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Communication through massless fields

Communication through a massless fields in vacuum

-Information propagates arbitrarily slow even for massless field.
-Recover the message even if the beam is missed.
-Information flow not supported by real quanta (photons) flow.

-Information flow in absence of energy flow.
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Photon "afterglow’ could transmit information without transmitting

energy
March 31, 2015 by Lisa Zyga [0

(Phys.org)—Physicists have theoretically shown that it is possible to transmit information from one location to
another without transmitting energy. Instead of using real photons, which always carry energy, the technique
uses a small, newly predicted quantum afterglow of virtual photons that do not need te carry energy. Although no
anerov is transmitted. the receivar must nrovide the aneraov needed to detect the incomina sional—similar to the
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Mathematical Methods:
Beyond the Strong Huygens Principle

Subtleties in the behaviour of the solutions of certain PDEs:
The strong Huygens principle

irsa: 18040004 Page 4/40



Mathematical Methods:
Beyond the Strong Huygens Principle

Subtleties in the behaviour of the solutions of certain PDEs:
The strong Huygens principle

The Green's function of the (massless) wave equation in 3+ 1D Minkowski space
has support only on the light cone. Hence, any disturbances propagate strictly
along null geodesics (at the speed of light)
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Mathematical Methods:
Beyond the Strong Huygens Principle

Subtleties in the behaviour of the solutions of certain PDEs:
The strong Huygens principle

The Green's function of the (massless) wave equation in 3+ 1D Minkowski space
has support only on the light cone. Hence, any disturbances propagate strictly
along null geodesics (at the speed of light)

Exploitable when emitters are quantum!
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TECHNICAL DETAILS

R. H. Jonsson, E. Martin-Martinez, A. Kempf, Phys. Rev. Lett. 114, 110505 (2015)
A. Blasco, L. J. Garay, M. Martin-Benito, E. Martin-Martinez, Phys. Rev. Lett. 114, 141103 (2015)

A. Blasco, L. J. Garay, M. Martin-Benito, E. Martin-Martinez, Phys. Rev. D 93, 024055 (2016)
P. Simidzija, E. Martin-Martinez, Phys. Rev. D 95, 025002 (2017)

See also:

R. H. Jonsson, J. of Phys. A, 44, 445402 (2016)
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STRONG HUYGENS PRINCIPLE

The radiation Green’s function (or equivalently the commutator) of a massless
field has support only on the light-cone

OG(x,2") = —4noy(x, x') [®(2), ®(2")] = —G(x,2")

i
47 ’

—> Communication has support only on the light-cone

True in 3+1 Flat spacetime
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STRONG HUYGENS PRINCIPLE

The radiation Green’s function (or equivalently the commutator) of a massless
field has support only on the light-cone

OG(x,2") = —4noy(x, x') [®(2), ®(2")] = —G(x,2")

i
47 ’

—> Communication has support only on the light-cone

True in 3+1 Flat spacetime

BEYOND THE STRONG HUYGENS PRINCIPLE

In general. if there is curvature (unless there is conformal invariance)

In curved spacetimes, communication through massless fields
is not confined to the light-cone, but there can be a leakage of
information towards the inside of the light-cone decoupled from
energy propagation.
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SPACETIME
GEOMETRY

SPATIALLY FLAT, OPEN FRW SPACETIME 3+1D: n : conformal time

a(n): scale factor
ds® = a(n)?(—dn? + dr? + r2dQ?) t : cosmological time,
dt = a(n)dn

units: h=c=1

This geometry will be generated by:

~

a perfect fluid with a constant density-to-presure ratio ( p = wp )

] 2041 . 3 - 3w
—> [he scale factor evolves as | a ox 7 e o t2a4a J with {“ = 6w 12

N—
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~

a perfect fluid with a constant density-to-presure ratio ( p = wp )

] 2041 . 3 - 3w
—> [he scale factor evolves as | a ox 7 e o t2a4a J with {“ = 6w 12

N—

ATEST SCALAR FIELD QUANTIZED IN THE BUNCH-DAVIS VACUUM
WILL BE COUPLED TO THE BACKGROUND GEOMETRY.
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TRANSMISSION OF
INFORMATION

Influence of the presence of A on B SIGNALING ESTIMATOR,

how much information can be sent? CHANNEL CAPACITY,
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ALICE & BOB’s
DETECTOR MODEL

click

o _+sHi
-Two-level system B ‘ E‘\\._ﬁ’/\‘ﬁ\;

Unruh-DeWitt DETECTOR @

-Energy gap ground-excited 0
states:

-Monopole moment operator: ~ #¥ (t) = lev)(gv et 4 |9.)(ev]e”

v ={A, B}

1 C—-a(L)zi"B/aE

3+/73

-Spatially smeared: F(Z,t) =

Detectors:  |¢,) = a, |ey) + B |gu)
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Hl,u

Coupling strength

b

‘ Monopole
moment

Switching fun(:ti()n‘

xu(t)

‘ Detector’s trajoctory‘

DETECTOR-FIELD
INTERACTION
HAMILTONIAN

/N

= MeXo (8)u (2) / &’z a(t)’ Flz -z, (t), 1] @[z, 7(t)]

Scale
factor

Smearing function

Total Interaction
Hamiltonian:

Hy=H; o+ H;p
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TRANSMISSION OF
INFORMATION

Influence of the presence of A on B SIGNALING ESTIMATOR,

how much information can be sent? CHANNEL CAPACITY,
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Influence of the presence of A on B

how much information can be sent?

TRANSMISSION OF
INFORMATION

{ SIGNALING ESTIMATOR,

l)(u) — I”’b‘l2 { [')'r'u.r'(f“) {

CHANNEL CAPACITY,
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THE BIG BANG Setting

BIG BANG CASE, ST. COSMOLOGICAL MODEL: GENERAL RELATIVITY
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SCALAR FIELD:
COUPLING TO GRAVITY

KLEIN-GORDON EQUATION

(O -m’+ER)p=0 D= \/1|7i|i}u (\/’\.f_:|.r_z”""'é.3u)

CONFORMAL COUPLING

Yields Conformally Invariant Action

MINIMAL COUPLING

£ =0 Gives good predictions (Cosmology, etc..)
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CASE : Variation of temporal separation

7~

XB FIXED TiB VARIABLE

CASE: Variation of separation

XB VARIABLE TiB FIXED

XB
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IS INFORMATION
TRANSMITED?

Influence of the presence of A on B

{ SIGNALING ESTIMATOR,

l)(u) — I”’HI2 { [')'r'u.r'(f“) {
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SIGNALING
ESTIMATOR, S

S = AaAGSyH O
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SIGNALING
ESTIMATOR, S

CONFORMAL COUPLING

S = AargSy i O(A%)

i [6(An+ |z — ')
a(t)a(t’

An =n(t) —n(t')
|w0,:/> - auleu) + ﬂu|gu>
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CHANNEL
CAPACITY

To obtain a lower bound to the channel capacity, we use a simple
COMMUNICATION PROTOCOL.:

Alice encodes “1" by coupling her detector A to the field, and “0" by not
coupling it.

Later Bob switches on B and measures its energy. If B is excited, Bob
interprets a “1", and a “0" otherwise.

< P
C A2y 2 ( Sz ) +008)

PIn2 \ 4|ag||8s]

(noisy asymmetric binary channel)

Robert H. Jonsson, Eduardo Martin-Martinez, and Achim Kempf.
Quantum Collect Calling.
Phys. Rev. Lett. 114, 110505 (2015).
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support on the

CONFORMAL COUPLING light cone

(b, ), (', )] = - | 2B+ le—@l) = oAy = | — 7))

Am a(t)a(t')|z — ']

Decay with Spatial
separation
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SIGNALING

MINIMAL COUPLING ESTIMATOR, S

S = AargSy i O(A%)

O( (f )—f}(fa —0(n(ta) —n(ts)) /‘T’u i hle — ol INA (4 o
~ 2/ la(n(ta)) (!UD)) / dk k sin(k|x — 2'|))g(n(ta),n(ts), k)

L [p@a,ta), b, tr)] =

An =n(t) —n(t')
|w0,:/> - auleu) + ﬂu|gu>
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SIGNALING
MINIMAL COUPLING ESTIMATOR, S

()rr'tj —n(t —8O(n(ta) —n(t 00 )
[d)(a: ata), (@, tp)] = (n(ts) —n(ta)) —O(n(ta) — n(ts)) L dk k sin(klz — 2)3(0(ta) n(ts), k)

(2m)%[@ — a'la(n(ta))aln(is))

k

877\/ sgn(r;)[ a 1/z(k‘|72| a 1/z k|’f}'\ o 1/2 k\'fﬂ o 1/2(“’1”

n' Y, 1/2(A|’1| [ a—3/2 k') = Jay 1/z(ﬁ'|’1| ] Jo 1720 (k7)) [ a—3/2 (K[n'|) — u+1/£(‘l"”

Jo Yo BESSEL FUNCTIONS
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SIGNALING
ESTIMATOR, S

()rr'tj —n(t —8O(n(ta) —n(t 00 )
[d)(a: ata), (@, tn)] = (n(ts) —n(ta)) —O(m(ta) — n(ts)) L dk k sin(klz — 2)3(0(ta), n(ts), k)

(2m)%[a — a'la(n(ta))aln(is))

877 ‘agll(i))[ o l/Z(k‘l’” 51 1/2 kh}" ,u 1/2 k"’?l o 1/2("'”' ]
k\ | 3’(1 s2(kI]) [Ta—ase(kln']) = Jav12k0 )] = Ja—1/20k0]) [Ya_a2(kl0']) = Yai1/2(kln

Jo Yo BESSEL FUNCTIONS

MATTER DOMINATED

B 2 ,2/3
UNIVERSE o =2 aoxn”oct

1 [ sin(kn) |
s 12(klnl) = V277 —— | — cos(h) + 2o
kln| L kn

; ) sgn(n) [ . cos(kn) |
Yo 1/2(kn|) = V2 T (! —sin(kn) + (k)

kn

V| |

Pirsa: 18040004

Page 28/40




SIGNALING

MINIMAL COUPLING ESTIMATOR, S

MATTER DOMINATED
UNIVERSE

a=2 — aO(’r)QO(t:Z/S

i [6an e afl) - Az~ @) 0(-An— |z — @) — 6(Ag o - o)
9@t 0 1)] = 47 a(t)a(t)x - /| " a(O)a(t)n(t)n ()
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SIGNALING

t th
il ESTIMATOR, S

CONFORMAL COUPLING light cone

oy gt gy 1 |0(An+ |z —2']) — 6(An — |z —|)
[#, 1), o', )] = a(t)a(t|e — /|

Decay with Spatial
separation

VIOLATION OF
STRONG HUYGENS
PRINCIPLE !!!!

MINIMAL COUPLING

L [0(an + e~ ') 6(An |z~ ') 0By |2~ a') ~ 6(An ~ |z~ ')
4 a(t)a(t')|x — x'| a(t)a(t")n(t)n(t’)

[p(z,t), 0(2',t")] =

Does NOT decay
with Spatial
separation Timelike-
[CELET
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MINIMAL COUPLING

SIGNALING
ESTIMATOR,S

e S;

:SA+SH

. Sri
Sllliill

CHANNEL
CAPACITY

< *H =
@] @
[ ] n
™
Hen
[ ol
e -
1 |
A
||||||||||||||||||| = __|]le
4 ;3
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MINIMAL COUPLING

SIGNALING
ESTIMATOR,S

aNljewn
aylaoeds

® S,
" Sy
Stou=Ss+Sy

VIOLATION OF
STRONG HUYGENS

PRINCIPLE 111!
CHANNEL
‘ ' o CAPACITY

axljewn
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Case:
Variation of
temporal
separation
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MINIMAL COUPLING
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Case: MINIMAL COUPLING

Variation of

temporal OF— T

separation
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SIGNALING
ESTIMATOR,S

VIOLATION OF
STRONG HUYGENS
PRINCIPLE !!!!

CHANNEL
CAPACITY
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Case: MINIMAL COUPLING
Variation of SIGNALING
temporal o o . ESTIMATOR,S

separation
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CHANNEL
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Exponential Expansion (deSitter): No decay in time!

P. Simidzija, E. Martin-Martinez, Phys. Rev. D 95, 025002 (2017)
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AND.. WHAT HAPPENS in the
case of QUANTUM BOUNCE
Setting ?
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How much information survives a Cosmological

ca&aclvsm! ol
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information

Cosmol.ogical.

cata\thjsm! 1
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