
THE NEW GARCEING FAST 3RA SXPERIME?:T 

r +! J. Andelfinger, 'J. Herrmann, 3. ;acobi, A.U. Luccio , 
'4. Ott, U. Schumacher, M. Ulrich 

Max-Planck-Instit-Jt ftir Plasmaphysik (IPP), Garching, 
Fed. Rep. of Germany. 

A single-turn coil for fast electron ring 
compression and magnetic expansion acceleration 
was built. It combixes a fast magnetic field 
rise ;dB, ,/in;e&;on = 3x109 G/s) for very fast 
resona;sfc?e cro'ssicg (within less'than 1CO 11s) 
with a smooth and weak expansion field (Br = 
5 G, $$/+uaut d 0.5 G/cm). The first ex- 
periments showed strong collective behaviour 
of the electron ring at particle numbers of 
Pie = 5 x 1012, mainly radial collective os- 
cillations with the frequency (1 - 'Jr) cci o, 
which could be suppressed by increasing the 
corresponding Landau damping coefficient. 

I. Introduction 

The first Garching electron ring experi- 
mer.t l-3 was made to have fast electron ring 
compression (compared with other ERA-experi- 
ments) in nrder to profit from fast crossing 
of single particle resonances and lower re- 
ouirements cn the jase pressure in the 
apparatus. In the three-stage compression 
arrangement, rink-s with 5 x 1012 electrons 
were compressed 3 to minor dimensions smaller 
t‘r.an 0.5 cm. This should allow acceleratior 
Of ti;ese r'ingsjafter being 1oaded)in a weak 
expansion acceleration structure ?f a radial 
magnetic field component of about 3r = 5 CT. 
T::e observed axial broadening of the ri i-^ was 
attributed I;o the Walkinshaw resorance 3: 

In order to reduce this broadening by 
still faster compression and to obtain a 
xooth expa::sion accelerati.0 

t 
structure, a 

single-t:lrc coil compresscr was built 132 cm 
i-. diameter, 75 cm in leng?-~?:. This coil with 
its relatively small inductance iof only 
lG5 nH; allows a magnetic field rise of * . ^ i-, = j x L 8"N 2, I;,,,':; , ~A~~I~cI: is a 1-actor 01' 13 nigncr 
than ir. the previous tiree-stage compressor, 
ai- whi ch I nitially rives a very "ast electron 
rinb; compression s>Jch tha'z all dan;;ero.& re- 
zs:ra::ces are crossed i-. less than 100 ns 
/Y/y z 1 is not crossed). ?'ne G-factor T frir 
tte domii:ar:t &licinshaw resons;-.ce :n = Ct.2j is 
HCl?.;t 3.1" 'f or a rr.lative betatron amplil;-.de 
c.? P.,f?. = 0.05), which should no'; lend to ^ 
sc,rory -?.xia1 broadeni.:;:. 

Swir,;: to the fast magnetic field rise ti-.e 
>-,.;rrect distribution on the coil only consists 
i? I' si;rface currents ~d~.:rir.,~ the interesting 
t,ir,es (a few tens of Flsj. Xit:h a smooth curr~n: 
di:;tribu",ion or a certai?] shape of tk,;e inncr 
c,~Z.l :;.;rface the desired smooth dLsCrib:itl.or: 
: i‘ L i: t' v,adial r:.a::r:etic fieid compor:ent 3, c'i:: _ 

be nci,ieved even at relatively large meckani- 
fcal tol?racces of the coil. The derivazives 
of 3, at the electron rin,~d?$ill-o‘~t point can 
a::;0 be made .Jc:ry small i .+ 4 3.5 G,:cK\, . 
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The larger -oil volume affords more space 
for applginX dia+;;rostics .and arrargements for 
changing the electron ring environment or the 
magnetic field pattern. T",ough it is unfavor- 
able with regard to erergy consumption, it 
might probably serve as a model to study the 
initial stages of collective ion acceleraticn 
at small rates. 

II. Apparatus 

a) Electron beam 

The electron soL;rce consists of a Marx 
generator (Febetrcn yC5) 

i? 
ith special cathode 

and electrode structures deli-iering an 
electron current of up to ;50 amps into an 
emittance of about 407t x 55X(mrad cm) 2. 
The pulse len:$l- is roughly 8 ns (RWDI). Th.e 
instantai:eous er.ergy spread Is smaller than 
0.5 :<; but during the p-else the energy varies 
by up to 3 5. The beam current can be 
attenuated. Arrangements for increasing the 
instantaneous e-.ergy spread are prepared. 
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Fig. 2 Radial deper,d?::ce of n 
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b! Compressor 

The beam is in,jected into the main coil 
at a radi.As of 16 cm in the left part of the 
coil in Fig. 1, where orly one half of the 
al.uminum coil is sizown. In the in;ection (and 
compressio:.! plane the coil has a bump, which 
provides a magnetic field index of n = 0.55 
arourld ",!le ir.,jection radius. The electron ring 
is compressed in this plane (initially about 
2 mm per electron revolution\ to a radius of 
R = 2.3 cm at a field index of a few 10-Z in 
T = 9.4/m. 

The radial deper.derce of the field index 
II is giver. in Fig. 2. the circles being 
measurements with mainetic? probes. 

With the coil crowbarred at current 
maximum (T = 0.4 r;s). a small additional coil, 
situated‘at R-.= 6 cm-and z = -6 cm, provides 
the roll-out and spill-out of the electron 
ring into the acceleration section at any 
instant during a relatively long time interval! 
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Fig. 3 Sr-dependence on z 

In Fig. 3 an example of the radial magnetic 
"ield component Br at the spill-out time is L 
giver.. It is chosen to be only about 5 G in 
the ecceierstion section, since the holding 
power values that have been reached are re- 
latively small (with an electron n*dmber of 
PT. - z . d _ Y lly12 F>PdA 2 ~lrnr radilis of abollt 
0.35 cm at R = 2.3 cm’. 

C\ Field pa.ran:e",c?r varia5ior.s 

'"k,,? ma<r.etic field parameters !n,'s ) 
2-n easily be chanced by nn acti'le !T<elmholtz 
Y! c, i 1 \I or 3ac: :- ilSrt2 
c or.sl.lc t ir,,l; 

v r.-corrector or by putt,ing a 
f: Ibe of a certain rotational 

:;yxli:tric :shape 3: tile axi:;. in this way ii; 
w,as poss1.3:.e to ir:crease :7 axi a& by more 
%.TPT. 32e order of rra,:nit:;de. If relatively 
pw2r, 3‘1% mecha?.icallZI stron;-: cor.duct,ors ( e.g. 
::C,,~i!:lr=?r;:- :.t;f?f?1: are 1:cc:c for r,hese tubes, 
r, i-1 I-, ] -_ yl c. e:-re;isi: i _ 93 R f37X2l;lO~~ of time durin,: 
the :OI: loadin,: phase . 

?P application of ar. additional azi- 
r7:14.r-,al 2’: aid seems to i;c .i r:iport;a:-.t for _ ,.. 
:;!.i.f';i!;jT be ',:17ror. tl;nes to <l./Oi,X rclGO:larLceS, 
~::;p~'13i,a,ii;y the mo::t da:.,;crous V', -- 1 - reso- 
!-. <an c r-> , arti to increase Landau dar;,pirg 
cqef't'ici;::::;:;,~,i‘or i;raii::Vi:r~se colicct.i~Je I::- 
stnbliicies ". T!il s ndditi onal Bd, will be 

produced by a current through ar axial rod In 
a single-stage LC-circuit which is in pre- 
paration. The time behaviour of the tunes is 
given in Fig. 4. 
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Fig. 4 Time behaviour of the 
tunes 

III. Measurements and results 

The first experiments with the fast com- 
pressor began at the end of last year. The 
results are not completely understood and more 
detailed measurements have to be done. 

a) Self inflection 

Single particle calculations without in- 
flector field have shown,that a small number 
of electrons can be captlured due to the very 
fast magnetic field rise. This number s?lould 
be proportional to the injected current (con- 
stant emittance). Experiments withcut an 
active inflector showed however a strongly 
different depender.ce on ir..jected cl1rrer.t: At 
maximum current !45C A) the number is ro,u$:ly 
l/5 of that with ‘half current. The absolute 
rmfuers are ii: the 1;ange of some ?O1l electrons. 
The hehaviour is ciJla:LLtatively explained by 
collective beam-beam 3 and beam-wall inter- 
acticin !during the fi-nst few revol1;tior.s. 

b? Experiments with ac",ive ir.flectior. 

The :2se <of an a2til;e icflcctcr incre ise: 
the captured particle number by rou;:::ly one 
crder of magnit!:de. ?anameker Gariat:‘or:; of 
r;he ir,,ject:.on ma/y:etlc field ar.d the inl’lect~r 
timir.;-; relative ';o tne beam injection '45C A) 
res;;lted in a particle number of not more t,har 
15 x 101' in combresse? phase !R = 2.3 '2 nc 7 . 
From sinqle particle caiculations 9 (which 
tdidn't take collective ef'fects ii:tO account 
31:c: wo;2iij. expect rou,-hly three times more 
pm-l-icles !fQr an electron pullie len~;th Of 

10 11s al:d inflector field ramp Oi' 15 :.s 
let-:qt-?I: , Certainly ‘LliC inflection procers is 
i3fli;eTlCed by CO3 lcctive cr'fects, 'i:; ;,F*.y tp+Jr. 
demonstrated by n.:m.crical calc::lationr: ,?:‘ l:ilc: 

277 



phase space behaviour of the first r3vol:tiors 
taking the self fields into account . As ex- 
perimer,tal evidence for the action of collec- 
tive ef:'ects nearly the same particle rr;mber 
was fol:nd at half beam injected. Experiments 
with variation of the inflector position and 
RF measurements will hopefully decide if these 
off ects or lorlgit.adinel collective instabiii- 
ties play the important rsle. 

c‘ Transverse coilective oscillations 

For particle n-mbers roughly above 10 
12 

the first mode of collective radial motion has 
beer, observed. Its freouency S = (1 - y 
gets down in",0 the MHz-region for the 106 

!Wo 

5ffective field ir,dex values at t:?e end of 
compression. This instability has been identi- 
fied by X-ray emissior! from a thin wire (being 
hi: by t're ring at small radii), by probe 
measurements of the ring magnetic field and by 
synchrotron radiation observation. These 
axially resolved light measurements (and also 
the X-ray emission) indicate that the collec- 
tive motion. occurs in radial direction up to 
amplitudes comparable wi:h the electron ring 
diameter. Fi%. 5 gives an example of the time 
derivative of the radial magnetic field com- 
ponent of the ring (above) and of the 
synchro?ron radiation (at (9000~250) 8). 

d B-h : 
dt 

Synchrotron 
light 

maximum 
compressfon 

Fig. 5 Collective radial instability 

T::,: C;,3~~id'Li01i star,s wncn tee rir.g is at a 
raal;?s of abo‘~t 4 to 6 cm, before the syrchro- 
trc:: en:'s~:lor, ca:, be detected, wklch theC <due 
t 0 ke rizc motion relati.Je to the optical 
,3.3Cr.rt.;re? is recorded as spikes i2 for each 
re'loliltioni . 

T-.x::Ir:; t!;e mgr.etic field Lntiex the 
:'rca;;3rc;Y(l-- y 'I ajO was shiftnd as expected. 
Loariir,'. w'.t,h IFi:' (a few 5! .-.a5 s:i:TP.^.=lv de- 
creaziid the freoucr.cy, b:;t' st,roni~ly'-t?nhan~~d 
tkc iran~‘1ersr i?-.::tebilitg. Tne ion loadi::!: 
f'rnctior. "as keen ectimhte3 with ionization 
cross scctior. data from tke literature. The 
bn::e‘ nri2~cAre nor5?.lly if; 1:‘ t-1~ raripe nf 
5 x 10-Y Tori-. 

7.; u;4t:r Lo I‘i:iti out ';r.k: dri-4in); :j,33‘1rce 
of tr.fi ir.:tab:lit,y difl‘prpr t rinj: er.vironaents 
Fr.d nt?:uce,i..rpr: :&a'~~3 been in,ie:;ti:gated: free 
cymce l:p to ;i - 16 cm rid z = +- 11 cm, dielec- 
t, ” i c \.I rt 1 1 s a ‘i :I. = i; cm, resistive walls at 
,-I i i' :‘ f: 17 6 3 t :: with 4 n/m , 1 i5?fkn/'c or 2.5 kc&/cl 
;,r:r? :;tr‘;c';‘:r't::; to c'nanil;e ';hc .?lcctric field 

inside the compressor. None of them changed 
the onset and grow%h rate of tke instability 
very much; the driving solirce still has to be 
found. 

This radial collective instability has 
been suppressed by increasing 9 {and n), so 
that at small radii the Landau dBaplng coeffi- 
cient went up. Fig. 6 shows the ti 

?3S 
e deper:- 

dence of the original values forj5aT/(dotted 
line), while the other curve represer.ts the 
stable case. 
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Fig. 6 Landau damping coefficients 

The instability should also be suppressed 
by the application of the additional .azimuthal 
magnetic field Eq, . 

d) Ring properties 

The electron rings do='t show strong 
par5icle losses d';rir.g compression (except a", 
inflection), when the transverse collective 
oscillations are suppressed. The Darticle 
r11mber Is +iypicaily 4 x ?C12 #:; i ; e tilt! irii.I~O,l~ 
dimensions for the ur,loaded Ging at RRir.F = 
2.3 CT( are approximately a = .3 cm ar.d b>= 
.35 cm, as evaluated from the :gKchrotroc 
radir-tier: distribi.ltior:;. Tk.~s, tke radial 
dlmersior. is bjr a factor of 3 lar;-cr than 
expected, w'r.ile the trial dime:;sior. ic: :;early 
eoual 50 the calculated :r~l-:e. Owir,s to the 
fast electron ring: compression there cee5s t3 
be very small axiel blow :Jp. The riEy E:jrvivr;r 
with9ut dilutior: for at If2as? 50 ps, -,:lnt i c 
5 times tke compress5on t.iTr.0. 

e\ First roll o.;t ~rimcr,t-? 

By switching the roll r):lt coil th? rir,i: 
is p::;ked t2w2rc?s ';f,e acccicratior, :;ef-:t,io:; 
as cm be seer. f rom t%e :;Jrr,cr,rot,ron radiatlor! 
ir. tne Lower part of 3:;. 7. 'For com?nrieor. 
the -Apper part ci.ves the radia%ior. wi.tho:it 
roll out coil switc!-,ed.) Durin,? t;'nP roll ol;t 
the rinc gets fr_om a re,;ior. with;(52&; : $ into 
re,;ions with /%?$I =Z 1, and collrctive radial 
oscillatior!s start, sy'ain. As the parttcles 

27% 



References 

AA 
mr2ximirm 

compre58on TON alit 

Syrchrotron 
w3iat~:n 

t 
Ep!'diV 

?ig. 7 Synchrotron radiation with and 
without roll out coil switched 

are lost at an inner scraping wire, only a 
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during the roll out phase. 
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crease of the Landall damping coefficient 10 
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t?PSliltS are not yet clear. 
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