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Abstract «.
We measured difderential cross section angular

.

distributions for protors scattered by oxvgen-l6 t 200,
300, 400, and 500 &ev This rnewly obtalned data até :>ed to
renormallze prev1ous y measureﬁ dlffe entlal cross sectlonst
‘The analy21ng power'anguaar distribucions obtalned in
earlier runnlng perlod tocgether with the combiwed.setﬂof
. ,

differential cross section angular distributions are fitted
with the non- félatJV’Stl” opt: ral model The simple w@%&
Woods-Saxon form factors are used. for the potentlal abés.

We wére able to obeain relatively unamblgugus
parametrizations for the 200, 400 and 500 MeV data. However,
. we diseovered substantial ambiguities in the 300 MeV (q;
paFametrization:’two very differeht parametrizations were
found, neither of these falls in line wieh that of’the
'heiéhboufing'energies.

It has been indicated (El 66) that at energies between.

200 and 600 MeV where the real central .potential changes

_“progre551vely from attractive to repu151ve the potential
shape differs from that of the nuclear density distribution
which was found to be appropriate at lower or higher
energies. Theoretical célddlations have shown that a pockét‘
of:minimum potential 1is preseh 77777 near the nuclear surface at
the intermedlate energies, in contrast to the monotonic
WOods—Saxoanhape.iwe conclude that the abnormal behaviour

cf the 300 MeV parametrization is‘probably due to the shape

of the Woods-Saxon functions being substantially different

iv .o
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at this energy.
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,' 1. Introducfion .

According to the optical model, .the nucleon-nucleus
interaction is represented by a complex central potential-

and a complex spin-orbit potéhtial._The spin-orbit piece 1is

intrcduced to éxplain polarization phenomena.

Phenomenologically, one can parameterize the optiéal

[y

; A
potential as .
. *
o _ o 1 d
¥ =V  +VJF + iWF + (K/m¢c)? [V — —F
op coul’ c c c ic I . so r dr so
L’ 1d ‘ ‘
+ iW — F J o1, : _
so rdr 1iso : (1.
v denotes the Coulomb interaction. V and W denote the
#»# coul ' . <X X
real and imaginary pctential depths, respectively, while F
1s a radial function giving a shape to the associated
potential. The subscripts 'c', 'i', and 'so” denote central,

imaginary, and spin-orbit, respectively.
'Elemehtary Calculations have shown that F has %ﬁe sahé
shape as ‘the nuclear éensity distribufion. (Se: section
2.4.3.) Various forms for this function have been introduced
(HOD 63), some of them are for the purpose of cdﬁpptafionai
convé;ience, the commom forms used to date pertain to- the
Woodé—Saxon function which has been successful in fit£ing
vdifferential Cross section and-polarizatiqn da{iiﬁor‘proton
scattering up to 200 MeV,
' At higher energies, relafivistic treatment of the
%nucleéﬁ—hucleﬁs intéraction and reduction to Schrodinger
form shows that at'intermediate'energiesvthe'centrai

potential has reduced strength near the nuclear surface“”f

1



»

Aregion. At the‘transition energy region (about 300 Mev)‘
~-where the central potentiai changes from attractive to
repulsive, the pocket.bf attraction near the nuclear surface
is so pronounced that the radial-distribution of the
potential resembles a "wine-bottle-bottom" shape as shown—in:’
figure (1.1). Recenﬁ experimental results (Glo 85, Arn 81)"5
are in favour of this prediction. Indeed, more sophistitated
calculations using either non-relativistic (Bri 77) or
relativistic (Jam 74) approach also%predict such feétures.

| Proton scaﬁtering e%periments at intermediate energies
have been ddne at TRIUMF with Pb-208 and Ca-40 targets. The

2

”present experiment extends the existing data to a light

" nucleus. .

3
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2. Theory

2.1 Scattering Theory TN
We start by giving a brief summary of the scattering

theory that we shall use. Consider a nuclear potential, U,

|
}

the time-independent Schrodinger eguation for
-nucleon-nucleus ébattering can be written as
[E - Ho - U] |y> =0
(2.1)
where‘Ho is the kinetic energy operator. Expanding [¢> in

terms of a complete set of plane wavefunctions |$ > which

k
satisfy B
(E - Ho) & > =0 .
Tk : k (2.2)
gives
[y> = Z |® ><® |y> = L a |d> ,
' k k. k kK k k - (2.3)

where the summation over k is to be replaced by integration

over k for continuous k. : L
' . \ .
The Schrodinger equation can now be written as

I (E - Ho) a |[@>=0U |y>
ko ko k

'L (E-E)a |[&>=1U |y> . _ - .
k k kK k o (2.5)

Multiply on the left by <& |,
k t



L (E-E)a <& |&> =< [gv,
k' k k'

k k k (2.6)
and making use of
voo<d & o> o= (27) 8(k-k') : o
k' k (2.7)
we have :
(27)* (E-E ) a = <¢ |U|¢>
okt kY k' {2.8)
The general solution for |¥> is therefore
[y> = |®> + GoU|y>
' (2.9)
where
Go == (2m)°2 (E-E ) ' |& »<d |
ko k ko k . (2.10)

° Equaéion (2.9) is the well known Lipmann-Schwinger equation.

~In coordinate space representation, writing
<r|¢> = ¥(k,r),
we have

(27)° (E - E ) a
k' kl
4 ‘ * : .
= [ dr" & (k',r') U(r') ¥ik',r')
: (2.12)

Substituting a from the last equation into eqn}(2.3)
k' ' ,
ylields,

v(k,r) = Z a ¢(k',r)

(2.13)



wvhere

*
Golr,r') = (2m) * L (E - E )" & (k'r')d{k',r)
' ' k! ok \ (2a1d)

the poles of which are to be handled by the boundary

conditions.
A
Thus, the general solution for ¢ in cocrdinate space

can be written as

~
vik,r) = &(k,r) + [ dr) Gol(r,r') U(r') v¥(k,r")
o (2.15)
Inserting'the'éxplicit plane wavefunctions
ik r
P(k,r) = e
(2.46)

and converting the sum into integration over k, the Green's
function Gy(r,r"') can be written as
.
Go (r,r') = lim (2#n) * | explik’' - (r-r")]
e~ 0 '
(k2 - k'? #+ie) ' (2u/h?) dk'
#ik|r-r'|
= -(u/27H?) e / lr-r' |
(2.17)
where * denotes the boundary conditions; '+' for an outgoing
spherical wave and '-' for an incoming spherical wave. These
Green's functions are known as the 'retarded' and 'advanced'
Green's functioms, respectively.
The nomenclature can be understood by considering the
following. Since the nuclear potential is only of finite

~range, then in the asymptotic region where r is very much

greater than r' which contributes to the integrand,  the



asymptotic wavefunctions obtained from egn.(2.15),

ean.(2.416) and e3n.(2.17) can be written as

: A .
1 ik 1 T ¢ik(r-r r') +
v (k,r) ~ e -(u/27h*) [dr'—e ulr')v (k,r")
r _ : -
ik 'r I +iKr +ik -r' +
= e - {u,/27h*) —e / dr' e Ulr' )y (k,r')
. r ,
Ulr') ¢ (k,r")
(2.18)
. »
where we have written
4 .
k' = ki |
(2.19)
‘x)

that is , k' has magnitude k and direction in which the
scattering amplitude is measured. )
+ +1Et,/h ¢
The time evolution of y therefore follows e ,
-+ - -
‘thus ¢y 'propagates forwards in time while y propagates
backwards in timé; hence the names 'retarded’ and 'advanced'
wavefﬁhctions.
If we define ‘the scattering amplitude, f(@,¢), by the
asymptotic form of the wavefunction
\I/ 2 oe +f(9/¢)_e‘.
r L , (2.20)

, by comparison with'eqn.(2.18), we obtain the expression

for the scattering amplitude .
-ik'-r' + '
f£le,¢0) = -(u/27K2) | e Uu{r') ¢ (k,r') dr’ N
' (2.21)
+

Formally, Go can be written as

Go = (E - Hoxie)
(2.22)



*
It we define the cperators G corrésponding to the

total Hamiltonian o

H = H, + U
. . (2.23)
as -
G = {E - Htic) ' |
(2.24)
then by o
1 1 1 |
- = == (B - A) — ,
A B B A (2.25)
we obtain
+ + + ot
GQ = G + G UGO
(2.26)

Substituting into the Lipmann-Schwinger equation yields

AN
o

+ : 1 + + ot
vy > = &> + GU [y > - GoU{Y >»]
e
= |¢> + G U|®> ‘ ,
~ “ (2.27)
or
* * +
lv > =1[1 +G Ul|e> = Q | /
~ . (2.28)

where @ is the Meller wave :Operator that takes initial plane
wave states into scattered states.

Using
’
4 + 4

G =Go +Go, UG

.t

S (2.29)

one can write




+ N

v (k,r) = &(k,r) + | Go{r,r') Ulr) ¢k, r"') dr'

+ +

+ G;(r,r") ulr") G;(r",r‘) Ulr') ¢(k, '} dr'dr"

. o ‘ “ ' (2.30)
Each c¢f these ;erms can be represented by a Feynman didgram
(EEY 49) as shown in figure (2.1), where the second term on
the right hand side c¢f eqn.(2.30) is represented by‘(i); the
third term by (ii), etc. ‘ | o

_ 4 .
Defining the transiticn operator T as \

t *

T = UQ
+
= U + UG U
+ *
. = U + UG,T , _ Pl
nl2.31) .
, o \
the transition matriv element, T , between the initial
v -1
state, 1, and the final state, f, is given by
p . b
. +
T = <®|T |é> :
fi f 1
+
= <$|UQ |¢>
£ i
*
= <(I)|U‘\!/ > » . .
£ i (2.32)
By comp&rison with egn.(2.21), one obtains the rel:' '~n

betwqgn the scattering amplitude and the transition mat

element, thus



/// Go(r,r'>

- Ulr')

Figure 2.1 Feynman diagram showing (i) first order term, and

(i1) second order term of potential scattering by U.



2}2 Phase Shift Calculation

Recall the expression for the totgl wavefunction

obtainable by partial wave analysis

! 7ls 1A u
v o= L - g trd ¢ HE A (T B
Jjine ro g1 mh u 1 & (2.34)
jls _
where C 1s a Clebsch-Gordan coeffecient which couples the
mh u '

orbital angular momentum, !, to the spin, s, of the

A
projectile. u 1s a radial wavefunction, Y a spherical
31 : 1 ‘
: 7
harmonic function and x a spin wavefunction.
s

Inserting ¢ intoc the Schrodinger eguation one obtains

“thg.radial equation for u

71
d* 1

e — o+ k2 - - 1(1+1) -V + V] u (kr) =0
) @ dr¢ r* coul jl- (2.35)
Y?ﬂjwhera we have seperated the Coulomb interaction.vV from

“ ' coul

the nuclear potential, V

Uu=v + VoL : _
coul , - (2.36) .

Equation (2.35) can be numerically integrated-for each

angular momentum 1 to determine.-u . The solutions u and -
\ jl jl
‘their derivatives are matched to that of the asymptotic

wavefunction to obtain the phase shifts § :
- v' l v Lo
The asymptotic form of u . (kr) can be written as
i

\ [}



| (2) (1)
u o (ke o ki [H (hrd v ewap (21 ) 1 (ki
I Py ] ] | (2.37)
) (1) (2) .
where H and H denote the sclutions to the radial
! ! ~
equat ion without the nuclear potential V. For neutrons, the
(1) (2)
Coulomb term vanishes so that H and H are just the
¢ 1 S|

spherical Hankel functions

H = h ] + 7
1 1 e 1 1 (2.38)
< z
(2) (2) '
H = h = 7 - an . .
1 1 1 1 . . (2.39)
For protons, the Bessel functions 7 and n are %eplaced by
. 1 1
the regular and irreqular Coulomb functions, F and G

1 1
" The scattering J%plifude can be determined from the

phase ghifts by the relation
£(A) = (21ik)" " L (21+1) [exp(2is 1-1] P (cosé)
i 1 1 (2.40)
whereby cbservables can be calculated.
AN
2.3 Elastic Scattering of Spin-1/2 Particles From Spin-zero
Tqrgets .
ReQ@ll that for splnless particles scattered from a
splnlesskfacget " the asymptotic wave function ¢ is given by
: 1kz I ikg
Vo oe + £(8,9) — e Q\
r (2.471)
where # and ¢ are the*spherical coordinates.
Similarly, for the scattering of spin-1,/2 particles,

one has
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‘ , u  ikz o i 1 ikr
14 +x e ~+L x f (8,9) —e _ 4
S, U s | - I (2.42)
U o . . . .
where x denotes the spin wavefunction with spin s and
_ 5 ) ‘

projection u. One may write o

P u . v ’.
My =1 f X ,
.8 vV vu S ' (243

.where M is the scattering operator so that

T ikz 1 ikr xS
v - [e o —e  Mlx

T

S, u r s o ' : o (2.44)
‘For sp1n-1/2 projectile and spin zero targe , M 1s a

2x2 matrix the most general form of which is given by

M= £(8)1 + g(8) o+

. R L (2.4%)
. . . ' . L

- where n is an axial vector defined by -

1

(k x k) / Jk xk| z .
e £ ~ ' (2.46)

=1
1

with k and k. the . initial and final wave vectors,
EERRR | ; |
respectively,

The differential; cress section ig then given by

do ot | - : .
2 erm) SR TETE - o
de . | (2.47)

where the factor one- half comes from averaglng over the

kr

.1p1§1a1»sp1n.states.

- '\'«':v % “ad . . L . n " .
#The polarization, P, is given' by

R T L
P =<0 >= (trM-Mo )/(ttM Mhu= 2 Re(f g )/(|f]* + |
n n ; |

"The three Pauli spln matnlces together with the unlt matrix
form a basis of all 2x2. matrrces -



~and the énalyzing power A is eGual to P foT'elasfﬁc
‘Scatteriﬁg assuming time-zeversal—invariance. /

" The fact that f(6) and g(¢#) are complex gﬁantities
\implies~that there ére four real numbers inwélveq, one of
which is an overall phase factor. This gives rise to three
independént observables. A candidate for the third
indgpendent observable has been defined by Glauber and

sland (Gla 79) as

: ok .
Q(g) = 2 Im(f g )/(|£]* + |g|*) . ,
s (2.49)
Now |P|<1, |Q|<1, and P2+Q?%1°'So that Q(g) can be
- v o
expressed in terms cof an angle S such that

Q(g)y = [1 - P*(g)] Sin{(B)
‘ , (2.50)
The angle B, knownhas the spin rbtatibn angle, t
bcorresponds to ghe‘angle by which the pﬂpjection of the spin
in the scétteripg plane rotates.(figure 2.2 ). In this
context; B iéﬁfﬁé‘third observable whiéh can be
experimentally méagxred. In practice, however, one measures
the4Wolfenstein asymmetry parameter, A, and rotation
parémeter; R, which are related to Q by
Q = ACos(g§ ) wR (6 ) .
"lab " lab = 5-lab \ (2.51)
Recently it has been ;ﬁan (Glo 85, Sch 83) that all |
three independenf observab;qs-sgeggﬂ@ be needed to define“ 5

the optical model parameters unambigiously.

e
o



(o}

Figure 2.2 Diagram showing ‘the spin rotation angle 8 in

relation to the in-coming and out-going wave-vectors.



2.4 The bptical Model

2.4.1 The Phenomenological Optica%/Model

Let us consider the scattering of nucleons by a
nucleus. In the non relativistic treatment of QUahtum
mechanics, the time-evolution of fhe system is governed by
the Schrodinger eguation., The fact that the nucleus is
composed of particies implies that even at the level of
uniform nuclear matter (where we can ignore boundary effects
of the finite size nucleué), the interaction 1s so
complicated Ehét'an exact soluﬁion is formidable, if not
impoésible. \

On the other_handQ since the energy fesolution in an
actuallexperiment haé a spread’which is large compared to
the spacings between "reéonancés" of'the detailed
interactiog, the l&fter will-be éhoothed out by averaging SO
that it is conceivable that an effectivenpotential of the
aétuai interaction would suffice under most circumstancés.

A basic requirment of a succészull model of the

effective interaction should take care of :-both "absorptions"

as weIi as elastic (or propagation) channels. Let us
considér a complex potential of the form

M =‘«TV - 1W. -
| d (2.52)

It followéﬁthat the momentum, k, of a nucleon with energy E

. is _ex i
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ko= yiem(BE4V+IW) b o=y 2m(E+V) b+ imW/y {2m(E+VE = k'+ ik
B 4 o X ' (2.53)

to first order, where

kT = {Z2m(E+V)} = mv
(2.54)
and
AN
k" = W/ov'
{2.55)
Hence,*
ikz ik 'z -k'z
e = e e
(2.56)

'

Clearly, the imaginary part of the potential gives rise
to an- attenuation of the wavefunction corresponding to a

“
mean free path -

L = v'/2W
(2.57)

L
Thus, the imaginary par: of the potential takes care of all
~non-"shape elastic" channzls (absorptions), hence the name

optical potential in analogy to refraction and absorption of

electromagnetic waves in.a medium.

T .
BN

Experimentaliy one finds that scattered particles are
polarized. This indicates that a spin depgndent term must be
present 1in the effective potential, the simplest form of
which is a spin-orbit interaction. Phenomenologically one

writes the standard optical model potentiél, U as



g
d
U =V + VF + i(W - 4W —)F
op coul c c o D dr ic
1 a - T d o
' + (h/m c)*[v — — F + W - — F ] o1 ;
' ut so r dr so sc r-dr isc - (2,.58)
where 1 and,g are the orbital and spin angular momqntafbf, |
PR .
the projectile, respectively.
“F (r) = {1 + exp[(r-R )/a }1
X ’ X X . (2.59)
are the Woods-Saxon functions (two-parameter;fermi form
factors) with
1/3 .
R. =1 A : .
X X . ’ : (2.60)

giving an explicit mass dependence on the optical pot€ntial.

\ i1s the Coulomb interaction between the projectile
coul

with charge Z e and a nucleus with charge Zy,e. In most cases
. i .

it is adeguate to treat the nucleus as a uniformly charged

sphere of radius R, so that-

A = (2o 2 e?)/(2 Ro)J(3 -~ r*/Ry?) , r < Ry
coul i

P ' I" (2.61)
The central imaginary pétential contains tﬁo'terms; a
volume terh, W and a surface term, WD,‘corresponding to
volume and sur%aée absorption, respectively. Surface
absorption is only important at energies below 50 MeV when
Pauli blocking is appfeciable inside the nucleus. For higher

~energies, volume absorption is dominant. Generally, it is

not necessary to use both terms to obtain a good x? fit. In



\

our case, W is fixed at zero.
D T

2.4.2 Formal Theory of Thé Optical Potential
We now show how the form agiven to the phénomenological
optical potential can be justified from a microscopic point
of view., We first follow Feshbach (Fes 5B8) to give a formal
"unified theory" of the optical potential.
%;om a non-relativistic point of view, one has to solve

the Schrodinger equation

14

(2.62)
pertainiﬁg to the problem at hand. For ScatteFing of a
nucleon by a nucleus, the full Hamiltonian H can be
separated as
H=H§+V+H(E)» : .
) . L » (2.63)

Qhere H, is.the kinetic energy operator for the incident
nucleon, V is the interaction potential and H({) is the
intefnal Hamiltonian of the target nucleus as a function of
all internal coordinates ¢. |

One may expand the total wavefunction ¥y in terms of a
complete set of eigenfunctions of the nuclear states & ()

44
such that

v = Z ¥y &
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For incident nucleons indistinguishable from the target
nucleons the total wavefunction must be antisymmetriied. For
simplicity we will assume the incident nucleon as
distinguishable. Equivalently, the ftollowing is a good
approximation if exchange effects can be ignored.

1f we are only ihterested in elastic scattering, we

would like to project the elastic channel out of the total

wavefunction. We define the projection operators P and Q by

L

| o4 w 11/0¢0

(2.65)

Qv (1 - Py

(2.66)
where U.d, is the 'elastic' projection of V.
" Since the & form a complete set of st&tes, it is easy

a
to see that P can be written as

P = I‘b0><q)o'
(2.67)
Now multiplying'the'Schfédinger equation

(E - H) (P + Q)¢ = 0

on the right by P ,and.Q, give,

(E - PHP)PY

(PHQ) OV

(2.69)

and

(E - QHQ)QVY (QHR%fw _
; (2.70)

,respectively. Rearranging the second of these and//\wb

substituting into the first yields



[E - PHP - PHQ (E - QHQ) ' QHP] Py = 0

(z.771)
Putting P = {d.>"d,| ,we have
PHP = |(I’O><q)1‘l H l(xto‘?(;(])o]
= 'q'o>[HO + <(I)O:V|q,‘()\]<(])o!
(2.72)

0
where we have assumed that the energy eigenvalue of the
ground state $,(f) is zero.

On the other hand,

i

PHQ P [Ho + V + H#)] ©

E.PQ + PVQ + €PQ

]¢o><¢ova

1

(2.73)
since POy = QPY = 0 .
Si%ilarly, ‘ .>
QHP = QV|d,><d,| . .
(2.74)
Hence,
{E - 1¢;[Ho + <Py |[VI|Po>]<d, |
- | ®o><d, | VQ(E-QHQ) ~'QV |do><d, | Fldo><d, |y = 0 .
’ , (2.75)

Multiplying on the left by <&,|, one obtains,

[E - Ho - <&0|V|de> - <&, |VQ(E-QHQ) 'QV|®o>] Yo = O
‘ (2.76)

where



veo = b ‘\», *

Thus, formally we can'write the gptical pctential U

op
as

U = '{‘1’(,le4‘0> + '14’0 IVQ(E—QHQ) 'Qvld'o . .
;;3 op (2.78)

Qualitively, the above expression represents: 1) direct
scatter§nq by thé interaction potential V, and 2) scattering
which proceeds through "excited states" of the nucleus.
These are represented in terms of Feynman diagrams in

(figure 2.3 ).

2.4.3 The Folding Model
If we assume that scattering through 'excited states'

of the nucleus is negligible, then

U = <, |V|dy> .
op : (2.79)
- Now we follow Greenlees et al. {(Gre 68) and write the
interaction potential V as
A
v=23I vir,r)
i 1 (2.80)

The general from of the nucleon-nucleon interaction

v(r,r ) can be written

1
vir,r ) = v (Jr-r |) =+ v {|r-r Dz + v (Jr-r [Jo- o +
1 d 1 T 1 1 o 1 1
v (Jror Doo ror + [v (Jr-x |) + "
. ot 1 1 1 t 1
1 }
v (lr-r [)r-7 1 S.2 +v = [(r-r )x(p-p ) -(g+g )]



oS!
w

A 4

AL

”

Figure 2.3 Feynman diagrams showing i) potential scattering

and ii) scattering through "excited states” of the nucleus.

-‘4\
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/ ’ . (2.8])
where 7 and o denote isospin and spin, vespectively, and S,

1s the fensor operator.

For targets with zerc total angular momentum, we have

U =U + U + U
op d s so (2,82}
with
A
U = <d,[ Z v (|r-r |) |7
d S i ©(2.83)
A
U = <0 Z v (Jr-r |) 7-7 T|dy>
5 1T 1 1 : : (2.84)
A 1
U = %] 2 v (Jr-r |) = (r-r )x(p-p ) (0+ta ) [dc
SO 1 1s 1 h 1 1 i (2.85)
Now, ' ’
A
U =<3, Z v (|r-r |) |®o>
d 1 1
A
=l dr’ <do| Z v (Jr-r']) 8(r-r') |do>
1 d
A
= Jdr' v (|r-r']) <d,| L &(r-r') |do>
d 1
=/ dr' v (Je-r']) p (r") '
d m ' (2.86)
A
(r‘) = A p(r') = ':(I)OI > 6(!‘"1:") "Po;",
i (2.87)

p (r') is the nucleon density.
m :
Similarly, writing

Fo= (/2 Cer )=(1-r )],
iz iz iz (2.88)



! €3
)
one gets
U =+ Jdr’ p (") - ¢ (") v (Jr-r"})
5 T n p C
= (N-2)/A 7 J dr'" v (jr-r'J) o (r') .
z 7 m - (2.89)

Thus, for N=2 targets, U vanishes.

m

Finally,
| A
U =~ b, | T v (fr-r |) (r-r Ixl(p-p ) (o+g ) |do>
50 h \ i 1s 1 1 1 1
1 . A
= — fdr' v (|r-r'"|) (r-r')x <d,| £ &(r-r")
h ls ’ 1
(p-p ) (ao~0 ) |dy
1 1
1 A
= - [ dr' v (jr-r']) (r-r') x ~d,| T &(r-r') |d.>
h ls i
\
Py \
1
= - Jde' v (jr-r'|) (r-r")xp (r') po
h ls m
1 r
= - [ dr" v Ur-r']) p (') (1-— 'r') rxpo
K ls m r (2.90)
r -
Expanding (1-- -r') about r-r'. = 0 and keeping only the
. r?
first non-vanishing-term, one has {
3
114 ®
U = [-2- — px'" (4n/3) J n* v (n) dn] o'l
so H rdr m 0 ls (2.91)

where n i1s a dummy variable integrated over all positive

values.

Thus, we see that the central term U 1s obtained by
S d
'folding' with the nuclear density distribution whereas the

spin-orbit térm U 1s obtained by 'folding' with the
Yo
derivative of the nucleon density distribution. If one
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assumes the Woods-Saxon function for the nucleon density
distribution, one can parametirize the phenomenological

optical potential as given by egn.(2.58).

2.4.4 The Plane Wave Impulse Approximation

At higher energies Lhé approximation made 1in eqn.(2,79)
might not be justiiled. We present here the plane wave
impulse approximation which 1s more appropriate at
intermediate to high €nergies.

As before, we seperate the full Hamiltonian H as

H = Ho + V + H({)

+
sc that G can be be written as

+

G = [E - Hs -V - H(f) + 1e]

(2.93)

We can define a transition operator t(j) which

describpes thé scattering of the projectile by the 7j-th
nucleon in the target nucleus, tnus
t(3) = v(3) + V(3) Gy t(73)
(2.94)
where V(j) 1s the nuclear potential due to nucleon .

At energies above 100 MeV the kinétic energy of the
projectile is considerabely greater than the binding energy
of the target nucleons. Moveover, the lifetime of the
compound states is of the same order aé the transit time.
Consequently,;we can consider the projectile interacts with

only-one nucleon at a time. In this case, the transition



openétor t(j) cah be replaced by the frée~scattering

two-nucleon transition operator 7(7), E

7(3) = V(i) + V(§) G 71(3)

-

.95)

I . | (2
where
G = [E - He + ie] " . o o
. I ,- - J‘/'?‘ (2.96)
Thus, for elastic scattering in the impulse
+ s . R
agproximation, the transition matrix element becomes
T = <odbs| I () |Uode> . ‘ |
fi-  f , j i » o (2.97)
where we have substituted. = - , !
' .
T = L =7(3) : , :
3 ‘ . E . - (2.98)

for the transition operator.

With k ana k' the initial and final mgmenta of ‘the

projectile, k and k! the initial and final momedfé‘of_the
j-th  nucleon, then, Qorking in momentum space and invoking
conservation of momentum, the transition matrix element 1is

given by

T (k' ,k) = <& | £ J dk dk' Sk + k - k' -'k' ) |
fio ] ] J I S
dr' dr’ exp(ikf_-r'i)_<k';k‘ l7(3) |k, k >
S J ] ] J
exp(-ik -r ) [do> . : . .
o ] 33 , (2.99)

~ Integrating over the é-function and putting the momentum

transfer



<

(2.100)

gives

i
1

T ;(k',k) = <bo| =z [ dk [ dr_ dr' expl-ik “(r -r' )]
f£1 ] ] 3, I 33 3

Cexplilk-k')-r' o] <k',q+k [7(3) |k, k > |€o>
o .3 5 5 S (2.101)

" If we assume that (KER 59) the dependance of the
two-nucleon scattering amplitdde 7(3j) on the initial
momentum k of the target nucleopn j 1is négligible, then

] '

integration over k yields (27)°8(r -r' ) and
. ; ; . ; j ,

T (k',k) = <&| T (2r)® <k',q|r|k,0>
£i .‘ ]

j dr expligr ) |®.>
J j o (2.102)

The two-nucleon matrix element is off the energy shell

unless q=0. Therefore, the matrix element depends on the

}. incident energy as well as the moment um transfer‘q. One can

'$~put

<k',q|7|k,0> = 7(E,q*)

9 (2.103)
which is related to the scattering matrix M(E,g?) by
M(E,q?) = -(uo/2nh?) (2m)* 7(E,g?) .
* - ' (2.104)
with Mo being the two-nucleon reduced mass
m .
Ho = —. ) . ; :
2 : (2.105)

* Recalling e@n.(2.33), we obtain the scattering

amplitude in the impulse approximation as
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£(B,9) = ~(u /27857) T (k' k)
A fi ~
= (u /uo) <%y I expligr ) M (E,q") |46 >
A . ] J ]

= (2A/a+1) <®o| Z expligr ) M (E,g?) |®g> o

J j J (2.106)
where we have used
cuo= (Am/A+t) . ;

A . _ (2.107)
The first Born approximation for the séattering
amplitude is obtained by substituting egn.(2.30) into

eqn.(2.21) and retaining only the first term. We get

i

“£(6,9) = ~(u /27H?) J U(r) expliq-r) dr

| A | o “(2.108)

v . P
Substituting into egn.({(2.106) yields

(b /uo) <®o| L explig-r ) M (E,g") |&o>
A J ] ]

= -(u /27H%) J U(r') expligq-r') dr' .
Ta , | (2.109)

Multiplying through by exp(-iq-r) and integrating over dq

~ yields ' '
U(r) = -(27h?*/uy) ffexp(iq-t) <®s| I explig-r )
' J J

-

M (E,q") | 0> dq . _ | g ‘
I o (2.110)

For a target nucleus with J=0 and T=0, the scattering

matrix is given by eqn.(2.45) so that
U(r) = -(27H*A/us) | expliqvr) [f(g) + g(glo-nl F(g) dq
. (2

" where
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F(g) = <d¢) expliq-r) |do>
' Zo112)
1s the grcund state form factor of the target nucleus.

- Using notations developed above, we can write

vV (r) F (r) = (H’Alézuo) J explig-r) Rel[f(g)] Flg) dq

(@]
(D]
—
o
w

and
W (r) F (r) = (H°A/ 27uy) J expliq-r) Im[f(g)] Flg
(

I1f f(g) varies slowly compared with the form factor

F(g), then, for elastic scattering,

.V (r) F (r) = (H7A72nuo)’Re[f(q)] | explig-r) F(q) dq
c c . »

= A (27K*/us) Rel£(0)]) pl(r)
; (2.115)

where p(r) is the ground state nuclear density of the targét
nucleon.

Similarly,

5'..

W F (r) ~a (27h*/ue) Im[£(0)] p(r) . ‘
c ic o . v (2.116)

Also, for the 'spin-orbit terms, in the Born

approximation, <

1 d

f = -(u /2wh?*) (H/m c)? V / expli(k-k') r}] - — F
50 A ™ S0 4 r dr  so

(rxhk) dr

|Q

i

S -(u /27K)(K/m c)*V | expli(k-k') r] o-(VF xk)dr
A oo So ' SO

~(u /2nﬁ¢(ﬁ/m c)*Vv  k-oxfV{expli(k-k') rl}F dr
A T so’ so
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i

-(u /2%h) (h/m c)® V
A i S0

k-oxi(k-k')/{explilk-k')-r]}F dr
S0

-{u /27H) | expliq-r)
A .

[-(h/m c)* iV k?*siné F  o-A] dr |
7 S0 50 ' (2.117)

where we have used

k-ox(k-k') = k*siné o-n
(2.118)

Comparing egn.(2.117) with egn.(2.108) and egn.(2.111)

r

we obtain ) . \

(h/m c)? v ‘k* sinéd F
m SO ‘so

1

(27H*A/ue) | dq expliq-r) F(g) Imlal(qg)]

1

A (278%A/uo) Im[g(0)] p(r) '
' : (2.119)

Similarly,
“(H/m c)? W k? sin6 F = -A (27H7A/u,) Re[g(O)] plr).
™ so e . iso (2.120)

‘}nspection of egn.(2.115), (2.116), (2;119), and (2.120)
reveélq that,_throﬁgh the impulse approximation which 1is
appropriate at high energies, we again obtain the same
geheral form of the phenomenoclogical thicél modei

potential.
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3. Experimenfai

A

3.1 General ’

The TRIUMF six-sector isochronous cyclotron accelerates
H~ ions to a maximum energy of 520 MeV, Extraction of beam
is done by means of the insertion of a strippervfoil,
(carbon) the location of which can be adjusted to provide
beams of continuously variable energies between 180 to 520
MeV. Figure 3.1‘i5 a layout of the TRIUMF beam-line and -
experimental facilities.

The present exﬁeriment waé done at beam lihe BL4B 'in
the proton hall (figure 3.2 ). The target is located at
4BT2. A solid-angle defining front-end' x-y drift chamber
(FEC) is located 62.7cm from the target.‘

Downstream of the FEC.is the vertical-bend,
Mediqijesolution—Spectfometer (MRS consisting of a
quadrupole‘and a 60°-bend dipole magnet.

The location of particles in the focal plane is .
determined by means.of two sets of vertiéal drift chambers
(VDC's) oriented at 45° to the central fay.-

Following the.YDC‘s is an array of eight plastic
‘scintillation cdunters. The pulses from these counters
provide energy loss information of ﬁbe particles. These
counters ar€ also used in cornjunction with trigger counters
at the specfrpmeter entrance to provide time-of-flight
infbrmégion. The time-offflight together with the energy

loss information is used to provide a 'cut' to discriminate

32
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against scattered deuterons and tritrons having the same
momentum as the elastically scattered protons,

The number of 1ncident protons is measured by means of
a left-right polarimeter located upstream of the scattering

"F

‘L_chamber. A CH2 target‘intercepts the incident beam and the
charge measured by the pclarimeter measures the incident
proton flux.

Pulser genersted 'events' are used to monitor the
deadtime of -the computer. The pulser generated signal is
AND'ed with the polarimeter signal so that the number of
pulser eventg is propcrtional to the beam current. This
procedure is essential tc ensure that the deadtime will not
be affected by fluctuations in the beam current,

| The MRS can ke rctated about the target position so
that angular distributions over the range of angles from 12°
to 132° gan be measured. The FEC and the target rotéte with
the MRS while the scattering chamber remains fixed. In the
large angle configuration (LAC) a flexible aluminium
'béllows' connects the entrance of the FEC tco any of the
ports of the scattering chamber. These‘ports‘are located at
scattering angles 28°, 57°, 103°, 128° and 152°. The minimum
scattering angle attainable with the 28° port is about 14°.
When operating-in the LAC mode, the unscattered beam goes
through a continuation of the peam pipe, exits thfough the
opposite side of the-scattering chamber, passes through a
secondary émission moniter (SEM) and eventually is stopped

in a beam dump located outside the south-west corner of the



proton hall, The protoh-beam current 1s limited to 100 04 at
500 MeV when running in this mode. The charée‘measured by
the SEM prov;ces a check on the beam curreﬁt pravided ail o
a constant portion bfithe‘beam 1s focused on the SEM,

Fo} scattering angles less than 14°, the beam pipe
downstream of the scattering chamber must be removed. The
quadrupole magnet on the MRS :s moved two meters upstream
and a 'horn' is installed to replace the removed section of
the beam line and to connect the scattering chamber to the
FEC. The unscattered beam is stopped by a small beam-stop
inside the 'horn'. When running in the small angte
configuration (SAC), the ngm current must be reduced to

X
less than 0.2 nAa. s

3.2 The Target

The oxygen target consisted of distilled water
sandwiched between two Kaptcn sheets mounted inside a
cylindrical shell which was maintained at atméspﬁeric
pressure. This was seen to be necess%ry to prevent excessive
bulging of the water target which would otherwise occur 1if
the cell were evacuated.

An identical 'dummy' target cell without the wéter was

installed in the target chamber so that background

measurements could be obtaired for each oxygen run.
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3.3 Data Acquisition

Data acquisiticon is facilitated by CAMAC and the data

acquisiticn program (DACS) using the Belipse 200 computer in

the MRS cou%tinq’room.

Data are acquired from CAMAC by 1ssuing the command EA
(Enable Acquisition). Rvents are processed on-line according
to the event processing subroutine (EPRQC) S0 that |
experimentérs can modify the controi parmeters as necessary

-
until the desired spectra are obtained. The EA/T command is
used to write all events on magnetic tape before processing
on-line. On-line analysis moniters the guality of ‘data:
scalers and beam-qualitv spectra acquirgg on-line also
shortens the time required for replay-analysis.

A 1;sting of the EPROC subroutine for this experiment
is given ir appendix (4). Documentation on the data
acquisition softwarer(DACS) already exist (Tin 84) ,}and

will not be discussed in detail here.

3.4 Schematics of The Multwire Drift Chambers (MWC's)

The particle trajactories are monitored by three sets
of MW(C's, The first MWC, located at-the entrancevof the
spectrometer, is a low-pressure drift chamber. This is of
dimensions 5" x 5" and ccnsists of two geometrical planes,
defining the 'X0' and 'YO' axes, each in turn made up of two
planes of wires, 32 each, 'offset' -c give a coordinate on
that axis. 'Y0' is the coordinate in the non-bend direction

of the spectrometer and 'X0' is at right-angles to 'YO',
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The other two sets of MWC's are vertical drift chambers

A
located at the upper end of the spectrometer and oriented at
45° to the central ray of the spectrometer. These are of the

"MIT' type, each consisting of two:wire planes. The firgst
B ,

plane of wires runs perpendicular to the bend plane and

generates the 'X' coordinate while a second plane of wires

running at 30° to the 'X' wires determines the 'U’

coordinate. The 'X','U' coordinates provided ﬁy the lower

and upper VDC's are labeled X1,U' and X2,U2, respectively.

3.5 Focal Plane Calculation

The focal plane geometry is shown in (figure 3.2 ). The
constants G and H define the VDC's locations. F and & define
the focal plane location. The focal plane coordinate X is

F
calculated by

X = [X? + 9 - (F/G)(X1+H-%2)] /{1-[(X1+H-X2)/G] tan(8)}

(3.1)
For this experiment, the values for F, G, H, 6 are

F=-4200, G=5472, H=7392, and 6=0.

3.6 Quadratic Aberration Correction f

In order to obtain good resqlution, X must be
corrected for quadratic aberration. The coirected focal
plane coordinate, XFCC, 1is calculated from

XFEC = (Y0-C)?/A + THPC*/B +X |
F (3.2)



where
THPC = (R . THET + § X0
F (2.2)
with A=-5000, B=-¢60, C=-810, R=10000, S=-70, T=10000, and
O=-175, all determined empirically.

THET is the angle of trajactory as shown in (

rn
—
58]
o
“
D

[99]
r

). There,

tan{(45°+THET)

Ii

G/(H+X1-X2)

(1T+tan(THET))/('-tan (THET))

1,/(1-2-THET) for small THET.
(3.4)

Thus, : .

C THET = [G-H+X2-X1]./2
S - (3.5)
For G and H having the values given above, THET is given by

THET = 0.0914(X2-X')-175
(3.6)

in milliradians.

To check the quadratic correction, it is useful to form
a spectrum of X0 against XFCC, (SXF¥(). If the target is
heavy, (e.g. Pb), the kinematic shift. is small so that one
should see straight wrticle bands with constant XFCC
(figure 3.5 ) if the quadratic correction is éppiied

properly.
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Figure 3.4 Diagram of the angle of :trajactory, THET, through
the VDC's
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3.7 Kinematic Shift Correction
When a light target nucleus is used, the focal plane
coordinate will be coupled to the scatterlng angle by

kinematic shift. To correct for this, one lets XFCC depend

on Y0. The kinematica: corrected focal plane coordinate
XFK is calculated from \ ' . .
. . \
XFK = (L : XFCC + N - Y0)/P + M .
' - , (3.7)
i, :

The kinematic shift is energy and angle dependent so
that the 'constants' L, M, N, P have to be found for each
energy and angular region.

To check the kinematic correction, (with guadratic

. ~ R .-
_.aberration corrected), one looks at’the spectrum of XFK

. §
\

plotted against Y0, (SXFY0). If the correction is properly

applied, vertical bands‘of nearly constant XFK should be

seen (figure 3.6 ).

If the focal plane calculation theQ%uadratic

aberration, and the kinematic sh1ft correctlons are applled

<property, vertical bahds of constant XFK should be obtalned

in the spéctrum of THPC plotted against XFK, (SXFTH).‘

: \
(Figure 3.7.) ‘

/
3. .8 Particle Ident1f1cat1on

Partlcle 1dent1f1cat10n is achieved by plotting the
scintillator pulse height against the timesof-flight from
bottom to top (TTB) . (Figure 3.8..) The intense peak seen in

-

this scatter plot consists ofi protons with the correct TTB_\

¢
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“values. A window around the proton peak selects the proton
~events, Théifainter peak at the upper left corner of the
protoh peak corresponds to.deuterpns.,

This scatter plot must be cheéked from time to time
during the experiment to see’ﬁhat not too many deuterons are
coming into the system. If the proton peak appears 'double',

it is likely that the beam has two energies.

2.9 The Drift Chamber Decoding

Twenty-three CAMAC TDC modules are required to encode
all the wire chamber signals. There are thirty-two channels
in each module. Each wire in the MWC system is*attachea‘to a
_TDC channel, Thus, the sixteen wires in the first of the
X0-defining planes are given TDC channels 0 to 15, and the
second of these planes given channels 16 to 31, etc. The
complete scheme of numberiﬁg is given in table 3.1.
: The TDC's‘are used in a common stop mode so that the
first one triggered has the largest time value;‘i.e. the
shortest distance from the particle track to the wires
corresponds to the largest TDC time, and v;ce versa.

For the front end chamber (FEC), the assignment of TDC
chanhels in elther set of the two axis-defining blanés_is

shown in figure 3.9. The 'numbering' of wires is given by

n = chng | (first plane)

*

n = 31 - chng {second plane) - A
' ' (3.8)

so that wire n in the first plane is adjacent to wires n and
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Name Module
X0, 0
X0, 0
YO, N
Y0, ’1

U1 2-16
X2 - 7-12
U2 12-17
X1 18—2é

47

Table 3.1 Table of TDC channel assigment to the MWC wires.

lower chn. upper chn.

# TDC's
16 0
16 16
16 32
16 48
160 64
176 224
176 o 400
160 576

15
3f
47
63
223
398
575

735
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plane 1

plane 2 ///

31 30 29 28 27 26 25 2¢ 23 22 21 20 19 18 17

Figure 3.9 Schematic diagram showing the numbering,®and the

relative positicn, of the wires in the FEC.
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Figure 3.10 Schematic diagram showing the 'X' and 'U' wires

in a VvDC drift chamber.
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n-1 in the second plane. The advantage of this numbering
scheme 1s that adjacent wires in two different planes also
have adjacent numbers.

The position of a 'hit' in the FEC can be calculated as
follows.  There are three cases to consider.
1) Only thebfirst plane is hit: in this case, the location,

say X, 1s given by: /

NS

X =Nl M
{3.9)

where M 1s a metric constant representing the intrinsic
chamber resolution. In this experiment, M is 100w
2) Only the second plane is hit: in this case, X is given by

1

n
—~
Z
N}
!
k4

3 —M . .
2 (3.10)

The 1/2 takes into account the fact that the second plane is
'of fset' as shown in figure 3.9.

———
3) Both axis-defining planes are hit: in this case, X is

given by
X = (N1 - M) + 0 [(TDCZ—TDC1)/DELT|+ M/4] .
where

+].'

@
"

2(N2-N1)+1

, Nl=n, N2=n

= ~1 , Nil=n, N2=n-1
' (3.12)

DELT 1s, in principle, the maximum difference of :the TDC

*The following discussion is based on the MWC decoding
subroutine DRIFT (appendix B).



. time values of the two hits (TDC2-TDC!). DELT ds'usually set
at 50,

The cbnfiguration ¢l the X,U wires in the verticle
dri}t chambers (VDC's) is shown 1in fiéure 3.10. Let us

consider the X wiresronly, the U wires can be treated in a
similar fashion.

¢+ Recall that the VDC's are oriented at 45° to the
central ray.\ConseQuently, a single particle track would
trigger three to five adjacent wires as shown in figure /
'3.11. With three adjacent TDC's, the position at which the
particle crosses the wire plane, the amgle of the

trajactery, and the time of passage of the particle can be

calculated. If we def ine

e

N = channel number with the largest non*overflow TDC time
value
T = largest TDC value .
max L
vl ‘\(“x
AT
T = minimum of T and T ,
min - N+ 1 N-1
then
6 =T - T
max min €3 : (3.13)
T =T + (1/2) (T - T ) |
mean max N+1 N-1 _ (3.14)
and
X =M [N - (1/2)(T - T )/ (T -7 )]

N+1 N-1 min ma x (3.15)
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Figure 3.1! Diagram showing a particle trajactory through
! : '

VDC drift chamber.

Figure 3.12 Vector diagram showing the calculation of 'Y'

from 'X' and 'U'" of the VDC's



where M'=120 since two adjacent anode wires are 6mm apart
and the calculated resolution is about 50u.

The position in the U plane can be calculated in a
similar way. The coordinate Y can be ’alculated with, the

help of figqure 3.12. Vectorially,

Y = y3 X - 20
(3.16)
In absolute value,
Y = y3 X - 20 + C
(3.17)
where C 1s given by
Y =0 =43 ¥ - 2U + C
c c o (3.18)

To locate Y at the centre c¢f the chamber, X and U

. c C c
must be given values as shown in table (3.2). The relative
channel numbers measure the position within the plane, in

units of M'=120 um per channel,



Table 3.2 Table of the central 'X' and 'U' TDC# and the

corresponding relative channel number.

TDCH Relative
chny
gﬁ ‘ﬂ}
X1 648  8eh
. :
Ui 136 8640
C
X2 312 10560
C
U2 488 10560
C 4
gj

£

53



4., Method of Analysis

4.1 Investigation of The Drift Chamber Efficiencies

If the MWC's are functionally operative, their overall

inefficencies can be corrected by a correction factor
MWCOR = (# proton events) © (# 'gcod' MWC events)
: ! (4.1)

A 'good' MWC event is classified a4 a non-'missing’ and
non-'multiple’ event. 'Missing' and 'multiple’ q;ents are
def;ned in table 4.1.

In the replay analysis, the efficiencies of the VDC's
are checked against each other. 'Good' events in VDC# 1 which
have passed through the 'proton-window' (time-of-flight andg
energy loss window) and the solid angle window are used to
define good events presented to VDC#2. A two-dimensional
histogram of {ok,missing,multiple} of X2 against
{ok,missing,multiple} of U2 is formed for these events
(figure 4.1 ).

'Missing' in one plane (either X2 or U2) or 'multiple’
in one plane represents 'genuine' inefficency af vDC#2, if
their numbers are small. These events can be rejected and be
corrected for by the correction factor.

However, 'missing®™ in both planes (X2 and U2) are
probably due to false triggering of VDC#1. The number of ™

these events should be small.

*This formula will be given in a later section.

54
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. A A
‘Table 4.1 Table of definition for 'missing' and

'multiple’' events in the MWC's "

. Number of ‘clusters |# adjagent wires hit’
, -
FEC 0 > - < 1, | >1 pr >2
VDC's - 0 > 1 < 3 Q—
missing _migltiple7 missing multiple

K

Table 4.2 Table of number of events 1in the

55

{ok,missing,multiple} VDC#2 histogram shown in_ fiqgure (4.1)

multiplé )

misc ' ng

ok

1568 47 1492
315 | 8 37
71557 196.- 1882
ok ' missing multiple

¢

>4



Histrogram VDC2
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" ||
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Figure 4.1 {ok,missing,multiple} scatter plot of VDC#2.
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"Multiple' in both planes, on” the oiher hand, might be due
to multiple particle—tracké;-if the numbe# of these events
1s shall, they can also be rejected and corrected for.

The efficieng§ of “VDC#1 can similarly be tested against
VDC#2. (Pledse see fiéure 4:2.)

For the front end chamber (FEC),H'good' triggers in
botthi&#@agnd Ypé#Z”gféfg;ed to define a genuine particle

A o .
’trajéq;@&?. In additipn, the PHI-window (Y2-Y1) and the
THET-window are uéeé to select trajectories that must haQe
passed through thé FEC. An ‘efficiency—histbgtam' similar to
that déscribéd for the VDC's is ploﬁ%@?}for XOvand Y0. (See
figure 4.3.) The analysis of it folloﬁs‘the same kind of
Qreasoning outlined for the VDC's. Again, 'double-missing'
and 'double-mulgiple’ events should be small.

The actual number of evepg

Y

discussed above are given ¥
!

. for each of the histograms

'gle 4,2 to table 4.4. The

absolute small numbers .of 'd®uble miséings' and the
relatively small numbers of 'multiple' events indicate that
the MWC's were in good working order.

' e ‘
4.2 Maximum Number of' Adjacent:Triggered Wires In The

- R

Front—end-chamber

There ex&sts a possibility th;!-,for the FEC, two:
adjaceht wires in the the same wire plane may be triggered
by a' single track as shown in figure 4.4. We investigated

this possibility by allowing the number of triggered

adjacent wires (NHI{T) to have a maximumavalue'of twg in the

-



Table 4.3 Table of number of eventsvin the

{ok,missing,multiple} VDC#¢1 histogram shown in figure

1624

multiple 1593 .54
missing ~302 L 22
ok| 71557 177 1989
5k missing multﬁplek

§

Table 4.4 Table of number of events in the

&

,'lé%é e

{o&jmissing%multiple} FEC histogram

shown in figure

multiple

missing

ok

. 1958 2017
. :
87 5 3
75166 67 1999
ok missing multiple

(4.

[N

(4:3).
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Figure 4.2 {ok,missing,multiple} scatter plot of VDC#I1.
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Figure 4.3 {ok,missing,multiple} scatter plot of FEC.
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e -

Figure 4.4 Diagram showing the possibility.of a single

particle track triggering two adjacent wires in the FEC.
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4. L. <4
FEC. The FEC m‘{1C1an1ps of the two alternatives were

ootalned by the above outlined method. The results are glvpn
in table 4,5 and table 4.6. |

A comparision of the values given 1in the tables shows
that 'multiple', and pafticularly "double-multiple' events
are reduced considerably with NHIT<2.

in the replay analysis, we allowed a maximum of two

adjacent 'hits’' in each axis-defining FEC wire plane.

: . e s
'4.3 Determination of The Central Ray cat1on In The Solid

angle Defining Front-end-chamber

vThe“large momentum acceptance of the MRS allows the
solid angle to be divided into smalfor momentum bins. In
order to define tho scattering angle corresponding to each
bin, one has to determioe the central wire channel of the YO
plane correspondihg to the MRS central momentum’réy.

Due_%o the large momentum acceptance of the MRS,
protens scattered elastically and inelastically, leading to
the first excited széte_of'the oxygén nucleus, can be
focused at the focal plane simultaneously. The ratio, v, of

the number of elast1c|.fy scattered protons to the number of

these inelastically scattered protons is a function of the

.scattering angle. At an angular region where this ratio

varies rapidly with the'scattering angle, » can then be used

to determine the scattering angle. The relationship between

~~v and the scattering angle can be found by dividing the

“solid‘angle into several bins and plotting the ratio »

¥



Table 4.5 Table of number of events in the

{ok,missing,multiplei FEC histrogram for NHIT = 1,

A
multiple| 5026 7 3372 .
missing 164 5 i3
ok 75036 70 5137
ok nissing multiple

~Table 4.6 Table of number of eQénts in the

{ok,missing,multiple} FEC histrogram for NHIT < 2.

I

()
multiple 2276 4 5 2281

missing 172 5 5

ok 81646 72 2368

ok missing multiple
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corresponding to each‘bin as a function of the centre‘;YO'
wire channel of that bin. ‘ -

when the gquadrupole magnet of the spectrometer is'’
turned off, the horizontal focusing property of the
spectrometcer 1§ lést and only the central ray will reach the
focal plane. The SXFYO spiftra with the quadrupole turned on
and off, figure 4.% and figure 4.6, show this clearly. (See
section on focal plane calculations.)

Thus, from the p~;atio’vs.‘YO—channel graph, the cental
momentuﬁ "Y0' channel is that corresponding to the r-ratio
when the guadrupcle 15 tufned off. This is shown in figure
&.7. The central 'Y0' channel determinea in this way 1is
Y0=77C. The uncertalnty 1is abouwt 20 channels, corresponding

to an uncertainty of 0.0016 radians in the scattering angle,

or (0,09 degrees,

4.4 Determination of Energy Loss In Target

Since we do background subtractions by subtracting the
differential cross séction obtained from the target-empty
run from that of the target-full run, we must be sure tha£
céunts in the apb:opriate XFR channels are used to calculate
the'target—empty differential cross section.

Since the beam lbses energy in passing through the
Qater.ﬁn the full-target, theﬁfocal plane position of the
el§sti§ peak would be shifted towards higher XFK values. The
energy%loss in water Ca?.ge obtained from the stopping power
. v B .

of water for protons (,— — ). For example, at 200 MeV the
- 'p dx '
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Figure 4.5 Spectrum showing the Y0 angular byte accepted by

'the'spectrometer when the guadrupole is on.
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Histogram SXFYO
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Figure 4.6 Spectrum showing the Y0 angular byte accepted by
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the spectrometer when the quadrupoié»is off.
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mass attenuation 1s about 4,55 MoV-cm: gm (TRI KH) . Assuming
“

: O e
- the target thickness to q& about O. 145 gm cm’, (this®will

[
change slightly as the targer rotates,) the energy 1oss is

about 0.66 MeV.

To determine the energy difference per XFK channel, we
use the separation of the peaks corresponding to the carbon
ground state and the [irst excited state, which 1s known to
be 4.43 MeV. The eneréy per XFK channel 1s then found to be
4.9 KeV/channel., Hence, for 200 MeV, the energy shift 1is
about 135 channels. Similarly, the energy shift for 300,
400, and 500 MeV are 107, 92, and 81 channels, r;spectively.

For 1llustration, at 200 Mev, if the target-full
elastic peak is centred between channels 16000 to 17000,
then the backgroun8 %BbtraCtiOﬂ should be taken from channel

15865 tco 178€5 of theitarget’empty SXF spectrum,.

4.5 Calculation of The Differential Cross Section

,

Extraction of the elastic differential cross section

from the raw data 1s essentially counting the number of &
events in the, elastic peak, calculaté@g the deadtime
correction factor, the MWC efficiéﬂ?} correction, and

determining t%g beam 'flux', -

- . @

First of all, any events recorded by the computer are

counted (CNT2). Pulser events are then rejected and the.

number of non-pulser events are counted (CNPULS). Proton
events are then selected by the particle idengification

window (SPID) of pulse height and time-of-flight values. The
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_number of proton events is counted (CPROT). 'Good' MWC

. \ : o,
events are then selected and the number of them counted
(CMWOK )., Finally, a 'window' is made on the'solid angle by
putting a restriction on the X0 and YO coordinates in the
front-end chamber} These events are then divided into three
, | ‘///,
bins as coming from three”egually divided ranges of YO

within the solid angle window 50 that data at three.

U}

tterlng angle@ separated by about one degree are
extracted 51multaneously. Events correspond1ng to each angle
bin are then put into a spectrum_according to_their
corrected focal plane oosition (XFK) .

A typical focal plane spectrum (Sxf) is‘sbbwn in figure
4.5, the oxygen elast1c peak stands between XFK channel -
16000 to 17OOQ and is in%general 'clean' and clear from the
_carbon elastic peak at channel 17000 to 18000 in this .
instance. At some angles, however, the carbon peal does get
Jéfy'cloSe to the oxygden elastic peak (e.g. at 32° at 300
MeV in,figqre 4.9). Nevertheless, within the- angular range
‘of our'data, the situation is tolerable.

"Thirty-eight 'scalers' are accumulated as data are
being taken:ﬁn each run;'Of particula} intereet to us are

- b ' L
the scalers numbered 33 to 28, These are respectively,
N s
s

scaler 33

e

left polarimeter counts

scaler 34 : right polarimeter counts

B!

scaler 35 : left accidental polarimeter counts

scaker 36,

right accidental'polarimeter counts

v
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[

scaler 37 : SEM accumulated charge

scaler 38 : number of pulsers presented to the computer.

"y The live-time of the compu%er (during-data takipg{{fs
calculated as the ratio of the number of pulser)evgnfs
~recorded by the computer tblthéﬁnﬁmber presentetho'i:. The
number of pulser events, fecordédJ;s given by CNT2 minus
CNPULS sc that the deadttgf c@@rectlon factor (DTFACT) is}

calculated as ' o

DTFACT = (scaler 38)/ (CNT24~ CNPULS). = o
¢ [, ’ {_@, (4 2)
L | vjég

The MWC correction factor (MWCOR) is just the ratio of
. .

the number éf protons determined by SPID to the number of
'good' events (CMWOK), thus
MWCOR = CPROT/CMWOK L ;
RS . ™ ’ (4.3)

as has already been stated in an earlier chapter}
The total incident beam charge is calculated as the

upolar;méter counts (minus the accidentals) divided by the

count-to-charge conversion factor (CPNC),

CHARGE = {scaler 33 + scaler 34 - sc@ﬁér 35

»

- scaler 36)/CNPC :
(4.4)

The total number of incident protons is then simply the
CHARGE divided by the‘'proton charge.

Finally, the differential cross section -is given by



s
— = [(counts in elastic peak) (deadtime ’ -
an S

¥ 2
: : “
DR . . . . . -3

*orrection) (MWC correction)] / [(# incident

protons) - (# target nuclei per unit area)x(soclid

angle)]

i% 4.6 Results of Data: Analysis

- There were two previous running periods on the elastic
s;attéfing ofiprctons from oxygen before the July, 1984 rﬁﬁ*
These occured in July'81 and April'82. Data from these runs
will be referred as the 'old' data. The 'old" data had
ngrmalization probleﬁs in the differential cross sections 1in
overlap regidns.of different runs. These are pldtted ird
figure 4.10 fo'4;1}. A summary of the old da;Q before )
re-normalizétion is giveh in apbendix (2). ‘

-

The majof purpose of the pfesent expﬁfimént was to
solve the normalization problem\in-the pre;;gaé experiments;
Sihce analyzingipowen is not affecged by nbrmalization, the

' 'old! analyzing perr data are believed to'be‘valid.
Consequently, we did not geed, nor did we take, polarizatjoﬁ
data during'the July;1984ﬁrun. The"'old"analyzing‘pbwer
data are given in appenéiﬁ (3). |

A suﬁmary of the angular range of the 'old' and-'new'
data at each enérgy is given in table 4.7. Although_smaller'
éngle dafa:wefe'taken'ét 500 MeV with the Small Angle

'COnfigurafiQn, we encountered technical difficulties with

3

£
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the front-end chamber. Therefore we decided afterwards to
abandon the data taken in this configuration. The SAC 500
MeV data were therefore not analyzed.

1

The 'new' differential cross sections analyzed by the
method outlined in.previous sectlions are tabulated 1in
appendix (1). Graphs of angular distributions at each energy

are shown 1in figufe 4.14 to 4.17 . The 'old' differential

cross section data are renormalized according to the 'new'

D) N

data. 2 total of one hundred * differential cross section
and analyzing power data points are randomly selected from

the combined set of the 'new' and 'old' data to be used in
the optical model analysis described in the next section.

These are tabulated in appendix (4) and (5).
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Table 4.7 Table of angular range of data taken in July, 1987,

April, 1982, and June, 1984,

E(lab) Mev Jul'81, Apr'82 June' 84
200 . 2° - 21° 15° - 42°
300 2° - 61° 15° - 42°
400 3° - 45° 15° - 25°
500 3° - 20° 15° - 45° 7
i -
o
. @
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-siﬂple Woods-Saxon form factors fails to fit experimental

. o

S g

e . |
>~ R |

5. Optiéal_Mgdel_Analysis - \\\\\\

-

5.1 Non-relativistic Analysis. Using The Sténdard Optical

~

Model Code MAGALI

- There have been indications. (Glo 85, Arn 81)‘thé£lthe

non-relativistic cptical model;parameteriza%ion using the.

data in the 'transition energy' region.beﬁween 200 and 500

MeV., T ’ : . ' &

We tested fitting-our data with the hQn;rélativistic
standard optical model code MAGALi (RAY 69). The- . . /
’ . . : ¥ L ’ *
parameté%izatdbn is the standard one using ‘the simple o

Woods=Saxon form factors:

. , o : d. o
U’ =V 4+ V.F + i(W - 4W —)F : C
op coul ‘c c - c D dr 1ic - A
. 1a 16
+ (B/mc)*[v —F + W F Jo1l /
_ n so rdr so so rdr 1iso J(5.1)
where /

F (r) ;{{1 + exp[Zf?i )/a‘]}"
X . ‘X X
are the simplef@oodsfSaxén\form‘factofs;ana
1/3%&\,/ |
X . x . - ‘ \ ' / A (5.2)
‘fhe differential cross section in/conjunctibn with- the
analyzing po&er data are analyzed ét éach enérgy to get the

best total-x? fit

84 :
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n . . )
x? = T [(model-expt)  Aexpt]? N
n .
+ L [(model-expt), Aexpt]: ., . -
i | Ay : (5.3)
.,
A _ _ , f‘ : .o
5.2 Techniques of Search » } S

Since'ghgré.is considerable interplay between the
parameters, there is usually more than one set of parameters
which can give the.same quality of fi to the data.

) )
The criteria for choosing between different se s of

éaramétérs have been baséd on the phyéicél meaning of the
optical-parémetérs. For examplé; 1t 1s an established fact
that the real central potentiéi shbﬁldvbe incfeasingly
repulsive towards higher energies. The;efore, this
réquiremeétﬁmait be met if fhe‘parametefs are ofiany
physical méénihg\at all. Fdrthermére,_accordiﬁg to the
folding modéfi the potential shapes should approximately,
follow the dengigy distribution:of the nucléus. Therefore,
the radius‘parametgr-should~be around 1.3 fﬁkand the
diffu%éﬁess paraméter.should be between 0.4 and 1:0 fm.
Specifically, the diffuseness paramefer should not be
'greater.than.the rédius parameter. - |

When first startihg:a search, usually one cannot search
‘on_allvparaﬁetgrs at once. It 1is Uséfﬁl to divide the
parameters into three groups: the pgténtiélvdéptbs, the
" radius pafameters,}and.th; aiffuseqéss parameters. If the

‘radius* and diffuseness ) geometry) pérameters are close to

their 'true' values, .orie can sStart searching on the
: ) 9

2



potential depths first. 'Should one cl the degths chque sign

contrary to the .sign 'expected' for it, (usually the real ~

spin-orbit potential,) then one should star: instead with

S pt N

the radius or the diffuseness parameters.

“~ Very often, one of the parameters in search tends to go

-

’ .
away from the*’physiCal"range. In this case, that parameter

i

can be fixed”to & . 'nominal’ value while lettiné_the rest of
the group be searched.

| When the x*'s become 'stéady' for each group of the
iparameters (possibily excluding one or two which tend to go
o:% of range), éombinations of parameters from different
groups can be put in searcﬁ. At this stage, oné or more

<IN ) .
parameters may°'go 'wild', however, experience has shown that

¥

fixing one. (the right one!) of them usually keeps the rest
stable. This stage of the search is the most difficult, and )

time consuming. Considerable guess work is required in order

to 'lead'. the parameters close t% their 'proper' values.
When at least nine of the parameters are stable and
. @ : ‘

within their . 'physical' range, all twelve parameters can be

+

put in.search. At this stage, the total x* should be of the
same order as the number oqfdata to be fitted.

v It will happen somet ifnes that at/
) :

the search one of the parameters 'drifts' away from the

N f/ ) . "
~physical range. Should that happen, and should the total x’

this final stage of

be already small, the sithation is very often impossible to
. o N
fix: one might have to start over again.
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5.3 Ambiguity of The Paraﬁ%ters - ' L (
.In'our fitting prOCeés, we have fcound that ;he 200 and »
300 Mev data are extremeiy difficult to gtt. A\possib{%
explanation is‘;erhaps that the simple dedB-Saxén form
“factors are not:adequate at thgse £wo gpergies.-Oqe can
imagine_thqg Fhe twelve ﬁarameters‘and the total,x’ fgrm a
P3jaimens{én;l manifecld. If th? form fé@to:s (geohetryb age
of the right shape, one can assuﬁe that'theré will be a
deep, narrow minimum x? in the manifold. In this case, the
search would easily fall intc the minimum.
q
On@the other hand, if the geometry is of the wrong
shape, then it is not iﬁccnceivableithat a number of false
minima will be present in the manifoidi In this cése,«not
.only will the parameters be extremely Unstgﬁie duriﬁg the

search,‘but also they will be ambiguous should these false

minima be of the,same order as the 'true' minimum.

Jo———

Of course, there is also ambiguity in the'paraméters

. . >, \
due to the limited‘number of data points availab%e. %t has
. \ . NET

been noted.(Glo 853) that measunpements up to large mgméntum

. s A‘\

transfers ( < 5 fm ') are needed to define the paramete$f
o - : ) :

upambiguously. In our experiment, we have only measured

differential cross secticns and analyzing powers tco 50°,

corresponding to a maximum momentum transfer of ~ 3 fm™ ',
. . £ ;

I
S

OQur data is therefore far from'being a ‘compléte set', hence
our parameters cannot be considered as 'precise’'.
It has also been noted (Glo 85, Sch 83) that the

spin-rotation function, Q(6), is required 'in conjunction

3
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-
Id

with the differential cross.section and analyzing power
angular distributions to-define the parameters accurately.

" We have not measured{Q(&) in our experiment, but such
. ¢ L I ’ .
measurements would certajnly be useful to further constrain <ﬂt>
the parameters’ especlally at 200 and. 300 MgV where the shape i

transition of the real central pStential seems wo be most

. . iy
noticable. '
'
% A ) ' . ‘
~ . . : - . P 4
5.4 Results and Conclusions ' N . ‘:mﬁg
We obtained good total x? fits to the 400 and 500 MeV k iEH

AA\(\

differential cross section and analyzing power angular.’
distribution with the same Woods-Saxon radius and
'diffuseness parametérs (geometry parameters). ° However, we
find that these parameters can not be applied to the 200 and
300 MeV data Jithpgt sacrifice of good x?. w}th.geometry'
parameters fixed to ﬁhat for the 400 and 500 MeV cases, tw¢
botential parametrizations are found for the 300 MeV data. A
close look at the parameters between these two alternative
'sets reveals that simply reversing the‘sign of the real

) ‘ : . ' 2 :
central potential does nrot have ény appreciable effect on
the total—x?*. This probably indicates that attractive as
'wéll'as ;epulsive contributions to the real central
poténtial ére equally important at this energy.

The one*geometry parametrizations are tabulated in

table 5.1. The corresponéing kz's a;é also given there. We
Fsee that the total x* for tHe 200 and 300 Me%ﬁfits is abéutk

s The saMe set of geofMetry parameters were obtained in free
search. -



Table 5.1 Table of One-geometry

Parameterizations,

L4

0.57

3.46
.17

0.77

7770

29329

37100

1437,

. 2301

3738

0.57

0:77

1261
2511
3772

optical model

To11

0.57

2.92

324
93
417

247
155
402



| W 2
cne crder of magnitudewhigher than that for the 400 and %00
: i ¥

MeV filts., 1f we %yv wequire good v¢ fits to the 200 and 300
A . Ak

4 (;‘
)

'Mev daf&icomparabie‘to that for the 400 and 500 MeV data, we
have to allow the'geometry.parameters to differ froﬁ/those{
of the 400 and 500 MeV fits. Two such~parametxizat§o%s,ari
founa for. each of the 200 and 200 MeV data sets. These are
shown in table 5.2: the.400 and 500 MeV pérametrizations are
repeated in this table for complefenesg.

- wé\note that the two parametrizations for the=200 MeV
-data ére.very similar, confcrming to the ﬁossibie‘ZO%
uncertaint% intrinsic to the bqrameter ambigu%ty (Hod 63).
Those fo; ﬁhe 300 Mev déta, hodever, differ considerably
especially in the real central potentials. The fits to the
experimental data according to the‘pa:ametrizations giveﬁ in -
fable 5.2 are sHown in‘figure'S.i to 5.12. The radial
distributiéns of’ the potentials are shown in figure 5.13 to
5.16. The volume integrals J of the potentiais U are

X , X
calculated by ' '

x x ' | (5.4)
These are tabulated in table 5.3.

In conclusion, we were able tc¢ fit the differential
Cross séction and the analyzing power angular.distribution'
at 200, 400 and SOO'MeV energles using the standard optical
ﬁodel potentials. The 300 MeV parametrization ﬁsing the

simple. Woods-Saxon form factors of the standard optical is-

ambiguous however, Moreover, the fit to the analyzing power

o . L
R )
vl

TR
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angular distribution data is relatively poor at this energy.
If we were ro think in terms of the

"wine—bott£e~bortom" shape cf the real ;entfal potentlal at
the 'transi;ion energy’ region that has been borne out from
thecrtical calculations, then we could conjecture that the
relatively poor fit to the 300 MeV analyzing power angular
distribution and the relatively large ambiguity of Lhe
parametrization at this energy are probably due to the
increased importanée of the interplay between the attractive
and repulsive contributions to the real central potential at

about 300 MeV for oxygen,

B



e . o : - -
opticdal parametevizat ions with the

{'Tmble G.0 Table of

geometry parameters in o search for minimun 9,

, L)
E (MeV)
;ab '
A~ 200 (i) 200 (ii) 300 (%) 300 (ii) 400 500
\ ~11.52 -11.85 -9, 2064 .49 5.19 10.41
C s .
r 1.33 1.33 1.29 1.13 1o 11
C .
a 0.67 0.67 0.76 0.56 0.64 0.64
&’ c
W -14.27 -13.24 -24.97 -15.30 -24.,20 -38.41
- 1.20 1.24 6.0z 102 113 113
1C
a 0.7% 0.73 0.83 0.75 0.87 0.87
ic
v -3.45 -3.22, -1.3] -2.79 —a 1 -3.84
S50 :
r 1.02 1.03 1,12 Ry 1.1 RE
50 A,
a .51 0.49 0.72 0.54 0.57 0.57
SO .
W 1,39 1.82 2.85 2.41 2.92 4.40
o iso
\\, r 1.25 1,15 0.73 0.87 1,17 1.17
1s0
a 0.73 0.72 0.53 0.72 C.77 0.77
.150
x? (o) 345 331 379 649 324 247
X7 (Ay) 228 220 330 373 93 155
‘ 573 551 709 1022 417 402
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Table 5.3 Table of volume integrals (MeV-fm') of the optical

model potentials using the parameters fiven in table &,

W

U

O

SO

S0

E - (MeV)

lab
200 (1) 200 (ii) 300 (i) 300 (ii)
-2543.57 -2605.51 -2068.4 1 199, 13
~2623.71 -2603.90 -2950.78 -2007.07
-351.23 -318.82 ~-199.85 -398.68
280.07 298.75 377.33 220.61

r”

400 500

721.90 1447.97

-4502.03 -7147.16

-531.83 -~496.36

524.83 790.83

‘
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potentials according to the parameters gilven in table 5.2.
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Appendix A

;Event processor for MRS singles EXPT. 169 - 276,84
;Non-Linearity Correction for Top End VDC's (DF & PWG)
;New focal plane subr.‘XFOC +'DRIFT mods. + X1 calc (DAH)
;Redefining DRIFT function to use
;actual CAMAC word éount (P.W.G) .
;Inclqding the LeCroy 4290 Driftvchamber Readout
;Also, "improved” DRIFT
;Also including ECLine ?rogramming
.TITLE EPROC - , | : 1
.EDFiN BLKDAT INLIN -LOCAL 1 LOCAL DIM
.EDFIN BﬁOCK BLOCK -LOCAL 2 LOCAL DIM LOCAL DATA
L=LOCAL "b
; NEED ‘A SHORT FORM TO GET THIS NEXT MACRO ON ONE LINE
.EDFIN éTD'BoNED -SPECTRUM 4 L' DIM L XDATA L XCOMP
L XBIAS L LABEL '
.EDFIN B2D BTWbb —SPECTRUM‘9. L DIM L XDIM L XDATA
VL XCOM L XBIAS L YDIM L YDATA L. YCOMP L YBIAS
.EDFIN]FAND IFAND LOCAL 2 LOCAL IN1 LOCAL IN2
.EDFIN DRIFT DRIFT -L 6 L DIM INPﬁT RAW L WIRE L IDCLO
LL IDCSL L TIME
.EDFIN XFOC XFOC L 6 L X1 L X2 LFLGVLHTL TILT
.EDFIN LINIT T.INIT -LOCAL 2 LOCAL DIM LOCAL EFF#
LEDFIN L1iCC -OM LOCAL 4 LOCAL X LOCAL A |

LOCAL SCALE LOCAL B
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EDFIN L2COM L2COM LOCAL 6 L ¥ L AL Y L B.L SCALE L C
;EDFIN SCA1D SCAID LOCAL * LOCAL % LOCAL LL LOCAL UL
.EDFIN SCALER SCOUN SPECTRUM I LOCAL DIM
.EDFIN SCAMAC ‘SSCLR- SPECTRUM 2 LOCAL DIM INPUT NEWS
.EDFIN SHIFT ISHFT LOCAL 3 LOCAL DATA LOCAL ‘MASK

LOCAL L=SHIFT
.EDFIN W1D WONED SPECTRUM 4 LOCAL DIM LOCAL XDATA

'LOCAL XCOMP LOCAL XBIAS LOCAL LABEL
.EDFIN W2D WTWOD SPECTRUM 9. L DIM L XDIM.L XDATA

| L XCOMP L XBIAS L YDIM L YDATA L YCOM§ L YBIAS

.EDFIN MAXV MAXV LOCAL 4 LOCAL INDX LOCAL LIST

LOCAL FRST LOCAL LAST

~e

’
.;*******************************’?¥*****************
;Pirst define symboés needed for event type #1.
+This event readsscalers at a unihorm'rate,'
';ghecking for 24-bit overflow and calculating the
raverage rate of each scaler. CSCL is a spectrum:
;typé array of dimension = # of scalers read. |
;Other definitions(OLDS,NEWS,DELS) afé local scratch
ystorage for overflows.and rate:

,'**ﬁf************************4*************************

.
14

.IDFIN SORG 4 -
;Origin skips event and block header words.

.DFIN CSCL SCAMAC 38. SORG



.DFIN OLDS BLKDAT 76.
.DFIN NEWS BLKDAT 76.
.DFIN DELS BLKDAT 76.

.DFIN CNT1 SCALER 1

,‘*************ﬁl:*********ii*************************‘**

;* Now for the definitions used in event type #2, *
;* the main event. *

R I I I T ™™
;The following constants must be defined in order to
;allow programming of the ECLine electronics.

;See the file MRSELECT.DC for a description cof what

;they do and how to change them.

.EQJIV FXMIN 0 ;Front End Chamber X-acceptance

.EQUIV FXMAX  1600. :In 50 micron units

»

.EQUIV FYMIN 0 ;Front End Chamber Y-acceptance

.EQUIV FYMAX 1600,

.EQUIV PDMIN 0  ;Selection of Top End Paddles
.EQUIV  PDMAX 7 |

.EQUIV FPPOL 0

;Focal Plane Polarimeter in the Trigger?

.EQUIV AUXTR 0 ;Fast Auxiliary frigger?
LEQUIV TRMIN 10.

:Minimum Top-Bottom Resqlvinngime in ns.

LEQUIV  TRMAX 133. ;Maximum " "



.EQUIV  TRHS 0
.EQUIV THRSH - 30 ;FOCAL PLANE PADDLE THRESHOLDS
.EQUIV PSCL 1 'EVENT TRIGGER PRESCALER

. -EQUIV RFDEL 0 . ;PHASE OF RF TDC STOP |
.EQUIV FETRIG | ;PRONT END TRIGGER REQUIREMENT

:Next, the logical variable used in hurry(EA/H)
;processing.HURRY is .FALSE. at the beginning

;of éach‘input record. It becomes .TRUE, part way
;thfough the record i¥ there are input events
ibeing delayed because the EPROC processing is
;taiing too long. |

;Next the definitions.of MRS MWC decoded wires and
rassociated caiculations.

;Two constants are required -

“:for Non Linearity Correction.

N\
.EQUIV IDCLO 340. ~ ;Times greater than this are
.EQUIV IDCSL 2000, ;jcorrected by this slope

;{divided by 1000)
.DFIN MWCO DRIFT 37. MWORG LWIR IDCLO IDCSL DELT
.IDFIN MWORG 26. o o
;defines block header of variable length MWC list
.EQUIV LWIR 0.
;Define N for some pair of wires (N & N+1),
- .EQUIV DELT 50. ;ATIME for FEC calculation
LEQUIV X0 MWCO 3.

o
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LEQUIV
LEQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
.EQUIV
LEQUIV
.EQUIV
.EQUIV
.EQJIV
;Next,.
; lnput

.IDFIN

Y0
X1
Ul
X2
U2
T30
TYO
TX 1
TX2
WIRA
WIRB
NHT 1
NHT?2
NHT3
NHT4
NHT5
NHT6
NHT?7
NHT8
NCL5
NCL6
NCL7

NCL3

the definition of the fixed position

data

IORG

MWC 0
MWC 0
MWC 0
MWC 0
MWCO
MWC 0
MWC 0
MWC 0
MWC 0
MWC O
MWC 0
MWC 0
MWC 0
MWCO
MWCO
MWC O
MWCO
MWC 0
MWCO
MWCO
MWCO

MWCO

item

0

36.

S.
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: The beginning of the 4-word CAMAC header
.DFIN DATA BLOCK 40. TORG

;block moves all fixed position data items to lozal DATA.
LEQUIV DCR DATA J

.EQUIV TTB DATA 6.

.EQUIV TRF DATA 7. ‘
.EQUIV FPP DATA 14,

LEQUIV INDX 0

fNext, define spectra etc.

.DFIN CNT2 SCALER 1

.DFIN LPULSg FAND DCR 10000

.DFIN CNPULS SCALER 1

.DFIN ESUMAMAXV INDX FPP PDMIN PDMAX
.DFIN LPROT FAND LAWIND LTWIND

.DFIN LAWIND SCA1b ESUM 0. 1024.
.DFIN LTWIND SCAID TTB 0 1024.

.DFIN CPROT SCALER 1 |

.DFIN LMWNG FAND MWCO 37777

_.DFIN CMWOK SCALER 1

.DFIN LFEC FAND MWC0O O

.DFIN LSOLID FAND LXO0 LYO

.bFIN LX0 SCA1D X0 0 1600.

.DFIN LYO SéA1D Y0 0 1600.

.DFIN XF XFOC X1 X2‘—4210. 5472, 73%82. -1066.



.DFIN
.DFIN

.DFIN

DFIN
.DIFIN

.DFIN

YOC LICOM YO 1 1 -1000
XFCC LICOM YOC YOC -100. XFC

SXIXF W2D 40966 64.

XFK 100. 5000. 64. %1 25. 0.

X1 L2COM XG 1080. THPC ©383. 1000. 0.
XFK L2COM XFCC 1000. YO 0. 1000. 0.

XFC L1COM THPC THPC -30. XF

:QUADRATIC ABBERATION

.DFIN

THET L2COM X1 ~-914. X2 914. 10000. -175.

;THETA in milliradians, center=0

.DFIN THPC L2COM THET 10000. XF -70. 10000. 122.
.DFIN THWN SCAID THPC -500. 500.

_DFIN XFWN SCAID XFK -32766. 32766.

.DFIN Y1 L2COM X1 1732. U1 -2000. 1000. 2315.
;Y1 in 50 micron units, center;O

.DFIN

Y2 L2COM X2 1732. U2 -2000. 1000. 2829.

;Y2 in 50 micron units, center=0

.DFIN
;PHI
.DFIN
.DFIN
.DFIN
.DFIN
DFIN
.DFIN
.DFIN

.DFIN

PHI L2COM Y1 -1827. Y2 1827. 1414. O.

in 10ths of a milliradian centred on O
SPID W2D 4096, 64. TTB 16. 0 64. ESUM 4.
SX0 WID 160. X0 10. 0

SY0O WID 160. YO 10. O

SX1 WID 512. X1 40. 0

SUT WID 512. U1 40. 0

SX2 WiD 512. X2 40. 0

SU2 WID 512. U2 40. 0

SXF W1D 512, XFK 40. 10000.

0
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LDFIN SXFXO W2D 108u. b4,
XFK 100, 12000, 64. XO

LDFIN SXFYO W2D 4096. 64,
XFE 100. 12000, 4. YO

.DFIN SXFTH W2D 4096, 64.
XFK 100. 12000. 64. TH

.DFIN STX1 WID 256. TXI1 1 12

.DFIN PAIR W2D 4096. 64. WIRA 8., 0 64. WIRB 8. 0

.DFIN SYOY1 W2D 4096. 64.

Y0 25. C. 64. Y1 100.
.DFIN CORS W2D 128. 16. NHTS
.DFIN COR6 W2D 128. 16. NHTE
.DFIN COR7 W2D 128. 16. NHT7
.DFIN COR8 W2D i28. 16. NHT8
.DFIN CORX W2D 64. 8. NHT! 1
.DFIN CORY W2D 64. 8. NHT3 |
.DFIN TDC WID 512. WIRA 1 0
.DFIN STRF W2D 4096. 64. TRF
.DFIN SANGL WiD 128. Y0 2 0
;***************************
;* And now for the‘operation
MEEEEE RS S SR ELTEEESIEEELES
.EVENT EVNT1
CNT1

CSsCL

8.

-2200.
10 8. NCLS 1 0

10 8. NCL6

-

O

o

8. NCL7 1 0

(@]
<o

8. NCL8 1

0 8. NHT2 1 0

(@]
@

NHT4 § O

8. 0 ESUM 4. O

* ok K Kk ok Kok Kok ok ok ok ok ok X

seqguence code. =x

LEEEEESEEESEEEEE S
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.EDONE .
LEVENT EVNT2
.CNT?2
IF LPULSR
ELSE -
CNPULS ;counts non-pulser events
SPID
;to check particle i.d. window(selecting'brotons).

STRF ;7 R.F. timing to look for decel beam

Su!
SX2
Sy2
IF LPROT rprotons only from here or.
CPROT rcounts them
IF LFEC
ELSE
CORX
CORY

CORS

COR6

COR7

CORS

THEN

PAIR



[

;rejecting missing and multiple MWC events from here orn.

LMWNG

AN

ELSE

SXFYO

SXIXF

SXF

SANGL

CMWOK
IF XFWN
SYOY ! scheck non-bend plane f5CUS
ELSE |
THEN
SXFX0
IF THWN

;check kinematic shift correction
IF LSOLID

straceback to beam height at target
IF XFWN

rangular distribution of selected peak
ELSE
THEN
ELSE
THEN
ELSE
THEN

SXFTH
STX1

TDC

THEN

ELSE

[



THEN

THEN

. EDONE

.EVENT EVNT3

. EDONE
. ALLDONE
.END
-
- A

L]



Appendf} B

' SUBROUTINE DRIFT(X,LENX,BUF,IWIRE, IDCBASE,IDCSLOPE,DELT) &4

Including correction for for non-linearities in the

top end VDC's

If the‘ﬁimeﬂ(T3) for a*givenvwire is greater
than IDCBASE, it ié scaled lfﬁearly by the
) e
slope IDCSLOPE/1000
: v

P}}RAMETER' AMASK=7600,0K,DMASK= 1777%,SH5=40K,SH10=2000K, |
"% NPLANE=8, o © ;Number of;wigeplanééi
¥ N51M=6,NFéC=15, '

;Number of decoded coord. & "Front Ena Chambers”
X MINTBC=3,‘MAXTDC$5, |

;Mihimun’& Maximum:# of TDC'§ desiréd ‘

—~
-

* .METRIC=120, METRICBZ=METRIC/2, G
| ;METRIC_givéé units of resultihg X |
¥ FECMTRC=100, FECMTRCB2=FECMTRC/2,
ok EECMTRCB4=FECMTRC/4‘ |
“INTEGER BUF(SO),X(O:18),DELT,LL(N?LANE), R
% UL(NPLANE),CHN(MAXfDC), |
* TDC(MAXTDC),TEMP;FI?STJLAST,ADbR,T1,T3,TDC1
LOGICAL ODD,ITEST )
LOGICAL BFEC. .
DKTX LL/0,16,32,48,64,224,400,576/
DATA UL/15,31,47,63,223,399,575,735/
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;Length according to Readout Controller

K

P (J .GT. NPLANE) GO TO 50

DATA RNDM /-0.5/
NDAT = IAND (BUF(1), 377K} ~ |
;Length dccording tQ_CAMAC 

NTDC=1AND(BUF (2),DMASK) + 1

IF (NTDC .GT. NDAT) NTDC = NDAT

:Choose the. lesser (of two evils ?)

DO 1 I=0,LENX-T

X(1)=0
CONTINUE, o

ODD=.FALSE.

‘J=O - : =+ 5 Index of current wireplane
=2 S ;Index of current coordinate
I=3 o ' ‘ :Index of current input datum

For each'Qifeplané.g.
Nete that ITEST starts counting at bit é

BFEC = ITEST (NFEC, J)

.

FIRST=LL(J)

.ot

LAST=UL(J) ,
NHIT=0 |

NCLUST=0

MAX=0

For each element of raw data...




10

C

13

126

IF (I .GT. NTDC) GO TO 20

;If we ain't got no more data, stop looping

TEMP=BUF (1)

IF (TEMP .GE. () GO TO 12 -

;I f MSB set this is module header-. !
MODULE=1AND (TEMP | AMASK ) /SHS5

YExtract module address & shift right 5

GO TO 15 |
ADDB;TEMP/SH10+MODULE
- ;Extract TDC addréss & shift right 10.

IF (ADDR .LT. FIRST) GO TO 15

!F (ADDR .GT. LAST) GO TO 20 ‘ E
T3=1AND(§EMP,DMASK) |

IF (T3 .GT. 511) GO TO 15 ;TDC time-out?

Now we have a GOOD hit in the éurrené plane.

If this is the first hit in the plane |

or if aédress isn't adjacent td last address,
increment # of CLUSTERS of hits.

IF (NHIT .EQ. 0) GO TO 13

IF (ADDR-CHN(NHIT) ;EQ. 1) GO TO 14

NCLUST=NCLUST+1

NHIT=NHIT+1 . ;In any case boost’# %f HITS
IF (NHIT .GT. MAXTDC) GG TO 15 |

CHN(NHIT)=ADDR

This section currects non-linearities in the

Top End VDC's for particles which are close to a wire
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16

IF (IDCBASE .LE. 0) GO TO 19
RNDM = RNDM + .002314150
IF (RNDM .GE. 0.5) RNDM = -0.5

Not Front End Chambers- A

IF (BFEC) GO TC 19

" Only Large Times

IF (T3 .LE. IDCBASE) GO TO 19
T3 = IDCBASE + ;FIX(FLOAT(IDCSLOPE)*
* (T3+RNDM-FLOAT (IDCBASE) ), 1000.)

TDC (NHIT) = T3

IF (T3 .iE..MAX).GO TO 15  ;Look for maximum time
MAX=T3 . :Save T(max)

N=NHIT ] :Save 'address of T(max)
I=1+1 : ) :Boost pointer -> next item

Next 8 lines are témé. diagnostic stuff

IF (ADDR .EQ. IWIRE) x(15)=TDé(NHIT) .
IF(IWIRE.LT.64)GO TO 16 :F.E.C.'s are a special case
IF (ADDR .EQ. IWIRE-1) Co TO i8 |

Go TO 10

IF(IWIRE.LT.32 .AND. ADDR.EQ.32-IWIRE)GO TO 18

IF (ADDR. NE .64-IWIRE)GO TO 10

Z(16)=TDC (NHIT)



GO TO 10

Analyze résults f?r this plane’
X(J+20)=NHIT ‘ -
X(J+28)=NCLUST | .
IF (BFEC) GO TO 30  :Decide how to handle this plane
Vertical Drift Chamber type |

K=K+ 1

IF (NHIT .LT. MINTDC) GO TC 40

IF (NHIT .GT. MAXTDC) GO TO 45

IF (NCLUST .NE. 1) GO TO 45

IF (N .EQ. 1) GO TO 40

IF (N .EQ. NHIT) GO TO 40

T1=TDC(N-1)

T3=TDC(N+1)

MIN=MINO(T1,T3)
x(K)=METRIC*(CHN(N)—FI&ST)—METRICBz*(T3—T1)/(MINfMAx)
X(K+NDIM)=MAX+ABS(T3-T1)/2

X(KfNDIM*2)=MAX;MIN

GO0 T0 5

"Front End" type

' ODD=.NOT.ODR,

IF (ODD) K=K+1

IF (NHIT .GT. 1) GO TO 45

IF (NCLUST .GT. 1) GO TO 45

£F (ODD) GO TO 36 |

IF (N1 .LT. 0) GO TO 35 '~ ;1st plane not hit

“st Plane Was Hit



35

36

40

45

X(K)=N1*FECMTRC

IF (NHIT L.EQO. 0) GO TO S :2nd plane not hit
2nd Plane:Hit Too

T1=(LAST-CHN(1)-N1)42+ 1

IF (ABS(T1) .NE. 1) GO TO 25

;Hits from each plane weren't adjacent
x(K)=X(K)+T1*(TDC(1)—TDC1+DELT)*FECMTRCB4/DELT

X(K+NDIM)={(TDC(1)+TDC1)/2

IF (IWIRE .EQ. N1) X(16)=TDC(1)

GO TO 5

Only 2nd Plane Hit (2)

IF (NHIT .éQ. 0) GO TO 40 iNo - neither was hit
X(K)=(LAST-CHN( 1)) *FECMTRC+FECMTRCB2

GO TO 5

First plane of 2 for a coordinate

N1=CHN(1)-FIRST . :Save address of hit
IF (NHIT .EQ. 0) Nl=-1 :No hgt in this plane
TDC1=TDC(1)
GO TO 5
"MISSING" a hit in plane
CALL ISET(X(2),K-3)

éo TO 5

"MULTIPLE" hit in plane

CALL ISET(X(1),K-3)

T1=METRIC
IF {BFEC) T! = FECMTRC

X(K)=(LAST-FIRST+1)%T1
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GO TO 5
50 X{(0)=IOR(X(1),%(2)}

END
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Appendix 1

Juhe'84 ('new') differential cross section data.
All data given in lab. reference.

200 MeVv
Angle {(mb/sr) error " Angle (mb,/sr) error
g ‘ g9 o

15,4443 66.1999 .5978  16.4342  43.9285

1 1.3678
17.4242 31.89865 1.0924 17.4243 33.9206 - 0.7855
17.9443 ° 30.2312 - 0.4998 18.4142  22.6576 0.6807
18.9342 17.6543 0.4450 19.4042 14,9914 0.5461
19.9242 12.6525 - 0.3599 = 19.9443 13,198 0.3278
‘19.95¢3 11.1644 0.3402 20.9342 8.4923 ‘0.3005
20.9442 - 5.5650 0.3078 21.9242  6.2197 0.2450
21.9342 4.,741¢ 0.2560 21.9443 “6.€6532 0.1881
22.9342 . 4.,8470 0.1720 23.9242 3.7310 0.1450
23.9343 4,0136. 0.0895 24,9242 3.1435 0.0835
25.9142 2.5723 0.0716 25.9443 2.7105 ° 0.0812
26.9342 2.7831 0.0905% 27.9242 2.0223 0.0776
29,9243 1.6826 0.0440 30.9142 1.6105 0.0436
31.9042 1,374 0.0393 31.9343 - 1.3504 0.0365
32.9242 1.4050 0.0364 33.9142 1.1315 | 0.0324
33.9243 1.0082 0.0289  34.9142 1.0536 ' 0.0289
. 35,9042 0.9256 0.0263 35.9343 - 0.8446 0.0202
36.9242 0.8572 0.0201 37.9142 0.7178 0.0181
37.9342 0.6373 3.0151 38.9242 0.6232 . 0.0145
39.9142 0.5359 0.0133 39.9343 0.3808 0.0096
40.9243 0.4408 0.0102 41.9142 0.3653 0.0092
300MeV
Angle (mb/sr) error "Angle (mb/sr) error
26.9100 2.0900 0.0550. 25.9100 "2.4380 . 0.0590
24.9200 2.2790 0.05850 24,9100 2.3150 0.0620
23.9100 2.1410 0.0640 22.9200 2.0630 0.0610
22.9200 2.1280 0.0690 21.9200 1.7660 0.0710
20.9300 21.9410 0.0740. 20.9000 1.4480 - 0.1170
19.9000, 1.7079 0.1520 18.9100 3.6210 - 0.1840
18.9300 3.7550 0.2810 17.9300 6.3500" 0.3880
16.9400 13.1240 0.4800 17.3100 8.4170 0.6240
16.3100 18.0990 0.8420 15.3200 35.0470 1.0580
33.9200 0.3420 0.0150 32.9200 0.5560 0.0190
31.9300 0.6840 0.0210 28.9200 1.6590" 0.0610
27.9200 1.8520 0 2.2350 0.0700

.0650 26.9300Q

7

o Tte
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Angle

24.0336
22,2060
25.1098
20.0436
18,2060
17.1298

Angle

15.6260
17.4536
19.1198
20.1960
22.0236
23.1298
24.0436
25.2160
26.1298
27.0436
28.0336
30.1298
31.0436
- 31.2060
32,1198
33.0336
34.5436
36.1198
37.7060
39.5336
40.8998
43.2160
45.0436

(mb,/sr i

— D N

o

(mb/sr),

I
5
5
4
2
1
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0

.4080

L3964
L7174
L7376
L2145
.3670

L6922
L4194
L1526
.4928
.2899
.0857
.6025
.3058
L1344
.0612
.0746
. 1204
1256
. 1430
.1278
.0985
.0709
.0384
.0194
.0054
.0034
20027
.0026

OO0 OODODODODOOODOOD

400

error

L1422
.0815
. 1087
L1017
. 1759

500
error

L1222
. 1529
.2078
. 1373
.1102
.0589
.0461
.G134
.0097
.0073
.0056
.0048
.0047
.0047
.0045
.0038
.0033
.0018
.0008
.0004
.0004

.0004

L1275

.0005

MeV

23.

26
24

19.

18
16

MeV

16
18
20

21.

22
23
24

25.

26
27

29.
30.
31.

32

32.
33.
35.

37

38.

39
41
44

Angle

1198
.0236
. 1960
1198
.0436
.2160

Angle

.5398
.2060
.0336
1098
.2160
.7160
.6298
5436
.2060
.1188
2160
2160
1298
.0436
7160
6298
2060
.0336
6198
.9860
.8136
.1298

OO0 OODODODOODODOOOODOOO —~NMNWeOTw

{(mb ‘sr)

- N — D

[ )

.B04o
.2738
.3649
7726
.8618
.7518

(mb/sr)

.6888
.6995
L4713
.3729
. 1403
L0243
.5521
.2099
.1218
.0718
. 1076
. 1229
. 1249
. 1205
. 1256
.0942
0612
.0236
.0100
.0065
.0023
.0023

cNololoNolslolololoNoNeolololeololoNaleNoNo N

0,1382
0.0703
0.0860
0.1043
0.1270
0.2532

error

. 1345
.2063
. 1939
. 1292
.0689
.0384
.0289
.0204
.0070
.0058
.0043
.0059
.0062
.0059
.0044
.0039

.0015
.0006
.0005
.0003
.0004

.0023



July'

WOWOIOOO & W

"

12.

: —h
WM I OO

81 and April’'82

Angle

.0630
.9900
.5630
.4900
.0630
.9900
.5530
.4800
.0630
.9900
.5730
.5000
.0830
.0100
.5630
.4900
.0630
.9900
.5830
.5100
.0630
.9900
.5730
.5000

Angle

.5970
8140
.6650
.6070
.8240
.6850
.0770
.2940
. 1950

All data given

(mb/sr)

3000,
L8000
945,
806..
743,

1266

691
661

325

207

94

70.
54.
38.
.8400
.4750
.5700
.6267

27
20

3999

1000
8100
1400

.9800
.7300
579,
549,
167.
399,
.9600
263.

3200
6600
5900
0800

9600

.9300
191,
147,

1400
9730

.0290

-

6000

1540
5460

(mb/sr)

122.
72.

157
304

598
1201

9400
1900

. 1900
.3800
203.
396.
792.
.7600
.6000

6600
0800
1100

Appendix 2

}

odd') differential cross sectlondata
- without re-normalization.
reference.

133

in lab.
200 MeVv
error
24.8630 3
16.3130 4
9.7267 5
2.0850 5
7.8401 6
7.5850 -7
8.0938 8
7.6653 8
6.7976 9
6.3794 "10
- 5.1749 11
4,7613 11
3,8835 12
3.5017 13
2.1882 14
1.9369 14
1.4161 15
1.2360 16
0.8442 17
0.8011 17
0.4301 18
0.3680 19
0.2519 20
0.2080 20
300 MeV
error
3.4200° 12
2.3745 10
5.6254 1
9.0824 9
6.6896 7
11.9690 8
20.2980 4
15.9430 2
38.52490 3

Angle

.5260
.4530
.0260
.9530
.5260
.4530
.0160
.9430
.5260
.4530
.0360
.9630
.5460
.4730
.0260
.9530
.5260
.4530
.0460
.9730
.5260
.4530
.0360
.9630

Angle |

.2050
. 1570
.2740
.2150
.0770
.2940
.6850
.5870
.8040

(mb, st}

1854,
9965,
865.
764,

708

284
172

122

24

11

4500
3200
9800
6500

.6500 -
654,
615,
549,
514,
416,
360.2

2500
5200
6500
9300
1600
100

.6300
229,
. 3600
170.

4300

3000

.6200
82.
58.
45,
33.

5270
4810
4270
8370

.2400
16

.8E4O
9867

6410

(mb/sr)

94,
182,

128.

263

679

5030
8900
8500

. 6500
422,
318.
.2100
1264.
880.

1600
6100

3000
3600

QOO OO OC — —= —mNWWw >0 O

~d ] =) <3 0 WO O

~N s N

13.

17.
40,
29.

error

.5090
.5440
.3670
.8966
.6702
.4365
.8579
4675
.6696
.0517
L9600
4459
L6740
L2411
.0701
.7597
.3321
. 1287
.8670
.7391
.4001
.3290
.2329
. 1833

error

.8538
.5811
.8247
.9758
1330
. 1860
7310
9430
7190



14.

15

16.
17.
18.
19.
38.
39.
40.
43.

44

45.

48

49.
50.
53.
54.
55.
58.
59.
60.
~18.
19.
20.

23

24,
25.
28.
29.
30.
33.
34.
35,

O ~1TANUN N WWwN

5970
.8140
6950
5770
7540
7450
5160
3410
1660
4960
.3210
1460
.4960
3210
1460

3010
1260
4760
3010
1260
4960
3210
1460
.4760
3010
1260
5160
3410
1660
5160
3410
1660

Angle

.8590
.3880
.9170
. 4460
.6230

. 1520

.6820

. 8480

.3780
.9070
.4360
.6230
. 1520

4760

30,6590
17,7980
10.4010
.6302
.2030
.969¢
.0149
. 0359
.0381
.0633
. 0550
L0527

(@3]

L0140
.0109
.0024
.0013
. 0007
.0016
. 0020
.0013
.4130
. 0586
.8509
. 6297
. 9952
.5780
.4358
. 7323
2711
. 2060
. 1145
.0409

OO =+ 2 MNMWLLUWWDO 2 LWDDODOOOODODOOOODDOOO T O — W

(mb/sr)
"
2602.0000
2118.06001
1778.8000
1496. 1000
1405.8000
1286.8000
1160.2000
1009.3000
913.1600
819:.7100
698.9000
604.7200
533.4200

)

L0196

. 9948
L6546
. 3685
.337

.2388
L0822
L0032
QU35
. 0035
.0022
002
. 0020
0014
L0012
L0010
. 0002
. 0002
.0002
.0005
.0005
.0005
.4922
.3600
. 2899
. 1955
. 2063
L2416
. 1293
. 1068
. 0893
L0164
0132
.0098

jan Jan]

OO OO OO O OO OO O ODOOODODOOODOOUODDOOOOCOC OO

400
error

49.4400
42.6190
38.0060
34.1990
24.8190
23.4760
22.1250
20.5310
19.2750
17.8300
16.C980
15.3410
14.4520

15.
16.
17.
18.
19.
20.
38.
39.
40.

43

- 44,
45,
48.
49.
50.
53.
54.
55.
58.
59.
60.
18.
19.
20.
23.
24,
25.
28.
29.
30.
33.
34.

35

MeV

O3 U bW

2050
0870
3040
1850
1370
3540
95290
7540
5790
.9090
7340
5590
3090
7340
5590
8890
7140
5390
8890
7140
5390
9090
7340
5590
8890
7410
5390
9290
7540
5790
9290
7540
.5790

Angle

. 1230
.6520
. 1820
.3580
. 8880
.4170
.9460
.1130
.6420
. 1720
.3580
.8880
.4170

L6420
. 1950
L1381
. 1795
L4622
4842
L0177
.0379
.0488
L0601
.0549
L0467
L0T6 T
L0127
L0093
.0018
.00
.0006
L0017
.0015
.0019
.4955
.3043
.7089
.9189
.2954
.5580
.8756
.5006
. 1593
. 1822
L0610
L0162

— N
(9%]

—
(2}

I > ~d

SO OO O —

k)

{(mb/sr)

2258.1001
188€.7000
1613.5000
1495.5000
1382.8000
1215.2000
1110.7000
1017.3000
897.2200
754.5400
555.3100
578.9600
498.0400

OO O ODOODODODOOODOOQQODOOOOOTDODDODO0O

= O

44

39,
35.
25.
24,

22
21

20.

16
16

15.

13

134

.8140.
.4083
L2932
2792
L0991
L0675
L0031
.0035
.0047
.0022
L0021
L0024
.0013
L0011
L0012
.0002
.0002
.0002
.0005
.0005
.0007
.3975
.3372
L3174
.2118
.2178
.2499
. 1139
. 0994
.08%0
L0151
L0117
.0098

14

error

.8500
5910
9870
7550
6070
.7480
.5380
3320
.9400
.8550
.5960 ¢
4010
.8750



—_ e ed i -

N e OO VvV o>™

. 6820
. 8580
.3880
.9170
.4460
.6230
L1520
.6820

-

8680

.3980
.9270
.4560
.3800
.4800
.4000
.5000
.2280
L1170
. 1990
.1680
. 1270
.2090
.6680
.6270
.7090
.6680
.4370
.5370
.6370
.9670
.0670
.4170
.5710
.6170f
.9570
.0570
.4070
.5070
.6070
.9770
.0770
. 4270
.5270
. 6270
.9870
.0870
.4170
.5170
.6170

4G

386,

324
o’
209
154
144
114

@b

7

52

58.

6
!
3
3
2
i
2
3
12
5

—_ W
-1 @

~

DO ODOOOOOOODO — N Wil WWwhN)

LOon
, 8000
L9700
L4400
L1200
.5600
.7800
L1776
.G270
L2330
4550
. 3481
.78¢62
L4037
L6659
L3771
.7255
. 1354
.7814
L6660
.705"
L3614
.958¢
. 7190
.9820
.5052
L2110
.3510
.8175
L7728
.0006¢
.9922
.7363
.6920
.2959
L1517
.0829%
.0658
.0695
.0858
.0799%
L0713
.0557
.0432
.0284
L0154
.0086
.0042

OOODOOODODOOOD OO ODOODOILODOODOCODNDD - ODOOODODOOCO DO — 10 M o = o

DO e L

MR ESEY
LLGB0
L3060
.9764
L7130
L0248
.8624
L1361
L7467
.9912
.318¢C
.8268
.489¢
L2674
L1521
L1615
.0855
L0651
.0580
L1724
.3732
.2485
L4294
.266¢6
.8547
.5136
. 1433
1301
. 1487
. 1358
.125%
L
.0849
.0567
.0286
L0173
.0069
0048
.0036
.0046
.0051
.0042
.0036
L0031
.0026
.0022
.0C10
.09207
.0006.

B W wwww wwl it N
CQWOOOUNKBLWNOWODNIO & WN

—_——_ O OO \W\WD

— h ks b

DO — 2 o3 b od ed e ek e o B) b e e e
QOWNRTTUMION IO WWOU & WN

[
—

s
w—

Lol o
> N

.9460
. 1230
.6520
. 1820
.3580
.9880
L4170
.9460
2.1330
.6620
.1920
.8300
.9300
.8500
.9500
.6870
.7690
.6580
.6270
.7090
.6680
L1270
.2090
. 1680
.1270
.2090
.9870
.0870
4170
.5170
.6170
.9670
.0670
.4070
.5070
.6070
.9570
.0570
.4270
.5270
.6270
.9770
.0770
.4370
.5370
.6370
.9670
.0670

Lot

~
oo —

e

W — O J

YD to

OO0 OOODOOOOOO - NWWEEWNOUIOT U — MWU — R W WD
.

100
L9800
9.3800
L7600
L2300
L0400
L4600
.2330
L1540
L0390
L5000
.79¢0
515
. 6479
.5894
. 1939
.4782
.9104
. 1379
.6372
.3603
. 70990
L7319
.8700
L1310
.644C
31675

997

.8912
. 3795
L4278
.56380
.3765
.0061
.4315
. 1779
V177
.0677
.045%2
.0840
.0870
.0753
.0656
.0498
.0323
.0216
L0119
.0061

OO@OOOOQOO,OOOOOOC)OOOC)OPOI\)—«OOOOOOOOOAC)C?CJF-)r-)l,du)»f>

~
o = o

o 0D

[
!

(8]

2010
L0380
.5274
L5095
L7341
. 3841
.H322
. 64706
. 3999
. 6699
. 1099
.6565
L3679
. 1362
. 1597
.0815
.0883
.0591
L2112
L1476
. 3065
.5148
.3483
. 0509
.9193
~0712
. 1281
. 1428
. 1447
L1327
1178
.0963
.0730
.0379
.0223
.0132
.0060
.0037
.0051
.00459
.0050
.0038
.0033
.0031
.0023
.0019
.0008
.0007



Angle

.5390
.7560
.6070
.5090
.7260
.6370
.5290
.7460
L1170
.0080
.2260

6170

.5090
.7260
.6270
.5190
.7360
.5970
.0190
.2360
.1170
.0090
.2260

(mb, sr)

595
269
959
2832
1710
3686
4401
5016
41

126

. 1500
.5200

12800

.8000
.2000
. 1001
L6001
.2002

.8040
210.
85,

9700

.8900
.41380
.5240
.B585
.0438
.5279
. 5935
.4010

.7430

.9780
.6500
. 7830

3460

52.

N2 OO OO OO OO WN D

500 MeV

error

L4900
L8066
.3940
L0260
7310
L8170
L9230
7340
.9139
.400¢
.6216
. 3686
.2917
2722
.2255
.1786
. 1689

L1312

L7122
.448¢6
.8528

.4656

.9476

- .
ON a2 LN ONY

10.

11

15.
.0190 .

16
17

18.
18.
20.
13,
11,

12
10

Angle

.1470
.9990
.2160
.1170
.6290
.2460
L1370
.5090
.7260
6170
0090
.2260
1170

.2360
1270
9890
2060
6270
5090
.7260
.6170
.0630

(mb, sr)

L7100
.2000
8200
L1001
.5000
.3999
.8999
5950
4850
.8400
1000
.8600
2040
.9709
L5777
.0874
.9144
.8219
6240
.0970
.3570
.0800
.1193

OO O RO
OO - O 0O

OQOW - OOOODOOOMN P WD —

136

error

L0411
. 9580
.6630
.6280
. 1940
.5890
.5400
. 2485
.6968
.3700
.4818
.5211
.2760
.2254
.2237
. 1733
. 1415
. 1240
.5214
.8098
.3003
.9028
.0120



July'81 and April'82 analyzing power data.
All data given in lab.

Angle Asymme:ry

3.5260 0.16866
4.4530 0.3603
5.0260 0.4383
5.9530 0.4956
6.5260 0.5639
7.4530 0.6529
8.0160 0.6701
8.9430 0.7157
9.5260 0.7471

10.4530 6.7876

11.0360 0.7621
11.9630 0.7979

12.5460 0.8262
13.4730 0.8861

14.0260 . 0.9521

14.9530 0.9852

15.5260 1.0258

16.4530 1.0426

17.0460 0.9407

17.9730 0.9127
18.5260 0.7991
19.4530 0.6618

20.0360 0.5330

20.9630 0.2709

Angle Asymmetry

11.5970 0.7945
12.8140 0.6868
10.6650 0.7274
8.6070 0.7212
9.8240 0.7223
7.6850 0.6595
4.0770 0.3046
5.2940 0.3993
3.1950 0.0572
14.5970 0.6616

QOO L OO OOO

Appendix 3

137

200 MeV
error
0.015p 3
L0221 4
H.0132 -5
0.0139 6
0.0148% 6
0.0147 7
0.0138 8
0.0142 9
0.0124 9
0.0135 10
0.0117 1"
0.0129 12
0.0149 13
0.0188 13
0.0186 14
0.0218 15
0.0290 15
0.0348 16
0.0324 17
0.0367 18
0.0258 18
0.0298 19
0.0294 20
0.0328
300 MevVv
‘error
.0472 12
.0545 10
.0592 11
.0524 9
.0575 7
.0525 8
L0412 4
.0431 2
.0527 3
.0568 - 15

.9900
.5630
.4900
.0630
.9900
.5530
.4800
.0630
.9900
.5730
.5000
.0830
.0100
.5630
.4900
.0630
.9900
.5830
.5100
.0630
.9900
.5730
.5000

Angle

.2050
. 1570
L2740
.2150
.0770
.2940
.6850
.5870
.8040
.2050

COOOCOOO = —~ OO ODODODOOODOOCOOOCTODDD

reference.

Angle Asymmetry

L3042
.3404
L4556
.5524
.5805
.6285
.6864
L7131
L7635
L7465
.8127
.B8262
9001
.9270
.9917
.00S6
L0321
.9788
.9580
.8740
.7605
.6706
.3806

Asymmetry

i

OO OO OCOOOO

.7955
L6900
7460
.7369
5628
6793
.3506
L0159
L1811
5479

QOO OO OO T OO0 OO0 OCOoOOoOooCT

OO0 OO DOOOO

error

>

1.0192
L0130
L0137
L0142
0145
.0135
014
L0121
0128
L0112
L0119
.0149
L0166
L0177
.0199
0265
L0315,
.0300
.0355
0247
.0278
.0286
0313

error

.0512
. 0558
.0619
.0533
.0510
0557
.0421
.0536
.0565
.0590



- 15.
16.
17.
18.
19.
38.
39.

40

3.

44

45.
48.
49,
50.
53.
54.
55.
58.
59.
60.
18.

19

20.

23

24.
25,
28.
29,

30

33.

34

35,

WO WU U W W

8140
6950
5770
7940
7450
5160
3410
. 1660
4960
.3210
1460
4960
3210
1460
4760

4760
3010
1260
4960
.p210
Kiso
.4760
3010
1260
5160
3410
. 1660

.3410
1660

3010
1260

5160

D000 TOOOOOOO

| I ]
0O —w O

.4518
.2636"
.2828
L6133
.6572
L6751
-0.
.0178
.4287
.4037
.4069
L3761
.3069
.3629
L2946
.2503
. 2935
.2275
L4377
. 2265
.2097 .
.4287
. 9536
L4463
.4920
.4283
.4745

1387

€51

.3607
L2711
. 6640
.0302

Angle ASymhetry

. 8590
.3880
.9170
.4460
.6230

. 6820
. 8480
.3780
.9070
. 4360
. 6230
. 1520
. 6820

. 1520

OO OO OO OO OO OO

. 1380
. 1830
. 3224
.3417
. 3792
.4116
L4771
.4307
L4672
.5071
.5281
.6368 "
.6973
.6341

i

cNoNoleoloNoNoNeoleleoNoNoNeNe)

.0624 16.
L0606 17,
.0917  18.
. 1150 19.
L0664 20.
L4521 38
.098¢6 39.
.0864 40
.0145 43,
L0166 44
L0170 45,
20608 48.
.0736 49,
.0835 50
,0885 © 53,
. 1326 54
. 1786 55
.1878 58,
.1220 59,
L2113 60.
. 1320 18.
.6120 19
L4815 20.
L0447 23.
L0424 24,
.0463 - 25.
L0462 28.
.0540 29,
L0615 30
.0806 33.
L1471 34
.5797 35.
, 400 MeV

error

.0303 3
.0320 3
.0334 4
.0356 4
L0251 4
.0257 .5
.0264 35
L0314 6
.0325 6
20333 7
.0351 | 7
.0386 = 7
.0362 = 8
.0421 8

3040
1850
1370
3540
. 9290

.5790
9090

. 7340

5590

7340
. 5590

. 7140
.5390
8890
7140
5390
9090

. 7340

5590
8890
7410
5390
9290
7540
..5790
9290

. 7540

5790

0870

7540

9090 -

8890

t

=0, :
.6457"

.0537
.3958
L6607
.3973
L0677
.0354
.3372
.3935
L4136
. 3957
.3646
.3624
.3224
.2398
L2604
. 1304
.3419
.3374
L3771
.2500
.7054
. 1485
.4689
.4999
L4432
.4018
. 3505
.3689
2603

-

. 7346

Angle Asymmetrf

. 1230
.6520
. 1820
. 3580
. 8880
.4170

. 9460 .
. 1130 |

. 6420
.1720
.3580
. 8880
4170
. 9460

CODOOOOCOOCOOD

0

. 1758

.3813

.,1897

.26 ¥8
.3602
.4268
.4339
.4785
L4607
.4388
.5272
.6159
.6928
.6532
.6349

r

WO OO OO DO PO POOOOODOOODOO DO
. 2

138

0531

.0702,
L1020
. 0650.
.0707
L2861
. 0856
.0802
L0161
L0161
.0232
L0672
.0768
L1120
. 7070
. 1390
2961
.1493
. 1681
L1775
.3575
.3159
. 7048
L0436
L0412
.0552
.0524
. 0584
.0752
.0842
.3956
.04Q8

‘error

.0316
.0333
.0350
.0246
.0249
.0262
.0268
.0308
.0324
.0342
.0375
.0385
.0409
.4936



8.8580
9.3880
9.9170
10. 4460
10. 6230
11.1520
11. 6820
11. 8680
12.3980
12.9270
13. 4560
15.3800
16. 4800
19.4000
20.5000
20.2280

18.1170 .
19.1990

17. 1680
15.1270
16.2090
15.6680
13.6270

14,7090
12.6680
18.4370
19.5370
20.6370
21.9670
23.0670
24.4170
25.5710
26.6170
27.9570
29.0570
30.4070
31.5070
32.6070
33.9770
35.0770
36.4270
37.5270

38.6270, -

39.9870
41.0870
42.4170
43.5170
44.6170

bt
DO OO0 OO ODODOOOO

OO OO O OO OO O OO ODODOOODOO0 2 OO0 OCODOOODODDODO O

{

L6130
.3091
L6243
L6451
.5740
.5574
.5167
.4239
L4220
.3469
.2986
L1234
.8555
.0440
.9522
.8765
L3506
.7625
.0855
.1225
.0282
.0009
.3593
L1322
.4386
L6151
.9740
.9782
.8501
.7081
.6248
.5096
.3694
.0583
.2844
L6431
.5130°
L1132
.5600
.6929
.7550
.786'1
.7688
.5568
.4556
.3407
.3568
.2452

.0366 -

.0394'
L0410
L0450
.0405
.0434
L0465
.0408
L0531
. 0582
L0642

L1162

.2575
.0528
.0520
.0642

0637

.0496
.0694
.0439
.0644
.0756
.0502
.0710
.0528
.0904
.0602
.0519
.0396
.0498
.0409
.0425
.0523
.0649
.0897
.0634
.0823
.0830.
.0993
.0820!
.0716
.0680
.0753
.0918
. 1169
. 1010
L1311
.2282

9.

10.
10.
11
11.
12.
2.

14,
15.
18.
19.
19.
20.
18.
16.

7.

15.
15.
16.
14.
12
13.
18.
20.
21.
22.
23
24

~26.

27
28.
29.
30.
32.
33.
34,
35.
36.
38.

39,
- 40.
41,
42

44,

1230 -
.9.6520
10.

1820
3580
9880

.4170

9460
1330
6620

. 1920
8300.

9300
8500
9500
6870
7690
6580
6270
7090
6680
1270
2090
1680

. 1370

2090

8870

0870
4170
5170

L6170
79670
0670
. 4070

5070
6070
9570
0570
4270

5270

6270
9770
0770
4370
5370
6370

8670

0670

|

OO OO OOOOOC O

L6318
.5907
L6627
.5899
.5556
.5154
.4977
.4715
.4438
.3609
0104
.6236 -
L0612 -
.9935 -
.8404
.8756
L6231
.1077
.3305
.0395
.0059
.0229
.3381

Y

5278

. 3009
.8817 .
.0412
.9094
.8811
.6805
. 5895
.4689
. 1205
.2032
. 587 G,
.716%%
.2243
.3151
.5540
.7860
.7695
.6504
. 7588
.5779
.5389
.2621
.0846

139

0.0373
0.04&711
0.0420
0.0389
0.0425
0.0453
0.0490
0.0488
0.0549
0.0638
0.0517 -
0.1704
0.0660
0.0532
0.0676 -
0.0632

00553

0.0629
0.0640C
0.0539
0.0650
0.0894
0.0583
0.0494
0.0640
0.0691
0.0532
0.0406

.0.0430

0.0518
0.0400
0.0460
0.0594
0.0827
0.1088
0.0716
0.0822
0.1580
0.0831
0.0794

. 0.0670

0.0714

%-0.0886
© 0.1086

0.1358
0.1072
0.1727



Angle Asymmetry

8.5390
9.7560
7.6070
5.5090
6.7260
4.6370

2.5290 -

3.7460
12.1170
10.0090
11.2260
10.6170
14.5090
15.7260
16.6270

17.5190 -

18.7360
19.5970
13.0190
14.2360
12.1170
10.0090

11.2260

QOO OO OO OOODOOOO0OOODOODOOOCOD0O

4704
.5034
4567
.3751
.3491
.3508
. 1944
.2878
2621
.4406
.3468
.4236
.6492
.7076.
.8379
.7569
.6555
.6463
.2793
.5565
.4381
.4009- -
.3661

.
o

500 MevVv

error

L0367 9.1470
.0482 6.9990 .
L0480 8.2160
.0333 6.1170
.0392 4.0290
L0377 5.2460
.0348 3.1370
.0344 11.5090
.0383 187 260
.0364 1¥6170
.0532 10.0090"
L0471 11.2260
.039¢ 15.1170
.0350 16.0190
.0448 17.2360
.0383% 18.1270
L0424 18.9890
.0368 20.2060
.0717 13.6270
.0709 & 11,5090
.0893  12.7260
.0413 10.6170
L0571

‘;)

Angle Asymmetry

L4229
5267
.4852
.3735
L2456
.3146
.2071
.3392
2514
.3851
4416
L4245
.7056
.7658
L7717
.7687
.6523
.5652
.5160
4637
4739
.3738

e

eeoololeololololeololeoleoRoleoleNoNeNeo o No NN

140

error

.0406
.0434
.0548
.0364
.0353:
.0396
.0326
.0310
L0445
.0437
.0400
.0589
L0371
.0441
.0452
L0411
.0332
.0390C
L0771
.0814
.0926
.0485



Appendix. & -

June'84 ('new') and renormal ized Julﬁ581, April'82
differential cross section data - selected set.
All data given in

Angle

3.0630
4.5630
6.0630
7.5530
9.0630
10.5730
12.5460
14.4900
15.9900
16.4530
17.4243
17.9443
18.4142
18
19
19
20
20
22
24
26
29

9342

.4042
.9242

.B000-

. 9630
.9342
.9242
.9342
.9243

31.9343

33.9243

35.9042

37.9142

39.9142

41.9142

Angle’

.5870
.0770
.0770
.2150
.2740

—= 0 NN

{mb

2448,
756.
594.
529.,
439.
319.
183.
118.

— s NW WUt
NP IO WO

OOOO — = N W ~JW0

1264.

792.
422.

. 263.

128.

/st)

3201
0800
5000
4000
7000
3000
6000
4000

L6000
.4810
. 9206
L2312
L6576
.6543
.9914
. 6535
L6267
. 9567
.8470
. 1435
.7831
. 6826
.3504
.0082
. 9256
L7170
.5359
.3653

OO ODOODODODODOOOOOOOD = —.— WU M~ WO

200
error

.8630

L7267

.8401
.0938
L7976
. 1749
.6740
.9369
.2360
. 1287
.7855
.4998

.6807

.4450
.5461

.3599

.2080
. 1833

L1720

.0835
.0905
.0440
.0365
.02889
.0263
.0181
.0133
.0092

lab.

MeV

MeV

NO O W

references,

Angle

.9900
.4900
.9900
.4800
.9900
.5000
.5630
L4443
.4342
0460
.5100
.9730
.5260
.9900
.4530
.0360
.9342
.9443
.9343

L9142 ¢

.9242
L9142
.9242
L9142
.9242
.9242
.9243

Angle

.1950
.2940
2940
1570
.2050

{mb/sr)-

1013,
645
553,
463.
374,
260,
152.

N W W O
S woogwo

s N
OO cama A NN 0O

4400

.4000

6000
5000
1000
8000
9000

. 1999
.9285
.4270
5460
.9970 .
.2400
L4750
L6410
-8040
.4923
. 6532
.0136
.5723
.0223
.6105
.4050
.0536
.8572
.6232
.4408

(mb/sr)

12071,
.598.
318.
192,
94.

6000
7600
6100
8900
5030

38.

10.

DO OO0 OOODODOOOOOOOODO = N EOIIJOO

error

L2130
.0850
.5850
.6653
.3794
.7613
. 1882
.5978
.3678
.8670
L8011
L7391
L4001
.3680
.3290
.2329
.3005
. 1881
.0895
.0716
.0776
.0436
.0364
.0289
.0201
.0145
.0102

error

5240
.9430
1860
.5811
.8538



15.

17

28

32

49
53

58

3200

.3100
19.
19.
20.
22.
24.
26.

1370
9000

3000

9200
9100
9300

.9200
30.
.9200
33,
35,
39,
40,
43,
45,
A8,

5790

9290
5790
7540
5790
9090

1460

4960

.3210
50.
.8890
54,

5590

7140

.4760
59,

3010

Angle

.8590
. 1820
.3780
. 1520
.3580
.1330
.7090
.2090
.4800
.0436
.8500
.4000
.0336
L4170
.2060
.0670
.6170
.1960
.0236
.5070
.9570
.6070

OO OO OO OO ODOOO = =NV — =MNDWOW,

L0470
L4170
L4622
.7070
.4480
L0630
. 3150
. 2350
.6590 .
. 1593
. 5560
. 1822
L0162
L0379
.0488
.0601
.0527
.0196
.0140
.0093
.0018
L0011
.0016
.0020

{mb,/sr)

2602.
1613,
913.

. 533.

2171,

— 0
~N W

OO0 -2NWWWEHENWNO -,

0000
5000
1600
4200
2300

. 1540
. 7190
. 7051
. 7862
.8618
.6479
L4037
.7376
.8912
. 3964
. 7729
.4279.
.36489
.2738
.4315
1177
. 0659

OO OO OO OODODODODODOOOOODDODODOOO —

. 0580
.6240
. 0991
. 1520
L1170
L0610
L0620
.C7060
.0e10
.0¢90
.0130
L0151
.0098
.0035
.0047
.0022
L0026
0074
.0012
L0012
. 0002
.0002
.0005
.0005

400

error

»

QOO O OO0 OCDOOCTODODOOOWHL

L4400
.9870
.2750
4520
7341
.3999
8547
. 2485
. 2674
1270
. 1362
L1527
. 1087
L1447
L1422
. 1255

1178

.0860
.0703
.0223
.0060
.003¢6

16.
18.
19.
.3540
21,
23.
.9100
27.
29.

20

25

31

33.
34.

38

40.
43,
44,
45,

48

50.

53

54.
55.
58.
60.

MeV

3100
9100
7450

9200
9100

9200
7540
. 9300
9200
3410
.5160
5790
4960
7340
5590
.9090
1460
.4760
3010
1260
8890
5390

Angle

.3880

.4170

. 1720
. 1230
.6820
.6270
. 6680
L2180

J1298

.2060
. 1198
. 9500
.6370
.9670
.5170
.1198
.0336
. 1098
.9570

.6070 -

.5070
.9770

QOO OO O OO0 OIDDOOO = =N — = = W

. 09390
L6210
. 9699
.4842
. 7660
. 1410
. 4380
. 8520
. 5006
. 6840
..3420
. 1145
.0149
. 0488 °
. 0633
. 05489
. 0467
L0161
.0109
. 0024
.0013
. 0007
. 0017
. 001

(mb/sr)

2118.
1215.
754
357.
114
37.

OO OO =N PPWW— 200

6001
2000

. 5400

9800

. 7800

9590

. 3603
.7518
. 3670
. 2148
. 7726
. 5894
.8510
.8175
. 3795
.8046
. 4080
L7174
. 6920
1779
. 0829
. 0685

\

OO OO OO OO OO ODOOO — i

142

L8420
1840
.0828
L0675
0710
L0640
.0590
L0650
.0994
L0210
L0150
L0132
0032
L0047
.0022
0021
.0024
L0013
.0010
.0002
0002
0002
.0005
.0007

error

.6190
. 7480
.8550
.0380
L1391
. 2666
.3065
.2532
. 1759
L1017
. 1043
.1597
. 1487
. 1358
. 1327
. 1382
L1275
.0815
.0286
L0132
.0048
.0046



34.5270
37.5270
39.9870

42.9670

44.6170

Angle

.5290
.7460
.5090
.6070
.5390
.7560

o
OkDOD\J(ﬂw’N

11.5090
12.7260
15.6260
17.4536
19.1198
20.1960
22.0236
23.1298
24.0436
25,2160
26.1298
27.0436
28.0336
30.1298
31.0436
31.2060
32.1198

33.0336 .

34.5436
36.1198
37.7060
39.5336
40.8998
43.2160
45,0436

~

.6170

Do

OO

OO O OO ODODO OO OOOODOOOO =N P —

L0840
L0713
L0432
L0119
.0042

. 1001
.7000
.4000
.2000
.0000
.7000C
.8900
.5950
.4850 -
.6922
.4194
. 1526
.4928
.2898
. 0857
.6025
.3058
. 1344
.0612
.0746
. 1204
. 1256
. 1430
. 1278
.0985
.0709
.0384
.0194
.0054
.0034
.0027
.0026

ODODO OO

OO DOOOTC OO ODODODOOODOOOOOOOO — (WD

.0049
.0036
.0026
.0008

L0006

500
error

.9230
.7340
.0260
.3940
24900
.8066
.3686
. 2485
.69€9
. 1222

. 1529
.2078°

. 1373
. 1102
.0588
.0461
.0134
.0097
L0073
.0056
.0048
.0047
.0047
.0045
.0039
.0033
.0018
.0008
.0004
.0004
.G005

.0004

35.
38.

41

43,

MeV

11

12.
13.
16.
18.

20
21
22
23
24

., 25.
- 26,
27.
29.

30

31.

32

32.
33,

35

37.
38.
39.

41
44

— .
O WO W

6270
6270
.6370
5170

Angle

.1370
.6370
.7260
.2160
. 1470
.009%0
.2260
1170
0190
5398
2060
.0336
.1098
.2160
.7160
.6298
5436
2060
1198
2160
.2160
1298
.0436
7160
6298
.2060
0336
6198
9860
.B136
.1298

ocooco

.0870
. 0557
0216 -
.0066

{mb/sr)

4035.
12432,
1419,
595.
349.
199.
75.
41
19.

OO0 OO0 OOOOOOO —NWEUTW

8000
8000
5000
8000
2000
1000
8600

.8640

4010

.6888
.6995
.4713
.3729
. 1403
.0243
.5521
.2099
.1218
.0719
. 1076
. 1229
. 1249
. 1205
. 1256
.0942
L0612
.0236
.0100
.0065
.0023
.0023

OO O

108.

[N IS I
(SO LNE )]

OOOOOOOOO‘OOOOO.OOOOOOOOOOI\)43.\0

.0050
.0031
.0019
L0007

error

5400
8170
L7310
L6630
L0411
.4818
5211
.9139
7122
. 1345
.2063
. 1939
. 1292
.0689
.0384
0289
.0204
.0070

.0058
.0043
.0059
.0062
.0059
.0044
.0039
.0023
.0015
.0006
.0005
.0003
.0004



Appendix 5

Selected analyzing power data used in optical model
: ' analysis,
All data given in lab. reference.

- 200 MevVv

Angle Asymmetry error Angle Asvmmetry error
3.0630 0.1193 0.0120 3.5260 0.1866 0.0156
3.9900 0.3042 0.0183 4.4530 ©0.3603 0.0221
4.5630 0.3424 0.0131 5.0260 0.4383 0.0132
5.4900 0.4556 0.0137 6.0630 0.5524 0.0142
6.5260 0.5639 0.0145 6.9900 0.5805 0.0145.
7.5530 0.6285 0.0135 8.0160 0.6701 0.0138
8.4800 0.6864 0.0141 9.0630 0.7131 0.0121
9.5260 0.7471 0.0124 9.9900 0.7635 . 0.0129
10.4530 0.7876 0.0135 10.5730 0.7465 0.0112
11.06360 0.7621 0.0117 11.5000 0.8127 0.0119
11.9630 0.7879 0.0129 12.0830 - 0.8262 0.0149
12.5460 0.8262 0.0149 13.0100 0.9001 0.0166
13.4730 0.8861 0.0188 13.5630 0.9270 0.0177
14,0260 - 0.9521 0.0186 14.4900 0.9917 0.0199
14,9530 0.9852 0.0218  15.0630 1.0096 0.0269
15.5260 1.0258 0.0280 15.9900 1.0321 0.0315
16.4530 1.0426 0.0348 16.5830 0.8789 06.0300
17.0460 0.5407 0.0324 17.5100- 0.8590 . 0.0355
17.9730 0.9127 0.0367 18.0630 0.8740 0.0247
18.5260 © 0.7991 0.0258 18.9900 0.7605 0.0278
19,4530 0.6618 0.0238 19.5730 0.6706 0.0286
20.0360 0.5330 0.0294 20.5000 0.3806 0.0313
20.9630 " 0.2709 . 0.0328

. 300 MeV

Angle Asymmetry error Angle Asymmetry error
2.5870 ~0.0159 0.0536 3.8040 0.1811 0.0565
4.6850 0.3506 0.0421 5.2940" 0.3993 “.0431
'7.6850 0.6595 0.0525 . 8.6070 0.7212 0.0524
9,.2150 0.7369 0.0533 10.1570 0.6900 0.0559
11.2740 0.7460 0.0619 12.2050 0.7955" 0.0512
12.8140 0.6868 0.0545 14.5970 0.6616 0.0568
15.2050 0.5479, 0.0590 " 16.6950 0.2636 0.0606.
17.5770 -0.2828 0.08917 18.4960 -0.2097 . 0.1320
19.7450 -0.6572 0.0664 20.3540 -0.3973 ©0.0707
23.4760 0.4463 0 0.4920 0.0424

.0447 24.3010

144



25.1260
. 29.7540
33.5160
38.9290
40.5790
44,3210
48.4960
50.1460
53.8890
55.5390

59.3010

Angle

.8590

2
4.4460
5

.9460
£.1520

OO D -0 D

L4283
.3505

0677
.3372
.4037
L3761
.3629
.2398
. 1304
L4377

Asymmetry

10.1820 -

12.1270
14.7090
15,1270
15.9300
17.1680
18.4370
19.5370
20.5000
23.0670
25.5710
'27.9570
29.6070
31.5070
32.6070
34.5270
36.4270
39.9870
42,4170
44.0670

Angle

2.5290
3.7460
4.6370

/

COOOO0OOODOOOOOODOODODOODOOOODOOOOO

»
. 1380

.4785
.6973
.56627
. 5278
L1322
.005¢%

Y0855
L6151
.9740
.9522
.7081
.509¢
.0583
.5878
.5130
1132
.5540
.7550
.5566&
.3407
0846

Asymmetry

0.1944
0.2878
0.3508

2711

s

L3417

.6236

0.0463
0.0584
0.0806
0.2861
0.0802

0.0166

0.0608

C.0835
~0.1070

0.2961
0.12290

400
errQr

.0303
.0356
.0268
.0392
.0420
.0494
L0710
.0650
L1704
.0694
.0904
L0602
.0520

.0425
.0649
.1088
.0823
.0830
.0831
L0716
.0918
L1010
L1727

500
error

0.0348
0.0344
0.0377

/
Mev/

— . :
- O ~JO0Ww

.0488 .

28.9290
30.5790

34,7540

39.7540
43.4960
45, 1460
49,3210
53.4760

54,7140

58.4760
60.5390

0.4018
 0.3689
~1.6457
0.0354
0.4287
0.4069
0,3069
072946
0.2604
0.227¢
0.3771

© Angle Asymmetry

.4170
. 1720
.9460
. 1520

13,1920
14.8300

15.3800
16.4800
17.7090
18.9870

. 19.9500

21.9670
24.4170
26.6170

28.5070

30.9570
32.0570
33.4270
35.6270
38.0770
41.0870
42.9670

MeV

.6520

. 1897
.4339
.5272

.5574
. 36069
L0104
L1234
. 8555
. 3305
.8817
. 9835
.8501
.6248
.3694
.2032
L7167
L2243
L3151
. 7960
.6504
.4556
L2621

A ' .
QOO OOTOOODODODODOCOO

[
eNoNoRoleoloNoNe]

Ahgle Asymmetry

3.1370
4,0290

5.2460

0.2071
0.2456
0.3146

.6349

OO0 OO0

0.0524"
0.0752
0.3956 "
0.085¢
0.0145
0.0170
.0736
.0885
. 1390
. 1878
L1775

DO O O

error

.0333
L0262
0342
.0436
.0434
.0638"
.0917
L1162
. 2575
0640
L0691
.0532
.0396
.0409
.0523
. 0827
L0716
.0822
. 1580
.0794
.0714
L1169
L1072

QOO ODOODDODOODOODODOOOOO

error

0.0326
0.0353
0.0396



OooJowm

10

11,
. 7260
15.
16.
17.
18.
19.

.5090
.7260
.6070
.5390
.7560
.6170

5090

7260
6270
5190
7360
5970

OO0 OODOODOOOOO

L3751
. 3491
L4567
L4704
.5034
.3738
.3392
.2514
L7076 -
.8379
. 7569
. 65655
L6463

OO O D

DO0OODOOO

L0333
.0392
.0480
.0367
.0482
.0485
L0310
.0445
.0350
.0443
.0383
L0424
L0368

L1170
.9990
.2160
. 1470
.0090
.2260
1170
.0190
.0190
.2360
. 1270
.9890
.2060

OO0 O OO OoOOC

.373%
.5267
.4852
.4229
.4009
.3468
L2621
.2793
.7658
L7717
L7687
L6523
.5652

OO ODOODOODOOCOCO0O

146

.0364
.0434
.0548
.0406
L0413
.0532
.C383
L0717
.0441
. 0452
L0417
.0332
.0390



