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INTRODUCTION

Standard insertion devices will be provided to each sector by
the Advanced Photon Source. It is important to define the radiation
characteristics of these general purpose devices. In this document,

results of Monte-Carlo simulation are presented. These results,
based on the SHADOW program, 1 include the APS Undulator A (UA),

Wiggler A (W A), and Wiggler B (WB).

In an undulator, the energy tuning is accomplished by changing

the magnetic gap opening. Fig. 1 shows the first harmonic energy

and the deflection parameter K, as a function of the magnetic gap size

for Undulator A. Note that by varying the magnetic gap, the first
harmonic energy may be tuned from 4.5 keY to 13.5 keY, which

corresponds to a change in K from 2.1 to 0.3. The brilliance of the
first and the third harmonic were calculated for this range of K

values, and the spectra are displayed in Fig. 2. Very high brilliance
on the order of 1018 is generally obtained from the first harmonic,

while the third harmonic extends the spectral range up to 40 ke V.

The parameters of Undulator A used for this calculation are listed in
Table 1, and the energies of the first 3 harmonics computed using:

E = nhc 2"(2 n = 1, 2, 3
Âu (1 + K2/2)

are listed in Table 2.

To adequately handle and make efficient use of this
unprecedented brilliance in the hard x-rays, detailed information

about its spatial distribution is needed. For this purpose, the angular

B. Lai and F. Cerrna, Nucl. Instr. and Meth. A246, 337 (1986); B. Lai, K.
Chapman and F. Cerrina, Nucl. Instr. and Meth. A266, 544 (1988).
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distribution of x-rays produced by Undulator A has been simulated
here (see Figs. UA1 - UA57) for K ranging from 2.1 to 0.3 in steps of
0.1. For each K, the radiation pattern in angular space (x',y') was
mod e led at the first 3 harmonic energies using an undulator

modeling method described previously.2 In each figure, the APS
beam emittance case is shown together with the limiting case of zero
emittance, so that contribution from higher harmonics and effects of

emittance broadening may be easily identified. Note that in most

cases, the central cone is dominated by the beam divergence. These
angular plots, when multiplied by the distance from the source,

represent the spatial flux pattern obtained in the far-field regime.

For the near-field region, the spatial distribution is further
broadened by the finite source size in x and y (besides the zero-
emittance pattern is more complex).3 A program to take into account
the near.,field effects is being developed at APS. Each diagram is
generated with 1000 rays and is displayed over an angular limit of 1
mrad by 1 mrad in x' and y'. Because a fixed number of rays (1000)

is always used in creating the angular plots, they do not show the
relative intensity variation between the harmonics. That information

is contained in Fig. 2.

In the second part, similar angular plots for the two wigglers

are presented (Figs. WA1 - WAS and WB 1 - WB8). Wiggler A (WA),
with critical energy of 32.6 ke V, is optimized for the high-energy

region and will extend the spectral range to 200 ke V and above (Fig.

3). Wiggler B (WB), on the other hand, is designed for the low-
energy region with Ee = 9.8 keY (Fig. 4). Because the radiation from

a wiggler is more spread out in the horizontal direction x', all the

2 K. Chapman, B. Lai, F. Cerrina and P. J. Vieearo, Nucl. Instr. and Meth.
A283,88 (1989).
See for instance R. P. Walker, Nucl. Instr. and Meth. A267, 537 (1988).3
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angular diagrams are plotted over a wider limit of 2.5 mrad by 2.5

mrad. The actual extent of the ray distribution is determined by K/y.

Thus, since WA has larger K than WB, the photons are distributed
over 2 mrad for WA versus 1 mrad for WB. As for the spread in the
vertical direction y', note that the photons are confined within

smaller and smaller angles as the photon energy increases, which is

similar to bending magnet radiation. The parameters used in the

wiggler calculation are listed in Table 3.
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Table 1. Parameters of Undulator A used in calculation

Â-o 3.3 cm

K 0.3 - 2.1

N 70 periods

Eh 7.0 GeV

Ih 100 rnA

CJx 0.308 mm

CJy 0.085 mm

CJx' 24 i-rad

CJy' 9 i-rad

ßE/E 0.1 % Bandwidth

Maximum an~le 0.3 mrad

Beam UAS-O zero

Emittance UAS-1 Ex = 7.3, Ey = 0.73 nm-rad
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Table 2. Energy of the first 3 harmonics for Undulator A

K= 18t harmonic 2nd harmonic 3rd harmonic

2.1 4.40 8.80 13.20

2.0 4.70 9.40 14.10

1.9 5.03 10.06 15.08

1.8 . 5.38 10.77 16.15

1.7 5.77 11.54 17 .~O

1.6 6.19 12.37 18.56

1.5 6.64 13.27 19.91

1.4 7.12 14.24 21.37

1.3 7.64 15.29 22.93

1.2 8.20 16.40 24.60

1.1 8.79 17.57 26.36

1.0 9.40 18.80 28.20

0.9 10.04 20.07 30.11

0.8 10.68 21.37 32.05

0.7 11.33 22.65 33.98

0.6 11.95 23.90 35.85

0.5 12.54 25.07 37.61

0.4 13.06 26.12 39.17

0.3 13.50 26.99 40.49
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Table 3. Parameters of Wiggler A and Wiggler B used in calculation

WA WB

Ao 15 cm 25 cm

K 14 7

N (periods) 10 20

Ee 32.57 keY 9.77 keY

28 2 mrad 1 mrad

Eb 7 GeV

Ib 100 rnA

oE/E 0.1 % Bandwidth

ax 0.308 mm

av 0.085 mm

ax' 24 i-rad

av' 9 i-rad

Ex 7.3 nm-rad

Ev 0.73 nm-rad
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Fig. UA-15. K = 1.7, third harmonic.
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Fig. UA-16. K = 1.6, first harmonic.
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Fig. UA-17. K = 1.6, second harmonic.
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Fig. UA-19. K 1.5, first harmonic.
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Fig. UA-20. K = 1.5, second harmonic.
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Fig. UA-21. K 1.5, third harmonic.
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Fig. .UA-22. . K = 1,4, first harmonic.
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Fig. UA-24. K = 1.4, third harmonic.
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Fig. UA-25. K = 1.3, first harmonic.
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Fig. UA-26. K = 1.3, second harmonic.
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Fig. ÙA-27. K = 1.3, third harmonic.
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Fig. UA-28. K = 1.2, first harmonic.
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Fig. UA-29. K = 1.2, second harmonic.
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Fig. UA-31. K = 1.1, first harmonic.
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Fig. UA-32. K = 1.1, second harmonic.
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Fig. UA-33. K = 1.1, third harmonic.
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Fig. UA-34. K = 1.0, first harmonic.
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Fig. UA-35. K = 1.0, second harmonic.
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Fig. UA-36. K = 1.0, third harmonic.
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Fig. UA-38. K = 0.9, second harmonic.
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Fig. UA-39. K = 0.9, third harmonic.
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Fig. UA-40. K = 0.8, first harmonic.
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Fig. UA-41. K = 0.8, second harmonic.
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Fig. UA-42. K = 0.8, third harmonic.
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Fig. UA-43. K = 007, first harmonic.
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Fig. UA-44. K = 0.7, second harmonic.
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Fig. UA-45. K = 0.7, third harmonic.
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Fig. UA-46. K = 0,6, first harmonic.
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Fig. UA-47. K = 0.6, second harmonic.
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Fig. UA-48. K = 0.6, third harmonic.
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Fig. UA-49. K = 0.5, first harmonic.
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Fig. UA-50. K = 0.5, second harmonic.
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Fig. UA-S1. K = 0.5, third harmonic.
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Fig. UA-52. K = 0.4, first harmonic.
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Fig. UA-53. K = 0.4, second harmonic.
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Fig. VA-54. K = 0.4, third harmonic.

68



USER 30ISk:i8L,Ai' TRACY. TESTlBEGIN.OA T;26 19.J Ai'-L992 16:54

!: : '~.... i" i I

UAS-O ~:=O.3 E=13.50k

eV 0.08mrcid

I I

I i

I

i I i i

19-JAN-Q2 16:55:03
-

H Length O.10000E -02

H cen ter O.OOOOOE -00

V Leng th 0.10000E -02

f- :. V center O.OOOOOE'OC

EXTERNI\L

-~- , . ~~ ~-, "
_m' ~'_____I_

(,Di m (I~JL Y
,

'- TOT - 1000
LOST = 0

I- Horizonti'l: 4

Verticòl: Ô

I

-

i I I ,

USERSOISK:l8LAI. TR.'\CY. TESTlBEGIN.OA T;27 19.J AN-1992 16:55

f- . I i rL i
UAS-1 K=0.3 E=13.50k

eV 0.08mrad

I-

r- li I I

I i

I

i I i
10:56:1819-J AN-Q2

I-
H Length 0.10000E-02
H center O.OOOOOE -00

V Length 0.10000E -02

l- V center O.OOOOOE.O(

EXTERNAL
" , '- ':~.'.. - i- I- --GOOD ONL Y

"
TOT 1000, , -

LOST = 0

- Horizonti'l: 4

Vertlcòl: Ô

-

Ii I I ,

Fig. VA-55. K = 0.3, first harmonic.
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Fig. UA-56. K = 0.3, second harmonic.

70



USERscrSK:(8LAI. TRACY. TESTJBEGIN.DA T;22 19-JAN-1992 16:37

I ' :

(
I I

UAS-O K=0.3 E=4ü.49k

eV 0.07mr¡id

i i ~ I L- i

I I

I

i I ii I
1Q-JAN-Q2 16:37:42

-
H Length 0.1 aOODE -02
H center O.OOOOOE.OO

V Leng th 0.10aOOE-02
- V center O.OOOOOE'OC

EXTERNAL
.. ..-

\~~;);
- - 1- --GOOD ONL Y

TOT 1000-

LOST = 0

f. - Horizontcil: 4

Vertical: 6

~

I

- -
,

USER30ISK:fBLAi' TRACY. TESTJBEGIN.DAT;23 19-JAN-1992 16:41

r:' :d::K:::':::J
UAS-1 K=0.3 E=40.49k

eV 0.07mr¡id

I I

I

i
lQ-JAN-92 16:42:46

~ f- -
H Length a.lOOOOE -02

H center O.OOOOOE'OO

V Length 0.1 OOOGE -02

V center O.OOOOOE'OC

EXTERNAL
, -,

:,,;:t~lf:..'
--GOOD ONLY- - l-
TOT 1000-
LOST = 0

- Horizontcil: 4

Vertical: 6

,
I

i,

Fig. UA-57. K = 0.3, third harmonic.
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Fig. WA-l. Wiggler A. Top: hv = 8 keY, bottom: hv = 12 keY. The

limits for each plot are 2.5 mrad x 2.5 mrad.
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Fig. WA-2. Wiggler A. Top: hv =: 16 keY, bottom: hv= 20 keY.
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Fig. WA-3. Wiggler A. Top: hv = 24 ke V, bottom: hv = 28 ke V.
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Fig. WA-4. Wiggler A. Top: hv =32.5keV (=Ec)' bottom: hv = .48 keY.
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Fig. WA-5. Wiggler A. Top: hv = 64 keY, bottom: hv = 80 keY.
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Fig. VV A-6. 'Wiggler A. Top: hv :: 96 keV,bottom: hv = 112 keY.
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Fig. WA-7. Wiggler A. Top: hv = 128 keY, bottom: hv = 150 keY.
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Fig. WA-8. Wiggler A. Top: hv = 175keV, bottom: hv = 200 keY.
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Fig. WB-L. Wiggler B. Top: hv = 2 keY, bottom: hv = 3 keY. The
limits for each plot are 2.5 mrad x 2.5 mrad.
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Fig. WB-2. Wiggler B. Top: hv = 4 keY, bottom: hv = 5 keY.
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Fig. WB-3. Wiggler B. Top: hv = 6 keY, bottom: hv = 7 keY.
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Fig. WB-4. Wiggler B. Top: hv = 8 keY, bottom: hv = 9 keY.
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Fig. WB-5. Wiggler B. Top: hv = 9.8 keY (=Ec)' bottom: hv = 15 keY.
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Fig. WB-6. Wiggler B. Top: hv = 20 keY, bottom: hv = 25 keY.
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Fig. WB-7. Wiggler B. Top: hv = 30 keY, bottom: hv = 40 keY.
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Fig. WB-8. Wiggler B. Top: hv = 50 keY, bottom: hv = 60 keY.
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