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The p -brane bosonic model The model
The manifold
The p-brane set
The field equations

The model

/dDZ IQI{R[g] — hapg™ N Or 0N P — (1.1)
M

S =
2K2

> e expl2a(@) (P4}

acA Y

where
o g=gun(2)dz™ @ dzN - a metric defined on M,
lg| = | det(gmn)|
o ¢ =(¢%) € R! - a set of scalar fields,
hap - a constant non-degenerate symmetric matrix, I x 1, (I € N),

(]

1 .
o [ =dA*= FFX/[L“A{M dz" AL ANdzMre s an n, -form
ol

@ )\, -isa l-formon R!
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The p -brane bosonic model The model
The manifold
The p-brane set
The field equations

The manifold and spaces

The manifold

M = (u—,uy) X My X My x ... x M,, (u—,uy) €R (1.2)

The ansatz for the metric

g =we?Wdu @ du + Z emi(“)f]i, (1.3)

i=1

w= %1,

9" = G, i)y @ dyl is a metricon M;, i=1,...,n.
g=pigt, pi:M—> M, i=1,...,n.

B is a scale factor corresponding to M; .
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The p -brane bosonic model The model
The manifold

The p-brane set
The field equations

The factor spaces

All manifolds M; are Ricci flat spaces.

Riclg'] =0, i=1,...,n.

v
The volume form

The volume d; -form on the manifold M;, and a signature factor

7 = Vg (W) ldyt A ... A dy (1.4)

e(i) = sign (det (g},.,.)) = %1, for ¥V i=1,...,n. (1.5)

A.A.Golubtsova, V.D. lvashchuk On -brane and flux-brane solutions related to Lie algebras



The p -brane bosonic model The model

The manifold
The p-brane set
The field equations

The p -brane set S

Let Q =Q(n) be a set of all ordered (non-empty) subsets of {1,...,n}
and I ={i1,...,ix} €Q, i1 <...<ig.

The composite form-fields

F*=Y 04, F°, S=8.USm, s=(asv,I)Vs€S
seSs

FlaeD — gqolaeD) a (1),  Flam = ¢=2a(0) 4 (d(b(a’m’J) A T(J)) .

where
@ as; € A is a color index,
@ v; =e,m is an electro-magnetic index

© Dy Qom CQ, Iy €8y, ., describes the location of p -brane
worldvolume.
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The p -brane bosonic model The model

The manifold
The p-brane set
The field equations

The field equations

1
Ryn — §QMNR =Tun (1.6)
(a7 Aa a
Alglp™ = Y b2 (FY; =0 (1.7)
a€eA
Van lg](e2 (9 FoMiMua) — (18)
The stress-energy tensor splits to two components
Tun =Tunlg, ¢l + Z Oae® ) Tayn [F*, g] (1.9)
a€A
1
T |9, ] = has(Om N’ — S9unOpe*0” ")
a 1 1 a a a
Tun[F®, g] = ol [*igMN(F )527 +naFnpgy. 0, F 2tea]
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o -model Toda-like system

Solutions

Non-linear o-model

Enough space-time symmetries

@ black-brane solutions ©* = p*(u), ®° = d%(u), for
u € (u_,ut).

@ S-brane solutions

@ Flux-brane solutions

@ Block-diagonal structure of the stress energy tensor J

o = (B, 9%) e RY, N=n+l (21)

07, = U = Zdiﬂi —xsAa(9), xs==£1, s=em. (2.2)
icl

V.D. Ivashchuk, V.N. Melnikov, Class.Quant.Grav. 14, 1997. )
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o -model Toda-like system

Solutions

Non-linear o-model

The action of o -modenic harmonic gauge

p ) o
Se=% /du{GAB(X)aXAaXB},
where X = (X4) = (81, 0%, ®°) .

The minisupermetric of the target space

G=CipX 0XP =G+ e, 9o ©do*,

seS
G = GijdB’ @ 7 + hapdp® @ dpP.
A Gij O 0

0 es()exp(—2U%(0))dss
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o -model Toda-like system

Solutions

Toda-like system

Equations of motion for ®*

% (exp (-20°(0))8*) =0 = & = Q,exp (2U*(0)) (23

Toda-like system Lagrangian and energy

1 1
Lq = iGAB('TAdB —Vo, Vo=3 Z%Q? exp 2U° (o) (2.4)

ses

1
Eg = §GABG’A0"B +Vg, A=(i,a). (2.5)
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o -model Toda-like system

Solutions

The solutions of Toda-like system

sA
ot =" (UIZ,Us)qS +ctu+et, A= (a,i). (2.6)
sES
G4 0 ) 1
AB __ Y = Z__ -
G _<0 haﬁ), GV ="t 5 p (2.7)
- 1 d(Zs)

ST __ (TS — 8. _ so o
U = GIU; =6, - 55, U XAS, (2.8)
(U3, U%) = GuagU*AU* B, (2.9)
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o -model Toda-like system
Solutions

Notation

, d(I,)d(I.
(Us’ U® ) = d(Is N IS') + % + XsXs’Aozas /\,Bas/ haﬁ7 (2]-0)

s,8' € S, with (h%P) = (hap)~!.

Assume that
i) (U%U%)#0, (2.11)

for all se€ S, and )
(ii) det(U°,U®) #£ 0, (2.12)

i.e. the matrix (U*,U*") is a non-degenerate one.
(Aswr) = (207, 0%)/ @ ,U™)) (2.13)

is "quasi-Cartan” matrix.
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o -model Toda-like system

Solutions

Toda molecule and its Lagrangian

¢° = —Bsexp (Z Ass’QS/)a (214)

s'eS
L= 3ttt =S Ao (3 Awd”). (219
where hg satisfy the relations
he =K',  K,=(U*U®". (2.16)
By = esK,Q3,  As = Bshy/2, (2.17)
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The solutions related to Lie algebras
P -brane solutions Polynomial solutions

The general solutions

g= (H[fs(u)]zd(ls)hs/(D—2)) { 6Xp(2cou + cﬁ)wdu i -
seS

En: (H [fs(u)]_%sé“S) exp (2¢'u + QEi)gi} (3.1)

i=1 seS

exp (p*) = (H fgsxskis) exp (c*u+¢%) (3.2)

seS
Fe=Y 80 Fr, ]-'SZQS(H . )du/\T(I) s€8. (3.3)
seS s’'eS
F*=Q.(Ly), s€S8, (34)

where f; = exp(—¢°)
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The solutions related to Lie algebras
P -brane solutions Polynomial solutions

Flux and S - brane solution

Flux-brane solutions S-brane solutions

M =5, gt=dop®do, M =R, gt = —-dtxdt,
0< ¢ < 2m, - a family of —00 <t <+oo (t istime
composite fluxbrane solutions. variable).
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The solutions related to Lie algebras
P -brane solutions Polynomial solutions

The solutions related to Lie algebras

Toda chains related to A,,

m—+1
Coe™ ™) = Z Upy + o O A (W, .. wyp, )e(WraTetwru (3 BY

711<...<Ts

where A?(w,, ...w,,) is the square of the Vandermonde determinant
A2 (wy, ... wy,) = H (wr, —wy,)?, s=1,....,m (3.6)
T <Tj
and w, and v, are integrating constants, satisfying

m+1 m+1

H Uy :A*2(w1,...,wm+1), Z Wy =0. (37)
r=1 r=1

H BiA A% = (A, (3.8)
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The solutions related to Lie algebras
P -brane solutions Polynomial solutions

Polynomial solutions

linear asymptotics at infinity

¢ = —B°u+pB°+o(l), u— +oo, (3.9)

where (3%, 3° are constants, s € S.

exp(—u) = p, H, = fye Pt = ¢m8"F" (3.10)

V.D. lvashchuk, Composite fluxbranes with general intersections, Class.
Quantum Grav., 19, 3033-3048 (2002); hep-th/0202022.
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The solutions related to Lie algebras

P -brane solutions Polynomial solutions

The solutions

_ (H Hfhsd(fs)/(D2)){dp®dp+ (H nghs)p2g1 4

seS sES
Z(H o)k

1=2 s€ES
exp(e®) = [[HI7, (3.12)

seS
Fo=—-Qs (H HA) papAT(L;), s€8,  (313)
s'eS

F*=Qst(I5), $€Sm.  (3.14)
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The solutions related to Lie algebras
P -brane solutions Polynomial solutions

Polynomial structure of H, for Lie algebras

We introduce z = p?, Hy(2) >0 and H(z =+0) =1.

Non-linear differential equations for Hj

jz(;jz > 1B 1] 1 (3.15)

s'esS

Conjecture

Let (Assr) be a Cartan matrix for a semisimple finite-dimensional Lie
algebra G . Then the solution to eqgs. (3.15), (if exists) is a polynomial

2)=1+) P®F
k=1
(k)

where Ps"’ are constants, k=1,...,ns, B°= 22 A%® =ng €N,
s'eS

Ps(ns)%(), sef§.
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The solutions related to Lie algebras
P -brane solutions Polynomial solutions

Example: B;-polynomials

The Cartan matrix

B=| -1 2 =2
0 -1 2

The twice components for Weyl vector in dual basis

ny = 6, Ng = ].O7 ng = 6. (316)

A.A.Golubtsova, V.D. lvashchuk, On calculation of fluxbrane polynomials
corresponding to classical series of Lie algebras, nlin.S1:0804.0757
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The solutions related to Lie algebras
P -brane solutions Polynomial solutions

B3 -polynomials

Hi=1+Pz+ %P1P2Z2 + %81:’1]3213323 + 1%LLPlPQPs?z“ + 36()()P1P2 Py 2°
129600 129600 PLPiPi2",

Hy=1+ Poz + (4P1P2 + ;Png)z n ( PP2 4 P1P2P3)z n (mp2 P2
+7LP1P22P3 + %P1P2P3)z + %Plfngzs + (1600P1P2P3 + 5184P1 P3P}
+2592P1P2P5)Z * (16200P1P2P5 * 32400P1 P2P5)27 + (518400P1P2P;1
+259200P1 P2P3>Z + 4665600P1 (PP Wwpl PPz,

Hs =1+ Pyz+ insz + (36131132133 + 36P2P3) ﬁplpng?z‘*
+36100P1P2P3z + 1291600P1P§P§z6.
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The examples of the solutions

The examples: A; -solutions, D = 11 supergravity

F' is a 4-form in the bosonic sector.
Let n =3, M3 be 7-dimensional (Ricci-flat) manifold with the metric

9° = g5, da* @ dz¥ of signature (—,+,...,4) and
M, be 2-dimensional (flat) manifold of signature (4,4) with the
metric ¢ = g2, dy™ ® dy™ and I, = {1,2}.

The solution reads

g:H1/3{dp®dp+H1(p2d¢®d¢+92)+93}7 (4.1)

F=—QH 2pdp Adp A 1o, (4.2)

where H =1+ 1Q?%p?.
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The examples of the solutions

The examples: As-solutions, D = 11

F6N F3 fluxbrane configuration with (a non-standard) Az intersection
rules defined on the manifold

M:(O,+OO) XM1 XMQ XM3 XM4, (43)
where d2:2, d3:5, d4:2.

g= Hg/3H,2,{3{dp @dp+ H;'H, ' p?dp @ dp + H, ' g* +

H,'g + 94}, (4.4)
F=—-QcH,?Hppdp Ndp Ao+ Qo ATa,  (4.5)
where metrics g2 and ¢ are (Ricci-flat) metrics of Euclidean signature,

g* is the (flat) metric of the signature (—,+) and

1
H, =1+ Psp2 + 1P1P2p4, (4'6)

where P, =1Q?, s=e,m.
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The examples of the solutions

The examples: SO-branes related to Lie algebras (rank 3)

M:(O,t)XMl XMQ
Let P, =n,P, = H, = (1+ Pt)" = X", where X =1+ Pt

g= X“{dt®dt+X23t2d¢®d¢+gz},

EXp((Pa) — XBl)\l +B2A2 +B3)\3

Fl = —Q X" 7"Mtdt A dg,
F? = —Qu XM 22 thinsgdi A dg,
F? = —Q3 X" 72m¢dt A dg,
where
B 3
_ _ _ -1
A=5—. B > B., B.=n.K;',

s=1

k1 =(1,2,1), ke =(1,1,2), for A3, B3 and (3, respectively.
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The examples of the solutions

THANK YOU FOR YOU ATTENTION!
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