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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

KEK IPNS   KEK IPNS   T.IshidaT.Ishida / Y.Oyama/ Y.Oyama / / M.TadaM.Tada

Y.YamadaY.Yamada / H.Yamaoka/ H.Yamaoka
CCLRC RAL CCLRC RAL C.J.DenshamC.J.Densham / / V.B.FrancisV.B.Francis

D.L.WarkD.L.Wark
KEK MEC    KEK MEC    S.KoikeS.Koike

Status of the T2K Status of the T2K HadronHadron Absorber DevelopmentAbsorber Development

1.1. Base design for the hadron Base design for the hadron 
absorber core and the absorber core and the 
helium vesselhelium vessel

2.2. Analysis results for vessel Analysis results for vessel 
and shields and shields 

3.3. Summary, ScheduleSummary, Schedule 05.11.18 at the point where the beam dump will be installed05.11.18 at the point where the beam dump will be installed
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)StatusStatus

Material property measurements and basic cooling tests finished.Material property measurements and basic cooling tests finished.

Heat and stress simulations for the hadron absorber core have beHeat and stress simulations for the hadron absorber core have been en 
done and a base design has been established.done and a base design has been established.

Base drawings both for the core and for the helium vessel which Base drawings both for the core and for the helium vessel which 
encloses the core have been drawn taking installation and encloses the core have been drawn taking installation and 
construction scenario into account.construction scenario into account.

JFY2006JFY2006

Tender has been done for the graphite production.  A successful Tender has been done for the graphite production.  A successful bid bid 
with spec as planned, 49 x 2.4 m bars of SEC Co. PSGwith spec as planned, 49 x 2.4 m bars of SEC Co. PSG--324.324.
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Beam Dump and Beam Dump and MuonMuon Monitor AreaMonitor Area

Cover off axis angle between 2degree to 2.5 degree Cover off axis angle between 2degree to 2.5 degree 
Goal: cool down 1MW heat loss for future MW operation (without mGoal: cool down 1MW heat loss for future MW operation (without maintenance in dump pit area !)aintenance in dump pit area !)

Beam Dump PitBeam Dump Pit MuonMuon Monitor PitMonitor Pit

10m 4m

Target StationTarget Station

Decay VolumeDecay Volume

Helium VesselHelium Vessel
OA 2OA 2oo

2.52.5oo
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)The T2K The T2K HadronHadron AbsorberAbsorber

BeamBeam
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3,1503,150

A Core UnitA Core Unit
In total 14In total 14

Aluminum cast Aluminum cast 
with inside water pipewith inside water pipe

Graphite Blocks
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Core AssemblyCore Assembly

The blocks will be piled up and fastened to Al cooler The blocks will be piled up and fastened to Al cooler 
from bottom to top on a base frame. from bottom to top on a base frame. 
The core units loosely supported by a steel frame to The core units loosely supported by a steel frame to 
allow thermal expansion.allow thermal expansion.
Top of the graphite blocks is held by iron plates + Top of the graphite blocks is held by iron plates + 
spring washer, in order to bear for the earthquake.spring washer, in order to bear for the earthquake.

<1
00

um

<1mm
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)A Core UnitA Core Unit

7 graphite blocks fastened to an 7 graphite blocks fastened to an 
waterwater--pipe pipe castedcasted aluminum aluminum 
cooler by screws. cooler by screws. 
This is to realize This is to realize a few kW/ma few kW/m22K K 
heat transfer between themheat transfer between them
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

Heat and Stress Analysis for the Heat and Stress Analysis for the 
Absorber CoreAbsorber Core

2.8mm2.8mm

2.8MPa2.8MPa

3 MW / 30 GeV / 94 m DV3 MW / 30 GeV / 94 m DV

620C620Coo

Thermal Links between blocks correctly Thermal Links between blocks correctly 
taken into accounttaken into account

Can survive for 3MW/30GeVCan survive for 3MW/30GeV
Assumption: current target and horns Assumption: current target and horns 
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

RT~900degCRT~900degC
Parallel/Perpendicular to Parallel/Perpendicular to 
ExtrusionExtrusion
2 measurements each, 16 2 measurements each, 16 
samplessamples

Tensile Strength: 7~8.5MPa(//) 4~5.5MPa (Tensile Strength: 7~8.5MPa(//) 4~5.5MPa (perpperp.).)
Cf. Bending Strength: 14.7MPa(//)Cf. Bending Strength: 14.7MPa(//) 9.8MPa(perp.)9.8MPa(perp.)

Tensile Strength at High TemperatureTensile Strength at High Temperature
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Oxidization (in the Air)Oxidization (in the Air)
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@Surface@Surface InsideInsideGray ZoneGray Zone

Due to Due to 
low flow ratelow flow rate

600degC: Helium should be < 30ppm 600degC: Helium should be < 30ppm OO22, 650degC: <10ppm , 650degC: <10ppm OO22 (1~5% loss for 20yrs)(1~5% loss for 20yrs)

MeasurememtsMeasurememts under 1,000 under 1,000 ppmppm OO22 at 800degC/650degC are going on.at 800degC/650degC are going on.
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Cooling TestCooling Test

3.63.6℃℃

58.258.2℃℃

PSGPSG--324324

SUS pipe SUS pipe castedcasted Al alloy (JIS AC4CH)Al alloy (JIS AC4CH)

670

Heater (1kW)

Heat flow rate at cooling surface with screwHeat flow rate at cooling surface with screw--fastening is measured to fastening is measured to 
be be >4.5kW/m>4.5kW/m22KK
Similar measurement in Helium soon.Similar measurement in Helium soon.
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Graphite Machining PlanGraphite Machining Plan

7 blocks will be machined at once, to 7 blocks will be machined at once, to 
make good surface quality ~ 100ummake good surface quality ~ 100um
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Helium VesselHelium Vessel

Vessel is composed of 200mmVessel is composed of 200mm--thick thick 
recycled iron plates from K2K MRD   recycled iron plates from K2K MRD   

40channels of water paths (outside)40channels of water paths (outside)
Serially connected to DV plate coilsSerially connected to DV plate coils

Beam Dump Beam Dump 
Core hereinCore herein
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)
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V7 M3 V8

Inner Iron ShieldsInner Iron Shields

Downstream Iron Plates (was Copper Cast Blocks)Downstream Iron Plates (was Copper Cast Blocks)

HeliumHelium VesselVessel

Outer Iron ShieldsOuter Iron Shields
(air cooling)(air cooling)UpstreamUpstream

Iron PlatesIron Plates

Absorber Absorber 
CoreCore
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

Heat and Stress Analysis for 1Heat and Stress Analysis for 1stst

downstream plate (1)downstream plate (1)

300mm pitch
3000W/m2K
Other: 5w/m2K

Plate coil 
both-sides

Heat density (W/m3)
Max. 1.6W/cm3/4MW
124.4kW/plate

K2K MRD plateK2K MRD plate
(M3)(M3)



NBI06, CERN, September 2006NBI06, CERN, September 2006 1515

Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

Heat and Stress Analysis for 1Heat and Stress Analysis for 1stst

downstream plate (2)downstream plate (2)

242C242Coo with 40GeV/3MWwith 40GeV/3MW 116MPa116MPa 1.3mm1.3mm



NBI06, CERN, September 2006NBI06, CERN, September 2006 1616

Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

Heat and Stress Analysis for the Heat and Stress Analysis for the 
upstream shield platesupstream shield plates

40GeV,  4MW40GeV,  4MW

EMENTS

MP
OR

NV-HCOE

1 MN

MX

test7_060613_f-shield_temp                                                      

30.264
37.673

45.081
52.489

59.898
67.306

74.714
82.123

89.531
96.939

JUN 14 2006
11:55:15

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
TEMP     (AVG)
RSYS=0
SMN =30.264
SMX =96.939

97C97Coo
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test7_060613_fs_usum                     

0
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test7_060613_fs_seqv                     
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1.8mm1.8mm 160MPa160MPa
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

Half wireHalf wire--frame modelframe model
With rigidity of componentsWith rigidity of components
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Seismic AnalysisSeismic Analysis

X
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XYZ

Fix X,Y,Z

XYZ

Fix Y 

LINK10(Comp. only spar)

••GraphiteGraphite
••ScrewScrew
••AluminumAluminum
••SupportSupport

Eigen FrequenciesEigen Frequencies
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)SummarySummary

Working base design in hand. Production of all graphite blocks sWorking base design in hand. Production of all graphite blocks started, tarted, 
towards the completion within this FY. towards the completion within this FY. 

Machining will pay good attention to the surface quality. Machining will pay good attention to the surface quality. 

R&D works for the graphite core are still continuing.R&D works for the graphite core are still continuing.
(1) how to fasten  (2) how to support  (3) cooling module design(1) how to fasten  (2) how to support  (3) cooling module design

Goal is to make one of real graphite core units within the FY.Goal is to make one of real graphite core units within the FY.

Detailed design works for the helium vessel is also going on towDetailed design works for the helium vessel is also going on towards the ards the 
completion until next January with a company.completion until next January with a company.

We will install waterWe will install water--cooling iron shields in the vesselcooling iron shields in the vessel
Design work to be completed also at the same time.Design work to be completed also at the same time.
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Schedule (FY06)Schedule (FY06)

Production (FY07) Installation(FY08) Production (FY07) Installation(FY08) 
Need to finish whole R&D and design within this FY.Need to finish whole R&D and design within this FY.


