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Abstract

SuperKEKB e*/e" linac is required to obtain the high charge and low emittance beams corresponding to the short beam

life and small injection acceptance of the SuperKEKB ring. The required beam parameters are 5 nC, 20 mm mrad and 4
nC, 20 mm mrad for the electron and positron respectively. Moreover, the small energy spread of around 0.1 % is also
required in the condition of higher bunch charge for the synchrotron injection to the HER of the SuperKEKB. In order to
achieve both low emittance and small energy spread, we considered a new method that the emittance growth is suppressed
using shorter bunch and the enlarged energy spread is compensated by beam acceleration and deceleration using high
gradient slope induced in dielectric wakefield accelerator structure. In this paper, we report simulation studies of
compensation for the enlarged energy spread by dielectric wakefield acceleration for SuperKEKB injector.
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Figure 1: Layout of injector linac at KEK.

Table 1: Required Beam Parameters for SuperKEKBJ[5]

KEKB (e"/¢) SuperKEKB (e*/ ¢)

Beam energy [GeV] 3.5/8.0 4.0/7.0
Bunch charge [nC] 1.0/1.0 4.0/5.0
Norm. Emittance 2100/300 20/20
(lo) [mm-mrad]

Energy spread [%] 0.1 0.1
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Figure 2: Energy spread at the end of 5-sector as a function
of a bunch length.

LirL, BT ORISR 2 I LT Off-
Crest CE—AZMETAHZ LT, =RV F—H %
KIEIZHZ D Z ENTED, 7272 L. RFOAAHEM
T2 EIIMEEEOKRTIZORN D720, IlEE
JEO~—Y U NENTETHFETLH2OMNIEL>TED
FRENMEZET DN TEL200NRED, RIZ
/\/?E’i’ 4ps & Lﬁ}ﬁu 01 %LLF O R LF—

SEAEERT 5 7-H121%. RE ONFEEK 35 B4
Téﬁ%ﬂ%éo_ﬂi\mﬁixw% —Dv—
NIHET D L 1GeV FEICHY L, oo bk
TERAX—HEHETLIVNERD D,

3. BFEREERME (DWA)

DWA NN & v — A0 O 5 2 O A
Figure 3 |27 9", DWA HII#HE 1%, ﬁaﬁfﬁx;ﬁx@lﬂ
REEDOINE R EBN T —T 4 7 ENT-IEFIC
TN IKEEE LTS, FOHZEiEK A E
B ANEIB T DR, BB — 2 BEBEBEICE
DEWRT oy e FEAETF 2 —T OEENE
HAEAT A Ik o TF o b a7 N HRE S
héo;®%t&iéﬁﬁﬁfﬁ%b %@%kﬁ

2B R CIT RN T 5 OB EERTF 2 — 7555
CiA® BHiv, &KET 5B EZEEIRIC iiﬂz/
Yo MENEL, FOARMIEIL e — Al RSy
EEE Lo, Lhb., ZOFEKIC i%$¢?:
7#L&E%kLT@% E DN DNE A & —
LONARERE L < 720 AT O X 5 1T
Wz etk 2720, BT HE T B — L% AFT
Lz LT (BK) 95208 TED, Thbb,
DWA LIZRIA T E—A (UfTe—21) ZhsE

WCAS L TR 2 BAE S, Z0OFRKROESLE

HZTAL =L GBIEE—2L4) 2l (Bod) ¥
5. 2 B— o in#E G TH D,
Cladding Dielectric material
Evanescent/l > o

Dielectric Tube

&€

Figure 3: Conceptual illustration of dielectric wakefield
accelerator.
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Figure 4: Dependence of radiation frequency on a and b/a,
with e = 9.5.
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Figure 5: Dependence of radiation frequency on ¢ and a,
with b/a = 2.0.
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Figure 6: Dependence of longitudinal field and radiation
frequency in wake simulations on inner diameter of dielectric
tube, with b/a=1.5, €=3.75 and beam parameters O = 5nC,
20; =2 ps.
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Figure 7: Dependence of longitudinal field in wake
simulations on bunch length, with 2a = 1.0 mm, b/a=1.4,
£=3.75 and beam parameters O = 5nC, 20. = 2 ps.
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Table 2: Design Values of DWA Structure

Parameters Design value
Dielectric Material Quartz
€ 3.75
Inner radius [mm] 0.5
Outer radius [mm] 0.7
Length [mm] <300

Table 3: DWA Beam Parameters for Energy Equalization

Parameters Drive beam Main beam
Bunch charge [nC] 5 5
Bunch length [ps] 1.35 3
Delay time [ps] — 8.7
Bunch shape Rectangular Rectangular
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Figure 8: Normalized Energy gain of electrons in main beam
with/without DWA.
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