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Anti-de Sitter space: adS4

4D hyperboloid embedded in a 5D Minkowski spacetime
ds? = 1% sec® p[—dt? + dp? + sin p (dO? + sin2 0 d¢?)]
0<p<7/2, 0<O<m 0<o¢p<2mr, —7<t<m

closed time-like curves...covering space (CadS)



Properties of anti-de Sitter space-time

maximally symmetric
solution to Einstein’s field
equation

constant negative curvature
AN=-3/L?

time-like boundary at
p=m/2

adS not a globally
hyperbolic space-time

need to impose boundary
conditions !

1 Avis, Isham, Storey, PRD; 1978; Dappiaggi, Ferreira, Marta, PRD;-2018



Boundary conditions

Impose boundary conditions on radial solution of ®(t,x) at
the time-like boundary, p = 7/2. (x = p, 0, ¢)

Dirichlet b.c.

o(t,x) =0
Neumann b.c
0d(t,x) _0
dp

Robin b.c
®(t,x)cos¢ + 8¢é/t0, x) sin(=0 for (€l0,n]

¢ =0 — Dirichlet ( =m/2 — Neumann



Vacuum polarisation (VP) in adS4 with Robin b.c. 3
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® Neumann b.c. gives the generic behaviour of VP at the
space-time boundary

® Does the same occur with <7A'W>?

3Mor|ey, Taylor and Winstanley, CQG; 2021



Euclidean space

Wick rotation t — iT

ds? = L?sec? p[dT? + dp? + sin? p (d6? + sin? 0 d¢?)]
Green's function unique and well defined

no need for ‘i€’ prescription

simplifies numerical calculations



Calculating (1| ﬁw\w

Euclidean Green's function, GE(x, x)

(W] T l00) =

= lim
x'—x

{’EW(X,X’)GE(X,X’)},

where
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g 1s the bivector of parallel transport

Decanini and Folacci, PRD; 2008



Euclidean Green's functions

massless, conformally coupled scalar field on adS4 °

GE(x,x') = Gh(x,x") cos® ¢ + GY(x,x") sin® ¢ + GR(x,x)sin 2,
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where  cosvy = cosf cos @ + sinfsin @ cos Ag

5Mor|ey, Taylor, Winstanley, CQG; 2021



Regular/Robin contribution
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2|r( iw—t—2€+2)|2 COSC o |r( iw+26+1 )‘2 sin C

2|M(“552) 2 sin ¢ + (#4522 cos

DS, = (20 + 1)|T(1 + £+ iw)|? [
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calculating (T,,)°

GE(x,x") = Gh(x, x') cos® ¢ + G (x,x")sin® ¢ + Gg (x, x') sin 2¢,

<7A'W>C = “23 Ey(x,x’){Gg(x,x') cos® ¢ + GE(x,x")sin?¢

x'—x

+ GE(x,x')sin 2C}.

<7\_MV>$en = <7A_MV>2n COS2 C + <7A_MV>1r\i.n sin2 C
+ lim {EV(X,X/)G}]%(X,X/)}Sin 2¢
x'—x



( ,UV>|]f?en and  ( IU/>1r\rIen
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1 1 4 8 16 8
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t 1 1 2
+ 8C7<:2LP4 {[_chczp cos2p So (%p) + gcotp G (%p) + gcos P S (% p)] Suv
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fn(x) = 30T = 1)7Y, Splx, p) = > a"(=1)"(e™ — 1) sin(2np),

Cm(x, p) = in’"(—l)"(e"* — 1) cos(2np).

Allen, Folacci, Gibbons, Phys. Lett.; 1987



v.e.v with Dirichlet and Neumann b.c.

® retains maximum symmetry of adS
~ \D/N ~ \D/N
<T/w>0/ = 8Ly, O‘:(T[DO/ /4
® m.c.c scalar field ... trace anomaly in adS4

s DN _ 1
(Ti)o 2407214 (1)

¢ independent of boundary conditions (D = N)

~r\D/N _ 2, D/N _ ,29.D/N _ 1
(THo™ =(THe'" =(Tg)o =~ 960-21% (2)

Allen, Folacci, Gibbons, Phys. Lett.; 1987: Kent, Winstanley, PRD;-2015



v.e.v with Robin b.c
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t.e.v. with Robin b.c. (k = 27/3)
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t.e.v with Robin b.c
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pressure deviators, M¢ with Robin b.c.
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Conclusions

v.e.v. of <7A';L’> is a constant for both Dirichlet and Neumann
boundary conditions.

Temperature breaks the underlying symmetry of adS

Robin boundary conditions also break the underlying
symmetry for both vacuum and thermal states for all

Both v.e.v. and t.e.v. of <'IA_K> converge to the common
vacuum Dirichlet/Neumann result at the space-time boundary
for all Robin boundary conditions.



Future work ...

® VP in adS3 for general m and & 8
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® v.evand tev of (f'ﬁ) for scalar field with general mass and &
in adS3 with Robin b.c.

° <7A7f>5) and <7A_,'j>6v are different

o (ﬁf)gﬁ — Neumann result at space-time boundary ?

8Namasivayam and Winstanley, GRG; 2023



Thank You

....any questions?

(vectorstock.com and redbubble.com)




