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INTRODUCTION

Very recently the pair production ofdphmesons by gamma
rays wac measured at Stanford Univerc ﬂtv . The erperimental
cross cection ic used in the precoent paper to ectimate the mag—

netic moment of thoe n-meson.
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Since the p-meson does not seem to possess any strong nu-

. . . . ol
celear interaction, and since ito spin™ ic mos

oy

likely 1/2, its
mnognetic moment ic expectied to be close to the valuc et/ 2me,
predicted by the Dirac equation. The deviation from the Dirac
volue e exprecced in terms of a dimensionless paramoeter A,

) -

such that the value for the total megnetic moment is glven by
(1 + A)ch/2me. Fowler” reviewed the various gourccs of cxperl-
mental information concerning thc'prmeson, with the conclusion
that A << 1l. Thic reoult io baged mainly on the high-cnergy
bremostrahlung proccecsses which give rice to coomic-ray burct.
Howevor, thoe method cf caleulation used in Fowler's analysis

has questlonable vwlldlty4

at these high encergics. The pair-
creation cxperiment mentioned above, being done near threchold,
thercefore provides welecome additional information on the p-me-
GO |

The assumptions used in this calculation arc the follow-
ing: The prmegon ig troeated as a spin - 1/2 particle and ito
anomalous magnetic moment, tafen as being small but different

from zcro, is described nhtnomonolonlcally by mcans of o Paull

torm

A(OH/ZI’E.C)(I/:Q)F}}»% ¥, (1)

The effect of thisc additional interaction upon the pair-

creation eross gcetion ds calculatod in First Born appro: rimation

5

using the Feymman ruloc” for writing the motrix clements The phy

.

sienl processcs and intceractions which give rise to A arc there-

by ignored. Nevertheless, the present colceulation ilo expected
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to be valid for cnergics which arce sufficicntly lorge so that
the interactions of thc-phmosons in the final etate can be ne-
glected, but gmall cnough so that no additonal partiecles will
be ercateds The value of A, uscd in  the type of phenomenolo-
gical proccdurc chacterized by the term (1), can be token as a
measure orf the deviation from the behovior of the “normal” spin
1/2 particle, and the limits for A obtaoined below indicate
that the p-meson is indced closo.td bcing 2 "heavy cloctreon',
In Scec. I the main Stopslfor the calculstion of the dif-
ferential cross scction for poair production as a function of
A ore doscribed. In Scco IT the result is intcgpatcd over the
variables of onc of the pair particles in order to obtain thel
experimentaily observed cress scetion. The finite size of the
‘bombardod.nuclous is taken into account by means of 2 nuclear
form 'actor in a manner similar to a procedurc previously pre-

6

gented”s The details of the calculntion and complete theoretie

cal formulas, which arc too lengthy to be given herc, are con-

7,

tained in the suthor's disscertation

I. OUTLINE OF THE CALCUL/,TICK

)

The addition of the term (1) to the Dirac cquation yiclds,

Tor the total interaction Homiltonian, the cipression
T L - i Ty 1Y A A
Hi s ey, 1R(eh/¢mc)(m/;)%upéu7y (2)

tal

where Ehp are the components of the clectromagnetic Ticld ten—

sor given by aA /3%, - -y/éﬂﬁ, Ay, arce the clectromag-

//J-‘ p
netic potentials and ¥, ore the Dirac motrices. In the momen=
/.
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tum representation, the offect of thé added torm of Eg. (2) can
¢ accounted for by the substitution
Y ok, t i(ﬁ/ll)(j)r’,p' - .p)) (%)
v Pl 4 '
for the Diroc matrices zssocioted with the interaction vertices.
Here p stands for an y where Qa arc the momentum compon--
ents transferred to tﬁe particle from the electromagnetic field
at the interoction vertexe.

For the case of pair crcation the Foynman dicgrams contoin
two intercctions: once with the clectromagnetic ficld of the in-
cident photon and the othor with the clecirostatic Ticeld of the
recoliling nuclous. In the matrix element for this process the
replacement (3) is therefore used twice, with p otanding for
cither the reeelld momentum g or the photon momentum k. Since
the initial and final states are deseribed by the plone-~wave
spinors u(~p,) and u(p_), where p, and p_ arc respeeti-
vely the momenta of the positiyely cnd negotively charged paif
particles, the pair-creation matrix clement can be simplified

by the usce of the fellowing rclotions:
(i#, - Vul-p,) = 0
ulp J(ip_+ 1) =0

k+4qg = p, + P_
ap + pa = 2&m)=:2$p%, (4)

where-a and b are any two somple vectorsg.

The spur which represents the squore of the absolute value
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of the matrix c¢lement summed o?e? the spin states of the pair
particles is a very lengthly olgebrsie cxpression in the momen~
ta and polarization vectors involved in the proéess. To 1nsure
the correctness of the final result, the aforementionced cimpli-
 fication of the matrix clement was carried out by two different
nethods and the two spur calculations were follOWOd through inde
pendently. One of thesc methods nakes use of o convenicent groun-
ing of the final terms, and thé other conbines terms of cqual
powers ow A

The result for the differcentinl pair-crecotion cross sce-—

tion can be cupressed in the Form

Aﬁ_zﬁﬁm;_&-’ ( ){2
¢, do_ 240 137 'k q4 em e
R =R,,, +MR, + %R, + »R. + AR (5)
1/2 AR 5 T ARy

where p, and E_ arc respegtive&y the nobsolute value of the
monentum and the cnergy of thé_positively cherged particloe omit-
ted inte the solid angle d{lk.; the subscript (-) indicates the
corresponding quantitics for the negatively charged particle.
The number of protons contained in the recoiling nuclceus
is denoted by Z, r°/1537 = (oz/mc32/137 = 1.%% % 0"32cm2,

m = 207 clectron masses, k and q are the abgolute valucs res-
pectively of the photon and recell monenta, and F  is the nu-
clear forn factorS. The oxprescions for R are given in Eg.
(242) o7 Refe T+ The Ry /5 term, describing normcl spin—l/2
pair creation, is cqual to 4k2 times the exproscion weitton in

curly brackete in Bq. (6) of Ref, 8. The coofficient R, is



¢qu:l to
Ry = 2(R + Ry /5 ) (6}

whore RO is the expression for R in the cose of gpin-zero
pair crcationg. The other terms arc of less sinple interpreta-
tion.

The high-cnergy limit of the expregsgions is derived and
an sotinate of the total cross geetion ig obtained in Ref. 7.
Since in the casc of ol»ctronu, M incorporated the offect of
gone of the radiative corrccetions to pair creationg the cnergy
dependence of ocur resulto is of some intercst. Because of the
relation (6), it can be scen tﬁat the cocefficiont of the First
péwer of A depends logarithmically on the photon cnergy Ke The
cocificiont of Ag depends quddr&tically on . The remnining
coofficients have not been exonined in any detndl, but they scem
to depend oven more strongly on the photon cnergy. The higher
the power o A, the more the largc ongles, and therefore also
the high receil nmomenta, contrﬂbutc $o the cross scction. As a
cenclusion onc is lced to cexpect that the radiative corrections
to clectron puir crention of oxder (czﬁﬁc)z cannot be negloec-
ted at cosmic-roy ecnergies and might bo rcsponsible for the ano-

L. ] N kg A . LR A 10‘
nalous trident production which has been cbsurved recently™ .

II. COMPARISON WITH THE EXPERIMENT

In the experinent of Ref. (1) a tovget of aluminun 1z
bombarded by a  600-iev  bremsstrahlung photon beom, and cmit-—

‘ . . o)
ted nesons (with 180-icv  kinetic encergy) arce cbascerved at 12
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and 2%° with respecet to the ineident beam. The two cross sce-
tions ¢(e) (pef cffeetive photon) thus obiained are subtracted
and divided by the corresponding difference calcmﬂated§ for

the case of normal spin-1/2 pdrticles. The following cxperinen—

tal value for the quontity &(q,, /6‘1/0) is obtaincds:

120 23"
pflen) o Tep2) = Sup®D ) o4 g g (1)
XEy 71 ,5(12°) - 1/2(25

In order to comparce this reeult Wlbh thoe prescent colcula-
tion, the diffcrential cross scction, Ea. (5), is integrated
over the variobles of onc of the poir portieles by a method pro-

L

Lor, corrceponding to a
X 10_'13 Al/9

L] 6 Y ~ )
vicusly prcsented . A nuclear forn foe
unifornly charged nucleus of e dlus 1.2 crly, where

A is the atonic number, wes usced. The result is given by

d2 4 22 2
(\T = . = I I{l
A dn, . de, 20 137
R = (4p Uﬁ)(L{/EIJ)(FQ/q )dﬂ (8)

whoere the cxpressions for R' are given by Eq. (3.4) of Ref. 7o
Instead of averaging GA over: the photon apectrunm, the follow-
ing method, which is adequate for the present experinental aceu
racy, is uscd. A sonple value for the photon cnergy of 550 LMev
is choesen, ad the contributions to R' from the terms in lo,

A anad ?\2 arc calculated for the two anglces.



The result-ia the following:

(=

U

R'(12%) = 0.7 + 2 % 1.230 + 13.563 A

% 0.313X + 4.17 A°

il

R (23" 0.24 +

]
4
N

Thelr @lffercence ig divided by R'l/ﬁ(lEO) - R'i/ng”O) and

the result, denotoed by O Gﬁ/di/Z)’ i equal to
ALG/E ) = 2% 5058+ 202, (10)

Figure 1 shows the cuantity (10) pletted ns a function of A

The nigher powers of , Tor A < 1/2, zive o contpibution to

(10) of less than 10 per ecent ~nd eon theoreore be neglected.
The experineptal value (7) is insertced in the form of dotted

lines in Meze 1 and ~ives fFor the limits of A the rosult
) L.}

- 0.4 < A < 0.2 (11)

-

It should be noted thot the nprocedure Jjust cdescribed does

not tile into cccount the nosolibility of cxeciting the nucleus

intoc one of ceveral final states. This eifect increases the

crosg section by o ceortnln amount, the upper linit of which can
P .
.

~
. -0 . .
be cstimited” by replacing

)

cic glatic Forny factor sguared

by F'9 = F° 4 (3 - 79)/3. If R' ic coleulated using RO

r\.-)

. - : . oy amOy
instead of FY, the differcnce R’ (127) = R'l/?(ﬂpo) incron=

.

ses only by 6 per cent, ond the inclastic ¢ffect on the expres-—

gion {7) can be neslected ©or the proegont purposce.
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