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Step 1: Spoke cavity
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Double spoke cavity, 352.2 MHz, 3=0.50

Goal: Eacc =9 MV/m [Bp=62 mT; Ep = 39 MV/m]
Lorentz detuning coeff.: ~-5.5Hz/(MV/m)?
Tuning sensitivity Af/Az = 130 kHz/mm
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Validation of spoke cavity performance

Step 1: Spoke cavity Step 2: Spoke cavity packages Step 3: Cryomodule w/
@ IPNO @ IPNO - Warm and 4 K prototype valve box
@ Uppsala University - @ UU - HNOSS @ IPNO

" WS : / @ UU - HNOSS

Double spoke cavity, 352.2 MHz, 3=0.50

Goal: Eacc =9 MV/m [Bp= 62 mT; Ep = 39 MV/m]
Lorentz detuning coeff.: ~-5.5Hz/(MV/m)?
Tuning sensitivity Af/Az = 130 kHz/mm
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Test #1: ZA-01 Romea (Jan15)
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Spoke cavities results @ IPNO
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Test Stand and coupler conditioning
@ IPNO
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Test Stand @ Uppsala (FREIA)
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Spoke prototype cavity results @ UU
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Validation of Elliptical Medium-3 @

Technology Demonstrator &

Step 1: Elliptical cavities

Medium-beta Step 2: M-Elliptical Cavity Cryomodule Technology Demonstrator
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From Dumbbell measurement it is possible to
compute cavities frequency and length.
The observed deviations are:

Average deviation respect
computed values
Length 0.767 mm

m-mode frequency 0.292 MHz

Parameter

Length can be predicted within 1 mm accuracy
and frequency within 300 kHz.

Numbg: of DB

N

21

694 696 698 700 702 704

FIMHz] %00 7005 701 7015 702 7025 703 7035 704
FIMHz1
RF measurements system Dumbbells after Dumbbells RF measurements for n-mode frequency measurement
(on half cell) welding in the 0-mode (blue) and m-mode (red). welding (red), trimming (blue) and
control area Each bin has 0.2MHz width. trimming+welding shrinkage (green).
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Medium-beta cavity fabrication @ CEA

abrication check to guarantee Req:

“All higher order modes (HOMSs) shall be at least 5 MHz away from integer multiples of
the beam-bunching frequency (352.21 MHz) for any HOMs whose resonant
frequencies are below the cu quency of the beam-pipe”

m-mode frequency 0.292 MHz : w 2

Length can be predicted within 1 mm accuracy

and frequency within 300 kHz. . ’
. 10
2
¥
3
=4
2

92 694 696 698 700 702 704 il gl N AERNEN |

FIMHz] %00 7005 701 7015 702 7025 703 7035 704
FIMHz1
RF measurements system Dumbbells after Dumbbells RF measurements for n-mode frequency measurement
(on half cell) welding in the 0-mode (blue) and m-mode (red). welding (red), trimming (blue) and
control area Each bin has 0.2MHz width. trimming+welding shrinkage (green).
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Lesson-learned: chemical treatment gg:m
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Lesson-learned: chemical treatment gg:am
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Lesson-learned: chemical treatment gg:gz;;gN
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Lesson-learned: heat treatment

1e+11 T T T T T r r v v .
: - Heat treatment at 600°C for 10 hr to
Improvement with heat treatment : :
cure from Q-disease @ industry
AL A
oo | Ab Abaaaaag, . AAAAAAAAA‘
0............. A =+
b o5 K AAA
° ° A
] Only HPR after HT (no flash-BcP)
=an
ies8 = -"-. ®  200um BCP
"Eg ] ® Heat treatment 600°Cx10hours
A 20um BCP
Y¢ Target
1e+8 . T . T . T . T T . T * T * T T
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1000
e RE200uT
100 ‘.\
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105 *-%0e ¢ 0o

HT+BCP 20um

0.2 0.3 0.41/T [19R] 0.6 0.7



( : \ EUROPEAN
SPALLATION
SOURCE

Lesson-learned: heat treatment

1e+11 T T T T T T r T v .
. - Heat treatment at 600°C for 10 hr to
Improvement with heat treatment : :
cure from Q-disease @ industry
MALad ahaaa, ,
8 el A a AAAAAAAAA“
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] Only HPR after HT (no flash-BcP)
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® Before 100K parking
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01 2 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 i nhlie ““Oo‘oo¢
1000 1e+10 - “..
booooBoEopo%gooﬁm ¢ 1005 parkln_g N
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HT+BCP 20um -
0 2 4 6 8 10 12 14 16
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MB cavity results @ CEA

1e+10 -
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1e+8

Vertical test of Mb prototype cavity with tank (CW, 2K)

aﬁ&&&h&w x

ESS067P01
Target
ESS067P02
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ESE067M04B

—
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M cavity results @ CEA

Vertical test of Mb prototype cavity with tank (CW, 2K)|
1000
[
Mas @ ® ® ESS067PO01
o) A ® A ESS087P02
fe ) B ESS067P03
1e+10 ® @ ESS087P04
@® ESS067P01 ) 100 - ® ESS067P04B
Y Target Y e _
5 A ESS067P02 g
o ESS067P03 o’
© ESSUB/PU4
- ® ESE067r04B 10 - %%
e+9 -
.... .E; .?A 2 .‘
[ AP ®
1 T T T T T
0.2 0.3 0.4 0.5 0.6 0.7 0.8
1e+8 . T * T . T . T 4 T . T - T . T * T * T [1/K]
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Eacc [MV/m]
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M cavity results @ CEA

Vertical test of Mb prototype cavity with tank (CW, 2K)|
1000
[
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1e+9
1 T L] T T T
0.2 0.3 0.4 05 0.6 0.7 0.8
1e+8 . T - T . T . T 4 T . T - T . T - T *
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Qo at
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Eacc [MV/m] 1IMV/m@2K
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M cavity results @ CEA

Vertical test of Mb prototype cavity with tank (CW, 2K)|
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o] ® A ESS067P02
fe ) B ESS067P03
1e+10 - ® @ ESS087P04
@ ESS067P01 y 100 ® ESS067P04B
Y Target e _
o A ESS067P02 : g
c B ESS067P03 v
O ESSUB/PU4
® ESE067r04B 10 -
1e+9
1e+5
® ESS067P01 T
A ESS067P02 ' R
1e+d - ESS067P03 “ ®
© ESS067P04 1 T T T T T
® ESS067P04B Aoa 0% X-ray dose rate 0.2 0.3 0.4 0.5 0.6 0.7 0.8
1e+3 4 a Aa o0
QQ?A ‘..'. ! T . T .
= 004" o0 ® 15 16 17 18 19 20 0 at
@ 1o s 8o B Cavity Q0a
° 8 1IMV/m@2K
(o) ..‘ L4
1e+1 A si==¢ %
o 8% o MPO1 3.14 3.2x101
a
fe+0 ] a o 6.09 2.2x10%°
A A [
A AA A A A oog
101 ggpu}a‘nﬁ#@m,@a [ 6.06 2.1x10%°
0 2 4 6 8 10 12 14 16 18 20 7.09 1.9X101O

Eacc [MV/m]
MP04 (b) 4.85 2.5x1010



Mp cavity results @ LASA
- Follow the

processes
(XFEL)

100 W CW cryo power,

',"'_ | 1e.167MV/m@Q,5¢9 | o  Ejrst VT - First Power Rise
p *  First VT - Second Power Rise
‘," O Second VT - First Power Rise
5 10 15 20 15 25

Eace [MV/m]



MB cavity results @ LASA

EUROPEAN
SPALLATION

SOURCE

BULK

- Follow the STEP BCELA: BCRLD) | DOE2 heps FinalBER
. L . 20 min 40 min 90 min — 15 min
In d UStrIaI |Zat|0n Cavity weight change (g) 434 795 1685 2914
processes 101] Cavity removed thick. (um) 28 51 109 188 (expiited)
(XF E L) Cavity etching rate (um/min) 1.4 1.3 152!
BCP 1 . 1 2 Sample weight change (g) RS 3.08 4.15 1.20
e ) Sample removed thick. (um) 40 81 110 32
] Sample etch. rate (um/min) 2.0 2.0 .72 2.10
\ ST 8E of fr'o * ae
; o
e ¥ YL L LURK .
1010 | I
| G o
10°1 =
‘;1" ------------------- 1
9T i 100 W CW cryo power, i
ra -
o1 e 167MV/m@Q,5e9 | ¢  First VT - First Power Rise
’
F *  First VT - Second Power Rise
P © Second VT - First Power Rise
108 - - : -
5 10 15 20 29 25

Eace [MV/m]



EUROPEAN
SPALLATION

M cavity results @ LASA

6-Cell Cavity 3rd Passband Monopole HOM frequency
Shift vs. Errors in Cavity Geometry (kHz/mm)

v}
1700 1705 1710 1715 1720 1725 1730 1735 1740 1745 1750 1755 1760 1765 1770

cell 1 | cell 2 cell 3 cell 4 cell5 | cell 6
3 ‘E‘ 6
R, -40 -3300 | -7200 | -7300 | -3500 [ -100 T as = L
a =" LA e N N [\ /\
R | 80 | 940 | 2100 | 2100 | 1000 | 100 :.. A HHH L 2 W \ / \ / \
g CUACUAE L z /\
S 1 = L‘,l“ e S 2
-150 | -2800 | -7800 | -8000 | -3000 | -290 Honl A 0T O o A5 Y /\
) 2 \énn\( /\j ]’ ‘I‘ I‘ i»!) \ z!mE \'nr\l/(;\/ 12 % % 200 «! \n/m V\s/ooV 1000 vxzno
50 960 2200 2200 1000 70 AV e Ok cavity lengch (mm)
Field Pr°ﬁ'em"2§:-‘;‘:’$$3‘ga_‘rk:§gpl‘|"”9 for Bead-pull field profile for mode at 1732.6 MHz
a -35 -190 -400 -400 -200 -40 1 ' Ref pi_mode o
8 . ) 7 N —HOM_mode6 6
b 20 110 250 250 120 30 & ;
4 3
z 2
0 0

mode at 1739 MHz at 300 K. 1732 MHz at 300 K.

E-Eield profile measurgd on E-Field profile measured on cavity
\_/,1\. cavity axis by bead-pulling for axis by bead-pulling for mode at

-120 ~FG cavity afre BCP &
tuning-closed flange q
o o s e /\ Considering 0.2 mm shape tolerance and 0.1 mm
= the dangarous mods |~ length error and adding the numbers in above
Frequency (MTT7) table as absolute values, the 1742 MHz mode
Simulation and measurement result frequency shift is less than 9 MHz.

comparison around 5th machine line at 300 K.



Mp cavity results @ LASA

1000 1200
}

1732.6 MHz

|
|
|
|
I
L

1700 1705 1710 1715 1720 1725 1730 1735 1740 1745 1750 1755 1760 1765 1770 0 R L Lt

Ee—

2 ‘[;‘_;' | | E | V| WA =

5 10 15 20 25 30 0 5 20 25 30

E-Eield profile measurgd on E-Field profile measured on cavity
cavity axis by bead-pulling for axis by bead-pulling for mode at
mode at 1739 MHz at 300 K. 1732 MHz at 300 K.

~FG cavity afre BCP &
tuning-closed flange

=i Considering 0.2 mm shape tolerance and 0.1 mm

Mode st 1738.7 MHz, verified

as the dangerous mode ' length error and adding the numbers in above
SRS table as absolute values, the 1742 MHz mode

Simulation and measurement result freuenc shift is Iess than 9 MHZ-

comparison around 5th machine line at 300 K.

-160

-180




Power-coupler conditioning

@ CEA

The coupler is equipped with:

He cooling (He
4.5K, 3 bars)

» Photomultiplier (arc detectors) vacuum and air sides Natural airoqoling | <
° P ressure g ag e Cryomodule vacuum :I;Igo(]ir)om 150K to
. EIeCtron piCk_up _ ------ .
Atmosphere ectron pick-up +RF
. Arcd
Preparation: Vacuum gauge (photomulipler

« Baking at 170°C for 96 hr
« Vacuum pumping at 120°C for 48h then 60°C for 48 hr

HV polarization

Water cooling



Power-coupler conditioning

@ CEA

The coupler is equipped with:
« Photomultiplier (arc detectors) vacuum and air sides Natural air cQoling

He cooling (He
4.5K, 3 bars)
. —

° Pressure gage Cryomodule vacuum He (from 150K to
L . IOATRAARAY AR AR AR TR A REYYY e S ,300K)
Atmosphere ectron pick-up +RF
Arc detector

Preparation: sasis
« Baking at 170°C for 96 hr
« Vacuum pumping at 120°C for 48h then 60°C for 48 hr

(photomultiplier)

Water cooling

RF station:
w2 | POWEr-coupler
q~ conditioning

N

- !-hl":"

[

S, Future 1.6 MW klystron
3 (THALES)

1.1 MW klystron (CPI)




SOURCE

1.1 MW power-coupler conditioning Eﬂﬁf’&%‘.‘&

@ CEA

=> First results for the conditioning of the coupler loaded by 50 ohm in traveling wave.
=» Successful test at 1Hz, 14 Hz, 3.6 ms. Power increased up to 1.2 MW.

Time (mintesy

Pulse repetition period:72ms Power and vacuum measurement: - = -~ """ """
.’ . - : } ———“—;mm
1,E-nsm 1100 1300 15.00 1700 1900 zx.oo 2300 2500 zr.oa 29002500 % Travellng Wave, 1 HZ E . q*———_\ 00
_ ; t ; z i N ﬂ ! | el g;m—:’
3 = z _ & 7 I \I e
g 2me -~ & Standing Wave, 14 Hz # ]
~— =a = wo @
[ 1 = ) 8
5 g frems o G 112345 6 | 3 i ., 2
@ = Sy 2: 100 ps
E . i S & 400 - 800 3:200 ps
800yus | 1200 ! 1.6 ms 4:300 ps
1,E-09 4 pS ; == 500 2 ms 1€-08 5:400 |.|S
200us | 1000 1 i 2.5ms 6:500 us
10 | ! . ] E 3 ms —input power
- f— 800 36ms ~—transmitted power
m‘,;ﬁme%miﬂutes)ﬁ c o ~——Vacuum C1
’g g 5 600 —Vacuum C2
Ko R s - 1E-09 _
< = “°° :
5 " ms - = s
2 . 5. = ~
E S - ——Pulse width _J g
a6 0 : | 1610 o
’ S 1300 1350 1400 1450 1500 1550 1600 1650
* Ops TTV / V - Time (minutes)
SRS ., =» Emax on the ceramic windows in SW at 14 Hz
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Cryomodule assembly

Cavity string assembly in clean room

Clean room assembly (IS

04)

Thermal shield

Vacuum vessel



Cryomodule assembly

Clean room assembly (ISO 4 Cavity string assembly in clean room

Thermal shield

» Stepper motor + gear box at cold

Max tuner stroke: £ 3 mm
: A : Max tuning range: ~ 600 kHz
Limit the external static e . : Tuning resolution: ~1 Hz
field to Bext = 14 mG ' AT - 4 » 2 piezo stacks




Cryomodule assembly

Clean room assembly (ISO 4)

Cavity string assembly in clean room

Thermal shield

Stepper motor + gear box at cold

Max tuner stroke: £ 3 mm
: A Max tuning range: ~ 600 kHz
Limit the external static = e : Tuning resolution: ~1 Hz
field to Bext = 14 mG ' AT » 2 piezo stacks




Test Stand M3 @ CEA and @ Lund

704 MHz

Test Stand 2

EUROPEAN
SPALLATION

SOURCE

=» Commissioning of TS2 using M-ECCTD

a
2 Batadenm Modulator HT ‘L’"ﬂ Parameters ESS operation  ECCTD tests at
Platetorm 110kv - Coupler Conditioning CEA
N [ | e ' Acc. gradient 16.7 and 19.9 MV/m
i % § g i Peak RF power 1.1 MW max 400 kW max
B 7 e3 RF pulse length 2.86 ms 3 ms
[weter] i - e RF pulse rate 14 Hz 16.7 Hz
I cl/c 1 |l I Cavity cooling LHe at 2K
waveguides. ¢/C ¢ Coupler cooling SHeat4.5K & GHe at about
c/e 58 Covmords 3 bara 4.64 K & 1.2 bara
| (ECCTD+ pre-series) Thermal shield GHe at 50K & LN, at 77 K
supratech 5 temperature 19 bara

Cryogenic system

Fast acquisition (RF signals, electron pick-up,

arc detector by photomultipliers)

+ slow acquisitions (vacuum...)

|

——— Signals for fast interlock

58



Validation of Elliptical High-[3
Technology Demonstrator

Tank (Ti)

Magnetic
shielding

Cold tuning system

TL
c ![ e

Length 1259,40mm

Step 1: HP cavities

Medium
Parameter High beta
beta

704.42
Accelerating length
BT ¢ 5
Operating
2K
067 086
167 199
>5x10°
2.36 2.2
Bow/ Eacc MT/(MV/m) 4.79 4.3
E . at nominal E,
e 39.4 43.8
BT 19663 241
12%  18%

EUROPEAN
SPALLATION

SOURCE

Connection

/jumper

Diphasic
P He exchanger
Jamming jack
Instrumentation
ports Vacuum
He valve (x2) safety valve

Spaceframe
Rupture disk

MB cavity

Cold/warm
Transition
(x2)

Hanging

system Coupler

Magnetic

shield Door knob

Supporting jack
(x3)

Vacuum valve Vacuum vessel

(x2)

Step 3: Cryomodule
@ Saclay - Summer 2018
@ Lund



Validation of Elliptical High-[3

EUROPEAN
SPALLATION

Technology Demonstrator

Magnetic Tank (Ti)

Cold tuning system
shielding

Medium beta (0,67):
- beells
- Length 1259,40mm

Step 1: HP cavities

@ Saclay (2014)
@ STFC (pre-serie)

Step 3: Cryomodule
@ Saclay »> Summer 2018
@ Lund



Validation of Elliptical High-J3

SPALLATION
SOURCE

Technology Demonstrator

Tank (Ti)

Magnetic
shielding

Cold tuning system

Medium beta (0,67):
- Geells
- Length 1259,40mm

Step 1: HP cavities

@ Saclay (2014)
@ STFC (pre-serie)

Step 2: Elliptical

cavity package Step 3: Cryomodule

@ Uppsala - HNOSS @ Saclay > Summer 2018
@ Lund
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Validation of Elliptical High-[3 @

Technology Demonstrator &

cavities fabricated in 2014:
e to 1408.8 kHz < 5 MHz > M fabrication lesson-learned
Degradation rmances after thermal treatment (pollution) - Heat treatment

du try and succesfully implemented for Mf

Medium beta (0,67):
6 cells
Length 1259,40mm

Step 1: HP cavities

@ Saclay (2014)
@ STFC (pre-serie)

Step 2: Elliptical

cavity package Step 3: Cryomodule

@ Uppsala - HNOSS @ Saclay > Summer 2018
@ Lund
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Validation of Elliptical High-J3 @

Technology Demonstrator &

xxxxxxxxxxxxxxxxxxxxxxxxxxxx

cavities fabricated in 2014:
e'to 1408.8 kHz < 5 MHz - M fabrication lesson-learned

Connection

/jumper

Medium beta (0,67):

6 cells 57,5mm

Length 1259,40mm

Step 1: HP cavities

@ Saclay (2014)

@ STFC (pre-serie)
1,E+11

Settcan gy @ g Door knob
AR . R —
1,E+10 - o '- - Vacu?i:;)valve Vacuum vessel
8 L ¢ 7™ Step 2: Elliptical
1,E+09 - ® P02 before heat treatment caVity paCkage Step 3: CryomOdUIe
‘ * ESS requirements @ Uppsala - HNOSS @ SaC/ay 9 summer2018
@ Lund
1,E+08
0 5 10 15 20 25

Eacc (MV/m)



ESS: STFC (H)VTF @ STFC

Three-cavities-insert

- \”
Verbl | bl

Vertical test cryostat for ESS Hf3 cavities:

3 cavities in cryostat

Horizontal test configuration:
1500L LHe per test vs. 7500L He(l)

Magnetic shield +  <4g/s He(g) HVTF vs. 20g/s




ESS: STFC (H)VTF @ STFC

Vertical test cryostat for ESS Hf3 cavities:

3 cavities in cryostat
» Horizontal test configuration:
« 1500L LHe per test vs. 7500L He(l)
» <4qg/s He(g) HVTF vs. 20g/s

e
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Outline

Accelerator & SRF layout

Spoke Results

Elliptical Results

Integration



Integration in Lund Test Stand and in

ESS tunnel

( : \ EUROPEAN
SPALLATION
SOURCE

- Technology Demonstrator lesson-learned &

Control system Cryogenic distribution

Beam
Diagnostic

Beam ‘

Optics Beam
Vacuum

Radio-Frequency

[Ess ]
ICS = INTEGRATED CONTROL SYSTEMS = SITE INFRASTRUCTURE NSS RMHF = RADIOACTIVE MATERIALS
‘CONTROLS' CDN’VENT IONAL FACILITIES® INSTRUMENTS' HANDLING FACIUTY
T,
£S5 SYSTEMS AACCCSVL;NEAR ACCELERATOR (LINAC) "ITAR;AE?GF[ STATION
“PROJECTS”

o .ﬂnﬂ@ umw o u -
LINAC SECTIONS. .

BMD
ps*, nv Power lon s‘;m Beam Magnets &, .i'f mﬁ?ﬁgn anon Beam
Convertors® Specialties Deflectors (BM*) Beden, e Instrumentation

@ SUPPLEDBY WP 6, 8,17 SUPPUED BYWP 3 SUPPUED BY WP 6, 17 SUPPLIEDBY WP 3,45 SUPPUED BY WP 7
SCIPLINE SYSTE
::-nhu:ms::n RFS CRY0 g ’. .'. « :::
Paciages shown) Radio Frequency Va:uun Cryo Plant (ACP*®) & ‘Water Cooling Carrvemiwl Power e 4
Distribution (CDS*) oo o
SUPPLIEDBY WP 8 SUPPUIED BY WP 12 SUPPLIED BY WP 11 SUPPLIED BY WP 16 SUPPULD BY WP 15 SUPPLIED BY WP 13

Prototypes and Proof the concept:

* From Design to Performance measure (In-Kind)
* Functional Analysis of each system

* RF (Klystron, Modulator, Interlock, WG, LLRF)

* Cryo, vacuum, electrical, cooling, survey, etc

e Controls and Command, operating modes
 ES&H, QA/QC

= Build a solution and success oriented Collaboration



Integration in Lund Test Stand and in

ESS tunnel

- Technology Demonstrator lesson-learned & [&m ]
- Requirements - physical, functional

. . . ICS \NTEGRATED CONTROL SYSTEMS = SITE INFRASTRUCTURE NSS RMHF = RADIOACTIVE MATERIALS
9 Interface Reqs _ dISCIpIIneS/WP CDNVENTIONALFACILIHES' HANDLING FACILITY
£S5 SYSTEMS ACC UNEAR ACCELERATOR (LINAC) TS = TARGET STATION
Control system Cryogenic distribution M S

o .ﬂnﬂ@ umw o u -
LINAC SECTIONS. .

BMD
ps*, nv Power lon s‘;m Beam Magnets &, .i'f mﬁ?ﬁgn anon Beam
Convertors® Specialties Deflectors (BM*) Beden, e Instrumentation

Beam
Diagnostic

Beam ‘

O t (:) SUPPLED BY WP 6, 8, 17 SUPPUED BY WP 3 SUPPUED BY WP 6, 17 SUPPLED BY WP 3,45 SUPPUED BY WP 7
pucs Beam DISCIPLINE SYSTEMS
[Mapoing to WBS Work RFS CRYO WTRC RE
VaCU um Paciages shown) Radio Frequency Va:uun Cryo Plant (ACP*) & ‘Water Cooling Carrvemiwl Power e
Distribution (CDS*) Sty
SUPPLIEDBY WP 8 SUPPUIED BY WP 12 SUPPLIED BY WP 11 SUPPLIED BY WP 16 SUPPULD BY WP 15 SUPPLIED BY WP 13

Radio-F
adio-Frequency Prototypes and Proof the concept:

* From Design to Performance measure (In-Kind)
* Functional Analysis of each system

* RF (Klystron, Modulator, Interlock, WG, LLRF)

* Cryo, vacuum, electrical, cooling, survey, etc

e Controls and Command, operating modes

« ES&H, QA/QC
= Build a solution and success oriented Collaboration



SOURCE

Integration in Lund Test Stand and in @Eﬁﬁm

ESS tunnel

- Technology Demonstrator lesson-learned ® [m J

- Requirements - physical, functional

. . . ICS = INTEGRATED CONTROL SYSTEMS SI = SITE INFRASTRUCTURE NSS RMHF = RADIOACTIVE MATERIALS
9 I nte rfa Ce Reqs - d ISCI pl I nes/WP ‘CONTROLS' ‘CONVENTIONAL FACILITIES INSTRUMENTS' HANDLING FACIUTY
o

£S5 SYSTEMS ACC = LINEAR ACCELERATOR (LINAC) "ITS = TARGET STATION
i ictri 2 . “ACCSYS' ARGET'
Control system Cryogenic distribution RORCTS

LINAC SECTIONS

Beam

Diagnostic | .
-
P8I
Ps*, HVPm lon Source Bea mMacnm&. Proton Beam
Beam Convertors® Specialties Deflectors (BM*) Instrumentation
O tics SUPPLED BY WP 6, 8, SUPPUED BYWP 3 SUPPUED BYWPE, 17 SUi (] X SUPPUED BY WP
p Beam DISCIPLINE SYSTEMS CRY0 WTRC CNPW* RRIIRR
Vacuum Masreis et | ko Frecumncy e crvortant (Ae*) & | | WaterCooling | [conventionl Power ;:;:;:;:;:;:;:;:;:;:;:
Distribution (CDS®) J | J L) RSGSG55550 0
SUPPLIEDBY WP B SUPPUED BY WP 12 SUPPUIED BY WP 11 SUPPLIED BY WP 16 SUPPULD BY WP 15 SUPPLIED BY WP 13

Radio-Frequency

= Build a solution and success oriented Collaboration



SOURCE

Integration in Lund Test Stand and in Eﬂﬁf’&ﬁ‘?ﬁw

ESS tunnel

- Technology Demonstrator lesson-learned & [&m J

- Requirements - physical, functional
9 Interface Reqs - disciplines/WP @ ’CO;TROLS' ‘C;NV&NTIONALFACILIHES' HANbL_INGIA(lLlfY :

£S5 SYSTEMS ACC = LINEAR ACCELERATOR (LINAC) II.S ~TARGET STATION
H 1 . 2 " “ACCSYS' ARGET'
Control system Cryogenic distribution ROICTS
Sk m. hood Bea 0
o (DTL tanks) (LWUs, CMs) | (LWUs, CMs),  HEBT® * rarget
Dmaol
(inc. beam
dump)

Beam LINAC SECTIONS
Diagnostic .
- |
PWRC* ISrc BMD PBI
PS*®, HV Power lon Source Beam Magnets &, Proton Beam
Beam Convertors® Specialties Deflectors (BM*) Instrumentation
Opﬁcs @ SUPPLEDBY WP 6, 8,17 SUPPUED BYWP 3 SUPPUED BYWPE, 17 4, SUPPUED BY WP 7
Beam DISCIPLINE SYSTEMS 23000 OO
[Magping to WBS Work e VAC CRYO WTRC cNPwe RRRRRARRR
Vacuum Packages shown) Radio Frequency Vacuum Cryo Plant (ACP*) & Water Cooling Conventional Power | f521x%0s 52111050 0s)
Distribution (CDS®) J | J L) RSGSG55550 0
SUPPLIED BY WP § SUPPLIED BY WP 12 SUPPLIED BY WP 11 SUPPLIED BY WP 16 SUPPLIED BY WP 15 SUPPLIED BY WP 13

Radio-Frequency
« Validation of all requirements in-situ, SAT, FAT
« Engineering Data management

= Build a solution and success oriented Collaboration
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Integration in Lund Test Stand and in Eﬂﬁf’&ﬁ‘?ﬁw

ESS tunnel

- Technology Demonstrator lesson-learned & [&m ]
- Requirements - physical, functional

. . . ICS \NTEGRATED CONTROL SYSTEMS = SITE INFRASTRUCTURE NSS RMHF = RADIOACTIVE MATERIALS
9 Interface Reqs _ dISCIpIIneS/WP CDNVENTIONALFACILIHES' HANDLING FACILITY
£S5 SYSTEMS ACC UNEAR ACCELERATOR (LINAC) TS = TARGET STATION
Control system Cryogenic distribution M S

o .ﬂnﬂ@ umm’ - u =

LINAC SECTIONS.

Beam
Diagnostic

. BMD
ps*, nv Power lon s‘;m Beam Magnets &, .i'f mﬁ?ﬁgn anon Beam
Beam Convertors® Specialties Deflectors (8M*) e T Instrumentation

@ SUPPLIEDBY WP6, 8,17 SUPPUED BYWP 3 SUPPUED BY WP 6, 17 SUPPLIEDBY WP 3,45 SUPPUED BY WP 7

Optics

Beam DISCIPLINE SYSTEMS
[Mapoing to WBS Work RFS CRYO WTRC 2
Vacuum Packoges shown) | Radio Frequency — CryoPlant (ACP*) & |  Water Cooling Byt :
Distribution (CDS*)
SUPPLIED BY WP § SUPPLIED BY WP 12 SUPPLIED BY WP 11 SUPPLIED BY WP 16 SUPPLIED BY WP 15 SUPPLIED BY WP 13

Radio-Frequency
« Validation of all requirements in-situ, SAT, FAT
« Engineering Data management

» Installation in Lund Test Stand of elliptical CM
» Installation in the ESS tunnel

= Build a solution and success oriented Collaboration
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Integration in Lund Test Stand and in iﬁﬁf’&ﬁ‘?ﬁw

ESS tunnel

- Technology Demonstrator lesson-learned & [&m ]

- Requirements - physical, functional

. ICS — INTEGRATED CONTROL SYSTEMS - SITEINFRASTRUCTURE [ Nss RMMF - RADIOACTIVE MATERIALS
9 Inte rface Reqs _ dISCIpIIneS/WP COMVENTIONAL FACUTIES HANDLING FACILITY
Wil ACC - UNEAR ACCELERATOR (UINAC) TS = TARGET STATION
Control system  Cryogenic distribution s =

o .nnﬂ@ nmm o u -
LINAC SECTIONS .

BMD
ps*, nv Power lon s‘;m Beam Magnets &, .j:f ""“:":"‘?n Pro:on Beam
Convertors® Specialties Deflectors (BM*) Beden, e Instrumentation

Beam
Diagnostic

Beam ‘

Obti @ SUPPLED BY WP 6, 8, 17 SUPPLIED BY WP 3 SUPPLIED BY WP 6, 17 SUPPLIEDBY WP 3,45 SUPPLILD BY WP 7
pucs Beam DISCIPLINE SYSTEMS WTRC
[Mapping to WBS Work RFS CRY0 b
Vacuum Paciages shown) Radio Frequency Va:uum Cryo Plant (ACP*) & Water Cooling Carwervtimal Power :
Systems Distribution (CDS*)
SUPPLIED BY WP 8 SUPPUIED BY WP 12 SUPPLIED BY WP 11 SUPPLIED BY WP 16 SUPPUED BY WP 15 SUPPLIED BY WP 13

Radio-Frequency
« Validation of all requirements in-situ, SAT, FAT
« Engineering Data management

» Installation in Lund Test Stand of elliptical CM
» Installation in the ESS tunnel

 Preparation of operating procedures

* Preparation of commissioning phase
= Build a solution and success oriented Collaboration
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Integration in Lund Test Stand and in Eﬁﬁf’&%‘m

ESS tunnel

- Technology Demonstrator lesson-learned & [wm ]

- Requirements - physical, functional

. . . ICS ~ INTEGRATED CONTROL SYSTEMS Si-SITE INFRASTRUCTURE | nss RMHF ~ RADIOACTIVE MATERIALS
9 Inte rfa ce Reqs _ d iIscCi pl i nES/WP ‘CONTROLS’ ‘CONVENTIONAL FACILITIES' | ‘INSTRUMENTS HANDLING FACILITY
ACC = UNEAR ACCELERATOR (LINAC) TS - TARGET STATION
Control system  Cryogenic distribution s i

o .ﬂnﬂ@ nmw o n -
LINAC SECTIONS .

o » - y
b ol 3MD
e e % - ps®, nv Power lon Som Beam Magnets &, .i’f "““:":"‘?n P o:on Beam
Beam = d Convertors® Specialties Deflectors (BM*) e T Instrumentation

Beam
Diagnostic

O ti SUPPLEDBY WP 6, 8,17 SUPPUED BYWP 3 SUPPUED BYWPE, 17 SUPPLEDBYW?P 345 SUPPLUED BY WP 7
PUCS  Beam

DISCIPLINE SYSTEMS WTRC
(Mapping to WBS Work RFS CRYO o & "
Vacuum Paciages shown) Radio Frequency Va:uun Cryo Plant (ACP*) & Water Cooling Carwemimal Power :
Systems Distribution (CDS®)
SUPPLIED BY WP 8 SUPPLIED BY WP 12 SUPPLIED BY WP 11 SUPPLIED BY WP 16 SUPPUED BY WP 15 SUPPLIED BY WP 13

Radio-Frequency

« Validation of all requirements in-situ, SAT, FAT

«  Engineering Data management Main integration challenges:
+ Systems owned by several In-Kind partners,
» Installation in Lund Test Stand of elliptical CM geographica”y remote
» Installation in the ESS tunnel « Large number of interfaces
_ _ » Coordination with multi-disciplines
» Preparation of operating procedures « Schedule

* Preparation of commissioning phase
= Build a solution and success oriented Collaboration



Cryemodules Collaboration space

Coordination Team !

19 lolshe b Ao B

Web Platform: Cryomodules Collaboration space | R e e
to gather documents for the SRF Collaboration o — e
=» https://confluence.esss.lu.se/display/ CRYOM e ___
«  Weekly video-conferences: e e——ery
— Interface Uppsala — Mondays — TEomTEmIs
— Interface Saclay — Tuesdays o o S e et
— Interface IPNO — Wednesdays (bi) . e s e oo

— Interface SRF Collaboration — Fridays
— Overall Schedules — Fridays (bi)

« Every 3 months: SRF Collaboration Meetings -
elliptical (@CEA, LASA, STFC) e
- ESS Review Process L0 Grmaog mems et Ao

@ ESS: Christine Darve, Nuno Elias, Fredrick
Hankansson, Cecilia Maiano, Felix Schlander

=> to coordinate daily activities with all In-Kind At e
partners and ESS other Work Packages 74
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Concluding comments

« First results for the SRF components are promising. Many lessons-learned !
« The Devil is in the details and in the Interfaces !

« Challenging but exciting collaboration based on a new project,

new ESS institute and new concept of In-Kind (WPs). 4
Acknowledgment to the ESS SRF teams and thanks for the Esm

excellent progress in this Collaborative Project !

A aR

2
e\
't

\“_7

UNIVERSITY

(3 ) Science & Technology
- Facilities Council

UNIVERSITET




4 . (?@‘ EUROPEAN
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