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Outlook

Consequences of RF-compression non linearities

Introduction of an higher harmonic cavity in the SPARC 
layout

Comb compression including the X band cavity

Advantages of this scheme and conclusion
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2.2 Bunch acceleration and compression schemes
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Figure 2.4: On top: longitudinal profile, longitudinal phase space and transverse spot of

the comb made by four pulses at the cathode. On bottom: longitudinal profile, longitudinal

phase space and transverse spot of the comb at exit of the gun.
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Consequences of RF-compression’s 
non-linearities 

Let’s consider the 
compression of a 4 pulses 
train with  360 pC total 
charge;

The shape of the laser 
i"uminating the cathode is 
a 4 pulses train with 100 fs 
RMS-pulse-length and 
2.135 ps spacing .between 
pulses.
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2.3 Simulations
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@ linac exit
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@ THz station
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S3 40° 

Figure 2.20: Longitudinal charge profile and phase space of the 4 pulses comb. The

bunch has been deeply over-compressed using S1 section.On top: comb at the exit of the

linac it it travels on crest in the second and third accelerating sections. In the middle:

comb at the exit of the linac if the S3’s phase is used to compensate the energy difference

between the four bunches. On bottom: same comb of precedent plot at the THz station;

note that the length of each bunch has been shortened by the dogleg and their relative

distance is almost the same.
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Consequences of RF-compression’s 
non-linearities 

A%er the RF-compression each sub-
bunch has, in general, a different 
length.

The spacing between the bunches is 
different.

The energy of each bunch is different. 
This energy difference can be 
compensated by moving S3 off crest. 
This step is opportune if the comb has 
to be transport along the dogleg. 
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2. OPTIMIZATION OF E-BEAM TRANSPORT

Figure 2.21 show the Form Factors correspondent to these different transports of the

comb: the preservation of the periodicity of the longitudinal charge distribution highly

influence the amplitude of the peak at 1 THz.

Figure 2.21: Form Factors at the THz station correspondent to the cases in figures 2.19

and 2.20. Because of the periodicity of its longitudinal charge profile, the deeply over-

compressed case (continuous blue curve) has the highest amplitude at the comb charge

repetition frequency.

2.4 X band cavity

2.4.1 Principle of operation

Since the main limitation to the performances of the RF compressor comes from the

RF nonlinearities, a possible improvement for the SPARC layout would be the use of

a higher harmonics cavity superimposed to the main RF field, aimed at correcting lo-

cally the RF curvature and avoid the huge increase of longitudinal emittance which is

responsible of the limitation in the minimum bunch length achievable.

The use of a higher harmonic cavity in order to linearize the longitudinal phase

space is based on the following simple analytical considerations: due to the sinusoidal

56

Consequences of RF-compression’s 
non-linearities 

The Form Factor  highlights 
the periodicity of the comb:

1. PHYSICS OF COHERENT TRANSITION RADIATION IN THE
THZ RANGE

Looking at the energy per pulse, Coherent Transition Radiation is the best option

among the sources. In order to optimize its qualities, an accelerator able to achieve

high current using very short particle bunches is necessary. Typically, these requests

are fulfilled by linear accelerators.

1.2.5 The request of Coherence

Figure 1.5: Scheme of the spectra of coherent and incoherent radiation produced by a

gaussian bunch charge distribution [4].

A well known option to increase the intensity in the FIR/THz region is the gener-

ation of coherent radiation. Coherent emission occurs at wavelengths longer than the

particle bunch.

Let’s call
dIsp
dωdΩ the distribution of the radiation intensity emitted by a single particle

and let’s suppose that the radiation is concentrated in a narrow cone in the forward

direction. The emission from a bunch of longitudinal profile g(z) is given by:

dI

dωdΩ
=

dIsp
dωdΩ

[N +N(N − 1)F (ω)] (1.3)

in which N is the total number of particles in the bunch and F (ω) is the longitudinal

Form Factor of the bunch, defined as:

F (ω) =

����
� ∞

−∞
g(z)e−iωc zdz

����
2

(1.4)

14

1. PHYSICS OF COHERENT TRANSITION RADIATION IN THE
THZ RANGE

Figure 1.14: Form Factors for the electrons distribution in figure 1.13.
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Introduction of an higher harmonic 
cavity in the SPARC layout

Why?

Which harmonic?      frf =2.856 GHz,    fh= 11.424 GHz   (h=4)
Which cavity?  5 MeV energy gain, SW, 9 ce"s π-mode linac, Ra=4 mm

2.4 X band cavity

nature of RF voltage

V = V0sin(φ0) +∆φV0cos(φ0)−
1

2
∆φ2V0sin(φ0) + ... (2.12)

The second order term in V can be cancelled by using a cavity with frequency hḟ so

that:

Vh = Vhsin(φh) + h∆φVhcos(φh)−
1

2
(h∆φ)2Vhsin(φh) + ... (2.13)

where φh is a decelerating phase.

It is important to emphasize that the presence of the high harmonic cavity is suit-

able for the correction of the non-linearities introduced by the RF compression but it

doesn’t compensate the non-linearities due to the space charge force.
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(c)

Figure 2.22: (a) Prototype of the SW X-band linac, (b) Electric field distribution on

the axis computed by SUPERFISH, (c) Sketch of SPARC layout with X-band structure

included
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2.4 X band cavity

nature of RF voltage

V = V0sin(φ0) +∆φV0cos(φ0)−
1

2
∆φ2V0sin(φ0) + ... (2.12)

The second order term in V can be cancelled by using a cavity with frequency hḟ so

that:

Vh = Vhsin(φh) + h∆φVhcos(φh)−
1

2
(h∆φ)2Vhsin(φh) + ... (2.13)

where φh is a decelerating phase.

It is important to emphasize that the presence of the high harmonic cavity is suit-

able for the correction of the non-linearities introduced by the RF compression but it

doesn’t compensate the non-linearities due to the space charge force.
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Figure 2.22: (a) Prototype of the SW X-band linac, (b) Electric field distribution on

the axis computed by SUPERFISH, (c) Sketch of SPARC layout with X-band structure
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Introduction of an higher harmonic 
cavity in the SPARC layout

2.4 X band cavity

nature of RF voltage

V = V0sin(φ0) +∆φV0cos(φ0)−
1

2
∆φ2V0sin(φ0) + ... (2.12)

The second order term in V can be cancelled by using a cavity with frequency hḟ so

that:

Vh = Vhsin(φh) + h∆φVhcos(φh)−
1

2
(h∆φ)2Vhsin(φh) + ... (2.13)

where φh is a decelerating phase.

It is important to emphasize that the presence of the high harmonic cavity is suit-

able for the correction of the non-linearities introduced by the RF compression but it

doesn’t compensate the non-linearities due to the space charge force.
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Figure 2.22: (a) Prototype of the SW X-band linac, (b) Electric field distribution on

the axis computed by SUPERFISH, (c) Sketch of SPARC layout with X-band structure
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2.5 Spectral analysis
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Figure 2.23: Longitudinal phase space and charge distribution of a 4 sub-pulses comb for

different over-compression phases and correction of non-linearities by the fourth harmonic

cavity discussed in the text. A: S1 = −94◦; B: S1 = −98◦; C: S1 = −100◦; D: S1 = −103◦.

59

Comb compression including the X 
band cavity

2. OPTIMIZATION OF E-BEAM TRANSPORT

Figure 2.24: Form Factors of the 4 sub-pulses comb for different over-compression phases

and correction of non-linearities by the fourth harmonic cavity. A: Form Factors at the exit

of the RF-compressor for the four distributions in figure 2.23; B: Form Factors at the exit

of the linac compared with the one obtained from the distribution in the middle of figure

2.19 (obtained without the 4th harmonic cavity); C: Form Factors at the THz station for

different R56 values on the dogleg.
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A" over-compression phases!

S1= -94°
Sx= -156°

S1= -98°
Sx=-149°

S1= -100°
Sx= -147°

S1= -103°
Sx= -144°

gun sol 185A 
linac sol 44 A 
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Conclusion: 
Advantages of this scheme

A" the pulses have almost the same length.

The distance between the pulses is the same.
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circa 185A sol gun e 44 A  solenoidi sezioni
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