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ABSTRACT Table I. TLS Machine Parameters
ircumference 120 m
ominal Energy 1.3 GeV
aximum Energy 1.5 GeV

The beam lifetime of the 1.3 GeV storage ring TLS a}i
SRRC was studied. The contributions of the 985,

scattering lifetime and Touschek scattering lifetime wer

measured. The effects of the insertion devices, H%Ffrequency : 499.654 MHz
energy acceptance, chromaticity setting, transver atural beam emittance,, 1.92 108£n-rad
emittance coupling strength, bunch length, buncEatural energy sprea}d 0.066%
current, etc., on the beam lifetime were measured. It Ome.”‘“”? compaction factor 0.00678
observed that this machine is Touschek lifetimg 2 PINg time  T/T/ts 10.691/14.397/8.708ms
dominated provided that the transverse emittan etatron tunes \.)X./\.)Z 7.18/4.13
coupling strength is low enough and bunch current atural chromaticities,/, '15'292/'7'868
reasonably high. In the multibunch users mode it i ynchrotron tune (RF@800KV) 1570

required to have a longer lifetime, some possible actio ynch length (RF@800KV) 0.74 cm

;ldiation loss per turn (dipole only)  72.28 keV

[ h lifeti h
fo increase the beam lifetime have been proposed ominal stored current M.B./S.B. 200 mA/5mA

ol _
implemented Critical photon energy from bending ~ 1.39 keV
1. INTRODUCTION Beam sized,/o, , assuming,/e,=1/100)
Since it was commissioned in April 1993, the 1.3 ﬁll\s/grtion middle 00122/7(300354%?1

GeV synchrotron radiation light source, Taiwan Light

Source(TLS), of the Synchrotron Radiation Center 2. SINGLE BUNCH

located in Hsinchu, Taiwan, has been operated for about Single bunch ion has b ilable i h

3 years.[1-3] The major machine parameters are listed in Ingle bunc operation as been avallablé since the
Table I. After the new chambers were installed during®MM!SSioning of the storage ring started in 1993. The

the commissioning periods of the new ring in 1993 an purity of the side bunches was no more than 1%

the addition of the insertion devices in 1995 and 199@,’ithOUt using bunch purification system. The study of

the desorpted gases could be reduced to an acceptamf‘e single bunch lifetime with such impurity is good

amount for a reasonable period of synchrotron radiati ough. We measure3%theAbeam I'fzt,'f_rfne as ;;unc;uon of
cleaning.[4] However, the insertion devices togeth unch current up to MA at two different voltage

with associated chambers of smaller aperture stronggstmgs as shown in Fig. 1. The beam lifetime was

affected the beam lifetime. Because the beam lifetime ' versely proportional to some factor of bunch current
one of the key performances for the light source use ove the threshold of microwave instability. The bunch
ngth measured with a streak camera (Hamamatsu

i.e., most of our users demand an interval of the use
beam time between refills at least no less than 5 hou ?680) showed that the bunch was lengthened above the

thus it is imperative that the improvement of the beal reshqld of _the mlc_rowav/e msltab.lllty qnd was
lifetime be investigated. approximately in proportion to“, which is depicted in

An attempt to understand the contributions of thg'g'pz\' I[S] inale bunch he b liteti
loss rate of the stored beam due to the scattering of the " 0‘3’ S'ngdif unc (f:urrent, tle eamd'lﬁeUme was
electron with residual gases and the scattering betwedffasured at different rf gap voltages, diiferent ring
electrons in the same bunch was performed. T@rqmatlcmes, and different wiggler pole gaps as given
measured beam lifetime as a function of bunch curredf Fllg. 3'_ le bunch . £ b
rf gap voltage, and ring chromaticity in the single buncH n sr|1ng eh uﬂcld opferat_lon or low eg_rlrj_ currehnt
mode reveals the dependence of the energy acceptal glow the thres old of microwave Instabilities, the
and dynamic aperture of the ring as well as thgansw_erse beam size was m_easured to pe a constant
dependence of the bunch volume. The reduction of gyglue in the case that the emittance coupling was kep_t
emittance and the dynamic aperture of the ring in tHgP"nstant, |.e_.,db(_)rt: s:rextup(r)llek ﬁre_ngth an(;) beam Orb'(tj
presence of insertion devices was clearly observed. Y§'e notvaried. The Touschek lifetime can be expresse

increase the lifetime, the emittance coupling walS

increased by skew quadrupoles. Ox0yai

I

T.~(AE/E) - (1)
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Where AE/E is maximum energy deviation acceptancwideband transverse feedback system and with such
of the electron beami®x0y0i is the bunch volume for device the chromaticity could be set near zero(88A,
Gaussian beam in the three-dimensional spicis, the SfLBO0A) in the routine operation.[7] At nominal RF gap
bunch current. If the energy acceptance is limited by th®ltage of 800 kV, the energy acceptance was still
rf bucket height, it is in proportion to the square root dfmited in the Iong|tud|nal plane at zero chromat|C|ty

the rf gap voltage. At low bunch current, the bunch ° ‘ ‘ ‘ ‘ ;o 388E¥i
length is inversely proportional to the square root of the Al
rf gap voltage. The product of Touschek lifetime times ‘ - ‘ ‘
bunch current is in proportion to the rf gap voltage. If the = 2/ -~ |- / S V:};w“f" -
energy acceptance is limited by the transverse aperture, ¢ LA j ST

the Touschek lifetime is in proportion to the bunch £ * AR

length, i.e., inversely proportional to the square root of 1 /M R
the rf gap voltage. '}}‘ j j j 1 1
At very low bunch current, ol =

0 5 10 15 20 25 30 35
Bunch Current Ib(mA)

T | ~ Vi, if AE/E limited by the longitudinal plane Fig. 1. The dependence of the beam lifetime as a
function of bunch current at 400 and 800 KV rf gap
voltage with ring chromaticities near zero. The
In Fig. 1, at small ring chromaticities (sd=107A, chromat|C|ty was near zero. The dashed lines are fitted

sf=91A) whereAE/E is limited by the longitudinal plane with 1 above 4 mA.
as discussed below and for a constant rf gap voltage, the SRR =
only variable is bunch length (if the beam instabilities do
not occur and the vacuum change is negligible) and the w
dependence of the lifetime with respect to bunch current
includes effects of the bunch lengthening and increase .
of energy spread. Above the microwave instability S T T
threshold (~ 4mA), a curve is fitted witf’.l At very low . :
current, the lifetime is inversely in proportion to bunch
current. o1 T e
In Fig. 3, at low sextupole settings, the lifetime is irfFig. 2. The dependence of the bunch length as a function
proportion to the rf gap voltage as given in Egn(2). Avf bunch current and rf gap voltage. The microwave
higher sextupole strength, the vertical em|ttancmstablllty is clearly seen.
increases due to the skew quadrupole term of the closed
orbit in the sextupole magnetic field. Therefore, the
lifetime is longer at lower rf gap voltage with larger
sextupole fields. However, at certain rf gap voltage, the
lifetime drops in proportion to the square root of rf gap
voltage. Because the beam current was as low as 2 mA,
the measured bunch length is inversely proportional to  :
the square root of the rf gap voltage. The maximum
energy acceptance is limited by the transverse excursion
of the beam orbit at the dispersion region, i.e., the S RV
dynamic aperture in the horizontal plan, is the dominafig. 3. The dependence of the beam lifetime of single
factor of the energy acceptance once the longitudinBinch operation at low bunch current below microwave
energy acceptance is higher than the transverse oifstability as a function of rf gap voltage for different
Measurements showed that there was a reduction ssfxtupole settings in both cases of wiggler open and
dynamic aperture at higher chromaticity. The calculateelose.
rf energy acceptance as a function of gap voltage gives
1.6% at 800 KV and 1.2% at 500 KV. At the highest In Fig. 3, the lifetime reduced significantly when the
dispersion locationn,=0.67m in the achromat, the wiggler magnetic pole gap was closed. Two reasons have
dynamic aperture thus reduced about 2~3 mipeen identified. One is that the wiggler is a damping
accordingly. wiggler and the other is that the dynamic aperture is
To suppress the vertical beam instabilities withoughrunk once the wiggler is fully closed. These two
using any transverse feedback system, the chromaticgffects have been experimentally measured and
was increased to more than +3.[6] The lifetime thus waBeoretically calculated. The wiggler pole period is 20
limited by the dynamic aperture. We have developed @ long and the effective pole number is 25. The peak

~Vi#2, if AE/E limited by the transverse plane (2)

Bunch length (ps)

T

* Lifetime (mA*Min)

ch current




field strength is more than 1.8 Tesla at the minimurdynamic aperture or rf bucket height, whichever is
wiggler gap 22 mm. Introduction of such a wiggler fieldsmaller. The introduction of the smaller beam chamber
in the ring lattice caused emittance reduction by 15%or insertion devices of smaller magnetic pole gap
The scraper experiment reveals the reduction of dynanmiesulted in the reduction of the gas lifetime. The wiggler
aperture by 1~2 mm in the long straight. magnet caused a reduction of natural emittance as well
In comparison with the theoretical calculationas the shrinkage of the dynamic aperture and, as a
results, an emittance coupling of 3% was fitted to theonsequence, the lifetime was reduced significantly. The
experimental value. This emittance coupling was also ow-up of vertical beam size by skew quadrupoles gave
agreement with the beam size measurement result.  an increase of lifetime by a factor of 1.5 or so. A study
to increase lifetime by adding the third rf system, which
3. MULTIBUNCH will raise the longitudinal energy acceptance, as well as
In the multibunch operation, the gas scattering harmonic cavity, which will lengthen the bunch length,
lifetime was about 15~25 hours before we installed thg going on. Moreover, the improvement of gas lifetime,
long straight chamber of smaller inner aperture for thguch as the increase of the physical aperture and clearing
insertion device U5. The vertical aperture was about W If heating problem at high bunch current, is also
mm (full aperture) for U5 and the measured apertufeeeded. The operation at higher beam energy such as 1.5
using scrapers was about 6~7 mm. It is not easy to deeV will increase the beam lifetime.
reliable gas lifetime using the beam blow-up method ‘ ‘
because of the small vertical aperture. We anticipated
that gas lifetime was reduced by a factor of 2~3 due to
aperture change from 5.5mm (vertical dynamic aperture)
to 3.5 mm (vertical half physical aperture). With the
beam loss monitor system, which consisted of 48 PIN
diodes, we observed much higher beam loss in this small
chamber. The average vacuum pressure was about 1~2
nTorr at 200 mA while the base pressure was about 0.5
nTorr. The lifetime at 200 mA for partial filling with 150 % .
bunches out of 200 rf buckets was about 5.5 and 3 hoytigy 4. The decay rate as a function of the inverse of

for wiggler gap open and close, respectively, before thgyerture square at different operation energy while
U5 chamber was installed. It reduced to 3.5 and 2\5|gg|er gap was open and transverse feedback was on.

hours in the presence of the U5 chamber. To increase fh% Chromaticity was near zero and skew quadrupoles
lifetime, we increased the vertical emittance coupling byere excited.

skew quadrupole. For example, with the increase of

vertical beam size by a factor of about 1.5, the lifetime 5. ACKNOWLEDGMENT
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brightness. However, in the time being, the larger
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emittance coupling mode is acceptable for most of the
users. [1]
Owing to the longitudinal coupled bunch
instabilities the bunch was lengthened and the bun
volume increased in both transverse planes. In the
multibunch mode operation, the lifetime as a function qf)
the bunch current then increased for higher ring current.
Fig. 4 gives the decay rate as a function of the
inverse of the square of the vertical half aperture in tHé]
multibunch operation at zero chromaticity with U5
chamber at different beam current, in which the wiggler
magnetic pole gap was open, the transverse feedback
system was employed, and the vertical emittandg!
coupling was increased by skew quadrupoles.

4. DISCUSSION [6]

The beam lifetime of the TLS is limited by the[7]
Touschek lifetime for a reasonable vacuum pressure of
1~2 nTorr. The energy acceptance is determined by the
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