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SUMMARY

. Coherent Smith-Purcell radiation (CSP)
. Model of Andrews, Brau and collaborators (A&B)

. 2D Experiment at CESTA (wide, flat, and intense beam, 2"
harmonic)

. 3D Theory for a grating with sidewalls

. 3D Experiment at CESTA (high power on the fundamental)
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Incoherent Smith-Purcell radiation (first observed in 1953):
- Diffraction grating
- The observed wavelengths satisfy the following relation:

A=t i—00519)

n p

Where: L i1s the grating period
n 1s the order of diffraction
[ 1s the normalized beam velocity
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COHERENT SMITH-PURCELL RADIATION (CSP)

CSP Radiation has two senses:
- Intra-bunch: bunch size<< A, Intensity oc N,” V&

- Inter-bunch (time interval 7' between successive bunches =
ni¢p/c), n integer) = Intensity 1s enhanced at certain angles

Radiation patterns for

Inter-bunch coherent ———
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/ Intra-bunch coherent —

-0.8 0.4 0.5



SMITH-PURCELL RADIATION SINCE 2004

Dispersion relation proposed by Andrews and Brau for 2D lamellar gratings:
H. L. Andrews and C. A. Brau, Phys. Rev. ST Accel. Beams 7, 070701 (2004).

Evanescent Floquet wave above grating, uniform plasma, velocity = v.

B. (x,y,t)z ZBP exp(i(k + pK)x— a,y— a)t)
P

(k+pK) —a, =(w/c) 0<k<K=2r/L

They established the 2D dispersion relation between & and w.
We established the 3D dispersion relation among k, @, and

q, the transverse wave-number.

J. T. Donohue and J. Gardelle, Phys. Rev. ST Accel. Beams 14, 060709 (2011).
See alsq B. D. McVey et al, IEEE Trans. Microwave Theory Tech. 42, 995 (1994).
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Geometry of our grating with sidewalls:

L=2cm, A=H=1cm, w=4cm

s o,




THE 2D EXPERIMENT AT CEA/CESTA FEL 2010

Cathode

Efficiency

Gain v. current
= 0.1 %
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2-D EXPERIMENTAL RESULTS
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Time signals and their FFTs:
X-band horn placed outside vacuum chamber.
Magnetic field (parallel to groove) as measured with the B-dot probe at a groove end.

to detect evanescent wave.
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MAGIC 3D SIMULATION

Contours of B, in the median y-z plane at fixed time

The fundamental is radiated at 6, (140 °)
The 2" harmonic is radiated at 6, ( 60 °)

3D simulation with « free-space » on boundaries.
Reflections are tolerable.

J.T. Donohue , J. Gardelle, “Simulation of a Smith-Purcell free-electron laser with sidewalls: Copious
emission at the fundamental frequency ", Appl. Phys. Lett. 99, 161112 (2011).
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MAGIC 3D SIMULATION
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Simulation predicts high efficiency for the Fundamental
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3-D CESTA Experiment: Set-up and Simulation volume
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J. Gardelle, P. Modin and J.T. Donohue, “Observation of Copious Emission at the Fundamental Frequency by a
Smith-Purcell Free-Electron Laser with Sidewalls”, Appl. Phys. Lett. 100, 131103 (2012).. 14



3-D CESTA Experiment:

Signals and Power.
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no mirror

with mirror
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y (mm)

Bx at ZOOM @ 5000 ns
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Conclusion

By a proper choice of grating
width (between sidewalls), and
beam energy, we can produce
intense SP radiation at the
fundamental frequency of the
evanescent wave.
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