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FIG. S1. The weakly nonlinear wake produced by the pre-pulse. High density electrons converging
at the rear of the wake have (a) positive longitudinal momentum, pz > 0, and (b) inward transverse
momentum, px /x < 0, when they are deflected by the driver pulse and split to form the narrow
plasma channel observed in Fig. 1 of the main manuscript. The position of the peak of the prepulse, z0 (· · · ) and driver pulse (- - -) are indicated. Part (c) shows the electron density modulation
δn/n0 , where increased density is observed for the converging electron streams. This snapshot
using only the pre-pulse laser is taken at ct = 4 mm, where the normalized amplitude of the prepulse is 1.85.
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S1.

EFFECT OF THE PRE-PULSE

9

The effect of the pre-pulse on the electron density modulation δn/n0 , transverse electron

10

momentum px /(me c), and longitudinal electron momentum pz /(me c) in plasma without

11

the driver pulse is shown in Supplementary Fig. S1. The dashed line (- - -) indicates the

12

position chosen for the peak of the driver laser pulse, ahead of the back of the wake and in

13

the converging streams of electrons displaced by the pre-pulse. These electrons have both

14

forwards (longitudinal) and inward radial momenta, as shown in Supplementary Fig. S1(a)

15

and (b), respectively. The driver pulse encounters a reduced on-axis electron density [part
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FIG. S2. Nonlinear theory1 used to estimate the plasma response to the pre-pulse laser. Part (a)
shows the density modulation, δn/n0 , and part (b) the longitudinal electric field, Ez , with z0 the
position of the intensity peak of the pre-pulse laser and λp the plasma wavelength. The vertical
dashed line indicates the delay chosen in this work, where good channel production and guiding is
observed when a0 & 1.7. The on-axis density and Ez line-out from Fig. S1 (· · −), where a0 = 1.85,
are shown for comparison. This figure is for a plasma density of n0 = 7.17 × 1017 cm−3 .
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(c)] and interacts with the converging electrons, driven by pre-pulse, to produce a well-

17

defined parabolic plasma channel that facilitates guiding of the second pulse, as shown in

18

Fig. 1(b) of the main manuscript.
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S2.

20

For optimizing delay between pre-pulse and driver pulse, we use a nonlinear 1D theory1,2

21

with the plasma and pre-pulse parameters used in the main manuscript. The Eqs. (1)–(3)

22

of the main manuscript are solved to estimate the plasma response to the pre-pulse, and

23

the corresponding numerical results are illustrated in Supplementary Fig. S2. The dashed

24

line (- - -) is chosen as the position of the peak of the driver pulse, which is at a distance

25

of 0.85 λp from the position of pre-pulse (· · · ). The plasma wave driven by the pre-pulse is

26

not directly used to guide the driver pulse, nor is the delay tuned to resonantly excite the

27

plasma wave. For the parameters used here, we found that reducing the delay to 0.85 λp

28

caused the oscillating electrons to interact with the driver pulse as they travel back towards

29

the laser axis as a denser sheath current, resulting in a narrow high-walled density channel

30

surrounding the laser. Observation from simulations show that this is a parabolic channel

ESTIMATING OPTIMUM DELAY

3

31

that can be used as a waveguide to sustain high-intensity (Irms > 4.5 × 1019 W/cm2 ) pulses

32

over nearly a centimetre in low density plasma. If longer pulse delays are required then,

33

provided that the pre-pulse intensity remains sufficiently low to generate a well-behaved

34

plasma wave below the threshold for self-injection, suitable plasma conditions could also be

35

found in subsequent plasma oscillation cycles (bubbles).
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