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ESS High»-Storg: From dreams to realitg

Appllecl science using neutrons

The ESS technical comPlex

— Target and the spa”ation process
— The accelerator

e More suPPor’c from INFN to an ESS-like initiative..
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 ESS High-Story: From dreams to reality




The ESS program

Vision & Raison d’etre: “Science for Societg“

*  Mission:

2019 - 2065
— Design, construct and OPerate Operations phase

‘che worlcls~leacling neutron source

2013 - 2019

° Core Valuesz Constructions phase ESS AB 5 E
P — S
1 <
— Innovation 2010 2013 < S
esign phase
— Open ness

— 5ustainabilit9

2007 - 2010

: SCANDINAVIA
Campaign phase

(Lund University)

E:SS hllosoF« ﬁ
— “Greenfield t mkmg on a green{zlelcl site”

Goal: to deliver first neutrons before this decade is out

> Goal oriented Project

ESS phases and themes of communication




An unique program — ESS and Partners

Sweclen, Denmark and Norwag
50% of construction costs — 1479 M€
20% oroperation cop

17 Partners
toclag

The remainingﬁO%: Rain, France, Ge many, !talg, Switzerlanol, Hun ary, Czech
RePublic) Poland, Netherlands+Fstonia, Latvia, Lithuania, Iceland & UK
7 o
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The ESS Spirit

e Create a world leacling European science laboratorg el

«  Contribute to scientific brcakthrouglﬁs

The fractality and
. Mang cha”enges: andlemert

entanglemcnt

— Cha”enging and comPlex technologg (accelerator, target, moclerator)
— Large investments and signhcicant annual budget

— Political decision making, competition and negotiations

— Commitment to minimize the environmental imPact.

«  Sunergies with ongoing and planned projects on accelerator driven
ynergl 20Ing P Pre)

systems, transmutation, neutrino factories, HEP injectors, materials
science

2
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ESS — some numbers

SMW proton beam power (HY) =500 m LINAC
2.5 GeV Proton Energg

50 mA (2 mA) Peak (average) proton current
2.86 msec Pulse length

4 Hz Pulse Frequencg
71.4 msec Periocls between Pulses

3 1x10#n/cmes average neutron fHux
1 x108n/cmes Pea|< neutron Hux

Single Target Station

Rotating Tungsten, helium cooled

22 Instruments

Flexible design for future ngrades
iglﬁ re[iabilitg, low losses

-
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ESS Programme
Organisation

Steering Adm Financial
Comm (STC) Comm

Collaboration

Partners

Programme Machine Science

Director Director Director
[ Technology Adv. Comm

Science Adv. Comm ]

Programmme Conventional Neutron Data
. Accelerator e .
Office Facilities Science Management

Preconstruction

Construction

A
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A Sustainable research {:acilitg

. Renewable: Responsnble
* Operating: 2019 Power from renewable sources Energy ngcnencg
*450 employees - 120000 tor‘/ yT 1 %o -30 000, ton/y

*x 2500 researchers /y

ﬁg@@@t 1

Rcc%clablc:
gis L und’s eating
CO,: - 15 000 ton/

~ EUROPEAN :
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‘Applied science using neutrons
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ESS/WHAT - Neutron scattering ~an cxpancling field

Com Plexi’cg / g desen Materials processing
Count-rate

pharmacology

E"Vi’°”me,,,t

ESS intensitg allows studies of
. complex materials
e weak signals

. important details
e time ciepenclent Phenomena

e
2be10Ys ey

1\12“0

sadinap Wn

Details/Resolution
1950 1960 1970 1980 1990 2000
Because of their unique Prol:)erties, neutrons are a Powerpul tool for investi ating Nature at all !evels, from
testing theories about the evolution of the Universe to eluciclating %

the compieXx processes O‘F ll{:C
~ T e g I : & h ‘.’ ;
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ESS/WHAT — Multi-science with neutrons

Materials science Bio-—tecnnologg Nano science
Energg Tecnnologg Hardware for IT Engineering science

- Neutrons can Provicle unique and
information on almost all materials.

MRAM-Storage Device

~ lnFormation on botn structure ancl
clgnamics simulaneouslg. "Where are
the atoms and what are theg doing’?”

- 6000 Pn’marg users in Europe toclag
and 6000 secondarg users.
Access based on peer review.

- Science with neutrons is limited
bg the intensitg of tocﬂag’s sources

s
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ESS/WHAT - Fields of interest

A wide range of |engt|'1 and timescales

An ideal Probe for magnetism

ce“ '\
healt \

sustamablluty 3 |

\ technolo
A Probe of fundamental Properties %ﬁa/j

S/cs

DeeP Penetration

A Precise tool
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ESS/WHAT — E‘.xamples of clueries

Il ==c
§ ] ke
d : Eald
« Room Temperature Super Conductors 2 —
, , :
e Sterile neutrinos Foow
g_ 1960 1970 1980 1990 2000
. Hgdrogen storage substrate = Factor ~10 per 8
years
 Neutron electric clipole moment Barr: Int.J. Mod Phys. A8

208 (1993)

o« Efficient membrane for fuel cells

¢ Flexible and highlg efficient solar cells
* Carbone nano-tubes for controlled clrug release

e Self healing materials — smart materials

. Spin~5tate as a storage of data (102 gamnin capacitg)
* CO, sequestration

10° D

: g/.e.B;gm
100 3
- 103

- 103
1038 ‘ﬂ

)

1’&

// Standard Model
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James Chadwick 1932 (@ ,n) reaction
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Whg neutrons?

Wavelengths comParable to interatomic spacings (-5 A)

Energles comParable to structural and magnetic excitations (1-100 meV)
Neutrons interact onlg weaklg with matter/ non destructive — clectrica”g neutral
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

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

driven research that spans from cosmologg, superconductivitg to
e molecules of life.
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Neutron Microscope — Length scales — Diffraction

Wavelengtlﬂ o1C neutron ~ 0.01 to 100 nm

e.g. Use isotope samplir:}g to measure cligraction/ sc:attering

> Space in molecule and atom
- Position of atom

Length scale in nm
0.01 0.1 0.3 1.0 3.0 10 30 100

atomic and organic surfaces and multilayers viruses
magnelc molecules inhomogenelties cracks and volds
structures magnetic defects micelles critical phenomena
pharmaceuticals proteins
Internal strain sSupermoiecules polymers

H —>
0.1 0.3 1.0 2.0

neutron wavelength in nm

Y - Fe .
D20, (\=2.4A)

Temp, ke

EUROPEAN
*. SPALLATION
. SOURCE

SHOWing where atoms are !

oy=8.858
(MAGNETIC
UNIT CELL)

20 3
SCATTERING ANGLE {deq]

120
Angle, 26
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Neutron Microscope — Time and energy scales - Spcctroscopg

showmg what atoms do !
Energy of neutron ~ millielectronvolt
e.g Use Polarizecl neutron beam to Probe magnetic moment change
> Structure and excitation of electronic sPins in magnetic materijs
> Motion of atoms and molecules in solids and |iqui§s

Time scale (seconds)

hw (eV)

Crystal fields magnons and phonons spin relaxation
single particle  spin fluctuations tunneling polymer reptation
excitations diffusion glassy dynamics
molecular excitations libration

4

Excitation energy (eV)
1 101 10-2 103 106 109

EUROPEAN
# SPALLATION
SOURCE

Nobel Prize 1994 Bert Brockhouse — SPectroscopg
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Neutrons ProPcrties

Neutrons are different things =Y nehrotron ey * & neutrons
to ditferent People:

 HEP @ slectron
« nuclear Neutrons @ proton
* pa rticle o @ reuen

. aPPIied science

@ ESS: we use wavelength for scattering

1.675%10%7 kg
Mass | 939.57 MeV | m, = m, + 2.om,
Mean lifetime 15 min n— p+e + 0,
Composition udd hadron
Electric charge 0 high penetration
Magnetic moment | —1.04 g | feels the nucleus

s
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Complcmentarltg between X~rags and Neutrons

Water molecules
Observed with
neutrons

N. Niimura, et al.

Atomic number
——
. — L
H L C |
— 0
9
— Mn
— 0
Q@ - 9090
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.
\ — Neutrons see low—Z atomsj

T. Kamiyama, et al.
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X-ray cross section

> -

Small Angle Neutron Scattering (SANS)

e.g. Selective Deuteration .. 'C vy e | -
sensitivitg and selec’civitg 199 isotopic

= -, @0 o & o
substitution /contrast variation — .
Neutron cross section

- SANS gives the Possibilitg of not seing

neutrons penetrate through Al much betterthan x rays do, yet are
strongly scattered by hydrogen.

CVCrgthing at tl,,le same tlme o Fig. 2. Neutron and x-ray scattering cross-sections compared. Note that
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SANS versus SAXS
SAXS contrast SANS contrast 1

SANS contrast 2 SANS contrast 3
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Complementaritg between X~rays and Neutrons

Synchrotron radiation

e Particle beam (neutrai subatomic Particle) . Light beam (electromagnetic wave)
e Interactions with the nuclei and the magnetic «  Interactions with the electrons surrouncling the
moment of unPaireci electrons (in the samPIe) nuclei (in the samPle)

«  Scattered bg all elements, also the lignt ones like Mainlg scattered i:)g neavg elements

the hgclrogen iSOtOPCS e Small Penetration ciePtn (surface studies of

. DeeP Penetration de]:)th (bulk studies of samples)
samPIes) ) , ,
. Verg intense beam measuring sma” or uitra-cliiute
e Lessintense beam measuring Iarger samples samples
Neutrons Applications SR Applications
. Magnetic structures & excitations . Protei n~cr95tal structures

. Organic structures using the H-D isotope effect + Fastchemical reactions

o Bulk studies (strains, excitations) e Surface studies (detects, corrosion)

. Low-energij sPectroscopg e.g molecular . High-energg sPectroscopg e.g. measurements of
vibrations electron energ(flevels




ESS and MAX IV

m
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F:volution O{: the Pcr{:ormance OF neutron sources

ESS
Time-averaged Brightness Peak Brightness
10‘6 | | | [ 1010 T T |
S S themal m SS themal
—ESS cold —SS cold
10" - = = |LL hot - 10" - = = |LL hot
= == |LL thermal = = |LL thermal
= = |LL cold = = |LL cold

—
o
=

Brightness {nfcm2/s/Afsterad)

Brightness {nfcm2/s/Afsterad)

1014

N
10" 10" | - =
- \\\\_\_\ -
N~ —— L
~ - ~

10,2 1012 | -~ -

~

-~ -

=~

1011 1011 | | |
0 1 2 3 4 5 0 2 3 4 5

wavelength (A)

wavelength (A)

“Report from the ILL Associates’ Working Group on Neutrons in Europe for 20257

Figure 5 (a, left): Time-averaged brightness for neutrons produced at ILL through cold,
thermal and hot moderators, and for ESS (5 MW, 16 2/3 Hz, 2ms pulse length) from thermal
and cold moderators. (b, right): Peak brightness for the same cases.

-.I SI' > : 7
' 7 “
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* ESS target and the spallation process




Recall: Fission and Spallation

Neutron rission

- O product_»O SPa”ation is a non-elastic nuclear
uclieus P . , .
Neutron with U-235 / ~ = interaction induced bg a hlgh~energg
thermal energy / O ® , I Cl ,
O— > > 0% partlc e pro ucm]g numerous
N O3 secondary particles
\ G\Q Protons

Fission
(O Neutron O product

Pions

@ Proton Neutron NUC'EUS/
Slow neutron ——> Fission —> Chain reaction Primary partiCIE /
O > —> Neutrons
GeV \
\ Residuals

Gammas
Process Reaction Neutron yield | Energy deposition
Fission 235U(n,f) 3 n/fission 190 MeV/n
Spallation | p 1GeV — Hg | 30 n/proton 55 MeV/n

as a gateway to applied science| INFN Pisa | 2013-01-21 | Christine Darve
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Long Pulse and cold neutrons

* Many research reactors in Europe are agjng, and will be closed before 2020
— UP to 90% of the use is with cold neutrons

hd There iS a urgent neecl FOI" ad new hlgl’"l ‘HUX COlCl neutron source iﬂ EUT’OPC
— Thevast majoritg of users will Proﬁt froma Pulsed structure

- A |arge fraction of users are Fu”g satistied 59 a long Pulse source

— Existing short Pulse sources (IS1S, JPARC and SNS) can supply the Present and
imminent future need of short Pulse users

* Long Pulse for Phgsics ﬂexibilitg (cold and thermal neutrons available)

< 14 -
512310 -
Y 14 - 300 Kkj/puls )
NE 1'0"1;33 : F. Mezei, NIM A, 2006
S ;
% 8,0x10 - T
Lot | |
S 6,0x i

“Pulsecl colcl neutrons w:” ® 13 |
5 4010 |

alwags ]:)e long Pulsecl as @ 13 ]/

l [ h 5 20x10 7/
aresult or the g i
. 9 + O’Oi""I"'\“"\"“I"“I""I

moderation PrOCCSS LE 0 500 1000 1500 2000 2500 3000

c

Time[ u s]
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Target station lagout

Hanc“ing Proceclures
Handliz{g of active comPonents
Redun ancy of sgstems: ) saFetg barriers

C) ; d ST ]

> I N ’ LThe ESS as a gateway to applied science| INFN Pisa | 2013-01-21 | Christine Darve
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Target monolith

e  “The source” of the neutrons

. Target wheel
- 7t replacecl - every 5 years

e Moderator-reflector PlU% (shown N
Posmon reaclg for vertic extractlon)

— 10t replacecl every year

¢ Accelerator PrOtOﬂ beam WiﬂClOW

SR RN .
.3 é\;)z 1,L|“ b 2 \ ‘
- 4 LR P ke
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Target and Neutron guiclcs

Nombre de neutrons par proton

60 T T T L) I T L3 T T —[ T T T T T T 1 T ‘ "
i Pl Choice of target material
50 # //,/”O U . Access to water
C - 1 cooled
E /:,D i i shielding blocks
L 57 & m ] if necessa
40 - //,g ,/:::’8 W - s i
r //// =) ’:” 1
i /’//,/ ’::/ :
30 8, /:g/ 3] He-valve
C i e————+ Pb 2 plug
////y///fl +”/+— -
B o g
E g ] PBW
o ¢ . plug
O AT A T 1 | T Jiiy = i
0 { 2 3 4 PBW:
Energie du Coating (~100 C)
Y(E,A)=0.1 [A+20] [E (GeV) pratis {he¥) H and V grid
-0.12)] n/p halo

Rotatin g ta rget> i

Y ll"‘

14

— 3 :
;- ’ 'I\\\ =

o

O_ptical and Beam Instrumentation Plug
signal path « Optics (upstream,
downstream, H and V)
2 o « Hand V grid
N R - halo
hig's
0C 11
= u‘
£y

Target shaft

|

Target
diagnostics
(no details yet)

Target wheel

Coating on
target (<200 C)
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The ESS accelerator

FDSL 201210 02

ol 352.2 | MHz sl <l 704 42 MHz sl
E24m—> €40m-> €36m> €324m> €585m—> &lI39m—> <2279 m—> «——I1598m——>

Source HEBT & Upgrade

75 keV 3 MeV 78MeV 200 MeV 628 MeV 2500 MeV

ESS beam parameters
o Normal conducting / Italia-Denmark-Spain Beam current |, 50mA
- Microwave Discharge lon Source (MDIS-E
owa arge lon S0 (MDIS-ECR) length G, 283*10%s

- Raclloﬂcrequencg quadrup!e (RFQ) | ; )

. . Pulse perio T 1/14s
- Drift Tube Linac £2 -

Number of N 1.01*108

- Beam transport section
bunches per pulse

, Bunch frequency F 352.21 MHz
. SuPerconcluctmg / France °

- Double spoke resonators
- E:”iptical cavities (medium beta and high beta) Chargeperbunch g, 1,42*100 C

Bunch period T, 2.84*10°s

e
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ESS Accelerator as a team work

2018 2017 2018 2019 2020 2021 202
02[03]os]a1[a2[a3]os4 a1 [e2a3 o4 [a1[e2]a3]as [at1 a2 a3 a4 [a1 Jo2]a3[as | at a2 a3 o4 [a1 ]

o + First Access to Upgrade space (test stand)(g)] v l"l
Now enter ngin # Beam Liscense available {g) Operatlon pnasc
. + Cryo-plant buildings for test stand ready (g) € b Y
Construction Phas c (2'015"2025 ) * Full Access to Accelerator Building (Gallery and tunnel) (g)

¢ Target Building access (g)

, + Target Cryoplant comissioned (g)
Accelerator Design Upgradc + Normal conducting beam commissioning starts

ADU WP (2010-2012) * 80MeV protons available

+ Super conducting beam commissioning starts

+ Medium Beta systems ready
“ sprl > — * Spoke systems ready

+ 630 MeV Protons available
'  High Beta systems ready
Cristina Oyon

+ First Proton to Target (g)

§ + End of Construction ACCSYS
Steve Peoggs ; o
o David McGirnis

Work Package (work areas)

Romuaid Dupender, 1. Management Coordination — ESS AB (Mats Lindroos)
(30 yaars ago)

- 2. Accelerator Science —~ ESS AB (Steve Peqggs)
o = (3. Infrastructure Services — now ESS AB!)

Roger Rubet, marvirsirer \



Proton source

Based on knowledge acquired with TRIPS, SILHI and VIS high intensity
proton sources —> See TRASCO Program

Status

——— — TRIPS PLASNA CHAWBER WICROWAVE
v i
Proton current 55 mA .«,,Q' o ”:‘;_L.? 7
Proton fraction =80% 5 -
Upto 1 kW @245 E= : 3 @
RF power, Frequency w |
GHz 2 [t ) e
Axial magnetic field 875-1000 G E g.) 1
Duty factor 100% (dc) m .
Extraction aperture 6 mm
L 00.8% @ 25mA
Reliability
(over 142 h)
Beam emittance at RFQ | 0.07ammmrad @
32 mA

Electron Cgclotron Iﬁ;ﬁTonance (ECR) source reliable
in term of current stabilit I

y and avai abilitg

*Movable magnetic system composed by two solenoids
*Five electrodes extraction system

Prototg[:)e roton 1on source oPerational

(and undet* further deve oiment) in Catania

<
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Proton source & LEBT

HV HIGH MAGNETRON AUTOMATIC SOLENOIDS EMITTANCE
TRANSFORMER POWER + TUNING + MEASUREMENT
ELECTRONICS CIRCULATOR UNIT STEREERS UNIT
RACK
—
] (1)
YRR
R e ccp
M M DIRECTIONAL STOP
COUPLER
7
) /
C i
T™P ™P
FLOOR / 1T X1
DEMINERALIZER COMPUTER BODY CHOPPER
CONTROL SOURCE  (t.b.d.) LEBT 2520
RACK
COILS FOUR SECTOR
DIAPHRAGM
SILHI operates at 245 S \
or? GHzl ECR zone at 5 ] \
RF entrance-600- - D P l
HERRNRRNN 1'1‘ |cm|llm ht‘ﬁkﬂ"m
s — AL H S ”“UE""]N
L
MATCHING PLASMA EXTRACTION DCCT DIAGNOSTIC
TRANSFORMER CHAMBER COLUMN

BOX
B E 2
3 LThe ESS as

’.
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Raclio~l=recluencg Quaclrupole

- Structure to bunch and accelerate the beam oF charged Particles

intensitg and low @mittahce grown requeste )

?h ilgrL\/olve in cletermining the c]ualitg of the beam

2zt 101

o Electric e

IPHIRFQ at CEA-Saclay

TraceWin - CEA/DSM/Irfu/SACM

s{ DPeam clensit? as a function of radius along the RFQ [
| > Tobe rep aced bg the new 4 m RFQ - -

. FQ tests for ESS conditions to
e ‘:) rformed at CEA, in close
colla

Aufuap 3d1.ed pazijew.soN

oration with INFN-LNL

7 / ]
T / /
\ /4 ~_ /




Meclium-E:nergg Beam Transport —~ SPain

- Beam transl:)ort to match to DTL Parameters

T e /.

J120 130 449 469 1248 1924 489 o3 ~J30 /130 TN520 49 59 130 70
/’ \
4 /r-\ T |
B  — " | B I I — B
S~ ! H . /-f 11 - = ",}P:,/‘
-2~ N, 176 [-I:II:I <] Pt »
E e 2608 l 70/ :»-“/ 70 K.«/ox l 70 70
I I AT 114 116 11 116 16 116 116 114 116
Parameter Unit Value
Layout of the MEBT includes: inpmt: egyB MeV . 037 os
‘ nput s N .
* aslf CHOPng Total Current mA 50
 (Collimator , Particle protons (H)
* Beam Instrumentation Number of quadrupoles 10
e 10 Minimum quadrupole gradient T/m 9
Uadrupo C,S, Maximum quadrupole gradient 7T/m 30
e 2 bU ncher cavities Number of buncher cavities 3
Frequency MHz 352.21
Peak power per cavity kW 14
Effective Voltage, E,T'L kV 150

S a gat INFN Pisa | 2013-01-21 | Christine Darve
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Drift Tube Linac - Italia

> to accelerate H* from 5 to 80 MeV at 552.21 MHz, with
a clutg cgcle of 4%

e The DTL esign Is based on the mechanical design
and Prototgping of CERN Linac4, involving design
work at ESS and in Legnaro

* Four tanks with Permanent Magnet Quaclrupole
(range is from 70 to 30 T/m) >

wl

Tank machining at Cinel (Vigonza~lta|9)

é | EUROPEAN 4 5 F 3 - ¥is ‘
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Drift Tube Linac as link to the suPcrconclucting Linac
Main LINAC Parameters for NC and SRF

Tank maclﬂining at Cinel (Vigonza~lta|9)

Parameter Unit Device Value
Length m LEBT 2.4
RFQ 4.0
MEBT 3.6
DTL 32.4
Spokes 58.5
Medium-53 113.9
High-3 227.9
Number of cryomodules Spokes 14
Medium-53 15
High-3 30
Cavities per cryomodule Spokes 2
Medium-j3 4
High-3 4
Optimal 3 Spokes 0.50
Geometric 3 Medium-j3 0.67
High-3 0.92
Transition energy MeV  Source-RFQ 0.075
RFQ-DTL 3
DTL-Spokes 78

Spokes-medium-5 200
Medium-high-j3 628

<l 352.2| MHz s <704 42 MHz -
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HEBT & Upgrade

75 keV 3 MeV 78 MeV 200 MeV 628 MeV 2500 MeV
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5|:>0|<c crgomoclulcs — PN Orsag/ CNRS

DOUBLE-SPOKE CAVITY SPECIFICATIONS

- First accelerator to integrate sPoke cavities

Beam mode (4% Z:I;e:ycle)
. Natura”g stitf (less sensitive to mechanical Frequency [MHz] 3522
erturbation such as vibrations) ?eta_opttima'(K) 0-50
Ky i i 3 emperature
e Exhibit hlgh c'je” to cell coul,al,mg (no field Bok ] 70 (max)
Hatness requlrecl, less sensitive to HOM or  Epk Mvim] 35 (max)
Gradient Eacc [MV/m] 8
traPPCCl mOClCS> Lacc (=beta optimal x nb of gaps x A /2) [m] 0.639
* Not susceptible to Aipole steering effect Bl AIETEE T C e
Epk/Eacc <4.38
. H{%h/longituclinal a/cceptance (accelerating S o G =
erriciency over a wide range) P max [kW] 300 (max)

Eurisot Pler and cold
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5P0|<e crgomodules -~ IPNO
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> Crgomodule IS mainlg comPosed
e 2SRF spokes cavities »
e 2 power couPlers
« 2 cold tuning systems
* Supporting system
. Thgfmal sﬁgie cling
* Magnetic shielcling
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Parameter Unit Value

E"iptical Crgomoclules —~ CEA riaquey M 70ia2

Temperature K 2
MEDIUM-BETA

Output energy MeV 654
Number of cells per cavity 5
Geometric beta 0.67
Cavity length m 1.145
Expected gradient, horizontal MV/m 15
Expected gradient, vertical test MV/m 17
Cavity Qo 6 x 10°
Fundamental mode Qqr¢ 6.8 x 10°
Fundamental mode R/Q W 340
Average heat load at nominal gradient W 5.9
Power coupler power forward power MW 1.2

and 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 Qz;¢ 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 m and 47 /5 modes MHz 1.2
Iris diameter mm 120




E"iptical Crgomoclules —~ CEA/IPNO
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HEDBT, magnets and power suPPIies

SCVCr’al oPtical clesigns oF the High Energy Beam Transport sgstem have
been developecl during the evolvement of the ADU Projec’t.

Tl’]efresent clesign fultill the requirements including layout geometrg and
the 6 X 16cm? beam Foo’cprint on target with a sufficient Yy low maximum
current densitg to ensure a long target lifetime.

The technologies to be used for buildiné the magnets and power suEPlies
have been studied inclucling aspects of anc”ing and oPtimization or power
consuml:)tion.

target monolith

incl. target wheel
HEBT-S3 -

o
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HEBT-S2 ——dddm—

|
towards a second m
target station

— __jm
beam dump line ]
proton beam window

fixed collimator

HEBT-S1
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Main Features
One RFF power source per resonator

RF Sources

—  Pulsed cathode Hystrons for e”iptical,
DTL, and RFQ

—  Gridded tube for sl:>0|<cs (IOTs)
Two klgstrons per modulator for high beta
e”ip‘cical and four klgstrons per modulator
for medium beta c”ip’cical
50% overhead for RF regulation

- Adaptive low level feed-forward algorithms
and Low gain feedback

- High bandwidth Piezo tuners on
suPcrconducting cavities

Bundled waveguide stub lagout
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Main Clﬁa”enges

. Large number or resonators (>200)
* Large beam loading (QL < 7x105)
. Large Lorentz clequning (>50 c]egrees)

. Long Pulse Iength 3 mS “3 Lorentz
cletuning time constants)

* Large clgnamic range in Power(e”iptical
cavities range from 50l<W —to 900‘<W)

. Large average power (15 MW of AC bower)
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&RBre support from INFN to an ESS-like initiative..




Bcgond ESS Rcalitg and thanks to INFN suPPort

A non~ProFit organization created 139 a small
group o worldwide scientists SRSe)

> To stimulate and include more talented
Phgsics students From tl’]é Iess developed
countries in the world scientific communitg

> The aim of the school is to build c:apac:it to
harvest, interpret) and exploit the results o%
current and future Phgsics experiments with
Particle accelerators, and to increase Proﬁciencg
in related applications and technologics.

-2 To contribute to a worlcl w/ equal access to knowleclge
> To establish a biennial school to be hosted across sub-Saharan Atrica
> To cover the African students §~wee‘< classes attendance

international re-k
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Founding Agcncies and Institutes
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IN2F3 / S00L FOTYTICIRRANS NATIONAL LABORATORS /‘.
FEDERALE DE LAUSANNT \
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PAUL SCRERRER INSTITUY [*: s c“
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Institutional Support ICTP ital
AIMS, SA INFN, Italy
BNL, USA JUPAP, USA
CEA, France JLAB, USA
CERN, Switzerland JSA, USA
CNRS/IN2P3, France NEI ~ AIMS
DESY, USA NITheP, South Africa
DITANET, UK, Euro PSI, Switzerland
EPFL, Switzerland SLAC, USA
ESS, Sweden (+Privatc donation) Uppsala University, Sweden
FNAL, USA
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Governmental Institutions

Department of Energy, USA
Department of Science and
Technology, South Africa
French Eé%assy Accra

NRF, South Africa

NSF, USA

science| INFN Pisa | 2013-01-21 | Christine Darve

{(The ESS

P N

as a gateway to applied



Conclusion

The ESS embodies a gateway to appliecl science,

which recentlg entered in the “Construction Phase” ;

lnternational Sponsors to control the Project and technical cha”enges
e Involvement of European industrg in the coming year

e The success of the ESS accelerator clesign uPclate Project has been
driven bg the INFN and the EURISOL Project

e The ESSteamis eager to further collaborate
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