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Quantum - Correlation of spins

The tensor product of two fundamental spin % particles can be written as the direct sum of spin-1 and spin-0
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Spin - 2 helicity spinors

Spinors in the rest frame , Chiral representation
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Spin- 7 helicity spinors

The six Lorentz group generators of rotation (J) and boost (K) in chiral representation for spin-1/2
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Pauli matrices for spin (1/2)
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A and B each generates a corresponding SU(2) group algebra. The above
specific combination between rotation and boost may suggest the two
decoupled helical motions of the particle that may be denotes as the right-
handed vs left-handed chirality



Spin- % helicity spinors

We write spinors in the (0,J)@® (J,0) chiral representation of the Lorentz group due to a clear decoupling between
the right-handed and left-handed components .

In this representation
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Spin- % helicity spinors
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Spin-% helicity spinors

After applying T- transformation to the rest spinors
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Spin-% helicity spinors

We can write 34, ,, B3 and a in terms of the momentum as follows
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Spin-1 helicity spinors

Spinors in the rest frame , Chiral representation
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and boost (K) in chiral representation for spin-1
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General Spinor Operator
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Quantum Correlation of Spinors

Define
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Special feature

RB1 = X} RB2 = eif X2

When 3 — 2m,/sec[25]

= Since this is valid for any § value this

Spin - 1/2 Spin-1 confirm that quantum correlation doesn't
depend on 6
RB1Y/2 = ] RB1' =1

= Whend - %, we can see 3 = 00, Since in
RB21/2 = —] RB2' =1 the light front limit B is no longer an angle.

= |t seems like to see the quantum-correlation
in the light front limit we have to consider

To get the initial state again for the spin-1/2 particle infinite momentum.

, we have to consider § — 4m,/sec[26]



++, t+u, 6= 771

ete”™ - SS
—> ‘_
D e

v
A

Chueng-Ryong Ji, Ziyue Li, and Bailing Ma
Department of Physics, North Carolina State University, Raleigh, North Carolina 27695-8202, USA



VvV - 8§

Msett = Mse™

Mset ™ = Mse™ 7



Spin- Orientation for spin-1 spinors

Direction of momentum P as (6, ¢) and direction of S as ( 6, @)

We consider this transformation for spin-up spinor
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Helicity Photon Polarization Vectors

4- vector representation

Rest Frame
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Relation between spin-1 spinors and the photon polarization vectors
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We can write down a matrix which connects a 4 degrees of freedom polarization vectors in (1/2,1/2)
Lorentz group and a six-component spin -1 spinor (1,0)+(0,1)
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Dirac Spinor : Boosting the initial state at rest that has a spin projection along the z-direction to the
state with the desired momentum P

— The spin direction of the Dirac spinor is in general not align to the moving direction.

Dirac Photon polarization vectors
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Dirac spin-1 spinors in chiral basis
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We change the basis of photon polarization vectors i.i
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Conclusion

We confirm that the quantum correlation (QC) of spin can be seen in the spinors too.
To see the quantum correlation in the light from , we should consider infinite
momentum of the particle.

We show the QC of spin-1/2 spinors in the helicity amplitudes of scattering process
We found the critical interpolation of spin-1 spinor by investigating the spin
orientation.

We were able to connect the spn-1 helicity spinors to the helicity photon polarization
vector.
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