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Abstract

NEG-coated beam ducts have been used in many advanced light source accelerators in the world in recent years, the
NEG coated beam ducts are also planned to be used in KEK’s next-generation synchrotron radiation source project, PF-HLS.
NEG coatings are installed in accelerators after vacuum pumping characteristics are evaluated and confirmed to have sufficient
performance, because the pumping performance of NEG coatings changes under various conditions. Last year, we tried NEG
coating on the inner wall of the Q duct (PF-Q duct), which has a non-cylindrically symmetrical shape and is used in the PF
storage ring, on a trial basis. Here, we report on the method and experimental results for evaluating the vacuum pumping

characteristics of the NEG-coated PF-Q ducts.
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Figure 1: Schematic of typical transmission method.
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(b) Photograph of the test equipment

Figure 2: Schematic diagram and photograph of the experimental system.
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(a) Schematic diagram of the test equipment
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Figure 3: Calculation model and example of pressure distri-
bution calculation under hydrogen gas introduction condition
by Molflow+.
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Sticking probability vs. Pressure ratio about H; calculated by Molflow+ for PF-Q duct
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Sticking probability vs. Pressure ratio about CO calculated by Molflow+ for PF-Q duct
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Figure 4: Calculation model and example of pressure distribution calculation under hydrogen gas introduction condition by

Molflow+.

Table 1: Four experimental conditions in this study. All conditions are with the baking process completed.

Base pressure [Pa] NEG | Activation CO ‘ Test gas species& ‘
EXG1 EXG2 coating saturation  introduction sequence
Datal | 1.11 x 107 1.27 x 10~ x - - Ny, Ar, Hy, CO
Data2 | 1.09 x 1077 1.13 x 1077 O x - Ny, Ar, Hy, CO
Data3 | 7.21 x 10® 8.35 x 1078 O O x Ar, Hy,CO
Datad4 | 7.43 x 1078  8.90 x 1078 O O O Hy, Ar

BETR—%V 7RICEHS N D EEORE A A IKED
FEHTTH B EL, ¥ 7 bEiiEDOEZEGFHEREIC O
TAKBIINTZBIER2EBRE L LEN2REELTZ, #

T, WEMRPE O DGETKESNAZEAL, ZD
BEDES S FREIC S 5 D DHHE L LT, Molflow+ I
TIOWMGDOIENEZIZIFHRT 2 X0 T X —
¥ —%d B, KEUNDOH AR L TlE, Ny 77
77 v B 3Rl E N D & OB AT E IS L
THoRE 7275 A A D S5 Ty i D FE B DY FE NS

EERMETIZIZ T 2 L) 12 TMP DHEREE R X 8 2
DH DA ARHED 2 F5EDAPE L, D87 X —

—IIKENAFHERFEFRL & L7,

AFAT (2 3 % e & LT, ﬁﬁﬁ%@ﬁ:jﬂﬁ@bk%
iS5, TholzL 32 L0, BHEETOBES
WA ATIC & BIEEDEN~NDHELIZITX ¥ L
TES, ILIHTAEADARDAEDLEINS Z LT
Ny P79 FOMERNZLIENTELRLYD
KR L DB EDZNZNDEN% PP} £ LT
L E.

AP,
AP,

P, — P}
P —P]

2)

TR 2 WAEHERZ R D 5 72 OFHifE & LT

BH L7,
BT 20, HERREFEMio oD A EAR R

1x107"Pa-m3/s & L, KEE LRI
3 IREMEREERE LT Eq Q) DEHLERD, 21

FNOWEMER vs £ 7 v v FZ/ER L 72 (Fig. 4),

4. FHmEEER
AR & BTASEAT

PESURr IR O S BR 2 17 9 ¥Efi & LT, F TR
NEG 2—F 4 VY7 E3NTWHRWVWPF-Q ¥ 7 FEHWT
HRAEARBEZ T, COHME L TIE., BTTI
NEG 2 —7 4 ¥ 7B H Okl & L %179 72 & D4
12, BB U 72 Molflow+ O ST X —% —% k3 9
Z CWREER Y 1 £ LT, o4 ARHGEE O #EE
HE AN HCHHATH BB TS, HAEA
BiIC, EEEEE 160 °CT 48 KR —F v 7217\,
PR A L U COKBEDTHBR Iy & 72 2 s H AR &
L7299 ZCHRAEAREZITH), BATIEIHALEL T,
R, Ty KFE —BUKED A FEOMA A % H
W7z,
ZFDRIZNEG 2—T 4 VI RELIPF-Q¥ 7 D
i 2 T o7z, 2B 6 bIRMICHERICR—F v 7% 1T
VDD, R—F vz Mﬁ%%@@ké&&w;
IS, F7 P ETIE80°CE T 5 (Fig 5a), #
%@ﬁxﬁkﬂmiAqu%BZf/VT%%LKO
FITR—F VT H, FIRICR - 2R E O AEA
HEEEIT), FOBNEG a—T 4 Vi34 7 bk
AARD A% 160 °CT 20 REEMEL L NEG %z iGHAk L

4.1

(Fig. 5b), HWHMIZRR L 2RI ABARBZTH, #
LRI LREZEA LFT. NEG iHHALRTO E
J1bE ERIEES T 2 B NEG O —B LR B ITR L Tl

BT 2 FCHALBICH REAGRE % FHE L 72,
INSDEMERICELEDD L Table 1 &7 5,

- 783 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan

PASJ2024 THP074

Baking process for NEG coated PF-Q duct
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NEG activation process for NEG coated PF-Q duct
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(a) Baking process of NEG-coated duct.
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(b) Activation process of NEG-coated duct.

Figure 5: Temperature at various sites and vacuum trends during baking and activation process of NEG-coated ducts.
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Figure 6: Result of Ar introduction test and pressure ratio for
each experimental condition.
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Sorption quantity vs Sticking probability about CO for PF-Q duct
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(b) Dependence of sticking probability on the amount of CO introduction.

Figure 7: Results of hydrogen introduction and its pressure ratio in each condition and evaluation of CO molecules sorption per

unit area vs sticking probability.

12, KFITH L TUIBREER LY 0 DR O HofEiT
4HBEDORERA—EDH D, BUROKEICHT 3
AR O EMORERIIHEDO R TATTEELE
3 %8B0,

— MR T 2 HERRFE R D f5 12 DT,
+53 k%&ﬁﬁ%@%%hfué &L B X ORI
HRFICTEMEACRT O FE N HICIZIZR 2 R WD 5, T X
N5 WA MESRI Omfiw#®m%®i7&7%bé
BhEwtEions,

6. XEHESE

WEAERE 0 L 72 JEFM AR D PF-Q 77 M ITXd %
DCR7 %y Ay ¥ Y72k % NEG 2—T 4
¥ 757 b OPEREHT % @i & v CEM L 72, NEG
a—F 4 V77 & 160 °CT 20 RINET 2 Gk
BiTo s, KEB LI BILREOEAZ TV, IE
AT & Ll U CHERMRE R B T AR IR A A,

MMWH’i%Eﬁ%ﬁVEJV—VEV%m“\
WAEMER 2 AL L CH REAROFL Y7 + Mo

JENDBRZ R D, Z DGR & L o155
HILDER DL A& PF-Q ¥ 7 + LD NEG a—F «
VRO WAEMER 2 HEE L7, 772U, KFBIIRL T
FRHE L FEHE DN K E A —HDE LR TH D |
IR 7 PESVRF BT I (X SGE D CH B, £, ¥
JPOEIICH L THORPKE L, KBIIHTEay
G 8 APRKECEEDKFZIINT % PR DORE
fililc >V Tk SO EEE X CFHREIZEY T2 <,
R EDOSGED 2 IO LD B L b

ns,

T

ARIEERDBFAH OB B T, IIEE 6 HF7e
REEIN—=7IOYR—ZHEE L, HHAK
MIHFZE T O BN IS 13 FE R 7 — ¥ S I § 3
YR—b2WEEEE L, RIEO—EBIZ, BT
24K07079 IC K D EfEI N FE L7,

SEH

[1] M. Grabski and E. Al-Dmour, J. Synchrotron. Rad., vol. 28,
p- 718-731, 2021.

[2] R. M. Seraphim et al., Proc. IPAC2021, Campinas, SP,
Brazil, May 2021, pp. 3455-3458.

[3] K. Harada et al., J. Synchrotron Rad. 29, 118-124 (2022).

[4] Photon Factory Hybrid Light Source Conceptual Design
Report ver. 1 (2024), https://www2.kek. jp/imss/pf/
pf-hls/library/pfhls_cdr_verl.1.pdf

[5] Y. Tanimoto et al., SR12015, AIP Conf. Proc. 1741, 020036

(2016).

[6] M. Yamamoto et al., PASJ2023, Funabashi, Japan, Aug.
2017, WEP28.

[7] C. Benvenuti et al., J. Vac. Sci. Technol. A 16, 148-154
(1998).

[8] C. Benvenuti et al., Vacuum 53, 219-225 (1999).
[9] Molflow+ code developed by R. Kersevan and M. Ady,
https://molflow.web.cern.ch/
[10] H, Yoshida et al., Vacuum 86 (2012) 838-842.

- 785 -



