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Abstract andt¢ the time measured from the second RF kidk.(x)
Longitudinal echo signals have been produced in the cerN® Bessel functions of the first kind with

SPS by exciting a proton beam at 120 GeV/c with two short T = hieako At 4
RF pulses separated by a suitable time-delay. The aim of

the experiments was to confirm the analytical prediction%n wo) 1 1

for beam echoes in the SPS and to probe the applicabil- ko = ﬁ; n= 73 - ? ()

|ty of. beam echoeg for a m_e_asure.ment of the energy dlgl— ande, are perturbation parameters

tribution and diffusion coefficients in the accelerator. We

summarise here the results obtained with bunched and un- o woli Vi, i—=1.92 (6)
Y

bunched beams. For an un-bunched beam, the excitation “ 2r Ep’

frequencies are at different harmonics of the revolution freyherew, = 2r £, is the revolution frequencyi; and T
quency and result in an echo response at the difference figre kick lengths and; andV; the kick amplitudes of the
quency of the two RF kicks. For the case of a buncheflrst and second RF kick respectivety.ande, are the rel-
beam, the RF kicks are adjusted to excite the quadrupolgive energy gains during the first and second RF-kick re-
mode of the bunch motion and the beam echo response cggectively. In the following we will assume that the relative

also be observed as a quadrupole mode. energy gain during the two RF-kicks are small compared to
the initial energy spread in the distribution.
1 INTRODUCTION The first line in Equation (2) implies that the leading

. - f the echo response varies with the time separation
Echo phenomena have been well known in plasma physd: m o ) . ) . .
for many years [1]. However, the effect has only bee e?rthe two RF-kicks like a Bessel function of the first kind

recently introduced to accelerator physics and first meg- (z). The integral in Equation (2) indicates a strong in-

surements of the echo signal in a storage ring suggest t yence of the energy distribution on the shape of the echo

possibility of using echo techniques in the beam diagnosl?’ gnal. In the following we will call it the' form factoF (7)
[21[3]. This paper summarises the echo measurements the echo response. The strong cubic dependence of the

the CERN SPS with bunched and un-bunched beams. amping term on time suggests the possibility of measuring

The echo signal is an interference pattern of two conse&Yen very small diffusion coefficients within a reasonably

utive short RF-pulses. In the case of an un-bunched beaﬁh,lortttr:me mtervfal. bunched b th ho sianals in th
the echo signals in the CERN-SPS were generated by e E%N eSIcD:eése ofa bunc ted beam, | © e(f[ 0 S'Enis n i €
citing a coasting proton beam at 120 GeV/c with two shor were generated by applying two short ampll-

RF pulses using the 200 MHz travelling wave RF systerﬁUde reductions to the nominal RF voltage of the 200 MHz

Without diffusion, one can find an exact solution for thetravellmg wave RF system which provides the RF buckets
the proton beam at 120 GeV/c.

echo response in a coasting beam and one can show tf“?é(t
the beam echo appears at a time

hy . .
= At (1) Fig. 1 shows the experimental setup for the echo measure-

. . ) _ mentand Table 1 lists the relevant parameters for the CERN
after the second RF-kick, whergt is the time separation gpg

of the two RF-kicks. For a non-vanishing diffusion term
the echo response in the beam current is given by [4][5] fo [kHZ] n] Ey [GeV] | frr [MHZ]

43.23 1.8-1073 120 200
Iecho(t) ~ 26W0 . J1 (617’) . Jl (l‘ + 627‘) (2)
x T /p(p) -e”"PT dp

e—Dkg [P3(A1)*+(ha—h1)?7]/3
’ 3 EXPERIMENTAL DATA FOR AN UNBUNCHED

whereD is the diffusion coefficienty(p) the initial energy BEAM

distribution withp = AE/Ey, 7 the time measured rela-

tive to the centre of the echo response,

2 EXPERIMENTAL SETUP
t*

Table 1:Machine parameters of the SPS.

X

We presented first results of un-bunched beam echo mea-
surements already in [6]. Here, we will only briefly illus-
T =ko(ha —hy) - (t —t) (3) trate the effect and demonstrate how the echo measurement
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Figure 3: The picture shows the superposition of 22 beam
(Travelling Wave) 3KHz<->1GHz echos for different separation timést as a function of time
after the second RF kick. The time separation of the two RF
Figure 1:Schematic setup for the echo measurements. kicks varies between 5 ms and 220 ms, resulting in an echo
response up to two minutes after the second RF-kick.

can be used for measuring the diffusion coefficient. Fig. 2
shows a typical echo measurement for a kick amplitude of In [6] it was shows that the echo signal can also be used
500 kV. Each kick lasted fod2 11 s (4 turns) and the two for measuring the energy distribution function and the en-
kick have a time separation of 45 ms. Fig. 3 shows thergy spread in the beam.
super-imposition of 25 such measurements, each having a
different time separation between the first and the second4 MEASURING DIFFUSION COEFFICIENTS
RF-kick. The tlme separathn varies from 45 ms to 230 M he results of the previous Section indicated the possibility
Note that for a time separation of 230 ms the echo respongg measuring even very small diffusion coefficients with
occurs only 2 minutes after the second RF-kick. The enve- . : Y . .
echo signals. This aspect was analysed in more detail by
deliberately applying a noise signal to the 800MHz cav-
ity in the SPS. The noise signal was calibrated by mea-
RS L I WA I el . suring the growth of the energy spread in the beam for
e ——t—T— 1 different noise amplitudes from the longitudinal Schottky
i 1T 11 signal [7]. Over a time interval of 100 s, the Schottky
signal was sensitive to noise signals which correspond to
Once the noise signal was calibrated the noise amplitude

—F 11 Y 11 was reduced to values where we could no longer observe

iy = A —— a growth of the energy spread in the longitudinal Schot-
s BHEREOIS e tky signal. The beam echo could be successfully used to
— Time [s] measure noise amplitudes which were at least two orders

. _ . . of magnitude smaller. Fig. 4 shows the measured diffusion
Figure 2:The measured echo signal on a linear scale. Thgefficients versus the applied noise amplitude in dB. The
measured echo response corresponds to an approximatelyints with noise amplitudes larger than -45 dB are calcu-
Gaussian energy distribution. The horizontal scale is 0.5 Bited from measurements using a Schottky signal [7]. Al

per division. other points are calculated from echo measurements. All

data points agree with the analytical estimates and lie on a

lope of the echo signals in'Fig. 3 agrees quglitgtively }Nit@traight line with slope 1/10 in the double logarithmic plot.
the expected Bessel function dependence indicated in the

first line of Equation (2). However,_the later the echo ;ig- 5 BUNCHED BEAM ECHOES
nal appears after the second RF-kick, the larger the diver-
gence of the measured signal from the pure Bessel functidtecent experiments in the CERN SPS extended the echo
envelope in the first line of Equation (2) indicating a non-measurements to the case of a bunched beam. Fig. 5 and
vanishing diffusion coefficientin (2). Fdp ~ 10~'3.s~!  Fig. 6 show typical measurements, where the beam was ex-
the measured data agrees very well with the expected bgited with two consecutive quadrupole kicks. Each kick
haviour in (2) and corresponds to an emittance growth of lasted approximatel00 ;. s. Both kicks in Fig. 5 had an
amplitude of—500 £V compared to a nominal RF-voltage
DNoAp/py = 1073 (7) of5.1 MV and were separated ldyt = 90 ms. The first
kick in in Fig. 6 had also an amplitude ef500 £V but
in 115 days. the second kick was approximately four times smaller than
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Figure 4: Infered diffusion coefficients. The vertical axis 6 SU

shows the diffusion coefficients on a logarithmic scale iThe un-bunched beam echo measurements in the CERN
units of10~1* s~! and the horizontal axis the noise ampli- SPS agree well with the analytical expectations and show
tude ind B. Assuming a diffusion process with white noisethat echo signals can be used for measuring beam distribu-
one expects a straight line with slope 0.1 in this representaions and diffusion coefficients. Measurements of bunched
tion. The points with a noise amplitude larger than5 B beam echoes are just starting and a detailed study of this
are calculated from measurements using the Schottky sigffect is still in progress.

nal. All other points are calculated from echo measure-
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Figure 5: The measured echo signal in a bunched beam
on a linear scale for a time separation dft = 90 ms
between the two RF-kicks. The horizontal scale is 0.5 s.
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