Beam injection and extraction
in FFAG accelerators

Takeichiro Yokoi (KEK Acc. Lab.)



Basic Scheme ---- Fast extraction
(kicker + septum)

| septum

Y(m)

— kicker

Problems
- Orbit separation @ septum
(Phase advance
between septum and kicker)
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Parameters....
- Momentum
s« 550/137MeV/c(Ext./Inj.)

- Phase advance

wee ~3.7 (~110°/1cell )
- Revolution period

weee ~220NS

- Available space/lcell
eese ~60Ccm



g g

VAALLAALIGARVAJ AL

NI D\Jy O A AAL

HUD.I. WA

AN

Optimum phase advance :-(1/2+n)TT

6, (radian)

o o
8 R

o

-0.02
-0.04

B, (radian)

002 [

o 9
Q
()

o
T

R

004 o

6, (radian)

o o
8 R
T TTT

o
TTT

002 i %%
004 F

~ 6
£ C
> 4L
2 ; /
of -
2 f
-4 f : ;
-6 :\ I | L \ I 1 \ I L
-6 4 2 0 4 6
X(m)

Odeg. _ 30deg.(@kicker) 60deg.
:_ .......... g 0.04 :_ .......... % 0.04 :_ .........
S — T — T
R A SRR TS T T
e rrrrrrrrrr T - 002 i {
:_I ......... . A -0.04 :_I\ ......... A -0.04 :_I ......... . A

L kicker(500gauss x60cm)

Centeral orbit

Kicked beam

Optimum location :--- 240deg.(150deg.)

* Stability of Horizoltan tune <0.02

(by M. Aiba )



For the kicker PS,
the maximum field with 3cm gap «--- ~930gauss

60deg

150deg.

max currnt density ~ 60A/mm?
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separation

~6mm

~11Imm

~12mm

(beam emittance:100T mm-mrad)

gap hight 3cm

}

with 6mm thck septum,
available septum field(3cm gap)~2.8kgauss

. 0
*temperature rise ~30



Beam Extraction(example)

Scheme : fast extraction
(kicker + bump)
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~ central orbit
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Emittance of extraction beam
~100 pi mm -mrad(H)
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Extraction
Beam

~max. 1.3cm thick septum
can be inserted.

(~4kgauss field is available)

Beam shape of extracted beam

Horizontal phase space
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(1) In triplet maget(D-F-D type),
beam goes out from the edge of F-Pole.
---> Yoke-free type magnet is desirable.

(2) Strong edge defocusing at the edge of F-pole

e
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* Additional pole might help.
However, it changes the field distribution
of the main field
---> Careful and further study is needed.

At present, applying strong field in the septum
is the only realistic choice.



With 930gauss kicker +6m thick 2.8 septum,
100 pi mm-mrad beam can be extracted.

Optimum septum postion 240deg(150deg.)

Stability of horizontal tune should be
carefully studied.

Dispersion should be taken into account.



2 schemes .....
(1) H charge exchange
Small beam size

H source is a problem

Limited application(charge, energy)
B

N,

foil

2) H' phase space painting

large beam size
High cost

Wide application

H* injection is at present
adopted as the injection scheme.

** injection beam emittance
50 mmm - mrad(H)
10 tmm - mrad(V)
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Bump orbit is not closed.
---> additional correction bump might be needed.



Orbit separation at bump orbit

(1) Charge exchange injection
(max emittance : 200 pi mm- mrad)
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(2) phase space painting
(max. emittance: 400pi mm-mrad)
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To reduce the beam loss,
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bump: 300gauss x 60cm

bump: 300gauss x 60cm

two septum shold be adoped( ES + magnet)
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ES septum + magnet septum

Field gradient of ES septum
: 50kV/ecm(max)
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More than 30 mm of space can be obtained
at the 1st septum
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Beam emittance(H)
@ injection
~ 400 pi mm-mrad



Bx(radian)

B (radian)

Horizontal phase space
@ septum magnet
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septum can be inserted



A11jJTOULLIVIL
H* injection
10MeV

cyclotron (H: 50 1, V:10 Tmm-mrad)
after painting( 400 Tmm-mrad)

Bump : 1 =2~5| sec.
Field : 300gauss(15kV/cm)
beam size(max: H:2 x V: 1.5cm)
ES septum
Field 35kV/ecm
Orbit separation : 5mm
EM septum
Field 1T

Orbit separation : 3.8cm

Extraction

Fast extraction

129MeV(H:100 1, V: 10Ttmm-mrad)
Circulating time : ~220ns

Kicker

Rise time :150ns
Flat top :80ns
Max field :1kgauss(70kV 2000A)

Gap : 2cm
Repetition : >250Hz
Septum

Field : 3.5kgauss
Gap :2cm



