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Abstract. The coupling of efficient particle angd detection  Ge detectors as well as the particles parameters: energy, type
arrays is a powerful tool to study the deexcitation of both com-of particle (using a cross over method), and time versus the
pound and residual nuclei in fusion evaporation reactions. WEUROGAM Fast Trigger.
show first results obtained coupling the DIAMANT#{4ight : L3
Chargedparicle aray) and EURGGAM(S array) deec- e SpenmIen s done Wit s bear s 120 Mey
tors demonstrating the improvement in the resolving powersgy; target was a stack of two 4@@/cn? foils. Events were
by this combination. Foy rays of~800keV improvements in recorded when at least 4 Ge in EUROGAM and one detec-
the Doppler correction up to 50% have been reached for th‘?or in DIAMANT had fired. The geometrical efficiency of
20 eXit channel following the fusion GFS+*Ni at 120 MeV DIAMANT was ~95%; after the analysis the efficiencies ob-
bombarding energyd ~3%). tained for ana detection was~60%, that for a proton de-
. tection ~70%. In this reaction th€°Ru CN decays via 12
PACS: 23.90+w; 23.20Lv; 25.70.Jj reaction channels, the dominant ones being respectively: 3p
(8’Nb ER) with 43.0%, 4p%zr) with 24.6% and 2p (84zr)
with 22.4% of the total cross section. One of the weakest was
the 2n channel leading t&Zr ER with only 0.2% of the total
Cross section.
Light charged particle detectors used in nuclear reaction stud-
ies, are also an efficient tool in nuclear spectroscopy investi
gations [1] and the combination of an efficient light charged
particle array to an efficient array opens new possibilities
and push further the limits of observation [2]. The #hul-

When so many channels are opened it is of real impor-
ance to obtain the best ER selectivity fgray spectroscopy.
A clear improvement is provided by coupling DIAMANT to
EUROGAM. A simple algebra has been developed [2] to pro-

. _ ... vide estimates on the peak to background ratio (PTB)/for
tidetector, DIAMANT [3], has been designed to detect light lines when using an escape suppressed Ge array alone or in

particles (protonq) and to fitinto the 4 EUROGAMy array  qincidence with an ancillary detector. The PTB (F1) for a

[4].The coupling of these two arrays provides a unique Way71 peak is proportional to the resolving power, JRof the Ge

to study the deexcitation of the compound nucleus (CN) inarray [5] with R =P;.SEAE, where R is the Peak to To-

&al ratio, SE the mean separation energy betweénes and

deexcitation of the residual nucleus (ER). We report here orye yhe resolution of the Ge detectdrluding the Doppler
the improvements obtained ipray spectroscopy regarding o5 4ening. When using an ancillary detector with the Ge ar-

the observational limits obtained for reaction channels with 3ay the PTB (Fi) is just F1=R,F; where R is the resolving

;’ﬁéy Ssng:gtf;oss section as well as the Doppler correction ot yer of the ancillary detector and accounts for changes in
Y .

) _ the properties of the-array (P andéE’). Typical R, values
DIAMANT [3] is based on 54 Csl detectors having an ith DIAMANT, for various channels in the studied reaction,

axial symmetry around the beam axis. Details on the geometryre: 6.3 ¢,2p), 2.4 (3p), 245 (@), all values well above unity.

can be found in [3]. The Csl detectors, optically coupled viaThe observational limit [2] in the-spectra is inversely pro-
light guides to PIN diodes, are housed in a 18cm diameteportional to R,. An illustration is given for the @ channel
chamber surrounded by EUROGAM. The EUROGAMI  in Fig.1 (see legend), which is unobservable in a totspec-
array included 30 Tapered and 24 Clover Anti-Comptoned Gerum. With a selection of one in DIAMANT, R, ~30; Fig.1a
detectors. The data acquisition of these two arrays allowedhows the dominant (2p) channeh-lines; selecting @, the

to register the individual energies and time signals of all the(2p ») ~-lines decreases by 100 and the #-lines show up

with a 10 times better statistic than in Fig.1c (no background

Work supported by IN2P3, INFN, Region Aquitaine and EEC contract Was subtracted in order to compare the PTB in each cases).
ERBCHRXCT930367 In these spectra the Doppler correction was done assuming a
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Fig. 1a—c.vy-spectra demonstrating the selectivity on thechannel for the
58Ni(32s, ) reaction at 120Me\Arrowsnote the 3 firsty transitions in the
final nucleus®Zr. a spectrum gated by & in DIAMANT. b same for a 2
gate in DIAMANT. ¢ same for kv gate in DIAMANT and a 2-0* (407 keV)
~ gate in EUROGAM

mean recoil velocitys; the resolution can be further improved
using the method described hereafter.

Table 1. Comparison of the fwhm obtained with the me@rand the value
(fwhme<e™) when correcting for the evaporated particles. The last column is
the reduction factor deduced from fwhm and fwAtfh

Reaction B fwhm fwhmeer Reduction
Channel (keV) (keV) (keV) (%)

3p 780 4.9(1) 4.1(1) 16.3
1779 12.5(1) 10.0(2) 20.0
4p 751 5.1(1) 4.2(1) 17.6
1493 10.0(2) 7.4(3) 26.0
a,2p 723 5.8(2) 4.0(1) 31.1
1506 10.9(1) 6.4(1) 41.3
a,3p 964 7.5(2) 4.5(1) 40.0
2« 633 7.1(2) 3.7(2) 47.8
847 9.0(3) 4.5(2) 50.0

energies allows a full kinematic correction and hence the di-
rection and velocity of the ER can be determined. This method
improves notably the resolution of thelines as shown in Ta-
ble 1 giving a comparison of the full width at half maximum
(fwhm) calculated with a meafi (as done iny-arrays) versus
the fwhnt°" obtained with DIAMANT.

This improvement is related to the detection of the in-
dividual energies of the light particles and their direction of
emission associated to the second termin Eq.(2), the reduction
factor on the fwhm is ranging from 30 to 50% in channels in-
volving « particle emission and it is 16-26% for xp channels,
which is still valuable. The evolution of the reduction factor
with the energy of the was of course expected from Eq.(1).
This method is promising fofy studies in the mass region
A~40-100 were light charged particle emission is dominating
and~ energies are well above 1 MeV.

In conclusion we have illustrated the improvements in
studying thev-decay of residual nuclei produced in light
charged particles reaction channels by coupling the
DIAMANT array with EUROGAM. Such a linking allows
also, for the first time, precise particle-spectroscopic studies
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As already stressed, the Doppler effect, leading to a broad-

ening of thevy-lines can have drastic effects on the perfor-
mances of ay-array in spectroscopy studies. This effect is
crucial when the recoiling nuclei have appreciable veloci-
ties (3 >2%). Limitations on the Doppler correction are well

known [5, 6]. For light charged particle channels an array such

as DIAMANT is able to bring a significantimprovement in the
Doppler correction. For a-ray (E) emitted by the recoiling
ER, the observed-energy (E) depends on a) the anglé)(

between the Ge detector and the direction of the ER given by

3/, b) on the absolute valyg of the ER velocity by:
E., = Ey(1 + 5 cosbt)

1 2
8= P m(, /myp EpUp — Z v/ m; E;u;p) 2

up andu; stand for the unit vectors defining the direction of the
projectile and the'f* evaporated particleyn,,, m; their mass
and m the ER mass. The ability to identify with DIAMANT
all the evaporated particles, their direction and their individual
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