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o 'ESS High-Story: From dreams to reality




a woren £S5 Phases

Ditferent Phases have
ditferent needs

That requires

digerent“organizations”

Fach builds on the Pre\/ious

ancl Prepares For the next

2019

ESS European Research
Infrastructure Consortium

- "Operations Phase"

2018
7~

- ESS = Institution

000"
l
ESSERIC

Bl

2014 ESs AB
- "Construction Phase"

- ESS = Project

2010 ESS AB
- "Design Update Phase"

FACILITY
SOCIETY

Ry

2007 ESS Secretariat
- "Campaign Phase"

ESS SCANDINAVIA
LUNDS UNIVERSITET
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SOURCE

sy AN UNIGUE program — £55 and Partners

Y
50% of construction costs — 1479 M€ (2008)
20% of oPeratin cost -

5weden, Denmark and Norwa

+17 Partners

Tod39

The remaining 50%: SPaig, ltalg, Switzerland

Poland, Netherlands, Estonia, Latvia, Lithu{ |

13-05-27 | Christine Darve




Courtesy of Mats Lindroog

Soncaon Collaborative Projects Head of Accelerator gy @E
- @ ESS

« £ESSisan emerging research laborator9 with (sti”) very limited capacitg in-house
* Two Possibilities:
«  Limitthe scope of the Project so that it can be done with in-house resources

«  Work in a collaboration where the scope of the Prcy’ect can be set ]39 the total
caPacitg (distributed) of the partners

 The accelerator Part of the Project well suited for this as this communitg has a strong
tradition of open collaboration (XFEL, FAIR, European commission framework

programs and clesign studies, LHC,...)

 To keep cost down and to optimize schedule this rec]uires that investments in required

infrastructure is done at the Partner with best caPacitg to deliver




In-kind Process for Construction Begins
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* Call for Expressnons of Interest mmunl.ca?eks
/Ons
* Based on TDR, Project Plan & Cost Book @ £ss

* May contribute “comPonent" or “work”

* Several calls; WPs will be released as tneg mature

. SIigntlg different for Accelerator, Target & Instruments
° Competence of the team(s) resPoncling, references

* We expect there will be Partnering on Work Packages

* An Institution or Laboratorg, Compang, or a Combination

 After Eol response, a detailed discussions for IKC
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“° ESS In-kind contributions potential
leITOtal construction cost:
w4 1,84 billion

Target station

Accelerator
- € 563M
(w/o contingency € 497)

205 )|
at
AR

75%0

Instruments
€ 389M B cash
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% DeSign featu 25 Management 1% Accelerator physics 2%

s GeV. 50mA pokes 4%
» 286 mS, 14 Hz Sl Medium beta 6!
» 97% superconducting Installation 3%

» SC linac at 352 & 704 MHz
* |/3 current in 4 x the aperture
* |4 cm bore compared to 7 cm
* High gradient — 18 MV/m (vs |2 MV/m)
* Dynamic heat load 65% (vs 25%)

HEBT 3%

nstrumentation 6%

FDSL_2012_10_02

el 352 2| MHz - <l 704 42 M-z m—e-
€<24m—> €40m> <€36m—> €324m> <€585m> <—|139m—> <279 m—> €«<——I598m——>

Source HEBT & Upgrade

78 MeV 200 MeV 628 MeV 2500 MeV
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» Elliptical cryomodules occupy 19% of the cost

* There are 45 elliptical cryomodules

* The cryogenic plant absorbs 4%
of the total cost

 RF systems comprise 37% of the cost

* The RF costs are distributed over five major
systems

* The elliptical section comprises 82% of the
RF system cost

Cost breakdown for
elliptical cryomodule system

» For the elliptical section

* the klystrons and modulators comprise 80% of the
RF system cost

* 62% of the total cost of the linac

* 92% of the acceleration energy

(The ESS cryomodules: from design to fabrication| CIEMAT | 2013-05-27 | Christine Darve
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533355*‘-‘3~ "?_The ESS Accelerator
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a SPRLLATION ESS accelerator — from TDR to cost target

FDSL_2012_10 02

el 352 2| MHz - <atliffmmmmn7 04,42 MHz - \ q /]ﬁ

€24m—> €40m-> €36m> €324m> €585m> «lI39Im—> €«2279m—> €«<——I1598m——>

Source

75 keV 3 MeV 78 MeV 200 MeV 628 MeV 2500 MeV / N %

Key parameters (April 201%):

-2.86 ms Pulses
2.0GeV Design Drivers:
~62.5 mA Pulse current High Average Beam Power 5 MW

Hig]ﬁ Peak Beam Power 125 MW

~Repetition rate : 14 Hz
High Availabilitg > 95%

~-Protons (H+)
~Low losses
~Low heat loss crgos‘cats for minimum energy consumption

~Flexible design for future upgracles

Mats Lindroos, Head of Accelerator div. @ ESS
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woan  INfrastructures used today — ESS Accelerator

@
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Mats Lindroos, Head of Accelerator div. @ ESS
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a spALLATION Crgomodule stakeholders - Interfaces

J‘PN ¢ ESSlead engjneers and wor|<~|:>ac|<age leaders
- . Crgomoclule clescilgners
+ Cavity Package esigners
«  Control command (Control Box, PLC, LLRF, MPS)

* Instrumentation teams
. Safetg team Control sgstem Crgogenic distribution

e RF team i

. Component assemblg teams
* ESSsystem engneer, QA

. Surveg ej)erts
* Teststand service

. Toolings
* Transport 1000 {———— . ' —
= e ! ! !
©oConv.Tac 2wl &gk ST
Sl | e ’OPtICS e
= . | . & |
S|l TN, |
R R R N S ) :
October 2012 R 2V AR S Radiof
Baseline O . - - adio-trequency

Longitudinal position [m]
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smon 55 Crgomoclule constraints and risks
4PN

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

Integratecl hazards due to oPerating environment:

— Crgogenic temperature: 2 K (Helium I, crgogenic vessel) pressure vesse
— Sub atmosl:)heric condition 51 mbar saturatecl, leak~tightness

— Magnetic environment (14 mGauss)

— Radiation environment (higlﬂ intensitg Proton beam)

Main c:ha“enges:
— Cost reduction and Quantity
- Qualitg: science and innovative using SRF cavities
— Short time Project scale

— Transfer technologg to industrg for industrialization series Procluction

(The ESS cryomodules: from design to fabrication| CIEMAT | 2013-05-27 | Christine Darve
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a SUROPERN Spoke crgomodules — IPN Orsag/CNRS

4PN

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

> Crgomoclule IS mainlg coml:)osed of-
%=l ° 2SRI spokes cavities
e 2 power couplers
e 2cold tuning systems
. SuPPortings stem
e Thermal shie cling
* Magnetic shielcling

aaaaaaaaaa

11300

1200
790

3-05-27 | Christine Darve




SOURCE

J‘PN - First accelerator to integrate spoke =l DOUBLE-SPOKE CAVITY SPECIFICATIONS

SPALLATION SPoke crgomoclules —IPN Orsag/ CNRS [TDR]

gskmsukukuvsmu&nunim& Beam mode Pulsed
. .. . (4% duty cycle)
. Natura”y stitf (less sensitive to mechanical e 3522
erturbation such as vibrations) _?eta_opttima'(K) 0-250
1. 3 3 3 emperature
e Exhibit hlgh c/e” to cell couE)l,mg (no field 8ok [mT] 70 (max)
flatness requ:recl, less sensitive to HOM or  Epk Mvim] 35 (max)
Gradient Eacc [MV/m] 8

traPPCCl mocles) Lacc (=beta optimal x nb of gaps x A /2) [m] 0.639

e Not susceptible to dipole steering effect Bpk/Eacc ImT/MV/m] <8.75

P P Epk/Eacc <4.38

Beam tube diameter [mm] 50 (min)
CICI’]C9 OovVeEr a WlClC range) P max [kW] 300 (max)

Euri‘sﬁﬁ)upler and cold
:i"q’l tuning system

. H{_%h longituclinal acceptance (accelerating
erti




Helium tank Cold tuning

5~C€” e”ip’cical cavitg System Fower coupler Space frame

Figure 4.120: Helium vessel with hanging rod

- E”iPtical Cavities Crgomodule Technologg Demonstrator resu

-05-27 | Christine Darve



E”iptical Crgomoclules @AY/ IPNO

4PN

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

3-05-27 | Christine Darve



Parameter Unit Value

o Eliptical Crgomoci ules THF ooy MHz 70442
souRCe MEDIUM.BETA ¢ ’
- CEA [TD R] Output energy MeV 654
— Number of cells per cavity 5
) ’ —. Geometric beta 0.67
' (R ' ” \ 4 \RR Cavity length m 1.145
w ' | Expected gradient, horizontal MV/m 15
i ‘ * ’ [ Expected gradient, vertical test MV /m 17
d Cavity Qo 6 x 10°
| l ‘ I Fundamental mode Qqz¢ 6.8 x 10°
R L : o ~ Fundamental mode R/Q W 340
— ~ Average heat load at nominal gradient W 5.9
5CH5 cell CaV'tfj for 704 MHz, Power coupler power forward power MW 1.2
CNRS Maximum Power transmitted to beam MW 0.6
HIGH-BETA
Output energy MeV 2500
Number of cells per cavity 5
Geometric beta 0.9
Cavity length m 1.356
Nominal gradient in the linac MV/m 18
Expected gradient, vertical test MV/m 20
Geometric beta prototype 0.86
Optimum beta prototype 0.92
Cavity length prototype m 1.315
Fundamental mode R/Q prototype W 477
Fundamental mode Q..¢ prototype 7.1 x 10°
Cavity Qo at nominal gradient, prototype 6.0 x 10°
Average heat load at nominal gradient, prototype W 4.5
Power coupler power rating MW 2
Power coupler forward power MW 1.2
Maximum power transmitted to beam MW 0.9
Cell to cell coupling % 1.8
Epk/Eacc 2.2
Bpk/Eacc mT/(MV/m) 4.3
Separation between 7 and 47 /5 modes MHz 1.2
Iris diameter mm 120

-05-27 | Christine Darve



EUROPEAN

Y oo E"iptical cavities for ESS

* Pgrr max = 1.2 MW <= HIPPI power @ Ada tecl
to ESS
er)

* Piezo tuner Q Saclag V tuner (HIPPI / SPL tun

e Titanium helium vessel (Thickness: 5 mm), Flanges material: NbTi

cavities

. L_Pulse X rep rate=DC:2.86msx 4+ Hz=4%
e 5-cell high beta (0.86)
e 6~cell medium beta (0.67) [5s. Mo”og]

“Mustang’s Proposed Parameters
« Power: 1MW (2019), 5 MW (2025)
e Peak surface field — 45 MV/m
* [Energy — 2 GeV = Current — 62.5 mA

(The ESS cryomodules: from design to fabrication| CIEMAT | 2013-05-27 | Christine Darve



cvroren Cavity Crgomodule Technologg Demonstrator

[One full scale cell of 704 MHz higl’w and medium-beta cavity cryomoclulc}

A stagecl aPProach towards the ESS Linac tunnel installation

o Validate the crgomodule design: cavities, coupler) CTS, alignment

. PreFaration of the industrialization process bg validating comPonent life-

cycles (assembling process, QA)
o Validate the Pemcormances: RF mechanical) thermal and vacuum
. Develop ESS 704 MHz SRF linac oPerating Proceclures
o Validate control command strategy (Control box, PLC, EPICS, LLRF)
« Testthe ESS integration and interface with cryogenics, vacuum systems

«  Train and collaboration building

> Similar process for the sPoke crgomoclules




SOURCE

s Standards and ESS Samcetg Culture
J‘PN E:ngineeringstandarcls

o  CEN, European Committee for standardization
' SIS, Swedish Standard Institute
 |1SO, International Organization for standardization

2eg European Directive 97/23/EC, PED ; EN ISO 4126

-2 ESS guiclelines for pressure vessel modeled after FNAL, European and
CERN ex!:)ertises

Radio-Protection and Rad-hard equipment

«  As low as reasonable achievable (ALARA)

*  Passive and active saFetg measures (samcetg barrier)

e Personnel Protection Sgstem, Machine Protection Sgstem (JEC61508)

Risk analgsis and reliabilitg stuclg
Sagetg reviews

Qualitg Assurance




Helium Supply T.L (19.5 bar, 40 K) ' >

Helium Supply T.L (19.5 bar, 50 K) : E >

Helium Supply HP (3 bar, 4.5 K) : E >

Helium Return VLP (~31 mbar, ) : >

Helium Return LP (1.05 bar, ) : E >
H

Cryogenic Transfer Line (CTL)

Instrumentation function ...
. Monitoring
« Control :
e Interlock
e Alarms i”&";;i’ﬁ%ﬁ?ﬁﬁ?"é << oo
3 .

»
=

\/

Warm Up /
Cool Down

\/

TTI1 TT94

SV90 SV91 RD90

X X ey

Vacuum vessel

'
: nRACv03 - TT60 TT6L PT6L E
H P H
H
b < PT02 TTO5 E
TMP70 | HV70 i < PTO1 TTO1 :
' TT02 | I ]
PT73 : '
'
H
PT74 fy70 : H
p :
: \/ 3
H TT10 TT20 T30 TT40 ]
' LT02 1
H
' SM10 SM20 SM30 SM40 LTO1 :
Beam Vacuum i Pz10 P220 Pz30 PZ40 ]
H
'
N : ] |><|
H
Gveo ! TTO04 | Gvsl
.
H TT12 A | TTIL TT22 AN | TT21 1732 AN | TT31 TT42 AN | TTE TS :
H Y10 Y20 Y30 Y40 '
'
] Y ]
H RF10 RF20 RF30 RF40 '
: TT13 || TT14 TT23 || TT24 1733 || T34 TT43 || TT44 1
p :
q ]
'
H
H
| O |
H
H
H
'
: 115 iyu TT25 2&(21 1135 iy31 1745 €y41 3
e —tr - 3
PT19 PT29 PT39 PT49

Thermal shield

\

Helium Return Coupler (<1.5 bar, 300K )
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EuRopEAN. Cavities’ fabrication scheme

SOURCE
: Forming WHY I COMMENTS
d‘ PN - . Nb = getter material.
IgS&ITsUADYEPHVS\QUEMU(LE'AIRE EB Weldlng Clean welding If RRR/ 10 @ welding => Qy/10
e
: Ti purification : RRR enhancement I RRR 300-400 now commercially available
frssssEsEsEsEsEsEsEsEEEEEN
Chemical etching BCP Remove contamination and I Limitation : BCP ~ 30MV/m; EP => >40 mV//m
100-200 um EP damage layer but lack of reproducibility
e Sy Annealing Source of H: wet processes
800°C, 2h Get rid of hydrogen H segregates near surface in form of
(or 600°C, 10h) hydrides (= bad SC)
——
Chemical etching Remove diffusion layer (O, C, N) Diffusion layer < ~1um in bulk, a little higher at Grain
5-20 um Boundaries
S ——" Under evaluation

Specific nnﬂr]_g_ 1 I e.g. remove S particles due to EP HF, H,0,, ethanol, degreasing, ..
|

Fuus

High pressure

L7 Get rid of dust particles Not always enough (recontamination during assembl
rinsing (HPR) P 4 gh ( g Y)
Ancillaries : ant /|
Assembling net a"i:&igﬂfggiss’ couplers, In clean room, but recontamination still possible

Unknown mechanism, first 10 nm of the surface in

Baking, 120°C, 48h Decrease high field losses (Q-drop)

concern.

E Post processing . Get rid of “re-contamination” ? Under evaluation: dry ice cleaning, plasma
fssssssss ssssssnna®

I

Test RF Cavitv’s performance First naked cavity in vertical cryostat, then dressedin

ysp horizontal cryostat/ accelerating facility
.

\ssans A
E He processing, HPP _ Decrease field emission I RF power with/ without He to d.
LEEERETE EEEE LY emitters (dust particles,

NB field emission
I problemin

.
3-05-27 | Christine Darve




Cavities’ fabrication scheme
SPALLATION VS SUY"FBCC and material PT’OPCFﬁCS

SOURCE

4PN

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

Forming

Mechanical properties, grain size,

strain hardening. « «

Chemical etching
100-200 um

Remove contaminatiol Pu rlty iss ues | :BCP~30MV/m; EP => >40 mVV/m

CP
- damage layer N vmsninalaibilits

N

CEA - Saclay

Annealing
800°C, 2h

CERN
\\

Surface composition and surface
morphology

S

sion layer < ~1um in bulk, a little higher at Grain
ndaries

Under evaluation

Surface cleanliness

ring assembly)

Ancillaries : antennas, couplers,

I In clean room, but recontamination still possible
vacuum ports...

Decrease high fieldlosses (Q ) I Unknown mechanism, first 10 nm of the surface in

Surface composition A

Get rid of “re-contami,

First naked cavity in vertical cryostat, then dressedin

avity’s performance

Surface cleanliness

je/d emission

013-05-27 | Christine Darve
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Cavity fabrication

High pressure rinsing :
In clean room (ISO5 or 1SO4) Chemical treatment
Transport }
Validation test of the Cryomodule
cavity in vertical cryostat components y
fabrication
l Cryomodule reception
/ and storage
[ Qualified cavity storage l
Cavity s.t rlng Cryomodule
assembling in . 1 ee
. p : clean room assembling Validation test of the
rocessed couplers cryomodule

storage \/ ¢

[ Tools fabrication }

Cryomodaule storage

|

Cryomodule on beam line

Coupler RF processing 1

Tuning system
4 Space ) uning sy

Magnetic shield

Assembling in clean room }

A

TABV rods in X pattern to
keep the beam axis
same positio

Power coupler

. . Beam valvi
fabrication eam valves

and extremity
flange




SoURCE CEAISO 5 new clean room
Availabilitg of the clean room: June 2013

~~~~~
"R
N

N

-> Development of the crgogenics and RF
bunker to test the final ECCTD @ CEA Saclag
Additional implementation

e ESS tunnel valve box

e ESS tunnel control sgstem




SOURCE

womn 5SS | inac control sgstem and PLCs

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSA

4PN
' In the framework of the ECCTD Prgject, akESsSs general control system shall be
clevelol:)ecl between CEA, Desyand E55 exper’cise

e Ammto cxtral:)olate the same sgstem to tlﬁe ESS |inac tunnel control sgstem

. Propose a common architecture .
stepper motor driver

Piezo Driver 0 o .

fam Lo = . | 73
W W W W -

-27 | Christine Darve



a s Conclusion

IYSIQUE NUCLEAIRE

INSTITUT DE PH
ORSAY

A new Program for Spa”ation N EuroPe

 Validate the SRF cryomodule components

 Validate the industrialization process for crgomodule series Production

e Activate a scientific worldwide Partnerslnip

-05-27 | Christine Darve
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INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

CEA - Saclay

CERN
\\

S

(The ESS cryomodules: from design to fabrication| CIEMAT | 2013-05-27 | Christine Darve
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ESS Invites Exl:)ressions of Interest for the Construction Phase (see web Page)

cunopean ESS Eol & In-Kind Management Process

4PN

Co
IgSéITsUADYE PHYSIQUE NUCLEAIRE U,Tesy
of Alle
"""""" \ w2+ T T T T T T T T T M ' piaabekebdd ol d DW
Input &S]
i | ' ' Work Uni ks
Expression of Interest (Eol) = ‘S,ctlspeofoontﬂbution \ | ork Unit
* Value Confirmation
by IKC Partners \ . \ !
y \ . Leg'r?;& Project Specs \ I «  Acceptance
\ S G \ I + Integration
\ e \ | « Commissioning
ESS Project Evaluation \‘ QA Requirements \‘ I
\ *  Responsible Person(s) \ :
\ [
IKC Discussions (ESS & Partners) \ I

Partner Project Responsibility

-
M N SRR SRR SRR RER SER OSER SRR SRR SRR SRR SRR SRR SR SRR SRR SRR SR SRR SRR R SR e e e

* Management Agreement + Technical
_ ] * Resources Annex
IKRC Recommendation / *  Work
I * QA Control
1
) !
Confirmation by StC I}
! Output
v / * Hardware
I’ * Services
Agreement + Technical , +  Manpower v
*« Software IKRC
Annex d e Documents Confirm Contribution

EUROPEAN
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