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The ESS Partners
Sweclen, Denmark and Norwag ]

50% of construction costs — 1479 M€ *‘
L

17 Partners
toclag
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The ESS Prczject strategg

Vision & Raison d’etre: Science for Socxetg

Mission:

2019 - 2065

— Design, construct and oPerate Operations phase
‘che worlcls~leacling neutron source “ ol
— Manage the company business 2013 - 2019 >
Constructions phase =
ESS AB r
—=eo o= (&)
- Core Values: 2010 - 2013 =
esign phase
— Excellence TRIE
— Openness
_ ‘ 1K 2002010 SCANDINAVIA
Sustamabll:tg Campaign phase (Lund University)
 ESS hlloso

- GreemcleEl tﬁmkmg on a greenﬁelcl site” f(\\f .

ESS phases and themes of communication

Goal: to deliver first neutrons before this decade is out
> Goal orlcntccl broject

SOCIETY




The ESS Projcct

2 T What |<ccPs us awake at night ?

SPRLLATION
SOURCE

The management of In-kind contributions

The capacity of our owners and Fartners to deliver Func]ing
Complcx governance and slow clccision—making

Inevitable growing pains

What is a source of i JOH

The PrOJcct is going like a train

We are a who”g committed team
Our Partncr labs are dclivcn'ng
The user communitg IS higHH active

The suPPort & commitment of the local & rcgional community 1s |

E£SS Review, L-_m;‘.: X May 2012 CJCar h b=




ESS — some numbers

Superconclucting Proton Linear Accelerator (500 m)

* 2.5 GeV Proton Energy ’ Operating: 2019
50mA (ZmA) Peak (average) proton current *450 employees

- 357kJ/pulse *x 2500 researchers / y
2.86 msec Pulse length := 1.4 B. Euro

y
e

* 4 Hz Pulse Frequencg

71.4 msec Periocls between Pulses
* SMW Proton beam power

Single Target Station
* Rotating Tungsten, helium cooled

22 instruments
. Higlﬁ reliabilitg, low losses
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Water molecules
Observed with
neutrons

N. Niimura, et al.

Atomic number
H Li C
9
Q- 90200
neutrons
f \ Material for Li-battery seen by
X-rays interact with electrons. X rays (left) and
— X-rays see high-Z atoms. Neutrons (right)

Neutrons interact with nuclei.

T. Kamiyama, et al.
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Whg neutrons?

. Wavelengths comParable to interatomic spacings (-5 A)

* Energjes comParable to structural and magnetic excitations (1-100 meV)
* Neutrons interact onlg weaklg with matter

* Neutrons are deeplg Penetrating (bulk samples can be studied)

* Neutrons are scatterecl with a strength tha’c varies randomlg 1Crom clement to
element (and isotol:)e to isotol:)e)

> Neutron scattering is an ideal Probe of magnetic, atomic structures and excitations

—

m

Wave _ Particle Magnetic moment % Neutral
e

s are used to understand the nature of the solid and quuicl states
algtical tool to aid the clevelopment of materials and as a tool to

riven research that spans from cosmologg, superconductivitg to
molecules of life.
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ESS / EURISOL: the actors

Mats Lindroos Task 1 Task 2 Task 3

Management Multi-MW r
T Target Station €

Cgril Kharoua

Task 4 Task 5 Task 6 Etam Noah
Fission Target Safety & Heavy lon
Radioprotection Accelerator
Romuald Duperrier ign Dana Ene
\ Task 7 Task 8 Task 9
Proton SC Cavity Beam
Accelerator  Development Preparation
Sebastien Bousson Desi
Task 10 Task 11 Task 12
Aurelien Ponton Physics and Beam Intgnsity Beta-Beam
Instrumentation Calculations Aspects

EURISOL

Design Study
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From EURISOL to ESS: direct transfer of knowledge
!t: - )}‘1‘

Mats Lindross — ESS accelerator division head -

Cgril Kharoua — ESS target division/ TS engineering
Ftam Noah — ESS target division/ Materials (PT)
The Fractalitg and
Romuald DuPerrier — ESS sgstem engineering entanglement
Sebastien Bousson — ESS spoke cavitg work Package leader

Aurelien Ponton — ESS normal conclucting linac liaison

Dana Ene — E5S shielding and waste management WP leader

o



ESS/EURISOL : Common tools dcvclopmcnt for
Multi-Megawat‘t Target Station

Nombre de neutrons par proton

Beam c]ualitg H-, D* He?* H+ 50F ,C{:::/,o u ]
Beam quantitg CW 2.86 ms; 14 Hz; 50 mA 402— ,/,é::/ e & ;
C //,,// /,X::”’
Beam power (MW) 4 5 - o H 3
P 305 ug 43:8 _-_—,——+ng

Energy (GeV) 1 2.5 20;_ é’fl'/ljg'?{”"+/ !
Targct Material LlC]UICl — Hg Solid - w Iof— $ :

e e

EURISOL: Multi-users facilities
Include » direct targets 100 kw TS using oxides, carbides, metal foils, quuid metals

ESS: : Multi-users facilities 22 instruments
Long Pulse - unic]ue in the world !
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Activity Evolution

ESS/EURISOL: Activation and Shielcling

107 ¢

ComPutmg lrracllatlon using \m\\ R f—
FLUKA (high energg) , ) \\\\ \\ ?
MCNPX (wide range) PHITS (w/ heavy ion) i SN f :
, ) 9 4 _-\ \~ E
* Dose ec]ulvalent ol T, \\ ‘
*  Energy deposition | Act;\,;t%o]c ESS beam \ |
«  Activation calculations C ClumPa ter shutdown \\ ]
¢ CIaSSigication OF WaStC 10‘::;: :|c’ :|c2 1|0’ 1|o‘ 1|o'* 1|0‘ 1|07 10" 10"‘ 1-:1‘

Knowledge transfer:

. Cooling time after shutdown (shielcling,
cable, electronics)

. Racliological materials han&ling

Risk in tritium generating

« Risk Analgsis

EURISOL: shield thickness
calculatecl 1Cor the Pos’c accelerator

¥ ESs | The European Spallation So
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ESS/EURISOL: Choice of the target

Computing fluid clgnamics:
« EURISOL Parameters

> Choice of Hg target

. Modciing £SS parameters
> Discover the limit using Hg

(exclusion Principle. )

* S5SMW power level of ESS > distributing the heat over a large volume
instantaneouslg irradiated bg the Proton beam

e Sufficient cooling achieved bﬂ rotatinga 2.5 m diameter W target wheel and volume
enhanced compareci to the Proton beam irradiation (ratio 3%.1)

Additional motivation to Preier tungsten: No iicensing available in Sweden nor in
E‘urope for disposal of irradiated mercury !

" \{,} ESS | The European Spallation Source des ISOL facility | 2012-10-18 | Christine Darve
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Stress Amplitude (MPa)

e Assessment of fati gue
— wheel
— Proton beam window

1

ESS/EURISOL: Irradiation clamagc

Material Proper’cies:
e Irradiated data for structural materials

423.4'3&;;35 329.31 % 23522 _— 14113 silkis 47.044 i
500 E‘:{::i?:v:::m'x:es) Stress - Top/Bottom
ESS VM stress distribution
400 - Assoc:atecl areas O{: CXPCFtlSC:
. Hanc”ing of radiocactive gases and
» cover gas Purhcication
300 U SR S S ¥, S
10 100 1000 10000 wooee ®  Waste management
+<—— Reduction in fatigue life Number of cycles (N)

EURISOL: {:atigue curve of T91in LBE

~ EUROPEAN /
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ESS/EURISOL: Irradiation clamagc

TARPIPE: Irradiation program funded bg EURISOL
Took Place at PS! between 2006 and 2009.

> lLargerange of materials irradiated (non-structural, for direct targets)
test their Crroper‘cies Post~irraciiation

- Generate atabase (measurements omc raclioactive inventorg OF these
irradiated tungsten foils of varging thicknesses)

> ESS structural calculation using RCC-MRx

350 ¢ :

- v —e— CVD SiC (Morton) ]

<300 F —=— CVR SiC/SiC (MER, Inc) |4

E E e CVT SiC /SiC (baseline :

5 2L Thermal Propertles of un-irradiated SiC

=200 [ - s

S : 3 D [um] o [107/K] T[Cl Cp [J/kgK]

T 150k E Fibre Thermal Temperature Thermal

S - 1 diameter expansion capacity

E w0} : : : <] . cg-Nicalon 14 32 20 630

R N S AN N M S Hi-Nicalon | 12-14 35 AllSiC 500 1130

| T S Ll S S 5 TypeSDow | 12 54 700 1180
0 ———+—— : Sylramic 10 40 1000 1225

0 200 400 600 800 1000 1200

Test temperature (°C)

~ EUROPEAN :
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ESS Accelerator

FDSL_2012_05_15

s 352 2| MHz eeeessssmne- 704,42 MHz -

€«25m=> €«2Ilm=> €«50m=> <€35m=> €325m> <€586m> <«—IlI39m—> <2279 m—> «——I592m——>

HEBT & Upgrade

75 keV 3 MeV 79 MeV 201 MeV 623 MeV 2500 MeV
Beta_geo  Cavity Total Cavity Cavity Cryo- Sector
Tech. frequency number of count per count per module length
Section Dem. (MHz) modules module sector length (m) (m)
Spoke 0.5 352.21 14 2 28 ~2.9 58.46
Medium-beta 0.67 704.42 15 4 60 ~5.7 113.84
High-beta 0.86 704.42 30 4 120 ~6.7 227.86
Total 59 208 400.16

- —
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ESS/

CURISOL:

Design of the 5|:>o|<e cavitg

EURISOL: Triple spoke design

e To achieve an eHicient acceleration

. De\/elopment state O1C the art technologg

e Never implementecl in accelerator 3et !

Lab Type Freq. Optimal § E,,. max Vg Ep [Egre Bpy/Egee
IMHz) MV/m] MV [mT/(MV /m)] 5ol
IPN Orsay Single 352 0.20 48 0.8 6.7 145 +
Single 352 0.36 8.1 25 47 128 s2f 10f
ANL Single 855 0.28 44 0.3 5.5 12.7 515t
Single 345 0.29 8.7 29 46 12.1 - L+
Single 345 0.40 7.0 24 6.3 16.7 51 S o L F
Double 345 0.40 8.6 4.5 47 9.1 i % .+
Triple 345 0.50 7.6 6.6 37 115 5o . .
Triple 345 0.62 79 8.7 3.9 12.0 Al €l .
[ *
FZ-Juelich ‘Triple 760 0.20 8.6 1.4 5.1 13.3 v .
LANL Single 350 0.21 75 1.3 5.1 13.3 . T
Single 350 0.21 72 1.3 5.0 10.1 49 85|
FNAL Single 325 0.21 12.0 24 36 58 4850 Valeurs les plus proches
Single 325 0.21 16.7 34 36 58
at 2K Single 325 21 48110 115 120 125 130 135 140 710 115 120 125 130 135 140

F

Fyrans contral [mm]

r, [mm |

Geometric oPtimization to reduce the

suace

-

eak FICICI (Microwave studio)
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See Sebastien Bousson’s Talk

4PN Spoke development for ESS (IPNO)

The RF Design of the spoke cavity is performed using CST Microwave

Studio code.
Cavity RF parameters
l R/Q 426 Q2
G 130Q
9
. Q,at 4K 2610 Peak
(withR . = 10 nQ2) ,
fields @
Q,at 2K 1.210%
) 8 MV/m
(withR, . =10 nQ2)
A 443 =—>35MV/m
By / Eyee 708 =—>»56mT

ELILITIE N
[S—

H

_35_

£ o -
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ESS/EURISOL.: Dcsign of the sPokc cavitg

See Sebastien Bousson’s Presentation
> EURISOL: First use of spoke technologg
> ESS: the one risk 7

ESURF

nnnnnnnnnn

Spoke cavxtg RF c:lesx n:
— Double Spoke beta O. 5 s R

Spoke cavitg mechanical design

Power coupler: EURISOL type design

\n
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o
o
¢
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ESS/EURISOL: Model clcvelopmcnt and
comPuting caPacitg clcveloPment

Each run can be performed on a single PC but a lot of runs
Is necessary to get a good statistic.

Client/Server
architecture

IP network

EEEEEEEEEEE E

Multi parameters scheme is matched for beam dynamics errors studies
(# parallel computations)

/——r.l‘[‘ o
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ESS/EURISOL beam losses Paramctcrization

. lmquence to the |inac element

design and corrected error

Particle density probabikty | mm )
w w

FURISOL Deuteron beam size radii along the linac

.} F‘{l‘lhmlt “ /J\A\,\/V\

3

E

L, wu » |

-:: .Hl‘n \ '\ ?:

5 ..-. ,.i.l AL - | 2_/5 Fu]”xmlt 3
| 1/% Full llmlt s
% 100 200 " 300 w =

Position (m)

ESS maximum beam radius with errors
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ESS Radiation Sa{:cty -~ Sa{:etg Principles

« Aslow as reasonable achievable (ALARA)

° DCgCﬂCC»-iﬂ*-CIC tl"l (incl. engineering design, development in
compliance with RCC-MRx)

* Passive and active sancetg measures (saFetg barrier)
« Review and assessment of sa?etg Issues

. Qualitg Assurance

. Salcetg Culture

~ g o 1
j - —— oy,
: e W il g
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ESS Radiation Sa{:ctg - Functions/IAEA

“ ...shall be Perforrned n olocrationa/ states, in and [o//owiqga design
basis accident and, to the extent Prac:ﬁca le, on the occurrence o

b
those selected accident conditions that are écyona’ the a/es[gn basis
accia/cnts:
Courtesy of Peter Jacobsson

o control of the reactivit. 5
o removal of heat from the core; and

e confinement of radioactive materials and control of operationa/
cﬁscha/gesj as well as imitation of accidental releases”

- StoP the spa”ation process, le. stop the Proton beam
> Removal of the heat from the target

> Confinement of radioactive materials

EUROPEAN ‘ . e B
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ESS Radiation Sa{:ctg - Liccnsing processes

« Radiation Protection Act (Strélskgcldslagen, SFS1988:220).
The responsible authoritg is the Swedish Radiation Sa{:etg

Authoritg (SSM).

e Environmental Code (M?ébalken, SFS1998:808).
The responsible authori y is the Environmental Court.

. Planning & BuilclingAct (Plan~ & bggglagen, SFS 2010:900).
The resl:)onsible authoritg is the municipali’(y of Lund.

Courtesy of Peter Jacobsson - Head of ESS safety

; >

- y
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ESS Radiation Sa{:etg - Time Schedule

Courtesy of Peter Jacobsson - Head of ESS safety

| 2012-04-01 2012-07-01 2013-01-01 2013-07-01 2014-01-(51

= SSM

'jgmi.m%- /-\ Swedish
Radiation T SSM Radiation
Protection Z?\f:&is = V Safety
Act Rep?’t PP /' Authority

I’ /l
r"' -
/4 ol -
\ Emuronm;\: Enwronmental

Impact urt

Environment  pqessment m

(< )
al Code — U

Application

LM
Lund

—

i SEEEEE == I;uﬂdlng unicipality
Building Act Consultation Public Local 9 Appeals Ayl fieatiien
el et Proposal Display Plan (EpSF;)ca °




ESS Radiation Protection Act

. All facilities that generate ionization radiation needs a Permit/
license for oPeration. Decision }:)g SSM

e SSM speci% the recluirements n |egislations (SSMFS).

e The Swedish legislation does not include a sl:)a”ation Process/
Facilitg, i.e. SSMwill do a graded aPProach process for the
Iicensmg of ESS

« Asafirst step, ESS has Proclucecl an afplication for receving
a Permit for construction. The technical document in the

aPPIication IS a Preliminar9 SaFetg Analgsis RePort (in
English)

Courtesy of Peter Jacobsson - Head of ESS safety

EUROPEAN ‘ .
() spaLation s .
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Conclusion

The ESS has greatlg benefitted from
EURISOL studies:

. Target clesign
e Beam clgnamics statistics

. Fié;ld error to inHuence Feasibilitg
of the linac clesign

e Spoke cavities

. Sﬂielding and waste management

> The ESS team is extremelg happg for the ﬂging start
EURISOL gave ESS into the "new ESS clesign" and the
clesign up ate Projcc’t.

| EUROPEAN j - - -

-
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