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The study of Graviton as Goldstone bosons appeared in the 1960s, after Bjorken interacting idea
of Electrodynamics. However, no recent advancement has been done in the field, because of very
constraints as well as low-attractiveness of the theory. We do the non-metric tensor (covariant
derivative of the metric tensor) case of Gravitation and eventually get SO(1,3) broken in the
vacuum state of quantized field theory, then find the Graviton as Goldstone Boson. We, in final,
see that Gravitons can have appearances in many modified (and extended) theories of Gravitation.
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1. INTRODUCTION

Graviton as Goldstone Boson is an idea established
by Peter Phillips [I], later modified using fermionic
fields by Hans Ohanian [2]. Both used the Bjorken
[B] dynamical style of those massless photons, which
perhaps is a wonderful lying in early Quantum Field
Theory.

For a Goldstone [4], one have a Lagrangian showing
some system and obeying a continuous symmetry, but
that symmetry doesn’t leave ground state invariant,
then one gets a massless particle as boson from that
system.

We know that Photon is a Goldstone boson in
Quantum Electrodynamics (QED), traveling with
the speed of light. Graviton, too, can be treated as
a Goldstone boson, this can be done if one shows
that the ground state breaks some kind of continuous
symmetry. Lorentz Symmetry is that symmetry, by
some authors. The procedure imitates the broken
symmetry that is seen in QED.

In fact, one gets the Graviton from the fermionic
field [2], by taking tensor-tensor coupling as a
current-current coupling in QED. These tensors have
vacuum expectation value (v.e.v) # 0, which instantly
breaks the Lorentz Symmetry and giving Gravitons
as poles in S-Matrix. However, a lot of requirements
are needed to make this model workable, like linearity
in the system, hence not producing any complex
non-linear renormalizable high-order interactions.
However, one can simply get linear high-order Feyn-
man interactions with four-fermions interaction, but
that is not much convenient and advisable, because
of the cut-off, however one can have the S-Matrix
out of such complex systems of bound states using
the imitation of partition functional and Gell-Mann
and Low theorem [5] of green functions, but don’t
know-how.

Here, in the note, we try to put out a few re-
sults based on a non-metric tensor Lagrangian and
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getting Gravitons as Goldstone Boson. This may be
unique, as only non-covariant tensors are preferred in
the gauge choice. But here, we try to implement the
non-metric f(Q) metric (only to a particular advance-
ment) in a very generalized yet not pure way. Our
main task, which is though very simple to show that
symmetry breaks in a non-metric system, and then
we know most of the extended versions of Gravitation
can imitate the result, and get Gravitons appearing
as Goldstone Boson.

2. THE OHANIAN AND PHILLIPS METHOD

In this section, we ought to first discuss Phillips [1]
and Ohanian [2] perspective and methods, through
which they reached the linear results, in the light of
Electrodynamics.

Peter Phillips, outlined a theoretical model in which
Lorentz Symmetry is spontaneously violated, giving
rise to some vector fields \*. Starting with a metric
in quantize Lagrangian, where he write a propagator
1

i

BiLp) =~ (9795 + 9790) + 1Z5L @EG (@) (1)
where E7f(p) is the graviton propagator, v is a
coupling constant, don’t have linear dependence
on Gravitational constant, Efj{f (¢) is the graviton
self-energy. However, his calculations to propagator
and graviton (Gravitational tensors), are good for
a self-basis field and is basically dependent on the
Renormalization, with cutoffs. We don’t need to
continue our discussions on this now, because the

model is only self-consistent in the matter of A.

Hans Ohanian, took a further step, introducing
graviton as goldstone boson from a self-interacting
fermionic field. Now, this model is splendid in the
matter of physical solutions to a lot of problems,
Bethe-Salpeter equation, and successfully quantizes

1 However, this is very imitating to original momentum-space
version of Bjorken propagator. But, the tensors are intro-
duced because a Lagrangian can’t start without a tensor field
in gravitational model unlike in electrodynamics.
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the Gravitational theory, at least in the linear order
form.

In [2], the field theory calculations have been done
in a good way, finally producing v.e.v, with non-
trivial solutions, hence giving gravitons as Goldstone
bosons, in potential V.

A tensor t,, is introduced as formal energy-
momentum tensor, in order to break the symmetry

(0')tw]0") =0+# Cgpn (2)

where
1
tuy = Ty — ZQW (0'|T10") (3)

and T}, is introduced here as a coupling between
fields, as it is a fermionic theory

1., -
T/u/ = 52(1/]’7;1,81} - 81)’7/“/} (4)

and [0') is a vacuum, that is why the Eq. (2), is
introduced. The Lagrangian for a single spinor field
from where the model starts with is

L= %&(m@u—m)w+%K(tﬂ”tw—atgt*;)JrH.D (5)
where K is derived using Hartee-Self consistency
condition and a is some other constant. And then
the model proceeds with lots of S-Matrix, getting
the non-perturbation in first and then getting the
gravitons as propagators, internal lines from the
fermionic interactions. However, in spite of Blud-
man [6], explanation to these bosons as just gauge
excitation or not even real physical particles, we can
appreciate the model.

Now we will be in need of some concepts from Oha-
nian method and [7]. But we will follow a different
perspective, but however same practise.

3. GRAVITATION, TENSOR AND
GRAVITONS

First, we need a quantized Lagrangian, which we
will borrow from [7], because of insightful choice.
However we will replace the metric with a non-metric
system.

L= A(A2 V _Vagm/f(Q) - A4V(h’) + H.0.D+ (6)
£matter + O(AO))
A is some constant (normalizing), Vag., is the
covariant derivative, as we are working in non-metric,
non-Riemannian space-time, V(h) is our potential,
H.O.D is higher order derivatives and then Ly atter iS
some perturbed Lagrangian, and f(Q) [8], [9], [10] is
symmetric modified gravity tensor and Q depicts the
non-metricity. However £f(Q), should be restricted in
the sense as a modified telleparallel gravity, which
is not discuss here. The reasons for taking these

nonmetricity tensors, is that this will provide us
non-linear solutions (but also very diverging), in
contrast to previous works. And in non-Riemannian
space-time, as for say, Weitzenbock space [1I], we
have much to process for these kinds of Lagrangian,
which we will not do here.

We will say,
Qa,uu = vozg;w (7)

and g, = Ny + hy. We now introduce a tensor,
which is capable of breaking the symmetry at ground
state, t,,, which we say is equal to G,, Vohuw, Gy is
some other tensor, which is proportional to g,,. And
t, is defined in such way as Eq (2)

<0/|tul/|0/> = <t'u,1/> 7é OQauu (8)

that defines the vacuum state breaking the symme-
try. However, we will be seeing other way to check
this breaking mechanism, with a SO(1,3) generator
J#. What now should concern us is (Vqhy,) (the
vacuum state), so we now want our Vahu to be bro-
ken as Eq (2). Doing it in nonmetricity shouldn’t
change anything, but the quantized QFT particle. As

Eq

<Guuvahuu> # CQ[LV (9)
in other words (in rigid sense, eliminating G, )
(Vahuw) J* # (Vahu) (10)

in order to proof that, we could use the Eq (8), then
we just need to find the G, which in fact can be
set to very less (or 1, because of the proportionality
constant nature here, but we don’t need to do it).
Then it would be something,

(G Valyuw) (11)

which we hope to write in diogonalized form

<G11 Vahi 1> 0 0 0
0 (G23V whas) 0 0
0 0 (G33V o hs3) 0
0 0 0 (G44Va h44>
(12)

Now we would be wanting to calculate

[G[Lllv vah,uu] = Guvvahpv - Vah,uuG;Lu

13
= Ng,ul/vah,ul/ - vah,uuguuN ( )

where N is a constant (better be differential) linking

G, and g,,,. Expanding further and simplifying more

with g, = 1w + by,

Nn,wVaohuw +hu Vol —Vahunu —Vaohuwhu N
(14)

now we will make more simplifications in order to

make life more easier,

np,l/vah,ul/ = Yuv
hul/vahul/ = Auu
Vah;u/np,u = 'Y//“,
Vahywhy = N,y
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then because the commutation relation doesn’t com-
mute, and with new notation

N’Y,tw + )‘pw - ’Y;/w - /\;“,N =p (16)

and J is commutator, because we have simplified the
way in peaceful and simple manner, we say

Ny + A = FY//j,l/ + A:AVN + (17)

the left hand side is same as G, Vb
then Eq can be written as

uv, it is evident,

(Vw + X' Nuw + B) (18)

and because of the non-vanishing value seen (in the
form of beta) there and J* is a generator of SO(1,3

);
<7;/u/ + /\IN;W +B8) JH # <'Y,/w + /\/N;w +8) (19)

and then, Eq is satisfied. And the vacuum state,
do get symmetry broken. Hence by simply interpret-
ing the Nambu-Goldstone theorem, we can say that
the Lagrangian if properly quantized, may give us
graviton which acts as Goldstone boson in non-metric
space, that we have just computed.

It must be carefully noticed that the thing we
computed is not the precise ground state, rather a
generalization with connection to the pure Minkowski
Metric. However, one can derive the simple, non-
metric covariant metric solution as well, it will be
needed then to calculate the pure ground state. By
not "pure”, I must defend that I am referring to a
generalized solution rather than an exact solution

to the non-metric choice problem. Theoretically,
one must appreciate the things outside the normal
Riemann Surface, but with interpretations, these
models can be regarded as just models, as long as
we don’t find the non-linear solutions to be encoded
precisely in our calculations of particle physics more
often.

We have done our calculations. Now calculating an
S-Matrix for these gravitons in fermionic or bosonic
diagrams would be more than complicated be-
cause of non-linear terms. So, we don’t need to do it.
However, we can seek a simple propagator of this kind.

If one gets particular questions regarding the
validity of these Goldstone bosons, I must point out
that the calculations based on covariant mathematics,
don’t get hindrance with Goldstone boson, if properly
done. Indeed, as pointed by G. S. Guralnik et.al. [12].

4. CONCLUSION

Now, in conclusion, we did a calculation based on a
non-metric space (but not the Reinmanian one) and
deliberating a little we got our vacuum state to be
infected by the loss of invariance, which resulted in
Gravitons as Goldstone bosons. What this implies
that these Gravitons, as in Ohanian’s or Phillip’s mod-
els if appeared to be right, then they must be in some
other generalization of space, that may include exten-
sions of normal Ricci Tensors.
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