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L. KNTROBOUCTION

A computer program written to calculate the synchrotron radistion

spectra for NINA(])

hag been modified to give the corresponding spectra
for the Synchrotron Radiatlion Source (SRS} storage ring and a 4.5F wigglex
magnet., This paper presents the full details of the spectra including the
polarised components. The data 1s presented glving spectra for the

storage ring at 1.0, 1.5 and 2.0 GeV and for the wiggler at 2.0 GeV, inc-

luding the vertical distributiong.

Z., CAMOULATION OF THE SPECTRA

The compubter pProgram uses & series approwimation to evaluate the

Bessel functions in the expression:
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N{y,x) = No.of photons/s/mraed horizontally/mrad verti-
cally within a Q.1% bandwidth.
R = bending radius (m)
e = glectronle charge {coulcmb)
h = Planck's sxmstant {erg.s)

A = wavelength {g;

were evaluated using series approximations as used by other authors

& = plectron rest mass (mccz in GeV}

£ = electren energy (GeV)

*H-
#

angie of elevation from the orbit plane

{rad)
K1/3'R2f3 = Bagsal functions.
Using this expression the spectra have been evaluvated over a range of

¥ and A, for operating energies of 1.0, 1.5 and 2,0 GeV and the wiggler

spectra at the last energy only, The wavelength range of the computed

output covers the eight decades from 0.15 to l0,000,0DOi (1000 pm) with

data polnts in each decade at ten equal increments, The Bessel functions

{2-u)

Calculations of the wlggler spectra were done by substituting the
correct bending radius in eqn.(l}). The bending radius was evaluated using
the field grafilc{S} and caleulating the mean f£ield alony the orbit path-

iength wvisible through the beamline aperture {see below).

Total and polarised specira were caloulated at 1.0, 1.5 and 2.0 GeV

and they were stored on magnetic disc on the IBM 370/165. The parsllel

polarised component is glven by egn. (1) without the last term i.e.
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Separate programs were writisn to extract the data for this repert.

3. LIMYTATIONS OF THE CALCULATIONS

The oricglnal program is described mlaawhmnatﬁ}

and only a brief dis-
cussion follows. The largest sources of errors in the general spectra were

the series approximations used to evaluate the Bessel functions. The series



approximation for small arguments is good for ¢ < 1 as is the large argu-
went approximation for e » 10, but in the region of overlap there is some
error. Investigation has shown that these errors {of the order of & few
percent pver a limited range! give rise to similar errors in the spegtrum
on the sharply rising edge ab short wavelengths. These sirors are only

obgervable in a region where the intensity is several orders of magnitude

down from the peak.

At the time of wyiting, the wiggier magnet design is still in dts
early stages and the field profile gquoted ln ref. (5} is primarily & dusion
target. The wiggler spectrs are inbended as a guide only, unlike the

noymal spectra which correspoend to @ f£irm design.

The method of caleoulating the bending radius gives rise to errors

% +5% in the wiggler spectra, and the valculation is now degcribed.

The maximum orbit path length observable by 'looking' up & beamline
ig defined by the beamline horizontal collimation. It was assumsd that
the beamline would accept » 25 mrad bean and the path length corres-
ponfing b this was caleoulated using the following relationship and

o~
tracking & 2 GeV electron through the magnet.

s 1 £
B 5.3 x 10 o motres {2)
whe e B = magnetic fleld (T)

@ = glactronle ¢harge {Coulomb)

el
i

Partlcle energy (GeV)

The elecirons were tragked through the fleld with lmm steps, inteygrat-
ing the bending angle until such time as it matched the beamline accept-

anaw. Koowing the path through the magnet the mean magmetic field was

calenlated and the sppropriate bending radius caloulated using eagn. {2).

The errors in this process are comparatively large because the fleld
proflle was not specified very acourately and the step size for particle
tracking was rather large (v 4% of the total path length}. The bending
radius was caleulated to be 1.5m (#5%) corvesponding te a mean fleld of

4.467.
4. RESULTS
The data is presented both graphically and in tabular Fform,
Table 1 lists the radlation spectrum inbtegrated over all vertlical
angles for 1.0, 1.5 and 2.0 GeV operation of the storage ring.
Tables 2 to 4 list the vertical angular gistributions of varicus

wavelengths of the sypehrotren radiaticn at the above energies.

Tables 5 e 8 list the vertical distribution of the polarised compen-—
ents of the radiation at 10, 160, 1000 and OO0 ﬁ Fop 2.0 GeV operation

of the storage zinyg.

Pables 9 and 10 give the wiggler spectra for 2.0 GeV electrons,
table 9 showing the spectrum integrated over all vertical angles and

takle 10 the vertlcal angular distribution of varicus wavelengths.

Figures 1 te 10 are the graphical presentation of tables 1 to 10

respedtively.
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VERTICALLY INTEGRATED SYNCHROTRON RADIATION SPECTRUM

SPECTRA ARE LISTED AT INGREMENIS OF ONE TENTIH OF A DECADE QVER THE EIGHT DECADES
FROM 0.1 10 1.0E 7 ARGETROMS.

THE UNITS ARE PHOTONS/MRAD HORIZ/MA BREAM/S INIC A O.1% BANDWIDTH.

SPECTRUM ¥FOR 1.0 GEV ELECTRONS

OF WAVELENGIH

WAVELENGTH
RANGE
0.1 10 0,9 & 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 ¢.0
1.0 ¢ 9.0 £ | 0.0 0, 22736405 0, 3358407 0.7394384+08 0. 1696E+09 0.443084+09 0,87238+09 0, 1441E+10 0,2120E+10
10.0 To 90.0 %) 0.28B76E+10 O, 1062E+11 O, 1562E+11 0, 1850E+11 O.2021E+E1 0.2123E+11 0.21B6EH] 0,2223EH 1 0, 2244E+11
12 2 TO 98 2 &] 0.2253E+11 0,2159E+11 0,20248+11 0.1910E+11 0.1B16E+11 0.17398+11 0.1673E+11 O0.1616E+11 0.1566E+11
1€ 3 TO 9E 3 A 0.1522E+11 0,1249E+11 0,1105E+11 0. 10L1E+11 0.9433E+10 0.8906E+10 0. 8480E+LD 0,8124E+10 O, 7B19E+10
IE 4 T 98 4 £ 0.7552E+10 0.6047E+10 0.5297E+10 0,4B820E+10 0,4479E+10 0.4218E+10 0.4009E€10 0,3836E+10 0, 3690E+10
1E 5 TO 98 5 £ 0.3563E+10 0.2832E+L0 0.2476E+10 0,2250E+L0 0, 2089E+10 0.1966E+10 0. 1868E+10 0.1787E+10 0, 1718E+10
IE 6 T0 9E 6 K] 0.1659E+10 0.13L7E+10 0, 1151E+10 0, L046E+10 0,9707E+09 0.9134E+09 0.8675E+09 0.B295E+09 0,7970E4+0¢
74 0, T68BEH09
SPECTRUM FOR 1.5 GEV ELECTRONS
WAVELENGTH
BANGE
0.1 10 0.9 4] 0.0 0.0 9.0 0, 23108402 0.2077E+04 0.4107E+05 0.3427E406 0.1670E+07 0.5692E+07
1,070 9.0 L] 0.L511E+08 0, 11268410 0, 448LE+LD O, 86498410 0, 12668411 C.L6LYE+LL 0. I1913E+1L 0,2159E+11 0,23638+11
10.0 TO 90.0 & | 0.2533E+11 0.3260E+11 0.3381E+HL1 0.33638+1 0.3304E+L1 0.3234E+11 0.3L62E+11 0,3093E+11 0.3028E+11
15 2 TO 9E 2 A | 0.29670401 0.2533E+11 0.2275E+L1 0.2100E+11 0.1969E+11 0.1866E+1L 0.1782E+IL 0.17128+11 O.1651E+LL
IE 370 98 3 K| 0,1599E+11 0,1287E+11 0. 1131E+11 0.1031E+11 0.9585E+10 0.9034E+10 0.8589E+10 0.B2205+10 0.7904E+10
IE 4 TO 9E 4 A | 0.7628E+10 0.6086E+10 0,5323E+10 0,4B39E+10 0.4494E+10 0.4231E+10 0,40Z0E+10 0.3846E+10 0. 369BE+LO0
IE 5 TO 9E 5 & | 0L3571E+10 0.2836E+10 0.247BE+10 0,22528+10 0,209LE+10 0, 19675410 0, I86SE+10 0. 17888410 0.1713E+10
IE 6 TO 9E 6 81 0.1660E+10 0.13172410 0, L151EHD 0. LOSEEHL0 0. 9708E409 0.9135E409 0.8676E409 0.8296E+00 0.7971E+09
iIE7 % 0. T6AGE+09
SPECTRUM FOR 2.0 GEV ELECTRONS
WAVELENGTH
RANGE
0.1 70 0,8 &) 0.0 0. 1037E404 0.S572E406 0, 1247E+08 0, 78B7E+08 0. 26635+09 0.6296E+D9 0, L193E+10 0, 1951E+10
1.0 T0 9.0 £ 0.28828+10 0.155584+11 0,2590E+11 0.3265E+11 0.3700E+ll 0,3986E+11 0.4L77E+11 0,4304E+11 0.4350EH1
10.0 TO 90,0 X C.4456E+11 0.442BE+11 0.4206E+11 0.3998E+11 0.3820E+11 0.3667E+11 0.3536E+11 0.3422E+11 0.3322E+11
IE 2 TO 9E 2 A 0.3232E#11 0.2666E+11 0, 2365E+11 0.2167E+11 0.2023E+11 ©.1911E+LL 0.1820E+11 0.17458+11 ©.1681E+11
12 2 T0 9E 3 A | 0.1626E+11 0. 1300E+E1 O, 1140E+11 0, 1037E+11 0.9640E+I0 0.9079E+L0 0.8628E+10 0,82535+10 0. 79346410
12 4 70 9E 4 A| 0.7655E+10 0.6099E+10 0.5332E+10 0.4846E+10 O, 4500E+L0 0, 4235E+10 0.4024E+10 0.3B49E+10 0.3701E+10
12 5 TO 9E 5 4| D.3574E+10 0.2837E+10 0, 2479R+10 0. 2253E+10 0.2091E+10 0.1968E+10 0. 1B69K+10 0O, L7RSEHL O O, L7I8EH1D
1E & EO 9E 6 X[ 0.1660E+10 0. I318E+10 0. L1S1E+10 0, 1046E+L0 O, 9709E+09 ©.9136E+09 0.B86778+09 0.8296E+09 O, 7972E+0
1E 7 0. 7689E+DY

]

TAHLE 1




ANGHL AR DISTRUBUTIDN GOF SYNCHEOTRON RACIATION FOBR THE SYNCHROTRON RADIATION SOURCE

VERTICAL DISTRIBUTION OF

FOR 140 GEV OPERATION

1 ANGSTROM RADIATION

THIS SPECTRUM 1S LISTED AT INCREMENTS OF Q.0ZMRADS FROM ZERO TO 1 MRAD

IN UNITS OF PHOTONS/MA BEAM/MRAD WORIZ/ZMRAD VERT/SEC. IN A QJ1X% BANDWIDTH
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ANGUL AR DISTRUBUTION OF SYNCHROITRON RADIATION FOR THE SYNCHROTRON RADIATICM SOURCE
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ANGUL AR DISTRUBUTION OF SYNCHﬂbTRON RADIATION FOR THE SYNCHROTRON RADIATION SOURCE

VERTICAL DISTRIBUTION OF

FOR 240 GEV OPERATION

1 ANGSTROM RAQIATION

THIS SPECTRUM IS5 LISTEU AT INCREMENTS DF 0,02MRADS FROM ZERD TO 1 MRAD
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ANGULAR QISTRISUTION OF POLARISED COMPONENTS OF SYNMCHROTRON RADIATION FOR )0 ANGSTROM RADIATION FROM THE SRS

FOR 2.0 GEV QPERAT N
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ANGULAR DISTRIBUTION OF POLARISED COMPONENTS OF SYNCHROTRON RADIATION FOR 100 ANGSTROM RAD[AfIDN FROM THE SRS

THE SPECTRA ARE LISTEDO AT INCREMENTS OF 0 1MRALD FROM 0.0 TO S.0MRAD
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ANGUL AR DISTRIBUTION (JF POLARISED COMPONENTS OF SYNCHROTRON RADIATION FOR 1000 ANGSTROM RADIATION FROM THE SRS

FOR 2.0 GEV CPERATION
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ANGULAR DISTRIBUTION OF POLARISED COMPONENTS OF SYNCHROTRON RADIATION FOR Z000 ANGSTROM RADIATION FROM THE SRS

FOR 2.0 GEV QPERATION

THE SPECTRA ARE LISTED AT INCREMENTS OF (O»2MRAD FROM (.0 YO 10,0MRAD
IN UNITS (GF PHOYDNS/MA BEANZMRAD MOREZ/MRAD VERT/SEC IM A OelX BAND®IDTH

TOTAL INTENSITY OF RADIATION

Ga2401E+10
GeZ060E+H10
Ca5659C+07
CeIHTBE+U0
O»0
Cul

INTENSITY OF PARALLEL POLARISED

Ge2401E+10
O+t 246E+ 10
0294 6E+0T
0u7944E~0D)
Oe0
0.0

Qx243BE+30
Qe tbA0E+10
Cu 1B29E+07
0.12186E-01
00

Q24025410

0,962 4E+09

049 460E+06

Osh 122E=02
A 040

0e2529E+10
Oe 1 22Z2E+130
0.5240E4046
0.0
00

Qe 2IGHE+LT
Lo 69GAEHDS
Ca26B1E+0&
Oa0
Q.0

Ou 2H6RE+EDQ
O+ 84 7BE+ 09
0e1319E4+08
0«0
Oe0

RADIATION

DeR3B80ETE0

a4 TH2E+ 09
CaBELIEH0S
Gl
0.0

Ve2B04E4+1D
OB AABE»OY
e 2BE6BES0S
[+ ]
el

0e2343E+10
O»Z00IE+09
O 1299E4+05
L+ ]
[+ I ¢]

INTENSITY OF PERPENDICULARLY POLARISED RADIATION

0.0
GuBLAIE+QG
Ge2T13E+0T
Ce?832F-01
[ 3+
[ 9]

023452E+08
DWHTTRE+OG
Q.88 30E+06
CedOABE-D2
[ 2%+

0. 1333E+00
D+ B228E+09
Ue BEEGEHCS
De0
0«0

(e 2B24E+09
Qe 3T26E+ 09
O HETTECOG
[ P
0.0

D« 46504E+09
0 «Z445E+09
O 1 Z266E +06
0D
0.0

TABLE

Ce29laE+LO
QeI 221E4+0W
T«S054E+04
Dal
Oel

De2274E+]10
Qe } 7R 0E409
Cu28STE+DG
0.0
(5 P ¢

O HA0SEOQ
Do L8 TIE+OG
G2 AGBE+C4
Ol
Da0

Qa2956E4+10
CGu]l THHE+Q9
0 +.B830E+03
[+ IS ]

Q.0

042160E+10
CW93TRE+DS
CuABEGESD3
0«0
0l

0. 7TIEZE+O9
0+BOBSE+OB
Qud2T0E403
Ge0
(4]

Ce2B9TEFLD
O»BE29E+ 08
Oe 1 Z70E4+03
el
[+ 19 4]

O« 1997E+]10
Ue 4S8IE+O8
0e5411E402
0.0
0«0

D FOCOOE+DT
Ds4040E+(8
VubH291E+02
a0
a0

DeZ721E+]1O
Gu3B66E+08
V18038402
Q«0
0a0

0u1782E+140
02039408
OWBOBBE+ O]
a0
Qa0

C«93BRE+OS
01827E+08
CuTHABES 0]
Qal)
G0

CuZ4BREFLD
Un)BE62E+08
Ou 1 727E40]
Ol
D40

Oe 15276410
OWB81B0E+OY
O=BT O0ES GO
0«0
G

Qs9074E4+09
Q+743ATE+0T?
C«B555E400
Qe
Ce 0



VERTICALLY INTEGRATED SYNCHROTRON RADIATION SPECTYRUM

FOR 2.0 GEV ELECTRONS 1IN THE 4.57 WIGGLER

SPECTRA ARE LISTED AT INCREMENYS OF ONE TENTH OF 4 DECADE OVER THE EIGHT DECADES OF WAVELENGTH
FROM 0.1 TO 1L,0E 7 ANGSTROMS.
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ANGULAR OISTRUBUTION OF SYNCHROTRON RADIATION FOR THE SYNCHROTRON RADIATION SQURCE
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Co4HBOE+ 08
Da) 343E+04
[ %
O
Ded
Gel)

Daty 55 2E+08
De1059E+0Y
[+ "% ¢)
De0
D40

O+ 3455E408

VeSS OSE+D ]
00
0,0
Ge0

VERTICAL COISTRIBUTION GF

Ca216958+08
040
Qe
040
Ca®

Qe 1OBTE+OE
D0
D=0
[ 8]
Sa

1a0 ANGSTROM RADIATION

Du D) BEF+OT
Sed

.+ 1 ¢

Ouls
Qe

IN A CelX BAMDWIDTH

Cula 72407
el )

Oel

Qa0

0.0

THIS SPECTRUM IS5 LISTED AT INCREMENTS OF 0.0ZMRADS FROM ZERD T0 1 MRAD
UNITS OF PHOTONS/MA SEAM/MEAD HORIZ/ZMRAD VERT/SECs IN A GelX BANDWIDTH

IN

" DeTHLTE+LL
02 3BBLE4 LY
0 HBUHE+GS
C«2005E+05
9-0
CGel

Ce7HIBE+1L
Da3i68ErIL
0w 33T2E +0T
04 54H1E+D 4
Ge

0«7B2TE+11
De24TBE+ L1
Ox16HHJIEFOT
QW 42GE+Q3
0ud

YERTICAL CGISTRIBUTION OF

O 736BE+11
Ge1BTSE+ 11
Qe BTEGET DD
Qul76TT4 03
0.0

Ca7127E+]11]
Cel35BEWF]]
o272 RE+0B
OW29%2E+02
De ¥

IG e ANGSTROM RADIATION

TeETIEER]]
DeS403EH10
GulO] 4E+0R
D ABLBE+FOL
0n0

0.6368E+11
Q52 00E+10
0uB3AGAE+0T
Db JEOE+DD
D

THIS SPECTRUM 1S LISTED AT INCREMENTS UF 0.1 MRADS FROM ZERC TO § MRAD
IN UNITS OF PHOTONS/MA BEAM/MRAD HORIZ/ZMRAD VERT/SECs IN 4 041X BANDWIDTH

DW3IRBTE+ 11
Cul ITOE+OS
Cad
Oul
Dl
040

DeB3TAE+ 1Y
Gei77BE+OB
e

. Db

[+ %]

D3B3 TE+LY
e 14B9E40T
0.0
OO
Dl

VERTICAL QISTRIBUTION OF

CeIBAZEF LY
O 70BLES 0S5
[+ P ¢}
040
Sold

Oe3) TSE+LL
OeZ23GIE+00
0.0
[ 1]
Gel

1000 ANGSTROM RADIATION

Oudalos+l)
Ve 45948 02
[+« ]
Tl
G0

Os1500E+L1L
0503 7E+08
020
Da0
G+0

THIS SPECYRUM IS LISTED AT INGCREMENTS OF 0.1 MRADS FROM ZERD TO S #MRAD

iN

G+ 7375E+10
Du7hIDE+LIO
Oxf&2E+09
041 314E404
0wl
s

UNITS OF PHOTONS/MA BEAM/AMBAD HORIZ/ZMRAD VERT/SEC.

Ca7 44BE+10
DebHB7ES10
DWa7EE0E+GE
C2358E+03
020

De76STE+ 19
Ce53IG5EH L0
Ua 3289E+08
T «3TSREHOR
Cal

On 7963E+ 30
Oe 42B5E+ 1
Ce I3I0E+ OB
O+5298E+ 01
Gl

0.8309E+1D
0W3228E+10
D ABOSESOT
CHHBEHAE+00
Qul

ThBLE

GeB622E+LO
04 2300E+10
D IBOIESOT
Be7187E~Q]
Culd

10

IN & Os1X BANDWIDTH

D+BAZ26E+10
Ux1843E+10
D« aB30E+06
D46 B45E~02
0.0

Bu3GZ0E+ 06
Ol
D0
Ol
a0

OeSBe3E+EL
Ca3B883IE+10
G OBBTE+OE
G»d
Cel

0. 73138410
Cel
D20
Caoft
Ould

Oe 8B4GET]O
DS 7ITESQQ
De l1BAHE+OS
09
00

0«7 ITHREHOS
Oas0
0«0
Oul
G0

0.52348+11
Ced303E+10
O e29A0EF0S
Ged
0

Dedb9TEFLO
Gal
L 3%
Qul
00

D.88528E+]0
GeSTZHES 09
D+2BVHEFCS
Ced
0 o0

0+1212E405
Gell
D40
Gel
Gl

Ved4561E+1]
0al290E+]10
OB DAGEHDS
el
Co0

DaT264E+D9
Cal
L8
Gel
0s0

GaBlasE+rio
0+31436+09
Vet 24E+0S
Dab
Onld



Fig., 1
g, 2
Fia. 3
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Fig. 5

Fig. &

Fig, 7

Fig. 8

Fig. 9

Flg.i0

FLGHRE CAPTIONS

Vertically integrated radiation spectra.

Vertical angulax distribution for 1.0 GeV operation.
Vertical angulaz distribution for 1.3 GeV operation.
Vertical angular ddstribution for Z.C GeV opsration.

Vertical angulayr distriBbution of polarised components of 108
radiation for 2.0 GeV operation.

Yertical angulay dstridution of polarised components of 1008
radiation for 2.0 GeV operation.

vertical angular dlstribution of polarised components of LOOOR
radiation for 2.0 GeV operation.

vertical angular distribution of polarised components of 2{2)00&

radiation for 2.0 GeV speration.

Vertically integrated radlation spectrum for 2.0 GeV e¢lectrons
in the 4.57 Wigglex.
Vertical angular distribution of radiation from #.0 GeV electrons

in the 4.57 Wiggler.

¥he snits for the intensilies in the figures are:

o
figs, % and 9 Fhotons/e/ma bear/nrad horizontally within a C.1%

bandwidth.

Flys. 2-8 and 10 Photons/a/mh beam/mrad horizontally/mrad wertically

within a O.1% bandwidth.
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