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Ideal mirror

K-G equation and boundary condition
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Set up of the problem

o Expand field ¢(t,x) in terms of space-time harmonics
according to the mirror trajectory z(t)

@ check the commutation relations of the field operator and
its conjugate momentum

@ obtain the free Hamiltonian via the creation and
annihilation operators

o derive the expectation value of the stress—energy tensor

Motivation

This model system evidently can provide insight into more
sophisticated process,such as particle production in cosmological
models and exploding blalck holes
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Field and boundary condition

Atx) =1 [0 & /2 gin(kx) [8 e W — & elwt $ t,0) =0
0 27 k
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( [An,81,] = 270(k — k)

N [3(6:),4(8:)] = i[8(x—y) ~0(xty)]

where 7(t,y) = dd(t,y)
- canonical momentum
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Mirror at rest

The stress-energy tensor

T;w = %(8u¢ au¢+au¢ 6/L¢) - %g;w (aOsz 8a¢+ln2¢2) 76MT;L1/ =0

o0 “+00 dk
[ = /0 Tyt dx = /0 = E(akaf{ + akak)

(T ) = —gemo(x) (g ).
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Mirror moving with constant velocity

In this case consider the velocity 0 < 5 < 1, ¢(t, — ft) =0
Field

(g(t,X) — i Fy‘g:z % \/;iwak(e—iwt—ikx _ e—iwrt+ier) + h.c.

A

[6(t.20.7(ty)] = 1|3 — ¥) — 36[228(1 = B)t + (1 = B4+
y] — 26[2928(1 + B)t + (1 + B)*y*x + y]}

[ wr = (1 + 272w — 28~%k

| ke = 2872w + (1 + B2)v2k
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Mirror moving with constant velocity

H = [%5, T dx = 3 [157[(8:9)% — $82¢ldx, P = [°F, dx Tex

Translation operator

2(— —Bk— _
H-pBP= 'yogm %7 (w 5k)(w2frk B(1—=B)w) [akaif{ + a;f(ék}

Operator of the translations along the mirror is diagonal unlike
the Hamiltonian and Momentum separately

For massless field

H— P =

> dk k
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Mirror moving with constant velocity

(Tix) = lime_y0 3 (Opp(t,x)Oxp(t + ie,x) + Oxb(t,x) 0 (t + ig,x))

Vacuum average of tx-component

(Toe) = =57 BanKo(2my(x + )

For each fixed x, as t = 400, (Ttx) — 0

Boost the mirror at rest

(Tex) = B7° < (: Ty 1) + (- Txr >) = —%m2672K0(2mx’)
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Non-ideal mirror

(83 — 02 +m®+ ad(x)) h(t,x) =0, «>0.

h(t, + 0) = h(t, — 0); Oxh(t, + 0) — Oxh(t, — 0) = ah(t,0).

( efiwt 7 a -
—ikx ikx <0
Ve <e 2k + o > *
hk>0(taX) - e—iwt 2ik i
- — x > 0;
V2w 2ik + «
e—iwt( ) a )
e—lkX + — elkX) x> 0
hk<0(t7X) = ef%c(:é 2ik 21k —
- LS x < 0,
L V2w 2ik — «
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Non-ideal mirror

The quantized field

T A Wt | AT h* () a—iwt
3(t.x) / dk ah(x)e“" + & h*(x)e
xX) = o
2m V2w

[6(t,%),8:0(t,y)] = 10(x — )
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Non-ideal mirror

The Hamiltonian

+oo
A 1 A P A A
fi= 5 [ ax[@d? + @7 + w2 +adP(10)] =
' dk
- / o (Al + afa)
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Non-ideal mirror

The vacuum expectation value of the stress-energy tensor

1 > arctan( 4@% —1)
<T/w> = —Enuu |:M log A — 2a(x) — :|_|_
o2
+F(m,M,x) ((1) 8) .
F(m,M,X) f |: X)9 ( Ciae—2ikx i 21kcia 21kx)_|_

+0(x)0(—k) (Qika—aQQikX u 211?+ae_2ikx)} % — (AN
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Conclusions

o In case of the ideal mirror, the field operator and its
conjugate momentum do not obey the canonical
commutation relations

@ in the presence of moving mirrors the diagonal form has the
H — BP operator rather than H itself

o In the presence of a mirror moving with constant velocity
the expectation value of the stress—energy tensor has a
non-diagonal contribution

o In the case of non-ideal mirror the commutation relations of
the field operator and its conjugate momentum have their
canonical form, as it should be in proper physical situations
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