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Ultimate Goals
Applications

* Oncology, radioisotope
production, perhaps
nuclear physics and smart
scanners

* Many improve with
increasing laser intensity
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TARGETED PROTON THERAPY: CONVENTIONAL RADIATION THERAPY:

Deposits most energy on target Deposits most energy before target

http://www.floridaproton.org/what-is-proton-therapy/benefits
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PSR B1509-58* X-rays frof

~ Chandraare gold; Infrared frgm

* WISE in red, gkeen and que/max
(NASA / Caltech)

The ultimate intensity for study would
be 10%° Wem?
— Equivalent of 1.3 x 10!8 Vm2
* The critical field in QED
At E__, the laser field is strong enough
to break down the vacuum into pairs

Studying quantum effects may be
possible at lower laser intensity



[Laser-Plasma Interactions
The Quantum Regime
* For a pure electromagnetic wave: E+v x B|

77 Ecm't

* In the electron’s inertial frame,

the threshold is reduced by _ _|E+v xB|
, ="
gamma. Ecrz't
1/2
Y 1
* SO0 we can say: ~ (01—
A 1000 <1021Wcm2>

» Effects of radiation reaction become important at 10*! Wem
if the ‘target’ 1s at 500 MeV

* Ideal experiment for a dual beam laser system



Laser-Plasma Interactions
Nonlinear Inverse Compton Scattering

Photons/MeV &
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* First observation of nonlinear ICT by ) g M
Sarri et al. |

Photons / MeV

* Much was learned about measuring
the gamma rays and the experimental  SEERSE R g
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difficulties associated with this setup hv/MeV
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* Astra Gemini Laser " Ly \
— Dual Beam PW: ¢lass -«i:Sapphif% laser g
- Commo£1l flfont end(&ﬁiﬂator a’n%

\ three rnphﬁers)
| — - Inde ndently introyé&om"th ‘

ampllﬁ\éatlon stage and MPressor
 On our run: '_-- - T g siv g™
— pulse energy = 15 J per beam ik // ,
— pulse duration'= 44 fs 7 |

— F/20 focusing — 20 mlcron '
spot ]

— F/2 foeusing,2 2 micron spot
— Shot on demand (up to 1 every
20 seconds)




Overview of Gemini Experiment

In certain regimes, the electron
beam may be elongated along
the polarisation direction

Plan was to hit the electrons as

FIG. 3 (color online). Representative data showing the varia-

they left the gas Jet to try to tion of electron beam profile with laser polarization at n, =
increase the fraction of electrons 2.2 X 10" cm™3 with a pulse duration of 68 fs. The black line

. . indicates the laser polarization angle =5°. (a) —20°, (b) 10°,
which interact (¢) 30°, and (d) 50°.

EPOCH was used to optimise
the ‘drift’ between the gas jet
and the interaction

Then all we needed was a nice
electron bunch and good
overlap...

‘Murphy’s Law’ kicked in.

We saw gamma rays on a Csl
scintillator stack but not at
tightest focus

— Preliminary ‘estimate’ a; ~ 5 S P D Mangles et al. PRL 96 215001 (2006)




Example Apollon Experiment 1: Collisions

In either LFA or SFA:

We can generate electrons with
F2

— 2 GeV should be achievable

We can interact with the
electron beam with F1
— 1022 Wem2 should be accessible
in early experiments
Beam stability of one focal spot
width would allow interaction
at the highest intensity

Even with the Phase 1
parameters exciting regimes
will be accessible

Possibly the first observation of
positrons in the strongly
nonlinear Breit-Wheeler regime
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For example:
E.=2GeV (g=4000)
| = 1022 Wcm™2

n=1.2



However, what about a solid target?

E + v x B|
Ecm't

n="

* |n an accelerated . . 1/2
’Q 1 ! - n~0.1
electron’s 1nertial frame: " 1000 (1021W6m_2)

 But in laser solid

. Posc 2\ L1
interactions, gamma 1s do = moc x (IA7)>
simply the a, of the laser: v

n o< agl 1/2

* So we can say:
I

1023 W ermn/?

n~ 0.2



The QED+Plasma Regime

I
5% 10%Wem™*

n~0.1

FEEDBACK
QED processes

1 1

Classical Plasma
Physics

C.P. Ridgers, et al, PRL, 108, 165006 (2012)



Quasi-classical model

1. Split EM field into 'low frequency' (laser-fields) &
'high frequency' (gamma-rays) components

2. 'Low frequency' fields are treated classically

3. Use strong-field QED — basis states dressed by
fields

4. Keep lowest order interactions between
electrons, positrons, gamma-rays with classical low

frequency fields

Kk
Photon E Pair

=

emission production &

C.P. Ridgers et al, J Conth Phys, 260, 273 (2014)
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QED-PIC Codes

Update QED Monte-Carlo
rate equations emission
_ algorithm
Particle
energies
enerate Generate
photon/pair? photon/pair
E&B rticles
to PIC code
Push particles
E&B § y Current QED-PIC code

Update E & B




Ultra-relativistic plasma

DroCesses
I

5% 10 Wem™°

Relativistic correction
to critical density
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1. QED effects:  m~0.1

2. Relativistic transparency




Ultra-relativistic plasma

DroCesSSesS
I

5% 10 Wem™*

Relativistic correction
to critical density

1. QED effects:  n~0.1

2. Relativistic transparency
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3. Radiation pressure acceleration
I
10 Wem™°
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Ultra-relativistic plasma
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5% 10% Wem™*

Relativistic correction
to critical density

1. QED effects: n~0.1

2. Relativistic transparency
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3. Radiation pressure acceleration
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All 'switch-on' at ~10**Wcm™




Example Apollon Experiment 2:
Solid Target Study

e Just shoot it.

* May potentially need advanced
focusing to reach the required
intensity

— Rick?

* The important / difficult aspects
here are:

— Positioning the target
* THE Ohio State University
* Central Laser Facility

— Measuring the gamma rays
generated
* Demonstrates a need for spectral

measurement of gamma rays at
ultra-high flux




‘Conclusions’

* Experiments on current facilities are succeeding to
make measurements but the experiments are very
challenging and the results are often difficult to
interpret

— Increased involvement from other groups is essential

* Challenges and opportunities:

— Electron Stability
* Should be improved by lower plasma density and improved laser
pointing stability at Apollon
— Hitting the electrons with the laser

* Currently experiments have yielded many i1deas and expertise in this is
growing

— How will we obtain a gamma spectrum

* Current work 1n conjunction with the University of York Nuclear
Physics group at developing detector 1deas

* Queens University Belfast are also working on detector development



