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introduction: laser ion accleration

- very intense source: 10''-10"® protons (total) in <1ps

- nearly ideal point source: 50-500um source size

- ultra-low transverse emittance (<0.01 mm mrad)

- huge accelerating field gradients: TV/m

“intense laser matter interaction: x-rays, electrons, protons, debris...
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introduction: TNSA spectrum

fit with dM/dE=N /B exp-(ET, L)), weighted with energy deposition

B_o=201e+#112 kT=23.38 MeV C i ffici A C0.A3 %
o = 2 01esdiz, 2, Comversion eficiency (> 4 Mev) - TNSA well understood and robust
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LIGHT - the project
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LIGHT - the project

Laser lon Generation, Handling and Transport

PHELIX 100 TW TNSA mechanism
*15]J @ 1053 nm * high intensity ion beam
- 650 fs - exponential spectrum

- >10' W/cm?2 - 100% energy spread

- large divergence
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LIGHT - the project

Laser lon Generation, Handling and Transport

PHELIX 100 TW TNSA mechanism pulsed high field solenoid
15]J @ 1053 nm  high intensity ion beam - capture and transport

- 650 fs - exponential spectrum  energy selection

- >10' W/cm?2 - 100% energy spread

- large divergence
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PHELIX 100 TW TNSA mechanism pulsed high field solenoid
15]J @ 1053 nm  high intensity ion beam - capture and transport

- 650 fs - exponential spectrum  energy selection
- >10' W/cm?2 - 100% energy spread

- large divergence .
rf cavity
- phase-space-rotation
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LIGHT - the project

Laser lon Generation, Handling and Transport

unique beam and hybrid technology testbed
N = 10'° protons
E =10 MeV

7 = ns/ sub-ns
AE < 4%

LG

Laser lon Generation, Handling and Transport

05.06.2013 | 1 EAAC workshop | LIGHT | Simon Busold ﬁHELMHOLTZ E 5 ][

| GEMEINSCHAFT



TECHNISCHE

— i UNIVERSITAT
LIGHT - location UNIVERSITAT

=S

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

Lageplan

/

N O PHELIX

i laser bay

Z6 experimental
area

| ]
_*l _h :
L, G f- 05.06.2013 | 1 EAAC workshop | LIGHT | Simon Busold ﬁHELMHOLTZ E 5 ][

| GEMEINSCHAFT

Laser lon Generation, Handling and Transport



TECHNISCHE
UNIVERSITAT
DARMSTADT

LIGHT - location

buncher cavity

solenoid or
quadrupole triplet
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target chamber

short pulse diagnostics
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LIGHT - overview

detailed simulation studies experimental work

- ab initio PIC - divergence reduction @
(EPOCH, VORPAL, LASIN) via laser focus shaping

* beam transport - beam optimization via target design

(TraceWin, DYNAMION)
* new acceleration mechanisms

- post-acceleration studies (BOA, RPA)
- 1. Hofmann et al., PR-STAB 14, 031304 (2011)
CTETETEEE T ’ - T. Burris-Mog et al., PR-STAB 14, 121301 (2011)
- A. Almomani et al., PR-STAB 15, 051302 (2012)
50 20 -I. Hofmann et al., NIM-A 681, 44 (2012)
00 2+ 1. Hofmann, PR-STAB 16, 041302 (2013)
* G. Hofmeister et al., PR-STAB 16, 041304 (2013)
- S. Busold et al., paper in preparation
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() - Z. Lecz et al., paper in preparation
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stand alone pulsed power system
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" possible charging up to 16 kV,
driving...

*...up to 10.4 kA current through
critically damped LC circuit within about
1 ms...

-...resulting in B, = 8.7 T in solenoid

current

supply
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40.5 mm
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4 layers copper
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- large open aperture for high capture
efficiency
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simulation - solenoid

focussing @2.12m distance to source
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RCF DD
RadioChromic Film in stacked configuration Diamond Detector
- film with proton-sensitive layer - 20pm thin diamond
- blue coloring
"4 4x4mm?2 segments
- very high spacial resolution
- time of flight measurement
- used in stack configuration
- Bragg peak of different energies - protons pass through and excite electron-
in different layers hole pairs
- full characterisation of laser-accelerated - high time resolution
proton beam possible

-F. Nurnberg et al., RSI 80, 033301 (2009)

1iGht

Laser lon Generation, Handling and Transport

05.06.2013 | 1 EAAC workshop | LIGHT | Simon Busold ﬁHELMHOLTZ E 5 ][

| GEMEINSCHAFT




TECHNISCHE
UNIVERSITAT
DARMSTADT

experimental results - solenoid

transport through solenoid
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- RCF stack at 36.8 cm behind target
- 20% transmission at targeted energy (10 MeV)
- 25% transmission for ideal GaufB
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experimental results - solenoid

transport through solenoid

L 3-7. Mev—“

¢

=1

.., amune .. .
MeV 1.5 MeV 14.7 MeV

* RCF stack at 36.8 cm behind target

- 20% transmission at targeted energy (10 MeV)

- 25% transmission for ideal GaufB

- beam size and rotation angle fit very good to simulations
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experimental results - solenoid

focussing @2.12m distance to source

shotZ2, SMey RCF layer @2120mm
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focusing of 5MeV protons focusing of 10MeV protons
-about 2.2e9 particles - about 5e8 particles

- focal shape due to imperfect solenoid field
- higer energies contribute to background
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experimental results - solenoid

focussing @2.12m distance to source
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simulation based on realistic focusing of 10MeV protons
solenoid wire-arrangement... - about 5e8 particles

- focal shape due to imperfect solenoid field
- higer energies contribute to background
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focussing @2.12m distance to source
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experimental results - solenoid

focussing @2.12m distance to source

Diamond Detector (DD)
for ToOF measurement 1

— very high temporal

resolution 0.8
— visible effect of %
applying an aperture ‘wm 0.6
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experimental results - solenoid

focussing @2.12m distance to source

Diamond Detector (DD)

for ToOF measurement 1t :
— very high temporal
resolution 0.8+
— visible effect of a
applying an aperture ‘» 0.6+
(5mm diameter) at the kS
focal position L

€04
— clear peak at the focused 6
proton energy =

0.2r
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focussing @2.12m distance to source

Diamond Detector (DD) 2 O
for ToF measurement 1 : : : 5 1 (b)

— very high temporal ©)

resolution

— visible effect of
applying an aperture
(5mm diameter) at the
focal position

normalized signal
o
n

— clear peak at the focused
proton energy

— translation into energy

via ToF
Or : : : : ; ————
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focussing @2.12m distance to source

Diamond Detector (DD) " I _____________ ST ......... . ............. ............. ......... @1

for ToF measurement

— very high temporal
resolution

— visible effect of
applying an aperture
(5mm diameter) at the
focal position

normalized signal
o
n

— clear peak at the focused
proton energy

— translation into energy

via ToF
_ simulations (and RCF data) ° R S S S SR
reveal non-linear response due 0 : 5 17.5 20
to high intensity proton energy [MeV]
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quadrupoles
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target PMQ1 PMQ2 RCF stack
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experimental results - doublet

comparison experiment to TraceWin simulation
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experimental results - doublet

comparison experiment to TraceWin simulation
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focal spot analysis
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Summary

~ PHELIX sub-aperture beam at 26 provides for efficient
proton acceleration
v max. proton energies of 28.4 MeV

v focusing of 5MeV/10MeV protons at 1m/2m distance
from source demonstrated
»5mm focus at 1m
v 10mm focus at 2m
v temporal bunch structure
v particle numbers >1e9 now. 1e10 possible

v exploration of PMQs as possible alternative to pulsed solenoid
v compact, easy handling
v better optical qualities
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Outlook

- parallel work by the GSI Linac group:
v rf cavity specified and tested

3 gap spiral resonator,

rebuncher at 108.4 MHz,

35 mm aperture,

1 MV

Drift Tubes Plunger

- installation of cavity is currently
in progress

- next beamtime in July 2013
> demonstrate phase rotation

- further exploration of the possibilities of PMQs
- future: 1. provide beam for secondary experiments and

injection
2. higher proton energies, heavier ions
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Questions?

Thank you for your attention!

The LIGHT collaboration:

Avr Aumomant?, Husam ArL-Owmarr?, Vincent Bacnoun?®, Win-
FRIED BARTH?, ABEL BLAZEVIC?, OLIVER BOINE-FRANKENHEIMZ:3
CHrisTIAN BraBerz?, Trevor Burris-Moc”?, Smmon BusoLp!

?

=4 /
Towm Cowan®, OLIvVER DEPPERT!, MARTIN DROBA?, PETER FORCK®,

AMRUTHA GoraL®, THoMAs HERRMANNSDORFER®, SvEN HERZER®,

Gael HorrmersTER!, INco Horrmann?6, OLiver JickeLb, MaL-

T KaLuza®, Frorian KrorLL®, AnnNa ORrzHEKOVSKAYAZ, UL-

RICH RatzINGER?*, Markus Rotn!, PeTeEr ScuMmipT3, ULRICH

ScHRAMM®, DENNIS SCHUMACHER?, THoMAs STOHLKERZ:®, ANDRE-

L

As TauscuwiTz?, WoOLFGANG VINZENZZ, STEPHAN YARAMISHEV?,

BERNHARD ZIELBAUER?® und Lecz Zsorr® — 1TU Darmstadt,
IKP, Schlossgartenstr. 9, 64289 Darmstadt — 2GSI Helmholtzzen-
trum fiir Schwerionenforschung, Planckstr. 1, 64291 Darmstadt — 3TU
Darmstadt, TEMF, Schlossgartenstr. 8, 64289 Darmstadt — 4JWG
Universitdt Frankfurt, AP, Max von Laue Str. 1, 60438 Frankfurt
— SHelmholtzzentrum Dresden-Rossendorf, Bautzner Landstr. 400,
01328 Dresden — %Helmholtzinstitut Jena, Helmholtzweg 4, 07743 Je-
na
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RCF - method
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RCF - method

RIS, see F. Nirnberg et al.,
Rev. Sci. Instr. 80, 033301 (2009)

Energy deposition of protons in active layer
1 ! ! .f
—01 'HD,SEHO?’.Q MeV :
——03-HD,E~10.8 MeV
——05-HD,E~ 152 MeV !

RCF sensitive layer

Energy deposition (MeV)

0 1 T
0 10
Proton Energy (MeV)
spacer RCF plastic substrate
(e.g. Cu’ Al’ ) fit with d/dE=N/E*exp(-(E/T, 1), weighted with energy deposition
Ny = 7.03e+011, kT = 6.75 Mev
fit with dM/AAE=N/E exp(-(ET, 1), weighted with energy deposition
N, = 7.03e+011, kT = 676 MeV %
T : DT SOOI DTN IORIO NSO ] =
........ +calculated dep. energy from fit || —
S N 9....’?’.‘.‘?‘?.5_‘.‘_’?_‘.‘.F‘?P._??‘.?T?’?_ inRCF[) 3
[ ; - 2]
= 10 2
o 10 | I
S IO FUUE- P e S U ORI 3
o s ] o
[14] o
5 ................................................................................. =
-U o
8 10° b g 3
B L c
0 ...... :
e e e 1 ©
_ : o
| | 1 1 |
- 5 10 15 20 25
E (MeV) Proton energy (MeV)
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experimental results — RCF

focussing @1.07m distance to source
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shot12, MeY RCF layer @1070mm

shot11, 9.4Me RCF layer @1070rmrm

E‘ | |

E, :

= s

E £

> 10 4

-5 .% 10

£ 15 £

o & 15

0 0

4 20

[ o

> E 20

5 25 s

. 25

5 10 15 20 25 5 10 . 15_ 20 25
transverse beam axis horizontal [mm] transverse beam axis horizontal [mm]

focusing of 5MeV protons focusing of 10MeV protons
- about 2e9 particles - about 1e9 particles

- focal shape due to imperfect solenoid field
 higer energies contribute to background
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_ _ u _ TECHNISCHE
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Solenoid: B Field Simulation UNIVERSITAT
Measured field in z—direction
35F : : ' :
30f ] = measured
25t } == simulated
20}
& 13} detailed simulation study with CST
10}
5t - > dynamic effects
OF: : . . : —
Measured field in y—direction - very good agreement in z (and x) direction
1.5 : - still good agreement in y direction, cable
Lok _ influence clear
 choosing the right timing makes eddy currents
B9 neglegible
= 00 .
A
-0.5
~1.0}
—1.5}, . . . . .
-03 -02 -01 00 01 02 03
z (m) courtesy of P. Schmidt
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pspec
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H[II] 1 1 1 1 1
spectrum behind 3 m wath Caviby
RN — o bnshiirul 3 orcowail bl iy
initial spectrum

ran

RN

sl

Marticles

400 -
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