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• Simulation study
• Phase 2 operation study



2018/10/16Antonio Paladino

SuperKEKB
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The SuperKEKB accelerator  is  located 
in Tsukuba, Japan.
It  is  an  asymmetric  electron-positron 
collider  that  aims  to  reach  the 
unprecedented  instantaneous 
luminosity of 8 x 1035 cm-2 s-1.
The Belle II experiment targets a total 
integrated luminosity of about 50 ab-1 

in ten years of data taking. 
• ECM = 10.58 GeV, 𝚼(4S)

3 commissioning phases:
• Phase 1: no Belle II detector, no Final Focus system, no collisions.
• Phase 2: Belle II detector in its final position, Final Focus system in place and 

collisions, VXD volume with BEAST II detectors.
• Phase 3: full Belle II detector, physics runs.
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The Belle II detector
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KLM - KL and muon detector
Resistive Plate Counter (barrel)

Scintillator + WLSF + MPPC (end-caps)

Particle identification
Time of Propagation Counter (barrel)

Aerogel RICH (FWD)

EM calorimeter
CsI (Tl) waveform sampling (barrel)

CsI (Tl) + waveform sampling (end-caps)

Vertex Detector
2 layers of DEPFET pixel detector
4 layers of Silicon Strip Detectors

BEAST II sensors (Phase 2)

Beryllium beam pipe
20 mm diameter

Central Drift Chamber
He (50%) - C2H6 (50%)

positrons - 4 GeV

electrons - 7 GeV
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BEAST II detectors
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• FANGS - hybrid silicon pixel detectors.
• CLAWS - plastic scintillators with SiPM readout.
• PLUME - double sided CMOS pixel sensors.
• Diamond sensors for ionizing radiation dose monitoring in the IR.
• PIN  diodes  for  ionizing  radiation  dose  monitoring  around 

Superconducting magnets of the Final Focus system (QCS).
• 3He detectors for thermal neutron flux measurements.
• TPC detectors for fast neutron flux and direction measurements.

Phase 2 VXD volume

SVD PXD FANGS

CLAWS

PLUME

x
y

z Goal  for  Phase  2:  separate  each  background 
component, in order to validate the simulation 
and reliably  extrapolate  background levels  to 
Phase 3.
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Background sources
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Touschek scattering: single Coulomb scattering event.
Phase 1: measured, consistent with simulation.

Beam-gas scattering: Coulomb scattering with residual gas atoms 
and bremsstrahlung.
Phase 1: measured, more than predicted in simulation but 
acceptable.
Synchrotron Radiation (SR): photon emission from beam particles.
Phase 1: not measured.

Radiative Bhabha: neutron production from emitted photons; 
particle loss because of too much ∆E wrt nominal energy.
Phase 1: not measured.

Two photons process: low momentum e+e- pairs hitting VXD.
Phase 1: not measured.

Injection background: injected bunch is perturbed, resulting in 
particle losses.
Phase 1: measured (time structure and energy of radiation produced)
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Rtp / L
<latexit sha1_base64="G2I7bv777LyzybuP+O4092b1YTQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lEUDwVvHjwUMV+QBvCZrtpl26yy+5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzIskZ9p43rezsrq2vrFZ2ipv7+zuVdz9g5YWmSK0SQQXqhNhTTlLadMww2lHKoqTiNN2NLqe+u1HqjQT6YMZSxokeJCymBFsrBS6lfswN3LSk0pII9Bt6Fa9mjcDWiZ+QapQoBG6X72+IFlCU0M41rrre9IEOVaGEU4n5V6mqcRkhAe0a2mKE6qDfHb4BJ1YpY9ioWylBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTMTXwY5S2VmaErmi+KMI/viNAXUZ4oSw8eWYKKYvRWRIVaYGJtV2YbgL768TFpnNd+r+Xfn1fpVEUcJjuAYTsGHC6jDDTSgCQQyeIZXeHOenBfn3fmYt644xcwh/IHz+QPkkpMy</latexit><latexit sha1_base64="G2I7bv777LyzybuP+O4092b1YTQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lEUDwVvHjwUMV+QBvCZrtpl26yy+5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzIskZ9p43rezsrq2vrFZ2ipv7+zuVdz9g5YWmSK0SQQXqhNhTTlLadMww2lHKoqTiNN2NLqe+u1HqjQT6YMZSxokeJCymBFsrBS6lfswN3LSk0pII9Bt6Fa9mjcDWiZ+QapQoBG6X72+IFlCU0M41rrre9IEOVaGEU4n5V6mqcRkhAe0a2mKE6qDfHb4BJ1YpY9ioWylBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTMTXwY5S2VmaErmi+KMI/viNAXUZ4oSw8eWYKKYvRWRIVaYGJtV2YbgL768TFpnNd+r+Xfn1fpVEUcJjuAYTsGHC6jDDTSgCQQyeIZXeHOenBfn3fmYt644xcwh/IHz+QPkkpMy</latexit><latexit sha1_base64="G2I7bv777LyzybuP+O4092b1YTQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lEUDwVvHjwUMV+QBvCZrtpl26yy+5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzIskZ9p43rezsrq2vrFZ2ipv7+zuVdz9g5YWmSK0SQQXqhNhTTlLadMww2lHKoqTiNN2NLqe+u1HqjQT6YMZSxokeJCymBFsrBS6lfswN3LSk0pII9Bt6Fa9mjcDWiZ+QapQoBG6X72+IFlCU0M41rrre9IEOVaGEU4n5V6mqcRkhAe0a2mKE6qDfHb4BJ1YpY9ioWylBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTMTXwY5S2VmaErmi+KMI/viNAXUZ4oSw8eWYKKYvRWRIVaYGJtV2YbgL768TFpnNd+r+Xfn1fpVEUcJjuAYTsGHC6jDDTSgCQQyeIZXeHOenBfn3fmYt644xcwh/IHz+QPkkpMy</latexit><latexit sha1_base64="G2I7bv777LyzybuP+O4092b1YTQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lEUDwVvHjwUMV+QBvCZrtpl26yy+5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzIskZ9p43rezsrq2vrFZ2ipv7+zuVdz9g5YWmSK0SQQXqhNhTTlLadMww2lHKoqTiNN2NLqe+u1HqjQT6YMZSxokeJCymBFsrBS6lfswN3LSk0pII9Bt6Fa9mjcDWiZ+QapQoBG6X72+IFlCU0M41rrre9IEOVaGEU4n5V6mqcRkhAe0a2mKE6qDfHb4BJ1YpY9ioWylBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTMTXwY5S2VmaErmi+KMI/viNAXUZ4oSw8eWYKKYvRWRIVaYGJtV2YbgL768TFpnNd+r+Xfn1fpVEUcJjuAYTsGHC6jDDTSgCQQyeIZXeHOenBfn3fmYt644xcwh/IHz+QPkkpMy</latexit>

RSR / E2B2
<latexit sha1_base64="0YWNnYkZIC6X8R7BE2l6YL17Ar0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTBLssiuCyVvuAdjpk0kwbmkmGJCPUofgrblwo4tb/cOffmLaz0NYDFw7n3Mu99wQxo0o7zreVW1ldW9/Ibxa2tnd29+z9g6YSicSkgQUTsh0gRRjlpKGpZqQdS4KigJFWMLqa+q0HIhUV/F6PY+JFaMBpSDHSRvLto7qf3tUn3ViKWAt43Stf9sq+XXRKzgxwmbgZKYIMNd/+6vYFTiLCNWZIqY7rxNpLkdQUMzIpdBNFYoRHaEA6hnIUEeWls+sn8NQofRgKaYprOFN/T6QoUmocBaYzQnqoFr2p+J/XSXRY8VLK40QTjueLwoRB8+c0CtinkmDNxoYgLKm5FeIhkghrE1jBhOAuvrxMmuWS65Tc2/NitZLFkQfH4AScARdcgCq4ATXQABg8gmfwCt6sJ+vFerc+5q05K5s5BH9gff4AaRyUfg==</latexit><latexit sha1_base64="0YWNnYkZIC6X8R7BE2l6YL17Ar0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTBLssiuCyVvuAdjpk0kwbmkmGJCPUofgrblwo4tb/cOffmLaz0NYDFw7n3Mu99wQxo0o7zreVW1ldW9/Ibxa2tnd29+z9g6YSicSkgQUTsh0gRRjlpKGpZqQdS4KigJFWMLqa+q0HIhUV/F6PY+JFaMBpSDHSRvLto7qf3tUn3ViKWAt43Stf9sq+XXRKzgxwmbgZKYIMNd/+6vYFTiLCNWZIqY7rxNpLkdQUMzIpdBNFYoRHaEA6hnIUEeWls+sn8NQofRgKaYprOFN/T6QoUmocBaYzQnqoFr2p+J/XSXRY8VLK40QTjueLwoRB8+c0CtinkmDNxoYgLKm5FeIhkghrE1jBhOAuvrxMmuWS65Tc2/NitZLFkQfH4AScARdcgCq4ATXQABg8gmfwCt6sJ+vFerc+5q05K5s5BH9gff4AaRyUfg==</latexit><latexit sha1_base64="0YWNnYkZIC6X8R7BE2l6YL17Ar0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTBLssiuCyVvuAdjpk0kwbmkmGJCPUofgrblwo4tb/cOffmLaz0NYDFw7n3Mu99wQxo0o7zreVW1ldW9/Ibxa2tnd29+z9g6YSicSkgQUTsh0gRRjlpKGpZqQdS4KigJFWMLqa+q0HIhUV/F6PY+JFaMBpSDHSRvLto7qf3tUn3ViKWAt43Stf9sq+XXRKzgxwmbgZKYIMNd/+6vYFTiLCNWZIqY7rxNpLkdQUMzIpdBNFYoRHaEA6hnIUEeWls+sn8NQofRgKaYprOFN/T6QoUmocBaYzQnqoFr2p+J/XSXRY8VLK40QTjueLwoRB8+c0CtinkmDNxoYgLKm5FeIhkghrE1jBhOAuvrxMmuWS65Tc2/NitZLFkQfH4AScARdcgCq4ATXQABg8gmfwCt6sJ+vFerc+5q05K5s5BH9gff4AaRyUfg==</latexit><latexit sha1_base64="0YWNnYkZIC6X8R7BE2l6YL17Ar0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTBLssiuCyVvuAdjpk0kwbmkmGJCPUofgrblwo4tb/cOffmLaz0NYDFw7n3Mu99wQxo0o7zreVW1ldW9/Ibxa2tnd29+z9g6YSicSkgQUTsh0gRRjlpKGpZqQdS4KigJFWMLqa+q0HIhUV/F6PY+JFaMBpSDHSRvLto7qf3tUn3ViKWAt43Stf9sq+XXRKzgxwmbgZKYIMNd/+6vYFTiLCNWZIqY7rxNpLkdQUMzIpdBNFYoRHaEA6hnIUEeWls+sn8NQofRgKaYprOFN/T6QoUmocBaYzQnqoFr2p+J/XSXRY8VLK40QTjueLwoRB8+c0CtinkmDNxoYgLKm5FeIhkghrE1jBhOAuvrxMmuWS65Tc2/NitZLFkQfH4AScARdcgCq4ATXQABg8gmfwCt6sJ+vFerc+5q05K5s5BH9gff4AaRyUfg==</latexit>
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Collimators in Phase 2
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D12 arc

D09 arc D06 arc

D02D01
Tsukuba straight section

SuperKEKB type

SuperKEKB type

KEKB 
type

KEKB 
type

SuperKEKB type

• KEKB type: only one movable jaw
• SuperKEKB  type:  two  independent 

movable jaws, lower impedance.

IR Touschek, beam-gas and injection backgrounds can be sensibly reduced with collimators.
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Collimators positioning
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See: H. Nakayama et al., “Small-Beta Collimation at SuperKEKB to Stop Beam-Gas Scattered 
Particles and to Avoid Transverse Mode Coupling Instability,” Conf. Proc. C 1205201, 1104 (2012). 

• Horizontal collimators are positioned where 𝛽x is large. Collimator physical aperture 
defined by:  
Fixing the right side of the equation, the maximum aperture is given by:

d/
p

"�coll  rIR/
p

"�IR
<latexit sha1_base64="o0YyC6aUb8jy8Tpl0/fUIVNkoxA=">AAACMnicdVDLSgMxFM34rPU16tJNsAiu6owIdim40V0Vq0KnDJn0tg3NZKbJnUIZ5pvc+CWCC10o4taPMK1d+DwQOJxzbpJ7olQKg5736MzMzs0vLJaWyssrq2vr7sbmlUkyzaHBE5nom4gZkEJBAwVKuEk1sDiScB31T8b+9RC0EYm6xFEKrZh1legIztBKoXvW3g/MQGMeDJmG1AiZqCACZGFuL5dFQQMJA6rD/Oyi+DdqvSJ0K17Vm4D+Jv6UVMgU9dC9D9oJz2JQyCUzpul7KbZyplFwCUU5yAykjPdZF5qWKhaDaeWTlQu6a5U27STaHoV0on6dyFlszCiObDJm2DM/vbH4l9fMsFNr5UKlGYLinw91MkkxoeP+aFto4ChHljCuhf0r5T2mGUfbctmW4P9c+Te5Oqj6lp8fVo5r0zpKZJvskD3ikyNyTE5JnTQIJ7fkgTyTF+fOeXJenbfP6Iwzndki3+C8fwDJ9qzc</latexit><latexit sha1_base64="o0YyC6aUb8jy8Tpl0/fUIVNkoxA=">AAACMnicdVDLSgMxFM34rPU16tJNsAiu6owIdim40V0Vq0KnDJn0tg3NZKbJnUIZ5pvc+CWCC10o4taPMK1d+DwQOJxzbpJ7olQKg5736MzMzs0vLJaWyssrq2vr7sbmlUkyzaHBE5nom4gZkEJBAwVKuEk1sDiScB31T8b+9RC0EYm6xFEKrZh1legIztBKoXvW3g/MQGMeDJmG1AiZqCACZGFuL5dFQQMJA6rD/Oyi+DdqvSJ0K17Vm4D+Jv6UVMgU9dC9D9oJz2JQyCUzpul7KbZyplFwCUU5yAykjPdZF5qWKhaDaeWTlQu6a5U27STaHoV0on6dyFlszCiObDJm2DM/vbH4l9fMsFNr5UKlGYLinw91MkkxoeP+aFto4ChHljCuhf0r5T2mGUfbctmW4P9c+Te5Oqj6lp8fVo5r0zpKZJvskD3ikyNyTE5JnTQIJ7fkgTyTF+fOeXJenbfP6Iwzndki3+C8fwDJ9qzc</latexit><latexit sha1_base64="o0YyC6aUb8jy8Tpl0/fUIVNkoxA=">AAACMnicdVDLSgMxFM34rPU16tJNsAiu6owIdim40V0Vq0KnDJn0tg3NZKbJnUIZ5pvc+CWCC10o4taPMK1d+DwQOJxzbpJ7olQKg5736MzMzs0vLJaWyssrq2vr7sbmlUkyzaHBE5nom4gZkEJBAwVKuEk1sDiScB31T8b+9RC0EYm6xFEKrZh1legIztBKoXvW3g/MQGMeDJmG1AiZqCACZGFuL5dFQQMJA6rD/Oyi+DdqvSJ0K17Vm4D+Jv6UVMgU9dC9D9oJz2JQyCUzpul7KbZyplFwCUU5yAykjPdZF5qWKhaDaeWTlQu6a5U27STaHoV0on6dyFlszCiObDJm2DM/vbH4l9fMsFNr5UKlGYLinw91MkkxoeP+aFto4ChHljCuhf0r5T2mGUfbctmW4P9c+Te5Oqj6lp8fVo5r0zpKZJvskD3ikyNyTE5JnTQIJ7fkgTyTF+fOeXJenbfP6Iwzndki3+C8fwDJ9qzc</latexit><latexit sha1_base64="o0YyC6aUb8jy8Tpl0/fUIVNkoxA=">AAACMnicdVDLSgMxFM34rPU16tJNsAiu6owIdim40V0Vq0KnDJn0tg3NZKbJnUIZ5pvc+CWCC10o4taPMK1d+DwQOJxzbpJ7olQKg5736MzMzs0vLJaWyssrq2vr7sbmlUkyzaHBE5nom4gZkEJBAwVKuEk1sDiScB31T8b+9RC0EYm6xFEKrZh1legIztBKoXvW3g/MQGMeDJmG1AiZqCACZGFuL5dFQQMJA6rD/Oyi+DdqvSJ0K17Vm4D+Jv6UVMgU9dC9D9oJz2JQyCUzpul7KbZyplFwCUU5yAykjPdZF5qWKhaDaeWTlQu6a5U27STaHoV0on6dyFlszCiObDJm2DM/vbH4l9fMsFNr5UKlGYLinw91MkkxoeP+aFto4ChHljCuhf0r5T2mGUfbctmW4P9c+Te5Oqj6lp8fVo5r0zpKZJvskD3ikyNyTE5JnTQIJ7fkgTyTF+fOeXJenbfP6Iwzndki3+C8fwDJ9qzc</latexit>

dmax / �1/2
<latexit sha1_base64="cmmP9D4KQNdEr8iPJahnckILd1g=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVJIKiY6VWBiLRB9SUyLHcVqrjmPZDqKKMrDwKywMIMTKR7DxN7htBmg5kqWjc+7V9TmBYFRpx/m2SmvrG5tb5e3Kzu7e/oF9eNRVSSox6eCEJbIfIEUY5aSjqWakLyRBccBIL5hczfzePZGKJvxWTwUZxmjEaUQx0kby7WroZzF6yKEnZCJ0Ar2AaHSXueeN3LdrTt2ZA64StyA1UKDt219emOA0JlxjhpQauI7QwwxJTTEjecVLFREIT9CIDAzlKCZqmM1D5PDUKCGMEmke13Cu/t7IUKzUNA7MZIz0WC17M/E/b5DqqDnMKBepJhwvDkUpgybsrBEYUkmwZlNDEJbU/BXiMZIIa9NbxZTgLkdeJd1G3TX85qLWahZ1lEEVnIAz4IJL0ALXoA06AINH8AxewZv1ZL1Y79bHYrRkFTvH4A+szx9NIpfQ</latexit><latexit sha1_base64="cmmP9D4KQNdEr8iPJahnckILd1g=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVJIKiY6VWBiLRB9SUyLHcVqrjmPZDqKKMrDwKywMIMTKR7DxN7htBmg5kqWjc+7V9TmBYFRpx/m2SmvrG5tb5e3Kzu7e/oF9eNRVSSox6eCEJbIfIEUY5aSjqWakLyRBccBIL5hczfzePZGKJvxWTwUZxmjEaUQx0kby7WroZzF6yKEnZCJ0Ar2AaHSXueeN3LdrTt2ZA64StyA1UKDt219emOA0JlxjhpQauI7QwwxJTTEjecVLFREIT9CIDAzlKCZqmM1D5PDUKCGMEmke13Cu/t7IUKzUNA7MZIz0WC17M/E/b5DqqDnMKBepJhwvDkUpgybsrBEYUkmwZlNDEJbU/BXiMZIIa9NbxZTgLkdeJd1G3TX85qLWahZ1lEEVnIAz4IJL0ALXoA06AINH8AxewZv1ZL1Y79bHYrRkFTvH4A+szx9NIpfQ</latexit><latexit sha1_base64="cmmP9D4KQNdEr8iPJahnckILd1g=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVJIKiY6VWBiLRB9SUyLHcVqrjmPZDqKKMrDwKywMIMTKR7DxN7htBmg5kqWjc+7V9TmBYFRpx/m2SmvrG5tb5e3Kzu7e/oF9eNRVSSox6eCEJbIfIEUY5aSjqWakLyRBccBIL5hczfzePZGKJvxWTwUZxmjEaUQx0kby7WroZzF6yKEnZCJ0Ar2AaHSXueeN3LdrTt2ZA64StyA1UKDt219emOA0JlxjhpQauI7QwwxJTTEjecVLFREIT9CIDAzlKCZqmM1D5PDUKCGMEmke13Cu/t7IUKzUNA7MZIz0WC17M/E/b5DqqDnMKBepJhwvDkUpgybsrBEYUkmwZlNDEJbU/BXiMZIIa9NbxZTgLkdeJd1G3TX85qLWahZ1lEEVnIAz4IJL0ALXoA06AINH8AxewZv1ZL1Y79bHYrRkFTvH4A+szx9NIpfQ</latexit><latexit sha1_base64="cmmP9D4KQNdEr8iPJahnckILd1g=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVJIKiY6VWBiLRB9SUyLHcVqrjmPZDqKKMrDwKywMIMTKR7DxN7htBmg5kqWjc+7V9TmBYFRpx/m2SmvrG5tb5e3Kzu7e/oF9eNRVSSox6eCEJbIfIEUY5aSjqWakLyRBccBIL5hczfzePZGKJvxWTwUZxmjEaUQx0kby7WroZzF6yKEnZCJ0Ar2AaHSXueeN3LdrTt2ZA64StyA1UKDt219emOA0JlxjhpQauI7QwwxJTTEjecVLFREIT9CIDAzlKCZqmM1D5PDUKCGMEmke13Cu/t7IUKzUNA7MZIz0WC17M/E/b5DqqDnMKBepJhwvDkUpgybsrBEYUkmwZlNDEJbU/BXiMZIIa9NbxZTgLkdeJd1G3TX85qLWahZ1lEEVnIAz4IJL0ALXoA06AINH8AxewZv1ZL1Y79bHYrRkFTvH4A+szx9NIpfQ</latexit>

• For  vertical  collimators,  position is  determined also  by Transverse  Mode Coupling 
(TMC) instability condition, that is derived from bunch current threshold condition:

Ithresh =
C1fsE/e

⌃�yky�z
�! dmin / �2/3

<latexit sha1_base64="HwLZ8hPzhNZsAHqwzOf9i4UQr5M="></latexit><latexit sha1_base64="HwLZ8hPzhNZsAHqwzOf9i4UQr5M="></latexit><latexit sha1_base64="HwLZ8hPzhNZsAHqwzOf9i4UQr5M="></latexit><latexit sha1_base64="HwLZ8hPzhNZsAHqwzOf9i4UQr5M="></latexit>
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<latexit sha1_base64="R4ushbo5zWuRBJt32BKtdXZdsxY="></latexit><latexit sha1_base64="R4ushbo5zWuRBJt32BKtdXZdsxY="></latexit><latexit sha1_base64="R4ushbo5zWuRBJt32BKtdXZdsxY="></latexit><latexit sha1_base64="R4ushbo5zWuRBJt32BKtdXZdsxY="></latexit>
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Collimator study with simulation
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• Simulation performed with Strategic Accelerator Design (SAD) code.
• Simulation with single beams, tracking a full bunch of particles.
• Results are scaled to the actual number of bunches of each optics.
• One background source at a time: Touschek, beam gas Coulomb scattering 

and bremsstrahlung.
• All data are collected together to find the overall losses in the ring and the 

losses in the interaction region (IR).
• Overall losses used to estimate beam lifetime
• IR losses used to estimate beam background

GOAL:  reduce  IR losses  to  a  few tens  of  MHz keeping lifetime as  long as 
possible. For Phase 3, losses on each collimator should be less than 100 GHz.
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Collimator study with simulation - strategy
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• Starting point: all collimators fully open.
• Close  one  collimator  at  a  time,  in  steps,  and  observe  the  changes  in 

background level and beam lifetime.
• Find the optimal collimators aperture: reduction in IR losses keeping beam 

lifetime (almost) unchanged.
• Run another simulation using optimized collimator apertures and observe 

the overall effect.
• Use the optimized configuration as a starting point for a second iteration of 

the same procedure.

Optimal apertureResults  of  simulation for  one  of 
the  vertical  collimators,  for 
different apertures.
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Collimator study with simulation - results
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• Collimator study performed for nominal parameters of Phase 2.
• Repeated for Phase 2.1.7 - the one adopted for real collimators study and for 

most of the other background studies.

• The output of the simulation gives position and momentum of particles lost 
in the IR. This is used as an input for the GEANT4 simulation, where the 
geometry of the Belle II detector is implemented and the effect of particles 
lost in the IR can be evaluated.

LER HER
Collimators beam lifetime [min] IR losses [MHz] beam lifetime [min] IR losses [MHz]

Fully open 16.4 1406 74.0 841
Optimized 10.2 90 69.0 6
Parameter
Ibeam [mA] 302 251

n. of bunches 789 789
tot n. of particles 18.8 x 1012 15.7 x 1012

𝜷x* [mm] 200 100
𝜷y* [mm] 3 3
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Collimator study during Phase 2
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• Strategy  similar  to  the  study  based  on  simulation:  from  an  “open”  collimators 
configuration,  gradually  close  each  collimator  individually  to  find  the  best 
compromise between background level and beam lifetime.

Collimator D06H3 - LER

Beam lifetime

Beam current

Time

BEAST rate

• Collimators closed in step of 0.5 mm.
• Study performed only on horizontal collimators, no time available for studies on 

vertical collimators.
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BG reduction after collimator study
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LER At  the  end  of  a  collimator  study,  all 
collimators  were  opened  as  in  the  initial 
configuration, and then closed all together 
to their optimised aperture. A reduction in 
the  background  level  is  observed.  No 
significant change in beam lifetime.

• After closing collimators individually, all collimators were closed at the same time 
to their optimised aperture —> reduction in IR background clearly visible.

Around 20% reduction in background level
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Comparison between simulation and data
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LER HER
Collimators beam lifetime [min] IR losses [MHz] beam lifetime [min] IR losses [MHz]

Open (oper.) 13.5 158 67 14

Optimized (oper.) 10.1 150 53 5.4

Fully open (sim) 16.4 1406 74.0 841

Optimized (sim) 10.2 90 69.0 6

• Comparison between data and simulation has been done by BEAST and Belle II sub-
detectors, and for HER there is a big discrepancy in background levels O(100-1000).

• To  understand  where  this  comes  from,  I  run  the  simulation  with  two  different 
collimator settings: before and after the collimator studies done in Phase 2.

• For LER, the simulated background reduction is about 5%, while during operation 
the reduction was about 20%.

• The difference between the two optimized configuration for LER comes from beam-
gas component: no optimization done on vertical collimators during operation.

• For  HER,  simulated  background  reduction  of  almost  a  factor  3,  while  during 
operation it was almost a factor 2.
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Next steps
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• Understand  where  the  discrepancy  between  data  and  simulation  of  2-3 
orders of magnitude comes from, and if  needed modify the simulation to 
reproduce experimental data.

• Simulation for beginning of Phase 3, with optics similar to the end of Phase 2 
and additional collimators for LER that will be installed soon.

• Simulation for nominal parameters of Phase 3, adding even more collimators 
on LER to improve background reduction. To be used to decide where to 
install additional collimators in the next years.

• Collimators studies foreseen at the beginning of Phase 3, together with other 
background studies.

• Collimators studies to be done constantly during Phase 3, especially when 
changes in optics are done.
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Thank you!



2018/10/16Antonio Paladino

Backup slides
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Machine parameters - SuperKEKB
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Machine Parameters
2017/September/1 LER HER unit

E 4.000 7.007 GeV

I 3.6 2.6 A

Number of bunches 2,500

Bunch Current 1.44 1.04 mA

Circumference 3,016.315 m

εx/εy 3.2(1.9)/8.64(2.8) 4.6(4.4)/12.9(1.5) nm/pm ():zero current

Coupling 0.27 0.28 includes beam-beam

βx*/βy* 32/0.27 25/0.30 mm

Crossing angle 83 mrad

αp 3.20x10-4 4.55x10-4

σδ 7.92(7.53)x10-4 6.37(6.30)x10-4 ():zero current

Vc 9.4 15.0 MV

σz 6(4.7) 5(4.9) mm ():zero current

νs -0.0245 -0.0280

νx/νy 44.53/46.57 45.53/43.57

U0 1.76 2.43 MeV

τx,y/τs 45.7/22.8 58.0/29.0 msec

ξx/ξy 0.0028/0.0881 0.0012/0.0807

Luminosity 8x1035 cm-2s-1
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Machine parameters - KEKB/SuperKEKB
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Machine Design Parameters
parameters KEKB SuperKEKB

units
LER HER LER HER

Beam energy Eb 3.5 8 4 7.007 GeV
Half crossing angle φ 11 41.5 mrad

# of Bunches N 1584 2500
Horizontal emittance εx 18 24 3.2 4.6 nm

Emittance ratio κ 0.88 0.66 0.27 0.25 %
Beta functions at IP βx*/βy* 1200/5.9 32/0.27 25/0.30 mm

Beam currents Ib 1.64 1.19 3.6 2.6 A
beam-beam param. ξy 0.129 0.090 0.088 0.081

Bunch Length sz 6.0 6.0 6.0 5.0 mm
Horizontal Beam Size sx* 150 150 10 11 µm

Vertical Beam Size sy* 0.94 48 62 nm
Luminosity L 2.1 x 1034 8 x 1035 cm-2s-1
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Collimators location - early Phase 3
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D12 arc

D09 arc
D06 arc

D02D01
Tsukuba straight section

SuperKEKB type

SuperKEKB type

KEKB 
type

KEKB 
type

X

Ea
rly

  P
ha

se
-II

I

: Horizontal Collimator (SuperKEKB type)

: Vertical Collimator (SuperKEKB type)

SuperKEKB type

SuperKEKB type
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Collimators in Phase 2 operation
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• To adjust collimators, the physical aperture of Final Focus magnets (QC1 and QC2) in 
terms of number of 𝝈x has to be considered:

• Collimators with larger N𝝈x than QC1/QC2 can be closed without loosing lifetime.
• Closing collimators at same (or more) N𝝈x as QC1/QC2 helps avoiding QCS quenches

Cannot be reduced more 
because of too much losses 

during injection

𝛽x large during Phase 2, even 
with collimator fully open 
N𝝈x is smaller than QC1


