
The control system for the SAGA Light Source storage ring power supplies is being upgraded to increase the ramp-up speed and 
allow the stored beam energy to be easily changed. By replacing the CPU module in the PLC used to control the power supplies, the 
ramp-up time was reduced from 4 to 2 minutes in a test bench prepared for the upgraded system. To operate the storage ring at 
an arbitrary energy, the algorithm used in the PLC program was changed. The resolution at which the energy can be changed is 
less than 1 MeV. The upper layer of the control system using National Instrument LabVIEW and ActiveX CA was also reconstructed 
for flexible GUI. Preliminary measurements of the energy dependence of the beam size and lifetime were carried out using the 
updated control system.
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The SAGA Light Source Storage Ring
Layout of the SAGA-LS Unit Cell

Power Supply for the storage ring 

 The energy ramp-up times was reduced from 4 min. to 2 min. by replacing 
PLC (YOKOGAWA F3SP58-6S with F3SP76-7S).
Changing the algorithm and GUI
Operation at arbitrary energy: from 255 MeV to 1.4 GeV
Energy resolution < 1 MeV

Improvements

Lattice design: Double-bend (8-fold symmetry) [1]  

Control Layer of Power Supply
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The ramp-up pattern file of the power supplies is stored in the internal register of one CPU module. 
The PLC outputs 10,000 set points for each main power supply (Bending, Quadrupole) during the 
ramp-up period. The QFW2 and QDW2 are installed for an second super-conducting wiggler [3].

Client: access with PV names to server

Server: PC I/O controller 

PLC: Local control of power supplies.
One CPU module controls all of the 
power supplies for the storage ring. 
Synchronization among the power 
supplies) is less than 1msec by using 
one CPU module, a Ethernet modules, 
I/O modules, optical link bus modules.

Ramp-up pattern of each power supply 

0 1 ··· 9998 9999

BM (A) 82.57 82.74 ··· 539.28 539.34

QF1 (A) 101.46 101.68 ··· 585.35 585.37

QD1 (A) 99.69 99.90 ··· 578.34 578.39

QF2 (A) 75.39 75.55 ··· 441.26 441.35

QFW1 (A) 101.46 101.68 ··· 585.35 585.37

QDW1 (A) 100.41 100.61 ··· 578.34 578.39

QFW2 (A) 101.46 101.68 ··· 585.35 585.37

QDW2 (A) 99.69 99.90 ··· 578.34 578.39

(Original design of the SAGA-LS control system ref. [2])  

Algorithm and GUI
Algorithm for varying the beam energy
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by linear interpolation (LabVIEW) 
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The beam energy    in the storage ring is a 
function of the excitation electric current    
in the bending magnet power supply,

The current of the bending magnet power 
supply is controlled by an integer  
(   = 0, 1, •••, 9999)  indexed by the internal 
register of the PLC.

Define a function         as,

If the target beam energy  is given, 
the integer          is easily obtained 
by solving, 

Interpolate and round off to the nearest 
whole number.

GUI of energy ramp-up client PC  
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Energy-Dependent Measurements
Beam size measurement 
by SR interferometer system [4]

The transverse beam size from injection energy of 
255 to maximum energy1.4 GeV. 

Since the SR interferometer system is optimized to 
measure the beam size at 1.4 GeV, the results of 
over 800 m of horizontal and 1000  m of 
vertical, respectively, are unreliable. 

Beam life-time measurement 

The product of beam current and lifetime is 
shown in the left figure. The growth of life-time at 
the energy near 0.6 GeV may be related to the 
blow-up of vertical beam size (by ion trapping).

The increase of Tauschek lifetime may courses 
the increase of lifetime over the energy of 1 GeV.

The detailed measurements and quantitative 
estimation of energy dependence for beam size 
and lifetime have not been performed yet. 
However, energy-dependent experiment will be 
easily carried out using the updated system. 

Beam Energy (GeV)

Summary
We replaced the CPU module of PLC for improve the ramp-up speed. 

The ramp-up time was reduced from 4 to 2 minutes in a test bench 
prepared for the upgrade system.

The algorithm and GUI of the control system were modified to easily change 
the operation energy of the storage ring.  Resolution < 1 MeV. 

Preliminary beam size and lifetime measurement at several energies was 
carried out. The observed lifetime peak at about 0.6 GeV may be related to 
an increase in the vertical beam size.

We will investigate the energy-dependent ion trapping and Intra-beam 
scattering (IBS)effect at the SAGA-LS storage ring using the updated 
system.
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