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Gain in Field Emission Free Voltage (MV)
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Field Emission vs. Eacc
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Conclusions

« 27+ Cryomodules processed since 6/15
» Data for 26 cryomodules (plus two in January) included here
» 31 Cavities not processed for various reasons
* Average increase in Field Emission Onset = 0.9 MV/m
* Average Change in Maximum BL Directed radiation = -3.8 R/hr
« Average Change in Maximum Radial Directed Radiation = -2.1 R/hr

* 16 cryomodules left and about 4 weeks to go

‘@‘ Office of
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SRF2015MPlasma processingM i\ & (Marc Doleans ,SNS) (1)

In-situ plasma processing to increase
linac energy

« Higher linac energy provides

more margin for reliable L
operation at 1.4 MW 20 In-situ plasma : 1
* Most cavities at SNS are limited R e
by field emission (FE) leading to E sl °o® @ ®q |
thermal instability in end-groups = 9;’% ® o c@“’o %&m""g 0, &9
— Average accelerating gradients are & mo o &o 2 ° o ©
12 and 13 MV/m for the two cavity 0w} ©0 © 2 - §
geometries ° o o
+ Developing in-situ plasma °
processing to reduce FE and ' W B % % % @ n ®

increase accelerating gradients

cavity number

N

¥ OAK RIDGE

Nartional Laboratory

HIGH FLUX | SPALLATIO
ISOTOPE | NEUTRON
REACTOR | SOURCE

Hydrocarbon contaminants on Nb surfaces

» Hydrocarbon contaminants observed on all Nb surfaces
— Volatile hydrocarbons released from cryomodule surfaces during thermal cycle
— Hydrocarbons on offline spare cavity surfaces
— Hydrocarbons fragments seen in secondary ion mass spectrometry (SIMS)
= Mechanically polished niobium samples
+ Chemically polished niobium samples (BCP)

+ Hydrocarbons tends to lower work function of Nb surface
— Develop in-situ plasma processing to remove hydrocarbons from cavity RF surface

In-situ plasma processing to reduce FE

» Plasma processing aims at
— Reducing FE by increasing work function of cavity RF surface
— Enabling operation at higher accelerating gradients

+ Scaling from Fowler-Nordheim equation

e J 2 current density
EY b E : surface electric field
J=a (ﬁ ) e ¢ B : field enhancement factor
¢ ¢ : work function
oo e 308
Ed(‘(' 2 ¢

— 10-20% increase in ¢ leads to 20-30% increase in Eacc

% OAK RIDGE

HIGH FLUX | SPALLATION
ISOTOPE ih"l'ﬂf'«
National Laboratory

REAC

| source

Low-temperature and low-density reactive plasma
for removing hydrocarbons in SNS cavities

« Plasma is a rich and reactive environment

- lons, e-, neutrals, excited neutrals, molecules, radicals, UV...

+ Plasma processing is a versatile technique used for various purposes

- Cleaning, activation, deposition, crosslinking, etching.. ..

- Chosen to develop room-temperature reactive oxygen plasma

— Volatile by-products are formed through oxidation of hydrocarbons and pumped out

Charge density (m?)

S — by-products
W Pt @ O
-l = 2 hpo

e = "t
plasma »’ g™
10% =3 '\' b *‘b Q::
-l [ SRl Ay

1E5 2 10000 T T T

—12
—15

= 15 H, 16

o 18

2

= 26

E —28 2

2 1E-7 —32 S

= —a0 8

— 44

s

2 18 c H4

o 5 10 15 20 25 30 35 40 45 S0
time (hrs)

depth (nm)

'
4 5

10" e contaminants
— Plasma
10° wear.| processing for I
. SNS cavities Base
10* " — material
10° 10* 10° 10° 10"
Electron Temperature (K)
$,OAK RIDGE | sifux | seasiarion
National Laboratory | REACTOR | SOURCE



SRF2015MPlasma processing® &+ (Marc Doleans ,SNS)(2)

Reliable plasma generation in SNS HB cavities

Plasma processing in four phases

In-situ processing in linac tunnel

* Horizontal Test Apparatus

On-
- going
Processing of cryomodule in test cave
3. OAK RIDGE | i | seacen
National Laboratory | REACTOR | SOURCE

Removal of residual hydrocarbons by
adding oxygen to the neon plasma

« Hydrocarbons removed from top surface through oxidation and
formation of volatile by-products

- H, H,0, CO and CO,

+ Residual gas analysis to monitor plasma cleaning
— Depletion of surface hydrocarbons within 30-45 minutes per cell
— Removes 0.5-1.0 monolayer of hydrocarbon

— Six cells of a cavity processed sequentially

partial pressure (Torr)
m

1E-10
0

— N
—0,
—=HO
—Cco
—CO,

sl

05
time (hour)

CO, (Torr)

RGA during plasma processing

4E-10
o

time (hours)

SPALLATION

Ne (Torr)

+ Plasma generated inside

cavity volume
* Gas manifold and RF
station
* Neon (~100 mTorr) for
plasma ignition and tuning

* RF power <1 kW

+ Plasma ignites in discrete

cells, tuning necessary to
process all cells

* Dual tone excitation
(2 rf generators)

* on and off-resonance
excitation

* Plasma loaded cavity
theory

+ Before plasma processing
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Plasma processing improves HB59 performance

— Frequent trips associated with vacuum activity and temperature increase

during RF conditioning

— Reached 15.2 MV/m at 20 Hz repetition rate

« After plasma processing
— Easier RF conditioning

— Reached 20.5 MV/m at 60 Hz repetition rate

after plasma processing
before plasma processing

Eacc (MVIm)

time (hours)

radiation (rad/pulse)

1E4 |

1E6

T T T
©  before plasma processing
© after 1st plasma processing
© after 2nd plasma processing
© Eacc max reached

152 MVim

<

20.5 MV/m

22 Mvim

14 16 18
Eacc (MVim)

T
20

T

22

T

24



