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Abstract

NEG-coated vacuum pipes are being used worldwide to improve the vacuum performance of accelerators including
synchrotron light sources, and their use is also being considered for the next-generation light source at KEK. Since there
are many types of NEG coatings due to their composition and morphology, and their electric conductivity varies widely
as the vacuum performance differs from each other, it is necessary to consider not only the vacuum performance but also
the impedance of the vacuum pipe when selecting NEG coatings. In this paper, the impedances of NEG-coated vacuum
pipes are calculated over a wide range of electric conductivity of NEG coating and the loss and kick factors related to
heat generation and beam instability are evaluated using the impedances. In addition, the effect of the bunch length of the
electron beam and the thickness of the NEG coating are also described.
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Figure 1: (a) Real and (b) imaginary parts of longitudinal
resistive-wall impedances per unit length for NEG-coated
Al pipes (b =4 mm) with coating thickness of 0.5 pm for
various electric conductivities. The unit of NEG electric
conductivity onec in the legend is S/m.
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Figure 2: (a) Real and (b) imaginary parts of longitudinal
resistive-wall impedances per unit length for NEG-coated
Al pipes (b =4 mm) with coating thickness of 1 um for
various electric conductivities. The unit of NEG electric
conductivity onec in the legend is S/m.
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Figure 3: Loss factor per unit length of the vacuum pipe as
a function of the electric conductivity for the coating
thicknesses of 0.5 and 1 um and the bunch lengths of 5, 10
and 15 ps.
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Figure 4: (a) Real and (b) imaginary parts of transverse
resistive-wall impedances per unit length for NEG-coated
Al pipes (b =4 mm) with coating thickness of 0.5 pm for
various electric conductivities. The unit of NEG electric
conductivity onec in the legend is S/m.
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Figure 5: (a) Real and (b) imaginary parts of transverse
resistive-wall impedances per unit length for NEG-coated
Al pipes (b =4 mm) with coating thickness of 1 um for
various electric conductivities. The unit of NEG electric
conductivity onec in the legend is S/m.
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Figure 6: Kick factor per unit length of the vacuum pipe as
a function of the electric conductivity for the coating
thicknesses of 0.5 and 1 um and the bunch lengths of 5, 10
and 15 ps.

Figure 6 1%, Fig. 4b & Fig. 5b TRLIZAVE—Z A
DRETREEq. 9 &> CTHE LB ESHIZVDF >
7774 —% NEG DEKMLEEDOBEEKEL T ay LTz
LD THD, 3—T A4V JE dnec =0.5 um DA, /3

F & 10ps & 15 ps TIFEXUREED 10* 275 10° S/m
FTIEEAEZALIT 2 NUTF R Sps THRERZET
TRNZED DD, ZHUL, R COA e —H
ADYEIMPBN TF RN TFRIZL DT — 2T )L
H—lZEoTMaonTLEI D THLD, =721,
10° S/m LA LD EN NEG XS E L TIHOR0 F3bh
WD, XTI T IR =" RDDHA L —F L ADEEET
AR L7230 2@ W B AR E E LR E SRS D
NEG a—T 4L T a0/ AT DALY —F L AR
THEPEHENFELLOBIEL 2D, ZDTDIZF D iils
T DM I L — AT ¢ VA — DWW JE I E L O B4R
ﬁﬁwz}oofﬂE/7777§7 WInA7 772 —DFE L1
WICEKGEEN ENDE TR, HIRTEZLND
NEG DEXLEE (10* ~ 10° S/m) Tl, NEG DJE I
23 0.5 um THIUE, Fvr 7772 —ICHL CEXEE
r“ ICEDFETFZEAL RN, NEG DOJEZA 1 um 12725

L BRBEEICEDL Xy 7 77X — T
j(%@iﬁ@ HWERLEEE TOX I 7774 —DHD
FEHRKEL2D, ZHUTEHBORED E230753 NEG JE 1 um

O EIZIVIREP TR IS0 Th D,

-321 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

PASJ2025 WEP045

4, F&OH

NEG a2—7 (7 DEXILEE L KELEZ T, NEG
a—F A T EIENRA T (TAI=Z LE) DA E—
ADFEEITV, BRABE R IR —T 1 T RAK
fFEE R~z Tz, BERBEESCa—T 4 7R LIS
IR TFRUVEZ TOARAT 7 I Z =X I T 7 IS — o~
DREBZPHAT=, FRellTORERAEFED D,

o it AES AL —F L AT B EHE .,
NEG XU D @\ S A 7D IEIZ LR JE
TAVE—Z AN ERVIRD | IHIZJE RN
N5HE NEG BERUIGEE DR SA T DA E—4
VARBOEIL TROEWE—IHH0NTED Easy
Ze e JE I BRI 2RO,

o AUE—HUADEENIEELOEED LD JE
BMEL, MW EBERCEELRWVESEEED
NEG a—T7 4> T aFi oA T DAL —H AN
SULL T WY @AY =P L D AR UL R A

o ZDEDIT, MEF G A L —F ADEIREE
I HRAT 77X —TlI W ERLEE TR F
EXoa—T 4 ZTEIEKAF LTI 525, #5771
FEEALE —H ADEEEBUR T DX T 775
— T35,

o 272U, HUIRTEZOLND NEG DEXREE DF
FH (10* ~ 10° S/m) T, NEG DA 0.5 pm TH
WiE, vA7 772 —ZBL CTESIGEEIC LD %
IHFEEALE 720, NEG JEAS | um THIEWEXURE
FETIX 0.5 um LIFEALEZENRL mWEREE
FETH 10-15 ps TIERE /22T /0 o1,

o /. 10*~10°S/m ® NEG DOEXAZEE TlE,
NEG DJEZA30.5 um ThHiUL, Fv 77774 —|C
L CERMBEEICLDERIZEAE RV, NEG

DIEZA 1 um T 7 77 72— 3L, @
BRUREE TR O AES KELAD,

i

PF HIEDOE —LF A FIVRT N —T R OEZET L
=T DAN=LIIT LR ETH R #im A
ML, ZOREE) TRALET.

P

[1] K. Harada er al, "Conceptual design of the Hybrid Ring

with superconducting linac ’, J. Synchrotron Rad. 29, 118-
124 (2022).

[2] Photon Factory Hybrid Light Source (PF-HLS) Conceptual
Design Report (CDR) ver. 1 (2024).
https://www.euvlitho.com/2019/S1.pdf

[3] N. Nakamura, "Impedance analysis of NEG-coated vacuum
pipes and its application to the PF-HLS ring", Proc.
PASJ2024, Yamagata, Japan, Jul. 31-Aug. 3, 2025, pp. 804-
808.

[4] N. Nakamura, "Resistive-wall impedance calculations and
effects of NEG coated insertion device vacuum pipes for
the PF-HLS ring", Proc. ipac2025, Taipei, Taiwan, Jun. 1-6,
2025, pp. 2149-2152.

[5] O. B. Malyshev er al, "RF surface resistance study of non-
evaporable getter coatings", Nucl. Instrum. Methods A 844,
99-107 (2017).

[6] O. B. Malyshev, "A progress in development of non-
evaporable getter coating in UK", KEK Accelerator
Seminar, Tsukuba, Japan, Mar. 6, 2025.

[7] N. Nakamura, "Resistive-wall impedance effects for the
new KEK light source", J. Phys.: Conf. Ser. 874, 012069
(2017).

-322-



