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A Study of a TBA Lattice for the Pohang Light Source

Kwanghee Nam and Jinhyuk Choi
Pohang Accelerator Laboratory
Pohang P.0.Box 123, Kyungbuk 790-600
Republic of Korea

A triple bend achromat lattice is chosen for the 2~2.5 GeV
Pohang Light Source.  Flexibility obtained by employing 12
quadrupoles per cell leads to the design of a hybrid type lattice
which has both high and low horizortal betatron values in the
insertion device sections. A conventional 12 period TBA lattice
functions are alse obtained with a different family of quadrupole

strengths.

PLS Magnet Lattice

The Pohang Light Source is a 2 ~ 2.5 GeV synchrotron light
source whose storage ring is made of 6 or 12 superperiod triple
hend achromar magnet lattice. The clremnference is 280.56 m.
the RF frequency is 500.087 MHz, and the corresponding har

monic munber is 468 (= 2% - 3% . 13).

PLS storage ring magnet lattice has 12 quadrupole magnets
per cell. Triplets of quadrupoles in the msertion device (ID) see-
tions are used for ID matching, and triplets of quadrupoles in
the achromat sections are used for the suppression of disper-
sion function and phase advance control. A conventional 12
period magnet lattice function and its propertics ave shown in

appendix.

Compared with other TBA lattices such as LBL, SRRC,

BESSY, the PLS magnet latcice utilizes o lurger momber of

quadrupoles, which makes it possible to produce hybrid type
laztice functions. That is, a combination of 12 quadrupoles
strengths leads to a lattice design with six high and six low

horizoutal betatron 9, ) values at the 1D sviunetry poiuts. The

high 1, location as used for undulators for the homogeneity of

the spectrum, while the low J, locations are used for wigglets
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Figure 1. A hybrid type lattice functions over half cell

for the minimum disturbance to the lattice. Lattice function in
Figure 1 shows such a hybrid type configuration, and its param-

eters are listed in Table 1. The magnet lattice parameters arve

listed in Table 2.

Lattice Type
Nominal Encrgy
Superperiod
Circumference
Mean Radius
Harmonic Number
RF Frequency
Natural Emittance
Natural Chromaticity {(h/v)
Betatron Tunes (h/v)
Beta Functions (h/v)
Maximum
Mininuen
At ID symmetry point (high/low?
Beamn Size an 1D Syin. Pto (high/low)
Horzonial, o,
Vertical (r = 1), o,
Energy Spread. 7p
Maximun Dispersion
Momentum Compaction
Dipole Leneih
Dipole Field
Bending Radins

TBA

225 {GeV)

6

280.56 (m)
44.65 (1)

468

500.082 (AL H 2
13.3 (nne - rad)
-20.94/-18.63
15.28/0.18

18/20.2 i)
0.73/2.6 (m)
15/3.3, 1.3/3.1 (o)

UA3/0.13 G
0.15/0.1d (e
[(3.00068

0.506 (i)
0.001921

T30
1.08/1.32(7T)
G.303 iny)

Table 1.

DMajor storage 1ing peraeters at 2 Gel

Chromaticity Correction

Two pairs of sextupoles (S, SF) = ¢
7

(SDM,SEM) = (~T.08m . 5.7

-G 13 m

- . .
m™ ) are used for chromatieity

450w,

corretion. A plot of tune versus momentuwn is shown in Figure 2,
and a plot of tune versus amplitndes is shown in Figure 3 where
the vertical tune is caleulated when the horizontal amplitude iy
fixed at N, = 30, Figure 4 shows the dynamic aperture without

error at the point of high 7, 1D symmetry point.

For the analysis of multipole error sensitivity, we utiliz the
multipole error listed in Table 3. At this time, we use a field

expansion iike

By(z,¢)=DBpy_ i

I.IJI )
'n, cos{(n 4+ 1) + 6},
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Table 2. Magnet lattice parameters for a hybrid configuration.

Table 3. Input parameters for wultipole error simulations.
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where &, is the multipole amplitude, & is the angle about the Figure 5. Dynamic aperture with all multipole errors listed in
beamn axis, and & is an offset angle axis. which measures the Table 3 for 10 different machines

skew with respect to the normal orientation. Figure 5 shows the

dynamic aperture with all errors in Table 3.



Effects of Insertion Devices

Insertion devices not only break the linear optics of the lat-
tice, but also introduce higher order field components that may
excite non-systematic resonances. In most insertion devices,
closed paths are wiggled in the horizontal direction through the
vertical field variation, so that it results in an vertical focussing.
Hence, only the vertical tune changes with a horizontally wig-
gling inserticn device. For the recovery of the breaks in linear

optics, techniques of a-matching and tune matching are utilized.

It 1s possible to obtain o and tune matching by readjnsting
three insertion quadrupoles Q1, Q2. Q3. Table 5 shows the val
ues of Q1, Q2, Q3 before and after a and tune matching for the
msertion devices listed i Table 4. Figure 6 shows the dynamic
apertures when one wiggler and one undulator in Table 4 ave
inserted, respectively. For the particle tracking, we have used
L. Smith’s approach of RACETRACIK. The number of integre
tlon steps is 10 for the undulator, and 20 for the wiggler. In

both cases particles are tracked for100 turns.

Undulator Wiggler
Field Parameter (K} 2.57 26.15
Period () 5.5 em 14 cm
Number of Periods (N ho 14
Peak Field (By) 05T 2T
Length (L) 275 m 1.96 i
Photor: Encrgy (¢) | 133 KeV | 532KeV

Table 4.

List of insertion device parameters

Undulator Wiggler

Q1, QIM {before/after)
Q2, Q2M
Q3, Q3M

-0.5431/-0.34832
1.3393/ 1.3617
-1.6886/-1.6835

-1.3896/-0.9279
2.0521/ 1.9379
-1.8624/-1.8850

Table 5. Quadrupole strengths before and after o and tune

matching
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Figure 6. Dynamic apertures at high 3, ID symmetry point

with one undulator and one wiggler in Table 4.
Appendix
With a different family of quadrupole strengths, a conven-

tiomal type lattice functions (not a hybrid type) are obtained

as shown in Figure 7. The parameters of this 12 period magnet
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lattice are shown Table 6, and momentum dependent tune shifts

and a dynamic aperture without error are shown in Figures §
and 9, respectively.
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Figure 7. 12 period lattice functions over one cell.
Natural Emittance 11.9 (nm - rad}
Natural Chromaticity (h/v) -24.51/-16.98
Betatron Tunes (h/v) 14.28/8.18
Beta Functions (Li/v)
Maximurm 13.6/20.15 (n)
Minimurm 0.82/2.55 (m)
At ID symmetry point 11/4.61(m)
Beamn Size at ID Sym. Pt. (high/low)
Horizontal, o, 0.36 {rmm)
Vertical (r = 1), 7, 0. 16
Energy Spread, og 0.00068
Maximurn Dispersion 0.48 (m)
Momentum Compaction 0.001791
Table 6. 12 period storage ring parameters at 2 GeV.
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Figure 8. Tune shifts versus momentum of the 12 period lattice.
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Figure 9. Dynamic aperture of the 12 period lattice withou!
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