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Different Lasers for Different Tasks 

Mid-IR pulse:

Ionizes gas (low-Z), 

creates plasma

Creates the plasma 

bubble

Guides near-IR  or 

visible pulses 

Near-IR pulses:

Ionizes gas (high-Z)

Provides direct laser 

acceleration

Bunches the beam

Produces hard X-rays 

Combining and synchronizing near-IR and mid-IR pulses would be a 

unique aspect of ATF-II “surgical” injection, direct laser acceleration 

 novel hard X-ray optical and attosecond particle probes of matter

𝜆 = 0.8𝜇𝑚 𝜆 = 0.6𝜇𝑚

𝜆 = 9.6𝜇𝑚



Unique properties of the DLA beam

The angular spread of the DLA electrons is higher than that of non-DLA electrons 

the beam is not well suited for FEL or collider apps without extra processing

Ultra-short bunches (𝜎 ∼ 𝜆𝐿/10)  

attosecond probes of atomic physics

But it has other great features that make it immediately attractive 

for incoherent radiation generation!

in plasma

out of plasma

Highly non-Gaussian transverse 

profiles

Longitudinal profile Transverse profile
Transverse 

phase space



The case for beam-laser synchronization  

The wake decelerates the electrons, but the DLA pulse accelerates 

them at more than twice the deceleration rate!  X-ray sources based 

on synchronized lasers and electron beams (ATF-II) 

Loss to wake

Gain from laser

𝒙 − 𝒄𝒕 /𝝀𝑳

𝑥 = 700𝜆𝐿

External injection into the decelerating phase of a plasma bubble

𝝀𝟏 = 𝟗. 𝟔𝝁𝒎 pulse: 

𝑷𝟏 = 𝟏𝟕𝟎TW (𝒂𝟏 = 𝟔)

𝝉𝟏 = 𝟒𝟐𝟎fs,  𝒘𝟏 = 𝟏𝟓𝟎𝝁m
𝐖𝐰𝐚𝐤𝐞/𝒎𝒆𝒄

𝟐

Plasma density: 

𝑛0 = 4 ⋅ 1018𝑐𝑚−3

Initial energy: 

𝑝𝑥0 = 25𝑚𝑒𝑐
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Change of the LPA paradigm by Direct 

Laser Acceleration Inside a Plasma Bubble

•The main role of the bubble is not to accelerate but 

to provide focusing field to undulating electrons 

mid-IR driving pulse!

•Attosecond electron bunches produced by laser 

slicing inside the plasma bubble  near-IR pulse

•Excellent source of X-ray and Gamma-ray radiation 

because of the large undulator parameter 𝐾 = 𝑝⊥/𝑚𝑐

𝜔𝑐 ∼ 𝐾3𝜔𝐿

𝐾
𝜔𝑐 ∼ 2𝛾2𝜔𝛽

𝐾3

1 + 𝐾2


