Corfu Summer Institute 2021
Humboldt Kolleg on Quantum Gravity and Fundamental Interact
September 20, 2021

Photons & Gravitons in a Casimir box

Massless scalar partition functions & Eisenstein seri

Glenn Barnich

Physique théorique et
mathématique

Université libre de Bruxelles &
International Solvay Institutes

EdinburghCorfu2021 Page 1



Coutents

Hotivadion frow  Llack ol Fh«fs}cc

Forfectly  coudoci “g bovudary  coudifions g spectrom 14, e/ccﬂomsaueﬂ'suu
?Ay\-li*fﬂow fuu,ﬂlorvw dud  wodolav lcul/él/c'em(,e, L1 MﬂWV‘ Z({Wt/
fewend [i3afiow o [iuearized gtﬁétﬂ\/

ﬂawHw anﬂ(t
i olls forstion Wit
Frawceere Alescip

EdinburghCorfu2021 Page 2



Notiva Flow - RH fwv[h‘/ow fou cliow

N

O]szrm“{olf qunga{low %’[/g) = Ty f,,'/Le H

PT  iepreseqtsiion : {W do%s) T Ipell z-% L
f %6 1 v dnt

TeNOo(ic fé‘fﬁc '« Focldesq, Yime of fﬂﬁo‘c{ /§

tp
Sklapl gdZ' [-;Cf'le] R fgae']beﬂ,w/(?}

'tmle%reﬂlc oul  Wowew s Z’= L[Z~f) £~{' 'Jﬂ‘/@
4 oF kP
- —gL { « T 4
- [, ol e N R Y

Moo [oef (ns )17 G0 < 4%qlel) 34 Y

EdinburghCorfu2021 Page 3



Gc‘“sous 9 #dwkt'ug "N Cowt]safz Lég/‘iwg{éw TI foV atid(h'?(tf

Sto [ % Tal R Ly e (i) [ o'y
U 3

Fiuderu i Rewt I WF/MM‘S Diti chlef ﬁamo(c(w’ oudtions

1%

cem;- classicq Cﬁf&uwrow droowd, LRk hoe  Solotion, 3 pv

ENN

W) -y ST o(%)
-
Cou‘f&c'u,.s a[( D'f i/éck ko[b ‘fhe(/m&a/({u,am'cf

A

EMHDFY = ————LI' I

EdinburghCorfu2021 Page 4

3“/30 )



Macw qvedéou,s :

© Wha dlegrees of Lreedow, dve repouclle for Yhic cdtibotia ¢
(o oue coustoct the Hilbert opace dud oo The Yrace
X ozseuen‘w godutizdfiow ¢
Simf[«ev wodels [ nearited 3mubly > e/ea‘(/ou,waueﬁsu
Wiat e go0df (spatial ) bovudavy couditiong ©

v Fiuite ciae effecl [u g89¢ , avau[‘l‘y/cbua/ b scoldy
1C[e(d theor 1e¢

EdinburghCorfu2021 Page 5



ferfedf/t{ Conducﬁu@ ﬁomc/w‘z Cou,alhlclou,s

Sirichlet

el ? bovwd vy cousf ofé ous :
]seo 1

clofce < [trelevant
ouly tu the /éV&e velouwe lineit

udeamddc\% CEN come - ]»ev#ecﬂul couv(uofa'ug BC

‘9” i _ - | _ i

L JW =0 = B /30’ / f
. 4 4
S"Wf e geome‘hft{ : o x : T A
I *rew{cc‘//k{ COL{/J()C‘HMA% T)JVJ llel T/Q"fes : gm‘-()i; of

(3Sou i1 exf{ecf

EdinburghCorfu2021 Page 6



PHYSICS REPORTS (Section C of Physics Letters) 19, no. 6 (1975) 295-357. NORTH-HOLLAND PUBLISHING COMPANY

QUANTUM FIELD THEORY IN CURVED SPACETIME®

Bryce S. DeWITT
Center for Relativity, Department of Physics, University of Texas, Austin, Texas, USA

Received February 1975

Abstract:

Quantum field theory predicts a number of unusual physical effects in non-Minkowskian manifolds (flat or curved) that have
no immediate analogs in Minkowski spacetime. The following examples are reviewed: (1) The Casimir effect; (2) Radiation from
accelerating conductors; (3) Particle production in manifolds with horizons, including both stationary black holes and black holes
formed-by collapse. In the latter examples curvature couples directly to matter through the stress tensor and induces the creation

of real particles. However, it also induces serious divergences in the vacuum stress. These divergences are analyzed, and methods
for handling them are reviewed.
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2.4. The Casimir effect as a problem in manifold structure. The massless scalar field

The method of computation in the above examples, in which we simply pick a set of basis func-
tions appropriate to the desired boundary conditions, underscores the fact that even the Casimir
effect is very much a problem of Riemannian manifold structure. In each case we pick a different
Riemannian manifold — a slab, a half-space, or Minkowski space — and the properties of the va-
cuum depend on our choice. This prompts us to ask whether the properties we have found depend
primarily on the manifold or are peculiar to the electromagnetic field. To answer this question in
general would require the opening up of a whole new line of research. I can only report here on
what I have found in the case of one other field, the massless scalar field.

What boundary conditions should one impose at the edges of a slab-manifold in the case of a
scalar field? Setting the field equal to zero there would seem to be a natural procedure. And yet
this leaves one with an uneasy feeling. What is the analog of a conductor in the case of a scalar
field? In electromagnetic theory we know what a conductor is, both from years of experiment
and years of model building. We do not hesitate to impose the standard boundary conditions for
the electric and magnetic fields, because we know that the theory is consistent on many levels.
Indeed, Boyer [5], in his study of the Casimir effect, has suggested that the electromagnetic field
is unique — that there is no calculable analog of the Casimir effect for fields of other spin. Well,
what are the facts?
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Published online 4 May 2006 | Nature | doi:10.1038/news060501-7
Popular physics myth is all at sea

Does the ghostly Casimir effect really cause ships to attract each other?

Philip Ball
Z Some stories are just too good to be true. And according to physicist Fabrizio Pinto, that's exactly the case
“We have caught g oo totishsed by lviics SRR s Casimir efi
physicistsin the for an analogy routinely used by physicists to illustrate the mysterious Casimir effect.
very act of

The Casimir effect is a strange force of attraction seen between two surfaces separated by empty space. And
it has become almost obligatory for popular artickes on the subject to mention that the same effect also
operates between shps lying close together in a strong swell.

creatingamyth.”

This notion stems from an article published in 1996 by Dutch scientist Sipko Boersima!. He pointed out that the French nautical writer P.
C. Caussée stated i his 1836 book The Album of the Mariner that two ships should not be moored too close together because they are
attracted one towards the other by a certain force of attraction. Boersima suggested that this early observation could be described by a
phenomenon analogous to the Casimir effect,
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