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Ultra-intense lasers have a multitude of applications

Achievements reached exploring very few fundamental properties (e.g. intensity)

Astrophysics Particle acceleration Radiation generation

B-field generation Electrons Betatron radiation

20 um Ag foil
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Exploring new fundamental degrees of freedom in lasers could also

give rise to equally exciting achievements

Orbital angular momentum is a fundamental degree of freedom that stands in equal

foot to laser intensity and duration
Main properties ot OAM

Helical wavefronts

Laser electric field isosurfaces

Donut-shaped intensity profiles

Transverse slice of laser envelope

JAM lasers are described L'-’))] LG modes

Transverse laser profile: Helical phase and
doughnut shaped profile
Helical phase
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Orbital angular momentum also
corresponds to spiralling wavevector
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Revolutionary applications at low intensities

below damage thresholds

The role of orbital angular momentum in laser-plasma interactions has been

scarcely explored.

Ultra-fast terabit
data transmission

More information encoded
for different OAM at each
frequency

Woang et al, Nat Photonics 2012
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One of the challenges for a plasma based linear collider is
high gradient positron acceleration

Large amplitude plasma waves ideal for electron acceleration...

02,
...but not for positron acceleration

The first surfer on a physics paper:

T. Katsouleas, J. Dawson IEEE TNS
30, 3241 (1983)

World’s biggest wave (Nazaré, Portugal)
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OSIRIS 2.0, 3.0 /dev

osiris framework

osiris
v2.0 - | Massivelly Parallel, Fully Relativistic
Particle-in-Cell (PIC) Code
Visualization and Data Analysis Infrastructure

Developed by the osiris.consortium
= UCLA + IST

code features

Scalability to ~300 K cores
SIMD hardware optimized
Tunnel (ADK) and Impact lonization

!ﬁ Optimized higher order splines
Parallel I/O (HDF5)

DTS Ricardo Fonseca: ricardo.fonseca@ist.utl.pt + | Boosted frame in 1/2/3D
Frank Tsung: tsung@physics.ucla.edu - | Ponderomotive guiding center

TECNICO
ucu http://cfp.ist.utl.pt/golp/epp/
http://exodus.physics.ucla.edu/
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Laguerre-Gaussian lasers can drive doughnut shaped bubbles in

strongly non-linear regimes

Linear doughnut wakefields Non-linear doughnut bubbles

Laguerre-
Gaussian laser

doughnut plasma
wave

o

«0

J.T. Mendonga and J.Vieira, PoP 21,033107 (2014).|| |.Vieira and J.T. Mendonca PRL 112,215001 (2014)
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The onset of positron focusing and acceleration occurs when

the inner sheath of the doughnut bubble merges on-axis

Onset of positron focusing e+ can accelerate at doughnut front

Propagation direction Foc/Accel. Force [Arb. Units]
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Doughnut bubbles can have positron focusing fields that are much
stronger than pure ion channel

: , Focusing force in blowout
Nonh-linear theory in the blowout

Large blowout radius >
_|||||||l||||||I||||I||||I||||I||||

0= — <1 ~ simulation

+1

theory /

e” focusing

Focusing force in electron-focusing regions ;
2 / | :
r R AT —
Wfr — 5 _ 8_ =
r e* focusing ;

Focusing force in positron-focusing regions

Transverse position
©
Focusing force [Arb. Units]

pure ion channel

Electron filament [EAdgelal-f L 4]y
focusing!

lon column

Distance

Jorge Vieira | E-AAC Isola d’Elba, Italy | September |5 2015



3D simulations show positron acceleration in strongly non-linear
regimes

3D simulation of e+ acceleration
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There are different ways to produce OAM light at high intensities

OAM transfer
device
Spiral phase plate

Gaussian beam OAM beam ' Ro Tl'il‘les et al Nat. PhYSo 7, 87 (20' I)
)}
| e b))
[ gl i l" I
%) b 1 3 °

Stimulated Raman scattering

Spiral phase plate Stimulated Raman scattering: energy transfer from
a long pump to a short probe leading to efficient

pulse compression
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W Rutherford Appleton Laboratory

Probe

OAM plasma wave

Pump

Jorge Vieira | LPAW Guadeloupe | May 13 2015



Production and amplification of
new mode with [ =2

Production and amplification of
new mode with [ = 3

J. Vieira, R. Trines et al submitted for publication (2015) Jorge Vieira | LPAW Guadeloupe | May 13 2015
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Doughnut wakefields inject ring electron bunches
which could then be a driver for a PWFA

Exotic lasers Wake from a hollow e-beam driver

Orbital angular momentum
y (QAM)

Charge Density [ng] E; - Bg[meC w, /€]

Doughnut 0 5 10 15 20 0 5 10 15 20
plasma wave 2-ct [cl] z-ct [clay]

Accelerating field

0 5 10 15 20

' z-ct [c/my]
Ring electron beams [B.B. Pollock et al PRL (2015)] J.Vieira et al Proc. of AAC (2014); N. Jain et al arXiv (2014)
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Positron acceleration with doughnut
electron bunch drivers
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Positron acceleration occurs in regions with high background
plasma electron density or in regions without plasma (hollow channels)

High density electron filament

Hollow plasma channel

Doughnut blowout regime
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A positron beam driver can create a self-driven plasma hollow

channel for positron acceleration

L.D. Amorim et al (2015)

Plasma ions

Density no
Mass Mion ~ 1836 me

Charge q=+e

e+ witnhess bunch

\/'Qa

—

e+ drive beam

Test particle regime
Length 0, = 12 c/wp
Width 0. = 0.12 c/wp

Density npb = 200 no
Length 0; = 6 c/Wp

Width g = 0.12 c/w, tightly focused

Energy = 2.5 GeV

can be relaxed for longer beams

close to the plasma wavelength

ultra relativistic
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Simulations show positron bunch energy gain inside the hollow

channel

Evolution of the plasma ions density (slice of 3D)
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Simulations show positron bunch energy gain inside the hollow

channel

Evolution of the plasma ions density (slice of 3D)

Hollow channel
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Positron focusing and accelerating fields in hollow channel created by

narrow drivers

L.D. Amorim et al (2015)

Acceleratlng wakefield inside the hollow channel Focusmg wakefields inside the hollow channel
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Non-linear accelerating wakefields:
= Strong decelerating fields at front of driver ( Eaccel > Eo = mec,/e)

= Peak field in the hollow channel region ~ 0.7Eo
= Sawtooth shape

Positron focusing wakefields:
= Are highly defocusing in the drive beam region (Efocus > 20 Eo)

= Mainly focusing for lengths of ~ A, = 21T inside the channel
= Focusing due to plasma e’s in the channel region
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Conclusions & Future work

Positron accelerations with exotic beams
® Lasers with orbital angular momentum
® Ring electron bunches

® Self-driven hollow channels by tightly focused
positron bunches

Exotic beams can be produced experimentally

® Pure OAM lasers are not that different from
Bessel beams which can also have orbital angular
momentum

® Doughnut electron bunches have been produced
in the LWFA and in conventional accelerators

® Tightly focused, overdense positron beam drivers
could be achieved at lower plasma densities

GoLP/IPFN W Instituto Superior Técnico

Jorge Vieira | E-AAC Isola d’Elba, Italy | September |5 2015



