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Abstract

This study employs the SAD program to perform particle tracking simulations of the multi-turn injection process in the SuperKEKB Low-Energy Ring
(LER). By tracking large numbers of particles, we quantitatively analyze the beam loss distribution and identify the primary sources of particle loss during
injection. The results provide a detailed understanding of the factors limiting the 1njection efficiency and offer insights for optimizing the injection
rarameters to mitigate beam loss.

Introduction Injection simulation of LER
Particle colliders, such as SuperKEKB, push the frontiers of high-energy Track 5000 particles 1000 turns
physics by pursuing unprecedented luminosities. This endeavor critically The comparative analysis reveals that collimators significantly accelerate
depends on the efficient and continuous injection of particle beams to initial particle loss by defining strict machine acceptance, while the
replenish those lost due to collisions and other effects. In this study, we inclusion of beam-beam interactions further exacerbates particle loss,
employ the SAD (Strategic Accelerator Design) program to perform high- particularly for beams with larger horizontal emittance.
fidelity, multi-turn particle tracking simulations of the injection process
into the SuperKEKB LER. The primary objectives are to quantitatively &
analyze the beam loss distribution around the ring and pinpoint the key -

factors limiting the ijection efficiency.
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Simulation Setup

* To accurately sitmulate beam loss and particle tracking in the SuperKEKB
LER, a detailed aperture model 1s implemented in SAD, defining
collimator aperture.
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AQC2LC  =(AX =.035  AY =.035 DY =.0015 ) Integrated with Collimator & Beam-Beam Comparison
AQUCZL0O =(AX =.035 AY =_035 DY =.0015 )
FMDOgeH]1 =(AX =1 AY =1 )
FEFMDOGoHZ=(AX =1 AY =1 )
PMDOEH3 =(DX1 =.00992 DX2 =-.01015 DYl =.05 DY2 =—.05 AX =1 AY =1 ) . . .
FEFMDOeHA=(DX1 =.00%%¢ DXZ =—.00%9%94 DYl =_.05 DYZ2 =—_.05 A¥ =1 AY =1 ) Beam LOSS DlStrlbUtlon
PMDO6V1 =(DX1 =.05 DX2 =-.05 DYl =.00246 DY2 =-.00222 AX =1 AY =1 ) : : : —
PMDO6V2 =(DX1 =.05  DX2 =-.05 DYl =.00209 DY2 =-.00328 AX =1 AY =1 ) With collimators 1n place, the majority of beam loss occurs at the
PMDO3H]1 =(DX1 =.00987 DX2 =—_01003 DYl =_05 DYZ2 =—_05 A¥ =1 AY =1 ) . . . .
FEMDO3H2= (A% =1 AY =1 ) PMDO02V1 and PMDO02H4; without collimators, the majority of beam
FMDO3V]1 =(AX =1 AY =1 ) .
eMDOSUA (A% —1 Ay —1 ) loss occurs at the AQCIRO and AQCILC. We can see the collimators
PMDO2ZH]1 =(DX1 =.00788 DXZ2 =—_007%90 DYl =.05 DY2Z =—.05 A¥Y =] AY =1 ) are effective in protecting the IR region
PMDOZHZ =(DX1 =.01037 DXZ =-.01081 DYl =.05 DYZ =-.03 AX =1 AY =1 ) A — ) N —
FMDOZ2ZV]1 =(DX1 =.05 D¥2 =—_05 DY1 =.00063 DYZ2 =—_00147 A¥ =1 AY =1 )
PMDO2H3 =(DX1 =.01481 DX2 =-.01474 DYl =.05  DY2 =-.05  AX =1 AY =1) Ty [ et
PMDOZH4 =(DX1 =.00745 D¥XZ2 =—_00742 DYl =_.05 DYZ2 =—_.05 A¥X =1 AY =1 ) — w collmator & w beam-beam I — w collimator & w beam-beam
AQUCZR0O =(AX =.035 AY =_035 DY =.001 )
AQCZRC =(AX =_.035 AY =_035 DY =.001 )
AQCIRO =(AX =.013 AY =.0135 DY =.001 )
AQCIRC =(AX =.01 AY =.0135 DY =.001 )
Collimator Aperture
* The number of 1nitial particles 1s 5,000, and the particle distribution

adopts Gaussian distribution (with a value of three times o).
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