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Introduction

In case of 150-MeV FFAG accelerator,
10% of the extraction beam was lost
at the septum magnet at KEK.

¥

It is important to reduce the beam loss
in order to utilize the FFAG accelerator
for various applications at Kyushu University.




Beam extraction system of 150 MeV FFAG
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Requirements for the kicker magnet

A part of beam particle hits the septum.
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*Rise time is required less than 150 ns.
* Flat top is required more than 100 ns.




Purpose of study

Development of the kicker with fast rise time
in order to increase extraction efficiency




Principle of rise time and inductance

This is equation of self-induced electromotive force.

Peak current

N
V=14
.

Rise time

Voltage

Smaller inductance realizes faster rise time.




New type of kicker magnet

To reduce the inductance of the kicker, coil is divided into 3 parts.
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New type of Kicker (1700A x 3 = 5100A)

In case that the current is 5100 A, the voltage is 40 kV,
and the rise time is less than 150 ns,

-

The inductance is required to be less than 1.0 uH.




Development of kicker(1)

This is the kicker developed at Kyushu University.

*The three divided air core coil

Air core co is connected in parallel.

Each coil is supported by

g FRP board.
FRP board

Measured inductance is 0.95 pH.
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Development of kicker(1)

beam | | | | | |
| | | | | |

coill coil2 coil3
beam
3.5
3 Current: 20 A(DC)
2.5 H
2 ; ‘7 S i
[ 1 5 s - )
1.5 ' ‘i: §§ z
1 : ] 3 :
0.5 : % :
0 -j - culculation i\'
0.5 * measurements
-1 ,

-400 -300 -200 -100 0 100 200 300 400

position (mm)

Measured magnetic field of the kicker agrees with the calculation.




Development of Power source(1)

Requirements for power source

*Peak current :5100 A *Rise time :150ns
*Maximum voltage : 40 kV *Flat top : 100 ns

- The power source consists of PFN circuit and thyratron.
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Development of Power source(2)

This is diodes for rectification circuit

This set up increases the inductance
of the kicker by 0.15 pH




Power test(1)

This graph shows the relation the peak current of the
kicker to the voltage of the power supply.

peak current [A]

6000
5000
4000
3000
2000
1000

0

.
o"“
o0

*

0 10 20 30 40 50
Voltage [kV]

The power source operated from 10 kV to around 40 kV
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Power test (2)

this graph shows current waveform of the power test.
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Peak current and rise time don’t meet the requirements,
because the total inductance exceeds more than 1.0 uH

‘ Is there any beam loss in this case?
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Simulation of the beam extraction

The extraction beam kicked when the current of the
kicker is from 4400 A to 4900 A.

-0.04

Septum width Extraction beam
3mm T (4400 A)
-0.045 // L
L xtraction beam

/ N /7R (4900 A)

-0.05 N i \ N/
: { \
( \\/

r' [mrad]

-0.055 -

-0.06 \T\\\\"/ \}vl I

Circulating
beam

‘__-——'

f/

-0.065
5050 5055 5060 5065 5070 5075 5080
r[mm]
The extraction beam doesn’t hit the septum,
but the distance between the extraction beam(4400 A ) and the septum is very short.

» It is important to reduce the additional inductance
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Summary

Development of the kicker with fast rise time
in order to increase extraction efficiency

We designed a new type of the kicker
*The kicker coil was divided three part of coil

The new kicker was developed
*Inductance of the developed kicker is 0.95 pH

The power source for the kicker was developed

Rise time of kicker current is 160 ns,
and flat top is 140 ns.

The extraction beam doesn’t hit the septum.

But it is necessary to reduce the additional inductance.




Thank you for listening to my presentation
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Power test with dummy load
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Simulation of the beam extraction(1)
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"The extraction beam is kicked when peak current is from 4488 A to 5100 A.



Tracking simulation with Opera-3D

Beam

Gap width :25 mm
Longitudinal length : 600mm
Transverse length : 70 mm

Vector Fields H



Simulation of the beam extraction

the extraction beam at septum magnet
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|:> The extraction beam is not lost at the septum magnet.
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Calculation of magnetic field
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Constraint geometry of kicker

In case of 150 MeV FFAG accelerator,
there is fringing field at straight section

¥

Kicker used magnetic material
causes COD

¥

The kicker at Kyushu University need to be air core coil




Experiment input of power(2)

call
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Experiment condition

Kicker coil :0.95 yH
Voltage : 2~12kV(pulse)

This experiment is operated
in the air

=

Search caoil

This result fulfills required
magnetic field

This experiment brings out that required voltage is 39 kV in order to achieve 5100 A




Calculation of extraction efficiency(1)

- Calculation condition
Current rising time: 170 ns
Maximum current: 5100 A
Current at 150 ns: 4488 A(88%)

Incident beam emittance : 30m mm=mrad

~

/

The extraction beam is kicked
in the 88% to 100% kicker power




Calculation of extraction efficiency(2)
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Red point is position of outside of beam kicked 100% power

Blue point is position of inside of beam kicked 88% power

There aren’t beam loss at septum




Calculation of extraction efficiency(3)

Beam size .

28.4mm i

< >

003 ;
Center of transport

092 | 95434mm :

05— ’ f

05 *Eq:;

[rrrad]

88% #® 100%
049 :W- s
0,48 —i ] # E
047 |— !

046

541 7 5407 5437 5447
r [

Observed here ((

s
k1l

"

S

Transport aperture is 80 mm, beam size is 28.4 mm
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There aren’t beam loss at entrance of transport




Beam extraction system of 150 MeV FFAG
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Required beam separation for extraction

Beam size
10 mm

Septum thickness
3mm

Septum magnet

Beam separation

Beam separation is required to be more than 13 mm




