
SLAC R&D TOWARD A TEV LINEAR COLLIDER* 

P. B. WILSON 

Stanford Linear Accelerator Center, Stanford University, Stanford. California !JJ309 

INTRODUCTION 

. At C~RN, KEK, Novosibirsk and SLAC, serious thought 
IS bemg glVen to the design of linear colliders in the 0.5-2.0 
TeV center-of-mass energy range. This paper reviews current 
progress at SLAC toward the design of such a collider. No at­
tempt is made here to summarize ongoing work at the other 
laboratories. However, research on linear colliders is clearly 
an international effort, and success at SLAC will be greatly 
expedited by communication and cooperation with other labo­
ratories in the U.S. and abroad. In addition to major programs 
at the laboratories mentioned above, contributions relevant to 
linear collider desigll are being made at DES Y, LAL (Orsay). 
LBL, LLNL and elsewhere. . 

In late 1986, SLAC director Burton HichLer convened two 
committees to look at particle physics and accelerator tech­
nology issues for a future linear collider with a center-of-mass 
energy in the range 0.5-1.0 TeV. The lower bound represents a 
reasonable minimum next step in energy beyond LEP II. The 
upper bound represents a guess for a maximum reasonable step 
from the SLC to a future collider. It is also an energy that can 
be reached by a machine that would fit on a Stanford site, if an 
energy gradient on the order of 180 J\leV 1m can be achieved. 

. The work of the physics committee, chaired by M. E. Pe­
skm, has been completed; the conclusions are presented in Ref. l. 
Although the committee did not find an iron-clad argument 
that 1 TeV center-of-mass would necessarily suffice to uncover 
the next scale of physics, they did 'find compelling the idea 
that the decade or so in energy above 100 GeV contains a new 
sector of physical forc~s waiting to be discovered. ,1 Concerning 
lummoslty, the commIttee concluded that at 1 TeV it should 
be 'in excess of 1033 cm- 2 sec-I.' A fractional beamstrahlung 
energy loss of 5 = 0.26 was found to be acceptable. It was 
found, ill fact, that the beamstrahlung loss is not a particu­
larly sensitive parameter. The committee concluded that it is 
of central import~nce to obtain the highest possible luminosity, 
and that lumllloslty should not be traded awav to reduce the 
heamstrahlung loss. ". 

The accelerator committee, chaired by J. M. Paterson, has 
not issued it formal report because the work is still in progress. 
1\lore precisely, it is just beginning at a serious level. Sev­
eral years of work at this level will be required to produce 
a dcta.ileJ design for it TeV colliJer. In addition to theOI'eti­
cal work, prototypes for a number of systems or components 
must he built and tested. In order to produce a credible de­
sign, an rf source must be demonstrated which is acceptable 
Oil the basis of both performance and cost. Prototypes must 
also be (es(ed for the high gradient accelerating structure, for 
t lie elelllents of a final focus system for sub micron sized beams. 
and for IWillll diagnostic instrumentation. The R&D program is 
plilnlled and coordinated by the Accelerator Theory and Special 
Projects DepilrtlTlcnt ,tt SLAC, led by J. M. Paterson. The goal 
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of this program is to produce a detailed design proposal for a 
TeV Linear Collider (TLC) by the early 1990's. 

PARAMETERS 

It has been often noted that the parameters for a linear 
collider are interrelated by a complex web of theoretical and 
practical constraints. Palmer2 has emphasized this interdepen­
dence of collider parameters, and has put the design relation­
shIps anJ known constraints into analytic form. :\ computer 
program·3 then solves these expressions to obtain a consist ent 
set of collider parameters. It is important to note that these 
design expressions arc in many cases only approximate. De­
tai!cJ design st udies lIlust still be carried out for each major 
subsystem, for example the damping ring and final focus. ?-Jev­
crtheless, the results of this program at least direct us to t 1](' 
right neighborhood in a highly complex parameter space, and 
also are helpful in determining the scaling of output parameters 
lor perturbations in the input data. 

The principle interaction point (IP) parameters for a recent 4 

TLC design are given in Table 1. Dclails of the expressions used 
and any approximations made are discllssed in Ref. :2. Note (hat 
tliis design assumes flat beams with an aspect ratio of H = n·t 
crossing at an angle Oc = 3.9 x 10-:1. The luminositv is reduced 
in this case by a factor of 0.78 below that for hc:acl-on colli­
siollS. As desired by thf' Physics Committee, the luminosih' is 
indeed 'in f'HeSS of 10:13 cm-2 sec-I.' 13y designing for a higher 
luminosity, the hope is that 10-:13 cm-2 sec- 1 can be reached 
in a reasonable time after turn-on with the capahility to ap­
proach the design luminosity with time. In addition, Palmer's 
design program now includes several "dilution fadors," which 
take into account the possibility of transverse emittance growth 
l~l the main linac, particle loss between the damping ring and 
fill ill locus, degradation in the betas of the fmaUocus optics, 
,mel longitudinal emittance growth due to bunch lengthcning in 
the damping ring and to phase-space distortions during buncll 
compression. The dilution factors are listed in Table II. "Jote 
that the undiluted luminosity would he nearlv 3 x [oj·! CIll- 2 

sec-I. . . 

The design in Table II is based Oil all acceleratiug gr'Hli­
ellt of 186 J\lV 1m. For this gradient, the corrected linac lell ot II 
(both Iinacs) would need to be only 5.1 k111 to reach I Te\'. II;7w­
ever, a number of factors serve to increase t.his length. First, 
space must be added for the focusing quadrupolcs. Allowing 
5'7.) for this purpose gi\'es a length factor .f = I.OS. Sccoll(l. 
the hunches run 6.6 0 off crest in this design (f = 1.01). Third, 
the energy spread needed for 13NS damping Illust be rClllo\'cd 
by an additional length of Iinac in which the hunchcs I'Iln at 
the zero (Tossing of the rf (f = I.OS). And finally, to COIll­
pensate for t.he beam loading between the head ,111<1 tIl(' tail 
of the multibunch train (each hUllch removes :2.;)';<, of t 1](' ('U­

ergy stored in the linac structure), an additional length factor 
f = 1.15 is necessary. The to(;ll Ieugt.h f,lctor is I.:U. gi\'­
ing a corrected !iuac length of 7.1 kill. To tllis Illiist he ,Hided 
a final focus s~'stel1l (:2 x :lOO Ill) for ,1U o\'(Tall lllilchillC' lcn!',t Ii uf 
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7.7 km. A reasonable layout for a machine of this length, but 
not much longer, can be made on a Stanford site. 

Table I. Principle IP parameters for the TLC. 

Center-of-mass Energy (TeV) 

Luminosity (cm-2 sec-I) 

Vertical Beam Size a; (m) 

Horizontal Beam Size a; (m) 

Aspect Ratio R 

Vertical Beta /3; (m) 

Horizontal Beta /3; (m) 

Particles per Bunch N 

Bunch Length a; (m) 

Crossing Angle a c 

Disruption Parameters Dy, Dx 

Disruption EnhanceIllcnt II Dy, H Dx 

QuantuIll Parameter Y 

Quantum Heduction Factor lIT 

Beamstrahlung Parameter Ii 

Number of Bunches Nb 

Bunch Repetition Rate fb (Hz) 

RF Pulse Repetition Rate fT (Hz) 

1.0 

6 X 1033 

2.9 X 10-9 

3.9 X 10-7 

134 

1.1 X 10-4 

2.7 X 10-2 

1.,1 X 1010 

70 X 10-6 

3.9 X 10-3 

5.0, 0.01 

1.56, 1.00 

0.47 

0.30 

0.11 

10 

3600 

360 

Table II. Dilution factors for design of Table I. 

Dilution Luminosity 
Factor Reduction 

Transverse Emittance Growth 2.8 0.60 

Final Focus /1;, /3; ( 1.2)2 0.83 

Particle Loss, DR to Linac 1/1.2 0.69 

Particle Loss, Linac 1/1.2 0.69 

Longitudina.i Emittance Crowth 1.40 0.93 

Total luminosity reduction 0.22 

The choice of an rf frequency enters into the collider design 
expressions in a number of importa.nt ways.2 ThC're is no prC'cist' 
analytic solution to the question of the optimum rf frC'quency. 
The hest that can be done is to calculate consistent designs OI'('r 
a range of frequellciC's, then chC'ck C'ach design for weaknesses 
and difficulties with respect to tolerance requiremcnts, etc. The 
most viahk design, the design wit.h the fC'west minuses, givcs 
tIl(' optimulll. \Vhen this procedure is carried out for a collider 
wit h the cllergy, luminosity, and accelerating gradiC'nt proposed 
hel'(" and illlJlosing also a limit on wall plug power of 200 1\JW, 
it is found that 10 Cllz seems to be on the low sidC', 30 Cllz 
definitely on the high side, and the optimum somewhere ill be­
twcen. t\ wavclcngth of 1.75 cm (a frequency six times SLAC's) 
is chosen for t\l(' design presented I]('re. Choosing an iris aper­
ture in j he accelcra t.ing st ruct ure which is reasonably large to 
reduce wakcfield effeels (again, t.his represents a "soft" opti­
lIlization), \\T ohtain t Ii(' rf parallJ('jC'rs listed in Tahk III. 

Table III. RF paramE'ters for TLC. 

IlF Frequency 

Iris Hole Radius 

17.14 GHz 

3.50 mm 

Group Velocity 0.082 c 

Attenuation Parameter T 0.60 

Elastance per Meter 1.74 x lOIS ohms/sec/m 

Filling Time 60 ns 

Length per Feed 1.6 m 

Accelerating Gradient 186 1\IV /m 

Peak Surface Field/ Acce!. gradient 2 .. 5 

Pulse Repetition Rate 360 lIz 

Peak HF Power/m .586 MW /m 

Ave. RF Power/m 12.6 KW /m 

The peak power requirement of 586 l\1\V /m (or 937 1\IW / 
feed) is going to be very difficult to Illeet at this rf frequency. 
The relativistic klystron, to be discussed later, has been sug­
gested as a source that is capable of generating a peak power 
on the order of se\'l'ral gigawatts at a pulse length equal to the 
filling time (60 ns) of the accelerating structure. Another possi­
bility is rf pulse compression. Assuming comprC'ssion by a factor 
of eight at 85<;; efficiency, all rf source at 17 GlIz is required 
which produces a peak power of 86 1\IW /m (or 138 1\IW /fccd) 
at a pulse length of 180 ns. The act ivC' length of structure which 
must be supplied by rf power is 6.7.5 km, giving a total of 4220 
f('eds. TIl(' production of the required rf power at a reasonable 
cost is clearly onC' of t hc most difficult technological issues to 
be resolved. 

The difficulty and cost of producing rf power for the TLC 
has lC'd to the concept of an ILC (Intermediate Linear Collidcr). 
For til(' ILC, thC' length is kept t hc same, but the energy is 
reduced to 0.:) TeV center-of-mass and the accelerilting gradient 
t.o 93 1\!V /m. The number of rf sonrces, or the ))('ak power 
per source, can be reduced hy a factor of four. It is probable 
that the ILC is also closer to an opt imum design hased on an 
eqllali%ation of t he power relatC'd and length rC'lated costs. The 
II' paramcters for tbe ILC are givC'1l in Table IV. 

In the following sections a brief overview is given of t he on­
going R&D at SLAC on the various collidn' subsystclllS .. -\n 
attempt is marIe to give a fairly complete list of references to 
\wrk recently published or soon to 1)(' puhlished. 'I'll<' reader is 
referred to these references for details. 

DAMPING RINGS 

Table V give some parameters for a damping ring design cal­
culated by Ilaubenhcilller et al s This design combines FODO 
cells with six insertions. Four insertion;; are used for wiggl,'rs 
with a total 1C'l1gth of 22 111. Tbe ring contains tell balches of 
ten hunches each. One batch is kickcd out eH'ry 1 j:lriO sec­
ond, after sevcn damping times in the ring. It is calclil;ltedb.i 
that the coupling can he rcdllcC'd to gi vt' an Cllli t t ance ratio 
f llx /t n y ::::; 100. 

Bunch lengthening imposes a S('\'ere limit Oil tbe allowahle 
impedance for a damping ring. Bunch lengthening has 1)('('11 

lI1C'asurC'cl~ and til(' longitudinal illlpeclancc ca!culatcd!l.11I for 
the presC'Ilt SLC damping ring. Thc ;:/11 at low frequellCies is 
::::; 2-:3 ohms for thC' SLC ring. This must 1)(' reduced hI' ;111 

order of rna.gnitude to meet the requirclllents of the desigll ill 
Table V. l\!ultibul1ch insLlhilities in til<' dalllPing rill;', Ilit\e ill,,) 
heen considered. 11 
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Table IV. Principle IP parameters for the ILC. 

Center-of-mass Energy (TeV) 

Luminosity (cm- 2 sec-I) 

Vertical Beam Size u; (m) 

Horizontal Beam Size u; (m) 

Aspect Ratio R 

Vertical Beta 13; (m) 

Horizontal Beta 13; (m) 

Particles per Bunch N 

Bunch Length u; (m) 

Crossing Angle U c 

Disruption Parameters Dy , Dx 

Disruption Enhancement H Dy, H Dx 

Quantum Parameter 1 

Quantum Reduction Factor Hy 

Beamstrahlung Parameter {j 

Number of Bunches Nb 

Bunch Repetition Rate !b (Hz) 

RF Pulse Repetition Rate IT (Hz) 

0.5 

1.1 X 1033 

3.0 X 10-9 

4.4 X 10-7 

149 

8.1 x 10-5 

2.2 X 10-2 

6.9 X 109 

65 X 10-6 

5.5 X 10-3 

3.9, 0.03 

1.41, 1.00 

0.11 

0.58 

0.021 

10 

3600 

360 

Table V. Damping ring parameters for the 
design of Raubenheimer et al. 5 

Energy 

Circumference 

l'vlomentum Compaction 

Tunes 

RF Frequency 

Damping Times with 

vVigglers on 

Repetition Rate 

Current 

Emittance 

Energy Spread 

Natural Bunch Length 

1.8 GeV 

15.5 m 

0.00120 

Vx = 24.37, Vy = 11.27 

1.43 GHz 

Tx = 2.50 ms 

Ty = 3.98 ms 

360 lIz 

100 bunches of 2 x 10 10 

Enx = 2.7 X 10-6 m 

,5.2 mm 

MAIN LINAC 

Structure 

The stl'llcture assullled for the design in Table III is a con­
\'entional 27r j:1 mode, constant impedance disk loaded structure 
with a sOlllewhat larger disk aperture radius to wavelength ra­
tio ((lj~\) than the presellt SLAt: stl'llctlll'e. Z. D. Farkas l2 

hilS obtained useful expressions for the important structure pa­
rameters (group velocity, elastance, peak surface field to gra­
dient ratio and time constant 2Qjw) for such a structme as a 
function of aj,\. Howe\'er, as we will sec in the next section, 
the tranS\'erse (deOect ing) modes and t he higher longitudinal 
modes mllst 1)(' st rongl~' damped if a train of bunches is to he 

accelerated without excessive growth in transverse emittance 
or energy spread. Pahner I3 ,J.l has proposed a structure design 
with slotted disks to damp these modes without substantially 
affecting the accelerating mode. A working grouplS at SLAC 
is looking into the theoretical and practical problems for this 
structure. Model tests at 2856 l\IHz are being compared with 
calculations using the MAFIA family of 3D codes. A few cells 
of structure at this frequency will be tested at high power to 
determine the high gradient behavior. Engineering design stud­
ies and manufacturing feasibility studies are in progress for a 
17 GHz prototype. 

A recent paper by G. Loew and J. \Vang l6 gives a com­
prehensive summary of rf breakdown studies made to date. 
Reasonable models for the physical processes taking place near 
breakdown are also presented. The peak surface field that can 
be attained as a function of frequency for rf pulses on the order 

of 1-2 flS is given by Es(l\lVjm) ;:::; 195 [J(GHz)]1/2. For the 
rf structure parameters in Table III, this implies a maximulll 
accelerating gradient of 320 l\lV jm at 17.1 GHz. The proper 
scaling with pulse length is not well understood, but the maxi­
mum gradient at 60 ns should be considerably higher, probably 
in excess of 500 1\IV jm. 

RF Power Sources 

U sing the 1.2 :'I!\'. I kA beam from the SI\OWTHO;-.J linear 
induction accelerator at LLI\L, a series of experiments have 
been carried out with the goal of producing hundreds of Illcga­
wat ts of peak I f power at a frequency on the order of 10 GHz alld 
a pulse length OIl the order of .50 ns. The current status of these 
"relativistic klystron" experiments is sUl1nnarized in Her. 17, 
and by n. Miller at t11is conference. ls To date a peak power of 
200 1\1\\1 has been attained at 11.4 GHz, although the flat top 
of the rf output pulse was very short. Hecent experinwIlts I8 

have shown that one source of this pulse shortening, analllalolls 
beam loading in the rf cavities, can be cured by redllcillg the 
magnetic focusing field in the lleighborilOod of the cavities using 
appropriiltely pla.ced ferromagnclic shielding. Transient effects 
are also important in determining the rf output pulse shape. 
These effects ha\'e been analyzed using a code developed by 
T. La\'ine ID 

The relativistic klystron achieves high power primarily by 
means of a very high beam voltage. An alternatiw' approach is 
to keep the beam voltage low (less than 500 k\') and increase 
the curreIlt either by means of many para.lIel round bea ll1S or 
by a shed beam. The first approach is taken by H. Palmer 
and fl. 1\!iller in their "cluster klystron"20 In this device 12G 
heams are arranged in it honeycomb pattern. At ·100 kV and 20 
.\ per beam, a total of 750 III\V of rf power is produced. The 
Iwrveance per beam is low (O.OS X lO-G) so that good efficiellcy 
can he expected (;:::; 75%). The sheet beam klystron 21 is an 
example of the second approach. A wiggin-focused sheet healll 
at 200 kV and 1 kA produced 100 1\1\\' of rf output POWcl' at 
11.·1 GIlz from this device in a siIllulation using the cOlllpllter 
code MASh:. Other forllls of sheet beam devices arc possihl,> 
which can in prillciple produce 100 200 1\IW per dC\'icc in the 
10-17 GHz frequency range. 22 

The devices mentioned in the preceding paragraph exist as 
yet only on paper and are in addit ion somewhat exot ie. A 
project is underway at SLAC' t.o sec if a more-or-Iess CO!l\·ell· 
tiollal klystron call be built which will produce 100 'II\\, at 
11.4 GHz. 23 The tuhe operates at 110 k\' aIld uses a c01llhina' 
tion of electrostat.ic and magnetic heam cOlllpression to ilchi,,\·c 
a reasonable cathode loading. E. Epplcy24 has siIlllrlated the 
dynamics of this tube, and finds that an cflicienc,I' of J;l';( is 
pOiisiLIe with it douhle output ca\·ity. Diode ksts on the t ulH' 
should begin early in IDS!J. Eppley2.) has also iIm'stigated tlic 
gelleral prohleJll of self-consisteni SilllllLli iOlls for high pOl\'er 
klvstrons. 
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RF Pulse Compression 

RF sources which deliver a peak power less than 500 MW 
or so will need to be followed by rf pulse compression to meet 
the peak power requirement for the TLC. A scheme for rf pulse 
compression, the Binary Peak Power Multiplier (BPM), is un­
der development at SLAC. The principle of the BPM method 
is described in Ref. 26, and some low power measurements to 
test the basic theory are described in Ref. 27. 

Assembly of components for a true BPM prototype system 
operating at 11.4 GHz, which will compress 320 ns to 40 ns in 
three stages, is now underway. The experiment will test the 
insertion loss of components (couplers, delay lines, 1800 turn­
arounds and transitions), the overall power gain of the system, 
and effects due to dispersion and mode conversion. Initial mea­
surements at low power will be reported28 early next year. The 
expected compression efficiency is 80-85%, giving a peak power 
gain of 6.5-- 7.0. The next step will be to make the system vac­
uum tight so that it can be tested at high power, possibly using 
the 100 fvI\V klystron mentioned above which is now under de­
velopment. 

BEAM DYN AMICS 

Bunch Compression 

In order to reach the short bunches required at the final 
focus, starting with a bunch length 011 the order of 5 nun in thp 
damping ring, two stages of bunch compression are required. 
As in the SLC, a bunch compressor rotates the phase ellipse 
90 0 in phase space to reduce the bunch length at the expense 
of a larger energy spread. A typical scenario for the TLC is 
outlined in Table VI. The numbers arc approximate; for exam­
ple, the energy of the damping ring may well be closer to 1.5 
GeV rather than the 1.8 GeV for the design given in Table V. 
An attempt has been made to include the dilution factors men­
tion previously. Kheifets et al. 29 ha\-e worked out a preliminary 
design for such a compression system. 

Table VI. Bunch Compression in the TLC. 

Systelll Energy N a z 

(GeV) (mm) ap/p 

DalllPing Ring 1..5 ± 0.3 2 x 10 10 7.0' 1 X 10-3 

Compressor #1 1.5 1.7 x 10 10 ' 0.7 1.2 x 10-2' 

Preaccelcra tor 

(2.856 GIIz) 1.5 --t 15 1.7 x 10 10 0.7 1.2 x 10-3 

Compressor #2 15 1.7 x 10 10 0.07 1.4 x 10-2' 

l\lain Linac 

(17GBZ) 15 --t .500 H x 10 10 ' 0.07 5 x 10-4 

• Includes emittance dilution or particle loss. 

Single Bunch Beam Dynamics 

A nUlllber of deleterious effect which can lead to transverse 
cmittance growt.h in the main linac have been summarized by 
Huth]O These effects have been taken into account in deriving 
the parameters in Tablp I. 

In recent months a series of experimellts on the SLC ha\"{' 
showll that IlNS damping call significantly reduce the single 
bunch ('mittance growth due to transverse wakefields. The 
theory ilnd simulation results for the SLC will he reported by 
K. Ilan(,,'lJ and the llH'aSUrelllent results by S('elllall et al]~ 

Multibunch Dynamics 

In the TLC design envisioned here, a train of ten bunches 
spaced twelve wavelengths apart must be accelerated in the 
main linac. Long-range wake potentials can cause unacceptable 
growth in transverse emittance and energy spread between the 
first and last bunches in this train. If the wakefields in a given 
mode with wavelcngth .An are to decay by lie from one bunch 
to thc next, the Q of the mode must be less than 127r (.\0/ .An), 
where .Ao is the wavelength of the accelerating mode. A detailed 
analysis of transverse multi bunch emittance growth in linacs 
has been made by Thompson and Ruth.33 - 35 It is suggested 
that the Q of the lowest deflection mode be reduced to 20--:30 
to prevent undue emittance growth. 

In a train of Nb bunches, beam loading would ordinarily 
produce an energy difference between the first and last bunch on 
the order of 1]Nb/2, where 1] is the fraction of energy extracted 
per bunch. For the TLC this would be about 13%, certainly 
unacceptably large compar('d to the final focus requirement of 
a bout 3 x 10-3. By injecting the first bunch in the train before 
the accelerating structure has been filled with rf, this spread 
can be greatly reduced. Details of such an energy compensation 
scheme have been worked out by Huth J6 

Long range wakcfields from higher order longitudinal modes 
will a.lso contribute to the multibunch energy spread. Details 
remain to be worked (Jut; however, initial estimatcs 37 indicate 
that a Q on the order of 100 is acceptable for these modes. 

FINAL FOCUS AND BEAM-BEAM PHYSICS 
AT THE INTERACTION POINT 

Final Focus 

K. Oide37 has worked out the d('tailed optics for a flat-beam 
final focus system. In a recent dcsign,3~ he finds that for vcrtical 
and horizontal elllittances of 2.5 x lD-8 m and 2.5 x 10-GIll , a 
beam size on the order of 1 x 210 nm can be achieved. These 
parameters arc not '1uitc consistent with those for the TL(, 
design given in Table L but the analysis indicates that beam 
of the required size and aspect ratio can Iw produced at the 
interaction point by a carefully d('sigIH'd final-focus optics which 
have heen checked by tracking. In Oide's design, the length 
of the system is 2 x 300 Ill, the free II' space is 2 x 40 cm, 
the vertical half aperture of the final quadrupole is 0.2:3 llllll, 
and the momentum bandwidth is ±:3 x 10-] Oide also tak,'s 
synchrotron radiation into account in his design, and shows in 
fact that it imposes a serious lilllit on the focusing that can be 
itchieved 40 

Beam-Beam Physics 

Using K. Yokaya's beam-bealll simulatioll code ABEL, Chen 
and Yokaya 41 ,12 have studied the disruption effects in the colli­
sion of both round and fiat Iwams. The luminosity enhancement 
and the maximlllll disruption angles ene obtained as a function 
of both the disruption paranlf'tcr {) and an el1littance pill'alll­
cter :1 = a o /,I-1*. For flat beams with typical vailies of A, Ih,'}" 
find that the luminosity degrades least rapidly wil h offset if the 
disruption parameter is in the ritnge ])11 ~ 5--lD. 

Chen and 't·okaya4 :l,.J4 ha\"(' studied heal1lstrahluJlg effects, 
both ana.lytically and by simulatioll. \Ising a different thcoret­
ical approach, Drell and Blanckenh(,c1er45 ,4fi have also silidied 
quantum beamstrahlullg. Their results are in substantial agree­
ment with the usua 1 Sokolov -Temov forlllulation. Depolariza­
tion in the heam-beam collision has also heen considcred,n and 
found to be acccpt.a hie for the TLC' parallletcrs. 

A final interact ion region crfecl t ha t must 1)(' t a ken i III (J 
accoullt is the Illultiple hunch crossing instability.'18 In I his ef­
fect, the bUllches of one beam which arc iei\\"ing Ihe interilction 
point give I.ritllSVerSe kicks to the bunches of the opposillg; I)('anl 
which are still ITlO\·ing toward t he If'. The luminosilY will nol 
be degraded significantly if the constraint (:\"" -1 )f),f)y ::; 2 is 
fulfilled. 
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FIN AL FOCUS TEST FACILITY 

The present SLC is the most important test bed for future 
linear collideI' development at SLAC. Many aspects of the SLC 
provide invaluable experimental reference points for future col­
lider design, for example damping ring performance, linac beam 
dynamics, linac instrumentation and control, and final focus 
diagnostics. However, a facility separate from the SLC is still 
desireable which can contribute to future collider development 
in two critical areas: final focus ami beam instrumentation. To 
meet this need, a Final Focus Test Facility (FFTF) is being 
proposed at SLAC. A detailed design proposal for this facility, 
to be ready by the end of this year, is being prepared under the 
direction of D. L. Burke and J. 1\1. Paterson. 

The optics for the FFTF have been calculated by K. Oide.49 

The facility will be in the straight-ahead beam in the research 
yard at SLAC. The system is designed to handle flat beams 
with emittance ratios of 0.1 and 0.01, and a beam current of 1 
x 10 10 at 10 IIz. At the lowest vertical emittance (3 x 10-7 

m) values of (3; = 40 pm and 0"; = n nm are calculated. The 
facility will be used for tests on final-focus optics and optical 
corrections, and for beam instrumentation. 
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