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O’Neal, N. H. Shivaram, A. Schori, P. Walter, A. L. Wang, T. J. A. Wolf, M. F. Kling, A. Marinelli, 
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 [47] R. Obaid, K. Schnorr, T. Wolf, T. Takanashi, N. Kling, K. Kooser, K. Nagaya, S. Wada, L. Fang, 

S. Augustin, D. You, E. Campbell, H. Fukuzawa, C. Schulz, K. Ueda, P. Lablanquie, T. Pfeifer, E. 
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Source,” Applied Optics 58 4592 (2019). 

   [44]  R. Kupfer, H. J. Quevedo, H. L. Smith, L. A. Lisi, G. Tiwari, C. G. Richmond, B. B. Bowers, L. 
Fang, and B. M. Hegelich, “Cascade Random-Quasi-Phase-Matched Harmonic Generation in 
Polycrystalline ZnSe,” J. Appl. Phys. 124 243102 (2018). 

 [43] L. Fang, H. Xiong, E. Kukk, V. S. Petrovic, and N. Berrah, “X-ray initiated photodissociation of the 
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infrared laser field,” Phys. Rev. A 97 023419 (2018). 
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dissociation dynamics in methyl iodine molecule,” Applied Sciences 7(5) 529 (2017).  

 [40]  H. Xiong, R. Obaid, L. Fang, C. Bomme, U. Ablikim, V. Petrovic, C. E. Liekhus-Schmaltz, H. Li, 
R. C. Bilodeau, T. Wolf, D. Rolles, T. Osipov and N. Berrah, “X-ray induced ionization and 
fragmentation dynamics of endohedral fullerene Sc3N@C80 investigated using ion-ion 
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coincidence technique,” Phys. Rev. A 96 033408 (2017). 

 [39]  H. Xiong, B. Mignolet, L. Fang, T. Osipov, T. J. A. Wolf, E. Sistrunk, M. Gühr, F. Remacle and N. 
Berrah, “The role of super-atom molecular orbitals in doped fullerenes in a femtosecond intense 
laser field,” Scientific Reports (Nature), 7 121 (2017). 

 [38]  N. Berrah, L. Fang, B. F Murphy, E. Kukk, T. Y. Osipov, R. Coffee, K. R Ferguson, H. Xiong, J. 
Castagna, V. S. Petrovic, S. C. Montero and J. D. Bozek, “Two mirror x-ray pulse split and delay 
instrument for femtosecond time resolved investigations at the LCLS free electron laser facility,” 
Optics Express 24 11768 (2016). 

 [37]  A. Sanchez-Gonzalez, T. R. Barillot, R. J. Squibb, P. Kolorenč, M. Agaker, V. Averbukh, M. J. 
Bearpark, C. Bostedt, J. D. Bozek, S. Bruce, S. Carron Montero, R. N. Coffee, B. Cooper, J P 
Cryan, M Dong, J. H. D. Eland, L. Fang, H. Fukuzawa, M. Guehr, M. Ilchen, A. S. Johnsson, C. 
Liekhus-S, A. Marinelli, T. Maxwell, K. Motomura, M. Mucke, A. Natan, T. Osipov, C. Östlin, M 
Pernpointner, V. S. Petrovic, M. A. Robb, C. Sathe, E R Simpson, J. G. Underwood, M. Vacher, 
D. J. Walke, T. J. A. Wolf, V. Zhaunerchyk, J-E. Rubensson, N. Berrah, P. H. Bucksbaum, K. 
Ueda, R. Feife, L. J. Frasinski and J. P. Marangos, “Auger electron and photoabsorption spectra 
of glycine in the vicinity of the oxygen K-edge measured with an X-FEL,” J. Phys. B: At. Mol. Opt. 
Phys. 48 234004 (2015). 

 [36] N. Berrah and L. Fang, “Chemical analysis: Double core-hole spectroscopy with free-electron 
lasers”, J. of Electron. Spectrosc. and Rela. Phenom. 204 284 (2015). 

 [35] M. Mucke, V. Zhaunerchyk, L. J. Frasinski, R. J. Squibb, M. Siano, J. H. D Eland, P. Linusson, P. 
Salén, P. v d Meulen, R. D. Thomas, M. Larsson, L. Foucar, J. Ullrich, K. Motomura, S. Mondal, 
K. Ueda, T. Osipov, L. Fang, B. F. Murphy, N. Berrah, C. Bostedt, J. D. Bozek, S. Schorb, M. 
Messerschmidt, J. M. Glownia, J P Cryan, R. N. Coffee, O. Takahashi, S Wada, M. N. 
Piancastelli, R Richter, K. C. Prince and R. Feifel, “Covariance mapping of two-photon double 
core hole states in C2H2 and C2H6 produced by an X-ray free electron laser,” New Journal of 
Physics 17 073002 (2015). 

 [34]  B. F. Murphy, T. Osipov, Z. Jurek, L. Fang, S.-K. Son, L. Avaldi, P. Bolognesi, C. Bostedt, J. 
Bozek, R. Coffee, J. Eland, M. Guehr, J. Farrell, R. Feifel, L. Frasinski, J. Glownia, D. T. Ha, K. 
Hoffmann, E. Kukk, B. McFarland, C. Miron, M. Mucke, R. Squibb, K. Ueda, R. Santra, and N. 
Berrah, “Bucky ball explosion by intense femtosecond x-ray pulses: a model system for complex 
molecules,” Nature Communications 5 4281 (2014). 

 [33] L. Fang, T. Osipov, B. F. Murphy, A. Rudenko, D. Rolles, V. Petrovic, C. Bostedt, J. D. Bozek, P. 
H. Bucksbaum, N. Berrah, Review: “Probing ultrafast electronic and molecular dynamics with free 
electron lasers,” J. Phys. B: At. Mol. Opt. Phys. 47 124006 (2014). 

 [32]  N. Berrah, L. Fang, T. Osipov, Z. Jurek, B. F. Murphy, and R. Santra, “Emerging photon 
technologies for probing ultrafast molecular dynamics,” Faraday Discuss. 171 471(2014). 

 [31]  B. K. McFarland, J. P. Farrell, S. Miyabe, F. Tarantelli, A. Aguilar, N. Berrah, C. Bostedt, J. 
Bozek, P.H. Bucksbaum1, J. C. Castagna, R. Coffee, J. Cryan, L. Fang, R. Feifel, K. Gaffney, J. 
Glownia, T. Martinez, M. Mucke, B. Murphy, A. Natan, T. Osipov, V. Petrovic, S. Schorb, Th. 
Schultz, L. Spector, M. Swiggers, I. Tenney, S. Wang, W. White, J. White and M. Gühr, “Delayed 
ultrafast x-ray Auger probing (DUXAP) of nucleobase ultraviolet photoprotection,” Nature 
Communications 5 4235 (2014). 

 [30]  L. J. Frasinski, V. Zhaunerchyk, M. Mucke, R.J. Squibb, M. Siano, J. H .D. Eland, P. Linusson, P. 
v.d. Meulen, P. Salén, R.D. Thomas, M. Larsson, L. Foucar, J. Ullrich, K. Motomura, S. Mondal, 
K. Ueda, T. Osipov, L. Fang, B. F. Murphy, N. Berrah, C. Bostedt, J.D.Bozek, S. Schorb, M. 
Messerschmidt, J. M. Glownia, J. P. Cryan, R. Coffee, O. Takahashi, S. Wada, M. N. Piancastelli, 
R. Richter, K. C. Prince and R. Feifel, “Dynamics of hollow atom formation in intense x-ray pulses 
mapped by partial covariance,” Phys. Rev. Lett. 111 073002 (2013). 
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 [29]  C. Bostedt, J. D. Bozek, P. H. Bucksbaum, R. N. Coffee, J. B. Hastings, Z. Huang, R. W. Lee, S. 
Schorb, J. N. Corlett, P. Denes, P. Emma, R. W. Falcone, R. W. Schoenlein, G. Doumy, E. P. 
Kanter, B. Kraessig, S. Southworth, L. Young, L. Fang, M. Hoener, N. Berrah, C. Roedig, and L. 
F. DiMauro, “Ultra-fast and ultra-intense x-ray sciences: first results from the Linac Coherent Light 
Source free-electron laser,” J. Phys. B: At. Mol. Opt. Phys. 46 164003 (2013). 

 [28]  V. Zhaunerchyk, M. Mucke, P. Salén, P. v.d. Meulen, M. Kaminska, R. J. Squipp, L. J. Frasinski, 
M. Siano, J. H. D. Eland, P. Linusson, R. D. Thomas, M. Larsson, L. Foucar, J. Ullrich, K. 
Motomura, S. Mondal, K. Ueda, T. Osipov, L. Fang, B. F. Murphy, N. Berrah, C. Bostedt, J. D. 
Bozek, S. Schorb, M. Messerschmidt, J. M. Glownia, J. P. Cryan, R. N. Coffee, O. Takahashi, S. 
Wada, M. N. Piancastelli, R. Richter, K. C. Prince, and R. Feifel, “Using covariance mapping to 
investigate the dynamics of multi-photon ionization processes of Ne atoms exposed to X-FEL 
pulses,” J. Phys. B: At. Mol. Opt. Phys. 46 164034 (2013). 

 [27]  T. Osipov, L. Fang, B. Murphy, F. Tarantelli, E. R. Hosler, E. Kukk, J. D. Bozek, C. Bostedt, E. P. 
Kanter and N. Berrah, “Fragmentation of SF6 induced by multiphoton ionization with intense x-ray 
free electron laser pulses,” J. Phys. B: At. Mol. Opt. Phys. 46 164032 (2013). 

 [26]  M. Larsson, P Salén, P. van der Meulen, H. T. Schmidt, R. D. Thomas, R. Feifel, M. N. 
Piancastelli, L. Fang, B. Murphy, T. Osipov, N. Berrah, E. Kukk, K. Ueda, J. D. Bozek, C. 
Bostedt, S. Wada, R. Richter, V. Feyer and K. C. Prince, “Double core-hole formation in small 
molecules at the LCLS free electron laser,” J. Phys. B: At. Mol. Opt. Phys. 46 164030 (2013). 

 [25] L. Fang, T. Osipov, B. Murphy, F. Tarantelli, E. Kukk, J.P. Cryan, M. Glownia, P.H. Bucksbaum, 
R.N. Coffee, M. Chen, C. Buth and N. Berrah, “Multiphoton ionization as a clock to reveal 
molecular dynamics with intense short X-FEL pulses,” Phys. Rev. Lett. 109 263001 (2012). 

 [24]  B. F. Murphy, L. Fang, M. H. Chen, J. D. Bozek, E. Kukk, E. P. Kanter, M. Messerschmidt, T. 
Osipov, and N. Berrah, “Multiphoton L-shell ionization of H2S using intense x-ray pulses from the 
LCLS free electron laser,” Phys. Rev. A 86 053423 (2012). 

 [23]  C. Buth, J. Liu, M. H. Chen, J. P. Cryan, L. Fang, J. M. Glownia, M. Hoener, R. N. Coffee, and N. 
Berrah, “Ultrafast absorption of intense x-rays by nitrogen molecules,” J. Chem. Phys. 136 
214310 (2012). 

 [22]  V. S. Petrović, M. Siano, J. L. White, N. Berrah, C. Bostedt, J. D. Bozek, D. Broege, M. Chalfin, 
R. N. Coffee, J. Cryan, L. Fang, J. P. Farrell, L. J Frasinski, J. M. Glownia, M. Güehr, M. Hoener, 
D. M. P. Holland, J. Kim, J. P. Marangos, Todd Martinez, B. K. McFarland, R. S. Minns, S. 
Miyabe, S. Schorb, R. J. Sension, L. S. Spector, R. Squibb, H. Tao, J. G. Underwood, and P. H. 
Bucksbaum, “Transient x-ray fragmentation: Probing a prototypical photoinduced ring opening,” 
Phys. Rev. Lett. 108 253006 (2012). 

 [21] J. P. Cryan, J. M. Glownia, J. Andreasson, A. Belkacem, N. Berrah, C. I. Blaga, C. Bostedt, J. 
Bozek, N.A. Cherepkov, L. F. DiMauro, L. Fang, O. Gessner, M. Güehr, J. Hajdu, M. P. Hertlein, 
M. Hoener, O. Kornilov, J. P. Marangos, A. M. March, B. K. McFarland, H. Merdji, M. 
Messerschmidt, V. S. Petrović, C. Raman, D. Ray, D. A. Reis, S. K. Semenov, M. Trigo, J. L. 
White, W. White, L. Young, P. H. Bucksbaum and R. N. Coffee, “Molecular frame Auger electron 
energy spectrum from N2,” J. Phys. B: At. Mol. Opt. Phys. 45 055601 (2012). 

 [20] P. Salén, P. v.d. Meulen, H. T. Schmidt, R. D. Thomas, M. Larsson, R. Feifel, M. N. Piancastelli, 
L. Fang, B. Murphy, T. Osipov, N. Berrah, E. Kukk, K. Ueda, J. D. Bozek, C. Bostedt, S. Wada, 
R. Richter, V. Feyer, K. C. Prince, “X-ray FEL-induced two-site double core-hole formation for 
chemical analysis,” Phys. Rev. Lett. 108 153003 (2012). 

 [19] E. P. Kanter, B. Krässig, Y. Li, A. M. March, P. Ho, N. Rohringer, R. Santra, S. H. Southworth, L. 
F. DiMauro, G. Doumy, C. A. Roedig, N. Berrah, L. Fang, M. Hoener, P. H. Bucksbaum, S. 
Ghimire, D. A. Reis, J. D. Bozek, C. Bostedt, M. Messerschmidt, and L. Young, “Unveiling and 
driving hidden resonances with high-fluence, high-intensity x-ray pulses,” Phys. Rev. Lett. 107 
233001 (2011). 
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 [18] H. Chen, L. Fang, V. Tagliamonti, and G. N. Gibson, “Angle-resolved and internuclear-
separation-resolved measurements of the ionization rate of the B state of I2 by strong laser 
fields,” Phys. Rev. A. 84 043427 (2011). 

 [17] N. Berrah, L. Fang, B. Murphy, T. Osipov, K. Ueda, E. Kukk, R. Feifel, P. van der Meulen, P. 
Salén, H. T. Schmidt, R. D. Thomas, M. Larsson, R. Richter, K. C. Prince, J. D. Bozek, C. 
Bostedt, S. Wada, M. Piancastelli, M. Tashiro, M. Ehara, “Double core-hole spectroscopy for 
chemical analysis with an intense x-ray femtosecond laser,” Proceedings of the Academy of 
Science (PNAS) 108 16912 (2011). 

 [16] G. Doumy, C. Roedig, S.-K. Son, C. I. Blaga, A. D. DiChiara, R. Santra, N. Berrah, C. Bostedt, J. 
D. Bozek, P. H. Bucksbaum, J. P. Cryan, L. Fang, S. Ghimire, J. M. Glownia, M. Hoener, E. P. 
Kanter, B. Krässig, M. Kuebel, M. Messerschmidt, G. G. Paulus, D. A. Reis, N. Rohringer, L. 
Young, P. Agostini, and L. F. DiMauro, “Nonlinear atomic response to intense ultrashort x-rays,” 
Phys. Rev. Lett. 106 083002 (2011). 

 [15] L. Fang, M. Hoener, O. Gessner, F. Tarantelli, S. T. Pratt, O. Kornilov, C. Buth, M. Güehr, E. 
Kanter, C. Bostedt, J. D. Bozek, P. H. Bucksbaum, M. Chen, R. Coffee, J. Cryan, L. DiMauro, M. 
Glownia, E. Kukk, S.R. Leone and N. Berrah, “Double core-hole production in N2: Beating the 
Auger clock,” Phys. Rev. Lett. 105 083005 (2010). 

 [14] M. Hoener, L. Fang, O. Kornilov, O. Gessner, S.T. Pratt, M. Güehr, E. Kanter, C. Blaga, C. 
Bostedt, J. D. Bozek, P. H. Bucksbaum, C. Buth, M. Chen, R. Coffee, J. Cryan, L. DiMauro, M. 
Glownia, E. Hosler, E. Kukk, S. R. Leone, B. McFarland, M. Messerschmidt, B. Murphy, V. 
Petrovic, D. Rolles, and N. Berrah, “Ultraintense x-ray induced ionization, dissociation, and 
frustrated absorption in molecule nitrogen,” Phys. Rev. Lett. 104 253002 (2010). 

 [13] J. P. Cryan, J. Glownia, N. Berrah, C. Blaga, J. D. Bozek, C. Buth, L. DiMauro, L. Fang, M. 
Guehr, M. Hoener, J. Marangos, A. M. March, B. McFarland, M. Trigo, L. Young, P. H. 
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 [11] L. Young, E. P. Kanter, B. Krässig, Y. Li, A. M. March, S. T. Pratt, R. Santra, S. H. Southworth, N. 
Rohringer, L. F. DiMauro, G. Doumy, C. A. Roedig, N. Berrah, L. Fang, M. Hoener, P. H. 
Bucksbaum, J. P. Cryan, S. Ghimire, J. M. Glownia, D. A. Reis, J. D. Bozek, C. Bostedt, M. 
Messerschmidt, “Femtosecond electronic response of atoms to ultra-intense X-rays,” Nature 
(London) 466 56 (2010). 

 [10]  N. Berrah, J. Bozek, J.T. Costello, S. Düsterer, L. Fang, J. Feldhaus, H. Fukuzawa, M. Hoener, 
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