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Nitrogen Infusion — Fermilab’s discovery
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[A.Grassellino, S. Aderhold - TTC Saclay 2016]
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Nitrogen Infusion — Fermilab’s discovery
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Single Cells

> Three single cell cavities
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Single Cells

> Three single cell cavities
= 1DE17 FG Ningxia — 2 (2007): E_..=38.3 MV/m@ Q,= 1.1 -10"% lim. by BD, low FE
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Single Cells

> Three single cell cavities
= 1DE17 FG Ningxia — 2 (2007): E_..=38.3 MV/m@ Q,= 1.1 -10"% lim. by BD, low FE

= 1DE18 FG Ningxia — t3 (2007): E_..= 39.5 MV/Im@ Q,= 1.2 -10'9; lim. by BD, no FE

Marc Wenskat | TTC Workshop — East Lansing | 21.2.2017 | Slide 6



Single Cells

> Three single cell cavities
= 1DE17 FG Ningxia — 2 (2007): E_..=38.3 MV/m@ Q,= 1.1 -10"% lim. by BD, low FE

= 1DE18 FG Ningxia — t3 (2007): E_..= 39.5 MV/m@ Q,= 1.2 -10'%; lim. by BD, no FE

= 1DE21 LG Heraeus —t2 (2008): E,..= 39 MV/m@ Q,= 1.1 -107°; lim. by BD; low FE
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Single Cells

> Three single cell cavities
= 1DE17 FG Ningxia — 2 (2007): E_..=38.3 MV/m@ Q,= 1.1 -10"% lim. by BD, low FE

= 1DE18 FG Ningxia — t3 (2007): E_..= 39.5 MV/m@ Q,= 1.2 -10'%; lim. by BD, no FE

= 1DE21 LG Heraeus —t2 (2008): E,..= 39 MV/m@ Q,= 1.1 -107°; lim. by BD; low FE

> Retested 2016

= Qvs. T
= Qvs. E at different T
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1DE18 — Q vs E — Test 4 — Different T
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1DE18 — Q vs E — Test 4 — Different T

> Prior to Test 4: HPR after storage and HF rinsing
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1DE18 — Q vs E — Test 4 — Different T

> Prior to Test 4: HPR after storage and HF rinsing
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1DE18 — Q vs E — Test 4 — Different T

> Prior to Test 4: HPR after storage and HF rinsing
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> Some processing (2:-10-3 mGy/min) on first 2K curve
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> Final 2K curve: FE with 1.5-10* mGy/min (last three datapoints)



1DE18 — Q vs E — Test 4 — Different T

> Prior to Test 4: HPR after storage and HF rinsing

Rres

AlkgTe
(T = 9.2K)

Qpcs (4.3K)

QO.max(1 -8K)

> Some processing (2:-10-3 mGy/min) on first 2K curve Qq(Eaec =235
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> Final 2K curve: FE with 1.5-10% mGy/min (last three datapoints) Mvim; 1.8K)




Furnace / N2 venting

> 2 turbo molecular pumps (Varian, 6000 I/s each , max. intake pressure ~ 10-2 mbar)
> Thax ~ 1320°C

> V= 1800 x 625 X 660 Mm? =
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Furnace / N2 venting

> 2 turbo molecular pumps (Varian, 6000 I/s each , max. intake pressure ~ 10-2 mbar)
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Furnace / N2 venting

> 2 turbo molecular pumps (Varian, 6000 I/s each , max. intake pressure ~ 10-2 mbar)
> T~ 1320°C
> V =1800 x 625 x 660 mm?3 ==

Full range gauge
(regulation)

Full range gauge
(new installation)
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1DE18 installed

After test 4: additional HPR and RF test 5
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1DE18 installed

After test 4: additional HPR and RF test 5

Disassembly, HPR and Nb caps in clean
room, put in clean room bag
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1DE18 installed

After test 4: additional HPR and RF test 5

Disassembly, HPR and Nb caps in clean
room, put in clean room bag

Installation into furnace with local clean
room
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1DE18 installed

After test 4: additional HPR and RF test 5

Disassembly, HPR and Nb caps in clean
room, put in clean room bag

Installation into furnace with local clean
room

Cavity is installed on special support to
avoid movement
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1DE18 installed

After test 4: additional HPR and RF test 5

Disassembly, HPR and Nb caps in clean
room, put in clean room bag

Installation into furnace with local clean
room

Cavity is installed on special support to
avoid movement

T-sensor installed on cavity
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1DE18 installed

After test 4: additional HPR and RF test 5

Disassembly, HPR and Nb caps in clean
room, put in clean room bag

Installation into furnace with local clean
room

Cavity is installed on special support to
avoid movement

T-sensor installed on cavity

Add. 2 samples
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Full procedure
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Full procedure
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Full procedure

Module Extras  Konfiguration Fenster ?
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1DE18 — Results — Q vs E
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1) warm up across T to check for frozen flux

2) warm up to 150K and fast cool down
2@/
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1DE18 — Results - Qvs T
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SEM/EDX of DESY Samples: No Ti detected

. Map Sum Spectrum

Nb
Weight % 1002

no Ti detected at E___=10-20 kV (mapping over area)
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SEM of DESY Samples: Nb,N (d <200 nm)

* Precipitations known — 3-Nb,N — from doping

Niobium nitrides
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SEM of DESY Samples: Nb,N (d <200 nm)

* Precipitations known — 3-Nb,N — from doping
*  When are they formed?
* N, pressure = 6x10- 8 mbar @ 800°C
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SEM of DESY Samples: Nb,N (d <200 nm)

* Precipitations known — 3-Nb,N — from doping
*  When are they formed?

* N, pressure = 6x10- 8 mbar @ 800°C

* Nbinert below 350°C against N

Niobium nitrides

.

&

HY det wh mag & HFW spat | mode

10,00KY | TLD | 5.2mm | 39039x% | 3.25pum | 3.0 SE

500 nm

S5.00kY | TLD | 5.0 mm | 60000 x | 212 40 | 53E [0° DESY ManoLab

3
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> 1DE18

= Results not understood

= Next optical inspection

= Then HF-rinsing & retest
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> 1DE18

= Results not understood

= Next optical inspection

= Then HF-rinsing & retest
> Samples (More see next talk)
= Baking at 800°C

= Detailed Analysis
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> 1DE18

= Results not understood

= Next optical inspection

= Then HF-rinsing & retest
> Samples (More see next talk)
= Baking at 800°C

= Detailed Analysis
> Test run furnace w/o N, with 1DE17 (delayed due to power outage)

= See if handling / furnace is problem

= Improve controls of furnace
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> 1DE18

= Results not understood

= Next optical inspection

= Then HF-rinsing & retest
> Samples (More see next talk)
= Baking at 800°C

= Detailed Analysis
> Test run furnace w/o N, with 1DE17 (delayed due to power outage)

= See if handling / furnace is problem

= Improve controls of furnace

> Decision on / preparation of more single cells
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> 1DE18

= Results not understood

= Next optical inspection

= Then HF-rinsing & retest
> Samples (More see next talk)
= Baking at 800°C

= Detailed Analysis
> Test run furnace w/o N, with 1DE17 (delayed due to power outage)

= See if handling / furnace is problem

= Improve controls of furnace

> Decision on / preparation of more single cells

> Baseline RF test of four 9-cell HiGrade cavities

= Prepared & test will happen this/next week
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RGA @ 800°C (Oh)

D1] Display Saved Values < 1de 18 051216.sac >
File Display Select Setup Function Special Info

Scan #1
o lon Current [4] - [ ]
E-08 Y 2000x[A 05.12.16 12:20
] T = 800°C
] P_tot =2E-O5mbar
E-09
5]
E-10-
5]
E-11-
5]
E-12
5]
E—13—......................”.'\........................(.\.m....‘.\.......ﬂ.ﬂﬂ......J.ﬂ.......ﬂ.....A....’..... g/Y(
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 I&] 80 85 90 95 100 ;
Mass [amu] .

| [ X 2569  [Y 8O77059E-11 [  C: 70




RGA @ 800°C (1h)

D1] Display Saved Values < 1de 18 051216.sac >

File Display Select Setup Function Special Info
Scan #1

E—UB—_Ion Current [A] p=2000X[A]
] 05.12.16 13:00

9 T =800°C
P tot = 1.7E-O5mbar

E—13-----.----.---w.----.----.‘----.----.--m-.----.‘---.-]---.----.--‘-..I..'.] b/

0 ] 10 15 20 25 30 39 40 45 50 ] b0 ba 70 75 il 85 90 95 I1(|]0 SY
Mass [amu] .




RGA @ 800°C (2h)

D1] Display Saved Values < 1de 18 051216.5ac >

File Display Select Setup Function Special Info
Scan #1

E_(]B_zlon Current [A] p=2000X[A]

. 05.12.16 14:00
| T =800°C
P_tot = 8e-O6mbar

I | >

0 ] 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 SY
Mass [amu] .




N,

Nitride formation

reciprocal temperature 10T, 1/°K

L0 (1] 0
1 o, ® &
Nb:  log en=7 log pn,—3,1+9300/T [
1 . . . .
Ta: log cy=5 log py,—2,6+9500/T ; nitride formation
= -8 o
> p=6x10-mbar s
> T=800°C = 1073.15K S
IS
o~ ") "':
2 c !
QL
8]
c
S
O
GI_I L _.é_.____. — - L _ ! ) . ]
X00 2200 2000 1800 1600 1400

lemperature, °C

nitrogen
pressure, torr

[Fromm & Jehn, ,Reactions of niobium and tantalum with gases at high temperatures and low pressures®, Vacuum 18(4), p. 191-

197, 1969]
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1DE18 — History

> Ningxia Nb (RRR=300) — fine grain (2005)
> Deepdrawing @ RI (then Accel)

> Machining, EBW @ DESY

> BCP @ Accel, EP @ Henkel

> Assembly, HPR & test in Hall NO

= Test 1 after 100pm EP, HPR, 141C/12h bake, HPR (28.3.2007)
E...= 22.6 MV/m@ Q, = 1,3 -10°; lim. by FE, strong FE

= Test 2 additional HPR (6.6.2007)
E...= 38.3 MV/m@ Q, = 5,3 -109; lim. by BD, still strong FE

= Test 3 additional HPR (20.6.2007) no FE
E...= 39.5 MV/m@ Q, = 1,2 -10'%; lim. by BD, no FE

= Test 4 additional HPR after storage and HF rinsing (remove oxides) (25.8.2016)

E...= 36 MV/m@ Q, = 4,8 -10°; lim. by PWR, some FE
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1DE18 — Q vs E - Hist
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1DE18 — Q vs T - Analysis

Test 1 Test 2 Test 3 Test 4
after 100pm EP, HPR, add. HPR add. HPR add. HPR
141C, 12h bake, HPR

R fit 4.3 nQ 3.7 nQ 3.7 nQ 3.4 nQ
AKeT
T EQ_CZK) 1.95 1.94 1.91 1.97
Qgcs (4.3K) 6.4 -108 6.76 -108 6.7 -108 6.8 -108
Qg o 1.8K) 3.9 -1010 4.4 -1010 4.1-1010 4.3 -1010
Qo(Eqec = 23.5 _ .1010 .1010 .1010
MV/m: 1.8K) 2.9 10 2.5-10 3.1-10
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1DE21 — Q vs. E History
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Test 3: E, .= 23 MV/m@ Q, = 1,9 -10'%; lim. by BD; no FE
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1DE21 — OBACHT

Burning Mark?
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1DE21: test 1, position E9, 0924.1 mm, 249.6 deg. short > | 3mm
date: 15.11.2016, illumination: 23CD78_00_00 tube P |




1DE21 — OBACHT

Burning Marks?

Contaminations?

"'
L]

L S

1DE21: test 1, position 19, 0866.4 mm, 192.0 deg. short > , 3mm
date: 15.11.2016, illumination: 2AFFEA_00_00 tube P




1DE17 — Q vs. E History

strong FE after 21MV/m - processing (2h) at last point — improved performance
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Similar Result @ Fermilab

10" T T T T T T T T T T T T Tt
1010 L -
o
(@]
10° | 4
Q @ TE1AES003 O +800C 3hrs
Q% ® TE1AES005 O +800C 3hrs
® TE1PAV005 O +800C 3hrs
® TE1PAV0O06 O +800C 3hrs
108 | M 1 N | " 1 1 1 N L 1 1 1 |

0 5 10 15 20 25 30 35 40
E,.. (MV/m)

[Grassellino — arXiv:1305:2181]
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Similar Result @ Fermilab

. . . . 10" ¢ : : ' : T . T
> First suspicion: Q-Disease JEREE L
1010 - r
o
C
10° | E
Q ® TE1AES003 © +800C 3hrs
Q% ® TE1AES005 O +800C 3hrs
@ TE1PAV005 O +800C 3hrs
® TE1PAVO06 O +800C 3hrs
108 | f 1 L | 1 1 X 1 L | 1 1 1 |

0 5 10 15 20 25 30 35 40
E,.. (MV/m)

[Grassellino — arXiv:1305:2181]
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Similar Result @ Fermilab

. . . . 10" ¢ . r v v . T T
> First suspicion: Q-Disease JEREE L
= Not confirmed
= 10 HF rinse (20nm removal) — no recovery .
107 F -
= EP (20 uym) — recovery !
Note: 5 ym seemed to be sufficient for other cavities with Go
same history
10° b E
Q ® TE1AES003 © +800C 3hrs
Q% ® TE1AES005 O +800C 3hrs
® TE1PAV005 O +800C 3hrs
® TE1PAV006 O +800C 3hrs
108 | M 1 N | N 1 N 1 L | 1 1 " |

0 5 10 15 20 25 30 35 40
E,.. (MV/m)

[Grassellino — arXiv:1305:2181]
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Similar Result @ Fermilab

. . . . 10" ¢ . r v v . T T
> First suspicion: Q-Disease JEREE L
= Not confirmed
= 10 HF rinse (20nm removal) — no recovery .
107 F -
= EP (20 uym) — recovery !
Note: 5 ym seemed to be sufficient for other cavities with Oo
same history
107 E
1 Q @ TE1AES003 O +800C 3hrs
> Sample StUdleS - QQQJ ® TE1AES005 O +800C 3hrs
. ® TE1PAV005 C© +800C 3hrs
= Precipitation at grain boundaries oL | | (L O TETPAVRP O 0P 3hre
1 1 L 1 1 L 1 1

0 5 10 15 20 25 30 35 40
E_ (MV/m)

acc

= Only on one sample side

= EDX & XPS studies — Titanium remnants (Grassellino — arXiv:1305:2181]
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