
HAL Id: in2p3-00548852
https://hal.in2p3.fr/in2p3-00548852

Submitted on 20 Dec 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

High intensity and space charge problems at GANIL
E. Baron, A.R. Beck, M.P. Bourgarel, B. Bru, A. Chabert, C. Ricaud

To cite this version:
E. Baron, A.R. Beck, M.P. Bourgarel, B. Bru, A. Chabert, et al.. High intensity and space charge
problems at GANIL. Proceedings of the 7th International Conference on Cyclotrons and their Appli-
cations, Oct 1986, Tokyo, Japan. pp.234-237. �in2p3-00548852�

https://hal.in2p3.fr/in2p3-00548852
https://hal.archives-ouvertes.fr


FRS-î-o l«, <HS 

HIGH INTENSITY 
AND SPACE CHARGE PROBLEMS AT GANIL 

E. BARON, R. BECK, M-P. BOURGAREL, 
B. BRU, A. CHABERT, C. RICAUD 

GANIL 
BP 5027 - F 14021 CAEN CEDEX 

A.86.06. 



ELEVENTH INTERNATIONAL CONFERENCE ON CYCLOTRONS 

AND THEIR APPLICATIONS 

October 13-17, 1986 - Tokyo (Japan) 

HIGH INTENSITY ANO SPACE CHARGE PROBLEMS AT GAN1L 

E. BARON, R. BECK, H.P. BOURGAREL, fl. BRU. A. CHABERT, C. RICAUD 
GANIl HP 5027 - f 14021 CAEN CEDEX 

SUMMARY 

to"» routinely accelerate up Cn ml crn-nmpore<i or lorn 
aC energies ranging from 25 to 95 MeV/A. Already at 
these levels, space charge (S.C) problems drastically 
affect the bunching efficiency between the ECR 
extern.! I ton-source and our Co compact Injector-
Moreover in the "2,5" version of GANIL we expect 
currents above 50 eu A (Ar»6 for Instance) nnd S.C 
effects will be of prime Importance during acce­
leration In the Injector and even in our flrnt SSC, We 
present our computer codes and our first results. 

INTRODUCTION 

The ECR external Ion-source was used for the first 
time at the end of 1985 and almost immediately we 
noted a strong decrease of the transmission between 
tl»e sourr*» nn>l the CO? Injector outputs when the 
source intensity was Increased. Figure 1 Shows the 
experimental results : without buncher the trans­
mission turns out to be of ••h» order or 3.^* for t-he 
whnlr r.nip." nf infnnlMri -md Mic p.nln p.iveri hv • If 
bunchiup. syrien 'leevens»* very rnpinyiy ( rr n" fi IT» l ! 
when the i n i»r'ed intensity liin-pnsfr. from lf' n|i A 
In [HO epA r S.C effects are ohvinunly very (mptir t:ml . 
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In "?.*" version of 'JAN 11. whKh Is carclerl on1 

we not only aim to widen the energy and ion ranges cf 
GANIL but also to Increase the intensities by a factor 
TO or even more If possible, at least for <om» ions 
like Ar or Kr where the ECR is not the limiting item. 
Moreover, we dream of a very hit»h intensity version of 
GANIL suited to intense exotic beam production such 
an improvement certainly implies a new snail separated 
sector Injector. 

So, the present, near futur» and lone» term of CAN 11. 
are obviously related to our capabilities of solving 
the S.C problems which will wrur, if not already the 
case, either in the beam lines or in the injector and 
the first SSC. 

SPACE CHAnCE J» 

Mult.ip.ir tide code developed at 
dimensional mn I tlpartld» <-nde NAJO 

YCLOTPO:JS 

GAfUL1 the the». 
Jevelop/ed i. 

1',-ict. it --an Trco"""ad,ite -IIIV magnetic field confi­
guration and its main limitation comes from the shape 
of the accelerating gaps which are presently restric­

ted to radi.il ones. 
Accelerating fi»ld erf».-»* n 

appl t»d at the f>;ip ««titers ai 
particle motion in the majitteti 
ualng the -1th order flunge-Kutt-. 
integration s rep of t» ; the 
belNfl Introduced point hy point 

At azl -uth.9 chosen nt will we 
and numerical outputs concerning the 
each particle and the hunch dimenr -> 
as two times the RMS value cC the 

e expressed as kicks 
'I th» equations if 
field are integrated 
•thod with a constant 
.'nette rield Itself 
the mod 1.in ptnne. 

in ask for p.raphlcal 
coordinates of 
aLwnyfl defined 

.itod distribution 
.Km /f*°° 

In ••h» 
defined by 

km^nsional eii It tances are 

<2) e*-4Tl|(ûJ?-Al1)(AX'1-AX'l1-(ûï-Ax'-A(.lX')ï|,'i 

S.C »ffe^ts Tri» tak»n info account i kicks applleil 
on each partiel» at Riven azimuths In • ~-!S per turn,'. 
The S.C forces are computed usinç » equivalent 
distribution ' 

N = (sw^i:"f7,' I < ' à x "" 
"' ' n r" j i i-Sfi. » - i r i „ IlL] I 

T - " P | - l k / * t TrSt O i ^ t l i j L (51 
U ~ J. 2p.VH[(irfVH(IJhSH(«.bl]

v* 
The thr»« kicks are easily deduced from the Fx, x 

stands fnr r or z, 5 s is the distance travelled 
between two kirk:* 

)S\tf = F>. St 
|i(p«/p) = (F. - Fi.p,/p).Sf./{m.t.'fi) ""•' 

Present ly we dn not take in to account ne i ther image 
• f f e c s nor -he in f luence o f the adjacent bunches. On 
ihe i\i her ii.-iitd, the "-in 1 va tent »1 I ipsn ld i s always 
opierif.t-1 aionii che -> - r -7. axis and centered on the 
reference p a r t i c u l e so that we do not take i n to 
account the poss ib le r-1> c o r r e l a t i o n but th i s w i l l be 
done in a near f u t u re . 

§£] nee chnrr,' c'-g in I 3C1 in the "2.5" ver i ion 
of CANIL, GSC1 - i l l accelerate a l l Ions at energies 
ranging rrom fl to 15 MeV/A. To i l l u s t r a t e the S.C 
e f f ec t s we choose the case o f Ar*f l accelerated from 
f 5-10 XeV/A to 7.5 MeV/rt (THF = 10MHz, h a 5, 6<1 

t u rns ) . S.C kicks are appl ied 9 times per t u r n , a t the 
va l l ey and sector center l ines and the bunch is 
s imulated by 100 p a r t i c u l e s . 

ie f i r s t corpnre the resu l t s from our code to the 
•i(ifs~~-Vr~M'n'ê7l frnîn tnVôrët ï ïv î r ca l cu la t i ons in "the 
car.» n f .in iso la ted bunch a t cons tan t energy f no 
accelerne ton ) . Considering a uni formly charged • 
- l l t p s o i d (Ar-Az.Af») the S.C forces a re " : 

j r - (o,r l = c ja? /c£ . - (<-9(Tn- r = k r - r * 
iFfrf.ol . Get?/ £ . - g ( T i ^ K»/- H? 

C I * gCTI / 0 . 3 3 (or 3*T*A%r*i 

( 7 1 
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fn th r cas" or A S = 11mm l~ s M I. Ar - A 7. = ***n mid 
•'.. I i l , N | . | . ; i —• fJi-J / r P",.>; «.-v/-,,* .•„,«( K*; ""• * M-V/m' 
<»ti l i e . .? , w- fnrn|iiir*' Uir::e f ' . - :nl l w i t h Umr.c plv.-u hv 
our code Is.ime A r, A z , & s but d i f f e r e n t a Tor Lhe two 
d i s t r i b u t i o n s !) 

- ,1 w/w i t i r - rM rr. ^^l•~ f i r s t h i m s 

F Ketf/m ^ * r <r£ f~ » / LU f~ 
/7s... « > ' • 

: / / > - — ,.«_ 
V i-..<r 

Ar », ,,.., 
E-'.G-vj T f o m f , a [ " t s r n o f S.C forces as given by formulaes 
(7) nnd no computed tn the code 

Tn the n x n l phnnc plane we invo : 
y K . , ^ 7 - KT- .P ; ' / 1 - I .A .W) ( M I 

111'.. 1 r.M.iwn Hi» .iKi.it o-u- I I 1 :ii lorn (or- N - f> .ind N 
r i . l i> 1* 'pps : v ? . ( i n - n.nn r . , V J : ( M | - n,8? r . r.n mai. n\i r-
-O.flt.n in ho r-nmpnr**!! to iSyjt ~ -n.Mfi.t a.i p.lvrrt liy 111" 
formulae ( f l ) . 

-I «101-.HHS 

On f i ç . d we see the vortex e f f e c t due to Fr, the 
per iod o f Mie osr-i I l a t i o n Is ?0 turns ;• from the 
formulae used hv M.M. Contint)* 

d S J _ h Fr . dHto)_ pjf? r (?) 
dt- AnuuT? ' dJ- Jttf 

we can deduce 
J l a r?c/(AY2m*>W)-l/kV.liV 

which p.lves nn nsri 1latIon period of 
10 turns with our parameters. 

From these very crude comparisons 
wo can howovcr rnnrlude to a rn'hor 
r'",'l nrfcr«in'.il ; m Die Col-mil I.-!*••;, 

rorces are always taken as FHO.^r) 
and Fz(fis.0) that means overes­
timated, moreover the distributions 
are different and the real ellip­
soid does not remain of revolution. 
Its shape changes under S.C forces. 

¥£_aCH_3i(!'*Jl'3££-2tlS_3£C5l£C2Eiaa ?f an Ar beam into 
SSCI. In the a«ial phase spare, due to ""he hi^h 
value of y z. we do not expect any trouble up -n 
I emA (-I0"ppsl : 6y 2 remains* 0.2 and u z will never 
approach critical values ; the aiual omittance 
Increase remains quite small at tne ^SCl output. 

In the merit an plane, the bunch behaviour Is much 
«ore complicated due to the strong V-ô" r and asso­
ciated 64 -*,r' couplings and to the vortices due zhe 
rail In I S.C force. 
Fro* 'he fip.'i wturh ihnws thf ,W/V and \$ h»h.iviniiri 
or the beam as a funct;on of 'he turn numhnr ror 
various intensities. we can draw the following 

l u * * N.IO" 

l _ " l _ " 
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! N 

id iv Huai Dutir 
- the A r •ihr 

•\ ..,•:! " I H I I I . f. ii,In nrcounf, 
t h " *.h ind t h - assor iared M / ' " 

r= no -mr-<- n m ' i i ' n f l . That I ri *hn* 
wli"r" 1 I if rurti " n i i i i n l m i i l r tow 

l..- ••<• .1 v i i - i I. ••-. l i r : | . | - (),'• 
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This can bP seen look me at the u n c o r r e c t e d ,^r o f 
fhe bunch (ôrRC ^ - r / p .ûw /w ! . In n e t . in our rase, the 
1tiTi.1rf1rom.1l i r roil 1 n I "mi "• 1 TUT" Ire not r . l ronn'v 
at (ected hut as our yr is v«rv close to 1 I 1.07) we 
wi ! 1 have tn che<-k very care fu l ly the case o f an 
i m p . r O r t mnrhine •hf»r t*. due to S.C forces, the y r a I 
resnnanre can he rrosR^d near i n jecMon . 

Another i l l u s t r a t i o n o f '•hffse henavlours Is given 
on f i q . 7 which d i sp lays , dur ing the f i r s t 20 tu rns , 
the pa t te rn o f two p a r t i c l ° s in the ^ - i r soace for 
i/arioiis inr«ns i t icT and on f i i ; . 3 which ihows the buncti 
p ro jec t ions nt i n j e c t i o n and a f t e r I and H turns fo r a 
given i n t e n s i t y (5 .10 l "nps ). 
Fip..T nhowi the bunch p ro jec t ions at e j ec t i on fo r 0.? 
111.1 r , . I " ' '' |.|v. • mn-:f oT ' h- pur ' 1 c 1 +~. [ >'V1¥. ) rcrn.il na 
in .T nnal l "nur.t.iticc buc of course we observe a 
f l I amen M M on ind pa rMc les in Che t a i l s w i l l be l o s t 
in the « j e c t l o n channel. 

http://iKi.it
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Space charge effect compensation in SSCI : when the 
local vortires are string, th» isorhr"nism ts 
destroyed and each particle nn )oncer remains at a 
gi wen phase versus the cen tral one so thn t 
compensation nf S.C forces by 3 flat-toDplni» cnvlty 
neems very difficult even if we chcDâ* to romnennnt." 
Meal Iy (on the first turn's I and not ->n the -nenn 
•luring the whole acceleration. Moreover, the 
compensation to be done depends on the Intensity, 
energy and type of Ions so that i flat-toopi np, system 
covering the whole range of wir SS'"î , even if possible 
would he a highly sophisticated device and its tuning 
very til m oil t. As a naf»r if fac*. in -.nr 
slBulnMnns we were not able to find out i r*-alL rçonti 
compensation • 

Ho-ev-r. as noted by s*.M. Î RD̂ 'I. din/d* j>tven by 
F- could he rountrr balanced by a *R.'B and we can plnv 
very MBily with th* fl"IH pnimrrt and -do tnnuL 
cent ral phase. In th • S -as*, each part i- i ..• .>f ••lie 
hunch remains at a more or less "on.itant phase versus 
the central one so that we can obtain a certain lmnnnt 

nï rniiir-.'ii'r.-il 1 mi wl i i rh m I phi h" I mprnvi-H by 1 
r i a l - I f p p m p . r-nVi i y . p i p . i n ^ | ,^ w . : t|,n r esu l t nhrain<-.| 
by a s l i g h t S H/li -. -7 .10 ' * associated w i th a change ol 
the phase o r i n j e r t l n n 5+1nJ = -7» , 

A W/W/ . 

Fir;. 10 40 60 N 

Spncc^h^rso.err^r^U^h^roïcw^lnjgçtni : In­
to the larp.» phase and energy nprearln nccopted by our 
compart Injector Ijv/V of r, lew % and Ab -15-20M. the 
influence of the lonp.i l-.jd.nal S.C force on the -nerny 

-it.\. As a «'ni!»'|ii"nrc, ""he radial «ml t tance 19 nnt 
-ntt.-ti afro-*...| -,t„| tno «l(>—t of vorrtcpa is of -nlnnr 
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AW/W7o 

M U|o w«ai< v - r r i ' - a l r^S f i r I ni 
- a l 5.C e f f e c t Is Important. 
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ID 

MIP f i p , . l l -:howr r h " out-put buncii«s in the ,H-A ï /w 
piano nt i h " '•n-.f flf' nr-.fi nrrnl^rar.pi l from P9.o KeV/A 
i.o 0-m Kt'tf/A -i" I'J Mil? Mi .- 1) Inr H - '1 and 10 n pp« i 
1 I nmA). At Hns <-urr*»nr level w- be^ln to 3ee the 
s h i f t in - I K T R V o f the f ron t and t a i l Inns and a 

I hit - l(. | i | i inp .-nvli.y «mi I -I cei'l.ft i ti l y he e f f i c i e n t in 
such an i n j e c t o r . 

f Z'm.rad 

• . , - | ; • ' • • •• 

fl-0. 

• ! * m.rad 

: 8 • 'Znr 

'i-5 

f1 = ] 0 u 

For th is same rasn f l j i . l C shows '.he z, z' plane : 
emittance has ^ieen m u l t i p l i e d by a f ac to r •= 5. 

PBAHSFKH IÏUR -\ni) PIJHCHIHG 

Tim iM in pmt i l -n ' j .—ri-Tn • lin | ong I tut! I na I hunching 
and 'he coupl ing e f fec rs introduced by the l n f l e c t o r 
n»«'led for *hr» j » n l I n j e r t i i n in our compact 
i n j»»r-1 o r . Two -oilcs hav" h"cn d>*vf>l npped : 

-L' l s t . ».Q-2r. l |.fr-- r^_fie r- v*ry rap lde ly an lde% o f -hat 
happens in the .If -AW space, we wrote a vary simple 



en«le C1IADIS usine uniformly char̂ «"d discs of constant 
radius tn siroii1.it" die bunches. Tin» results w" nhtnln 
(a fier an adjustment of the disc radius) hrtng lit 
rather good agreement with the experimental 
measurements we think that this code can be used to 
obtain a first feeling of what has to be done in order 
to Improve the bunching ef fl clency. As we can see 
on fig. 13 the ECR ion source lias to be at as high a 
potential as possible and we hope to be able to use a 
100 kV platform. On the other hand, there Is an 
optimum of the bunching length depending on the beam 
Intensity and On the encrp.y nrrppLnnoe of the injector 
nr. we have to accelerate a wide range oT lnfeM«!l U"3 
the best choice coincides with the shortest length fur 
I * n which »tt 11 gWes an acceptable energy 
dispersion. 

or GANII, put the ECU at a high potential. 

15* 
Ar 'MO MHz 

^ 
^ - _ ^ 1 £ . K , î V / A L = 2 m 

^~<<—_?5KeV/A L = 2m 

- 3 75 KoV/À\ 
L=2ni -^ 
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1000 

Flg^l] fluni-liT r.ain versus in (•"•ted tn^nsl >v for 
various energies and drift length as given by CF1ADI3 

A more powerful cede is necessary to define with 
pririslon a fnnsOr line and ve hav» idipi«d :m 
e*ir.Mng one! Thin code (ÏÏAI.np<:) ..sing the matrix 
rnrm.il ism includes the 1 Inear treatment of the S.C 
forces In the 3 di mens ions and allows for an 
optimisation nl" rhc transfer lino parameters in nplT 
to adjust at will the terms of the 6Xfi transfer nntrix 
or the lln» as veil as those or the 6X6 covarjant 
matrix of the in*am Tor a maximum of imin, Resides Mio 
usua 1 op tlea 1 element, GALfPG inc1udes bunchers as 
wel1 as every element of which the transfer matrix 
Including S.C effects is kwv.n '. for instance" the 
injector inflecfor). In particular, this rode al lows 
very Emoohh transition from a rnntlnnmi!; to a hunched 
beam, in its original version i'-s results «ere in good 
3P.recr.ent wi i-h mul flpart lole codes*'1 

The very Mrst results given MY GAI.HPG concern the 
transfer line from nur SCR ion source to the tnTlectnr 
input of the CO Injector. The fig.M concerns the case 
of an 0*? beam in our present bean Line (W=l.4 KeV/A. 
f » tO MHz, i single cap buneher and a drift length, of 
3-3m) and displays the Intensity which is accepted In 
a phase spread of 20" versus the source current : 

- results given by the 3 dimensional GALOPC code 
(curve 1) concerned a beam always maintained matched 
In the transverse phase apace and a resulting 
unrorrelated el 1 ipse In the V5 -Aw plane. The same 
results are again obtained with a cylindrical beam of 
10mm radius ill along the line. 

- usine this same equivalent radlu3 tn CHADfS we 
find the curve 3. 

If the two codes show t;he same behaviour of the 
heam In the A^-iW plane where they can be compared, 
the numerical results difTer- by a factor 2 which comes 
partly Tram the various constraints imposed to '•he 
heam In CA|.r*P0 but mdlnly to the fact that In CJIADI5. 
The dine radius to he used Is ant equal to the real 
equivalent hoam radius l>i the line. 

These results are representative of our beam 1 in»». 
M.n v»«ry low accepted and transittted current*! are due 
to the very bid location of our buncher and to rhe 
very low extraction voltage at the ECU : we vlU as 
,-înnn aft possible move a double-drift harmonic buncher 
much nearer to the Injector and in the "2.5" version 

fiC^W : Punrh-d 
one | >n - ir.o1 ) 

it { \i> >Ï'10'1 versus injected 

p." : wi i h<?ut buncher (curve 1 ) 
wt th huiicher (curve 2) 

- with spare rhrarge and buncher (CMAOIS : curve 3, 
flAl.npi : curve -1) . 

L'or;ci.nr.io» 

•-.<tr " . (Cn , '.'A,in f - r M..> -:y l i T i r i - i and rjALilPr; for 
the i in»";, are c e r t a i n l y f , , «" "end "on is fo r s tudying 
s p a c charge problems. ; iev«r*helcss we 'w i l l develop 
m.il M p a r t l f I " " d e s ip . i r -M- l .» ! In - - « l l s l Jo order to 
mnlifn from time to t e w i fie r-, sui ts i ç iwn t>v NAJO 
and 'lAI.PPn. 

Concerning '•fie case o f CAN I I , . SSCI in c e r t a i n l y 
, ible to a c c e l - r i ^ e current*, around irtA. some ions in 

MeV/AJ we do net -xpocL much t rouble (power and 
r a d i a t i o n s ) . 

In the cane o f nur romp.ict i n j "c t o r , due to the 
axi i I I'm I Marie- I i ir ro.i<-.n , i t jl | | l,e I I ml ced to 
inter-si t;l05 lwt"w 1 fi0 «yA. 

The prnhle-ni re la ted r-n the l i ne fro-o the ECH to 
Mie i n i ' T t o r is mu'-li nnp" '•impl I r i C f i l due to the 
I n f l e c t o r .ind to the •'inti-hin^ «hich as to be done. 
Nevertheless a good pns iUon i f che buncher together 
wi th a higher i n j e c t i o n energy w i l l ease these 
proti lems. 
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