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Where are we and where will we go?
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“X-rays provided the medical field with
a window into the secrets of the body,
turning the fight against many diseases
into a battlefield with unparalleled
knowledge”
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X-ray Imaging

X-ray propagation through

matter

Maxwell’s wave equations
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X-ray Imaging

X-ray propagation through
matter

Helmholtz equation ‘
Alr

(k% + V4W(x,y,2) =0 (3)

Lineal Medium)

[n(r)*k* + V*P(x,y,2) = 0 (4)
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X-ray Imaging

X-ray propagation through
matter
Solution (Lineal Medium): Neccesary Assumptions

Paraxial aproximation

Y(x,y,z) = p(x,y,z)e™ .

[21— + V" + k%(n? — 1)] p(x,v,2) =0

Projection approximation

[21’% + k?(n® — 1)] p(x,y,z) =0 (6)
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X-ray Imaging

X-ray propagation through
matter

Solution (Lineal Medium)

1

p(x,,2) = p(x,y,0)ez o (n0)*~1)dz

(7)
Refractive index: Complex number
nr)=1-680)+ i) (8)

Spatial and time solution

0(x,v,2,t) = p(x,y, 0)e K Iy B(r)dz ,i[-k [, 8(r)dz+kz-wt] )
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X-ray Imaging

X-ray propagation through
matter

Solution (Lineal Medium)

Beer-Lambert equation Phase shift

Z

Ap(x,y,z,t) = —kf d(r)dz

0

a(x,y,2,t) = p(x,y,0)e ko BTz

[(x,y,2z,t) = |p(x,y, 0)\26‘2H§ﬁ(r)dz



X-ray Imaging
Beer-Lambert Equation-Phase Shift
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Absorption Imaging

Beer-Lambert Equation




Absorption Imaging

Applications




Absorption Imaging

[Limitations
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Absorption Imaging

[.Limitation

Dependence with energy

[(x,y,z,t) = |p(x,vy, 0)\28‘2H§B(r)dz
Z"—l

b(r, E)”‘“E (10)
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Aq’)(x,y, Z, t) — _kf 5(?")d2
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5(rr E)M ﬁ (11)




X-ray Imaging
Absorption and dispersion of materials

InB,Inb vs Energy
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Phase Contrast Imaging

Beer-Lambert Equation-Phase shift
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Phase Contrast Imaging

Beer-Lambert Equation-Phase shift
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X-ray source Analiser-based interferometer




Phase Contrast Imaging

Beer-Lambert Equation-Phase shift
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Phase Contrast Imaging

Beer-Lambert Equation-Phase shift
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Edge Illumination




Phase Contrast Imaging

Beer-Lambert Equation-Phase shift
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Inline (Free-propagation)
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Phase Contrast Imaging

Inline (Free-Propagation)

Solution (Air): Neccesary Assumption

Paraxial approximation

IZEE HU kz] p(x,y,z) =0 (12) N\
0z
d|p* Wi
2ik [gzp] 02— pW,2p" = 0 o TR

p(x,y,2) = p(x,y,0)e KL OO-iBEN




P —

Phase Contrast Imaging

Inline (Free-Propagation)

Transport-Intensity equation

General

al — —
k—+ Ul - 7,0 + 17,2 A¢p = 0 (15)

VA
121 — IZG [1 }:Vtzﬂq’)] (16)




Phase contrast Imaging: Inline

Applications
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Phase Contrast Imaging

Inline (Free-Propagation)

Phase retrieval: Paganin approach

wsumption y= 20
ssumption Y=
p(r)
Izl Z1Y y&f,‘b
= 1 Ve ?|e72 (17
oI
Ap = Lin|F1 Lo (18)




Phase retrieval: Paganin Approach

Scheme

E=27 keV Ay E=27 keV
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Paganin Approach

Phase retrieval

Applications
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Phase Contrast Imaging

Inline (Free-Propagation)

Phase retrieval: Spectral approach

L, =1L, |1 Zklvtzaqb]

I, = [ e %K f;ﬁ(r)dz[l + 7, V¢ f;ﬁ(r)dz] (19)

Z

Assumption 1 >> Zlvgf o(r)dz
0




P —

Phase Contrast Imaging

Inline (Free-Propagation)

Phase retrieval: Spectral approach

Izl — IHE_Zkf;ﬁ(r)dzezlvg f; 4(r)dz (20)

J:ﬁ/ﬁ(r)dz = iﬁi/&: a;

=1

In (I_ﬂ) = Yical2kB; — 2,6,V¢] a; (21)

Z1




Phase retrieval: Spectral Approach

Scheme

E=27 keV
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Phase retrieval: Spectral Approach

Applications

E=24 keV

& E=34keV"
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g -

[13]



Spectral Approach

Phase retrieval

Applications
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