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Beam dynamics around transitionBeam dynamics around transition
inin  a high brightness a high brightness Linac Linac forfor

short wavelength SASE-FEL experimentsshort wavelength SASE-FEL experiments



Invariant Envelope solution when Invariant Envelope solution when ρρ  -> 1-> 1

Sparxino Sparxino global optimizationglobal optimization

OutlineOutline



-5

0

5

10

15

20

25

30

35

45.5 46 46.5 47 47.5 48 48.5 49 49.5

HBUNCH.OUT

Ez_[MV/m]

Ez
_[
M
V/
m
]

Z_[m]

€ 

0 <η < 1TW*TW*€ 

γ = 1+αkz sinϕ

€ 

η(ϕ ) ≡ an
2 + a−n

2 + 2ana−n sin(2ϕ )( )
n=1

∞

∑

the alternating gradient focusing effect arises from the existence of
non-synchronous spatial harmonics (Hartmann, Rosenzweig, Serafini)



Serafini-Rosenzweig Serafini-Rosenzweig (Cauchy)(Cauchy)
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Looking for an Looking for an ““equilibriumequilibrium”” solution solution
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σ eq =σ oγ
nLooking for an Looking for an ““equilibriumequilibrium”” solution solution                              (KJ Kim)(KJ Kim)

==> all terms must have the same dependence on ==> all terms must have the same dependence on γγ
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Emittance Emittance Compensation in a Compensation in a PhotoinjectorPhotoinjector::
Controlled Damping of Plasma OscillationsControlled Damping of Plasma Oscillations

∀∀ ε εnn oscillations are driven by Space Charge and oscillations are driven by Space Charge and
chromatic effectschromatic effects

••propagation close to the propagation close to the ““invariant envelopeinvariant envelope”” solution solution
allows control of allows control of εεnn oscillation  oscillation ““phasephase””

∀∀εεnn  sensitive to SC up to the transition energysensitive to SC up to the transition energy



Emittance Emittance Compensation in a HB Compensation in a HB LinacLinac::

∀∀  HB HB Linac Linac behaves like a HB behaves like a HB PhotoinjectorPhotoinjector

••propagation close to the equilibrium solution allowspropagation close to the equilibrium solution allows
control of plasma oscillation control of plasma oscillation ““phasephase””  and does notand does not
require external focusing (no quads)require external focusing (no quads)

∀∀εεnn  sensitive to SC up to the transition energysensitive to SC up to the transition energy

••the goal is to have a minimum the goal is to have a minimum εεnn at the exit of the at the exit of the
linaclinac



The S-band TW example (1 The S-band TW example (1 GeV GeV --    1 kA)1 kA)
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Matching in the gunMatching in the gun
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σ q =
1
′ γ z( )

2I z( )
IA 1+ 4Ω 2 z( )( )βγ z( )
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I γ( )∝ ln γ( )
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Ω z( ) = f z( )⇒σ q = const?
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Step by step optimization not always sufficientStep by step optimization not always sufficient
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The final phase of the plasma oscillation can beThe final phase of the plasma oscillation can be
tuned at the injector level (tuned at the injector level (““globalglobal”” optimization) optimization)
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The L-band SW example (1 The L-band SW example (1 GeV GeV --  2.5 kA)2.5 kA)
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SASE FEL at the TESLA Facility - Phase 2SASE FEL at the TESLA Facility - Phase 2
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ConclusionsConclusions

∀∀  HB HB Linac Linac behaves like a HB behaves like a HB Photoinjector Photoinjector up to theup to the
transition energytransition energy

••propagation close to the equilibrium solution allowspropagation close to the equilibrium solution allows
control of control of emittanceemittance oscillation  oscillation ““phasephase””

••external focusing not necessary (no quads)external focusing not necessary (no quads)



PARMELAPARMELA
computationscomputations

in L1in L1

FODO FODO

RF FOC RF FOC
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What about transport to the What about transport to the undulatorundulator??
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Transfer line from S-band to X-band Transfer line from S-band to X-band linac linac required forrequired for
proper matchingproper matching
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η = 1
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