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Abstract

High-charge, low-emittance electron and positron beams are crucial to the SuperKEKB injector, which has several
complicated bending beam transports such as the J-arc section. In these sections, there are finite momentum dispersions,
and synchro-betatron coupling oscillations generally occur due to beam energy modulation with Coherent Synchrotron
Radiation (CSR). In this paper, we report the shielded CSR effects on beam transverse emittances with its bunch charge

dependence.
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Figure 1: Schematic of the 1.5-GeV 180-degree bending
beam transport (J-Arc) in the SuperKEKB 7-GeV electron
linear accelerator. J-Arc has six bending magnets
(BMRO1~ BMRO06) from upstream.
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Figure 2: Longitudinal CSR wake impedances with
different full gaps of the duct (2 = 0.1, 0.05, and 0.018 m)
corresponding to a 2-m J-Arc bending magnet with a
bending radius of 3.64 m.
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Figure 3: CSR-driven energy modulations with different
duct heights (2 = 0.1, 0.05, and 0.018 m) of a 1-nC 1.5-
GeV beam with a beam length of (a) 0.75 mm and (b) 0.075
mm through one J-Arc bending magnet.
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Figure 4: Beam phase space distributions (a) before and (b)
after the J-Arc section.

) B B O REWEFTCZ O /172 CSR H
FeD TN F =B IE AT D EMEST M DO IEEN DR
MIZEE KT T (v raxX—FiafEE) O TR
FRDITIvH L ANERT D, fERELT J-Arc THEIZ

BT e — AONAHZE B (x-x) 3 AT FET 7
7 [Fig. 4(b) |i2725,

WIZE—2L% 2nC (BT H AN #7D SuperKEKB
@220 7 N5 5&’(@%{@/::[/*—/5/%%% Fig.

6 T, IHEENICEB TR M=y X ADE R
a:u ERWD BB IE SR LY 7 A Ao E —
LHERE (BT) IZB W THARD KTy 2 ADH R

Table 1: Normalized Transverse Beam Emittance at BT1/
BT2

Direction Measurement Simulation
Hor. ~30/>100~120 26/129
Ver. ~20/50~100 12/12
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Figure 5: Longitudinal CSR wake fields (top) and phase space distributions (bottom) at the exit of J-Arc bending magnets
(BMR03~BMRO06). Note that the CSR fields are integrated along the beam path of each magnet.
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Figure 6: Evolution of transverse emittances in the SuperKEKB electron injector (simulation). Vertical normalized
emittances and dispersions, and horizontal normalized emittances and dispersions are shown from the top to the bottom.
The blue line indicates the nominal case (bunch charge: 2 nC) with ISR, CSR, and RF wake effects. Other colored lines
depict different parameter cases for comparison.
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