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Outline

【Purpose】
・Studying about feasibility of Graphite Photon Dump

for ILC Undulator Positron Source 
⇒focus on 250GeV High luminosity stage in this talk

【Contents】
1.Design of Graphite photon dump
2.Energy deposition & DPA calculation
3.Temperature & stress simulation
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ILC Beam Dumps

Total 15 Beam dumps in ILC . Beam dumps are classified into 5 types.

Type Power Purpose Absorber Place

A 60kW Tune-up Solid material 9[E-1,E-2,E-3,E-6,E-7,E+1,E+2,E+3,E+6]

B 400kW Tune-up & Emergency Solid material 2[E-4,E+4]

C 300kW Photon Dump Water ? Graphite ? 1[E+7]

D 8MW 5 + 5 Hz Operation Liquid-water 1[E-8]

E 17MW Main Beam-Dump Liquid-water 2[E-5,E+5]

: Electron Beam Dump

: Positron Beam Dump
Photon Dump
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Graphite Dump Design
For 250GeV High luminosity stage
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Design of Graphite Photon Dump

【Base Idea】
①To enlarge the photon beam spot on beam dump
・putting long distance between positron target and beam dump(2km).
②To absorb beam heat only by thin Graphite
・tilting beam dump (10mrad (almost horizontal))

【Base Design】

Cooling mechanism : Only cooling water in copper
No cooling, protection gas : No need to introducing the beam window 

Photon Beam

10mrad Thin Graphite (t:1cm)

Sub Plate

Main Plate : 78kW deposited (65% of total) ⇒ Primary Beam
Sub Plate : 42kW deposited (35% of total) ⇒ Secondary (scattered) Beam

Copper plate



2017/10/25 6

Energy deposition & DPA
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Photon beam property

Photon Beam 250GeV stage 500GeV stage

Num of photons/bunch 8E12 2E12

Num of bunches/pulse 1312, 2625

Pulse repetition 5Hz

Peak Photon Energy 7MeV, 14MeV… 41MeV, 73MeV…

Beam power 60kW, 120kW 52kW, 104kW

Energy spectrum of 500GeV stage undulator photonEnergy spectrum of 250GeV stage undulator photon

Calculation by Yokoya-san
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Energy deposition – no tilt case

Calculation energy deposition of Graphite
・Simulation by FLUKA
・250GeV Stage Photon
・Bunches per pulse:2625
・Graphite density:1.82g/cm3

・No tilt,  Distance:1km

* Distance : from Positron Target to Dump
* PEDD : Peak Energy Deposition Density

PEDD:217 J/cm3
Depth:4cm(PEDD) ΔT=183℃/pulse

ΔT=363℃/pulse
PEDD:430J/cm3
Depth:4cm(PEDD)

・No tilt,  Distance:2km

Y-axis

No tilt geometry
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Energy deposition – tilt effect

Calculated energy deposition of Graphite
・Simulation by FLUKA
・250GeV Stage Photon
・Bunches per pulse:2625
・Graphite density:1.82g/cm3

PEDD:83 J/cm3
Surface(PEDD)

Z scale is 100 time larger

* Distance : from Positron Target to Dump
* PEDD : Peak Energy Deposition Density

PEDD:217 J/cm3
Depth:4cm(PEDD)

ΔT=70℃/pulse

ΔT=183℃/pulse

・No tilt,  Distance:2km

・Tilt(10mrad),  Distance:2km

Y-axis No tilt geometry

Z-axis

X-axis
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10mrad tilt
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Energy deposition-2km,tilt 10mrad

・Tilt(10mrad)
・Distance:2km
・PEDD:83 J/cm3

Z-axis

X-axis

Z-axis
(Beam axis)

X-axis

Y-axis
Graphite thick direction

Graphite/Copper
boundary
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Energy deposition – Graphite dump

Photon Beam

Energy deposition

250GeV High-lumi stage
PEDD:83 J/cm3 @Main plate

Y-axis

Z-axis
X-axis
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Energy deposition – Graphite dump

Main plate : total heat load 78kW
Graphite surface
PEDD:83 J/cm3

Sub plate
Graphite surface
PEDD:16 J/cm3

Y-axis

X-axis
Z-axis
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DPA

Main plate
Graphite surface
Peak DPA per pulse : 3.5×10-9

*Carbon Density : 1.82g/cm3,
*Carbon Energy threshold of DPA =30eV

DPA 0.315 after 5000 hour operation
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Temperature simulation 
Graphite Conductivity 20W/Km
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・Thermal conductivity is degraded by radiation.
・High temperature operation reduces degradation of thermal conductivity.(anneal effect)

degradation

*1 Neutron irradiation effect to thermal conductivity (T. Maruyama et al., Journal of Nuclear Materials 195(1992) 44-50.)
*2 An explication of design data of the graphite structural design code for core components of high temperature engineering test reactor 

(Ishihara M, Iyoku T, Toyota J, Sato S, Shiozawa S (1991) ,JAERI-M report 91–153)

Degradation by radiation*1 Anneal effect*2
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Degradation of Graphite thermal conductivity 

Degradation ratio : (after radiation)/(before radiation)

Operation temp(℃)
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Simulation settings

Detail Design

[Thickness]
Graphite:1cm 
Copper:10cm 

Material Property Copper(IG430) Graphite

Density(kg/m3) 8978 1820

Specific heat(J/kg-k) 381 650

Thermal conductivity(w/m-k) 387.6 20 
(degradation by radiation)

*Degradation of the thermal conductivity occurs in the beam irradiation portion, 
but degradation value is set throughout the graphite plate in this simulation.

・Steady state calculation
・Equation: Energy transfer
・Heat transfer rate of copper/water

is set to 1kW/m2k
・Copper plate is cooled by 

water(50℃)

Copper is cooled by water(50℃)

Simulation Geometry
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Temperature distribution Graphite conductivity：20W/(Km)

Temperature

・Max temp for 250GeV-High lumi stage :  614℃(887K) @ Main plate
143℃(416K) @ Sub plate

Whole dump

Photon Beam
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Temperature distribution Graphite conductivity：20W/(Km)

・Max temperature is 614℃(887K) for 250GeV-High lumi stage

Main plate

Beam

X-axis

Z-axis
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Max temp along Z-axis
@Graphite surface

Pick max values
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Temperature distribution Graphite conductivity：20W/(Km)

・Max temperature is 614℃(887K) for 250GeV-High lumi stage

Main plate

Beam

X-axis

Z-axis

Max temp along X-axis
@Graphite surface
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Pick max values
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Temperature distribution Graphite conductivity：20W/(Km)

・The temp gradient in graphite is very high, 
⇒Max temp strongly depends on graphite thermal conductivity.

Beam

Y-axis

Z-axis

Max temp along Y-axis @Main plate
(Graphite thickness direction)Te

m
p

 (
K

)

Whole dump

Graphite surface
of Main plate

Graphite/Copper
Boundary

Pick max values
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Thermal stress simulation 
Graphite Conductivity 20W/Km
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【Material Property】

Simulation settings

Graphite(IG430) Copper

Density(g/cm3) 1.82 8.9

Expansion rate(1/℃) 4.5e-6 1.77e-5

Young‘s modulus(GPa) 9.8 118

Poisson ratio 0.12 0.34

Tensile strength(MPa) 37 200

Only Main plate

[Thickness]
Graphite:1cm 
Copper:10cm 

Simulation Geometry
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【Total Deformation of whole system】

Deformation by thermal expansion. Include self weight

Deformation

Gravity

Backside is supported(not fixed)

Main plate is expanded 2.6mm in longitudinal direction.
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【Von Mises Stress of Graphite】

Max Von Mises stress of Graphite-plate : 24MPa

Tensile strength of Graphite-plate:37MPa

Thermal Stress
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【Von Mises Stress of Copper】

Thermal Stress

Max Von Mises stress of Copper-plate : 148MPa

Tensile strength of Copper-plate : 200MPa
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Slice design - Suppress the thermal stress

Slice Design
for suppressing the thermal 
stress 

Slicing

CopperGraphite
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Slice design - Suppress the thermal stress

【Total Deformation of whole system】

Deformation by thermal expansion. Include self weight

Main plate is expanded 2.5mm in longitudinal direction.

Gravity

Backside is supported(not fixed)
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Slice design - Suppress the thermal stress

【Von Mises Stress of Graphite】

Max Von Mises stress of Graphite-plate : 30MPa

Tensile strength of Graphite-plate:37MPa

Graphite surface



2017/10/25 29

Slice design - Suppress the thermal stress

【Von Mises Stress of Graphite】

Max Von Mises stress of Graphite-plate : 30MPa

Tensile strength of Graphite-plate:37MPa

Graphite backside
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Slice design - Suppress the thermal stress

【Von Mises Stress of Copper】

Max Von Mises stress of Copper-plate : 103MPa

Tensile strength of Copper-plate : 200MPa

Copper surface
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Slice design - Suppress the thermal stress

【Von Mises Stress of Copper】

Max Von Mises stress of Copper-plate : 103MPa

Tensile strength of Copper-plate : 200MPa

Copper backside
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Summary

 The max temp of graphite would be around 600℃. 
But, max temp strongly depends on graphite thermal conductivity.
We have to investigate further degradation issues.

 The DPA will reach 0.3 in 1 year operation.

⇒ possible to operate several years without replacement

 If the oxygen concentration in the vacuum is sufficiently reduced, 

there is no need to introduce a beam window in this graphite dump design.

 Main plate expand 2.5mm and there is problem of thermal stress. 

⇒ Next issue is to consider a structure that suppress the thermal stress.

Simulation results
（PEDD）83J/(cm3/pulse) ⇒ ΔT=70℃/pulse
（DPA） 3.5E-9/pulse⇒ 0.315@5000h operation
（Max Temp）614℃@ Graphite thermal conductivity : 20W/(Km)

1027℃@ Graphite thermal conductivity : 10W/(Km) ⇒ back up slide
（Max Stress） Base design : Graphite : 25MPa , Copper : 148MPa

Slice design : Graphite : 30MPa , Copper : 103MPa
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Thank you for your attention.
Do you have any questions?

The Oldest Zen Temple Kenniji (Kyoto)
I visited this summer.
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Back up
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Calculation check
LCWS2016[Is the Solid/Ar-Gas Photon Dump Possible?]

Comparison with Ushakov-san

500GeV stage High luminosity
Graphite Energy deposition
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PEDD:820J/(g pulse)

PEDD:1040J/(g pulse)

A.Ushakov-san

Morikawa

Mesh size :(X-Y,Z)=(20um,60um),Carbon density : 1.82g/cm3
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PEDD:220J/(g pulse)

PEDD:270J/(g pulse)

A.Ushakov-san

Morikawa

Mesh size :(X-Y,Z)=(20um,60um),Carbon density : 1.82g/cm3
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Graphite oxidation
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Oxidation speed

*The oxidization speed of IG-430 and the tensile strength of the oxidized IG-430 are measured 
by Toyo sanso Co. Ltd. commissioned by KEK

 In J-PARC Neutrino experience*,The speed of the oxidization of IG-430 at 800 ℃measured in 
the helium atmosphere with 1,000 ppm oxygen is 4.0x10-5mass%/hour/ppm.

⇒With 1000ppm oxygen and 800℃ operation temp,  Graphite plate is 1mm oxidized
after 250 hours operation in our dump design.
Of course, This oxidation time is 1,000 times longer if oxygen concentration is 1ppm. 

How much residual oxygen concentration can be lowered in our vacuum system?
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Tilting effect



・Tilt(10mrad)
・Distance:2000m
・PEDD:168 J/cm3
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Depth dependence of Energy deposition 

・No tilt
・Distance:2000m
・PEDD:324 J/cm3

・Tilt(10mrad)
Almost all energy is absorbed in 1~2cm depth 

・No Tilt
50 J/cm3 energy deposition still remain 

at 100cm depth

*500GeV stage Photon Beam 

No tilt Tilt(10mrad)

Energy deposition density vs graphite depth



・500GeV stage
・Tilt(10mrad)
・Distance:2000m
・PEDD:168 J/cm3
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Energy deposition(250GeV & 500GeV stage) 

・500GeV stage
・No tilt
・Distance:2000m
・PEDD:324 J/cm3

500GeV stage Photon Beam 

・250GeV stage
・No tilt
・Distance:2000m
・PEDD:217 J/cm3

・250GeV stage
・Tilt(10mrad)
・Distance:2000m
・PEDD:87 J/cm3

250GeV stage Photon Beam 

tilt



・No Tilt
・Distance:2000m
・PEDD:4834 J/cm3
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Energy deposition in copper

・No tilt
・Distance:48m
・PEDD:40679 J/cm3

*500GeV stage Photon Beam
* Distance : from Positron Target to Dump
* PEDD : Peak Energy Deposition Density
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Alternative Design – Photon Dump
Energy deposition

* Distance : from Positron Target to Dump
* PEDD : Peak Energy Deposition Density

High lumi stage:2625bunch
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Temperature simulation 
Graphite Conductivity 10W/Km
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Temperature distribution Graphite conductivity：10W/(Km)

Temperature

・Max temp for 250GeV-High lumi stage :  1027℃(1300K) @ Main plate
193℃(466K) @ Sub plate

Whole dump

Photon Beam

Te
m

p
 (

K
)
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Temperature distribution Graphite conductivity：10W/(Km)

・Max temperature is 1027℃(1300K) for 250GeV-High lumi stage

Main plate

Beam

X-axis

Z-axis

Te
m

p
 (

K
)
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m

p
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K
)

Max temp along Z-axis
@Graphite surface

Pick max values
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Temperature distribution Graphite conductivity：10W/(Km)

Main plate

Beam

X-axis

Z-axis

Max temp along X-axis
@Graphite surface

Te
m

p
 (

K
)

Pick max values

・Max temperature is 1027℃(1300K) for 250GeV-High lumi stage
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Temperature distribution Graphite conductivity：10W/(Km)

Beam

Y-axis

Z-axis

Max temp along Y-axis
(thickness direction)Te

m
p

 (
K

)

Whole dump

Graphite surface
of Main plate

Graphite/Copper
Boundary

Pick max values

・Max temperature is 1027℃(1300K) for 250GeV-High lumi stage


