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Abstract

Université de Genéve, Geneve, Switzerland

The positron beam generated in the middle of the injector (Linac) is injected to SuperKEKB through the damping ring (DR)
and the beam transport Line (BT). The measured horizontal and vertical emittances at the end of the BT are 175 pm and 25 pm,
respectively. These are much larger than the designed emittances of 65 ym and 1 pm at the DR. The blowup occurred mainly
at the extraction line (RTL) from the DR to the Linac in the horizontal direction and in the BT in the vertical direction. This
paper gives a summary of the extensive beam commissioning on the emittance growth in the BT. It was found that the vertical
emittance growth was primarily caused by the nonlinear magnetic field of the bending magnets of the third BT arc section. The
horizontal emittance growth in the first BT arc section was initially suspected to be due to coherent synchrotron radiation (CSR),
the bending magnets and beam ducts were moved vertically to pass the positron beam near the inner duct surface to suppress
the CSR shielding effect, although no CSR effect was confirmed.
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Sect.2 Sect.3 to Sect.5

Figure 1: Schematic layout of the positron beam line. After
its emittances are damped in the DR, the positron beam passes
through a bunch compression system (BCS) in the extraction
line from DR to Linac (RTL), Sect.3 to Sect.5 in the Linac, an
energy compression system (ECS) at the end of the Linac, and
the BT with five arcs.
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Figure 2: (a) LER injection efficiencies for 1st and 2nd
bunches in 2022, and the dependence of the injection ef-
ficiency in simulations on horizontal (b1) and vertical (b2)
injected beam emittances. J, is the horizontal action, i.e.,
v2J,. B, is the maximum amplitude of the horizontal beta-
tron oscillation.
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Figure 3: (a): Pictures and schematic drawing of the offset
bellows. (b) and (c): Pictures of the BTs in Arcl and Arc3. In
Arcl, the positron BT is above the electron BT, whereas in the
Arc3, they are upside down.
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Figure 4: The left and side graphs show orbits in the BT from
simulation and real orbits, respectively. The simulation plots
show beta functions, dispersion functions, and orbits, from
top to bottom, in which the black and red lines show horizon-
tal and vertical, respectively. The real plots show dispersion
functions, horizontal orbit, vertical orbit, and bunch charge.
From top to bottom, in which the black, yellow, and violet
lines show measured orbit, reference orbit, and the difference
of them. The vertical coordinate is reversed in the simulation.
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Figure 5: (a) Left: Schematic view of the vertical bump
height. A +13 mm height means that the beam passes at the
center of the bending magnet. Right: The long vertical bump
orbit in Arcl. (b) Measured normalized horizontal emittance
and BMAGx at the OTRI1 vs. the vertical bump height with
for 1 nC and 3 nC beams.
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Figure 6: (a) Simulated horizontal (top) and vertical (bottom)
normalized emittances. (b1) Measured normalized emittances
with OTR at BT2 vs. rf-phase of Sect.3 to Sect.5. (b2) Mea-
sured energy spread with OTR in Arcl vs. rf-phase of Sect.3
to Sect.5. For the 3 nC beam, the nominal emittance is about

29 pm where the energy spread becomes its minimum.
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Figure 7: Measured normalized emittances along the beam
line. Upper and lower graphs shows the horizontal and vertical
emittances, respectively. The circles show the measurements
with multi-wire scanners. The dots with red circles denote the
measurements by the quadrupole-scan with OTRs.
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Figure 8: Measured differential orbits with various vertical
bumps from Arc2 to Arc3. (a): A long vertical bump in Arc2
to Arc3. (bl) to (b5): Each short vertical bump.
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Figure 9: Results of the tracking simulation in the positron
BT line. The plots show beta functions, dispersion functions,
normalized horizontal emittance, and vertical emittance along
the BT line.
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Table 1: Emittance Measurement and Simulation in BT

Measured BTl  Measured BT2  Simulation
Y€z [pm] 130 175+10 160
yey [pm] 5 20+1 17
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