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e CEA SACLAY ACTIVITIES FOR

— ELLIPTICAL CAVITIES CRYOMODULES

CEA is in charge of the whole activity for the prototyping and the

production of the 30 M & H beta cryomodules except => Not in the scope of CEA:
M-ECCTD M-SERIE H-ECCTD H-SERIE * Production & test of the cavities
B 0.67 0.67 0.86 0.86 of the series (LASA & STFC)
#CM 1 9 1 21 * Transportation of the
Cav. /CM 4 4 4 4 cryomodules (Saclay to Lund)
* Acceptance RF power tests of the
# Cav. 4 + 2 spares 36 4 + 1 spare 84 cryomodules (ESS Lund)

LASA proposes a new design of the
Medium beta cavity different from
the one developed by CEA during
the prototyping phase

Proton Beam | i J‘P
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e A STRONG COLLABORATION ON THE SRF

— ACTIVITIES IS REQUIRED

Coordination of the
SRF collaboration

Prototyping, cryomodule
assembly and expertise
for ESS

Medium beta cavities

&' e faerrelesy High beta cavities

- J

4

Regular meetings and visits

P. Bosland TAC13 Lund 7t April 2016



CQa STATUS OF THE ACTIVITIES ON PROTOTYPES A ((

AT SACLAY

Summary

1. Two H-beta prototype cavities

2. M-ECCTD cryomodule

2.1 Procurement of the components:
6 M-beta cavities
6 Power couplers
Cryostat components

See presentation by
Franck Peauger about
medium and high beta

prototype cavities

2.2 Cryomodule assembling
Procedures
Toolings

2.3 RF power tests of the cryomodules
Infrastructure for RF power tests at 2K

3. H-ECCTD
3.1 Status of the procurements

3.2 Change of the development plan: RF power test of a single cavity + coupler + tuner in HNOSS at
Uppsala

Elliptical Cavity Cryomodules TAC13 7th April 2016



DE LA RECHERCHE A L'INDUSTRIE

Cea MAIN EEATURES OF THE CRYOMODULES 7

CEA - Saclay
e ——

; Tank (Ti)
Nbre of cavities per cryomodule 4 Ma..gn(.-:‘tlc ]
shielding
Cavity cell number 6 5
Frequency (MHz) 704,42MHz
Operating temperature (2K) 2
Geometrical beta 0,67 0,86
Maximum surface field (MV/m) 45
Medium beta (0,67):
Eace (MV/m) 16,7 19,9 _ 6 cells 57,5 mm
= - Length
Nominal accelerating voltage (MV) 14,3 18,2 1259,40mm
QO at nominal gradient >5E9
Cavity dynamic heat losses (W) 4.9 6,9
One generic design for
Power coupler Q. 7,5 E5 7,6 E5 g g
_ M & H beta cryomodules
Maximum power (MW) 11
Frequency tuning system Slow tuner + piezo (2 stacks)
Thermal shield temperature (K) 50
Static losses at 2K (W) 12,2
Dynamic losses at 2 K (W) 19,6 27,6
Static losses at 50 K (W) 46,2
Overall length from flange to flange (m) 6,584



THE ESS COUPLER ; e

Frequency: 704.42MHz
Peak power: 1.1MW
Pulse length: 3,1 ms
F=14Hz

Cooling systems:

SHe cooling
Ceramic cooling

SHe cooling

external conductor: SHe at 3bars & 4,5K
Ceramic window: air or water
Antenna: water
Bias voltage can be applied to the antenna (10kV max) Vacuum gauge

Diagnostics

Electron Pick-up

Window for arc
Detectors

1 electron pickup (RF measurements can be
made)

2 arc detectors (air side + vacuum side)

1 vacuum gauge

Antenna

Ceramic window & antenna bias voltage
HIPPI type coupler tested at 1.1MW at 50Hz 4 |
and 10% DC on a 704MHz cavity at 2K Antenna water cooling

(and 1.2MW for ~1H without any sign of problem)




DOORKNOB MODIFIED TO ADD p /
oo

A BIAS ANTENNA SYSTEM

* Transition WG / coax at 704MHz (RF adaptation)

* Bias voltage applied to the antenna: max 10kV

* Water cooling inside the antenna

Y b4 »

—

Doorknob inner conductor

with electrical insulation : 1 %ﬂ

PAXX:

Bias connector

Antenna water cooling RF trap

pipes . 7\

Antenna water cooling pipes Bias connector



MOCKUP AND TESTS FOR THE p
DOORKNOB DESIGN OPTIMIZATION

Mockup of the RF trap used for Test of different insulating material to be
optimizing the grooves of the RF shrink fitted to the inner conductor
contacts



~~~~~~~~~~~~~~~ STATUS OF THE PROTOTYPE

COUPLERS PRODUCTION

* 6 ceramic windows delivered.
* 2 last ones expected before end of April

scratches on copper parts . :
PPerp brazing metal alloy melted and filled hole

* Mechanical manufacturing of the 6 tubes finalized

* Delays on the copper deposition:
> RRR = 35 qualified by measurements on samples
» Problem of thickness uniformity: modification of the electrode -

length
» Protection tool for coating manufactured

First copper coating on the tube done Tuesday the 5" of April

Coating protection
system



8 doorknobs ordered to 2 companies (4 + 4):
* Delivery at the beginning of April
* Doorknob box: two versions welded or

screwed & welded

3 conditioning boxes:

* FAT: 30th of March: some minor modifications
Cover plate

are needed

START OF THE RF
CONDITIONNING IN MAY

10



M-ECCTD CRYOSTAT COMPONENTS ~ Tlla\ 70,,

Status of the procurement of the main cryostat components:

- Spaceframe: Delivered

- Vacuum chamber: Delivered

- MLI of the thermal shield: Delivered

- MLI of the cold mass: Delivered

- Bellows of the couplers: Delivered

- Thermal screen: End of April
- Diphasic tube: End of April
- Cryo pipes: End of April
- Tubes for rupture discs: End of April
- Helium heat exchanger: Delivered

- Helium valves: Delivered

- Intercavity bellows July 2016

- Instrumentation: part is delivered
- Gate valves Delivered

Elliptical Cavity Cryomodules TAC13 7th April 2016
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~~~~~~~~~~~~~~~ TRAINING FOR THE ASSEMBLY OF wal~
Cea THE M-ECCTD IN PROGRESS




EXAMPLE: MAIN STEPS OF THE

SPACEFRAME INSERTION

Vessel axis

adjustment A vessel / adjustment 3 _
adjustmentf= = Strat of the insertion of A
- i P =3 4 1

Height of thg™s, Spaceframe height # )

the spaceFrame

Spaceframe in contact with I—
the rails of the vessel N

N ﬁ
Insertion of the ’J /
spaceframe ‘ 1
s \o Last tooling removeg
before final msertlorf

1o HT-ﬂMIW‘mPIIIB

Rapport d’Essai Insertion Space frame/Enceinte a vide| 30/03/2016

13
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ASSEMBLY OF THE M-ECCTD

Assembling of the cavity
string with a N2 flow for
protection against dust
particles

Welding the titanium The cavity string is inserted in the Closing the vacuum
diphasic tubes spaceframe already eaquipped

with the thermal shield 14



Assembly process inside
the clean room

WAR_X_Cavite{14] entre MAN_X_Cal sur

1507 VERS 38 avec _‘I banc

Gerbeur

MAN_X_Boitier_coupleur
(1.2) entre en 1507 sur
table VERS 58

MAN_X_C1sur
bane MAN_X_CP1 avec
cavitéfcoupleut Gerbeur sur chariot SB
par gerbeur
MAN_X Tramsition(1.2) [~ MAN_X_TRLsur [
entre en 1507 sur table chariot 58 par
VERS 58
MAN_X_VAT (1.2)entre en
1507 sur table VERS $8
MAN_X 1 sur
chariot S8
MAR_X_S2 sur
chariot SB
MAR_X_S3 sur
chariot 5B

MAAN_X_Croix de MAN_X_TR2 sur

pompage(1.2] entre en eharion S8 par
1507 sur table VERS 58

15



Assembly process outside 70

e

the clean room

Manutention train de cavité
HALL 124 vers Bith

Manutention train de cavité
hors salle blanche 5001/6001

Fixation du train de cavité au
Wﬁm dans la Bith

Réception train de cavité dans la
Bdth




Assembly process
outside the clean room

17



DE LA RECHERCHE A L'INDUSTRIE

cea ASSEMBLING PROCEDURES IN PREPARATION

CEA - Saclay

| |
I rfu Assemblage banc cavité coupleur ' rfu cea Assemblage banc cavité coupleur

Procédure d’assemblage de la vanne VAT 1 sur

Procédure d’assemblage du coupleur sur la cavité e
transition 1

Couverture 5 N n 1

Cette Rche dinstructions dédinit les opérations d"alignement, d'assemblage et de test de fuite en ligne de la vanne
VAT 1 our la transition 1.

Cette Rche dinstructions dédinit les opérations dalignement et d’assemblage d'une cavité avec son couplewr VATL FICHE D' INSTRUCTIONS OPERATIONNELLES
s la transitionl. CEA
FICHE D'INSTRUCTIONS OPERATIONNELLES Redigé par Vierifié par Autorise par Vérifié par Approueé par
CEA Fonction
Redige par Vermé par Autorisé par Verineé par ADorosee par
Fonction

18



Foousing Solenoid

g 3 -
7
Gun il Tank / /
< /
Benm thick Lead Shieldng
7 O 1 M I I Coactor Water Cookng Ouths

Modulator HT
RF Plateform 110 kV

Klystron:

704 MHz Manual
1 MW switch

Pilot H Switch RF gh
58
% ©
Circulator f %
| Security box + load : i :
water|— > Security box
cic —1
waveguides C/C C/C
C/C
ESS Cryomodule
(ECCTD+ pre-series)
Supratech =

Cryogenic system (r—t————

arc detector by photomultipliers)
+ slow acquisitions (vacuum...)

I Fast acquisition (RF signals, electron pick-up,

—— Signals for fast interlock




RF DISTRIBUTION FOR THE TESTS OF THE

Cea CRYOMODULES AT SACLAY

Incident power
(klystron)

Switch

Variables power

dividers
Semi flexible

4 waveguides
2

Bidirectional
couplers

Power couplers
flanges

20



~RYOMOD AND

Parameters ESS operation ECCTD tests at CEA
Acc gradients 16,7 (Mbeta) and 19,9 (Hbeta) MV/m
RF peak power 1,IMW max
Max nbre of cavity running together 4 2
RF pulse rate 14Hz 16,7Hz
Cavity cooling She at 45K & 3bars LHe at 45K & 1 bar
coupler cooling She at 4,5K & 3bars Ghe at 4,6K & 1,2bara
Thermal shield Ghe at 50K & 19bara LN2 at 77K

a)

CEA - Saclay

i

21



DE LA RECHERCHE A L'INDUSTRIE

CRYOMODULES TIME SCHEDULE (BASELINE)
CRYOMODULES ASSEMBLY & TESTS

) =

Nom de b tiche Durée Début Fin
2016 mz 2m8 2019 200 Firal
i1 Tiz Ti3 T4 Tl T2 i3 T4 Tl W2 | W3 | T4 Tl T2 i3 T4 i1 Tz T3 Tid 1 T2
FLLIFTICAL CRYOMODIAES 77ms len 0/01/15 Mar 29/06/71 : :
PROTOTYPES ECCTD 39,59 n leu 01401415 leu 03/05/18 | PROTOTYPESECOD
MECCTD Z6ms leu 0101715 Ven 1003717 | MECCD
Stdies 6ms  leu01/01/15 Ven (RAIF/15
Components Delivery 19ms YenD3IR45 Mar 0811/16
COUPLERS: REDPROGRAM  20ms leu 01/01/15 Mer 07/09/16 | COUPLERS : RED PROGRAM
P i 14ms len 15 L 07XB/16 . .
ot S G b T : M-ECCTD : CDR-M is now planned in March 2017 If the 4th
Assembiing Tms Mex 0B/06/16 Ln 09/01/17 'y Assembling 4 cavity is delivered in November
Tests Zms  Mar 10/01/17 Ven 1003717 i
DRM Oms Ven1003A17 Ven 1003717 M - 10/EAT
HECCID 25,32 n Mer 16/03/16 Jeu 03/05/18 [ = | WECGCTD
Detailed Studies 3ms  Ven2503/16 Ven 24/06/16 Detailed 5t N
Kick Off Meeting HECCID  Oms _ Mer 16/03/16 Mer 16/5/16 ECCTD 5 6/0Rf16
Components delivery 22ms Yen25/03f16 Mer 31/01/18 »'Cmmmunsdehuy 0
15t High Beta cavity + coupler 1ms  Lun 04/09/17 ar 03/10/17 L | sl
tests (@ Uppsaka 7)
CDR High Beta Cavities Oms  Mar 03/10/17 Mar 03/10/17 (R High Beta Cavities| ¢ |03/10/17
CMHECCID Assembling ~ 4ms  Mer01/11/17 Ven (20318 [ GAHECTD £
H-ECCTD Tests Zms  Lun 05/03/18 Jeu 03/05/18 ‘ JHECT
CDR -H-ECCTDY Oms leu 03/05/18 Jen 03/0S/18 OR-THECCTD ¢ 03705718
Cryomodules - Production of serie 6559 Ven 18/12/15 Mar 29/06/21
ms
CAVITES 36,68 n Mer 13/09/17 Jeu 15/10/20 | CAMIIES
Medium beta (INFN) - 11ms Mer13/09/17 Jeu 16/08/18 ¥ | Wefiium beta {INFN) - production (36}
production (36)
Manufact. + acoeptance 9ms  Mer13/09/17 Ven 15/06/18 ( Mgufactinem
tests
Cavity delivery@Saday : Ims  Mar 14/11/17 Jeu 16/08/18 L b fzm’l ddmlﬁdal:dws
&fmonths
High beta (STFC] (24) 36ms Mer D4/10/17 Jen 15/10/20 | High befa (STFC] (23]
Market survey, 24ms Mer 04/10/17 Ven 11/10/19 ﬁah!tsmlw, nufachuring & acreptance Tests
Manufactwing & acceptance | ‘ ‘ ‘ ‘
Cavity delivery @ Sackay(4  24ms Mar 09/10/18 leu 15/10/20 f
cav { month Medium Beta Cavities are on the critical path if the
m’c:,:}n_mm :ﬁ"xﬁﬂ::ﬂ; | CONDITIONGSTAN) 1'st 4 cavities are delivered in November 2017.
70AMIz Kiysiron and motib ZLms Ven 18/12/15 L 25/09/17 [ T4z Kiysiron and frodulator Couplers of the series are close to the critical path.
Call & delivery Ams Ven18A15 L 25/00/17 [all & defveiy 7/
Instalation and Ims  Mar26/09/17 Mar 26/12/17  Instaliation /
P
Manufacturing (36+484) 41ms Lo 04/04/16 Mar 17/09/19 i A : Manufacturing (36+84)
Call for tender 9ms  Lim 04/04/16 Mer 04501117 Call for tender /
Couplers coniract awarded 5sm L 13/(3/17 Ven 14004117 Lo /
Preserial manufacioring {4) 4ms  Lun 17/04f17 Mer 16/08117 'Pn}enia b \ /
Tests & condtitioning of pres2ms  Mar 10/10/17 Ven 08712117 L) Testsg |
MBC 1-36 (6cpl.fm.) 6ms  Mer 10/01/18 Jen 12/07/18  MBC 136 (6qplfm)
HPC 1-84 {6cplfm ) 14ms Ven1307A8 Mar17/09/19 HPC 184 (GpL/m)
BF Conditioning & test 31ms YenD9R2A8 Lan 21709720 : : | | RF Conditioning & test
MBC {4 cplfm ) 9ms  Ven090ZA12 Mar13/11/18 MBC (4 pL/m.} -
HPC 1-44 {4 cplfm ) 12ms Mer14/11/18 L 18/11/19 HPC 144 {4 opL/m.)
HPC 45-84 (8 cpl/m) 10ms Mar 191119 L 21/09/20 \ \ ‘ ‘ HPC 8584 (4 cpl fm. ]




cea CRYOMODULES TIME SCHEDULE (BASELINE) 70% @

CRYOMODULES ASSEMBLY & TESTS

Nom de b tiche ‘nm Début Fin
016 mz? ms 019 oo o
Wl | W2 | W3 | W4 | Wl | T2 | W3 | T4 | Wl | W2 | T3 | W4 | Tl | W2 | W3 | WA | Wl | T2z | w3 | w4 | w1 | m2 | 1
CRYOMODULES REALSATION  60ms Mer 08/06/16 Mar 29/06/71 % &
Components Manulacturing  52ms Mer 0BIG/16 Lun 26/10/20 [¥ Man\ifacluring
Call for tender 9ms  Mer 0806116 Ven 103117 Callfor iender . l‘
M comiract awarded 3ms L 1343A17 L 12{06/17 M2
Components Manufactwring 35 ms Mar 14/11/17 Lun 26/10/20 L'——_. Components Manufaciuring
Assembly A7ms Lun 13803/17 Jeu 25/02/11 Assembly
Tool wpgrade gms L 1343/17 L 13/11/17 Tool wpgrade . q| \ | \
MBL19{4ms for the 1sth 12ms len 14/12/17 Mar 18A17/18 b MBL1S (4 ms for the 1t & Tfmonth)
Ymort] |
L1 14ms Mer 19/12f18 Ven 2102/20 1111
[TEFE: 12ms Lun 2402/70 leu 250221 \ \ | \  meza
Tests 9ms Mer 144218 Ven 2815/11 __w Tesis
MBLTess 13(@Saday)  4ms  Mer14/12/18 Ven 15/06/18 y MBLIests 13} | |
MBLTess A0{@lund)  9ms Lun 18DGF1E Mer 20703719 . MBLTests 29 [@lund)
HBL 13 [@Sarkay) Ams  Mar 19/2119 leu 20/06£19 _@E 13{@%ad
L1l Mms le 2A3A9 Ln 25/05/20 NTEE N
BL12A 12ms Mar 26/05/20 Ven 2885/ | I | | | Bz h
Final instal lation 345 meleu (2/08/18 Mar 29/06/21 %J Fin
MBL1Y 8ms 1o (Z0BAE Jeu04/04719 'y, MBL1S ‘ : | \ \ \
HBL1 11 1ms Mar 2300719 Mer 24/06/20 L1 . .
BL2 A 10ms Mer 26/08{20 Mar 29/06/21 | | | ) HBL1Z 21

Some data inputs & analysis :

- Minimum delay expected after the delivery at Saclay of the 4" cavity and the completion of the cryomodule assembly: 2 months for
the M-ECCTD and first cryomodules of the series

Cavities & couplers are closed on the critical path for the medium beta cryomodules:
- Delivery rate for cavities : 4 items / month
- 1st batch of 4 Medium- cavities delivery : nov 2017
- 1st batch of 4 High-p cavities delivery : nov 2018
Risks :
- No margin for technological and procurement issues
- The 2" Mbeta cryomodules is assembled without waiting the tests results of the 1'st one. No time for lessons learned at the beginning
of the series production process.
- M-ECCTD is built and tested with « Saclay prototype cavities ». LASA cavities have to be tested in real conditions before
launching the production of the series => see presentation from INFN



CHANGE OF THE DEVELOPMENT PLAN FOR 70 (@@))

THE M-ECCTD ?

Testing a LASA cavity with new design in the
M-ECCTD in order to limit the risks before
launching the cavities of the series ?

24



The second prototype cryomodule
H-ECCTD

Kick off meeting: 16th March

A modification of the development plan has
been proposed.

25



PROCUREMENT FOR H-ECCTD bl @

CEA - Saclay

* Niobium for 5 cavities [Tokyo Denkai]
?}eb * Coupleur antenna and RF ceramic window [Toshiba]
0&6 * Doorknob transitions [PMB]
,bb* * Magnetic shielding [Meca magnetic]
,z.}*z * Cold tuning system [Gavard]
z&" * Motors [Phytron]
Qo° * Piezo actuators [Noliac]
(Jo& e Cavity pick-up antennas [Solcera]
* Coupler pick-up antenna [Solcera]
e Coupleur vacuum gauges [Pfeiffer]
* Five cavities (within a single supplier)
6"" e Couplers: six external conductors for Qext adjustment
z&e * Vacuum vessel, spaceframe, thermal shielding
og\‘f‘ * Cavity supports, inter-cavity belows and cold-warm transitions
&Q* * Diphasic tubes and cryogenic circuits, MLI
¢~ * [nstrumentation

* New assembly toolings (if needed)

26



PROCUREMENT STRATEGY

e About 40 big contracts for the procurement of components of the 30 series
cryomodules

e Contracts must be prepared in 2016 and launched in 2017 in order to meet
the ESS time schedule.

* CEA proposal: include the H-ECCTD cryostat components procurements in the
series cryomodule contracts:

¢ Preparation of the CEA teams for the series cryomodule activities
¢ Reduce the number of calls for tender

¢ Same manufacturer for the prototype and series components




nnnnnnnnnnnnnnnnnnnnnn

e The HNOSS horizontal cryostat can host
a Hbeta ESS elliptical cavity equipped with
a power coupler, a tuner and a magnetic
shield

e Uppsala will also have a 704 MHz RF
source (klystron + modulator)

] }
cryostat

-
HNbSS horizontal

The analysis of the needed components is in progress
e Circulator, waveguide line (30 m)
* LLRF
- .. 28



H-ECCTD PLANNING

om de la tdche Durée Début Fin 2016 2017 2018
v - M ¥ || |Tri 1, 2016 Tri 2, 2016 Tri 3, 2016 Tri 4, 2016 Tri 1, 2017 Tri 2, 2017 Tri 3, 2017 Tri 4, 2017 Tril, 2018 Tri 2, 201
| Jan | Fév [Mar | Avr [Mai [ Jui | Jul [ Aol | Sep [ Oct [ Nov | Déc | Jan [ Fév [ Mar | Avr [Mai | Jui | Jul [ Aol [ Sep | Oct | Nov | Déc | Jan | Fév | Mar [ Avr [ M
H-ECCTD 31.5ms?  Lun 03/08/15  Mer 28/03/18 ] H-ECCTI
: + RE-DESIGN STUDIES |2 ms Mer 03/02/16  Lun 04/04/16 || RE'DESIGN STUDIES
* PROCUREMENT 10.73 ms?  Lun 03/08/15 Lun 27/06/16 : PROCUREMENT
* FABRICATION - DELIVERY 22.05 ms Ven 01/01/16 Jeu 09/11/17 : FABRICATION ; DELIVERY
= CAVITY & COUPLER QUALIFICATION 573ms Mer 18/01/17 Mer 12/07/17 CAVITY & COUPLER QUALIRICATION
=/ CAVITY BCP_200 + thermal treat. + tank weld. + Flash + HPR + CV-test 573 ms Mer 18/01/17 Mer 12/07/17 CAVITY BCP_2D0 + thermal treat. [+ tank weld_ + Flash + HAR +
Cavity ESS086-P03 (+ cv-test before thermal treat.) 3.5 ms Mer 18/01/17 Jeu D4/05/17 —
Cavity ESS086-PD4 I ms Mer 0Bf02/17  Mer 10/05/17 —_——
Cavity ESS086-P0S 3ms Mer 01/03/17  Mer 31/05/17
Cavity ESS086-PD6 3ms Mer 22/03/17  Mer 21/06/17 e
Cavity ESS086-PO7 3ms Mer 12/04/17  Mer 12/07/17 :
- COUPLERS 273 ms Mar 07/02/17  Lun 01/05/17 [ [CO[/PLER
Couplers #5-6 assembly & conditioning 6sm Mar 07,/02/17 Lun 20/03/17 ———m| 1
Couplers #7-8 assembly & conditioning 6sm Mar 21,/03/17 Lun 01/05/17 e
— ASSEMBLY & QUALIFICATION TEST 10.45 ms Jeu 11/05/17 Mer 28/03/18 ! : ASSEME
Cleanroom assembly 1ms Jeu 11/05/17 Ven 09/06/17 —
Cryostating assembly (vacuum vessel 1) 2 ms Ven 10/11/17 Mer 10/01/18 _'_;_'_>
Power test qualification H-ECCTD 25ms Jeu 11/01/18 Mer 28/03/18 | —_—

e« 2016: procurement process and start of the components fabrication
e 2017: cavity and coupler preparation and tests
* Nov. 2017 -> Mars. 2018: Cavity string integration and cryostating

 May 2018: High power tests (first main results)

The “high beta H-ECCTD CDR” planned in Oct. 2017 would be delayed in
- April 2018 or late in 2018

Mitigation proposed: RF power test of a single cavity/coupler/tuner in the
- horizontal cryostat HNOSS in October 2017 -



THANK YOU for
your attention



Extra slides

P. Bosland TB17 Lund 17t March 2016 31



FRAMEWORK OF THE ACTIVITIES

ESS — CEA - INFN - STFC

WP5:
External WPL: P. Bosland - ESS deputy WPL: C. Darve

1. Two prototype cryomodules:
2. medium beta: M-ECCTD <= FR-SW agreement
3. High beta: H-ECCTD <= CEA FR In Kind Contribution

2. Production of cavities of the series with RF tests:

3. medium beta cavities <= LASA - IT In Kind Contribution
4. High beta cavities <= STFC - UK In Kind Contribution
3. Production of all other components: <= CEA FR In Kind Contribution

(including coupler production with RF power processing)

4. Cryomodule assembling : <= CEA FR In Kind Contribution

5. RF power tests of the cryomodules <= ESS Lund

Elliptical Cavity Cryomodules TAC13 7th April 2016
32



EEEEEEEEEEEEEE EXPERIENCE OF THE HIPPI POWER COUPLER AT

SACLAY

HIPPI power coupler (KEK-type
window) tested to 1.2 MW, 10%
Duty factor at Saclay

1400 .
T e
1000 | I
; 800 b
T o0 b
400 e
200
o ; ; ; ; ;
0 50000 100000 150000 200000 250000 300000 350000  40000C
recor d number
1200 T T
1000 e SN T .,..: § 14 o - '__,
2 AT
= 800 - | | 1
Z LR TR
5 GO0 L™ |I:||I L il
v ||-| I ;|||||||-|II||||- I !
T oam : ,|||||I|§|'I|!.|II'I|”!.||I' {1l
£ [y ({1 1|
s Enqul AR e f
'!_ ITTITITI I [
D I d
0 5000 10000 15000 20000

recard muamber

Test of the HIPPI power coupler on the HIPPI cavity at
1.8 K, full reflection

33
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MANUFACTURING OF THE CERAMIC WINDOW /\)

Cea AT TOSHIBA k/

Summary of prototyping #1/#2 for window part
\
i e 1N Non conformities on the
i i distance from the chokes to the
< o R ceramic surfaces
N
T T
Vacuum side Air side -
external/internal choke external/internal choke De3|gn of the coupler
| Nominal | 3.15 (mm) 3.15 (mm) Mkl
3.01/2.98 (mm) 3.31/3.38 (mm)
3.13/3.11 (mm) 3.24/3.33 (mm) Y\ Measurement of the
chock-ceramic gaps
Frequency (GHz)
=l o The simulation showed that the
e —rolo 2 = -
3| e ceramic windows can be
“ accepted.
Simulation of the S;; parameters for different chocke defects 34

measured on the real ceramic windows of the 2 first couplers



DOORKNOB MODIFIED TO ADD A p {
oo

BIAS ANTENNA SYSTEM

* Transition WG / coax at 704MHz (RF adaptation)

* Bias voltage applied to the antenna: max 10kV

* Water cooling inside the antenna

Y b4 »

—

Doorknob inner conductor

with electrical insulation : 1 %ﬂ

PAXX:

Bias connector

Antenna water cooling RF trap

pipes . 7\

Antenna water cooling pipes Bias connector

35
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DE LA RECHERCHE A L'INDUSTRIE

Cea CRYO

COMPONENTS PROCUREMENTS

MODULES TIME SCHEDULE (BASELINE) 70 e

CEA - Saclay

Nom de la tiche Durée
2016 2017 [2018 |2019 [2020 |2021 [2022
P T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 | | T4 | T1 T2
ELLIPTICAL CRYOMODULES 73 ms Jeu 01/01/15 | ELLIPTICAL CRYOMODULES
PROTOTYPES ECCTD 39,59 ms Jeu01/01/15 " PROTOTYPES ECCTD
M-ECCTD 26ms  Jeu 01/01/15 M-ECCTD
Studies 6ms Jeu 01/01/15
Components Delivery 19Ms  Ven 03/04/ 1 e — ]
Assembling 7ms Mer 08/06/10 i;m_l |
Tests 2ms Mar 10/01/1° Test |
CDR-M 0ms Ven 10/03/1 CDR-M 1040347 ]
H-ECCTD 2532 ms Mer 16/03/1( j H-ECCTD T
Detalled Studies 3ms Ven 25/03/1¢  Detaile B
Kick Off Meeting H-ECCTD 0ms Mer 16/03/1=TD 16/03/16 |
Components delivery 22ms Ven 25/03/1¢ p.Cc delivery —
1st High Beta cavity + coupler 1ms Lun LS n
tests (@ Uppsala ?) 04/09/17
CDR High Beta Cavities oms Mar 03/10/17 DR Highl Beta Cavitied | @-03/10/17
CM H-ECCTD Assembling 4ms Mer01/11/1’ . CM H-ECC
H-ECCTD Tests 2ms Lun 05/03/18 _H-EC
CDR - H-ECCTD oms leu 03/05/18 (DR -H-ECCTD| @-03/05/18
CAVITIES 36,68 ms Mer 13/09/1 | CAVITIES
Medium beta (INFN) - production 11 ms Mer i| Medium Beta (INAN] - production 36)
(36) 13/09/17
Manufact. + acceptancetests 9ms Mer -Manufact. + acceptance
13/09/17 [
Cavity delivery@Saclay : 9ms Mar ]y Cavity delivery@saciay,
4/months 14/11/17
High beta (STFC) (84) 36 ms Mer 04/10/1] I’ J Highbeta (STFC) (84]
Market survey, Manufacturing 24 ms Mer [_Market survey, Manufadturing & acceptance Tests
& acceptance Tests 04/10/17 | | |
Cavity delivery @ Saclay (4 cav 24 ms Mar b Cavity delivery @ Saclay {4 cav/ month)
/ month) 09/10/18 |
COUPLERS 67,86 ms Jeu01/01/15 | COUPLERS
R&D PROGRAM FOR COUPLERS 20 ms Jeu 01/01/15 m——————— RED PROGRAM FOR COUPLERS
Prototyping 14 ms Jeu 01/01/15
Conditioning 6 ms Mar 08/03/1¢ _Conditioning
CONDITIONING STAND 24 ms Ven18f12f1 il COND|TIONING|STAND
704MHz Klystron and modulato 21 ms Ven 18/12/1 T04MHz Klystron and modul
Call & delivery 21 ms Ven 18/12/1:Call & delivery |
Installation and Commissioning 3 ms Mar Installa
26/09/17
anufacturing (36+84) 41 ms Lun 04,/04/16 i j| | Manufacturing|(36+84)
Call for tender Ims Lun 04/04/16 Call for tender 4 —
Couplers contract awarded 5 sm Lun 13/03/17 e
Pre-serial manufacturing (4) 4 ms Lun 17/04/17 Pre-serial
Tests & condtitioning of preseri 2 ms Mar 10/10/1° polest |
MBC 1-36 (6cpl./m.) 6ms Mer 10/01/1¢ MEBC 1-36 (6cpll
HPC 1-84 (5cpl./m.) 14ms  Ven13/07/1f HPC 1-84 (6cpl./m.)
RF Conditioning & test 31ms Ven 09/02/1¢ l - : jj| RF Conditioning & test
MBC (4 cpl./m.) 9 ms Ven 09/02/1¢ MEC (4 cpl./m.) | PAGE 2R
HPC 144 (4 cpl/m.) 12 ms Mer 14/11/1¢ HPC 1-44 (4 cpl./m.) T
HPC45-84 (4 cpl/m) T0ms  Mar 18/11/1¢ | HPC45-84 (8 cpl/m) 36
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Cea

DEVELOPMENT PLAN FOR

4 Medium Beta
cavities
(Saclay Design)

A 4

4 coupleurs

prototypes
(Saclay Design)

A 4

Cryostat & other
components
(IPNO & Saclay
Design)

Tests of cavities
(validation of the
design
performances)

L

M

Couplers conditioning
Validation of the design
perf.

Preparation for
assembly

M-ECCTD
(BASELINE)

contracts awarded

\ 4 \ 4
2
s -
GC-’ g Y
o
g_ g Assepjlbly of'the Toolings design
Y cavities string o
S w© S 8 validation
© s o o (clean room)
T o m Sept 2016 — Nov 2016
3 m i
£ < a < [
O oo 12 ;_:D +
o3 T Q
B S
I p o Assembly of the
§ = 8 g Nov 2016 — Dec 2016 Cryomodule
g L ‘g (outside clean room)
o s >
2= g -
v o S =
2 a 2 v
El =
a 193]
b= b
i) © Janv 2017 — March 2017 M-ECCTD
L] 2 RF power tests
=
March 2017 Y
CDR-M
Changes
Requests
oK
A
Adjustments
Y
Procurement

Toolings design
validation

Validation of the
Medium Beta
Cryomodule
performances



PROPOSED FLOW CHART FOR THE ACCEPTANCE OF,OW 0@

THE CAVITIES BEFORE CRYOMODULE ASSEMBLY

Cavity Production
LASA / STFC

YES
NC Register Acceptance tests Analysis of Cavity repair
LASA / STFC LASA / STFC repairability LASA / STFC
A
Cavity CAVITY
Data package . DECLARED « OUT
> Delivery to Saclay of WORK » °
ESS e
3
~
¢ <
2
-
Main acceptance %)
parameters check o
CEA-ESSI g
Passed 2
7
¢ [
Register of Non-
Conformance
CEAESSI
NCMAJOR - non repairable
non repairable )
. @ Saclay Analysis of the CAVITY
nalves OEfs’\SIC impact > reaparation location P DECLARED « OUT
ESS of WORK »
C MAJOR -
Reparaible @
Saclay
Register of the
modification and
NC MINOR reparation and checks
CEAESSI
Ready for CAVITY DECLARED
N
ASS:S"S‘MV O OUT OF WORK »
Cryomodule
P»| Assembly process
CEAESSI
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CEAESS-PIJT-NT-0001 A

IDENTIFICATION AND MARKING OF ESSI
PROJECT'S DELIVERABLES

Paga1/7|

Technical note

IDENTIFICATION AND MARKING OF
ESSI PROJECT'S DELIVERABLES

Edited by Reviewsd by Approved by
Hame Anai_s;L;\lGUEL Vincent HENNICN : Chiistele CLOUE Florence ARDELLIER
Conliguralin
Fuction | - QualtyEngineer | IS | Poletfemue | EAPrle e o
Projact
AT oAk 1§-0% 2004 | A% 03 fadla 1503 Aald
Date and . F e ¥

P. Bosland TB17 Lund 17th March 2016

o ) N - . M
1 - - - 1
| N (S T I I A I o I O I
- - . I
Purchaser Supplier Serial number
- N A ™,
Irfu (L) Comesponds to | | Comesponds to the Last m'f'sm c : ﬂﬁmdi Comesponds to the
Ll IFNO 0} a code with 2 T numbers of Irfu oa o he chronological number
Infn (M) digihs ded drawings or the deliverable wersion _|:|I’ of manufacturing
ESS (5) bythe PAD || drawng identifier of (RFQ, | e drawing || according to if it's
STFC(C} || Ex. Zanon (ZA) partner Cryomodule || (Letter- A. B, | series or prototype (the
ECCTD, etz.) C...} first diigit indicates fit | .
displayed by a is associated fo
letter. profotype, seres, part
. of pre-production or
Epare)
) i there is no drawing reference, a unigue idendification code can be proposed by the purchaser and apply after the
approval by the configuration manager of E351 project and the PAC. [t shall be & group of leffers which is represeniafive
of the component. For example: Muli-Layer insulaion (ML) with JUMPVER for the MLI of the Jumper thermal :ncfeem
| (far ECCTL. I

Figl_l'e1 ~Identification code

For example: cavity of the cryomodule H-ECCTD

|lulza]- |rle]- [e]o]o]]
The Purchaser is I (L)

The supplier is Zanon [ZA)

loafoz]t]afa]f]-

The dentifier of ify Drawing is 71 HAAV DM- 0027 001 RC” where "R” of "RC" is for ECCTD" and C of "RC" is

the C version
i¥'s the first profofype of cavity [0001).
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Cpz  Compliance with European 70%

: PED 97/23/EC

Cryo pipes designed to reduce the overpressure in
case of beam vacuum failure

TUV Nord analysis report:
The elliptical cryomodules are
classified according to PED article
3.3

2 ®=100 bursting disks at each
extremity

]
by &

10 D30 =

continuous diphasic
pipe ®=100 with large |
curvatures g

« Volumes of the helium circuits and vessels <750 |

« 1,431 bars< Working pressure o e i s (), s mden
« Ps=1,9 bars |
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%% CEA IRFU CRYOMODULE TEAM

Cryomodules
F. Peauger
Deputy : T. Trublet

Power Cavité Cold Tuning Cryostats CM de série Outillages RF Plateforme Stations de
F. Peauger couplers Ea(\:l;nensi System components T. Trublet J.P. Poupeau 704Mz tests
C. Marchand : S. Berry (tbc) F. Eozenou A. Hamdi J.P. Charrier
[ [ [ [ [ [ [ [ |
Ingén.ierie Qualité e —— Ar'chit.ecte Chargé d’affaires Architt’-zc'te Int’é'graﬁc.m et Contrat Test RF
Projet A. Bruniguel ey — mécanique composants meca Cryogénie Vérifications assemblage O. Piguet
X. Hanus ; q DIC e gt enard rublet G

P. Bosland TAC13 Lund 7t April 2016 41



