
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
NDCX-II, an Induction Linac for HEDP and IFE Research

Permalink
https://escholarship.org/uc/item/0wz2c336

Author
Kwan, J.W.

Publication Date
2011-04-29

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0wz2c336
https://escholarship.org
http://www.cdlib.org/


This work was supported by the Director, Office of Science, Office of Fusion Energy Sciences, of the U.S. 
Department of Energy under Contract No. DE-AC02-05CH11231. 
 
 
 

 

HIFAN 1802 
 

NDCX-II, an Induction Linac for HEDP and IFE Research 
 

by 
 

J.W. Kwan1, D. Arbelaez1, F.M. Bieniosek1, A. Faltens1, A. Friedman2, J. Galvin1, W. 
Greenway1,  E. P. Gilson3, D. P. Grote2, J.Y. Jung1, E.P. Lee1, M. Leitner1, S.M. Lidia1, 

B.G. Logan1, S. M. Lund2, L.L. Reginato1, P.K. Roy1, P.A. Seidl1, W. M. Sharp2, J. 
Takakuwa1, W.L. Waldron1 

 
 
 
 
 
 

from 
Lawrence Berkeley National Laboratory (on behalf of U.S. HIFS-VNL) 

1 Cyclotron Road, Berkeley, CA 94720 
Accelerator Fusion Research Division 

University of California 
Berkeley, California 94720 

and 
Princeton Plasma Physics Laboratory 

and 
Lawrence Livermore National Laboratory 

 
 
 
 
 
 
 
 
 
 
 
 

August 2010 
 

 
 
 



This work was supported by the Director, Office of Science, Office of Fusion Energy Sciences, of the U.S. 
Department of Energy under Contract No. DE-AC02-05CH11231. 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 This document was prepared as an account of work sponsored by the United 
States Government. While this document is believed to contain correct information, 
neither the United States Government nor any agency thereof, nor The Regents of the 
University of California, nor any of their employees, makes any warranty, express or 
implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness 
of any information, apparatus, product, or process disclosed, or represents that its use 
would not infringe privately owned rights. Reference herein to any specific commercial 
product, process, or service by its trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by 
the United States Government or any agency thereof, or The Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or The Regents of 
the University of California. 



GSITemplate2007 

NDCX-II, an Induction Linac for HEDP and IFE Research * 

J.W. Kwan1, D. Arbelaez1, F.M. Bieniosek1, A. Faltens1, A. Friedman2, J. Galvin1, W. Greenway1,   
E. P. Gilson3, D. P. Grote2, J.Y. Jung1, E.P. Lee1, M. Leitner1, S.M. Lidia1, B.G. Logan1, S. M. 

Lund2, L.L. Reginato1, P.K. Roy1, P.A. Seidl1, W. M. Sharp2, J. Takakuwa1, W.L. Waldron1 
1LBNL, Berkeley, CA, U.S.A; 2LLNL, Livermore, CA, U.S.A, 3PPPL, Princeton, NJ, U.S.A.

The Heavy Ion Fusion Science Virtual National La-
boratory in the USA is constructing a new Neutralized 
Drift Compression eXperiment (NDCX-II) at LBNL.  
This facility is being developed for high energy density 
physics and inertial fusion energy research.1,2 The 12 m 
long induction linac in NDCX-II will produce a Li+ beam 
pulse, at energies of 1.2 - 3 MeV, to heat target material 
to the warm dense matter regime (~ 1 eV).  By making 
use of special acceleration voltage waveforms, 2.5T so-
lenoid focusing, and neutralized drift compression, 20 - 
50 nC of beam charge from the ion source will be com-
pressed longitudinally and radially to achieve a sub-
nanosecond pulse length and mm-scale target spot size.   

The original Neutralized Drift Compression Experi-
ment (NDCX-I) has successfully demonstrated simulta-
neous radial and longitudinal compression by imparting a 
velocity ramp to the ion beam, which then drifts in a neu-
tralizing plasma to and through the final focussing so-
lenoid and onto the target.3 At higher kinetic energy and 
current, NDCX-II will offer more than 100 times the peak 
energy fluence on target of NDCX-I.  

NDCX-II makes use of many parts from the decommis-
sioned Advanced Test Accelerator (ATA) at LLNL. It 
includes 27 lattice periods between the injector and the 
neutralized drift compression section (Figure 1).  There 
are 12 energized induction cells, 9 inactive cells which 
provide drift space, and 6 diagnostic cells which provide 
beam diagnostics and pumping.  Custom pulsed power 
systems generate ramped waveforms for the first 7 induc-
tion cells, so as to quickly compress the beam from 600 
ns at the injector down to 70 ns. After this compression, 
the high voltages of the ATA Blumleins are then used to 
rapidly add energy to the beam.  The Blumleins were de-
signed to match the ferrite core volt-seconds with pulses 
up to 250 kV and a fixed FWHM of 70 ns. The machine 
is limited to a pulse repetition rate of once every 20 sec-
onds due to cooling requirements.   

The NDCX-II beam is highly space-charge dominated. 
The 1-D ASP code was used to synthesize high voltage 
waveform for acceleration, while the 3-D Warp particle-
in-cell code was used for detailed design of the lattice.4   

The Li+ ion was chosen because its Bragg Peak energy 
(at ~ 2 MeV) coincides with the NDCX-II beam energy.  
The 130 keV injector will have a 10.9 cm diameter ion 
source.  Testing of small (0.64 cm diameter) lithium 
doped alumino-silicate ion sources has demonstrated the 
current density (~ 1 mA/cm2) used in the design, with 
acceptable lifetime.5 A 7.6 cm diameter source has been 
successfully produced to verify that the coating method 
can be applied to such a large emitting area. The ion 

source will operate at ~ 1275 °C; thus a significant effort 
was made in the design to manage the 4 kW heating 
power and the associated cooling requirements. 

 
Figure 1: NDCX-II CAD Design 

In modifying the ATA induction cells for NDCX-II, the 
low-field DC solenoids were replaced with 2.5 T pulsed 
solenoids.  The beam pipe diameter was decreased in or-
der to reduce the axial extent of the solenoid fringe fields 
and to make room for water cooling. In addition, an outer 
copper cylinder (water-cooled) was used to exclude the 
solenoid magnetic flux from the ferrite cores.   

Precise alignment is essential because the beam has a 
large energy spread due to the rapid pulse compression, 
such that misalignments lead to corkscrew deformation of 
the beam and reduced intensity at focus. A novel pulsed-
wire measurement method is used to align the pulsed so-
lenoid magnets.6 Alignment accuracy has been demon-
strated to within 100 µm of the induction cell axis.  

The neutralized drift compression region after the last 
induction cell is approximately 1.2 m long and includes 
ferroelectric plasma sources (FEPS) fabricated by PPPL 
similar to those successfully operating in NDCX-I.  The 
8-T final focus pulsed solenoid, filtered cathodic arc 
plasma sources (FCAPS), and target chamber from 
NDCX-I are to be relocated to NDCX-II.   

The NDCX-II project started in July 2009 and is ex-
pected to complete in fall of 2011. As future funds be-
come available, additional induction cells and pulsed 
power systems will be added to increase the beam energy. 
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