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Introduction: 
The NSTX-U Laser Blow-Off  impurity Injector 

Physics needs driving the LBO system 
 

•  Time-dependent ion transport measurements 
!  Transport-code development and testing (LDRD at LLNL; PI 

Tom Rognlien) 
!  Study of edge and core ion transport in NSTX-U (OFES-

supported project; PI Vlad Soukhanovskii) 
!  Time-dependent ionization studies for astrophysics (OFES-

supported project; PI Peter Beiersdorfer) 
!  Johns Hopkins impurity studies (Kevin Tritz et al.) 

•  Laser blow-off system has been in the NSTX general plan for 
over a decade 
!  Multiple physics studies have called for an LBO system 

The LBO will be a “user facility” that is available to anyone needing the 
controlled injection of solid material for NSTX-U physics studies 



Introduction: 
The NSTX-U  Laser Blow-Off  impurity Injector 

Design based on 
 

!  Experience with the PLT impurity injector 

!  The laser blow-off system on the electron 
beam ion trap facility (EBIT) at Livermore 

!  The Alcator C-mod LBO system 

The laser and much ancillary equipment will come directly from the 
EBIT LBO system, which has been moth-balled about 5 years ago  
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We have designed and implemented a laser ablation system to inject neutral material into the EBIT-I
and SuperEBIT high-energy electron beam ion trap at the Lawrence Livermore National Laboratory.
A laser-generated vapor created from a solid material target was scrubbed of ions prior to injection
into the trap in the form of a collimated beam. We used a Q-switched Nd:YAG laser with a pulse
duration of 15.7 ns full width at half maximum and intensities at the target controllable from
0.035 to 0.46 GW/cm2. Compared with other injection methods, this pulsed system adds new
flexibility including the ability to vary fill trap in both time and quantity and without changing trap
or beam parameters. Moreover, it allows us to inject materials that are not readily injected by the
standard metal vapor vacuum arc !MeVVA" method. Performance comparisons between the laser
ablation system and MeVVA method are presented. © 2006 American Institute of Physics.
#DOI: 10.1063/1.2221694$

I. INTRODUCTION

Lawrence Livermore National Laboratory’s electron
beam ion traps, EBIT-I and SuperEBIT, in operation since
the mid-1980s,1 have been employed for investigating the
radiation emitted by a large range of ion species with high-
resolution spectroscopy across several wavelength bands.
Results have been used in a variety of fields, including in the
analysis of spectra measured from celestial sources,2 x-ray
laser, inertial confinement fusion, and tokamak research,3–5

and in stringent tests of quantum electrodynamics.6

In summary, EBIT-I consists of an electron gun for cre-
ating the electron beam, an electrostatic trap where the beam-
target plasma interaction takes place, a collector where the
beam terminates, and an injection system for introducing the
target material into the trap. In the past, the two most widely
used injection systems have been the metallic vapor vacuum
arc7 !MeVVA" and the gas injector. The MeVVA uses an
electrical discharge to create singly and doubly charged ions
that are electrostatically transferred to the trap through rapid
switching of the trap electrodes. The MeVVA has the advan-
tage of being able to inject the material in relatively short
bursts with high timing precision at the beginning of the
plasma cycle. However, it can only inject materials that can
be machined into a cathode and are electrically conductive,
thus limiting the material to metals or metal alloys. The gas
injector uses differential pumping to ballistically inject a col-
limated stream of neutral material into the trap. Once the
neutrals intersect the electron beam, they are ionized and
trapped. The gas injector not only injects elements occurring
naturally as a gas, e.g., Ar, N2, and Xe, but also compound
materials that have a high vapor pressure, such as metallo-
organics, e.g., Fe!CO"5,8,9 and materials whose vapor pres-
sure can be raised by heating, e.g., Ti and K.10,11 The gas
injector greatly increases the range of elements and the

amount of material that can be injected; however, the con-
stant stream of neutrals reduces the average ion charge
present in the trap, and may limit the ability to isolate a
specific charge state. We have also fielded a pulsed gas
injector system to control the amount and timing of the
injected gas. However, this method requires a high gas pres-
sure, so the range of material it can inject is limited.12

The most recent injection system implemented at our
EBIT facility is a laser ablation system. It combines several
of the advantages of the other injection systems. The system
makes it possible to inject neutral material, including radio-
isotopes, with timing precision and in controlled amounts. It
is highly repeatable, requires little maintenance, and has a
rapid turnover rate for changing the target material. Here, we
give an overview of the laser ablation system and compare
its injection performance to the MeVVA.

II. EXPERIMENTAL SETUP

The experimental arrangement is shown in Fig. 1 and
consists of a commercially available Q-switched Nd:YAG
!yttrium aluminum garnet" laser, conditioning optics, target
chamber operated in the 10−7–10−8 torr range, spatial filters,
and the SuperEBIT high-energy electron beam ion trap op-
erated at %10−12 torr. We used a flash lamp pumped
Q-switched Nd:YAG laser/amplifier model NY82-10 manu-
factured by Continuum. Pulse energy was measured to be
1.4 J with a pulse duration of 15.7 ns full width at half maxi-
mum !FWHM" and a 1/e2 beam diameter of 11.6 mm. The
laser output was linearly polarized and highly multimode.
Pulse energy was adjusted using a half wave plate in combi-
nation with a thin film polarizer optimized at a 57° angle of
incidence !AOI" and provided continuous adjustability from
0.11–1.1 J at the target. A dielectric turning mirror reflected
the beam through an antireflection coated optical window
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LBO system on EBIT 



General design properties of the NSTX-U LBO system 

!  Injection material is evaporated from glass slide 

!  Injection amount per shot is variable 

!  10 Hz laser, allowing single and multiple injections Δt ≥ 100 ms 
between injections 

!  Target positioning and laser timing remotely controlled from control 
room 

!  Laser beam totally enclosed (except during initial alignment) 

!  Target chamber is small and can be removed and reinstalled as 
needed 



Laser parameters 

!  Q-switched NdYAG laser Continuum model NY82-10 

!  Infrared beam at 1064 µm 

!  Measured performance (2006): 

•  16 ns pulse duration 

•  12 mm beam diameter (86% of light) 

•  Linearly polarized 

•  1.4 J output energy, continuously adjustable between 0.1–1.1 J 
with a half-wave plate and polarizer 

!  Laser and control optics fit on a 8 ft by 2 ft optics table  



Laser and control optics will be taken from the 
existing EBIT LBO system    

Top view 

Side view 

!  EBIT LBO system has recently been taken out of storage and set up at 
the EBIT lab in Livermore 



Laser control optics 

!  Control optics include: 

•  Variable adjustment of 
laser energy to target 

•  Power meter 

•  Turning mirrors 

!  18 inch high enclosure 
attaches to the frame and 
seals off the laser beam  

!  Enclosure is fully 
interlocked with the laser 
power supply 



Laser power supplies and control 

!  Rack contains all needed 
power supplies and 
controllers 

!  Controller accepts external 
trigger and remote 
programming 

!  Two 25 ft umbilical chords 
connect the rack to the 
laser 



Laser location 

!  PPPL has the 
responsibility to 
locate the laser and 
build the laser room 

!  The laser location 
suggested by PPPL 
is on the mezzanine 
above the south bay 
entrance to NSTX-U 

!  Location is 
acceptable for laser 
operation  
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Laser room - specifications 

!  Room needs to be fully 
enclosed so as to contain 
laser beam when being 
aligned 

!  Door needs to be interlocked 
with laser power supply 

!  Room cooled by air exchange 
with south bay – needs HEPA 
air filter to minimize dust 

!  Power requirements:2 x 4 MO 
boxes with 110 V, 1 x 208V/
20A outlet for laser 

!  LCW for laser cooling 

!  Staircase  

New laser room 



Interlocked door 
to stair case 

Timing 
modules for 
trigger from 
control room 

Laser power 
supplies 

and 
controllers 

2’x8’ laser and optics table 

~12 ft 

~ 6 ft 
Space for person to 

align and service 
laser 

Laser room – possible layout 

Ventilation with 
HEPA filter 

Video 
monitor 

!  Bare minimum size with 8 ft ceiling: 

!  Room needs to be larger, if it is to house additional lasers for other 
projects  



Timing 
modules for 
trigger from 
control room 

Laser power 
supplies 

and 
controllers 

2’x8’ laser and optics table 

Laser power 
interlock 

(key to turn on 
power also 

opens target 
chamber) 

Laser table enclosure 

Entry door 

Laser room – control and utility connections 

Ventilation with 
HEPA filter 

Target chamber 
interlock 

2x triggers from 
control room 

208 V- 20 A 8 x 110 V 

Cooling water 
In Out 

Video 
monitor 

Camera viewing 
target in test cell 

Flash lamp start  

laser fire 

24 V, two-wire cable 



Requirements: 

•  208 volts at 20 amperes 3 phase Y 

•  Cooling water (nominal 70°F) 

•  Cooling water flow rate:  1gpm ≤ flow ≤ 
5gpm 

•  Cooling hose size (1/2”): 2 each 

•  Visual flow meter 

•  Pressure gages on LCW supply and 
return 

•   Water pressure regulator 

Utility connections - details 

Power connector 

LCW connector 



Laser path 

!  The laser should 
ideally be along the 
concrete walls for 
stability 

!  PPPL to install the 
beam duct  

!  Duct can be 4 inch 
diameter ABS pipe 

!  Antireflection optics 
and dielectric mirrors 
will be supplied by 
LLNL  
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Bay J is the location for the LBO target chamber 

Diagnostic systems Bay I port cover weldment (as supplied) 



Bay J is the location for the LBO target chamber 

•  The bolt pattern indicates a switch in flange 
size from 10” to 8” 

•  We designed to 10” flange 



10” flange mated 
directly to NSTX Bay J 
Diagnostic port 

Close-coupled 6” 
gate valve 
(Superfluous since 
gate valve already 
exists?) 

6” Close coupled  
ceramic voltage 
isolator 

Target X-Y (up/down) (left right) 
Stepper motor movements with 
absolute position encoders 

Internal lens for 
focusing onto target 

6” UHV cube 
chamber 

Base for power 
monitor and beam 
enclosure 

Sample vacuum 
door on top or 
side 

Target chamber design 

Lens positioner for 
focusing with 
absolute position 
encoders 

!  Weight of 
target 
chamber is 
less than 
about 50 lbs 

!  Chamber is 
supported 
off port 
flange 

!  No support 
stand is 
needed 

!  Pumping 
provided by 
PPPL 

Lock – requires 
key that turns on 
laser power to 
unlock target 
chamber 



Target chamber controls and utilities 

8 x 110 V 
AC power 

Video monitor 

Camera 

Laser interlock 

Video monitor 

Laser 
room 

Control 
room 

Target positioning 

Spot size control 

Pressure monitor 

LBO control 
interface 
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Laser power 



The parts for the target chamber have largely been 
procured 

Sample chamber 6” cube 

Electrical Isolator 

Port Isolation valve 

Sample access door 

Sample Manipulation 

Pressure Measurement 

Pumping port and valve 

Change 10” to 8” flange? 



Time table and tasks 

!  FDR to be scheduled for March/April 2015 

!  Tasks to be performed by LLNL and PPPL  

!  LLNL tasks and procurements: 
•  Laser and laser optics 
•  Laser safe operating procedure 
•  Procurement of laser beam conduit and optics 
•  Target chamber design and assembly 
•  Programming of stepper motor computer 
•  Operation of LBO system 

!  PPPL tasks and procurements: 
•  Construction of laser room (including utilities and interlock system) 
•  Determine the routing of the laser beam conduit inside the test cell 
•  Installation of laser beam conduit and optics 
•  Install utilities 
•  Lay control and signal cables and provide the interface between 

test cell and outside areas 
•  LBO triggers from control room 



LLNL tasks and procurements - details 

!  Laser 

•  Laser to be tested and operated at LLNL in March–April 2015 

-  Measurements of performance characteristics (power, beam 
diameter, timing, pulse length) 

-  Test single-pulse and multi-pulse operation 

-  Adjust output power with wave plate/polarizers 

•  Laser with optics mounted on table to be shipped to PPPL June 
2015 or when laser room is ready 

•  Laser beam conduit and optics to be procured once PPPL has 
finalized the routing 

•  Laser safe operating procedure (LSOP) provided to PPPL 



LLNL tasks and procurements - details 

!  Target chamber 
•  Design to be completed at the time of the FDR 

•  Chamber will be assembled and vacuum tested within three 
months after completion of FDR (June-July 2015) 

•  Chamber will be shipped to PPPL when PPPL gives go ahead 

!  Stepper motor control 
•  Computer code controlling motor operation for spot size control 

and xy positioning of target will be finalized by September 2015 
!  Operation of LBO system 

•  LLNL is in the process of hiring a post doctoral researcher, who 
will work at PPPL   



LLNL time line summary 

2015:   JAN    FEB    MAR    APR    MAY    JUN    JUL    AUG    SEP   OCT    NOV    DEC              

PD
R

 

FD
R

 

D
elivery of target cham

ber 

Softw
are for stepper m

otor control 

PostD
oc hire 

Laser tests and characterizations 

D
elivery of laser system

 

D
elivery of laser beam

 conduit and optics 

LLNL time line will be adjusted to fit the NTSX-U/PPPL time line  


