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Summary

• We investigate space charge effects on the 
dynamics of short pulse beam profile.

• We consider short pulses of different profiles 
for different charge densities and pulse widths.

•We analyze the electron sheet phase-space 
trajectories and pulse profile evolution 
during gap transit.

Multiple-Sheet Model

A one-dimensional (1D) planar diode with gap dis- 
tance d and gap voltage Vg, with M sheets inside.

Figure 1: Sheet numbering inside the diode gap [1]

• Sheet 𝑗𝑗at position 𝑥̅𝑥𝑗𝑗 = ⁄𝑥𝑥𝑗𝑗 𝑑𝑑 has a normalized 
charge density �𝜌𝜌𝑗𝑗 = ⁄𝜌𝜌 𝜎𝜎1.

• The normalized electric field on sheet 𝑗𝑗  is

• The normalized Electric field at the cathode 
( �𝑥𝑥 = 0)

• The Space Charge Limited (SCL) charge density
∗
j

¯ Kρ̄  is found for E =  0

Model Parameters

Symbol Meaning Formula/Value
𝐸𝐸0 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 −𝑉𝑉𝑔𝑔/𝑑𝑑
𝜎𝜎1 𝑆𝑆𝑆𝑆𝑆𝑆 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝜀𝜀0𝐸𝐸0

𝜏𝜏𝑝𝑝 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 [0.1, 1] ×  𝑇𝑇0

𝑇𝑇0 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 2𝑑𝑑/ (𝑒𝑒𝑒𝑒0/𝑚𝑚)

∆ 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐽𝐽 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

(a) Square-top Profile

• Sheets have equal charge density 𝜌̅𝜌
• The charge density 𝜌̅𝜌∗ is found from (3)

•  We simulate 30 preloaded sheets inside 
the gap. The initial pulse intervals 𝛿𝛿𝑥̅𝑥
= 𝑥̅𝑥𝑛𝑛 −𝑥̅𝑥𝑛𝑛+1 are assumed to be uniform

Figure 2: Trajectories & current density for T0 and ρ̄∗

Figure 5(a): Profile distortion with initial pulse length and 
charge

(c) Gaussian Profile

• Sheet j  has a charge density

(5)

where µ = (𝑀𝑀+ 1)/2, 𝑎𝑎 and 𝑏𝑏 are found 
by solving (3) with ∑𝑖𝑖=1𝑀𝑀 𝜌̅𝜌𝑖𝑖∗ = 1. (as the 
bulk of sheets tends to combine, looking 
like a single sheet).

Figure 4: Trajectories & current density for T0 and ρ̄∗

Figure 6: Electron energy distribution at the anode

Evolution of the Gaussian Pulse Profiles Inside the Gap

t =  1.1T0

Conclusion & Future Work

1  For the same total charge, square-top and 
Gaussian pulses undergo similar distortion 
(fig.5).

2  The shorter the pulse length, the more significant 
the distortion becomes.

3 The smaller the charge, the faster the tail of the 
pulse travels through the gap (fig. 8).

4  The Child-Langmuir limit increases as the pulse 
length decreases.
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t =  0.35T0

Child-Langmuir limit

•  We simulate Gaussian pulses with M =  30 preloaded 
sheets. We fixed 𝛿𝛿𝑥̅𝑥= 1/𝑀𝑀2 = 1/900.

• Case 1: We vary the total charge but keep the pulse shape 
unchanged. 

• Case 2: We maintain the total charge but vary the shape

Comparison of pulse profiles

•  We compare pulses of different charges and shapes.

Figure 7: Comparison Case 1 and Case 2

t =  0.35T0

t =  1.1T0

Figure 9: Evolution of pulse profile, electric field, and velocity for Case 1. Figure 10: Evolution of pulse profile, electric field, and velocity for Case 2.

Figure 8: Normalized critical current density, 𝐽𝐽/𝐽𝐽𝐶𝐶𝐶𝐶 as 
a function of the normalized pulse length. 

𝑱𝑱𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 =
𝟑𝟑𝑱𝑱𝑪𝑪𝑪𝑪
𝟒𝟒𝑿𝑿𝑪𝑪𝑪𝑪

• Single sheet model

• Equivalent diode approximation

𝑱𝑱𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 = 𝟐𝟐
𝟏𝟏 − 𝟏𝟏 − 𝟑𝟑

𝟒𝟒𝑿𝑿𝑪𝑪𝑪𝑪
𝟐𝟐

𝑿𝑿𝑪𝑪𝑪𝑪𝟑𝟑
𝑱𝑱𝑪𝑪𝑪𝑪

Algorithm 1 Calculation of distortion

Input: 𝑀𝑀, 𝛿𝛿𝑥̅𝑥

1: 𝛿𝛿𝑥̅𝑥𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ← (𝑀𝑀− 1)𝛿𝛿𝑥̅𝑥

2: 𝑡𝑡 ← 0

3: while 𝑥̅𝑥1 𝑡𝑡 < 1 𝐝𝐝𝐝𝐝 

4: 𝑡𝑡 ← 𝑡𝑡 + 1

5: end while

6: 𝛿𝛿𝑥̅𝑥𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ← 𝑥̅𝑥1 𝑡𝑡 − 𝑥̅𝑥𝑀𝑀 𝑡𝑡

7: ∆ ← 𝛿𝛿𝑥̅𝑥𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓/𝛿𝛿𝑥̅𝑥𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

8: return ∆

(b) Trapezoidal Profile

Figure 3: Trajectories & current density for T0 and ρ̄∗

𝜌𝜌𝑗𝑗 =

𝜌𝜌0 + 𝑗𝑗 − 1
𝜌𝜌1 − 𝜌𝜌0
𝑛𝑛𝑟𝑟

, 1 ≤ 𝑗𝑗 < 𝑛𝑛𝑟𝑟

�𝜌𝜌1, 𝑛𝑛𝑟𝑟 ≤ 𝑗𝑗 < (𝑀𝑀 − 𝑛𝑛𝑓𝑓

�𝜌𝜌0 + 𝑀𝑀 − 𝑗𝑗
𝜌𝜌1 − 𝜌𝜌0
𝑛𝑛𝑓𝑓

, (𝑀𝑀 − 𝑛𝑛𝑓𝑓 ≤ 𝑗𝑗 ≤ 𝑀𝑀

• A more general square-top model that 
include a time of rise and a time of fall

• 𝜌𝜌0 and 𝜌𝜌1 are respectively the lowest and 
highest charge density.

Figure 5(b): Profile distortion with initial pulse length 
and charge
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