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Motivation

Plasma Wakefield Acceleration (PWA)

m Plasma-based particle accelerators driven by lasers as
compact and useful accelerators for the future

m Accelerating gradients in plasmas about 3—4 orders of
magnitude higher than in conventional accelerators

m Based on the plasma response to a short laser pulse

m Generation of a longitudinal electric field with a phase
velocity close to the speed of light

m Acceleration of the electron bunch with high electric field
gradient
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Motivation

Features of Plasma Wakefield Acceleration

Dependence of acceleration on plasma density ny,

m Plasma wavelength )\, determined by n,

Apl &~ 1[{mm)], /%

Size of plasma accelerating structure determined by n,

ny ~ 1017 cm ™ wavelength is 0.1 mm

Requirement on timing and synchronization is 3 pum.

For electron with light velocity equivalent to 10 fs.

— Synchronization between electron bunch and laser
around some femtoseconds needed
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Motivation

Shot-to-shot feedback system

m Development of a new shot to shot feedback system
with a time resolution < 1 fs

Laser l
& Y/ Rss=10 mm

5

EO crystal
j
I/

m Operating mode:
Generation of Terahertz (THz) pulses by optical
rectification of high energy laser pulses in a

nonlinear crystal (in work)
Energy modulation of the electron bunch using the

THz pulses (planned)
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Motivation

Requirements for THz generation

m Conversion efficiency

_ meoC fooo dQ n(Q)|A(Q, 2)|?
— F

m Stability

m Choice of the crystal

— Influence of the optical properties

— Systematic calculation
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Motivation

Outline

Modeling of THz generation

Different modeling/approximations of the optical
properties

Results

m Influence of the intensity decreasing of the laser pump

Summary and outlook

S. Mattiello, H. Schlarb und A. Penirschke Technische Hochschule Mittelhessen

Optical investigation to minimize the electron bunch arrival-time jitter between fs laser pulses and electron bunches for Laser-Driven



Modeling of THz generation

Description of the THz generation

m Wave equation in a nonlinear and dispersive medium
, W = 2
<V + ge(w)> E(w, r) = —pow” Pxp(w, F)

m Neglecting of the laser depletion in the crystal
m Solution Ansatz: E(w,z) = A(w, z)e ")z
m Two solution strategies:

Solving the whole second order equation
Slope Varying Approximation (SVA):
Neglecting of oc 24 — First order equation

S. Mattiello, H. Schlarb und A. Penirschke Technische Hochschule Mittelhessen

Optical investigation to minimize the electron bunch arrival-time jitter between fs laser pulses and electron bunches for Laser-Driven



Modeling of THz generation

THz generation in SVA

m First order THz wave equation (SVA)

9 _ Oé(Q) Q PNL(Z7Q) 1k(Q)z
82A(Q’Z) =-— A(Q,z)—z2k(Q)c2 = e

m Polarization

Pni(Q, 2) = sox®@ / dwA, (w48, 2) Al (w, z)e!(kQ+w) k()2
0

m Relations to the dielectric function £(£2)
k(Q)c 2Q

n(Q) = —q = Rve(Q) und Q) = T% £(Q2)
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Optical properties

Optical properties

m Two frequency ranges

around the laser frequency wyq in polarization
integral
in THz for o und n

m Around wyg:
m Linear approximation: k(Q 4+ w) — k(w) =~ %:Q

— analytic solution for Gaussian laser pulses

m Sellmeier equation for k(w)

Deng et al., Optics Communications 268, 110-114 (2006)
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Optical properties

Dielectric function in THz range
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m Oscillator model: £(Q) = e +3; oo,
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m congruent LiNbOj3: models vs. data
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Optical properties

Contribution of the free carries (FC)

m Generation of free charge carriers by the laser pulse (FC)

m Different determination of the modified absorption

B Approximation of the absorption coefficient:
o — &+ Qpc

B Systematic description in the dielectric function:
£ — €+ EFC

2

m Drude model for the FC term epc(Q) = —92:—5/7

with the plasma frequency wf)l =2
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Optical properties

Modeling of the density of FC o

3 photon absorption (3PA)

ST T T T T T T T T T T T
+ H i m  Density of the free carries within 3PA:
L ] N R
— 4F ! P ] ezpallp) = 72 3l
o f i/ ]
E [ Y ] m  Saturation at the fluence
S 3F ,5 = Papa - Fs = 50 mJcm ™2,
X I — F0 symmetric 1 0s =~ 4 X 10Mem—3
= ]
— o[ — F =10 mJ/em’ . ) o )
— r 0 s 1 m Different parameterizations using:
a | — F,=12 mJ/em ] o(lp) = loo — A e~ p—o)
i F,=15 mlfem’ 3
r 1 m  Unique parameterization by [y
o) P I I I I I I P, or Fo for a Gaussian pulse with duration
0 10 20 30 40 50 60 70 80 T=25fs

Fo ml/em” |

m Investigation of the influence of the fy on
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Results

Results for fixed fluence

SVA: Fixed fluence F, =5 mJ/cm?
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m Underestimation of 1 within FC approximation
m Strong influence of the FC contribution

m Dependence on the dielectric function parameters
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Results

Results as function of the fluence

SVA: fixed crystal length L =5 mm
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m Strong influence of the FC parameterization:

monotonic dependence vs. three regime behavior

m Non negligible dependence on the dielectric function
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Results

Comparison: Second order vs. SVA (I)

Fixed fluence F, =5 mJ/cm?
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m Negligible deviation without FC

m Strong deviation by considering the FC contribution
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Results

Decreasing of the pump intensity

m Intensity decreasing induced by 3PA
Io(t,2) = b(t — to) (1 + 27305 (t — 1))

m Influence on 7 in SVA:

~1/2

m Taylor Expansion
m Fourier Transformation of the Taylor expansion

2

Q

un —
e 4op

W(Q.z) =Y I, 2" with I,= o
n=0 n

— 1,(, z) as the inhomogeneous term
of the equation of motion
— For a Gaussian pulse A(,z) =>" ", a, z"
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Results

Influence of the pump intensity decreasing

Deviation § in SVA without FC

b Schall(1999) h
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m Significant reduction of 7

m Increasing of § with the fluence — saturation expected
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Summary and Outlook

m Summary

m Dependence of the conversion efficiency on the
optical properties

m Strong influence on the free carriers contribution

m Important role of the second order terms
and of pump intensity decreasing

m Systematic treatment of the optical properties and
the full wave equation

m Outlook
m Further investigation of the pump intensity
decreasing effects
m Dynamic calculations of the free carriers density
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