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Emergent Gravity: An Introduction

Emergent Gravity

@ The idea is to explore 2-form field dynamics in D = 5.
e Form theory in D=5 : A, dual to B,3(KR).
e A, field = U(1) theory — F, = dA;

e B, field = U(1) theory = H,3, = 3V|,Bg,] is invariant
under the following U(1) gauge

transformations dBnp = V2ma/ <8a6/5 — 856a)

1
S = o2y | d°xy/—gH?
= Do | S
8ap is the background metric.
e By bringing in connections, I, 37 = —%Ha“g””

oV, —D, = H3 — #3 (geometric torsion).
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o In 3 picture(NS — NS), H,,» = 3Dy, B,y # 0

but V.58, =0
D/LBU)\ - 6/1,81/)\ - rZVBp/\ - FZABV/) - r/wap/\ - rp,)\pBV/)
1 1 (2)

=V, B\ — erpoA — I',MPBV,, = E/HMVPBPA + E/H#,\pBl,p
° D0 D | A = (Kyun” + Ly ) Ay + Hyu Dy
e Resulting curvature!

ICo P — 18 p la py 1 oq; p_ 1 o p

urN — § /.LHI/)\ - 5 VHN,)\ + Z,Hu/\ Hua - ZHV)\ %ucf
o Properties

K:;ux)\p - _ICZ/M)\p K:uu)\p - _K:;u/p)\ IC;LV)\p 7é IC)\p/J,l/

LA, K. Singh, K. Priyabrat Pandey, S. Singh and Supriya Kar, JHEPO5, 033 (2013)
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+ k")

ICMV/\P IC(S) Y

HUAp

where ‘s’ & ‘ns’ stands for Pair symmetric and Non-symmetric
respectively.

where K = 1M\ Hoo’ — FHN Huo”

[Z2.
(s) (s) (s) (s) (s)  _ x(9)
IC,MV/\/) _ICV/l)\p K/lV)\p _Kyl/p)\ ’]C/W)\p - IC)\p;w
Irreducible curvature scalar: K = —%HW,\H“”’\

() _ 1)

p 1
air non-symmetric curvature: ICW/\p HAp 2\/%]:“”@

where ‘as’ stands for pair anti-symmetric & Irreducible
curvature Fuvrp = 4V21a' Dy M,

tr K0 = K5 = DMsp,
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e For an on-shell B, field, = ,,(*S) = 0.
— K —s (/c<5>,f4)

@ The resulting emergent theory?

1 5 ) 1 9
SNP_H’?’/d x\/—g(lC —T8f4>
/3
where R = W

2S. Kar, arXiv:1610.07347 [hep-th] (2016)
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The emergent curvature scalar £, underlying a dynamical NS
two form field describes a perturbation theory in first order.

The curvature F, describes a non-perturbative quantum
correction underlying three form dynamics in 5D.

The geometric torsion dynamics, describes a non-perturbation
theory in the second order, provided 3, is on-shell in first order
perturbation theory. Thus, the complete emergent theory
described by the action Syp is a non-perturbative quantum
theory in 1.5 order.

At the expense of this non-perturbative correction, one can
recover torsion free geometry.
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Mass Generation

S. Kar and R. Nitish, arXiv:1611.04952v2
o The non-perturbative theory of emergent gravity in
(4 + 1)-dimensions underlying a geometric torsion in 1.5 order is
described by the action

Swe =3 [ d*xv=g(k* - 57%) *)

487"

@ The action has been shown to govern a NS field 5, dynamics in
an emergent first order perturbation gauge theory and a local
geometric torsion 73 in a second order non-perturbation theory.

o In terms of geometric forms,

Swp =5 [ &/ (Hun ™ + 6(D)D")) ()
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— 4 | g (FuF + 20,00 ) (©)

@ A geometric F, in an emergent theory is given by
Fuv = DyA, — DyA, = Fuy + Hyu Ay
where F,, = V,A, — V,A,. The Lorentz scalar for a generic two

form field strength is given by

6,Lu/)\pa

V&

Py = (Fo — KQAA + G AP F) ()

o Also, one can interpret symmetric second order curvature in
terms of two form field strength as

) = JHW@H = (gwfg + 2}‘,M}'A,,) (8)
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The effective non-perturbation dynamics is re-expressed as
1 12
Snp =~ / d5x\ﬁ—g[F5V — KB ArA + 2(V,ﬂ/})2}
—|—/d5X(A1/\F2/\F2—BQ/\H3>

The emergent curvature IC/(fl,) appears to be a mass squared

matrix.

(9)

A count for the local degrees enforces 7, = 0 in the effective
gauge theory. Thus, a geometric torsion turns out to be
constant which defines a perturbative vacuum. However, in an
emergent gravity, F, # 0.

Alternately the perturbative gauge vacuum may be realized in a
gauge choice for 7; = 0. A constant #3 leads to a constant ICE[Z)

which is diagonalized. thus,
K = migu (10)
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° m% is proportionality constant. It assigns a mass to A, at the

expense of a dynamical non-perturbative quantum correction.
In fact, it helps to generate mass

K(s)
d

for a generic higher p-form field in a gauge theory in
d-dimensions.

mp =

o Also, the mass m; can be derived from a geometric two form.

With a proportionality constant 51%, }CLSV) = r'ﬁ%glw and the

curvature scalar K(8) = 3]—'5V, implies

T (1)

ol

@ It can be checked that m; = m;. and hence the mass of a one
form is uniquely defined in a perturbation gauge theory using a
non-perturbaive technique.
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o Interestingly, the axion in a NP theory may be identified with a
goldstone boson in a spontaneous local U(1) symmetry
breaking phase of a perturbative vacuum. Then, the effective
action in a weakly coupled gauge theory may be re-expressed as

SPG——/d5 F(g—ml )

(12)
—/dSX(Al/\F2/\F2+B2/\H3>

@ /> — F, in a perturbation gauge theory.
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® A massless gauge field A, in an emergent non-perturbation
theory of gravity in 5D becomes massive at the expense of a
NP dynamics.

@ The NP-theory of emergent gravity is purely described by 7{3
and hence describes a torsion geometry. However, in a gauge
choice F4 = 0, the emergent gravity describes a torsion free
geometry sourced by a dynamical NS two form field.
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V(e)

. non — pertu
vacuu

rbative
m

< perturbative
vacuum

A non-perturbative stable vacuum may be viewed as a unstable

vacuum in a perturbative theory.
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o A realization of perturbative vacuum within a NP-theory may
be described for a two form KR field B,,,. It is given by

1
Spe = —15 | &°xV=G(HunH"* — m3B3)

_ / d5x[<f2 —B) A H3}

(13)

@ A massive Kalb-Ramond form field in a perturbation gauge
theory is generated by a non-perturbative correction sourced by
an axion in 5D.
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Summary

Summary

@ 2-form dynamics may be describe in a 1st order perturbation
theory in presence of torsion dynamics in 2 order which is
believed to describe a non-perturbative correction.

o Decoupling of F, describes a torsion free geometry.

e In 5D, 7, is dual to a dynamical axionic scalar (1)) which is
believed to be playing the role of Goldstone boson.
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