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What to remember/what | learned

1) It now seem clear, Nitrogen doping i.e. getting nitrogen into
cavity at 800C is the easy part.

2) Controlling the test environments: magnetic field, cooling rate,
and test hardware is the hard part. Environmental monitoring
instrumentation is your friend.

3) Q vs Eacc is not enough, Q vs Eacc vs T in a controlled
environment with “surface resistance decomposition” is a
must (all data that follows is 1.3GHz @ 2.0K unless noted).

4) What is the nitrogen doing? Where is it going?

.}effer‘s)on Lab



Cavity tests to date — 2.0K

LCLS-Il 9 cell RF data @ 2.0K

10
5x10
XY XXXX XX
x!x§x§xx S 3 MP quench
+7.4MV/m
v+ XX x
4 xxx AT = g S : . l=.
. r mmg " :
] ﬁl-é'='|'.'li .l ey aeunigly *'
X I )]
X afn #u g B -
o 3 | iuz = 3;1'11 ‘E i_x .|+2.1MV/1m . ?
&/ T e x [ Ty ' =
: +8.4MV/m A ’ | +11.7MV/im "
X £ +5.2MV/m #
OO @, ¥ il
2 Qé?‘“ & i +8.4MV/m
‘ o) TD O~ Q o — > s
o D & BHPH ok PaB 090 PE 8 § 00 o - ) Q-slop limited
A & D @0 Q
O o
©C o o - © =k
= 00 og %Q%o
1 | 1 1 1 1 I 1 1 1 I I I 1 I 1 l I 1 1 1 I 1 I I 1 I 1 I I 1 |
0 5 10 15 20 25 30

Eacc (MV/m)
9 cell mini production and re-doping second run

.}effers)on Lab



Cavity tests to date — 2.0K
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Cavity tests to date — 2.0K
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Cavity tests to date — 2.0K
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Furnace doping - absorption rate

AES031 Nitrogen doping
@800C with 20mTorr set point
total pressure drop ~ 150 standard Torr-Liters @ 25C
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See Report for JLab High Q0 R&D for LCLS-II - FY14,JLab tech note JLAB-TN-15-008
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Test environment — accidental uniform cooling D8

AES032 cooldown D8
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Test environment — accidental uniform cooling D8

AES032 - D7
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Test environment — accidental uniform cooling D8

LCLS-Il baseline 9 cell RF data 2.0K - JLab
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Test environment - magnetic field drift

Dewar 8 - Axial residual Mapping]
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Report for JLab High Q0 R&D for LCLS-II - FY14
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.}effer’gon Lab



Test environment - magnetic field drift

1.5K data for all D8 test during for LCLS-II High Q0 matrix study round one
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Surface decomposition is essential - Qo vs. Eacc vs. T
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All single cell cavities, all with now know good
doping, all should easily have Q0 > 3.5e10 @
16MV/m
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Surface decomposition is essential - Qo vs. Eacc vs. T

Uniform cooling, 7 mGauss field and BCP pitted cavity
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doping, all should easily have Q0 > 3.5e10 @
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.}effer’gon Lab



Surface decomposition is essential - Qo vs. Eacc vs. T

Uniform cooling, 5 mGauss field
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All single cell cavities, all with now know good
doping, all should easily have Q0 > 3.5e10 @
16MV/m
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Surface decomposition is essential - Qo vs. Eacc vs. T

Stratified cooling 2 mGauss field
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All single cell cavities, all with now know good
doping, all should easily have Q0 > 3.5e10 @
16MV/m
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Surface decomposition is essential - Qo vs. Eacc vs. T

QO fits/Data
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Surface decomposition is essential - Qo vs. Eacc vs. T
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G2 - Large grain incremental EP

JLAB SRF 1-Cell 1.3 GHz Large-Grain Niobium Cavity G2 Performance Evolution
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Quench analysis on 9 cell cavities

LCLS-II 9 cell RF data @ 2.0K
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LCLS-Il prototype results before and after HV welding
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Current data suggest environmental effects are the major cause
of Q, degradation after HV welding.

Palczewski et al. — this conference MOPB040 today
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Systematic doping vs. EP (FG and LG)
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Systematic doping vs. EP (FG and LG)

Fitting results remove environmental effects
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Sample analysis High resolution — from previous slide

The near surface N concentration of Nb sample
with 20 minutes exposure of N, (20N) was
measured by SIMS with incremental EP.

After 20 pm removal by EP, the concentration
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H. Tian et al. — this conference MOPB107 today
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Effectiveness of doping vs niobium RRR

No significant
signature of

— doping @ 2.0K on
low RRR FG
cavities

These are 1.5Ghz

@ 2.0K
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Questions?

Contributing Data
C. E. Reece

Pashupati Dhakal
Grigory Eremeev

Hui Tian Making nitrogen doping
R.-L. Geng work is not that easy but

can be done — off to the
Funding cryomodules.

Special thanks to LCLS-II, especially for taking
chance on Nitrogen doping
-Initial single cell studies and all 9 cell work
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Questions?

N

Contributing Data 4 R,
C. E. Reece History can come
Pashupati Dhakal back to bite you
Grigory Eremeev v
Hui Tian Making nitrogen doping
R.-L. Geng work is not that easy but

can be done — off to the
Funding cryomodules.

Special thanks to LCLS-II, especially for taking
chance on Nitrogen doping
-Initial single cell studies and all 9 cell work
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Backup
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Furnace doping - redoping

Short injection - Long anneal single cell absorption compare

RDT-13 800C_A180_N1@27mtorr_A60 - 4.85 to 6.25 Torr liters @ standard atm (25C)
+ RDT-14 800C_A180_N2@26.5mtorr_A60 - 6.9 to 8.3 Torr liters @ standard atm (25C)
RDT-15 800C_A180_N3@26mtorr_A60 (external BCP) - 13.2 to 14.5 Torr liters @ standard atm (25C)

Absortion rate ~ 30% faster @ 1-2min with external BCP
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Re-doping with external chemistry changes total absorption rate
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