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Abstract

The differential cross-sections for elastic scattering and
cross-gections for exitation of nuclear level by low energy
antiprotons from carbon and oxigen nuclei are calculated. Theore-
tical curves agree with experimental data at 46.8 MeV which have
been obtained at LEAR. We predict the differental cross-sections
for nuclear level exitation with definite spin projection of
exited nucleus. They determine an angular X - quanta distribu-

tions in (P, P Y ) reactions on nuclei.



In recent experiment which has been fulfiled at LEAR /V/ &
diffential cross-section of elastic scattering of D at 46.8 MeV
from nuclei 120 and also cross-section for exitation of low lying
levels of the residual nucleus were measured. From the experimental
data one can conclude that elastic scattering of P from nucleus
120 at this energy reveals a pronounced diffractive behaviour (in
contrast with proton scattering at the same energy). Comparison
of the exitation spectra for inelastic scattering of protons and
antiprotons shows that the antiproton continuum is substantially
smaller than one for 1“’c(p, p')12c* reaction,

In this paper we show that these data are surprisingly well .
described by Glauber approximation. This approach as it is known
turned out highly successful for description of analogous processes
of the scattering of high energy protons and St - mesons from
nuclei 2/ o Antiproton energy in the experiment under investigation
is not so high (several tens MeV), therefore it could be expected
that at such energies Glauber approximation is not applied. However
in this case an amplitude of elementary pp scattering (in contrast
with pp or ‘:ICP ) has strongly pronounced forward peask, moreover
when energy decreases we have a shrinkage of the elastic pp forward
peak (for comparison the slope of the elastic pp forvya.rd peak is
equal to 35.6 GeV™2 at 46.8 MeV /7/, at the same time pp elastic
crogs-section is practically isotropic /8/ and slope of pp forward
peak at high energy does not exceed the value ’S 6 GeV'z). An
appearance of so narrow forward cone at small energy and its anti-

shrinkage Ibehav:l.our are explained by the fact that at very low



energies several partial waves with nonzero orbital momenta are
the ones that contribute. This phenomenon, as it was shown in
ref./ 3/ , is not conditioned by the annihilation processes but is
determined by the existence of NN quasinuclear states with nonzero
orbital momenta for relative motion of N and ¥ (levels exist prac- -
tically in all spin-isospin states) 4/, Namely this circumstance
leads to substantial enhancement of the partial waves up to 6- 3
in the low energy elastic pp-scattering. Total number of partial
waves (taking into account the different spin-isospin states) is
2, 20. The result of a delicate interference between different pp
partial waves causes the narrow forward cone in pN - scatte‘ring/ 3/ .

The distinctly pronounced forward peak in low energy pN -
scattering could be a cause that the applicebility domain for
Glauber approximation is strongly expanded and therefore this
approach could be used up to.very low energy of incident antipro-
tons (the latter statement needs, of course, in additiomal inves-
tigation). As for nonadisbatic corrections that a considerable
cancellation takes place between nonadiabatié effects and the
off-shell effects of the elementary amplitud[’./ Note that the use
of Gleuber theory for pd - scattering at low and medium energy
gives rather good results /8/ .

In Glauber approximation the amplitude of elastic scattering
from nucleus A can be represented in the standard form 2/ H

Fotg) = ikf(f-— exp(:X(6))J,(g8)64E, ;)

where 7,, is the Bessel function and

~igf
)C(!)’—‘:}rk e * £,(¢)¢(¢)41$ (2)




¢( 9 ) is the elastic nuclear form-factor parametrized (at
4 £ & & 16) in the form /¥,

P(p)=(2- /:.:' R}‘)exp

¢ is the momentum transfer, k is the incident hadron momentum.
Here R% = 2.50 fm® for '2C and R = 2.92 fu? for 190 79/, the

3

scattering amplitude on nucleon is of the form

J[(ﬁ) kG"(c.-i-E.) -.,:By,’*

(4)

At the energy E— = 46.8 MeV we use the following parameters ror
W - amplitude /%+1%/; o7, = 240 mo, Sh, = 200 md, £, = Ex,

= -O.25,B~ =B Fn = 35. 6 (Gev/c)™2 = 1. 4 fm?. The value of 6-
was found from the cross-section G' = 380 mb 711/ taking into
account the Glauber correction for acreening 2/ .

The amplitude of inelastic scattering with exitation of
nuclear level of natural parity with spin J and its projection
M on the direction of incident beam is expressed in the one-step
inelastic collision approximation in terms of electromagnetic
transition form-factor and elastic scattering amplitude 12/ . It
is conveniently to transform the expression for amplitude obtained

in ref./12/ 4o the following form

oo

M VT my/* _ =~ H .
B0 = ALY ()| S0 ok s

where
~s

- . _ig,2
S,M(£)=JS,(¢)Q 2 i]M(f,é’)?‘/?/ (6)



S’(q,)deteminaa an inelastic transition form-factor and is
parametrized in the form ‘

Lg®

)

S:,(y,)r-iy(ai +4;1+c1¢")e“ (M
that allows to calculate the integral (6) analytically (see
Appendix I). The parameters in (7) are known from inelastic scatte-
ring electron data. We used the following their values. For exita-
tion of 2¥(4.44 MeV) level for nucleus '2C (see ref./13/): ay =

= 0, 25, by = -0.021, ¢4 = 0.0004, &, = 0,54 (in formula (7) g is
in fm~ ). For exitation of 37(6.13 MeV) level for nucleus 6O (see
ret. /"/): a) = 0,195, by = 0,008, ¢, = 0, d = 0.8125. In for-
mulae (2) and (5) the difference of scattering amplitude on proton
and neutron was taken into account, i.,e. the phase X( 6) was
defined as half sum of expressions (2) with pp and pn amplitudes
and the amplitude F (q-) was the corresponding half sum of
expressions (5). The amplitudes (1) and (5) were multiplied by

the factor exp ( 2R 1/‘//4) taking into account the recoil

of nucleus. For comparison the calculations of the proton scatte-
120 were made with the following para-
meters of /flil amplitudes 8/, G_PP = 44 mb, G';n = 204 mb, E,'PP =
=1.85, £,, =0.25,B,, =8,, =o.

In fig.1 the elastic '1')'120 and p120 cross sections are shown,

ring at the same energy from

It is seen that our calculation of p120 cross section (solid curve)
agrees fairly well with antiproton data. On the other hand, the
calculated proton cross section (dashed curve) strongly differs
from the experimental data "/ . In our opinion, this fact confirms

that good description of the antiproton data by Glauber theory is
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no more chance, but né.tural consequence of unusually narrow forward
cone in PN - scattering. In fig.1 we show also a prediction for
elastic antiproton scattering from 160' (dash-dotted curve).

In fig.2 by the solid curves the function f‘(‘}- 1 -
~exp(LX (€)), which determines by eq.(1) the elastic 3120 scattefing
amplitude is shown. The dashed curves in fig.2' correspond to f' (4 )
for p120 scattering. The value r < )- 1 c&rresponds to absolutely
black nucleus. It is seen that both for the incident antinucleon
and for nucleon the nucleus is a black (in the central region)
sphere with the diffuse surface. Due to this reason the PN ampli-
tude spin structure appeares to be not important for our calcula-
tions of antiproton-nucleus cross sections. Note that this spin
structure is rather essential in the case of PN scattering.

Let us find the effective radius R ef4 of the black nucleus.
The cross section of scattering from black sphere of radius K
has the form

£

dc. - kikeg 2
AR T T g* ‘71(7'eeu). ®

We define the radius K( £ by the requirement of equality of
the cross section (8) at © = 0° and the amplitude (1) modulus
squared. Note that the formla (8), as well as Glauber formula (1),
are valid provided k Ke}} >> 1. From eqs.(1) and (8) we find

ff(«()&/(‘ E @

Por '5120 scattering we obtain Ry,p = 3.96 fm, that corres.

(S
Reyy =2

ponds to the paremeter r, in the formula R = r,A'/3 equaled



to 1.73 fm in comparison with usually accepted value r, = 1.15 fm
and R = ‘l.15-121/3 = 2,63 fm. For pnc scattering we obtain R .o =
= 3,06 fm, Appreciably gre;ter effective radius for 5120 scattering
is connected with large value of the parameter BE:V in the ampli-
tude (4), i.e. with strong domination of the forward PN scattering.

The elastic '5120 cross section calculated in the framework of
the black nucleus model with sharp surface (eq.(8)) at R,,p = 3.96
fm is shown in fig.1 (dotted curve). This model exactly reproduces
the 512C cross section up to the first minimum (g K 1 to~1)

inspite of the fact that the parameter Kk K, .= 5.5 is not asymptoti~

ess
cally large in the case of '5120 scattering (but greater than the
value k Re 44 % 4 for p‘zc scattering). This calculation overesti-

1 due to strong diffrac-

mates the experimental date at VA S 1 fm”
tion from sharp surface.
Total cross-section for 'p'120 interaction could be expressed

using the function /-' ( '4 ) by the following formula

As it is seen from Fig.2, Ke [(§) 5> T ['(6) , ‘therefore
G, =27 R:; » where R_,. is determined by Eq.(9). For the
value R, calculated above, we obtain: § , = 984 mb. The
integrated elastic cross-section beyond 5° (by Eq.(8) ) is -found
to be § el = 464 mb in agreement with the experimental value

6‘;;'3 = 450 ¥ 55 mb rsee ref. /1/), Note that in our calculations
the reaction cross-section S =6, , —GC_, should be equal
to 6, = T R:;, = 492 mb in distinct disagreement with the
predictions of optical potentials (in accordance to which 6;
=620 % 10m /),



In fig.3 the inelastic (with exitation of 2%(4.44 MeV)-level)
3120 and p120 cross sectlions are shown. The theory (solid curve)
describes rather well the antiproton data. In the case of the pro-
ton data the calculation (dashed‘curve) does not agree with experi-
ment /1/, as well as for the elastic p120 scattering.

A certain excess in fig.3 of the antiproton data over the
theory at & > 35° ( 4 > 0.8 fn~!) can be connected in particular,
with the following reasons: (a) with uncertainties in the transi-
tion form-factor (7); (b) with inaccuracy of Glauber approximation
for large angle scattering; (c) with the collective nature of the
exited 2% level and with 1napp1icability in this case of the one-
step inelastic collision approximation. In connection with the
péssibility (c) we note that the model considering the 2%(4.44
MeV) level as collective (rotational) one increases the calculated
'p120 inelastic cross section at energy 1 GeV (see /15/ ) in com-
parison with the shell model calculation /9/ and leads to better
agreement with experiment. Analogous excess the experimental data
/18/ over the calculation n/ (in the framework of the one-step
inelastic collision approximation) at angles beyond the cross
section maximum was found also in the cross section of exitation
of 37(6.13 MeV) - level in ‘60 by the high energy St*'mesons.
This discrepancy was eliminated by the model, in which the 37(6.13
MeV) level has the rotational mature. The calculation /17/ was
carried out in the framework of the complete Glauber theory,
without the one-step inelastic collision appro#imation. In this
connection the anaiogous study of the influence of the nuclear
structure on the antiproton-nuclei interactions would be of

considerable interest.



It should be mention that the inelastic scattering amplitude
(5) is rather sensitive to the nuclear surface ne/, Indeed, the
factor exp(ix@)= 1 - [(€)  in the amplitude (5) equals to zero
inside a nucleus and to 1 outside it. On the contrary, the function
S (6) decreases rapidly outside a nucleus. Consequently the
integral (5) is determined by the overlaping region near the
nuclear surface. Therefore the black sphere model with sharp sur-
face gives rather rough description of the inelastic cross section
and underestimates the result by 2-3 times.

In fig.3 we show also the predictions for antiproton inelastic
cross sections with definite spin projection M of exited nucleus

as _ 46, AT
on the beam direction (M equals to O and 2 y
(ot eq AL T ARt T A

-
A2 _ 0 at J = 2). It is seen, that these

according to eq.(S)
cross sections have a peculiar angular dependence. Their measure-
ment would be a more detailed test of the theory.

The cross section 4G, / AL can be easy obtained from
angular distributions of b’ - quanta emitted in tramnsition of
excited nucleus to the gromd state. For high energy 'Jf-+- mesons

and protoms interacting with '°

0 nucleus such experiments have
been carried out (see refs./ 16/ ), the data /16/ were partially
cited in ref./'7/), The angular distribution of ¥ - quanta is

aetermined by the polarization density matrix of excited nucleus:

P (7= Rl Fl

(¢ ) =
MM m, .12 (10)
z| Rl
From eqs.(5) and (6) it follows:
Ml
= = (-1 —_ ™
ﬁm' £M,~M' , PM’_M' ¢ )ﬁ,n. , Jq,.,,."( 2) _Bm.



- 10 -

Therefore for the levels with J = 2 and J = 3 the density matrix
is determined by three independent elements only: j’,,) Pz _Pio
for T = 2 and jihjfu’ -Pu for J = 3 (according to eg.(5)
the amplitude 6 L (%) differs from zero only for projections M
baving the same parity as spin J ). The angular distribution of

¥ - quanta emitted in the trensition J —= O can be obtained
from the formula:

: ) /%N
W(&,,pr,£ ) _Z ($)Y (6,6, Y  (Er ) (1)

Mmme MM‘
where Y ( ©r,%, ) 1is well known photon spherical vector, 9, is
the angle between the beam and b’ - quantum momenta, (Pr is the
angle between the plane formed by these two momenta and the
scattering plane (P, p'). Explicit expressions for the angular -
distributions of Y - quanta emitted in the deexcitation process
of nuclei with J = 2 and J = 3 are given in Appendix IT.

The results of analogous computations of 3120 cross sections
for different energies of incident antiprotons are presented in
the Table (the choice 6f energy was determined by availability of
the required exprerimental data on PN amplitudes).

In fig.4 the predictions for the reaction p160 —)‘16 *

(37, 6.13 MeV) cross section are shown. Note that the magnitude of
the cross section o6 /of5). 1in the first maximum three times
exceeds the cross section in the second meximum, whereas in the
case of the high energy hadron scattering the first meximum is
practically unobserved (it is by 10-30 times smaller than the
second maximum, see figs. 6=9 in ref./ﬂ/).

By this way, as it follows from the figures, the theoretical
curves well agree with the artiproton déte. available. The antipro¢
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ton-nucleon amplitude perameters will be measured in the near
future with good accuracy at LEAR. In its turn this will aliow to

calculate more precisely the antiproton-nucleus cross sections.

The authors are sincerely grateful to Prof.I.S.Shapiro for
his encouragement oconmtinuing interest and stimulating discussions.



APPENDIX I

The expressions for function ,SAi M(@) defined by the
formuls (6) are given below. We introduce the following notations:
Y=o+ % 2= f; (the definitions of B and L are
contained in Eqs.(4) and (7) ).

(a) Spin of nucleus J = 2, projections M = O and M = 2:

~

S ’LK‘

e
no$) =?_‘;,‘Z[a.1(i-z) +

5;'1 (1-32+43 3)1 (12)

(1-7.2+%2’~)+

~~

-2
— Z2C 3¢
S;_,_(()—- 2y~ [a1+ 3’1 (. -%z2)+

+ 1’;21 (- %z _,,_Zz)] (13)

(b) Spin of nucleus 'J = 3, projections M = 1 and M = 3:

S ({)“X Zt'é f(i- z)a""g{‘ (z-2+22%)+

zzc 3. 1
Sl P {z"—-;_‘-{;z )] (4)

& e ¢
S (=Y z%e [“—1"' 43(‘ (L-Fz)+

+ 29C ;L +_£__;_1)] (15)
b,?. 2

Let's remind that in accordance with 4/ the coefficient 01
in formulae (14) and (15) can be put to zero.



APPENDIX 1II

The angular distribution normalized to unity for X - quanta

emitted from nucleus with 3 = 2, in transition to the state with
J = 0 has the form

W(er)’)‘ey,

JD (7’)33""‘2&0" co5’~6? +
+Ji,_(q/)(z~ cm"&,—s;.,\"@,mz,%)_ (16)

DS
- Re.jio(q,) 2LV 3in 6, “51574' cos 2\6‘? j
We have made use of the relation P, = P

>~k e 3
For 3 — 0 transition we find

- Z
W(Qr, @y, q,) :FE“ iSf:s(q,)[1- 005193,

.

- 8¥G, + <036, — 3in6, 036, | +

+f“(w[(1 +244 o8B, —30§5 cos’9, + 2285 036, ) -
—(1. - 13000519; +228§ 006"63,)3.1».."’ &y 'cos’z_(p),],.

+ 2Vzs Rej) (¢) ﬁiul&rf(is‘co:sq&r ~ 6cos’s, - 4)60"’1‘?["

+(4 —28 cor?6),) 36, wslﬂﬁ,]} an

Here we have made use of the relations

ﬁ)_‘ =-A, Ps,-_; ==Afs, P%‘i ==f. .

The distributions (16) and (17) integrated over azimuthal
angle - “\%, are determined only by the cross sections 0(6' /o/_f)_
shown in Figs. 3 and 4 and listed in Table and are coincided with

the expressions obtained in ref. / 18/
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Pig. 1

Fiso 2

Fig. 3

Pig. 4

FIGURE CAPTIONS

Differential elastic oross sections for 3120, p120V
and 5760 - scattering at E = 46.8 MeV. Dotted curve was
calculated in the framework of black nucleus model with
sharp surface (eq.(8) at R pr = 3.96 fm). The experimen-
tal data are taken from ref, /1/.

The function [((4)= 1 - @xP (& X(6)) . solid curves
1 and 2 are Re 6)and Tm ['(6) correspondingly for
'5120 - scattering. Dashed curves 1 and 2 are the same

for p120 soatte:r:'ing.

Inelastic (with exitation of 2%(4.44 MeV) - level)
differential croﬁs sections for 512(! and p120 scattering
at E = 46.8 MeV. Dotted curves are the cross sections
AG, /AL ana AS, [ASL with definite spin projec-
tions M (M = O and 2) of 12('}"(2'*) - nucleus on beam
direction»(olt\"/ol.ﬂ.- Ao fd_ L +2d0 /AL ).
The experimental data are from ref. n/ .

Inelastic (with exitation of 37(6.13 MeV) - level)
differential cross section for 3160 - scattering at

E = 46.8 MeV, Dotted curves are the cross sections

dAs, /A and AT /AN with definite spin
projections M (M = 1 and 3) of 160‘(3') - nucleus on
beam direction ( o /AL o L A5, [Ad L . LA [A ),
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Table
The cross sections of elastic and inelastic antiproton
scattering from 120

P ) P e R W R IR
H o ldEL Ml lde  meldm  wme|dTa  wé
g |Pr-emli- | G AT s [dmd ST a3 |dfew? 5%
5 | I.406+3 | 2.87E+0 | 2.82E+0 | 2.36E-2

I0 | I.05E+3 | 2.08E40 | I.47E+0 | 3.06E-I

o Is | 6.31E+2 | 2.54840 | 3.56E-I | I.09E+0
2 20 | 2.96E+2 | 4.16E+0 | 4.I8E-4 | 2.08E+0
.22 25 | 9.76E+I | 5.38840 | I.69E-I | 2.60E+0
2|05 |80 |L7meI | 4.92840 | 3.07E-1 | 2.26840
= | 8> §|35 |7.86E-1 |3.IIE+0 | 3.2Iu-I | I.40840
Il % 90 |4a.26640 | 123240 | 1041 | 5.308-1
v | o R elas |7.0380 | 21161 | 2.886-2 | 9.14B-2
Mol ® 0 El50 |5.74640 | 6.88E-2 | 4.93k-3 | 3.I8E-R
§ B9 [o5 |3.00e40 | 3.008-1 | 3.0Ib-2 | I.328-1

w o "|60 |I.0IE+0 | 4.678-1 | 6.106-2 | 2.036-I
8 iafes | 1.87k-1 | 4.346-I | 5.726-2 | I1.896-I

o W 0 |eseue | 2041 | s.60m-2 | I.246-1

5 | 1.49E+3 | 3.24840 | 3.I5E4+0 | 4.I6E-2

p 10 | I.04i+3 | 2.42E+0 | I.38E+0 | 5.I7E-I

C |15 |5.598+2 | 3.60840 | I.80-I | I.7IL+0
RV (20 [2.14E2 | 5.90640 | 5.066-2 | 2.92E+0
G 25 | 4.848+ | 6.61840 | 3.64E-1 | 3.I3b40

& 3 g |30 | 2.45E+0 | 4.8IE+0 | 4.48E-1 | 2.I8E+0

2 G = 2185 [2.37640 | 2.10E+0 | 2.508-1 | 9.22E-I
: s : i 40 | o6.60E+0 | 3.67E~I | 5.I10E-2 I.58k-1
S8 & | |5.738+0 |2.2I8-2 | I.86E-3 | I.0Is-2
® 1@ " JB50 |2.72640 | 3.I38-T | 4.238-2 | I.36E-I
w | 4B, [ |e.80E-I |o.1IE-T | 7.I2E-2 | 2.20k-I
o w  alo0 |3.888-2 |4.268-1 | 5.876-2 | I.8ok-I

b““ alSles [s.oom2 |2.258-1 | 2.878-2 | 9.018-2

" loo | nsos-r | .o | 701083 | 3.085-2
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] S oM Ty Lo
g o AT W AT méldG mel dS
§ Pramnt | Sl 59 e el iwR e w6
- 5 | 1.63E+3 | 3.65E40| 3.0IE+0 | ©6.548-2
CR 10 | I.07E+3 | 2.866+0| I.30E+0 | 7.8IE-I
2o 15 | 5.14E+2 | 4.88E+0| 7.IIE-2 | 2.40E+0
N 20 | I.60E4R | 7.55E40| I.74k-I | 3.69E+0
| gl || 2B | 7.26840] 5,258 | 3.37:40
2 |lo 8 S |30 | L.4IE-I | 4.ITIE+0| 4.405-I | I.84840
< ~ Q |35 | 5.88E+0 | I.IOE+0| 1.436~I | 4.8I&-I
8 |ls & w4 | 71340 |2.24E-2| 3.176-3 | 9.626-3
|8 8 8145 | 3.76E40 | 2.556-1| 3.46E-2 | I.IOE-I
mo |8 " 9 |50 | 9.62E-I |5.708-I| 8.07E-2 | 2.45k-1
y A8y |55 | 4.79E-2 | 5.038-I| 6.98k-2 | 2.16E-I
g aleo | 6,882 |2.47E-1| 3.I76-2 | I.08k-I
b gw [6 | L.79E-1 |6.088-2| 5.868-3 | 2.726-2
70 | I.63E-I | 2.00E-3| 2.43k~4 | I.I3E-3
5 | 1.69E+3 | 4.05u40| 3.88E+0 | 8.8Ii-2
8 10 | 1.0764+3 | 3.32840| I.27E+0 | I.0RE+0
@ I5 | 4.696+2 | 6.04E+0| 2.6Ii~2 | 3.018+0
= § 20 | I.24E+2 | 8.88E+0| 2.94E-I | 4.29k40
N L 25 | I.08%+I | 7.63E40| 6.29E-1 | 3.50E+0
2 |85 830 | 1.46E+0 | 3.57E+0| 4.IIE-I | I.58E4+0
- |° & ¢ |3 | 76300 |5.976-1| 8.24E-2 | 2.57E-1
2 |; @ o [40 | 6.3080 |3.288-2] 3.586-3 | I.dot-2
TlE Q 8|4 | 2.33E:0 |4.94B-1| 6.928-2 | 2.I2E-I
a |2 o w |50 | 2.94E-1 |6.64E-1| 9.438-2 | 2.85E-I
" oo 55 | I.72E-2 |4.I6E~I| 5.63E~2 | I.80E-I
o ol 60 | I.70E-1 |1I.3IE-I| I.508-2 | 5.8I-2
" S e | T.osE-r |9.908-3| 3.636-4 | 4.776-3
& |70 | I.IIe-I | 9.39E-3| 3.028-3 | 3.I8E-3
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| Elastic Inelastic scatjering (with
B Parameters| Angl scatteringlexitation of 27(4.44 MeV)-level
55 62 [4CS", me|dT. meldS meldG  mé
Pi-ampli- | Coml g0, 52 |de ST|dmul ST | des ST
5 | I.82E+3 | 4.06E+0 | 3.82E40 | I.20E-I
C 10 | 1.08E+3 | 3.67E+0 | 1.0IE40| I.33840
. |8 IS | 4.23642 | 7.25E40 | 5.3Ii-4 | 3.63E+0
2|, 20 | 8.84E+I | 9.68E+0 | 4.64E-I| 4.61k4+0
0 J & 5 25 | 2.98E+0 | 6.93640 | 6.49E-I| 3.T14t40
Qb % 5| 30 |4.09640 | 2.33E40 | 2.80E-I| I.02k+0
- 23| 7.836+0 | I.I76-I | 1.53k~-2| 5.08E-2
g ls ¥ v | 40 |4.24840 | 2.30E-I | 3.42E-2| 9.8IE-2
8 & 8| o |8.9E-1 |6.34E-1 | 9.358-2| 2.708-1
2 oW 50 [o.156-3 |s.086-1 | 7.I188-2| 21881
. A& “ |5 |I.IOE-I | I.89E-I | 2.336-2| 8.30E-2
L!g e 2] 80 |I.76E-1 |2.086-2 | I.238-3) 9.d0E-3
o | 65 |I.08E-I ‘| 4.67E-3 | 2.01E-3| 1I.33E-3
& 70 |3.49E-2 | 2.71E-2 | 6.I5E-3 | I.05E-2
o 5 |I.92E+3 | 4.56E40 | 4.26E4+0 | I.52E-I
C I0 |I.09E+3 |4.3IE+0 | I.0IE+0| 1I.65E+0
2. I5 |3.94E+2 | 8.6IE+0 | I.20E2 | 4.30E+0
RN 20 |6.84E+I | I.0BE+I | 5.90E-I| 5.08k40
g2 25 |1.03k+0 | 6.84640 | 6.796-1| 3.08E+0
Sl % o 20 |e.8k0 |1.Bomi0 | 2231 7.sm1
o S| 3 |8.26E40 |5.05E-2 | 4.108-3 | 2.32E-2
Qlag & "] 40 |3.32640 | 4.956-I | 6.99E-2 | 2.13E-1
-7 Y & 4 [4.328-1 |7.766-I | I.1I6<1| 3.328-1
; e ' 2| 00 |5.086-2 | 4.596-I | 6.20E-2 | I.99E-I
n A w | 95 |2.I08-I |I.Iek-I | I.268-2] 5.198-2
20 el 60 |L.8o#-I |8.66E-3 | I.I86-3| 3.74-3
o Ag‘*’ 65 |7.776~2 |R.696-2 | 6.44E-3 | I.02E-2
70 |I.54E-2 |[4.346-2 | 8.466-3 | I.75E-2
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e L et P S LT
E'ﬁ'ﬂ-ampli- e° Z'!S—-dw“’ﬂ. bl dGo bl dCe e
tude AR, ST | AR, ST | AR ) ST don) ST

3 5 | 1.96E+3 | 4.96E+0| 4.60E+0| T.o2-I

o I0 | I.0BE+3 | 4.86k+0| 9.83E-I| I.94i+0

- I5 | 3.64E+2 | 9.78E+0| 3.49E-2| 4.876+0

N IERR 20 | 5.30B+I | I.I6E+I| 7.08E-I| 5.45E40
o | A2 25 | 2.396-1 | 6.68840| 7.036-I| 2.99E+0
dle s 2|30 | 8470 | Lameeo| I.soe-1| 5.906-1
- ~ ol 35 | 7.86640 | 3.668-2| 3.308-3] I.c68-2
w s 2 "4 | 2.080 |e.8E-1| 9.7382 2.948-1
o w4 | Lsar |eser| niwer| s.se
g 50 | I.08k-I | 3.846-I| 5.026~2| I.67-I

o & " | 55 | 2511 | 5.946-2| 5.338-3 2.701-2
3" 2] 60 | I.6Ii-I | 7.39-3| 2.496-3| 2.451-3

b pL&“’ 65 | 4.76E-2 | 4.268-2 | 9.236-3] I.o7e-2
70 | 4.208-3 | 4.886-2| 8.788-3| 2.008-2

5 | 2.07E+3 | 4.97E+0| 4.528+0| 2.258-I

o I0 | I.09+3 | 5.38840| 7.676-I] 2.31E+0

] I5 | 3.25842 | 1.09k+I| I.I0E-I| 5.42140

3‘3 § 20 | 3.52E+I | I.I7E+I| 8.28E-I| 5.42+0

= 1% 3 25 | 9.39k~I | 5.52640 | 6.Ioi-I| 2.45E+0
= | .3 30 | 9.56E+0 | 6.59E-1| 8.73:-2| 2.d8E-T
o & 3|3 | 62300 | LoliI| 2.33-2 6.91-2
2 o © | 40 | I.24i4+0 | 8.I66-I| I.208-I| 3.48E-I
o |8 8 .| o | amE3 | 6541 | 9.22u-2| 2.8T6-I
Al 0 J% 50 | .82k~ | 1.9IE-T| 2.278-2| 8.428-2
< g 55 | 2.06E-1 | 6.358-3| I.IIE-4| 3,I2E-3

v & ol 60 | vasse |2.2E2| s.0063 82563

e " B e | I.23k-2 | 4.508-2 | 8.89E-3| I.8Ik-2

A JEW ) 90 | a4 | 3.T08-2| s.148-3] 1.208-2
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