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Abstract

2.8-" "
The upgrade of the Petbainch rotatiorscheme for protons ~~ *#9- -
will be described. Bunch compression in Petra is necesse :

———‘

for stable longitudinal transfer matching with Hera. The . {/\\
influence of beam loading in Petra has to be taken into a Zz=c= ! - /{ \
count for currents above 50 mA even though a strong fa -

rf feedback system is installed. Amplitude modulationir _____ . - / \

a short push-pull cycle is chosen founch rotationand a
bunch length compression factor of 0.7 is established wil :
tolerable distortion. oA
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1 INTRODUCTION

Proton transfer from Petra to Hera at 40 Gev/c with regargigure 1: Bunch display just beforbunch rotation
to longitudinal phase space matching using a 52 MHz fTrace 1) and the same bunch at extraction time (Trace 2).
system in both machines is somewhat critical [1].

Even with an optical changein Petra[2}{=6.2t07.9) 2.1 PETRA RF System

the rf voltage ratio for matching is rather unfavourable. Two 52 MHz cavities of the same type with independent

(h || )petra power transmitters are installed [4]. Therefore careful
(B [ ttera w7 (1) phasing for power balancing is necessary to get the required
circumferential voltage. In this case the total rf system can

The voltage in Petra is limited to 150 kV for short term ophe simplified as shown in figure 2 to calculate the beam
eration. Therefore the voltage in Hera for matching (20 kVjoading effects.

is too low for stable beam injection.
Choosing to operate Hera at 100 kV during injection, re- V.
quires longitudinal bunch compression by a factor of 0.66. F

2 BUNCH COMPRESSION

The first scheme fobunch rotationcomprised a 180 de-

gree phase jump, a dwell period during which the bunch—>0—> G CYy

lengthens, a jump back to the original stable phase followed s Ve : Ve

by about a quarter synchrotron period before beam transfer |

[3]. Since the transfer is determined from synchronization Q

with Hera, the start trigger for the phase jump is prepared a ‘

fixed number of revolution turns before transfer. AlthougtFigure 2: Block diagram of the Petra rf system with G the

the procedure could be optimized to achieve adequate cofransmitter gain and F the feedback factor. Voltagesr®/

pression at moderate beam currents, above 50 mA (sorirecomplex notations? is the detuning value of the cavity

40 % of design) beam loading effects degraded the idedly.

behaviour. In particular the bunches became distorted dur-

ing the phase jump. The transmitter forward voltag€, can be expressed
In order to reduce beam loading effects, amplitude modn terms of the cavity voltag® ~ and the beam voltage

ulation was applied to the rf system inducing quadrupol¥ 5 = %10. From figure 2 we get the relation between

mode oscillation for bunch compression. For this purposiae low level input voltagd” ¢ andV -~ directly.

a voltage controlled attenuator device with small phase de-

viation is used at low power input. Additionally the time )

constant of the transmitter gain control had to be increased Ve=Ve+iQVe+Vg )

to pass the modulation. The choice for the modulation cy- =Vg—-FV-)G

cle depends on the ability of the rf system and was opti-

mized in relation to beam dynamics. The result can be seenThe detuning valug) = Qo% has settled prior to

from figure 1. A typical bunch in Petra is measured jusbunch rotationi.e.

beforerotationand in the last turn at transfer. Vg =—iQVoandV o = Vo With o = 0.
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For the special case of 0.1 eVs emittance and a bigaus-
sian distribution (see figure 3) we get the evolution of the
bunch length and the distortion of the emittance turn by turn
as seen in figure 7 and figure 8. The optimum timing for

Introducing the modulation index = T and assum-
ing F'G > Q (FG =~ 100) we get
1+ F Q)
Fo _pltPOAD <n )
Y co + FG + ZQ
Ve Ve . . ) .
— =—=—=(1+iQ) —iQ=m(l4+iQ)—iQ (4)
Ve Yo

From equation 3 we can see that the cavity voltage |
proportional to the input voltage due to the strong fast feec
back. Therefore the low level modulator directly controls
the cavity voltage as desired but the power transmitter
disturbed by beam loading corresponding to equation 4.

With Voo = 140 £V, Ry = 2 MQ and 70 mA of average
beam current the detuning valueis= 1.

If we suppose that the transmitter could deliver a factc
of two more power for short term modulation, then 35 mA
for phase jump:a = —1) and 130 mA for amplitude mod-
ulation (n = 1.3) are the beam current limits for opera-
tion. Both computer simulations and the reality in Petr:
has shown that: = 1.3 is sufficient for bunch compres-
sion via amplitude modulation.

2.2 ESME Simulation

The ESME computer program [5] was used to optimize
the operation mode for amplitude modulation of the cav-
ity voltage. The aim was to get a minimum compression

beam transfer is at turn 440 after three quarter synchrotron
oscillations. Only for rather low emittance magation
cycles are useful. Figure 4 displays the phase space at turn
440 in our special case.
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Figure 4: Distribution at Transfer (turn 440).

To illustrate the bunch oscillation more impressively a

factor for the bunch length with tolerable distortion of themountain range display of the bunch length is shown in

emittance.

Due to the ability of the rf transmitter the simulation
is done with a modulation cycle as shown in figure 6. |
can be seen that fast ramping of the voltage up and dov
with twice the synchrotron frequency is the best way t
quickly induce shape oscillation. The maximum voltage
corresponds tan = 1.3 and the minimum voltage is found
to be symmetric with respect to the starting value.
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figure 5.
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Figure 5: Mountain Range Display of the Bunch length.

Table 1 shows the influence of the initial emittance on

thebunch rotationbased on a bigaussian phase space dis-
tribution. Bunch compression fulfills the Hera requirement
for stable injection with less than 5 % of distortion.

Furthermore it can be seen from the simulation that the

modulation parameters are not very sensitive. Therefore

a tuning of these values is not foreseen in the operation
Figure 3: Initial bigaussian Phase Space Distribution. control.
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Table 1: Compression and Distortion vs initial Emittance.

Emittance| Bunch length| Compression Distortion
[eVs] FWHM [ns] [ [%0]
0.04 1.74 0.652 0.2
0.06 2.15 0.646 0.6
0.08 2.49 0.647 1.2
0.10 2.80 0.653 2.1
0.12 3.09 0.668 34
0.14 3.33 0.686 5.0
0.16 3.61 0.717 7.4
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Figure 6: Cavity Voltage Modulation.
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Figure 7: Bunch length (THRMS 50 ns~ FWHM).
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Figure 8: Emittance growth.
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