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The electron beam ion Source (EBIS)-based heavy ion 
preinjector (RHIC-EBIS) served for RHIC and NASA 
Space Radiation Laboratory (NSRL) at Brookhaven 
National Laboratory (BNL)1). The NSRL is a facility that 
simulates the effect of galactic cosmic radiation (GCR), 
which consists of highly energetic heavy ions of various 
kinds in space. The RHIC-EBIS is required to provide fast 
switching between heavy-ion species for this purpose. A 
new laser ion source (LIS), named “LION,” is funded by 
NASA to expanding the range of ion species available for 
fast switching. Fast switching can be accomplished by 
switching the laser-irradiation position on different target 
materials2,3). 

LION consists of a high-power pulsed laser, a target 
chamber, a 3-m-long plasma drift region with a solenoid 
magnet, and an extraction chamber. The ion extraction 
voltage may be up to 40 kV. The laser is equipped with two 
identical Q-switched Nd:YAG laser oscillators (850 mJ/6 ns 
at FWHM, 1062 nm wavelength ). A built-in laser combiner 
merges the two laser beams into one laser path to aim at the 
same position. The laser is focused on a solid state target 
plate. The laser spot on the target is 5 mm in diameter. 
Different laser energies in the range 500 ~ 700 mJ is used 
depending on the species to achieve singly charged ions. In 
a target chamber, several targets are held on a tungsten 
target holder, as shown in Fig.1, which is mounted on an 
x-y linear stage. The stage allows the laser to irradiate 
different positions on different target materials. The 
solenoid magnet is used to reduce the diverging angle of the 
expanding plasma. The typical magnetic field to be used is 
only several Gauss. With this drift length, an ion beam with 
a pulse width of a few hundred microseconds is achieved.  

The commissioning of the beam was started on March 7, 
2014 with an Fe target. LION was isolated from the EBIS 
beam line to prevent RHIC gold run as a precaution. The 
platform voltage was set to 12 kV for the first beam test. 
The Fe beam extracted from the LION was very close to 
what we expected. No breakdown caused by the generated 
plasma was observed.  

From March 14, the operation mode of EBIS was 
adjusted for LION. The transport line and the EBIS 
injection timing were investigated to capture ions. The first 
beam extracted from the EBIS was observed on March 16.  

On March 26, the first beam at the NSRL target room 
was observed with a Ta beam. The beam intensity was 
sufficiently high for an NSRL run. Hence, we decided to 
use the LION for an NSRL run.  
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Fig. 1 Target holder with Au, C, Fe, and Ta targets from left 

to right. Aluminium plates are used to hold the Au target. 
 

The user operation with LION was started from March 27, 
and it was very successful. Since then, LION has provided 
most of beams for NSRL. This is beyond our initial plan to 
use the LIS for several days for commissioning. After all, C, 
Si, Ti, Fe, Ta, and Au beams are provided for NSRL user 
runs.  

As predicted, lighter species show less tolerance of the 
number of shots on a single spot to maintain long-term 
stability. The target scan step of 0.1 mm / 80 s was used for 
C while 0.1 mm / 540 s was used for Fe. These numbers are 
conservative and should be investigated further for efficient 
use of target materials. 

The EBIS injection efficiency and the EBIS setting had 
been improved continuously. Since June 3, LION with a 
platform voltage of 18 kV started to provide Au beams for 
RHIC instead of providing beams for NSRL. Until the end 
of the run, LIS has been working continuously. The target 
scan step for the Au target was set at 0.5 mm / 20 s. The 
target was 1-mm thick with 25 mm x 25 mm area, and the 
target consumed approximately 50% of its life.  

LION was used to provide C, Si, Ti, Fe, Ta, and Au 
beams for NSRL and RHIC user operation. This is the first 
LIS for low-charge-state ion production to be combined 
with an EBIS-type heavy-ion source for long term user 
operation. 
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1. Operation condition 
In the fiscal year 2014, the Nishina and RIBF water-cooling 
installation was operated for one hundred and fifty days and 
five months, respectively. These operation periods 
correspond to the scheduled beam service time of RIBF, 
which is five months. In addition, Nishina’s cooling 
installation was used not only for the full RIBF operation 
but also for the AVF standalone operation, RILAC + RRC 
operations, RILAC2+ RRC operations, and AVF + RRC 
operations. During FY2014, there were no severe problems 
that caused beam service interruption for the Nishina and 
RIBF cooling water system. However, mind problems were 
often encountered, these are reported here. 
 
2. Trouble report 
Water leakage in the cooling system was a problem, 
particularly water leakage from a connection part of the 
flange portion and coupler in the cooling laying of the pipes. 
Another problem is the deterioration due to aging of the 
slack and the flange packing of the bolt by the vibration of 
the coolant pump, electrolytic corrosion, corrosion of the 
cooling plumbing is important. However, with the cooling 
facilities at the Nishina center, a water leakage sensor is 
attached to the outside of the accelerator and a beam line, 
the point of the cooling plumbing and, regardless of the 
whole stop, a member of driving of the accelerator 
discovers it easily while driving and comes to be able to 
cope. Other problems, include issues with the inverter, 
pressure gauge, and flowmeter, as well as problems with the 
packing of the coolant pump and damage of the mechanical 
seal; control is the main problem that occurred in 2014. In 
some cases, damage to the motor of the cooling tower fan 
occurred at snowy weight by the snow. Other factors 
affecting cooling facilities other than the above-mentioned 
problems include a affected by cooling facilities than a stop 
of steam and the cold water supplied from rolling blackouts 
and the cogeneration in the place. SRC and the Big RIPS 
He-refrigerator do not become if they do not always cool 
off, and it is necessary for pro-backup, to change the power 
supply and coolant beforehand to prevent one from being 
affected by a blackout and suspension of the water supply, 
which 2-3 times occurs in a year.  
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3. New establishment, improvement 
Even during periodical maintenance, etc. when the 
accelerator is stopped, the RIBF cooling facilities have 
various new establishments and show, improved 
construction. It is built the cooling facilities for return beam 
lines as a representative thing by new construction 
sequentially from the year before last; As an example of the 
improved construction, I improved the cooling plumbing for 
the ability for cooling reinforcement pro-IRC and SRC exc. 
cooling and cooling reinforcement of SRC-MDC1 
sequentially from last year. 
 
4. Summary 
I intend to minimize the problems associated with cooling 
facilities in future, while aiming for stable cooling facilities 
without problems, and suggesting the enforcement of 
effective maintenance, and undertaking premeditated 
deterioration measures. 
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