| aser-plasma based
particle acceleration

Alec Thomas

Much credit to many others including: Karl
DOE TOWﬂha” on Krushelnick, Louise Willingale, Zhaohan He,
Tolya Maksimchuk, John Nees, Victor
Plasmas Yanovsky, Peng Zhang, Chris Ridgers M

June 30 - July 1 2015 UNIVERSITY OF
MICHIGAN




Ultrashort Pulse High
-leld Laser-Plasma
Physics

Alec Thomas

Much credit to many others including: Karl
DOE TOWﬂha” on Krushelnick, Louise Willingale, Zhaohan He,
Tolya Maksimchuk, John Nees, Victor
Plasmas Yanovsky, Peng Zhang, Chris Ridgers M

June 30 - July 1 2015 UNIVERSITY OF
MICHIGAN




What does high field mean”

* Could mean one of two things:

1 . Electromagnetic Field is large compared to
the QED Critical Field:
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2. ~lectromagnetic Vector Potential is large
compared with relativistic threshold
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Non-linear QED
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Typical properties of plasma
generated in high intensity interaction

e [aser intensity 1022 \Wcm-< corresponds to
radiation pressure of 1017 Pa = 1012 Bar!

 Plasma “temperature” may be relativistic - Very
far from equilibrium

 May not be quasi neutral - May have system
small relative to Debye length

 May not be plasma everywhere - interface
between condensed matter and plasma



Typical properties of plasma
generated in high intensity interaction

* (Generated fields in the plasma are similar

strength to applied laser field - I.e. very strong
indeed (>TVm-1)
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- By changing laser and plasma initial
conditions we can harness these fields to
accelerate charged particles
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Electron energy spectrum (Leemans, PRL 2015)
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Production of electron
positron plasma
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Waketield based photon sources

All optical
Compton source
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Radiation Pressure
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Some applications

High Order Harmonic L aser acceleration of ions for Laser wakefield acceleration
attosecond pulse generation for medical hadron therapy applications for table top sources of
generating atomic “movies” and advanced fusion schemes energetic electrons

Targat Materal

Directional high energy neutron Table-top x-ray and gamma ray Exotic particle beams for
beams for radiography and sources with high brightness advanced radiography

active interrogation and tunability applications



Where is the frontier of laser-
plasma based particle acceleration
/ what are the grand challenges”



Where Is the frontier of /aser-

plasma based particle acceleration
/ what are the grand challenges”

 Can plasma based accelerators realize their potential to
provide charged, neutral particle and photon sources for

plasma physics, high energy physics, condensed matter
physics etc experiments, for medicine, industry,
engineering, homeland security... ?




* Jo what extent can we control plasma behavior?

 What new plasma physics arises as the field
strength increases??




aser precision...

e fs laser can have pulse duration ~ plasma

neriod

 High field strength means-

luid perturbation

arge compared to fluctuati

Oons

e - well established initial conditions, classical
dynamics (?) lead to deterministic outcome




L WFA at a kHz

Electron beam profile images (EMCCD)
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Strong field QED in plasma

Photon emission by Decay of photon to
(dressed) electron @ ke (dressed) pair
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e This may be important for the next generation of
ultra powertul lasers

X ~ 10™%vag

e For 1023Wem=  ap~300, particles accelerated
{0 y~ao

e 45GeV -y~ 104



QED plasma state
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What enabling facilities
are / could be made
avallable”



HIgh Intensity Laser-Plasma
interactions research in US

TW-PW class, ultrashort lasers
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ICUIL World Map of Ultrahigh Intensity Laser Capabilities
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What enabling facilities

are / could be made
avallable?

1. High repetition rate, high power, ultrashort pu
systems (e.g. >>TW class, >10 Hz repetition

se |laser

rate)

2. Very high power (>PW) multi beam laser systems



summary

Igh intensity laser plasma interactions

e are fundamentally interesting - new plasma
behavior to explore

* |nterface with condensed matter and strong field QED

* have many applications

—nabling facilities are very high power, ultrashort
oulse lasers

* Preferably multi-beam, high rep rate




