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s, Institute of Atomi
 Physi
s,Magurele-Bu
harest MG-6, POBox MG-35, Romaniaemail: apoma�theory.nipne.roSummary: The proje
t addresses the motion of the matter polarization within the 
lassi
al andsemi-
lassi
al theories of matter intera
ting with the ele
tromagneti
 �eld. The main emphasisis put on the development of the original Ele
tromagneti
 Theory in Matter formulated re
entlyby the author and 
oworkers[1℄ for �nite-size bodies with parti
ular geometries, near-�eld andsub-wavelength regime, surfa
e and magneti
-�eld e�e
ts, os
illations of the depolarizing �eld,generalized Rabi os
illations, spin and nu
lear quadrupole motion. The semi-
lassi
al formulationenvisages the 
al
ulation of the level shift and natural width of the spe
tral lines, the role of theva
uum �u
tuations, the dynami
s of the rea
tion �elds and even the merits and limits of the�sto
hasti
 ele
trodynami
s�. The proje
t hopes to get an advan
ed knowledge in basi
 thingslike the role of the quantum �u
tuations, the inherent statisti
al nature of the basi
 pro
essesand, generally, to the limits of validity of the semi-
lassi
al approa
hes. Spe
i�
 
omputations of�elds, polarizations, for
es and resonan
es will be 
arried out in this 
ontext, with relevan
e fornew, promising areas of resear
h as nanoplasmoni
s, metamaterials, metamole
ules or terahertzradiation.S
ienti�
 
ontext and motivation. There is mu
h interest nowadays in nanoplasmoni
s, meta-mole
ules and metamaterials. The well-known ponderomotive for
es or for
es arising from ele
-tromagneti
 �u
tuations (van der Waals-London, Casimir for
es) are relevant for a wide rangeof appli
ations from surfa
e and plasma physi
s[2℄ to mole
ular liquids[3℄ to geodynami
 andauroral plasmas[4℄. The momentum transfer between light and matter is 
urrently exploited inatom 
ooling[5℄ and opti
al tweezers.[6℄ On the other side, light 
on�nement in nanostru
tures iswell known[7℄ as well as lo
alized dipolar ex
itations in nanostru
tured surfa
es.[8℄ Strong ele
tri
for
es have been reported to a
t upon a small, neutral parti
le in a waveguide, as a 
onsequen
e ofthe indu
ed polarization.[9℄ Multiple plasmoni
 ex
itations 
an generate attra
tive for
es betweennanoparti
les.[10℄ For
es generated by the plasmoni
 radiation have also been reported.[11℄All these very interesting results are new and very promising. Photoni
 
ir
uits are envisaged,whi
h 
on
entrate and 
hannel light, single adsorbed atoms are 
urrently identi�ed by surfa
eenhan
ed Raman spe
tros
opy, spe
ial di�ra
tion e�e
ts are pursued, as produ
ed by 
orru-gated surfa
es. �A revolution in opti
al manipulation� seems to be expe
ted,[12℄ with manyunknown impli
ations. On the other side the terahertz spe
tros
opy, radars and sensors aremaking progress.[13℄ As it is well known, this is a �eld of the purely 
lassi
al, general physi
s,spe
i�
ally ele
tromagnetism. Su
h te
hniques are able to image targets with an amazing l/100resolution. In this 
ontext also, super-dense opti
al ins
ription in solid-state materials impliesapparently a subwavelength ele
tromagneti
 regime.
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al ReviewThe open problems in all these resear
h areas 
onsist in the la
k of advan
ed knowledge of theorigin, magnitude and full 
hara
terization of the ele
tromagneti
 �elds generated by matter andtheir e�e
ts on matter. In all these problems a 
onvenient des
ription is missing of the behaviour ofthe ele
tromagneti
 phenomena in the sub-wavelength regime (or near-�eld regime). The new as-pe
ts this line of resear
h 
an bring are related fundamentally to matter polarization, semi-
lassi
altreatment of matter intera
ting with radiation and 
oherent behaviour of the ele
tromagneti
 �eldintera
ting with matter. The author of the present proje
t believes that su
h problems 
an betreated, with interesting results, by resorting to a detailed des
ription of matter polarization, for�nite-size polarizable bodies with spe
i�
 geometries, in the 
ontext of 
lassi
al and semi-
lassi
alele
tromagnetism, where 
oheren
e 
an be relevant. The new, main 
on
epts the proje
t suggestsfor these problems are therefore the dynami
s of the matter polarization, in
luding �nite-size andsurfa
e e�e
ts, semi-
lassi
al approa
hes and 
oheren
e. On the other hand, su
h an approa
hmay shed a 
ertain light upon other interesting, more fundamental, questions, as the ele
tromag-neti
 bakward rea
tion of the ele
tromagneti
 �eld upon 
harges and 
urrents, the spontaneousemission, level shifts and natural width of the spe
tral lines, va
uum polarization and �u
tuations,ultimately the relation between 
lassi
al physi
s and quantum me
hani
s and quantum ele
tro-magneti
 �eld. In a sense, the present proje
t attempts to renew 
onne
tion, in the new, modern
ontext, with 
lassi
al landmark investigations of the superradian
e,[14℄ semi-
lassi
al spontaneousemission[15℄ or 
lassi
al va
uum-�u
tuations e�e
ts.[16℄Apart from the wide, topi
al interest, the motivation for the present proje
t stems from there
ent resear
h of the author and 
oworkers on related poblems. For instan
e, a new method hasbeen introdu
ed for treating the propagation of the ele
tromagneti
 �eld in matter, based on theintegral Kir
hho� solutions of Maxwell equations and various models of matter polarization.[1℄The method led to the full des
ription of the surfa
e plasmons and polaritons in a half-spa
e, aslab, a 
ylinder[17, 18℄ or a sphere,[19℄ as well as to a new derivation of the Casimir and van derWaals for
es.[20℄ In a slightly di�erent 
ontext, this resear
h led us to formulate the 
on
ept ofpulsed polariton a

elerated by laser beams, with a 
omplete 
hara
terization of its energy andtransported 
harge. Advantage has been taken of the existen
e of the a

elerated pulsed polaritonto get 
oherent X- or gamma rays by Compton (Thomson) ba
ks
atering, leading thus to theproposal of a new 
on
ept of gamma ray laser.[21℄ On the other hand, the exa
t solution of thequasi-
lassi
al (
oherent) intera
tion of the ele
tromagneti
 �eld with polarizable two-level matterled us to 
larify long-standing imperfe
tions in the 
lassi
al (semi-
lassi
al) theory of the laser,and to give arguments against the usual nu
lear 
on
ept of the gamma laser.[22℄ Based on thesame te
hnique, suitably extended and adapted, the ele
tron-positron pairs 
reated from va
uumhas been given a new, for the �rst time 
omplete, solution.[23℄Obje
tives. The proje
t's obje
tives are: 1) re�ne and generalize as mu
h as possible the originalEle
tromagneti
 Theory in Matter formulated by the author and 
oworkers;[1℄ 2) investigation ofthe semi-
lassi
al and 
oheren
e aspe
ts of the radiation intera
ting with matter; 3) quantum-semi
lassi
al relation, assessment of limits.The importan
e of obje
tive #1 
onsists in the pra
ti
al strength any good, 
omplete and powerfultheory gives. �Nothing is more pra
ti
al than a good theory� (Lenin). Making use of su
ha general and powerful approa
h we 
an treat many parti
ular problems 
on
erning, �rst, thematter polarization for �nite-size bodies with parti
ular geometries. Based on this methodologywe 
an 
ompute the ele
tromagneti
 �elds, espe
ialy in the subwavelength regime we are moreinterested in, their e�e
ts on matter, and hope to give a more 
omplete 
hara
terization of thesee�e
ts. In parti
ular, we are interested in generalizing momenta os
illations whi
h exhibit �Rabifrequen
ies� to variable and non-uniform �elds. It is true that su
h a generalization implies moresophisti
ated mathemati
al te
hniques (in parti
ular 
oupled integral equations, in 
ontrast with



The Antiphysi
al Review 3the usual te
hniques of di�erential equations in ele
tromagnetism), but, on
e solved, we may thenenjoy new, relevant and reliable results. The main point of this obje
tive is polarization motion invarious 
ontexts, in
luding near �eld, retardation, surfa
e e�e
ts, the e�e
t of the magneti
 �eld,the motion of the depolarizing �elds, spin and nu
lear quadrupole motion.The importan
e of obje
tive #2 resides in evaluating the new semi-
lassi
al and 
oheren
e featuresbrought into the theory of matter intera
ting with radiation. The aim here is to 
ompute for
esof ele
tromagneti
 origin a
ting in the subwavelength regime both on mi
ros
opi
 (mesos
opi
)and ma
ros
opi
 s
ale and 
ompare them with experimental results reported in nanoplasmoni
s,metamole
ules, nanostru
tures, or 
lassi
al plasmas generated by laser beams (if possible, auroralplasma will not be left aside). We are parti
ularly interested in their dependen
e on the distan
e,frequen
ies, temperature. The well known (often 
laimed) resonant 
hara
ter of su
h e�e
tswill be given a spe
ial attention. We hope to substantiate this way the �revolution in opti
almanipulation�, in
luding light storage. We believe that the surfa
e plasmon-polariton modes areof prime importan
e in su
h e�e
ts, and will fo
us our resear
h at this stage on this, little known,feature of the ele
tromagneti
 �elds in matter (see, e.g., Ref. [18℄).Obje
tive #3 addresses more fundamental questions, like spontaneous emission, level shift andnatural width of the spe
tral lines, the role of the va
uum �u
tuations and even the merits andlimits of the �sto
hasti
 ele
trodynami
s� (see, for instan
e, Ref. [24℄). This obje
tive is a natural
onsequen
e and follow-up of the previous two obje
tives of the proje
t, as it aims at extendingthe semi-
lassi
al approa
h to the border of the quantum limit. We hope to get an advan
edknowledge in basi
 things like the role of quantum �u
tuations, the inherent statisti
al nature ofthe basi
 pro
esses and, generally, to the limits of validity of the semi-
lassi
al approa
hes. Su
ha basi
 knowledge will give, on one hand, full reliability to the results and, on the other hand, willsugest new developments of the theoreti
al tools as well as experimental tests.Method and approa
h. The obje
tives of the proje
t will be approa
hed by the spe
i�
 re-sear
h methodology of the theoreti
al physi
s. This implies a do
umentation phase, one or severalworking hypotheses, the testing of the hypotheses against the physi
al soundness of the problemand mathemati
al rigour, 
omparison with other known results, with experiments, et
. This workis usually 
arried out in dis
ussions, seminars and individual 
omputations, 
al
ulations. Theproje
t's team will probably 
onsists of dr. LCC and dr. GV (s
ienti�
 resear
hers 3rd 
lassin the host Institute for Physi
s and Nu
lear Engineering, Magurele-Bu
harest), dr. MG (s
ien-ti�
 resear
her 1st 
lass in the Institute for Lasers, Plasmas and Radiation, Magurele-Bu
harest)and FDB (former s
ienti�
 resear
her 1st 
lass in the host Institute for Physi
s andd Nu
learEngineering, Magurele-Bu
harest), all former or 
urrent 
ollaborators of the proje
t's dire
tor.The working plan in
ludes the following milestones: 1) the proje
t's �rst year will be devoted tothe generalization of the original Ele
tromagneti
 Theory in Matter to polarization �elds in variousgeometries (as des
ribed in the Obje
tives above), in order to assess the possible various e�e
tsof the ele
tromagneti
 �elds a
ting upon material bodies (obje
tive #1). Spe
ial attention will begiven at this stage to the surfa
e plasmon-polaritons. The main task will be 
arried out by theproje
t's dire
tor, aided by the �rst two parti
ipants (LCC, GV). The generalized Rabi frequen
ieswill be treated mainly by the proje
t's dire
tor. MG and FDB will take part in assessing thephysi
al 
onsisten
y of the theoreti
al results espe
ially in 
omparison with experiments; 2) these
ond year of the proje
t will be devoted to spe
i�
 
omputation of for
es in the subwavelengthregime. Spe
ial attention will be given to the new aspe
ts the semi-
lassi
al treatments and the
oheren
e may bring upon su
h phenomena (obje
tive #2). The spe
i�
 tasks will be 
arried outin the same formula as for the milestone #1. A parti
ular test of the approa
h will be given at thisstage by reformulating the equation of motion for the nu
lear magneti
 resonan
e (as well as forthe nu
lear quadrupole resonan
e), where an in
reasing need is felt for a rigorous evaluation of the
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al Reviewlimits of the semi-
lassi
al approa
h. This task will be 
arried out by the proje
t's dire
tor; 3) thethird year of the proje
t will be devoted to investigating fundamental aspe
ts of the semi-
lassi
alapproa
hes (obje
tive #3). Con
omitantly, new aspe
ts of the resear
h 
arried out in the previoustwo years of the proje
t may appear, unknown at the moment of writing up the proje
t; they willbe ta
kled in the third year of the proje
t. This stage is also devoted to the synthesis of theresults. The main task here will be 
arried out by the proje
t's dire
tor. The proje
t's dire
torwill be 
ommited 36 man-months, LCC and GV will be assigned 24 man-months ea
h, and MGand FDB only 18 man-months ea
h. Now and then, ele
troni
 
al
ulations or data manipulationmay be needed, so the proje
t assumes 4 (four) PCs/laptops (they will be needed starting withthe se
ond year of the proje
t). Some other details of the spe
i�
 problems to be investigated, orparti
ular te
hniques to be used, 
annot be fully given at this moment, before publi
ation of theresults. It is our plan that ea
h milestone will end up with at least one publi
ation. Parti
ipationto 
asual 
onferen
es, seminars, workshops, et
 will be done, in order to diseminate the resultsin a high-quality manner. One or two do
toral or post-do
toral positions may be available in the
ourse of the proje
t.Impa
t, relevan
e, appli
ations. We will try to publish our results in most visible s
ienti�
journals, a

ording to their s
ienti�
 merits. We will diseminate the results by publi
 seminars.The proje
t's dire
tor and MG have delivered along the whole year 2010 6 (six) General Seminarson the 
ampus Magurele (I. Ele
tron pulses a

elerated by polaritoni
 laser beams, III. Gammalasers 
ontrolled by high-intensity external �leds, VI. Ele
tron-positron pairs 
reated from va
uumby external �elds), under the generi
 title �Pulse and Impulse of ELI�, 
on
erning the ele
trona

elerated by fo
used laser beams, their intera
tion with matter, the related gamma ray laser andva
uum polarization. All these Seminars were original, and their 
ontents have been publishedin 2010-2011 in 5 papers in international high-ranked ISI journals. One of those papers (M.Apostol and M. Gan
iu, J. Appl. Phys. 109 013307 (2011), Ref. [21℄) has been highlightedby the journal's editors (see additional material). It is presumable that this series of Seminarshave had an impa
t on the s
ienti�
 
ommuniy. We envisage a similar impa
t of the results ofthe present proje
t. The proje
t brings a new approa
h to the polarizable matter intera
tingwith the ele
tromagneti
 �eld, both at the 
on
eptual and te
hni
al levels, amenable to spe
i�

omputations. The results of these 
al
ulations are relevant both for the �hot� �eld of nowadaysplasmoni
s and opti
al manipulation and the range of radio or terahertz frequen
ies. While weexpe
t a distin
tive impa
t of our results to the former �eld of resear
h, the latter �eld mayenjoy new, valuable appli
ations. However, the most valuable gain of the Proje
t is probably thede�nite in
rease of quali�
ation and 
ompeten
ies of the proje
t's team in a new, promising areaof resear
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