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BACKGROUND

KURRI improve experimental efficiency of accelerator Driven
Subcritical Reactor(ADSR)

* increase intensity of the beam in Kyoto University FFAG

accelerator
Way to increase intensity of the beam

* injection system adopt to H- charge-exchange injection

* injection accelerator change LINAC from Booster

design of charge-exchange foil

It is necessary to success H charge-exchange injection



Layout of the Kyoto university FFAG accelerator system
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Upgrade of Kyoto university FFAG accelerator
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Charge-exchange efficiency

Material of charge-exchange foil is made of carbon.
Because carbon is cheap and easy to make.
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Figurel charge-exchange efficiency

The thickness of carbon foil minimum is required to be more

than |0pg/cm?.




Energy Loss

Energy loss is indicated by the Bethe equation.

dE Z 2my’ o
-——=0.307 —~{log —log(1-p°)-p"} [MeV /(g | cm?)]
pdx AP I
E :Energy Loss B=v/c
N :The number of carbon atoms per unit volume v :velocity of injection particle
Ao :mass number of carbon | = excitation potential=75.1(eV)
Z :atomic number m :stationary mass of electron

When injection energy is | IMeV, v
It is available to supply 2keV with a high-

Thickness of carbon foil [Energy Loss [eV] | frequency acceleration hole in Main Ring.
|0pg/cm? 380eV
20pg/cm? 760eV If energy loss is large, the beam can
\/ not be accelerated.
30pg/cm? | 140eV

. . The thickness of carbon foil maximum is
As thlcl<nes§ of the carbon foil required to be less than 20pg/cm? .
becomes thin, energy loss decreases.



Determine the thickness of carbon foil

* From the view of point charge-exchange efficiency, thickness of the

foil is required to be more than 10pg/cm?.

* From the view of point Energy Loss, thickness of the foil is required

to be less than 20pg/cm?,

NV

The thickness of carbon foil is determined to be |0ug/cm?~20ug/cm?



The thickness of carbon foil and it’s temperature rises
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Figure 2 Relation of temperature to thickness of carbon foil



Structure of the charge-exchange carbon foil
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Figure 3 Structure of charge-exchange carbon foil

* The frame is Aluminum.
* Thickness of the carbon foil is 10pg/cm?2~20pg/cm?.

- As the beam is accelerate,the beam move outside carbon foil.



The fabrication method of the carbon foil

The thin wire is set on the frame to
hang the carbon foil.

wire

frame

Figure 4 the Photo of the carbon foil and frame Figure 5 structure of the frame
Ligth(5ug/cm?) Middle(10ug/cm?) Rigth(frame)

* The thin wire is set on the frame like a red line in figure.
* Thickness of the carbon foil becomes doubly include by hanging it on the wire.

* Thickness 10pg/cm? and 20ug/cm? of carbon foil is completed.



Way to pull out carbon foil

<It is important to pull out carbon foil with clung parting agent >

To pull out the carbon foil , it use a

Thicl Spg/cm?and 10ug/cm? of carbon foil
ICKNESS Sopg/icm=an Hgrcm® ot carbon fol surface tension of the water.

is very thin and fragile.

The procedure to pull out carbon foil on the grass

[] carbon foil
[_] parting agent
] grass

3

Carbon foil to the water

slowly Parting agent dissolve the water. Carbon foil floating on the water.



The procedure to fabricate the carbon foil
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The carbon foil floating

*on the water.

wrbon foil becomes doubly. 4 3 | \
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' | drain the water [ |

The carbon foil slide to
the center of the frame.



Outline of fabrication of the carbon foil
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The carbon foil after pulling out from the water

Dry to 30 minutes ::> Anneal To remove the wire, the carbon foil is

Way to anneal

Carbon foil is heated
by halogen lamp.

Figure 6 thickness 20ug/cm? of the carbon foil

then

cut with a cuter like the red line.

Carbon foil’s tolerance is The reason is

improved. \/

In the procese of the beam
shift from the carbon foil,
Beam hit the wire and the
beam should be lost.

.

The beam collides a wire.



New fabrication of the carbon foil

* The new frame is fabricated like a figure 7.

* Pulling out of the carbon foil and get it through the red hole.

» Sliding the carbon foil in the center of the new frame and

draining the water.

Get the carbon foil
through the hole.

Figure 7 the new frame

Figure 8 the photo of the new frame



We have succeed to fabricate wire less carbon foil

It is not necessary to

/ cut b)’ the cuter

Figure 8 thickness 20ug/cm? of the carbon foil



Summary

e Suitable thickness of carbon foil is 10ug/cm? ~

20ug/cm? which is decided by charge-exchange

efficiency and energy loss.

* We have succeed to fabricate the carbon foils of
which thickness are |0pg/cm? ~20ug/cm?.



Thank you for your attention
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