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Abstract

The Touschek lifetime of a synchrotron results from
electrons scattering off one another within the bunch and
subsequently being lost. We have measured the Touschek
lifetime for the major operating modes of the ESRF as a
function of RF voltages. This includes multibunch and few
bunch filling patterns with correspondingly different chro-
maticity values. Through calibration of the RF voltage and
measurement of the other beam parameters such as bunch
length and vertical emittance, we may understand the mo-
mentum acceptance in the regime where this is determined
by non-linear dynamics effects.

OVERVIEW

The electron beam lifetime is one of the most important
parameters for a synchrotron radiation facility, being di-
rectly proportional to the corresponding lifetime of radia-
tion intensity. It is defined as the relative loss rate of the
current and is readily measurable by finding the time de-
pendence of the total stored current. The loss of electrons
is due to two different effects, and the lifetime may corre-
spondingly be split into two terms:
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The first represents the vacuum lifetime and the second rep-
resents the Touschek lifetime which typically dominates
the lifetime at the ESRF, due to the ultra high vacuum con-
ditions.

Consider figure 1 which shows a plot of Touschek life-
time vs. RF voltage. In region I, the lifetime depends on the
RF acceptance, which is determined by the RF voltage. We
plot the RF acceptance vs. RF voltage for the ESRF in Fig-
ure 3. In region II, the RF acceptance is large enough that
electrons are lost due to exceeding the transverse dynamic
aperture during their post-scattering trajectories. There is
also an intermediate region where both effects come into
play and may be used to estimate the dynamic momentum
acceptance of the lattice.

The Touschek lifetime τT is calculated as [1]
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Here, re denotes the classical electron radius, σs the bunch
length, Ib is the bunch current. σx(s) and σz(s) the rms
horizontal and vertical beam sizes. c is the vacuum velocity
of light, e the electron charge, and γ the relativistic Lorentz

Figure 1: Lifetime vs. RF voltage curve. In region I, the
momentum acceptance is set by the RF acceptance. In re-
gion II, the momentum acceptance is the dynamic accep-
tance, set by the stability region, and dependant on sex-
tupole settings. The region in between is a transition where
both effects play a role in stability.

factor of the beam. The function F (x) is defined as
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From this formula, one finds that for a constant momen-
tum acceptance, the Touschek lifetime scales as

τT ∼
σs
√
εzδ

a
acc

Ib
(4)

For the ESRF lattice, one finds that a is close to 3. To
be more precise, the momentum dependence will have an
s dependence, i.e. it changes around the ring. How then
is one to interpret the value of momentum acceptance one
finds from a curve such as Figure 1? A careful analysis
would require a combination of particle tracking to find
the expected momentum acceptance, together with detailed
curve fitting.1 The s dependence of the momentum ac-
ceptance typically roughly follows the dispersion invari-
ant Hx = γxη

2
x + 2αxηxη

′
x + βη′x

2 constructed from the
Courant Snyder paramaters and the dispersion. We plot
Hx for ESRF in figure 2. Figure 2 also contains a plot of
the local Touschek scattering rate. This is the scattering
rate (the integrand of Eq. (2)) assuming a constant mo-
mentum acceptance plotted for one super period. One finds

1See [2] and [3] for examples of such momentum aperture model based
analysis.
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that for ESRF, it is sharply peaked in the center of the low-
beta straight section.2 Hence, the integral determining the
overall Touschek scattering rate will get most of the con-
tribution from this region. We may thus take the derived
momentum acceptance to be roughly the value in this re-
gion.

Figure 2: Local Touschek scattering rate, and Hx func-
tion for one superperiod of ESRF. Approximate locations
of dipoles are indicated.

Figure 3: Momentum acceptance vs. RF voltage.

VACUUM LIFETIME

We measure the vacuum lifetime by blowing up the beam
vertically (using a white noise shaker) and measuring the
lifetime for each emittance value. At large emittances the
Touschek lifetime is large (Eq. 4) and one expects the life-
time to be determined by the vacuum lifetime as given by
Eq. 1. Figure 4 shows the results of such a measurement, in
which a vacuum lifetime of 387 hrs was determined. The

2See [4] for the similar analysis applied to the NSLS-II.

vacuum lifetime depends on the total current. So in order
that it is invariant with the measurements, we keep the total
current fixed for the measurements.

Figure 4: Vacuum lifetime measurement yielding a value
of 387 hours.

RF VOLTAGE CALIBRATION

An important aspect of these measurements and their in-
terpretation is to be clear about the value of the RF voltage
VRF for a given readout value. For this purpose, one may
measure the incoherent synchrotron frequency fs which is
related to the RF voltage VRF by the expression

fs = fRF

√
αc
2πh

(
V 2
RF − U2

0

)1/4
√
E0

(5)

with fRF the RF frequency, αc the momentum compaction
factor, h the harmonic number, U0 the energy loss per turn
and E0 the beam energy. We measured fs by driving the
beam with the longitudinal bunch by bunch feedback sys-
tem, and locating a side-band of a higher revolution har-
monic in order to avoid the reduction in fs around the RF
frequency due to the Robinson effect. We may assume that
the actual RF voltage is given by a scale factor multiplied
by the read-out value. i.e. VRF = kVro. We have measured
the synchrotron frequency vs. readout voltage in order to
determine this scale factor.

Fitting the synchrotron tune to the measured values with
the assumption of a linear scale factor requires knowledge
of the parameter αcE3

0 . 3 It was found that the expected
values of αc = 1.78 × 10−4 and E0 = 6.04GeV did not
produce an adequate fit, and required small adjustments of
either of the two parameters. Depending on how these two
parameters are chosen, one finds a value of k within the
range of 0.96 to 0.91. However, some analysis of Touschek
lifetime in Region I shows a value closer to 1. Thus, this
calibration factor remains a question for further inquiry.

3To derive this, one also uses the fact that the energy losses U0 is
proportional to the beam energy to the fourth power, E4

0 .
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BUNCH LENGTH AND VERTICAL
EMITTANCE MEASUREMENTS

In order to fully measure the beam distribution parame-
ters which appear in the Touschek formula, we also need
the bunch length and the vertical emittance. The longitu-
dinal bunch distribution has been measured with a streak
camera and the vertical emittances have been measured by
dipole radiation projection monitors and by pinhole cam-
eras. We use the average value around the ring. See [5]
for a recent discussion and analysis of vertical emittance
measurement and reduction at ESRF.

Figure 5: Bunchlength vs. VRF for bunch current I = 1 mA.

LIFETIME VS. RF VOLTAGE RESULTS

Several measurement shifts were carried out to measure
all the parameters for understanding the Touschek lifetime
and momentum acceptance for the different filling patterns
and machine settings. For the multi-bunch, 16 bunch, and
4 bunch, settings we have derived momentum acceptances
from these measurements which are shown in table 2. In
these measurements, a current of 2 mA was used with a 32
bunch filling pattern.

We also obtained data at a lower current of 1mA per
bunch, and analyzed the region I. All beam parameters
were measured at this time. We compare the calculated to
measured values for a k value of 1 vs. 0.95. One finds that
whereas a value of 1 fits the measured Touschek lifetime, a
value of 0.95 is not consistent. The strong deviation results
from setting the RF voltage to be close to the value of 4.88
MV where the losses from synchrotron radiation are just
compensated for.

CONCLUSION

We have measured the Touschek lifetime vs. RF voltage
for the major operation modes at the ESRF. We find a mo-
mentum acceptance of 2.5-2.8% for the multi-bunch mode,
2.4-2.7% for the 16 bunch mode and 2.16-2.2% for the 4
bunch mode. We interpret this to be the momentum accep-
tance in the low-beta straight section where the majority of
the Touschek scattering occurs. We have also measured a

VRF (MV) Ib (mA) εz (pm) σs (mm) τmeas τcalc
5.25 0.93 5.6 13.0 1.9 hr 1.6 hr
5.5 0.95 5.7 11.6 4.15 hr 4.4 hr

Table 1: Result of Touschek lifetime calculation in region I,
using all measured beam parameters. A voltage calibration
factor of 1 was used in this case. The horizontal emittance
used in the calculation was 4 nm. Using a calibration factor
of k = 0.95 drops the computed lifetimes to 0.1 hr for the
5.25 MV case and 1.15 hr for the 5.5 MV case.

sextupole setting δacc
multi-bunch 2.5-2.8%

16 bunch 2.4-2.7%
4 bunch 2.16-2.2%

Table 2: Momentum acceptance results using the follow-
ing convention: we find VRF with the maximum lifetime,
and then compute the RF acceptance corresponding to this
value. The range represents a range of voltage calibration
factors between 0.91 and 0.96.

consistent set of parameters in the region in which the mo-
mentum acceptance is given by the RF acceptance. Further
investigation includes comparison of these results to track-
ing studies, and resolution of the ambiguity regarding the
RF voltage calibration factor.

Figure 6: Lifetime vs. RF acceptance measurements.
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