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1 What is Septum Magnet ? Eddy Septum Magnet !?
Both of them are Simple!
2. J-PARC and Upgrade of MR

Toward High Power Beam of 1.3 MW !l
3. Upgrade of Septum Magnets for Fast Extraction in MR.
Completed in last month.

What was important task about Eddy septum ?
Higher Stability & Lower leakage field !!

4. Summary again



"R, What is Septum Magnet ? (% oo 3

A septum magnet is used at a intersection of 22 beam lines

No magnetic field in One of the beam lines
No field

Circulating
beam

T Magnetic Field
Septum magnet Septum coil here

Why no field outside the magnet ?



P Why no field outside the magnet ?

Actual Septum Magnet ( under assembly )
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No leak ffom side of coil
This is Septum Coil
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% What is Eddy Septum Magnet ? 4 %reaRC O
Eddy septum magnet is also simple, but principle is difference.

Base on ordinary C-type dipole

Coil
Septum plate
/\
/ Stray Field
{ Induced Field

by eddy current
on the surface of plate

Stray field is cancelled by induced field.

Only Short-Pulse Current can be used
For example ; Sin-wave



J-PARC and Upgrade of MR
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Japan - Proton Accelerator Research Complex
In Tokai, Ibarakl, Japan

MR Main ng
3 GeV 9 30 GeV proton

RCS = Rapid Cycling Synchrotron
400MeV - 3 GeV proton
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“GQ;\\\ Fast Extraction (FX) in MR 8
= Beam extracted during 1 turn, and sent to NU
~5.2usec

Beam cycle until last summer was 2.48 sec
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P Plan to Upgrade MR beam power wlemac O
1.3 MW by 2028
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Upgrade of Septum Magnets
for FX in MR.

| focus on EDDY Septum






Replacement of Low
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%N Comparison of Old and New Septum Magnet  [£#SE

New = Eddy Current tve

Additional Shield Plate o

; 7
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Old = Conventional Type
Magnetic Pol =

264mm

Hollow conductor == Copper Plate No damage from

Magnetic Coil _
( 4mm thickness ) ( 7mm thickness ) self-vibration
Horizontal Aperture 80mm == 140 mm No septum coil in gap
Output Current
(\E\)/idth) Long- Pattern ( 1.55€C) mme ghort-pulse (1msec) Low joule heating

~ 2 gauss * m/cm, <1 ~
. gauss, ~10 gauss @ Core edge
Leakage Field  max 50 Gauss @ Core Edge No leakage during injection. Acc.
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. Surge absorber
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I%Q% New Power Su ‘p{,’-ﬂﬂﬂc 15

The circuit diagram of Power supply [ Easy Calculation of Eddy Output |

n=nan
f=0.000000

Controllers Chargers Capacitors Switches

e
6kV Max S 550p.F_/\_

—

e

—— 3254F To obtain
good Flatness

v

Arh. Unit

Most important task
High Shot-to-shot Stability, and Long-term Stability



IPAC22 The stability of Output Current [ rere 16

@
Shot-to-Shot stability Long-term stability
1. Realtime Feedback 2. Shot-by-shot Feedback
in Charging Voltage using Output Pulsed Current
Output current
Controller

/ Chargers

N /[ R —
Feedback 1:
Close to setting voltage

- >
\/

. f\ 8932 [
Capaato:s% ' Fluctuation ~ 90 ppm (pk-pk)

8931 (g

go30 | NO time variation

sl | AT PR FETTE ST FETT P

dl £600 2000 3000 4000
Feedback 2 : Correction of setting voltage Shot number

Peak current[ A ]
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Low leakage field in the circulating line

@ End field clamp S < :

Copper (;5mm thickness) ,
‘& Ir'onﬂ (10 n'isn:,thickﬁgss )i

Suppréss
the end fringe fleld

Circulating beam  p 4o tion beam
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@ End field clamp

¥
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@ ceiling shield — _\
|

v Copperrﬁlate“‘” %
5mm th|ckness ,

Circulating beam

Extraction beam
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Low leakage field in the circulating line

@ End field clamp '

@ Ceiling shield

@) Duct shield



<% Measurement of Leakage field {frernc

H

Measured at center position
Applied current = 9kA

O End field clamp
X Ceiling shield

X Duct shield

Field strength [ Gauss ]

-
[$)]

-
o

o

End field clamp

Al

of- g

| L L I | 1 1 I L | L L L 1 ] 1 1 L L | 1
0 0.5 1 1.5 2

Position along longitudinal direction [m]



<% Measurement of Leakage field {frernc

l l End field clamp
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Measured at center position

Applied current = 9kA 10

Al

O End field clamp
O Ceiling shield
X Duct shield
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% Measurement of Leakage field o —

H—

Measured at center position
Applied current = 9kA

O End field clamp
O Ceiling shield
O Duct shield

Field strength [ Gauss ]

-
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End field clamp
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Extremely low Leakage
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Assembly of the Eddy Septum in a Clean Booth {Cermme 23
For Installatlon |nto a Vacuum chamber
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New Fast Exgactiqn 2022 |




Summary 27

B Eddy Current Septum is very useful
have many advantage rather than conventional type.

B Developed New Eddy Septum for FX
Shot-to-shot Stability ~100 ppm (pk-pk) with 3kV X9kA
Long-term Stability of No time variation by feedback
Very Low leakage field by several shields.

B Installation into MR was completed in 2022.

The Beam Operation of MR
with the Eddy Septum magnets was started !



