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Advantages of using Methods:

Laser > Generated photons
> Short pulse duration « FEL

> Large Bandwidth « Compton Scattering
> Large EM field > Modify laser profile
> Accurate phase » Electro-optic effect

Information
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Invasive Techniques
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Source of radiation and use of radiation for
electron diagnostics

Slice emittance, longitudinal distribution of short (100 fs) electron
bunch can not be measured by standard techniques—-> generate
optical replica of the electron beam
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Use standard optical technique to measure beam parameters
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Non-invasive Technigues
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Electro optic effect as e- beam
diagnostics
> What Is electro-optic effect?

Field

The electric polarization P can be written as
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&, IS vacuum permittivity, x™ n order tensor electric susceptibility, 1,j, and k
are Cartesian indices, E;, E; can have different frequencies
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The first term P = ¢, xY : E applies to all linear optics and
leads to optical index of refraction and dielectric constant .

For a , terms with higher order ¢ vanish and
P=¢,y"V:E

P(o) =72 E () E (o))
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Zyk Is a 3x3x3 third rank tensor. Since the input and out put
frequencies are the same (w,~0), it can be contracted notation for
(i) ie. 1=(11), 2=(22), 3=(33), 4=(23), 5=(13), 6= 12). This reduces
the number of independent tensor elements from 27 to 18. The
crystal symmetry may further reduce it since some of the tensors
may be zero. In the contracted form, the 18 elemapts of
and the components of the polarization vector can be written as

11121314 15416
A0 232425826
X31 4324334834 435436
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ow to relate to measurable quantity?

The index of refraction n{w) and the dielectric constant € (w) are
related to the real part of the susceptibility by
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The susceptibility is rel%ted to the electro-optic coefficients r;
through the optical impermeability B;,

By,  =(1/g) = (1/n?%);,
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Phase difference and intensity modulation are

5 _ 2l I=1I, sinz(g)
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Index of ellipsoid: general
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Index Ellipsoid: Uniaxial crystal

||
nunans

TN

Triveni Rao, USPAS 2013, Duke
University.



‘ : Y
X

The electric field dE in the crystal with dielectric constant € at a
distance r from the relativistic electron beam due to a charge odv

2 = () o) dylr' T

The field decays rapidly along the y
direction, past the extent of the beam

dE(X,t) = (M4 rsy) o(y,t) dyler?
dE(z,t)=(/4rs,) o(y,t) dy/er?
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Time dependent field leads to time dependent change in index of
refraction and index of ellipsoid
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Redefine the principal axes X,, calculate the refractive indices N ;
and the phase difference O between the orthogonal components

5_—IN _ Ndx,

where x, is the laser propagation direction, L is length of the
crystal in that direction and N;; are refractive indices in directions

orthogonal to propagation

, SiN* (260 + 2¢)sin® —

here 8 Is the angle made by the E vector of the laser beam with
he y-z plane, @ is the field dependent orientation of the new
Incipal axis with the old one
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For Lithium Niobate

Rotation ¢ of Principal axes

] Direction of propagation of Laser
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¢ Is independent of field for 4 cases, dependent on field along

one direction in 1 case
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Direction of propagation of Laser

Direction of propagation of charge bunch
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Two specific cases

e along y axis, laser along x axis e along z axis, laser along x axis
5= —(L19x10°%L (119 x 10°)L
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No cross filed terms, Large Static term, Large coefficient for case 1
Need to compensate for the static term
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We showed that [ =1, sin ‘(20 + 2¢)sin”

If laser polarization is set at 45° to field free optical axis (6 =45°

I(t) o [77+ SiN*(5,+ AV))]

where n Is the intensity extinction
coefficient of the optical arrangement
(fraction of the transmitted intensity in
the absence of the crystal), o, is the
static retardation and o(t) is the time
dependent component of the
retardation.

Preset operation in linear regime
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For Measurements
» Select type of Crystal »Select Detection scheme

E-O coefficient Time

Radiation damage Spectrum

> Select orientation Spatial profile

Rotation » Select operating parameters
Cross & Static terms X'tal dimensions

» Select laser Location
Polarization Laser transport
CW/Pulsed Optical system
Power Diagnostics

wavelength
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Measurement of Pulse duration in a single shot using CW laser
and fast detector &
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Fig. 1. The experimental setup for detecting a charged particle
beam. The LiNbO, crystal (M) was located in vacuum several
mm from the beam position which could be varied over several
crm. The beam direction was perpendicular to the plane of the
page. The positions of the polarization maintaining iibers, polar-
izer (P), lenses, + wave plate (4/4), analvzeriA), shield wall (S) and
photodiode detector(PD) are schematically indicated.
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Measurement of pulse duration in multiple shots using
ultrafast laser (12 fs) and photodiode
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Converting temporal information to Spatial information:
Information on pulse duration shape, distribution and timing

/ Laser Beam

Analyzer Electro-Optic Crystal Polarizer

Fig. 1.3 Schematic of EO setup Fig. 1.4 EO-flash detection module




Cross correlation between unchirped and chirped pulse-single
shot, information on pulse duration, shape and timing

Coulotmb field——— ___f__t"'m':h

Second-harmonic

generation crystal

Replace CCD by spectrometer for spectral encoding of the e beam on chirped pulse
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Spectral encoding of electron beam on chirped pulse Single shot
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Limitations

> Crystal absorption and dispersion beyond
10 THz (100 fs) regime

> Short distance between e beam and
crystal

> Edge effects In low relativistic regime
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