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Abstract

At the KEK-PF 2.5 GeV ring, the analog-based LLRF system was replaced by an FPGA-based digital system in 2023.
The new system is composed of digital boards such as eRTM, AMC, and uRTM, based on the MTCA 4 standard. In this
paper, we report on the beam commissioning of the new LLRF system for the user operation, in particular, dealing with
the oscillation in the RF control feedback. After the commissioning, the LLRF system has worked well without any
troubles for a total of 6 months. We also report the stability of the LLRF system during these periods.
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Table 1: The Principal Parameters of the RF System for the
Photon Factory Storage Ring

Parameter Value
Number of cavities 4
Radio frequency 500.1 MHz
Harmonic number 312
Cavity voltage per cavity 0425 MV
Beam current 450 mA
Klystron power per cavity 72 kW
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Figure 1: The block diagram of the RF control in the new
LLRF system [3].
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Figure 2: Time dependence of the cavity-voltage amplitude
waveform. The red line shows the time when the RF output
was turned off by the interlock.
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Figure 3: Maximum beam current achieved without any
feedback oscillations as a function of the IIR-filter cutoff
frequency [3].
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Figure 4: Block diagram of the open loop gain simulation. The effect of the beam loading was not concerned.
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Figure 5: Phase difference between the input and output of
the cavity-pickup feedback controller as a function of the
frequency. A simplified simulation without beam [3].
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Figure 6: The frequency of the feedback oscillation as a
function of the cutoff frequency.
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Figure 7: Measured amplitude variation of the cavity
pickup signal as the function of the feedback parameters
with a beam current of 450 mA [3].
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Figure 8: Measured amplitude variation of the cavity
pickup signal as the function of the feedback parameters
without the beam. Note that the scales in horizontal and

vertical axes are larger as compared to those in Fig. 5.
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Figure 9: The FFT of cavity pickup signal with and without
stored beam.

4. ¥R LLRF SATLOEHEREM

HH LLRF A7 AT — L3044 . 2023 4F 11-12
H.2024 4 2-3 A, 2024 4 5-7 HEREHI 6 r A=
— W —j#HliE R — L R ESA R T HE e BEICE
&z, RETIE 3 OO H, 5-7 AT —
0477 RE #lifl7 +—R /3w 27 & LLRF A7 AH
IROZEENERARIC OV T35,

RF #1174 —F 7O EMIT LLRF T 1 I
EPICS L a—RELCT — AT ENTZZE M7 T v
{5 5% =, Figure 10 (Z2SAE 7 775 BHRIED
RFE A B 273, Al 2SR el S RIS 22 Bh 2~ 3,
IRIEZ B O E RITE A OIRMEZ Ar), R OHRIE
DNINEE Apean ETDE

soigs) = (0

- 1> x 100 (2)
LTz, BOIR kR FO 4 O fhi#IL 4 2H5 RF AT
—1arENENDLERE 7T v G 5 ORI AR %
RLTWS, 72 MB EENN KBTI~ /L TF R FiE
e —R, HB &tEO XM ANAT Yy RiEiRE—F
DXEERT, BT R25 02 %tV —2713E— A0
AFEAIL 7 LR CTRY, AhtSy h—23E e —
LEPES TWOBEN R 2 QB ERDLNS, o AT
Vo RE—RDENR</NT R T E—RLOL 22 EIEN
IpoTWD, ZIUFIANAT VYR E—RTIEEWAUT
Xy I — 20 A [F]E (1.6 MHz)IZ R L 72
BIEAMNZERNICEL D20 THD, EIEOR A
L TUT WM ZEL TZD RMS 28+0.06 %LL T
L7eoTEY, RE HEI7 4 — RSy 7 N2 BB ELfE T
TWAENGI-T-,

mean

MB MB HB
< > —> < >
0.3—|—LLRF1
’ —— LLRF2

Amplitude deviation(%)

-0.2

. Ll [ I A B |
0'30 5 520 25 30 3

EWE RN i

5 40 45 50
time (day)

Figure 10: Amplitude variation of the cavity pickup

signals.
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Figure 11: Variation of the master RF signal amplitude
(top) and variation of the room temperature (bottom).
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Figure 12: Variation of the master RF signal phase (top)
and variation of the room humidity (bottom).
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