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Abstract

The SuperKEKB electron-positron collider is being commissioned at KEK to study a new physics in the B-meson
decays. The target luminosity is 40 times of the highest luminosity record at KEKB, 8 x103% cm~2s~! . We have applied
a novel “nano-beam scheme” to squeeze the beta function at the interaction point (IP) down to 1 mm in the vertical, 60
mm in the HER and 80 mm in the LER in the horizontal direction, respectively, for the most operation of Spring run 2020.
We have tested 0.8 mm for the vertical beta function at the IP (3})) in both rings for the last week of Spring run 2020. The
beta function at the IP is the smallest value for the existing circular colliders in the world. However, the design 3} is 0.3
mm which is about 1/3 of the achievement. The vertical beam size is also the smallest value compared with the former
world record at the SLC. Recently, we also applied a “crab waist scheme” proposed by P. Raimondi et al. to improve the
luminosity performance. We present the early stage of the commissioning of the nano-beam scheme as well as the crab
waist scheme in Autumn run 2019 and Spring run 2020.
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Figure 1: History of the vertical beta function at the IP for
the various colliders in the world.
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Figure 2: The schematic top view of nano-beam scheme.
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Figure 3: The schematic top view of crab waist scheme.
The crab wast sextupoles are located at each side of the IP.
The figure shows only one side for the IP.
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Figure 4: Operation history from Spring run 2019 to Spring run 2020. The beam currents in the HER(top), in the LER(mid-

dle), and the peak luminosity in a day(bottom).
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Table 1: Operation period, beta function at the IP, beam
currents, and luminosity. Left side for LER and right for
HER to indicate 3; and beam currents. The unit of lumi-

nosity is 1034,

2018a/b  2019a/b  2019c  2020a/b
Start Mar. 19 Mar. 11 Oct. 15 Feb. 25
End Jul. 17 Jul. 1 Dec. 12 Jul. 1
Period (days) 120 91 57 127
Ba (mm) 200/100  80/80 80/60 60/60
B, (mm) 3 2 1 0.8
I (mA) 860/800 940/840 880/700 770/660
Lem™2s7') 026 0.55 1.14 2.40

Table 2 12, 2020a/b (IZH 1T B A< Y - R T
A=K %IRRT, fild 1mm & 0.8 mm DEFITDOWN
TRLTH B,

Table 2: Machine parameters in Spring run 2020a/b.

LER/HER  LER/HER Unit
€z 40/4.6 40/4.6 nm
B 80 /60 60 /60 mm
By 1 0.8 mm
I 712/ 607 536 /530 mA
Ny 978 978
I, 0.728/0.621 0.548/0.542 mA
lifetime 760/ 1270 600/ 1177 sec
ol 17.9/16.6 15.5/16.6 pm
oy 0.285 0.224 pum
CW ratio 80 /40 80 /40 %

& 0.039/0.026  0.035/0.020
Lsp 5.4x10% 6.9x10*  cm™2s7! /mA?
L 2.4x10% 2.0x10% em %57

Figure 5 (2, /N> F R % Mz, Mtz 2~
TA4w TNV YT W02 T T ERT, =1
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Figure 5: Specific luminosity as a function of bunch current
product.
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Table 3: Operation statistics in Spring run 2019c. The unit
in hours.

2019 Physics Tuning Study Troubles Others
October 10 225 0 152 12
November  335.5 289 0 79.5 16
December 116 145 10 1 1
Total 461.5 659 10 232.5 29
Ratio (%) 33.1 473 0.7 16.7 2.1

Table 4: Operation statistics in Spring run 2020a/b. The
unit in hours.

2020 Physics Tuning Study Troubles Others
February 0 102 0 0 10
March 344 3145 0 17.5 68
April 468 135 0 71.5 45.5
May 525 1335 0 26 59.5
June 463 153.5 28 50.5 25
July 9 0 0 0 0
Total 1809 838.5 28 165.5 208
Ratio (%)  59.3 27.5 0.9 5.4 6.8
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