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Motivations

The latest studies on CLIC accelerating structures (taking into account limitations in 
accelerating gradient, RF power flow and pulsed surface heating) point in the direction of 
shorter structures, with shorter fill-time and shorter RF pulse length (about a factor 2 ! ).

Note that the main beam parameters (bunch charge and bunch spacing) are also adapted to the 
structure taking into account beam dynamics constraints and optimizing for luminosity and 
efficiency. These structures can provide RF-to-beam efficiencies equal or better than the “old” 
structures and require about the same power per meter.

Question:

What are the consequences on the drive beam generation complex ?

In particular, the delay loop and combiner rings dimensions, the number of decelerator sectors, 
and also the drive beam energy and current are linked to the RF pulse length.

What are the limitations, and how flexible is the drive beam generation complex ?
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Accelerating structure optimization - limits

(Alexej Grudiev, CLIC meeting 3 oct.)
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Beam dynamics constraints

(Alexej Grudiev, CLIC meeting 3 oct.)
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“Best structure”

(Alexej Grudiev, CLIC meeting 3 oct.)
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Present parameters

(TRC, 3 TeV)
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CLIC RF POWER SOURCE LAYOUT

Delay Loop × 2
gap creation, pulse 

compression & frequency 
multiplication

Power Extraction

Drive Beam Decelerator Section (22 in total)

Return Arc
Bunch Compression

Drive Beam Accelerator
efficient acceleration in fully loaded linac

Combiner Ring × 4

Combiner Ring × 4
pulse compression & 

frequency multiplication

pulse compression & 
frequency multiplication

RF Transverse 
Deflectors

92 µs train length - 32 × 22 sub-pulses - 4.7 A
2 GeV - 64 cm between bunches

130 ns

22 pulses - 150 A - 2 cm between bunches

130 ns 4.2 µs

Drive beam time structure - initial Drive beam time structure - final
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Drive beam initial pulse length and RF pulse length

92 µs train length - 32 × 22 sub-pulses

130 ns

c • 92 µs = 27.5 km
The initial pulse length is fixed by the length of the main 

linac
(final energy, accelerating gradient, main linac fill-factor)

The length of the sub-pulses is 
equal to the length of the 30 GHz 

RF pulse

The combination factor and the number 
of decelerator sections link the RF pulse 

length to the initial pulse length

Initial pulse structure

130 ns × 32 × 22 = 92 µs

Combination factor

Number of sectors

• If the 30 GHz RF pulse length is shortened, the “obvious” consequence is an increase in the 
number of drive beam decelerator sections

• With a straightforward scaling, the length of the delay loop and the rings decrease
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Drive beam stability in RF 
deflectors

scaling with frequency
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Small rings

Low initial 
energy

Example: reduce the pulse length by a factor 2

More sectors
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Pros & cons

• Number of pulses/decelerator sections: more turn-arounds (cost), less energy per pulse
(effect of losses)

• Small delay loop: the CTF3 delay loop is folded up due to space constraints, in CLIC it will be 
constituted by two lines ⇒ no problem

• Small rings: for the first combiner ring there is a problem ⇒ 78 m is already short

• Other potential limitation: short “hole” for fast extraction kicker in the 1st combiner ring

• Low initial energy: ring impedance and CSR cause an energy spread whose absolute value does 
not depend on energy ⇒ relative energy spread doubles

The drive beam energy can be increased if the PETS impedance and the current are decreased, 
but the scaling of beam stability is unfavorable (and SR power loss – see later)

The “present” parameters (10 nC/bunch, 2 GeV, beam current from 4.6 A to 150 A) seem a good 
compromise between transverse stability in the decelerator and collective effects (wakes and 
CSR) in the DB generation complex
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A trick of the trade: single DB generation complex

Daniel proposed time ago to combine the DB generation for both e+ and e- linacs, in order to 
improve the DB stability in the decelerator. This can be done as follows :

• Use a single accelerator with double length ⇒ double beam energy

• Same initial pulse length

• Same DL and CRs lengths

• Switch subsequent pulses to power the e+ and e- main linacs

• The distance between pulses in each decelerator is now doubled

• Half the number of decelerator sectors
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“Standard” scheme
From DBA – 130 ns long “sub-pulses”

After delay loop - combination four by four in 1st combiner ring

4.16 µs

130 ns 260 ns

After 1st combiner ring - combination four by four in 2nd combiner ring

130 ns
1.04 µs

Final time structure

130 ns
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“Single DB generation complex”  scheme
From DBA – 130 ns long “sub-pulses”

After delay loop - combination four by four in 1st combiner ring

130 ns 260 ns

4.16 µs

After 1st combiner ring - combination four by four in 2nd combiner ring

130 ns
1.04 µs

Final time structure

To e+ linac To e- linac

130 ns
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Single DB generation complex: rings issues

Several issues were studied at the time to check the limitations of beam energy in the 
combiner rings:

• Increased field in magnets

• Synchrotron radiation:
– Energy loss
– Power loss in vacuum chamber
– Energy spread & emittance increase

• Coherent synchrotron radiation
– Beneficial effect

• Deflectors
– Higher power for given angle
– Constant power from real emittance damping
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Fields in magnets

Ring 1
1.2 GeV 2.4 GeV

• Dipole length 1.4 m
• Bending radius 3.6 m
• Dipole field 1.1 T 2.2 T
• Quad length 0.3 m
• Max quad gradient 14 T/m 28 T/m
• Sext length 0.3 m
• Max sext gradient 26 T/m2 52 

T/m2

Ring 2
1.2 GeV 2.4 GeV

• Dipole length 1.4 m
• Bending radius 17.8 m
• Dipole field 0.22 T 0.44 T
• Quad length 0.3 m
• Max quad gradient 14 T/m 28 T/m
• Sext length 0.3 m
• Max sext gradient 120 T/m2 240 

T/m2

NB: Parameters as in Yellow Report - ring lengths to be scaled from 86 
m and 344 m to 78 m and 312 m
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Power loss from SR
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260 ns130 ns

15 A

60 A

92 µs

170 kW/m
peak

1st Ring - E = 1.2 GeV
53 kW/m
average

over pulse
4.9 kW, 480 W/m total average

E =2.4 GeV - 16 times more losses
7700 W/m total average (2700 kW/m peak, 840 kW/m average over pulse)

27 kW/m
peak

2.1 kW/m
average

over pulse

130 ns

520 ns

60 A

240 A

E =2.4 GeV - 16 times more losses
304 W/m total average (430 kW/m peak, 34 kW/m average over pulse)

2nd Ring - E = 1.2 GeV

0.98 kW, 19 W/m total average
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Energy loss from SR and CSRσ = 2 mm, Qb = 16 nC
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Energy spread and emittance increase from SR
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Energy loss from SR and CSR
σ = 2 mm, Qb = 16 nC

Both rings - ρ = 3.2 m - 16 m
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It was concluded at the time that a doubling of the energy to 2.4 GeV was indeed possible
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“Double pulse”  scheme

In the case of a short RF pulse, it is possible to use a single drive beam generation complex 
to feed both linacs, in a different way:

• Use a “short” delay loop (e.g., 19 m for 65 ns)

• Use “long” combiner rings (e.g., 78 m and 312 m for 65 ns)

• In each ring, two pulses will circulate (and be combined) at the same time 

• The  combined pulse couples can be split and sent to the e+ and e- main linacs

• The number of decelerator sections is “small” (e.g., 22)

• The drive beam energy is “high” (e.g., 2 GeV)
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“Double pulse”  scheme
From DBA – 65 ns long “sub-pulses”

After delay loop - combination four by four in 2 batches in 1st combiner ring

After 1st combiner ring - combination four by four in 2 batches in 2nd combiner ring

65 ns

65 ns

1.04 µs
Final time structure

to e+ linac to e- linac to e+ linac to e- linac

4.16 µs
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An exercise: TWS – This Week Structure

10721033.810.51.9875

931762648.43.0410812.41.9

8716226.856.72.8813412.41.8625

8514655.112.21.7875

8112828.565.02.3317111.01.7125

NcellsPin [MW]η [%]Tp [ns]Qb [10^9]NbL/N* η<a> [mm]

(Alexej Grudiev)
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Case N1 (based current 
design)
I=I0

Quad. 28 cm

BP
M

3 cm

Extractor 18 cm

L total=137 cm

PETS
560 MW 80 cm

8 cmInput
Load

Case N2_1: 2 half power
PETS Cons. Quads.

Inactive length ~41% 

Inactive length 83%!!! 

PETS
280 MW

(Igor Syratchev)

Case N2_1: 2 half power
PETS R. Around Quads.

I~I0x5 I~I0x20.5

PETS
280 MW

11.5 !!! cm

PETS
280 MW

PETS
280 MW 38 cm

1.37 m
Fits to 4, 90 cells acc. structures Inactive length 40% 
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Drive Beam Complex parameters 
for TWS

case N1 
1 PETS for 4 accelerating structures

“Double pulse” scheme



C L I CC L I C
R. Corsini – 28/11/2003CLIC Meeting

(Igor Syratchev)Case N3 doubled decelerators 
I~I0/20.5

L total=137 cm

PETS
280 MWPETS

280 MW
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Drive Beam Complex parameters 
for TWS

case N3 
1 PETS for 2 accelerating structures

double decelerator

“Double pulse” scheme


