Proceedings of the 21th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

PASJ2024 THP076

TizrV BEUEE Pd O—T1U T 2B ITAEBREBEAVE—S XS EEBE /N TF
TEEMEIAL—aY
RESISTIVE WALL IMPEDANCE EVALUATION AND SINGLE BUNCH INSTABILITY
SIMULATION FOR TiZrV AND DENSE Pd COATINGS

ARG BAB G FHEAD
Takuya Ishibashi B Xiuguang Jin P
AV KEK Accelerator Laboratory
% SOKENDAI

Abstract

In beam pipes used in accelerators, especially electron or positron circular accelerators, the surface is sometimes coated
with a low photon-stimulated desorption (PSD) material to suppress gas desorption. TiZrV alloy is well known as a non-
evaporable getter (NEG) coating material, and the PSD can be reduced by applying the coating to the beam pipe surface.
It is also known that a dense Pd coating on the surface can reduce PSD. The direct current (DC) resistivity of this coating
is about an order of magnitude lower than that of TiZrV coating, which can also contribute to beam impedance reduction
in the accelerators. Therefore, we evaluated the resistive wall impedance of TiZrV and dense Pd coatings using
ImpedanceWake2D (IW2D) and the effect of the coatings on single bunch instability using PYHEADTAIL for a future

light source Hybrid Ring and a lepton collider FCC-ee.
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Table 1: Input Parameters in IW2D for Hybrid Ring

TNIEE TNAIEE TAIES
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Figure 1: Longitudinal wake function in the circular and
flat beam pipe. ¢ and h refer to the inner diameter in the

circular and the full height in the flat cross-section.
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Figure 2: Longitudinal wake potential with the bunch
length of 0.5 mm in the circular and flat beam pipe.
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Table 2: Longitudinal RW Impedance in Hybrid Ring

k, [VipCl R [Q] L [nH]
TG4 70 4108 14
TAIEE 183 1080.0 99
+TiZrV =—h
TAIEE 203 1199.3 35
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Table 3: Longitudinal RW Impedance in FCC-ee
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Table 4: Main Parameters of Hybrid Ring for the PYHEADTAIL

Simulation
Energy [GeV] 3
Circumference [m] 350
RF frequency [MHz] 500.0
Momentum compaction 1.59 xX10*
Energy spread 1.26 X107
Energy loss [MeV/turn] 0.75
Normalized emittance, &x/ey [Lm/nm] 3.88/77.6
Betatron tune, vx/vy 28.17/9.23
Averaged beta function, f,/f, [m] 1.98/6.04
Damping time, T«/Ty/T. [ms] 4.17/9.3/12.1
Number of turns 50000
Number of macroparticles 1X10°
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Figure 3: RMS bunch length (top side) and RMS energy
spread (bottom side) as a function of the bunch population
obtained by the PYHEADTAIL with only the RW
impedance in Hybrid Ring.
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Figure 4: Imaginary part of the vertical tune shift as a
function of the bunch population obtained by the
PyHEADTAIL with only the RW impedance in Hybrid
Ring.

NoFRICAL I —T 07720 8 Pd 2—7
4T T2 a—T 47 DRI EL 72203005,
Fo, TRAF—RAT Ly RICEL T, &Kl M TO®E
AV
1FEAE B3, bunch population 23 1.5X 10" (/325
TEVECHY 20.6 mA/bunch) F£TiE microwave instability
(MWD b FLEIZR,

Bunch population (23 D E 5[] F 22— 7R
% Fig. 4 1797, 0 F—R () &-1 F—F (v, — vg)
23fE AL, transverse mode coupling instability (TMCI)23
REDBMEITZT—T 1 77 LOWETH 6.0X100(K
8.2 mA/bunch) , B Pd =2—7 4 7 B L TiZrV 21—
TAL T DEE TR 3.5X10°(K) 4.8 mA/bunch) Téh-o
70
32 FCC-ee

JEE 1 pm D2—T 427 BV DEFAIT OV T, RW 12
X % fit 55 1 wake potential ( 0, =05 mm ) %
PyHEADTAIL {Z A fJL, FCC-ee (ZH51) D BN F R
EVEDI 2l —Tar®fTol, v alb—va i
L7c BB /XT A—52% Table 5 IR, ZALH/NTA—H
IXITHR[3, 712 LT,

Bunch population (Zxf9 % RMS /3> F K& RMS =
FNF—AT L R% Fig. 5 IR T, Z2TO TizZrV 32—
TATIBTINTFEBLIOPZRNF =T Ly %
SCHR[71E D E ZRBOFHFAERIZLS —FEL TV
ZERDND, MWI ORBMEIT TiZrV BX O Pd 21—
TALTITBNTENZIUR 6.0X10°, 1.4 X101 THY,
[FICHEE CHIUTEE Pd a—T (7 %l ZEickb
ZTOMMEEK 2.3 5 EIF 288 TE REEMEEFERM
TEHAREMEN B D,

4. FEOH

1K PSD F R 155720 OF HALERH AT E LTINS
OFFAFH A~ H DN ARSI O Pd 2—7 427
L NI TiZeV a—T 4 7 D RW AL B —F L A%
IW2D (ZEDFRICI BRI L 7=, 8% Pd =—7

-792 -



Proceedings of the 21th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

Table 5: Main Parameters of FCC-ee for the PyYHEADTAIL
Simulation

Energy [GeV] 45.6
Circumference [km] 97.75
RF frequency [MHz] 400.0
Momentum compaction 1.483X10%
Energy spread 3.8X1072
Energy loss [GeV/turn] 0.036
Normalized emittance, &x/ey [Lm/nm] 24.1/89.2
Betatron tune, vx/vy 269.138/269.22
Damping time, 1, [turns] 1281
Number of turns 25000
Number of macroparticles 1X10°
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Figure 5: RMS bunch length (top side) and RMS energy
spread (bottom side) as a function of the bunch population
obtained by the PyHEADTAIL with only the RW
impedance in FCC-ee.
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