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Introduction

At CLIC, the e− and e+ main beams are produced in
one common injection complex.

Downstream of the sources, a single Injector Linac
accelerates alternately the e− and e+ beams, from
200 MeV to 2.42 GeV, prior to their injection in the
damping rings.

This design study of the CLIC Injector Linac puts
special emphasis on the e+ beam, which has the
largest transverse emittances.

This work was presented at PAC07 in Albuquerque.
Some possible improvements will be discussed.

A few words on the CLIC Booster Linac design.
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Overall layout of the CLIC Injector Linac

Laser
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e−/e+ e+
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2 GeV

2.424 GeV

200 MeV

200 MeV 

200 MeV

pre−damping ring

Injector Linac (1.5 GHz) 

pre−damping ringe− DC gun

Main beam type e+ e−

Beam energy (in MeV) 200 200
(βγ)εx ,y (in mm.mrad) 9200 100
Energy spread (in MeV) 7 1
Bunch length (in mm) 5 1
Bunch charge (in nC) 1.12 0.75
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Current design of the CLIC Injector Linac (1)

26 accelerating structures operating at 1.5 GHz, with a
loaded gradient of 17 MV/m and a length of 5 m each.

FODO lattice wrapping the first six structures to
ensure a small transverse e+ beam size,

Lq = 38 cm, K = 4.81 m−2 ⇒ 0.65 m < β < 2.63 m.

beam

FODO cellAccelerating structure (5 m)  45 cm
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Current design of the CLIC Injector Linac (2)

Downstream, succession of accelerating structures and
quadrupole triplets:

4 sub-sections with 5 structures and 4 triplets each,

a sub-section starts with 4 independent quadrupoles
for optics matching.

beam

Matching Section Accelerating structure (5 m)

One cell = Triplet + Acceleration

end of
sub−section



CLIC INJECTOR
AND BOOSTER

LINACS

Arnaud Ferrari

Injector Linac at
PAC07

Some possible
improvements

Ideas for the
Booster Linac

Conclusions

. . . . . .

Betatron functions in the CLIC Injector Linac

For positrons at the entrance of the linac:

βx = 0.83 m, αx = −0.99,

βy = 2.21 m, αy = +2.07.

Electrons: βx ,y (e−) = βy ,x(e+) and αx ,y (e−) = αy ,x(e+).

0.0 50. 100. 150. 200. 250.
s (m)

δ E/ p 0c = 0 .

Table name = TWISS

CLIC Injector Linac 0.2 to 2.4 GeV

Unix version 8.51/15 19/10/05  16.38.44
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Particle tracking in the CLIC Injector Linac

Particle tracking studies with MAD and PLACET.

PLACET takes into account short range wakefields,
but gives the same results as MAD.

Non zero bunch length: additional energy spread
introduced by the accelerating structures.

With a pre-damping ring energy acceptance of ±1%,
74% of the positrons are captured, σl = 3.2 mm.

Emittance growth of 5% due to chromatic effects.
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Bunch compression before the linac

0

0.5
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0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

MAD

PLACET

Initial bunch length (mm)

δE
/E

 in
 % Use a bunch compressor for e+

prior to the CLIC Injector Linac
to reduce the chromatic effects.
Working point at 200 MeV:

σl = 2.5 mm,

σE = 14 MeV.

Capture 87% of the positrons
with ±1% energy acceptance.

Main beam type e+ e−

Beam energy (in GeV) 2.424 2.424
(βγ)εx ,y (in mm.mrad) 9600 100
Energy spread (in MeV) 19 1.8
Bunch length (in mm) 2.7 1.0
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Potential problems with the current design

The acceptance in 1.5 GHz accelerating structures
gives an upper limit for the beam pipe radius.
The positron beam reaches too large rms transverse
sizes (linac entrance, matching sections).

0.0 50. 100. 150. 200. 250.
s (m)

δ E/ p 0c = 0 .

Table name = TWISS

CLIC Injector Linac 0.2 to 2.4 GeV

Unix version 8.51/15 27/09/07  14.24.47
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Improvements of the FODO lattice

Going from 6 to 8 quadrupoles
per structure, with Lq = 42 cm
and K = 4.05 m−2:

⇒ 1.1 m < β < 2.3 m in each
FODO cell.

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
s (m)

δ E/ p 0c = 0 .

Table name = TWISS

One FODO cell

Unix version 8.51/15 28/09/07  14.41.22

1.0

1.2
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1.6

1.8

2.0

2.2

2.4

β
(m

) β xβ y

Two constraints for each accelerating structure:

Bq ≤ 1.2 T → Racc [cm] ≤ 8.9/Eout [GeV].

Riris ≥ 3 σe+
x ,y → Riris [cm] ≥ 32/

√
Ein [MeV].

Structure 1 2 3 4 5 6
Min(Riris) cm 2.2 1.9 1.6 1.4 1.3 1.2
Max(Racc) cm 30.8 23.8 19.4 16.3 14.2 12.5
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Improvements of the triplet lattice

One single acceleration + triplet
lattice after the sixth structure:
Lquad = 31 cm, Ldrift = 20 cm
KE = 1.51 m−2, KM = 2.91 m−2

⇒ 5 m < β < 11 m in each cell.
0.0 1. 2. 3. 4. 5. 6. 7. 8.

s (m)
δ E/ p 0c = 0 .

Table name = TWISS

Triplet + Acceleration

Unix version 8.51/15 04/10/07  10.43.02
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β
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) β x β y

Constraints for the beam pipe:
Rpipe ≥ 3 σe+

x ,y → Rpipe [cm] ≥ 69/
√

E [MeV].

After the first cell, E = 800 MeV → Rpipe ≥ 2.4 cm.

Constraints for the quadrupoles:
Rq ' 5 cm, Bq ≤ 1.2 T → Kquad [m−2] ≤ 7.2/E [GeV].

Before the last cell, E = 2.34 GeV → Kquad ≤ 3.1 m−2.
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Improvements of the matching section

L b L b

Accelerating structure

Q1 Q2 Q3

LLL aaa

Q4

Previous
sub−section

One single matching section (MS) between the FODO
and acceleration + triplet lattices:

La = 0.72 m, Lb = 1.28 m,

K1 = 2.34 m−2, K2 = 3.30 m−2,
K3 = 2.30 m−2, K4 = 0.92 m−2.

β < 13 m along MS.
0.0 5. 10. 15. 20. 25. 30. 35. 40. 45. 50. 55. 60.

s (m)
δ E/ p 0c = 0 .

Table name = TWISS

CLIC Injector Linac 0.2 to 2.4 GeV

Unix version 8.51/15 04/10/07  12.17.21

0.0

2.

4.

6.

8.

10.

12.

14.

β
(m

) β x β y

Constraints for the beam pipe:
Rpipe ≥ 3 σe+

x ,y → Rpipe [cm] ≥ 74/
√

E [MeV].

With six FODO cells, E = 714 MeV → Rpipe ≥ 2.8 cm.
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Preliminary design of the Booster Linac (1)

At the exit of the e+ damping ring, E = 2.424 GeV and
εx = 432× 10−9 m.rad, εy = 4.3× 10−9 m.rad.

To increase the energy up to 9 GeV, use 75 accelerating
structures operating at 3 GHz, with a loaded gradient of
22 MV/m and a length of 4 m each.

Acceleration + triplet lattice:
Lquad = 36 cm, Ldrift = 60 cm
KE = 0.15 m−2, KM = 0.30 m−2

⇒ 36 m < β < 44 m in each cell.
0.0 1. 2. 3. 4. 5. 6. 7. 8.

s (m)
δ E/ p 0c = 0 .

Table name = TWISS

Triplet + Acceleration

Unix version 8.51/15 05/10/07  10.12.15
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Preliminary design of the Booster Linac (2)

Optics along the whole CLIC Booster Linac:

0.0 100. 200. 300. 400. 500. 600.
s (m)

δ E/ p 0c = 0 .

Table name = TWISS

CLIC Booster Linac 2.4 to 9 GeV

Unix version 8.51/15 05/10/07  10.12.15
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0.0 100. 200. 300. 400. 500. 600.
s (m)

δ E/ p 0c = 0 .

Table name = TWISS

CLIC Booster Linac 2.4 to 9 GeV

Unix version 8.51/15 05/10/07  10.12.15
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Oscillations due to focusing effects at the entrance
and the exit of the accelerating structures (not taken
into account when designing the periodic cell).

This study must be completed/validated with particle
tracking simulations.
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Summary and outlooks

A design of the CLIC Injector Linac was presented at
PAC07, together with a particle tracking study.

An improved design is proposed, with constraints on
the beam pipe radius and the accelerating structures.

Once the design of the accelerating structures (and
thus Rpipe) is fixed, decide on the number of FODO
cells and the position of the matching section.

This study must be completed with a new particle
tracking simulation.

Some ideas were presented for the Booster Linac
(acceleration + triplet lattice) and particle tracking
studies must be performed.
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