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Abstract

Lifetime measurements are reported for different operating
conditions of the BESSY I storage ring. These experiments
have been performed in an attempt to identify the relative con-
tributions of different lifetime limiting processes as a basis for
lifetime optimisation. Broadening of the beam using white
noise excitation has proved to be a helpful tool to obtain quan-
titative information on the relative strength of the contributions
due to gas scattering and the Touschek effect.

Introduction

For a synchrotron radiation source used as a tool in the field
of fundamental and applied research, besides brilliance, source
stability and up-time, the beam lifetime is an important figure
of merit. In the present paper we describe measurements and
calculations to determine the relative importance of the dif-
ferent lifetime limiting processes of the BESSY storage ring
under the typical conditions of high brilliance operation [1].
This information is also helpful in the planning of a reasonable
and cost effective component replacement and improvement
program, which is under way at BESSY, to keep the machine
running at high performance for the next decade after the first
ten years of very successful user’s operation.

For an electron machine in the energy range around 1
GeV the most important processes affecting the lifetime are
i) Coulomb scattering between the electrons and the gas
molecules in the vacuum chamber, ii) scattering between indi-
vidual electrons in a bunch (Touschek effect) and iii) interac-
tion of the electrons with the ion cloud captured by the beam.
Assuming that these processes are statistically independent, the
total loss rate is 1/70r = 1/7cowt + /70 + 1/Tion.

Measurements

We have measured the lifetime as a function of beam current
for various operation modes, which are possible using the two
rf-systems of the BESSY-ring, a S00 MHz (h = 104) system
and a 62.4 MHz (h = 13) system. As can be seen in Fig. 1,
the lifetimes observed with the 62.4 MHz rf-system in single
bunch and multi bunch operation follow the same power law,
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T ~ I~% with a = 0.52. In the normal high brilliance user
operation mode (500 MHz rf-system, partial filling of the stor-
age ring with N = 64 buckels) the lifetime shows roughly the
same characteristic for higher single bunch currents, whereas
at lower currents a slightly stronger dependence is observed.
If all 104 buckets of the 500 MHz rf-system are filled, the
current dependence of the lifetime is less pronounced (a = 0.2)
with the same current dependence as observed at low currents
in single bunch operation with the 500 MHz system. For single
bunch currents above 7 mA, however, the decrease in beam
lifetime with increasing current is much stronger (a = 0.85).
Some features of these observations can be explained quali-
tatively by ion effects: if no filling gap is used, ion trapping is
most effective and the transverse beam size is enlarged, which
leads to a longer Touschek lifetime. When operating the ring
with a filling gap a significant fraction of the ions can leave
the capture potential. This ion clearing effect is particularly
strong in single bunch operation with the 500 MHz rf-system
above the clearing threshold of about 7 mA. Practically no dif-
ference is observed in the lifetime between single bunch and
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Figure 1: Beam lifetime measured for different operation

modes as function of the current per bunch. N = number
of buckets filled with electrons. The dotted lines show the
theoretical Touschek lifetime taking bunchlengthening with a
broadband impedance of Z/n = 7 Q and AE/E = 1% into ac-
count.
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in Fig. 1, which indicates variation in
the ion behaviour of the two operation modes.

The situation changes when the lifetimes of the single bunch
and multi bunch mode with the 500 MHz rf-system are com-
pared. The obvious difference of the current dependence must
be attributed to a different ion trapping behaviour of the sin-
gle bunch mode which shows the strongest current dependence
(a = 0.85) above the trapping threshold around 7 mA. How-
ever, the maximum value a = 1 is not reached, which could
be expected in the limit of zero bunchlengthening, when the
Touschek effect dominates the lifetime and other contributions
can be neglected.

For the user operation mode (500 MHz rf-system, N = 64) it
is most interesting to get quantitative information on the rela-
tive contributions from Coulomb-scattering and from the Tou-
schek effect. The observed lifetime 7., in the partial filling
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Figure 2: Beam lifetime 7., measured in the multibunch user
operation mode. The data for the Coulomb lifetime 7¢oy; and
the Touschek lifetime T are extracted from Fig. 3

mode as function of the stored current is shown in fig. 2 (cir-
cles). The rhomboidal symbols denote the Coulomb lifetime
Tcoul @nd the triangles the Touschek lifetime extracted from
the data of fig. 3. As can be seen, the Coulomb scattering pro-
cess dominates the loss rate at smaller beam current, whereas
both lifetime limiting processes are comparable at higher cur-
rents.

Utilizing white noise excitation, the vertical beam size o
has been varied for different stored currents resulting in a
strong lifetime enhancement with increasing beam size up to
approximately o, lmm (fig. 3). A further beam size en-
largement has a negligible effect on the beam lifetime, which
may be attributed to a strong increase of the Touschek lifetime
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and a correspondingly small contribution to the total loss rate.
This justifies to take the saturation values for the beam life-
times in fig. 3 as an approximation for the Coulomb scattering
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Figure 3: Beam lifetime in the multi bunch mode (S00 MHz
rf-system, N = 64) as a function of vertical beam size o,

lifetime only (triangles in fig. 2). Assuming furthermore that
the loss rate due to Coulomb scattering is independent of the
beam size, the values obtained for 7¢..,; may be used to extract
rp using 1/7esp = 1/7Tcow + 1/7r, where 7., corresponds
to the experimental values from fig. 3 without beam excitation.

Possible improvements

The measurements and the extracted data show that an im-
provement of the lifetime may be obtained by i) improving
the vacuum conditions at large beta values as indicated by
Wiedemann [2] due 0 7¢our & 1/ < p- 8 > ii) reduction
of the Touschek loss rate by an improvement of the energy
acceptance as given in the above expression for 7p.

Conceming the gas scattering process, the dominant con-
tribution is expected to be concentrated on the inner dipole
magnet vacuum chambers of the BESSY TBA structure due
to an increased pressure caused by synchrotron radiation in-
duced desorption and large beta values. A new and simple
vacuum chamber was construcied, taking advantage of sim-
ple forming techniques and utilizing NEG pumps which are
integrated in the vacuum chamber.

To determine the limiting energy acceptance we measured
the lifetime of the stored beam as function of the 500 MHz
cavity voltage (fig.4). The strong increase of the lifetime
corresponds roughly with 77 o« (AE/E)3, up to a sat-
uration value, which is approximately obtained at 250 KV.
The comparison with the theoretical energy acceptance curve
(full drawn line) results in an energy acceptance of 1%. The
saturation indicates that the energy acceptance is transversely
limited. A detailed analysis of the non-lincar dynamics for
off momentum particles indeed demonstrates a limitation of
the transverse energy acceptance to about 0.8% due to an un-
symmetrical sextupole scheme in the ring [3]. Therefore sym-
metrized correction schemes have been worked out to improve
the energy acceptance.

Another way to overcome the Touschek effect induced life-
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Figure 4: Measured beam lifetime 7 and theoretical longitudi-
nal energy acceptance as a function of the cavity voltage for
operation with the 500 MHz (N = 62, I ~ 300 mA) rf-system.

time limitation is to increase the bunch volume by lengthening
the bunches with a higher harmonic cavity, provided that the
time structure of the beam is not a concern. This method
has been applied successfully at the NSLS-VUYV ring. First
experiments at BESSY to improve the lifetime using the exist-
ing double rf-system have shown, that longitudinal oscillations
which are always excited at high currents in multibunch op-
eration [4] play an important role in the loss process. Further
studies are necessary to understand this mechanism.

Conclusion

Lifetime measurements under different operation conditions
of the BESSY I storage ring have shown that Touschek and
Coulomb scattering loss rates are comparable at high intensities
in the low emittance user operation mode. Broadening of the
beam using white noise excitation proved to be a helpful tool
to obtain quantitative information on the relative strength of
the contributions from beam-gas interaction and the Touschek
effect. The results also indicate that the energy acceptance
of the machine is ransversely limited. Symmetrisation of the
sextupole compensation scheme and bunch lengthening using
a higher harmonic cavity are promising countermeasures to
overcome this limitation.
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