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INIRODUCTTON

Recently the Cornell group 1 has observed the reactions:

- %]

e +ptT

eu+p — - 4 (1)
T e +n+7

by detecting two charged particles in coincidence. Experiments of

this kind open up the possibility of studying The angular distri-

bution of pions in the transverse, longitudinal and in the inter-

ference contributions to the cross section 2. In particular one

can study the relative importance of the several multipoles

3

involved and their possible resonance behaviour . Also, as was

-
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pointed out by Frazer 4 the study of the v+-angular distribution
can lead, through an extrapolatlion procedure, to a value of the

plon form factor.

Dispersion relation techniques have been used with some sue-
cess in the description of reaction (1) in the region of the first

516 It is assumed that the most

resonance of the w-N systen.
important effects c¢an be taken in account by the Boran terms and
the resonant magnetic transition to the (3-3) final state.

Recently, this asuthor 6 has considered a solution for the (3-=3)
amplitudes which is cut-off independent and includes recolil cor-
rections. Also, a full relativistic treatment of the Born terms
was made and corrections to the E , and M, amplitudes due to the
disperison integrals were comnsldered. This paper is an extension
of A, We hzve used the results of A to calculate the angulaxr
distribution of the pions for the different contributions t¢ <he
erosé section. Also we have analysed the varlations on these
angular dlstributions when we change the pion form factor. It 1s
found that the shape of the longitudinal w+-cross section 1s gulite
sensitive to this quantity. The effect of adding w and P exchange
was considered. Thelr contribution was found small for the range
of energles gnd momentum transfer considered and of the order of

other uncertainties in the theory.
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II. GEEERAL RESULTS

Let k1, ka, P11 Pp and ¢ denote the initial and final electron
momenta, tie initlel and fiassl nucleon momenta and the pion

momenturl, respectively. The masses of nucleon, electron and plon

will be called m, Iy s and p respectively. The 4-momentun transfer7

given up by the electron will be called 12. The invariant T-matrix

is defined hy:

4

2 2
Sfi = Gf. + (2#)4 &4(k+pl-p2-q) % kme - 20 T (2.1)
i 1.0%20”10P20%%

where k = kl-kz. To first order in the eclectromesgnetic coupling

the process is described by disgram in fig. 1 and we can write:
T =€, " (2.2)

where

1 .
€y = —E u(k, ) 4 u(kl) (2.3)
A

is the leptonic current times the photon pronagator and jP is
the hadronice current.
The T-mnoatrix cen be written in terms of the center of nass

amplitudes F, asi

aard . _ . T4 &kxE o qe T qE
T = —— %X [i¥ ks 3? e 4 1 B, e 4§
- = ak 2 ok rlk
&k B¢ 3% I FT %
+ 1 ———+ i ~-i¥, — e ~i3%;—¢€ (2.4)
° xS ak 7 q ° ko 0

where the x's are Paull spinors, k and o are the nucleon Laitial

L

end final nomente end W is the total energy in the center of mass
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system. The expansien of the Fig inte multipoles amplitudes is

glven in A.

The F's are considered to be the sum of four contributions:

¥ =3B +\;§’3 "3'2,3 + §oor (248)

"iB is giwen by the Born diagram$ of fig. 2, ?1;’3 is the
resomant T = 3/2, J = 3/2 contribution, 3*%5 is the T = 3/2, J=
= 3/2 component of the Born term that should be subtracted off

? cor

the full F° and is the correction to the E_, and

M, multipoles introduced by tonsidering the imaginary part of

l..
the amplitudes in the fixed - t dispersion relations as being
given by the imaginary part of the (3-3) amplitudes. In A we have
considered in detail those contributions. The results for the
magnetic M,,? electric B, and scalar Sl+ transitions to the (3,3)

final state were

i, =12, eMcos §+[0s036(e/ 1) 0,(4%) 7, (48) + 2.87(e/2) COF)p/2mx
. (laﬂ eiﬁsiné kw (2.6)
X 3 .
MV & V(B m)(E,+m)
elfsing W
E1+=E§+5Tr e10 cos §= 0.013(e/)6,(H2) F_(42)

q& v E;+m Y E,+m )

(2.7)
6i63in6 K°
814 = S?_Hrei& cos b - 0,084(e/'f)03( 22) F_( 22) = =
d A/(El-f-m)(EZ-l-m)

(2.8)
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B .
where M1+,7, ED st denote the magnetic, electric and scalar

multipcles projected out of the meson-pole diagram in fig. 2C, F (/'LZ)
and G (AZ) are the pion form factor and the magnetic isovector form
factor normalized to 1, & is the w~N phase shift for the T = 3/2,

= 3/2 state and the C's are given by:

C(AZ) % 1/(1 - 25/(2.4)%) (2.9)
{4 for - 0.1¢ A% € 0
°1 1 - 0.16 AZ)/(1-~1.514%) for A%<~ 0.1 (2.10)
{1 - 2.55 A = 5.2 A% . for - 0,3¢A°< 0
(1.59 = 0.124 )/(1—0.91:\2) for A°< - 0,3 (2.11)
. - 31.3 % for - 0.16<A2 <0
c, 5 (2.12)
(1.98 - 0.26 A Y {(1-2. zj);L) “for A~ <-0,16
whaore A" iz given in Beva.

39T yrag given in seetion V of A. The w and p - exchange were

not included in A. Here we consider the w and p as stable varticles.
The coniributicn fron the diagrams in flg. 3 to the T-nmatrix is
given by:

P;Tﬂp -

AP S0 o o I
mp e P € L \z(pZ)LGlpﬁ';L + i GEP/(_L GA@(PZ pl)]u(pl) X

Yoo Srrw

S o HYYA - ) B:‘u

X e b e € en &y qq ulp,) Gy Yo * 16 /21:1 UKB(pZ pl) (py )%
L=il w
; ¢

x = (2.13)

't--'Hw
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Were o is the isotopic spin label of the outgoing piocn. The
NNP and NNw couplings Glpg GZP, le, Geo)were taken from th: Ball,
Scotti and angg analysis of the nucleon-nucleon problem. g ..,

. 10

was obtained from the experimental width — [1 —>w+7v &ep W23
estinated 11 26 1/3 B according to the quark model. This value
for grvp is not in disagreement with estimates based on the ratio
of v and a photo=production eross~sectlions 12 2t threshold or

15
measurements of an upper limit for [; —

As it was expected these terms do not contribute much in the

region of energies and momentum transfer we have considered. The

1w
are much smaller than those due to other uncertainties in the

deviations from the values in the case Glp = GZp =G = Gau)= 0.0

theory like precise values for GeN and FFQ Therefore, from now

on we will neglect those terms.

I11. CROSS SECTION

In the lowest order on the electromagnetic coupling the dif=-

ferential cross section can be written as 1’23

do J* 2
e = [ \,ﬁwlce) + £sin“® cos 2¢ W,(8)
ae, deg. du L
(e +1) 1
+ / sin@ cosp Wz(8) R ACH (3.1)
Vo2 J
L
R R S |
= (3.2)

8% mk& (=2%) 1-c



where the upnerseript "Ln
polar and azymuo

systen and € is given bir:
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menng Laboratory System, © and ¢ s&re the

ichal nucleon scattering angle in the center of mass

- A7

2o
s cotg™ =
'"‘-,ﬁ!"ck'" 2
€ = (3-3)
AZ 2
1 - —= 5 cotg”T I
27.‘{2]«: &
ot heling the clectron scatltering snsle in the lab systen. wl, W
W. cad W, ere functions of W, A° zad 6 oaly. wl end W, contain
eniy trongverse contributions, W, only longitudinal contributions

R 4 oy e s A

- . S S S R o

LI w— CONGLils oo conty
P

ibut interference betbireen

ions fron the

the tronsverse end lengitudinal terms. At A? = 0, W and W, vanish.
Wi + e gin’ 8 cos?(pfﬁ reduces to the nnﬁLOn¢ocuotloq cross section
by & Y-ray bean with degree of polarization € along the direction
ol moticn.

A

e Fo Jones has worked out the formuli connecting the L's
with the center of nass ex&iitudes, We will rewrite his results in
terne of curs Yiss
P« £ z - . s Dop - -

Wy =g []?il"ﬁ}ial 2 cos 0 Ikx?lﬁékg] + sin“e W, (3.4)

£ — 1 q ‘.’i . — - e abe wr

i, =55 |}’3§f i“j’éi‘“ + 2 Re(}gja* + ‘313’4'- + cos® 3’3?4"') (3.5)

e

. G ”A‘-— ¥ - '} y* '*

I = o ) Re|Cht g+ cose %) U] 4 (f 4 4w cos B, % ]
(5e6)

. 4 -2 r = 2 )

Ay = | L}??I“ + %017 + 2 cose Re(& I “) (Z.7)

i o o e
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W. and W. can be separated out in (3.1) by thelr character-

2 3
istie azymuthal distributions. Wl and W4 can be obtained Dby
measuring the cross section at different electron angles (differ
ent 5'5)0
1V - RESULTS ON THE DISTRIBUTION FOR a7 AND 7° PRODUCTION

The separate study of the angnlar distributions Wys Way w3 and
W, can lead to a much better nnderstan&ing.of the T-matrix. As was
amphasized by Jones 2 one can study:pOSsible resonance behaviour
of the multipoles both in their transverse and longitudinal excita-
tions. Also some of the Wi may show a larger sensitivity to varia-
tions on the values of a given form factor end can serve as a check

for more direct measursments.

According to egs. (2.6), (2.7) and (2.8) the T-matrix depends
linearly on the form factors. -For low momentum transfer their
values are reasonably well known except for the pion form factor,
F_ and the neutron charge form factor, Geye Only the m -cross
section depends on GeN' For values of W around the first resonance

and for momentum transfers less than 1502

the dependence on G,y
oceurs mostly in W1- To show this behaviour explicitly we have
plot in fig. 4 the angular distributions for AZ = - 682 and W=
= 1230 MeV. Ve have fixed F, = 0.65 (a value close to FlV) and
set Gy = 0.1 and - O.l. One sees that the varlation in Gu

produces essentially a change 1in scale.

The dependence of Wi on the pilon form factor comes from two
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sources: al) the rescnant terms in Bg. (2.6), (2.7) and (2.8) which
. + s

are model dependent and contribute for both 7° and production

and b) the meson current diagram which conbributes only for

+ . . ; .
7 ~productlon. The meson current dlagram has a vole in cos® at

cos® =~(A%-2q, ky )/2qk (441)
For sufficiently high energy the pole is very close to the physical
region and makes a large contribution to the scalar part W& in the
forwerd direction 7. As we will show below the angular distribu-

tion W, 1s very sonzitive to variations on F_ in the region of small

=

les. The Coraell zroup 1 took advaataze of this bechavior for

- 2 b FAYE) L] T 2 ] A

estimating F_. They flzed W, A~ and the pion scattering anzle € = O
and measured the cross section et different values of the electron

scattering angle. At 8 = 0 (3.1) reduces to:

i do
e =W, + €W 4.2)
[ a0l ark g ' -
e 20 Qﬁ
For e verlable (4.2) is a straight line. In fiz. 5 we show
1 - 1 3 3 = n} 1
the Cornell resulls together with the predicticas of our theorv.

For the nucleon form factors we use the values given by the Hervard
sy 15 ; . .
4-pole ©it ™. The velue ot € = C and of €= 1 silves thoe trons-
verse vart and the sum of the trznsverse and scalar per sy
respectively. Of course one should net draw a charp conclusion on
the value of the pion form factor hoth due %o the theoretical and
cuperinental uncertainties. Although the theoretical nradilctions

have beon checlied with reletive success in photonroduetion »nly

i

-~
I o i sH
coge nRove heon

totel cross sections in the 2lectronroduction
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compared with experiment uantil now. Also the wvalues predicted
by the theory depend on the values for the nucleon form factors

4 pointed out a better

which carry some uncertainties. As Frazer
procedure to obtain a value for Fv would be to extrapolate to the
pion pole. We would like to remark that the extrapolations should
be done in a region where the scalar contribution is large or, if
experimentally feasible, in the scalar part only. The reason 1is
that at © =0 the one meson exchange diagram contribution vanish
for the transverse part while it dominates the behavior of the

scalar part.

Belcw we will give numerical predictions for w1, WZ’ w3 and W4°
We have plet the angular distributions for two values of 22 = zp~2
and =1Of&2 snd three values of W = 1175 MeV, 1230 MeV and 1300 MeV.
To show the sensitivity of the various terms to variations on the
pion form factor we set FW==OQOQ 1.0 and to a value close to

] ‘.’ (=)
F,y(0-8 for 32 = 222 apd 0.5 for 32 = =10£72),

In figs. (6) to (9) we show the Wy; W) ws and W, angular
distributions for W+ production. The pure transverse terms, Wi
and WZ show the same general behavior as their counterpart in
photoproduction. The dependence on FF cores from the meson cure=
rent diagram and from the final state interactions. The first
tends to show more in the high energy region. The scalar part,
*45 shows a large sensitivity for variations on ng The character
istic forward peak is due almost entirely to the meson current

term. For this reason we believe that this is the term that can

give the most reliable estimates of Fvo The transverse=-scalar
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ianterfercnce iz slso vulbe sensitive to I .

Accord

depend on G re Howaver, although the meson curront term  is  not

L]

1T, BT e

present, there is o dependonee on Fv tirough the final  state iater
action 1n the T=5 state.

In fig. 10 o coumare

p)

| )

Cornollts rosulte for (4.2 ot

C = 100", The thioroliecl rosults obicined ore lersor She. Sho ooe
purinentel oncg. In A tiho core everceldinedlon ot this ancls  on-
pears in tne coso ol ohntorrsducticn. Mls o fue B2 She intor=
ferzacoe botuezn the K1+ aegnevic troisition o the (3,5) stote
anG tae large B obLitiined fzron the Born torns. irnoarcont

2

correctlons $o ¥ wverc made i A wney arc 1ot Lirze encugl to o=

D)

Ty . ey st ] Fal . M - PO -

Figs. (11) to (14) cze enunplos of angunlen & for
EEN N iy - 2 N * ot .. s - - A}
e severcl teris in tho eross socetieon CULVLS et

o denendaies con tho viluve of By oac

coraeful in

R — g
voluos obbtoined will
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Fig.

10

11

12

One photon exchange approximation in Elsctroproduction.

Born Terms: &) Direct micleon pole diagram; b) Crossed mucleon pole
diagrams ¢) Meson—pole diagram.

a) p-exchange disgram; b} w-exchange diagram.

Angulsr distributions in the center of mass system for A% =-6f7%,
W = 1230 MeV. The curves are drawn for GéN =+ 0,1 and = 0.1,

nﬁmproduetieno Comparison of Cormell's results_and cur prediction

for © = 0% a) AR = —3f=2, ¥ = 1175 MeV; b) 4% = - 3f~2, W=1212 MeV;
e) 12 = 3f=2, W = 1313 MeV; d) AR = 6f-2, W = 1175 MeV. The curves
are drawn for different walues of F..

1 <production. Transverse angular distribution Wi(e). a) A2= 3¢72
and Ff]' = 10@3 0.8 and OOO§ b 12 "le“’Z and F'n-vz 1009 0.5 and 0.0.

" sproduction, Transverse sngular distribution Wy(0). a) 22 =-3f~2
and ¥, = 1.0, 0.8 and 0,03 b) 22 = <30f-2 and F, = 1.0; 0.5 and 0.0.

mfaprcducﬁi@nu Transverse longitudinal interference angular distri-
bution W3(8). a) 42 = <322 and F,, = 1,0, 0.8 and 0,03 b) A2 ==10£~2
and Eﬂ.. = 1003 905 apd o0,

» —production. Longitudimal sngalar distribution W(0). a) A%= 3%
and ¥, = 1.0, 0.8 and 0.0; b) 12 = -10£=2 and F,. = 1.0, 0.5 and 0.0,

wp;produ@tiano Gomparison of Cornell's results and our prediction
for 6 = 180% a) 42 = <3f=2, W = 1175 MeV; b) A2 = =3€-2, W = 1200 MeV;
e) A2 = =3f=2;, W = 1302 MeV; d) 22 = bP=-2, W = 1175 MeV. The curves

- are drawn for different values of Fy.

7 -production, Transverse angular distritution wi{e). a) 12==z3f“2
and F, = 100, Co8 and 0,05 b) 12 = =10£=2 and Fp = 1.0, 0.5 and 0.0.

»-production. Trangverse angular distribution Wa(8). a) A2 =362
and P = 1,0, 0.8 and 0.0; b) 12 = -10£=2 and F, = 1.0, 0.5 and 0,0.

ﬂgaproducti@nn Transverse longitudinal interference angular distribu-
tion W3(8). &) 42 = 3f=2, and Fy = 1.0, C.8 and 0.0; b) A2 =-l0£-2
and Fﬁ' = 1,0, 0.5 and 0.0,

P _producticn. Longitudinal angalar distribution W(€). a) A%=-3£72
and ¥, = 1.0, 0.8 and 0,05 b) 22 = 21082 and F, = 1.0, 0.5 and 0.0,
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FIG. 1

Fl6. 2

FIG. 3
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