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Unified Treatment of Spacelike and Timelike
SQ(3, 1) Yang-Mills Fields
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SQ3, 1) valued Yang-mills fields stemming from spacelike and timelike vectors that
were studied separately in earlier works are unified by introducing a paramnttat
takes values in the intervatl, 1].

In this paper, the early works in whichQ(3, 1) valued Yang-Mills fields
were constructed using the Dirac algebra valued fietd w*y,, with eitherw a
timelike vector (v? = (w°%? — w - W < 0) (Diindarer, 1993) or a spacelike vector
(w? > 0) (Diindarer, 2001) are unified by introducing a paramgter +1, and
then generalizing. to take a value in the domair-fL, 1], the endpoints of which
give the previous timelike or spacelike fields.

To review, we have (Dridarer, 1993, 2001) the gauge potenfiadnd the
corresponding Yang-Mills fieltf = dA+ AA Aas

L 2 ) __[W,dw] __dWAdW
timelike: w2< 0: A= 20w = F= a—woe' 1)

- 2w A, [w,dw] _dwAdw
spacelike: w2> 0: A= +—2(1+w2) =F= +7(1+w2)2 )

which can compactly be written as
+[w, dw] _ kdwAdw
ALW) = 20 = FeW) = "o ®3)
Now we introduce a fixed parameter [—1, 1] and define
_ Aw, dw]

AW = 55 (4)
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from which one obtains the Yang-Mills field as
Adw A dw
—_— . 5
(1 + aw2)2 ®)

Asto the vector components*, we parametrize theminterms of,(r) € M,
andz e CP, as

Fu(w) =

wo = %(ef +2e77), (6)
wk = %(ef —xe")uk, (7)
where
n 4 on
ut = % (8)
I
2= % (©)
ud = i;—gz: (10)

are stereographic coordinates ®f~ C P, with U - U = 1. This parametrization
is consistent with previous works, as foe= —1 we obtainw* = w" (Dundarer,
1993) and for. = +1 we obtainw* = w’; (Dundarer, 2001). Since

w? = (W% —W - W = 102 (11)

the caser > 0 corresponds to spacelike vectar?(> 0), A < 0 corresponds to
timelike vector w? < 0), andx = 0 corresponds to lightlike vectowg = 0).
Note thath = 0 gives null fieldsA = F = 0.

As to the range of parameters we set [0, X] and t € [0, A] the upper
bounds being a necessity of the finiteness of the universe. We alsa kayeg'?,
with p € [0, oo] and6 € [0, 2] as before.

We find thex-dependent Yang-Mills field

o " y
F(w) = —(1+ 20 7)? dwH A dw (12)
as
2%
FA(W) = mb do Adt
2 2 n—1(a2t 2 a—2t _
N 200 n*%(z2) (€ +21%e ZA)bdZAdZ
(1+ A202)2 1+ (z2"?

2nio (€7 — Ae77)
(14 A202)2[1 + (z2)"]

(€ fr — e f)Z" L do A dZ
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to(efrtre f)Z T dr AdZ— (e ff —ae " )2t do A dz

—o(efl +re )2 dr AdZ (13)
where we defined the right- and left-handed fiefds as
1+ 1 1
t_ S N - '
fr="—=—fT=5(1T+10), fr=3(f+1) (14)

1- 1 1
fl= =SB =2 =11, fo=3(f=1) (15)

with f and f’ as defined in (Dihdarer, 2001).
As a result of the duality relation satisfied by, this field also satisfies

*F = —iysF. (16)
Then the Yang-Mills action
1
lym = E/Tr(F A* F) (17)
becomes
lym = —2- 4 / » d*w (18)
M ) (1+2202)
[} 2n—-1 d z ks 3d
_ —(47m)(4!)/ W ’;/ A
o @X+p"M2Jo (1+2%07)
A
X / (€* + 1272 — 2)) dr. (29)
0

Performing the integrals we obtain

27n [ 1+ 3)2x%2

lym = — } [A2—1—4aA+e* —2%2e?]. (20)

AT (1+22%2)3
For A = £1 this expression reduces to
1+ 3%2 .
+
IY-M =4xn [1 — m] [2A F sinh 2[\] (21)
and in the limithx — 0 the lowest order terms are
lym — —6rnASs4Ee® — 1) (22)

which tends to zero as required.

Finally at the conclusion | want to remark that in this papavas taken to
be a fixed parameter and the case where it is also subject to variation is an open
problem. That is, can one reach from one zone to the other (e.g., from spacelike
field to the timelike) by continuously varying(e.g., from+1 to—1 in this case)?
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If this turns out to be possible then it means that a tachionic field can turn into a
spacelike one and vice versa.
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