RECENT DEVELOPMENT ON NITROGEN INFUSION
WORK TOWARDS HIGH Q AND HIGH GRADIENT
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Let’s Re(Search), Before 2012/13

* Low temperature baking (LTB) was the final step before rf test
primarily to cure high field Q-slope and some increase in Q, at 2.0K
due to reduction in BCS surface resistance as a result of reduced
electronic mean free path.

* No unanimous model is available but its linked to “oxygen

n u n u .
diffusion”, “near surface hydrogen reduction”, “nano-hydride
n u
precuoltatlons VOrtICES and etc......... R. Geng
o “15umupm¢¢§ and tested t-ll..:lhd nce July 1, 2008 "
“Fabrication: 10 by ACCEL/RI, 6 by AES + Al1-Z2locto8 [
L ——— gl
3010 A4 - Sieb08
All TESLA- shape fine-grain Nb cavities i
i o _ ______________ A || T _
: LCLS'II one vs. tWO 2K ........................................ : :::;-?::l:g s
- patyat cryoplants threshold % G
T'ﬁ'k a0 10" —— : 1
t L8R S . B S S : e |
= N *‘:; ‘.“‘“‘,,m = AES10-8novid |
2010° 7% oK Py
v I “*xfﬁri“ﬁ- higi e,
10° 0 50 l{ll*[l' 1 '; 0 1.010® . Jﬂ;ﬁ 33¢‘qrm;
] ’ Two vs. threé 2K cryoplants threshold ~— «™ef €
B (mT)
0 10 40 50
CIOVATI et al. Phys. Rev. ST Accel. Beams 13, 022002 (2010) “Eace [“W'"l RLGang180CT2010
2

2 J)gf_ferson Lab



High Gradient
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High Gradient
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Eacc [MV/m]
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L-band SRF Linear Accelerator Technology

Impact to Nuclear, Elementary Particle, and Photon Sciences and Medical Applications
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Towards High Q-> Doping

Lower construction cost (Pulsc).
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High Q

* Increase in Q, in medium field range (<25 MV/m) due to
near surface material diffusion (Ti and N,).

* Limited theoretical work to explain the Q-rise
phenomenon, but the available data and models suggest
that the effect is due to decrease in BCS surface resistance
with RF field.

* The idea of increasing Q, at higher field reported by FNAL
and reproduced in some labs with low temperature baking
in nitrogen (without nitrogen)...

* With some “Recipes” of LTB in nitrogen, the Q-rise
phenomenon were observed in medium field and quench
field is extended to higher gradient.
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High Q and High Gradient

The achievable gradient on doped cavities reduces ~40% compared to what would have

been achieved with conventional processing.

Modified doping recipe (3N60, 2NO,......) being worked on in order to increase the

accelerating gradient with high Q.

Low temperature baking in nitrogen, magic bake (two step bake) are being explored in

order to achieve high Q and high gradient.
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Low Temperature Baking in Nitrogen
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Earlier Results “LTB with N,”
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Recent Results

Furnace control modifications
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Recent Results
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Recent Results
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Recent Results
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Recent Results

Table 1: Summary of of Test Results

Cavity f Cavity Treatment Eace.max Qo(Eacesmax)  Limita-
ID (GHz) (MV/m) 10" tion

Baseline EP (30 pum) 40+2 0.56=x0.07 Q-slope

+120 C/ 24 hours 1n test stand 462 0.87+0.09 quench

RDL-02 1.5 +800 C/3hrs+120/48hrs with 25 mtorr No* 40+2 1.0=0.1 quench

+baseline+800 C/3hrs+140 C/48hrs with 25 mtorr N7* 3912 1.1=0.1 quench

+baseline+800 C/3hrs+160 C/48hrs with 25 mtor N5* 30=1 1.7£0.2 quench

RDT-14 1.3 Baseline EP (-30 Hm} 312 0.8+0.1 Q—.‘SIOPE‘

+baseline+800 C/3hrs+140 C/48hrs with 25 mtorr N7© 36x1 1.4=0.2 quench

Baseline EP (30 pum) 3241 0.82+0.08 Q-slope

RDT-06 1.3 +75 C /4hrs + 120 C/110 hours in test stand 39+2 1.1=0.1 quench

+800 C/3hrs+120 C/48hrs 1in furnace 402 0.68x£0.06 quench

+800 C/3hrs+120 C/48hrs with 25 mtorr No° 4442 1.4=0.1 quench

+ ~ 8 um EP 41+£2 1.4=03 Q-slope

RDTTD-01 1.3 Baseline EP (30 pm) 32+1 0.74+0.05 Q-slope
+800 C/3hrs+120 C/48hrs with 235 mtorr N7° 3342 0.72+0.04 FE

Baseline 1 EP (~30 pm) 20+1 0.8=0.1 Q-slope

RDTTD-02 1.3 Baseline 1 +75 C/4hrs+120 C/48hrs 1n test stand 372 1.1=0.2 quench

Baseline 2 EP (-30 pm) 33+2 0.94=+0.07 Q-slope

Baseline 2+ 800 C/3hrs+120C/48hrs with 25 mtorr N> 28+1 1.6=0.1 quench

“pas mjected at elevated temperature (250-290°C)

The average accelerating gradient E,,.= 37 £ 5 MV/m with Q, = (1.1£0.3)x101°
For details see proceeding

. D
J’g_f,erson Lab



COMPARE WITH THEORY
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Summary

* High Q, high E__. results are reproducible when gas injected at
higher temperature (250-290 C).

e ~75C hold for 4 hours during 120 C baking didn’t appear to be
beneficial over the conventional 120C bake (statistics of 2 rf test).

* The influence of furnace contamination, cavity preparations
before heat treatment plays significant role in the outcome of the
cavity performance.

* Sample studies shows that the dirtier rf surface with NbN, O,
phase underneath the topmost Nb,O. layer may be responsible
for Q-rise.

* Explorations of several parameters such as the duration of bake
time, optimal temperature and partial pressure of nitrogen is
ongoing.

19 Jefferson Lab
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