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Two-neutron-hole excitations have been investigated via the {p,t) reaction at 168 MeV on Pb
and " Sn targets, up to -25 and —17 MeV excitation energy, respectively. The kinematic condi-
tions strongly favor high L transfer values (L —10 for Sn and L —13 for Pb). High-spin stretched
states are found to dominate the spectra with an even stronger enhancement for
J=[(l&+—')(l2 ——')]J states. Angular distributions and standard local zero-range distorted-

max

wave Born approximation analysis have been performed for Pb. Such analysis has been extended
to the " Sn data taken at two angles. The zero-range normalization constant Do is found to be
significantly smaller than that usually adopted at low incident energy, Do -6 instead of -22. The
high-spin stretched states of the valence multiplets are distributed from 2.2 MeV up to 6.1. MeV in

Pb, whereas they are clustered between -3.0 and 3.7 MeV in " Sn. New spectroscopic informa-
tion gained for J ~ 6 levels or structures in Pb and " Sn is discussed together with that of previ-
ous studies, especially the (o., He) results at high incident energy. Such comparisons show that
configuration mixing is larger than predicted for the higher-energy transitions in Pb. No
significant concentration of valence plus deep hole states could be found in Pb, whereas the previ-
ously known one valence plus one deep bump in " Sn exhibits a maximum at -7.3 MeV here main-

ly attributed to the {g7/2+g9/2) + state in agreement with the prediction of the quasiparticle pho-
non model.

I. INTRODUCTION

A large amount of experimental work has been devoted
to the study of shell model single-particle modes in nu-
clei. ' The two-nucleon transfer reactions may offer a
different access to new "elementary" modes of excitation
of the nuclear system.

In particular, the two-neutron hole excitations may be
related to the general phenomena of valence and deep-
hole states observed in one-neutron pickup reactions. '
The (p, t) reaction has been almost unexplored at high
bombarding energies (E )60 MeV). The few exceptions
are one (p, t) experiment at 65 MeV incident energy on a

Sn (Ref. 3) target nucleus and two others studies at 80
Me V (Ref. 4) and 90 Me V (Ref. 5) on Pb and

Sn target nuclei, respectively.
Most of the previous experiments have explored the

low-lying and/or low-spin states. Only the (p, t) studies
at 42 MeV (Refs. 6 and 7) and at 90 MeV (Ref. 5) incident
energies on the tin isotopic chain were carried out to
search for two-neutron strengths consisting of "one
valence plus one deep" (1V+1D) or "two-deep" (2D)

quasihole configurations.
We have performed the (p, t) experiment at 168 MeV

incident energy on several medium-heavy weight nuclei
to gain information on higher-lying high-spin two-
neutron hole states. At an incident proton energy of 168
MeV, strong enhancements of the reaction cross sections
for large angular momentum transfers are kinematically
expected up to rather high excitation energy. Among
these high-spin states, the "stretched" states, where the
spin of the transferred neutron pair is coupled to the
maximum total spin J „with the condition

[(A =1)+—,
' )(I'z =l2 —)]1

are predicted to be preferentially enhanced as a result of
both large two-neutron transfer structure amplitudes
and good matching conditions.

The present paper reports on a study of the (p, t) reac-
tion on the Pb target nucleus with a particular em-
phasis on the highest spin states resulting from the cou-
pling of two valence hole orbitals (1V+1V) in o6Pb. In
addition, the residual excitation energy spectra have been
investigated up to high excitation energy to look for
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peaks or structures which could arise from high-spin
(1V+ 1D) two-neutron-hole configurations.

A complementary study of the " Sn(p, t)" Sn reaction
has been undertaken to obtain new spectroscopic infor-
mation on high-spin (1V+1V) and (1V+1D) two-
neutron-hole strengths.

The results of the present work are compared with
those deduced from the analysis of the (a, He) reaction
at high incident energies on the same " Sn and Pb tar-
get nuclei. '

II. EXPERIMENTAL PROCEDURE
AND DATA REDUCTION

The experiment was preformed using the 168 MeV
proton beam delivered by the K220 Orsay Synchrocyclo-
tron. The magnetic analysis of the emerging tritons was
possible due to the high magnetic rigidity of the
"Montpellier" spectrometer. The detection system, at
the focal plane of this spectrometer, has been described
elsewhere. " The maximum allowed beam current on tar-
get was of -250 nA. The thicknesses of the isotopically
enriched targets were 20 and 50 mg/cm for Pb and 22
mg/cm for " Sn. An energy resolution of typically 130
keV was achieved with the thin targets. Angular distri-
butions were measured from 2 to 18 deg laboratory an-
gles for the Pb target while the spectra from the" Sn(p, t)" Sn reaction were recorded at two angles (3.5
and 7 deg). The Pb spectra were investigated up to 13
MeV at most angles and up to 25 MeV at two angles.
The " Sn residual energy spectra were explored up to 17
MeV. In all cases, two or three different field settings of
the spectrograph were necessary.

A typical spectrum from the reaction o Pb(p, t)206Pb is
displayed in Fig. 1. The excitation energies of the levels,
groups or wider structures are listed in Table I together
with the proposed spins and parities. The relevant data
from previous (p, t) (Ref. 12) and (a, He) (Refs. 9 and 10)
pickup studies are also listed for comparison.
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The well-known low-lying, low-spin states [J
~4+,E &2.2 MeV] are, as expected, very weakly excit-
ed. In contrast with the situation encountered at low in-
cident energy, ' ' the strongest transitions occur be-
tween E =2.2 and 6.1 MeV. The 5.39 MeV peak is by
far the most strongly excited state over the whole spec-
trum. The complex peak at about 4.0 MeV exhibits an
unusually strong enhancement, especially at the largest
angles. The excitation energies of the seven largest peaks
correspond rather well to the location of the valence mul-
tiplets with J,„~6, as expected from simple energy con-
siderations.

These characteristic features of the Pb spectrum
demonstrate the high selectivity of the (p, t) reaction at
high incident energy for large L transfers (L —13 for the

Pb target). Interesting differences, which will be dis-
cussed later on, in the relative intensities of the peaks can
be observed by comparing the present (p, t) spectrum
with the (a, He) data obtained at 218 MeV incident ener-
gy, where the strongest excited states also show up in this
same 2.2 to 6.1 MeV energy region. Beyond 6.7 MeV,
where a clear minimum in the cross section is observed at
all angles, the spectrum exhibits weak and broad struc-
tures at 6.46, 6.83, 7.37, and 7.86 MeV. They are super-
imposed on a Aat continuum whose cross section in-
creases slowly from 6.7 to —14 MeV excitation energy.

The " Sn(p, t)" Sn residual spectrum is presented in
Fig. 2 together with the (a, He) spectrum obtained at
218 MeV incident energy. ' The relatively weak excita-
tion of the first low-lying states (0+,2+,4+) here again
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FIG. 1. Triton energy spectrum from the ' Pb(p, t)'0 Pb re-
action at Ep= 168 MeV and 0] b=2 .

FIG. 2. " Sn excitation energy spectra. (a)" Sn(p, t)" Sn re-
action at Ep= 168 MeV and Ol, b

=3'5. The dashed line indicates
the shape of the assumed subtracted background in the bump
region. (b) " Sn(a, He)" Sn reaction at Em=218 MeV and
L9~,b= 5' (taken from Ref. 10). The inset corresponds to calculat-
ed neutron 2-qp strength distribution for the (1V+1D) struc-
ture as reported in Ref. 29.
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TABLE I. Pb(p, t) Pb reaction data at 168 MeV and comparison with previous works.

(p, t) 168 MeV present work
E„(MeV)

(p, t) 52 MeV (Ref. 12)
E (MeV) J

(o;, He) 218 MeV (Ref. 10)
E (MeV)

(o., He) 109 MeV (Ref. 9)
E„(MeV) J"

{0)
0.80

(0+ )
2+

0.0
0.80
1.17

0+
2+
0+

0.0
0.80

(0+ )
2+

0.0
0.80

0+
2+

1.68

(2.00) (4+)

2.20

2.66

2.91' (7 +4+ )

3.25
3.49

6+
(4+ )(5 )

4.52'+0. 04 9 +7

(5.00+0.05 )

5.39+0.035 11 ( +9 )

5.61+0.06 {9 )

6.10'+0.04 8+ + (9 )

4.00'+ 0.04 12++ 10++(8+ )

1.46
1.69

1.99

2. 19
2.40

2.66
2.79

2.93

3.26
3.54
3.77
3.96
4.16
4.56

4.90
5.10

5.41
5.70
5.8
6.2

2+
4+

7
2+

6+
5
2+
9 8+
3
7

11
{9 +3 ) or 4+
8+
9

1.7

2.20

2.65

2.90'

3.25

3 95' 6+(+4+)

(5.25 +0.06)
5.38'+0.06 9 (+ 11 )

(5.6+0.065 )

6.1+0.07

4.47'+0. 04 (7 ) or {6+)
4.77+0.05

1.34
1.47
1.68
1.78
2.00
2.15
2.20
2.32
2.42
2.66
2.78
2.87
2.93
3.01
3.12
3.26

3.77
3.96

5.36
5.41

6.10
6.13

3+
2+
4+
2+
4+
2+
7
0+
2+
9
5

7
4+
5
3+
6+

(6+ )

(6+ )

11

(9-)
(8+)

6.46+0.06
6.83+0.06
7.37+0.07
7.86+0.08

'Complex peak.

6.4+0.08

7.35+0.08
7.90'+0.09

&7

rejects the high angular momentum selectivity of both
processes [L —10 for the (p, t) reaction on the " Sn tar-
get]. The doublet around 3.4 MeV and the gross struc-
ture located at 7.3 MeV clearly dominate the entire spec-
trum. Similar features are observable in the (a, He) data,
except that the main peak at 3.4 MeV cannot be resolved
and the bump is found to have a maximum cross section
around 8.3 MeV rather than 7.3 MeV as it is shown in
Fig. 2. In addition, the high-energy tail of the bump in
the (p, t) spectrum has a much more asymmetric shape
than in the (a, He) case. These differences will be dis-
cussed in Sec. IV. Above the gross structure, no other
pronounced enhancement is found up to 17 MeV excita-
tion energy. The continuum cross section has a behavior
similar to the one already mentioned in the case of the

Pb target. The bump cross sections at 3.5' and 7.0' lab
angles have been deduced after subtraction of a "back-
ground" as indicated by the dashed line displayed in Fig.
2.

III. DWBA ANALYSIS

The angular distributions of the strongest excited levels
in Pb have been analyzed in the framework of a stan-
dard local zero-range distorted-wave Born approximation
(LZR-DWBA), using the code DwUCK4. All calculations
were carried out with microscopic form factors built up
from the single-neutron form factors generated in a stan-
dard Woods-Saxon potential adjusted to give a binding
energy equal to one half of the two-neutron separation
energy. A standard geometry (r=1.25 fm, a=0.65 fm)
was used for each neutron bound state form factor. Vari-
ous sets of proton and triton optical potential parameters
taken from the literature, were employed in the analysis.
All sets are found to reproduce rather well the relative
cross sections at forward angles for the known stretched
states (p, /z X i }3/Q )~ —at E =2.2 MeV, (f5/z X i, 3/p )9 —at
E, =2.66 MeV, and (f, /z Xf~/z) + at E =3.25 MeV.
This was found to be also the case for the peaks at
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E„=4.0, 5.39, and 6.1 MeV assuming that they
mainly contain the stretched states with the follow-
ing configurations: (i,3/z Xi,3/z), +, (i,3/z Xh9/z)„
and (f7/z Xh9/z)s+, respectively (see Table III). The rel-

ative magnitude of these cross sections, assuming pure
two-neutron-hole configurations, demonstrates the pref-
erential excitation of the stretched states with total spinJ,„such as

J =[(l)+—,') X(lz —
—,')]~

as compared with the other kinematically favored transi-
tions with a total spin J,„resulting from diA'erent cou-
plings such as

Ul

K 5- )g

)g

3.25 MeV
+
1

f5/2" f7/2

2.20 HeV
71

113/2 "P1/2

4.52 HeV
9;( 0.5)+V;( Z)

~7/2 i 13/2

20

10

6 MeV
S

/2 "'13/2

10

Pb(p, t) Pb Ep =168MeV

(der/dQ), „,=lVC S e,2J+1
where

(3.1)

or J,„=(j) . Also high sPins with J=J,„„J,„z
are, in any couplings, much less favored. On the other
hand, the shapes of the calculated angular distributions
were found to be strongly sensitive to the potential pa-
rameters of the exit channel. The adopted optical poten-
tials are listed in Table II. The proton parameters of
Djalali et a/. ' were used to describe the entrance chan-
nel, whereas the so-called "volume-deep" He optical po-
tential of Djaloeis et al. ' was selected for the exit chan-
nel.

The experimental and calculated (DWBA) angular dis-
tributions of the seven strong peaks are displayed in Fig.
3. The agreement between the DWBA curves and the ex-
perimental data is satisfactory for L ~ 6 transfers. How-
ever, these LZR-DWBA calculations do not reproduce
the shapes of the angular distributions in the case of
strongyl mismatched transitions (L (6).

For the " Sn(p, t)" Sn reaction, the LZR-DWBA
cross sections were calculated using the same set of opti-
cal potential parameters which also proved quite success-
ful for describing the (p, t) reaction at 168 MeV on Zr nu-
clei. "

The experimental (p, t) cross section (der /d II ),„,
for a single pure two-neutron-hole configuration
[(n„l„j,)(nz, lzjz)]I J is related to the LZR-DWBA
cross section o.L)~ by the expression

4.00-. 12
10+

10

1.95)

20 8c.m.
0 10

6.10 MeV

82
hg/2x f7/2

( 1.8) (9-)
I

20 ~ c.m.

FIG. 3. Typical angular distributions for the Pb(p, t) Pb
reaction at 168 MeV. The curves are LZR-DWBA predictions.
Solid lines are the J=L adopted fits. Relevant configurations
are indicated. The smaller numbers into brackets reflect the re-
normalization factor e, of Table III used to adjust the experi-
rnental data with the DWBA predictions assuming one pure
configuration. "93 mixed" stands for the proposed admixture
in the wave function of the 93 level (see the text and Fig. 4).

' 3/2
+2

N =D()
2

( b.'/b, ) (3.2)

In Eq. (3.1), the C coefficient is the isospin coupling
constant and is equal to unity for the (p, t) reaction. The
S factor represents the two-neutron spectroscopic factor
and is set equal to (2J + 1) for neutron closed-shell nuclei
( Pb). In the case of partially filled subshells (" Sn), the
S factor is equal to (2J +1)VJ& V~z, where V~, and Vjz are
the occupation probabilities for each neutron (j„jz).
The e parameter characterizes the ratio of experimental
to DWBA cross sections and is usually called the
enhancement factor. It reflects the degree of deviation
from a shell model prediction based on a pure

TABLE II. Optical potential parameters used in the distorted-wave calculations.

Particles

Proton'
Triton"
n,p

V„
{MeV)

19.65
180.0

adjusted'

{fm)

1.223
1.092
1.25

a„
(fm)

0.736
0.902
0.75

w
(MeV)

18.13
17.8

(fm)

1.213
1.538

ar
(frn)

0.829
0.757

d

(MeV)

8.26

8,0
{MeV)

3.012

(fm)

1.113

a,o
(fm)

0.558

(fm)

'Reference 15.
Reference 16.

'Adjusted to reproduce half the binding energy of the n, ,p pair.
Factor 4 included.
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configuration and measures the relative strengths of the
various (p, r ) transitions.

In Eq. (3.2), Do is the zero-range normalization con-
stant (ZRNC), b, is the rms radius of the triton and is
usually set to 1.7 fm. 6' is taken here equal to 6 since the
two-body interaction is assumed of long-range type.
Therefore, using Eq. (3.2): %=9.7 Do.

At this stage we would like to stress that in the litera-
ture, scattered values of the ZRNC Do are reported. The
analysis of the (Jz, t) reaction, on various medium-heavy
weight targets and at incident energies ranging from 25
to 90 MeV (Refs. 18, 3, and 4), seems to reveal an energy
dependence of Do. The empirical value of Do is believed
to depend strongly on the appropriate choice for the state
of reference (pure two-neutron-hole state), since the (p, t)
cross sections are known to be very sensitive to
configuration mixing. Therefore, we emphasize that a
good determination of the ZRNC Do which has never
been attempted at such a high incident. energy, requires a
reference state with one pure configuration in a closed-
shell nucleus. This goal is better achieved with high-spin
states at low excitation energies, since the number of
configurations is severely restricted. Such requirements
are believed to be fulfilled in the present study of the
zosPb(p, t)2 Pb reaction at 168 MeV incident energy.

In a first step, the known low-lying 9 level at 2.66
MeV with the quasipure (fs/z Xi,3/2) configuration' '
has been used as a reference state (e = 1). A ZRNC Do

1

value of 4.2 in (10 fm MeV units) is then deduced.
This result has to be compared with the Do value of 22,
commonly adopted for (p, t) reactions at lower incident
energies (E 60 MeV). A similar analysis of the reaction

Zr(p, t) at 168 MeV incident energy also yields' a
small ZRNC (DO-2.3). In any case, for the Pb(p, t)

reaction, if other reasonable sets of proton and triton po-
tential parameters are used, then under the same assump-
tions the values of Do obtained range between -3 and
-7, and the general conclusions about the relative inten-
sities of the main transitions are not afFected.

At this stage it is worthwhile to notice that the two-
neutron-hole states may also be fragmented via their
coupling to surface vibrations in addition to the
configuration mixing. This same process has previously
been demonstrated to be responsible for the one hole
fragmentation observed via one-nucleon-pickup reac-
tions. ' For example, the first —",

+ and —', levels, respec-
tively, at E„=1.63 MeV and E„=3.42 MeV in Pb,
have been shown to exhaust only 72% and 50% of the
corresponding i»&2 and h ~&2 hole strengths. Considering
such one-quasihole levels as the building blocks of two-
neutron quasihole states implies that the calculated cross
section O.D~ in Eq. (3.1) is replaced by crD~XR, thus in-
creasing the extracted N value. Specifically, the reduc-
tion factor R (quoted in Table III for each two-neutron-
hole configuration) is set as the product of the 1 qh proba-
bilities measured in the two related lowest levels of

Pb. ' ' Then, using the sum rule obtained for the 9
states as discussed later, a more realistic Do value is de-
duced, namely Do=6.6. A maximum value of DO-8.3
could be obtained, if one uses a global sum rule, taking
into account the main transitions with spins J 6 located
between 2.2 and 6.1 MeV excitation energies.

Therefore, the present LZR-DWBA analysis of the
(p, t) reaction at 168 MeV incident energy leads to a
ZRNC Do much smaller than the one usuaHy deduced
from previous lower-energy (p, t) studies. The decreasing
value of Do with higher incident energy has been already
pointed out by the authors of Refs. 3 and 18.

TABLE III. The 'Pb(p, t) Pb, reaction at 168 MeV: Analysis of the main observed transitions.

E
(MeV) R' Main configuration

d

ih

(keV)

E —E„
th exp

(keV)

2.20

2.66

3.25

4.00'

4.52'

5.39

6.10'

71

91
6+
12+

if 101

if (8,+)

92

if +74
1 1 1

8,+(+9-)

1.44

1.95
1..60
5.60

( -24)
1.20

4.20

0.95

( —15)
1.8

0.72

0.72

0.88

0.52

0.63
0.63
0.36
0.36
0.44

0 96(P1/2 i13/2 )

0 99(fs/z + z'&s/z )

O 95(fs/z +fz/z )

1'00( l 13/2 )

1.00(i13/2 )

0 99('13/2 )

O 99(fz/z*'is/z)
o 99(fz/z *z is/z )

1.00( h 9/2 + i13/2 )

0.997(h 9/2 + ~13/2 )

0.996(/19/z *f7/z )

2.48

2.93
3.36
4.34

4.28

4.22

4.99
4.93
5.65

6.55

+280
+270

+210
+ 340

+280
+220
+490
+430
+300
+660
+450

'Doublet peak.
Enhancement factor relative to the 91 state taken as the reference; assuming one pure configuration

and no fragmenation (see the text).
'Reduction factor resulting from the fragmenation of each involved single hole strength and by which

the g.D~13A should be multiplied in Eq. (3.1). (See the text, Secs. III and IV).
Kuo and Herling (Ref. 19) approximation 2.
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IV. RESULTS AND DISCUSSION

A. T~o-negtron-holy states in Pb

The spectroscopic properties of the two-neutron-hole
states, selectively populated in the present experiment,
are summarized in Table III. The main configuration,
the spectroscopic amplitude, and excitation energy as
predicted by Kuo-Herling' are indicated for each state
of interest. One may notice that all strongly excited
states have a predicted quasipure two-neutron-hole
configuration. More recent calculations' lead to the
same conclusion which reinforces the choice of the
E =2.66 MeV J"=9& state as a reference one (e =1).

1

The relative enhancement factors e„given in Table III,
assuming for each level one pure two-neutron-hole
configuration is used as the first step of the discussion.
These e„values range from 0.95 to 1.95 if only the
"stretched" high-spin states are considered. If, for a
given state, lower-spin assignment are attempted, un-
reasonably large values of e„(e„~4) are obtained (see
Table III).

In the following we shall first only discuss the main ex-
cited levels, since the weaker transitions belonging either
to unfavored configurations (J,„(6) or to small frag-
ments of higher-spin states are outside the range of valid-
ity of the attempted analysis. Then we shall discuss the
measured and calculated sum rules and the fragmentation
of the two-quasiparticle (2-qp) strengths induced by the
coupling to surface vibrations as mentioned above. This
process may affect high-spin as well as lower-spin states,
especially at excitation energies higher than -4 MeV.

1. Low-lying levels at E =2.2, 2.66, and 3.25 MeV

These states are strongly populated in the four reac-
tions quoted in Table I. Their spins, parities, and main
configurations are well established (see Table III). The
predicted excitation energies' are systematically higher
than the experimental ones by about 250 keV. The rela-
tive enhancement factors obtained for the 7 and 6+
states are found to be somewhat larger than 1. One can
notice (Table III) that these two states involve the less
pure predicted main configuration, as can be expected
with such intermediate spin values. A more refined
analysis, taking into account the most significant
configuration amplitudes in the Kuo-Herling correspond-
ing wave functions, does not change significantly the
shape of the angular distributions but the absolute cross
sections. Smaller e„values are deduced, thus improving
the agreement between theoretical and experimental
cross sections (typically e„ tends to —1.0 instead of
—1.44 and to —1.5 instead of —1.9 for the 7& and 6&+

states, respectively).

tion energy in the (a, He) reaction at 109 MeV, at 218
MeV (Ref. 10} and in the (p, t) reaction at 52 MeV (Ref.
12) (see Table I). Both the absolute cross section and the
shape of the angular distribution are well reproduced by
assuming the excitation of at least the two highest spin
members of the (i»/z) multiplet, the stretched 12+
state carrying about 65% of the peak cross section (see
Fig. 3 and Table III). These 12+ and 10+ members of the
(i,3/2) multiplet have been clearly identified up to now
via in beam y-spectroscopy experiments at E =4.03
and E =3.96 MeV, respectively. It is worthwhile to
point out that the unfavored nature of the (jj)z two-

max

neutron-hole configuration is overcome in the present
work by the matching conditions which enhance such
large L=12 transfers. Even better agreement with the
experimental differential cross sections at forward angles
can be obtained by adding small contributions arising
from the close 8,+ and 62+ states, unresolved in this study
and belonging to the same multiplet (see Table I).

3. The 4.52 Me Vpeak

The shape of the angular distribution is well repro-
duced by angular momentum transfers ranging from
L=7 to L=9 Previo. us (p, t) and (a, He) experiments
have ass.'gned a spin and parity J =7 (Refs. 12 and 10)
and/or possibly J =6+ (Refs. 10 and 9) to this complex
peak at E„=4.52 MeV. It is reasonable to assume that
the peak contains the J =74 member of the
( i i3/2 Xf7/2 ) multiplet from simple excitation energy
considerations. The J =9z stretched member of this
less favored multiplet is expected to lie nearby. As shown
in Table III, the enhancement factor e„would favor a
J =92 assignment. But on the other hand, it is surpris-
ing that this 9z level was not identified in the study of the

(a, He) reaction at 218 MeV (Ref. 10) which strongly
favors L=9 transfer, nor in the (p, t) study at 52 MeV
(Ref. 12) performed with much better energy resolution.
After a close examination of all these results, we conclude
that, despite the proposed quasipure character of the 9z
state, ' ' small ( —5%) configuration mixing with the

(i»/2 X h9/2 )I and the much favored (f~/2
max 2

Xi,3/z}z amplitudes may induce destructive interfer-
max

ence effects on the cross section of the 9z component.
On the other hand, constructive configuration mixing ac-
counts for the population of the 74 level. With these as-

sumptions, the two members 92 and 74 are excited with

comparable cross sections in the present experiment
while the 74 level becomes dominant in the previous (p, t)
study at 52 MeV and in the (a, He) spectra at 218 MeV.

4. The 5.39 Me Vpeak

2. The 4.00 Me Vpeak

The angular distribution of this complex peak exhibits
an unambiguous L ~ 10 pattern. The levels strongly pop-
ulated through the (p, t) reaction at 168 MeV thus difFer
from the lower-spin states observed at the same excita-

The present work gives the first clear evidence for the
identification of the (i,3/2XIi9/2)~~ — stretched state in

Pb. The angular distribution is characteristic of a
L=11 transition as shown in Fig. 3. From energy con-
siderations, the 11 state is expected around 5.4 MeV,
and theoretical calculations' confirm this crude estimate.
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5. The 6.10 Me Vpeak

The angular distribution of this complex peak is best
reproduced by a L = 8 transfer (see Fig. 3). This result
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This level was tentatively observed as a weak peak in pre-
vious studies. ' ' ' However, in the (a, He) reaction at
218 MeV (Ref. 10) the complex peak observed at 5.38
MeV was proven to be clearly populated through a L =9
transfer. This level was first proposed to be theJ"=93 (J,„2) member of the same (i,3/p X h 9/2 ) multi-
plet (thus of unfavored character). That assignment, as
noted in Ref. 10, did not exclude the weak contribution
of the 11 level.

The angular distributions of this close doublet mea-
sured in both reactions, as shown in Fig. 4, illustrate the
competition between the two level contributions and the
need to introduce a small (5% to 10% in weight) but
larger than predicted' ' constructive configuration mix-
ing for the 93 state, to explain the measured cross sec-
tions in both experiments (see Fig. 4). This strongly con-
structive interference would be the counterpart of the
destructive interference proposed for the 9z level. Then
it follows that the (p, t) reaction at 168 MeV enhances
mainly the ll component while the (rt, He) process at
218 MeV preferentially populates the 93 component of
this unresolved doublet arising from the same
( i i 3/2 X h 9/2 ) multiplet. From the results of the two ex-
periments, an enhancement factor of e„-0.75 is deduced
for the 11 state, in fair agreement with the known large
fragmentation of the h»z hole compared with that of the

f5/2 hole strength in Pb (see Table III).

confirms the spin and parity assignment J =82+ for the
stretched member of the (f7/2Xhg/2) multiplet. ' The
relatively large e„value can be accounted for by adding
contributions to the peak cross section arising from
higher spin (J) 8) components in agreement with previ-
ous works ' and as discussed below.

6. The valence valen-ce (1V+I V)
two-neutron-hole strength sum rule

At high incident energy, the (p, t) DWBA cross sec-
tions are nearly Q independent. By adding up cross sec-
tions of the difFerent levels with the same spin and parity
one obtains a quantity which is rather insensitive to
configuration mixing, thus allowing a consistent check of
the present analysis. This sum-rule analysis was attempt-
ed for the highest spin states (J ~ 6) strongly excited in
this experiment.

The ratio of the experimental and 0%'BA summed
cross sections are reported in Table IV for the
(12+, 10+), 11 and 9 states identified below 6. 1 MeV
and for the sum of all the transitions with J ~ 6 located
between E =2.2 and 6.1 MeV.

First we have assumed that the measured cross sections
exhaust the full corresponding two-neutron-hole strength
[deduced X value from Eq. (3.1) in Table IV], which
would imply that coupling with surface collective vibra-
tions is negligible. Since the model space contains all the
relevant (2v) transitions, X should be constant and in-
dependent of J, if this assumption of no fragmentation is
valid. Then the X value from the 11 state appears
significantly smaller than for the other states, which
would reveal a particular fragmentation of this level. In a
more realistic approach, we have taken into account the
fragmentation of the related single hole strengths induced
by the coupling with collective states. Namely, the
DWBA cross sections have been reduced by the R factor
defined in Sec. III and given in Table III. If the two-
neutron-hole fragmentation is correctly estimated by
these 8 factors, then the new X' values also are expected
to be constant. The results of this sum-rule analysis are
listed in Table IV. The slight difFerence observed be-
tween the %' values of the 9 sum rule and those of the
11 and 12+, 10+ states may tentatively be related to the
fact that both involved single hole strengths in these last
high-spin states are known to be strongly fragmented,
namely the i)3/2 and the h9/2 strengths, whereas this is

b(p
at 168 MeV and normalization factors deduced from Eq. (3.1)
for the high-spin state transitions from E =2.2 MeV to 6.1

MeV in Pb.
1 I I I /I I l

10 e
"0 10

C.fTl.

12+, 10 XJ+6

FIG. 4. Angular distribution measured for the 5.3 MeV
(11 +9 ) doublet from the (p, t) and (o, , He) reactions at 168
MeV and 218 MeV, respectively. The LZR-D%'BA fits (full
curves) are obtained assuming in both cases the same
configuration mixing for the 9, level, i.e., —90%
(i, 3/z Xhg/z)+10% (i, i/z X f5/2, f, /2), and 75% (i, 3/z X
h„, )11

43
64'

30
83

41
80

42
81

'Adopted value. Then Do -6.6 [from Eq. (3.2)], see the text.
Without taking into account the single-particle fragmentation.

'Taking into account the related single hole fragmentation
(Refs. 20 arid 21): the predicted o.D~ cross sections are reduced
by A factors of Table III. (See the text. )
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not the case of the f~/~ hole in the (f~/2 Xi ]3/2 )

configuration which yields the dominant contribution to
the 9 sum rule. It seems reasonable to assume that the
9 sum rule governed by the 9, level at 2.65 MeV is
better estimated by our crude model of the R factor than
those of the high-spin states located at higher excitation
energies. Thus )]('=64 is adopted (Table III) leading to
the ZRNC Do -6.6. As a result we would conclude that
the 11 and 12+ state fragmentation is somewhat overes-
timated by the R factor. The J ~ 6 2-qp levels would thus
exhaust typically between -90% (6+) and 47% (11 ) of
their valence-valence strengths, and globally -66% of
the total j ~ 6 (1V+ 1V) strength (as can be deduced
from Table IV).

The (1V+ 1V) missing strength would be shared among
many (phonon+2-qp) states. The (2-qp X 3 ) states built
with the Pb high-spin 2-qp levels and the strong octu-
pole vibration at E =2.6 MeV would extend from -4.8
MeV up to 8.7 MeV from simple energy considerations,
and the so-called intermediate coupling region may ex-
tend up to —10.5 MeV if one extrapolates the results ob-
tained with the Pb( He, a) Pb reaction on inter-
mediate coupling states. It is worthwhile to notice that
this region is expected to already overlap with the higher
energy strong transitions such as J"=11 and J =8+ at
E =5.39 MeV and 6.1 MeV, respectively. A collective
9 level has been proposed at E =6.18 MeV. These re-
marks are in agreement with the fact that the stretched
states observed beyond E -4 MeV in the present experi-
ment have less and less pure configurations than predict-
ed' ' and larger deviations from the theoretical excita-
tion energies (see Table III).

7. The higher excitation energy region
in Pb beyond 6.7 Me V

The Pb excitation energy spectrum exhibits indeed
an increasing density of states with significant cross sec-
tions beyond 6.7 MeV.

The angular distributions of the raw energy slices (up
to —12 MeV) are rather similar and characteristic of a
L ~ 9 transfer. Then the weak structures riding over the
continuum at E„=7.37 MeV and 7.86 MeV may contain
some amount of the 11 (or 12+ and 9 ) missing
strengths. The estimated 35% missing cross sections in
the first J + 6 2-qp fragments would thus mainly contrib-
ute to the continuum both below E„=6.7 MeV and most-
ly beyond that energy (-25%). It is encouraging that
the total cross section measured from E =6.7 MeV up to
—10.5 MeV is compatible with this estimation, taking
into account the contributions of an underlying physical
background and of the overlapping (1V+1D) states ex-
pected beyond E„=8 MeV.

Up to 25 MeV excitation energy, the recorded spectra
give no indication of a significant enhancement of cross
sections corresponding to the one valence plus one deep
two-neutron-hole strength. A significant concentration
of the high-spin states based on i $3/p and h 9&2 valence
hole and h»&2 deep hole orbitals is expected to lie be-
tween -8 and 13 MeV. Therefore, from -7.5 to -9.5
MeV, the (lph+2-qp) intermediate coupling region and

the (1V+1D) region strongly overlap. The (1V+1D)
strength might be highly damped over a large excitation
energy range due to the known spreading of the h» &2

deep-hole strength. ' ' In one-neutron-pickup experi-
ments, only 53% of the h»/z deep-hole strength was
found between 6.6 and 9.8 MeV in Pb. In addition, the
valence orbitals (i,3/2 and/or h 9/2 ) are themselves
significantly fragmented.

B. Two-neutron-hole states in " Sn

The main characteristics of the observed levels are
summarized in Table V. In the following we will discuss
the results obtained for the (1V+ 1V) and the (1V+ 1D)
two-neutron-hole states in " Sn.

1. The valence-Ualence two-neutron-hole
region (2.5 & E„&3.8 Me V)

This excitation energy range few investigated in " Sn
up to now corresponds to the neutron 2-qp valence hole
states as predicted from energy and pairing considera-
tions. The minimum energy for 2-qp states is about 2.4
MeV. The valence single-hole strength is distributed
among five subshells, namely, 2d s/2 1g7/2, 2d 3&2, 3s, &2,

and 1h»&2. Their corresponding occupation probabilities
V are measured in one-neutron pickup experiments.
Almost the full hole strength is concentrated in the first
level of each spin.

The (p, t) reaction at high incident energy populates
selectively a cluster of states around 3.4 MeV in a similar
way to the (a, He) reaction at 218 MeV (Ref. 10) (see
Fig. 2). From the (cz, He) study a typical L=6 angular
distribution has been obtained for the complex peak at
3.4 MeV, in agreement with the previously identified 6
states at E =3.148 and 3.472 MeV. This dominant
J =6+ assignment is consistent with the favored
(g7/2 Xd5/2 ), ( 1V+ 1V) stretched state rather than with
the (g7/2 ) configuration.

In the present (p, t) study, two levels at 3.15 and 3.51
MeV are excited (Fig. 1). The ratio of their experimental
cross sections measured at 3.5' and 7 laboratory angles is
compared with the corresponding DWBA ratio to deter-
mine the most probable transfer values (L+1) (expected
ratios being typically —1.4 for L -6 and —1.0 for L -9).
As a result of this procedure, we find clear agreement
with a L=6 transfer for the 3.15 MeV state whereas the
complex peak at 3.51 MeV (with a global ratio of —1.2) is
excited through a larger L transfer (L ~ 8) in addition to
the L=6 contribution expected at 3.47 MeV. A peak
fitting procedure leads to a decomposition into two levels
at 3.52 and 3.47 MeV (see Table V) with cross-section ra-
tios in quite good agreement with L =9 and L =6 attribu-
tions, respectively. Indeed, a 9 state has been observed
at the same excitation energy via in beam y spectrosco-
py but this state has never been observed via transfer re-
actions up to now. Besides, a recent inelastic electron
and proton scattering study and nuclear model calcula-
tions ' have proposed that a similar 9 state in Sn
arises from a nearly pure (g7/2 X I] ]]/p ) neutron 2-qp exci-
tation. Furthermore, the states with the configurations
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(g7/p X h»z/ )9 and (g7/2 X 2d5/z )6+ are predicted to cor-
respond to the most enhanced transitions of the present
experiment. The next levels which would be significantly
populated are the J =7 states corresponding to the
( d 3/2 or d»2 X h» /z ) configurations and expected to lie
nearby (E -3.4 MeV). In summary, the sum rule of all
the available 6+, 7, and 9 states around 3.4 MeV and
their calculated relative yields, support the conclusion
that the 3.51 MeV peak is indeed a close doublet consist-
ing of the J =9& state at 3.52 MeV for the main part
and of the weaker J =62+ level at 3.47 MeV (Table V).

The experimental cross sections at 7&,b are listed for
each level in Table V. The mean value X deduced from
the sum rule is equal to 47.5, a value consistent with a
rather pure (g7/QXh»/2) configuration of the 9 state.
However, a small fragmentation ( —15%%uo) of this state is
suggested by the data from one-neutron-pickup experi-
ments, and also by considering the coupling of neutron
2-qp with proton (1 particle-1 hole) configurations as pro-
posed in " Sn. Then a renormalized value of X-55 is
obtained. The deduced Do value of —5.7 is quite con-
sistent with the value of —6.6 deduced from the

Pb(p, t) study (see Sec. III).
The excited states located between 3.8 and 6.3 MeV are

rather weakly populated. The small group of states cen-

tered around 4.12 and 4.52 MeV give cross-section ra-
tios which may characterize a L ~ 8 transfer. The
(h ii/2 X h»/2), o+ stretched state is indeed expected
around 4 MeV, but with a weak cross section (see Table
V) as a result of both unfavored transfer structure ampli-
tude and small occupation probabihty of the h»/2 orbit-
al. The global missing 6++7 +9 strength ( —15%%uo)

would also be exhausted in that same region by the weak
coupling states and possibly additional states arising from
the mixing with the proton particle-hole configurations.

2. The (1V+1D) hole structure at 7.3 Me V

Another remarkable feature of the " Sn(p, t)" Sn re-
sidual energy spectrum (Fig. 2) is the observation of a
wide bump centered at 7.3 MeV whereas a similar gross
structure has been seen around 8.3 MeV in the study of
the " Sn(ct, He) reaction at 218 MeV. ' This broad
structure was first observed around 8 MeV in " Sn spec-
tra from the " Sn(p, t)" Sn reaction at 42 MeV incident
energy. ' The measured angular distribution at 42 MeV
does not exhibit a definite L transfer pattern but shows
rather a large admixture of many I transfers with no
dominant contributions. '

Using a simple pairing model, based on the excitation

TABLE V. Summary of the high-spin states populated in " Sn via the (p, t) reaction at 168 MeV and comparison with previous re-
sults.

{p,t) 27.5 MeV'
E (MeV) J

{u, He) 218 MeV
E {MeV) J E, (MeV)

(p, t) 168 MeV (this work)
~exp J configuration ~(pb) do cate

2.815

3.087
3.148

3.472

3.515

(7 )

6+ 3.15

+
3.40

&7.4S)
+

& 8.3O& .

6++(8+)

2.85

3.15+0.01

3.47+ 0.02
+

, 3.52+ 0.015
3.96+0.04
4.16+0.03

4.52 W 0.015
&7.3&

+
(&8.3))

1.12

4.27

2.1

+
. 6.55

0.7
1.3
2.34

15.5

(4+, 5 )

I(7 )

I 6+

6+,{7
+
9

&8
&8

+
(6+)

T

(d5/2 X h»/2)

(d3/2 Xh»/2)
(g7/2 Xh»/2 ),
(g„,X2d„, ),+

7/2 )6+
e

(g7/2 X h»/2)9

if (h»/2)

(g9/2 Xg7/2 )8+

(g9/2 X d5/2 ) +

(g 9/2 3/2 6+

1.18

1.23
0.32

3.57

6.55

0.52

17.5

4.13
3.90

{F9/2 X h»/2 )9— 3.53

'Reference 24.
Reference 10.

'Experimental cross sections at Ol, b =7 .
Calculated cross sections at Ol»=7 for the 6, 7, 8+, and 9 transitions such as o.,», =No. D~&A X VJ-', V,.~. The occupation number

V; are taken from Ref. 23. The normalization factor %=47.5 is deduced assuming that the 6, 7, and 9 summed valence-valence
strength is exhausted by the two strongly excited groups at E =3.15 MeV and 3.51 MeV. N -55 if some fragmentation is taken into
account. {See the text. )
'Same as above.
Background subtracted (see Fig. 2).
Total cross section for the excitation energy slice between 6.3 and 10 MeV.
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energy of the 1D, 1V, ID+ 1V, and 2D states, the au-
thors of Ref. 28 have proposed that the main contribu-
tion to this broad enhancement of cross sections arises
from the (1V+ 1D) hole configurations in the tin isotopes.
The deep orbital of interest is the 1g9/p located around
5.3 MeV in " Sn as shown in the previous investigation
of the one-neutron-pickup studies. ' In the reported" Sn(a, He)" Sn experiment, ' it was first suggested
that the broad structure may arise from the superposition
of two distinct components, one at 7.3 MeV and a
stronger one at 8.3 MeV, with a total full width at half
maximum (FWHM)=2. 2+0.15 MeV. As nicely demon-
strated by the displayed spectra of Fig. 2, the observed
differences in the peak position and the shape of the
bump from the comparison of the two high incident ener-

gy transfer reactions, definitively confirm the previous as-
sumption. The first component, centered at 7.3 MeV, is
strongly excited via the (p, t) reaction while the second
one located at 8.3 MeV is more enhanced in the (a, He)
spectrum and in the (p, t) spectrum taken at 42 MeV in-
cident energy. The measured FWHM from the present
(p, t) experiment is of about 1.8 MeV (background sub-
tracted).

From the angular dependence of the bump cross sec-
tion, measured in the (a, He) reaction, a dominant L=6,
J =6+ assignment was proposed. In addition, the small
component at 7.3 MeV was better described by adding a
L = 8 component. The J"=6+ contribution is believed to
arise mainly from the (d~/z, d3/z Xg9/z ), (1V+ 1D)
configurations while the 8+ contribution would be due to
the (g7/z Xg9/z ) + (1V+ 1D) stretched state.

In the present work, the largest DWBA cross section is
indeed predicted for this quasipure (g7/z Xg9/z)s+ state
(see Table V). Furthermore, the ratio of the cross sec-
tions at 3.5 and 7.0' for the bump, is consistent with a
dominant L ~ 8 transfer. These features strongly suggest
that the bump observed at 7.3 MeV in the present study
is mainly due to the excitation of the (g7/z Xg9/z)s~
stretched state while the 6+ components, more widely
spread, contribute to the high-energy tail of the gross
structure, giving rise to an asymmetric shape (see Fig. 2).
The small occupation probability of the h»/2 orbit corn-
bined with an unfavored structure amplitude leads
to relatively small cross sections for the stretched
(h „/z Xg9/z )() —state (see Table V). The expected relative

yields of these 8+, 6+, and 9 (1V+1D) strengths, from
DWBA predictions, are 0.56, 0.33, and 0.11, respectively,
while the experimentally extracted cross sections of the
bump (background subtracted) (see Fig. 4) exhaust at
least —50% of the full 8+, 6+, and 9 strength. This re-
sult can be easily understood since about that same
amount of the 1g9/2 deep hole strength is spread over a
comparable excitation energy range in " Sn with a strong
concentration (30% over —1 MeV) at 5.3 MeV. z'

The theoretical predictions on the high-spin 2-qp
strength distribution in medium-heavy weight nuclei for
the (1V+1D) region are rather scarce. The only calcula-
tions available for such high-spin configurations (J ~ 6) in" Sn are reported by Voronov et al. within the quasi-
particle phonon model (@PM). The corresponding

strength distributions are displayed as an inset in Fig. 4.
The agreement between theory and experiment is very en-
couraging since the relative positions of the 8+ and 6+
components which are observed in the (p, t) and (a, He)
spectra, respectively, are nicely reproduced. Further
calculations are however needed, especially for
the (h»/z Xg»z )~, (h»/z Xp»z, p3/z )6+, and (13/z
Xg9/z ) + states which would allow, in particular, a dis-
cussion of the asymmetric shape of the (p, t) bump.

We would like to stress that the 2-qp excitations locat-
ed in the bump region which are strongly excited by
means of two-neutron-pickup reactions are not populated
in proton or electron inelastic scattering on Sn targets or
proton stripping reactions on In nuclei. This gives fur-
ther support to the conclusion that they arise from quasi-
pure neutron 2-qp excitiations. Beyond this enhanced
bump no evidence is found, at least up to about 17 MeV
excitation energy, for any significant concentration of
high-spin two-neutron deep-hole strengths, whereas from
energy considerations and pairing model assumptions,
these configurations should lie around 12 MeV in " Sn.

V. SUMMARY AND CONCLUSIONS

The Pb(p, t) Pb and " Sn(p, t)" Sn reactions have
been investigated for the first time at high incident energy
(168 MeV). The kinematical conditions have allowed a
strong excitation of the high-spin stretched two-neutron-
hole states (J~6) in both residual nuclei. Among them
the two-nucleon structure amplitudes favor the

[(i, + —,') X(lz —
—,')]J

spin coupling as compared to the (jj)J,„or

combinations. This feature is clearly established in the
Pb(p, t) reaction where the dominant stretched state is

the 11 level from the (h9/z Xii3/z) configuration rather
than the 12+ level from the (i,3/z) one.

The data have been analyzed in the framework of the
LZR-DWBA theory of nuclear reactions. From a sum-
rule analysis based on the 9 high-spin transitions, a reli-
able ZRNC Do has been deduced, namely D o —6.6
(10 fm MeV ) from the Pb(p, t) Pb study and
Do —5.7 (10 fm MeV ) from the " Sn(p, t)" Sn experi-
ment. Using different assumptions in the Pb analysis,
the Do values might range from a minimum value of
-4.2 to a maximum value of -8.3. The Do quantities
are thus found to be much smaller than the commonly
adopted value of DO=22 (10 fm MeV ) at lower in-
cident energy.

The relative enhancement factors (ezi ), for the J =9, ,
(f~/z X i»/z ) reference state (e = 1), have been deduced

1

assuming pure two-neutron-hole configurations. We have
shown that even a slight configuration admixture
( —5—10%) in the wave function of an unfavored state
may affect the corresponding predicted cross section con-
siderably due to large interference effects between the am-
plitudes of the two-nucleon configurations. The comple-
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mentary aspect of both the (p, t) and (a, He) reactions
performed at high incident energy has been pointed out,
and the detailed comparison of the two reactions yields a
more consistent interpretation of the data.

In Pb, all the high-spin stretched states (J)6)
have been unambiguously identified, in particular the
(i»/& Xh9/~)„ level at E, =5.39 MeV state and the

(i, i/z) + level at 4.0 MeV. A fairly consistent descrip-

tion of the main transitions observed between E =2.2
and 6.1 MeV is achieved by taking into account the
known fragmentation of each single hole state in Pb,
with about 25%%uo of the (1V+1V) cross section being
pushed up above 6.7 MeV. Weak structures are observed
up to -7.9 MeV which could be attributed to a small
part of the high-spin missing strength which appears
mostly embedded into the continuum. No significant
concentration of (1V+ 1Dh»/z ) nor of 2D hole strengths
has been observed up to E„-25MeV though they are ex-
pected around 10 and 17 MeV, respectively.

In " Sn, neutron 2-qp excitations are strongly exhibit-
ed at 3.15 and 3.51 MeV. The previous 6+ attribution to
the 3.15 MeV state is confirmed and the (g7/p Xh „/~)
stretched state is identified for the first time at 3.52 MeV
in the present experiment. This 9 component is ob-
served as the main contribution of a doublet which also
includes the known 6+ state at E =3.47 MeV. Accord-
ing to the small measured fragmentation of neutron sin-
gle hole strengths in " Sn, most of the available 6+, 7
and 9 strengths would be exhausted in the clustering of
levels located between E -3 and 3.7 MeV. However, it
would be interesting to further study the behavior of such
9 stretched states in other tin isotopes and nearby nu-
clei, as well as the coupling between neutron 2-qp
configurations and proton (1p- 1h) configurations recently
predicted.

The broad bump observed in the present " Sn(p, t) re-
action has its maximum at E =7.3 MeV instead of at 8.3
MeV as observed in the previous works. This result
definitively confirms the existence of two high-spin com-
ponents in that (1V+1D) structure. The first one is be-
lieved to arise mainly from the (g7/p Xg9/p ) + state
whereas the second one, which also exhibits a larger
width, is mainly due to the excitation of the
( d5 /p 3/p Xg9/p )6+ states. The search for a significant

concentration of the (2D) hole strength has been unsuc-
cessful up to —17 MeV excitation energy, though expect-
ed around 11—12 MeV.

To conclude we would like to emphasize the very
different features of the two-neutron-hole distributions in
"Sn and Pb

The main (1V+1V) high-spin states are concentrated
over less than 1 MeV in " Sn, whereas they are distribut-
ed over about 4 MeV in Pb. The " Sn spectra exhibit
a strong concentration of the (1V+ 1D) high-spin
strengths, which is not the case for the Pb spectra.
These features are qualitatively understood by consider-
ing each related single hole (1V) and (1D) fragmentation
independently. For example the (1V+ IDg»z ) gross
structure around 7.3 MeV in ""Sn exhibits the fingerprint
of the strong concentration of the 1Dg9iz hole strength in
the dominant fragment at 5.3 MeV in " Sn, whereas the
corresponding 10h» iz hole strength is much more wide-
ly spread in Pb and lies at higher excitation energy
( -8.3 MeV).

The present experimental study of two-neutron-hole
fragmentation in Pb and " Sn might indicate that this
fragmentation is globally slightly smaller than from a
crude estimation based on these related one-hole frag-
mentations as previously measured. Further data on
different nuclei would help to settle this point, as well as
theoretical predictions.

There is a great lack of calculated two-neutron-hole
strength functions in medium-heavy nuclei especially for
high-spin stretched states with (1V+ 1D) and (2D)
configurations. The damping of such simple modes of
nuclear excitations would need to be investigated within
the same framework as the one employed to predict the
single-particle response function, where the surface vi-
brations have been found to play a dominant role. Con-
sistent calculations of the neutron 2-qp state spreading
with increasing excitation energy, in connection with the
relevant single-particle response functions are highly
desirable.
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