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HELICITY SPINOR FOR ANY INTERPOLATION ANGLE

Initial state at rest |0; j, m>

A spin projection along the z direction

J310;j,m > = m|0;j,m>

Generalized helicity spinor state in each interpolation angle for a particle of spin j moving
with momentum p and helicity m.

lp; j,m>g =T|0;j,m> Transformation matrix T = piB1kl+ifx?—ipsK3
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New spin Operator for a moving particle- Generalized helicity operator

Si =TT

33lp;j,m>g =T);T'T|0;j,m> = mp;j,m> g

J3 In terms of the particle’s momentum

33 = %(Psfg + P2 P2l b= \/P:Z +Cp.? = \/ (P*)?2—CM? ;C = Cos(26)
Instant Form Limit Light Front Limit
k! > —J2,1k2 > JL, P~ 5> P3,P - [/(P")2-M? = |P| kl > —E,,k? > —E,,P~ - Pt P - p¥
P.J 2 1
[, - — P<E, — P E

P+



p
If the particle is moving in the +z or —z direction (P1= P?=0) X .
~ 1 = > -
33 = p(P=J3) ’
Y 4

Critical interpolation angle condition ; P~=0

pl = {EOr 0,0, Pe}

(EO x pz + pe x \[4E02 + pzz)

5% = —ArcTan p? = {Eo,0,0,~P.}

(pe xpz + E0 x \[4E02 + pzz)
p® = {Ey, B,Sin(0),0, P,Cos(6)}

p* = {Eo, —P,Sin(0),0,—P,Cos(0)}

(EO x pz — pe x | 4E02 + pzz)

8 = —ArcTan

(—pe «pz + E0 * \4E02 + pzz)
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0. = critical annihilation angle

B, = m, .

. It seems there is a
connection to the
helicity.
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My = (—p1 + %)ﬁgﬁ(Ps»}\s) (P2 + 41)°€5 (P )

U o* 0 * +
(=1 + a0t ep(p3, A3) = =2 (p1 ) eu(psA3) =0 (529’51(9)?

(p2 + CI1)03\;(P4:7\4) = 2(p, )055(294»7\4) =0 - (53:5&0

P1)Pei(ps, 1) = (P13 (3, 1) + (p1)="" (p3, 1) >P-=0

Transverse Interpolating polarization vector gauge conditions : At = 0and 0-4- + 9.A.C =0

Light-front gauge : AT= 0 Coulomb gaugeinIFD:V.A =0
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Does helicity O change ?

Ser (8) = 6o (Tt — 6)
8yt (0) = 8pp(m—0)
Et = E0?pyCos[0] — pe(E0? — py?Sin[0]?)

Pt=EOpy (py — peCos[8])
Eu = E0?pyCos[6] + pe(E0? — py?2Sin[0]?)

Pu=-EOpy(py + peCos[6])
(Et x pzZ + pt * J4E02 + pzz)
(pt xpz + Et * \[4E02 + pzz)
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8yt = —ArcTan

(Et x pz — pt * \/4E02 + pzz)
_(—pt xpz + Et * \|4E02 + pz )

8% = —ArcTan

(Eu * Pz + pu * \/4E02 + pzz)

_(pu xpz + Eu = \/4E02 + pzz)
(Eu * pz — pu = JAEO? + pz?)

(—pu * pz + Eu + \J4E0? + pz?)

6pn = —ArcTan

830 = —ArcTan




Annihilation angle 8 — 0

EO0*pz+py*4E02+pz2 EO0*pz—py*/4E02+pz2
Spe=6pn=—ArcTan ( ) 6= 6%0= —ArcTan ( )
(py*pz+E0*,/4E02+pz2) (—py*pz+E0*w/4E02+pzz)

Critical interpolation angles from the helicity definition for rhp-mesons
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When 6 = 0 all the helicity amplitudes goes to zero except Mse++=Mse--, Mse+-=Mse-+, Mt00, MuOO,
Mse00
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Don’t have stick with 8 = 0 to see clear boundaries as initial partials have spins.
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Do | have to consider internal structure
of the partials to have a proper
understanding of the helicity zero ?



