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SuperKEKB

Nikko Straight Section
HER: RF, LER: wiggler(& RF)

Tsulkuba Straight Section
Belle Il

Fuji Straight Section Oho Straight Section

HER & LER: injection, P 2 HEIEEIEF & wi?gler,
LER: RF - wiggler

Circumference : 3016 m
— Electron Each ring consists of 4 arcs

Positron and 4 straight sections.

HER (8->7Gev e-) + LER (3.5->4GeV e+) + J-Linac
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KEKB Achieved

: with crab

SuperKEKB
Nano-Beam

Energy (GeV) (LER/HER)

3.5/8.0

3.5/8.0

4.0/7.0

By (mm)

10/10

5.9/5.9

0.27/0.30

By (mm)

330/330

1200/1200

32/25

g, (nm)

18/18

18/24

3.2/5.3

ey /ey (%)

1

0.85/0.64

0.27/0.24

oy(um)

0.94

0.048/0.062

Sy

0.129/0.090

0.09/0.081

o, (mm)

6-7

6/5

Ibeam (A)

1.64/1.19

3.6/2.6

Ny nches

1584

2500

Luminosity (103% cm™2 s1)

2.11

80
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Introduction

J.‘#M\e‘*‘ DR Beam energy (GeV) 11
V4 AN Clrcumference (m) 135
4
I ‘; # of train 2
/ { # of bunches/train 2
4 ’
P
4;:-’! j{ Maximum stored current (mA) 70.8
: g‘ !,,.;r’ Horizontal dampling time (ms) 11
[ |
AN 7
ll’ o » “,f‘“ o Injected-beam emtittance (um) 17
|N ‘ P Emittance @ extraction (H/V) (nm) 4251207
+ B
LY f Cavity voltage (Vc) (MV) 0.5 10 | 14
N\ \; Bunch length (mm) 11.1 7.7 6.5
- — Momentum compaction (a) 0.0141
- Do e Energy spread (%) 0.055
| (L= Bl

The e+ DR is to mitigate the problems of lifetime and injection

aperture in LER

Ref. H. Koiso and M. Kikuchi
16th KEKB Review, Feb. 07, 2011
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Introduction

Motivations for this work:

1. To figure out the unknown source of longitudinal impedance
which drive the microwave instability (MWI) in the KEKB LER
2. To work out a reliable impedance model for SuperKEKB
3.CSRin , In dipoles with , or with

Existing publications on numerical calculations of

CSR .

1. T. Agoh and K. Yokoya, PRST-AB 7, 054403 (2004) and T.
Agoh, PhD. Thesis (2004)

2. K. Oide, Presentations at KEKB ARC 2009 and CSR mini-
workshop (Nov. 2010 at KEK); PACO09

3. G. Stupakov and I. Kotelnikov, PRST-AB 12, 104401 (2009)
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Algorithms - Fundamental equations

Parabolic equation in curvilinear coordinate system:

BEL ] 2k?x -
v E| — uoc*V E

Field separation:
E_j_ = Ej_ + Eﬁ_

(?E"j'_ i o = 2k
— V2 E"
ds 2k V1EL +

(ET +E})]

Beam field in free space (independent of s):

O’E>  9’E! %,

S R

Ox? Oy? ox
O°E>  O°E! > o

-+ = poc?
Ox? Oy? By
Ref. T. Agoh and K. Yokoya, PRST-AB 7, 054403 (2004)
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A(k)

2€04/2m(02 — 02)

Im[F(z,y)]
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2¢0y/2m(02 — 02)

Re[F(z,y)]

T+ 1y

2(07 — 03)
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w(z) = e~ (1+
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iss ""'é n's equation:

vip =12

€0

1 ,~(1-)(A+3) _ 4

i o
= _[ViE_L
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Algorithms - Seam pipe

Model of the beam pipe:
1. The bending radius can be arbitrarily s-dependent, which allows

for treating fringe field, wigglers or a series of dipole magnets
2. Uniform rectangular cross section along the beam orbit (simply

the calculation)

“Wiggling pipe”

Field integration along s:
1. Toroidal part: Numerical integration
Ref. T. Agoh, Ph.D. Thesis (2004)

2. Stralght PIPE: mode €XpdNsSION G. Stupakov and I. Kotelnikov, PRST-
AB 12, 104401 (2009)
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Algorithms -
(¢,7)

: Central difference
T

: Boundary conditions

Finite-difference discretization:
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Ref. T. Agoh, Ph.D. Thesis (2004)
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Algorithms - Boundary conditions

Ay
i o
A e e = T . —> Ey(M,j) =—E (M, j)
-1 -—--- s e S ===t
e —
- e i W i .
e i -
. TN NN T N B . PEL(M + 1)
/ \4 OE" OE; 1 1
E"(i,0) = —E%(i,0 . z Y+ —_E' 4+ -ikE,=0
o 0 Ey(6,0)0——""7 0z " ay ' pg g
Leontovich boundary condition (Resistive wall):
nl HeW N\ [ = 7 =1+ _113
E” = — 200 (]. — Z)(TL X H”) g = ,O(S)
Gauss’s law: Faraday’s law:
0E, O0E, 1 1 OE..  po . —
—E,+ —(ikE, -0 —
8x+3y+pg +g(z +83) €0 TLXE O
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Single dipole -

Re.ZL(k)
1200 —— Stupakov
3 —— Zhou's code(TA)
1000, Parallel plates
= 800+
<} i
N 600 \/ \/ \/
2 400 \//
200! /\
_—— 000
0 2000 4000 6000 8000 10000
k(m™)
W|_(s) with 0:=0.3mm
5 07 / \ : Zsltlo?l'sk code(Ti‘;
[ / \ /\ Parallel plates 1
i 0 S —h T — V/\\/
% ? )| \/ :
== |
— I
= i
100}
150,

—-0.002 0.000 0.002 0.004 0.006 0.008 0.010 0012

s (m)

Collaborate with K. Marit

Im.Z,(k)

600 7 —_— Stupa v's cod
L —— Zhou's ¢ode (TA
| le plates
400+
200

Im[Z] (Ohm)

Vil

WY

A\//\v/\

0 2000 4000

6000

8000 10000

k(m™)

Fluctuation in impedance is due to
reflections of side walls (Oide)

w/h=70/32mm
0=5.550m

Lexi=Infinity (pipe after exit)

Xoffset=0mm
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Single dipole -
K. Oide’s idea ,,—‘ Ak

600!

| —— Stupalkov's code 7
| —— Zhou's ¢ode(TA /\ /\ |
L A Parallel plates

400 /\ [

!

0 2000 4000 6000 8000 10000

Im[Z] (Ohm)

k (m™)
27T

Ak = N ~ 1200 m ™
L =124 m

w/h=70/32mm
AS — 52 111711 Lbend=2.1% 31

L =2p0 =~ 2,/pw P= 35910
93 2uw3/2

As = 2p(tanf — ) =~ 2p— =~

3 3/)1/2 Ref. K. Oide, Presentation to CSR

mini-workshop, Nov. 08, 2010, KEK
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Single dipole -

Re.Z.(k) Im.Z.(k)

10007 — Oide's code ‘ = ‘ Oide's code = / = / |
= - = EE [ e
800 Parallel plates L Parallel plates \\ \
@ = ic:)/ 0lA / \ A / \ /\/ \//_//
% 400 % \\ / \/
200 —500!
. 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
k (m™) k (m™)
TA: Agoh’s algorithm
WL(S) with g;=0.3mm -~ KO: Oide’s algorithm
s // by A w/h=60/40mm
2 g L | Y77 L /f\\’ | Lbend: m
> I |
E p=163m |
100 ‘ / ; Lexi=Infinity (pipe after exit)
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50t |
~0.002 0.000 0.002 0.004 0.006 0.008 0.010 0.012
s (m)
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Single dipole -

Re.Z.(k) Im.Z.(k)

00— e G 7
\ | e g g Wi
| 200 /\\v \ / \ j \ // \M \\/

800 7 —_— Oide's code

—_— Zhou's code(TA)
Zhou's code(KO)
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=/ | | |
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f Wi (s) with 6,=0.3mm - KO: Oide’s algorithm
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s (m)
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Fringe field -

Re.Z. (k)

Re[Z] (Ohm)

Linear fringe

Hard—edge
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k(m™h
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400

Re[Z] (Ohm)
=i

100

500"

=
= Ot
\
T\A
g\;\ﬁ
S-T/
S

e 2000 4000
k(m™)

Wy (s) with 0;=0.3mm

6000 8000

——Zhou's code(TA)

———  WSR theory

40"
200
O

WL (V/pC)

s

\/ ,'

s (m)

0002 0.000 0.002 0.004 0.006 0008 0010 0012

10000

Im[Z] (Ohm)
\®]
8

Im.Z,(k)

600+

400+

N
0 2000 4000 6000 8000 10000
k (m™ 1

WSR: Wu-Stupakov-Raubenheimer theory
J. Wu et al., PRST-AB 6, 040701 (2003)

Nperiod: 10

w/h=94/94mm  KEKB-LER
Aw=1.088m type
p=15.483m

Lexi=Infinity (pipe after exit)
Xoftset=0Omm
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Wiggler - Benchmark example

Xotftset=0mm

Re.Z. (k) Re.Z, (k)
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o g é
gs 532 \f r\ {\ ﬁ
S S
3 | 52 .
= | /d Ny il
1 14 1 =
| VRV I PN OAUU I\
0 2000 4000 6000 0 2000 4000 6000 8000 10000
k (om™") K (m™)
Re.Z, (k)
__ w/h=200/10
e — Ty | Nperiod: 10
2 Aw=1.088m
= | p=154.83m
= %L Lexi=Infinity (pipe after exit)
- |

0 2000 4000 6000 8000 10000
k (m™h)

Saturday, March 12, 2011



Wiggler -

B .. L =0

= o (2 - ()
= a b

P : harmornic number

k..,: wiggler wavenumber

k. : longitudinal wavenumber of the eigenmodes in a
rectangular waveguide

Ref. G. Stupakov and D. Zhou, SLAC-PUB-14332
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Wiggler -

Re.Z. (k)
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w/h=94/94mm KEKB-LER
AMwv=1.088m

p=15.483m
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Field distribution: Cosine/H.E.
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Wigglers -

Z. (k) ,1 Super-period
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Interference -

Re.Z. (k)

0 2000 4000 6000 8000 10000
k (m™ 1

20 r —— Single dipole
b /\— Two dipoles

\f\/"\

—0.002 0.000 0002 0004 0006 0.008 0010 0012
S (m)

WL (V/pC)
|
=g =

|
AN
o ST 10l

I
oN
=)

Im[Z] (Ohm)

~100"

150/
100"

50,

50,

2000 4000 6000 8000
k (m™h)

w/h=94/94mm

Lbend:O.89m

Lari=5.65m

p=15.872m

Lexi=Infinity (pipe after exit)
Xoffset=0mm

Saturday, March 12, 2011



Interference - =B LEH

Re.Z.(k) Im.ZL(k)
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Layout of SuperKEKB DR
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Interference - SuperKEKE DR
SuperKEKB DR parameters

o a0 Value

Beam energy (GeV) 1.1

Circumference (m) 1 35502

Bunch Length (mm) 11.1

Rel. Energy spread (10-4) 553

Beam pipe height in bends (mm) 34

Beam pipe width in bends w/o 34
antechamber (mm)

Sl 0.74248/0.28654/0.39208/.47935

e 32/38/4/4

R BT k 0 65/2.96/3.15/3.15
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Interference - SuperKEKE DR

Vacuum chamber

(candidates)
Field distribution (2 cells) 1C
“Reverse-bend FODO” / \\
B 71 ENY e
0.3 z
0.2 N
: 0! B2 B2
=~ 00|
2 _g.1f ]
02! E
o3 | 4 - /S -

K. Shibata
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Interference -
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Interference -
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Resistive wall -
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Summary

1. Features of the new CSR code (CSRZ).:

1.1 Low noise level

1.2 Allow for s-dependent bending radius (fringe field, wigglers,
Interference between consecutive dipoles)

1.3 Allow for resistive wall ( )
2. Findings

2.1 Narrow-band impedances (spikes) due to CSR in wigglers were
observed

2.2 Interference between consecutive dipoles can be significant and
lead to narrow-band CSR impedances ( )

2.3 In the SuperKEKB project, CSR is still an important issue (

)

3. Problems to be solved

3.1 Computing time is not quite acceptable at high freq. or very long
components which require refinements in meshes or huge integration
steps

3.2 “Wiggling pipe” is not a good approximation

3.3 A new code to treat the pipe with arbitrary cross section is needed.
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