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Machine	sensitivity	studies
� Simulation of several errors which can deteriorate beam design 

parameters
� Study performed for a 250 pC charge, 280 MeV beam with 30k 

macro-particles (ThomX: 1 nC, 50 MeV)
� Sensitivity to errors study needed to evaluate:

� Emittance growth à spot size @IP
� Energy spread growth
� Large transverse trajectory errors

� Photo-injector simulated with ASTRA (with space charge), tolerances 
and specs for: 
� cathode laser system,
� power supplies, 
� solenoids 

� C-band Linac simulated with Elegant (with wakefields + longitudinal 
space charge + ISR & CSR in dipoles), tolerances and specs for: 
� magnets,
� power supplies, 
� BPM resolution



Injector Error Unit C-band RF linac Error Unit

GUN C-band accelerating sections

RF voltage [ΔV] ±0.2 % RF voltage [ΔV] ± 0.2 %

RF phase [ΔΦ] ± 0.2 deg RF phase [ΔΦ] ± 1 deg

S-band accelerating sections Alignment on transverse plane [Δxy] ± 70, ± 100 μm

RF voltage [ΔV] ±0.2 % Quadrupoles

RF phase [ΔΦ] ± 0.2 deg Geometric strength [Δk] ± 0.3 %

Alignment on transverse plane [Δxy] ± 70 μm Alignment on transverse plane [Δxy] ± 70, ± 100 μm

Solenoids on GUN & TW cavities Tilt about incoming long. axis ± 1 mrad

Alignment on transverse plane [Δxy] ± 70 μm Dipoles

Cathode laser system Bend angle [ΔB] ± 0.1 %

Arrival time [Δt] ± 200 fs Tilt about incoming long. axis ± 1 mrad

Pointing instabilities [Δs] ± 20 μm Steerers

Energy fluctuation ± 5 % Strength [ΔkSΔkS] ± 0.2 μrad

Beam position monitors

Resolution ± 10 μm

Tolerances	table	on	maximum	errors	



Simulations	results
� 100 different machines simulated with errors randomly 

extracted according to max errors in previous Table 
(special genetic procedure developed for errors generation)

� First step: to identify most dangerous errors contribution 
charge fluctuations due to laser energy jitter of ±5% (237.5-
262.5 pC) and errors inserted one-by-one were simulated

� Energy spread is mainly affected by RF phase jitter
� Transverse spot size is mainly affected by transverse 

misalignment errors in accelerating structures and 
quadrupoles



Energy spread (ΔE/E) over 100 machine runs at LE IP in case of: 
• RF voltage jitter (red dashed line), 
• RF phase jitter (blue dots), 
• RF phase and voltage jitter (green line)
Analysis suggests that energy spread can grow up to 0.1% if RF phase jitter 
in the range ± 1° arises (design ΔE/E: 0.081 %)

Energy	spread	growth



Transverse spot size (σt) over 100 machine runs at LE IP for: 
• Δxy=±70μm (red line) 
• Δxy=±100μm (blue dashed line) 

Analysis suggests that spot size @IP can grow up to almost 33 μm for 
Δxy=±100μm (design σt: 20 μm)

Transverse	spot	size	@IP	growth



Genetic	Algorithm	(code	GIOTTO)
� Developed to avoid lengthy procedure of changing 

input parameters by hand
� Whole parameters ensemble is a set of different 

quantities related by non trivial and non linear 
relationships à not easy to define an “optimized” 
configuration

� A genetic algorithm leads to fast and precise 
convergence on a good solution estimated by a “fitness 
function” defined as a pondered combination of 
physical quantities to be optimized



GA
� Useful for optimization of a large number of input 

parameters
� Comparisons between “by hand” optimization and 

“genetic” one showed that the genetic code can work even 
without a known reference “working point”

� Parallelization helps since speed-up scales with population 
number

� This code could also be included in data acquisition system 
and optimize online performances

� A. Bacci, C. Maroli, V. Petrillo, A. Rossi, L. Serafini, 
“Maximizing the brightness of an electron beam by 
means of a genetic algorithm”, NIM B, 
http://dx.doi.org/10.1016/j.nimb.2007.07.006



GIOTTO	&	ASTRA
� First developed for an incoherent Thomson scattering line 

at SPARC-LAB (30 MeV): gun+2 TW 
structures+solenoid+4th harmonics structure

� GIOTTO launches ASTRA for integration of equations for 
each error configuration

� Optimization of:
� E field gradient
� Injection phase 
� Max B field
� Solenoids position

� Example of fitness function: 
F = I3.5/(en-x,y x sx,y x x sqrt(Dg/g))



Normalized	emittance

Transverse normalized emittance (in mm mrad) versus z (in meter) 
for: (a) reference case optimized by hand and (b) GIOTTO



X-rays	spectrum

Spectrum of X rays radiated for the reference case (a) and GIOTTO (b).



PSPA	studies
� With PSPA it is at present possible to run both ASTRA 

for the photo-injector and Elegant for the Linac
� A first study of errors has to be performed in order to 

find the most harmful ones
� ASTRA input files from Christelle & Luca
� After a first look, we can start the statistics study with 

GIOTTO (kindly provided by A. Bacci from Milan)
� A table of maximum error tolerances can finally be 

produced to allow for the ThomX design parameters to 
be achieved



Work	just	started….


