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-\h.srr-uct 
The Elettra storage ring will he filled with a 2 GeV 

clectrou heCam from its full energy linear accelerator. Two 
pulsed septum magnets will be housed in a vacuum tank and 
four idcnticd fast kicker magnets in air, with an internal 
ceramic vacuum chamber, will be symmetrically placed around 
the mid-point of a single straight section. The layout of the 
ill.iection section, the design of the main individual 
components, their manufacture and the results of the relevant 
test <are presented and discussed. 

I. INTRODUCTION 

The design of the layout of Storage Ring Iujection h,?s 
bccri already described and discussed in a previous paper [l]. 
All the injection components are now constructed, tcstcd and 
installed in the storage ring. The irijection elements (Figure 1) 
consist in: 
-a vacuum tank housing two septum magnets; 
-I’our kicker magnets symmetrically placed around the mid- 
lloint of a single straight section 
-Ihur ceramic tubes as vacuum chamber for the kickers; 
-111~ power pulscrs for the kickers and the septa. 

I ,igure 1. Layout of Storage Ring Injection 

II. KICKERS 

A. Magnet 

The kickers (Table 1) arc window frame magacts, with a 
Irce widow 90 mm wide and 48 mm high (Figure 2). The 
Irqnetic core is made by 0.1 mm thick laminations, which 
,II-c able to provide the required 0.22’1’ peak, 5 ps duratiou, half 

sine wave pulsed magnetic field with a repetition rate of 10 
pps. 

TABlE 1. Main paramctcrs of the kicker magnets. 
Energy of the electron beam 2 GeV 
Deflection 2 2 mrad 
Peak magnetic field 600 mm 
Magnet inductance 1.5 pI1 
Peak cu1-re11t 8.5 kA 
Peak voltage 15 kV 
Pulse duration 5 ps 

Figure 2. Kicker magnet cross section. 

The maguct is splittable into two parts to allow the 
insertion of the ceramic vacuum ch‘amber. The coil is made by 
two half coils conuected in parallel, the insulation is a fiber 
glass tape impregnated under vacuum with a smnldard epoxy 
resin type hisphenol A (Araldit F) with anhydride hardener and 
amine-substituted phenol-type accelerator. 

The kicker support (Figure 3) is made to position and fix 
two adjaceut magnets, with the possibility of lowering the 
bottom side of the support for the ceramic vacuum chamber 
bake out. 

Figure 3. Half kicker magnets on the support. 
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B. The pulse power circuit. 

The pulse circuit [Figure 41 is of the capacitor discharge 
~ypc, with a resistive recovery path. The capacitor is charged 
to the peak voltage, then the thyratron is fired when the pulse 
is required arid the anode voltage falls to its conduction value. 
III order to keep the negative anode voltage after the forward 
<onduction at the lowest possible value the recovery resistance 
1~s been carefully chosen. The reverse arcing, in the thyratron 
which is still highly ionized due to the very high peak current 
pulse, causes circuit ringing [2] and, due to the evaporation of 
lhc cathode cmissivc coating, causes severe damage to the 
~lcctrodcs surface [3], thus shortening the lifetime of the tube. 

The use of a low value recovery resistor resulted in a 
~tnoothiug of the current pulse (Figure S), limiting the 
Ilcgative auodc voltage after conduction below 1000 V. 
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I :igurc 4. Kicker maguct power pulse circuit. 
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I3gure 5. Auodc voltage-current waveforms. 

I‘hc pulsers are placed close to the magnets to minimize the 
total discharge circuit inductance. The thyratrou filaments arc 
\Ilpplied by two step-down transformers housed in a metallic 
box which acts also as a support and a forced air cooling 
\> stem for the thyratron itself (Figure 6). All tlic main control 
,1nt1 monitoring electronics are placed in the service ;u’ca, 
~~Aind 111~ concrete shielding blocks where people is allowed 
to access for maintenance during the opcratiori of the macliinc. 
‘Ihc trigger grid sign,als arc thcu transmitted with a coaxial 
i3hle from the service arca directly lo tlic Uiyratron. 

Figure 6. The tbyratron box. 

C. Test results 

Extensive tests have beer1 made on the pulser [4], to 
verify the ability to operate at 10 pps without fault fires and 
with an acceptable lifetime. More than 2 million pulses have 
becu fired up to now in a well monitored prototype pulser 
with cxcellcnt results and without any significant degradation 
of the thyratron. 

The behaviour of the laminated magnetic core of the 
kickers was also first vcrificd with a 200 mm long prototype, 
supplied by a 3 ps duration half sine-wave pulse; then all the 
four series magnets have been tested to measure the magnetic 
field inside the magnets and the linearity current-magnetic 
field. The belmviour of the magnetic field along the 
longitudinal axis is shown in Figure 6. 

The residual magnetic field was also measured along the 
magnetic axis, an integrated value of 9.6 Gauss-meter was 
obtained after having supplied the magnet at the maximum 
peak current for several pulses. The same integral WZLS obtained 
for the four different magnets, resulting in a negligible total 
integrated magnetic field for the four magnets when operating 
in tbc straight section. 
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I:igurc 6. Bchaviour of tbc maguctic field along the 
longitudinal magnet axis. 
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D. Ceramic Vacuutn chatnber 

The vacuum chamber inside the kicker magnets (Figure 
7) is made of ceramic in order to let the pulsed magnetic field 
pass through the wall of the chamber. The inside of the 
chamber is coated with a 3 p thick titanium layer to provide 
;I conducting path for the image charges [5]. As most of the 
image currents flow close to the beam in the centre of the 
chamber, it was possible to decrease up to 1.5 pm the 
thickness of the coating in the curved parts of the vacuum 
lube. Titanium was chosen for its very good reactivity and 
;tclhesion with ceramic, due to chemical bounds to the silicon 
phase of the alumina [6].The vacuum chamber is a monolithic 
tube 710 mm long with a minimum thickness of 3.5 mm, 
maximum 5.0 mm, 72 mm wide and 34 mm high. To achieve 
[he highest mechauical strength the chamber was isostatically 
pressed. The external surface was grinded and the inside was 
I‘ircd at the final roughness of 0.8 pm. The ceramic tube was 
tmised to a covar ring, then welded to a stainless steel bellow 
;utd to a CF flange. The continuity of the vacuum chamber 
shape between the ceramic side and the stainless steel side 

the bellow was obtained by inserting RF contacts 

I ‘igure 7. The ceramic vacuum chamber. 

I?gure 8. The RF contacts. 

III. SEE’TA AND VACUUM TANK 

A detailed description of the injection vacuum chamber 
(Figure 9) and of the two septum magnets can be found 
elsewhere [7]. 

The chamber allows the primary storage ring pressure of 
lo-‘) torr to be maintained and the septum magnets to be 
individually displaced to optimize the injection precess. 

Figure 9. Septum magnets vacuum chamber. 

The scpta arc two kuninated 760 mm long magnets with a 
curved shape to keep the inductance at acceptable values. 

The magnets are of the eddy current type, i.e. the septum 
screen acts against the magnetic field leakage thank to the 
rapid variation of the pulsed magnetic field which is produced 
by discharging a capacitor into the magnet coil. The magnets 
are cooled by copper straps connected to the vacuum tank, then 
externally water cooled. 
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