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. Measurement of 't as a Function of Momentum

Run 928 - 11.8 GeV/c - Ring 2 - 13.4.78

Summarz

Yt and its variation across the

Two independent methods were used to measure
aperture. The results producéd from the two methods are consistent and indicate tha
the A.G.S. predictions are quite accurate on the central orbit but inaccurate

at large deviations from there. These results seem to suggest that A.G.S.
calculated values should not be trusted at orbits other than at central

momentum.

Introduction

Yt and its dependence on momentum is important for several

The measurement of

reasons:

- To convert measured frequencies into average orbits e.g. bunch frequency
measurements, 1ongitudinal Schottky etc.

- Tovcalculate the variation éf bucket area across the ISR aperture during
phase displacement acceleration and hénce estimate the minimum loss per

-=sweep.

- As a check on the accuracy of the A.G.S. p:oéram'which is used widely for

the calculation of all magnetic machine parameters.
In particular the variation of the bucket area predicted from the computed
variations in Yt from A.G.S. would lead to much larger losses per sweep than has

actually been obtained.

Measurement Techniques

2.1 Variation of Frequency with Radial Position

The variation of frequency with radial position can be expressed as a polynomial

in AR (R - R)
C



£ = f + D, (R-R) + D (R—R)2 + ... (1)
c 2 c .

df = D, + 2R + ... ' (2)
=

Af = D + DR (3)
AR 1 2 _ _

where Af- = f -f

However the variation of frequency with momentum is given by

&€ = -nap and dR = a_ dP ..... | (4) -
£ P P 5
thus af = - D: dR ~ or af = -nf
£ - dR -
: ; . ®
b p
where n = 1 - 1 and &p = R
2 v2 )
Yoo Y _ Ye
y.\2
hence df = £ 1 -( t cocasee (5)
dr R Y
2 -4
or af ~ fg_ 1 - IE ' (to an accuracy * 5 x 10 ) (6)
"dR Rc Y

with radial po§ition (equ (1))

't can be "l'

The measured variation of fre
Y

can then be used to evaluate to a high accuracy and hence

obtained from an iterative pro‘Z' re involving &P.

Using a synthesiser the bunch frequency can be measured extremely accurately
(x. 1Hz). However it is more difficult to measure the average radial position
to great accuracy since the existing computer programs make use of the computed
values of a at each pick-up. For thjs reason another program was written

(P. Martucci) which calculated the aVerage radial position ofrthe non ap
normalised values of position at each pick up. This measurement was tested

and found to be independent of the "working condition".
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2.2 Measurement of the anchrotron Frequency

The Synchrotron frequency is given by
5
5

£, = 1.2688 x 10 h Vep 1 cos 8

Y Eg

Hence for constant VRF and és the variation of n can be evaluated across

the aperture by measurement of the synchrotron réquency.

Results

The results were taken at 1l GeV/c in order to increase the sensitivity of the
variations of n across the aperture. An 8C type of working line was used so as
to avoid large differences in horizontal orbit distortion across the aperture

which may have decreased the accuracy of the measurement of average radial position.

3.1 Bunch Frequency as a Function of Radial Position

A beam was injected, kept bunched and accelerated using the manual displacement
box to the required orbit. 1In order to have optimum conditions for the BPMS,
the pulse was shaved to ~ 100 mA. It was found that when the R.F. phase lock

was left on the frequency of the bunched beam fluctuated bf as much as 5 Hz

in a slow pulsing manner. Fér this reason, the phase lock off/hold facility

was used and it was found that the bunch frequency was stable to better than .

.1 Hz. The.measurement of bunch frequency was performed by using a synthesiser

of the longitudinal Schottky which had been switched on for many days and was
extremely stable. The absolute precision of this instrument is checked regularly-
The average radial position was measured using the BPMS. The resulting plot of
frequency against radial position is shown in Fig. 1. These results were then input
to a leasé squares fitting routing in order to evaluate the constants Dl and D2
of equation (l). The results are shown in Fig. 2. From these results the Yt

variation across the aperture was calculated and is shown in Fig. 3. Also shown

are the A.G.S. values and the_"corrected" A.G.S. values for this working condition.

3.2 Measurement of the Synchrotron Frequency

The synchrotron frequency of the bunched beam was measured as a function of
radial position. The R.F. voltage was set to 6kV in order that the synchrotron

frequency was well away from the 50 Hz which appears on all measuring equipment.
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The plot of thejéynchrotron frequency is shown in Fig. 4. Also shown is the .
calculated frequéncies based on the measurements of Ye in the previous section.
The agreement between the two sets of data is clear. The small offset in

the measured synchrotron frequency may be explained by a dis;repancy in the

RF voltage or by space charge effects.

Discussion of results

From the measured values of Yt on central line it appears that the A.G.S.
predicted value is quite precise. However, the predicted slope of Yt across

the aperture is incorrect by nearly a factor of 3!

Using the measured values of Y the calculated variation of the RF bucket area

during traversal of a stack is .
®

A $ .6%  (from measurements)

Whefeas using the predicted yalues from A.G.S. the variation is

AAb < 5% (from A.G.S.)

Such a large variation of bucket area across the aperture should cause typical
losses per sweep of around 40 mA from a 30 A stack. Much . lower losses -per swgepl
have in fact been achieved during acceleration. In fact losses of ~ 4 mA per

sweep have been obtained. This seems to confirm the fact that the slope of Yt

“is much less than A.G.S. predicts.

Conclusions

The variation of Y, across the ISR aperture can be measured with reasonable ’
accuracy if the experiment is performed at low momentum. The values measured

here indicate that A.G.S. is quite inaccurate for off central momenta orbits.

S. Myers
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