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Introduction

Need for ultrashort electron bunches » new physical phenomena and cutting-edge
applications:

® FELs
® Pump-probe experiments
® Plasma acceleration

Traditional compression = high energy, long beamlines.
Possible alternative: self-compression mechanism (Zhang, 2020).

In this thesis: feasibility of applying it in TEX @ LNF-INFN = three possible operation
modes.



Self-compression mechanism
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Zhen Zhang et al 2020 New J. Phys. 22 083030
Step 1 — Wiggler: Step 2 — Chicane:
e Beam emits Coherent Synchrotron Radiation (CSR) e Chicane path length depends on particle energy
(Rss)

e Short-range CSR interacts with the bunch
e Energy chirp causes particles to bunch closer »

e Introduces energy modulation (energy chirp) in the compression
longitudinal profile



Analytical model
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(Rse value can be optimized in order to achieve maximum compression)




Initial beam generation

TEX beamline is simulated using ASTRA
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Numerical studies

Resulting current profiles for different Rs¢ values of the downstream chicane are calculated using the
analytical model » Search for minimum FWHM (two Rs¢ values) and extract corresponding profiles.
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Self-compression simulation

* ASTRA-generated beams are used as input for
Elegant.

* Full self-compression simulation using weaker
wiggler

* C-type chicane added = dipole bending angles

optimized for maximum compression
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On-crest operation | Magnetic pre-compression
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L Compression factor w/o wiggler =1.9



3D space charge validation

Results under full 3D space charge effects are validated using TStep.

a5

® Longitudinal behavior of the bunch
e — remains the same.
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Phase space curvature effect and 1 pC case

Rss Value discrepancy due to non-
linearity in phase space:
® Curvature of RF field close to
the crest
® Space charge effects
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® Final bunch length 26 fs, similar compression
factor with respect to 30 pC case.

® But theoretical optimal Rss is 1.4 mm, while the
one found from simulation is 2.4 mm.



Conclusions and outlook

® Possibility of implementing Zhang’s self-compression mechanism at low energies » Can be
considered for applications in which further beam manipulation is required, and as the initial
compression step in larger machines
Analytical model doesn’t account for overcompression.
R56 value of the optimized chicane deviates from the one calculated numerically due to
nonlinearities in the longitudinal phase space.

® Self-compression mechanism validated under full 3D space charge effects (final bunch length
considerably smaller).

@ Effectiveness of this method for compressing low charge bunches opens the possibility of

further studies for applications such as ultrafast electron diffraction.
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Numerical studies

Objective: theoretical optimal Rgg value of the downstream chicane for certain proposed wigglers, and the
theoretical final bunch length that’s achieved.

Wiggler design is carried out taking into account the desired final length of the intended layouts.

Proposed wigglers

On-crest

Magnetic RF

NC SC NC | SC | NC SC

K 60 | 175 | 40 | 170 | 50 | 170
Aw [m] | 0.25 | 0.185 | 0.25

0.2 | 0.25 | 0.185
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Self-compression simulation

CSR-induced energy

ASTRA-generated beams are used as input for Elegant. modulation in wiggler

(K = 60).

Overcompression observed when using proposed wiggler:
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Wiggler equations
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Compression in a chicane
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Initial beam generation (magnetic and RF pre-compression)
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Wiggler/chicane parameters from simulations

® On-crest:

Generated wi = 5 = arg: ps.length=1.35 m

3 = 0.0856531049250

Dipm]éL]ength =

The optimized dipole bending angles for the chicane are found to be 8, 4 =

32.66° for the outer dipoles and 6 3 = 5.73° for the inner ones.
® Magnetic:

Generated wiggler: args.K=1.8, args.energy=17.4 MeV, args.period=10.8 cm, args.length=1.0 m

+ (SRCSEBND, L=

RULE= @

=1,E1= 0.000000000€100, §
ECTS=1,E2= 0.000000000€ 100, &

bending angles for the chicane are found to be 8 4 = 16.27" for the outer dipoles G =2 STATE=D,BINS=5¢9, &

and B 3 = 27.23° for the inner ones.
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