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Last	
  Sci-­‐Com	
  Recommenda1ons	
  

•  The	
   SC	
   recommends	
   that	
   the	
   EuPRAXIA@SPARC_LAB	
   project	
   be	
   aligned	
   as	
   well	
   as	
  
possible	
  to	
  the	
  EuPRAXIA	
  technical	
  goals	
  and	
  1me	
  scales	
  to	
  maximize	
  the	
  chances	
  to	
  be	
  
selected	
  as	
  site	
  for	
  the	
  EuPRAXIA	
  research	
  infrastructure.	
  

•  The	
   SC	
   recommends	
   that	
   the	
   CDR	
   review	
   panel	
   should	
   include	
   poten1al	
   users	
   of	
   the	
  
facility	
   to	
   assess	
   the	
   interest	
   of	
   the	
   photon	
   science	
   community	
   in	
   the	
  
EuPRAXIA@SPARC_LAB	
  FEL.	
  

	
  
•  The	
  SC	
  suggests	
  that	
  work	
  on	
  the	
  following	
  topics	
  should	
  be	
  con1nued:	
  

	
  •	
  Explaining	
  the	
  unique	
  points	
  of	
  the	
  EuPRAXIA@SPARC_LAB	
  plasma	
  FEL	
  
	
  •	
  Expanding	
  the	
  scien1fic	
  case	
  
	
  •	
  Defining	
  the	
  EU	
  context	
  	
  
	
  •	
  Defining	
  the	
  opera1ng	
  costs	
  (in	
  progress)	
  
	
  •	
  Studying	
  realis1c	
  performance	
  	
  



hTps://indico.cern.ch/event/704206/1metable/#20181119	
  





Project Timeline




http://www.lnf.infn.it/sis/preprint/pdf/getfile.php?filename=INFN-18-03-LNF.pdf

CDR Review Committee Meeting 

Nov. 27-28


•  D. Angal-Kalinin (STFC)

 

•  P. Muggli (MPI) – Chair



•  M. Pedrozzi (PSI)



•   L. Scibile (CERN) 



•  S. Schreiber (DESY) 




F. Stellato (Uni-ToV)

C. Marcelli (LNF)








Coherent	
  Imaging	
  at	
  	
  EuPRAXIA@SPARC_LAB	
  

Condensed-­‐ma*er	
  	
  
High	
  Temperature	
  superconductors	
  
Metal-­‐insula1ng	
  transi1ons	
  
Colossal	
  magnetoresistance	
  
phenomena	
  	
  	
  
Ferroelectrics	
  &	
  mul1ferroics	
  materials	
  
Skyrmions,	
  spintronics	
  	
  
Nanopar1cles	
  and	
  plasma	
  

Water	
  Window	
  Coherent	
  Imaging	
  of	
  biological	
  
systems	
  
Energy	
  region	
  between	
  oxygen	
  and	
  carbon	
  K-­‐edge	
  	
  
2D	
  and	
  3D	
  images	
  of	
  biological	
  samples	
  will	
  be	
  
obtained	
  
viruses,	
  cells,	
  organelles,	
  protein	
  fibrils…	
  
	
  

2	
  key	
  issues:	
  brilliance	
  and	
  coherence	
  of	
  the	
  
FEL	
  radia1on	
  
1	
  experimental	
  sta@on	
  performing	
  coherent	
  
imaging	
  experiments	
  	
  
Many	
  	
  applica@ons,	
  ranging	
  from	
  biological	
  
systems	
  to	
  condensed	
  maTer	
  physics	
  















A. R. Rossi (INFN-Mi)








On behalf of SPARC_LAB collaboration




Beam Dynamics studies for the "
X-band Linac of the"

EuPRAXIA @ SPARC_LAB Project


Cristina Vaccarezza


On behalf of SPARC_LAB collaboration

Beam Dynamics studies for the 
X-band Linac of the

EuPRAXIA @ SPARC_LAB Project

Cristina Vaccarezza
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C. Vaccarezza
 EuPRAXIA@SPARC_LAB	
  collabora1on	
  mee1ng	
  LNF-­‐Oct	
  24th	
  2018


Static and dynamic errors simulation:


Steerer	
  +	
  BPM	
  

Beam	
  error	
  kick	
  (girder	
  to	
  girder)	
  

ü  Static errors:

§  100 (20) 𝜇m (x ,y) random misalignment on RF’s structures and magnetic elements

§  0.05 (0.01) 𝜇rad tilt on magnetic elemts
rad tilt on magnetic elemts

§  100 𝜇m misalignment kick to the beam, ex. girder to girder

§  100 random simulated machines


ü  Dynamic errors:

§  Quad strength errors 0.1% rms

§  Sterer kick errors 0.01% rms (0.4 𝜇rad rms)
rad rms)

§  RF Acc Grad 0.1% rms 

§  RF phase 0.5°

§  100 random machine for each static arrangement
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C. Vaccarezza
 EuPRAXIA@SPARC_LAB	
  collabora1on	
  mee1ng	
  LNF-­‐Oct	
  24th	
  2018


Static plus dynamic errors summary table

WP1	
  (@capillary	
  in)	
  

witness	
  
WP1(@capillary	
  in)	
  

driver	
  
Previous	
  

WP3(@undulator	
  in)	
  
with	
  no	
  RF	
  jit	
  

Q	
  (pC)	
   30	
   30	
   200	
  

E	
  (GeV)	
   0.5	
   0.5	
   1.0	
  

σCx	
  (𝜇m)	
   6	
   5	
   10	
  

σCy	
  (𝜇m)	
   2	
   5	
   30	
  

σx	
  (𝜇m)	
   2.1	
   7	
  	
   30	
  

StDevσx	
  (𝜇m)	
   0.04	
   0.1	
   10	
  

σy	
  (𝜇m)	
   1.6	
   8	
  	
   40	
  

StDevσy	
  (𝜇m)	
   0.02	
   0.2	
   5	
  

σ𝞭	
  (%)	
   0.07	
   0.2	
   .14	
  

*	
  No	
  dispersion	
  free	
  steering	
  



work	
  in	
  progress	
  
•  Detailed	
  tolerance	
  studies	
  by	
  S2E	
  
•  Driver	
  /	
  Witness	
  separa1on	
  at	
  the	
  plasma	
  exit	
  
•  Op1ons	
  for	
  5	
  GeV	
  electron	
  beams	
  
•  Mul1-­‐bunch	
  RF	
  linac	
  opera1on	
  =>	
  excluded	
  
•  Plasma	
  Target	
  
•  Current	
  losses	
  and	
  beam	
  dump	
  due	
  by	
  April	
  2019	
  

•  Secondary	
  par1cle	
  Sources	
  	
  
•  Compton	
  Source	
  
•  Update	
  cost	
  analysis	
  
•  Managerial	
  structure	
  



SPARC_LAB is the test and training facility for 
EuPRAXIA@SPARC_LAB 



Scientific Highlights






•  TNSA: results in progress


•  Plasma Lab: discharge capillaries 
characterization




•  P W F A : a c t i v e p l a s m a l e n s , 

deceleration test, de-chirper results


•  LWFA: plasma target studies






•  While	
  support	
  from	
  the	
  management	
  has	
  increased	
  over	
  the	
  last	
  few	
  years,	
  the	
  source	
  of	
  
major	
  delays	
  in	
  repair	
  and	
  absence	
  of	
  problem	
  preven1on	
  may	
  be	
  the	
  lack	
  of	
  percep1on,	
  
par1cularly	
  among	
  the	
  scien1fic	
  staff,	
  that	
  SPARC_LAB	
  is	
  a	
  major	
  project	
  of	
  the	
  
laboratory.	
  	
  

•  Involvement	
  of	
  beam	
  operators	
  to	
  operate	
  SPARC_LAB	
  on	
  a	
  24h-­‐basis	
  (experiments	
  
during	
  the	
  day,	
  training	
  and	
  reliability	
  tests	
  at	
  night)	
  would	
  help	
  for	
  increasing	
  the	
  
importance	
  of	
  SPARC_LAB	
  up1me	
  and	
  opera1on	
  and	
  determining	
  weaknesses	
  of	
  the	
  
systems	
  in	
  prepara1on	
  for	
  transi1on	
  towards	
  a	
  user	
  facility	
  status.	
  

•  The	
  SC	
  strongly	
  recommends	
  an	
  internal	
  review	
  to	
  be	
  conducted,	
  in	
  order	
  to	
  analyze	
  the	
  
problems	
  that	
  have	
  occurred	
  at	
  SPARC_LAB,	
  the	
  state	
  of	
  the	
  infrastructure	
  and	
  the	
  
effec1veness	
  of	
  the	
  work	
  organiza1on.	
  The	
  review	
  should	
  also	
  inves1gate	
  if	
  more	
  
frequent	
  mee1ngs	
  between	
  the	
  laboratory	
  service,	
  opera1onal	
  teams,	
  maintenance	
  
groups	
  and	
  experimental	
  groups	
  would	
  be	
  useful.	
  

•  The	
  SC	
  recommends	
  to	
  implement	
  with	
  priority	
  measures	
  to	
  increase	
  the	
  up1me	
  of	
  the	
  
experiments.	
  

Last	
  Sci-­‐Com	
  Recommenda1ons	
  



14:00 M. Ferrario – From SPARC_LAB to EuPRAXIA



14:40 R. Pompili – SPARC results and status



15:10 M. P. Anania – FLAME results and status



15:40 G. Di Pirro – Technical overview and issues










2018	
  -­‐	
  Planned	
  experimental	
  ac1vi1es	
  

ü May	
  =>	
  PM	
  Quads	
  matching	
  studies	
  
ü June	
  =>	
  Driver	
  interac1on	
  with	
  the	
  Plasma	
  
•  June	
  =>	
  Witness	
  interac1on	
  with	
  the	
  Plasma	
  
•  July	
  =>	
  Driver	
  +Witness	
  interac1on	
  with	
  the	
  
Plasma	
  

•  August	
  =>	
  Shut	
  down,	
  maintenance,	
  start	
  up	
  
•  September	
  =>	
  Calipso+	
  Smith	
  Purcell	
  experiment	
  
•  October-­‐December	
  =>	
  PWFA	
  experimets	
  







PWFA vacuum chamber at SPARC_LAB  

















Decelera1on	
  test	
  -­‐	
  July	
  2018	
  

Eacc=300	
  MV/m	
  

Edec=200	
  MV/m	
  









•  20	
  images	
  separated	
  by	
  100	
  ns,	
  so	
  2	
  µs	
  of	
  total	
  observa@on	
  @me	
  of	
  the	
  plasma	
  plumes	
  
•  The	
  ICCD	
  camera	
  area	
  is	
  1024	
  x	
  256	
  pixel	
  	
  

Plasma plumes 

Discharge	
  voltage	
  18	
  kV	
  
Capillary	
  

Electrode	
  
Plasma	
  
channel	
  

20	
  mm/2	
  μs	
  

	
  

§  Both	
  plama	
  plumes	
  can	
  reach	
  a	
  total	
  expansion	
  length	
  around	
  40	
  mm	
  (20	
  mm	
  each	
  one)	
  
that	
  is	
  comparable	
  with	
  the	
  channel	
  length	
  of	
  30	
  mm,	
  so	
  they	
  can	
  strongly	
  affect	
  the	
  beam	
  
proper1es	
  that	
  passes	
  through	
  the	
  capillary	
  

§  Temperature,	
  pressure	
  and	
  plasma	
  density,	
  inside	
  and	
  outside	
  the	
  gas-­‐filled	
  capillary	
  
plasma	
  source,	
  represent	
  essen1al	
  parameters	
  that	
  have	
  to	
  be	
  inves1gated	
  to	
  understand	
  
the	
  plasma	
  evolu1on	
  and	
  how	
  it	
  can	
  affect	
  the	
  electron	
  beam.	
  

Vacuum	
  

 Angelo.Biagioni@lnf.infn.it	
  









2019	
  Work	
  Plan	
  



NEW	
  SPARC_LAB	
  INJECTOR	
  
With	
  respect	
  to	
  the	
  present	
  injector	
  the	
  new	
  one:	
  
	
  
1)  Will	
  integrate	
  an	
  RF	
  gun	
  fabricated	
  with	
  the	
  new	
  technology	
  without	
  brazing	
  

(like	
  the	
  ELI-­‐NP	
  one);	
  
2)  Will	
   integrate	
   a	
   new	
   solenoid	
   with	
   two	
   coils	
   (like	
   the	
   ELI-­‐NP	
   one)	
   and	
   a	
  

remote	
  control	
  of	
  the	
  transverse	
  posi@on;	
  	
  
3)  Will	
  integrate	
  an	
  on	
  axis	
  laser	
  external	
  injec@on	
  system	
  with	
  the	
  last	
  mirror	
  

in	
  air	
  and	
  not	
  into	
  the	
  beam	
  pipe;	
  
4)  Will	
  have	
  an	
  available	
  space	
  for	
  the	
  future	
  integra@on	
  of	
  an	
  X/C	
  band	
  cavity	
  

linearizer;	
  
5)  Will	
  integrate	
  a	
  variable	
  skew	
  quadrupole	
  aver	
  the	
  gun	
  for	
  the	
  compensa1on	
  

of	
   the	
   quadrupole	
   components	
   induced	
   by	
   the	
   input	
   coupler	
   and	
   non	
  
ideali1es	
  of	
  the	
  solenoid	
  (similar	
  to	
  the	
  PSI	
  one).	
  

ELI-­‐NP	
  RF	
  injector	
  

A	
   similar	
   injector	
   has	
  been	
   requested	
   for	
   the	
  CLEAR	
  
project	
  at	
  CERN	
  and	
  will	
  be	
  designed	
  and	
   	
  fabricated	
  
by	
  INFN	
  



NEW	
  SPARC_LAB	
  INJECTOR:	
  POSSIBLE	
  TIMELINE	
  

Nov	
   Dec	
   Jan	
   Feb	
   Mar	
   Apr	
   May	
   Jun	
   Jul	
   Aug	
   Sep	
   Oct	
   Nov	
   Dec	
  

Conclusion	
   of	
   design	
   of	
   the	
   quadrupole	
   with	
  
variable	
  polarity	
  

Conclusion	
   of	
   design	
   of	
   solenoid	
   with	
   remote	
  
control	
  of	
  its	
  transverse	
  posi1on	
  

Prepara1on	
  of	
  final	
  mechanical	
  drawings	
  	
  

Offer	
  requests	
  and	
  orders	
  

Realiza1on	
  of	
  components	
  

Installa1on	
  of	
  the	
  new	
  injector	
  off-­‐axis	
  

Final	
  installa1on	
  

2018	
   2019	
  



FLAME activity
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MAC meeting
M.P. Anania


Technical Issues

From	
  NOV2017	
  to	
  OCT2018	
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MAC meeting
M.P. Anania


Technical Issues


1. Synch issue for EXIN in Jul 2018 (while trying to synchronize 
FLAME with SPARC synch group has observed a change in 
oscillator cavity which we have find to be addressed to piezo that 
moves the cavity. We are still trying to understand how to solve 
this issue without having to dismount the whole oscillator cavity).


2. MP3 crystal damage in Jul2018 due to a creation of an hot spot 
in the laser beam (crystal has been sent out for recoating and it 
takes 4 months to have it back).


3. Oscillator pump degradation in Sept2018 (the diode pump of the 
oscillator is not anymore delivering the right power. Here as well 
problem is due to ageing of the pump…)
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MAC meeting
M.P. Anania


Technical Issues

Open issues:



Air difference from clean room to the rest of the building. We have 
partially resolved by tubing the laser but this is still giving too many 
instabilities on the beam (expecially on focal spot quality and 
pointing instabilities); A new and dedicated air condition system is 
required.



Water plant for laser cooling which is switching off lasers; this has 
been partially solved cleaning filters every 3 months; However, a 
new water plant dedicated to FLAME and which doesn’t use tap 
water is under design.
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MAC meeting
M.P. Anania


Results achieved in the last year


Target	
  

Stainless steel

Angle: 18°


EOS crystal

500 um ZnTe


TOF detector 

500 um thick diamond


1m downstream


Vacuum	
  chamber	
  

e-­‐	
  

p+	
  

Removable	
  electron	
  spectrometer	
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MAC meeting
M.P. Anania


Results achieved in the last year

Data analysis has eventually confirmed our first hypothesis that 
higher charge electrons means higher energy protons! 
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MAC meeting
M.P. Anania


Work in progress for SL_EXIN
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MAC meeting
M.P. Anania


Results achieved in the last year

A series of diagnostics have been mounted in order to be able to 
have as much information as possible:




Before laser injection:

Focal spot size;

Focal position;

Laser time arrival;

Laser duration;


During injection:

Discharge current;

Plasma profile (transverse and longitudinal);


After injection:

Laser duration;

Laser spectral profile;

Laser spot size;

Laser time arrival;
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MAC meeting
M.P. Anania


2018 Pubblication List


1.  F. Filippi, et al.: Tapering of plasma density ramp profiles for adiabatic lens experiments. DOI:10.1016/j.nima.
2018.04.037


2.  A. Cianchi, et al.: Frontiers of beam diagnostics in plasma accelerators: Measuring the ultra-fast and ultra-cold. Physics 
of Plasmas 05/2018; 25(5):056704., DOI:10.1063/1.5017847


3.  R. Pompili, et al.: Compact and tunable focusing device for plasma wakefield acceleration. Review of Scientific 
Instruments 03/2018; 89(3):033302., DOI:10.1063/1.5006134


4.  F.G. Bisesto, et al.: Evolution of the electric fields induced in high intensity laser-matter interactions. DOI:10.1016/
j.nima.2018.03.040


5.  E. Brentegani, et al.: Numerical studies on capillary discharges as focusing elements for electron beams. Nuclear 
Instruments and Methods in Physics Research Section A Accelerators Spectrometers Detectors and Associated 
Equipment 03/2018;, DOI:10.1016/j.nima.2018.03.012


6.  F. Filippi, et al.: Plasma ramps caused by outflow in gas-filled capillaries. DOI:10.1016/j.nima.2018.02.102

7.  A. Cianchi, et al.: Conceptual design of electron beam diagnostics for high brightness plasma accelerator. DOI:

10.1016/j.nima.2018.02.095

8.  F. G. Bisesto, et al.: Recent studies on single-shot diagnostics for plasma accelerators at SPARC_LAB. DOI:10.1016/

j.nima.2018.02.059

9.  A. Curcio, et al.: Electro-Optical Detection of Coherent Radiation Induced by Relativistic Electron Bunches in the Near 

and Far Fields. Physical Review Applied 02/2018; 9(2)., DOI:10.1103/PhysRevApplied.9.024004

10.  G. Costa, et al.: Characterization of self-injected electron beams from LWFA experiments at SPARC_LAB. DOI:

10.1016/j.nima.2018.02.008

11.  F. G. Bisesto, et al.: The FLAME laser at SPARC_LAB. DOI:10.1016/j.nima.2018.02.027

12.  R. Pompili, et al.: Ultrafast evolution of electric fields from high-intensity laser-matter interactions. Scientific Reports 

01/2018; 8(1)., DOI:10.1038/s41598-018-21711-4

13.  Alessandro Curcio, et al.: Ray optics hamiltonian approach to relativistic self focusing of ultraintense lasers in 

underdense plasmas. The European Physical Journal Conferences 01/2018; 167(5):01003., DOI:10.1051/epjconf/
201816701003
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M.P. Anania


What next?

The	
   new	
   i n te ra c1on	
  
c h a m b e r	
   h a s 	
   b e e n	
  
designed	
   with	
   the	
   intend	
  
to	
   be	
   flexible	
   to	
   accom-­‐
modate	
   different	
   experi-­‐
mental	
  set-­‐up.	
  
Also,	
   the	
   internal	
   bread-­‐
board	
   is	
   decoupled	
   from	
  
the	
   structure	
   so	
   that	
  
vacuum	
   pump	
   vibra1ons	
  
cannot	
   affect	
   the	
   laser	
  
transport	
  and	
  the	
  target.	
  	
  
It’s	
   also	
   higher	
   to	
   accom-­‐
modate	
  the	
  hexapod.	
  	
  
It’s	
   supposed	
   to	
   be	
   instal-­‐
led	
  in	
  JAN2019.	
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M.P. Anania


What next?


We	
  have	
  won	
  a	
   Scien1-­‐fic	
  
Research	
   collabora-­‐1on	
  
project	
  founded	
  by	
  MAECI	
  
and	
   MOST	
   with	
   Hebrew	
  
University	
   based	
   on	
   the	
  
study	
  of	
   curved	
   capillaries	
  
which	
   could	
   open	
   the	
  
possibili-­‐ty	
   to	
   accelerate	
  
elec-­‐trons	
   to	
   high	
   energy	
  
with	
   high	
   qual ity	
   by	
  
controlling	
  cri1cal	
  limi-­‐1ng	
  
parameters.	
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M.P. Anania


What next?


Project	
  aim	
  à	
  control	
  cri1cal	
  parameters	
  encountered	
  with	
  LWFA:	
  

1.  Pump	
  deple1on	
  à	
  preformed	
  plasma	
  and	
  mul1-­‐laser	
  inputs;	
  

2.  Dephasing	
  à	
  tapered	
  plasma	
  channel;	
  

3.  Diffrac1on	
  à	
  op1cal	
  guiding	
  with	
  plasma.	
  

In-­‐line	
  with	
  EXIN,	
  also	
  because	
  it	
  can	
  be	
  used	
  to	
  remove	
  laser	
  from	
  the	
  electron	
  

transport	
  line!	
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What next?


We will work mainly on EXIN project with the aim not only to grow 
knowledge on the capillary alignment, but also to understand how 
to grow capillaries lifetime, to adjust and understand the right 
diagnostics to be placed before, during and after the interaction.




1.  2019 - PWFA – Beam/Plasma matching studies (=> June)


2.  2020 - PWFA – Acceleration and transport (=>June)


3.  2021 – LWFA - Beam/Plasma matching studies


4.  2022 – LWFA – Acceleration and Diagnostics



5.  2023 –COMB2FEL - PWFA SASE demonstration 


Next SPARC_LAB Milestones 




https://agenda.infn.it/conferenceDisplay.py?confId=16759





