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Abstract

Different form conventional RF synchrotrons, induction synchrotrons employ induction cells, which are one-to-one
pulse transformers, for beam acceleration. The KEK digital accelerator, a small-scale induction synchrotron, can
accelerate 50 keV/nucleon heavy ion beams injected directly from an electron-cyclotron-resonance (ECR) ion source and
control the longitudinal beam bunch distribution with the pulse acceleration control. Digital signals from an Field-
Programmable Gate Array (FPGA) control the switching timings of the switching power supplies (SPSs) energizing
induction cells, and their signals are 50 msec long with a precision of <~3 ns. Recently, the development of more
sophisticated beam control beyond the capability of the present FPGA control system has been critical to meet the
demands of various beam acceleration schemes. This paper reports a new arbitrary digital pulse control system for

induction synchrotrons with arbitrary pulse generators in detail.

1. [EC®IZ

sy rabas SIFBEFORFY /bR T
i FH S DREFINZRZETR O I ENNE L&
TSR TH D, 2000 22 ORI HERZ S
7o#[1, 2], KEK-12GeV [ 7ubri il VT
BREFEN RS NTZ[3, 4], SHIT 2011 F225H KEK-
500MeV boother 3> 7 vt b B0 L 738\ D I L%
EHNE S 7aha (T U2V KEK-DA)ZIUW
TE— A0 A A B B3 — MR E AL T B L7 L H
IIME D FEAEN /2SN TWVB[5-8], T EIE N 2 &
. ECR(electron-cyclotron-resonance)-{ 4> JR 2025 D A
FE— (50 keV/)Z B 7 I AS LR TELH X
NI oT-, FHEME v 7abar OFHELTIE 1)
A== N F IR (R FERE)[2, 9], 2)A 8N [5]
)RR TTARGIE[10]72E D385,

DXk & T INE T e — 2N R T R 2R
(B CEDB I ENE 2 L N AR A A T2 7
BRI IR SN A5 Th D, 10 Hz IEHRRF 28T
t“»—AjJHiEO)E-ﬁfﬁf%%ﬁﬁzé@é&%\/&1;.77
ns OFFEHEE T 50 msec (ZHO7ZVRAEITINEND
5, BERDINEFET AT LT, Field-Programmable
Gate Array (FPGA)D>HD T VX IE BAZ LD HAEITL T
D03, B — SAE S T K o0 T e — SR AE
A3 E/HE VHDL 708 (=R =T FiEOUED) &
AL mr I ha—ReE#EESRBTLERH-
77

FAEY AT A TIEA— S — N F D L7
JEIREZ FHR T HZ IR TH T2 ITED
Bk & 70— KBRS IS T 5720108 TR LTEK
KEATVRULE R AR E AW LW FEEINE
HIE T RDMR RSN O TARIC TRIET 5,

#yoshimo@post.kek.jp

2. FEMREEDRT L

T E RIS AT 2% Fig. 1 1R, 1% 1 790 A
R AREE TH L ENIE IV ITAAL v TF 7 BIRIC
o TEEhENDN, ZDF —ME BE 7 1/ T LT RER
BB VAR AL LI FPGA ([ZX-> TAERST
é 72120, SN L OBEMER O S A Bk 57

WCHE BT E - AEEERNIBAESEDLMNERDHD,

356 IHRENTVAEY AT LA TILIE - ABEDOIENE
ML L S AN TEDET U R A A
FELTWD,

PEFeDT 2N s TSI TOD IS 7227580
W AT A TIET U E 7B TIERLIE-AEE L
@m?—é EBIR CThHol=, TP M %ﬁfocﬂuLfﬁF%

(ZEIIN 572012, 32— Tl MR A
ﬁ#é/\"JW%‘TE%%ﬁ%Mﬂ7b‘>‘ﬁzbzhﬂ\7‘:[610 A A
T LTIV 25 BE R 09> VI N B F O IR IE %
VBN E GBS T A8 ED ., ma— Il
THILENTED, ZIICEDA— R =R F DL TENNR

MEBTELEEZLINTVD,
l Ramping
T power supply 1

pulse generator
Switching power supply

s

power supply 2

Induction cell

P “Ceramic gap

Magnetic core

Figure 1: New acceleration control system for induction
synchrotrons.
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Figure 2: Pulse-density-control acceleration scheme in the
present KEK-DA operation.
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Figure 3: Amplitude modulation (AM) acceleration
scheme.
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Figure 4: Overview (a) and its enlarged figure (b) of
control signals for beam acceleration (cyan) and
confinement (red) in a pulse-density-control acceleration
scheme.
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Figure 5: Time-turn plot of the control signals for beam confinement (left) and acceleration (right) as shown in Fig. 4.
The horizontal and vertical axes indicate the time count corresponding to the beam revolution period and the turn number

after the injection.
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Figure 6: Timeturn plot of the control signals for beam confinement (left) and acceleration (right) in the amplitude
modulation (AM) acceleration scheme with the same axes as those in Fig. 5.
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