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Abstract

With sufficient damping of long-range Higher
Order Modes, the emittance dilution in the S-band
Linear Collider is dominated by single bureffiects.
We present an improved parameter set wettuced
bunch charge whichllows torelax the positioning
tolerances in thenain linac. Theconsequences for
the othersubsytems othe collider arealso briefly
discussed.

Introduction

The S-band approatbwards a next generation
Linear Collider of 500GeV center-of-mass energy
represents the mostonservative one of several
concepts presentlyunder investigation [1]. The
technology is well known for many yeaad the
experience from thenly existing Linear Collider,
the SLC, can beised most directlyThe relatively
low frequency (3 GHz) is beneficial fdkeeping
emittance dilution fromwakefields small. In this
context, alow bunch charge Nis favorable since it
reduceghe short-rangevakefields.This led us to a
modification of thebeam parameters, as will be
described in the following.

New Parameter Set

The dilution of thebeam emittance ithe linac due

to transverse short-rangewakefields scales
approximately as
Ase _ N2o_ <B>
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Here, 0, denotesthe bunchlength andy. the rms

error of transverse structure alignment w.r.t. the

beam orbit.The averagdocussingstrength in the
linac is expressed by >, we assume a scaling
B=PRo(E/Ey)"* with Be=13m at E=3GeV. Stronger
focussing seems advantageous witbgard to
transverse wakefieldeffects, but wouldlead to
increased emittance dilution from
aberrations.

The parameter optimizatiooonsists in a
reduction of bunch charge by a factor of @rd of
bunch length by dactor of 0.6. The pulse current

chromatic

(and thus the average beam power) is kept
unchanged by an appropriate reduction of bunch
spacingand the interaction parameters adjusted

in order to keepthe beamstrahlung constant. A
complete overview othe S-Band Linear Collider
(SBLC for short) parameters is given in table 1.
According to eqg. (1), wgain an order of magnitude
reduction in transverse short-range wakefield effects.
Part of this improvement is used to lower the vertical
beam emittance (yielding kigher luminosity), the
other part to relax the structure alignment
tolerances. With thenodified beam parameters, a
complete simulation of beam dynamics also
including other importangffectssuch as long-range
wakefields and chromatic aberrations habeen
performed.

NEW | OLD
total length 34 34 km
touise 2 2 Us
ny/pulse 333 125
Aty 6 16 ns
frep 50 50 Hz
Ne/bunch 1.1 2.8 19
ExlEy 5/0.25 | 10/.5 | 10m
By /By 11/0.45 | 22/0.8| mm
Ox* oy* 335/15 | 670/29] nm
o, 0.3 0.5 mm
cross. angl®, | 6 3 mrad
<AE/E> g 3 3 %
P, (2beams)| 14.5 145 MW
Pac (2 linacs) | 140 140 MW
NAC-to-beam 10.3 10.3 %
luminosity L | 5 3.4 16°cm?s?t

Tablel: New parameters of the S-Band Linear Collider in
comparison with the original parameter set

Computer Simulation of Beam Dynamics

Thebeam dynamics irthe S-band linathave
been investigated bysing the L3 particle tracking
code[2]. The following assumptionsare made for
this study:

initial alignmenttolerances of 0.1mm (rms) for

the accelerating structures, the quadrupoles and

the position monitors (BPM'’s)



* one-to-one orbit correctiorfollowed by the
“wake-free” correctionalgoritm [3] to reduce
dispersive effects(assumed BPM resolution
5um)

* beam-basedlignment(by measuring the signal
from two HOM-couplersper 6m long structure)
of accelerating structures w.r.t. theam orbit
with an accuracy of 5n (rms)

» damping of HOM’s by using the‘lossy iris”
concept [4]

Ay* = ALTOL )
where L is the distance betwesvo points along the
linac and T the timeFrom measurements of orbit
motion in HERA [7] we obtain A=10" m/s as a
conservative uppelimit. Starting with an ideal
machine without alignment errors, teeolution of
emittance dilution with time is determined. We find
an emittance growth of 6% after 25 min. This means
that after finding a “golden orbit” withthe WF-
method, an orbit correction which steers theam
_ back tothis “golden orbit” has to be appliegvery

For the reduced bunch charge, the longitudinalasmin. in order to limit the additional emittance
wakefield [5] is sufficient to provid8NS damping dilution to an average of 3%.
so that an rf_-phase of zero deg., i.e. on-crest The effect of diffusivground motion on the WF-
acceleration, is chosen. The correlated energy spreagyrection methodhasalso been studied. Sintkis
in the bunch is 0.35% in thase, about a factor of  hethod is based ameasuringdifference orbits after
two smallerthan in theprevious designThus the  changing quadrupole strengths, which will require a
parameter change is also beneficiaf reducing  certain amount of time, ground motion has the
chromatic ~emittance  dilution  from  spurious potential to spoil the measurement. We fihdt the
dispersion. At the injectiorenergy of 3GeV, an {ime required fottaking thedifference orbits should
additional uncorrelated energy spread of 1% is taken,gt exceed 100s to avoigsignificant emittance

into account. The bunch-to-bunehergy spread can  y;jution with the WE-method (see fig. 2).
be kept smallethan thesingle bunch energy spread

by suitable beam-loading compensation id is

Emittance vs. Measurement Time

neglected here. 0.5
The simulation is performefbr different values of 047
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tolerances, which, in case of structure alignment, are
morethan afactor of tworelaxed compared to the

quality factor )
older version of the S-band parameters. In the

Fig.1: Simulation results for the vertical beam emittance studies presented here, empirical minimization of
(normalized by the design emittance) at the end of the S- emittance dilution by using orbit bumgsommon
band linac as a function of HOM quality factors. praxis at theSLC) is notyetincluded. Thisprovides
an additional safety margin in the S-band design.
Further computer simulations concerning the
issue oflong-term beam stabilitynder the influence
of ground motionwere performed. We assume an
uncorrelated diffusiveground motion according to
the ATL-rule:
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It hasbeen showrthat with thenew parameter
set for SBLC, ahigherluminosity and at thesame
time relaxed tolerances can be obtained. The impact
of the parameter modification on the overall design
has been studied and found acceptable.



