
21. International winter meeting on nuclear \ hysics 
Bormio, Italy 24-29 Jan 1983 
CEA C0NF--6651 

FR.?£0«2.3-

PROJECTILE FRAGMENTATION AND LIGHT PARTICLE EMISSION 

FROM 70 MeV/NUCLEON a PARTICLES ON 1 9 7Au 

Y. Blumenfeld , Y. Cassagnou, M. Conjeaud, R. Dayras, S. Harar, R. Legrain, 

M.S. Nguyen, E.C. Pollacco, C. Volant and J.P. Wieleczko 

DPh-N/BE, CM Saalay, 91191 Gif-sur-ïvette ceâex, France 

Abstract 

Light particles (p,d,t,3He) energy spectra from 70 MeV/nucléon a on 
1 9 7 A u have been measured at angles ranging from 10° to 30* in the labora­

tory. The results have been analysed in terms of fragmentation and moving 

thermal source models. It is shown that a induced data display similar 

features as heavy ions data. 
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Introduction 

Projectile fragmentation [1-4] and light particle emission [4-7] from 
heavy ions collisions in the energy range from about 20 MeV/nucleon to 100 MeV/ 
nucléon are presently of particular interest. In order to investigate the sui­
tability of a particles as projectiles for studying these reaction mechanisms 
in this energy range, we have detected the light ejectiles from the a + 1 , 7 A u t 

reaction at 280 MeV. Preliminary results are presented in this report. 

Experimental procedure 

A 280 MeV a particle beam (̂  2 x 10 1 0 ct/s) delivered by the synchrotron 
SATURNE was used to bombard a 1.5 mg/cm2 gold target. Light particles were de­
tected in a telescope consisting of a AE silicon detector (2000 u thick) and a 
E Nal(Tl) crystal (4" thick). Particle identification from AE-E measurements 
was good as can be seen from fig.l. Energy calibration of the Nal detector was 
established using elastically scattered and energy degraded particles. Energy 
spectra were measured at angles ranging from 10° to 30° in the laboratory. 

Results and discussion 

Energy spectra for protons deuterons tritons and 3He are presented in 
fig. 2. A general feature of these spectra is the presence of a high energy tail 
decreasing exponentially with energy. However for the most forward angles a 
broad bump centered at an energy corresponding to the beam velocity can be 
clearly distinguished. 

In fig.3 contours of Lorentz invariant iso cross sections are plotted in the 
rapidity (y • -y log P) transverse velocity plane for protons and tritons. 

il From these rapidity plots, it can be seen that two sources contribute to the 
cross section. One source has a rapidity close to the projectile rapidity while 
the other source seems to be located at a rapidity intermediate between target 
and projectile. 

It can also be noted that for tritons, the transverse momentum width of 
the bean velocity component is larger than the longitudinal momentum width. 
All these characteristics are quite similar to those observed for heavy ions 
Cv Jl';b'ions so we have used the same methods of analysis as for heavy ions. In 
particular we have fitted the high energy side of the protons energy spectrum 
at 10s with a gaussian in momentum space [8] : 
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where p Q is the momentum corresponding to the center of the distribution and 
F(A-F) 

a2 a? 
A-I 

A and F are the projectile and fragment mass numbers respectively and a is 
a reduced momentum width characterizing the intrinsic motion of the nucléons in 
the nucleus. It is possible tc reproduce the proton data with a value of a = 
65-70 MeV/c which is not very different from the width that can be deduced from 
higher energy measurement [9,10] ( < P 2 W 2 - A a0 - 130 MeV/c •* o 0 - 75 MeV/c). 

We then performed a two component fit to all the protons spectra. One 
component was described by the fragmentation model with 0 o « 65 MeV/c and the 
second component was described in terms of a maxwellian distribution in a 
frame that moves with a velocity intermediate between target and projectile : 
[6] (moving source model) : 

dldlT - N^E-ZE,.) 1/ 2 exp (-(E-ZEC + E% - 2Ej/ 2 (E-ZE C) X/ 2 cos 0)/T) 

Here ZE C is the kinetic energy gained by the light particle of charge Z 
in the Coulomb field of the target, E x • mv 2/2 is the kinetic energy of a par­
ticle at rest in the moving frame, T is the temperature of the moving source, 
8 is the detection angle and N an overall normalization constant. The results 

o* 
of such a two component fit for protons are shown by the solid lines in fig.2 
while the dashed and dotted-dashed curves represent the moving source and frag­
mentation components at 10° respectively. The temperature of the source extrac­
ted from the proton spectra is 11.3 MeV. 

Increased transverse momentum widths have already been observed for heavy 
ions fragmentation around 100 MeV/nucléon [2]. This effect has been attributed 
to the orbital deflection of the projectile prior to break-up. The orbital de­
flection gives an additionnai dispersion of the transverse momentum [2,8] : 

°i <*> - -sir °° * ATFTT a2 
where a 2 • 1 <p 2> is the variance of the transverse momentum of the projec-
tile at the time of fragmentation. a 2 can be derived [2] from the calculation 
of the classical deflection function in the Coulomb and nuclear potentials, 
assuming a Wood-Saxon form-factor for the nuclear part (r0 * 1.2 fin, a • 0.6 fm, 
V * 60 MeV) Another input to the calculation is the ratio of the cross sections 
a (fragmentation) / a tot * 0.6which defines the range of impact parameters b 
over which the deflection function operates. Then a 2 - 1 P.2 N(b) sinz9(b)db 
where N(b) • Z/(R 2~b 2) is the weighting factor for impact parameter. This or­
bital dispersion gives 
l , 0 [2]. 

the general trend of the data observed with * 100 MeV/n 
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We can rewrite the differential cross section in momentum space as : 

d 3a ,-(R--<P/A>)
2 p 2 

-75— « exp ( -i-2—S— - £ ) 

All the deuteron, tritons and 3He spectra were fitted with a two sources 

model. One component was the moving thermal source the other component was a 

source with beam velocity and is described by the fragmentation model with 

„2 , F(A-F) _ 2 . F(F-l) _ 2 

°± " T = T - a o + ÂTÂ^TT a 2 

o£ - F (

A

A " , F ) and a » 65 MeV/c " A-l o 

The solid lines on fig. 2 represents the results of the fits and the dashed and 

dotted-dashed lines are the moving source and fragmentation components respecti­

vely at 10°. 

In fig. 4 the transverse momentum widths extracted from the fits are plot­

ted as a function of the fragment mass number and compared to the predictions of 

the orbital dispersion model with potentials 40 MeV and 50 MeV deep. In this case 

the orbital dispersion model also reproduces the general trend of the data. 

The temperatures of the moving source for d, t, and 3He extracted tempera­

tures from the fit are 14.1, 16.4 and 14.3 respectively. The temperature obtai­

ned for protons is plotted in fig. 5 (taken from ref.[6]) with other temperatures 

obtained at different incident a energies [11,12]. 

These temperatures show the sane smooth increase with incident energy above 

the Coulomb barrier as the heavy ion data. It can also be noted that with inci­

dent a particles the extracted temperatures from d ant t spectra are higher than 

the temperature deduced from the proton spectra. 

Conclusion 

70 MeV/nucléon a particles induced reaction display features very similar 

to those observed in heavy ions reactions, for projectile fragmentation as well 

as for light particle emission. This shows that ot induced reactions could be a 

useful tool to study these reaction mechanisms. 
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FIGURE CAPTIONS 

Fig. I. AE-E dot plots for 280 MeV o on 1 , 7Au at 30" in the laboratory. Two 
different AE gains are presented. 

Fig. 2 p, d, t, 3He energy spectra from 2?0 MeV a on 1 , 7Au. The solid lines 
represent the results of the fits described in the text. Dashed and 
dotted dashed lines are for the moving thermal source and fragmentation 
components respectively. 

Fig. 3 Constant contours of ILorentz invariant cross sections in arbitrary units 
as a function of fragment transverse momentum and rapidity for protons 
and tritons. 

Fig. 4 Transverse momentum widths as a function of fragment mass number. 

Fig. 5 Moving source temperatures as a function of the incident energy above 
the Coulomb barrier per nucléon (tableau from ref. 6). 
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