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Linac characteristics have been calculated from linac struc- T [ 1
ture dimensions, and have been inserted in the power dif- 15 - -
fusion equation. Assuming a constant beam current along I ]
the linac, the EM wave power has been retreived. Numer- i
ical computer simulations, using the EM wave power as 10
input, have been used to calculate the beam current along I ]
the linac, which has been inserted in the power diffusion L 7
equation again. In particular these procedures have been 05 i
applied to the Eindhoven 10 MeV linac, for which exten- ™
sive measurements have been carried out. The calculation 0.0 Lo e P
process converges after a few iterations and yields the load e 50 100 150 200 250
line, and the radial and longitudinal emittances, which are - z (cm)
in agreement with the measurements.
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Figure 1: The EM wave power in the Eindhoven 10 MeV
1 INTRODUCTION linac as a function of longitudinal co-ordinate for various
values of final beam current (indicated in the figure). The

Microtron Eindhoven (RTME) [1] will be coupled to the power.

Eindhoven 10 MeV, 2998 MHz travelling-wave linac (type

M.E.L. SL75/10). Therefore, linac beam characteristics,

in particular the load line, radial and longitudinal emit- _ .
tance have been simulated and measured. In the simula/ASSuming a constant beam currépz) along the linac
tions, space charge effects have been neglected, beca8é @ mean accelerating phase = 30° in equation (1),
of the rather low beam current. Simulations have beef=(2) is calculated, using [5]:

compared to calculations based on Hamiltonian theory [2]

as well, with an excellent agreement between these meth- E.(z)= Yo rsnP(2). 2
ods [3]. Simulations have been carried out with the code vgQo10
Parmela [4].

E.(z) is inserted in the Parmela input file yielding a first
approximation forl, (z), which is inserted in equation (1),
2 EMWAVE POWER ALONG THE LINAC yielding a better approximation fdE. (z). This E.(z) is

For Parmela simulations, the amplitude of the longitudindl'Serted in Parmela again. In this way(z) is calculated
component of the electric fieldz., as a function of the In an iterative process, which is convergent within 1% in
zZ

longitudinal co-ordinatez, must be inserted in the input e steps. _
file. An approximation of the mean energy increase of the

This amplitude is obtained from the power of the®l€CrONSAE, is given by:
EM wave, P, in the linac as a function of, which is cal-

culated using the power diffusion equation [5]: AE / E ( ) (¢ ) (3)
= 2(Z2) COS(Pgq dZ7
dP(z) Wao _ Woo P =0
o= _Ug o P(z) — Ip(2) cos(da) Ungmrsh (2).

(1) in which L is the total length of the linac. It appears that
I(z) does not depend much af, for a fixed final beam
The parametersy,, vy, Qo10 andr,y, which stand for current. Sog, is calculated by matching the mean final
the EM wave frequency of the linac operating in the  energy from Parmela and from equation (3), usip:)
mode, the group velocity of the EM wave, the unloadedetermined iteratively.
quality factor of a TMy;o wave in a pillbox corresponding  With this value ofp,, which extends from 30at [, (z) =
to a linac cell and the shunt impedance per unit lenth, afeto 35 at the maximum final beam current of 236 mA,
calculated from the linac structure dimensions [6]. one more iteration is applied. The results of #e) cal-
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culations for several final beam currents are presented in 7 r

figure 1. X' (mrad)E
T 5

3 LOAD LINE 3f

The simulated load line is constructed by determining the 1|
energy value of the peak in the energy spectrum of Parmela 5
simulations at different final beam currents. The measure- .
ment of the load line is performed in a standard spectrom-
eter measurement using a dipole magnet with a slit behind r 1
it to select the energy and a Faraday cup, to measure the -5 | 4

current. At different beam currents, the energy of the peak . . “ | | | |
. . 77 wwwwwwwwwwwwwwwwwwwwwwwwwwwwwww v b v e e
has been measured. Results are presented in figure 2. s s ) < 5 B
E (Mev) L . . . . :
(T R Figure 3: The simulated radial emittance of the Eindhoven
I ] 10 MeV linac, the contour determines the 90% emittance,
10 L ] the dots represent the simulated test particles.
9 .
5 ] non-rotational symmetric influences, like the electron gun
and the coupling in of the RF power.
7 5 .
i 5 LONGITUDINAL EMITTANCE
£ o . N . .
0 50 100 150 200 250  Using Parmela, the longitudinal emittance has been sim-
= 1 (mA) ulated at a 70 mA (10 MeV) setting and is presented in
figure 4.
Figure 2: Simulatedl) and measured] load lines of the 00
Eindhoven 10 MeV linac. c (Mév)
T0.75 | ]
Above 75 mA, simulations and measurements agree f o 00 ]
well. Differences at lower beam currents may be due 10-50 H o . g
to measurement inaccuracies and to uncertainties in shunt 005 b o oo 8 ’ ]
impedance calculations. T o og3%8% 1
10.00 | o MR ]
4 RADIAL EMITTANCE r Oogazog ]
L8> a
Using Parmela, the 90% radial emittaneg;, has been 975 e ]
simulated at a 70 mA (corresponding to 10 MeV electrons) 0.50 it
setting and is presented in figure 3. The emittance yields ~ g _5 0 5 10 15
€90 = 18.5 mmmrad. Measurements have been performed, = ¢ (")

using a set-up consisting of two movable slits in the hori-
zontal and vertical plane at a distance of 58 cm from eadhigure 4: The simulated longitudinal emittance, presented
other, with a Faraday cup behind the second slit, to meas phase-energy relation, of the Eindhoven 10 MeV linac.
sure the current. The measurements have been corrected
for the finite slit thickness and results have been fitted to
an ellipse [3]. Results in the transversabndy-directions From the longitudinal emittance the energy spectrum can
are:egp » = 11 mmmrad andegg , = 17 mmmrad. be constructed. This spectrum has also been measured, us-
Differences between simulation and measurements airgg the same set-up as in the load line measurement. How-
due to measurement inaccuracy, to the absense of spaser, due to the magnitude of the radial emittance, the en-
charge calculations and to the fact that Parmela uses a Fergy spectrum can not be measured sufficiently accdurately,
guet series expansion of the electric field, which is not conmusing this set-up. Therefore, it has been calculated what
pletely valid in the a-periodic initial part of the linac. Dif- signal would be measured, assuming the simulated spec-
ferences between andy measurements are attributed totrum as input for the measurement set-up [3]. The sim-
measuring inaccuracies, to structure imperfections and tdated and the measured energy spectrum as well as the
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calculated measurement spectrum, assuming the simulated
spectrum as input, are presented in figure 5.
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Figure 5: The simulated energy spectrum (solid line), the
simulated energy spectrum as would be measured in the
used set-up (dotted line) and the measured spectrilm ([6]
(units on right axis) of the Eindhoven 10 MeV linac.
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6 INJECTION PHASE DEPENDENCY

In the initial part of the linac, particles are homogeneously
distributed over the RF wave, because of the fact that the
RF period is much shorter than the duration of macro pulse
fed to the electron gun. Each injection phase interval leads
to a specific contribution in the final energy spectrum and
the final total emittance. By selecting an optimar F@rt

of the total injection phase distribution, a final beam is
obtained with a 3.7 final phase spread and a 1.3% final
energy spread, the 90% radial emittance of this beam is
8.1 mmmrad. Thus a much higher beam quality is ob-
tained, compared to figures (3) and (4). Injection of this
higher quality beam in the RTME is prefered, because of
better matching and a higher quality beam at the end of the
RTME.

7 CONCLUSIONS

Linac beam characteristics have been determined, with
measurements and simulations. There is a good agreement
between these methods, which means that the method used
to calculate the EM wave power along the linac is correct
and that the simulated linac characteristics are quite reli-
able.

Comparing the beam characteristics to the acceptance of
the RTME [7], the current that will be accepted in RTME
is more than adequate [3] and [8].
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