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Abstract The Hefei light source (HLS) has been upgra-
ded into HLS II, with increased brightness and stability. In
this paper, the new injection system is described. Elegant
program is used to simulate the particles motion in 6D
phase space. In the process of tracking simulation of
electrons, the system tolerances and magnet errors are
introduced. Influences to the injection efficiency from
beam injection deviation are studied. These provide
important reference for realizing the Top-up injection.

Keywords Injection system - Bump orbit - Injection
simulation - Beam deviation - Injection efficiency

1 Introduction

Hefei light source, of 800 MeV electron beam energy, has
been upgraded into HLS II [1] with increased number of
straight sections (from four to eight) by changing the magnet
focusing structure of the storage ring, of the same circum-
ference as before. The aim is to install more insertion devices
and improve brightness of the light source. The main speci-
fications of HLS II are listed in Table 1. Where, ¢, is the
horizontal emittance, v, /vy is the betatron tune, {,N /N is
the natural chromaticity, « is the momentum compaction, 7 is
the damping time, J is the damping partition number, o is the
energy spread and f,, is the beta-function.
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For future development of the Top-up mode, a major
transformation of the injection system of storage ring was
done. According to characteristics of HLS, the distributed
four-kicker bump orbit scheme was adopted [2-5]. This
scheme can reduce the kicker strength and improve flexi-
bility of adjusting the shape of bump orbit. Figure 1 shows
a layout of the new injection bump orbit system.

Considering beam orbit distortion, beam size and other
factors, the height of orbit bump is 24 mm and the septum
inside is 29 mm from the equilibrium orbit. To have a good
field region, the electron beams are injected at 2 mm away
from the septum outside and 33 mm to equilibrium orbit.
The horizontal aperture of vacuum chamber is 22 % smaller
than that of the HLS before upgrading. This reduces the
demand for magnet aperture. Figure 2 shows the horizontal
phase space of injection system at injection point.

In order to achieve the required height of bump orbit, we
need to calculate the deflection angles of four kickers.
According to the conditional expression of four-kicker
bump orbit [6] with zero angle at injection point:

0, =[b/(BoBy)](cos APgs — cg sin APgp)/ sin APy, (1)
0, =[b/(BoBy)](cos APy — cgsin APq;)/ sin APy,  (2)
03 =[b/(BoBs)](cos AW — cg sin AWu0)/ sin APys,  (3)
04 =[b/(BoPa)](cos AWy — g sin AW30)/sin AWys,  (4)

where o and f§ are the twiss parameters in the horizontal
direction, A¥; is the phase-advance from ¥; to ¥, and b is
height of the bump orbit. Deflection angles (in mrad) of the
four injection kickers (K1-K4) are 6.4825, 3.4583, 3.4583
and 6.4825, respectively, calculated at the design height of
bump orbit with the orbit angle being zero at injection
point. Figure 3 shows the shape of local bump orbit.
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Table 1 Main specifications of

HLS 11 Specifications ~ Values
& (nm rad) 37.14
Vi/Vy 4.445/2.316
ENJEN —7.42/-7.43
o 0.0158
T,/ Ty /75 (mS) 19.5/21.0/10.9
Je/Jy )T 1.076/1/1.924
1) 0.00047
Bryjmax 19.49/14.78
Byjmin 1.81/1.61
Bryjave 6.26/5.82
Nmax 1.22

Fig. 1 (Color online) Layout of the new injection bump orbit system
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Fig. 2 (Color online) The horizontal phase space at the injection
point
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Fig. 3 The shape of local bump orbit
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Table 2 Errors (in 30) of storage ring included in the simulations

Error source Value
Quadrupole alignment Ax/Ay/Az (mm) 0.08/0.08/0.50
Quadrupole rotation A@ (mrad) 0.20
Sextupole alignment Ax/Ay/Az (mm) 0.08/0.08/0.50
Sextupole rotation A® (mrad) 0.20
Kicker alignment Ax/Ay/Az (mm) 0.20/0.20/0.20
Kicker rotation A® (mrad) 0.5
Kicker field time jitter (ns) 2.0
Kicker field amplitude jitter (%) 0.15
2.0 v
1.5 + Cyclel
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Fig. 4 (Color online) Particles tracking for an injected beam in the
horizontal phase space
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Fig. 5 (Color online) The waveform of kicker field and the injection
time point

The septum thickness is 2 mm, due to limitation of the
pulse septum technology. Considering orbit distortion and
size of the injected beam, the ideal launching condition for
an injected beam center in 6D phase space is set to
(x,x',v,¥,s,6) = (33mm,0,0,0,0,0). A multiparticle
beam of Gaussian distribution is used for tracking simu-
lations of injection process [7, 8]. Various system and
project errors are included to obtain realistic simulations of
injection process.
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2 Injection simulation

The simulations using Elegant were carried out [9, 10].
Through analysis of numerical simulation results, perfor-
mance of the new injection system could be determined.
Practically, alignment and rotation errors of the magnets
were considered in the simulation. And, errors of the new

Table 3 Main parameters of the kickers and pulse septum

Parameters Kickers Pulse septum
Maximum injection energy 1 GeV 1 GeV
Maximum deflection angle 8 mrad 105 mrad
Integral field 0.027 Tm 0.35 Tm
Peak field strength 1050 G 8750 G
Yoke physical length 200 mm 400 mm
Aperture size 80 mm x 54 mm 10 mm
Magnetic inductance 0.47 uH 4.2 uH
Excitation current peak 4514 A 5570 A
Half-sine width 1350 ns 60 s
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injection system, such as amplitude jitter, time jitter,
alignment and rotation errors, etc. (Table 2), were con-
sidered, too. For all the errors, a multiparticle beam of
Gaussian distribution is used for tracking simulations of the
injection process. Figure 4 shows the first seven turns of
particles tracking for an injected beam in the horizontal
phase space.

The waveform of kicker field is a half-sine wave and
pulse width is 1.32 ps. The injection time is selected on the
falling edge of half-sine wave at 0.88 us relative to the
initial time. Figure 5 shows the waveform of kicker field
and the injection time point. It is obvious that the bump
orbit shrinks faster. The HLS storage ring is 66.13m in
circumference, with a beam bunch cycling period of
0.22 ps [6, 11]. The orbit bump shall disappear completely
after running 2 cycles. Table 3 lists the main parameters of
the kickers and pulse septum.

The oscillation amplitude [12] in vertical direction is
derived from the vertical injection angle and position
deviation of the injected beam. The rotating angle errors of
kickers and the transverse coupling caused by rotation
errors of other components are also important influence

100 .o e + —t—tgt ]

- (<)) [

o o o

T T T
—
>

1 1 1

Injection efficiency (%)

[
o
T
I

(1] A A . A A —
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
Ax' (mrad)

100 | . v

£ (<)) [e]
o o o
T T T

Injection efficiency (%)

N
o
T

O ) . ) ; :
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0
Ay' (mrad)

Fig. 6 (Color online) The injection efficiency under four types of injection deviation
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factors. Compared with the horizontal oscillation ampli-
tude, the vertical beam emittance caused by these errors is
far less than those caused by the ring vertical aperture.

We used 1000 electrons to represent an injected beam
bunch. From the moment of injection starting, we tracked
the electrons for 1000 cycles and determined the injection
efficiency by observing the number of missing particles.
The initial state of an injected beam depends on parameters
at the end of transfer line. The twiss parameters at the end
of transport line are f,=7.917m, f,=5.718 m,
o, = 0.067, o, = —0.725, & =&, = 25.56 nmrad, and
g, = 0.0048. Errors of the existence of transport line and
injection system cause variations in launching condition of
transverse phase space for an injected beam. We, respec-
tively, scanned the initial value of injected beam on x, X/, y,
and y' directions, and checked the beam capture efficiency.
Figure 6 shows the injection efficiency under the condition
of four types of injection deviation. Deviation ranges of the
injected beam to ideal condition are Ax(mm) = [0.0,4.6],
Ax'(mrad) = [-0.985,0.99], Ay(mm) = [-1.87,2.4], and
Ay'(mrad) = [—1.4,0.4], when the injection efficiency is
above 80 %.

3 Conclusion

The Top-up mode injection of HLS II requires high
injection efficiency and beam stability of the injection
system. Through numerical simulation for the injection
process of the new injection system, we determined the
tolerance of errors. This provides an important reference
for improving the injection efficiency and stability of HLS
II. Later, high injection efficiency can be achieved by
adjusting the parameters of transport line and septum
according to the results. So it can be a steppingstone for the
commissioning and operation of Top-up in the future.
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