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Abstract. The pre-emisson of halo neutron pairs from the fusion of *'Li with Si targets was recently
investigated by the dd of anew array detedor. The arrelation function built from a sample of 204true n-n
coincidences, charaderized by alarge crrelation strengh points out to the predominant effed of final state n-n
interadion. It follows that the very narrow neutron pe&k in the forward diredion, observed in the previous
investigations is due to the pre-emisson of neutron pairs grongly focused by thefinal state n-ninteradion.
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I ntroduction

The study of the nuclei far from stability becane possble with radioadive beams .
One of the most interesting feaures of the light very neutron rich nuwlei is their large
interadionradius ( /1/ Fig.1). Isao Tanihata/1/ explained this extended spatial distribution d
the neutrons and the rrespondng narrow momentum distribution by an extremely small
separation energy of the valence neutrons: 250K eV separation energy of the two last neutrons
in *Li, 500KeV separation energy of the last neutronin *'Be.

The nucleon dstribution o *Li is shown in Fig.1 from /2/. The root-mean-square
radius (Rms ) of the cre is 2.6 fm while Rs of the valence neutrons is 4.8 fm which is
comparable to that of a nucleus of around A § /(B \EMARMHINNHG
by a long tail but with low density. The main part of the density distribution d the vaence
neutron is below 1% of the central density /2/. So the term ,, neutron helo”, first time gpeaed
in Europhys.Lett., 4(1987409, given by P.G.Hansen and B.Jonson, seems to be gpropriate
for such adistribution.

The study of the neutron haloin *'Li nucleus

The experiment, propased by M.Petrascu /3/, to investigate the neutron helo nuwcleus
M i, has as departure paint the following hypothesis: due to the very large dimension o *'Li
one may exped that in a fusion processon a light target, the valence neutrons will nat be
absorbed together with the °Li core but will be emitted in the ealy stage of the readion
process

The first experiment has been undertaken in collaboration HH-IPNE — Romania and
RIKEN — Japan in 1995with an ionization chamber of the type ,MUSIC” (built in HH-IPNE)
and a two wall neutron cetedor, ead consisting of 15 dastic scintil ators 2.0x0.06x0.06 m°,
viewed by phaomultipliers at both ends (built a RIKEN) /4/. The experimental investigations
of neutron ge-emisson in the fusion o i halo nuwlei with Si targets have shown that
(40 12)% of fusions are precaled by one or two halo neutron pre-emisson. Also in the
pasition spedrum of the neutrons it was observed a narrow forward peak, much narrower than
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that expeded from COSMA (Cluster Orbital Shell Model Approximation /5/). Within this
narrow peak alarge number of n-n coincidences were observed for *Li.

Therefore it was dedded a new experiment to study the pre-emisson d correlated
neutrons in the fusion d *Li halo nwclel with Si targets. It was built by NIPNE-Bucharest and
RIKEN, anew neutron array detedor (Fig.1).

Fig. 1- The numbering scheme of the aray detedor

The numbering scheme of the aray detedor It consists of 81 detedors, made of
4x4x12 cm® BC-400 crystals, mourted on XP2972 pheotubes. This detedor placea in
forward dredion at 138 cm from the target, was used for the energy and pasition

determination d the neutron aiginating from the target . The experimental arrangement is
shownin Fig.2.

Fig. 2- The general set-up d the experiment /10/

The measurements were performed with *'Li and °Li beams with energy centered at
13AMeV.

The study of n-n correlation

The data from RIKEN were processed in Romania with FOXPRO to get inpu files for
the program PRELNTAS.FOR. The output files from this program contain the following
information: the event number, the detecor number, neutron time of flight, velocity, energy,
momentum and the pulse height.

Asexamples of input and ouput files are:
Input file: d10F.txt
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#4, 3

-30717 19218 the negative numbers allow to identify the ‘ crate’
-30715 13165 mingrs of TDC and ADC

-30713 25562 the positive numbers all ow to identify the aldressof the
#4, 6 TOF and ADC channels

-26611 14342
-26611 18791
output file: d10f.out
#4, 3 TOFch rrdet gch t(ns) v(cm/ns) Ec(MeV) p(MeV/c)
-30717 19218 786 10 447 .28¥02 .463E+01 .111E+02 .146E+03
-30715 13165 877 39 465 .36102 .392FE+01 .797FE+01 .123&+03
-30713 25562 986 77 468 .486G2 .320E+01 .533E+01 .100%+03
#4, 6 Amp.ch& nr.det (for the pulse hight)
In the output file gch represents the cdibration oliained with gamma rays in the same
experiment. They are read from CALIBRN.TXT file.

In fig.3 is $hown the energy spedrum obtained with SFECTRUM.FOR by reading the
neutron energy from output files of PRELNTAS.FOR. The verticd lines 2 and 3 mark the
limits (lower and Hgher) of the *Li beam energy per nucleon entering the 0.5 mm thick Si
detedor. The line 1 marks the lowest energy of the beam at the it of the target. On the basis

of the fig.3 the energy range of pre-emitted neutrons was sleded between 815 MeV. In
building the crrelation function orly this energy range was considered.

Fig.3 - The energy spedrum of the single neutrons from detedors #1-#9

Further the output files of PRELNTA5.FOR were processed in an event by event
anaysis with the am to seled the first order, the second ader, the third order and the fourth
order coincidences. For example, the first order coincidences are those between some detedor
and the dosest detedors, the second ader coincidences are those between some detedor and
the other detedors placal at one detedor distance, and so on.

The aiterion for seleding the true wincidences was that from /6/, i.e. a @incidence
between two detedorsisrejeded whenever the cndtion

E1 > Emin= (M /2) @min OW
is fulfilled. E; is the energy of the first neutron, Eqin iS minimum energy required by the
neutron from the first detedor to travel the minimum distance dnin to the secnd detedor in
the time interval (t. With dyni, = 4.8 cm (the distance between the ceanters of the two neighbar
deteaors) 118first order coincidences were seleded from a total of 570. With dynn,= 1.8cm
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have remained ony 46. The program MENATE /7/ has shown that this criterion hes rejeded
all the aosstalks (c-t) from the first order coincidences. Fig.4 shown the g-distribution (g= |
p1 xp2|/2) for the first order coincidences before and after the ¢t rejedion. One can seethat
the regjedion criterion affeds the g-distribution espedaly at large q values. Using the
rejedion criterion we seleded 46 first order, 71 seaond ader, 46 third order and 41fourth
order coincidences. In all there ae 204 coincidences.

Fig. 4- The distribution as a function d the relative momentum ¢, o the total number of first
order coincidences, true + aosstak (up triangles) and d the true @incidences (down
triangles) with Ghetti-Colonrarejedion criterionfor two values of dyin.

The two-neutron correlation function is given by C(q) = K N¢(q) / Nne(g) in which
N(q) represents the yield of coincidences events and Npe(Q) + the yield of uncorrelated events
/8/. The normali zation constant K is obtained from the cndtionthat C(q) = 1 at large relative
momentum.

To get the denominator we used so cdled “single neutrons products® techni que /6a/.
The denominator was generated by cdculating all combinations (i, j) with i=1,2*nev-1 and
j=i+1,2*nev from the matrix (2*nev, 2*nev) of single neutron samples (nev is the number of
the single neutron products). Fig. 5a shown the g-distribution so oktained for the center zone
of the aray detedor. The large fluctuations one can seein this distribution pants out to the
fad that the single neutron products technique may not completely succeel in de-correlating
these events. Then with the same programs (COMB.FOR with subroutine PROCOS.FOR)
were used neutrons from the outer array zone (Fig.6). Fig. 5b shown the g-distribution, this
time without fluctuations. Fig.5c shown the g-distribution for °Li to confirm that fig. Sbisag-
distribution for uncorrelated neutrons.
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Fig. 5- The g-distributions for the denominator of the arrelation function C(q).

54 78
55 77 53 63 29
56 76 52 64 30
57 75 51 65 31
58 74 50 66 32
59 73 81 67 33
60 72 80 68 34
61 71 79 69 35
62 70

Fig. 6 - The new arrangement of the detedors #29- #35, #50- #81
to get the q - distribution from fig. 5b

Fig.7 presents the correlation function for all 204 red coincidences. The first 4 pants
represent the arrelation function for the first order coincidences. The much lower values of
the points #2-#4 are due to c-t rgjedion (see aso fig.4). The point #1, nd affeded by c-t,
suggests a arrelation strength nea 11. The rest of the points correspondto coincidences of
the secondto fourth arders. The a and b curves were cdculated acarding to egs. (7) and (24)
from /9/ with fo = 17 fm, dy = 2.7 fm and ro values equal respedively to 3fm and to 4.5fm.
The d™ separation d the two neutrons in the moment of pre-emisson is given by ¥ U o It
foll ows that curve a paints out to a separation d™ ~7.5fm and curve b to a separation d™ ~
11fm.
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Fig. 7- The aorrelation function C(q). The arvesa andb are cdculated with the formula
from /9/ for the 2 values of ro.

There ae 3 effeds important for small angle nucleon-nucleon correlations/6ly/: the
short range dtradive nuclea interadion, which credes a positive rrelation, the large range
Coulomb interadion and the Pauli exclusion principle for identicd particles with the oppasite
effed. The final state interadion signature of the rrelation function appeas at very small
values of g, particularly for nninteradions. High q values are important for the normali zation
of the measured correlation function and large solid angle for obtaining good statistics. One
can seethat in ou g-distributionthere aevalues at g as small as2.5MeV/c

The pasgng from a spatia distribution d the pre-emisgon neutrons which would fill a
solid angle of ~ 150 msrad /5/ to a spatial distribution o these neutrons which fill a solid
angle of ~ 9 msrad is interpretated as an evidence of the fina state n-n pue nuclea
interadion. So the nuclea interadion d the two neutrons plays the role of a cnwvergent lens.

For a good statistics it could be useful to have adetedor target of diamond in this
case the screening of the nuclea surfaceof the target can fall by afaaor 2 /10/.

References

I. Tanihata, Nuclea Physics A522(1991) 275¢-292c

T. Kobayashi, Nuclea Physics A533(1993 465c-472c

0 NIB™D Balkan Phys. Lett. 3(4) (1995 214

O NIRTRVNV W B405(1997 224

M.V.Zhukovet al., Phys. Rep. 231 (1993 151

a)R. Ghetti et a., Nucl. Instr. Meth.in Phys.Res. A421(1999 542,
B Nucl. Inst. Meth in Phys. Res. A335 (1993 156-164

7. P. Desesquelles, How to use Menate ? and NIM A307(1991)366
G.l.Kopylov, Phys. Lett. 50b (1974 472

. R. Lednicky, V.L. Lyuboshits, Yad.Fiz. 35(1982 13161330
ONIND Int. Schod Sem. On Heavy lon Physics, 27may-2 june, 2002 Dubrg,
Rusia

oghkwnE

© ©



