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TTC meeting (2014/1273) Alex Melnychuk [Update on N doping at Fermilab] & )

One cryomodule milestone — avg Q (2K, 16 MV/m)~3.75e10,
avg quench field ~22 MV/m
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Best N doping recipe so far (high Q and highest gradients achieved on nine cells) is

the one known as “Fermilab 2/6”: 800C 3 hrs in HV, then 2 min @ 800C with ~ 25
mTorr N2, then 6 min @ 800C in HV + 5 microns EP

3 Alex Melnychuk For the FMAL high G group | Update on M doping at Fermilab 127214
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Why N-doping does not work?

Possible reason of bad results are followings.

1.

Nb surface was not N-doped correctly. HZZE? ?
» Something wrong?
» Difference of vacuum system? (Cryopump or diffusion pump, oil-free?)

» Difference on N-doping system?

Effect due to remnant field on vertical test cryostat.

» Trapping of magnetic field on N-doped surface is more sensitive to remnant
field on vertical test cryostat.(More than a few ~ several times sensitive?)

» KEK’s VT cryostat has more than 10 mG. %ﬁﬁ”ﬁf@fﬁi%f%i% ? 7

» Also depend on cooling procedure.

Cavity or material is wrong?

» Cavity is made at KEK-CFF. MRl 7= 1335% 7 7
» Nb supplier is ULVAC and Tokyo-Denkai.
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High-Q study



Rres history of single-cell cavity vertical tests

14
12

10

13/11

14/6

14/12
Date

* R_res gradually increase?

15/7

16/1

®1G-1
A1G-2
¢ FG-1
FG-2
B Seamless-1

A Seamless-2

Qo (Xa10)

10 ¢

01

0.01

100 —— )
. o WT-1 (<15K?)]
o WT-2 (<15K)
o VWT-3 (<15K) |
luuoco{,o
:Ogooooooo too g4 :,0 :oo o"oog
:00 g g oooo?gooo
co,oonoa 000%0(::{,0
[#] a o . onn
"0 oo
Q
[+]
Q
LG-1 cavity (<1.5 K)
0 10 20 30 40 50

Eacc [MV/ml

- Q-values of LG cavity were gradually decrease.



Degradation of R_res?

\ 4

Check magnetization for most of all
the components of vertical test



Study on magnetized components (example)

From T. Yanagimachi(9/26)

Magnetic

No. name field [mG]
14 |® 034 metal valve @O 430
15 |® 034 metal valve (which observed vacuum leak) 80
19 |® 034 metal valve 2 59
25 Volts and washers for support of input coupler shaft 140
28 Nuts and washers for hanging cavity 110
Stat—volts, nuts and washers for hanging cavity 300

Measure inside magnetic shield by
using 3-axis flux gate sensor.




Effects of SUS shafts

SUS shafts for variable
coupler were highly
magnetized.

More than 1 G!!

Magnetic field with shafts inside vertical test dewar

0 -11 -6 15

-7 If both shafts were removed
24 * 2 - — B = 2mG for any positions.
180 6 -11 -7 15

270 8 130 -49 139



Then...

& Exchange SUS shafts to Ti

€ Exchange or remove SUS components
as much as possible

€ Exchange metal valve to less
magnetized one

And vertical tests were carried out.



Typical vertical test setup

2 Pictures are for different measurement.
>¢ But setup of sensors and coil are same.
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Flux gate sensor, Si temperature sensor, heater and solenoid
coil were used.




Vertical test results after demagnetization effort

R-2(Tokyo-Denaki FG, single-cell) VT11 1.0e-006 |

Data +'
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* FG single-cell cavity (Tokyo-Denkai)
* Nominal recipe (Not N-doping) Very high-Q was observed after
* With cancelling coil the effort for demagnetization

* With thermal gradient by heater



Maanetic field [mG]

Flux expulsion during cool-down(add 16mG with coil)
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Temperature at equator [K]
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Temperature [K]

FG single-cell cavity
(ULVAC)

Nominal recipe (Not N-
doping)

900 degree heat
treatment applied

Add +16mG with coil
(Total 9 + 16 = 25mG)
With thermal gradient by
heater

e Clear flux expulsion(~90%) can be observed.
 Temperature gradient of more than 1 degree between equator

and lower beampipe iris.




Summary (High-Q study)

* It was difficult to achieve high-Q at KEK-STF vertical test.

* Magnetization was investigated for each components of
vertical tests.

 Some components were highly magnetized. One of
highest was shaft for variable coupler.

* Magnetized components were removed or exchanged.
Also solenoid coil was prepared.

* After these effort, high-Q could be measured and clear
flux expulsion signal was observed.



Nitrogen doping
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Why N-doping does not work?

Possible reason of bad results are followings.

1.

Nb surface was not N-doped correctly. = N-dope@FNAL and J-PARC
» Something wrong? BZER? 7
» Difference of vacuum system? (Cryopump or diffusion pump, oil-free?)

» Difference on N-doping system?

Effect due to remnant field on vertical test cryostat. = VT@FNAL(March)

» Trapping of magnetic field on N-doped surface is more sensitive to remnant
field on vertical test cryostat.(More than a few ~ several times sensitive?)

» KEK’s VT cryostat has more than 10 mG. WERITE CORIISIBIE ? ?

» Also depend on cooling procedure.

Cavity or material is wrong? = N-dope@FNAL and VT@FNAL(October)

» Cavity is made at KEK-CFF. AL 7= |38k 7 7
Claz/Ix [ !
» Nb supplier is ULVAC and Tokyo-Denkai.



Vertical test of KEK doped

cavity at FNAL

inside VT dewar is very small.

N-doping cavity.

Vertical test of KEK N-doped cavity was
carried out at FNAL, where magnetic field

However, Q-value was not good as nominal
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Even in zero

magnetics field,

still Rres was too large.




* 2016/7/9 EP 60um

2016/7/12 N-doping
(FNAL standard
recipe 2/6)

2016/9/13 EP 6um
2016/10/25, 26 VT

-
=

B i i
O

8

* KEK cavity was
doped at FNAL
and also tested.

* Itshowed
successful doped
performance.

N-doping successful !! Thanks for FNAL-SRF group!!
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. ~20mG was applied by coil .
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Why N-doping does not work?

Possible reason of bad results are followings.

1.

Nb surface was not N-doped correctly. = N-dope@FNAL and J-PARC
» Something wrong? BEZ9R? ?
» Difference of vacuum system? (Cryopump or diffusion pump, oil-free?)

» Difference on N-doping system?

fect due to remnant field on vertical test cryostat. = VT@FNAL{MaTch)

» Trapping of magnetic_field on N-doped surface is+more sensitive to remnant
field on vertical test cryostat [(MTeEhan_a few ~ several times sensitive?)

» KEK’s srostat has more than 10 mG. MR TE CoTmSRIsts ? ?

» Also depend on cooling procedure.

aviy-ar material is wrong? = N-dope@FNAL and VT@ENAt{OCtober)

» Cavity is made at KEK-CFF. L E 7= (285K ? 7
CldZ/Is 1 !
» Nb supplieris ' HVAT and Tokyo-Denkai.



Furnace at J-PARC

* J-PARC has oil-free furnace with
cryo-pump and TMP.

* We try to use it for N-doping / N-
infusion.

 Normally used for degassing of
beam-ducts and components.




. 800 deg, 3 hours
N-doping@J-PARC furnace 800 deg. 20 min. N 2.7Pa
800 deg, 30 min
Cooldown

N-doping at 2017/May/11

=
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2 57 o e CRRY R 1 : A
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Pumping system of J-PARC furnace
-- Cryopump + TMP (+ scroll)
-- reach to 1e-6 Pa after cool-down



VT results of N-doping

15um EP
HPR (total) 3~4hours
Dry assembly (No baking)

Magnetic field canceled with
solenoid coil. (< 1mG)
Cooled down with thermal
gradient by heater

Qo

R-6 cavity : Nitrogen-doping 20min, 2.7Pa/30min -- 15um EP
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VT4(reference) Rs=3.3nQ
VT5(N-dope)  Rs=1.8nQ

O Very high Q up to high field
O0Q=1.6el1@7MV/m, 1.47K
0Q =3.0e10@15MV/m, 2K
CQuench at 16MV/m

CINo field emission




Comparison with previous measurements

Qo

R-6(Mirapro, single-cell) VT4:reference / VT5:N-dope

JPTY LT TP Clearly N-doped high-Q
1.6+11 :EgaﬂB“iDDD performance observed!
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Summary (N-dope)

* In KEK, study on N-doping have been continued under
collaboration with FNAL and J-PARC.

* N-doping was tried using J-PARC furnace, which has oil-
free pumping system, consists of a cryopump and TMPs.

e After removable of 15um by EP, vertical test showed
good performance: 1.6el11 at 7MV/m(@1.47K) and
3.0e10 at 15MV/m(@2.0K).

* This is first successful N-doped results in Japan.

* Clean furnace seems to be essential for N-doping.
Details of reason is under investigation.
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Backup slide



lon current (A)

RGA spectrum of KEK big furnace
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No RGA data for
KEK small furnace
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Many high-mass components
even after cool-down

R & 0 20

Mass [amu]



RGA spectrum of
J-PARC furnace

750deg, 3hour annealing (No doping)
No cavity. Jigs and Nb samples.
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Nb sample analysis for KEK big/small furnace
(Heat treatment without N-dope)  Analyzed by ULVAC

ULVAC, Inc.
107 2016/12/20 Nb-D103.SWF 107 2017/02/03 Nb-D103.SAF
39 without N2 Nb  Cs, 50mil 5kV.50nA,200um 4% Neg. 900 without N2 sec. Cs, 50mil, 5kV,50nA,200um, 4% Neg. Egun—kV

KKE Big furnace ﬁ KEK small furnace

800°C x 3hours (with N-trap)
900°C x 3hours
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Each figures are up to 4um.



Nb sample analysis for KEK big furnace Analyzed by ULVAC

Heat treatment Heat treatment No heat treatment
with N-doping No N-doping (only EP)
05_; mE—E
05—;\ 1|:|5—E
i Py
: ¢
é 1 g i} S3NE
¢ I e e e AP
'1H|
— | |||

—93Nb —1H =180
— 14N+ 9SBNp —12C —19F

N is observed for N-doped sample
Each figures are up to 4um. C is observed for heat treated samples.
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SIMS for N-doped sample(~100um) Analyzed by UVAC

Total of three measurements

DG 12/27
Wb with M2 Ce S50mi Bl
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» Rapidly decrease until ~1um

» Flat up to ~10um

» Then gradually decrease (down to
lower limit)

» N behavior seems to be similar

What does N treatment do? N depth profiles by Sl
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Figure 6: SIMS results from a sample treated with TE1-4 and
TE1-5. Single-cell cavities are also included for reference.



