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The requirements strongly depend on the application: a few examples
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Requirements for ion acceleration

The requirements strongly depend on the application: a few examples

=|lon source as a new injector:
* Rep rate matched to conventional accelerator structures (e.g. 50 Hz)
" lon energy a few tens of MeV
» Radial beam shaping for divergence optimization
= |on species selectable
* Energy matched to particle number acceptable to acc structure

IPAC Dresden | 18.5.2014 | Markus Roth




. . . é@fﬁi TECHNISCHE
Requirements for ion acceleration /- UNIVERSITAT

g,}éy; DARMSTADT

.

-

The requirements strongly depend on the application: a few examples

=|lon source as a new injector:
* Rep rate matched to conventional accelerator structures (e.g. 50 Hz)
" lon energy a few tens of MeV
» Radial beam shaping for divergence optimization
= |on species selectable
* Energy matched to particle number acceptable to acc structure

*Medical Application:
*lon energy >250 MeV for protons and >400 MeV/u for e.g. Carbon (prob. no TNSA)
= High contrast
"Rep rate 10 to 30 Hz
* Energy stability better 3%
= Relatively low particle numbers required (10" or 10° per patient)
= Uniform ion beam --> Laser beam shaping
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Requirements for ion acceleration (cont.)

»Fusion (FI)
= Tailored energy spectrum up to a few tens of MeV (TNSA might be ok)
= High conversion efficiency
» High particle numbers (high laser energy)
* Pulse length can be up to ps
»Beam overlay, beam synchronization
*10 Hz rep rate
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Requirements for ion acceleration (cont.)

»Fusion (FI)
= Tailored energy spectrum up to a few tens of MeV (TNSA might be ok)
= High conversion efficiency
» High particle numbers (high laser energy)
* Pulse length can be up to ps
»Beam overlay, beam synchronization
*10 Hz rep rate

»Security applications
"relaxed rep rate
" lon energy up to GeV
» High contrast
* Mobile / compact
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Requirements for ion acceleration (cont.)

= Accelerators (all optical)
=High gradients
= High Particle numbers
*High Rep Rate
» Staging
= High Average Power
*Many Beamlines (...100)
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Proton acceleration with lasers :

S8 TECHNISCHE
: Zéﬁ*\ UNIVERSITAT

Static electric fields 4o/

&' DARMSTADT

thin foil target
(a) (b) (C) (d) ®lon @Electron
Target foil ~ 5-50 ym Hot electrons
Expanding Erzt)
pre-plasma N B °
Y ® >
\ @ ™ ° @ ° 4 ® o . - 't
° @ °
e A e ® o®@ °®®..:......> : ®® B © @’ ®
Laserp = e o ° © e e © i ®
g ° °o ° e o - ¥ °
- °§9° ° S 7oA = ° .
¥ a S . o
Critical °
density Random /
2
| (W/em?) expansion

Directed plasma
expansion

> time

IPAC Dresden | 18.5.2014 | Markus Roth



lon Acceleration Mechanisms

TECHNISCHE
UNIVERSITAT
DARMSTADT

S. Hatchett et al., Phys.
Plas. 7, 2076 (2000)

lon acceleration Acronym | lon Accel.
mechanism process
Target-Normal TNSA Charge
Sheath Acceleration separation

GeV protons? X
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lon Acceleration Mechanisms

lon acceleration Acronym | lon Accel.
mechanism process
Target-Normal TNSA Charge
Sheath Acceleration separation
S. Hatchett et al., Phys.
Plas. 7, 2076 (2000) GeV protons? X
Break out afterburner | BOA Kinetic Process :
L. Yin et al., Laser Part. (Buneman): c 5 — e ]
Beams 24, 291 (2006) ; relative e-i drift |2 o//@S& carpon—> =
Phys. Plasmas 14, GeV protons? v | ~ ! _— T ]
056706 (2007) eV P ' | |
Linear Polar.
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x (micron)
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lon Acceleration Mechanisms

lon acceleration Acronym | lon Accel.
mechanism process
Target-Normal TNSA Charge
Sheath Acceleration separation
S. Hatchett et al., Phys.
Plas. 7, 2076 (2000) GeV protons? X
— BOA ' txw, = 5500.00
Break out afterburner | BOA Kinetic Process Tof iF % proton
L. Yin et al., Laser Part. (Buneman): = 5
Beams 24, 291 (2006) ; relative e-i drift | &
Phys. Plasmas 14, GeV protons? v | ~
056706 (2007) eV P '
Linear Polar.

Radiation Pressure RPA Charge
Acceleration, Aka separation
Plasma Piston
E.g., A.P.L. Robinson, et

! ! ?
al., New J. Phys. 10, GeV protons? v
013021 (2008) Circular Polar.
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TNSA vs. BOA

Accessible with moderate contrast lasers
Micrometer sized targets

Spectrum limited to 70 MeV

Surface acceleration

High contrast lasers needed

Sub-Micrometer sized targets

lon energies exceeding 120 MeV/u

Volume acceleration

Heavy ions (deuterons) at same speed as protons
Lower EMP and less debris
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Break out Afterburner (BOA)
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Break out Afterburner (BOA)
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Break out Afterburner (BOA)
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Break out Afterburner (BOA)
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Break out Afterburner (BOA)
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Break out Afterburner (BOA)
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Targets for BOA

CH, Targets CD, Targets

Poly(4-methyl-1-pentene), trade name TPX (Mitsui, Inc.)

Soluble in cyclohexane . 0
Full density films (800 mg/mL) dip- or spin-cast (<200 nm — 1 um) . ggmt;l:?no:g/:ttTéljgﬁsiﬁeaecsontent)

Low density foams (5 — 50 mg/mL) produced by freeze-dip-casting, freeze L )
drying (~50 um) *  Full density films (940 mg/mL) drop-cast onto warm Si wafers (300 nm- 1um)

Full-density film

Low-density film
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Nuclear activation imaging spectroscopy
(NAIS)

M. Gilinther et al., Rev. Sci. Instr. 84, 073305 (2013)
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Volume instead of surface acceleration

10" 5 : . :
; = Proton ]
: Deuterium| ]
|
/g 106 : \
. CN
v |
CC’ |
= I
@ 11! \
e N & TN
> 10— Particles in 250msr
QO n |
% 1 1| above 14MeV \
D | THY 2.3x10"
! H" 1.1x10"
10°4—
1 Lew energy cutoff for'H' \
10 20 30 40 50 60 70

Total energy (MeV)

Using CD targets: No cleaning needed
one order of magnitude more deuterons than protons when using BOA
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Ultimate test of ion energies using NAIS
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BOA does really work

Ultimate test of ion energies using NAIS
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Demonstration of BOA at the PHELIX laser

| lonenstrahlen
TNSA

RCF-Stack

Parabel

IPAC Dresden | 18.5.2014 | Markus Roth



TECHNISCHE
UNIVERSITAT
DARMSTADT

Demonstration of BOA at the PHELIX laser
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Demonstration of BOA at the PHELIX laser
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N = 1010 protons

E =10 MeV
Laser lon Generation, Handling and Transport t~ ns / sub-ns

DE = 1%
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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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Coil design from HZDR

solenoid
TNSA source }#—H
0.08m 2.2m 3m

stand alone pulsed power system
1
%0.5
i
Courtesy: Thomas E. Cowan VA 05 time [ms]
DRESDEN \ _ : .
concept B y + B, nax = 8.7 T in solenoid
N/
« large open aperture for high capture 40.5
IPAC Dresden | 18.5.201¢ 2 = ww—= L -2 Mm
| Mo/ | efficiency open aperture 4 layers copper windings
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S. Busold et al., PR-STAB 16, 101302 (2013)

focussing at 2.2m distance 1 1 +
to source ——ToF signal ———ToF signal
20 == =simulation === simulation
15 =4 RCF data < RCF data
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M o »
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— 6.5e8 protons of 9.5MeV
in spectral bin of 1MeV

normalized signal
o
o
1
1
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o
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— real bunch much broader
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— additional focusing inside
solenoid through electrons
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+ power >100 kW, >1 MV

chse

+ 35 mm open aperture
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phase rotation

S. Busold et al., PR-STAB 17, 031302 (2014)
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Options and perjspectives
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Options and perspectives

4.6 m drift

Rf voltage

4.6 m drift
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Second focus (2" solenoid)
6 D focus - optimum performance without extra apertures
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Summary

*Experimental proof that BOA, based on relativistic transparency of solids
Works

emore than 130 MeV protons @ trident and 70 MeV @ PHELIX
(only 40 J on target)

eCapture, transport and shaping of laser driven ion (proton) beams by the
LIGHT collaboration

ereal, mono-energetic ion beams available for applications

*Developed world’s brightest laser driven neutron source based on BOA
and demonstrated 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

eNeutrons with more than 200 MeV observed

*Jon beams physics and neutron science becomes available to
universities using short pulse lasers
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