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1. INTRODUCTION

A computer program writien to calculate the synchrotron radiation

i has been modified to give the corresponding spectra

gspectra for NINA
for the Synchrotyon Radiation Source [SRE) storage ring and a 4.57 wiggler
magpet, This paper presents the full detalls of the specira including the
polarised components. The data is presented giving spectra for the

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

Iuding the wertical distyibutions.

2. CALLULATION OF THE SPECIRA

The computer program uses a serles approximation to evaluate the

Bessel functions in the expression:
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N{p,A) = No.of photons/s/mrad horizentally/mrad verti-

cally within a 0.1% bandwidth,
R « hending radius (m)
e = electronic charge [eoulomd)
ho= Planck's sonstant {Joule.s}

A = wavelengih (31

m = electron rest mass (moez in Gev)
E = electron energy (Gev)

angle of elevation from the orbit plane
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K1f3'K.‘2/’3 = Bessel functlons,

Using this expression the spectra have been evaluated over a range of
¢ and A, for operating energies of 1.0, 1.5 and 2.0 GeV and the wlggler
apectra at the last eneryy only. The wavelength range of the computed
output covers the Six decades from 0.1.?; to 100,0003 with data points in each
decade at ten equal logarithmic dncrements. 'The Bessel functions were

evaluated using series approwimations as used by other authors”‘h?.

Calculations of the wiggler spectra were done by substituting the
correct bending radius in eqgn. (1}, The bending radius was evaluanted using

(5}

the field prefile and galoulating the mean field along the orkit path-

length visible through the beamline aperture {(s¢e balow}.

Total and polarised spectra were calculaved ar 1.0, 1.5 and 1.0 GeVY
and they were stored on magnetic disc on the IBM 370/165. The parallel

polarised component 1s glven by eqgu. {i) without the last term f.e.
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Separate programs were written to extract the data for this report.

3. LIMITATIONS OF THE CALCULATIONS

te) and.only a brief dis-

The original program is described elisewhere
cussion follows. The largest sources of errors in the genexal spectra were

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



approximation for scall arguments is good for £ < 1 as 15 the large argu-
ment approximaticn for & » 10, but in the region of overlap there A8 some
error. Investigation has shoun that these errors {(of the order of a few
percent over a limited range) give rise to similar errors in the spectzum
on the sharply rising edge at short wavelengths., These errors ave only

observable in a region where the intensity is several ordexs of magnitude

down from the peak,

At the time of writing, the wiggler magnet desicn i¢ still in its
garly stages and the field profile queoted in ref.(5) is primarily a design
target. The wiggler spectra are intended as a guide only, unlike the

normal spectra which correspond to a firm design.

The methed of calculating the bending radius gives rise to sxrors

% 35% in the wigglex spectra, and the calculation is now described.

The maximum orbit path length ohservable by ‘looking? up a beamline
35 defined by the beamline horizontal gollimation. It was assumed that
the beamline would accept a 25 mrad beam and the path length corres~
ponding $o this was caloulated using the following releticnsbip and

tracking a 2 GeV electron through the magnet.

Rm 3.3 x 10 1% ;g- metyss {2)

where B = magnetic field (T}
e » glactronic charge {Coulomb)

E = Particle energy (Gev)

Toe elactrons were tyacked throush the fleld with lmm steps, integrat-
ing the bending angle until such time as it matched the beamline accept-

ance. Knowing the path thyough the masgnret the mean magnetic field was

caleulated and the appropriate bending radius calculated using egn. (2).

The errors in this process are comparatively large because the £ield
profile was not gpecifiasd very accurately ané the step sire for particle
tracking was rather large (v 4% of the total path length)., The bending
radine was calculated to be L.5m (£5%] corresponding to & mean field of

4.46T.
4. RESULYS
The data is pregented both graphically and in tabular form.
Table } iists the radiatlon spectrum integrated over all wvertical
angles for 1.0, 1.5 and 2.0 Sev operation of the storage ring.
Tables 2 to 4 list the vertlical angular distributioss of various
wavelengths of the aynchrotren radiation at the above energles.

Tables 5 to 8 list the vertical distribution of the polarised compon~
ents of the radiation at 10, 100, 1000 and 2000 A for 2,0 GeV operation

of the storage ring.

Tables 9 and 10 give the wiggler spectra for 2.0 GeV slectrons,
teble ¢ showing the spectrum integrated over all vertical angles and

takle 10 the vertical angular distribution of various wavelengths.

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

respactively.
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Radiation spectra for total vertical acceptance.

Vertical angular distribugion for 1.C GeV opervation.

Yertical angular distribution for 1.5 GeV operation.

Vertical angular distribution for 2.0 GeV operation.

Vertical angular distribution of polariaed' components of 108
radiation for 2,0 GeV operation.

Vertical angulaxr distyibution of polarized components of 100A
radiaction for 2.0 GeV¥ operation.

Vertical angular distribution of polarised components of 1000A
radiation for 2.0 GeV operation,

Yertical angular distribution of polarised components of 2000R
radiation for 2.0 GeV operaticn.

Radiation spectrum for 2.0 GeV electrons in the 4.57 Wiggler.
Vertical angular distribution of radiation from 2.0 GeV

slectrons in the Wiggler.



VERTICALLY INTEBRATED SYNCHROTRON RADIATION SPECTRUM

SPECTRA ARE LISTED AT LOGARITHMIC INCREMENTS OFL/107TH OF A DECADE FROM 0.1 TO 1002000 ANGSTROMS
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VERTICAL DISTRIBUTIDN OF
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THIS SPECTRUM 18 LISTED AT INCREMENTS OF 0.02MRADS FROM ZERO TO | MRAD
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ANGULAR DISTRUBUTION OF SYMNCHRUTRON RADIATION FOR ThE BYNIHROTRON RADIATION SDUNCE
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ANGULAR DISTRIBUTION OF POLARISED COMPONENTS OF SYNCHROTRON RADIATION FOR 10 ANGSTROM RADIAT ION FROM THE SRS

FOR 2.0 GEV OPERATION
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ANGUE AR DISTRIBUTION OF SDLARISED CCOMPONENTS OF SYNCHROTRON RADIATION FOR 100 ANGHTROM RACIATION FROM THE SRS

FOR 2.0 GEV OPERATION
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ANGUL AR DISTRIBUTION OF POLARISED COMPONENTS OF SYNCHROTROM RADIATICON FOR 1900 ANGSTROM RAGIATION FROM THE SRS
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ANGULAR DISTRIBUTION OF POLARISED COMPONENTS OF SYNCHROTRON RAGIATION FOR 2000 ANSSTROM RADIATION FROM THE SRS
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FOR p.0 GEV ELECTRONS IN THE WIGGLER
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Fig., 5

Fig. b

Fig. 7

Fig., 8
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Fig.ly

FIGURE CAPTIONS

Redlarvion Spectra for total vertical acceptance.

Vertical angular distribution foxr 1.0 GeV cperation.
Yertical angulary distribution for 1.5 GeV operation.
vervival angalar distribution for 2.0 GeVY operation.

Vertical angulax digtribution of polarised components of 10d
radiation for 2.0 GeV ovperation.

vertical angular distribution of polarised components of 10CA
radiation for 2.0 GeV operation.

Vertical angular distribution of polarised components of 10003
radiation for 2.0 GeV operation,

Vertical angular distribution of polarized components of 20008
radiation for 2.0 GeV operation,

Vertically integrated radiation spectrum forx 2.0 GeV electrons

in the WYWiggler.

vertical angular distribution of rvadiation from 2.0 GeV electrong

in the Wiggler,

The wnits for the Intensjities in the figures are:

Figs. 1 and 9@
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