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Abstract

Positron damping ring (DR) for SuperKEKB successfully started its operation in February 2018, and continued
until the end of Phase 2 of SuperKEKB in July without serious troubles. This paper describes current status of the beam
commissioning of the injection (LTR) and the extraction (RTL) lines between LINAC and DR. In the LTR commissioning,
the positron having high emittance, and wide energy spread should be transported and injected into the DR. In the RTL
commissioning, cares have to be taken on preservation of the low emittance beam. The observed emittance growth of
RTL was not a problem for Phase 2, but it should be resolved in the coming Phase 3.
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Figure 1: LINAC consists of eight sectors from Sector A to Sector 5 starting from the electron sources. The electron and
positron beams are accelerated up to 7 GeV and 4 GeV, respectively, and are injected into HER and LER of SuperKEKB
via each beam transport line (BT). Both of the injection line for DR (LTR) and the extraction line from DR (RTL) have
two arc sections and a straight section between the arc sections.
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Table 1: Required Parameters of Injection Beam for
SuperKEKB-LER

‘ Extraction Phase2  Phase3—
ez [pm] 64.3 <200 <100
ey [pm] 32 <40 <15
os [%] 0.055 0.16 0.10
Charge [nC] 1.5 1.5 4.0

Table 2: Design Parameters of the Injection and Extraction
Beam for DR (* shows a full width.)

Parameters ECSin ECSout BCSin  BCSout
=DRin  =DRout

Ve [pum] 2800 64.3

ey [pm] 2600 32

o, [mm] 48~ +30* 6.6 1.3

o5 [%] +5% +1.5% 0.055 0.8

Rs¢ [m] —-0.61 -1.05

Ve [MV] 41 21.5
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Figure 2: Simulated distributions of longitudinal phase
space before and after ECS, and those of BCS.
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Figure 3: Optics plot of LTR. The upper graph shows the
horizontal and vertical beta functions as a blue and red
lines, respectively. The lower graph shows the horizontal
dispersion. The horizontal axis shows the distance in meter
from the end of Sector2 in LINAC.
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Figure 4: Distributions in the longitudinal phase space at
each point as shown in the upper region. The upper figures
show the distributions of “core beam” for only LTR tun-
ing. The small circles show the center of vacuum cham-
bers. The lower figures show those of the operation beam.
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Table 3: Measured Emittances by Wire Scanners at the
Straight Section of LTR When FC is Stand-by and On

‘ FC: Stand-by FC: 5kV

ez [pm] 2350 2760
vey [pm] 2310 2450
Charge [nC] 0.75 1.5
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Figure 5: The upper graph shows the “zero-crossing”
search by changing the energy of “core beam”. The lower
graph shows the energy acceptance of the LTR. The hori-
zontal axis represents the energy of the core beam in arbi-
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Figure 6: Optics plot of RTL. The notations are same as
Fig. 3.
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Table 4: (n,,) show the mean squares of horizontal disper-
sion at the BPM in the straight line downstream of the arc.
Those values show the measured dispersions before and af-
ter the quads are multiplied by the fudge factor.

(Ne)[m] Fudge Factor
Arc Before  After [%]
LTR Ist 0.037 0018 -3.3,-24
RTL 2nd | 0.079 0.019 —4.5
RTL 1st 1.05 0.09 -8.2
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Figure 7: Measured horizontal dispersions of the st arc
in RTL. (a) and (b) show the results before and after the
correction, respectively. In order from the top, the hori-
zontal (blue line) and vertical (red line) beta functions, dis-
persions, and deviation from the design of the measured
dispersion. The blue points in the middle graph show the
measured dispersion, the blue lines show the design disper-
sion, and the green lines are estimated dispersion by fitting
the strength of quads in the arc to reproduce the measured
dispersions.

E2TCDT— 7 TKESHZEMEEZ, 3IX—6
FUBEI7X—DIA YV —AF¥F—TITIVERY
AHNE % 4T > T 45 R % Table 5 1ZRT,

Table 5: Measured Emittances by the Wire Scanners at Sec-
tor 3 and 5, and the Required Parameters of Injection Beam
for Phase 2 and 3 of SuperKEKB-LER

‘ Sector 3 Sector 5 ‘ Phase 2  Phase 3
YEg [pm] | 126+£8.2 189164 <200 <100
vey [pm] | 1.540.1 1.940.3 <40 <15
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Figure 8: The upper graphs show the measured horizontal
emittances of the 0.7 nC beam by the wire scanners at Sec-
tor3. The horizontal axes represent the V. of BCS, bunch
lengths, and energy spreads corresponding to the V; , in or-
der from the left. The lower graphs show the distribution
in the longitudinal phase space by simulations.

3%7&—?@Iivﬂylﬁﬁ®ﬁﬁ%%6t
DIZ, FC 2 AR U NALIZ U TEMEZ 0.7nC LKL
L 72IRRET, ML@MBME&W% SZTCIIVAR
v A% RJIE LT, fER % Fig. 8 12739, BCS D V, 124
éré“é/i‘/ﬂr‘l% BLXOZRNVF—EDDITdT v
Frr-vIialb—vay (MOTFE) 2Lk
7z ZTZ T, DROHEHE =20V FEIZHKFHED
66mme& U7, ZOEIZDRDANY —T - T AT
R BHEME T —DHEPANT—EL TW5 [10],
V. 2K TBIEFEEKEZI VR VAN 5 H
Mo, NUFENPELSRDL, T RXLF LD
DWNILRBEII VR VAN 2B WD
MBERHD B, X512, V., 2 Off IZL7-IREECEM =
15nC TOIZ IV XV AZHEL K% Table 6 12
FLHb, 3EIX—IZEHREEINZ4E5DT 1Y —
AX vy F—TIIvRVAZHAELUEER, BhE
MEWEEIZZI VA VARKREL o7z,

Table 6: The Measured Emittances by Wire Scanners at
Sector 3 at a Charge Amount of 0.7 nC and 1.5 nC

Charge [nC] | Ve [MV
0.7 0
1.5 0

1| vew [pm] ey [pm]
88+t7.6 1.4+0.4
104+7.4 3.74+0.5
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