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What are the major goals of the project? 

 

The goal of the project has been to theoretically investigate a wide variety of problem related to 

the use of X-ray spectroscopy in materials science to enhance the impact of the science done at 

DOE’s user facilities. The focus has generally been on obtaining a deeper understand of new types 

of X-ray spectroscopy and to provide support for experimentalist working in these fields. Research 

topics have included the following. 

 

• Resonant inelastic X-ray scattering. This technique involves the inelastic scattering of X-

rays of materials creating excitation inside the material. The scattering process can lead to 

a wide variety of excitations, such as dd transitions, magnons, phonons, charge-density 

excitations, etc. 

• Nonequilibrium X-ray spectroscopy. The advent of pulsed X-ray sources has led to an 

increase of research of nonequilibrium system using X-ray spectroscopy. Related to this 

was the need to obtain a better understanding of nonequilibrium processes, such as 

photoinduced spin-crossover transitions, charge-order melting, and metal-insulator 

transitions. 

• X-ray spectroscopy with X-ray beams carrying orbital angular momentum. In addition to 

the polarization of the X-rays, beams can be given an orbital moment with the use of special 

gratings. This leads to unusual spectroscopy and scattering effects. 

• Theoretical support of X-ray spectroscopy performed at the Department of Energy’s user 

facilities. 

 

 

What was accomplished under these goals? 

 

 

Resonant inelastic X-ray scattering at transition-metal L and M edges.- In this technique, an 

incoming X-ray excites an electron from a 2p or 3p core level into the valence shell and one 

measures the energy of the outgoing X-ray resulting from the recombination of the core hole with 

a valence electron. Since there is no core hole in the final state, the energy lost by the scattered 

photon can be related to excitations in the valence shell. This type of RIXS has been used to study 

dd transitions in transition-metal compounds and spin flips and magnon dispersion in high-

temperature superconductors and iridates. For RIXS at the transition-metal L and M edges, the 

excited electron screens the core-hole potential and valence excitations are mainly created by the 

radiative transitions. Although the spectral line shape of can often be calculated with numerical 

methods, the analytical understanding of this provided crucial insights into the potential of these 

techniques. This proposal laid the foundation for the analytical understanding of RIXS, which led 

to the use this technique in the study of magnon dispersions. An effective scattering operator 

approach was used to gain insight into the strength of transitions, such as the elastic peak and spin-



flip processes. Polarization and angular dependence can be used to selectively probe particular 

final states.  

 

Resonant inelastic X-ray scattering at transition-metal K edges.- This RIXS process studies 

different types of excitations. Since the 1s electron is excited further above the edge, the system 

predominantly responds to the presence of a strong core-hole potential. The analytical relations 

between this spectroscopy and the density-density correlation functions have been derived. The 

dependence of the spectral weights on momentum and various other conditions have been studied 

in detail. For example, a strong momentum dependence can be observed in manganites.  

However, in addition to electronic excitation, the lattice can also respond to the presence of the 

core hole. This project was at the basis of the theory underlying the excitation of phonons and was 

involved in the first experimental observation of this effect. 

 

The results of the work on resonant inelastic X-ray scattering were summarized in an article in 

Review of Modern Physics that has received over 700 citations. 

 

Nonequilibrium phenomena.- The study of nonequilibrium materials using X-ray spectroscopy 

led to the realization that many of these phenomena were poorly understood. Even in the cases 

where there was a somewhat better understanding, the work was often done in a theoretical 

framework unsuitable for the calculation of X-ray absorption and scattering. This required 

additional research into intersystem crossings, photo-induced metal-insulator transitions and 

charge-order melting. This work has led to several publications. The major nonequilibrium 

phenomenon studied was spin crossover, which is summarized below. 

 

Spin crossover complexes.- In a number of transition-metal compounds, the transition metal has 

two competing spin states, usually characterized as low and high spin. Upon photoexcitation, an 

electron is transferred to the ligands or between different transition-metal sites. This causes the 

system to cascade from one spin state to another. The spin flips are enabled by the spin-orbit 

interaction which does not conserve spin. Additionally, due to the interaction of the electrons on 

the transition-metal ion a change in the metal-ligand distance is observed. These transitions are 

very amenable to X-ray spectroscopy and are therefore often used as a model system for 

nonequilibrium dynamics. Despite the large body of experimental work in both the optical and X-

ray region and a decent qualitative understanding of the process, there have been no calculations 

that describe the time dependence of the process including details such as the full Coulomb 

multiplet structure, changes in crystal field, and the spin-orbit coupling. All these details are 

necessary for a successful theoretical description of the time-dependent X-ray spectra in an optical 

pump/X-ray probe experiment. Successful calculations have been done on spin crossover 

transition in Fe-Co Prussian blue compounds and for divalent Fe systems. Additionally, the 

changes in the X-ray spectral line shapes during these transitions have been calculated. 

 

X-ray spectroscopy with orbital-angular momentum carrying beams.- The field of singular 

optics has grown rapidly after the demonstration that beams with shaped profiles carry orbital 

angular momentum (OAM). This project has laid the basis for the understanding of the presence 

of strong dichroic effects induced by x-ray beams carrying orbital angular momentum. Taking the 

difference between spectra obtained with positive and negative OAM states allows the separation 

of quadrupolar from dipolar transitions at, e.g., the transition-metal K edges, enabling the study of 



the unoccupied states in the absence of strong core-hole effects. The dependence of OAM-induced 

x-ray dichroism on different polarization vectors was studied and sum rules relating the integrated 

intensity to ground-state hole densities were derived. Calculations of spectral line shapes for 

cuprates, manganites, and ruthenates confirm the strong OAM-induced dichroism and indicated 

the potential of this new spectroscopy in the fields of orbital physics and magnetism. 

Additionally, the interaction between two topological objects, an x-ray beam carrying orbital 

angular momentum and a magnetic vortex, has been studied theoretically. The resonant x-ray 

scattering intensity was calculated as a function of the relative position of the magnetic and x-ray 

vortices. For a homogeneous system, the charge scattering is zero. For magnetic scattering, the 

intensity profile strongly depends on the relative topological indices of the x-ray and magnetic 

singularities. A strong enhancement in the intensity profile is observed for equal winding factors.  

 

 

Support for experimental work at DOE’s user facilities.- This project has included a wide 

variety of collaborations with experimentalists from several DOE facilities and users. Additionally, 

it has involved several international collaborations. Many of the work involved transition-metal 

compounds. A significant body of work involved cuprates that show high-temperature 

superconductivity, manganites that exhibit colossal magnetoresistance, and other materials that are 

known for their unusual magnetic and electronic properties. Recently, a lot of focus has been on 

iridates, which display interesting spin-orbit physics.  

 

XClaim.- The interpretation of X-ray absorption spectral lineshapes has become relatively 

standardized for transitions metals and rare-earths. In order to facilitate these calculations for users, 

a user interface was created for the computer codes that calculate the spectral lineshapes. The codes 

are available on the website of the Advanced Photon Source at Argonne National Laboratory. 

 

 

What opportunities for training and professional development has the project provided? 

 

 

The following postdoctoral associates were supported by the grant 

 

1. Tsezar Seman (2013-2019) 

2. Myung-Joon Han (2011-2012, Currently Professor, KAIST, South Korea) 

3. Javier Fernández-Rodríguez (2010-2013) 

4. Jun Chang (2008-2011. Currently College of Physics and Information Technology, 

Shaanxi Normal University, Xi’an, China) 

5. Eiji Kaneshita (2006-2008. Currently, Professor at Sendai National College of 

Technology) 

6. Serkan Erdin (2004-2006. Currently, Director of Bioinformatics at Massachusetts General 

Hospital) 

7. Ken Ahn (2004-2006. Currently, Professor at New Jersey Institute of Technology) 

 

 

The following graduate student was supported by the grant 

1. William Baker (2018-2020). 



 

 

 

 

 

 

How have the results been disseminated to communities of interest? 

 

The results have been published in 73 publications. These include high-impact journals such as 

Physical Review Letters (17), Scientific Reports (1), Physical Review B Rapid Communications 

(7), Nature Communications (1), Review of Modern Physics (1) and Science (1). The publication 

have received over 3300 citations.  

 

Additionally, the work has been presented at numerous conferences. 

 

 

Theory of ultrafast photoinduced low-to-high spin crossover in divalent iron systems 

W. Baker and M. van Veenendaal, Phys. Rev. B 104, 014407 (2021) 

 

2p x-ray absorption spectroscopy of 3d transition metal systems 

F. de Groot, H. Elnaggar, F. Frati, R. Wang, M. Delgado, M. van Veenendaal, J. Fernandez-

Rodriguez, M. Haverkort, R. Green, G. van der Laan, Y. Kvashnin, A. Hariki, H. Ikeno, H. 

Ramanantoanina, C. Daul, B. Delley M. Odelius, M. Lundberg, O. Kuhn, S. Bokarev, E.Shirley, 

J. Vinson, K. Gilmore, M. Stener,  G. Fronzoni, P. Decleva, P. Kruger, M. Retegan, Y. Joly, C. 

Vorwerk, C. Draxl, J. Rehr, A. Tanaka, J. El. Spec. Rel. Phenom. 249, 147061 (2021) 

 

Dissipation and dynamics in ultrafast intersystem crossings 

M. van Veenendaal, J. Chem. Phys. 152, 024104 (2020). 

 

Magnetic dichroism in the Kondo insulator SmB6 

W. T. Fuhrman, J. Leiner, J. W. Freeland, M. van Veenendaal, S. M. Koohpayeh, W. Adam Phelan, 

T. M. McQueen, and C. Broholm, Phys. Rev. B Rapid Comm. 99, 020401 (2019). 

 

Tuning magnetic coercivity with external pressure in iron-rhenium based ferrimagnetic  

double perovskites 

C. A. Escanhoela Jr., F. Sun, R. D. Reis, G. Fabbris, C. Park, J. Gopalakrishnan, K. Ramesha, E. 

Granado, N. M. Souza-Neto, M. van Veenendaal, D. Haskel, Phys. Rev. B 98, 054402 (2018). 

 

Photo-induced nonequilibrium dynamics in charge-density wave materials 

L. Zhu, T. F. Seman, M. van Veenendaal, and K. H. Ahn, J. Appl. Phys. 123, 115112 (2018). 

 

Time-dependent nonequilibrium soft x-ray response during a spin crossover 

M. van Veenendaal, Phys. Rev. B 97, 125108 (2018). 

 

Deterministic and robust room–temperature exchange coupling in monodomain multiferroic 

BiFeO3/Co heterostructures 



W. Saenrang, B. A. Davidson, F. Maccherozzi, J. P. Podkaminer, J. Irwin, R. D. Johnson, J. W. 

Freeland, J. Íñiguez, K. Reierson, J. C. Frederick, C. A. F. Vaz, L. Howald, T.H. Kim, S. Ryu, M. 

van Veenendaal, P.G. Radaelli, S. S. Dhesi, M. S. Rzchowski and C. B. Eom, Nature Comm. 8, 

1583 (2017). 

 

Electronic and structural response at pressure-driven magnetic transition in 

hyperhoneycomb iridate β-Li2IrO3 

L. S. I. Veiga, M. Etter, K. Glazyrin, F. Sun, G. Fabbris, J. R. L. Mardegan, P. S. Malavi, Y. Deng, 

P. Stavropoulos, H. -Y. Kee, W. G. Yang, M. van Veenendaal, J. S. Schilling, T. Takayama, H. 

Takagi, and D. Haskel, Phys. Rev. B Rapid Comm. 96, 140402 (2017). 

 

Ultrafast intersystem crossings in Fe-Co Prussian blue analogues 

M. van Veenendaal, Scientific Reports 7, 6672 (2017). 

 

Photoinduced ultrafast charge-order melting: Charge-order inversion and non-thermal 

effects 

M. van Veenendaal, Phys. Rev. B 94, 115101 (2016). 

 

Pressure-Induced Confined Metal from the Mott Insulator Sr3Ir2O7 

Y. Ding, C.-C. Chen, Heung-Sik Kim, Myung Joon Han, Zhenxing Feng, Yufeng Peng, Mary 

Upton, Diego Casa, Jungho Kim, Ayman Said, Thomas Gog, Gang Cao, Ho-kwang Mao, and 

Michel Van Veenendaal, Phys. Rev. Lett. 116, 216402 (2016). 

 

Evolution of electronic structure across the RNiO3 series 

J. W. Freeland, M. van Veenendaal, and J. Chakhalian, J. El. Spec. Rel. Phenom. 208, 56 (2016). 

 

Using Non-Equilibrium Dynamics to Probe Competing Orders in a Mott-Peierls 

System  

Y. Wang, B. Moritz, C.-C. Chen, C. J. Jia, M. van Veenendaal, and T. P. Devereaux, Phys. Rev. 

Lett. 116, 086401 (2016). 

 

M. van Veenendaal, Phys. Rev. B 92, 245116 (2015). 

 

Sr2Ir1-xRhxO4: an inhomogeneous jeff =1/2 Hubbard system 

Shalinee Chikara, Daniel Haskel, Kang-Hwan Kim, Heung-Sik Kim, Cheng-Chien Chen, G. 

Fabbris,  L. S. I. Veiga, J. Terzic, K. Butrouna, N. M. Souza-Neto, G. Cao,  Myung Joon Han, and  

Michel van Veenendaal, Phys. Rev. B Rapid Comm. 92, 081114 (2015). 

 

Origin of Strong Dispersion in Hubbard Insulators  

Y. Wang, K. Wohlfeld, B. Moritz, M. van Veenendaal, K. Wu, C.-C. Chen, and T. P. Devereaux, 

Phys. Rev. B 92, 075119 (2015). 

 

Xclaim: a graphical interface for the calculation of core-hole spectroscopies 

J. Fernández-Rodríguez, B. Toby, and M. van Veenendaal, J. El. Spec. and Rel. Phenom. 202, 81 

(2015). 

 



Electronic structure, local magnetism and spin-orbit effects of novel Ir (IV)-, Ir (V)-, and Ir 

(VI)-based compounds 

M. A. Laguna-Marco, P. Kayser, J. A. Alonso, M. J. Martinez-Lope, M. van Veenendaal, Y. Choi, 

and D. Haskel, Phys. Rev. B 91, 214433 (2015). 

 

Fragility of ferromagnetic double exchange interactions and pressure tuning of magnetism 

in 3d-5d double perovskite Sr2FeOsO6 

L. S. I. Veiga, G. Fabbris, M. van Veenendaal, N. M. Souza-Neto, H. L. Feng, K. Yamaura, and 

D. Haskel, Phys. Rev. B 91, 235135 (2015). 

 

Mixed configuration ground state in Iron (II) Phtalocyanine 

J. Fernández-Rodríguez, B. Toby, and M. van Veenendaal, Phys. Rev. B 91, 214427 (2015). 

 

Fractionalization, entanglement, and separation: understanding the collective excitations in 

a spin-orbital chain 

C.-C. Chen, M van Veenendaal, T. P. Devereaux, and K. Wohlfeld, Phys. Rev. B 91, 165102 

(2015). 

 

Spin chain in magnetic field: limitations of the large-N mean-field theory 

K. Wohlfeld, C.-C. Chen, M. van Veenendaal, T. P. Devereaux, Acta Polonica A 127, 201 (2015). 

 

Ground State Wavefunction of Plutonium in PuSb as determined via X-ray Magnetic 

Circular Dichroism 

M. Janoschek, D. Haskel, J. Fernandez-Rodriguez, M. van Veenendaal, Y. Choi, J. Rebizant, G. 

E. Lander, J.-X. Zhu, J. D. Thompson, and E. D. Bauer, Phys. Rev. B 91, 035117 (2015). 

 

Momentum-dependenced in K-edge resonant inelastic X-ray scattering and its application 

to screening dynamics in CE-phase La0.5Sr1.5LaNiO4 

T. F. Seman, X. Liu, J. P. Hill, M. van Veenendaal, and K. H. Ahn, Phys. Rev. B 90, 045111 

(2014). 

 

Electronic structure of Sr2RhO4: interplay of ligand distortions, overall lattice anisotropy, 

and spin-obit interactions 

V. M. Katukuri, K. Roszeitis, V. Yushankhai, A. Mitrushchenkov, H. Stoll, M. van Veenendaal, 

P. Fulde, J. van den Brink, and Liviu Hozoi, Inorganic Chemistry 53, 4833 (2014). 

 

Fermi level density of states modulation without charge transfer in nickelate superlattices  

M. J. Han and M. van Veenendaal, J. Phys. C 26, 145501 (2014). 

 

A novel high-pressure monoclinic metallic phase of V2O3 

Y. Ding, C.-C. Chen, Q. Zeng, H.-S. Kim, M. J. Han, M. Balasubramanian, R. Gordon, F. Li, L. 

Bai, D. Popov, S. M. Heald, T. Gog, H. Mao, and M. van Veenendaal, Phys. Rev. Lett. 112, 056401 

(2014); Editor’s Selection. 

 

Effective orbital symmetry of CuO: Examination by non-resonant inelastic x-ray scattering 



W. B. Wu, N. Hiraoka, D. J. Huang, S. W. Huang, K. D. Tsuei, M. van Veenendaal, L. Hozoi, J. 

van den Brink, Y. Sekio, and T. Kimura, Phys. Rev. B 88, 205129 (2013). 

 

Strain modulated Mott transition in EuNiO3 ultra-thin films 

D. Meyers, S. Middey, M. Kareev, M. van Veenendaal, E. J. Moon, B. A. Gray, J. Liu, J. W. 

Freeland, and J. Chakhalian, Phys. Rev. B 88, 075116 (2013). 

 

Ultrafast photoinduced insulator-to-metal transitions in vanadium dioxide 

M. van Veenendaal, Phys. Rev. B 87, 235118 (2013). 

 

Strongly momentum-dependent screening dynamics in orbital ordered La0.5Sr1.5LaNiO4 

X. Liu, T. F. Seman, K. H. Ahn, M. van Veenendaal, D. Casa D. Prabhakaran, A. T. Boothroyd, 

and J. P. Hill, Phys. Rev. B Rapid Comm. 87, 201103 (2013). 

 

Ultrafast X-ray spectroscopy as a probe of nonequilibrium dynamics in ruthenium 

complexes 

J. Chang, A. J. Fedro, and M. van Veenendaal, Chem. Phys. 407, 65 (2012). 

 

Spin ordering mediated orbital hybridization in CoO at high pressures 

Y. Ding, J. Fernandez-Rodriguez, J. Kim, F. Lei, D. Casa, M. Upton, T. Gog, H. Mao, and M. van 

Veenendaal, Phys. Rev. B 86, 094107 (2012). 

 

Pressure-tuning of spin-orbit coupled ground state in Sr2IrO4 

D. Haskel, G. Fabbris, M. Zhernenkov, K. Panpan, C. Jin, G. Cao, and M. van Veenendaal, Phys. 

Rev. Lett. 109, 027204 (2012). 

 

Spin-moment formation and reduced orbital polarization in LaNiO3/ LaAlO3 superlattices: 

LDA+U study 

M. J. Han and M. van Veenendaal, Phys. Rev. B 85, 195102 (2012). 

 

Magnetic excitation spectra of Sr2Ir2O4 probed by resonant inelastic x-ray scattering: 

establishing links to cuprate superconductors 

J. H. Kim, D. Casa, M. H. Upton, T. Gog, Y.-J. Kim, J. F. Mitchell, M. van Veenendaal, M. 

Daghofer, J. van den Brink, G. Khaliullin, and B. J. Kim, Phys. Rev. Lett. 108, 177003 (2012). 

 

Magnetic Resonant Inelastic X-ray Scattering 

J. van den Brink and M. van Veenendaal, Synchrotron Radiation News 25, 29 (2012). 

 

Electronic structure and orbital polarization of LaNiO3 with a reduced coordination and 

under strain: A first-principles study 

M. J. Han and M. van Veenendaal, Phys. Rev. B 84, 125137 (2011). 

 

Stability of ferromagnetic ground state against large compressive stress in magnetodielectric 

oxide La2MnNiO6 

D. Haskel, G. Fabbris, N. M. Souza-Neto, M. van Veenendaal, G. Shen, A. E. Smith, and M. A. 

Subramanian, Phys. Rev. B Rapid Comm. 84, 100403 (2011). 



 

Determining the electron-phonon coupling strength in correlated electron systems from 

resonant inelastic x-ray scattering 

L. J. P. Ament, M. van Veenendaal, and J. van den Brink, Europhys Lett. 95, 27008 (2011). 

 

3j Symbols: To normalize or not to normalize? 

M. van Veenendaal, Eur. J. Phys. 32, 947 (2011). 

 

Quantum confinement of Mott electrons in ultrathin LaNiO3/LaAlO3 superlattice 

J. Liu, S. Okamoto, M. van Veenendaal, M. Kareev, B. Gray, P. Ryan, J. W. Freeland, and J. 

Chakhalian, Phys. Rev. Rapid Comm. 83, 161102 (2011) (Editor’s Selection). 

 

Resonant inelastic X-ray scattering studies of  valence excitations 

L. Ament, M. van Veenendaal, T. P. Devereaux, J. Hill, and J. van den Brink, Rev. Mod. Phys. 

83, 705 (2011). 

 

Observation of dd excitations via 4p-3d Coulomb scattering in transition-metal K-edge 

resonant inelastic x-ray scattering 

M. van Veenendaal, X. Liu, M. H. Carpenter, and S. P. Cramer, Phys. Rev. B. 83, 045101 (2011). 

 

Observation of phonons with resonant inelastic X-ray scattering 

H. Yavas, M. van Veenendaal, J. van den Brink, L. J. P. Ament, A. Alatas, B. M. Leu, M.-O. 

Apostu, Nadia Wizent, Gunter Behr, W. Sturhahn, E. E. Alp, Harald Sinn, J. Phys.: Cond. Mat. 

22, 485601 (2010). 

 

Orbital magnetism and spin-orbit effects in the electronic structure of BaIrO3 

M. A. Laguna-Marco, D. Haskel, N. Souza-Neto, V. V. Krishnamurthy, S. Chikara, G. Cao, and 

M. van Veenendaal, Phys. Rev. Lett. 105, 216407 (2010). 

 

Ultrafast cascading theory in intersystem crossings in transition-metal complexes 

J. Chang, A. J. Fedro, and M. van Veenendaal, Phys. Rev B. 82, 075124 (2010). 

 

The choice of internal coordinates in complex chemical systems 

K. Németh, M. Challacombe, and M. van Veenendaal, J. Computational Chem. 31, 2078 (2010). 

 

Model of ultrafast instersystem crossing in photoexcitat transition-metal organic compounds 

M. van Veenendaal, J. Chang, and A. J. Fedro, Phys. Rev. Lett. 104, 067401 (2010). 

 

High brightness photocathodes through ultra-thin surface layers on metals 

K. Németh, K. C. Harkay, M. van Veenendaal, L. Spentzouris, M. White, K. Attenkofer, and G. 

Srajer, Phys. Rev. Lett. 104, 046801 (2010). 

 

Theoretical design of high-brightness photocathodes based on ultra-thin surface layers on 

metals and on nanostructures 

K. Németh, K. C. Harkay, M. van Veenendaal, L. Spentzouris, M. White, K. Attenkofer, and G. 

Srajer, AIP Conf. Proc. 1299, 522 (2010). 



 

Pressure-induced magnetic transition in manganite (La0.75 Ca0.25MnO3) 

Y. Ding, D. Haskel, Y.-C. Tseng, E. Kaneshita, M. van Veenendaal, J. F. Mitchell, S. V. 

Sinogeigin, V. Prakapenka, and H. Mao, Phys. Rev. Lett. 102, 237201 (2009). 

 

Non-zero orbital moment in high coercivity -Fe2O3 and low temperature collapse of the 

magneto-crystalline anisotropy 

Y. C. Tseng, N. M. Souza-Neto, D. Haskel, M. Gich, C. Frontera, A. Roig, M. van Veenendaal, J. 

Nogués, Phys. Rev. B. 79, 094404 (2009). 

 

Thermally or magnetically induced polarization reversal in the multiferroic CoCr2O4 

Y. J. Choi, J. Okamoto, D. J. Huang, K. S. Chao, H. J. Lin, C. T. Chen, M. van Veenendaal, T. A. 

Kaplan, and S.-W. Cheong, Phys. Rev. Lett. 102, 067601 (2009). 

 

Dynamics and spectral weights of shake-up valence excitations in transition metal K-edge 

resonant inelastic x-ray scattering 

K. H. Ahn, A.J. Fedro, and Michel van Veenendaal, Phys. Rev. B. 79, 045103 (2009). 

 

Anomalous ground states at the interface of transition-metal compounds 

M. van Veenendaal, Phys Rev. B 78, 165415 (2008).  

 

Magnetic linear dichroism probed by high momentum resolution EELS 

Y. Ito, N. J. Zaluzec, A. N. Chiaramonti, R. E. Cook, M. van Veenendaal, and D. J. Miller,  

Microscopy &Microanalysis 14 (Suppl. 2), 1366 (2008). 

 

Effective operator for dd transition in nonresonant inelastic x-ray scattering 

M. van Veenendaal and M. Haverkort, Phys. Rev. B. 77, 224107 (2008). 

 

Orbital reconstruction and covalent bonding at an oxide interface 

J. Chakhalian, J. W. Freeland, H.-U. Habermeier, G. Cristiani, G. Khaliullin, M. van Veenendaal, 

and B. Keimer, Science 318, 114 (2007). 

 

Prediction of strong dichroism induced by x-rays carrying orbital momentum 

M. van Veenendaal and I. McNulty, Phys. Rev. Lett. 98, 157401 (2007). 

 

Haskel and van Veenendaal Reply 

D. Haskel and M. van Veenendaal, Phys. Rev. Lett. 97, 259702 (2006). 

 

Photoinduced magnetism caused by charge-transfer excitations in tetracyanoethylene-based 

organic magnets 

S. Erdin and M. van Veenendaal, Phys. Rev. Lett. 97, 247202 (2006). 

 

Competition between screening channel in core-level photoemission as a probe of changes in 

ground-state properties 

M. van Veenendaal, Phys. Rev. B 74, 085118 (2006). 

 



Polarization dependence of L- and M-edge resonant inelastic x-ray scattering on transition-

metal compounds 

M. van Veenendaal, Phys. Rev. Lett. 96, 117404 (2006). 

 

Correlation functions measured by resonant inelastic x-ray scattering 

J. van den Brink and M. van Veenendaal, Europhys. Lett. 73, 121 (2006). 

 

Theory of indirect resonant inelastic x-ray scattering 

J. van den Brink and M. van Veenendaal, J. Phys. Chem. Solids 66, 2145 (2005). 

 

Atomic origin of magneto-crystalline anisotropy in Nd2Fe14B 

D. Haskel, J. C. Lang, Z. Islam, A. Cady, G. Srajer, M. van Veenendaal, and Paul Canfield, Phys. 

Rev. Lett. 95, 217207 (2005). 

 

Spin polarization in half-metallic CrO2 

M. van Veenendaal and A. J. Fedro, Microscopy and Microanalysis 10(Suppl. 2), 848 (2004). 

 

Spin Polarization in CrO2: Competition between quasiparticle and local-moment behavior 

M. van Veenendaal and A. J. Fedro, Phys. Rev. B 70, 012412 (2004). 

 

Soft resonant x-ray scattering study of magnetic and orbital correlations in a manganite near 

half-doping 

K. J. Thomas, J. P. Hill, Y.-J. Kim, S. Grenier, P. Abbamonte, L. Venema, A. Rusydi, Y. Tomioka, 

Y. Tokura, D. McMorrow, G. A. Sawatzky, and M. van Veenendaal, Phys. Rev. Lett. 92, 237204 

(2004). 

 

Comment on “Correlation Effects in Resonant Inelastic X-ray Scattering of NaV2O5” 

M. van Veenendaal and A. J. Fedro, Phys. Rev. Lett. 92, 219701 (2004). 

 

 

What is the impact on the development of the principal discipline(s) of the project? 

 

This project has made a significant impact on the understanding of X-ray spectroscopy. The 

theoretical basis was laid for several developing and new types of spectroscopy such as resonant 

inelastic X-ray scattering, X-ray spectroscopy using beams carrying orbital angular momentum, 

and X-ray spectroscopy on nonequilibrium systems. The work was published in high-impact 

journals and received as significant number of citations.  

 

What is the impact on other disciplines 

 

Besides considering the impact on X-ray pump probe experiments, the research also sheds light 

on basic aspects of nonequilibrium dynamical processes, such as spin crossover processes, metal-

insulator transitions, and spin and charge-order melting. Although some systems are model 

systems, the research has helped the understanding dynamical processes in physics and materials 

science and developing the interpretation of the X-ray spectroscopic tools that measure them. The 



understanding of nonequilibrium dynamics is relevant for many disciplines, for example, chemical 

reactions, energy conversion, electronic devices, etc. 

 

Furthermore, the research and the collaboration with experimentalists have made an impact on the 

field of material science. The materials under consideration are in the field of transition-metal 

compounds that have (potential) impact in energy storage, ultrafast computing, and high-density 

memory.  

 

What is the impact on the development of human resources? 

 

The research done in this research has trained researchers for disciplines relevant to the U.S. work 

force, such as high-performance computing and understanding X-ray science and nonequilibrium 

dynamics.  

 

 

 


