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Expected properties of the radiation from VUV TTF FEL

(Phase I: E = 260 MeV, A = 95 nm)
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Abstract

"This report contains sets of output characteristics of the radiation from VUV TTF FEL (Phase I,

E = 260 MeV, A = 95 nm). Calculations have been performed with three-dimensional, time-
dependent FEL simulation code FAST.
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1. General remarks

The first run of the TTF FEL experiment is performed at the energy of the electron beam
of about 260 MeV and three undulator modules. This report presents graphs of expected
FEL characteristics at the exit of the undulator for several scenario of the electron beam
parameters [1]. Calculations have been performed with three-dimensional, time-dependent
FEL simulation code FAST [2]. General parameters of the TTF SASE FEL are given
in Table 1. When performing the simulations, we assumed that the distribution of the
electrons in the transverse phase space is the Gaussian one with the RMS radius and the

RMS angle spread given by

Tr = 4/ EmB/'Y s T8 = El]/ﬁ7 3

where ¢, is rms normalized emittance, 3 is focusing beta function and v = Eo/mec? is
relativistic factor. Energy spread in the electron beam is assumed to be gaussian with the

rms deviation og:

1
1 /Q’JTO%

Longitudinal bunch profile is also approximated as the Gaussian one,
b

\/2?1_7 exp[—zz/(Qaf)] :

Each set of FEL characteristics contains the plots of typical time and spectral structure

dw =

exp{—(£ — &)*/(20p)]dE

I(z) =

of the radiation pulse and the directivity diagram of the radiation imtensity in the far zone.
Note that the contribution of the incoherent undulator radiation within coherent angle

into the total radiation energy is about 1 nJ for all the cases.



2 1. General remarks

Table 1. Parameters of the 95 nm SASE FEL at DESY

Electron beam

Energy, &

Bunch charge, @

Peak current, Iy

rms bunch length, o,

Normalized rms emittance , e,

rms energy spread, og

External #-function,
Undulator

Type

Length of undulator

Period, Ay

Peak magnetic field, .
Radiation

Wavelength, A

260 MeV

1 nC

100 / 500 A

1.2 mm / 240 um
2r - 87 mm mrad
005-02%

110 ecm

Planar

3 modules
2.73 cm
4.97 kGs

95 nm
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2. Energy in the radiation pulse versus emittance
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2. Energy in the radiation pulse versus emittance
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3. €, = 2 mm mrad, o, = 1.2 mm, og = 0.05 %
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3. €u = 2xr mm mrad, ¢, = 1.2 mm, g = 0.05 %
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dW/d(Aw/®) (LJ/%)
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3. én = 27 mm mrad, ¢; = 1.2 mm, g = 0.05 %
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3. €n = 27 mm mrad, o, = 1.2 mm, op = 0.05 %
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4. €, = 37 mm mrad, o, = 1.2 mm, og = 0.05 %
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4. ¢n = 37 mm mrad, ¢, = 1.2 mm, og = 0.05 %
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4. ¢n = 3r mm mrad, ¢: = 1.2 mm, oz = 0.05 % 13
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4. €n =37 mm mrad, 6; = 1.2 mm, og = 0.05 %

dW/d(Aw/o) (1J/%)
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4. €n = 37 mm mrad, 6, = 1.2 mm, og = 0.05 %
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16 4. €n = 37 mm mrad, ¢, = 1.2 mm, cg = 0.05 %
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5. €, = 47 mm mrad, o, = 1.2 mm, o = 0.05 %
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3. ep = 47 mm mrad, g, = 1.2 mm, ¢g = 0.05 % 19
600 ! l ! | | '
_ E = 260 MeV
A =95nm Q=1nc
“W>=53nJ 6, =1.2mm
g, = 4n mm mrad

o, =0.05%

400

200

-0.8 -0.4 0.0 0.4 | 0.8
Awl® (%)



TESLA FEL-Report 1999-03

20 5. en =4r mm mrad, ¢; = 1.2 mm, g = 0.05 %
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5. ¢p = 47 mm mrad, 6. = 1.2 mm, o = 0.05 % 21
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5. €n = 47 mm mrad, ¢; = 1.2 mm, og = 0.05 %
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6. €, = 57 mm mrad, o, = 1.2 mm, og = 0.05 %
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6. €n = 5m mm mrad, o, = 1.2 mm, og = 0.05 %
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26 6. ¢n =57 mum mrad, o, = 1.2 mm, g5 = 0.05 %
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6. €x = 57 mm mrad, o; = 1.2 mm, og = 0.05 % 27
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28 6. €n = 57 mm mrad, o; = 1.2 mm, o5 = 0.05 %
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7. €, = 27 mm mrad, o, = 0.24 mm, og = 0.1 %
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30 7. €n = 27 mm mrad, o, = 0.24 mm, e = 0.1 %
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7. € = 2r mm mrad, o; = 0.24 mm, g = 0.1 % 31
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7. €n = 20 mm mrad, 6> = 0.24d mm, 05 = 0.1 %

1.0 - . - j -

i E = 260 MeV
Q=1nC 1
0_8 | o, =0.24 mm -
g, = 2x mm mrad
i o, =0.1% ]
0.6 | .
A=95nm
04 <W>=0.63 mJ 7




TESLA FEL-Report 1999-03

8. €, = 4™ mm mrad, o, = 0.24 mm, o = 0.1 %
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34 8. €p = 47 mm mrad, &, = 0.24 mm, g = 0.1 %
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8 €n =4r mm mrad, o, = 0.24 mm, o5 = 0.1 % 35
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1(6)/1(0)

8. €n = 47 mm mrad, ¢, = 0.2d mm, o5 = 0.1 %
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9. ¢, = 6r mm mrad, ¢, = 0.24 mm, og = 0.1 %
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9. €¢n = 6 mm mrad, 6; = 0.24 mm, op = 0.1 % 39
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40 9. ¢y =6 mm mrad, ¢; = 0.24d mm, cg =01 %
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10. ¢, = 8™ mm mrad, o, = 0.24 mm, og = 0.1 %
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42 10. €4 = 87 mm mrad, ¢, = 0.24 mm, og = 0.1 %
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10, ¢p = 8 mm mrad, ¢; = 0.2d mm, og = 0.1 % 43

A =95 nm
<W> = 0.36 pJ

l T
E =260 MeV
Q=1nC
g, = 0.24 mm

¢ = 8x mm mrad

6, =0.1%

—




TESLA FEL-Report 1999-03

44 10. ¢ = & mm mrad, o, = 0.24 mm, o = 0.1 %
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11. €, = 27t mm mrad, o, = 0.24 mm, o = 0.2 %
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11, €¢n = 2r mm mrad, o; = 0.24 mm, o = 0.2 % 47
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48 11. ¢, = 2r mm mrad, ¢, = 0.24 mm, g = 0.2 %
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12. ¢, = 47 mm mrad, o, = 0.24 mm, og = 0.2 %
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12, €n = 47 mm mrad, ¢, = 0.24 mm, g = 0.2 % 51
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52 12. &n = 47 mm mrad, o; = 0.24 mm, o0g = 0.2 %
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13. ¢, = 67 mm mrad, ¢, = 0.24 mm, o = 0.2 %
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54 13. €¢n = 67 mm mrad, o; = 0.24 mm, g =02 %
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13. ¢n = 6r mm mrad, ¢; = 0.24 mm, og = 0.2 % 55
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56 13. ¢y = 6r mm mrad, o, = 0.24 mm, g = 0.2 %



TESLA FEL-Report 1999-03

14. €, = 87 mm mrad, o, = 0.24 mm, o = 0.2 %
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58 14. ¢n = 8r mm mrad, ¢. = 0.2d mm, op = 0.2 %
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14, ¢ = 87 mm mrad, ¢: = 0.2d mm, og = 0.2 % 59
T | T T T
E = 260 MeV
Q=1nC i
6, = 0.24 mm _

A =95 nm
<W>=9nJ

g, = 8n mm mrad
6:.=02%

1
100

0 (urad)

200




TESLA FEL-Report 1999-03

60 14, €¢» = 87 mm mrad, 7, = 0.2d mm, cg = 0.2 %
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