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h Republi
h Inst. of Theor. and Experim. Physi
sB. Cheremushinskaya 25, 117259, Mos
ow, Russia(Re
eived November 20, 1999)Simultaneous measurement of two-nu
leon (nn; np; pp) 
orrelationshave been performed at GANIL for the rea
tion 40Ar+58Ni at 77 MeV/u.The aim of the experiment was to �nd the spa
e-time properties of nu
leonemission pro
ess in intermediate energy heavy ion 
ollisions and to 
larifysome related questions. Comparative analysis for protons and neutronsindi
ates an important role of Coulomb e�e
ts. Quantitative analysis is inprogress.PACS numbers: 25.75.Gz� Presented at the XXVI Mazurian Lakes S
hool of Physi
s, Krzy»e, Poland,September 1�11, 1999. (379)



380 M. Przewªo
ki et al.1. Introdu
tionThe me
hanisms of heavy-ion 
ollisions at intermediate energies, abovethe Fermi energy and below 100 MeV/u, are usually 
onsidered as 
onsistingof two steps. The �rst, governed by the rea
tion dynami
s, is relatively fastand gives 
ontribution to the parti
les emitted at mid-rapidity; the se
ondone, rather slow, is of statisti
al nature and begins after some �separationtime�. Parti
les emitted in this step are lo
ated in the region of target andproje
tile fragmentation.
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0 0.1 0.2 0.3 0.4 0.5 0.6Fig. 1. Momentum distribution of protons and neutrons in the forward dire
-tion of the a

eptan
e of E286 experiment, 
al
ulated using the event generator�SIMON� [5℄.This �
lassi
al� pi
ture seems to be well proved by the experimental ob-servations (e.g. the �at angular distributions of parti
les emitted forward inthe quasi-proje
tile referen
e frame [1,2℄). However, it has been argued re-
ently that the 
onvolution of dynami
al fa
tors with the e�e
ts of Coulomb�eld 
oming from the quasi-proje
tile 
an lead to almost equal proportion ofprompt and delayed 
omponent in the quasi-proje
tile fragmentation regiongiving �at angular distribution observed experimentally [3℄. Some re
entanalyses of experimental data indi
ate indeed mu
h less ex
itation energiesof the quasi-proje
tile [4℄. The di�erent 
omponents of fast and delayedemission, of dynami
al and statisti
al origin, 
annot be distinguished in asimple way.In order to shed some new light on the question of parti
le emission in theproje
tile fragmentation region, to understand the origin of forward emitted
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les and to measure spa
e-time properties of their emission, we haveregistered simultaneously neutrons, protons and light fragments emitted inthe forward dire
tion, (4Æ�22Æ) in laboratory, in the rea
tion 40Ar+58Ni at77MeV/u.Fig. 1 illustrates the expe
ted relations between di�erent sour
es of neu-trons and protons for the forward dire
tion of our a

eptan
e. One 
an noti
ethe strong overlapping of protons 
oming from two di�erent sour
es in thefull interval of their momenta. This e�e
t, related to Coulomb repulsion bythe sour
e of quasi-proje
tile is mu
h weaker in the 
ase of neutrons.2. Experiment E286 at GANILThe measurement of two-neutron 
orrelations at small relative momentais a di�
ult experimental task due to parasite e�e
ts in the dete
tion of neu-trons in 
oin
iden
e. At GANIL the dedi
ated two-neutron interferometryexperiment has been performed for the �rst time in summer 1998 with themodular neutron dete
tor DEMON [6℄. The physi
al goal of experiment wasto �nd the spa
e-time properties of nu
leon emission pro
ess in heavy-ion
ollisions and to 
larify some related questions: sequen
e of parti
le emis-sion, tree-body Coulomb e�e
ts, deuteron formation me
hanism et
. For the�rst time the DEMON dete
tor was used not only to dete
t neutrons butalso to register and identify 
harged parti
les. Simultaneous measurementof two-nu
leon 
orrelations (nn; pp; np), at small relative velo
ities, wasperformed.

Fig. 2. Geometri
al 
on�guration of E286 experiment at GANIL. 1) horizontalproje
tion: a � rea
tion 
hamber, b � beam pipe, 
 � forward blo
k, d � sideblo
k. 2) Front view of the forward blo
k; di�erent sizes of dete
tor modules re�e
tdi�erent distan
es from the target.



382 M. Przewªo
ki et al.The rea
tion 40Ar+58Ni at 77MeV/u was studied. About 70 millionevents with the trigger of at least two se
ondaries registered were 
olle
ted.Simultaneous measurement of neutral and 
harged parti
les in the samerea
tion, in the overlapping velo
ity region and with the same experimentalte
hnique eliminates essentially most of possible experimental un
ertainties.The dete
tor 
on�guration (see Fig. 2) of 
lose geometry was designed inthe way allowing to measure the small relative momenta of several MeV/
.A blo
k of 45 dete
tors was installed in the forward dire
tion (4Æ�22Æ) atmean distan
e 3.2 m from the target. Another blo
k of 15 dete
tors waspla
ed at a mean angle of 60Æ.Dete
tors in the forward blo
k were equipped with the thin plasti
 s
intil-lators (�SYREPs�) lo
ated in front of the fa
e of dete
tors. The signals fromboth parts of the module furnish us with the possibility of parti
le iden-ti�
ation and energy measurement, in the exa
tly same way for neutronsand 
harged parti
les. Dete
tors were arranged in three layers to enable
ross-talk elimination [7℄.
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ation of protons, deuterons and tritons after separation ofneutrons and parti
les with Z > 1.3. First resultsBefore starting the 
orrelation studies we have 
onstru
ted single parti
ledistributions for protons and neutrons in order to make 
omparative analysisand verify the importan
e of the Coulomb e�e
ts. The di�eren
es betweenneutron and proton emission properties are illustrated in the Fig. 4. Neutron
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leon Interferometry : : : 383rapidity distributions in the forward dire
tion have an expe
ted maximumslightly below the value 
orresponding to the proje
tile rapidity. Di�erentbehavior of proton spe
tra 
an be attributed to the e�e
t of Coulomb re-pulsion by the 
harged quasiproje
tile. The e�e
t depends strongly on theemission angle and will be used for the quantitative analysis.
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Fig. 4. Rapidity distributions of neutrons and protons for some emission anglesindi
ated in the �gure. (The experimental 
ut-o� for protons is due to energy lossin the path from target to dete
tor.)First examples of 
orrelation fun
tions are presented in the Fig. 5. Ala
k of Coulomb repulsion in the system of two neutrons results in a posi-tive 
orrelations in the region of small relative momenta due to attra
tivefor
e of strong intera
tion. (Note a strong in�uen
e of the 
ross-talk e�e
tand the result of the appli
ation of the removing pro
edure.) Two proton
orrelation fun
tion have a di�erent shape and instead of maximum � theminimum is observed for the smallest momentum di�eren
es. In order tomake quantitative analysis, the experimental 
orrelation fun
tions will be
ompared with the theoreti
al ones 
oming from di�erent theoreti
al ap-proa
hes: stati
 model of three sour
es, the SIMON model of Durand [5℄,the model based on the Landau�Vlassov transport equations [8℄ and theQuantum Mole
ular Dynami
s approa
h [9℄.



384 M. Przewªo
ki et al.

0

1

2

3

4

5

6

7

0 0.02 0.04 0.06 0.08 0.1 0.12
k*, GeV/c

R
(k

*)

Fig. 5. The two-neutron and two-proton 
orrelation fun
tion plotted as a fun
tionof the half of relative momenta, k�.REFERENCES[1℄ J. Peter et al., Nu
l. Phys. A593, 95 (1995).[2℄ J.C. Ste
kmeyer et al., Phys. Rev. Lett. 76, 4895 (1996).[3℄ Ph. Eudes, Z. Basrak, F. Sebille, Phys. Rev. C56, 2003 (1997).[4℄ O. Dorvaux, F. Hanappe, L. Stuttge, Nukleonika 43, 223 (1998).[5℄ D. Durand, Nu
l. Phys. A541, 266 (1992).[6℄ I. Tilquin et al., Nu
l. Instr. Meth. A365, 446 (1995).[7℄ J. Pluta et al., Nu
l. Instr. Meth. A411, 417 (1998).[8℄ Z. Basrak et al., Nu
l. Phys. A624, 427 (1997).[9℄ Ch. Hartna
k et al., Eur. Phys. J. A1, 151 (1998).


