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Abstract 
Taiwan Photon Source (TPS) is

generation synchrotron light source. 
commissioning is scheduled in 2014. M
application programs based on matla
(MML) developed for operation and co
available around accelerator comm
application programs based on AT and 
matching, beam steering and injection
booster and storage ring are seldom me
we have developed these application 
these application programs, we expect 
commissioning process from LINAC 
because we do not need to swap be
packages anymore. 

INTRODUCTION
The optics at the exit of LINAC usu

We need to measure these parameters 
of commissioning. These parameters w
launching optics of the LTB transfer li
optics matching application program (
the LTB optics. This AP adopts a bui
MATLAB ‘fminsearch’, similar to 
algorithm used in MAD, to find a solu
the optics difference between ca
constraints. Due to unavoidable magn
error in installation, we need an AP to
tune the injection angle and position at 
and BTS transfer lines.  The MATLAB 
‘fminsearch’ is used to find a solution 
trajectory difference between model and

Detailed procedures and mathematic
optics matching and injection condi
described later. The improvement of b
is still in progress.  

OPTICS MATCHING APPL
PROGRAM FOR TRANSFE

The acceptance test of TPS 150 M
been done in 2011 [1, 2]. In which, t
beam line design for the LINAC b
measurement was a temporary design si
LINAC diagnostic sub-branch (LTD) [
two versions of LINAC beam paramet
application programs (APs), using the 
method to calculate the launching op

 ___________________________________________  

*mschiu@nsrrc.org.tw 

ATLAB-BASED APPLICATION PR
CHING, BEAM STEERING, AND I
IONING IN TPS COMMISSIONING

hiu*, F.H. Tseng, H.P. Chang and P.J. Chou 
n Research Center, Hsinchu Science Park, Hsi

s a 3GeV 3rd 
Its first beam 

Many high-level 
ab middle layer 

ommissioning are 
munity. But the 

MML for optics 
n conditioning of 
entioned. Hence, 
programs. With 
to speed up the 
to storage ring, 

etween different 

N 
ally is unknown. 
in the beginning 

will serve as the 
ine, and then use 
AP) to re-match 
ilt-in function of 

the SIMPLEX 
tion to minimize 
alculations and 

net misalignment 
 assist us to fine 
the exits of LTB 
built-in function 
to minimize the 

d measured.  
cal algorithm for 
itioning will be 
eam steering AP 

LICATION 
ER LINES

MeV LINAC had 
the used particle 
beam parameter 
imilar to the TPS 
[3]. We prepared 
ter measurement 
quadrupole scan 

ptics of the LTB 

transfer line, one is the thin-l
the other is thick-lens hardedg
2 were the beam parameter 
MeV LINAC performed in 
calculation results of the beam
the September 2012. All of th
Those data have been used a
in the optics matching of the L
 

Figure 1: The beam size me
after the quadrupole triplet 
magnet were performed fo
functions and emittance of the

Figure 2: The beam size and b
on the screen located at th
behind the bending magn
calculating the energy spread
the 150 MeV LINAC. 

ROGRAMS FOR 
INJECTION 
G 
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lens quadrupole model and 
ge model [4]. Figure 1 and 
measurements of the 150 
2012. Table 1 shows the 
m parameters measured in 

hem meet the specifications. 
s the launching conditions 
LTB transfer line. 

easurements on the screen 
and before the bending 

or calculating the Twiss 
e 150 MeV LINAC. 

 
beam center measurements 
he high dispersion region 
net were performed for 
d and energy variation of 
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Table 1: Beam parameters at the L

Beam 
Parameter 

LINAC 

Specification 

M

(S

βx (m) N/A 3

αx N/A -0

εxn (mm-mrad) 
εxn = βγεx 

0.167 

50 

0

2

βy (m) N/A 4

αy 
N/A 0

εy (mm-mrad) 

εyn = βγεy 
0.167 

50 

0

40

δx  
energy spread 

< 0.5% 

(rms) 

0

(1
ΔE 
energy variation 

<0.25%

pulse-to-pulse 

0

st

 

The optics matching can be done by t
codes such as MAD or WinAgile. W
develop an MATLAB AP based on AT 
AP adopts a built-in function of MATLA
similar to the SIMPLEX algorithm us
find a solution to minimize the foll
function: 

1 (),...,( −⋅≡
j

nCalculatio
jjQnQ TwisswkkF

where ‘Twiss’ means the Twiss param
weighting factor associated with the con
kQn are the strengths of used quad
constraint is inequality, a careful treat
taken. Figure 3 is a demonstration o
matching of the LTB transfer line wi
beam parameters of LINAC . 

Figure 3: The optics matching applicatio
MATLAB has been tested in the optics r
the LTB transfer line. 

LINAC exit  
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1σ) 

.057% 

td (140 pulses) 

the lattice design 
We have tried to 

and MML. This 
AB ‘fminsearch’, 
sed in MAD, to 
lowing objective 

2int )− Constra
jTwiss  

meters, w is the 
nstraints. kQ1, … , 
drupoles. If the 
tment should be 

of the optics re-
th the measured 

 

on program in 
re-matching of 

INJECTION ANGLE
TUNING APPLICAT

FOR TRANSF
This application program 

injection angle and position 
BTS transfer lines. The transf
line from point s0 to s takes th
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where the subscript ‘0’ mean
parameters are at point s0, φΔ
phase advance from point s0 t
BPM due to a corrector is giv

x
′x

= M ⋅
0
θ

 

where θ is the kick angle of c
After little algebraic manipula

x =θ ⋅ ββ0 sin(ϕ −ϕ0 )  

′x =θ ⋅
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β
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The above two equations can 
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where R is the response matr
corrector. 
A model lattice is used to fit t
trajectory. The fitting paramet
conditions x, x’ and energy de
function of MATLAB ‘fminse
solution to minimize the trajec
model and measured trajector

(),,( −≡′
j

Me
j

Model
j xxxxF δ

According to the launching co
fitting, we can get the x and x
matrix. Finally, apply SVD to
matrix R to calculate the desir
fine tune the injection angle a
values.
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ns that the Twiss 
φ  (= φ –φ0) stands for the 

to s. The orbit response at 
en by 

corrector.  
ation, we arrive at 

(ϕ −ϕ0 ))
 

used to fine tune the 
then we have 

− i ))sin( φφα  
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measured
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rix between BPM and 

the measured electron 
ters are the launching 
eviation δ. Here, a built-in 
earch’ is used to find a 
ctory difference between 
ry. 

2
)easured  

onditions obtained from 
x’ at each BPM by transfer 
o decompose the response 
red corrector strengths to 
nd position with the target 
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By SVD, the response matrix R is d
product of three matrixes U, W, and VT

T means transpose. 
Figure 4 and 5 shows the GUI of this AP
procedures are described as the followin

First, users should choose the BPM d
then press the button ‘Get BPM data’.  

Second, click the check box to choose
variables and then press the button ‘Fit B
‘Zoom in’ and ‘Zoom out’ buttons, and 
the bottom of GUI are used to select the
Only those BPM located within the sele
be chosen to fit the trajectory. In this sta
a few seconds to find out the launching 

Third, click the check box to choose c
the target value of injection angle and p
press the button ‘Injection Tuning’. It w
calculate the corrector strength by SVD
injection angle and position. 
 

Figure 4: Injection angle and position tu
program (LTB). 
 

Figure 5: Injection angle and position tu
program (BTS). 
 

The GUI of this application program 
matlab script, instead of GUIDE tool of
it is machine- (or lattice-) independent. 
used uicontrol associated with the magn
It is based on the global variable ‘THER
show the uicontrol. If it finds the field n
of the variable “THERING” is “HCOR”
vertical slider bar (a uicontrol) will be d

decomposed to a 
. The superscript 

P. The operation 
ng.  
data source and 

e fitting 
BPM data’. The 
the slider bar at 

e fitting region. 
ected region will 
age, it will spend 
conditions. 
correctors, input 
osition, and then 

will start to 
 to fine tune the 

 
uning application 

 
uning application 

is developed by 
f matlab. Hence, 
The number of 

nets is dynamic. 
RING” of AT to 
name “FamName” 
” or “VCOR”, a 
displayed above 

or below the associated correc
the slider bar with mouse, the 
displayed immediately.  

BEAM STE
The beam steering AP aim

the electron beam to pass th
first turn. It is still under im
idea of H. Grote [5]. His algor

Refer to Figure 6, use two
the upstream of BPM2 to cor
such that the reading of BPM
The phase advance between 
avoid a multiple of π, so 
between two correctors.  

Here, we can use ‘for loop
lattice by the same token to b
pass through the whole ring. 

 

00

12
1211 +−− MM CCBPMC θθ

00

12
1221 +−− MM CCBPMC θθ

 
where M C1-BPM1 is the transfer
etc. θ2 and θ1 are the kick ang
respectively. 
 

Figure 6: Correction schem
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