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1. IN'fRODOCTION 

by reducing the electron beam ener9Y E for a 9iven current I, the 

characteristic wavelength of the synchrotron radiation emitted, :\ct will 

increase for the same bending radiuB with ~ corresponding drop in the to

tal dissipated power. Within a certain working range, however# tho syn

chrotron radiation power can be reinstated by increasing the current. This 

will amount to a nett gain in synchrotron radiation intensity at 10n9 wave

lengtha at the expense of the intensity at short wvelengths. The present 

note contains intenGity calculations for tho SRS over the range 

1.6 < E (GaV) < 2.1 and 0 < 1 (A) < 1. 

Operating the SRS wIth the wi9gler or in single bunch mode will result 

in a lower maxim.um machine current being achieved at a given energy. The 

effects of these conditiona on the spectral intensity are also examined in 

the same workin9 range. 

2. KAC8INE CURRENT AND ~EAOY 

Figure 1 shows the relationship betveen machine current, I. and machine 

tmer9Y. E. predicted for the sns running with a sIngle klystron( 1.. Curve 

(a) refers to the SAS operating without any wigqlers. Above 2 cev (curve 

Cd» the current will rapidly nm to zero as the limitations set by a rea

sonable quant~ l.ifetime and the r.f. pover available are !!let. Below 1.6 

GeV the Maximum current attainable is uncerUin and will only be cl~rified 

once the machine is properly understood. It is primarily dependent on the 

conditions under which tho beam. is stored at 600 MeV. It is sct for the 

sake of argumont at '1 A. but may in the end be larger. Curves (b) and (c) 

in fig., refer to the SRS running with one and two 5 tesla wigglers respec

tively. The progressive decrease in current for a fixed enet'qy reflects 

the extra fraction of power each successive wiggler will take from the re

~ining magnets. 

3. SYN(;UR01'RON R1\DIATION INTENSITY VERsns MACHINE ENERGY 

The computed synchrotron radiation intensity in photons/s/mrad 

horiz./O.1%. handpaAs corresponding to. the rnax.!mum I'I\8chine current at a 

partIcular energy is plotted for salient wavelen9ths from x-rays to the 

far infra-red in figs.2 and 3. Figure 2 Is for a field of 1.2 tesla and 

f~g~l for a field of 5 tesla - this being the maximum fieid in the wiggler 

lDa9net~ hevious calculations for the wil}9'ler !!Iagnet( 2} indicate that the 

intensities in fig.3 should be increased by appro:dmately x 2, depending 

on the observing angle, because in general two tangent points,are always 

in vie-.l. All calculations have U$ed the existing one electton synchro~ 

tron radiation programmes(3}. 

It 1n Clear from fig:s:2 and 3 how the 108s in the maximum intensity 

in the x-ray rcg:ian resulting: from lowerinq the machIne energy through the 

working: range from 2 to 1.7 GeV pro9res91vely worsens as the wavelength 

geta shorter. for instance at 1 1\ the reduction oan be as much as )t 1/5 

at 1.2 tesla5 In the soft x-ray region and at longer wavelengths it ap

proaches an iMprovement of x 3. The turning point is approximately the 

character1stic wavelength AC at 2 GeV (i~e. 3.9 A for 1.. 2 tesla and 0.. 9 A 

for 5 tesla). At shorter wavelengths the maximum intensity drops for re

duced machine energYJ at longer wavelengths it improvesJ close to 3,9 A 

(fig.2) or 0.9 A (fig.3) the maximum intensity is independent of machine 

e1ler9Y~ 

4. WIGGLER AND Sl~Gi.S nUNCH HODE OP£l1A'l'ION 

The running of the wiggler magnet will reduce the ~ximurn electron 

beam current attainable for a given energy (fig.1(b) J and the effect of 

this on the synchrotron r4'ldiation intensity at a standard 1~.2 te.a:la dipole 

is shown in f!g.4 (O~5 to 5 AJ and fig.5 {10 to 10 6 A). The solid lines 

are the same as fig.2 for the SRS without the wlggler and the dashed line 

for the SRS with the w1991er. '!be reduction at all wavelen9ths is approd

mately 20 to 30,. 

For single bunch mode operation the max~~um machine current is not r.f. 

power limited and is therefore not expected to be dependent on machine en

ergy except above 2.1 GeV. Its value Is not known at thIs stage but a 

figure of 60 mA is likely. The synchrotron radiation intensities for 

single bunch operation are indic4'lt~ in f!gs.4 and 5 by the dotted 
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curves. 1be r~uction in intennity is clearly 9reatent at l~ ener9ies 

but improve~ a~ the energy increases townrdo 2 GeV. It is also feasible 

for the SRS to run in a mode intermedi6te between the 9in91e and mu1ti

bunch extr~es. In thia caae the maximum machine current would be higher 

than for ~ingie bunch modo operation and correopondingly r~f. powor 

1imlt~ at htgher energIes. 

1. 

2. 

3. 

5. SOUACE OPTICS 

The photon opening angle for a ainq11li electron beam <iv' increaDelll with 

wavelength but dec:reasen with characteristic wavelength. At a particular 

wavelen9th for a Hxt'd, bending xadiuti, llOwever, it is pxactically constant 

as a function of machine energy. Thi$ io borne out in fi9.6 which in

cludes the (J • Vel'$US E curves for wavelenqtho between 0.5 and lOG A. 
v 

The electron beam Rource dimensions - the horiY-antal and vertical nize 

amI the bunch length - will incX'(!aae slightly with machine energy. riqures 

for these parameter$ are n~culative but for 1.1 OeV compared to 2 GeV op

eration it is unliknly they will amount to an improvement in brlqhtneas of 

more thl,ln about 30~. 

6. CONCLUSIONS 

The figures pJ."r.!!Ir.ntOO in this noto are only intended as a 9uide to the 

possible operatIon of the SRS. They indicate the likely size of an improve

ment In intensity at lon9e£ ~avclen9ths if the machine were run at lower 

energies and thr. lHtely f1l:te of the 10aa in intensity at nhorter wave

lengtha. The ee!ecta of wlgglr.r and single bunch mode operation are aleo 

estimates. ~le flux of photons at a particular experimental station 

however will depend on many othr.r facbor9~ not the l~a~t of which will be 

the alignmpnt of the beam ~ith respect to the beam. lines for diffenmt 

machine operating conditions. 
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P'IGlJR& ChM"IONS 

Predicted max!~um SNS machIne current versus energy lor present 

operation (a) and for operation ~ith one or two ~i9ylera (b) and 

(c). (From r~f.(l)). 

Haxim,~ SR intensIty (photon~/8/mrad horl~./O.1\ bandpass) versus 

~achine energy (GeV) pr~11cted for a standard dIpole (1~2 teala' 

on ens at vari,ous ~a"elengtha. 

Same aa f,l,9.2 but for the maxIml.l1l field (5 tesIa) on the" 1oti~Iet. 

Maximum sn intensity (photon/s/mrad nor!z./0.1\ pandpasS) versus 

ntach1ne ener9Y tGeV) pred1ctod [or a standilrd dIpole (1.2 tesIa) 

with no wiggler operating (60Iid I1nel_ and 5 tesla wiggier 

operating (dashed line) and 1n IJ1nqIe bunch mods (dotted line) 

from. 0.5 to 5 A .. 

Sama a~ f1g.4 but from 10 to 10& A. 

.Photon openinq anqIe 0", FWllM (m.rad) veuo$: MAchine energy (GeV) 

fro~ 0.5 A to 106 A. 
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