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Abstract

SuperKEKB electron/positron asymmetric collider is under construction in order to elucidate new physics beyond
the standard model of elementary particle physics. However, this will be only possible by a precise measurement with
40-times higher luminosity compared with that of the previous project KEKB. The storage ring and injector linac should
be upgraded to enable a 20-times smaller beam size of 50 nm at the collision point and twice-larger stored beam current
of 3.6-ampere positron and 2.6-ampere electron with a short expected lifetime of 10 minutes. At the same time two light
source rings, PF and PF-AR, should be filled in top-up injection mode. To this end the injector linac should be operated
with precise beam controls. Dual-layer controls with EPICS and MRF event systems are being enhanced to support
beam operation with precise pulse-to-pulse beam modulation (PPM) at 50Hz. A virtual accelerator (VA) concept is being
introduced to enable a single linac behaving as four VAs switched by PPM, where each VA corresponds to one of four
top-up injections into SuperKEKB HER, LER, PF and PF-AR. Each VA should be accompanied with independent beam
orbit and energy feedback loops to maintain the required beam qualities. An independent parameter set for each of PPM
VAs is maintained for operation. The requirements from SuperKEKB HER and LER for beam emittance, energy-spread,
and charge are especially challenging. Beside above PPM VAs, another kind of virtual accelerators that simulate each
PPM VA on a accelerator design code is under development. The design concepts of two kinds of VAs are described.
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Figure 1: Injector linac layout and beam delivery to several
experimental facilities.



DT A =5 1000 L FHET %, E— LHEEEIG
BENIE — L DOARZEEK S HRHIEZ I N TE D, %K
RNBEGRNTE — D LEL7 4 — BNy 7 B2 )
RS 2058 3% % L b s, ZDREEIZIZE TIAXR
%5 &9, HloREORENEEGSNELE I N5,

2. ERANY ARG

KEKB FHlijic 15 2 #ilfifls 2 7 1%, EPICS (Exper-
imental Physics and Industrial Control System) [@ 73 A
W&o T EomMmRLZER L. 7 SADscript B
ZEDILA7 ) 7S EREREICEAT S 2 L
o TH L WHRBZ2 A IOERR IO X 5 2 & IR
L7z, & 512, EPICS ®Hl#lE R EDEIC A,
“Channel Access Everywhere” & W IHMERIZK D, HrL
WHEEDEA &KL J,

Z Dts, PF CREBIEEDON EDTDIZ vy 77y
TAGHEER OB EDFE D, £/, KEKB IZE W THEf
27 7 72ERDBA G, T - B E S O
BORENDIOIZ, +y 77y T AGHEE RS 1
X9 khot, 22T, "LV ARABMAL ED 50
Hz TE— YD B2 2 WREICT 2 — B = 7 & 4 fi
L7 b, fBiEtE o @ o s R RIS 2 EA L 7,

[FI A #EIBERE |2 FPGA (Field Programmable Gate Ar-
ray) & SFP (Small Form-factor Pluggable) % F\> 7z [B]j#%
. HIHAGER R Y bV — 7 LIS DT 7 AN
T, AV —EICEE L b T, @EA XV Mg
VAT LEMATHS @O f Ry PR =S
(EVG) 1Z—AKD7 7 A N ND FIcHAEY 4 27 114.24
MHz D71y 7, % LT 2.28 Gbps D[R F—% %%
FMLTHE L ZENTE, 7777 b &l L CHE
INTEFEDA R b« LY—=N(EVR) IZ7 0y 7%
AL, ARy FAMZHELT 2 LIk, 7T—57 bR(F
¥ %, KEKB DO#fEkRF 1% Fig. B @ X 9 1< 1 km OHEIPHD
19 DAT— arzfit, #1150 OEpEFE S5 X —
%% 20 ms DAICYI D & 2 72, Edict] & 2 23l hg
Lol XA =FL, BTHD O DEFE— LA,
<A 7 uEFEERED On/Off EfHE Y A S 7,
VAR D On/Off &8 A4 2 v 7 EREGREE, % L T,
E—uWllERDY A S v roilnETchs, 2DH
LA IV TIZODVTURBIESE D N F X —F 1Tt - T
10 ps FREDEEOE SO 127w, 7Hu /G5
DWTIE, VME NAFEHTDAC €Y 2 — L& HIg L

7- @1
Gential——————— Event Generato&
S

Injection |

e-BT(PF: 2.5GeV, 0.1nC)

sBC| SBt $B_2| g™ &' BT (KEKB: 3.5GeV, 2nC)

Cont-1 Cont-2| Cont-5 |

Cont-3 Cont-4
Event Receivers

e BT (KEKB: 8GeV, 2nC,
PFAR: 3.0GeV, 0.1nC)

Figure 2: Overall configuration of the event-based control
system, that included 19 event stations to cover the 1-km
facility in KEKB, and will be extended.
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Figure 3: Dual-tier controls with EPICS channel access
at the top, and fast and robust control with synchronized
event-based system at the bottom.
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tual accelerators, being managed by an event-based control
system.
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Figure 5: Each of multiple virtual accelerators may be man-
aged by several stabilization feedback loops.
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