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Excitation curves for the Be’(p,d)Be® (ground state) reaction have been measured at observation angles
of 15°, 45°, 70°, 90°, 110°, and 135° for proton energies between 0.8 and 3.0 Mev. These curves show pro-
nounced resonance structure and strong interference effects between different levels. About 60 angular
distributions and the total cross-section curve were constructed from the 6 differential cross-section curves.
The angular distributions are peaked forward, except in the region near 1.6 Mev, where a broad resonance,
interfering with nonresonant amplitudes, causes the angular distribution to become almost symmetric
about 90°. The occurrence of forward peaking at all energies and the good agreement of the angular dis-
tribution at 2.84 Mev with a theoretical stripping curve suggest that a pickup process can account for a
sizeable fraction of the reaction cross section, even at energies as low as 1 Mev. The total cross section
indicates a resonance at 0.93 and weak maxima at 1.25, 1.65, and 2.3 Mev, but not at the T'=1 level at
2.56 Mev. The differential cross section for the Be?(p,a)Li® (ground state) reaction was measured at 90°
from 0.8 to 3.0 Mev. In addition to the 0.93-Mev peak, this curve shows a pronounced minimum near 1.4
Mev and a weak anomaly at 2.563-0.02 Mev indicating a slight violation of the isotopic spin selection rule.
An upper limit of 41072 is obtained for the 7'=0 impurity of the 2*, T'=1 state at 8.89 Mev in B,

INTRODUCTION

HE proton bombardment of Be® has been used
by many investigators'® to explore the level
structure of B! for excitation energies greater than
6.585 Mev. Excitation curves for the reactions Be®(p,a)-
Li® (ground state) Be®(p,d)Be® (ground state), and
Be?(p,p)Be? for proton energies between 0.2 and 1.3
Mev were obtained by Thomas, Rubin, Fowler, and
Lauritsen! and angular distributions below 1 Mev were
measured by Neuendorffer, Inglis, and Hanna.? These
measurements are in agreement with the recent work
on the elastic proton scattering by Mozer® who inter-
prets the data in terms of five B levels at proton
energies of 0.330, 0.980, 0.998, 1.084, and 1.33 Mev. Six
additional levels have been identified in the energy
range from 2 to 5 Mev by studies of the (p,d), (p,av)
and (p,n) reactions.®
Most interesting in the region above 2 Mev is the
existence of a degenerate 2*—3*, T'=1 doublet at
2.562 Mev, recently investigated by Marion,* who also
gives a summary of the properties of the other levels.
Since the ground states of Li® and Be® as well as the
a particle and the deuteron have T'=0, neither the
(p,a0) nor the (p,do) reactions should be resonant at
2.56 Mev, unless there is an appreciable isotopic-spin
impurity in one of these doublet members or in the
residual nuclei. One of the reasons for the present
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investigation was to look for the effects of possible
isotopic-spin impurities in the (p,do) and (p,a0) reac-
tions, since earlier attempts?® to detect these effects had
failed. In view of the Be?(p,p)Be? investigations® which
reveal a relatively large level density near E,=1 Mev,
it seemed worthwhile to study the excitation curves of
at least one of the reactions at several observation
angles, in order to estimate the effects due to inter-
ference of different levels. The Q values of the reactions
studied are: :

Be?(p,d)Bes, 0=0.559 Mev,
Be'(p,0)Lif, (Q=2.132 Mev.

Since, in the energy range investigated (0.8 Mev< E,
<3.0 Mev), the magnetic analysis of the ground-state
deuterons is relatively easy over a wide range of angles,
it was decided to study the (p,d) reaction as a function
of both angle and energy, whereas for the (p,a) reaction,
only one excitation curve at #=90° was obtained.

Apart from a study of the level structure of BY, a
thorough investigation of the Be®(p,d)Be® reaction
seemed of interest from the point of view of reaction
theories. It has been found that the angular distribu-
tions of (d,p) and (d,n) reactions in light nuclei can be
well described by the Butler” theory, for deuteron
energies larger than about 4 Mev, i.e., above the Cou-
lomb barrier. For very low energies, say less than 1 Mev,
stripping effects are in general relatively unimportant
and the reactions proceed predominately by compound
nucleus formation. Finally, between 1 and 3 Mev, both
compound nucleus effects and stripping contribute to
the reaction cross section.®~*! Similar effects are ex-
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pected for (n,d), (p,d), (d,t) reactions, which at low
energies should proceed mainly through compound-
nucleus formation, whereas at higher energies the
pickup mechanism? should account for the largest part
of the reaction cross section. At very high energies, the
Be?(p,d)Be8 reaction has indeed been found to proceed
through a pickup-type process.’* The energy region in
which the pickup process becomes noticeable will, of
course, depend on the properties of the target nucleus.
In Be® the binding energy of the last neutron is only
1.7 Mev, compared to an average of about 7 Mev for
light nuclei, and hence the wave function has a very
long tail. It is therefore to be expected that in the
Be?(p,d)Bed reaction the pickup process will become
important at much lower energies than for reactions
in other nuclei.

EXPERIMENTAL PROCEDURE
A. Thick-Target Measurements

For the (p,d) measurements at observation angles
>70° the thick-target technique* was used, the
Kellogg Laboratory’s 16-in. magnetic spectrometer
serving as the analyzer for the dueterons. The target
was a 3 in.X $ in. plate of metallic beryllium about § in.
thick, the surface of which had been polished and
etched to a mirror finish. A thin CsI crystal was used
for particle detection. The ground-state deuteron group
was always well separated in momentum from the other
particle groups and integral biasing was used only to
discriminate against noise pulses.

After it was verified at a few angles and energies that
the target surface was sufficiently smooth and free of
contamination layers to give a clean momentum step,
the excitation curves were obtained by measuring the
number of counts at the top of the step at each proton
energy setting. The absolute differential cross sections
per unit solid angle were obtained from the formula'

do  ResslV

aQ  29E

cm?/steradian,

where R is the momentum resolution and @ the solid
angle of the spectrometer, E is the average energy (in
Mev) of the emitted particles at the point of their
production, N is the number of particles detected per
incident proton and e is the effective stopping cross
section® (in Mev cm?) of the target material, which
was computed from the recent measurements of Bader,
Pixley, Mozer, and Whaling.!s For the 90°, 110°, and
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481 (1949); J. Hadley and H. York, Phys. Rev. 80, 345 (1950);
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135° measurements, the target was oriented such that
the angle between the direction of the beam and the
normal to the target surface was 135°; for the 70°
measurements this angle was 125°. A number of points
of the 90° curve were remeasured at the latter target
angle. The cross sections computed for both target
angles agreed to within 2.59%,.

For the (p,a) curve, an unsupported Be foil was used,
which was thin enough to give a line profile for the
deuteron group but thick enough to give a step profile
for the a particles. In this way, the thick-target tech-
nique and integral biasing could be used, since the tail
of the deuteron peak did not interfere with the a profile.
The correction for the ot/at ratio was made.!

B. Thin-Target Measurements

For observation angles forward of 70°, a thin (=10
kev) layer of metallic beryllium, evaporated onto a
thin (=50 kev) Cu foil, was used. Contrary to the
experience with unsupported Be foils of the same
thickness, which tend to break under bombardment,
Cu-backed targets were found to be quite stable under
thermal and mechanical stress.

With this target placed at 135° with respect to the
beam, complete momentum profiles were taken in
steps of about 250 kev over the entire energy range at
15°, 45°, and 70°. For these points, the absolute cross
sections were obtained by normalizing the data to the
70° thick-target curve. For §=15° and 45°, the ratio of
the cross section to the maximum number of counts in
the line profile was plotted versus energy and a smooth
curve drawn through each set of points. These curves
were used to correct the experimental excitation curves,
i.e., the maximum number of counts in the line profile
versus energy, to absolute cross sections. A more de-
tailed description of this procedure has been given in an
earlier paper.®

C. Accuracy of the Cross-Section Measurements

In the present experiments the spectrometer had a
solid angle of 1.13X1072 steradians and a momentum
resolution (p/Ap) of 452. In a recent check'® on the
accuracy of these spectrometer constants, it was found
that the ratio p/ApQ which enters into the expression
for the cross sections is accurate to about 1.5%.

The absolute cross sections derived from the thick-
target measurements, i.e., for 62>70° are probably
accurate to about 79,. This error arises from the
uncertainties in the spectrometer constants (1.5%),
the effective stopping power e (5.0%), the target
angles (2.0%), counting statistics (generally about 3%),
and the integrator calibration (1.09). The relative
probable errors amount to about 3 or 49,.

For the thin-target measurements a larger uncer-
tainty (about 129%,) arises from the application of the

16 T, B. Marion and G. Weber, Phys. Rev. 102, 1355 (1956).
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correction curve and the normalization. Consequently,
the absolute cross sections for the 15° and 45° curves are
probably accurate to about 159,. The relative errors are
of the order of 57%.

Table I gives a comparison of the differential cross
sections at E,=1.00 Mev for the Be’(p,d)Be® and
Be®(p,a)Li® reactions obtained by Thomas, Rubin,
Fowler, and Lauritsen! at 6),,=138° with values found
in the present work. The comparison is made in the
center-of-mass system, since our (p,d) cross section at
01ab=138° had to be obtained from the angular distribu-
tion, which is given in center-of-mass coordinates (see
next section). Since in the work described here, the
(p) cross section had been determined only at
01.,=90°, the relative angular distribution measured
by Neuendorffer, Inglis, and Hanna? was used to
transform the (p,a) cross section of Thomas et al.! to
the corresponding center-of-mass angle (98.5°). There
is good agreement between the cross sections for both
reactions. (The values of Thomas et al. are accurate to
about 159.)17

RESULTS

A. Be®(p,d)Be®

The excitation curves obtained for the (p,d) reaction
at 01,5, =15° 45°, 70° and at 61,,=90°, 110°, 135° are
shown in Fig. 1 and in Fig. 2, respectively. The differ-
ential cross sections in millibarns per steradian are
plotted against the bombarding energy, without a
correction for the energy loss in the target. The curves
show pronounced resonance structure and change quite
drastically with angle. The maxima near 0.93 Mev and
2.3 Mev are common to all 6 curves. In the forward
direction additional maxima show up near proton
energies of 1.2 and 1.6 Mev. At 90° the 1.2- and 1.6-Mev
peaks do not occur, but a maximum is observed near
1.4 Mev, about the same energy at which the forward
curves have dips. At 65,,=110° and 135° a strong
minimum appears at about 1.1 Mev and the peaking
near 1.4 Mev is stronger than at 90°. Near 1.75 Mev,
where the 90° curve has a minimum, the 110° curve
shows the indication of a broad maximum which has
grown to a strong peak at 135°. Careful studies were
made of the energy regions near 1.084 Mev where
Mozer® finds an s-wave resonance in the elastic proton
scattering, and in the region of the 2.562-Mev, T'=1

TaBLE I. Comparison of differential cross sections for the
Be®(p,d)Be? and Be?(p,a)Li® reactions at E,=1.00.

Reaction 6(c.m.) Cross section in mb/sterad (c.m.)
Thomas et al.®
Neuendorffer ef al.> Present work
Be®(p,d)Bet  143° . 8.540.7
Be®(p,a)Lib 98.5° 19.5 23.7+19

a See reference 1.
b See reference 2.

17W. A. Fowler (private communication).
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Fic. 1. Differential cross section curves for the Be®(p,d)Bed
(ground state) reaction as a function of bombarding energy
(uncorrected for target thickness) at observation angles of 15°,
45°,70°.

resonance.*!® No resonance structure within experi-
mental error was found at either energy. The rapid
variation with angle of the energy dependence of the
cross section suggests that strong interference effects
between states of opposite parity are operative, espe-
cially for proton energies between 1 and 2 Mev.

In order to determine the true locations of the reso-
nances, the energy dependence of the total cross section
was computed from the data of Figs. 1 and 2. The
following procedure was applied: for each energy at
which 15° data had been taken, the differential cross
section for all six angles was transformed to the center-
of-mass system by using the tables of Marion and
Ginzbarg!® and was plotted against the cosine of the
center-of-mass angle. In this way more than 60 angular
distributions were obtained, from which the total cross
sections were derived by integration. The total cross-
section curve thus obtained is shown in Fig. 3. There
are maxima at 0.93, 1.25, 1.64, and 2.3 Mev, superposed
on a monotonically decreasing background. The peaks
in Fig. 3 are relatively weak, indicating that the large
variations in the differential cross-section curves are due
mainly to the interference terms.

18 R. J. Mackin, Jr., Phys. Rev. 94, 648 (1954).

19 J. B. Marion and A. S. Ginzbarg, Tables for the Transformation
of Angular Distribution Data from the Laboratory System to the
fgegzéz;r—of—M ass System (Shell Development Company, Houston,
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To demonstrate the energy dependence of the
angular distributions, nine typical distributions are
shown in Fig. 4, along with the more complete angular
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Fic. 2. Differential cross-section curves for the Be®(p,d)Be®
(ground state) reaction as a function of bombarding energy
(uncorrected for the energy loss of the protons in the target) at
observation angles of 90°, 110°, 135°.
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distribution at E,=1.820 Mev, which was measured in
5° intervals from 6=15° to 140°. For proton energies
less than about 1.25 Mev, the distributions are strongly
peaked forward, the forward-to-backward ratio going
through a maximum at about 1.1 Mev. Near 1.25 Mev
the asymmetry starts decreasing and near 1.6 Mev the
angular distribution is almost symmetric about 90°. Up
to 1.8 Mev the distributions can be represented approxi-
mately by an expansion of the form:

do/dQ=2x[a(E)+b(E) cosb+c(E) cos?d]. (1)

The coefficients a, b, and ¢ for the data below 1.8 Mev
are plotted against the proton energy in Fig. 5. The
total cross section, plotted on an arbitrary scale, is
shown for comparison.

" For proton energies greater than about 1.8 Mev, the
angular distributions become increasingly peaked for-
ward. Fitting the angular distributions for E,2 1.8 Mev
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Fic. 3. Total (p,d) cross section as a function of bombarding
energy. The points shown were obtained by integrating the
angular distributions which had been constructed from the dif-
ferential cross sections of Figs. 1 and 2.

with a cosine expansion of the form (1) is neither pos-
sible nor sensible, in view of the contribution from the
pickup process for these energies.

B. Be®(p,e)Li®

The differential cross section measured at 6., =90°
for the Be¥(p,a)Li® (ground state) reaction is shown in
Fig. 6. After passing through the 0.93-Mev resonance,
the cross section shows a broad maximum near 1.25 Mev
and decreases rapidly, reaching a minimum at 1.4 Mev.
Up to this energy the (p,a) excitation curve looks very
similar to the (p,d) curves at 45° and 15°. Between
1.4 Mev and 1.8 Mev the (p,a) cross section increases
and is fairly constant between 1.8 and 2.1 Mev. For
E,>2 Mev the yield shows an over-all decrease inter-
rupted by a small resonance anomaly at 2.56+0.02
Mev. The region near the resonance is shown on an
expanded scale in the insert of Fig. 6. The width of this
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resonance is 40=-10 kev which is in good agreement with
the known width348 for the J=2*, T'=1 resonance.
The identification of the resonance with this level is
supported by the smallness of the effect, since the decay
BW*1,i%+q involves a change of isotopic spin by one
unit and consequently the transition rate is expected
to be small.
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Fi1c. 4. Typical angular distributions of the Be?(p,d) Be8 reaction.
The differential cross sections were taken from Figs. 1 and 2,
transformed to center-of-mass coordinates, and plotted against
the cosine of the center-of-mass angle.

DISCUSSION
A. Angular Distributions and Excitation Curves

It seems probable that the small peak near 1.25 Mev
in the (p,d) total cross-section curve (Fig. 3) corresponds
to the 1.33-Mev resonance observed by Mozer.® The
larger width, derived from proton scattering, may result
from the neglect of a level near E,=1.6 Mev in the
analysis of the scattering experiments.?® That the
1.084-Mev resonance was not observed either in the

2 F. S. Mozer (private communication).
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(p,8) or (p,x) experiments is consistent with a J=0%
assignment® for the corresponding 7.56-Mev level in
B which forbids the emission of ground state deuterons
and o particles. Near 1.6 Mev where a strong peak
appears in the differential cross-section curves at back-
ward angles, only a weak maximum is visible in the total
cross section. Strong interference effects with neigh-
boring levels and the nonresonant (probably pickup)
background must be responsible for this behavior.

The total (p,d) cross-section curve shows a resonance
at E,=0.93 Mev with a width of 130230 kev. The
equality of the width of the 0.930-Mev resonance found
in the (p,d) reaction and that of the 0.998-Mev reso-
nance found in the elastic scattering® suggests that the
corresponding levels are actually identical. Why the
resonance energies do not agree is not clear; it is pos-
sible that the peak in the (p,d) experiments is shifted to
a lower energy by the interference with a level or levels
of the same parity, or by the interference of resonant
and nonresonant (possibly pickup) amplitudes of the
same parity. It is known! that the resonance level at
E,=0.33 Mev (BY*=6.88 Mev) strongly emits deu-
terons and « particles as well as intense E1 radiation?
to the T'=1 level at 1.74 Mev. The 6.88-Mev level is
therefore identified® as a J=1~, T'=0 state formed by
s-wave protons; the deuteron and a-particle widths
arise from a sizable T'=1 impurity resulting from strong
coupling to another J=1~ state with T'=1 at a higher
energy. If one assumes that this latter state is the T¢y=0
analog of one of the levels at 5.96, 6.18, and 6.26 Mev
in Bel, it should correspond to a proton energy of about
1.5 Mev. The broad maximum near 1.6 Mev in the total
(p,@) cross-section curve (Fig. 3) or (less likely) the one
at 2.3 Mev may be due to this level. It is possible that
a similar situation obtains for the 7.48-Mev state
(E»=0.998 Mev). Since this level has® J=2", the large
radiation width for the transition to the ground state?

2 D, H. Wilkinson and A. B. Clegg, Phil. Mag. 1, 291 (1956).
2 W. F. Hornyak and T. Coor, Phys. Rev. 92, 675 (1953).
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F1c. 6. Differential cross-section curve for the Be®(p,a)Li®
(ground state) reaction at §=90° as a function of bombarding
energy. The portion of the curve near the 2.56-Mev resonance is
shown in the insert on an enlarged scale. The proton energies have
not been corrected for the energy loss in the target (=3 kev). The
resonance energy is 2.564-0.02 Mev.

requires El radiation, and therefore the isotopic spin
must be T'=1. If the 0.930-Mev resonance is indeed due
to this level, then the fact that deuteron and a-particle
emission is rather strong indicates an appreciable =0
impurity. Such an impurity would result from coupling
to a J=2-, T=0 state in the neighborhood; this level
may be the 7.75-Mev state (E,=~1.3 Mev) found in
elastic scattering® and in the present experiments. It is
possible, however, that the 0.930-Mev (p,d) resonance
isdistinct from the scattering resonance and corresponds
to a different BY state at 7.42 Mev. The fact that the
(p,a) resonance also occurs at 0.930 Mev may support
this hypothesis.

The angular distributions below and above the 1.6-
Mev region are peaked forward and do not change very
strongly with the bombarding energy, suggesting that
part of the reaction cross section is due to a pickup
process over the whole energy range studied. This
behavior is not surprising in view of the structure of
Be®; because of the low binding energy of the last
neutron (1.7 Mev) the Be® core and the neutron are
during part of the time fairly well separated, and there
is a good probability for the incoming proton to pick up
the neutron without interacting with the core. That the
pickup mechanism can account for the largest part of
the reaction cross section near 3 Mev is demonstrated
in Fig. 7, where the angular distribution, taken at

DAVIS, AND MARION

E,=2.84 Mev, has been fitted by a Bhatia-type®
stripping curve for /,=1, using a radius* of 6.14 1013
cm. The good agreement between the experimental
points and the theoretical curve at forward angles leaves
little doubt that the reaction proceeds mainly via a
pickup process.

B. 2.56-Mev Resonance

None of the six (p,d) excitation curves (Figs. 1 and 2)
shows indications of an anomaly near 2.56 Mev, i.e., no
systematic deviations of the experimental points from
the smooth curves are noticeable. From the maximum
deviations of the points from the curves it can be
concluded that, if there are contributions to the differ-
ential cross sections of a narrow resonance near 2.56
Mev, they must be smaller than about 1.2 mb/sterad
at all angles. Since a weak resonance, superimposed on
a nonresonant background, is usually visible mainly by
virtue of the interference terms, the actual resonance
cross section g is probably much smaller. However,
since no such effect was observed, one has to rely on
the total cross-section curve. From Fig. 3 it can be seen
that the total resonance cross section ¢r< 13 mb, and
from this an upper limit for the deuteron width can be
obtained. Taking Marion’s value* for the reduced
proton width v,2=2.5X10"1% Mev cm and using the
tables of Breit and co-workers® to get the penetration
factor, a proton width of T',,=7 kev is obtained .26 With
the known total width®*'8 of 38 kev, the Breit-Wigner
formula yields an upper limit for the deuteron width of
T4513.5 kev for d waves (for I,=1 and J=2* or 3+,
the angular momenta of the outgoing deuterons, and
ap particles are uniquely determined to be l,=1;=2, no
matter whether the channel spin in the entrance channel
is 1 or 2). The ratio of the reduced width to the sum rule
limit is ,254.5X 1073, This value is certainly much too
large to be used for an estimate of the isotopic spin
impurity of the 8.89-Mev state in B,

The deviation Ac=|c—oz| of the (p,a) cross section
from a smooth curve (Fig. 6) in the resonance region is
of the order of 0.45 mb/sterad. The cross section at
resonance can be expressed as the sum of 3 terms:

c(90°)=0p+or+or, (2)

where op is the cross section of the nonresonant back-
ground, or the resonance cross section, and o7 is the
cross section resulting from the interference of resonant

% Bhatia, Huang, Huby, and Newns, Phil. Mag. 43, 485 (1952).

* This value is consistent with the radii found in the fitting of
(d,p) data from other nuclei with the theory of A. B. Bhatia ef al.
A compilation of these radii has been given by R. Huby [Progr.
Nuclear Phys. 3, 177 (1953)7].

% Bloch, Hull, Broyles, Bouricius, Freeman, and Breit, Revs.
Modern Phys. 23, 147 (1951).

26 The radii for the a-particle and proton channels were obtained
from the formula R(4,+42)=1.45X10"3(4,}+A4,}) cm. For the
estimate of the deuteron width, R(Be®+-d) was taken equal to the
stripping radius R=6.14X10"18 cm (see reference 24) which was
used to fit the angular distribution of Fig. 7.
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and nonresonant amplitudes. Assuming that the entire
background is interfering with the resonance amplitude,
and that both contributions are completely in phase, one
obtains an upper limit for o;:

©)
Since er<Ko s, Egs. (2) and (3) give a lower limit for og:
or> (Ac)*/40p.

The opposite extreme case that the resonant and the
nonresonant amplitudes have a phase difference of 90°,
ie., or=0, is evidently not realized, since the shape of
the anomaly clearly indicates destructive interference.
The pure resonance cross section certainly amounts to
less than Ag/2. The total resonance cross section is
orr= (16r/3)a(90°) for entrance channel spin 1 or
orr= (167/5)a(90°) for entrance channel spin 2. There-
fore, using Ac(90°)=20.45 mb/sterad, one obtains

O-OSSO’TRgs-Q mb.

|or] € 20R%0 5.

For the resonance parameters, one obtains in the same
way as for the deuteron case:

0.085T.54.0(kev),
1.2X107<v,256.0X1071%(Mev cm),
2.2X107850,251.1X1073,

Since 0,? must arise from a T=1 admixture to the Li®
ground state and/or a T=0 admixture to the T=1
state in BY,

927= p(Li®)0ar’+p (B )0,

where p(Li®) and p(B1*) are the impurities of the states
involved. 6.:? and 6, are the dimensionless reduced
widths resulting from T=1 and T=0 parts of the wave
functions. For the (T=1)—(T'=1) transition B1(8.9)—
Li®(3.57)4a, Mackin!® has found a reduced width of
0.2220.25. If one takes this value for both 6,* and 6,2,
and uses the estimate of MacDonald?” for the T=1
impurity of Li® p(Li®)=10"% then the upper limit on
the isotopic spin impurity of the B level is p(B1**)<4
X103, About the same upper limit holds for the 3+
member of the 8.89-Mev doublet, since this state would
have been more difficult to observe because of its larger
total width.

For T'=0 states in B excited to less than about 10
Mev, MacDonald* estimates T'=1 impurities of the

27W. M. MacDonald, Phys. Rev. 101, 271 (1956).
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Fic. 7. The angular distribution of the Be?(p,d)Be? (ground

state) reaction at E,=2.84 Mev in the center-of-mass system. The

relative errors are indicated by vertical lines. The solid curve was

computed from the stripping theory of Bhatia et al.? for I,=1 and
a radius® of 6.14X107% cm.

order of 103, The present result seems to indicate that
the T=1 states in this region have T'=0 impurities of
the same order of magnitude.
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