2

FERMI-LAD:-PULB-75/52-T""""
COC-2220-52
June, 1975

E
Isospin 3 Mucleon Resonance Production by a2 V, A Weak Neutral Current -

Stepnen L. Adler
Fermi National Accelerator Laboratory, Batavia, Illinois 60510
and
The Institute for Advanced Study, Princeton, New Jerscy 08540
and .
2n, Yece Jack Ng and Hung-Sheng Tsao
Study, Princeton, New Jersey (3540

ATSTRACT

re .

e define a set of ratios characterizing the production of the isospin
8 P

Ml

Z
rescrnances D _(1514) 2nd §, (1305}, as well as the isospin 3/2 rasonance
{1232}, by =leciromagaetic and weak {charged and neutralj currents. As-
suming the most goeneral weak neutral current with V, A spatial structure, we
calculzte the matrix elements needed to extract the production ratics in three
dynzimical models for resonance production: the Born approximation medet,
the nonrelativistic quark model and the guark bag model, For the special
case of the \’v’einbelrg-Salam theory neutral current, the three models suggest
sin” @ ;5 0.5 the ratios D13/P33 and S /P . observed in neutral

11733

current ¢ or n preduction on 2 [ree nucleon target should be substantially
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to 4) than the corresponding ratios observed in

rharged current ¥ 5r n production. We also attempt to predict the ratios

4o not agree, and so we c2n only state a wide possible range in which the values of
e ratios may lie. We briefly discuss the charge ~xchange corrections needed

for comparison with experiments on comnplex nuclear targets; we find for an

aluminum target that the reduction factors quoted above are halved, so that in

neutral curreat induced reactions the ratios D13/JE’3 and 511/P33 are smaller

3

hy a factor of 1 to 2 than the corresponding ratios observed in charged current

induced reactions,
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I. INTRODUCTION
Inelastic exclusive channeis have an importé.nt role te play in
studying the structure of the semileptonic weak neutral current. The
maest preminent such channel, and the one which has received the most

” P Ty A V3 . : : o ;
theoretical and experimental attention so far, is pion production in

the region of the I = 3/2 resonance P33(123Z}. We turn in the present
d
paper to the study of what are expected to be the most prominent
= 1/ 2 structures excited in neutral current experiznents, the resonances
D 3{1514) an-d 311(1505}-. There are two principal reasons for interest in
these stetes. First, in experiments with lew invariant mass resolution,
T

0 . . . .
% 's coming from decay of the 1=1/2 states may hias invariant mass

plots 2t the high side of the P33 (1232); in erder to understand this pessible

bias, estimates of the production of the I=1/2 states by the neutral cu::rent
are needed.s Sccond, observation of the I=1/2 states will give useful in-
formation on the isotopic spin structure of the weak neutrai current; this
point is partiq‘uiarly relevant for the state 511(15 03), which can §e vicked out
of the cluster of resonances around 1.5 GeV by observing its large n ‘decav
. b . . : . . .

mode. Hence a theoretical study of 1=1/2 state production sesms well
warranted at this time.

Throughouat this paper we make the conventional 2ssumpiicn that the
weak neutral current has a V, A spatial structure, so that weak oreduction of
the I=1/2 resonances will be closely analegous to their production in electro-

magnetic processes. Unfcrtunately, a2 review of the various models which

have been used to theoretically calculate nucleon resonance electroproduction
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shows that their predictions are not very accurate, particularly where rates
are con-::ermat:i.7 At the same time, qualitative features of the electromag-

. netic matrix elements, such as relative signs of the amplitudes for exciting
various resonances,8 are generally correctly predicted. In view of this
situation, in attempting to obtain predictions for the weak charged and neutral
current excitation of I=1/2 resonances, we will be guided by the following
philosophy: First, we will never attempt to calculate the rate for producing

one resonance relative to that for producing another, but rather will only

calculate theoretically the relative rates for different forms of excitation

{electromagnetic, weak charged, weak neutral) of the same resonarce.
Second, we will perform the calculations simultaneously in three different
models which have been used for studying nucleon resonance production (the
N - ' 1) 9 1 P . i0

Born approximmation model, the nonrelativistic quark model’ and the quark
bag model, ) 2and will attempt to make theoretical predictions only for those
quantities for which the three models are in satisfactory agrecment.

This paper is organized 2s follows. In Sec., Z we deline various ex-
citation mode ratios which will be evaluated theorctically, and discuss the

and Sn/P excitation ratios from clectropro-

extraction of .useful D13 /P33

33
duction data. In Sec. 3 we briefly describe the theoretical models used and
tabulate the results obtained from them. The results are applicd in Sec. 4

to the issues of invariant mass plot bias and resonant n production which we
mentioned above. We 2lso make an attempt to predict the D13/P33 .and SIIIPBE

ratios to be expected in charged current processes, using as input the cor-

responding ratios observed in electroproduction. In Appendices A, B and C
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we give a more detailed description of the three production models on which
our theoretical estimates are based. All of the above calculations are done
for the case of resonance production from frec nucleon targets. In AppendixD
we discuss the charge exchange corrections nceded to apply the results to ex-

periments on complex nuclear targets.

II. RATIO DEFINITIONS
In this section we introduce ratios which will enable us to compare the
electromagnetic, weak charged and weak neutral current production of the
P33, D13 and Sll resonances. Following the standard notation for the vector

and axial-vector nonet currents, we write the hadronic electromagnetic and

weak charged currents (in the latter setting the Cabibbo angle Octo zero) as

X N 1 A
%em =f3+.\j§58'
X _gSk

\ i 1)
dch - 1+i2 1+i2

-

In calculating production matrix elements in the appendices we assume a weak

neutral current with the general V, A nonet form

N A x 3N 5\ 5)
3"9 = svoF ot svsFs t suTg - 8ag Fo - 8asFs - 8aeTFg @

n

but in the text we imumediately specialize Eq. {2) to the conventicnally as-

sumed Weinberg-Salam meodel cur:'e_-nt12

AN N g5 , X
fn = \f3 ..3-’3 - Zs1q%6_w&£em . (3)

To proceed, let us introduce the Brookhaven National Laboratory {BNL) flux

averaged cross sections for the weak charged and neutral current production
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of the D13(1514), 511(1505) and P__(1232) resonances, and an effective

33

cross section for their electroproduction, defined by

B\TL

- v
({2}B) = Jazn (E) ¢ ({J}B.E),
PN (2 1By - den LE) o ({218, E), (4)
o (B, E t)
o—:;:l‘ ( B) = fd'F‘ fat n (E) ¢2 - ,
B = D s r P t = kz'
= Py Sy OF Fazc T TN

Here E and t denote respectively the incident lepton laboratory energy
. 1 . : .
and the leptonic four-momentum transfer squared, 3 while noNL 8 the
unit normelized Brookkaven ﬂu, which we take as the same for incident
. . . 14 . .
neutrinos and antineutrinos. In terms of these cross sections, we define
the following ratios, which measure the amounts of Dl3 or Sll produced

=clative tothe F fesonance by the currents of Egs. (1) and (3),

33
BNL |, 4,4 BNL, BNL 4
Rch (v B fP33) T v B )/ (v P33) .
{5a}
I:" BI\L BNL 0
o e /P ) = (v B )/ ("P33) ,
BNL, _+,+#, _ _BNL _+ , BNL  _#
_R- (v B /P33) S (v B )/crn ¢ P33) ,
BN BNL — _+ BNL +
v B / = @ v B )/u‘n (FP33) ,
~ BNL +, 0, _+,0 -
R_ (v B fP33 ) (55)
BNL -+ BNL + BNL 0
= [:rn (vB)fu vB)]/[ P33)+Gn (vP33)],
N +, +,0
RB?\L * B O/P ) .
n 33
BNL BNL 0

(2N 8Y) + 2N G 8O 1/ [N T R 4o B BT,
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» - B
RENL pf/pty - BNL(b*)/ el (5¢)
em 33 , ‘
B = Dl3r 511 .

Obviously, in all cases the target charge (either proton p, neutron n or
cqual proton-rcutron mixture p+n) can be inferred {rom the indicated
charge superscript(s) for the produced baryon resonance.

We procced now to rewrite Eqgs. {5) s0as to enible us to answer
the following two basic questions: (i) Given the ratios D13/P33 and
S,if.'F’33 induced by the weak charged current, what are the corresponding

1
ratios expected in weak neutral current induced processes, as a lunction
of sinze ? {2) Given the ratios D _/P_. and S _/P_. observ;:d in electro-
w 13 7 33 1177 33
production on a proton target, what are the corresponding ratios expected

to be induced by the weak charged current? To deal with the first question, |

we rearrange Egs. (5a) and (5b) in the form

NL 4 rrBNLy, 8Y/P],) S strel e
+
R W B /Pyy) = TpxL RS
o0 et ) A TN N
n 33 GW ch 33

X RBVL( 8%%%,)

1S

N
RN, 0/P+ 0) 1 (B0 B /P 820
gBNL, g0/ ot 0, | 1) W
33 ' TV BNL, _+,0 0
n tn NLi, 8 /'>+ )i w=°_| R NL( B /P 3)

x RO CwBYPL)
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i‘Rf #B/P ) ] RﬁNLmsolpg3) 0,,=0
“ws /P 3) -
BNL _ BNL,.__ _0,_0
I_Rn B /P )Ie 0] R ~B/P;)
x R EBYPL) (6)
gBNL G 0 o) RBNLGBOIPO) 0 =0
BNL(_ /P+ 0)_ W
n B B\L(_B + o) 6,0 »NL(_B /p )
BNL(-B ,

B = D Sy

vhere we have made use of the charge reflection symmetry of neutral current

rrocesses when 9w= 0. The curly brackets in Eq. {6} are 21l equal toa

mimnple ratio of isospin Clebsches,

BNL, _+,_+ _ BNL
R~ (vB /P33’l9w'° i ! (vEB /P )|e

BNL +, .+ - B\IL
R (vB /?33) (R {vB /P33)

2 -
11 11l 3 il {7)
- i1 1 1 1 1 - 4
<zzlnz"2 < 1112 2>

The square brackets in Eq. (6) involve detailed dynamical information, and
rill ke evaluated in various production models in the next section. Since,
z noted in Sec. 1, we only wish to calculate theoretical ratios relating dif-

srent mcdes of excitation of the same rescnance, we reexpress the square

rackets in terms of new ratios r defined as follows,



B

BNL({ }B

BNL, v, o+,, BNL v, _+ )
SNL 2y BBy sh oy <0

BM. (8)

({ } 8% 104,

rB“({ y8*) 42N (23 8% /I' BNL 2y 8 s oD ({2} B o

["n

D

{ne)
1]

13’ su’ P33'

giving the relations

a1 + B +
RP\IL( v Bf/P .,) T NL(L' B :8_ )
n - - -2 oo ete (9)
| oBNL ; T _BNL,_ _*+ T
l Rn (v B P, 3) 0 -0 rn (v P33, W)
B = D3 Sy

Substituting Eqs.(7) and (9) into Eq. {6) we obtain the final formulas

BNL, _+
- T {(vB; 06_) :
BNL 1 n w BNL
P‘n (v B/P3) = 3 BNL( p o) c {v B / ).
n 33’ W
BNL +,0
T (vB ' :0 )
BNL, _+,0,_+0 1 ’n BNL
R, (wBT /P )= 3 B\I(P+Oe)ch(B/ )’
3 w! o . o)
ENL ;
r (‘FB ; 8.0
L _ 4+, + 1 w' o BNL
GB/P) =y 15\:1,(_ Rn &3 IP 3)
33 W
B‘\f
@B )
BNL W
(vB /P ) 2 BNL(_B /POJ,
n 4 NL 33
(_P ; w}
B = D13, Sl.l'

To deal with the second question we follow a closely analogous

procedure, of which we state only the result. Letting chNL(v B ;i)

ey,



denote the flux averaged cross section for production of the resonance D by

the wezk current 3[ , we define the ratios

rBIFL(y 3+) = g'BNL( B IV ::f; Sh NL(U B+: 3} + —}‘_‘ ;})
vajern 3 i NI
BNL BNL + .
rCh ?I’V (B) = <h (“B } /0' ch (I} B, (11)

B = D13: Sllp_ P33.

In termes of theae quantities, which again compare only different production

modzs for the same resonancs, the relation between Egs. (Fa) and Eg. (5¢)

akzer the form

BNL o
B‘\TL vafem B\TL
RE: B/P ) = 4 BN or, Fem (B /P., \
ve/em'” 733
- BNL o
R BN | "y |
L{_B /P ) = -———————-—f;'ji"’ Ri‘a.NL{vB+/P;'3) , (12)
T /v Fas)
B = Dy Sy

We conclude this section by outlining the calculation of the ratios

BI‘L(D / } nd RBI\L(S /P ) from electroproduction data, em-

*

ploying a detailed survey of the electroProductmn of nucleon resonances
which has been given recently by Devenish and Lyth. In Table 1A we

summarize the values given by these authors for the masses and widths

of the lowest lying resonances. Although the Roper Pn resonance is

included in this table, Devenish and Lyth find that the electroproduction



of this state is effectively zero, and so we ignore it throughout this paper.

For the resonances U S.. and P.. we assumne that the trancverse electro-
33

13 "1

production cross section ¢, is dominant and ignore the longitudinal cross
. T

section opr an spproximation which shouid be gond to an accuracy of roughly

. 15 ... . . '
30%, Making this assumption, we get from the graphs of Reil 15 and from

. 17 . .
an carlier summary of Clegy the transverse slectroproduction ¢ross sections

at resonance peak, denoted by o (B, t}, which are tabuelated in Table IB,

T

From thesea the olectroproduciion cross sections do’cm(B, B #)}/dt which

appear in Eq. {4) nrec obtained by

. 2 2. . 2
,do (B, E1) T, Mo (M - M) Zic, ko coz 18/2)
¢ — = CONST x —=—2 = 20 1] 4 =t c (B, t),
Gt 2 -.2 T
rin I:c.[
(13)

with M_. the nucleon mass and with ]:c1

N ’ k.?.O’ [k[ and 6 thg initial

0

lepton cnergy, final lepten energy, leptom three momentum transfer and

-

lepton scattering angle in the B rest frame,

2 ' 2
My + 2ME - M

k.20 - Zi'.l-'.B '
VLI
Ko T Faotker Ko T M ’
: B
(1)

. 2 %

.28 '

sin” < = t/(4 klokzo).

Performing the numerical integration of Eq. (4) using the data tabulated in

Table I, we find
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ot .
Rem(D13/P33) ~ 0.50 ,

+ (15)

' +
Rem(s 11"P

1, MODEL CALCULATIONS

To obtzin theoretical predictions for the rctios r defined in the
preceding section, we have performed calculations using three different
models for resonance production. The first model, which we call the
Born approxzimaticn model,l’ ? approximates the multipoles describing the
process §f+ N =B = = +N by their Born ai,pp*z'o:f:i.rr:a.ti..cn'x.e;.18 multiplied
by a suitaﬁle W-dependent but kz-i.ndependent unitarization facter. (The
model ignores 2all channels other than the wN channel, even though some
of them are cobviously important}. In the narrow resonance approximation
this unitarization factor divides out in our zpplications, and so only the
Born approximations, arising from the Feynman diagrams of Fig, I, are
needed., We have evaluated this model in two different forms, which re-
spectively omit or include the w-exchange diagram of Fig. 1. The resalts
obtained from the two forms, as we shall see, are quite similar., Further
details of this model, and the evaluation of ’the coupling pa.fameters appear-
ing in the w-exchange diagram, are described in Appendix A.

The second model used is the standard nonrelativistic quark model,m
3/2

‘ : . - X 1/2 . .
which we evaluated both with mixing of the 8 into the 8 confipuration

(uéing the pa.ra.nieters summarized by Hey, Litchfield and Céshmorelg)and
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also without rixing, with results nearly independent of which form is used.
Further details of the calculatiens in this rmodel are described in Appendix B.
The third model used is the quark bag modcl.u which is calculationally similar
to the usual quark model but differs from it in its wave function assigoments
for the D13 and S11 states. In this medel no mixing occurs for the DIB
state, but there are two possible wave function assigaments, which we have
labeled #1 and #2, for the S11 state. Since no determination of the mixing
angle has beer made yet in this model, we have surveyed the set of angles
-60°%, -45° -30°% 0% 30° 5% 60° 90° Details of the quark bag calcula-
tion, and of the dependence of the results on mixing angle, are given in

Appendix C. :

Numerical results of our calculations in the three models are sum-

ros BNL

marized in Tables I, i and IV, which give respectively the ratios T .
rBNL and rBNE" - From Table Il we see that the three models give
va/em ch /v

. ] . BNL . ..
reascnably consistent results in the case of T » particularly for incident
neutrinos, with similar results obtained for ali three resonant states, From
Table IV we see that the isovector vector-axial vector interference in a

neutrino beam is constructive for the D13 and Sll. states, just as it is for

wcak production of the P33 resonance; in this case again the three models

give nicecly consistent results. Turning to the ratios rf:ji: tabulated in

Table I, we sce that although the three models continue to agree well in

their predicticns for the P33 state, the agreetnent for the D13 and Sll states
BNL

is poor. In particular, an infinite prediction for r=
va/em

+ .
(D13) in the bag

model arises because {as has zlrcady been noted by Donoghue et al.n) the
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reaction y+ p = D;3 is forbidden in this model. 20 Even leaving the quark

bag model aside, the agreement bctwee-x the standard quark model and the

BNL

Born approximaticen model is not good in the case of the ratios Ta/em
- . v ol

1IVv. APPLICATIONS AND DISCUSSION
- Armed with the numerical results of the prcoceding section, we return

now to the issues raised in Sec. 1, Substituting the values of T from Table

il into Eq. {10), we find for the ratios RBNL( Bffl-’;a)/ LI‘L(:’ B/ } the

rezults summarized in Table V. These ratios measure the prominence of

tha I=1/2 resonances {relative to the P,,3) in neutral cuorrent reaciions, as
3 a

compared with their prominence (2gain relative to the 3-) in the charged

- 16 , . s 2
currant case. We see that in the Weoinherg-Salam model, h.h sin 8 in

‘*e rarre of ext:er:r::e'utal interest. the three production modals all predint

MM

tho ¢ the #2tios D _,/P. znd S /P,\3 chearved on frce nucleon taructs z-2 at
Loie TR0 &nd 3 :

leas: 2 factor of two smaller in the neutral current than in the charned current

czge. A 2 result,. 1f the I=1/2 resonances are found not to distort seriocusly

b

variant mzag plets in the charged current casge, thev should not be expecied

-

to do 5o in the ncutral current case. Turthermore, the production of n's

from the SI.l rclative to the P33 zhould be smaller by 2 factor of twe or more

jn the neutral current than in the charped current case. The meodificatiens to

theae conclusicns result mg from charge exchange corrections in complex

nuclear targets 2re given in Appendix D,
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Substituting the values of = from Table I into Eq. (12), we

. va/em
! T . INT +

get for the ratios RBNL(V B+IP+..},’RL l"(Bﬁ-/P .} the results summarized
ch 3 em 33

in Table VI. The predictions cof the three models in this case are not in good

accord, and so we carnol exiract irem the slectropreoduction data of Zg. (15}

a firm reosult for the raties T,./%. . =nd S, /T
* 33 117733

P

to be ¢rxpected in charge
current reactions. The best that can be s2id is that based on the models, the

rescnance production ratios might b2 expected to lie in the ranges

BNL +

0.8 = R D/ ) S 2.¢

ch 13 733
(16)
BNL +
< 1 ’ (
.2 = Rch (v si ”p:«z.) 2 LG,

with the lewer ends of the ranges favoring the guark model valuses and the

upper ends fovoring the Born approvimaticn model values.
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APPENDIX A

We give in this Appendix further details of the Born approximation
model for resonance production, which has been bricfly described in Sec. 3.
We follow closely the rmtati.«:\nz1 of Ref. 1, which gives an extended discussion
of the kinerz;.atics' of weak pion pz;oduction. with a particular emphasis on
P33(123 2) production. As we have already noted, in the Born approximation
model the multipoles for resonance production are equated to the Born ap-
proximations projected from the diagrams of Fig. 1, times a unitarization
factor {calculated ignoring 2il channels other than the wN channel} which
divides out in our applications. The relevant multipoles may be read off

from the creoss section forrmulas for neuvtrino induced resonance excitatieon,

2
=

. g 2 2
= CONST X J—:EL {£1[4(‘]E2_[ + 90, _1D+1adm, l2+ !C’Z_IZ)]

a(x’)
| 2 2 .2, 2 2
+ 1, B[k L, 15+ M) L, [
E %
+ 1, Re[-4E, TN +12M,_ & > 1Y
do(S, , E k) -
’ 2 2
M = CONST X -L‘ijz- {1, 2E,,|° + 1,1
ak®y - E

2 2 2 2,. 2
SRR ¢ S I N S SOl B

*
+ i Re{zEO+JR0+)} .
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2

do(P, ., E k°) - '
33 ) [] 2 2 2. 2

ot = CONST X = CACHEt |d'l+| ) +12(]E 1%+ 1R, 19)]

IZ] {(A.1)

2 2 2, 2.
RIS L S N

* P
+ f Re[-4M1+€-1+ +12E IR .1},

3

%kz[l-i-Zk

2 -2
£ = 10520 €°% (6/2) 7|71 >
2, o 12 _ 2, -

f, = 2k k,, con (e/2)/|x|", £, = Bl otk o)k /x|,

{ +1 v incident

£ = _ .
-1 v incident

- .2 2% .2 2 2 .
[a] = (ag-M)*® ., q = (Mp - Mg+ M)/(2My) .

For neutral-current induced reactions, the vector multipoles

Vv =M, E, L a2nd the axial-vector multipoles U = IR, (f,<£ appearing

1
in Eq. {A.1) are related to the multipoles with definite isospin character vis 0),
L 4
Atz 0) and the iscespin coefficients a:(E"' ) » defined as in Ref. 1, by
. () () (0)
Vo= oag [e gV3V +9gVSV ],
P E)y (3 (0) ’ |
= af [e f;A3\ﬁ? +3gASO%- 1, (A. 2)
i 1
_ (2 2 1\¢
Bys - \3) Bvo't ("3') Byg °
_ (2)% 3 +1 p target
Bas ~ \3 gA0+(§) Bag ' °© y

-1 ntarget

In terms of invariant amplitudes, the Born approximation associated with

Fig. 1 is completely specified by Egs. (2E.5) and (2E. 6} of Ref. ! and tke
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-

following expressions for the nonvanishing axial isoncalar and the w-exchange

. 21
armplitudees,
e
RUE: Eal ( i 1
1 - : 3 ’ - - -+ } '
r Z\&N Vo~V Vet
5.2
7, (k) \
A i} (A 3)
3 T ZM. Vo, =V P+ /
At I3 B
avPIB | " Bumy Pumn Dle)
4w 2, 2 2
ko -404 v +yn =24
JA T
Here g. = 13.4 is the pion-ruclcen coupling conatant, gw-.-ry and S“’ are

2¢ indiczted) w-exchance coupling conntants, and D(k '} is a form {acter

2

. 2r.,,2 -l .
=hich we tzke 25 [i+%k/0.9GeV)] 7 in the rumerical werk. In addition
to including the Born amplitudes pa2r se, we have algo included in the nodel

.
the following additione which bring the Born amplitude inte agreement with

snreth order selt pien thec:cms,23
(«5-‘) - En V.2
AVI = ¥ FZ(K ) ]
1
) fr
.{0 ) S . 2
av, - \; Fo")
N 2
=) E: 1 T8A¥) v 27 (A.4)
a7, SN 2 1TE0 'Fl{k)_]' '
noxT LB
(=} 8- v
LA = ¥ (k} r
3 .
2 .J\: ;;A(O) 2
- g, r v
AA( ) T -—— F\(kz') -g,.(0) g (kz) +ZM_, F (kz)-| .
4 2 1 Al A N2 _|
] - MyEa@ -

Starting from the invariant amplitudes, the Born approximations to the multi-

poles appearing in E3. (A.1) were caleuleted algebraicall.-f using the cquations
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in Appendicern 1-3 of Rell I, and were chrecked against an independent calculaw

tion by numerical inte

o

3
-
o]
r
o
o
3]

In the nerneriezl calculations within the framewcerk of the Weinberg-

Salam moedal desceribed in the text, the isoscalar axial-vector form factor

Lol -~

5 2 ot .
Ha {(x ) does net npnoar, Ver the weorchonge paramtiors, we usad the
following cstimatsa. Tirsg, assuming w-deminance of the nucleon form

\

9
factor 1"1 (% } {in ¢-nucicon coupling g very woak) gives the rajaticns’

-
Cury TN 1 — 1 __SF P
- 2 -~ 2 ]': s } >
[ -
imn 14 L
"_L'
2
0
[43)

R

i
9
-
(Y]
b
o
L)
ity b
-
ta

= 0.85 + 0.05 MeV,

)
£
|
A
<
)
R
P
-
et
-
)
J

~
<

(A. 6}

- 4 :
Plo=c'e) = wazmu<—w1 = 0.76 + 0.03 keV,

imply the coupling constant values

1l

(2.53 + 0.13) (GeV)™!

o . {A.7)
0. 066 + 0.004 .
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Combining Eqs. (A.5) and (A, 7) gives then the estimate

-1
Igw\! ngNl (3.1 + 0.22) M_" . (A. 8)

. To determine the sign of gm_‘{ EwNN

» we note that in the limit m = 0 the
vector megon-photen analogy becomes exact, and the w-cxchange diagram

- : . . - . v .
of ¥ig. 1 becomes identical to the Primak»off diagram for = photoproduction.

. . .26 . 0 .
Comparison with the known sign™ of the amplitude F{r ~ 2y) relative to g,

is also positive,

then indicares that for pesitive & the product gum\! Bonpr
"

2nd so we have finally

-1
= A
gwy ngN +(3.11 + 0.22) M:r . (M. 9)

in térms of the parameter B used by Walecka and Zucker9 to describe the

w-exchange contribution to plon electroproduction, Eq. {A.9) corresponds

27 ' .
o ‘

B = 1.68 + 0.12 ., (A.10)
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APPENDIX B
We give here details of the nonreiativistic harmonic oscillator quark
rnodel for resenance preduction, Our calculations follow clesely the work
, . 10 10 ., .
of Faiman and Hendry — and Abdullah and Close. ¢ worle throughout ie

. 10 s . . * * ;
the Breit {rame, where the initizl and final lepton exergies k'10 ' kZG » the

%

%
lepten thiree momentum transfer |k [ and the lepton scatiering angle §

arc given by

2 -
. 24 E- 3t . ZMNE+MN~M;-%t
X0 © N Koo = T 7 Tz % ,
[2-{1\'\N+ -.uB}-i'\.] {h(MN"MB}'{'tJ
2 3. (B-I)
RS B LR Vi L
¥* ek, D N L2y ® ¥ %
k = x| = [t > 3 [, sin"(367) = t/@klokzol.
| 2(Mp + MNJ +t _l

In constiructing the I= 4 resonance wave functicns, we allow at the outset
for maixing of the quarik spin 3/2 states in the baryen 70 representation of

Sij into the states with quark spin 1/2, 2according to the recipe

i/2 3/2
{1503) = s - 5i
811.150.,) co 6’5 511(3 ) in 85 SH(S )
(B. 2}
- S1/2 o 3/2
D13{1514) = cos &D D13(8 ) - _sm&D 1?13(8 ) .

For the {overall totally symmetric) wave functions of states with anguiar

mementum component S we take



e 1 1 O, : ,
¢lpi938); 28] = ~reLllis> o PP + [Es3 g @O0N)]
< ;3 Yo
WP, 02323 38] = v {382 Lps(.,,:e'l),
mTB+(81/2};JS] = <JS{iMia> WIMLs),
M, s
2
dnt 8, 38] = <35 ‘-;-slMx>¢(lM—s) ,
M, B
3 toe B =
fz for B—D13
1 r
l; for B =S,
. Q. : ,
wiivte) = Ry ma) - (is3 ¢Q(Q952) + [.}.SE by (3 TP ]
1 O oy 5> 7503 A
+E ﬂ (1\&)[]2 B> dJ (‘.{«J )-]" ] - ln]-’ (qu._;..,)],
P B oa

gamZo = L (S de u GO + 4T ma|5e b (PP,

4
27 p
with the o and g’ states bases for the mixed symmetry representation of

3° The orbital wave functions § appearing in Fg. (3.3} are given by

. ’ —e - — —
Yo T NO exp [-% 62()\2+p-)] exp iP-R),

) - L, =2 =2 - =
Yetlar) ™ N expl-3 870"+ 7)) exp(iP-R)

,?—l;()\ +ix)
\ 2%

Of1 0 2 -t - — 4 p \\
4‘5 (;_!_1): I\l exp {-3 Zm +p2)] exp(ii’- R) i z ) ’
— — +'

+“;%‘(Px_1pyj
3,372 ,3/4) /2,
No-6/( ,‘Nl-z SNy

. —
writh “he center-of-nass coordinate R and the relative coordinates )\, p

(B. 3)

{B.4a)
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with

o the csciliator fregumncy.  The orbital

(B. &
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I [ lxyz>+ [xzy> + [yxa>+ [yme> + |zxy>+ {2y=>],

;i’S(sz) - &2

I

[

‘Qfa(x-xz) [ fzxx>+ [xzx> - 2|xxz>],

6 {B. 6b)

1

\.'aﬁ(:n:z) [ |z > < [xzx>]

[y
wh

dencting the symmetric and mixed states of the quark spin or internal

aymmetry variables. Note that 2ccording to our conventions, the state

-

!xyz> is a2 product state in which quark 1 1is in state =, quark 2 is in

state y and cuarxz 3 is in stite z,

Letting W}\ denote the lenton current
W, = S B,) v, (1-v.) vik) (B.7)
S R S e .
we proceed now to evaluate quark model matrix elements of the interaction

cperator

m=wd* - T om (B. 8)

A quark i 6 -

3ince the wave functions are symmetric with respect to the three quarks, it
suffices to keep only one of the three terms in Eq. (B. 8) and then to maltiply
the ampilitude at the end by 2 factor of 2. It proves convenicni to keep the
i=3 p-iece. since then the overlap integrals involving the 3-typec orbital wave-
functions are zero as a result of their antisymmetry in the 1 and 2 -.rax_-iables.

Taking the nonrelativistic limit of J%, ., we find (with T, ,;, ¢ and )\j

{(3)
understocd to be, respectively, the coordinate, canonical momentem, Pauli

spin matrix and SU3 matrix for the third quark, tzking the z . axis {o lie along

—%
‘he lepton momentum transfer k , and letting Mq denote the quark mass),



JN ~ 3\3%(

non-relativistic
limit
+ o + o
+P__ _e

1
]

*

iy

b

—}-—J——(GW -ch)-I-Z

28 M
q

4
1t

£
fl

On taking matrix elecments

above, we {ind {quantizing

s = 3 |Mlp s=4>

| —

A

M
q

-

lw = ; ;
[szz-l- ‘v‘i_]_p_ + ‘h_p*_l

c W
=z =
J{::i

Nl

&%
cos (-5—8 Vs

£ 3 * *
107 Kootk
o -

T

spins along the z axis)

Y L

+ a‘+W_ + u'_W_i_-l

1
in{z

+*ﬁ—1 w

(B.9)

%y .

of Eq. (B. 9) using the wave functicas constructed

3843)

r

]
i}

28as " 3 3843
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<D;3+ S= -3 |Z1L]p.S5=%>
hc::D T‘ffiw-:-gvs"z C_Z'""I W, r 3 /M g’ Bvs? gv3’+g;\s+§gn.3*[
- S,::-)- z“'+|(’-k e o (Byvg- 3 Ey3) *8pg - '137%3]
<Dy S= -3 |Mip S=4> =0 ; (B.103)
<8, S= Tl f, S= 1>

3 g IW (g +3g )
¢ % Mq z°V32 0'®AS " 3 A3

cos £  r 2 sm.ﬂs 1
R i_“"o gvs“"'z(gAs"ng.as}] PR A A IR N Y
zin g, 1
-2 5 3 Wz L ..
;f M 0fas” 383>
<Sll’ S="% l’:-‘;:,E'lz:‘\’ 52-21—>
cos d, I coz @
= —2 2 5w et 2 2, 1
S TLE M Wogyzt 5 LW, 2R M NEyg+ T8y3) ¥ Epgt T8p3 )
sin 2
s S . e rl. * ! l...,. b .1_,,,. -]
2T LW R M NEys - TRyl T EAs T T Bas | (B.10b)
<P,5: S= e, S=%1> = _;IGW ]r-(z K /M }gv3+ "A31!'
= . -l
3/2
- 11 S=31> = ‘
<Py S=2idtip S=2> = TFIW g,
s - Sl s 21wl 1
<P,,, 5=-zlilp S=2>= 1,V (zk W2y g Eva Basj "
3, ,
<P, S=-Jid0|p. 5=2>= 0. (B. 10c)
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In the above cquations the constants E-g and gps are defined as in Eq. (A, 2}
]

while the integrals 1

0,2,3 :
1 {k\
Ip = &P [' 6 \'s) |
LR . (B. i
L= 71 -510’ I, =71 %1y -
3= 3

The resonance production cross sections are cbtained frem the matrix elemern

i
. I\,( . —
of{ls. Jht - H . . A
9'-—'(T. = CONST ™ -—-31 J Ls |[<BS|TRpS = i >l
ot 2 \l S
ool (3.1
| . ‘-1\
& - ¥ — oy . LG, 4 : .
FiBa5T Az Bast TRast s :1J{
= D, , P,
B Y13t T 733

with the second tarm in the curly brackets giving the coziribution from

S = -4 initiai prolon states, Fer incident antincatrin the sinm of the

-«
axial-vector amelitudas is reversad, while {or newtron targets, the si
v g
of the isovecter amplitudes is reversed.

- our nemerical caleulations we have feilowed Abdallah arm Clese

-

in checosing

0.14 (G=V)“

cn
§

(B. L

M 0.333 CGeV.

9

. 28 . o . ) -
The "no mixing" case” is of course evaluated with & = 95 = 0, while when

-
we include mixing we use the angles suggested by Hey, Litchfield and

19
Cashmore,
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6. = 10.2°, g = -29.4° . _ (B. 14)

=

Iz an earlier paper, Faiman and Hendryzg suggested the mixing angles

-eD =~ 35° or 1270, BS ~ -35° or -90° Thesc all give results qualitatively

similar to those found using Eq. (B.i4), except for the case Gs = 90°, Here

+
we find r:NLtv Sn; B,l,‘_) = ], as a result of the vani:-:hing30 of the elzetro-
. cps + ,.3/2 : . 29 .
magnetic transition y+p — SH(B }. However, az Faiman and Hendry  in
fzct argued, the fact that the 811(1505) is electromagnetically excited argues

against the choice of 90° for the mixing angles Hs.
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APPENDIX C

We give in this appendix details of the resonance production cal-
culation using the MIT bag model. 11 Although internal quark moticons are
treated relativiatically in this model, in the approximation which we use
the overall resonance ceater of mass is treated as statics hénce again an
ad hoc choice of frame is necessary. For caleulational convenience, we
have choszen to work in the Breit frame, allowing us to take over intact
the lepton kinemmatics develeped in Appendix B.

We begin by constructing the bag model wave functions for the p,

P33. Dl3 and Sli' In the case of the D13 there is only one possible bag

model wave function, and hencé no mixzing. but for the S11 there are two
possible wave funestionrs, which we denote by Sllm’sll (2}. We defines the

physical & [1505‘ state by again introducing a mixing angle OS (not neces-

sarily the same as the mixing angle OS of the nonreiativistic quark moedel),

he]

Sl,{ISGS) = cos 8? Si’ i} - sin GD S {2) {C. 1}

For the wave functions of states with angular momentum comperient S, we

have

Y[p 9381 58] = ¥ g Oless) _I'[]25> ¢ @3’31)+|‘ 4, OF 2] . (C- 2}

5%

¢[P33f1-:.32) s] = ¢ (sss) [-2— s> PR .

b s¥s

+ 3 3 1 o
$ID,505): > 5] =|3 S>S-§E¢a(ssp) b FPH) + 4 (ssp) 4 PPI]

g

O .
NGO EHEE X (sju -1z s> w TR +] % > 555

3 ¢§(<bp) [ lzs> P (’9’,?.71.-} +|zs> ¢, ®P1 .

PRR]

ISy @3EST = g (ssp) =1 [1Lon 4 PP + [25% ¥ (*Pn)]

[+4

ha’::rj -



Tke spin and SU, wave functions are precisely as in Eq. (B.6), while

the orbital wave functions are eanstrected in terms of quark Dirac s-

an<d p- orbitals in the {ollowing manner,

(ssg) =d_(z)d_ (7)) ¢ (r.),
.,01 SO Z 50 3

{rll AEJp{rZ) ¢31(r3)

] I a

350 = ! bR I URN ¢+ ;
123 ‘_Z_'[u 1( B 1(I'Z) \,pr 3).-{-1],5

1

+u (r)p_ (r ) {r.)],
P 1 ..1 A 81 vl

T{o (200 (2 )9 (r )4y ()0 (530 i)
| 62 p‘ 31 s .,1 3 ..,1 1 p 2 Jl 3

22 (r)y ( ,
“a, 1""51,"2)%("3”

f“’p‘ﬁ)“-"slf*‘z""sl"s’_""s CRUNCRL

1 1

& EX

y N .
9 {‘30{“’") 1 . 5 ( &y \
3 (4m)2 '

. { z — . -_ ok
g (r) -31 t'blr)c-'-ri »

’. . — A

foy ] ;1}7{?_2'} e r .

.:_\-) = -'1 (j‘ (__‘_} N
t {#7)° 0"

nste that theze are matrices in Pauli zpin rpace which act on the spin

vave uncticns of Eq. {C.2). The functicons j0 and jl arc the usual vector

epherizal harmonics defined kelow in Eq. {C.11) while the cenciants 2, b

L) w W
11 1-1 1-1 )
2=, b, bir s @) = 2.04, w = 381,

=rith P'O and R, the bag radii appropriate to2 the sss and ssp orhiinls

1

respectivelr. Following the MI

{C.3)

{

f
)

C.4)

C. 5}
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-~ . a7 ow
L. lLRT R, (C.7
1 2
vhile the normalirztiion constrontc N arnd N are given by
had i
: I
-~ _'t‘_ - .“L
i'_ “J _i:' r t-:j _i':
— T ; ~ . 1-1 .
N 3 = 1. N = — = .
s ; Lo i e -t . - '
0 | AR, ~irin g, IIZR fe, ~Dain e, 0
- s 3—1 e Do - L | St A=y
b
~+ I (c' «
r .r_l\-- =
. 1i !
N_ = |—= — | .
° an? Deoin”
L"""‘ (o, . +1)ein w __I
1 i 1i
Heaving speocificd the brg model wave Tunctions, we procesd o
- - . - . . . e - - . —
cvaluzte mattiy ciomente of the intoraction cpeTilor 4 — Sl red in Eqg.

plr at the ond by a factor ol 3. Sirce nenvanlishing contributions to-the
rantriy elemonis for D, o2 8, excitation from a nunleon zre cbhtained

only wren the currant couples to the sintle p erbital in the D

. b 13 11

wrve functions, we define an effactive interzction opercior 20 in gnin-
PEe "

unitary §pin space a3 the matrix clement of Eg. (2. 8) taken ‘rom 2n s

toa p Dirac ertital. Evaluation of the spatial integrnls then gives
3% P
e _ L A Ty L - T T r
S el S I c =lI,+TI.-2 W o
“bs 2z ;=073,8 g‘.’J J{ 10 ,;_z__[ 2 3" ‘-i)] z
1 -
2]

I(W.o -W_o )} . (C.9
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with the con‘;ponénts of W as defined in Eqg. (B.9) and with the integrals

Il,..-. 5 given by

f r dr Jl(k r)[_]o('ar)JI(br} Jl(ar)_]o (br)] .

-N N f r dr Jo('-f r)[JO(ar)_]O(br) J (a.r)] (br)] ,
O

0 P
13:: N N Orzer (k ) j (a.r)_] (br)} ,
By P 0 1 1
= N N f rldr 5,00 j amj 0]
R ]
I = NBONP fo rlar 5y & r]fjo(ar)jlfbr)+jl(ar}j0(br)] . (C.10)

The spherical Bezsel functions j0 1, 2 2Fe, 28 usual, given by

. _sinx
JO (x) - *® »
- sin x co8 X
L - (C.11)
. 3 ) 3 cos x
_}z(x)-(—3-x)sznx- 5 o
, x x
Eecause the sl-orbitals in the D13 and S11 have a radius R1 vhich is
slightly different.f'rom the radius RO of the s 0 orbitals in the nucleon,

their overlap differs slightly from ﬁnity, giving

02

1-6 = N_N_ f "z%r e 5o (o )i for) +§,0 i el . (C.12)

%o 170
However, since in this paper we only study ratios characterizing different
modes of excitation of the same resonance, the overlap rfactor defired in
Eq. (C.1Z) always divides out. Procecding to evaluate the spin-unitary
gpin matrix elements of mps {again taking the lepton momentum transfer

x
k to lie along the z axis and quantizing spins along this direction), we

find the following production matrix eiements,
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>

Nl

3 [}
<qysﬁyﬂﬂms=

.!-. 2 2 __1 _-_I
> - )27 w {- (1,4 3041 a3 Byaltl 8 3 8 450 -

<D.,,S=%{alp.5=%>

13

- {i- '5} (I-V +[I+2 -21 )]Y‘r’}{g -—I-g ) .

32 3 3 4 z° TVS 3°Vv3

<Dy5 S = --;-[1:[9,5=.;->
; 2

_Z;- 1-51°w A+ 5 a,41)] (g 3 By3) 158 4g 35A3)}
< Dl3’ S= -“[?:Clp, S'—’-%’>= 0 :

- i _ pd . T 7 B 1 _: B :
&8 Hlap21) W+ W Jleos 60 g, .+ § sin 0. (g 48, 5)]
1> _2__ é, Bn . g_ . l . B 5
LW+, + T 1= T1)W_]{cos € (845 3 8y3)tz 5in O (gvs*igvs)]}’
<SyS=-ihufp.s=3>
1 l . 5 -,.
s -8)"2" Wity QHI Ig)] [ccs GB(gvs t38yg)tzsin eg(gvs*’igw“

r B 2 , 5
+IS§_ cos BS{gAS+3gA3) +Z .,me o4

s ©ag 3gA3)]} . : (C.1

To calculate matrix elements for the p to P transition, we

33
follow a preciscly analogous procedure. 'We first define an effective inter-
action operator ?fiss in spin-unit2ry spin space as the matrix element of

Eq. (B.8) taken from an so to an sa0 Dirac orbital. Evaluation of the spatial

integrals then gives

3
7 73 240.3.8 Bv;

- 3/2 2
MALWe+ 2T 1,6 Wo-e W)

2=~
}2: 3 £ : 3 ,__ ’ )
2 j= 38g! {(.s.+ I )a’W 2 ( = HG‘W +o’"r\r ]} . {C.1
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with the integrals I ) 4 given by

l,nc-,

R .
Z 0 2 2 .2 . o
;1 = Nsofo r dr] jo®r)-j; (b)] Jgfk T},

R
» e 0 2. . . N
I, = N J “rhdr jofbr)_llﬂ)r)_]}ﬁt ),

¢ o

R
» 0 2 .2 . T . oo ¥
13 = N50f0 rdr j, br){ Jofk r)-ZJZ(k. r)]
~ 2 Foa2 *
I,= h“ofc' ridr j; (br}[;ofk r)-rjz <} . (C.15)

Evaluating the spin-unitary spin matrix elemert* then gives

-ZW

:\3] !

-1 As Ly el T+21
<Py S=-g|Pfp. S=i>=2 W [21, g+ (T+5108,,] .

3
P,s S:-:-z—'[;,‘.(,fp, S=£> =0 . _ {C. 16)

ey,

ine resonance prcc’fuction croas gzctions are obtained from the matrix
elements of Egs. {C i3) and (C. 4.6) by substtiutlon inte Eq. (B.12).

Unlike the situation in the nonrelativistic quark model, where
phénornenoloélcé.l determinations of the'mixing angles have been made, the-re
is &t present no clear theoretical guide as to what value should be assigned

.. B - <
to the bag model 81:l mixing angle GS. Hence, we have done the numerica

' - 32,
work in the'bag case for a sequence of mixing angles spanning”™ the range

B
, with results for the ratios rENL and RB\IL/R N'Les £ummarized

om - L o
ir 5 * ch

IE

in Table ViI. We see that gualitatively similar results are obtained for
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ali angles exept thosn in the vicinity of -30°% to -45°. At o

ratio r \L Sl" ) is identieally egual te 1, indicating that the {rans-
n
B o .

ition y+p— S, {1505} is forbidden at GS = -457. [ Inde=d, as expected,
5 3 <,

. et I .
(v §,,) tecomes infinite in the brrmodel at SS= - ;1 » Since,as

va/em'’ V1t

argued at the end of Appendix B, electromagnetic excitation of the Sil is

B , =0
observed, znglez OS near -45 would secm to be an urnlikely choice for the

bag model mixing angle. It is tempting, although very conjectural,’ to
carry the reasoning one step furthier, by identifring the wave ft.:rrct:.on of

Fg. (C.ly =il 87 =45 as a bhag model analep of the + 3 vIrk
”~ & £

medel state ({or which vy + 7 — S lro vaniches 7), and the orthegonal

. o B -
state, obtained from Eq. (C-1) with OS = 457, as 2 bag medel anzlag of
Q £ % 34, L
the & (6¢) state. If this azalogy makes sense, than the gunrk model

: : ' ° : : .
wave [unction with OS = -30 would have as its bag medel analog the state

. cie. =xn B o < B .0 o) o)
descriked by Eqg. (C.1) with either 6_ = 45 -390 = 15° or 8= &5+ 30 =75,
. S 3
. . - . o) o B o
giving bechavior very cloze to that found for 6y = 0 or GS= 90" recpec-

tively. In Tables IIB through VI, we have given resulis obtai ed from the

. B .o _B o .. L. .
bzg model calculation for GS= 0°, SS= 3¢, whnich look vervy similar and

) .~ BNL, BNL . B o _ ..
give ratios R° 77/ R 1; cf around 1/4 and alsc for By = -30°, which as
. n .
has already been stressed, behaves in a qualitatively different fashion

BNU/QB‘\IL -

and gives ratios R in the neighborhood of
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APPENDIX D

In this appendix we briefly discuss the charge exchange corrections
?eedcd to apply the results of the text (which were derived assuming frce
nucleon targets) to the case of resonance production on 2 complex nuclear
targzet. 35 We start from the second relation in Eq. (10) which, using the

definitions of £q. {5), can be rewritten in the form,

L BNL o, °-,e, \ RBNL(pB-r,O[p-F 0
i o= = =2 (D.1)
s TBNL = Bm. -

(P'E) B (B!P)

. -1
+
e PNL Bt 4 o BN 59 e BNL P ;) + ¢ BNL B0,
_ n n 3 n 33
) BNL 4+ BNL, _+ .
2 T h (vB ) Zu'ch (vP33)

B --'Dl3 or Sll .

Following the reasoning of Eqs. (6) - (10}, we obtain for the two square
bracketed quantities on the right-hand side of Eq. (D.1) the individual

predictions {in the Weinkerg-Salam model)

. BNL, _+ BNL, _0
RBNL 4.0, _ o (vB)+o =~ "(vB) 4 BNL, o+.0y
n/ch = BNL, _+ =% 'n v gl
AN (vB )
ch -
(D. 2)
BNL + BNL 0
RBNL( P )= (I’P33) + ﬂ'n (VP33) . rBNL (pp +’ 0- e )
/h - 2o BNL o+ n 33 ¢ Owl-r
“eh Y33
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The ratios on the left of Eq. (D.2) still refer to resonance production on
free nucleon targets. To extract these ratios from experiments on complex
nuclear targets, nuclear charge exchange corrections are needed. For
simplicity, we conzider the case of an isotopically neutral target T,

containing equal numbers of protons and neutrons. We define the observable

‘ratios
{(D. 3}
+
BNL o AL U SRS VU L LT NS I S
R /eh (VT B=N=) = - BNL rena 0 g
" 2¢ (pT— B .. .= Nro...)
¢h
) .
BNL e PNL G TeuBt e B (T B L =N L)
R Jen (VT —B-Na) = BNL — ,
2@ (vT—pu B ...~y Nn...)
ch
and {D. 4)
: + 7 0
, BNL © crthL(vT—‘ vP33. . —-':;N-rro. <)t ath(:’Tﬂ vP33. . .--::Nv? -}
R (vT =P, —=Nn') = : ,
n/eh 33 BNL, - -0 DNL . -+t . 0
zlﬂch (vT p.P33...—1.L 1\17...}+o'ch (vT “PSS"'-.'*IS"“'}]

i e ] . . o
where ... indicates unobserved nuclear fragments and where the final state n
or n is the emerging particle observed after the resonance decay products

have had a chance to charge exchange in the target nucleus. As an immediate

conseqguence of isospin invariance we find

Y(BO-' n'n'oj = I‘{E+~' pn'o),

re’=pr) = = arh), (D. 5)
0 ) +

T(B —an) = (B =pn).
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Since in an isotoPicélly neutral target the = '~ have equal

probabilities to charge exchange iato 2 7:0 or to scatter inclastically into

an 7, we can immediately conclude that the effects of nuclear interactions
in the numerator and denominator of Eq. (D. 3} are precisely the same.
Thus for theI= 1 resonances no charge exchange correction factor appears

in relating Eqs. (D, 2) to Eq. (D.3), and we have

ENL 0 BNL +,0

R - - _ {D. &)
_R /h(vT 13 N} -Rn/ch(vDIB

Y.

BNL BNL BNL £,0

Rt/h (;,-r_.su-.Nq)_R'/ch{uT-"S \I-T } =R o/ch (v 51 ).

An analogous argument cannot o2 zpplied to P33 production becausc of the

strong P contribution to the denominator of Eq. {D.4). Using in this

33
czse ths averaged charge exc‘:ange formula given by Adler, Nussinov and

.36 .
Pzazchos , we {ind

(D.7)

(v P+ 0).’

BNL di+1-2d _BNL
R! T =P__—N 2 R
n/eh | 337 N 35 +1-28 . n/<h

o~

with d a parameter characterizing the pion 'charge exchange properties of
the target nucleus T and with $ and 5 respectively the charged pion to neutral
pion ratios expected for P33 production by the weak neutral and weak charged

cur?rents._ 37 For an alumirum target we have g"r-‘-’ 0.16, which when substituted
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37
into Eq. (D.7) gives

BNL 0 BNL + 0

N (uAl-* 33—‘Nw) =0.51K /h( 33 ). .{D'S)

Combining Egs. (D.1), (D.6) ard (D. 8), we can restate the conclusion

of Sec. 4 as follows for the case of an rluminum for other light to ma2dium
. 38 . T wyr e ) v - . 2 0
weight”  nuclear) target. In the Weinbess-5alam medel, with sin Yo
[

in the ranne of experimaeanizl intarest, the thver models n

ratios D _/P.. and S,,/P,” obrerved on nueionr tarrots ar
— i3 33— i L3

in the neutral current than in the chareed

L
0
[#+1
H
|
o
3
e
(8]
2
[&]
4]
M
tr
4]
€1
H
pae
}"‘.
e
r
i)
(]
1
e

resonances are fcund not to diriort seriously invarinat mass plots in the

charged cu:rrant case. they should not he cxpected tc do so in the neutral

current caze. Also, the production of n's from tne S11 relative to the

"33 should be smalizer in the neutral current then in the charged current

case, with the ratio of reconrnt 1 croduaction in the neudrsl carrent to that

in the charged current given by Egs. {B.2) and (D. €) and Tablés IB ang VII,
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BNL (v P+
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BNL
ch
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BNL

n

- + ,_+ 4+, _+
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3
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33
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Resonance B 1 (JP} Mass MB Width I‘B

{GeV) {GeV)

P 3/z (372 1. 232 0. 114

33 { } i. P -

P, 1/2 (£/27) i. 434 0.2

s11 /2104727 1. 503 0.1

D, 1/2(3/727) 1.514 0. 13

TABLE IA.

Low lying nucicon reosontnee parameters,

—— — — A, iy i S . T —. T — —— . T— . — —— — . T— . _n

¢ o, (D13, t) cr,.r (Sn, t) 0',1_ (.., t)
[(GeV)?) (rab) () (mb)
0 139 20.5 400
0.1 123 27.4 430
0.2 103 25.3 430
0.3 88 23. 2 410
0. 4 76 21.5 340
0.5 | 65 5 20, 0 285
0.7. 51 7.6 155
0.9 40 15. 8 130
1.1 33 i3.2 100
1.3 27 | At 75
1.5 23 . 10. 0 60
{7 20 9.5 45
1.9 £7 8.4 35
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T-4.
Born approx.

Born approx,

Ratio sin2 0 model (without Quark model Bag rmodel model (with
W  w exchange) w exchange)
BNL +
r (s P33, t?w} 0.1 0.33 c. 83. 0. 83 0.79
= 2L 000 ) 0.2 0. 69 0. 63 0. 69 0. 62
n 3 w
0.3 C. 58 C. 56 0.58 0. 49
. 0.4 0.47 0. 46 0.49 0,38
0.5 0.42 0.39 0.43 0. 3¢
BNL ~ _+ ‘
- . > 3: .
T (» P33, BW) 0.1 0,37 0. 87 0. 3% 0. 79
BNL +,0
= e} . ri
T .,.r I?:,f3 ; Gw) 0.2 .79 0. 73 0.77 0. 65
0.3 o 77 ¢. 73 0.73 C.58
0.4 0. 80 0.83 0.74 0,58
0.5 0. 38 0.93 Q.69 0. 66
TABLE IiC.

Table of ratios rfNL. defined in Eq. (8) of the text, for P33(1232} production,
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FIGURE CAPTION

Figure l. DBorn approximaticn dizgrams, including @ exchange, for

the process ;-1- N=-r+N.
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T-8.

Eag model S11 mixing angle 0?

Ratio  sin®ey, -60° -45° 30° o 30° £5° 60° 90°

- (#1) (#2)

:ENL{:}S;; ew)' 0. 0.8f 1.0 0.77 0.74 0.74 0.75 0.75 0.76

0.2 0.64 1.0 0.62 0.53 0.54 0.55 0.55 0,57

0.3 0.50 1.0 0.56 0.39 ©.39 0.40 0.40 0.42

0.4 0.39 L.0 0.59 0.3f €.30 0.30 0.30 0.31

0.5 0.30 1.¢ ¢€.71 0.30 0,26 0.25 0.25 0,24

ri’NLtvsfl'o; 8,) 0.1 0.80 0.87 0.90 0.82 0.81 0.81 0.£0 0.80

0.2 0.62 0.79 0.84 0.63 0.65 0.65 0,64 0,63

0.3  6.48 G.7T4 0.83 0.56 0.53 C,52 G.51 0.49

0.4 0.37 0.74 0.87 0.49 0.44 C.42 0.41 0,39

. 0.5 0.28 0,78 0,95 0.45 0.38 0.36 0.34 0.31

RSNL@SL!P;) 0.1 0.24 0.30 0,23 0.22 0.22 0.23 0.23 0,23

RS;EL(VS;/P;S) 0.2  0.23 0.36 0.22 .19 0.20 0.20 0.20 0,21

0.3 0.22 0,43 0.24 0.17 0.17 0.17 0.17 C.18

" 0.4  0.20 0.51 0.30 0.16 0.15 0,15 0,15 0,16

0.5 0.17 0.58 0.41 0.17 0.15 G.15 C. 15 O, 14

RSNL@SI{Q/P;;O) 0.1  0.24 0.26 0.27 €.25 0.24 0.24 0.24 0.24

RENL ¥ ot 0.2  0.22 0.29 0.30 0.25 0,24 0.24 0.23 0.23
ch 117 23

3.3 0.21 0.32 0.36 0.24 0.23 0.22 0.22 0.21%
0.4 0.19 0.38 0.44 0.25 0,22 0.21 0,21 0,20
0.5 0.16 0.45 €,55 0.25 0.22 0.21 C.20 0.18

TABLE VI

B
S

S11 configurations, The wave {unctions labeled #1 and #2 correspend to 82:

Oo. 50° respectively.

Ratios in Table IIB and Table VI vs. mixing angle @_ for the two bag model



