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Abstract

J-PARC Main Ring (MR) is a high intensity proton synchrotron which accelerates protons from 3 GeV to 30 GeV.
It have operated at a beam intensity of 400 kW and an upgrade toward the megawatt rating is scheduled. For higher
beam intensity, some of the accelerator components require more intelligent and complicated functions. Although there
are diverse accelerator components, some functions are common. To utilize such common functions, we developed
multi-purpose digital boards using a System-on-Chip (SoC) FPGA. In the SoC FPGA, a processor, memory controllers,
peripherals and FPGA are integrated in a single IC chip. Using the SoC FPGA, the FPGA block can be used for functions
specific to the accelerator components while an operating system can be executed in the processor for communication
from the components to a network. In this paper, we describe the details of our developed boards as well as two actual

applications for J-PARC MR.
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Figure 1: Concetual block diagram of the developed board.
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Figﬁre 2: Picture of the develoi)ed board.
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(a) The reference current of the power supply for bend-
ing magnets in J-PARC MR.
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(b) The correction values of the power supply to elim-
inate the tracking error of the current to its reference.

Figure 3: The time-dependent values used for the power
supply in J-PARC MR.
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(b) The FFT amplitude of Fig. 5a.
Figure 5: The signals of one of the BPMs.
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Figure 6: The first, third and fifth plots shows measured
betatron amplitude functions of J-PARC MR. The second,
forth and sixth plots describe the fractional deviation of
the measurement values from the simulation model. The
circles correspond to horizontal betatron function and the
triangles corresponds to those of horizontal.
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Figure 4: Experimental setup for the betatron amplitude function measurement in J-PARC MR.
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Figure 7: The first, third and fifth plots shows measured
betatron amplitude functions of J-PARC MR after beam
optics correction. The second, forth and sixth plots de-
scribe the fractional deviation of the measurement values
from the simulation model. The circles correspond to hor-
izontal betatron function and the triangles corresponds to
those of horizontal.

4. TV — 3 f2-ERBIESERR
~— K-
4.1 EKk
23 BETHRA X 512, J-PARC MR T3z 5.2
RS EPHIE R ZRHE(T 27—z Lisidh

RS RWEERE WA, LAl DEPEKTE
LEMPFEL 0T, ZTDD, HRO T 722

Yavvzxlb— ﬂfﬂ“ﬁﬂﬂ?éﬁ‘ BIRA =T =05
T— TR - RFEEDTFR LTV, LrLR

Mo, QED 77 7Y a vy i — RO
BREDIIHIEFKOBEEPEIIZRALD D, BED
%ﬁx—ﬁ—%®%éd%ﬁatéh’*%&&wﬁ
WHTHZ L VWHRELNENTNEET S, AR—

F—7 A SO h (7Fa s ?yﬂ»ﬁﬁ)
%gﬁt bf%{iﬁﬁ?é K’S: n‘f‘EXIS%b)‘O/L,\yE W
THFE Lz, ZOR— NXERESET — 7 ViEHE
SUHRNF—-—RFREUTSEEEA VAN —LFEDA
Bt 7% LB (6] ITHBH I N, X SITSEENS TR
EEPHBINZH EEBEROEBRICEERTETH 5,

42 77— 7B LY 7 bz TREEE MERE

Figure 8 1387 £ B A IR BIRIE2E T — 7 V&N
BLOHIR=RE UTAR=-RBFHINZ L ED
T77—L7zT7BIOV T Tk ER LU, 2
DR T, BT EEMABFRICEBHEINT VS A —
H—8R—- NOBEETH 5T VR IVIED T — T IVIEHN
BIOHMZIMAT, BFEY AT L0 5FEER, BE.
B2 P L PWM B4 ER EDE = X HR%Z
FYURIMVETHEE, i L OBy AT AAGEET
LHRERBINUT-, ZNEERT B2, 2—H—X
FY & T — XIEZIEERIZ 32bit 7 — R EL 2048 43 D FIFO
Ny 77, BT —XEY 2 0S HAEY D
IZ DMA(Direct Memory Access) I > b1 —F % i&iT 7z,
FEROESMEHIEH L — NI 100 kHz TH 5 7=
&, FIFO A€V WN422725 £ TOH 20 ms DREIZE=
RWET — X% OS FIAEVIZ DMA #5% 95 Z & T,
OS Foa3Iaz=r—varvY—N"THRWATREE 25
£ 512 U7, BETH 10 kSPs 32bit DE =X T — X D3

-95-



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 TUOLO3

Altera Cyclone V Soc (System-on-a-Chip)

SD or Flash
FPGA and MCU
Configuration

Trigger ) FPGA BLOCK (Programmable logic)

Clock —> DDR3 (Memory for
Data ¢ Dual Clock Memory i Reference Pattern)

Power Supply Sender 110 Controller :

Controller Data  _; Dual Clock <> Reference Current
Receiver ” FIFO DMA :

Controller

Monitor Values

Memory DDR3 (0S
CPU <—> Controller Memoery)
Embedded Linux Erthernet
slow control server Controller(g_) Enet Phys
Parameters
R/W with Enet

Figure 8: The firmware and software configuration by which the reference current values are stored and transfered to

their power supplies.
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