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Improvement of the Cryostat System performance of
28 GHz Electron Cyclotron Resonance Ion Source of
the BIBA by a radiation shielding



Status of BIBA (Busan Ion Beam Accelerator)

Future Plan

28 GHz, 10 kW 
Gyrotron

28 GHz Superconducting ECR 
ion source,

LHe re-condensed cryogenic 
system

Mass spectrometer

Extraction : ~ 12 keV/u

Ion implantation/surface 
modification 

Acceleration : ~ 500 keV/u 
(3.5 MeV)

Acceleration : ~ 2.7 MeV/u 
(18 MeV)

Neutron application

Neutron 
Facility

Low Energy Beam Transport 
(LEBT) system

Linear accelerator Ⅰ: 
Radio Frequency 
Quadrupole (RFQ) 

Linear accelerator Ⅱ : Drift 
Tube Linac (DTL) 

Ion beam based analytic 
instruments

Neutron production

p(7Li, n)7Be Inverse 
kinematics

MW 
waveguide

1 2

3
New high-tech research facility.



28GHz ECR ion source of BIBA

The effect of exiting current
: As the current increases, the cooling 
margin unexpectedly decreased.

The effect of X-ray
: Pressure is increased



Upgrade of Cryostat
Adding the one cryocooler Increasing the surface area of

a pin-type heat exchanger
Add one Cryocooler

Spare port
upto 6 Cryo
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X-ray measurement on 28GHz ECR ion source

❖ Specification of the CZT detector

❖ Energy Calibration by check source❖ Setup of CZT detector



• Measured x-ray spectra
with respect to the RF
power.

MW
power

X-ray energy concentrati
on below 600 keV

1 kW 97.5 %

3 kW 96.5 %

5 kW 95.9 %

• Measured x-ray spectra with 
respect to the thickness of  Pb 
sheets

Pb
Sheet

Shielding 
rate(<600 keV)

1 mm 60 %

2 mm 75 %

3 mm 82 %

X-ray shielding on 28GHz ECR ion source



Improving the cooling efficiency
: As the current increases, the
cooling margin was found to
decrease 13 W and then saturated.

Installation of X-ray radiation 
shieling bore
: As the plasma ignition, the pressure 
was not increased.

After modification of the Cryostat System

Heat power and pressure according to excitation of the 
superconducting magnets. 



Conclusion

• For stable operation of the superconducting 28 GHz ECRIS, we
modified some components of the cryostat system.

• The cooling margin was sufficient to permit the magnet and cryostat
system.

• Also, the test results of X-ray emission on cryostat system with
radiation shield performance is satisfied for stable operation..




