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Introduction

Quantum field theory in bounded domains = Boundary effects

1. Vacuum energy and the Casimir effect: possible explanation for dark
energy

. Flat systems, quantum wires and quantum dots

. Quantum Hall effect and boundary states

AW N

. Atoms in cavities
5. Effects over the topology of the universe
Other effects

> Black holes, open strings, D-branes, etc.
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Quantum field theory in bounded domains = Boundary effects

1. Vacuum energy and the Casimir effect: possible explanation for dark
energy

Introduction

. Flat systems, quantum wires and quantum dots

. Quantum Hall effect and boundary states

AW N

. Atoms in cavities
5. Effects over the topology of the universe
Other effects

> Black holes, open strings, D-branes, etc.

Outline of the talk:
1. Define QFT over bounded domains using AIM formalism for QM over

bounded domains : consistency lemma
2. Spectral characterisation for D =1
3. The boundary renormalization group: equations and flow

4. The vacuum energy and the Casimir effect: atractive, repulsive or null



The free scalar field over R x M ¢ RP+1

Classical dynamics

1 * 1 *
S(¢) = §~/R MdD“x (8"6*8u¢p + m*|6]*) + E/R . dPx¢*Ond
X X
Fo >
—5m = Lép; L=—-A+m

o Canonical quantization and unitarity of QF T = L selfadjoint and non
negative
> L selfadjoint = Asorey-Ibort-Marmo (AIM) first theorem:
characterisation of the set M of selfadjoint extensions of L

> L non-negative: no negative eigenvalues = the strong consistency

condition: characterisation of the set Mg of non-negative selfadjoint

extensions.
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Selfadjointness and non-negativity of L: the sets M and Mg

e Selfadjointness of Ly => first AIM theorem: M = U (L*(OM,CV))
D(Lo) = {v € X(M,C") / o —ip = Ulp— i)}

being ¢ = 1|4, and @ = On| -
e Non-negativity of Ly for any size of 9M => strong consistency condition

Lu>0e i<¢, %@ >0 Ve l2(OM,C).

M = {U €U [L2(OM,C)] | ¥ A=e" € o(U), tan (g) > 0}4

Asorey, Ibort and Marmo, 2005. Asorey and JMMC 2008. JMMC 2009, Asorey and JMMC 2013.
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The case D =1. M =0, L] = M = U(2) and M C U(2) %'J%"fﬂ,:ﬁlﬂs
e Euler parametrisation of U(2) (a € [0,27], B € [-7/2,7/2] and n € S?): o

U = e (cos(B)I + isin(B)n- o) € U(2)

d The Space MF The framework of

Me={U(a, 8,n) e U(R)|0<axf <7} o
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The case D=1. M =0, L] = M = U(2) and M C U(2)

e Euler parametrisation of U(2) (a € [0,27], B € [-7/2,7/2] and n € S?):

U = e (cos(B)I + isin(B)n- o) € U(2)
e The space Mg
Mr={U(a, B,n) € U(2)|0<axp <7}
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Figure: Dirichlet bc (U = —I): a =m, 8 =0. Neumann bc (U=1): a=8=0.
Periodic bc (U =o01): a =n/2, ny =41, B = —ma.
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D =1. M =0, L]. Characterisation of the spectrum Ly € Mg

e Non-zero spectrum of Ly: &(Ly). Spectral function

hu(kia, B,m) = 2ie’™ [((k* —1)cos B + (k* + 1) cosa) sin kL

—  2ksinacoskL — 2k nysin ] .

hu(k) does not characterise zero modes.

o Ly € MF can only have a maximum of one constant zero mode.

MS_P) ={lue Mg/ m==1, ac0,7/2]; f=—ma}

850 Mg, n=+1
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Asorey and J]MMC 2008, 2009, 2013. J]MMC, K.
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Kirsten and M. Bordag 2013
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The boundary renormalization group

e Massless scalar fields in D 4 1-dimensional space-time. Renormalization
group of the boundary condition (boundary renormalization group)

CA+1 U+

MTA-tueg

Boundary renormalization group flow:
~Ltaoe TonUy = — (Ul —
OnUn = o (1= UF) = UfonUn = o1 (Ul - )
Fixed points: U = U". For 1+1Tand M =[0, L] U=+I, +n- o
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Quantum fields

Boundary renormalization group. 1+ 1, M = [0, L] ovr bounded
n = (sin(0) cos(), sin(0) sin(~), cos(0)) Cosaneds

Introduction

e Boundary renormalization group flow

The framework of

1 1 QFT over bounded
a'(N) + A sin(a) cos(B) = 0; B'(N) + A cos(a)sin(B) = 0; domains
The spectrum of
0N + sin(0)7'(N)? = 0 Iy

The boundary
renormalization
group: flow and
equations

The vacuum energy
and the Casimir
effect

Conclusions and
further comments

0'(N) = sin(9)y'(A) =0

[m] = =

"
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Quantum fields

The Casimir effect between two parallel plates: arbitrary over bounded
. e domains

boundary condition M. Mutor
Castaneda

e Strong dependency with the dimension of the space-time

E((J2n+1) B 4( 1) ( 2n+1) L§n+1

/Oo dk K" [0y (k; L) — du(k; Lo)]

S - (47r) 2nt3 (L2n+1 Lc2)n+1)

(2n) The vacuum energy
EU " (47T)7" Lg" /oo 5 a;d the Casimir
=- dk K" [y (k: L) — dulk: L
S F(n+ 1)(2n—127) J, [®u(k; L) u(k; Lo)]

_, _d ),
Pu(kil)=L— o 9 log (h§ (k)

e Note that E )/ = (D)/LD
Asorey and JMMC 2013
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as a function over Mg
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Further comments and conclusions

e Conclusions

>

>

>

Characterisation of QF T-consistent boundary conditions
One-particle spectrum: characterisation of o(Ly)

Scale invariant boundary conditions: fixed points of the boundary RG
flow

Casimirless, attractive, and repulsive boundary conditions

Minimum of the Casimir energy: periodic boundary conditions.
Maximum: anti-periodic boundary conditions

Holomorphicity
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Further comments and conclusions

e Further comments

>

Dependence of the spectral zeta function and heat kernel asymptotic
properties with the boundary conditions (JMMC, K. Kirsten, and M.
Bordag 2013)

Special boundary conditions for graphene systems (Vassilevich et al)

Boundary conditions and topology change in cosmology (Asorey,
Cavero-Pelaez and JMMC)

Lower bounds on the size of compact extra dimensions (Harbach and
Hossenfelder, Phys.Lett.B 2005; work in progress by JMMC)

Arbitrary geometries

Scale invariant boundary conditions in string theories is an open
question
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