Radiation Shield
around ILC Beam Dumps

@ KEKYu Morikawa




Goalof this talk

U Estimate the required thickness of radiation shield.
(especially transverse directia

The amount of radioactive isotope generated in shield materials

was evaluated by Monte Carlo simulation (FLUKA).
V We take special care to estimate the thickness of the shield

so thatthere is no activation effect outside the tunnel.

Contents of this talks#

1. Brief Introduction of ILC beam dumps

2. Simulation of radioactive isotope production in shield materials
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Brief Introduction of
ILC Beam Dumps




ILC Beam Dumps

I : Electron Beam Dump
1 : Positron Beam Dump
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Type Power Purpose Absorber Place
A 60kW | Tuneup & Emergency Solid material 9[E1,E2,E3,E6,E7,E+1,E+2,E+3,E+(
B 400kW | Tuneup & Emergency Solid material 2[E4,E+4]
C 300kW | Photon Dump Water ? Graphite? | 1[E+7]
D 8MW 5+ 5 Hz Operation Liquid-water 1[E8]
E 17MW | Main BeamDump Liquidrwater 2[E5,E+5]

Total 15 Beam dumps in ILC . Beam dumps are classified into 5 types.
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Main Beam Dump (Water , type D&E)

Front view

Main Beam Dump Design

Water outlet q

N
Water inlets

Beam Window

Beam Power @ 1TeV Beam operation
500GeV 2.79nC 2450Bunches 4pulses/secl13.7MW + 20% safety margimy 17MW

Base Design*

Water power absorbemlandforced convectiorto extract the heat.
* Water is compressefl MPaK boiling temp 18
* Vortex water flowK Mass flow rate 104.5kg/seach inlet, flow velocity2.17m/s

1mm thickBeam Window made ofi-6Al4V.
Base design of ILC Main Beam DumisaB/amurthyet.al., NIM A 679 (2012
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Main Beam Dump (Water , type D&E)

Many simulations have been performed on this beam dump performance.*

Temperature simulation Pressure wave simulation
@1TeV Statusgsoocev, 2450bunchipulse, 4pulse/sec) @250Gevhominalkizscev, 1312bunchipulse, Spulse/sec)
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Highest Pressure : 6.2 barLowest Pressure-2.8bar

250GeVvnominal : 68® , 1TeV : 12©
Design check of ILC Main Beam Dump :Y. Morikawa, LCWS2018
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60kW Beam Dump (Aluminum , type A)

[Base Design of Type A] Made of Aluminum Alloy*1 Performance Test @ STF*2

6.633e+001
5.806e+001
4.980e+001

Sl Beam Energy : 15GeV
et Beam Size : 3mm, Beam Power : 60kW
Mass flow of Water :150L/min

Prototype of this beam dump was already made and has being tested at STF.

1 Design of other beam dumps :Y. Morikawa, LCWS2018,
2 Development of STF Beam Dump :Y. Morikawa et al ., Particle Accelerator Society of Japan 16(2019)
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400kw Beam Dump (Graphite , type B)

[Base Design of Type B] Made of Graphite*1

Beam Energy : 125GeV
Sweep Radius : 4cm, Beam Power : 400kW
Mass flow of Water :300L/min

pipes [Manufacture Issues])
* Graphite is shrink fitted into copper outer.
=Thermal contact resistance make
temperaturerise
* Graphite/Copper part is divide to some
pieces for manufacturing and connected
by welding.

@ Core absorber is cooled via copper outer.
Core Absorber(Temporary Design) : L4000 X 200¢(mm).
* Radiation Length(Graphite) :23.9cm , Morier radius(Graphite) : 5.9cm

Base design was created with reference t+§ FEEL beam dump.

1 Design of other beam dumps :Y. Morikawa, LCWS2018,
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Photon Beam Dump (Graphite or Water, type

Water Curtain dump & tumbling beam windev

A Tilted Graphitedump(no need beam window)*

Sub Plate
Photon Beam

Main Plate

1 10mrad
Z-axis

al(250GeV-stage:10mrad;2km)
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Increasing the effective beam size
by making beam incident on tilted graphit
Max temp for 250GeMighlumi stage
6140 (887K) @ Main plate
1430 (416K) @ Sub plate

We have 2 design candidaté&ater Curtainand Graphitedesign.

Basic thermal anaIyS|s was already done. Next issue will be how we can make
achnologyPhoton Dump Design and R&D planMorikawa,POSIPOL 2
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