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Compton Scattering — 100 years

Classical view point (relativistic)
A Quantum Theory of the Scattering of X-rays by Light Elements

/15 — ) —= £ (1 — COS(@)) — Ac(l — COS(@)) A. H. Compton Phys. Rev. 21, 483-502 (1923)
me A= 0,0024 nm = 500keV

Quantum version QED
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Same result as for the
classical calculation
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Quantum version « classical »

Provides the same result as for
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T = j dt(k,t|As(r, 7). Ao(r,7)|0,7)  Weassume 7« l e «<4 the other approaches
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Compton scattering — PES
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25 eV, electron energy

T = jdT(k,rlAS(r,T).Ao(r,r)lo,r)

Polar plot in the frame of the
photon-momentum transfer K

P04 beamline at PETAIII,DESY

M. Kircher et al. Nature Physics 16, 756—760 (2020)
Angular asymetry due to the momentum transfer
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Stimulated Compton Scattering

Application to H

Full Hamiltonian of the

1
_ 2
system including the field 7t = Har + A(r,t).P + EA (r,t)
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H. Bachau Phys. Rev. Lett. 112,

073001 (2014)
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Total field is the sum of

A(r,t) = Ay (rt) + A2 (1) 4o fields

A;(r,t) = A;(t —an;.r)e, = (A;(t) + aF;(t)n;.r)e, Non-dipole contribution

2
H = Hye + Hpy + Hipr + Hier

Hpa = A(OP.€,  Hpjfr = aFpo(1).TP.€;  Hfpr = aF 0, (t). TA(D)

The eigenstates of the field-free Hamiltonian are computed (bound and
continnum) to generate the coupling matrix of the field operator. The
Time Dependent Schrodinger equation is then solved numerically in
the Interaction picture.



Density of probability (a.u.)

Stimulated Compton Scattering
Two-Color lonization of H in keV regime
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Field parameters

w, =55 a.u. (1496 eV)

w, =50 a.u. (1360 eV)
T,=T,=6ma.u. (452 as)
I, =1,=1, where |, = 3.51
x 101 W/cm?.

Same behavior for most
atoms investigated in
particular for the angular
distribution. Is it a
universal pattern?



Stimulated Compton Scattering in H,

Selection rules in the molecule due to the different channels:
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A. Sopena Phys. Rev. A 105, 033104 (2022)
A. Sopena Nat. Com. 4, 253 (2021)
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Angle integrated energy distribution + MFPAD in H,

Two-pulse configuration

w:= 20 a.u. (544 eV) and w:=15 a.u. (408 eV)

Tl - T2 = 200 as

= Total
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Angle integrated energy distribution + MFPAD in H,

One-pulse configuration
w =20 a.u. (544 eV)
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Conclusion and prospective

- We show the quantum nature of the process and in particular that the usual

picture of momentum absorption is not sufficient + complex pattern in the
molecular case

- Usage very intense X-ray pulses and ultrashort for intraband processes (The
advance of FEL source allows for such configurations)

What’s next ?

- Include more terms of the Taylor expansion and include the spin in the
dynamics ... under going

- Study the case of more complex fields in particular dichroism
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Modele TDPT

. do P )
Cross-section g qg.aq, = MM

N

With amplitude transition m@.p.) = (er-e) 1> e wy)

j=1

And final wave function ¢ r.r) —% e (e (12) + g ()

(rl)}

. . do do 5 do 1
= | —— - M. . — 2 o2
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Modele TDSE

The wave function is expanded on a basis of 6880 correlated two-electron states
described as linear combinations of anti-symmetrized products of H2+ orbitals

The ionic orbitals wave function is represented in a basis of radial B-spline functions
and spherical harmonics (£, = 16) and a radial box size of up to 60 a.u.

The total wf includes 280 of these functions. The typical number of configurations
used for continuum states is 280 and for bound states, it varies between 390 and
700. The continuum states included in the expansion satisfy the proper incoming
scattering boundary conditions

The TDSE is solved using an RK4 predictor-corrector propagator.



Density of probability (a.u.)
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