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The revised schedule for the, 

Brainstorming Session on the Feasibility of 
Multibunching for CLIC 

Date: 
Place: 

Thursday and Friday the 13th and 14th of October. 
Novotel in Ferney Voltaire. 

Participants: U. Amaldi, H. Braun, J. P. Delahaye, G. Guignard, K. Hubner, 
0. Napoly, W. Schnell, L. Thorndahl, D. Warner, I. Wilson, W. 
Wuensch, B. Zotter 

1 
R. 'ie.~~;el., 

THURSDAY 

• Opening remarks 
• Physics requirements for linear colliders and 
the performances of current linear collider 
schemes. 
• Interaction region crossing angles 
• Present CLIC interaction region beam 
parameters. 

•Lunch 

• Introducing multibunching 

• Multibunching and the drive beam 

FRIDAY 

• Ramifications of multibunching on hardware 
• An open discussion of what CLIC's attitude 
should be towards multibunching. 
• Posssible parameter lists for 0.5 and 1 TeV 
•Tentative conclusions 

•Lunch 

• Further discussions, if needed. 

J.P. Delahaye 9:00 10' 
0. Napoly 9:15 15' 

B. Zotter 9:45 15' 
G. Guignard 10:30 30' 

12:00 

I. Wilson, 13:30 1.5 h 
W. Wuensch 
L. Thorndahl, 16:30 30' 
J.P. Delahaye 

W. Wuensch 9:00 10' 
I. Wilson 9:30 

G. Guignard 10:45 20' 
J.P. Delahaye 11:30 

12:30 

14:00 

J.P. Delahaye, W. Wuensch 
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Figure 1: A rough sketch of the detector layout. 
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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 S = 10 % ) 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~l mrad (Fig.I). 

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 solenoip - almost certainly desired by the experimenters -
will introduce a vertical dispersion (for a horizontal crossing angle) and 
increase the beii:n size by a large factSr:A1though compensation is 
possible in principle, it will interact with the two other (chromatic) 
correction sections and cause them to be less effective. 'R~ 2..: ~1o1o;"1 ~.D 

~ ~ .......... ·~ i4. 'Cl.t c.. 
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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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'wm 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 2o 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 lOo separation are probably acceptable, and 
for CLIC only +/- 0.2 rnrad (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 single bunches 

The maximum charge per bunch is limited by either 
(a) OB parameter (beamstrahlung induced energy spread), 
(b) WT transverse wakefields, 
(c) ~Eh 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) OB 
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 6xl09 
OB 36% 
L 2.2xl033 
P 170MW 

Broad consensus among experimental physicists os ~ 5% 
Can be achieved roughly by reducing charge per bunch by 2 
Result - LIP down by a factor of at least 4 

Possible remedies to maintain same absolute Land P 
Certainly don't advocate first two(!) mentioned in passing 

(i) reduce gradient by 4 - increase length by 4 - increase fr by 4 
(ii) increase R/Q by 4 ( 4 fRF or drastic reduction in iris dia) 
(iii) energy re-circulation (however only brings at most factor 2) 
(iv) multi-bunching 

Very recent news - a 8a 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 multi-bunch mode ? 

All but one of other LC studies have multi-bunching & have at 
least on paper higher L & lower Oa 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 2.1xI010 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 (nb=l 72) 

Basically low frequency colliders which are limited in chm·ge 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 long. In the limit one can have I 00% beam loading with 
low charges per bunch and no energy spread. 
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Short train multibunching. 

As an example - analysed the case of four bunches with ..J2 
reduced charge (4.2xl09) the idea being to gain a factor of 2 in L 
and to reduce Os 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 4.2x109 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 Ix" 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 M = 36% 
this is much more than can be achieved. 

-- .... -~ .--.-----------'------'-'--'""'---'---'--..;__-----·-----···----------



Upper and lower detuning limits impose .6fmax = 10%. 
Lower limit - 2amin = 3.5mm - machining capability. 
Upper limit - 2amin = 5.0mm - beyond sections become 
over-moded ! (lower edge of f1 pass-band reaches fo) 

.6fmax = 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 Mmax = 10.4% can achieve required attenuation factors but 
only for much longer bunch spacings (see figure). 

.6f (%) O' (%) Attn ,lt (ns) 
10.4 1.56 1000 1.0 
10.4 2.0 200 0.8 

Forced to ,lt = 1 ns. 

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

Soectrum Ile ,lf (%) 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 nc=lOI increases wake from 0.001 to 0.01. 
Using nc=lOOJ reduces wake to 0.001 level again. 
Intuitively - baseline level= line 

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

Now Jet's look at the requirements for damped structures 

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

Attn ,lt (ns) IlRF u 
50 0.33 (1) 10 (30) 8 (24) 

JOO 0.33 (1) I 0 (30) 7 (20) 
250 0.33 (1) JO (30) 6 (l 7) 
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• What about power ? 

Using partial filling scheme with ~t=lns and nb = 4 have 
3ns/l lns reduction in total accelerating field per section 
requires 1/(1- 3111 )2 = 1.89 increase in P to maintain energy gain 
per section con st. ( 1.94 in fact since R'gauss "'0.95 R'c1) 

[Main Iinac average gradient higher by factor 1/(1- 3111) 
<E4> = 1.37<E1>=110 MV/m] 
q/bunch of drive beam higher by same factor - must also 
incidently also increase the drive beam energy (energy lost a q2) 

~t p <E> & o 
0.3 1.19 1.09 
I 1.89 1.37 

•Luminosity gain (or loss) 
Main question now - what fraction of the single bunch charge 
can be handled in multibunch mode ? 
Detennines whether you gain or lose luminosity. 
exan1ple: if N goes to N/2 in multibunch with nb=4, L+/L1=1 

Now let's go back to our beam simulation results 

Simulation: A=250, N= 4.2xl09 (two bunches) 
- W1 directly proportional to charge 
- For nb bunches - max wake increased by .Y(nb -1) 

Using only detuning - cannot do better than A=IOO 

For 4 bunches with A=IOO, N must therefore be reduced to 
(4.2/2.5/.Y3) xl09 = lxl09 
N1/N4 = 6 ~ L4'L1"' 4/36 = 119 

Very recently detected error in simulation program - maybe more 
realistic value for N= 4.2xl 09 is A=50- IOO (needs checking!) 

Let's be very pptimistic and take A=50 
N4 = (4.2*2/\13) xJ09 = 4.8xJ09 
N i/N4 = 1.25 ~ L1/L1 "'4/1.56 = 2.6 



• Luminosity to power ratio LIP 

Jlb=4, ~t=lns 

N1/N4 L.JL1 P4/P1 (L/P)411 
6 1/9 , 1.89 1/17 

;/2 2 1.89 1.06 
1 4 1.89 2.1 

N1/N4 L.JL1 P4/P1 (L/P)411 
6 1/9 1.19 1/11 

;/2 2 1.19 1.7 
1 4 1.19 3.4 

Very important at this stage to have an accurate value for A 

Scaling from NLC (require A=lOO at short distances) 

factor of 18 up - (30/11.4)3 
factor of 15 down - cue tolerates 15 x emittance blow-up 
(NLC 1~ 1.2: CUC 1 ~ 4) 

would suggest A at least 100 

• Additional remarks 

For ~t > 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. 





;:", 

c~.···~~:~:t re 
LONG TRAINMULTIBUNCHING 

C3 
13-10-94 

9 
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=l I 

" 
after bunch 

' 
I 

• 
I 

•• ' 

Beam loading, 
delta A 

Voltage flowing out of the structure is down by n.1. 
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, 

V _(n-l)..1 
drop - 2 

The power in must be raised by adding the voltage 
drop to maintain average accelerating gradient, 
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The luminosity is increased by only a factor n when 
multibunching (most 'collisions' are occurring 
outside the final focus). 

• . ... 

Maximum at approximately, 
. ~ ... 

2 

-· 

n=-
Li *-"• (J. -

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

Most improvement when the beam loading per 
bunch is low. 

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 
Li .025 .0125 .025 
time between bunches 1 nsec 1 nsec .3 nsec 
bunches per fill 12 12 36. 
L/P improvement 9.2 10.5 17 
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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 ---. 

••••••••••••••••••••••••••••• fill times 

input voltage VO 

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 
L/P improvement 

4 

6x109 
7.7 

3x109 
8.7 



MULTIBUNCHING PARAMETERS 

DLC NLC CLIC 

RF pulse length to 2800 nsec 250 nsec 
section 

Section fill time 790 nsec 100 nsec 12 nsec 

Number of fills 3.5 2.5 

Number of 172 90 
bunches per train 

Time between 11 nsec 1.4 nsec 1 nsec 
bunches 

Number of 70 60 12 
bunches I fill 

Fractional voltage .005 .004 .025/.0125 
drop per bunch 

Charge per bunch 21x109, 6.5x109 6/3x109 

Gradient [MV /m] 17 38 oo r-! 
U..11\ \~~t.<A \ t\ 1 (~o) 
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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 I frequency spacing=N I 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. 
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THE SUM FROM MANY BUNCHES 

Wakes from successive bunches add incoherently -
an additional factor of -./n 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. 
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THE BOTTOM LINE 

Multibunching with 6x109 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 
-i===l ==1 = = 65 
-+-~ 
862 1002 

- With past beam simulations this means a 
maximum bunch charge of 4.2x65/250x109=1.1x1Q9. 
Performance might be better than that, need to do 
beam simulations. 

- reoptimise cr/ Lif 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, 

Q = Wot 1 = 160 
2lna-v'n 

NLC detuning/ damping Q=300-500. 
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I 
I 
' - we get a luminosity to power ratio compared to 

single bunch (6x109>, 

~ = (1~1 )
2 

(13)(.83) =.36 

Lousy L/P but great o parameter. 

Single bunch alternative with same L/P is 

N = 6x109 ./36 = 3. 6x109 

o parameter is not so bad. 

10 
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Wakefields excited in the 30GHz CLIC Disk Loaded Structure 
by a·train of four equidistant buhches. 

Single buncb results from ABCI. 

We have used the code ABCI to repeat the computations with 
the single bunch with the aiin of establishing a reference point for the 

· multibunch calculations. Fig 1 shows the CUC DLW geometry used in 
A13CI. Fig. 2 shows the longitudinal wake potential :together with the 
bunch envelope. The bunch length is CT= 0.2 mm and the charge is 
1 pC. . 

. The peak negative wake potential is 35.29 V /pC 

. The longitudirial loss factor· is 25.4 V /pC "for three cells or . 
2.54 KV /pC per meter of structure. 

The trarisverse wake potential for the single bunch is shown in 
Fig. 3. The transverse kick factor is 3.35 V /pC per mm transverse 
displacement, oi: 335 V /pC/mm per meter of structure. 
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Longitudinal wakes ID multibunch mode: 

In the simulation 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 spacing of bunches foreseen in multibunch schemes, but we ar~ 
limited in computation .time. 

Fig.4 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 integrated twice in the loss factor 
calculation . 

. The peak ne$ative wake potential is then 11L2 V /pC. 

The total longitudinal loss factor (four bundles) is 16 x 15.9 = 
254.4 V /pC... . 

It is almostlinearly distributed so that we have:.· 

first bunch Kl= '25.4 V /pC 
·second bunch · Kl= 50.8 V /pC . 

. third bunch Kl= 76.2 V /pC 
·fourth bunch Kl= 101.6 V /pC 

5 



,......,, 
Ul ......... 

a: 
..... 
«S ...... 

+> . i:: 
4> 

+> 
0 
0. 
4> 

..!:I; 
«S a: 
"'d 
4> ..... 
«S 
0 

Ul 

1.0 

0.5 

0.0 

-0.5 

-1.0 

c= c:==--. 

Wake Potentials 

, •. 

•• 
Cpu Tim• Uaed: 5.916E+Ot(s) 

0./10/94 16.39.16 

ABC I 9.1 : CUC MAIN UNAC.AT 30 GHz 3 EQUAL CELLS (JULY 93) 
MROT- 0, SIG• 0.020 cm, DDZ- 0.025 mm, ·DDR• 0.200 mm, 0.100 mm, 0.200 mm. 0.100 mm 

* -11-:tt +······+Charge D~sity 
+I- LongitudiRal 

-I+ * :++ +t 
+I- -H-
++ ++ 

* tt 
* * ++ 
++ 
t+ 
++ ++ ++ . 

++ ++1· \ ++ l .. C\.Jl ... ·.~ ...... Jl .. 
" 

0 0.01 · 0.02 

* * * * -I+ 

* ++ 
++ 

Jl .' . 

0.03 0.04 
Distance from Bunch Head S {m) 

Longitudinal Wake Min/Max= -2.783E+01/ 2.412E+01 V/pC, 

~! 

flG.4 

Loss Factor- -1.590E+Ol V/pC 

''"" 1s. ia = .254.i. v/,.c 

"'° 



Transverse Wakes in multibunch mode.·· 

The transverse wake potential for a train of four gaussian 
bunches of C1 = .2 mm and spaced by 10 mm is shown in Fig. 5. The 
two median bunches in the train experience a much higher wake than 
the first and fourth ones. 

The total transverse kick factor found is 29.1 V /pC/mm, divided 
as follows: · · · 

first bunch Kt= 3.35 V /pC/mm 
second bunch ·.Kt= 13.70 V /pC/mm 
third bunch Kt= 9.24 V /pC/mm 
fourth bunch Kt=. 2.84 V /pC/mm 

The· detailed· distribution of the kick factor was found by . 
performing the computation successively with two,. three and four 
bunche~ and taking the differences. · 
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A possible scheme to improve the situation. 

We know from the frequency domain computations 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)n phase delay at 
38 GHz. By increasing the bunch spacing a factor two, we can make · 
the second bunch arrive in phase opposition to the wake potential 
generated by the first one. 

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

. distributed as follows: 

first bunch· 
second bunch 
third bunch 
fourth bunch 

Kt= 3.35 V/pC/mm 
Kt =-1.05 " . 
Kt·= 5.08. " 
Kt= L86 " 

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 kick factor 
for the second bunch can be estimated at about 2 V /pC/mm. · 
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Longitudinal wal<es for the train of four bunches spaced 20 mm. 

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 reporteq 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 btinch experiences a loss factor almost four 
times higher than the first. The transverse wake potential affects 
mostly the second bunch for which the kick factor is four times higher 
than that of the first bunch. · 

By increasing the bunch spacing to 20 mm the transverse kick 
factors of the trailing bunehes are strongly reduced. In particular for 
the second and the fourth bunch there is partial cancellation of the 
transverse wake potential which leads to a kick factor lower than that 
of the first bunch. 
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- + + + + · · - · · · + Charge ~msity --ti-
Longilud8nal "!!-

* * * ~ * ~ . * 
~ ! ~ 

··1* 1*· 
. . . ·• . . . . . . . . . . . . . . . I. . ... 

0 0.02 0.04 

+ 
+ 
* -Ii-
it-

* * * * 

0.06 0.08 --

Distance from Bunch Head S (m) 

Longitudinal Wake Min/Max= -2.385E+01/ 2.454E+01 V/pC, 

F JG. 1-

Loss Factor,.; -1.446E+Ol V/pC 

.k'L = t{y ''-'' = .2 3l.~ · v/r:c 
c=:j 

'1 
~ 

= 



(l. 1e oLMJot ~ ) 

Beam to 30 GHZ efficiency 
6 main linac structiire fills 

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

Emax./ Em.in. • 5 

' 
(result of trackin& by G. Guignard) 

az assumed small with respect to 90 deg. 

Eo = 3 GeV v---....---------------11 

600 MeV • 

Two-energy bunchlet train: 

Eo - 3 GeV t _____________ _. 

300 MeV \ • 

74% 

86% 



30 GHz Power Recirculation 
)v,·Jiv ~t dd~ Ji~ {-v 20m,_s) 1 Mc f j--3 C 

61- fhW1':()(,(,.u' ~\f~crr 

Drive bunchlets without recirculation: 

344 full intensity bunchlets 

/ 
- _..,.____ 

12 ns 

Drive bunchlets with recirculation: 

----- 60ns """" 

344 low intensity bunchlets 

~ for 30 G\ topping up -~ 

t 
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Wall plug to 30 GHz efficiency 

24.8 MW av. 30 GHz power required for acceleration in the 
2 main Unacs(250 GV/llnac, 3.1 km active lngth each, 80 
MV/m). Mag. Iah:ices' power is neglected! 

a)Continuous train of 2150 bunchlets(via 
isochronous ring): 

/"'p = -/.11<.llt/t, 65.3 MW (wall plug) (85. ~HIV) 
/ 

58.4 MW 6.9MW (t1.3HW) 

Power supplies 
and CW klystron ef- Cryogenics 
ficiency = 5 5 % 

, 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 Im, 0.5 km act. 
lngth) 

' 32.3 MW 

Drive beam to 30 GHz 
efficiency - 86 % 

I 
27.6 MW 

Transfer structure efficien-
cy- 90 % 

r 24.8 MW (30 GHz from drive linac) 

Drive linac efficiency(wall to 30 GHz) = 3 8 % !9~ 
Overall efficienCY(wall to main beams) = 13 % 8~ 

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



e+-

3.5km 

·e+-MAIN LINAC 

30 
OHt 

Transfer Structures 

IP 

3.5km 

e· MAIN LINAC 

30 
GHz 

Transfer Structures 

e· 

•.. .,. ... .,. 
111111111 Ill I llllllllll I I ll IW lllll lllll Ill IJ 11111111 ISOCHRONOUS RING 

Isochronous 
bends - ~:f'.DU:i.lur, 

1 train of 344 bunchlets 
bunchlet separation: 1 cm 

timing adjustement 
Transverse deflectors 

350 MHz+ 3.2 GHz . 
6.8 µs 

·-·· !'... • .... f.5" 

~ 
~ 

350 MHz SC LINAC 
. pre-injector linac 

rotation 350 MHz 

1111 ,. { 1111 {~ 
~.) .J 

. 86 trams of 4 bunc lets 

~ IJvl ue Laser 
--...... ----· compressor, .. ,," •.RF Gun • • 

2.82 GV, .47 km 

150 m 

Drive Beam generation using an isochronous ring to stack and thereby compress bunchlets into 30 Ghz trains. 



L _ _..._..:.:._;,;;.__j--c>To Drive Linac~s:>-~:;::;:;,~::J 
M

soo MV 1~h~ 3.0 ± o.s GeV soo MV 100 MHz 
omentum mg Momentum shaping 

Kicker • Septum train separator 

350 MHz transverse deflector 

RF pulse flattening 

300MV 

Beam loading 
_compensation 

-- 333 MHz --

Superconducting 
Injector linacs 

Pre-injector 
(Switchyards or FEM) 

300MV 
366MHz 

3.66GV 
350MHz 

I 
FEM 

· 1111 1111 1111 1111 · 1111 1111 1111 1111 
8 trainsof22 bunches in 12 ns 

2 x 4 trains of 
22 bunchlcts 
pcrlinac 

Ts7ns 
j_ ormore 

Switchyards l & 2 

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

700 MHz: 338 m, 2.7 GV 

1400 MHz: 96 m, 0.96 GV 

I 
I 
I 
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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. 

- % "' .JDo .2h.- ( C'r.J') ,24 C/ ~cJ,, 

Advantages: 

- Only 2 nC per drive bunchlet 

- 30 GHz energy recirculation seems 
posssible(electricity econom11s to 20 %) • .L.11. . 

( Cll!' ~d.· ~' ~ ~ . 1 £ r;f. J.4c., 1'-~ t 
~~~~) 



-·' - _, ...... 

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. 

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

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

e) Beam-loadula compensation for the individual main linac 
bunches can be obtained simply by intensity adjustments of the topping-up 
bunchlets. 

0 No SLED II-type power 'pulse compression seems possible. 

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

lal= arccos(~~7P.) 

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

o( 



7 

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 

Economy in % for 
full-length structures 

Economy in % for 
half-length structures 

0 

12 

2 

21.5 

39.1 

3 4 5 6 infinite 

28.7 32.3 34.4 35.8 43 

48.2 ® 55.4 57.2 66.3 

Above half-length structure case requires bunchlets for the first pulse with 76 96 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 bunchlet intensities only increased by 18 % for the first 
two pulses, interesting overall economies can still be obtained: 

Economy in % for 
half-length structures -18 
with one dummy drive pulse 

24.2 38.2 45.1 49.4 52.3 66.3 
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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 
system: 

BPMs: 

Repetition rate is probably lower to 
keep total power constant. This 
increases the sensitivity of the 
machine to ground movements. 

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 
rings: 

Are multibunch effects important? 

1 



E .+ 
ll"o/lltance 

measure: 

Experiment: 

Final focus 
Quads: 

Positron 
production: 

RFQs: 

Vacuum 

Doesn't exist even for single 
bunches. Will corrections of single 
bunch effects automatically be 
applied correctly on successive 
bunches (compensation for short 
range wakefields for example)? 

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

Must pass disrupted beam. 

Need between 2 and 50?! times the 
positron flux. 

Horizontal and vertical di pole 
modes must be detuned separately. 
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? 

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