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Beam loading and matching
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The plasma electron density distribution of the toy model at the 
start of the simulation (represented by the grey scale). 𝑛0 = 7 ×
1014 cm−3. The blue solid line represents the loaded longitudinal 
wakefield Ez.

• The matching condition (matched 
beam radius for Gaussian beam):
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Generalized Gaussian function and Kurtosis
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𝑛 𝑦 ~exp − 𝑦 𝑝

Parameters for quantifying beam halo:
• Kurtosis h

ℎ =
𝑥4

𝑥2 2
− 3

• Halo parameters H
𝐼2 = 𝑥2 𝑥′2 − 𝑥𝑥′

𝐼4 = 𝑥4 𝑥′4 + 3 𝑥2𝑥′2 2 − 4 𝑥𝑥′3 𝑥3𝑥′

𝐻 =
3𝐼4
2𝐼2

− 3

*C. K. Allen and T. P. Wangler, “Parameters for Quantifying
Beam Halo”, in PAC’01, 2001, paper TPPH032, pp. 1732-1734.The 1D density distribution for the generalized Gaussian 

transverse beam profile with identical r.m.s. beam size, i.e., 
𝜎𝑦 = 𝜎𝑟,𝑚 for all cases.
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Normalized Emittance *Geometric mean of the normalized emittance: 
𝜖𝑛 = 𝜖𝑛𝑦 ∗ 𝜖𝑛𝑧, 𝑦 and 𝑧 are transverse coordinates

Figure 3: The geometric mean of the normalized projected emittance (a) and the 
corresponding slice value (b) along the beam that sampled at c ∗ t = 7.377 m. h0 is 
the initial kurtosis.
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Beam loading and matching
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The plasma electron density distribution of the toy model at the 
start of the simulation (represented by the grey scale). 𝑛0 = 7 ×
1014 cm−3. The blue solid line represents the loaded longitudinal 
wakefield Ez.
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Transverse wakefield



Emittance growth

10/06/2021 6

Projected emittance (normalized) and transverse size



Plasma response to the non-Gaussian profiles
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n0: plasma electron density; n1: witness beam density; ex: longitudinal wakefield; fy=Ey-c*Bx: transverse wakefield.
legend shows the initial kurtosis.
*Note: Both plots shows the results after one simulation step (10𝑐/𝜔𝑝), not exactly s = 0 m, although the step is 

much smaller than one betatron oscillation period.



Core statistics

• Definition of the ‘core’:
𝑥2

𝜎𝑥
2 +

𝑝𝑥
2

𝜎𝑝𝑥
2 +

𝑦2

𝜎𝑦
2 +

𝑝𝑦
2

𝜎𝑝𝑦
2 < 4

• Core brightness:

𝐵𝑐 =
𝑄𝑐

𝜎𝑡𝜖𝑛𝑥𝜖𝑛𝑦
• Core ratio:

𝑄𝑡 =
𝑄𝑐
𝑄𝑡𝑜𝑡
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Summary

• The generalized Gaussian function can be used to the beam shape 
more precisely and the parameter--kurtosis is used to quantify its 
deviation from the standard Gaussian distribution.

• Second moments like RMS transverse size and emittance is generally 
not sensitive to the impact of higher order distribution factor. But the 
high kurtosis beam of the low charge case results in a lower 
emittance. Analytical treatment on this is to be pushed forward in a 
next step.

• A transverse beam profile with initial high kurtosis can result in a high 
core brightness.
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Thanks for your attention!



Extra: Hosing induced by high 
kurtosis beam
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Hosing induced by high kurtosis beam
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the transverse centroid displacement rc of the 
slice at the beam tail (2𝜎𝑧 behind the centre)

𝑘𝑝∆𝜉 = 5.88

The loaded longitudinal wakefields of different injection points 
at the initial moment (a) and after acceleration of s=8.03 m (b)



Hosing mitigation via ‘BNS damping’

10/06/2021 13

The loaded longitudinal wakefields of different injection points 
at the initial moment (a) and after acceleration of s=8.03 m (b)

Projected emittance (normalized) and transverse size
𝑘𝑝∆𝜉 = 6 for ℎ0 > 0 and  𝑘𝑝∆𝜉 = 5.95 for ℎ0 ≤ 0 are 

required to control hosing. 

ℎ0 = 3.3



Energy spread
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• Energy spread is mainly a longitudinal 
effect.

• The phase slippage of the witness beam 
brings another benefit: reducing the 
relative energy spread if 𝑘𝑝∆𝜉 > 5.88



Numerical noise of different macroparticle number
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ℎ0 = 3.3

• A macroparticle number of at least 106 is required to eliminate a large part of the influence from the 
numerical noise to the simulation.


