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Proton acceleration with lasers :
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Other proposed mechanisms

Radiation Pressure Acceleration:
Circular Polarization may enable RPA at ,moderate” intensities (>102° W/cm?).

RPA for highest intensities

Radiation Pressure Acceleration with ultraintense lasers has been suggested as an
effective ion acceleration mechanism at very high intensities (1022102 W/cm?):
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Other proposed mechanisms

RPA for highest intensities

Light pressure drives the electrons forward
and lons have to follow

Break-Out Afterburner (BOA) acceleration

BOA proceeds in 3 stages: TNSA, Enhanced TNSA, Afterburner

1. Phase: Standard TNSA - a small fraction
of electrons is promoted to ‘hot’
modest acceleration

2 Phase: Enhanced TNSA - all electrons
are promoted to ‘hot Field increases
skindepth increases beyond target
thickness (breakout)

3. Phase: Aflerburner - laser penefrates the
target, velocity difference in e- and ion
distributions triggers kinetic instability
Electron transfer energy 10 ions, laser
reheats electrons (afterbumner

Largest ion energies emitted in an angle
in plane orthogonal to polanzation plane

Accalerating E-Fleld moves with the lons
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Radiation Pressure Acceleratlori

Circular Polarization may enable RPA at , moderate” intensities (>102° W/cm?).

Radiation Pressure Acceleration with ultraintense lasers has been suggested as an

effective ion acceleration mechanism at very high intensities (10°-102¢* W/icm?):

1. JAERI, Japan: Highly Efficient Relativistic-lon Generation in the Laser-Piston Regime. T
Esirkepov, et al., PRL, 92 (2004)

Circular Polarization enables Radiation Pressure Acceleration (RPA) or Phase Stable

Acceleration (PSA) at todays intensities (~102°.102' W/cm?):

2. SIOM, China: Efficient GeV ion generation by ultraintense circularly polarized laser pulse. Xiaomel
Zhang, et al., PoP 14, 123108 (2007)

3. RAL, UK: Radiation pressure acceleration of thin foils with circularly polarized laser pulses A P. L,
Robinson, et al.,, New Journal of Physics 10, 013021 (2008)

4 zech Tech. Univ.: Monoenergetic ion beams from ultrathin foils irradiated by ultrahigh-contrast
circularly polarized laser pulses, O. Klimo, et al., PRST-AB 11, 031301 (2008)

5. Peking Univ., China: Generating High-Current Monoenergetic Proton Beams by a Circularly
Polarized Laser Pulse in the Phase-Stable Acceleration Regime, X.Q. Yan et al.,, PRL 100, 135003
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BOA mechanism
second boost of the hot electrons when
target becomes transparent

Kinematic Buneman instability
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Tailoring and transport of ion beams
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Motivation
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Motivation

- Leading expertise in both fields
(laser acceleration, accelerator
technology) available at GSI,
surrounding universities, and
HIJ
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Motivation

- Leading expertise in both fields
(laser acceleration, accelerator
technology) available at GSI,

surrounding universities, and

HIJ

* Optimal use of laser
accelerated ions requires
beam forming, energy
selection and debunching
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Motivation

* Leading expertise in both fields
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We can provide a versatile testbed to study laser-accelerated
particles in conventional accelerator structures
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Motivation

* Leading expertise in both fields gaisar s
(laser acceleration, accelerator Z6 Target B /
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* Optimal use of laser Injector

accelerated ions requires
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selection and debunching Experimental Area |

« Z6 target area provides access to the PHELIX laser beam
and to accelerator hardware (e.g. test beam, RF equipment, )
diagnostics)

We can provide a versatile testbed to study laser-accelerated
particles in conventional accelerator structures

Idea to establish a test bed for laser ion - beam coupling and novel
~ target and accelereation ideas
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Laser lon Generation Handling and Transport

LIGHT @ GSI

TECHNISCHE
UNIVERSITAT
DARMSTADT

FHELEX

Project phases P

naeL¥x

Target chamber

%

Short pulse diagnostics |

| -—a, Tii: AN YR DSy
| - Los Alamos ™= Trident- SN

LA-UR-12-23826



Laser lon Generation Handling and Transport

LIGHT @ GSI
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Laser lon Generation Handling and Transport

LIGHT @ GSI
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Laser lon Generation Handling and Transport
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Laser lon Generation Handling and Transport

LIGHT @ GSI
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Laser lon Generation Handling and Transport

LIGHT @ GSI
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N . B

naeL¥x

Solenoid

,@ Alamos “~& - Tris
|| NATIONAELS:QE:DRATORY % a -:!am; LA-UR-12-23826

TECHNISCHE
UNIVERSITAT
DARMSTADT

FHELEX

5/ G N YU R 1 a)X
%@;f MRS



Laser lon Generation Handling and Transport
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Laser lon Generation Handling and Transport

LIGHT @ GSI
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Laser lon Generation Handling and Transport
TECHNISCHE
UNIVERSITAT

LIGHT @ GSI DARMSTADT

Project phases »@ ) Fresix

o |

Number of protons

Eo

’ Io

t=0 =

: : /< : Debuncher cavity
Beam diameter

Pats)

. Los Alamos ™—& . T AN AT 237
| | NATIONAELSTITQE:)RATORY ‘g :!am; LA_UR_12_23826 @ Il N A'_R~4



Laser lon Generation Handling and Transport

LIGHT @ GSI

TECHNISCHE
UNIVERSITAT
DARMSTADT

Project phases
N . B

Number of protons

Eo
t=0

Debuncher cavity

5/ G N YU R 1 a)X
%@;f MRS

,ﬁ) e  Tuis
] LosAlames =y~ Trident

LA-UR-12-23826



TECHNISCHE
UNIVERSITAT
DARMSTADT

_ 8,2MeV
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Experiment at Phelix/GSI (top):

Warp PIC simulations (bottom):

* (left) setup target chamber
* (middle) solenoid version 2
* (right) proton signal in RCF

detector stack (contrast optimized

for the last 3 layers)

Eﬁergie range: I
6.6 — 6.8 MeV (red to blue)
2.5F Transmission: 18.3 %

* (right) simulated proton signal in
virtual RCF detector stack,

* (middle) proton trajectories for
collimation

* (left) proton trajectories for
focussing

Energie range:
13 - 14 MeV (red to blue)
Transmission: 18 %
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Recent results from preparation experiment
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Recent results from preparation experiment
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Recent results from preparation experiment
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Recent results from preparation experiment
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Options and perspectives

------- . 4.6 m drift| 4. [ Rf voltage \ 4.6 m drift .
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Options and perspectives

------- . 4.6 m drift| 4. [ Rf voltage \ 4.6 m drift .
z S N z z

Second focus (29 solenoid)
6 D focus - optimum performance without extra apertures -

L=150 mm, B=25T

Ingo Hofmann
Helmholtz Institut Jena / GSI




Options and perspectives
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Options and perspectives
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4.6 m drift

Rf voltage
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6 D focus - optimum performance without extra apertures -

Second focus (29 solenoid)
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Options and perspectives
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Cones...

A lot depends on the geometry, the difference in e-sheath,
lateral and proton velocity
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A lot depends on the geometry, the difference in e-sheath,
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Cones...

A lot depends on the geometry, the difference in e-sheath,
lateral and proton velocity
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Cones...

A lot depends on the geometry, the difference in e-sheath,
lateral and proton velocity
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Neutrons are a unique tool to probe and alter

material properties
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New Diagnostics: fast neutron radiography of
transient phenomena
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neutron
sources:
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controlling relativistic electron production
and laser parameter optimization
using nuclear diagnostics
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low-Z solid materials
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conceming spectral, spatial and
pulse-shape properties using
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Experimental setup
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Volume instead of surface acceleration
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PSL/MeV/msr (in 0.13mesr)
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Using CD targets: No cleaning needed
one order of magnitude more deuterons than protons when using BOA
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BOA vs. TNSA

NToF directions
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Detector #1
A=327.5cm
Ve
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Detector # 2
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First short pulse laser driven fast neutron
radiography
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Summary

*First laser driven neutron radiography

*Using gated imager and gamma flash objects can be probed with x-rays
and neutrons at different energies --> material identification
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Summary

*First laser driven neutron radiography

*Using gated imager and gamma flash objects can be probed with x-rays
and neutrons at different energies --> material identification

*Using BOA instead of TNSA results in 5 times higher neutron yield and
increased directionality (4.4 x 10° n/sr) with only 80 J of laser energy
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Summary

*First laser driven neutron radiography

*Using gated imager and gamma flash objects can be probed with x-rays
and neutrons at different energies --> material identification

*Using BOA instead of TNSA results in 5 times higher neutron yield and
increased directionality (4.4 x 10° n/sr) with only 80 J of laser energy

*Two components observed: beryllium excitation and deuteron breakup
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Summary

*First laser driven neutron radiography

*Using gated imager and gamma flash objects can be probed with x-rays
and neutrons at different energies --> material identification

*Using BOA instead of TNSA results in 5 times higher neutron yield and
increased directionality (4.4 x 10° n/sr) with only 80 J of laser energy

*Two components observed: beryllium excitation and deuteron breakup

eNeutrons with more than 80 MeV observed
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Summary

*First laser driven neutron radiography

*Using gated imager and gamma flash objects can be probed with x-rays
and neutrons at different energies --> material identification

*Using BOA instead of TNSA results in 5 times higher neutron yield and
increased directionality (4.4 x 10° n/sr) with only 80 J of laser energy

*Two components observed: beryllium excitation and deuteron breakup
*Neutrons with more than 80 MeV observed

|n a distance of 1 cm behind the converter: 40 n/um? and 4 x 10'8 n/cm?3s
to alter material
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*First laser driven neutron radiography

*Using gated imager and gamma flash objects can be probed with x-rays
and neutrons at different energies --> material identification

*Using BOA instead of TNSA results in 5 times higher neutron yield and
increased directionality (4.4 x 10° n/sr) with only 80 J of laser energy

*Two components observed: beryllium excitation and deuteron breakup
*Neutrons with more than 80 MeV observed

|n a distance of 1 cm behind the converter: 40 n/um? and 4 x 10'8 n/cm?3s
to alter material

*Neutron science becomes available to universities using short pulse
lasers
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