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Response of a rotating detector coupled to a polymer quantized field

D. Jaffino Stargenﬂ Nirmalya Kajuriﬂ and L. Sriramkummﬁ
Department of Physics, Indian Institute of Technology Madras, Chennai 600036, India

Assuming that high energy effects may alter the standard dispersion relations governing quantized
fields, the influence of such modifications on various phenomena has been studied extensively in the
literature. In different contexts, it has generally been found that, while super-luminal dispersion
relations hardly affect the standard results, sub-luminal relations can lead to (even substantial)
modifications to the conventional results. A polymer quantized scalar field is characterized by a
series of modified dispersion relations along with suitable changes to the standard measure of the
density of modes. Amongst the modified dispersion relations, one finds that the lowest in the
series can behave sub-luminally over a small domain in wavenumbers. In this work, we study the
response of a uniformly rotating Unruh-DeWitt detector that is coupled to a polymer quantized
scalar field. While certain sub-luminal dispersion relations can alter the response of the rotating
detector considerably, in the case of polymer quantization, due to the specific nature of the dispersion
relations, the modification to the transition probability rate of the detector does not prove to be
substantial. We discuss the wider implications of the result.

PACS numbers: 04.60.Pp, 04.60.Bc
I. INTRODUCTION

Despite decades of sustained effort, a viable quantum
theory of gravity continues to elude us. In such a sce-
nario, over the last twenty five years or so, a variety of
approaches have been constructed by hand to investigate
possible imprints of Planck scale effects on phenomena
involving matter fields (see, for instance, the reviews ﬁF
@]) These methods evidently involve a new scale (often
assumed to be of the order of the Planck scale) and they
strive to capture one or more features that are expected
to arise in the complete quantum theory of gravity. An
important goal is to utilize these approaches to examine
whether high energy effects will modify phenomena at
observably low energies.

One such phenomenological approach is the approach
referred to as polymer quantization ﬂﬂ] The method of
polymer quantization can be said to be inspired by loop
quantum gravity ﬂa, B] (We should hasten to clarify that
the approach we shall consider is different from another
related method, also inspired by loop quantum gravity,
and often referred to by a very similar name [§]. In this
approach the configuration space is considered to be dis-
crete, whereas in the approach that we shall adopt, it
remains continuous.) Using the standard Fourier decom-
position of a field into oscillators and the polymer method
of quantization of the oscillators ﬂg], one can arrive at a
modified propagator governing a quantum field in the
Minkowski spacetime (see Ref. [5]; for a very recent dis-
cussion, see Ref. [10]). While the modified propagator
is identical to the conventional propagator (in Fourier
space) at low energies, it behaves differently at high en-
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ergies (in this context, see Ref. [11]). It is the modified
propagator which we shall utilize in this work to study
a phenomenon closely related to the Unruh effect in flat
spacetime.

The Unruh effect refers to the thermal nature of the
Minkowski vacuum when viewed by an observer in mo-
tion along a uniformly accelerated trajectory (for the
original efforts, see Refs. |; for relatively recent re-
views, see Refs. ). It has a close relation to Hawk-
ing radiation from black holes HE] and, due to this reason,
the effect provides an important scenario to investigate
possible quantum gravitational effects. In fact, the ques-
tion of Unruh effect in polymer quantization has received
some attention recently in the literature ﬂE—Iﬂ] On the
one hand, it has been claimed that, in polymer quanti-
zation, the Rindler vacuum may not be inequivalent to
the Minkowski vacuum [19, 20]. On the other, it has
been argued that the response of a uniformly accelerated
Unruh-DeWitt detector coupled to a polymer quantized
field would not vanish ] In fact, it has been found that
even an inertial detector will respond non-trivially (under
certain conditions) in polymer quantization [21], 29).

It is in such a situation that we choose to study the re-
sponse of a rotating Unruh-DeWitt detector that is cou-
pled to a polymer quantized field in this work M] As
we shall see, the propagator in polymer quantization can
be expressed as a series of propagators described by spe-
cific modified dispersion relations, along with correspond-
ing changes to the measure of the density of the modes ﬂﬂ]
Since modified dispersion relations break Lorentz invari-
ance, the corresponding propagators do not prove to be
time translation invariant in the frame of a uniformly ac-
celerated detector. This aspect makes it rather difficult
to explicitly evaluate the transition probability of an ac-
celerated detector. In contrast, since modified dispersion
relations preserve rotational invariance, the correspond-
ing propagators prove to be time translation invariant in
the frame of a rotating detector, a property which al-
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lows the transition probability rate to be evaluated ﬂﬁ]
Actually, it is such a feature that has recently been ex-
ploited to study the response of an inertial detector that
is coupled to a polymer quantized field ﬂﬂ]

This paper is organized as follows. In the following
section, we shall quickly review the response of inertial
and rotating Unruh-DeWitt detectors that are coupled
to a massless scalar field governed by the standard linear
dispersion relation in Minkowski spacetime. In Sec. [TI]
we shall briefly discuss the response of these detectors
when they are coupled to a scalar field characterized by
a modified dispersion relation. In Sec. [Vl we shall con-
sider the response of detectors coupled to a scalar field
described by polymer quantization. We shall conclude
with a summary of the results and their implications in
the final section.

At this stage, a couple of words on our conventions
and notations are in order. We shall set h = ¢ = 1 and,
for simplicity in notation, we shall denote the spacetime
coordinates x* as . We shall work in (3 4 1)-spacetime
dimensions. As far as the spatial coordinates @ are con-
cerned, we shall be working with either the Cartesian
coordinates (z,y, z) or the cylindrical polar coordinates
(p,0,z), as convenient.

II. DETECTOR COUPLED TO THE
STANDARD SCALAR FIELD

In this section, we shall rapidly summarize the re-
sponse of inertial and rotating Unruh-DeWitt detectors
coupled to the standard, massless scalar field in flat
spacetime. Since the inertial and rotating trajectories
are integral curves of timelike Killing vector fields, typi-
cally, one first evaluates the Wightman function along the
trajectory of the detector and attempts to Fourier trans-
form the resulting Wightman function. It is well known
that the inertial detector does not respond and, in the
case of the rotating detector, while the response proves
to be non-zero, the integral cannot be evaluated analyt-
ically, but can be easily computed numerically (see, for
instance, Refs. ﬂﬁ, @]) However, it proves to be conve-
nient to express the Wightman function as a sum over the
normal modes and evaluate the Fourier transform (with
respect to the differential proper time) first before evalu-
ating the sum. In the rotating case, though the final sum
needs to be calculated numerically, this method happens
to be rather effective as the sum converges very quickly.
Importantly, as we shall illustrate, this method can be
immediately extended to situations wherein the field is
described by a modified dispersion relation @]

A. The Unruh-DeWitt detector

A detector can be considered to be an operational
tool in an attempt to define the concept of a particle
in a generic situation. It corresponds to an idealized

point like object, whose motion is described by a classi-
cal worldline, but which nevertheless possesses internal,
quantum energy levels. The detectors are basically de-
scribed by the interaction Lagrangian for the coupling
between the degrees of freedom of the detector and the
quantum field. The simplest of the different possible de-
tectors is the monopole detector originally due to Unruh
and DeWitt [13, [14].

Consider a Unruh-DeWitt detector that is moving
along a trajectory Z(7), where 7 is the proper time in
the frame of the detector. The interaction of the Unruh-
DeWitt detector with a canonical, real scalar field ¢ is
described by the interaction Lagrangian

Lint[¢(2)] = em(7) o [2(7)], (1)

where ¢ is a small coupling constant and m is the detec-
tor’s monopole moment. Let us assume that the quan-
tum field ¢ is in the vacuum state, say, |0), and the de-
tector is in its ground state with zero energy. It is then
straightforward to establish that the transition probabil-
ity of the detector to be excited to an energy state with
energy eigen value £ > 0 can be expressed as

P(E) = / dr / A e EC=) G4 [3(r), ()], (2)

where GT [Z(7), Z(7")] is the Wightman function defined
as

G [E(r), #(r)] = (016 [#(1)] S[2(r)]10).  (3)

When the Wightman function is invariant under time
translations in the frame of the detector—as it can oc-
cur, for example, in cases wherein the detector is mov-
ing along the integral curves of timelike Killing vector
fields—one has

G*[a(r),2(r)] = GF(r —1"). (4)

In such situations, the transition probability of the de-
tector simplifies to

T e’}
d _
P(E) = lim / & / due ™ Pv Gt (u), (5)
T—o0 2
=T —o0
where
u=1—7, v=T1+7. (6)

The above expression then allows one to define the tran-
sition probability rate of the detector to be

R(E) = lim @: / due "B Gr(u).  (7)
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For the case of the canonical, massless scalar field, in
(3 + 1)-spacetime dimensions, the Wightman function
G* (z,7) in the Minkowski vacuum is given by

1 1

T dn? (t—t —ie)2—(x—a')’

) (8)

where € — 0% and (¢, ) denote the Minkowski coordi-
nates. Given a trajectory Z(7) that is an integral curve
of a timelike Killing vector field, the response of the de-
tector is usually obtained by substituting the trajectory
in this Wightman function and evaluating the transition
probability rate ([@). Instead, let us express the Wight-
man function as a sum over the normal modes, evaluate
the integral over u first, before evaluating the sum.

B. Response of the inertial detector

Before considering the case of the rotating detector,
it is instructive to consider the rather simple case of an
inertial detector that is moving with a constant velocity,
say, v. The trajectory of the detector can be expressed
as (1) = [t(r), z(1)] = (y7,yv7), where v = (1 —
|v|?)~1/2 is the Lorentz factor. The Wightman function
evaluated in the Minkowski vacuum associated with the
scalar field can be expressed as a sum over the normal
modes as follows:

3
GJr(j 57/) _ d°k efiw(tft’) eik~(m7m’) (9)
’ (2m)* (2w) ’

where, for the massless scalar field of our interest, w =
|k| > 0. Let us now substitute the trajectory for the in-
ertial detector in the above Wightman function and use
the resulting expression to calculate the transition prob-
ability rate (). Upon carrying out the integral over u,
we obtain that

d3k
R(E) = / @) @2w)

Since E is positive and (w — k - v) > 0, the argument
of the delta function never vanishes leading to the well
known result that the inertial detector does not respond
at all.

SWIE+y (w—Ek-v)]. (10)

C. Response of the rotating detector

Let us now turn to the case of the rotating detector.
In this case, it proves to be more convenient to work with
the cylindrical polar coordinates, say, (p,#,z), than the
Cartesian coordinates. It is straightforward to show that
the Minkowski Wightman function (@) can be expressed
in terms of the modes associated with the cylindrical po-

lar coordinates as follows:

+ 7.7 = — r dqq r dkz e
GTEE) m_zmo/@w)? | @

— 00

—qw (t—t")

X Jm(q p) Jm(q p/) el m (6—6") ol k. (zfz’)’
(11)

where J,,, () denotes Bessel function of the first kind and
of order m, while w =k = \/¢> + k2 > 0.

Consider a detector moving on a circular trajectory
with a radius ¢ and angular velocity € in the z = 0
plane. The trajectory of the detector can be expressed in
terms of the cylindrical polar coordinates and the proper
time as Z(7) = [t(7),z(7)] = (v 7, 0, YO 7, 0), where vy =
[1-(09Q)?] ~/% is the Lorentz factor associated with the
trajectory. The transition probability rate of the detector
moving along the above trajectory can be obtained by
substituting the trajectory in the expression (] for the
Wightman function and calculating the integral ([@). We
find that the resulting transition probability rate can be
expressed as

rd
> [ H e
= 7T
m=—00

y /%W[Eﬂ(w—mm]. (12)

— 0o

This integral can be rewritten as

X / dacosa J2 (ko cos ), (13)

0

where, for convenience, we have used the fact that w = k,
as is appropriate for positive frequency modes. The an-
gular integral over a can be evaluated using the standard
integral [29]

/2
/doacosonfn(zcosoz)
0
= Fylm+1/2;m+ 3/2,2m + 1; —2%]
= —— m ;m m+1;—z
F(2m+2)1 2 ’ ’ )

(14)

for Re. z > 0 and Im. z = 0, where 1 Fx[a; b, ¢; x| repre-
sents the generalized hypergeometric function. Since E
and 2 are positive definite quantities by assumption and
k > 0, the delta function in the expression ([I3]) will be
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FIG. 1: The transition probability rate of the rotating Unruh-
DeWitt detector that is coupled to a massless scalar field
which is governed by the standard, Lorentz invariant, linear
dispersion relation. The three curves correspond to the follow-
ing choices of the dimensionless velocity parameter o €2: 0.325
(in red), 0.350 (in blue) and 0.375 (in green).

non-zero only when m > E, where E = E/ (yQ) is a di-
mensionless energy. Therefore, the transition probability
rate of the detector reduces to

R(E) = oR(E)
B 1 e (Uk*)Qerl
- mm [F(2m+2)]

>E
X 1 Folm+1/2;m+3/2,2m + 1; —(0 k. )?],
(15)

where k., = (m — E)Q corresponds to the value k when
the argument of the delta function in Eq. (I3)) vanishes.
It is interesting to note that, for a given energy E, the
detector seems to respond to modes whose energy w (=k)
are proportional to the angular frequency €2 of the detec-
tor. While it does not seem to be possible to carry out
the above sum analytically, it converges very quickly and
hence it is easy to evaluate numerically. In Fig. [l we
have plotted the transition probability rate of the rotat-
ing detector (with respect to the dimensionless energy E)
evaluated numerically using the above result for different
values of the dimensionless velocity parameter o). We
should clarify that we have arrived at these results by
taking into account the contributions due to the first ten
terms in the sum (IH). We find that the next ten terms
contribute less than 0.01%, indicating that the sum in-
deed converges quickly and that the contributions due to
the higher terms are insignificant.

IIT. DETECTOR COUPLED TO A SCALAR
FIELD GOVERNED BY A MODIFIED
DISPERSION RELATION

Let us now briefly discuss the response of inertial and
rotating detectors that are coupled to a scalar field gov-
erned by a dispersion relation, say, w(k), which is no more
linear. Such dispersion relations can, for instance, arise
in theories which break Lorentz invariance. It can be
easily shown that, in such a situation too, the Minkowski
Wightman function can be expressed in the form () as in
the standard case, but with the quantity w(k) now being
determined by the modified dispersion relation.

If the Wightman function is given by (@), it is then
clear that the response of an inertial detector can also be
expressed in the form (I0), as in the standard case. Let
us first consider a completely super-luminal dispersion
relation wherein w(k) > k for all k. Since k- v < k (as
|v| < 1), for a super-luminal dispersion relation k-v < w
and, hence, w — k- v > 0 for all k. Therefore, the argu-
ment of the delta function in the expression (I0) never
goes to zero, implying a vanishing detector response. In
contrast, consider a field governed by a sub-luminal dis-
persion relation wherein w(k) < k over some range of k.
Over this domain in k, it is possible that w—k-v < 0 for
suitable values of the detector energy E and the speed
|v| of the detector. These modes of the field can excite
the detector, provided the velocity of the detector is non-
zero. (In certain cases, depending on the form of the
dispersion relation, there can also arise a critical veloc-
ity, only beyond which the detector would respond, as we
shall encounter in the following section.) In other words,
even inertial detectors with possibly a threshold veloc-
ity (which will, in general, depend on the internal energy
E of the detector) may respond when they are coupled
to a field that is characterized by a sub-luminal disper-
sion relation. This violation of Lorentz invariance should
not come as a surprise as it is a characteristic of fields
governed by modified dispersion relations.

In the standard case, the Wightman function (@) in
the Minkowski vacuum could be written as (IIJ) in the
cylindrical polar coordinates. In fact, this proves to be
true even for the case of a scalar field described by a
modified dispersion relation. Hence, the transition prob-
ability rate of a rotating detector coupled to such a field is
again given by ([2)), with w [and, later, the corresponding
ky—cf. Eq. (IH)] suitably redefined. Using these results,
one can show that, while the super-luminal dispersion
relations hardly affect the response of the rotating detec-
tor, sub-luminal dispersion relations—depending on their
shape—can substantially alter the response (for more de-
tails and illustration of the modified response in specific
cases, see Ref. [28]).



IV. DETECTOR COUPLED TO THE POLYMER
QUANTIZED SCALAR FIELD

Let us now turn to the primary case of our interest,
viz. the response of a detector coupled to a polymer quan-
tized scalar field.

A. The Wightman function in polymer
quantization

As we had mentioned in the introductory section, the
polymer quantized field can be considered as a series of
modified dispersion relations of a specific form, along
with suitable changes to the density of modes. In (341)-
dimensions, the Wightman function evaluated under the
polymer quantization procedure in the Minkowski vac-
uum is found to be [5, 22]

@) Z/&ﬂ%mn

« @ twany3(k)(t—t") eZk'(m_w/)7 (16)

where, as before, k = |k|, while the quantity wa,+3(g) is
given by

Wan 2
2900 9 Bavia [1/ (4%)]) - 40 1/ (1)
(17)

with ¢ = k/k, and k., being the polymer energy scale,
which is usually assumed to be the Planck scale. The
quantities A,(z) and B,(z) denote the Mathieu char-
acteristic value functions'. At small g, one finds that
Wan+ts =~ (2n + 1) k, which is clear from Fig. 2] wherein
we have plotted the quantity w4, 43 as a function of g for
the first few values of n.

Moreover, the polymer coefficients ¢4y, +3(k) are defined
by the integral

P

cansa(k) = du seznz [1/ (49%) ]

7r\/_
d ceg [1/(4g ),ul

X
ou ’

(18)

where se,(z,q) and ce,(z, ¢) are the elliptic sine and co-
sine functions, respectively [29]. It is useful to note that
for g < 1, |canys(k)| ~ 1/(\/% , for n = 0, which corre-
sponds to the standard result [5].

I We should clarify that the Mathieu characteristic value func-
tions were written as A,(g) and By(g) in the original work [5].
However, in order to be consistent with the Mathieu differential
equation describing the polymer quantized massless scalar field,
they have to be actually written as A,[1/(4 g2)] and B,[1/(4 g?)].
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FIG. 2: The behavior of win13(g)/k has been plotted as a
function of g = k/k, for n = 0 (in red), n = 1 (in blue)
and n = 2 (in green). The dispersion relation proves to be
sub-luminal in the n = 0 case for a small range of k near k,,,
while it is always super-luminal for n > 0. The sub-luminal
behavior in the n = 0 case is clear from the inset in the figure.

In summary, three new features are encountered in
polymer quantization when compared to the standard
case. Firstly, the quantity w(k) in the exponential is
replaced by wyn+3(k), in a fashion similar to that of a
quantum field governed by a modified dispersion relation.
Secondly, the standard measure in the integral over the
modes—wviz. 1/v/2k—is replaced by ¢4 13(k). Tt should
be pointed out that, in the case of a field described by
a modified dispersion relation, this measure would have
been given by 1/4/2w(k). Lastly, there occurs an infinite
sum over the polymer index n, which is an aspect that is
peculiar to polymer quantization.

B. The case of the inertial detector

Let us first revisit the response of the inertial detec-
tor in polymer quantization, which has been studied re-
cently [22].

In such a case, upon considering the Wightman func-
tion (I6) along the inertial trajectory Z(1) = (y 7,y v 7),

where v = (1 —|v|?)~'/2 and calculating the correspond-
ing transition probability rate, we obtain that

_ R.(E

R(5) = )

P

1 0o o0 o0

1y / a2k, / by iy [eanya(k)?
i nZO—oo 0

x 5 [E + Y wan+3(k) — 7k|| ’U] , (19)

where E = E/k, and v = |v|, while k and k. denote



the components of k that are parallel and perpendicular
to the velocity vector v. Upon making the change of
variables to k| = kcosf and k) = ksin 6, we obtain that

R.(F) dk k |canss(k)[?

_OO

1

E nts(k
/d (cos @) s |:COS€—+’YW—4+3()
1

vkv
(20)

Note that the above integral is non-zero, only if
|E+7w4n+3(k)| < /kav (21)

which leads to the following expression for the transition
probability rate:

1 < 7 2
s 2 | kklemialh)
n=07%
x@[”ykv— |E+’Yw4n+3(k)”a (22)

where ©(x) denotes the theta function. It seems difficult
to evaluate the above transition probability rate analyti-
cally. Hence, we have to resort to numerics ﬂﬂ] We shall
first need to determine the domain in k (or, equivalently,
g) over which the © function contributes. It is expected
to contribute when wa,13(k) behaves sub-luminally. Tt is
clear from the plots in Fig.[2that the function wyy4+3(k) is
always super-luminal when n > 0. Therefore, these terms
are not expected to contribute to the response of the de-
tector. Moreover, in the n = 0 case, the sub-luminal
behavior occurs roughly over the small domain wherein
0.01 £ g < 1. It is these modes which we need to in-
tegrate over. We evaluate the quantity csn43(k) using
the definition (I8]) before going on to carry out the in-
tegral over the relevant domain in &k (determined by the
© function) to arrive at the transition probability rate
of the detector. We find that, because the integrand in
Eq. (I8) is well behaved, both the integrals can be eval-
uated with even the simplest of methods. We make use
of the Simpson’s rule to carry out these integrals. We
should emphasize that we have checked the accuracy of
the integrations involved by working with a larger num-
ber of steps as well as using the more accurate Bode’s
rule. We find that the integrations we have carried out
are accurate to better than 0.01%. In Fig. Bl we have
plotted the dimensionless transition probability rate as a
function of the rapidity parameter § = tanh™ ' v. These
curves match the results obtained earlier ﬂﬂ] In Fig. @
we have plotted the transition probability rate as a func-
tion of the dimensionless energy E = E/k, for a few
different values of 5. These results confirm the correct-
ness of our numerical procedures.
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FIG. 3: The dimensionless transition probability rate R,
[cf. Eq. 22)] of an inertial detector that is coupled to a
polymer quantized scalar field. We should stress that the
transition probability rate has been plotted as a function of
the rapidity parameter § = tanh~!w for specific values of
E=E/ kp. Also, for reasons mentioned, we have considered
only the contribution due to the n = 0 case. The different
curves correspond to E = 0.1 (in red), 0.01 (in blue) and
0.001 (in green). These plots match the results that have
been recently obtained in the literature ] Note that, for a
given E, there is a threshold velocity for the detector to re-
spond. The threshold velocity seems to become smaller as £
decreases. The critical velocity beyond which an inertial de-
tector begins to respond is determined by the condition that
the argument of the © function in Eq. (22) turns positive. The
associated critical rapidity parameter is determined by the re-
lation tanh 8. = Min. [w3(k)/g], which leads to 8. ~ 1.3267.

C. The case of the rotating detector

To determine the response of the rotating detector cou-
pled to a polymer quantized field, we shall follow the
same strategy that we had adopted earlier. It is straight-
forward to establish that, when working in the cylindrical
polar coordinates, along the rotating trajectory that we
had considered earlier, the polymer quantized Wightman
function (I6) is given by

nzom_zoo/dqqé W | epnsalh)

~ J72n(q 0,) et [wan43(k)—ym Q] u, (23)

where, as before, k = /¢? + k2. We can convert the
integrals over ¢ and k, into integrals over k£ and a suitable
angle «, as in the standard case. Upon doing so and
carrying out the integrals over v as well as u, we find that
the transition probability rate of the rotating detector
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FIG. 4: The dimensionless transition probability rate R, of
an inertial detector that is coupled to the polymer quantized
scalar field has been plotted as a function of the dimensionless
energy £ = E/k, for different values of 3, which corresponds
to different velocities of the detector. The different curves
correspond to = 1.5 (inred), 2.0 (in blue) and 2.5 (in green).

can be expressed as

R.(E) = o R,(E)

=zz/

n=0 m=—oc0
><2/*€|C4n+3(k)|2
x 1 Fo[m +1/2;m +3/2,2m + 1;—(0 k)?]
x W [E + ywany3(k) —ym Q). (24)

2m+1

2m+2)

The integral over k can be evaluated immediately to ar-
rive at

B 1 o0 oo
R, (E) = 2—Z Z; 2m+2

" [2/6* |can+3(k *)|2}
|dwan+s/dk|k=r.
X 1 Fym+1/2;m+3/2,2m + 1; —(0 ki)?],
(25)

2m+1

where k., now denote the roots of the equation
w4n+3(/€*) = (m — E) Q. (26)

Since way,13(k) is a positive definite quantity, we need to
confine ourselves to m > E in the above sum, exactly as
in the standard case. Note that, in the standard situa-
tion, we have just the n = 0 case, with w(k) = k, leading
to k, = (m — E’) Q. Also, in such a case, the quantity
within the large square brackets in the above expression
reduces to unity, thereby simplifying to the result (I5)
we had obtained earlier.
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FIG. 5: The transition probability rate of the rotating de-
tector when it is coupled to a polymer quantized scalar field.
The three curves correspond to n = 0 (in red), n = 1 (in
blue) and n = 2 (in green). We have set ¢ Q = 0.325 and
k., = ok, = 107 in plotting these curves. Note that, in or-
der to 1llustrate the relative magnitude of the three terms, in
contrast to Fig.[Il we have plotted the y-axis on a logarithmic
scale. Clearly, the n = 0 term dominates the contributions to
the transition probability rate of the rotating detector. There-
fore, the higher order terms can be safely ignored.

In order to determine the transition probability rate
of the rotating detector, we need to first determine the
roots k. and evaluate the quantities |ci,13(k)|?> and
|dwant3(k)/dk| at these k.. As we had mentioned in
the inertial case, these seem impossible to evaluate ana-
lytically. However, we find that they can be determined
numerically without much difficulty. Having determined
the roots ki, the quantity |dwan+3(k)/dE| is easy to ob-
tain. We evaluate cqn43(k) just as in the inertial case,
using the Simpson’s rule. Once all these quantities are in
hand, we also need to sum over n and m to arrive at the
complete transition probability rate of the detector. The
sum over m converges rapidly as in the standard case.
In Fig. Bl we have plotted the contributions due to the
the first three terms in the sum over n for specific values
of the parameters involved. It is evident from the figure
that the n = 0 term dominates the contribution.

Let us now turn to examine if polymer quantization
modifies the transition probability rate of the rotating
detector. In Fig.[6l we have plotted the transition proba-
bility rate of the detector for a few different values of k.
We should mention here that, as in the standard case, we
have taken into account only the first ten contributions
in the sum over m in 25 (for the n = 0 case, as discussed
above). We have also examined and confirmed that the
contributions due to the higher terms are indeed com-
pletely insignificant. It is clear that, even for an extreme
value of k, = ok, = 1, the detector response does not
differ considerably from the standard case. This suggests
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FIG. 6: The transition probability rate of the rotating de-
tector that is coupled to a polymer quantized field has been
plotted for different values of k,. We have set o) = 0.325
and have taken into consideration only the n = 0 contribution
to the response of the detector. Note that the different solid
curves correspond to the following values of k, = o ky: 10°
(in red), 10? (in blue), 10 (in green) and unity (in orange).
The dotted black curve corresponds to the standard case we
had plotted in Fig.[Il Evidently, the larger the EP, the smaller
is the deviation from the standard case. This indicates that
the high energy modifications do not alter the response of the
rotating detector considerably.

that polymer quantization does not alter the standard re-
sults appreciably.

V. SUMMARY

The approach due to polymer quantization takes into
account certain aspects that are expected to arise in a
plausible quantum theory of gravitation and arrives at a
modified version of the standard Minkowski propagator.
The response of the so-called detectors that are coupled
to a scalar field are determined by the Fourier transform
of the Wightman function governing the field. In this
work, using the propagator arrived at by polymer quan-
tization, we have investigated the effects of high energy
physics on a variant of the Unruh effect.

It is well known that, while inertial detectors do not
respond in the Minkowski vacuum (when coupled to the
standard quantum field), rotating detectors exhibit a
non-zero response. But, it proves to be difficult to cal-
culate the response of the rotating detector analytically
and one needs to resort to numerics to evaluate the tran-
sition probability rate of the detector. These two results
are easy to understand. As the standard Wightman func-
tion in the Minkowski vacuum is Lorentz invariant, it is
not surprising that inertial detectors do not respond in
such a situation. In contrast, it seems natural to ex-

pect that detectors in non-inertial motion will, in gen-
eral, respond non-trivially in the Minkowski vacuum (in
this context, see, for instance, Ref. ﬂﬁ]) In this work, we
have studied the response of detectors that are coupled
to a scalar field which is quantized through the method
of polymer quantization. After revisiting the case of the
inertial detector which has been studied recently, we had
investigated the response of a rotating detector. It has
been shown earlier that detectors which are coupled to
a quantum field that is described by super-luminal dis-
persion relations are hardly affected. Also, it is known
that the response of the detectors can be altered con-
siderably if they are coupled to a field characterized by
sub-luminal dispersion relations. In the case of a polymer
quantized field, one of the dispersion relations governing
the field behaves sub-luminally over a limited domain in
wavenumber. It is this behavior that is expected to alter
the response of the rotating detector @] However, in
polymer quantization, since the sub-luminal modification
to the dispersion relation is small, we find that, the cor-
responding change in the response of the detector is also
not considerable. Our results confirm similar conclusions
concerning the sub-luminal and super-luminal dispersion
relations that have been arrived at earlier. Specifically,
two phenomena where the effects due to trans-Planckian
physics have been investigated to a considerable extent
are Hawking radiation from black holes and the infla-
tionary perturbation spectra. In both these cases, it has
been found that, while super-luminal dispersion relations
hardly affect the conventional results, sub-luminal rela-
tions can, in principle, alter (depending on the details of
the dispersion relation) the standard results to a good
extent (in this context, see the reviews [30, [31]).

A couple of additional points need to be clarified con-
cerning the responses of the inertial and rotating detec-
tors that are coupled to a polymer quantized field. While
the response of an inertial detector that is coupled to the
standard quantum field vanishes identically, the detector
coupled to a polymer quantized exhibits a non-zero re-
sponse. This may suggest that the modifications to the
response of the inertial detector (when coupled to the
polymer quantized field) are significant. In contrast, the
response of the rotating detector coupled to a polymer
quantized field seems hardly different from the standard
case. We believe that the changes are not necessarily sig-
nificant in the inertial case, as it should be noticed that
the transition probability rate in Fig. @ has been plot-
ted in units of k.. In fact, it is also easy to illustrate a
similar point with the rotating detector. Note that there
exists a static limit in the rotating frame. It has been
shown that a rotating detector coupled to the standard
field ceases to respond when one imposes a boundary
condition on the field at the static limit m] However,
it is easy to argue that a rotating detector coupled to a
polymer quantized field will respond non-trivially (due
to the sub-luminal nature of the dispersion relation) in
the same situation @] This may again naively indicate,
as in the inertial case, that the modification is substan-



tial. However, we know that the modifications are only
minimal in the case without the boundary. These argu-
ments support the fact that the changes to the detector
response in the inertial case cannot be considered to be
substantial. Such a conclusion would also be consistent
with the conclusion we have drawn in the rotating case.

Needless to add, it will be interesting to evaluate the
response of a uniformly accelerated detector that is cou-
pled to a polymer quantized field. However, as we had
pointed out in the introductory section, the polymer
Wightman function does not prove to be translation in-

variant in terms of the proper time in the frame of the
accelerated detector. This poses difficulty in evaluating
the corresponding transition probability rate of the de-
tector. One possible way to deal with this problem is to
evaluate the response of the detector for a finite proper
time interval and examine the behavior of the response
when the duration for which the detector is kept switched
on is much larger than the time scale associated with the
acceleration @] We are currently investigating this is-
sue.

[1] G. Amelino-Camelia, Lect. Notes Phys. 669, 59 (2005)
|arXiv:gr-qc/0412136].

[2] D. Mattingly, Living Rev. Rel. 8, 5
|arXiv:gr-qc/0502097].

[3] S. Hossenfelder and L. Smolin, Phys. Canada 66, 99
(2010) [arXiv:0911.27611 [physics.pop-ph]].

[4] G. Amelino-Camelia, Living Rev. Rel. 16, 5 (2013)
[arXiv:0806.0339! [gr-qc]].

[5] G. M. Hossain, V. Husain and S. S. Seahra, Phys. Rev.
D 82, 124032 (2010) [arXiv:1007.5500] [gr-qc]].

[6] T. Thiemann, Modern Canonical Quantum General Rela-
tivity (Cambridge University Press, Cambridge, England,
2007).

[7] C. Rovelli, Quantum Gravity (Cambridge University
Press, Cambridge, England, 2004).

[8] A. Ashtekar, J. Lewandowski and H. Sahlmann, Class.
Quant. Grav. 20, L11 (2003) |gr-qc/0211012].

[9] A. Ashtekar, S. Fairhurst and J. L. Willis, Class. Quant.
Grav. 20, 1031 (2003) |gr-qc/0207106].

[10] G. M. Hossain and G. Sardar, larXiv:1705.01431] [gr-qc].

[11] A. Garcia-Chung and J. D. Vergara, Int. J. Mod. Phys.
A 31, 1650166 (2016) [arXiv:1606.07406] [hep-th]].

[12] S. A. Fulling, Phys. Rev. D 7, 2850 (1973).

[13] W. G. Unruh, Phys. Rev. D 14, 870 (1976).

[14] B. S. DeWitt, Quantum gravity: The new synthesis, in
General Relativity: An FEinstein Centenary Survey, Eds.
S. W. Hawking and W. Israel (Cambridge University
Press, Cambridge, England, 1979).

[15] L. Sriramkumar and T. Padmanabhan, Int. J. Mod.
Phys. D 11, 1 (2002) [gr-qc/9903054].

[16] L. C .B. Crispino, A. Higuchi and G. E. A. Matsas, Rev.
Mod. Phys. 80, 787 (2008) [arXiv:0710.5373! [gr-qc]].

(2005)

[17] L. Sriramkumar, Fundam. Theor. Phys. 187, 451 (2017)
[arXiv:1612.08579! [gr-qc]].

[18] S. W. Hawking, Comm. Math. Phys. 43, 199 (1975).

[19] G. M. Hossain and G. Sardar, Class. Quant. Grav. 33,
245016 (2016) [arXiv:1411.1935! [gr-qc]].

[20] G. M. Hossain and G. Sardar, Phys. Rev. D 92, 024018
(2015) [arXiv:1504.07856! [gr-qc]].

[21] N. Kajuri, Class. Quant. Grav. 33, 055007 (2016)
[arXiv:1508.00659! [gr-qc]].

[22] V. Husain and J. Louko, Phys. Rev. Lett. 116, 061301
(2016) [arXiv:1508.05338! [gr-qc]].

[23] J. R. Letaw, Phys. Rev. D 23, 1709 (1981).

[24] J. S. Bell and J. M. Leinaas, Nucl. Phys. B 284, 488
(1987).

[25] P. C. W. Davies, T. Dray and C. A. Manogue, Phys. Rev.
D 53, 4382 (1996).

[26] W. G. Unruh, Phys.
|arXiv:hep-th/9804158|.

[27] J. I. Korsbakken and J. M. Leinaas, Phys. Rev. D 70,
084016 (2004) [hep-th/0406080].

[28] S. Gutti, S. Kulkarni and L. Sriramkumar, Phys. Rev. D
83, 064011 (2011) [arXiv:1005.1807 [gr-qc]].

[29] M. Abramowitz and I. A. Stegun Handbook of Mathemat-
ical Functions (Dover, New York, 1972).

[30] T. Jacobson, Prog. Theor. Phys. Suppl. 136, 1 (1999)
[hep-th /0001085].

[31] R. H. Brandenberger and J. Martin, Int. J. Mod. Phys.
A 17, 3663 (2002) [hep-th/0202142].

[32] L. Sriramkumar and T. Padmanabhan, Class. Quant.
Grav. 13, 2061 (1996).

Rept. 307, 163 (1998)


http://arxiv.org/abs/gr-qc/0412136
http://arxiv.org/abs/gr-qc/0502097
http://arxiv.org/abs/0911.2761
http://arxiv.org/abs/0806.0339
http://arxiv.org/abs/1007.5500
http://arxiv.org/abs/gr-qc/0211012
http://arxiv.org/abs/gr-qc/0207106
http://arxiv.org/abs/1705.01431
http://arxiv.org/abs/1606.07406
http://arxiv.org/abs/gr-qc/9903054
http://arxiv.org/abs/0710.5373
http://arxiv.org/abs/1612.08579
http://arxiv.org/abs/1411.1935
http://arxiv.org/abs/1504.07856
http://arxiv.org/abs/1508.00659
http://arxiv.org/abs/1508.05338
http://arxiv.org/abs/hep-th/9804158
http://arxiv.org/abs/hep-th/0406080
http://arxiv.org/abs/1005.1807
http://arxiv.org/abs/hep-th/0001085
http://arxiv.org/abs/hep-th/0202142

