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On possibilities to generate γ rays in 5 to 6  GeV region in SPring-8

1. Motivation

2. An idea to generate high energy γ ray

3. Synchrotron radiation from undulators

4. Almost NOGO theorem 

5. Discussion
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Reflectivity of Diamond



SPring 8
Gamma Yield

Ý N γ = 2 I
e

σl
csx

Ý N ph = 4.5 ×10−14 l[m]
sx[mm2]

Ý N ph
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Photon Flux from Planer Undulator

 

d Ý N ph
Plan

dωdΩ
= αγ 2N 2 I

e
1
ω

Fk
Plan (K, γθ, φ;ω /ω1)

k=1

∞

∑

α I
e

= 4.55 ×1016 (s−1) I[A]
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Angular Spectral Function

Fk
Plan (K, γθ, φ;ω /ω1) = Gk (K, γθ, φ)Hk (ω /ω1)

K = γθ0 =
eB0λ0

2πβmc
= 0.934 × B0[T]λ0[cm]

ω1 = ω1(γθ) =
2βγ 2ω0

1+ K 2 /2 + γ 2θ 2
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Choice of Undulator

  
100 eV = ω1(0) =

4πβhcγ 2 /λ0

1+ K 2 /2

K = 0.934 × B0[T]λ0[cm]

Ptot ~ Nγ 2K 2 /λ0
K 2

(1+ K 2 /2)2Portion of the fundamental=

λ0 <1 m

⇒ K = 3 λ0 =1.1 m

B0 = 300 kG
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Harmonics Composition
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Angular Function

− S1 + 2
k S2( )1+ 1

2 K 2 + γ 2θ 2

2γθ cosφ

2

+ γθS1 sinφ[ ]2
 
 
 

  

 
 
 

  

Gk (K, γθ, φ) =
4k 2

(1+ 1
2 K 2 + γ 2θ 2)2 S1γθ cosφ

A 1
2

B
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Sν = nν Jn (kς )J2n +k (kη)
n=−∞

∞

∑

ς =
K 2 /4

1+ 1
2 K 2 + γ 2θ 2 η =

2Kγθ cosφ
1+ 1

2 K 2 + γ 2θ 2,
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Spectral Function

  
Hk (ξ) =

sin N π (ξ − k)[ ]
πN (ξ − k)
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SPring 8Result

Ý N (ω ,θ ) = αN I
e

1
k

dggθ(g > gk (ω ))
0

γθ 

∫
k=1

∞

∑

× dφGk (K,g,φ)
0

2π

∫

= αN I
e

× factor

gk (ω) = 1+ K 2 /2 kω1(0)
ω

−1

for θ = 3.3 = 0.5factor mrad
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Photon Flux from Bending Magnet (1)

d Ý N ph
Bend

dωdΩ
=

3α
4π 2 γ 2 I

e
1
ω

F Bend (γψ;ω /ωc )

ωc =
3cγ 3

2ρ
ρ =

γβmec
2

eB

F Bend = 1+ γ 2ψ 2( )2
K2 / 3(ξ) +

γ 2ψ 2

1+ γ 2ψ 2 K1/ 3(ξ)
 

 
 

 

 
 

ω
ωc

 

 
 

 

 
 

2

,

ξ =
1
2

ω
ωc

1+ γ 2ψ 2( )3 / 2
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Photon Flux from Bending Magnet(2)

  8 GeV, 1 T ⇒ ωc = 42.6 keV /h

100 eV ⇒ ωc
ω = 426

Vertical angular spread 

∆ψ ≈
1
γ

ωc

ω
 
 
 

 
 
 

1/ 3

= 0.5 mrad
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Photon Flux from Bending Magnet (3)

d(γψ)
0

γπ

∫ F Bend (γψ;ω /ωc ) =
16π 2

27
S( ω

ωc

)

S( ξ) =
9 3
8π

ξ dξ 'K5 / 3(ξ ')
ξ

∞∫

≈1.34ξ1/ 3

for ξ <<1
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Photon Flux from Bending Magnet(4)

d Ý N ph
Bend

dωdΘ
=

4α
9

I
e

γ 1
ω

S(ω /ωc )

ω << ωc ⇒

dω'
0

ω

∫ dΘ
∆Θ
∫ d Ý N ph

Bend

dω'dΘ
≈

16α
9

I
e

γ ω
ωc

 

 
 

 

 
 

1/ 3

∆Θ

=1.1×1016 × I[A] × γ∆Θ( ) (ph/s)
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Photon Flux from Helical Undulator

 

d Ý N ph
Hel

dωdΩ
= αγ 2N 2 I

e
1
ω

F Hel (K, γθ;ω /ω1h )

ω1h = ω1h (γθ) =
2βγ 2ω0

1+ K 2 + γ 2θ 2

  
F Hel = κ 2 J'k

2 (ξ) +
γθ
K

−
k
ξ

 

 
 

 

 
 

2

Jk
2

 

 
 
 

 

 
 
 k=1

∞

∑ ×
sin N π (ω /ω1h − k)[ ]

N π (ω /ω1h − k)
 

 
 

 

 
 

2

κ =
ω

ω1h

2K
1+ K 2 + γ 2θ 2 ξ = κγθ,
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