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Abstract

Electromagnetic form factors of the neutron are calculated from
recent inelastic e-d~scattering measurements which were perform=

ed a8t the quasi-elastic peak and at momentum transfers below

5 f“e. The theory used in the analysis includes & realistic de-
scription of the deuteron structure and of the effect of intere
actions between the outgoing nucleons. We find that the rescatters
ing corrections are very important in this region of momentum trans-
fer. Concerning the charge form factor G, of the neutron it is
concluded that meeningful results cannct be given at the moment.
The magnetic form factor of the neutron GEM/u2 comes out still
larger then but closer to the magnetic form factor Gm/u1 of the
proton compered to former analyses., More measurements around

2 - . . . s
g = 1f 2 gseem to be very interesting in this respect.,



T, Introduction.,

Recently E.B., Hughes et al.1) measured very precisely the ratio of the
elastic electron-proton cross section to the quasi-elastic electron-
deuteron cross section over a range of momentum transfer q2 from 0.5 to

35 f-z. From their data they deduced the form factors of the neutron

)

by final-state interaction effects taken from the theoretical work of

on the basis of a theory developed by Durand 2 which was supplemented

Nuttall and Vhippmann 3). It was found that for q2 values larger than
gbout 6 £~° the square of the neutron's charge form factor (G2E)2 is

consistent with zero, and that the magnetic form factor G, follows ra-

ther well the law G

G

o = u2 ﬂ:“ = u2 G1E: where GIE and G1M are

the form factors of the proton and Hy and My the magnetic moments of the
proton and neutron respectively. On the other hand, for q2 below 6 f_a
imaginary values for the neutron's charge form factor GQE were found

even when the experimental errors had been properly taken into account,

oy CETE out ;ppreciably larger than one.would have

expected according to the rule ng = G”j which is fulfilled for the
‘ ; .

The magnetic form factor G
higher qg.

Unfortunately, in the low q2 range the corrections to Durand's Born
approximation theory 2) applied by the Stanford group are large; they

were not based on a real evaluation of the theory but had to be extra-

3)

o]
[

polated from the results of Nuttall and Whippman for q2 above 4 1 -,

This procedure cannot be regarded as reliable as has already been point-
ed oud by Hughes et al. 1). Therefore, further theoretical analysis
of the inelastic electron-deuteron scattering for small q2 < 5 f-a is

very desirable.

Last year two of us presented results on a theoretical study of the in-

-2 )

Only a few examples concerning q2 and electron-scattering angle 6 could

elastic electron-deuteron scattering in the q2 range from 2.5 to 40 f

be invesiigated because of the rather lengthy numerical calculations
necessary to evaluate the cross section with final state corrections.
Furthermore, our study was limited to scattering at the quasi-elastic

peak. We put our emphasis on a realistic description of the d-n-p vertex
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function and on the corrections caused by the final state interactione.
Concerning the last point it was found that the rescattering corrections
are not very important for momentum transfers q2 above 6 f-z but that

for q2 below this value they lead to an appreciable reduction of the
theoretical cross section as compared to the Born approximation. In

this paper we present a more complete snalysis of the theoretical cross
section for q2 less than 5 f"2. Apart from some minor modifications

which will be discussed later, we base our analysis on the theory as
outlined in {(I). 1In (I) we followed the procedure that we calculated

the cross section under the assumption that the neutron form factors

are also given, and we then compared the values of the complete theo-
retical cross section with approximate evaluations., Here we try to
determine the form factors of the neutron directly from the measured ratio
R, of the elastic electron-proton cross section to the quasi-elastic
electron-deuteron cross section as well as the empirical form factors

of the proton. For RO we take only the results of ref., 1 which super-
sede the older data of de Vries et al. 5). Besides of these data there
exist some recent measurements of the Orsay group which will not be in-

6)

cluded in our analysis ',

We discuss the theoreticel results in Section II and use them in Sec=
tion III to calculate the form factors of the neutron. In Section IV

the results are briefly discussed and compared with other data.




1I. Theoretical Results,

Following (I) we write for the inelastic electron-deuteron cross

section
2 e
do = - 9 bt D . J(6,E") (1)
andE! Hot I
) 1 fm +p
where © is the llott cross section
Hott
_ J? cmgom (2)
Hott zi E2 h <
sin  0/2

The nobation is the same as in (I)s The angular distribution func=
tion J(6,BE') is subdivided into its Born approximation part JB(G,E‘)

and the rest

a(o,E') = J(8,E") - JB(G,E') (3)

For A(0,E') a multipole expansion was derived in (I). There it was
found that it is sufficient to take into account the partial waves
up to J = 5. Since the cross section ig derived in the one—photon
exchange approximation,J(0,E’ } is a linear function of tan e/ We

prefer to write J(G,E') in the following way!

e 1 2 \
J(0,BE') = 1({: Y+ J (”') 2 [ + tan 0/2] (W)
| L1+ %/

Then J and J are proportional to the longitudinal and the transversal
parts of the cross section. By comparison of this definition for J

and J, with Eq. (1,32) or Eg.(I,33) the Born approximation parts to J£

and J are defined, whereas from Eq.{I,kk) the rescattering contributions
to Jg and J. can be read off immediately. In (1) the matrix element

t

.conv .
hel of the transversal electric part of the convection current was
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set equal to zero. This was justified because in the Born approxi-
mation the transversal conveétion current gave a completely negligible
contribution of the order of 0.3 per cent. It was concluded that this
matrix element should be retained in the analysis reported here, because
for snall q2 the final state interaction is important as it could sub=
stantially enhance this special matrix element.,

In the notation of (I) this matrik element is

"O“V (1, d0) = ( Gy # (-)LGQE) /3 ziLZL++115
(5)

- il + I ‘ ]
x) v 2L+ C(Lﬂ,iﬁ,OD) xJ(HS’.L,QiJ) KCOHV(QJA,LQi)

where the radial matrix element is

conv(RJA;LRi) = (6)
- T,

f Vna(ee) | (—" - 'E') rj (9"") - %m— jL(%I-)r %E bug, (r) ar
Q

and where Eo is defined by

- /2 2
= + -—
q =2/p i my (1)
This formula for xginv {1,J,2) is derived by epplying Siegert's theoren

which has been successfully employed in the theory of deuteron photodism
integration ?). Therefore the formulation given here reduces in the

. . 2 Ce . s
limit g = o to the nonrelativistic theory of photodisintegration.

For the analysis to be described in the next section, we have to know
the dependence of the cross section on the form factors of the proton
G?E and G1M and on the form facteors of the neutron GQE and GEM' From the
appropriate equation in (I) together with the addition Eq.(5) above it

is obvious that Jéand Jt depend on the form factors in the following way:
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I, = (G + G,p) Ayt 2 Gy G By (8)
- 2
G = (G + Gpp) Ay + 2 Gy Gy By
o 2
+ (Gm + GEE) C, + 2 Gy Gop Dy
+26.2 6.+ )
i£ G ¥ Cop Gapg? By * 200y Oy + Cop Gp) Ty

The coefficients A,y Byy Ay B, ete, are deternined by the theory.

The structure of the deuteron and the final scattering state has been
described by the Hamada-Johnston potential as was already discussed in
(I)s The results for these coefficients are given in Table 1 for the q2
we are interested in for analysing the experimental data of ref., 1. Ve
remark that the values of the momentum transfer q2 for inelastic deuteron
scattering at the quasi~elastic peak given in the first row of Table 1

are slightly different from the elastic electron~proton scattering values
q2 = 0.5, 1.0, 2.5, and b,6 £72, The results in Tuble 1 show that there
is an appreciable interference in J, and J between the proton and neu-

tron contributions. The amount of interference decreases with increas-

ing q2. In (I} we found that the contribution of the proton-neutron ine-

2

terference is less than 1 per cent even at q2 = 2,5 1 7, if it is evaluat-

ed in the Born approximation., So the proton-neutron interference is very
sensitive to final~-state interaction effects., Tor some values of q2 we
investigated this effect further and found that Bt and BQ are completely
aliered by rescattering contributions. The change of A2 and At is much
less. In Table 1 we have written down the corresponding changes in per
g and Ay
that A, and A are modified differently for q° below 1,5 {

respectively. We see

la]
but that

cent in parentheses behind the values of A

[

they are always reduced as compared to the Born-approximation values.

The fact that for small q2 the interference terms are not negligible is

interesting and has been found before in connection with the application

&)

of dispersion theoretical methods ', In particular, it will be shown
in the next section that the interference term proportional to BQ is very

important for the analysis towards the charge form factor of the neutron,

As functions of q2 the coefficients B_ and Bt decrease rather strongly.

L

For q2 = h,6 f_2 the ratios B /Ag and B, /A, which are negative are only

L £t
e .
of the order of -0.05, whereas for q = 0.5 T these ratios are ten

tines larger,
It is clear that the simple formula of Durand (see for instance Bq({1,50))
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which has teen used extensively for the analysis of electrodisintegra-

tion experiments is not valid in the considered q2 range.,

TII. Analysis of the Experimental Data.

The experimental values Tor %Land Jt are obtained by a least~squares

fit of the relation to the data of Hughes et al, 1):

J = JE + 'Jty {(9)

where 5

y =4 L + 2 tan® /2 (10)
hm 2

>
1+ 9 /hm“

In this paper were reported results for Ro’ which is the ratio of the
elastic electron-proton cross section to the quasi~elastic electron-

deuteron cross section, RO is connected with J by the following rela-

tion:

/2 2
+m 1 2, 1
J=W—P2 T Gp(e,q)—-R (11)
p 1+-“-1-—51n 8/o o

Here Gp{e,qg) is the elastic electron-proton cross section up to the

nuclear cross section which is factored out:

2
Gp(e,qg) =—-—L,,—-—-— G2+ 3~ (2tan® o/2 + 1,) ) G1§.(12)

1+ 4 /hm2 i 1+ 4 /hm2

SR

Gp(e,qg) cen be calculated from the measurcd form factors of the proton.
Since the electron-proton measurements have not been made at exactly the
sanme q2 for which we need the form factors G?E and G?H we calculated

them from three parameter interpolation formulas of the following form:

G, =1 + aEq2 + quh + cEq6

p (13)
2 h -

]
[

The coefficients a to ¢ as well as their error matrices were determine
ed by least-squares fits to the data of several laboratories which are

published in papers collected in ref. 9.




The ratio R, in Eq.{11) may differ from the measured ratio Rexp
by radiative corrections to the proton and deuteron cross sec-

tions, but these corrections have been applied in ref. 1.

The results for JQ and Jt are shown in Table QT). The errors of these
two quantities come mostly from the error of R , but the errors ofqthe
form factors of the proton are included as well, The values for qa” in
the Tirst column of Table 2 are the momentum transfers for elastic e-p
scattering, They differ by a small amount from the corresponding mo-
mentum transfer for which the authors of ref.1 did the quasi-elastic

e-~d scattering measurements,
It is rather clear that it is not possible to obtain significant results
for the neutron's charge form factor GQE from these data since the expe-

rimental accuracy of .£ is much too small. lievertheless we have done

the few computations which lead to G From an analysis of these cal-

Zivh
culations, one could see the accuracy of Je needed to come to useful

results for G,.. Turthermore, we might expect from this snalysis a

hint as to the direction in which the theory must be modified when com-
plex values for G2E should be encountered as was the case in the ana-
lysis done by lHughes et al. 1).

G is calculated from the following formula:

2F,
B J B, 2
B ! ) [}
Gop = Gip - K, x o 2 * (Ag) -1 (1%)
"B

In this formula BR and Ag are known from our theory {see Table 1).

J /G1§ is obtained in the least-squares fit procedure described above
and is tabulated with its error which is very inportant for the follow-
ing analysis in Table 2, Instead of using JQ/G1§ we could have calcu-

lated G, from J_  and G 2 but the method suggested by Eg.(14) is nore

2E ) iB?*
advantageous, For JR/G1E2 the influence of the error of the proton form
factors is minimized since J, is roughly proportional to Glg' Further-
more, the complicated procedure of error propagation calculations had

to be done only for the quantity.JQ/ng. Iet us denote the radicand

T The data for E = 240.6 and 6 = 60° are omitted because the correspond-
ing qa at the peak comes out as q = 1,306 f ~, which istoo far fronm
the q2 of the other measurements arcund q© = 1.5 =2,
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of the square root in Eq.(14) by r. How the numerical computatlons
show that J /(G”3 Aﬁ) is roughly equal to 1 whereas (B /A ) is very
small and less than 0.04 for the four q2 > 1 f The numbers of

these quantities are collected in Table 3, Therefore a rather strong
cancellation takes place between J /G1E o and 1_(B£/A2)2' Of course
this cancellation has its origin in the subtraction of the proten con-
tribution to the cross section, Although some of the cross section meaw
surements are so precise as to lead to a statistical accuracy for J

or J /G1B of the order of 2 per cent, the quantity /1 is barely de—
termined at all. We obtain / © = 0,05 t g'ég for q2 = 1,5 fme, which
is the most favourite case, 8o only a chaﬁge of r by systematic errors
in the experimental data, that is in Jgs or by a change of the theore-
tieal value for AR of the order of 1 per cent or less is needed to

obtain a value for G._ for q2 = 1,5 g2 and also for q2 = 1.0 2 which

2E
is in agreement with the number one calculates from the slope of GEE:

} a 2 _ 2
C —[——2 GgE(q )‘] s = (0,021 + 0,001)f 11)
dq q =0
or (15)
C =[—9;§ GQE(q2)] = (0,0178 + o.ooog)f2 12)
2 —
dq q =

known from n-e scattering experiments., In the first place we cannot
expect our theory to be so complete that this change of Ag by 1 per
cent must be excluded. Therefore, a discussion of other possibilities

is pointless, Contrary to the analysis of Hughes et al.i) we obtain

positive numbers for r within the statistical errors of J /G1§ for the
two cases q2 =1,0 1 and q2 =1,5 ¢ 2, which makes the final result

for G2E real,

Unfortunately, the situation is different for the two larger momentum
transfers q2 = 2.5 £7% ana q2 = 4,6 f-z. Here the radicand r is nega-
tive} thus real values for GEE cannot be derived from the data with our
theory. Hughes et 31.1) observed a similar discrepancy for the data
with q2 below 5 f_e, although they used a different formula for their
analysis, At the moment we have no remedy for this discouraging result,
A change of either the theory or the experimental data by roughly 15
per cent is necessary to get a positive r. According to our analysis
there seems to be no need for a modification of the theory of this or-

der of magnitude for q2 = 1,0 f‘-2 and q2 = 1,5 fhe, and apparently
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also not' for the larger q2 above 6,0 f"2. Therefore the additional

terms in the theory which might account for the discrepancies at

2 o
q=205f2

vhich seems unlikely to us. Our analysis makes it clear that only

and q2 = 4.6 £7° hat to depend rather strongly on q2’

very crude resulis for G2E can be obtained because of the strong can-
cellation taking plaece in r. This will hold even when the empirical

data would come out slightly different but with the same accuracy.

To complete our survey, we have also collected in Table 3 the results
for Bn/Awwhich gives a large contribution,and GQE/G1E' For the cal-
culation of GEE we have chosen the minus sign before the sqgare root
in Eq. (14) since we expect that G, is roughly equal to eq with the

5

¢ mentioned above, For q2 = 2,5 f 7 and q? = L,6 f-2 we have arbie-

100

trarily set r equal to zero. Therefore only upper limits for G2E are

obtained, The same procedure was gone through in connection with the

results for the lower limits of Jz at q2 = 1,0 f72 and q2 = 1,5 f_z,

and for I2 itself with q2 = 1.0 f‘e.

The computation of G2M is straightforward. No apprecisble cancella-
tions take place., In the representation of Jt the coefficients Ct’
Dt’ Et' and Ft are so small that they can be neglected; they would
change the final result by less than 0.5 per cent. Then G2M is cal-

culated from

B J B\ 2
) 4 & ¢
Gopg = Gy | - - a2 T ! +( K, ) (16)
M Tt

The results are tabulated in Table L, together with GIW' Finally we
L

tested whether the form factors G G1W' and G.,, show some commeon de-
.

15° 2t
pendence on q? {besides normelizetion) in the region of the analysis,

1)

for which we expect GQV/G1H 2 u2/u1 = ~0,685 and independent of q as
/My
¥

has been found for the higher q° 1). We see that we come rather

as it was observed for higher q2 . In between we obtained G2H/G1M‘

close to this number except for q2 = 1.0 £°, The column =Goyy/ Mo

(u2 = -1.,91) can be directly compared with the results of the analysis

in ref, 1. We see that nG2”/32 is now smaller, This is the effect of

the interference contribution uBt/At which lovers the absolute value of

G,y compared to Durand's formula without interference. The column for
(=G,

test of the relation G?E % ~G2H/u2 which is also rather well satisfied

for the higher momentum transfer, For the sake of completeness the

/u.} should be compared with the column for G,. in Table 3 as a
2 1B
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quantity G1M/u1 (u1 = 2,793) is tabulated in the last column of
Table 4, It agrees almost exactly with G for the fit we have made,

1E
The results obtained for G2H can be considered as encouraging. MNMore
experimental data on inelastic electron-deuteron scattering are need-

2

ed, in particular around q2 =1 £ , before more accurate magnetic

form factors for the neutron can be deduced in the low momentum btrans-—

fer range.

Finallf we remark that the results for the magnetic form factor G2M
depend strongly on the measurements for the small electron scattering
angles 0 which are more precise than the measurements in the backward
hemisphere. It is interesting to note that GQM would have smaller values
than we obtained when the measurements in the forward hemisphere would
be consistent with charge form factors G,p of the order of 0,02 for

q2 4,6 f-2. For such G,, the quantity J, has the following values:
6.10, 4,15, 2.35, 0.89, and that for q° = 1.0, 1.5, 2.5, and 4.5 2,

With these values for J_ we obtain by a least squares fit to all mea=

£
surements of the particular q2 for JE:J£2 = 112,9 + 10.5, 61.2 + 1.6,
30.14 + 1,8, 10,09 + 0,15 again for q2 =1.,0,1.5, 2.5, and b.,6 £™2, These
numbers have to be compared with the results of %’in Table 2. They are

smaller than the values of %'in this table which' we obtained Trom the

straight line fit to the data with JQ not fixed.

IV, Comparison with other Data.

A second source for neutron form factors are elastic electron-deuteron
scattering experiments 13). At small q2 they give very small values
of G2E but seem to deviate from the extrapolated neutron-electron in-
teraction. This deviation, if it is real, is perhaps due to theoreti-
cal uncertainties in the deuteron form factors, but when nonrelativi-
stic theory is accepted as a basis for analysis the form factors G,
obtained from elastic e-d scattering have much higher accuracy than

the values we arrived at in Teble 3; these latter are, of course, con-
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sistent with the data from elastic scattering, The upper limit for

G,. at q2 = 4,6 £ can also be compared with the results of P, Stein

2E
14) . _ + 0,052
et al, who obtained GQE = 0,01 - 0.0h1

-lysis of electron-neutron coincidence measurements.

at q2 = 5.5 f-2 from ana~

As to the magnetic form factor of the neutron, measurements of the
elastic electron-deuteron scattering give results which cobey rather

closely the rule G /G1M = “2/“1° We have collected these data in

e
Fig. 1 and compared them with our results from Table 4 in the form

that we plot the ratio GEM/u2/G1M/u1. The elastic data give a ratio
systematically smaller than 1, whereas our results lead to a ratio
larger than 1, We see from Fig.l that measurements with q2_§ 1 £
seem to be particularly interesting. Unfortunately, we are not able
to include in our present analysis any recent high-accuracy measure-
ments 6) of inelastic e~d scattering cross sections around qe = 3.5

f"2, but we hope to present such an analysis in a later publication,



- 12 «

Acknowledgements,

We thank Dr. P, 56ding for his help with the least-squares fits

of the experimental data and for discussions,

Financial support of the Deutsche Forschungsgemeinschaft is grate-
fully acknowledged,

e would also like to thank DESY for meking available computation
time on the IBI TOhL,




- 13 =

References:

1) Hughes, E.B., T.A. Griffy, M.R. Yearian, and R, Hofstadter,
Phys. Rev, 139, B 458 (1965)

2) burand, L., ITI, Phys. Rev, 123, 1393 (1961)
3) futtall, J. and M.L. Whippman, Phys. Rev, 130, 2k95 (1963)

h) Braess, D. and G, Kramer, Zeitschr. . Phys. 189, 2hk2 {1966)
This paper will be referred to as (I), and formulas
of this paper as Eq., (I,number),

5) Vries, C. de, R, Hofstadter, A, Johanson, and R, Herman,
Phys. Rev. 134, B 848 {196k}

6) Grossetéte, B.,, S, Jullian, and P. Lehmann, Phys., Rev. 141,
B 1435 (1966)

7} Donnachie, A. and P.J. O'Donnell, Hucl, Phys. 53, 128 (196h)
Partovi, F., Anne. of Phys., 27, 79 {(1964)
Older work is quoted in these two papers.

8) Bellac, M. Le, F.M, Renard, and J, Tran Thanh Van, Nuovo
Cimento 33, 594 {196L4); 34, 450 (1964);
Gourdin, M., M. Le Bellac, F.!M. Renard, and J. Tran Thanh Van,
Phys. Lett, 18, 73 (1965)

9} Drickey, D.and L, Hand, Phys, Rev. Lett. 9, 521 (1962)

Dudelzak, B.,, Thése Orsay (1965)

Grossetéte, B., S. Jullian, and P, Lchmann, Phys. Rev, 141,
B 1435 (1906) :

FPrérejacque, D., D. Benaksas, and D, Drickey, Phys. Rev, 141,
B 1308 (1966)

Jannssens, T., R. Hofstadter, E.B. Hughes, and M,R. Yearian,
Phys. Rev. 142, B 922 {(1966)

10) We thank Dr. R.D, Kohaupt for discussions about this point.,

11) Melkonian, E., B.l. Rustad, and W.W., Havens, Phys. Rev, 11k,
1571 (1959)

12) Krohn, V.E., and G.R, Ringo, Phys. Lett, 18, 297 (1965)

13) brickey, D.J. and L.H, Hand, Phys. Rev, Lett., 9, 521 {(1962)
Benaksas, D., D, Drickey, and D. Frérejacque, Phys. Rev, Lett.
13, 353 (196k)
Grossetéte, B., D. Drickey, and P, Lehmann, Phys, Rev. 141,
B 1425 (1966)

L) Stein, P., M, Binkley, R. lMcAllister, A. Suri, and W. Woodward,
Phys. Rev. Lett. 16, 592 (1966)



‘Pable Captions,

- 114—

Table

Table 2:

Table

Table

Figure Caption.

Coefficients of longitudinal and transversal
cross sections JR(G,E') and J%(G,E') in  as
a function of g<,

Experimental longitudinal and transversal cross
section in f from ref, 1,

Analysis towards the charge form factor G2
- i
of the neutron.

Results of the calculation of the magnetic form
factor of the neutron and comparison with the
magnetic proton form factor.

Comparison of the magnetic form factors of the
neutron and proton for g2 g 5.0 f'g, ineluding

results from elastic electron-deuteron scattering.

'
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o £ i, B 8, B, c 10" D, *? E, 107 Ftﬁf"e
0.Lkg2 14,06 (-37.0) —6.357 19.92 (=10.7) ~11.20 L.567 -1.798 25.26 -h.5§62
0.990 7.893 (~31.7) =1.588 8.580 {-25.8) -1.92L 2.32L 2.092 1,028 10.528
1.188 5.978 (-22.4) -0.8851 6.161 (-20.0) -0.92k2 1.63k 0.9654 ~-0.3612 Thg’r
2.486 4.0k0 (-10.7) -0.k110 Lok (~10.L)  ~0.4792 0.9959 0.h682 ~0.5182 h.oéa”r
L. 600 2.297 {-5.3) -0.09564  2.261 (- 6.8) -C.1175 C.L4893 0.4889 -0.2607 1.7?3h




Table 2

2
q
-2 2 2
[f ] s Ig Ty /61z T4 /Gy
1.0 5.80 + 0.51 126.9 + 26.8 T.33 + 0.6k 20.50 + L.L2
1.5 ho1s £ .10 61.0 + 2,2 5.85 + 0.14 10.95 * 0.k40
2.5 2.055 + 0.52 32.93 + 0.66 3.514 + 0,087 T.3% + 0,14
4.6 0.774 + 0.035

11.00 + 0.31

1.946 + 0.089

3.68 + 0.09



Table 3

J B

2 i L

g = r - G,../G G Gor

G, A Ay 2E' “1E 15 2B

1.0098 0.0503 -0.0231 ~0,025

1.0 0.9287 -0,.0208 0.2012 <0.2012 0.888e <0.178¢&
0.8476 -0.1019 <0,2012 <2.1788
1.0020 -(.0239 0.1L81 -0.0065 0.8L27 -0.0055

1.5 0.9786 0.0025 0.0981 0.0827
0.9552 ~0,0209 <0, 1481 <0,1248
0.8913 ~0.098L

2.5 0.8698 -0.1199 0.1017 <0.1017 0.76L6 <0.0778
0.8L33 ~0.1hk1k
0.8910 ~0.7072

L,6 0.8520 -0, 1462 0.0Lk202 <0.0Lk202 0.6321 <0, 0266
0.2130 -0.1852




Table L

b G =G/ Cpyy) ~Gou Spi/p Crpa/¥q
1.0 2.4978 +0.960 fg:ggg 2.50 *0-% 1.25 fg:gf 0.8943
1.5 2.3735 +0.727 +0.037 1.72  +0.08 0.90 +0,0k4 0. 8498
2.5 2,179 0.763 +0.019 1.62 +0,0k 0.85 +0.02 0.7583
L.6 1.7322 0.7T30 +0.025 1.26 +0.0L C.66 +0.02 0.6202



G,y /-191 &
- B Benaksas et al.
G/ 2.79 -~  Grossetéte et.al.
T e present analysis
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