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Supplementary Figure 1 | Illustration of the data analysis that is performed to extract � 

from the measured electron momentum distributions. a, Measured electron momentum 

distribution in the polarization plane (only electron momenta corresponding to a kinetic energy 

0.1 �� �  ���� �  11 �� are considered). b, The envelope of the electron momentum distribution 

is retrieved from the full momentum distribution in a by filtering higher Fourier components along 

the radial direction. The obtained envelope is shown in b. c, Normalized electron momentum 

distribution obtained by elementwise division of a by b. This normalization procedure is done for 

all values of 
, that are shown in d, separately. d, The most probable electron angles, α, are plotted 

as a function of β (for each energy peak independently). The difference between ATI and SB peaks 

is approximately 180°. e, f, show the same data as d but using a different range on the vertical axis. 

����� is determined for every energy peak independently as the mean of ��
� over all 
. The 

values ����� are depicted as horizontal lines in e and f. The changes of the most probable electron 

emission angle as a function of β are defined as Δ��
� � ��
� � �����. The error bars show the 

standard deviation of the statistical errors. 



 

Supplementary Figure 2 | Linking the experimentally accessible quantity � to changes of 

the phase gradient of the initial momentum distribution ���
� �!

. The result that is shown is 

obtained from our SCTS calculation (see Methods) and can be read like a look-up-table. This 

allows for the generation of the values for Δ��
���	

 in Fig. 3(a) from the data shown in Fig. 2(c). See 

Fig. S3 for the look-up-table that links the measured values of 
 and "�#�$ to the values of � and 

"���	��#. 

  



 

Supplementary Figure 3 | Linking the experimentally accessible quantities % and pelec to the 

values of & and pinitial. a, We calculate the classical trajectories for a circularly polarized light field 

with a central wavelength of 390 nm and an electric field of 0.037 a.u. and show "�#�$ vs. "���	��#. 
The blue curve can be read like a look-up-table that is used for the legend of Fig. 3(a). The black 
dotted line shows the trivial result that would be obtained if Coulomb interaction after tunneling 
would not be taken into account (the y-intercept equals the absolute value of the vector potential 

'()*). b can be read like a look-up-table (blue curve) and shows the change in the electron emission 
direction in the polarization plane that is due to Coulomb interaction after tunneling, which is 

referred to as +, as a function of "���	��#. This allows one to infer the value of � for a given pair of 

"�#�$ and 
 using � = 
 +90°- +. The black dotted line shows the trivial result that would be 
obtained if Coulomb interaction after tunneling would not be taken into account.   



 

Supplementary Figure 4 | Quantitative presentation of measured and calculated changes of 

the Wigner time delay. a, Experimentally obtained changes of the Wigner time delay, Δ,-,/ as a 

function of the electron’s emission angle relative to the molecular axis (β). The overall shape of 
the curves is very similar for the ATI peaks and the SB peaks. The amplitude decreases for higher 
electron energies. The error bars show the standard deviation of statistical errors (see Methods). b-
e, show the result from the different theoretical models. Apart from the error bars, a, b, c, d and e 

show the same data as Fig. 4(a), 4(b), 4(c), 4(d) and 1(d). For the first ATI peak in c the values for 

Δ,-,/ have been scaled as indicated in the legend.  

 


