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Abstract This paper describes the construction and the commissioning of the new injection bump system

of HLS ring. An emphasis of the discussion is put on various errors of the system and the method of

evaluation and reduction. After some improvements and fine adjustment, an average injection rate of 2—

6mA /s was obtained in the daily operation and a maximum accumulated current of 400mA achieved. The

injection system has run for almost two years and played an important role in the operation of the light

source.
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1 Introduction

HLS is a second-generation, dedicated syn-
chrotron radiation source. It consists of three major
facilities which are the 200MeV Linac, the transport
line and the 800MeV storage ring. In order to en-
hance the stability of the light source and build more
beam lines to make full use of the synchrotron radia-
tion, an upgrade project of the machine was initiated
in 1998. Among many upgrades of sub-systems, the

new injection bump system[l’ 2

is a very important
one. The old injection system employed three air-core
magnets. The formation of bump orbit for injection
depends largely on the parameters of lattice config-
uration. The correct bump orbit can not be formed
in some designed lattice modes. The kicker magnets
also occupied the locations, which were originally in-
tended for installing two sextuple magnets. The air-
core magnets were housed in stainless steel vacuum
chambers and they make a considerable contribution
to the impedance of the storage ring. In the new in-

jection system, four window-frame ferrite kickers were

used and mounted in one straight section of the stor-
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age ring. The formation of bump orbit is independent
of the lattice parameters. All the kicker magnets have
the same deflection angles. The adjustment of param-
eters is simplified. Ceramic chambers with inner sur-
face coating were developed and installed inside the
ferrite yokes. Kicker and septum modulators were
also rebuilt in which more advanced technology was
employed[g] .

The commissioning of the injection bump can be
divided by two phases. The first phase is in Sep.
2002. The accumulated current cannot surpass 20—
30mA even with a subsidiary DC bump orbit, which
is caused by the unsatisfactory coating of the ceramic
chambers. After the improvement and reinstallation
of the ceramic chambers, the second phase commis-
sioning began in Feb. 2003 and the beam was success-
fully accumulated to more than 350mA and reached
the design goal. Up to now, the system has run for
almost two years. The ceramic chambers and their
inner surface coating are reliable with no indication
of deterioration. The kicker modulators run stably

and need little maintenance.
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2 Injection system and error analysis

2.1 The new injection bump system

Electron beam is transported through the transfer
line to the storage ring with a —6° horizontal angle.
The septum magnet deflects the beam by a +6° an-
gle and makes the injected beam to be parallel to the
stored beam. The four kickers bump the stored beam
orbit horizontally by a maximum offset of 32mm and
move the orbit close to the septum strip and bring
the injected beam within the storage ring aperture as
shown in Fig. 1. The accumulated beams are then be
ramped to 800MeV.
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Fig. 1.
Units are in millimeters.

New injection bump orbit.

Table 1. Major parameters of the new injection
system.
injection energy 200MeV
number of kickers 4
deflecting angle 52mrad
peak magnetic field 1250 Gauss

peak pulse current

3250A per magnet

length width
286mmx 140mm K1 and K2
286mmx 180mm K3 and K4
distance from K1 to K4 2.5m

maximum bump offset

physical dimensions of

kicker magnets

32mm
magnetic field waveform damping sine wave with a
bottom width of 3.5us

repetition rate 0.5Hz

Considering that the repetition rate is very low
which is limited by the damping time and that the
life time is very short, which is caused by Touschek
effect corresponding to the injected electron beam of
200MeV, a multi-turn injection scheme was adopted
in order to increase the accumulation rate. The anal-

ysis of multi-turn injection was presented in paperm.
2.2 Scheme of power supplies connection

In the new design, K1 and K2 magnets are identi-

cal and are powered in parallel by one modulator. K3

and K4 magnets, which are also identical but have
different dimensions from K1 and K2, are powered
by another modulator. The modulator employs a
lumped RLC discharge topology and only one thyra-
tron switch. The amplitude of pulsed current deliv-
ered to each magnet can be adjusted as illustrated
in Fig. 2. The timing between two kickers cannot
be adjusted but there is no time jitter between two

adjacent kickers in such a scheme.

K1 magnet

K2 magnet K3 magnet

K4 magnet

inductance]

modulator modulator

The kicker modulators connection.

Fig. 2.
2.3 Error sources and analysis

In ideal condition, the deflection angles of the four

kicker magnets satisfy:
0, =—0,=—0; =0, (1)

and they generate a perfect bump orbit. There is no
orbit distortion outside the bump. But in real situa-
tion, beams see different deflection angles because of
the variuos errors. They can be categorized as fol-
lows:

1) Balance of current feeding to a pair of kickers
which are connected in parallel.

2) Inhomogeneity of the longitudinal integrated
B-field.

3) Deformation and time error of the pulsed
B-field which is caused by the inner surface coating
of ceramic chambers.

4) Installation and alignment error, etc.

Errors also can be divided into two types accord-
ing to their effects, which are the deflection error and
the displacement error. In Fig. 3, beam has an angu-
lar error Az’ after leaving the injection bump. This
is caused by the non-zero value of integration field of
all the four kickers along z direction.

c J' B,(z)dz#0. (2)

YMoC Jo

Ax' =

0;
Ax'

=
K3 K4Y 6,
Deflection error.

K1 K2
Fig. 3.
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In Fig. 4 beam has a displacement Ax after leav-
ing injection bump, which is caused by the non-zero
value of the second integration of the field as shown
in Fig. 4. That is:

Ax =

c JLJ:By(u)dudz;Ao. (3)
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Fig. 4. Displacement error.

In real situation both errors exist. However, the
deflection error is much more serious than the dis-
placement error. Therefore, much attention should
be paid to this kind of errors. In the new design, the
most important thing is to make a pair of kickers,
for example K1 and K2, as identical as possible in
order to reduce the deflection error. From this point
of view, it is a good choice to use only one modu-
lator for a pair of kickers. Assuming there was no
error between a pair of kickers K1 and K2 or K3 and
K4, the error between two pairs of magnets (K1-K2
and K3-K4) has only displacement effect and small

influence.
2.4 Summary of major error tolerances

Through the simulation study, the error tolerances
can be obtained and summarized as follows! ]

— The average time difference seen by the elec-
tron beam passing through a pair of kicker magnets
(e.g. K1 and K2) must be less than +5ns;

—Homogeneity of the longitudinal integrated
peak field at different horizontal offset in a magnet

must be less than 0.5%.

3 Commissioning and improvement

From above analysis, we know that the error toler-
ance is very tight especially between a pair of kickers.
In order to reduce errors and increase the injection
rate the following measures were taken during the

commissioning stage.
3.1 Adjustment of the balance of current

Firstly, we adjust the balance of the currents feed-

ing to a pair of kicker magnets. A turn-by-turn BPM

was used to evaluate the orbit distortion. When the
balance is not good enough, the transient orbit dis-
tortion can be clearly detected from the turn-by-turn
BPM which is located near Quadrople Q7 as seen
from Fig. 5.
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Fig. 6.
Upper: x direction; lower: y direction.

BPM signal when the balance is good.
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Fig. 7. Transient orbit distortion of the stored
beam at Q7.
(At Q7, the horizontal B-function has a max-
imum value. The data were obtained from
the tracking study in which the code Dimad
was employed. The input conditions are; (a)

K3<K4, 10% (b) K3>K4, 10%, (c)K3=K4).
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When a better balance is reached, the oscillation
signal is like Fig. 6. An over adjustment produces an
opposite distortion in x direction. The correctness of
the method can be confirmed by the simulation study

which is shown in Fig. 7.
3.2 Improvement of coating[5]

The coating film of the ceramic chamber induces
an eddy current effect and generates a time error.
The first ceramic chamber coated by the method of
Fix-Quantity Deposition is not satisfactory. The rise
time difference between a pair of kickers is as high as
100ns. It was the major error source. We develop a
two-coil pulsed magnetic field measurement system to
examine the defective pipes. After improvement the
error is reduced to only +4ns. The injection rate was
improved greatly and the problem was solved success-
fully.

3.3 DC auxiliary bump

DC auxiliary bump is proved to be an effective
method to reduce errors of the pulsed filed. In GPLS

mode a DC bump can be generated by four corrector
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