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SNS PPU Upgrade

« Upgrade will double the proton beam power from 1.4 to 2.8 MW by adding 7 additional
cryomodules each contains four six cell high beta (= 0.81) SRF cavities.

 This will be accomplished by ~50% increase in beam current, from 25 to 38 mA and an
Increase In the final beam energy from 1.0 to 1.3 GeV

Original SNS high-beta

Parameters _ PPU high-beta cryomodule
crvomodule -
Eace (=EoTe, Te: Transit time factor at
s, L 10° 8x10°

B=0.81) (MV/m) 15.8 Q,>5x10 16.0 Qp>8x
Fundamental power coupler (FPC)
rating. peak and average (K'W) 530,50 700, 65
External Q of FPC. Qux 7 % 10° (£20%), fixed type 8 % 10° (£20%), fixed type

_ ) High RRR niobium (RRR>250) for Hich RRR niobium (RRR>250)
Material of cavity cells, reactor-grade mobium for end =

- = for both cells and end groups
groups
Higher-order mode couplers per cavity  Two (one at each end group) MNone
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PPU Upgrade ( Original Vs Upgrade)
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Figure 3.15. Original (left) versus new (right) vacuum vessel.
Bridging Flat Head ,
Ring

Figure 3.17. JT valve positions for the PPU cryomodule (left) and the original (right)
cryomodule.

Figure 3.3. End group modification. (Top: cavity with modified
end group for the PPU. Bottom: Original SNS high-beta cavity).

Figure 3.16. Original (left) versus new (right) vacuum jacket design.

End cans

Figure 3.18. Original (left) versus new (right) supply end can.

He vessel
B

Figure 3.5. Original (left) versus new (right) helium vessel designs.

O AK RID GE N ATI ON— AL L AB OR AT ORY Figure 3.19. Original (left) versus new (right) returnend can.
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Frequency

SNS HB cavities (Original)
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B =0.81,

f =805 MHz

Ep/Eace = 2.19,

Bo/Eacc = 4.72 mT/(MV/m)
R/Q = 483 ohms

Maximum Gradient Distribution °
SNS Cryomodules

9
B Emax Average = 158.0 MVV/m £ 3.3 MV/m
7 -HMedium-beta specification = 10.1 MV/m
6 High-beta specification = 15.6 MV/m B Emax
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Eacc (MV/m)
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High beta cavity

The performance of the original SNS cavities in the linac
is mainly limited by field emission and multipacting,
resulting in lower operating gradients at 13.5 MV/m on
average.

A high-beta spare cryomodule was developed in-house
at SNS and has been installed in the tunnel for operation
since summer 2012 with average gradient greater than
16 MV/m

A major change on spare module was the cavity being
treated by electropolishing over BCP used in original HB
cavities.
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Helium Vessel Welding Development Work

» Production cavities were delivered to JLab, under vacuum, ready to be tested. After the VTRF
gualifications, HVs are added before qualifying for the string assembly.

 Prior to production cavities Jefferson Lab received 3 (old design) cavities to develop the HV welding
process (horizontal under vacuum) as original HV was done in vertical.

« HV welding processes was developed. The frequencies and field flatness were measured before and
after the welding. The field flatness was within 2% and in an average ~ -100 KHz frequency shift was
observed.
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PPU Upgrade Cavities

- SNS was responsible to Cavity Production plan
contract production cavities.
The cavities contract was
awarded to RI, initially for 30
cavities o

‘endor p i
—>1 upgrades their ——>{ assembles (2) test qualification -
facility best “Reference” cavities

—7 cryomodules plus 2 spares .

SNS awards f :
", . [ fabricate and | | will identify
process (32) process
- Additional two cavities were |
cavities \J/ ) artner Lab wi
Partner Lab will weld HV and

ordered with an additional 8™ e | | e,
cryomodule to be built.

Vendor will
Y DESY fabricate, Vf:ggg;t‘g I Partner Lab will Partner Lab will
S| procures Nb performs Nb process and Stessand N vertical test weld HV and
= P material assemble (5) production assemble cavity
* e venaor was responsipie 10r meten! scanning PPU prod -k cavies stings
cavities = e
L] artner La
r r l t f m t I Repair and
p ro C u re e n 0 a e rl a y SNS reviews SNS reviews cavity rezest up to
vendor Nb QA Plan drawings (30r/:_) Olftfallted

vertical tests

material inspection, fabrication
and processing.

 Cavities send to JLab under
vacuum ready to be tested.
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EP Process Development (Original)

* During 2018, JLab received 3 cavities to investigate the EP process on cavities
* The cavities were EP’d at JLab and RF tests were performed.

* RF tests were not so encouraging due to issues with EP, Q-disease, MP and FE.

e Re-processing wasn’t done due to schedule constraints.

Qo = 2.16E+10
e Qfpc = 8.73E+9 Combination of first and second run, 805.77 MHz QOfpe = 8.176+11 All Data, 805.74 MHz
g?p: - 1.54E410 806.06 MHz Ofp = 1.14E413 Qfp = 6.60E+11 ©Q0 e Radiation
Qfp = 8.09E+11 Q0 e Radiation - ®QoFirst Run A Qo Second Run @ Radiation First Run & Radiali:n Second Run 1EH 1E+4
A
1 "
A = = l - — 1E+3
| & 1E+3 )
163 _ . :{%%ﬁ
Lot _ PIBE &t iy atlee ¥ !
1642 Elig g4t ° 1E42 1 1E+2
a + = M AR 1
LLLT T o NP 5 = £
e -
ikdaa: < 16410 ;‘ z 1.0E+10 - - - - L
161 B -y 1E+1 E < [l E
| _g, Newtren production started and tes ‘E' 3 c
o . N P I} 1 was aborted with the highest H - h=]
=] Limited by RF power of 170 W at cavity S ant baing 17.04 MY/ 1640 = L 160 &
Radiation was only seen on first run up In 1E:0 % T a
d d to be multipact, 4 ' @ ° =
power and was assumed to be multipactors -
161 s 1E-1 1E-1
A
. . 0t | 1E2 1E2
.4 . ° . 2.0 1E-2 ol L kL .
- N o® o« s A an AGO®® AA " e e s 4 @
16ss e . . L ¥ L 163 1E+9 w280 , o0 A al® | | 1E3 1.0E+9 * | @ L L | | - 1E-3
o 2 4 6 8 10 12 14 16 18 20 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

0 2 4 B 8 10 12 14 16 18
Eacc (MV/m)

Low Field Decay Measurement: | HB-071_181221, 21-Dec-2018 -

Low Field Decay Measurement:

Eacc (MV/m)

HB-072_181106, 06-Nov-2018

Low Field Decay Measurement:

Qo

= 2.41E+10

HB-073_190115, 15-Jan-2019

Eacc (MV/m)

* EP process was developed with the vendor. Both JLab and SNS scientists visited the vendor several times during

the start up of EP process.

* Two cavities that were EP’ed at vendor site and RF tested at SNS met RF performance

 EP parameters were fixed for production cavities.
For more see: J. Mammosser et al., SRF 2021
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Vertical Test Qualification of PPU Cavities at JLab

Post HV RF test

Helium Vessel Weld

Incoming Visual
and CMM

Incoming RF

Inspection Pa SS

HPR
Fall Assembly
Wipe down RF Test Q(E) Evacuation
Leak Test

RF Test

Load to Dewar/
Cooldown to 2.1K l F .
ail

Attached to test

stand (VAA)

A

—— 120C/24hrs bake

Pumpdown/leak

check
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Final HPR
String Assembly
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VTA Qualification of PPU Cavities (01/01/2022)

« Jefferson Lab received all 32 cavities
from vendor under vacuum, ready for # Cavities Received at JLab by Date
testing. First cavity received on .
09/04/2021

« 29 cavities were VTA RF tested to date
as recelved from vendor. Total 80 RF test
were done including bare and tanked
cavities.

24 cavities completed HV welding.
* 4 string assembly was completed.

* About 75% of cavity related work is
CO m p I eted . 12-Aug-20 1-Oct-20 20-Nov-20 9-lan-21 28-Feb-21
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Acceptance Criteria for Vertical RF Testing

Final Run Vertical Test
Acceptance Criteria

Test to be Conducted

Nominal Value for Acceptance for PPU
String Assembly .

1. Field Emission
at 16 MV/m

Measure Eacc vs Rad with admin limit at
no greater than 22 MV/m

Integrated dose of = 20mR/hr
At 16MV/m

2. Gradient Limit

Measure the Eacc vs Qo with admin limit
at no greater than 22 MV/m

=18 MV/m

3. Unloaded Q _,:\S part of the Eacc vs Qomeasurement_. Qo = ?eg up to 16MV/m
% feigues | Sesied bodormmambnt | g7 0
* Fequency | counter n dlosed loopat2 1K | 80560250 MHz

& azzig:fé field Measured in dewar during cold test < 20mG
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Cavity RF Performance (Bare Cavities — VTA test)

First few cavities received from vendor were limited by

early field emission.

m  As Received from Vendor

¢ Jlab reprocessing with HPR and Assembly| SNS-PPU- 0%1
T T T T y T T

101 . .
The FE on cavities were eliminated after JLab ] T=21K .
reprocessing with high pressure rinse and clean 0 10
assembly. —
y Qe Admin limit 1025
- : 22 MV/m E
In some occasion multipacting was observed ~ 10-15 . 10! g
MV/m, but it was processed with high power s 10 S
: & 10"+ o 10° =
processing. D/ . A S
fD\ a HiH =
\/ ) 103
After the cavity qualifies from VTA test, the cavity sent S 2 _ 252
to helium vessel welding work station and HV welding e 10
was conducted under vacuum in horizontal positon. & 2™ 2o £ o R 507000 § 107
: : : _ | Jefferson Lab ]
After the completion of HV welding, with appropriate 10 T - — 10
external cleaning (most cavities received additional 0 5 10 15 20 25
HPR), the cavity retested in VTA. E...MV/m)
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Cavity RF Performance (Bare vs Tanked cavities — VTA test)

» The re-test of the tanked cavities reproduced the
performance of bare cavity. . SNS-PPU-02 1

» \We suspected the burst disk was collecting rinse ] e Before HV :
water and re-contaminating the cavity during I = After HV
processing steps. So, the burst disc was remove from

assembly at vendor site after the first 4 cavities.

=
[a—"

o
-
[

» \We started to see the performance improve on
PPUO5 which had no field emission as delivered
from vendor.

10.001
« Additional change was made to replace the ethanol -

rinsing after EP to detergent degreasing and DI water . JefferZon Lab |
rinsing before HPR, following JLab’s successful 10 o 5 10 15 20 251E'4
procedure. All second HPR rinsed cavities at JLab E (MV/m)

showed little or no field emission up to 22 MV/m
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Cavity RF Performance (Bare cavities — VTA test)

Qualified cavities (bare) [PPU Bare Cavity Performance]

: : : : . 10—
14 - i ] T=2.1K

tAdmin limit ]
{at 22 MVim ]

] | Qualification Spec:
10 10 ] E..c® 18 MV/m

1010 | ] PPL:-[}I*
] I lay>8x10° o4 1| 2 *
8 - FE | v PPU-04*

_ _ PPU-05
@16 MV/m < 20 mrem/hr ; PPU-06
6 . PPU-07
1 PPU-08
PPU-09*

Fy

# of cavities
L |

PPU-10 . , . —- ,
PPU-11* i
PPU-12

I
1
1
p—
=
[{e)
1
I
> H e 2

24 - PPU-13* :
PPU-14* o
PPU-15 /
PPU-16 ai
PPU-17* * o' Jé
PPU-18 .
PPU-19 Sy
PPU-20* / k
PPU-21 u Y E
PPU-22 "f i
PPU-25 ./
PPU-26
SNS-PPU-Specification
H}

2

—_
o

0 . . , . ,

e APR N
< ? ob

42% (12/29) of cavities were qualified as received from vendor.
100% (10/10) cavities met PPU spec after reprocessing with HPR at
JLab.

1
2

Radiation (mrem/hr)
=

—
o

EA A e s @m0 ma oA

7 cavities still need reprocessing with HPR to meet specification. Based 1 —
. : . . . . 0 5 10 15 20 25
on 10 cavities work at JLab, project is going forward with HV welding

. : E __(MV/m
and re-test (requalify) after tanking. acel )_?
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Challenge : Minimizing FE on Tanked Cavities

e The main challenge we encountered was

the cross-contamination of the tanked 29 |
cavities during the disassembly process.

20 -
* Periodically the exterior cleaning process
needed to be changed to mitigate the early E 18 -
FE of tanked cavities, which resulted in %
multiple RF tests of tanked cavities. = 16-
&
 Current process includes the exterior ,_,(j 14 4
L

pressure wash of tanked cavity, DI water _
rinse, long high pressure rinse and final 12 4
clean assembly.

10 n=11]
* Process change minimized the number of —————
cycle the cavities needed for reprocessing. Bare Cavities Tanked Cavities
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Crxomodule Production

e CM1 nearly completed
 Will go into CMTF next week

 Expect to ship to SNS in time for high- \

power testing in March

e CM2is currently in early stage of Final
Assembly

e CM3 & CM 4 are in Cold Mass Assembly
work station
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Summary & Highlight

« All 32 cavities were delivered to JLab required
for 8 cryomodules (No spares).

« 42% of cavities passed initial RF test as
received from vendor.

« 100% of bare cavities met specification after
reprocessing with HPR at Jlab with all cavities
reaching 22 MV/m limited by admin limit.

« 4 cryomodule string assemblies are complete.

 First cryomodule is scheduled to be delivered
to SNS in March.
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Production — Well-Defined Process Flow: On Track
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JLAB Cryomodule Construction

Receiving in SRF Inventory
¥ Mechanical Inspection CMM

Cavity /Helium Vessel Prep. & Test
*  Hellum Vessel Weld
v VTARF Testinliquid Hellum @ 2 K

Work Station 1- Cavity String

* Assemble Cavity String -Class 100 Clean Room

Work Station 2 Cold Mass Assembly

Col ty

Work Station 3 Final Assembly
* Cold Mass Assembly

* Endcan assembly

*  Top hat assembly

¥ Pressure & Leak Test

Work Station 4 — Test Cave
¥ Cryomoduie Integrity thermal cycle & checkout @ 2 K

Cryomodule shipping to ORNL
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