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This work presents results on charged state topology of relativistic fragmentation of
6Li and 7Li nuclei at 4.5A and 3.8A GeV/c, respectively, on photoemulsion nuclei. The
results would make it possible to answer some topical questions concerning the cluster

structure of lithium isotopes. The isotopic composition of fragments and the channels of
6,7Li fragmentation as well as the mean momenta ρβc of projectile fragments have been
measured. Yields of 1H(3He) appear to have the highest probability due to the frag-
mentation of 7Li, while 2H(4He) and 1H(4He) are dominant through 6Li-fragmentation
process. The presence of exotic 6He among fragmentation process is observed in 7Li with
yield 3% while 0.65% were found in 6Li.

Keywords: Nuclear physics; 6,7Li structure; projectile fragments; momenta measure-
ments.

1. Introduction

Great progress1–4 has been made towards studying the structure of nuclei with

excess and maximum number of neutrons while research on the structure of proton-

rich (or neutron-deficient) nuclei is merely being planned. The major goal of the

appropriate experiment is to define the structural features of nuclei near the bound-

ary of proton stability. Such nuclei are stable in the absence of electron shell.

The structure of such nuclei can become another key to understand the process

of nucleosynthesis.

In a previous analysis,5 a systematic comparison using shower particle distribu-

tions of 6Li and 7Li interactions with emulsion nuclei when they participate in the

interaction with one (Z = 1) or two (Z = 2) charged particles, respectively, led to

the assumption that 6Li can be considered as a cluster of (α + d), while 7Li may

not be (α+ t). Here, we report on results from separating hydrogen and helium iso-
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topes by using their momentum measurements of 7Li fragments at 3.8A GeV/c in

emulsion interactions. The corresponding data for 6Li fragments6,7 at 4.5A GeV/c

were used for comparison. Branching ratio of fragmentation channels as well as iso-

tope fragment distributions were studied. Information on the 7Li and 6Li structure

estimation has been obtained from analyzing the data. Finally, there were a few

events including 6He (exotic nuclei), where the (6He+p) was one of the dissociation

channels of 7Li nuclei.

2. Experimental Method

In this work, the emulsion chamber used was assembled as a stack of Br-2 type

emulsion layers having sensitivity up to relativistic particles. Each sheet consists

of 600 µm in thickness and dimension 10× 20 cm2. These sheets were horizontally

exposed to beams of 6Li and 7Li at momenta of 4.5A and 3.7A GeV/c, respectively,

at the JINR synchrophasatron in Dubna. Scanning was carried out by along-the-

track method using Leitz Laborlux-S microscope. Each lithium track was carefully

followed until it either interacts or leaves the pellicle.

Table 1. Experimental values of average mean free paths (λexpt) in
addition to that calculated according to the Bradt–Peters,16 by us-
ing two different overlap parameters from Refs. 17 and 18 in 6Li
(4.5A GeV/c), and 7Li (3.8A GeV/c) in comparison with different
projectile beams at similar momentum per nucleon.

Projectile (λexpt) cm (λcal) cm (λ∗
cal

) cm Ref.

1H 3.2± 0.70 32.10 35.15 8
2H 26.9± 0.60 23.63 23.74 9
3He 23.7± 0.70 21.22 21.21 10
4He 19.5± 0.30 19.45 19.66 11
6Li 14.4± 0.30 17.24 17.13 Present work
7Li 15.0± 0.40 16.39 16.28 Present work
12C 13.7± 0.10 13.56 13.49 12
22Ne 9.9± 0.30 10.71 10.71 13
24Mg 9.6± 0.20 10.34 10.35 14
28Si 8.75± 0.31 9.69 9.72 15

Through the total scanned length of 353.87 meters of 6Li tracks, we found

2454 events and the experimental mean free path λexpt equals 14.42 ± 0.29 cm.

For the total scanned length of 248.63 meters of 7Li tracks, we found 1647

events with λexpt = 15.01 ± 0.37 cm. The values of λexpt for different projectiles

(1H, 2H, . . . , 28Si)8–15 presented in Table 1 were compared with the corresponding

ones calculated from the inelastic reaction cross-section according to Bradt–Peters

formula16

σi = πr2
0(A

1/3

P + A
1/3

T − d)2 .
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We used here two different overlap parameters to calculate the corresponding mean

free paths; one gives λcal by using r0 = 1.46± 0.01 fm, d = 1.21± 0.03 taken from

Ref. 17, and the other gives λ∗

expt by using σi = 109.2 (A0.29
P + A0.29

T − 1.3)2 mb,

obtained by EMUO1 collaboration.18 From Table 1 it may be stated that the cal-

culated values of the average mean free paths and hence the cross-section agree

satisfactorily with the experimental results. The results show a power-law behavior

with a beam mass number A. The fitting relation is λ = 33.12−0.4A cm.

For 7Li we have chosen a sample of 500 inelastic interaction with Q ≥ 0, we

found 347 events having projectile fragments (i.e. they have a total charge of pro-

jectile fragments in the forward hemisphere Q > 0); among them we found 264

measurable events and excluded 83 events which cannot be measured because of

emulsion defects or because of the overlapping of primary or secondary tracks with

the marking grid of the emulsion sheet. Similarly, 1390 inelastic events of 6Li in-

clude 1040 having PFs; among them 947 were measured7 and 93 were excluded. For

all detected interactions, the charged secondaries are classified in accordance with

the ordinary emulsion methodical criterion:

(1) Shower track particles (s-particles with multiplicity Ns): singly charged particle

(mostly π-meson) with velocity β = v/c ≥ 0.7.

(2) Grey track particles (g-particles with multiplicity Ng): mostly recoil protons

with velocity range of 0.3 ≤ β < 0.7.

(3) Black particles (b-particles denoted by Nb multiplicity): charged particle with

β < 0.3. Grey and black particles are classified together as heavy particles, Nh

where Nh = Ng + Nb. For more details see Ref. 19.

Projectile fragments PFs: Referred to the spectator nucleons of the projectile

with velocity ≈ 0.97c emitted within a fragmentation forward cone “θc”.20 In this

study they are singly-(Z = 1) or multiply-(Z ≥ 2) charged fragments. Taking the

present beams momenta, the value of θc ≤ 3◦. The singly-charged fragments emitted

with Z = 1 are visually separated and identified according to their number of grains

per 100 micron when followed up to a distance of ≈ 1 cm from the interaction point

without changing its ionization. The PFs of charge Z ≥ 2 were determined and

identified by measuring the grain density, gap density and by δ-ray counting as

discussed in Ref. 20. In each event the total charge of non-interacting projectile

nucleons Q =
∑

ZPFs was estimated. The multiplicities (average numbers and

distributions) of all types of charged secondaries in relativistic ion collisions depend

on the average number of interacting projectile nucleons 〈Nint〉 which is calculated

from

〈Nint〉 = AP − (Ap/Zp)Q .

The events associated with PFs emitted in the fragmentation cone with charge

Z ≥ 1 represent peripheral collisions at different impact parameters “b” of colli-

sion. For all projectile fragments of (264) events of 7Li we have measured momenta

quantity (pβc). The determination of (pβc) and its error is made through the mea-
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surement of multiple Coulomb scattering of the fragments by the Coulomb fields

of the emulsion nuclei along the fragment paths, the deviations of their paths were

measured by the coordinate method using KSMI Zeiss Jena microscope, and the

calculations of (pβc) was made by the ρ-method21 which takes into account sec-

ond and third differences of the Y -coordinates of the track to exclude the effect of

spurious scattering. We followed the tracks to the maximum possible length and

followed some of them from plate to plate to increase the measured length, a unit

cell length of 500 µm gives the best precision of our measurements. The corrected

mean track deflection Dcorrected in the cell length (t) is related with the value (pβc)

by the relation

pβc = (k · Zf · t3/2/(180/π) · Dcorrected) 10−4 GeV ,

where Zf is the charge, p the momentum, k the scattering constant whose numer-

ical value is well known. The statistical error ∆(pβc) (the standard deviation) is

obtained from

∆(pβc) =
pβc√
N − 1

,

where N is the number of readings along the scattering track. Details on the mo-

menta measurements method are given in Ref. 22.

3. Results and Discussion

3.1. Multiplicity study

In Table 2, the mean values of multiplicity of s, g, b particles for 6Li and 7Li inter-

actions with emulsion as a function of the Q (non-interacting projectile nucleons)

have been presented. There are also 〈Nint〉 and 〈N∗

int〉 which can be considered as

estimate of a number of inelastic interactions of projectile-nucleus nucleons with

target nucleons. The characteristics of the first one was presented in Ref. 5. In

Table 2, a group of events with Q = 0 is called central or head-on collisions. Events

with Q = 3 include inelastic interactions with conservation of charge of a projec-

tile nucleus, which contain events with diffractive and electromagnetic dissociation

of a projectile nucleus, in addition to events provided by interactions of projectile

nucleus neutrons with target nuclei. Events with Q = 1 and Q = 2 are called pe-

ripheral collision at different impact parameters in which charges Z = 2 and Z = 1

have participated in the collision, respectively.

It is interesting to point out that the values of 〈Ns〉 for 6Li are found to be

higher than the corresponding values of 7Li in all groups of Q values except for

Q = 3, whereas 〈Ns〉 and 〈Nb〉 are slightly higher for 7Li. This may be due to the

probability of neutron interactions being larger in case of 7Li than 6Li owing to the

excess of neutrons in 7Li. There is a large difference between the values of 〈Nb〉
for 6Li and 7Li at Q = 0. We attribute this to the fact that the excitation energy

given to the target nucleus in central events is larger for 6Li. This may also be due

to the structures of nucleons in 6Li and 7Li. The values of 〈Nb〉 for all Q’s except
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Table 2. The experimental characteristics of 6Li (4.5A GeV/c) and 7Li (3.8A GeV/c) in
nuclear emulsion as a function of noninteracting projectile fragments (Q) and mean values
of interacting nucleons 〈Nint〉 in addition to the value 〈N∗

int〉 = 〈ns〉 Li-Em/〈ns〉 p-Em.

Projectile 〈ns〉 〈Ng〉 〈Nh〉 〈Nint〉 〈N∗
int〉

6Li 9.4 ± 0.6 5.4 ± 0.3 13.5 ± 0.8 7.0 ± 0.4 6.3 ± 0.4
Q = 0

7Li 6.0 ± 0.3 4.9 ± 0.3 9.1 ± 0.5 6.0 ± 0.4 5.8 ± 0.6

6Li 6.0 ± 0.4 3.0 ± 0.2 5.6 ± 0.4 4.7 ± 0.3 4.4 ± 0.3
Q = 1

7Li 4.2 ± 0.3 3.0 ± 0.2 6.3 ± 0.4 4.0 ± 0.3 3.7 ± 0.4

6Li 3.2 ± 0.2 1.5 ± 0.1 3.3 ± 0.2 2.3 ± 0.1 2.3 ± 0.2
Q = 2

7Li 2.2 ± 0.1 1.5 ± 0.1 3.2 ± 0.2 2.0 ± 0.1 2.0 ± 0.2

6Li 0.8 ± 0.1 0.5 ± 0.0 1.2 ± 0.1 0.5 ± 0.1 1.1 ± 0.1
Q = 3

7Li 1.0 ± 0.1 0.7 ± 0.1 2.1 ± 0.2 0.5 ± 0.1 0.5 ± 0.1

6Li Q = 1.3 ± 0.1 5.1 ± 0.3 4.2 ± 0.2 4.9 ± 0.3 3.4 ± 0.1 3.1 ± 0.8
total sample

7Li Q = 1.3 ± 0.1 3.6 ± 0.2 3.8 ± 0.1 5.4 ± 0.2 3.9 ± 0.1 3.8 ± 0.2

Q = 0 and 3, and the values of 〈Ng〉 for the two lithium isotopes are found to be

nearly constant within the experimental errors. This reflects the weak dependence

of target fragments on the mass number and energy of projectile beam.

A comparison of shower-particle multiplicity distributions for 6Li and 7Li in

recent works of ours5 for Z = 1 (Q = 2) participants with original protons at

3.0 GeV/c23 and 4.5A GeV/c deuterons9 have been performed. It may be inferred

that Z = 1 participants from 7Li are mostly protons, and Z = 1 participants

from 6Li could be due to a deuteron. The corresponding average values 〈Ns〉 are

equal to 2.17 ± 0.12 and 0.95 ± 0.05 for Z = 1 from 7Li and proton, respectively,

and 3.2 ± 0.2, 3.1± 0.1 for Z = 1 from 6Li and deuteron, respectively. It has been

concluded that Z = 2 when collided from 6Li and 7Li includes nearly equal amounts

of 3He and 4He. These results could be obtained from a comparison of shower track

multiplicities in lithium events with Z = 2 (Q = 1) within the corresponding data

of 6.0A GeV/c, 3He and 4.5A GeV/c 4He.10 The corresponding average values 〈Ns〉
are equal to 4.2±0.3 and 6.0±0.4 for Z = 2 from 6Li and 7Li, respectively and the

same are 5.9 ± 0.3 and 5.7 ± 0.1 for 3He and 4He, respectively. This may suggest

the possibility of clustering (α + d) in 6Li nucleus but it may not be (α + t) for 7Li.

3.2. Momentum study

Table 3 summarizes 30 fragmentation channels obtained from momentum measure-

ment (pβc) for 264 out of 347 interactions (Q ≥ 0) having projectile fragments

through an examination of 500 unbiased events with (Q ≥ 0) of 7Li in emulsion

nuclei. For comparison the corresponding data obtained from 768 (Q > 0) through
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Table 3. Fragmentation channels of 6Li and 7Li projectile nuclei.

Projectile 6Li 7Li

PFs particle % to 768 event % to 264 events
channel No. of event (Q > 0) No. of event (Q > 0)

p 90 11.72 38 14.4

pp 23 2.99 13 4.92

ppp 5 0.65 1 0.38

pppp 1 0.13 0 0

d 97 12.63 30 11.36

dp 64 0.88 15 5.68

dpp 8 1.04 0 0

dd 27 3.52 5 1.89

ddp 8 1.04 1 0.38

ddd 3 0.39 0 0

t 32 4.17 5 1.89

tp 24 3.13 2 0.76

tpp 5 0.65 0 0

td 21 2.73 1 0.38

tdp 8 1.04 2 0.76

tt 4 0.52 0 0
3He 46 5.99 52 19.69

3He p 18 2.34 34 12.88
3He pp 1 0.13 0 0
3He d 29 3.78 14 5.3
3He dp 1 0.13 0 0
3He t 8 1.04 4 1.52
4He 97 12.63 24 9.09

4He p 65 8.64 8 3.03
4He pp 4 0.52 0 0
4He d 61 7.94 1 0.38
6He 5 0.65 3 1.14

6He p 0 0.0 5 1.89
6Li 13 1.69 6 2.27

a 947 (Q ≥ 0) interaction of 4.5A GeV/c 6Li interaction are given in this table.

Also, the percentage of each producing channel relative to the number of events

having Q > 0 are presented. It is clear that 70% of the events contain at least

one charged fragment and 22 from 30 channels are nonzero for 7Li (present data)

as compared with 80% and 29 channels are nonzero for 6Li (7). The correlation

between the yields in different channels for 6Li and 7Li is described as follows:

(1) For channels of Q = 1 and Zmax = 1 (i.e. channels of p, d and t), where Zmax

is the maximum possible charge on a given projectile fragment there is only

one singly-charged particle (p, d or t) emitted as a projectile fragment in the
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narrow forward cone and the remaining charged particles (Z = 2) collided

with emulsion target. The percentage yields of p, d and t are 52%, 41% and

7%, respectively for 7Li, and were 41%, 44% and 15%, respectively for 6Li as

calculated in Ref. 7.

(2) For channels of Q = 2 and Zmax = 1 [i.e. channels of (pp), (dp), (dd), (tp), (td)

and (tt)]: two singly-charged particles are emitted as projectile fragments leav-

ing the remaining singly-charged particles to interact with the target nucleus.

The percentage yields of p, d and t in these channels are ∼ 60%, 36% and 4%

for 7Li and are 41%, 43% and 16%, respectively for 6Li.

(3) For channels of Q = 2, Zmax = 2, [i.e. the channels of (3He), (4He) and (6He)],

the doubly-charged ions are emitted as projectile fragments while the remaining

singly-charged particles interacting with the target nucleus. The percentage

yields of 3He; 4He and 6He are ∼ 66%, 30% and 4% for 7Li and are 31%, 66%

and 3%, respectively for 6Li.

(4) For channels of Q = 3 and Zmax = 1, [i.e. channels of (ppp), (dpp), (ddp), (ddd),

(tpp) and (tdp)], the three charged particles are emitted as projectile fragments.

In these channels, the percentage yields of p, d and t are ∼ 50%, 33% and 17%

for 7Li and are ∼ 51%, 37% and 12%, respectively for 6Li.

(5) For channels of Q = 3 and Zmax = 2 [i.e. channels of (3He p), (3He d), (3He t),

(4He p), (4He d), (4He t) and (6He p), the projectile nucleus is fragmented into

one singly-charged particle associated with a doubly ionized helium isotope.

The percentage yields of p, d and t in these channels are ∼ 71%, 23% and 6%

for 7Li and are ∼ 46%, 50% and 4%, respectively for 6Li. The percentages of
3He, 4He and 6He in these channels are ∼ 79%, 14%, 7% for 7Li and are ∼ 30%,

70% and 0%, respectively for 6Li.

(6) For channels of Q > 3 and Zmax = 1 or 2: i.e. (pppp 0.13%), (3He pp 0.13%),

(3He dp 0.13%) and (4He pp 0.52%), the charge conservation is violated in these

channels and appears only among 6Li fragmentation channels7 but not among
7Li channels. This means that there are a few cases of pion exchange or nucleon

pick-up by 6Li projectile nuclei from target nuclei.

It can be seen from Table 3 that the fractions of two isotopes 3He p are more

abundant in the fragmentation channels of 7Li while enrichment of 4He d and 4He p

were observed for 6Li fragmentation. The fraction of (t) exceeds in 6Li than that in
7Li by a factor of more than −2 for channels of Q = 1 or 2 and Zmax = 1. In case

of Q = 3 and Zmax = 1 or 2, t exceeds by a factor of about 1.5 for 7Li than 6Li,

as follows: For presence of the isotope 6He among the doubly charged fragments,

there is some enhancement in 7Li (eight events out of 264 with percentage of 3%),

while five events out of 768 with 0.65% were found in 6Li. The observation of 6He

among the doubly charged fragments of 7Li and 6Li comes as a surprise. It can be

produced via charge exchange between the projectile and target nucleons in 6Li

6Li + 1n → 7Li∗ → 6He + 1H .
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Fig. 1. Diagrams corresponding to events involving the charge exchange to produce (a) 6He from
6Li, (b) 6He from 7Li by direct breakup.

In 7Li, it is produced through direct break up of 7Li into two fragments
7Li → 6He + 1H (five events were observed) even with or without evidence of ex-

citation of the target nucleus, in addition to this three events were found due to

fragmentation of 7Li into 6He, leading thus a proton to make inelastic interaction

inside the emulsion nucleus. Figure 1 shows a diagram of producing 6He in the

interactions of 6Li and 7Li with target nuclei.

Figures 2 and 3 show the separation of the hydrogen and helium isotopes using

pβc measurements. The data are shown by histograms, and the curves represent

Gaussian fitting. In Fig. 2 there is a distribution of 223 singly-charged relativistic

track particles with region of 2 < pβc < 13 GeV/c, with peaks at 3.8, 7.5 and

11.7 GeV/c corresponding to isotopes 1H, 2H, 3H, respectively. In Fig. 3 the distri-

bution of 143 doubly-charged track particles with region of 10 < pβc < 23 GeV/c is

shown, with peaks at ∼ 11.7, 15.2 and 21.5 GeV/c corresponding to isotopes 3He,
4He and 6He, respectively. The results of all isotopes are summarized in Table 4. For

comparison, the corresponding data6,7 obtained from 6Li are also listed in Table 4.



July 1, 2005 17:18 WSPC/146-MPLA S0217732305017573

Estimating the Structure of 6,7Li at ∼ 4.0A GeV/c by Momenta Measurements 1521

1 2 3 4 5 6 7 8 9 10 11 12 13
0

10

20

30

40

50

60

70

3
H

2
H

1
H

Z=1
d

N
/d

(p
β

c
)

pβc    (GeV/c)

Fig. 2. Separation of hydrogen isotopes in 7Li fragments using pβc measurements. The curves
represent the Gaussian distribution, best fit.
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 Fig. 3. Separation of helium isotopes in 7Li fragments using pβc measurements. The curves
represent the Gaussian distribution, best fit.

Moreover, it can be seen from Table 4 that:

(a) For singly-charged isotopes p, d, t one can find a higher yield of protons (60%)

and 34% and 6% for deuteron and triton, respectively. On the other hand, the

yields of p, d and t are practically equal in both experiments of 6Li fragmenta-

tion with values around ∼ 45% for each of p and d and 10% for triton.

(b) For doubly-charged isotopes 3He, 4He and 6He in 7Li the high yield of 3He

(72%) is observed with 22% for 4He and 6% for 6He. In 6Li the relative yields

of 3He and 4He are approximately equal as given in Ref. 6 with values 51 and
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Table 4. Yields of fragments isotopes from 7Li
compared with those of 6Li projectile nuclei.

Ratio %

6Li 6Li 7Li
Isotope Ref. 6 Ref. 7 Present work

p 47 ± 2 44 ± 7 60 ± 5

d 46 ± 2 43 ± 7 34 ± 4

t 7 ± 1 13 ± 3 6 ± 2

3He 51 ± 2 30 ± 7 72 ± 7
4He 46 ± 2 68 ± 8 22 ± 4
6He 3 ± 1 1.4 ± 0.3 6 ± 2

46 respectively. They differ in Ref. 7 (30 and 68%). Moreover, an almost equal
3He and 4He yields close to these values were obtained by Greiner et al.

24 in

the fragmentation of relativistic 12C and 16O.

(c) Referring to 6He, its fraction in 7Li exceeds that of 6Li by a factor of 2 or more as

given in Refs. 6 and 7. This leads to the conclusion that proton yields dominate

the singly-charged fragments in 7Li-fragmentation process while proton and

deuteron yields are approximately equal in 6Li-fragmentation process. Also
3He fragments are dominant on doubly-charged fragments in 7Li-fragmentation

process, while 4He yields are the dominant doubly-charged fragments in 6Li-

fragmentation process. More 6He are produced in the fragmentation of 7Li than

that of 6Li.

Table 5 shows the dissociation channels7 of 7Li and 6Li with events of type

(Q = 3). These events are classified into two categories according to the number of

heavy target fragments (Nh = 0 and Nh > 0). The events of Nh = 0 represent pure

Coulomb-dissociation events. These events are very sensitive probe to the structure

of the projectile nucleus because it contains only the projectile constituent nucleons.

The group of events with Nh > 0 represent inelastic interactions of 6,7Li with a

target in which the projectile charge is conserved. In these events one or more

neutrons have collided. It can be observed from Table 5 that:

(a) In 7Li the highest probability (34 events) with Nh = 0 and Nh > 0 with

percentage (49%), 7Li nuclei split into two fragments 7Li → 3He + p + 3n.

There are probabilities for 20% (3He, d, 2n), 11% (4He, p, 2n), 7% (6He, p)

and 6% (3He, t), noted here.

(b) 6Li 74 events (77%) corresponding to splitting of 6Li nuclei into 4He, d, 12%

(tdp) and 8% (3He t).

(c) The fragmentation behavior of both 7Li and 6Li nuclei keeps the same trend

independent of the Nh values.
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Table 5. Channels of dissociations of 7Li compared with 6Li for events
having Q = 3 with Nh = 0 and Nh > 0.

7Li present work 6Li
Dissociation

channel Nh = 0 Nh > 0 Total Nh = 0 Nh > 0 Total

ppp — 1 1 — — —

ddp — 1 1 — — —

ddd — — — — 2 2

tdp 2 — 2 4 3 7
3He p 18 16 34 — — —
3He d 10 4 14 — — —
3He t 2 2 4 4 1 5
4He p 5 3 8 — — —
4He d 1 — 1 23 24 47
6He p 2 3 5 — — —

4. Conclusion

We have reported the momenta measurements of fragments obtained from the frag-

mentation of relativistic 7Li with momentum 3.8A GeV/c in photoemulsion nuclei.

The isotopic composition of fragments and the channels of 7Li fragmentation are de-

termined and compared with those obtained from 6Li fragmentation at 4.5A GeV/c.

The results obtained from this study allow one to make the following conclusions:

(1) Yields of hydrogen isotopes are (≈ 60% protons, 34% deuterons, and 6% tritons)

and helium isotopes are (≈ 72% 3He, 22% 4He, and 6% 6He) for 7Li and are

(≈ 47% protons, 46% deuterons and 7% tritons) and (51% 3He, 46% 4He, 3%
6He) respectively for 6Li.

(2) There is a higher probability of splitting events into two charged fragments for
3He p for 7Li and 4He p and 4He d for 6He.

(3) Enhancement of isotope 6He among fragmentation of 7Li (∼ 3%) is observed

through direct breakup while it is 0.65% in 6Li through charge exchange be-

tween the projectile and target.

(4) In 7Li events of coherent dissociation in which the projectile charge is conserved

with Nh ≥ 0, the results are (49% 3He + p + 3n, 20% 3He, d, 2n, 11% 4He, p,

2n, 7% 6He, p, 6% 3He, t, n) and 77% 4He, d, 12% tdp, 8% 3He t for 6Li. These

fragmentation behavior keeps the same trend independent of the Nh values.
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