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Θ2Θ2ΘAB

3RRRABz )/sin(~  (4-34)

B z~
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[1] ERL 1R m
1 ps 12h  mm ERL

50h  mm  
(4-35) σx σ CSRτ  
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5   
2 1  5.1 ERL  

 

 
 5.1 ERL  

(B: Q:4 S:6 ) 

 
4 Q11

ST1( 1 ) -AC1( 1 )
AC1( 1 ) ST2( ) -AC2( ) AC2( 2

ST3( 2 )
ST1 21.94 m AC1 AC2 3.31 

m ST2 ST3 26.08 m
1ρ m 45 2 90 1

 
 
1. ( )

(3-105)) 56R

0
 

2. 4
Q11~13

Q11~13 Q21~23
Q31~33 Q31~33

 

(( )) 

1  2  

ST22 

ST11 
ST33 

-AAC1 

AC11 -AAC2 

AC2  

   

B(45deg)  B(45deg)  

B(990deg)  B(990deg)  
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Q31~33
Q31~33

 
3. 4

 
4. 1 SST2

6  
5. 4
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6   

6.1  

100 mA 100 mA
ERL

 
 

6.2  

6.2.1 1ps  
 6.1  

 
 6.1  

 1 [ps] 
 1 [mm-mrad] 
 1 [mm-mrad] 

 3102  
 77 [pC] 

 100 [mA] 
 5 [MeV] 

 1.3 [GHz] 
 15 [MV/m] 

 125 [MeV] 
 2 [ ] 

 8 [m] 
 -1.1 [ ] 

56R  0 
 

1.3 GHz 77 pC 100 mA
056R

-1.1 
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0 

 6.1~  6.3  
CSR  6.4  6.5  6.4 (t,z)

1  6.5
 6.4  6.5

CSR  
6.4(b)

56R CSR
 6.6  6.7  6.6  6.7 CSR

CSR CSR
CSR

 6.8  6.9
4 mm(rms)

1 2
(x,y)

 6.10 ERL 25 mm (
)
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 6.1  

 
 6.2  

ST1 AC1 ST2 ST3 AC2 

 
 

1 
 

  
 

 2 
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 6.3  
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 6.4 CSR 1 ps  (t,p)  

y )( cmp e βγ 9.733[ cme ]=4.97[MeV]  

(a): (b): 1 (c):  

 
 
 

 
 6.5 CSR 1 ps  

 
 
 
 

 
 

 
 

1 
 

2 
 

2ps  2ps  2ps  
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 6.6 CSR 1 ps  (t,p)  

(a): (b): 1 (c):  

 

 
 6.7 CSR 1 ps  

 

2ps  2ps  2ps  
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 6.8 CSR 1 ps  

 

 
 6.9 CSR 1 ps  
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 6.10 CSR 1 ps (s=89 [m])

(x,y)  
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6.2.2 2ps,3ps  
 

 6.11  6.12 1
CSR

(4-57)
CSR CSR

34 CSR CSR

 6.12 (b) CSR (c)
CSR

 
2 ps 3 ps

 6.13~  6.18
CSR 2 ps 1 ps

CSR 1
1.2 mm-mrad CSR

1 ps 3 ps
1 1.1 mm-mrad

 6.2 1~3 ps
1  6.2

 6.19  
( 100 mA) 1 ps

[1]
2~3 ps  

 
 

 

2ps  2ps  2ps  
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 6.11 CSR 2 ps (t,p)  

(a): (b): 1 (c):  

 

 

 6.12 CSR 3 ps  (t,p)  

(a): (b): 1 (c):  

 

 6.13 CSR 2 ps  

 
 

2ps  2ps  2ps  
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 6.14 CSR 2 ps  

 

 
 6.15 CSR 2 ps  
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 6.16 CSR 3 ps  

 
 

 
 6.17 CSR 3 ps  
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 6.18 CSR 3 ps  

 
 

 6.2  

[ps] [mm-mrad] 
1 2.054 
2 1.226 
3 1.094 
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 6.19  
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6.2.3  
1 ps

 6.3  6.4 2 ps  6.5  6.6 3 ps
 6.7  6.8  

R )(accE
)(decE  

acc

accdec

E
EER 1  

1 ps 2 ps 3 ps
CSR CSR

2 1
SR

1 ps 2 ps 3 ps 0.0785 MeV 0.0307 MeV 0.0177 MeV
 

 
 6.3 1 ps  

 [MeV] 
 4.9738

1  64.9835 
2  124.9725 
1  124.8940 

1  64.9054 
2  4.8897 

 
 6.4 1 ps  

 [MeV] [%] 
 -0.0211 99.965 
 0.0266 100.044 
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 6.5 2 ps  

 [MeV] 
 4.9738

1  64.9774 
2  124.9604 
1  124.9297 

1  64.9471 
2  4.9379 

 
 6.6 2 ps  

 [MeV] [%] 
 -0.0210 99.965 
 0.0263 100.044 

 
 6.7 3 ps  

 [MeV] 
 4.9738

1  64.9673 
2  124.9401 
1  124.9224 

1  64.9500 
2  4.9509 

 
 6.8 3 ps  

 [MeV] [%] 
 -0.0211 99.965 
 0.0262 100.044 
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7   

7.1  

1
( 101 )

ST2  
 

7.2  

 7.1
 

 
 7.1  

 1 [ps] 
 0.1 [mm-mrad] 
 0.1 [mm-mrad] 

 3102  
 7.7 [pC] 

 5 [MeV] 
 1.3 [GHz] 

 15 [MV/m] 
 125 [MeV] 

 2 [ ] 
 8 [m] 

 -1.1 [ ] 

56R  0 
 

 7.1
 7.2

 7.3
r.m.s. 0.7 mm
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 7.4 2
25 mm

 
 7.2  7.5

 

 

 7.1  

 
 7.2  
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 7.3  

 

 
 7.4 ( 2 )  
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 7.2  

[ps] [mm-mrad] 
1 0.114 
2 0.104 
3 0.103 

 
 

 
 7.5  
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8   

8.1  

1 MHz

 
 

8.2  

 
1 3.6
 

tβc
p
pU

p
pT

p
pRz ΔΔΔΔΔ 3

5666

2

56656  (8-1)

zΔ tΔ
 

1  

56

1
R

φk RFRF sin  (8-2)

RFk RFφ
56R ρ C

(3-105)  

C
sρηR d56  (8-3)

 

RFφ 10 ( 10 )

(8-2) 56R
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ERL 1.3 GHz 21056 .R

(8-1)
( ) 56R

( ) 56R

(8-2)

(8-2)

56R 56R 1

56R 6 566T

56R

Appendix.A,B  
1 2

2 56R 1  
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8.3  

 8.1 15 MV/m
 

 
 8.1  

 1 [ps] 
 1 [mm-mrad] 
 1 [mm-mrad] 

 3102  
 77[pC] 

 5 [MeV] 
 1.3 [GHz] 

 15 [MV/m] 
 125 [MeV] 

 2 [ ] 
 8 [m] 

 14.46 [ ] 

56R  0.13095 
 

 8.1  8.1

56R

(a) 1.04 ps (c) 55.69 fs
 

 8.2  8.3 4

1 m

56R 1 1308056 .R 2
1308056 .R  8.3 2 1

 

 8.4~  8.6
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CSR
 6.5  6.7 CSR

CSR

CSR
 

 

 

 8.1 (t,p) (a): 2  

(b): 1 (c): 1  

 
 8.2  

2ps  2ps  2ps  
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 8.3  

 

 

 8.4  
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 8.5  

 

 
 8.6  

  



8   

76 
 

8.4  

8.3

 
ST3 Q31,Q32,Q33 3 4

 8.8~  8.10
 8.7

4
8 mm(rms)

 
4 3

 8.11~  8.14 4 3
1

2 π π3
1 CSR

2 CSR

6 mm(rms)  
4 3

 8.15  8.18
6 mm(rms)  

180
1 2 +2  8.19~  8.22

4 mm(rms)

+2 1.3 mm
+2

4.34 MeV +2 5.34 MeV

(x,y)  8.23
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4.17 mm(rms) 25 mm

 

 
 8.7  

Q31~Q33  

 
 8.8  

(  8.7 ) 



8   

78 
 

 
 8.9  

(  8.7 ) 

 

 
 8.10  

(  8.7 ) 
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 8.11  

( 4 3 1 2

) 

 

 
 8.12  

(  8.11 ) 
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 8.13  

(  8.11 ) 

 

 
 8.14  

(  8.11 ) 
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 8.15  

( 4 3

) 

 
 8.16  

(  8.15 ) 
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 8.17  

(  8.15 ) 

 

 
 8.18  

(  8.15 ) 
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 8.19  

(  8.15 1 2 +2

) 

 8.20  

(  8.19 ) 
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 8.21  

(  8.19 ) 

 

 
 8.22  

(  8.19 ) 
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 8.23 (x,y)  

(  8.19 ) 
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8.5  

 8.2
 

 
 8.2  

 1~3 [ps] 
 1 [mm-mrad] 
 1 [mm-mrad] 

 3102  
 77 [pC] 

 5 [MeV] 
 1.3 [GHz] 

 15 [MV/m] 
 125 [MeV] 

 2 [ ] 
 8 [m] 

 14~16 [ ] 

56R  0.1308 
 
8.5.1  

1 ps~3 ps
 8.24

 8.24
 

(t,p)  8.25 (4-57)
CSR

1 ps 2 ps 2 
ps 3 ps 2 ps

 8.25 3 ps 3
 



8   

87 
 

CSR  8.26  8.26 CSR 1 ps
2 ps 3 ps 3

(8-1) 3
CSR

3 CSR
2 ps  

 
 8.3 ( 1 ) 

[ps] 
[fs] 

CSR  CSR  
1 55.69 34.26 

1.5 44.56 35.02 
2 43.00 36.91 

2.5 44.64 41.66 
3 54.91 53.97 

 

 

 8.24  



8   

88 
 

 

 8.25 1 (t,p) (CSR )  

(a): 1ps (b): 2ps (c): 3ps 

 

 

 8.26 1 (t,p) (CSR )  

(a): 1ps (b): 2ps (c): 3ps 

 
 
 
  

200fs  200fs  500fs  

100fs  200fs  500fs  
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8.5.2  
2 ps 3 ps

 8.27~  8.32  
2 ps 3 ps 1 ps

 
 
 
 

 
 8.27 2ps  
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 8.28 2ps  

 

 
 8.29 2ps  
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 8.30 3ps  

 

 
 8.31 3ps  
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 8.32 3ps  
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8.6  

10 
MV/m 15 MV/m 20 MV/m 85 MeV
125 MeV 165 MeV

 8.4  
 

 8.4  

 1 [ps] 
 1 [mm-mrad] 
 1 [mm-mrad] 

 3102  
 77 [pC] 

 5 [MeV] 
 10~20 [MV/m] 

 85~165 [MeV] 
 1.3 [GHz] 

 2 [ ] 
 8 [m] 

 

56R 4 6
10 MV/m 15 MV/m 20 MV/m 3

 8.5

56R  8.6  8.5  8.33  
 8.5 CSR

 8.34ε
zσ ε  εRσ z 56  (8-4)
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ε ppε iΔ ipΔ
p

 
(8-4) r.m.s 3102

010Δ .ip  MeV 15RFφ
13056 .R 10 MV/m 15 MV/m 20 MV/m

81.54 MeV 120.05 MeV
159.55 MeV (8-4) 10 
MV/m 53.14 fs 15 MV/m 36.09 fs 20 MV/m 27.16 fs

 
CSR CSR 10 MV/m 15 MV/m 20 MV/m

28.33 fs 21.42 fs 14.30 fs (4-59)
CSR  

 
 8.5 ( 1 ) 

 
[MV/m] 

 
[MeV] 

[fs] 
CSR  CSR  

10 85 78.30 49.97 
15 125 55.69 34.26 
20 165 42.74 28.44 

 
 8.6  8.5 56R  

 

[MV/m] [ ] 56R  
10 14.35 0.1298 

10(CSR ) 15.41 0.1298 
15 14.46 0.1310 

15(CSR ) 15.59 0.1310 
20 14.16 0.1317 

20(CSR ) 15.69 0.1317 
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 8.33  

 
 

 

 8.34  

( )  

(a): (b): 1  
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8.7  

 8.7
 8.8

 8.8  
8.35  

CSR 34 102105 ~ (8-4)
4101 3

CSR

 
 

 8.7  

 1 [ps] 
 1 [mm-mrad] 
 1 [mm-mrad] 

 24 101101 ~  
 77 [pC] 

 5 [MeV] 
 1.3 [GHz] 

 15 [MV/m] 
 125 [MeV] 

  2 [ ] 
 8 [m] 

 14~16 [ ] 

56R  0.1308 
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 8.8 ( 1 ) 

 
[fs] 

CSR  CSR  
4101  45.70 3.75 
4105  46.30 9.34 
3101  48.44 17.64 
3102  55.69 34.26 
3105  84.16 76.64 
2101  116.56 117.98 

 
 

 
 8.35  
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8.8  

 8.9
 8.10  8.10

 8.36  8.36
3~4 mm-mrad

 
 

 8.9  

 1 [ps] 
 0.1~10 [mm-mrad] 
 0.1~10 [mm-mrad] 

 3102  
 77 [pC] 

 5 [MeV] 
 1.3 [GHz] 

 15 [MV/m] 
 125 [MeV] 

 2 [ ] 
 8 [m] 

 14~16 [ ] 

56R  0.1308 
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 8.10  

[mm-mrad] 
1

[fs] 
1  

nxε [mm-mrad] 

0.1 68.65 7.905 
0.5 59.05 5.696 
0.8 56.67 5.279 

1 55.69 5.187 
1.5 54.06 5.202 

2 53.20 5.400 
2.5 52.26 5.685 

3 52.39 6.020 
3.5 52.35 6.379 

4 52.45 6.758 
5 52.95 7.542 

10 59.10 11.82 
 

 
 8.36  
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100 
 

8.9  

 8.11
 8.12  8.12

 8.37  

770 pC
CSR 385 pC 770 pC

34.26 fs
77 pC

4 mm(rms)  
(4-45) )(sλ CSR

CSR
 

CSR
ERL 125 MeV

CSR 5 GeV
770 pC zσ <100 fs

CSR

5 GeV
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 8.11  

 1 [ps] 
 0.1~10 [mm-mrad] 
 0.1~10 [mm-mrad] 

 3102  
 7.7~770 [pC] 

 5 [MeV] 
 1.3 [GHz] 

 15 [MV/m] 
 125 [MeV] 

 2 [ ] 
 8 [m] 

 14~16 [ ] 

56R  0.1308 
 

 8.12  

 
[pC] 

1
[fs] 

1  

nxε [mm-mrad] 

7.7 34.25 1.133 
77 55.69 5.187 

154 99.84 12.107 
231 167.73 21.242 
385 243.12 51.520 
770 307.57 174.449 
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 8.37  
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9   
ERL

1 mm-mrad  2-3ps 100 mA 15 
MV/m( 125 MeV)
10~20%

0.1 mm-mrad 3 ps 10 mA 15 
MV/m( 125 MeV) 3%

77 pC 15 MV/m(
125 MeV) 2 ps 43 fs

CSR  
 
  



 

104 
 

 

ERL
elegant

CSR

ERL
CSR

2
APS(Advanced Photon Source ) Dr. M. Borland

elegant elegant
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AAppendix 

Appendix A  

5 A.1
20 MV/m  

 
A.1:  

 1 [ps] 
 1 [mm-mrad] 
 1 [mm-mrad] 

 3102  
 77 [pC] 

 5 [MeV] 
 1.3 [GHz] 

 20 [MV/m] 
 165 [MeV] 

 2 [ ] 
 8 [m] 

 15 [ ] 

56R  0.1419 
 

56R
15 56R

(8-2) 0.1419
A.1  
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Appendix C 3
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C.5  

 
C.2  

 [MeV] 
 4.9738

1  64.9932 
2  124.9921 
3  184.9904 
1  184.9148 

1  124.9524 
2  64.9535 
3  4.9341 

 
C.3  

 [MeV] [%] 
1  -0.0571 99.90 
2  0.0000 100.00 
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