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ﬂPN Past experience on spoke cavities @ Orsay

IHSIITUT I}E PHYSIQUE NUCLEAIRE

Started in 2000 at IPNO with Guillaume’s Ph-D and the design,
fabrication and test of the first european spoke (SSR 30.35)

Continued within the framework of both the EURISOL Design

Study project and several R&D programs on MYRRHA:
Development of
- SSR 30.15
- triple spoke 3 0.30

And now ongoing:

. ESS double spoke B O 5: - MYRRHA SSR [30 37




d‘PN European Spallation Source (ESS)
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" High Power FTECLR oL CT R
. He-gas cooled rotating
Linear Accelerator: W ; " SMW y
Energy: 2 GeV % AL arge ( average
power]

Rep. Rate: 14 Hz et 42b t,, ;
__Current: 62.5 mA 3 Eam zor s

16 Instruments in
Construction budget

Committed to deliver 22

Environmental goal ("SuIStainabiIity”)
instruments by 2028

* EnergyTesponsible
* Renewable energy

» /Recyclable heat Peak flux ~30-100 brighter

than the ILL

Total cost: 1843 M€ ,,,,

Second Industry and Partner Day in France, 4th February 2016
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ORSAY
II orL Spokes Medium 3 High B HEST 2 Conieingariey HEST % Contingeniey | TF|guai ‘

Warm linac SCREF linac (T=2K)

~almssses - 352.21 MHz 704.42 MHz sl \
&L24dm> €46m> <€38m> <€39m 7Tm > &« 179m —>

_ISPOKES! g VTN High [5 . - : | IETGED
‘-.\' eV 571 MeV 2000 MeV )

= —=
The 13 spoke cryomodules composing All the 13 cryogenic distribution
the first superconducting acceleration system for the spoke section (valve

sFg L

stage of ESS

boxes, cryolines, cryo end box)
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Warm linac SCRF linac (T=2K)

e 704.42 MHz sl )
€56m> &« 7MTm > & 179m —>

~allmsssssss 352 21 MHz
€24dm=> €46m> £38m> €39m>

IETGEL

2000 MeV

571 MeV

216 MeV

The cryogenic control & command system for all superconducting cryomodules: spoke
(x13), medium B (x9) and high B (x21) and their associated cryogenic valve boxes.
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Double Spoke

d SRF Cavities

* Double spoke cavity (3-'§apsi, 352.2 MHz, 3=0.50
*» Goal: Eacc =9 MV/m [Bp= 62 mT ; Ep = 39 MV/m]
* 4.2 mm (nominal) Niobium thickness

* Titanium Helium tank and stiffeners
* Lorentz detuning coeff. : ~-5.5 Hz/(MV/m)?
* Tuning sentivity Af/Az = 130 kHz/mm

Cold Tuning System

¢ Slow tuning (stepper motor):
Max stroke: ~ 1.3 mm

‘ Tuning range: ~ 170 kHz

Tuning resolution: 1.1 Hz

Power Coupler

¢ Ceramic disk, 100 mm diameter

* 400 kW peak power (335 kW nominal)
e Antenna & window water cooling

* Outer conductor cooled with SHe

* Fast tuning (piezo-actuator):
Applied voltage up to +/- 120V
Tuning range at 2K: 675 Hz (min)

2 plexo actuatars

* Doorknob transition from coaxial
to /2 height WR2300 waveguide
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\“ PN ESS Double-Spoke prototype cavities 9 suropean

SOURCE

IN2P3

i TS ZA-01 Romea, ZA-02 Giulietta & SD-01 Germaine

1.0E+11
H ZA-01 Romea (Jun15)

B ZA-02 Giulietta (Feb16)
B SD-01 Germaine (Mar15)
W aEn g ag m ----isoP =2 W (4% DC)
HE m
i a o

]
1.0E+10

Q,

X L', : ﬁ.

zao01 | ZA02 g Ly spol
_Romea Giulietta Germaine B L
1.0E+08 4 ) I

6 8 9 10 11 12 13 14 15 16 17

Eacc (MV/m)
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Spoke couplers: 4 prototypes + 2 pre-series fabricated and tested

1

Electropolished
antenna

TiN coating

Antenna

Power coupler port |

100 mm diameter Water

cooling
system

Clean room

assembly

e~ pick-up
Al O,
N\ ceramic
? disk

' Water
i cooling
: system

Quterconductor
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RF couplers
conditioning bench

/2 height WR 2300

Doorknob

Power coupler window

Double-walled tube

Spoke pre-series power coupler successfully
conditioned both in standing wave @ 120kW
and travelling wave @ 400 kW in fall 2017

500 1.00E-04
— Fomard Pawer (k) | 3,1 ms 3,3 ms 3.5 ms
+50 — Vacuum (mbar) 32 ms 3A4Ams 3,598 ms
1msl5r~s2rr's25 ims M i
ups 250 us s:nup 725 s . ﬂ M r
400 1~ BRI ﬂ A - - - 1e00E-0s
og o o
RF conditioning cavity
. . 53
with water cooling loop ;W oo <
z £
% 250 4y N - SRR [ R /| | | g
a 3
£ 5
5 200 7 R | S| S R | A a7
150 4-4{- 40\ }f-- 411k
100 1.00E-08
o

v T T T T s 1.00EQ%
00:00:00 02:24:00 04:48:00 07:12:00 09:36:00 12:00:00 |4:JTWIE;: d
Time moade
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Several prototypes tuners fabricated and tested (Cryo, VT)

e With 50 mm piezos length = All specifications reached

e With 90 mm piezos length (purpose: extra margin - Bad

performances. Analysis in progress

VT date

Piezo #1

Piezo #2

Tuner sensitivity @2K

Tuner sensitivity @4K

Tuner sensitivity @300K
Cavity sensitivity @300K
Detuning range Piezo #1 @2K
Detuning range Piezo #2 @2K
Frequency @4K (w/o tuner)
Frequency @2K (w/ tuner)
Pressure sensitivity (w/o tuner)
Pressure sensitivity (w/ tuner)
Static Lorentz coefficient

kHz/mm
kHz/mm
kHz/mm
kHz/mm
Hz
Hz
MHz
MHz
Hz/mbar
Hz/mbar

Hz/(MV/m?)

ZA01
Romea
janv-15

Noliac 50 mm Noliac 50 mm

ZA02

Giulietta

feb-15

SD01

Germaine
apr-15
P136 mm
Noliac 50 mm Noliac 50 mm Noliac 50 mm

juin-15

PiezoMec. 90 mm

Pl 90 mm

82

202 (1 / _190\/)
\7

78 88 68
79 92 73
= = 67

= = 144
930 953 542
630 717 75T

352.453 352.123 .

3 : 352.032
255 23.3 5.5
28.8 28.8 14.5
-8.5 -6.8 -8.1

0 (issue)
209 1N0NQ

352.419

Series production started for some parts

Coarse tuning range

120
100 //
80
60 { Tuner not
coupled
40 P
- Tuner fully
¢ coupled
0 T T T 1
0.0 0.5 1.0 1.5 2.0

* Investigation still on-going on some sub-components (ball bearings
material, backup disconnection system,...)

Cavity detuning (kHz) Vs
Motor position (mm)
(SDO1 cold test)
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ORSAY

dp From prototype to series... e

Cryo test of the Prototype spoke cryomodule
e 2K regulation successful
e Magnetic shielding validated

* Full cryo test @ nominal RF to be performed at Uppsala

Series production has started

e Niobium production for spoke section completed

e First 4 spoke cavities out of the 30 to be
delivered in april and may

 Heat exchangers, cryovalves, stepper motors, T°
sensors... ordered and partially received
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Technological platform SupraTech for SRF

Chemical etching lab Cryogenic temperature sensor

Helium liquefier calibration station



leN Experience on power coupler
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Clean room: 70 m?2 ISO5 (Class 100)

LAL Orsay: Recent experience on the production, follow-up, preparation and
conditioning of the 800 XFEL power couplers
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1/ Potential contribution to the engineering design of:

 the cavity

e the power coupler

* the cold tuning system
e the cryomodule (?)

Several questions to understand the extent of the scope of the contribution:
For any of these systems: SSR2 functional requirements specification are existing.

How frozen are they ? (for instance material of the helium tank)
What is the present status of the SSR2 cavity and ancillaries design ?
What constraints/required compatibility/standardization with SSR1 ?

Is there interest for design innovation ? (for instance a tuning system based on
a niobium plunger like the one we developed for Spiral-2 QWR)



ﬂPN AL Potential contribution to PIP Il ;: SSR2
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2/ Potential contribution to the cavity surface preparation procedure set-up

How much this procedure (chemical etching, heat treatments) is already defined
and set ?

Need to develop N-doping, infusion ?
i.e. is there need/room for R&D program on spoke surface preparation ?

We have some recent interesting experience with spoke heat treatment
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HYDROGEN DEGASSING OF LOW BETA

HEAT TREATMENTS

1

1.E+10

Hydrogen degassing at IPNO :

TP TMEl——TSEES

. @

Pc_10W

¢ GIULIETTA_additional etching 30 microns

© GIULIETTA_Fast room temperature cycle

1.E+10

6 7 8 9 10 11
Eacc (MV/m)

1.E+11

after 300K

Q degradatlon

thermal cycle

| 2K_Vir:ginia_dunk test

B 2K_Virginia_300K_thermal cycle
---9.35 Watts

# Specifications

# Fault tolerance

5

10
Eacc (MV/m)

D. Longuevergne, SRF2017, Lanzhou , 17th-21t July 2017

15

20

17
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 Hydrogen degassing at IPNO :

HEAT TREATMENTS

o 5E+10 T 100000 —
c i 1 =
>
I <z
T 10000 =~
T >
1E+10 149;
- A - . aye >
100
5E+09 050 U
BASE e ado
: . old BCP
J1E207TH Racaline
1E+09 1 B ROME N
1 MEA 2K 110
i ROMEA_2K LT
ROMEA_4.2K1 o UROREA)
® ROMEA 2K1 T = oUR
X ROMEA_2K1 + 1
¥ ROMEA_4.2K2 1
<] ROMEA_2K2
5 | | | < ROMEA_2K2 1
1E+08 PR ¢ X L - 101
0 7.5 D 79 10 12.5 15 1.F.5
Eacc (MVim)

D. Longuevergne, SRF2017, Lanzhou , 17th-21t July 2017
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| I !
0 2.5 S 7.5 10 12.5 15 17.5 20

Eacc (MV\m)

D. Longuevergne, SRF2017, Lanzhou , 17th-21t July 2017

msmm DE PHYSIQUE NUCLEAIRE
o 1E+11 T . . 100000 -E
G Rres 13n0hms : : ;
)| ST EERE aa 2
' - 10000 ~
|— 44000 o I ¢
Z I Rres = 2.5 nOhms |
[ |
¥ g 2K
J— 1EHM0 oo W
--|Rres —32n0hms I
2 5E+09 1 | After degassing at
|— 4 SSR MYRTE 650°C 10h
< B Virginia_bain_2K + 4 um BCP
g ‘ Virginia_dégazée_2K i After degassing at
I_ 1E+09 ]l ’ Virginia_dégazée+chimie_2K ~a il 650°C 10h (no post-
x i
T irginia_bain : BCP
sE+pg ]| X Vremeana | b )
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Comparison good and bad caps

1.E+11

& LE+10

1.E+09

NO BCP treatment after degassing : it works with titanium tank

LY oy,

& VIRGINIA_BCP+degassad
@ AMEUA_BCP+degasszed
---10W

2W
---05W
--- 100W

No field emission
@ ‘- but Q-slope
= -
‘ | l
* o
- ‘ :
= * -

- Strong field

emission due to
surface pollution
with stainless steel

10

Eacc (MV/m)

D. Longuevergne, SRF2017, Lanzhou , 17th-21% July 2017

Niobium caps + Niobium wire

20
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Infusion investigation required

e Baking not efficient to remove HFQS

1.E+11

1.E+10

1.E+09

1.E+08

IO 0 o
PRIE o o : i B AMELA_BCP+degassed
‘ , — 9 ] . -
) _ ‘i‘_ - ¢ VIRGINIA_BCP+degasse
K —F d+BCP+baking
J' . *
: - ® ---10W
] _. Q-slope not cured by t
: .<"120°C baking because
7 * BCP and not EP __t - W
i 1+ => Need to investigate =
| i ‘ — Infusion ——|---05W
- - - 100W
0 ; 10 15 20
Eacc (MV/m)

D. Longuevergne, SRF2017, Lanzhou , 17th-21% July 2017

21
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