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 ¶¶ Institut für Kernphysik, J. W. Goethe Universität, Max-von-Laue-Str. 1, Frankfurt D-60438, Germany 
*** Department of Physics, Lund University, Lund SE-22100, Sweden 

 ††† 
School of Physics and Nuclear Energy Engineering, Beihang University, Beijing 100191, Peopleʼs Republic of China 

‡‡‡ European XFEL GmbH, Holzkoppel 4, Schenefeld D-22869, Germany 
§§§ Japan Synchrotron Radiation Research Institute (JASRI), Sayo, Hyogo 679-5198, Japan 

¶¶¶ J. R. Macdonald Laboratory, Department of Physics, Kansas State University, Manhattan, Kansas 66506, USA 

Synopsis We performed time-resolved ion yield measurements for diiodomethane (CH2I2) molecules using 

a 5.5-keV intense X-ray free-electron laser (XFEL) pulse generated by SACLA as a pump, and an 800-nm 

near infrared (NIR) laser pulse as a probe. The molecule is multiply ionized via photoionization and Auger 

cascades, and then explodes due to Coulomb repulsion. Measuring the fragment ion yields as a function of 

the NIR pulse arrival delay, we tried to decipher the interplay between the electron and molecular dynamics 

induced by the XFEL exposure. 

X-ray free-electron lasers (XFELs) opened 
the way to the investigation of unexplored dy-

namics and optical phenomena in the x-ray 

spectral region. At SACLA, in Japan, we have 
initiated a program to study the interaction of 

XFEL pulses with isolated molecules contain-

ing heavy atoms, such as iodine [1-3]. 
In this study, we performed time-resolved 

ion yield measurements for diiodomethane 

(CH2I2) molecules using a 5.5-keV intense 

XFEL pulse generated by SACLA as a pump, 
and an 800-nm NIR laser pulse as a probe. Mul-

tiple ionization occurs via cycles of 2p inner-

shell photoionization of the iodine atom and 
subsequent Auger cascades, and the molecule 

further explodes violently due to Coulomb re-

pulsive forces. We measured the ion yields as a 
function of the NIR laser arrival delay.  

The resulting partial ion yields for each 
fragment show different temporal structures. On 

this basis, we succeeded in extracting infor-

mation on the dynamics associated with the 
electronic decay processes from the experi-

mental data and we proposed a modeling. Thus, 

we characterized the interplay between electron 
and molecular dynamics induced by the interac-

tion with the XFEL radiation. 
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