
	  
	  

	  	  EXTREME	  LIGHT	  INFRASTRUCTURE	  
NUCLEAR	  PHYSICS	  

GAMMA	  BEAM	  SYSTEM	  
	  

genera&on	  and	  accelera&on	   

Luigi Palumbo 

University of Rome “La Sapienza” and INFN, Italy 

STATUS	  OF	  ELI-‐NP	  GBS	  PROJECT	  

SIF	  -‐	  Roma	  -‐	  September	  23,	  2015	  



ESFRI,	  the	  European	  Strategy	  Forum	  on	  Research	  Infrastructures,	  
is	  a	   strategic	   instrument	   to	  develop	   the	  scien&fic	   integra&on	  of	  Europe	  and	   to	  
strengthen	  its	  interna&onal	  outreach.	  	  
	  
The	   mission	   of	   ESFRI	   is	   to	   support	   a	   coherent	   and	   strategy-‐led	   approach	   to	  
policy-‐making	   on	   research	   infrastructures	   in	   Europe,	   and	   to	   facilitate	  
mul&lateral	   ini&a&ves	   leading	   to	   the	   beEer	   use	   and	   development	   of	   research	  
infrastructures,	  at	  EU	  and	  interna&onal	  level.	  
	  
ESFRI	  covers:	  
Social	  sciences	  and	  humani&es,	  	  
Materials	  and	  physical	  sciences	  (ESS,	  XFEL,	  FAIR,	  ELI,	  …..	  	  €	  7.5	  billion)	  
Energy	  and	  engineering	  
Environmental,	  Earth	  	  
Life	  sciences.	  
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ELI: Implementation Phase 

•  ELI	  High	  Energy	  Beam-‐Line	  Facility	  (ELI-‐
Beamlines)	  (Czech	  Republic):	  highly	  
compe&&ve	  source	  of	  extremely	  short	  pulse	  X-‐
rays,	  accelerated	  electrons,	  or	  protons	  for	  
applica&ons	  (also	  biomedical).	  

•  ELI	  AVosecond	  Light	  Pulse	  Source	  (ELI-‐ALPS)	  
(Szeged,	  Hungary):	  ultrafast	  light	  sources	  
(coherent	  XUV	  and	  X-‐ray	  radia&on)	  including	  
single	  aEosecond	  pulses,	  to	  inves&gate	  
electron	  dynamics	  in	  atoms,	  molecules,	  
plasmas	  and	  solids.	  

•  ELI	  Nuclear	  Physics	  Facility	  (ELI-‐NP)	  
(Magurele,	  Romania):	  laser	  and	  gamma	  
beams	  (low	  bandwidth,	  energies	  in	  the	  20	  
MeV	  range)	  with	  unique	  characteris&cs	  
perform	  fron&er	  laser,	  nuclear	  and	  
fundamental	  research.	  

ELI: Implementation Phase ELI: Implementation Phase 
Three	  Pillars	  
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Timeline	  and	  milestones	  

ELI-‐PP	  ESFRI	  

ELI-‐NP	  

ELI-‐Beamlines	  

ELI-‐ALPS	  

joint 
operation initiation 

2017 2011 2013 

ELI-‐DC	  InternaXonal	  AssociaXon	  

parallel 
implementation 

2008 

PP	  	   MoU	  

ELI	  

ELI- ERIC 

ELI	  

initiation initiation 
parallel 

implementation initiation joint 
operation initiation 

joint 
operation initiation 

joint 
operation initiation 
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ELI	  ConsorXum	  members	  and	  expression	  of	  interest	  
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ELI	  Beamlines	  (Czech	  Republic)	  
High Energy Beam Science  
development and usage of dedicated laser-driven beam lines with ultra short 
pulses of high energy radiation and particle acceleration 
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ELI-‐AVosecond	  	  
Ultrafast radiation source Science  

SIF	  -‐	  Roma	  -‐	  September	  23,	  2015	  



ELI	  Nuclear	  Physics	  (Romania)	  
Laser-Induced Photonuclear Physics 
nuclear physics methods to study laser-target interactions, new nuclear 
spectroscopy, new photonuclear physics 
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ELI-‐NP	  γ	  beam:	  the	  quest	  for	  	  
higher	  flux	  and	  narrow	  bandwidths	  

Courtesy V. Zamfir – ELI-NP!
SIF	  -‐	  Roma	  -‐	  September	  23,	  2015	  



dN
/d
E"

Compton 
edge 

!" = 0 Le EE 24γγ ≈

E! ! 2!e
2EL

( )
L

Le
e

L
e E

mc
Ea

E ⋅
+++

+
⋅=

2
2
0

2 
2

41

cos12
γ

θγ

θ
γ

γ
γ

!! "
1
"

 ; !#" " 50%

SIF	  -‐	  Roma	  -‐	  September	  23,	  2015	  



Gamma! ray Energy :  1! 20 MeV

! 

rms  Bandwidth :   0.3%

! 

Spectral  Density :   104  photons /s" eV

! 

Q = 250pC  ; "n = 0.4  mm# mrad  ; $%
%

= 8# 10&4

Outstanding  electron  beam @ 720  MeV with  high  phase  space 
density (all values are projected, not slice!)	


Scattering off a high quality J-class psec laser pulse	


! 

UL = 400  mJ  ; M 2 =1.2  ; "#
#

= 5$ 10%4
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2012	

108 Authors, 327 pages	

Luca Serafini Editor	

http://arxiv.org/abs/1407.3669	
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q  INFN  (I) (Consortium Leader) 

q  CNRS (F) 

q  La Sapienza (I) 

q  Amplitude (F) - Laser Technology 

q  ScandiNova (SE) - Accelerator Power Sources 

q  Comeb (I) - Accelerating Structures and Diagnostics 

q  Alsyom (F) - Opto-Mechanical Systems 
 

EuroGammaS Consortium 
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Research	  Instruments	  (D)	  

M+W	  (I)	  

Danfysik	  (DK)	  

CosyLab	  (SL)	  

Instrumenta&on	  Technology	  (SL)	  

MenloSystems	  (D)	  
	  

EuroGammaS Consortium - Subcontractors 

STFC	  -‐	  ASTeC	  
ALBA	  CELL	  

Scien&fic	  Ins&tu&ons	  

Industries	  
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Energy	  [MeV]	   0.2	  –	  19.5	  
Spectral	  Density	  [ph/s·∙eV]	   0.8	  –	  4·∙104	  

Bandwidth	  rms	  [%]	   ≤	  0.5	  
#	  photons/pulse	  within	  FWHM	  bdw.	   ≤	  2.6·∙105	  

#	  photons/s	  within	  FWHM	  bdw.	   ≤	  8.3·∙108	  

Source	  rms	  size	  [mm]	   10	  –	  30	  
Source	  rms	  divergence	  [mrad]	   25	  –	  200	  
Peak	  brilliance	  [Nph/s·∙mm2·∙mrad2·∙0.1%]	   1020	  –	  1023	  

Radia&on	  pulse	  length	  rms	  [ps]	   0.7	  –	  1.5	  
Linear	  polariza&on	  [%]	   >	  99	  
Macro	  repe&&on	  rate	  [Hz]	   100	  
#	  pulses	  per	  macropulse	   32	  
Pulse–to–pulse	  separa&on	  [ns]	   16	  
Polariza&on	  axis	  wiggling	  [deg]	   <	  1	  
Synchroniza&on	  to	  an	  external	  clock	  [ps]	   ≤	  0.5	  
Source	  posi&on	  transverse	  jiEer	  [mm]	   <	  5	  
Energy	  jiEer	  pulse–to–pulse	  [%]	   <	  0.2	  
#	  photons	  jiEer	  pulse–to–pulse	  [%]	   ≤	  3	  SIF	  -‐	  Roma	  -‐	  September	  23,	  2015	  
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Accelerator	  Layout	  -‐	  Bay	  1	  

3712	  

3885	  

Positron	  Interac&on	  

STFC	  Drawing	  271-‐10500-‐K	  18-‐04-‐2014	  
SIF	  -‐	  Roma	  -‐	  September	  23,	  2015	  



3850	  
NRF	  

Experiment	  

Accelerator	  Bay	  2	  

IP	  2	  Laser	  	  
Enclosure	   IP	  1	  Laser	  	  

Enclosure	  

Accelerator	  Layout	  -‐	  Bay	  2	  

STFC	  Drawing	  271-‐10500-‐K	  18-‐04-‐2014	  
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IP2	  

720	  MeV	  
Beam	  Dump	  

Wall	  change	  

Accelerator	  Bay	  2	  

IGISOL	  Cell	  

GAMMA	  Source	  Room	  

Accelerator	  Layout	  –	  Gamma	  Source	  Room	  

STFC	  Drawing	  271-‐10500-‐K	  18-‐04-‐2014	  
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How	  can	  we	  make	  100	  Xmes	  beVer	  than	  the	  state	  of	  the	  Art?	  

DEVELOP	  a	  SOUND	  and	  FEASIBLE	  PROPOSAL	  for	  the	  PROJECT	  
	  
•  Based	  mainly	  on	  “state	  of	  the	  Art”	  Technology.	  
•  Relying	  on	  	  a	  short	  term	  R&D	  compaXble	  with	  the	  schedule	  of	  construcXon	  
•  Able	  to	  garantee	  the	  generaXon	  of	  a	  “gamma	  radiaXon	  beam”	  with	  	  unique	  	  
	  	  	  	  	  	  features	  of	  interest	  to	  the	  experimental	  nuclear	  physics	  community.	  
•  A	  system	  thought	  to	  further	  improvement	  of	  performances	  
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MOTIVATION	  OF	  THE	  TECHNOLOGY	  CHALLENGES	  	  IN	  THE	  ELI-‐NP	  GBS	  
ACCELERATOR	  PROJECT	  

To	  increase	  the	  gamma	  
fl u x	   w e	   n e e d	   t o	  
increase	   the	   number	  
of	  collision	  per	  second	  

100	  Hz	  repe&&on	  
rate	  	  
	  
MulX	  bunch	  in	  
the	  RF	  pulse	  

T o 	   r e d u c e 	   t h e	  
accelerator	   overall	  
dimensions:	   compact	  
system	  

High	  gradient	  
	  
High	  frequency	  

-‐Damping	  of	  HOM	  in	  RF	  structures	  to	  avoid	  BBU	  
instabili&es	  
	  
-‐Compensa&on	  of	  beam	  loading	  effects	  
	  
-‐accurate	  thermal	  design	  

S-‐Band	  injector	  

C-‐Band	  Booster	  

-‐C-‐band	   LINAC	   combined	   with	   an	   S-‐band	  
Injector:	  the	  “state	  of	  the	  art”	  in	  last	  genera&on	  
accelerators	  technology	  and	  RF	  power	  sources	  
	  
-‐accurate	  RF	  design	  and	  mechanical	  realizaXon	  
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C-‐BAND	  STRUCTURES:	  PROTOTYPES	  REALIZATION	  

12	  cells	  module	  

SiC	  Absorber	  

It	   has	   been	   necessary	   a	   strong	   R&D	  
program	   in	   close	   collabora&on	   with	  
Italian	   Companies	   (COMEB,	   CERINCO,	  
ANDALOGIANNI,	  TSC)	  

An	  intense	  ac&vity	  of	  prototyping	  has	  been	  started	  to	  setup	  and	  op&mize	  the	  realiza&on	  process	  of	  the	  structures.	  
First	   prototypes	   have	   been	   fabricated	   to	   verify	   both	   feasibility	   of	   copper	   cells	   machining	   and	   effec&veness	   of	  
brazing	   process.	  We	   are	   now	   focalizing	   in	   the	   realiza&on	   of	   two	   prototypes	   previous	   the	   realiza&on	   of	   the	   first	  
complete	  structure.	  The	  first	  prototype	  (“mechanical	  prototype”)	  is	  a	  full	  scale	  device,	  under	  construc&on,	  without	  
precise	  internal	  dimensions	  conceived	  to	  test	  the	  full	  brazing	  process,	  verifying	  structure	  deforma&ons	  and	  vacuum	  
leaks.	  This	  prototype	  does	  include	  SiC	  absorbers	  to	  test	  also	  the	  vacuum	  performances	  of	  the	  structure.	  The	  second	  
prototype	  (“RF	  prototype”)	  is	  a	  device	  with	  a	  reduced	  number	  of	  cells	  that	  we	  would	  like	  to	  fabricate	  to	  test	  the	  RF	  
proper&es	   of	   the	   structure	   at	   low	   and	   high	   power.	   Also	   this	   second	   device	   includes	   the	   SiC	   absorbers	   and	   has	  
precise	  internal	  dimensions	  with	  tuners.	  
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                                                       D.Alesini, COMEB 
V. Lollo, R. Di Raddo, P. Chimenti, M.Magi, F. Pellegrino,  
A. Mostacci, L. Ficcadenti, L.Piersanti, F. Cardelli 
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2	  parabolic	  reflectors	  M1	  &	  M2	  
Ø  M1	  fixed	  	  
Ø  M2:	  	  5	  degrees	  of	  freedom	  

Ø  M0:	  2	  &lts	  for	  injec&on	  
	  
Mirror-‐pair	  system	  
Ø  For	  interac&on	  plane	  switch	  
Ø  Rota&on	  for	  synchroniza&on	  
	  
èAlignment	  issues	  

Technical	  solu&on:	  the	  dragon	  shape	  
circulator	  
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1st	  STAGE:	  31	  OCTOBER	  2015	  

2nd	  STAGE:	  31	  August	  2016	  	  	  (350	  MeV)	  

3rd	  STAGE:	  28	  February	  2017	  	  (720	  MeV)	  

4th	  STAGE:	  54	  months	  from	  signature	  (15	  September	  2018)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Commissioning	  
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S BAND GUN: PROTOTYPES 

Cannone: necessario un programma 
di R&D in stretta collaborazione con 
l’industria 
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STATUS	  OF	  THE	  BUILDING	  
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CONCLUSION	  STATUS	  OF	  THE	  PROJECT	  
	  
EuroGammaS	  ConsorXum	  	  is	  ready	  to	  delivery	  the	  components	  	  
of	  the	  1	  st	  stage	  of	  the	  project	  
	  
	  
CRITICAL	  ISSUES:	  
	  
The	  building	  is	  not	  ready	  yet,	  expected	  6-‐8	  months	  delay	  	  
	  
A	  new	  installaXon	  plan	  and	  contract	  consequences	  will	  be	  	  
soon	  discussed	  with	  IFIN-‐HH	  
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