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Abstract

We present a novel method for the measurement of Linac
beam parameters in the longitudinal phase space. The lon-
gitudinal momentum spread can be evaluated by means of
Schottky type signal analysis of bunched beams. There is a
close similarity between a repetitive Linac bunch train and
a circulating beam with a single short batch in a large ma-
chine like the LHC. A dedicated longitudinal cavity pick-
up was used in the Linac where resonance frequency and
Q-value were carefully selected in order to get an optimum
compromise between the unavoidable coherent signal and
the desired incoherent part of the beam spectrum. A time
domain gating similar to the 4.8 GHz LHC Schottky front-
end is applied. As a cross-check of the validity of the in-
terpretation in terms of momentum spread, the Linac beam
is analyzed in the downstream synchrotron using standard
Schottky methods. In principle, this approach can be un-
derstood as an extension of Schottky analysis for circular
machines with a perfect mixing between subsequent bunch
trains. This contribution describes the test set-up and dis-
cusses the results of the measurements with a heavy ion
beam.

INTRODUCTION

Good knowledge of the longitudinal is extremely impor-
tant for any beam dynamics calculations. Especially in the
case of linear accelerators the longitudinal phase space is
critically influenced by any parameters variations. Usu-
ally used methods based on e.g. measurements of arrival
time and time-of-flight between two particle detectors [1]
or basing on the measurements using dipole magnet and
kicker [2] are either either destructive for beam [1] or re-
quire, besides diagnostics elements, an installation of an
dedicated kicker [2]. A good alternative is measurements
of the two projections of the longitudinal phase space using
two independent but non-intercepting devices. In this case
the projection of the phase deviation 2% axis can be deter-
mined by means of e.g. Bunch Shape Monitor, as described
e.g.in [3].

The other projection of the phase i.e. the momentum
spread % may be determined via analysis of incoher-
ent component of the bunch signals. This would be an
analogy to longitudinal Schottky noise measurements for
bunched beams commonly used at nearly any circular ac-
celerators [4]. Originally Schottky noise was analyzed for
high vacuum diodes that can be considered as a kind of lin-
ear accelerator. Let us assume a large synchrotron with big
number of circulating bunches like e.g. LHC [5]. At injec-
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tion 2808 bunches are circulating with revolution frequency
of fo = 11.24 kHz and period of Ty = 89 us. An interest-
ing question is whether one can observe any Schottky sig-
nal within measurement time reduced to let us say 80 us,
i.e. when bunches are passing Schottky pick-up only once.
This situation corresponds to the measurements made at a
Linear accelerator. The only difference is absence of dis-
persion in the Linac case. A relationship between the mo-
mentum spread and the frequency spread can be obtained
from generalization of the momentum compaction function
« for transfer line which should be applicable also in the
particular case of Linac [6]. The relative change in orbit
%—OL per relative momentum change % is given by:

AL/Lo _ 1 wdtwithLo :/ dt,
Ap/po Lo Js p(t) so

and D and p being dispersion and mean bending radius, re-
spectively. The relative change in time of flight per relative
momentum spread 7)(s, sq) is:

a(s, sg) =

At/t A(L 2
:A:@M:a(S’SO),lJFU_Q’
pr/po to pr &
where v is the velocity of the reference particle. If there is

no dispersion (no dipole in lattice) one reads:

n(saSO)

U2

n(s,s0) = -1+ =

For ultra-relativistic particles a Linac would be isochronous
i.e. all particle would arrive simultaneously. However, for
GSI Linac v/c¢ ~ 15% [7] which results in n ~ —0.98.
Therefore, momentum spread and frequency spread are re-
lated to each other via:

Ap _1Af
p 0 f
METHODS AND RESULTS

The measurements described here were performed at
GSI Unilac [7]. A pill-box cavity with the inner diameter of
236 mm was used as pick-up, see Fig. 1. The frequency of
the TMo1o mode was tuned to 1.30089 MHz i.e. to 36"
harmonics of Unilac rf-frequency of 36.136 MHz. This
high harmonics number allows rejection of coherent com-
ponent of the bunch signal!. The coupling loop was tune

Power density of the coherent signal depend on the bunch length and
decreases with the harmonic number. On the contrary, the power spectrum
density per Schottky band remain constant.
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Figure 1: Cavity with the diameter of 236 mm installed
in the transfer beam line between Unilac and SIS18 syn-
chrotron.

to reach overcritical coupling which allows to keep quality
factor at Q7 = 260 and reach desired bandwidth of 4 MHz.
Fine tuning was made by means of plunger tuner within
the range of f,.s £ 1 MHz. The signal of the cavity was
amplified using two low noise amplifiers (LNA) as shown
in Fig. 2. To reduce an inter-modulation a band-pass fil-
tered was installed in between subsequent amplifiers. The
bunch train synchronous gating allows significant reduc-
tion of noise contribution. Modern FFT spectrum analyzers
make possible a signal analysis even within the relatively
short measurement time of ~ 100 ps. Within this time
(and corresponding RBW of ~ 8 kHz) one could reach a
sensitivity of -100 dBm. This was proven by measurement
of the thermal noise of LNA amplified in the cavity as e.g.
described in [8].

i LNA1 Band Pass LNA2  Gating Hmat MEANI00A;
. s, Al M =
L || L w
BW:1-2GHz 700 MHz  BW:1-2 GHz FET Speetrum
G-32dB @13GHz G-32dB Analyzer
NF=0.95dB NF=0.95dB
BW 4.05 MHz
@13 GHz
e 100 ps
"‘ Train by Train Gate
< Generator

36 MHz Unilac rf

Figure 2: Signal treatment.

The general idea of experiment is presented in Fig. 3.
The cavity was installed on the beam transfer line between
Unilac and injection to SIS18 synchrotron. The beam of
1.2 x 10'9 U?* jons was accelerated to 11.4 MeV/u in
Unilac and was injected over the transfer line consisting of
the cavity and the Bunch Shape Monitor into SIS18 syn-
chrotron. The energy spread of the beam from Unilac was
changed by means of buncher. The phase of buncher was
tune such, that bunches were passing exactly at zero cross-
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Figure 3: General idea of the experiment at GSI

ing i.e. they were not accelerated but only compressed (or
decompressed). Two buncher settings were used: i) bunch-
ing (large momentum spread), ii) debunching (small mo-
mentum spread). In this experiment the SIS18 synchrotron
was used only as an energy analyzer. The injected beam
was left over 150 ms without powered SIS18 rf-cavity.
The coasting beam was analyzed using standard Schot-
tky beam diagnostics of SIS18. Results of these measure-
ments for two different buncher settings (different momen-
tum spreads) are presented in Fig. 4. In this figure effects
due to high beam intensity are clearly visible: the spectra
are far from the Gauss-like distributions. The momentum
spread is in the order of 1.5 x 103 and it changes by factor
of two (at Injection 7455 = 0.94). Corresponding spec-
tra measured using Schottky cavity installed in the transfer
line are shown in Fig. 5. In these spectra the broad distribu-
tion underneath the strong coherent signal are to be related
to incoherent components of the beam signals. The spec-
tra are shown without any normalization. The spectra show
same tendency as in Fig. 4: the width is smaller for the de-
bunching case. The ratio between two buncher setting is,
in this case 1.5. However, at the present stage an extrac-
tion of the momentum spread can not be performed jet. An
analysis of the collected date is still in progress, however
one can already now expect more precise results and bet-
ter understanding at least by possible correlation between
measured bunch length and deducted momentum spread.

CONCLUSIONS AND PERSPECTIVES

The analysis of incoherent components of the Linac
bunch signals could be an elegant and cheap method for
the momentum spread determination. This new and non-
invasive method was proposed and investigated in the ex-
periment at GSI. The results of the measurements using
cavity pick-up were compared with well established mea-
surements of the Schottky signals for the coasting beam in
synchrotron. The observed tendency is same for both meth-
ods. The results of the recent experiments can be a first in-
dication, that there is a certain systematics that corresponds
to the momentum spread of the bunched Linac beam. Fur-
ther precise analysis of the experimental data is required to
get quantitative results. An increase of the method sensi-
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Figure 4: Longitudinal Schottky spectra measured using
standard SIS18 Schottky system for two different buncher
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Figure 5: Spectra for Unilac beam measured using new
method for two different buncher settings: bunching (blue
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dashed line) and debunching (red solid line).

Figure 6: Schematic view of a stack of three cavities with

slightly different diameter. See description in text.
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tivity can be obtained by stacking of three or more cav-
ities with the quality factor of () ~ 1000 and tuned to
slightly different frequency (i.e. slightly different diame-
ter), as schematically shown in Fig. 6. A signal to noise
ratio can be increased by applying of noise-feedback as de-
scribed in [9]. Moreover, a theoretical model that supports
or contradicts the method is desired.
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