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Recent	  results	  about	  proton	  accelera7on	  
	  
	  
Dario	  Giove	  on	  behalf	  of	  the	  NTA_SL_LILIA	  group	  
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NTA-‐SL-‐LILIA	  	  	  (Laser	  Induced	  Light	  Ions	  Accelera7on)	  
	  

NTA-‐SL-‐LILIA	  LILIA	  is	  an	  experiment	  of	  light	  ions	  accelera9on	  
trough	  laser	  interac9on	  with	  thin	  metal	  targets	  to	  be	  done	  at	  
the	  SPARC-‐LAB	  facility	  under	  opera9on	  in	  Frasca9.	  
	  
The	  main	  goal	  is	  to	  obtain	  a	  beam	  suitable	  for	  
	  injec7on	  in	  other	  accelera7ng	  structure.	  
	  

Par9cipant	  Groups:	  
Milano,	  Milano	  Bicocca,	  
Bologna,	  Pisa,	  Lecce,	  
LNS,	  LNF.	  	  
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With the power density  available from FLAME we could reach proton energy in  
excess of 100 MeV. As of now we are limited to 5x1019 W/cm2 and we can foresee 
 a maximum proton energy of 10 MeV  
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Laser	  Parameters	  

Beam	  diameter	  120mm	  
	  ~flat	  top	  
M2≈1.5	  
Waist	  (I/e2)≈	  10µ	  
contrast≈10-‐10	  
Raileigh	  length=	  260µ	  
Pulse	  dura9on:	  25-‐35	  fs	  	  	  
Max	  Energy	  on	  target:	  4J	  
	  Long	  focal	  length	  parabola	  	  
Max	  Intensity	  I=6.8	  1019W/cm2	  	  (35	  fs)	  or	  9.6	  1019	  (25fs)	  	  
Short	  focal	  length	  OA	  Parabola:	  waist≈2.5µ,	  I≈1021W/cm2	  	  	  
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Study	  and	  Simula7on	  of	  the	  Proton	  Emission	  	  

Scaling	  in	  TNSA	  regime	  from	  AlaDyn	  simula9on,	  theory	  and	  Dresda	  data	  
	   	   	  Emax	  =	  k	  	  a	  1.6	  	  	  	  	  	  

with	  a	  ~	  	  I1/2.	  
For	  LILIA	  at	  the	  beginning	  	  we	  expect	  	  a	  <	  8	  	  e	  	  	  Emax	  ~	  4	  MeV.	  
In	  phase-‐2	  we	  expect	  a>	  30	  	  e	  	  	  Emax	  	  >	  30	  MeV.	  	  	  	  
With	  structured	  targets	  we	  can	  double	  the	  energy	  

Energy	  distribu9on	  	  r(E)= N/E0 e- E/E
0

 

	  	  E0≈Emax/8	  	  	  average	  energy	  
Energy evolution for a bare and  
structured target 
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NTA_SL_LILIA	  (2012	  and	  up	  to	  December	  2013)	  

A	  parametric	  study	  of	  the	  correla9on	  of	  the	  maximum	  TNSA	  accelerated	  
proton	  energy,	  with	  respect	  to	  the	  following	  parameters:	  
	  
Laser	  pulse	  energy	  (in	  the	  range	  0.1-‐4	  J)	  
Metallic	  target	  thickness	  (in	  the	  range	  1-‐10	  microns).	  
	  
	  
In	  such	  a	  frame	  we	  would	  deeply	  inves9gate	  the	  experimental	  	  
scale	  rules	  within	  the	  possibili9es	  offered	  by	  the	  FLAME	  facility.	  	  
	  
Moreover,	  this	  will	  provide	  the	  opportunity	  to	  get	  experience	  in	  the	  	  
development	  of	  diagnos9c	  techniques	  and	  in	  target	  op9miza9on.	  
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Status	  @	  7	  November	  2012	  
•  Mechanical	  setup	  assembled	  and	  

aligned	  in	  the	  experimental	  
chamber	  

•  4	  linear	  stages	  and	  1	  rota7on	  
stage	  (for	  target	  and	  detectors)	  
fully	  integrated	  in	  the	  main	  
control	  system	  

•  Start	  of	  the	  tests	  with	  the	  FLAME	  
laser	  from	  November	  13	  2012	  

•  PIN	  diodes	  detectors	  assembled	  
in	  the	  interac7on	  chamber	  for	  
tests	  on	  electronic	  noise	  

Beam	  tests	  from	  November	  
	  13	  to	  December	  22	  



SPARC_LAB	  Program	  Advisory	  Commi4ee	  Mee7ng	   9	  NTA-‐SL_LILIA	  



SPARC_LAB	  Program	  Advisory	  Commi4ee	  Mee7ng	   10	  NTA-‐SL_LILIA	  



SPARC_LAB	  Program	  Advisory	  Commi4ee	  Mee7ng	   11	  NTA-‐SL_LILIA	  

Range	  0.01-‐40	  Gray	  
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Range	  1-‐50	  Gray	  
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Range	  10-‐100	  Gray	  
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CR-‐39	  is	  an	  allyl	  glycol	  carbonate	  plas9c	  that	  has	  
been	  widely	  used	  as	  a	  passive,	  limited	  spectral	  reso-‐	  
lu9on,	  solid	  state	  nuclear	  track	  detector	  (SSNTD)	  
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800	  KeV	  protons	  have	  a	  range	  in	  Al	  equal	  to	  10,42µm	  
1.1	  MeV	  protons	  have	  a	  range	  in	  Al	  equal	  to	  16,00	  µm	  
	  
4	  MeV	  protons	  have	  a	  range	  in	  poliethilene	  	  
(density	  ’	  	  0,93	  g/cm3)	  equal	  to	  210,64	  µm.	  
	  	  

	  
Target:	  Al	  foil.	  Depth	  from	  12	  to	  3	  µm	  
	  
Thin	  Al	  foil	  in	  front	  of	  the	  gafchromic	  detectors	  (3	  µm)	  
	  
Al	  foil	  in	  front	  of	  the	  CR39	  detector	  (16	  to	  6	  µm)	  
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Detectors	  @	  45	  mm	  from	  the	  target	  
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Step	  0.5	  mm	  

laser	  1.5	  J	  

CR	  39	  
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May	  2013	  run	  
Thomson	  Parabola	  	  during	  
tests	  with	  a	  proton	  beam	  at	  
LNS	  cyclotron	  

THOMSON SPECTROMETER: Analysis of proton and  
carbon beams (Q=+1 to + 6) from 0.1 MeV to 10 MeV 
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Laser	  Shot	  Induced	  Noise	  

•  Background	  em	  noise	  along	  signal	  cables	  (length	  up	  to	  50	  
m):	  	  
+-‐50	  mV,	  5	  MHz,	  2	  µs,	  16	  kHz	  	  
	  

•  Em	  noise	  induced	  by	  the	  laser	  shot	  on	  the	  target:	  
+-‐1	  V,	  250	  MHz,	  200	  ns	  	  
	  

Very	  Preliminary	  
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In	  progress	  

Large	  area	  detector:	  CMOS	  photodiodes	  array	  
•  Detector	  size	  25	  x	  50	  mm	  
•  Pixel	  size	  48	  micron	  
•  512	  by	  1024	  matrix	  of	  silicon	  photodiodes	  
•  Dinamic	  range	  85	  dB	  
•  Max.	  frame	  rate	  4.5	  fps	  
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In	  progress	  
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In	  progress	  

5

box in each cell there are 8 macroparticles. Tipical runs

require ∼ 104 hours of CPU time. The early propaga-

tion of the beam, from t = 0 up to t ∼ 0.15 ps where

the acceleration process terminates, is described by the

PIC simulation. The subsequent propagation up to a

few ps is mainly ballistic but the interaction of electrons

and protons still plays a role at least for charge neutral-

ization. The subsequent propagation of protons can be

treated by neglecting the electrons since the separation

becomes large and the dilution of proton bunch due to

free motion allows to neglect space charge effects. We

analyze the transport by taking the PIC phase space dis-

tribution specified by the phase space coordinates of each

numerical particle and neglect the Coulomb interaction

at first. The equations of motion for each numerical par-

ticle are integrated in time using a fourth order Runge-

Kutta scheme. The transport line is of the order of 1

m, so a symplectic scheme is not necessary. A high field

pulsed solenoid is used to to focus the beam simultane-

ously along x and y and since our basic requirements are

fulfilled we have not investigated other cylindrical mag-

netic devices like lithium lenses or magnetic horns, used

in high energy physics [38, 39]. Multiplets of permanent

magnetic quadrupoles have been considered but since the

final beam quality was lower we do not report the results.

Cylinders of millimetric size in the proximity of the in-

teraction region have been proposed to focus the beam

with a plasma lens [40] created by shooting them with

a lower intensity synchronized laser pulse. In spite of

their effectiveness, the difficulty of using them with the

required repetition rate suggests not to to consider them

in a transport line based on consolidated technologies.

The solenoid

We consider first a transport line made of a drift of

length D and a circular collimator of radius r, followed by

a solenoid of length L. The field of the solenoid starting

at z = 0 is

B = −r

2
B
�
z(z)er + Bz(z)ez

where Bz is given by

Bz(z) = B0(H(z)−H(L− z)) H(z) =
1

1 + e−z/λ

For λ→ 0 we obtain the sharp edge solenoid, whose field

has a jump at z = 0, L. The Larmor space frequency Ω

is given by

ΩL =
eB0

2mc2
= 0.01597B0(Tesla) cm

−1

The analytic treatment is elementary only in the sharp

edge limit. In this case we have a focusing in both phase

planes (x, x
�) and (y, y

�) followed by a rotation in the

(x, y) and x
�
, y

� planes. Letting βz = vz/c � pz/mc we

define

√
k =

ΩL

βz
=

eB0

2mc2βz
α =

√
kL

The particles trajectories at the exit of the solenoid are

parallel to the z axis if k
1/2 tanα = 1. At a distance

D1 from the end of the solenoid the particle crosses the

transverse plane at (x1, y1) such that

x
2
1 + y

2
1 = A

2
(E)

�
x
�
0
2

+ y
�
0
2
�

where

A = D cos α + k
−1/2

sin α−DD1 k
1/2

sin α + D1 cos α

As a consequence, the focus for particles of a given en-

ergy occurs at a distance D1 such that A = 0. If we

put at z = D + L + D1 a collimator of radius r, only

the particles having A(x�0
2
+ y

�
0
2
)1/2

< r will get through

and energy selection is achieved. The particles distribu-

tion obtained with a sharp edge solenoid is analytically

obtained in Appendix 2, where the presence of secondary

peaks is explained. The numerical solution of the equa-

tions of motion show that for a solenoid with fringe field

the situation is the same with slightly modified values of

the parameters. The collimator is chosen as a Al slab 1

cm thick, so that all protons up to 60 MeV are stopped.

The hole is a cone, whose smallest radius is 0.6 mm, fol-

lowed by a cylindrical hole with the same radius and a

height of 5 mm. The thickness of 5 mm for the foil at

the inner base of the cone is sufficient to stop protons up

to 35 MeV. Our transport line consists in a drift of 1 cm,

FIG. 4: Schematic draw of the transport line. DA = DB = 10
mm, D1 = 510 mm, L = 300 mm, first iris radius = 0.5 mm,
second iris radius = 0.6 mm, second iris minimum thickness
= 5 mm.

followed by a collimator of radius r = 0.5 mm and then

another drift of 1 cm so that altogether the drift length is

D = 2 cm. It follows a solenoid of length L = 30 cm with

B = 10 Tesla, having a fringe field with λ = 2 cm. The

particles with energy E = 30 MeV are focused at z = 83

cm namely after a drift of D1 = 51 cm from the end of

the solenoid (see figure 4). We first perform a numerical

selection of the spectrum at E = 30± 1 MeV and follow
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In	  progress	  

Prototype	  of	  a	  solenoid	  designed	  
for	  pulsed	  opera9ons	  	  and	  
maximum	  field	  of	  3	  Tesla.	  The	  
internal	  diameter	  is	  of	  50	  mm.	  
	  
The	  excita9on	  pulse	  will	  last	  
nearly	  10	  microseconds	  and	  the	  
related	  current	  is	  of	  the	  order	  of	  
20	  kA.	  
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In	  progress	  

Basic	  scheme	  of	  the	  foreseen	  pulsed	  high	  voltage	  power	  supply.	  
The	  two	  capacitors	  named	  C1	  and	  C2	  will	  charge	  to	  a	  maximum	  voltage	  of	  20	  KV	  
due	  to	  the	  connec9on	  to	  an	  external	  standard	  high	  voltage,	  few	  mA	  high	  voltage	  
power	  supply.	  The	  spark	  gap	  in	  the	  scheme	  will	  discharge	  suddenly	  the	  stored	  
energy	  toward	  an	  external	  solenoid	  (named	  load	  in	  the	  picture).	  
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In	  progress	  


