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I. INTRODUCTION

Various models of the electromagnetic interactions of hadrons make pre-
dictions about the interactions of scalar (or longitudinal) photons with nucleons.
However, very little information exists to test this aspect of the models. An
experiment designed to detect the electroproduction of rho mesons and their
decay into two pions would greatly increase the information on this topic. 1 The
reaction can be treated as a triple scattering experiment in which the electron
scatters producing a polarized photon, which collides with a target producing a
rho meson. The polarization of the rho meson is analyzed by its decay distri~
bution into a two-pion final state. The angular correlations of the electron and
pions make it possible to separate the longitudinal and transverse cross sections
as well as interference terms between the various amplitudes.

In addition to being of intrinsic interest, this particular process can be thought
of as "virtual photoproduction of the rho mesons'" in analogy to the reaction p—pp.
Models using the idea of "vector meson dominance' predict large cross sections for ,
the production of rho meson by longitudinal photons. The reaction discussed here con-
tains all the relevant information needed to determine this longitudinal cross section.

Sections II and III reiterate the existing formalism2 for such calculations and
put it into a useful form for calculations of angular correlations., In Section IV,
angular distributions are calculated and discussed, while Section V shows how the
process relates to vector dominance. Appendix A discusses heavy targets, Appen-
dix B illustrates how the longitudinal and transverse amplitudes can be separated.
Appendix C gives the angular correlations for rho photoproduction (q2 = 0) with

linearly polarized photons.
II. AMPLITUDE

The diagram for electroproduction of rho's is shown in Fig. 1. Figure 2
shows the coordinate systems chosen for the calculations.
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Single photon exchange is assumed to be the only contribution to the amplitude,

which can be written, 2
oM e}‘
T(ep—epp) = Cklj, k"> f%(le,,{p'@ (1
where
j“ = electron current
J , = nucleon current
A = index to specify the photon spin state = 1, 2, 3,4
0 = helicity state of therho =+ 1, 0
and electron and target spins will be summed and averaged over in obtaining
cross sections and, therefore, are not explicitly shown.

Different notations will be used in various places to make the formulae

simpler in appearance.

Ckfj [k e =i et =it

(PlJHIP?(» el}: Jeer=gr

Another way to write the amplitude is then
_ 1 A
T - 2 J J °

q

Finally, the state normalization, coupling constant and metric are

CAlAD = 2E,
2 = =
elar =q = 137
-1
- -1
guv -1

2 2 (=2 . :
so thatq = 9, - |q| < 0 for this paper. 9y =9, 1s the time component of q.
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The virtual photon states are quantized along the virtual photon 3-momentum
d so that the 3-axis is parallel to q and the 1-axis is in the plane determined by
% and .

Current conservation can be used to combine the effects of the scalar and
longitudinal photons into one term. With the coordinate system used here and

e;‘ transverse for A = 1, 2 current conservation makes the following restriction

4, = 0=-dgjg+dyl,

The same restriction is applied to the nuclear current

quJll =0= —q3J3+ q4J4

Using these conditions the amplitude can be written, 3

The last term contains th‘e sum of the scalar and longitudinal contributions
to the amplitude and the minus sign comes from the metric.

In order to write T in a symmetric form, orthogonal but not orthonormal
basis vectors are used. These vectors are eigenstates of the Z-component of

the photon angular momentum and differ from the basis vectors used in Eq. (1).

+1
21 " helicity 1, -1
NG 0
— /0
3 —q2 0
€ = helicity 0
poooa, (1)

The amplitude can now be written as the sum of three terms. The first two

(A = 1, 2) contain the amplitudes for transverse photons and the third (A = 3)
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contains the combined contributions of the longitudinal and scalar currents.

9 =1
T="% 23 G- o (2)
2 o
q. )\__.1

where

TO}_‘ = <p,J”|p'o-) EZ =J- e,

The amplitude (2) is now in a form similar to a double scattering amplitude;
namely a virtual photon is produced and then scatters inelastically with a helicity
ampli‘cude4 Tg .

If the amplitude for subsequent decay of the rho into an angle 6, ¢ in its

rest system is D(r(() » @), the chain of reactions has an amplitude:

0 0 + -~ =1 . XA
T(9:¢5ep—’epp’ﬁ —’ﬂ'ﬂ-):'—z-]oe TGD()—(G’¢)° (3)

q

III. CROSS SECTION

The cross section for production and decay is proportional to the amplitudes

(3) squa.red5:

3

2 1 T ~AN N
’ =1
O",O"



where

~ J
B < G- e}‘)(j . 67‘) is the "modified photon density matrix" which is

LA =1,3 unchanged by a Lorentz transformation along q.
This is due to the definition of e,

O\ 2

0)_\;, = T;\_ng production matrix

Amr’ = DO,D(}“V decay matrix

and
Y = average over initial and sum over the final spin states of
the electron and target.

If the rho decay distribution is averaged over 6 and ¢,
.2 1 Ma
2l =4 >, B ,
)\

The production cross section can be written:

— 3, .3 .3

1 1 5 a%p d%p d%K' 4
d = E T SL 8% (prp,) (5
e 9%am® V(k-p)2-m2m2 o Py Po Ko < 1 f>

where p; and p ¢ are the 4~-momenta of the initial and final particles.
The electron kinematics can be evaluated in the laboratory and the virtual
photon scattering in the center of momentum system (C.M.S.) of the incident

y-ray and proton.

3
1 l
s () (SRPLE ) ey
¢ o i f
32(2m) 0 lab 0 c.m.S.
(6)
1 (k' )<1_ 2 pt* >
=— | = dk* dQ = 7| B q0x*
32(27T)5 k 0 kK MZ‘\ W '

where W = (1o+q)2 = invariant mass of y-p system.



Following various authors2 an analogy can be made with the cross section

for real photons (|§| = q4)

real 2 1 p'* &2
(@”=0) = 2_IN|7dOx,
ot om? MW p

where T_:IN|2 = transverse matrix elements squared of the nuclear current

and the (*) denotes the center of momentum. Similarly, for virtual photons

2 1 pi* 1 S ~>w
do (g #0) = B (7
Y o (2m? MALW E'_r— ;
where B, = 81 + 371! « transverse photon flux.

T
Combining (6) and (7):

do =——1—§ (-k— dk? d00> X3 4o (8)
P o2m) q

where a somewhat arbifrary choice® is made in defining K = g 4 + ﬂ— This is

the lab energy for a virtual photon reaction which has the same invariant mass

as a reaction with a real photon would have when the same final state is produced.
Kinematical terms in (8) are combined to obtain:

do

e ~
=T do (9)
7
an,; aky = 'ri%y

so that after averaging over all angles the Hamd2 expression is obtained

<iQ dk‘> de' T((r +€0‘L)

where fT L= transverse, longltudmal photon "flux"
€ = I‘L/ r
~ 1 k' K =~
T = = L5
T 2(277)3 k q4 T .



To get an expression for TT the photon density matrix is evaluated by taking
the electron spin sums:
v

SANY 2 ' 2 ' . AN
B =2e (gw q /2+kuky + kvk”) €uS

2
t
11 22 [, 2m? ZKotd /2

1/2BT=B =B =-q € 1+ 2+ —5
q d]
00 2 qz 2
B = = = - — 1
B, =B 2¢" —=5 <2k0k0+ q /z)
61
§1—1 =~ {2e2(q2/2) + B } ezlqbe = —?.e‘?‘k2 oZide
11 T
where
2 12 12 142 142
kT —-k1+k2 kl +k2

and cj)e = angle between electron plane and production plane

k. /. 2 .
510 = 62 (—Z —-ﬂ—(k0+k6)> ei%e

2 [4]

Using ﬁT ., the "photon flux" becomes:
1

2
t
2 2k0k0+ qa”/2

~ - 1
=% (T 7 3 (10)
2 q 4] q
2k k! +q2/2 2 2k k! +q2/2
ot =0, - _.Q.L._/1+2m 2

Normalizing B and %{‘; y so that doa, for rho production can be written as

an angular factor times the usual cross section factor gives:

T
do, =— do
Ty AN ANR e
dUY Todt Z)\}\ B Foror dt.?ﬂ— (11

o

-8 -



where

AN AN~
B =B /BT
M _ AN
,00_0_, p(ro"’ P

N T §
Pp =Pyt Pr1tPo11

= transverse part of production matrix

and
dO'T
FEX = cross section for the transverse virtual photons.
Averaging (11) over all angular variables gives the usual Hand-type formula:
L
do’
do, dor ~2\ 4 dot
—Y=_ Y 1+ ¢ dt = y+€ Y
dt dt d T dt dt
o.
Y
dt

Using (11), (9), and the rho decay-matrix Acro'” the formula for rho produc-

tion followed by decay becomes:

3
do-ep _ T do [T BM\V AN ddg d, 12
d6, dkg)dt T dt Z oot AO'U" or  4rw (12)
0')\_1
oI\

IV. ANGULAR DISTRIBUTION — RHO PRODUCTION AND DECAY

The remainder of this paper will focus on the angular correlations contained

in the bracketed part of Eq. (12). This term is defined to be:

2 AN 2\ AN 2
Wikys K, 0%t 6, 6,0) —AZM B (155K, 0% 6, )0 s (K0P 04 (0, 9)
oo’
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where
do _ dQ dor /a7
Wee® T 14 el2x/_ 7
2T 47 dt dt
In general, only the variables of interest will be explicitly written for W, B,

p, and A.
The summation over indices in (13) has 81 terms which can be reduced to

25 by the following relations resulting from parity conservation and hermiticity. 5

Parity Hermiticity

A=A A=A oot AN AN ATAE

S (-1 Pyt P oot = Fotor

=)\ ! Tk 1 1) *
B A-A :(_1)}\ A B}\)\ B}\)\ - B)\)\ (14)

= (- 0-—0-7 %* —
A._O__o_y (-1 A(m" Ao-o" = AO”_‘,O_
SO
* - *
BlO _ _B10 _ -BO 1_ BOl . ete.

The symbol (*) means complex conjugate.

If the target has spin zero, an additional restriction follows from parity:

A-N N-g' AA .
Pt = (-1) o P oo spin 0 target. (15)

If the target were a heavy nucleus with spin # 0, the above restriction might
be true. However, it is not necessary to make this approximation, since an
angular correlation measurement between the electron and pions will give infor-
mation on this point.

The sum over indices is shown in Eq. (16). Formula (15) has not been

used.
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The angular dependence of W is of the form:
AN AN
W =B (qbe) Porort A 16 9)

Averages over appropriate combinations of 8, ¢, cpe isolate the components of

p. The following expressions enable the explicit angular dependence of W to be

shown.
. . AN
Photon density matrix B
11 ~11,e

B _Fll—B /BT~1/2

By = pllip iz

B =T, =B /BT~ I‘L/I“T—e (17)
- 2ipg _ x1-1

Bi1m g ® B /By
- ipe _ %10 %

By ="Tpp© B /BT

ix A = 4T Yl 1*
Rho decay matrix A, =73 Y (0,¢) Y54(0,9)

S

1/3 A00 =cos” 6

1/3 A, = 1/2 sin” 6
11

(18)
/34, ;=-1/2 sin” 0 21¢

= =L g i$
1/3 A10 NG sin @ cos 0 e

A rotation of the photon density matrix (or decay matrix) can be expressed:

3 —
A i($) = Ay ,(0) 7779

, i (19)
BV (9= (0) /M) Pe
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Example 1 — Average over ¢ and ¢q

wie) [/27T 2T o' McPeB (O)Po-o—v A0 G- ¢

)\)x }\)\A

oo oJ

1 11 1 -1-1
5 PiiTr*3 P FT)

_2./00 11 . 2 < 00
1/3W(6) = cos 0<p00 I‘L + 'y p00> + sin” 6 P Tt
This exhibits the well-known fact that longitudinal rho's (lower index = 0)
decay with a cos2 @ distribution and transverse rho's decay with a sin2 @ distri-
bution. If pO0 and pﬁ are the only large terms, the cos2 0 and sin2 f terms

directly exhibit the longitudinal and transverse photon cross sections.

Averaging W(0) over 6 gives a function independent of the angular variabl-s.

~ 00 00 00 (11 11 11>
w(t) =T <poo o117 D-1-1>+TT %0 F11t Po1g

_ L T
1+ ¢ (do-y /dlt)/(our7 /dt)
and
do do L dot  dot
P _F ——lW(t)=F D A 4
CIORCISR e T T\ 'dt It

as was previously shown,

It is helpful to note that an average over ¢e causes all terms with A#A' to
drop out, while averaging over ¢ causes all terms witho #0"to vanish.

Some reasonable approximations can be made which reduce the number of
terms present in W (see (16)). They are the following:

1. Amplitudes involving helicity flip of two are negligible; i.e., Tfl ~ 0.
This is valid for small t if the target spin is < 1/2. This seems to hold for real

photoproduction. 7
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2. Amplitudes for helicity flip one are small. Again, this seems to be
true for pho’coproduc’cion7 when t is small. In this case, the products of ampli-
tudes like péé are ~ 0, and terms like péll_ are assumed non-negligible.

3. The same as (2), except for dropping all products of amplitudes with
helicity flip one; i.e., o(ﬁ and péé are both dropped.

4. Limit of q2 — 0. Amplitudes with an upper index of zero should go to
zero as they have internal factor of v qul/qz . The terms in po)fz;: have the
properties:

lim O(ﬁ m
2 — 0 as etc.

¢ —0 p$2 42|

Example 2 — Real photon scattering (qz—* 0), see Appendix C for complete
formula.
For qZ———O, ry1= Iipe Using this and restrictions 1, 2, 3 two terms

remain:

11/.11 1-1 1-1
W=2Fu@ Au%re@ }HJPLJ

~ .2 11 1-1 )
W~3F11 sin” 6 (p11+ Py.7 o8 2y

where U= ¢ + ¢>e = angle between the pion plane and the electron plane. Photo-
production of rho's from hydrogen indicates that p}:i ~ pﬂ
that rho decays parallel to the polarization of the photon, a property of diffrac-

tion mechanisms. 8 Note for a spin zero target p}:]i = pﬁ .

~ 1 which means

The following angular averages were computed using assumption 1,
(T}l = Til = O)., The missing terms can be easily calculated by inspecting

Egq. (16). The expressions below can be further simplified by applying
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assumptions 2, 3, and 4. Data analysis from experiments can indicate where
this is reasonable.

A Average over the electron plane ¢

2 00 11)
1/3 W(0,¢) =cos” 6 (roopoo + 204 Py
2 11 00 00
+ sin 9<r11 P11t Too P11~ P11 Tgo 08 26)

. 00 11)
- \,/Esm 20 cos ¢ (FOO re ,010 + Fll re plO

B Average over the pion plane ¢

_ 2 00 11 1-1 10
1/3 Wb, ¢ ) =cos 6 [P00p00+2 1':'[1900 2 F1—1p00 cos 2¢e—4 I} g TPy C08 ¢e:‘

2 00 11 10
+ sin”6 [P00p11+ T11P11 ~ 2850 ©08 ¢ re”u]

C Average over ¢ - ¢e.

2 11 00
1/3 W(6 W) = cos” 6 [2 P11p00 + Tho pOO]
2 11 1-
1=

. 00
+ sin“ 0 |:1"‘00 Pip* Ty Pie ™ T 4Py €08 2 Uf:’

1
1

. 10 10
+ \/2_ I‘10 sin 2 6 cos WEc'e Plo = T pO-lj‘

D Average over 6 and ¢ - ¢e

) 00, ,00) T 11
1/3 W = Tyq (2633 + Pgo) + 2Ty g

11 1-1 )
+ 2 <I‘11P11 + Fl—lpl—l cos 2
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Other density matrix elements can be separated by averaging over different
combinations of angles; for example, 2q§e + ¢. These expressions are easily
obtained from (16).

The analogy to photoproduction leads one to suspect that all helicity flip

amplitudes are small for small t. If so, the elements pgg, pﬁ, pi:i’ and

re pig will dominate the decay distributions. pgg and pﬁ are then easily

11
11

and pig are determined from expressions D and C,

separated by the distribution of example 1, 1/3 W(8) = 1/2 I‘T p sin® 6 +

00 1-1
T'L Poo 1-1

respectively. The term in expression C, 1/3 W(0,0) = terms + \,/Z_I‘lo sin 2 0

c:os2 6, while p

cos Wre pig, is especially important if Tg is smaller than Ti . In this case,

pgg would be small, and the interference term would be the only information
available for longitudinal photons. Of course, Tg could be large with a phase

angle 8p0 = 7/2 with respect to T1

1 resulting in:

re pig zITH \Tgl cos 600 = 0.

Thus, in the worst case one obtains no information on longitudinal photons, while

in the best case the magnitudes of the phase angle and amplitude are determined for
0
T0.

for a simple case.

Appendix B shows a graphical determination of the phase and amplitude of Tg

V. VECTOR DOMINANCE

There are numerous variations onthis idea. In-a paper by J. J. Sakura19

the assumption that ZA‘( AIJ(p) . pT’.Llp>‘2 S(Zpi— pr) varied little with q2

was used with the vector dominance relation
em ) 2 27t (o)
<A1J“, ‘p) = <mp/fp> <mp -q > <A‘J“ ‘p>
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to obtain the following relations for total cross sections for virtual transverse

and longitudinal photons.

2 m
T, 2 T

 m2-q%/  PPlghell
P
2 m2 2
olg? = = (=5 <_q2/ m§> §Kyo gp
fp mp -q shell

and |, means “evaluated on the mass shell,"

J[(,Lp ) is the rho current source,

sz is the photon current source,
L T
K) =0 (K)/o
§(K) opE % (K) »
fp is the y-p coupling constant,
A is any final state.

The striking property of this result is the very large longitudinal cross

|
section for !qz > mi .

One can use these relations and naively apply the optical theorem to get the q2
dependence of the imaginary parts of the nonspin flip amplitudes for electroproduc-
tion of rhos. Using dispersion relations in photon energy one can show that the real
parts of the amplitude will have the same q2 dependence as the imaginary parts.

Thus the amplitude has the q2 dependence shown below.

-q

2
m”/f
Cpla®™ . e Tpp)] - —LL (plsP). pTlpp>l
‘ shell

no flip ~ m? - o2
p

¢pla®™ - eVippd|

no flip m2 _ m

P

2
55 [ m/t q

P

verse polarization vector. The matrix elements on the left-hand side are those

where pL = —ml— <E f)p,lpl) is the longitudinal polarization vector and pT = trans~
p
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t
used earlier to form the production density matrix pm‘ These two relations

oo’
result in a prediction for the q2 dependence of the differential cross sections
for virtual photoproduction of rhos. In doing this, it has to be assumed that
either spin flip amplitudes are very small, or that the spin flip amplitudes have
the same q2 dependence as the nonflip amplitudes.

The result for the differential cross sections for the virtual photoproduction

of rho mesons is

T q 2 2
do 2. 0'1 mQ
a (9) T 5 ®
shell \m~ -q
[
d(rL 9 do m2 2 2
& @) = 5 5] SB (5 -
shell. mp—q mp

The electroproduction cross section for the electroproduction of rho mesons

becomes
2, 2
3 . do 1-¢ &K /m
dedi' at =Tt (2) - 2P“
k3o T dt lgpent (1—q /m2>
P
. do 1
~[ —X —s—x| fore, =1 .
T dt shell [1 - qz/mi:l

Thus if nonspin flip amplitudes determine the q2 dependence of the reaction, the
electroproduction of rhos will have the same q2 dependence as the electropro-
duction total cross sections. Observation of a different q2 dependence for rho
production would mean that the original assumptions going into the vector domi-
nance calculation were incorrect, or that spin flip amplitudes were large and had
a different q2 dependence from that bf the nonflip amplitudes. In the latter case,

because no prediction is made for flip amplitudes, vector dominance would have

to be tested by removing the contribution to (do-T’ L/ dt)(qz) due to flip amplitudes.
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In this paper it has been assumed that the effects of the width of the p and
nonresonant 2-pion production are small. These effects are of the order of 10%

in the photoproduction of p-mesons from hydrogen. 10
Vi. SUMMARY

The angular correlation of electrons and pions in the reaction ep ——eppo,

PO—>7r+7r— allows a separation of the longitudinal and transverse contributions

to the cross section. Longitudinal-transverse separation is very difficult to

obtain in the usual single-arm spectrometer experiments, requiring data to be

taken over a wide range of incident beam energies and has only been done in the

11

region of the isobars. An angular correlation experiment, however, allows

the separation to be effected at one incident beam energy. In addition, the
specific reaction considered is crucial to vector dominance, regarding the qz—
dependence and magnitude of the longitudinal photon-nucleus amplitudes. The

formulae developed for separation are:

dO‘T
do(ep—epp, p—=2m) _ T Y
t

———

Q)Td

dn, o dk? dt d(%—) d (ZF”

where

2
1

~ _ -a k' K 2m2 2k0k0+q/2
'p=—=T% =2 {1

+
2 —_
T o q o Fik

2
= ~ It
K—k0 k0+q/2M

wW(6, o, ¢e,q2,q4,t) is the angular correlation function (see Eq. (16)) and

do T

e (qz,q 40 18 the differential '"cross section'" for transverse virtual photons.
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The calculations have been made with hydrogen targets in mind, but are
valid for heavy nuclei. Experiments measuring %I—‘ (qz,A, fc) and g—g;(qz,A,t)
are possible and important in determining whether longitudinal and transverse
virtual photons interact similarly to transverse real photons. That is, do virtual
photons scatter coherently with an A dependence characteristic of strongly inter-
acting particles? For coherent processes, heavy targets can probably be

treated as if they have spin zero, which simplifies the analysis.

The calculational technique used here is applicable to other reactions, such

as ep —eN*, N*—Nm, 12
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APPENDIX A

It is very probable that rho production by virtual photons is a coherent process
similar to rho production by real photons. The amplitude for production from a
heavy nucleus then is the sum of the amplitudes for all the individual nucleons
with modifications fof final state absorption. 13 One suspects that the spin depend-
ences in this sum should cancel to order 1/A due to the nucleons pairing off with
opposite spin. This argument has been elaborated by Goldhaber and Goldhaber. 14 Thus,
even if the spin dependent part of the amplitude for nucleonscattering were large, the contri-
bution to the total cross section would be of order —12 for coherentnucleus scattering.
This negligible spin dependence would allow theAtarget to be treated as a spin-

zero object for which

A-M Aot AA?

Pyt = 1) ot

Using this condition, the production matrix can be written as the product of
amplitudes with no target spin dependence:

ANV X ANk
pov? - UO'UO"

The phase of Ui can be taken as zero. The five amplitudes for the reaction

are
vy = 211
Ug - 200 ! %00
UL = ay o0l
Ué = 30 e!%10
Uy = ag; 000
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where the magnitudes a ., are real and the phases 8mn are relative to the phase
of Ui‘ .

Using this parametrization, the production density matrix elements can be
expressed poii_\; =2y 8y ei(8}\°"— ONo": Because re p is detected by the angular
correlations, the phase terms appear as cos & and sign ambiguities will occur.
For example, the angular distribution is unchanged if all the phase anglés are

reversed. Nevertheless, fits to the data could determine the magnitude of the

five amplitudes and the magnitudes of the four phases.
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APPENDIX B

If all helicity flip amplitudes are zero, the angular distribution given by

expression C is considerably simplified.,

00 2 .2 1-1
1/3W (0,Y) = OOPOO cos @ +sin” 0 [F11p11+ Fl—lpl—l cos Zl//}

+ V2

p1o Te (p10> sin 2 8 cos ¥

Assuming that p} i pii, which is apparently true for photoproduction, 8

and that K2 > q > uz so that € =1, we obtain
B 2 2 2 .
1/3W(0,t//)~chos 6 + pposin” 6 cos” Y+ oy sin 2 0 cos ¥

In the above Py Pps Py ATE functions of K, q2 and t, and

PL = p00 lT()‘z

11 (112
Pp = 1"T1)

- ¥ 0\ _ |1} 0] 0
pp =re <T1 T0> = IT],I ‘Tol cos 80

88 = phase angle between Tg and Ti

The longitudinal-transverse interference term may be determined by forming

the asymmetry

N )
IF N, +N,
where
60° 60°
Ny =f sin 6 de/ dy w(e, y)
300 -60°
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and
150° 60°
N2=f sin@déf ay we, v .
120° -60°

Performing these integrations gives the equation

2.59I 2,5 X cos 58

E - H
F ™ L.5pp +pp, 1+1.5x°

%y

where

x=|1ol/|13] .

A similar asymmetry may be formed that involves Py and Prpe

g~ gI T I:IH
A
where
150° 30°
NI=f sinedef dy wW(o,y)
30° ~30°
150° 120°
Ng=)  smode [ avwi,u
30° 60°

This asymmetry compares the number of po mesons decaying parallel to the
photon polarization to those decaying perpendicular fo the polarization. Evalua-
tion of the integrals gives

- Pr 1
84 = =
1+.67%x

E ppt 967pL 2

A graphical solution for x and 183‘ is shown in Fig. 3. As can be seen, an
experiment which measured op and A to about 10 percent would be a strong

test of vector dominance,
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APPENDIX C

The limit of (16) can be taken to obtain the angular correlations between
the photon polarization vector and the decay angles of the rho meson in its rest
frame. As qz——* 0 all terms with upper indices of zero (longitudinal photons)
go to zero.

o _ 11 11 1-1 1-1>
Wy— élm W—2A (poo +p00 e B

q —0

11 1-1 ( 1-1, % ))
+2(p 1 11+p 11 rei{B Al—l
1-1 1-1
+4(re pl 1 eA1 1+re pll A11 reB )

+4<r pié 11 reA ,+re Piol <A10B1—1>)

- 4<re pi‘io B11 réA ot re pllé <A{0B1 1)) .

The cross section then becomes

do. do:
Y _ Y
- Wy(0’¢s¢e:q4’t)

walje)dzn)

where ¢>e is now the plane of polarization of the photons with respect to the

production plane. The case for helicity flip amplitudes = 0 was discussed in

example 2. By averaging Wy over ¢e the distribution for unpolarized photons
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is obtained:

11 11 11 11 11 BllA

1 -
'z"f?fwy Ay =2Agg Poo B *+ 2P B Aqp* 201 1B Ay

11 11 11

11
tdrep; | B reA, ,+4rep B re A0

~-4re p_l_io B11 Te AlO

. g 1 o
with our normalization Bi1 =3 and Ao-crY is given by Eq. (18).

11 2 _]:< 11 —1—1> .2
1/3 Wy(B,B) = Py ©OS 8 + AT P11 sin” 6

- re pﬂl sin2 6 cos 2 ¢

1 11, -1-1) _.
_-—\/_?re<olo+p10 )smz @ cos ¢
This is the same as the usual resu1t5 for the production matrix using

unpolarized photons. The usual notation has the following relation to the above

quantities.
P00 = P00
P17 Pyt P )
P1-1” p:]le
P0=3 (P10 * 10 )
and

11 11, -1-1
Poot2P1=Poo* Pra* P “Ppt -
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FIGURE CAPTIONS

The electroproduction of rho mesons using a single photon exchange model.
Incoming and outgoing particles are labeled with their four momenta. The

photon state A has "'mass"' q2 = (k—k’)z, energy q, = kO— kb., o is the helicity

state of the rho meson, while the symbol t = (p- p')2 denotes the four-momentum

transfer squared to the target.
The coordinate systems used in the calculation of rho electroproduction

followed by decay are depicted. The scattering process 7y + target —

virt
pO + target is evaluated in the C.M.S. using helicity amplitudes, thus

AN
po‘};\, is the corresponding production density matrix. The photon density

matrix BM\' and f 0 decay matrix AJ(T, are transformed to the laboratory
system and p0 rest frame respectively and evaluated. BM\' and Ao—a' are
defined in such a way that they are invariant under these transformations.
Graphical solution for x, ’)O

0 IF°
88 are the longitudinal amplitude and phase with respect to the transverse

using experimental quantities Qps O x and

amplitude. Q¢ and Qg are asymmetries generated from the po decay dis-

tribution and are defined in Appendix B. "Vector dominance' predicts

= (1% m2 )2,
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