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Laser ion source (LIS)

Lasers

(850 mJ/ 6ns, A = 1064nm)

©

3m-|ong-sblenoid
(few~100 gauss)

On HV ~40kV
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Target chamber
- XY target
- Rotary target

On HV ~40kV

Al Au Li Ca Si Ti Fe C

* Any types of ions can be produced
from solid material

» Fast species switch (within seconds,
130 switches/day)



Plasma production by laser ablation
process

Plasma generation
« Laser energy absorption and evaporation in a skin layer of a solid target
« Laser energy absorption by electrons in plasma by Inverse Bremsstrahlung absorption

 lonization of atoms and ions in plasma by electron impact
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Intense pulsed beam with focused laser
pulse

Extractor

{

—

Solid Laser Plasma
taret R

Advantage for ion source

 1Aclass ion beam can be produced

* pulse width can be very short < 1 us

* lons are emitted from point source -> low emittance

National Laboratory

I L? Brookhaven Application for compact neutron source is being studied.



Demand for compact accelerator driven

neutron generator

Recently, as old reactors are retired, compact accelerator
driven neutron generators are getting more desired.

Not nuclear facility
* Non-proliferation policies and difficulties of manufacturing
fuel elements have prevented replacement of reactor

Low cost
» Spallation source is expensive and machine time is limited

Wide range of applications
* Nondestructive inspection
* residual stress in train rails and aircraft parts
* hidden failures of buildings and bridges
* cargo inspection
« Boron neutron capture therapy
* Detector development

Pavement

floor slab
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Neutron detector,

https://rap.riken.jp/en/labs/aptdg/nbtt/

Proton 7MeV =
Proton Linac
| QSDTL RFQ

e

RANS (RIKEN, JAPAN)
Ep =7MeV;lav =100pA

LENS (Bloomington, IN, US)
13MeV; 20mA; lav = 0.24mA

10 — 30 m long

Lithium Collimator
7 Tumor cell

‘ / Lithium particles
—r

Alpha particles
Boron-10

http://www.jaea.go.jp/jaeri/english/press/991025/fig03.htm



Neutron production with proton beam

® Li +p— Be+n-1.64 MeV
Proton beam ’\\ é/g'n 9Be + p — 9B + n— 185 MeV
=000 —— o

/\/J‘ \§\‘ Y. Zuo, et al, “Neutron yields of thick Be target bombarded with low energy deuterons”
/ 0 X ray

Lithium target

* These reactions are endothermic and undesired radiations could be reduced if beam energy
is near the thresholds.

* However, since the proton is lighter than target atoms, the neutrons are produced in 2 p
direction and only small fraction can be used.

» Therefore, higher beam energy is used to increase neutron flux.
L? Brookhaven

National Laboratory




Neutron production with proton beam
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« If heavy ions are injected, neutrons are directed to forward because of the
high gravity center velocity.
* Neutron flux can be increased while beam energy is kept near the threshold.
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Previous Research: Demonstration with
electrostatic Tandem accelerator

M. Lebois et al., “Development of a kinematically focused neutron source with the p (7Li, n) 7Be inverse reaction,” Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, vol. 735, pp. 145-151, 2014.

« Advantage
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Angular distribution of neutron flux available beam current of “Li is much lower than that available for

protons in the non-inverse reaction, because of the relative
difficulty of extraction of “Li-ions from the ion source. Secondly,
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Intense beam production using LIS and
RFQ: Direct plasma injection scheme
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Plasma is generated by laser ablation and injected into RFQ.

Beam extraction is done in RFQ < 401 o
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Compact neutron source using intense
Li ion beam driver

Neutron conversion target

Plasma production chamber

lon TLis*

lon beam energy 14-20 MeV

Beam pulse width 0.1-5us

Repetition rate 100 Hz — 1kHz

Peak ion beam current 10 - 100 mA

Average ion beam current 10-100 pA

Neutron energy 1 MeV -10 MeV
Average neutron flux Up to 1 x 10° n/cm?/s
Peak neutron flux Up to 1 x 10"2 n/cm?/s
Length <8m
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Development topics to realize compact
neutron source

————

lon source : Liquid target development
Wy, for High repetition rate

Accelerator : Acceleration of high current beam
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Laser target development for high
repetition rate and long-time operation

74

Laser
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Plasma

Liquid lithium

Present technology

« Solid target should be moved every shot to provide a fresh surface ~ 1Hz
« Enormously large surface area is needed for long time operation
 This limits the total yield of lithium ions

Liquid target to overcome limitation
 a liquid target can fully recover surface flatness after any laser shot
» laser shots can be fired on the same spot
« e.g.) 100 mA peak, 1 us pulse width,
« 100 Hz = 10 yA average,
« 1 kHz =100 pyA average
« Enough for imaging
» Possible to use it for isotope production

Static target (Crucible)
« Simple -> Good

« Surface oscillation -> 12



Optimization of laser irradiation
condition

: EL :
« Laser power density (I, = — [W/cm?]) characterizes plasma property + e
« Higher I, gives larger number of 7Li3* { } @

» Laser spot size, A, should not be changed for stable production of plasma \

» Influence of surface oscillation needs to be minimized
* Lens to target distance is changed by oscillation
« Oscillation should be about Rayleigh range or smaller

« Optimum condition needs to be searched experimentally
« Small spot size <-> Long Rayleigh range
« Laser energy <-> Oscillation amplitude, Cost /

Plasma

FIGURE 17.6 Liquid lithium
Diffraction spreading of two gaus-
sian beams with different spot

sizes at the waist.

V' o
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Crucible shape investigation

4 Cruciform Baffle

Maximum damping — < I, 3
« Surface oscillation should be small 5 | 'IE: |
« Damping depends on geometry, - -
viscosity, and surface tension — s

« Damping can be maximized by using O

appropriate geometry or obstacles
Splashing prevention

I k? Brookhaven
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Shielding structure

Internal shielding is needed to:
* Avoid direct exposure of welded part to plasma
* Reduce radiative cooling

e Control lithium accumulation
* Temperature should be controlled to guide vapor to prepared
accumulation point

Etc. Burst mode operation
1000 pulses / 1 second

Shielding

(

100 pulses

-+ -+ -+ -

10us/100kHz | 100ms/10Hz

l

L",‘ Brookhaven

National Laboratory

v

15



Vertical Plasma Analyzer line - Conceptual Design

07.6"
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Liquid Lithium Target chamber (Lower Section)

« /Band heater

\ «\w

Macor plate ™

& Brookhaven Liquid lithium Temperature will be maintained at 200 oC
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Middle Section

e
——

Temperature on the inner pipe will be
maintained at 200 oC.

Silicon Belt Micro heaters wrapped around the
inner beam pipe (3 sections). Rating:100 V,
600X




lon Analyzer box

Turbopump .. -+ 1

Electrodes to be mounted on a
Teflon plate

Hamamatsu Electron
Multiplier Tube
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« O™ and Li%* can be resolved with a 0.8 mm slit 19



The system will be under vacuum during the operation.

Vapor Pressure of Liquid Lithium at 200 oC is very small (~107-9 Torr).
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A Thermal Analysis on the vacuum chamber

A: Steady-State Thermal

Temperature A: Steady-State Thermal
TyPe: Termperature Temperature
Unit: °C ASSUI’T’IptiOI’]S' Type: Temperature
Time: 1 o Unit: °C
10/25/2023 1:05 PM * Room temp: 22 °C. Tirne: 1
* Free heat connection on the outer 10425/2023 1:03 PM

surface. H=2.5 W/m"2-K

200.98 Max
E 181.07

16117 Crucible and inner pipe temp: 200 °C. 5 fgﬂfysmu
L 141,27 161.17
| 121,37 — 141.27
| 19136 {12137
— 81.361 — 101.46
| 61.658 || 81561
41,756
21.853 Min

61.658
E 41.756
21.853 Min




Lithium Handling

Filled with Argon

National Laboratory
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Surface oscillation
measurement

Surface oscillation excited by laser will be measured
with a laser displacement sensor
0.1 mm accuracy, 0.3 mm spot, 1 kHz sampling

L? Brookhaven

+" National Laboratory

BN
Laser displacement sensor

Liquid lithium in crucible
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Experiment with liquid Ga
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Research goals for the rest of project

e Optimization of laser irradiation condition using ion analyzer
 Determination of crucible structure to mitigate surface oscillation

e Test of shielding structure

e Simulation of high repetition rate irradiation with existing lasers to
demonstrate the feasibility

National Laboratory 25
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Summary

K

An intense ’Li** beam driver (100 mA peak) can be realized with combination of
LIS and RFQ,

A liquid lithium target system for LIS is essential for high repetition rate and
long lifetime,

Design of experimental apparatus to analyze plasma and liquid surface of
lithium was finished,

lon analyzer

Surface oscillation measurement
Shielding structure

Lithium handling

After fabrication, experiment will start soon,

Feasibilit)é of liquid target will be shown with optimum laser irradiation condition

and crucible shape.

Brookhaven
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