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___i v A pr v _ _
S— 4 F.r.v FP -—"q Fr‘v F—H'X 3 3 = 4E(Ez_- Bz)
A d v — -
P =g R P =™ F F, - E 8
- Minko an
L[F] _ ,8(5, P) St-v sk

Maxwell : L =95

Bovn-Tnfeld: | = l:)z-[,"\//(- 3‘5 - _;1‘..'32 =

= -‘b‘z \/l del [3(,.»] lj - \/‘ det Ebﬁrv"' rFr“’] r

Born oviginal : L2 (\/4+/_|_ -éz_ﬁzﬁ_,l)
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Mo{?l\m.tlom. ~ finite elec‘&vomo-gnd:nc self -ene o,c the eLec,“»c
(maximal electvostatic P.q,ld )

ACP: Ao ~ .F;e,ld oq/ua;h'ons % eq,ttl.a‘\'t'ov..(‘ o(‘ mo‘lf.‘ovt (_L'lce en GQ)

31

E) =

s
Vﬁhﬁa

oo
¢&L-g e dx
N

qu+x

@.E - cinitc
—.D- - \.Mpinl.te at r=0
w-—*—,_"l"%-\;n{fcn;te at v=0 | but € = Sw 33"‘ - finite
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Excephono,l,{,{'j o,g the Bom-jmfeld model :
~ gouge - invariant
~ "'“”33 Posi‘f:n'wlj ale.{i.'ncte
~ -Fu'hu'te decfromo.ﬂne‘flb moss o-f point soumes
~ enovgy awivrent - nom-spacelike
~ no bimaFﬂinﬁence

~ plo.ne wages on the bar.kgrvouhal op the comstont ‘Q.ch{'YOmayﬂtA'C
field, solitory msaves

('3. plcbo-v'\.Ski, Z. BioTynicka- Buru'-o.)
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Most Cn'tmstinj o-mong nonlinear models, nevevtheless, d\'sa.ppo-'nfl'"j(?):

~nN no conm'hcfnj N"Q.Su.“is w Fie.ld eq,uaj;;o‘,‘s é Wa'l‘fov\s OP mot,'on
(Success of G.R.: Bianchi idantities nFoUpm'ns from the general wvarance
nonlineavity wvelevant, but ino't'frec-ﬂ-'j. as ¢mplied by geneval Gou’M.'anm)'

~ the spetva of superheary atoms do not seem to Suppovt B.-T.

~ quamntization d:ifficulties Cnon- polynemial stwectuve )
QED s ot o»FfYaid op mp;n.‘{ie.s (rvenma.(izo.‘h‘on) . The elechon mass
(s not purely electvormagnetic (cance Lakon of inlinites)
~ B-T. does not suit well the externol d-nwvﬁed matter (othey than
the (ntevneal one, deswvibed bj Sf“SuLMl"h'eS o-P 5)
E.q., fov the qurantiem coherent matter:

¢

L=\l -Vlbg+F 1 +4" D.WD, WIGT - w B t\igT D, -3 vied,
(NOh—vo&{onal Stvuctuve OF L{e,ld ewt.‘om;) .
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B"I : uSeFuL as o C.LQszoo,L model of Some QEH - QPLCL{‘S Leke
the L\'ﬁ\a":-l,.'gl«'l’ - Sca{‘l'evinj :

Nov‘\.{ne.am'hj o.F the eiecl-\'ovna.gnd'ic' F-JJ
om o.ﬂed-éu'e. o‘eswiP‘HDn CE—'YSOJD. -—Hode(L]
of the nonlineav cnlevackon beteyeen the

Unear Maxwell F-‘eu ond matter
(Non Lineanit Y lre.PlaCc.S Vha.:ﬁtar-) .
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Nadev{:keless, the J'geculat'am"l\' OF B'I seems to Suases‘f {:Lot

‘jt was motivated Some 3000‘ tuctions. One Should seuss
9 o.ncl rrefvrrm“l,ata . monre 3e-omebvfc -tm: ‘wel L. {_L'_
) Vl.g

Sene.val. Covevioance .

Lin ™Mo : A P
. Qt:w dels L('U -,13 e ) -q,uadva:‘-\‘c Ln 'ljﬁ’r‘qdﬂ anth
Y - cndependent coefhuents ; {:Upn'cal.lj : .

L (8, 9) = R, 24) JigT,
- L v
L (y.3y)- akl_(")qjk:rfﬂw g + bkL("MdkBL -
;;ua;ih‘)heax: ooe{:ku'e':{‘s lc_xf 33 depend ony. :
deoyl= oy (xy)Y LY, 3r + b(x,y)
G R - q/uas.'hnewr, \:>u+ 3ehe»al.l.j-couom'owl' Heay\'e.s mm‘[‘ l)ehonLineam
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Simp\e V\onLt'nea/vi'l:l'Q.s UV\'l‘Wdu.CEOl ”bb lno.nal ”I add\'na
to L some tevms o{-\ a’ejrre& \m‘3hefr than 2 cn 3’5 Y.
Tt does wot wovk even n cu.a.astb'ne.wr GQ

Densi{j p\n,'l.osoplna_

(p,wma_vj dﬁno.m:co.lf qrantities ove Losfrangm.n tensors L ("j aj)
L(y, dy) = \/Ide{[Lr\. (y, 33)]!

GR - av{f-‘:\‘c\'a\, n ‘HQG qu\jua.ge:

L-s.amcz\/iae{[mr"g ]l _Es'st\/]deéf\/{E'gru]l

i m=

m/2
L s =R 9o = VIR Ipv

GFm=4

Loca le
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CT‘;O. 5imP|.es‘|: models, opposite to Lcr:mﬁ theovies : Lrv is o low-order
Eo‘_ﬁhomio\« of derivatives. B-I - Finst-ondor Pobhom-'alc :

Scalor {icld; the B-1 Oou'n‘\:c/rpa,v't of the scolor ‘Hwo:g of Lgk‘f
L= b*ldet [g,,1] - VIdet[bg,y+ &, IT

instead the linear model 3"9 d’,r d>,9 \/'dct [3,..?1? )

Fov the Sphmicaus-ssmme'bvic sto:f:{ou.a/vn freld (the point particle )
the mesult cdentical with that ?w the usual B'-I, o.\:l'\nouﬂ\a
L —%adwfic v 'Bd’ BM[)OS‘NO\J’—S&CL\M Bwn-jnrau 'ana'j

r\l
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o I so, pevhaps the second- order B-1 elechvodynomics could also avovk :

% A h
\ﬂdgt [agw + By + qrau Ft‘“ Fovw +89%% g 54:‘“3 Fee 3',,,] |
additional terms: familiar forom the Maxwell e.nenstl_momentum tensor:

-—W\is MOALF\'GG.'EiOﬂa.' hccesw:j vn {\'\e BO’YV\---JY\‘FQL& ‘thmﬂ O‘P qau;ge L\D‘(’lds
ruled bj semisimple gYoups:

\/‘ det [a 3“ + 0 389\ FK[‘“ FLav hKL]l 3

o~ __H: so, vt is perhaps possible to ovevcorme the Pnrobl@m of
Lhoompe.%ibi\;+3 between B-1 and , extornal” ratter, ¢.g., in this oy :

\/Ide.t [43,,, tbR, +cD W D\,H-']l K
T

+ perhw‘:s the terms cvu.o,dmtl'c in

_nw lreSu-H:ina F.e.l,d eq,u.a:l:t'Ons ovxe tro-'l:ionat, q_uflfl.ougla, Lo.snrangian 'S not.

U= » o
>m=] XIV* International Conference on Geometry, Integrability and Quantization
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Notuval wodels ":o«' scalax mwu.o'P(zt's.

(M:S ) - space - time ) coovdinates xV
(w;"l )" 'tw'ﬂﬂv‘t sSpace , coowalinates BH
M - pseudo-Euclidean or hermitian

@M—)W ’ljaz. @a(xr‘)

13°
’YGB(@(" ) 35t 3 v 3 \[det £3yu]l -"o\ /A\.embert"
(bu{: m oy cle_(pe.nol on é) .
D‘F W - linear and ) -constant, alﬁcbwu;c (ma.ss) term possible :

A 34" 3 - . |
L'E'rlee, =t ‘3 v 3 ‘/'d“tcgr"“ - %zqzaaégée‘/ldet[-ﬁw]l‘

+ possiblj nonlinear terms ‘F("Iﬂg@aéa); eq,6 C (qastbﬂéa“a)z
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Bontn - IM‘F&LJ vevsiom :

A B
L= Ide‘\; [dﬁk" +P7ﬂea£‘r ?ﬁv +T"Zﬁe‘§a &,9 Qrv]

£ixed Sr“’ - nonseoméhic Feo-‘liu‘re; wiolotion of the 3enml CovoniancCe,

From now om: qenevally -covaviant R-T schemes:

M - o.mon’p\f\Ous3 no ‘Fi"ed vetaic 3

(W,'Q ) - tovgel space endewed with the _sepme;lm&

3[@]_._@*(2 , 3[@] =M. %J)ﬂ 8@8
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Li®]= \/I det[30e],.] | -‘f\/lde.t (e @'f,, $°, ]h

Ll‘" - q,uaclfvo":ic in devivatives

(u,“l), dimW =N

M 2 dimH: m
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Minimol surfaces, Soap ‘F-'Lms- jf N<mn -trinal.
Jnvaviont under D\UF-FH X DIF-F(LJ:”Z)
Without Diff (W, )-cwvaviance ~ a wider class:

LLS] = F(@)\A aethtél,.\.ll = \/l k($) de.t[fa[‘!b]]',qF

{:, k - . Fofen{'ialt i term .

‘Il W - complex -Lineawr, and m - heymitian, then:

LL8) = Videt[gten, ]l = /| det [moe 8%, 52,1

XIV" International Conference on Geometry, Integrability and Quantization
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, j{: W— L;newr, 'Yl—c.ons“'.‘a-ht', (U,"Z)
cdass op scolons s given bj :

FL21=F(new) = F(y,, 3" a°) .
L- cnvoriant under ADPF M > O(V/J/?) Otln@r rrerv-eSehfqﬁ'on Y

- Eseudo- Euclidean )'Hwe natuval

=\l detfeonngd® 32,

8, % - funckions of I, r=g.(||¢nz) =00 & @B
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No absolute c,oncep'tua.l,- gop between L&smnjl‘nhs :

A A B v )
L o= 47,8 & d"Vigr L Jldetlnne 8 3%, -

&'A
(Fi:uul 5)
_ Namq,l-;_, let us take :
$L&.6]- £9,,8° &, 6 "ol + CViel

é;G 'J‘J“nmu“t on the equal footing. Ge.ne-mllﬁ-m\ro.m:a.n‘t,
(Potya.kov aLPpwac,L.) .

~ 3 - 2-n
'F ~>2, GHU T Zco 3[‘171,..1: s and éﬁn.{:isﬁ‘es LEI“%“"'*'OQ"I-

_2-n -
_3';? C“{' 2 GI“" 'ﬁci’]rv.

, C- comstont ,

~ ] = = .
F m 2 ’ C O ; 6!,..., - & 3':@]!“, . ﬁ -Qﬂbl"f'\ﬂ\rj -paw\L{an.,
and @ a,ga.h sctiis-ﬂ'es LBI - Ec'/u.n.fims.
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Minimal su~faces, qeneral coreniance , and scalar B-T - models

L= \[\de’c[ﬂ%@a,résj';]‘ | 3 Nag = :const,

| pv 9[4’] qL$] | ..
8 v é ; A= 4,...,N ,, dAlembext
r
otél
V - covoviowt da'pforenfioiion wth d'eslvec,{' fo the 3[&’-]— Levi~ Civsta
M’UI.HQV\ down :

v v op oL vV _
3 8°,+ 8%, (3475 99 0., =0

“The mean curvoture of @(_H) in (N,'rl ) vanishes .
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Genevol covorionce, one needs coovdinale tondibons, e.g.,
pv o8 \*P) =
(%‘ 9 9 -9 9 /3up,p o (e )

Rt - =1,..,N
3 é jtm.l“o ; A=Ad,.., ]

f._jie simPIes{ Qauge Pwvl e,L{rnina:l:ius QAPwFlumJ -..rg..v.'a.BlEJ-*

‘H';US:

ig = KQ , g=4,...,m; (.*)-ln.ul,ds m‘foma.i-'c.n.u:'
o
@ , N = m-hi}_..

_3; ’?r,,- =0 > Pt 4,..., m, *‘I‘=M+*‘|,...Ji\| - block stwechre, theu:

N - twee degrees of fweedown.

H

8[-“! = nzrw' + qzrrs éﬂ:r @f»’

EEE 'I:yu,g. %ﬂﬂ.m;cs .. J o
. = O
5“ & 2 r-\.l'

‘ M= m-l-d’.-.’N

XIV" International Conference on Geometry, Integrability and Quantization
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E‘f'Feo‘l‘i\re qudanﬂ an -pow @‘r Jarzoned, N :

LC*FF = \/, det ["2’_.\; t Vs é"'}k @Sav]

o Treditional " B-T fovm oith Hee fixed .spa:lw—r‘empova.lz mel’wny
Without Lhe blocle stvuctiere:

LeH \/ld"’t [7ru+ Z?ﬂr@ V) *’7«s@ @,v]l

‘T

»

55 Vacu.u.m So\u.'l'l'ons -0#"?\2 cnfec'tl'ons:
J

T_ AT o ) s
@ Crx + C 3!‘“'/7rv+7rrs C"rcv

C po C’r — constants . C" -0 ‘;P well - Lelna\n'vg ot '.“Fl"".ﬁf
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Smo,u wm\rec{-\'om' CP’r to 'Hne voacw yn bockgwund, ja.c.olm' PreUs:

o o
= g Yo" =
é C t CP | ’ [‘Z (P ;r‘\J - D
Ruled ‘as, the cv..o.drra'l:ic B@.c.lxgrrou-md La.grvomg ran
4_ " l"v —1
2/?rrscp SV CP’,V /2 \/ldeé E?f“;‘” :

S\aec(al exo.m,;le: SCO.LDN Bmu-fm{\e—f.d e,l.ec@wdﬁmm.'c.s:

N=5, m= 4, [Yﬁa]zdiag(%) 4)—4:‘4’-4') ‘ "Z>O
LQ?'F = VIde{: [021-“’ +ay é)y@,\’—.\r

5 L.ov\‘oo.l\ﬁ -ij:ne'l'm'c , S‘fa{-s'omowcj solietions:

ém:tggdx C> O - cntegrats tant
| \I’? W ; > = enlegwation cowns ap\-

XIV" International Conference on Geometry, Integrability and Quantization
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Co\noLusion: ‘tva.di_‘l?\'owal/ an-'[v-{-\dd schewes ave Pxocl-gawﬂe_
~descviphions of genevally -covariant rodels uritl higher-dimensional
Yongek spocs.
Special exawmples :

-~ N3 m=2- soa.p P:Lms , mubbev Lilms

N —onl:{-lva.vts, m=A - geodesics
— N=4 9 - Hinkowslkian , m= A4, Le‘{f" \/4- 2 - elakoike

moteviel point
— N=4, Y - Minkowslkion , m =2 - stwings

- M ‘Wbi+\0v3( fz -—Q;ema.wnia_n, m= /.{. ) P-T \/QCE—V) ‘ -
ja.c.ob.‘ - Ha.u—paftw's U"MI'O-(\'DVIO.L Pni\nc,.:p\.e. ww‘H/\ the Fa‘-ev\{\a.(.v
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Js it possible to remove o fixed geometry also {orom the Lineav
-tg,«ﬁ.,{- Spoce? For scalax field multiplets - No |
Let us consider mulbiplets of covectors. |
Scalovs &7 gave wise to local injections E*.= 3",
One can start {yom ngm-lnol,ow.ow\nc. Lields of .Su-al’\ unJec:hons
 Bvom W- valued difforential ome- forms E

. m O (Tm
% Rl o

dim W= N
T E, €L(T.M, W)

* alge braic
9(E) nszE E , 9(E) = E -9 ,.,:-qe

;_._._-.-q

V.71 % Jatrdistawianowskil Varna 2012 st =N SO LIS Y



" L v | |
“?KLE\)SP ) 8"“3&“: 8"\;
E.rK EK\’ = Srv = LQJ-\'{ vviverse
—K K K
FK ) > ‘- r\; = grE v D\,E r
| K
5= E'F

‘—me SimPl,esl' Lagfrangfan'

P,
=7KLFK1“’ FLua 99 " Vigl" + c\VigT"
Quow‘rm{'uc W JO/V!W"\U'QS LhUO/VIQm+ undw D-P H xocwg)

NOV\-cV.oaon.l-.c i E~+Self (Sd \/i;_‘)
QuaSthwew F@U Eq}uﬂww.f
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Ano‘l’.\aeﬂ‘ POSSI bi L-"?j

v - &
Aﬁmﬁw s\vs pT 5 JVigh+ Bﬂr Pr SpavV‘B T CSF Sdr-s \/_‘w
“Jhe same (nuarionce under D,H;H xO(W,/ﬂ)‘ OLH'IAOWBLICOFFFG.‘J L;J&"
Porn - Infeld schemes -

\/‘deft [CSPN"'?KLFK‘»KF?\V Sk ]‘ \ )e;l‘C.-,

‘wroviant under Diff M x O(W.m)

\/\ d"')‘[sd[&r Spatv ,

‘('uini stwecture o(-\ S"L SB‘,L\) .

O(W,m) skl coded in this Lagrangian
(oWaougle capital indsces amd 7 ore hiddem) .
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“The special case : Nzm | E - field of linear Lames (F A@fb[E“r] #O),

/

Then the left cwoevse s jusf the _rz—.;mle‘:enalemt contyavaviant

mwaveyvse -F\avn&- More 3ewevGU-a .

v ]

ol

ol B B
L = \/‘Ae‘l[A Sdp,,. Spozv +BS°‘rS vt 5 B SI“"]

P o2 Cf B
Lr\,:AS PFSO‘\)*'B SoLrS p\) +‘C5°¢PS f’v

GL(W)z @L(M,R) — cvirarient.
S - towsion oF the E —{:ebepa”o.lleh’sm connechon

!
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— Speoia\, solutions - Lie-ng-sFaces (EMIS Spom a Lie
a:\,gebm')- undey the Lie baecket oFeva"\'oM) , ov &FPWP\A&‘&L:’
Ae.(:avmed Lie-ng—SPeces

— connespondente vvith GQ(w{’ch ooswol,osicul, Oovns-l-um’c)

/LJ.,'H/\, ma‘\i‘t@f, 2.3_,

L = \/\det[S“w SPoL\) + f)t-L—l'S,rLH\J]\

SPQM'.&\ n-epeveuoe soluhons : E - (ACFWWd)L(-Q $roup Spece ,
Lp-wmbiv.ed or mo:l.‘vix ef\,e\mevdﬁs OF Q 3\'\)-0\/\ mn-chu.u.bLe
n.epvese.wl:o:éiom oF the lmevxkoubd §oowp.
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Heis.znbevg vdeas about -_Funda.mw’fal spinovS omd B-T - models

Lo H—)(Ez'
(C46), G =diog(4+--) - hovmition form of the

neutyal Sl'sfn.a.‘twrt

L= 4/ lsele, 57, 001 /

- o{- V\'thuL" enca T S
'F n Por€ cle[: AA:S OV;. Gr’r’s ' Qo
(e.g. cownst - 6_ LP?LP )

g[w] g1 = G_ LP(;‘ v —~assumed novimal- l,tatpewbol,«'c .

Genem.\,\ﬂ covaviout aud U(2, 2)- glaoba.l.h, ~iwraviant
Small sibvations about affine background aru,le.d ijlesn“Gow‘ou
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LocaL U('Z 2) wlavionce — qouge F.ew H sp s th U‘D\uef
inm the Lie algebva U (2, 2)!

glw /., = G, D™ D,W

. Cb_..
DFLP:: grl-l-) +2QFLP+ -—%:'Tergr-"“

| = (ﬁ + “Tr([:r" Fn) peut vx)\[‘det LSL‘PHJ’,\,]) , wheve :

Bwother Fossibil}-'t‘j :

I
L “-'\”de’c[l-b gtwal, + b T (P Rv)?\m]l

e S

k - funckion of G W™ @’
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