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Rf cavity

IS a device to produce (sinusoidal) electric field.

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Rf cavity

IS a device to produce (sinusoidal) electric field.

The rf frequency is multiple of
the revolution frequency of a beam,

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Rf cavity

IS a device to produce (sinusoidal) electric field.

The rf frequency is multiple of
the revolution frequency of a beam,

f’rf:h'fs

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Rf cavity

IS a device to produce (sinusoidal) electric field.

The rf frequency is multiple of
the revolution frequency of a beam,

frf:h'fs

so that an accelerated particle sees the same rf phase.

particle revolutiop time
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Rf cavity

IS a device to produce (sinusoidal) electric field.

The rf frequency is multiple of

the revolution frequency of a beam, € <10 MH>
g T x 10 m
spee
f?“f =h-fs =h-—
circum ference

so that an accelerated particle sees the same rf phase.

particle revolutiop time

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Role of the rf

to accelerate a beam.
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Role of the rf

to accelerate a beam.

Maximum particle energy becomes twice
If rf voltage is twice higher ?
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Role of the rf

to accelerate a beam.

.IFIaF*"':U'“ particie e'l'e. llgy b?eeelnes wice

to focus particle at a certain energy,

at which the revolution is synchronized with rf.
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to accelerate a beam.

Role of the rf

.IFIaF*"':U'“ particie e'l'e. llgy b?eeelnes wice

to focus particle at a certain energy,

V(t) sin ( /

at which the revolution is synchronized with rf.

\4

W(t) dt)

Frequency synchronous energy
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Role of the rf

to accelerate a beam.
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Role of the rf

to accelerate a beam.

.IFIaF*"':U'“ particie e'l'e. llgy b?eeelnes wice

to focus particle at a certain energy,

at which the revolution is synchronized with rf.

V(#) sin ( / (1) dt)
t Amplitude stability

Frequency synchronous energy

Particles are accelerated when rf frequency is varied smoothly.
Let us play with a simulation game, later.
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Role of the rf

to accelerate a beam.

.IFIaF*"':U'“ particie e'l'e. llgy b?eeelnes wice

to focus particle at a certain energy,

at which the revolution is synchronized with rf.

V(#) sin ( / (1) dt)
t Amplitude stability

Frequency synchronous energy

Particles are accelerated when rf frequency is varied smoothly.
Let us play with a simulation game, later.

Principle of stable rf acceleration

(1) Revolution time of a particle depends on its energy
(2) Energy gain at rf depends on arrival time
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Revolution time of off-momentum particle

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Revolution time of off-momentum particle

T=-
U

For a particle with small momentum deviation from synchronous one,
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Revolution time of off-momentum particle

where
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Revolution time of off-momentum particle

T=-
U

For a particle with small momentum deviation from synchronous one,

dT dC dv

T C v
where
dC 1 dp .
= D(p)—=d <— function of B
= . ]{ng (p) ; ¢
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Revolution time of off-momentum particle

T=-
U

For a particle with small momentum deviation from synchronous one,

dT dC dv

T C v
where
dC 1 dp dp .
= = D(p)—=d = U, — <— function of B
C C ]{ing () D ¢ P

dp . momentum compaction

Higher momentum —> Longer circumference
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Revolution time of off-momentum particle

T=-
U

For a particle with small momentum deviation from synchronous one,

dT dC dv

T C v
where
dC 1 dp dp
— = = D(p)—d = Op——
C C ring (p> D ¢ p D
dv D p?\ dp 1 dp
| (—) —(1-— _ P
v " E ( E2> D V2 p

dp . momentum compaction

Higher momentum —> Longer circumference

<— function of B

<— kinematics
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Revolution time of off-momentum particle

T=-
U

For a particle with small momentum deviation from synchronous one,

dT dC  dv ( 1 ) dp
- — - p— Oép —_ 5
T C v Y P
where
dC 1 dp dp
— = = D(p)—d = Op——
C C ring (p> p ¢ p p
dv D p?\ dp 1 dp
¢ o—q (—) —(1- -
v " E ( E2> D V2 p

dp . momentum compaction

Higher momentum —> Longer circumference

<— function of B

<— kinematics
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Revolution time of off-momentum particle

T=-
U

For a particle with small momentum deviation from synchronous one,

dT dC dv ( 1 ) dp dp
R — - — O‘p — 5 = nN—
T C v Y p p
where
dC 1 dp dp .
—— =_ D(p)—d = Qup— <— function of B
C C ring (p) D ¢ p D
dv P p?\ dp 1 dp
— =dln (—) = 1- = 5 : -
v E E? ) p V2 p <— kinematics

dp . momentum compaction
Higher momentum —> Longer circumference

n  :slippage factor

Higher momentum —> Longer revolutiontime ( n > 0 )
Shorter revolution time ( 7 <0 )
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Revolution time in a FFAG

T C C : Circumference
W v : Velocity

depends on momentum and magnetic field.
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Revolution time in a FFAG

T C C : Circumference
W v : Velocity

depends on momentum and magnetic field.

I

varies with time in a conventional synchrotron.
constant of time in a FFAG.
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Revolution time in a FFAG

T C C : Circumference
W v : Velocity

depends on momentum and magnetic field.

I

varies with time in a conventional synchrotron.
constant of time in a FFAG.

Conventional synchrotron

T(p,t) is defined at each instant,

for a momentum around p = ps(?).
dp
T(ps + dp) — T(ps) + T —

S
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Revolution time in a FFAG

T C C : Circumference
W v : Velocity

depends on momentum and magnetic field.

I

varies with time in a conventional synchrotron.
constant of time in a FFAG.

Conventional synchrotron

T(p,t) is defined at each instant,

for a momentum around p = ps(?).
dp
T(ps + dp) — T(ps) + T —

S

FFAG
Magnetic field is constant.
T'(p) can be globally defined independent of time.
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Global function T(p) is defined in a FFAG

100 [

Normalized revolution time
)

0.001 0.01 0.1 1 10 100

Normalized momentum fy
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Global function T(p) is defined in a FFAG

100 [

—_
o

Normalized revolution time

0.001 0.01 0.1 1 10 100

Normalized momentum fy
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Global function T(p) is defined in a FFAG

T — 9 There is a minimum of T(p)
v = transition
100 :

o
=
-§ | | |
2 4 | J it
S i [ qmT)[ N\ o transiion
2 "7 d(np)
= \ _
S
5 T'(p)

1

0.001 0.01 0.1 1 10 100

Normalized momentum fy
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Global function f(p) is defined in a FFAG

10 ¢

—

Normalized frequency

Normalized momentum fy
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Global function f(p) is defined in a FFAG

10 ¢

—

Normalized frequency

01 |

Normalized momentum fy

Once rf frequency is determined,
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Global function f(p) is defined in a FFAG

10 ¢

—

Normalized frequency

01 |

0.1 1 10 100

Normalized momentum fy

Once rf frequency is determined, ‘synchronous momentum’ is determined.
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Longitudinal phase space

(Incase 1 <0)

@ Particle of synchronous momentum
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Longitudinal phase space

(Incase 1 <0)

@ Particle of synchronous momentum
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Longitudinal phase space

x4 (Incase 1 <0)

@ Particle of synchronous momentum
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Longitudinal phase space

x4 (Incase 1 <0)

@ Particle of synchronous momentum
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Longitudinal phase space

— 7T —+7r

@ Particle of synchronous momentum

(Incase 1 <0)

p o §
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—T +7r
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4
i —o
o +7
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Longitudinal phase space

— 7T —+7r

@ Particle of synchronous momentum

(Incase 1 <0)

p o §
4
: ®
—T +7r
l T
p o— §
4
i —o
o +7
l T
p| &— i
4
: e
T +7r

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Demonstration 1: Slippage

1
QUIT _ —
m = 938 MeV Qyp 761
f=1591.84 MHz at Er =11.57 MeV Volt Freq
(V) (kHz)
15.0 MeV
1.mrng.py
Particle
Energy
1557
0°°mutre ‘el € WO ™ SR U 20 000 @RS INISMAVDE.IN® ¢ P “oN
10.5 MeV 0
-180 Rf phase +180
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Rf voltage is applied

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Rf voltage is applied

[l H T T
T T T_T‘TT‘T“
SR S ams B e v Gl
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Rf voltage is applied

[l H T T
T e T_T‘TT‘T“
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Demonstration 2: Synchrotron oscillation

1
QUIT _ —
m = 938 MeV Qp 76+ 1
f=1591.84 MHz at Ep, =11.57 MeV Volt Freq
(V) (kHz)
15.0 MeV
1.mrng.py
1557
Coets 20 ne S8 * G eall g\, Pasf* ote % OV Men 0w BUI'RAe © ¢ o Io AP ol °A o™ ¢ P¢
10.5 MeV 0
-180 +180

synchronous energy
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Demonstration 2: Synchrotron oscillation

1
QUIT _ —
m = 938 MeV Qp 76+ 1
f=1591.84 MHz at Ep, =11.57 MeV Volt Freq
(V) (kHz)
15.0 MeV
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Remark; Filamentation

If the injected beam is mismatched in phase space, then...

Hodpir2s *b WP Po MAEP e § VAP0 Bep ¢° e %P Lte AR ¢ P @, PR, Vg
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Remark; Filamentation

If the injected beam is mismatched in phase space, then...

Filamentation

because of the nonlinearity
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Remark;

Filamentation

If the injected beam is mismatched in phase space, then...

Filamentation does not happen

Filamentation

because of the nonlinearity

with linear waveform ( Saw-tooth ) rf.
—> phase rotation
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Remark:; Filamentation

If the injected beam is mismatched in phase space, then...

Filamentation

because of the nonlinearity

and emittance grows up.

Filamentation does not happen with linear waveform ( Saw-tooth ) rf.
—> phase rotation
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Remark:; Filamentation

If the injected beam is mismatched in phase space, then...

Filamentation

because of the nonlinearity

and emittance grows up.

Filamentation does not happen with linear waveform ( Saw-tooth ) rf.
—> phase rotation

Emittance growth caused by filamentation is reduced by adiabatic capture.
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Normalized frequency

10

o
—

Acceleration

Is done by slowly changing the rf frequency

0.001 0.01 0.1 1 10 100

Normalized momentum fy
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Normalized frequency
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Is done by slowly changing the rf frequency
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Normalized frequency

10

0.1

Acceleration

Is done by slowly changing the rf frequency

0.001 0.01 0.1 1 10 100

Normalized momentum fy
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Demonstration 3: Rf acceleration

1
QUIT _ —
m = 938 MeV Qp 76+ 1
f=1591.84 MHz at Ep, =11.57 MeV Volt Freq
(V) (kHz)
15.0 MeV
1557
PR S N0 i VAL ol N OV TR Nth WS A8t IWe P00 PP a
10.5 MeV 0
A
-180 +180

synchronous energy
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Demonstration 3: Rf acceleration

1
QUIT _ —
m = 938 MeV Qi 76+ 1
f=1591.84 MHz at Ep, =11.57 MeV Volt Freq
(V) (kHz)
15.0 MeV
1. Deceleration is possible, too
2. Try fast acceleration !
1557
PN S NP i VAL P NGOG PR Nh WIS A2dtPe IWe P00 PP ana
10.5 MeV 0
k
-180 +180

synchronous energy
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Synchronous particle

0 T+
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Synchronous particle

...............................

—+7r

Rf frequency determines
the synchronous energy.

hf<Es) :frf
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Synchronous particle

offset ?

—+7r

Rf frequency determines
the synchronous energy.

hf<Es) :frf

Synchronous phase is determined by
the synchronous energy gain per turn,

| dE, 1 dE,
avsmes =9GN T 7 g

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Synchronous particle

offset ?

—+7r

Rf frequency determines
the synchronous energy.

h - f(Es) — frf
Synchronous phase is determined by

the synchronous energy gain per turn,
or, the ramping rate of rf frequency.

| dE, 1 dE,
avsmes =9GN T 7 g

1 1 dfry
frf (df/dEs) dt

(¢, Es) is a stable fixed point
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Synchronous particle

offset ?

—+7r

Rf frequency determines
the synchronous energy.

h - f(Es) — frf
Synchronous phase is determined by

the synchronous energy gain per turn,
or, the ramping rate of rf frequency.

| dE, 1 dE,
avsmes =9GN T 7 g

1 1 dfry
frf (df/dEs) dt

(¢, Es) is a stable fixed point

general particle
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Synchronous particle

Rf frequency determines
the synchronous energy.

hf<Es) :frf

Synchronous phase is determined by
the synchronous energy gain per turn,

or, the ramping rate of rf frequency.
dFE 1 dF,

offset ?

5% qVsing, = N = ? gy

1 1 dfry
frf (df/dEs) dt

(¢, Es) is a stable fixed point

general particle

¢:¢s+5¢
FEF = FE, + 0F

—+7r

Equation of motion with respectto ( 6¢, 0F ) —
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Quantitative analysis
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Quantitative analysis

44
gy Y |
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IE;ZK
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VY R

One turn phase advance 3 S5 m} !

¢ op AL R Y b
A—  =n—
2mh Ds
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Quantitative analysis

44
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Quantitative analysis

One turn phase advance

¢ op
AL =pt
2mh ' Ds

One energy gain
A (Es+0F)

3

YV
1134
Fiax
LIA%
iy
ThA

$

Yl
1§ &
Apak
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Quantitative analysis

e ~N WY & €& AAET
FE =E, +6E DA A S 2T VS
A d ARARH AR Fel
— Smooth approximation |y V¥ &1 T &AL 1
One turn phase advance _ dN Nt At
Ai _ op _ n ok \/ 1% Vv P, AWt
orh  'ps B2 E, >
One energy gain
A (Es+0F) = ¢V sin ¢
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Quantitative analysis

e ~N WY & €& AAET

E =FE,+6E DAAS XN T

A d ARARH AR Fel

— Smooth approximation |y V¥ &1 T &AL 1

One turn phase advance _ AN Nt At
Ai :775_19 _ nok \/ d ¢  ndE [xPvP B eadt

2mh Ps Bs Es > dN 2rh  j2 E,
One energy gain LB = qVsin (sin(6s + 66) — sin 6.)
A (Es+0F) = ¢V sin¢ dv
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Quantitative analysis

e ~ W € AT
E = E, +6E IO B RL
A d ANAA{, AR e al)
A Smooth approximation |y V¥ &1 T &AL 1
One turn phase advance _ dN ey (B N
Ai :né_p _ nok \/ d ¢  ndE LRPvP P
2mh Ds B2 E, > dN 2rh B2 E,
' d
One energy gain "_GE = qVsin (sin(¢. + 6¢) — sin ¢
A (Es +0F) = gV sin ¢ dN
E.,n are constants ( adiabatic constants )
(" )
1 27Th77 2 .
H(¢p,0E;N) = — (6E)” + qV (cos ¢+ sin ¢ - @)
2 BE;
\_ J

Phase trajectory in (¢,6F) space  —— Next page
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Quantitative analysis

e ~ W € AT
E = E, +6E IO B RL
A d ANAA{, AR e al)
A Smooth approximation |y V¥ &1 T &AL 1
One turn phase advance _ dN ey (B N
Ai :né_p _ nok \/ d ¢  ndE LRPvP P
2mh Ds B2 E, > dN 2rh B2 E,
' d
One energy gain "_GE = qVsin (sin(¢. + 6¢) — sin ¢
A (Es +0F) = gV sin ¢ dN
E.,n are constants ( adiabatic constants )
(" )
1 27Th77 2 .
H(¢p,0E;N) = — (6E)” + qV (cos ¢+ sin ¢ - @)
2 BE;
\_ J

Phase trajectory in (¢,6F) space  —— Next page

Frequency of small amplitude oscillation at ¢ ~ ¢;.
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Quantitative analysis

e ~ W € AT
E = E, +6E IO B RL
A d ANAA{, AR e al)
A Smooth approximation |y V¥ &1 T &AL 1
One turn phase advance _ dN ey (B N
Ai :né_p _ nok \/ d ¢  ndE LRPvP P
2mh Ds B2 E, > dN 2rh B2 E,
' d
One energy gain "_GE = qVsin (sin(¢. + 6¢) — sin ¢
A (Es +0F) = gV sin ¢ dN
E.,n are constants ( adiabatic constants )
(" )
1 27Th77 2 .
H(¢p,0E;N) = — (6E)” + qV (cos ¢+ sin ¢ - @)
2 BE;
\_ J

Phase trajectory in (¢,6F) space  —— Next page

Frequency of small amplitude oscillation at ¢ ~ ¢;.

d £\ fs | hp qV
dN2 5¢ — (277' 7) 5¢ 7 — \/27_‘_ QEES COS¢S
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Quantitative analysis

e ~N <€ W& & € ACAET
FE =E, +6E DA A S 2T VS
A d ARARH AR Fel
— Smooth approximation | /Y V¥ £} T3 AAX !
One turn phase advance _ dN N il A 1
Ai :775_29 N ok \/ d ¢ N 0E Ly et
2mh Ds B2 E, > dN 2rh B2 E,
' d
One energy gain —_0E = qVsin (sin(¢s + 6¢) — sin ¢;)
A (Es+0F) = ¢V sin¢ dN
E.,n are constants ( adiabatic constants )
4 )
1 27Th77 2 .
H(¢,0E;N) = 5 (0E)" 4 qV (cos ¢+ sin s - §)
2 B3 Es
- _J
Phase trajectory in (¢,6F) space  —— Next page
Frequency of small amplitude oscillation at ¢ ~ ¢;.
dAN2 09 = (27T f?) 0 7 — \/ on B2E, cos¢s = synchrotron tune
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ASE

A

Phase trajectory

4 )
1 27h
H($,6E;N) = 5 57;; (6E)? + qV (cos é + sin é, - ¢)
\_ ) _J
—~ T
s =2

/

2mhn

- 2B2E.qV

Rf phase (deg)

-1.5
-180 -150 -120 90 -60 -30 O 30 60 90 120 150 180
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Phase trajectory
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ASE

A

Phase trajectory

r

H(¢,0E;N)

1 2whn

2 B2E,

(0E)? + qV (cos ¢ + sin ¢, - &)

/

2mhn

- 2B2E.qV

Rf phase (deg)
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ASE

Phase trajectory

4 )
. B 1 27'(']'”7 2 )
H(¢,0E;N) = > 72F, (6E)" 4+ qV (cos ¢ + sin ¢ - ¢)
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ASE

Phase trajectory
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ASE

Phase trajectory

r

1 2whn

H(¢,6E;N) = (6E)° + qV (cos ¢ + sin ¢ - ¢)

2 B2E,

int
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Rf phase (deg)

ASE

I I T S N S I A N

-1.5
-186166140120100-80-60-40-20 0 20 40 60 80 100120140160180

Rf phase (deg)

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



TOPICS AROUND RF ACCELERATION
IN A FFAG

keywords

Stationary bucket,
Harmonic number jump,
Rf stacking
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Characteristics of FFAG

Free from magnetic field ramping
Huge momentum aperture
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Characteristics of FFAG

Free from magnetic field ramping
Huge momentum aperture

Characteristic aiming to
Fast acceleration High repetition rate
Fixed frequency rf Continuous acceleration ~ \Stationary bucket, Serpentine
Harmonic number jump
Multi synchronous energy  High repetition rate CMuIti-fish )
High pulse intensity CStacking at higher energy orb@
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Fast acceleration
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Fixed frequency rf

FFAG accelerator is free from magnetic field ramping,
but

still not capable of continuous acceleration
if rf frequency is varied.
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Fixed frequency rf

FFAG accelerator is free from magnetic field ramping,
but

still not capable of continuous acceleration
if rf frequency is varied.

l

Is it possible to accelerate beams with a fixed frequency rf ?
Aiming a continuous acceleration

Energy range is limited by

2
Bucket height OF 6—Eqv is higher if (1) Synchronous energy is higher
mhn (2) Rf voltage is higher
(3) Harmonic number is smaller
(4)

Slippage is lower
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Fixed frequency rf

FFAG accelerator is free from magnetic field ramping,
but

still not capable of continuous acceleration
if rf frequency is varied.
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Is it possible to accelerate beams with a fixed frequency rf ?
Aiming a continuous acceleration
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Demonstration 4: Serpentine acc.

QUIT
Volt Freq
(V) (kHz)

30.0 MeV

2.serpentine. py
1550
2.5 MeV 0
-180 +180
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Serpentine acceleration
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Serpentine acceleration
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Energy

Harmonic number jump acceleration

Let us recall
frf = h - f(ES)

Frequency

Azimuthal position

A. G. Ruggiero, “Rf acceleration with harmonic number jump”, Phys. Rev. ST AB 9(10), 2006.
Y. Mori, “Harmotron”, in this workshop.
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A. G. Ruggiero, “Rf acceleration with harmonic number jump”, Phys. Rev. ST AB 9(10), 2006.
Y. Mori, “Harmotron”, in this workshop.

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Harmonic number jump acceleration

Stable fixed point Let us recall
l frf =h- f(ES)
o o

Energy

Synchronous energy E; is not unique,
because h can be any integer.

There are many stable fixed points,
corresponding to h=1,2,3,4,...

Frequency

Azimuthal position

A. G. Ruggiero, “Rf acceleration with harmonic number jump”, Phys. Rev. ST AB 9(10), 2006.
Y. Mori, “Harmotron”, in this workshop.

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Harmonic number jump acceleration

Energy

Stable fixed point Let us recall
l frf =h- f(ES)
® f’rf

Synchronous energy E; is not unique,
because h can be any integer.

>
8 There are many stable fixed points,
g corresponding to h=1,2,3,4,...
O
o
rf/2 LL
. e eeeeeeeree -
rf/3
... @ = [r]3.
/- o ----- @ ©

Azimuthal position

A. G. Ruggiero, “Rf acceleration with harmonic number jump”, Phys. Rev. ST AB 9(10), 2006.
Y. Mori, “Harmotron”, in this workshop.
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Harmonic number jump acceleration

Energy

Stable fixed point Let us recall
l frf =h- f(ES)
® f’rf

Synchronous energy E; is not unique,
because h can be any integer.

>

8 There are many stable fixed points,

g corresponding to h=1,2,3,4,...

O

'
____________________________ frif2 |
________ l "frf/3 Acceleration across different h’s is possible,
/:. ------ ® - ® - 0 - if voltage is high enough and
(' --------------------------------------------- slippage is tuned well.

Azimuthal position

A. G. Ruggiero, “Rf acceleration with harmonic number jump”, Phys. Rev. ST AB 9(10), 2006.
Y. Mori, “Harmotron”, in this workshop.
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Multi-fish

Mixing two (or more) rf component with different frequencies,

Energy

V() = V; sin ( / o f1(¢) dt) 1+ Vysin ( / o fa (1) dt)

Repetition rate becomes twice (or higher).

A new beam is injected during acceleration.

Frequencies must be separated enough
each other, otherwise
two rf interferes.

Frequency

Azimuthal position
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Rf stacking at extraction energy

[ extracton 1 T T T T A

acceleration / /' /’ / /' /’ Time
el 11111 )
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Rf stacking at extraction energy

~
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/ Time
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Rf stacking at extraction energy

s extraction T T T T T )
acceleration / / / / / / Time
L |nject|onT T T T T T J

Stacki
(" extraction ( higher pulse intensity);‘c e f )
acceleration N / Time
High space charge effects at low energy
injection T ‘ T ‘ ‘ ‘
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Rf stacking at extraction energy
[ extracton 1 T T T T R

acceleration /' /' /’ / / /’ Time
el 11111 )

Stacking
(" extraction ( higher pulse intensity ) ? ? )
acceleration N / Time
High space charge effects at low energy:
injection T ‘ T ‘ ‘ ‘
_/
Stacking at extraction energy
4 )
extraction ( higher pulse intensity )
/ / / / / / Time
Injection T T T T T T
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Rf stacking at extraction energy
rextraction ( higher pulse intensity ) * f )

J /S S S S/ Time
Linjection T T T T T T )

Beam is extracted after two or more times of injection.
to increase the number of particle per pulse.

QUIT Inject

3.staking.py Volt Freq

(V) (kHz)

15.0 MeV

1557

10.5 MeV 0

-180 +180
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Rf stacking at extraction energy
rextraction ( higher pulse intensity ) * f )
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Beam is extracted after two or more times of injection.
to increase the number of particle per pulse.
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Rf stacking at extraction energy
rextraction ( higher pulse intensity ) * f )

J S S S S S Time
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Beam is extracted after two or more times of injection.
to increase the number of particle per pulse.
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Rf stacking at extraction energy
rextraction ( higher pulse intensity ) * f )
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Beam is extracted after two or more times of injection.
to increase the number of particle per pulse.
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Rf stacking at extraction energy
rextraction ( higher pulse intensity ) * f )

J S S S S S Time
Linjection T T T T T T )

Beam is extracted after two or more times of injection.

) to increase the number of particle per pulse.
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(V) (kHz)

15.0 MeV

new injection

1557

e o0 Wee® § o ]

10.5 MeV 0

-180 +180

Tom UESUGI, FFA SCHOOL, Osaka, Sep, 2018



Rf stacking at extraction energy
rextraction ( higher pulse intensity ) * f )

J S S S S S Time
Linjection T T T T T T y

Beam is extracted after two or more times of injection.
to increase the number of particle per pulse.
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Rf stacking at extraction energy
rextraction ( higher pulse intensity ) * f )

J S S S S S Time
Linjection T T T T T T )

Beam is extracted after two or more times of injection.
to increase the number of particle per pulse.
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Rf stacking at extraction energy
rextraction ( higher pulse intensity ) * f )

J S S S S S Time
Linjection T T T T T T y

Beam is extracted after two or more times of injection.
to increase the number of particle per pulse.
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