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Abstract

Hefei Advanced Light Source (HALS) is a diffraction-
limited synchrotron radiation source proposed by the NSRL.
A comprehensive R&D program funded by the local govern-
ment was initiated in the end of 2017. The program focuses
on the key technologies including the injection, magnets,
vacuum, mechanics, RF, etc. The formal construction of
HALS is estimated to begin in 2020.

This paper presents the R&D of the injection system, in-
cluding the fast kicker, nanosecond pulser, NLK (non-linear
kicker) and the septum magnet. Test results of the proto-
type fast kicker, pulsed power and the NLK are given and
discussed.

INTRODUCTION

Hefei Advanced Light Source (HALS) is a newly designed
diffraction-limited synchrotron radiation source with an en-
ergy of 2.4 GeV, a circumference of 672 meters and a natural
emittance of about 23 pm [1]. The latest lattice design of
the storage ring uses 32-7BA structure and employs a full
energy Linac as the injector.

Injection into storage ring is a critical issue for HALS
with such a low emmitance. Because of the small dynamic
aperture of the storage ring, traditional off-axis local bump
method cannot be used. Several new schemes have been
proposed and investigated by some laboratories, including
the on-axis swap-out [2], on-axis longitudinal accumulation
[3] and off-axis single multipole kicker injection [4].

For the HALS, the injection scheme is not finally deter-
mined. Both on-axis injection and off-axis pulsed multipole
kicker injection are considered.

A strip-line kicker with ultra-short pulse driven was de-
signed based on the requirements of on-axis longitudinal
injection with 100 MHz RF acceleration. Prototype kicker
has been assembled and tested.

In the recent research, an off-momentum, off-axis injec-
tion scheme is also proposed and under investigation. In this
scheme two multipole kickers are employed. And kicker
required to have 300 Gauss field strength at 3 mm offset
from the center. The NLK is a good choice for this design.
The Ferrite NLK is our original design and first presented
in IPAC 2017. Based on the initial design, we improve me-
chanical structure, shielding arcs and increase the strength
of the magnetic field.

The R&D also includes the nano-second pulser and sep-
tum magnet. Both of them are under developing.
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This paper presents the test results of the prototype kicker
and the NLK. The design of the ultrafast pulser and septum
magnet are also discussed.

STRIP LINE KICKER

On-axis longitudinal injection requires ultrafast kicker. A
prototype strip-line kicker has been fabricated. The kicker
uses two D type blades of 400 mm long. It works in differen-
tial mode with positive and negative pulses inputting from
the downstream feedthroughs.

The geometry of blades and outer shell of the kicker fol-
lows the APS-U style and were optimized to suit our specifi-
cations. Both cavity body and blades are made of 316L. The
body cavity was firstly divided into two halves along the lon-
gitudinal direction. Then each half is machined separately
and welded together. For each half, the tapered transition
part and uniform part are machined as a whole by CNC.
This is quite different from the other’s method in which the
transition and the main part are machined separately and
then brazed together in a high-vacuum furnace [5].

Figure 1 shows the kicker after assembling. TDR and S-
parameters were measured by a network analyzer as shown
in Figure 2. Detailed design and test results can be found in

[6].

Figure 1: prototype stripline kicker

Figure 2: The kicker is under test
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E NANO-SECOND PULSED POWER For the combination of power, the most challenging tech-
E; T £ the pul hnol ) i nology is the synchronous trigger and low jitter of each
= wo types of t .e pulser technology arc? under considera cell board. We now testing the combination of 4 board and
-% tion. A commercial dual output 20 kV high voltage pulser . 4o promising.

~from FID has been procured. It was used to test the prototype

kicker as shown in Figure 3.
*@\
i

Figure 3: FID dual channel power
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Figure 6: Output of the cell avalanche circuit

resaive e NON LINEAR KICKER DESIGN

——positive pulse with kicker
~—negative pulse with kicker

The Ferrite NLK is our novel design and was first pre-
sented in IPAC 2017. Based on the initial design, we im-
proved mechanical structure, shielding arcs and increase
the field strength in order to have enough deflection. The
cross-section of the NLK is shown in Figure 7. Table 1 lists
the the specifications of the NLK. The description of the
s 4 2 o 2 4 & s principle of the NLK can be found in [7].

Figure 4: Pulser outputs comparison

Figure 4 shows a comparison between direct output of
the pulser and output after the kicker. Voltage amplitude
decreased by 6%.
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Another pulse technology under consideration is
g avalanche circuit which is based on stacking of avalanche
§ transistors like Figure 5. We have developed a cell circuit : i
= which consists of 40 FMMT 415 avalanche transistors two Figure 7: Cross-section of the prototype FNLK
< in parallel and 20 in series. It can output 3 kV/ 60 A with
m a 6 kV power supply as shown in Figure 6. To reach 10 kV
S output about 16 cell boards are needed to combine the power Table 1: Specifications of the FNLK
£ together.

Length 300 mm
Aperture 85%36 mm (H*V)
Inductance 9.8 uH

Gap of shielding bar 12 mm
Peak current at test 1800 A
Pulse width of current 2 us

Max field at flat part 800 Gauss

i

width of 2 ps. Since the kicker is so long, a long sensor

% ’ coil is adopted to measure the magnetic field as shown in

TTL Figure 8. The long sensor has two turns with 0.25 mm width
— and 500 mm length.

(a) cascaded circuit With a 15 kV voltage and a peak current of 1800A, the

The kicker is driven by a pulsed current with a bottom

measured peak value of magnetic field is 800 Gauss. The
measurement result shows that the field pattern obtained in
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Figure 5: Pulser based on avalanche transistors
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Figure 8: Bench measurement of the NLK
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Figure 9: Field profile of the NLK 3]

the experiment is consistent with the simulations. Figure 9
shows the field profile along horizontal direction. The peak
field is about 7 mm away from the magnet centre [8].

The ceramic chamber is still needed in in this design. But
the shielding arcs act well as beam image path. So the the
coating of ceramic pipe may not be needed. But it finally
depends on the result of impedance measurement.

SEPTUM MAGNET DESIGN

For both on-axis or off axis injection, a septum magnet is
still indispensable. The injection of HALS will take place 6]
in the horizontal plane and we design an in-vacuum eddy
current septum to meet the requirement (Figure 10).

The septum composed of two magnets, one thick and one
thin with the specifications in Table 2.

(4]

(5]

7
Table 2: Specifications of the Septum Magnet 7]

Total length 650*2 mm
Magnet technology  Eddy current, in-vacuum
Total deflection 120 mrad @2.4GeV
Aperture 30%12 mm (H*V) (8]
Pulse waveform Half sine wave
Magnetic field 0.8T @ 7.7kA
Stray field 0.1%
CONCLUSION

The R&D of HALS injection are in progress. Prototype
fast kicker and NLK are fabricated and tested. Nano-second
pulser and septum magnet are under development.
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Figure 10: In-vacuum, eddy current septum magnet
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