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ABSTRACT.

The correlation of the muon spins in muon pair
production by unpolarized photons is calculated in Born
approximation. The longitudinal correlation coefficient
is found to be sensitive to a cut-off in the muon propa-
gator at 0.1 fermi,

1. INTRODUCTION.

The correlation of the electron spins in electron
pair production by photons was studied by Olsen and Maxi-
mon(1). These authors were interested in the high energy
case and used Sommerfeld-Maue type wave functions in or-
der fo take account of screening and Coulomb effects. Sin

ce in the high energy case the electrons and positrqns a
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re produced in a very ﬁérréw forwaré cbne, Olsen and Maxi
mon integrated over the electron and positron directions
and obtained the spin correlation of the whole electron
and positrbn "beams" .

In the following we shall consider the spin corre
lation of the muon pairs in muon pair production by unpg
larized photons, We are interested in energies not too
far above threshold, for which we have an extended angu-
lar distribution rather than forward production. In +this
case the momentum transfer‘to the nucleus is large so that
screening becomes unimportant. Disregarding the problem
of Coulomb and radiative corrections, we calculate the dif
ferential cross section for definité spin directions in
the Born approximation. From this we get the differential
spin correlation coefficient. Introducing a cut-off in
the muon propagator we study the influence of an eventual
breakdown of muon quantum electrodynamics on the spin ¢b£

relation coefficient.

2. THE CROSS SECTION IN BORN APPROXIMATION.

The differential cross section for pair productlon

with definite spin orientation 15(2)
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where k, p, 9 are the momenta of the incident photon and
of the two muons, respectively, m is the muon mass, s and

t are the usual covariant spin operators for the muons(3):
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where 4 and ;’ are the spatial polarization vectors,

Carrying out the trace operations in 2}, we get
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These expresgssions for %@av R {@a? ,and ;hv are
b0 be symmetrized in M4 and Vv , but for the following,
the form given is suffioient :

- Inserting for ,; K{, /J -9 ) the Coulomb poten

tial, we have for (1):

0 do(§)18) Pty f ]

3. THE SPIN CORRELATIOV OF THE MUON PAIR.

In contrast to the case of hlgh energy electron
pair production treated by OM, in which egsgentially for-
ward production is observed, in our case the muons are
supposed to be detected by‘small counters placed under
some angle to the photon beam. The spin of the positive

il
- muon shall be measured in the dlrectlon % , the spin of
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the negative one in +the direction E: . Then we define the

spin correlation coefficient C by

> -

7) as? T : - i
Inserting the cross section (6), (4) into (7), we
get:
. - ,a:'i""?' >' Y ?
£ =5 &
8) d: MR “44 75? - &
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Here ‘4£i is the part of ,4¢9 containing 3;5 and éy,
While,d%, is the polarization independent part of Ay ,
analogously éi; etc.,

As in the Born approximation the screening correc-
tion factors out in the differential cross section, scree
ning does not influence C. But screening is unimportant
anyway because of the large momentum transfers.

~In the following we consider thevspeCial case that
the two produced muoné and the incident photon are copla-
nar, i.e, . %TZ%?V%i} = 0. We evaluated (8) numerically
for the longitudinal spin case and for two transverse
spin directions. The two muons are always chosen to be
produced symmetrically with respect to the photon, i.e.
/= ¥ where ¥ is the angle between é?» and ff ;
)‘33 the angle between f and ;’? N

Having chosen the muons and the photon coplanar,
we can measure the transverse polarization of the muons
in the muon photon plane or orthogonai to this plane, It
turns out, however, that these two cases give qualitati-

vely the same results for the energies and angles consi-
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dered, Therefore we restrict ourselves to the case of the
spins orthogonal to the muon-photon plane. The transverse
spin correlation is plotted in Fig. 1 for different pho~
“ton energies as a function of the kinetic energy of’dne
of the muons. The eorrespondlng results for the longitu-
dinal spin case Qg‘ﬁ; % ﬂ)ﬂ ) in the coplanar si-
tuation and 5@ 7% = 100 are given in Fig, 2. The de~
pendence on 4 , /4  is illustrated by the comparison
of Fig. 2 with the results for ,% = ?2 = 366 given in
Fig. 3.

The symmetry of the curves with respect to an ex-
change of the two muons is of course due to the use of
the Born approximation, Whereas in ref. 1 the correlation
coefficient integrated over all angles ¥ and ¥, was
‘found to be almosf independent of the photon energy, this
is not the case for our differential correlation coeffi-
cients, The correlation becomes 100% in the case of-

Y= Yk {/_o xg‘/ = O and equal energy of as may also
be verified by direct calculation from eq. (8). The inte
grated‘correlatiohVcoefficient has not this peak reaching

100% because it receives also contributions with ;f;f}ﬂz .

4. INFLUENCE OF A CUT-OFF IN THE MUON PROPAGATOR.

In the last paragraphs we studied the nuon spin
correlation assuming the validity of gquantum electrodyna-
mics for the muon interactions. A possible breakdown of
muon quantum electrodynamics may be described by a modi-
fication of the muon-photon vertex or the muon and photon
propagators. In (8) the photon propagator has devided out

therefore a modification of the photon propagator does
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not influence the spin correlation coefficient, as long
as we use lowest order perturbation theory. In order to
estimate the effect of a modification of the muon propa-
gator we follow Dre114) introducing a cut-off A by sub
stituting in (4) and (8).

9) | 1 5 - d - N /
2(9%4) L 2U4k) 2 (gk)-AN*

(and analogously for 65:) ).
The numerical results for the coplanar symmetric
cagse are given in Fig, 4 and 5. .

For the transverse case and ) = ¥ = 10° we
find a significant cut—-off dependence only for very low
and for high photon energies. For photon energies betwe-
en 0.5 and 2 GeV a cut—-off at 0.2 fermi produces only an
absolute change of less than 8% in the correlation coef-
ficient.

‘ For longitudinal spins there is a somewhat stron-
ger cut-off dependence as shown by Fig. 5. In this case
too,'high photon energies and photon‘energiés‘néar thre-
shold are more favorable, R

An experimental investigation of the muon spin cor
relation would be very interesting, because here we can
separate the effect of a modification of the photon pPro—~
pagator from an eventual muon anomaly. One need not wor-
'ry about the nuélear form.factor. Only relative, though
difficult measurements are required. O0f course, much ef-
fort is needed to readh the preéision oﬁ the g -~ 2 expe—=
riments?) .

At high energies a difficulty arises, because one

has to use counters which cover a solid angle over which
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the spin correlation already varies strongly. An example
for this case is given in Fig. 6, where the spin correls
tion at k, = 5 GeV is plotted for four different geome—
trical situations. Case a), b), and c) are all accepted
by two 0.6 mrad counﬁeré.placed at 3° with respect to the
photon beam. For a comparison of (8) with experiments at
high energies one should therefore integrate (8) over the

s0lid arngle accepted by the counters.
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FOOTNOTES:
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1) H;vOlsen;and L.C. Maximonm, Phys. Rev. 114, 887 (1959),
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CAPTIONS:

(3

Fig. 5 :

Fig. 6

Spin correlation coefficient C as a function of
, 7& ]
‘(U: /-ZQ *Z,Vi;v 9
nergy of one muon to the total kinetic energy.
*) . .
Coplanar case & (j xG) =0, ¥ = Y = 100,

. 3 >
spins transverse in the /s, -- - plane,
Y

the fraction of the kinetic e

Spin correlation coefficient ¢ for the coplanar
case and ¥ = ¥ = 10°, as in Fig. 1, but spins
Longitudinal,

Spin correlation coefficient C for the coplanar
case and longitudinal spins, as in Fig. 2, but

g o= )2 = 300,

Spin correlation coefficient C for coplanar tran
sverse case with }e = ¥ =109, as in Pig. 1 but
with a cut-off A in the muon propagator (A =0
fermi is the case without cut-off).

Spin correlation coefficient C for the coplanar
longitudinal case with ¥ = % = 109, as in

Fig. 2, for different values of the cut-off para
meter A ,

Spin correlation coefficient ¢ for longitudinal
spins at k, = 5 GeV, always Y% = ¥ . a) % =1.50;
p) % =2.505¢c) ¥ =3.50; ¢') ¥ = 3.5°, as
curve c¢), but with a cut-off A = 0.2 fermi; cur
ves a) to ct!') all for 45?/5i 5? coplanar. Curve
a) }5 = )éa = 3.55°, /53:,»";9 , and §7> not copla
nar, but = .r_’ag-f;l,’,, (;"’é‘) = 19,50,
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