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Abstract

At DESY it is planned to convert the PETRA ring into
a synchrotron radiation facility, called PETRA IlI, in
2007. Different operation modes with single bunch
intensities of up-to 2.5 mA have been considered to serve
the needs of the user communities. A first estimate of the
impedance budget of PETRA IIl is given based on
anaytical models and numerical wakefield cal culations of
several vacuum chamber elements. The impedance model
includes higher order modes (HOMSs) of the cavities to
cover multi bunch aspects. The beam current limitations
due to multi and single bunch instabilities are discussed.
The build up of an dectron cloud is also investigated for
the option of using a positron beam to generate the
synchrotron radiation.

INTRODUCTION

The PETRA ring was built in 1976 as an eectron -
positron collider and was operated from 1978 to 1986 in
this collider mode. Since 1988 PETRA is used as a
preaccelerator for the HERA lepton hadron collider ring
at DESY. It is planned to convert the PETRA ring into a
dedicated 3 generation synchrotron radiation facility
[1,2], caled PETRA I, after the end of the present
HERA collider physics program in 2007. One octant of
the PETRA ring will be completely redesigned to provide
space for 13 insertion devices. The planned location for
the new hall isshown in Fig. 1.

Figure 1: Ground Plan of the DESY site with the PETRA
ring. The new experimental hall (red) is situated between
the PETRA halls North-East and East.

The planned facility aims for a very high brilliance of
about 10** photons /sec /0,1%BW /mm? mrad® using a
low emittance ( 1 nm rad) positron beam with an energy
of 6 GeV. The gandard bunch filling pattern will consist
of alarge number of equally spaced bunches with a low
bunch population. Additionally a special operation mode

is required for timeresolved experiments with higher
bunch charges (2.5 mA per bunch) in 40 equally spaced
bunches. The main parameters of PETRA Il are
summarised in Tab. 1.

A beam circulating in a storage ring interacts with its
vacuum chamber surroundings via e ectromagnetic fields.
These wake fidds [3] in turn act back on the beam and
can lead to instabilities, which limit either the achievable
current per bunch or the total current or even both. The
total impedance of PETRA 111 depends on the RF cavities,
bellows, beam position monitors, kickers, undulator
chambers, pump ports, flanges and many other objects.
For several objects the wake potential is known in detail
from numerical calculations [4]. But since a detailed
knowledge of the impedance al vacuum chamber
components is presently not available the instability
thresholds have also been estimated from the experience
with the existing machine PETRA 1.

Table 1: PETRA Il parameters

Par ameter PETRA I
Energy / GeV 6
Circumference/m 2304
RF Frequency / MHz 500
RF harmonic number 3840
RF Voltage/ MV 20
Momentum compaction 1.22x10°
Synchrotron tune 0.049
Total current/ mA 100
Number of bunches 960 40
Bunch population / 10™° 0.25 12
Bunch separation / ns 8 192
Emittance (horz. / vert.) /nm 1/0.01
Bunch length / mm 12
Damping time H/V/L / ms 16/16/8
IMPEDANCE

Nearly the entire vacuum system of the existing storage
ring PETRA will be replaced during the conversion to a
synchrotron radiation facility. Several undulator chambers
with asmall vertical gap of about 7 mm are planned to be
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installed in the so called “new” octant between the halls
North-East and East. The vacuum chamber in the seven
old octants will have a vertica heght of 40 mm and a
total width of 80 mm. The cross section of a prototype
design of the vacuum chamber is shown in Fig. 2. The dit
between the beam chamber and the ante-chamber extends
over the whole length of 5.4 m of the chamber. This will
reduce the impedance of the vacuum chamber compared
to the presently installed chamber with several about 5 cm
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Figure 2: Cross section of a prototype design of the
dipole vacuum chamber in the seven “old” octants. An
ante-chamber housed the NEG pump.

long pumping dlits. Furthermore only 12 seven cdl
cavities of the presently 16 ingaled cavities are needed
for PETRA [1l. On the other hand the undulator chambers
in the “new” octant will have several tapered transtions
between vacuum chambers with standard cross sections
and undulator chambers with small cross sections. A first
estimate of the impedance of PETRA IIl indudes the
following objects:

e 12 seven-cell cavities

e 196 dipole vacuum chambers in the seven old

octants.
e 13 small gap (7mm) undulator chambers in the
new octant.

Detailed numerical calculation of the wake fields have
been done for the seven-cell cavities and the dipole
vacuum chambers, usng the MAFIA code [4]. Fig. 4
shows the dectric wake fidd of a bunch, which
transverses the seven-cell PETRA cavity on axis. The
impedance of the undulator chambers has been estimated
based on an analytical model for a discontinuity in the
beam pipe [5,6], which is certainly a pessimistic model
for the undulator chambers. We will express the
impedance in terms of the so-called loss and kick
parameters, which are

defined via the wake potential and the normalised beam
line charge density. The loss parameter ky(n) and the kick

parameter k | (n) are defined as.
n

n
k() =1ds V\/||(S)(17n/1(s), k (n)=fds W (s)——A9),

d
ds"

where A(S) is the line charge density, W(s) the longi-

tudinal and W, (s) the transverse wake potential. The
total energy loss of the beam is of ky(0). Based on
previous measurements and calculations [7,8] the total
impedance of the existing machine PETRA |1 has been
estimated in [1]. Theresultsare summarised in Table 2.

Table 2: loss and kick parametersfor PETRA 1

Parameter PETRA 11 (tota)
ki(0) (V/pC) -128
k(1) (V/ pC m) -2900
k(1) (V/pCm) 1500

The contributions to the impedance of PETRA Il from
the 12 cavities, 196 dipole vacuum chambers and 13
small gap vacuum chambers in the insertion devices are
summarised in Table 3 for abunch length of 1 cm (rms).

Table 3: loss and kick parametersfor PETRA I11

Parameter Cavities Dipole | Small gap
chambers | chambers
k(@) (V/pC) 44| 48x10° | 23
ky(1) (V/ pC m) -1600 -0.1 -180
ki(1) (V/pCm) 370 | -7.6x10° | 2900

This first estimates indicate that the transverse impdance
of PETRA 111 will be about afactor of two larger than the
impedance of PETRA 1.

The long range wake field is dominated by higher order
modes (HOMs) in the cavities. The effective shunt
impedance has been measured at PETRA |l [1]. The
resultsare summarised in Table 4.

Table 4: Measured effective multibunch impedance .

Parameter PETRA 11 (totd)
Zjeit (MQ) 3.6
Z g (MQ/m) 50

Figure 4: Electric wake field in PETRA 7-cell cavity. A bunch transverses the cavity on axis.
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INSTABILITIES

Sngle bunch instabilities

A transverse instability has been observed in PETRA
when the storage ring was operated in the collider mode
[9]. Presently single bunch currents of 10 mA can be
stored in PETRA 11 without any evidence for atransverse
or longitudina instability. The instability threshold for
mode coupling ingabilities can be estimated from the
tune shifts of the lowest order modes in the longitudinal
and transverse pI anes[1,10]:

T le(A) To
AQs QS 2hV @ AR ="y gre K1 O
where I is the single bunch current, R = 367 m is the
mean machine radius and (§)=20 m is the average
B—function. We obtain |JAQJ/Qs| = 0.083 and |AQy/Q4 =

0.34 using the estimates for ky(1) and k (1) for PETRA
[11. The transverse effect of the impedance of the small
gap chamber has been overestimated since these
chambers arelocated in a section with a small B—function.
If one assumes an average B—function of 10 m for the
small gap chambers one obtains a tune shift of only
[AQp/QJ =0.2. For these small relative tune shifts one
expects no mode coupling instabilities for the design
bunch current of 2.5 mA. Thisresult isin agreement with
the experience at other light sources with small gap
chambers[11,12].

Coupled bunch instabilities

The growth rates for longitudinal and transverse coupled
bunch ingabilities can be estimated from the measured
effective impedance of PETRA Il according to:
1 ZEQS totZ”eff i _Zl IIOIﬂCaVZJ_eﬁ
q T2V "7, T, 4rEle

The longitudinal growth rate of 360 Hz and the
transverse growth rate of about 1100 Hz is significantly
larger than the radiation damping rates of 125 Hz
(longitudinal) and 62.5 Hz (transverse). Therefore a
powerful feedback system is required to provide
additional damping.

Electron cloud effects

It is one option to operate PETRA 111 with positrons
instead of electrons. In positron storage rings electrons
produced by photoemission and secondary emission may
accumulate in the vacuum chamber forming an “electron
cloud”. Electron cloud effects have not been observed in
PETRA [1. Single bunch intabilities due to e ectron clouds
are aso not expected for PETRA |lIl according to
simulation results[13].

CONCLUSION

The impedance of the planned X-ray light source
PETRA |1l has been estimated based on measurements
for the exiging sorage ring PETRA |l, numerica

calculations and analytical results for a discontinuity in
the beam pipe. Small gap chambers in the insertion
devices will contribute significantly to the transverse
impedance of PETRA Ill. But we expect no mode
coupling ingabilities for the operation mode with 40
bunches which requires a sngle bunch current of 2.5 mA
since tune shiftsin units of the synchrotron tune are small.
Multi-bunch instabilities are mainly driven by parasitic
modes in the RF cavities. The effective impedance has
been determined from measurements at PETRA [I. The
expected growth rate of coupled bunch instabilities in
PETRA 111 is much larger than the radiation damping
rate. Therefore a powerful longitudinal and transverse
multi-bunch feedback is required to provide the additional
damping.
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