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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.
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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.

— 07 MR D RN 2388 T D72 D (DL B IR A TR E N
VARG IZIEFED SV AR LD GRS DI ENTEHMNR

AEEORBITE DT HERNHD, ZHUTLIE
KRR B EIZ LD A— 2 S— X F NI A e Th D
LEZ BND, A== N F I ST RO ST A
\ZBIT DL BRI ROEFN T HI-DIZLEV v
Fb—u, B0 DA % —FEITINETEHZL
THD, ZONMEZ 5 L 7 I 5 B R A3 AR 7 KT
HHMR, FIITITITED FPGA ZHE#H LI KEEATY
AUT BRI R AR OB G2 R 72 huE e bie o7z,

4. MNEFEES

Bl OLE W R AERROMRER EIXE L KEE
AEV(1Gpoint/ch)D#TE% 1Gbps THI IR FIREZRET
IIRIRFES D LTI o TET, 3 BETatS L2 hniE
FHRERITD720I2FEAA T 7 EJR (Switching
Power Supply, SPS)?> MOS-FET %7 —Mg 5 &4 k4
HZENRAIR ThHD, 4 H, Lecroy 84 16bit {TE
TEFE %% T3AWG3352(sample rate: 1.2GS/s, memory:
1Gpoint/ch) & FHL T, I 1 5 D A plc a3l A7z,
ZDOET AT Tar ELTELIZ 8channel @ 1-bit {7
FHRIFIZHEAESTEDHIENTED, T VXVIEHZRD
Yty BRSO 43 FIREIZEL ns LL T C 50 msec
IN—=2AR XV A% 10Hz SAERR) 7 CTHREN S E 5 B3 &
Do
FE—LFHLIAD I A OHIEE 5 D701 2-
bit(1V: IEFHEEE on, -2 V: AFFEEIE on, 2 V: off)
® 50 msec /N—ANEIEEIEAIHETZ, SPS D — MMl
MEFHIZiT=as S —22 W TAER LT 1hit{5 5%
T 22 ELTND,

FTUERD IV AE BT DO NEHD T I ZFAES
W7 HIE1E 5% Fig. 4(a)l2~d, BACAD HHIEIE =
(IR TIERECTHAEL TWDBOIZXF LT, I A HEE
FIEHE RAZHEAEL TWDLIER DD, RN B

e fET IR OIS B E S8 AR 8 BE ME 72 o T

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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