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Abstract

In SACLA, electron beams with a repetition rate of 60 pps are distributed to two XFEL beamlines and a beam transport
line to the SPring-8 storage ring shot-by-shot. In order to optimize the beam optics of individual beamline, we developed
a magnet system which allows rapid alteration of excitation currents of a quadrupole magnet. The system comprises a
laminated silicon steel plate magnet, a digitally controlled bipolar power supply and a trigger/communication system. The
system changes the excitation current within 15 ms with a high level of accuracy, namely less than 100 ppm. The
maximum range of the current variation is +100 % depending on the type of a magnet and power supply. This system
has been in operation since autumn 2023, allowing the XFEL parameters to be adjusted quickly and easily for each

beamline.
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Figure 1: Schematic layout of the configuration of SACLA and required specifications of quadrupole magnets of the fast

current change system.
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Table 1: Specifications of Pattern PSs, B&p and U5p[2]

Bipolar PS (B8p) Unipolar PS (U5p)

Current - 20A~+20A 0A ~ +20A
Voltage - 70V~+70V 0V ~+16V
Output Channel Ich Ich

Stability <200 ppm (pk-pk) <200 ppm (pk-pk)
Switching Freq. 50 kHz (Dropper)
Input Power 30 AC200V 3P AC200V
Feedback Control ~ Digital Control Analog Circuit
System (FPGA:Zyng-7020)

Size W482mm x D600mm W482mm x D590mm

x H221mm x H221mm
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Figure 2: Configuration of the fast current change system.
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Figure 3: Time chart of the fast current change system.
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Figure 4: Measured feedback loop gain of the pattern PS
for Q Type-B with 20 A output current.

4. HNHAER

Figure 5 |ZHEIRA & B A 1T L . XF— H)S
B-FFO AR A OB BRI E Y T
T ORI Z R T, #lEST A— & — (XA
{ELCW5, BRI IL, 485 DCCT Z AL Tl
FELTWS, EHW, ZOE=FEFICEEES 78y
776 HNWTH T vy MmN T, 7Ty My i A A
VRAI—F TR THIET, B ELEE% 10 ppm LL
TOREE CHIE LT,

INGDORERENS, BWETEIZINI TND
12~13 ms BIZIZ5E TLTWBIEN DD, T, B

LEEL  NIANGH 15 ms O —AFZAIL 728
HEMEB TERLIZGA ., S EMADEBRL EE
I% 20~100 ppm(pk-pk) & #F fili T & . 2 K L £k D
200 ppm(pk-pk) LA F &4 7L QD2 &R LT, 7233

- 710 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

WA Type-B TlL, DA IZHARTTZ Ty Ny 7 ERD
EMAEEN KESRZDD, ZHUTAR DA H I8
ANINESNTZD A TF L TENWEIZE D 50 kHz DY > 7V
NEEL TWHTZDTHD,

a) Measurement Setup

Additional
Pattern PS pceT
y
B8p Yy
il Oscilloscope
Current Menitor
(204/8V) o 2V/div.
Offset Amp. 10mV/div.
> LPF:10kHz
Gain: x10

b) Q Type-B: -20A< +20A % 50Hz

T
| \-20A Mm

A

Current  +20A7 .___ [ +20A
(5A/div') ;: lBea'm Timing ‘
- .f  Stability:

Enlarged view ] - )
(125ppm/div.) | T ‘: 100ppm(pk pk)

c) Q Type-C: 0A< +20A *¥60Hz

.-‘"I \'\_ ‘ff : ‘\ .-‘;. ‘ll".
rf: ."'\ ,."j Biea m ;‘"‘ "‘,‘ |
\ / . \ /
\ 0A | “'ITlmng / 0A ‘ |
Stability:

~40ppm (pk-pk)
Hori. (10ms/div)

d) Q Type-D: +16A< +20A ¥60Hz

420 t20A  420A ,
ot D
& Stability:
~20ppm(pk-pk)
S

Hori. (10ms/div)

Figure 5: a) Schematic layout of a measurement setup.
Measured waveforms of the current (yellow) and enlarged
views of the flattop (red) for quad. magnet (b) Q_Type-B,
(¢), Q Type-C, and (d) Q Type-D. The stabilities are
estimated by the current fluctuations at the beam timing
indicated by the arrows.
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