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Both approaches rely on our ability to characterize the shape of

attosecond pulses
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How do we Characterize Attosecond pulses?

“Can we retrieve the spectral phase? |

We measure I(w)= |[E(w)[]? - the spectral phase is lost

“ This challenge is defined as the “Phase Problem”

The phase problem is a crucial ingredient in wide range of applications:

lensless (x-ray)
imaging of small molecules, —=—= |
crystallography, ‘?‘: :
electron miscroscopy,

ST
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astrophysics, 2
ultra-short pulse characterization

We do not have a direct access to the object under study therefore we measure its Fourier
transform — loosing the spectral phase information
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Is the phase important?
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How do we Characterize Attosecond pulses?
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All methods are nonlinear ‘ ) ||Can we find a linear scheme?




The “Phase Problem”

The measurement: Spectral Intensity

E(t) Fourier N E(a)) _ |E(a))|e|¢(co) Measurement E((O)|2

In many cases we can retrieve the phase using some a-

priori knowledge about the pulse E(t):

 Positivity(e.g. Astronomy).

in ultrashort pulse characterization

Compact support - The most natural assumption

« Atomicity(e.g. Crystallography).

||Can we reconstruct the phase based on the compact support? I




Can we reconstruct the phase of a 1-D finite
duration signal?

Fund. Theorem of Algebra
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Y. Bruck, L. Sodin, Opt. Comm. 30 (1979)



Can we reconstruct the phase of a 1-D finite
duration signal?

N
» Canwe reconstruct E(z)=c[[(z-z,) from
j=1
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There is a 2N ambiguity




Phase retrieval in the 2D case

t=1

*Most polynomials in 2 variables can’t be written as

-Example: P(vy)=xy+1. P(X,y)=P(X, y)P,(X, y)

*Given [E(K,, k)|, there is only one “factorization”.

Y. Bruck, L. Sodin, Opt. Comm. 30 (1979)



Classes in Phase retrieval problems




Vectorial Measurements

In many experimental set-ups we measure two signals and
their interference
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Vectorial Measurements

Polarization measurements provide:

E, (o) |E, (@)

E,(@)+E, (o) =|E,[ +[E,[ +2

EXEy‘cosé




Vectorial measurements remove the 1D

ambiguity
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Does it work in practice?

Potential problems:
« Polynomial coefficient = roots: Is it stable?

* Robustness to noise?
* We don’t know the support!

||We have to look for an alternative approach I



Change gears — linear equations

The vectorial phase problem aims at retrieving 2N g (o)
unknowns X X (a)) =€

The compact support provides us with N/2 linear A

equations for each component
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In total we have N linear equations



Vectorial measurements reduce the problem
to a set of N linear equations
X,(0)=e
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N linear equations
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Finding the compact support

We assume a compact support t
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For Incorrect t: X(w) is not a phase vector!
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Vectorial Phase retrieval — polarization
measurements
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