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SOLENO, a superconducting soiencidal coil used as a spectrometor
for nuclear charged particles studies around zero degree.

Jean-Paul SCHAPIRA, Faigal AZAIEZ. Simone FORTIER,
Sydney GALES, Eld HOURANI. Jaana KUMPULAINEN=
and Jean-Marie MAISON

institut de Physique Nuciéaire, B.P. n°1, 91406 Orsay. France.

A new type of spectrometer for nuclear charged particles studies has bsen
designed and built near the 13 MV Tandem accelerator of the Institut de Physique
Nucléaire at Orsay (France). It makes use of the focusing properties of an axial
magnetic fisld ol 3. 17 Teslas (at maximum value) procuced by a superconducting
solenoidal coil. The basic properties of such a device are the foilowings : true
azimuthal symmetry. large angular acceptance (up to 10°), reduced geometricat and
mechanical aberrations leading to a bandwith of 5% in magnetic rigidity. Associated
with a system of delection of small size. this spectromater is now used around ze-r
dagree for coincidence experiments and to coilect and identlfy in mass. fusion
evaporation residues. In this fater case. the system Is operating like a recoil mass

separator (RMS).

* On lsave from the University of Jyvaskyld. SF-40100 Jyvdskyld. Finland



1 = INTRODUCTION

For more than few decades. optical properties of solenordal coils have been widely
studied and used In electron microscopes '-2), g-ray spectrometers 3-4) and more
recently in the design of electron guns assoclated with muiti-charged heavy ion
sources 5). Recent development in superconducting technology makes attractive the
use of superconducting solenoids for producing high longitudinal magnetic fields
needed to manipulate accelerator beam properties, sometimes In a more efficient way than
whith classlcal magnetic focusing elements 6.7-8) On the other hand. little
attention has been paid up to now to the possibility of using these devices as
heavy charged particie spectrometgrs 5-12),

For this purpose. a superconducting ‘solenoldal spectromater, under the name
SOLENQ has been proposed 9, designed and buitt at the Institut de Physique
Nucidaire. Orsay. The first part of SOLENQ, consisting of one coii. is now under
operation 10} since September 1¢82 near the 13 MV Tandem accelerator of Orsay and
is described in this article (see Fig.1). SOLENO will be complieted in 1984 with a
second ident!cal ccil. in order to extend its capabiiitias for time of flight experiments

and to particles of larger magnetic rigidity.

2 - GENERAL DESCRIPTION

The main characteristic of such a spectrometer is its fully azirnuthal syminetry leading to a
large solid angle. This property is due in practice to the use of a thin
superconducting wire. which can simply be winded around a cyiindrical tube without
significant mechanical aberrations as compared with a conventional soienoid
producing the same magnetic fleld. Because of the specific trajectory properties
(Busch's thecram). good focusing properties are expected with smail geometrica!
aberration effects 1-7). Therefore the detector iocated In the image region can be
chosen of moderate size (diameter typically of the order of 10-20 mm} and still collect
ions emitted from the target within a large angular range. In order to achieve good
solid angle (94 msr in the standard case of SOLENO, the target must be as rear
as possible to the entrance of the spectrometer and the inner vacuum tube of
sufficient diameter 10 let paricies go through the system. Therefore this type o' coil
has usuaily a large diameter to length ratio and need an iron shield around in order
to protect both the target and detector reglons from an imponiant strzay magnetic
fleld.



The spectrometer SOLENO has been specially designed to operate at zero
degree af the direction of the beam stopped In a Faraday cup at the antrance of the
system. in this set-up. SOLENO is now used for two types of experiments, First for
true double angular correlation studies in the so~called Litherland and Ferguson
geometry 13) | extending the previous triplet system 14) to lower cross sections
because of its larger solld angle. Secondly the spectrometer is used as a fast and
efficient collector of fusion—evaporation products from light compound systems of mass A
less than 50, region for which SOLENO in connection with a time of flight and

energy measuremerts, is well adapted,

Figure 2 shows the general set up of SOLENO with the basic devices. The
Faraday cup made of graphite. is maintained by 6 titanium wires of 0. 2 mm diameter. i limits
the minimum angle of detection to 1 degree when the target is located at 60 cm from the
front edge ol the coil. Five vaiues of the minimum angle of acceptance can be set by
Inserting stainless steel obturators with rounded and polished edges (In order to
reduce scatiering eftects) . in front of the Faraday cup. On the othar hand the
maximum value can continuously be adjusted with a diaphragm system of 12 sliding slides
operating lilke a photographic Irls. The technical characteristics of SOLENO itseit
are reported in tabie {. and described in reference 15. For safety reason. the
inner vacuum tube of a diameter of 0. 36 m. Is al room temperature. On the other hand the
3V, 375A power supply is permanently connected to the superconducting coll in

order to easily adjust the current to a preset vaiue.

3 - MAGNETIC FIELD STUDIES

Because of azimuthal symmetry, the magnetic fleid ghas only two components B, and B,
deriving Irom the potential vector X = (0.0,Aw = A}, expressed in the usual
cylindrical coordinates system (r.z,») (see o.g. ref. 1}. The magnetic tieid has
been calculated with the code TRIM 167, which takes into account the exact geometry
of the coil and the iron shield (Fig. 3). designed in such a way to prevent
saturation efiects at maximum excitation current in the coil (375 A). In this
configuration the stray field is minimized at the target and detector locations. as can
be seen on figure 4, and the optical properties become Independent of the current
setting. The iron shield has been cut around the median piane to allow clearance
for the liquid helium pipe and the various connections, all around 2r in order to
preserve azimuthal symmetry. The median pianes of the coil and of tha iron shieid do not
caincide exactly (15 mm diiierence) ., which explains a slight lack of symmetry around the
median plane of the latter one (Fig. 3). taken as the origin z = 0 of the polar

axis.



These caiculations reproduce. with an accuracy of the order of one percent. thy
actual axial fleld 8¢(2) = B, (r = 0.2) measured with an Hall effect probe. The polar
axis has been determined with a radial probe measuring the radial component B, at
various angular settings around the geometrical axls (beam axis). An off set of the
order of 2 mm at the entrance and the exit of SOLENO. with respect ta the geometrical
axis has been founded and shown to be due to the proximity of lron pleces. This small
lack of symmetry has no significant etfect on the optical properties of SOLENO. and
was taken into account to locate the detector i~ the image region.

4 -~ OPTICAL PROPERTIES OF SOLENO

\

4.1. - General outline

The oplical characieristics ol a solenoidal coll spectromater llke SOLENO are
defined by a ser of relevant parameters as follows

a} the maximum Bp achievable for a certain geometrical set-up of the target and
the. detector. at maximum current [ = 375 A,

b} the maximum angile of acceptance for the same geometrical canditions and tor a

certain size of the detector.
¢} the linear magnification, valid for paraxial rays (Gauss approximation)

d) the spherical aberration which determines the size of the image produced
at the detector plane by a bundle of rays emitted fram a point source
(target) within a certain angular range and for a deflnite value of Bp.

e) the Iransmission curve a = f(Bp/E;) which relates the angular
acceptance 10 the Bp of the particies. when the magnetic field has been
sat in order to optimize the solld angle far the central value Bp. This
curve depends on the geometrical set-up and on the detector slze.

(3] the lenglh oi a trajectory between target and detector versus the angle
at emission. which determines the degree of isochronism relevant for time of
flight experiments.



All these quantities can be deduced from the general aquations of motion for an ian
emitted from the target located at z = z4, with definite initial conditions : magnetic
rigigity Bp. distance rg from the poiar axis. angle a with the polar axis and azimuthal
angle p (this angie p is differsnt from zero for skew rays emitisd from the iarget with rg
# 0.

Twa basic geometries have been cansidered In this study

i) The geometry A takas full advantage of the large diameter 0.36 m of the vacuum
tube 10 achieve the jargest solid angie. it is defined by the target and the
detector being the nearest as possible to the sntrance and exit taces of
SOLENO (Zg = - 0.98 m. Zy = 1.0 m).

i) The geometry 8 (Zg = - 1.18 m and ; = 1.375 m) has been used for the two
types experiments discussed in sections 5 and 6. because it ailows a larger
Bp value (necessary for focusing 42 MeV a) and a longer Hignt path (fgr
bettar mass separatian). Of course the angular acceptance Is lower in this

case.

The oplical properties have been calculated in these two geometries. and some ot

them measured with an g-source only in geome(ry 8.
4.2. - Optical properties calculations
Because of azimuthal symmatry. one equation relating the eiongation r(2) to the

position 2 is sufficient to calculate the optical characteristics iisted above and can

be written in the convenlent form &

*n—r'+n— =0 (2}

where ' denotes derivaton with respect to z. and 7 the quantity

A o ( Ao)
no= - - sina siny + —
(80) r Bc (2)

Ap being the potentiai vactor at the origin z = z,.



The Gauss approximation for an ion leaving the target position on the axis

(rq = 0). is obtained from eq. (1) by neglecting r' and taking only the first term in

the Taylor expansion of A In r. It leads to the wel!~-known equation

( B(z)>2
r' = - r D
2(Bp)

B8(z) is the magnelic fleld along the axis. The two particular solutions of (3) ra(2)

(rg = 0. 15= 1) and ry(z) (ry = 1. ri= 0) define first order quantities such as
the position Zg of the plane of Gauss focus. the focal length, the linear
magnification M. On the other hand. the third order spherical aberration coefficient
Cg defining the radius pg3 = Cza’ of the image at the piane of Gauss focus (for a
point source) can be derived from the Glaser egquation »

z
L G 4 2 4
Ch= — (16 K+ 5 K8 - k) @ (4
12 Jy

B(z)
where K(2) = . The detector is located at the piane of best focus, or of
ZLop

least confusion 1:9) . in the case of the third approximation. the elongation at this
plane. of a bundie of rays emitted with a < amgx. !S minimum, and equal to

3

max ML . /2 £-3)

€3
p=— «
4

whare ¢ is the diameler of the source. It is easy to show that this piane Is located
at the focus point for a ray emitted with & = amay - ﬁ and is ahead of the plane of
Gauss focus by a quantity equal 13- | 03] ad ret? 1,9,

The degree of isochronism can be expressed in terms of the ratio AL/ | a2,
which can be shown to be roughly independent of @ tor ¢ << 1 (ref. 9).



A ray trace program SOLEMN. deveiopped at Orsay. solves eq. (1) exactly in
the aciual magnetic field genarated by the program TRIM. in the practicai case of
SOLENQ. a Taylor expansion of the potentiai vector A up to the third order in r
tref. 9) : r3
8(z) - — 8(z), (6)

16

=
"
~

is sufficient 10 reproduce the ray trace program resulls as well as the aq-source
measurements. The resuits reported in tab. 2 have been obtained in this
approximation, using a program under the name GAUSS. develcpped at Orsay. with

the main advantage to be much faster than SOLEN.
4.3. - Alpha-rays measurements and transmisslon curves

For geometry B. the current setting of SOLENQ which brings the circle of ieast
confusion at the detector location, has been obtained using a two dimensionat
position sensitive detactor (so called X-Y detector). The maximum Bp value, atl =
375 A, is the value for which he X~Y image in the detector has the minimum size.
Measurements have been achieved using the 5.486 MeV alpha-rays from an 24TAm
source. Ditfarent images. showing a fairly goed azimuthal symmetry are reported on
figura §. The minimum size as weil as the current corresponding to 8p =0.340 Txm (E,
= 5.486 MaV), Ieading 10 Bomgy = (0.944 = 0.00T) Tx m atI= 375 A. are guiet well

reproduced by the theorstical caiculations (see tab. 2).

The transmission curve obtained with an 241am source. using a 250 mm?2 circuiar
dataector (fig.6). are also fairly weil reproduced by a third arder calculation.
taking into account the entrance and exit diametar af SOLENO. A bandwith of the
order of 5% Iin B_;') is achieved with geometry 8.

For a certain Bp setting, particies with certain smaller Bp values are refocused onto
the detector 3. These spurious trajectories can be stopped inside the
spectrometdr. because they cross at least one time the polar axis bafore reaching
the detector. A cyiindrical baffle lagcated on the axis around the medlan planeg

achigve this goal.

The linear magnification M_ and the angie of rotation of the meridian plane.
have been roughly estimated by detecing in the X-~Y detactor the displaceament in
gistance and angie of the image. when the aipha source was transiated from iis

griginal paosition.



5 - USE OF SOLENO AROUND ZERQ DEGREE FOR COINCIDENCE EXPERIMENTS

Azimuthal symmetry. large solid angle (94 msr in geom. A) and a bandwidth in energy of
the order of 10%, allow coincidence experiments for two-body reaction to be
undertaken in an efficient way. Because SOLENO is located around the beam
direction, only two directions are invoived in the angular correlation : the beam
axis (a) or (b) and the direction of detectior: of the secondary particles or gamma-
rays (c) emitted from the target, according to the well known sequence : A(a.b)
B"(c) C. The correlation measured is between b and c. This method, cailed Method i
of Litherland and Ferguson 13) . Is known to be a useful tool for spins, muitipolarity

mixing ratilo assignment and level schemes determination.

The v-decay properties of deeply bound hole states in 1118n, excited In
the 1125n(3He. @) 117Sn reaction at 36 MeV incident energy, have been recently
studied with SOLENO by measuring the Y-ray spectrum Iin coincidence with the
alpha particles. These were detected between 2.6° and 6° (28 msr) with a surface
barrier detector (area = 250 mm2, thickness = 2000 u). A typical energy spectrum is
shown in figure 7 with a Bp setting of 0.930 Tx m = 1.24 Bp (beam). The elastic peak
is negligible In this case.

The important caracteristic of a system such as SOLENO which detects at smail
angle. is its ability to reject scatterad beam, the direct beam being stopped in a
Faraday cup (Fig. 2). This property can be expressed as the ratio of elastic
events detected in the detector to the number of scattered particles entering In
SOLENO. Because this ratio increases when the current setting gets nearer to 'B;
= Bp (beam). the beam rejection capability can be also defined by the minimum: value of r
= Bp/Bp (beam) at which the counting rate in the detector is still at a reasonnabie
level. In the case of figure 7 (r = 1.24). the rejection ratio is estimated to be of the
order of 5 x 1076, On the other hand. figure 8 shows four 112gn + 3He spectra
corresponding to different vaiues of the ratio r. As expected. the elastic peak
increases when r—~1. One observes that it is still possible to work at r = 1. 10, at
least with a beam of small emittance like the one delivered by a Tandem accelerator. it is
worth pointing out that these performances depend critically on the beam quality and
on the possibility o eliminate beam edges. In this respect. the introduction of a
baffle inside SOLENO. as mentionned in sect. 4.2.. wiil undoubtely improve the

actual performances.



6 - USE_OF SOLENO AS _PFCOIL MASS SEPARATOR (R.M.S)

€6.1. - General outline

Even in its one coll version, SOLENO Is particularly suitable as recoil mass
separator for A < 50 fusion evaporation residves produced at Tandem energies.
This is due to its large angular acceptance. well adapted to the angular
distribution of most fusion products peaked around few degrees (typically 5°). The
energy spectrum of these ls aiso well adapted to the various Bp settings of SOLENO
for which good scattered beam rejection can be achieved. In this set-up. SOLENO
acts meraly as a Bp fiiter with a large solld angie. Mass identification must be achieved
by energy and time of flight measurements. The precision AE on the energy measurement
with a conventional semi conductor |s typically of the order of 1% and is good enough
for the mass values A < §0. The main advantage of SOLENO is its very good
isochronism (dependence of the iength of a trajectory with the angle of emission).
because in contrast with deflecting systems without compensation 17 or position
sensitive detectcrs. full azimuthal symmetry is achieved with SOLENQ and length
fluctuation with angle has a smaller dependence on soild angle 9. As a
consequence, SOLENO appears as a large solid angle device in which velocity
can be measured witn few 10~3 precision, using the usual time of flight technique.
Because of the Bp bandwidth ( 5%), the charge state Q can also be obtained with
this accuracy. In its slmplicity of operation and design. SOLENQO appears to be very
different from other R.M.S. described in ref, 17 te.g. SHIP., Rochester), which
are used to coilect fusion products emitted very near to O degree and for which
therefore beam rejoction becomes a major problem.

6.2. - Preliminary results concerming the reaction 160+12C at 100 Mev
incident energy (160 beam)

These features have been evidenced in the fusion-evaporation 160 + 12¢ reaction
at 100 MeV incident energy where mass and charge state identlfication has been
observed for A < 26 and Q < 13. In order to get the best mass resoiution, target and
detector have been set further apart in a geometry slightly different of the geometry
B. The start signal for the time o; flight measuremsnt was produced in a thin scintillator
film located in front of the entrance of SOLENO. Table 3 summarizes the experimantai
conditions of this experiment. The overall mass resolution has been daduced in the
following way : in the bidimensional plot (t.E). one can measure the relative width
alg of each lime peak associated with a given mass of a definlte energy. It is then

—9.-



easy (0 show that the mass resoilution AA/A is aqual to Atgltg. One has obtained
alg = 1.2 ns leading 10 AA = 1/50. The bidimansional plot (1. E} can be transformed
to a piot (Q.A) using the well known transiormations

A
Q

k]E!a
ko E t

u

where kj and kp depend on the experimental conditions. On this plot. one
eflectively distinguishes clearly most of the fusion products together with the
12¢5.6+ ang 180B.7.8+ jons (see figure 9). A total mass spectu:m is shown on
figure 10. With the present improvement of the detection system. an even clearer mass
separation will be achieved. even in the case of the one coil conflguration.

7 - CONCLUSION

The tirst experimental results show the advantages of using a solenoidal
magnatic coil at least for the two types of experiments discussed here, Other studies
with such a device can ve considered. Ilke for example angular distributions at very
small angle with goecd angular resolution and large solid angie. by making use of the
azimuthal symmetry. Because of their small cross sections, exotic reactions couid be
studied in this way.

The extension of SOLENO to two coiis will aiso widen the scope of possible
experiments dus to improved characteristics : smaller geometrical aberrations leading to
“flatter” transmission curves. larger solld angle together with higher magnetic rigidity
and ionger flight path for better mass identification.

-10 -
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LIST OF FIGURES
Generai view of SOLENO
General set-up of SOLENQ, with its main components (geometry A)

A - Target chamber

B - Box containing five obturators. defining tha minimum
acceptance angle

C - Iris, defining the maximum acceptance angle

D - Faraday cup

E - Coil (length : 0.75 m, inner diamwier : 0.486 m, outer
diameter : 0.516 m)

F - Inner bore. diameter 0.36 m

G -~ Iron shield. thickness 0.08 m

H - Box for cryogenic pumping

| -~ Detector chamber

Magnetic configuration of SOLENO (TRIM caiculation. see § 3)

Magnetic field B(2) on axis : (a) actual magnetic field with the iron shield -
(b) magnetic field without any iron shield - (¢) actval magnetic fieid measured
with an Hall effect prabe.

image sizes tor ditterent Bp settings (geometry 8). using the 5.48 MeV aipha
ray of 241Am and a position sensitive detector. for 1° ¢ & € 6. 1°. (a) :
Bp/éB =7, (b : Bp/é_p = 1.01 (size : 13.9 mm). In case (b) the Internai
circle is due 0 the Faraday cup.

Transmission curve using a 230 mm? circular detector, measured with an alpha
source (geomeiry B), and calculated In the third order approximation. In
this case : e : limited by the detector size. + . limited by the entrance
(6.1°) and o : limited by the exit.

3He ¢ 112g5n spectrum at 36 MeV incident energy (see § 5).

Target thickness : 350 ug/cmz. total integrated charge 70 uC. solid angle :
28 msr (2.6° ¢ g < 6°), Bp = 0.930 T x m,

12~



FiG.

FIG.

FIG.

Four 3He + 1128n spectra at 36 MeV incident energy. for different current
settings of SOLENO.

Mass and charge state specirum In the 180 + 12¢ reaction at 100 MeV incident
energy (160 peam).

Total mass spectrum obtained in the 16G + 12C reaction at 100 MeV incident

enorgy (160 beam).
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- larget chamber

-~ Box contalning live obturatora, dalining the minimum

-~ Farnday cup
~ Coll Qength : 0.75 m. inner diameler : 0.486 m, ouler diameter : 0.518 m)

acceptance angle er bore. dianwsior 0.36 m

F nn
~ irls. dafinlng the maximum aocceplance angle Q - Iron shield. thickness 0.08 m
H - Box for cryogenic Pumping
U Detectior chamber

FIG. 2 : @sneral set-up oi SOLENO, with itls main components (geometry A) :



FiG. 3 : Magnetic configuration of SOLENO (TRIM calculation, see § )
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FIG. 4 : Magnelic fleld B(2) on axis : (a) actual magnetic fleld with the iron shloly
(b) magnelic tield without any lron shield - (¢) actual magnetic fleld measnrad

with an Hall ellect probe.
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FIG. 5 ! Image sizas lor ditferent Bp sellings (geometry B) . using the 5.48 MaV aipha
ray ol 24)am and a porition sensilive detector. for 1°* & o € 6.1°. (a)
Bp/Bp = 1. : (b) : Bp/Bp = 1.01 (size : 13.0 mm). In case (b} the Inlernnl
clrclo is due lo lhe Faraday ocup.
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FIG. 6
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Transmission curve using a 250 mm2 circular detector. measured with an alpha
source (geometry B), and calculated in the third order approximation. In
this case : e : limited by the detector size. + : limited by the entrance

(6.1°) and o : limited by the exit.



5000

2300

__"snCHec)Msn

] 3HE+112SN at 36MeV
[8)
3 = 2 ¥
("He,d) [ S, N
o o w
T . ~ =
i + >
2 T NI
S g %
- g ED E 2 )
N o
a3 ~3
g 3
= o |¥
I _ 1 & s
b n -1 I .
L R | N
~ Y, e
— L2 [}
I b
" 2
s > o
g 3o
g |
3 <
€
("Het) l {
e e ,.........ﬁf.!.‘-J. et L
<a0 600 600 1000 Y1200 heoo 1600

Channel number

FIG. 7 : 3Ho + 11284 spectrum at 36 MeV Incldent energy (see § 5).
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TABLE |

Technical characteriastics of SOLENO (First coild

A - THE SUPERCONDUCTING WIRE

supplier
alioy of niobium (46.5 %)
Cu <+ supra

size (with 9.1 mm of formvar)

number of filaments
giameter of lilament
twist pitch

critical current at 4 Teslas at 4.2°K
critical current at 5 Teslas at 4,2°K

1otal length

B - THE COIL

M.C.A, (USA)

- titanium

2 =1

1.1 mm x 1.52 mm
276

47 microns

25 mm

950 A

800 A

9300 meters

length 0.76 m
Inner radius 0.243 m
thickness 0.0146 m
waight 100 kg
number of turns 5902
max-current 376 A (22 800 2/cm2)
inductance 8.75 Henrys
slored energy 600 kJ

max. fieid at the centre 3.17 Teslas
initial cool down delay with 40 | of LNZ 8 hou:s
cool down at 4.2<K and fil up with 100 |

of (He S hours

He consumption at 375 A
He consumption in standby

C - COIL_FROTECTION

threshoid ol the quench detector

current breaker delay time
maximum lemperature rise

S liters/hour
3 liters/hour

0.2 V and 0.05 sec
0.15 sec
100°y¢

Only 15 % of the total energy is dumpad into the protection resistance.

D - THE IRON SHIELD

tolal length
total diameter
thickness

diameter of the hole on the axis
not saturated at max. induction

E - INNER VACUUM TUBE

inner diameter avallable for trajectories
carbon tube

Faraday cup

22
09
08
.23

oo~ =
3333

.360 m
010 m
306 m

: diameter
length

oo

min. acceptance angle due to the Faraday

cup

1 deg.



TABLE 2

Optical properties of SOLENO (one coll version)

Geomelry A Geometry B Geomelry 8
PARAMETERS Jrd. .order 3rd. order a-source
calc. calc. measurenents
Posilion Z, of tha targol (m) & -0. 98 -). 1D —);_A T
Max. Bp valua (Tum) at 1 = 375 A a.613 0.044 0.04410.00)
Max. angutar acceplanca anay (deg) ia. 6.1 -
Max. solld angla (msr) whh @, = V° 04.5 34.6 3443
Focal distance (m) 0. 408 0. 605 -~
Posllion ot plana ol Qauss focus (m) 1.122 1. 460 -
Linear magalfication -1. V10 ~4. a6 -1.2490. |
Angla ol rolallon (dag) 94. 8 0l.¢ 85¢2
Third order sphasloat aberrallon coslf. G (wm) -5.20 -6.81 -
Poslllon 2j of tha plana ol bhast focus (m) '
tof & ¢ apay Oeloclor &) ). 000 1.975 1.375
Lenglh ol Might path 2, (m) i. 960 2,438 2.555
lsachronism A2/ 1g/a® (a = 1* ! @ = amay) 0.60;0.78 0.68:0.71 -
Diamelar ol Image (mm) 105 @ < a,.ax 8t
z =z 14.3¢2.2 D 6.012.4 D 0.810.1
Diametar of hnaps imm) for 5* ¢« o ¢ 68* (10.5 mar) V.7+2.2 3.242. 4 -
Isachroniscn AL/, for 5% ¢« q < 8¢ 2.5x107°3 2. a3 -
3} The origin Z = 0 is the median plan of the iron shield (see figure 1)

b) for a source of diameter ¢ = 2
size of the source (eq. 51.

H

Lhe first figure is due Lo Cq,

the second one to the




JABLE 3

Experimental conditions of the preliminary 160 + 12C
tusion reaction at 100 MeV incident energy

- GEOMETRICAL PARAMETERS :

Target distance Zg (m)

Detection distance Zj <(m)

Distance of the scintlilator from the
target (m)

Minimum angle of acceptance (deg)
Maximum angle of acceptance (deg)
Solid angle (msr)

- 1.005
1.375

0.15
4.33
6.33
20. 40

Calculated mean tength | (@ = 5°) ot fiight

path (m)
Total isochronism Al/l

- SOLENQ parameters
Current (Amp)
Bp setting (T x m)

Bp bandwidth (%)

- DETECTOR PARAMETERS

Scintillator fim thickness (zg cm~2)
Surface barrier thickness (u)
Surface barrier area (mm2)

- TARGET BEAM AND PARAMETERS

Target thickness (ug cm™2)
Integrated charge (uC of 08+)
Average current (nA of 08+

2.240

4.2 x 1073

178.
0. 420

250.
50.
280.

50.

63.
60.



