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Introduction 

Over the past few years, several schemes for 
making significant increases in the energy of the SLAC beam 
have been proposed. Two of the proposals, namely the use 
of superconducting accelerating sections1 and recirculation 
of the beam for a second pass through the existing acceler­
ator,2 have been abandoned for technical and economic 
reasons after extensive investigation. An on-going method 
of gradually raising the beam energy is the development and 
installation of 30- and 40-MW klystrons by the SLAC Klys­
tron Group. It is clear, however, that the accelerator would 
have to be completely refitted with klystrons producing about 
100 M W in order that the present machine energy be approxi­
mately doubled. While such an approach is not inconceiv­
able,3 the realization of such klystrons and the modulators 
needed to drive them would require further years of develop­
ment and a high initial capital investment. 

Since the accelerator energy is determined by the peak 
RF input power, and since many experiments are not now 
limited by average beam power, it was felt that some method 
for enhancing peak RF power at the expense of RF pulse width 
might be the answer for increasing SLAC's energy without 
at the same time increasing the average input power con­
sumption. Standard pulse compression schemes were con­
sidered and rejected. One approach that seemed to hold 
promise, however, came as a result of our experience at 
SLAC with superconducting cavities. In the course of making 
measurements on superconducting cavities, it is a common 
observation that the power radiated from a cavity that is 
heavily overcoupled approaches four times the incident gen­
erator power immediately after the generator has been 
switched off. Normally this radiated power travels as a 
reverse wave back toward the generator. There are, 
however, several microwave networks which can direct this 
radiated power into an external load; for instance, two 
identical cavities attached to a 3-db coupler, as shown in 
Fig. 1. Using overcoupled cavities, we have in principle a 

FIG. 1--Schematic drawing of the SLED microwave network. 

power multiplier which can enhance peak power by up to a 
factor of four. This is accomplished, of course, at the 
expense of pulse width, since the radiated power decays 
away with a time constant given by the cavity filling time. A 
further development which enhances the viability of the SLED 
concept is the observation that if the RF source is reversed 
in phase rather than simply being switched off, the peak 

power can be increased by up to a factor of nine. How this 
comes about is described qualitatively in the following 
section. 

Qualitative Description of SLED 
In the case of the present SLAC accelerator, klystrons 

provide a 2.5 μsec RF output pulse which travels through a 
waveguide directly into the accelerating sections as indicated 
schematically at the top of Fig. 2. In the case of SLED, the 

FIG. 2--A comparison of the present SLAC and SLED 
RF systems. 

high-power waveguide system is broken near the klystron 
and the power divider/dual-cavity assembly shown sche­
matically in Fig. 1 is inserted. The cavities are assumed 
to be identical and tuned to resonance. After the RF pulse 
is turned on, the fields in the cavities build up and a wave of 
increasing amplitude is radiated from the coupling apertures 
of each cavity. The two emitted waves combine so as to add 
at the accelerator port of the 3-db coupler, while they can­
cel at the klystron port. In addition to the wave emitted 
from the cavities, a wave travels directly from the klystron 
to the accelerator. This direct wave, which is just the wave 
that would appear at the accelerator if both cavities were 
detuned, is opposite in phase to the combined emitted waves. 
If the cavities are overcoupled, the emitted wave grows in 
time to an amplitude which is larger than the direct wave. 
The net field at the input to the accelerator, which is the sum 
of the direct and emitted waves, then goes through a phase 
reversal as shown at the right-center of Fig. 2. One accel­
erator filling time (0.8 μsec) before the end of the RF pulse, 
the π phase shifter reverses the phase of the output wave 
from the klystron as shown by the waveform at the bottom of 
Fig. 2. Immediately after this phase reversal, the emitted 
and direct waves add in phase at the accelerator, since the 
emitted wave (which is proportional to the stored fields in the 
cavities) cannot change instantaneously. Therefore, when 
the klystron phase is reversed, the field at the input to the 
accelerator increases by two units (assigning one unit to the *Work supported by the U. S. Atomic Energy Commission. 
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direct wave, E K), since at any instant the load wave is the 
sum of the direct and emitted waves. Following the phase 
reversal, the fields in the cavities (and hence the emitted 
wave also) decrease rapidly as the cavities try to charge up 
to a new field level of opposite phase. The resultant wave 
at the accelerator decreases also, as is shown qualitatively 
in Fig. 2. At the end of the RF pulse, the direct wave goes 
to zero and the emitted wave only is present at the acceler­
ator. It then decays to zero with a time constant given by 
the cavity filling time. 

Theory 

In order to understand the theory of SLED in detail, it 
is helpful to consider the transient behavior of the reflected 
and stored fields for a single resonant cavity. As discussed 
previously, the field which would normally be reflected back 
toward the generator in the case of a single resonant cavity 
is directed into the load by means of the microwave network 
shown in Fig. 2. In analyzing the behavior of a single cavity, 
it is convenient to consider the net reflected field as the 
superposition of a wave E e emitted from the coupling aper­
ture, and a reverse wave EK which is equal in magnitude to 
the incident wave Ei from the generator (klystron), and 
which is reflected from the waveguide-cavity interface with 
a 180º-phase reversal. If at any instant the generator is 
turned off, the field traveling away from the cavity is equal 
to Ee, which in turn is proportional to the stored field inside 
the cavity at that time. If, on the other hand, at any instant 
the cavity could be emptied of stored energy (by, for exam­
ple, instantaneously detuning it) then the reverse wave 
traveling back toward the generator would be just EK. By 
conservation of power, 

P K= PL + Ρc + dWc/dt, 

where PK is the incident power, PL is the net reflected 
power (tie power delivered to the load in the case of the 
SLED network shown in Fig. 2), Pc is the power dissipated 
in the cavity and Wc is the energy stored in the cavity at 
time t. Using Pc = ωWc/Q0, together with the fact that 
power is proportional to the square of the field, (P = kE2), 
the above relation becomes 

E2k= (Ee
 + E K ) 2 + E2e/β+(2Q0/ωβ)EedEe/dt. 

A cavity coupling coefficient β has also been defined, such 
that kE2e = βPc. If at any instant the generator is turned off, 
β is given by the ratio of the power emitted from the coupling 
aperture to the power dissipated in the cavity walls. If we 
now introduce the cavity filling time Tc = 2QL/ω= 
2Q0/[ω(1 + β)], the preceding expression can be rearranged to 
give 

TcdEe/dt+Ee = - α E K , (1) 

where α = 2β/(1+β). 
Equation (1) can now be solved for the generator wave­

form EK shown at the top of Fig. 3. For convenience, we 
take E e to be initially positive, and since initially E e and ΕK  
must be opposite in phase, we take ΕK to be -1. At time t1 
the phase of the generator wave is reversed, and EK=+1. 
At time t2 the incident power is turned off. By solving 
Eq. (1), the following expressions for the emitted field in 
the three time intervals A, B and C shown in Fig. 3 are 
obtained: 

Εe(A) = -αe - τ+α; Εe1 = -αe - τ 1+α; (2a) 

Εe (B) = γ e- ( τ - τ 1 )-α; Εe2 = γe - ( τ 2 - τ 1 )-α; (2b) 

Εe (C) = Ee2e-(τ-τ2) (2c) 

FIG. 3--Direct wave E K, emitted wave Ee, and net load 
wave E L for SLED. 

where τ ≡ t/Tc, γ ≡ α(2 - e-τ1) and Ee1 and E e 2 are the 
values of Ee at t1 and t2. The variation in E e as a function 
of time is shown in Fig. 3 for the case β = 5, τ1 = 2 and 
τ2 = 2.4. The load waveform, given by E L = E K + Ee, is also 
shown in Fig. 3. The load fields are: 

EL (A) = Εe(A) - 1 = -αe-τ + (α - 1) (3a) 

EL(B) = Ee(B) + 1 = γe-(τ-τ
1
) - (α - 1) (3b) 

EL(C) = Ee(C) = [γe-(τ2-τ1) - α] e-(τ-τ2) (3c) 

The field on a traveling-wave constant-gradient accel­
erating section is given by E(z,t) = E[0,t- t(z)], where  
t(z) is the length of time it takes for a wave to propagate 

from the input of the structure to position z on the structure. 
For a constant-gradient structure, in which the group veloc­
ity varies linearly with z according to vg(z) = vg0(1-gz/L), 
the propagation time to position z is given by 

t(z) = 
Z dz = 

Z dz 
. 

t(z) = ∫ 
dz = ∫ 

dz 
. 

t(z) = ∫ vg(z) = ∫ vg0(1-gz/L) . 
t(z) = 

0 vg(z) = 0 vg0(1-gz/L) . 
Defining z' = z/L, where L is the length of the accelerating 
structure, and integrating the above expression, we obtain 

t(z') = Ta[ n(1-gz')/ m(1-g)] (4) 

where Τa = t(1) = (L/gvg0) n[1/(1-g)] is the filling time for 
the structure. The field E(z,t) along the structure is now 
obtained by substituting t-Ta[ n(1-gz')/ n(1-g)] for t in 
Eqs. (3). The result is: 

Ε(A) = -αe-τ f(z') + (α - 1) (5a) 
E(B) = γe-(τ-τ1) f(z') - (α - 1) (5b) 
E(C) = [γe-(τ2-τ1) - α] e-(τ-τ2) f(z') (5c) 

where f(z') = (1-gz')ν and ν = (Ta/Tc)[ n(1-g)]-1. 
In using these relations, the fact must be taken into 

account that there are discontinuities in the field along the 
accelerating structure corresponding to discontinuities at 

577 



times td=0, t1 and t2 in the field as a function of time at the 
input to the structure. In general, a field discontinuity will 
occur at a position z'd along the structure for a discontinuity 
at time td in the waveform at z=0, where 

z'd = (1/g) [1 - (1-g)(t'-t'd)] (6) 

This expression is obtained by solving Eq. (4) for z', 
defining also a normalized time by t'=t/Ta, and setting  
t = t -td. For example, in the time interval 0 < t< t1, the 

field is zero for z' > z'd, where z'd is obtained using t'd=0 
in Eq. (6). For z' < z'd, the field is given by Eq. (5a). 

The accelerating voltage is now obtained by integrating 
the field from z' = 0 to z' = 1, taking into account the location 
of the field discontinuities and using the appropriate fields 
given by Eqs. (5) up to and following each discontinuity. 
Thus the energy gain V for the interval t1 < t < t2 is given by 

V = 
z'd1 

E(B) dz' + 
1 

E(A) dz', V = ∫ E(B) dz' + ∫ E(A) dz', V = 
0 

E(B) dz' + 
z'd1 
E(A) dz', 

where z'd1 is given by Eq. (6) with t'd = t'1. The energy gain 
is by definition unity after one filling time for a direct wave 
E K = 1, which would be present with the cavities detuned. 
Since f(z') is common to all of the energy gain integrals, the 
calculation is simplified by defining 

F
1(z'd) = 

z'd 
f(z')dz' = [1 - (1-gz'd)1+ν][g(1+y)]-1 ; F

1(z'd) = ∫ f(z')dz' = [1 - (1-gz'd)1+ν][g(1+y)]-1 ; F
1(z'd) = 

0 
f(z')dz' = [1 - (1-gz'd)1+ν][g(1+y)]-1 ; 

F2(z'd) = 
1 
f(z')dz' = [(1-gz'd)1+ν -(1-g)1+ν][g(1+ν)]-1 F2(z'd) = ∫ f(z')dz' = [(1-gz'd)1+ν -(1-g)1+ν][g(1+ν)]-1 F2(z'd) = 

z'd 
f(z')dz' = [(1-gz'd)1+ν -(1-g)1+ν][g(1+ν)]-1 

Thus, during t1 < t < t2, 

V= γe-(τ-τ1) F1(z'd) - (α-1)z'd1 

- αe-τ F2(z'd) + (α-1)(1-z'd1) 

Similar expressions can be derived for time intervals A 
and C. A plot of the normalized energy gain as a function of 
time is given at the bottom of Fig. 3. The maximum energy 
is obtained after one filling time, by letting t = t1 + T a (or 
t' = t1+1) and z'd1 = 1. For this special case, 

V m a x ≡ M = γe -Ta/Tc[1 - (1-g)1+ν][g(1+v)]-1-(α-1) 
. (7) 

Further details of the SLED theory are given by Farkas4 
and Wilson.5 The effect of cascading several of the micro­
wave networks shown in Fig. 1 was calculated4 in the hope 
of obtaining flatter output pulses and perhaps still higher 
values for the energy multiplication factor. Somewhat 
flatter output pulses were predicted, but not higher multi­
plication factors in the examples investigated. The possi­
bility cannot be ruled out, however, that other more favor­
able configurations might be found. 

Choice of Parameters 
An analysis of Eq. (7) shows that the maximum energy 

gain M approaches 3 if β >> 1, Tc << Ta and t1 >> Tc. 
Since Tc(1+β) = 2Q0/ω, it is impossible to have both a large 
filling time and a large coupling coefficient unless the 

unloaded Q of the cavities can be made arbitrarily large. 
However, the unloaded Q of a practical room-temperature 
resonator is limited to about 105. The RF pulse length is 
also limited by practical considerations. The present pulse 
length, t2, of SLAC is 2.5 μsec. It is reasonable to consider 
doubling this pulse length to 5.0 μsec. Figure 4 shows the 

FIG. 4--Energy multiplication factor as a function of 
cavity coupling coefficient. 

energy multiplication factor as a function of the cavity cou­
pling coefficient for these two pulse lengths with Q0 = 105. It 
is seen that the energy gain is maximum for a coupling coef­
ficient in the range β = 4 to 5. Figure 5 shows the energy 
multiplication factor M as a function of unloaded Q for various 
values of RF pulse length, and Fig. 6 gives M as a function of 
pulse length for various values of Q0. The coupling coeffi­
cient has been optimized at each point on the curves in both 
figures to give the maximum energy gain. It is seen that the 
longer the pulse length and the higher the unloaded Q, the 
greater is the energy gain. 

As a result of a number of practical and economic con­
siderations, the parameters proposed for SLED are Q0 = 105, 
t2 = 5.0 µsec and β 4.5. The energy multiplication factor 
for these values is 1.78. Figure 7 shows the RF power out­
put from the SLED microwave network as a function of time 
for these parameters. The "pulse compression" effect of the 
SLED network is clearly seen. 

Beam Loading 
Figure 8 shows the unloaded relative energy gain as a 

function of time in the region of peak energy for the SLED 
parameters as chosen in the previous section. It is clear that 
the pulse length of a beam accelerated near peak energy will 
necessarily be short compared to the structure filling time. 
The unloaded energy is seen to be increasing as a function of 
time as peak energy is approached. By turning on the beam 
prior to reaching peak energy, the transient energy droop due 
to beam loading can be used to produce a rough compensation 
for the rising unloaded energy gain, resulting in a considerably 
tighter energy spectrum. For SLAC, the transient beam 
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FIG. 5--Energy multiplication factor as a function 
of unloaded Q. 

FIG. 6--Energy multiplication factor as a 
function of pulse width. 

loading voltage is given, to the accuracy required here, by 

vb(MV) = 35ip [2 t/Ta - ( t/Ta)2], 

where ip is in milliamperes and t is the time after the 
beam has been switched on. Figure 8 also shows the tran­
sient variation in the relative beam loading as a function of 
time for a maximum unloaded energy of 46 GeV and a peak 
current of 200 mA, assuming that the beam is switched on 
0.35 μsec before the peak energy is reached. The curve of 
the resultant beam energy shows that beam loading compen­
sation has reduced the variation in energy gain over this 
time interval from 10% to about 2½%. Table I gives the 

FIG. 7--Input power to and output power from the 
SLED microwave network as a function of 
time. 

FIG. 8--Unloaded energy gain, energy droop due 
to beam loading and resultant beam en­
ergy for a beam pulse length of 0.35 μsec. 

loaded energy V, the peak current ip, the average current 
iave and the energy spectrum width ΔV/V for various values 
of the beam pulse length Tb. For each value of Tb, the 
peak current has been chosen so that the beam energy is the 
same at the beginning and end of the pulse. The maximum 
unloaded energy is taken as 46 GeV, which would be obtained 
from the SLAC linac for an energy multiplication factor of 
1.78 and a klystron power of 30 MW. A repetition rate of 
180 pps has been assumed in computing the average current. 

By shaping the current pulse as a function of time, the 
energy spectrum widths can in principle be reduced con­
siderably below the values given in Table I for a constant 
pulse current. Likewise, by advancing the triggers to a 
fraction of the klystrons along the machine, the peak current 
for a given beam pulse length can be reduced below the 
values shown in Table I while still maintaining a tight energy 
spectrum. The peak pulse current for SLED will in practice 
be limited by beam breakup. For the present SLAC focusing 
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Table I 
SLED Beam Loading Characteristics (30 MW klystrons) 

Tb 
(μsec) 

V 
(GeV) 

iΡ  (mA) 
iave 
(μA) 

V/V 
(%) 

0 46.0 0 0 0 
0.10 45.8 31 0.6 0.15 
0.15 45.4 54 1.5 0.4 
0.20 44.8 80 2.9 0.7 
0.25 44.0 110 4.9 1.1 
0.30 43.0 143 7.7 1.7 
0.35 41.8 181 11.4 2.4 
0.40 40.3 224 16.2 3.3 

configuration and beam energy, beam breakup limits the 
peak current to 160 mA for a beam pulse length of 0.3 μsec.  
At a final energy of 40 GeV, a pulse current on the order of 
250 mA could be accelerated at this pulse length, assuming 
a reasonable increase in the strength of the focusing along 
the accelerator. 

In Table II, the parameters for the present SLAC accel­
erator and for SLED are summarized for a beam-loaded 

Table II 
Comparison of SLED and Present SLAC Parameters 

Present SLAC 
(30 MW klystrons) 

SLED 
(30 MW klystrons) 

SLED 
(40 MW klystrons) 

Unloaded Energy (GeV) 26 46 53 
Loaded £nergy (GeV) 23.5 41.5 48 
Repetition Rate (pps) 360 180 180 
RF Pulse Length (μsec) 2.5 5.0 5.0 
Beam Pulse Length (μsec) 1.6 0.36 0.36 
Average Current (μΑ) 40 12.5 14.5 
Peak Current (mA) 70 190 220 
Electrons per Pulae 7 × 1011 4.5 × 1011 5 × 1011 

Duty Cycle 6 × 10-4 6.5 × 10-5 6.5 × 10-5 

Energy Spread (%) ~ 1.0 < 1.0* < 1.0* 
Average Beam Power (kW) 950 520 700 

*Assumes current pulse shaping (e.g., 230 mA for the first half of the pulse, then 160 mA 
for the second half for the case of 30 MW klystrons). For constant peak current, estimated 
energy spread is 2.5%. 

energy 10% below the unloaded energy. Parameters for 
SLED are given for both 30 and 40 M W klystrons; at the 
time SLED becomes operational, the average peak klystron 
power per station is expected to lie between these limits. 

SLED Cavity Design 

As noted in the previous sections, cavities with Q0 on 
the order of 105 are needed to obtain a power multiplication 
factor high enough to be of interest. This Q0 can be obtained 
in copper cavities operating at or somewhat above 
room temperature if a higher-order resonant mode is 
employed. Considerations of cost, mechanical stability and 
frequency separation of competing modes make it desirable 
to choose the mode with the smallest cavity volume for a 
specified Q0. Modes which are members of the TE01n 
family have this desirable characteristic. The value n=5 
was chosen as optimum for our purposes. The ratio of 
diameter D to length L for the cavity remained to be deter­
mined. A value of D/L less than unity (which gives maxi­
mum Q0) was chosen on the basis of material availability. 

A smaller diameter also reduces the deformation of the 
end-plates due to atmospheric pressure loading. The exact 
ratio (D/L = 0.611) was selected to maximize frequency 
separation from competing modes. The TM115 mode, which 
is normally degenerate with the TE015 mode, was lowered 
approximately 24 MHz by cutting a circular groove at the 
outer diameter in one end-plate. This groove does not dis­
turb the TE015 mode field pattern or frequency. In sum­
mary, the selected parameters for the SLED prototype 
cavity are: 

Diameter = 20.51 cm 

Length = 33.59 cm 

*Q0 
= 1.08×105 

*Theoretical Q for copper at f0 = 2856 MHz 

The rate of change of frequency with temperature is 
-48 kHz/°C for copper construction. 

Preliminary analysis has indicated that a cavity tuning 
error of 10 degrees is acceptable. Assuming Q0= 10

5 and 
β = 5, the loaded Q is QL=1.6×104. Thus the cavity half-bandwidth, 
½BW, is approximately 90 kHz. If Δf is the 
difference between the driving frequency and the cavity 
resonant frequency, the cavity tuning angle is given by 
ψ = tan-1 [ f/(½BW)]. Thus, if ψ is to be limited to ±10 
degrees, Δf must not be greater than 16 kHz. From the 
tuning rate with temperature given above, this implies that 
the cavity temperature must be held constant to within 
1/3°C. The existing accelerator cooling water system holds 
temperature fluctuations to better than ±0.15°C, which 
would appear to be adequate. However, the RF power dis­
sipated inside each cavity, which is calculated to be about 
2 kW average for a 30 M W klystron source, will raise the 
metal temperature on the order of 1.4°C. This tempera­
ture change will shift the resonant frequency by 67 kHz and 
introduce a tuning error of 37 degrees. Although the cavi­
ties may be pre-tuned to 2856 MHz at the equilibrium 
temperature with the RF power on, there will still be a 
phase- and amplitude-drift period during warm-up following 
each RF shutdown. The severity of this problem will be 
gauged during prototype tests. The concept of a mechani­
cally temperature-compensated cavity has been suggested 
and will be tried if necessary. 

A cross-sectional drawing of the prototype assembly is 
shown in Fig. 9. The cavity cylinders are made from 
copper forgings, machined to 9.5 m m wall thickness. The 
inner surface finish is better than 0.15 microns (RMS). 
Water-cooling tubes are brazed on in pairs covering the 
five zones of maximum heat dissipation along each cylinder. 
The cavities are fine-tuned by distorting the thin-wall end-plate 
using a differential screw. The tuning range is 
approximately ±1 MHz. Coupling between the cavity and 
waveguide magnetic fields is achieved through circular 
apertures in the end-plates. A 2.77 cm diameter aperture 
in a 4.06 mm thick wall gives the desired β value for 
Q0=105. 

It is anticipated that there will be frequent need to run 
the accelerator in the present non-SLED mode; that is, with 
the flat-topped RF pulse from the klystron transmitted with­
out distortion to the accelerator. This can be done by 
detuning the SLED cavities, which then appear as short-circuits 
across two ports of the 3-db hybrid coupler. Under 
these conditions, the klystron pulse is transmitted through 
the SLED network without significant reflection or loss. 
The design requirements placed upon the detuner are quite 
severe. Primarily, when it is moved from the "detuned" to 
the "tuned" position, it must return the cavity to the same 
resonant frequency to within a few kilohertz. Also, in the 
"tuned" position, it must not degrade the cavity Q0 nor 
introduce any frequency modulation due to mechanical vibra­
tion. A prototype detuner has been designed which consists 
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FIG. 9--Assembly drawing of the prototype microwave network for SLED. 
of a stainless steel needle 1.52 m m in diameter inserted into 
the TE015 cavity through a 2.03 m m hole in the cavity wall. 
This hole enters the cavity on a current node and thus causes 
negligible perturbations of f0 and Q0. The needle enters at 
an angle such that when fully inserted, its tip reaches a 
circle of maximum azimuthal Ε field. In this way a detuning 
of 18 MHz, or approximately 100 bandwidths, is achieved. 
In its fully retracted position, the needle is decoupled by at 
least 90 db from the cavity fields and has no residual effect 
upon f0 and Q0. 

The SLED prototype assembly described above has per­
formed very well in low-power tests at room temperature. 
The "detuned" and "tuned" output waveforms follow very 
closely the "Power In" and "Power Out" curves, respectively, 
shown in Fig. 7. High-power tests into a matched load are 
presently in progress. In September of this year, the proto­
type cavity-hybrid unit will be installed as shown in Fig. 10 
on a klystron station near the accelerator injector to allow 
tests to be made with a beam. 

If SLED is to be a viable means for increasing the 
energy of the SLAC linac, it must be shown that the klystrons 
can operate satisfactorily at the 5.0 μsec RF pulse length 
and 180 pps repetition rate required. Initial tests at the 
longer pulse length indicate that the klystron fault rate is 
somewhat higher than is the case at the present 2.5 μsec  
pulse length, but there is no evidence that the klystrons will 
not operate satisfactorily under the SLED conditions. 

SLED Modes of Operation and Physics Possibilities 
Boosting the energy of the present SLAC accelerator 

into the 40- to 50-GeV range by means of SLED makes 
available a number of new operating modes for the machine 
and a corresponding variety of possibilities for the high 
energy physics program. The full exploitation of the SLED 
idea requires that all 245 high-power klystron stations be 
equipped with microwave cavity networks; new pulse-forming 
networks and pulse transformers must be added to the modu­
lators as well. The combination of these two features gives 

FIG. 10--Proposed installation of the SLED microwave 
network at a typical station in the Klystron 
Gallery. 
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a 5 μsec RF pulse at the output of each klystron and boosts 
its effective peak power from 30 to 100 MW. This enhance­
ment in peak power is achieved at the cost of reducing the 
repetition rate from 360 pps to 180 pps and the beam duty 
cycle by a factor of 10. The present plan is to make these 
modifications reversible. The cavity detuners which have 
been described above can be inserted in a fraction of a 
second. This results in a possible machine operating mode 
at the present energy (~23 GeV) but with a beam pulse 
length of 4.2 μsec, giving an improvement in duty cycle 
over present operation (at 360 pps) of over 30%. This mode 
of operation cannot be interlaced on a pulse-to-pulse basis 
with the SLED high-energy mode, but is obtainable after a 
short switch-over time. It will be used for phasing the 
machine, possibly for injection of 1.5 GeV electrons and 
positrons into SPEAR, and for ~20 GeV beams for experi­
ments such as LASS (Large Aperture Solenoidal Spectrom­
eter). An alternate method of obtaining low-energy beams 
might be to inject electrons on an early part of the energy 
gain waveform. Early injection will be made possible by 
not installing SLED cavities on the injector klystrons, 
thereby having a flat 5 μsec RF pulse available for capture. 
When the present mode of operation at 360 pps needs to be 
restored, this will be done by halving the lengths of the 
new pulse-forming networks in the modulators. The switch­
over might be done by remote control. Even if done manu­
ally, the operation should not take more than an hour or so 
for the entire machine. It is important to point out that 
none of these modes of operation require an increase in 
average power for the accelerator above the ~25 M W that is 
presently used. 

A full discussion of the physics possibilities opened by 
SLED is beyond the scope of this report. Only a few general 
remarks will be made here. It appears that End Station A 
would continue to be the main experimental center for elec­
tron scattering and photoproduction physics. In order to 
bend the 40- to 50-GeV beams into the Α-line, three out of 
the five 0.1° pulsed magnets at the apex of the beam switch­
yard (BSY) would be replaced by stronger magnets and 
power supplies. The eight 3° bending magnets which make 
up the 24° Α-bend would also be replaced by stronger 
magnets. The Α-beam dump magnets used for photon ex­
periments would be upgraded. What modifications would be 
made in the spectrometers is not yet clear. 

The main "ecological" change in the research yard 
would take place in the mix of experiments between End 
Stations Β (ESB) and C (ESC). For higher-energy RF-separated 
K± and antiproton beams, there is insufficient 
drift distance behind ESB in the Research Yard. For this 
reason, it has been proposed that the RF separators be 
moved to the present C-beam, which would be rebuilt with 
the target moved up by about 100 m. This change might 
eventually cause LASS and/or the bubble chamber to be 
moved to the C-beam. The K°-decay experiments in ESB 
may not require higher energies than at present (and there­
fore no modifications), but production experiments with K°'s 
may be exploitable. It is also possible that higher-energy 
primary e- or photon beams may be of interest to LASS in 
its present location (or in ESC). In any case, upgrading the 
12° B-line would be fairly inexpensive because one would 
simply add some of the 3° magnets available from the A-line. 
ESC, on the other hand, would be more drastically modi­
fied, but at relatively low cost since no large-angle bends 
would be involved. The proposed plan would be to create 
three independent channels by means of a magnetic slit 
located downstream of the present tune-up dump. The 
pulsed magnets at the apex of the BSY would aim the electron 
beam from the accelerator into any one of these three chan­
nels. The central beam would be charged (separated beams 
mentioned above), and the other two would be neutral. One 
of these neutral beams might consist of photons derived 
from the collision of electrons with a beam of photons from 
a laser or from coherent bremsstrahlung; it would be used 
by the streamer chamber. The other might be a K° beam. 

The present cost estimates for SLED (at FY 1974 rates, 
excluding project indirects, design and engineering, and 
contingency) break down roughly as follows: 

Microwave System $~1 M 
Modulator Modifications ~1.9 M 
Instrumentation and Control ~0.5 M 
Beam Switchyard Modifications~1.6 M 
Total $ 5.0 M 
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DISCUSSION 
Herbert Lengeler (CERN): How are you going to realize 
a cavity at room temperature with a Q value of 105? 
Farkas: We use a TE115 cavity which just happens to have 
a Q of 105. It's not very big, 8 inches in diameter and 13 
inches high. 
Helmut Herminghaus (Mainz): Couldn't you have rather 
severe mismatch during some part of the pulse and if so, 
how are the klystrons protected? 
Farkas: Yes, that is something we worry about. As I 
mentioned in the talk, the reasons for the 3DB hybrid is to 
take all the energy reflected from the cavities and channel 
it into the accelerator section. Another possibility of 
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DISCUSSION (cont'd) 
separating incident from reflected power at any place 
would be to use circulators which obviously is not pract¬ 
­­cal at these very high power levels. There is yet another 
possibility, using resonant rings, which poses other 
problems. 
Andrei Kolomensky (Lebedev Institute): You have three 
times less average current and you inject less current? 
Farkas: Right, we inject over a shorter time. 
Kolomensky: Why don't you use some current to excite 
the cavities? Put the total current at 40 mA and use some 
of it for excitation. 

Farkas: I don't know whether we can use that current. 
However, it might not be entirely useless. As a matter of 
fact, there is acceleration at other times than during the 
0.2 to 0.3 μs interval of peak acceleration and you might 
use current at those times for some other purpose. 
Raphael Littauer (Cornell): What is the estimated cost of 
the SLED project? 
Farkas: Five million dollars, about two for the cavities 
and network, another two for modifying the modulators, 
and about one million for instrumentation and control, in­
cluding the switchyard. 
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