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CAD design of SuperKEKB collimator GdfidL model of SuperKEKB collimator
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e w/h =4/4 mm (close to round collimator):
* For round collimators, dipolar wakes dominates the quadrupolar wakes

Longitudinal wake
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SuperKEKB-type collimator

* Wake calculation using GdfidL and ECHOS3D at BNL

resources); Use standard “-fdtd” method.
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BNL (GdfidL): Driving bunch 6,=0.5/1 mm; Mesh sizes: dx=dy=dz=0.025 mm; Use"-windowwake” method.
DESY (ECHOSD): Driving bunch ¢,=0.5 mm; Mesh sizes: dx=dy=0.1 mm, dz=0.25 mm.
KEK (GdfidL): Driving bunch 6,=0.5 mm; Mesh sizes: dx=dy=0.2 mm, dz=0.1 mm (limited by available computing

Blue solid line: GdfidL (mesh 0.025 mm) 5
Red dashed line: ECHO3D (mesh 0.1/0.25 mm) -
Green dashed line: GdfidL (mesh 0.2/0.1 mm)
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Computing short-bunch wakes of small-collimators is a challenging task (pushing CPU resources)
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Ludvig Lorenz
(1829-1891)

Hendrik Lorentz
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-> Lorentz force -> Lorenz gauge
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Impedance effects (mainly in e+e- circular colliders)

* Longitudinal single-bunch effects
- Potential-well distortion and synchrotron-tune shift/spread

- Microwave instability

* Longitudinal multi-bunch effects
- Stationary distribution

- Longitudinal coupled-bunch instability

* Transverse single-bunch effects
- Beam tilt (=transverse potential-well distortion)
- Betatron-tune shift/spread

- Transverse mode-coupling instability (TMCI)

e Transverse multi-bunch effects

- Transverse coupled-bunch instability
* Interplay between impedance effects and others (beam-beam, lattice, feed-back, etc.)
- Wanted: Damping

- Unwanted: Emittance blowup and instabilities

24



Potential-well bunch lengthening

* Discrepancy between impedance calculations and beam-based measurements
- For several decades, theories and numerical tools for impedance calculations have been “well established”.
- Techniques for experimental observations of impedance effects have also matured in parallel.

- However, discrepancies remain in each accelerator project, to varying degrees [1].
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; 2 g
% =
Accelerator parameters.
) . .
Cm)  EGeV) ot (pd o 10°  alod v, v, e m)  p(m)  2a(mm) 2 (mm) Zotter’s equation [2]:
ALS [18] 196.8 1.52 14 0.71 1.59 14.25 9.2 5.0 5.4 96 34
AS [22] 216 3 29 1.02 2.11 13.3 5.2 8.0 14.1 70 28
ELETTRA [19] 259.2 0.9 8 0.36 1.55 14.3 8.2 7.8 6.4 80 32 C I b
ALBA [23] 268.8 3 21 1.05 0.89 18.18 8.37 6.6 9.2 72 28
SOLEIL [24] 354.4 2.75 21 1.02 0.44 18.18 10.23 9.0 8.4 80 25 o
TPS [25] 518.4 3 10 0.89 0.24 26.18 13.28 8.9 9.0 70 32 K }70)00 ZOO' 50( E / € )
MAX-1V [26] 528 3 49 0.782 0.306 42.2 14.28 3.8 7.0 22 22
DLS [27] 561.6 3 13 0.96 0.166 27.2 13.37 9.6 12.5 80 24
NSLS-II [28] 791.9 3 11 0.514 0.363 33.22 16.26 12.5 13.7 64 24
ESRF [20] 844.4 6 20 1 0.186 36.44 14.39 19.0 22.7 76 28 _
APS [20] 1104 7 24 0.96 0.228 36.2 19.27 13.5 16.0 84 34 We must be cautious:
SPRING-8 [20] 1436 8 12 1.09 0.146 40.14 18.35 17.0 18.1 70 40 _ _
PEP-II [29] 2200 3.1 34 0.77 1.23 24.51 23.61 15.9 12.1 110 76 The model can be a source of d|ScrepanC|eS
PETRA-II [13] 2304 6 43 1.27 1.2 37.26 33.2 15.7 20.8 80 40 o _ _
KEKB [29] 3016 3.5 13 0.727 0.32 45.51 43.58 13.1 14.2 94 94 if its assumpt|ons are violated.

[1] V. Smaluk, NIMA 888, 22 (2018). [2] B. W. Zotter, CERN-SPS-81-14-DI (1981).
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Potential-well bunch lengthening

 rms bunch length o,
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Wake potential: W”(Z) — J' W”(Z — ZI)/I()(Z/)CZZ,

Normalized current:

cl 5 7
: 0]
........................... 27O N (ELe
1) Exact prediction by Haissinski equation —
2) A generalized version of Zotter’s equation A GZ/GZO

%0 - d - ~
Z”eff — _ J' Ede”(k)/lO(k) [zﬁﬂg‘;(k) + zc/lak(k)

S NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE -

Both real and imaginary parts of impedance contribute
to bunch lengthening if the bunch is deformed

- If real part of impedance is large, it also contributes to bunch lengthening

20



m=1

cl cl Z
. e b |
Example 1: SuperKEKB LER 12— 1 ZMx)=0 X -x- —___im( L) =0
270, KNwoo,003,(E/ e) n
eff
Haissinski distribution Effective impedance
3000 | 1 0.4 ] | I . ] [ 2200 I [ [ .
Pseudo-Green wake function without CSR —— N=2.75x10% Quadratic equation ——
2500 - 0.35 |- N=5.49x10'0 —— i 2100 F Cubic equation —w— |
N=1.10><1OH
2000 | . 0.3} N=165<10" — . 2000
O 1500 - 0.25F . 1900
Q_ r—
S 5 =
— 1000 —-= 0.2 = 1800
N < T
2 500 0.15 1700
-500 | - 0.05 . 1500
1097008 006 -004 002 0 %% & 6 4 =2 0 2 4 6 8 10 14006501 002 003 004 005 006
z [m] q=2/G g | [PC/V]
30 T T T T 1 8 T T T T componen /pC
Real, without CSR ——— 20 —— i il el ol k.
25 Imaginary, without CSR ——— 1 6L 00,5 —— | i e b = ol
resistive-wall 3.0 213.1 9.1
201 | 14 flanges (¢150, HELICOFLEX) 1.0 70.0 0.7
15 1 . MO-flanges 0.0 1.4 52
= 10 - | 1.2 welding-gaps 0.0 0.3 1.4
g comb-type bellows 0.9 66.3 53
2 S longitudinal feedback kicker 0.8 57.6 -0.8
N: 0 — transverse feedback kicker 0.4 26.1 0.0
clearing electrodes [4] 0.0 1.7 2.4
o | vertical collimators 0.1 8.2 5.9
-1 O B 7] horizontal collimators 03 17.6 5.6
15 1 tapered beam-pipes 0.9 61.0 1.4
QCS beam-pipes 0.1 5.1 0.6
2001000 2000 3000 4000 5000 _ 6000 00 001 002 003 004 005 006 ohers L 32
k [m™] | [pC/V] Total 18.9 1337.6 30.2
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Example 1: SuperKEKB LER

—— Streak Camera
0.30 4 —— Haissinski
} Tracking
. . . . 0.25 A
* |nverse problem of Haissinski equation [1] I
0.2041 — 1b=3.0 mA
g —— 1b=4.8 mA
Z2 I / 7 7 7, £ 0157 — b=7.9mA
— f dz' |7 W (2'—=z")Ay(2")dz 2
A{ (Z) — Ae 200 0.10 -
O 0.05 -
0o | ] 0.00
020 dIn /IO(Z) < —ikz ~20 10 0 10 20
Z”(k) = = + — € dz . z [mm]
Ic274(k) ) _ dz o2,
© | 2V L. Carver et al., PRAB 26, 044402 (2023).
90 T T T 30 T T T T T T T T T 15 ! ! ! ! ! ' ! ' !
Wake potentlal W|th CSR N 0 —— Original impedance with CSR —— Original impedance with CSR ——
80 - Wake potential with CSR, N=5. 49x1010 — Impedance with CSR, N=5. 49><1o10 _ Impedance with CSR, N=5. 49><1010 —
70 F Wake potential with CSR, N=1. 10><10 i 25 | Impedance with CSR, N=1. 10><10 i 10 ¢ Impedance with CSR, N=1. 10><10 ]
60 | Wake potentlal with CSR, N=1 65)(10 - | Impedance with CSR, N=1 65)(10 S 3 |mpedance with CSR, N=1 65)(10 —
20 . \
50 + - — — 5
g g
40 ) = 15} : =
30 : S o) < 0
i | N | . . | N
20 ~ 10[ é A A 6 1 =
10 i o \r\/ \/./ = =
O . 1 5 B V / _
10 + i ol A o= ] -10
20 | _
-3 ! ! ! | | ! | | | -5 | | | | | | -15 ' . ' L L
-%.05 -0.04 -0.03-0.02-0.01 O 0.01 0.02 0.03 0.04 0.05 -1000 800 600 2400 -200 0 200 400 600 800 1000 -1000 800 600 400 200 0O 200 400 600 800 1000

z [m]

Wake potential with different bunch
profiles

[1] A. Chao, “Lectures on Accelerator Physics”, World

k[m™]

Real part of impedance extracted from

Haissinski solutions
Scientific, 2020.

K [m™]

Imaginary part of impedance extracted
from Haissinski solutions
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Example 2: SuperKEKB HER Pl 2T =0 oD m( D)

2
270, KNwoo,003,(E/ e) n
eff
Haissinski distribution Effective impedance
3000 | ] . | 0-4 | | 8 | | | | 4400 | | I. . |
Pseudo-Green wake function without CSR —— N=4.71x1 (1)0 Quadratic equation ———
2500 |- . 0351 N=4.71x10 = — | Cubic equation —w—
N=9.42x10!° 4200
i . | N=1.41x10"" — i
2000 0.3 4000
o 1500 | . 25| :
3% o F3800 T xZ(x) = Constant _
— 1000 g 0.2 =
N < o__
= NT3600
< 500 0.15
0 L 0.1 3400
-500 | : 0.05 - 3200
-100(-)0.1 -0.08 -0.06 -0.04 -0.02 0 Q10 -8 6 -4 -2 0 2 4 6 8 10 3000 0 0.005 0.01 0.015 0.02 0.025 0.03
z[m] q=2/G4 | [PC/V]
component ‘ k, [;/ pC] R [Q2] L [nH]
30 | | | | 1.8 | | | | Superconducting cavity 143 845.1
Real, without CSR —— 20,9 =——— ARES cavities 3.8 225.0
25 Imaginary, without CSR 1.6 GZ/GZO — | resistive-wall 49 289.5 7.4
20 F . 14 flanges (9150, HELICOFLEX) 24 142.6 36.4
15 ] . flanges (race-track, HELICOFLEX) 1.0 60.5 -0.3
1.2 i} MO-flange 0.0 0.5 0.8
g 10| i y ) welding-gaps 0.0 0.8 1.6
— 5 comb-type bellows 0.2 12.9 0.7
=
— 0.8 contact-finger-type bellows 4.0 238.1 13.0
N O .
transverse feedback kicker 0.4 245 0.0
0.6
D . BPM 1.2 715 15
0L | 04} vertical collimators 1.3 76.2 4.0
horizontal collimators 2.6 150.6 7.2
15 ¢ | 0.2 QCS beam-pipes 0.1 6.8 0.5
-20 L L L L 0 L L L L pumping-screen 0.3 15.8 3.0
0 1000 2000 3000 4000 5000 6000 0 0.005 0.01 0.015 0.02 0.025 0.03 e o - .
k[m™] | [pC/V] :
otal 36.6 2166.0 70.42
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Example 3: SLC damping ring with original vacuum chamber [1]

7000
6000
5000
4000

3000

S. 2000

§%1ooo

0
-1000
-2000
-3000
-4000

0.02

k [m™]

| IPseudo-Green Iwake fulnction
i |

| | | | u
14 012 -01 -0.08 -0.06 -0.04 -0.02 0

z [m]

| | | IReal
i Imaginary
0 500 1000 1500 2000 2500 3000 3500 4000

0.3
0.25
0.2
S o.15
0.1

0.05

Haissinski distribution

| | | | | | 4000
N=5.54x10"°
N=1.11><1011 SE— 3500
N=2.03x1 011
i | 2500
S
5 2000
=
I 1500
1000
500
10 8 6 0
ow —— O
G,/C,y —H4—

03 05

01 02

0.4
| [PC/V]

[1] R. Warnock and K. Bane, Phys. Rev. Accel. Beams 21, 124401 (2018).

0.6

0.7 0.8

Effective impedance

| |

Quadratic equation ——
Cubic equation —s— _

xZueff (x) = Constant

0 041 02 03 04 05 06

| [PC/V]

0.7 0.8

SLC is a special case:

* With original vacuum chamber,
iInductive character is dominant.

* Zotter’s equation does not apply
because of large resistive impedance
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https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.21.124401

Example 4: SLC damping ring with improved vacuum chamber [1]

7000
6000
5000
4000

3000

S. 2000

§%1ooo

-1000
-2000
-3000
-4000

| IPseudo-Green Iwake fulnction
14 012 -01 -0.08 -0.06 -0.04 -002 0 002
z [m]
| | | | Real
i Imaginary
0 500 1000 1500 2000 2500 3000 3500 4000

k [m™]

Haissinski distribution

0.3 | | 10 | | | | 4000
N=5.54x10'"
N=1.11x10 " —— 3500
0.25 N=2.03><1011
02} ]
2500
. G,
O “
£ 0.15 £ 2000
b
1500
0.1} ]
1000
0.05
500
%% =8 6 4 =2 0 2 4 6 8 10 0
q=2/0,
5 [ [ [ [
ZC/GZO —_—
45| o0,/6,7 —w— '
4 L |
35} .
3 | _
25
P
15} -
1 ]
05} ]
0001 02 03 04 05 06 07 08
| [pC/V]

[1] R. Warnock and K. Bane, Phys. Rev. Accel. Beams 21, 124401 (2018).

Effective impedance

| |

Quadratic equation ——
Cubic equation —s— _

04 05 06

| [PC/V]

SLC is a special case:

* With improved vacuum chamber,
resistive character is dominant.

* Zotter’s equation does not apply
because of relative large resistive
Impedance
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A global picture

oy dzoy déo 2 0 |
VFP equation: el * = Sy + o3
os ds 0z ds dd ct; 00 |

_ 2
a __< _GI J‘ZOO dZ/W (Z,)
a—lg Haissinski equation: Ao(z) = Ae 22, o0 ||

cl =
“Quadratic” equation:  x* — 1 Zﬁff (x) =0 Zotter’s equation: x> — x A h Im al =0
270, KNwo 0,005, (E/ €) M
e

Zc equation: 7 (I) = Io,k,

Zm equation: Z,, = IGZOWH(Zm)

Vlasov-Fokker-Planck equation

Haissinski equation

Quadratic” equation <Zc equatioD
Cubic equation
(Zotter) Zm equation

Subset diagram 32




Longitudinal pseudo-Green’s function impedance model for SuperKEKB LER and HER

* Long. wakes for SuperKEKB [1]

- T. Abe, T. Ishibashi, M. Tobiyama, and others
calculated the wakes with 0.5 mm Gaussian
bunch. | collected wake data for MWI
simulations using VFP solver.

- Most of the wake calculations were done
using GdfidL.

- Compare with KEKB: Most of LER chambers
were new; most of HER chambers were
reused.

2. Impedance calculations: Modeling

LER typical (~90%) HER typical (~70%)
Aluminum w/ antechamber Copper w/o antechamber
104

s From Y. Suetsugu and K. Shibata

2. Impedance calculations: Modeling: LER 2. Impedance calculations: Modeling: LER
Horizontal ollimator (PEP" tYPE)

PR

Bellows Pumping port

ARES RF cavity

i =

From T. Abe and K. Shibata

2. Impedance calculations: Modeling: HER 2. Impedance calculations: Modeling: HER

SCC (by ABCI) Movable mask (KEKB type) Pumping port

10/62/2010, 18:32:57

J-sxis S

From T. Abe, Y. Morita, and K. Shibata 9 From K. Shibata and M. Tobiyama

[1] D. Zhou, Impedance Issues in SuperKEKB, Talk presented at the 19th KEKB Accelerator Review Committee, KEK, Mar. 3, 2014. 33



https://research.kek.jp/people/dmzhou/BeamPhysics/ImpedanceBudget/Impedance_Issues_SuperKEKB_MAC_2014.pdf

Longitudinal pseudo-Green’s function impedance model for SuperKEKB LER and HER

* MWI simulations for SuperKEKB [1] TemmmT | [ emEmT
- MWI simulations were done with design o 3 .
configurations. *
- For LER, CSR is important in defining the MWI e e
threshold. LA R N TR T B SR
- For HER, CSR effect is n eg” gibl e Figure 6: Normalised bunch length and energy spread as

a function of the bunch population in LER. The vertical
and horizontal dashed grey lines indicate the nominal bunch

Table 2: Key Parameters of SuperKEKB Main Rings for population and bunch length, respectively. Simulations are
MWI Simulations performed by using VFP solver with various impedance
Parameter LER HER sources. Left: Bunch length. Right: Energy spread.
Circumference (m) 3016.25 3016.25
Beam energy (GeV) 4 7.007 I N R e
Bunch population (1019) 9.04 6.53 : oo e //:”’; 115 Movable ases - o-
Nominal bunch length (mm) 5 4.9 s | Pt -
Synchrotron tune 0.0244  0.028 ° ﬁ,:,fgi“’f;' """ ] °
Long. damping time (ms) 21.6 29.0 B ’ R S
Energy spread (10~%) 8.1 6.37 fasnsentane = s il s
Figure 7: Normalised bunch length and e;;;'gy spread as
a function of the bunch population in HER. The vertical
MW I/microbunching driven by impedance at high and hl‘)fi,zontal (fa;hedhgiey “fllles indicate “;e n"LmifnalgunCﬁ
frequencies k > l/GzO (CSR, SC, RW) is a rich population and bunch length, respectively. Left: Bunc

| _ length. Right: Energy spread.
topic at both storage rings and FELs.

[1] D. Zhou et al., Impedance calculation and simulation of microwave instability for the main rings of SuperKEKB, in Proceedings of IPAC'14, Dresden, Germany.



https://research.kek.jp/people/dmzhou/BeamPhysics/ImpedanceBudget/Impedance_Zhou_IPAC14.pdf

Interplay of beam-beam and impedance effects at SuperKEKB

« Scan LER v, (with LER U, and HER Uy y fixed as the values of the parameter table of 2021.12.21)

- Coupling impedances included

: 32 , 0.6 r
- Weak horizontal blowup when 0.5 + v, < [v,] < 0.5 + 1.5v, -0 o . ——  L0ImA}008ma
30 2 17=0. 0.55 | Electron Oy lor=0.3 MA. |p.=0.24 mA
i l,.=0.4 mA, I, =0.32 mA
28 | - 0.5} lp,=0.5 mA, I, =0.40 mA-
. L - ngn 1 — lp,=0.6 MmA, |, =0.48 mA
X-Z instability is sensitive to v,. o | - 0.45 27208 A 120,64 A
i 0.4 —_— l..=0.9 mA, I, =0.72 mA
— _ — 0.4r —— lo.=1.0 mA, I, =0.80 mA
£ 24 = b,=1.0 MA, I, =0.80 m
S =0.35
bx22 B b> 03 i
10 20 0.25
Nz i —~ . 16 0.15

E 8 B / | | |
- ( / 140.5 0.51 0.52 0.53 0.54 0.55 0'10.5 0.51 0.52 0.53 0.54 0.55
Cilw 7 b « | a Fractional v, Fractional v,

|E I ]

o 6 32 —— l,=0.1 mAL I, 21086 mA B 0.6 | N —_— l,,=0.1 mA, I,.=0.08 mA
- Ip,=0.2 WAL I, =016 mA : ' l,,=0.2 MA, I, =0.16 mA
S 30 203 ma | 202e mA Ppsitron o; 0.55 | Positron 0, 2203 mA. 172024 mA

~— 5 B N lp,=0.4 mA, |, =0.32 mA l,,=0.4 mA, 1, =0.32 mA

= 0. A1, 008 A —— 28t = pRe b Bl f o = paimtoen

E 4+ l,,=0.2 mA, |, =0.16 mA - b'-0.7 mA. I —0156 mA 0.45 lo=0.7 mA. I —0.56 mA

- |b+=0'3 mA, |b_=0_24 mA 26 F l,,=0.8 MA, |, =Di64 mA ) l,,=0.8 mA, I, =0.64 mA

1 L 0.4 mA | =032 mA —— 1p.=0.9MA, |, =072 MA l,.=0.9 MA, I, =0.72 mA

o 3L b.=0.4 mA, I, =0.32 m i — —v— |=1.0mA, I, =0.80 mA — 0.4} lp,=1.0 mA, I, =0.80 mAT

= l,.=0.5 mA, |, =0.40 mA E 24 E

S ol d lp.=0.6 MA, I, =0.48 MA —e— | o =0.35

Q l,,=0.7 mA, I, =0.56 mA e S 0.3l

2 l,,=0.8 mA, |, =0.64 mA 0

Tr l,,=0.9 mA, I, =0.72 MA —s— | 0.25
Ib+=1 O mA, |b-=080 mA . 2 18 = v N e 2 O, - '
O | | | | ‘ ) 0.2
0.5 0.51 052 053 0.54 0.55 16 o1 Y
Fractional v, . - =€
140.5 0.I51 0.52 0.53 0.54 0.55 0'10.5 0.I51 0.52 0.53 0.54 0.55

Fractional v, Fractional v,



Interplay of beam-beam and impedance effects at SuperKEKB

» BBSS simulations: Scan LER v, with bunch currents varied (with LER v, and HER v, , fixed as the

. BB+Wxy+W2z)

values of the parameter table of 2021.12.21

2

—— |,,=0.4 mA, [, =0.32 mA
. _ N 30| o P 0amA 00t ma Electron o
* The interplay of BB+Wx,y+Wz causes instability, 2g | —a— 12 A 2098 mA

consistent with Y. Zhang and K. Ohmi’s findings. o |

2 PR 1F : —
This instability has a threshold that is vy-dependent. £ 24
22
10 20 |
9_:::iﬂ_—t::f*ff;:_ 18_!!!HA!H!P+4HE—
— -— 1;_--'*4»'%- ———
N< ————— % 6
<8 . - 1 _
= 056 0565 057 0575 058 0585 059
'w 7 Fractional v, ,
o
&
_© 6 | 32 —— lp,=0.4 mA, I, =0.32 mA _
R 30| e P08 mA D064 mA Positron o
£ 5 . —&— |,.=1.0 mA, I, =0.80 mA
— og | —=— lb,~1:2MA 1,.=0.96 mA
E 4 ‘
3 26
2 3 | £ 24
O lp,=0.4 MA, I, =0.32 MA —— =
g 2 l.=0.6 MA, I, =0.48 mA 22 —— —1
2 1 |b+=0'8mA’ Ib-=0'64mA+ 20 = e | s e e e
l,,=1.0 mA, |, =0.80 mA —a&— PR S e i S S S S T
lp,=1.2MA, |, =0.96 MA —a— 18 = - ——
8.56 0.565 0.57 0.575 0.58 0.585 0.59 16
Fractional v, ,
1956 0565 057 0575 058 0585  0.59

Fractional Vys

—_— I,,=0.4 MA, I, =0.32 mA

* lb =06 mA, Ib-=048 mA

Electron Gy —— l,.,=0.8 MA, I, =0.64 mA

0.7 —a— lp.=1.0 MA. I, =0.80 mA
— lp.=1.2 MA, I, =0.96 mA

G,. [um]

=

0-356 0.585

0565 057 0575 058 0.59

Fractional v,

0.8

I,,=0.4 MA, I, =0.32 mA
l,,=0.6 MA, I, =0.48 mA
lp,=0.8 MA, I, =0.64 mA
lp,=1.0 MA, I, =0.80 mA
lp,=1.2 MA, I, =0.96 mA

Positron o*
0.7 y

——
—e
—_——
i —

0.565

— l‘T
0585  0.59

0.57 0.58

0-} 56 0575

Fractional Vys
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Interplay of beam-beam and impedance effects at SuperKEKB

« Beam-beam simulations for post-LS1 operation (1E35 luminosity). Factors affecting luminosity:

Specific Lum. [10°Tcm™s™/mA?]

nNn W A~ O O N 00O © O

-

(1) Bunch lengthening and synchrotron tune spread caused by longitudinal impedance — Unavoidable

(2)
(3)
(4)
(5)

2

w—

2) Beam-beam-driven fifth-order betatron resonances v, & 41/y + a = N — Cured by crab waist

3) Vertical TMClI-like instability driven by the interplay of beam-beam and vertical impedance [1]

Dynamic beta and dynamic emittance caused by linear transverse beam-beam force (,B;I< \{ , €, )

‘[ =0.89 mA
(1)&(@)

(2)&(5), ,

BBSS simulatign w/ Zxyz w/ CW (HER:50%,

(
BBSS simulati®n w/ Zxyz w/ CW (HER:60%
BBSS simulatign w/ Zxyz w/ CW (HER:70%
BBSS simulatign w/ Zxyz w/ CW (HER:80%

LER:50%)
. LER:60%)
. LER:70%)
, LER:80%)

0.2

04 06 0.8 1

1.2 1.

lbunch(€)Xlbuncn(€) [mAZ]

5) Crab waist (CW) suppresses the fifth-order beam-beam resonances

lbunch (MA)
# bunch
ex (nm)
€y (Pm)
Bx (mm)
By (mm)
020 (Mm)

Tx,y (MS)

T2 (MS)

Crab waist

post-LS1 1E35

e s Comments
0.63 0.89
2345 2022a operation value
4.6 4.0 w/o IBS
30 30 Single-beam emittance
60 60 Lattice design value
0.8 0.8 Lattice design value
5.1 4.6 Natural bunch length (w/o MWVI)
45.532 44.524 2022a operation value
43.574 46.589 2022a operation value
0.0272 0.0222 Calculated from lattice
58.0 53.1 Transverse damping time (w/ NLC)
29.0 26.6 Longitudinal damping time
80% 80% Lattice design

[1] Y. Zhang et al., PRAB 26, 064401 (2023)




Interplay of beam-beam and impedance effects at SuperKEKB

« Beam-beam simulations for post-LS1 operation (2.4E35 luminosity). Factors affecting luminosity:

Specific Lum. [103em™@s™/mA?]

(1) Bunch lengthening and synchrotron tune spread caused by longitudinal impedance — Unavoidable

(2)
(3)
(4)
(5)

(1)&(4)

BBSS simulation w/ Zxyz w/ CW
BBSS simulation w/ Zxyz w/ CW
BBSS simulation w/ Zxyz w/ CW
BBSS 'ls,imulation| W/ ZXyz V|V/ CW

P — — —

‘I, = 0.938 mA

HER:50)%, LER:50%)
HER:60%, LER:60%)

HER:8=)%, LER:80%)

02 04

0.6

0.8

r

_

HER:7)%, LER:70%) —at—
—
4

1.2 1.

Ibunch(e+)><|bunc:h(e-) [mAZ]

5) Crab waist (CW) suppresses the fifth-order beam-beam resonances

lbunch (MA)
# bunch
ex (nm)
€y (Pm)
Bx (mm)
By (mm)
020 (Mm)

Tx,y (MS)

T2 (MS)

Crab waist

2) Beam-beam-driven fifth-order betatron resonances v, & 41/y + a = N — Cured by crab waist

3) Vertical TMClI-like instability driven by the interplay of beam-beam and vertical impedance [1]

post-LS1 2.4E35

Dynamic beta and dynamic emittance caused by linear transverse beam-beam force (,B;I< \{ , €, )

N TS Comments
0.938 .17
2345 2022a operation value
4.6 4.0 w/o IBS
21 21 Single-beam emittance
60 60 Lattice design value
0.6 0.6 Lattice design value
5.1 4.6 Natural bunch length (w/o MWVI)
45.532 44.524 2022a operation value
43.574 46.589 2022a operation value
0.0272 0.0222 Calculated from lattice
58.0 53.1 Transverse damping time (w/ NLC)
29.0 26.6 Longitudinal damping time
80% 80% Lattice design

[1] Y. Zhang et al., PRAB 26, 064401 (2023)




Interplay of beam-beam and impedance effects at SuperKEKB

 From the luminosity viewpoint, we list some important issues [1]:

- Issue 1: Limits on bunch currents

- Issue 2: Multi-bunch effects

- Issue 3: Optics distortion at high beam currents
- Issue 4: Impedance effects

- Issue 5: Lsp injection correlation

#1 ,2,3,4,5 #2,5
#5 ' A2,
: L % 20y + 0y2)

#1,2,3,4,5 #4 BB, CW, ...

[1] D. Zhou et al., PRAB 26, 071001 (2023).

SuperKEKB (2021c¢)

SuperKEKB (Final design)
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https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.26.071001

Summary

* An introduction to fundamental formulations of impedance and wakes, and impedance modeling
for components in accelerators.

* An introduction to impedance effects in electron storage rings, with practical examples of
SuperKEKB.
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