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5. Results

During the present experiment a total of 400 million events were collected.
Of these 1.6 million events are qualified as coplanar ppγ events. The events
are binned in 4 variables, namely θ1, θ2, θγ , φnonco. On the SALAD side,
where protons are detected, the bin size is set to 2◦ in polar angles of protons
resulting in 9 bins from 10◦ to 28◦ with full azimuthal coverage. In addition,
there are 2 bins for protons with an azimuthal coverage of more than 50%
and 2 bins with a coverage of less than 50%. Events are binned in one
non-coplanarity bin. While binning for the purpose of obtaining differential
cross sections as a function of non-coplanarity, two sets of data are generated:
one where the absolute value of the non-coplanarity angle was required to be
smaller than 5◦ to facilitate a comparison with the previous measurement,
and the other where this angle was smaller than 2.5◦ to present the results
of this measurement. The bin size for θγ is set to 10◦ as the polar-angle
resolution of the Plastic-Ball is close to this value. Therefore, there are 7
bins for θγ starting from 90◦ and ending in 160◦. Multiplying the number of
bins yields a total number of 1183 combinations; however, the total number
of presentable data points is not as many. There are a couple of factors
which limit the number of presentable data points. These limitations and
the way they are dealt with are discussed in the first section of this chapter.
In the second section, a comparison is made between the results of the
previous measurement [21] and those of the present measurement to see
how well the measurements agree with each other in angular distributions.
In the third section, the results from this experiment, where the phase space
was not covered by the previous setup, are presented. A summary of the
chapter and discussion of the observations made from the data will be given
in the last section. All the data presented in this chapter are tabulated in
appendix A.

5.1 Kinematic limitation

The first limitation, which reduces the number of data points to present, is
the energy threshold of the Energy scintillators of SALAD. The energy of
the protons has to surpass this energy threshold to be detected. This energy
threshold, 30 MeV, is the main limitation factor for small values of θ2 as can
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72 Chapter 5: Results

Figure 5.1: Combinations of θ1 and θ2 for which the proton energies are either

above or below the energy threshold of 30 MeV of the Energy scintillators. The areas

between the solid, dashed, dot-dashed, and dotted curves indicate the regions where

the energy of both protons are above the SALAD energy threshold for θγ = 95◦,

θγ = 115◦, θγ = 135◦, and θγ = 155◦, respectively

be seen in Fig. 5.1. In this figure, the regions enclosed between lower and
upper solid, dashed, dot-dashed, and dotted curves are where the energies of
both protons exceed the energy threshold of SALAD for θγ = 95◦, θγ = 115◦,
θγ = 135◦, and θγ = 155◦, respectively. The bins which fall outside the
detection limits, i.e. where the energy of one or both protons falls below
the energy threshold, can obviously not be presented. Some other bins are
partly within the detection limits and one can introduce correction factors
for them. Yet, the decision was made to leave out all bins which would
require such corrections. As a result, the number of presentable data points
were reduced to 600.

The second limitation has to do with the singularity of the phase-space
factor at the maximum non-coplanarity angle. There is a maximum non-
coplanarity angle, beyond which no events are allowed. This is imposed
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by the kinematics; see Fig. 4.9. The singularity in the phase space at
the maximum non-coplanarity angle is the consequence of expressing the
differential cross section in the form dσ/dΩ1dΩ2dθγ . In Fig. 5.2, the be-
havior of the phase space over the bin 24◦ < θ1 < 26◦, 33◦ < θ2 < 35◦

and 130◦ < θγ < 140◦ has been simulated by the GEANT event genera-
tor, GENBOD. Measurement of an observable is in fact taking the average
of the observable over the entire bin. However, the theoretical value as-
sociated with the center point of the bin is usually used for comparison
with the measurement. Obviously, such a comparison is fair if the aver-
age of the observable over the bin agrees with its value at the center of
the bin. This condition is not met for the cases where a bin contains a
singularity or is in the neighborhood of one. Recently, discussion of how
to present data to avoid the problem stemming from the singularity of the
phase space [54, 55, 56] has taken place. In this thesis, the following strategy
is adopted to present the data: For the bins where the closest singularity
occurs beyond 5◦ of non-coplanarity angles, the cross sections will be pre-
sented in the form dσ/dΩ1dΩ2dθγ , with the non-coplanarity bin-size being
set at 2.5◦. This way one can be sure of being well inside the plateau region
of the phase space; see for example Fig. 5.2. The data points, which can be
presented in this way, number about 400. For the cases where a singularity
occurs below 5◦ within the corners of the bin, an integration is performed
over the non-coplanarity angle. Thus, for these kinematics cross sections
are expressed in the form dσ/d cos θ1d cos θ2dθγdφevent. Note that φevent

and φn, introduced in Secs. 2.1.2 and 2.1.3, are interchangeable. As a result
of the integration, the information carried by the non-coplanarity angle will
be lost. However, one should note that the integration is performed for the
bins which are relatively close to the elastic limit where the non-coplanarity
is, practically, irrelevant. As has been shown shown above, the singularity
of phase space is manageable and, therefore, does not impose an essential
limitation on the number of presentable data points.

5.2 Comparison with previous measurements

In order to assess the level of agreement between the present measurement
and the previous one, a comparison is made between the data produced in
the two experiments. The geometric coverages of the setups used in the two
experiments overlap from 10◦ to 20◦ in polar angles of the protons with full
coverage over azimuthal angles. The polar angular range from 100◦ to 160◦

for θγ was also common between the two experiments. This range was fully
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Figure 5.2: Typical behavior of the bremsstrahlung phase space as a function

of the non-coplanarity angle, φnonco, generated by GEANT, for the bin with

24◦ < θ1 < 26◦, 33◦ < θ2 < 35◦ and 130◦ < θγ < 140◦. The non-coplanarity

angle varies between 0◦ and its maximum.

covered for the azimuthal angles in the present setup, while the previous
experiment had only a partial azimuthal angular coverage over the range
from 100◦ to 130◦ and the full coverage over the remaining part. Here, just
4 combinations common between the two measurements are presented.

In Fig. 5.3, the cross sections and analyzing powers are shown as a func-
tion of θγ , for the combination θ1 = 16◦, θ2 = 16◦ in the left panels, and for
the combination θ1 = 14◦, θ2 = 16◦ in the right panels. The cross sections
are depicted in the top panel, while the analyzing powers are shown in the
bottom ones for the same kinematics. Only in this section, where a compar-
ison is made between the two data sets, the bin-size for the non-coplanarity
angle is set to 5◦ in accordance with the analysis of the previous data. The
full triangles represent the data from the previous measurement, while the
open circles represent those from the present measurement. To obtain very
good agreement for the region of overlapping phase space, a single normal-
ization factor of 1.6 for the present cross-section data was needed. The
solid curve is the prediction of the microscopic model of Martinus [30]. Two
SPM predictions are also shown in these figures: the tu-SPM and sk-SPM
shown by dotted and dashed lines, respectively; see Sec. 2.2.2 for more de-
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Figure 5.3: Cross sections and analyzing powers as a function of θγ for the com-

bination θ1 = 16◦, θ2 = 16◦ (θ1 = 14◦, θ2 = 16◦) in the left (right) panel. The

open circles (full triangles) represent the results from this (previous) measurement.

The stars represent the data from TRIUMF experiment [20]. The solid, dashed,

and dotted lines are the predictions of the microscopic model of Martinus [30], the

sk-SPM, and the tu-SPM, respectively.

tails. The errors, both for the cross sections and the analyzing powers, are
statistical. As discussed in Sec. 4.6.2, for this way of presenting the data
one has to consider the

√
52 + 12 + 12 ∼ 5% absolute systematic error, ac-

counting for the error due to the normalization to the previous experiment
plus the errors in the MWPC efficiency for two protons. Moreover, there
will be

√
32 + 0.52 ∼ 3% relative (point-to-point) systematic error due to

the photon detection efficiency and the remaining background. The errors
in the analyzing power are dominated by statistics. For the combination
θ1 = 16◦, θ2 = 16◦, there are no data points for this measurement corre-
sponding to θγ from 105◦ to 125◦. This has to do with the fact that for this
combination the energy of proton 1 does not exceed the energy threshold
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Figure 5.4: Cross sections and analyzing powers as a function of θγ for the com-

bination θ1 = 16◦, θ2 = 19◦ (θ1 = 19◦, θ2 = 19◦) in the left (right) panel. For the

explanation of data and the curves see the caption of Fig. 5.3.

of the Energy scintillators. In the left (right) panel of Fig. 5.4, the cross
sections and analyzing powers are plotted for the combination θ1 = 16◦,
θ2 = 19◦ (θ1 = 19◦, θ2 = 19◦). The other details of this figure are the same
as those for Fig. 5.3. As seen, the agreement between the two data sets for
the combinations presented is very good. A more comprehensive compari-
son between the two data sets revealed that the cross sections obtained in
this measurement reproduce the shape of the same observable from the last
experiment reasonably well.

5.3 Final results

In this section the results of the present measurement are presented. In
addition to cross sections and analyzing powers one more observable, the
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relative energy, is shown as well. The relative energy, denoted as Erel, is the
invariant mass of the protons in the exit channel minus the rest masses of
protons. Mathematically, it can be written as follows:

Erel =
√

(E1 +E2)2 − (~p1 + ~p2)2 − 2mp (5.1)

where E1 (~p1) and E2 (~p2) are the energies (momenta) of protons 1 and 2,
respectively, and mp is the mass of the proton. One can simply show that
there is a direct relation between Erel and the energy of the photon in the
center of mass, Ec.m.

γ ,

Ec.m.
γ =

s− (Erel + 2mp)
2

2
√
s

(5.2)

with
√
s being the total energy of the system in the center of mass. Erel

is a measure of how close one is to the elastic channel. The larger the
relative energy, the smaller is the photon energy and therefore the closer
the kinematics to the elastic limit. The data will be presented in two sub-
sections. In the first sub-section, the kinematics, which are far from the
phase-space singularities, are presented. The second sub-section is devoted
to the integrated cross sections over φnonco for bins close to the kinematical
singularity, with the closest phase-space singularity being below 5◦ of the
non-coplanarity angles.

5.3.1 Cross sections and analyzing powers far from the

singularity

In this sub-section, cross sections, analyzing powers, and the relative energy
for bins with no phase-space singularity below φnonco = 5◦ are presented. As
described in Sec. 5.1 for these kinematics the bin-size for the non-coplanarity
angle is chosen to be 2.5◦, far enough from the singularity to be able to make
a fair comparison between theory and the experimental results. Enforcing
this condition for the presentation of the data will result in fewer data points
associated with polar angles of the photon larger than 135◦. Therefore, the
experimental observables presented in this sub-section are mainly associated
with polar angles of the photon below 135◦. In Figs. 5.5 through 5.7 the cross
sections and analyzing powers along with the relative energies are shown as
a function of θ2 (θ1) in the left (right) panels, where θγ is fixed. These figures
are presented in decreasing order in polar angle of the photons. Again, the
very criteria of being far from the singularity imposes an upper-limit for
the opening angle of the protons. This upper-limit behaves in a manner
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Figure 5.5: Cross sections, analyzing powers, and relative energies, for the com-

bination θ1 = 19◦, θγ = 135◦ (θ2 = 19◦, θγ = 135◦) in the left (right) panel as a

function of θ2 (θ1). The open circles represent the results from this measurement.

The solid, dashed, and dotted lines in the top and middle panels are the predictions

of the microscopic model of Martinus [30], sk-SPM, and tu-SPM, respectively. Only

statistical errors are shown. The absolute (relative) systematic error is 6% (1%).



5.3. Final results 79

Figure 5.6: Same as Fig. 5.5 except for θ1 = 23◦, θγ = 125◦ (θ2 = 23◦, θγ = 125◦)

in the left (right) panels.
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Figure 5.7: Same as Fig. 5.5 except for θ1 = 25◦, θγ = 95◦ (θ2 = 25◦, θγ = 95◦)

in the left (right) panels.
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Figure 5.8: Cross sections, analyzing powers, and relative energies for the combi-

nation θ1 = 22◦, θ2 = 22◦ (θ1 = 26◦, θ2 = 26◦) in the left (right) panel as a function

of θγ . Only statistical errors are shown. The absolute (relative) systematic error is

5% (3%). For explanation of curves, see the caption of Fig. 5.5 .
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Figure 5.9: Same as Fig. 5.8 except for θ1 = 33◦, θ2 = 24◦ (θ1 = 24◦, θ2 = 33◦)

in the left (right) panels.
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Figure 5.10: Same as Fig. 5.8 except for θ1 = 15◦, θ2 = 33◦ (θ1 = 14◦, θ2 = 30◦)

in the left (right) panels.
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Figure 5.11: The relative difference between the experimental and theoretical

cross sections as a function of Erel or equivalently Ec.m.
γ . The difference is cal-

culated using the microscopic calculation for coplanar events. In the top (bottom)

panel the data taken in the previous (present) measurement are presented.

opposite to the polar angle of the photon; i.e. the larger the photon angle,
the smaller is this upper-limit. That is the reason why in these figures the
smaller polar angles of the protons are associated with larger polar angles
of the photon. The top, middle, and bottom panels show the cross sections,
analyzing powers, and the relative energies, respectively. The systematic
error of the cross section for this way of presenting the data, where the polar
angle of the photon and that of either of the protons are fixed, is calculated as
follows. There is an absolute systematic uncertainty of

√
52 + 32 + 12 ∼ 6%

accounting for the systematic error due to normalization to the previous
experiment plus the error in photon detection efficiency and the uncertainty
in the MWPC efficiency for the proton with fixed polar angle, respectively.
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(θ1 = θ2) are presented. In the next figure, Fig. 5.9, an asymmetric combina-
tion along with its kinematic mirror are depicted, and in the last figure two
more asymmetric combinations with larger asymmetries are shown. Also
here, the errors shown in the figures indicate just the statistical ones. For
this way of presenting the data one has to consider the

√
52 + 12 + 12 ∼ 5%

absolute systematic error, accounting for the error due to the normalization
to the previous experiment plus the errors in the MWPC efficiency for two
protons. Moreover, there will be

√
32 + 0.52 ∼ 3% relative (point-to-point)

systematic error due to the photon detection efficiency and the remaining
background. Some features which were already observed in Figs. 5.5 and 5.6
can be seen here again. The theoretical and experimental cross sections are
in better agreement for asymmetric combinations where θ1 > θ2 in contrast
to the cases where θ1 < θ2. Confirming the observation from Fig. 5.7, going
towards θγ = 95◦ the two SPMs coincide and the microscopic calculation
reproduces the experimental cross sections very well. In the top-left panel of
Fig. 5.9 where the agreement is very good the corresponding relative energy,
bottom-left panel, is on average the largest among all combinations plotted
as a function of θγ . The experimental analyzing powers are associated with
errors too large to be able to discriminate between the theoretical calcula-
tions. Comparing all relative energies which have been presented up to now,
one can conclude that the relative energy is less dependent on the polar
angle of the photon than on that of the protons.

In order to make a comprehensive and quantitative study of the devel-
opment of the discrepancy between the prediction of the microscopic model
for the cross section and the experimental data, an alternative way for pre-
senting the data is given. The relative difference between the theoretical
calculation for a kinematic point and the corresponding experimental data
is defined as

σdiff = (σthe − σexp)/σthe, (5.3)

where σthe and σexp denote the prediction of the microscopic calculation
and the experimental cross section, respectively. Plotting σdiff versus the
corresponding Erel or equivalently Eγ (energy of the photon in the center of
mass system), one can see a possible correlation between them. In Fig. 5.11
the results of this test in contour form are depicted in the top and bottom
panels for the data obtained in the previous experiment and the present
measurement, respectively. Various contours (z-axis) represent the density
of data giving the same σdiff for the same Erel. In each panel there are almost
500 points. In the top panel where the relative energy is mainly below
25 MeV, one can see a strong dependence of σdiff on Erel. In this region
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the agreement improves as the relative energy increases, going towards the
elastic limit. This behavior was already observed for both coplanar and non-
coplanar events while analyzing the data from the previous experiment [31].
This trend does not seem to continue when going to larger relative energies;
see the bottom panel of the same figure. In this panel where the relative
energy goes as high as 45 MeV the difference shows no strong dependence
on the relative energy up to 33 MeV. However, at relative energies higher
than 33 MeV the trend of relative differences suddenly drops and for high
relative energies becomes negative.

5.3.2 Cross sections close to the singularity

As explained in Sec. 5.1, an integration is performed on the cross sections
over the non-coplanarity angle for the cases where a singularity occurs below
5◦ within the corners of the bins (see Fig. 5.2). Some 200 data points from
this measurement are of this type. Since an elastic event is, by definition,
coplabar with a non-coplanarity angle of 0◦, the smaller the maximum non-
coplanarity for a bremsstrahlung event, the closer the event is to the elastic
limit. Thus, it is fair to claim that the events which will be presented in
this sub-section are relatively close to the elastic limit. The integration over
φnonco has been implemented for the cross sections calculated only with
the SPMs. Therefore, here, only the integrated cross sections are shown
along with their sk-SPM and tu-SPM counterparts. Since performing the
integration for the microscopic calculation requires an enormous amount of
CPU time and is not possible within the time scheme of the present work,
the result of that integration will be published later. In Figs. 5.12 and 5.13
the integrated cross section, which is defined mathematically as,

σint =

∫ φmax

−φmax

dσ

dΩ1dΩ2dθγ
dφnonco (5.4)

with φmax being the maximum non-coplanarity angle, is plotted for fixed
θγ and θ1 (θ2) in the top-left (top-right) panels. The errors shown in the
figures are statistical. As explained for Fig. 5.5 through Fig. 5.7, where
the observables were presented in the same way as here, the absolute and
relative (point-to-point) systematic errors are 6% and 1%, respectively .

The observations one can make from these figures are very much like
those made for Figs. 5.5 and 5.6. In the left panels, where the cross sections
are plotted as a function of θ2 for fixed θ1 and θγ , the agreement between
the SPMs and the data worsens for θ2 > θ1. However, in the right panel
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Figure 5.12: Integrated cross sections and relative energies for the combination

θ1 = 25◦, θγ = 145◦ (θ2 = 25◦, θγ = 145◦) in the left (right) panel as a function of

θ2 (θ1). The open circles represent the experimental data. The dashed and dotted

lines in the top panel are the predictions of the sk-SPM and tu-SPM, respectively.

Only statistical errors are shown. The absolute (relative) systematic error is 6%

(1%).

Figure 5.13: Same as Fig. 5.12 except for θ1 = 26◦, θγ = 155◦ (θ2 = 26◦,

θγ = 155◦) in the left (right) panel.
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Figure 5.14: Integrated cross sections and relative energies for the combination

θ1 = 33◦, θ2 = 24◦ (θ1 = 24◦, θ2 = 33◦) in the left (right) panel as a function of

θγ . Only statistical errors are shown. The absolute (relative) systematic error is

5% (3%). For explanation of the curves, see the caption of Fig. 5.12.

Figure 5.15: Same as Fig. 5.14 except for θ1 = 34◦, θ2 = 27◦ (θ1 = 27◦, θ2 = 34◦)

in the left (right) panel.



90 Chapter 5: Results

where θ2 and θγ are fixed, the overall agreement is better than that for the
left panel, and the degree of agreement does not vary much.

In Figs. 5.14 and 5.15 integrated cross sections are shown as a func-
tion of θγ for combinations θ1 = 33◦, θ2 = 24◦ (θ1 = 24◦, θ2 = 33◦) and
θ1 = 34◦, θ2 = 27◦ (θ1 = 27◦, θ2 = 34◦) in the top-left (top-right) panels, re-
spectively. The errors shown in the figures are only statistical. An absolute
(relative) systematic error of 5% (3%) should be taken into account when
presenting the data in this manner. Again, the agreement between the data
and the theoretical calculations for the cases where θ1 > θ2 is better than
that for the cases where θ1 < θ2. Another observation is that the relative
energy does not vary much as a function of the polar angles of the photon.
However, it varies very much as a function of the proton polar angle.

5.3.3 Discussion and summary

The data obtained in this experiment were classified into two categories de-
pending on how far they are from the phase-space singularity. The data
far enough from a phase-space singularity were presented completely exclu-
sively. However, an integration of the cross section over the non-coplanarity
angle was performed for those data points which were close to a phase-space
singularity. As the first step, the agreement between the previous data and
present data was checked by comparing the measured cross sections for the
overlapping phase-space region. Beside the single normalization factor of
1.6 used to scale up the present data, the agreement between the two data
sets is excellent.

From the previous measurement it was already observed that the relative
difference between the microscopic model and the data becomes smaller as
the relative energy of the protons increases [31]. However, this trend does
not seem to continue as observed from the present experiment. The trend
of the relative difference remains almost independent of the relative energy
for the region between 20-30 MeV. It is not understood yet why the relative
difference suddenly drops above relative energies of 33 MeV.

The data presented in this chapter demonstrate generally better agree-
ment with the microscopic model where θ1 > θ2. A test was made to illus-
trate this observation more quantitatively. The result of this test is shown
in Fig. 5.16. In this figure, the relative difference between the predictions of
the microscopic calculation and the experimental cross sections are plotted
as a function of Erel, or equivalently Ec.m.

γ , similar to Fig. 5.11. In the top
(bottom) panel the data with θ1 < θ2 (θ1 > θ2) are shown. In addition,
in each panel, a smooth curve is drawn through the ridge of the density
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Figure 5.16: The relative difference between the experimental and theoretical

cross sections as a function of Erel or equivalently Ec.m.
γ . The difference is cal-

culated with the microscopic model for coplanar events. In the top (bottom) panel

the events with θ1 < θ2 (θ1 > θ2) are presented. The horizontal dotted lines indicate

a relative difference of 0.2. The solid curve is drawn to guide the eye.

contour to show the trend more clearly. The horizontal dotted lines indi-
cate a relative difference of 0.2 to guide the eye. As the trends show, the
relative difference is somewhat smaller for θ1 > θ2 where the relative energy
is 25-30 MeV. Moreover, the relative difference for θ1 > θ2 shows an abrupt
drop towards zero for relative energies larger than 33 MeV. This is what we
would expect as one is moving towards the elastic limit where agreement
between the results of the calculations and the data should be self-evident.
However, it is not clear at this moment why this should be so for the case
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of θ1 > θ2 and not for θ1 < θ2. In addition, the reason for the sudden drop
is not understood yet.

The good agreement between the data with θγ = 95◦ and the microscopic
model seems to stem from a different process as it comes about indepen-
dently of the relative energy and the polar angles of the protons. The same
effect was observed in the previous KVI measurement [21] and in the TRI-
UMF data [20, 57] as well. It seems that the shape of the photon angular
distribution of the bremsstrahlung process is shallower than the theoretical
calculations predict.

The statistical errors of the analyzing powers are too large to draw any
strong conclusion. Nevertheless, it seems that the data are, as a whole, more
in agreement with the predictions of the microscopic calculations.
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In addition, one needs to take into account the
√

12 + 0.52 ∼ 1% relative
(point-to-point) systematic error stemming from the MWPC efficiency error
for the proton with varying polar angle and the remaining background.

In the top-left panels of Figs. 5.5 and 5.6, where the cross sections are
plotted as a function of θ2 for combinations (θ1 = 19◦, θγ = 135◦) and (θ1 =
23◦, θγ = 125◦), respectively, there is approximately a 30-50% discrepancy
between the data and the theoretical predictions for large polar angles of
proton 2. The theories seem to come closer to the data as one goes to the
smaller polar angles of proton 2, where the theoretical calculations are also in
better agreement. The most striking feature in these figures comes into view
when the development of the discrepancy between the cross sections and the
theoretical predictions is correlated with the corresponding relative energies.
There is better agreement between the theoretical calculations and the data
when θ1 > θ2 which corresponds to the regions with negative-slope in the
corresponding relative energy curves. The theoretical calculations seem to
diverge from the data as θ2 becomes larger than θ1, where the slopes of the
relative energy curves become positive. In the top-right panels, the cross
sections are plotted as a function θ1 while θ2 (θγ) is the same as θ1 (θγ) in the
left panel. Here, the overall agreement between the data and the theoretical
calculations is better than that for the mirrored kinematics presented in the
left panels. For these kinematic combinations the disagreement between the
theoretical predictions and the data are rather constant as a function of θ1.
Here, contrary to the mirrored kinematics presented in the left panels, the
second derivative of the corresponding relative energies also does not change
very much, and the slopes remain positive. In these two figures, the sk-SPM
curve comes closer to the cross-section data than do the others. Drawing a
strong conclusion from the analyzing powers is not possible as the statistical
errors are too large. Yet, the data seem to be, as a whole, more in favor of
the microscopic calculation.

In Fig. 5.7, the bremsstrahlung observables are shown for θγ = 95◦.
Here, there seems to be a better overall agreement between the predictions
of the microscopic model and the data in comparison with the kinematic
combinations shown in Figs. 5.5 and 5.6. The two SPMs come very close to
each other independent of the polar angle of the protons. The same trend for
better agreement between the microscopic calculations and the data around
90◦ can be observed in the previous high precision KVI measurement [21]
and also in the TRIUMF data with less accuracy [57, 20].

In Figs. 5.8 through 5.10 the cross sections, analyzing powers, and rela-
tive energies are shown as a function of θγ for various combinations of θ1 and
θ2. In Fig. 5.8, two combinations with symmetric polar angles of protons




