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The ESSnSB Project

ω The aimof the ESSnSBProject is to producean intense neutrino superbeamby usingthe 
high power proton beamof the ESS LINAC to searchfor CP-violation in the leptonicsector

ω In order to not affect the operationsof the neutron spallation source program, some
modifications are neededat the levelof the LINAC

ESS ESS+ESSnSB

Ion p p+H-

AverageBeam
Power

5 MW 5+5 MW

Proton Kinetic
Energy

2 GeV 2.5 GeV

Macro-pulse 
Current

62.5 mA 50mA

Pulse Repetition
Rate

14 Hz 28 Hz

Annual
Operating Period

5000 h 5000 h
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The ESSnSB Project
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ωFor the currentphase of the project, different WorkPackages are dedicatedto the 

design of different parts of the experiment, whichincludethe design of:

ωLINAC upgrade (Ben CƻƭǎƻƳΩǎTalk)

ωAccumulatorring (Ye½ƻǳΩǎTalk)

ωTarget Station

ωNear and Far Detectors (JoochuntŀǊƪΩǎTalk)

ωPhysicsReach(Monojit DƻǎƘΩǎTalk)
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The ESSnSB Project

ωMain components of the Target Station:

ωTarget usedfor the hadron production (mainlypions)

ωMagneticHorn for the focusingof the producedpions

ωDecayTunnel

ωBeamDump

ωDesign of the Target Station for the optimizationof the neutrino beamintensity, 

reducingat the sametime the electronneutrinos from the muon decay
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Target Station Facility
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The Target Station Facility at the ESS Site

Target Station
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Layout of the Target Station
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ÅPower SupplyUnit to 

deliver350 kA current

per eachHorn

ÅEachModule deliversa 

currentof 44 kA max at 

50 Hz
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Target ConceptualDesign

ÅPacked-bedtarget studiedat RAL within the 

EuroNuproject ( arXiv:1212.0732 )

ÅTitaniumalloycanistercontainingpacked

bedof titanium spheres(GasHeliumas 

coolingmedium)

ÅSingle spherediameter: 3 mm

ÅCanisterradius/length: 12 mm / 780 mm
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Target ConceptualDesign

Workunderinvestigation:

ÅDetailedanalysis of the vibrations of the spheres

ÅThermalstress calculations in the spheres

ÅFatigue life estimate of the spheres

ÅNumericalstudy of the dynamic and thermal 

phenomena in the pebble bed target

ÅTarget cooling issues

ÅEnvironmental effects (radiation damage, cavitation 

issues, etc.)
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Magnetic Horn ConceptualDesign

ÅMiniBooNe-LikeHorn made of Al T 6061-T6
ÅFollowing the Design for the EUROnuProject
ÅHorn Diameter/Length: 1.2 m / 2.4 m
ÅInner/Outer ConductorThickness: 3 mm/ 10 mm
ÅPeak Current: 350 kA
Å4-horn system ( each horn receiving proton beam of 

1.25 MW power from switchyard)
ÅAn 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
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BeamDump

Helium 
Vessel  + 

Iron Plates

Upstream 
Iron Shield

Graphite Beam 
Dump

4m x 4m x 3.2m

Downstream 
Iron Shield

Outer Iron 
Shield

From EUROnu Design
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BeamDump

Å Best case scenario, but 
impossible in practice

Å Results agree with hand 
calculation

Å Worst case scenario for 
heat transfer

Å 0.4m x 0.4m extruded 
sections ςsimilar to T2K 

Several configurations have been tested to optimize heat exchange:

Case 2: Graphite blocks, no 

heat transfer across gapsCase 1 Solid Graphite
Case 3: Graphite blocks, helium 

conduction across gaps

Å Assumed 2mm helium 
gaps ςconservative

Å Assumed no convection 
ςconservative

From EUROnu Design
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Target Station Energy Deposition

IPACô17 Proceedings: E. Bouquerelet al, ñEnergydepositionandactivationstudiesof theESSnuSBHorn Stationò, MOPIK029

Beam dump :

Å Graphite        = 950 kW

Å Iron                 = 195 kW

Å Surr. concrete =     4 kW  

Decay tunnel

Å Iron vessel       = 424 kW

Å Upstream iron = 670 kW

Å Surr. concrete = 467 kW

Horns/Target gallery

Å Iron     =  613 kW

Å Horn   =    50 kW

Å Target = 168 kW

(N. Vassilopoulos)
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Energy Deposition(Target+Horn)

Ptg =   212 kW

Ph =    52 kW

13.6 kW

2.4 kW

21 kW, t=10 mm

2.8 kW

target Ti=65%dTi , RTi=1.5 cm 

6.3 kW, 

t=10 mm

radial profile of power density kW/cm3

FLUKA 2014, flair

(N. Vassilopoulos)
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Simulation of Particle Production 

in the Target Station

ÅTarget Station geometryimplementedin a 

FLUKA code (N. Vassilopoulos)

ÅTitaniumtarget: continousmedium with

reduceddensity( 66% rTi )

ÅProtons with 2.5 GeVkineticenergy, 

gaussianprofile with 1 s= 4 mm

ÅThe samecode isusedalsofor calculationof 

EnergyDeposition

ÅResultsshownfor I = 350 kA


