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Introduction

Shot Noise Reduction and Amplification

1. Motivation for studying shot noise in accelerators

2. Model for shot noise reduction and amplification

3. Experimental evidence of shot noise reduction
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Shot Noise Reduction
Electron Microbunching
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Shot Noise Reduction
Electron Microbunching
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Shot Noise Reduction
Electron Microbunching
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Shot Noise Reduction
Electron Microbunching
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Shot Noise Reduction
Electron Microbunching
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Electron Microbunching
Shot Noise Reduction
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Shot Noise Reduction
Motivation: Seeded FELs

Linac Coherent Light Source (LCLS)

Frequency Domain
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Shot Noise Reduction
Motivation: Seeded FELs

Linac Coherent Light Source (LCLS)

Frequency Domain
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Shot Noise Reduction
Theoretical Models
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Shot Noise Reduction
Theoretical Models
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Shot Noise Reduction
Theoretical Models

Dispersione-
Space Charge
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Shot Noise Reduction
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Shot Noise Reduction

Model radiation from beam:

Dispersione-
Space Charge

energy γ, observation angle θ

e.g. for optical transition radiation
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Shot Noise Reduction

Model radiation from beam:

Dispersione-
Space Charge

N particles with coordinates Xj

energy γ, observation angle θ

e.g. for optical transition radiation

N
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Shot Noise Reduction
Solve bunching in 1D Limit

Noise Amplification:
Y >>1 

Charge density, n0, dispersion R56, space charge strength, A

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) Observation

135 MeV 220 MeV

Experimental Schematic

OTR Foil
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Experimental Data
OTR Reduction

QB L1S L1X BC1

Shot Noise Interaction (12m) Dispersion (6.5m) Observation

135 MeV 220 MeV

OTR Foil
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Transverse Effects
1. Longitudinal bunching factor:

2. 3D OTR calculation:

Simulations

3D simulations
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Summary
Conclusions

1. 1D/3D model of noise amplification and suppression
2. Broad-bandwidth noise reduction feasible
3. Experimental observation of optical shot noise reduction
4. Continuing studies of noise reduction and amplification

0 0.5 1 1.5 2 2.5
0.6

0.7

0.8

0.9

1

1.1

BC1 R56 (mm)

To
ta

l O
TR

/C
ha

rg
e 

(a
rb

. u
ni

ts
)

 

 

20 pC

5 pC



2525

Summary
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