ANNUAL REPORT
1984

Report INFN/BE-85/1




INTRODUCTION

The 1884 has been the first year of full operation of the
XTU Tandem accelerator for routinely planned experiments in
nuclear physics.

The Tandem has operated at an average voltage of v13 MV,
a very large variety of beams ranging from proton up to bromine

has been accelerated. The largest fraction of the research

program has been done with heavy ions (A212, typically Si, S).

- i

Interesting and successful experiments were performed in the
fields of nuclear structure and reaction mechanisms; some pro-
mising werk in ultrasencsitive Tandem mass spectrometry has also
b

sometimes crowded around the accelerator.

en started. More than 15 research groups have alternated and

MY

]

In parallel the beam time request at the small Van de
accelerators (7 MV - CN and 2 MV) has increased. This shows an
increasing interest in the fields of applied nuclear physics

work in biophysics, solid state, neutron deosimetry, environ-

Two successful meetings were organized =t the Laboratories:

"Three-day in d

®

pth review on the nuclear accelerator impact in
the interdisciplinary field" (May 30 - June 1, 1984) and
"ESONE CAD Seminar, General Assembly and CAD exhibition"

n
(September 26-28, 1984).

Prof. Cosimo Signorini
Director ‘
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APPLICATION OF THE TRANSIENT MAGNETIC FIELD TO THE g—-FACTOR
MEASUREMENT OF THE LOWEST 372 AND 5/2 STATES

g

D. Bazzacco®*, F. Brandolini®, M. De Poli°, P. Favan¥®,
C. Rossi Alvarez*, K. Zannoni#

* J.N.F.N., Seztone di Padova and Department of Physics, University of
Padova (Italy)
o I.N.F.N., Laboratori Bastonali di Legnaro, Legnaro (Italy)

The transient magnetic field (TF) experienced by swift
nuclei recoiling in saturated ferromagnetic media has found a
very remarkable application in the measurement of the magnetic
moment of excited nuclear states!).

In the present work we consider the lowest 3/2° and 5/2
states in JGHAg and '?%Ag which were Coulomb excited with a
30 MeV ?2%S beam from the XTU Tandem accelerator of the L.N.L..
The silver targets consisted of 600 pg/cm? of *%7Ag and *%°Ap
evaporated on 2.2 mg/cem? of iron backed with 3.5 mg/cm? of
copper. The gamma rays from the investigated states were detect
ed with four 4"x4" Nal detectors in coincidence with backscat-
tered *?S ions detected in an annular parallel plate avalanche
counter (PPAC). ‘

The PPAC has a dimension of 4 cm x 4 cm and a 3 mm central
hole; the entrance window was a 2 pum thick macrofol foil (Bayer),
the pressure of the iscbutilene gas was 10 mbar and the operating
voltapge was 450 volts.

The entrance and exit velocities of the recoiling silver
nuclel in the iron foil (vip=4.4ve and veoyut=2.0vp with vge=c/137)
were deduced from the kinematic of the reaction assuming the
Ziegler stopping powers?)

A sketch of the scattering chamber used in the measurement
reported here is shown in fig. 1. The thermal contacts were im-
proved by directly screwing the sandwich target between the pole
tips of the dectromagnet with a copper frame. The gamma detect-
ors were located on a turnable table at a distance of 16 cm from
the target. Two detectors were positioned at *42° and the other
two at *#112° with respect to the beam direction, in order to get
a good sensitivity for the dipole 3/27+1/27 and quadrupole
5/2°+1/2~ transitions, respectively.

Furthermore a germanium detector was positioned at 15° for
monitoring the adherence of the target layers. An external field
of only 0.012 T saturated the iron foils to more than 30% as was
checked with a high sensitivity induction coil magnetometer
With such a low field beam bending effects were negligible. The
direction of the magnetisation was reversed about every 2 minutes,
at prefixed integral counts in the PPAC, in order to reduce pos-
;ible systematic errors.

The observed effects for a pair of symmetrical detectors,
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Fig., 1. = Sketch of the scattering chamber. The numbers denote
the following: 1) 2 mm diaphragm, 2) PPAC, 3) soft
iron sncul, Y4) sandwich target, 5) pole tips,

6) Faraday cup, 7) coil, 8) LN, container.

ed with those cbtalned by a #2° protation of the turn
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the approximation ¢35-A80 holds (where

the slope of the angular distribution) one can easily

uce the angular precession due to the transient field.
a5 in our case, the lifetime of the investigated states
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As a conseguence, under the assumption that the TF is si-
milar for neighbouring atomic numbers, we could get absolute
g-factor values after comparison with the precession observed
in similar conditions in '?%Pd where for the first 2% state

g=0.40 (2) is




The experimental data and results are summarized in table
and the obtained g-factors agree with the prediction of the
Interacting Boson Fermion Model (IBFM).

The mean transient field observed in the present experiment
was of the order of 1.5 KT.

According to more detailed studies!), the velocity depen-
dence of the TF can he approximated by the empirical expression

ETF:u-zl-l-uﬂ'“SHVU KT.

From the present study we deduced a=14.1 for the case of the
investigated nuclei.

TABLE
Nucleus I Ex (MeV) AB (mr) E

107ag 3/2” 325 i RS Q.70 (9)
5/27 473 12.8 (1B) 0.45 (6)

103 4p 3/2 311 22,9 (24) 0.79 (12)
5/2° 415 10.7 (1u) 0.36 (6)

106pg " 512 12,6 €9)
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TRANSIENT MAGWNETIC FIELD FOR SILICON IN IRON
AND GADOLINIUM AT A VELOCITY OF 7.5 wvo

[

Bazzacco®, F. Brandolinmi®, FP. Pavan’', C. Rossi Alvarez’,
R. Zannoni®, K.H. Speidel®, M. de Poli*

" I.N.F.N. Sezlone di Padova and Department of Physics, Pa-

dova University {(Lltaly)
¥ Technische Universitdt Minchen, Garching (Germany)
L NL.F.N, Laboratori Nazionali di Legnarce, Legnarc ([taly)

A recent measurement (1) at a recoil velocity of 7 wvo
{ve=c/137; has shown thal for oxygen the transient magnetic
fieald (Brr} is 2.3 times stronger in gadolinium than in
iron. This finding is 1n contrast tc the scaling of Brr with
the electron polarization density (which 1is similar for
these ferromagnets) as observed at lower recoil velocities.

We have therefore investigated the case of silicon re-
coiling into iron and gadolinium with the purpose of looking
for a simiiar effect, which would strongly favour the use of
gadolinium as ferromagnet in Lransient field measurements.

We used the inverse reaction 9He(283Si,a¢) at B3.2 MeV in
corrvrespondence  to the prolific 11.65 MeV resaonance in the
direct reaction. The 1779 ke¥ gamma rays, depopulating the
first 2+ state in 28S8]1 (=700 fs, g=0.53) were detected by
four Nal 10.2 ecm = 10.2 cm located at +B8° and +112° at a
distance of 16 cm from the target. Moreover a germanium de-
tector was positioned at 15 in order to check the laver
adherence.

The gamma rays were recorded in coincidence with alphas
detected in  forward direction by a surface barrvier Si de-
tector. In the 1iron experiment a 80 nA beawm impinged on an
annealed 1.3 mg/em® thick iren foil, implanted with Bx10t7
at/cm® helium at 40 keV. The foil was backed by 5.8 my cm?
of evaporated Ag.

In the gadolinium experiment a 30 nA beam was sent on an
annealed 2.5 mg/em® Gd, implanted with 10'% at/cm® helium at
A0 keV and backed with 10 mg/em” Ag. The mean entrance ve-
locity was H.2 ve while the exit velocity was 6.9 v..

The targets were cooled wilh a liquid nitrogen crvestat.
The experimental procedurs is similar te that reported in

rel .2,



Preliminary results are summarized in table.

host V/vao terr(fs) A8 ({mrad) Besse(T)

Fe 7.8 T4 3.4 ' 1835(380)

Gd T.5 143 5.0(10) 1610{380)
No enhancement of Brr{Gd) over Brr(Fe) has been
observed. Further measurements are planed in eorder to

increase the reliability of the data and to get information
at higher recoil velocity.

References
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TRANSIENT MAGNETIC FIELD FOR NEON AND
SILICON IN GADOLINIUM AT A VELOCITY OF 2Zwe

D. Bazzacco", F. Brandelini®, P. Pavan®, C. Rossi Alvarez"’,
R. Zanneni®, M. de Poli*

° I.N.F.N. Sezione di Padova and Department of Physics, Pa-
dova University (Italy)
* I.M.F.N. Laberatori Nazionali di Legnaro, Legnaro (ltaly)

In transient megnetic field measurements, gadolinium can
be a more convenient ferromagnet than iron, since it gives
rise (for not shortliving states) to bigger effects. In fact
in beth ferromagnets the transient field has nearly the same
strength at low recoil velocities but the stopping power
dE/dx for gadelinium is about two times smaller: i1.e., for =a
given energy loss, the transit time is correspondingly in-
creased,

The functional dependence of the magnetic transient field
Brr on the velocity v and on the atomic number Z: and Zz is
not vet well understood. In particulat the low velocity data
are rather scanty for light nuelei ({1}, Furthermore they
were mainly obtained with a thick gadolinium backing, which
leads to several difficulties in the interpretation of the
data. Neon and silicon hasve been chesen as first candidates
to be investigated at Lhe CN accelerater, since they previ-
ously have been studied in iron. The experimental set-up was
similar to that reported elsewhere in this report (2).

In the case of neon the reaction 18F{a,p)2ZNe at 8.05 MeV
has been used to populate the 2* state at 1275 keV¥ (r=5.2 ps,
€=0.33). The target consisted of 150 pg/cm® of LiF on a 1.1
mg/ecm® Gd layer, backed with 1.5 mg/emn® of evaporated gold.

In the case of silicon the reaction 288i{a,x’') at 11.65
MeV was used to populate the 2Z* state at 1779 keV (=700 fs,
g=0.53). The target consisted of 100 pg/cm® of 51 on a 1.15
mg/cm® Gd layer backed with 2 mg/cwm® gold.

The observed precession of the angular distribution A® is
related to the effective field Berr by the formula Af=g . pu/-
Bevsrr terr, where the effective time ters takes into account
the effect of the lifetime of the state on the transit time,

Beam bending effects were measured and found to be neg-
ligitle. The results are summarized in the table.



HUCIEUS Vl.n..'f'ﬂ"r_: Vuul.-"v.u tq:’f[rﬁ) L\'e(mrﬂ.d) BL{!E‘.‘(KTJ
22 Ne 1.8 0.9 460 1.6 (3) 260
28351 2.4 1.2 294 2.46(15) 430

Together with the high velocity data the observed transi-
ent fields can be described by a linear expression of the
form Bre=l1T+Z2-v/ve (Tesla).

More experimental information is desirable in order to
complete the overall picture.
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BACKWARD ANGLES RESONANCES IN THE YIELD OF THE (a,a’)
AND (a,p) REACTIONS FOR THE NUCLEI 29Ne,24Mg,2885i,32§

o

Bazzacco®, F. Brandolini®, P. Pavan’, C. Rossi Alvarez °,
R, Zeannoni® and M. de Poli*

o

° I.N.F.N. Sezione di Padova and Department of Physic, Pado-
va University {Italy)
* T.N.F.N. Laboratori di Legnaro, Legnaro (Italy)

The reactions {a,a’) and {a,p) on light even—even nuclei
can be a very convenient mean to populate states, to be used
as probes in transient field measurements. In fact the re-
sidual nucleus, corresponding to a light particle detected
at backwerd angles, is fully aligned, which is a determinant
advantage when measuring integral angular precession.

On the other hand, since the differential cross—-section,
at backward angles strongly fluctuate as function of the
beam energy, it 1s convenient to look for suitable reson-
ances.

As first candidates we have selected the self conjugated
nuclei 29Ne, 24Mg, 28Si, 328 for which the (a,a') cross-
section 1s particularly strong. We have measured the popula-
tion of the first 2* and 4+ states in {(a,a’) and, in the
case of 288i, also the (a,p) vield to the lowest 3/2* and
5/2t in 31p.

The measurements have been performed at the CN acceler-
ator using a doubly charged alpha beam of about 20 nA. The
vie:lds were measured in the energy range 8-14 MeV in steps
of 30 keV.

The particle detector was an annular surface barrier 5i
detector with an area of 300 mm® and a thickness of 300 pum
located at backward angles at a distance of 2.5 c¢m from the
target.

In order to be able to reduce contamination effects and
to discriminate between alphas and protons, the particles
were taken in coincidence with four Nal detectors placed at
+45° and *135° and at 10 cm from the target,

The coincidence date were recorded 1in list mode on mag-
netic tape as 4 triparametric events using the SADIC ac-
gquisition system. The data were then analysed off line.

The 2°Na target was prepared at the Catania Department of
Physics by implanting 3x10'7 at/cm® 2°Ne at 100 KV on a 2.3
mg/cm® Ta foil at liquid nitrogen temperature. The other



used targets were as following: 50 pg/cm?® natural magnesium
on 2.3 mg/cm? Ta; 65 ug/cm® natural silicon on 20 ug/ecm® C;
100 pmem?® natural sulphur on 2.3 mg/cm?® Ta=a.

The yield measurement was greatly simplified by a semiau-
tomatic procedure, which also writes on the tape the N.M.R.
frequency associated to the point. A typical partial vyield

is shown in Fig. 1. The highest point corresponds to a cross
section of about 100 mb/sr.

— YIELD SI 28 2+

:

i

1000 |

i i A

11.5 12.0 12.5 13.0 13.5 14.0
Enargy Ma¥V2

Fig., 1. Alphas yield as observed in 285i(a,a’) for the first
2+ state.
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HIGH SPIN STATES IN  IC

A.M.Bizzeti Sona, P.Blasi and A.A.Stefanini

Dipartimento di Fisica - Universita di Firenze

I.N.F.N, - Sezicne di Firenze

As a part of a systematic investigation of nuclei with Z 40-50 (gQ/? proton
shell) the high spin states of 98TC have been investigated via the reacticn
94Zr(7Li, 3n) 98Tc by in beam Yy spectroscopy measurements. Previocus studies on
this nucleus have been carried out by our group L) and by other authors 2,3)
mainly via the (p,n) reaction and only levels with J < 7 have been observed up
to 714 keV excitation energy.

In the present experiment the 7Li beas of the Tandem XTU of Laboratori Nazio-
nali di Legnaro has been used to bombard a self supporting 94z, target (618
A4g/cm2 thick; 91.2 % enriched} in order to populate the high spin states of
98T¢, Behind the 24Zr target a thick 298Pb layer (99.0 % enriched) was placed
as beam slopper,

Gamma rays have been detected by three coaxial Ge(Li) detectors with 18% ef-
ficiency and ~ 2 keV resolution at 1170 keV, placed at -90°, 0° and + 90° re-
spectively to the beam direction.

A typical Y spectrum is shown in fig.1l.
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Excitation function, X—-Elcoincidences and 0°-90° anisotropy have been mea-
sured for several ] transitions.

Excitation functions were obiained in the energy interval 23-31 MeV and " fhoil §
coincidences were performed at E{7Li) = 26.5 MeV in the standard three parame-
ter mode for each detector pair.

The main results are summarized in Table I and the obtained level scheme of
95Tc iz shown in fig. 2.

21 new levels with high spin, up to J=14, have been observed. Spin values
shown in the Figure are deduced from E‘ray excitation functions, 0°-30° aniso-
tropies and relative intensities.

The J=8 state alt 764.3 kel is probably the expected highest-spin member of
the ﬂ’gg;g & V E7y/o multinlet, although its energy is larger than the value
predicted on the basis of the "parabolic r‘ule"3 .

Tae tentative parity assignments are based on the decay systematics. Conver-
sion electron measurements are in progress to verify the parities of the levels,
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75.6, 268.9, 416.0, 441.0, 452.5, §85.3
106.5, 325.0, 202.0, 416.0

106.5, 323.3

EX {KeV) Concident X - lines {KeV¥)

Gihs.3 7%.6, 106.5, 323.3, 334.6, 373.5, A03.0, 441.0, 452.5,-
619.6, U25.8, 9B84.3

212" 106.5, 323.3, AlG.0, A52.0

7501 | 75.6, 227 223.3. 402.0, A11.0

766.G 341.9, A41.0, 932.1

705,40 106.5, 323.3, 416.0, 441.0

uzs.ug) 106.5, 323.3, 202.0, 416.0, 441.5, 452.5, 68%.3

09z2,7 106.5, 996.5

a1z 0% {(71.9), {75.6), 106.5, Al6.0

312.1 106.5, 320.8, 341.9, a41.0

apa.3 75.6, 106.5, 2G6.9, (373.5), 4i6.0, 452.5, 68%.3
{(751.1), (825.8)

996.5 106.5, 229, 447.0, 892.7

1101.6 106.5, 341.9

n) unattributed

L) doublet

¢} in colncidence with the 452.0 FeV pamma

d

in coincidence wilh the A%2,%5 KeV pammi

g7
¢) ConLlrilulion of the Te overlopping line has

heen subtracted

an
) Centribution of Lhe Mo everlapping line has

been subtracted

cdineident Ylnes ul N0, 376, GRO, 707 and 025
YieV which deon't helong to Lhe
of thelr excitation fonction, are alsce present.

B!
"Tc,on Lhe basiz

¢l
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Conversion electron measurements in Rh and Rh
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1C0 102
The previous ressarch on the level schemes of Rh and Rh,
. o i T T . 100,102 _
performed with the Rulp,n, ¥) Rh reactions, has been extended

with the measurement of electron conversion coefficients, in order to

determine the multipolarity of the different transitions.
Measuremsnts have been performed at the CN accelera%gg of
L.N.L., at proton energies of 6 Mev (for Rh) and 4.5 Mev {({for LRh).

Electrons were deflected with the large-acceptance electron spectrometer
described in ref. 1), and their energy was measured with a Silicon detector,
coocled_ at the liquid nitrogen temperature. Gamma rays were detected with
a 2 cm hyperpure Ge counter.

Two preliminary runs of measurements gave the resulls shown
in Table I.

At the low energy considered here, and for nuclei of this
region, prompt ¥ trensitions are almost pure El or Ml. Since the correspon-
ding electron—conversion coefficients differ by about a factor two, it
is possible to distinguish between E1 and M1 also with a limited accuracy

L was therefore possible to assign, on the basis

29

of the present results”™

of the measzurements,

a positive parity to the levels at 1?%f§ keV,

248 kevV and 282 keV in Rh and at 105.2 keggand 178.7 keV 1in Rh and
a negative parity to the level at 123.8 keV in Rh.

These results confirm +the teg%ative parity assignments made
on the only basis of the level schem?no’ , assyﬁ%ng that the two almost
independent ¥ cascades observed in Rh and Rh develop along level

groups characterised by opposite parity.
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TABLE I - Conversion coefficients

Transition Level energy (KeV) CXK X 100 Proposed
Energy Intensity' Initial Final Exp. Calculated Multipolarity
Lg(ke\«') Iy E, Ef M1 El
102

Rh
95.3 158 302.2 206.9 41 + 11 34.4 14.5 M1
101.7 148 206.9 105.2 28.7 12.2
103.1 84 259.6 156.5 }16 + 3 27.5 11.7
| 105.2 1,000 105.2 0 26.0 11.0 | El
| 123.8 322 123.8 o] 14.2+3 16.6 6.9 ! M1
. - |
| 135.6 30 399.4 263.8 12.9 5.3
| 4.7 +0.7 i El
| 136.7 313 178.7 41 .9 - 2.6 5.2
| 182.1 78 305.9 123.8 5.4-0.9 5.8 2.3 M1
100
U RK
151.8 1,000 151.8 9] .a.O+_0.8 9.4 3.9 El
173.3 419 248.0 74.8 7.7¢1.5 6.6 2.6 M1
267 .2 439 282.0 74.8 3.9:-_0.8 a1 1.6 M1

-

relative to the

Yy -intensity of the 1

and to thet of the 151.8 KeV line for

10
.2 keV line for 2

Rh X —-transitions .

Rh x‘-transitions




PENETRATION EFFECTS IN THT CONVERSION PROCESSES OF THE
7/2{ —» 5/2] AND 5/27 —1/2} TRANSITIONS IN shdop

A. Giannatiempo, A. Passeri and A. Perego
Dipartimento di Fisica dell'Universita e Sezione IL.N.F.N., Firenze (Italy)

Penetration effects in the conversion process of the 7/2% 5/2%,
171 keV and 5/2%—w 1/2%, 245 keV transition in '~ 'Cd have been studied (1),
The levels of interest have been populated in the decay of lllln (T% = 2.84)
produced tnrough {p,n) reaction. The irradiation has been performed with the
proton beam of the CN accelerator of the L.N.L.(E_= 4 MeV).

Electron spectra have been analyzed by means of a magnetic tran-
sport electron spectrometer (2) _ overall efficiency ~ 1%, A p/p = 18% |
deflecting electrons onto a 500 mm~ x Smm Si(Li) detector (cooled to the 1li-
guid nitrogen temperature) having 3.2 keV resolution at 200 keV. Gamma spec-—
tra were simultaneously recorded on a 2 cm? H.P. germanium detector whose
resolution was (0.7 keV at 200 keV,

From the relative intensity of the conversion lines it has been
possible to deduce the following limits for the penstration parameter A of
the M1 component in the 171 keV transitien and 11 for the E2 245 keV transi-
tion: 0 < A(171) < 2.3 and -0.4 ¢ 31(245) < 1.9

By comparing ~# (171) with the values that we have recently de-
termined for the correSpondin% 7/2%—% 5/2% transiticns in L07¢cd to IOQCd, a
a regular decrease in A from 97¢4 to 1110d,4as been found, irrespective of
the M1 hindrance factor. Therefore the monotonically increasing relation given
by Subba Rao (3) between penetration parameter and hindrance factor does not
apply to the M1 transitions in these nuclei. As for the slightly inhibited
24% keV, E2 transition we cannot confirm the large penetration effects repor-

ted by other authors (4).

(1) A. Giannatiempc, A. Passeri and A. Perego: Z.Phys.A-Atoms and Nuclei
319(19841153

(2) T. Fazzini, A. Giannatiempo and A. Perego: Nucl. Instrum. Methods
211(1983)125

{3) B.N. Subba Rao: Phys. Lett. 56(1975)435

{4) A.G. Troitszkaya, V.M. Kartashov and G.A. Shevelev: Izv.Akad.Nauk SSSH,
Ser.Fir. 45(1981)118
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Levels in SOTi have been populated via the 49Ti(d,p ) ) reaction by bom-
barding an 1 mng /c:m2 thick self-supporting enriched ta\f‘get of 49Ti with 6
MeV deuteron heam from the CN accelerator of L.N.L. Two sets of prolon-gamma
coincidences have been simultanecusly recorded between each of two silicon
detectors (placed at + 45° to the beam direction) and a hyperpure Ge detec—
tor (placed at 90°¢ in the reaction plane). The data have been. stored event
by event on magnetic tape and analyzed off-line. A consistent decay scheme
up to an excitation energy of 6.7 MeV Decay schemne and lifetimes of excited levels in *°Ti
has been established. In particular
the existence of a doublet at an exci-  Table 1. Lifetmes of levels in °Ti.
tation energy of 4.172 MeV has been

. L. ErevalkeV) £(keV) ) “t{fs)
established exploiting the different el !
Doppler shifts observed for the gamma 4146903 1472.1£0.2 070003  48%°
. . . ’ 1497.1 £0.2 0.04 £ 0.04
rays involved in the decay. This dou- 4171.8+0.3 {2618.0&0.3 0.04 £ 0.04 > 1200
blet wost probably corresponds to the 4172.3+0.5 2618.6£04 0.93+004 <16
(2%,3%) doublet predicted long ago by 4789 £ 1 ?2;;;‘;04 g?;zgg; <20
X . . - A + &3
Johnstone (1). Lifetimes or lifetime 4880.520.3 22056401 0254001 0w
limits for 14 levels have been deter- S185.6 < 0.4 ig;?if“ ??El’ig?;‘ <10
. i ] 110
mined. The results are summarized in 1207.7 £ 0.3 058 £ 0.10 2
207. . . . a7*
Table I. 3379.3£03 27048504 0.74 £0.05 -10
1690.0 0.7 0.76 £ 0.20 - 27
3836907 362+ 1 076£0.15 -
760.5+ 0.4 0.64 £0.20
32705+ 1 0.84 £0.03 .7
X 277
5945.920.5 32705t 0.81%0.09 s
3270.5(pE)t 0.84 £0.10
1242.4 +0.2 0.66+0.08
6122.9 204 1975.820.6 0842015 5510
2925 +1 (.61 £ 0.09
1498.8 £ 0.4 098+0.15
63793104 2"323:07 0.85+0.13 <27
3[8]:!:1 090+0.11
64809+ 0.5 2309.1+04 0912007 <24

2348.5 2 0.7 092+0.13
2373.3+0.6 0.97=0.12

6520.3 £0.5 38455410 092+£0.03 1113
3845.5(sE)t 0.87+0.10
3845.5(pE)t 0.96 £ 0.07
1524.24 0.2 0.83+£0.07

6710004 23000104 0.98 = 0.08 168
538 5104 0.88 £ 0.05

1 sE. single escape peak; DE, double escape peak.

{1) I.P.JOHNSTONE, Phys.Rev. C17 1428 (1978)
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The 2H (e ,ep)n reaction has been widely investigated in the past,
mainly to get information on the potentials between clusters (e ,p,n),
comparing sxperimental data with theoretical predictions based on the
numerical solution of Faddeev equations.

This appreoach implies a three-body model in which the alpha particle
is assumed as structureless and its internal degrees of freedom are taken
into account to some extent only via the effective alpha-nucleon interac-=
tion. In most cases the theoretical calculations reproduce rather well
the experimental data. Nevertheless there are regions, especially in the
breakup channel, where the theoretical predictions differ considerably
from experimental data. The discrepancy between theory and experiment
becomes more pronunced at lower energies ( E:rh & 12 MeV).

Tne reason of the discrepancy can be attributed to the inadequate
treatment of Coulomb force.

An investigation of the breakup reaction 2H (£, pn at 11.3 MeV
has been performed with the aim of getting more information on Coulomb
effects at energies quite close to threshold.

The experimental differential cross sections were compared with new
theoretical calculaticns, where the Coulomb effects are taken into account
in the interaction matrix, as well as in the ingoing and outgeing channels.
First, pure Coulomb contributions are taken into account in the alpha-preo=
ton subsystem only using Coulomb distorted separable potential form factors.
As a second step the Coulomb interaction is taken into account as an inter-=
mediate range Couleomb repulsicn in the p-alpha two-body subsystem.

Tne results of the calculations of these two models, compared with
experimental data, are plotted in Fig. No. 1.

Even if this approach is still a very simple approach to the Coulomb
problem, a better agreement with experiment has been achieved.

Further developments of this model are in progress as well as the
possibility of treating in a correct way the Coulomb interaction in a coor=
dinate space Faddeev type caloulaticns.
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ELASTIC ENHANCEMENT FACTOR IN 293i(p,n) CHARGE EXCHANGE REACTIONS.

5.Cavallaro,A.5.Figuera,F.Porto,5.5ambataro

Dipartimento di Fisica, Universitd di Catania

Istituto Nazionale di Fisica Nucleare, Sezione di Catania e Labo-
ratoric Nazionale del Sud.

Charge exchange reactions like (p,n) can be viewed as a form
of elastic scattering if isospin is conserved. Compound elastic
scattering is enhanced owver inelastic channels due to the self-
correlation of the elastic scattering S-matrix elements. If the
matrix elements, coupling the compound states to the open channels,
have a Gaussian distribution, statistical theories of compound
nucleus reactions!) predict the enhancement factor, callied Width
Fluctuation Correction(W.F.C., to be equal to 2 in the limit of
a very large number of open channels. OCne may expect charga ex-
change reactions to behave similarly as long as entrance and exit
channels are correlated through isospin conservation?).

In orderto experimentally deduce the W.F.C. factor and to test
the theory, we chose, as suggmst&da), to study the 23Si(p,n) reac-
tion at incident energy between 14-20 MeV, which allows to excite
the compound nucleus at 20-25 MeV.

By using the pulsed beam facility of the Tandem laboratory, the
neutrons will be detected by means of the time of fligth method.

The mechanical apparatus, the shielding systems and the electronic

set-up, have been tested by us last year. The overall time reso-
lution is about 1.5 nanoseconds, which allows to resolve
che neutrons of our interest with a flight path of about 2:3 meters.

1) C.Mahaux and M.A.Weidenmiller, Ann.Rev.Nucl. ,Part.S5ci.29,(1879),1
2) H.A. Weindenmilller et al., Phys.Rev. C18,(1978),1953

3) H.L.Harney et al., Phys.Rev. C16,(1977),1774 .
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The Be(3He,aa)hHe reaction has been studied at low incident energies
by many authors. In addition to the sequential reaction mechanisms pro-
ceeding through OBe levels, a quasi-free contribution has been observed
to proceed through the virtual reaction 2He + 3He+a + «. This latter
process has been already studied at 4 MeV (1) and between 1 and 3 MeV(2).
The Treiman-Yang criterion was also applied to test the polar nature of
the reaction (3). In order to have a better understanding of the impor-
tance of this process at low energies, its energy behaviour wvas followed
from 3 to 12 MeV.

The experiment was performed by using a 3He‘beam from the CE V4G
accelerator at LNL and 9Be targets evaporated on C backings. For each
run outgoirz particles were detected at symmetrical angles (quasi-free
angular configuration); bidimensional spectra were also collected at
sesymmetrical angles where the guasi-free process is expected not to
contribute to the reaction cross section. The measurements Wwere per-
formed at 3, 3.5, b, L.5, 5, 6, 9, 12 MeV. The events were analyzed
by projection both on one of the energy axes and on the energy &3°fe-
rence coordinate.

The excitation function of the guasi-free peak, obtained between
1 and 12 MeV by taking into account alsc data from ocur previous expe-
riment, shows a broad resonance around 3 MeV. The interpretationa. of
this structure is in progress.

References _

(1) J.Kesagi et al., Nucl.Phys. A239(1975)233 and references therein.
(2) N.Arena et al., Nuovo Cimento ALS(1978)h05.

{3) P.6.Fallica et al., Phys.Rev. C2L(1981)139k.




QUASI-FREE PROCESSES IN THE INTERACTION CF BHe WITH Li ISOTOPES

M. Zadro, D. Miljanid
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Two different experiments have been performed to study quasi-free pro-

cesses in the interaction of low energy 3He ions with Li isotopes.

In the first experiment the 6Li(3ﬂe,pu)qu reaction was chosen to test
the use of the two-body scattering cross--section, taken on the energy shell,
in the analysis of these processes using the impulse approximation. Two pre-
vious experiments, using the 6Li(a,2u} reaction and well known resonances in
a-a scattering gave different results. In the first case (1) it was shown
that the two-body c¢ross-section should be used in the "prior" form, while in
the second case {2) satisfactory agreement was obtained when only a potential
scattering contribution tc the free scattering cross-section was used. In

2.,3

our experiment the rescnance in the “H{ He,p)qu reaction corresponding to

the 16.66 MeV state in 5L.i was used. The 6L.i(3

He,p&)uHe reaction was studied
by using 3He beam at the CN ¥dG (LNL). The angular correlation between a and
p was measured at 3 different energies around the expected resconance. The
obtained results seem to be in agreement with the findings of Ref(2).

4 second experiment was performed to study the guasi-free prccess
7;1(3He,aa)d in which the deuteron is spectator {in the beam) of the virtual
reaction 7Li(p,a)o:. Coincidence detection of the two a-particles gave evide-
nce for such a process at B = 10 and 12 MeV. Further work is planned to mea-

sure the cross-section of the process at different energies and/or angles.

References
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One of the most intriguing problems in the research field
concerning the study of resonances induced in heavy ion react-
ions is the correspondence (or not}) in a compound nucleus of the
energy, =pin and parity of quasi-molecular states when the com-
pound nucleus is obtained via different entry channels. The ad-
vent of large Tandem accelerators allows the extension to a lot
of systems of this kind of investigation, whereas in the past
the 3951 nucleus (obtained by means of the 120,185 ang 1%c416g
reactions (l]) has been the only nuclear system extensively stu-
died, and there are only a few results concerning the 441 Sy -

stem {obtained by means of the 2851+150 and 32S+12C reactions
(813

The °ONi nucleus, that has been recently got by means of
the 28gi+285i reaction (3) is one of the most interesting sy-

o~

stems in this field, beoth because it is at present the heaviest
one where well shaped resonances have been observed, and because
these resonances have the highest L-values (L=34, 36, 38, 40,
42) observed up to new. For these reasons, we decided to study

this nucleus througsh the measurement of the excitation function
of the elastic scattering of 325 jons from a 24Mg target. The
measurements were made in a scattering chamber by using the ki-
nematical coincidence method with three S5i detectors. A first

detector was placed at a forward angle of -20° to measure the
32¢

elastically scattered

ions, a second one was placed at the

: : : = : 2
corresponding backward angle of 67.5° to measure the recoil 4Mg
ions. A third detector was finally placed at an angle of 20°

4

(symmetric to the first-detector angle) in order to monitor the
beam position on the target. The target was a 50 ngrmg evapora-

tion of enriched 2%Mg0, on a 100 };_ﬁ_{/cme Au backing.

?Dﬁiuﬂ where the presence of the resonances may
'I'l" + § - - il 1
""Mg channel (calculated from the experimental

~ 28 28, . . .
ten from the “"317'&5; measurements) was then investi-

gated in steps of 1 MeV or 0.5 MeV, repeating some measurements
in order to be sure of the reproducibility of the data. The re-

sults are reported in fig. 1 as cross sections in arbitrary



units versus the 9235 incident ions energy. No evidence was found
of" the presence of strictures exceeding the usual values of the
statistical fluctuation=, but a pozsible statement on the pre-
sence or absence of resonances reguires some complementary mea-
surements at other couples of angles.

(1) G. Vourvopuulos, X. Aslanglou, C.A. Kalfas, N. Cindro, E.
Holub, bL.M. Drake, J.D. Moses, J.C. Peng, N. Stein and J.W.
Sunier
In "Resonant Behavior of Heavy-lon Systems'", ed. by G. Vour-
vopoulos, National Printing Oftice, Athens 1981, pp. 449.

() N. Cindro
Rivista del Nuovo Cimento 4, n. 6 (1981) 1.

{ ) R.R. Betts, S.B. Di Cenzo, J.F. Petersen
Phys. Lett. 100B (1981) 117,
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CHARACTERISTICS OF THE FISSION-LIKE FRAGMENTATION
OF MEDIUM MASS NUCLEAR SYSTEMS (F/R$10 MeV/u)
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The study of the fission-like fragmentation of medium mass
composite systems formed in heavy ion collisions has evidenced
the following characteristics?™®/:

il the fragment mean kinetic energies are fully relaxed, in
agreement with Vieola's systematics for fission processes;

i1) the fragment mass distributions exhibit a pronounced depen-
dence on the composite system mass, the entrance-channe!
mass asymmetry, the bombarding energy and the observation
angle;

iii) the fragment angular distributions are compatible with
1/sinfipy behaviour only for some systems, while generally
an evolution is observed as the fragment mass approaches
the projectile (and target) mass.

In this mass region, the relaxation of the mass asymmetry
degree of freedom, normally observed in fusion-fission but not
in fast deep-inelastic processes, has been experimentally evi-
denced in the study of the 312545905%55) and *28+%3Cu®) reactions.
The mass distributions of the fission-like fragments from the
last reaction are presented in fig. 1 for the bombarding energies
EpaBz140, 154 and 188 MeV. As previocusly found in the case of
the ?28+°%Co reaction (studied both with the Strasbourg and the
Legnaro Tandem accelerators), in the present reaction memory of
the entrance channel mass asymmetry is evidenced by pronounced
peaks around the target (and projectile) mass.

However, for the highest bombarding energies investigated,
the mass spectra evolve toward more symmetrical shapes (peaking
around half the composite system mass, Arcg/2) with decreasing
the observation angle. The fragment mean kinetic energies,
characteristic of a fully damped process, can be reproduced by
the sum of the Coulomb and rotational energies corresponding to
each exit channel mass division. This indicates that the system
configuration at scisslon corresponds to a very deformed and
rapidly rotating dinucleus. Moreover, the observed angular de-
pendence of the mass distributions suggests that for these
systems the relaxation of the mass asymmetry proceeds in a time
scale comparable with the rotation period of the composite n
system (%w1072'8), This reaction mechanism, intermediate between
fusion-fission and deep-inelastic processes, has been inter-
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pret in terms of a :on“Lnuous relaxation process, leading the
system from the entrance ﬂhar el to more or less eguilibrated
configurations, depending on the system lifetime’). In this
fran r ralculations based on a recent formulation of the
transport theory - assuming flatvc—icuW nurleon exchange between
the interacting nuclei to be the dominant dissipative mode -
could reproduce the experimental distributions observed in quite
different situations:
1) mass spectra evolving with bombarding energy and/or cobser-
vation angle (?%8+°%Co, ¥73+%3cu);
il ”FW”'“{ﬂﬁl mass spectra, peaking around Apg/2, showing no
clution with the bombarding energy nor with the cbserva-
*: angle (523+76£g‘)), as would be from a fusion-fission
ProOcess;



1ii) element distributions showing complete separation between
projectile-like and symmetric (around Z.-g/2) components
(120+%°%y®)) | as would result from the contribution of both
deep-inelastic and fusion-fission processes,.

The mean lifetimes extracted through fits to the experi
mental data are ~1072' S for the first two classes of reactions,
whereas a value n10722 S results from the analysis of the
12C+8%Y peaction; this still supports the idea of a relaxation
process of the system degrees of freedom which 1s limited by the
available interaction time®’). This picture, which seems to apply
quite generally to the phenomenology of fission-like reactions
in the medium mass region, can be schematically represented as

F-o - M« )

in fig. 2.

(ENTRANCE MASS COMPLETE
CHANNEL) ”/I; E , £, ASYMMETRY - DEFORMATIO
E EQUILIBRATION)
oD f - s —|N—---
Fig. 2. - Schematic path of reaction flow in a dissipative col-

lision. Neutron-to-proton ratio (N/Z), energy (E),
angular momentum (2), mass asymmetry and deformations
are progressively equllibrated according to increasing
characteristic fimes.
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LIMITATION TO COMPLETE FUSION IN THE REACTION™ SI + ~ 8I
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() The fusion excitation function for the reaction 5i
=19 B X
B1 has been measured at L.N.L. by in-beam

Y-ray specltroscopy
a

t incident energies 1in the range 980-120 MeV. The
together with those at lower cenergies (ref.1)
fig.l a

resulis
are reported in

s total fusion cross sectlion versus l/EC showing at high
energy a deviation from the expected linear behaviour.
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Fig. 1 Fusion excitation function for the re

e full line is the result of a barrier penetration
calculation performed using the K.N.S3.

potential,



In order to understand the kind of limitation %o the
complete fusion, f% comp%ﬁﬁson(wfth the data previously measured
for the system C + Ti = leading to the s=same compound
nucleus is presented in fig.?2 as excitation energies versus
J(J+1). A limitation to complete fusion due to the yrast line of
the compound nucleus would appear in this representation as an
overlapping of the two experimental results starting from a
certain angular momentum wvalue. It can clearly be seen that this
is not the case. The statistical yrast line calculated assuming
a rigid moment of inertia for the compound ?E?Jeus and using the

empirical scaling factors =suggested by Lee iz alsoc reported.
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Fig. 2 Fusion excitatiugﬂfunctagns for the reactions C + T1
i S

(triangles) and 51 (dots) plotted as compound
nucleus excitation energy vs, angular momentum. The full
line (S.Y.L.) represents the statistical yrast line.

An approach based on a limitation related to the entrance
channel properties has then been fellowed. In the framework of
an unidimensional barrier penetr%ﬁ}on moggl we have calculated
the excitation function EEF the 51 + Si system taking the
Krappe, Nix and Sierk " potential for the nucleus-nucleus
interaction. The results of this calculation are shown as full
line in fig.l. It appears that berrier height and poﬁ%ﬁion are
fairly well repraduced as well as the critical energy ,



The possible limitation due to the statistical yrast line
@tid the nature of the process competing with the complete fusion
are at the present under investigation. Tco this end, charged
particles and light-heavy ions angular distributions have been
measured in the angular range 20° - 160° at incident energies of
100 and 120 MeV, which lie below and above the critical energy,
respectively. Data analysis is in progress.
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STUDY OF FUSION REACTION BETWEEN *%S AND 2%.2%,25Mg IN ENERGY

REGION Elab:gn_lﬁﬂ MeV
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Naziconale del Sud-Catania -

+) Institute of Modern Physics, Academia Sinica, Lanzhou China.

The fusion excitation functionsof *25+2%,2%,28Mg in incident
energy region Ejgp=90 MeV to 150 MeV were measured by means of in
beam y-spectroscopy methoed. In order to suppress background and
take into account the contribution of unstable residual nuclei
to the in-beam yields of the"daughter" residual ones, a computer-
controlled chopper-system was assembled on the beam line to mea-
gsure the in-beam and cffzbeam spectra of the y-rays.

Special efforts were made to carry out the accurate measure-
ments of the target thickness, including the estimation of the con
tamination of !®0Q and '?C. Detailed comparison was made between
the present measurement and the available data obtained by other
methods. The measured A and Z distribution was compared with sta
tistical calculations. The fusion excitation functions, which
exhibite an obvious bending showing strong limitation on the fu-
sien in this energy region, was fitted by the new critical distan
ce model and the extra-push one. Extra-push results suggest that
a quasi-fissicn process can be present for Ejap=150 MeV.
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G.M.Berkowitz,P.Braun-Munzinger,J.P.Karp,R.H.Freidelder,T.R.Zerna>

and H.W.Wilschut, Phys.Rev. C28(1983)587.
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PREEQUILIBRIUM EMISSION IN THE ¢ 0,ol) REACTION

+ +
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The excitation functions relative to the low lying states populated by

12,18 3 A v
the C(~ 0, )reaction have been measured in the energy range 24.0 + 43.2
MeV laboratory, in 200 keV steps, at 9}23; 20° and 135° (these angles are
symmetric in the center of mass). The measurements have been taken making

use of Si detectors in the +20° scattering chamber of the L.N.L. XTU tandem
accelerator laboratory.

The presence of multistep compound statistical fluctuations in the ex-
citation functlons has been confirimed. These had already been evidentiated
in light (1] and heavy (2) ion induced reactions and preliminarily studied
by analysing excitation functions present in the literature (3}.

The use of the spectral density method {SDM} has allowed the extracti-
on of the corresponding coherence energies. Values in the range 150 + 350

have been ohtained.

Further anelysss are in progress to investigate a possible incldent e-
nergy dependence of these widths, thus providing useful information to un-

processes and about the possible molecular nature of the do
crway states which give rise to such statistical fluctuations.
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PROJECTILE~ AND TARGET-LIKE FRAGMENT EXCITATION
IN THE *2?g5+°"Ni REACTION AT 143 MEV

v b

Gramegna®, 6. Prete¥*, R.,A. Ricei®°, G. Viesti*®, G. D'Erasmo?,
. Fiore’, G. Guarino*, A. Pantaleot, I. Iori*, A. Moroni¥*,
P. Blasi”™, F. Lucarelli”™

® T.N.F.N., Laboratori Nazionali di Legnaro, Legnaro (Italy)

o Depariment of Physies, University of Padova (Italy)
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The division of the excitation energy between the two frag-
ments, is one of the open questionsg in Heavy-Ion collisions at
energies below 10 MeV/A,.

Experiments on neutron emission seem to indicate that the
system i1s thermalized not only when the available kinetic energy
is dissipated but also for incompletely relaxed events?!).

However recent experiment52°3) and new analysis of neutron
data?) support the hypothesis of an equal excitation energy in
the fragments at small energy loss, followed by a transition to
the thermal equilibrium regime at large energy loss, as expected
from transport theory calculations®).

We report on an experimental investigation of projectile-
-like (PLF) and target-like (TLF) fragment excitation in the
I23458N] peaction at 143 MeV by means of the discrete y-ray line
spectroscopy in coincidence with identified PLF (E,Z).

The experiment was performed at the XTU Tandem facility of
the L.N.L. The PLF were detected at 9=30° by the Position-Sensi
tive Bragg Curve Ionization Chamber®). A Ge detector (30% effi-
ciency) was at 8=90° in the reaction plane and a second Ge {(20%
efficiency) was positioned normal to the reaction plane. Coinci-
dences between the Ge and the H-I detectors were recorded: an
event was defined by energy, Bragg Peak amplitude and position
of PLF, E_ and coincidence time. Inclusive spectra were also
recorded.

E,-Q matrices were analyzed for the more abundant PLF atomic
numbers (Zpilf=16,15,14) and for the two Ge detectors. Data for
Zptf=16,14 are here reported.

The following results have been obtained:

1) for the outgoing channel 28Si+%2Zn, the relative decay pro-
bability of the excited ¢2Zn primary fragment via y, py and
ay was obtained as a function of the two-body kinematics
Q-value, as shown in fig. 1.

2
i

For the ?9%5i+®2Zn channel the absolute PLF excitation proba-
bility was calculated by normalizing the 2%Si y-yield to the
Zp1f=%§ single spectrum, corrected for the 2851/51i isotopic

;
ratlioc .



3) The ratio of the y-yields from projectile and target was ob-
tained for the outgoing channels 2%Si+%2Zn and *?S+°9Ni
(fig. 2.

In the-¥?3+°8Ni channel the y-decay probability for projec
tille and target is nearly the same, while in the 28Si+%2%Zn
channel 2%Si yields less y-rays than ®?Zn at the same Q: that
may be attributed to strong structure effects.

For a thermally equilibrated system’’, the probability dis
tribution for the division of the totale excitation energy is
assumed to be proportional to the product of the level density
of the two fragments. The data have been compared with calcula-
ticns based on such assumption, taking into account the levels
in the y-ray energy range detected.

The compariscn is shown in fig. 2: the calculation is well
below the experimental pecints at Q»-20 MeV and reproduces the
data only around the barrier (Qv-32 MeV). It seems that the
thermal equilibrium i1s established only when all the kinetic
energy has been dissipated.

In the quasi-elastic region the experimental data suggest
that the light fragment has more excitation energy than at the
equilibrium. The equipartiticn limit is checked for Q>-20 MeV
by comparing the decay probability of the TLF ®2Zn with the
CASCADE code®) evaporation calculations.

At E4=Q/2 and assuming a linear fragment spin scale (S=0%
at Q=0 and & equal to the sticking limit at the barrier), the
calculations indicate for ®?7Zn* mostly vy deexcitation, while p
and o decay is experimenlally observed (fig. 1).

At small Q-values, for the present data, the division of
the excitation energy is between the equipartiticn and thermal
equilibrium limits.

Structure effects in the projectile excitaticn found for
the two outgoing channels (32S+°®Ni and 2%Si+®2Zn) are observed
in a recent investigation on the energy partition in quasi-
-elastic Xr induced reactions?).
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SEARCH FOR LARGE ANGULAR MOMENTUM
INDUCED DEFORMATIONS OF ®’ga
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A multi-detector experiment has been performed in August
1984 at the Variable Energy Cyclotron of the Texas A&M Univer-
sity (College Station). The aim of the experiment was to study
the deformation of compcund nucleil produced at high angular
momentum in heavy-ion collisiocons. As shown for the reaction
325427A1, the nuclear deformation strongly influences the spec-
tra of the emitted light particles and these effects can be ac-
counted by detailed statistical model calculation®).

In the present experiment the studied compound nucleus was
®7Ga produced, at the same excitation energy but with a dif-
ferent spin distribution, by the reactions

“OAP+27AT at 240 MeV
1eo+sly at 115 MeV
12c+3°Mn at 130 MeV
"*He+%3Cu  at 120 MeV

The experimental set-up consisted in two triple telescopes
of Solid State detectors (15-300-5000 pym and 15-250-5000 um) for
the light particles (LP) detection and two gas detector systems
with large solid angle to detect the HI: the BBC spectrometerz)
and the Large Ionization Chamber (LIC)?®). The BBC spectrometer
was placed at 9=-20° subtending an angle A46=%5°, the LIC was at
f=+20° with an acceptance angle A6=%10°. For the reaction studied
we collect detailed inclusive angular distributions for the
light particles and coincidences between LP telescopes and eva-
poration residues detected in the LIC.

Furthermore for the Ar+Al system we also collect the colin-
cidences between the LP telescopes and the two heavy ion spec-
trometers fragment-fragment and fragment-fragment-
-light particles tc study the decay of the composite system.

The fragment-fragment angular correlation was studied for dif-
ferent angular setting of the LIC (8=20¢, 40°, 60°; AB=20°),

Absolute normalization of the c¢ross sections was obtained
in a separate elastic scattering experiment. The data analysis
is 1in progress.
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Heavy-ion fusion at energiéds below the Coulomb barrier, as
evidenced by recent experiments®s»2:%), is a process by far more
likely than how models based on one-dimensional barrier pene-
tration*?) predict, also when considering empirical barrier
heights and positions?®’.

A research program is in progress at the XTU Tandem accele
rator, aiming at a detailed understanding of the mechanism
WEadlng to fusion in mealum llghf systems.,

The systems investigated®) are 2%>3°Si (beams) on
82823684 N (targets) at energies ranging from D.9 to 1.2 times
the Coulomb harrier. The Nickel targets were rolled, self-
—h“DpGrtlxg foils (250 ug/cm %) enriched to 99.8, 9/ B, 96.5%
in mass 58, 62 and 64 respectively. The reaction 2855 +38N1 was
also reversed (5EM1 beam), to have a check of the absclute
crogs-section scale.

Differential Cfﬁ-u—UECTiGKS at 0° were measured using an
electrostatic deflector’’) to separate the transmitted beam from
the evaporation residues (ER), and a time-of-flight energy te-
lescope®) with micro-channel-plates and a solid state detector
was placed after the deflector.

The beam rejection factor was typically 10°® and the ER's
were clearly resolved from the residual beam like particles
(fig. 1). A sensitivity to cross-sections as small as 1 mb/sr
was thus achieved.

The whole set-up was rotated to measure the ER angular
distributions for all the systems at representative energies.
Some examples of angular distributions are shown in fig., 2.

Total fusion cross-sections were obtained by integration
of the smoothed ER angular distributions, assuming shapes slowly
varying with the incident energy. Estimated errors are 20% in
the absolute cross-section scale (30% at the lowest measured
energies). The largest uncertainties come from the angular dis-
tribution integrations and from the ion transmission through
the deflector.

In fig. 3 the measured fusion-evaporation cross-sections
are plotted vs. the centre-of-mass energy. Corrections for the
beam energy losses in the targets were done and the overall
accuracy of the energy scale 1s *100 keV.

Fig. 4% shows a plot of reduced cross sections vs. the
energy distance from the classical Coulomb barrier. The choice
of other barriers (e.g. ref. 5) does not change the picture
qualitatively.



The cross sections are reduced from the experimental ones,
choosing the system 2°Si+®"Ni as a reference by correcting for
the nuclear radius differences.

The amount of sub-barrier cross-sections for all these re-
latively light systems (Z;%Z,=4%400) is large and this is expect-
ed, since it was observed®) in still lighter %rojectilc—target
combinations. For the reference systems 28Si+°%“Ni there is still
vl mb of fusion cross-section 7 MeV below the barrier, two-three
orders of magnitude more than the predictions of one-dimensional
barrier penetration calculations.

We note also that the sub-barrier points for the three
?%5i-induced reactions are spread over more than one order of
magnitude below the 20 mb level, the %“Ni target being most fa-
voured. This is difficult to interprete, in terms only of zero-
-point motion'?®’ and/or coupling to inelastic channels, because
no difference exists, within the experimental errors, between
e.g. the *"3i+%%,8%Ni excitation functions.

We are then naturally led to take intoc account the coupling
to other modes, such as the two-neutron transfer, which has posi
tive effectivel!) ground state Q-values only in the cases of
2851+%49% N1 (+2.8 MeV and +0.9 MeV, respectively).

Considering however the *°Si-induced reactions, we note
that the cross-sections for the three systems are very close to
each other. Here the effective Q-values for one- and two-nucleon
transfer are all negative, except for the °%Ni(3°s5i,2%8Si)®0Ni
reaction, whose Q-value (+1.1 MeV) woculd lead to the simple pre-
diction of an enhancement similar at least to what observed for
255i+452Ni. But the *%Si+°°®Ni fusion cross-sections is not en-
hanced. T

A quantitative comprehensicn of the present results needs
careful consideration of various inelastic and transfer channels,
with positive and negative Q-values, which couple to the entrance
channel and contribute to the fusion cross-section®?). This work
is 1in progress.
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Experiments are in progress to study the fusion mechanism
of medium-heavy nuclei around and below the Coulomb barrier.
These studies are motivated by the recent experimental discover
ies!) of large cross sections with anomalous isotopic depend-
ences in that energy range.

These studies use an electrostatic beam separatorz) to detect
evaporation residues at and around 0° (see the preceeding con-
tribution to this Annual Report).

The experimental results for two of the recently studied
S-induced reactions are shown in fig. 1, where fusion cross
secticns are plotted vs. centre-of-mass energies; typical expe-
rimental errors are repcrted for one system. Alsc shown in the
figure (dashed lines) are the calculations of one-dimensional
barrier tunnelling, using Wong's formula®’ with hw=3.8 MeV.
Barrier heights and radii were taken from the phenomenclogica
systematics of Vaz et al."’/, The calculations underestimate the
measured cross sections in the sub-barrier energy range by 1-2
order of magnitude, the enhancement being larger for Y2840 Ny,
The picture is similar for the *"S-induced reactions (not re-
ported here).

Fig. 2 shows reduced excitation functions for the four
S+Ni systems: the abscissa is the centre-of-mass energy scaled
by the barrier height. The two barrier parameters were obtained
by fitting the cross sections with the "sharpcutoff" formula in
the 200<0<600 mb range. The fusion probability of ?2S5+®"Ni below
the barrier is 20-30 times larger than for the other three
systems, whose excitation functions are bunched together.

The picture which stands out from the data is in agreement
with previous experimentslss): the common enhancement of all
cross sections 1s probably due to the couplings) of the entrance
channel with reaction (inelastic and/cor transfer) channels. The
peculiar behaviour of the *28+%"Ni excitation function clearly
shows the particular enhancement caused by the availability of
large, positive Q-value reaction channels; the 5*Ni(323,3%S)f2Ni
reaction has Q=+3.56 MeV, whereas all other systems have transfer
J-values either negative, or positive but small ((Q<0.5<MeV). The
dashed~dotted lines in fig. 1 are the results of coupled-channel
caleulations including the excitation of the first 2% ) f

levels of
the two nuclei in the constant coupling approximation. The B(E2)
values were taken from the literature and the barrier parameters
from ref. (4). The data are reproduced satisfactorily only for
323+58Ni, The similarity of all excitation function slopes at
the very low energy seems to indicate pure tunnelling through



barrier(s) lowered by the channel couplings. The same feature
was observed in the Si+Ni systems®). The experimental slopes
are 1in rather good agreement with the calculations (fig. 1)
which use a barrier thickness very, near to the value hw=3.S MeV
(predicted e.g. by a proximity potential). '

C T T T T T l T T T T I T T T L} r 1
. S
o _G.---
Q-7
o 07
i o ——
? o I T T T e e
10 o ’_/’/’ . L % 0 .
N S - u‘qo 4
- Q I,/ F .
L ) / B 3 o i
° £ * _,-t"_‘- ‘+ e
L o rl i - - o
] ,f *u’ m—!_-_ . e
1. o / *’7’ = o LI
10 I D *,"’; : C o o R
= F o i RY C . ]
_E, - oY A b = | o = E
£ !‘ .', t’f ”' i -.i: -
&+ o S R 5 °
L] ) *‘l i’ _ 2 ]
Lo o : wi- . 1
L , ; = ]
. ' - - .
I~ oy ' ’l [~ B
o [ b L ° Re L S
o [ "’ 2 6a F © s Ry & My
I N o 8 + Ni . M o ¥y 4By,
- 1 . ° B
o 5, .
10° R (A T - I ]
,‘ f’ ! 't _ "33: ° » - lds “mNi -
" ’l '- ,, i : o L] 3]
,7 L ! i _ =
E f -
b ;1 4 L
.’ J.’ ,4‘ L m
i0 o L) B lo®
PSS A WS T SN TR T TN S N T S W T | L1 Iifl PR T il‘_J___]..kl Ili( 1.3
70 ! . X
> . Ecm (ME\” % E:meh
Fig. 1 Fig. 2

References
(1) M. Beckerman et al., Phys. Rev. C25 (1982) 837.

(2) Beghini et al., submitted to Nucl. Instr. and Meth.

S
(3) C.J. Wong, Phys. Rev. Lett. 31 (1973) 766.
(4) L.C. Vaz et al., Phys. Reports 6% (1981) 373.
(5) A.M. Stefanini et al., Phys. Rev. C30 (1984) 2088.
(6) C.H. Dasso et al., Nucl. Phys. A405 (1983) 381.



- THEORETICAL NUCLEAR PHYSICS -



GAMMA DECAY OF THE GIANT RESONANCES
P.F. Bortignon

Department of Physics, University of Padova and I.N.F.N., Laboraiori Nazio-
nali di Legnaro, Legnaro (Italy)

The gamma-decay of the isoscalar giant quadrupocle resonance
(GQR) and of the isoscalar giant hexadecapole resonance (the
N=2 component, GHR) of ?°®Pb to the low-lying octupole vibra-
tion (37) has been calculated®) in the surface coupling model??,
A marked quenching of the transitions is observed arising from
the correlation between the particle and the hole participating
in the vibration, and from the coupling to the giant dipole re-
sonance. The total T, (GQR*37) is found to be only a few percent
of Ty (GQR+ground state) consistent with the esperimental data
recently obtained in heavy ion reactions?®). The compound nucleus
gamma-decay 1s estimated to be negligible., The strength functiens
associated with the GQR and GHR used in the calculations are
displayed in fig. 1.
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Fig, 1. - Adapted from ref. (1). Strength functions calculated

in the surface excitation model and associated with
+he GQR {(a) and GHR (b).
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DYNAMICS OF THE SHELL MODEL

P.}F. Bortignen

Department of Physics, University of Padova and I.N.F.N., Laboratori Nazio-
nali di Legnaro, Legnaro (Italy)

The abstract of the review article’) on the dynamical
content of the shell model in nuclei and in other Fermi liquids
is reported:

"Many Fermi liquids are amenable to a shell model descrip-
tion, where the particles move in an average potential. The
coupling of the single-particle degrees of freedom to other
modes of excitation strongly affects the properties of the
shell-model potential. It is empirically found, however, that
these couplings preserve the approximate validity of the shell
model. Significant theoretical progress has recently been ac-
complished in the understanding of the resulting "dynamical
shell model" in nuclear matter, normal liquid *He, the electron
gas and nuclei. The dominant modes which couple to the single-
-particle motion are particle-hole excitations in the case of
nuclear matter, paramagnons in the case of *He, phonons for
electrons in metals and surface vibrations in the case of nuclei.
For the latter, the dynamical shell model can be viewed as an
extension of i1he optical model to encompass both positive and
negative enermies. It thus provides a unified description of
scattering and of bound single-particle states. The associated
potential is energy dependent. This feature is characterized by
the nucleon effective mass. The theoretical and experimental
evidence which testifies to the existence of a strong energy
dependence of this effective mass around the Fermi energy and
nzar the nuclear surface 1s the central subject of the present
review,
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THE COLLECTIVE PATR APPROXIMATION

E. Maglione

=]

I.N.7.N. Laboratori Nazionali di Legnarc, Legnaro (Italy)

The description of well-deformed nuclei in terms of a conden-
sate of ccllective fermicn pairs defined in the intrinsic frame
is raviewed. Low-lying excited bands are naturally described as
"one-broken pair" states, while the usual Nilsson-type quasipar-
ticle spectrum in odd-A nucleil is directly obtained by coupling
the odd particle to the pair condensate.

As an example the method 1is applied to the description of
even Samarium and Neodinium isotopes and of the neighbour odd
Promethium isotopes. The connectlion between the present (fully
fermionic) approach and the Interacting Boson Model is discussed,
with a special attention to the problem of the truncation of the
expansion of different operators in the boson space.
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STUDY OF THE SELECTIVITY DISPLAYED BY (°Li,d)
AND (1%0,'2C) REACTIONS

E. Maglione

I.N.F.N. Laboratori Nazionali di Legnaro, Legnaro (Italy)

Four-particle transfer reaction have been found to be very
selective in exciting the nuclear spectrum. In many cases a rather
clear correspondence between the states excited in the four- and
two-particle-transfer reactions has been observed. A central
question in nuclear structure is whether there exist elementary
modes of excitation associated with the correlation of four par-
ticles. To this date no positive evidence has been obtained of
such modes. On the other hand, while the strength with which these
modes should be seen is simple to calculate, large uncertainties
are ascribed to the predictions of the associated excitation
energies.

Insight into the possible existence of a-vibration can be
gained by comparison of studies carried out making use of pro-
jectiles in which the four particles to be transferred display
different correlations. A first step in such a project is to
determine whether different reactions populate well-known states
with different selectivity. An opportunity to make progress in
this subject is provided by the detailed measurements of (®Li,d)
and ('°0,*%C) reactions which have been carried out on two Fe
isotopes at bombarding energy well above the Coulomb barrier.

In the present paper we carry out an analysis of the strongly
excited 0% states, making use of microscopic form factors and
setting special emphasis on the nuclear structure aspects of the
observed cross sections.
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TWO- AND FOUR-PARTICLE SURFACE CLUSTERIZATICN IN DEFORMED NUCLET

E. Maglione

I.N.F.N. Laboratori Nazionali di Legnarc, Legnarc (Italy)

We study the problem of the influence of the pairing inter-
acticn on two- and four-particle surface correlations in deformed
nuclei. Taking the overlap between the two- or four-particle wave
function in a di-nuclecn or alpha-particle wave functicn, respecti
vely, one obtains cluster probability distributions, as functions
of the center~of-mass ccordinate of the considered particles. Tor
particles moving in pure Nilsson orbits the probability is loca-
lized in the intrinsic frame in different region of the nuclear
surface, according to the K-quantum numbers of the considered
orbitals. The inclusion of the pairing interaction leads to a pro-
bability distributed over the entire surface but at the same time
to values of the total spectroscopic factors orders of magnitude
larger than those associated with pure Nilsson orbits.
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CHECK OF HELIUM IMPLANTED IRON AND GADOLINIUM
FOILS WITH THE BACKSCATTERING TECHNIQUE

F. Brandolini, C. Rossi Alvarez

T.N.F.N, Sezione di Padova and Department of Physics, Padova
University (Italy)

Helium implanted targets can be very useful when perform-
ing inverse reactions at the LNL XTU Tandem and in particu-
lar for the study of the transient magnetic field at high
recoil velocity. Then their characteristic should be care-
fully checked.

We report here backscattering measurements with proton
and alpha beams on the iron and gadolinium targets used in
the experiment of ref. 1. The He-implanted targets were pre-
pared at the Strasbourg C.R.N. Laboratories wusing a 40 KeV
beam.

For the investigation with protons, about 10 nA of 2.5
MeV particles were sent on 1mplanted iron and gadelinium
feoils. The backscattered particles were detected at 138°.The
differential cross-section in known to be 7330 mb/sr (2).
From the observed energy loss the gadolinium and iron thick-
nesses were found teo be 2.5 mg/cm® and 1.24 mg/cm? respect-
ively, assuming the Ziegler stopping powers (3). Using the
Rutherford scattering yield as a reference, one gets the
following estimates for thickness of the helium layers:
5(1)10*7 at/cm? for Gd and 3(1)10'7 at/cm® for Fe; 1.e.
about half of the declared implanted dose.

The adopted reaction is not very sensitive to the profile
of implantation. Anyhow an order of magnitude could be e»-
tracted increasing the effective thickness by tilting the
targets.

The derived mean depths and range stragglings of the im-
planted helium are 0.25 mg/cm® and 0.12 mg/cm® for Gd and
0.17 mg/em® and 0.09 mg/cm® for Fe with an error of approxi-
mately 30%.

These values were further checked with alpha backscatter-
ing at 3 MeV. In this case the implanted helium is seen as a
small saddle in the Rutherford plateau produced by the fer:

romagnetic host. By fitting the data assuming a gaussian
distribution for the implanted helium one gets 0.23 mg/cm®
and 0.12 mg/cm? in good agreement with proton data. The ob-

served ranges and stragglings agree with the tabulated



values (3), underlining that saturation effects are mnot yet
important.

Moreover the profile of oxidation of the gadolinium tar-
get has been checked. In fact it could be possible that, due
to the annealing procedure at 800° some superficial oxygen
atoms penetrate deeply into the ferromagnet. For this check
the resonance at 3.05 MeV in the 180(a,a’)!®0 reaction has

been used. It turned out that the oxidation affects only the
very first surface,
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HIGH SENSITIVITY PIXE DETERMINATION OF SELENIUM IN BIOLOGICAL
SAMPLES USING A PRECONCENTRATION TECHNTQUE

@.P. Buso®#%, P, Colautti®, G. Moschini®#®*, Hu Xusheng?,
B.M. Stievano®

* I.N.F.N., Laboratori Nazionali di Legnaro, Legnaro, (Italy)
© I.N.F.N., Seaione di Padova and Department of Physics, University of
Padova (Italy)

The importance of selenium in biclogical and organic matri
res is well established; a very sensitive and fast analitiecal
methed is necessary to investigate its role deeply. A preconcen
tration technique is described that allows selenium detecting
at the p.p.b. level in biological samples in a short time. It
involves first the decompesition of the organic matrix and then
the precipitation of selenium using tellurium both as the copre
cipitant and as the internal standard. For serum samples the
optimal range of volume to be used is 0.1-2 ml. The sensitivity
is obtained at the p.p.b. level after about 10 min. irradiation
time. The accuracy of +the method is checked by compa-
rison with the direct pelletization method and by using a stan-
dard reference material (see figures).
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HIGH-ENERGY MASS SPECTROMETRY
WITH THE XTU TANDEM ACCELERATOR

M. Lombardi*, G. Moschini®#®, R.A. Ricci®*°, P. Spolaocre®,
B.M. Stievano*, C. Tuniz*, G.F. Herzog*, T.H. Kruse

* IT.N.F.N., Laboratori Nazionali di Legnaro, Legnaro (Italy)

o Depariment of Physics, University of Padova (Italy)

t I.N.F.N., Sezione di Trieste and Department of Physics, University of
Trieste (Italy)

* Rutgers Untversity, New Jersey (U.S.4.)

An Italian AMS (Accelerator Mass Spectrometry) program has
been developed in wh|ih '’Be and other rare radicisotopes will

be measured for applications in different sciepnces like cosmo-
chronology, geology, hidrology and medicinels?

In the following we describe the current status of the AMS
system which has been used for m@anurements on standard samples

with known *°Be/°Be laDtO)LE ratio?

19pe (T1p=1 .6x10%y) is one of the cosmogenic nuclides pro=-
duced in the interactlon of cosmic rays with terrestrial and
extraterrestrial matter that can be used as cosmochronometers
and geophysical tracers. *"Be is useful to study the modulation
of TH]dﬂth cosmic rayn, irradiation history of meteorites, gec
magnetic reversals, solar variability, volcanic recyecling of
subducted material and growth rate of deep-sea nodules.

Berillium is introduced in the sputter socurce as Be0;
silver powder 1s added to improve the source emission.

The accelerator is cperated at 10.7 MV during !°Be measure-
ments. The terminal voltage is regulated by the GVM control
system since the current of mass 10 beam is too low for slit
control. BeO™ 1s dissociated at the high-voltage terminal by N
gas before stripping by a C foil; the addition of the stripper
gas at a sultable pressure improves transmission by a factor of
two. Both the abundant (?Be) and the rare (!°RBe) isotopes are
analyzed in the 3% charge state.

Ag the beam intensity differ by a factor 10° or more, dif-
ferent methods are used to detect the two isotopes. °Be beam is
transmitted only as far as the image position of the 30° ana-
lyzing magnet and it is measured by integrating the current in
the “qfijay cup. The inflection magnet, the analyzing magnet
and the high- energy quadrupcle are then scaled to trans port
1%Be and the Faraday cup is retracted. The rare isotope is
transmitted to the final detection system after a further de-
Flection {(50°),

The transmission of the whole beam TIdLE rt system is
optimized beforehand by injecting mass 25 (°Be '%07) and ana-
lyzing ?Be**t at 12 MV. The beam sensitivity to terminal voltage
fluctuations is reduced by narrowing the 90° image slits during
this step, and then doubling their width for taking data.

The final separation of '%Be from the interfering back-
ground is carried out by using a E-AE silicon telescope at 0°,
A Zr absorber foil removes completely the iscbar !B that

i

{'D’\_;



mimics '°Be in all acceleration and magnetic analysis step.
198  is used as pilot beam (tc check the tuning of the accele
rator before stasting '°Be measurements and then to monitor
the -stability of the transmission) by measuring !°B scattered
by a gold foil in a silicon detector at 30° with respect to
the beam directi:cn.

We have mea:ured three standards of known *°Be/*Be iso-
topic ratio {(obtained by repeated dilution of a stock solution).
Fig. 1.shows the '°Be/?Be counting rate ratic measured by AMS
vs 1%Be/®Be atom ratio determined by R-counting. The quoted
error (7.7%) is “he standard deviation determined by repeated
measurements of he same sample. Fig. 2 shows a E-AE spectra
obtained from one of these standards ('°Be/°Be=7.27x10"11), The
average backgrouri counting rate of '°Be obtained from a pure
reagengaBeO is 0.01 ¢ps, corresponding to an atom ratio *°Be/°Be
=5%x10" 7.

The sensitivity,accuracy and linearity obtained are already
satisfactory. Turther modifications are in progress to extend
the capability o7 the system.

e/ *se retatve counting rare
»~

0

i L | 1 1
i " ig? 8 ¢

8¢/ ae atom ratic

Tig. 1 Fig. 2
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EXTENDED S50LID SOLUTION OF Fe IN Pt BY ION
BEAM MIXING: ROLE OF ENERGY DEPOSITION AND
EFFECT OF THERMAL TREATMENT

o

- - .. ¥ * : , L ® =
G. Battaglin , A. Carnera , G. Celotti , V.N. Kulkarni , 5. Lo
RussoX*, P, Mazzoldi*
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o

Unita C.I.S5.M., Dipartimento di Fisica dell'Universita,
Via Marzolo 8, Padova (Italy)

Istituto CNR-LAMEL, Via Castagnoli 1, Bologna (Italy)

A metastable solid solution of Fe in Pt with 40 at.% Te
o ) ann SO = 3 . . .
has been obtained by 200 keV Kr ion bombardment on a S1 sup

P

ported Fe-Pt bilayer structure having Pt as top layer. On the
contrary when Fe is used as top layer the induced mixing does
not produce a phase with definite stoichiometry. This differ-
ent behaviour is discussed in terms of enhanced diffusion pro
cesses influenced by the energy deposition distribution in
atomic processes. The effect of the thermal treatment has Leen
investigated both on the extended solid sclution produced by
ion hombardment and on the unirradiated Fe-Pt bilavers.



ENHANCED DIFFUSION PROCESSES IN Ar® IMPLANTED
VLKALTI-CONTAINING GLASSES

R i + + ©

Battaglin , G. Della Mea .,.G. De Marchi , P. Mazzoldi

-

+ Unitad C.I.S5.M., Dipartimento di Fisica dell'Universita,
Via Marzolo 8, Padova (Italy)

°© Laboratori Nazionali I.N.F.N. di Legnaro, Padova and
Unitd C.I.S.M., Dipartimento di Fisica dell'Universiti,
B

Via Marzoleo B, Padova (Italy)

Heavy ion implantation into alkali-containing glasses indu-
ces an alkali migration which can be interpreted on the basis of
an enhanced diffusion process over the range of the implanted
ions.

Foom temperature implantations of 50 and 90 keV ar' in
12 M,0-88 S5i04(M = K,Eb,Cs) and 16 K20-78 SiOZ'M A1203'2 Mgl glas
ses induce an alkalil depletion up to a depth which 1s not depend
ent cn the element, but is directly connected to the actual art
ion penetration depth. Alkali profiles in the implanted region
depend on the element and con the cverall cemposition of the

glacs

Aoo .

yimilar implantations on (12-x)K,0-xCs,0-88 S5i0,(x=3,6,9)
and {15—3}Hﬂzﬂ'xK?O-Tj SiOQ'M Al,045-2 MgO(x=6,10,12) show that
the depletion of the heavier element of the couples Cgs-K and K-Na
i3 linearly dependent on its molar concentration and that the de
pletion depths are not influenced by the presence of K and Na re
spectively. On the contrary in the case of the K-Na mixed-alkali

-

glass the Na

L) B

depleted layer thickness depends on the relative al
kali content, indicating an interaction between the alkali ions
luring the enhanced diffusion process.



HYDRATION OF ION IMPLANTED SILICA: EVIDENCE
TOR HYDROGEN TRAPFING ON DEFECTS
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Hydraticn of icon implanted vitreous silica leached in de-
ionized water at 100°C has been studied by performing hydrogen
pth-profiling by means of the resonant nuclear reactiocn

(15N, ay)12C. Thermal annealing prior to leaching has heen
used to evidence the possible role of radiation damage. We show

t the H-profile reflects the damage distribution and is modi
fied by thermal annealing in a way which can be readily inter-
preted in terms of annealing of defects, where extended defects
seem to play the dominant role. It is therefore concluded that

— .

H-uptake o¢ccurs via trapping on defects.
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NEW DATA ON ION-INDUCED MODIFICATIONS OF AQUECUS

DISSOLUTION OF SILICATES
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Fisica &1 Padova, Italy

[he ion-induced modifications of agqueous dissolution have been
thoroughly investigated in several silicates (amorphous silica,

Tuart

5| tz, soda-lime glass and albite) by applying depth profiling
techniques (RB3 and resonant nuclear reactions) for the character-
ization of leached surfaces. We show in particular that the H pene
tration after implantation and leaching is markedly increased when
the ion dose exceeds a critical value comprised between 1013 and
This feature supports the radiation damage origin of
the observed effects. Such experiments provide interesting clues
about the aqueous dissolution of silicates and show that no impor-
tant effect of a-decay is expected on the hydration of HLW glasses

10 Pb-om
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TRANSFORMATION TD AMORPHOUS STATE OF METALS
BY ION IMPLANTATION: P IN Ni

2 + + + o 5
C. Cohen , A. Benyagoub , H. Bernas , J. Chaumont , L. Thome , M.

Berti™, A.V. Drigo”™

® Groupe Physique des Solides, Ecole Normale Supérieure, Université
Paris VII, 75221 Paris, France

+ C.8.N.5.M., B.P.1l, 31406 Orsay. France

#* Unitd C.I.5.M.5 Dipartimento di Fisica dell'Universita, Via
Marzolo 8, Padowva, Ttaly

The amorphization of Ni single crystals by P ion implantation
was studied via in situ Rutherford backscattering and channeling
experiments. Both the P-implant and the Ni-disorder profiles were
analyzed. At 90 K, no P mobility was found under implantation. The
fluence dependence of the disorder level is analyzed In terms of
amorphous-cluster formation above a threshold P concentration. The
radius of the clusters is four interatomic distance, i.e., the cor
relation length of a typical amorphous lattice as determined in
structure-sensitive experiments. The amorphous fraction a in the im
planted layer is o=0.5 when x ~0.12(Niy_,_P,) and a=l when x ~0.15.
At 300 K, short-range P motion occurs during implantation. Amor-
phous clusters are formed even at low P concentrations (x+0.05}.
The P-to-Ni ratio in the nlusters is that of the eutectic, and we
found a=1 at the eutectic composition. There is evidence that the
amorphization mechanism described in this paper also holds for
other metal-metalloid systems.



A NEW FACILITY FOR RADIOBIOQLOGICAL STUDIES AT CN ACCELERATOR

M. Belli*, §. Mazzuccato®, M. Morando®*, G. Moschini®*,
0. Sapora*, M.A. Tabocchini#®

* Istituto Superiore Sanitd, Roma,(ITtaly)
° I.N.F.N., Laboratori Nasztonali di Legnarc, Legnaro, {(Italy)
°* Department of Physics, University of Padova, (Italy)

Particle beams are widely used in the medical fields for
therapeutic purposes. Compared to electromagnetic radlation,
accelerated particles offer many advantages, such as a well de-
fined range and the maximal energy transfer at the end of their
track (Bragg peak). This fact is of great importance for thera-
peutical purposes, where the applied dose should be focused to
a well defined volume. Chemical effects, and therefore bioclogi-
cal responses, depend strongly on the number of liberated ele-
ctrons in a small critical target volume such as a cell, its
nucleus or the DNA within it; on the other hand the track dia-
meter and the electron density 1is determined by the energy of
the primary particles. Of particular interest 1is the low energy
range, near the Bragg peak. Taking into account this arguments,
a low energy accelerator like CN accelerator is of particular
interest when the radicbioleogical efficiency of proton and alpha
particle beams near the Bragg peak is the main goal of the re-
search.

For this purpose, a new dedicated beam line has been set-
ted wup, making possible air irradiation of living cells with
uniform proton and alpha beam.

An uniformity better than 5% on a cross section of 110 mm 2
has been achieved (see fig. 1).

References
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PLASMA DESORPTION SPECTROMETER

fressanini®*, €. Castellanco®, G. Galeazzi®%, G. Preier
MR, Luborm*wri Nazionali di Legnaro, Legnaro, (Italy)
University of Padova, (Italy)
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weter for plasma descrption induced by 252 Cf

\ spectrom
source was developed.
The principle of OeruL ‘on is illustrated in fig. 1.
The particles emitted from the source pass through a time-
Plate (MCP) and a target

!
Micro Channel
mole

T be;eo on
y f terial inducing the desorption of charged
cules. The particles are detected by a SSED whereas the molecu
les are accelerated to 6310 keV and, after a flight path of
20 em, impinge the surface of a MCP producing a stop signal
Fig. 2 shows two time-spectra obtained with a BaCl; target;
the first (A) was gated with the a particles of the 252 Cf source
and the second (B) was gated with the fissicon fragments. Some
not explained differences are evident. This method, introduced
by Macfarlane(!/, allow to measure molecular masses of some
and it is of great interest in biological and

-zero detecto

of ‘Igic)'lof ical ma

thousand a.m.u,
study( 2/
i ' up to now, not well under

desorption process itself is,
to use the Tanogm fac111ty to vary

J?e
stood(?) and the possibility
the spec ies 11d the energy of the projectile ccould be a valid
toel in this kind of research.
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TIMING PROPERTIES OF ULTRA-THIN SCINTILLATOR FOTLS

. Manduchi, M.T. Russo-Manduchi and G.F. Segato
Dipartimento di Fisica dell’Universita d1 Padova {Ttaly), and
Istituto Nagionale di Fisica Noucleare,Sczione di Padova (Italv)

A systematic investigation on luminescence and timing properties of
ultra—thin film detectors [ |[,2!, with thicknesses ranging from 20 to 200
pg/em' , was undertaken in order to find the best conditions for this kind
of transmission detectar.

The 1light ecaollection svsfem, vcoupled to two selected and matched
phototubes, provided an effective method for testing and comparing the
properties of different seintillalor feills. Typical responses 1o 23<Cf
spontanecus fission fragmenls were analvsed in two-dimensional contour
plots, relating to (i) residual energy of the fragments vs time-of-flight:
{ii) Tight output ws time-of-flight: (111) light outputs vs residual ener-
A

In our studv, we observed that the time response is nob greatly in
fluenced by the film thickness, The relative timing response may be ohser-
ved directly from the "light eoutpul vs specific Flight-time" contour
plots, by considering the full-width at half-maximum | FWHM! of the two
peaks, projected on the time avis (see Fig. | as o typical illustration),
In Fig. 2 (a,b) are plotled the FWHMs corvesponding to the high=and |ow-
muss  frapments iﬂ.'uﬁ' yi 'ﬁ""ll-;l VD oas A lunction of foil Lhickness, A stilld
more sensttive measurement of the biming properties can be made by consi-

dering the minimum specifie Tlight - tme tnterval TR between | he
peaks at half-maximum, related to Lhe corresponding peak distance at the
I 1L lvé] Vit In Fig. U ivf are plotted the uqu Vi rVﬂi-Ut‘- e
i as a  function of Foil  thick
: : . ' HpE
FOIL THICKNESS i1 15 1nteresting to notice
v 20 /o Lhai the guantifies considered in

Fig. 2 were 5o repular that they
could bhe fairlv fitted hy straighi
Fines, However, a large inconsist

ency 18 observed occasionally for
different TFNis ol similar thack
ness, suggesting a large variation

i 1 I
(] s 1

1 i
[ﬁ,mm nin:rtf]‘insmnl in rdetector response. A reason for

- r this maight be the inherent problem
18,



af consistentely producing detectors with Lhe same properfies.
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AN ANNULAR PARALLEL PLATE AVALANCHE COUNTER
FOH HEAVY ION DETECTION

C. RHossi Alvarez and R. Zanon
[.N.F.N. Sezione di Padova (Italy)

The paralliel plate avalanche counter (PPAC) has several
advantages with respect to the so0lid state detector: it 1is
nzensitive to radiation damage, has a better timing and re-
sistence to counting rate and can be built fulfilling any
requirementz of shape and area. For these reasons, when the

anergy resolution is not determinant, i1t is widely used in
heavy ion detection

We have developed an annular PPAC,which has been used for
backward detection of heavy ions, following coulomb excitat-
ion in transient field g-factor measurements (1).

The detector has a sensitive area of 4 cm x 4 cm with a
10 mm central dead region and a central 3 mm hole.

As one can see 1n the figure, the detector consists main-
ilv of three pieces, made from 1.5 mm thick plates currently
vsed for printed boards. The entrance piece sustains the
window, which usually consists of a 200 pg/cm?® mylar foils,
Few wires of 0.1 mm tungsten help to keep the foil. The
second piece sustains a grid, consisting of 20 gilt tungsten
wires, spaced 0.5 mm from each other and at 1.5 mm from the
collector which is made from the third piece.

All these piece are glued together using a proper epoxy
glue; the two smnll central annulus should be glued at the
same time, We used a mask to center properly the pieces,
Great accuracy is necegsary when gluing the entrance window.

The mylar foil is first fixed to a 10 cm x 10 c¢m frame
and then stretched on the entrance piece, when gluing.

In the collector piece two holes are made, which allow to
maintain an isobutilene flux at about 10 mbar.

The complete detector assembly consists of the detector
end of his connection to & flange which is then fixed to the
cover of the scattering chamber.

A fast preamplifier like the one described in ref. 2 has
been used, which has a gain of 500 and an output noise of 40

At anm operating veltage of 450 volts for 20 MeV 22§ ions,
one gets 1 wolt pulse signal with 25% resolution and witt
1.5 ns risetime,.



1) collector piece; Z) grid frame; 3) window frame;
4) gas inlet; 5) centering apnulus
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STATUS OF RECOIL MASS SPECTROMETER PROJECT

P. Spolaore ,=J.D. Larson®, C. Signorini#®, S. Beghini®,

S1 Hou-Zhi=®
* T.N.F.N., Laboratori Nazionali di Legnaro, Legnaro (ITtaly)
o I.N.F.N., Sezione di Padova and Department of Physics, University of
Padova {Ttaly)

Calculations to define the L.N.L. Recoil Mass Spectrometer
lay-out have been completed using the M.I.T. program RAYTRACE,
modified at L.N.L.')

The initial implementation of the spectrometer will include
2 electrostatic dipoles, 1 magnetic dipole, 1 quadrupcle doublet
lens and 2 sextupole lenses (fig. 1).

a1 Q2 ED1 51 MD s2 ED2 PETECTOR

In the future, improvements could be made by using multi-
pole lenses instead of present pure quadrupcole and sextupole
lenses.

Specifications of the spectrometer are: solid angle accept-
ance »10 msr, energy acceptance *20%, mass acceptance +7%, mass
dispersicn 10 mm/% and mass resolution 1/280 at 5 msr and AE/E=
=+10%.

Orderz have bheen placed with the company Bruker Analytische
Messtechnik for the three dipoles and the quadrupole doublet
lens.

The construction design of the two electrostatic dipoles

+ on leave from: Institute of Nuclear Research, Shanghai, China,



has been completed and the preduction will start at the begin-
ning of 1985. The electrode plates will have an area of about
0.6%x1.33 m® (anode) and 0.6x%1,28 m® (cathode) and a gap of 150mm.

The maximum voltage is expected to be around +?280 kV for
routine operation at |V|<225 kV on each plate (vorresponding
to a field of 30 kV/em). The elctrode surface material will be
titanium for both anode and cathode.

The wacuum system will include: a turbomolecular pump
(1500 &/s8) and an ion pump (800 #&/s) for each electrostatic
deflector, two B0D0 L/s cryopumps for the section between the
deflectors and two other 800 &/s cryopumps for the target
chamber and the focal plane detector.

The acquisition of all major components is anticipated for

the end of 1%B5, so that the installation could start at the
beginning of 1986.

FEeferences
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A CAMAC DISPLAY CONTROLLER FOR THE
DATA ACQUISITION SYSTEMS AT L.N,L,

5. Bassatc

I.N.F.N., Laboratori Nazionali di Legnaro, Legnare (Italy)

A CAMAC mecdule for vreal-time display applications has been
developed at L.N.L. Electronics Laboratory. This module is in-
tended to work in conjuction with one - or more - CAMAC proces-
sor boards, based on MCE8000 mi FD?TCQGSSOPEI); these modules
are linked together via a dedicated bus - basically a VME with
some restrictions = on the front panel.

The display controller must be used with a magnetic deflec
tion CRT; the graphic image is built by a "bit mapped" technique.

Basically the module contains a 32 Kb RAM memory {(the dis-
play map), the CAMAC and fthe auxiliary bus interfaces, and a
local arbitrator to share the memory access among the CAMAC,

the auxiliary bus and the video control logic.
This module has been tested with a monochromatic CRT-21 kHz

of horizontal frequency - obitaining a resolution of 640x400
pixel.

A new model, with the same design philosophy, but to be
used with a colour monitor, will be developed within the current
year.

Referances

(1) 6. Bassato, Annual Report LNL, 1983.



C.A,P. - A COMPUTER AIDED PULSER
R. Bassini, P, Guarzoni, L. Zetta
THFN - Sezione di Milano
Dinartimente di Fisica - Universita' di “ilano

In order to improve our identifiecation system (1), we
have designed and built a new kind of nulse generator, aided
by a Vax computer.

This pulser, working as a digital to analog converter,
can furnish up to four independant and coincident pulses,
corresnonding to the digital data stored in the computer
merory. CAP is built in a standard two units MNIM module. It
is connected to the computer through a RS232C standard
connection at 9600 baud rate. In this way it
passive nerinheral, needing of a video to initialize the
computer session and to activate the nroper codes.

The general philosonhv of the CAP system is the follow-
ing. Duringe an ecxperiment, any kind of experiment, we can
collect and store data, as coning from the detectors, on a
mapnetlie tape. This is the first stern of the data base. After
it can be coried into the computer memory, with the data
nroperly organized to build the final deta base for CAP. At
this npoint, using the CAP librarvy -ad hoec written- we can
send to the nulser, in serirel mode, the digital data. An UART
comoonent nrovides to store in an innut lateh -in narallel

1

mode- the first data. Subsequentlv it will be stored in an
another lateh, and so0 on for the other three data. Yhen the
four letches are filled, 211 the data are transferred to the

4 DAC and after to the oDroper output circult to obtaln an

usefull analogz shane of height corresponding to the digital

works as a

valueae.,

The first data base collected for CAP testing comes Trom
the renction 12C+2470C al 93.24 'eV incident energy neasured
at the Legnarce XTU Tandem. As preliminary result in fig.l is
shown the identification snecirum, obtained off line with the

identifier of ref.l, using this data base. The output
elements,from left to right, are: Li, Be, B, C, H, 0. The

laboratory angle was 10 degrees and the thin detector
L |

thickness 30 um.

(1) P. Guazzoni, P. Michelato, A. WMoroni, G.F. Taiogcchi

e

and L. Zetta — Nuel. Instr. and Meth. 200 (1982) 323






AN ELECTRONIC APPARATUS FOR THE BRAGG-CURVE ANALYSIS

R. Bassini®, I. Iori®, A. Moroni®,
F. Gramegna®, G. Prete®, G, Viesti®

NW.F.N., Sesicne di Milanc (Italy)
N.F.N., Laboratori Nazicnall di Legnare, Legnarc (ITtaly)
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An electronic device!? dedicated to the analysis of the
anodic signal of axial ienization chamber?s?) has been cons-
tructed.

The appartaus is a compact, simple to use, flexible and
low costs device for the Bragg-signal handling. Coincident out
put pulses (total energy, Brigg peak, energy loss and range)
and the possibility of coincidences w1th other detectors are
assured.

A1l these peculiarities are important especially in view
of a large solid angle multichamber detecting system.

The Bragg-signal analyser (BSA) has been tested at the
L.H.L. Tandem facility and compared with standard electronics
using 143 MeV 3*2S beam and Au, Al, Ni targets of different
thickness.

The energy resolution values for these targets are 0.73,
1.%, 1.8% rcspectively, Similar results have been obtained
with the standard preamplifier-amplifier chain. Only for the
elastic scattering on Gold a slightly better value (0.62%) has
been measured.

The Z-resolving power, using the Bragg-peak information,
is Z/AZ=55 for projectile-like fragments, These values refer
@ither to the BBA or to the standard amplifiers with 0.25 psec
shaping time.

Introducing an RC integration in the BSA or using 0.5 psec
in the standard chain, Z/AZ values up toc 78 have been obtained.

The energy loss and range resolutions are 2-3% and 3-4%
respectively. The corresponding values for standard modules are
2.5-3% and 1.5-3%. The last result suggests the need of some
improvement in the timing section of the BESA.

The preamplification section of the BSA works normally
only up to 2,5 kHz and its performances have to be improwved.

It has to be noticed that the chamber tests have shown
good performances up to 20 kHz (AE/E<1%, Z2Z/AZ<5D for standard
electronics).

Finally the Bragg-signal handling has been faced also
using a waveform digitizer: a prototype is in progress,



re gnce
(1) R. Bassini et al., Report INFN/TC - B4/23
(2) A. Moroni et al., Nuecl. INstr. and Meth. 225 (1984) 57.

(3) G. Prete et al., Nuovo Cimento 81A (1984) 208

(4) A. Moroni et al., Winter Mesting, Bormic 1984, p. 444,

N

(5) B. Prete et al., Nucl. Instr. and Meth., in pres
(6) A. Moroni et al., Bollettine S.I.F, 133 (1984} 54.

(7)Y A. Moroni et al., Lett. Nuocvo Cimento 40 (198u4) 321.



A DUAL PORT CAMAC MEMORY

A. Teis

I.N.F.N., Laboratori Nasionali di Legnaro, Legnarc (Italy)

A dual port CAMAC memory for data acquisition of single and
multiple parameters events in nuclear physics experiments has
been realized at L.N.L. electronics laboratory.

The memory is accessible by two ways: through the standard
CAMAC DATAWAY and through an additional "VME-like" bus on the
front panel, implemented in order to link the memory to the
CAMAC processor boards (based on MC 68000) developed at L.N.L.

The module is constituted by a board with control functions
and by a memory array board.

The control board performs the following functions:

(a) interface to CAMAC bus with input and output buffer to syn-
chronize the access operation on the internal bus that is a
typical asynchronous bus;

{b) interface to reduced frontal VME bus with related memory
base address and dimension acknowledgment logicy

(¢) interface to auxiliary bus that connects the controller with
memory array boards;

(d) timings generation and arbitration of internal bus access
requests generated by CAMAC, VME-like bus and refresh logic;

(e} generation, by a Hamming modified code, of a six bits
pattern to correct the single bit error and to detect all
double bits errcor and some triple bits errors.

The memecry board is constituted by an array of 88 chips of
B4k bits dynamic RAM organized in a 4 banks of 64K words each
one of 22 bits; 16 of such bits form the data word, while the
remaining & are used by error detection and correction logic.

The number of memory boards that it is possible to connect
to each memory control board can range from 1 to 32 and the
corresponding memory size is from 512K bytes to 16 M bytes
covering the full addressing capability of a 24 bits address.



PREAMPLIFIERS TEST

I.N.F.N,, Laboratori Nasionali di Legnaro, Legnaro (Italy)

A test was performed using the hybrid preamplifi
5242 (transistor inp and mod. 5254 (JFet input) d

by LABEN’ et-up is reported in fig.
Us face Barrier Detector aof 50 mm® active
- 15 kel and a a-source of 241 A

Fig. 2 reports the linearity of the electronic chain using
the preamplifier mod. 5254.

In fig. 3 are shown the FWHM and Rise-time vs input capacit
ance characteristics of LABEN 5254, ORTEC 142 IH and ESN VV 1001
(developed by G.8.I1.).

Quite attractive features cof Tthe LABEN 5254 are evident in
the high capacitance region. It must be stressed the very low

o

price of these preampliers ranging from 20.000 teo 50.000 Lit.

(1) LABEN, via Bassini, 15, 20133 Milano (Italy)
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GENERAL PURPOSE INTERFACE TO CONNECT A MULTICHANNEL
ANALYZER TO VAX COMPUTER

A. Zanon

I.N.F.N., Laboratori Nasiconali di Legnaro, Legnaro (Italy)

Some general purpose interfaces between VAX and MCA, ter-

minal, printer have been made.
The hardware fo these devices is an "on board computer"

designed by A. Fois fo the electronics laboratory of L.N.L.
A scheme of a typical configuration is drawn below.

Computer YAE

o

RG22 ¢

e
-
il

INTERFALE

[ B I Eos ERT

EILENA 1 ¢ TERMINAL

e e e e m cm s s @ T B S Y S S B el i i e o e e e e

The interface communicates with the computer through a dual
serial line at 9600 Baud.

The program, written in ASSEMBLY language, resident on
EPROM, allows the user to work with the remote computer in trans
parent mode, or, by appropriate command, to transfer a data file
from the MCA te the computer (using a single R5-232 C line).

Moreover, the MCA spectrum can be transferred to a graphic
printer in order to have a very low-cost hard copy.

A circular buffer built in, reduces the number of interrupt
requestes to the VAX when using the printer,
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MECHANTCAL WORKSHOP

A

L. Dona, A. Dainese, G. Dena, L. Furiate, 5. Marigo
E. Morandin, M. Negrato, R. Preciso

I.N.F.N., Laboratori Nazionali di Legnaro, Legnaro (italy/

The construction and assembling of a sliding seal scatter-
ing chamber (60 cm diameter) was completed during 1984. The
chamber has been successively installed on the -20 beam line of
the Tandem accelerator, where it has been since then extensively
used for experiments. The chamber allows rotations of up to 890°
without breaking (routinely better than 10°° mbar).

Another scattering chamber to be used for experiments on
trace element analysis is being constructed, aswwell as the me-
chanical components of a pulsed beam monitoring system to be
installed at the Tandem. Completion of these two items is fore-
seen within the first two months of 1985,

Meanwhile, twe more works are in progress:

1) an electrostatic deflector for ultra sensitive Tandem mass
spectrometry;

2) a large turntable (6 m diameter) for measurements with heavy
ion gas detectors.

These set-ups are going to be completed within 1385,

The workshops, moreover, insured routine and emergence as-
sistance to the users of the three accelerators of the labora-
tory.



TARGET LABORATORY
G. Manente, K. Fengo

I.N.F.N., Laboratori Naaionali di Legnare, Legnaro (Italy)

Thin films have been prepared to be used as targets for the
three accelerators installed at the L.N.L. The methods used in-
clude the Electron Gun (E.G.), Joule effect, pack rolling.
Carbon foils of A5 pg/cm? were also prepared by E.G. for use as
strippers in the XTU Tandem. A "glow discharge" system has been
installed to clean by micro-sputtering the substrates before
the evaporation takes place. This device has found an useful
application in preparing the glass substrates in Solid State
Physics experimentsl). It has been built an hydrogen reduction
system for oxides which uses a Palladium cell to purify the gas
flowing. The device is now operational. Targets of Sn were also
prepared by electrodeposition for which invaluable was the help
aof T. Morgan, guest of the target laboratory last November.
Other targets (e.g. "%Ca) were prepared by rolling in a glove-
~box at the Technologische Labor Garching facility., A similar
device is under constructicn at ocur Laboratory.

Special topics:

(a) Calibration films for PIXE analysis

A special effort was done in order to prepare samples of
most of the natural elements for PIXE analysis of aeroscls. The
accuracy of the thickness allowed the measurements of very small
amount of trace element?).

(b) Preparation of very thin gold layer for use as electron
emitters of Micro-Channel Plates

A special device?’ has been built at our Laboratory in order
to prepare thin (v80A) gold layers on FORMVAR (5-20 pg/cm?).
Those composite films, with high meckanical resistance, have
been used successfully in conjuction with a MCP in a time-of-
-flight telescope for heavy ions.

References

(1} 6. Battaglin, private communication,
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COMPUTING CENTRE AMD ON-LINE DATA ACQUISITION SYSTEMS
M. Morando#*, G. Maron®

* T.N.F.N., Sezione di Padovae and Department of Physiecs, University of
Padova (Italyl
o I.N.F.N., Laboratori Nazionali di Legnarc, Legnarc (Italy)

The computing center group supports the maintenance and the
development of software for the computing center's VAX and for
the dedicated on-line data acquisition computers. All these com
puters are linked together via a Dec-Net network. A high speed
local network (based on Ethernet) is being installed improving
the data exchange between the acguisition systems and the com-
puting center. In addition, the lab's computers are inserted
into the naticnal computfer network of the "Istituto Nazicnale
di Fisica Nucleare" (INFNET). Using the INFNET facilities the
computer's lab i1s connected to almost all of the lab users and
to other naticonal and international computer networks (e.g.
CEEN's network, EARN/BITNET, etec.).

Computing Cenier

The computing center is provided with a VAX 11/78B0 with
2.25 Mbyte of central memory, two 67 Mbyte removable disks, a
512 Mbyte fixed disk, a 6250/1600 bpi tape drive unit and with
two 1600/800 bpi units, The printer cutputs are produced by
means of a 600 1pm line printer. Several graphics devices are
available: a pen plotter, an electrostatic printer/plotter
(200 dot/inch), two color terminals and several graphics ter-
minal. The activities of the center range from off-line data
analysis to theoretical and simulation calculations. Software
facilities are provided for microprocessor development (cross
compiler, linkers, ete.), for text formatting (using as output
the 200 dot/inch electrostatic plotter), for graphics develop-
ment, etc. Automatic procedures for accounting give weekly
control reports on the computer resource distribution. During
this year some programs for data analysis and thecoretical cal-
culations were modified according to the local facilities.

Status of the on—line data acquisition systems at the TANDEM

LABORATORY

During this year the systems!) worked satisfactorily. The
upgrades were concernad mainly with the software:

- Remote task line loading from VAX, via DEC-NET, for no-time
ceritical tasks. The memory resident system (based on RSX118)
can load the tasks from the VAX disks (quite similar to an
on-1line disk).



- 893 -

- Extension of the KINETICS CAMAC library to the interrupt
handler coming from LAM.

- A faster on-line procedure to set up the experimental confi-
guration.

- New commande to use a charge integrator connected to a CAMAC
scaler.

- Fixing of a few "hugs" that were in the system.

The improved CH system will be brought as scon as possible
to the TANDEM acquisition systems.

On-line data aequisition syastem at the CN LABORATORY

A new on-line data acquisition system is being installed
at the CN lab. The system consists:

- one PDP 11/24 with 512 kbyte of central memory;
- one magnetic tape drive (B800/1600 bpi),
- two 10 Mbyte removable disks;

- a home-made part providing the parallel acquisition of 8 dif-
ferent event types, each of them may have up to 16 parameters"J;

- a pen plctter;
- an alphanumeric terminal:
- a high resolution graphics display (Tek HD1D);

— a CAMAC crate directly connected to the UNIBUS via a 3512
KINETICS crate controller:

- a DUAL PORT CAMAC MEMORY to build the singles and projections
spectra?);

- a CAMAC DMI CONTROL to control the DUAL FORTO CAMAC MEMORY
(modified version of 1)),

Special care has been devoted to plan the system (both hard
ware and software) as an improvement of the TANDEM's present
acquisition systeml]. In a short time the system will be upgraded
with microprocessor-based CAMAC modules for on-line data process
ing®) and with a CAMAC CRT controller described in ®) -
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ACCELERATORS MAINTENANCE AND DEVELCPMENTS

F. Cervellera, 5. Bezzon, Azza ra, G. Patti=stello,
G. Battistello, 8. ~fi¢@3@h, L. Bertazzo, G. Binelle,
R. Bortolami, I. Carraro, L. “osta G. Egeni,
G. Gonella, I. Motti, G. Murarc, R. Pagnin, A. Rinaldi,
F. Scarpa, V. thello, L. Ziomi
During 1984 the Tandem XTJ operated for long time without
noticeable problems.
Until July only norms .l ma;“teuktfc: took placze. The Ladder
tron chain mounted in 1983 worked very satisfactorily even if
many adjusiments of mechanical tenqwon are required. The major

problem concerning Laddertron 1s so far the life of pulley
bearings and we spent some time 1in 1584 to replace them.

In August, September and October the machine stopped and a
long, not OPplﬂoﬂy, maintenance tock place essentially for moni-
toring the security valves at the ends of acceleratlng tubes to
prevent SFg leakage in case cof vacuum breakage in the beam path
inside the machine. In the same time a new resistor system for
the voltage devider has been mounted in column sections n® U
and 5 as indicated in & previcus report. The machine came back
to experiments in last November after testing the LCE-710 Li-He
source. The resuiis of the test are good enough and make 1t
possible nermal running w.th this type ¢ source.

In crder To ensuv2 more reliability a new analysing magnet
has been designed and ordered for the Tandem injector. The aim
is to have two sources mounted in two separate inputs and so to
save time to switch from one another (sputtering and Li charge
exchange sources, for instance).

lie problem of replacing the actual (T2") tubes with new
ones (88") has been extensively studied. The final decision is
to make the replacement 1~ the first part of 1986. The tubes
(7 of 88" length and 1 of 96" length) are now in stock at L.N.L

They arrived here at the end of 1994. A prototype of new connect
ion dead sections is in advanced work in the mechanical shop of
L.N.L.

Concerning the other accelerators we remember that many
trecubles arcse at the CN in order to reach the maximum vcltage

(7 MV) as previously done. At the end of 1984 the goal was
reached and now the machine 1is ready for experiments at the
maximum terminal voltage

The small accelevator AN-2000 worked satisfactorily and

only ordinary scheduled maintenance was necessary.
We MUST remember also the conclusion of mounting the 150 kV
accelerator deﬁﬁ" 12 essentially for lon implantation. Tests of

current extraction are now running.



XTU TANDEM ACCELERATOR LABORATORY

R.A. Ricei

I.N.F.N., Laboratori Nazionali di Legnaro, Legnaro (Italy) and Department
of Physice, University of Padova (Italy)

The Laboratory of the XTU Tandem accelerator has been pro-
vided in 1984 with the necessary conditiens and equipment for
the scientific program, specified elsewhere.

Here we report the utilization and the relevant perfor-
mances of the machine and the experimental areas.

1) Aeceelerator utilisation

Table I shows the distribution of the machine-time in 1984
(from February 3ird to December 23rd).

TABLE 1
hours % of veal time
- Beam for experiment 4,200 65
- Beams alignment and tests of
experimental apparatus 164 2
- Conditioning L FED 19
- Breaking and maintenance gu7 1y
Total B.471 100
2) ITon beams
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5)

Experimental programs

- Heavy-ion reactions and dissipative phenomena ........ 52%
- y-spectrometry with heavy dons ... ... s- . Bl o n e . 23%

- Nuclear spectroscopy and transfer reactions

REEH LIEHT (SONE ecupesamss saes g N Ceee 15%
- Interdisciplinary science (mass spectrometry,
bicphysics, neutron dosimetry) .ccvveer it 10%

Machine performances

Fig. 1 shows terminal voltage performances in 1884,
Concerning the injection system and ion sources, the standard
gputter 834 source has been extensively used, whereas the
duoplasmatron charge-exchange LCE/710 source has been instal
led and tested with & maximum of 20 hours running time.

The performances of that source are guaranteed with the fol-
lowing beams:

“He 1 pA
*He (gas) 1 dA
o 1% 40 nA
L 500 nA.
The time required to install the source is 48 hours and 30

supplementary hours are needed for replacing the Litium
charge.

Concerning the high intensity sputter source HICONEX BED,
the preliminary tests have been started.

The beam pulsing system

The beam pulsing system installed at the XTU Tandem Labora-
tory consists of a low-energy chopper, a buncher, a post-
-chopper, and assoclated electronics (fig. 2). Before inject
ion into the accelerator, the beam is chopped to 40 ns pulses
(repetition rate 2.5 MHz average current ~10% D.C. beam) and
then bunched to achieve pulse widths in the nanosecond range.
The buncher acts as a velocity medulator of the chopper beam
by a double compression gap working at a master frequency of
5 MH=z.

After acceleration the beam is transmitted through the post-
~chopper which compensates for drifts in beam transit time
through the accelerator. The time structure of pulsed beams
has been measured by detecting either elastically scattered
ions or prompt yY-raye; 1IP results reported in Table III
refer to the overall time spread, including the detector

and associated slectronics timing uncertainties.



TABLE 111

Time resclutions obtained with the XTU pulsing system
for selected ion beams. The measured FWHM time spread
ineludes the time uncertainty of the detection system:
{1) surface-barrier detector, (2) NE 104 secintillator.

Beam E (MeV) FWHM (ns)
P 26 0.7
3He 25 0.8 (2§
lig T Tl Y
e 130 13 S

6) Ezperimental rooms and beam lines

The following facilities have been provided:

a) a "sliding seal" chamber at the second measurement point
of the 20° beam line in the west area;

b? all beam lines have been provided with the slits and
Faraday cups;

¢) the project for providing the H0° beam line in the west
area with a supplementary switching magnet needed for
the installation of the heavy ion spectrometer has been
completed.
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2 MV ACCELERATOR LABORATORY

Deparime of Physics, Umnivers
mﬂrrunn?v di Legnaro, Legnaro

nro

ughout
2500

ocperdted nours

Beam
(_f\rl 1
Maint

A M B S

P. Mazzoldi
ity of Padova (Italy) and I.N.F.N., Laboratori
(_ u:ZZy)
Van de Graaff 2 MV accelerator has been
time 2550 h
1 tioning 30 h
enance 320 h
re 100 h.

+ +
produces proton, deuteron, “He , YN,

+ThE AN-2000 machine

*°Ar’ beams with a maximum current density of some pA.
The icen implanter produces ion beam from gaseocus slements,
| K
as H, *"B, !B, “%Ap 1N, f%Kp  with current of 50-100 pA.

ln Labor

research group:

—_—\J-_. +

atory

Chera are

5ix experimenl stations for the

The resea groups working in the 2 MV Laboratory are the
following: S I.N.F.N. - Napoli (X-ray excitation cross
qaf*‘“r nea S Department of Physics - Modena (pollution
analys tfoton induced X-ray emission PIXE and 'Qlid
state _" ies with Rutherford backscatterin 23 techn u.leS

S), D Ely;,LS - Padova (pollution analysis ty
using P 1id state Puyqjﬂﬂ phencmena with RBS and nuclear
reaction La.M.E1. - C.N. -~ Bologna (solid state physics
with RBES a y, Department of chutronl_J - Padova (waveguildes
characte i by using RBS and NRA), Legnaro Laboratory
(biological samples analysis by using PIXE), Orsay Laboratories

(solid st physics by

using

NRA) .

Moreover, students who attend the last courses of the
k]jblf: Faculty perform some basic nuclear physics experiments

in this Laboratory.
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7 MV ACCELERATOR LABORATORY

G. Moschini

T.N.F.N., Laboratori Nazionali di Legmaro, Legnaro, {Italy) and Department
of Phyeice, University of Padova {(Italy)

During 1984 the Laboratory experimental capabilities have
been strengthened by means of the following facilities:
- an online data acquisition system based on a Digital FDP 11/24
which will be operating at the beginning of the next year;
- a new beam line for radicbiclogical applications research.
foreover a new safety radiation monitoring system has been

setted up. The operation t

bl

time of the 7 MV Accelerator during
the same pericd has been divided as follows:
1- research: 18862 hr.
?- maintenance: 1872 hr.

Research hours have mainly been utilized for fundamental
studies (1134), while the remaining ones (728) have been dedica-
ted to applied research.

Few more hours (94) have been employed for students training
and for beam alignements.
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Montanard (National Semiconductore, Milano)
P. Pepord (National Semiconductors, Milano)

" - FAMIGLIA N& 16000 -

a) Generalitz e architettura

b) Programmazione del microprocessore a
32 bit NS 16000

c¢) Software e strumenti di sviluppo”

P. Efmonre (University of Rochester, New York)
"THE TANDEM ACCELERATOR MASS SPECTROMETRY
PROGRAM AT ROCHESTER"

G. Penlini (CCR, Ispra)
"SPETTROMETRIA NEUTRONICA AD ENERGIE MINO-
RT DEL MeV COM PICCOLI SPETTROMETRI™

. Dumitrhescu (Central Institute of Physics,
Bucharest)
"FERMI-LIQUID MODEL OF ALPHA-DECAY"

C. Manfredottd (Institute of Physics, Univer-

stty of Torino)

"RIVELATORI A SEMICONDUTTORE: PROBLEMI E
PROSPETTIVE"

M. Bonardd (Department of Fhysics, University

of Milanc, Cyelotren Laboratory)

"ASPETTI RADIOCHIMICI CONNESSI CON LA PRO-
DUZIONE DI RADIONUCLIDI MEDIANTE ACCELE-
RATORI"

U, Kaup (Instiiute of Nuclear Physics, University

of Cologne, West Germany)

"EFFECT OF THE PAULI PRINCIFPLE ON COLLECT-
IVE STATES IN THE INTERACTING BOSON MODEL"
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F. Catara (Inetitute of Phyeics, University of

[ b

Catania and Heidelberg 5H{Uﬁps£+y)

"DISTORSTIONI DINAMICHE NELLE COLLISIONT

FRA IONI PESANTI"

V. Benzi (Centre Ricerche Energia "E. Clementel"

~ ENEA)

"SPETTRO ENERGETICO E RESA DELLA REAZIONE
(e,n) IN COMBUSTIBILI NUCLEARIM

R. Santo (University Gf Minster)
"REACTION MECHANISMS AT MEDIUM ENERGIES
(20100 MeV/nucleon) RESULTS FROM CERN"

J.J. Breense (Medical Biolgoetial Laboratory

v

- TNO - FRijswik, The Netherlands)

MYTIIMDOAT m DT O] Mo ANTY BPDOTT ;—-1|
'NEUTREON THERAPY: RESULTS AND PERSPECTIV

P. Dokeschall (Central Research Institute for
.?_“F.E.E;S‘.’ZC‘S LR J;I(J.“F’ '.\L/)

"TRITON PROBLEM"

N. Takahashi (University of Osaka, Japan)
"THE RESEARCH CENTER FOR NUCLEAR PHYSICS
AT OSAKA, STUDY OF UNSTABLE NUCLEI BY

H.I. REACTIOQN"

G. Brautiti (Department of Physice, Untversity

of Bari)

"ESPERIMENTI POSSIBILI DI FISICA ATOMICA,
NUCLEARE E DI ASTROFISICA CON UN ANELLO

DI ACCUMULAZIONE PER IONI PESANTI"
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November 7, 1984 H. Menzel (Institute fiir Biophystk der Univer-
' sitd#t des Saarlandes)
"AFPLICATIONS OF MICRODOSIMETRIC TECHNIQUES
IN RADIATION BIOLOGY AND RADIATION PHYSICS®

November S, 1984 D.A. Bromley (Physics Depaviment, Yale Univer—
sity, U.5.4.)
"RECENT ASPECTS OF HEAVY ION PHYSICS"

November 14k, 1984 M. Quintildland (Tetituto Teenologie Biomediche
del C.N.R., Roma)

"LA RADIOBIOLOGTIA DEGLI ANNI '80"

j—=
[da]

November , 1984 P. Kleinhedinz (Institut flir Kernmphysik der KFA,
Jilich)

"SINGLE AND DOUBLE OCTUPOLE EXCITATIONS"

November 28, 19844 T. Mongan (Sehuster Laboratory, Department of
Physies, Manchester University)
"HISTORY AND DEVELOPMENT OF TARGET MAKING
AT MANCHESTER AND DARESBURY LABORATORIES
TGO MODERN DAY STANDARD"

November 30, 1984 C.H. Dasso (NORDITA, Copenhagen)
"SUB-BARRIER FUSION REACTIONS"

November 30, 1884 G. Nebbia (Cyelotron Institute, Texas A&M
Iniversity)
"REAZIONI DI FUSICNE INCOMFLETA INDOTTE
DA IONI PESANTI AD ENERGIE INTERMEDIE"

December 5, 1984 E. Festa (Orsay Laboratories)
"STATISTICAL MEASUREMENTS OF TIME-OF-FLIGHT
IN MASS SPECTROMETRY USING INDUCED
DESORPTION"
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19, 1984 R. Rohe (I.N.F.N., Laboratori Nazicnall

i :?:}'.".'.U'J)

MEETINGS 1984

"Three~day tn depth review on the nuclear aceelerator impact
the interdiseciplinary field", May 30th - June lrst,

198k

mber 26-28, 1984

"ESONE CAD Seminar, General Assembly and CAD Exzhibition",
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C. Signorini, G. Bezzon, F, Cervellera, P. Spolaore,
R.A. Ricci:

"Acceptance tests of the Legnaro XTU Tandem”

Nucl. Instr. and Meth. 220 (1984) 30.

P. Spolacre, J.D. Larson, C. Signorinil

"4 wide acceptance recoil mass epeetrometer for the
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I1 Nuovo Cimento 81A (1984) 1351.

A. CGeuer-Richter (a cura di R. Pengo):

"Preparazione di films sottili per esperimenti di fi
gica nucleare con acceleratori di particelle"
Report INFN/TC-84/1.

A.M, Stefanini, G. Fortuna; A. Tivelli, W. Meczynski,
R. Pengo, S.J. Skorka, 5. Beghini, C. Signorini, S.
Lunardi, M. Morando:

"Fusion below the barrier of 2% '%5{ and *7C1 with
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Contr. Int. Symp. on Heavy-Ion Fusion Reaction, Tsuku
ba (Japan), Sept. 3-5, 1984 (in press}.

C. Rossi Alvarez, G. Bezzon, P. Blasi, J.C. Drau, J.C.
Petit, G, Della Mea:

p g B
‘Leaching of glasses

quea”
Contr. Int. Symp. on Three-Day In-Depth Review on the

Nuclear Accelerator Impact in the Interdisciplinary
Field, LNL May 30 June 1, 1984 (in press).

studied by wsing nuclear techni-

G. Della Mea, J.C. Drau, J.C. Petit, G. Bezzon, C.
Rossi Alwvarez:

"New data on ion—induced modifications of aequeous
digolution of silicates”

Mat. Res. Soc. Symp. Proc. 26 (1984).

C. Tuniz, B.M. Stievano, M. Lombardi, P. Spolaore,

G. Moschini, R.A. Ricei, T.H. Kruse, G.F. Herzog:

"High-energy mass epectrometry at the XTU Tandem accg
leragtor of the Laboraetori Nazionali di Legnaro”

Nucvo Cimento, in press.

M. Gentili, I. Massa, G. Vannini, P. Boccaccio, F.

Reffo, L. Vannucci, R.A. Ricci, I, Iori:
"Intermediate mechaniama
tation”

Fizika 16 (1984) 57.

in the fusesion-like fragmen-
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M. Gentili, L. Massa, G. Vannini, P. Boccaccic, F.

Reffo, L. Vannuceci, R.A. Ricci, I. Iori:
"Dynamical model analyeis of intermediate mechantsm
in **S-inducved reactiong" : - -

Lett. Nuovo Cimento 40 (7984) 505.

Pengo, P. Boccaccio, G. Manente, L. Vannucci,

Massa, G. Vannini:

"The preparation of thin
emitters for micro-chann

Inviato a Mucl. Instr.
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S. Lmnardi, S. Begklrl, H: Morando, C. Signorinil,
G. Fortuna, W. Mecz ysn , A.M. Stefanini:
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di pubblicazione su Lecture Notes in Physics.

5. Fortuna, C. Signorini, A.,M. Stefanini, Y. Nagashima,
5. Beghini, 5. Lunardi, W. Meczynski, M. Morando:

"An cotatic beam deflector for heavy-zon fusion
va n studies at ODEG"

Contr. Int. Symp. on Heavy-Ton Fusion Reaction (Tsuku-
na, Giappone) Sett. 1984, in corso di pubblicazione.
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Slgnorini, G. Fortuna, A.M. Stefanini, S. Beghini:
b-barrier fusion reactions and related exzperimental
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1 5

Tnvier talk at the 1984 INS-EIEEN Int. Symp. on Hea-
'y=Ion Physics (Tokjo, Giappone), Agosto 1984, in cor
© di pubblicazione.

4 -L

A.M. Stefanini, . Fortuna, A. Tivelli, W. Meczynski,
5. Beghini, C. Signorini, 8. Lunardi, M. Morando:
TSub=f rier fusione of 2%~ 3Vgq{ witp S8-&2-fupysw

I U2 =T 1] ik

Phys. Rev. C30 (1984) 2088.
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- P BT L O,

'Antireflective effects on a soda-lime glass induced

, 39 (1984).
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