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Relative population of states in n B following the 12C(7,p) reaction was measured with high
resolution using the de-excitation 7-ray technique. Population of the states near 7 MeV in n B
are clearly resolved and the measured population clarifies earlier conflicting data. Comparison of
the results with new RPA calculations indicates the importance of both one- and multi-nucleon
processes.

25.20.-x, 27.20.+n



I INTRODUCTION

I. INTRODUCTION

For photonuclear reactions in the intermediate energy
region, several different models have been used to de-
scribe the transition process between the initial \i) and
final | / ) nuclear states induced by photo-absorption.
These models fall roughly into three categories: the direct
knockout model (DKO), the quasi-deuteron and modified
quasi-deuteron models (QD and MQD), and microscopic
models.

One argument in favour of DKO has been the scaling
of the (j,p) data with the missing momentum, pm [1,2].
Recently Owens et al. [3] have shown that scaling is con-
sistent with processes that involve both one- and two-
nucleon components, and thus do not necessarily validate
the DKO model. Argument against the DKO derives
from the large momentum mismatch between the incom-
ing photon and the outgoing nucleon in this model. This
leads to a small cross section resulting from the small
high momentum components in the initial bound state
wave function. The near equality of the experimental
(j,p) and (7, n) cross sections is a natural consequence
of the QD model, but is hard to explain in the DKO
framework. Final state interactions (FSI) could alter the
DKO results, but distorted wave impulse approximation
(DWIA) calculations [4-6] were not able to satisfactory
account for both reactions simultaneously.

In the more sophisticated microscopic models [7-9] a
formal description of the concepts of the QD and MQD
models are introduced in an attempt to include shell
model contributions, nucleonic correlations and meson
exchange currents (MEC) in a consistent manner.

Recently it has also been shown [10] that relativistic
calculations provide a fair description of the experimen-
tal (y,p) data to states with a predominant lh character
for missing momenta below ~ 500 MeV/c. This indi-
cates that the meson exchange contributions are not large
when treated in a relativistic framework.

With improved experimental techniques it became pos-
sible to determine the exclusive photoproton and pho-
toneutron cross sections to specific groups of final states;
but it was only possible to determine the cross sections
for population of individual residual states in a few cases,
where the states are well separated. For example in the
most recent experiments [11-14] on the 12C(7,p)11B re-
action, only the ground state and the first excited state
were clearly resolved.
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FIG. 1. Level structure in n B .

Following the l2G{y,p)uB reaction, the residual nu-
cleus of n B can be left in an excited state, the most
relevant of which are shown in Fig. 1. Of particu-
lar interest are the three states near 7 MeV. These
states all are predominantly 2h-lp in nature with the
two holes in the IP3/2 shell, but each has the particle
in a different orbit. The dominant configurations are
[15,16]: I lpi/2 (lP3/2 )~2} for the |" (6.74 MeV) state,
|2s1/2(lp3/2 T2} for the |+(6.79 MeV) state, and
I lds/2 (lP3/2 )~2} for the | + (7.29 MeV) state. They

may also be considered as a particle coupled to a core of
10B in its ground state or in an excited state [17,18].

Experiments have, so far, failed to adequately resolve
the populations of these three states near 7 MeV, which
leads to ambiguity in interpretation of the data. For
example, Van Hoorebeke et al. [13] concluded that the
main strength near 7 MeV belongs to 7.29 MeV, while
Ruijter et al. [14] reported that the unresolved dou-
blet at 6.8 MeV is dominant. All of the most recent
measurements achieved a resolution no better than 450—
700 keV [11-14], so that it was not possible to unam-
biguously measure the population even of the state at
7.29 MeV, since it is not resolved from the two states
near 6.8 MeV. It is clearly impossible to resolve the lat-
ter two states at 6.8 MeV in a single-arm experiment,
because their energy separation is only 50 keV. It is evi-
dent that in order to obtain more definitive results, better
resolution is required, or a new experimental technique
must be applied.

One possibility involves detection of the de-excitation
7-rays from the decay of the excited states in the residual
nucleus, as a measure of their population following the
(7,p) reaction. In this case even if the resolution for the
protons is poor, the better resolution associated with the
7-ray detector, and particularly the observation of cas-
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cade 7-ray decays, can allow separation of the different
residual states. The 7-ray detection reduces the count
rate but, because the resolution is determined by the
7-ray detector, this can be partly offset by using a thicker
target than in conventional (7,p) experiments. However,
it is important that the proton resolution is adequate to
determine the excitation region in the residual nucleus as-
sociated with a particular de-excitation 7-ray . Our pre-
liminary analysis [19] of the present experiment showed
that this new technique is practical for the 12C(7,p) re-
action, and that the population of the 7.29 MeV state is
considerably weaker than the states at 6.8 MeV. Here we
give the results of a more sophisticated analysis which
confirms the previous conclusion and leads to quantita-
tive results for all states below 7.5 MeV in U B.

II. EXPERIMENTAL

The goal of the experiment was a measurement of the
12C(7,p7')11B reaction with the aim of investigating the
population of the excited states in U B, particularly near
7 MeV. The experiment was performed at the tagged
photon facility at the MAX lab, University of Lund.

A 95-MeV electron beam was incident on a 50 /^m-thick
bremsstrahlung radiator of Al, producing a flux of brems-
strahlung photons, of which the energy range from 50 to
70 MeV was tagged. The tagging spectrometer [20] had
two arrays of focal-plane detectors, each consisting of 32
plastic scintillators of individual width about 7 mm. This
gave a photon energy resolution better than 300 keV. The
beam of tagged photons had a diameter of ~ 2 cm at the
target position, and was incident on a 10x10 cm, 2-mm
thick (235 mg-cm~2) graphite-carbon target placed at
25° to the beam as shown in Fig. 2.
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FIG. 2. Schematic layout of the experimental setup.

Two of the three proton telescopes were placed above
the target at a distance of 15 cm from its centre, at angles

of 70° and 125°. These two proton telescopes were based
on 3"-diameter by 3"-deep Csl crystals coupled to pho-
tomultiplier tubes giving an intrinsic resolution of about
1% [21] (300-500 keV for 30-50 MeV protons). Each tele-
scope was equipped with three semi-overlapping 0.5-mm
thick NE102 plastic AE detectors. The third proton tele-
scope, with an overall area of 10x12.5 cm, was placed at
an angle of 70° below the target at a distance of 15 cm
from its centre. It was based on an array of the Csl
crystals, each of size 25x25x30 mm read out by photo-
diodes [22]. The intrinsic resolution of a single crystal
element was measured as ~ 300 keV for proton energies
of - 4 5 MeV.

The de-excitation 7-ray arm consisted of two 25-cm-
diameter, 30-cm deep Nal detectors. These were shielded
by 10-cm of Pb with a collimator window of 15 cm in
diameter, and were placed on either side of the target at
a distance of 20 cm. The resolution of both Nal detectors
varied from 140 keV to 270 keV for 7-ray energies from
2 MeV to 6.3 MeV.

The total experimental proton energy resolution, de-
termined mostly by the target thickness, was estimated
to be between 2 and 2.6 MeV for the proton telescopes.
This was considered adequate to determine the excitation
region associated with a particular de-excitation 7-ray .

The signals from the proton full-E and AE detectors,
and the Nal detectors were fed into CAMAC ADC mod-
ules. The timing information from the tagger, AE and
Nal detectors was recorded in corresponding TDCs. A
coincidence signal from any proton telescope triggered
the electronics to provide a start pulse for all TDCs and
a gate pulse for all ADCs, which initiated conversion in
these modules. However, the final decision as to the ac-
ceptability of an event was determined by a requirement
that signals from one Csl detector and the correspond-
ing AE detector were coincident in time, and both ex-
ceeded preset thresholds. These threshold values were
determined using AE-E scatter plots for each proton
telescope. Because of the shaping in the amplifiers this
condition took 5-10 fj,s. If it was satisfied, readout of
ADC and TDC modules was initiated; if not, the ADCs
and TDCs were "fast cleared", thus greatly reducing the
number of events triggered by electrons in the raw data.

III. DATA ANALYSIS AND RESULTS

A. Proton data analysis

For proton events the tagger TDC spectra exhibit
discreet "prompt" peaks on a random background, see
Fig. 3. The prompt timing region was determined for
every TDC spectrum of each tagging electron detector.
Using scatter plots of AE signals versus full-E signals for
each proton telescope, proton events were separated from
those triggered by electrons. For each tagged energy,
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peaks in the corresponding proton spectra were used to
calibrate the ADCs.

7000

0 10 20 30 40 50 60 70 80 90 100

Time (ns)

FIG. 3. Timing spectrum between signals from the three
proton telescopes and the focal plane detectors (summed to-
gether). The peaks indicated are the prompt peaks.

For each proton detector the reaction missing-energy
spectrum for prompt events was generated. The miss-
ing energy is defined as Emiss = Ey — Tp -TR, where
TR is the kinetic energy of the recoil nucleus 11B, and
Tp is the kinetic energy of the emitted proton. The ex-
citation energy is related to the missing energy EmiSS,
as Eex = Emiss — Q, where Q is the separation energy
for the 12C(7,p)1:LB reaction. The missing-energy proton
spectra produced by photons of different tagged energy
were summed to produce spectra with good statistics at
angles of 70° and 125°.

The prompt-proton spectra also contained random
background. This contribution was deduced by deriv-
ing a proton spectrum using a timing region outside the
prompt peak in the tagger TDC spectra. The missing-
energy spectrum at 70° , corrected for the random back-
ground, is presented in Fig. 4.

Eexc(MeV)
Q 5 10 15 20

FIG. 4. The missing-energy spectrum for the 1 2 C ( 7 , p ) n B
reaction (6P ~ 70°, Ey = 5 0 - 7 0 MeV) obtained for one of
the Csl elements of the array detector. The excitation-energy
scale is also shown on the upper axis. Background has been
subtracted.

B. De-excitation 7-ray spectra analysis

The de-excitation 7-ray spectra were produced by trig-
gering on proton events within particular regions of
the missing energy spectra. Such prompt de-excitation
7-rays associated with selected protons all have the same
timing relative to the protons, and were easily identified
in a Nal TDC spectrum triggered by the protons. The
requirement of a timing coincidence reduced the level of
uncorrelated background 7-rays . For U B, the region of
particular interest is the excitation-energy region around
7 MeV, where the unresolved states form the broad bump
seen in the proton missing-energy spectrum. The en-
ergy region from 5 to 9 MeV in the proton spectrum
was therefore used to produce an associated de-excitation
spectrum (labelled "5-9"). This spectrum includes the
cascade 7-rays from the states near 7 MeV but not the
direct decay of the 2.12 MeV state [23].

Since the 2.12 MeV state is the only excited state in
n B below 4 MeV, the de-excitation 7-ray spectrum trig-
gered by events with excitation energy between 0 and
3 MeV ("0-3" spectrum) should show only 7-rays of this
energy. The measured spectrum (see Fig. 5) indeed shows
a strong peak at 2.12 MeV, while the "5-9" spectrum
shows the presence of both 2.12 and 2.30 MeV cascade
lines from the decay of 6.79 and 6.74 MeV states respec-
tively.
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FIG. 5. De-excitation 7-ray spectra for the 12C(7,p)nB re-
action (E-, = 50-70 MeV, 6P « 70°) triggered by events within
0-3 MeV (solid line) and 5-9 MeV (dashed line) regions of the
excitation energy spectrum for n B . These 7-ray spectra are
referred to as "0-3" and "5-9" spectra.
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Several corrections were made to the "5-9" de-
excitation 7-ray spectrum before it was unfolded. Firstly,
the 7-ray contribution resulting from the random-
coincidence background proton data was subtracted from
the prompt 7-ray spectrum, which reduced the number of
counts by ~ 30%. Also the "5-9" spectrum was corrected
for the presence of 7-rays associated with photoproton
reactions with the air (~5-10% contribution), and the
presence of direct 2.12 MeV 7-rays (~ 10%) due to pro-
tons populating this state directly, but which are present
in the 5-9 MeV missing-energy region because of rela-
tively poor proton energy resolution.

To determine the relative strengths of the various
7-rays in the experimental spectrum, it was necessary
to allow for the 7-ray detector response function (RFN).
This was calculated for a number of 7-ray energies using
the GEANT [24] software. Such a RFN comprised of
a full-energy peak, a single escape peak, a rather small
double escape peak and Compton contribution (Compton
"tail"). The RFNs were parametrised as a function of en-
ergy. However, the calculated RFNs had to be modified
to conform to the experimental situation. The experi-
mental resolution for 7-rays up to 5 MeV was determined
from the spectra taken with radioactive sources. The de-
excitation 7-rays from sufficiently resolved states in n B
at 5.02 and 7.29 MeV were used to estimate the resolution
in the 5-7 MeV region. This experimental resolution was
found to be ~ 50% worse than the calculated one, and the
Compton contribution was found to be larger than that
calculated. This was partly due to adding 7-ray spectra
from the two Nal detectors, both of which might have
slight uncertainties in their calibration. The RFN was
modified to reflect this.

The fit to the 7-ray spectrum was performed with the
PAW [25] software, in which the only varying parame-
ter was the height of the full-energy peak. The fit was
performed for spectra containing dependent 7-lines, so
self consistency of the data was maintained. This was
achieved by knowing that the strength of the popula-
tion of a given state must be the same, whether it is
determined from the 7-ray decay strength direct to the
ground state, or the cascade 7-ray decay strength, using
the known branching ratios [23] (see also Fig. 1). For the
"5-9" spectrum this gives the following constraints:

• the strength at 2.12 MeV is determined
by the cascade decays from the 5.02 and
6.79 MeV states,
• the strength at ~ 2.3 MeV is determined
by the cascade decays from the 6.74 and
7.29 MeV states,
• the strength at ~ 2.9 MeV is determined by
the cascade decays from 5.02 and 7.29 MeV
states,
• the strength at ~4.5 MeV includes con-
tributions at 4.67 MeV due to the cascade
7-rays from the 6.79 MeV state, and from the
4.44 MeV cascade 7-rays from the 6.74 MeV

state. After accounting for these, the remain-
ing strength is due to direct population of the
4.44 MeV state following the 12C(7,p)nB re-
action.

C. Results

1. Forward angle

The final corrected "5-9" de-excitation 7-ray spectrum
from the 70° data was obtained from proton data from
both forward angle telescopes and both Nal detectors,
and it was unfolded using the response functions to pro-
duce the fit presented in Fig. 6.

Ey (MeV)

FIG. 6. Forward angle de-excitation "5-9" 7-ray spectrum
fitted with the response functions (solid line).

From the fit to the data shown in Fig. 6 the number
of counts included in each full-energy peak was deter-
mined. The relative population of the relevant states in
11B was then determined using these numbers corrected
for the energy-dependent efficiency of the Nal detectors,
and using the 7-ray branching ratios [23].

As a result of these procedures, it was possible to de-
termine the relative strengths of the two states at 6.74
and 6.79 MeV; the major advance in the present work.
The relative strength of these two states was used in the
following final stage of the data analysis.

The de-excitation 7-ray spectrum derived from the re-
gion of 5-9 MeV of the excitation energy spectrum of
11B, provided only the relative populations of the states
near 7 MeV in U B . It was also necessary to obtain infor-
mation about the population of the other states in U B ,
which was done using all (j,p) events in the missing-
energy spectrum. Since the relative strengths of the 6.74
and 6.79 MeV states were now known, the strength of
the corresponding cascade 7-rays was deduced in order
to correct for their contribution to the spectrum.

The results for the relative population of the states
in n B following the 12C(7,p)nB reaction at an angle of
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70° are presented in Table I. The errors include statistical
uncertainties, fitting errors, uncertainties in Nal detector
efficiency and uncertainties in the branching ratios.

2. Backward angle

A similar analysis was carried out on the de-excitation
spectra recorded with the proton detector at 125° . The
final de-excitation 7-ray spectrum is presented in Fig. 7.

FIG. 7. The de-excitation "5-9" 7-ray spectrum at 125°
fitted with the response functions (solid line).

The cross section for the 12C(7,p)nB reaction depends
strongly on the proton emission angle, decreasing with in-
creasing angle. This angular dependence, and the use of
only one proton detector at the backward angle, reduced
the proton count rate significantly. The statistics are
therefore significantly poorer than for the forward-angle
data, but again the main features are clearly evident, and
the relative strengths could be extracted, see Table II.
Comparing Tables I and II it is quite evident that at the
backward angle, the population of the 7.29 MeV state
has dropped significantly, relative to the population of
the doublet at 6.8 MeV. For the backward angle data,
the statistical uncertainties are quite large, so that the
results presented in Table II should be interpreted with
greater care.

3. Cross sections

Although the present measurement gives the relative
population of excited states in 11B, including those re-
solved near 7 MeV, it does not allow the absolute cross
sections to be obtained. Conversely, earlier measurement
of the 12C(7,p) reaction, e.g. by Springham et al. [12]
and Ruijter et al. [14] which failed to resolve the states
near 7 MeV, were nonetheless able to assign absolute
cross sections. It was thus possible to normalise the

present results and derive an absolute cross section scale
for all the observed states, including those at 7 MeV.
This normalisation used the average values of the cross
sections from the measurements mentioned above [12,14].
The cross sections to the three states near 7 MeV are
listed in Table III.

Table IV show the cross sections to the states in n B
at similar angles, as reported in all three experiments.
In this table the cross sections to the three states near
7 MeV reported here have been summed to clarify the
comparison. The overall consistency is good considering
the errors and the differences in angles and energy bins.

IV. DISCUSSION

As outlined in the Section I, several modern theories
exist which are used to calculate the cross sections to
different residual states in photonuclear reactions. These
theories have been evolving as new high quality data be-
came available. Information as to which particular final
state is populated, provides restrictions on the predic-
tions of the models of the magnitude and angular dis-
tribution of these cross sections. However, in addition
to final-state properties, the initial-state wave function is
equally important in such calculations, since it provides
the models with a realistic description of all the charges
and currents in the nucleus.

Several groups [7,26,8,9] have ascribed a considerable
fraction of the observed photoproton strength to mult-
inucleon mechanisms that manifest themselves both in
the photo-absorption (meson-exchange currents), and the
final-state interaction (multi-step or coupled-channel ef-
fects).

In this paper the present results are compared with the
calculations in the RPA framework. Earlier Ryckebusch
et al. [15] suggested that the relatively strong population
of states with a 2h-lp character in the photoproton reac-
tions was a proof for the importance of photo-absorption
on meson exchange currents. It is worth remarking that
the latter are predominantly of proton-neutron nature,
so that the calculations [15] are essentially a microscopic
formulation of the QD picture. Above the two-nucleon
emission threshold, the dominant role of the MEC is
a natural explanation for the prevailing of the (y,pn)
channel in the total photo-absorption strength. Two-
body currents naturally lead to excitation of states with
a predominant 2h-lp character, even when an one-step
reaction mechanism is considered. The early calcula-
tion of the differential cross section for the population
of the states near 7 MeV [15] included two-body cur-
rents involving exchange of one pion only. This cal-
culation also predicted that at forward angles, and for
Ey ~ 60 MeV, the | + (7.29 MeV) state would dominate,
while the | (6.74 MeV) would become dominant only for

9 > 120°. It also predicted that the | + (6.79 MeV) state
would not contribute significantly to the strength around
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7 MeV. These calculations agreed favourably with the
data by Springham [12] where the limited experimental
proton resolution did not allow the relative population of
the individual states near 7 MeV to be determined.

The present results clearly indicate that population of
the | (6.74 MeV) state dominates over that of the pos-
itive parity states at both forward and backward angles
(see previous section). This contrasts with the earlier
mentioned theoretical prediction [15] for 70° where it pre-
dicted that the | + (7.29 MeV) state is dominant. The
present data also show that while the relative strength of
the ^+ (6.79 MeV) state compared to the strength of the

| (6.74 MeV) state remains approximately the same at
forward and backward angles, the relative population of
the | + (7.29 MeV) state is significantly reduced at 120°
implying a quite different angular dependence.

The superior resolution of the present experiment
makes it clear that the assumptions which were at the
basis of the calculations of Ryckebusch et al. [15] needed
to be reconsidered. The calculation presented here is
based on the same assumptions as far as the excitation
of the 2h-lp components in the final state is concerned.
However, two important additions were made. Firstly,
A-currents were added to the two-body part of the nu-
clear current operator. The effect of those however, was
found to be relatively small for the photon energies con-
sidered here. Secondly, it was observed that quasi-elastic
12C(e, e'p) measurements pointed towards small but mea-
surable single-hole components for each of the states near
7 MeV [27]. This was interpreted as direct evidence for
the existence of ground-state correlations in 12C, and
constituted a stringent proof for the occupation of the

lf7/2 (f J, ld5/2 f |+J and 2si/2 (hj single-particle or-
bits in the ground state: these orbits would remain un-
occupied in an independent-particle picture.

For the revised calculations presented here, single-hole
component in the f| J, (§+J and ( | J states was con-
sidered. The corresponding spectroscopic factors were
taken from the 12C(e, e'p) measurements reported by van
der Steenhoven et al. [27]. In spite of the small values of
the spectroscopic factors for the 2h-lp states, the most
significant conclusion was that the one-body component
was important, since the two-body components interfere
(destructively or constructively) with the one-body term.

The outlined additions appear to be quite important,
since after including the single-hole component, the cal-
culations predict the relative strengths of population of
the states near 7 MeV to be in quite good agreement with
the present data. The cross sections to the three states
near 7 MeV in U B as calculated, are presented in Fig. 8
together with the experimental values.

40 80 120 160

(deg)

PIG. 8. Differential (y,p) cross sections at E-, = 60 MeV
for population of the three states near 7 MeV in UB after in-
cluding both Ih and 2h-lp components in the final state. The
calculations include one-body, pion-exchange and A-currents.

It is evident that these calculations correctly predict
the dominance of the | (6.74 MeV) state over the two
positive parity states. Considering the experimental er-
rors, especially at backward angles, and the fact that the
theoretical curves involve a substantial amount of inter-
fering mechanisms, the agreement with the experimental
data is good. We conclude that the basic premises of the
calculations model the reaction reasonably well.

V. CONCLUSIONS

The present data provide the first reliable estimates of
the population strengths of the three states near 7 MeV
in n B following the 12C(7,p)nB reaction. This in turn
has prompted an improved calculation involving a more
realistic picture of the reaction, using the explicit inter-
action of a photon with meson-exchange and A-currents,
and not ignoring the effect of ground-state correlations.
All of these dynamic ingredients were necessary in order
to reach a reasonable description of the relative impor-
tance of different states. Considering the complexity of
the interaction of a photon with nucleons and nuclear
currents in a complex nuclei, this microscopic calcula-
tion gives a realistic account of the data. There seems
little doubt that the model assumptions are approaching
reality, as indicated by the demonstrated agreement with
the present data.
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VI ACKNOWLEDGEMENTS

TABLE I. Relative population of the states in U B follow-
ing the 1 2C(7,p)"B reaction (Ey = 50-70 MeV, 6V w 70°).

Energy, MeV

2.12

4.44
5.02

6.74
6.79
7.29

J "
l -
2
5 —
2
3 —
7.
7-

!+

2

Population Pi
(a.u.)

8646 ± 400

< 3691 ± 400
8979 ± 400
9726 ± 1000
2203 ± 200
3398 ± 150

Pi

Pe.n
0.89 ± 0.10

0.38 ± 0.06
0.92 ± 0.10

1.00
0.23 ± 0.03
0.35 ± 0.05

TABLE II. Relative population of the states in U B follow-
ing the 1 2C(7,p)uB reaction (£-, = 50-70 MeV, 9P « 125°)

Energy, MeV

2.12

4.44
5.02
6.74
6.79
7.29

r
l -

s -
2
3 -
7
7-

F +
!+
2

Population Pi
(a.u.)

404 ± 40
< 780 ± 90
1253 ± 120
1526 ± 300
400 ± 120
270 ± 30

Pi

Pe.7i
0.26 ± 0.06
0.51 ± 0.11
0.82 ± 0.18
1.00
0.26 ± 0.09
0.18 ± 0.04

TABLE III. Cross sections to the | " (6.74 MeV),
| + (6.79 MeV) and | + (7.29 MeV) states in n B following the
1 2 C ( T , P ) " B reaction for E^ = 60 MeV.

State <r(70°), /xb/sr <T(125°), /xb/sr

I' (6.74 MeV)
| + (6.79 MeV)
| 4 (7.29 MeV)

4.76 ± 0.82
1.08 ± 0.19
1.66 ± 0.29

2.25 ± 1.04
0.59 ± 0.30
0.40 ± 0.17

TABLE IV. Comparison of the present results from Tables I and II with the previous measurements of the
reaction (* - the data had to be corrected for the solid angle, see Section II for detectors setup).

Data

HR [14]

E^=59.7 MeV
SPR [12]

1^=59.7 MeV

Present

E^=60 MeV

NleV

2.12

~7
2.12

~7

2.12

£7

6.84 ± 0.72

8.54 ± 0.80
5.1 ± 0.5

6.5 ± 0.6
(Rel.populations)

8646 ± 400

15327 db 1300

60°

70°

70°

42.12)
4-7)

0.79 ± 0.11

0.78 ± 0.11

0.56 ± 0.05

cr(^b/sr)b]<wd

0.66 ± 0.22

3.68 ± 0.52
0.8 ± 0.8

2.8 ± 1.1
(Rel.populations)

404 ± 40

2196 ± 450

. ,

120°

115°

125°

42.12)

0.18 ± 0.06

0.29 ± 0.31

0.18 ± 0.04

4fwd)
4bkwd)

10.4 ± 3.6

2.32 ± 0.39
6.4 ± 6.4

2.32 ± 0.94

5.86 ± 0.64*

1.9 ± 0.42*


