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beam of 180 with an energy of 340 MeV/u. The produced nuclei were subsequently OCR Output
of8He (240 MeV/u) was produced in a 8 g/cm2 beryllium production target from a primary
The present experiment was performed at the GSI in Darmstadt, where a secondary beam

2 Experiment

6He+n—+-X at 240 MeV/u.
an interpretation of, reaction experiments involving the break-up of 8He projectiles into
in dissociation experiments [9] at 790 MeV/u. In this paper we present results from, and
neutrons in 8He. Previously, the extended neutron distribution has mainly been probed
of the sum—rule value suggests a picture of sizable correlations between the four outer
by reduced Gamow—Teller transition probability (BGT = 5.18) amounting to almost half
9.3 MeV resonance of 8Li (decaying into 5He + t) and the ground state of 8He characterised
ratio for beta—delayed triton emission. The large overlap between the wave function of the
two halo neutrons Decay studies made at ISOLDE [7, 8] show a very large branching
core surrounded by four loosely bound neutrons rather than a 6He core surrounded by
4n—removal cross sections, indicate that the realistic picture of 8He is that of an o—particle
as in the case of 11Li. The total interaction cross sections, together with the 2n- and
when going from 4He to 6He and further on to 8He, although this was not as dramatic
halo in 11Li A pronounced increase in the total interaction cross section was seen
and 8He was found in the same experiment that gave the first indication of a neutron
evidence for an anomalous matter distribution in the neutron—rich helium isotopes 6He
is, at present, the closest we can get to ”neutron matter” in the laboratory. The first
the highest A / Z—ratio among the known nuclei still stable against particle emission. It
interesting properties. The case of 8He is also highly interesting, being the nucleus with
of 9Li. However, 11Li is not the only nucleus in this region of the nuclear chart showing
as made up of two loosely bound neutrons at a large distance surrounding an inert core
One of the most striking examples is the neutron halo of 11Li [3, 4, 5] which can be viewed
host of interesting new phenomena in the regions of the neutron and proton drip-lines.
New experimental techniques for producing radioactive beams [1, 2] allow the study of a

1 Introduction

reactions, two neutron removal cross section

mentum distribution, invariant mass spectra, fragmentation mechanism, break-up

Keywords: secondary radioactive beams, exotic nuclei, halo nuclei, 8He, mo

interpreted in some simple reaction scenarios.

was found to be 0-2,,:0.27;%:0.03 b. The nature of the momentum distributions is

target have been measured at 240 MeV/u. The two—neutron removal cross section

Neutron and 6He momentum distributions from 8He break-up reactions in a C



(see also figure 2, where n and N are defined). The sum of the two times read out only OCR Output

could be deduced according to
of arrival for the pulse to the left and right end of the delay line, the wire which had fired
together via a delay—line which was read out at both ends. Thus, by comparing the time
of 500 um in order to increase the charge collection [14]. The anode wires were bussed
the cathode wires 50 nm. The latter were mounted in pairs with an internal distance
constituted the maximum drift distance. The anode wires were 20 pm in diameter and
plane consisted of alternating anode and cathode wires with a spacing of 5 mm. This
All multi-wire drift chambers were of identical design as illustrated in figure 2. Each wire

energy of 240 MeV [13].
LAND detector has an intrinsic efficiency of 85:k6 % for detecting single neutrons with an
experimentally determined to be 5.1 cm [12] for a single neutron of energy 240 MeV. The

factors, such as time resolution and the size of the hadronic shower created. This has been

In the direction along the paddle, the position resolution is determined by a number of
direction perpendicular to the paddle is given by the granularity, i.e. the paddle width.
The total active volume of the detector is 2 x 2 x l m3. The position resolution in the
the vertical and horizontal directions, forming layers of 2 x 2 m2 with 0.1 m thickness.
active volume of each module is 0.1 x 0.1 x 2 m3 and they are alternately aligned along
hadronic showers created by highly energetic neutrons in the iron converter material. The
each made up of alternating layers of iron and plastic scintillator. The scintillators detect
positioned 11 m from the target. The LAND detector consists of 200 modules, paddles,
The neutrons were detected in the Large Area Neutron Detector (LAND) [12], which was

consisting of seven scintillator paddles.
were determined by measuring the energy loss and time-of-flight (TOF) in a plastic wall,
chambers had an active area of 70 x 50 cm2. The charge and velocity of the fragments
and analysed according to position and bending angle in MWDC—2 and MWDC-3. These
secondary target, the charged fragments were deflected in the dipole magnet ALADTN [11]
order to match the angular straggling in the targets to the detector resolution. Behind the
to allow an analysis of the momentum distributions. The target thicknesses were chosen in
were also taken with a Pb target of 0.30 g/cm2 thickness but the statistics were insufficient
momentum distributions were measured with a C target of 1.29 g/cm2 thickness. Data
sensitive scintillator detector was used to give the time reference for the events. The

determine the position of the incident beam on the target. Furthermore, the position
sensitive multi—wire drift chamber (MWDC-1) were situated. These detectors served to
front of the reaction target, a thin plastic scintillator detector (POS2), and a position
The dissociation reactions were studied with the set—up shown in figure 1. Directly in

thus limited by the maximum rigidity (9.5 Tm) in the ESR.
through the Experimental Storage Ring (ESR). The energies of the secondary beams were
up. In order to reach the main experimental area, the beam transport included one turn

pure Bp—selection. After separation, the beam was transported to the experimental set
with 11Li and 14Be beams by operating the FRS without a degrader, thus separated by
separated using the fragment separator FRS [10]. The 8He could be obtained together



different isotopes could be made.

as a function of the x—position in MWDC-2. As can be seen, a reliable separation of the
2 and MWDC—3, approximately corresponding to the bending angle in ALADIN, is plotted
MWDC-2. In the upper left scatterplot, the difference between the x-positions in MWDC
neutron detector LAND. The lower right inset shows the positions of 8He and 6He in
situated, yielding TOF and Z information. The neutrons were detected in the large area
conjunction with MWDC-2 and -3. Behind the second drift chamber, a plastic wall was
The charged fragments were deflected and analysed in the dipole magnet ALADIN in
entrance of the cave and a MWDC (MWDC-1) situated close to the secondary target.
Figure lz The experimental set-up. The incoming beam was defined by a MWPC at the

x—position MWDC-2
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sequence, the acceptance was limited with respect to other reactions, as can be seen in OCR Output
The set—up was optimised for the reaction channel 11Li —> 9Li + n + I1 [16]. As a con

with high efficiency [15].
between drift time and ion position, it was possible to obtain a position resolution of 2 mm
these events could be discarded. Although the MWiDCs showed a non—linear dependence
left and right do not stem from the same ion. By applying a cut in the checksum variable,
correct event. A multiple hit could give an alleged erroneous position if the pulses recorded
As can be seen from equations (2) and (3), this entity should be practically constant for a

tcheck Z it + in — Zio ¤»“ Nideiay (4)

This made it possible to calculate a checksum variable according to

to % tdri_ft· (3)

as

the secondary ionisation in the close vicinity of the anode wire and can thus be expressed
check was provided by recording the time of one of the cathode signals. It is defined by
odd and even signals, a position assignment could be made. An additional consistency
The cathode wires were alternately connected to two signal lines, and by comparing the
as these are sensitive to which side of the anode wire the secondary avalanche takes place.
the anode wire. This could be solved by using the signals induced in the cathode wires,
The only remaining ambiguity was whether the ion passed to the left or to the right of

tL 'l' tR Z Ztdrift 'l" Ntdelay

depends upon the drift time, since the delay—line then simply gives a constant contribution.

is to the right or the left of the anode wire.

A read—out of the cathode wires with even or odd numbers indicates whether the ion track

the LEFT and RIGHT signal according to tL : td,,j,+ntd€,ay and tg = td,,f,+(N—n)tde;,,y.
delay line with a fixed delay between the wirespaces which is read out at both ends, yielding
Figure 2: Schematic picture of the MWDC read—out. The anode wires are all connected to a
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the two—neutron removal process. The consequences of such intermediate resonances have OCR Output

intermediate resonances, such as 5*7He and 10Li, as the dominant reaction mechanism for
where it was found that that the result could be accounted for as a sequential decay via

mentum widths of the particles were later interpreted in a semiquantitative analysis [17],
well as 6He and 11Li, has earlier been measured at the energy 790 MeV/u The mo
function, but also by the fragmentation mechanism. Projectile fragmentation of 8He, as
termined not only by their internal motion in the projectile, i.e. by a projectile wave
The momentum distributions of particles detected in a fragmentation experiment are de

3 Theory

by the restricted acceptance in this experiment.

figure 3. The very fundamental reaction channel 8He —> 4He + X was therefore excluded

not recorded.

Figure 3: lon tracking for 8He, 6He and 4He. The 4He ions are bent strongly and therefore
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(8) OCR OutputP¤(Pn) = @P; €XP(·§)»
expression

it and sum over the spin variables. For the neutron momentum distribution, we get the
in 8He, we need to transform the wave function to the momentum representation, square
nal motion in the projectile only. Thus, to calculate the particle momentum distributions
the momentum distribution of a high energy projectile fragment is determined by its inter
ln the simplest model, which is known as the Serber model or the sudden approximation,

and 8He respectively, the corresponding value for the oscillator length is 7*0:2.20 fm.
With the values 1.45 fm [21] and 2.52 fm [24] for the matter r.m.s radii, R, of the or particle

(7)2 4 2 SR ( He)—4R ( He):j—7‘0.2 8
35

r.m.s. radius of 8He, according to
the oscillator length 7*0. This parameter was adjusted [23] to reproduce the experimental
the valence neutrons. The wave function in equation (6) contains only one free parameter,
wave function. The coordinates 1*, are measured from the center of mass of the cr core to
Here, X,,_, iz, : :k1/2 is the spin wave function, and np(7*) the standard Op radial oscillator

<6>¤.»<¢~> Z 7:7 €xp<§>.%% Q
2

. 1/Mtrww) = Mrk)- Z 1m¢¤¢(+1- 7))¥Gm.(rk/rk)><».<¤k) » (5)(§]§§
1 3 3

corresponding to different projections of the j=3/ 2 angular momentum:
constructed with the help of four single—particle wave functions 1//*,(rk, 0;,), 7, k = 1, . . . ,4,
in ref. [23]. As a result, the 8He wave function can be written as a Slater determinant
account strictly, is responsible for exotic correlations of the valence neutrons as discussed
motion, oscillator wave functions were used. The Pauli principle, which was taken into
each valence neutron occupies a 0p0/0 state relative to the cr core. For the radial n—oc
The COSMA wave function for 8He was obtained in a five body (0+4n) approach, where

Model Approximation) wave function for the 8He nucleus.
state interaction through the 7He resonance), and using a COSMA (Cluster Orbital Shell
well · assuming the same reaction mechanism (n—target nucleus scattering and rr-6He final
data for the break-up of 8He into 6He and two neutrons at 790 MeV/u can be reproduced
ate 5He resonance, was essential. Recently, it was demonstrated [22] that the experimental
distribution, the inclusion of both ingredients, n—target nucleus scattering and intermedi

is close to the o4·particle distribution in 6He. However, to describe the neutron momentum
resonance 5He. In this case, the a—particle momentum distribution from 6He fragmentation
nucleus scattering in the Glauber approach and the n+4He final state interaction at the
mechanism. In order to describe the experimental data, one had to consider the n—target
function is well established [21] and thus an excellent tool to investigate the fragmentation
carbon target at high energy were carried out. The nucleus 6He was chosen since its wave
the o—particle and neutron momentum distributions from the fragmentation of 6He on a
also been thoroughly investigated in ref. [18, 19]. ln ref. [20] detailed calculations for



in a Glauber approach, and gives rise to a broad component in the spectrum. The resulting OCR Output
The momentum distribution of the neutron scattered on the carbon target was calculated

of the 7He resonance is important in calculations of the neutron momentum width.
case for the neutron, due to its lower mass. Therefore the knowledge of the exact energy
not very sensitive to the position of the 7He resonance, i.e. E0. However this is not the
where m is the nucleon mass. Since 6He is heavy, the momentum distribution for 6He is

. , Qt?)
(14)pE : ——

u2

connected with E from equation (9) by
ln equation (10) and (12) p" is the momentum of the 6He or the neutron in the 7He c.m.,

7p"' = —pr€mOt€.i· (13)

where

(12)l// // I/I // /// // = 2rMVP )fB-w(p )6(p +p — p)dp dp dp;.K-)? /

Similarly, we have for the radial neutron momentum distribution

Where prcmovcd is the momenta of the removed neutron scattered on the target nucleus.

—p = —prmmd, 6 (U)

since (gp') is the 7He momenta in the 8He ern., expressed in 6He momenta p', and

(10)P~(P')IB-w(P")6(P' + p" — p)dp’dp"dpIdpz»g= /gydN6 7 g

The observed 6He transverse momentum distribution then has the form
dependence can be neglected when considering the single neutron momentum distribution.
with parameters EO and l`. The l` parameter is taken as a constant since its energy

F"I - (E : —————————- BW ) 2vr(E-E0)2_)_ (9)
I` 1

Breit—Wigner formula,

by fina1—state interactions at the 7He resonance. To describe the 7He decay, we use the
the motion of the removed neutron in 8He. The residual n-)-6He subsystem is influenced
This 7He resonance are clearly seen in figure 5. The 7He motion is assumed to be given by
been removed, we have the 7He subsystem (n+6He) with quantum numbers J" = (3/2)‘
justified by the invariant mass spectrum shown in section 4.2, since after one neutron has
is scattered to large angles not covered by our detector. Furthermore the assumption is
measured to be close to one for the C target (see section 4.1), as the removed neutron
illustrated in figure 4. This picture is supported by the average neutron multiplicity
8He fragmentation on a light target is connected with the one—neutron removal process,
figure 7). As in [20, 22], we therefore assume that the dominant reaction mechanism for
far too wide as compared to the experimental data (see for example the dotted curve in
experimental conditions. This gives rise to a neutron momentum distribution which is
dimensional distribution has to be integrated over momenta in order to reproduce the
where pn is the c.m. momentum of the neutron and po : fi/ro. Finally, this three



240 MeV/ u OCR Output
Figure 5: Relative energy distribution of the 6He+n system from dissociation of 8He at
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if not otherwise stated. From the invariant mass spectrum in Hgure 5 together with the
perimental uncertainty. The value of E0:0.44 MeV is used in the subsequent calculations
agreement, while for the resonance energy a small difference is found, still within our ex
has been reported earlier [25]. Thus, the observed width in our experiment is in perfect
resonance as the 7He ground state for which E0=0.44;l:0.03 MeV and l`:0.l6:l:0.03 MeV
ibration) above the 6He+n threshold with a width F of 0.18:l:0.02 MeV. We identify this
0.38;t0.02;b0.08 MeV (where the latter term represents the uncertainty in the energy cal—
keV FWHM in the relevant range of energy, the resonance energy, E0, is found to be
single resonance state. When corrected for the instrumental resolution, better than 500
threshold. We note from the figure that the entire distribution is described well by a
tron). This Lorentz—invariant quantity is the excitation energy measured from the 6He+n
where EGHE and psyc. (pn) are total energy and momentum for the fragment (neu

E(6H€ + TL) Z \/(EBHS + En)? — (pcm + p,,)2c2 — MGHEC2 — M,.c2, (16)

is presented as a function of the relative energy, E(6He+n), in the 6He+n system defined
The invariant mass spectrum of the intermediate resonance, THe, is shown in figure 5. It

4.2 The “’He+n resonance

in section 3 when discussing the reaction mechanisms involved.

respectively. Thus the average neutron multiplicity is close to one as already mentioned
coincidence with 6He fragment with relative intensities of 20;b3, 71:1:9 and 9;l:2 per cent
the acceptance of LAND ( pr § 60 MeV/ c) we observe zero, one and two neutrons in
plicity accompanying the 8He —> 6He disintegration channel could be determined. Within
removal cross section could be deduced as 0_2,,:0.27j;0.03 b. The apparent neutron multi
From the ratio of 8He ions breaking up into 6He with and without target, the two—neutron
MWDC—2, a reliable isotope identification could be obtained. (See the inset of figure 1.)
mately corresponding to the bending angle in ALADIN, as a function of the x·position in
When plotting the difference of the x—position in MWDC—2 and in MWDC-3, approxi

4.1 Cross section and neutron multiplicity

4 Results

with equal weight.

The observed neutron momentum distribution is then the sum of equations (12) and (15)
where q is the 2-dimensional momentum transfer vector, perpendicular to the beam axis.

(15)I 2 I l pnfpl l FG!aubcr(q)i (Sip +q ' P)¤'Pd<¤1dPziTF? Z 27f/
dN?lauber

initial motion (equation in 8He, and has the form
neutron radial momentum distribution is then a product of the Glauber term [22] and the



ll OCR Output

for 8He together with the reaction mechanism described in section 3. When repeating the
high energy data have successfully been reproduced [22] with a COSMA wave function
be narrower than the distributions at the energy 790 MeV/u. As already mentioned, the
The 6He and the neutron momentum distributions measured at 240 MeV/u are found to

reactions in lead target.

the counting statistics were insufficient to extract reliable momentum distributions for the
widths for reactions with the carbon target are given in table 1. As previously mentioned,
distribution from the reaction 8He —> 6He + X has identical shape. The neutron and 6He
the reaction 8He —> 6He + n + X. This means no limitation as the 6He momentum
thus easily be made. The momentum distributions shown in this work all stem from
width and the beam spread, deduced from the non-reacting 8He (PEN = 31 MeV/c), could
also, the best fit was obtained by a single Gaussian. A deconvolution ofthe true momentum

perturbed by the bending, and corresponds directly to the transverse momentum. Here
direction perpendicular to the ALADIN bending plane) was used. Here, the position is not
an integration. ln the case of the charged fragments, the y-position in the MWDC-2 (the
distribution that factorizes (as do the Gaussian) since the lineshape then is unchanged by
as for the W2—distribution. This is another indication, as shown in [26], for amomentum
the doubly integrated momentum distribution, W1, the Gaussian fit yields the same width
single Gaussian, whereas the simple Lorentzian could not properly describe the data. For
The shape of the experimentally determined distribution was satisfactorily described by a

The neutron distribution was fitted with Gaussian and Lorentzian distribution functions.

W1 : : Wgdpxdpz. (19)iX / dpy
axes perpendicular to the beam, according to

lt was also possible to perform a two—fold integration along the beam axis and one of the

W2: (18)ii.:_@Y_:fW3dp P:/[,2+1,2 dpxdpy Zvrprdpr Z’ T I "
2V

dmdpydpz
W3 (17)

d3N

be obtained as an integral of the three-dimensional momentum distribution
made. We call this the radial momentum distribution W2 (for axial symmetry), which can
the plane perpendicular to the beam axis, only an integration along this axis (z—axis) was
position resolution (better than 7 MeV/c when expressed as transverse momentum) in
neutron was converted into a radial momentum. As the LAND detector has a rather good
and the neutrons. ln the case of the neutrons, the detected position of the impinging
The momentum distributions were extracted in different ways for the charged fragments

4.3 Momentum distributions

state which in turn disintegrates by neutron emission.

anism is sequential, where one neutron is removed from 8He, leaving 7He in its ground
neutron multiplicity, we conclude that also at the energy 240 MeV/u the dominant mech
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with the reaction mechanism in figure 4.
240 MeV/u. The curve was calculated with a COSMA wave function for 8He together
Figure 6: Transverse momentum distribution of 6He from a carbon target at the energy
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corresponding transverse widths for the neutrons.
break-up in a carbon target using Gaussian fits. The values in the brackets are the
Table 1: Widths of the single radial neutron and transverse fragment distributions from
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calculation where we used the value E0:0.32 MeV and f`:0.16 MeV as a dashed curve.
of the neutron width to the position of the 7He resonance, we show as an example a
neutron momentum width at 790 MeV/u [22). ln order to demonstrate the large sensitivity
Note that with this choice of parameters it was possible to reproduce the experimental
used the Breit—Wigner formula (9) with the parameters E0=0.44 MeV and l`:0.16 MeV.
to the sum of equations (12) and (15) with equal weights. In the full drawn curve, we have
neutron momentum measured in coincidence with 6He. The calculated curves correspond
in a stochastical variational approach [27]. ln figure 7 we show the experimental radial

our calculated curve is close to the broad 6He transverse momentum distribution obtained
which describes the high energy data rather well [23]. We would also like to mention that
transverse momentum distribution compared with the calculated result of equation (10)
of energy 240 MeV/u. This can easily be seen in figure 6, where we show the measured 6He
that the calculation overestimates both neutron and 6He momentum widths for projectiles
obtained by integration of these distributions over full momentum ranges.). This means
a relative weight for the distributions (12) and (15), which corresponds to equal norms
at the two different beam energies will be completely negligible (Note that we have used
any case is much broader than dN5S1 / p,dp,, the difference in neutron momentum widths
elementary nucleon—nucleon cross section. But, since the distribution dN,?I““b"/prdpr in
difference arises in the Glauber term in equation (15) which contains the energy dependent
is no significant dependence of beam energy in this reaction scenario. In fact, the only
calculation for the neutron momentum distribution for the lower energy, we find that there

corresponds to the neutron momentum distribution inside 8He.
i.e. equation (8) integrated over longitudinal momenta pz. This broad distribution just
curve, the very broad momentum distribution obtained in the sudden approximation,
E0=0.44 MeV and 0.32 MeV respectively. For comparison we also show, as a dotted
in figure 4. The fully drawn and the dashed curves correspond to the resonance energies
calculated with a COSMA wave function for 8He together with the reaction mechanism
from reaction of 8He with a carbon target at the energy 240 MeV/u. The curves were
Figure 7: Radial momentum distribution of neutrons detected in coincidence with 6He
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branching ratio 64;;,,+.;,, /66;;,,+2,, f 0.05
1The BHe' —+ 4He + 4n channel is also open, but was shown [32] to be much weaker, namely with

about 30% for this decay channel describe the experimental data for the 6He fragment
the 7He resonance, i.e route b.) in figure 9. We found also here that an admixture of
experimental momentum distribution. We have also investigated the sequential decay via
ure 7) for the one neutron removal process, and does not explain the narrow (48.2 MeV/c)
radial width of about 68 MeV/c, as compared with 62 MeV/c (the fully drawn curve in fig
the lower inset in figure 9. The sequential decay via a 8He resonance gives a characteristic
are also encountered when calculating the corresponding neutron momentum width, see
as shown in figure 9, about 30% is needed to explain the experimental data. Problems
6He momentum distribution can therefore not be explained from this channel only, since
this decay channel is weak as compared to the one neutron removal process. The narrow
the low intensity of the 6He-{-n+n resonance and the neutron multiplicity indicates that
30% of this reaction channel is needed (see the upper inset in figure 9). However, both
mental momentum distribution for the 6He fragment we find that an admixture of about
channel is added to the one neutron removal channel. In order to reproduce the experi
We have calculated the particle momentum distributions when an admixture of this decay

which agree well with the values quoted in ref. [32].
corresponds to a resonance energy, E=3.72:l;0.24 MeV, and width, I`=0.53;b0.43 MeV,
olution of about 1.4 MeV FWHM around the resonance energy. We found that the peak
term from the three—body phase space, folded with the experimental response with a res
channel. The full drawn curve reflects the sum of Lorentzian and a smooth background
show the 8He excitation energy spectrum deduced from the invariant mass of the 6He+n+n
decay channel, although weak, have been seen in 6He+n+n coincidences. In figure 10 we
two neutronsl according to the three—body phase volume ( see figure 9). A support for this
internal structure of the decaying 8He* state, it will disintegrate into a 6He fragment and
to its first excited state. This 8He* state lies above the 6He+2n threshold. Neglecting the
assume that the 8He projectile is excited, for a light target as carbon by nuclear forces,
excited state (E:3.57:b0.12 MeV, I`=0.5i0.35 MeV) was recently measured [32]. Thus,
via a low-lying projectile resonance. We will adopt this idea for the case of 8He, whose
cle momentum distributions at low beam energy could originate from a sequential decay
in the halo nuclei 6He and uLi. The authors showed that the narrow part of the parti
mechanism was proposed in order to investigate the consequences of low-lying resonances
will gradually begin to dominate as the energy increases. In ref. [31], such an additional
will compete with the one neutron removal process described in section 3, but the latter
butions. Therefore, we expect an additional mechanism at lower energy. This process
state of 7He is not the only contributing mechanism to the particle momentum distri
results shown in figure 8 indicate that the one—neutron removal process via the resonance
ref. [30] where the momentum widths at different beam energies are summarised. The
beam energy has been found earlier in the break—up of 11Li; see, for example, figure 1 in
width than found at 240 MeV/u. A similar tendency of increasing momentum width with
for the 6He momentum distribution at the energy 55 MeV/u [28] shows an even narrower
from 8He break—up at different beam energies. It is noteworthy that the preliminary result
In figure 8, we give the measured momentum widths of the neutrons and 6He fragments

4.4 Beam energy dependence of the momentum widths
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describe the more narrow momentum distributions obtained in this work.

*8He fragmentation well. However, this reaction mechanism appears to be insufficient to
we use a fragmentation mechanism [20, 22], which describes the high-energy data from
distributions has been found for the well known neutron halo nucleus 11Li. To fit our data,
noted that a similar energy dependence of the widths of the core and neutron momentum
6He and neutron momentum widths from 8He fragmentation on a light target. It should be
the 6He width at 55 MeV/u [28], allow us to speculate about the energy dependence of the
a carbon target at 790 MeV/u These results, together with the preliminary result for
distributions are narrower than the corresponding distributions from break-up of 8He on
and have widths (PCH) of 132 zh 7 MeV/c and 48.2 i 3.5 MeV/c respectively. Both these
the radial neutron momentum distribution are well described by a single Gaussian curve

been measured. The transverse momentum distribution for the 6He fragment as well as
the 6He momentum distributions from fragmentation of 8He on a carbon target have also
240 MeV/u have been measured. Furthermore, the neutron, in coincidence with 6He, and
The two-neutron removal cross section for 8He projectiles on a carbon target at the energy

5 Summary

be considered.

Furthermore, a possible interference effect between the two competing mechanisms might
it should be kept in mind that the structure of the 8He* state has to be investigated.
a contribution from a reaction mechanism through the 8He excited state can be drawn,
but still overestimates the neutron width. However, before any definite conclusions about

and this work (square).
beam energy. The data points are taken from [9] (circle), [28] (triangle),[29[ (diamond)
distributions after the break up of 8He on light targets (Be, C), as a function of the incident
Figure 8: The Full Width Half Maximum, I`, derived from experimental 6He and neutron
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are the same as in figure 6 and 7.
shows the corresponding radial neutron momentum distribution. The experimental data

calculated with a 3U% admixture of the decay a.) via the 8He*, resonance. The lower inset
mentum distributions. The upper inset shows the 6He transverse momentum distribution
neutrons. Both calculations give essentially the same result for the 6He and neutron mo
decay, a.) directly or b.) sequential via the 7He resonance, into a 6He fragment and two
(E=3.57 MeV, T`=O.5 MeV) lies above the 6He-{-2n and 7He+n threshold and will therefore
Figure 9: Sequential decay mechanisms for 8He fragmentation. The 8He* (.]%:2+) state
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