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The maic;ccjéc%"cf?fhi;fhcteiis-aﬁ estimate of
the vacuum polarlzatlon effects due to virtual vector
'_mesons in hlgh~energy eleftron—p081tron feactlons. We
'also comment Jhortly on the. resonance contrlbutlons a-
rlalng from prouuctlon ‘and decay of vector mesons in
,such reactlons. o
_ We estln&te that at energles near the meson ma&s

the vacuum poW arization effects. moalfy the cross—-sec-—
tlon fermula, for reactions going through the one-pho-
ton channel, by a factor :}(E)“giveh in Bg. (13),
re [ is the meson d cay Wldth 2E is the total inci-
© dent energy, . is the meson mass, A = 1/137 and b
is thé branching ratlo, lelded by fxa for decay of

' the meson into e% e . Unfortunately‘in the most im-
portant case of effecfs due to the w~ mesons the para

meters |  and b are very little known at present.



Our numerical estimates are based on calculations due to
GellvMann, ‘Sharp and Wagner, which make. predlctlons for
such pé;;;e+ers<1); If such: predictlens Wlll be modified
our numerloal estimates will consequently be changed.’

| " We write the modified Feynman propagator for the

photon in the form
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where the quantity 7 is defined by(1)
Do /'h ‘(5}}3;;
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In (2) Jp 1s the operator for the electromagﬂetfe

current and the summation is extended over all physical

X,,:statee Z w1th total four—momentum k Equations (1) and

q(2) can be used to calculate the m“dlflO&thHS of +he pho
;ton prop oator due to v1rtuwl strong 1nteract1ng parti-
,?clesp We oon31der the annlhwlatlon process 1nto a get of

_statesﬁzt

KB) | e’ + e —> 7

;J(for 1stance, 7t the ‘set of all’ 2/; -étates, or the set
: bf all 2 Ji-and %Ii states, or the set of all nucleonw

"antlnucleOn states, etc) and call” C‘(E) “the cross—sec-
Litlon For (3) wmen “the incident electron ‘has energy E
in Ene centér Of mass systém (the total’four-momentum

(+). (=)

squared of e 4 g7 ie” then (p Fpo u;?—4E2).
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Similarly we call /i ( 4E ) the contrlbutlon t0- (2)
from the set of states Z taken at K —4F . The two

quantities  6§, and ;gz,are related: by
N G
% m Ge

where £ = 1/137. SENNE L
. (4) follows formally by comparing (2) Wlth

the eXpressLon.for,_E?ﬁ_ag derived from the amplltude__

(5) -‘(3/5/€+e’>= {’f 6/7/{,&)6.//,/«))/0) OF( o “ F

for e+ + e —» 7 at 1owest electromagnetlc order. In:
+
Eq. (5),k—p() (?

and e respectlvely. The cross-section G% can then be

and ‘W, and WV are splnors for e

written as

| 5 (o)
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where m;n ; 1, 2, 3 ana the condition
(T 5T o) = o
A EVIN VO RS
allows one to express 367?-innterms of ﬁ?7(k2) as gi
ven by (2). T R
The amplitude for e'—e  annihilation into a
final state f, including lowest e.m. order vacuum po

larization effects due to strong interacting parti-



cles, can be written as

- de 7T (- vl
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where J¢ (-a) is calculated a81ng (2) and summlng over
the intermediate states z of strong interactlng Parti -
cleg, In deriving Fq. (8) one has te take 1nto account
the transversality condition (7) Trom Eq. (8) OHG sees
that the cross section 8§ is modiLied by the inclusion
of vacwun polwrlzatlon effects Jdue to strong 1nterac—“
ting particles at. 1owest electromagnetlc order,' by' a

- multiplicative factor

(9) 3{(‘—)1/1{‘4{?’3 5(.( 4&’ # AL LC)/

. From the re¢at10n (4) we see. that the ‘vacuuti-
-polarization factor lj(E)‘ga“fe lucted from the -
experimental values é? of the-énnlhllatlon cross SGO—.“
tion into strong interacting particles. The cross-gec= -
;}tlon g? lS nebdod however for a. presamably large range

a8 the; calcu‘latlon of— -3 (E)

'of the 1@01dent energvﬁ
implies, according fo (9), an 1ntegratlonhéver the va-
riable a , which is thé:sguare of fthe L0T al 1n01dent

energy. Unfortunately n  experimental datw are avalla—ﬁnkv
ble at present on the annlhllatlon cross—sectlon of

et-e” into strong interacting partches. We can howe-
ver easily estimate the contrlbutgon to 3%E) from a

strong resonant state having a width | and a branching



. . + -
ratio B for decay intc e =-e . Such a resonant state
must, of course, have the appropriate guantum numbers

to couple to. the. e+—e_ systen at 10Wos+ electromagne—

tic order, nemely (total ungular momentum) 1, (pari
ty) = -1, (che ree oongugatlon nurtber) = -1, (1sotonlc
spin) = 0 or 1, and zero strangeness.tof the known me

gon resonances, _9 ﬂnd ° have these quantun numbers.
The set of stateq Z is the set of decay stetes of the
resonance and we shall descrlbe the amplltudes for

e 4+ ¢ —» 7 by expressions having‘thé right analyti-
cal behaviour and correctly normal:zed au the resonan
ce, In the ne;ghbovrhuod of the revonance “the r@sonant

cross section for annihilation into a final channel f

will be approximated by a Breit-Wigner formula .

S

:'72‘

/
(10) - Ei(€) = EANL 85 ey

Where vals the brancblnu ratlo ?ov decay of +the reso

nance 1nto f nnd N is thb ﬂass of the reSUHance."Wé'
:then 1ntroduce an qmplltude T(a) | S e
(11) Ta) = Z g et

1 : /v;i_Q_ L A f“'[‘a;)

where /' (a) is such that T(a) has thé“borrect analyti
cal properties to describe the annlhllwtlon process
et 4+ 7 —»f, it is slowly varying near ¥° and F’(M Y=1"

We agsgune that

(12) (- f)#_i‘/ L, 7o) Ao

i Aio L& -




The imaginary part of T(a) near the resonance

can be approximated as

- /e :
(13 I, 7(x) 2373 R 2, 6;(€)
: = il ) e L2

with a = 4E2; Making use of (4) ‘and (9)“we thus find,

near the resonancey

2

w3 -_  6 —
(14) (é) /7 , A,Mg-zg-/

where we have written |
(15.) L B e

putting intd‘eVidenée‘the faotpr ;0(2 in theﬂdecayvrg
te, into eTe”, | .

When oouparinngifh experiments one has to ta
ke iﬂto acéountlexplicitly the experimental energy Ie
solution A . Let us first consider the case A E>>/7,
such that an averave over the resonance region is real

1y observed The measured wver’mge ia

-ﬁwﬁﬁﬁ7
(16 ) : __/f\ V/ A& dE
CFM-4E)
We write
1y de= F(E)dEs

where &by is the_pross—seotionﬂwithout the inclusilon

of the resonance vacuunm polarization. We find, insez.
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ting the expression (14)for :?(E)-
/e’tc._

~-~"(:}‘":/ -J'--—=— + : / 2 =
(18) ‘ __44 {/ /D(é zm_ ”73,4, .
o ~ /10 L (1 %{%"/” T 7465
The teru proportional to =4 , 0odd about the
1":Lsona:r1f~6, has dlsappe@red und only én eLfeot propor
tional to Gi in the corre ction factor remalns. Such a
residual term 1s of order e8 in the cross-section and
at that order nany other radlatlve correctlons are im
portant. We apply Eq. (18) to the case of et-e” anni-
hilation at an energy around the &) 'mass, using the
values propose'q by Gell-Mann, Sharp, and Wagner for
the . width /* and for the branchimg ratio of & into

eT=e”. The width / estimated by these authors is

/7 & °0.5 MeV and the branching ratio. B E’4§X1O—3. We

obtain

(19 Cde oz it e

L {A&bm""“ )~

which is a very big correction for AE ofﬂfhe order
‘bfﬁébﬁejMSV"G%HefffadiatiVe*cOrreotions are presuma
bly much sm%ller.i

) The qtt“lnable ‘energy resolution AE in expe
.rlments Wlth electron—p031trﬂn storage rings will pre
Suﬁably*bé very small. In ‘the project Adone, under de
Velopment in F“ascatl, “the ene"gy regolution 4 (2E)
eXpected around 800" MeV," “with-a gtorage ring having

, 2
max1mum,energy ZEmaX = 3 BaT, is fﬁ(QE)'“:f0015vMeV< ).
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With such a small energy reésolution one can
dlrectly compare w1tn 5(]3 as given by (13).

terms of y = _2(2E-—M)/,f'7 and § = 3ot b one can write

) .. " Ey+§)2ii.

20y (e,
: ' o . "( Y Ee

= -—(5/2) +

kS max. .
+ [/ 5’/2\2 “] =, oorrospondlng £0 an enerey

-

The mgx1mun ofig.occurs mt y

S

~ 4 . - ) o Jf“ :J 2 . v,_ y

(21) 22, =M+:;/-ﬂf/3c=<~'3/j/,/f—-:1,0(5}
) v # y 4 .
and it is given by |

| | o S v TIF 5,

- /- .3 A3 ]E, S
(22) " }( Emex) = 77 34 {Zh 0{5). ’Lf':/-&"'-? 0(5_';
With the values of /7 and b= 2B uged before,
[ = 0.5 MeV and B = 4.6x10 ° we find

(23) 25;,&7@(‘ =M # 9// MeV
(24) 4fz5¢kx) = 55

- The last result shows the p0581b111ty of a.ve
ry big increase of the oross-sectloqq,-gﬁian“egergy;
closé,tofM¢ fromwthe_vacuqm“polarization effects due
Ato the ﬂU'—meson. Although the formulae we h Ve used
are general and essentlally rlgorous, the nunerlcal e
stimates (199, (23). and, (z4) have been obtalned by u-
sing uncritically the values /7 for the a) decay
‘width, -and B, for the .« . braﬁchlng ratlo into eT—e” , a8

given by Gell-Mann, Sharp and Wagner. If such values
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turn out to be wrong our predlctlons nust correspon-
Qengly be modified. ‘ 4

The basis for the estimate given by Gell-Mann,
Sharp and Wegner it a calculation of ‘the W decay raté
with a nodel in which the Tﬁ’disintégrafes virtually
into & ¢ and an @ . Such & model scems however to be
unable to reproduce tHe meésureﬂ‘négétive'velue:of-”

the coefficient 4 in fhe“éxpahéibn‘ =
(25) o G—[ é?/aj L/ + é/m B T L

of the 7° fdrm#faetor“G’ih'peWérs<bf"%hefmomentumftrég'
sfer k° (3) (4 ). A Lodel consistent with the méasured
values of a réquires, in addition o' the contribution’™
from ¢-@w states, a large contribution from nigher -
mass states, that largely cancels the g+w contribu

(5)

tion in the 7° decay rate e coupllnv of w to
¢4, as estimated froh thé 'e'itper'im“‘e’ﬁ'ta—--l’ﬁ lifetime;
is them nmuch larger thai With “the model assuning only: -
intermediate Fr&/ states. If such a coupling is respon
sible for thc donlnunt w decay into 37 , the  width -
for sucn a decwy node ig correspondlngly increased.

The branchlng o416 B on the other hand bedomes smal-’
Ter: Tf this is indeed the situation” the big effect
we'fduﬁd, Eq;x(éA);rméj almost ‘entirely gét washed out.
In any case electron-positron colliding beams -will
be able answer very dlreotly such a. questlon and Sl—
milar ones that Jay occur. In the meantlne more accu

rate measurements of the parameter a 1n (25) would:

be very useful.
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Vacuun polarization effects from the. Ya will

be much less 1np0rtant ‘because of the small branching .

[

ratlo for €° decay into two electrons. A detalled cal

culatlon was carried out by Brown and CalOﬁero, who.
show that the effect is small(6) o

Of -coursey: the- most apparent efPect of. vector,
mesons_1n,ef—e‘H00111516ns, w1ll be theheeenrrencehefa-
resonance peaks,”infannihiiatien broeeeees_intpgiinal,:
channels that are more7strbngly ceupied to the vector
mesons. A general discussion of such resonant contri—

(1)

butions has already been~g1ven . A blg resonant con
tribution is expected, for 1nstunce, in e++e waT‘*T”y
g01ng through. intermediafe g7, Slnllurly, ut an ener-—
gy 2E_close to the uS-mass, resonant pGQKS will oc

cur in.the-processes

(26) e o W = i" +/,r f;}'}‘c‘
(27) gt W >:-1/ -J-X;
(28)  etei s WS> T

all proeeedlng through 1ntermed1ate %’0, The cross- _;-‘
—sectlons for (26), (27) and (28) oan be predlcted |
from the values. of the decay w1dth calculcted by Gell--
—Mann,_Sharp and Wagner.s At an energy correepondlng

" to the W nass we find for the resonant cross SeCthn_»ﬂ

the peak values . -

Prp e e T 2% 2
(29) 6y, (e7€"—>307). 2 085 10 G
(30) & /g*e'-mjiff})':*}’;g-'ia"z? nc®

(1) G;CS/H‘«’.‘-%" z27) = 34 /0T o
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The resonance width is essentially the «#° width, sup
posed to be very narrow. A measurement of the cross-—
sections (29), (30) and (31) will then reguire a ve-
ry accurate energy resolution for the colliding beams,
which seems to be possible with storage rings. The va
lues (29), (30) and (31) for the resonant cross-—sec-
tions are unbelievably large. We can compare these
cross-sections with the cross-section for e++ei?;37k:
approximately given by & (e”e” -—?_b/:a;u‘f) = 3’ FXEXR?
fOne should note that at an energy close to the «w?
éass this formula does not strictly apply if the va-
cuun polarization effects that we discussed before,

-y

are relevant‘J « The cross-section (29) is about 600
times larger than £ fwX® 3 the cross-section (30)
about 100 times larger; and the cross-—section (31) a-
bout 25 times larger. Note also that, for instance,
e++e_wa 7Y is of higher electromagnetic order than
'§-++e"—f>,«*‘#/af‘ Precisely (26) is of the order ol @
(the same as e++efeghfgﬁ&‘), whereas (27) is of order
0(3, and (28) of the order 0{4. Tn fact the @ de-
cay into 2J violates isotopic spin selection rules.
One would then be faced by a very peculiar situation.
Again we stress that the above figures are entirely
baged on the estimates‘by Gell-Mann, Sharp and Wagner
of the &° widths, and must be modified if such esti-
mates are changed. For instance, if Geffen's analysis
is right the resonant cross-sections (29), (30) and
(31) become much smaller. In such a case the cross—2
9

-gsection (29) becomes 6}es(e+e_~e>377)bs 0.24x10

cmz, which is still however very large.
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