ILC Beam Dump design

[Situation & motivation]
“Pre-lab phase of ILC will start from April.2022
*We wants to discuss about R&D items of ILC dumps in pre-lab phase.

e Yu Morikawa
(i) KEK Accelerator Laboratory

(yu.morikawa@kek.jp)




At the beginning

This time, | will talk about overview of main and tune-up dumps.
(Photon dump introduced last time is a special one.)

[Development in the last few years)

*Our team is responsible for ILC beam dump R&Ds and radiation protection issues.

*We proceeded the following R&Ds with limited budget and manpower.

Recently, the movement toward the realization of the ILC has become active
internationally. In Japan, R&Ds with companies have begun on dump development.

Simulation & base designingw
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ILC Beam Dumps

[ : Electron Beam Dump

3 : Positron Beam Dump include change

£ in 2016.Nov.
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There are 15 beam dumps in the ILC

| Type |Particle | _Power | Absorber | Remaks |

e’/e* 60 kW Aluminum For accelerator tuning.
= Tune-u :
- P s . For main linac tuning. It’s also used for beam =
. e/e 400 kW Graphite . ) 1
: abort in emergency of main dump. .
‘lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll'
hi
Undulator photon Photon 300 kW Graphite or Undulator photons.
Include safety factor water
D [ GarEie o 8 MW Water Required for p‘05|tron generation during low
energy operation.

: Mai s 17 MW B E
: Main Dump e’/e Include safety factor Water Operation time : ~5000 hour/ year :




Main Beam Dump

Base designing is already done and published in NIM*.
“In order to proceed the more detailed designing,
now we have started discussions with companies(especially window).

*P. Satyamurthy, et.al., NIM A 679 (2012)




Base Design of ILC Main Beam Dump

Inlet
®8inch

Zoom

Water outlet q

Water inlets

Beam Window

[Base Design]

-Water absorber and forced convection to extract the heat.
* Water tank body : $180cm X 1100cm = ~28m3, 31.5 radiation length.
* Water is pressurized 1 MPa = boiling temp 180°C
* Vortex water flow = Mass flow rate : 104.5kg/s each inlet, Ave flow velocity 2.17m/s
*Beam Window made of Ti-6Al-4V.
Beam sweep : 1kHz sweep, sweep radius : 6cm




Cooling capacity

Peak energy deposition density : 170J/cm3/pulse @190cm
Peak longitudinal power : 43kW/cm @280cm

Time variation of max temp
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Pressure wave in water @ 250GeV stage

_ @ Thermal expansion due to beam heat generates
Spreading the pressure wave
the pressure waves
@ Since the pressure wave also produces negative
pressure, cavitation (bubble formation) occurs
depending on the intensity.
@ The negative pressure intensity of the pressure
wave is about -3 atm, and the water is
pressurized at 10 atm.

Time variation of Max & Min Pressure in water @Z=115cm

6.00E+02

P Maximum Pressure * Minimum Pressure

In Beam Pulse

A 4

4.00E+02

kPa)

= 2.00E+02

0.00E+00

Pressure

-2.00E+02

-4.00E+02
0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00

Flow time(usec




Window - thickness optimization
-Water Pressure 1IMPa, E—LASLT-FEDISHERE. . .

140

132

- 120

- 100

Temp(°C)

67.7 | 60

- 40

Von Mises Stress(MPa)

*Window thickness:5mm X ‘ 20
* Heat Transfer rate:500W/m2K 4 Stress at zenithpikass

- Zenith Stress:31MPa oo Heat transfer rate: SOPW/ 2K .
* Max Stress:47MPa 0 1 2 3 4 5 6 7 8 9 10 11

. . . Window thickness(mm)
* The baseline thickness is 1 mm.

* From result of simulation, stress is the lowest when the thickness is 5mm.
(Tensile stress of Ti6AI4V ~ 1GPa, and peak stress of window is “~50MPa @t=5mm.)




Beam Dump Area

Surge tank & H, recombiner

Filters

Primary Heat
Exchanger

Storage tank

(for maintenance and emergency)

Maintenance room
(window replacement etc..)

- We have no concrete design yet, we will proceed it.

* It is also important to take measures against leakage of activated water.
The ILC site does not flush radiated water.




Tune up Beam Dump(60kW)

*Mainly used in initial commissioning




,""‘: Examples of multi-10kW dump

Steel End Cap

BTM pressure tubes T = < - i ‘_ ; ] : :

o Steel Shielding "M\ Steet shieling / Outer Core
LCLS-Il TN-17-12 *Max 120 kW = 4GeV X 30pA
LCLS-Il Beam Dumps *Absorber : A6061-T6

flange integrated
88 — Al junction

+—>
~4-Ry

*There are good examples in the world.

10em  6.5¢cm

i
S—e'—:;“s—f:f;:;!gg c—"c—'“—"m'?t > NW63, Al-pipe I;‘: / ! S
eam vac ’ _ : "It needs to be well designed,
class 100 | coolin iven by shielding : o .
vy | varer I a8 but it’s not a big obstacle.

Figure 16: Common design scheme for all low energy dumps (INJ, BC1 and BC2).

Max 12kW = 300MeV X 40pA, Aluminum

Description of the beam dump systems for the European XFEL,
20.12. 2013

2020/11/25 11




Base Design - 60kW

~Main part : A6061-T6
(only end stop is made of SUS304)
“Size : L140cm X $p35cm

Water Pipes :

Core absorber

Beam Pipe

Beam Energy : 15GeV
Beam Size : 3mm, Beam Power : 60kW

 Designed with reference to the LCLS-2 dumyp PERD:32(/g/pulse) @ 2=30cm

Peak Longitudinal Power:880W/cm @Z=45cm

We think there is no problem with thermal issues.

2020/11/25 12



Beam Dump operation for STF @KEK

Test accelerator for R&D of Superconducting RF @KEK

ILC-like beam!

[Beam spec]

* Particle : electron
*Energy : 900MeV
~ave Current : 42pA
“Power : 37.8 kW

2020/11/25 13



[ Maximum Beam Power(design)]
900MeV X 42uA=37.8kW

[Beam Parameter(design)]

Max Charge = 3.2nC/bunch

Max num of bunch/train =2625
Max repetition = 5Hz

*STF dump was designed with reference to LCLS-II dump.
Commissioned from March 2019.
It’s good training for dump operation at ILC.

=Beam power is being gradually upgraded.
(FY.2020(now) :1.35kW , FY.2021 :13.5kW, F.Y.2022~ :135kW?)

A -~
sorber

2020/11/25

*STF : Test accelerator for R&D of Superconducting RF @KEK



Tune up Beam Dump(400kW)

*Mainly used in initial LINAC commissioning
Beam abort in emergency of main dump.
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Example of 400kW dump

* E-XFEL main dump will be good example of ILC 400kW dump
*Max Power = 300kW (typical 25GeV X 12pA), Graphite core.

06.5m
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Cooling Water — . _
T Comerele.
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Screen {2 ~NW200 9 pt
for beam profile |55 dl = Ho O
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Vacuum- Vacuum- N 2m O4m
section section Temp. Sensor Cabling

Main dump
segments
before EB
welding
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Main dump

segments

after EB

2020/1 488 Weldlng

Main dump with muff
for Argon system

Radsynch2015 — June 3, 2015 — Norbert Tesch




Base Design - 400kW

Structure of 400kW dump

“Core Absorber : 1G430
*Cooling Jacket : C1020(O-free Cu)
“Size : L400cm X p36cm

Beam Energy : 125GeV
Sweep Radius : 4cm, Beam Power : 400kW

"Beam sweep : $8cm PEDD:240(1/g/pulse) @ Z=110cm
Peak Longitudinal Power:6.5W/cm @Z=160cm

*We think there is no problem with thermal issues.
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Water dumps in USA

“Original of ILC water dump @SLAC
*Water dump still in operation @JLab

2020/11/25 18




SLAC - Water dump

@&

S

Sayed Rokni

Nov.2019, We visited to SLAC.

[ Contact Person])

- Sayed Rokni(Radiation ,Head)

Santana Mario(Radiation)

*Dieter Walz(OB, Developer of water dump)
*Ralph Nelson(OB)

'
l,‘]

i Toshiya ‘
— Sanami(Kek) _ Dieter Walz

Meet with SLAC member:

Ralph Nelson

S

g 24
[ =
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JLab - Water dump

Water Dump @JLab - 10GeV X100uA = 1MW

283 BEE Aluminum PIate(A6061-T6)

VENT 1 . . = = e |
LINE —\ 11 0D 051 0D / PRESSURE VESSEL

DISHED o o o o

HEAD / 4 I_l m

ENTRANT /

WINDOW /L S . | I— |

BEAM —= I FTB\\ —— =

WATER c =

NOZZLE \ / é ﬂ Top view of HX

plates. Thinnest

ﬁ;%‘ \ — \ plates 3/16” thick
CARRAGE — HEAT EXCHANGER DRAIN

Nov.2019, We visited to JLAB.

[ Contact Person])

*Rong-Li Geng(SRF scientist)

*Mark Wiseman(Engineering division)
*Tim Michalski(Engineering division)

Keep contact to discuss about water dump
experiences.



For the pre-lab phase

[ Situation & motivation]
“Pre-lab phase of ILC will start from April 2022.
*We wants to discuss about R&D items of ILC dumps in the pre-lab phase.

[Current status]

Base designing is done with reference to examples in the world.
Especially Main dump system was published in NIM*,

* In order to proceed the more detailed designing,
now we have started discussions with companies.

[R&D items])

* Details of main dump body, inlet & outlet pipes to realize designed water flow.

“ Details of beam window replacement system. Second beam window, etc
-Management of radioactive components. water, filters, components replaced, etc.
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Appendix




,',’,‘: Peak Energy Deposition Density

FLUKA simulation
Peak Energy Deposition Density in Water

) Dump(1 25GeV Begm)

" 200
g ' 500GeV(2450bunch/pulse)
1 . 125GeV(1312bunch/pulse)

A % = > S )
Energy Despo§ition Density per bunch (J/cm3)
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Max value along beam axis 1ol
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¢
> g
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?v_eamv Dump(125GeV Beam)

Vertical Axis(cm)
PO

200 400 600 800

Beam Axis(cm)

Integrate transverse

[250GeV nominal)

Max Longitudinal Power =
43kW/cm @ Z=280cm
[1TeV stage)

Max Longitudinal Power =
8.4kW/cm @ Z=230cm

2020/11/25
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Longitudinal Power(W/cm?2)
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FLUKA simulation

Longitudinal Power in Water
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in Heat Load of Beam Window

' ' b Nominal
250GeV 500GeV 500GeV 1TeVv 1TeVv
nominal TDR baseline Lum. Upgrade Energy upgrade TDR design

Beam Energy 125GeV 250GeV 250GeV 500GeV 500GeV
10
SISERTENS [FEF BV e 2x10% (3.2nC) 2x101° (3.2nC) 2x101° (3.2nC) 1.74x10 2x10%° (3.2nC)
(2.79nC)
Bunches per Pulse 1312 1312 2625 2450 2820
Pulse Energy 0.52MJ 1.05 MJ 2.10 MJ 3.41 M) 4.5MJ
Rep rate 5Hz 5Hz 5Hz 4Hz 4Hz
Average Power 2.6 MW 5.25 MW 10.5 MW 13.7 MW 18MW
e '\;';:ig:zrfzsit 10J/cm3 10J/cm3 20J/cm3 16.3)/cm3 22.5)/cm3
. v £3.9°C £3.9°C £7.7°C 16.3°C 18.3°C
per pulse
Total deposition power 14.2wW 14.2W 28.5W 18.5W 24.5W
Max DPA value 1.1x10° 1.1x10° 2.1x10° 1.7x10° 2.3x10°
Per pulse
DPA after 5000hour 0.1 0.1 0.19 0.12 0.17

The most severe condition

*Compare to TDR 1TeV status, Heat load of 250GeV nominal is 42%, decreased.
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.' FLUKA simulation
'-"‘: 1bunch energy deposition in water

Pressure rise is occurred by thermal expansion and propagate as pressure wave.
In water of main beam dump, pressure wave is generated by each bunch.

Peak Energy Deposition Density in water(125GeV Beam) Energy Distribution Profile at Z= 115cm (125GeV Beam)
14 12 F—
2 | {Peak Energy Deposition % i —
2 : _ {iht
S Density per bunch S ]!
< il | o I | \
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= z [ ] I‘.
el 1 ‘5 | ‘|‘
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> it Transverse Distribution g [ *a,
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e o 1 i \\
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Beam Axis(cm) Beam Axis(cm)

Max PEDD : 1.2)/cm3 @Z=115cm

=Heat Distribution @Z=115cm : 6x=2.55mm, ocy=0.53mm
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.' ANSYS simulation
P Pressure wave simulation

@ Pressure Wave Evaluation
Mie Gruneisen Shock Equation P =P, +Tp(e—ey) = 6P =Tpébe

M:Gruneisen Gamma, p : density, e : energy deposition density
r=0.32 for 60°C water

= 1bunch pressure rise dP=0.32 X 1.2J/cm3 = 3.84bar

@ Pressure Wave Simulation

*Thermal shock can be evaluated by Hydrocode(This time, | used Autodyn).
2D simulation @Peak Energy Deposition density observed(Z=115cm)
to evaluate the negative pressure in water(Cavitation)
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ANSYS simulation

ilp Max and Min Pressure Intensity

Ll Maximum and Minimum Pressure in Water

7.00E+02 P o
6.00E+02 aximum rFressure INnimum Pressure

5.00E+02 § In Beam Pulse
4.00E+02 1312 bunches

3.00E+02
2.00E+02
1.00E+02
0.00E+00
-1.00E+02
-2.00E+02

| -v-

Pressure(kPa)

-3.00E+02
_4.00E+02 !

PO 300.00 400.00 500.00 600.00 700.00 800.00

0.00 100.00 200

Flow time(usec)
Beam Heat

*Bunch space is 556nsec
=pressure wave will advance 0.92mm.

\

Beam Heat
]

. Sweep path




ANSYS simulation

ilp Max and Min Pressure Intensity

o Maximum and Minimum Pressure in Water

7.00E+02

6.00E+02 e Maximum Pressure e Minimum Pressure

>
1
|

5.00E+02 ‘:' In Beam Pulse
? 1312 bunches

4.00E+02
3.00E+02
2.00E+02
1.00E+02
0.00E+00
-1.00E+02
-2.00E+02
-3.00E+02
-4.00E+02

Pressure(kPa)

.00 100.00 200.0 300.00 400.00 500.00 600.00 700.00 800.00
Flow time(usec)

Positive Pressure

by next bunch  Positive Pressure : * Bunch space is 556nsec
o~ by next bunch Negative Pressure

=pressure wave will advance 0.92mm.
(wave velocity=1650m/sec)
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,',’,‘: Dose rate around Main Dump

14MW(500GeV) X20year operation + 1month cooling

Additional Shield : Lead-15cm

Additional Shield : Lead-15cm

Dump body

o

Window module

[Dose rate]
*Front side of dump : ~10mSv/hour
Back side of dump : ~1mSv/hour




H ik Cooling Water System

To LOW storage25A ﬁsv@f}mw Meter %RV %
H > 'ﬁ X
7 ® 3t
.’

To delay tank

PUMP- Mixed Bed PRV Pressurising line
LCW Make up 25A 1.1 MPaG Demineralize || P
@>—M———€F 70 °c V|/Deionizer b
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30 °c Prim. Heat Exgr PUMP 1~5 0.5 MPaG
12,540| L/min Qx 17 Mw Q: 3,300 wmn 70 °C
g H: 60 m 12,540| L/min
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50 c $> Beam Dump _@ 400A I
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| | H: 50 m
I Radioactive Chamber Storage Tan |
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.'l'l: Hydrogen Recombiner

@ H, pressure

dt ¢

S . V:gas volume, S: volume flow, Q : gas generation velocity
Recombiner , . e :
P : pressure before recombiner, P’ : pressure after recombiner

=steady state Q=S(P-P’)
, Q(H,)=0.035*8.314*(50+273.15)=94Pa-m3/sec
P When recombine efficiency is 80%, P-P’=0.8P
Hydrogen Pressure(steady) P, = Q/(0.8 X S)

/ P,V If S =50L/sec (0.05m3/sec), P,,=2350Pa
<—— Occupied

W covergas(He) @ \/olume fraction of H,
If cover gas pressure is 3bar,

Q-H, Total Pressure : 302,350Pa
\ / Volume fraction of H2 : 2350/302350 *100
Lower Explosion limit of H, : 4 vol%
Surge Tank 0.78 vol%

Required System : Recombine Efficiency ~80%, Volume Flow ~50L/sec

32
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