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Abstract zero by construction and is not used. The three composite
ignals are then amplified and sent to a building at the cen-

A prototype quadrupole pick-up, based on a new deSIgge of the PS. Here, they, as well as a reference beam current

concept, was recently installed in the CERN PS. It use

: : . . signal from a wall-current monitor, are connected to a dig-
magnetic coupling rather than electric for reasons of radiaJ 9

al oscilloscope. The oscilloscope is triggered at injection

tion endurance and common mode rejection. The pick—ugnd N ‘e data over 200 to 800 machine revolution
is mainly intended to detect and correct coherent oscillas can acquire data ove N achine revolutions

tions of beam size due to injection mismatch. However, igepe_ndlng on the time rr]esolutlon requwed.h il
can also be useful for other purposes, such as the study of9SINg @ GPIB-to-Ethernet converter, the oscilloscope

space charge effects by measuring the damping time of {FEn be remotely controlled and read out via the network

quadrupole mode of oscillation or the detuning of its fre-ToM @ PC in the main control room. A LabView applica-

quency, and as a coupling meter, since the study of bea‘ijﬁ’n program has_been written to control the oscilloscope,
size oscillations due to coupling yields information that is1oWn-load and directly analyse the data. The data treat-

complementary to the centre-of-mass oscillations. This pénent is described below. Both raw and treated data can be

per presents a description of the data acquisition and treaﬁ@\’ed to disk for further analysis.
ment together with some recent measurement results. A
general discussion of the potential uses of quadrupole pick-3 DATA TREATMENT AND ANALYSIS
ups is also given.
Previously, the signals from quadrupole pick-ups in circu-
1 INTRODUCTION lar machines[4, 5] were usually studied only in the fre-
quency domain, since beam width oscillations give rise to
For the future production of high brightness beams in theidebands at-2¢ f.., from the revolution harmonics. In
PS Complex, it would be extremely useful to have a nonthe PS, this method is not applicable since each bunch in-
invasive tool to verify the conservation of transverse emitjected in the machine comes from a different Booster ring,
tance. A quadrupole pick-up measures the quadrupole mand thus can have different characteristics. In order to re-
ment solve separate bunches, the signal first has to be treated in
mqQ = oz — 03 (1) the time domain. Several possibilities exist. The simplest

which is very sensitive to variations in the beam size, thafethod is peak detection. This is fast, but not very precise.
can occur as a consequence of miss-matched injection, ari1ce only a single sample is used, the influence of noise
therefore a quadrupole pick-up is a good candidate. Sonarge, Also, a high sampling rate is required in order not
time ago, a prototype quadrupole pick-up was installed iFP miss the peak yalue. Ar_10ther error-source is the estlm_a-
the PS. The design of the prototype was conceived to cifion of the base-line. A slightly more elaborate scheme is
cumvent one of the major problems that have previousl§@t€d integration. By integrating over the pulse, noise can
discouraged the use of quadrupole pick-ups, namely that ¢ significantly suppressed. On_the other hand this method
separating the tiny quadrupole signal from the huge condS ven more sensitive to base-line errors.
mon mode signal. This is achieved by coupling to the radial In order to obtain maximum accuracy from the pick-up
component of the magnetic field[1, 2]. signals, a special fitting scheme has been developed. A
The prototype pick-up was built partly from re-used ma-curve is first fitted to the signal from the wall-current mon-
terial, in order to test this design idea, and is thus not ertor to establish the functional shape of the pulse induced by
tirely perfect. Measurements on different beams have bedfe bunch. Since the signal is relatively strong, this can be
performed, and by comparing these to measurements magdene with good precision. Then, use is made of the fact that
on a model in the lab, a lot of experience has been gaindhis pulse shape is the same on the pick-up outputs (pro-

towards the design of the final version[3]. vided the bandwidth is the same). The function resulting
from the first fit is thus translated in time by a fixed amount
2 DATA ACQUISITION to account for differences in cable lengths and instrument

position, and used as basis function when analysing the po-
The output signals of the four antenna loops in the pick-ugition and quadrupole signals. For this second (linear) fit,
are connected to a hybrid circuit, that provides the composnly two basis functions are used: the fitted pulse shape
ite signals corresponding to quadrupole moment and posiknd a constant base line. By using such a restricted basis,
tion in the horizontal and vertical plane. The sum signal ishe influence of noise is reduced. This is particularly im-

* CERN and Manne Siegbahn Laboratory, Stockholm, Sweden portant for the quadrupole signal, where the signal levels
T Email: Andreas.Jansson@cern.ch are low.
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The above fitting scheme is performed on each bunch in When measuring at injection of an elliptic beam (hor-
the machine over a certain number of turns. The resultingontal emittance larger the vertical) into the PS, with
data can then be studied either in time or frequency domaia. working point close to the diagonal and strong skew

quadrupole gradients, a large oscillation of the beam size

4 MEASUREMENT RESULTS was observed at a frequency given by the separation of the
tunes. This was interpreted as the coherent transfer of emit-
4.1 Pick-Up Development Tests tance between the two planes. In fact, when injecting a

eam into a strongly-coupled machine, standard betatron

fﬁ;ﬁ?{jguﬁggs :‘rr]:rr?lgkc_gfnvr:]i?] 'rr;]s;ggerdé.gc\;\i/gi o?osslglriﬁwatching it not sufficient since the normal modes of the
J P motion do not lie in the horizontal or vertical planes.

Although at low frequencies the common mode rejection
is excellent, a parasitic signal was observed, almost inde-
pendent of beam position and size and increasing approx-
imately linearly with frequency. Because of its frequency~
response this signal will approximately have the shape of o} -
the time derivative of the bunch shape. This common mode,
signal is most visible in the quadrupole signal, since itis th@ -10
smallest. The main part of the parasitic signal is, howeverg
suppressed in the fitting scheme, since the first derivativg _
of a symmetric function (bunch shape) is an odd functiorg
and therefore orthogonal to the function itself. >
A series of test-bench measurements have been pe«%—_go
formed in order to understand and eliminate this problem
It was found that the signal originates from capacitive inter- 25 50 75 100 125 150 175 200
winding coupling in a transformer. This finding has led to Turn
a re-design of that part of the pick-up for the final version. o
The oscillation amplitude measured with the quadrupolE'9ure 2: Quadrupole moment measured for an elliptic
pick-up have been compared to data from a SEM-grid usdegam gt injection mtq a strongly-coupled PS. The horizon-
for turn-by-turn profile acquisition, with good agreementt@! emittance of the injected beam depends on the num-

(Fig. 1). ber of turns used for multi-turn injection in the Booster,
whereas the vertical emittance is approximately constant.
16 The solid and dotted line correspond to 6 and 9 turns multi-
14 turn injection, respectively. It can be seen that the oscil-
ag lation amplitude increases with the initial ellipticity of the
E12 beam.
© 10
S 8
S 6
£ 4 In the case of coherent dipole oscillations, the beam can
§ ) be considered as a macro-particle and thus does not see
any direct space-charge. However, in the case of coher-
5 10 15 50 ent size oscillations, each individual particle sees the full
Turn space-charge of the beam. This has two effects: the coher-

ent tune for the quadrupole mode is reduced, and the tune
Figure 1: Horizontal beam width oscillations measuredpread increases. This has been observed with the pick-up.
with the quadrupole pick-up (stars) and a SEM-grid (diaFigs. 3 and4 show how the frequency and damping time
monds). The lines are spline interpolations. (inversely proportional to the tune spread) change with in-
tensity.

A nice example of the usefulness of a quadrupole pick-

42 Beam Sudies upasa diagnostic_ tool was found yvhen extendir?g the num-

ber of turns acquired by decreasing the sampling rate. It
Since the aim of the prototype pick-up was to investigatevas seen that the beam seemed to be violently disrupted ap-
and improve the new design idea, no major studies of beaproximately 180 turns after injection. This was foundto co-
physics have been performed so far. However, while tesincide with the onset of the so-called longitudinal blow-up,
ing the pick-up on different beams, a number of interestthat consists of shaking the buckets using phase-modulated
ing phenomena have been observed and recorded, someR¥ on a high harmonic to improve the longitudinal distri-
which are presented here. bution.
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Figure 3: Quadrupole moment over the first 100 turns for &igure 5: Quadrupole moment over the first 800 turns in the
deliberately mismatched beam. Note the very short damprachine. The oscillations at injection are due to dispersion
ing time due to incoherent space-charge tune shift. mismatch. After about 180 turns, the longitudinal blow-up
starts shaking the beam longitudinally, and an effect can be
seen in the transverse plane.
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Although the main reason for developing the pick-up
-10 was to detect injection mismatch, it is clear that the use
of such a system can be extended beyond that. The results
-20 in Fig. 2 suggest that the pick-ups could be used to study
-30 the effects of coupling, perhaps even to quantify the cou-
pling and determine its phase, something that is not obvi-
ous using normal position pick-ups. Also, as indicated by
Figs. 3 and 4, the effects of space charge (e.g. tune spread)
can be studied directly. The pick-up is also useful to di-
agnose transverse emittance blow-up at any given point in
Figure 4. Quadrupole moment over the first 100 turns fo[’he mgchine cyple, as indicateq by Fig. 5. Finally, using the
the same beam as in Fig. 3, but with the intensity reducé&Chn'que of M|I!er etal, the en'ut'tance can be measured]6],
by about a factor five. The intensity was reduced in a Wa&;rowded the noise can be sufficiently suppressed.

that approximately preserves the transverse and longitudi-
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are almost equal. Due to the strong damping, the signai

are thus hard to separate. It is therefore foreseen to inst

two pick-ups at locations with very different ratio between

horizontal and vertical beta functions. Analysing the data
from the two pick-ups together will permit a separation of

the effect from the two transverse planes.
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