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Introduction - SuperKEKB

Aerial photo of KEK Tukuba Campus Schematic drawing of SuperKEKB

Main facilities of SuperKEKB
Belle |

° Linac Mt. Tsukuba
- Length: ~700 m

- Provide electron or positron beams to 4-ring
> SuperKEKB HER, LER
» PF (Photon Factory): 2.5 GeV
» PF-AR (Photon Factory Advanced Ring): 6.5/5 GeV

DR (Damping Ring, positron)
- Circumferential length: ~¥136 m

KEK Tsukuba

- Energy: 1.1 GeV, 71 mA (design) - | Campus

VIR (Main Ring)
- Circumferential length: ~¥3016 m
- HER (High Energy Ring, electron): 7 GeV, 2.6 A, g,=5 mm (design)
- LER (Low Energy Ring, positron): 4 GeV, 3.6 A, 0,=6 mm (design)

Belle |l (particle detector complex)

The achieved peak luminosity is ~4.7X103* cm2 st with 1.4 Ain LER and 1.1 A in HER when
the stored bunch number is 2249 during 2022 spring run, and this is the world record.



Introduction

* Impedance modeling for the SuperKEKB main ring (MR) was already performed during
the construction phase [D. Zhou et al., in Proc. of IPAC2014, TUPRI021].

* In the LER, beam size blow-ups were observed in the vertical direction at approximately
1 mA/bunch for a single beam operation (no collision).

A TMCI working group was formed as part of International Task Force to study this
instability and explore countermeasures.
- contact person: Mauro Migliorati, sub-contact person: Takuya Ishibashi.

- Indico
- ITF: https://kds.kek.jp/category/2322/
- TMCI group: https://kds.kek.jp/category/2247/

* We've called this instability “-1 mode instability” in this group, because a -1 mode (v,~v,)
signal has been observed in the tune spectrum when the instability occurs.
- This instability could be caused by an interplay between the vertical impedance and the bunch-by-
bunch feedback system [k. ohmi et al., in Proc. of eeFACT2022, WEXAT0102].

* |n the activities of this group, we have built the impedance model in LER and HER. Here,
we’ll present the models and some results from PyHEADTAIL simulations.



https://doi.org/10.18429/JACoW-IPAC2014-TUPRI021
https://kds.kek.jp/category/2322/
https://kds.kek.jp/category/2247/
https://accelconf.web.cern.ch/eefact2022/doi/JACoW-eeFACT2022-WEXAT0102.html

Vertical dipolar wake potential in a vertical collimator
with a half aperture of 1 mm obtained with GdfidL or

Simulation Codes

2500 "l‘\
0 _ ,/ \
* Resistive wall impedance e
- ImpedanceWake2D [N.Mounet, https://gitlab.cern.ch/IRIS/IW2D] §a ~5000
- @GdfidL [W. Bruns, http://www.gdfidl.de] ;g g
* Geometrical impedance 58
- @dfidL —— GdfidL, A=0.1 mm
- ECHO3D [I. Zzagorodnov, https://echo4d.de] e U . ggi%gﬁ,fﬁ:’mm
- CST Studio Suite (wake field solver) ~15000 -~ bunch distribution (g = 0.5 mm)

Coherent Synchrotron Radiation (CSR) and Coherent Wiggler Radiation (CWR) "™ ™ ,°° »%*° %%
- CSRZ [D. zhou et al., Jpn. J. Appl. Phys. 51 (2012) 016401]

In ECHO3D, the results converge even with a coarse mesh (saving computational resources).

CST and GdfidL can simultaneously calculate the geometric and resistive wall (including coatings)
impedance.

3D Modeling

- Autodesk Inventor (+ Macro in CST to export the geometry and material property for GdfidL)
- Macro in GdfidL (written during the construction phase of SuperKEKB) A


https://gitlab.cern.ch/IRIS/IW2D
http://www.gdfidl.de/
https://echo4d.de/
https://doi.org/10.1143/JJAP.51.016401

LER

* In LER, ~¥93% of the beam pipes and bellows chambers in length, and pumps were upgraded

from KEKB to SuperKEKB.
* Various newly developed components have been introduced in order to reduce the

impedance and mitigate the electron cloud effect and so on.
- TiN-coated beam-pipe with antechambers, step-less flange (MO-flange), comb-type RF-shield, clearing
electrode, grooved beam pipe, new movable collimator and so on.

——— TiN coated beam-pipe with antechambers MO flange
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—— ARES, qty: 22, k; = 9.47e+00 V/pC
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—— RW (Al coat.TiN, circ.), qty: 30053, k, = 3.26e+00 V/pC

—— Taper ($94-0150), qty: 4, k. = 1.59e+00 V/pC
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LER — vertical

0,=6.0 mm

By wy‘d [V/pC]
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listed in descending order of kick factor (Top 8)
D06V1, d=2.9 mm, B,=67.35 m, ky, 4 = 9.77e+03 V/pC
D02V1, d=1.12 mm, B,=11.89 m, ky, 4 = 7.72e+03 V/pC
QC1RP, qty: 1, ,=5.55 m, ky, 4 = 4.66e+03 V/pC
QC1LP, qty: 1, B,=5.56 m, ky, 4 = 3.67e+03 V/pC
D06V2, d=2.6 mm, B,=20.57 m, ky, 4 = 3.64e+03 V/pC
IP chamber, qty: 1, 8,=5.56 m, ky, 4 = 2.06e+03 V/pC
RW (Al coat.TiN, circ.), qty: 30053, B,=5.55 m, ky, 4 = 1.79e+03 V/ipC _
Comb-type bellows, gty: 1085, B,=5.55 m, k, 4 = 6.49e+02 V/pC L
bunch distribution (o= 6.0 mm)

Byky.o [VIpC]

0.02
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s [m]
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Total dipolar and quadrupolar wake potential

EEgs

— dipolar, ky, 4=3.97e+04 V/pC
—— quadrupolar, ky, q=6.18e+03 V/pC
---- bunch distribution (0,= 6.0 mm)
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s [m]
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Kick Factor for Vertical Dipolar Wake in each component (28, ky, p=3.97e+04 V/pC, 0,=6.0 mm)

Illllllll-.--- _________

QO NETY LNL A8 SR SN TR T s 0T 055K caTRe cTaTTS —c 55 &
S B G e S B TS Y B R S G g S T PO T S O3 SR sa 2o% 08 5 S 883
BN OE TN ONE NG NENOY (NGOG e 008 B 85— X8 XL 088806835 5060
SoL0RECESToNZOPOEoE PRS0 TOaT S0 8765966 2990958955 °5°]
8886882 88,05 0080 s O=Brs 00 B0edEIeIR L Eoona?d TEeOe

o585 g o B3 Boow  S30§ISSIESSTUSRTESSE 3
£55 % B 2u% gt EERSETRASTT0 Te8208R §
85 o5 o w©5al 5oL E88CE <285 855380 7
ZE =) o o cHmE ga—xSorrloma caaldSew
<5 € S0 = ELPS ool 058~ o F—ﬁ,&_v,..,_ Zz 0
o & < o Sio. Frogt gas  F &
= % : £ Z £38 SE 248 033
g Q o) 5 <38 o Ex wn
= = S =z I (7] Sk z
= z =g 2 a
s
& @
Component

Vertical collimator

Tapered beam-pipe with BPM in final
focusing magnet (QC1)

Beam-pipe around interaction point
(IP chamber)




LER - vertical chk-factor(B dependence)
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Total (D+Q) Kick Factor for Vertical (0,=6.0 mm)

Groove

Strip-NEG port in ante.

FB T-kicker
Strip-NEG port in beam-chan.

FB L-kicker
Clearing electrode
Comb-type bellows
Finger-type bellows

Pump-port in beam-chan.
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TMCI: 0.64 mA
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interaction region

The instability threshold is below the design value
(1.44 mA) even in the B,” = 0.8 mm optics.

Total ﬁy weighted vertical dipolar kick factor for each ﬁ; with
0, = 6 mm and the bunch current threshold of TMCI simulated

- with PyHEADTAIL (transverse damper is not activated).

The collimator setting is based on that in the 2021c
physics run with By = 1.0 mm.

- By : vertical beta function at the interaction point,

- QCS: final focusing superconducting magnets
The main vertical impedance sources are the vertical
collimators.
The reason why the kick factor in IR increases with
squeezing B, " is that B, gets bigger and bigger with
the squeezing.

Schematic drawing of QCSR cryostat

7= [ == =2

seesN oW W Jacqg
SHe3
\ f

| 77 ,
| £ ‘ozeeN muudoN
¢ ARTE

[N. Ohuchi et al., Nucl. Instrum. Methods Phys. Res.A, 1021, 165930 (2022)]

Half aperture of a QCSR beam-pipe and vertical beta-function with each vertical
beta—function at the interaction point as a function of the longitudinal location.
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https://doi.org/10.1016/j.nima.2021.165930

LER - PyHEADTAIL simulation

* The parameters that used are based on those of a machine study dated Oct.26%", 2021.

* The chromaticity measured on Feb. 28, 2022 is used.

B File Edit Window

LER Optics: 2021-10-26_12:32:48.359_Tune*
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LER - longitudinal with/without CSR and CWR

* The difference between w/wo CSR and CWR is only large for the energy spread.

- Microwave instability (MWI) threshold:
» ~1.3 mA with CSR and CWR
» > 2.5 mA without CSR and CWR

* The simulated bunch length using the impedance model is shorter than the measured values.

® including CSR and CWR . 0.088 @ jincluding CSR and CWR ©
— fit: y = (6.49e-01)x + (4.62) //' excluding CSR and CWR
9 excluding CSR and CWR ,,/ 0.086 —
fit: y = (6.63e-01)x + (4.73)  _.*

---- meas. fit: y = (1.76)x + (5.45).%" o
; 0.084

8
£ < 0.082 o
T &
(@) o)
0.080 ®
6 o
0.078
o
5 o
0076 . ———
0.0 0.5 1.0 15 2.0 25 0.0 0.5 1.0 15 2.0 25

Bunch current [mA] Bunch current [mA]



LER — vertical direction

e Vertical tune shifts in PyHT simulations using the impedance model are almost consistent with
those in the measurements.

* |Instability threshold:
* ~1.91 mA/bunch with only dipolar wake
« ~1.75 mA/bunch with dipolar and quadrupolar wake

vertical tune shift

—— dipolar wake
(incl. long. wake)

0

#+ B, =8 mm, 2021-10-26
—— fit: y = (-6.97e-03)x + (0.608)

Re (Auy/vso)

EEE:

F B)=1mm, 2021-12-22 .y ——
—— fity = (-9.74e-03)x + (0.598) _23
=&~ pyHT simulation -2 JE— = _
0 .5 1‘0— 1.5 2.0

0.605

0.600

0 0.
Bunch current [mA]

0.595 , =

b & dipolar + quadrupolar wake
0.585 —E ’ (incl. long. wake)

11

Measured fractional vertical tune

Re (Avy/vso)

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Bunch current [mA]

Bunch current [mAi



LER — vertical direction (transverse damper)

* Atune shift caused by the kick of the damper (bunch-by-bunch feedback system) is written by
el® i: imaginary unit
AVFB = 2717d @: betatron phase advance between the pick-up and the kicker
n d: damping time in turns

* @ = 90°and 0° are called (pure) resistive and reactive damper, respectively.
- The resistive one dampens the center-of-charge motion of the bunch.
- The reactive one shifts the 0 mode up.

* The instability threshold:
* ~1.75 mA/bunch with dipolar and quadrupolar wake d =100 turns corresponds to ~1 ms
* ~1.59 mA/bunch with dipolar and quadrupolar wake, and the damper (d =100, ¢ = 90°) is activated.

* The pure resistive damper lowers the instability threshold, and this could be caused by imaginary tune
split and repulsion (ITSR) [e. métral, Phys. Rev. Accel. Beams 24 (2021) 041003]. [E. Métral, PRAB 24 (2021) 041003]

FIG.7. Solutions of the diagonalization of the 2 by 2 matrix of

Eq. (2) vs x a normalized parameter proportional to the bunch

Imaginary part of the tune shift intensity [4]: without TD (dotted blue line); with a resistive TD

dipolar+quadrupolar (incl. long.) wake with the damper (d =100, = 90°) L for which AQ7p/Q, = 0.48; (red line); with a reactive TD for

which AQ7p/Q, = 0.48 (black line); and with both a resistive
g_a-l 0.015 and reactive TD for which AQp/Q, = 0.48(1 + j) (green line).

complex tune shift whereas the third one is a zoom of the
imaginary part in the unstable region.

1.0

The first two pictures describe the real and imaginary parts of the
0.010

Bunch current [mA] 0.0 0.5 1.0 15 2.0 0.0 0.5 1.0 1.5 2.0
Bunch current [mA] X

0.005

Re (Avy/vso)
Im (Avy/vso)

l 0.5
damp ~
0.000 growth —_
D 00
—— d = 0 (without damper) =
~He d—1(§0 = 90° ’ E
Tt = -05
d =100, ¢ = 45°
-0.010 —— d=100,¢9=0°


https://doi.org/10.1103/PhysRevAccelBeams.24.041003

HER

* |[n HER, ~82% of beam pipes and bellows chambers in length, and pumps have been reused.
- Finger-type RF-shield, conventional flange with metal O-ring and so on.

Race-track shaped beam-pipe

——
LC
(Local chromaticity correction)
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Flange (104x50)

e I Loss Factor in each component (Zk,=1.96e+03 V/pC, 0,=0.5 mm)
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HER — vertical

Kick Factor for Vertical Dipole Wake in each component (2, ky, p=6.70e+04 V/pC, 0,=5.0 mm)

Vertical collimator

0,=5.0 mm
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HER - vertical kick-factor (By* dependence)

* Here, the collimator setting is based on that in the 2021c physics run during with B,” = 1.0 mm.

* Similar to the LER, I've divided two sections in QCS and used the averaged 3, when weighting the wake here.

 Compared to the LER, the instability threshold for the design value is more generous (1.04 mA/bunch).

Total ,By weighted vertical dipolar kick factor for each ﬁ; with

0, = 5 mm and the bunch current threshold of TMCI simulated
with PyHEADTAIL (transverse damper is not activated).

Te17 1.69e+17 VIC Half aperture of a QCSR beam-pipe and vertical beta-function with each vertical
= others BRI beta-function at the interaction point as a function of the longitudinal location.

== R
6 B vertical collimators Vertical Beta-function in QCSR-E
6000 v T Y
- ! 140 —— By =2 mm (mean: 549.28 m)
2 1 N
5000 - i Jas B, =1 mm (mean: 1098.55 m)
1 E —— By=08mm (mean: 1373.18 m)
12 ! £
! 1305 —— B, =0.6 mm (mean: 1830.91 m)
= 9.65e+16 V/C 40001 i & *=0.3  3686.34
Q 10 TMCI: 2.23 mA ! 152 Py SOSN8, 004 )
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¥>: 1?»-/?3?'*21867V/(;\ =< 3000 20 3 -+ half-aperture in vertical
:2.87 m 1205
08 673e+16 VIC ! :
M. 3.50 mA - 152
L % 3]
N B e %
il ot~ i S 10°G
i I
04 : 16 1000 i
i \ - 5
0.2 L 1 1 L 1 0
3813.5 3014.0 3014.5 3015.0 3015.5
s[m]
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1.0 0.8 0.6 0.3

By [mm]
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HER - PyHEADTAIL simulation

* The parameters that used are based on those of the physics run on Dec.22"4, 2021.

* The chromaticity measured on May 19, 2022 is used.

: = = Eile Edit Command Window 2022-05-19 19:08:18 Help +
: -12- :00:31. _.| Convergence(------- )= .000000 vy =4553073 vy =43.58699 m
HER Optics: 2021-12-22 09:00:31.323_Tune gence( By = 06000m B,"2 00100m 2022-0513_18:58:22,684_PEYC
Ring | Tune IR Normal Cell Nikko Oho Chromaticity Dynamic Aperture Poincare Map IP NMID Matching & DA Chromaticity HER
Display
Colcubatod Display || Section: & Al > Oho > Fuji © Nikko Tsukuba
€, (nm) 4.436533 B. = .0600 [m]
— ——— —— — —r— —r—— B, = 8.000E-4 [m)
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€ (um) 3.182083 a0 PO = 45.5320 +/- 7.30E-6 pl = 1.57604 +/- .00845 p2 = 132.€ PO = 43.5748 +/- 1.426-4 pl = 1.18769 +/- .16468 p2 = -442.
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HER — bunch length between simulations and measurements

* There is not much difference with or without CSR and CWR.

* The simulated bunch length using the impedance model is shorter than the measured
values, similar to the LER.

e MWI threshold is ~¥2 mA.

® including CSR and CWR L ® including CSR and CWR o)
M —— fit:y = (8.42e-01)x + (5.14) st 0.076 excluding CSR and CWR
excluding CSR and CWR e
10 fity= ('8.466-01)X +(5.14) /,,’ 0.074 e
---- meas. fit: y = (1.37)x + (6.02) ~ P
9 P 0.072 s
€ 7 S
E s o° 2 0.070 Y
N 8 5% o
o) 7’ Je, o] .
A N o4 0.068 o®
7 o’
27 " It [&]
> : 0.066
6 -
0.064 _e
5 0086
0 1 2 3 4 0 1 2 3 4

Bunch current [mA] Bunch current [mA]



HER - vertical direction
* Simulation and measurement of the tune shift are in good agreement.

Instability threshold:
e ~3.66 mA/bunch with only dipolar wake
* ~3.50 mA/bunch with dipolar and quadrupolar wake
* ~3.18 mA/bunch with dipolar and auadrupolar wake, and the damper (d =100, ¢ = 90°) is activated.

dlpolar+quadrupolar (|ncI Iong ) wake

dipolar (incl. long.) wake

e —*é-

n i
C—

vertical tune shift

0.576 S
=+ B, =1mm, 2021-04-23 a
—— fit: y = (-5.61e-03)x + (0.574) 2
o =@~ pyHT simulation
€ 0.574
2
T
[&]
g
> 00 05 10 15 20 25 30 35
§ 0.572 ' A ‘ Bunch current [mA] ‘ - '
'(% dipolar&quadrupolar (incl. long.) wake
£ W|th the damper d 100 P = 90°
2 0.570
3
(2]
o
[}
s
1
0.568

Egag;_ :

——

-E-Ek ===
-—5*“;% |

) e ——
1.0 15 20 25 30 35

Bunch current ImA]

Re (AV'/‘/V;x:v)

0.0 0.2 0.4 0.6 0.8 1.0 1.2
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Bunch current [mA]

Imaginary part of the tune shift
0.020

0.015

0.010

0.005 /
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0005 d = 0 (without damper)
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Bunch length (simulation and measurement)

e How was the KEKB era?

» The discrepancy between measurements and simulations has existed not only in
SuperKEKB, but also since the KEKB era.

> The cause of the difference is still unknown.

[D. Zhou, TWIICE 2 workshop]

2. Impedance model: KEKB: LER
» Use Zotter’s equation

0.0

020 V2 (E/e)v3,

0.0

Resonator model (Y. Cal) st
9 5 | i i GW+RW+CSR
] : ‘ GW+RW =

0 0.2 04 0.6 0.8 1 1.2 14 1.6 1.8
I, (MA)

(az )3 o, alm{Z/n},, < R )

3
=0

Ref. J. Corbett, TUPP028, EPAC08

L||eff ~ 34nH
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https://indico.cern.ch/event/459623/contributions/1131168/

e o 0% v

Nonlinear collimation system

[example] collimator setting and Bk, for By*=1 mm optics.

[A. Natochii]

— It can decrease the B,

DO6V1 67.35 9.77
DO6V2 20.57 2.6 3.64
DO3V1 16.96 8.0 0.50
DO2V1 11.89 1.1 7.72
DO5V1 4.05 5 0.28

a) Averaged value of top and bottom half-aperture at 2021-12-22
b)  Optics file: sler_1800_80_1.sad

Bunch current threshold of TMCI

4rtvg(E Je)

NLC aperture scan: 1800_nlc

LERHER = 1.2/1.0 A, Nb = 1576, 0, = 6 mm

Dec-20, 2021 (D0O6H4 same as was DO6H1, w/o DO3V1, w/o DO6H1)

120

100!

o]
o

Losses [MHz]
(2]
=)

SAD sim. beam losses in the IR ( +4m around IP) SAD sim. beam lifetime

Total D Total
:} —} - Coulomb scattering 60 : - Coulomb q
.; Bremsstrahl lung : oMSSira g x10%
&l |
t Tousch f 50 | Touschek et
| |
' |
i Lo
i\ 40— "1
i g L ‘ (A 1
i E myrr o o R el i i
il 2 30 i
" ] ,/: .5 P '
Vo, g o B "
/:-I" . o | TR T 1 O o e Sy e
H 201 1
h F. N
' '
1 S P R O I e

iith 10-:/‘1‘
i i
1 / '
'I [
H ) '
trrrrr ' o - 0 1 1 1

10 20 30 40 50 0 10 20 30 40 50

DO5V1 apperture (|D1]|+|D2|)/2 [mm] DO5V1 apperture (|D1]+|D2])/2 [mm]

T To XiBy.iky

A. Morita et al. reported the details in the latest KEKB review.
https://superkekb.kek.jp/event/133/

The nonlinear collimation system uses a kick from a skew sextupole magnet, and the kick makes a vertical displacement at

the collimator (the optics is special, and the collimator structure itself remains the same).

The B, of the skew sextupole is made large to help this (B,=378.5 m).
DO5V1 is a vertical collimator is a movable collimator in this system.
D06V1 has been used to suppress the injection backgrounds (primary collimator) and has a large Bk, because the B, is large,

and the aperture is narrow.

Bl
Bp

Ap, = (y — x*)

DO5V1 can have a small B, and almost the same background reduction performance as DO6V1 with the wider aperture.

k, if we can use DO5V1 instead of DO6V1.
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Photo of the non-linear collimator section (2023-05-26)

Component

Component

Construction of the nonlinear collimation system is progressing well during

this long shutdown (LS1).
In the next commissioning period after LS1, we plan to use DO6V1 without

removing it as a buck-up of DO5V1 in LER. If DO5V1 turns out to be a

* The sum of the Bk, decreases from 3.97e4 V/pC to 3.18e4 V/pC.
The simulated TMCI threshold increases from ~1.75 mA to ~2.07 mA.
replacement for DO6V1, we can remove the DO6V1 probably.



Summary

* We have rebuilt impedance models of the SuperKEKB main rin§ and simulated single-bunch
collective instabilities using the wake obtained from this model.

* According to this model, the TMCI threshold decreases significantly with squeezing By*.
- The LER has no enough margin of the design bunch current for the threshold.

 The PyHEADTAIL simulations using the impedance model successfully predict the vertical tune
shifts, but not the bunch lengthening, so we need to further investigate the differences
between the measurements and simulations.

* We also ran simulations with d = 10-100 turns, ¢ = 0-90°, and vertical tune at 0 mA/bunch
from 0.565 to 0.595, however these could not reproduce the “-1 mode instability” observed in
the actual machine.

- When we ran simulations considerin%a bunch-by-bunch feedback system using a multi-tap scheme with a
finite impulse response (FIR) filter, which is used in the actual accelerator, this instability could be
reproduced [K. Ohmi et al., Proc of eeFACT2022, WEXAT0102].

- However, this point remains questionable as instability occurs when applying higher feedback gains in the
model (damping time: 10 turns) than in actual operation (damping time: 100-200 turns).

* A nonlinear collimation system in LER can reduce the vertical impedance and increase the
TMCI threshold. Construction is progressing well and will be implemented in the next
commissioning.

 An ITF TMCI group was closed last year and a new collective effect group has been launched.

e contact person: Gaku Mitsuka
* Indico: https://kds.kek.jp/category/2521/



https://accelconf.web.cern.ch/eefact2022/doi/JACoW-eeFACT2022-WEXAT0102.html

Other

* We have prepared a repository of the wake data.

* You can download the data below.

e https://kds.kek.jp/event/40318/
* “Integrated wake potentials in LER/HER”

Impedance data repository

Sunday Dec 23, 2221, 5:00 PM — 8:00 PM Asia/Tokyo

— 5:20 PM Resistive wall impedance calculated by IW2D
Speaker: Mauro Migliorati

2 ceramic_chamber_ [E) ceramic_chamber_

— 5:40 PM LER wake model for collimator study on Dec.02, 2020

‘ WakeZXY_SuperKE..

— 6:00 PM LER wake model for TMCI study on Oct.26, 2021
I Wakezxy_superke.. [J§ WakezXY_SuperkE

— 6:20 PM Wake-potential of each component in LER
Speaker: Takuya ISHIBASHI

abort.zip ARES zip BPM.zip clearing electrode.z. comb_bellows.zip

finger bellows.zip flange.zip groove.zip h_collimator.zip D IP chamber.zip

B pumping port.zip Qcs.zip resistive wall.zip SiC.zip SR mask.zip

3 welding-gap.zip ZDLM.zip

— 6:40 PM LER wake model for TMCI study on Dec. 22, 2022

— 7:00 PM Alternative HER wake model with machine condition of May. 20, 2019

B wakezxy_superke.. [l WakeZXY_Superke

HER_RW_impedanc. @ LER_RW_impedanc

20211222_SKB_Pa... ‘ WakeZXY_SuperKE, . WakeZXY_SuperKE.. . WakeZXY_SuperKE..

O 20m

2 Minutes

LER_RW_impedanc.

[ur)

Minutes

Minutes

[y

[

Minutes

B) crotchzip [F) FBBPM.zip

@ |_kicker.zip MO-flange.zip

taper.zip

O 20n

t_kicker.zip

— 7:20 PM| Integrated wake potentials in LER
Speaker: Takuya ISHIBASHI (xex A

] version1.0.zip version1.1.zip version1.2zip [§) version2.0.zip

version2.1.zip

version2.2.zip

— 7:40 PM Wake-potential of each component in HER
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LER

Component k, [V/pC] R [Q] L [nH]
ARES cavities 9.5 671.9 -
Resistive-wall 3.0 213.1 9.1
Flanges (9150, HELICOFLEX) 0.1 35 1.2
MO-flanges 0.0 1.4 5.2
Welding-gaps 0.0 0.3 1.4
Comb-type bellows 0.9 66.3 53
Longitudinal feedback kicker 0.8 57.6 —0.8
Transverse feedback kicker 0.4 26.1 0.0
Clearing electrodes [4] 0.0 1.7 2.4
Vertical collimators 0.1 8.2 5.9
Horizontal collimators 0.3 17.6 5.6
Tapered beam-pipes 0.9 61.0 1.4
QCS beam-pipes 0.1 5.1 0.6
Others 1.8 137.4 34
Total 17.9 1271.2 40.5

W(s) = —RcA(s) — Lc? A (s)

HER

Component k, [V/pC] R [Q] L [nH]
Superconducting cavity 14.3 845.1 -
ARES cavities 3.8 225.0 -
Resistive-wall 4.9 289.5 7.4
Flanges (9150, HELICOFLEX) 0.1 6.1 1.2
Flanges (racetrack, HELICOFLEX) 24 142.6 36.4
MO-flange 0.0 0.5 0.8
Welding-gaps 0.0 0.8 1.6
Comb-type bellows 0.2 12.9 0.7
Contact-finger-type bellows 4.0 238.1 13.0
Transverse feedback kicker 0.4 24.5 0.0
BPM 1.2 71.5 1.5
Vertical collimators 1.3 76.2 4.0
Horizontal collimators 2.6 150.6 7.2
QCS beam-pipes 0.1 6.8 0.5
Pumping-screen 0.3 15.8 3.0
Others 0.1 5.7 3.0
Total 35.7 2111.7 80.3
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2021(?) LER bunch length
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Impedance Model and Tune Shift Measurements
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Measured Vertical Tune Shift as a function of calculated B,k

0 1 2 3 4
3B,k [VIC] (calc.)

5
1e16

B, =48.6 mm

fit: y=(-2.76e-19)x + (-0.0019)
B, =8 mm

fit: y=(-2.53e-19)x + (-0.0024)
By =2 mm

fit: y=(-2.50e-19)x + (-0.0022)
By' =1 mm

fit: y=(-3.09e-19)x + (-0.0008)

(same plot as a plot shown by Y. Ohnishi in another meetings)

D. Zhou will talk about same topic later in this meeting.
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0612

Measured Fractional Vertical Tune

0610

0.588

0.586

0.584

Measured Fractional Vertical Tune

0582

Vertical Tune Shift (B, =48.6 mm)

+ v, =0.6150 (model), IB,k,=1.74e+15 V/C (cal), 2022-02-24
—— fit: y=(-2.28e-03)x + (0.6183), IB,k,=1.14e+16 VIC
vy = 0.6150 (model), Z8,k,=1.92e+16 V/C (calc), 2022-02-24
fit: y=(-7.66e-03)x + (0.6188), I8,k =3.83e+16 V/C
+ v, =0.6150 (model), £B,k,=2.50e+16 V/C (calc), 2022-02-24
- fit: y=(-8.38-03)x + (0.6178), 18,k,=4.19e+16 V/C
+ v, =0.6150 (model), IB,k,=3.07e+16 V/C (cal), 2022-02-24
—— fit: y=(-1.04¢-02)x + (0.6180), I8k, =5.20¢+16 V/C

0.0 02 04 06 08
Pilot Bunch Current [mA]

Vertical Tune Shift (8, =2 mm)
* v, = 0.5890 (model), ZB,k,=2.45e+16 V/C (calc), 2022-02-24
—— fit: y=(-8.31e-03)x + (0.5956), £B,k,=4.15¢+16 VIC
vy = 0.5890 (model), £8,k,=3.48e+16 V/C (caic), 2022-02-24
fit: y=(-1.08e-02)x + (0.5948), £B,k,=5.40e+16 VIC
vy = 0.5890 (model), £8,k,=4.25¢+16 V/C (calc), 2022-02-24
—— fit y=(-1.28e-02)x + (0.5943), 2B, k,=6.40e+16 VIC
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v, =0.5890 (model), IB,k,=8.55e+15 VIC (calc), 2022-02-24
—— fit: y=(-4.38¢-03)x + (0.5920), £B,k,=2.19¢+16 VIC

vy = 0.5890 (model), £8,k,=2.32e+16 VIC (calc), 2022-02-24
fit: y=(-8.56e-03)x + (0.5918), IB,k,=4.28e+16 V/C

« vy =0.5890 (model), £B,k,=3 04+ 16 VIC (calc), 2022-02-24
fit: y=(-1.02e-02)x + (0.5917), £B,k,=5.11e+16 VIC

« v, =0.5890 (model), £B,k,=3 48e+16 V/C (calc), 2022-02-24
—— fit: y=(-1.09-02)x + (0.5918), £B,k,=5.420+16 VIC

+ v, =0.5890 (model), IB,k,=3.33e+16 VIC (calc), 2022-02-24
—— fit: y=(-1.08-02)x + (0.5915), £B,k,=5.40e+16 VIC
vy = 0.5890 (model), £8,k,=4.25e+16 VIC (calc), 2022-02-24
fit: y=(-1.43e-02)x + (0.5899), ZB,k,=7.13e+16 VIC
+ v, =0.5890 (model), £B,k,=1.80e+16 V/C (calc), 2022-02-24
—— fit: y=(-6.56e-03)x + (0.5892), £B,k,=3.280+16 V/C
+ vy, =0.5890 (model), IB,k,=3 86e+16 VIC (calc), 2022-02-24
—— fit: y=(-1.27¢-02)x + (0.5902), £B,k,=6.340+16 VIC

* Note that the 2Bk, in the x-axis is calculated values for only vertical collimators using results from GdfidL for 0,=6 mm and By in optics models.
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Impedance Model and Tune Shift Measurements

Measured and Calculated ZB; ky (0,=6.0 mm) Measured and Calculated ZB; ky (0,=6.0 mm)
116 , let6
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Calculated 3B,k, [V/C] 1e16 2Byky [VIC] (calc.) 1ed0
v" Note that the 2Bk, in the x-axis is calculated values for only vertical V" Here, 2Bk, in the x-axis is calculated values using a current impedance model
collimators using results from GdfidL for 0,=6 mm and By in optics models. for all of the components in LER for 6,=6 mm and By in optics models

(impedance of the collimators is calculated using ECHO3D).

Generally speaking, the measured 2B k, looks larger than the calculations.

The discrepancy between the measurements and the model become large in the higher 2, k.
* When we increased the 2B k,, we mainly close an aperture of DO6V1 because its By is large (> 60 m). Something is wrong with DO6V1?
* or does the resistive-wall contribute to it? (I've not been able to calculate the impedance including the resistive-wall for collimators because of a limitation of the
computation resources.)

Note that | assumed the constant bunch length, but it’s variable depending on the bunch current in actuality.



Concerns

* In this model, for components such as QCS beam-pipes, where (3,
changessignificantly with the longitudinal position, the impedance is calculated
for several divided sections, and the vertical wake potential is calculated for
these and weighted by the average value of B, in each section. The reliability of
this method is unknown.

* When calculating the impedance, we basically consider the different
components installed in the ring one by one. There could be an interference
effect between each component, especially if the components are placed close
to each other iv.smaiuk nucl instrum. Methods phys. res. A 888 (2018)221. T his interference effect is hardly
considered in our model and may contribute to the impedance budget.

* The resistive-wall in LER is calculated for a circular beam-pipe, but in practice a
beam-pipe with antechambers is used. There are other beam-pipes with
different cross-sections in the ring too, and their resistive-wall impedance is
omitted in this model.


https://doi.org/10.1016/j.nima.2018.01.047

Concerns

* The calculated impedances in special vacuum components used in the main ring, such
as the beam-pipes with the clearing-electrodes and the comb-type RF-shields, give
non-physical results depending on the simulation code. In this case, we have modeled
the impedance from a simulation code that produces more realistic results, but the
impedances are not cross-checked between codes, and so they are less reliable.
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Example: comb-type RF-shield




Concerns

* The measured surface conductivity of the TiN coating applied almost all-around LER is
about 5.0X10*S/m. The surface conductivity of TiN coatings depends strongly on the
coatinF method, but the measured values for coatings used at KEK are at least 10
times lower than for other coatings is. chowdhury et ar, Mater. chem. phys. 267 (2021) 1246281, When the skin
depth of the coating is larger than its thickness as in our case, the value of the
conductivity has almost no effect on the impedance both longitudinal and transverse,
and the coating gives only an imaginary contribution to the impedance pr0|oortional to
its thickness m. migliorati et al,, Phys. Rev. Accel. Beams 21 (2018) 041001]. We Will study the surface electrical
conductivity of the TiN coating.



https://doi.org/10.1016/j.matchemphys.2021.124648
https://doi.org/10.1103/PhysRevAccelBeams.21.041001

Concerns (bunch lengthening with/without CSR and CWR)

VFP solver

* The bunch lengthening with/without CSR and CWR is the same till the MWI threshold. Above than the threshold, the bunch length with CSR and CWR
becomes longer than that without them. This behavior is independent of the “old” or “new” wake data.

PyHT and SBSC

* The results of the two codes are almost same.
* The behavior of the bunch lengthening from the codes is the same as that from the VFP solver when we use the “old” wake data.

* The behavior of the bunch lengthening from the codes is different from that of the VFP solver when we use the “new” wake data.

Results from the VFP solver by D. Zhou using the old
wake [D. Zhou et al., in Proc. of IPAC2014, TUPRI021]
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Results from the VFP solver by D. Zhou using
the new wake
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