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OUTLINE FAST ATOM DIFFRACTION
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Transversal coherence effects:
slit width, energy, and crystal spotting
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FAST ATOM DIFRACTION

1 keV He/ LiF(001)

27T
Channe”ng A —K=O.OO8 a.u.<< a=4.a.u.

Winter et al (2011)




Surface Initial Value Representation (SIVR)

Based on the IVR method by Miller (1970)

-

Feynman path integral
formulation

——

Semi-quantum method
without the stationary phase approx.

Gravielle et al., Phys. Rev. A 90 (2014) 052718



Surface Initial Value Representation (SIVR)

Differential probability (arb. units)

8.6 keV

“He — [100] LiF(001)
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@ Experiment
SIVR approx.
-===-5SE approx.
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Gravielle et al., Phys. Rev. A 90 (2014) 052718



Surface Initial Value Representation (SIVR)

7.3 keV |*He — [100] LiF(001)

Experiment
= S|VR approach

SIVR

7.5 keV “He —/[110] LiF(001)

Experiment
= SIVR approx.

Differential probability (arb. units)
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Gravielle et al., Phys. Rev. A 90 (2014) 052718
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COHERENT LIGHTING




Atom interferometry

Needed:

COHERENCE

bioeipadiyivy/:sdny

1 keV He atoms:

dz
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The van Cittert-Zernike theorem (1938)

[“The wavefront from an incoherent extended quasi-monochromatic ]
source will appears mostly coherence at large distances”
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Degree of coherence: van Cittert-Zernike

Extended incoherent quasi-monochromatic source

Size of the wave packet:

Complex degree of
coherence
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Transversal coherence: slit width

gt  surpernum. rainbows

unit-cell interference
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o surface Corrugation of the potential
collimating slit inter-cellinterference

Gravielle et al., Phys. Rev. A 92 (2015) 062709



Experimental confirmation

Expt. : Seifert et al. , Nucl. Instr. Meth. B 350 (2015) 99

“He -><110> LiF(001), E,= 0.3 eV
Shit: d= 1mm-
Experiment

- St d=0.2mm
Experiment
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Transversal coherence: impact energy
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“He —> <110> LiF(001)| E,= 0.5 eV

Fixed collimation: d= 0.2 mm

transversal coherence
length

Independent of:
einelastic contributions
edetector resolution




Transversal coherence: atomic mass

‘ <110> LiF(001), E,= 0.3 eV

CRYSTAL SPOTTING
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Aiimuthal aﬁgle o, (deg)
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2 keV Ne »><110> LIF(001), E,=0.3 eV
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2 keV Ne -»<110> LIF(001), E,=0.3 eV




2 keV Ne ><110> LIF(001), E,=0.3 eV

E?}/eraged spotting

supernum. rainb
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Azimuthal angle o, (deg)

Several coherently lighted cells: negligible



Axlal coherence: slit length

axial width

Incidence
direction

Uncertainty principle 5 = axial coherence
s l

length

polar angle spread A =2n/(K, sin@)
Aeo perpendicular de Broglie wavelength




St Iengin

small square slit
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Gravielle et al. , Nucl. Instr. Meth. B 382 (2016) 42

“He -><110> LiF(001), E,= 0.3 eV

long rectangular slit







20Ne > <110> LiF(001), E,= 0.3 eV

LiF(001)



Probability (arb. units)

20Ne > <110> LiF(001), E,= 0.3 eV
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20Ne »<110> LiF(001), E,= 0.3 eV

T=0K

Probability (arb. units)

| rainbow
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SURFACE ANALYSIS

van der Waals effects
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LASER PULSES

surface electronic states

W|thout mduced pot

E (au)

XUV pulse - Al(001) »=1.5 a.u.



FINAL REMARKS

Semi-quant
svery good

eintuitive ' COHERENCE
for

coherent D|FFEREN|'TARGETSZ
lighting

SIVR
approach

collimating | |
Mmolecules

atoms

decoherent




COLLABORATORS

ATOMS: LASER PULSES:
« J. Miraglia  C. Rios Rubiano
« G. Bocan  R. Della Picca

e J. Fuhr e D. Mitnik

e V. Silkin (Spain)

THANKS FOR THE ATTENTION




= 0.99 deg

1keV, @

“He = <110> LiF(001), E=

collimating width @ (mm)
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Gravielle et al., Phys. Rev. A 92 (2015) 062709



Slit length: normal momentum spread

“He —><110> LiF(001), E,= 0.3 eV

SR
- @
&

1.5
(@))
D
O
SN
* 05

/
/
/
=

collimating s)

Gravielle et al. , Nucl. Instr. Meth. B 382 (2016) 42
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Long slit collimation vs. diffraction chart

Angular spectrum Diffraction chart

Long slit : Shortslit: | =0.2 mm

Fixed & Different 4 values
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1 keV *He > <110> LiF(001) Gravielie et al. , Nucl. Instr. Meth. B 382 (2016



DOUBLE SLIT COLLIMATION

Double slit: d= 0.2 mm, I= 0.2 mm

Distance between slits: b= 5mm

0,(deg)

“He > <110> LiF(001), E=1 keV, 8= 0.99 deg

Gravielle et al. , Nucl. Instr. Meth. B 382 (2016



