
SUMMARY 
TESLA PARAMETERS AND COMPARISONS WORKING GROUP 

(GROUPS 1 AND 2) 

U. Amaldi, B. Aune, A. Facco, G. Fortuna, G. Krafft, H. Lengeler, P. Mantsch, J. Rosenzweig, 
R. Sundelin*, S. Tazzari, M. Tigner*, T. Wangler, R. Wanzenberg, and T. Weiland 

I. SUMMARY 

This combined working group decided to concentrate on the following subjects on the 
grounds that they are the most important parameter topics currently identified: 

II. The design formulary 
Ill. Examples of parameter lists using the design formulary 
IV. The proposed DESY test bed, including: 

A. Suggested goals, considering selected parameter lists 
B. Instrumentation needs for such a test bed 

V. Accelerator physics issues, including: 
A. QL needed for controlling the multi-bunch instability 

B. The energy spread needed with the selected QL 

C. Final focus needs 
D. Top factory service 

VI. Contributions to other groups, including: 
A. Cost 
B. RF distribution scheme 

VII. Frequency optimum 
VIII. Specific problems, including: 

A. Radiation pressure shock excitation of mechanical vibrations 
IX. Comparison to normal conducting approaches, with emphasis on the S-band approach 

proposed by the DESY-TH Darmstadt Collaboration. 

11. DESIGN FORMULARY 

At the First International TESLA Workshop at Cornell University, held July 23 - 26, 
1990, James Rosenzweig provided a spreadsheet program '(based on R. Palmer's review 
article) for evaluating the consequences of various parameter choices; this program was 
invaluable to the functioning of the Parameters Committee at that workshop. For the present 
workshop, Hasan Padamsee has re-written Rosenzweig's program in MATHCAD, added some 

.................................................................. 
Co-chairman 
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features, and made it available for use. The additional features include cost calculations, 
klystron optimization, calculation of alignment and vibration tolerances, and electromagnetic 
backgrounds as calculated by P. Chen. He has also developed a parameter set using this program, 
and made it available for discussion at the workshop. A report on this program and parameter 

lists developed using it are attached as Appendix I. 
Members of the Parameters Committee very briefly discussed the program, and it was 

adopted without modification. Should any users of this program detect any deficiencies, it is 
requested that they bring them to Hasan Padamsee's attention. 

Ill. EXAMPLES OF PARAMETER LISTS USING THE DESIGN FORMULARY 

One change which has evolved since the last workshop is emphasis on a center-of-mass 
energy of 0.5 TeV. This change has occurred largely to preserve direct comparability to normal 
conducting designs, which now emphasize 0.5 TeV as a design energy. 

In the examples discussed, it was noted by Ugo Amaldi that the power per meter among 
the various superconducting cases was not constant, unlike the examples considered at the 1990 
TESLA Workshop. The reason this is a concern is that it creates a requirement for the 
development of a number of different klystrons or different power distribution schemes. The 
reason for the change in the examples provided is that current plans (at DESY, for example) do 
not call for starting large scale construction until a gradient of 25 MV/m is reached, whereas 

previous plans had contemplated starting construction of lower energy accelerators (such as a 
top factory) at lower gradients. It was agreed, with the caveat that large scale construction not 
start until 25 MV/m is reached, that the present examples are sensible. 

It was also noted that the gradients and costs used in the examples are goals, not values 
which have been demonstrated. 

In the 1990 TESLA Workshop, the RF frequency was narrowed down to the 1 .5 to 3.0 
GHz range, based upon economics and beam dynamics questions. Since that time, DESY has 
adopted a frequency of 1.3 GHz, based upon the ready availability of power sources at that 

frequency. Unless someone develops a clever scheme for coupling more cells together in a single 

resonant structure without creating unacceptable trapped mode conditions, the cost optimum 
presumably lies near the bottom of the 1.5 to 3 GHz range. Accordingly, the working group 
accepted 1.3 GHz as a reasonable working value for the examples. 

Several other working groups suggested parameter changes: 
1. The cavity group suggested that the aperture be decreased from 4.6 cm to 3.3 cm. 

This would have the advantages of higher R/Q and lower Ep/Eacc, and the 

disadvantage of higher wakefields, both longitudinal and transverse. Unresolved 
questions were whether a single bunch transverse instability would occur, 
whether the increase in HOM power would be tolerable, whether the energy 

curvature due to the higher longitudinal wakefield would be acceptable, and 
whether the trapped mode situation is made better or worse by the change. 

2. It was noted that the assumption of 50% low temperature absorption of higher- 
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order-mode (HOM) power is probably overly pessimistic, and that 10% is 
likely to be a more reasonable number (which puts a premium on having good 
damping of longitudinal HOM's). The relatively high dissipation is caused by the 

high frequency components of the beam, since RsCS ?. It was noted that 

operating at a lower temperature would decrease the fraction of the HOM power 
dissipated in the liquid helium, and that this could be part of the temperature 
optimization. Aside from the thermodynamic optimization, it was pointed out that 
the diameter of the return transfer line increases rapidly as the temperature is 
reduced, which increases the cost. Since there is no experience operating a 
superconducting cavity with such a short and intense bunch, it would be a 
worthwhile measurement for the DESY test bed. 

3. It was also observed that the kll value used in the examples may be incorrect when 

applied to nine cells. Because of the short bunch length, too fine a mesh would be 
required to calculate the value using existing codes, the fraction of the total 
volume occupied by the bunch and the immense number of overlapping modes 
involved make bead-pull measurements impractical, and analytic extensions are 
approximations with unknown error magnitudes. Accordingly, this would also be 
a desirable test bed measurement. 

Since there was insufficient time to explore the ramifications of adopting any of these 
changes, none of them were made part of the baseline example; however, this decision was not 
intended to indicate that these concepts do not deserve further exploration. 

IV. PROPOSED DESY TEST BED 

The TESLA test bed proposed at DESY (see sketch attached as Appendix II) was recognized 
as a valuable tool for developing the TESLA concept further. It was noted that an essential part 
of the program is a substantive effort to continue improving cavity gradients, while design for 
cost optimization, construction of the test bed, and operation of the test bed proceed in parallel. 
Cost optimization and gradient improvement are both essential ingredients of the program. 

A. Suggested Goals 

Considerable discussion preceded the recommendation of specific goals. It was noted that 
generation of full-charge, 1 mm bunches is difficult but worthwhile for the test bed. In the 
injector, superconducting cavities have the disadvantage that they cannot be used inside 
solenoids, and normal conducting cavities have the disadvantage that they will not tolerate long 

pulses at high gradients. It was adjudged that production of more than 10' electrons per bunch 
will be difficult. Without the availability of such bunches, some of the desirable goals cannot be 
reached, but use of a damping ring would qualitatively increase the scope of the test bed. 

For injection into a cryomodule, one needs crZ = 1 mm, and q = 5 lo10 e'. The energy 
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needs to be greater than a few MeV (the exact value needs to be calculated), and there needs to 
be flexibility to generate different bunch patterns, with 0.4 to 2.0 ps between bunches. It was 
suggested that it would be useful for the spectator bunch to be off-energy so that .it could be 
easily separated from the primary bunch. 

The specific goalsrecommended are: 
1. Transfer full pulse power to the beam at the pulse length that would be used in the 

full-energy accelerator, 
2. Measure AUE, energy stability, and beam path stability. These need to be measured 

bunch-by-bunch, 
3. Measure &(t), +(l) in each cavity unit, 
.4. Measure Q, calorirnetrically or with a variable coupler, 

5. Measure the HOM power dissipated in the liquid helium, 
6. Measure the HOM power coming out the beam pipe, 
7. Measure the cavity alignment by looking for the beam position which yields 

a transverse mode null, 
8. Measure the bunch length, 
9. Measure the wakefields, both 11 and I, with a witness bunch. Compute requirements. 
10. Measure the static heat leak of the cryostat, 
11. Measure the temperature profile for each cell and coupler on at least one cavity, 
12. Look at the X-radiation pattern and spectrum, without beam, using a radiation 

telescope, and 
13. Measure microphonics, including radiation pressure. 

B. Suggested Instrumentation 

With reference to the above goals, the suggested instrumentation includes: 
1. Capability to measure RF forward and reflected power for each cavity unit, with 

recording digital data acquisition; video apparatus for bunch by bunch energy 
measurement; and feedback stabilization of the RF drive power, 

2. A spectrometer with a resolution of - I O - ~ ;  a secondary emission readout; an 

injector with AEIE r and an injector for a witness beam of variable 
energy and phase, 

3. Field probes in every cavity unit, 
4. A variable coupler andlor a calorimeter with resolution c 1 W, 
5. Use of transition or Cerenkov radiation with a streak camera yielding resolution 5 1 

PS, 
6. HOM coupler outputs brought to room temperature for power measurements, 
7. Parallel beam translation capability, 
8. An X-ray telescope, 
9. Thermometry for cavity walls, 
10. A microwave calorimeter on the beam line (to measure power propagated down the 
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beam pipe), 
11. Capability to record E(t) and 4(t) in the control system, 
12. Closely spaced beam intensity and position monitors, 
13. Cavity position transducers referenced to room temperature. 

V. ACCELERATOR PHYSICS ISSUES 

The limited length of the TESLA portion of the workshop permitted only the first of the 
four identified accelerator physics issues to be discussed extensively. 

A. QL needed to control multi-bunch instability 

The Accelerator Physics Working Group reported that a HOM QL of -10' is no worse 
6 7 than a QL of -lo7, but that a QL of 10 is significantly better than a QL of -10 . That working 

group was continuing to work on quantifying these results. 

VI. CONTRIBUTIONS TO OTHER GROUPS 

A. Cost 

It was noted that reducing unit costs is just as valuable as increasing gradient. It was 
also noted that the Cornell group has made extensive measurements of the times required to 
manufacture cavities, and of the associated costs, including materials. These costs were 
discussed in more detail by the Structures Working Group. 

B. RF Distribution Scheme 

It is generally recognized that one of the most significant costs of an RF system is the 
extensive set of controls and interlocks associated with each cavity structure which has its 
phase and amplitude actively controlled. The number of cells in a cavity cannot be increased 
arbitrarily because certain HOM's, due to high mechanical tolerance sensitivities caused by 
passband "collisions," become trapped. Accordingly, it would be desirable to connect many 
cavity structures together with an RF manifold. In order for a manifold to cause a group of 
cavities to have their fundamental modes all behave as one mode, the manifold needs to have a 
moderate amount of stored energy in it (typically a few percent of the total stored energy). Due 
to the high gradients planned, this dictates that the manifold be superconducting. An alternative 
is to use a scheme in which each cavity has an independent mechanical tuner, and in which the 
vector sum of the voltages in the cavities is regulated; such a scheme requires the addition of 
these tuners and their controls, and requires the cavities to be mechanically more rigid, but 
permits the manifold to have a much smaller stored energy, and therefore to be normal 
conducting. These options need to be studied in much more detail to explore possible designs and 
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to determine which of them is most cost effective. 

VII. FREQUENCY OPTIMUM 

As previously discussed, the optimum frequency was discussed at the 1990 TESLA 
Workshop, and the consensus was reached that the cost-optimum lay between 1.5 and 3 GHz. It 
was also agreed that 3 GHz is the beam dynamics limit for a machine that can be constructed 
with reasonable mechanical tolerances, and the requirements on QL can be relaxed somewhat by 

going to the 1 .S GHz end of the range. DESY has chosen, for its test bed, a frequency of 1.3 GHz 
because of the ready availability of RF sources and other components at that frequency. The 
absence of any simple concepts of how to build a manifold to tie several cavities together 
indicates that this is a reasonable choice, since the length of cavity with a given number of cells 

scales as f- l .  Going to an even lower frequency has the disadvantage that the stored energy per 

meter, which is dumped after each bunch train, scales as f2. 

VIII. SPECIFIC PROBLEMS: 

A. Radiation Pressure Shock Excitation of Mechanical Vibrations 

Since continuous wave (CW) operation at 225 MV/m would require a very high Q, value 

(ca. 6 - 10") in order to keep losses due to RF dissipation in the cavity walls to a tolerable 
level, pulsed operation is an attractive operating mode for TESLA. Pulsed operation does not 
have the objectionable features of pulsed operation of a normal conducting structure, however, 
because the pulse length of a superconducting structure can be much longer than for a normal 
conducting structure at the same gradient. The long pulse avoids the problems of having to 
supply energy to fill the structure at a high rate, avoids difficulties in regulating the field in 
the structure, and avoids parasitic collisions of bunches that are closely spaced. In addition, it 
is easier to achieve a high ratio of Qo(fundamental) to QL(HOM) in a superconducting cavity 

than in a normal conducting cavity. 
One problem presented by pulsed operation at high gradients, however, is that the 

radiation pressure in a cavity is of the order of 0.012 ~ o r r / ( ~ ~ / m ) ~ .  Since this pressure is 
present only when the cavity is powered, the fairly rapid appearance of this pressure can 
shock-excite mechanical vibrations in the cavity, which will cause the resonant frequency to 
"ring." Using some existing cavities to make rough estimates of the magnitude of this effect 
indicates that some stiffening mechanism will be required to reduce the amplitude to an 
acceptable level. A calculation of this effect is included as Appendix Ill. Bars along the sides of 
the cavity, either as originally used at HEPL, or detachable as presently being developed at 
HEPL, may be the most practical solution. 
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IX. COMPARISON TO NORMAL CONDUCTING APPROACHES 

The comparison to high frequency normal conducting approaches (-1 1 GHz) has been 
made a number of times in the past, pointing out the severe problems that such approaches have 
with wakefields, alignment tolerances, and required high peak power RF sources. The choice of 
a high frequency has been driven by the need to minimize the amount of stored energy dumped 
after each pulse, where the repetition rate is very high because a very small number of bunches 
is being accelerated during each pulse to minimize cumulative wakefield effects. 

A DESY-TH Darmstadt collaboration has recently proposed a 3 GHz normal conducting 
accelerator in which many bunches are accelerated in each pulse, and the cumulative wakefield 
effects are controlled by stagger-tuning the cavity cells for all important modes except the 
fundamental. Since this is a new concept, the Parameters Working Group decided to compare 
this approach with the superconducting approach. A summary of the parameters for the normal 
conducting approach is shown in Appendix IV. The results of the comparison are shown in 
Appendix V. 

In addition to the technical comparison in this table, R. Sundelin presented a cost 
comparison which has been made to the cost of such an accelerator based solelv on the cost of 
building SLAC. The working group did not have time to evaluate and comment on this 
presentation. The SLAC unit costs have been adjusted for inflation, but no savings for 
improvements in available technology have been taken into account; as a result, the calculation 
should be viewed only as an upper limit for the normal conducting approach. At the KEK Linear 
Collider Workshop, Greg Loew presented information on the magnitude of cost reductions which 
can be expected from intervening developments in klystron technology. In addition, no 
economies associated with the larger scale have been taken into account in the estimate 
presented here. The costs are based on the actual SLAC construction costs, with various cost 
components allocated as discussed in Cornell-CLNS-851709. The way in which the coefficients 
derived in this report would be applied to an 0.5 TeV center-of-mass normal conducting 
collider is shown in Appendix VI. 

The normal conducting collider has the advantage that it could be built, figuratively 

starting today. The upper limit for the construction cost at the planned gradient would be 12.0 

10' U. S.$ (FY'91$), and at a gradient of 6.15 MV/m it would be 7.9 10' U. S.$ (FY'91$). It 
should be noted that the actual cost and the optimum gradient will depend on what technological 
improvements are incorporated. 

The full superconducting linear collider has two reasons it cannot be built starting today. 
The first is that a gradient of 25 MVIm must be achieved on a reliable basis that is adaptable to 
mass production. The second is that the design must be improved to reduce costs. If both of 
these objectives are achieved to the level assumed in the parameters list, the cost of the 

superconducting linear collider would be approximately 2 10' U. S.$ (FY'91$). 
In summary, the superconducting linear collider requires additional research, 

development and design to be viable, and the degree to which the cost goals can be achieved 
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remains to be determined. This approach has the largest safety margin in its ability to achieve 
the design luminosity. The high frequency normal conducting linear collider requires additional 
research, development, and design to be viable, and the degree to which the cost goals can be 
achieved remains to be determined. The S-band normal conducting linear collider could be built 
now, but the degree to which its cost can be reduced below the upper limit discussed above 
remains to be established. 
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APPENDIX Ill 
Estimate of Microphonic Shock Excitation by a Radiation Pressure Pulse 

Starting with the usual equations for a harmonic oscillator, and ignoring damping, we 
have 
(1) F = -k X, 

2 2 2 2 (3) d x/d t = -A o cos (o  t) = -o X, and 

(4) o2 = Wm. 
For the Cornell-CEBAF cavities, which are 1.5 GHz and have 3.3 mm wall thickness, the 

pressure sensitivity is approximately -3 ~ z l ( ~ ~ 1 r n ) ~ .  This coefficient is larger than would 
be expected if the radiation pressure were uniform, which it is not. This coefficient yields a 
frequency shift of 1875 Hz at 25 MVlm. The most easily excited mechanical modes of the cavity 
have frequencies around 60 Hz. That these modes are the relevant ones for RF frequency shifts 
has been verified by observing ponderomotive oscillations of the cavities when the incident 
power at fixed RF frequency, rather than the cavity field, is regulated. Thus f = 60 Hz, and o = 

377 Hz. 
If we now define F = 1 as the value which, in equilibrium, causes a 1875 Hz RF 

frequency shift, and apply F = 1 as a step function, the undamped solution is 

Since the RF pulse will typically be short compared to llo, the maximum "velocity" of 
the cavity walls will occur at the end of the RF pulse. Although this equation is not difficult to 
solve exactly, the physical process is more transparent if the following approximation is made. 
Using the definition of F above, and defining X in units of the frequency shift, in Hz, that it 

produces, yields k = 0.000533, and m = wu2 = 3.752 . IO-~. Assuming an RF pulse length of 
0.001 42 seconds, and approximating its effect as an impulse yields 

(6) v = F Vm z 0.0014213.752 IO-' = 378 kHzlsecond = A m. 
:. A = (A O)/W = 378,0001377 = 1004 Hz, which is approximately half of the steady state 

effect. For a loaded Q of 3.9 1 06, the bandwidth, flQL = 1.3 10~13.9 1 o6 = 333 Hz. The 

amplitude, A, of the microphonic oscillation is therefore approximately 3 times the bandwidth. 
An acceptable maximum amplitude is approximately 0.25 of the bandwidth, so a factor of 212 
reduction in the microphonic amplitude is needed through stiffening methods. Enough damping 
should be present so that resonant build-up with multiple pulses is not an additional problem. 
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APPENDIX IV 

Parameter List for a 3 GHz, 0.5 ToV Nor~nnl 

Conducting Linear Collider Under Consideration at DESY 

List of Parameters 

General Parameters 100 rnA 

250 + 250 

(b 2.4 .10~~ 
8 .29 41 1 

850 
a 7.10~ 

energy 
luminosity (incl. crossing angle, 
no enhancement from dis~pt ion)  
active length 
repetition rate 
number of particles per bunch 

300 mA 

- 

8 1 . 4 . 1 0 ~ ~  
- 
- 
6 21.10~ 

GeV 

(cm2 sec)-' 
m 
Hz 

Particle Production and Damping Rings 
3.15 
3.8 

650 
41014 
0.112 

5.0 
469 
3.6 
2.0 

0.20 
84 

4.1 o - ~  

damping ring energy 
damping time 
ring circumference 
invariant emittance 7 
energy spread 
rf-voltage 
rf-frequency 
bunch length a, 
wiggler peak field 
wiggler period length 
wiggler total length 
dynamic accep tance 

- 
- 
- 

l O O O / l O O  
- 
- 
- 
- 
- 
- 
- 
- 

GeV 
m e c  
m 
m / 10-~ 
% 
MV 
MHz 
mm 
T 
m 
m 
m 
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Main Linac 100 mA 

53.6 
0.57 
*6 

4.1-1.3 
0.825 
f 0,6 
0 112 
2451 

2 
45 
2.8 
540 
86 

275 000 
100 

2 
172 
3.2 
0.2 

wave length 
average shunt impedance 
attenuation 
structure length 
group velocity 
filling time 
maximum energy width (peak) 
klystron power 
number of klystrons 
structures per klystron 
klystron efficiency 
total rf-pulse length 
zero current energy 
mean power 
rf-peak power 
average pulse current 
current pulse length 
number of bunches per pulse 
bunch to bunch distance 
bunch length (rms) 

Final Focus and Interaction 

300 mA 

- 
- 
- 
- 
- 
- 
f 1.27 

145 
- 
- 
- 
- 

613 
110 

355 000 
300 

- 
- 
- 

0.5 

m 
MQ/m 
neper 
m 
% of c 
psec 
% 
MW 

% 
psec 
GeV 
MW 
MW 
MA 
psec 

m 
MM 

photons per particle 
critical radiation parameter 
mean fi-actional energy loss 
mean fract. recluct. for c.m. energy 

100 r d  

3, 0.3 
0169, 5.48 

630.8 
& 0.8 

0.55, 16.9 
1.7 

0.36, 0.10 
0.38 

80 

@-function at IP P;,Y 
beam dimension at IP oXpy 
aspect ratio 
crossing 'angle 
disruption parameter D,, D, 
luminosity enhancement 
m a x i m ~ ~ m  disruption angle 
dilution parameter 
critical energy of beamstrahlung 
mean numb er of beamstrahlung 

300 mA 

5, 0.8 
@316, 40 

e 8  
- 
1.1, 8.4 

1.6 
0.57, 0.29 

3.5 
47 

mm 
nm 

m a d  

mrad 

GeV 
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APPENDIX V 

Comparison of Advantages and Disadvantages of a 3 GHz Normal Conducting 
Linear Collider and a Superconducting Linear Collider 

Advan tag e 
Number IC 33 Characteristic 

Lower transverse wake 
RF sources do not push state-of-the-art 

Potential for performance exceeding design specs 

Higher level of interest in technology 

Traveling wave structure has aperture defined by 
needed group velocity 

Potential for reducing beam diameter further for 
scaling to higher energies 

Luminosity is more conservative 
Has the capability to have small AEIE 

RF feedback is more applicable to longer pulses 

Structures with the required properties are an 
existing capability 
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APPENDIX VI 
Application of Cost Coefficients to a 3 GHz, 0.5 TeV Normal 

Conducting Linear Collider 

This appendix contains an evaluation of the cost of a 3 GHz normal conducting linac with a 
center-of-mass energy of 0.5 TeV. As stated in the text, these numbers are an upper limit, 
based on the assumptions that there are no technological improvements since SLAC was built, 
and that there are no economies of scale relative to SLAC. The actual costs of building SLAC, and 
typical power costs for operating it continuously for ten years, have been divided into terms 
which have various dependencies on the gradient, the energy, and the pulse repetition 
frequency; these coefficients (except for CS,, which makes the assumption that a total of two 

damping rings are used) are derived in Cornell-CLNS-851709, and are in 1985 U. S. $. 

The total construction plus ten year electrical power operating cost for the accelerator 
is given by 

(1) C = Cl EIE + C2 E E + C3 E E fp + C4 N E fg + CS, Circ, 

where C is the cost in 1985 dollars, the Cils are the coefficients, E is the energy of each of the 

two beams in eV, E is the gradient in Vlm, fp is the RF pulse repetition frequency in Hz, fB is 

the bunch repetition frequency, N is the number of particles per bunch, and Circ is the damping 

ring circumference in meters. The coefficients are $70,082, $1.820 1 0 ' ~ ~  $6.352 

10 - l  3, $2.243 10- l  8, and $3.3 lo5, respectively, with appropriate units for each. 
Using the parameters for the DESY normal conducting proposal yields 

(6) C(5) = 3.3 10' 650 = 0.215 log$.  

The costs reflected in (2), (3), and (6) are capital costs, and those in (4) and (5) are 

ten year operating costs. 

The construction cost for the accelerator, in 1985 U. S. $, is thus 8.981 log,  and the 

10-year electric power cost is $0.169 10'. 

If one now escalates to FY'91$ at 5%/year, the numbers become 12.035 1 o9 1991 

U. S. $ for construction, and 0.226 . l og  1991 U. S. $ for 10-year continuous electric power. 

Instead of using the specified gradient of 1.7 l o 7  Vlm, one can use the cost-optimum 
gradient by taking the derivative of equation (1). The optimum is given by 

6.152 106 Vlm. Note that this is close to the gradient at whict~ SLAC was originally built. 
The values for the various cost components then become 
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Escalating these numbers as above yields 7.856 10' 1991 U. S. $ for the construction 

cost, and 0.1 11 l o g  1991 U. S. $ for the 10-year continuous operation electric power cost. 
It is emphasized again that these numbers assume no savings relative to SLAC from intervening 
technological improvements, nor from economies of scale, and should therefore be viewed as an 
upper limit. 
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