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Cea CHALLENGING REQUIREMENTS FOR ESS

ESS requirements Medium beta | High beta
Frequency (MHz) 704.42

Nominal Accelerating gradient (MV/m) 16.7 19.9
Qo at nominal gradient > 5e9

Cavity dynamic heat load (W) 4,9 6,5
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OUTLINE

1) DESIGN:
& RF

«* Mechanical

2) PROTOTYPING:
 Fabrication
«» Surface preparation at CEA
« Test in vertical cryostat at CEA

(and then in prototype cryomodule demonstrators ECCTD)

3) COLLABORATIONS

< Interface drawings



1) DESIGN



DE LA RECHERCHE A L'INDUSTRIE

cea

(1)

RF PARAMETERS

Medium High
Geometrical beta - Byeom 0.67 0.86
Frequency [MHz] 704.42
Number of cells 6 5
Operating temperature [K] 2
Maximum surface field in operation [MV/m] 40 44
Nominal Accelerating gradient E,. [MV/m] 16.7 19.9
Accelerating length L. = (Ngey-Bgeom-M2) [M] 0.855 0.915
Nominal Accelerating Voltage V.. = (Ecc X Lace) [MV] 14.3 18.2
Theoretical Rgcg (1) at operating temperature [nQ] 3.2
G[Q] 196.6 241
Q, at operating temperature for Rgcg 6.14x1010 7.53x1010
Q, at nominal gradient > 5x10°
Cavity dynamic RF heat load [W] 4,9 6,5
Qext 7.5x10° 7.6x10°
Iris diameter [mm] 94 120
Beam tube diameter [mm] 136 140
Cell to cell coupling « [%] 1.22 1.8
7 and 57/6 or 4n/5 mode separation [MHz] 0.54 1.2
Epi/Eace at Bopt 2.36 2.2
Boi/Eace [MT/(MV/m)] at B, 4.79 4.3
By at Bope @and nominal E, .. [MT] 80 85.6
Maximum r/Q [Q] at B, 394 477
r/Q [Q] at Byeom 367 435
Optimum beta B, 0.705 0.92
Stored energy [J] at nominal E, . and B,y 117.3 156.9
RF Power Py, [KW] with power coupler at Q. and Byeqm (2) 185 250

2
Rpes = 2 .10~ E[szeﬂmn (2) Poa = \:’acc
T\15 6 - Qu

Designed by:
HB: G. Devanz, J. Plouin,

Beam axis

CEA Saclay, 2010-2011

MB: G. Constanza, Univ. of
Lund, 2013-2014




DE LA RECHERCHE A L'INDUSTRIE

MOST DANGEROUS HIGHER ORDER MODES

Both cavities are designed to have HOM at more than 5 MHz from beamline frequencies

1736.0910 MHz

F [MHz]

Beam frequency

352.21

2" harmonic frequency

704.42

3 harmonic frequency

1056.63

4th harmonic frequency

1408.84

5t harmonic frequency

1761.05

6! harmonic frequency

2113.26

7t harmonic frequency

2465.47

(AF = -24.9 MHz)

1743.9045 MHz

(AF = -17.15 MHz)

1749.5876 MHz

(AF = -11.46 MHz)

1420,211 MHz (AF =-11.37 MHZ)

(AF = -22.76 MHz)

LR

1431,599 MHz




MECHANICAL FEATURES

> Half cells, beam pipes and ports in pure Niobium RRR > 250
> He tank in Titanium
> Flanges in NbTi with hexagonal aluminium gaskets

» Assembly by electron beam welding (no brazing) Ti INTERFACE PIECES

r;\ FOR TUNER
BEAM

TS FLANGE 1
®,,,136

» Maximum Allowable Working Pressure for helium
= 2.04 bara

TANK STIFFENERS\ f {7 \ f/
L

\

&

Ti HYDROFORMED
BELLOW

It —

BEAM
FLANGE 2
®,,136

HELIUM TANK

6 CELLS CAVITY

- L CELL STIFFENERS Total mass: 90 kg

Overall dimensions: 1260/1316 mm length, 500 mm
diameter

Most of the elements are identical for medium and high beta

FPC @,,100




2) PROTOTYPING



CAVITY FABRICATION & PREPARATION BEFORE

CRYOMODULE INTEGRATION

For cavity prototypes used in the Technological demonstrators

[ pr(l)\gatr)g:nrgnt H Fabrication i—* Acceptance ——{ Frequency tuning - field flatness
A
T 1

1 i

RF trimming of dumbbells and , | Total ~200 pm chemical treatment
endgroups -\ l
2
= e ———— = ——— L A i Heat treatment for hydrogen

For cavity #1 and #2 only : degasing
: \ (vacuum)

~ 20 pm chemical treatment F-=--°X l

7/
! b= ===y

He tank welding

v

~ 20 pm chemical treatment

-

Preparation in clean room (HPR)

A 4

Test in vertical cryostat

I
I
I
I
I
: Preparation in clean room (HPR)
I
I
I
I

A 4

Test in vertical cryostat

:] : Niobium manufacturer -
Ready For Assembly acceptance (RFA)
:] : Cavity manufacturer v

() :CEAsaclay Assembly in the cryomodule 9




~ ~—~DEVELOPMENT PLAN OF ELLIPTICAL PROTOTYPES

cea

2012 2013 2014 2015 2016 2017 2018 2019
Niobium
Fabrication Tank PO1 | | Tank P02

2 High beta early

Tuning and surface preparation

Prototypes
Vertical tests
[ Niobium }| Fabrication and tank welding
; Tuning and surface
6 Medium beta Prototypes preparation
for M-ECCTD Cryomodule ' -
Vertical tests
demonstrator
Integration and test
in cryomodule
Niobium | Fabrication and tank welding
5 High beta Prototypes Tuning and ts_»urface
reparation
for H-ECCTD Cryomodule il
demonstrator Vertical tests

Integration and
- test in cryomodule
Test 1st Cavity +
coupler a



~ ~—~DEVELOPMENT PLAN OF ELLIPTICAL PROTOTYPES 7@{

1
CEA - Sacia

2012 2013 2014 2015 2016 2017 2018 2019
Niobium
Fabrication Tank PO1 | | Tank P02

2 High beta early
Prototypes

Tuning and surface preparation

Vertical tests

=L



CQa THE TWO HIGH BETA « EARLY PROTOTYPE »

CAVITIES

HOM ports only for HOM measurements (suppressed now)
Niobium from Tokyo Denkai, 4.5 mm thickness

Kick-off in Sept. 2012

Trimming operations of dumbbells in presence of CEA staff

b4 Ul

« ESS086-P01 » manufactured by E. ZANON « ESS086-P02 » manufactured by RI
F.=703.553 MHz F.=703.704 MHz
Field flatness: 86% Field flatness: 40%

Bad angles stiffning rings

Target frequency, at 300 K before chemical etching:
F.=703.822 MHz

12



TANK INTEGRATION

» AF = +9 kHz only due to tank welding
» Pressure and leak test done successfully » Tank welding in progress
» Delivered at CEA in Feb. 2015 13



DANGEROUS HIGHER ORDER MODE

CLOSE TO 1408.8 MHZ

Both high beta prototype cavities are not conform with the ESS HOM Requirement
Reminder: HOM shall be at more than 5 MHz from beamline frequencies

= 3D measurements of the cavity shape have been done
= Shape have been reconstructed in the simulation

Slater coefficient anaIyS|s.v_vr.uch software HESS
represents frequency sensitivity to
volume changes: Design |Measured on cal;u;:;i‘:ev:th Measured on
2,{1[,'5 Slalutercoeﬁ'lcfent ofbou‘ndaryelenrent in MHz‘rmmS ofEISSOEIG cavfty (at 3OOK) ESSOS6_P01 ESSO86_P02
; : : \l T _ shape (HFSS)
| 704 MHz
ol 3 1418.178 1402.254 1403.8 1407.848
T 1418.674 1404.666 1406.8 1408.258

= On P01 cavity (from ZANON), a strong internal shape
i 1. deviation in this dome region (more than 1 mm instead of 0.3
SR N | mm) explains very well the frequency decrease of the two
e f\m dangerous HOM i

clffdV [MHz/mm?3]

rical 30 measurement of ESS086-P01 cavity {Zanon)
T

» On future cavities, better control of cell
shapes and better selection process have
been implemented

Deviation of 1.4 mm

$

U/
aicrstod v e
T T T T '

i i i i ) i
@ 4w £ 0o &) w2 wo o
Zaxis Gl




SURFACE RESISTANCE

ESS0.86 P01 Rs @ Eacc1.3MV/m 20/05/2014
1,000

| | | |
e SR 2

2
R Bos = 2 .10—4 l(ij e—17.67/T
T 1-5 R RES

< . ———RS

’ + Rs 21{05 2014
100
i’ *

——point repris-avec condition "couplage critique

Rs (nOhm)
/
L 2
N

N 77y

10 P——

1 ~

0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65
1/T

» Measured residual resistance: Rres = 7.5 nQQ, compatible with usual measured
values on 704 MHz cavities

15



VERTICAL TEST RESULTS AT 2K

- -
ESS prototype cavities 3=0.86
P01 vs P02 @ 2K
1.00E+11
Limited by the cavity
Processing from 10 to| 15Mv/m performances, quench ??
A
Limited by RF power
Pinc = 330W
1.00E+10 _ @24.9My/m
“ [ ]
[ |
- [ |
(o} B Q0 P01 @2K 26/06/2014
¢ Q0 P02 @ 2K 18/09/2014
1 00E+09 ——iso P=100W
iso P=50W
=_= ESS specifications in cryomodule

1.00E+08

0 5 10 15 20 25

Accelerating gradient (MV/m) @ Beta=0.86

» Both prototype cavities already met the ESS requirements after the first test:
— Very encouraging results 16



C2A HEAT TREATMENT AT CERN IN OCTOBER 2014

» Not possible at ZANON because the oven was very busy with XFEL cavities
» IPNO not ready yet
— « grand four » at CERN, already qualified with SPL type cavities

650 °C under vacuum during 24 hours

s Tzvqun mdzgr!s pression ; M

n: s et e a:;\..mfmz i\vlldbbbpectrumafter
. J | = lreatment

'3 e H ......... |||| 'u"""'-"f. ............................. || .............................
' oA *'| '| | . il ; l|'.

by T b | ||| "Hw” = I

) ‘ ......... | ‘ |[Hr‘ m “| . [rl ﬂ ” ‘| |W

1m
uuuuuuuuu

Degreasing before

treatment « grand four » below

Blind hole not
well rinsed ?




VERTICAL TEST RESULTS AT 2K

1.00E+11
Limited by the cavity
Processing from 10 to 15Mv/m performances, quench ??
.-“. ™ en * B o 5 o Limited by RF power
- 0.‘ Pinc = 330W
inigtle & ° ® 24.9 Mv/m
1.00E+10 © 2% L0 Aog , o o, - —
_ 40
0* [ |
.l
[ |
(=]
o
quench
B QOPO1@2K 26/06/2014
1.00E+09 A QOPO1 @ 2K after thermal treatment 650°C - 24h - 19/11/2014
+ QO0P02 @ 2K 18/09/2014
® QOPO02 @ 2 K after thermal treatment 650°C 24h - 29/01/2015
——iso P=100W
—iso P=50W
=5ESS specifications in cryomodule
1.00F+08
0 5 10 15 20 25

Accelerating gradient (MV/m) @ Beta=0.86

» Slight degradation of the performances after thermal treatment (pollution?)

» Surface resistance doubled (20 nohm)
18



VERTICAL TEST RESULTS AT 2K

ESS prototype cavities 3=0.86
1.00E+11 P01 @ ZK

1.00E+10

Qo

quench
B QO0PO1 @2K 26/06/2014

quench

A QO PO1 @ 2K after thermal treatment 650°C - 24h - 19/11/2014
1.00E+09 | X
iso P=100W

iso P=50W
=_= ESS specifications in cryomodule
—#—(Q0 PO1 @ 2K 14/10/2015 after therm. treat.+ tank welding + 65 pm BCP

—e—Q0 P01 @ 1.8 - 1.9K 15/12/2015 after retuning of earth field compensation coils

—#—00 P01 @ 2K 16/12/2015 after retuning of earth field compensation coils
1.00E+08 !

o] 5

10 15 20

25
Accelerating gradient (MV/m) @ Beta=0.86

> After 65 um BCP, surface resistance recovered at low field but still QO
degradation at gradient

» Cavity put in second priority (after medium beta cavities) 19



~ ~—~DEVELOPMENT PLAN OF ELLIPTICAL PROTOTYPES

cea

2012 2013 2014 2015 2016 2017 2018 2019
[ Niobium } | Fabrication and tank welding
6 Medium beta Prototypes Tun?r?asggtsis:ace
for M-ECCTD Cryomodule ' -
demonstrator Vertical tests

Integration and test
in cryomodule

<>




C@ATHE SIX MEDIUM BETA PROTOTYPES FOR M-ECCTEZ.

= Niobium from Tokyo Denkai, 4.3 mm thickness
= Contract awarded by E. ZANON
= Kick-off in Sept. 2014

Half cells Dumbbells

Cavity n°2 (ESS067-P02)

21



Cea FROM HALF CELLS TO CAVITY

Enrico Cenni

» New selection process to reach the accelerating mode frequency, the cavity length and
the HOM frequencies at the same time

—
|
* 3D measures Less than 20% of
Half cells  * Zero mode frequency points out of
* HOM tolerance |
Dumbbells & | * 3D measures 1 1
End groups | ﬁ%r;)/land Pi mode frequency Bethe formula fos” = SUS+H) K+ |72~ f7)? K2
* Trimming _
Cavity - Passhand modes frequency Trim and pull dF + Sy (Lo — Lf)
« HOM formula t =

St + 54

> Best DB are chosen and placed at the center of the cavity where the 5" harmonic
/6 mode has stronger EM field

» The first two cavities where manufactured within 0.3 mm length and frequency within
150 kHz computed values

» Improvement shall be done into predicting frequency change due to chemistry (300
kHz/um measured instead of 350 kHz/pum)

» Studying the possibility to replace detailed 3D measurements by RF-HOM measurements )



C2A  HALFCELLS AND DUMBBELLS: RF MEASUREMENTS

o |
Y == 10 Central cells
; - s , T 8
o / O
© . Endcells
[¢D]
9 |
<>
£, 0.5 MHz
Z
2
0
-3 2 1 0 1 2 3
DF (MHz)
10
m 8
a Dumbbells
© 6
o z )
_Q Zarn-mnda Pi-mode
- 4 Zero mode . Pimode
> /
2 1l 0.5 MHz_,
0 F (MHz)
695 694 696 698 700 702

» The frequency spread is conserved between halfcells and dumbbells (~0.5 MHz)

» The larger spread on end cells is due to poor statistic and learning curve. It has no important impact. 23



V/m

FIELD FLATNESS TUNING

bp002_total bt avant accord dans le banc, FF=58.6%
bp020_total tt:aprés accord dans le banc FF=95.22%

0 500 1000 1500 2 000
bp001_total txt:reception CEA FF=89.12% |

0 500 1000 1500 2000 2500 3000 3500

Tuning sensitivity
[KHz/mm)]

Simulation

Measured

211.26

210.8

24




HOMS AND MACHINE LINES

—— S21 Measure
- Medium-[3 pre-tuning results
-20
17495876 MHz (AF = -11.46 MHz) — 2nd Harmonic (704MHz)
—— 3rd Harmonic (1056 MHz)
—— 4th Harmonic (1408 MHz)
—— 5th Harmonic (1761 MHz)
—— Machine Line
-60 -
o
)
— .80 -
b ]
N .
(7))
-100 A
-120 +
< >
Forbidden aFea for HOMs
'140 | | I I | | I I |
25 20 15 10 -5 0 5 10 15 20 25

Af [MHZ] 25



CHEMICAL TREATMENT (BCP)

WITH ACID MIXTURE 1:1:2.4

A
250 | o s £ 2 3.5
A A B 808 3
=200 | & W )\ "’y ’ A k=
£ [] k) b by ' s v [} ZSE
= )0 { ;o ‘ i ' T E
= \
PR ML WA 1§ W1 8 QRF I A | NI
' i
— b — —_— — —
T e e e N e S el
_‘l Sa ' N f % hH : & Vi S
8 \.'l W] \\‘: [} ¢ -1 &
50
0.5
0 0

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Control point #

— 27 ~3°C/hour

Automatic BCP treatment

—e—Tprobe —e—Tcavity

0 50 100 150 200
Rinsing after the BCP Time [min] 26



TEST IN VERTICAL CRYOSTAT

1,00E+11

° L [ ] [ ] Y o o, ° . .

L S [ 4 ® e
1,00E+10 ot
A
o /
o] Example of the SPL cavity /
cured after the heat /

o treatment for H2 tl‘EUCARD SPL before heat treatment

1,00E+09 ° degassing 7
.. y
e e /o ESS067PO1 févr-16
bl L T PYNN _
e EUCARD SPL after heat treatment
1,00E+08
0,00 5,00 10,00 15,00 20,00

Eacc [MV/m]

» Hypothesis of the Q-disease: high hydrogen concentration
» The ESS067-P01 has not been heat treated yet and should make significant

progress after treatment (like the SPL cavity) 27



DE LA RECHERCHE A L'INDUSTRIE

cea

PLANNING OF THE MB CAVITIES

d ESS0687-P01 = ESS0687-P02  ESS0687-P03 = ESS068 ESS0627-P06
Trimming + Final welding @ EZ + FAT 2+1 sm ok 08/02-11/03 1/06 - 22/06 13/07 - 02/08
Conditionning/transport to Saclay 1sm ok 13/03 yes U yes \_/yes ues
Reception tests @ CEA (SAT) 1sm ok 21/03--25/03 08/06 - 14/06 29/06 - 05/07 20/07 - 26/07 10/08 - 23/08
Field Flatness 1 2sm ok 29/63= U?,/04/ 16/06 - 01/07 07/07 - 20/07 27/07 - 09/08 24/08 - 08/09
BCP_200 2sm 18/01--09/02 08/04 - 22/04 01/07 - 18/07 21/07 - 04/08 10/08 - 31/08 09/09 - 25/09
HPR + Cleanroom assembly 1sm 09/02-16/02 | 27/04 - 04/05 no no no no
Mounting on cv-insert 2j 17/02--18/02 11/05 - ¥5/05 no no no no
CV-test n°1 1sm 18/02-26/02 16/05 /22/05 no no no no
Heat treatment incl. transport @ EZ 2sm 03/03 - 15/04 23/0p - 05/06 19/07 - 02/08 05/08 - 18/08 01/09 - 14/09 26/09 - 09/10
Field Flatness 2: verification (+Ajust.) 1j 15/04 06/06 03/08 19/08 15/09 10/10
Flash BCP 3j 18/04 - 20/04 no no no no no
HPR (with ESS067 nozzle) 3j 21/04 - 25/04 no no no no no
Cleanroom assembly 2j 26/04 - 27/04 no no no no no
Mounting on cv-insert 2j 28/04 - 29/04 no no no no no
CV-test n°2 1sm no no no no no
Transport 1sm e Do no ale) RO
He-tank welding 1ms
Transport 1sm yes \J yesv yes \Jyes UES
Reception tests (SAT) 1sm 10/08 - 16/08 07/09 - 13/09 05/10 - 11/10 02/11 - 08/11 30/11-06/12
Flash BCP 3j 22/08 - 24/08 14/09 - 19/09 12/10-17/10 09/11 - 14/11 07/12 - 12/12
HPR (with ESS067 nozzle) 3j 25/08 - 29/08 20/09 - 22/09 18/10 - 20/10 15/11-17/11 13/12 - 15/12
C/R assembly 1sm/3j 12/07 - 13/07 30/08 - 01/09 23/09 - 27/09 21/10- 25/10 18/11-22/11 16/12 - 20/12
Mounting on cv-insert 2j 18/07 - 19/07 02/09 - 05/09 28/09 - 29/09 26/10- 27/10 23/11-24/11 21/12 - 22/12
CV-test n°3 1sm 20/07 - 27/07 06/09 - 13/09 30/09 - 07/10 28/10-08/11 25/11-02/12 23/12 - 05/01

28
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e
CEA - Sacia

2012 2013 2014 2015 2016 2017 2018 2019

Niobium | Fabrication and tank welding

S High beta PrOtOtypeS Tuning and ts_,urface
for H-ECCTD Cryomodule preparation
demonstrator Vertical tests

Integration and
" test in cryomodule
Test 1st Cavity +
coupler a




NIOBIUM AND CAVITY PROCUREMENT

Tokyo Denkai Co., Ltd.
3-20, Higashisuna 1-chome, Kotorku
Tokyo. 136-0074, Japan

TEL: +81-3-3648:2165

L FAX: +81-3-3699-7063
[ Messrs.: CEA Saclay

ref. CEA-ESS-CMD-ST-0002 A

14B-0195 Quotation No.: TDCQ16010801Rev

Quotation Date: January 8, 2016
* TOKYO DENKAI have won the call for tender for .
Quotation
L] L]
the supply of the niobium for the 5 S st
Length Width Thickness ein eout| [EURO] [pes] [EURO],
° ° ° High beta 5 cells Stiffeners > 250| 555 220 4.0 - o | 5 "
superconducting cavities et s pube el e bU L
Coupler port | > 250 370 345 3.2 1
Pick-up >250| 250 - 0 | 50 1
Ring for tube | > 250 40 - - 130| 160 5
Additional pieces for Halfcells |>250| 500 500 3.9 | 6
spare parts Beam tubes | >250| 520 | 480 3.2 1
° ° Coupler port | > 250| 370 345 3.2 1
* The order include spare parts for the cavity s
Shipping and Insurance Fee
Total Price
m a n Ufa Ct u re r Condition Technical Specifications applicable to the supply of niobium material destined to the

manufacturing of 5 superconducting cavities for the ESS HECCTD eryomodule
Tokyo Denkai request changing tolerances of width and length from (+2/-0) to (+3/-
0).

Time of Shipment Within 3 months after receiving your official order.

Payment 30 days by TIT

Valid of the Quotation February 29, 2016.

* The contract have been signed by the company e
viafl Dmspaam—

Hiroaki Umezawa, CTO

TECHNICAL SPECIFICATIONS FOR THE

c B VITI ES ° MANUFACTURING OF 5 HIGH BETA
L]

* Drawings and technical specifications are
95% ready

e (Call for tender will be launched within few
days

SUPERCONDUCTING CAVITIES

CEA-ESS-CMD-ST-0001 A Page 1/30

Technical specifications for the
manufacturing of 5 high beta
superconducting cavities at 704 MHz
and beta = 0.86 equipped with their
helium tank

30
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Cea HIGH POWER TEST @UPPSALA

e The HNOSS horizontal cryostat at Uppsala could host a high beta ESS elliptical cavity
equipped with a power coupler and a tuner

e Uppsala will also have a 704 MHz klystron and a modulator to produce 1 MW RF power




3) COLLABORATIONS



SRF COLLABORATIONS FOR ELLIPTICAL

[ Design and HOM )
studies

i LUND UNIVERSITY

SPL

CAVITIES

Coordination of the
SRF collaboration

Prototyping, cryomodule
assembly and expertise
for ESS

Medium beta cavities

Science & Technology ngh beta cavities

and test stand

LI
UPPSALA
UNIVERSITET

rCryostat design

4PN

INSTITUT D PHYSIQUE NUCLEAIRE
ORSAY

\

J

@ Facilities Council

Reqgular meetings and visits

33



ced INTERFACE DOCUMENT AND DRAWINGS IN

— PREPARATION

» Cavity manufacturing drawings provided in June 2015
» Interface drawings: preliminary version sent the 30th of March 2016

"“"';J id-g Elliptical cavitie .
E " e LHeinlet 7 -
Cavity supportsin e (A
cryomodule 5 = /' { 1° 8
TEGHNIGAL NOTE | (half rings) s ] : \L\ , 1
l / \_ﬂ 1. Q : I L ~
Interfaces document : RS ) oo
. iy = T | @
Medium Beta cavities and cryomodules T—ﬁ | =~
| I I
Diphasic »» Dimensions w.r.t./! 3 5
REDACTEUR VERIFICATEURS AFFROBATEUR He OUtule»t’\ ‘“'\ g - COUP'EI‘ axis ! I I — I
Edited by Reviawsd by Anproved by AN Y 7
o prénom | \ow vacent | B0sLAND Pl re | reauseremnc | AmoEERForen e ‘E { | -
Fonctions Nt/ -
Eunedans . T DN
Date &t - {1
signaturas 30 March 2018 ) ) o - ._-, R S

34



CONCLUSION

» The full design of the medium and high beta cavities have been completed to
be compliant with the ESS requirements and the state of art performances

» The two high beta early prototypes have been successfully tested in vertical
cryostat and reached an accelerating gradient of 20 to 24 MV/m and a Q,
above the specification of 59

» The six medium beta prototype cavities for the M-ECCTD are being
manufactured. Two of them have already been delivered. The first one tested
in vertical cryostat showed a Q-disease maybe due to a high concentration of
hydrogen. Heat treatment for H, degassing and a BCP with improved acid
cooling should allow to mitigate this issue.

» The fabrication of five high beta cavities for the H-ECCTD is being prepared

» A strong collaboration is being established for the production of the cavities

of the series and a detailed interfaces documents are being settled

35
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DE LA RECHERCHE A L'INDUSTRIE
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RF DESIGN APPROACH

» Consider state of the art performance of bulk Nb cavities with High
Pressure water Rinsing (HPR)

v XFEL specifications (Eacc= 23.6 MV/m, corresponding to

Epk =47 MV/m, and Bpk = 100 mT) on series production

= Minimum wall angle of 6 degrees with respect to the vertical
direction to easier the cavity preparation (chemical etching, HPWR
and drying) and the cavity mechanical behaviour (sensitivity to Lorentz
Force Detuning (LFD))
= High cell-to-cell coupling factor k to easier the even field distribution
in the cavity (and peak surface fields), to increase the frequency mode
separation (first passband) and to allow high order mode (HOM)
propagation (because of high iris diameters)

» drawback: reduce the efficiency and require higher power

source
= Automatic cavity shape generator (specially developed by G.
Constanza for the MB cavity design) and electromagnetic simulation
codes: SUPERFISH, COMSOL and ANSYS/HFSS

All modules can be operated above 23.6 MV/m !
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C2A ACCELERATING MODE AND FIRST BANDPASS

Cavity profile and field pattern at 704.4 MHz

r/Q for the first passband modes.
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DE LA RECHERCHE A L'INDUSTRIE

MORE HOMS...

Medium beta
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C22A LORENTZ FORCE DETUNING CALCULATION

Designed stiffness of the tank: Kiank = 75 KN/mm
Measured stiffness of the tuner: Kiuner = 30 KN/mm
Total external stiffness (tank + tuner): K., =21 kN/mm

Medium beta High beta
Kea V8 K o—
-5 — Afa)' u_Z)/Eaccz 2
KL= Rl R Kot + Keay
£ 1ok % R EE S S S A S S
%-15- 5 6
. Free sl
ends
¥ 0 U P VPR S OUE R esst S I S S S S S
10 10 10 10 10 10 10 10 10 0.001 0.01 0.1 1 10 100 1000
K. [KN/mm] Kext [kN/mm]
For Ky = 21 kKN/mm For K, = 21 KN/mm
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MECHANICAL PARAMETERS

Medium beta High beta

Niobium thickness mm 4 3.6
Cavity stiffner radius mm 70 84
Tank thickness mm 5 5
Lorentz Force Detuning coef. K, fixed ends Hz/(MV/m)?) -0.735 -0.36
Lorentz Force Detuning coef. K, free ends Hz/(MV/m)?2 -23.35 -8.9
Cavity stiffness KN/mm 1.286 2.59
Tuning sensitivity Af/Az kHz/mm 214.8 197
max VM stress /Imm elongation MPa 25
Pressure sensitivity K fixed ends Hz/mbar 23.08 4,85
Pressure sensitivity K, free ends Hz/mbar -364.94 -150
max VM stress /1bar fixed MPa 30.6 12
max VM stress /1bar free MPa 31.4 15
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CAVITY HANDLING TOOLS




DE LA RECHERCHE A L'INDUSTRIE

FIELD FLATNESS TUNING

25

T T
— bp001.pm: before fieldflatness tuning, FF=59.6272%
— bp017_pm: after fieldflatness tuning. FF=92.6811%

1 ! !
0 500 1000 1500 2000 2500

bp002_tatal bt FF=60.69%
bp003_total bt FF=52.71%
bp004_tatal bt FF=38.23%
bp00S_total bt FF=33.04%
bp006_taotal bd: FF=33.02%
bp007_total bt FF=64.31%
bp00B_tatal bt FF=66.19%
bp009_total bt FF=76.52%
bp010_total bt FF=76.67%
bp011_total bt FF=83.02%
bp012_total bt FF=67 84%
bp013_total bt FF=73.76%
bp014_taotal bt FF=74 6%

bp015_total bt FF=80.06%
bp016_total bt FF=80.02%
bp017_total bt FF=82.55%
bp016_total bt FF=582.24%
bp019_total bt FF=88.96%

o [

| bt FF=90.81%
| bt FF=88.58%

' otal bd: FF=90.93%
1
I

Tuning sensitivity | Simulation | Measured PRI SN L N ,

[kHZ/mm] 197 190 ' 3 T3 4000
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Cea CHEMICAL TREATMENT SET-UP

- ‘\.
BCP (in vertical EP set-up) BCP

Just modified

Alread d and lified
ready Lsed and quaime Used only once and need to be improved




DE LA RECHERCHE A L'INDUSTRIE

cea

Niobium thickness of ESS086 P01 after chemical etching (BCP)
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Niobium thickness of ESS086 P02
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HOM IDENTIFICATION BY BEAD PULL

MEASUREMENT

Good identification of the HOM but unsuccessful tests to reshape the

cavities with the field flatness tool.
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Bead pull on ESS086 P02 (03/11/2014) after +/- 0,5mm traction / compression of cell 1
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STATIC LORENTZ FORCE DETUNING 7@

CEA - Sacia

MEASUREMENT
N
=
L -2 500 'v= -7.4618x + 720.63 X
< ESS086 PO1 TN
.
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3,500 m ESS086 P02 .__\_\\\!
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4,000 .
[ |
4,500
-0.5 99.5 199.5 299.5 399 5 4995

Eacc? (MV/m)?

» Measured LFD coefficient: KL =-7.65 Hz/(MV/m)?2
» Close to the calculated value of -8.9 Hz/(MV/m)? in free ends conditions
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