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The Disease -

The following. effects.are observed in the CERN Proton Synchro-
tron when crossing transition |1}

1. Bunch length oscillations .are excited.

2. The average {or equilibrium) bunch length is increased.

Both phenomena disappear when the Intensity is reduced (Fig. 1).

These effects will be very harmful for the Intersecting Storage
Rings under construction, as the interactlon rate will be proportional
to the square of the phase- space density, that s, to the fourth power of
the bunch length.

-iAs CERN.Is bullding a Booster for the Proton Syncrotron to increase
the intensity by a factor 10, we expect these effects to be moere pro-
nounsed in the future; perhaps the blow-up will be so large that particles
are lost out of the RF bucket. :

Similar effects will also. be troublesome -in the European %00 GeV
machine, in the booster sas well ‘as in the main ring [2]|. The same is
true for the NAL machine [3].

The Dia"gnosis-

One expects bunch length oscillations even In a model in which
longitudinal space-charge forces. are asspmed to be linear since a mis-
match is unavoidable when the non-adiabatic region around transition is

crossed.:
In reality space-charge forces are non-linear and transition is not

* Visitor from the University of Karlsruhe, Fedéral Republic of Germany.
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crossed simultaneously by all particles since there is a Q spread in the
bunch due to the influence of transverse space charge forces. The inc=
rease in average bunch length is thought to be caused by both these
mechanisms.

The Cure

As the energy of the beam approaches transition the horizontal Q,
and hense 7Y, is rapidly reduced by means of a set of quadrupoles.
This is equivalent to passing transition more rapidly so that space charge
effects are alleviated.

Other cures [1] for space-charge effects at transition have been dis-
cussed, but the Q-jump method is the only one known to us with cures
the bunch distortion due to a 7-spread as well as longitudinal space-
charge effects [2].

The Q-jump Pulser

The circult consists essentially of two capacitors beween which the
inductive load (quadrupoles) is switched [2], |5]. Fig. 2 illustrates fts
working principle and the idealized current waveform.

The switching is done with two diodes and two thyristors.

The Q-jump pulser occuples a volume of apyroxlmately 40 Ilitres
and welghs less than '10 kllograms. -

Experimental Results at the CPS

With a Q-decrease AQ,20.2 in a time t =1 msec transitlion -is cros-
sed about 8 times faster than without Q-jump. Both the oscillations and
the increase In average bunch length disappeared almost completely (Fig.3.).

The optimum timing of the phase switch and of the Q-jump was
found to be in good agreement with calculations. The necessary speed
of the Q-jump itself (1. e. of the fast descending branch of the wave-
form) also agreed with calculations (Fig. 4). '

The improvement in bunch length just after transition was retained
at top energy, but not fully. The very short bunches were more lisble
to instabilitles later in the cycle than the normal longer bunces (Fig. 5).

A description of the computations, and more detajls of the expert-
ment, will appear In future reports.
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Fig: 1. Envelope-of pick-up signal (= inverse of bunch length). The dash or he-'bolt-
om Hir emarks the RF switching} point Intensity: 1,45X10%2 ,/p: RF iphase switeh:
‘ et ‘ransition4+1-ms 5 ms/cm—>;NeQ-jump, :
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Fig. 2. Circuit to generate the Q-jump curcent waveform. At the beginning. the
switch is put in position 1 and C; discharges sinusoidally through the quadrupoles.
When the current reaches its maximum the switch goes to position 2 and the cur-

rent is rapidly inverted, C,; being much smaller than C C,z—-]—C . Then the
g 1 100

switch returns to ] and the current goes slowly to zero,



Fig. 3. Envelope of pick-up signal {= inverse of bunch length). The dash on the bottom
line marks the switching point. The current. waveform is superimposed 5 ms/cm—»
Intensity: 145510 p/p; RF phase switch; transition*4-4 ms; Q-jump: 150 A peak-to-
peak, corresponding to AQ=0.19; Start of the fast descending branch: transition*
+3.5 ms, .
* Traunsition point without Q-jump. WithQ-Jump transition is crossed37 ‘ms later.

Fig. 4. Mountain-range display of the pick-up signal at 18 GeV/c; 5 ns/cm-», 1 ms/cm 4.
The same bunch is shown .oncein 150 revolutions, Intensity: 1 29)X1012 p/p; Ne Q-Jump
Bunch length roughly 20 ns,



Fig. 5. Mountain-range display of the pick-up signal at 18 GeV/c; 5 ns/cm-», 1 ms/cm 4
The same bunch is shown once in 150 revolutions. Intensity: 1.46%1012 p/p.- Optimized
Q-jump Bunch length roughly 13 ns.
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AUCKYCCHUHS

Reich: Could you please give the parameters corresponding to the Q-jump shown

in the figures.

Hardt: The change ol current through the lenses was 150 A. This corresponds to
a decrease of Qg by 0,19. It occurs within 1 ms and this means :that transiiton is cros-
sed 8 times faster than without Q-jump. The length of the slow rire is about 8 ms,
the decay lasts about 4 .ms, We run another experiments .and changed :these para-
meters. They are not very critical except the magnitude of the fast decrease.



