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LIFETIME AND ACCEPTANCE OF THE SLS STORAGE RING
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Abstract

Beam lifetime at the storage ring of the Swiss Light
Source (SLS) islimited by Touschek effect and elastic gas
scattering. Both mechanism are affected by narrow gapsin
the machine, elastic scattering directly by the vertical ac-
ceptance limitation, Touschek scattering via a possible re-
striction of lattice momentum acceptance due to coupling.

The particle loss mechanism was explored by evalua-
tions of lifetime as function of scraper position, chromatic-
ity and emittance coupling.

INTRODUCTION

Particle losses from a stored beam are partialy due to
single particle processes (e.g. scattering on residua gas
atoms, losses at aperture limits) leading to an exponential
decay of beam current with time, and partialy due to two
particle processes (e.g. intra beam scattering, beam-beam
scattering) leading to a hyperbolic decay. In generd itisa
combination of both, like sketched in Fig. 1:

N=—-rN—-r,N? = N(t)=N, -
1+(1—e ™)

Since lifetime is observed and measured for relatively
short time intervals just the loss rates for ¢ ~ 0 may
be added. Total beam life time T thus is ssimply ob-
tained as the inverse sum of single lifetimes T; related
to different processes: 1/7 = > 1/T;. Attempts to ex-
press an hyperbolic decay by an exponentia or vice versa
(although frequently foundin literature) do not make sense.

The SLS storage ring is a 12-TBA lattice of 288 m
circumference, providing 5 nm-rad natural emittance at
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Figure 1: Exponential and hyperbolic beam decay: hyper-
bolic decay with half lifetime T, = 1 (upper curve, blue),
exponential decay with (1/¢) lifetimeT; = 1 (lower curve,
red) and combined curve with Ty = T5 = 2 (middle curve,
orange). Extrapolation of the slope at ¢ = 0 gives for al
curvesT = 1 irrespective of the type of decay.
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an energy of 2.4 GeV and a maximum beam current of
400 mA [1]. In this type of storage ring, the dominant
processes of beam decay are elastic Coulomb scattering
of beam electrons on residual gas nuclei, and Touschek
scattering between electrons inside the bunch. A third,
less important process is bremsstrahlung of electrons on
residua gas nuclei. Quantum lifetime, i.e. direct losses
from the tails of the Gaussian electron distribution are only
observed in the final phase of a scraper experiment.

Elastic scattering lifetimeis given by [2]

po_ A T 1 [aforp>1
ST KBNF(p)rZ2NP T | yforp<l

with K = 2mr2cNa/R = 1084 msK/kg, and 7, rp,
Z, N gas temperature, relative partial pressure, atomic
number and atoms/molecule, assuming that one species
of gas dominates the lifetime. The function F(p) takes
into account a rectangular aperture providing transverse
acceptances A, and A,

F =7+ (1+ p?)sin(2arctan p) + (2p? — 2) arctan p

with p = ﬁz Egzi p<<land F ~ wfor 4, < A,.
This approximation is fulfilled during normal operation of
alight source due to the small vertical undulator gaps — but

not when performing a horizontal scraper experiment.

Touschek lifetimeis given as an integral of special func-
tions of beam parameters and the local energy acceptance
(EA) over the lattice circumference [3]. Before the onset
of RF EA defined by the cavity voltage, dynamic aper-
ture limitations may limit the local EA for particles scat-
tered in dispersive region which have large betatron ampli-
tudes. During damping of the synchrotron and horizontal
betatron oscillations these particle may encounter coupling
resonances inducing vertical betatron oscillations.

MEASUREMENTS

Elastic scattering lifetime measurements

Elastic scattering was explored by recording the lifetime
while moving a vertical scraper into the beam as shown in
Fig. 2. During the experiment the beam current and with
it the pressure may change. Therefore the product of pres-
sure P and lifetime T as a function of scraper position is
evaluated. The theoretical shape including bremsstrahlung
(Tvs = b/P) and Touschek (Tt,) lifetime contributionsis
given by

1
1 1 1
T -P=|—++ - .
(Eygcr * b - TtoP)
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Figure 2: A measurement of beam life time as a function
of vertical scraper position. The insert shows the region
close to the origin magnified and scaled to the square of the
scraper position. Green crosses show the measurement, the
red linesindicate the fitted lifetime curve and estimates for
vertical acceptance and emittance.

When moving in the scraper the life time does not change
as long as the scraper remains outside the vertical accep-
tance, which thus is determined by the point where the
scraper starts to take lifetime. The elastic scattering be-
comes dominant when the scraper approaches the beam,
thusthestraight lineT' P = E y2., shown asinsertin Fig. 2
alows to determine the slope

2 h-pbar
and with it the residual gas composition. Finally, when the
scraper touchesthe beam, quantum lifetime takes over with
arapid beam decay, and provides a rough estimate of the

vertical emittance.

The slopes E were found to be 12 h-pbar/mm? at 50 mA
beam current and 28 h-pbar/mm? a 350 mA. Carbon
monoxide is the relevant residual gas component, its rel-
ative partial pressure seems to decrease from 22% to 9%
with increasing current, whereas the total average pressure
increases from about 0.6 to 4 pbar.

The vertical acceptance, defined by the 2 m long ex-
truded aluminum chamber of inner full height of 5 mm
in one of the straights, was expected to be 3.0 mm-mrad.
Measurements reveadled a reduced vaue of less than
1 mm-mrad. By careful application of orbit bumps (com-
plicated by immediate lifetime increase by any bump due
to increased coupling from sextupoles!) the aignment sta-
tus of the vacuum chamber could be measured, and sub-
sequently a realignment was done raising the acceptance
to 1.8 mm-mrad. More could not be achieved for yet un-
known reasons. Later on, the vacuum chamber of a new
wiggler [4] theoretically should have become the new ac-
ceptance limit of 2.5 mm-mrad, and measurement confirm-
ing the previous value of 1.8 mm-mrad proved the good
alignment of the new chamber.
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Figure 3: Measured horizontal fractional tune as afunction
of energy for “zerd” chromaticity (£ .sec = +0 blue, dotted)
and for increased chromaticity (€ .set = +5 red, solid).

Touschek lifetime measurements

Previous measurements of Touschek lifetime as func-
tion of RF voltage and horizontal tune [5] indicated that
the lattice EA rather than the RF EA determines lifetime,
probably due to the 3Q), = 61 resonance encountered
by off-energy particles at AE/E ~ —1.5% (see Fig. 3)
for large positive chromaticities as required for suppres-
sion of multi-bunch instabilities. Measurements of life-
time as function of a horizontal scraper located in a dis-
persive region were done for low and high chromaticity,
the measurements are shown in Fig. 4 in comparison to a
TRACY tracking simulation of Touschek lifetime includ-
ing the scraper: at low chromaticity (Fig. 4, middle), the
measurements follow exactly the theory, indicating that the
RF EA of 3.1% from 4x460 keV RF voltage determines
the lifetime. Under normal operating conditions (Fig. 4,
top) measured values deviate from the theory already at
ZTser &~ 9 mm. This corresponds to the maximum excur-
sion = (v/Baser Hmax + NMser) - AE/E of particles with
AE/E = 1.5% from the locations of maximum disper-
sion’s emittance H .« inside the TBA arcs, as to be ex-
pected from the 3Q),, = 61 crossingin Fig.3.

When approaching the resonance in the measurement of
Fig.3 avertical beam blow-up was observed supporting the
suspicion that the actual oss mechanism may involve cou-
pling and losses at the narrow vertical apertures as pre-
dicted by early design studies [6] and observed at other
places[7].

Recently an emittance monitor of sufficient resolu-
tion [8] cameinto operation and allowed to reduce the cou-
pling g = ¢,/e, fromg ~ 0.4% to g ~ 0.1% by manu-
aly tuning six small skew quadrupolesfor minimum beam
height. When reducing the coupling we first saw a life-
time increase by about 20%, followed by a steep decrease:
probably, first due to reduced coupling, vertical losses are
avoided, then, with pure horizontal losses, Touschek life-
time follows the well known T}, « /g scaling. A third
scraper measurement at low coupling and high chromatic-
ity isshown in Fig. 4, bottom. Compared to large coupling
(Fig. 4, top) the scraper onset is at larger values and the ra-
tio of lifetime with scraper moved out to theoretical value
improves from about 40% to 60%.
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Figure 4: Lifetime as a function of horizontal dispersive
scraper for different values of chromaticity ¢, and emit-
tance coupling g: top: &, = 3.8, ¢ = 0.4%, middle:
& = 04, g = 0.4%, bottom: &, = 3.8, g = 0.16%.
Green and yellow crosses are measured values, orange dots
calculated Touschek lifetime based on tracking data, red
curve total lifetime (incl. hor. and vert. elastic scattering
and bremsstrahlung), left red line is quantum lifetime.

To explorethis further, double measurements of lifetime
as afunction of vertical scraper were done: afirst run with
50 mA in 390 buckets to have elastic scattering dominated
lifetime and to extract the slope E was followed by a sec-
ond run with 50 mA in 50 buckets to have a Touschek dom-
inated lifetime. Fig. 5 shows the pure Touschek lifetime
data obtained from subtracting the first data from the sec-
ond data for the same three cases like shown in Fig. 4: Ob-
vioudly, for high chromaticity and coupling, the Touschek
lifetime is affected by the vertical scraper (Fig. 5, top), but
this is not the case for low chromaticity (Fig. 5, middle).
With reduced coupling (Fig. 5 bottom, unfortunately dis-
turbed by noise), the situation improves compared to high
coupling.

OUTLOOK

Vertical acceptance is well understood. Energy accep-
tance and Touschek lifetime are subject of ongoing studies.
Decreased coupling reduces vertical losses and improves
the Touschek lifetime. However direct horizontal 10sses
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Figure 5: Touschek lifetime normalized to current as a
function of vertical scraper for the three cases from Fig. 4.
Green dots are measured val ues, blue dots connected by the
purple center line are pure Touschek lifetime values after
subtraction of elastic scattering lifetime. Purple side lines
give an error estimate.

still seem to occur due to crossing of a third integer res-
onance. Suppression of this (non-systematic) resonance by
improved machine symmetry or by a new sextupole pattern
isplanned. Studies on horizontal acceptance using scrapers
and pingers have just been started.
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