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Transverse Brightness of Electron Beams

Quality Factor :  beam peak current density
normalized to the rms beam divergence angle
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R. Saldin et al.  in    Conceptual Design of a 500 GeV e+e- Linear
Collider with Integrated X-ray Laser Facility,   DESY-1997-048

SASE FEL Electron Beam SASE FEL Electron Beam Requirements:Requirements:
High Brightness BHigh Brightness Bnn

† 

Bn =
2I
en

2Bn

† 

lr
MIN µsd

1+ K 2 2( )
gBnK

2 g Bn K2

† 

Lg µ
g 3 2

K Bnn 1+ K 2 2( )Bn

energyenergy
spreadspread

undulatorundulator
parameterparameter

minimum radiationminimum radiation
wavelengthwavelength

gaingain
lengthlength



0 2 4 6 8 10 12 14

0

1

2

3

I=2.5kA
K=5
se=0.0002

Energy [GeV]

lcr [nm]

en=1

en=4



2 4 6 8 10 12 14
0

25

50

75

100

125

150

I=2.5kA
K=5
se=0.0002

Energy [GeV]

en=4

en=1

Lsat [m]



FEL integrates over slippage length Ls :
‘slice’ parameters are important

FELFEL integrates over slippage  integrates over slippage length length LLss  ::
‘‘sliceslice’’  parametersparameters  areare important important

e- slips back in phase w.r.t. photons by lr per periodee-- slips back in phase w.r.t. photons by slips back in phase w.r.t. photons by  llrr per period per period
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We need high peak current, low emittance, and maintain
small energy spread, all simultaneously …………BUT…………..
We need high peak current, low emittance, and maintain
small energy spread, all simultaneously …………BUT…………..



==> Radiation Spikes==> Radiation Spikes



Emittance Compensation TheoryEmittance Compensation Theory



Schematic View of the Envelope EquationsSchematic View of the Envelope Equations
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r>>1

r<<1

Laminar Beam

Thermal Beam

The beam undergoes The beam undergoes two regimestwo regimes  along the accelerator:  along the accelerator:
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Laminar Beam-Transverse Space charge FieldLaminar Beam-Transverse Space charge Field
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Emittance Oscillations and Growth are drivenEmittance Oscillations and Growth are driven
by space charge differential defocusingby space charge differential defocusing

in core and tails of the beamin core and tails of the beam



Simple Case: Transport in a Long SolenoidSimple Case: Transport in a Long Solenoid
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s = s eq + ds ds ' ' + 2ks
2ds = 0

Small perturbations around the equilibrium solutionSmall perturbations around the equilibrium solution

Plasma frequency
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Envelope oscillations drive Emittance oscillationsEnvelope oscillations drive Emittance oscillations
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Perturbed trajectories oscillate around thePerturbed trajectories oscillate around the
equilibrium with theequilibrium with the

same frequencysame frequency  but withbut with  different amplitudesdifferent amplitudes
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g x( ) =1

A Spread in Plasma Frequencies drives aA Spread in Plasma Frequencies drives a
Beating in Emittance OscillationsBeating in Emittance Oscillations
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M. Ferrario et al., Recent Advances And Novel Ideas For High Brightness
Electron Beam Production Based On Photo-Injectors, LNF-03-06LNF-03-06
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BeamBeam subject  subject toto  strongstrong acceleration acceleration

g =g 0+ ¢ g z

¢ g ≡
Eacc

mc2

W2 =
eBsol

mc ¢ g 

Ê 

Ë 
Á 

ˆ 

¯ 
˜ 

2

+
 ª1/ 8  SW

ª 0   TW
Ï 
Ì 
Ó 

¸ 
˝ 
˛ 

Normalized focusing gradient
(solenoid +RF foc.)

where

¢ ¢ s + ¢ s 
¢ g 

g
+ s

W2 ¢ g 2

g 2 =
I

2IAsg 3 +
en,sl

2

s 3g 2



Cauchy Transformation: z ==> y = ln g
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This solution represents a beam equilibrium mode that
turns out to be the transport mode for achieving minimum
emittance at the end of the emittance correction process

Back to Real World: Invariant Envelope SolutionBack to Real World: Invariant Envelope Solution
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Constant phase space angle: d =
gs inv
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An important property of the Invariant EnvelopeAn important property of the Invariant Envelope
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Typical  X-FEL BeamTypical  X-FEL Beam

If  enth = 0.3 mm.mrad  @ 1 nC
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••Split RF Photoinjector Working PointSplit RF Photoinjector Working Point



GUN PARAMETERS    LINAC PARAMETERS FEL PARAMETERS

Frequency:            2856 MHz    Frequency:       2856 MHz Wavelength: 530 nm

Peak Field:            120 MV/m     Accelerating Field:  25-12.5-12.5 MV/m Coop. Length: 300 mm

Solenoid Field:      0.27 Tesla       Solenoid Field:        0.1 Tesla 

Beam Energy:        5.6 MeV   Beam Energy:         155 MeV

Charge:                  1 nC

Laser:                     11.5 ps x 1 mm  (Flat Top with <1 ps rise time)

Thermal emittance 0.3 mm

14.5 m1.5m

20º
1.5 mD

10.0 m 6.0 m

RF sections
Undulator

Gun Solenoids

SPARC Working PointSPARC Working Point



SLAC GUN TEST FACILITYSLAC GUN TEST FACILITY
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M. Ferrario et al., HOMDYN study for the LCLS RF photoinjector, LNF-00-004LNF-00-004
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Matching Conditions with the LinacMatching Conditions with the Linac
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 Slice analysis of beam properties Slice analysis of beam properties
at the undulator entranceat the undulator entrance

C. Vaccarezza



Movable Movable EmittanceEmittance-Meter Experiment-Meter Experiment
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Towards a High Brightness L-BandTowards a High Brightness L-Band
Superconducting RF Photoinjector DesignSuperconducting RF Photoinjector Design



Main Questions/ConcernsMain Questions/Concerns

•• RF Focusing vs Magnetic focusing ? RF Focusing vs Magnetic focusing ?

•• High Peak Field on Cathode ? High Peak Field on Cathode ?

•• Cathode Materials and QE ? Cathode Materials and QE ?

•• Q degradation due to Magnetic Field ? Q degradation due to Magnetic Field ?





No flexible and independent tuning of acceleratingNo flexible and independent tuning of accelerating
field and RF focusing effectsfield and RF focusing effects

Transverse non linearitiesTransverse non linearities
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Recent results allow us toRecent results allow us to
look for a simpler designlook for a simpler design



SCRF GUN



Laser CleaningLaser Cleaning

QE limited by surface morphology degradationQE limited by surface morphology degradation
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Ready for cold test:Ready for cold test: QE? Thermal Effects? QE? Thermal Effects?



Splitting Acceleration and FocusingSplitting Acceleration and Focusing

25 cm
10 cm

50 cm

•• The Solenoid can be placed at the exit of the cavity The Solenoid can be placed at the exit of the cavity

•• Switching on the solenoid when the cavity is cold prevent any Switching on the solenoid when the cavity is cold prevent any
trapped magnetic fieldtrapped magnetic field
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CONCLUSIONSCONCLUSIONS

••  RF focusing is not necessaryRF focusing is not necessary

•• 60 MV/m peak field in SC cavity have been already 60 MV/m peak field in SC cavity have been already
demonstrateddemonstrated

•• Work in progress @ BNL to demonstrate Nb QE ~ 10 Work in progress @ BNL to demonstrate Nb QE ~ 10-4-4

@ 60 MV/m@ 60 MV/m

•• The new working point for a Split Photoinjector can be The new working point for a Split Photoinjector can be
easily adopted by a SCRF guneasily adopted by a SCRF gun


