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• High brilliance
- at least a magnitude larger than 3rd generation storage rings (SR)

• Full transversal coherence
- transversal emittance at the diffraction limit ���/ 4� → � = 1 Ǻ

• High temporal resolution
- providing experiments with fs photon pulses

• Multiple beam energies
- flexible energies up to 6 GeV

CW operation ... ERL required!

Femto-Science Factory: Motivation
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• Split Linacs, multiple beam energies, large arcs and long undulator sections

FACILITY LAYOUT
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Start-to-End Geometry



Two-Stage Injection

Laser Heater to avoid
Microbunching Instability
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TBBU calculations help identify the position 
of critical cavities 
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10 MeV
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• ASTRA and “SCO” used to optimize the injector + linac for minimal emittance 
growth

SRF Injector

• Kapchinsky-Vladimirsky emittance 
compensation scheme possible on 
the “rotation” of the sliced phase 
ellipses
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• Elegant used to track particles through the 8km of optic

Start-to-End: High Brilliance Mode (LEM)
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• Elegant used to track particles through the 8km of optic

Start-to-End: High Brilliance Mode (LEM)

ASTRA up to
50 MeV Energy Spread at 

10 MeV Dumpline

6 GeV
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• 1D CSR wakes in consecutive cells are identical … 

Suppression of CSR Induced Emittance Growth

30° arc as four 7.5° cells

can manipulate the 
phase advance to nullify 

the emittance growth!

CSR “kicks”
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• Emittance growth due to ISR
- unavoidable -

Start-to-End: Low Emittance 15 pC Mode

In the 6 GeV arc …
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• Comparison with existing 3rd generation light sources

Spectral Brightness
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FSF Short Pulse Mode



21

• RF curvature can alter the phase space distributions which varies the 
emittance. The optic can “correct” it !!!

Non-linear Dynamics and Long. Emittance Recovery

R65, T655 – linac phase + T566 in arc → FULL Long. Emitt RECOVERY

Emittance
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SPM on Recovery

Chromatic correction scheme required
due to high energy spread on recovery
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• Additional Boosters required to supplement the beams energy loss 

Energy Loss due to Radiation

CSR dominates the SPM → ECSR = 20 MeV on the acceleration side



24Energy loss due to CSR*

CSR Limitations

zero-charge 
bunch length

LEM
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• Comparison with existing 3rd generation light sources

Peak Brilliance

5pC

3pC

1pC



26

• SPM beam parameters
at the diffraction limit …

Free Electron Laser Mode 

is Ipeak ~ 700 A enough for FEL ? Genesis results

20 MW
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Linac Phase Sensitivity

10 fs

10 fs
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• recurrent system, bunch is short induces a wake

and traverses a ERL loop with longitudinal dispersion
R56 can influence the phase deviation 

Longitudinal Beam Break-Up – Wakefield model
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• Multi-turns, off-crest split linacs and varying R56 used for SPM bunch compression

LBBU for the FSF

Single bunch model LBBU Threshold ~ 17 mA
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• Conceptual Design Report is finished and is being internally reviewed …

Lots of publications
LINAC12, IPAC13, ERL13, IPAC14

Special thanks again to
A. Matveenko
A. Bondarenko
and
Y. Petenev

Thank you for your attention
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• Instability can limit the maximum current … 

Beam Break-Up
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Wavelength of associated dipole mode 

Magnetic optic can be used to 
manipulate these terms …

Triplets in the linac
increase threshold by a factor 3

Cavity specific values
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• Why Einj = 230 MeV injection linac? Why Elinac = 960 MeV main linac?

BBU implies full energy injection is „best“ Einj → Efinal then Elinac → 0 

but

we want N=6 TURNS !!!

Low Energy Optic „juggling”
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k = 4 → 960 MeV

k = 6.5 → 975 MeV

Searching for integer values 
for the energy in each turn

� �� �injfinal EEkNE ��� 021
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• F – focusing and f defocusing “linacs + arcs” to maximize the “magnification” 
and remove the correlated energy spread

Telescopic Compression
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Energy loss due to CSR*

CSR Limitations

zero-charge bunch length

LEMINJECTOR LIMIT
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• “equivalent” peak brilliance

6D Electron Density
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• “equivalent” peak brilliance

6D Electron Density

5 pC bunch 
“diffraction limited”
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• On passing through the cavity the electron bunch induces some voltage 
variation that is seen by the recirculating bunch 

Importance → Acts on the fundamental mode

Longitudinal Beam Break-Up

Single RLC cavity approximation

Can derive a „Stability Matrix*“
unstable exponential growth when Tr(M) > 0
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• recurrent system, bunch is short induces a wake

and traverses a ERL loop with longitudinal dispersion
R56 can influence the phase deviation 

LBBU – Wakefield model

When R56 → 0 
Ith →  infinity
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• stability criteria

LBBU Numerical Wakefield Model 

including higher order terms →


