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One of first AI codes for beam line design & optimization. 
 

Solves complex multi-objective problems (correlated parameters, space-charge like) 
& statistical analysis (machine jitters studies).

Drives the beam dynamics PIC code ASTRA. Natively compatible with NameList std.

V. 13.0 for Linux & Windows, parallelized with MPI.

Successfully used in important projects, as:
 

Some contributions to publications:
• New approach to space charge dominated beamline design – PRAB 26 (2023)
• Two-pass two-way acceleration in a superconducting CW linac to drive low jitter x-ray FEL–PRAB 22 (2019)
• Electron beam transfer line design for a plasma driven Free Electron Laser – NIM A 909 (2019)
• Electron Linac design to drive bright Compton back-scattering gamma-ray sources – JAP 133 (2013)
Coming soon:
• Innovative solutions for high-brightness low-energy ERL injector design: the BriXSinO approach

Genetic Interface for OpTimizing Tracking with Optics

AI optimizer 2



Genetic algorithms 3

Advantages of Using Genetic Algorithms for beam dynamics:

Flexibility:
GAs can handle complex and 
nonlinear solution spaces, 
typical of beam dynamics. 

Parallelism:
The parallel nature of GAs 
makes them suitable for 
exploiting parallel computing 
architectures, speeding up the 
optimization process. 

Adaptability:
GAs can dynamically adapt to 
changes in the accelerator’s 
operating conditions.

● Invented by John Holland in the ‘60s 
● Optimization and search technique inspired by the principles of natural selection and biological evolution 
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BriXSinO design
When the revolution 
began 



BriXSinO 5

● High flux dual light source (100 MHz rep. rate) based on a Energy Recovery Linac.
● Up to 5 mA average current - 50 pC bunches.
● Test machine for Two-Pass Two-Way acceleration. 



The injector 6

Conservative choices in design phase:
● 100 pC of bunch charge
● 250 kV in DC gun 

1 2

Injector design criteria:
● ERL wasted beam energy is equal to the injection energy: the lower, the better.
● High brightness (low emittance and bunch length) required by FEL
● Low energy spread to reduce chromatism along the machine.

Simulations and optimizations performed with: 
ASTRA + GIOTTO



Injector opt. 1 - challenges 7

Injector design criteria:
• Low beam energy
• High brightness
• Low energy spread

Several BD techniques are used:
1. Cigar-like bunch shaping
2. Ballistic Bunching
3. Velocity Bunching
4. Emittance compensation

Some parameters play against each other.
Low energy and bunch length increase 
emittance and energy spread. 

We need to balance carefully the 
optimization priority of the parameters!



Injector opt. 1 - tactics
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Number of objective-
functions

Fitness Function Shaping
Organized way to cope with the objectives, each objective in managed by a modified Lorentzian function. 
Heigth and width change the function slope which is strictly related to optimization priority.



Injector opt. 1 - results 9

Courtesy of A. Bacci

Parameter Value

εn,x,y
1.2 mm-

mrad
σx,y 1.2 mm
σz 1.1 mm
E0 4.5 MeV
σE 8.9 keV

● The beam energy is successfully kept at 4.5 MeV

● The bunch leaves the booster in emittance minimum 
with reduced transverse dimensions

● Energy spread is compensated playing with the 
booster injection phases

● The bunch gets gradually compressed exploiting the 
SC dumping with beam energy increase

First section parameters



Injector opt. 2 - challenges 10

Bend BendQuad

Neglecting space charge: line is achromatic

Bend BendQuad

Space charge unbalances the optics

REPULSION

Internal forces give raise to chromatism and dispersion leak after the dogleg. 

The effect can be compensated 
if dispersion can be evaluated 



Injector opt. 2 - tactics
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RotnSlice, a GIOTTO post-processor
We needed a simulation diagnostic tool to study and act on the dynamics in the dispersive path:  

1. RotnSlice calculates the rotation angle as:

2. Applies a rotation matrix with 
(Position centroids have to be removed before 
and added back after the rotation!):

3. Now, local beam parameters and additional 
analysis can be performed.

After 
h-bending

The bunch gets rotated in bendings and bunch parameters get altered in the XYZ system!

E. g. The distribution dispersion is calculated through the η parameters:

η𝑥=
⟨𝑥 𝑝𝑟 ⟩
𝜎𝑝 𝑟

2 , η′𝑥=
⟨ 𝑥 ′𝑝𝑟 ⟩
𝜎 𝑝𝑟

2 h𝑤𝑖𝑡 : p𝑟=
𝑝− ⟨𝑝 ⟩

⟨𝑝 ⟩

New capabilities for GIOTTO optimization! 
● Dispersion parameters 
● Oblique paths support 
● Multi-position opt. 



Injector opt. 2 - results 12

Courtesy of A. Bacci

Paramete
r

Value

εn,x , εn,y 1.65, 1.6 mm-mrad
σx , σy 0.65, 0.65 mm

σz 2.0 mm
E0 4.5 MeV
σE 26.0 keV

● The dispersion was closed in several points after the last 
bending to ensure a stable result. 
(Multi-position optimization)

● The peculiar asymmetry in the envelope transport is due 
to the SC compensation.

● The BriXSinO solution, operating under intense space 
charge conditions (4.5 MeV, 100 pC), stands out as the 
injector with the lowest energy among modern ERL-
based light sources.

Injector beam parameters

New approach to space charge dominated beamline design – PRAB 26 (2023)



More on GIOTTO-suite
Other successful 
applications



Energy filter optimization 14

In 2021 ACTIS experiment @ Solaris Synchrotron required to build the machine 
model of Solaris linac.

Big issue: model the 120° DBA composing the energy filter (70 pC, 3 MeV)

• RotnSlice was applied to rotate the incoming distribution and to 
optimize on the rotated outcoming bunch (εnx-y , ηx-y , η’x-y , σE, Q) 

z [m]

[m
]

Arc Compressor Test in a Synchrotron - the ACTIS Project – in proc. IPAC’22



Combed beams support 15

In 2022 we applied GIOTTO to the EuPRAXIA@SPARC_LAB injector (combed beam for PWFA).

Driver and witness must have very different parameters, 
optimization must be tailored on each bunch. 
RotnSlice modified to work on multi-bunch beams.



FCC-ee positron capture system 16

Evolutionary objectives in 1st 
bucket:

1. Maximize Yield
2. Contain εn,x

3. Contain σx

4. Contain σz

5. Contain σE

6. Keep E ↑

0. 9

AMD DC solenoid
Target

L-band TW (60 cells) L-band TW (60 cells) e
+e-

z [m]

Genetic knobs:        Variation 
range:

AMD: Length 2-6 cm
AMD: peak field 5-18 T
AMD low field (DC solenoid) 0.3 - 1.2 T
Cavity 1: inj. phase  ± 180°
Cavity 2: inj. phase  ± 180°
Cavity 1: acc. gradient (peak) ± 20-40 MV/m
Cavity 2: acc. gradient (peak) ± 20-40 MV/m

Macroparticles: 136 
k

Macroparticles: 5 k
Wide range search: Refinment:



Phase space window optimization 17

Macroparticles: 136 
k

68.0% of extracted e+ in 1st 
RF bucket
E = 97.53 MeV
ΔE = 51.8 MeV (53% ΔE/E)
εn,x = 11.57 103 mm-mrad
σx  = 8.64 mm
σz = 8.34 mm



RotnSlice standalone 18

RotnSlice is designed to be useful also by itself if paired 
with ASTRA.

● Can process ASTRA beam files to calculate ad hoc 
parameters (etas, twiss)

● Can apply cuts to separate combed beams and 
analyze them

● Accepts file-lists to display parameters evolution 
in curved paths 

● Rotates bunches for oblique propagations 
● Performs phase space cuts 



Conclusion 19

GIOTTO and RotnSlice are being strongly improved for the last 4 years thanks to new challenges we 
had to deal with. Several new capabilities added:
● Re-organized fitness function definition
● Multi-position optimizations
● Dispersion parameters support
● Optimization of rotated bunches and diagnostics of oblique paths 
● Multi-bunch tailoring
● In-window optimization of the phase space

What next?
A new branch of applications is going to be explored: GIOTTO is moving to control systems (starting 
from STAR in Calabria)

RotnSlice has become a useful standalone tool for ASTRA users.



Any questions ?

Thanks!

GIOTTO-suite is available for everyone. 
Contact us: 
marcello.rossetti@mi.infn.it
alberto.bacci@mi.infn.it 

mailto:marcello.rossetti@mi.infn.it
mailto:alberto.bacci@mi.infn.it


Credits

Special thanks to all the people who made and 
released these resources for free:
◉Presentation template inspired by SlidesCarnival
◉Icons from Flaticon
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BriXSinO Principle of Operation
• A “newly” conceived scheme of ERL with counter propagating beams 

is proposed in BriXSinO.
• This scheme allows to explore not only the 

ERL  operation but also the two-pass operation 
where the beam is reaccelerated when 
reinjected in the accelerating module at 
reduced current.

• A further operation mode for BriXSinO is the 
use of its injector for fixed target experiments performed with 
maximum electron energy of 10 MeV and 5 mA average current. 
This high intensity beam enables both experiments of flash therapy 
(total charge in a 200 ms time interval up to 1 mC), as well as converting 
the electron beam into bremsstrahlung photons with energy 
peaked at 7 - 8 MeV at an impressive flux of 1016 photons/s (i.e. up 
to 30 kW X-Ray beam). 

• Also experiments of positronium generation for fundamental studies 
of matter-antimatter asymmetry can be conducted at this test station.

Parameter two-pass acc. ERL

Energy (MeV) 80 45

Bunch charge (pC) 100 100
Repetition rate (GHz for CW operation) 0.9286 10-3 0.9286

Average Current (mA) 5 10-3 5
Beam power @ dump (W) 22.5 103 400

e n
x , y  (mm − mrad)

< 1.6 < 1.6

Energy spread (%) < 0.2 < 0.2



BriXSinO Principle of Operation
• In the ERL operation mode, two experiments are envisioned: Inverted Compton 

Scattering (ICS) and a THz FEL.
• The importance of the full BriXSinO is then twofold. 
• From one hand, it will act as test facility for fundamental questions of 

accelerator physics and strategies of Dynamics and Energetic by hosting 
experiments for maximizing the energy sustainability and minimizing the AC power 
consumption.

• From the other hand, it will work as 
user facility by providing large quality 
coherent THz and X-Rays emission 
from its high brightness accelerated 
electron beam, enabling 
important and advanced 
applications.



HB2TF Layout

11 April 2024 D. Sertore – JLAB Accelerator Seminar 24



SlidesCarnival icons are editable shapes. 

This means that you can:
● Resize them without losing quality.
● Change line color, width and style.

Isn’t that nice? :)

Examples:
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