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POSSIBLE OBSERVATION OF VACUUM POLARIZATION EFFECTS IN THE SO p-p STATE*
R. J. Slobodrian -
Lawrence Radiation Laboratory.
University of California
Berkeley, California

June 1967

Abstract: The effects of vacuum polarization on the "line shape" of the 1'SO

p-p state are calculated and shown to be measurable with present

experimental techniques.

Vacﬁum polarization effects (VPE) have in the paét provided remarkable
confirmation of predictions of quantum electrodynamics (QED), like the correc-
tion of the iamb shiftl). More recently, however, the validity of QED ét
émall distances was questioned by experimentg). . Later work by thé éollabora_
tion Hamburg—ColumbiaB)vbroved to be in contradiction with the ﬁork of

reference 2) and confirmed the validity of QED to momentum transfers up to

koo MeV/c.
‘The VPE on p-p scattering, and hence on p-p interaction, have been
: : - . '
calculated in the past by Foldy and Eriksen ) and also by Heller5). Both

calculations are in agreement except for minor differences due tb the alternate
hethods used in the computation. The absolute'accuracy or validity of the

corrections due to the VPE on p-p interaction has not’been established yet6).
This point 1s important for the determination of the shape parameters of the
effective range expaﬁsioﬁ, or equivélently for a proper choice of a poﬁential

describing the S-wave interaction. Very 1ow energy scattering experiments

(below 300 keV in the laboratory system) may'provide clues concerning this
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point. waever, no accurate daté exist at present ahd the expérimental dif-
ficulties are considerable.

Recent experiments have shown that réactions involving two protons
and a third particle in the final ‘state aré dominated by the lSO nucleon-
nucleon interaction. This i$ the case for 3ﬂe(d;t)2p 7,8) dr BHe(BHe,anP 9).
So far a reasonable agreement has Beeﬁ fbund in fiﬁting the spectra with
A 10,11)

formulas based in the Watson-Migdal final-state interaction theory

The center of mass spectra are given by

cn)p(Ey)

2 2 2'  (1)
™ (n)Ey + (17/M)[-1/ay - n(n)/R + v By ]

2 .
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d9 - |g(e)]
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] -1n(n), n = ez/ﬁv (v is the
relative velocity of the p-p systemn, E2p'the relative energy), Yp = reMp/h2

where C(n) = Eﬂn/(egﬂn - 1) and h(n) = Re[
(re is the effective range),p(EO) is the phase sp;ce factor, |g(¢)|2 is a
reaction @echanism'dependent factor, function of the momentum transfer. The
factoriﬁation of the transition matrix element into terms dependent on the
nucleon-nucleon pole and the momentum transfer pole is valid for direct or
peripheral nucleon transfer reactions, as it corresponds to the aséumptions
of the Watsén—Migdal theory. Expression (1) does not include VPE, as it is

simply obtained from the linearized effective range expansion of the function

n o
g

2 ' . ' .
K = R¢ (n)k cotan 8y + h(n) . (

- 2 ) 1
where R =1 /M?e ,,80 is the SO phase shift. Foldy and Eriksenu) calculated
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the corrections AK 6n the basis of first order-perturbation theory
2 2 [ 2 |
MK = M _C7(n)R/% V. (r)u(r)ar (3)
P 0. vp

v is the vacuum polarization potentiai. The corrections are highly non-
linear at 1bw relative enefgies. Using the Qalues of AK of Foldy and
ErikSenu) one can correct the "line shape" of the lSO state of two protons for
VPE, including a term AK/R in the effectiye range expansion. Eigqres la),

1b) and 2 sﬁmmarize the resultskof the computation and its application to the
5He(d,t)2p reaction. = Laboratory spectra are shown for obvious practical con-
siderations.

Some discussion is in order concerning the actual observability of the
effect. A spectrum shape measured with high statistical accuracy (0.1%) and
high energy resolution and preciéion (down to a few keV) should provide a
good test of the correctness of the calculated VPE. However it is not yet

known if the third particle spectra are described theoretically to that accuracy

by expression (1). If such accurate investigation proved to depart from both,

" the corrected and uncorrected line shape, it may be due to the neglect of other

interactions, but not necessarily due té a breakdown of QED. The following
more lengthy experimental path may then prove useful to further pursue the
point. The reactions T(d,BHe)En and T(T,uHe)Qh performed with the same degree
of experimental accuracy could provide the spectrum shape when the electrostatic
field is switched off. Subsequently, turning on the electrostatic interactions,

12)

and properly handling the electfomagnetic corrections , the spectrum of the

- mirror reactions can be calculated both with and without VPE;
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Clearly, agreement would mean another brilliant confirmation of QED,

disagreement could be blamed on its failure or to other unknown factors

‘related to charge asymmetry of nuclear forces.
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Figufe Captions
Fig. la) Line shape due to lSO p-p state. The calculation corresponds to

e the 5He(d,t)2p reaction near 30 MeV at 8° in the laboratory system.

Fig. 1b) Highly expanded view of the high energy end of the spectrum and-
correction factor calculated as described.in the text. Note the shift

of about 10 keV of the spectrum-endpoint.-

Fig. 2) Overall view of the corrections of the line shape and correction

factor. Note the sizeable range over which the correction is nonlinear.
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