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1. Introduction

One of the most striking predictions of quantum field theory in
curved spacetime is Hawking radiation - the prediction that quan-
tum effects near the event horizons of black holes cause them to
emit radiation. Since Hawking’s initial derivation [1] the result has
been derived in many different ways and appears to be a robust re-
sult of quantum field theory. At the same time this result leads to
the notorious black hole information loss paradox (see [2] for a re-
view) which has remained intractable despite many years of effort.

Locality is one of the key assumptions that leads to this para-
dox. It has been argued that giving up locality can modify Hawk-
ing’s result and resolve the black hole information loss paradox.
While the possibility of resolving the paradox using non-locality
has been studied in the context of black hole complementarity
(originally in [3,4], see [5] for a modern version), surprisingly there
has been no rigorous attempt at studying Hawking radiation in ex-
plicitly non local theories. In this paper we fill this gap.

Non local field theories have been studied for a long time (an
early review is [6]). These theories have field equations which in-
volve infinitely many derivatives. Modern work on the subject has
focused on non local theories of graviation and cosmology [7-28].
We refer the reader to [29] for a comprehensive review of non lo-
cal field theory in general, to [30] for a review of non local gravity
and [31] for an interesting discussion of the subject.

In this paper we will consider Hawking radiation in a general
class of non local field theories. We will consider theories that are
governed by an equation of the form:
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Og(F(Og))¢ =0 (1)

where F is an analytic function that is everywhere non zero and
Og denotes the d’Alembartian in a general spacetime with metric
guv- An important sub-class of this class of theories are theories
with a minimal length or UV cut-off. An example of such a theory
is

0g (e ) =0 (2)

where [ is some length scale, typically a UV cut-off or a minimal
length. Naively, one would expect that the existence of a minimal
length modifies Hawking radiation. Our aim in this paper is to rig-
orously test this hypothesis.

The class of theories (1) is the most general class of non local
theories that reduce to free field theory in the IR [32]. Examples
of propagators which follow (2) arise in field theories in non com-
mutative spacetimes [33-35].

In [36] Unruh effect had been studied in these theories of the
form (1). By determining the Bogoliubov coefficients, it was shown
that Unruh effect remained unmodified in these theories. The same
result was obtained using the method of Unruh-DeWitt detector
[37] and further confirmed in [38], which also explored Lorentz
violating theories. These results confirm the universality of Unruh
effect in the above class of non local theories. In this paper we
show that Hawking radiation is also unmodified. Our derivation
follows the same chain of logic as [36].

To prove that Hawking radiation is unmodified for the nonlo-
cal theories described above, we follow the derivation of Hawking
radiation by Fredenhagen and Haag [39]. This is both the cleanest
derivation of Hawking radiation (Hawking’s original derivation in-
volved the S-matrix, which does not actually exist in this case. See
[40] for a discussion.) and the closest in spirit to the derivation
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of Unruh effect using Unruh-DeWitt detectors (see also [41]). We
prove in this paper that for non-local theories which follow, the
Fredenhagen-Haag derivation of Hawking radiation goes through
completely.

The possibility of quantum gravity modifications to the Freden-
hagen-Haag derivation had been raised in [42] and clarified in [43]
in the context of a higher (but finite) derivative theory. Our work
is close in spirit to the latter as we ask the same questions, but
about non local field theories with infinitely many derivatives.

Our result establishes the universality of Hawking radiation in
the general class of non local field theories of the form (1). Thus
we show that relaxing the condition of locality does not necessar-
ily resolve the black hole information loss paradox.

We note that the non-locality we consider here is solely in
the field theory. In quantum gravity, one expects a breakdown of
locality of space-time itself. It is possible that the black hole in-
formation paradox may be resolved by considering the non-local
effects induced by fluctuations in space-time. This possibility has
not been considered in this paper.

Our paper is organized as follows. In the next section, we will
present a brief sketch of the derivation of Hawking effect given
by Fredenhagen and Haag. We will highlight the key preconditions
for the result. In the third section, we will supply proof that the
derivation goes through for fields which follow (1).

2. The Fredenhagen-Haag derivation
This section briefly reviews the derivation by Fredenhagen and
Haag. See also [44] and [45] for discussions.

We consider a spherically symmetric collapse. Outside the star
the metric is Schwarzschild:

2M 2M\ ™!
ds? = — (1 - T) de* + (1 - T) dr?+r?(do? +sin® 0dp?)
(3)

It is useful to define the coordinate rx:

r«=r-+roln

r
o — 1 (4)

Here ro denotes the Schwarzschild radius.
T=t+r*x—r (5)

We consider a scalar field which satisfies

Ogp=0 (6)

where Og is the covariant D’Alambertian in this spacetime.

Now we consider a detector placed in some spacetime region O
far from the horizon at a very late time. We consider the detector
to be centered around a point r = R,t =T such that

T>R, R>r

The detector will be represented by the observable C = Q*Q
where

Q- / ¢ COh(x)V/gld*x ™)

Where h(x) is a smooth function with support in O.
Now for each tg € [a, b] where

a=inf{t:(t,r,0,¢) € supph}
b =sup{t: (t,r,0,¢) € supph}

Corresponding to a given function h(x) there will be a unique so-
lution to the following Cauchy problem:

Og fto(x) =0 (8)

atffo(t05r797¢):h(t09r397¢) (9)

fl’o(t07r795¢)20 (10)

This allows us to write

st = [ d [ ot 900810~ o038 (11)
=ty

Which simplifies to

o (h) = / dot ¢ (03, f () — F (X)) (12)
x

where

fx) = f dto fig (%) (13)

As ¢ and f both satisfy the Klein Gordon equation, right hand
side of (12) is independent of X. Therefore we may choose X to
be the surface T = 0. We then have

(€) =) (h))
_ f dot1d ™2 (¢ (1) (62)) By, s £ (1) f (2) (14)

This equation relates the response rate as measured by the de-
tector to the Wightman function in regions where f(x) and its
derivative have support. The only property of the field ¢(x) that
we have used in arriving at (14) is that the field satisfies (6).

The next step is to find where the solutions of (8) with Cauchy
data (9), (10) have support. For T > 0 the support will lie out-
side the horizon and one needs to solve the wave equation in the
Schwarzschild metric to calculate it. If the detector is considered to
be at time T — oo, on the surface T =0 f will have support con-
centrated near rx — doo [46]. That is, the function f will split
into two parts - one part f_ with support arbitrarily near the
horizon and the other f. supported arbitrarily near spatial infin-
ity. The right hand side of (14) will then have contributions from
f—, f+ and a cross term. If we assume that the two point function
is bounded at infinite spacelike separation, then it can be shown
that the contribution of the cross term to (14) vanishes. The con-
tribution of the f, term is independent of the existence of the
Black Hole and can be ignored.

Thus we have the expression for the response function of the
detector:

(C) =( (h1)p (hy))
=/do*“do“z<¢(x1)¢(xz)>5Z5Zf_(x1>f_(xz) (15)

which involves the two point function in an arbitrarily short dis-
tance neighborhood of Tt =0,r=rg
It is then straightforward to show that (C) will vanish unless

0 0
lim A2—7<¢(Axl)¢(xxz)> #0 (16)
2

=0 3x 9
Which will hold only if the Wightman function (¢ (Ax1)¢(Ax2)) has
a short distance singularity.

This is the key result that we will need. We note that we
arrived at this result using the following properties of the field
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theory: (i) The field ¢ (x) satisfies (6) (ii) The two point function is
bounded.

If one further assumes that the Wightman function near the
black hole has leading order singularity structure given by the
Hadamard form, one arrives at the result that the response rate
of the detector would be that produced by radiation at tempera-
ture 4;—“].

3. Non local theories and Hawking radiation

The class of non-local theories we consider are given by (1)

Og(F(Og))¢ =0 (17)

where F is an analytic function that is everywhere non-zero and
Og is the d’Alembartian in the same spacetime considered in the
previous section.

What are the solutions to this equation? Here we use a key
result from the theory of differential equations with infinite deriva-
tives which states that the number of independent solutions of an
infinite order differential equation is equal to the number of poles
in its propagator [10]. Now from the fact that F is analytic and
everywhere non-zero, it follows that for (1) and for Og¢ =0, the
number of solutions to the two equations are the same.

But solutions to Og¢ = 0 already satisfy (1). It follows then that
the only solutions to (1) are the solutions to Og¢ = 0.

We now proceed to canonically quantize the theory. As we have
obtained the space of solutions, the next step is to define an inner
product. This is given by the usual Klein Gordon inner product

(1| P2) =i/\/f_1d3xn“(<1>’{8u<1>2 — D9, P%)
D)

where as usual X is a space-like hypersurface, h is the induced
metric on ¥ and n* is the forward pointing normal on X. It is
easy to check that for fields which are solutions of (1) this inner
product is independent of the choice of X.

One can now choose an orthonormal basis in the space of so-
lutions f; and expand the field operator as:

= aifi+df (18)
Then

ai = (fi, $)

and

al=—(f,g)

Now, as in the flat case we quantize the theory by demanding
that:

[ai,a];-] = djj
[ai,a;]1=0

Typically, such canonical commutation relations cannot be im-
posed in the case of nonlocal theories, even in flat spacetime (see
for instance [47]). However these complications only arise for field
equations g(0)¢ = 0 when the function g~! has further singu-
larities than only at zero. In our case g(O) = OF(O) and F being
analytic everywhere g~ has no further singularities. Following the
steps of [47] one can check that the commutation relations remain
unchanged in the class of theories we have considered. Thus we
have obtained the canonical quantization of the theories (1).

Now we proceed to retrace the steps of the Fredenhagen-Haag
derivation for the class of non-local theories we have considered.
From the fact that the solutions for the field equations as well as
the inner product are the same, we see that all steps up to (16)
go through. This shows that the Hawking radiation for non local
theories depends only on the short distance Wightman function
of the theory. Note that this is not the case for higher but finite
derivative field theories.

We now need to deduce the Wightman function for the theory
(1). To do this, we note that the Wightman function satisfies the
following equation:

Og{p(Ax1)p(Ax2)) =0

Now from the argument above about the solutions to (1) it
follows immediately that the Wightman functions for the two the-
ories are also identical. Note that this is not true for the time
ordered correlation functions of the two theories.

Therefore all the steps of the Fredenhaagen-Haag derivation go
through unmodified.

This proves that Hawking radiation is unmodified in the class
of non local field theories given by (1).

To conclude, we have shown that Hawking radiation is unmod-
ified in a general class of non local field theories. This extends
Hawking’s result to a wider class of theories. It shows that non-
locality of the form considered above (equivalently minimal length
in theories of the type (1)) does not modify Hawking’s result and
therefore cannot lead to a solution of the black hole information
loss paradox.

This result can be understood from the point of view of field re-
definition. Under a suitable field redefinition, non-interacting non-
local field theories of the type considered can be mapped to non-
interacting local field theories, for which such a result is expected.

In the future it will be interesting to check if the result goes
through when interacting non local field theories are considered.
Whether quantum gravity modifications to locality can resolve the
paradox also remains an open question.

Acknowledgements

We would like to thank Leonardo Modesto and L. Sriramkumar
for valuable discussions. N.K would also like to thank Alok Laddha
and Gaurav Narain for helpful discussions.

References

[1] S.\W. Hawking, Euclidean quantum gravity, Commun. Math. Phys. 43 (1975)
199, Commun. Math. Phys. 43 (1975) 167.

[2] S.D. Mathur, in: Strings, Supergravity and Gauge Theories. Proceedings, CERN
Winter School, CERN, Geneva, Switzerland, February 9-13, 2009, Class. Quan-
tum Gravity 26 (2009) 224001, arXiv:0909.1038 [hep-th].

[3] L. Susskind, L. Thorlacius, J. Uglum, Phys. Rev. D 48 (1993) 3743, arXiv:hep-th/
9306069 [hep-th].

[4] L. Susskind, L. Thorlacius, Phys. Rev. D 49 (1994) 966, arXiv:hep-th/9308100
[hep-th].

[5] K. Papadodimas, S. Raju, Phys. Rev. D 89 (2014) 086010, arXiv:1310.6335 [hep-
th].

[6] G.V. Efimov, Commun. Math. Phys. 5 (1967) 42.

[7] E.T. Tomboulis, arXiv:hep-th/9702146 [hep-th], 1997.

[8] S. Nojiri, S.D. Odintsov, Phys. Lett. B 659 (2008) 821, arXiv:0708.0924 [hep-th].

[9] S. Deser, R.P. Woodard, Phys. Rev. Lett. 99 (2007) 111301, arXiv:0706.2151
[astro-ph].

[10] N. Barnaby, N. Kamran, J. High Energy Phys. 02 (2008) 008, arXiv:0709.3968
[hep-th].

[11] N. Barnaby, J.M. Cline, ]J. Cosmol. Astropart. Phys. 0806 (2008) 030, arXiv:0802.
3218 [hep-th].

[12] S. Jhingan, S. Nojiri, S.D. Odintsov, M. Sami, I. Thongkool, S. Zerbini, Phys. Lett.
B 663 (2008) 424, arXiv:0803.2613 [hep-th].

[13] S. Capozziello, E. Elizalde, S. Nojiri, S.D. Odintsov, Phys. Lett. B 671 (2009) 193,
arXiv:0809.1535 [hep-th].

[14] E. Elizalde, E.O. Pozdeeva, S.Yu. Vernov, Phys. Rev. D 85 (2012) 044002, arXiv:
1110.5806 [astro-ph.CO].


http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4861776B696E673A313937347377s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4861776B696E673A313937347377s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4D61746875723A323030396866s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4D61746875723A323030396866s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4D61746875723A323030396866s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib537573736B696E643A313939336966s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib537573736B696E643A313939336966s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib537573736B696E643A313939336D75s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib537573736B696E643A313939336D75s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib50617061646F64696D61733A323031336A6B75s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib50617061646F64696D61733A323031336A6B75s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4566696D6F763A31393637706A6Es1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib546F6D626F756C69733A313939376767s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4E6F6A6972693A323030377571s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib44657365723A323030376A6Bs1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib44657365723A323030376A6Bs1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4261726E6162793A323030377665s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4261726E6162793A323030377665s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4261726E6162793A32303038666Bs1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4261726E6162793A32303038666Bs1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4A68696E67616E3A32303038796Ds1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4A68696E67616E3A32303038796Ds1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4361706F7A7A69656C6C6F3A323030386775s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4361706F7A7A69656C6C6F3A323030386775s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib456C697A616C64653A323031317375s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib456C697A616C64653A323031317375s1

322 N. Kajuri, D. Kothawala / Physics Letters B 791 (2019) 319-322

[15] T. Biswas, T. Koivisto, A. Mazumdar, ]. Cosmol. Astropart. Phys. 1011 (2010) 008,
arXiv:1005.0590 [hep-th].

[16] J.W. Moffat, Eur. Phys. J. Plus 126 (2011) 43, arXiv:1008.2482 [gr-qc].

[17] N. Barnaby, Nucl. Phys. B 845 (2011) 1, arXiv:1005.2945 [hep-th].

[18] G. Calcagni, G. Nardelli, Phys. Rev. D 82 (2010) 123518, arXiv:1004.5144 [hep-
th].

[19] S. Nojiri, S.D. Odintsov, Phys. Rep. 505 (2011) 59, arXiv:1011.0544 [gr-qc].

[20] T. Biswas, E. Gerwick, T. Koivisto, A. Mazumdar, Phys. Rev. Lett. 108 (2012)
031101, arXiv:1110.5249 [gr-qc].

[21] L. Modesto, Phys. Rev. D 86 (2012) 044005, arXiv:1107.2403 [hep-th].

[22] S. Deser, R.P. Woodard, J. Cosmol. Astropart. Phys. 1311 (2013) 036, arXiv:1307.
6639 [astro-ph.CO].

[23] L. Modesto, L. Rachwal, Nucl. Phys. B 889 (2014) 228, arXiv:1407.8036 [hep-th].

[24] V.P. Frolov, A. Zelnikov, T. de Paula Netto, ]. High Energy Phys. 06 (2015) 107,
arXiv:1504.00412 [hep-th].

[25] V.P. Frolov, Phys. Rev. Lett. 115 (2015) 051102, arXiv:1505.00492 [hep-th].

[26] G. Calcagni, L. Modesto, Phys. Lett. B 773 (2017) 596, arXiv:1707.01119 [gr-qc].

[27] G. Calcagni, L. Modesto, G. Nardelli, arXiv:1803.07848 [hep-th], 2018.

[28] G. Calcagni, L. Modesto, G. Nardelli, J. High Energy Phys. 05 (2018) 087, arXiv:
1803.00561 [hep-th].

[29] E.T. Tomboulis, Phys. Rev. D 92 (2015) 125037, arXiv:1507.00981 [hep-th].

[30] L. Modesto, L. Rachwat, Int. J. Mod. Phys. D 26 (2017) 1730020.

[31] L. Buoninfante, G. Lambiase, A. Mazumdar, arXiv:1805.03559 [hep-th], 2018.

[32] T. Biswas, S. Talaganis, Mod. Phys. Lett. A 30 (2015) 1540009, arXiv:1412.4256
[gr-qc].

[33] A. Smailagic, E. Spallucci, J. Phys. A 36 (2003) L467, arXiv:hep-th/0307217
[hep-th].

[34] A. Smailagic, E. Spallucci, J. Phys. A 36 (2003) L517, arXiv:hep-th/0308193
[hep-th].

[35] A. Smailagic, E. Spallucci, J. Phys. A 37 (2004) 1, arXiv:hep-th/0406174 [hep-
th], Erratum: J. Phys. A 37 (2004) 7169.

[36] N. Kajuri, Phys. Rev. D 95 (2017) 101701, arXiv:1704.03793 [gr-qc].

[37] L. Modesto, Y.S. Myung, S.-H. Yi, Phys. Rev. D 97 (2018) 044016, arXiv:1710.
04367 [gr-qc].

[38] Y. Gim, H. Um, W. Kim, Phys. Lett. B 784 (2018) 206, arXiv:1803.08801 [physics.
gen-ph].

[39] K. Fredenhagen, R. Haag, Commun. Math. Phys. 127 (1990) 273.

[40] R.M. Wald, Quantum Field Theory in Curved Space-Time and Black Hole Ther-
modynamics, Chicago Lectures in Physics, University of Chicago Press, Chicago,
IL, 1995.

[41] K. Fredenhagen, R. Haag, Commun. Math. Phys. 108 (1987) 91.

[42] T. Jacobson, Phys. Rev. D 44 (1991) 1731.

[43] N. Hambli, C.P. Burgess, Phys. Rev. D 53 (1996) 5717, arXiv:hep-th/9510159
[hep-th].

[44] R. Haag, Local Quantum Physics: Fields, Particles, Algebras, 1992.

[45] H. Salehi, Class. Quantum Gravity 10 (1993) 595.

[46] ]J. Dimock, B.S. Kay, Ann. Phys. 175 (1987) 366.

[47] D.G. Barci, LEE. Oxman, M. Rocca, Int. J. Mod. Phys. A 11 (1996) 2111, arXiv:
hep-th/9503101 [hep-th].


http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4269737761733A323031307A6Bs1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4269737761733A323031307A6Bs1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4D6F666661743A323031306268s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4261726E6162793A323031306B78s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib43616C6361676E693A323031306162s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib43616C6361676E693A323031306162s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4E6F6A6972693A32303130776As1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4269737761733A323031316172s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4269737761733A323031316172s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4D6F646573746F3A323031316B77s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib44657365723A32303133757961s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib44657365723A32303133757961s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4D6F646573746F3A323031346C6761s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib46726F6C6F763A32303135626961s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib46726F6C6F763A32303135626961s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib46726F6C6F763A32303135627461s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib43616C6361676E693A32303137736F76s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib43616C6361676E693A32303138676B65s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib43616C6361676E693A323031386C7964s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib43616C6361676E693A323031386C7964s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib546F6D626F756C69733A32303135676661s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4D6F646573746F3A32303137736472s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib42756F6E696E66616E74653A323031386D7265s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4269737761733A32303134747561s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4269737761733A32303134747561s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib536D61696C616769633A323030337962s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib536D61696C616769633A323030337962s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib536D61696C616769633A323030337270s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib536D61696C616769633A323030337270s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib536D61696C616769633A323030347979s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib536D61696C616769633A323030347979s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4B616A7572693A323031376A6D79s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4D6F646573746F3A3230313779637As1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4D6F646573746F3A3230313779637As1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib47696D3A32303138726379s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib47696D3A32303138726379s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib46726564656E686167656E3A313938396B72s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib57616C643A313939357970s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib57616C643A313939357970s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib57616C643A313939357970s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib46726564656E686167656E3A313938366A67s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib4A61636F62736F6E3A313939316772s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib48616D626C693A313939357070s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib48616D626C693A313939357070s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib486161673A313939326878s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib53616C6568693A31393933677As1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib44696D6F636B3A313938376869s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib42617263693A313939356164s1
http://refhub.elsevier.com/S0370-2693(19)30160-1/bib42617263693A313939356164s1

	Universality of Hawking radiation in non local ﬁeld theories
	1 Introduction
	2 The Fredenhagen-Haag derivation
	3 Non local theories and Hawking radiation
	Acknowledgements
	References


