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1 EditorialWith this issue, No 101, we enter the next, 2nd, hundred "pa
k" of the Psi-k Newsletters. Seeingthe enthusiasm at the Psi-k2010 Conferen
e in Berlin, the future of the Psi-k family, and thus alsothe newsletter, seems promising.We dedi
ate the �rst se
tion of this issue to the Psi-k2010 Conferen
e and en
ourage everybodyto at least glan
e through it. In parti
ular the views of a small sample of parti
ipants printed inone of its subse
tions make a very interesting reading. We are extremely grateful to all who agreedto share with us their personal views on the Conferen
e. There are also a few 
onferen
e photosto be found here and there to make the whole thing an 'ar
hive do
ument'-like.There are also some workshop and job announ
ements in this newsletter, and quite a few ab-stra
ts of re
ent or newly submitted papers. Just before the s
ienti�
 highlight arti
le, we have ashort information on a method/
ode USPEX (for 
rystal stru
ture predi
tion) by A Oganov and
ollaborators, whi
h is free to download.The s
ienti�
 highlight arti
le of this issue is by Jan Minar (LMU Muni
h, Germany) on "Correla-tion e�e
ts in transition metals and their alloys studied by the fully self-
onsistent KKR+DMFTmethod".Please 
he
k the table of 
ontents for details on this Psi-k Newsletter.The Uniform Resour
e Lo
ator (URL) for the Psi-k webpage is:http://www.psi-k.org.uk/Please submit all material for the next newsletters to the email address below.The email address for 
onta
ting us and for submitting 
ontributions to the Psi-k newsletters isfun
tionpsik-
oord�stf
.a
.uk messages to the 
oordinators, editor & newsletterZ (Dzidka) Szotek, Martin L�uders and Walter TemmermanE-mail: psik-
oord�stf
.a
.uk
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2 Psi-k2010 Conferen
e
http://www.fhi-berlin.mpg.de/th/Meetings/psik_2010/13-16 SeptemberHenry Ford Building (HFB), Berlin, Germany

Sin
e this is the �rst newsletter after the re
ent Psi-k2010 Conferen
e, it seems almost natural todedi
ate a prominent part of it, spe
i�
ally the three following subse
tions, to remines
ing on thisevent.In the �rst subse
tion we provide only a brief, likely subje
tive, editorial do
umentation and sele
tedphotographs of the event. In the next subse
tion we present views, 
omments and impressionsof other parti
ipants, be
ause, as Volker Heine said in his 
losing remarks, " ... these are theparti
ipants that make the 
onferen
e". The ones who have 
ontributed their 
omments to thenewsletter represent di�erent ages, sexes, 
ountries/
ontinents, et
., and their brief reports make avery interesting reading. We are truly grateful to them for taking the time to re
ord their thoughts,
omments and impressions for the newsletter.The �nal subse
tion is by Peter Dederi
hs and is dedi
ated to the Volker Heine Young InvestigatorAward and the asso
iated session at the Psi-k2010 Conferen
e.2.1 Brief editorial do
umentation of the eventThe Conferen
e was organized by Matthias S
he�er (
hair), Hardy Gross (
o-
hair), and VolkerHeine (honorary 
hair), with the help of the whole group of Matthias at the FHI Berlin. Theorganization seemed perfe
t from start to �nish. The whole team, in bla
k T-shirts with the Psi-k2010 Conferen
e yellow logo, was on stand-by from the registration on the Sunday early evening,12th of September. Soon the whole foyer of HFB and the outside �lled with parti
ipants 
arryingthe 
hara
teristi
 bla
k bags with the yellow logo, 
ontaining a very imaginative set of useful5




onferen
e stu�, and in parti
ular bla
k umbrellas, again marked by the yellow Conferen
e logo.Congratulations to the organizing team for being so insightful and predi
tive regarding the weatherin Berlin.The Conferen
e was oÆ
ially opened by Matthias on the Monday morning, who extended a heartfeltwel
ome to everybody, expressed vividly through the little jelly teddy bears 
arrying a big red heart,seen in the photo below, wel
oming all to Berlin.

Based on the fa
ts, this was the largest of the four Psi-k 
onferen
es, with over 1000 parti
ipants,�ve parallel sessions and the same number of plenary talks, about 120 invited talks, 22 symposiaand about 700 poster presentations. The latter were distributed over two poster sessions; about350 posters on a day, with even and odd numbers re
eiving 1,5 hours slots in su

ession. This wasa very good idea, allowing an easier a

ess to the posters, as well as, giving everyone a 
han
e tosee the posters. Of 
ourse, a longer time for dis
ussions at any poster would have been useful,although likely diÆ
ult to realize, given a very tight programme, and the 
onstantly full and buzzingfoyer (see photos below).

It de�nitely felt very dynami
 and full of energy.Plenary sessions were usually very well attended with the largest, Audimax, hall rather full on all theo
assions. The �ve talks 
overed a broad range of topi
s, starting from 
omputational spe
tros
opy,involving a number of theoreti
al methods and implemented in Quantum ESPRESSO 
ode (S.Baroni), through fuels from sunlight (J. Norskov), Berry phase/potential and 
urvature, and howthey impa
t on the theories of orbital magnetization and ele
tri
 polarization (D. Vanderbilt),materials genome proje
t (G. Ceder) and �nishing with mole
ular transport jun
tions (M. Ratner).
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Of 
ourse, with �ve symposia running in parallel it was impossible for an individual to visit a substan-tial number of invited and 
ontributed talks or to get an idea whi
h symposia were most popular.However, it seemed that talks presenting new methodologi
al and 
omputational developmentswere, as usual, most highly appre
iated.The oral and poster presentations and s
ienti�
 dis
ussions in the foyer were providing plentyof food for thought, but a

ess to real food was also easy and well managed. The whole fooddistribution pro
ess ran very smoothly. Fruits, sna
ks and drinks were nearly always available inthe foyer, while the lun
hes and evening meals were served in another building, in 
lose proximityto HFB. The eÆ
ient a

ess to food and sitting areas is another thing for whi
h the organizersdeserve full marks (see photos below).

The 
onferen
e dinner was quite unusual and happend on the Wednesday evening/night under thebanner "The Conferen
e outing" in an interesting "Rodeo" museum and 
lub (see photos below).

It was 
ertainly a 
onferen
e dinner with the di�eren
e and probably highly regarded by young7



parti
ipants. The waiting for food was a bit long and tiring, but that was presumably to be
onsidered as an integral part of the unusual set. All in all, with three bands, two DJs and at 1am several hundred theoreti
ians still in motion, it was an interesting experien
e even for the olderfolks. As a result, the �fth plenary talk was perhaps less attended than the other four, but thenumbers were still quite impressive.A new element of this Psi-k Conferen
e was a Young Investigator Award, set up in the name ofVolker Heine, the grand father of the Psi-k family. It was asso
iated with an interesting and wellattended session, in whi
h the �ve �nalists gave 30 minutes' presentations. In one of the followingse
tions Peter Dederi
hs, the Psi-k Network 
hairman, reports on this event and the award itselfin more detail.At the 
losing words, both Volker Heine and Peter Dederi
hs praised very highly Matthias, Hardyand the rest of the organizing team for a fantasti
 and smoothly run 
onferen
e. Not only Volker,seen in the photo below, was aplauding them very warmly, but all the remaining parti
ipants joinedin a long and loud 
lapping. Below we see Matthias and Hardy, sitting behind ea
h other, havingvery solemn and 
on
erned fa
es. Surely, they must have been pleased with the out
ome andreally happy for being so highly appre
iated by everybody. Nevertheless, they must have also beenrelieved that it was �nally over.

The Conferen
e was being very a

urately do
umented in photographs and the album 
an bea

essed from the webpage
http://www.fhi-berlin.mpg.de/th/Meetings/psik_2010/album/index.htmlIn the above write-up we have only sele
ted a very few of them to give it a bit of an 'ar
hivedo
ument'-like feel.To �nish this do
umentation of the event it seems interesting to look at the distribution of theparti
ipants over 
ountries and then 
ontinents. In the graphs below, one 
an see that Europe leadsthe �eld, with Germany well ahead with impressive 299 parti
ipants, followed by UK (96), Fran
e(55), Italy (54), Spain (48), Austria (46), and so on. North Ameri
a falls behind Asia+O
eania,where Japan leads with 80 parti
ipants out of the total of 118. It is perhaps surprising that therewere only two parti
ipants from the whole 
ontinent of Afri
a, despite the fa
t that there are afew groups there, in parti
ular in the North Afri
an 
ountries, that are a
tive in the �eld. Maybeeven more surprising is the fa
t that there were only 9 parti
ipants representing China, whilst a8



small 
ountry like Cze
h Republi
 had 18 parti
ipants.

2.2 Brief Reports on the Psi-k2010 Conferen
e by a Sample of Parti
ipantsComment by John Dobson (Brisbane, Australia)This was the biggest physi
s 
onferen
e I have attended, ex
ept for the APS Mar
h meeting, whi
his of 
ourse mu
h less fo
ussed. The size of the meeting re
e
ts the very pleasing su

ess of the Psi-k network, and is a tribute to the hard work of many people from Volker Heine onwards. Despiteits size and 
omplexity, the meeting ran amazingly smoothly. The programming, the building,rooms and food servi
e were all �rst-
lass, and at any sign of a problem the army of helpers inbla
k T-shirts would be there to sort things out. Many thanks to Matthias S
he�er, Hardy Gross,Peter Dederi
hs, Walter Temmerman and their T-shirt brigade. As a non-EU attendee, I was alsoimpressed by the wel
oming and in
lusive treatment that I re
eived. In general, the Psi-k networkseems to have su

eeded in fostering 
ooperation rather than the 
ompetitive approa
h that isoften evident elsewhere in the physi
s 
ommunity.The s
ienti�
 
ontent and presentation were both of a very high standard, and the subje
t matterwas quite diverse, given the fo
us area of Psi-k. I will 
omment on the te
hni
al 
ontent frommy personal viewpoint as a theorist interested in van der Waals physi
s and related many-bodyformalisms. For me the highlights from the talks and posters were the following.(i) The emerging ability to model periodi
 systems in detail via mi
ros
opi
 many body methods,starting from the RPA/TDDFT 
orrelation energy. Mi
ros
opi
 beyond-RPA 
orre
tions (e.g.SOSEX) are also now be
oming available, and they seem to improve the theory where tested todate. One of the important a
hievements of this 
lass of mi
ros
opi
 approa
h is the reliable abinitio des
ription of dispersion for
es in "diÆ
ult" systems su
h as graphiti
s. There is still a needfor mu
h work here, however, sin
e the 
omputational e�ort of RPA-
lass theory still pre
ludes9



full des
ription of nanostru
tures with "interesting" geometries and 
orrespondingly large repeat
ells. At least two groups also reported good progress with the tri
ky "OEP" problem of providingself
onsistent orbitals for the RPA 
lass of theory. It seems that this 
an make major improvementsin the des
ription of small systems where "dire
t" RPA has some serious diseases.(ii) The progress evident in the modelling of more 
omplex dispersion-bound systems via moreapproximate and/or empiri
al theories. One example was an eÆ
ient trans
ription pro
edure toobtain polarisabilities of "
ompressed" atoms in mole
ules and solids starting from a

urate free-atom polarisabilities. There was also the dis
overy (surprising to me at least) that dispersion for
esare important in the stability of beta heli
es in biomole
ules, i.e. in determining se
ondary stru
turesrather than just tertiary stru
ture where su
h e�e
ts were already 
onsidered to be important.(iii) The su

essful appli
ation of GW and Bethe-Salpeter equation te
hnologies to predi
t quasi-parti
le and ex
itoni
 properties in a variety of solids.John DobsonGriÆth UniversityAustralia
Comment by Mojmir �Sob (Brno, Cze
h Republi
)Impressions from the 4th Psi-k Conferen
eI have been lu
ky enough to have a 
han
e to attend all Psi-k Conferen
es, starting from the �rstone in 1996 to the fourth one, taking pla
e in Berlin in the middle of September 2010. From thevery beginning, these 
onferen
es have 
onstituted topi
al and highly spe
ialized meetings devotedex
lusively to ab initio ele
troni
 stru
ture 
al
ulations (AIESC) and their appli
ations in solid-statephysi
s and 
hemistry, and in materials s
ien
e.I have been working in the �eld sin
e 1974 and, obviously, have greatly wel
omed the �rst Psi-kmeeting in 1996. With the ex
eption of the �rst Psi-k Conferen
e, I have always taken my wholegroup with me. At this Conferen
e, we've had a 
han
e to assess the present status of our belovedab initio approa
h and have observed a 
ontinually extending range of its appli
ations. It has beena fantasti
 a
hievement of the Psi-k Network and the e�orts of the Conferen
e organizers that the4th Psi-k Conferen
e, now over 3 times larger than the �rst one (!), has happened.That large in
rease in the number of parti
ipants indi
ates unambiguously a steadily in
reasinginterest in AIESC and their appli
ations. I 
an also 
on�rm this trend from the �eld of 
al
ulatingphase diagrams, asso
iated with the CALPHAD Journal. When I attended my �rst CALPHADConferen
e in 2005 in Maastri
ht (it was the XXXIVth CALPHAD Conferen
e), and had a talk onappli
ation of AIESC, the CALPHAD 
ommunity was largely relu
tant to adopt ab initio results intheir simulations; the CALPHAD s
ientists were rather s
epti
al. Five years later, at the XXXIXthCALPHAD Conferen
e at the Jeju Island in Korea in 2010, about 1/3 of 
ontributions in
luded ortou
hed upon ab initio input. 10



Of 
ourse, su
h s
epti
ism is not our problem, we do know that AIESC have their great value andprovide results at the most fundamental level. Rapid in
rease of numbers of s
ientists adopting ourbelief is a proof that appli
ations of AIESC 
onstitute a 
orre
t and promising dire
tion, althoughone 
ould perhaps do more. As Gerbrand Ceder said in his talk, "$100Ms are poured into materialsresear
h and innovation, without fully using the bene�ts that large-s
ale 
omputational modelling
ould o�er". Maybe we should intensify our propaganda?The 4th Psi-k Conferen
e brought together more than 1000 s
ientists of our ab initio belief.The presentations were distributed among 22 symposia whi
h were running in 5 parallel sessions.Plenary and invited speakers were 
arefully sele
ted to provide topi
al reviews of most interestingdevelopments in the �eld and/or their own results illustrating that development. I really enjoyedall plenary talks whi
h had a very high level indeed. Many oral 
ontributed talks also presentedvery interesting results. Regrettably, it was not possible for one person to attend all �ve parallelsessions; all of us had to make our 
hoi
es.It was a very good initiative to establish the Volker Heine Award for young investigators. The levelof the �nalists was high indeed and it was a pleasure to meet them at the 
losing 
eremony, asthey were awarded their prizes from Peter Dederi
hs and Volker Heine himself.Due to limited time at the 
onferen
e, most of the 
ontributions had to be presented in postersessions. At this 
onferen
e we had two evenings to see in total about 750 posters, and that wasreally impossible. I wish I had more time for posters. Of 
ourse, I do realize that it was te
hni
allyquite hard to organize poster sessions with su
h a large amount of 
ontributions. Nevertheless, itwas a pity, in my opinion, that the posters 
ould not have been exhibited at least during the �rstthree days of the 
onferen
e in order to give one more time to inspe
t them in more detail.Conferen
e dinner was in a very interesting pla
e, however, we experien
ed somewhat 
lose-pa
kedarrangement (I was not able to establish whether it was the h
p or f

 or some other type ofpa
king).This, however, does not diminish the huge amount of work exerted by the Organizing Committee
haired by Matthias S
he�er. They have made a very good job indeed and deserve big applaudsfrom all parti
ipants of the 4th Psi-k Conferen
e!Now, that ESF has endorsed the Psi-k Network as one of its possible programmes for the next�ve years, subje
t to se
uring funding from the National Resear
h Coun
ils of the ESF member
ountries, we 
an only wish that this �nan
ial support will be granted to fund our future a
tivities,in
luding the next big 
onferen
e. Let us hope that in 5 years, we shall meet again at the 5thPsi-k Conferen
e. Well, extrapolating from the observed trends, it seems that more than 2000parti
ipants 
an be expe
ted. It will de�nitely be a 
hallenge for the future Organizing Committee,and we should wish them good lu
k!However, su
h a large number of parti
ipants would bring us to the format 
omparable with theDFG, APS, MRS or TMS Meetings. Thus, maybe we should also think about establishing anorganization like APS, MRS or TMS, 
alled e. g. the Psi-k So
iety, to bring all the s
ientists fromour 
ommunity 
loser together, shouldn't we?I look forward to attending the 5th Psi-k Conferen
e in 2015!11



Sin
erely,Mojmir (Mirek) �SobMasaryk UniversityBrno, Cze
h Republi
Comment by Anton Kozhevnikov (Z�uri
h, Switzerland)More than a hundred invited talks, hundreds of posters, over a thousand of parti
ipants and veryintensive personal 
ommuni
ation - now we know how the largest 
onferen
e on ele
troni
 stru
ture
al
ulations looks like. Organized by the Psi-k network, the 
onferen
e took pla
e in Henry FordBuilding of the Free University of Berlin during September 12-16. With the absolute 
ertaintywe 
an say that the Psi-k 2010 
onferen
e was ex
ellently arranged and 
ondu
ted. Indeed, �ve
onferen
e halls seated all the interested listeners, there was enough spa
e for the poster session, itwas always possible to �nd a free seat or a table down at the ground 
oor, internet 
onne
tion wasfast and stable, sna
ks and drinks were always available and the lun
h and dinner meals were reallygood. The 
onferen
e brought together many s
ientists from the ele
troni
 stru
ture 
ommunity,giving everybody a 
han
e to meet new people and 
harge oneself with new ideas. What else doyou need for the produ
tive dis
ussions and intense work? Spe
ial thanks must go to the authorsof the "parti
ipant's bag" with an abstra
t book, notepad, pen, 
ity map of Berlin and umbrella,whi
h proved to be the most useful item during this four days. The only thing that I would like towish to the Psi-k network is "Continue in the same spirit!"With best regards,Dr. Anton KozhevnikovETH Z�uri
hInstitute for Theoreti
al Physi
sWolfgang-Pauli-Str. 278093 Z�uri
hSWITZERLANDComment by Pawe l Bu
zek (Halle, Germany)A short a

ount of Psi-k 2010 Conferen
e, BerlinPawe l Bu
zekMax Plan
k Institute of Mi
rostru
ture Physi
s, Weinberg 2, Halle/S., GermanyI must admit that my expe
tations regarding Psi-k 2010, the �rst 
onferen
e of the series I attended,were 
ompletely di�erent from reality. I had naively imagined Psi-k as a platform for 
omputationalphysi
s 
raftsmen trying to �gure out together the best possible 
oherent dire
tions for the future12



numeri
al ele
troni
 theory. Instead I found myself amidst enormous parti
ulate �eld with everyonefollowing �rmly his/her own path. But not-met expe
tations do not mean disappointment and letme state I enjoyed Psi-k 2010 enormously.Not one single plenary or semi-plenary presentation disappointed me. The speakers were fully awarethey do not have solely spe
ialists in the audien
e and often managed to throw bridges betweensub-�elds or even way beyond the 
omputational 
ondensed matter. I have more mixed feelingsabout the idea of 12 minute long s
ienti�
 talks, earlier safely 
onstrained to events like GermanPhysi
al So
iety spring meetings and re
ently gloriously making its way to the most of the modern
onferen
es. While I am strongly 
onvin
ed that it is not the best pra
ti
e, I admit that mostof these short talks were very well prepared and presented. This kind of presentations o�ers anex
ellent overview and often gives a rare 
han
e to meet the speaker in the real life.And this is exa
tly what Psi-k 2010 was all about for me. On one hand an opportunity for deepeningknowledge and polishing numeri
al approa
hes, on the other a 
han
e for seeing what and how itis done and how it is sold and presented; a possibility to ex
hange gossips, to network and to lookfor 
ollaborators and allies.I would like to add only few 
omments to this general praise. The 
onferen
e 
ould have easilytaken one or two more days and ended up with a redu
ed number of sessions. It was almostimpossible to 
onstru
t any personal program in
luding even most of the relevant presentations.This severe 
ompression was one of the reasons for the low impa
t of the poster sessions. Manyof the posters were of low quality and even more apparently 
ompletely unmanned. The lenght ofthe meeting might be the only serious 
aw (together with the drinks one had to pay for after 6pm)in the well organized event. I loved the night in "Rodeo" - it is a great idea to give up oÆ
ial andsti� so
ial dinners; I was relieved to hear there would be no "fun-s
ienti�
" talks that night.I am sure I will not miss the next Psi-k meeting if I am still in the business.
Comment by Marilia J. Caldas (Sao Paulo, Brazil)Dear Matthias,I imagine you have already re
eived several messages in the same spirit, so ... one more.We have all parti
ipated in far too many 
onferen
es at this time of life, and some of them werereally good. I must say yours was the best organized I have ever been to. It made life easy for thestudents, for whi
h I thank you all very, very mu
h.Apart from the organization per se, and 
ounting also the quality of the talks and the opportunitiesfor intera
tion, this last Psi-K was really, for me, one of the best 
onferen
es I had the pleasure toattend.
[ ]sMarilia J. CaldasGrupo NanomolDepto de F��si
a dos Materiais e Me
âni
a Instituto de F��si
a University Sao Paulo, Brazil13



Comment by Julie B. Staunton (Warwi
k, UK)
Ψk Conferen
e 2010September 12 - 16, 2010, BerlinJulie Staunton, Department of Physi
s, University of Warwi
kDiary of a Conferee.Monday September 13:Departmental 
ommitments meant I had to miss �rst day of 
onferen
e whi
h is a pity be
ause theprogramme looks ex
ellent. Eventually arrived in Berlin in the evening - really impressed by Berlin'spubli
 transport. Raining..uh oh, travelling light with no waterproofs. Fortunately Hotel Ravenna
lose to U-Bahn.Tuesday September 14:Up bright and early -bumped into several familiar fa
es in Hotel before 
at
hing bus and train toHenry Ford Building. Still raining...Registered and obtained impressively thi
k abstra
ts book andprogramme. (Also a
quired large T-shirt and .. fantasti
, an umbrella... now that's what I 
all goodorganisation). It is striking how big the Conferen
e has grown sin
e its 2000 and 2005 prede
essors.There are now over 1000 parti
ipants. Must be largest international ele
troni
 stru
ture 
onferen
e- the stats demonstrate this, 5 plenary speakers, 22 symposia with 120+ invited talks 
overing thewhole dis
ipline and its impa
t on 
ondensed matter and materials s
ien
e.David Vanderbilt gave an ex
ellent, thought-provoking plenary talk on the role of Berry phase ideasin theories of magnetoele
tri
 e�e
ts in multiferroi
 insulators. There was then a tough 
hoi
e asto whi
h of the �ve symposia to attend. I opted for 'Crystalline, Amorphous and Glassy Alloys'and enjoyed a series of talks on topi
s on phase stability and disordered systems. Also gave atalk myself. All talks stimulated good dis
ussion. There was some amusement in a 
ouple of thetalks when a disembodied voi
e 
oated around the le
ture theatre. This turned out to be that ofsomeone in another le
ture theatre asking a question whi
h our AV system pi
ked up. After thetalks and dinner took the opportunity to dis
uss some work with 
olleagues and then looked aroundthe posters.Wednesday September 15:Another superb plenary talk by Gerbrand Ceder on hot topi
al high-throughput ab-initio 
al
ulations.De
ided then to attend parts of 2 very di�erent symposia to appre
iate the s
ope of our 
onferen
e.To that end 
hose the 'Earth and Planetary Materials and Matter at Extreme Conditions' on theone hand and `Organi
 Ele
troni
s' on the other. Later attended the V Heine Young InvestigatorAward session where all the speakers were very impressive. Throughout the day and the day beforeI found plenty of opportunities for dis
ussions with other 
onferen
e parti
ipants.Caught the 
onferen
e bus to Postfuhramt passing by many famous Berlin landmarks. Goodevening where I witnessed an interesting experiment on the 
olle
tive behaviour of 
ondensed14



matter physi
ists at high density where there are 
ompeting short- and long-range intera
tions.Thursday September 16:Flight times home meant I had to leave in the morning and miss part of the day. Home in evening- re
e
ting on a very enjoyable and stimulating 
onferen
e. Many thanks to all the organisers.Comment by Warren Pi
kett (Davis, USA)Sele
ted Impressions from Psi-k 2010Warren Pi
kettUniversity of California DavisThe brain teeters toward overload when 
onsidering how to 
omment in some useful way on thes
ienti�
 spe
ta
le of Psi-k 2010. Su
h a 
ondition is just what one should expe
t from a four-dayperiod in whi
h 1000 
omputational ele
troni
 stru
ture theorists ("103-CEST") 
onvo
ate for abide
adal download, from speaker to audien
e, of the re
ent progress of knowing the unknowable.Eighty years ago Dira
 pronoun
ed the quantum me
hani
al study of 
ondensed matter ("
hem-istry") too demanding to fathom, i.e. unknowable. The 
ommunity is, arguably, at a point whereit 
an be said that this statement is Dira
's "
osmologi
al 
onstant" - a position not withstandingthe test of time. Just what should be expe
ted from a meeting of 103-CEST would have beenguesswork ex
ept to the organizers, sin
e it had never happened before in our 
urrent universe. Iprovide just 2-3 sele
tive observations.Comment from a subje
tive viewpoint. I attended Psi-k 2010 partially with the Ameri
an viewpointin mind, so it was with interest that I noted that Dzidka mentioned I might addresss the Ameri
anviewpoint, after whi
h I might segue into more general 
omments. My spe
i�
 "Ameri
an view-point" in this 
ontext in fa
t arose from a re
ent Psi-k Newsletter in whi
h Peter Dederi
hs pointedout that, in terms of DFT-based publi
ations in journals followed by the Web of S
ien
e, the U.S.is in the pro
ess of being left in the dust. The U.S. is behind Europe in terms of publi
ations peryear and gap is in
reasing with time. In addition, the U.S. will be overtaken by Asia within a 
oupleof years. Growth in China is at least quadrati
 (Europe and U.S. growth is linear), so China mayovertake the U.S. in su
h publi
ations before it overtakes it in e
onomi
 terms. These trends arethe kind of messages that may stimulate a
tion in some of the right pla
es (funding oÆ
es) if one
an attra
t their attention.There is widespread belief, probably in Europe but 
ertainly in the U.S., that the origin lies in somebasi
 so
iologi
al di�eren
es in the funding, indeed in the a
tivity, in the two geographi
al andgeopoliti
al areas. A 
entral feature { a very evident distin
tion { is the development and supportof robust, user-friendly, open sour
e, supported DFT 
odes in Europe. Austria and Germany have
ontributed several. At the risk of upsetting some by being (ne
essarily) in
omplete, I 
an mentionalso as a
tive 
ontributors groups in Italy, Belgium, the U.K., Spain, Sweden. I am not totallyunaware of the e�orts in Japan, where they have 
odes as well, though I am mu
h less familiarwith them. 15



The modus operandi in the U.S. has been, for some de
ades, to distribute a large fra
tion ofresear
h funding in large part through teams: from MRSECS to EFRCs (what these a
ronymsstand for is not so important here). A given professor or national lab leader typi
ally gets resear
hfunding from a few dire
tions and works in a few di�erent (albeit related) areas, for three yearsat a time. Funding from di�erent sour
es should basi
ally fund distinguishable proje
ts. In Europethe infrastru
ture 
ulture is di�erent. There are (to overstate the 
ase, but only mildly I hope)professors or single-institution tightly knit groups with long-term funding who 
an think and a
t withthe longer times
ale in mind. The result has been (many) of the aforementioned DFT 
odes. TheU.S. has some quantum 
hemistry 
odes but no DFT 
odes whose a
ronym would be identi�ableto most Europeans (unlike the other way around).The availability of these DFT 
odes, and the s
ienti�
 environment that surrounds them, seem tomany of us in the U.S. to be a substantial part of the stimulus that has propelled Europe into their
urrent leadership role in our area of resear
h, with 103-CEST at Psi-k 2010 held in Berlin andnot in (say) Baltimore. The U.S. does have its "Ele
troni
 Stru
ture Methods" annual 
onferen
e,more than 20 years in the running now, but it has still the 
hallenge (if it aspires to do so) toattra
t the wider ele
troni
 stru
ture 
ommunity attendan
e in the U.S. that Psi-k does in Europe.Commendably, East Asian 
ountries also hold a regular ele
troni
 stru
ture 
onferen
e.Broad observations. I have digressed. The subje
t of this 
omment is Psi-k 2010, and the im-pression it leaves and, possibly, its impa
t. The foment (whi
h is ferment, without the al
ohol)in our �eld is palpable; new ideas and the implementation to test them 
ontinues at a s
ary rate.S
ary, if you have deli
ate disposition, but in su
h a vigorous resear
h environment one should thinkin terms of boldness. We refer to our approa
h as '�rst prin
iples' but prin
iples often give wayto pra
ti
alities with the justi�
ation to be tightened up later, with �nding 'what works' being apro�table way forward. We are, after all, working to know the unknowable.Some of our Blo
h fun
tions have been 
on
ealing their intimate private behavior (phase twists)until re
ently. The bulk ele
troni
 stru
ture of topologi
al insulators hosts an entanglement thatmust be straightened out at the surfa
e, so su
h insulators must have surfa
e bands through thegap that disentangle the phase warp. (Is it possible there is an analogous phase twist in someinsulating surfa
es that may lead to yet ri
her behavior? Sounds only fair.) The ex
ellent plenaryexposition was followed by a number of 
omputational investigations, in this �eld whi
h is only inits infan
y. The entanglement may be more subtle than the proofs of its o

urren
e and of its
onsequen
es. The e�e
t requires both spin=orbit 
oupling and multiple bands. Band stru
turepra
titioners understand that spin-orbit 
oupling introdu
es phases (
omplex numbers) into thetreatment, arising rudely due to its order of magnitude in
rease in 
omputational 
ost (
omplexarithmeti
 versus s
alar; doubling of the size of the se
ular equation, if the Kramers degenera
yis not taken into a

ount to 
ountera
t the loss of symmetry [distin
t spins℄). A more intuitiveunderstanding of the (gauge-invariant) Berry 
urvature is desirable, and the early investigations todo so that were presented provide 
on�den
e that this understanding will pro
eed forthwith.Comment on part of the future of "psi-k". Note: I use psi-k here to refer not to the bide
adal
onferen
e whi
h should have 1600 attendees in 2015, not to the organization, but to the 
om-putational materials theory 
ommunity that drives the advan
es, applies them, and furthers theunderstanding of materials behavior from the �rst prin
iples viewpoint. One of the notable ad-16



van
es that is evident from this 
onferen
e is the impressive extension in the treatment of dynami
ele
troni
 behavior.The 
ontinued progress, and several extensions and new appli
ations, in the des
ription of ele
trondynami
s was dis
ussed several symposia (Ele
troni
 Ex
itations; Dynami
al Mean Field Theory;Strong Correlations from First Prin
iples; Solar Energy Conversion and Harvesting; Organi
 Ele
-troni
s). In rough histori
al order, the primary topi
s were GW, tdDFT, and DMFT. To one whohas not kept up with many of the appli
ations of tdDFT (me), the progress seems impressiveindeed.The GW approa
h has been around for some time and 
ontinues to advan
e. At the newer end,dynami
al mean �eld theory is showing in
reasing promise. The impressive advan
es at this meetingfrom my viewpoint were from the very signi�
ant inroads that time-dependent DFT (tdDFT) isa
hieving. This progress illustrates a 
ru
ial aspe
t of DFT: the ansatz is an energy fun
tionalwith 
lear formal foundation. LDA (and its immediate o�spring) has been enormously su

essfulin spite of a simplisti
 approximation (extreme lo
ality, whereas ex
hange and 
orrelation are notreally so). Su
h su

ess 
an be possible only be
ause the formulation is 
orre
t: a (rigorouslyjusti�ed) density fun
tional (theory) is formulated, whi
h is then approximated (ne
essarily so),and minimized (via the Kohn-Sham approa
h) to provide the many results that are obtained. TheGW approa
h follows the (many body) Hamiltonian formalism, with energeti
s evaluated (via theGalitskii-Migdal expression) only extremely rarely, and not yet approa
hing any appli
ation of linearresponse methods.The tdDFT approa
h is (from my personal view) unexpe
tedly su

essful, apparently due to itsformal basis and appli
ation in terms of a well-formulated energy fun
tional. A time-dependentHamiltonian alters the emphasis of the theory (away from non-
onserved energeti
s), but the su
-
esses build on the formulation. Extending predi
tive 
omputational theory to strongly 
orrelatedmaterials will surely require treatment of dynami
al pro
esses, with the dynami
al mean �eld the-ory (DMFT) approa
h being the most widely used a present. Signi�
ant further development ofDMFT will, in my view, ne
essitate fo
us on the fun
tional (thermodynami
 grand potential).A breakthrough in this area was made around the turn of the 21st 
entury when Andy M
Ma-han, Ri
hard S
aletter, and Karsten Held devised a DMFT energy fun
tional in an all-ele
tronLDA+DMFT implementation to model the volume 
ollapse transtion in Ce under pressure. Their.Kondo volume 
ollapse. result remains the most 
onvin
ing mi
ros
opi
 explanation of this 
lassi
problem in 
orrelated ele
tron physi
s. Their basi
 fun
tional form has been used o

asionally in thesubsequent de
ade with some su

ess. Further progress, almost 
ertainly, relies on the formulationof the fun
tional, ne
essarily approximated, then minimized, generating the single parti
le Green'sfun
tion and related results (free energy hen
e thermodynami
s; linear response quantities). Ob-viously full 
harge self-
onsisten
y is essential; advan
es in a

omplishing this is underway in a fewgroups. This are of resear
h is well positioned to form one of the more ex
iting symposia at Psi-k2015.This highly su

essful meeting has been a great reminder of how our 
ommunity has 
onverted thegreat promise of the 1970s and 1980s into the tremendous su

ess story that it now is. All signspoint toward a 
ontinuing bright future as more and more materials properties are understood froma �rst prin
iples viewpoint. 17



Comment by Samir Lounis (Irvine, USA)Report on the Ψk-2010 Conferen
eSamir LounisDepartment of Physi
s and AstronomyUniversity of California Irvine, California, 92697 USAThe Ψk 
onferen
e is a traditional meeting that 
overs theoreti
al and 
omputational resear
h onele
troni
 stru
ture and properties of matter. It takes pla
e every 5 years. This time it has beenorganized in Berlin where suÆ
ient spa
e is available to host the huge attending 
ommunity (morethan 1000 parti
ipants).The overall organization of the 
onferen
e was well handled: from the initial stage in
luding reg-istration and submission of s
ienti�
 
ontributions to the �nal stage of talks and posters. Fiveplenary talks were given and several symposia were organized 
overing a large number of topi
swhere 
ertainly every parti
ipant, even if not expert, 
ould bene�t from. It o

urred that some-times, interesting sessions were s
heduled at the same time making diÆ
ult my personal 
hoi
es.As an example, I was personally interested in magnetism and strongly 
orrelated systems on Mon-day while during the last day there were two interesting sessions on the same topi
: Ex
itations(Quantum Dynami
s and Ele
troni
 Ex
itations). There was de�nitely a plenty of 
hoi
e for thedi�erent audien
es.Most of the talks were invited a

ompanied by 
ontributed presentations and four poster sessions.The latter ones were organized during the evenings of the �rst two days, giving exposure tointeresting and original works. These evening sessions were, in my opinion, very 
onvivial andallowed me, probably other parti
ipants as well, great opportunities to ex
hange and dis
uss newand old ideas.I 
ould not attend all talks and 
annot report on all presentations I have seen. Thus, I willmention brie
y the plenary talks whi
h were very edu
ational. The �rst plenary speaker, StefanoBaroni, dis
ussed the basi
 
on
epts of density fun
tional perturbation theory, the Liouville-Lan
zosapproa
h to time-dependent density fun
tional theory and several appli
ations obtained with thequantum-espresso 
ode. David Vanderbilt reviewed the Berry phase and Berry 
urvature and their
ru
ial role in the theories of ele
tri
 polarization, orbital magnetization and anomalous Hall e�e
t.To eÆ
iently synthesize fuels from sunlight, new 
atalysts are required. Jens Norskov introdu
edand dis
ussed some of the 
hallenges to 
atalyst dis
overy and how �rst-prin
iples 
al
ulations
an help in designing them. Gerbrand Ceder presented the Material Genome Proje
t that hasthe obje
tive to perform large s
ale ab-initio property predi
tion of all known inorgani
 materials.Several examples of new 
ompounds were investigated and di�erent short-
oming of the usualapproximations in the ex
hange and 
orrelation fun
tionals were mentioned. Mark Ratner dis
ussedtransport in mole
ular jun
tions and demonstrated by di�erent examples and limiting 
ases di�erentapproa
hes to ta
kle this non-trivial problem.To 
on
lude, I believe that the Ψk-2010 
onferen
e was a su

ess and I am looking forward to the18



next one.
Comment by Manuel dos Santos Dias (Warwi
k, UK)Psi{k 
onferen
e reportMy name is Manuel dos Santos Dias, and I'm a PhD student under Prof. Julie Staunton at theUniversity of Warwi
k, working in 
ollaboration with Prof. L�aszl�o Szunyogh of the Budapest Uni-versity of Te
hnology and E
onomi
s. My resear
h and main interests are on nanos
ale magnetism.I present my impressions on the Psi{k 2010 Conferen
e in a few paragraphs below.The s
ienti�
 program was outstanding. With often three sessions in parallel drawing my attention,it was hard to de
ide whi
h talks to attend. Moving from one session to a di�erent one was hinderedby a somewhat 
uid enfor
ement of the alloted times for ea
h talk. In the �rst two days the programwas quite long, and the poster sessions took pla
e afterwards, in the evening, taking a toll on thepeople presenting a poster and on those wanting to dis
uss the posters with their authors | I waspart of both groups. The breadth and depth of the resear
h presented was truly ex
eptional, andof great interest and relevan
e. To me this was very fruitful.I wish to highlight a few talks that I found parti
ularly interesting. Prof. Stefan Bl�ugel's talk,`Topologi
ally prote
ted spin textures at metal surfa
es', was an ex
ellent summary of the physi
alme
hanisms giving rise to 
omplex magneti
 states in ultrathin �lms, as unveiled experimentallyand theoreti
ally.On the topi
 of strong 
orrelations, Prof Zhong Fang's talk, `LDA+Gutzwiller method for strongly
orrelated systems', was an interesting addition to the existing manifold of methods and te
hniques
reated to address this problem.As I'm a 
omputational physi
ist, Prof. Thomas S
hultess talk, `Petas
ale 
omputing in 
on-densed matter physi
s', was a very 
ompelling review of the development and usage of large s
alesimulations, even if peppered with an amusing te
hni
al in
ident.The Volker Heine session was an insightful addition to the 
onferen
e program. The talk by Dr.Samir Lounis, `Investigations of the intriguing magneti
 and ele
troni
 behaviour at the nanos
ale',was a vivid illustration of how distin
t systems with a �nite number of atoms are.The last talk I will mention was given by Dr. Pawel Bu
zek, `Spin dynami
s of 
omplex metalli
magnets'. He presented a theory of the transverse magneti
 sus
eptibility whi
h in
orporates bothlo
al moment and itinerant ele
tron magnetism on the same footing, thus re
on
iling the Stonerand Heisenberg pi
tures, with very interesting appli
ations.The Henry Ford building was an ex
ellent 
hoi
e for the 
onferen
e venue. Its ample interiorand abundant natural lighting made sharing the same spa
e with 1000 people an almost pleasantexperien
e. The le
ture halls are 
omfortable and well equiped, and it was easy to 
hange from oneroom to another. The 
onferen
e sta� was very helpful. There was some inevitable strife during19



the 
o�ee breaks, and some sli
es of 
ake be
ame mythologi
al foodstu�s, as I seldom got hold ofthem. The main meals were also adequate.I 
lose by 
ommending all the speakers, parti
ipants and organisers on making su
h a good 
onfer-en
e possible.Comment by Hisazumi Akai (Osaka, Japan)Short report on the Psi-k 2010 Conferen
e in BerlinHisazumi AkaiOsaka University, JapanThe number of submitted papers as well as the number of parti
ipants at the Psi-k 2010
onferen
e is 
lear proof of the tremendous vitality of the �eld of �rst prin
iples 
al
ula-tions. The plenary and invited talks were extremely stimulating. Moreover, the 
ontributedoral presentations were also uniformly ex
ellent. Indeed, after attending the poster ses-sions, I 
ame to the 
on
lusion that the program 
ommittee fa
ed an almost impossibletask in sele
ting 
ontributions for oral presentation, su
h was the high standard.First-prin
iples 
al
ulation now seems to be a �eld that is dominated by te
hniques su
has NMR, photo-emission, STM, and so on. Many authors reported the results of analysesusing a reliable and easy-to-use program pa
kage (in many 
ases, VASP). While there isno question that this is a s
ienti�
ally sound approa
h, I hope in the future to see more
ontributions reporting e�orts to further develop the fundamental theories and method-ologies that are the foundation of �rst-prin
iples ele
troni
 stru
ture 
al
ulations. This,of 
ourse, probably re
e
ts a general tenden
y in the �eld of �rst-prin
iples ele
troni
stru
ture 
al
ulations.The Psi-k 2010 
onferen
e was a great su

ess and I would like to 
ongratulate theorganizers, the 
ontributors and all those who attended, for making it so.Comment by Peter Kluepfel (Reyjavik, I
eland)Extraordinary events with global impa
t are kind of daily business here in I
eland. So whenI marked the PsiK2010, the "biggest ele
troni
 stru
ture 
onferen
e in the world" in my
alender I thought it was funny appearing right next to vol
ani
 eruptions and the 
ollapseof a nation's �nan
ial system and the superlative "biggest" lost some of its magi
 in this
ontext. But I was about to be taught di�erently:The Organizers:Everyone knows that Germans are well-organized. Thus I was not expe
ting anything elsethan a 
onferen
e running smoothly from wel
ome re
eption to 
losing session. But I20



was impressed by the way the organizers managed to keep things as simple and informalas possible. Already the short waiting time and the relaxed atmosphere at the wel
omere
eption made it easy to �nd time and spa
e to get 
onne
ted to old friends and 
ol-laborators. Short distan
es between the le
ture halls allowed for getting the most of the
ontributions without the typi
al "I will stay here in room X, just be
ause I anyway won'tmake it in time to the talk in room Y"-feeling. I don't want to forget about expressing myappre
iation and thanks to the numerous helpers from the FHI and elsewhere. It felt likethere was one of them for ea
h parti
ipant.The Contributions:PsiK2010 o�ered one of the �nest sele
tions of key-note speakers. This already be
ame
lear from the �rst announ
ements and the 
onferen
e program. But the plenary talks evengot e
lipsed by the numerous invited and 
ontributed presentations. It was impressive tosee that there is a new generation of highly motivated, intelligent and 
harismati
 s
ientistspropagating ele
troni
 stru
ture theory into the 21st 
entury. One of the few negativeaspe
ts of the 
onferen
e is related to the poster sessions whi
h was in my opinion tooshort. It was impossible to get through all the interesting presentations or to have deeperdis
ussions with all visitors to ones own poster.Co�ee, Co
ktails and Cuisine:An often underrated des
riptor for a good 
onferen
e is given by the quality of food,the permanent availability of 
o�ee and the amount of free al
oholi
 beverages at the
onferen
e outing. But probably nobody had reason to 
omplain about any of thoseaspe
ts at the PsiK2010. Enjoying the deli
ious meals and the ex
ellent 
atering servi
eon site gave enough energy for the afternoon sessions. I was amazed what seems to be
onsidered as "�nger-food" in Berlin, but still also the food at the outing was very tasty.I'm personally not a friend of big 
onferen
es and usually prefer the atmosphere andeÆ
ien
y of smaller workshops or summer s
hools. But in 
ase of the PsiK2010 I honestlyhave to admit that in spite of its extraordinary dimensions it still maintained the 
hara
terof a small work meeting with plenty of opportunities for s
ienti�
 ex
hange, planning offuture proje
ts or just 
hats about the good old times.I'm looking forward to the next years' PsiK workshops and hopefully we will all meet againat PsiK2015.Peter Kluepfel,Chemistry Department, S
ien
e Institute,University of I
elandDunhaga 3, 107 Reyjavik, I
eland
21



Comment by Angela Klautau (Bel�em - PA, Brazil)The Psi-k Conferen
e 2010 
on�rmed the well-known general opinion about the impor-tan
e of ab initio 
al
ulations for many di�erent �elds of natural s
ien
es. The hugenumber of parti
ipants, ranging from Ph.D. students to senior resear
hers, representingmany 
ountries, 
on�rms the in
reasing importan
e of ele
troni
 stru
ture theory and 
al-
ulations. The Conferen
e topi
s ranged from Magnetism and Spintroni
s to Biologi
alSystems, from Super
ondu
tivity to Solar Energy Conversion, from Organi
 Ele
troni
sto Multiferroi
s and Oxides, et
. In the Conferen
e Symposiums we heard and dis
ussedabout state of the art 
omputer 
odes for 
al
ulations of di�erent phenomena in di�erent
lasses of systems, and implementations of new ideas for in
orporating 
orrelation e�e
tsbeyond DFT. In this Conferen
e we had the possibility to attend to seminars and dis
uss atposters sessions: we listened to senior resear
hers, who have 
ontributed to the develop-ment of the ele
troni
 stru
ture area, and learned from groups whi
h have developed and
ontinue working on the improvement of 
omputational methods in this area. It was alsoan opportunity for listening to very bright young resear
hers, who 
ontribute to our areain developing and applying 
omputational quantum physi
s to deepen our understandingof materials. The Conferen
e represented an eÆ
ient and unique opportunity to ex
hangeand disseminate information among the 
omputational material s
ien
e 
ommunity, givinghigh visibility to resear
h progresses, as well as to get 
ollaborations started.Angela Burlamaqui Klautau1,2e-mail: aklautau�ufpa.br
1Fal
udade de F��si
a, Universidade Federal do Par�a, Bel�em - PA, Brazil
2(on behalf of the Nanomol Group, http : //nanomol.if.usp.br)
2.3 Report on Psi-k Volker Heine Young Investigator AwardThe Young Investigator Award of Psi-k was announ
ed at the beginning of this year. Allyoung s
ientists in our �eld, who had obtained a Ph. D. within the �ve years pre
edingthe announ
ement 
ould apply. In total 23 appli
ations were re
eived before the deadlineof 17th April 2010. The award 
ommittee 
onsisted of four Psi-k Trustees and threeoutstanding s
ientists from USA and Japan:Volker Heine, Cambridge UniversityMatthias S
he�er, Fritz Haber InstituteAngel Rubio, University Pais Vas
oPeter Dederi
hs, Resear
h Center Jueli
hMarvin Cohen, UC Berkeley ,USA 22



Gerbrand Ceder, MIT, USAFerdi Aryasetiawan, Chiba University, JapanThe award 
ommittee had to sele
t �ve �nalists from the 23 appli
ations who were topresent their work at the Award Session of the Psi-k 2010 Conferen
e. This sele
tionturned out to be diÆ
ult, sin
e there were about a dozen ex
ellent proposals, whi
hdeserved a 
areful review. The sele
ted �ve �nalists were:Claudio Atta

alite, Institute Neel, GrenobleChristoph Freysoldt, MPI Iron Resear
h, DuesseldorfMateo Gatti, ETSF-UPV, San SebastianSamir Lounis, UC Irvine and Resear
h Center Jueli
hAlexandre Tkat
henko, Fritz-Haber Institut, BerlinThey presented their work in the spe
ial Award Session on Wednesday afternoon of thePsi-k 2010 Conferen
e. The session was very well attended and all 
andidates gave verygood talks.Thus the award 
ommittee, 
haired by Marvin Cohen, had again a diÆ
ult 
hoi
e. Spe
ial
are was taken that the 
ommittee members, who had a 
on
i
t of interest, did not votefor .their . 
andidates. The �nal vote was 
lose. The winner of the Psi-k Volker HeineYoung Investigator Award wasChristoph Freysoldt, MPI Iron Resear
h, Duesseldorf.The Psi-k Chairman presented to him the award 
erti�
ate and Volker Heine the 
hequeof 2500 Euro. Also the other �nalists obtained ea
h an award 
erti�
ate as "Finalist ofthe Psi-k Volker Heine Young Investigator Award" and a 
heque of 500 Euro. In thephotographs below, we see both the winner and the whole group of �nalists, respe
tively,in the 
ompany of Peter Dederi
hs and Volker Heine.

In summary, we 
onsider the new Volker Heine Award as very su

essful. It was greatto see that there were very many talented young resear
hers in our 
ommunity. For thisreason we intend to issue the prize also in the future.Peter H. Dederi
hs, Psi-k Chairman 23



3 General Workshop/Conferen
e Announ
ements3.1 Joint NNIN & NCN Fall Workshop: Building a Collaborative Framework forNanos
ale SimulationsCornell Nanos
ale Fa
ility, Itha
a, NYNovember 15th-16th, 2010Organized byNational Nanote
hnology Infrastru
ture Network (NNIN/C)&Network for Computational Nanote
hnology (NCN)Sponsored by the National S
ien
e FoundationWorkshop Coordinator: Derek Stewart (stewart�
nf.
ornell.edu)
http://www.cnf.cornell.edu/cnf_fallworkshop2010.htmlOverview: S
ien
e, in the words of Isaa
 Newton, has always relied on 
urrent resear
hersadvan
ing the �eld by standing on the shoulders of giants. Modern s
ien
e rests notonly on the easy 
ommuni
ation of ideas via publi
ations, but also on the transfer andanalysis of vast stores of data from both experiments and simulations. Nanos
ien
e alsorelies on extensive atomisti
 simulations that generate 
opious amounts of data. Sin
evarious ab-initio and empiri
al approa
hes exist in the �eld, there is a growing need todevelop a 
ommon 
ollaborative framework to enable meaningful 
omparisons between
al
ulations and to also provide a set of robust te
hni
al 
omponents and results for thenext generation of resear
hers.This workshop will bring together resear
hers in atomisti
 simulations to help develop aset of lingua fran
a formats and libraries for easy translation of input and output �lesbetween 
odes. We will address the 
reation of international 
yberinfrastru
ture resour
esthat deliver trusted 
omponents su
h as pseudopotentials, basis sets, empiri
al potentials,and atomi
 
oordinates.Workshop Topi
s� Standing on the Shoulders of Giants: Online Input File Databases & Common IOFile Formats� Trusted Components for Cal
ulations (Pseudopotentials, Basis Sets, Empiri
al Po-tentials, Crystallographi
 Data) 24



� In the Tren
hes: An Overview of Current E�orts in the Field� Fully Reprodu
ible S
ien
e (linking 
al
ulations with publi
ations)Registration Deadline: O
tober 31st, 2010Seating is limited to 40 parti
ipants, please register early!
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3.2 Meeting on Opti
al Response in Extended Systems M O R E 2010Vienna, AustriaNovember 3-5, 2010supported by the Austrian ministry of s
ien
eorganized by the asso
iationPhysi
ae et Chimi
ae Solidorum Ami
ihttp://www.physi
s.at; 
onta
t: ami
i�physi
s.at"MORE of LESS".MORE 2010 follows the spirit of the highly su

essful Low Energy Spe
trometry Sympo-siums (LESS 2007 and 2009) as well as MORE 2008 that took pla
e in Vienna.Opti
al absorption spe
tros
opy, resonant inelasti
 X-ray s
attering, re
e
tion EELS, andRAMAN spe
tros
opy are just a few of a large variety of experimental probes to explorethe opti
al and higher-energy response of materials, in
luding elemental solids, 
ompounds,mole
ules on surfa
es or 
omplex nanostru
tures.On the theoreti
al side many body perturbation theory (MBPT) and time-dependent den-sity fun
tional theory (TDDFT) represent state-of-the-art developments to des
ribe ex
i-tation pro
esses in materials. Both, theory and experiment being 
omplementary, ideallyshould go hand in hand to promote development and leading edge resear
h.Main intention of MORE 2010 is bringing together experimentalists and theoreti
ians ofthese di�erent �elds and to form a platform for leading experts to dis
uss and ex
hangetheir re
ent results and s
ienti�
 
on
epts. To ensure lively and fruitful dis
ussions and apersonal atmosphere, we limit the number of parti
ipants in
luding speakers to 50. Con-tributions in the form of posters are readily wel
ome.The AMICI Young S
ientist Support Fund (A.Y.S.S.) o�ers �ve grants of EUR 400,{ tosupport young s
ientists. Sele
ted appli
ants will get the opportunity to present the resultsof their work as a 
ontributed talk (30 minutes in
luding dis
ussions). Young s
ientistsare invited to apply for these grants by sending their CV, a short motivation letter, and anabstra
t for their presentation to ami
i�physi
s.at.26



Invited Speakers (
on�rmed):� A. Alkauskas (EPFL, Lausanne, Switzerland)� J. Braun (LMU Muni
h, Germany)� F. J. Gar
ia de Abajo (CSIC Madrid, Spain)� R. Ha
kl (LMU Muni
h, Germany)� M. Ko
iak (CNRS-Orsay, Fran
e)� M. A. L. Marques (Universit�e Lyon 1 et CNRS, Fran
e)� P. Oppeneer (University of Uppsala, Sweden)� T. Pi
hler (University of Vienna, Austria)� J. J. Rehr (University of Washington, USA)� P. Rinke (FHI Berlin, Germany)� G. S
h�utz (MPI f. Metallfors
hung, Stuttgart, Germany)� E. Sherman (University of the Basque Country, Spain)� W. Sigle (MPI f. Metallfors
hung, Stuttgart, Germany)� J. Verbee
k (Univ. of Antwerp, Belgium)Venue:MORE 2010 is hosted at the Erwin S
hr�odinger International Institute for Mathemati
alPhysi
s (ESI), Boltzmanngasse 9, 1090 Vienna (www.esi.a
.at).Registration:The fee for attending this symposium in
luding tutorial is EUR 195,{.This fee 
overs the 
o�ee breaks and the 
onferen
e dinner.Registration is available at http://www.physi
s.at/.The �nal deadline for registration is O
tober 15, 2010.The payment of the registration fee should be done by Bank Transfer, without 
hargesfor the bene�
iary, to "Freunde der Festk�orperphysik".A

ount Number 304.149.150.06, Volksbank Wien, Bank Code 43.000IBAN: AT11 4300 0304 1491 5006SWIFT/BIC: VBWIATW1Please do not forget to indi
ate the name of the parti
ipant!27



Organizers:K. Hummer (University of Vienna, Austria)J. Luitz (luitz.
om, Austria)C. Ambros
h-Draxl (MU Leoben, Austria)P. S
hatts
hneider (TU Vienna, Austria)Programme:Wednesday,November 313:00 { 14:00 Registration and Refreshments14:00 { 14:15 Opening14:15 { 15:00 Mathieu Ko
iakNanoplasmoni
s and nanophotoni
s with ele
trons15:00 { 15:45 Javier Gar
ia de AbajoIntera
tion of ele
trons with plasmons and evanes
ent light �elds15:45 { 16:15 Co�ee break16:15 { 16:45 Contributed talk16:45 { 17:30 Wilfried SigleSome new results of plasmon resear
h in Stuttgart17:30 { AperitifThursday,November 409:00 { 09:45 John J. RehrBroad spe
trum 
al
ulations of X-ray and ele
tron spe
tra09:45 { 10:30 Gisela S
h�utzto be announ
ed10:30 { 11:00 Co�ee break11:00 { 11:45 Miguel A. L. MarquesThe band-stru
ture of delafossite transparent 
ondu
tive oxides11:45 { 12:15 Contributed talk
28



12:15 { 14:15 Lun
h14:15 { 15:00 Thomas Pi
hlerEle
troni
 properties and nature of the metalli
 ground state in pristine and inter
alated metalli
ity sele
ted single wall 
arbon nanotubes15:00 { 15:30 Contributed talk15:30 { 16:00 Co�ee break16:00 { 16:45 Johan Verbee
kEle
trons with a twist: produ
tion and appli
ation of ele
tron vortex beams16:45 { 17:30 Contributed talk17:30 { 18:30 Poster session18:30 { DinnerFriday,November 509:00 { 09:45 Rudi Ha
klLight s
attering in un
onventional metals and super
ondu
tors09:45 { 10:30 Evgeny ShermanRaman s
attering in solids from �rst prin
iples10:30 { 11:00 Co�ee break11:00 { 11:45 J�urgen BraunRe
ent developments in the theory of ARPES: Correlation, disorder and temperature11:45 { 12:30 Peter OppeneerTheory of magneti
 spe
tros
opy: The X-ray regime and towards femtose
ond laser-indu
ed magnetization dynami
s12:30 { 14:30 Lun
h14:30 { 15:15 Audrius AlkauskasWhat do we learn from dynami
 stru
ture fa
tors of metals15:15 { 16:00 Patri
k RinkeWhen many-body matters: From the f -ele
tron 
hallenge to F-
enters in MgO16:00 { Closing
29



3.3 First Euro-Mediterranean Meeting on Fun
tionalized Materials EMM- FM2011Mar
h 17-21, 2011, Sousse, TUNISIACALL FOR PAPERSSubmission deadline: November 18, 2010It is the �rst "Euro-Mediterranean Meeting on Fun
tionalized Materials". This �rst 
on-feren
e of a new 
y
le of 
onferen
es involving Solid State Physi
s, Material S
ien
e andChemistry in
luding appli
ations at all s
ales should o�er a forum where the s
ientists ofall the Mediterranean 
ountries or regions and over the world will have the opportunity torenew old friendships and network with new 
onta
ts, have friendly dis
ussions and get toknow ea
h other better.The topi
s of the 
onferen
e 
over several aspe
ts of fun
tionalized materials (magnetism,super
ondu
tors, diele
tri
 materials, ferroele
tri
ity, multiferroi
 materials, biomaterials,materials for energy, 
hara
terization methods).Prof. Albert Fert, the Nobel Prize in Physi
s 2007 a

epted to attend this meeting andwill deliver the �rst plenary talk during the s
ienti�
 session on Friday morning, Mar
h18-2011.Our meeting will be pre
eded by a spring s
hool (Mar
h 15-17, 2011) and followed by athree days tours in the south of Tunisia .Besides this tour, a ri
h so
ial program during the Conferen
e will be organized and spe
iallyfor a

ompanying persons. You will surely enjoy the vibrant 
ulture and many points ofinterest in our beautiful and hospitable 
ountry Tunisia .Please visit our website
http://www.tu-mrs.org/emm-fm2011for more details about EMM-FM 2011.Please do not hesitate to 
onta
t us at emmfm2011�tu-mrs.org for any inquiry.Sousse is known as "the pearl of the Sahel" and lo
ated on the eastern 
oast of Tunisia ,two hours from the 
apital - Tunis - in the 
entral-east of the 
ountry.The Organizers,Bernard Barbara and Abdelwaheb CheikhrouhouConta
t details: 30



Prof. Abdelwaheb CHEIKHROUHOUFa
ulty of S
ien
es of SfaxB.P. 1171, 3000 Sfax , TunisiaTel-Fax: 00216 74676607Mobile: 00216 98656481; 00216 25656481E-mail: abd
heikhrouhou�yahoo.frDr. Bernard BARBARAInstitut Nel, CNRSB.P. 166, 38042 Grenoble , Fran
eTel: 0033(0)4 76725353, Mobile 00(0)6 71701704E-mail: bernard.barbara�grenoble.
nrs.frConferen
e Se
retariat:Ben ghozlen A�fa; Boughariou SanaFa
ulty of S
ien
es of SfaxB.P. 1171, 3000 Sfax , TunisiaE-mail: emmfm2011�tu-mrs.org
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4 General Job Announ
ementsPostdo
toral Position in Computational/Theoreti
al Chemistry orSolid State Physi
s (Band Stru
ture)State University of New York at Bu�alo, USAA position for a postdo
toral resear
her in 
omputational/theoreti
al 
hemistry will beavailable in the group of Eva Zurek. Our resear
h interests are broad and 
urrently we arefo
ussing on the ele
troni
 stru
ture, properties, and rea
tivity of: ele
trides and solvatedele
trons, 
arbon nanostru
tures, gold 
lusters, and solids under high pressure. We arealso involved in developing evolutionary algorithms for predi
ting the stru
tures of solidsand mole
ules. For further information about our resear
h, please visit our website:http://www.a
su.bu�alo.edu/∼ezurek/ .The starting date is 
exible, however sometime around Jan 2011 would be preferred. Theinitial 
ontra
t will be for one year, with a possible extension for another year upon mutualagreement.A PhD in 
omputational 
hemistry, solid state physi
s, or a 
losely related area is required.I am looking for a 
reative individual whose strength lies in the appli
ation of mole
ularand periodi
 program pa
kages (�rst prin
iples, DFT and others). This parti
ular proje
twill fo
us on using evolutionary algorithms developed in our group to predi
t the stru
turesof extended systems with novel stoi
hiometries. Good 
ommuni
ation and writing skills inEnglish are required.Bu�alo is a lively 
ity lo
ated in the western part of the State of New York, USA, nearthe Canadian border. The greater Bu�alo area has a population of about a million. Thereare many lo
al attra
tions, galleries and museums, annual events and festivals, and re
re-ational sites within easy rea
h. E.g. the nearest skiing resorts as well as the Niagara Fallsare rea
hed by 
ar within 30 to 45 minutes. During the winter we are blessed with des
entamounts of good quality snow for winter sports. A
ross the Canadian border, Toronto is
lose enough for a day trip.If you wish to apply for the position please email your resume to ezurek�bu�alo.edu. If itappears that we have 
ompatible resear
h interests I will subsequently ask you to arrangefor two letters of re
ommendation from 
urrent and former resear
h supervisors to beemailed to me. 32



Post Do
toral/Resear
h Asso
iate Positions in NREL's Solid StateTheory Groupwith Alex Zunger
http://www.sst.nrel.govNREL's Solid State Theory group is looking to �ll Postdo
toral/Resear
h Asso
iate posi-tions (depending on quali�
ations and experien
e). We are looking for 
andidates in twoareas:(i) Inverse Design of Materials, addressing the sear
h and dis
overy of new materials forrenewable energy, and(ii) Atomisti
 Theory of Quantum Semi
ondu
tor Stru
tures - ele
troni
 and opti
al prop-erties. These positions are aÆliated with the DOE's "Energy Frontier Resear
h Center"(EFRC) at NREL.The positions are made initially for one year, and renewable upon mutual 
onsent for upto 3 years. The position is available at present. The salary range is $48,000 - $62,000 peryear, depending on seniority, quali�
ation and experien
e. Appli
ants are expe
ted to haveexperien
e in ele
troni
 stru
ture methods and a strong ba
kground in general solid-statetheory.Interested 
andidates should send now their 
urri
ulum vitae, list of publi
ations (in
lud-ing preprints of unpublished papers, if possible), and arrange for two to three referen
esaddressed to:Alex Zunger, M/S 3213Solid State Theory GroupNational Renewable Energy Laboratory1617 Cole BoulevardGolden, Colorado 80401Clari�
ation or further details 
an be obtained via email to alex_zunger@nrel.gov.The Solid State Theory Group is headed by Alex Zunger and 
urrently 
onsists of ten PhD'sin 
ondensed matter theory and intera
ts with a broad range of experimentalists. Thegroup has outstanding 
omputational fa
ilities, an ex
ellent basi
-resear
h atmosphere,and is lo
ated in the beautiful Ro
ky Mountains. Consult our web page for additionalinformation on the group, its history, resear
h subje
ts, publi
ations, 
urrent and pastpersonnel and fa
ilities.NREL is an equal opportunity employer and proud of its 
ommitment to diversity. Womenand minorities are en
ouraged to apply. 33



5 Abstra
ts
Super
ondu
tivity in SnO: a Nonmagneti
 Analogue to Fe-basedSuper
ondu
tors?M. K. Forthaus1, K. Sengupta1, O. Heyer1,N. E. Christensen2, A. Svane2, K. Syassen3D. I. Khomskii1, T. Lorenz1, and M. M. Abd-Elmeguid1

1II. Physikalis
hes Institut, Universit�at zu K�oln,Z�ulpi
her Str. 77, D-50937 K�oln, Germany
2Department of Physi
s and Astronomy, Aarhus University,Ny Munkegade 120, DK-8000 Aarhus C, Denmark

3Max-Plan
k-Institut f�ur Festk�orperfors
hung, Heisenbergstrasse 1,D-70569 Stuttgart, GermanyAbstra
tWe found that under pressure SnO with α-PbO stru
ture, the same stru
ture as manyFe-based super
ondu
tors, e.g. β-FeSe, undergoes a transition to a super
ondu
ting state for
p ≥ 6 GPa with a maximum Tc of 1.4 K at p = 9.3 GPa. The pressure dependen
e of Tc revealsa dome-like shape and super
ondu
tivity disappears for p ≥ 16 GPa. It is further shown fromband stru
ture 
al
ulations that SnO under pressure exhibits a Fermi surfa
e topology similarto that reported for some Fe-based super
ondu
tors and that the nesting between the hole andele
tron po
kets 
orrelates with the 
hange of Tc as a fun
tion of pressure.(Phys. Rev. Letters, to appear)Manus
ript available from: svane�phys.au.dk
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Quasiparti
le self-
onsistent GW theory of III-V nitridesemi
ondu
tors: bands, gap bowing and e�e
tive massesA. Svane1, N. E. Christensen1, I. Gor
zy
a2, M. van S
hilfgaarde,3 ,A. N. Chantis4, and T. Kotani5
1Department of Physi
s and Astronomy, Aarhus University,Ny Munkegade 120, DK-8000 Aarhus C, Denmark

2High Pressure Resear
h Center, Polish A
ademy of S
ien
es, Warsaw, Poland,
3S
hool of Materials, Arizona State University, Tempe, Arizona, 85287-6006, USA,

4Theoreti
al Division, Los Alamos National Laboratory,Los Alamos, New Mexi
o, 87545, USA,
5Department of Applied Physi
s and Mathemati
s, Tottori University,Tottori 680-8552, JapanAbstra
tThe ele
troni
 band stru
tures of InN, GaN and a hypotheti
al ordered InGaN2 
ompound,all in the wurtzite 
rystal stru
ture, are 
al
ulated using the quasiparti
le self-
onsistent GWapproximation. This approa
h leads to band gaps whi
h are signi�
antly improved 
ompared togaps 
al
ulated on the basis of the lo
al approximation to density fun
tional theory, althoughgenerally overestimated by 0.2 - 0.3 eV in 
omparison with experimental gap values. Detailsof the ele
troni
 energies and the e�e
tive masses in
luding their pressure dependen
e are
ompared with available experimental information. The band gap of InGaN2 is 
onsiderablysmaller than what would be expe
ted by interpolation implying a signi�
ant band gap bowingin InGaN alloys.(Phys. Rev. B 82, 115102 (2010))Manus
ript available from: svane�phys.au.dk
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Coexisten
e of di�erent 
harge states in Ta-doped mono
lini
 HfO2,Theoreti
al and experimental approa
hesM. A. Taylor1, R. E. Alonso1, L. A. Erri
o1,2,A. Lopez-Gar
ia1, P. de la Presa3, A. Svane4, and N. E. Christensen4

1Departemento de Fisi
a & Instituto de Fisi
a La Plata,(IFLP, CCT-La Plata, CONICET-UNLP),Fa
ultad de Cien
ias Exa
tas, Universidad Na
ional de La Plata,Casilla de Coreo 67, 1900 La Plata, Argentina
2Universidad Na
ional del Nordeste Bonaerense (UNNOBA),Monteagudo 2772, Pergamino, CP 2700, Buenos Aires, Argentina

3Instituto de Magnetismo Appli
ado, UCM-ADIF-CSIC,PO Box 155, 28230 Las Rozas, Spain
4Department of Physi
s and Astronomy, Aarhus University,Ny Munkegade 120, DK-8000 Aarhus C, DenmarkAbstra
tA 
ombination of experiments and ab-initio quantum me
hani
al 
al
ulations has been ap-plied to examine hyper�ne intera
tions in Ta-doped hafnium dioxide. Although the propertiesof mono
lini
 HfO2 have been the subje
t of several earlier studies, some aspe
ts remain open.In parti
ular, Time Di�erential Perturbed Angular Correlation (TDPAC) spe
tros
opy studiesusing 181Ta as probe atom revealed the 
oexisten
e of two hyper�ne intera
tions in this ma-terial, but an explanation was only given for the more populated one. Until now, no modelshave been proposed that explain the se
ond intera
tion, and it has not yet been asso
iatedwith a spe
i�
 
rystallographi
 site. In this work, a detailed study of the di�erent 
harge statesfor the impurity-probe atom (Ta) was performed in order to understand the se
ond intera
tionobserved in Ta-doped mono
lini
 HfO2. The 
ombination of experiments and theory suggeststhat two di�erent 
harge states 
oexist in this 
ompound. Further, ab-initio 
al
ulations predi
tthat, depending on the impurity 
harge state, a sizeable magneti
 moment 
an be indu
ed atthe probe site. This is 
on�rmed by a new analysis of experimental data.(submitted to Phys. Rev. B)Manus
ript available from: svane�phys.au.dk
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Band parameters and strain e�e
ts in ZnO and group-III nitridesQ. Yan1, P. Rinke1,2, M. Winkelnkemper3, A. Qteish4, D. Bimberg3,M. S
he�er1,2, and C. G. Van de Walle1

1Materials Department, University of California, Santa Barbara,California 93106-5050, USA
2Fritz-Haber-Institut der Max-Plan
k-Gesells
haft,Faradayweg 4{6, 14195 Berlin, Germany

3Institut f�ur Festk�orperphysik, Te
hnis
he Universit�at Berlin,Hardenbergstrasse 36, D-10623 Berlin, Germany
4Department of Physi
s, Yarmouk University,21163-Irbid, JordanAbstra
tWe present 
onsistent sets of band parameters (in
luding band gaps, 
rystal-�eld split-tings, e�e
tive masses, Luttinger, and EP parameters) for AlN, GaN, InN, and ZnO in thewurtzite phase. For band-energy di�eren
es we observe a pronoun
ed nonlinear dependen
eon strain. Consistent and 
omplete sets of deformation potentials are then derived for realisti
strain 
onditions in the linear regime around the experimental equilibrium volume. To over
omethe limitations of density-fun
tional theory (DFT) in the lo
al-density or generalized- gradientapproximations (LDA and GGA) we employ the Heyd-S
useria-Ernzerhof (HSE) hybrid fun
-tional as well as exa
t ex
hange (OEPx) based quasi-parti
le energy 
al
ulations in the G0W0approa
h.(Semi
ond. S
i. Te
hnol., a

epted (June 15, 2010))Conta
t person: Patri
k Rinke (rinke�fhi-berlin.mpg.de)
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First-prin
iples modeling of lo
alized d states with the GW�LDA+Uapproa
hH. Jiang1, R. I. Gomez-Abal2, P. Rinke2, and M. S
he�er2
1Beijing National Laboratory for Mole
ular S
ien
es,National Laboratory of Rare Earth Material Chemistry and Appli
ation,Institute of Theoreti
al and Computational Chemistry,College of Chemistry and Mole
ular Engineering,Peking University, 100871 Beijing, China
2Fritz-Haber-Institut der Max-Plan
k-Gesells
haft,Faradayweg 4{6, 14195 Berlin, GermanyAbstra
tFirst-prin
iples modeling of systems with lo
alized d states is 
urrently a great 
hallenge in
ondensed-matter physi
s. Density-fun
tional theory in the standard lo
al-density approxima-tion (LDA) proves to be problemati
. This 
an be partly over
ome by in
luding lo
al Hubbard

U 
orre
tions (LDA+U) but itinerant states are still treated on the LDA level. Many-bodyperturbation theory in the GW approa
h o�ers both a quasiparti
le perspe
tive (appropriatefor itinerant states) and an exa
t treatment of ex
hange (appropriate for lo
alized states), andis therefore promising for these systems. LDA+U has previously been viewed as an approx-imate GW s
heme.We present here a derivation that is simpler and more general, startingfrom the stati
 Coulomb-hole and s
reened ex
hange approximation to the GW self-energy.Following our previous work for f-ele
tron systems [H. Jiang, R. I. Gomez-Abal, P. Rinke, andM. S
he�er, Phys. Rev. Lett. 102, 126403 (2009)℄ we 
ondu
t a systemati
 investigation ofthe GW method based on LDA+U (GW�LDA+U), as implemented in our re
ently developedall-ele
tron GW 
ode FHI-gap (Green's fun
tion with augmented plane waves) for a series ofprototypi
al d-ele
tron systems: (1) S
N with empty d states, (2) ZnS with semi
ore d states,and (3) late transition-metal oxides (MnO, FeO, CoO, and NiO) with partially o

upied dstates. We show that for ZnS and S
N, the GW band gaps only weakly depend on U but forthe other transition-metal oxides the dependen
e on U is as strong as in LDA+U . These di�er-ent trends 
an be understood in terms of 
hanges in the hybridization and s
reening. Our workdemonstrates that GW�LDA+U with physi
al values of U provides a balan
ed and a

uratedes
ription of both lo
alized and itinerant states.(Phys. Rev. B 82, 045108 (2010))Conta
t person: Patri
k Rinke (rinke�fhi-berlin.mpg.de)
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Sta
king and Registry E�e
ts in Layered Materials: The Case ofHexagonal Boron NitrideN. Marom1, J. Bernstein3, J. Garel1, A. Tkat
henko2,E. Joselevi
h1, L. Kronik1, O. Hod3

1Department of Materials and Interfa
es, Weizmann Institute of S
ien
e,Rehovot 76100, Israel
2Fritz-Haber-Institut der Max-Plan
k-Gesells
haft,Faradayweg 4{6, 14195 Berlin, Germany

3S
hool of Chemistry, The Sa
kler Fa
ulty of Exa
t S
ien
es,Tel Aviv University, Tel Aviv 69978, IsraelAbstra
tThe interlayer sliding energy lands
ape of hexagonal boron nitride (h-BN) is investigated viaa van der Waals 
orre
ted density fun
tional theory approa
h. It is found that the main role ofthe van der Waals for
es is to an
hor the layers at a �xed distan
e, whereas the ele
trostati
for
es di
tate the optimal sta
king mode and the interlayer sliding energy. A nearly free-sliding path is identi�ed, along whi
h band gap modulations of ≈ 0.6 eV are obtained. Wepropose a simple geometri
 model that quanti�es the registry mat
hing between the layers and
aptures the essen
e of the 
orrugated h-BN interlayer energy lands
ape. The simpli
ity of thisphenomenologi
al model opens the way to the modeling of 
omplex layered stru
tures, su
h as
arbon and boron nitride nanotubes.(Phys. Rev. Lett. 105, 046801 (2010))Conta
t person: Alexandre Tkat
henko (tkat
hen�fhi-berlin.mpg.de)

39



Stru
tural metastability of endohedral sili
on fullerenesA. Willand1, M. Gramzow2, A. Ghasemi1, L. Genovese3, T. Deuts
h4,K. Reuter2,5 and S. Goede
ker1
1Department of Physi
s, Universit�at Basel,Klingelbergstr. 82, 4056 Basel, Switzerland

2Fritz-Haber-Institut der Max-Plan
k-Gesells
haft,Faradayweg 4{6, 14195 Berlin, Germany
3European Syn
hrotron Radiation Fa
ility,6 rue Horowitz, 38043 Grenoble, Fran
e

4 INAC/SP2M/L Sim, Commissariat �a l'Energie Atomique,17 rue des Martyrs, 38054 Grenoble, Fran
e
5Dept. Chemie, Te
hnis
he Universit�at M�un
hen,Li
htenbergstr. 4, 85747 Gar
hing, GermanyAbstra
tEndohedrally doped Si20 fullerenes appear as appealing building blo
ks for nanos
ale mate-rials. We investigate their stru
tural stability with an unbiased and systemati
 global geometryoptimization method within density-fun
tional theory. For a wide range of metal-doping atoms,it was suÆ
ient to explore the Born-Oppenheimer surfa
e for only a moderate number of lo
alminima to �nd stru
tures that 
learly di�er from the initial endohedral 
ages but are 
onsiderablymore favorable in terms of energy. Previously proposed stru
tures are thus all metastable.(Physi
al Review B 81, 201405(R) (2010))Conta
t person: Matthias Gramzow (gramzow�fhi-berlin.mpg.de)
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First-prin
iples study of the me
hanism of ethylene epoxidation overAg-Cu parti
lesS. Pi

inin1,2, N. L. Nguyen3, C. Stamp
2, and M. S
he�er4
1DEMOCRITOS Simulation Center, CRN-IOM,Theory�Elettra Group, Trieste, Italy

2S
hool of Physi
s, The University of Sydney,Sydney, New South Wales 2006, Australia
3 S
uola Internazionale Superiore di Studi Avanzati (SISSA),Via Bonomea 265, 34136 Trieste, Italy

4Fritz-Haber-Institut der Max-Plan
k-Gesells
haft,Faradayweg 4{6, 14195 Berlin, GermanyAbstra
tSilver-
opper alloys have been proposed as 
atalysts for ethylene epoxidation due to theirsuperior sele
tivity 
ompared to pure silver, the predominant 
atalyst for this rea
tion. Under re-a
tion 
onditions it has been previously shown that, rather than a two-dimensional (2D) Ag-Cualloy, a thin 
opper oxide-like layer forms on top of silver, and several possible surfa
e stru
tureswere identi�ed (Phys. Rev. Lett. 104, 035503 (2010)). By means of density-fun
tional theory
al
ulations, we study the me
hanism of ethylene epoxidation 
atalyzed by the thin oxide-likesurfa
e stru
tures. We identify di�erent rea
tion pathways that will 
ompete and/or synerget-i
ally interplay in the 
atalysis. In general, the rea
tion me
hanism is stru
ture-dependent andoften the rea
tion does not always pro
eeds through the formation of (meta)stable intermedi-ates, in 
ontrast to 
lean Ag and the 2D alloy. Analyzing the 
ompeting rea
tions, we dis
usshow the addition of Cu improves the sele
tivity and stress the overall importan
e of a

ountingfor the e�e
t of ambient 
onditions.(submitted to: J. Mater. Chem. (June 18, 2010))Conta
t person: Matthias S
he�er (s
he�er�fhi-berlin.mpg.de)
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Towards a �rst-prin
iples 
hemi
al engineering: Transport limitationsand bistability in in situ CO oxidation at RuO2(110)S. Matera1 and K. Reuter1,2

1Fritz-Haber-Institut der Max-Plan
k-Gesells
haft,Faradayweg 4{6, 14195 Berlin, Germany
2Department Chemie, Te
hnis
he Universit�at M�un
hen,Li
htenbergstr. 4, D-85747 Gar
hing, GermanyAbstra
tWe present a �rst-prin
iples based multis
ale modeling approa
h to heterogeneous 
atalysisthat integrates �rst-prin
iples kineti
 Monte Carlo simulations of the surfa
e rea
tion 
hem-istry into a 
uid dynami
al treatment of the ma
ro-s
ale 
ow stru
tures in the rea
tor. Theapproa
h is applied to a stagnation 
ow �eld in front of a single-
rystal model 
atalyst, usingthe CO oxidation at RuO2(110) as representative example. Our simulations show how heat andmass transfer e�e
ts 
an readily mask the intrinsi
 rea
tivity at gas-phase 
onditions typi
alfor modern in situ experiments. For a range of gas-phase 
onditions we furthermore obtainmultiple steady-states that arise solely from the 
oupling of gas-phase transport and surfa
ekineti
s. This additional 
omplexity needs to be a

ounted for when aiming to use dedi
atedin situ experiments to establish an atomi
s
ale understanding of the fun
tion of heterogeneous
atalysts at te
hnologi
ally relevant gas-phase 
onditions.(submitted to: Phys. Rev. B (June 1, 2010))Conta
t person: Sebastian Matera (matera�fhi-berlin.mpg.de)
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An Introdu
tion to the Theory of Crystalline Elemental Solids andtheir Surfa
esA. Mi
haelides1 and M. S
he�er2
1London Centre for Nanote
hnology and Department of Chemistry,University College London, London WC1E 6BT, UK

2Fritz-Haber-Institut der Max-Plan
k-Gesells
haft,Faradayweg 4{6, 14195 Berlin, GermanyAbstra
tA basi
 and general introdu
tion to the physi
al properties and ele
troni
 stru
tures ofelemental 
rystalline solids and their surfa
es is presented. This begins with a brief dis
ussionof a few preliminary 
on
epts of 
rystalline solids, su
h as an introdu
tion to the 
ommon
rystal types and a brief dis
ussion of the 
ohesive properties of solids. Following this, the mostwidely used ele
troni
 stru
ture te
hnique for interrogating the properties of solids and theirsurfa
es, namely density-fun
tional theory will be introdu
ed. We then dis
uss 
ohesion in bulkmetals and semi
ondu
tors in more depth before rea
hing the main body of the 
hapter whi
hinvolves a dis
ussion of the atomi
 stru
tures of 
rystalline solid surfa
es, their energies, andtheir ele
troni
 stru
tures in turn. We 
lose with some general 
on
lusions and perspe
tives forfuture work.(To appear in: Textbook of Surfa
e and Interfa
e S
ien
e, Vol. I. (Ed.) K. Wandelt,Wiley-VCH (2010))Conta
t person: Matthias S
he�er (s
he�er�fhi-berlin.mpg.de)
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Role of strain in polarization swit
hing in semipolar InGaN/GaNquantum wellsQimin Yan1, Patri
k Rinke1,2, Matthias S
he�er1,2, Chris G. Van de Walle1

1Materials Department, University of California,Santa Barbara, California 93106-5050, USA
2Fritz-Haber-Institut der Max-Plan
k-Gesells
haft,Faradayweg 4{6, 14195 Berlin, GermanyAbstra
tThe e�e
t of strain on the valen
e-band stru
ture of (112̄2) semipolar InGaN grown onGaN substrates is studied. A k·p analysis reveals that anisotropi
 strain in the c-plane andshear strain are 
ru
ial for de
iding the ordering of the two topmost valen
e bands. The shear-strain deformation potential D6 is 
al
ulated for GaN and InN (D6=-3.95 eV and -3.02 eV,respe
tively) using density fun
tional theory with the Heyd-S
useria-Ernzerhof hybrid fun
tional.Using our deformation potentials and assuming a pseudomorphi
ally strained stru
ture, nopolarization swit
hing is observed. We propose that partial strain relaxation (e.g., due todislo
ations) plays a role in the observed polarization swit
hing.(submitted to: Appl. Phys. Lett. (August 17, 2010))Conta
t person: Patri
k Rinke (rinke�fhi-berlin.mpg.de)
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Dire
t assessment of quantum nu
lear e�e
ts on hydrogen bondstrength by 
onstrained-
entroid ab initio path integral mole
ulardynami
sBrent Walker and Angelos Mi
haelidesLondon Centre for Nanote
hnology and Department of Chemistry,University College London, London, WC1E 6BT, UKAbstra
tThe impa
t of quantum nu
lear e�e
ts on hydrogen (H-) bond strength has been inferredin earlier work from bond lengths obtained from path integral mole
ular dynami
s (PIMD)simulations. To obtain a dire
t quantitative assessment of su
h e�e
ts, we use 
onstrained-
entroid PIMD simulations to 
al
ulate the free energy 
hanges upon breaking the H-bonds indimers of HF and water. Comparing ab initio simulations performed using PIMD and 
lassi
alnu
leus mole
ular dynami
s (MD), we �nd smaller disso
iation free energies with the PIMDmethod. Spe
i�
ally, at 50 K the H-bond in (HF)2 is about 30% weaker when quantum nu
leare�e
ts are in
luded, while that in (H2O)2 is about 15% weaker. In a 
omplimentary set ofsimulations, we 
ompare un
onstrained PIMD and 
lassi
al nu
leus MD simulations to assessthe in
uen
e of quantum nu
lei on the stru
tures of these systems. We �nd in
reased heavyatom bond lengths, indi
ating weakening of the H-bond 
onsistent with that observed by dire
t
al
ulation of the free energies of disso
iation.(Submitted to Journal of Chemi
al Physi
s)Conta
t person: angelos.mi
haelides�u
l.a
.uk
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Theory of gold on 
eriaChangjun Zhang1, Angelos Mi
haelides1, and Stephen J. Jenkins2
1 London Centre for Nanote
hnology and Department of Chemistry,University College London, London, WC1E 6BT, UK

2 Department of Chemistry, University of Cambridge,Lenseld Road, Cambridge, CB2 1EW, UKAbstra
tThe great promise of 
eria-supported gold 
lusters as 
atalysts of the future for importantindustrial pro
esses, su
h as the water gas shift rea
tion, has prompted a 
urry of a
tivityaimed at understanding the mole
ular-level details of their operation. Mu
h of this a
tivity hasfo
used on experimental and theoreti
al studies of the stru
ture of perfe
t and defe
tive 
eriasurfa
es, with and without gold 
lusters of various sizes. The 
ompli
ated ele
troni
 stru
tureof 
eria, parti
ularly in its redu
ed form, means that at present it is highly 
hallenging to 
arryout a

urate ele
troni
 stru
ture simulations of su
h systems. To over
ome the 
hallenges,the majority of re
ent theoreti
al studies on these systems have adopted a pragmati
 approa
h,applying the so-
alled DFT+U te
hnique. Here we will brie
y dis
uss some re
ent studies of Auon CeO2f111g that mainly use this approa
h. We will show that 
onsiderable insight has beenobtained into these systems, parti
ularly with regard to Au adsorbates and Au 
luster rea
tivity.We will also brie
y dis
uss the need for improved ele
troni
 stru
ture methods, whi
h wouldenable more rigorous and robust studies in the future.(To appear on PCCP as a review arti
le)Conta
t person: angelos.mi
haelides�u
l.a
.uk
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Magneti
-�eld 
ontrol of the ele
tri
 polarization in BiMnO3I. V. SolovyevNational Institute for Materials S
ien
e, 1-2-1 Sengen, Tsukuba,Ibaraki 305-0047, JapanZ. V. P
helkinaInstitute of Metal Physi
s, Russian A
ademy of S
ien
es - Ural Division,620041 Ekaterinburg GSP-170, RussiaAbstra
tWe present the mi
ros
opi
 theory of improper multiferroi
ity in BiMnO3, whi
h 
an besummarized as follows: (1) the ferroele
tri
 polarization is driven by the hidden antiferromag-neti
 order in the otherwise 
entrosymmetri
 C2/c stru
ture; (2) the relativisti
 spin-orbitintera
tion is responsible for the 
anted spin ferromagnetism. Our analysis is supported bynumeri
al 
al
ulations of ele
troni
 polarization using the Berry-phase formalism, whi
h wasapplied to the low-energy model of BiMnO3 derived from the �rst-prin
iples 
al
ulations. Weexpli
itly show how the ele
tri
 polarization 
an be 
ontrolled by the magneti
 �eld and arguethat BiMnO3 is a rare and potentially interesting material where ferroele
tri
ity 
an indeed
oexist and interplay with the ferromagnetism.Published: Phys. Rev. B. 82, 094425 (2010).Conta
t person: Solovyev.Igor�nims.go.jp
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Hybrid fun
tionals within the all-ele
tron FLAPW method:Implementation and appli
ation of PBE0Markus Betzinger, Christoph Friedri
h, and Stefan Bl�ugelInstitut f�ur Festk�orperfors
hung and Institute for Advan
ed Simulations,Fors
hungszentrum J�uli
h and JARA,52425 J�uli
h, GermanyAbstra
tWe present an eÆ
ient implementation of the Perdew-Burke-Ernzerhof hybrid fun
tionalPBE0 within the full-potential linearized augmented-plane-wave (FLAPW) method. The Hartree-Fo
k ex
hange term, whi
h is a 
entral ingredient of hybrid fun
tionals, gives rise to a 
om-putationally expensive nonlo
al potential in the one-parti
le S
hr�odinger equation. The matrixelements of this ex
hange potential are 
al
ulated with the help of an auxiliary basis that is 
on-stru
ted from produ
ts of FLAPW basis fun
tions. By representing the Coulomb intera
tion inthis basis the nonlo
al ex
hange term be
omes a Brillouin-zone sum over ve
tor-matrix-ve
torprodu
ts. The Coulomb matrix is 
al
ulated only on
e at the beginning of a self-
onsistent-�eld 
y
le. We show that it 
an be made sparse by a suitable unitary transformation of theauxiliary basis, whi
h a

elerates the 
omputation of the ve
tor-matrix-ve
tor produ
ts 
onsid-erably. Additionally, we exploit spatial and time-reversal symmetry to identify the nonvanishingex
hange matrix elements in advan
e and to restri
t the k summations for the nonlo
al po-tential to an irredu
ible set of k points. Favorable 
onvergen
e of the self-
onsistent-�eld
y
le is a
hieved by a nested density-only and density-matrix iteration s
heme. We dis
uss the
onvergen
e with respe
t to the parameters of our numeri
al s
heme and show results for avariety of semi
ondu
tors and insulators, in
luding the oxides ZnO, EuO, Al2O3, and SrTiO3,where the PBE0 hybrid fun
tional improves the band gaps and the des
ription of lo
alizedstates in 
omparison with the PBE fun
tional. Furthermore, we �nd that in 
ontrast to 
on-ventional lo
al ex
hange-
orrelation fun
tionals ferromagneti
 EuO is 
orre
tly predi
ted to bea semi
ondu
tor.Phys. Rev. B 81, 195117 (2010)Conta
t person: m.betzinger�fz-jueli
h.de
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Fra
tional o

upation in Kohn-Sham density-fun
tional theory andthe treatment of non-pure-state v-representable densitiesEli Kraisler1,2, Guy Makov2,3, Nathan Argaman2, Itzhak Kelson1

1 Raymond and Beverley Sa
kler Fa
ulty of Exa
t S
ien
es,S
hool of Physi
s and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel
2 Physi
s Department, NRCN, P.O. Box 9001, Beer Sheva 84190, Israel
3 Physi
s Department, Kings College London,The Strand, London WC2R 2LS, United KingdomAbstra
tIn the framework of Kohn-Sham density-fun
tional theory, systems with ground-state den-sities that are not pure-state v-representable (PSVR) in the nonintera
ting referen
e systemo

ur frequently. In the present 
ontribution, an algorithm, whi
h allows the solution of su
hsystems, is proposed. It is shown that the use of densities whi
h do not 
orrespond to a groundstate of their nonintera
ting referen
e system is forbidden. As a 
onsequen
e, the proposedalgorithm 
onsiders only nonintera
ting ensemble v-representable densities. The Fe atom, awell-known non-PSVR system, is used as an illustration. Finally, the problem is analyzed within�nite-temperature density-fun
tional theory, where the physi
al signi�
an
e of fra
tional o
-
upations is exposed and the question of why degenerate states 
an be unequally o

upied isresolved.(Published in Phys. Rev. A 80, 032115 (2009) )Conta
t person: ekraisler�gmail.
om
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Proje
tor self-
onsistent DFT+U using nonorthogonal generalizedWannier fun
tionsDavid D. O'Regan1, Ni
holas D. M. Hine1,2, Mike C. Payne1, and Arash A. Mosto�2

1Cavendish Laboratory, University of Cambridge, J. J. Thomson Avenue,Cambridge CB3 0HE, United Kingdom
2The Thomas Young Centre, Imperial College London,London SW7 2AZ, United KingdomAbstra
tWe present a formulation of the density-fun
tional theory+Hubbardmodel (DFT+U) methodthat is self-
onsistent over the 
hoi
e of Hubbard proje
tors used to de�ne the 
orrelated sub-spa
es. In order to over
ome the arbitrariness in this 
hoi
e, we propose the use of nonorthog-onal generalized Wannier fun
tions (NGWFs) as proje
tors for the DFT+U 
orre
tion. Weiteratively re�ne these NGWF proje
tors and, hen
e, the DFT+U fun
tional, su
h that the
orrelated subspa
es are fully self-
onsistent with the DFT+U ground state. We dis
uss the
onvergen
e 
hara
teristi
s of this algorithm and 
ompare ground-state properties thus 
om-puted with those 
al
ulated using hydrogeni
 proje
tors. Our approa
h is implemented within,but not restri
ted to, a linear-s
aling DFT framework, opening the path to DFT+U 
al
ulationson systems of unpre
edented size.(Published in Phys. Rev. B 82, 081102(R) (2010).)Conta
t person: ddo20�
am.a
.uk
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Spe
ial Issue on Theory of Superhard MaterialsEdited by Artem R. OganovState University of New York, Stony BrookAbstra
tA spe
ial issue 'Theory of superhard materials' of the Journal of Superhard Materials hasjust appeared, with me as editor. The ex
iting �eld of superhard materials is strongly related tohigh pressure, as many of the novel superhard materials are dis
overed through the appli
ationof pressure. Examples are many - e.g., BC2N and BC5 dis
overed by Solozhenko in 2001and 2009, respe
tively, nanodiamond by Irifune in 2003, γ-B28 phase of boron established in2004-2006 by a 
ollaboration of Chen, Solozhenko and Oganov, and a new superhard allotropeof 
arbon prepared in 2003 by Mao. Our Spe
ial Issue is dedi
ated to the latest theoreti
aladvan
es in the understanding and predi
tion of materials' hardness, and theoreti
al sear
h fornovel superhard phases. Given the te
hni
al 
omplexity of high-pressure experiment, theory isbe
oming a ne
essary instrument in the design of superhard materials and allows one to judge
ontroversial results (su
h as the 
laimed high hardness of TiO2-
otunnite). I hope that theemerging theoreti
al methods in this �eld will attra
t an in
reasing attention throughout thehigh-pressure 
ommunity. The Spe
ial Issue is published online at:
http://www.springerlink.com/content/u6jwv4501575/?p=5ec1ee31eef54688891cbf224a91e9e8&pi=

0 We have su

essfully negotiated open a

ess until the end of 2010.The 
ontents are as follows:1. Towards the theory of hardness of materials (A.R. Oganov and A.O. Lyakhov)2. Mi
ros
opi
 models of hardness (F.M. Gao and L.H. Gao)3. Thermodynami
 model of hardness: Parti
ular 
ase of boron-ri
h solids (V.A. Mukhanov,O.O. Kurakevy
h and V.L. Solozhenko)4. Intrinsi
 hardness of 
rystalline solids (J.S. Tse)5. Predi
ting new superhard phases (Q. Li, H. Wang and Y.M. Ma)6. Ele
troni
 stru
tures and me
hani
al properties of boron and boron-ri
h 
rystals (Part I)(K. Shirai)Let me also add, as a brand new member of the Editorial Board, that Journal of SuperhardMaterials wel
omes submission of high-quality papers on all theoreti
al and experimental aspe
tsrelated to the �eld of superhard materials.Conta
t person:Prof. Artem R. OganovDepartment of Geos
ien
es and Department of Physi
s and Astronomy,State University of New York, Stony Brook, NY 11794-2100Phones: (631)-632-1429 (oÆ
e), x1449 (lab), x8241 (admin. assistant)Fax (631) 632 8240E-mail artem.oganov�sunysb.eduWeb-site: http://mysb�les.stonybrook.edu/ aoganov51



6 Presenting USPEX Method/CodeUSPEX is a method/
ode for 
rystal stru
ture predi
tion and is now available for downloading fromthe web:
http://han.ess.sunysb.edu/~USPEX/downloads.htmlUSPEX is an evolutionary method/
ode, whi
h was developed by A. Oganov's group in 2005 atETH Zuri
h, and has been instrumental in many important results published in over 50 arti
les.There are important new methodologi
al developments (see list of publi
ations on the website).Its appli
ations in high-pressure s
ien
e have yielded a large number of unexpe
ted results.The 
ode is now used by well over 100 resear
hers worldwide. In its early stages, the 
ode wasdistributed through li
enses issued by ETH Zuri
h. Now the li
enses are superseded by the onlineregistration pro
edure. The 
ode is distributed as an open sour
e and is free for non-
ommer
ialresear
h. The 
ode is user-friendly, and we gladly provide guidan
e for new users.It may be of interest that later in 2010 a book on 
rystal stru
ture predi
tion will be published byWiley-VCH:
http://www.wiley-vch.de/publish/en/books/forthcomingTitles/NT00/3-527-40939-4/?sID=

pk4rq15hcr5b64p5huhfk98p80Among many other things, the book 
ontains the �rst blind test of stru
ture sear
hing methods,whi
h has demonstrated 
ompelling performan
e of USPEX.We are in the pro
ess of �nalizing the next version of USPEX (v.8), whi
h features new ideas forenhan
ing eÆ
ien
y, variable-
omposition simulations (where one determines both the stable 
om-positions and stru
tures in a multi
omponent system), optimization of 
ertain physi
al properties,and predi
tion of stru
tures of nanoparti
les and surfa
es.We truly hope that you will �nd USPEX to be useful in your resear
h. Happy USPEXing!Best regards,USPEX developers team (Andriy, Qiang, Artem)Prof. Artem R. OganovDepartment of Geos
ien
es and Department of Physi
s and Astronomy,State University of New York, Stony Brook, NY 11794-2100Phones: (631)-632-1429 (oÆ
e), x1449 (lab), x8241 (admin. assistant)Fax (631) 632 8240E-mail artem.oganov�sunysb.eduWeb-site: http://mysb�les.stonybrook.edu/ aoganov52



7 SCIENTIFIC HIGHLIGHT OF THE MONTH: Correlation e�e
tsin transition metals and their alloys studied by the fully self 
on-sistent KKR+DMFT method
Correlation e�e
ts in transition metals and their alloys studied by the fully self 
onsistentKKR+DMFT methodJ�an Min�arUniversit�at M�un
hen, Department of Chemistry, Physi
al ChemistryButenandtstr. 5-13, D-81377 M�un
hen, GermanyAbstra
tRe
ent results on magneti
 and spe
tros
opi
 properties of transition metals, alloys and theirsurfa
es, whi
h were obtained by the LSDA+DMFT approa
h will be reviewed in this arti
le.We exploit the various advantageous features o�ered by a LSDA+DMFT implementation onthe basis of the KKR band stru
ture method. This fully self 
onsistent approa
h, with respe
tto 
harge and self-energy, allows to investigate in a most realisti
 way the impa
t of 
orrelatione�e
ts in ordered as well as disordered systems. For the latter 
ase the 
oherent potentialapproximation (CPA) is exploited. The fully-relativisti
 formulation implemented for spa
e�lling potentials gives the opportunity to study various ground state properties as for exampleorbital magneti
 moments or total energies. Experimentally, the most detailed information onthe ele
troni
 properties of 
orrelated materials 
an be a

essed by means of angle-resolvedphotoemission and inverse photoemission. In several earlier studies the measured spe
tra weredes
ribed either within a single-parti
le approa
h based on the lo
al spin density approximation,in
luding matrix-element- and surfa
e e�e
ts within so 
alled one-step model or by sophisti
atedmany-body approa
hes negle
ting these e�e
ts. Here, we demonstrate that the 
ombinationof the one-step model with the LSDA+DMFT gives a detailed insight and the most stringent
omparison between theory and 
orresponding experimental data.1 Introdu
tionDensity fun
tional theory (DFT) is the state of the art te
hnique for 
al
ulating the ele
troni
 andmagneti
 properties of a wide spe
trum of systems ranging from atoms and mole
ules to surfa
esand solids [1℄. Its su

esses in treating the many-body problem is mainly due to the virtues of thelo
al spin density approximation (LSDA) [2{4℄. However, in spite of numerous impressive su

essit fa
es serious diÆ
ulties for strongly 
orrelated materials su
h as Mott insulators, heavy fermionsystems, high-temperature super
ondu
tors and many others. Nowadays, there exist various waysto improve the rather simple but su

essful LSDA. One way is to stay within the DFT formalismand to develop improved ex
hange 
orrelation fun
tionals like, for example, generalized gradientapproximation (GGA) based fun
tionals [5℄, orbital dependent fun
tionals based on the optimized53



potential (OEP) method [?, 7℄ or self-intera
tion 
orre
tion (SIC) [8℄ derived fun
tionals. In orderto determine ex
itation spe
tra quantitatively, time dependent DFT has been developed, but inpra
ti
e the ex
hange-
orrelation kernel based on LSDA is still of limiting appli
ability.To in
lude many-body e�e
ts beyond LSDA and to des
ribe di�erent types of ex
itations, vari-ous many-body te
hniques have been developed. One of the most su

essful approa
hes is thedynami
al mean �eld theory (DMFT) [9℄ that was introdu
ed about 20 years ago. Within thisapproa
h more or less all lo
al 
orrelation e�e
ts like the Mott insulating state or quasiparti
leex
itations have been su

essfully des
ribed. The only approximation made within the DMFT inits standard formulation is the negle
t of non-lo
al, spatial 
orrelations. In pra
ti
e the DMFT hasbeen primarily applied to solve various model Hamiltonians with limiting appli
ability to the realmaterials.To go beyond the level of a model-like treatment and to investigate real materials with strong
orrelation e�e
ts a 
ombination of DFT based methods supplemented by many-body theorieshave been suggested. In pra
ti
e this leads to a 
omplex, energy-dependent and non-lo
al self-energy whi
h has to be 
ombined 
oherently into the existing DFT based methods by meansof the Dyson equation for the Green's fun
tion. As a 
onsequen
e, this 
ombination allows fora realisti
 des
ription of one-parti
le ex
itations in 
orrelated systems. As an example, let usmention the GW-approximation [10℄ well suited for the 
ase of insulators and semi
ondu
tors.Another approa
h is to 
onsider Hubbard-type models where Coulomb-type intera
tion terms arein
luded expli
itly, whi
h are assumed to be treated insuÆ
iently within LSDA. Already the simplestHartree-Fo
k like realization of su
h an approa
h 
alled LSDA+U [11℄ s
heme allows one to improve
onsiderably the des
ription of strongly 
orrelated materials. Later on more advan
ed methods thatrepresent 
orrelation e�e
ts in terms of a 
omplex and energy-dependent self-energy have beenproposed. For example, the so 
alled 3-body s
attering method (3BS) [12℄ has been developed,whi
h in prin
iple is very well suited for the des
ription of photoemission. Without any doubts,nowadays, the most su

essful approa
h 
onsists in a 
ombination of DFT with DMFT, the so 
alledLSDA+DMFT method, that was developed during the last ten years or so (for reviews see [13,14℄).In spite of impressive progress in the development and appli
ation of the LSDA+DMFT methodthis framework has still to be improved. Re
ently Albers et al. [15℄ 
riti
ally reviewed various issues
onne
ted with the LSDA+DMFT. In parti
ular, to turn the LSDA+DMFT into a method withpredi
tive power for strongly 
orrelated materials 1 various important problems have to be solved,for example a fully self 
onsistent 
oherent interfa
e between LSDA and DMFT, reliable 
al
ulationsof the Coulomb parameter U , the 
hoi
e of the 
orrelated orbitals, reliable DMFT impurity solversappli
able to a wide range of systems. In addition, a 
omparison to various spe
tros
opi
 propertiesis an important tool to 
he
k the a
hievements of theoreti
al developments. Con
erning this,however, often only the pure spe
tral fun
tion is 
ompared with experiment ignoring spe
tros
opi
spe
i�
 issues like e.g. matrix elements.The aim of this 
ontribution is to review the various advantageous features of the LSDA+DMFTimplementation within the multiple s
attering Korringa-Kohn-Rostoker (KKR) method [16℄. This1This words have been borrowed from the title of new 
ollaborative Resear
h Unit FOR1346 (funded by GermanDFG). The main general obje
tive is to ultimately 
reate a new standard of 
omputational ele
troni
 stru
tures
hemes beyond LDA on a level whi
h is suitable to predi
t and 
ompute the properties of 
omplex, 
orrelatedmaterials. 54



approa
h has been developed be
ause the KKR method [17℄ represents the ele
troni
 stru
tureby the 
orresponding single-parti
le Green's fun
tion leading to a number of attra
tive features ofthis s
heme. In parti
ular, several of the above mentioned questions 
ould be addressed within thepresent approa
h. In Se
. 2 a 
ombination of the LSDA+DMFT with the KKR band stru
turemethod is dis
ussed. Various 
al
ulations of ground state properties are shown in Se
. 3.1.1. These
ond part of this review is devoted to the 
al
ulation of angle-resolved photoemission withinso 
alled one-step model in
luding in parti
ular more or less all relevant spe
tros
opy issues like,e.g. matrix elements and surfa
e e�e
ts. Re
ent te
hni
al developments allow to perform 
al
ula-tions for ordered as well as of 
hemi
ally disordered systems in
luding ele
troni
 
orrelation e�e
ts.This topi
 is presented in Se
s. 2.2.4 and 3.2.2.2 TheoryIn the late 1980s the dynami
al mean �eld theory (DMFT) be
ame a very important 
on
ept whendealing with many body Hubbard Hamiltonians for solids. Within the DMFT the in�nite intera
tingmany body latti
e problem is mapped onto a single quantum impurity exposed to a mean �eld givenby an e�e
tive bath. This 
entral 
on
ept of the standard DMFT be
omes exa
t in the limit of highlatti
e 
oordination number [18℄. As a 
onsequen
e of the DMFT equations for the on-site 
omplexenergy dependent self-energy and fully intera
ting Green's fun
tion these has to be 
al
ulatedself 
onsistently. Within this approa
h, even when dealing with a model Hubbard Hamiltonian,a lot of insight for example into the Mott-Hubbard transition has been obtained [9℄. However,it has also been realized that in order to 
al
ulate the ele
troni
 stru
ture properties of realisti
materials the 
ombination of the LSDA with the DMFT is desirable. First su

essful steps in thisdire
tion had been done by Anisimov et al. [19℄ and Katsnelson et al. [20℄. In the LSDA+DMFTthe lo
al one parti
le Green's fun
tion needed as an input to the DMFT self 
onsistent 
y
leis obtained from the LSDA method. Up to now most of the LSDA+DMFT implementations(see for example reviews [13, 14℄ and referen
es given there) have been performed using onlyDMFT self 
onsisten
y. This means the LSDA 
harge density and 
onsequently the e�e
tive LSDApotential has been �xed. Therefore, one negle
ts the impa
t of 
orrelation e�e
ts on the 
hargedistribution. Until now only few 
ompletely self 
onsistent s
hemes, e.g. with respe
t to 
hargedensity and self-energy, have been proposed and implemented. To underline the importan
e of the
omplete LSDA+DMFT self 
onsisten
y we mention the problem of phase diagram 
al
ulations andlo
alization in f-ele
tron systems [21,22℄, the des
ription of non-quasiparti
le states in the Heusleralloys [23℄ and the problem to des
ribe angle-integrated [24℄ and angle-resolved photoemission of3d-ferromagnets [25℄. The �rst fully self 
onsistent implementations of the LSDA+DMFT havebeen done on the basis of the linear muÆn tin orbital method (LMTO) [21℄, followed by theEMTO method [26℄. One of the �rst self 
onsistent s
hemes based on a full potential s
hemehas been proposed by Minar et al. [16℄ for the KKR Green's fun
tion method. Most of thework done by the LSDA+DMFT method deals with ele
troni
 and magneti
 properties of strongly
orrelated materials. However, 
orrelation e�e
ts are also often of 
ru
ial importan
e to des
ribethe 
ohesive energy, the equilibrium latti
e 
onstant and the bulk modulus as demonstrated forthe 
ase of plutonium [22, 27℄ and 
erium [28℄. After these �rst experien
es, the need for moresystemati
 implementations and investigations on numeri
al problems of LSDA+DMFT emerged.55



A very detailed study of the e�e
ts of self- 
onsisten
y on the total energy has been presented byPourovskii et al. [29℄. In spite of various numeri
al problems, re
ently, the huge potential of theLSDA+DMFT method 
on
erning total energies has been demonstrated. For example, the 
ollapseof the magneti
 moment of MnO [30℄, equilibrium volume and bulk modulus of Ni and Mn [31℄or 
orrelation driven stru
tural properties of 
omplex materials like KCuF3 and LaMnO3 [32℄ hadbeen dis
ussed.In this se
tion we brie
y review a full potential KKR implementation of the DMFT theory. We willdis
uss the various advantages of this approa
h like, for example, fully self-
onsisten
y, the totalenergy problem and the 
ombination of the LSDA+DMFT with the 
oherent potential approxima-tion and its fully relativisti
 extension. In addition, the 
ombination of the DMFT with the onestep model of photoemission allows for a dire
t 
omparison to the angle-resolved photoemission ofordered as well as of disordered systems in
luding matrix elements, �nal state and surfa
e e�e
ts.2.1 Formulation of the problemAll standard approa
hes for a realisti
 ele
troni
 stru
ture 
al
ulation of strongly 
orrelated mate-rials start from a 
hoi
e of the set of orbitals that are not a

urately des
ribed enough within thestandard DFT LSDA method. We 
all them \
orrelated orbitals" and indi
ate them with φn
i (~r),where n spe
i�es the Bravais latti
e site and the i is an index that enumerates the orbitals withinthe unit 
ell of the 
rystal. The 
hoi
e of \
orrelated orbitals" is di
tated by physi
al motivationsfor the problem under 
onsideration and always implies some degree of arbitrariness. Usually the
orrelated orbitals are derived from d or f atomi
 states and the index i stands for the atomi
quantum numbers l, m, σ. Natural 
hoi
es 
an be the Linear MuÆn-Tin Orbitals [22℄ or theWannier fun
tions [33, 34℄ or downfolded orbitals 
onstru
ted via NMTO approa
h [35℄.After having de
ided for the set of \
orrelated orbitals", we 
orre
t the standard DFT LSDAHamiltonian with an additional Hubbard intera
tion term [13℄ that expli
itly a

ounts for the lo
alCoulomb repulsion for the orbitals in the set:

H = HLSDA + HU − HDC . (1)Here HLSDA stands for the ordinary LSDA Hamiltonian, HU des
ribes the additional e�e
tiveele
tron-ele
tron intera
tion and the one-parti
le Hamiltonian HDC serves to eliminate double
ounting of the intera
tions already a

ounted for by HLSDA. HDC used in our implementationfor transition metals and 
ompounds will be dis
ussed later in Se
. 2.2. Similar to the LSDA+Umethod [11℄, this many-body Hamiltonian is spe
i�ed by a number of parameters representingCoulomb matrix elements. Among these parameters the Hubbard U that represents the s
reenedon-site Coulomb intera
tion is the most important one. A

ordingly, several s
hemes have beensuggested in the literature to determine U from LSDA 
al
ulations [14, 36℄. However, in this workwe use it as a parameter. The resulting many-parti
le Hamiltonian 
an not be diagonalized exa
tly,thus various methods were developed in the past to �nd an approximate solution [9℄. Among themone of the most promising approa
hes is to deal with Eq. (1) within the DMFT.The main idea of DMFT is to map a periodi
 many-body problem onto an e�e
tive single-impurityproblem that has to be solved self 
onsistently. For this purpose one des
ribes the ele
troni
56



properties of the system in terms of the one parti
le Green's fun
tion Ĝ(E), being the solution ofthe equation:
[E − ĤLSDA − Σ̂(E)]Ĝ = 1̂ , (2)where E is the 
omplex energy and the e�e
tive self-energy operator Σ̂ is assumed to be a single-sitequantity for site n:
Σ̂(E) =

∑

ij

|φni〉Σij(E)〈φnj | . (3)Within DMFT, the self-energy matrix Σij(E) is a solution of the many-body problem of an impuritypla
ed in an e�e
tive medium. This medium is des
ribed by the so 
alled bath Green's fun
tionmatrix G de�ned as:
G−1(E) = G−1(E) + Σ(E) , (4)with the underline indi
ating matri
es with respe
t to orbital index i. The Green's fun
tion matrix

Gij(E) is 
al
ulated as a proje
tion of Ĝ(E) onto the impurity site:
Gij(E) = 〈φn

i |Ĝ(E)|φn
j 〉 . (5)Be
ause the self-energy Σij(E) depends on the bath Green's fun
tion Gij(E) the DMFT equationshave to be solved self 
onsistently. From a te
hni
al point of view the problem 
an be split into twoparts. One is dealing with the solution of Eq. (2) and the se
ond one is the e�e
tive many-bodyproblem to �nd the self-energy Σij(E) a

ording to Eq. (4). Within the present work, the �rsttask is solved by the KKR band stru
ture method, as des
ribed below in Se
. 2.2. The 
hoi
e anddetails of solving the many-body e�e
tive impurity problem, often referred to as DMFT-solver, 
anbe found in various LSDA+DMFT reviews for example [13, 14℄.2.2 Multiple s
attering implementation of the LSDA+DMFT methodIn the following se
tion we shortly review a fully self 
onsistent (with respe
t to 
harge densityand self-energy) LSDA+DMFT implementation within the full potential fully relativisti
 multiples
attering Korringa Kohn Rostoker (KKR) method [16℄. This approa
h was motivated be
ause theKKR method represents the ele
troni
 stru
ture by the 
orresponding single-parti
le Green's fun
-tion leading therefore to a number of very attra
tive features of the s
heme that are exploited in thesubsequent work 2. This allows to 
ombine the KKR method with the DMFT straightforwardly. Inaddition, an outstanding feature of the KKR method is the possible use of the Dyson equation whi
hrelates the Green's fun
tion of a perturbed system with the Green's fun
tion of the 
orrespondingunperturbed referen
e system. Using the Dyson equation allows to 
al
ulate various properties oflow dimensional systems like e.g. semi in�nite 2D-surfa
es, nano-stru
tures or embedded 3D- or2D- systems. In addition, the KKR Green's fun
tion method allows to deal with substitutionaldisordered alloys in the framework of the 
oherent potential approximation (CPA) [37℄.2For a re
ent review where various advantages of the KKR method are listed see Ψk highlight of the month [17℄and referen
es therein. 57



The idea of the LSDA+DMFT approa
h presented here is to a

ount for the general non-lo
al,site-diagonal, 
omplex and energy-dependent self-energy ΣDMFT into the KKR method alreadywhen 
al
ulating the basis fun
tions, i.e. when solving the single site S
hr�odinger (or Dira
) equa-tion. This allows dire
tly to exploit all features of the KKR Green's fun
tion method withinLSDA+DMFT 
al
ulations and 
onsequently allows to quantitatively a

ount for 
orrelation ef-fe
ts.As already mentioned, there are various approa
hes available to 
ombine the LSDA with the DMFTmethod [13,14℄. In most implementations as a �rst step the 
orresponding LSDA problem is solvedvariationally using a given basis set (e.g. LMTO). The 
orresponding lo
al Green's fun
tion isdetermined by the spe
tral representation of the Kohn-Sham Hamiltonian. The resulting lo
al self-energy ΣDMFT and lo
al Green's fun
tion 
an be in turn used to 
al
ulate a new 
harge density andan e�e
tive LSDA potential. However, in order to 
ombine 
oherently the LSDA with the DMFTmethod (in the spirit of spe
tral density fun
tional theory [22℄) one needs to solve self 
onsistentlythe following Dyson equation:
G(~r,~r ′, E) = G0(~r,~r

′, E)

+

∫

d3r′′
∫

d3r′′′G0(~r,~r
′′, E)

[

Veff(~r ′′)δ(~r ′′ − ~r ′′′) + Σ(~r ′′, ~r ′′′, E)
]

G(~r ′′′, ~r ′, E), (6)where G0(~r,~r
′′, E) is the free ele
tron Green's fun
tion. The potential VLSDA(~r) denotes the(e�e
tive) potential (in the relativisti
 spin DFT de�ned as Veff(~r) = [V eff(~r) + βσBeff(~r)] where

V eff(~r) denotes the spin-independent potential, and Beff(~r) is the magneti
 �eld [38℄). β and αused below are standard Dira
 matri
es with the latter one given by αk = σx ⊗ σk (k = x, y, z) interms of the 2 × 2 Pauli-matri
es σk.A very eÆ
ient way to solve Eq. (6) is o�ered by the multiple s
attering KKR method. Havingde
omposed the system into atomi
 regions (Wigner-Seitz-
ells) and 
onsidering that ΣDMFT is anon-site quantity the equation 
an be solved using the standard KKR formalism. This implies that�rst one must solve the so-
alled single site s
attering problem to obtain the single site t-matrixand the 
orresponding s
attering wave fun
tion Ψ(~r). In the relativisti
 spin density fun
tionaltheory [1, 39℄ the 
orresponding single site Dira
 equation reads:
[

~

i
c~α · ~∇ + βmc2 + Veff(~r) +

∫

d3r′Σ(~r,~r ′, E)

]

Ψ(~r) = EΨ(~r) . (7)Here, the Ψ(~r) are four-
omponent spinor fun
tions with 
orresponding energies E. To be able tosolve Eq. (7) one makes the following ansatz for the wave fun
tion Ψ =
∑

Λ ΨΛ, with the 
ombinedrelativisti
 quantum number Λ = (κ, µ). In addition, in the spirit of the DMFT Σ(~r,~r ′, E) onehas to proje
t onto the lo
alized set of orbitals φn
Λ(~r). The 
orresponding matrix ΣΛ,Λ′(E) isobtained as an output of the DMFT solver. In pra
ti
e, ΣΛΛ′(E) is used only for 
orrelated d-or f- orbitals (see above). It is worth to note that even in the 
ase of the spheri
al muÆn-tin oratomi
 sphere approximation to the potential, full-potential like 
oupled Eqs. (7) have to be solved.This implies that the full-potential version of the KKR has to be used. After having solved theset of 
oupled equations for the wave fun
tions one gets the 
orresponding single site t matrix bystandard mat
hing to the Hankel and Bessel fun
tions as free ele
tron solutions. When solving thesingle-site problem, obviously the entire 
omplexity of the underlying 
omplex non-lo
al potentialwithin LSDA+DMFT is a

ounted for. A

ordingly, the resulting regular and irregular s
attering58



wave fun
tions ZΛ(~r,E) and JΛ(~r,E) as well as the 
orresponding single-site t-matrix 
arry allinformation on the underlying LSDA+DMFT Hamiltonian. This means that in 
ontrast to otherLSDA+DMFT implementations, the e�e
t of the self-energy is also re
e
ted in the wave fun
tions
Ψ. This be
omes important, for example, in a total energy 
al
ulation and for the photoemissionmatrix elements (see Se
. 2.2.4).With the single-site t matrix available the next step of the KKR 
al
ulation is to solve the multiples
attering problem. This task 
an be done by using the s
attering path operator τ [17℄ and it isindependent from the DMFT. For a �nite system this 
an be done straight forwardly by inverting theso 
alled KKR-matrix, τ(E) = [t(E)−1 − G

0
(E)]−1 with the double underline indi
ating matri
eswith respe
t to site and spin-angular (Λ) 
hara
ter. Dealing with a three-dimensional periodi
system this equation 
an also be solved exa
tly by Fourier transformation. As a result the retardedsite diagonal Green's fun
tion G(~r,~r ′, E) 
an be written as [37, 40℄:

G(~r,~r ′, E) =
∑

Λ,Λ′

ZΛ(~r,E)τnn
Λ,Λ′(E)Z×

Λ′(~r
′, E)

−
∑

Λ

{ZΛ(~r,E)J×
Λ (~r ′, E)Θ(~r ′ − ~r)

+ JΛ(~r,E)Z×
Λ (~r ′, E)Θ(~r − ~r ′)} , (8)where ~r (~r ′) lies in the atomi
 
ell n representing 
ell-
entered 
oordinates and × indi
ates aso-
alled left-hand side solution [41℄. With the Green's fun
tion G(~r,~r ′, E) available all propertiesof interest as e.g. , the 
harge density, 
an be 
al
ulated straight forwardly and in this way the
al
ulated Green's fun
tion G in
ludes all e�e
ts of the self-energy ΣDMFT. The de�nition ofthe Green's fun
tion and the expressions given above are not restri
ted to real energies E butalso holds for arbitrary 
omplex energies z. The fa
t that G(~r,~r ′, E) is analyti
al [42℄ allows, inparti
ular, to perform the energy integration for the 
harge density on a 
ontour in the 
omplexenergy plane [43,44℄ with typi
ally around 30 energy mesh points. On the other hand the self-energy

ΣDMFT is often 
al
ulated for a mesh of Matsubara frequen
ies. This implies that it is ne
essaryto use analyti
al 
ontinuation te
hniques to transform ΣDMFT from Matsubara frequen
ies ω ontothe KKR 
omplex energy 
ontour. It is worth to note that in general ΣDMFT is not Hermitianand for low symmetry systems one has to 
onsider right and left handed solutions of (7) when
onstru
ting the Green's fun
tion G(~r,~r ′, E) [41℄.In order to 
onstru
t the bath Green's fun
tion needed as the input of the DMFT solver, thelo
alized Green's fun
tion is 
al
ulated by proje
ting the total Green's fun
tion onto the 
orrelatedatomi
 site. This is done by proje
ting G(~r,~r ′, E) with a lo
alized set of orbitals φΛ(~r):
GΛΛ′(E) =

∫

d3r

∫

d3r ′φΛ(~r)G(~r,~r ′, E)φΛ′(~r ′) . (9)The multiple s
attering formalism provides the natural 
hoi
e of the proje
tors φΛ(~r) whi
h are theregular single-site solutions of the Kohn-Sham-Dira
 equations. For transition metal systems onlythe d-d sub-blo
k of the Gnn(E) is 
onsidered with φΛ(~r) wave fun
tions with l = 2. In prin
iplethe 
hoi
e of the φΛ(~r) is arbitrary as long as φΛ(~r) is a 
omplete set of fun
tions. This impliesthat a lo
alized basis set is 
al
ulated at a given referen
e energy Eref (set to be the 
enter ofgravity of the o

upied d- or f-band) with the magneti
 �eld set to zero in the relativisti
 
ase. In59
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Figure 1: Left: S
hemati
 overview of the KKR+DMFT s
heme. Right: Illustration of the energypaths involved. The blue semi
ir
le is the 
omplex energy path used by KKR to 
al
ulate the
harge density. After the bath Green's fun
tion G is obtained, it is analyti
ally 
ontinued onto theimaginary axis (red) to 
al
ulate the self-energy ΣDMFT via the DMFT impurity solver. The latteris analyti
ally extrapolated ba
k to the semi
ir
le.the full-potential 
ase 
ouplings to the other l-
hannels as a 
onsequen
e of 
rystal symmetry haveto be suppressed.Finally, a des
ription of the 
ow diagram of the self 
onsistent LSDA+DMFT approa
h is presentedin Fig. 1. Eq. (7) provides the set of regular (Z) and (J) irregular solutions of the single-siteproblem. Together with the t matrix and the s
attering path operator τ the KKR Green's fun
tionis 
onstru
ted from Eq. (8). To solve the many-body problem the proje
ted impurity Green'sfun
tion is 
onstru
ted a

ording to Eq. (9). The LSDA Green's fun
tion GΛΛ′(E) is 
al
ulatedon the 
omplex 
ontour whi
h en
loses the valen
e band one-ele
tron energy poles. The Pad�eanalyti
al 
ontinuation s
heme is used to map the 
omplex lo
al Green's fun
tion GΛΛ′(E) onthe set of Matsubara frequen
ies or real axis, respe
tively, whi
h is used when dealing with themany-body problem. In the 
urrent fully relativisti
 implementation the perturbative SPTF (spin-polarized T -matrix + FLEX) [45℄ as well as T = 0K spin-polarized T -matrix [46℄ solvers of theDMFT problem are used. In fa
t any DMFT solver 
ould be in
luded whi
h supplies the self-energy
Σ(E) as a solution of the many-body problem. The Pad�e analyti
al 
ontinuation is used on
e moreto map ba
k the self-energy from the Matsubara axis to the 
omplex plane, where the new KKRGreen's fun
tion is 
al
ulated. As was des
ribed in the previous se
tions, the key role is played bythe s
attering path operator τnn

ΛΛ′(E), whi
h allows us to 
al
ulate the 
harge in ea
h SCF iterationand the new potentials that are used to generate the new single parti
le Green's fun
tion.Of 
ourse double 
ounting 
orre
tions HDC have to be 
onsidered expli
itly. The problem of thedouble-
ounting 
orre
tion is de�nitely one of the main 
hallenges towards �rst-prin
iple 
al
ula-tions within LSDA+DMFT. Until know various s
hemes for double 
ounting 
orre
tion have been60



suggested [14℄. The simplest 
hoi
e, i.e. the idea of the stati
 LSDA+U s
heme has been usedhere. We apply the double 
ounting 
orre
tions to the self-energy when solving the many-bodyproblem. In the 
ase of metalli
 transition metals, their 
ompounds and alloys the so 
alled aroundmean �eld (AMF) double 
ounting 
orre
tion seems to be most appropriate. It is worth to notehere, that until now it is more or less impossible to derive an exa
t analyti
al equation for the double
ounting 
orre
tion. An alternative way to get an exa
t solution of the double 
ounting problemseems to be possible on the level of the GW+DMFT s
heme [47℄. Therefore, it is important touse a 
omparison to angle-resolved photoemission (ARPES) experiments as a stringent 
riteriumfor the 
hoi
e of the optimal HDC . However, to be able to make a de
ision between varioussuggestions for HDC it is helpful to 
al
ulate not only the bare spe
tral fun
tion, e.g. ImG, butinstead to perform a 
omplete photoemission 
al
ulation. (for example with the one step modelof photoemission, see Se
. 2.2.4). In fa
t, using the one step model of photoemission one 
an
learly see that the AMF HDC is an appropriate 
hoi
e for at least transition metals [25, 48, 49℄.2.2.1 LSDA+DMFT treatment of disordered alloysAn outstanding feature of the KKR method is the Dyson equation relating the Green's fun
tion ofa perturbed system with the Green's fun
tion of the 
orresponding unperturbed referen
e system.Be
ause of this property, the KKR Green's fun
tion method allows to deal with substitutionaldisorder in
luding both diluted impurities and 
on
entrated alloys in the framework of the CPA[50,51℄. Within this approa
h (KKR-CPA) the propagation of an ele
tron in an alloy is regarded asa su

ession of elementary s
attering pro
esses due to random atomi
 s
atterers, with an averagetaken over all 
on�gurations of the atoms. This problem 
an be solved assuming that a givens
attering 
enter is embedded in an e�e
tive medium whose 
hoi
e is open and 
an be determinedin a self 
onsistent way. The physi
al 
ondition 
orresponding to the CPA is simply that a singles
atterer embedded in the e�e
tive CPA medium should produ
e no further s
attering on theaverage. A similar philosophy is applied also when dealing with many-body problems for 
rystals inthe framework of DMFT. Thus it seems to be rather natural to 
ombine the DMFT and KKR-CPAmethod. In fa
t the 
ombination of the KKR-CPA for disordered alloys and the DMFT s
heme isbased on the same arguments as used by Dr
hal et al. [52℄ when 
ombining the LMTO Green'sfun
tion method for alloys [53℄ with the DMFT.The 
ombination of the CPA and LSDA+DMFT turned out to be a quite powerful te
hnique to
al
ulate ele
troni
 stru
ture properties of substitutionally disordered 
orrelated materials [16, 54{56℄. Within the CPA the 
on�gurationally averaged properties of a disordered alloy are representedby a hypotheti
al ordered CPA-medium, whi
h in turn may be des
ribed by a 
orresponding site-diagonal s
attering path operator τCPA, whi
h in turn is 
losely 
onne
ted with the ele
troni
Green's fun
tion. For example for a binary system AxB1−x 
omposed of 
omponents A and B withrelative 
on
entrations xA and xB the 
orresponding single-site t-matrix tCPA and the multiples
attering path operator τCPA are determined by the so 
alled CPA-
ondition:
xAτA + xBτB = τCPA. (10)The above equation represents the requirement that embedding substitutionally an atom (of type Aor B) into the CPA medium should not 
ause additional s
attering. The s
attering properties of an61



A atom embedded in the CPA medium, are represented by the site-diagonal 
omponent-proje
teds
attering path operator τA (angular momentum index omitted here)
τA = τCPA

[

1 +
(

t−1
A − t−1

CPA

)

τCPA
]−1

, (11)single-site matri
es of the A 
omponent and of the CPA e�e
tive medium. A 
orrespondingequation holds also for the B 
omponent in the CPA medium. The 
oupled sets of equations for
τCPA and tCPA have to be solved iteratively within the CPA 
y
le.The above s
heme 
an straightforwardly be extended to in
lude the many-body 
orrelation e�e
tsfor disordered alloys [16℄. Within the KKR approa
h the lo
al multi-orbital and energy dependentself-energies (ΣDMFT

A (E) and ΣDMFT
B (E)) are dire
tly in
luded into the single-site matri
es tAand tB, respe
tively by solving the 
orresponding Dira
 Eq. (7). Consequently, all the relevantphysi
al quantities 
onne
ted with the Green's fun
tion, as for example, the 
harge density 
ontainthe ele
troni
 
orrelations beyond the LSDA s
heme.2.2.2 Combination of the LSDA+DMFT with disordered lo
al moment approa
hIn the following subse
tion we address the question to whi
h extent a regime of strong 
orrela-tions 
an be studied by means of an implementation suited to deal with moderately 
orrelatedsystems. In parti
ular the spin-polarized T-matrix 
u
tuation-ex
hange solver (SPTF) [45, 57℄has been implemented to treat the problem of magneti
 
u
tuations in transition metals, and hasbeen su

essfully applied to the ferromagneti
 phases of Fe, Co, Ni [25, 57, 58℄ and to the anti-ferromagneti
 phase of γ-Mn [59℄, as well as to half-metalli
 ferromagnets [23℄. It is quite stable,
omputationally rather 
heap and deals with the 
omplete four-indi
es intera
tion matrix. On theother hand, its perturbative 
hara
ter restri
ts its use to relatively weakly, or moderately, 
orrelatedsystems.Not surprisingly, the SPTF performs well when starting from a spin-polarized solution, sin
e thespin-splitting 
ontains already the main part of the ex
hange and 
orrelation e�e
ts. On theother hand, the dire
t appli
ation of SPTF to a non-magneti
 referen
e state 
an 
reate stabilityproblems. This is be
ause one tries to attribute the strong and essentially mean-�eld e�e
t ofthe formation of a lo
al magneti
 moment to dynami
al 
u
tuations around the non-spin-polarizedstate. This is �ne when one uses the quantum monte 
arlo (QMC) method, whi
h has no formalrestri
tions on the value of 
u
tuations, but seems problemati
 for the perturbative approa
hes.As a way to redu
e su
h a limitation we propose a 
ombination of SPTF with the disordered lo
almoment (DLM) approa
h [60, 61℄. As already shown for the 
ase of a
tinides [62℄ the in
lusionof the 
u
tuations of randomly oriented lo
al moments 
an improve drasti
ally the des
ription ofenergeti
s in the paramagneti
 phase. Therefore, one 
an hope that it allows us to extend therange of appli
ability of SPTF.In DLM the itinerant ele
trons form self-maintaining \lo
al moments" whi
h are analogous - butphysi
ally di�erent - to the lo
alized spins of the Heisenberg model. With êi the orientations of themoments at the sites i, we 
an des
ribe the system through the generalized grand-
anoni
al po-tential Ω({êi}). Then a mean-�eld approximation of the true potential is 
onstru
ted as expansion62



around a single-site spin Hamiltonian [61℄:
Ω0({~̂ei}) = −

∑

i

~hi~̂ei. (12)The self 
onsistent parameters hi de�ne a set of probabilities Pi(~̂ei) of �nding the moments orientedalong ~̂ei. Expli
it 
al
ulations 
an now be made using standard methods developed for substitution-ally disordered alloys, as the Coherent Potential Approximation (CPA), whi
h is straightforwardlyimplemented within the multiple-s
attering theory of KKR [16℄ (see above). The study of theparamagneti
 phase is espe
ially simple, sin
e the problem 
an be redu
ed to a binary alloy, wherethe half of the sites are o

upied by \up" moments and the other half by \down" moments.2.2.3 Total energy 
al
ulationsIn the Se
. 2.1 we have presented the equations that de�ne the LSDA+DMFT s
heme in terms ofthe lo
al problem and a self 
onsistent bath. These equations 
an be obtained by many di�erentte
hniques [9℄, but in perspe
tive of total energy 
al
ulations we have already adopted the pointof view of the spe
tral density-fun
tional theory of Savrasov and Kotliar [22℄. In the 
ase of theKKR implementation presented above the LSDA+DMFT total energy 
an be 
al
ulated from:
ELSDA+DMFT = ELSDA [ρ(r), G(ω)] − 〈HU〉 . (13)It should be noted that ELSDA, in parti
ular its band energy 
ontribution, already 
ontains the self-energy 
ontribution and therefore the Galitskii-Migdal term has to be removed, sin
e it is alreadyadded twi
e with the band energy.The evaluation of Eq. (13) requires only the additional 
al
ulation of the Galitskii-Migdal energy,sin
e the band energy results from the DFT part of the KKR 
ode. While it might be simpler toevaluate the Galitskii-Migdal 
orre
tion dire
tly within the lo
al problem (inside the DMFT solverintegrating over Matsubara frequen
ies), we prefer to work again on the semi
ir
ular 
omplexenergy 
ontour, retaining to the same formalism for both 
ontributions of the total energy. Thisimplies we 
al
ulate

〈HU〉 = −
1

2π
Im

∑

Λ1Λ2

∫

dz ΣΛ1Λ2(z)GΛ2Λ1(z) . (14)The integration is performed over the 
ontour starting 
lose to the real energy axis at the bottomof a valen
e band and ending at the Fermi energy. It turned out that this pro
edure is numeri
allymore stable than the evaluation of the Galitskii-Migdal 
orre
tion using an integration over theMatsubara frequen
ies inside the DMFT solver.2.2.4 Fully relativisti
 one-step model of photoemission for alloysSpe
tros
opy is an extremely important experimental tool providing information on the ele
troni
stru
ture of the probed system that has to be seen as a stringent ben
hmark for the su

ess of anyele
tron stru
ture theory. Photoemission spe
tros
opy (PES) or its inverse { the Bremsstrahlungiso
hromate spe
tros
opy (BIS) { in their angle-integrated form should re
e
t the density of states63



(DOS) rather dire
tly { in parti
ular in the high photonenergy regime (XPS). For that reason it isquite 
ommon to 
he
k the DMFT-based 
al
ulations by 
omparing the 
al
ulated DOS dire
tlyto the PES spe
tra (see the reviews [13, 14, 63℄ for example).However, this approa
h ignores the in
uen
e of the spe
i�
 PES matrix elements that in general willintrodu
e an element- and energy-dependent weight to the partial DOS. In 
ase of angle-resolvedphotoemission (ARPES) the situation is even move severe as the surfa
e as well as dipole sele
tionrules may have a very pronoun
ed impa
t on the spe
tra [64℄ demanding for a 
oherent des
riptionwithin the one-step model of photoemission [65℄. To a
hieve a reliable interpretation of experi-ments, however, it is inevitable to deal with so-
alled matrix-element e�e
ts whi
h 
onsiderablymodify the raw spe
trum. Above all, the wave-ve
tor and energy dependen
e of the transition-matrix elements has to be a

ounted for. These issues are known to be important and a
tually
annot be negle
ted. They result from strong multiple-s
attering pro
esses whi
h dominate theele
tron dynami
s in the low-energy regime of typi
ally 1-200 eV [66℄. The transition-matrix ele-ments also in
lude the e�e
ts of sele
tion rules whi
h are not a

ounted for in the raw spe
trum.Loosely speaking, it 
an be said that the main task of a theory of photoemission is to 
lose thegap between the raw spe
trum obtained by LSDA+DMFT ele
troni
-stru
ture 
al
ulations andthe experiment. The most su

essful theoreti
al approa
h 
on
erning this is the so-
alled one-stepmodel of photoemission as originally proposed by Pendry and 
o-workers [66{68℄. In the followinga short overview will be given on the re
ent extensions of the one-step model whi
h are 
onne
tedwith 
orrelation e�e
ts and disordered alloys.The main idea of the one-step model is to des
ribe the a
tual ex
itation pro
ess, the transport of thephotoele
tron to the 
rystal surfa
e as well as the es
ape into the va
uum [69℄ as a single quantum-me
hani
ally 
oherent pro
ess in
luding all multiple-s
attering events. Within this model self-energy
orre
tions, whi
h give rise to damping in the quasi-parti
le spe
trum, are properly in
luded in boththe initial and the �nal states. This for example allows for transitions into evanes
ent band gapstates de
aying exponentially into the solid. Similarly the assumption of a �nite lifetime for theinitial states gives the opportunity to 
al
ulate photoemission intensities from surfa
e states andresonan
es. Treating the initial and �nal states within the fully relativisti
 version of layer KKRtheory [70, 71℄, it is a straight forward task to des
ribe 
omplex layered stru
tures like thin �lmsand multilayers within the photoemission theory. Furthermore, the surfa
e des
ribed by a barrierpotential 
an be easily in
luded into the multiple-s
attering formalism as an additional layer. Arealisti
 surfa
e barrier model whi
h shows the 
orre
t asymptoti
 behavior has been introdu
ed,for example, by Rundgren and Malmstr�om [72℄.We start our 
onsiderations by a dis
ussion of Pendry's formula for the photo
urrent whi
h de�nesthe one-step model of PES [67℄:
IPES ∝ Im 〈ǫf ,k‖|G

+
2 ∆G+

1 ∆†G−
2 |ǫf ,k||〉 . (15)The expression 
an be derived from Fermi's golden rule for the transition probability per unittime [73℄. Consequently, IPES denotes the elasti
 part of the photo
urrent. Vertex renormaliza-tions are negle
ted. This ex
ludes inelasti
 energy losses and 
orresponding quantum-me
hani
alinterferen
e terms [67, 73, 74℄. Furthermore, the intera
tion of the outgoing photoele
tron withthe rest system is not taken into a

ount. This \sudden approximation" is expe
ted to be justi�edfor not too small photon energies. We 
onsider an energy-, angle- and spin-resolved photoemission64



experiment. The state of the photoele
tron at the dete
tor is written as |ǫf ,k‖〉, where k‖ is the
omponent of the wave ve
tor parallel to the surfa
e, and ǫf is the kineti
 energy of the photoele
-tron. The spin 
hara
ter of the photoele
tron is impli
it by in
luded in |ǫf ,k‖〉 whi
h is understoodas a four-
omponent Dira
 spinor. The advan
ed Green fun
tion G−
2 in Eq. (15) 
hara
terizes thes
attering properties of the material at the �nal-state energy E2 ≡ ǫf . Via |Ψf 〉 = G−

2 |ǫf ,k‖〉 allmultiple-s
attering 
orre
tions are formally in
luded. For an appropriate des
ription of the pho-toemission pro
ess we must ensure the 
orre
t asymptoti
 behavior of Ψf (r) beyond the 
rystalsurfa
e, i. e. a single outgoing plane wave 
hara
terized by ǫf and k‖. Furthermore, the dampingof the �nal state due to the imaginary part of the inner potential iV0i(E2) must be taken intoa

ount. We thus 
onstru
t the �nal state within spin-polarized low-energy ele
tron di�ra
tion(SPLEED) theory 
onsidering a single plane wave |ǫf ,k‖〉 advan
ing onto the 
rystal surfa
e. Us-ing the standard layer-KKR method generalized for the relativisti
 
ase [65, 75℄, we �rst obtainthe SPLEED state −TΨf (r). The �nal state is then given as the time-reversed SPLEED state(T = −iσyK is the relativisti
 time inversion). Many-body e�e
ts are in
luded phenomenologi
allyin the SPLEED 
al
ulation, by using a parametrized, weakly energy-dependent and 
omplex innerpotential V0(E2) = V0r(E2) + iV0i(E2) as usual [66℄. This generalized inner potential takes intoa

ount inelasti
 
orre
tions to the elasti
 photo
urrent [73℄ as well as the a
tual (real) inner po-tential, whi
h serves as a referen
e energy inside the solid with respe
t to the va
uum level [76℄.Due to the �nite imaginary part iV0i(E2), the 
ux of elasti
ally s
attered ele
trons is 
ontinuouslyredu
ed, and thus the amplitude of the high-energy wave �eld Ψf (r) 
an be negle
ted beyond a
ertain distan
e from the surfa
e.For disordered alloys the CPA s
heme 
an straightforwardly be extended to in
lude the many-body
orrelation e�e
ts for disordered alloys [16℄. A

ording to the LSDA+DMFT approa
h realized inthe framework of the fully relativisti
 SPR-KKR multiple s
attering theory we use the self-energy
ΣDMFT

A (E) 
al
ulated self 
onsistently using dynami
al mean �eld theory [9℄. Within the KKRapproa
h the lo
al multi-orbital and energy dependent self-energies (ΣDMFT
A (E) and ΣDMFT

B (E))are dire
tly in
luded into the single-site matri
es tA and tB, respe
tively by solving the 
orrespondingDira
 Eq. (7). Consequently, all the relevant physi
al quantities 
onne
ted with the Green's fun
tionand used for photoemission 
al
ulations, as for example, the matrix elements or s
attering matri
eslike tCPA 
ontain the ele
troni
 
orrelations beyond the LSDA s
heme. A detailed des
ription ofthe generalized one-step model for disordered magneti
 alloys 
an be found in [56℄. Here we presentthe expression for the CPA photo
urrent only. Following Durham et al. [77,78℄ we have to performthe 
on�gurational average of these di�erent 
ontributions to the photo
urrent, leading to the fullyrelativisti
 expression:
< IPES(ǫf ,k‖) > = < Ia(ǫf ,k‖) > + < Im(ǫf ,k‖) >

+ < Is(ǫf ,k‖) > + < I inc(ǫf ,k‖) >

. (16)When dealing with disorder in the alloys, an additional term I inc, the so 
alled "in
oherent" termappears. This 
ontribution to the alloy photo
urrent appears be
ause the spe
tral fun
tion of andisordered alloy [37℄ is de�ned as a non single-site quantity. In fa
t this 
ontribution is 
losely
onne
ted with the presen
e of the irregular wave fun
tions well-known from the spheri
al repre-sentation of the Green fun
tion G+
1 . 65



3 Appli
ationsIn this se
tion we review some results that have been obtained using the LSDA+DMFT as im-plemented in the full-potential KKR method (2.2). The use of a fully relativisti
 formulation onthe basis of the four-
omponent Dira
 formalism allows to deal with all spin-orbit 
oupling indu
edproperties like for example orbital magneti
 moments of ferromagneti
 transition metals. Mag-neti
 moments and other ground state properties will be dis
ussed in Se
. 3.1.1. Investigations onground states properties are 
omplemented by investigations on spe
tros
opi
 properties with anemphasis on valen
e band photoemission 
al
ulated on the basis of the so-
alled one-step model. InSe
. 3.2.1 the spin-orbit 
oupling indu
ed Fano e�e
t observed in angle-integrated photoemissionis dis
ussed. To a
hieve more stringent and detailed information about the ele
troni
 stru
tureof 
orrelated materials, the 
al
ulation of ARPES is highly desirable. As already mentioned ourapproa
h 
ombines 
oherently LSDA+DMFT and ARPES relevant issues: the surfa
e geometry,�nal state e�e
ts and the transition matrix elements a

ounting for the sele
tion rules. Exampleswill be shown for the low index surfa
es of transition metals like Ni or Fe in Se
. 3.2.2) and for thedisordered NiPd-alloy system in Se
. 3.2.3. In the last Se
. 3.3 re
ent developments of the KKRformalism 
on
erning ~k dependent self-energies will be dis
ussed for the 
ase of the ele
tron-phonon
oupling.3.1 Ground state properties3.1.1 Orbital magneti
 momentsVarious important properties of magneti
 materials, like magneti
 anisotropies, magneto-opti
al ef-fe
ts, and for example magneti
 di
hroism in various types of ele
troni
 spe
tros
opies are 
ausedby spin-orbit 
oupling. While spin magneti
 moments for 3d transition metals and their alloys are de-s
ribed rather a

urately by the LSDA, the orbital magneti
 moments are typi
ally underestimated.To improve the des
ription of orbital magnetism the so-
alled orbital polarization 
orre
tion (OP)s
heme was introdu
ed by Brooks et al. [79{81℄ as an additional ad ho
 term added to the LSDAHamiltonian. Later on it had been realized that the OP term 
an be systemati
ally derived from
urrent DFT [82℄. Despite of a quite a

urate des
ription of the orbital moments for bulk systems,
al
ulations based on the OP-term fails to predi
t the experimental values for impurities [83{85℄and 
lusters on surfa
es [86℄.An alternative approa
h is based on the expli
it a

ount of lo
al (on-site) many-body 
orrelations.In parti
ular, Solovyev et al. [87,88℄ have shown by 
al
ulations based on the random-phase approx-imation that the OP-pi
ture is one of the limits of the more general LSDA+U 
on
ept [89℄. Onthe other hand, the LSDA+U approa
h fails to give a proper des
ription for the spe
tral propertiesof the 3d transition metals. Examples for these problems are found in the 
al
ulated bandwidths,the spin splitting, the energeti
s of the Ni satellite and in the absen
e of quasiparti
le damping,et
. [58,90℄. On the other hand, the expli
it a

ount for lo
al 
orrelations within the LSDA+DMFTapproa
h should improve the des
ription of the orbital magneti
 moments [54,55℄ as well as of thespe
tral properties [24, 25, 48, 56, 91℄. As an example LSDA+DMFT results for the ferromagneti
transition metals Fe, Co and Ni are shown in Fig. 2. It was found that the use of DMFT hardly66



Fe Co Ni
0

0.5

1

1.5

2

µ sp
in

  (
µ B

)

Expt: Stearns, 1986
Expt: Chen, 1995
Expt: Scherz, 2003
LSDA
LSDA+DMFT

Fe Co Ni
0

0.05

0.1

0.15

µ or
b  (

µ B
)

Figure 2: Spin (left panel) and orbital (right panel) magneti
 moments in b

 Fe, h
p Co andf

 Ni 
al
ulated using LSDA+DMFT (hat
hed blue bars) 
ompared with plain LSDA 
al
ulations(bla
k �lled bars) and experimental data (red bars).

0.0

0.05

0.1

0.15

or
b

(d
)

/
sp

in(d
)

at
C

o
at

om
s

Co Co3Pt CoPt CoPt3

experiment
LDA+DMFT
LDA+OP Brooks
LDA

Figure 3: Ratios between the d 
omponents of µorb and µspin for Co in ordered CoPt obtained viavarious 
omputational s
hemes 
ompared with experiment [92℄.
hanges the spin magneti
 moments 
ompared to plain LSDA-based 
al
ulations, that in turn giveresults already in very good agreement with experiment. In
lusion of the DMFT, on the otherhand, in
reases the orbital moment and brings the theoreti
al values in very satisfying agreementwith experiments. Con
erning this a very important issue is the treatment of the double-
ountingterm. A dire
t 
omparison of the 
al
ulated orbital magneti
 moments with the 
orrespondingexperimental data 
learly show that the AMF setting is most adequate for metalli
 transition metalsystems. By 
onstru
tion the dynami
al part of the self-energy ΣDMFT behaves in the vi
inity ofthe Fermi level as for a Fermi liquid. Therefore ΣDMFT 
annot noti
eably a�e
t integral quanti-ties like spin and orbital magneti
 moments. On the other hand, the applied AMF stati
 double
ounting whi
h splits the di�erent orbitals only slightly at the Fermi level, has no impa
t on therenormalization of the density of states. As already mentioned, the appli
ation of the OP termfor diluted magneti
 moment systems is not mu
h su

essful. Be
ause the LSAD+DMFT methodleads to more a

urate results in this 
ase, we performed LSDA+DMFT 
al
ulations for variousCoPt ordered phases [55℄. In Fig. 3 we show the ratios between the orbital and spin magneti
moments, whi
h 
an be dedu
ed from x-ray magneti
 
ir
ular di
hroism (XMCD) measurements.It follows from Fig. 3 that the LSDA systemati
ally underestimates µ
(d)orb/µ(d)spin for Co in various67
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 volume V0 and the bulk modulus B for the the standard LSDA-DFTmethod and for the LSDA+DMFT s
heme in 
omparison with experiment [31℄.
ompounds. This de�
ien
y in
reases with in
reasing Pt 
ontent: the experimental µ

(d)orb/µ(d)spin ra-tio ex
eeds the LSDA result twi
e for bulk Co, three times for CoPt and four times for CoPt3.Employing the OP s
heme of Brooks in
reases the µ
(d)orb/µ(d)spin ratio and partially 
ompensates forthe de�
ien
y of the LSDA. This 
ompensation is nearly 
omplete for bulk Co but it be
omesinsuÆ
ient as the Pt 
ontent in
reases. Employing the LSDA+DMFT, on the other hand, leads toa nearly perfe
t reprodu
tion of the experimental µ

(d)orb/µ(d)spin ratio at Co atoms for bulk Co, CoPt,as well as CoPt3.3.1.2 Total energy 
al
ulationsAs already mentioned, most of the LSDA+DMFT appli
ations up to now are 
onne
ted with spe
-tral fun
tion 
al
ulations and related properties. However the predi
tive power of any LSDA+DMFTapproa
h 
an be a
hieved only by an a

urate des
ription of the total energies and related phe-nomena like for
es or latti
e relaxations. A step towards investigations on the equilibrium stru
tureof 
orrelated systems, whi
h are based on total energy 
al
ulations in the framework of the fullpotential KKR implementation of the LSDA+DMFT method, is found in [31℄. Results obtainedfor ferromagneti
 Ni are presented in Fig. 4. It is well known that in the framework of LSDA theequilibrium value of the latti
e 
onstant is slightly underestimated (typi
ally by 3%) with respe
tto the experimental value. Con
erning the 
al
ulations based on the LSDA+DMFT, one noti
esthat the results are strongly dependent on the value of the Hubbard U . The best results are ob-tained for U = 3eV, i.e. for a value whi
h is smaller as 
ommonly a

epted. This dis
repan
y
an be assigned to the perturbative nature of the SPTF solver [31, 57℄. However, for U = 3eVwe obtained a reasonable agreement also for the bulk modulus. In the 
ase of Ni a satisfyingresult 
an also be obtained by using gradient 
orre
ted fun
tionals (GGA) [5℄. On the other hand,in the 
ase of γ-Mn whi
h is 
onsidered to be a material on the border between moderate andstrong 
orrelations [59, 93℄ the 
hange of the ex
hange 
orrelation potential from LSDA to GGAdoes not solve all the problems and it remains a signi�
ant di�eren
e between theory and experi-ment. The atomi
 volume is underestimated and the anomalously low value of the bulk modulus(B = 90 − 130GPa [94, 95℄) is strongly overestimated by LSDA. This problem 
an be solved by68
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 moments for Co2MnxFe1−xSi 
ompounds
al
ulated within LSDA (bla
k dashed line, opened squares), LSDA+U (bla
k triangles) andLSDA+DMFT (blue squares) with the results of the SQUID magneti
 measurements (red 
ir
les)[98℄. Right: The total spin-resolved DOS 
urves for Co2MnSi, Co2Mn0.5Fe0.5Si and Co2FeSi 
al-
ulated within LSDA (light/grey �lled area), LSDA+U (dark/green �lled area) and LSDA+DMFT(blue line). (UCo,Mn,Fe = 3.0eV and JCo,Mn,Fe = 0.9eV)the LSDA+DMFT [31℄. Interestingly a 
ombination of the GGA and the DMFT in general leadsonly to moderately 
hanges 
ompared to plain GGA results, therefore demonstrates the generalappli
ability of the LSDA+DMFT.3.1.3 LSDA+DMFT for disordered alloysRepresenting the ele
troni
 stru
ture in terms of the Green's fun
tion allows for a straightforward
ombination of the LSDA+DMFT method with the CPA alloy theory, as both s
hemes are used upto now on a single site-level. This 
ombined approa
h was applied to study the magneti
 propertiesof a number of disordered substitutional transition metal alloys [16,54,56,96℄. An interesting 
lassof materials for magneto-ele
troni
 appli
ations is found in the family of half-metalli
 Heusler ferro-magnets [97℄. These materials show, for example, interesting properties 
onne
ted with 
orrelatione�e
ts, like as for example so 
alled non-quasi parti
le states [23℄. Spe
ial attention had been paidto Co2MnSi, Co2FeSi and to the substitutional series Co2MnxFe1−xSi of Heusler half-metals whi
hshow a large minority band gap (of about 0.4eV) and a very high Curie temperature of about
1000K [98℄. In Fig. 5 we present the total magneti
 moments of the substitutional disordered alloyCo2MnxFe1−xSi. Our 
al
ulations show a monotonous in
rease with Fe 
ontent in the magneti
moment in analogy to the Slater-Pauling 
urve within the whole range of Fe 
on
entrations. Itturned out that the stati
 treatment of 
orrelation e�e
ts (on the level of LSDA+U) is importantfor a reliable des
ription of the minority band gap [99℄ for this 
lass of materials. The additionaldynami
al e�e
t appearing within LSDA+DMFT only slightly redu
es the spin magneti
 moment.69



0

0.2

0.4

0.6

0.8

D
O

S 
(1

/e
V

)

LDA

0

0.2

0.4

0.6

0.8

D
O

S 
(1

/e
V

)

U=3.0 J=0.75
U=3.0 J=0.90

-6 -4 -2 0 2
E (eV)

0

0.2

0.4

0.6

0.8

D
O

S 
(1

/e
V

)
DLM
DLM+SPTF

(a)

(b)

(c)

Figure 6: Comparison of the density of states of the 3d ele
trons in γ-Mn obtained by di�erentapproa
hes: (a) DFT-LDA (b) QMC with U = 3.0eV and di�erent values of J . (
) DLM andDLM+SPTF for U = 3.0eV and J = 0.8eV.The dynami
al 
orrelations appear to be more signi�
ant for the spe
tros
opi
 properties. As itfollows from the right panel of Fig. 5, the LSDA+U enlarges the minority spin gap. Adding theDMFT 
auses a shift of the d-states towards the Fermi level and a substantial broadening of theDOS within the range between −2 and −8eV is observed. This e�e
t 
an be seen dire
tly in theangle-integrated valen
e band photoemission spe
tra [96℄.Another interesting appli
ation of the CPA is to deal with thermal 
u
tuations of magneti
 momentsby use of the so 
alled disordered lo
al moment model (see Se
. 2.2.2). Its 
ombination withthe DMFT was re
ently demonstrated by a 
orresponding appli
ation to γ-Mn [59℄. Here, itturned out that instead of the 
umbersome and 
omputationally expensive QMC 
al
ulations, theproposed 
ombination of SPTF and the DLM approa
h 
an be used to des
ribe adequately thehigh temperature properties of γ-Mn. In Fig. 6 a 
omparison of the densities of states of 3dele
trons in γ-Mn obtained by di�erent 
omputational s
hemes is presented. The upper panel(a) and the middle panel (b) display the bare LDA results and the LDA+DMFT results with theQMC solver for U = 3eV and J = 0.75 eV or J = 0.9 eV. In the lower panel (
) the densityof states obtained within the DLM approa
h is reported, both for LSDA and LSDA+DMFT byuse of the SPTF solver (\DLM+SPTF"). As the bare DLM des
ribes the 
u
tuations in a verysimple way, only a weak indi
ation of three peak stru
tures is observed. However the width ofthe 3d-band is too large, sin
e it derives from the single parti
le LDA density of states. On theother hand, in DLM+SPTF we 
an properly des
ribe the shrinking of the 3d band, as alreadyobserved for Fe, Co and Ni [25, 58℄. In 
omparison with the QMC 
al
ulations, the peak around
−2 eV is less pronoun
ed. This is due to the perturbative nature of SPTF, whi
h tends to shift the
orrelation e�e
ts related to the formation of non-
oherent satellites. For example, the famous
−6 eV satellite of Ni is found at about −8 eV [24℄. In the 
ase of γ-Mn the spe
tral weight istransferred to the region between −4 and −6 eV. In 
on
lusion, it seems that the DLM+SPTF
an reprodu
e QMC results for the moderately 
orrelated regime. But, as it is shown in panel70



(b) of Fig. 6 only a slight 
hange of the parameter J (from 0.75 to 0.9eV) drives the γ-Mn intothe strong 
orrelation regime. This is be
ause of the appearan
e of the Hubbard band. In fa
t,this tenden
y also strongly 
hanges the temperature dependen
e of the magneti
 moment. Forthe smaller value of J (moderately 
orrelated system) spin 
u
tuations are redu
ed be
ause ofthe presen
e of strong orbital 
u
tuations. For the higher value of J (strongly 
orrelated limit) astrong 
u
tuating lo
al moment is formed. This transition happens 
lose to the physi
al value ofHund's ex
hange J . These di�erent tenden
ies had been studied before in the two-orbital Hubbardmodel [100℄, but it is interesting to see that they 
an be quantitatively des
ribed in a real materialwith �ve orbitals and realisti
 hybridizations.3.2 LSDA+DMFT for 
al
ulations of spe
tros
opi
 properties3.2.1 Angle-integrated valen
e band photoemission: Fano e�e
tSpin-orbit 
oupling gives rise to many interesting phenomena in the ele
tron spe
tros
opy of mag-neti
 solids. A rather straightforward a

ess to the understanding of these phenomena is providedby the study of the Fano e�e
t. This e�e
t was predi
ted by Fano at the end of the sixties anddenotes the fa
t that one obtains a spin-polarized photoele
tron 
urrent even for non-magneti
systems if the ex
itation is done using 
ir
ularly polarized light [101℄. At whi
h, for non-magneti
samples the spin polarization of the photo
urrent is reversed, this symmetry is in general brokenfor magneti
ally ordered systems leading to magneti
 
ir
ular di
hroism. However, in the 
ase ofmagneti
 materials, the spin polarization is usually due to the interplay between spin-orbit 
ouplingand ex
hange splitting. Re
ently, we demonstrated by investigations on Fe, Co and Ni that thepure Fano e�e
t 
an also be observed in angle-integrated valen
e band XPS (VB-XPS) for ferro-magnets if 
ir
ularly polarized light impinges perpendi
ular to the magnetization dire
tion and ifa subsequent spin analysis is done with respe
t to the dire
tion of the photon beam [24℄. Thisis demonstrated in Fig. 7 where the VB-XPS of the Fe, Co and Ni at a photon energy of 600eVis shown. The photon energy of 600eV has been used in order to in
rease the bulk sensitivity ofthe photoemission pro
ess. In the upper panel of Fig. 7 we 
ompare experimental data with 
orre-sponding LSDA and LSDA+DMFT VB-XPS data based on the one-step model of photoemission.In all three 
ases the LSDA+DMFT 
onsiderably improves the agreement with the experiment. Inparti
ular, in the 
ase of Ni LSDA+DMFT leads to the shrinking of the d-band width. In addition,use of the LSDA+DMFT s
heme leads to a pronoun
ed in
rease of the intensity in the regimeof the 6eV satellite. For the total intensity of the Fe and Co signal we observed an pronoun
edimprovement in the energy region from −2 to −8eV. A de
omposition of the theoreti
al spe
truma

ording to the angular momentum 
hara
ter of the initial state shows that the d-
ontributionis far dominating and that the spe
trum essentially maps the 
orresponding DOS. This, in somesense, supports the 
ommon pra
ti
e of 
omparing experimental XPS dire
tly with the DOS. In thelower panel of Fig. 7 the 
orresponding spin di�eren
e ∆I+ = I+
↑ − I+

↓ (i.e. the di�eren
e of the
urrents of photoele
trons with spin-up and spin-down ele
trons, for ex
itation with left 
ir
ularlypolarized radiation) is shown. The o

urren
e of this spin 
urrent is a pure matrix element e�e
tindu
ed by spin-orbit 
oupling. In fa
t, one �nds that the shape of the ∆I+ 
urves are very similarto those that 
an be found for non-magneti
 Nobel metals [102,103℄. In fa
t, the amplitudes s
alewith the spin-orbit 
oupling parameter of the Fe, Co and Ni d-states. To a
hieve this rather good71



0

50

100

In
te

ns
ity

 (
ar

b.
un

its
)

exp.
LDA
LDA+DMFT

-10 -8 -6 -4 -2 0 2
Binding energy (eV)

-2

0

Sp
in

-d
if

fe
re

nc
e 

(a
rb

. u
ni

ts
.)

Fe (600eV)

0

20

40

60

80

100

In
te

ns
ity

 (
ar

b.
 u

ni
ts

)

exp.
LDA
LDA+DMFT

-10 -8 -6 -4 -2 0 2
Binding energy (eV)

-4

-2

0

2

4

Sp
in

-d
if

fe
re

nc
e 

(a
rb

. u
ni

ts
)

Co (600eV)

0

50

100

In
te

ns
ity

 (
ar

b.
  u

ni
ts

)

exp.
LDA
LDA+DMFT

-10 -8 -6 -4 -2 0 2
Binding energy (eV)

-4

-2

0

2

Sp
in

-d
if

fe
re

nc
e 

(a
rb

. u
ni

ts
)

Ni (600eV)

Figure 7: Top panel: The experimental (dots), LSDA (green line) and LSDA+DMFT (blue line)angle integrated valen
e band XPS spe
tra of b

 Fe, h
p Co and f

 Ni for a photon energy of
600eV . Lower panel: Spin di�eren
e ∆I+ = I+

↑ − I+
↓ of the photo
urrent for ex
itation with left
ir
ularly polarized light.agreement with the experimental data for the ∆I+ intensity distribution the fully self 
onsistentLSDA+DMFT approa
h is obviously needed.3.2.2 Angle-resolved photoemission within one-step modelIn the previous Se
. 3.2.1 we showed angle-integrated XPS spe
tra whi
h 
an be dire
tly 
omparedto the DOS ignoring matrix element e�e
ts. However, the most 
omplete des
ription of the bandstru
ture of 
orrelated materials 
an be obtained by spin- and angle-resolved valen
e band pho-toemission. In the following se
tion we present various examples of angle-resolved photoemission
al
ulations done within the one-step model. These examples 
learly demonstrate the need forsu
h 
al
ulations in order to obtain a quantitative understanding of the 
orresponding experimentaldata.The following examples 
on
ern the ferromagneti
 transition metal systems Ni and Fe as prototypematerials to study ele
troni
 
orrelations and magnetism beyond the LSDA s
heme. In Fig. 8 wepresent a 
omparison between experimental photoemission data [64℄ and 
al
ulated spe
tra usingdi�erent theoreti
al approa
hes [25℄. In the upper row spin-integrated ARPES measurements fromNi(011) along ΓY for di�erent angles of emission are shown. The dotted lines represent the exper-imental data, whereas the solid lines denote the single-parti
le approa
h to the measured spe
tralfun
tion. Obviously, the LSDA-based 
al
ulation 
ompletely fails to des
ribe the experimentaldata. The energeti
 positions of the theoreti
al peaks deviate strongly from the measured ones.Furthermore, the 
ompli
ated intensity distributions that appear for higher emission angles are nota

ounted for by the LSDA-based 
al
ulations. In 
ontrast, the non self 
onsistent quasi-parti
le3BS 
al
ulation provides a signi�
ant improvement when 
ompared to the measured spe
tra. For72
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Figure 8: Spin-integrated ARPES spe
tra from Ni(011) along ΓY for three di�erent angles ofemission. Upper row: 
omparison between LSDA-based 
al
ulation and experiment [64℄; middlerow: 
omparison between experiment and non self 
onsistent quasi-parti
le 
al
ulations negle
tingmatrix element and surfa
e e�e
ts [64℄; lower row: spin-integrated LSDA+DMFT spe
tra in
ludingphotoemission matrix elements (this work). Theory: solid red line, experiment: bla
k dots.the 
omplete range of emission angles the energeti
 peak positions 
oin
iden
e with the experimentwithin about 0.1 eV. Only the overall shape of the measured spe
tral intensities deviate from the
al
ulations be
ause of the negle
t of multiple s
attering and surfa
e-related as well as matrix-element e�e
ts. In the experiment the various peaks seem to be more broadened and the spe
tralweight espe
ially for nearly normal emission is shifted by about 0.1 eV to higher binding energies.In addition it seems that for very high emission angles like 60◦ an even more 
ompli
ated peakstru
ture is hidden due to limited experimental resolution. An additional spin-analysis is thereforehighly desirable for these experiments.Within our work we 
ould go far beyond previous theoreti
al studies by 
ombining a sophisti
atedmany-body approa
h as the self 
onsistent LSDA+DMFT method with the one-step based 
al
u-lation of the 
orresponding spe
tral fun
tion. The self-energy within the DMFT has been appliedonly for d-states and 
an be 
al
ulated in terms of two parameters - the averaged s
reened Coulombintera
tion U and the ex
hange intera
tion J . The s
reening of the ex
hange intera
tion is usuallysmall and the value of J 
an be 
al
ulated dire
tly and is approximately equal to 0.9 eV for all 3delements. This value has been adopted for all our 
al
ulations presented here. For U we used avalue of 3 eV. However, our test 
al
ulations showed that a somewhat di�erent 
hoi
e of U doesnot substantially 
hanges the various features and trends in the 
al
ulated spe
tra. The intensitydistributions resulting from the 
orresponding photoemission 
al
ulation are shown in the lower rowof Fig. 8. A �rst inspe
tion reveals very satisfying quantitative agreement between experiment andtheory for all emission angles. Let us 
on
entrate �rst on the ex
itation spe
trum 
al
ulated forthe emission angle Θ = 5◦. The spin-integrated spe
trum exhibits a pronoun
ed double-peak stru
-ture with binding energies of 0.1 eV and 0.3 eV. The se
ond peak is slightly redu
ed in intensity73



Figure 9: Left panel: Spin resolved Blo
h spe
tral fun
tions 
al
ulated within LSDA+DMFT and3BS formalism . Corresponding experimental data points have been dedu
ed from the normal emis-sion spe
tra along the ΓN dire
tion. Right panel: (a) Experimental spin-integrated photoemissionspe
tra of the Fe(110) surfa
e measured with p-polarization in normal emission along the ΓN di-re
tion of the bulk Brillouin zone. The 
urves are labeled by the wave ve
tors in units of ΓN=1.55�A−1. (b) Corresponding one-step model 
al
ulations based on the LSDA+DMFT method whi
hin
lude 
orrelations, matrix elements and surfa
e e�e
ts.whi
h is also in a

ordan
e with the experimental �ndings. Furthermore, the width of the spe
traldistribution is quantitatively reprodu
ed. The 
al
ulated binding energies are related to the realpart of the self-energy that 
orre
ts the peak positions due to a dynami
al renormalization of thequasiparti
les whi
h is missing in a typi
al LSDA-based 
al
ulation. The relative intensities of thedi�erent peaks, on the other hand, must be attributed to the matrix-element e�e
ts whi
h enterour 
al
ulations from the very beginning via the one-step model of photoemission. The double-peak stru
ture originates from ex
itation of the spin-split d-bands in 
ombination with a signi�
antamount of surfa
e-state emission [104℄. The two spe
tra 
al
ulated for high emission angles showthe more broadened spe
tral distributions observed in experiment. An explanation 
an be given interms of matrix-element e�e
ts, due to the dominating dipole sele
tion rules. The spin-resolvedspe
tra reveal a variety of d-band ex
itations in both spin 
hannels, whi
h in 
onsequen
e lead tothe 
ompli
ated shape of the spe
tral distributions hardly to be identi�ed in the spin-integratedmode.The se
ond example within this se
tion 
on
erns a spe
tros
opi
 study of ferromagneti
 Fe [48℄. Inthe left panel of Fig. 9 we 
ompare the experimental peak positions from bulk like transitions withspin-resolved LSDA+DMFT spe
tral fun
tions. In addition to these investigations we a

ountedfor 
orrelation e�e
ts within the 3BS approa
h [12℄. Within the 3BS approa
h the self-energy is74




al
ulated using a 
on�guration intera
tion-like expansion. In parti
ular three-parti
le 
on�gura-tions like one hole plus one ele
tron-hole pair are expli
itly taken into a

ount within 3BS-based
al
ulations. The 
orresponding output 
an be dire
tly related to the photoemission pro
ess andallows for a detailed analysis of various 
ontributions to the self-energy (e.g., ele
tron-hole life-time). A more detailed quantitative 
omparison is shown in right panel of Fig. 9. Here we displaya 
omparison between spin-integrated ARPES data and theoreti
al LSDA+DMFT based one-stepphotoemission 
al
ulations of Fe(110) along the ΓN dire
tion of the bulk Brillouin zone (BZ) withp-polarized radiation. In our LSDA+DMFT investigation underlying the ARPES 
al
ulations weuse for the averaged on-site Coulomb intera
tion U a value U=1.5 eV whi
h lies between theexperimental value U ≈1 eV [105℄ and a value U ≈2 eV obtained from theoreti
al studies [36,54℄.The k values asso
iated with the spe
tra were 
al
ulated from the used photon energies rangingfrom 25 to 100 eV. Near the Γ point (k∼0.06 ΓN), the intense peak 
lose to the Fermi level
orresponds to a Σ↓
1,3 minority surfa
e resonan
e, as indi
ated on top of Fig. 9. Experimentally, its

Σ↓
3 bulk 
omponent 
rosses the Fermi level at k ∼0.33 ΓN, leading to a reversal of the measuredspin-polarization and to a strong redu
tion of the intensity at k =0.68 ΓN in the minority 
han-nel. The peak at the binding energy BE∼0.7 eV, visible mainly for p-polarization in a large rangeof wave ve
tors between Γ and N, 
an be assigned to almost degenerate Σ↑

1,4 bulk-like majoritystates. A Σ↑
3 feature at BE∼1.1 eV dominates the spe
trum 
lose to the Γ-point. Depending onthe polarization the degenerate Σ↑

1 states form a shoulder around the same BE. The broad featurearound 2.2 eV, visible at various k-points, but not at the N-point, is related to a majority Σ↑
1,3surfa
e state. Around the N-point (0.76≤ k ≤1.0) and at BE≥3 eV we observe a Σ↓

1 band havingstrong sp 
hara
ter. The pronoun
ed di�eren
e between its theoreti
al and experimental intensitydistributions 
an be attributed to the fa
t that in the present 
al
ulations only the lo
al Coulombrepulsion between d ele
trons is 
onsidered, without additional lifetime e�e
ts for the sp bands.Finally, we noti
e that the ba
kground intensity of the spe
trum at k=0.66 ΓN, 
orresponding toa photon energy of 55 eV, is strongly in
reased due to the appearan
e of the Fe 3p resonan
e.The dire
t 
omparison of the 
al
ulated and experimental spe
tra turned out to be a very strin-gent 
he
k of Coulomb parameter U used in the 
al
ulations. This also applies to the DMFTself-energy, that was 
ompared to its 
ounterpart dedu
ed from the experimental band dispersionand line width.In 
on
lusion, we have presented spe
tral fun
tion 
al
ulations of ferromagneti
 Ni and Fe, whi
h
oherently 
ombine an improved des
ription of ele
troni
 
orrelations, multiple-s
attering, surfa
eemission, dipole sele
tion rules and other matrix-element related e�e
ts that lead to a modi�
ationof the relative photoemission intensities. A similar study has been re
ently performed for Co(0001)[49℄. This approa
h allows on the one hand side a detailed and reliable interpretation of high-resolution angle-resolved photoemission spe
tra of 3d-ferromagnets. On the other hand, it alsoallows for a very stringent test of new developments in the �eld of DMFT and similar many-bodyte
hniques.3.2.3 One-step model of photoemission of disordered NixPd1−x(001) alloyIn this se
tion alloying e�e
ts in 
ombination with ele
troni
 
orrelations are 
onsidered [56℄.Fig. 10 shows a series of spe
tra of NixPd1−x as a fun
tion of the 
on
entration x 
al
ulated for a75
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Figure 10: ARPES spe
tra taken from the NixPd1−x(001) alloy surfa
es as a fun
tion of the
on
entration x for a �xed photon energy of hν=40.0 eV along ΓX in normal emission. Experimentaldata shown in the left panel 
al
ulated spe
tra presented in the right panel. Depending on the
on
entration x a pronoun
ed shift in spe
tral weight towards the Fermi level is visible.photon energy hν=40 eV with linear polarized light. The experimental data are shown in the leftpanel and the 
orresponding LSDA+DMFT-based photoemission 
al
ulations are presented in theright one. Our theoreti
al analysis shows that starting from the pure Ni, the agreement is fullyquantitative with deviations less than 0.1 eV binding energy, as expe
ted. Going to the Ni0.80Pd0.20alloy the agreement is 
omparable good for binding energies between the Fermi energy and 2 eV.Inspe
ting the density of states (DOS) for the Ni0.80Pd0.20 alloy this fa
t be
omes explainable,be
ause this energy interval represents the Ni-dominated region. The Pd derived states start toappear at about 2 eV below EF besides of the small dip at the Fermi level. For higher bindingenergies the agreement is also very good, although a bit more stru
ture is observable in the theory,espe
ially around 3.5 eV. An explanation for this behavior 
an be found in terms of lifetime e�e
ts,but it should be mentioned here that ba
kground in the experimental spe
tra due to se
ondaryele
trons was not 
onsidered in the theoreti
al analysis. From the Ni0.70Pd0.30 alloy system itbe
omes 
learly visible that the deviation between theory and experiment is mainly introdu
ed forin
reasing 
on
entration of Pd. This 
an be seen from the spe
tra for Ni0.50Pd0.50 and Ni0.30Pd0.70alloys shown next in the series. In addition, the spe
tra of Ni0.30Pd0.70 reveal some deviations nearthe Fermi level. Also, the spe
tral intensity of the Ni surfa
e resonan
e, that appears at about 0.5eV binding energy is underestimated in the 
al
ulation when 
ompared to the experiment.Our spe
tros
opi
 analysis has 
learly demonstrated that the ele
troni
 properties of the NixPd1−xalloy system depend very sensitively on the interplay of alloying and ele
troni
 
orrelation. A des
rip-tion within the LSDA approa
h in 
ombination with the CPA results in a quantitative des
riptionof the ele
troni
 stru
ture of NixPd1−x [56℄. This example may illustrate that the use of the CPAalloy theory self 
onsistently 
ombined with LSDA+DMFT approa
h serves as a powerful tool forele
troni
 stru
ture 
al
ulations, whereas the appli
ation of the fully relativisti
 one-step modelof photoemission, whi
h takes into a

ount 
hemi
al disorder and ele
troni
 
orrelation on equalfooting guarantees a quantitative analysis of the 
orresponding spe
tros
opi
 data.76
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Figure 11: Upper panel: Cal
ulated Eliashberg fun
tion α2Fk(ω) for Pb(110) for k =
π
a
(0.17, 1., 0.17). Lower panel: 
orresponding k-dependent self-energy, real part shown on left,imaginary part shown on the right.3.3 E�e
ts of ele
tron-phonon intera
tion in angle-resolved photoemissionIn the following se
tion we want to demonstrate that the formalism presented in Se
. 2.2 
anbe extended in order to in
lude a ~k-dependent self-energy. In detail, we dis
uss the e�e
t ofele
tron-phonon 
oupling on the angle-resolved photoemission of Pb(110).Nowadays, high resolution photoemission measurements allow to investigate in great detail theele
troni
 stru
ture of materials 
lose to the Fermi level. This gives a

ess to energy bandsmodi�ed by ele
tron-phonon intera
tion, and therefore serves as a very important spe
tros
opi
tool to 
hara
terize transport properties or, for example, properties of super-
ondu
ting materials[106{109℄. Modi�
ations of the ele
troni
 stru
ture generated by ele
tron-phonon intera
tion aretypi
ally not a

ounted for in LSDA-based band-stru
ture 
al
ulations. The theoreti
al treatmentof ele
tron-phonon e�e
ts requires the use of many-body te
hniques whi
h originally had beendeveloped to give a quantitative des
ription of strong ele
troni
 
orrelation e�e
ts. The self-energy approa
h often applied in many-body 
al
ulations 
an be used as well to represent theele
tron-phonon intera
tion. A

ordingly, having the ele
troni
 stru
ture obtained by an ab-initio
al
ulation, the modi�
ations due to ele
tron-phonon intera
tion 
an be des
ribed via an ele
tron-phonon self-energy Σ(k, Ek) [110, 111℄. The ele
tron-phonon self-energy is derived using many-body perturbation theory within se
ond order and is expressed in terms of the momentum-resolvedEliashberg fun
tion α2Fk(ω). To obtain expli
itly the ele
tron-phonon self-energy, we fo
us ourattention on the Eliashberg fun
tion as the main quantity determined by all 
oupled ele
troni
 andphononi
 states of the system. This fun
tion 
an eÆ
iently be reformulated in terms of the Green'sfun
tion [112, 113℄ and a

ordingly by 
al
ulated dire
tly using KKR formalism. For this proposethe phonon dispersions and 
orresponding matrix elements have been 
al
ulated within the realspa
e KKR formulation of the rigid sphere approximation.The 
omplex self-energy in general 
onsists of 
ontributions due to ele
tron-ele
tron and ele
tron-impurity s
attering, as well as due to ele
tron-phonon s
attering (Σel−ph). The real part of Σel−phis responsible for band renormalization around EF. On the other hand the imaginary part part of77



Figure 12: ARPES spe
tra taken from the Pb(110) surfa
e ex
luding (left panel) and in
luding(middle panel) phonons via a 
orresponding ele
tron-phonon self-energy Σel−ph. Correspondingexperimental data are shown on the right panel [115℄.
Σel−ph des
ribes lifetime e�e
ts. These quantities are determined by ele
tron-phonon s
atteringindu
ed quasiparti
le lifetimes, measurable in photoemission experiments. To demonstrate thee�e
t of ele
tron-phonon intera
tions on the ele
troni
 quasi-parti
le states near EF we presentphotoemission 
al
ulations for Pb, whi
h serves as a prototype system and 
ompare our theoreti
alresults to 
orresponding experimental data [114℄. Pb is of spe
ial interest be
ause of the presen
eof strong ele
tron-phonon intera
tions whi
h in parti
ular lead to the super
ondu
ting state at lowtemperatures [106, 109℄.The 
al
ulations have been performed for energies 
lose to the Fermi level. The wave ve
tors inthe BZ (k = π

a
(0.17, 1., 0.17)) 
orrespond to the experimental geometry [109℄. Fig. 11 shows a
omparison between the experimental and theoreti
al real and imaginary parts of the self-energy

Σk. Obviously, the agreement is very satisfying. In general, it is possible to dedu
e a phononi
self-energy from measured photoemission spe
tra. The imaginary part of the self-energy 
an be es-timated from the full width at half maximum of the energy distribution 
urves �tted by a Lorentzian.The real part is then obtained by a Kramers-Kronnig transformation. However, in 
ases where forexample several transitions appear 
lose to the Fermi level or even additional surfa
e 
ontributionsto the photo
urrent take pla
e, this analysis might be questionable. Therefore, it seems to bemore reliable to make a dire
t 
omparison between angle-resolved photoemission 
al
ulations and
orresponding experimental data. For this purpose we developed a s
heme that allows to in
ludedire
tly a k-dependent self-energy into the one-step model of photoemission. In Fig. 12 we presentphotoemission spe
tra 
al
ulated for the two 
ases without (left panel) and with (middle panel)ele
tron-phonon intera
tions and 
ompare them to the 
orresponding measurements [115℄. The
ontour plot has been 
al
ulated for HeI radiation along Γ̄X̄. More pre
isely, bands forming thelo
ally tubular Fermi surfa
e of Pb(110) 
rosses EF at about 5◦ o�-normal emission along Γ̄X̄. Inthe middle panel of Fig. 12 a 
lear renormalization of the bare band (often 
alled kink) at 8meVbinding energy is observable. This e�e
t appears just where the real part of the self-energy rea
hesits maximum. Furthermore, an additional broadening of the spe
tral features due to the imaginarypart of the phononi
 self-energy is visible in the 
al
ulated spe
tra. This, of 
ourse, 
ompletesa lifetime analysis of spe
tral features in a quantitative sense be
ause the imaginary part of thephononi
 self-energy 
an be identi�ed as the last 
ontribution that has to be 
onsidered in addition78



to impurity s
attering and ele
troni
 
orrelation related broadening me
hanisms of photoemissionintensities. As an outlook the above s
heme 
an straightforwardly be extended to 
ombine theele
tron-phonon intera
tion with LSDA+DMFT 
al
ulations. This will allow a ele
tron-phononintera
tion studies of the 
orrelated materials like for example f

-Ni [116℄.4 Summary and 
on
luding remarksIn summary, we have reviewed a LSDA+DMFT implementation within the KKR method. In par-ti
ular this approa
h was 
hosen be
ause the KKR method represents the ele
troni
 stru
ture bythe 
orresponding single-parti
le Green's fun
tion leading therefore to a number of very attra
tivefeatures of the s
heme. The fully-self 
onsistent full-potential implementation turned out to be avery powerful tool to study ground state as well as spe
tros
opi
 properties of transition metals, al-loys and their surfa
es. The fully-relativisti
 formulation allows to study spin-orbit 
oupling indu
edproperties as, e.g. orbital magneti
 moments or magneti
 di
hroi
 phenomena in photoemission.The TMA and SPTF solver used so far 
learly imposes a restri
tion to moderately 
orrelated ma-terials. To get a

ess to strongly 
orrelated systems the adaption of QMC based solvers to theKKR implementation is needed.Of 
ourse, the LSDA+DMFT method in its standard form is not an ab-initio method mostly dueto use of the Coulomb parameter U . Various s
hemes have been proposed to 
al
ulate U like the
onstrained random phase approximation or 
onstrained LSDA. The s
heme developed by Co
o
-
ioni et al. [36℄ seems to be espe
ially attra
tive, as it might be appli
able without modi�
ationsto surfa
es and nano-stru
tures within the embedding KKR te
hnique by avoiding the super-
ellapproa
h. With reliable values for the Coulomb parameter U the KKR implementation of theLSDA+DMFT will open the way to investigate the impa
t of 
orrelation e�e
ts on stru
tural andvolume dependent properties in a quantitative way. In parti
ular systems with redu
ed dimension-ality, like 2D surfa
es or nano-stru
tures deposited on surfa
es 
an be straightforwardly 
al
ulatedwithin the KKR implementation of LSDA+DMFT. Furthermore, as it has been demonstrated, a
~k-dependent self-energy 
an be in
luded into the KKR method. This allows to dis
uss non-lo
al
orrelation e�e
ts, for example, on the basis of 
luster DMFT.All these developments 
an be dire
tly tested by a dire
t 
omparison with the 
orresponding ex-periments like i.e. angle-resolved photoemission, magneti
 Compton pro�les or magneto opti
s.Finally, developments 
onne
ted with resonant and time-dependent spe
tros
opy be
ome more andmore important to gain detailed insights into the physi
s of 
orrelated materials.5 A
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