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in  designing  a third-qeneration  tigh bightoess
synchrolron radiation source, attention must be pad to the
varipus collective effects that  can influence  beam
performance.  We repart on caleulations, performed with
the codo 2AN, of the bunch {ength, the transvesan enmittane
and the beam litetime (from bolh  Tousc amt gas
scattering} fae ore -2 tieV atarage ting  In addilion, we
estimate thn growth times (ur both longiuhinal - and
trAnsversn coupled bunch nstataldies,  Bunch lengthsg ot
about 20 ps should he ohtainable and ptraheam sciatteraag
cmittance geowth s small, For a limiting undulator qap of
1 em and residual gas pressure of 1R Tagr, the beam ket
is about % houra w the single -bunch mode; in the mullibunch
mode, Wfethnes In pxcess of 6 bours are expeeted, These
tesulls imficate that all petlormance goals for thi facihty
should be achiavable,

Introduction

The beam specificalions (or the CHYE Lght Souree,
based on user cequireiments, ate @4 foblows:! namunal bean
encrgy of LY eV with an poetyy sange (L1519 Gev,
average beam  cotrenl of 4O mMA  in the anultibunch
configuration and 7.6 mA tar the single buneh option,
hotizontal rms emittance less than 10-8 m rad, rms hunch
lengths of 10-25 pa and beam fifetime of it ieast 6 hours. In
this paper, we examine the litlice that was sclected to
menet these requirements in tezms of collective elfects that
can influence machine performance. Farst, we discuss the
vartinus estimated beam-storage-ring coupling impedances.
This allows us to caleylate the expected bunch lengths
obtainable in Lhe ring, linited by single-buach instabilities.
Effects of coupted bunch instabilitios (qrowth eates and
frequency shifts) are then calculated, Yhe dense beam
bunches specified for the Light Soutce make 1t necessary to
estimate the possible growth in bram emniltance due to
intrabeam scallering (IBS). Calculntions confirin that this
phencginenon i5 unimportanl. at high eantqies, #inally, we
estimale thc beam lifetimo, talang inlo accounl the
combined effects of Touschek and qus seattering, Ald of the
calculations reported here were performed with the LBL
accelerator physics cade ZAP.¢

Coupling lnpy

nees

Many eleraents in the Light Source storage ring will
contribute tg the beam-storage-ring coupling umpedance,
The nartow-band, high-Q impedances anse pnimatily from
the rf cavities, through their higher arder modes. These can
potentialiy induce coupled bunch coherent modes.  The shunt
i resonant | irs and quality factors for the
higher modes of the Light Source tf cavity are taken from
experimental obscrvations and caleulations far the %00 Mz
KEK of cavily with undamped modes.>  The broadband,
low-Q impedance arises from the vacuwn chamber itself,
together  with  other  elements  such  as  diagrostic
instruments, bellows, etc., and the cquivalent broadband
impedance arising fran the many rf cavity modes. This
lalter rf hroadband | e is taken to he
0.250 pee if coll, as obtained by appropriate suinming of the
higher order modes of lhe KLK  cawty. A dotailed
impedance inventory has not been performed yel; however,
based on preliminary labaratory mcasurements® of the

*This work supported by the (Mfice uf Base Gncrgy
Sciences of the U.5. Department of Laergy under Cnntract
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prototype Light Souter vacuum chamber, we expret the
broadhand impedance contsshuted by the vacuum chamber
itself Lo be much gmaller than |2, /81 = 2.

Wilh Lhe narrow-gap insertion devices envisaged fer
the Light Source, there may be cavity - like resonances of
the whnle heam-tube  valume, boumied by the narrow
rostrictions imposnd by the undulalor gap. For undulatars
having a 2-am gap, Mmicrowaves at frequencies abave 8 Gl
will prupagate through the apetture. However, belweoen 4.%
and 8 G Where will be many resonances (- 350 1000), wah
camplete nverlap at the low frequency end and salation ol
thee lugh frequency end, withio tue volume of the beam tube
between two nsorlion devices, For ten such devices, the
rual pact of 2y, averaged over Lhe frequency eange, starls
at abot hl)‘.nk At Wi, falthing off to 4., at 8 GHg, with a
total lnw-frequeney teactive component {2p/n)  of anout
0. This is enlirely consistent with our catimate of tatal
impedanco: |I||/n! = 2. For undulators hasivy a | oin
aap, triis Fopedance gattern will extond up 1o L Lz, whieh
5 aiso the  approamate  bunch  culoff  frequeney.
Sl bunch nstability  offects may  bogin to become
signiticant at this stage,

L Length

he buach length in the Light Source musl by wory
short:  2¢; = 20-90ps.  The attainable bunch Iength i
dntermined by two things: the ¢f parametets and Lhe
canstraint  smposed by  the  longitudinal  microwave
Instability. The cf paramcters are taken for the nominat
case of a 500 MMz systemm gperating at 15 MVl These
paramcters establish a lower limit to the bunch length, The
influence of the lomgitudina) microwave Instability is
detetinined by the effective broadband impedance assumed
fnrz the ring. The microwave threshold in current 18 given
by

z
b %

/2% |nf (L10) o
Ltnresh. © TR [N

where o 18 the phase-siip factor, op the ms relative
momentum spread and A the machioe radius, Extremaly
shorl bunches, as envisaged for Lthe Light Soutce, will
sample Lhe high frequency camponent of the ring broadband
impedance with significant ceupling. Tho magaitude of the
turbutent mictowave bunch lengthening is very sensitive to
whither or not we assume the vatidity of SPLAR scating of
the nffective nling i e in this freg Cy range,
qiven l)y:2

1,04 =, oy 2 b

eff.

= gy ta 8,

whern b is the beam-pipe tadius. 1t is expected thal Lhe
ctfective coupliry impndance felt by Lhe hean wlll be
sigmlicantly reducod for shart bunches, thus favaring a
short  bunch  configuration,  The ynscaled broadband
impedance is made up of contributions from the vacuum
chaber and the of cavities:

gl - 7,00

chamber * "u:ll ‘ Iln/“lrl

whete nepip = 2 (F0r V= 750 kV/cell),
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we take  JZy/n|chambor 7 2n and  Zy/ngps
0.25tYcell a3 explained previously. Thus 1 /nlg= 2.5
Although SPEAR scaling can lcad to very low umpedance
values, the extremely short bunches can never overcome the
inherent  frec-space  impedance,  anising  from  streng
coherent radiation at mgh frequencies pven *n the absence
ol structures. Yhis frec-space inpedance, stuelded by the
beam pipe, i given by2

lgymly g = 30000/RY

The elfective broadhband impcdance 13 nuver allowed Lo fall
below this free-space impedance limit, which s roughly
I8 18

Wr illustrate the tanqe of passitilities by perforrming
two separate sets of calculations, one aswurning no redurtion
in the impedancy from nomnal values {no SPEAR scaling)
and a second aswmin; A reduction A given by SPEAR
scaling. 1n £1g. §, we show the bunch length as a function of
wvarage current for Lhe aingle-bunch confiquration, If the
impadance teduction {in the spirit of SPEAR scaling) holds
for the Light Source, there should b no problen in reaching
bunch lengths of 20, ~20ps, !f nol, we would expect Lo
qlvo up a8 much as a factor of two ur theee in bunch lengtn.
in the Iattor caso, it does nnl appoar practical to regain the
lost twnch length by any reasonable vatualion ot ff
paraneters.
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Fig. I. Hunch (enqth vs. cuttent at 1% Gev, with and

without the SPEAR scaling law.

Coupled Bunch Instabihities

We have calculated the growth rates and the coherent
frequency shifts For the first few fastest-growing coupled
bunch modes in the Light Saurce. The resanance parameters
for the higher order modes of the f cavity weie taken lrom
the undamped values of these parameters for the similar
KEK 500 MH2 f cavity.3 The broadbang impedance for the
ring was taken ay ;Zulnlc,\a,"bﬂ « 2. and, to obtain the
effect of cesistivity, we include Lhe contributions of the
aluminum vacuum chamber wall. All calculations wete donc
using  Gaussian  hunch  shapes, For the sake of
conservativeness, we have ustdd @ curfent of 1.6 mMA per
bunch (consistent with our multibunch operating mode with
250 bunches), with a completely filed 328-bunch
confiquration. The bunch lengths and marnentum spreads
used in the calculation are op =0B6cm and o =
15.5x10-4, respectively, without SPEAR scaling and op =
O42zcm and o> BOxI0-4, tescectively, with SPLAR
scating, at (.9 co¥.!

A summary pf the results is given in Table 1 for the
first few fastest.growing longitudinal and transvetse modes
for the SPEAR-scaled bunches at 1.5 Gev.! Kesults fnr
bunches without SPEAR-scaled lengths are sin.ilar. Modes
with synchrotron mode numbers higher than g = 2

TABLE L
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longitucirally and 3 = 1 transversely ate all efectively
L.andau damped b, the synchrotron frequency spread an the
boam,  No betatron tune spread was assumed in the
calculations.  Tne coherent tuno shift comes mainly froin
thy ¢f modes Lhemselves in our ease, with a small
ramponent from  the  png  broadband  impodance.
Cnnsequently,  roducing  the  stotage  rimg broadtamd
(mpedantce will nat help qtabdiee the beam via b andig
dninp for Lhe low-order  synchrotton  modis  (dipale
a1, and quadrupole, a - ¢, longitudinally, and fupnl
dipole, 4 = 0, and nontiqud pole, a - 1, tramversely),
The calculated growth tates are tigh, especially  Lhe
longitudinal ones, Synchrstron fadiation damping a6 of Little
help, since the radation damping Limes ate ~ 10 20 ms,
mych longer  than  the  nstability  growth  times,
Consequently, the starage ring design ancludes both higher
order moide-suppression schemes dor the ¢f and Teedhack
systems,!

We havo estimated the final emitlance of the beam
resulting from the equilibrium among intrabear scaltering,
synchrotron radiation damping and_heating due o Guantum
fluctuations, as calculated by ZAP.Z Conlidence tn Such an
estimate is established by 1easonab'n agreement bolween
ZAP predictions for the Aladdin  storage ring  and
experimental tesults at low energios.?

in general, the severe effects of intrabeam scattering
clininish rapidly as the beam enerqy increases. However the
very high density in the Light Source buniches warrants such
a calculation even at higher enetqies. Because nlfabeam
scattering is @ single-bunch effect, Lhe most sevete
prablems are expected to occur in the {high-cureent)
single-hunch scenario,

In Fig. 2, we show the growth in equilibrivee emittance
from the natural value at a 10:1 horizontal-vertieal
emittance ratlo, for a single-bunch seenario, There is a
noticeable emittance growlh at the lower end nf the enntgy
range (abnut a twofold increase over the natural emiltance
at | Gev), but it does not limit the perfotmance of the
machine.  The emittance qrowlh {5 negligible 2t high
energies, For a larger emittance ratio (smaller coupling),
the beam density is higher and the low enetgy emittance
ofowth becomes more pronnunced.! However the onerating
specifications of Lhe mnachine are nol compramised even
then,

Beam Lifetime

[seam lifotime 13 limited by a combination of Touschek
scatteting and background qas scaltering.

Touschek  scaltering, which is  large-angle  single
Coulomb intrabeam scattering, is mosl cevere fot short,
high-current bunches with low ecmiltance and A latge
caupling ratio .- precisely the ptopettins we are slriving for
in the Light Source. I additian, Touschek tifetimp is
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Fig, 2. Ptedicted emiltance qgrowth from intrabearn
scattering for 7.6 mA in a single bunch,

strongly Iinfluenced by the mamenturn acceplance of the
Tattice.

The momentum acceptance {imit of the lattice can bo
either longitudinat (i.e., the tf bucket height) or transverse
(t.e., the phyaical or dynamic apertute). For tha transverse
limit, wa specified a pair of values that give the maximum
momentum acceptance in the dispersive and nondispersive
regions of the lattice. The values fcr the transverse
momentum apetture used in our study--based on tracking
results--are 4.0% in the dispersive tregion and 5.0% in the
nandispersive reqion. At encrgies above about 1.Z GeV,
however, the ¢f {longitudinal) aperture (3.5% at 1% Gev) is
the limiting ane.

Comparpd with the case of no SPEAR scaling,
Youschek lifetimes are shorter (by a factar uf two ar theee)
for SPEAR-scaled bunch lengths, due to their higher
particle density (by the same factor).l Touschek half-lives
for multibunch and single-bunch scenarios, with the SPEAR
scaling assumption and for an emittance ratio of 10:1, ate in
tho range of 20 and 8 hours, respcctively. Increasing the
emittance raLio to 100:} reduces the Touschek lifetimes by
about a factor of three.! The Touschek tifetime can aiso he
affectad by the rf parameters. AL 1.5 GeV, the Lifetime for
a higher rf voltage of 3 MV increawes almeost twofold,
despite the increased bunch density.! AL low energies, with
the transverse limit dominating, howevet, the increased rf
voitage affects the beam [ifetime adversely.!

6 . -
400 mA 270 hunchen

1 tio SPEAR scafing

76 mA 1 bunch -
421 Mo SPEAR scatng 7
{ “
i -
-
W . i
- -, .
= R
Eol oo |
’

400 mA. 250 bunchos!
SPEAR scaling i

76 mA. 1 tunch
SPEAR scatng |

f-cm gap
Gy i0

B I . )
1000 1500 2000
E (MaV}
i Guhea2ed

Peedictist oversll beam Wfetimes (0 single buheh
ang enyllibunch sconating,

Fig, 3

hours, Givon the ability to fill the storage ning tapictly, this
shoult 31l lend to scerplabin mepey imentad conditions.

Sumnaty

We have used the code ZAP to calcutate the varinus
collective effects thal can influerice hoam perfortnance In
the LBL 1-2 GeV Synchrotron Radiation Suutce. The reculls
indicate that the petformanca goals of shotl bunch length,
long lifetime and small Lransverse emittance for Lhe facility
are achievable. Potential coupled bunch instabilities call
for both higher order mode suppression schemes for the of
and feedback systems.
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