
高高安安定定・・低低エエミミッッタタンンスス電電

子子入入射射器器  

11.. ははじじめめにに  

 

11..11..    



11..22..    

1.2.1. RF  

λ

π / 2

1.2.2. 
 



1.2.3. 
 



λ / 2

11..33..    



11..44..    





22.. 電電子子集集群群とと初初段段加加速速  

22..11..  
  

ve T

βe c
m0

γ

ve

βe

γ 1
γ 2

1
βγ( )3

βe

γ 1
γ 2

1
βγ( )3

22..22..    

z
ve

r ρ0
z

Er Bφ

z

Bφ

ve = βec

T = γ −1( )m0c2

γ = 1
1− βe

2

ve = 1−
1

T
m0c

2 +1
⎛
⎝⎜

⎞
⎠⎟

2 c

∇⋅E = 4πρ0 Er

Er = 2πρ0r

∇×B = 4π
c

ρ0v

Bφ = 2πρ0
ve
c
r




F dp

dt
e

E +
ve
c
×

B⎛

⎝⎜
⎞
⎠⎟

ρ0
γ 2

r0

z

βγ( )3

22..33..    

2.3.1. 
 

j = ρ0ve

= =

Fr = e Er −
ve
c
Bφ

⎛
⎝⎜

⎞
⎠⎟

= 2πe ρ0
γ 2 r

γ m0
d 2r
dt2

= 2πe ρ0
γ 2 r

d 2r
dz2

dz
dt

⎛
⎝⎜

⎞
⎠⎟
2

= 2πe
m0

ρ0
γ 3 r

d 2r
dz2

= 2πe
m0c

3
j

βeγ( )3
r

ve =
dz
dt

r = r0 I0 = jπr0
2

d 2r
dz2

= 2πe
m0c

3
1

βeγ( )3
I0
r0



Jt

A k
T

φ

A

m0 = 0.511MeV / c
2 e =1.602 ×10−19C

k = 8.617×10−5eV /K
h = 4.135×10−21MeV s

φ

 d 2V (z)
dz2

 ρ(z)
ε0

   1
2
m0v

2 (z)

   −ρ(z)v(z)  

   const.

z V(z)
z ρ(z) z ε0

v(z) z JSC

v(z) ρ(z)  

 d 2V (z)
dz2

= JSC
ε0

m0

2e
V −1/2 (z)    

2 dV (z)
dz

z  

dV (z)
dz

⎛
⎝⎜

⎞
⎠⎟
2

= 4JSC
ε0

m0

2e
V 1/2 (z)+C

C

z
V (z) = 0

 

 JSC = 4ε0
9

2e
m0

V 3/2 (z)
z2

S dca
Va

  GVa
3/2

  

G S
dca

Jt = AT 2 exp −
φ
kT

⎛
⎝⎜

⎞
⎠⎟

A =
4πem0k

2

h3

= 120.4 [A / cm2K 2 ]

=

eV =

JSC =

=

C = 0

z = 0

JSC =

G = 2.33×10−6
S
dca
2



Va

Veq

  

Vg
µ、 dga

dcg

µ

 

dw rg

2.3.2. RF  

Veq =
Vg +

Va
µ

1+
1
µ
+
4
3µ

dga
dcg

µ =

2πdga
dw

− ln cosh
2πrg
dw

⎛
⎝⎜

⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥

ln coth
2πrg
dw

⎛
⎝⎜

⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥



Δγ m0c
2

  −eEPB sinθ0( )Δzgap  
Δγ (θ )  −α sinθ0ξgap

EPB

ω

t = 0 Δzgap
α = eEPBλ

m0c
2

ξgap =
Δzgap
λ

λ

t

z θ(z)

 θ(z) =θ0 +
2π z
λ

1
β0
−
1
βe

"

#
$

%

&
'

 Δθ
Δz  =

2π
λ

1
β0
−
1
βe

"

#
$

%

&
'  

Δθ
Δξ  =  2π 1

β0
− 1
βe

⎛
⎝⎜

⎞
⎠⎟

=

=

θ0 = −ω t

ω t < 0

ω t > 0
θ = 0

θ = −ωt



ξ = z
λ

β0

ξ

θ

ξ =1.2

ξ = 0

ξ = 0.8

ξ = 1.2

ξ = 1.6

ξ = 2.0

ξ = 2.4

-1.5

-1

-0.5

0

0.5

1

1.5

-180 -120 -60 0 60 120 180

-s
in

 θ

θ [deg]

ξ = 00.81.21.62.02.4

Injected beam

βe = 0.7

αξgap = 0.06

ξ = 0

ξ =1.6

ξ =1.6

ξ =1.6



EB

θ

 d mc2( )
dz

= −eEB sinθ  

m = γ m0 z

λ0 ξ = z
λ0

dγ
dξ

= − eEBλ
m0c

2 sinθ

= −α sinθ

α =
eEBλ
m0c

2

ω
vp

θ = ωz
vp

−ωz
ve

 dθ
dz  = 2π

λ
1
βw

− 1
βe

⎛
⎝⎜

⎞
⎠⎟

 

dθ
dξ  =  2π 1

βw

− 1
βe

⎛
⎝⎜

⎞
⎠⎟

βw =
vp
c

z
θ γ

α
ξ = 5 βw

ξ = 5



2.3.3. 
 



Ez = iE0 (z)J0 (kr r)exp i ωt − kzz( )⎡⎣ ⎤⎦

λ

 
kr
2 + kz

2 = k2 = 2π
λ

⎛
⎝⎜

⎞
⎠⎟
2

 

 
Er = − 1

kr
kzE0 + i

∂E0
∂z

⎛
⎝⎜

⎞
⎠⎟ J1(kr r)exp i ωt − kzz( )⎡⎣ ⎤⎦   

     
∇

× B

= 1
c
∂E


∂t

 
Bφ = − 1

kr
ω
c
E0J1(kr r)exp i ωt − kzz( )⎡⎣ ⎤⎦   

     
r

 J0 (kr r)  ≈  1   

 J1(kr r)  ≈  1
2
krr

   

 Ez  ≅  iE0 (z)exp i ωt − kzz( )⎡⎣ ⎤⎦  

 Er  ≅  − kzE0 + i
∂E0
∂z

⎛
⎝⎜

⎞
⎠⎟
r
2
exp i ωt − kzz( )⎡⎣ ⎤⎦  

      
 Bφ  ≅  −ω

c
E0

r
2
exp i ωt − kzz( )⎡⎣ ⎤⎦   

E0

 ∂Ez

∂z
≅  kzE0 exp i ωt − kzz( )⎡⎣ ⎤⎦   

 Er  ≅  −kzE0
r
2
exp i ωt − kzz( )⎡⎣ ⎤⎦   

Er ≅ − r
2
∂Ez

∂z

Fr =
dpr
dt

= e Er −βeBφ( )

 

d 2r
dz2

=
eE0

γm0βec
2
J 1(kr r)
kr

× k 1− 1
βwβe

#

$
%

&

'
(+

1
E0

1
βe
i ∂E0
∂z

*
+
,

-,

.
/
,

0,
exp iθ( )

k = 2π
λ

λ = 2π ω
c

βw =
k
kz

θ =ωt − kzz r

d 2r
dz2

=
eE0

γm0βec
2
r
2

× k 1− 1
βwβe

#

$
%

&

'
(+

1
E0

1
βe
i ∂E0
∂z

*
+
,

-,

.
/
,

0,
exp iθ( )

 

d 2r
dz2

=
eE0r

2m0βeγc
2

× k 1− 1
βwβe

#

$
%

&

'
(cosθ +

1
E0

1
βe

∂E0
∂z
sinθ

*
+
,

-,

.
/
,

0,

βw = βe =1 cosθ

sinθ

βe <1

∂E0
∂t

≅ 0



	 	 	 



33.. 低低エエミミッッタタンンスス電電子子入入射射器器  33..11..    
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1 deg 
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TRWcells  19  
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T7

SINGLE07.T7

poisson 1.75 -1.0952648  0 0 0 0 0 1 

SINGLE07.T7 

poisson 72.25 -0.69692  0 0 0 0 0 2 

SINGLE07.T7 

poisson 163.1 -0.6000848  0 0 0 0 0 3 

SINGLE07.T7 

”scheff”
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”input”
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input type 1 or 10 

input 1 NA αx βx εx αy βy εy  αz βz εz ...  

input 1 NA αx βx εx αy βy εy  Δφ  ΔW ...

input type 2 or 20 

input 2 NA αx βx εx αy βy εy  αz βz εz ...  

input 2 NA αx βx εx αy βy εy  Δφ  ΔW ...



input type 5 or 50 

input 5 NA αx βx εx αy βy εy  αz βz εz ...  

input 5 NA αx βx εx αy βy εy  Δφ  ΔW ...

input type 6 or 60 

input 6 NA αx βx εx αy βy εy  αz βz εz ...  

input 6 NA αx βx εx αy βy εy  Δφ  ΔW ...

input type 8 

input 8 NA αx βx εx αy βy εy  Δφ  ΔW ...  

input type 3 

 

input type 4 

 input 4 x x' y y’  φ  W ...  

input type 7 

input 7 NA αx βx εx αy βy εy  Δφ  ΔW ...  

 

input type 9 

 input 9 NA σr rmax σφ φmax ...  
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