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The betatron phase advance in the ISR was measured by observing an excited 
vertical betatron oscillation with beam position monitors located at different 
azimuthal positions. The beam was excited with a swept frequency covering 2 

betatron side bands around 10.95 MHz. The relative phase of the signals from 2 

different beam position monitors was measured with a network analyser HP 8505 A. 
The results are compared with calculations using the program AGs l J and show an 
rms difference of 6 ° . In the second part of the experiment the phase advance 
was measured for different momenta (radial positions) to observe local chromatic 
effects. The accuracy was not quite sufficient to allow a comparison of these 
chromatic effects with calculations. 

1. Experimental layout 

1.1 Run 1246 

A set-up similar to the one used in run 9502) was used. The beam was 
excited with bandwidth limited noise using the kicker of the 1 MHz feedback sys
tem. The signals observed on the beam position monitors were too small to carry 
out a proper phase measurement even when the excitation of the beam was so 
strong that its lifetime was affected. 

1. 2 Run 1250 

The set-up used in this run is shown in fig. 1. A beam on FP working line 
was excited with a swept frequency obtained from the HP 8505 A network analyser 
and fed through amplifiers to the kicker of the FFT beam observation system. 
The central frequency was fc = 10.95 MHz = 34.5 frev and the betatron modes 
(26+Q) and (43-Q) were excited. The oscillation was observed on the beam posi
tion monitors using the difference signal of the top and bottom plates. The 
signal from monitor 105 was used as a reference with which the signals of the 
other monitors were compared. 

2. Measurements (Run 1250) 

First a stack of 2.18 A was made in the centre of the aperture (-6 mm to 
+ 6 mm) on an FP working line. The beam was excited vertically with a swept fre
quency and the phase was measured at the frequencies 10.9121 MHz and 10.9915 MHz 
representing the slow wave (44-Q) and the fast wave ( 26+Q) with Q = 8.6251. The 
phase was directly measured on the digital display by setting the markers at the 
above frequencies. Such a measurement is shown in fig. 1. The oscillation was 
observed on all the position monitors which gave clear signals and compared with 
the reference monitor 105. On a few monitors, the observed phase changed rapid
ly with frequency which introduced large errors. These measurements were ignored 
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but the observed effect is not well understood, but could be due to faulty con
tacts in the video scanner producing reflections. 

In a second experiment two small stacks at + 35 mm and at - 17 mm were made 
circulating simultaneously with a total current of 3.27 A. The upper stack had 
a central momentum 6p/p = 0.0181 and was excited at the frequencies 10.8913 MHz 
and 11.0088 MHz representing the modes (43-Q) and (26+Q) for Q = 8.6842. The 
lower stack had a central momentum of 6p/p = -0.0088 and was excited at the fre
quencies 10.9234 MHz and 10.9821 MHz representing the same modes as above for Q 
= 8.5925. The measurement was carried out the same way as before by setting a 
marker to each of the 4 frequencies. Only about 2/3 of the beam position moni
tors were measured when our MD time was used up. 

3. Results 

The measured phases Sf and ss of the observed fast and slow waves of the 
betatron oscillation were analyzed using the formalism described in the last 
Performance Report2 ). Choosing the azimuthal coordinate 8 = 0 for the refer
ence monitor the signals Uf and Us of the fast and slow wave observed with a 
monitor at the azimuthal position 02 ) are 

Uf (t, 8) = gI0 y0 � cos [ (n1+Qint+6Q) w0t+6 (8) - (n1+Qint+6Q)8] (1) 

Us (t, 8) = gI0 y0 
� cos [(n1+Qint-6Q)w0t-6 (0) - (n1+Qinc6Q) 8] (2 ) 

where I0 is the total current, y0 the amplitude of the oscillation ate= 0, g 
is a calibration factor, n1 = 26.5, Qint = 8, 6Q = Q-8.5, 6 (8) is the betatron 
phase between 8 = 0 and the observation point 8. (Please note an error in the 
sign of 6Q in the previous Performance Report2) in the last equation on page 6 
which corresponds to the above equation (2)) .  

Since the cable to the different monitors have about the same length we get 
for the betatron phase 

where f and s are the observed phases of the singals Uf and Us· 

The results are shown in Table 1. The measured betatron phase PHI-MEAS, 
the corresponding phase calculated with AGS PHI-AGS and the difference D IFF 
between the two is listed in degrees. The rms value of the difference is 5.8 ° . 
In the last two columns the 'smooth' phase advance 8.THETA is subtracted from 
the actual measured and calculated phase. The resulting quantity is also plot
ted in fig. 2 and shows clearly the 4 superperiods of the ISR. 

It should be noted that the ISR has often several focussing elements be
tween the monitors where the oscillation is observed. The phase advance between 
the measured points is therefore not very smooth and it would not make sense 
just to draw a curve through the points shown in fig. 2. 
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In the second part of the experiment the betatron phase advance was measur
ed for 2 stacks having a momentum deviation �p/p = + 0.0181 and �p/p = - 0.0088 
compared to the first stack. The results are shown in Table 2. 'Ibe last two 
columns show the measured and calculated derivative Phi=d6 (0) / (dp/p) of the 
phase advance with respect to the relative momentum. This quantity has been 
defined and used by B.W. Montague in LEP Note 165 where it is called �6. Unfor
tunately, the total chromaticity in the experiment was Q' = dQ/ (dp/p) = 3.4 
which is different from the theoretical one Q' = 2.1 used in the calculation. 
Since we don't know where and how the extra chromaticity was produced, we cannot 
easily compare the experimental results with calculations. Furthermore, the 
expected difference in phase advances for the different momenta used is only 
about 6 ° which is of the order of the measurement accuracy. However, in a 
machine where chromatic errors are not corrected locally where they occur, 
(dispersion free low-beta insertions) these effects are larger and the above 
measurement could give valuable information. 

J. Borer, A. Hofmann, J-C. Juillard, T. Risselada 
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