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Abstract

High-Q study for superconducting RF cavities has been conducted at KEK. One of important surface treatment
technique, called as Nitrogen doping, was carried out using J-PARC vacuum furnace. J-PARC furnace uses a cryopump

and has an oil-free vacuum pumping system. It can reach to vacuum pressure of 10~6 Pa.

Two different recipes of

Nitrogen doping were applied to two cavities. As a result, improvement of Q-values was observed and decrease of BCS
resistance was confirmed, for both cavities. Nitrogen doping using J-PARC furnace was successful. Further optimization
of Nitrogen doping procedure and understanding of background mechanism is anticipated.
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Figure 1: Q-E curve of Nitrogen doped cavity treated in the
KEK large furnace [5].

231 -



Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan

PASJ2018 WEOLO5

3. JPARCEZFZHAWVLER N—THH
%

J-PARC WIZIX, BZEHHONR—F > LIz A
INTWBEEFNRD L, ZOEZEFIZY T4 4K
VT ERMBHL, ANV T) —OEZBHELIRTH 5,
ZDOEZEFEZNHAL, 2 20 Nb # fine Grain Z2{[Z
HUT, BRIV EDEER—T2i7o72, K&
MIREFE N — T DN % Fig. 2 1IZRT, BERERFN—7

800°C 35
T=——I

100 um EP1 5-20 um EP2

BE TR 120°C 4
HPR —%ﬁﬁ |

REICOLTWS High field Q-slope
EENRORE g o D

ZRBLER D
FHiREOBRE

ISHBRE
BEAR DI

800°CT” = —VRICERERSHEA

Figure 2: Standard process of nitrogen doping Nb cavity.
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Table 1: Nitrogen Doping Recipe

Single cell 800 deg, 3 h + 2.7 Pa, 20 min, w/ Nitrogen
+ 800 deg, 30 min + EP 15 um
Three cell 800 deg, 3 h + 3 Pa, 2 min, w/ Nitrogen

+ 800 deg, 6 min + EP 5 um
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Figure 3: These pictures are a setup of cavity treated Ni-
trogen doping in J-PARC furnace; (a)Single cell cavity in
furnace and (b) Three cell cavity in furnace.
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Figure 4: Temprature and pressure during Nitrogen doping
in J-PARC furnace; (a)For single cell cavity [5]. (b)For
three cell cavity.
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Figure 5: Vertical test setup for Nitrogen doped cavities;
(a)Single cell cavity. (b)Three cell cavity.
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Figure 6: Result of temperature dependence of surface
resistance for Heavy Nitrogen doped single cell cavity.
Residual resistance is reduced 3.4 (+£0.20) n Q to 1.8
(£0.062) n Q.
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Figure 7: Result of vertical test for Heavy Nitrogen doped
single cell cavity. Quench field is 14 MV/m. Measurement
stoped for 10 MV/m at 1.5K, 1.6K, 1.8K.
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Figure 8: Temperature depence of surface resistance for
Light doped three cell cavity. Residual resistance is re-
duced 9.9 (£0.12) n Q t0 9.3 (£0.093) n 2.
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Figure 9: Result of vertical test for three cell cavity.
Quench field is 20 MV/m. Measurement stoped for 10
MV/m and 15 MV/m at 4.2K and 1.5K, 1.8K.
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Figure 10: Analysis of BCS resistance and residual resis-
tance for Heavy doped single cell cavity. Upper figure
shows BCS resistance for each gradient at 2K. Lower fig-
ure shows residual resistance for each gradient. Red point
is the result of Nitrogen doped cavities. Blue point is stan-
dart treatment cavities.
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Figure 11: Analysis of BCS resistance and residual resis-
tance for Light doped three cell cavity. Upper figure shows
BCS resistance for each gradient at 2K. Lower figure shows
residual resistance for each gradient. Red point is the result
of Nitrogen doped cavities. Blue point is standart treatment
cavities.
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