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Models with higher derivatives

+: Better convergence at the classical and quantum level.

+: Wide symmetry.

: Instability of dynamics(ghost states).

. Interaction is usually inconsistent with the stability of dynamics.

: Models with a degenerate mass spectrum are usually unstable.
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Goals of the study

Goals

» : the study of the extended Chern-Simons theory with higher
derivatives, including the model with a resonance.

» : to study the structure of symmetries and conservation laws of the
free theory from the stability view point;

> : to construct a new class of stable interactions admitting a
Hamiltonian form of dynamics with a bounded Hamiltonian;

» : to propose a mechanism for stabilizing dynamics in the presence of
resonance
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ECS theory of the 3rd order

Strength vector:
A? = A, (x)dx", nw=0,1,2; a=1,2,...,n (1)

Action functional:

1
SIA(X)] = = / A7 (a1 FP" 4 ap G + as K dx .
2 2)
Fo,=euwp0"A*, G%, =¢€,,,0"F*, K%, =¢.,,0"G*,
a1, (i, a3 a parameters of the model;
€. 15 the 3d Levi-Civita symbol with €y = 1.
Equation of motion:
(55 J— Fa Ga Ka _ J—
m:al I—L+a2 #+Ol3 #—O, a—l,...,n. (3)
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Symmetries and conservation laws

Series of symmetry transformations:

55;[3/43},‘ = 7€lwp§p(ﬂall:ap —+ ﬂagGap) R a= 1, ..., N,
(4)
SesaSIA(X)] = 0.
where £# and 3, a=0,...,n, k =1,2 - parameters of transformation.
2n parametric series of conserved tensors rank 2:
0"(B;a) = 3 (810%1(a) + %20%(a)) (5)
a=1
where
O (o) = az(G*HF* + G F3 — gV G ,F**)+
, (6)
+ap(F*F¥ — Eg“”FapFap);
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1
ea;u/2(a) _ a?’(Ga,u G¥ — Eg;u/ GapGap) _ al(FayFau_

1 v
_Egu F?,Fa).

00-component:
600([‘3 a 22{ 2043 GaOGaO+GaIGaI)

_’_2ﬁ1a3(GaOFaO + Ga:,_—al) 4 (ﬁ1a2 o ﬁ2a1)(Fa0FaO + ’,_—ai,_—ai)}7 (8)

i=1,2.
where
C(B% a) = —(B%2)%a1 + f72B%100 — (B1)%as . (9)
Stability conditions:
B%a3 > 0, C(p%a)>0, a=1,...,n. (10)
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Inclusion of interaction

We assume that the dynamical fields take values in the Lie algebra of a

semi-simple Lie group with the generators t?,a=1,...,n,
A, = A%, (x)tdx" [t2,tP] = Fabete . w(ttP) =670, (11)
Covariant derivative:
D, =0u,+[Au -] (12)
Covariant strength vectors:
1
Fu = €up(0" A + J[A”, A]) (13)
Gu = €upD" F* (14)
Ky = €,D"G", (15)

We seek for (non-Lagrangian) deformation of equations of motion
TH = asKCF + apGH* + an FH + . .. (16)

that preserves gauge symmetries and gauge identities of the model.
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Equation of motion:

TH = asK* + anGH + ag FH —

2
[0 %] v
—m€# p[ﬁl}_u + 826G, 61«7:;) + 529p] =0.
Gauge identity:
D, T* =0, D,=Dy+—=——[B1Fu+ PGy, ]

C(B a)

Law of conservation:

euu(ﬁ;a) — tr{ 2a3(gugu Hug gﬂ) +51a3(g,u]:' +

1
£ FV = G, F0) + (Broz — faon)(FUFY = g F,F0) |

Stability conditions:
Baaz >0, C(ﬂ;a)>0.
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Hamiltonian formalism

Hamiltonian system:

Pl(x) = {¢'(x), [Hdy }, 0a(¢'(x), Ve'(x),...) =0;

(21)
H = Ho(¢?(x), V! (x),...) + M(x)0a(¢ (x), V' (x),...).
Equations of evolution:
A,’ = 0;Ag — [Ao, Ai] — €jiF (22)
Fi=0,Fo + [Ai, Fol — [Ao, Fil — €;G;; (23)
Gi = 9,Go + e,,g, le,-jfj + [Ai, Go] — [0, Gi] +
Qs
(24)
s’
+ Fo + B2Go, B1Fi + B2Gi] .
C(ﬂ;a)[ﬁl 0 + 8290, 81 B2Gi]
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Constrains:

1
o= e,j(ozla,'Aj + 0423;.7:1' + a33;gj + [./4,', EalAj + o Fj + Oz3gj]+

[B1Fi 4 B2Gi, 1 Fj + 2G)]) =

2C( o)
(25)
Hamiltonian:
Ho = Str{ 0(0°G° + G'G") + 28105(G°F + G'F)+
+(Braz — Booa)(FOF° + FF) }+ (26)

CBia) , __ Pofros o B’ as

thr{ 0 0
Boay — Braz Boary — P13 Boary — Bros

go}e'
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Poisson brackets:

2 _ —
(G%1(x), Gt (y)} = D102 = Pron0s = (0201 sabs) (.,

a32C(B; )

(27)
[F(0). G0 (y)} = 200102 sansa) (), (28)

neE asC(B;a) '

(P20, FE )} = ). 800} = g st =)
(29)
{Aa,.(x),}‘bj(y)} — C(_Béz)ewsab(gc)(x —y); (30)
{A%(x), A%(y)} = 0. (31)
Poisson bracket between constrains:

{0°(x),0"(y)} = Wﬁbce%xm(x -y (3
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Case of resonance
Action functional:

1
SIA(X)] = -5 / A7 K d3x . (33)
Conservation law:

1
0" (B;a) = —f(G"G" — Eg"”gpgp) - B1(GHF¥+

(34)
+GVF" — g1 G, F").
00-component:
1< o
eOO(ﬂ;a) — _ = Z {62(G30G30 + GaIGaI) + 2[31(G20F30+
2
a=1 (35)
+Go Fa’)} .
Stability conditions:
£7 <0, (%) <0, a=1,...,n. (36)
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Change parameters:

a1 =0, ap =47, as =7¢* —1 Y =7B2/Pr.
(37)
where ¢(x) is new dynamic scalar field.
Equation of motion:

T = ] DYIGP6° — )G + 02 F'+

(722 — 1) (38)

* 23,2

[BLF" + 520" BuF” + "]} =0,

T = {9,00 — (m? — 2 CEBISBTIRID 4 2hg—0,  (39)
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Hamiltonian:

(B = B FO) (VO — 51 FO)
M s

(BW' = BLF) (B — ﬂlfi)+

M GV V> )
+§£(]—"°]—"° + FF) = (Ao — BiFo + B Wo)© +
b3 (rm 4 0600) — L ot
where 7(x) = ¢(x),
Wi =(G2¢" = 1)Gu + 720 F . (41)
Stability conditions:
F¢2—1>0), B2 >0. (42)
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Poisson bracket:

W20, WPi(y)} = {F7i(x). W*i(y)} = {A%(x), F2i(y)} = 0;

(43)

{A%(x), WPi(y)} = —{F%(x), F*(y)} = Eeuéabé J(x—y);
(44)
(100, F5(0)) = Test 0 (x — y); (45)
{6(x),7(y)} = 6P (x—y). . (46)
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Conclusion

» : In this presentation, an extended 3rd-order Chern Simons theory
with non-Abelian gauge symmetry is constructed.

» : The model admits a Hamiltonian formulation of dynamics with a
bounded Hamiltonian.

» : The case of resonance is considered, in which a Higgs-type
mechanism is used to stabilize the dynamics.
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