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I, INTRODUCTION

The evaluation of nuclear radii from total reaction ~ross
section lc‘R} measurements using secondary radiactive beamz has
recently been shown to be possible-” and, at the present, Is the
unique method for studying nuclear matter radii of unstable nuclei.

At high energies (= 800 A-MeV], o, was measured for
several 1ight (2 < Z < B) isctopes using a transmission-type

. 1-3
technique ! .

At intermediate epergies (¥ BO A-MeV), a wider
atomic number range {3 < 2 < 15) 1s attained .t_.lsing the aséoclated—a‘
mei’.hadﬁ_m for Ty measurements.. Although, for stable nuclei, the_
results using the associated-y techﬁique agrée with o obtained by
attenuation method or from elastic scattering, it could fail for

very exotic' neutron rich nuclel which. decay throtgh neutren

" emissien, leaving the final nucleus in the ground state or at low

excitgtion enargy. Thus, for nuclei far from stabiiity, the
results of n-R and nuclear radius obtained by the associated-y
technique should be confirmed by other experiments using different
methﬁds. .

In this. contribution, we present new intermediate energy
measurenents of T for radioactive nuclei obtained at GANIL,l using

a new simple direct technique.

li. New DiRecT METHOO

Secondary radiactive beams were produced through the
projectile fragmentation of a 55 A-MeV ‘“Ca primary bheam on 'a 350
mg/cm2 Ta target. Part "of the secondary beam produced was
transported up to the spectrograph SPEG. At the focal plane, all
particles hirt a telescope constituted by 3 solid state. .silicon
detectors, respectively: a S0 pm AE, a 300 pm x¥y position
sensitive AE and a B,000 um E. The telescope was cooled to about.
-10°C and surronded by an 4w array of 14 Nal(Tf) 13.1 cm large and

23.5 cm long y-detectors. The identification of lincident particles




is. unambiguously given by the time of flight between two
micro-channel plates, located respectively Jjust after the
pr‘oductiop target and just befeore the telescope, and by the energy
_less in the first AE detector.

The direct method for obtaining o'a is very simpile. Th_e
telescope has the double function of detector/target. As in cur
preceeding worksg‘-S), we measure ex_lergyfintegr‘ated reactlion cross
section. All incident particles are stopped in the telescope
detector/target. Events that correspond to reactions in the
detector/target are easily identifled, its energy being different
f‘rpm that of elastic scattering (see f‘ig.l.). In principle we are

not sensitive to reactions with Q='O. or with Q smaller than the

energy resolution of the  detector system. Nevertheless, all

reactions that produce light particles or y-rays do not give a
. signal- proportional to ‘the fimal energy (E-G)., because these

particles will not be stopped or detected in the telescope.
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Fig.1, Schema of the direct method. The reaction probabilify is
the number of inefastic events divided by the number of’
total events. :

In order to correct for the slightly cilff‘erent ‘energy of -

) the inc:.dent particles, due toc the 1% energy- accepta.nc:e of the beam-

hne,_ we used the gquantity _E'i {where E is the energy. depecsed in
- the telescope and T is the time of fl'ight of incident particles)

that is proporticnal to M, for the calculation of oo The energy

resolution obtained for the quantity Er? is 0.23%, corresponding

ig

for example, to 1.7 MeV for ""N. Flg. 2a shows the spectra ET® for

_18N incident beam. The reaction probability {Pr) is calculated

dividing the number of inelastic events (outside of the sharp’

elastic peak) by the total nimber of ‘counts i this spectrum (fig.
2a). Fig. 2b and 2c show the same ET? spectra in anti-ceincidence
and in colncidence wit.h the 4w y-detectors array. In order to
correct for quasi-elastic events in the calculation of_. the
reaction probability, we added to the inelastic events the number
of ¥y-coincidences Iinside the elastic peak, after substra_ctiorl aof,

accidentals. This: correction. represents approxi,mat.ély___az of the

total number  of reaction events. The mean energy-integrated

reaction cross section is definegi by the following equat_io‘n:

R
g : S
. J. o [E]ﬁ dR m 103(1—?] . . :
To= = - LT o (1)
R R . Y N.L'.Rma; o S : -
J'“‘“ dR Ao

-]

\n;her'e- m =28 ié the weight of the Si. target. N.\ the Avogadro nu;nber.
and R e the range of i‘ncident .particles, calculated. using the
tables of Hubert et al.”
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Fig.2. E.'I‘z spectrum. a) Free detéctor/target spectrum; b)

anticoincidence spectrum with 4w y-array; c) coincidence
spectrum. with 4w y-array. The two vertical .lines delimit
the region considered as ineiastic evenls.
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il. DepuciNg THE REDUCED STRONG ABSORPTION RADIUS |

In order: to get informations on the nuclear properties of
the involved exotic nucxel 1t is necessa:'y to extract an energy
independent pa.r'a.meter " Such is the r‘educed strong abscrption

radius, r defined by the relatlonshlp:
¢ (5} = mr° £{E) . L : (2)
R o ) L

As has bee.rx},done in our ﬁregeeding péper*, we_::used for the
function f{E)} the de et al. p'a'.i-a.metr‘izatio'nm. This emplmcal
parametrization has. been:obtained by fitting carefully. experimental
data measured over a_;__la.rge energy_ range (30" to 2000 A-MeV) and
invelving many colli'di'ng' sjstems _w_i:th Ap going from 1 teo 40 and AL
from 9 to 208. Thus, we- obtain:

. : z

2 V- DV A;/3'A:,3 Vb

TE) =mr e (AT AT ra s e~ C(E)| ¢ |- 5
B ° R _ A;’3+A:/3' ] ) Eeu

(3

where A and: A are the':pro\jectile. and tar-get.mass n@bers a=1.835
is an as,ymmetz‘y pa.rameter C(E) ls an- energy. dependent tr‘ansparency
and - Vcb is the Couiomb barrlet' ._'_{‘t:u_e rf should be independent af’
- energy, target a.nd__ projectile, as-' shown in ref. 8: for stable
nuclei. The value of: _rz in this case was found to be z‘ 1.1 £n°.

As' an' example of the' mea.nlng of o‘, the reaction cross section

calculated for the:systeni Si at. incident energy 41+A MeV
.usmg the relation {3] lS pr'esented in fig. 3'as a function of the
particle: path in the Si target . -With respeci te the geometrical
'cr‘oss section, defined as” the S maximum o‘Ri obta.1ned in  this
_"ca.lcuj.atlon, the transpa.rency and Couiomo corrections are only 0.7%

‘and 2 7/.’, respect i ively.
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Fig.3. ¢ as a function of the particle path in the Si target,

caiculated using eq. (3).  The marked zones carrespond to
the effect of transparency (0.7%) and Coulomb correction
(2.7%) with respect to the geometrical cross section.

This feature. supports the reliability of extractiﬁg
accurate Infornations on the geometrical nuclear properties from
the. energy integrated cross section. - In fact.. we performed both
c.orrectidns. assuﬁ:lng for the transﬁarenéy-C{E) the following
linear dependence, valid up to about 100 A-Mev:

C(E}' = 0.31 + 0.01a & Y
o - .

Our resuits show the r': as a function of the '_excess or
deficiency of neutrens (N-2). Neglecting higher order effects and
adopting a stopping power approximation:

% = g0 ) : . S I5)

we obtaln from equaticns 2, 3, 4 and 5:




- m*log [1 - Pre_ac]
v

2
o= : (8)
=Rg" [1-2. 3722 < 0, 0147E—]
E A
. [=. 3 P
where;
_ Aifs_ 173
g=a"T e es 2t L3 (7
p t 173 ,i/3
A
P

We show in table 1, the mean value of r-:' cbtained for all

isotopes measured with two magnetic rigidities. Bp.

V.. CoMpaRIsON: WiTH OTHER METHODS

In fig. 4. we- compare our nev_rr: results. with: our results

from- associated-y technique®®

and with résults -af: associated—;r
from Saint Laurent et al.® " and ‘with resuits of attenuation

technique at 800 A+MeV from Tanihata et al.'™

paraiﬂetrizition described- in the section III. r° data are plotted
. - o . .

as-a function of the lsospin T.

._The. f‘irst conclusion we can infer from ffg_. 4 is that the

values of r:”de'duced' from different experimental techniques and -

different energies agreg'_ rather well. ~ Nevertheless we observe

somewhat. Iérger values of r': obtalned frem the new direct method -

(this work) or attenuation (Tanihata) when compared with results
from associated-y technigue for 'the very neutron rich nucleil (see
S, Mii, PBe) '

" Fer these nuclei, the break-up - reaction -léading to. a

nucleus. in the ground state or at low .éxcitation e:ne;:'g)}r plus one
or several neutrons Is expected tc Increase signif‘icantlys'm.
-'Thus, this 'is a severe limitation on the associated y-ray
.technique, which in this case will underestimate the reaction cross
section and r:. This probiem does not exist in the case of the

direct method or with attenuation methods.

using the same

all "isotopés measured.

rz(f‘mz '

. 61"2 (I%'m-2 )
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For all the measured Iisobars, a strong influence of

. 2
isospin is revealed. We see an increase of r ‘when we go to the
. o

T T T T T I T J L T _l
- o neutron rich side of any of the measured isobars.
“log g Al o
- . .AL. - o iy e The isospin dependence of nuclear radil has been aiready
+ P
12 ] cbserved by Tanihata.m for A=8 and 12. The predictions of the
10 & 1 Hartree-Fock calculations with strong density-dependent Skyrme

- ‘1“ inte_ractionm have given. a fair agreement with +the data of
- oY @ . . . : 2 .
12 _‘QQ L $ Q‘Q Tanihata, reproducing the trend of increasing r_ as 2 _func_:txon of

& _
- . /ﬁ/‘ £ ’ . isospin.
10 | : T

) ) . L e : ) ]
using self consistent nuclear density calculatiens™ underestimated

Ity

Preliminé.ry Glauber-type calculations of oo for-_ A=14,

i 2 2 4 ¥ : - e ‘
12 - 2 § * 1 the increasing béhaviour of r° with {N-Z). Calculations are bein,
~ [f fTE®| o @ _ ine
o 10 b | performed for all isobars and for all measured masses.
E ) ¥ T ' ' :
o téHA=12 ] {I _ . V. CoNCLUSION.
S SR ¥ g !
wby ¢ o5 ot NS | - - |
- o] § k] ?;Q 4 We developed a new simple ‘direct method . for the
oL : l ﬁ T t P measurement of the reaction cross sectioh [trR]_'._ We measurgd.&n
14 | | 1 215 ;‘ . with this method for several ex:tlc nuclzei. and we deduced Lthe
B Cos * ’ T «a reduced strong absorption radii r- The r, obtained in this work
12 + . 2 = T : . :
L s 3 oA [ . E(ﬁ; agree well with these obtained by other techniques. We observed
whk™ - : 4 ' that, for. the very exotic nuclei as “Li, ''Li and '®Be, there is a
) 1 .
_11 6 , ; 3 _:;/2 2 w2 3 5;2 disagreement between the data from direc?. or attenuation technique
T ) ) and the associated-y method. This is explained by the fact that for
- these nuclei, break-up reactlons leading teo a nucleus in the ground
state or at low excitation energy pl\.is one or several neutrons is
expected to increase. '
We observed a strong isospin dependence of - the nuclear
radii. The radii increase significantly when we go to the neutron
) rich side of any measured isobar with masses from A=i0 up to A=18.
Fig.4. Variatien of r oas a function of isospin: square = our work . For heavier nuclei, the effect is strongly reduced, at least in the
'(associlated—'; method) ref. 4, open circle = our work ’ . isoépin range measured. .
(associated-y method) ref. 5, close circle = ref. &, open: . h

triangle = Tanihata data ref. 3, close . triangle = this work
(direct method). o o
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