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Comparison of e+ Targets

High efficiency

0.5
0.45
0.4
0.35

Q
w

0.25

Ne+/Ne-/GeV
o
)

@ Past
A Present
@ Future

20

e- energy

ILC (e-driven) ‘ e- charge/bunch

Repetition

Num. bunches

Total charge /s
Drive Beam power
Heat load on target

PEDD*

‘ ILC (undulator)
4
40 60 80

e- beam power (kW) N

High power

3.2 GeV

10 nC

50 (25) Hz
2

1000 (500) nC
3.2 kW
0.5 kW
27.5)/g

2024/07/10, LCWS2024, Y.Morikwa

3 GeV
3.7nC
5 Hz

1320 =
(33+33) x 20

24667 nC
74 kW
18.8 kW
35.6 /g

ILC Heat Load = 38 X SKEKB !




Heat Load on ILC positron target(e-driven)

Energy (GeV) 3 100
Repetition Rate (Hz) 5

(Pulse clock (Hz)) (300)

micro pulse / pulse 20

Charge/micro pulse (nC) 244

Pulse length(msec) 63
RMS Beam Size (mm) 2
Beam Power(kW) 74

v’ Total Heat Load on target is 18.8kW
v’ Peak Energy Deposition Density per micro pulse is 35.6 J/g,
It corresponds to temperature increase of 258 K.

+
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Motivation for Rotating target

Simulation Results

ILC - Temperature

T RE

SKEKB ILC e-driven PR
Primary electron energy(e’) [GeV] 3.2 3 BB
e- Beam power [kW] 3 74 .
e- Beam size on target [c - mm] 0.4 2 i
Target material W W (or W alloy) o
Target thickness 4X-(14mm) 4.5X,-(15.7mm) s
Power deposition on target [kKW] 0.5 18.8 =
PEDD [J/g] 27.5 35.6
| Max temp of Cu (alloy) [°C]~ 140 130 N
| Max temp of W [*C] 360 420 :
1 Max equiv. stress at W/Cu junction [MPa] 500 (@Edge) 150 I
I Max equiv, stressat W [MPal _ _ 2 500 (@Ed2e) - o 2250 _ o L
I Num. of stress cycle per year 9X108 <1.8 X107 1
g Max alternating Stress at W [MPa] 150 110 1
AED
547 AL (317

v’ Large disk ($500mm) and rotation reduce heat
flux, max temp and stress are equiv. to SKEKB.

v' Compared to SKEKB, both the num of stress s
loading and stress amplitude are smaller. i
28144 Beh

It is advantageous in terms of material fatigue.

ILC - Equivalent stress

Ei{ii: Pa
BERS: 7.7575

2.2751:8 BX

1.7606e5
1.51658e5
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1. Comparison of positron production targets

(2. Design and R&D status A

A) Design and rotating mechanism
B) Prototype test

C) W/Cu junction test

L D) Joint research with JLAB, NIFS

3. Development in this fiscal year
4. Summary and outlook

+
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Design of positron target

[Features]
500 Tungsten Wheel Trget{20-4W for ILC nominal stage v' $500 X t15.7mm

460 Copper Ay Hestsink withbultinwter cooing channel tungsten disk
v' $460mm copper alloy

heat sink
v’ Rotation Speed : 225 rpm
v' Water cooling (70L/min)
v' $70mm shaft with

embedded water channel
v Required vacuum ~1le-6Pa
\ e s v’ Differential pumping

for reduction of vacuum conductance * 2 additional chamber

* Narrow Gap,
Mechanical Seal

RC25A - Water inlet (T:20°C, Q:60 L/min, P:1 MPa) ——
R40A - Water Outlet, dT:~4.8°C(20-kW heatloads) [

$350 flange to connect main vacuum chamber

2nd Narrow Gap seal for separating two vacuum chamber

\
\

Machanical Seal for separating atmosphere and vacuum \

Drive Motor (Oriental Motor BLV640NM15F-1)
Output Shaft Rotatinon Speed:6.7~267 rpm
Permissible Torque:16.6N m

v’ Except for the rotating disk, the components were
manufactured and tested in last fiscal year.
v All 3D models and 2D drawings were created by our group !

2024/07/10, LCWS2024, Y.Morikwa




m 3 [Bearing-6214/P0C3]
ROtatI ng M eCh anism. Fluorine-based vacuum grease
_ = Radiation-resistant vacuum grease.
[Vacuum performance design] Both inner and outer rings were shrink-fitted.
Conductance, Vacuum level
simulated by Molflow

] L | [Main Shaft]
— T = ~ " Total runout:

‘ | | i <5um
Cylindricity: 3um

£

[2nd Narrow Gap]  [1%t Narrow Gap]

Side Gap:105um Side Gap:38um

Cylindricity : <10um Cylindricity: 1.5um

Coaxiality : <10um Coaxiality (shaft-bearing): 6um

+ The gap was filled with

radiation-resistant vacuum grease
->>>
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Prototype Test

* Confirmed performance as designed.
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VACUUM LEVEL (PA)

Vacuum
performance

Vacuum level (rotating target)

End Chamber Middle Chamber Main Chamber
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8.42E-02
1.00E-01 @ AB4E02 4B4E-02
4_////” —~———e - “78E-02
= I
1.00E-02 i ei00 6.75E 3 Vacuum test w/ rotation(233rpm) and
264603~ l @3%03 water cooling(~24L/min)
po . _
o0t 6 i - Achieved vacuum level : ~6e-6(Pa) w/ Target
1
1.75€-04 A (: ~5€'6(Pa) W/O target )
~_ 1 . . .
100608 gg' = *Residual gas is predominantly H,O.
~ : . . .
Tl % gicon o BT 125081 00s RiEd =Extended vacuum pumping time or baking
1.00E-05 — 5 _ﬁfﬁg@’-‘c—@;——%_,?: .
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Candidate methods of W/Cu Alloy junction

Tested last fiscal year Other Candidate?
HIP SPS Interferer!ce fit Change Cu to W-aII.oy.
(cold fit) Mo Monolithic
i Anchor Anchor Interference e s
Ju.nct.|0n Anchor Weld e e - *Diffusion? -
Principle Diffusion  Diffusion pressure
Pmcef,f;emp 800~1000 Partiallymelt  900~1000  900~1000 -200~200 ~2000 ;
TherrT\aI Whole Welding Whole Whole Interference part Whole None
Strain path
Recrystallization N Y, N N N Y, N
Embrittlement © £ < © 8 = 8
*Less thermal *No thermal
*Shallow . *Less contact stress strain strain
et melt depth Rae R *Contact resistance *High temp * Material
process ? availability
,Pr—e'ss

SPS prlnC|pIe*

Impact \ \ ;
- 2 ’O‘O o‘ ‘\’\v* *
7S
. 99 o o8 q q \* ng

molten\':

layer
Spark
lonization i.\g- plasma 4 \ Dnschargeﬁ" o o= 4-———Neck
H (3 |mpact ; 6 bondu /*M*
' é H* Evaporatlon T d f:,o . o’ d d /‘,—fv
H* Vaponze > o (o7
—»H ¢ 50 5+
jon I layer molten partlcle - ’f %“
f - ¢ Cu j)
“Press Press Press 4) Neck formation
1) Generation of spark  2) Vaporization and melting  3) Discharge impact pressure and by spark plasma
plasma and ionization of particle surfaces dispersal of vaporized molten particles

* Investigation of Joining Quality in Tungsten and Copper Alloy Joints using Spark Plasma Sintering for Plasma Facing Materials, MURASE Takanori, et al. SOFT 2022.
e ®- . =53
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Results of Tensile Test

200

ol 1— ,ggg_;, “SPS : W/Wc0,,,:CUcg00/CU Alloy(NC50)
— 'HIP-1"|  =HIP : W/C1020 -
—— "HIP-2' _—

180 — "HIP-3’ -

140 — /
-
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- SPS junction strength is low. Stroke(mm)
“HIP(W/C1020) has better junction strength.

*HIP(W/Plating Cu/Cu alloy(NC50)) samples were made and under preparation for test.
We made 2 samples but 1 was broken during machining due to thermal strain.

. .£+ . =2
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ACT2 - heat load test

Joint research with National Institute for Fusion Science (NIFS) from 2023~
ACTZ@ NIFS

i it

| E-gun
(300kW)

1492
13081

11242
940.23
7563
57237
26844
204,51
20533 Bih

1800

oLJ 1600 e EAIRE-ZH /”
‘q: -—-ANSYS-maxtempatW 60, o 7
O 100 | e 9 (BRSTRE TR . e
] o 8 ’r’
W 1200 B
GLJ O ’.I
Q1000 e /’
GE) 200 -......‘... "’I,
— . ’/
('>é e .‘ /”‘
= at ‘
L = el
Sample chamber
’ 0 500 1000 1500 2000 2500 3000
*$100mm — interference fit sample Beam Intensity (W)
- Withstands temperature rise and fall up to 1100°C =W-ring exits during cooling after reaching 1500°C
+
e - —>>>

2024/07/10, LCWS2024, Y.Morikwa



CFD simulation and PIV test

Joint research with JLAB (SiIviu san) from 2023~
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 CFD simulation was done by J-Lab, and evaluated max temp, heat transfer coefficient(HTC), etc.
This simulation shows max temp is ~¥350°C. This value is lower than our previous thermal
analysis which use conservative HTC.
- Particle image velocimetry(PIV) test to validate the simulation and get deeper understanding.
e o< >>>
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1. Comparison of positron production targets

2. Design and R&D status

A) Design and rotating mechanism
B) Prototype test

C) W/Cu junction test

D) Joint research with JLAB, NIFS

| 3. Development in this fiscal year |
4. Summary and outlook

$®500mm disk Water supply facility for
(p460mm heat sink in machining) positron test bench
->>>
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Manufacturing of $500mm disk

NC50-disk

EB weld

*High-temperature process is only EB welding
between copper alloys (NC50).
“W-ring is set by interference fit.

N * Manufacturing will be completed in this September.
NC50-lid

+

e o< , ~se.
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Structural analysis

T.00.EH07

Tightening allowance:500um

5.00.E+07
4.58.F+07

A.BLE+D7

g
3

E7EH07 -
2845407 260.6+07 2576407 5 53 £407 S - 2.83.E+07

LIDEHT o0 e
2128407 5 pe a7
] 1.85.E+07

with heat load(20kW)

Average Contact Pressure(Pa)

Contact pressure at W/Cu

LULAGSS omorrm |

430 4325 435 4375 440 4425 445 4475 450 4525 455 457.5 460

Tungsten inner diameter (cm)

*With 500um tightening allowance of 500um, contact pressure will be ~20 MPa.
* Under pressure of 20MPa, temperature rise due to contact thermal resistance
can be estimated ~10°C by using empirical formula(Tachibana’s equation, etc).

+
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1. Comparison of particle production targets

2. Current Design and R&D status

A) Current design
B) Water cooled UHV compatible rotating mechanism
C) W-Cu connection

3. Development in this fiscal year

A) $500mm target disk
B) W-Cu connection

4. Summary and outlook

+
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Rotating target in Japan
| e | w | Haons | _ RBF |

Institute ILC J-PARC J-PARC RIKEN
(e-driven)

Primary particle e p p Cc~U

Target material W C AuorW Be, W

Repetition [Hz] 100/ 300 25 0.19 CW (1puA)

Beam Power [kW] 74 1000 150 82

Deposited power [kW] 18.8 3.1 11 18

PEDD [J/g] 33.6 20 Slow extraction cw

Status Prototype In operating Prototype In operating

Cooling Water Radiation He Water

Remarks In vacuum(e-6 Pa) In vacuum(e-6 Pa) In He gas In vacuum, large
space

— 1
it o P
/| P A

y'8 %=

4 1=, €\

[ILC e-driven]
Rotation/Vacuum/Water cooling
/Space saving/high precision
=0Our target have achieved various
technical elements.

Centrifugal-
+ force ring
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Summary & Outlook

v Water cooled UHV compatible rotating mechanism
* Differential pumping by narrow gaps.
* The results of the prototype test are satisfactory.
v W-Cu Disk
e Tested junction methods : HIP, SPS, Interference fit.
* The ACT?2 test for cold fit sample shows the potential for enough cooling performance,
while also highlighting the importance of tightening management.
v" Manufacturing of $500mm target
* In progress. Scheduled for completion in September.

e Heat load test will be conducted.

Our target will become versatile target suitable for various projects!

e o< , >33
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Backup Slide

+
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Comparison of Particle Production Targets

Target Material Primary Beam | Deposition at Main Absorber
] ] Production Labolatory -
No. | Drive Particle Ratio of . Remarks
Particle (Project) |Material Dimensions Power (kW) deposit Deposit Power (kW)
1|Electron Slow Positron [KEK Ta tAmm 0.6 0.26 0.16|7k %
2|Electron Positron SLAC W74-Re26 [t20.6mm 44 0.18 8.13| b B —JL+IK%E
3|Electron Positron KEKB W t14mm 4 0.14 0.52 |7k
4|Electron Positron SKEKB W t14mm 4 0.14 0.51 |75
O 50 OO O N Y AN
6|Proton Muon J-PARC C ¢ 70mm X £20mm 1000 0.00 2.92|[EEE+ERETAHD
7|Proton Neutron J-PARC Hg ~L2000mm 1000 0.39 386.67| 7tk
8|Proton Neutrino J-PARC C ¢ 26mm x L909mm 750 0.02 13.50|H 2530
9(Proton Hadrons J-PARC Au t1lmm x 6set 80 0.11 8.98| /K5 B WER Y H L (~2sec)
10|Proton Neutron SNS at USA |Hg ~L2000mm 1400 0.34 478.80 |7
11|Proton Neutron ESS W ~L1200mm 5000 0.46 2297.50|[E]85 + /7 R /5 4]
12|~ U238 Rare Isotopes |RIKEN(RIBF) |C,Be,Ta:- [Be-t5.4mm,etc:: 83 0.27 22.00|[0)#x + 7K )%
13{(016 ~ U238) |Rare Isotopes |FRIB C t0.15mm x 2-9disk 400 0.17 68.74|[0lE5+ 88575 D

*|n positron targets,

deposited heat at target is around 20% of the driving beam power.

=10kWE — LT ~2kW, 100kWE —Ls T ~20kWIEEE DR E X IER T I(T5,

*Trend is to start using rotating mechanism when the deposited heat reaches around 10 kW.

=B [Z[F~100kWLL_E H

~

o)

TRRIZRI OB KEIERAZRI(ESS ~d2.6m)MEIFT B,
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SKEKB thermal analysis

Temperature
SKEKB Positron

3.60e+02
3.42e+02
3.25e+02
3.07e+02
2.8%9e+02
2.72e+02
2.54e+02
2.37e+02
3 0tev02
Ole+
& 1.84e+02
' 1.66e+02
1.48e+02
1.31e+02
1.13e+02
9.55e+01
7.79e+01
6.03e+01
4.26e+01
2.50e+01

(C]

(a)Just after pulse passed
G E vyl
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1
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- 4.18e8
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853e3

Max : 473MPa at Edge
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1
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Goodman diagram

[SuperKEKB Positron Target]
Tungsten Goodman Diagram

O yts = 566MPa , Oy = 164 MPa,

Cuts

—— 'Center Axis of Tungsten’
~— 'Edge of Tungsten’

Tensile Strength Limit Envelope

7

Safe Region

\

Fatxguc Limit Envelope

=G,

Cuts
—us__

T T ] T V’ T ' T L T I T T T T T T
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Range of The Fluid Types Products

4 MORESCO-HIRAD MORESCO-HIRAD MORESCO-HIRAD
Product name RP-42 RP-42R RP-42S
Appearance Colorless Light yellow Colorless
PP Transparent Transparent transparent
Density 15°C g/cm? 1.166 0.989 1.040
Viscosity 40°C mm?/S 128.6 279.9 42.0
Viscosity index -111 63 52
Pour point °C 0.0 (*1) -17.5 -22.5
Flash point °C 268 296 250
Total Acid number mgKOH/g 0.00 0.00 0.00
Radiation-resistance
Upper limit / MGy (*2) e i =
Types of packing (*3) 500ml bottle

Note : (*1) Although its pour point is 2.5 degree Celsius, it is 10 degree Celsius that the lower limit of our quality guarantee
temperature on this product.
(*2) In a room temperature and atmospheric environment
(*3) We are able to deliver more big packages of quantities which meet your needs. however, an additional lead time will be

required for their realization.

» Some countries ban importing of these lubricants or require procedures such as submission of application for approval and/or
quantity report. Hence, there may be some cases where exporting of these lubricants for replenishment may not be possible.
The importer will be subject to penalties if these lubricants are imported against legal restrictions in the importing country.
Please contact me (hayashi@moresco.co.jp) in advance if you intend to export these lubricants and/or parts containing the
lubricants.

December, 2022 MORESCO*®

(2)



The Performance of The Radiation Resistance from a Gamma Ray (2)

Mineral oil

RP-425,42R

The rate of viscosity increase

| | 1 | |
0 10 20 30
The amount of irradiation ( MGy )

[ Fig 1. The effect of a gamma ray for the viscosity ]

Fluids with a small rate in viscosity increase are excellent.

December, 2022

MORESCO"® (4)



Spark Plasma Sintering(SPS)

R ,P.rless,
Impactw

molten

layer pressur &a:
)
Spark % Q
plasma Discharge

impact |

*0 d'
Evaporation Vaporized }v 0 *0 €6 9

+
layer molten particle\ R
U / Cu \\\.
i 2 P -

Press Press 4) Neck formation
1) Generation of spark  2) Vaporization and melting  3) Discharge impact pressure and by spark plasma

* Investigation of Joining Quality mpll?mg‘gtaenr(lj éor?dzt%op;‘per Alloy J%almgleuss‘l’rrlfga%epark Fqésfr%%aéﬁlft\ér?ﬁé'%r'Bf’a'gerﬂaoingiﬁ% Materials, MURASE Takanori, et al. SOFT 2022.

Sample No.1 Sample No.2 Sample No.3 Sample No.4 Sample No.5
($40mm) ($40mm) ($40mm) ($40mm) ($100mm)

B
%
i1

- NIFSHEITHIR & BEBE - W-ringA %SPSE THEH B, * W-ringA A SPS/E T2 3, - W-ring/$RE (ZSPSIEA * W-ring/$fR5 (ZSPSHEA

A RIR
EE

"'l

- FOvRIERT BN TF v —Hlohd cSUSHAYTF Y —ICEE - FORRERT * No.4® $100kf
- W/SPS/Cud 5| 3EEtER 7°nt25a% - 70EART - ESASBEICYE Lhic - HERIEHSENCSICEE
4 ~40MPaTW/SPSER TRl -ERFABREICUELRIC s - 7ORRIERET
b TN HE -fﬁiﬁﬁtﬂ$b¢n
T
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