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-‐	  High	  power	  laser	  system,	  2	  x	  10PW	  maximum	  power	  
	  
-‐	  Gamma	  radia<on	  beam,	  high	  intensity,	  tunable	  energy	  
up	  to	  20MeV,	  rela<ve	  bandwidth	  10-‐3,	  produced	  by	  
Compton	  scaEering	  of	  a	  laser	  beam	  on	  a	  700	  MeV	  
electron	  beam	  produced	  by	  a	  warm	  LINAC	  	  
	  

Magurele,	  Romania	  

Photon	  scaEering	  on	  ultra	  rela<vis<c	  electrons	  
	  



Nuclear	  Astrophysics	  @	  ELI-‐NP	  

Nuclear	  physics	  with	  high	  power	  lasers:	  
-‐  Fission	  &	  Fusion	  
-‐  Produc<on	  of	  exo<c	  nuclei	  
-‐  Nuclear	  reac<ons	  in	  plasmas	  &	  electron	  screening	  
-‐  Nuclear	  excita<ons	  in	  plasma	  
-‐  …	  

Photo	  dissocia<on	  reac<ons	  	  
-‐  Nuclear	  spectroscopy	  and	  cluster	  studies	  
-‐  Photofission	  	  
-‐  Inves<ga<on	  of	  GDR	  and	  Pigmy	  Dipole	  Resonance	  
-‐  Nuclear	  astrophysics	  

-‐  Direct	  measurements:	  reac&ons	  in	  explosive	  environments	  
-‐  Indirect	  measurements:	  inves&ga&on	  of	  radia&ve	  capture	  reac&ons	  

	  
Industrial	  &	  medical	  applica<ons,	  material	  science…	  
	  
	  



Nuclear	  Astrophysics	  @	  ELI-‐NP	  

For	  the	  first	  &me	  high	  intensity	  (>107	  	  γ/s)	  high	  resolu&on	  (<10-‐3)	  will	  be	  available,	  making	  it	  
possible	  to	  measure	  photodissocia&on	  reac&ons	  of	  astrophysics	  importance.	  	  
	  
A	  few	  physical	  cases	  to	  be	  addressed	  @	  ELI-‐NP	  
	  
He-‐burning	  in	  stars	  
-‐  12C(α,γ)16O	  through	  the	  16O(γ,α)12C	  reac<on	  [indirect	  measurement]	  
-‐  3αà12C+γ	  through	  the	  12C(γ,3α)	  reac<on	  [indirect	  measurement]	  
	  
Si-‐burning	  in	  stars	  and	  presupernova	  phase	  
-‐	  24Mg(γ,α)20Ne	  	  
	  
p-‐process	  (produc&on	  of	  proton	  rich	  nuclei	  along	  the	  stability	  valley)	  
-‐  96Ru(γ,α)92Mo	  
-‐  74Se(γ,p)73As	  	  

Indirect	  measurements:	  the	  detailed	  balance	  principle	  is	  used	  to	  deduce	  the	  cross	  sec<on	  of	  
interest	  from	  the	  one	  of	  the	  <me-‐reversed	  process.	  



The	  ELI-‐NP	  SSD	  array	  

Requirements:	  
-‐  Low	  detec<on	  threshold	  

-‐  Low	  energy	  par<cles	  (<	  few	  MeV)	  à	  no	  	  ΔE	  detector,	  ToF,	  PSD	  
-‐  High	  energy	  and	  angular	  resolu<on	  for	  kinema<c	  par<cle	  ID	  
	  
	  

24Mg(γ,α)20Ne	  
	  
Typical	  cross	  sec<on	  to	  be	  
measured	  
	  
~3	  104	  events	  per	  day	  
expected	  at	  11	  MeV	  



Pictures	  of	  the	  detector	  

The	  SSD	  array	  covers	  about	  80%	  of	  4π	  	  
	  
Thanks	  to	  the	  use	  of	  charge-‐par<<on	  
posi<on	  sensi<ve	  detectors	  the	  number	  
of	  electronic	  channel	  is	  ~300	  



The	  ELI-‐NP	  SSD	  array	  

#35	  X3	  posi<on	  sensi<ve	  detectors	  in	  barrel	  
configura<on	  	  
	  
Energy	  resolu<on	  (FWHM)	  ~	  0.3%	  
	  
Angular	  resolu<on	  1	  mm	  or	  ~	  0.4	  deg	  	  
	  

8	  QQQ3	  DSSSD	  as	  end	  cap	  detectors	  
	  
Energy	  resolu<on	  (FWHM)	  ~	  0.3%	  
	  
Angular	  resolu<on	  3	  mm	  or	  ~	  0.8	  deg	  	  



Simulated	  spectra	  

Par<cle	  yield	  for	  a	  11	  MeV	  
gamma	  beam	  impinging	  on	  a	  
24Mg	  target	  with	  C	  backing	  
	  
Energy	  and	  angular	  resolu<on	  
of	  detectors,	  gamma	  beam	  
energy	  spread	  and	  emiEance,	  
straggling	  into	  dead	  layers	  
were	  accounted	  for	  
	  
Signal	  is	  much	  stronger	  than	  
background	  (3	  orders	  of	  
magnitude)	  
	  
Kinema<c	  separa<on	  viable	  
	  	  



Background	  (GEANT4)	  

Neutron	  background	  includes:	  	  
-‐  Neutrons	  emiEed	  in	  photodissocia<on	  

reac<ons	  off	  target	  nuclei	  (see	  picture	  
on	  the	  leo)	  

-‐  Neutrons	  emiEed	  in	  reac<on	  triggered	  
by	  scaEered	  photons	  (negligible)	  

Electromagne&c	  background	  includes:	  	  
-‐  Electrons	  and	  gammas	  from	  Compton	  

scaEering	  
-‐  Electron-‐positron	  pairs	  
-‐  Photons	  from	  nuclear	  or	  atomic	  

deexcita<on	  	  
	  
The	  picture	  on	  the	  right	  shows	  the	  gamma	  
per	  second	  hipng	  whole	  detector	  à	  
negligible	  rate	  &	  damage	  



Conclusions	  

-‐	   The	   advent	   high-‐intensity	   &	   high	   resolu<on	   gamma-‐ray	   beam	   facili<es	   is	   a	   great	  
opportunity	   for	   nuclear	   physics	   and	   astrophysics,	   as	   a	   number	   of	   reac<on	   of	   key	  
astrophysical	  importance	  can	  be	  measured	  for	  the	  first	  <me	  
	  
-‐	  ELI-‐NP	  cupng-‐edge	  features	  must	  couple	  with	  high-‐performance	  detectors	  
	  
-‐	   For	   nuclear	   astrophysics,	   par<cles	   of	   energies	   as	   low	   as	   few	   hundreds	   keV	   are	   emiEed,	  
making	  it	  necessary	  a	  careful	  detector	  implementa<on	  
	  
-‐	  GEANT4	  simula<ons	  have	  been	  performed,	   implemen<ng	   the	  detector	  configura<ons	  are	  
upda<ng	   the	   physics	   wherever	   necessary	   (especially	   in	   the	   case	   of	   photodissocia<on	  
reac<ons)	  
	  
-‐	  A	  SSD	  array	   in	  barrel	  configura<on	  (plus	  end	  cap	  detectors)	   turns	  out	  to	  be	  a	  very	  suited	  
tool	  for	  nuclear	  astrophysics	  studies	  
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