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Hccnenosanue (p,nd peakuuu ua anpax 8Li wu 7Li
ope 870 MsB

B kuHeMaTHueckn nonnom dKCIEepHMEHTe H3yyanach peaxuus (p,nd)

Ha sapax SLi u "L npu 3Hepryu# HaneTrawlluXx nporoHos 670 MaB
(BBIBeneHHbIH NPOTOHHLIA NYyYOK CHHXPOUHKIOTPOHA ouaun), Perucrpuporanuce
coBlnagcHusl AeHTPOHOB M HEHTPOHOB, BHIIETAIOWHX COOTBETCTBEHHO NOA YIaMH
6,5° 4 147° r.e. B reoMerpun, oTBevawliedi KHHEMATHKe KBa3MCBOGOOHOIO
paccesiuua Ha GonLuie yrubl,

Peaynbrars asanuaupoBanuch Ha oCHOBe IJIOCKOBOJIHOBOI'O HMIIYIbCHOM O
npubanxennd, MMoayyeus: pansbie, CBHAETE/NbCTBYOWMe B NONL3Y OGMEHHOro
pacCesuus NpoTOHOB HA HefiTPOHHLIX NapaX, H ONEHEHO CeYeHHe 3TOrO npo—
LecCa Mo OTHOWEHHIO K CEYEeHHIO KBA3HCBOGOAHOIO (p~d ~paccesnus. O6cyx-—
RaeTrcs Takxe BK/IaA APYIHX MEeXaHU3MOB peaKUHH,

Pa6ora Brinonuena B JlaGoparopur smepHbIx npoGrem OHWAH,

l'lpénpmn' O6benunestnoro MHCTHTYTa snepHbX sccienopauuf, Hy6ua 1878

Albrecht D, et al, D1-11843

Investigation of the (p,nd) Reaction on 8Li and 7y
at 670 MeV

The (p,nd) reaction on 8 and 71y has been investigated
experimentally at a bombarding energy of 670 MeV in a kinemati-
cally complete experiment, The geometry corresponded to large-
angle quasi-free scattering, The results are analysed on the basis
of the plane wave impulse approximation. Evidence has been
found for the exchange scattering of protons on neutron pairs and
the cross section of this process relative to the quasi-free p_g
cross section has been estimated. The contribution of other reac—
tion mechanisms is also discussed,

The investigation has been performed at the Laboratory
of Nuclear Physics, JINR,
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1. INTRODUCTION

Several theoretical papers have pointed out 2% that
in quasi-free scattering processes where deuterons ap-
pear in the final state, some of the deuterons may have
an origin different from the simple knock-out of a deu-
teron cluster by the incident nucleon. According to
a crude estimate /2/, the cross section of a process when
an incoming proton interacts with a correlated pair of
two neutrons and a deuteron and a neutron can be ob-
served in the final state, may be comparable to the cross
section of the free p-d scattering at large scattering
angles.

The elementary interaction

p+<2n> > d+ n )

is an exchange scattering having a large cross section
at backward angles. The present paper describes an
experiment in which lithium isotopes were bombarded
by 670 MeV protons. Deuterons and neutrons were de-
tected in coincidence at angles of 6.5° and 147°, res-
pectively, i.e., in a geometry corresponding to the.kl—
nematic conditions of large-angle quasi-free scattering.
By measuring the kinetic energy of both particles we
were able to distinguish process (1) from other mecha-
nisms.



2. THEORETICAL CONSIDERATIONS

In describing the quasi-free scattering (QFS) of
protons on deuteron clusters

Pp+(B+d -B+p +d : 2)

the plane wave impulse approximation (PWIA) is fre-
Quently used in spite of the fact that this method, neg-
lecting the distortion effects, overestimates the cross
Section. The most important distortion effect, the multi-
bPle scattering of the QFS particles, can be accounted
for by a transmission factor T which can be calculatf()
with a simple semiclassical model as proposed in ref.” %/
The cross section of the QFS which leads to a definite
state of the residual nucleus, can be written in this
approximation as
daa _T( d3a
PWIA
dededEp dQ ddedEp.

do
= T.K.8P(q)—2) ,
(q)(dQ o 3)

where K is a kinematic factor; S is the spectroscopic
factor of the cluster in the initial nucleus; P(q) is the
normalized momentum distribution of the cluster; (do/d Jo
is the cross section of the “elementary” scattering pro-
cess which usually is taken as equal to that of the free
P—d scattering.

The cross section of the quasi-free scattering on
a neutron pair : )

p+(C+<2n>)>C+n+d o (4)

can be calculated in a similar way using, for (ds/dQ)

in eq. (3), the cross section of process (1). In the fol-
lowing we shall refer to reaction (4) as quasi-free
exchange scattering (QFES).

The dominant mechanism in the backward p_q4 scat-
tering near 670 MeV bombarding energies is the inter-
action through virtual pions /45/ as visualized by the
triangular diagrams a) and b) of fig. 1. The kinemati-
cally equivalent large angle scattering of a proton on
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ig. 1. Triangle diagrams for the scattering‘ofprotor'ts
grltg two-nuclggn systems with a deuteron in the final

state.

a singlet (T-=1,S=0) deuteron (¢ can be described by
the same diagrams. The calculations in ref. 2/ ghow
that the p—a cross section is approximately equal to that
of the p-d scattering. . '

The proton scattering on a singlet neutron pair (T_=1,
S=0) corresponds to diagram 1/c and the cross section
relative to the singlet-deuteron scattering

it do do 5 /a

Roz(_&ﬁ)p<2n>/(d9)pcr (5/2)
can be determined using isospin addition rules. A strgight-
forward calculation gives Ry=2/9. In the case of trlplgt—
deuteron scattering, a similar value is expected taking
into account the approximate equality of the p-& and
p-d cross sections:

do do ~ R (5/b)
Ry = (5 peznr’ Cgq) pa = Ro-



According to eq. (3) the ratio of the cross sections

of the QFES and QFS processes can be written as
T1K1 S,P (9

= Ry, (6)

EsT(zs)K (2s)s(2s)P(2s) 0
where subscripts 1 and 2 refer to the reactions (p,nd)
and (p,pd), respectively. The summation is to be perfor-
med for the triplet and the singlet deuteron component
of the wave function. Although the factors in eq. (6) have
relatively large uncertainties, their ratios can be deter-
mined much more accurately. This suggests that by
determining R12 experimentally, information can be ob-
tained for the cross section of elementary process (1)
relative to the free p—-d cross section.

R12

3. EXPERIMENTAL METHOD,
SET-UP AND DATA EVALUATION

To investigate the QFES process, we chose ’Li as
a target nucleus because its p -shell has an adequate
structure containing a singlet neutron pair and a triplet
p-n  pair with equally high probability, and because the
large difference between the binding energies of the
s- and p -shell allows easy separation of interaction
involving p -shell nucleons only.

For comparison in the present experiment the (p, nd)
reaction has been studied on a 6Lj target too. This
nucleus has only a triplet p-n pair in the p-shell and
the reaction must have a character quite different from
that of the "Li(p,nd) reaction.

Both reactions, "Li(p,nd) 5Lj (reaction A) and
®Li( p,nd) * Li (reaction B), were measured under the
same kinematic conditions. The scattering angles of the
deuterons and the neutrons were ©4=6.5° and @, =147°,
respectively; these are the conjugate angles when the
recoil nucleus has zero momentum.

The momentum conservation can be written as

9g =Py -P4 -p ., O

n

where the subscripts 0,d,n and R, respectively, denote
the incident proton, the deuteron, the neutron and the
residual nucleus. It is convenient to express the energy
conservation through the missing kinetic energy:

= - - -T_ . (8/a)
miss _TO Td Tn R

It is equal to the difference between the sepgration energy
of two neutrons (B) and the deuteron binding energy (B ):

_=B-B_, - E*-Q,. (8/b)

miss d
where g* denotes the excitation energy t:)f the recoil

and Q, is the ground state reaction energy.

nuc'll(‘ellxl: experirr(l)ent was performed using the 670 MeV
external proton beam of the JINR (Dubna) sgnchrocyclo-
tron working in the slow extraction mode .The expe-
rimental set-up is shown in fig. 2. Tworectangular tar-
gets were used, - one of natural lithium, the other enz—
riched in ®Li (90%) - having thickness of 1.87 g/cm=.
" The beam at the target had an elliptical cross sec-
tion with dimensions 40 mm in the horizontal and 10 mm

M
% s,

] . The experimental arrangement. T - target; C -
géﬁinfator; AMpe— analysing magnet; P_, - multtziz:;:;?
proportional chambers; S, , - detectors o{ _es -
of-flight spectrometer; Sy - neutron t;ete.c BE, ! 6b'e7‘am
anticoincidence detectors; Sg_;o - monitor;

stopper.



in the vertical directions. The beam flux was measured
by means of a monitoring telescope (M) directed to the
target and calibrated by measuring the 11C activity of
a polyethylene foil. The uncertainty in the absolute flux
measurement was estimated to be +109,.

The angular acceptance of the deuteron spectrometer
in the horizontal plane was defined by a 40 mm wide
collimator (C) placed at an angle of 6.5° to the beam.
A magnetic spectrometer (AM); four multiwire proportio-
nal chambers (MWPC) (P, -P,); a time-of-flight }TOF)
spectrometer consisting of two position sensitive /1 scin-
tillation detectors (S_,S 4) and two additional coincidence
counters (S, S,) served to identify deuterons and to
determine eir momentum and angle of emission. The
vertical acceptance was defined by the height of the first
TOF detector.

The momentum resolution of the spectrometer was
2% full-width at half-maximum (FWHM) including the
energy spread of the primary beam and the energy
losses in the target. The momentum acceptance at the
half-maximum was 129 of the mean momentum. The
angle of the deuteron emission was determined with a re-
solution of 3 mrad FWHM in the horizontal plane, the
horizontal and the vertical angular acceptances were
20 mrad and 8 mrad, respectively.

The neutron detector was an NE 102A plastic scintil-
lator of 300 mm length and 125 mm diameter coupled
to an XP 2040 photomultiplier (Ss).An anticoincidence
counter (S,) (150x150x10 mm?®) was placed in front of the
neutron detector. A veto counter (S 7) covering a solid
angle of 0.8 sr served to eliminate the background.

The energy of the neutrons was determined by mea-
suring their time-of-flight from the target to the middle
of the detector. The resolution was energy dependent and
it was influenced mainly by the difference between the
velocity of the neutrons and the light inside the scintil-
lator. Its variation ranged from 4 to 10 MeV for neutron
energies between 20 and 100 MeV. The inaccuracy of
the absolute time calibration was -0.5 ns and the cor-
responding error in the energy measurement varied from
1 to 10 MeV in the above neutron energy range.

The efficiency of the neutron detector was dete/rylined
by Monte Carlo calculations on the basis of ref. 8/. The
calculations were checked with 65 MeV neutrons emerging
from the D(p,pn)p reaction. The measured and calculated
distributions of light output were in accordance within
error limits.

The block diagram of the electronics is shown in
fig. 3. The fast coincidence signal of TOF detectors
opened the gate system and started the read-out when-
ever it was in coincidence with the signal of the neutron
detector. The time signals of the TOF detectors (S,,,
So05 8,4y S,,) were used to determine the time of flight
as well as ﬁle coordinate of the particle trajectory (X,
X,) in the TOF detectors. The time-to-amplitude con-
verters (TAC) of neutron arm detectors were operated

-
z
o

ie. 3. Block diagram of the electronics, T, - tzfne
g‘igg'nals; A,; - linear signals; L ; - .logzcal szénals,l FS-_
forming circuits; LOGR - logical register; SC - scalers;
SWR - manual coding register; CL - clock; ADC - analog
to digital converters; TAC - time toamplztude converters;
REG - registers of the MWPC information.



in a 150 ns range encompassing two bursts of the sunchro-
cyclotron (~ 72 ns apart) thus allowing both real and
random coincidences to be recorded simultaneously.

Linear signals from the detectors (A;) passed through
the linear gates and were digitized by analogue-to-digital
converters (ADC). A register of logical codes was used
to indicate which, if any, of the neutron-arm detectors
gave a response during an event.

All information was fed into a HP 2116C computer
and recorded on magnetic tape. In addition, preliminary
evaluation was performed on-line; to check the experi-
ment, some one- and two-dimensional spectra were
displayed.

Results were obtained via an off-line analysis on
a CDC 6500 computer. An event was processed if the
measured time of flight in the TOF-arm corresponded
to a deuteron, the coordinates of the particle trajectory,
given by the MWPC-s and the TOF detectors (X,, X )
were on a straight line and the angle of the emission from
the target, as calculated from the MWPC coordinates,
was within the limits determined by the collimator. About
25% of events were rejected on the basis of these cri-
teria.

In the case of ”neutron” events (a neutron detector
in anticoincidence with S; and S,), the threshold for
the amplitude of neutron detector signals was given at
10 MeV equivalent proton energy. Besides, the events
were processed only if the energy calculated from the
time of flight was higher than 20 MeV. To determine
the background, the whole procedure was repeated in
a time interval shifted by 72 ns according to the time
interval between the bursts.

A large part (about 50%) of protons from the parallel
reaction 7Li(p, dp)®He possessed initial energy large
enough to reach the neutron detector. They were identi-
fied by the coincidence signals of S, and S,. A selected
part of them between a given amplitude interval corres-
ponding to energies near 78 MeV and giving a narrow
time of flight spectrum, was used to obtain a reference
value for the time correction in order to eliminate the
effect of a slow drift in the time-measuring system.

10

In calculating the experimental cross sections a weigh-
ting factor inversely proportional to the product of the
energy dependent efficiency of the neutron detector and
the momentum dependent acceptance of the deuteron
spectrometer was used. The 129 inefficiency of the MWPC
system was taken into account as averaged normahzmg
factor. The weighted background was calculated in a si-
milar way using time-shifted events. The correctiqn for
isotope impurities was performed by cqmbinin%, in an
appropriate manner, the data obtained using the °Li and
the ‘Li targets.

4. THE EXPERIMENT

Before the measurement the whole apparatus was
calibrated using protons and deuterons from the free
p-d elastic scattering. During the experiment the beam
intensity was 4x108proton/s on the target surface and
in this case the random/true coincidence ratio amounted
to 1:3. About 15 neutrons were detected per hour.

The reaction A [‘Li(p, nd °Li] was measured in two
runs with target-to-detector distances of 95 cm and
115 cm, respectively. In an additional run the neutron
detector was set 135 cm apart from the target to check
the time-of-flight calibration and the dependence on the
distance of the counting rate. The variation of the coun-
ting rate with the distance was in agreement with Fhe
inverse square rule showing that particles not reaching
the detector directly from the target could producea small
effect only. In the case of reaction B[ Li(p,nd) 4Ifi], the
counting rate was much slower than in reaction A, and
irradiation was only performed with a 95 cm detgctor
distance. The qualitative picture of the time-amplitude
distribution was similar to that of reaction A.

As an illustration the two dimensional time amplitu<_ie
distribution of the neutron” signals is displayed'm
fig. 4a for the 115 cm detector distance. The full'lme
in the figure represents the relationship t?etween the time-
of-flight and the amplitude correspond_mg to the total
absorption of the neutron energy. The picture shows that

n
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Fig. 4. The time versus amplitude distribution of the
signals from the neutron detector in anticoincidence with
the detectors Se and S, (a) for the time interval of
0-30 ns. The full line represents the relationship between
the time of flight and the amplitude corresponding to the
total absorption of the neutron. (b) Distribution of the
background events in the time interval shifted by 72 ns.
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the neutrons arrived to the detector in the expected time
interval and the amplitude distribution has also correct
form. The time-amplitude distribution of the background
signals is shown in fig. 4b. The cross sections and the
energy distributions of the protons from reactions
"Li(p, pd)®He and SLi(p,pd)*He were measured in
a subsequent experiment. The detector S, was not used
in this case.

5. EXPERIMENTAL RESULTS

Figure 5 shows the measured energy distributions
of neutrons in coincidence with the forward scattered
deuterons from reactions A and B; the circles show
the corresponding three-fold differential cross sections.
The integrated cross sections of the two reactions for
energies higher than 20 MeV are presented in table 1.

The distributions of the missing energy in reactions
A and B are represented in fig. 6 by histograms. The
dashed curve illustrates the experimental resolution.
The arrows point to missing energies when the residual
nucleus is produced in its ground state (Bp)or in a state
with one and two holes in the s-shell (B, and B,), res-
pectively.

One can see that in the reaction A the ground state
(and/or the 2.6 MeV excited state) of the S5Li nucleus
is populated with quite large probability; this indicates
that interactions involving only the p -shell nucleons
play an essential role in this reaction. Missing energies
larger than 25 MeV are associated mainly with interac-
tions in the s-shell leading to the disintegration of the
alpha core. The missing energies in the reaction are,
predominantly, larger than 25 MeV - according to the
large |Q,| of this reaction.

The three-fold differential cross sections for events
with missing energies between -10 and 25 MeV (herein-
after referred to as ”low”) and between 25 MeV and
60 MeV (referred to as ”high”), are presented in fig. 7
for the reaction A. The scale on the upper part of the

13
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T
B,B, Lilp.nd)Li]
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Fig. p. Missing energy spectra for reactions Ll(p nd) Li
and SLi(p,ndtLi. The arrows mark the missing energies
corresponding to a residual nucleus in the ground state
(Bg) and in the states with one and two holes in the s -
shell (B, and B,) respectively. The dashed curve
represents the experzmental resolution.

figure gives the corresponding recoﬂ momentum (lq |
using sign convention: Sign (q) = Slgn(p d qR)

The dashed lines are calculated distributions with
arbitrary normalization. The calculation was performed
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Fig. 7. Coincidence cross sections for the Ll(p, nd) Li
reaction plotted versus the neutron energy. Upper diag-
ram: missing energy from -10 to 25 MeV (”’low events).
Lower diagram: missing energy from 25 to 60 MeV (”high
events). The scale on the upper part of the figure gives
the recoil momentum for residual nuclei in the ground
State. The dashed curves are theoretical energy distribu-
tions (see the text).
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by the Monte Carlo method using eq. (3) for the experi-
mental conditions. The elementary cross section (da/dﬂ)0
in eq. (3) was taken as energy independent .and it was
assumed, that the internal momentum distributions P(q)
have a Gaussian shape with 130 MeV/c and 200 MeV/c
FWHM for the ”low” and “high” missing energy evgnts,
respectively. These values have been found for the \\_udths
of the momentum distributions of deuteron clusters in the

reaction 7Li(p,pd)5He, in the corresponding missing
energy intervals.
N } — t
"Lilp,nd ) Li
"LOW" i
501
0 -

Events

5ol Lilpnd Li
"HGH !

" py (MeVic)

jg. 8. Momentum distribution of deuterons in coin-
gifence with neutrons. The _hzstogir;iams %re'5 Ld.zst'rzbu-
tions measured in the reaction Li(p, nd} °Li for
»low” and ”high” events, respectively. The dashed lines
are theoretical coincidence spectra (see the text).
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In the case of the reaction B the ”low” events are
practically absent and the “high” neutron spectrum does
not differ essentially from the total spectrum shown in
fig. 5. The integrated ”low” and ”high” partial cross
sections are given in table 1 together with the corres-
ponding (p,pd) data.

The two histograms in fig. 8 represent the momentum
distributions of the deuterons in coincidence with neut-
rons, for the reaction A, in the ”low” and the ”high”
cases, respectively. The dashed lines are theoretical
distributions calculated with the above mentioned assump-
tions and having arbitrary normalizations.

6. DISCUSSION

The high energy part of the neutron spectrum (fig. 7)
as well as the characteristic momentum distribution of
the associated deuterons (fig. 8) suggest that in the
"Li(p, nd)°Li  g.s. reaction the quasi-free scattering
plays an essential role, although the presence of low
energy neutrons indicates the contribution of secondary
processes too.

A significant contribution to the (p.nd)reaction is ex-
pected from double-scattering, when the proton after
the quasi-free p-d scattering knocks out a neutron
from the residual nucleus. In this case the scattered
deuteron has a momentum according to the QFS, while
the energy of the neutron is comparable with that of
the proton or smaller.

In the 7Li(p,nd)5Li reaction, when the missing
energy is low, only the single p-shell neutron of the
°Li can be involved in the double-scattering process.
The number of the neutrons reaching the detector can
be estimated by adopting a method similar to that used
in ref. /3/ to determine the distortion effect in the
p-d scattering.

If the differential cross section of the p-n scattering
is denoted by o(®) the probability that the neutron in the
P -shell will be scattered by a proton into the solid angle

19



AQ defined by the detector, can be written as o(@)AQ/ 477[‘:2,
where r , 1S the mean radius of the p -orbit. Multi-
plying this expression by the angular distribution of the
protons and integrating for all proton directions, one
obtains a relation for the number of the neutrons rela-
tive to that of protons:

N (@)
—I\liz-———(—q-"-):2 . (9)
p 2 Pp
It was assumed that the protons should have a gaussian
angular distribution of width qo/pp, Pp being the mean
momentum of protons and qo is the width parameter of
the momentum distribution of the deuteron cluster.
After using r,= 2.2 fm; q,=80 MeV/c; pp=360 MeV/c
and average value for the p-n scattering cross section
-(@) ~15 mb/sr, expression (9) gives N /N, = 15x 107%
This is about 1/4 of the experimentally found neutron/
proton ratio for low missing energy events (see table 2).
Although the above estimate is a rough one, the result
shows that the effect of the secondary scattering cannot

be regarded as negligible.

Table 2

Cross section ratios

do (p, nd) <102
do (p,pd)
Target "Mow" events "high" events
exp. theor, exp. theor.
"Li 6.1+0.,9 11 9,1+ 1.5 5.5
61i 0.3+0.16 0 8,1+ 1.5 5.5

Although the secondary scattering gives an essential
contribution to the (p,nd) reaction, the larger part of the
7Li(p,nd) ® Li g.s. cross section is presumably connec-

ted with the QFES.

20

The theoretical ratio of the QFES '
. _ . and QFS proces
ga E:Srex:) fb{h exlz:'vessmn (6). In the present case l:he ﬁn:f >
e o reactions are very similar th
. _ erefore
t(.tr}e)lgnemauc factors (K;) and the absorption coefficients
¢ ign eq. (6) are nearly the same. The distribution
St;n“?elozznl:i(q) fare regarded to be similar assuming the
re-of- i i
e mass motion for the different nucleon
A rough estimate for the s
' pectroscopic factors (S,
czlmh be obtained by reg/arding the Li nucleus as a trit(oﬁ2
alp a cluste.r sygtem 9/ and associating “low” events
with interactions involving the triton part only
In the dominant L=0 confi i .
. 1t L= guration of the triton w.
&mctl‘on, the relative probabilities of the triplet deuter::)‘trxe
e singlet deut/er(/m and the singlet dineutron components’
?;%L‘,"m’:l‘ 15:_30 ' 10/ and we assume the same probabilities
P i. gkmg m?o account of the equality of the remaining
ors in relation (6), this leads to the theoretical ratio

S
Rth= __1_ R 2
12 . =~11x10 °,
S(0)+S(1) 0
2 2

where we have used for R, the value R, ~2/9

reaztlilsn glg:x’_; e:ents. in the .regction A gs well' as in the
coaction B are ssoc(;ageq with m?eractions in the alpha-
g the thl an Li nuclei, respectively. Taking
and the singlete dtilr.xl:lif:o: elillfel;gn’ tlhe S
we obtain the theoretical cross seztiznp::;i%?re as a:u:d,

th
Rip=0.25R  ~ 55x107°.

'tIi‘he expgnmentally foupd and the theoretical cross sec-
mc;n ;‘atlos are shown in table 2. In the case of the ”low”
larsgse xl.lgthenergy event§ the theoretical ratio is somewhat
et hz«:,ln the experimental one, but taking into account
gard t.hi ess of the theoretical calculation we may re-
sar a}greemgnt as satisfactory. The experimental

ss section ratio for the interaction in the alpha-core
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(’high” events) is larger than the theoretical oneby a fac-
tor of 1.5, probably because of the increased importance
of the secondary scattering in this case.

The experimental spectra shown in figs. 7 and 8 are
somewhat shifted relative to theoretical distributions to-
wards lower neutron energies and higher deuteron mo-
menta, respectively. This means in both cases a shift
in the direction of negative qp values. An effect of this
kind is expected in the large angle quasi-free scattering,
when the elementary scattering cross section (do/dQ),
falls rapidly with energy.

7. CONCLUSION

In the interaction of 670 MeV protons with ®Li and
“Li nuclei, neutrons have been observed at backward
angles in coincidence with the forward scattered deute-
rons. Evidence has been found in the "Li(p,nd) ® Li
(ground state +18' excited state) reaction for the quasi-
elastic exchange scattering of protons on two correlated
neutrons. The cross section relative to the corresponding
7Li(p,pd)5He reaction turned out to be somewhat lower
than the estimate of a simple theory. Transitions to

highly excited or completely disintegrated states of the

residual nucleus have also been observed in the
"Li(p,nd) °Li reaction but the mechanism has a more
complex nature in this case.

In the ®Lj(p, nd)*Li reaction the transitions are
associated with large missing energies corresponding
to the break-up of the alpha-core. The cross sections
and the energy distributions are similar to those observed
in the reaction ’Li(p,nd®Li leading to the highly excited
states of the residual nucleus.
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