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Summary

A single-turn coil for fast electron ring The larger coil volume affords more space
compression and magretic expan51on acceleratiorn for applying diagrostics and arrargements for
was built. It comblnes a fast magnetic field changing the electron ring environment or the
rise fd%} Aﬂﬂdum 3x109 G/s) for very fast magnetic fileld pattern. Though it is unfavor-
resonance crossing (w1th1n less than 1C0 ns) able with regard tc erergy consumption, 1t
with a smooth and weak expansion field (B, = might probably serve as a model to study tre
5 G, %%ﬁ/%PmOUt < 0.5 G/em). The first ex- initial stages of collective lon acceleraticn
periments showed strong collective behaviour at small rates.

of the PlP”tTOu ring at particle numbers of
Ne = 5 x 10 2, mainly radial collective os-

cillations with the frequency (1 - W) W o, II. Apparatus
which could be suppressed by increasing the
correspondirg Landau damping coefficient. a) Electron beam
The electror source consists ol a Marx
I. Introduction generator {Febetron 7C5) gith special cathode
and electrode structures delivering zr
The first Garching electron ring experi- electron current of up to 450 amps into an
mert ‘=2 was made to have fast electron ring emittance of about 407 x 557 (mrad cm) 2.
compression {compared with cther ERA-experi- The pulse length is roughly 8 ns (HWHM). The
nts) in order to profit from fast crossing instantareous erergy spread Is smaller than
of single particle resonances and lower re- 0.5 #; but during the pulse the energy varies
auirements cn the base pressure in the by up to 3 %. The beam current can be
apparatus. In the three-stage compression attenuated. Arrangements Zor increasing the
arrangement, rings with 5 x 1012 electrons instantaneous erergy spread are prepared.
were compressed to minor dimensions smaller

trnan 0.5 cm. This should allow acceleratior
of these rings(after being loaded)in a weszk
expan s‘on acceleration structure of a radial
magnetic field component of about 3y = 5 5.
Tre observed axial broadening of the Flgf was
attributed 2o the Walkinshaw resorance

In order to reduce this broadening by
still faster compression and te obtain a 4% o
smooth expansion acceleration structure, a i e S
ingle-turn coil compresscr was built (22 cm : e - . T

diameter, 75 cm in lerg<n,. This coil with - ® ) ® ® ® »
its relatively small irductance (of only : L I 20 A M L e .4
105 nH; allow a magnetic field rise of %g%é :
= 3 x 10% G/s, which 1s a ractor of 1% nigher
than in tae previous tnree-stage compressor,
ard which initially gives a very “ast electron
ring compression such that all dangerous re-
corances are c¢rossed in less than 100 ns

m

et

Ore half of the compressiorn and
magnetic expanrsion coil main coil

Yy = 1 is not crossed). The G-factor > for
the domirart Walkinshaw resonance ‘n = C.E) is
about 0.17 ‘for a relative betatron amplitude nt
cf Ap/F = 0.05), which should net lead to 07 -
gororg axial breoadening. ”
06 .
OSwing to the fast magnetic field rise i {W
current distributieon on the coil only consists 0s I
of surface currents "*‘"ihr the interesting ij /2
times [a few tens of us). With a smooth current ' j
distribution on a certain shape of the inner 03 - /“
coil surface the deslired smooth distrlibution o /
o radlal magretic fielid component By, can o /ﬁ
be acnieved even atbt relatively large mechani- o1 4
cal tolerances of the coil. The derivatives } &//4//¥ @
of B, at the electron ring spill-out poinrt can 0+ S y = — -
; 0 5 10 15 zO {asl]

also be made very small ! %%? < 0.5 G/en).
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b) Compressor

Tne beam is irjected in%o the main coil
at a radius of 16 cm in the left part of the
coil in Fig. 1, where orly one half of the
aluminum coil is shown. In the injection (and
compressiorn) plane the coil has a bump, which
a magnetic field index of n 0.55

prov ides

OV iIQes

arouxd

is compressed in this plane (init ally about
2 mm per electron I(:?VO_LULJ.UU\ to a radius of
R - 2.% cm at a field index of a few 10-2 in
T = 9.4 us.

The radial dependerce of the field index
r is given in Fig. 2; the circles being
neasurements with magnetiec probes.

With the coll crowbarred at current
maximum {T = 9.4 ps), a small adaltlonal coil,
situated at R = 6 cm and z = -0 cm, provides

the roll-out and spill-out of the electron
rirg into the acceleration section at any

the l“jeut ori radius. The electron ring

instant during a relatively long time interval%
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Fig. 2 Br—dependence on z
In Fig. 3 an example of the radial magnetic
field component By at the spill-out time is
given. It iz chosen to be only about 5 G in
the acceleration section, since the holding
power values that have been reached are re-
latively small (with an electron number of
Ve — 5 % 1012 and a miror radius of about
0.35 cm at R 2.3 emi.

¢! Fileld parameter varlations

(n, 5% )
(Helrtholtz
putting a

The magretic field parameters
can easlly be changed by an active

2eil; or passive n-corrector or Ly

co:dxctl** “lbe of a certain rotational
cymmetric st
Nao
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produced by a current through ar axial rod in
a single-stage LC-circuit which is in pre-
paration. The time behaviocur of the tunes is
given in Fig. &.
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Fig. 4 Time behaviour of the
tunes

IIT. Measuremerts and results

The Tirst 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.

inflection

in-

niimhnr
IAmoc

particle calculations without
~

homar s
nave

PN aa]

1G shown, that a small
ctrons can be captured due to the very
fast magnetic field rise. This number s\ould
be proportional to the injected current (con-
stant emittance). Experiments withcut an
active inflector showed however a strongly
different dependence on injected currert: At
maximum current (45C A} the number is roughly
1/5 of that with na current. The absclute
numbers are 1in the range of some O11 electrons.
is cual tatlvely explalwod by

nalf

The behaviour
collective beam-beam 2 and veam-wall inter-
action during the first few revolutions.

with active irflection

b) IExperiments

The use
the captured paPtl
crder of magnitude.

“umber DYy rou .
arameter variations of
the injection magnetic field and the iﬁ’lecv
timirng relative <o the keam injection
resulted in a particle number of not moro i
5 x 10+2 in compressed phase (R = 3

cle

“ e RCIS)

2.3 em).

From single particle calculations 9 (which
didr't take llective effects irnto account’
one would wxppnu roughly three times more
particles for an electron pllse le

0 15

“he

demonstrated by numerical caleulation: of



phase space behaviour of the first regvolutions
faking the self fields into account 3. As ex-
perimental evidence for the action of collec-
tive effects nearly the same particle number
was found at half beam injected. Experiments
with variation of the inflector position and
RF measurements will hopefully decide 1if these
effects or longltudinal collective instabili-
ties play the important rdle.

¢’ Transverse collective oscillations

For partiecle numbers roughly above 1O12
the first mode of collective radial motion has
been observed. Its freguency S = (1 - Y JWo
gets down into the MHz-region for the 1ok
effective field index values at the end of
compression. This instability has been identi-
fied by X-ray emission from a thin wire (being
nit by the 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 enission) indicate that the collec~
tive motion occurs 1n radial direction up to
amplitudes comparable with the electron ring
diameter. Flg. 5 gives an example of the time
derivative of the radial magnetic field com-
ponent of the ring (above) and of the
synearotron radiation (at (9000%250) £).

d B“/ )
dt
Synchrotron
light
t
2us/div
maximum
compressian

Fig. 5 Collective radial instability

The oscillallon startis wihen the rirng is at a
radius of about 4 to € em, before the syrchro-
treon emission can te detected, which then {due
to = ring motion relative to the optical

ape e} is recorded as spikes (2 for each

re .

Crarnzing the magnetic field index the
Trequercy 1 -y Jwe was shifted as expected.
Loadizy with ieng (a few %) nas slightly de-
creasesd the frequency, but strongly enhanced
the “rancverse instability. The ion loading
fractior nas been estimated with ionization
cross sechion data from the literature. The
base presgure normally 1s in the range of
2 x 10-i Torr.

Inoorder vo find out tne driving source
of “he tabllity differert ring environments
~nd structures nave been investipated: free
ce up to R = 1€ emand z =t 11 em, dielec-
¢ walls at 2z = = % cm, resistive walls at
ferert z with 4 /4 , 1600/c or 2.5 kQ4
d structures to chanpge the alectric field
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inside the compressor. None of them changed
the onset and growth rate of the instability
very much; the driving source still has to be
found.

This radial collective instability nas
been suppressed by increasing %ﬂ fand n), so
that at small radii the Landau &émping coeffi-
cient went up. Fig. & shows the time depen-
dence of the original values for)gﬁéﬂdotted
line), while the other curve represents the
stable case,.

stable

lb (s}
Fig. 6 Landau damping coefficilents

The instability should alsc be suppressed
by the application of the additional azimuthal
magnetic field Bq> .

d) Ring properties

The electron rings dor't show strong
particle losses during compression (except a%
inflection), when the transverse ccllective
oscillations are suppressed. The particle
number is typically % x 1C 2, waile thie minor
dimensions for the unloaded ring at RRing =
2.3 cm are approximately a = .3 cm and b =
.35 cm, as evaluated from the synchrotron
radiation distributions. Thus, the radial
dimersion 1s by a facter of 2 larger than
expected, wxnile the axial dimensiorn is neariy
eaqual %o the calculated value. Owing to the
fast electron ring compression there seems %o
be very small axizl blow up. The ring survive
without dilution for at least 50 us, tnhat
5 times the compression time.

el First roll out experiments

By switching the rell out coll the ring
Iz pushed towards the accoleratlion section,
as can be seen from the syncnrotron radiation
in the lower part of Pig. 7. ‘For comparisor
the upper part gives the radiatior without
roll out coil switched.) During the roll out
the ring gets from a region withlZ%2{= 3 into
reglions withl%%%( = 1, and collective radial
oscillations start again. As the particles
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