13 November 2007

LF spinors and polarization vectors

The LF spinors and polarization vectors are defined in Appendix B of
S. J. Brodsky, H-C. Pauli and S. S. Pinsky Phys. Rep. 301, 299 (1998).
The notation is p = (p*, p~, p), with p* = p® & p3 and transverse vectors in bold. The auxiliary
light-like vectors n,n which satisfy n-p =p" and n-p =p~ are
(0,2,0)
= (2,0,0) (1)
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Photon polarization vectors

For helicity A = 41 define
€x = (07 Oa e)x) = (Oa Oa _)‘7 _Z)/\/? = _6—/\* (2)
With k = k, (cos ¢, sin ¢) we have then

ki .
ex-k=—ey-k=\A—=exp(iA 3
A A /2 p(iAP) (3)
For k% > 0 let the A = 0 vector be proportional to ,
eo(k) = —z\/? = —ep(k) (4)
The photon polarization vectors defined as
€y k
5)\(]{7) =€)\ — It n (/\::|:1, 0) (5)
then satisfy k- £)(k) = 0 and e, (k) = —e_(k)". They are orthonormal and complete,
ex(k) -en(k)” = —dxw
1% v * iy k,uk.l/
Y ) = g+ ()
A=£1,0
The A = 0 polarization vector can also be expressed as (e”'? = 1)
1 vVpo
88(]6) = \/ﬁéu P €1V€_1pk’a (7)
Using the identity
v (1= —iy) =0
we note
Pl +5)¢- =0 Pl = )¢ =0
B(l—5)¢e =0 f(1+5)¢+ =0 (8)
Also:

fhys = 2(7s +17"Y) | Tr [fipryspd] = —8i(p“q” — p'q") (9)



Light-Front spinors

The LF spinors for helicity s = :I:% are

1 + 0,y 4 ~0n . s
u(p,s) = \/p—+(p +7'm 4"y - p)x(s)
1 + A0 A0 s
v(p,s) = \/p—+(p y'm 4"y - p)x(—s)
with
1 0
T 1 1
X(+)2(1 : X(_)_ﬁ 0
0 ~1
Defining y(s) = v°x(s), i.e.,
1 0
N 1 o | -, _ 111
0 1
and using
7" X(s) =0
we have
u(p,s) = —= (f + MK(s)
p,s) = Tt j/ X
u S = L f S m
(p, s) \/FX( )(p +m)
1 N
v(p,s) = F(?—m)x(—s)
v(p,s) = L f(—s —-m
(p, s) \/FX( ) )

The u and v spinors are related through

You(p,s) =

@(pa 8) Y5 =

Using the anticommutation relation

{7yt 1} =29t (=40(—, 1))

and the identity (13) we have (for any momentum p),

YFu(p, s)
Y u(p, s)
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ptX(—s)
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In evaluating matrix elements it is useful to define

Uss’ = X(S)XT(S/)

for which

1
Uy = Zﬁ(l‘ir%)

U = - 7)
Upn = \/—ﬁ¢+
U—-‘r = \/—ﬁ¢

LF spinors quantized along —z axis

The “inverted” spinors are defined as
u-(p,s) = —=P+mx(+s) =
v-(p,s) = (1!5 m)x(—s) =

=(p~ +7"m+7"y - P)X(+s)

(P~ —7"'m+7"y - p)x(—s)

s

so that

1 _
— X' (+s)(p~ ++"m — %~ - p)

U s) = L“f s m) =
—(p,s) =X (+s)(p +m)

=
v_(p,s) = \/%XT(—S)@ —m) = \/%XT(—S)(IJ‘ —7'm — 4 - p)

In calculating scattering amplitudes we need

Using v9%4° = i we get
Ove = 01— 0 = (14 7%)
oo b 0, -
- = 2\/§7L¢+ = 2\/§ﬁ¢*

Defining also Viy = x(5)x'(s') we get

Vie = S+ %) Vo= ST~ )

Vio = \/—ﬁﬁﬁ Vi = \/—%ﬁfé
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and for Vyy = x(s)¥'(s') = Use7” we have

Viw = = %)

1
Vio = mﬁﬁﬁ

Vo= il +s)

~ 1
Vio= 4—\/§ﬁﬁ¢—



