Funded by the Horizon 2020 ESS

Framework Programme of the T NEUTRINO
European Union 635 S SUPER BEAM

The Design Study of the Target Station
for the ESS Neutrino Super Beani’roject

Lori1 s DOAI es s

On behalf of the ESS/SB Collaboration

c COS t NUFACT2019, DaeguKorea

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY 29082019




The ESTSB PI’OjeCt @ég IEJSESUTRINO

SUPER BEAM

| ESS | ESS+ESSB
lon P p+H

AverageBeam 5 MW 545 MW
Power
ProtonKinetic
. W
5 \\\\\\A_ e 2GeV  2.5GeV
] —— =
SESTRUEE g o | S
Current
— — PulseRepetition 14 Uy 28 Hy
| Rate
Annual
OperatingPeriod 5000 h 5000 h

w Theaim of the ES8SBProjectisto producean intense neutrinsuperbeanby usingthe
high power protorbeamof the ESS LINACdearchfor CRviolation in theleptonicsector

w Inorderto not affect theoperationsof the neutron spallation source prograsome
modifications areneededat the levelof the LINAC
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w For thecurrentphase of theproject, different Work Packages ardedicatedto the
design ofdifferent parts of theexperiment whichincludethe design of:
w LINAC upgrade (Bénz2 f a®lK)Qa
w Accumulatorring (YeY22 dzddd
w Target Station
w Near and Far Detectorddqochurt | NJpalK) a
w Physic®keachMonojit D 2 a KalR)a
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Target Station Facility

w Main components of the Target Station:
w Targetusedfor the hadron productionrfainlypions)
w MagneticHorn for thefocusingof the producedpions
w DecayTunnel
w BeamDump
w Design of the Target Station for tlogtimizationof the neutrinobeamintensity,

reducingat the sametime the electronneutrinosfrom the muondecay
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The Target Station Facility at the ESS Site @@Sbwwwo
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Layout of the Target Station eV e
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—» Cold flow in
<4— Hot flow out

A Packedbedtarget studiedat RALwithin the
EuroNuproject ( arXiv:1212.0732 )

A Titaniumalloy canistercontainingpacked
bed of titanium spheregGasHeliumas
coolingmedium)

A Singlespherediameter. 3 mm

A Canisteradiusiength: 12 mm /780 mm

power input = 45384.7 [W ]
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—» Cold flow in
<4— Hot flow out

Work underinvestigation:

A Detailed analysis of the vibrations of thepheres

A Thermalstress calculations in thepheres

A Fatiguelife estimate of thespheres

A Numericalstudy of the dynamic and thermal
phenomena in the pebble badrget

A Target coolingssues

A Environmental effects (radiation damage, cavitation power input = 453647 [ W]
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Magnetic Horn Conceptual Design eV e
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A MiniBooNeLikeHorn made of Al 5061T6

A Following the Design for thleURONUProject

A Horn Diamete¥Length 1.2 m /2.4 m

A InnerOuter ConductorThickness3 mm/ 10 mm

A PeakCurrent 350 kA

A 4-horn system ( each horn receiving proton beam of
1.25 MW power from switchyard)

A An update of the magnetic horn design is on going
to improve the focusing properties and to assess
the longevity of the horn and the efficiency of the «¢

cooling system
29/08/2019
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Beam Dump D e,

Several configurations have been tested to optimize heat exchange:

Case 2: Graphite blocks, no Case 3: Graphite blocks, helium
heat transfer across gaps conduction across gaps

Case 1 Solid Graphite

A Best case scenario, but A Worst case scenario for A  Assumed 2mm helium

impossible in practice heat transfer gapsg conservative
A Results agree with hand A 0.4m x 0.4m extruded A Assumed no convection
calculation sectionsc similar to T2K C conservative
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Target Station Energy Deposition ® 3s§>sb NEUTRING

- = Beam dump :

B A Graphite = 950 kW
- A Iron = 195 kW
A Surr.concrete = 4 kW

Horns/Target gallery Decay tunnel (N. Vassilopoulos)
A Iron = 613 kW A Iron vessel = 424 KW
A Horn = 50kW A Upstream iron = 670 kW
A Target = 168 kW A Surr. concrete = 467 kW

|
IPACAL7 ProceedingskE. Bouquereletal, AiEnergydepositionandactivationstudiesof the ESSnuSBiorn Statioro, MOPIK029
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Energy Deposition(Target+Horn) @@S‘D NEUTRINO

L. D'AlessiESSnuSB Target Station

29/08/2019 NuFACT2019




Simulation of Particle Production _ ‘DESESUWNO
in the Target Station CHVS

SUPER BEAM

A Target Statiorgeometryimplementedin a
FLUKA code (Nassilopoulos

A Titaniumtarget continousmediumwith
reduceddensity( 66%r ;)

A Protonswith 2. 5 GeVkineticenergy
gaussiarprofilewith 1s =4 mm

A Thesamecodeis usedalsofor calculationof
EnergyDeposition

A Resultsshownfor | = 350 kA
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