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• Vacuum chambers


• Optics


• Measurements of TCBI at SuperKEKB


• TCBI theory and predictions of TCBI growth time
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• Normal chambers at SuperKEKB rings [1]

• LER: Round chamber with ante-chambers ~90%, radius 45 mm, aluminum with TiN 0.2 m 

coating.

• HER: Race-track chamber ~70%, copper.

μ

Vacuum chambers
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• IR chamber [1]

• Chamber radius from 40 to 10 mm from 2.5 m from IP.

• Local beta functions vary very fast around IP.

±

Vacuum chambers
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[1] A. Natochii et al., PRAB 24, 081001 (2021).

Courtesy of A. Natochii
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Do analytic theories of RW impedance apply to SuperKEKB IR chamber?



• Collimators [1]

• KEKB-type collimators are mainly used in HER.

• SuperKEKB-type collimators are mainly used in LER (ante-chambers limit the use of KEKB-

type collimators in LER).

Vacuum chambers
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Do analytic theories of RW impedance apply to SuperKEKB collimators?



• IR optics

• TCBI theory depend on beta functions

Optics

6

LER HER

IR chamber [1]

[1] A. Natochii et al., PRAB 24, 081001 (2021).

IR chamber [1]
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See talks by G. Bassi and T. Ishibashi

Does “smooth approximation” apply to SuperKEKB IR?



• Grow-damp study at HER (2021.06.29, M. Tobiyama)

• Mode -1 dominates the instability.

• This instability should be attributed to resistive wall (RW) impedance.

TCBI at HER
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• Grow-damp study at HER (2021.06.29, M. Tobiyama)

• Mode -1 dominates the instability.

TCBI at HER
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Question:
Does the growth rate 
depend on ?β*y



• Grow-damp study at LER (2022.03.28, M. Tobiyama)

• Mode -1 dominates the instability.

• This instability should be attributed to resistive wall (RW) impedance.

TCBI at LER
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• Grow-damp study at LER (2022.03.28, M. Tobiyama)

• Mode -1 dominates the instability.

• Growth time around 3.6 ms with Ibeam=600 mA.

• This instability should be attributed to resistive wall (RW) impedance.

TCBI at LER
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• Assume a uniform filling pattern. The n-th bunch takes the motion of [1]


• =5120 for SuperKEKB. The eigenvalues  are given by [2]


• ,  with  m for SuperKEKB. 
 is the total beam current.  is the beam energy. The imaginary part of  determines the 

growth rate

M ΩU
μ

p′ = (pM + μ + νy)ω0 ω0 = 2πf0 = 2π/T0 = 2π/(C/c) C = 3016.315
I0 E ΩU

μ

TCBI theory
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[1] A. Wolski, “Beam dynamics in high energy particle accelerators”, Imperial College Press, 2014.

[2] G. Bassi et al, PRAB 25, 014402 (2022).
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• The transverse average impedance  (weighted by local beta functions) is


• The major contribution to the TCBI  is from low-frequency resistive wall impedance [1]


•  is the geometric factor (Yokoya factor): For components with round geometry, =1; For 
components with parallel-plates geometry, .  is the length of the component.  is the 
half aperture (chamber radius).  is the electrical conductivity. Since only impedance at low 
frequency  is important for TCBI, coating (such as TiN) is negligible in the evaluation of 
TCBI.
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TCBI theory
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• Benchmark of impedance formulae with IW2D (Green lines, by M. Migliorati) for LER


• Good agreement was seen in the frequency range ( 100 kHz ) of interest for TCBI analysis.

• Analytic theory for RW: Simple model (Eq.(5)) and two-layer model [1]

f0 ≈

TCBI theory
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[1] M. Ivanyan and V. Tsakanov, PRST-AB 7, 114402 (2004).



• The growth rate of RW driven TCBI scale as


• The fasted growth rate of RW driven TCBI modes is given by


•  is the fractional part of : . The above equation is determined by [1]


• It gives =-1, , assuming . The fast mode 
 corresponds to the “-1 mode” in measurement.

Qy νy Qy = νy − Int[νy]

p μm = M − (νy + 1 − Qy) = M − Int(νy) − 1 0 ≤ μ < M
μm

TCBI theory
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[1] A. Wolski, “Beam dynamics in high energy particle accelerators”, Imperial College Press, 2014.

Question:
Does Eq.(6) imply the 
collimators (small ) 
and IR (large ) can 
be important for TCBI?

b
βy



• Positive chromaticity generates head-tail damping [1,2]

Effect of slow head-tail effect
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[1] G. Bassi, Talk to TWIICE, 2016.

[2] G. Bassi et al., NIMA 810 (2016) 151-163.



• With a gap ratio w<0.3,  the simple theory with an even filling pattern seems to work well [1]

Effect of uneven filling pattern
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[1] G. Stupakov, "Multi-bunch instability with uneven fills", presented at HSC meeting, CERN, Apr. 18, 2016.



• For SuperKEKB LER, the main sources of RW impedance are: 1) Normal chambers with =45 
mm; 2) IR chambers with large  and 10 mm; 3) Small-gap collimators with  ~1 mm.


• For normal chambers, we take =45 mm, =3011 m, =3.8e7 S/m for aluminum, =25.3 m for 
the arc and straight sections. The growth time of the fast mode is =6.65 ms with =600 mA.


• For IR chambers, =1.14 ms with =600 mA and =1 mm.


• For collimators, =23.1 ms with =600 mA.


• SR radiation damping time =-45.7 ms.


• Head-tail damping time with =+1.5, =-17.9 ms. (This value seems to be consistent with the 
findings of Refs.[1,2] (to be confirmed))


• In total, we obtain a growth time of =1 ms. This cannot explain the experimental data of 
=3.6 ms (see page.11).
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TCBI at LER (Machine conditions of 2022.03.28)
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[1] J. Keintzel et al., IPAC2021, TUPAB010.
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• For SuperKEKB LER, the main sources of RW impedance are: 1) Normal chambers with =25 
mm, considering Yokoya factor; 2) IR chambers with large  and 10 mm; 3) Small-gap 
collimators with  ~1.4 - 4.0 mm.


• For normal chambers, we take =25 mm, =3011 m, =5.8e7 S/m for copper, =25.8 m for the 
arc and straight sections. The growth time of the fast mode is =1.68 ms with =600 mA.


• For IR chambers, =0.82 ms with =600 mA and =1 mm.


• For collimators, =5.25 ms with =600 mA (Total jaw length is longer than that of LER).


• SR radiation damping time =-58 ms.


• Head-tail damping time with =+1.5, =? ms (Not estimated yet).


• In total, we obtain a growth time of =0.5 ms. This cannot explain the experimental data of 
=1.6 ms.
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TCBI at HER (Machine conditions of 2021.06.29)
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Open questions
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Do Eqs. (4-5) with 
 apply to 

the SuperKEKB IR 
(tapered structure with 
fast variation in beta 
functions)?

ω0 = 2πf0
Do Eqs. (4-5) with 

 apply to 
the SuperKEKB-type 
collimator (  and  are 
simultaneously very 
small)?

ω0 = 2πf0

L b

Courtesy of A. Natochii
Courtesy of A. Natochii



• The TCBI observed in SuperKEKB cannot be well explained by the simple CBI model (uniform 
filling pattern) with a simple resistive wall model.


• Questions

• The theories of RW impedance assume a smooth chamber in the s-direction. Are these 

theories applicable to the cases of 3D structures like IR chambers and collimators (where 
chamber lengths are small)?


• Are there any missing factors affecting TCBI growth time?


• Squeezing  may cause more contributions to TCBI from the interaction region (due to larger ) 
and vertical collimators (due to smaller gaps).

β*y βy

Summary

20



• Grow-damp study at HER (2021.06.29, M. Tobiyama)

• Mode -1 dominates the instability.

• This instability should be attributed to resistive wall (RW) impedance.

TCBI at HER
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