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Casimir enerqy

1. Isotropic radiation with power spectrum w* is Lorentz-invariant
(Einstein, 1917);
Van der Waals force 1/¥ (London, 1930)
Relation to Cosmological constant (Pauli, 1934, Davies, 1984)
Casimir Polder Force 1/ (1947)
Attraction between metallic plates (Casimir, 1948) comments
Lifshitz theoty for dielectric media (Lifshitz, 1956, Dzyalonishiniskii 1961)
Observation of Casimir effect (Sparnaay, 1958,
Lamoureux (5%), 1997), Chan etal, (1%), 2001)
Unruh effect & Hawking radiation (Hawking 1974, Unruh 1976)
Sonoluminescence (Schwinger, 1993, Eberlein, 1996) comments!
10. Quantum friction and sheering the quantum vacuum (Pendry, 1998),
comments!
11.  Gsimir momentum in magneto-electric media (Feigel, 2004). Comments!
12. Gasimir momentum of magneto-chiral media (Donaire, BVT, 2015)
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Photons in Homogeneous media
Photons interact with 3 magnetic field (T)

a)(kO'B)2

= (k + ol/'B )2 Faraday effect (1846)

O

Photons are bent by 3 magnetic field
V, = % (E +0 % B )

Landau & Lifshitz ECM exercice

Rikken & Van Tiggelen (1997).

Photons probe chirality of matter (P)
5 w(k,o)?

Co

Photons probe magneto-chirality (PT)

Magneto-chiral effect. Pasteur, 1884
— 2 Groenewege, Mol. Phys. (1962)
o (k t Vg B ) Kleindienst & Wagniére, CPL 288 (1998)
Rikken & Raupach, Nature (1997)

=1+ 09)k? Rotatory power (1811)
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Photons in Bi-anisotropic Medi
D)= el@ElH+g()B(o)
H(@)=g" ()-E@)+ u()'B()

Y
g; (@) i go; g; (@) (1- &)ey C_I gij(“)): 9 (EiOBJQ - BiOE?)
0
Rotatory power Fizeau effect Magneto-electric birefringence
102 10-8 i, 10-15
ki w(k)
e w(k) . R
Vv ]
\ Eox Bo

Bart van Tiggelen GDR Aussois 2018


http://www.cnrs.fr/

« Momentum from Nofb/hg »

ek ending
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Quantum Vacuum Contribution to the Momentum of Dielectric Media

A. Feigel™

Department of Complex Systems, Weizmann Institute of Science, Rehovot 76100, Israel
(Received 3 February 2003; published 16 January 2004)

Momentum transfer between matter and electromagnetic field is analyzed. The related equations of
motion and conservation laws are derived using relativistic formalism. Their correspondence to various,
at first sight self-contradicting, experimental data (the so-called Abraham-Minkowski controversy) is
demonstrated. A new, Casimir-like, quantum phenomenon is predicted: contribution of vacuum

applications lie in fields of microfluidics or precise positioning of micro-objects, e.g.. cold atoms or
molecules.

DOI: 10.1103/PhysRevLett.92.020404 PACS numbers: 03.50.De, 42.50.Nn, 42.50Vk
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Photons in EM Semi-classical guantum vacuum

force on particle dispersive force Abraham force

I I ;]

0,(pv) +V-U = +P VE, +M, VB _+—03,(PxB)

Co
1
—0(EXB)+V-T = —P,VE, —M,VB, ——0,(P xB)
0 0
1 3 2¢. T —
at(1\1[v+4mofd rEle)+fd1$ T, =0
force on particle EM momentum  radiative force
(1 5 1 _ 2 hoy;
E B a dkgha)k xg(a))onBO —37[3(:3gE0><B0
<0‘47zc0‘0>oC< 1. .1 v
— _ 11— = \/
COI d°k zha)k x[g(a)) 1]Co Plasi
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Observation of the Abraham Force

EO=450 V/mm,; BO=1T

Ex: Helium «(0)0.22 107°Cm?V (16.68)
p=0.17 kg/m*(room T S/ units)
g=0.017 10" *m/\VT

e,a(0)EB Classical Abraham .
oy = (0) ~ 0.3 nm/sec Force For = 7-107 N
2m, N, F, 10 N
_m h _
VEeigel — 4 24 gEB~ 0.02 nm /sec Semi-classical QED with cut-off
Pe 0.1 nm (Feigel)

Voep € Vg X(720) #0.001NM/SEC  Rigorous QED (Kawka, 2012)
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dp dE
= C((O) E X B Abraham force

dt
Acoustic  P(w)F Pyt a(0)x Ex Bx wx cosewrx nx L
pressure V= 8 nm/sec+- 0.8
T Feigel correction: 2 nm/sec
H i B® Excluded by errorbars
i -
Mic A Mic B 8
N/
S 6f E=450 V/mm;
PSD ; K, mm;
W E B=1 T;
e f= 7.6 kHz
S 4
| ;:: | air
He
oP/(EB) . -
0 2 4 & 8 10
oty (10749 Cm2/V) a(O)
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Photons in Heterogeneous, chiral media

1 call any geometrical figure, or group of points, chiral, and s3y it has chirality, ifits
image in 3 plane mirror, ideally realized, cannot be brought to coincide with itself

Lord Kelvin, 1904

Chirality is quantified by a rotationally invariant pseudo-scalar

g(rl, rz, T3, ...) — _g(_rl, _rz, _r3, ...)=g(RT1, er, RT3, ...)

-
-
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Photons in Heterogeneous, magnetochiral media
do / __do / _do /
d_.Q(k'k ;g;B) — d_ﬂ(_k ’ —k,g, _B)_d_ﬂ(_k: —k ) _g'B)

2 = Fo(k - k') +V Fy(k - k') det(B, k, k')+V Fyyc(k - K')B -(k+k )
Mie scattering Photon Hall Effect : Magneto-chiral super-current:
1908 Rikken BVT 1996 never observed
X 7\ k' LTT B
r— 2, — o
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Photons in semi-classical quantum vacuum

3
hw”

(0|Eq (2, w')E} (z,w)|0) = §(w' — w)

2imcleg

X (Gﬁb(:ﬂ!: fﬂlw) — Gbﬂ($: mf‘w)*jﬂ

an electromagnetic "London" super current ?

J = qgpA = (0|S|0)~gVEB?
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Photons in semi-classical guantum vacuum

(partially) unproven theorem:
FDT= (0| fd3r Ex H|0) =0

twisted electric dipoles
Pey= <O‘ 47:Cofd3r E x B‘ > = 0 because B=H
twisted magnetic 4 IPO/@5 finite & nonzero
P., ~hVB ()Iisgi 7 Sin(2y) negligeable N
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Casimir momentum in QED

F=qvx B

ﬁ\_% F=q(E+v xXB) Lorentz force
/

g 1o F=a(0)>=(ExB) Abraham force
— Bg at

5(0) 0B
F =
ea'(O) e NO Maxwell
2y, 2 0

F=— (%) a(0)5(E x B)

dP
F = — Yes Feynman |

dt
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Casimir momentum in QED

F=gvx B

ﬁ\_% F=q(E+v xXB) Lorentz force
/

g 1o F=a(0)>=(ExB) Abraham force
— Bg at

o B(0)aB
~ °%00) ot

F=-— (;—i)z a(0) = (E x B)

ST N {OL
he a(0) Ot

NO Maxwell

Yes Feynman !
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Magneto-chiral Casimir momentum in QED

A chiral group + chromophoric electron bound anisotropically
+ magnetic field + quantum vacuum beyond ED approximation
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Momentum of Quantum Vacuum

!
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— Woq,0.0Q00 ———)1iQn) (12)
A QZR (Eoqeo — Fiqn)?
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Magneto-chiral Casimir momentum in QED

A chiral group + chromophoric electron bound anisotropically
+ magnetic field + quantum vacuum beyond ED approximation

K =Py, +eBy X1y, +eA(ry) — eA(r,) + z hk aygaig

kinetic Longitudinal Casimir kg
momentum momentum
Conserved Pseudo Abratarm Transverse Casimir
momentum momentum momenturn

2
(0|Pyin|0) = o

CoH.gO: 0.06 nm/sec/Tesls
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Angular Momentum of Quantum Vacuum
N
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Momentum of Quantum Vacuum

Conclusions and outlook

hk %zw o, 7§

Quantum vacuum possesses momentum and

angular momentum in presence of chirality and magnetic fields
Non-zero but small .
Semi-~classical approaches are inadequate

- Unab
- Unab
- Unab

e to absorbe UV divergencies
e to include « longitudinal » momentum of qaugqe field
e to cope with recoil induces by vacuum photons

Quid cavity QED? Quid excited states?
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Angular Momentum of Quantum Vacuum
W

b, VD7

e

® = conserved

classically L, +

cho
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Angular Momentum of Quantum Vacuum

D7

e

J, = L,(kin) + ir X Ay(1r) + ir X A(r)

P, %
T z k2 (en@en + akn@en)[Pr ) - Y, - @p (0]
kIl
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Angular Momentum of Quantum Vacuum

D7

e

(0,N = 0,m|],(kin)|0,N = 0, m) =
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