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Quantum Correlation due to orientation entanglement of spins

[ The angle should be rotated to get
the same initial configuration.

* Spin-0— Anyangle
« Spin-1/2 > 720
« Spin-1 - 360°

O Spinors and polarization vectors

* Spin orientation
* Momentum of the particle

Quantum correlation in the
interpolating helicity amplitudes ?
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Quantum —orientation
entangled states



Interpolating Dynamic

Interpolation space time transformation
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e We connect two relativistic
dynamics, proposed by
Dirac

Helicity is not invariant under

the boost
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How quantum correlation
manifest in different dynamic ?
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Spin orientation for generalize helicity spinors and vectors

Helicity transformation matrix
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Depending on the spin
and the representation
Lorentz Group
generators of rotation (J)
and boost (K ') change.

We consider this transformation for spin-up
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Boosts to momentum P
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Rotates the spin around the axis
by a unit vector m =

( —sings, cosgs, 0) by angle 6; .
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When, we fix the particle’s initial momentum direction as +z (6 = 0) ,

We can simplify g =0, cosa =PFP-/P—-1 P->0

P = \/PE+Pi@
0y —m,cosa=P-/P— —1 P=<0

= Indicates sign change of P~

QC in spin-1 spinors . .
QC in Spin-1/2 spinors QC in polarization vectors
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* Initial direction of particles’” momentum
P~ <— Interpolating longitudinal momentum * Boost of the frame

Interpolation angle



Interpolating Longitudinal Momentum
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Wesee 0 <6 < % range P~ can get any

real value, but exactly at the LF we do not

see P~ <0 values, since P~ - Pt até§ =
T
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« Change of K3 from “dynamic” operator to
the “kinematic “ operator at LF
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Helicity Boundaries

EoP* + Pyy/E? + (P7)?  EoP? — PE? + (P?)?
PyP* + Eo\/E? + (P?)? —P,P? + Eg\/EZ + (P?)?

tan(d.,) =

It seems that the QC of LF is accumulated in the zero-mode



To see the QC in the zero-mode we consider
total longitudinal momentum of the system
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Zero-mode of the light front

P* = —, (P-)T =0

This further confirm that the QC
accumulated in the zero-mode

Scanning the zero-mode
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Scalar particle and its anti-particle production by two neutral massive spin-1 particles
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Fig. (a) t-channel Feynman diagram, the cross
channel (u-channel) can be drawn by crossing
the two final states’ particles. Fig. (b) is drawn
for the seagull channel.

v -> Vector particle (Spin-1)
s -> Scalar particle (Spin-0)

Interpolating helicity amplitudes
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* Center of mass frame and the four momenta of the particles
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Seagull Channel Mse‘rFD
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« Contact interaction - Angular 6(rad)o.4
momentum is conserved
without involving orbital

angular momentum LED
0.8

08

E—H(P; >0)= E_l(P; > 0)

E_l(P; > U) = E+1(P; > 0)

Parity conservation

Mse™~ = Mset™*
Mse~t = Mset~
[C-R. Ji, B.L.G.Bakker,

International Journal of Modern
Physics,(2013)]
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Seagull Channel
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Do not satisfy conservation
of total angular momentum
in any frame
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Tand U
channels

helicity
amplitudes

» Depend on
orbital angular
momentum
involving
Impact
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« Same
Features can
be observed




QCinTand U
channels

helicity
amplitudes




CONCLUSION

We confirm QC in interpolating spin-1/2 spinors, interpolating spin-1 spinors and
polarization vectors.

Quantum correlation manifest itself as district boundaries in the landscape of helicity
amplitudes when we change the interpolation angle and normalized total longitudinal
momentum of the system.

We discuss the conditions which enable us to see the QC for all reference frame and for all
interpolation angle

Specially we show that LF QC appears in the zero-mode . ( Quantum entanglement in the
LF)

This hints the ‘a la Einstein’s “spooky action at a distance “ even in the LFD.
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