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INTERNATIONAL WORKSHOP
ON NEXT-GENERATION LINEAR COLLIDERS

EXECUTIVE SUMMARY

James M. Paterson

The first International Workshop on Next Generation Linear Colliders was held
at the Stanford Linear Accelerator Center between November 28 and December 9,
1988. There were 113 participants including 28 from outside the United States
representing Novosibirsk in the USSR; CERN, DESY, Frascati and Orsay in Eu-
rope; and KEK in Japan. Such broad participation indicates the growing interest
in the technology of linear colliders. The purpose of the workshop was to discuss
the research programs on linear colliders around the world, to identify areas that
are common or complementary in their goals and to advance these programs by
collaboration.

The first two and one half days of the workshop were organized in plenary
sessions, where representatives from various laboratories or institutions discussed
their latest linear collider design plans and/or their research programs. Subse-
quently the participants formed seven working groups to discuss in more detail
specific programs on subsystems. During these five and one half days, there was a
lively exchange of ideas within and between the groups. Their results were summa-
rized and presented in two days of plenary sessions at the end of the meeting. This
volume contains copies of the summary-talk transparencies plus brief overviews
written by the chairman and scientific secretary of each working group.

In this overall summary we can only highlight a few topics from the proceedings.
The Parameters working group examined the existing designs for high-energy linear
colliders, which have the acronyms CLIC, ILC, JLC, TLC and VLEPP. They
tabulated the design parameters in a consistent form to aid comparisons; these
useful data sheets can be found in the proceedings. The working group on Beam
Dynamics and Wakefields was very active in interactions with other groups on
subjects such as tolerances, the maximum Q’s of wakefield modes in accelerator
structures, etc. They studied emittance preservation from damping rings through
to the final focus and the problems associated with the use of multibunch trains of
particles. They discussed some beam dynamics experiments that may be done on
the SLC and began a collaboration that will formulate proposed experiments.

The topic of Damping Rings and Sources was studied by a group of specialists
who concluded that the desired emittances could be achieved in several different
designs, all of which require wiggler magnets as part of the lattice. They noted
two areas that need further development of technology: the design of damping ring



RF and vacuum systems with sufficiently low impedances to allow operation with
multibunch trains, and the design of extraction systems that can meet the very
strict tolerances required to preserve the emittance.

One of the largest working groups concentrated on the topic of RF sources.
This key problem in linear collider technology requires a continuing worldwide
effort to explore alternate and complementary solutions. The research programs
discussed included many “small” sources of “modest” power, sources with peak
power outputs of more than a gigawatt, and two-beam accelerators where energy
of the drive beam ranged from tens of MeV to several GeV.

Gigawatts of RF power are needed to energize novel Accelerator Structures,
a topic which had its own working group. This group discussed new construc-
tion techniques, experiments on RF breakdown limits, and designs that damp out
wakefields to allow multibunch operation. One new issue that arose was the fatigue
limit in structures subjected to short-impulse heat stresses. This topic will require
more research to quantify the problem and its impact on structure design.

The working group on Instrumentation explored the precision and tolerances
needed in various designs of damping rings and accelerators. The subject of how to
measure nanometer beam spots was left to the Final Focus group. Many techniques
for component alignment and beam diagnostic measurements were explored, but
considerable research is clearly required to achieve the desired level of performance.
A problem that was identified is the extreme difficulty in collimating high-power,
low-emittance beams.

A large working group studied a variety of issues under the title of Final Focus.
Several optics designs with different chromatic correction schemes were compared.
The geometry around the collision point using crossing angles and “crab” crossing
to provide head on collisions was discussed, and the general problem of beam-
beam interaction effects that can cause backgrounds in the detector was explored.
It was in this area that the most significant surprise of the workshop appeared.
In the very strong beam-beam interaction in linear colliders, the particles radiate
in the macroscopic field of the opposing bunch. This “beamstrahlung” process
has been extensively studied, and the trajectories and energy spectrum of the de-
graded electrons is known to be an important background consideration in collider
design. Under conditions with large values of the beam-beam strength parame-
ter, the beamstrahlung photons can produce electron-positron pairs either by close
collisions with particles of the opposing bunch or in the macroscopic fields of the
bunches. The pairs are subsequently deflected by the same fields to large angles
and can cause severe background problems. This higher-order process was found
to be extremely sensitive to the beam-beam strength parameter, thus effectively
limiting the maximum luminosity per crossing that can be used in a design. The



whole subject of both “coherent” and “incoherent” pair production and deflection
will need much more study before collider parameters (number of bunches, cross-
ing angles, detector and IR geometry, etc.) can be optimized while keeping the
pair-production problem under control.

The proposed Final Focus Test Beam at SLAC using the SLC beam as input,
was well received and much discussed. Many groups expressed interest in collabo-
ration on both construction and use of this beamline. Its unique capabilities make
it an important part of a linear collider R&D program where optics ideas, hard-
ware and beam instrumentation can be developed and tested. After the workshop,
the beamline design will be refined to include many new suggestions, and there
will be further discussions on the organization of an international collaboration to
construct and use it.

Overall, the workshop was a great success and contributed much to advanc-
ing our knowledge of future linear colliders. The excellent technical and social
interactions which took place augur well for our continuing collaboration.
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Summary of the Parameters Group Discussions

John R. Rees, Tom Mattison

The purpose adopted by the group was to collect parameter sets — self-consistent ones
if possible — for the colliders under study at the participating laboratories, to compare
the parameter sets and to point out the major differences in philosophy and style implicit
in those differences. The enterprise was moderately successful; such differences do exist.

Parameters were collected through questionnaires, which were completed for CLIC,
ILC, JLC, TLC and VLEPP. One was also prepared for SLC for comparison. These were
summarized and evaluated in the summary session on the final Thursday of the workshop.
The following very general conclusions were drawn:

1. The Japanese design (JLC) is similar in spirit to the SLAC designs (TLC and ILC).

2. The SLAC designs are shorter overall than the others. One consequence is that
TLC has a considerably higher energy gradient than that of any other design, and
it requires a higher peak RF power.

3. CLIC and VLEPP have larger vertical beam-spot sizes at the interaction point than
JLC, ILC and TLC. In the case of CLIC, the larger interaction area is compensated
for by means of a higher repetition rate. In the case of VLEPP the compensation is
achieved primarily by a larger bunch population. ILC, JLC, TLC and VLEPP all
depend on extremely “flat” beams compared to CLIC, but VLEPP is content with
more nearly customary values of the beta-function than those contemplated for the
other machines.

4. The CLIC and VLEPP designs call for longer bunch lengths than the other designs.
In consequence, those two machines are faced with especially severe problems in
controlling the effects of transverse wake fields.
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List of Parameters Talks

1. C. Sinclair, “Superconducting RF Approaches”

2. R. Palmer, “Description of PC Program for Linear Collider Evaluation”

12



INTERNATIONAL WORKSHOP ON
NEXT GENERATION LINEAR COLLIDERS

PARAMETER QUESTIONNAIRE
December 1, 1988

Project Name: Stanford Linear Collider
Eem (GeV): 100

2

Design luminosity (cm™%sec™): 6 x 1030

Source and Damping ring parameters:
Damped ve, (m-rad): 1.5 x 1075
Damped ve, (m-rad): 1.5 x 1073
Damped 0E/E (percent): .073
Damping ring energy (GeV): 1.21
Damping ring circumference (m):  35.3
Damping time 7; (msec): 3.36
Damping time 7y (msec):  3.36
Damping time 7, (msec): 1.5
Buncher, pre-acceleration:  One stage compression in ring to linac, S-band
Positron source:  Second e~ bunch in main linac, extracted at 33 GeV

Polarization:  45% polarized e~ from laser photocathode (planned)

Main linac parameters:
Wavelength A (mm): 105.0
Peak gradient (MV/m): 17
Filling time (nsec): 800
Iris radius (a/A): .1
Group velocity (V;/c):  .012
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Repetition rate (Hz): 180 (120 achieved)

Power source: 70 MW klystron + SLED cavity, 240 stations
Bunch population: 7 x 1010 (3 x 10!? achieved)

Bunches per fill:  ete e~ separated by 60 nsec

Final ¢E/E (percent): 0.5 (0.2 now)

Final focus parameters:
Final focus length (m, 1 beam): 150
Chromatic correction: 2 families of 4 sextupoles
Final quadrupole: Iron and copper — superconducting upgrade
Crossing angle (mrad): 0
Linear 8% (mm): 7.5
Linear 8y (mm): 7.5
oy (nm): 1600 (3000 achieved)
oy (nm): 1600 (3000 achieved)

o, (microns): 1000

14



INTERNATIONAL WORKSHOP ON
NEXT GENERATION LINEAR COLLIDERS

PARAMETER QUESTIONNAIRE
December 1, 1988

Project Name: CLIC
Ecm (GeV): 2 TeV

2

Design luminosity (cm™%sec™!): 1032 cm™? sec™! with one bunch per linac and pulse

Source and Damping ring parameters:
Damped ¢, (m-rad):  15.9 x 1077
Damped ve, (m-rad): 5.3 x 1077
Damped ¢E/E (percent): 0.172
Damping ring energy (GeV): 2
Damping ring circumference (m):  ~ 200
Damping time 7, (msec): 1.1
Damping time 7, (msec): 2.7
Damping time 7, (msec): 5.8
Buncher, pre-acceleration: 5 to 10 GeV/c
Positron source: e~ linac on rotating wheel target

Polarization: not studied

Main linac parameters:
Wavelength A (mm): 10
Peak gradient (MV/m): 80
Filling time (nsec): 12 ns
Iris radius (a/A): 0.2
Group velocity (Vg/c):  0.07c
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Repetition rate (Hz): 1700
Power source:
Bunch population: 5 x 10°
Bunches per fill:

Final ¢E/E (percent): a few tenths

Final focus parameters:
Final focus length (m, 1 beam):
Chromatic correction:  0.2%
Final quadrupole: ~2m,~ 1T/mm
Crossing angle (mrad): & 3 mrad
Linear 37 (mm): 30

Linear §; (mm): 0.4

oz (nm):  (goal: 12) 15
oy (nm):  (goal: 60) 125
o, (microns): 200

& (m): ~2

16

~ 500 m

Two-beam, Superconducting RF drive linac

1 (ten “later”, if possible)

aperture radius = 1 mm (~ 60)



INTERNATIONAL WORKSHOP ON
NEXT GENERATION LINEAR COLLIDERS

PARAMETER QUESTIONNAIRE
December 1, 1988

Project Name: ILC
Eem (GeV): 500

Design luminosity (cm™2sec™!): 1.7 x 1033 (with dilutions)

Source and Damping ring parameters (R. Palmer, AAS-Note 39)
Damped ve; (m-rad): 1.85 x 1075
Damped vey (m-rad):  1.85 x 1078
Damped ¢E/E (percent): 0.072
Damping ring energy (GeV): 1.08
Damping ring circumference (m): 143
Damping time 7, (msec): 2.1
Damping time 7y (msec): 2.1
Damping time 7, (msec): 1.1
Buncher, pre-acceleration:

Positron source: Polarization: polarized e~ from laser photocathode (planned)

Main linac parameters:
Wavelength A (mm): 17.5
Peak gradient (MV/m): 93
Filling time (nsec): 60
Iris radius (a/A):  0.20
Group velocity (Vy/e):  0.082
Wall Plug Power: =~ 52 MW
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Repetition rate (Hz) 360

Power source:  Rel. klystron or conventional tube with RF pulse comp.
Bunch population: 6.9 x 10°

Bunches per fill: 10

Final oE/E (percent):  0.20

Final focus parameters:
Final focus length (m, 1 beam): = 250 m
Chromatic correction: 2 families of 4 sextupoles
Final quadrupole: AI, =14 T, ¢* =0.36 m, aperture = 0.18 mm
Crossing angle (mrad): 4.2
Linear 8} (mm): 28
Linear 8; (mm): 0.087
oz (nm): 422
oy (nm):  2.35

o, (microns): 70
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INTERNATIONAL WORKSHOP ON
NEXT GENERATION LINEAR COLLIDERS

PARAMETER QUESTIONNAIRE
December 1, 1988

Project Name: JLC
Ecm (GeV): 1000

Design luminosity (cm™2sec™!): 1.7 x 1033

Source and Damping ring parameters:
Damped v¢; (m-rad): 3 x 1076
Damped ve, (m-rad): 1 x 1077
Damped ¢cE/E (percent): 0.15 7
Damping ring energy (GeV): 1.5
Damping ring circumference (m): 180
Damping time 7, (msec): 5
Damping time 7y (msec): 5
Damping time 7, (msec): 2.5
Buncher, pre-acceleration:

Positron source:

Polarization:

Main linac parameters:
Wavelength A (mm): 26
Peak gradient (MV/m): 100
Filling time (nsec):

Iris radius (a/}):

Group velocity (V4 /c):
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Repetition rate (Hz): 510
Power source:

Bunch population: 4 x 10°
Bunches per fill: 15

Final cE/E (percent):

Final focus parameters:
Final focus length (m, 1 beam): 200
Chromatic correction: TLC type flat-beam
Final quadrupole: 1.4T/0.5 mm
Crossing angle (mrad): ~ 4 mrad
Linear 8% (mm): 30 mm
Linear §; (mm): 0.09 mm
oy (nm): 300
oy (nm): 3

o, (microns): 79
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INTERNATIONAL WORKSHOP ON
NEXT GENERATION LINEAR COLLIDERS

PARAMETER QUESTIONNAIRE
December 1, 1988

Project Name: TLC
Eem (GeV): 1000

Design luminosity (cm™%sec™!): 7.9 x 1033 (with dilutions), 3.3 x 10* (no dilutions)

Source and Damping ring parameters:
Damped e, (m-rad): 2.7 x 107°
Damped ve, (m-rad): 2.7 x 107°
Damped ocE/E (percent): 1.0 x 1072
Damping ring energy (GeV): 1.8
Damping ring circumference (m): 155
Damping time 7, (msec): 2.5
Damping time 7, (msec): 4.0
Damping time 7, (msec):  2.82
Buncher, pre-acceleration:  Compress at DR energy, accelerate to =~ 15 GeV in
A = 10.5 cm structure, compress again
Positron source:

Polarization:

Main linac parameters:
Wavelength A (mm): 17.5
Peak gradient (MV/m): 186
Filling time (nsec): 60
Iris radius (a/A):  0.200

Group velocity (V;/c):  0.082
21



Wall Plug Power: = 210 MW

Repetition rate (Hz): 360

Power source: 7 Rel. klystron/conventional, cluster or strip beam klystron
with RF pulse comp.

Bunch population: 1.4 x 10*°

Bunches per fill: 10

Final cE/E (percent): 0.14

Final focus parameters:
Final focus length (m, 1 beam): ~ 350 m
Chromatic correction:
Final quadrupole: B= 14T, £* = 0.68 m, aperture = 0.32 mm
Crossing angle (mrad): 3.9
Linear 8} (mm): 27
Linear B; (mm):  0.085
oz (nm): 388
oy (nm): 2.2

o, (microns): 70
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INTERNATIONAL WORKSHOP ON
NEXT GENERATION LINEAR COLLIDERS

PARAMETER QUESTIONNAIRE
December 1, 1988

Project Name: VLEPP
Eem (GeV): 1000 x 2

Design luminosity (cm™2sec™!): 1033

Source and Damping ring parameters:
Damped ~e; (m-rad): 6 x 1078
Dampea vey (m-rad): 6 x 1078
Damped ¢E/E (percent): 0.3
Damping ring energy (GeV):  1.542
Damping ring circumference (m): 77
Damping time 7, (msec): 1
Damping time 7y (msec): 1
Damping time 7, (msec): 0.5
Buncher, pre-acceleration:  yes
Positron source:  Undulator

Polarization:  yes

Main linac parameters:
Wavelength A (mm): 21.4
Peak gradient (MV/m): 100
Filling time (nsec): 70
Iris radius (a/A):  0.156
Group velocity (Vg/c):  0.05
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Repetition rate (Hz): 100

Power source:  Relativistic gyrocon, klystron
Bunch population: 10!

Bunches per fill: 1

Final ¢E/E (percent): 1

Final focus parameters:
Final focus length (m, 1 beam):
Chromatic correction:

Final quadrupole:
Crossing angle (mrad):
Linear f; (mm): 100
Linear f; (mm): 1
oz (nm): 1000

oy (nm): 10

o, (microns): 700
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Summary of the Beam Dynamics
and Wakefields Group Discussions

Ronald D. Ruth, Kathleen Thompson

This working group took as its task to look at the preservation of the emittance of
the beam from the exit of the damping ring to the entrance of the final focus. There were
a total of 13 talks given, with 3 in the plenary sessions and 10 in the working groups.

To prepare the long bunch from a damping ring for the accelerating structure, it
is necessary to compress it longitudinally. The bunch must be short enough to control
longitudinal and transverse wakefields in the linac, and its length must be less than 8* at
the interaction point. Bunch compression can be done in two stages if very short bunches
are desired. A design was presented for a second stage of compression having a 180° bend,
using very strongly focussing, combined-function magnets as in the SLC arcs.

In the main linac, the transverse wakefields cause a single bunch to grow a large tail.
This can be controlled by using a correlated change in focussing strength along the bunch,
either with energy spread or RF focussing (BNS damping). Different designs use the tech-
nique differently due to large differences in bunch length and transverse wakefields. There
were discussions and calculations presented as to the interaction of BNS damping with re-
quired tolerances. Qualitatively, large spreads in transverse oscillation frequency improve
jitter tolerance by causing a loss of memory down the linac. By the same token, they
decrease orbit tolerances due to filamentation in transverse phase space. Smaller spreads
lead to tight tolerances on magnet jitter, but loose tolerances on alignment. Accelerator
structure alignment seems always to be less severe than quadrupole magnet alignment
because only the tail of the bunch is kicked by an offset accelerator structure. Of course,
for cases with stronger wakes, this tolerance is tighter.

Emittance growth due to quadrupole errors was found to be rather easy to control.
Direct coupling due to quadrupole rotations is only a problem for flat beam designs, but
the tolerances are not severe.

There is a general consensus that to achieve high luminosity, we need many bunches
per RF fill to extract more energy from the RF. Keeping the bunch-to-bunch energy
constant requires tight tolerances on the number of particles per bunch.

Analytic models and simulations show that multibunch beam breakup can be a severe
problem in the main linacs, and also in the drive beam of a two-beam accelerator scheme.
It seems possible to control this by using structures with slots that damp the transverse
modes (where necessary, combined with the tuning of the dipole mode relative to the
accelerating mode). The effects of a spread in the transverse mode frequencies were also
examined, as well as the use of BNS damping.

Two talks were presented, using relatively simple models to examine the high-frequency
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limit of the impedance of azimuthally symmetric structures. A diffraction model shows
that a series of irises gives approximately the same result as a resistive tube, for very
short bunches. Looking at the effects of wakefield kicks due to collimators, we found that
the collimators should be at a small value of the B-function. Even so, the wakefield kicks
are comparable to the beam divergence. This led to suggestions of dynamical collimation
using nonlinear lenses. The effect of the jitter of transverse kicks due to dark current
was quickly examined. The damping of the transverse modes was found to help this
considerably.
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List of Beam Dynamics and Wakefields Talks

1. V. Balakin, “Landau Damping, Autophasing”

2. D. Chernin, “Single Bunch Dipole Beam Break-up in the Presence of Random

Transverse Magnet Displacements”

%]

. S. Heifets, “Simple Models for High Frequency Impedance”

>

. H. Henke, “Resistive Wall Effects”

oD

. R. Helm, “What is the ‘Best’ Phase Advance for Linac Transport System?”
6. S. Kheifets, “Bunch Compression for TLC”

7. R. Palmer, “Diffractive Model for High Frequency Impedance”

8. M. Sands, “Emittance Growth From Random Focussing Errors”

9. K. Thompson, “Multibunching—Beam Break-up Control”

Other talks jointly done with other groups:

1. J. Seeman, “Transverse Wakefield Damping in the SLC Linac” (Instrumentation

Group)
2. Y. Y. Lau, “Beam Break-up” (RF Group)
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Beam Dynamics and Wakefields Working Group

Chairman: Ron Ruth
Scientific Secretary: Kathy Thompson

1. Main linacs (high energy, high frequency)
(a) Lattices
(b) Wake fields
(c) BNS damping (strong vs. weak)

(d) Tolerances on magnet misalignments, BPMs, accelerator
structures

(e) Jitter
(i) Magnets: Correlated and uncorrelated
(ii) Accelerator sections
(f) Flat beams; coupling of vertical and horizontal emittance
(g) Drive-beam issues for two-beam accelerators
(h) Multibunching

(i) Control of AE, including higher order effects,
tolerances, etc.

(ii) Control of beam break-up
2. Bunch compression
(a) Parameters, designs
(b) Tolerances on magnet misalignments, BPMs

(c) Tolerances for matching 8, ', n into preaccelerator or main
linac

(d) Wake field effects

43



3. Preaccelerators
(a) Lattices, acceleration gradient
(b) RF pa.ruheteu — Ty, vy, etc.
(c) Wake fields
(d) Is BNS damping necessary?

(e) Tolerances on magnet misalignments, BPMs, accelerator
structures

(f) Multibunching — Control of AE and beam break-up;
tolerance issues
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S. Kheilels 1%0° ked Co m pressor
T C_
Tssues .

' e Table 9.
€N “
Al ( %\oci Lol&) 180 degrees Compressor Main Parameters (Common)

_Eai;mwc-e 3 N Parameter Value
W.S’.C w‘&:ju\ 1 Bend Angle per Half-magnet (*) 0.268
2 Number of Achromats 21
3 Number of Cells per achromat 8
4 Number of Half-Magnets per cell 4
5 | Betatron Phase Advance per cell { °) 135
6 Total Angle Bend ( *) 180
7 Compressor RF (GHz) 17.0
8 A (cm) 1.76
9 8 =2xl/) 0.164
10 &(Ap/p) = 6%/6 448-1073
Table 10.

180 degrees Compressor Main Parameters (Particular)

N Parameter Version G | Version 1] Version H
1 Total Arc Length (m) 70332 | 501.72 367.32
2 Radius of curvature (m) 213.6 149.5 106.8
3 Half-Magnet length (m) 1.000 0.700 0.500
4 | Correlation (Ap/p)/t (%/mm) ] 1.37451 | 1.95971 | 2.69622
5 vV, (MV) 640 900 1230
6 Alye (mm) 0086 | 0061 | 0.044
7 5p/Peus (R) 0648 | 0915 1.254
8 Acfe(%) 2.12 2.22 3.12
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S. Kl«\eius o nh.

Table §.
Arc Compressor Transverse Beam Size

N Parameter | Version G | Version 1| Version H
1] Vs (sm) 24.4 20.0 17.1
2| Vb (um) 1.20 0.450 0.385
3| Ve /B: (urad)| 233 2.845 3.32
4§ Ve /By (urad) | 0475 1.262 1.476

Table 11.
Focusing and Dispersion Functions for 180 degree Arc

N | Parameter ] Version G | Version 1| Version H
1] Brmes (m) 9.83 102 5.15
2] B, mia (m) 0.50 0.36 0.26
3| Bymas (m) 9.83 7.02 5.15
4| Bymia (m) 0.50 0.2¢6 0.26
5 | Ny meter (m)] 0.032 0023 0.017
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DAMPING RINGS AND SOURCES
WORKING GROUP

Chairman: L. Rivkin SLAC
Secretary: T. Raubenheimer SLAC

Members and Contributors

C. Sinclair CEBAF

J. P. Delahaye CERN

M. Serio Frascati

A. Mikhailichenko Novosibirsk
F. Couchot Orsay (LAL)
W. Vernon UCSD

K. Bane SLAC

F. Bulos SLAC

J. Clendenin SLAC

S. Ecklund SLAC

W. Gabella SLAC

P. Grosse-Wiesmann SLAC

W. Herrmannsfeldt SLAC

A. Kulikov SLAC

M. Lee SLAC

P. Morton SLAC
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73



Summary of Damping Rings and Sources
Group Discussions

Lenny Rivkin, Tor Raubenheimer

We first discussed the SLC experience and what could be learned from it. Our con-
clusion is that the SLC damping rings and electron gun work well. The biggest problems
are: (1) the tight tolerances on the extraction elements, in particular the kickers, and (2)
the mode of operation, namely, the use of the same linac for acceleration of both e~ and
et.

Next we tried to compare the merits of the three damping ring designs presented in the
plenary sessions: CLIC, VLEPP, and the TLC. We decided upon a few functions of merit:
To/Ty, Y€z, ap—‘;f%, and vye;. See the summary talk (Lattice comparison) for details. We
found that the CLIC and TLC designs were fairly similar, CLIC is optimized for faster
damping and lower currents than the TLC, as it should be. The VLEPP lattice differed.
It is a very small ring where the low emittance is achieved using a Chasman-Green type
structure with strong, short-period wigglers. In this ring, the longitudinal emittance was
3 to 4 times that of the other two designs. We did not find any great advange of any of the
specific lattices. We did conclude that wigglers are desirable if not essential. An example
of a completely wiggler-dominated ring, designed at Frascati, suggests that much higher
repetition rates are possible. Furthermore, high-field, short-period wigglers, such as those
in the Novosibirsk design, would be the most helpful.

While discussing the rings, we also talked about the tolerances on the extraction
system, specifically the kicker magnets. Fatin Bulos presented two kicker designs with
100 nsec pulses (off-on-off) that when used in a cancellation scheme would achieve the
necessary tolerances. These designs are roughly 1 meter long. It was obvious, from this
discussion and the previous talks on experiences with the SLC, that we would have to
consider the kickers when designing the ring and not attempt to fit them in afterwards.

Next we turned our attention to et /e~ production, discussing two approaches. CLIC
and TLC are considering conventional production schemes using an intense e~ beam with
an energy ~ 1 GeV. VLEPP plans to generate both e~ and e¥ with a method using
undulator magnets.

Finally, we concluded with a discussion on impedances. Bob Warnock explained his
work on the “free space” impedance and Karl Bane talked about the calculations and
measurements of the longitudinal impedance of the SLC damping rings. At this time the
SLC rings have an “effective” longitudinal impedance of roughly 1€2; this is only a factor
of 34 higher than what is desired for the next generation rings. Next, A. Mikhailichenko
discussed the BEP storage ring under construction at Novosibirsk. This ring is designed
to test techniques of achieving very low longitudinal impedances, and is calculated to have
an impedance of 0.1Q; it should become operational in the spring of 1989.
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List of Damping Rings and Sources Talks

. J. P. Delahaye, A. Mikhailichenko, T. Raubenheimer, “Comparison of Ring
Proposals”

. T. Raubenheimer, “Extraction Systems—Tolerances”

F. Bulos, “Extraction Systems—Kickers”

C. Sinclair, W. Herrmannsfeldt, “Electron Guns”

F. Couchot, W. Vernon, “Positron Production”

J. P. Delahaye, “Injector Systems”

S. Ecklund, J. Clendenin, “SLC Positrons”

R. Warnock, “High Frequency Impedance”

K. Bane, “SLC Ring Impedance”

. A. Mikhailichenko, “BEP Model Ring”
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DR wac.

Fimally we point oat that the inductance formulas of this
section maay be used to estimate the imaginary part of the
Aramcverse mapodance Swm{Z,) at the origin for these struc-
tures. Using a well-kmown formula® for estimating the trams
werse from the Jomgitudinal impedance for a cylindrically sym-
metric strecture, with tube radius a, we find near the origin

Sm(zy) ~ L ()

Layont of the Damping Ring Vacuum Chamber

The damping ring vacuum chamber is divided into 8 girders
feee Fig. 2). Girders 2, 3, 6 and 7 are almost identical. Each of
these girders contains 4 1/2FODO¢¢B: with the quadrupole
wacuum chambers — which are cylindrically symmetsic — sep-
arated by the roughly rectangular bemd vacwum chambers (sec
¥ig. 3). Girders § and 8, in additien te half o FODO exdl 0n
each end, mmkﬂugmﬂmﬂc&um
chmbcdmh-ctknd-tbe-dd&em

s-48 ” e1sa1

Fig. 2. The girders of the SLC macth damping ring.

C harmbenr

A

E Y [XTYS]

Fig. 3. The croes section of the bend chamber. The
dashed cirgle shows the size of a quad ¢hamber.

The vacunum chamber of the FODO cells can be divided
into two groups of objects, ench of which is repeated 20 times
in the ring. Obpe growp, whick we will call a2 *QD vacuum
chamber segment” i centered oa a defocusing quadrupole vac-
wum chamber, with each end at the middle of the neighboring
bend chamber. The “QF vacwum chamber segment™ & simi-
lar, though centered on a focusing quadrupole. The vertical
profile of these scgrnents is sketched in Fig. 4, with the ends
truncated. Nonsymmetric portions are shown dashed. The fig-
ures are drawn to scale. The total length of each type is about
60 cm; the half-length of the bend chamber is 15 cm.

A QD segment (sec the top sketch) beguu with the roughly
rectangular bend chamber (1), which is connected by a ta-
pered transition (2) to the cylindrically symmetric defocusing
quadrupole (QD) chamber. The QD chamber contains a 1 inch
beam position monitor (1 BPM) (3), & QD bellows {4), a saxf
pnke( (5), and a QD mask (6). Finally there is another transi-

Gon (7) into the next bend (8). The ends of a QF segment are
similar (see the bottom of Fig. 4). The cyliadrically symmetric
QF chamber, however, contains a I° BPM (3), a flex joint (4},
and a QF mask (5).
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Fig. 4. The vertical profile of 2 QF segment (top} and a
QD megment (bottom). The noncylindrically symmet-
ric poctions are drawn with dashes.

Ring girders 5 and 8 include two kickers, two scpta, a two
«xdt of cavity, two 1° to 2 transitions, four 2* BPM’s, four 1.4
BP)’s, an optical monitor and a dielectric gap.

. Saductances of Individual Vacvum Chamber Flements

We have divided the damping ring vacnum chamber into 2
wember of recognizable pieces, for which we have then calcu-
Jated the effective inductance I (as described easlier}, in order
to get an estimate of their relative importance for bunch length-
ening. Such an approach is reasonable s0 long as neighboring
pieces are not too near each other and 5o fong o 2 a2, with
« the tube radius. Whenever possible noncylindrically sym-
metric objects were modeled by cylindrically symmetric ones
that were deemned suitable. Table 1 gives the results {or the
elements that are inductive to 2 6 mm bunch — the nominz}
bunch length at a ring voltage of .6 MV, The factor in column
3 is an azimuthal filling factor used to account for the contri-
butior of noncylindrically symmetric objects. We sec that the
QD bellows, the masks, and the bend-to-quad chamber tran-
sitions account for roughly 60% of the ring inductance at 2
bunch length of 6 mm.

Table 1. The inductive vacuum chamber elements.

Single Element Inductance Contribution in Ring
Type L/(aH) | Factor | Number {L/(nH)
QD bellows 62 1.0 20 12.5
QD & QF masks A7 1.0 20 9.5
QD & QF trans. 52 9 20 9.3
jon pump slots 1ix .1 40 5.3
kicker bellows 2.03 1.0 2 4.1
flex joint .18 1.0 20 3.6
1" BPM trans. .10 3 40 3.3
other 2.4
Total 50.0

Mot included in the table arc the septa, each of whichis a
complicated obstruction in a 25 mm ID tube, and is therefore
inductive. Using the computer program MAFIA® on a simple
threc-dimensional model we estimate that L = 2 nH for cach
sepbum.

There are objects in the ring which are resistive, most im-
poctant of which are the two 2-cell if cavities and the forty
I’ BPM cavities. At a bunch length of 6 mm the rf cavities
oontribute $.8 V/pC o the ring loss factor k; we estimate that
the 1° BPM’s contribute 3.2 V/pC. Other objects that are re-
sistive at this bunch length, but contribute little to the ring
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Fig.16. View and cross section of the aluminium vacuum chamber.
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Pig.17. The plan view of the standard straight section.

1 — outer sbell, 2 - perforated tube; 3,4 - the window
and the mirror—-ebeorber for the

synchrotron radiation,
5 - titanium—evaporation pump
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Summary of RF Power Sources
Group Discussions

Matthew A. Allen, Theodore L. Lavine

RF power sources were recognized as one of the key problems to be solved for
the next collider. No solutions exist that simultaneously meet all the requirements
of peak power, repetition rate, efficiency and cost. Demonstrations of each of the
first three requirements have been made separately. Research efforts up to now
have come under two main headings. The'first is single or multiple sources using
power-generating beams in the 1-10 GW power and up to 10 MeV energy ranges.
The second is two-beam accelerators with the power-generating beam in the 10 TW
and 100 MeV ranges. The primary emphasis of the R&D program at each of the
major laboratories makes use of existing technologies developed at that iab. The
directions being pursued are:

o klystrons at SLAC and KEK

e induction linacs at LBL and LLNL

e gyrocons and separatrons at Novosibirsk
o superconducting RF at CERN

e lasertrons at Orsay.

Some smaller laboratories are pursuing other power sources for linear colliders.
Examples of some of these are: gyroklystrons at the University of Maryland, giga-
trons at Texas A&M, and intense, relativistic electron-beam sources at the Naval

Research Lab.

There are many unresolved questions relating to the two-beam accelerator that
would benefit from a test facility — extraction, reacceleration, etc. Among other
applications which merit exploration is the cross-field amplifier, which has been
used successfully in phased-array radars and could be a possible power source. It
has many superior features compared to the relativistic klystron in its lower voltage
operation and cold cathode feature.

The ongoing, complimentary, and international effort in RF power source de-
velopment has great promise for success.
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G. Spalek, “Realization of Full Size RF Compressor”
M. Chodorow, “High Perveance Klystrons”

R. Miller, “Efficiency as a Function of Perveance”
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133



RF POWER  SOURCES

WORKING  GROUP
SUMM ARY

T. LeDuff

witly  assvstance {\:‘ro wa/

peit Allew y Ted Lo,\«'iv-.e-/ roaen( Millex,

0,\,\,(}- '}-"/\'@ Rz? \}\{GVk«L;‘-j GWP

December ‘&’/ 138¢

135



Divisiow 05 Discussions

Ca‘teﬂor?l_ Talks o
Klystrons (longit- modul.) 125 43
Pulsed Power Boam Productiow 4 |4
Crossed Freld Devices 25 1.
(Gyvro- k,lx/sirrovx/ - con, CFA)
RFE  Pulse Compressiow 3 [0
RF Guns owd Lasertvons 3 1O
Two-Beaw Acceleratovs 3 10
Total 29 loo

136



[

//ou/ 7o (’ampare Sources

Toor Ca ko(fo{?kﬁ

&éeap

é'X/)ehs/'x/e,

T pp roved (Convendoxz/
Nove !

m/f//o/c //3!371« /7((
md BCQ&« AC(_,

5+8+€ 0§ +L¢ A({— : €aSiev awo‘ SQ‘PCY“

137



7”/7955 OF RF Power Sources

4 T v pro u‘ca/ Cd_v.'tftm?(('oi«;/ Jources

-

” Hp ki )/s!-rous : relateveste SUAC, UXL | Novos bask
Sepavatron Novesibrrsk
Holow beza. (T REB) NRY WJ;‘/;‘.?#M >.c

r R XS G)/ roecowsg ﬁdeo)'t"a'r;k

- Gy ro klt{S‘"’fo(«S: e, )79.»,;/9..,:/
7 h?ﬂuch’o« prlf&'cr : “’ MSfJa&J
o h 'Fu’ga Cau.[:regg“an : waiuc‘\‘c. Zine
% x ® RF S¢Ahc

2. Novel e vices

* ¥ C/;o/),bea/ éegm au.(a/;ﬁ-,, /-//)('}15041/ Llw!l
* G-"Cahfou Texas Us, .
#* /JSCFfrah SlAe, ke /aﬂsﬂ/v
205 HlIwes /7
xRt TBH : l.nrlnc,t"oq l.'uzc +FeL i8¢ ; 4972
* Cincluckya linac + Frapsbert (B¢, lewme
s frcre
¥ S.C. linac 4 frauwsfect Cern”
S‘JruchVc,,

———

% uuolc.v COLS c'olc_ra‘\ou
»»  under J{s:‘gh ov construchsy
«xy erperimentcd

138



6/33‘3‘:'1{:‘?84'0" of Fhe mave alaffaac/fyeg Qz. c

T Multiple Begws Acceleraboy,

—

T.-4 ?Fgce weodulation a/ev.'ce.s

el L R R R I

B
buuched beaw Uy << U,

|
. ¥ 1
RF Céuf(y RF clmpf" Tulsed [2ser

'?F P}ffrac/;ba {;am & resomdul- car.’//
—  The challewge s bigh peak power 3t high Freguenc.y

catlbedle Sfye T s /\3-

e e o . n w n am " —

T-2 Cross Ffield de vice s ”5 L ; (3luost)
71 v,

(ah{fuuous éeam -~ /4

pé dse l«oc/u /:/72)“

Trousverse  eweryy extrockhoe
Tu ,on’uci'ok jaoc/ for 4:74 'Frc?'uehcz'q
7 e Cé?//ehjc s e cathode A}Jo/:'af
P A
ol bz for klystiow oce wPBucy versus H.C lraec_
/7{ Two Dede. /qccé/cl’é!;urs -

-

-7 Qu'ﬁ‘u«ouf beam . RF ﬁfoa/accd Jh @ w:‘fg/er
STttt TTT oo CF&L .;u./o/f#."cr)
&oo/ -ﬁr [z,‘ {;effaehc.‘n

7 he proé/,;m /j /o f((/) b e 7’1«2/,'//« J'F/er ?JC[ Fed /ﬁa"fﬁ‘f
a2 éu«cAco/ beau .

— e ™ e o am o P~

139



T/’u[‘ffp/e, //?)e Je :Dew'ces.
M

M
[anr [lha
(,— ?:szn,-__‘.—im__ __;///

Goal Aovo HW/‘.. Pegk
?fﬂéle& : MOJ‘A/Q/O’/k/yf"VOu S¢ bc_ COWFQVC. #0
structuve lCuﬁﬂ, for eaclh asccel. wwlt.

How does Hee /'4/K wuri
-

M/K nM/KJ H/K scale with F 7

! L:) —1 I‘\L ‘{sz'cr Hoow /,';,gg,«
Shr- thew [ook for aw opt‘.‘
Wroug )’I/K e B

viwoS V J‘ Klsl,
— i ?JQ,HC/ HYY" s verSug R '{RV
[wo Bedwm Yevices

L1 fce o

Ace
[’wr v 1 l““l. t

1
(—l.'--"’——f-— — ——

Goal is the <a2ue
IL/JS ﬂc Fren'oﬁs /h’oé/q« éeeh So/vu/ 7

s ,f easier 7o mc?/'/?fa/’k Ah e /Oer*zéf
KeBuces of & 5&.74: o/r.‘v,i«/ bedu. AFhan Fo

,Oroa/uca mé’uy a/r,‘w'ﬂ/' é»eam_g)' vie €05
Ggueshor  Cowwzs Lot Saber .

140



Sfa/us of ﬁt/é’/t‘m'fff'c, A’/f;“/‘kahs

RC/Q /7'01'5‘/4'(, o Vv = Soo ki~

SLAC -LBL - Lewi colt2borals.

X baud experiueuts C21. 4 GH#z)

Vo“'QCJc ~ A MV /50-(0 »”s /aa/rer)

Currceul ~ 1 «ka ( l'hl/hf/t‘u- :cce/.)
Gag( ~ 4 GCWw obt3cued : ¥o /‘{u/’ 7;'-;02

4
JLQ(/G - /9!//&' s‘,éor/cw}(f
hd;z///}oéc/or' N
(-Dc""(OP“-&u(— Con*«‘uut'nvi : Ihpa/ CJV;,/‘V Shield

fougars
o« C‘”/ﬁ-wm.)

?Ycue'ﬁc ‘fo S‘o[olc

—

/7'/'7[ Y YEP. /05.’/1;47 Trom 474 Cursent

NRL . WASHiwE Tow, dec.

Z LQA/ e;cpcr:'u-o../' ['!. 3 G#s)
\/a//aye ~ &S00 k¥ ( 7¢o us /ou[«) PFa
(’ur’euf ~ 5-20 KA [//o//alu besuw. , )
€3 thode
+ Frely ewnssion)
3 CwW me—a\:urco( I/\’Ff'a/re g./'orfcu:’aj} )
7 - 35 7. ( but uo‘!‘ curre - — ko BRY

}
'?vok’cws . ex’f(a()ola,'c +o X {95%6! /
/,1'7‘ fcfe./c'/('oh rale [C?ﬂo/c)

];/ereS‘/':'uj N In)‘ense_ pe/:"v:';/o'c. Beau cauw ‘e&
buuctv,-uq (VI(‘t\Lai, (M)A’Dﬁ\,?/)

141



GLAC-LBL-{LNL

Lo,vme Milter, Viieks

11.4 GHz klystron experiment (SL4) &
~ 50% efficiency
~ 60 dB gain Gain -
~ 1.2 MV design voltage cavities 200 MW
Drive cavity Penultimate ﬁ
14 mm / cavity
/ o 1 l
ca 14
[ C,_S I T
9 mm

Output cavnty

~ 300 kW
IL Tm
$0-E-1087-1021C
Subharmonic drive experiment (SS1) [
~2 MW ~250 MW

\
|

=

1 Electron j
19 -~ —C > ¢ ») C ) > 19.5 mm
mm beam / 2 9
= ]
Extraction cavity
F] f‘ =11.4 GHz
Drivc_cavity
f,=5.7 GHz l
‘r 25em —l

142



141

RF output from 8.57 GHz Klystron
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Schematic of a relativistic klystron
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ENERLY RECVPERATION SCHEME
B A TWo-BEAM ACCEL.

~ Henke (CER N)
b)

drive beam1

\

I, | e ¢ e + T+ e+ s+ e 4 —— & & . .
" g+ —\ Gt  S— Y — d——— \ S_—t ——n —— = —— b —r ——

Z’»W@@@WWWWWQWW@WC

e e+ - o+ —— \ — — — . T T P M § e ¢ e o —— S— 4 —

RGP e - e ¢ e+ a4 b - - T e e—— o ——+ —— . ——— — ¢ S+ —— * t——— —— 1 a— ——

drive beam 2

Fig. 5 Multicel)l cavity beat-wave transformer with two symmetri-
cally arranged driys beams.

171



Cos 7

TN VARIANT

-1 B3

172



Conclusions

?"366»1“' S fuatomn

Mo seluticw which 744/74//

3// constrarnts - Peak TPowevr
rep, rate

h:‘qﬁ eﬁ‘t‘cz'ear;f

realds Ao cos

Ho wever 7lwa hon a/ea/:.'c.?fea/ Sources have

reached P > 4G6W
(FEL_, IREB, Vircator osci(lator,
Next stage and Rel Magnetrowm oscill.)

Twe Deawm or hoT Two Beam ; +hat vs
the queS‘hOM -

At the mowment the different cholces are

Wwore a w&Her O‘F exisfl'uj /N:gé fech
(n eacl lab

Ty the case OWC TRA there /s need for
3 vreal fest faeility : a2 few s%ages
0{ bedue wcad Mu.Pula‘f’t'oh [ex}‘rac/:bu/ /'eaafe/cra#&aj

————

T here is still roo we '/%r inueo vation

Atuy gaaol new ideas w/'// be /;e/Pfu//
(Dom"\" be o’:'scourejvq_-7"£:'ﬂk cf/yoarclf/q/

173



ACCELERATOR STRUCTURES
WORKING GROUP

Chairman: G. Loew SLAC
Secretary: J. Wang SLAC

Members and Contributors

I. Wilson CERN

N. Soliak Novosibirsk

M. Yoshioka University of Tokyo
T. Higo KEK

E. Haebel CERN, HEPL

D. Yu DULY Consultants
J. Haimson Haimson Research

E. Paterson SLAC

H. Hoag SLAC

A. Lisin SLAC

C. Rago SLAC

175



Summary of the Accelerator Structures Group Discussions

Gregory A. Loew, Juwen Wang

Thirteen people in the workshop participated in the working group on linear acceler-

ator structures. The following topics were considered and conclusions were reached:

1.

All laboratories described their respective structure programs, which are summa-
rized in the section on recent and planned experiments for calendar years 1988, 1989

and 1990.

. The choice of RF frequencies ranges between 11.4 GHz for KEK and possibly
SLAC, and ~30 GHz for CLIC. Novosibirsk has chosen 14 GHz. At the present
time, all structures are of the disk-loaded traveling-wave type (27/3-mode) al-
though standing-wave structures (7-mode) are also being considered. The latter
have the advantage that they do not require loads and allow for easier multi-bunch
energy control, but have the disadvantage that they generally exhibit higher peak-
to-accelerating field ratios. The lengths of the sections range between 25 cm (CLIC)
and about 1.5 m (SLAC), and the corresponding gradients range between 80 and
186 MV /m. For single-bunch wakefield control, the ratio of iris radius to wavelength
is invariably chosen to be 0.2. The resulting group velocity is about 10% of the ve-
locity of light, which results in filling times in the range 10-50 nsec. The peak input
power per section ranges between 37 MW (CLIC) and 1450 MW (SLAC). Structure
efficiencies turn out to be about 50%.

For Physics reasons, CLIC and especially SLAC are considering multi-bunch op-
eration with injection of each bunch train before the end of the filling time. An
alternative to this scheme was also discussed whereby each RF pulse would last
several filling times and the bunch spacing could be increased accordingly. In any
case, multi-bunch beam break-up seems to require that the @ of the deflecting mode
(HEMj;) in these structures be reduced below 20, dictating the need for slotted-disks
with lossy transverse waveguides. Considerable effort was spent discussing the cal-
culations (MAFIA), spurious modes, tests, construction, lossy materials, cost, etc.,
pertaining to these slots. While they present many difficulties, they at least have
the advantage of increasing the pumping speed of the structure, which is important.

4. Other important subjects discussed were high-gradient breakdown, dark currents,

and RF processing (possibly using argon), fatigue damage from impulse RF heating,
water cooling and the potential vibrations caused by the flow, brazing techniques
(preferred above all other alternatives including electroforming), alignment toler-
ances (on the order of 10 to 50 um) and the desirability of built-in beam position
monitors.
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List of Accelerator Structures Talks

1. I. Wilson, “Design and Fabrication Studies of the High Gradient Accelerating Struc-
ture for the CERN Linear Collider (CLIC)”

2. G. A. Loew, “SLAC Structure Work”

3. T. Higo, “High Gradient Accelerator Structure Research at KEK”

4. N. Soliak, “High-Gradient Accelerator Structure Research at Novosibirsk”
5. H. Henke, “Multi-bunch Requirements and Wakefields”

6. D. U. L. Yu, “Computer Aided Design of 3-D Waveguide Loaded Cavities”
7. 1. Wilson, “Summary of Structures Working Group”

8. G. A. Loew, “Laboratory Activities on Structures, Recent and Planned Experi-

ments”
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KEK
ORSRY See SecTion BELOW

CERWN
SLAC /LLNL / LBL /HRC

Multi bunch regwiremen
Alignment +olerances
Wakefields Gem dark currents

Slotted Structures

Effect of sleks on E=z

hemgth of slels, loss:, moterials

MAFA calewlalims and olher experiments
Q measuwrements |

Other struchures

Brealdown .
Darle aunrcent } Evidenee
RF broccﬁirﬂ 'watofj

fatigue damage from impulse RF heating
Fabrication frchnigucs & cooling
Vacuum,, bum};‘mj speed.

Built-tn  beam Po&lﬁon monilors

Structure dimensions and calewlations
(made by . Farkas)
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MULTI BUNCHING

. Luminos!b increase
e Amore reoonﬂ:j fina) Focus 'mblcms

« howewr beawm break
l{? ho damp?% of wnuliﬁdds

- " i 40—20 RF aycles
With bu ch ip:cdingsﬁlsbp;?% JJo-2e cucl

o most efficiont Way — slob the irises

e however considerably complicates Shuchure design

Considerable discussion Hus week on ways o aweid
beam break up wibouk hauiru o have Slobs.

Skp in right direchion — G. hoew Scheme Wilh N bunches /shot
spread  thinly over extended. pulse ( M individual pulses
end to end” ). Saves M-4 flling times

Alows truch lmacr bunch spacings

Reduces repeliion rate by Gubon M.
Disadvantages

SLAC G) Fiat bp long pulse Frm kgshms (xM)
Gy For M =40 say , repetiion rake
appreaches ground woeokon Frzg,uma'cs (30Hz)
cLic () SC caviles unable to provide enough
stored energy for extended pulse.

. lonsidemble discussion with beam dynamics
eople — would the 2-3 % Af/L for
her modes which cowld be buwilF ink
acc. Shucture — W’B’Qj cdl/cd/ dimensions
— Constk gmd ‘3#5 Shhwchure
be any hd/a in ea.;inj He bmblem?'
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Messaae ﬁ-n beam dynamics }“"Pic LouD & cLepr

o Deither of lhese conhibubions
‘ndluidualld sufficient

o do really need stoTS !

AF/ 2 2% however rmaH' help to sc!' closer
tto zero tesultant  for Scheme with l’mlulj

bunch Haced close o zero Crossing (stAc
scheme) since amplibudes are Much smaller
and  mixing might imprave  Hhings .

CONCLUSION

I¢ You wank MHbu»c_h‘mj - gouw neecl SLOTSE.

Tris 1s bad news for the Fabricadion pm}ﬂe.

ALIGNMENT ToLerances
« Difficult b get preuse values

D Cnd.S on varieus desian reaches adebhd
elb# 4An }Darhcwlar ﬁrgu‘%ncsaPP P

Tollowing values INDICATIVE

onl ba.lt ke value
and wnsmnkb bcmj rthecfj ( &Sud,r in wﬂ)
direchon ).
TLC cuc
A[l nment shuchues. 56 .um  AOum
n guads. =0 o
/&M /a.m
Siller gquads . 002 um 02 um

/nlba-@ Cndincen:d feed back syskems — }onié/z
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WAKEFIELDS FROM DARK CURRENTS

. basic problem — Beld emilied electrans
produte a fow of chame off axis
— exciles bansverse odes

e Beaw dynarmics is looking ak this proble
— lahdp s:sionsmh:f;cpuib Jwill 83&/52. PYZn "
wpper limib for curfenk which sharts to

give problems

Model
Feld ewiled current £

! Jp

All dw.rae toncenhrated. ab dishamee A fom axis
Excles  TM; wmode.

RF absocbed PowerR — Fied £H/77£D ELECTRONS

o RF absorbed power duc b BF focussed held
emilted elechons along axs of acceferalor —

bo.sica.lld beawm Ioadznj — apfw.rand NOT
«w problem

— SLAC : no measured efacd on Fest shwctures
C G. Akoew\*

» Sin(a I ¢ 4/#
helps b g® b higher Pft;ucnu‘cs.

* Nore  AdDED BY & LoE W .
I "
EFFecT ANor MEASURABLE S0 FAR .
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OTHER STRUCTURES

. not Pund aftrachve alkrnahve
o DLWG geomchu

o« Oungle Ggm invoked — SimPlcr caui
£ dﬁa.brica.t‘c 3

— la.cae_ a/)\ regu.{remcnt >» Vch
un fwourable gcomebj =-p

substankial reduckons in R' ¢ RY/Q

«  Must menbion Hat BEATWAVE

TRANSFORMER Scheme imboxed by
H. Henke — many aHrachve Feahures

— uses SW cupled TT-mode cawihes
— deserres furkher wnsideration

Presented at Bus workshop - Copies
available .

- 2 coupled, T mode cells wikh
individual Feeds — proposed for

klystrino appreach of G. hoew .
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SURFACE DAMAGE FROM RF IMPWSE HERTING

o VERY Ha eak powers wired for LCs
o~ ge peak powers reg

LRRGE PULSED DISSIPRTED POWER DENSITIES
(cLic 5o My/m Pz 470 KW/cm2
150 My/m P = 680 kw/em? )
e Shown b brodice
l"hcrm.a.u:’ induced eyclic sh—cuind of Cu. surface

« Contern — lifchme of awelemnbor (40"—!0'2(9de.s)
sucface damage due b f»ﬁguc may octwr.

. 'Fa-h'guc dala for GT= 046Gy - 050y
nol available in litemlure.

« THerepoRE RECOMMENDIED TiaT A

FATIGUE TEST Mmeade

— caretfull ed cwbber lest biece
— r‘ea.!ish‘g ﬁvczbdi{;u afﬁfﬁons A

— Pen’oauc checks” on Sutface zun.liﬁ
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FABRICATION TECHNIRUES
“This Is dominated bfj he well-Known Swdinﬁ
' 7o SLOT OR NOT Tb SWOT — that is he gueshiss

SIAC (T2C) are commilted. o sloks
TLe (Kek) — nol decided
Novesibisk —~ bhave no slots

CERN — would like o incorporate sbots if possibiz.

SIAC  shudure (49«.¢!rnn.l's - individw\lld machined

& radiused)— adthoush complicated (5 packs per cell )

leoles f‘ed\m.cailj feasible ok X- band Asinj verg

f:rcu'sa =-D millin3 machines or grinders.

At 30 GHz — not abwious such apbroach
Mh_.ica.ud t)oSS'ch..

There 18 KMTTLE ENTHOUSIASM br C/ea/ro/%rminj,
All dabs. (epresented ab workshep envisage
machine + bmze solubims

_ CERN & KER ptuer-the-less have elecho por’mw:;
shudies in broartss. -

Rda.x ToLERANCE rgg_uiremm}s on md-ain‘mcj
-» use of |ess sophishcated machines™
— Tnany Mmore avallable

— Hen DIMPLE TUNE.

Musk conhnve &amh_lpj_for &QR;EE W%_s D‘é
moking  these shactures ¥
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COOLING OF STRUCTURES
. Mman concen Not ko geb B oub bub

« b avoid excessive lewmpemiure differentials
— lead f thermal dishrkon #

assm'afd‘ﬁ'qaengj changes
be
o Themal distorhon canglimited o some

extent by dudicial P(ar.inj and.
d.«mmsconum oF l«m.h.r COolmj channels

o Dehiiled shrss & deformabon analysis
Needed o assess seriousness o-% problems.

o Concern over waker How induced vibrakons

in the shuckes
— dests are reguired fo establish

ij./ampliludc. Spechum for
feasonable Fow mtes on real Shuckurs.
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BEAM POSITXON MON/TORS

» given ﬁgl\" tols. on aJisnmcn!’
[ Rzu.irc accurale measurement oF FHansyerse

beam pesikion
essenblal BPM Whose ocutpul signal

-_— rch'o.bl:, zero E beam on axds , oherusise
< 9:4 — be (ncorporated inbb acc.
shwdure as ih)‘c.sml part d.cu-inj Gabneakon.

one lbo:xibih_ly bo geb um resolubion + zero poink
definihon —% microwave Shuctures Pfckirlj

4&# EM Cn&w from beam.

Shown (CLic Motz 70) that

— Simple drewlar Ca.mlj

— (o-axial b beam axis

—  Eu mode excitmbon by ofF-cenkre beam

=P forms  excellent kaih‘m fick-ulb
With PoTewn7iAL of  micon resolubon .

Queid beam break with mulhble
bumches ‘¢ 16/
— cavuily must be Slotred

— En signal coupled cut of one of
damping sloks ~ Hen passed Hro!
Narmow -band eceiver fo flker be

reguired signal .
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STRUCTURE DIMENSIONS € CALCULATIONS
( D. Farkas).

D. farkas — calalated a. reference subset
oF Shuclure Pammeftrs. with
TWAP Tw PROGRAM
- Fmd.u.ced_ expressions ( by
Curve FiHinJ reference subset)
which allew all imporbam!
Pammem‘s bo be caladated

Withouk fuhning the computer hoaram

CoPies of his tesults have been dishibuted and

are auvailable on reg_ues[-.
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INSTRUMENTATION WORKING GROUP

Chairman: J. Seeman SLAC
Secretary: G. Fischer SLAC

Members and Contributors

N. Cavallo Frascati
M. Serio Frascati
V. Parkhomchuk Novosibirsk
A. Lumpkin LANL
R. Pitthan SLAC
K. Bane SLAC
M. Ross SLAC
R. Ruth SLAC
C. Johnson SLAC
T. Lavine SLAC
D. Walz SLAC
M. Lee SLAC

P. Morton SLAC
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Summary of the Instrumentation Group Discussions

John Seeman, Gerhard E. Fischer, Colin Johnson

The subject “Instrumentation and Controls” for the next linear collider covers a broad
spectrum of topics. Included among them are system packages, flexible on-line models,
beam position monitors, beam size and emittance measurements, energy and energy spec-
trum control, alignment of components and mechanical vibration centrol, control system
philosophy, collimation, and the complications arising from multiple bunch operation.
Overall reviews of selected topics were presented (see list of talks) and discussed in terms
of their application to the next linear collider. Final focus instrumentation was not dis-
cussed in this group because it depends on details of final focus design as well as being
somewhat unique compared with the nominal parameters of the accelerator complex. The
large scope of this group’s activities prevented in-depth development of any single topic,
but several general conclusions could be drawn. They are :

1. Comprehensive instrumentation packages must be incorporated into the accelerator
design for the next linear collider at strategic locations from the very outset. Such
strategic locations might, for example, be at the territorial, or better, at the optical
boundaries between system functions. Whatever the case, such monitoring points
must be clearly defined.

2. The accelerator complex will be significantly more complicated than in the past
so that comprehensive on-line model and application programs will be essential for
problem diagnosis.

3. Arguments can be made for either RF or stripline position monitors. At this time,
which design concept is better depends on details yet to be studied and the choice
is best be left to the taste of the user. Dark currents in the linac or common mode
problems will need to be considered.

4. In the linac, beam size measurements will likely have to be made with wire scanners
(o ~ 2 to 20um). Problems with linac dark current may contaminate the readings.

5. Devices using the properties of transition radiation work well at “low” energies
(< 100MeV) . Their usefulness at the “high” energies of a linear collider is less
clear, but warrants further study.

6. Energy and energy spectrum control must be incorporated into final focus design.
Nowhere else is there adequate dispersion.

7. Traditional methods of alignment are insufficient. A steady R & D effort will be
required for the next several years in order to make it possible to align the compo-
nents of the next collider and keep them in alignment. The choices of site geology
and operating repetition rate have bearing on the questions of vibration control.
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8.

10.

The measurement of multiple bunches (at say 20 cm spacing) will entail complicated
techniques, the full impact of which is not yet known. It is important to evaluate
whether or not a measurement of the ensemble of sub-bunches will suffice in most
cases.

It has been shown that particles in a bunch, of population density such as are pro-
posed, are deflected by unacceptable amounts when these bunches pass near the
edges of objects such as collimators. Furthermore, should such bunches strike ma-
terials, single bunch melting or fatigue due to repetitive stressing may result. Beam
halo removal through the application of high order (i.e. non-linear fields) does not,
at this moment, appear practical. These problemns deserve intensive examination.

Overall, there was optimism that most instrumentation questions could be answered
with finite amounts of work and that with some reconfiguring of accelerator param-
eters, the difficult instrumentation problems could probably be solved. However, it
would be well to clarify the situation with respect to multibunch operation early
on. Fundamental questions with respect to “collimation” remain.
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List of Instrumentation Talks

1. R. Pitthan, “Optical Transition Radiation”

2. J. Seeman, “SLC Instrumentation Packages”

3. K. Bane, “Image Force Deflections from Collimators”

4. G. Fischer, “Alignment and Vibration Issues for the NLC”
. Ross, “SLC Stripline BPM Studies”

. Ruth, “Things to Measure”

M
R
7. C. Johnson, “A ‘Machine’ Luminosity Monitor”
A. Lumpkin, “Optics of Transition Radiation”
V. Parkhomchuk, “A Proton Profile Monitor and Other Devices”
T

10. T. Lavine, “Beam Derived Determination of Quadrupoles and BPM Offsets”
11. D. Walz, “Collimator Issues”
12. J. Seeman, “NLC Instrumentation Systems”

13. M. Lee, “Expert Systems for a Linear Collider”
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Instrumentation Systems
for the next

Linear Collider

John Seeman
for the Working Group on Instrumentation

December 8, 1988

1) Overview

2)  Alignment

3)  Beam positioning

4)  Beam profile measurements
S)  Multiple bunches

6)  Feedback

7) Crab beams
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1)
2)
3)
4)
5)
6)
7)
8)

9)

Conclusions

System layout will require real estate

Design must be included early

Application programs needed early

No small beams can strike material

Dark current in the accelerator must be limited
Alignment -- Girder system needs work
Multibunch measurements need definition
'Smart Model' of the machine is needed

Possible gains in Feed-Forward and Feed-Back
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BEAM INSTRUMENTATION

List of participants:

Henke, H. CERN

Johnson, C.D. CERN Rapporteur
Lumpkin, A.H. Los Alamos

Cavallo, N. Frascati

Sergio, M. Frascati

Balakin, V.E. Novosibirsk

Parkhomchuk, V. Novosibirsk

Bane, K.L. SLAC

Fischer, G.E. SLAC Secretary
Lavine, T.L. SLAC

ILee, M.L. SLAC

Morton, P.L. SLAC

Pitthan, R. SLAC

Ross, M.L. SLAC

Ruth, R.R. SLAC

Seeman, J.T. SLAC Chairman/Rapporteur
Toge, N. SLAC

Waltz, D.R. SLAC

Warnock, R. SLAC

SUMMARIES

Measurement specifications
Alignment

i) Surveying
ii) Beam alignment

Beam position monitoring
i) Electrostatic BPMs
ii) Microwave position monitors
1ii) Resonant microwave position monitors
iv) Microwave cerenkov pick-up
Beam profile monitors
i) Fibre scanning
ii) Atomic beam profile monitor
iii) Ceramic oxide fluorescent screens

The potential uses of Transition Radiation monitors
for beam size, divergence and energy measurement

Beam collimation
i) Steering effects of collimators

ii) Thermal and mechanical limitations

Luminosity measurement for machine tuning
Expert System for a linear collider
Instrumentation systems

i) For the SLC
ii) For the NLC
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CONCLUSIONS, RECOMMENDATIONS:

e Keep trying to find more ‘tolerant’ solu-
tions to collider design.

e« Do away with the problems of the atmo-
sphere. (if pessisle)

e Take great care in engineering the sup-
port structure with respect to thermal and

oth ses and avoid resonant modes.

o All collider sub-systems must be provided
with mechanical reference systems inde-
pendent of ground motion. (« pemisia)

..Alignmenta systngunbls must be capable of
opera.tingrco‘ﬁtinuously, also when the col-

lider is in operation.

e Mechanical realignement should be per-
‘ formed, BEFORE, resorting to feedback

whose error signal is ‘beam derived’. (spn)

e A vigorous R and D program in align-
ment techniques, engineering design and
equipment development should be started
now!
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BEAM DETERMINATION OF QUADRUPOLE MISALIGNMENTS
AND BEAM POSITION MONITOR BIASES IN THE SLC LINAC®

T. L. LAVINE, J. T. SEEMAN, W. B. Atwoop, T. M. HIMEL, AND A. PETERSEN!

Stanford Linear Accelerator Cenler, Stanford University, Stanford, California 9{309

C. E. ADOLPHSEN
University of California at Santa Cruz, Sanla Cruz, California 95064

Antunt Swurus  +

ABSTRACT

Misalignments of magnetic quadrupoles and biases in beam
potition monitors (BPMs) in the Stanford Linear Collider (SLC)
linac can lead to a situation in which the beam is off-center in
the disk-loaded waveguide accelerator structure. The off-center
beam produces wakefields which can limit SLC performance by
causing unacceptably large emittance growth. We present a
generz] method for determining quadrupole misalignments and
BPM biases in the SLC linac by using beam trajectory measure-
ments. The method utilizes both electron and positron beams
on opposite RF cycles in the same linac lattice to determine
simultaneously magnetic quadrupole misalignments and BPM
biases. The two-beam trajectory data may be acquired without
interrupting SLC colliding beam operations.

~ Ly BT KRGHEHBER
MAST

B TIME 1S THE

PRECUS COMMODITY.

BPM Cenlers

FIG. 1. Linac lattice containing a biased BPM (2) and
a misaligned quadrupole (3). The electron and positron
beams have been steered using correctors near each
quadrupole to minimize the BPM measurements.
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Purposes of BPMs

Routine - continuous use M, Zosy
Linac orbits /2/37/83
transition launch

Beam/Beam
Optics

Diagnostic

Optics
Instability finding

Requirements -

Resolution - (distribution width of readings made on
identical orbits)

Absolute accuracy - (placement of the beam with
respect to survey monuments)

Data Acquisition - (data rate, synchronization, online
analysis)

Other - Intensity dependence, single/multi bunch ..

Resolution requirement:

Instability finding - beams must fluctuate by less than
x% of sigma

Optics correction - e.g. online dispersion correction
using matched BPM's

Ream-beam deflection
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Absolute accuracy requirement:
Linac wakefields
Transition launch

- Orbit through non-linear elements (FF and
compression sections)

Data acquisition requirement:

must be able to correlate BPM readings with data
from pulsed devices

must be able to remove beam motion when calibrating
BPM instrumentation

must have data from appropriate locations on each
pulse to separate sources of instability

SLC Linac BPM system uses

1 in diameter stripline electrodes 2//c=0.3ns

30 MHz bandpass filter - (matches track and hold
technology) - limits minimum Az ~ 40ns

10bits

System performance
10-20ptm resolution (r/1000)

100pm accuracy (poor performers are hard to find)
"Tagged' pulse readout necessary
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New system using this design

100 MHz sampling - minimum Az ~ 13ns

14 bits - (r/10000)

Absolute accuracy same or worse - needs improved
calibration

Problems with collider BPM systems

Readings changed by small local beam losses
Can depend on higher order moments of charge
distribution

Design work for. future systems

Increased bandwidth -> harder to equalize cables,

pickups etc.
Multi-bunch (e.g. 2GHz) must develop tuned receiver
systems - single bunch absolute accuracy difficult
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CLIC Note 63

Some thoughts on Beam Position
Monitors for TeV Linear Colliders

G.E Fischer *

May 1988

Abstract

Current designs for future linear colliders cal) for position monitoring of electron or
positron bunches to several orders of magnitude tighter resolution and’ accuracy than
present practice. This note is an attempt to assess whether present technology is appli-

cable.
N Va

d —

f/y [ 3\

&;W '
Ve Vy,

Figure 1: Cross-section of the generic monitor; the horizontal beam coordinate is given

o+ )~V 2V,
by: X=Kx iv.w.w.«rni :
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Two ALTERMNATIVE Devices ¢

Figure 4: Schematic of the Traveling Wave Beam Position Monitor

£—>

Figure T: Conceptual scheme to mreasure beam position using two resonant cavities and

observing the energy flow between them
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Ww. Scunell
. Cuc Note Fo

qg‘ (a) high-Q, Eqy cavity

N
J— ) L {b) slot-damped
S -3 —— - (sliced-iris) Eyy cavity.
—_— _"J e {Vertical and borizontal
: monitors may be

combined in one unit.)

side view

(c) coupled zero-mode

———— cavities

Figure 1: Three types of resonant monitor for vertical beam position. The + designates
the beam seen head on, the straight arrows the signal cutput and the closed-loop arrows
the magnetic field induced by a vertically displaced beam.
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Z = Ayo and ¢ = Ay T. 83, J. $oam.
v 27 £ 2 .
q'F - t' ' L"] I h

2.5) Results from the previous formulae CERN ~ oRsAY

Table I gives the photon yield N in the wavelength range : 0.35 to
0.8um (the meen wavelength 1is 0.5um), the depth of field and

resolution for different incident particles expected to be used in the

SPS. .
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Schematic of OTR Experiment
( Los Alamos )
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Fig. 5. Peak kick of 1/2 scraper as a function of scraper
angle #, when £/b = 1.0 mm and ¢ = 1.0 mm.

Discussion

We have shown that scrapers that pass close by high peak
current beams can significantly degrade the beam emittance. A
circular scraper was chosen for this study since, at the moment,
it is the only one that we can compute. But it can be expected
that these results give s reasonably good approximation for
a normal rectanguiar window scraper, with & representing the
half width of the window. Whenever wakefield effects can be
important scrapers that only have one side should be avoided
since they will give larger kicks than computed here. Further-
more, they have no ideal trajectory along which there is no
kick, s the symmetric scrapers have.
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Hard Photon Luminosity Monitor for Linear ete™ Collider

P. Grosse-Wiesmann and C.D. Johnson, SLAC, CA 94305

ABSTRACT, 1989 Accelerator Conference, Chicago.

The ultimate performance characteristic of particle beam colliders is the in-
tegrated luminosity. Insofar as the beam parameters: position, size and particle
distribution functions, are known the luminosity, and hence the interaction rates,
can be calculated, and these derived values may be summed over time to obtain
the integrated luminosity. However, in practice it is far from simple to reliably
extract. these beam parameters. It is therefore desirable to have direct fast on-line
luminosity monitoring. Traditionally elastic Bhabha Scattering (ete™ — ete™)
above a scattering angle of a few degrees is used. Unfortunately elastic Bhabha
Scattering into a fixed angular acceptance decreases ~ % and leads to a rather
small cross section at high collision energies. In contmhe radiative Bhabha
process (ete™ — ete™«) has a very high cross section which increase logarithmi-
cally with energy “;.I_TL’S' The feasibility of such a Bhabha monitor is determined
by the possibility of extracting the hard photons from backgrounds and will de-
pend upon: the lattice and mechanical implementation of the Final Focus, and
the ability of the detector to discriminate between the hard photons and the
softer background of synchrotron radiation and beamstrahlung. Some design

examples and background numbers are presented for the SLC.

270



1.2

SLC case
SEF s8  Qf

3808 s.028
L339 '\ 1_3435' .00
— 118448 88448 » (35,29 4
22.497 _21.7%6 19.8
' ! (¥ ]
126,602 ! i
FUTUAE i
o ; P25 y3m.26 787
4 A J
i po sy -__h
iRy & s ; —j:,: = .\,ﬁ‘_l_ - —
BSM | S—— - ¢ g
Qe e Sy Pe-6.5 g
4 P ivusrondBRA SN, |4 e
: :(‘x FFS20-16.56 [ oo pug

QF ST

SoCuTION |,

MobIFy BACKLEGS OF Sx8,6 @8 — GooD PR + 0-Sad

ENLARGE @¥F SxXIF
SotuTloAD 2

HALE Q®uAdS IN PRCE OF QOF, @F,
Sx7F  ALD sx8 — Good FoR > |2 N bad smrw\ﬁa. wt3L+MMQ.

CoMRinegDd DIPoLE + SEXTUPOLE TO RePLPACE _.



Marvtin  Leo

Trajectory

Change New

from Launch

Beam Correction

Launch . (Model) ™ 1 Machine

Trajectory Change from Launch Correction

Fig. 1 A block diagram of a conventional launch feedback

control.
Modetl Prediction Actual
Parameters & Model 5 >
p h
Trajectory ¢ Par.ameber ‘
Estimator -
Change = Difference
from New
Beam q é_auncl;
. orrection
Launch , 1 (Modet) L Machine
Trajectory Change from Launch Correction

Fig. 2 A block diagram of a Model-Reference Adaptive System
for the faunch control.

A WoRLD-WIDE CoCLARORATION) ON MACKHIAE CONTROL
HARS BEEX) SET OP (M THE FORM oF REGULAR WORKIHo PS .

BuT wHAT ABouT " BEAM coMTROL (— STudy AT SLAC.

272



Chairman:

D. Burke

FINAL FOCUS WORKING GROUP

SLAC

Secretary: T. Fieguth SLAC

Members and Contributors

B. Autin
S. Myers
T. Taylor
B. Zotter
J. Buon
J. Perez
D. Cline
N. Kroll
V. Lebedev
V. Telnov
J. Norem
K. Yokoya
S. Yu

P. Chen
K. Brown
L. Keller

W. Kozanecki

K. Oide
J. Spencer
N. Toge

273

CERN
CERN
CERN
CERN

Orsay (LAL)
Orsay (LAL)
UCLA
UCSD
Novosibirsk
Novosibirsk
ANL

KEK

LLNL

SLAC

SLAC

SLAC

SLAC

SLAC

SLAC

SLAC



Summary of Final Focus Group Discussions

David L. Burke, Theodore H. Fieguth

The Final Focus Working Group included a total of 26 physicists representing all
participating institutions. Each morning the group as a whole heard and discussed reports
of ongoing work. The afternoon sessions found the group divided into smaller working
groups. A total of 23 oral presentations were delivered in seven days. The topics discussed
fell mainly into the following catagories: a) final focus optics, b) beam-beam interactions,
c) magnet design and measurement techniques, d) special small-beam instrumentation,
e) tolerance to errors, {) backgrounds and g) exotic ideas. Two additional topics were the
commissioning experience with the SLC final focus and the prospects of a Final Focus
Test Beam at SLAC. Parameters for final focus systems for TLC, CLIC, JLC and VLEPP
were compared where possible and were found to be similar. All have unequal emittances
for the horizontal and vertical planes and unequal values for the betatron functions and
spot sizes at the interaction point. These parameters differ in detail usually only by an
order of magnitude or less. Topology of the interaction regions do vary greatly and this is
still a matter of great interest. An important result of the workshop was the finding that
it would be necessary to increase the crossing angle for the TLC from the original design
value of 3 milliradians to 60 milliradians in order to minimize the background from the
pair production background discussed below. This result has generated a new interest in
the “crab crossing” technique to correct for the loss of luminosity due to the large crossing
angle.

The topic of chromatic corrections is still of great interest and the question of which is
most desirable, “correction in one plane only, or two?”, is still being debated. There was
some work on optical scaling laws which prove to be helpful in gaining insights to design.
" Minimum achievable spot sizes are limited no matter how well the optics is designed due
to the chromatic dilution induced by the synchrotron radiation in the final quadrupoles.
This synchrotron radiation limit (Oide Limit) was examined and has yet to present a
serious problem.

Beam-beam interactions were examined and a process that had not been previously
investigated was found to have serious implications. This effect is the coherent produc-
tion of electron-positron pairs by the interaction between the beamstrahlung photons
from one beam and the collective electromagnetic fields of the opposing bunch. For large
beam-beam disruption, the number of high energy beamstrahlung photons is approxi-
mately equal to the number of incident electrons or positrons, and the interaction of
these photons with the coherent electromagnetic field of the opposing bunch create sec-
ondary electron-positron pairs. For bunches containing a large number of particles this
process can generate intolerable backgrounds. The production rate is controlled by lim-
iting the collective magnetic field of the beam (measured by a parameter called upsilon)
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which can only be reduced by lowering the charge per bunch. This solution in turn re-
quires increasing the number of bunches or the frequency of crossings in order to retain
luminosity.

This closer look at pair production led to the conclusion that much more detailed
work will be required to find the optimum paradigm for the interaction region that will
control this source of background. Most of the secondary electron-positron pairs are
produced at small angles with respect to the incident beams, so one scheme to reduce
this background is to simply increase the crossing angle to allow for larger exhaust beam
ports. To do so and still not lose luminosity would require crab crossing. This scheme
uses an RF deflector of the type used for RF separators to induce a correlation between
the longitudinal position of the particles in the bunch and their transverse momentum.
As seen in the center of mass of the two beams the effect of the crossing angle is removed.
In other words those particles at the head of one bunch will interact with all of those in
the opposing bunch and likewise so will those at the tail. Of course, there are other ways
of inducing such a correlation but this method appears easiest to control.

There were several suggestions for measuring small spot sizes and controlling their
positions. Among these were the use of ante-beams, bremsstrahlung from foils and/or
saturated plasmas in foils.

The requirements imposed on the properties of the final quadrupole lenses by various
optical designs were examined, and it was concluded that conventional technology, perhaps
using permanent magnets, will be able to meet them.

There were discussions of the purposes and design for a proposed Final Focus Test
Beam at SLAC. Such an experimental area would take advantage of the small emittances
obtainable at SLC and provide an appropriate beam for the development of hardware
and techniques for generating, measuring and maintaining sub-micron size beams. A
preliminary optics and layout has been developed for this beamline. As proposed it
would be an extention almost coaxial with the linac into the existing C-beam channel.
A small bend of approximately one degree needed for chromatic correction would be the
only deviation from the direction of the linac. The total length would be between 125 and
250 meters. The beam would operate at 10! electrons or positrons per pulse at the full
SLC energy of 50 GeV. The beam power would be 1kW at the operating frequency of 10
Hz. There is an attempt underway to provide flexible optics that can be tailored to best
suit the proposed experiments. To test future chromatic correction schemes in one plane
only, a flat beam is desired. A design for such a beam has been completed with a beam
size of about 50 nanometers in the vertical plane and 3 microns in the horizontal plane.
Some possible experiments such as those dealing with plasma lenses will usually require
rounder beams. An effort is being made now to elicit suggestions and requirements from
future experimenters and collaborators to include in the design of this facility.
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16
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List of Final Focus Talks

. W. Kozanecki, “SLC Commissioning Experience” |

. K. Oide, “Final Focus Test Beam Optics Design”

. T. Fieguth, “Proposed SLAC Final Focus Test Beam”

. J. Norem, “High Resolution Beam Monitor”

. J. Spencer, “Some First Principles of FF'S Design”

. K. Brown, “Scaling Laws for SLC-Type Final Focus Optics”

. J. Rosenzweig, “Perspectives on the Plasma Lens”

. P. Chen, “Beamstrahlung Pair Creation”

V. Parkhomchuk, “Beam Density Monitor”

M. Hildreth, “Beamstrahlung Profile Monitor”

V. Telnov, “Gamma-Gamma and Gamma-Electron Colliding Beams”
K. Oide, “Synchrotron Radiation Limit on Focusing”

T. Taylor, “Final Focus Quadrupole Design”

B. Zotter, “CLIC-TLC Comparison,” and “Tolerance to Error”
J. Buon, “Synchrotron Radiatién Limit for Two Dimensions”

. K. Oide, “Wire Resonance; Measurement of Magnetic Gradients”
. P. Chen, “Beam-Beam Pair Production”

. S. Drell, “Beam-Beam Pair Production”

. B. Richter, “Beam-Beam Pair Production”

. R. Palmer, “Crab Crossing”

. W. Kozanecki, “Constraints on Final Focus Designs”

. S. Yu, “Plasma Focusing”

. F. Couchot, “Ante-Beams”
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Bruno Autin

FINAL FOCUS PARAMETERS
ete” | Beam Test | VLEPP
SLC | TLC | CLIC | JLC | VLEPP Facility 1Y

Beam Energy [GeV] 50 | 500 | 1000 | 500 | 500/1000 50| 1000
Normalized Emittance {10787 mrad]

€y 30 2.5 3 6 30 1

3% 30| .025 1 .06 3-3 ~ 0.1
g Function at IP [mm]

By 7.5 30 22 100 34 0.8

By 75| 040 | 04 1 1 5
Momentum Bandwidth [107%] +3 | 43 +5 +3 +3
Spot Size'[nm]

our 2000 | 260 | 180 | 300 1000 3000 | ~20

oy 2000 1 20 3 10 17-55 ~ 20
Bunch Length [mm]

oy 11 .079 0.2 ] 0.079 0.5 1 0.75
Beam Disruption

Dy <.8 .03 0.1

Dy <s| 6 3 10 :
T 0.3 0.5 <0.5
Poletip Field [T) 1.1 14 14 1.4 ~ 1
Final Lens Radius [mm] 20| .5]1-25 5 0.5

Final Straight Section Length [m)] 2.8 41 <25 4 ~ 1
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Expanded view of hybria magnet aperture showing incoming beam at the
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OFFSET EFFECT FOR ROUND BEAMS (A=0.4)
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