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Porthos preproject: possible elements

Relevance for Porthos

Synergy with
exis%ng 
PSI e;ort
(and $$$)

Three bunch genera�on
& accelera�on test

(third gun laser with lab, LLRF)
5 MCHF?

Diagnos�cs upgrades
(handle shorter bunch spacing)

0.5 MCHF?

Fast kicker development
(28 → 21 ns bunch spacing)

0.5 MCHF?

Extrac�on and 
transfer line

(switchyard installa%on)
2–3 MCHF?

FCC

Low-emi2ance test stand
(photoinjector with laser
system and diagnos%cs)

3 MCHF?
I.FAST

Test of new 
accelera�on schemes
(e.g. cryo-C-band, plasma)

3 MCHF? (ACHIP?)

Undulator prototype
(cryo-APPLE-X)

1.5 MCHF?
SLS-2.0?

RF injector upgrade
(incl. reloca%on of BC1)

4–5 MCHF?

SwissFEL
(overall im-
provement)

● Assume ~ 10 MCHF 

for pre-project:

→ 2 large items plus 

1 –2 smaller items?

● What are our 

priori%es?

● Addi%onal funding 

sources?

 



TEST OF NEW ACCELERATION SCHEMES

▸ Opportunities for international collaborations
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TEST OF NEW ACCELERATION SCHEMES

▸ Opportunities for collaborations with other PSI divisions
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OPPORTUNITIES

▸ Radio frequency


▸ Plasma accelerators


▸ Dielectric laser accelerators


▸ Applications
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RADIO FREQUENCY
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iFAST C-BAND GUN

▸ M. Schaer et al. PR AB 19, 072001, 2016


▸ See Simona’s presentation
6Rasmus Ischebeck

TW GUN (PSI)
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Parameter Value Unit

Frequency 5712 MHz

Phase advance 120 deg

Repetion rate 100 Hz

Group velocity 0.0079

Q 10000

R/Q 8268 W/m

Regular cell 10

RF length 220 mm

Filling time 90 ns

Gradient at 
cathode

135 MV/m

Gun output energy 12.7 MeV

Gradient at 
cathode

200 MV/m

Gun output energy 13.9 MeV
Reference: M. schaer et al. PR AB 19, 072001, 2016

� Motivation: exploring new designs of electron source at C-band frequency
that could represent a future upgrade of the SwissFEL injector.

� Approach: higher electric field at cathode with shorter RF pulses
� Performances:

Brightness up to a factor 3-4 higher than the SwissFEL with gradient at
cathode up to 200 MV/m

� Impact on SwissFEL:
Overall magnetic bunch compression relaxed along the linacÆ better
stability and faster setup of the linac

David Alesiniʹ Task 7.4: Very high gradient RF Guns ʹ I.FAST Kick-off Meeting May 2021

Courtesy P. 
Craievich



CRYO-COOLED RADIO FREQUENCY STRUCTURES

▸ Significant effort in cooling a normal-conducting structure to 27 K


▸ Effort may be justified to achieve lower emittance in the gun


▸ Rosenzweig et al., Phys. Rev. Accel. Beams 22, 023403
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PLASMA
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PLASMA WAKEFIELD ACCELERATORS

▸ Building a competitive plasma wakefield accelerator: 
significant effort


▸ Opportunities to collaborate with EuPRAXIA:


▸ Electron and X-ray instrumentation


▸ Beam dynamics simulations


▸ Longitudinal phase space manipulation
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ENERGY SPREAD CONTROL FOR PLASMA WAKEFIELD ACCELERATORS

10Pousa et al., PRL 123, 054801 (2019)Rasmus Ischebeck

e and m are the electron charge and mass, ϵ0 is the vacuum
permittivity, and np is the unperturbed plasma density.
In order to describe the position and energy of the particles
along the accelerator, it is also useful to introduce the
speed-of-light coordinate ξ ¼ z − ct, as well as the rela-
tivistic Lorentz factor γ ¼ 1=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − ðv=cÞ2

p
, where t is

the time and v and z are, respectively, the particle velocity
and longitudinal position in the laboratory frame. Within
the generated cavity, electrons perform transverse oscilla-
tions (known as betatron motion) with a frequency of
ωβðtÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
eK=mγðtÞ

p
, whereas their energy evolves as

γðtÞ ¼ γ0 − ðe=mcÞEzt.
For a particle bunch with average energy of γ̄ðtÞ ¼ hγðtÞi

centered at ξ̄, the longitudinal chirp can be expressed as
χðtÞ ¼ hΔξΔγðtÞi=hΔξ2iγ̄ðtÞ, where ΔγðtÞ ¼ γðtÞ − γ̄ðtÞ
and Δξ ¼ ξ − ξ̄. A simple expression for the chirp evolu-
tion within a plasma stage can be obtained if a constant E0

z
is assumed. This yields

χðtÞ ¼
"
χ0γ̄0 −

e
mc

E0
zt
#
γ̄ðtÞ−1; ð1Þ

which tends asymptotically to χ ¼ E0
z=Ez, and where χ0

and γ̄0 are the initial bunch chirp and energy. If the bunch
length is σz ¼

ffiffiffiffiffiffiffiffiffiffiffiffi
hΔξ2i

p
, this induces a correlated energy

spread of σcorrγ ðtÞ=γ̄ðtÞ ¼ χðtÞσz. In a two-stage accelerator,
as in Fig. 1, the accumulated chirp after a first stage of
length Lp;1 for an initially unchirped bunch will be
χ1 ¼ −ðe=mc2ÞE0

z;1Lp;1=γ̄1. Therefore, if the longitudinal
phase space of the bunch is inverted at this point such that
χ̂1 ¼ −ðσz;1=σz;2Þχ1 is obtained, the correlated energy
spread could be compensated for in a following stage,
fulfilling E0

z;2Lp;2 ¼ ðmc2=eÞχ̂1γ̄1. For a symmetric inver-
sion (σz;1 ¼ σz;2), using two identical plasma stages (same
E0
z and Lp) would be the simplest setup.
This longitudinal phase space inversion can be per-

formed with a conventional chicane. As illustrated in Fig. 2,
this device is composed by four dipole magnets in which
particles undergo an energy-dependent trajectory bend.
With respect to a hypothetical reference particle with
γ ¼ γref , those with γ > γref experience less bending, and
therefore a shorter path length; whereas the opposite occurs
for those with γ < γref . Defining δ ¼ ðγ − γrefÞ=γref , the

path length differences after the chicane Δξch can be
expressed with respect to the reference particle as

ΔξchðδÞ ¼ R56δþ T566δ2 þOðδ3Þ; ð2Þ

where T566 ≃ −3=2R56 [45]. To first order, the R56 coef-
ficient can be simply determined as R56 ¼ Δξch=δ ¼
Δξch=χΔξ (assuming γref ¼ γ̄). From Eq. (2), it can be
seen that, e.g., maximum bunch compression can be
achieved if Δξch exactly compensates for the initial offsets
with respect to the bunch center Δξ. Similarly, a chirp
inversion can be performed if Δξch ¼ 2Δξ, and thus
R56 ¼ 2=χ.
This technique is therefore ideally suited for bunches

dominated by a linear chirp, as is often the case in PBAs,
and thus particularly for the case of weakly beam-loaded
wakefields, where a constant E0

z is not perturbed by the
bunch or where the beam-loading effect linearly modifies
Ez [26]. When this is not the case, the scheme can still be
optimized to correct the chirp along the bunch core. The
performance of this scheme will also be better when the
nonlinear terms in Eq. (2) can be neglected because these
higher-order contributions cannot be compensated for in
the second plasma stage. Thus, the energy spread of the
bunch in the chicane should not exceed the few-percent
range, although this condition could be relaxed by includ-
ing sextupole magnets [46].
Once the chicane R56 is determined, the magnet length

Lm and bending angle θ experienced by the reference
particle can be directly determined from R56 ¼ −2θ2ðLd þ
2Lm=3Þ [45], where Ld, as defined in Fig. 2, is the length of

FIG. 2. Working principle of a magnetic chicane with
R56 ¼ 2=χ. The bunch longitudinal phase space is shown at
the chicane (a) entrance, (b) middle, and (c) exit. Darker color
implies higher energy.

FIG. 1. Schematic view of a possible implementation of the energy chirp compensation concept.
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CHICANE IN SWISSFEL
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DIELECTRIC LASER ACCELERATORS
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DIELECTRIC LASER ACCELERATORS

▸ Possibilities to test dielectric structures at PSI:


▸ Beam-driven structures for beam shaping and radiation generation


▸ Laser-driven structures require a synchronized laser
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WAKE FIELDS
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APPLICATIONS OF TECHNOLOGIES 
AND BEAMS
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LASER / THz BUNCH LENGTH DIAGNOSTICS

▸ Zhang et al., Nature Photon 12, 336–342 (2018).
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LASER / THz BUNCH LENGTH DIAGNOSTICS
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DETECTOR DEVELOPMENT

▸ Direct electron detection
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ELECTRON DIFFRACTION
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TERAHERTZ GENERATION
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THz FIELDS FROM ELECTRON BEAM

▸ Gas-phase experiments using the beam directly


▸ D. Caesar, A. Marinelli


▸ X-Ray Generation in a Plasma / Hard X-Ray Seeding
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PEPPEx: Photon-Electron Pump/Probe Experiment

Phase 1:
Solid target in zone plate chamber, end of 2021
Exploit THz fields 

Phase 2
Install LAMP chamber for gas-phase experiments
Attosecond half-cycle fields from XLEAP-II
2022-2023

10s to 100s GV/m fields
from e-beam

>> available sources at 
THz and UV wavelengths

Sub-fs synchronization with X-rays

D. Cesar


