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Motivation

e LCLS-II
» High repetition frequency (super conducting, ~MHz)

» Energy: 8 GeV, Current: 2kA
» plasma acceleration: 8 GeV—> 16 GeV to reach >20 keV radiation
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Main Challenges

* X-FEL have stringent requirements to the beam quality:
ey, | and o/E
» |: can be conserved

» g,: can be conserved using plasma to matching in and out; ion
motion induced growth?

» o¢/E: (1) slice energy spread in an infinitely thin slice: transverse
non-uniformity of the E, field - may be caused by residual electrons
inside the wake or the ion motion

(2) slice energy spread in the cooperation length@~60nm: the local
chirp of the E, and the slice energy spread in an infinitely thin slice,
<p~3x10*(16 GeV beam, A =0.062 nm)

(3) projected energy spread: the profile of the E,, can increase the
bandwidth of the radiation
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The slice energy spread in an infinitely thin slice
- transverse non-uniformity of the E,

Because there are some residual charge inside the wake, the E, field is not
perfectly uniform in the transverse direction.
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We can see the relative non-uniformity of E, is less than 10~ in most of
the wake, thus the growth of the energy spread in an infinitely thin
slice due to this effect can be neglected.



The slice energy spread in a cooperation
length - beam loading

The cooperation length Lc =

T

2\/Tp

» 16 GeV case, A, =0.062 nm, p~3x10* 2 L=60 nm (k L.~3x107).
If we assume the E, field is smooth on the scale of L, the
relative variation of E, over L. can be estimated as
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QuickPIC simulation Results
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The values of ‘Time’ are not correct after Time=6000. Please ignore these values.



QuickPIC Simulation results at z=1.45 m
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lon motion induced by the beams

. . . »n, =350 n  (8GeV, €\=1.2um, 0,=0.5um)
QuickPIC one-step simulation > ~1000 1 (8GeV, £,=0.4um, ,0.3um)
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lon motion induced by the beams
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Quantify the slice energy spread growth

(1) Assume the transverse distribution of the beam is fixed, thus the
distribution of E, is fixed.

(2) Axial-symmetry geometry.
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Quantify the slice energy spread growth
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Quantify the slice energy spread growth

If E,0/AE, > 1 which is valid in most cases, we can get
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Next we discuss the induced relative energy spread in two opposite limits. If
kK<L,
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Quantify the slice energy spread growth
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Figure 1: Left: The dependence of the factor on k. Right: the comparison of the
slice energy spread from numerical calculations (black circles) and the formula (red
line). Parameters: E; = 8 GeV, E,g = 2, AE, = 0.01 and the acceleration distance
is L = 8000. Because the spot size of the beam decreases as the energy grows, there
is small difference between the numerical results and the formula.



Predication from QuickPIC
one-step simulation
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Agreement is good for the region
whose slice energy spread is
dominated by the ion motion.



QuickPIC long simulation at z=1.45 m (E, =16.1 GeV)

lon motion also cause the emittance growth and the distortion of the B-function.
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Solutions

» Spoil the emittance of the driver

» Use Lithium instead of Hydrogen
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Summary

 We simulate the energy-double of the LCLS-I
beams in plasma wakefield acceleration.

* Possible growth of the emittance and the
energy spread and the distortion of the -
function induced by the ion motion are
studied.

e Solutions to suppress the ion motion for our
parameters are proposed.



* Thanksl!



