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 ELI-NP PROJECT INTRODUCTION 

 HIGH LEVEL APPLICATIONS 

 DEVELOPMENT FRAMEWORK: ELEMML 

 TRAJECTORY CORRECTION STUDIES 

 SINGLE ACCELERATING SECTION BBA 

 VALIDATION AT FERMI 

 SUMMARY 



• User facility for Nuclear Physics 
experiments based on Compton 
Back-Scattering (CBS) 

• The Gamma Beam System (GBS) 
is composed of a LINAC to 
accelerate 32 bunches of 
relativistic electrons and a 
complex optical recirculator for a 
high power laser 

 

 

C. Vaccarezza et al., “Optimization Studies for the Beam Dynamic in the RF Linac of the ELI-NP Gamma Beam 
System”, in Proc. 7th Int. Particle Accelerator Conf. (IPAC'16), Busan, Korea, May 2016, paper TUPOW041 
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The spectral shape is given by  
The differential cross section 

To optimize the spectral photon density: 
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An High Level Application (HLA) is a set of automated 
commands  and operation to perform a specific 

operation/measurement on the machine  

To maximize SPD it is important to avoid emittance growth due 
to errors and misalignments 

BEAM MANIPULATION 

TRAJECTORY  
CONTROL 

BBA 

MATLAB MIDDLE LAYER 

EPICS CS 



[*] M. Borland, et al. "Survey of Commissioning of Recent Storage Ring Light Sources", in Proc. 6th International Particle 
Accelerator Conference, Richmond, VA, USA, paper WEBD2, pp. 2482-2484, ISBN: 978-3-95450-168-7 

 
• Set of tools to model and control particle 

accelerators Currently ALS, Spear, CLS … 
• Accelerator Toolbox (AT) model enables to test 

applications and simulate machine commissioning 
on a model of the machine  

• Currently only for RING physics  need for a 
different accelerator physics engine for a LINAC 

 
 

[…] 



• elegant is a powerful tracking code for LINACs and rings,  by M. Borland(ANL) and 
collabotators 

• It uses SDDS (Self Describing Data Sets) flexible file output format 
 

The data from the simulations can be accessed  
in the same way as the data on the machine 



[AM, tout, DataTime, ErrorFlag] = getpv(..,..,..,’Mode’,’Model’) 

 

 

 

array = sddsreadany(filename, col_par, col, pag) 

ErrorFlag = setpv(..,..,..,’Mode’,’Model’) 
 
 
 
 

[Status, Result] = system([‘elegant virtualacc.ele –macro=’ ... 

AO.(thisFam).FamilyName ‘=’ … 

AO.(thisFam).SetPoint ]) 
 



VIRTUAL ACCELERATOR 

The simulation output data can be pushed on one or more virtual devices 



• The beam gets streaked by the transverse deflecting cavity (TDC) on a screen 
downstream 

• The operator can select the range of TDC phase to vary and the number of points to 
acquire 

• The calibration line and the resulting bunch length value are then shown on the 
screen 
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ELI-NP GBS Low Energy Line split layout (conceptual, not to scale) 
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With RF sections misalignments Without RF misalignments 

 Errors distributed on a 2σ-truncated 
Gaussian  

 Energy different between test beam an 
nominal beam ΔE/E = 8% 
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Above: Trajectory shift of the horizontal 
centroid induced at a downstream BPM as a 
function of the beam-position readback at 
the BPM nearest to the accelerating section 
being varied 

Below: position of the hor. beam centroid Cx 
at the BPMs across the accelerating section 

Parameter Symbol Value Unit 

RF Misalignment 𝜎𝑥 200 𝜇𝑚 

Initial e- energy 𝐸𝑖 80 MeV 

Final e- energy 𝐸𝑓 243 MeV 

Charge Q 250 pC 

Hor. Norm. Emit. 𝜖𝑛𝑥 0.12 mm-mrad 



Deflector DCAV 

Conceptual layout of FERMI linac until the beginning of the transfer line to the undulator’s hall, 
followed by a short summary of FERMI electron beam parameters 

Image courtesy of S. Dimitri 

Zoom on the layout of the section of the FERMI LINAC used for testing the DFS method 

Value Units 

Energy 1.3 GeV 

Slice energy 
spread 

<0.2 MeV 

Charge 700 pC 

Norm. 
emittance 

0.8-1 mm-
mrad 



Measure response 
matrix R and store beam 

trajectory 

Choose energy variation, 
vary accelerating cavity 

phase, thus varying 
beam energy 

Measure response 
matrix R and store 

trajectory for off-energy 
test beam 

Obtain dispersion 
measurement and 

dispersive response 
matrix D 

Choose free parameters, 
perform svd, calculate 

and apply corrector kicks 

Nominal beam energy: 𝐸0 = 1.312 𝐺𝑒𝑉 
Off-energy beam: 𝐸1 = 1.287 𝐺𝑒𝑉  

 
𝜑0 = 150° 
𝜑1 = 240° 

  ∆𝜑𝑅𝐹 =90° 
∆𝐸 = 25𝑀𝑒𝑉 



Ten trajectory samples have been acquired and the plot shows the fluctuation due to 
launching conditions of the beam at the entrance of the LINAC.  
 



Value Unit 

𝐸0 1.312 GeV 

𝐸1 1.287 GeV 

∆𝐸/𝐸 ~2 % 

𝜔 10 

𝛽 1 

𝜎𝑥 𝐵𝑃𝑀𝑠 0.42 mm 

𝜎𝑦 𝐵𝑃𝑀𝑆 0.23 mm 

DFS accuracy depends 
on the energy 

difference and free 
parameters choice 



 eleMML is a novel framework to develop and test 
high level applications on a virtual machine 

 Beam dynamics simulations indicate that 
applying DFS for trajectory correction can 
improve beam quality in the GBS low energy line 

 Testing at FERMI has shown that residual 
dispersion can be corrected with DFS, careful 
choice of the parameters is needed to correct 
both planes 

 Beam dynamics simulations have shown that DFS 
is less efficient with accelerating section 
misalignments, thus studies to perform BBA have 
been performed 
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