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Abstract 

For improved reliability, the front-end of the LEP Injector 
Linac (LIL) has been replaced. The new system has been used 
for LEP runs, since March’91. 

The cxpcrimcntal results prcscntcd hcrc show a significant 
improvcmcnt of beam characteristics. These results also agree 
well with those of the simulation programs. 

I. INTRODUCTION 
The LIL pcrformancc figures [l] have been found to bc a 

factor 3 above their rcquircd values for LEP physics. In order 
to cnsurc that these good performance figures are consistently 
oh&cd, a new front-& with improved reliability and which 
allows casicr maintcnancc was installed. It is composed of a 
thermionic gun, a bunching system and a matching section to 
Lhc linac. The modulator of the Lhcrmionic gun was re- 
dcsigncd to provide beam pulses variable in length and current 
from 10 to SO ns and 0 to 15 A respectively. The beam 
characteristics from the gun were simulated using the EGUN 
code. The simulations and the optimizations of the bunching 
parameters wcrc carried out using the PARMELA program. 
Finally, the matching section was designed with 
TRANSPORT. This code was also applied to the linac in 
order to optimize the primary beam onto the target according 
to the simulation results of the new front-end. A complctc 
description is given in [2]. 

II. BUNCHING REQUIREMENTSFOR 
POSITRON PRODUCTION 

The Electron Positron Accumulator (EPA), that immedia- 
tcly follows LIL, has an cncrgy acccptancc of AE/E = +l%. 
The energy spread in the positron bunch at the end of LIL is 
dctcrmincd by three factors: the accepted momentum spread 
from the production target, the microbunch length and the 
beam loading. The last clTcct can bc ncglcctcd because of the 
low charge. The accep~ancc of the magnetic channel after the 
converter is AE = +2 hfcV [3], Icading lo: 

@E/E). conrcrrcr = +0.49h 

a~ the injection into EPA. 
The contribution to cncrgy spread resulting from the 

microhunch length dcpcnds directly on the bunching quality. 
Assuming a bunch of relativistic positrons travclling on the 
crest of a wave, one can culculatc: 

(A,./.$ = I-co3 
2 

whcrc A$ = (r)At is the phase cxtcnsion of the micro- 
bunch. If a phase cxtcnsion of F8” from the bunching system 

is assumed, then (AE/E), = +0.50/o. The total energy spread, 
calculated using: 

(A E / E) = yj(A E / E); + (A E / E)tOnYLrrC, (2) 

is +0.64%, which is well within the EPA acceptance, The 
number of e- in 16” of RF phase extension was chosen as the 
figure of merit to evaluate the performance of the bunching 
system. 

It is interesting to obscrvc that the energy spectrum of the 
primary beam is detcrmincd by the beam loading due to the 
high charge needed at the converter. This does not affect the 
(AE/E)$ of the positron beam as it depends only on the 
microbunch length. The number of e+ and their energy spread 
are, by virtue of equation (l), the best tcs~ of the bunching 
system efficiency. 

III. BEAM DYNAMICS 
Fig. 1 shows a schematic layout of the new front-end. 

Both the pre-bunchcr (PB) and the bunchcr work at 
2.99855 GHz. The first resonator is a pill-box and the second 
a 2/3 or: standing wave structure j4]. The gun voltage is 80 kV, 
and the bunchcr provides an additional nccclcration of about 
4 MeV. 

Fig. 1: Layout of the front-end 

In Fig. 2, the kinetic cncrgy of the rcfcrcncc particlc at the 
end of the bunchcr (W,,,,) is plotted as a function of the phase 
4,“; the final phase Q,,, is also plotted. In the definition of 
these phases, there is an arbitrary ofrsct chosen in such a way 
that the refcrencc particle Icavcs the gun with phase equal to 
zero. 

The two dista’nccs indicated in Fig. 1 as d and L are of 
great importance to the longitudinal dynamics. 

d is used in the pi-c-bunching proocss. The monoenergetic 
beam from the cathode is modutatcd in cncrgy by the pre- 
buncher. The charge density around the rcfcrcnce particlc is 
maximum after a drift space d such that: 

d 2nAp 
- - z 1 
A, P’ 

(3) 

where AD is the velocity modulation amplitude. In the case 
of low space charge, a rather long d and a low cncrgy modula- 
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tion is prcfcrrcd. In the cast of positron production the high 
charge in the microbunch counteracts the bunching. A short 
distance and a high modulation has then to bc chosen. The 
optimum values obtained from simulations, for a beam current 
of 3 A, arc of = 100 mm and V,,,, = 47.1 kV, corresponding 10 

an average accelerating field of 1.3 MV/m. 
The distance 1 is used to improve the bunching quality 

after the bunchcr. It can bc seen from Fig. 2 that the reference 
particle at Qrei will correspond to a minimum of the final 
phase and cncrgy curves. This em is at the head of the bunch 
(with an energy of 3.8 MeV) and it is possible to bring an e‘ 
of 4.2 McV from the tail of the bunch to the same phase. 
Since AD/p = 0.12%, the motion is not yet completely 
relativistic and after 3.5 m a bunch of 20” RF is compressed to 
5” RF. This is valid to a first approximation, where space 
charge, energy modulation before the buncher and the non- 
linearity of the cncrgy modulation were neglected. According 
to multi-particle simulations, the bunch of 20” rotates in 
phase space and has a final extension of 16’. 
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Fig. 2: Phase and kinetic cncrgy of a single particle 
at bunchcr output versus input phase 

With regard to the transvcrsc beam dynamics, the 80 keV 
transport bctwccn gun and buncher is particularly delicate 
bccausc of the space charge. Furthermore the surface of the 
cathode is spherical and the emitted current controlled by a 
grid, so that the cmittancc from the gun is of the order of 
100 TC mmmrad. Thcsc problems are overcome by using a 
solenoidal guiding field well above the Brillouin value 
corresponding to 3 A of beam current. After the bunchcr the 
space charge effects bccomc unimportant. The solenoid SNF 
and the triplet QAl,2,3 arc used to match the beam to the first 
LIL accclcrating section. With rcspcct to the old front-end, the 
number of free paramctcrs has been increased, so that the spot 
size at the convcrtcr is reduced to 1 mm (FWHH) and the 
maximum of the transported charge almost doubled. 

Extensive calculations were performed using the three 
codes already mentioned. In particular for the PARMELA runs 
a nominal current of 3 A was chosen. Good transmission and 

bunching quality wcrc found up to 9 A. Fig. 3 shows the 
microbunch distribution in the longitudinal phase space at the 
end of the matching section. 
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Fig. 3: Longitudinal phase space from 
PARMELA simulations 

IV. MECHANICAL DESIGN 
One of the aims of the project was to simplify mechanical 

design in order to have easy maintcnancc. This aim had to be 
achieved while at the same time fulfilling the quite demanding 
constraints imposed by the beam dynamics. 

Firstly, due to the space charge effects, the distance 
between gun and pre-bunchcr has to bc as short as possible. 

Secondly, a standard vacuum valve is required between the 
gun and the pre-buncher. This valve protects the vacuum in 
the front-end, should the gun riced to be removed, and it may 
also be used as a beam stopper in the safety chain. 

As discussed above, the beam dynamics asks for a distance 
d = 100mm. To obtain this value, one side of the buncher was 
cut as short as possible and special bellows were welded on the 
prc-buncher. Finally, the bunchcr was mounted inside a 
solenoid in such a way to guarantee good continuity in the 
magnetic field. A spare bunching system will bc realized 
according to this new design. 

V. EXPERIMENTAL RESULTS 
In order to evaluate the pcrformancc of the new front-end, 

the following parameters wcrc mcasurcd. The transmission 
efficiencies of the bunching system and of the linac that pro- 
vides the primary hcam, were both mcasurcd at low and high 
charge values. The “non-load cncrgy” and relative spread were 
measured just upstream of the target in a spectrometer line. 
The beam sizes were mcasurcd at the target. Finally, the yield 
was measured under various conditions rcportcd in Table 1. 

As already discussed in section 2, the yield mcasuremcnts 
arc, for the moment, the only data which provide a figure of 
merit of our bunching system. A 3 GHz RF deflector has been 
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instillled at the bunchcr output, and a Tchcrenkov light detector 
will bc installed upstream of the target. This will provide a 
direct mcxurc of Ihc microbunch lcnglhs inside the 20 ns 
pulse of the primary beam. 

Fig. 4 displays the number of c+ (full lint) measured at the 
end of the linac versus the clcclric field in the prc-buncher. 
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Fig. 4: Number of cc as a function of PB electric field 

The curve is compared to the ratio N- (16”) / N‘ (360’) al 
the bunchcr output (dotlcd line) versus the same electric field. 

The dotted line curve is obtained from PARMELA 
simulations and dcfincs the hunching efficiency. The 
cxpcrimental and Lhcorctical curves have their maximum at the 
same electric field value. 
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Fig. 5: LIL pcrformancc for c+ production 

The final outcome was improved rcliabilily and increased 
pcrformancc figures as indicated in Fig. 5. The peak 
pcrformancc otbncd with the old front-end [S] is compared 
with one cxpcrimental value obtained with the new one. The 
broken lint is an extrapolation of cxpccled performance with a 
higher primary beam charge. 

Table 1: Comparison of performance 
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VI. CONCLUSIONS 
For the LIL consolidation project, a new version of the 

front-end was installed. Exlcnsivc simulations based on 
PARMELA code allowed to find an oplimized configuration. 
The experimental and simulalion results agree to within a few 
per cent. With rcspcct to L.IL pcrformancc, the new front-end 
has given a 23% higher normalized yield. The number of 
positrons actually produced has been incrcascd by 14%. Both 
figures have been obtained for a primary beam charge of 
32 nC. 
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