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Simulation for profile measurements in Kyoto FFA with
Single Stable Wire monitor

* To reproduce beam profile measurements done in
Dec. 2019 at Kyoto FFA, the tracking simulation is

applied with ®142um wire.

% : : Parameters at the wire location
+ 4x4 transfer matrix (cell) is used to transfer

particles, which is derived by Twiss parameters Beam energy 16.1 MeV
and tune as presented in the table.

* Synchrotron motion is included in this simulation. Socrnceriin L
* Instead of moving beam position turn by turn, the Biedod (0 75
wire position is moved in this simulation. Wire
positions for individual particles are adjusted by AKV
its dispersion at each turn: e
i —xi R; I P; Ring Tune (386212
Wite e =S e pi
> Beta function at the centre of 05 28n)
* Adiabatic damping is not taken into account. straight section ’
* When the particle hit the wire, the calculation is Periodicity 12
stopped. That represents beam loss due to large K. Suga, ct..al, "REMODELING OF 150 McV FFAG MAIN RING AT KURNS TO PION

% p PRODUCTION RING “, IoP conference, doi:10.1088/1742-6596/1350/1/012070
scattering angle at the wire.



Estimation of turn separations of synchronous particle from RF signals

RF frequency sending to cavity
* Revolution frequency (Fre) is computed from RF signal
monitored by Oscilloscope.

+ Using F, equivalent radius and beam energy are estimated
by interpolation using conversion graph.

signal

* Turn separations around 16.1 MeV are calculated.
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Estimation of turn separations of synchronous particle

* Turn separation is computed by measured RF 0.03
pattern.

0.02 -

*  Wire position is moved over the beam
full size and its range is £28 mm w.r.t.

C.0O. of 16.1 MeV.
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+ Wire encounters the beam 1549 times
over the range.
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Initial bunch distribution in Kyoto FFA

+ 105 initial particles are
generated with Gaussian
distribution: (ox=>mm, oy =
mrad, oy=8mm, oy=2.9 mrad)
in transverse independently.

* In Longitudinal, Gaussian
distribution in energy and
phase with oAg=100keV and
0s=70degs (u=ds) is generated
independently.
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Experiments with @ 142 um wire in Kyoto FFA

Experiment taken by 13th Dec. 2019 142

um Simulation, RF ON
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Half beam size estimated by simulation is twice bigger than the measured half beam size (bunch
monitor signal).




Profile estimation with ¢ 10 & ¢p30 um wire at Kyoto FFA

The same simulation is applied with @10 and 30um wires (phis=30degs).
Initial beam size is 5mm.

B _ 10um Simulation, RF ON B 30um Simulation, RF ON
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$10um and $p30um CNT wires reconstruct beam profile in KURNS FFA. To be tested.




WSM in JPARC 3MeV Linac

$100um CNT wire is used. Density of CNT is 1.4 g/
cm3. Resistance is about 1.2-1.4 Qcm. Thermal

conductivity is about 20 - 25 W/m /K.

The endurance test of radiation & heat damage on
wire has not been applied since 2017.

They have not measured wire temperature, nor
estimated the temperature numerically. They

suppose the maximum temperature on $p100 um
CNT will be less than 1000°C.

The wire is sandwiched by ceramic washers and its
strength is not loose nor severely tight.

There is no special connectors to release tensions on
the wire. They don’t irradiate H- beam on the wire
for a long time (a few minute). The temperature of
wire is low enough, so they think the length of CNT
wire stays constant during the measurement.

Parameters at Linac 3 MeV line

H- Energy 3 MeV
Peak pulse current 56 mA
rep. rate 2.5 Hz7
Pulse length 50 us
CNT wire diameter 100 um

equivalent electric potensial

CNT
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Frame design for FFA WSM

* Aluminium frame is grounded to the probe (and
chamber). The wire is sandwiched by ceramic
washers.

“ Negative voltage is applied on the wire via signal
cable and successive amplifier.

* Frame design must be optimised with beam
experiments at Kyoto FFA for final design of

FETS-FFA WSM, especially the way to fix the wire
on the frame.
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Heat estimation of CNT wire for Kyoto FFA

« Simulation assumptions:
— Wire will hit the bunch core (o)
— Diameter of CNT wire : 10um, 30um and 100um
— Wire density:1.4*1 (CNT)
— Heat capacity: 750*2 J/g/K (CNT) at 300K
— Beam energy : 16 MeV
— Time duration beam hits the wire (dt) : 833us

- Beam Size (G) . Smm *1: HjTaCa deygloped by Hitachi'Zosen Corporation_ . . o .
_ Beam peak Current (lp) : 18 mA (Np=3X1 010) *2 :II Tr;e spﬁ_c_:lflc”heatband effectl\t/)e ttme':lmal fon:ucltlwtyzci:c;(;ggoszliess7gc5>nt:|r_1-|ng single-
_ Pulse rate - 30 Hz 10108010057 A4BAS0IDAIDABTOR o ooy 20 (2009) 245705, dok
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Time, SSimulation code courtesy by D. W. Posthuma de Boer.

Heat damage on the wire will not be harmful.




Estimated maximum current signal from wire

Kyoto FFA FETS-FFA FETS-FFA
at wire position Injection Extraction
Energy, MeV 16 3 e
Bunch intensity (Np) SF 10 5E+10 5E+10
Bunch length (Tb), ns 268 288 115
RF frequency, MHz 1.86 =01 3.8
Bunch current, mA 18 28 70
RF frequency bandwidth, MHz 1.6-5.2
Harmonic number ] 2 2
dE/dx, MeV.cm?2/mg 0.02807 0.1052 0.03543
SEY 0.126 0.474 0.160
Estimated max. signal current” 276 13.2 11.1
from wire, mA

* Current signal = SEY * Np * 1.6E-19 /Tb

Current amplifier is required for the measurement.

2




Energy distribution of SE from 10um CNT

Energy distribution of SE from the
wire is computed by PHITS code.

region surface crossing

no.= 1 reg=300-10 area = 1.0000E+00 [cm?]

In PHITS, 2x2 cm? with thickness of
10um CNT sheet is generated in this
model.

[
= el
—JLJH_/ ./\.,_/ [1— proton

| L — electron
; H“”| i [ '— photon

16.1 MeV pencil beam (proton) is
injected perpendicularly to the CNT
sheet.

Current [1/cm?/MeV/source]

The particles emitted from the wire
is counted and plotted in the figure.

I I
Ay

In this model, the energy range of 0 5 10 15 20
SEs is from 100 keV to 4.3 MeV. Energy [MeV]
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SE trajectories under EM fields

* Trajectories of 100 keV, 1IMeV and 4 MeV
electrons are estimated by CST Particle
Tracking Simulation with EM conditions:

* 10 and $30 um wires are considered.

0
%

Negative electrical potential is applied
on the surface of wire (PEC) and
plates (PEC).

7
%

500 Gauss stray field is applied in the
vacuum chamber.

7
L X4

Vacuum chamber (PEC) and wire
frame (PEC) are grounded.

* The wire is not attached on the wire
frame.

7
%

SEs are generated around the centre of
wire.
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Trajectories of 100 KeV SE under EM fields

* Larmor radius (cyclotron radius) of 100
keV electron is about 21mm under
magnetic field of 500 Gauss.

“ Applying -500V on the wire surface, the A
electrons drift away from the d10um

wire but spirals around ¢30um wire
(Figs.1 and 2)

1%



Trajectories of 1 MeV SE under EM fields

* Larmor radius (cyclotron radius) of 1
MeV electrons is about 67mm under
magnetic field of 500 Gauss.

“ Applying -1200V on the wire, the
electrons drift away from the d10um
wire, but spiral around $30um (Figs. 1

atyel 2

16



Trajectories of SE under EM fields with additional bias wire

+ The additional bias (CNT) wire is s
installed at 3mm apart from the signal s
(CNT)wire. o S .

# -200V is applied on the signal wire. K
+200V is applied on the bias wire. :

# The bias wire will work for ¢p10um but
not for ¢p30um. R

000000000
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11111111
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11111111
00000000
000000000
00000000
000000000

DDDDD
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Trajectories of SE under EM fields with additional bias wire

+ The additional bias (CNT) wire is
installed at 3mm apart from the signal
(CNT) wire.

# -200V is applied on the signal wire.
+200V is applied on the bias wire.

“ The bias wire will not be very helpful to
keep SEs away from the signal wire. Signal

18



Trajectories of 4 MeV SE under EM fields

* Only signal wire is installed in this model.

* Larmor radius (cyclotron radius) of 4 MeV
electrons is about 135 mm under magnetic

field of 500 Gauss.

# -1200V bias voltage is applied on the signal
wire. The electrons spiral around the wire
and crashed at the vacuum chamber
regardless wire thickness. (Fig.1 and 2)

“ As for 4 MeV, it might be not necessary to
apply bias voltage on the wire, that is to be
tested at Kyoto FFA for ¢10 and $30 um
CNT wires.

000000000
00000000
000000000
000000000
000000000
00000000
00000000
000000000

N
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Request for wire monitor test in KURNS

® The aim of the test is to confirm if thin CNT wires ($10 & $30um) can estimate a
transverse beam profile of circulating beam in FFA ring.

® Measurement:

® Fix the wire position at 16 MeV orbit. wire

beam

® Current signal from the wire is monitored
with bias voltages applied on the signal
wire.

Scraper

® PMT + scintillation counter is also set to
measure secondary photons from the wire.

® To benchmark the WSM measurement,
beam size is also measured by scraper.

Bunch monitor
® Required spec of current amplifier:

Bandwidth covers 1 - 10 MHz

Gain will be more than 10 KV /A

The bias voltage (< -1kV) can be applied on the amplifier

20



Summary

* WSM simulation studies have been done with $142um to benchmark the simulation model.

+ Estimated beam size is twice bigger than the measured one even when synchrotron motion was
included in the model.

* One of the reason to explain this is that estimation of turn separation could be very different due to
C.O. distortion etc?

* However, if we use $10 and ¢p30um CNT wires in KURNS, the beam profile could be measurable.
* The wire frame has been designed based on the one used at 3MeV LINAC in JPARC.
* Expected maximum temperature on CNT wires would be less than 1400°C for ¢p30um.

* According to CST and PHITS simulations, applying bias voltages might not be efficient to keep SEs
away from the wire. This must be tested during experiments.

* CNT ¢p10um and $p30um cost 150,000]JPY for each. The minimum length we can purchase is 10m long.
The samples of both CNT wires will be delivered to KURNS (Ishi-san) end of this month, so worth for
checking the frame design before beam test if it suits for such a thin wires.

= Shall we decide if we purchase a set of $10 and $30um CNT wires after the experiment with CNT
samples? o
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HitzOEEREECNTIHITaCa | EEICERERI T4

—RoF/Fa-7

HiTaCa, Hitz vertically aligned CNTs, will achieve a revolution in industry.

HiTaCa¥—MEXEHR
SEMimage

'Roll to Roll HiTaCa>—hk

Roll to Roll HiTaCa sheet

'HiTaCa TIM HiTaCa TIM{ERf)

HiTaCa TIM

Usage examples of HiTaCa TIM

HiTaCa¥—p
HiTaCa sheet

HiTaCa¥—b — HiTaCa TIM
HiTaCa sheet — HiTaCa TIM

HiTaCa TIM ®

YEMTTREFEE Specification

CNTOEmDEMFEROMMCEYFITRIE

CNTHM Number of layers ZM Multilayered N N
T e T CREMEAENZ . PRI BHAEID T ZEH
ength e,
FWEE  Tube density 10°~ 10""#&/cm? 10°~10 'tubes/cm 'C"?—_?i'a'o
MEE  Bulk density 10~100mg/cm®
W Purity >99% HiTaCa TIMs show small contact thermal resistance and efficiently dissipate
: : G/DE  G/Dratio 1~15 heat because the tips of brushlike CNTSs finely contact uneven surface.
IMEE0 — N DRES T LT I e
; nTten = H?aCa o [)IO(IL:E‘(: o <° . . EiIRHDSCNTZRIBES HZET. é}v“ HiTaCa TIM#F& Advantages of HiTaCa TIMs
: Sl - - . . o ki v — ’ ;
CNTIXRFTTZLEERDN T /F—F—D HRAE ELTRAET ‘%,A -REBIRADIMZSND  Small contact resistance
CNTH¥E& Advantages of CNTs Fa—TIRIBHE T, CNJs sepa}r_attedffrom sulbsqz]ates can be used g -THEMEASELY  High heat durability
as thermal interface materials. o
B FHRALADEL Lightweight comparable to polymer material CNTs are tubular carbon fibers and their diameters ‘ FR)RUMREDELY  Reusablility
= e na rder. A
BRI D R L) High mechanical strength s} arenanometerorder
- High elasticity g Hltz‘i\fﬂgﬁtlﬁﬂtﬁlﬁﬁﬂfﬁlﬁCNT

‘BUOEBTIREME High electrical conductivity %)
BUVERESR High heat conductivity %
ALERNCRTE Chemical stability @

[HiTaCalZz . KERTEEL TLET,
We are manufacturing uniform large-area HiTaCa sheets.

HiTaCal:Rfl

Applications of HiTaCa
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A > *\}"'
HiTaCa wire i ~ = > E 4
HiTaCa74 ¥— " : : _ 5 BR%‘BM e,

HiTaCa wire S o | herma[ interface materlals o ; 3

i Ly i - ; electronic components and
HlTaCa/ l\ ~ HlTaCaU{i’ \ g > a : vehicle mounted systems#
HiTaCa sheet — HiTaCa wire \ \ ! e L -\ A <

4 \ ‘. 2 rw " - . 4 ) ¢ ; P . *

*—-—"

- K 70~
HiTaCa714 Y —4& Advantages of HiTaCa wires 2 e ‘ ' el

B® Lightweig! 24 Z/\_7‘77U 7\‘/|\ ! f\éledic:al Iﬁelds'such as

) ghtweignt hgieies " drug delivery system
BIRASCNTIII &SI KL LTI —%  FIRARDER High tensile strength A )
{’EQ [/'((,\i'g' F(BTVLICLUY  Little thermal expansion

CNTwires can be made by spinning webs from CNT sheets. LB Flexibility

3) KB T —2I3ARBETHY) RIETIRBNERA,  Note) The figures in this table are representative values and not guaranteed.



HiTaCa™ wire HiTaCa™ TIM

lightweight/little thermal expansion/high tensile strength/flexible high heat durability/small contact resistance not
depending on contact surfaces/reusability

AT

. - Hitz HiTaCa TIMs are
Hitz HiTaCa wires are CNT yarns made [ HiTaCa TI{VI thermal interface materi-
of vertically aligned CNTs. : , ' P ; als made from vertically
HiTaCa wires are stronger, lighter and [/ [EE sl . aligned CNTs.
more flexible than conventional metal % - - Since highly heat durable,
wires and can be knitted and weaved. HiTaCa TIMs can be used
Diameter:¢10 um Si_nce thel.'e is little thermal expansi_on, Bonding to both sides : Comper s under various environ-
Breakingstrengthzo.os N (8gf) HiTaCa wires can be used over a wide ? of copper sheet e
Tensile strength:1 GPa temperature range. . .

HiTaCa TIMs show small

Electrical resistivity:1.0x10% Qcm
contact thermal resis-

Comparison with conventional metal wires

Applications tance because the tips of
80 . .
i : 3 . g . CNT brushlike CNTs finel
70 [ we | oy [ erveareen | “Rg -Light wires for wire harnesses and signal lines SRR y
T & | e o3 S L Resklayer contact uneven surface.
f 60 Al 27 01 €nsors Integration with resin
® SuUs304 | 79 06 5 g i - : = .
§ ¥ o [ s i Electromagnetic shield Relationship between pressure and thermal resistance Schematics of thermal cycle test
g -Heaters
Jﬁé 30 : 08 “#-CNT thickness 100um ﬁ ﬁ
@ -Space debris nets T -8.CNT thickness 200um
20 S o4 -#-CNT thickness 300pm A ksl
SUS304 % Debris nets are used to catch wastes floating in the space. K ﬁ\ “o-Thermal grease
10 o ) 5os | 1 -+ Heat conductive sheet RIS ONT heat conductive shest
0 § % I ————————a e , (CNT thickness:100 zm)
Breaking length = Breaking strength/Density S o2  — e 2 m R
8 — - T Ceramic plate (SizN,)
. 3 . B i 3 it ? o thickness ; 300 #m
Processing examples of HiTaCa wires Low electrical resistance HiTaCa wire 5 Al block
£
; Low electrical %o 1000 2000 3000 4000 @ @
Sewing product | ist HiTaCa wi PressurelkPal
; ; i resistance HiTaCa wire
from HiTaCa e HiTaCa TIMs show smaller thermal resis- 2 e : o
‘ tance compared with TIMs on the market. Cycle test conditions | \eSSr e e 2 b 0dmes e
Reusability Results of thermal cycle test
o= : 05 T 9 12
. _ : Diameter:¢13.6 um s (CNT thickness; 150um) | ® 15t measurement 2
Circular knitting fabric Breaking strength:0.12 N (12gf) < 04 o 2nd measurement 1 S _ap
A A Tensile strength:800 MPa o . s || o 3 measurement 9 L
from HiTaCa wires Electrical resistivity:4.0x10© Qcm 5 03—+ — 4 measurement | %g o8
8 ‘l.tk ES 06
. . 5o
Relationship between A 7 I 5204
copper coated layer : “g~ :
thickness and £ g o2
electric resistivity £ oo e,
1000 [0} 1000 2000 3000 4000 500 1000 1500 2000
= Pressure [kPal Number of cycles [times]
¥ 100 HiTaCa TIMs can be reused by applying a HiTaCa TIMs keep its performance even
4 load. after thermal cycle for 2000 times.
i 10 :
3 HiTaCa TIM
5
== s ThiEkResEheappar BEFr 2nd ]a)’el’: Insulator Type number CNT thickness[um] Thermal conductivity[W/mK] Type number CNT thickness[um] Thermal conductivity[W/mK]
Even stronger and lighter wires can be made by twist- HiTaCa wires coated with metal decrease its electric resistivity. HTC-T-100 100 20~25 HTC-T-300 300 20~25
ing multiple CNT wires. We also provide insulator coated wires.
25 Type Type number |CNT thickness[um]| Thermal conductivity[W/mK] Type Type number |CNT thickness[um]| Thermal conductivity[W/mK]
. q HTC-TA-100 100 HTC-TB-100 100
HiTaCa wire A 20~25 B 20~25
HTC-TA-300 300 HTC-TB-300 300
Type number | Diameter [um] | Electric resistivity[x102 Qcm] | Tensile strength [GPal Type number | Diameter [um] | Electric resistivity [X102 Qcm] | Tensile strength[GPa] Note) The figures in this table are representative values and not guaranteed.
HTC-W-10 10 1~3 ] HTC-W-30 30 13 | Business Planning & Technology Development Headquarters
HTC-W-20 20 HTC-W-50 50 Functional Materials Business Promotion Office
I t Z 2-11, Funamachi 2-chome, Taisho-ku, Osaka 551-0022, Japan

Tel: +81-6-6551-9684 Fax: +81-6-6551-9210 E-mail:(t_inoue@hitachizosen.co.jp)

Hitachi Zosen 15th floor, Omori Bellport D-wing, 26-3, Minamioi 6-chome, Shinagawa-ku, Tokyo 140-0013, Japan
Tel: +81-3-6404-0845 Fax: +81-3-6404-0809 E-mail:(shiomi_a@hitachizosen.co.jp)
Note) The figures in this table are representative values and not guaranteed. JO06 2018.4
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Nominal parameters of FETS-FFA ring

- FETS-FFA ring: the vertical position of the beam varies
with beam energy.

Beam energy, MeV 3—-12(17)
Bunch intensity, ppb 1010

Repetition rate, Hz 50 — 100 Hz
RF frequency bandwidth, MHz 1.91-3.8(4.5)
Harmonic number 2

Straight section, m 1

Orbit excursion, m 0.69

Gap width of chamber, mm > 60

Full beam size, mm 30



A-Curr [1/cm?/sr/source]

MCS at CN'T 10um thick with 16 MeV protons
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