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An undulator produces a complicated spectrum with peaks and a strong variation of
spectrum with angle. However, in order to exploit its high spectral brilliance, the un
dulator will be used mainly selecting a narrow angle around 8 = 0 (8<<1) and with the
nonochromator tuned near the peak ( AA/A «<<1 (~1-2%)). Therefore it is of interest to
study simple approximations which could be valid in most practical cases.

While various kinds of computer programs written for general synchrotron radiation
and undulator radiation are complicated and take a long computer time, near-peak appro
ximations are simple and can be run on personal computers.

We consider here the (most common) case of a plane sinusoidal undulator. The for-
mulas use here are a straightforward approximation of the formulas derived by Bessonov
and coworkers, that are reminded in Fig. 1. The approximate formulas are summarised in
in Fig. 2. These are utilised in two programs, of which we enclose the list and a few
examples of results. These programs are written in "basic" for the Tektronix 4052, a
rather primitive form of "basic", which should need almost no changes for other com-
puters, except for graphic commands. They run in a few minutes (could run in a fraction

of a minute with a compiler),



1.- FLUX AND LINESHAPE

This program plots spectral flux as a function of relative detuning AA/A. The flux
is in units relative to the ideal peak flux {which can be calculated by the program in
ESRP/IRM- /84). The ideal flux (which is =0 for AA/A<0)} is also shown as a dotted line,

Then it plots, in arbitrary units, the spectral brightness on axis, as a function of
AA/), taking the electron angular spreads into account (in other words, this is the Tline
shape through a pinhole on axis, of width é(l/L)%). The number of periods is indicated
to get the scale for AA/A.

The width of the plotted spectrum is 4/(I1xN1), where I1 = harm. number, and N1 =

number of periods. To enter the desired values, edit from line 20 to 90.

2.- ANGULAR DISTRIBUTION FOR GIVEN DETUNING AND ELECTRON ANGULAR SPREADS

This program plots the diffraction pattern (single-electron rad. distribution) and
the electron beam (horiz.) ang. spread, and the horizontal section of their convolution,
i.e. the actual angular distribution of power per unit bandwidth, that s spectral bright
ness.

The spectral brightness is in arbitrary units, and the angular units in the x axis is
10 prad.

A vertical section can be plotted by just interchanging the data for horiz. and vert.

angular spread. To enter the desired values, edit from line 10 to 18.



TABLE 1 - Summary of general formulas for plane sinusoidal undulators

Spectral brightness:

Number of photons per unit time (i-th harmonic) N = num. of periods
s 1
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= convolution: f(x) % g{x) = Jff(x')g(x—x')dx'



TABLE II - Approximations for y8 <« 1, AA/A <1

Let AA/A = detuning from the peak at 9=0

2.2 2.2

J4a_ve A2 2 18
A _A, _I_-—K.Z-—A X (1et X = ;Z'Z')
s o

sincziNzl is the diffraction pattern (single electron rad. pattern), with
circular symmetry. Convoluted with ang. spreads, gives actual radiation
ang. distribution

fi(8.9):

odd harmonics:
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Spectral brilliance at 8=0 (lineshape through pinhole) with angular spread:

The angular distribution of electrons:
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A= 1+21(QZ+yQ3)/Q]; / 8 cosmx dx = 2l (a) modified Bessel function.
0



§ REM undul. near peak flux & lineshape

10 INIT

23 P=32 number of the peripheral device: screen or plotter

3% Ni=108number of periods

48 I1l=1  harmonic number

50 K=1i deflection parameter

G‘B N=8 this determines resolution {and execution time) (for ex. N=4 for fast calculation,
B Si=1.6E~% horizontal angular spread of electron beam

139 §p=1.8E-5 vertical angular spread N=12 for better resolution)
99 (G=10000 y (electron energy)

190 N=HxI1

148 U=f{/(ML¥N> in this case the Bessel functions are the ordinary ones, Im(Y1)

20 Yisl1dKIK AL +KYKS20. 4 goes to the subroutine necessary for the calculation

139 Ul=~] of A in line 180
148 GOSUB H%9

{50 WINDOW ~4¥M- 11 4%kN-T1,8s1/N1

e axis L'?F‘:Hq.!l* Nit2,1.0,0

1?70 WOUE GPe-d43N- Il .0

180 A=l+2411002+vi¥Q2r 01

190 Bi=5g¥Sa Sl 1

200 Y2sUK LR BE 20 7 GHESERE 2hGIGY

219 FOR Ye—d4U-T1 TO $¥Hs Il beginning of convolution

208 S=0,81/7N1711 'Ilﬂfl*l.ll."-"'.‘: usually 0 (rough adjustment)
230 FOR I=-4%N-I1 TO Y

248 D=PIYI-NEIL

258 IF UL=8 THEN 28@
250 \685%}0{(0:0“) homogeheous lineshape due to finite number of periods (spectrum at
278 24 iven 8 for S$1=52=C)
288 C=1 _ ?

;;338@ bi Ui=-{ THEN 468 to calculate flux; the second time, after returning from 540
380 =

a8 Yi= Y?*C'V“I)‘Ikﬂ ~B1) it goes on to 300 to calculate lineshape

328 GOSUE 806 to calculate I4(Y1)

138 He=Z

Nﬂi Ul=1{

350 COSUB 80@  to calculate Ip(Y1)

3t:u€’§ Wi=2Z

37 B=\(1"-RXLI$C\\’ I3 ANO-CA=1 I RURCY=T 2K 1D REXP(YR2X (]~ ~Y)%¢14B{)) ideal Vine
789 B=BrI1%N-23 in order to avoid to go out of scale shape on pinhole at 8=0
39 GO TO 424 (the scale is arb1trar¥ (N1=» e with given S1, S2)
400 B=1-A%ULtcy=-1)> ideal (Nl-»o=) integrated spectrum (flux

410 IF I=Y THEN 449 as a function of AAM)

430 5=S+CACKUEB  — S(N) = [C2(1)B(I-V)dI

430 NEXT I

440 S=8+CTCHU¥D.5 ve take the average value at the discontinuity

4“58 DRAN @P:Y 35*11 plots the result of convolution: first time flux, second time lineshape

128 60T Lo
¢ ' i

qu tlg.s!l:g ‘EHHEN wng  if Hnesha\pe has already been calculated, it stops {1ine 580)
9 £ s

gﬂg 5835103 E{J(?*gjé}” 4B % prints as a dotted line the ideal spectrum B(I)
510 DRAW CP: l,ll .k 108 SWE SERL W :

%20 HEXT 1 . |

530 Ul=i in order to calculate modified Bessel function Ip(Y1)

249 G0 TO {70 in order to calculate Tineshape

2508 HOME WP

60 PRINT ®P:1ii"-TH HARN. . M, FEF, v ® R

E7D PRINT &P "ANG.SPR, . "iS13Y Rl it

88 SToP end of program
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Ul=¢I1-3>,2
U2=SGHU1)
Ui=ABS<U1>
GOSUB 380
23=2
Ul=(I1+43> 2
U2=1

GOSUB 8ov
24=2
QI=21-22
R2=21+22
B3=Q1423~244
RETURH

REM BESSEL:

IF Ul=1 AND Y1>4 THEN 1069

2=8

GU TQ S
=p 24+ H
FI FIFCU A
IF %10 THEH @50
FasmcULEVLEY Loyt 12
GO TU 35e
Fa={
J=2+F0-FLXUZ
IF ¥Y1=8 THEN 19880
IF ABRSCFa-F1 k(Y
GO TO 1B10

1-234U1<1,8E~3

IF AESC(FO/F1)<1.BE-4 THEN 19830

H=H+1

GO 7O S08

IF ¥1=6 AND U1l=8 THEN
Z=2% (Y1722 1Ul

RETURN

REM MODIF BESSEL FOR LARGE ARGUMENT

28=1
13=]
H=1

H=HK(2XI3-1 )% (2%13~1) ~

Z9=Z9+H

IF H<{1.8E~3 THEN 1150
13=]3+1

GO TO tie@
28=20/SQAR(2¥PI¥YL)
Z2=29

RETURHN

1858

CORIIRYLD

J end of subroutine for calculation of A

OFDER Uls ARG, V1Cvie~1 ord, vi={ nodif.)

THEN 1438



REM ANGULAR DISTRIBUTION (D,S1,S2)

INIT

P=32 number of the peripheral device (screen or plotter)
W=3 width (number of standard deviations in the case of the gaussian)
G=8 determines number of peints and then resolution
U= IMQBE -5 spacing of ticks in horizontal axis

=], 6F~ 5 electron beam horizontal angular spread
=],2E~5 electron beam vertical angular spread
=4,BE-9 output wavelength A

d.O87 detuning AA/A

18980 gamma (electron energy)

deflection parameter of undulator

harmonic number

total length of undulator

140, 5¥KYK)
iﬁ{g undulator period

HO= | number of periods

26 PRIMT"HUM, PER, '“;INT&iﬂkHB' 10} Y PER.:";INTCI00%LOY;" CH. "

28 PRIHT"MADELENHGTH: "3 IHTCLI¥L QE+11 Y- 108" ANGS, "

38 Tg= oG"F‘HLl L3 N

31 TO=8QRrD-¥O

32 IF DO, ﬁfLD/L9 THEN 60

3o T9=L 02309 -LOAGHEQARCD Y
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.
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55 T1=79

57 GO0 TO 89 this is to determine number of points, and then
6&2 _}'I"IEP : | dimension of arrays A,B,C not too big (mem.

gg Ig;[‘? ST1 THEN 75 overflow) .and not too smail (low resolution)
75 U=5T?;’Q f can be adjusted by varying Q (1ine 8)

e GO TO 190

7S U=51-Q

186 H=INTWEST12U)
119 M=IHTCH¥S2-U)
120 L=INT(N4kTB-U)
PRINT “RESOL_‘“‘INT(iBBB@@GB*U)/lQ;" MICRORAD"
PRINT "DETUMIHNG: ";D¥ND
DIM ACZEN+L1;28M+1)

DIM BC2kL4+1.2%0L+15

FOR I2=~N TO H

FOR J2=-M-TO N ]
H=UkUX<I2X12,51/51+4J2%J2-,82,82)#2 5 calculates gaussian
[=12+N+1
J=Ja++

AT JI=EXP(~H)
HEXT J2

HEXT T& ]

N
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249
250
260
270
289
299
309
310
320
339
340

5
360
370
350
390
408
410
420
430
440
458
460
470
430
490

310
520

5¢0
589

690
700

720
7329
740

FOR I2=-L TO L )
FOR J2=-L TO L
UsPIXTIYLO-LOXCROYUKUYCI2XTI24J2%J2)-D)
2
=Jadl+ " > calculates diffraction pattern
éi[?]?:%?ﬁ?U?tST(SINfuﬁ“U> (single electron distribution)
GO TO 339
Bl Jdi=t
NENT J2 )
HERT 1&
MIHDOW ~L-NyL+H,y0.1
AXIS CPIUB- U0,
MUVE @F3=NyRct, M+t ]
FOR I=z TU ZiH+1 plots horizontal section of gaussian
DRAW GPII-H~1 a0l M+10
HERT 1 ,
e R S
F = 2%+ lots secti i i r
DRAW GP: I“L“lgB(I,L+1) plots section at diffraction pattern
HEXT 1
MOUE BFP10s1
DIM CCLAN+1D
N3=L XL kMikN/WT4 )
FOR Y= TO L+H
Cv+10=0
FOR I3=-H TO H
IF I13<¥~-L OR I3>Y+4L THEN 569
[9=13+L+1
I=13+H+{
FOR J3=-M TO M
IF J3>L OR J3<~L THEHW 658
J=J3+M+1
Ja=J3+L+1 > , )
CCY+13=CCYAId+ACTJVXBCIO~Y,, JOO convolution A (39 B
IF Y¢2 THEN 640 {horizontal section)
IF CoY+13<CeyYy AND CuvrdCey-1> THEN 628
GO TO 650
Hi=C(Ys
GO TO 698
M1=Cv1s
NEAT JZ
HEWT 134
MEXT !
FOF Y=¢ YO L+N
GRAN P Cov+in 1
HEXT Y 2
MOUE oP:0,0 draws convolution
FOR Y=y TO L4Y
DRAW CPs-YyCulrelo 1 /

HEXT ¥
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NUM,PER,1183.1 PER.14 CM,
VAVELENGTH: 9.8 ANGS.
RES0OL , 42,6 MICRORAD
PETUNING: 1.03126

- 10 -

AN diffractcion pattern
electron angular distribution

convolution

NUM.PER.1187.5 PER.:2 CM,
WAVELENGTH1 |.8 ANES.
RESOL 2.8 MICRORAD
DETUNING: 2

i I Joam

electron angular distribucion

= coavolution

aiffraction pattern
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NUM.PER.:¢187.8 PER.:12 CM.
WAVELERNGTH | .9 ANGS,
RESOL .2 .68 MICRORAD
DETUNING: 8.01%

// diffraction pattern

electron angular distribution
(Tower 1ine) and convolution

" g /‘ i X /1 l\ A 1 l»x\r— 1
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10 mrad
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