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SUMMARY

We routinely accelerate up to micra-amperns af lons
ot energies ranging from 25 to 95 MeV/A. Already ot
these levels, spoce charge (S.C) problems drastically
affect the bunching efflclency between the ECR
external ton-source and our Co compact (njentor.
Moreover in the “2.5" version aof GANIL we expect
currents above 50 epA {Ars6 for {nstance) nnd S.C
effecta will be of prime tmportance durlng acce-~
feration in the injector and even in our firat SSC. we
present our compubter codes and our flest results,

INTRODUCT [ON

The ECR extarnal lon-source was used for the firgt
tlme at the end of 1985 and almost immediately we
nated a strong decrease of the trangmission between
the sourcs nnid the CO2 injrrtor outputs when the
sonurce intensity was increonsed. Figure 1 shows rhe
experinental results : w~ithout buncher the trans-
mission turns out to be of *h~ nrder of 3,5% for the
whele ranpe A intensities Wl the pain piven by The
bunching, syrlrm derveasess vary rapidgly {(frrmn & tn 1)

when the Jinisrted intensity inrreases from 10 rpd
tn 100 epA @ 8.C clfecta are obviously very important.
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tn the “"2.8" yersion of GUANIL whivh Is carried on’
we not only aim to widen the energy and ion ranges cf
GANIL but also to increase the intensities by a factor
10 or even more tf poscihle, at least for <omem ions
like Ar or Kr where the ECR is not the limiting item.
Moreover, we dream of a very high i{ntensity version of
GANIL suited %o intens= exotic beam production : such
an improvement certainly implies a new small separated
sector injéctor.

So, the present, near futurs and long term of GANII
are obvlously related to our rapabilities of salving
the S.C problemg which wtll crccur, if not already the
case, elther in the beam lines or in the injector and
the first S5SC.

SPACE CHARGE TH CYCLOTAONS

Multiparticle rode dovelonned at GANIL!: the three
dimensional mllltlnar"lrl- ~nide NAJD »as develapfed 1a
e eane ol a4 ceetar eyelateon et Ly
fact, it can Aancommodate .any maenetic (ield confi-
guration and its main limitation comes (rom the shape
of the accelerating gaps which are presently restric-

ted to radial ones.

Accelernting fiald a(Cects are axprasaed aq kicks
applind at the pap centers and  the  equations  of
particle motlon in the magnet: field are {ntegrated
uging the 4th arder fAlunge~Kutt: ~thod with a constant
integratien atep af 1° ;| the caotic Fleld {itaself
being intraduced paiat hy paint tha median plane,

At azl-uths choasn at sl we -1n ask for graphical
and numerical outputs concerning the 6 coordinotes of
each particle and the hunch Adimens ~ns always deflned
a8 two times the RMS value of the sated distribution

yom +00
Ale 2T with cr.’.J u‘p(uldu/j puadu )

in *he fame way, the ftwn d:menainnal emittances are
defined by :

P e i e N e e i vt L )
Ecn 4T [(Ac3- AL N ARl A2¥) - (858K < A0 A XY | t2)
R.C affarts ape takan intn acennnt ¢+ kicka applied
An edch parkicls at grvan azimoths In " ~e8 per kurn}.
The S.C forres are cemputed using -+ equivalent
distribotion’
X = Xoexpi-- é-1 —A (n
PlaleE - -8
whith paves @ (x standa tor s . 1 one oy

. Qe ._fi
“(rnsfze
with [ srl. éz‘ 1
T lP‘"l«ﬂ‘ Tt ﬁ—gol: ]dl' {5)
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The three kicks are sasily deduced from the Fx, x
stands far r or z, §8 is the discance travelled
betweean twn Ricka
18W = F. 88 (
202 A)
18(pat P) = {Fs - Fo.pu/p)-8p/(mectp28) ¥
Presently we do not take infto acrount neither image
»ffecrs nar the influence of tha Adjocent bunches. On
the othar hand, the ~sqmivatent =1lipanid ia alwnys
orirnted ainng the < -r-z qxi5 and centered nn the
reference particule so that we do not take into
Account the possible r-4 correlation but this wlll be
done in a near future.

‘I(‘é‘ 7Y

Space charpe effects in 53C1 in the “2.S5" version
ef GANTL, SSC1 «ill accelerate all lons at anerging
ranging from A4 to 16 MeV/A. To {lluskrate the S§.C
effects we choose the case of AreB accelerated from
+ 640 ReV/A to 7.5 MeV/A ([IIF = 1OMHz, h a S, 64
turns). S.C kicks are applied 8 times per turn, 3t the
valley and sector center lines and the bunch is
almulated by 109 particules.

e [ t corpare the results from our code to the

anes ol ned tram  theoretical ralculations in “the

e¢asa af au isolated bunch at constant energy (no

accelaratinn). Considering a uniformly charged *
atlipsnid (Ar-=Az, AP} the 5.7 forces are™:

Felar)z Qep/ee, (1-aM) r = He T .

IFR0] « Qef/ €,-Q(T] = Ky P
014 gl £0.33 for 36Tx e 01
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fn the case ACA S = 185mm I~5°4) Ar -~ A 2 = Sem and
[T 1Ky P ry Mevén® i 2 MeV/ms
O 1AL D, W conguire Lhene Tt with Lhote plven by
mur code {sameAr, 4 2,48 but difterent g for Lhe two
distributions !}

wer 1

F Kev/m

wr, &r

fle.2  compariacn of S.C forces as glven by formulaes
{?) and ao computed tn the code
In the axial phase plana we havn

wz. bz~ K2 B Z7(A AL W) (n
1 nhown The axiaf ouellIatjons for N - 0 mel N
BT pps 1 oyr(N)~ DLABS, y Z(N) ~ 0LBPR g0 Lhal 4y >~
~0.060 tn be romparsd Lo Syn s =0,008 An plven by Vhe
formulae (A).

Yeor-.nas
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-a
Fig.s

On fig.4 we See the vortex <ffect due to Fr, the

period of the necillation s 20 turns ;. from  the
ormilae used hy M.M. GOADNN®
439 ___ WFr . dB¥AM) | oR - &3]
aF "AmewwR ! Tdr AGTE

we can deduce
ﬂ = ﬁc/(A ) “‘fr.k'l

which pives an esrillation period of
10 turns with our parameters.

From these very crude comparisons
we can however ~onelude to a rather
ool apreement Tir the formilacs,
forces are always taken as Fr{0.&r)
and Fz(63.0) that means overss-
timated, morecver the distributinns
are different and the real ellip-
sold does nant rematn of revolution,
its shape changes under S.C forces.

Fig.4

¥e_now_simylate_the_agcelecation of an Ar beam into
SSC1. In the axial phase space, due %o ‘the high
value ofy 7, we do not expect any Ltrouble up *n
I 2mA (~107%nps) 1 §u z remaina< .2 and v will never
approach  saritical values the axial emittance
Irererase remaing quite small at tne SSC1 nutput.

In the median plane, the bunch behaviour is much

more complicater] due tp the Strong AW-4r and assn-
ciated &p -Ar' couplings and te the vortices dut cthe
radial §.C facce.
From the tip.S which Shows the Aw:w and Ay behaviouea
af the beam 3= A function of ‘he turn numher far
varipus intensities, we can draw ‘the (ollowing
comments

~ AW/W incrennpe very qﬂlrwly eharins the firstrucns
(SRR} w | el Hus 5,40 lorer

e but damparyy anoin el omainly due ko Lhe
strong decrense of the phuse spread

Aw;wqu2 Rao™

with Fr Fz.0

o c=sdn
2] 4 -

e N

= =

o

—L

60

wilh FriFe:0~——

SN e ‘abinp Foofata acenunt,

we  poomore ve theth nd  the agsoctared AW/
Avmpiaps feart et ape na anre present). That is sha®
Tappenss in a maerhine whers The Furn separation fs Tnw
Clmpty e Shd e heed vortiens dnslde the
1adividual bunches ars nepligeable

- the Ar <hown nn fia.A are related to the A W/W and
ook S50 morh o the radial 5.0 (oree.

?Armm N0
25 Co
20 ; - . F::'Fhsso

fle.6 g 20 Ele] 60

This €an be seen Inoking at the uncorrelated jv of
the bunch (&rDC =-r/P.8W/W!. [n (act. in our case, the
menochramatte radial emitiapce s nat Sirongly
atfected hut as aur yr is vary close to 1 (1.07) we
wi!l have ko cherk <very carefully the case of an
imperfect machine whers, dus tn S.C fnorces, the yr al
rescnance can he rrossed near injectrion.

Another illustration of thess henaviours (s given

an fig.7 which dJdisplays, during the flrst 20 turns,
the pattarn af tun particles in the Agp-4r soace for
variaus Intensitien and on fig.9 whirch shows the bunch
progjections at injectinn and after | and 4 turns for a
given inteasity (5.10'“nps).
F1a.9 showa the binch projectinng at =jection for 0,2
Al G T e mant af the partieles (V%) remains
tn A small smiLtance but nf rourte we nbserve a
filamenrarion and particles in the tails will be lost
in the ejection channel.
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Fig.9
Space charge effect compensaticn_in 3SC1 : when the

loeal vertices are strong, the  iSochronism s
destroyed and each particle nn langer rematns at a
given phase versus the central one 5o rhat
compensation nf 5.C forces by 3 flact-tepping ~avity
aeems very difficult even il ws chcose to rompensate
Ineatly (on the (irst turnal and not ~n the wenn
durtng the whole accelératian, MnTegver, the
compensation to be done depends an the intensity.
energy and type of lons so *hat 1 flat~topping system
coveriag the whole range of our 5501, even if possible
would he a highly sophisticated <device and i*s “uning
very «ifficult, As a mattear of fact, in e
mimi:Iations we were not able to [ind out 3 really gond
compensation !

However, as noted by 4.4. GORDCY, déa/d% given by
F= rould be rounter balanced by A AR‘B and we ~nn plav
very easily with the firld pattern and “he  tnpui
central phase. [n this case, =~ach particie of *he
hunch cemains at a more or less ~onstant phnse varsus
the central one so that we can obtain a certain amonnt

ot eatien wihieh mipht bhe Improved by oa
Flal-toppine eavily, FIp, 10 alhag: the rraglt nbhtained
by a slight 38/ - =7.10"" assoclated with a change of

the phase of injectinn Sdinj = -7°,
AW/W /.
15
\
1
I
0s i T
Nao
\ o
Fig.10 0 20 40 60 N

Space_charge effects (n _the compact in)ector ©odue
to the larps phnase and cnergy spresda nccepted by aar
compact Injactor (AW/W nf o few % and Ad > 15-20°), the
tnfluenca of the Jonpitud.nal S.C force on the ansrpy
apread 1n hardly seen at Isast wp to anme hundreds ot
2pA. A8 A eonsenuence, the radial emikkanee i3 nnt
mctt At fertad aned the affect af vorfices is of ninor

1epartanea Linlow | oemA,
N the santeacy, e tn the wank vertical rAsFaring
tarces {gze(), D) the verti=al 5.C a(fect 15 impareant.

| AW/ W% FAW/ W
-2

10
L -

e Tig. 1] “hows the outpob hunches in the  Adb.Aw/¥
plane i the ~ase af Arf arrcelsarated (rom 28.5 KeV/A
Lo GAD KeV/A ot Ly Mtz (o = 1) tne N - 0 and 105 ppg
i 1 emA). Ar this current level we begin to see the
shil't In enearsy of the front and tatl lons and a
aliphl phane 2pread decreane, (T porm wers availanles
flirt=toppine covily wonld certainly be efflclent tn
such an injecror.

fi- 10

For this same rase (1g.12 shows -he z, z' plane
emittance fas heen myltiplied by a factor = 5.

[RARSFER LINE AND AUNCHING

Th~ main prebiems rAncsrn the longitudinal bunching
and *he coupliag effes=s introduced by the inflesctor
nesrded  for +~he 3x13l  Injectian  in  our compact
inyrrlor, Two “ades have heen cdevelapped

IS, _tp_orier o _pgert very rapidely an idea of what
happens 10 the 34 -1W space, wp wrote a very 3imple




c¢ade CHADIS ufing uniformly charmed dises of constant
radius to simaiate the bunchea, The resulta we ahtatn
(Afler an adJustment of the dise radius) being in
rather good agreement with the experimental
measurements we think that this code can be used to
obtain & firat feeling af what haa to be done {n order
to Imprave the bunching efficlency. AS we rcan are
on fig.13 the ECR lon Source has to be at as high a
potential as possible and we hope te be able to use a
N0 kV platform. On the other hand, there {s an
optimum of the bunching length depending on the beam
inlensity nnd on the encrpy acceptance of the injector
an we have 0 accelerate a wide range of intensitiea
the besat choice coinnides with the shorteat leagth for
T » N whirh sttll gives an  acceptable energy
dispersion.

Gz _fx_!: Ar®" 10 MH2z

. 15 KeviA S
" 375 KeViA’ Ladm NS
| t=2m
I (epan
) A
o 500 1000

Fip,13 Auncline patn versus Inected rntensity  Ior
various energies and drift lencth 73 glven by CHAGLS

A_more power
neacisian A fransier 1ine and we have adapied on
exisnting nnel Thia code (GALOPGY sing the mateix
formalism incindes the linear treatment of the 5.0
forces in  the 3 dimensions and alloes far  an
Aptimization o€ the tranafer line parameters (n actder
to adjust at will the terma Al the 6X6 transafer matrix
af the line a= well as those »f the 5X6 covarjant
marrlx af the beam for a maximum of tong. Aesides the
usual aptlecal element, GALOPS 1ncludes bunchers as
well as every element of which Ythe transfer matrix
including 5.7 affects is unnwn {for instincé the
injector inClentor!. [n parcieular, this code allows
very smroth *ransition from .a cnntinumis to A bunched
bram. In its nriminal verston its results were in good
aprecment with mylripartizle codes?

The very first results given by GALORG ronrern the
transfer 1ine from nur £CR 1on anurce to the tnflector
input of the CO injector. The fig.14 concerns the rase
af an Q+2 beam in Jur preasent heam Liae (W=l.4 KeV/A,
[ = tO M4z, 3 single gap buncher and a drift lenpth of
3.3m) and displays the tntensity which is accepted in
a phase spread of 20° versuys the Source current

- results given by the 3 dimensionnl GALOPG code
fcurve 4) roneerned a beam always maintained matched
in the transverse phase sgpace and a resulting
unrorrelated ellipse tn the W -4% plane. The same
results are again obtained with a cylindrical beam of
10mm radius 111 along the line,

- using this same equivalent radius im CHADIS we
fing the curve 3.

If the two cndes show the same Wehaviour Af the
heam In the Al -4%W plane where they can be compared,
the numerical results differ by a factor 2 which comes
partly from the various conStraints imposed to *he
heam 1n GALLOPR but mailnly to the fact that In rMTNADIS.
The dlse radius to be used {3 not equal to the real
equivalant heam radius Ia the tine,

Thene results are representative of pur beam line,
tha yery low acrepted and transmitted currents are due
ta the verv bad l{ocatian of aur buncher and ro the
very low extraction voltage at the ECR we will as
snon 38 possible move a dnuple-driCt harmanle buncher
much neacer tn the injector and in the "2.5" version

cede {5 ne~essary to define with

of GANIL put the ECH at a high potential.

§ Yace epa

[ ' .
[ .

Loy eud
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Fig.l! : Bunrhed eurrent (A% = £d0°) versus injected
one Ay - 3600}

- i Hsul g charpn
with huneher {curen 2)

- with gpace rhnrge and buncher (CHADIS @ curve 3,
OALORA @ nurve 93,

w1lhout buncher feurve 1)

coteLis o

2ur readen, HAIN fer Lhe cyelatrang and CALOPG far
rthe Ji{nes, ars cartainly twe peod tools for studying
space charpe problems. !Nevaertheless we will develep
mulripartirts Andrg iparticise in rolist in rrder ¥n
roalirm from tlne Lo time the posulss given by HAJO
and GALOPG.

Concarming Fhe case of CANIL, 3SClL Is certainly
able tn aeccelerate rcurrents aronnd ImA, some fons in
the 1ailn will he tort bot due to the low enerpy (215
MAV/A] wr do net expecl much  trouble  (power and
ratiatiangd.

In the rare of nur rompact injnctor,

Aol emttlanes  fureeace . it Wil be
Inten=sities helnw 100 »3d.

The prablems re)assd to the llna from the ECR tn
the igjector 1o mueh mare  enmpliraeed due to the
inflrctar and ta the matrhinz which 35 to be done.
Nevertheless a gond peositinn of the buncher togethar

due to the
limlted to

with A higher injertion enerpy will eose these
problems.
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