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L= —% tr(V*V,,) + %ic" D, + Vigh D,V (gauge term and fermion dyamical terms)
+£ (— ¢ i MAYUIF Gy + €5p1mn VTR ia? MU TI™ 7/ 4) (fermion mass terms)
+(D,.¢)D"¢ — %VQ(ZIb + 1)\(%)2 + agptr(®?) + fpd% (Higgs 5 dynamical and mass terms)

+r[(D, @)D" ] — i2tr(®%) + 4[tr(@*)] + 2

tr(®h) (Higgs 24 dynamical and mass terms)
+(Hermitian conjugate of some terms). (1)
where 1) = 1, and the derivative operators are
D,y = [0,—igs V|, Du¥ =[0,+2igsV,]V, D,o=[0,—i95Vu|¢, D, 2=0,P+igs5(®V, —V,P). (2)

¢ is a 5-component complex Higgs field and @ is a 5x5 traceless real Higgs field. V, is the vector potential composed
of 5 x5 traceless Hermitian matrices, with field tensor

Vi =0,V,—0,V,+ig2(V,V, -V, 'V,)/2. (3)
1 is a b-component complex fermion field and W is a 5 x5 antisymmetric fermion field. The Standard Model link is
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B,,W,, G, are the usual gauge bosons and gluons, and W, G, are composed of 2x2 and 3x 3 traceless Hermitian
matrices. The new fields X, and Y}, are called lepto-quark bosons, and they have implicit 3-component color indices.
The fermions include the left-handed leptons and quarks e, v, d;, u;, and their antiparticles e, v¢, df, u{, where % is
a 3-component color index. The fermions all have implicit 3-component generation indices which contract into the
fermion mass matrices M*% M% and implicit 2-component indices which contract into the Pauli matrices,

"”:K3 (D’(? 3)’(352)(3—01)]’ 5 =[0% 0}, 0% 0], tr(o")=0, oM=o¥, tr(cha")=20". (5)

Using the identity e!!™elln = §idgmn — §ingmi we have the outer products
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Substituting (4,6) into (1) gives

L=-= B’“’BW - %tT(W’“’Wm,) — = tr(G"Gy,) + (boson coupling terms involving X,, and Y),)
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+ (fermion mass terms and Higgs terms), (7)
where we are using the usual definitions of the Standard Model field tensors,

Bu=0,B,—0,B,, W, =0,W, —0,W, +iga(W, W, —~W,W,.)/2, G, =0,G,—0,G,+ig(G,G,—G,G,). (8)



Uunlike the Standard Model, right-handed fields are mostly represented in the Lagrangian (1) by the antiparticles
according to ¢=—io?1%, 1% =io%*. Using this definition and the identities (5) and o25#0? =T gives

Peatyt = (—io*yp)'et (~io®UR) = vho6" ot = bho" TR = —Vhotvr (9)

PeGHrO N = — ”d)}-{(f‘ui/}R = 1/1};0#8“1/13 + (total derivative). (10)

The sign change in the last step of (9) is because fermions anticommute, and (10) comes from (9) and integration by

parts. Comparing (7) with the Standard Model using (9,10) we find that at high energies the strong and electroweak
coupling constants are equal, and the weak mixing angle is a bit off from the measured value of sin?6,, =.23,

95 =9 =02 =¢/sinfl, g5\/3/5=g1=efcost, = sin’0, =g7/(g{+g3) =3/8. (11)

However, low energy values after quantum corrections come out fairly close to measurement. The Higgs fields are
assumed to take on vacuum expectation values (VEVs) of the form
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250,0,0]0,1), <®>p= m(— -—— | == —) ,  where vs = 246GeV, woq ~ 10°GeV.  (12)
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The Higgs 24 derivative operator in (1,2) gives masses to the lepto-quark bosons X, and Y,,, but not to G, or W,

<p>h =

0 | Xu Yy
. V2 V2
. DiV2475 dV249s5 15
D, <®>0=igs(<P>gV, — V, <d>¢)=——2 | ——— | === | = mx=my="22~10"GeV. (13
m 0 95( 0Vu m 0) 9 —X;/\/i . X Y 2\/§ ( )
_yJ/\/§ |
The Higgs 5 derivative operator in (1,2) gives correct masses to the Standard Model th and Z,, gauge bosons,
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where WIZngﬂ/\/ﬁ, W;:WI*, Z,=—Wagycosby+sinbd, B,,), /3/5=g1/g5=sinb,,/cosh,,. (15)

It also adds an insignificant mass contribution to Y,. The ¢, ® coupling in the Higgs 5 term avoids massless Higgs
fields and renormalization problems. Substituting (12) into the fermion mass term in (1) gives

Ly = =] i0” MW+ €05 Wi MO A + he. = —dgM*d— e M — ugM"u/2— uGM“u/2 + h.c. (16)
= —dgM%d—epM¥Te— ugM"u/2— ugM*Tu/2 + h.c. (17)

where h.c. means Hermitian conjugate. If we assume (with no justification) that the fermion mass matrices M?, M
are symmetric then things are much like the Standard Model. The fermion masses are the singular values of M®, M,

J mg0 0 my, 0 0
Md:ULT 8 Tgs 0 U%’ Mu:UzT 8 736 0 11”2’ (18)
my me

where the Us are 3x3 unitary matrices (U~1=UT). Consequently the “true fermions” with definite masses are actually
linear combinations of those in £, or conversely the fermions in £ are linear combinations of the true fermions,

dy, =Uldy, dr=Uldg, ¢, =Ufer, er=Uger, u}=Ufur, up=Upug, (19)
d=Uld,, dr=Ugldy, er=UlTe;, er=Upey, ur=Uu}, up=Upup. (20)
When L is written in terms of the true fermions, the Us fall out except in one term containing the unitary matrix

V=U%U%" which is analogous to the Cabibbo-Kobayashi-Maskawa matrix in the Standard Model. From (17,18) we
see that the high energy mass of the electron is the same as the down quark, and likewise for the other generations,

me = My, my, = M, My = my. (21)

Low energy predictions after quantum corrections are closer to measurement, but one mass prediction is still off by a
factor of 8. The proton decay time from the lepton-quark interaction terms in (7) also disagrees with measurement,

F;rledicted(p — et710) = 4.5 x 102°FTyears, r! (p — et 7°) > 6 x 10> years. (22)

measured
L is invariant under a SU(5) gauge transformation with U~'=UT, detU =1,
V,—UV,U" —(i/g5)UD U, V,,—UV,U' ¢—=Uyp, $-USU', ¢—=Up, &—UDU'. (23)



