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Abstract

In order to achieve & maxiwum transmission effi-
clency, efforts hava been wade in three dirsctions :
beam messurements, understanding of the physical pheno-
wmencn, tuning method. The characteristics of the beam
extractad from the three cyclotrane have been measured.
The ensuing optical affacts ars analysed. The tuning of
tha transport=-lines, depending on the characteristics
of the extracted beams and the requirsd beam properties
on.the tacget, is dascribad.

-4 The GANIL besw-1lines are designed in order to

perform certain optical functions', like batatron and
chrowatic matching of the besm extracted from the thras
cyclotrons, betatron and chromatic watching of the beam
injected in the 55Cs, betatron and chromatic matching
of the beam on:the target, emittince and energy
dispersion measurements’, emittance sod snergy
dispersion limitation". Since GANIL is running (end
€2), sfforts have been made to tune the beam-lines so
that these optical functioos are performed io practise.
For this purposs the besw-parameters have been measured,
the optical properties of the extraction and injection
devices of the cyclotrons analysed, the measursments
:ntl!ptl_toﬂ and tha expsrimental tuning paramaters
educed.

.

1. CHROMATIC MATCHING OF THE EXTRACTED BEAM

The function of the first section §,, of the beam=-
line at exit of sach cyclotron is to maske the besm
achromatic. In order to tune this section, the chromatic

‘cheracterigtics of the axtracted beam hava to be

weasurad. A theoritical estimation of the chromstic
terms is not te gh, b of the difEiculey
to wasaure precisely the field in the whole extraction
davice of the cyclotron. Tuo mettods are used to match
tha schromatic conditions ! the first wethod consists
in meesuring the radiel smittance at exit of section—
Sexs 1.e. in section 5,44 where the beam has to be
schromatic, as a Eunction of the gradient of tha quadru-
poles of section Sqy. The achromatic metching is obtajin-
ad vhen the radial enittance area is minimum, The second
mathod consists in chenging vithin a few per cent the
RF voltage of the cyclotron, i.e. the energy of the
sxtracted beam, and observing simultanecusly the radial
beam position in section Sey, as & functionm of the
gradient of the quadrupoles of section Sex. The achro-
watic matching is obtained, when the rediel beam posi-
tion in the whole section Sen is independact of the
energy of the extrected beam. When the achromatic _
conditions are performed, it has been verified, that—
any part of the emittance figure has the same energy
distribution. .

At the present tims, the echromatic conditions ere
achievad at exit of the three cyclotrons. The Eollowing

table contains the theoretical and experimental values
of the chromatic terms Tyg (in mm per 1000) and Tyg (im
wrad per 1000) at the interfacing point betveen
cyclotron and beaz-line,

Theor. val, ? Exp. val,

Tig | T2 | Tie | Tas
Injector | = 1.9 | = 3,3 -1.8)=-2.8 Table |
§sci - 0.4 2,31} - 2.1 3.3
85C2 = 0.4 2,3 | ~ 2.1 3.3

The values for SSC! and SSC2 ar: equal within the accu-
racy of the experimental measurcrents. The chromatic
terns seems to be independant from the field level. This
point has atill to be examined ¢ e pracisely.

2. CHROMATIC MATCHING OF THE INJECTED BEAM

This question is the inverse one of the chromatic
wmatching of the extracted beam, The function of S;,,
the las¢ section of the beam=line befora the 55Cs, ia
to match the two chromatic terms on the "Eirst orbit".
The theoretical estimation of these terms presenta the
same difficulties as related in the previous paragraph.
The method used to match the chromatic conditions
consists in minimizing the chromatic oscillation
smplitude in the SSCe (frequency (v, = D)=!), as a
function of the gradients of the quadrupoles in section
Sine At the entrance of section Sins the chromatic
properties of the beam sre supposed to be well koowm,
In our case, the beam has to be achromatic, i.e. the
schromatic watching of the extracted heam has previous~
ly to be achieved in section S,, (see preceeding
paragrsph).

At the present time, the chromatic matching is
schieved at injection in SSC!. The following table
contains the values of the theoretical and experimental
chromstic terms at the interfacing point between the
beaw=1line and the cyclotron, for a beam of 0.72 Tm

[

magnetic rigidity. R

Theor. val. * Exp. val.
Tig | Tas | Tie | T26 | Table 2
ssel 0.9 | -0.5] 0.6 | =0.5

The two chromatic terms at the chosen interfacing point
are slighly dependant of the field level in SSCI,
because the focueing in the injection device depends oc
the magnatic saturation. This does not necessary mean
that the chromatic matching on the I'Elrst orbit” depen
on the field level. Concerning SSC2,' the matching para
meters are at the present time the theoretical ones.
They heve to be verified by tasts.



3. BETATRON MATCHING OF THE EXTRACTED BEAM

Ia order to £it the scceptance of the beam-line,
the betatron emittance parametsrs, i.e. tilt amd
ellipticity of the spproximste emittaace ellipse, of
the extracted besw have to be wstched at the entrance
in the beam=iice. For this purpose a spacial device,
consisting of four quadrupules and three hesw-profile
monitore, is arranged in sectiom Sen+ For aasier match-
ing, section 8., is downstresm from section Sgy, so
that the udhi betatron parsseters are uncaupled with
the chrosatic oaes. In order to characterize the besm,
o spacial point P was arracged in vection Seg, where
the besm has to present an howothatic horizontal and
vertical cross-over. The scaling factor is the sguare
root of the ratio of the amittance area to the
theoretical accsptance of the beam-lins. In besw-line
Ll (between injector cyclotron and $SC1) polat P is the
object=point of the no-iine low-energy analysing
nagnet § in beam=line L2 (batween 35C1 and 55C2) poiat
P Le¢ on the stripper target | in bean=lipe L) (bstween
$3C2 and the experimental area) point P is the object-
point of the on-line high-snergy snslysar. In practise
the crosi-over is checked on thres equidistant besm=
profile wonitors, installed in a deift-space situsted
dovastresm from the four mstching quedrupoles. Accurats
matching is obtained when d; = dy and da/dy = k, whers
di, dy and dy are the besm dimensions on menitors 1, 2
od 3, and k& {¢ a givan constant, dependiug oa the
distance betvean wonitor | and 3. In addition the
bess has previously to be achrowatic in section Eeg
(sea paragraph ).

At the present time, the betatron watching is
achieved at exit of the thres cyclotrome. In L1 the
watching depends slightly on the fisld-level im the
injector, even for a standart tuning of the lattsr. In
L2, the matching does not depend on the field-lsvel in
88C3}, provided the beam is extracted on the desired
tura. In L3, the matching is not reproductible from run
to run, becsuss the extraction conditions from §5CZ,
esspecislly the numbers of turns, sre mot yet standard.

&, BETATRON MATCHING OF THE INJECTED BEAM

This question is the inverse one of the betatron
matching of the extracted beam. The function of Sin,
the laet section of the beam-line befors the 55Cs, in
eddition to the chromatic watching function, is to
match the two horizontal and the two vertical betatron
parsmeters on the “first-orbit", The method used to
uatch thesa conditions, consists in wioimizing the
betatron oscillstion amplitude in both directions in
the 3SCa (frequency 2/(Vg:~ 1)) ss & fuoction of tha
gradieat of the quadrupoles in section Siy. At
antrance in section Si,, the betatrzon properties of.the
besm ure supposed to be well known. This is the casi
vhen the betatron matching of the extracted hesm is
praviously achieved (seae preceeding psragraph).

At the present tiwe, the betstron watching at the
entrence of the SSCs corresponds to the thecretical
values, vhich have to be confirmed by tests.

5. BEAM MATCHING ON THE TARGET

In the genaral case the beam on the target is
schromatic and has S wm in diameter for a horizontal
and vertical emittance of 5 ¥ ww-mrad. This squarex
with the theory. If a smsller diameter is required, it
is necessary either to lizit the emittance, coansequent-
1y the inotensity, or to find a nom etandsrd matching if
any exists.

6. GENERAL COMMENT

When the betatron snd chromatic mstching of the
extracted beam is sccurate at the interfacing point P
(wentionned in paragraph 3}, the beam behaviour down=
stream from P squares with the theoretical estimation.
In connexion with this, it must be mentionned that an
sccuracy better than | Z of the magnetic rigidity of

* the besm is necessary, to obtain the accurate quadru-~

pole forces.

7. TRANSVERSE EMITTANCE MEASUREHENTS

Thres methods have been considered to messure the
transversa smittances in the beam lines® : the three
distances method, the three (or more) gradients method
and the scanning mathod. At the present time, only the
first one iu reslly oparstiona! in the three beam~
linas. It has still to be used prudently, espaclally inm
L], due to the difficulty of interpretation of the beam
profiles, bacause the particle density distribution in
the transveras emittance figures ls unknown and in the
general case non-uniform. The second mechod is not easy
to use in our case, bscause the emittance of the baam,
especislly in L1, is not small enough compaured to the
aceaptance of the beame-lines. So if the gradiant is
varied, the besn'mey hit the vacuum pipe. The third
method 1s now in prepacstioan and will be oparational
near the end of this year.

Figuras 3 to 6 show the number of particles in LI
versus the emittance area, lLimited by the epecial
imitation slits®,

Before the tuning of SSCI was standard, the emit-
taace of the extracted beam was diffarsnt from run to
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run and its ares was rather smaller than the theoreti-~
cal value. Since it is standard, the emittance measure=-
ment has only been performed on a Ar'** beam of 3,5
MeV/A. The horizontal and vertical emittance areas are
found to be in the order of 12  mormrad.

The tuning of 95C2 is not yet standard. Neverthe-
less a typical emittance ares, measured oo & 44 MeV/A
Ar'%* beam extracted frow SSC2 is 6 * mx-mrad horizon-
tally and 3 ¥ om-mrad vertically at 1.75.10' pps and
2.5 % wr-mrad in both directions at 7.8.10% ppa.

8. ENERGY DISPERSION MEASUREMENTS

The energy spread of tha besm extracted from the
injector is measured in the on-line enalyser of L1
(resolution = 5.10°? total® energy width, with an
emittance of 40 W mw-mrad). The energy spread of the
beams extracted from the SSCs is measured {n thas oo-
line anslyser of L3 (resolution = 5.10~* total® energy
wvidth, with an smittance of 5 x am-nrad). -

Typical values of the snargy spread measured in
the three beam-lines are shown in tables 7 to 9,
Concerning table 7, it has to be mentionned that in
order not to reduce the injection sfficiency in SSCI,
ic is absolutely necessacy to tune the injector
cyclotron so that its beam has a total® yidth of the
energy spread smaller than 1.4.10°%. The theoratical
acceptance of S5C! is in the order of 1072,

9. BEAM CHARACTERISTICS AND TRANSMISSION EFFICIENCY
OF THE BEAM-LINES -
Tables 7 to 9 show the characteristics of the
extracted besmy of various ions and energies and tha
corresponding transmission efficiency of the beam~
lioes. These tsblas call for three cocments :

= The three tables and each line in each table are
independant one from the other, except the following
ones (7/1, 8/1, 9/1), (7/3, 8/3, 9/3) and (7/5, 8/5,
$/6). The teasons are mainly :

Most of the measurements have been performed at
different days. In addition, scme measurements have

. been performed during operation runs (7/3, 7/7, 7/10,

8/3, 8/4, 8/6, 8/1, 9/2, 9/3, 9/4, 9/5, 9/8), the other
ones during runs devoted to beam studies, when the beam
was matched according to special criteria, like high
intensicy (7/5, 7/10, 8/5, B8/6, 9/6), low-energy spread
(8/8), or best trausmission efficiency (7/4, 7/6, 7/8,
7/9).

= Concerning table B, the transmission efficiency
factor includes the stripping efficiency. Now, some
values of the transmission efficlancy are low, because
the optimum thickness of the stripping foil could not
be usad, in order not to reduce the accelerated beam
current in §SC2. When the thickness of the stripping
foil is increased, the enargy spread increases and the
snauing phase langth at input in $5C2 fncreases. Tests
have to be made to messure firstly the particle distri-
bution in the loangitudinal emittance figure as &
function of the stripper foil thicknass and secondly
the longitudinal acceptance of 5SC2.

= In SSCI the longitudinal acceptance problem has
been solved simply by tuning the injector so that the
total* width of the energy spread of the extracted beam
is smaller than 1.4.1072%,

The symbols and the unities used in tables 7 to §
are ¢ .

beam energy (MaV¥/A)

beam intensity at extraction (10'2 p.p.s.)
horizontal emittance area of the injected
beam (T om-mrad)

vertical emittance area of the injected heam
(7 om-mrad)

total® yidth of relative energy spread (per
10%) (w{ before stripper ; wo after stripper)
r = transmission efficiency of the beam-line (per
cant)(r3 of L3 ; r; of LI + beaz~line on exp.
area)

theoretical stripping efficiency® (per cemt)
thickness of the steipper-foil (ug/cm®).

JI =lﬂHa
[ ]

5
[ ]

o
[ ]

Table ?
L1 "} 1 EH EV "] r
7/1 | 03| 0408 | 5,40 a0 a0 | 14 | ga
/2 | ae** | 0177 | 1,90 40| 40 13| 8s
7/3 | ar** | 0.177 ) 0.00 13| 78
776 | as®* | 0,250 | 470 40| a0 | 13| s0
7/5 | ar®* | 0.250 | 7.66 15| so
7/6 | asS* ) 0,334 | 050 ac| 25 | 13 | 100
777 | ac™ | 0.334 | o.8s 13| 78
7/8 | ca°" | 0.33a | 0,84 | 20| 30| 15 | 100
2/9 | k™ | p.ro9 | co7 | 25| 28 | 14 | 100
2/18) ke™* | o.195 | 0.38 14 | so

(%) 95 T of the particles.



Jable 8
L2 1) 1 . r, EH E" v v, |
8/1]o /% 15 50l3.23[50]99.6 65
8/2|ar*/ 145 200,50 (30 16.2 3.4 |7
8/3|ac**/14+] 5 20l0.40]30]16.2 4]
8/4(Ae**/ 1545 aa{1.56{30|37.a{2(12[a.0]a.2]7
a/5|ne**/15+|3 40|3.00]30[37.a
8/6]|as5*/ 1%+ |4 65 |0.08]s0]an.0 a.la.e|es
8/7{ke™*/ 2% |2 73{0.27{30]24.2 a.0fa.9
8/8{ke™*/25% |5 23| 0.20{30}24.2 2.5]3.7
Tabls'9
L3 '} 1 EH Ev "] LEA A
9/1| 0 A* | 93,7 128 1.7{ 95
<l ef2| 0 ®* | 93.7] 0.82 1.7] 98]0
9/3] ac***] 27,21 0,08 3.9| 63
| 9/a| Ae'®*| aa.0| 0.08 {2.5 ] 2.5] 2.0 100 95
. 9/8] ae'*| aa.0| 0.16 6.0} 3.0/ 6.6] 90 a0
" [ 3/6] a2"* | 4s.8 5.43 “ | 9ales
9/1| ac'%*| s0,0{ 0.23 100 | 58
9.0 ke2%*| 34,5| 0.04 2.0 95|80

w
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