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Numerical simulations and analyses of optical guiding
in free-electron lasers

Jiang Shaoen, Fu Changming, Su Yi
(Southwest Institute of Nuclear Physics and Chemistry)

Abstract: Optical guidings in Raman FELSs are studied theoretically and calculated in this papers.
We have performed a twe-dimensional program(FELOG) , which is used to study optical guidings wit k-
out and with wave-guide constructions. The numerical simulations include opt ical field forfile, opitcal field
radius, filling factor, and equivalent index of refraction, etc. The simualated results from ex perimental pa-
rameters agree with experimental results well. And the factors that affect optical guidings are analysed
and discussed.
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. @ = (47ne? m) " iv.without @ wih
, ymcz , O waveguide  waveguide
wiggler period A, (cm) 2 2
j wiggler field ampliude a 0.45 0.4
(4 < relativity factor Y 2.24~2.37 2.3
’ current density J( A/ cm?) 354 354
d Yj/dZZ - (kxasau,/ YJ) sin ‘l’] + [Zw,%/(kécz)] electron beam radius r4( cm) 0.4 0.4
[ {cos P dsin 4’/ — {sinYcos 4’/] (7) optical wavelength A(cm) 0.3 0.3
) input power P;,( W) 40 10
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Fig.1 A 3-D plot of the optical field amplitude
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Table 2 Simulated parameters and results compared to experiments

No parameters iv. experiment  (®. simulation EPA-74
| electron energy(MeV) 0.56 0.56
2 current density in wiggler( A) 180 180 L7 2 v
3 current decrease 72A/ m 72A/ m , 2 @
4 electron energy spread( AE/ E) 5~ 6% —
5 emittance € (radcm) < 0.5 — 2
6 electron beam radius r,( cm) 0.4~ 0.5 0.45 R
7 wiggler field intensiy B, (kG) 1.44 1. 44 , 72A/ m ,
8 wiggler period A, (em) 3.45 3.45
9 waveguide radius R ( em) 0.8 0.8
10  H;, cutoff frequency( GHz) 22 22 2
11 radiant frequency( GHz) 30~ 32 31 s
12 saturation position z (.cm) ~-100 ~ 70
13 radiant power in saturation( M'W) ~ 1.5 ~ 1.6 ’
14 growth ratio in linear regime ~ 90dB/ m ~ 100dB/ m 30cm
2 2
2 2
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