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Abstract:

To achieve the required 2 kA peak current with a 1 nC bunch for the Sparx FEL
experiment, two stages of bunch compression have been considered.

We study in this note the energy spread budget required for magnetic
compression and the way to reduceit to a level of 0.1 % beforeinjecting the
beam in the undulator.

Rf compressor options will be reported in afuture work.

By means of asimple two particles model including short range longitudinal
wake fields, rf phasing and adiabatic damping effects, energy spread along the
2.5 GeV Sparx linac is computed . The wake fields contribution to energy
spread compensation is underlined.

The two particle model is applied for comparison to the LCL S case with results
in very good agreement with more detailed simulations.

Possible working points for the S-band version of the Sparx linac with two
beam extraction lines are discussed.

A comparison with the TESLA_FEL design is also reported .

Energy spread compensation in an L-band linac by means of short range
longitudinal wake fields resultsto be less effective than in an S-band linac, thus
requiring magnetic compressors with higher R56.

Space charge and CSR effects are not taken in to account in this note.
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A two particles model for longitudinal beam

dynamics study
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Deltawake function for the Slac structure
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Red line: RF induced DE

Blue line wake field induced DE
Green line: total iInduced DE
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Fig. 5 Energy profile within the bunch sitting on the crest of the rf wave
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Fig. 6 Energy profile within the bur~h after optimization of the rf phase



LCLS ENERGY SPREAD

E~TMeV  E=150 MeV | E=280 MeV | ' E=6.0GeV | E<15GeV |
ST T T T =TT
a % o % 0-23% . -

K7 02 - Or10%] [0,70.1 %

L~14m

h_ﬂiﬁ DL1 B3 DL2
R _~0 = R_=36 I R_~0
!p?illn ;:Iﬂ L_jtiEEEESF Iﬁjgﬂrn
Two particle model
23Y% e

0 2
0 ax10”  dx10”

150 [leV/

Bx10”  1x10*® 1.2x10'71.4x10%®

- 15 G/

Ex10”

I.I‘"r



LCLS TDR simulation
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Figure 7.2-2.  Juxdal {left column) and energy (center column) distributions and longftudinal phase
space (right column) after gun at 10 MeV (top row), after DL1 at 150 MeV [Znd
row), after BC1 at 280 MeV (3rd row), after BC2 at & GeV (4th row], and at the
undulator at 15 Ge¥ (bottom row). All effects discussed are included except for
resistive wall wakefields (bunch head at left),
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Figure 7.2-3.  Longitudinal phase space (lower right). axial (upper left) and energy (upper right)
distributions and bunch induced voltage [lower left) at undulator input (15 GeV).
After cutting 15% of the charge with high energy tails (see Fig 1.2-2), the final rms
bunci: length is 18 um and the ~ : energy spread is 0.035% in this :0.15% energy
window. Geometric wakefields, Ty, rf-curvature, and synchrotron radiation of all
bends are included (bunch head at beft).
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Figure 7.2-4.  Longitudinal phase space at {a) start of BC1, (b) end of BC1, (c) start of BC2 and (d)
end of BC2. End of linac is shown in Fig. 7.2-3. Parameters are those of Table 7.2-1 with
N = & 3107 and geometric wakefisids .nd Tag, included (bunch head at left),



S-band Sparx linac
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TESLA-XFEL bunch compression scheme
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Figure 9.4.1: Bunch compression scheme for the TESLA XFEL. The "FODO compressor”

is oplional.



L-band Sparx linac
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