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BEAM DENSITY MODULATION DURING EMISSION USING RF AND LASER FIELDS
Lan Jin, Yang Zhou, and Peng Zhang* 

I. Abstract
We analyze the emission of density modulated electron beams of different temporal shapes under the excitation of combined
radio frequency (RF) field and a continuous wave (CW) or pulsed laser field, using an exact quantum model for photo-/field-
emission [1- 4].

III. Quantum model

𝑬𝑭 = 𝟓. 𝟓𝟑 eV: Fermi energy

𝜺: the initial energy

𝑾𝟎 = 𝟓. 𝟏 𝐞𝐕: work function of the gold cathode 

𝑾: effective work function 

𝑭𝟎 = 𝑨𝒄𝒐𝒔𝝎𝟎𝒕: RF field, with A and 𝜔# being the 

amplitude and angular frequency.

𝑭𝟏 𝒄𝒐𝒔𝝎𝒕: laser field

Consider the combination of RF field with photon/laser field, we solve time-dependent Schrödinger equation:

𝑖ℏ
𝜕𝜓(𝑥, 𝑡)
𝜕𝑡

= −
ℏ!

2𝑚
𝜕!𝜓 𝑥, 𝑡
𝜕𝑡!

+ 𝛷 𝑥, 𝑡 𝜓 𝑥, 𝑡

where 𝛷 𝑥, 𝑡 = 00, 𝑥 < 0
𝐸"+W− 𝑒𝐹#𝑥 − 𝑒𝐹$𝑐𝑜𝑠𝜔𝑡𝑥, 𝑥 ≥ 0

𝐷 𝜀 = =
%&'(

(

𝑤% 𝜀 ,

Thus, the total emission current density:  
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] is the supply function derived from the free electron model for metal. 

where 𝑤% 𝜀 denotes the electron transmission probability through the n-photon process.

The time-averaged electron transmission probability from the energy level of 𝜀,
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ØThe dotted black lines are calculated from Fowler-Nordheim field emission.
ØWhen the RF field dominates the emission process the shape of the temporal emission
current density is in Gaussian profile. When increasing the laser field, the current density
profiles change towards a sinusoidal shape.

ØEmission current density decreases rapidly as laser wavelength increases.

IV. Emission under RF and CW 
optical fields

V. Emission under RF and pulsed 
laser fields
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, and 𝜏. being the pulsed laser duration𝐹% being continuous wave (CW) 

VI. Conclusion

II. Motivation
Ø Electron beam sources are critical to many applications such as accelerators, X-ray sources, and microwave sources and amplifiers.

Ø Traveling wave tubes (TWTs) rely on electron beam bunching or density modulation to achieve signal amplification.

Ø If we can generate an electron beam with direct density modulation during its emission, rather than modifying a continuous beam in an RF interaction

region to achieve density modulation, the operation performance of the TWT can be greatly enhanced.

Ø Combining RF electric field and a laser field is expected to achieve the same current level with significantly reduced RF field strength, as compared to RF

field emission alone. Thus, it can prevent instability induced by poor vacuum conditions when pressed local electric field at the nanotip is close to the field

emission threshold. The occurrence of arcs may also be diminished as the relevant heating effect during emission is restrained to short temporal pulses with

density modulation [5].
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Ø The width of the electron beam can be controlled by the laser pulse duration 𝝉𝒑.

Ø As 𝜏1 decreases, the reduction of higher harmonics becomes slower.
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Ø For a pulsed laser, the pulse width of the emission current density increases with laser wavelength for a given

laser intensity, while it decreases with the laser intensity for a given laser wavelength. The emitted current

pulse width is more sensitive to laser intensity for shorter laser wavelengths.
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Ø Emission current density decreases rapidly as laser wavelength increases.
Ø There appears more higher-harmonic contents in the density-modulated electron beam as laser wavelength

increases.

Ø When the RF field dominates the emission process, the shape of the temporal emission current density is in
Gaussian profile.

Ø When the laser field dominates the emission process, the current density profiles change towards a sinusoidal
shape.

(a) (b) (c)

Ø (a) shows that the peak emission current density increases with the RF field.

Ø (b) shows the full width at half maximum (FWHM) under different RF fields.

Ø (c) shows the number of emitted electron flux per RF cycle, N, which is calculated by,

where 𝐽 𝑡 is the temporal emission current density.
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ØWe explore direct density modulation of high current electron beam during its emission
from an RF cold cathode using optical excitation.

ØThe shape of the temporal emission current density varies in different combinations of the
RF field and laser field.

ØThe presence of photons provides significant flexibility in controlling the emission current
by varying intensity, wavelength, and pulse length of the optical field.

ØPulsed photon/optical sources together with an RF field can produce sharp, high-
current electron bunches with pulse duration comparable with or even less than that of the
optical pulse.

ØThe emission current pulse amplitude, beam width (i.e., FWHM of the current pulse), and
electron numbers per pulse, as well as the harmonic spectrum, are investigated in detail
under various combinations of RF and optical fields.
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