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Abstract 

We report the transverse phase space diagnostics for electron beams generated through ionization injection in a laser-plasma 
accelerator. Single-shot measurements of both ultimate emittance and Twiss parameters are achieved by means of permanent 
magnetic quadrupole. Beams with emittance of µm rad level are obtained in a typical ionization injection scheme, and the 
dependence on nitrogen concentration and charge density is studied experimentally and confirmed by simulations. A key feature of 
the transverse phase space, matched beams with Twiss parameter aT :::c 0, is identified according to the measurement. Numerical 
simulations that are in qualitative agreement with the experimental results reveal that a sufficient phase mixing induced by an 
overlong injection length leads to the matched phase space distribution. 
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1. Introduction

Laser plasma accelerators (LPAs) [l-3] can generate GeV 
electron bunches within centimeter-scale distance [4-10], 

which makes it promising candidate for the future compact 
light sources [11, 12] and linear colliders [13]. Besides suf­
ficiently high beam energy, these LPA-based applications 
also have strict demand for the beam qualities, i.e. high cur­
rent, low transverse emittance and narrow energy spread. 

In order to obtain the desired high-quality beams, con­
trollable particle injection must be achieved in the micron­
class and highly transient plasma wake. As an important 
controllable injection method, ionization injection [6, 7, 
14-17] has been proposed for years and are considered highly
controllable and flexible. However, it is still challenging to

generate high quality beams in such injection schemes 
because of the complex dynamics therein. One of those is the 
phase mixing [18] which has been proved to be responsible 
for the rapid emittance growth. Due to this effect, the accel­
erated beams tend to have a matched transverse phase space. 
This feature can be easily witnessed in simulations but not yet 
reported in any LP A experiment till now, because most of the 
existing diagnostics of LP A only allow emittance measure­
ment but not characterization of transverse phase space. 
Radiation-based methods [12, 19-21] work depending on 
some assumptions like matched phase space or theoretical 
trajectory of betatron oscillation in the plasma wake. They can 

estimate the beam emittance inside the plasma wake but not 
that exiting the accelerator due to the emittance evolution 
within the plasma-vacuum transition. Although complete 
















