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Abstract The 2 working points operatingver a range of
energies, coupled with the complex aperture profile

The beam lifetime in th&RS electron storage ring at through the storage ring, makes the modelling and

Daresbury Laboratory is governed by several processpmediction of the beam lifetime complex. In the following

which vary significantly according to the machine sections a simplified machine model dgveloped \wich

operating mode. A theoretical model of the storage ringllows a comparison of theory with experiment.

has beerdevelopedtaking the variable vacuurchamber

aperture, dynamic apertuaad other effectsinto account 2 APERTURE MODEL

to predict the expected overall beam lifetime.

Measurements have begoerformed to separate the 2.1 Introduction

contributions from thalifferentloss processes: Touschek

scattering, beam-gas scatteriramd quantum lifetime

effects. Comparison with experiment giveseasonable

agreementvith theory in thedifferent operationalmodes

used on the SRS.

The many modifications to the storage ring heegulted

in a complex vacuunchamberprofile. In particular, the
upgrade to ahigher brightness lattice has meant that
several vacuum vessels are larger than they need to be, and
the usual assumption thadynamic aperture is
consistently larger than the physical aperture is not true in
1 INTRODUCTION the SRS storage ring. This ofcourse has important

The 2GeV SRS electron storage ring haslelivered jmplications for any theoretical estimates of lifetimes.
synchrotron radiation to users since 1981. In that,

there have been several upgradespst notably the 2.2 Physical Aperture Model

addition in 1987 of extra quadrupoles to change the Iatti?@simplified model of the storage ringpertureshasbeen
from an 8-cell to 16-cell FODO structure teduce the ,qonted to reasonably approximate the real machine whilst
beam emittance. laddition to the dipole beamlines the making modelling ofproposed changes to the physical

storage ring presently includes 2 superconducting Wiggleé?)ertures more straightforwar@roadly speaking, the
and an undulator; 2nultipole wigglersare planned to be ,04el breaks the machine up into 4 sections:
installed in 1998 with reduced vertical apertures [1].

1.1 Lattice Modes 1. Dipole vessel
2. D-Quadrupole vessel

The SRS operates in 2 principal modes. In multibunch3,  Straight section vessel
mode the lattice is operated with a higldlialtune (HIQ) 4. F-Quadrupole vessel
to minimise the emittance. In single bunch operation the

Touschek lifetime is maximised by operating with a Distibuted Pump D-Quaiupdle  Re Cavities FQuaupole Disioued
lower radial tune (LOQ), bringing the working point close Horzna piave . o
to a 2nd-order differencaesonance to increase the

coupling. Injection from the 600MeV booster synchrotron i

necessitates ramping to the opera@mgrgy of2GeV. A vae'®

23

summary of the lattice properties in the differemades is
given in Table 1. Additionally, multibunch operation is

Dipole D ID
performedwith both gapped andiniformly filled bunch ! : = valveyy —
structures. 185
22 23 22

Table 1. Lattice properties in HI@nd LOQ modes. '™ . e
Emittances are the theoretical natural values. _ g Aerodes R

Figure 1. Physicabperturemodel. The real elements

HIQ LOQ limiting the aperture in .eactmod'els'gctionareshqwn fpr

Emittance /nmrad 600 MeV 9 23 each plane, together with the limitirgpertureggiven in

mm). The positions of the lattice elemerage also

. 2 GeV 104 258 shown.

Horizontal Tune Q 6.19 4.21
Vertical Tune Q 3.37 3.21 The vacuumchamber aperture is assumed to be
Momentum Compaction 0.029 0.058 constant throughoutach ofthese vessels. Iaddition, a
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vacuum valve on the 63uperconductingviggler further 3 LIFETIME CONTRIBUTIONS

restricts the machine aperture at one point in the machingie total beam lifetime is given by the contributions of
the physical model is summarised in Figure 1. In realityq, arg effects:

the largest deviation from thisnodel occurs in the ,
insertion device vessels, where there are different |,
components ineach straight such as cavitiesheam
scrapers, undulators etc.

Beam-beam scattering - Touschek effect.

Beam-gas scattering from residual gas:

B - Bremsstrahlung (inelastic) from gas nuclei.

C - Coulomb (elastic) scattering from gas nuclei.

| - Inelastic scattering from electrons in residual gas.

. . E - Elastic scattering from electrons in residual gas.
Tracking wasperformedwith a MAD model [2] of the «  Quantum lifetime limits - this is not significant in

lattice in both the ideal casmdwith realisticerrorterms the SRS under normal operating apertures.
deduced from vertical dispersion measurements [3]; typical

closed-orbit deviations fronerrors areconsistent with 3.1 Beam Lifetime at 2GeV

thoseobserved orthe real machine With 40 sample sets

of errors it is foundthat the dynamic aperture is 3.1.1 Multibunch Lifetimes

approximately 80% of its ideal value in both the HIQ an%t 2GeV the RF voltage of 1.3MV(determinedfrom

LOQ lattice modes. Comparing the on-momentimrits .
with physicalapertureconfirms thatdynamic limits are measurements of synchrotron tgfnequency)prowdes a
momentumacceptance 00.80% in HIQ, meaning that

significant in the horizontal plandsee Figure 2). . . .
. } . . the momentumacceptance is believed to limited by
Vertically, the dynamic aperture exceeds the physical limi : ; I
ynamic effects. Thepredicted beam-gaslifetimes are

throughout the lattice. In most cases the limitaqgerture shown in Figure 3. A2GeV the predicted Touschek

for Coulomb scattering is in the vertical plane, and so ﬂ]ﬁetime is 113 hours with 200mA of uniformigilled
dynamic limit is not relevant. beam current (for an emittana®upling of 2.5%);this

2.3 Dynamic Aperture

100 value changes according to the beam current, the machine

coupling andthe fill structure. Wen both Touschek and
80 beam-gas effectare combined in an overall lifetime
prediction (using experimental measures of bunch length
andfill structure) a reasonable agreemerth theory is
PRI , , obtained. An example set dfata isgiven in Figure 4;
: . " herethe Coulomb scattering component has beated
20 ‘ o Physica by changing the limiting vertical aperture with
LoQ collimators in the storage ring, whilst the otlseattering
% o 100 200 200 200 500 soo Componentsare constant. The discrepancy may be
Position in Cell /m accountedor if a 30%error in pressure measurement is

Figure 2. Comparison of physical and dynamic aperture fPnsidered, which is quite reasonable at low pressures.
the horizontal plane in HIQand LOQ modes. The

60

Half-Aperture /mm

dynamic aperture isignificantly less than the physical s °‘-.. R

aperture in large sections of the machine. i T * .

The acceptancéimit for off-momentum particleswhich 100 . :AA o e, %o

determinesthe Toushekand other gas scatteringross- g ’.::AA ~ "%y ©

sections [4],canalso come frontdynamic linits. Using e Ay . o X

first MAD to calculate the dynamic momentum = o h, hy >, "o,

acceptanceand then ZAP [5] tocalculate the resultant . RSN X ‘.

energy aperture, it is founthat the dynamic limit is 48 teen s *e

much smaller than the physical limit brought about by S E S .

the finite lattice dispersion (see Table 2). =™ et

Table 2. Physical and dynamic momentanteptances in Pressure o

the HIQ and LOQ lattice modes. Figure 3. Theoretical beam-gas scattering at 2GeV in the

HIQ lattice mode using the physicabperturemodel. A

Mode HIQ | LOQ typical operating pressure in the SRS is around 1nTorr.

Physical Limit /% 2.5 1.4
Dynamic Limit /% | 0.7 1.1
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with coupling, achieved byvarying thedistance of the
working point from the adjacent 2nd-orderesonance,
gives a good agreement with calculations of Teeschek
lifetime (see Figure 6).
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Figure 4. Example of variation ofexperimental
multibunch lifetimes inHIQ with half-aperture at the
storage ring vertical collimators. The solid line is the
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theoretical predictiorbasedupon emittanceand pressure
measurements.

The increased momentum compaction in LOQ
results in a smaller RFacceptance 00.56%, meaning
that the momentunacceptance iRF-limited. Thebeam-
gas scattering contributiorege similar to those for HIQ
(see above), and varying the verticalaperture with a
multibunch beam gives a similar variation of tobelam
lifetime (see Figure 5).
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Figure 5. Example of variation ofexperimental
multibunch lifetimes in LOQ withhalf-aperture at the

storage ring vertical collimators. The solid line is the

theoretical predictiorbasedupon emittanceand pressure
measurements.

3.1.2 Single Bunch Lifetimes

With single bunchcurrents the beam lifetiméecomes
Touschek-dominatedthe RF limit to the momentum
acceptance has been confirmeddbgerving the variation

Coupling /%

Figure 6. Variation of current-lifetimeproduct with
machine coupling for single bunch currenteoretical
predictions including the gas scattering contribution are
also shown.

3.2 Beam Lifetime at 600MeV

At 600MeV in HIQ the RF voltage of 0.4MV gives 1%
momentum acceptance, sdhat dynamic aperturestill
limits the acceptance. However, even inultibunch the
lifetime is strongly Touschek-limitedand with the
natural emittance of 9.4nmrad would &®und0.1hours
with 200mA of uniform current. This ialleviated by the
significant transverse beam blow-up whidtcurs at
600MeV, which in HIQ corresponds to an emittance
around80nmrad. This raises the Touschek lifetime to
around 6hours; predictionsusing anincreasedemittance
are consistent with this measurement. A similar
phenomenon occurs when injecting at the LOQ working
point which helps to maintain the Touschek lifetime in
single bunch before energy ramping takes place.
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