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1. INTRODUCTION 

A computer program written to calculate the synchrotron radiation 

(lJspectra for NINA has been IIXXlified to give the curresponding spectra 

for the: Synchrotron Radiation Source (SRS) storage ring and a 4.5'I' wiggler 

magnet. This paper presents the full details of the spectra includ1n9 the 

polarised components. The data is presented giving spectra for the 

storage ring at 1.0. 1~5 and 2~O GaY and for the wiggler at 2.0 GaY, inc­

lucllnq the vert1.cal distributions. 

2. CALCU:tATlOO' OF TIm SPECTRA 

~e coaputer progr~ uses a series ~roximatiOn to evaluate the 

Bessel functions in the expression: 

21001c2 22 
N(t,A) - a '""~i10 -i- 1 +~:~( )'( J 

(E~/m c') • 
2 (e) + o , (1) 

. "~/3«)( "2/3 l+(E~/mo02) 

wh~re 

< _ ~~ (1 +(m:~2)) 3/2 
m c' ' 

A ""'.!!! (_0_)c 3 E 

N{lJ.I .. l) ~ No.ot photons/s/mrad horizontall~t"/mrad verti­

cally within a O~l% bandwidth. 

R G hending radiqs em) 

e • electronic charge (coulomb) 

h - Hlanck1s constant (Joule.s) 

A - "avelength db 

1 

m • electron rest mass em c2 in GaY)o 0 

E .. electron energy (GeY~ 

~ a angle of elevation from the orbit plane 

(rod) 

Kl/3,X2/J c Bessel functions. 

Using thi$ expression the spectra have been evaluated over a range of 

~ and ~, for operating energies of 1.0, 1.5 and 2.0 GeV und the wiggler 

epectra at the last energy only. 'l'he wavelen9th range of the computed 
o 0 

output covers the six decades from O.lA to lOQ,(xx)A 'With data points in each 

tiecade at ten equal 109ar1thmic ;1.ncrements. The Bessel functions 'We.rn 

(2-")evaluated using series approximations as used ~ other authors • 

Calculations of the wig91er spectra were done by substituting the 

correct bending radius in eqn.(l). The bending radius was evaluated usin~ 

the field profile(S) and calculating the mean field 41on9 the orbit patl~ 

length Visible throu9h the beamline aperture (see bel~). 

Total and polarised spectra were calculated at LO I 1.5 and 2..0 GeV 

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

polarised component is given by eqn. (1) without the b,st term La. 

216mc< 24 
N tV).) .... ( )"(1 + (..!!!L) )S-nR e.IO _0_
II' h~2 E Tn c2 K' 2/3 «) 

o 

Separate programs 'Were written to extract the data for this report. 

J. LIMITA.TIONS OF THE CALCUI..ATlOO'S 

The original program is described elsewhere(S) and·only a brief dis­

cussion follows. The large6t sources ot errors in the 9'eneral sj?ectra '",'ere 

the series approximations uaed to evaluate the Bessel functions. The series 
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approximation for s~all arguments is good for £ < 1 as is the large argu­

ment approximaticn for e: > 10, but in the region of overlap there .is some 

error. Investigation has shown that these errors (of the order of a few 

percent over a limited range) give rise to similar errors in the spectrum 

on the sharply riSing edge at short wavelengths. These errors are only 

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

dor.m frotQ the peak. 

At the time of writing, the wiggler magnet design is still in its 

early stages and the field profile quoted in ref. (5) is primarily a desi911 

target~ The wiggler spectra are intended as a guide only r unlike the 

normal spectra which correspond to a firm desi911' 

The IDethod of calculating the bending radius gives rise to errors 

'\. ±St in the wiQ9ler spectra, and the calculation is now described. 

The ~irliUlll. orbit patlt length observable by 'looking' up a beamline 

is defined by the beamline horizontal collimation. It was ass~d that 

the beamline would accept a 25 mrad beaJl1 and the path length COUeS­

pending to this was calculated using the following relationship and 

tracking a 2 GeV electJ:on through the magnet. 

R - 5.3 x10-U c: metras 	 (2) 

wnere 	 B = magnetic field tTl 

e .. electronic charge (Coulomb) 

E ~ Particle energy (GeV) 

The electrons were tracked tbrouqh the field with lmm: steps, integrat­

ing the bending angle until such time as it matched the beamline ACQpt­

ance. Kno....ing the path thxougn the J:IIA(Jnet the mean :q~tic field was 

3 

calculated and the appropriate bending radius calculated using eqn.(2). 

The errors in this process are comparatively large because the field 

profile was not specified very accurately and ~e step size for particle 

tracking was rather large ('\. 4\ of the ~tal path length). The bending 

radius was calculated to be 1.5m (~S') corresponding to a ~an field of 

4.40'1'. 

4. RESULTS 

The data is presented both graphically and in tabular for.m. 

Table 1 lists the radiation spectrum integrated over all vertical 

angles for 1.0, 1.5 and 	2.0 GeV operation of the storage ring. 

Tables 2 to 4 list the vertical angular distributions of various 

wavelengths of the synchrotron radiation at the aboVe energies. 

Tables 5 to B list the vertical distribution of the polarised compen­

•ents of the radiation at 10, 100, 1000 and 200:> A for 2.0 GeV operation 

of the storage ring. 

Tables 9 and 10 give the wiggler spectra for 2.0 GeV electrons, 

table 9 showing the spectrum integrated over all vertical angles and 

table 10 the vertical angular distribution of various wavelengths. 

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

respectively. 
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!!'ABLE 1 Radiation spectra for total vertical acceptance. 

!!'ABLE 2 Vertical angular distril:lution for l.~ GeV operation. 

'rlUlI.E 	3 Vertical angular distribution for 1.5 GeV operation. 

TABLE 	4 Vertical angular distribution for 2.0 GeV operation. 

'l'AatJ! 5 Vertical angular distribution of polarised components of loA 

radiation for 2.0 GeV oper_tion. 

TABLE 6 Vertical angular distribution of polarised components of looA 

radiation for 2.0 GaV operation. 

T1Il!LE 7 Vertical angular distribution of polarised components of loooA 

radiation for 2.0 GeV operation. 

'l'1Il!LE S Vertical angular distribution of polarised components of 2000A 

radiation for 2.0 GeV ~ration. 

TABU 9 Radiation spectrum for 2.0 GaV electrons in the 4.ST Wiggler. 

TABLE 10 Vertical angular distribution of radiation from 2.0 GeV 

electrons in the Wiggler. 
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VERTICALLY INTEGRATEO SYNCHROTRON RAOIATION SPECTRUM 

SPECTRA ARE LISTED AT LOGARITHMIC INCREMENTS OFI/I0TH OF A OECAOE FROM 0.1 TO 100.000 ~NGSTROMS 
IN UNITS OF PHOTONS/MRAO HCRIZ/MA 8EAM/SF.C INTO A O.U: 8ANDWIDTH 

1.OGEV 

O.Q 0.0 0.0 0.0 
0.0 0.2769E+01 0.3908E+03 0.1934E+05 
0.2S76E+I0 O.5003E+IO 0.7656E+ 10 0.1 059E+ 11 
0.2243E+ 11 0.2216E+ll O.2142E+ll 0.2028E+l1 
0.9278E+I0 0.8086E+l0 0.7037E"I0 0.6120E+I0 
0.2359E+JO 0.2071E+I0 0.1821E+10 0.1604.E+IO 
O.6837E+09 

1.5GEV 

0.0 0.0 0.0 0.0 
O.1493E+08 0.Q06sE+OS 0.370SI'::::"09 0.1115(:;+ 10 
o.2:S33E+ 11 0.285 2E+ 11 O.3094E+l1 0.3258t::+l1 
O.2945E+ll 0.2769E+l1 O.25&8E+ 11 0.2348E.... 11 
0.9552E+I0 0.S276E + 10 0.7169E+I0 0.6213E+I0 
0.2369E +10 0.2078E+l0 0.182 7E+ 10 0.1608E+10 
0.6B45E+09 

2.0GEV 

0.0 0.0 0.656 7E+0 1 0.8945E+03 
0.2SS2E+ 10 0.S864E+I0 0.1016E+l1 O. :I 549E+ 11 
0.4446E+1l 0.4507E+ll 0.449 7E+ 11 0.4429E+l1 
O.3203E+ 11 0.2968E+ll 0.2718E+11 0.2458E+l1 
0.9642E+l0 0.a339E+10 0.7213E+I0 0.6244E+I0 
0.2372E+10 0.2081E+I0 0.1829E+IO O. ]61 OE+I0 
0.6847E+09 

0.0 
O. 4]83E +06 
0.1352E+11 
0.1882E+11 
0.S324E+10 
0.1415E+10 

0.0 
o .. 2630E.+10 
O.3352E+11 
O.2117E+ll 
O.5389E+IO 
O.]419E+IO 

0.4301E+05 
O.2'136E+ 11 
0.4316E+11 
0.2197E+11 
O.5411E.+10 
0.1420E+10 

0.0 
O.5468E+07 
0.1620E+11 
O.1717E+11 
O.4633E+10 
0.1251E+10 

0.449 7E-0 1 
0.5120E+I0 
0.33835.+11 
0.18SSE+ 11 
0.4680E+IO 
O.1254E+IO 

0.916;?E+06 
0.2721E+11 
0.4171E+ll 
0.1942E+11 
0.4696E+10 
0.1255E+l0 

0.0 
0.3797E+Oa 
0.1846E+11 
0.1544E+l1 
0.4037E'+10 
0.110BE+10 

0.1901E+02 
0.8S64E+l0 
0.3364E+ll 
0.1663E+11 
O.4070E+IO 
0.1110E+IO 

0.1171E+08 
O.3ZSSF.:+11 
0.4003£+11 
0.1702E+11 
0.4082E+l0 
0.1110E+IO 

0.0 
O.171sE+09 
0.20231:+11 
0.1313E+11 
0.3521E+l0 
0 .. 9818E+09 

O.1Q44E+04 
0.1270E+11 
0.3305E+11 
0.1455E+l1 
0.3546E+10 
0.9834E+09 

0.8002E+08 
0.310SE+11 
0 .. 3821~+11 
0.1483E.+11 
0.3S54E+l0 
O.Q840E+09 

0.0 
0'.5595'::+09 
0.2147E+l1 
0.12llo+11 
0.3076E+1P 
0.8710::::+09 

0.74551:+05 
0.1714E+11 
0.3213E+ll 
0.1268€+ 11 
0.3094'=+10 
0.S722E+ 09 

0 .. 3SS0E+09 
o .40Slo~+ 11 
O' .. 3627E+ 11 
0.1287J;:+11 
0.3100E+l0 
o .a727~+09 

0.0 
0.140o·~+10 

0.2220':. .... 11 
0 .. 1 O'62=:+ 11 
o .269ZE+ 10 
0.7724t::+O'9 

O.1407e;+O'7 
0.2146E+11 
0.3093E+l1 
O.llOlE+ll 
0.2705:::+ 1 0 
0 .. 7734;+09 

0.1155£+10 
0 .. 429Q~+11 
O.3422E+ll 
O.1114'S+11 
0.27096+10 
0 • .,737:;+09 

TABLE 



FOR 1.0 GEV OPERATION 

VERTICAL DISTRIBUTION OF 1 ANGsTROM RADIATION 

THIS SPECTRUM IS LISTED AT INCREMENTS OF 0.02MRAOS FROM ZERO TO 
IN UN I TS OF PHO TO NS/MA aEA"'I'MRAO HOR IZ/MRAD VERT /SEC. IN A O. U, 

1 MRAO 
BANDWIDTH 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

VERTICAL DISTRIaUTION OF 10 ANGSTROM RADIATION 

THIS SPECTRUM IS LISTED AT INCREMENTS OF 0.02MRADS FROM ZERO TO 
IN UNITS OF PHQTONS/MA BEAM/MRAD HORIZ/MRAD VERT/SEC. IN A O.IX 

1 MRAD 
BANDWIOTH 

O.6388E+I0 
0.3590E+10 
0.40Z2E+09 
O.3508E+07 
0.S390E+03 
0.0 

0.6355E+IO 
0.3145E+I0 
0.2857E+09 
0.1800E+07 
0.2919E+03 

0.6255£+10 
0.2709E+10 
0.1976E+09 
0.81 19E+06 
0.968S£+OZ 

0.6090£+10 
0.2293E+I0 
0.1330E+09 
0.3968£+06 
0.306Z£+02 

0.SB64E+I0 
0.190SE+10 
O. S 706E +08 
0.1865E+06 
0.9218E+Ol 

0.SS82E+I0 
0.15S2E+10 
0.553U;;+08 
0.64.2'.2'E+05 
0.2638E+0 1 

0.S249£+10 
0.1239£+10 
0.34013E+Oe 
0.36S1£+OS 
0.7173E+00 

0.48741::+10 
0.9680E+09 
0.2034£+08 
0.lS113£+05 
0.18S1£+00 

0.44666.+10 
0.7396£+ 09 
0.1174E+08 
0.6044E+04 
O.4525E-Ol 

0,,4034E+10 
0"S521E+09 
0.6543E+07 
0.2303E+04 
0.0 

VERTICAL OISTRIBUTION OF 100 ANGSTROM RADIATION 

THIS SPECTRUM IS LISTED AT iNCREMENTS OF 0.1 MRADS FROM ~ERO TO 
IN UNITS OF PHOTONS/MA BEAM/MRAO HORIz/MRAD VERT/SEC. IN A a.Ix 

5 MRAO 
BANDWIDTH 

0.1496E+1l 
0.1934E+I0 
0.1 179E+03 
0.0 
0.0 
0.0 

O.1503E+ 11 
O.8954E+09 
0.6070E+O 1 
0.0 
0.0 

O.ISIS-E+ll 
O.353ZE+09 
O.2321E+OO 
0.0 
0.0 

0.1506£+11 
0.1171E+09 
0.0 
0.0 
0.0 

O.1445E+l1 
0.32Z0E+oa 
0.0 
0.0 
0.0 

0.1312E+11 
O.72AZE+07 
0.0 
0.0 
0.0 

0·110S"11 
O.1309e:+07 
0.0 
0.0 
0.0 

o.SsOoe+lo 
O.1651E+06 
0.0 
0 •• 
0.0 

0.5879:+10 
0.1923E+ 05 
0.0 
0.0 
0.0 

0.3605E+IO 
0.1124:+04 
0.0 
0.0 
0.0 

VERTICAL OISTRlaUT'lDN OF 1000 ANGSTROM RADIATION 

THIS SPECTRUM IS ~lSTEO AT INCREMENTS OF 0.1 MRADS FROM ZERO TO 
IN UNITS OF PHOT~NS/MA aEAM/MRAD HORIZ/MRAD VERT/SEC. IN A 0.11 

S MRAD 
BANDWIDTH 

O.3780E+1O 
••4349E+I0 
0.1346E+IO 
0.2165E+oa 
O.4207E+04 
O.343aE-02 

0.37971:+ lO 
O.4246E+I0 
0.t040E+IO 
0.1156E+oa 
0.1369E+04 

0.3847E+I0 
0.40 78E+ 10 
0.7795E+09 
O.590aE+07 
0.4202E+03 

0.3924E+ 1 0 
0.3S45E+ 10 
O.5654E+09 
0.2884E+07 
O.1215E+03 

0.4022E+IO 
0.355SE+I0 
0.3966E+09 
0.1342E+07 
0.3304E+02 

O.4129E+10 
0.3217E+I0 
O.2666E+09 
0.5948E+06 
O.S443E+Ol 

0.4233E+10 
0.Z84SE:+10 
0.1755£+09 
0.2502E+06 
0.2024E+Ol 

0.4320e+lO 
0.2455E+lo 
0" ll04£+09 
O.99SSE+OS 
O.4546E+OO 

0.43776:+10 
0.2066E+10 
0.6679:;;+08 
0.3350E+OS 
0.9554E-Ol 

0.4390E+10 
0·16922+10 
0.38825:+08 
0.17.21E+OS 
0.1876~-01 



ANGULAR OISTRueUTION OF SYNCHROTRON RADIATtON FOR THE SYNCHROTRON RADIATION SOURCE 

FOR 1.5 GEV OPERATION 

VERTICAL DISTRIBUTION OF 1 ANGSTROM RADI.&.TION 

THIS SPECTRUM IS LISTED AT INCREMENTS OF 0.02MR'&'DS FROM ZERO To 1 MRAD 
IN UNITS OF PHOTONS/MA SEAM/MRAD HORIZ/MRAD VERT/SEC. IN A 0.1X BANDWIDTH 

o .8957E+OB 0.S579E+08 0.7533E+Oa 0.6049E+08 0.442SE+OS 0.293ZE+08 0.1746E+Oa o.9212e+07 0.3992::+07 O.1720E:;+07 
0.6505E+06 0.2143E+Ob 0.6091E+05 0.14S1E+ 05 0.30S4E+04 0.52871;+03 0.7615E+OZ 0.9036E+01 O.8747E+~O 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

VERTICAL DISTRIBUTION OF 10 ANGSTROM RAOIAT10N 

THI S SPECTRUN 15 II STED AT t NCREMENTS OF 0.02MR.&.OS FROM ZERO TO 1 MRAo 
IN UNITS OF PHOTONS/MA BEAM/MRAO HORIZ/MRAO VERT/SEC. IN A O.lX BANDWIDTH 

o .4379E+ 11 0.4372E+l1 O. 43'SOE+ J 1 0.4312E+l1 0.4256E+11 0.4178E+l1 0.4016E+11 0.39471;+11 0.3788~+11 0.3600;::+11 
O.3383E+ 11 0.3139E+l1 0.2873E+ 11 O. 2589E+ 11 o .2297E+ 11 0.2001E+ll 0.1712E+l1 O.l436E+l1 0.1180E+ 11 0.9479E+10 
0.7444E+l0 0.570bE+I0 O. 4266E+ 10 O.3106E+I0 0.2201E+10 0.15161;;+10 0.1014E+I0 0.6579E+09 0.4136~+09 0.25176:+09 
0.I4SJE+09 0.8415E+08 0.4613E+Oa 0.2 436E+ 08 o .1231E+oa O.6032E+07 0.2812E+07 0.11155:+07 0.4870E+06 0.203SE+06 
0.8129E+05 0.3102E+05 0.2129E+05 0.3928E+04 0.1 294E+04 0.406 7E+03 0.1214E+03 0.3439E+02 0.9231E+Ol 0.2349E+01 
0.5653E+OO 

VERTiCAL DISTRIBUTION OF 100 ANGSTROM RADIATION 

THIS SPECTRUM IS LISTEO AT INCREMENTS OF 0.1 MRAOS FROM ZERO TO 5 MRAo 
IN UNrTS OF PHOTONS/MA BEAM/MRAO HORIZ/MRAD VERT/SEC. IN A O.1X BANDWIDTH 

0.1 701E+ 11 0.1733E+Il O.l796E+ll 0.1858E+ll 0.1867£+11 O.177SE+11 O.1572E+11 0.1269E+11 0.9Z15c+10 0.5931~+10 

0.3339E+I0 0.1623E+I0 0.6720E+09 O.2339!=+09 o .6756E+08 0.15961;+08 0.3041E+01 0.4561E+06 0.48145:+ OS 0.4599;;:+04 
0.3309E+03 0.1 792E +02. 0.7206E+00 0.21?4E-Ol 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

VERTICAL DISTRIeUTI'ON OF 1000 ANGSTROM RAOIA1ION 

THIS SPECTRUM IS LISTED A,T iNCREMENTS OF 0.1 MRADS "FROM ZERO TO 5 f,(AAD 
IN UNITS OF PHOTONS/MA BEA,M/MRAD HORIZ/MRAO VERT/SEC. IN A 0.1X BANDwIoTH 

0.380bE+10 0.3826E+I0 0.38845:+10 0 .. 3975E+lO 0.4091E+10 0.422 OE+10 0 • .4349E+10 0.4463E+10 0.4547:::+10 0.4S8'!>!+10 
0.456ge+10 O.4486E+I0 O. 4332E+ 10 0.41 08E+ 10 0.3818E+10 0.3 413E+ 10 0.30a8E+10 0.2679E+10 0.2266E+10 0.1865(;.+10 
0.J492E+10 0.1159E+I0 0.8726E+09 0.6362E+09 O.4485E+09 0.3053E+09 0.2004E+09 0.1267E+09 0.7708'::+08 0.4503F.+08 
0.2524E+08 O.1355E+08 0.69S7E+07 O.3413E+07 0.1597E+07 0,.7115E+06 0.3011E+06 0.17.051:+06 O.40SBE+OS 0.14876:+05 
0.5150e+o4 0.1685E+04 O.SI9SE+03 O.151JE+03 0.4130E+02 0.10615:+02 0.2556E+Ol 0.5770E+00 0.1219:='+00 0.2.06~-01 

0.4431E-02 

TA&LE 3 



ANGULAR OISTRUBUTION OF SYNCHROTRON RADIATlON FOR THE SYNCHROTRON RADiATION SOURCE 

FOR 2.0 GEV OPERATION 

VERTICAL DISTRIBUTION OF 1 ANGSTROM RADlATION 

THIS SPECTRUM IS LISTEO AT INCREMENTS OF 0.02MRADS FROM ZERO TO 1 MRAD 
IN UNITS OF PHOTONS/~A BEAM/MRAD HORIZ/MRAD VERT/SEC. IN A O.lX SANDWlDTH 

O.l445E+l1 0.1 4OSE+ 11 O.1290E+Xl O.111SE+l1 0.9015E+IO 0.6780E+10 O.4703E+10 O.29S4E+10 
0.4073E+09 0.1648E+09 O.5803E+08 0.1 749E+OS 0.4020E+07 O.9038E+06 0.1701E+06 0.2653.+05 
o.2935E+02 0.1945E+Ol 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

VERTICAL DISTRIBUTION OF 10 ANGSTROM RADIATION 

THIS SPECTRUM IS LISTED AT INCREMENTS OF 0.02MRADS FROM ZERO TO 1 MRAD 
IN UNITS OF PHOTONS/MA BEAM/MRAO HORIZ/MRAD VERT/SEC. IN A O.1~ BANDWIDTH 

0.6583E+ll O.6586E+ll 0.6595E+ 11 O.6604E+l L 0.660BE+ll 0.6597E+ll 0.6563E+11 0.649SE+ll 
0.6002E+ll 0.5723E+ll 0.5386E+ II 0.4996E+11 o .4562E+11 0.4094E+11 0.360BE+ll 0.31195+11 
O.1772E+ll O.I401E+ll O.lOSOE+ 11 O.S116E+10 O.5935E+10 0.0219E+I0 0.2913E+I0 0.1951E+I0 
0.4839E+09 O.2841E+09 O.1610E+09 0.a790E+Oa o .4621E+Oa O.2336E+Oa 0.1133E+OB O.5264E+07 
0.3t.48E+06 0.1441E+ot. 0.5430E+OS O.19S0E+OS O.6669E+04 O.2169E+04 O.6701E+03 O.196SE+03 
0.3SS2E+01 

VERTICAL DISTRIBUTION OF 100 ANGSTROM RADIATION 

THIS SPECTRU~ IS LISTED AT INCREMENTS OF 0.1 MRADS FROM ZERO To 5 MRAD 
IN UNITS OF PHOTONS/MA BEAM/MRAD HORIZ/MRAD VERT/SEC. IN A 0.1* BANDWIDTH 

0.1749E+1i O. 17S3E+ 11 O.1871E+11 0.1967E+11 0.2013E+11 0.19';35+11 0.1759E+11 0.1446~+1l 
0.4012E+10 O.1964E+I0 0.S361E+09 0.2962:E+ 09 o .670SE+oa 0.2094E+OS 0.4061E+07 0.62215+06 
0.47281:+03 0.2:607E+02 0.1067E+O 1 0.3.201E-Ot 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

VERTICAL DISTRIBUTION OF 1000 ANGSiROM RADIATION 

THIS SPECTRUM IS ~ISTED AT INCREMENTS OF 0.1 MRADS FROM ZERO To 5 MRAO 
IN UNITS OF PHOTON~/MA BEAM/MRAO HORIZ/MRAD VERT/SEC. IN A O.IX SANowIOTH 

0.3811E+I0 0.3632E+10 O.3893E+10 O.3989E+J 0 O.4111E+10 0.4248E+10 O.4386E+10 0.4510E+IO 
0.4t.46E+ 10 0.4570E+IO O. 4422E+ 10 0.4201E+l0 0.3912E+10 0.3S66E+10 O.3176E+10 O.2761E+IO 
0.1546E+10 0.1203E+l0 0.907SE+09 0.6628E+09 0.4681E+09 O.3192E+09 0.2099E+09 0.1330E+09 
0.2662E+OS 0.t432E+Oa O.7365E+O 7 0.362: OE+ 07 O.1697E+07 0.7S74E+06 O.3211E+06 0.12 a9E+ 06 
0.5527E+04 O.1811E+04 0.5599E+03 O.1630E+03 O.4465E+02 O.11491!+02 0.2773E+01 O.6271E+OO 
O.4S42E-02 

0.1716E+IO 
0.3392E+Ot 
0.0 
0.0 
0.0 

0.63845.+11 
0.2641E+11 
O.1267~+10 

O.2333E+07 

O.S463E+02 


0.1069;:+11 

0.6718E+05 

0.0 
0.0 
0.0 

0.46042:+l0 
O.2339E+IO 
0.8102::+08 
0.4339E+OS 
0.1.327=:::+00 

O.8864E+09 
0.35212+03 
0.0 
0.0 
0.0 

0.6221 E+ 11 
0.21880+ 11 
O.7962f:+09 
0.6821E+06 
0.143815+02 

O.7002E+1O 
0.6454E+04 
0.0 
0.0 
0.0 

0.4654E+IO 
0.19291!+lO 
0.4742;;:+08 
0.1592~+OS 
0.2624.-01 

TABLE 4 



ANGULAR QISTRlaUTION OF POLARtScO COMPONENTS OF SYNCHROTRON RADIATlON FOR 10 ANGSTROM RADIAT ION FROM THe SR) 

FOR 2.0 GEV OPERATION 

THE SPECTRA ARE LISTED AT INCREMENTS OF 0.02MR40 FROM 0.0 TO 1.0MRAD 
IN UNITS OF PHOTONS/MA 8EAM/MR4D HOR:IZ/MRAO VERT/seC IN A 0.1% BANOWIDTH 

TOTAL INTENSITY OF RADIATION 

0.6583E+ll 0.6586E+l1 O. 6595E+ 11 0.6604E+1l 0.660SE+11 0.6597E+11 0.6563E+11 O.6495E+11 0.6384E+ll 0.6221:+11 
o .600ZE+ 11 0.5723E+ll 0.S386E+ 11 O. 4996E+ 11 o .4562E+ll 0.4094E+11 0.360SE+l1 0.3119E+ll 0.2641E+ 11 0.21SSO:::+11 
0.1772E+l1 O.1401E+1l O.10aOE+l1 0.8116E+I0 O.5935E+10 0.4219E+lo 0.2913e+l0 0.1951E+I0 0.1267!!:+10 0.7962'E+09 
0.4839E+09 0.Z841E+09 0.1610E+09 0.8790E+ 08 0.4621E+08 0.2336E+oa 0.1l33E+oe O.5264E+07 0.2333E+07 o.aS21E+06 
0.364SE+06 0.1441E+06 O.5430E+05 0.1950E+0$ 0.6669E+04 0.2169E+04 0.6701E+03 0.196SE:+03 0.S4.63E+02 O.143SE+02 
O.3562E+Ol 

INTENSITY OF PARALLEL POLARiSED RAOIAT10N 

0.6583E+l] O.6567E+11 O.6517E+ll 0.6433E+l1 Ih631SE+11 0.6160E+11 0.S969E+11 0.s741E+1l 0.5476E+11 0.5175::;+11 
0.4S42E+]1 O.4480E+l1 O. 4094E+ 11 0.3692E+12 0.3282E+11 O.2S73E+11 O.2472E+11 O.2090E+ll O.1734E+11 0.1409-::+11 
0.1221E+U o.a723E+I0 0.6627E+]0 O.4912E+I0 0.3546E+10 O.2491E+ 10 0.1702E+10 0.1129E+ 1 a 0.72611:+09 0.4525::+ 09 
0.2729E+09 O.2590E+09 0.8949E+oa 0.4854E+0$ 0.2534E+08 0", t270E+oe o ",6 089E+07 0.2766E+07 0.1 t66::+07 0.4686'5:+06 
0.]932E+06 O.7612E+05 0.2861E+05 0.1025E+05 0.3498E+04 0.1135E+04 O.3500E+03 O.102SE+03 0 .. 2843E+02 0.7474E+01 
0.18S8E+02 

INTENSITY OF PERPENDICULARLY POLARISED RADIATION 

0.1980E+09 0.7801E+09 O. 1711 E+ 1 0 0.2934E+IO O.4374E+10 0.S943E+10 0.7S45E+IO 0.90S2:::+10 0.1046'.::+11 
0.1160E+l1 O.1243E+l1 O.1292E+l1 0.1304E+11 o .1279E+11 0.1222"+11 0.1l30e+1l O.1028E+ll 0.9067E+1O 0.7783:::+10 
0.6502c+lO O.5284E+IO 0.4175E+]0 O. 3205E+ 1 0 0.2389E+10. 0.172BE+10 0.1211E+10 O.8227F.:+09 0.5408:::+09 0.3437':'+09 
O.2110E+09 0.1251 E+09 0.71481:+08 O.3936E+08 o .2087E+08 0.1065E+08 0.S243E+07 O.2497E+07 0.1167:::+07 0.4135£:::+06 
0.1716E+06 O.6798E+OS 0.2~69E+OS 0.9251E+04 O.3172E+04 O. t034E+O 4 O.3201E+03 0.9404E+02 0.2619!:+02 0.6906'3:+01 
0.1723E+Ol 

TABLE 5 

0.0 



ANGULAR DISTRIBUTION OF PD~ARISEO COMPONENTS OF SYNCHROTRON RADIATION FOR 100 ANGSTROM RADIATION FROM TH~ SRS 

POR 2.0 GEv OPERATION 

THE SPECTRA ARE ~ISTED AT iNCREMENTS OF O.lMRAO FROM 0.0 TO 5.0MRAO 

IN UNITS OF PHOTQNS/MA SEAM/MRAO HO.RIZ/MRAO VERT/SEC IN A O.IX BANDWIDTH 


TOTAL INTENSITY OF RADIATrON 

O.1749E+ll O.1783E+ll 0.18 71E+ 11 O.1967E+ll 0.2013E+11 0.19S3E+ 11 0.1759E+ll 0.1446E+ll 0.1069E+11 O.70021!+10 
0.4012E+10 O.1984E+IO 0.8361 E+09 O.2962E+09 0.8705E+Oa 0.2094E+Oa O.4061E+07 0.62210+06 0.6718':::+05 0.6454E+04 
O.472aE+03 O.2607E+02 0.1067E+Ol 0.3201E-Ol 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

INTENSITY OF PARALLEL PO~ARISEO RADIATION 

0.1749E+ll O.1743E+ll o. I 718E+ 11 o. 1662E+ 11 0.lSS8E+ll 0.1395E+l1 0.11730+11 0.9l10E+I0 O.6435E+I0 0.4- Q68e + 1 0 
0.2267E+I0 O.I097E+l0 O.4543E+09 O.lS87E+09 0.4613E+08 0.1099E+Oa 0.2l01E+07 O.3021E+06 o .3428E+05 0.3286E+04­
0.2402C+03 O.1322E+02 0.540SE+OO 0.1619E-OI 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

INTENSITY OF PERPENDICU~ARLY PO~ARISEO RAOIATION 

0.0 O.4093E+09 O. 1528E+ 10 0.3049E+IO 0.4545E+lO 0.5583E+I0 0.5868E+IO 0.S354E+10 O.4253E+IO O.2933E+IO 
(h1745E+I0 O.aS74E+09 0.3819E+09 O.137SE+09 O.4092E+Oa 0.9949E+O 7 O.1959E+07 0.3i?OOE+06 O.32S9E+05 0.3168:::+04 
O.2326E+03 O.1285E+02 0.S267E+OO O.1582E-Ol 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

T~LE 6 



ANGULA~ DISTRIBUTION OF POLARISED COMPONENTS OF SYNCHROTRON RADIATION FO~ 1000 ANGSTROM RADIATION FROM THE $R$ 

FOR 2.0 GEV OpeRATION 

THE SPECTRA ARE LISTED AT INCREMENTS OF O.2MRAD FROM 0.0 TO 10.0MRAO 
IN UNITS OF PHOTONS/MA SEAM/MRAD HORIZ/MRAD VERT/SEC IN A 0.1~ BANDWIDTH 

TOTAL INTENSITY OF RADIATIoN 

O.3BIIE+1O 0.3893E+I0 O.4111E+l0 O. 4J86E+ I. 0 O.4604e:+1O O.4646E+10 O. 4422E+ 1 0 0.3(H2E+10 0.3176-:::+10 0.7.339>:::+10 
O.1546E+1O O.9075E+09 0.4681E+09 O.2099E+09 O.8102E+OS 0.2662E+06 o. 'T36SE+07 0.1697E+07 0.3211E+06 O.4339S,+OS 

, O.S527E+04 0.S599E+03 O.4465e:+02 O.2773E+Ol O.1327E+00 0.4842E-02 0.0 0.0 0.0 0.0 
0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

INTENSITY OF PARALLEL POLARISEO RADIATION 

0.3811E+IO 0.JS07E+IO O.3788E+10 O.J727E+IO o .3589E+10 O.3342E+10 0.2967E+IO 0.24771:;+10 0.1920E+10 0.1363;;+10 
O.8750E ... 09 0.S020E+09 0.254JE+09 o. 1125E+ 09 O.429IE+08 0.1397E+08 0 ... 3634E+07 O.S753E+06 O.1613E+06 O.2199'!+O5 
O.2797E+04 0.2829E+03 O.2253E+02 0.1398E+Ol a.66aSE-01 0.2437E-02 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

INTENSITY OF PERPENDICULA~LY POLA~IsED RADIATION 

0.0 O.8542E+OS 0.32286.+09 O.6587E+09 0.1015E+10 O.130 4 E·<-lO O.1456E+10 0.14351;+10 0.1256':'+10 0.9762~+O9 

O.6710E+09 O.4054E+09 O.2137E+09 0.9749E+oa a .3812E+08 0.12651;:+08 0.3531E+07 0.82161':+06 0.15986+ 06 0.2139E+05 
0.2730E+04 0.2770E+03 O.221lE+02 0.13751:;+01 0.65865-01 0 .. 240SE-02 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 o.e 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 
0.0 

TABLS 7 



ANGULAR DISTRI8UTION Or POLARISED COMPONENTS OF 5YNCHROTRON RADIATION FOR 2000 ANGSTROM RADIATION FRO~ THE ~RS 

FOR 2.0 GEV OPERATtON 

THE SPECTRA ARE LISTED AT INCREMENTS OF O.2MRAO FROM 0.0 TO 10.OMRAD 
IN UNITS OF P~OTONS/MA BEAM/MRAO HORIZ/MRAO vE~T/SEC IN A O.l~ 8ANOWIOTH 

TOTAL INTENSITY OF RADIAT10N 

O.2401E+I0 0.2435E+l0 0.2529E+10 0.26621;+10, 0.2804E+I0 O.2914E+10 0.2956E+I0 0.2897E+IO 0.2721s+10 0.2434E+I0 
O.20bOE+10 0.16 4OE+ I 0 0", l222E+ 10 O.B~7eE+09 o .5~45E+09 0",3221E+09 0.1746E+09 0.B629E+oe O.3S66E+OS 0",1562::+0S 
0.5659E+07 0.1B29E+07 O.5240E+06 0",1319E+06 O",2565E+05 O.5054E+04 0.S630E+03 0.1270E+03 O.1603E+02 0.1727€+01 
0 .. 1 57BE+OO O.12t6E-01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

INTENSITY OF PARALLEL POLARISED RADIATION 

O.2401E+10 O.2401E+10 1).2396E+ 10 -O.2380E+IO O.23~3E+I0 0.2274E+10 O.,l160E+I0 O.1997E+IO 0.1782E+1O 0.1527E+1O 
O.1246E+IO O",9624E+09 O.6994E+09 0.4752E+09 O",3001E+09 0.17S0E+09 0.9378E+08 0.4569E+OB 0.20395:+08 0.8180;:+07 
o.2946E+07 0.9460E+06 O.2681E+06 O.6513E+05 O.1299E+05 0.,l557E+04 0.4360E+03 O.6411E+02 O.8086E+Ol 0.87001:+00 
O.7944E-Ol O.6122E-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

INTENSITY OF PERPENDICULARLY POLARISED RADIATION 

0.0 O.3452E+oe O.1333E+09 0.2824E+09 O.4604E+09 0.6405E+09 0.7952E+09 0.9000E+09 0.93B8~+09 O.9074E+09 
O.S141E+09 o .6778E+09 O.5228E+09 0.3 726E+ 09 O.2445E+09 0.1471E+09 O.80B5E+08 O.4040E+08 O.lB27E+ 08 0",7437i:+07 
O.2713E+07 O.BS30E+06 O.2559E+06 O.6677E+05 O.1266E+05 O.2498E+04 O.4270E+03 0.6291E+02 O.794e~+01 0.8565E+OO 
O.7832E-01 ".60 43E-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

TASU 8 



FOR 2.0 GEV ELECTRONS IN THE WIGGLER 

sPEC.TRA ARE 
If\J UNITS OF 

LISTEO AT LOGARITHMIC 
PHOTONS/I<lRAD HORIZ/MA 

INCREMENTS OFl/IOTH OF A DEC.ADE 
6EAtUSEC INTO A 0 .. 1'% ANOWIDTH 

FROM 0.1 TO 100,000 ANGSTROMS 

0.5756F.·07 
0.3097E+l1 
0 .. 4057E+ll 
0.1 775E+ 11 
0 .. 4263E+I0 
0.1 153E+I0 
0.3156E+09 

0 .. 4634E+Oa 
O.3575E+ll 
0.3879E+11 
O.1549E+11 
0.3710E+I0 
0.1022E+ 10 

O.2336E+09 
O.3956E+ll 
0.3688E+ll 
0.134SE+ll 
0.3234E+ 10 
0.9059£+09 

0 .. e.2 7SE+ 09 
0.A.233E+lI 
O.34B7E+l1 
O. 1166E+ 11 
0 • .2825E+I0 
O.8033E+09 

O.. 2222E+I0 
0.441vE+ll 
O.3273E+l1 
O.1009E+ll 
0.2472E+10 
O.7!l4E+09 

O.1479?f:!+10 
0 .. 449'7E+ll 
0.3043E+11 
0.8 724E+ 10 
0 .. 2167£::+10 
0.6283E+09 

0.a692E+IO 
0 .. 4507E+11 
0.27972:+ 11 
O.7545E+10 
0.1903E+10 
0.5527£+09 

{).1 ~7St:.+1 t 
('J.4455E+ 11 
d .. 2540E+11 
O.6530E+lo 
0 .. 1675E+10 
0.4839E+09 

0.19'51 ::'+11 
0.435S2-+ 11 
0.2276",+11 
0 ..5656E+ 1 0 
0.1476::;:+10 
O.42I6E+09 

0.7.54'3-:+11 
0.421"'£+11 
0.2020.:::+11 
O.. 4906E+10 
0.1304::::+1° 
0.36551.:+09 

TABLE 9 



ANGULAR DISTRU8UTI0N OF SYNCHROTRON RADIATION FOR THE SYNCHROTRON RADIATIoN SOURCE 

FOR 2.0 GEV ELECTRONS IN THE WIGGLER 

VERTICAL DISTRIBUTION OF 0.1 ANGSTROM RADIATION 

THIS SPECTRUM IS LISTED AT INCREMENTS OF 0.02MRADS FROM ZERO TO 1 MRAD 
IN UNITS OF PHOTONS/MA 8EAM/MRAD HORIZ/MRAD VERT/SEC. IN A O.lx BANDWIDTH 

0.4980E+08 0.4552E.08 0.3465E.08 0.2169E+08 0.1087E+08 0.431SE+07 0.1472E+07 0.3920E+06 0.7975;:::+05 0.17.12!::+05 
0.1343E+04 0.1059E+03 0.5795E+Ol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

VERTICAL DISTRIBUTION OF 1.0 ANGSTROM RADIATION 

THIS SPECTRUM IS LISTED AT INCREMENTS OF 0.02MRADS FROM ZERO TO 1 MRAD 

IN UNITS OF PHOTONS/MA 8EAM/MRAD HORIZ/MRAD VERT/SEC. IN A O.lx BANDWIDTH 


0.7647E+ll 0.7618E+ll 0.7527E+l1 0.7368E+l1 0.7127E+ll 0.6796E+ll 0.6368E.ll 0.5843E+ll 0.5234'=.+11 0.4561'=:+11 
0.3854E+ll 0.3148E+ll 0.2478E+ 11 0.1875E+ll 0.13S8E+ll 0.9403E+lO 0.6200E+I0 0.3883E+I0 0.2303E+IO 0.1290£+10 
0.6806E+09 0.3372E+09 0.1564E+09 0.6769E+08 0.2724E+08 0.10l4E+08 0.3454E+07 0.9887E+06 0.2 944E+ 06 0.8036::'+05 
0.2005E+05 0.4561E+04 o .9429E+03 0.1767E+03 0.2992E.02 O. 456SE+0 1 0.6260E+00 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

VERTICAL DISTRIBUTION OF 10.0 ANGSTROM RADIATION 

THIS SPECTRUM IS LISTED AT INCREMENTS OF 0.1 MRADS FROM ZERO TO 5 MRAD 

IN UNITS OF PHOTONS/MA BEAM/MRAD HORIl/MRAD VERT/SEC. IN A o.lx BANDWIDTH 


O.3287E+ll 0.3374E+l1 0.3537E+ll 0.3542E+l1 0.31?5E+l1 0.2419E+11 0.1501E+ll 0.7313E+I0 0.2697~+10 0.7264E+09 
0.1379E.09 0.1778E+08 0.1489E+07 0.7086E+05 0.2361E+04 0.4594E+02 0.5037E+00 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

VERTICAL DISTRIBUTION OF 100.0 ANGSTROM RADIATION 

THIS SPECTRUM IS LISTED AT I NCREr·1ENTS OF 0.1 MRADS FROM ZERO TO 5 MRAD 

IN UNITS OF PHOTON?/MA BEAM/MRAD HORIZ/MRAD VERT/SEC. IN A O.lX BANDWIDTH 


0.7375E+I0 0.7448E+I0 0.7657E+IO 0.7963E+I0 0.8309E+I0 0.8622E+lO 0.8826E+10 0.8846~+10 0.8628;::+10 0.8146~+lO 

0·.7410E+I0 o .6467E+ 10 0.539SE+IO 0.4285E+I0 o .3228E+I0 0.2300E+lO 0.1543E+I0 0.9717E+09 0.5724E+09 0.3143<:+0<; 
0.1602E+09 0.756 DE +08 0.3289E+08 0.1314E+08 o. 480SE+0 7 0.160lE+07 0.4830E+06 0.11S4E+06 0.2896<:'+ 05 0.6524:::+04 
0.1314E+04 0.2358E+03 0.3 7S8E+ 02 0.5298E+0· a .6584E+OO 0.7187E-Ol 0.6865E-02 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 

TABLE 10 

http:0.1379E.09
http:0.2992E.02
http:0.6368E.ll
http:0.3465E.08
http:0.4552E.08


FIGURE CAPTIONS 

Fiq. 1 aadiation Spectra for total vertical acceptance. 

Fiq_ 2 Vertical angular distribution for 1.0 GeV operation. 

Fig. 3 Vertical angul~r distribution for 1.5 GeV operation. 

Fig. 4 vertical angular distribution for 2.0 GeV operation. 

Fig. 5 Vertical anqular distribution of polarised components of 101 
radiation for 2.0 GeV operation. 

Fiq_ 6 	 Vertical angular distribution of polarised components of looA 
1011 

radiation for 2.0 GeV operation. 
1010, 

Fiq. 7 	 Vertical angular distribution of polarised oo~onents of l~ 

radiation for 2.0 GeV operation. ,.' 
•Fig. a Vertical angular distribution of polarised components of 2000A 

10' 
radiation 	for 2~0 GeV operation. 

Fig. 9 Vertically integrated radiation spectrum for 2.Q GeV electrons 
.j' 

10' 

in the Wiggler. 
~ 


.5 .0' 

Fig.lO 	 Vertical angular distributiOn of radiation from 2.0 Gav electrons 

in the Wi99'ler. I.' 
The units for the intensities in the figures are: 

10' 

Figs. 1 and 9 Photons/s/~ beam/~ad horizontally Within a 0.1' 2DGcV!lSGeV 11,0 Gt':Y 


bandwidth • 
 IO'L
Fi9S~ 2-6 	and 10 Photons/simA beam/mrad horizontally/mrad vertically 

,~ ~ ~ ~I ~ ~ 
within a 0.1' bandwidth. '" 	 Wavelength IA) 

Fie.! 
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