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Uniformly accelerated detector experiences inertial
vacuum state as thermal bath with Unruh temperature
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W. G. Unruh, Phys. Rev. @4, 870 (1976). b
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Scattering in accelerated frame (thermal bath)
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Translation back into inertial frame

Conversion of (virtual) guantum vacuum fluctuations
Into (real) particlgpairs by non-inertial scattering
Vacuum entanglement: entangled pairs

Compare: P. Chen and T. Tajima, Phys. Rev. 1831.256 (1999).

E.qg., strongly accelerated electrons. ..
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Constant Electric Field (a = 0)

R. S., G. Schaller, and D. Habs, Phys. Rev. L®t.121302 (2006).

Unruh radiation Larmor radiation

— blind spot: quantum (Unruh) radiation dominates
within small forward cone with angle

1 [ E £
?9 = O ("}/ Eg) ] mUm‘uh(ﬁ) = O (E_§> << 1

Schwinger limitEs = m?/q. = O(10'® V/m)
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Laser beam with linear polarization ah@'W /cm?
Counter-propagating electron pulse with= 1000
Laboratory frame: optical photons with ener@y eV

Rest frame of electrons: strongly boosted field
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k + k' = w (resonance) — e
perfectly correlated N Larmor

polarizations 4 I

Unruh effect & Schwinger mechanism in strong lasers? — g.5/1



One-photon Larmor Two-photon Larmor
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Quantum radiation (Unruh): K K’
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Thomson scattering

p?/(2m,) < w g

— low-energy re-summation of
qg(QeEext)n1 cf. eXp {Z(k k,) | re[quxt]}
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Quantum (Unruh) radiation (ct*/E%)
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Classical counterpart (Larmor)

E 1% T
) mor = CXQED {q—} x O (%)

Tmw

One electron withy = 300 after 100 cycles
in Laser field with10'®W /cm? yields

Vunran = 4 x 107 andP;? = O(107)

Larmor
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Larmor monochromatié = w, Unruh notk + k' = w
In rest frame of electron- boost to lab frame

4YO
. ‘@ Larmor
Unruh-, N

Larmor (left), Unruh (right)

0< EF <2MeV,0 < 9 < 1/100

— monochromators

— apertures (e.g., blind spot)

— polarization filters

R. S., G. Schaller, and D. Habs, Phys. Rev. L0, 091301 (2008).
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Problem: non-perturbative imaginary part of
['lA,] = —¢In (in|out) = In|det{i(P) —igd) —m}| =7
 very few analytic solutions{ Dirac operator)

e.g.,E(t) = Ee./ cosh®(t)
« 1D-scattering problem faE(t) = e, f(?)

« approximations: WKB, instanton for
E(t)= Eyf(t)or E(x) = Eyf(x) (i.e., 1D)
« numerical techniques (Monte Carlo worldline)
Keldysh parameter: non-perturbative vs multi-photon

mS) { exp{—mEs/E} : 7K1
fy p— E > P€_|_ _
q
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Strong & slow+ weak & fast pulse-G& experiment)
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Instanton actio,;,; — tunnelling exponent
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Enhancement
fory > n/2

R.S., H.Gles, G. Dunne, |
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« signatures of Unruh effect in near-future facilities
N, =6 x 09, v = 300, 10'*W /cm?, 100 cycles

causally ™. | .
disconnected-.|.-" [Choizon
region [

 detectability?
spatial interference of many electrons?

e Schwinger mechanism?
E &« Es =m?/q. = O(10"® V/m)

R. S., G. Schaller, and D. Habs, Phys. Rev. L®t.121302 (2006).
R. S., G. Schaller, and D. Habs, Phys. Rev. L0, 091301 (2008).
R. S., H. Gies, G. Dunnar Xi v: 0807. 0754
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Spin- and energy-independent Thomson scattering

Lelectron — _me\/l — 7;2 — (e T - A(’I")
Split A = AH + A ~ r= T+ or | yields

L= (B - BY) — L A28yl — )1 - #1

Planar Thomsor-wave scattering witly = ¢ /m,
€

- ) ﬂ%\
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Perturbation theory for small coupling= ¢*/m.

’OU‘t> — ‘O> T Z Q[k,)\,k',)\’ ’kv )\7 klv )‘/> T 0(92)
kK" N

Two-photon amplitude of created pairs

e - €L/ .
A k!N = kA~ koA dtg\/l—rz[t] X

21V kk'
x exp {i(k + Kt —i(k + k') - r.[t]}

Depends on electron’s trajectory|t|
Always entangled photon paieg, ) - e
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