6/4/86 LS-62
Dependence of Brilliance on Beta Functions

S. H. Kim
In LS-53, the beta functiomns through undulators and wigglers are
optimized. Recently, K-J. Kim has shown that the effective source size and

divergence are given by

(o 2 + o )l/2

S =

X,y X,y

S' = (o' 2 + 0'2)1/2
X,y X,y R ?

with o = (L)2/4n and o = (/LyL/2

Here, the expression of the diffration term 0, is different from the formulas

R
used in LS-53. With the new expression, the minimum phase space is in the

L
neighborhood of Bx = %n 4" x

increases as the beta functions are increased.

/B . The source area, on the other hand,

In the straight section, if one uses the relation
2,,,2
B(s) = B[1 + (s - s ")/8"],
the effective beta function along the ID may be an average of B(s),

_ 2
B, P " [1 + 17 (LB, ) 15

which has the minimum at Bx y = 1,/3.5., Here it is assumed that B(s) is
’
symmetric with respect to the center of the ID. The above argument suggests

that the maximum brilliance could be obtained at B = 2m for a 6-m long ID.

In Tables 1-5, the relative variations of the inverse phase space are
shown for the undulator photon energies of 20-0.5 keV. In the range of
B8 =1~ 20 m, the variations are rather insensitive to the beta functions.

Similar Results have been obtained in LS-53. In the case of extreme wiggler



regime, the brightness does not depend on the divergence. Therefore, in
Tables 6 and 7, the variations of the inverse source area, not the inverse
phase space, are shown for the wigglers. The variations of the source area is
relatively sensitive to the beta functions compared to that of the phase

space.
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: COUPL ING=C

100 (EX=0.7273E-08 ,EY=0. 72732E-09

UNDULATOR FPEASE SPACE
EQ{E-02 =G 200
ID LENGTH(M:=3

HINIMUM PHASE SPACE=C. 2154E-15 AT PX= 2. 00 AND EY= 2. Q3
HORIZOMTAL &XIS:BX, VERTICAL AXIS:BY
PLOT IS NORMALIZED WITH 44P IE4PIE2EX#EY
i 2 2 4 5 & 7 8 210 11 12 i3 14 i5 i4s 17 18 19
i Q7 F7 B7 96 P45 Q5 FA F& PhH QL TS5 96 FE F45 TS5 Qb6 95 F5 95
2 Q7 R7 FT7T Q7 Q7 Q7 7 F7 96 9L R4 96 96 6 F& P& F& 96 €
S QT Q7 7 FE FhH FLH TFE RE 6 L FhL Q6 6 F& 965 G5 946 95 65
3 FE FE GE P4 GLH 945 94 F& G4 95 95 95 P93 IS 5 F5 95 95 95
) 3 3 93 I3 25 % 95 F5 95 ?5 95 95 95 95 95 94 94 94 94
& F5 9SS I3 I3 95 92 24 94 94 94 Q4 94 94 94 93 94 94 94 94
7 8 94 23 94 94 94 94 94 94 Q4 Q4 93 93 I3 93 I3 93 92 93
B P2 F2 93 T2 93 93 F2 I3 93 T2 93 92 93 I3 I3 93 92 92 92
< G2 P2 93 I3 93 F2 93 F2 F2 92 P2 92 G2 92 52 92 92 92 92
14 2 T2 F2 T2 Q2 92 T2 2 F2 92 92 92 ?1 91 91 91 91 F1 91
i1 B2 2 2 52 91 91 91 91 ?i ?1 21 91 @1 91 91 91 21 21 90
12 71 21 51 31 91 91 91 21 @1 2C F0 90 F0 20 2C 90 20 IO 90
i3 0 FQ S0 FO S0 0 G 90 90 0 20 90 R0 F0 90 B3P 8 89 87
ig FC 93 FC F& 90 90 90 8% 29 B? B? 82 £9 B9 87 29 B 89 8Y
i35 e? B EY 2% 87 89 87 89 £7 39 87 89 £9 88 €3 828 82 88 83
is B89 89 89 £ B8 82 88 2€ 83 88 £8 8L £8 82 23 82 £8 88 88
17 B5 22 B3 55 EB 88 B2 52 68 B8 88 87 87 B7 87 87 87 §7 87
ig 87 B8 E7F BY 87 87 87 87 87 87 €7 87 87 87 87 87 87 8& B4
i9 87 87 B7 87 87 B7 87 87 B7 B7 B& B& 864 BS 84 8L B4 B Bé
20 B6 B& ELS BL Bé BS B B6 B B4 B& 86 86 BL 85 86 B5 85 BS
Table 1. The inverse of the phase space, normalized with the inverse of the

phase space at

the short wavelength limit, is in the unit of %.
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EC(E—CS =0, 500  COUPLING=0. 10C :EK=D.7273E -08 , EY=0. V273809

ID LENSTHIM)=3 200 , PHOTON ENERGY(KEV}= .00 L WAVELENGTH(AY= 1. 24
MItiIvie PHASE SPACE=(Q. 221%=-15 AT Bx= 2.QC AND BY= 2. &0
HERIZIONTAL AYIb:BX. VERTICAL AXIGS:BY

PLOT IS NORMALIZED WITH &*PIE#PIE#EX#EY

1 2 3 4 5§ 6 7 £ 910 11 12 13 14 15 16 17 18 19 20

93 93
%4 94
93 92
52 92
91 91
90 %0
8% 8% &9

93 93 93 93 93 92 92 92 F2 P2 92 92 71 i 91 91
24 94 94 93 93 92 3 93 93 93 72 72 92 72 2?2 92
93 92 93 93 @3 92 F2 92 22 92 22 92 F1 1 ?1 1
P2 92 92 92 92 91 1 91 91 ?1 21 ?1 0 90 ?0 90
?1 91 91 91 90 Q20 0 90 0 90 ?Q Y0 39 89 87 8
20 90 F0 %0 B® 89 89 8% B8 87 87 88 88 88 £8 88
89 B? €9 82 £8 88 88 88 £€8 88 87 87 B7 87 87 87
gs g2 28 88 88 B7 87 87 87 7 87 £7 B7 84 8B4 85 85 86 Bb
87 87 87 87 54 BL 86 8L 86 8BS 846 8BS 85 85 85 83 835 83
856 85 B& 88 B 86 85 85 B85 85 B85 83 £5 84 84 54 B84 84 €4 B4
€5 85 S5 €% €5 85 £4 B4 84 B4 B4 84 B84 B84 83 823 83 83 83 83
84 84 £4 84 84 84 83 B2 83 B2 €3 B3 53 83 82 82 82 852 22 82
83 83 £2 82 83 83 B2 32 B2 B2 82 82 £2 82 81 81 81 81 31 81
22 B2 B2 82 82 82 82 81 81 81 81 81 £1 81 8i 80 80 80 BC 8O

Ay <) 0 S0
0 0
DN

(SRR (VI OV I 23 P

o000
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- -0

i 81 81 81 81 81 81 81 80 BC £0 80O 80 BC 80 80 79 72 79 79
D B 80 80 S0 80 BO B8C B0 79 VR 7R VR 7R 7R 7R 7R 7R 7B 78
79 80 75 7S 7R 79 7R 7R 7% 79 72 /B 7B 7878 78 78 78 /78 77
79 79 79 79 78 72 73 78 78 7€ 78 78 77 77 77 77 77 77 77 77
78 78 75 72 78 78 77 77 77 77 77 77 77 77 74 76 74 76 76 76
77 77 77 FT 77 77 77 77 764 76 Fb 76 76 76 765 76 75 75 75 73
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Table 2. The inverse of the phase space, normalized with the inverse of the
phase space at the short wavelength limit, is in the unit of %.



EC(E~-08=0. 802 , COUPLING=3. 100 , EX=0. 72738
ID LENGTH(MI=3 200 , FHOTON ENERGY(KEW)= 5.
MIMIMUNM PHASE SPACE=0. 233&E~-15 AT BX= 2.
HORIZOHTAL &X15:BX, VERTICAL AXIS:BY
PLOT IS NORMALIZED WITH 44PIE#PIE4EX#EY
i 2 3 4 5 & 7 8B 910 11 12 13
1 BS B2 EZ 58 B7 87 BY 87 84 BS B4 8BS B
2 8% 8% 87 87 88 B8 B5 85 87 37 B7 B7 Bb
2 B2 88 EB 88 B7 87 B7 B7 8L BS E65 BS BS
4 86 B 2& Z£ 86 85 83 8% BS 24 24 84 84
S 84 B4 B4 54 24 84 B3 82 B3 83 82 B2 52
& B3 83 83 B2 €2 82 82 81 81 81 81 80 €0
7 Bl 81 21 81 BO 802 80 80 80 79 77 7% 79
e 79 7% 7R 7% 79 73 78 78 78 7@ V7 77 77
F 78 78 Vg Fg 77 77 77 77 76 76 7é& 76 74
10 76 76 746 T& 76 76 75 75 75 75 75 74 74
11 75 73 V3 7S 74 74 74 74 74 73 73 73 73
i2 73 74 73 72 73 73 73 72 72 72 72 72 71
13 72 72 72 72 72 72 71 71 71 71 71 70 7Q
i4 71 71 71 71 71 70 7G 72 70 70 4F 69 &7
i8S 7O 7O 70 T 62 67 &7 LT 6T L8 68 63 &8
is& &T &P &G 459 &8 LB 45 6B 6B &7 67 &7 &7
17 &8 &B &8 &8 47 &7 67 A7 67 L& b6 66 &6
iB 67 &7 &7 &7 bbb b5 b6 L& bbb S 65 65 65
i2 b5 66 L5 &5 65 65 65 65 65 &4 64 64 &3
20 65 &5 6D 65 64 64 68 &4 b4 64 &3 &3 &3
Table 3. The inverse of the phase space, normalized

phase space at the short

wavelength limit,
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URDIH ATOR FHaZZ JPACE

ECE-0@i=0, 800, COUPLING=0. 100 . EX=0. 7273E-08 , EY=0. 72735-09
I0 LENGTH{Mi=3. 200 , PHOTON SNERGY(KEVI= 1.00 , WAVELENGTH(AI=12. 40

MINIMUM PHSESEZ SPACE=0. 325%E-15 AT EX= 2. C

@]

AND  BY=

I

. 00

HORIZONTAL &XIS:BX, VERTICAL AXIS:BY
PLOT IS NORM&UIZED WITH S#FIE€PIE®E(#EY

i 2 3 4 5 & 7 B @910 11 12 13 14 195 16 17 18 19 20
i &1 &2 &1 &1 &0 5% 37 58 57 56 5& 55 S5 54 53 53 52 52 S5i 51
2 &4 6% £4 &3 62 b1 &1 &0 37 59 38 57 37 36 33 33 34 34 33 353
3 &1 52 41 &1 60 52 SF 2 57 56 56 S5 55 54 93 83 S22 T2 91 51
4 S5 SS9 S2 S8 57 S5 S4 535 54 54 53 53 S2 S5t S1 50 S50 49 49 4B
2 54 5& 3& SS 54 54 53 32 92 51 S0 S50 49 49 48 48 47 47 446 46
& 53 52 33 52 52 51 SO 50 49 49 48 48 47 44 44 45 45 45 44 44
7 i 51 S1 30 49 49 48 48 47 4& 44 45 45 44 44 43 43 43 42 42
8 48 4% 48 48 47 47 44 44 45 435 44 43 43 43 42 42 41 41 30 40
2 4& 47 446 45 45 45 44 44 43 43 42 42 41 41 40 40 40 39 392 38
io 45 4% 45 44 44 43 43 22 42 41 41 40 40 3% 3% 39 38 38 37 37
il 43 44 43 43 42 42 41 41 80 40 3% 39 38 38 38 37 37 3% 3& 38
i2 42 42 42 31 41 40 40 37 3% 3% 38 3B 37 37 3& 36 3& 35 35 35
iz 41 41 41 4Q 40 39 3% 3£ 238 37 37 36 36 3& 35 35 35 34 34 34
ig 39 40 3% 3% 39 38 38 37 37 346 346 35 35 35 34 34 24 33 33 33
i3 38 39 3E 36 37 37 27 3& 36 35 35 34 34 34 33 33 33 32 32 32
1% 37 38 37 37 37 36 346 3% 35 34 34 34 33 33 32 32 32 31 3t 31
i7 36 37 2& 25 36 35 35 34 34 34 33 33 22 32 32 31 31 31 30 30
iB 36 34 3& 25 35 34 34 34 33 33 32 32 32 3t 31 31 30 30 30 29
i% 35 35 35 34 34 34 33 32 32 32 32 31 3t 31 30 30 3C 29 29 29

1.3

[
s

20 34 34 34 33 33 32 32 31 31 31 30 3¢ 30 29 27 29 28 28

[

Table 4. The inverse of the phase space, normalized with the inverse of the
phase space at the short wavelength limit, is in the unit of Z.



051 =0. 500 , COUPLING=0. 100 , EX=0. 72735-038 , EY=0. 7273E-09
3 »=3. ZCO . PHOTON ENERGY(KEV}= (.50 ,WAVELENGTH(A)}=24. 80

MINIMUNM PHASZ EFACE=0Q. 427VAE-1S AT BX= 2. 00 AND  EBY= 2. Q4
HIRIIONTAL AXIES: BX, VERTICAL AXIS:BY
FLOT IS MNORMALIZED WITH 4#F [E4PIE#EX#EY
i 2 3 &4 5 6 7 € 9 10 11 12 13 14 15 16 17 18 i9 20
H 45 37 46 435 44 43 42 42 41 4G 39 3% 38 37 37 34 346 35 34 34
2 48 39 4B 47 446 45 44 44 43 42 41 40 40 32 28 38 27 37 246 36
3 45 47 45 45 44 43 42 42 41 40 3P 39 38 27 327 24 346 3% 24 324
£ 43 41 43 42 42 41 40 3% 38 38 37 3& 246 35 24 34 323 323 32 32
> 1 41 &1 40 39 38 38 37 256 33 35 34 34 33 32 32 21 31 20 20
& 28 39 28 38 37 3& 35 25 324 33 33 32 32 231 31 3¢ 30 29 29 2B
7 3& 27 25 24 35 34 24 23 32 32 321 30 20 29 22 29 28 28 27 27
5] 25 3% 3 34 33 33 32 31 31 3¢ 20 29 22 2B 28 27 27 26 246 26
7 23 24 23 32 32 31 31 30 29 29 28 2L 27 27 26 24 26 25 25 24
13 32 32 32 31 21 3¢ 29 29 28 28 27 27 26 26 25 25 24 24 24 23
it 31 31 21 3G 2% 29 28 28 27 27 26 2& 25 25 24 24 24 23 23 23
iz 22 3G 27 2% 28 2B 27 27 26 26 25 25 24 24 23 23 23 22 22 22
i3 28 22 26 28 27 27 26 24 25 25 24 24 23 23 2 2 22 22 21 21
i4 28 28 28 27 26 26 25 235 24 24 24 23 23 22 22 22 21 21 21 20
i3 27 27 27 2& 26 25 25 24 24 22 23 22 22 22 21 21 21 20 20 20
14 2& 246 26 24 25 24 24 23 23 23 22 22 21 21 21 20 20 20 19 19
i7 25 24 25 2% 24 24 23 25 22 22 22 21 21 20 20 20 20 1? 19 19
ig 25 25 2% 24 24 23 23 22 22 21 21 21 20 20 20 19 {2 19 18 18
19 24 24 294 24 23 23 22 22 21 21 21 20 20 12 17 19 19 ie 18 i8
20 24 24 24 23 23 22 22 21 21 20 20 20 1?2 i? 1? 18 18 18 18 17

Table 5. The inverse of the phase space, normalized with the inverse of the
phase space at the short wavelength limit, is in the unit of Z%.



EC(E-CZ:=C 200 , COUPLING=C. 100 , EX=0. 7273E-08 , E¥Y=0. 7273E-09
ID LEMGTH{M:»=3. 000 , PHOTON ENERGY{KEY:=43. 020 , WAVELENGTH(A)= (.31
MINIFUM PHASE SPACE=Q. 5GS2E-07 AT Bx= 2. GG AND EBY= 2.GC
HORIZONTAL AXIS:BX, VERTICAL AXIS:BY
PLOT IS NORMALIZED WITH 2#PIE#SX#SY
i 2 3 4 353 46 7 8 9 10 11 12 13 14 15 is5 17 18 19 20
i E7 94 87 B0 74 69 44 &0 S7 55 52 S50 48 446 45 43 42 41 40 39
2 241C0 94 B8 79 73 &9 65 &1 SB 56 532 51 SO 48 44 45 44 43 42
2 87 24 B7 80 74 &9 &4 40 57 55 52 SC 48 46 45 42 42 41 40 39
4 EC B4 S0 74 68 63 52 35 53 S0 48 44 44 43 41 40 37 38 27 36
5 74 7% 74 &B &2 5B 54 51 48 46 44 42 41 39 38 27 34 35 34 32
& 69 72 &£9 63 58 54 S50 47 45 43 41 39 38 36 35 24 33 32 3t 3t
7 44 &% &4 59 54 S0 47 44 42 40 38 37 35 34 33 32 31 30 29 29
=2 &0 &3 A0 33 51 47 44 42 40 3B 36 35 23 32 31 20 29 28 28 27
? S7 &1 37 33 48 49 42 40 37 34 34 33 31 30 27 28 2B 27 286 26
10 33 3B 33 30 46 43 40 38 36 34 22 31 30 27 28 27 285 26 23 2
11 o2 286 52 48 44 41 35 3& 34 32 31 30 27 2B 27 26 25 24 24 23
i SC 32 5C 44 42 3927 35 33 31 30 29 27 27 26 25 24 223 23 22
13 42 31 48 44 41 322 35 32 21 30 29 27 26 26 25 24 23 23 22 21
i4 4& S0 46 43 39 36 34 32 30 29 28 27 26 25 24 23 22 22 21 21
i3 4% 48 45 41 38 3% 32 31 29 28 27 26 25 24 23 22 22 21 21 20
15 43 445 43 40 37 34 32 30 2B 27 26 25 24 23 22 22 21 20 20 19
17 42 4% 42 3% 3 2 31 29 2B 26 25 24 23 22 22 21 20 20 192 19
i2 41 44 41 3B 35 32 30 28 27 246 24 23 28 22 21 20 20 1?2 19 i
i 43 43 40 37 34 31 22 28 26 25 24 23 22 21 21 20 19 19 18 i8
2G 39 42 39 34 33 31 27 27 26 24 23 22 21 21 20 192 192 18 ig 17

Table 6. The inverse of the effective source area, normalized with the inverse of
the source area at the short wavelength limit, is in the unit of Z.
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EZ(E-323=3. 806 , COUPLING=G. 100 (EX=0. 7273=-08 , EY=0. 7273E-0%
IZ LENGTRI{M!I=3. 000 . PHOTOMN EMNERGYI(KEYI= 1.000 . WAVELENGTHi&!= 12 40
MIMNIMUM FRASE SPACE=(Q. S3053E-G7 AT BX= 2. G0 AME  B¥= 2. 00

HORIZONTAL &XIS:BX, VERTICAL AXIS:BY
FPLOT IS WNORMALIZED WITH Z#PIE#5X#8Y

1 2 3 4 2 & 7 8 910 11 12 13 14 1S 16 17 18 19 20

M B7 932 87 BO 74 68 &% A5G 57 5S4 52 S50 48 45 43 43 42 41 49 39

2 3 F7 23 B3 79 73 &8 &4 &1 5B 55 SZ2 21 49 48 44 45 44 43 41

2 BY T2 B7 80 74 43 &4 £0 57 54 52 30 48 46 45 42 42 41 40 39

2 BO BE& BC 73 &8 £3 S5S9 55 352 50 48 46 24 42 41 40 329 32 37 34

b 74 77 74 &8 &2 58 S4 51 48 44 44 42 41 39 38 37 36 25 34 32

= &8 T2 &8 &3 B 54 SO 47 45 42 41 3% 328 34 235 34 22 32 31 3t

7 &4 L8 &4 3% 54 SO 47 44 42 40 2B 37 35 24 32 32 21 30 29 29

g2 &0 &% £C 53 S1 47 44 32 40 28 36 34 33 32 21 30 2% 28 28 27

e S7 &1 27 352 48 495 42 40 37 34 324 232 21 30 227 28 28 27 26 25

13 5S4 I8 S8 3C 46 43 40 38 36 324 32 31 30 29 28 27 26 2& 25 24
11 52 54 D2 48 44 41 38 34 34 32 21 30 29 22 27 24 23 24 24 23
12 20 22 SO 44 42 329 37 33 23 31 30 29 27 256 246 25 24 23 23 22
13 48 Zi 42 44 41 32 35 32 321 3G 29 27 26 23 25 24 23 22 22 21
i4 4& SO 44 842 329 24 3% 32 20 29 2B 26 25 25 24 23 22 22 21 21
i3 45 48 435 41 28 35 233 31 297 28 27 246 25 248 23 22 22 21 20 20
is 43 &4 43 40 37 34 32 30 28 27 26 25 24 23 22 22 21 20 20 19
i7 42 45 42 39 346 32 31 2% 28 26 25 24 23 22 22 21 20 20 19 12
12 41 24 41 3B 35 32 30 28 27 26 24 23 23 22 21 20 20 19 12 18
i9 40 43 40 37 34 31 27 28 26 25 24 23 22 21 20 2¢ 19 19 18 12
oty 39 42 39 3& 33 31 29 27 25 24 23 22 21 21 20 19 19 12 18 17

Table 7. The inverse of the effective source area, normalized with the inverse
of the source area at the short wavelength limit, is in the unit of %



