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Nb,Sn cavities for Upgraded Injector Test Facility
(UITF) @ Jlab (10 MV x 100 uA)
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Application Beam Energy Beam Current Experiment Duration Notes Presenter
. tests complete before long shutdown of o
Commission QCM for CEBAF 6 MeV, but prefer up to 10 MeV  |up to 100 uA three or four 1-week long tests ) R. Kazimi
2020, when QCM to be installed at CEBAF
. up to 100 nA for tuning, 0.25to 5 |four or five run periods, one- target provides transverse polarization §
Commission HDIce for CEBAF ~ B MeV i . i A. Sandorfi
nA for production month long each required for 3 A-rated Hall B experiments
Manufacturing polarized targets likely some R&D to determine optimum )
. 1-10MeV 1to 10 uA hours, days . . C. Keith
for CEBAF via DNP polarizing conditions
i i UITF better location than CEBAF injector, .
Bubble Chamber astrophysics 4- 10 MeV 0.01 to 100 uA 3 weeks, as often as possible R. Suleiman
when CEBAF shutdowns are short
L ) i milliamps preferred, will reduce requires polarized electron beam, .
MeV parity violation experiment |10 MeV ) ) months to years o R. Carlini
experiment duration transmission geometry offers advantages
i N determining the beam energy of i L i _
Testing Nb3Sn-coated cavities L _ up to 100 uA as many tests as possible Nb3Sn cavities require only 4K Helium G. Eremeev
test cavity is point of test
imagine week-long test durations ) i i
Wastewater treatment 2- 10 MeV 100 uA together with local partners G. Ciovati
over three years
. . staged tests, likely many ) 3
Polarized positron source 5- 10 MeV up to 100 uA i i requires polarized electron beam ). Grames
required, 1-week long duration
EIC: fast kicker tests 5- 10 MeV up to 100 uA two 1-week long tests together with sbir-partner H. Wang
_ _ B ) 1. Grames
EIC: testing high bunch charge 5-10 MeV up to 100 uA two 1-week long tests requires polarized electron beam R —
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Recent data after the coating system upgrade

U. Pudasaini
v | v | I | ' I '
T * Nb,Sn BL1 2K & 4K, 06/25/2015 1 .
m  Nb,Sn RDT7 2K & 4K, 07/10/2018 ] 4K reSUItS Unlform
@ Nb,SnRDT7 2K & 4K, 09/28/2018 1 .
v Nb,Sn RDT10 2K & 4K, 10/20/2018 coating, no
o1 Jes & Nb,Sn TE1G001 2K & 4K, 03/21/2019 10" 4 — .
: ® Nb,SnRDT10 2K & 4K, 041812019 ; obvious

asymmetry!

IA320, 16Aug2017
1A320, 15Jan2018
1A114, 17Mar2018
IA110, 28Mar2018
1A114, 02Jun2018
IA110, 12Jun2018
1A110, 10Jul2018
1A016, 20Jul2018
C75-000, 11Sep2018
C75-002, 17Jan2019
— T

14 16 18 20

ldroevmAxOeO

E.cc MV/m]
e Consistent Q, between Q-slope free cavities

* Q-slope limited performance for some
coatings was linked to variation in Sn source;
studies are ongoing

e RDT7, RDT10 & TE1GO01 had NbTi flanges
replaced with Nb flanges

& Fermilab
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Pair work and results

m  |A114 R&D test @ 4K
O 1A114 pair test @ 4K
0 1A114 R&D post-pair test @ 4K

1E10 -

Previous practical Nb;Sn
accelerating structure
record is 80 keV !
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E,cc [MV/m]

Quality factor and quench degraded
after the cavity was tuned by about 200
kHz down. Tuning added field-
dependent surface resistance, which
increase by about 30 nQ2 at low fields
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Weak points?
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Surface imperfection are likely
high stress points, where strain
exceeds the average levels and
significantly degrades surface
resistance - smoothen the
surface by centrifugal barrel
polish

EXTENSION/COMPRESSION WITH DEFECT
Equivalent Total Strain
Unit mm/mm
Time: 2
Max 0.0158
Min: 1.14e-9

0.0158
H 0.014
00123

0.0105
0.00875
0.007
0.00526
0.0035

0.00175
1.14e-9
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Ug4_02 15.0kV 11.5mm x1.30k SE(M)

Void in Nb;Sn
coating, C3C4
cutout

CELL DEFORMATION =
0.5 mm COMPRESSION

I B i | [ | | o

$4700 12.0kV 12.5mm 3 ) 1.00um



In lieu of summary

The research in new materials for SRF application is growing...
..but it is important to remember about the quality of the
substrate

Eremeev, TTC'18
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Baseline test of the new C75 cavities for Nb,Sn

project

1011
1 m 5C75-RI-NbSn1, 4june2019

1 ® 5C75-RI-NbSn2, 19july2019
1 o 1A110, 25june1992

Y
g 104 bt : . ‘

Riinig 1 These cavities were
%%% 1 built by Interatom/Rl
1 and processed at

| JLab.
0ol | | | | | | There were a few
0 5 10 15 20 25 30 35TTC meetings in

E... [MV/m] between ...
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C75 cavity coating U. Pudasaini

5C75-RI-NbSn1 5C75-RI-NbSn2

Uniform coating, no obvious asymmetry... in the second cavity!

£& Fermilab
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Nb,;Sn-coated C75 cavity test results

1011
] 5C75-RI-NbSn1 @ 4.4K

5C75-RI-NbSn2 @ 4.4K
5C75-RI-NbSn1 @ 2.0K
5C75-RI-NbSn2 @ 2.0K
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10°

E,.. [MV/m]
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Re-test @ Fermilab

1011

Qq vs E, ., 5C75-RI-NbSn2 @ 4.4 K, 08/03/2019
Q, vs E, ., 5C75-RI-NbSn2 @ 2.0 K, 08/03/2019
Qq vs E,,, 5C75-RI-NbSn2 @ 4.4 K, 10/17/2019
Q, vs E,., 5C75-RI-NbSn2 @ 2.0 K, 10/18/2019 1

OE OO
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Two mode Intro
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Time averaged applied field is H,%+ H,2, but maximum field is

equal to H;+ H, with f~ |f,-f, |
H. Padamsee, D. Proch, P. Kneisel, and J. Mioduszewski, IEEE Trans. Magn. 17, 947 (1981). ]
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http://dx.doi.org/10.1109/TMAG.1981.1061065

Two mode Iintro
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G. Eremeev and A. D. Palczewski, JAP 115, 023901 (2014)
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Two mode results with Nb;Sn-coated 5C75-RI-NbSn2

1.0

0.8

m 4K data
thermal quench
0.24 |—— magnetic quench
0.0 : : : : : : : .
0.0 0.2 0.4 0.6 0.8 1.0
H1/H1,max
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' o~— Experimental data . 10 ' ' ' ' ' ' '
at 2i0 Gauss breackdown field | m 4K data
thermal quench
084" - ~ magnetic quench| |
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E»
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T 044
constant ) 0.2
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\ -;;E- 0.0
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0 5 | H12"'H1,max2
- ™72 mode

Fig. 4: Mode mixing experimental data to distinguish
between thermal and magnetic breakdown.

H. Padamsee, D. Proch, P. Kneisel, and J. Mioduszewski, IEEE Trans. Magn. 17, 947 (1981).
The conclusion was -- “The data unambiguously supports the thermal model.”

2% Fermilab
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Two mode results
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Conclusions

* Two Nb,;Sn-coated 5-cell cavities qualified for assembly into
a quarter cryomodule for the UITF @ JLab.

 Tin control, avoid titanium, and ... tuning or straightening
Nb,Sn-coated cavities

 “The data unambiguously supports the thermal model.”

— the path to higher gradients with Nb,Sn-coated cavities
is in the reduction of thermal impedance

2% Fermilab
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Thank you for your attention!
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