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Horizon	
  2020	
  
Tasks,	
  Milestones,	
  Deliverables	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   2	
  

Tasks	


WP6.1 : Coordination and Communication (SOLEIL, ENEA)	


WP6.2 : FEL baseline cases (SOLEIL, ENEA, CNRS-LOA, UHH, Lille Univ.)	


WP6.3 : Undulator and technological development of equipments (SOLEIL, UHH, INFN, 
DESY, STFC)	


WP6.4 : Towards scientific applications (SOLEIL, ENEA, STFC, DESY)	


WP6.5 : Operational model (SOLEIL, DESY, INFN)	


Milestones	


MS4 : Electron beam baseline parameter for FEL application (SOLEIL) M6, published on 
intranet, DONE	


MS5 : State-of-the-art of short period undulator (SOLEIL) M7, Activity report, DONE	


MS17 : Models and scaling laws for plasma FEL dynamics (SOLEIL) M 20, Activity report, 
DONE	


Deliverables	


D6.1 : Report on state-of-the-art of short period undulators, Report, Public, M12-DONE	


D6.2 : Models, scaling laws plasma FEL dynamics, Report, Public, M24-DONE	


D6.3 : Diagnostic requirements and technical approaches, Report, Public, M24-DONE	


D6.4 : Specific magnetic elements, Report, Public, M32	


D6.5 : FEL Scientific user workshop, Report, Public, M48	





Horizon	
  2020	
  
Tasks,	
  Milestones,	
  Deliverables	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   3	
  

Tasks	


WP6.1 : Coordination and Communication (SOLEIL, ENEA)	


WP6.2 : FEL baseline cases (SOLEIL, ENEA, CNRS-LOA, UHH, Lille Univ.)	


WP6.3 : Undulator and technological development of equipments (SOLEIL, UHH, INFN, 
DESY, STFC)	


WP6.4 : Towards scientific applications (SOLEIL, ENEA, STFC, DESY)	


WP6.5 : Operational model (SOLEIL, DESY, INFN)	


Milestones	


MS4 : Electron beam baseline parameter for FEL application (SOLEIL) M6, published on 
intranet, DONE	


MS5 : State-of-the-art of short period undulator (SOLEIL) M7, Activity report, DONE	


MS17 : Models and scaling laws for plasma FEL dynamics (SOLEIL) M 20, Activity report, 
DONE	


Deliverables	


D6.1 : Report on state-of-the-art of short period undulators, Report, Public, M12-DONE	


D6.2 : Models, scaling laws plasma FEL dynamics, Report, Public, M24-DONE	


D6.3 : Diagnostic requirements and technical approaches, Report, Public, M24-DONE	


D6.4 : Specific magnetic elements, Report, Public, M32	


D6.5 : FEL Scientific user workshop, Report, Public, M48	





Horizon	
  2020	
  
Scaling	
  Laws	
  for	
  Plasma	
  FEL	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   4	
  



Horizon	
  2020	
  
Scaling	
  laws:	
  basic	
  parameters	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   5	
  



Horizon	
  2020	
  
Relevant	
  FEL	
  output	
  parameters	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   6	
  

diffraction correction parameter	
   coherence 
(or cooperation) 

length	
  

Slippage corrections to the saturation power	
  



Horizon	
  2020	
  
Diffrac<on	
  correc<ons	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   7	
  

In	
  a	
  1-­‐D	
  approxima<on,	
  this	
  is	
  equivalent	
  to	
  a	
  reduc<on	
  of	
  the	
  density	
  current	
  



Horizon	
  2020	
  
Energy	
  spread	
  correc<ons	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   8	
  

FEL power growth for an electron 
beam with energy E = 1 GeV, peak 
current I = 2 kA (as an example) 

Energy spread and emittance 
effects taken into account 
via analytical corrections to 
the FEL power growth 



Horizon	
  2020	
  
Applica<on:	
  SOLEIL	
  LPA	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   9	
  

In collaboration with M.E. Couprie, 
F.Massimo, E.Roussel, I.Andriyash et al.	
  



Horizon	
  2020	
  
Applica<on:	
  INO-­‐CNR	
  LWFA	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   10	
  

In collaboration with P.Tomassini, L.A. Gizzi (see 
their talks during this week) et al.	
  

From P.Tomassini’s talk @ EAAC17, September 2017	
  



Horizon	
  2020	
  
REMPI	
  Bunches	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   11	
  

In collaboration with P.Tomassini, 
L.A. Gizzi (see their talks during this 
week) et al.	
  

Not	
  a	
  start-­‐to-­‐end	
  simula<on.	
  
	
  
1)  Exit	
  from	
  the	
  plasma	
  is	
  missing	
  

2)	
  Beam	
  transport	
  is	
  ideal	
  with	
  a	
  full	
  
preserva<on	
  of	
  the	
  beam	
  quality.	
  
	
  
3)	
  Matching	
  to	
  the	
  betatron	
  condi<on	
  

Bunch parameters

A B C D

beam energy [GeV] 0.265 1.15 1.3 2

long. beam size (rms) �L [µm] 0.56 0.25 0.655 0.3

current intensity [A] 812 2200 785 4700

norm. emittance [mm⇥mrad] 0.078 0.08 0.08 0.1

energy spread �E/E (%) 0.5 0.81 0.22 0.165

Common FEL parameters

undulator magnetic field [T] 1

undulator period [cm] 1.4

deflection parameter 1.3

Output FEL parameters

FEL wavelength [nm] 48 2.6 2.0 0.8

Twiss � [m] 1.26 5.45 6.16 9.47

Pierce parameter ⇢ 0.009 0.003 0.0018 0.002

inh. broad. gain length [m] 0.086 1.38 0.702 0.474

saturation power [MW] 2602 323 861 19080

saturation length [m] 2.3 33 17.7 13.5

coherence length [µm] 0.25 0.04 0.05 0.02

sat. power with slippage [MW] 1130 252 826 18650

�Twiss[m] =

p
2 �

2⇡K
�U[m]



Horizon	
  2020	
  
Growth	
  of	
  FEL	
  Power	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   12	
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In collaboration with P.Tomassini, L.A. Gizzi (see 
their talks during this week) et al.	
  

� = 48 nm � = 2.6 nm

� = 2.0 nm � = 0.8 nm



Horizon	
  2020	
  
2017	
  FEL	
  parameters	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   13	
  



Horizon	
  2020	
  
2017	
  FEL	
  tolerances	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   14	
  

For reference: at FERMI 2×10-4 in energy stability, smaller than O(%) on the charge 
5% should be reduced to 1 % at least! à Diagnostics 



Horizon	
  2020	
  
Deliverable	
  on	
  Diagnos<cs	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   15	
  



Horizon	
  2020	
  
M24-­‐D6.3:	
  FEL	
  Diagnos<cs	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   16	
  

From M.E. Couprie’s experience1 @ SOLEIL	
  

Ideal conventional RF LINAC 
Typical LWFA beam to optimize 

x x

0
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Horizon	
  2020	
  
FEL	
  components:	
  undulators	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   17	
  

From A.Petralia	
  

�u = 1.4 cm



Horizon	
  2020	
  
Towards	
  short	
  λu	
  undulators	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   18	
  

From A.Ghaith 
 
   using RADIA 

CPMU’s vs. SCU’s both technologies 
to reach for short period while 
keeping high (40%-50% larger than 
standard PMU’s) B values with some 
(presently) differences: 
CPMU’s less sensitive to wakefield & 
synchrotron radiation 



Horizon	
  2020	
  

From A.Petralia	
  

Beam	
  transport	
  in	
  undulators	
  	
  
EuPRAXIA@SPARC_LAB case (see talks from M.Ferrario, E.Chiadroni)	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   19	
  

�̄
x,y

' 4-5 m E
beam

⇠ 0.8-1.2 GeV, "
n

⇠ 0.5 mm⇥mrad

�̄
x,y

' 4-5 m E
beam

⇠ 0.8-1.2 GeV, "
n

⇠ 0.5 mm⇥mrad�̄
x,y

' 4-5 m E
beam

⇠ 0.8-1.2 GeV, "
n

⇠ 0.5 mm⇥mrad

At lower beam energies, 
possible to exploit also 

undulators focusing power, 
cannot apply here! 



Horizon	
  2020	
  
Growth	
  of	
  FEL	
  power	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   20	
  

EuPRAXIA@SPARC_LAB case (see talks from M.Ferrario, E.Chiadroni)	
  

LWFA PWFA 

From A.Petralia	
  

From V.Petrillo, C.Vaccarezza’s talk @ EAAC17, September 2017 	
  

U15 

U15 



Horizon	
  2020	
  
A	
  new	
  EuPRAXIA	
  file	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   21	
  

Textbook	
  that	
  might	
  be	
  considered	
  by	
  WP8	
  	
  



Horizon	
  2020	
  
Conclusions	
  &	
  Outlook	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   22	
  

ü  WP6 moved forward covering all requested milestones & deliverables 

ü  trying to increase synergies on common interests with other WP’s 

o  manipula<on	
  techniques	
  (decompression	
  chicane,	
  TGU,	
  etc…)	
  of	
  the	
  plasma	
  
generated	
  electron	
  beams,	
  to	
  op<mize	
  the	
  matching	
  with	
  the	
  undulators	
  
sec<on,	
  to	
  be	
  discussed	
  with	
  WP5	
  

o  need	
  for	
  simple	
  scaling	
  laws	
  correla<ng	
  the	
  plasma	
  parameters	
  with	
  the	
  FEL	
  
performance	
  figures	
  of	
  merit,	
  to	
  be	
  discussed	
  with	
  WP2 

 
ü  systematic study of the best undulator technology and characteristics 
to be deployed for plasma driven FELs – including side effects such as 
wakefield and synchrotron radiation within the undulators 



Horizon	
  2020	
  
Conclusions	
  &	
  Outlook	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   23	
  

ü  WP6 moved forward covering all requested milestones & deliverables 

ü  trying to increase synergies on common interests with other WP’s 

o  manipula<on	
  techniques	
  (decompression	
  chicane,	
  TGU,	
  etc…)	
  of	
  the	
  plasma	
  
generated	
  electron	
  beams,	
  to	
  op<mize	
  the	
  matching	
  with	
  the	
  undulators	
  
sec<on,	
  to	
  be	
  discussed	
  with	
  WP5	
  

o  need	
  for	
  simple	
  scaling	
  laws	
  correla<ng	
  the	
  plasma	
  parameters	
  with	
  the	
  FEL	
  
performance	
  figures	
  of	
  merit,	
  to	
  be	
  discussed	
  with	
  WP2 

 
ü  systematic study of the best undulator technology and characteristics 
to be deployed for plasma driven FELs – including side effects such as 
wakefield and synchrotron radiation within the undulators 

Please, stay FEL-tuned! 



Horizon	
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Applica<on:	
  SOLEIL	
  LPA	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  EuPRAXIA	
  Yearly	
  Mee<ng	
  2017	
  &	
  2nd	
  Collabora<on	
  Week	
   24	
  

In collaboration with M.E. Couprie, 
F.Massimo, E.Roussel, I.Andriyash et al.	
  



Horizon	
  2020	
  
Consor<um	
  

16 Participants 

22 Associated Partners 
(as of October 2016) 

Insert	
  author	
  and	
  occasion	
  via	
  slide	
  master	
   25	
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Work	
  Breakdown	
  Structure	
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CNRS%–%ICL%

WP4:)Laser)Design)and)
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CNR%–%CNRS%

WP5:)Electron)Beam)Design)

and)Op'miza'on))

INFN%–%CEA%

WP6:)FEL)Pilot)applica'on)

SOLEIL%–%ENEA%%

WP7:)High)Energy)Physics)

and)other)Pilot)Applica'ons)

CNRS%–%UOXF%

Steering)
CommiRee)

WP8:)Outreach)and)Liaison)

ULIV%–%USTRATH%%

WP9:)Alterna've)eUBeam)

Driven)Plasma)Structure)

DESY%–%INFN%%

WP10:)Use)of)Other)Novel)

Technologies))

DESY%–%UMAN%

WP11:)FEL)Applica'on)

Prototyping))

CNRS%–%UHH%

WP12:)Acc.)Prototyping)and)

Experiments)at)Test)Facili'es)

STFC%–%UROM%%

WP13:)Alterna've)Radia'on)

Genera'on))

USTRATH%–%ICL%

WP14:)Hybrid)LaserUElectronU

Beam)Driven)Accelera'on))

USTRATH%–%DESY%

Exis'ng)Facili'es)

ELIUBeamlines)

CILEXUAPOLLON)

Helmholtz)VI)

INFN)SPARC)

STFC)CLF))

Laser)Lab))

CERN)AWAKE)

etc)

ERC)Advanced)

Grants)

)XUfive)(CNRS),)

COXINEL)(SOLEIL))

ERC)Synergy)

Grant)AXSIS)

(DESY,)UHH))

VOCAL)pladorm)

(University)

Liverpool))

Ini'al)Training)

Networks)ITN)

(University)

Liverpool)et)al))

EU)Project)
Office)DESY)

European)Laser)

Industry)

European)AcceleU

rator)Industry)

Collabora'on))
Board)

Scien'fic)Advisory))
Board)

Project)
Coordinator)

DESY%

Project)
Office)
DESY%

WP1:)Project)Management)

and)Technical)Coordina'on)

)DESY%–%CNRS%

WP2:)Physics)and)Simula'on)

CEA%–%IST%%

WP3:)High)Gradient)Laser)

Plasma)Acc.)Structure))

CNRS%–%ICL%

WP4:)Laser)Design)and)

Op'miza'on))

CNR%–%CNRS%

WP5:)Electron)Beam)Design)

and)Op'miza'on))

INFN%–%CEA%

WP6:)FEL)Pilot)applica'on)

SOLEIL%–%ENEA%%

WP7:)High)Energy)Physics)

and)other)Pilot)Applica'ons)

CNRS%–%UOXF%

Steering)
CommiRee)

WP8:)Outreach)and)Liaison)

ULIV%–%USTRATH%%

WP9:)Alterna've)eUBeam)

Driven)Plasma)Structure)

DESY%–%INFN%%

WP10:)Use)of)Other)Novel)

Technologies))

DESY%–%UMAN%

WP11:)FEL)Applica'on)

Prototyping))

CNRS%–%UHH%

WP12:)Acc.)Prototyping)and)

Experiments)at)Test)Facili'es)

STFC%–%UROM%%

WP13:)Alterna've)Radia'on)

Genera'on))

USTRATH%–%ICL%

WP14:)Hybrid)LaserUElectronU

Beam)Driven)Accelera'on))

USTRATH%–%DESY%

Exis'ng)Facili'es)

ELIUBeamlines)

CILEXUAPOLLON)

Helmholtz)VI)

INFN)SPARC)

STFC)CLF))

Laser)Lab))

CERN)AWAKE)

etc)

ERC)Advanced)

Grants)

)XUfive)(CNRS),)

COXINEL)(SOLEIL))

ERC)Synergy)

Grant)AXSIS)

(DESY,)UHH))

VOCAL)pladorm)

(University)

Liverpool))

Ini'al)Training)

Networks)ITN)

(University)

Liverpool)et)al))

EU)Project)
Office)DESY)

European)Laser)

Industry)

European)AcceleU

rator)Industry)

Insert	
  author	
  and	
  occasion	
  via	
  slide	
  master	
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Horizon	
  2020	
  
EuPRAXIA	
  Research	
  Infrastructure	
  

PLASMA ACCELERATOR HEP & OTHER USER 
AREA 

FEL / RADIATION SOURCE 
USER AREA 

Insert	
  author	
  and	
  occasion	
  via	
  slide	
  master	
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