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donein the TP cotun the lact ane 1n the i(WASP_cotun that covera a much larcer
coheHttHe4i—setiptetastoRe e Ao —setdptiat Vers—a—e—targer
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solid angle of the ion beam. Campaigns from Mar.10 on also used the improved
target and focusing system as described in Chap. 3.3.
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Energy and pulse length scaling (BOA)

——t=30fs 90
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Figure 4.21: a) Pulse duration dependency of the BOA mechanism. Green, blue
and light blue solid lines represent typical Ti:Sa pulse durations with 15fs to
45 fs; the remaining lines correspond to Glass laser systems with pulse durations
> 1001fs. The yellow stars are experimental results from Trident, the green star
marked with “Yinll” is the result of a 2D VPIC simulation with Trident param-
eters [106]. The red star is obtained at Trident with a pulse duration of 1.5 ps.
The blue star represents experimental results obtained at the MBI in Berlin [87].
b) zoomed in view of the brown rectangle in a) showing laser energies accessible
with Trident

| LBNL| 2016 taken from D. Jung Dissertation
Munich 2012



TECHNISCHE
UNIVERSITAT
DARMSTADT

What to do with LIA?

| LBNL| 2016



TECHNISCHE

UNIVERSITAT
DARMSTADT

-
<
-
L
=
=
O
©
O
wied
whd
©
S

| LBNL| 2016



TECHNISCHE
UNIVERSITAT
DARMSTADT

What to do with LIA?

first stage second stage

deuteron beam (>>1 MeV)

pulsed neutron beam (<1 ps)
directional

pre-plasma
controlling deuteron beam _ :
characteristics using low-Z solid matenials
RIS or NAIS diagnostics such as Li, Beor C  characterization of neutron beam
controlling relativistic electron production conceming spectral,. spatigl and
and laser parameter optimization pulse-shape properties using
using nuclear diagnostics liquid scintillator detector systems

| LBNL| 2016
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Why neutrons?

Highly penetrating

GKSS, Geesthacht
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Why neutrons?

-1

Highly penetrating Material selective (fast neutron radiography)

Accelerator neutron source with ~1 ns TOF resolution " , Nitrogen
70 35 _ ' co , __content
60- 3 : =
50 25

A 40 2

W 30 E15 1

kel ] ; °

= e

o 9

no object

——— 8 cm carbon
—— carbon n x-section -
wr—- - r——1\105
2 4 6 8 10
E /MeV —>
N . 180 ns 200 ns 210 ns
Ishay Pomerantz / U. Texas Vartsky, D. et al. Nuclear Instruments and Methods A623, 603-605 (2010)

GKSS, Geesthacht
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Why neutrons?

Highly penetrating Material selective (fast neutron radiography)

Accelerator neutron source with ~1 ns TOF resolution , Carbon Nitrogen
3.5 4 . content ., content

70
60 3
50 25
T 40 2
W 30 E15
° ] ;
= 1 5
’O B
20 1
] no object
——— 8 cm carbon [
—— carbon n x-section -
- 0.5
2 4 6 8 10
E /MeV —>
N 180 1s 200 ns 210 ns 30 ns % 320 s
Ishay Pomerantz / U. Texas Vartsky, D. et al. Nuclear Instruments and Methods A623, 603-605 (2010)

GKSS, Geesthacht

Complementary to X-rays

yimage

X-ray absorption cross section

H D C O A Si Fe
@ee c ¢ g

Neutron absorption cross section

Eberhardt, CSIRO
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Highly penetrating Material selective (fast neutron radiography)

4

Accelerator neutron source with ~1 ns TOF resolution \ *T & ’ . Carbon Nitrogen
< melamm
70 ~ A -t o content . _ content
60- S - 1 .
50- D A graphite :
T 40_: lrud, : ‘;‘ 7. ‘ ‘e/‘—//; .. |
w 30-§ L )
3 ]
= ]
'O B
20
no object
—— 8 cm carbon
; — carbon n x-section
10 . . . 2 3
2 4 6 8
E /MeV —>
N ? 320 ns
GKSS. Geesthacht Ishay Pomerantz / U. Texas Vartsky, D. et al. Nuclear Instruments and Methods A623, 603-605 (2010)
Complementary to X-rays Activating fissible material

U238 (n fission)

1 o

o
it el |
v(® )
P “ ] 1
L ‘,/
Several n images ¥
- | 4 ‘_‘.‘ : e

yimage <
U235 (n.fission)

X-ray absorption cross section

H D C O A Si Fe
@ee c ¢ g

Neutron absorption cross section

Eberhardt, CSIRO
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For both campaigns there is a strong optimum
in target thickness, as expected for BOA
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For both campaigns there Is a strong optimum ,;fe;f; TECHNISCHE

in target thickness, as expected for BOA Y DARMSTADT
45° 1i5:\0 T [ I a5 asr < kb [/ o~ s
Interestmg thmg to check:
500 J and 500 fs VULCAN (TITAN): 10% n/shot

-90°

80 J and 600 fs TRIDENT (high contrast): 10 n/shot “
- 60 J and 450 fs PHELIX (high contrast): 10" n/shot

what s the scaling law here? ’

s e >2oo MeV
Peak @ 70 MeV
x 10° x10°
14 ' l ' e N_éutroneﬁzahlen 2 ' ,',, ' e N_éutroneﬁzahlen 60 J of Laser energy

12+

10r

8_
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N in 1/ster
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4 /
.

gUO 650 700 750 800 850 900 950 0 200 400 600 800 1000 1200 1400
| LBNL| 201¢ din nm d in nm




.
Application: 7% TECHNISCHE

e *" UNIVERSITAT

Interrogation of an enriched uranium sample 7 gXcusiaor

Pl: Andrea Favalli, LANL

Sample: High Enriched Uranium (990 g U, of which 650g 23°U)

% 104 L il ez e % 100 white AWCC - 650g 235U, no Cd liner
C gold AWCC - empty - gold AWCC - empty
10° 3 10° 3
10? ;— | 102 é—
10 5 10 ;— "
g W\ ik ‘\ | g WM " I W i "L (i 'f" '\' i
b A 1 m |
315 320 325 330 335 340 345 350 135%""33[6::5('3*| 480 485 490 495 500 505 510 515 520timt';2[55]
Fast Mode (with Cd sleeve) Thermal Mode (without Cd sleeve )

Delayed Neutrons chosen as signature, these neutrons are characteristic
signatures for nuclear fission ( few other process yield delayed neutrons)
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A3
(from 1. Pomerantz, PRL 113, 184801 (2014) ) 7t DARMSTADT
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Incident energy (MeV) ishay Pomerantz
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Tailoring and transport of ion beams g TECHNIscHe
- the LIGHT project -

" DARMSTADT

(=)

unique beam and hybrid technology testbed
N = 1019 protons

E =10 MeV
t ® ns / sub-ns
DE = 1%

. - TECHNISCHE
Laser lon Generation, Handling and Transport === @ UNIVERSITAT
7, 1ECHNISCHE S
/") UNIVERSITAT # veLmnoLrz ™
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Picture: Courtesy of
Simon Busold
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The LIGHT Beamline

4 = "y

runn

PHELIX
50 J in 500 fs

compressor

laser diagnostic

parabola

solenoid
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Coil design from HZDR

\ solenoid rf cavity
A TNSA source W
0.08m 2.2m 3m
stand alone pulsed power system
= 1 |—lRogowski signﬁal |3
S o i ~~
Courtesy: Thomas E. Cowan 'A 08 O e [ms]°-5 !
DRESDEN \ _ : :
concept W y + B, max = 8.7 T in solenoid
-
«+ large open aperture for high capture 40.5 —
LBNL]| 2016 - . -2 Mm
| | i) | efficiency open aperture 4 layers copper windings




phase rotation

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

Second focus (2" solenoid)
optimum performance without extra apertures -
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|

L=150 mm, B=2.5T
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Options and perspectives

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

Second focus (2" solenoid)
6 D focus - optimum performance without extra apertures -
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b —— T
£ R

L=150 mm, B=2.5T

Position (m)

Time focus (< 100 ps) and spatial focus (< 200 um)
coinciding (6.05 m) ~ 6% of input intensity
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Options and perspectives

------- . 4.6 m drift| -4 | 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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' N

L=150 mm, B=2.5T

Position (m)

Time focus (< 100 ps) and spatial focus (< 200 um)
coinciding (6.05 m) ~ 6% of input intensity

109 Protons: 6x10'8 p/s; 2x102%2 p/(s cm?)
@ 10 MeV: 36 GW/cm?

| LBNL| 2016



Options and perspectives ? S TECHNISCHE

. SETH, -
; : Si//=\ UNIVERSITAT
------- . 4.6 mdrift| -----4"------- | Rf voltage \ 4.6 m drift . " ur? DARMSTADT
Z y4 ! Z Z —b
Second focus (2" solenoid) LIGHT operates at 15 J @ 450 fs
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BELLA-i @ 40 J 40 fs could get
higher energetic protons
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L=150 mm, B=2.5T

Time focus (< 100 ps) and spatial focus (< 200 um)
coinciding (6.05 m) ~ 6% of input intensity

109 Protons: 6x10'8 p/s; 2x102%2 p/(s cm?)
@ 10 MeV: 36 GW/cm?
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L=150 mm, B=2.5T

Time focus (< 100 ps) and spatial focus (< 200 um)
coinciding (6.05 m) ~ 6% of input intensity

109 Protons: 6x10'8 p/s; 2x102%2 p/(s cm?)
@ 10 MeV: 36 GW/cm?
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drive WDM
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coinciding (6.05 m) ~ 6% of input intensity
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L=150 mm, B=2.5T

Time focus (< 100 ps) and spatial focus (< 200 um)
coinciding (6.05 m) ~ 6% of input intensity

109 Protons: 6x10'8 p/s; 2x102%2 p/(s cm?)
@ 10 MeV: 36 GW/cm?

LIGHT operates at 15 J @ 450 fs
at the moment

BELLA-i @ 40 J 40 fs could get
higher energetic protons
and 1072 resulting in 3.6 TW/cm?

1024 p/(s cm?) is a high current to
drive WDM

@ 250 ps pulse duration, there is
little time for hydro-motion
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dense and uniform !" o ’
| plasma state energy loss V/Vth =10
very good agreement o
: Ve ofg unexpected high non Ideal
experiment and { +70 % plasma
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" of unexpected low |
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L simulation
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Nuclear Pyrometry and activation

Konverter (Pb)

I l I I Activation target
(Au-Nb-Cr-Ta)
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Nuclear Pyrometry and activation

Konverter (Pb)

l . l l Activation target
(Au-Nb-Cr-Ta) Autoradiography
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Nuclear Pyrometry and activation

= Konverter (Pb)

l l l l Activation target
(Au-Nb-Cr-Ta) Autoradiography
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Observed up to Au(y,4n): Photons up to 50 MeV
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Nuclear Pyrometry and activation

for medium half life isotopes (e.g. C, F)
a minute of BELLA operation is similar to

a 2.5 kd 40 fs laser
= Konverter (Pb)

l l l l Activation target
(Au-Nb-Cr-Ta) Autoradiography
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Observed up to Au(y,4n): Photons up to 50 MeV
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Coherent radio emission from Pulsar surfaces

The Free Electron Maser in Pulsar Magnetospheres

R. Schopper’' ‘., H. Ruhl-, T.A. Kunzl’ and H. Lesch’

* Max-Planck-Institut fur extraterrestrische Physik, GilessenbachstraBle, 85740 Garching, Germany

* General Atomics, San Diego, CA, USA

* Max Planck Institut fiir Quantenoptik, Garching, Germany

* Universitiats- Sternwarte Minchen, Scheinerstraie 1, 81679 Manchen, Germany, Centre for Interdisciplinary Plasma Science
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Gas and liquid jets
how long do they last?
70 shots?
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how long do they last? ~ Simple for TNSA, but for RPA?
70 shots? Debris?
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with statistical accuracy and truly test theories and scaling laws

*This might lead to the understanding needed to push LIA to useful
applications
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Summary

*BELLA-I can become a game changer in HEDP and LIA
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with statistical accuracy and truly test theories and scaling laws

*This might lead to the understanding needed to push LIA to useful
applications

ereal, mono-energetic ion beams available for applications
*BELLA-i could explore application of secondary radiation (e.g. neutrons)

e\With a LIGHT - like ion beam line BELLA-i also could become a unique
driver for WDM using intense mono energetic ion beams
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*BELLA-I can become a game changer in HEDP and LIA

eone could finally and systematically address the question of LIA physics
with statistical accuracy and truly test theories and scaling laws

*This might lead to the understanding needed to push LIA to useful
applications

ereal, mono-energetic ion beams available for applications
*BELLA-i could explore application of secondary radiation (e.g. neutrons)

e\With a LIGHT - like ion beam line BELLA-i also could become a unique
driver for WDM using intense mono energetic ion beams

*a link to the unique BELLA electron accelerator should be considered
*New experiments (Pulsar radiation, stopping power) could be realized

*BELLA -i could drive the development of next generation diagnostics and
target fabrication
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