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PURPOSE OF THE STSM:
 
(max.200 words) 

Attosecond  transient  absorption spectroscopy  (ATAS)  is  used to  study electron  coherence and motion in
atoms  [1-3].  All  theoretical  studies  so  far  are  based  on  non-relativistic  ATAS  theory  [4].  However,  the
importance of the spin-orbit coupling was demonstrated already by the first ATAS experiment, which targeted
Krypton [2]. The present Short-Term Scientific Mission (STSM) aims to create a strong collaboration between
the theoretical  groups  in  Lund and  in  Madrid  around  the  study of  spin-orbit-resolved ATAS  experiments
triggering the control of ultra-fast coherent dynamics in atoms. Prof. Fernando Martin’s group expertise on
ATAS, see for example ref. [5-7], together with the RTDCIS method, recently developed in Lund, allow us to
explore the relativistic effects on the electron motion at the attosecond time scale. 
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DESCRIPTION OF WORK  CARRIED OUT DURING THE STSMS
 
(max.500 words) 

Benchmark with non-relativistic calculations. Steps:

1.- Selection of the target atom.
2.- Selection of the laser parameters. 
3.- Selection of the filter function.
4.- Simulation of an ATAS experiment on neutral Ne with different time delays. 
5.- Comparison with Petersson’s results. 
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The required computational  time was underestimated.  In  the second part  of  the STSM our attention was
focused on how to speed the calculations: 

1.- I have applied for computational resources to the Swedish National Infrastructure for Computing (SNIC):
Project:  SNIC  2021/22-503,  Theoretical  Spin-Orbit  Resolved  Attosecond  Transient  Absorption
Spectroscopy in Noble Gases. 60.000 CPU hours. Status 28/06/2021: Accepted. 

2.-   Long-range field-free dipole propagation: 
In  order  to  accelerate  the  simulation,  the  time-dependent  dipole  can  be  split  into  the  short-range
contribution and the long-range contribution using the following splitting function:

The  short-range  contribution  describes  the  response  to  the  total  electric  field  while  the  long-range
contribution describes the infinite oscillations of the dipole after the interaction with the fields. This fact
allows us to reproduce the long-range contribution analytically as follows, 

where Tk,j  is the dipole transition matrix and wk,j is the energy difference between the states j and k. Then,
the Fourier Transform is given by: 

        

and by using the following expression 

for   a > 0 

we finally get

 

This expression will allow us to compute the ATAS spectrum. 

DESCRIPTION OF THE MAIN RESULTS OBTAINED
The  benchmark  consisted  in  the  reproduction  of  an  ATAS  experiment  carried  out  by  Ding  et  al  [1]  and
simulated by Petersson in his PhD thesis with a non-relativistic method [2]. Figure 1 shows the autoionising
resonances 2s22p6 – 2s2p6np in neon obtained with our RTDCIS code. Figure 2 shows the temporal profile of
the total electric field used in the experiment.  The pump creates a coherent superposition of the 2s 22p6 –
2s2p6np series.  The probe is applied at different time delays in order to explore the dynamics of the system. 

Figure 1. Autoionising 2s22p6 – 2s2p6np  series in Ne calculated with RTDCIS.
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Figure 2. Total electric field used in the ATAS experiment proposed by Ding et al [1].

Figure 3 shows the ATAS spectrum in neon simulated for different time delays. The required computational
time was 2000 CPU hours. In order to do a full comparison with the results given Petersson in his PhD thesis,
we will need to include more time delays and to increase the resolution. 

Figure 3. Simulated ATAS spectrum in neon for different time delays obtained with a resolution of 0.2 fs.

As the required computational time is very high, we will use the computational hours provided by the SNIC
project  “SNIC 2021/22-503, Theoretical Spin-Orbit Resolved Attosecond Transient Absorption Spectroscopy
in Noble Gases”. In addition, we will accelerate the simulation of the ATAS spectrum by splitting the calculation
of the short-range and long-range dipole contributions.  Figure 4 shows the splitting of the dipole into the
short-range contribution, calculated numerically by solving the RTDCIS equations, and the long-range dipole,
obtained analytically. 

Figure 4. Short-range and long-range dipole contributions.
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FUTURE COLLABORATIONS (if applicable)
 
Thanks to the present STSM, a strong collaboration has been established between the theoretical groups in
Madrid and Lund around the simulation of ATAS experiments.  Future steps will be: (1) full comparison of the
ATAS spectrum and (2) simulation of ATAS in argon. 


