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Introduction

Dispersive Shot Noise Suppression
Models, Evidence and Application

1. Model for dispersive noise reduction

2. Experimental evidence of dispersive noise reduction

3. Applications: FEL seeding and hadron cooling
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Shot Noise Reduction

Shot Noise

Microbunching

Linac Coherent Light Source (LCLS)

Number of electrons
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Microbunching and Noise Suppression

SACLA



Shot Noise Reduction

Noise Suppression
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Microbunching and Noise Suppression



Shot Noise Reduction

Motivation: Seeded FELs

Linac Coherent Light Source (LCLS)
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Shot Noise Reduction

Theoretical Models
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Shot Noise Reduction

Dispersione-
Interaction

Theoretical Models
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Dispersive noise suppression

Particles frozen longitudinally No interaction



Shot Noise Reduction
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Shot Noise Reduction

Plasma Oscillation
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Shot Noise Reduction

Model radiation from beam:

Dispersion
e-

Interaction, h

N particles with coordinates Xj

energy , observation angle 

e.g. for optical transition radiation
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Shot Noise Reduction

Noise Factor:

11Only constraint on h(z): Step function interaction!!!

Drop energy spread term:

Weak interaction, 1D:

arbitrary particle interaction h( )

Linear term:

Quadratic term: MBI

Noise Supp.

Position, z
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longitudinal density, n0



Shot Noise Reduction

Noise Factor 1D Limit, Space Charge

Noise Amplification:
Y >>1 

Charge density, n0, dispersion R56, interaction length La, emittance , classical e- radius re

LCLS

E.A. Schneidmiller and M.V. Yurkov, Phys. 
Rev. ST Accel. Beams 13(2010)110701

Noise Reduction: 
Y ~ 1 
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Experimental Data

QB L1S L1X BC1

Shot Noise Interaction (12m) Dispersion (6.5m) Observationoise servI t ti (12 ) Di i (6 5 ) O

135 MeV 220 MeV

B

Experimental Schematic
LCLS

OTR Foil
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Experimental Data

QB L1S L1X
BC1

Shot Noise Interaction (12m) Dispersion (6.5m) Observationoise servI t ti (12 ) Di i (6 5 ) O

135 MeV 220 MeV

B OTR Foil

OTR Reduction
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Experimental Data

35% 
reduction at 

5pC

Lower charge, larger optimal R56wer charge larger optim

20 pC

5 pC

QB L1S L1X

Shot Noise Interaction (12m) Dispersion (6.5m) Observationoise servI t ti (12 ) Di i (6 5 ) O

135 MeV 220 MeV

B OTR Foil

OTR Reduction

BC1
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Transverse Effects
1. Longitudinal noise factor:

2. 3D OTR calculation:

3D simulations

Simulated <F(k)>

Simulated OTR

Measured OTR
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Fit average density to match optimal R56

Simulations
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Simulated <F(k)>

Simulated OTR

Measured OTR
5 pC
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1D FEL gain:

Seed 
radiation

Density 
modulation

Energy 
modulation

Application 1: Noise Suppression for FEL Seeding

Applications
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Density 
modulation

Energy 
modulation

After ¼ 
plasma 
period:

Shot noise:

Density << 1 Energy ~ 1

Applications
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Application 1: Noise Suppression for FEL Seeding

FEL11



FEL11

After ¼ 
plasma 
period:

Density << 1 Energy ~ 1

time

F(k),P

Minimize F(k) Maximize P

Density modulation

Energy modulation

Applications
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Application 1: Noise Suppression for FEL Seeding



Applications
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Application 2: Electron cooling of hadrons



Applications
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Application 2: Electron cooling of hadrons

e-

ChicaneCC ne++

e-

Modulation of Electrons 
by Space Charge

Dispersion Modulation of Ions by 
Space Charge

2. Bunching mechanism 3. Energy Correction1. Ion Imprints on Electrons

++ ++

Poster today: MOPS067 



Applications

Energy Modulation
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Applications

Shot Noise
Electrons and ions both have equal effect on electron modulations
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Applications

Shot Noise
Electrons and ions both have equal effect on electron modulations

+
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Applications

Fluid Model Shot noise
simulation

Full Shot Noise Simulations
induced energy spread initial energy spread

Kicker

ions

Dispersione-
Space Charge



Summary

Conclusions

20 pC

5 pC
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1. Simple model of dispersive noise suppression
2. Broad-bandwidth noise reduction feasible
3. Experimental observation of optical shot noise reduction
4. Continuing studies of short wavelength reduction in 

undulator radiation for seeding



Summary

20 pC

5 pC

Thanks to help from:
F.-J. Decker, Y. Ding, P. Emma, G. Wang, Z. Huang, 
H. Loos, V. Litvinenko, A. Marinelli, Y. Nosochkov,

J.Qiang, G. Stupakov, J. Wu

Questions?
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Experimental Data

OTR has Angular Dependence
require r <

Smaller beam, more 
noise suppression

40 m spot

25 m spot
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Experimental Data

QB at 10.3 kG

QB L1S L1X BC1

Shot Noise Interaction (12m) Dispersion (6.5m) Observationi servI t ti (12 ) Di i (6 5 ) O

135 MeV 220 MeV

B OTR Foil

QB Scan
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