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This letter is devoted to present explicit expressions for the
radiative correction factors in ete” scattering when there is a resonance
present. The recent discovery of two very narrow resonances(l’ 2,3) in
this channel has made mandatory a precise evaluation of these factors,
in order to be able to extract from the experimental data the actual widths
(total and partial) of ¥ (3.1) and (3.7).

The method adopted here stems from a set of papers(4’ 5,6)
initiated a few years ago by B. Touschek for the specific need of colliding
beam experiments. The present work complements the above references
in two respects: i) it includes interference from a smooth QED background
with a rapidly varying resonance term, ii) it takes into account interrferie_rl
ce effects due to soft photon emission from the inital and final legs. Nei-

ther of these effects were dealt with in earlier WOI‘kS(7’ 8>.

The general expression for the product of two matrix elements
summed over the emission of an arbitrary number of real soft photons can

be written as
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A® = energy resolution of the experiment,
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infrared energy cut-off,



W =¢c.m. energy,

Bi_..f=—%— {ln Iivi 'f*’lz"‘ ],

4
Bint = ‘75(1 In (tg 0/2),

0 = c.m. scattering angle.

M(l’z

) is a matrix element without any real photons, containing
an infrared divergence in A which cancel exactly a similar divergence pre
sent in h(t,t').

As the derivation of eq. {1) is a rather straightforward exten
sion of refs. (5) and (6), we defer to a forthcoming pubblication the details
of the calculation and rather concentrate on the consequences of eq. (1)
and its implications for the present experiments.

The processes we want to discuss are

(1) ete"—» ete”,
(11) etem— ut
(I11) eTe —» hadrons,

via a narrow resonance.
As far as the hadrons are concerned, all interference effects
can he neglected to a good (~ 5%) approximation and, by putting B¢=

= Bint = 0, we get for the radiatively corrected cross section(6)
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where 0 v is the genuine ultraviolet correction,
2
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wév = —1—% Bi + %— (—%—— - =—) for hadrons(g), and O’O(W- o) is the u-

e

sual Breit-Wigner cross section peaked at W = M + ® . For very narrow



resonances like 4 (3.1) and ¢ (3.7), eq. (2) yields
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where | is the total width and we have evaluated the o -integral in the
limit Ae —s 0. The error involved is of order Bj [ (W-M)2+("/2)2]/Aw?,
hence negligible. This is very interesting as it shows that the soft photon
emission is regulated by the width of the resonance, i.e. by an intrinsic
physical quantity, rather than by the experimental resolution (as long

as Aw » I'). The second term in the square bracket in eq. (3) shows the
expected radiative tail.

We now wish to obtain the correction formula for processes (1)
and (II). What is observed here is a differential cross-section do/dcos®,
which we shall also call o (W, 8) to simplify the notation. The cross sec
tion is now made of three terms, the purely resonant &RES: the QED—réw
sonance interference 3INT and the QED background GQED- Applying

eq. (1) to the three different terms we get
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where 4., as before, is the ultraviolet correction(g). Performing the
o -integral as for the hadron case, the differential cross-sect ion for

ete~— lepton pairs can be written as
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In eq. (5) we have explicitely separated out the infrared factors
from the uncorrected differential cross section chES/dcos@, etc. The abo
ve expressions (6) and (7) have also been obtained using an alternative me-
thod based on the coherent states formalism, devéloped in ref. (5), the de
tails of which shall be presented elsewhere.

One might notice that eq. (6) shows a dependence from Bint
not present in the first term of eq. (4). The reason lies in the fact that
eq. (1), when used for the purely resonant term, cannot be integrated a-
nalytically unless Bint = 0. However the coherent states formalism quo
ted above gives us the exact fint dependence of this term as it appears
in eq. (6). In an experiment in which the charge of the final particles is

not observed, fi,¢ may safely be set equal to zero.



To obtain the experimentally observed cross-sections one
hasito integrate eqs. (3) and (5) upon the machine resolution and the ex-
perimental apparatus as well. An excellent estimate for the reduction -
of the hadronic peak value when radiatively corrected and integrated
upon the machine can be obtained as follows. Assuming the machine re

solution function to be

(W'-W)

we find for the observed peak cross-section o (M)
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where erfc(z) and Eq(z) are defined as in ref. (10), re and T‘h are the
partial decay widths into electrons and hadrons respectively and ¢ is the
machine parameter, such that (AW)pwpapm = 2. 3548 o .

In eq. (9) the second term in the square bracket repregents
the contribution from the radiative tail. For resonances whose total width
is smaller than the machine resolution g simple expansion of eq.’ (9) in po

wers of |'/(2V20) leads to
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where y = 5772 is Euler's constant.



Again we find that, for a very narrow resonance like 'Lp(3._1),
the width of the resonance is the parameter which dictates the correction.
Our expression (9') disagrees with Yennie's re.sult(g), however.

The observed values for 6 (3.1) and & (3.7) can now be used
in eq. (9') to determine the ratio T 'l-.'h/ " , once the machine parameter
¢ is known. Intable I we give the result of this calculation, both for
S?PEARH) as well as the Frascati vy y-group(z), for suitable values of
olx) wor P (3.1) the result is rather insensitive to the exact value of [ .
For 4 (3.7), whose total width, as indicated by experiments, might be
comparable with 6., we present in table I our results for two rather dif-.
ferent sets of values of I' and ¢ . As is clear from fig. 1 more data for
¥ (3.7) are needed to pinpoint the parameters. The thrust-worthiness of
the peak approximation can be judged by comparing table I with the detai-
led fits to the experimental data shown in fig. 1. The curves shown have
been obtained integrating eq. (3) upon the machine resolution.

Qur final estimates are:

o

w(3.1): S22 - (4.0+0.2) ke,
Fel

P(3.7): ep—h— = (2.8 +0.3) keV

Regarding the leptonic modes of (3.1), the extraction of
the dynamical parameters is more complicated since the details of the
experimental set ups have to be taken into account. Moreover unlike the
hadronic case, interference effects are in principle important. For
+

ete~—» eTe” we show explicitely in fig. 2 the excitation curve obtained

through eq. (5) to (8) and upon integration over the apparatus of the yy

(x) - The values of ¢ have been chosen to fit the observed exitation cur-
ves. For ADONE our values of ¢ agree with its expected value whe-

reas for SPEAR there seems to be a discrepancy of about 30%.



group(z) at Frascati (and the machine resolution as well). We assumed
(3. 1) to be a vector particle, JP = 1-, andas one can see from fig. 2(a),
there is practically no interference left upon machine integration. This
is doubly checked by fig.2(b), where we have arbitrarily changed the sign
of the interference term. We thus reach the conclusion that the dip obser
ved before the resonance in the ete" spectrum -at SP‘EARU) as well

as at 'Frascati(z) cannot be explained away as a radiative effeect. We may
remind the reader that if 4 (3.1) has J< 2 no dip results before the re-
sonance. Thus weare left with two basic questions: where does the dip -
come from in the original cross section and even if one did obtain it, -
why ‘is it not washed out upon machine integration? .It could be there-
fore interesting to know if the ete~ decay mode of ¥ (3.7) shows a simi-
lar behaviour.

For the muonic decay of ¥ (3.1) our formulae (eqs. (5) - (7))
give a rather interesting charge asymmetry solely as a radiative effect.
This asymmetry is a very sensitive function of the distance from the resonan
ce and can be sizeable in magnitude. However this effect could again be
washed out by machine integration. This problem is presently under stu-
dy by the MEA group at Frascati.

During the writing of this paper we become aware of fe:f. (11)
where a completely different asymmetry factor due to infrared radiation
is presented, which depends solely on A w . As stated earlier, for very
narrow resonances the relevant parameter is not Aw but " (so long as
[ << A @). We also disagree with a conclusion in ref. (11) which states
that even upon machine integration much of the asymmetry (due to inter-

ference alone) survives.
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FIG. 1 - Hadronic excitation curves for y (3.1) and w(3.7). Data are
taken from SPEAR (ref. 1) and Group yy at Frascati (ref. 2).
The various parameters are: W(3.1): a)f* oM /7 = 4.17 keV;
6=1,05MeV; I =80keV;b) "l /I =3.81 keV; o=0.96 MeV;
I'=80%keV; (¢) oI/ = 3.81 keV; 0=1.2 MeV; " = 80 keV.
w3.7): d) DM/ =2.75keV; 0 =1.15 MeV; I' = 1 MeV;

)" /7 =2.78 keV; 0=1.4MeV; 1" = 0.2 MeV.
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