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TRANSVERSE MODE MEASUREMENTS
WITH POSITRONS IN EPA
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1. Introduction

The aim of this note is to present a summary of the different machine
studies dedicated to the measurement of the modes in the transverse planes and

presented in section 2.

Initially, our objective was twofold: firstly, we hoped to get some precise
information on the transverse impedance model, since contrarily to the previous
measurements with electrons [1] any effect related to trapped ions can be ex-
cluded. Secondly we aimed at a careful study of the behaviour of the transverse
dipole modes (m = + 1) in order to compare it with that predicted by the theory,
and observe an eventual mode coupling which - although predicted with a
threshold of 6 10'0 particles in a single bunch - did not give rise to any in-

stability even with a number of charges four times superior.

However, the analysis of the collected data presented in section 4 suddenly
enlarged our objectives when A. Hofmann suggested that - according to the
present understanding of the model reviewed in section 3 - it should be possible
to derive longitudinal parameters of the machine directly from the transverse
measurements. In Section 5, we present our latest estimate of the transverse
and longitudinal impedances derived from the tune-shifts measurements, whereas
Section 6 reflects our preliminary conclusions as well as some recommendations

for future measurements.

2. Measurements

2.1 Observation of the mode m=0 (or tune)

As reviewed in section 3, the measurement of the frequency shift, Af(m) of
the mode m = O, as a function of the bunch population (N/k), is an essential in-
gredient for the evaluation of the effective transverse impedance Zt' since
the derivative of this function - namely Af/AN - is directly proportional to the
latter (assuming the bunch length, g1 is known).



However, experiments with electrons have demonstrated [1] that the measured
frequency shifts were strongly dependent on both the number and the repartition
of the bunches along the ring circumference. As a matter of fact, the measured
shifts moved from negative values (with a single bunch) to positive ones (with
2, 4 or 8 bunches) and this effect was clearly related to the fields induced by
positive ions trapped in the beam potential. As a consequence, the transverse
impedances deduced from the electron behaviour were doubtful even in a single

bunch where some ion perturbation could not be completely excluded.

On the contrary, the positive charge of a positron beam cleans the beam from
positive ions even in the case of a multibunch operation as shown on fig. 1
which 1illustrates the measured tune shifts as a function of the intensity for
one and eight bunches. In fact, the behaviour of both the single bunch and the
multibunch beam are very similar with negative tune shifts in both cases and a
slight difference in their slopes attributed to "memory" effects: the fields
induced by the beam in localized impedances have not enough time to decay
between two successive bunch passages leading to a slightly higher effective im-
pedance.

During this first session, the tune shifts have been recorded for both the
horizontal and vertical planes in an intensity range from 10 to 1.5 10'° par-

ticles in a single bunch (0.4 to 5.8 mA) with the corresponding results:

Horizontal : Af (m=0) =- 6.0 10°% Hz/e'
“AN

Vertical : Af (m=0) =- 13.6 10°° Hz/e'
o

which confirmed the measurements previously obtained in the vertical plane with
electrons (- 11.7 10" Hz e') [1].

2.2 Observation of the mode m = -1

Typical pictures of the spectrum analysis of the vertical single bunch res-
ponse to a frequency excitation are presented on fig. 2 with the usual opera-
tional conditions of EPA working at 500 MeV with an RF voltage of 45 kV and
transverse chromaticities slightly positive. The modes have been generally
investigated at their lowest frequency response (equation 3.1)

n=0,p-=-4 fy = (-4 + Qy) f0 + mfs = (942.34 + 4.71 m) kHz

r



The mode, m = 0, is clearly visible as well as its negative shift with the
intensity but no sign of higher mode appears up to 3.1010 particles per bunch
(fig. 2 a - e). However, for a larger number of charges, because of the fre-
quency shift of the mode m = 0, the frequency distance between modes 0 and -1
has sufficiently reduced such as to make an energy transfer between modes pos-
sible. As a consequence, the mode m = -1, shows up for charges above 4.1010

particles (fig. 2 f to j) with a signal response increasing with the intensity.

Indeed, as illustrated on fig. 3, the power spectrum of the hermitian
modes + 1 , maximum around 200 MHz, is negligible at the relatively low fre-
quency (» 1 MHz) of the tune measurement. Tentatives to observe the modes at
higher harmonic frequencies failed because of a too low signal response above a
frequency of 100 MHz certainly due to the limited bandwidth of the beam excita-

tion and response measurement loop.

2.3 Observation of higher order transverse modes

As already observed on DCI [2], the presence of higher order transverse
modes can be magnified at low intensity by increasing the positive chromaticity,
£, in order to shift the mode power spectrum of the bunch to the frequency of
observation by [3]
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which in the case of EPA:

f0 = 2.38567 MHz is the revolution frequency
o = 3.3 10°% is the momentum compaction factor
corresponds to: AfE= [MHz] = 72.293 Q'
Indeed, with a vertical chromaticity, Q' = 2, shifting the mode power spec-

trum (fig. 3) by 145 MHz, the modes m = t 1 become visible over the whole in-
tensity range extending up to the charge of 2.8 10'! particles in a single
bunch (fig. 4).

Again by energy exchange, the mode, m = -2, is magnified for charges above
2.10'° particles (fig. 4c), as well as the modes m = -3 and -4 for charges

above 9.10'° (fig. 4g) and 12.5 10'? particles (fig. 4i) respectively.



Observation of higher transverse modes up to + 3 and - 4 from vanishing
currents is possible by raising the chromaticity Q'Y to + 4 (fig. 5) but
according to the 1impedance model (fig. 3) deduced from equipment
measurements [1], the power spectrum of the modes, shifted by as much as 290 MHz
interacts with a reduced imaginary part of the impedance therefore affecting the

corresponding effective impedance Zoy off

The general behaviour of the modes is globally illustrated on figs. 4 and 5

where both the shift and coupling of the modes are clearly visible. An es-
pecially interesting case is observed on fig. 5 e, where for
N =3.10'" particles in a single bunch, the signal response of the m = -1 mode

suddenly becomes larger than that of the m = O mode. Although no sign of verti-
cal instability shows up, the modes O and -1 for larger numbers of charges,
cannot be distinguished one from the other as their respective frequencies merge
together (figs. 4 f to 1 and 5 f to j). Actually this phenomenon of energy
exchange between modes, also observed in simulations, is usually considered as
the signature for the onset of the mode coupling.

In fact, their real frequency spread of - 1 kHz is artificially enlarged by
a measurement averaging necessary to cope with a tune jitter of initially up to
+ 2.5 1073 (case of figs. 2 and 5). This jitter could be reduced by about a
factor three (case of fig. 4) after adoption for the whole LPI complex powering
of the more stable network derived from the SPS and the fine tuning of

the lattice quadrupole power supply regulation [3].

2.4 Modes observation with a different RF voltage

In order to check the model described in section 3, the modes behaviour has
been observed with an RF voltage on the cavity gap reduced from 45 to 20 kV.
Clean signals and data could be collected at low intensity but the identifi-
cation of the modes became impossible for charges above 3.10'0 particles
(fig. 6).

3. Mode shift behaviour

The frequency shift Af (m) for the mode m of a bunch with a charge, N/k,
and a length, Og: interacting with an effective transverse impedance
m . ,
Zt off 1S usually given by [4]:

m
fo Zt eff

Af (m) a |+ o,

~|=2



which suggests that:

- the behaviour of the modes ' 1 should be identical

- for the same current, their shift should be half of that of the

mode m = O.

However, when considering the fig. 7 representing the shifts of the observed
modes with the charge per bunch in a first series of measurements (test 3 of

section 4), these two statements are obviously not verified.

The key to the explanation came from M.P. Level who participated in the same
kind of measurements on DCI [2] and pointed out the influence of the variation
of the synchrotron frequency fs due to the potential well induced by the

interaction of the bunch with the longitudinal ring impedance (ZL/r).

Indeed, the frequencies of the possible transverse modes, m, are given by

[4]:
fp,m,n = (n + pk + Qx,y) fo +m fs (3.1)
where f0 = 2.38567 MHz is the revolution frequency
k is the number of bunches

n and p are both integer numbers such that:

0<n<k-1 Y R
Q = 4.554, 4.395 are the horizontal, vertical tunes at vanishing
S current
Qx §m) are the real tunes affected by the interaction of the beam with
H
the imaginary part of the transverse effective impedance
m .
Z ef 21
. B 2T
Q = Q _Jec x ¥y € t eff N (3.2)
X,y x0,yo 4w |m|+1 E 1) k ’
Bx y are the p functions at the impedance location
1
E is the operating energy
N is the total number of particles
1) is the overall bunch length depending on the particle
distribution. In case of a gaussian distribution with a
standard deviation o, [5,6] L 4 o
f5 is the synchrotron frequency modified by the potential well which

becomes below the longitudinal turbulence threshold [5.6]:
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Introducing the synchrotron frequency at vanishing current:

a 1/2
£ = —C P . [%} (hV |cose])' /2 (3.4)
2v J2w !

the linear dependence of the synchrotron frequency for low current becomes

1/2
¢ .g -dec |lpe R ! (L, N (3.5)
L N T E o (hVjcos o])' /2 T X

L

where p = 3.3 1072 is the momentum compaction factor
= 20 m is the ring mean radius

a
R
h,v are the RF harmonic number and voltage on the cavity gap

Therefore at 1low current and below the longitudinal turbulence threshold,

the frequency shift Af(m) with the charge per bunch N/k of the mode m becomes:

Af(m) = A f‘z + A fg (3.6)
| I | | I
contribution of the contribution of the
transverse impedance longitudinal impedance
where:
12 20
m _ _-.3.82 10" ° . t eff e N
Aft - fn AQx,y(m) T m]+1 Jfo Bx,y T E a [k] (3.7)
ae 1/2 2
sl = m Afs = -5.48 107 mi( £ ) - R 2 ;L A[%] (3.8)
1 (hV]cos o))

As a consequence, the shifts of the modes + 1 and ~ 1 are different one from
the other and not equal to half of the zero mode. Moreover, the separated con-
tributions from the longitudinal and the transverse impedances can be easily

extracted, assuming an equivalent effective impedance for the modes + 1:



- _ 0
Af (m=0) =8f (3.9)
1 1 1
BEm=+) =0f +afl] af, = JAf@=+N+af@=-1]| (3.10
1
] g 1 1
Af(m=-1) =af -Af pf, = safm@=+n-2fm@=-1] | 31D

These relations can be very useful to determine the effective transverse im-
pedance for modes O and + 1 but also to deduce from purely transverse measure-
ments fundamental longitudinal parameters like the longitudinal impedance, as

well as the incoherent synchrotron frequency:

inc _ inc _ 1
fs (N/k) = fs + A fs (N/k) = fs + A fL (N/k) (3.12)

0 0

4. Measurement analysis

In fact, five series of measurements have been performed with various values

of RF voltages, vertical chromaticities and intensities.

The relevant parameters of these tests are listed in the table 1 (Appendix)
while figs. 7, 8, 9 and 10 illustrate the measured frequencies of the

corresponding modes as a function of the charge per bunch.

4.1 Comparison with simulations

In order to compare these results with simulations, T. Suzuki (on leave from
KEK in the LEP-TH group) performed a few MOSES runs [7] taking into account both
the experimentally measured bunch length [8] at each current and the transverse

effective impedance deduced from beam measurements in section 5.

The calculated real shifts of the modes m = O and + 1 in the case of a
vertical chromaticity, Q'Y =+ 2and a RF voltage on the cavity gap,
V = 45 kV, are illustrated on figs. 8 and 9 together with the corresponding beam
measurements for a better comparison.

The modes m = 0, -1, -2 and -3 show a fair agreement between measurements
and simulation along the whole intensity range. On the other hand, the measured
shift of the mode m = +1 is significantly different from the simulation which

remains unexplained.



A coupling of the modes m = 0 and m = -1 is observed without any sign of in-
stability above a threshold of 6.10'° particles as expected from simulation. The
absence of instability is also in agreement with the simulation which shows that
the growth time of the instability deduced from the imaginary part of the mode
frequency shift is always smaller than the damping time constant provided by the
head tail damping. This result has always been observed with long bunches as in
this case, the real part of the effective impedance which drives the instability

is small in the low frequency range of modes O and -1 spectra (fig. 3).

At higher currents, the two modes merge in a single one and cannot be
differentiated one from the other up to a charge of 2.8 10" particles in a
single bunch (figs. 4 and 9) representing more than 4.5 times the mode coupling
threshold.

Because of the coupling between the modes O and -1 the next mode coupling
does not involve the modes 0 and -2 but the modes -2 and -3 with a threshold of
2.0 10" particles in a single bunch (figs. 4 and 9).

4.2 Comparison with the analytical calculation

In order to test the analytical model of Section 3, the dependence of the
transverse and longitudinal contributions to the shift of the modes O and + 1 -
as measured in the typical case of test 2 (Q'Y = +2 and VRF = 45 kV) -
are plotted on figs. 11, 12 and 13 as a function of appropriate scaling
parameters, which take into account the measured bunch length o at the

corresponding beam current [8].

Indeed, as suggested by the analytical model, the measured frequency shift
of the mode m = O as well as the one simulated by MOSES in the same conditions
are very linear as a function of the parameter N/(k os) up to a charge
around 6.10'? e' where the frequency of the mode m = O is perturbed by the coup-
ling with the mode m = -1 (fig. 11). The slope of this function is strictly
proportional to the effective transverse impedance and will be used in section 5

to evaluate it.

This is also true for the transverse impedance of the modes m = + 1 as
illustrated on fig. 12. Assuming, in the case of long bunches, equivalent effec-
tive impedances for modes O and + 1 (fig. 3), the ratio of the respective
transverse contribution of the mode m = O to the one of the mode m = +1 should

be equal to:



In fact, B. Zotter pointed out that this coefficient had been
derived for a parabolic particle distribution, and should rather be:

1
(lm|+1)

1/2 = 0.7

in the case of the gaussian particle distribution of an
electron bunch [9]. This is particularly well confirmed by the measure-
ments (figs. 11,12):

Af

Af

1
-12
t _ 6.4x10 = 0.699

0 -12
t 9.15 x 10

On the other hand, simulation with MOSES yields a very different ratio:

o -

Af -12
_t . 2.73x10 = _ 4955

Af 10.7 x 1012

‘-fo

which is clearly related to the fact that MOSES did not reproduce correctly

the behaviour of the mode m = +1.

The longitudinal dependence of the shift of the modes m = + 1 deduced from
the difference of the measured shifts of the mode m = + 1 and of the mode m = -1
is in agreement with the analytical formulation (3.8). It is linear as a func-
tion of the parameter N/(kos) as shown on fig. 13 for low

intensities.

For charges above 2.1010 particles, corresponding to the longitudinal tur-
bulence threshold [8], the dependence is also linear but with a sudden change of
) where the shift
of the mode m = -1 becomes affected by the coupling with the mode m = 0, the be-

+

slope. At the threshold of the mode coupling (around 6.10'0 e

haviour becomes completely chaotic.

The variation of this function is particularly interesting as it provides a
direct measurement of the relative reduction of the incoherent synchrotron fre-
quency by potential well. The slope of this function at low current 1s propor
tional to the longitudinal effective impedance and will be used in section 5 to

estimate it.
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Finally, the transverse and longitudinal contributions to the shift of the
modes O and + 1 are summarized in the table 1 in the Appendix for the different
series of measurements after a linear fit of the measured mode frequencies at
low current up to 1.5 10'0 particles per bunch below the longitudinal turbulence
threshold [8].

It is worth noting, that the shift of the mode 0 in each of these five tests
is significantly higher than the value (13.10'a Hz/e+) obtained both with elec-
trons [1] and in the explorating measurements with positrons described in sec-
tion 2. In fact, in both cases, this value had been obtained from a linear fit
of measurements covering a large intensity range extending over the longitudinal
turbulence threshold and was therefore affected by a strong bunch
lengthening [8].

5. Transverse and longitudinal impedances
5.1 Transverse impedance

According to the model valid at low current and below the longitudinal
turbulence, the transverse effective impedance Z: off weighted by the local Bx,y
function at the impedance location can be deduced from the transverse
contribution of the frequency shift with current for any mode, m, assuming the
effective impedance for the modes + m are equivalent. In the case where the ring
impedance can be assimilated to the one of a broad band resonator, this
assumption is strictly valid only for a zero chromaticity. Nevertheless for
long bunches, it is always true as long as the power spectrum of the mode m
remains within the low frequency range of the resonator where the imaginary part

of the impedance is nearly constant.

Assuming a total bunch length T, = 4 Ot in the case of a gaussian distri-

bution [5, 6], one has:

/0 o [ Im| + 1 9 (g)] 1 [ A f(+m) + A f(-m)] (5.1)
t eff 9 55 10-13 fo Bx , e Lg, A (N/k) .
Afl:

This formulation simplifies for the mode zero as there is no longitudinal

contribution to the shift of this particular mode with the charge per bunch.

0 _ s
2y eff (
0 X,y

A £ (m=0)
A (N/k)

)

E (5.2)
e



1"

In the case of EPA working at 500 MeV with an impedance localised in the
kicker modules (Bx = 13.6 m, By = 3.5 m) as derived from systematic

impedance measurements of all the elements implemented in the ring, the horizon-
tal and vertical impedances become [1]:

0 os A fx (m = 0)

Iy eff - 14 (5.3)
6.2 10 A (N/k)

0 os Afy (m = 0)

2y eff e (5.4)
1.6 10 A (N/k)

A first approximation of the effective vertical impedance for the mode
m = O can be obtained from a linear fit of the measurements at low current
(¢ 1.5 10'" &') below the turbulence threshold (table 1). A better

estimation is derived from the fig. 11 linearising the mode m

0 frequency

shift by an appropriate choice of the abscissa parameter

A f (m=0) AQ
__EX______ = {___X_] = - 9.15 107 '? c N
0]
S0 59 Jpeasured S
which, using equation (5.4) with a synchrotron frequency, fso = 4.71 kHz
yields:
-12 3
70 o 9.15 10 X ?;71 107 _ 2.7 M2/m
Y 1.6 107
thus not far from the impedance model (Zz off = 2.9 MQ/m).

A MOSES calculation, plotted on the same graph (fig. 11), demonstrates also
a very linear dependence of the mode (m = O) frequency shift as a function of

the parameter N/(k os) up to the mode coupling threshold:

Af (m=0) AQ
— - | = - 10.7 10'12 N
fso SO k %s
Moses

The measured data would therefore be best fitted by a MOSES calculation

based on a corrected effective impedance (fig. 11)

0 _9.15 107 '?

z =
yetf 45,7 10712

x 2.9 = 2.5M/m
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In fact, the analytical formulation (eq. 3.7) and the MOSES calculation
based on the same parameters yield 8% different shifts of the mode m=0. Their
prediction would be similar if the relation between the total bunch length, T
and its standard deviation o would be corrected to:

Ty = 3.7 O

instead of the = 4 o used.
The test 5 (Table 1) with a somewhat different bunch length yields a 10%
higher effective impedance (Zg off = 3 MQ/m) confirming that the bunch length

is not exactly taken into account by the analytical model.

5.2 Longitudinal impedance

From these purely transverse measurements, the longitudinal impedance can be
deduced from the longitudinal contribution of the shifts of the modes + 1 and
compared with the estimation [8] obtained from bunch length measurements. Again,
assuming a total bunch length, T = 4 O in the case of a gaussian
distribution [5,6]:

1/2

3
yA o (hV]cosg]|) 1/2
(I -2 — E T latm+n - afm=-1] (55
8.56 10 R P

L )

which in the case of EPA working at 500 MeV becomes:

) =2.03 10° (V |cose])'/2 &° a ¢

( S L

~ |

As can be seen from it, this solution is strongly dependent on the bunch
length, namely to its third power. Therefore the longitudinal impedance has
been deduced from the slope (at low current) of the difference of the frequency
shifts between the modes m = +1 and -1 as a function of the linearising
parameter N/[k o: (Vlcosw|)1/2].

The case of test 2 illustrated on fig. 13 (VRF = 45 kv, fso = 4.71 kHz)
Afm+1) Af(m-1) _ 13 N
7 f = 1.55 10 " 03
S0 s
yields a longitudinal impedance:
A
[EEJ =2.03 10° (4.5 10°)"/2 x 4.71 10° x 1.55 107" = 31.5 @
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or 50% higher than the impedance deduced from bunch length measurements [8]

z
L _
[r— = 21.0 Q].

All the different tests including the one performed with a different RF
voltage and bunch length led to similar longitudinal impedances (see table 1).
In fact, because of the strong dependence of the calculated impedance to the
third power of the bunch length, this result 1is clearly dependent on the

relation between the total bunch length, Ty and its standard deviation o

Actually the present formulations are steadily based on approximations
derived from parabolic bunch population distribution which seems to overestimate
the bunch length and therefore the impedance. A. Hofmann is presently deriving
the whole set of equations adapted to the gaussian distribution of an electron
beam and governing the real beam induced voltage, charge distribution, bunch
length and average synchrotron frequency. As soon as available, they will be
applied to the present measurement or to more accurate data taken in the low in-

tensity range.

However, it is very interesting to note that this new set of equations
clearly demonstrates that - in the case of a gaussian distribution - the

relevant total bunch length T should be accounted for:

T2 3.5 o

instead of the Ty, = 4.0 o used so far in our analytical approach.
Including this correction in our numerical evaluation yields:
0

Zt eff

Z
L/r

2.4 MQ/m
21.1 Q

which should be considered as our final results.

5.3 Incoherent synchrotron frequency

As already pointed out, the variation with current of the incoherent syn-
chrotron frequency can be directly deduced from the variation of the longitudi-

nal contribution to the transverse mode shift (eq. 3.12):

a£.7C/8 (k) = A £, /8 (N/K)
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This variation is compared on Fig. 13 with the measured variation of the
frequency of the second synchrotron side band around the 20th harmonic of the
RF frequency (Fig. 14):

A £
2

N

2 - - 4510 a
k o>
S

This gives an experimental relation between the variations with current of
the effective incoherent synchrotron frequency and that of the second synchro-

tron side band:
A fsz ] 2

inc
s

Af

6. Conclusions

The observation of the behaviour of the transverse modes as a function of
the beam intensity was carried out for different values of both the chromaticity
and RF-voltage in a large intensity range. All the measurements were performed

with positrons in order to confirm/explain observations made with electrons.

The main objectives achieved during these measurement sessions can be
summarized as follows:

i) Fitting the detuning of the vertical mode m=0 at low intensities yields
a transverse impedance of Z; eff = 2.4 MQ/m, slightly lower than the
impedance model (2.9 MQ/m).

ii) Measurements with 8 bunches confirmed that previous measurements with
electrons were affected by the presence of trapped ions. With positrons,
there is an indication that the transverse tune shift might be slightly
increased by multi-bunches 'memory' effects.

iii) With zero chromaticity in the machine, the transverse higher modes can
only be observed above the threshold of longitudinal turbulence, making
therefore the interpretation of their behaviour relatively difficult.
However, by making the chromaticity slightly positive, it is then poss-
ible to observe the modes up tom = + 3.
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iv) Having recognized (with the help of M.P. Level) that the detuning of the
modes m= + 1 was composed of both a part due to the transverse impedance
and a part related to the variation of the incoherent synchrotron fre-
quency, it was possible to calculate both contributions separately. The
latter procedure is potentially interesting since it allows to measure
longitudinal parameters (usually difficult to measure longitudinally)

directly from transverse measurements.

V) The measured real shifts of the modes O, -1, -2 and -3 agree reasonably
well with simulation and analytical models. On the other hand, the
measured shifts of the mode m = +1 is significantly different from

simulation with MOSES.

vi) The coupling of the modes O and -1 is foreseen and observed for a charge
of 6.0 10'° particles per bunch without any sign of instability. Contrari-
ly to previous expectations by simulation, for charges above the mode
coupling threshold, the two modes having merged in a single one, remain
coupled with a common frequency up to the highest charge available of
2.8 10" particles in a single bunch representing more than 4.5 times the

mode coupling instability threshold.

vii) For higher intensities, the next mode coupling does not involve the modes
0 and -2 as the frequency shift of the mode O is modified by its coupling
with the mode -1, but the modes -2 and -3, again without instability and
a threshold of 2.0 10" particles in a single bunch.

viii) The absence of any instability at the coupling of both the modes (0, - 1)
and (-2, -3) is perfectly predicted by MOSES (the imaginary part of the
mode frequency shift remains negative) provided the measured bunch length
is included in the calculation. In fact, thanks to the long EPA bunch
length, the spectra of the low order hermitian modes extend in a low
frequency range where the real part of the impedance - which drives the
instability - is small. As a consequence, the growth of the instability

is damped by both head tail and synchrotron radiation damping.

Finally, accurate measurements of the mode shifts would be largely im-
proved by an increase of the bandwidth of the beam excitation - mode measurement
loop - which would enable an observation at higher frequencies thus avoiding a
chromaticity modification affecting the effective impedance. Moreover, a better
stability of the ring power supplies would avoid the averaging of the measure-
ments which artificially enlarges the mode spread and hides the behaviour of

the individual modes in the mode coupling vicinity.
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APPENDIX

Test Test Test Test Test
(1) (2) (3) [(4) [(5)
RF Voltage, VRF (kV) 45 45 45 45 20
Hor. chromaticity, O; - 0.1 0.1 0.1 0.1 0.1
Vert. chromaticity, O; - 0.1 2.0 2.5 4.0 2.0
AfE (MHz ) 7.2 145 180 289 145
Synchrotron frequency, fs (kHz) 4.71 4.71 4.71 4.71 3.12
Bunch length, o_[for g =10'" " )(m) | 0.23 0.23 | 0.23 0.23| 0.32
Corresponding figures 2 4,9 7 5.8,9 7
10,11,
12,13
Mode zero shift at low
intensity < 1.5 10'" &'
- 18.1 |- 19.0 |- 17.6 |- 24.9 |- 15.0
Af (m=0) _ , .0 -8 +
TN = Aft/AN (10 ° Hz/e )
Transverse contribution
to fhe modes + 1 shift p ) g7 -701-15.41- 10.9
A ft /AN (10 ° Hz/e )
Ratio AfL/Ath - 0.5 0.39 | 0.62 | 0.73
Longitudinal contribution
to the modes #+ 1 shift:
A £) /BN (10°% Hz/e') - |-57 |-5.2 7.1 2.6
Calculated effective vertical
Impedance, z0 (MQ/m) 2.62 2.73 2.53 3.58 3.00
eff

Calculated longitudinal _
impedance, Z/r (2] 29.9 27.3 37.2 24.5

Table 1: Relevant machine parameters, transverse and longitudinal contributions
to the shift of the modes m = 0, *+ 1 and corresponding impedances

in the five series of measurements



woaq > .dd:):.’n.a.:z w Py u%.:..f v &»..? ‘o<w’ >pow qﬂ..v.rv(vﬁ 4 Wo .—Mu.&ﬂ ﬁv’OS—OVmW 3

1€6 0€6 626 826 126 926 626
o - S0
]
- QL
- 02
G2
N L
- 0¢€
NV - .
+3/ZH _0L°S'9I-="J¥ sayung g @ St
- NV 0y

+3ZH 0 9U-=]T pung | o

© 3 <]



336.19 kHz
§1.95 dBn

58

UNCAL SAMP_:

O LT
o UB 388 H:

SPAN @7 9 .

DRSS T T B

"INTER 835.77 kHz
<42 388 M2 UB 388 H:z

e

kHz
VB 388 H:

N TR Y RYT
oST YPP B o2

UNCﬁL SRHPLE

TARMER
235.68 kHz

—~

*NTLR §35777 «Hz
s oeP2 My UB 388 H:

kHz

.t R 330.
-+¢ 388 Hz VB 380

aitEn e dg
CINERR

MARKER
331.59 kiz ‘
-65.88 dBa i}
t :

SPAN 4712 o=
«CT upp 3

TINTER 935.77 kHz

R -:: 380 Hy VB 380 H:

SPAN 471
ST Q@! ? e--




J |

L —1 -

ma
v
; \o
sl

0

S\:\“l

LN
;u

-

PN WISEN SN SN S

_m
L\l
0
-
4}
i‘:
-
T dad
‘.C -
K
i5§-'
]
~

‘TEc
A ME -3
g—_ _
}_

.

LINEAR __:...
NARKER

N (LN

. ‘. Az
A 308 H: UB 380 H: sST 480 0 eve

B .:TTEN 8 dB

SINEAR
MARKER

N 9718 ww: ENTER 335,77 WH . "SPAN Y710 1R

4 N AT '
J e e w; UB 388 H: *ST 4BB @ ase i *ST 480 B ese-
J | | * ‘
—— —— 1 :
i ; P | 5 : Lo
T { : ! T
— | ! i ’ - i [
P : ! : P R 1 o
T ] 1 T r ! ; t : + ’ ' — =t
. 1 i l,;:' Elo . '
i C P ! ' P .
! C T . . R I ‘ - I
N ' f”jjl'l!!’l , :
| I N A S A A
! T I T T
; J i H ) | R
i [ . 7'
! ! i T
| X P
I | J | | 1
i{ ] ! . | "’ ; ———
; Lo [ 7] : T




R e
N £
N jp PR
23 P s
T
DS B
7
T T
T T
o
1
By
+ p
I {
T
" 1
T T
1 ) YESEAE
oy
5, (B > inun T
i ¢ +
Tt
T H
1 + I i P
1 ?
- ne on o e SEpT
| it
T ISESENE bunge s wun! ,
n " Inan pussn;
13 T Ing SR
1 T 11
nd e Y 1 T
t
T ' T
L Hods IDu DRSNS
T jpa; T T M
" " T e
I t Tt s
. 1 Ty
! - i i
- e
3 i SSasne seons nkESE
T T DS SRS sEs0a E81
L h, % . T b
N o
" T o ju n NI
1 +7 T
1 T t T
0T T T 41 e .
= - . =~ T ! JemnELus ua: T r T
N $ - 1 1 l*’f‘ 1T 1 Tt
t 1 + : et
fpud Sidwe oa T  Hoa Bt T :
st segye et : B T
EEsECSEReSs: , : ] ,
- maes: a T 1
e ) 1 " T T
oai 1 I
e T N\
: 1 T T " seam 3
T o : L ¥ 48 : :
: > : —1- % 1 t 1 T
T T
1 + T T b 135
. T 1T 8 i +T
: T 1 inaas I Suas LECCE Sasie snwnanus: 1
1 t NSNS SEEDE B Y 1 1 56 Suanaa; t
T T T T a5 pas 7
1 T TR T 8 ansa:
: + 1 T +
B¢ ot 1 1 gy T 8 it T
) HT
T
I8 88 R 5 1
b8 sPEENm T v
+ + T
s n )
1
PRDPY SOPPE PROPE 3 ny .
=T EEET BRI SR BodEs babas Eans 45
T i ,p’,,_,“_,, o
s 56 965 54 : T
T 17 T T T I
s HHH
T 7 t
yRs KRG 9SS 8| Tt blnas
oH 1881 T +
Tt 1 T I T 1
1T
: ! T T
Anas Et ba aue T
! JnBRE SEi T 13
b 3
DS B8 ot e 8 SO NE N I
1 i 1 1
T T 1 i T
O. 5 g
e ¥ 1 am: o s a nant e 8t
; t T T : t
b b o SO RROE] B ea Tn paw T T T
bist bl N 1 1 T Rt I =t Tt I
T ne s it I
Epets t
L5 b
i IRASRS!
I e
pe T T
LIF 1 JBuN B}
p g
e . q
04 s T m Sive,
o 17 1T A_,_x,m —~ [PanS noens yRASE Y. W as
2 gounses:
-+ Tt 1
CY T L a8 . T T : + + T
ang ~+ T 1 1T
e | by ¥ s s I o1
T T \ T s sana 1 "  SRES Suen
¥ L
pha s 1 1T A Y 1881 ) Dare
1l T h b T T T T
e I : na T
[ppns nay T Ty :
> 4 i T
T 11T T 3
fosas duseass T I 1T t +
n e g T nsea sanan aa! s usa! :
L e t N Iut T 1 hsnte ve et
e T " T :
T isEtssassuneays sn: : :
TN 2an anas 1 T e e T 1
N 10 BOn S/ Y : T 17 ¥
jana: 1R . : 1
T Tt 1. B
¥ sas: 1R H 1t 1 | T
1 1 :
s b T b8 sui " : 17 ]
bore Bt T " 1 o :
t T Tt 1 T T *
+ SEEENG, Weai 1 T 1 } :
T 1t e 1 T t T 8 1
1 T b 17 1 1 bul T
nt T T+t < -t
T ast T
T 3
+ T
T 1
jnu i
T
T
R 5}
8 e
T ,
+ pone!
11 T
T
T T
i " s
Tt 1T T
18 w9t
B ED UASEE AR
T puas T
Tt
1
17 oe B¢ T
T ~ T
T 1
1 .
I Inas:
38 o1 P
; ) pagy
1




CENTER 89601 ki
‘TR T T *UB 300 H:

592.89 kHz
154.2 uV ;

quEa ggs aikHz .........

PC My *UR 1 8@ LH;

"""""""""" SPAN 4710 v »: . NiF g 95 81 kHz

“ARKER
394,18 kHz

TINTER 895. 01 kH: ' SPAN 47.18 n:
e Lot )y *UB 1.88 kH:z ST 1 QPP ¢

15\' ..
: SAMPLE

SPAN 47 18 i~
*UB 1 BB kH: ST pan

" T T e ' L ] o
- Vodes .. S5 A UV

QY 1 111

@

.{5"‘¢:“—;;1Q) “‘l‘1!5"*“*‘“‘*‘""—*4\’1"5*”-“—'%'-"“-‘*-—“-‘Q“—iﬂ'-‘:all’—1<~ﬂ!?:!:-r-ﬁ;—'t‘—-"—4f"‘“’

N0 BTV FRQ 888.89 v
~"TEN 8 dB : :

SNERR D

TENTER B9B.BY kHy e SPAN 9718 »n:
*UB 1.88 kH: QL ' R



‘ERT'IC FIL ;HODE

BEY.79 kH: . ,
LS YB ! AR LH- Pl - B Ue 188 VM;

4_,__ "‘0451 1 322 o/-1 __f.-____;, f. e
M/& g O-g—A0™ c*

- I -rwven BN 7Y NM:
SPRN LR IR *t Sy Hy UB 1.88 kH:z

Y L AN . " ____Q e t e
S ﬂo&s 4 -z/-s 41 1__ o
e__ - :*"‘T"" N/,& Spmment .AJ S /' 0 e * ...

MKR 81 PRy ELL oo -
423~ ..

"ARKER
8591.66 kHz
423,49 uV

SPAN 47 .10 in:
",' Wy UB 1.00 kH: X ST b

e
=4 -2-3 0/1 -w.l R ‘_é. o @




TEFERENCE LEVEL ]
“B1.14 dBm

I NEE 874 38 kH:z
: : UB 388 Hz

1:Ju;___ﬁ_za_..i__hczﬁits__r_;;___AB___“__¢ =
_“}f'fzx_ln!_z .

MKR 81 FRQ 871.% .-
-78.82 =%

UNCRL SAMPLE

371.57 kHz : k
-28.89 ¢8|

1

TERTER 879,39 KAz ) SFAN 47, xs e RN CTRYTR A79.39 WH: EPAN G710 «=:
#2108 My uB, 3080 Hz i3 PR Hy U8 308 H; EMELLIEN

. ~
. .

u. N . 'cAJE qB
SATTEN 0 d ROFFSET : : i el - - TEN @ dB

MARKER  © G i i - R
870.86 kHz : : : RN 366.62 kHz
-76.85 dBa : : : : - :

TNTER B/Y.39 kH: ' SPAN Y7 10 W BN i nitR 8/74.39 kH;: SPAN 47 1R o=
<52 100 Hy UB 388 H: oST YRR P 8- - ere 3 U8 309 H: 2ST upp 2,




1

~Nositar Saqle B c& \)a‘\‘ of Todes (7, &3

B e

P j ; % % T ? ; ? N
T See Rev—— Q'ls=+4o Voe ,"—-7(5&\/*%——«—-“ i

i Al wto 1 By ¢ 4.71 RH.

R.81 FRQ B67.33 en: B <. -69.79 Be

.

SITEN B d
JNERR G

WARKER  :
867.15 kHz

"IRTER B79.39 kHz ' ' “SFAN 97,10 o n:
++t 300 H: VB 380 H: ) *ST 480 8 ese-

TERTER B79.33 KAz » “SPAN Y. 10 1e: - " .39 kHz, ;
++6 308 Hy UB 380 Hz N i <7 upp 2 .-

;
i
; : . - S
4 . S +
i .
I ! i
. i . o B
et ————
t :
! ——
S SR ; . .
: I
1 : i
4 - - ———— — — -
[ S . ;
I . R .
.| 4 I -
| H i
i
! 1
+
1
' !
| — e .
"
)




G;st -\ou S wraz

,:__E:f-“.s, éo_ReU' R
. ‘,,,4,M,WMQ'

1-+10

L

t abs R 1 LA 3 S X PR
2 db ROFFSET ]

" TUNCAL SAmALE

Y
N\ AR
“~RhER

“1.84 kHz
"3 5 dBe

8

vTeE 87216 kHz SPAN 3T 00 .-
4P - UE 308 H: AT

~. -66.18 dBa
«=1TEN @ dB
JINERR ¢

"ARKER
878.91 k
:74:18 dBa

UNCHL SANPLE

SPAN 31.20 v«
oST 4pR 2 o

TRYCE BT TE kH:
.2 200 Wy VB 308 H:

"\o&; _‘-i\o -\v\*Z

‘. -66.18 dBm
-5TTEN @ dB SET
»INCRR.u“”“uuugn“unjnnnuiuﬂnnf"”"

-68. 15 2z

'“?Untht”snnPLE
NARKER

TENTER B/72.16 kH:
F: 300 My UB 388 H:

SPAN J1 38 o+~

e+ o{. e

[P I S U SO S

& Jar. J*R

e e ey e e

I
|

- e e f*“‘?‘—‘~—l“-‘-ﬁ~—‘v

o e 4——+——--

,_4_1:., e |

312 ftﬂz.

KR 81 FRU & ¢

S PIEIPS

"UNCAL SAMPLE

“NER B7¢.1b kH:z
SRR v, VB 388 H:

SPAN 31.0¢ «~
oST‘ HP‘? LK)

UNCHL SHHPLE

-GS 35 dB-_

tNTir 872,16 kH:z
P : VB 308 H:

--a 66 khHz
7.2 dBa

.
.

L

SPAN 3130 a»:
oST YAR P opeo

SPAN 3100 i~:

TNTTEBY2.1b kH:
27 - UB 380 Hz

oST NAd P W .




§ kHz
938,1 Mode 0: & f =-128 ﬁe Hz/e*

Mode +1:Af --106 1(58 Hz/e*
AN

933,4 ..

-1

VBT \/\’\—\

5 10 15 20 25 30 35 40
5-% ? : F\C c‘uouc-a SQ-'S\‘ a& "q.e wmopdes O and 214 v aa
ex rQo‘ld\'O\t-a W S uacanenY ( fTCS" 3 O,! \’0"?' 4 )

Np/x10™

>



wieq-piejeqei| LEOE B yonernue E

o"%t)

N/R(M

12

iwea T Jamu; T T T smey
: ; j5aE aeas e 3 o H t T i T paawasal
SSueamuasassas: I aBaSSARE sEIRS SA4 auns wwut 1o T rmany 88 ! SaeaaxsERE . Bam
ssass: T ; qreT T 1 t inussannes T o
o Swass a o saat e da: jeNRess Serbesanca S 1
Ssnasan! I 1 T snawuw i =5
mae T 1 + T 7 + T H on
1 : Tt " : : t ] ! T e
TH - : T
eaann: LSS E 06 NEE bew e 3 + > - + ' am
b " T T
s T i whe & T 58088 aaw imbabas ; ;
e iEas aa e g . =
1 » ¢ Tt aam
Ionen: = T !
T T 14 e b } T T 15 B
T aassese 11 ¥ : - :
e naame ot T roe: : T =
T T ot T I T .
T T 1 T e
Ht T T T T "
. 1
T 1t Y T 00 b1
et o Ds o T 1 bu BOUHE N -
: ok
ot jpps sw S t
+ T + ' T T rass
sausssassssssasbe: nat T T 1 i
T 1 " T 3 P e S . pi Siptins
T + T T T T jecaves
s sn Do 5t i Eos  fhagh
e - ~ T s
+ : 1 - :
iaa nawe: + T T e 1 " T
T 1 -¥ : : :
1 T s T eeae aa!
B Eama o b ; s L
T I " T
t susnat T T
T : 1T T T
T t ae 3T T
-+ + Tt T
- —+ —+ + 1 T +1 T
: 1
T
- an & T : T :
SeREaEaRa sEARS AER! ons: T ' 2 auns inass Bt
" + T s + :
1 HH- : t + Inas B
T b8 4 — isans
T T : e
1 1 yu o !
b T T
T T T
T T 1T t 7 T
. 1 : et
1 T A6 BB BAE B :
T 1 T 1
1 + T 11T
: AR s . u
T i 7 +
T : t
! et - T
T 3 o T t T
t 1 - T 1t T 1
e T T
1 T 1 T 1 TTIIT 2
T " 5w T
T T T T
asassnans aeaca T : inas Sanaassas:
: T 1T T T t T bivw Db o 1nas
ami + T 1t TIT T e B T : 12 Doe 1
as Inasm T na s pu 1T T t T an et .
T 1 [sesswsase: 151 s owwas e I * t T T
158 swaa; T 8 8 1T T 1 T + e
T T T 1 + t T T :
T ! " t s 1 : 1 : e
T T + T : -] " M
1 : JEpe suses 55 9¢
- - T .
;i : t o :
IDRE LEETH HERE: i ; peP puvas it [pes!
H T T ?
1 - i I - JESRS PODES REGHS
; o : = : japes
+ : T T t - Tt
o8 o ' :
T : T : T = I
T 1 s 1I 1 =T L IS iy . z
: - [Rpap=wnnsaan .
me T o T 13 P RBEEBS T 13 b T TTITIITTTL i e Epe:
: H "~ 8 PR Smaribg dmiy
e I wirm— i " 1T 3
s ustymas TR ; e
T s T
T T e 7 T : : T
188 8e} pne o 3 JERBEE DRuNe ¥ } " e T
T 1 : pase oy T >
[EEiepegeasatadsl : T
- e - T
et + N Lne i I06S S8 AES SGLNE MAINS HOSS!
J8 Sadas i ; P3¢ Saopa shops bt
: + b , y jpatanaen pns
> T : Sags — = . T
: I By 13 e I R — T
t t T * i
7 T + F -t gy ppe T
i 1 : S5 Bt etae 1ol jgang Sgenss:
1 : T - sngs Svans PRt Soaus putde pubiy &Y " 177
T P PEpES pat 5% Funge mpppn R
2 nanfe Are i o t
T B - . T 1
T S Ba phind PSS ng SOY Suii .
; =11 t T 08 budbu viinsg b o s H
" p g : T w poseny
-_ PEP BEDGHS MNPES DESEE S0 8 IR PGPS REPERS S +
: ; . % 153 H TR T : : g Duney
s 89 SaEs sa ) [Pae Sonas SESeY
T pa e o8 ey e gy [RPS pwwwy
e : b Toas PPoys hbigs oy
: : : . e e pes
T ' ' T - - T
T s fas T tna. o t
t T ot + :
: I I
! Y ¥ ; + + : B8 R e T
: = o e pgase
T : §9e 8
- e, Tt : +
- 11
bnan e :
. : o i s e0958 :
et : i nagen
! P 5 T jESes B |
e ; oo, i TS Y
Tt e
us T T e ¥ 19 R Sl s
T : : P e Inwe FuaE! " "
2t T 1 " s T T
: T T T
11 t 1 1 I i B
T e : e : + T
IS U S DRSS BE Inaens ST T raan; T
I e AT
T ] - T
T : nea: T
T 1 T T
THTT T T
T
T 1
>
+ ra o T T T :
ju ina T 3 T :
— H— :
T4 T T
rus; 1 : e
Inunass. i e
jve s bune noua " et
+ r =1 :
et t e
T T
s ps : 1ows B Ba1 I T
: + L +
1 1
T ont ’n
- T T : T
T 1 T
rw: T 3 I
v ; " : +
T )8 SR w1
T 1
O Tt
1 * - -t
T o na:
T t
T Ra:
1
1 i
T+ T
T e
: I8 o
e 1 -
1 : :
: s e
: o i
gas ses. ' 1 jgssss pwe V3 S +
T 4 1= + - .
T " T : b o T > e I oa 5
T T S 1t I‘I*’ i) 1 '\  Abn DSBS mmas ou -t
1 T :
= : I Spne B I3 ¥ W 1 t
(S8 SeRes Basas sapan sRas) SeEss Fr gassstasetes 1 vas jeasss:
T T T T
1 T T o T P tn ew) T T
$0a bi BEa B bae B! 3 Tt 1T T +
8 1 T : T 1
o 4 + + T
: T T T : 1 :
T : 1 T : T
1 : ; s
o ssupupe; t ou e bt . .
R BBeuS EREEE LERE: Raas paa: 1 a8 B T T ase
T T * ; 1 T T s L 1573
¥ + T + 1 1 T + +
e 1 1 i RS a1 T T M
T eases ; T SSsaunssasauErane oEETSREST e
o nine - t T 1 T
1 - T SPRPS SRepa SoPs PRO: ST : poyss ey wn: : " : =




-

SREN

1991

IR

ipesa
T

T

T
1
T+t
13
;
T

s g
h
-+
oy
Ra:
3




N«.ﬁdJﬂofofa\u )qouims 0 (3/.»/ ANPOW d\.uu,\y4&> ...% M.O ﬁi’m ﬁb/&ﬁ(u& ‘Qvggﬁ %@m

4 L 9 S ¥ £ l !
OLx/ON
Q \ .r 1 1 1 1 1 | m.mg
(- o i
- —..l i/ll
— 0 R .
|+ / //-m,mb
N+ /
4 =4p M Gy = JIA .
- G €9

ZHY






wWeq-pre}eqe)| LEOE Be yonejuIe E

JOSey Sy
M 4

1
AESRAGSEANS

e

EE:

!
L

Bude POSSESU

g Pt

s




Tt T ‘woa
SRS w9 s R
T T Tl
! . 18 shne e i =
" T T 28 Sws! SoppE Sew
it 1T : i;’ 17 +T [poae soges
e aat ) 4
SRuee i ? t T i Oph abee:
1 :
T i T
T 1+ g ~
¥ + e o jpase
iatlt ' 858000, ghocs Soee:
T T : T
T T H T : -
13T
posan 3 t 1 -
T T + ’ +
+ 1 1 1 T e
i T ASeRS 881 i
T NS BEwns T — 3
= s s nas s T
H T
H o ot maws P
: T e 11y o
Soa e  jBas :
T e 7
1 s ¢ \pltnua o " 1 INSAE NSRS B
T nu T T "
- T - 11 wa
" 1T
T ¥ t pis ibpend
T 1 T - Tl
I r
T T + t T 1t
+ + I " a ! i T
s T ua
- T
sewes : T
1 1 T 1 t t
: ] Tt T T T+ H
; 1 e "t 1
T T T
: - : + 1 T T T be
= y yomaRa Y It insasns smws Tt -
o ri inon: T i t 1 " b
s " T T
anw o : o 1 =
i "
e 1JsuseesE; t 1 pui .
T : 27 ¥ poune
1 T L t T b=
: e ; ;1 1 -+ xlrn | FEbunma; Bbe vet s pu T =
L paanas: n: s o + 1 H @ xx Imaa > —
T sy t $ Issrybgvas;
T = pTess: - v issts k) 1
: ene eanwas 1 ot B : ghmsas? i v
’ 11 1 T + [ooas oo 3t ._qu. -
T T
: : |8 SO BN T T ot apb e 158 83 gy
o e t T . IT
1 108 I
T 18
Inas sesa; e+
T
1 T
T 1 IR Y DeN
1 T+ 4 e
T i + t
e BARDE NI 1t : T T
e +
T re " 1T
rt T t + T t t e e a!
" " T 5 : : "
; T It - =
ne rwa "
T T T
T o 1
= T
133 nut T t T T
T InTRenEsaEn; T T T
T T
it T T s pad:
tr + t
T T
1 T
+ aoa na e T
T
onass : ae T T
- bt | 1 } DS MEORY ey
- Isess: : 213 "
— T I + - 3 ; :
Egme Srnns benes! Inaa: rmaa o T ISR SSABe aas: Baagn gaae:
r | 1 T 1
T .5 1 varp Pibw "y
t T
* T . ws
ows tt T R e e i
1 T = wag Saoes b S pumpe
} T+ t 3 14 ou)
I - 1 1t
1 1 T T =
b T o Tt i
T 1t Tt T T
1 n T 1 Bt
T + T + T T
186 B 1 e : :
rve = ewe: IBRN KRB ppas o
-~ : 1t *
- T T T
T I 1 T 3T
asnnensus: - 7
. - - po
: " 1 b e 1 :
: ! 1 bu menlq : Rietee.
z ¥ T . 1
T
T IpoSs
- I T Annni
- 1T + I : v
& + . ) +
T 1
1 : m otk :
T
T pwan : B2 58 150 PRSI
n I 1 BT Sanya s 158 PRSI
e T 1 pUNE iRty - P
Tt -
* 1 aas I
" ) I b
= 1 T :
1 T " 1 3
T r .
18 BRSNS RS " bied ___" B
Tt T o
o
1 T
+ 1 ana
poume n v any SREPY S s npw
! ¥ ipbun o9 e
I
1 T H T : I
1 : :
1 3 ) T
et ¢ T
T 188t T ES oo
a Bwoua B T
1 IJ 3 t L e e
ST T 1+ ' > P8 one o
u Swwt S nawt T T 1 T ) b
inseRas o T 1 g T pu re -
nae;
e t
e T Snenaut
reuonnat 18 Bosss Ba|
" ! e BN pe Ba :
? 31 +
™ T n
t T T
¥ 1 ru; T T
pms 1T
T T it :
: 1 T -t
1
T
t 3 Suba v e FomET
T T T
1 - H 1 T
T T o T 1
pe T ine
DS DRE R ERRS Tt T
zd bt eTusnat insaaRa;
T T : "
T T H T
11 T T T o
t e I T
f it T T I T
T t t
T T
3 1 T T T
T + it T + 11
T i T " 1 T T kyes
1 I T T 1 £
rone am t T " o won:
n
7 pas Dut 1
T T : T row T T 1 1
rRbe bu: 1 e nua T 1
spaas s I T T I nes nass T
! T T ne;
10 puBEa B ussess pa T :
= q= 1 jrsbesas FRasptangs v~ I8 & Red bobt
T T v 9
pams 1 T T 11 t T ; " iha ply
I T smas T T hne T T bl iogant .
ba I b ol T T phai. - of
== noa: T 1 Tt A
T t b
T ¥ 7 T 3 : au 7 u o 4
H T e t T+ T + n B8 8¢ m Ruts guneg po Y 1Opbe
== 1 S
=T T POs L ouny
i T 7 1 + T : 1
R e : T I8ssSes s T s nenes! 1 JPu sy
o + + - + - + Boina ot 8
I T 28 o e 1T 1 ye bt ! e Iuste
T ¥ - T T o IT
o ! e 7 08 SO0 BE EVRA] : " + T .
pos ! : P =+ IR i tH
" —a 1 1 3 o= " * sduoanss
11 T
nsssag: = T H T hind 1 b4 T
Tt - T 8 na e Swwa: t " sanas: T
T =t 3
T bua nivds ‘ 1 e 3T £ 1
ras Tt > t T T Tt THT B T
1 ERE SORES Ba NG 81 ' § T3 T T + 8 54 Tt 1t Sonbei :
n$s T i ' ¥ s b e § ; rna it }
p pu. : jagbnghs DS Sapy pha: L 5F s ¥ RSt PRoPEsis. o % 15084 J5 otnag npsns puwe:




f“’& 4.4 ':: —\,“"‘ aFow Wit cunent ox e

. S'kb’ ";.:tlno Cé':v . ;Sl? tt’;;tl__ - ,ii:a “‘:2’~>”‘{“,;‘ _”:_ji:clc- ‘Dcna-ql
. areumd thﬁ_ o th Bamomic ‘ th. RE f«.,..o..a

245k f . 421 KH,

+:% 188 Hz UB 100 H: QT ° 2pP . ) o
1 |

20f ¢z 3MaNY,

2%

¢ §s

’.Eanﬁ"?Bt’?’B’S"'ﬂ’f"ﬁH’i"'""'"'""'"'i""'""E‘§Fﬁﬂ'i2‘l'{l! LR
*¢: 108 Mz UB 188 H: ST 7 2RP ..






