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Summary  Tbe Bril asd iecond order opties for the dasmp-
ing ring to linac transpott line are desigaed to preserve the
damped trausverse emittance while simulianeously compressing
the buih length of the beam to that length required for reinjec-
tion into the linse. This demp. including provisions for futyre
¢conirol of beam polarization, ia described.

Intsoductios  The SLAC linesr collider will require electron
.ponlm beams of vesy small transverse emittance (1.2 X
6~5 x radisgvmeters), after cooling in the Junping ring. The
tnnspmt of these beams will require beam lines (il aze fully
comrected 10 second.ordes. Heze we deseribe the damplog sing
to linae (RTL) transport line, the first of sych corrected SLC
beam lnes. Figure 1 is a plan view of the SLC damping ring
system showing the tratsport line sad its relationship to other
components of the systeem,
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The design parametens for the SLC damping ring {DR) have
been deseribed eluwhen' Thoee parameters important to the
descziption of the RTL trazaport line are listed in Table 1 and
‘were taken a8 gived input conditions for the transport line. At
the cutput of the transpott line it isimportant to have control of
the bunch lvugth to reduce both the transverss emitisnce growth
sod the energy spread due to tramverse and Logitedinel wake
fields a2 the particle bunches wre sccelerated through the linne.
A deficate balapee must be maitained to micimire theee effects
nnumwmmmdmmm
bunch length while the opposite is true for the snergy spread.
Caleulation of the effects of these ficlds? have shown that sa rms
bunch leagth on the order of 1.9 mm is suitable for the sceel-
enation of $ X 1017 particles/bunch. To assure that adequste
control of this ean be provided the cholce was made
to design the RTL besm Bue snch that of the 88
mm rms DR bunch leagth {0 & minimum rme leagth of 0.6 mm
will be achieved,
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Table 1. Damping Rimg Parameters
131 GeV

Energy
Equilibrium emittance

0.0 X 10~ x radm
Extracted beam emittanee 1.2 X 107 7 sad-m
Equilibrium related energy spread 3.‘ %1
Equilibrjum buneh Jongth 59 om

Compression  The bunch laltln eo.  yestion in RTL is ne-
mmplislwl by St pamsing the particle . clves through an S-
band accelerating section at 0° eentral phmagkilnmdmely
after extvaetion from the damping ring. 'I'humwm
duces & correlation between the position ¢° & particie kn the
bunech aad its energy (see Fig. 9s) Comy :ssion then occers
due (o energy dependent path length differences proportionsl to
the momentum compaction factor o (sea Fig. $b).
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It ¢an be seen fom Fig. 2a that the the required
wndmhmnmudbuﬁhﬂ.?: aeatly de-

Bued by the dumping ring energy spresd §0) llll the
rms bonch length 41) of 0.6 mm after compre

the energy spread ltthnddm-mbolmab!lmﬁ
[si0)/213)] t[o) 25 0.000. The rxquirsd peak acoelesating voltage
Vr thea follows from LOF = (Vrp /Eg)tln(ll‘l(ﬂ)/ ) where
Ep iy the ring operating enr'rgy of 1210 MéV snd A I8 the 5
band wavelength of 9.105 m. Thus Var ls ~ 30 MsV which h
practice can be essily suppiied hy a single $-meter disc loaded
wavegnide identieal ¢0 thoue used in the Knse. The momestum
compaction Facter given by 2{1)/E5(0) == & 8¢ 1/v% cc8 be weed
to estimate thet the RIL should epan approximately two beta-
tron

Optical Desiga  Tae RTL transport line will be required
to have an energy acceplance greater thad 22H1). Forsuch o
large energy spread esntrol of chromatie sberrations becomes
& primary mwn The couacept of tke second-order maguetic
optieal schromat® wia used as a design guide though strict ad-
h:rnubmwxnelphmpmhdedbmdth aeed to
B the transport line into an existing linae housing. The the-
oretical of the second order achromat are described
*um‘m“mmmmwmmw
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terized by a transformation matrix equal to the identity matrix.
Stage one consists of four identical cells, each coll containing
two bending magnets, iwo quadrupoles sad two sextupoles. The
strength of the two quadrupoles and iwo drift distances are de-
termined by the constraint that the overall transformation be
the identity with a total pbase shift of 2x. Then, since there
are four identical cells the second-order geometric terms vanish
due to symmetry, And, as shown by K. Brown, all seeond-order
chromatic terms can be removed by properly setting the strength
of the two sextupoles.

Stage two is not so neatly characterized, The placement of
the bending magoets in this stage is dominated by the geometry
of the RTL tunnel and the linae bousing. With needed reverse
bends and vertical as well as horizonta) bends n-fold symmetry
could not be maintained for # > 2. Justead the stage is com-
posed of two ideuticel “cells” giving “balf wave symmetry.” All
components in this stage, ineluding those specisl magnets used
to re-inject into the linae are imaged by the negative of the ides-
tity matrix onto sy identica) component in the other “cell,” a3-
suring that overall dispersion and second-order geometric aber-
rations vanish. Thus stage two conaists of six independent pairs
of bend magnets, five independent pairs of quadrupoles and four
independent pair of sextupoles.

Another unusus! feature of stage two ean be observed in
Fig. 3. 1t will be noted that the first balf of this stage bas been
split and stage ove has been inserted, & maneuver that was made
possible by the stage one transformation being the Identity. This
“pested achromat™ was introduced to take advantage of the large
borizobtal bend augle in the first two bending magnets of stage
two to obtain a practieal fit to the existing bousing.

Witk the bend magnet sirengths thes constrained by the ge-
omelry, six parameters, samely four of the quadropole strengths
aud two pairs of intervening are determined by the con-

periodic 4-function ia the nested stage one, providing » amooth
buwch length compression in this section.

.,
.

Matching the Linae Lattice  Figures 4 thru 4c lllustrate
the resulting machine functions atter completion of the first o~
der fitting described above and s match has been made to the
linac lattice. This latter matching is achieved by insertiog four
quadrupoles between the damping ring extraction optics and the
upstream end of the compressor waveguide. These quadrupoles
are used to mateh to the desired linae Iattice at the beginning
of the two achromats just downstream of the compressor waveg-
uide where there is st identical image of the linsc entry polnt.
Second-order eflects in the region before the compressor wave-
guide are negligible because of the small momentum spread of
the extracted beam.

Second Order Correction in Stage Two  The mixture of
horizontsl and vestical bends in stage two results in mixed 2,y
dispersion at the sextupole sites, In order to avoid the introdue-
tion of cross-plane chromatic aberrations, this means that the
four sextupole pairs must be rotated axially with respeet to the
beam coordinate system. That was done in conjunction with
variation of the strengths of the four sextupole paim to zero the
Top i = 1,2,3,4 and the Ty, ¥ == 1,2, § == 3, 4, clements of

the second order transfer matrix,

It was found empitically that the foregoing prescription re-
duced pl] chromatic sberrations in stage two to invignificant Jav.
¢bs. It may not, however, be generally spplicable because we are
ot dealing with s theors’ically pesfect second-order schromat.

Bunch Lengths  The progremive compression of a bunch as
it moves tkrough the RTL beam line is skown in Fig. 55. Most of
the compression oceurs relatively smootbly in stege one. There
is some unwanted but unavoidable Buctustion of the length of
the fully compressed bunch in etage two. Figure 5b shows the
correlation of the bunch Jength a2d the momentum spresd 2o
given by the ryg correlation term of the TRANSPORT sigma
mairiz. The locations in the second stage whers this term i
less than xero corresponds to oves-compression. At the poiat of
injectiot: into the linae this tezm is equal (o 3er0 as intended.
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! Buach Lengthening Effects  Figure 22 sod 3 indicate a
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Fig. 5. (») Punck leogib vs. a (m) for Vi == 33 MaV; fuc!
rms length is 0.5 mm. (b) rag{e —4§ correiation) vs. s {m).

center is alio introduced by the second order momentum dee
pendent g;tb leugth differences. Both these effects have been
examined® for this design and can be adequately compenseted
by trimming the compressar waveguide voltage and phase angle.

Coherent bunch bengthening due 1o the longitudinal wake
field of the bonch bas ulso been exarained and shown to be meg-
ligible.
Spin Polarisation of the Electron Bears  Itisexpected that
a0 electron beam from o polarized source will be injscted izto
the DR with trabaverse spin polarization purpendicular to the
plane of the DR. One of the design goals for the RTL slectron
beam is to be able to rotate the spin polarizatios Lo say arbitrary
direction.® This will be done with the aid of suitably dispored
solenoid magoets, 1n order to avoid disruption of the basie op-
ties of the RTL beam, sclencids can only be located in places
where theze is no dispersion and wheze the beam §s “yound.”
Two soletiolds are needed, sad for srhitrary costrol the spla
precession angle in the RTL-beads between thein should be an
odd multiple of 90°, There are 2aly two possible locations whick
satisfy these criteris, one just before entry into the achromats
and the other just after reinfeetion inte the Ense. The spin pre-
ceasion angle in the intervening besm line, the whole RTL, beam,
is almost exactly 270° st 1.3 GeV.
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