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The revised schedule for the,

Brainstorming Session on the Feasibility of

Multibunching for CLIC
Date: Thursday and Friday the 13th and 14th of October.
Place: Novotel in Ferney Voltaire.

Participants: U. Amaldi, H. Braun, J. P. Delahaye, G. Guignard, K. Hubner,
O. Napoly, W. Schnell, L. Thorndahl, D. Warner, 1. Wilson, W.
Wuensch, B. Zotter | A YRk,

THURSDAY
. Opemng remarks I.P. Delahaye 9:00 10

* Physics requirements for linear colliders and  O. Napoly 915 15
the performances of current linear collider

schemes.

* Interaction region crossing angles B. Zotter 945 15

¢ Present CLIC interaction region beam G. Guignard 10:30 30’

parameters.

¢ Lunch 12:00

¢ Introducing multibunching I. Wilson, 13:30 1.5h
W. Wuensch

¢ Multibunching and the drive beam L. Thorndahl, 16:30 30'
J.P. Delahaye

FRIDAY

¢ Ramifications of multibunching on hardware W. Wuensch 9:00 10’
¢ An open discussion of what CLIC's attitude I Wilson 9:30
should be towards multibunching.

* Posssible parameter lists for 0.5 and 1 TeV G. Guignard 10:45 20’

¢ Tentative conclusions J.P. Delahaye 11:30
e Lunch 12:30
e Further discussions, if needed. 14:00

J.l’. Delahaye, W. Wuensch






“Table 1 Linear Colliders: Overall and Final Focus Parameters Available at the End of LC 93

TESLA 8BLC
Initial energy (c. of m.) (TeY) 500 500
RF frequency of main linac (OHz) 1.3 k
Nominal luminosity (10%%cm-2p-1) # 2.6 2.22
Luminosity w/pinch {10 cm*4s7) 4.3 1.65
Linac repetition rawe (Hz) . 10 30
No. of glrllclealbunch at 1P (1019 5.13 2.9
No. of bunche¥/pulae ann 125
Bunch separailon (Asec) X 16.0
Beam power/heam (MW) 16.3 1.26
Damping ring energy (GeV) 4.3 115
Totaf length (1.1 Lgr+3km) 24 5.3
Yexnry (m-rad x 10-8) 20000100 1000/50
Px*/By* (mm) 25n 220.8
o,‘lo,‘ {nm) befote pinch 1000/64 670728
oz® (um) 1000 500
Crossing Angle at IP (mrad) 0 3
Disruptions Dx/Dy 0.54/8.5  .36/A5
Hp 23 164
Upsilon sub-zero - Rird .04
Upsilon effective 029 RihR]
5B (%) 2.7 32
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A rough sketch of the detector layout.
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Figure 1
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Number of particles in the vertex detector
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A2, AC. Y
Interaction Regions for CLIC:

Comparison of Crossing-Angle
and Head-on Collisions

Bruno Zotter

» Using ‘old’ CLIC Final Focus parameters - recent claims by Pisin Chen
of excessive beam strahlung parameters (Y = 0.35 and 5 = 28 %) were
unknown to me before the CLIC meeting last Friday;

» Olivier Napoly will discuss the various results obtained for these
parameters with the program ABEL by Chen and by Schulte, as well as
by using ‘handy formulae’ - all different - and the status of RBEAM
which is being fixed by him and Paolo Pierini from Milano.

1. The problems related to a crossing angle collision for CLIC were
already pointed out in the 1991 PAC - with a ‘diagonal angle’ of only
1/2 mrad horizontally (and much less vertically) a strong luminosity
reduction sets in for crossing angles of the order o$1 mrad (Fig.1).

In CLIC Note 210 (Sep.93) we then discussed the requirements for

‘crabbing’ - in particular the very high phase stability of 0.04 degrees

to keep the bunches rotated correctly. In addition, we found that an

experimental solenoid - almost certainly desired by the experimenters -

will introduce a vertical dispersion (for a horizontal crossing angle) and

increase the beam size by a large factbf? Although compensation is

possible in principle, it will interact with the two other (chromatic)

correction sections and cause them to be less effective. QL Cra»\ob"*a:up

' LAVPNPYRE A

An alternative method to avoid - or at least reduce - this vertical

dispersion was by shielding the beam trajectory from the solenoid field.

We used the program POISSON to design cylindrical or conical shields

(see Fig3) but found that the field distortion in the midplane was always

rather large, and might complicate data analysis for experimenters. Also

it appeared that the channeling of pair-created particles along magnetic

field lines would no longer send them into the beam pipes, and

additional shielding might be required.
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Interaction Regions for CLIC:

Comparison of Crossing-Angle
and Head-on Collisions

Bruno Zotter

» Using ‘old’ CLIC Final Focus parameters - recent claims by Pisin Chen
of excessive beam strahlung parameters (Y = 0.35 and & = 28 %) were
unknown to me before the CLIC meeting last Friday;

« Olivier Napoly will discuss the various results obtained for these
parameters with the program ABEL by Chen and by Schulte, as well as
by using ‘handy formulae’ - all different - and the status of RBEAM
which is being fixed by him and Paolo Pierini from Milano. -

1. The problems related to a crossing angle collision for CLIC were
already pointed out in the 1991 PAC - with a ‘diagonal angle’ of only
1/2 mrad horizontally (and much less vertically) a strong luminosity
reduction sets in for crossing angles of the order ofy1 mrad (Fig.1).

In CLIC Note 210 (Sep.93) we then discussed the requirements for
‘crabbing’ - in particular the very high phase stability of 0.04 degrees
to keep the bunches rotated correctly. In addition, we found that an
experimental solenoid - almost certainly desired by the experimenters -
will introduce a vertical dispersion (for a horizontal crossing angle) and
increase the beam size by a large factB"f?)&lthough compensation is
possible in principle, it will interact with the two other (chromatic)
correction sections and cause them to be less effective. e L Ovu\ab\'wp
Lunek BECLIC
An alternative method to avoid - or at least reduce - this vertical
dispersion was by shielding the beam trajectory from the solenoid field.
We used the program POISSON to design cylindrical or conical shields
(see Fig3) but found that the field distortion in the midplane was always
rather large, and might complicate data analysis for experimenters. Also
it appeared that the channeling of pair-created particles along magnetic
field lmes would no longer send them into the beam pipes, and
additional shielding might be required.
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2. Head-on collisions were studied earlier this year - a provisional CLIC
note was written. Only single bunch operation was thought to be
possible then, as parasitic collisions inside the interaction region would
have been unavoidable with small bucnh spacings. CLIC would have
required stronger bunches to achieve the desired luminosity of 10%*33 |
but the note was not published since linac designers wanted to explore
their parameter options first. In a sense this was good, since now the
idea of ‘recirculation’ has been advanced (CLIC note 242) which
permits much larger bunch spacing. By lengthening the (quite low loss)
waveguides connecting the accelerating sections, the distance can be
adjusted to push the parasitic collisions behind the last doublet (2x5 m).

However, even more free space will be needed for separation of the two
beams. Electro-static separators would bend the beams apart, but are
rather inefficient at high energies. Even with highest fields of 3 MV/m,
over 5 m length would be needed to get a separation of just 20 in the
vertical plane - still ignoring the emittance blow-up by disruption.
Magnetic separators need to be pulsed - and rather short risetimes are
required for more than 2 bunches/beam. Nevertheless, this possibility
warrants further study.

3. A compromise solution might be a very small crossing angle - less
than the bunch ‘diagonal angle’ - and large aperture quadrupoles which
accept the increased ‘effective’ emittance created by such beams. A
final focus system using LHC super-conducting%les with 5 cm
apertures has been obtained by Olivier already in spring, and might be
the basis of such a solution.

Indeed, it turns out that the crossing angle necessary to separate
bunches does not depend on their spacing, but only on the divergence at
the IP (i.e. on the square-root of emittance over beta function). Parasitic
collisions with more than 100 separation are probably acceptable, and
for CLIC only +/- 0.2 mrad (horizontal X-ing) are needed for this.
Nevertheless, the crossover of trajectories inside the quadrupoles need
to be adjusted carefully like in a Pretzel scheme, which has not been
done yet.
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Introduction to Multibunching
Let's look first at singie bunches

The maximum charge per bunch is limited by either

(a) Op parameter (beamstrahlung induced energy spread),
(b) W ransverse wakefields,

(c) AE, single bunch energy spread.

This charge determines
(a) RF to beam energy transfer efficiency.
(b) luminosity per bunch crossing.

From this we get two figures of merit for linear colliders.

(a) L/P, the luminsoity to power ratio,

(b) Og

Necessary condition : absolute L. must of course be acheived
(Limitations : total power consumption, repetition rate, etc)

Present CLIC published parameters for 0.5 TeV c.m.
(Greg Loew LC93 - Pisin Chen Analytic Formulae)

N 6x10°

Op 36%

L 2.2x1033
P 170 MW

Broad consensus among experimental physicists 6p ~ 5%
Can be achieved roughly by reducing charge per bunch by 2
Result - L/P down by a factor of at least 4

Possible remedies to maintain same absolute L and P
Certainly don't advocate first two {!) mentioned in passing

(1) reduce gradient by 4 - increase length by 4 - increase fy by 4
(ii) increase R/Q by 4 (4 frr or drastic reduction in iris dia)

(iii) energy re-circulation (however only brings at most factor 2)
(1v) multi-bunching

Very recent news - a 0g of 6% has been achieved without
reducing the charge per bunch by re-optimising the final focus
parameters albeit with a resulting lower L - so multiple bunches
may still be an option rather than a necessity but still should be
looked at
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The question is - can CLIC improve its performance by operating
in a muld-bunch mode ?

All but one of other LC studies have muli-bunching & have at
least on paper higher L & lower 8z values

Have to understand why the others multi-bunch
See to what extent if at all their reasoning is applicable to CLIC

Reason SBLC adopts multibunching - very clear.

Not an option - fundamental part of their design

At 3 GHz stored energy is high, a single bunch of 2.1x1010 takes
out only a very small fraction of this energy

Comparison with CLIC for example
relative beam induced voltages for single bunches,
SBLC/CLIC(nominal)=(0.5%*17 MV/m)/(2.5%*78 MV/m) = 0.04

To obtain an acceptable L/P ratio SBLC choose
* low accelerating gradient
« multibunching (ny=172)

Basically low frequency colliders which are limited in charge per
bunch must multibunch to stay competitive

For CLIC at 30 GHz the motivation to multibunch is less obvious.
Two basic types of multibunching:

» short bunch trains << structure fill time

The idea here is to improve the L/P ratio by extracting a bit more
energy from the fill by adding a few extra bunches since 90% of
the energy is left in the section after passage of the first bunch.

* long bunch trains >> fill time

In this approach the trains have many bunches and are several fill
times Iong. In the limit one can have 100% beam loading with
low charges per bunch and no energy spread.



Mulki-bunch Energy Compensation

Simplest scheme minimises energy spread
b havin3 seckion onl3 l:orh’al\_u, Klied
when 1*T bunch Passes dut
complei-alj filled when last bunch kasses

70000008
« [——3,
(77-7)3? Yo

There are dwo field contributions to be considered

() RF driving voltage
(¥) Beam-induced voltage

I‘F you do ana\ss'ls assuminﬂ

() n bunches equall ced |
b3 dishmcezdsﬂ :’:-u hme Ar= ASA.__

(W) constant RF gmdient Eo
(i) nro a}hnua.}-i_on of beam-induced Felds
we pind. he Fb“owinj

( not new - similar analyses by )
R. Rul’k, K. _ﬁmmson, D. Farkas
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Now use Vy=Vy, as enerqy compensation condikion
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between the first & last bunch

AV Eo-Tp- 45y, - nldgL + 2Kkg As-Yy-a(3n-2)g

—
—

V EoL— Eo(n""\As'Y,/c - kiﬁL
» VvV V
Vi T av
-.,_,__/_____T_




CLIC Parameters

g - 494 ,40°. 1.6 « " ¢
K = f25.0" vin

E, = 80 MYwm

W, = €3%

n = 4
L = 0.233
AS z 009 m
= O RF Cycles
= 0.3 ns
4",! = 043% (*0.065 %)

(FF energy accephance £0.23 %)

Will see in next sechon that 0.3ns is
very shorl time in which Yo altrenuate
fransverse wokefield of 137 bunch to a
level Hhal is acephable for Cpllouinj bunches




Short train multibunching.

As an example - analysed the case of four bunches with V2
reduced charge (4.2x109) the idea being to gain a factor of 2 in L
and to reduce 0g by 2.

* Beam loading compensation
Bunch-to-bunch energy spread has to be maintained within final
focus acceptance of + 0.5% (see beam loading analysis)

« Transverse wakefield levels

~Beam tracking simulations with bunches of 4.2x10% show that the
wakefield induced by the lead bunch must be reduced by a factor

= 250 by the time the following bunch comes along

This value varies linearly with charge.

» Transverse wakefield reduction

Excessively tight tolerances exclude solutions with following
bunches sitting at zero crossings of (i) 38 GHz (approx) dipole
wave (ii) envelope produced by beating two dipole frequencies

Cannot use our present CI structures
Obliged to go to damped and/or detuned structures

Let's look first at detuning - basic idea is to create a spread in
the frequencies of the first (most damaging) dipole mode so that
wakefields of individual cells decohere after some time and a
substantial reduction of the total wakefield envelope is obtained.

The net wake in time is the Fourier transform of the frequency
distribution. Gaussian frequency distributions are favoured
because they transform to a Gaussian in the time domain. In
reality however distributions have to be truncated introducing
some "sin x / x" component in the time response.

For short train multibunching to be effective - require time
between bunches to be short (0.3ns for easiest beam loading
compensation) - determined by how fast the envelope of
wakefield is reduced - this determined by total bandwidth of
frequency distribution .

For 0.3 ns bunch spacing require Af = 36%
this is much more than can be achieved.




Upper and lower detuning limits impose Afpa = 10%.
Lower limit - 2ap, = 3.5mm - machining capability.
Upper limit - 2ayi, = 5.0mm - beyond sections become
over-moded ! (lower edge of f; pass-band reaches fp)

Afmax = 3.9 GHz = 10.4%.

As a first step - continuous distributions have been used in the
analysis - assumes we have infinite number of cells.

With Afj,, = 10.4% can achieve required attenuation factors but
only for much longer bunch spacings (see figure).

Af (%) o (%) Atin At (ns)
10.4 1.56 1000 1.0
10.4 2.0 200 0.8

Forced to At = 1 ns.

Above results however assume continuous spectrum
What is the effect of discreteness ?

Spectrum De Af (%) o (%) Attn
Continuous | 100 10.4 1.56 1000
Discrete 101 (7.9) 1.56 100
Discrete 1001 (8.9) 1.56 1000

Discreteness with n=101 increases wake from 0.001 to0 0.01.
Using n.=1001 reduces wake to 0.001 level again.
Intuitively - baseline level = 1/n.

Couplers must be included in distribution otherwise wakefield
reduction limit = 2/n.. Difficult - not circularly symmetric and
both polarizations must be included in the frequency distribution!
Same comment applies to RFQs.

Now let's look at the requirements for damped structures

Damping by a factor 250 in field in 0.3 ns requires a Q=6 !
At = Ins requires a Q=20.

Attn At (ns) nRE Q
50 0.33 (1) 10 (30) 8(24)
100 0.33(1) 10 (30) 7 (20)
250 0.33 (1) 10 (30) 6 (17)
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» What about power ?

Using partial filling scheme with At=1ns and np =4 have
3ns/11ns reduction in total accelerating field per section
requires 1/(1- 3/11) = 1.89 increase in P to maintain energy gain
per section const. (1.94 in fact since R'gayss = 0.95 R'cp)

[Main linac average gradient higher by factor 1/(1- 3/11)
<E4>=137<E;> =110 MV/m]

g/bunch of drive beam higher by same factor - must also
incidently also increase the drive beam energy (energy lost o g°)

At P <E> & g
0.3 1.19 1.09
] 1.89 1.37

* Lumtnosity gain (or loss)

Main question now - what fraction of the single bunch charge
can be handled in multibunch mode ?

Determines whether you gain or lose luminosity.

example: if N goes to N/2 in multibunch with nb=4, L,/L;=1

Now let's go back to our beam simulation results

Simulation : A=250, N=4.2x10% two bunches)
- W directly proportional to charge ’
- For np bunches - max wake increased by V(np -1)

Using only detuning - cannot do better than A=100

For 4 bunches with A=100, N must therefore be reduced to
(4.2/2.5N3) x109 = 1x109
Ni/Ng=6 = LyL;=4/36=1/9

Very recently detected error in simulation program - maybe more
realistic value for N=4.2x10Y is A=50-100 (needs checking!)

Let's be very optimistic and take A=50
N4 = (4.2%2N3) x109 = 4.8x10°
Ni/Ng=1.25 = Ly/L;=4/1.56=2.6




« Luminosity to power ratio L/P

np=4, At=1ns
N;/Ny La/Ly P4/Py (L/P)ap
6 1/9 1.89 1/17
V2 2 1.89 1.06
1 4 1.89 2.1
ny=4, At=0.3ns
N 1/N4 LA/L1 P4/P | (L/P )4/!
6 1/9 1.19 1/11
N2 2 1.19 1.7
1 4 1.19 34

Ve_r_'_z imgortant at this stage to have an accurate value for A
Scaling from NLC (require A=100 at short distances)

factor of 18 up - (30/11.4)3
factor of 15 down - CLIC tolerates 15 x emittance blow-up
(NLC1=12:CLIC1 = 4)

would suggest A at least 100

» Additional remarks

For At > 0.3ns simple energy compensation scheme no longer
works - must now taper input power pulse during time of bunch
passage because rate at which energy flows into section is too
fast to compensate beam loading - situation aggravated further by
reducing charge per bunch. '

Schemes and difficulties of modulating power pulse - Lars.
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LONG TRAIN MULTIBUNCHING
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Trains have many bunches and are several fill times
long. Potentially very efficient.

How does long train multibunching bring
efficiency?

Consider the question: What does the field in an
accelerating section look like with multibunching?

(Ignore transverse wakefields, assume no losses in a
constant impedance accelerating section)

Consider the equilibrium condition first so we can
make all arguments refer to a single fill time.

The voltage in an accelerating section,

| before bunch
V=1 J‘ ]
T e
y 3 I
after bunch
Beam loading,
delta A

Voltage flowing out of the structure is down by nA.
The lower the voltage flowing out, the better the RF
to beam energy transfer.
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By adding more bunches per fill time - energy
transfer can go to 100%

-OR -

Increase the charge per bunch and get 100% energy
transfer.

Multibunch advantage: charge per bunch is lower
by a factor n.

*Energy spread within a bunch is down by n (for
the same bunch length and level of beam shaping
gymnastics)
* Beamstahlung induced energy spread is down by
roughly n2.

With 100% RF to beam energy transfer - no
advantage to using higher frequencies (no thrown
away power to minimize). Of course there are peak
power, gradient considerations etc.

BEAM LOADING: Average voltage in a section just
before the arrival of a bunch is down by,

(n—-DA
Vdrop = 5

The power in must be raised by adding the voltage
drop to maintain average accelerating gradient,

P = (1 ne —21)A )2




The luminosity is increased by only a factor n when
multibunching (most 'collisions' are occurring
outside the final focus).

G-y T

Maximum at approximately,

. ’-@-
. QU

.
n::Z ® lpn
L —

Input voltage of 2 and an output voltage of 0 (100%
beam loading)! The luminosity to power
improvement is,

(é) g
Ploax 24

Most improvement when the beam loading per
bunch is Jow.

For CLIC, n per fill time is limited to 12 because of
the minimum bunch spacing of 1 nsec determined
by maximum detuning.

Bunch population 6x109  3x109  6x109

A .025 0125 025
time between bunches 1nsec 1nsec .3 nsec
bunches per fill 12 12 36

L/P improvement 9.2 10.5 17




L/P improvement realized during equilibrium.

The power during the initial fill time is always
wasted.

The lost fill time is directly an inefficiency.

Need to ramp voltage to compensate for varying
beam loading or dump beam with wrong energy.

bunches ﬂ
foer { ] ! fill times

............................

input voltage NG

For CLIC with 60 bunches (RF power for 6 fill
times) 1/6 of the power is thrown away. This
brings us down to

Bunch population  6x109  3x109
L/P improvement 7.7 8.7



MULTIBUNCHING PARAMETERS

RF pulse length to
section

Section fill time

Number of fills

Number of
bunches per train

Time between
bunches

Number of
bunches/fill

Fractional voltage
drop per bunch

Charge per bunch
Gradient [MV/m]

walooded

DLC NLC CLIC
2800 nsec 250 nsec

790 nsec 100 nsec 12 nsec
3.5 2.5
172 90

11 nsec 1.4 nsec 1 nsec
70 60 12
.005 .004 .025/.0125

21x109, 6.5x109 6/3x109
17 38 80 20
L) (so)



DETUNING

Way of getting the wakefield down quickly and
that is why we used it for short bunch trains.

Wakefield rises again in a time typical of the
inverse of the frequency spacing between cells.
Limits the number of bunches which can be used
and motivates denser frequency distributions by
detuning over many sections.

Number of bunches is about 1/2 to 2/3 the number
of cells in the frequency distribution (the bunch
spacing is 1/Af (width of the frequency
distribution) and the time the wake repeats its
maximum is 1/frequency spacing=N/Af.

State of the art detuning calculations, ( includes the
effects of coupling between cells): double band
model. Detuned X-band section tested at ASSET .

Varying iris thickness detunes all higher deflecting
modes.

ASSET section - contribution from all higher
deflecting modes was 1%, would have been 10%
without iris thickness variations.

The section achieved a total wakefield reduction of
the order 2-3%.

Detuning does not seem to drastically complicate
accelerating section design, but the achievable
performance seems to be limited.
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DAMPING

Realistic levels of damping produce slower
wakefield reductions than detuning but the
wakefield stays down.

One class of damping uses waveguide couplings to
take deflecting mode power out. There are various
schemes with 2, 3 and 4 outputs per cell. Both
polarizations of the fundamental dipole mode must
be taken out. Theoretically, low Q's can be
achieved (like 10 or even less on the computer).

A choke mode, Shintake, structure may be a
possibility as well. Are total residual wakefields
low enough from damped cavities? Are Q's low
enough for enough deflecting modes?

Damping inevitably complicates fabrication and
loads are a problem.




THE SUM FROM MANY BUNCHES

Wakes from successive bunches add incoherently -
an additional factor of Vn in wakefield reduction is
required at long times with many bunches.

Assume CLIC has 90 bunches like NLC, wakefield
reductions need to be of the order of 500-10,000 at
longer times.

NLC has frequency distributions over 4 sections.
Tolerances become quite severe because the
frequency spacing is small.

They reconsider detuning over a single section +
medium damping (like DLC). Detuning is used to
get the wakefields down fast, and damping to keep
going down.




THE BOTTOM LINE

Multibunching with 6x10° bunch population we
could get a L/P improvement of a factor of 8. What
do we really think we could do?

- We don't want to detune over more than one
section + we have the effects higher modes at the
1% level with iris thickness variations so the best
wakefield attenuation is,

1
\/1+1
86% 100°

- With past beam simulations this means a
maximum bunch charge of 4.2x65/250x109=1.1x109.
Performance might be better than that, need to do
beam simulations.

=65

- reoptimise 6/Af for less attenuation so we can
have a bunch spacing of .8 nsec, 14 bunches per fill.

- assume we can put in medium damping so we can
have longer bunch trains. For 60 bunches, a=65,

Cl)ot 1
= =160
2Ina~/n

NLC detuning/damping Q=300-500.



- we get a luminosity to power ratio compared to
single bunch (6x109,

L (11

k- (-—g)z (13)(.83) =.36

Lousy L/P but great 6 parameter.

Single bunch alternative with same L/P is

N =6%10°v/36 =3.6x10°

0 parameter is not so bad.

10
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| Wakefxelds exmted in the 30 GHz CLIC Disk Loaded. Structure
by a tram of four eqmdxstant bunches. ‘

, We have used the code ABCI to repeat the computations with
~ the single bunch with the aim of establishing a reference point for the
“multibunch calculations. Fig 1 shows the CLIC DLW geometry used in "
ABCI. Fig. 2 shows the longitudinal wake potential together with the

bunch envelope. The bunch length is o= 0.2 mm and the charge is
1pC. .

. The peak negetive wake potential is 35.29 V/pC

. The longitudinal loss factor is 25.4 V/ pC for three cells or. .
2.54 KV/pC per meter of structure. -

The tranisverse wake potential for the single bunch is shown in
Fig. 3. The transverse kick factor is 3.35 V/pC per mm: transverse
'-dlsplacement or 335 V/ pC/ mm per meter of structure. S
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Scaled Wake Potential W (8§)

o=- = SR
' Bt s T Cou Tume Used: 2.247E+400 '
| - Wake Potentials R ‘clm, “metis;:g/m 15.43.5(;}
A B CI8.1:CLIC MAIN LINAC AT 30 GHz 3 EQUAL CELLS (JULY 83) - | .
MROT= 0, SIG= 0.020 cm, DDZ= 0.025 mm; DDR= 0.200 mm, 0.100 mm, 0.200 mm, 0.100 mm
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. 05 - -:;- : | ‘—Z; ‘ -1
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i : o RE - ' et L
-0.5 |- '
____10 - ;_,_ ‘1. . .l. R . _ = N { S e
: 0 . 0.0005 - 0.001 = 0.0015 0.002
S Distance from Bunch Head S (m) .

Longitudinal Wake Min/Mex= ~3.529E+01/ 0.000E+00 V/pC, Loss Factor= —2.543E+01 V/pC/2ciees
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Scaled Wake Potential W (S)

o Wake Potentials
A B C1I 8.1 : CLIC MAIN LINAC AT 30 GHz 3 EQUAL CELLS (JULY 93)

c»_

05/10/94. 14.48.57

MROT= 1, _SI_G'- 0.020 cm, 'I_)DZ= 0.025 mm, DDR= 0.200 mm, 0.100 mm, 0200 mm, O.IDb mm

‘Distance k_from Bunch Head S (m)

Azimuthal Weke  Min/Max= —1.105E+04/ 9.078E—03 V/pC/m, Loss Factor=
Transverse Wake .- Min/Max= O0.000E+00/ 1.103E+04 V/pc/m. Loss Factor=
- ‘Inn_gitgdinal Wake Min/Max= —1. 6413-!-0'?/ 0.000E+00 V/pC/m Loss Factor-

FI6.3

' 1.0 1. L _'* — Y | — "ﬁ -r . — +‘1-rr++ T ‘. ’ | v : — - -
B -!?'_- SRS Charge Density ' +:'.' & . +-.&_ _ : _ ]
b = - == Azimuthal - + _ 3 a N
. | ———— Trensverse - = ¥ - o IR
0.5 —  Longitudinal . - . E -
+* T o o
+, I
0.0 - ~ _ | +*‘H‘H+I-H+H-H-I+H:
~ -
3 \ . ~ . P -~
i RN N 7 1
- . ~ 7 ]
\
A 7
-0.6 - N =
N N 7
\ ‘< /-
L \ e
O 7S .
A i . . _ _ , P \ A ™ - ]
‘ -1 0 ._l . i 'g' i - ‘ - 'S ‘-. lA ' 2 - i \ Pa— /l Y i _l_ = -: .-1' — - e
o - 0.0005 0.001 0.0015 0.002

—3.857E+03 ¥/pC/m

3.351E+03 V/pC/m = 3.35

~1.178E+07 V/pC/m

Cpu Time ﬁaed: 4.401E+00(s) 7
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" In the s:mulatmn we have used a train of four gaussian bunches
separated by one 30 GHz period or 10 mm in space. This is not the
usual spacmg of bunches foreseen in mulhbunch schemes, but we are
limited in computahon time. - : |

Fig4 shows the resultant wake potential and the computed loss -
factor. Since ABCI divides the total charge by the number of bunches
in the train, all wake potentials must be multiplied by four and all loss
factors by sixteen as the charge is mtegrated twice in the loss factor
calculation. : :

The peak negative wake potential is then 111. 2 V/pC

The total longltudmal loss factor (four bunches) is 16 x.159 =
2544 V/pC, . : . _ . -

It is almost'linearly distributed s0 that we have: .

first bunch Kl=254V/pC
-second bunch - Kl= 508 V/pC
“thirdbunch Kl= 76.2V/pC
fourth bunch Kl =101.6 V/pC




Scaled Wake Potential W (S)
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Wéké Potentials . _ Cpu Time Used: 5.816E+01(s)

_ : 04/10/94 16.38.16
A B C1 8.1 : CLIC MAIN LINAC AT 30 GHz 3 EQUAL CELLS (JULY 9_3) . _ '
MROT_-_O. SIG= 0.020 cm, DDZ= 0.025 mm, 'DDR= 0.200 mm, 0.100 mm, 0.200 mm, 0.100 mm

- F16G. 4

1.0 o g B d r T — T+ r
£ S F i ]
R ARREEE + Charge D%_;sity ﬁ #
L Longitudigal H+ i+
05 Ht - +- + “+ ]
2 Ho - H - +
Bas ‘ +H ++ . ++ - 1.
++ - ++ + |
0.0 i -------- §§ ;g ....... % .............. i
F |
R - ~
-0.5 |-
'_1.0' A N T ;‘.4 R D _
0 0.01 0.02 0.03 0.04
Distance from Bunch Head S (m) |
Longitudinal Wake Min/Max= ~2.783E+01/ 2.412E+01 V/pC,  Loss Factor= —1.680E+01 V/pC
' ot | 16¥ 45.9 = 254.4 V/pC



The transverse wake potentlal for a train of four gaussian
bunches of ¢ =.2 mm and spaced by 10 mm is shown in Fig. 5. The

two median bunches in the train expenence a much higher wake than
the first and fourth ones. - -

as follows:
first bunch Kt = 335V/ pC/mm-
second bunch Kt= 13.70 V/pC/ mm
third bunch  Kt= 9.24 V/pC/mm
fourth bunch Kt— 284V/pC/mm

The total transverse kick factor found is 29 1 v/ pC/ mm,. d1v1ded

" The: detaﬂed dxstnbuhon of the Kick factor was. found by
performing the computation successively w1th two, three and four

bunches and taking the deferences
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Ah C 1 9.1 : CLIC MAIN LINAC AT 30 GHz 3 EQUAL CELLS (JULY 93)
MROT= 1, SIG= 0.020 cm, DDZ= 0.025 mm, DDR= 0.200 mm, 0.100 mm, 0.200 mm, 0.100 mm

10 ',1 T

0.5

S

-0.5

" Scaled Wake Potential W .(S)

-1.0 - - e — ettt
0 001 002 0.03 10.04
Distance from Bunch Head S (i)

Azimuthal Wake  Min/Max= —4.414E+03/ 3.089E+03 V/pC/m, Loss Factor= —1.818E+03 V/pC/m
_ Transverse Wake Min/Max= ~3.088E+03/ 4.415E+03 V/pC/m, Loss Factor= 1.817E+03 V/pC/m
¢ Longitudinal\ﬁake Min/Max= —4.102E+08/ 2.941E+08 V/pC/m®, Loss Factor= ~1.800E+08 V/pC/m°®

. S  res Ky=16x 482 =244 V/p_qw

%
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We know from the frequency domam computahons that the main
~ component of the transverse wake potential is at about 38 GHz and
has therefore a period 22% shorter than the fundamental period at .
30 GHz. Indeed we see in Fig. 5 that the second bunch arrives at the

peak of the second period of the wake or (2+1/4) 7 phase delay at

- 38 GHz. By increasing the bunch spacing a factor two, we can make

the second bunch arrive in phase opposmon to the wake potential

generated by the flrst one. -

Fig. 6 ‘shows the transverse wake for a train of four bunches
spaced by 20 mm. The total kxck factor is 16 x 0.577 =9 23 V/pC/mm

- _'d15tnbuted as follows

first bunch’ Kt=335 V/pC/mm
second bunch Kt=-1.05 " = '
third bunch ~ Kt'=5.08."
fourthbunch Kt=186 " -

The negative value for the second bunch is due to the fact that -
‘the wake potential changes sign just before the bunch head. If we -
consider the absolute value of the wake potential, then the lek factor
for the second bunch can be estimated at about 2 V/pC/mm.




Scaled Wake Potential W (S)
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ABCI9.1:CLIC MAIN LINAC AT 30 GHz 3 EQUAL CELLS (JULY 93)

_ . MROT= 1, SIG= 0.020 cm, - DDZ~ 0.025 mm, DDR= 0.200 mm, O. 100 mm, 0.200 mm, C.100 mm
1.0 ri ' - '

._'!:E"l ﬁr.'-:.l

s

00z 004 006 0087
Distance from Bunch Head S (m) R

Azimuthal Wake  Min/Max= —2. 769E+03/ 2.309E+03 V/pC/m. Loss Factor= —5.781E+02 V/pC/m
Transverse Wake =~ Min/Max= —2.308E+03/ 2.769E+03 V/pC/m Loss Factor= 5.772E+02 V/pC/m
Longitudmal Wake Hln/Hax— —4.102E+068/ 2.557E+08 V/pC/m®, Loss Factor= -1.870E+08 V/pC/m?®

| o i g ¢
. Fi1G. 6 o HKe= !sxo.ss 9,23 v/é /mm




" Longitudinal w for in of four b ' od 20

- This is shown in Fig. 7. Since the bunch repetition is now a sub
harmonic of the fundamental 30 GHz mode, no major improvement
can be expected in the longitudinal case. Higher order harmonics
however play a role in reducing the total loss factor by about 15%.

Conclusion.

The reported results show that for the train of four bunches
spaced 10 mm the longitudinal wake potential increases linearly along
the train so that the fourth bunch experiences a loss factor almost four
times higher than the first. The transverse wake potential affécts

mostly the second bunch for which the kick factor is four times higher

than that of the first bunch.

By mcreasmg the bunch spacing fo 20 mm the transverse kick
factors of the trailing bunches are strongly reduced. In particular for
the second and the fourth bunch there is partial cancellation of the

transverse wake potential Whlch 1eads to a lek factor lower than that

of the first bunch
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Beam to 30 GHZ efficiency

fLm.ain_nnac_snucmr_e_ﬂus

Max. rel. energy spread acceptable for betatron stability
in the drive linac: _

Emax./ Emin. = 5

(result of tracking by G. Guignard)

T oz assumed small with 'respect to 90 deg.
Eo = 3 GeV j—
74 %
600 MeV
Two-energy bunchlet train:
Ep = 3 GeV I _ »
86 9%
300 MevV | .
| amn
Eer
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30 GHz Power Recirculation
hii K Loug dilay bong (v 20ms ), aec 7£5,3¢
&f FW.LW.U\ J—mw/?wmcg/

Drive bunchlets without recirculation:

344 full intensity bunchlets

|

"

12 ns

Drive bunchlets with recirculation:

344 low intensity bunchlets

WMM / for 30 G{Iz topping up \

] T ___m

e G0 S






S,

24.8 MW av. 30 GHz power required for acceleration in the ¥ “
2 main linacs(250 GV/linac, 3.1 km active Ingth each, 80
MV/m). Mag. laltices’ power is neglected!
a)Continuous train of 2150 bunchlets(via
i ron ring):
dn® {7k#% P 65.3 MW (wall plug) (45.7 M4
! 58.4 MW 6.9Mw (2%3HW)
Power supplies
and CW klystron ef- Cryogenics
ficiency = 55 %
v 32.1 MW
31.2 kW at 4.5 deg. K
Drive beam accel. ef-
ficiency = 99,8 %
(Lep 2 SC 350 MHz cav-
ities, 6 MV/m, 0.5 km act.
Ingth)
* 32.3 MW
Drive beam to 30 GHz
efficiency = 86 %
* 27.6 MW
Transfer structure efficien-
cy =90%
r 24.8 MW (30 GHz from drive linac)
Drive linac efficiencywanwsocay = 38 % 29
Overall efficiencywai to main beams) = 13 % 8%

(2 times 60 bunches of 1 nC at 250 GeV)

f - 42:‘{:‘ Xm‘é:: 8)( KS;

m{ 6



3.5 km | 3.5 km

£ - "¢t MAINLINAC |-—¢ <} e~ MAIN LINAC g

s TIBITL ®  TTIA1

bewad ; P

Transfer Structures

= Transfer Structures

Isochronous
bends

TP Delahaye

ISOCHRONOUS RING (3 Gevg o
_ Abtcumf, Lkm

1 train of 344 bunchlets

. ‘ Kicker L
bunchilet separation: 1 cm o di ¢ Transverse deflectors . 68pus . .
| timing adjustemen 350 MHz+32GHz = «see .
350 MHz SC LINAC 3;\2, | L , | _.LUJ_,/_J.LU_} {—U-U-—
pre-mﬁector hnac - 86 trains of 4 bunchlets :
~_ ( | | rotation 350 MHz o
: S/ \ [ Laser
2.82 GV, .47 km Dunch v My | MV -ﬁ% 45y RF Gun
COINPIessor COMmpressol el
150 m -

Drive Beam generatidn using an isochronous ring to stack and thereby compress bunchlets into 30_Gﬁz trains,



To Dnive Linacs

NfOOMV 700 MHz

Kicker - Septum train separator ]

350 MHz transverse deflector

RF pulse flattening | -
Beam loading i
_compensation [T 300MV -
] 366 MHz L,
Superconducting 3.66 GV
_ Injector linacs 7| 350MHz |
350 MHz transverse chopper

Pre-injector
{ Switchyards_or FEM)

3.0 £ 0.5GeV

500 MV 700 Milz
M

A lll]]]llm LI I

8 trains of 22 bunches in 12 ns

2 x 4 trains of
22 bunchlets
per linac

350 MHz: 1.32 km, 7.92 GV
(including beam load. comp)

200 MHz: 338 m, 2.7 GV
1400 MHz: 96 m, 0.96 GV
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Main problems:

- First bunchlets stacked in iso-ring travel 1059 km
instead of 176 km, longitud. blow ups?.

- Energy losses via synchr. radiation. at 3 GeV
probably not acceptable any more.

%%~ 2008, (cr>) 2G4, .0

Advantages:

- Only 2 nC per drive bunchlet

- 30 GHz energy recirculation seems
posss..ible(electr'iciw economy 15 to 20 %). .

(as mdicaled by :’% -7?,6 of He frllonre g

Arawy st 4'3, )



Main features of the proposal are summed up as follows:

a) The obtained main linac bunch spacing of 60 ns would be sufficient to
avoid drastic changes(compared with the single-bunch mode) in the final

focus lay-out[4] .

b) The spacing is most likely also sufficient to separate physics
events from neighbouring bunches.

¢) More time is available to decohere/damp transverse modes in
the accelerating sections(than in previous CLIC multibunching schemes).

d) Better wall plug to beam efficiency than for single bunch mode.

e) Beam-loading compensation for the individual main linac
gunglﬁfs can be obtained simply by intensity adjustments of the topping-up
unchlets.

f) No SLED Il-type power pulse compression seems possible.

The recirculated wave is outphased by a  with respect to the topping-
up wave. Both the nominal output amplitude condition(output power = :
Po) and the normal bunchlet deceleration condition(voitage) are
satisfled if cos(a) equals half the square root of the recirculated power
divided by the nominal power{see fig. 2c):

ial=arccos(% %)

Alternately plus and minus signs should be used in the CTSs for ¢ to cancel
unwanted additional accelerations/decelerations of bunchlet heads/tails now
situated on sloping waves of the recirculated puise.

2V AN




The overall economy(in mean accelerated drive linac charge per main linac bunch) with
respect to the full-length structure single-bunch case can be summed up as
follows(beam-loading neglected):

Number of injected main linac
bunches per main
linac train 1 2 3 4 5 o infinite

Economy in % for
full-length structures 0 21.5 28.7 323 34.4 35.8 43

Economy in % for
half-length structures 12 39.1 48.2 @ 554 §7.2 66.3

Above half-length structure case requires bunchlets for the first pulse with 76 9% higher
intensity(than in the full-length single-bunch case), causing an increase in bunchlet charge
that could be problematical. - By accepting to reach the nominal acceleration only for the
second main linac pulse(omitting the first main linac bunch, useless, because it would be too
low in energy) and applying drive bunchliet intensities only increased by 18 % for the first
two pulses, interesting overall economies can still be obtained:

Economy in % for
half-length structures -18 242  38.2 45.1 494 523 663
with one dummy drive pulse



SLulBet 0N
%/ as%

PROJET COURE.
TIMET 0

Lt

tn beam

drive beam 3 GeV ]

no reacceleration

beam frans Orf'
far L &m} hone for 0.5 TeV f

te irsjech'on_

Mo access pi{s for




-t ......,....u-.-w-h—--w-g—-—-— ---5—-?——- F et

"‘3’" L &

e . )
C e e ...-....-.«i.-.._

Fludn)

e =t e




baas e
. : 4 o BT
fea - Cevebg
: : Ce e
I i . ot e L 0 T T
. i .

C“ o 1! 3 (d o.r) R » 1 Cgld- \m..

.,;r,;'i'i ) ( - ,m.) -

Lowe
’Z 337 . _ll‘a\s‘tj ' R |

. . :\,, :- : ’ P‘q 2 'h“"
| ?u‘« pf.a 4aa R\Jau\h C _5‘




A
qnmhz.Emm;_ona._.:zo(.uw EEom ﬂ :Mmﬁ_m ooor-, Acmowmn_“:_wm .Euog

£

-

F7 O S q g 4 [ 4 LTI T G g 4 £ I i

1

iy

w QO 6 R 4l
i

|
it
i

—

30

SR
I ii:ﬁ {

T
——

§IPH
i

I
L_.__D.u
LA

1=

2

|
P P Y -

P;:

/

I
]
i

!

|
:\J
BV
T

W

}:

7
'.!.es.qiaa

i

R I,

; PR
&Y i,
o

. -
hd

see !

[
3
e

1
i
|
|
-y

(Lﬂiwmw}“ t\'\ﬁé\uvt\'é’h
Q}‘E

34

o

@

© ot
[Te]

3}

L
}
[T B rYs
[ e &
; -':*'ff::,. oMl A ':‘:':
m\'lvu A b I}f"

< :
s R SO e
IR B



|

¥
T
I AME RN
AR

- -—..--i
1

IR S eg it

e
[Pl

ke

3

MDD SN R N SN SO O A A I O 0




B T LAt L R

*
H
H

.
wrarrirrefrrveiaas
v .

reer

i
vrerivaie
H

D

H
PeEriva
.

i

Fid
ol Crraan

v

4

L

YT T
H

abssbudne
v
4

v
assaEneny
H

.
*
H
careans
H
i
»

ST T TITTY
Y

v
PPTTE T

H

aane

S
srepienne]
H

4dre

(LIRS

'}
weredebas

oo

ene

v

Ty

e

laps

XYY

sary

some

s e

LT LY

e

v
4
.
+
1
1

ans

ruae

[T

ryne

?
trariegse
CEETETTTNY
reee
ek

e

crnpssans
.

.
asspipnns
>

anabdines

saprbuzae

LEERITIT

¥ £
X

raan

I

Y TINY
H

'
’
.

avse

N

asvesenan

e

erriisaca
»

By

tetwineny
.
¢
¢

.
. :
e dRenerfarsa .ﬂ’
‘
N +
*
arqdud atdsdasrr
o
. ;
[P A .
N .
’ :
H :
o
H
sone HYPH
H
!
Lk

]
1
'
+
H

cenr

anae

cqve

rerew




redeanns

2 s . 5 - s . . L, . s R . . . . . . . - - - - . .
y 3 . s v T e - t = ry . g n = -y n oy > > LT [ 3 > B T H : T B
Y SR P " : -3 L S e WY - 13 I . R : H H H : : : :
'S TS R - P HE [ Coew H Yae * 3 2 W, - e S - HGEE : : . 14 : H .
el gt Do BeT R potEe fuep f0E : PorE oMy T RET O e LIS T SOV O SOURE SO :
P -, - - e E 4] . -y 4 L vl b4 i paak i i iy s H B H ' :
% Fr H 1 1 H R H : . H ; - F: K N ¥ - - . H . : 3 :
- . - - H 3 Lt .. . . - * - - - .
g3 dhr 8 HR I - I R i N L : oo 8 :
. R i3 HPE R T I S BTN T Y R - B S
T H- b . [ * o - . H - SR F LR : H : ] st H
iend : EILL L 1+ g for A LITN 3 e R S
- BN : BRAEA tHinkt e bt S I 55 kit e L 7] - raE R FEE -
SIS I AR S e AN A I R R s vt el ol B i
. H : 3 ) . - Y ry - - ) d Y
: E H : : W : ,. et o : - - : : - : :
. Sl : ‘
I

| Repdiien Raie .

.
+
M
i
ks

----------

lﬂ'g (na) (;réﬁl Dlsrqpupn)

cofdevasdenesessupeser

ey
by

i b}

El

[ R
o
|

sviarrarederceniors uu-
fe . :9’..

3 o
fee .

e

i Active TwoLinac RF Length {km

..
!

‘ Becuon Lenﬁ: (m)

4

...... Secuenm;esuon. i
: Klyslron?ea]cPowcr(MW) :

: Klystion Pulse Length (pm)
Fﬂlselwgth 1o Sectioi (piec

sresfoaretnevedai

............................................ $nd, q;'—bb-i o A4

7N
lﬁlhe Sexf. 0%

.3) Bc!om applyang i‘urﬂwp.grﬁd’ ieat réductions for off-cms! nmnmg BNS dam_pmg,

----- 4} Inchxdingmaemofd“s?ﬁ}iﬁﬁﬁ'"xéﬁ m

6).D£.Chascsm-nnmber¢n

: beicloser § 3 z

massungg_apba:abouwss,emcgenn Powpcmcklwfonrocnmgmnmmcmw, ’. T S

77 VLPJ"Per’E)ysa'Imvcln;g chus : A N TR X
i




sevrtenasfaengaqnas

srepfeate

1,
r? . -3
=5 . B
it ]
LITYY 2_
i § . B . .
o Lil) " ; LY

d hiat

sesafasunqumslrassgoriefasne

(1%

Fersbacas

u...m....1u raee \

saen rae

sapa

H
1T

H

sssnflenes

anrs

e

M -
....mr;rn

B e yes s
St o)

+

)
| S

.

e deo

i

selsamsan
.

ssenfanss

sasefesurfuens

@
4

T
FITT Yy
i

LY

seradsane

apss

y [

Y n.m-

sevvs
H

EECRELETES PETEY

I

Ay

e

.._vo'.u
rareity

wy

te




Sraesgaey
- L
e

i ¥a.,
i

sarssrans

i

eprabriae

crtesnuae

11
supamsprs
[

LT TEPTE-T Y

.

.:
: .
ennrbenas vavireerrfoasibins

rerafrrpracren
se

[

H , H
[T S ST RN TR venryurge
M H It
. H 3 -
cerstzvesfesas taen ....M..h..
- - ~%
H
: "
' .
. .
rddddpw e srfrasesaverfugonbrrrafanratiras trireinnn
4 by el M H
' T : i H
H : H . H H :
B - . i i ' N
rraavasss EETTITTTYS PESNTTET TS PROUS TP PR IOV I Y kaaas sitrdranaferrarnens
: H : " Hae ' ' H >
H H : i H i i
H H : i ' H 1 H
* L + * » 3 LR + H
LAAL LS arvenssvaflrasrinarioRaanstdnine srbefassvannnnfraarpiges 4 vrkefrasitirnn LERNY EEFRLATR YR ) .
I H H 1aee \.,m ; t H ' : H
: H : HERS H ' i
: H : H 4 h H i
+ - » - - 1] +
[T PROR F S S TR R [T vasaleriatores cevabees
T . 1 H ~ . . H
H H H : H Hy-
P . H . .
. 3 ! H
o & sssgerrva --mv-.. . LIRS SERIE RN Y R aBREEEr i LE R
H H S -
s H
. H
]
g vendaiay H TS PPN
. : : L
- L : -l
e o3 :
N venrbever JEPPS FOURN J -
. IR S .
) . :
i : T
LEEAERIEEY THY ¥ RN RE RS “rrraieen 144
o H it
i H
H
. ’ - - H
"a A H - *
H LTI 3 T I
. H
-
. H
refaraads seselanas
+ s m - -1
wiereeier R
* A,w
X »
vedhygen
hy
i
i
. M
enastiane
‘ .
“ veen PEETE TO PO SN IO '
: ! h H
: :
. : & il
; HE '
ST TTTIS-INTYE AR [SOTE. 08 NN ST TN UL I YT
ot H . H
k ey
H :
* -
e * *
- I U0, ~ FOUY ORI FOTUN N I OO
H * *
2 H H H
e . H i H
. . evaforreivnaifomnnberadaiiidia.,
. Habbh t H
H H H
[ H H
H :
:

b
asan hafeeas

-

cojpees

" +
‘e . [P EETTTIRTYY PIen-epen
Ch
A i
. - DU
i H ;
H H
: . %
voferesienne 5 R X fees
RETSTYYTS PYTTS PO . reneteene
4 . H
. L . - H
selivsrriies B : :
13 . .
- H . H
- . : .
sefregrvaagas S N NN . e e e
i : : :
. 1 . * H
H
cafesentiis of. .2 h
f IYT VT . renrienes
3 H
Ll dhrredmad - e urraa . e
: ceeed .
. H H
i H H
H
daan aenspspevefrrtrriannafarranras. F Y LEETEY cfrarrnaaan prrmaraes
po H H H N 4 :
. H H H H .
. P H H M H M M




vu'to
eeped
.
H
ahmanadEs

b roe

‘1
[l T ee s
s

¥

o

1

e

vt

“¥he,
v

LT}

s

ey

;

I

sanerabss
.
S
YT TN
.

.
.

saps

RTIIETEN

h —
vevennele




essinwen
.

aaresan
fastesrnae
.
+
3
PO ITENS
Aferereiens

cfanresanaa

3
. saan
pavavnnan

.
TTTT e )
*

* s
-
. - :
- - -
- -
. - -
. . - :
rrun
= by H
a B a
- - H
- H -
0

resetaks
H

.
Prtrrevha

2

sdveeey

.
YT Ty
3

redneana

H

arsrernber

It

1]

*
.
-

H
H
(I T ST e T Y

X

LT YT

v

.

e

free

)

LERLT o N

LYY

-

.
.
.

LA TR LS
*

-

-
sraerrrne
.

et rsenan
LA

rrasanrs

3
.
:
.

+ere

e

amsa

.

Pusabanates

enanesann

webramans

FELESY

snew

sesayreas

T

e

%

.

EETLr e

regsarary




(\J- Wuw.sc)v\)

Ramifications of Multibunching on Diverse CLIC
Hardware

14-10-94

Adopting multibunching in CLIC will require
major changes in a number of accelerator
components and diagnostic devices.

Alignment  Repetition rate is probably lower to

system: keep total power constant. This
increases the sensitivity of the
machine to ground movements.

BPMs: Current BPMs are resonant and are
tailored for single bunches. The
BPMs could be adapted to 2 or 3
bunches with tricks. BPMs could
give the average position of longer
trains: is this sufficient? Transverse
wakefields would be roughly .25%
assuming one BPM per 4 sections.

Crab cavities: Cavities plus a local power source |
must be developed.

Damping Are multibunch effects important?
rings:



Em;nittmce Doesn't exist even for single

measure: bunches. Will corrections of single
bunch effects automatically be
applied correctly on successive
bunches (compensation for short
range wakefields for example)?

Experiment: A bunch spacing between .1 and
1 nsec is very fast.

Final focus = Must pass disrupted beam.
Quads:

Positron Need between 2 and 507! times the
production:  positron flux.

REQs: Horizontal and wvertical dipole 3
modes must be detuned separately. i
Are computation and machining -
milling - accurate enough? Do the
damping schemes proposed by
others work for non circular
geometries - 3 output guides and
chokes in particular?

Vacuum Desorbed ions may cause
emmitance blow up with trains,
irrelevant for single bunches.
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