )= e TSk o (10)

In vitrue of equations of motion (8) and of determinstion
of canormrloal momentum (10) the time component of a vector field
ie not an independent dynamic variable

-
- ) - e
so(»l_-._/.-/_f{x)ﬂr {.772:’_‘»;
o XIZ iz e X (1)

We shall assume below that the time component of the opera-
tor L, {X) counute with the f1elds Fotx), “‘(H and the

canorical momenta er (x) ’ ]7; {)(’ , then
due to (11), (9) (12) ;
El.‘fe UU TL“}” =" [‘Z- (X) 7 [0) Xo=0
D ) |
[,‘fcu) g (ou = ",«fmx 5 (%) (13

The spectral representation of the commutator of operators

of the vector field is written as [ 9] _ i

1) Bome cases where this assumptlon 18 not fulfilled are discus-~

sed in section 7 .




il £l o5 S o

ama  O0<C,(®8)<C, (2),
JFrom (14) and (9), (10) the sum rule follows
[~ ]
: Sd.xa?- C, lx2) =
[]

Another sum rule follows from (13), (14)

(a -
Jda& Ct )‘ - Fz f ¢16)
o
¢ we use u.nrgnormalized 6perators j"r, (x) so that C,{-€%)and
C, (%%  apre the spectral densitles of the Green unre-

normalized function).

Note that in virtue of (8) and (14) there takes place ‘the fola

lowing relationship (similar relationships were obtained in [ 10,
-rﬂ) |
Edae*c:r*‘/(x‘-ﬂo)—— Sti)=-c <o/[7 ), 4, /‘27 Lo

“? .

v
Cousider the theory with the anomalous mgnetic mogentum
76! veptor mesons equal to zero. Then the slectromegnetic current

Do af charged .vector mssons { in gero spproximtion over e) 18 writ-

- 4en in the form
J T x)=- [?”rv ) 4, 5= % W, g (U] (18)

We do not obviously perfotm current symmetriszation because
!.t is of no significance later on.
2 ' .
4) Caloulation of I-?(q )dq by the Schwingey

method . )
We shall make afj attempt to oa_.loulate a contribution to the

4 . _ 15) .

;(Zb‘)nan be reduved to the form

commutator, contained in (5), from the curremt of vector mescns S
(18), using the limiting procedure, suggested by Schwinger [2 .

When the current is considered as & limit to the product of ope—

rators, taken at points X+ E/a and X — E/Z y Beparated
by an infinite-simal space-like interval £ <0

! - - +£
J (x)-=-b[‘|‘;w(‘ ‘5’;)%(“ /,_) (X /z.) # (x /c)’
i (19)
Moking use of expressions for current (19) and commutation rela-

tionships ( )y (12), (13), we find

‘\oﬂ‘jo I”}J‘ 0{]/0) --(,(a/l =g, )% ID)d(a’o )-rF (r+§, % IU/S-('-%,):

Dk, {nfa)nu 4 )% o) w L T (0%, )T (0}32 §ea~g)r

Yo < TR
;e

AL ’a) % ‘? 3_!1:.5,‘) * Fulrte) ¥y (Y g, ). £ er-s, % ,.,1,”9 g ?3 "

+ 63N £ ()7 TR )y, (x-f.‘)s"w)— ¥ired ) -

e '“"/"‘t'r’ﬁi FeX- 5¢"’">z ro :
By means of apeotral representation for an average over the vao~ 4
cum from the product of two operators of vector fields (obtain- '

. ™
. ed from (14) by subetitution A (x; ¢} ror 4% (x 2},

. -

LolLis h 3O = =i ‘”f‘/* = oy !
& (e} SN (u z/rf Y0y
I )
Here 7 = X & . £ "l/__ , KO"_'}" i |

the nth derivative of the Macdonald fumctiomt K  (2). In transi-

tion from (20) to (21} it wae asgumed, as is alwaye done 1n the
Schwinger method, that the limikting procedure E -0 18
performed in a spherically symmetric manner, Formula (21) i8 si-
milar to the respective expreasicns, obtaipned in [‘;J for the
-9 - '
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case of particles with spin O and V2. 2) However, (21) alffers
from these expressions at .one ligni.fica.nt point. )

Since at small Z K (Z) ;.s ' , then

at £~ 0 the seniaor term over Vg _u.nd.er the integral in (21)
(proportional to VE“ ) ie negative,

This result does not egree with the spectral representa-—
tion for eleotromagnetic currente of Veotor mesons, accerding to
whilch there should be a -

<°/[Jo (x); (oﬂ ==y, (X)ojfl (2%)dx?
(22)

where .S’: ()20 (as well as to relationship (5)).

‘ In particular, the wrong sign of the Sc.hwinser tern ori-
ginates for noninteracting veotor mesons. '

Thuas, the application of the Schwinger approach for oalcu-
lating the equal-time oomutatorl of ourrents of veot:;r mesons, GOn-
tained in (5), resulte in comtraddction and, coneequently, does
not hold for the case of currents of veotor mescna. )

One oould think that the contradiction obtained is due to
the use of the Prooa formalism, The calculation in the Kemmer—
Daffin formalism shows, howsver, that the expression for the
ourTent commutator 1s of the same form (20) so that contradiction
remains in this formalism as well,

2) Note that in ref, 5] in oalculation of an average over the

vacum from the commutator of ourremts for the cage of scalar

rartioles ag)error‘iaa commited:the numerical coefficlent at the

i in fon?sxla (11) must be equal to 2/3(instead

of 1/3)11: evidently does not change the conclusione of the  study.
- 10 -

term

The appesrance of the wrong sign in (21) 18 of & general

character and is due to nonpermutation of the differsntiation
operation Cai &) (x)
‘5,\’1—‘54':

and of integration over n/tf e A )('V x‘)
The above may be explained by way of a simple exsmple
of a noninteraoting neutral scalar fileld. It is evident that the

quentity 5 f') @
A= bim <0/ 5"():) (X//)
x'=X k)
= ¢ bim 2 (_‘.f” (X"X') @2

Pe S ] Ay 4
Should be positive. hh.king use of tha Pourisr reprelanta.t:l.on for

gunction A (x X?) (4) and first differentiating over x, &nd
then :l.n'tegratins aver CJ K y We have

A= D(anj-f f | (24)

On the other hand, by differentiating over. X ¢ expliolt
expression for A&) (%, aef) a.txo= 0 and smell X we
obtain
P 28 [
A o
A= S xR @m)t

A
2‘4

kag\

4
§";<0

'}
-0

(25)

+

4 /0
[ .
Examination of this example suggests the idea that on ueing &
correot method of ].'i.mitins procedure first the differentiation
over coordinates should be performed, and then the integration

J) In GEls context we Think ous the statement ln Lhe Work
of Sheinblatt and. ArTyowitt Egﬂm that the use of the Schwinger
approach for calculating the commutator of electromagnetic cur=

rents of vestor mesons leads to a correot result.

- 11 =
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over moments, Note that caloulation of | £(q¢) dg¢ in
a gero approximation over stromginteraocotions by the Peynman
rales which 1a obwious to offer the correct résult. eomsﬁonda-‘
Just this kind of prooedure. | '

Caloulation of Spg4)dqe
method of ihtesgntion in the momentum apace

- The“guantity
. =7, fp ch)d7 (l?:;fdxﬁ @/p (x) J {02//”5/‘:”
(26)
can, using (8), be wr:urben ‘the
t-‘“_'_,TF‘JJnda,j ) R, ‘U”‘ f/w () F, )~
- \4‘ ‘“\(4"}})‘}‘({‘)7, > ‘ . (27)

Row we have to postulate the following rule of caloulat-
ing the integral in (27): first ocalculate the egual-tims ooumu—
tator, then mtagrate over d-(, f“’ and st last integ-
rate over ]‘» .

The procedure suggested possesses the same property as
the Schwinger method: the field operators act at the points x,
and x5, separated by a spacelike interval. On the other hand,
since integration ovar'd;:' is parfomed lagt one can expaoct,
according to the results of section 4, the procedure Buggented

te lead to a reasona‘ola raaultq')

The aqual-time commutator, appearing in (27), 18 readl- ‘

ly found from (20) by substitutions X-— ',5/ A, X‘ é_/ =X, .

- 4) For the came.of spinor flelds the si.milar pethod was emminad

by Grivov {V. N. Gribov, private conmnmation).

=12 =

This performed, by means of the speotral representation for.ln
average over the vaoumm of the product of two operators of veo=
tor flelds and the relationship

o

of f"(gl)dq{: L 20 f; e

we obtailn o C/ [ e )
x ¢ 6!\' * X —/
J"-P (q‘)d7z“7' (K/Kf.’:.;g; C(a:) Z *+
4-’£‘+3[ i) ]+ g2y pe fm = &9
et VARG AR

It is readily seen that the right-hapd part of (29) is posi~
tive. It 1s also evident that [P’ (9¢) dg¢ , dster-
mined acoording to (29), for the case of noninteracting veator
mesons (C,(&L)=C, (L) = T(’e“ﬂv e) ) coinoides exmctly
with the expression follow:l.ng from (1), namely,

j-\? (ql)d? J’W’S{é el (9‘)? 6{72

¢e” =y (30)

2
where 6;( (3-1) ' 18 caloulated by the Feynman

rules, nnd the identifioation of diverging integrals (29) and (#) '

is perfomd, assuming in . {29) = —o~—£—?td
+ The method of calculation of the current commutator, examl-
ned in this meotion and applied to the currenta of fermlone with
5pin Y2 and of boscns with spin O leads to the following results:
1, rq'miéu with epin V2 \

etz & (Kidsdrl /5 KL :
ff(?)d? 31r qu? (“5 K‘*l‘)zzg)} (31)

-hsrezlt.zﬁ 1s the spa_otrnl density of the fermion Green funotion

P A PR



IATIA (o)} °>=-¢!d37 2 f*‘/ﬁ%—?z,.**h rze,y.r‘f“:far’f 4

(33)

f’z, ) o 2t = 1 |

2. Boaons with sepin O,

£ (=9 olact

B z t
SS (‘?)d‘]. j(ﬂa =2 )% )

8 ( ES ) ie the spectral deneity of the boson Green function

ol x) 9100 = i [ doe? Brzet) A% (x,22) (o

_jg(a;.z)c/ae‘;l. ()

4 Expresaions (31), (34) fully coincide with the results
which are obtained from examining the poBhrization opera.torf‘]ﬁ
and are in conformity with the results, cobtained by the Schwin-
ger method.
. In order to cbtein the final result of calculation of the
commrtator of total elefetromgetic currenta (5), one should

alBo caleulate the two last commtators in (7).

Vgt e
5) Calculation of .S 3 ‘-q) dq for the case of vector me~
gons by means of the polarizaticn operator, detarmined acecording
to the usual Feynman rules, is not quite correcet s as the
calculation for free vector fields shows, the noncow ia.nt addi-
tions should be taken into account. (The o }gl,/cul.a.t:.on by the Feyn-
man rules dcee not provide the terms €. (%%
(29). A correoct ta.ld.ng into acoount of these noncovarlant additlons
-in th? oa)xae of £ jelds leads to the result fully colncident
with (29).

- 14 -
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. . b
Assume that JI" (X) iz independent of the veotor

charged field, Then

s Tt h 0 =
[J, (<), J. “1,.-., ()

v
8ince, accarding to (10), (18) J (x) depends
o
only on Y- (x)

and 7, (x), :

The ¢ommutator Z:ja (x), J¢ (o/] 2o does not turn to
zero since the expression for (X) includes the terms con-
taintng Y, (X) and _% (x)

* »*
sed through the operators I {x) _Z; (%)
with ¢ [ x) . The contribut:.on of the commutator

[ 4y ixy f20)] 18,652 18 of whe torm
hv enfa/* -Cfi (o/z:f(x}j x) - (x}[(x))J (o{//>(38)

Xp=p

which due to (11) are expreas

s noncommuting

To calculate this contribution, the commutation r-elationship will
be used

[J." ). 1 (0{7 = / (o) > (!
L] ) e ©

Xy = »
The proof of relationship (39) can be obtailned from the equality

[Q I(OJJ I (o) =jdf_,j; (x) 0)

following from the chnrge conservation law and from the assump—
tion that I ()() expreassd through the cononlcal variables,

o
according to the requirement of minimaelity of electromagnetis in-

(39)

teractions, formulated above, contalns no derivations of the

- 15 =




hadron fields ( and the assumption of the independence ot_Z {x )
of ? (x} //M ptated abeve),

Caloulating (38) by‘ the method, sugzested in the present
Section, and making use of (39) (11), we obtain

hv 2 N afl( d:e F]
j:P (q)d?f éﬂ lq j)[ K‘-+:w. (ée )

JKieme (1)

" Bumming (29) and (41), we finally have
._ jj’(q*}dq J—fy’f_"’t"jf_if_{c (zt)[gk,”,, /"-‘ 3/,5‘-9}
r2Cee) i f [ 04 (g dyt, @2)

where ff "(ch ,_/(!d
(341 for the case of parficlea with spin 1/2a.m:l 0, The reeults
are to be discussed in Bection 7, The following Besction deals
with the calculation of If {q9¢) f"lff < "y on the basis of
the equal-t:l.me comutator with the electromsgnetic field ﬂ (x}
SR ﬁ, r"}’
'!- . .
6. Calgulation o f¥ (1Y dit by
the_commutator 7\ (47, AetY] (rea o

As is knm[a. 14} the integral J:P(Q‘)dy
also be caloulated by means of the comméstor [:/‘ f-l') ﬂxﬂ’j
Hamely, if ons operates in the gauging whare

[t fu0), = =cF 52D,

Eﬁf‘ o) Ju “)Jr.-o = 0,
the relationahip takes place

- 18 =

1s found from relationshipe (3),

. The current j (x)

o5, fatqydy= eTifealff o), AR, ¥

, included in (44), should be cal-
culated a.oounte to the terms of the order of @, Therefore, the
expression for the cu.:"rvnt is cbtained from the expressiona far
‘]f' {X) 5 used in the previous sections through replacement
’?_X_f —--—,5?}-/' — e Jq/., . The calculation cof
the integral in the right-hand part of (44) will be performed by
the method of int.:egration in a momentum space, developed in the
pravioﬁa'ﬂeetien. 8ince in thisprocedure the fislds of charged
particlea, ﬁcluded in the expression for ths current, are taken
at different points, then for conservation of the gauge invarlance

."of the ssocond kind at gach stage of the caloulations an additional

dependsnos on’ ‘ﬂ-/., (x) _should be latroduced into the expres-
sion for the current 2,'_?7.
Then for the current of charged vector mesons we shall

have -k M‘l:.)

[ et <55  JdRdidi e
—tr ()% m)+ 4 )y (!)fe

In (45) ff:,) Y:J are obtained frem (8'), (11) by the rep-
_ lacemant fal — ?}" L&]ﬂ,u . Assuming that the opsrator
l’; (x ) expressed by canohical variables, dosk not depend obvious-
1y on J? (x} which agrees with the requirement for minima-
ity of elaotrmgnetie mtamotions. and using commutation rels-
tionships (43), we f£ind en expression for ff’(?t)dq _which
_fully coincides with (42). The ooincidence of the resulta |

.0 (505, )T % -

cefd?'/:ff) dé' s)

-17 -




obtained through the egual-tims commutators [.-/ (x) j [ 0}]
[ J (x} ) rﬂ‘ {o}] indicates the validity of mtroducing a0 ad-
ditional depende;ceoon (X) into the current as well as the

intrinsic gelf -congruence of the whole approach,

7« Asymptotic behaviour of

annihilation cross-gection ef e~ —» hadrons 3

Turning to the apalysis of relationship (42) and of
the resultant consequences for the behaviour of the total annis
hilation cross-section e'+e™— badrons (F (E) £irst consider the

" case where the integrals

Scimydes feul2ldut f7, ) det fzf(ae*)c/ae

converge, :I..e. the respectlve renormaligzation constants of the
Green functlons "are finite and also is finite the bare mass

/‘4o (the integral fazr)etdet
integrating in (42) up to a certain upper limit /] s neglecting
12 a8 compared w:l.thA and using the sum rulas {15), (16),(33),
( 36 , we obtain

fmt)a’?f 2[[’15 B Joresdain 20, Jf

where Ny, Ne > N8
sons, fermions with spin V2 and boscns with spin 0 respeotively,

convarges as well). Then,

are the numbers -of charged vector bo-

included in the totzal electromgnet:lc current, By means of con-
sidemtions similar to those of ref, 11 one can show that the

limits of cut-off in both parts of equation (46) are of ome or—
der, La 'V.Az This suggests that in this particular case at

pla)~g*

ql_,o.; ( dus to the currents of vector mesons -

- 18 =

» O(€) const,
If the renormalization oonptants Z = () , then, as
18 dlacussed in [1] to make the spactral expansions meaming-
‘Tuk,y “the cui~off of atrong interactions ahould be introduced at
a certain momentum /), ' 8o that ,_7 will be the functions
of . A s &nd the integration weri ing speeml TYPresen~
" gations will be oarried out mp to 2t _/]_‘!
dent from tle resulte of ref, [J the follol'ing relationehip .
between the limits of outwotf /-~ N2 /1 will take place.
1 A <<A e mturn to the previcus case, but if Aa”A
then 2’ ~min are significant., Then, as it 1a read
11y se_a, from (42} in fhe order of magnitude th.e:fe follows the
expression of typs (46) in whioch, huwever./V,e ie now to be
thought of s thp faunctian /}° : 3 Spi(A') | m e
tue of (46) jj’(?'}dq is expressed by a sum of
positlve terma, proportional to : :(Az) a.n.tl_/l‘.1 « A
_ 1t follows from (15), (16) and from the requiremsnt of existence
of the Green rencrmalized function of the veotor meson, /402(/1!}
' cannot 1ncreuo fagter that /l + Therefore, in the general
oase f(q }"? Hand oonsequently the total gnnihilation cross-
section e* + e — hadrone cannot deoreaBe faster than 1/52 +Hote
that in spite of the faot that we have. not proven the imposeibi-
11ty of inorease n( () when £ - ©° (which would cor-
respond to /40 (A‘) tonding to zero'-hen /l -+ o2 ), buk
such behaviour seems to be jmposaibla, since @ven for free
vector mesons O"(E} — const
and omoan h.u'dl;r :I.n.sim that the acoount of strong interw

and, consequently, when £ — oo

Thon, ag 18 evi-

aotions could result in an additional ‘:I.nomae in the crosg-section.

Thus one should expect that within the above assumptilona, taking

acoount of the ourrents of perticles with spin O, V2
- 10 -

- Ly
{'\




end 1 the total amnihilation cross-section e’ + e - hadrons

at large energies bebhaves as
o(e)~

As is knowmn 5,6_71.!1 the theories based on the a.lge'nra of
fields U(E) decreases faster than 1/34 Therefore, in virtue of
ths result obtained above, an exporimgntal study in behuviour_
of the annihilation cross-mection e’ + ¢~ -+ hadrons at high
ensrgiea can becoﬁexfezc‘men furn ciuvcss for elucidating the

coa:f.‘

2 2)’&/3 O. - (47)

qQuestion on how electromagnetic interactions of hadrons ogour
in the nature: based upon ordinary incculation ourrents or on-
the currents proportional to the fields of neutral vector mescns
( the vector dominance hypothesis), If in an experimental study
of 6(E) it appearsd that O(€) dscreasss more slowly than YE>(ar
doss not decrease at all), it would imply that a considerable
contribution to the inoculation eleatromagnetic ou;frént comsg
from the particlea with spin greater than Ya, '

_ However, as discussed in the Intréduction, such behaviour
geems to be unlikely. Throughout the above discussion we agsumed
that ﬁhe right-hand 'part of the equation gor vector meson fleld
(B)I {X) aoes not depend on 50 {x) . It can be shown that
in the most elementary model, when I 3 j;-r J ¢ whare

X is the neutral scalar fleld, the princ:lpal qualitative conclu~ -

sions with respect to the behaviour of the annihilation cross-

section ¢ (£) remain u.nch.a.nsed.s)

6) We do not consider the interactions when I ?
eince they contradict the vacuum stabllity conrl:l.t.ion [15]

- 20 =
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