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Shot Noise Reduction

Physical Picture
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Shot Noise Reduction

Suppressing radiation
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A = 4reLa
βε

charge density n0, dispersion R56, interaction length La, emittance ε, beta function β, 
classical e- radius re

Radiation: Bunching:

 Scan R56 and look for broad bandwidth reduction in 
radiative process

For dispersive suppression:

Number of particles N, wavenumber k



Optical Transition Radiation

Proof of Principle
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Nause, et al., Nat. Phys. 2012

Ratner, Stupakov, PRL, 2012

Plasma oscillations



11

Undulator Radiation

Accelerating 
Module

Interaction (23m) Dispersion (0.8m) Observation

60 MeV 120 MeV
Mirror 

and 
cameraUndulator

Shot Noise

Accelerating
Module

C0

Gun phase 
sets current

Undulator subradiance at NLCTA

Experimental Parameters
Charge 25 pC
Beam energy 120 MeV
Wavelength 800 nm
Peak current 5 to 20 A
Dispersion 0-8 mm
Gun Phase -5 to -19.5 deg
Beam energy 120 MeV
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Undulator Radiation

Far field undulator radiation 
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Subradiance!
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Undulator Radiation

Methodology
How to define ‘shot 

noise level?
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Undulator Radiation

Methodology
Foil only partially effective
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Undulator Radiation

Scans vs. R56

More negative phase  lower current  weaker interaction  stronger R56

Set shot noise from foil-IN

Max suppression >2.5X!
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Undulator Radiation

Angular dependence

θNS < 1
kσ

=1.3mrad

Frequency k=2π/800nm 
Beam size σ=100um

θcam < 1
γ
B 1+ K
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Und param. K=1.82
Rel. factor γ=240 
camera bandwidth B=10%

Limited by camera
Limit of suppression
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Undulator Radiation

Angular dependence

θNS < 1
kσ

=1.3mrad

Frequency k=2π/800nm 
Beam size σ=100um

θcam < 1
γ
B 1+ K

2
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





 = 2.2mrad

Und param. K=1.82
Rel. factor γ=240 
camera bandwidth B=10% Beam size σ=100um

Coherence length σ ~ 25um?
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Undulator Radiation

Suppression vs. angle
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OTR foil (2um Nitrocellulose, 50nm Al)
scatters beam by ~50-100um
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Undulator Radiation

Suppression vs. angle
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Next step: X-rays

Shorter wavelengths
Microwaves

Optical

X-rays?

x 10-3

x 10-3

Linac Coherent Light Source (LCLS)

R56 = 1um, ση = 2x10-4    λ > 2nm Borderline, but possible

(For plasma oscillation approach, see Nause et al, “Short wavelength limits of shot-noise suppression”
Phys. Plasmas 21, 083114 (2014) ; Erratum: 21, 129904 (2014))



Next step: X-rays

Wide bandwidth noise suppression
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A = 4reLa
βε

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

Space charge: Aund = −4reLu
βε

K 2

1+K 2
Undulator 

(high harmonic):

Narrow bandwidth 
suppression:

Undulator detuned:

A
und, res

Asc

∝Nu

real part

imaginary
part

suppression G. Stupakov



Conclusions

Summary

22

1. Substantial suppression of undulator radiation possible

2. Measured factor of ~2.5, believe more in core of bunch

3. Next steps:

a) Observe X-ray subradiance
b) Demonstrate suppression from undulator interaction
c) Control SASE FEL startup

Thanks for listening!
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