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Abstract. The simplest B-L extension of the minimum supersymmetric standard model (MSSM)
may change some of the conceptions about the path for gauge unification as well as to affect the
predicted spectrum of the supersymmetric particles at low energy. We present our results for the
running of gauge coupling constants and mass parameter in this context.
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RGE. Including the gauge group U (1)p_, to the SM group, the general superpotential
that can be written wich conserves the symmetry is,

W =U0Y,QH, +DY,QH; +EY,LH; + NYYLH, + NYNNo| + uHyH, + ' 0105,

where besides standard superfields we have additional fields, which under the symmetry
group SU(3), x SU(2) x U(1)y x U(1)p_r, have the following representation, N =
(1,1,0,1),07 = (1,1,0,-2), 0, = (1,1,0,2).

The soft breaking terms that involve the new fields are

Lsp = 1/2MB—LZB—LZB—L +ﬁh2iﬁu +NTm]2V1V.
And finally, the scalar potential has as the only new terms,

V(Gl,Gz) = mgl |61 |2 —}—mg2|62|2 — (B/Gle —|—C.C.) —l—g”(|(71 |2 — |62|2)2/8,
where m? = m’j2 + u’? for j = o1,05. For a general superpotential and soft break-
ing terms, the beta functions could be calculated, using the representations of the
superfields[1]. The notation is ABy = By — }VISSM, where By = 167%(df/dt), with

t =1In(Q/Qp). We present the RGE for the gauge couplings, Yukawa couplings, gaugino
mass, (L and u’ term,

B =cigi, PBu,=2cigiM;, ABy, =y {yb—8p 1/6}, APy, =85 1/6,
ABy. =ve{yp—385-1/2}, By =yp{4D+3y +yir—381/5— 38 —3¢5-1/2},
B =i {3y +4b—985-1/2}, ABu=1yp,  2Bw =1'{3y—38p-1},
where i = 1,2,3,B — L, and we had made the following approximations, Y, =

diag(0,0,y,), Y4 = diag(0,0,y), Y. = diag(0,0,y;), YR = diag(0,0,yp), Y¥ =
diag(0,0,yp). For the corresponding anomalous dimensions to h;, it had been



used the approximations, h, = diag(0,0,a,), hy; = diag(0,0,a;), h, = diag(0,0,a:),
hY = diag(0,0,ap), h¥ = diag(0,0,ay). Then,

ABa, = a; {yb—g5_1/6} +y: {2apyp +g_ Mp_1/3} .
ABa, = —apgp_1/6+ Y85 1Mp-L/3,
APa, = az {)% - 38123—L/2} +y: {2apyp + 38123_LMB—L} ;
Bap = ap {12yp +3y7 + 2y +yz —381/5— 3¢5 — 3¢5-1./2}
+ yp {6ary; + 2amym + azy: +6giMy /5+6g5Ma + 385 M1},
B = an {1531+ 8yh — 985_1./2} + {8apyp + 9¢5_ M1} .

For the mass anomalous d1mens1ons the following approx1mat10ns had been made,
2 2

mQ = dlag(le,mQ1 ng) m? = dlag(le,le,mL3) m2 = dlag(mul,mfll,m2 ), m3 =
dlag(md ,md ,mdg) m; —dlag(mel,mgl,m2 ), m%, —dlag(mN1 mlzv1 mNS). Then,
AB, =2y {mpy, +mi, +my,}+2ap, AB,, =0,
Aﬁmg% = — g5 1Mp_1/3+ 8515 /4, Aﬁmg3 = —g5_ 1M /3+85_15'/4,
Aﬁm% == g%}—LMé—L/S + 8123—LS//47 Aﬁmg3 = —38123—LM123—L - 38123—LS//47
Aﬁm§3 = 2yp {miy, +mi, +miy, } +2ap —3g5_ Mg_; —3g5_1S'/4,
B, = 2yip {me, +mi, } +2ay — 1285 My —3g5_1S'/2,
my, = 12g5_ Ms_1 +385-15'/2,
g, = 4D (i, +mi, 4 miy,} 4 4y {m, +miy,} +4(ay +ap) — 3¢5 M1

- 3g%§—LS//47
where ' =2m%, —2m2 + Tr[2m2Q —2m3 +m2+m3 —m> —m3).

Unification. The RGE for g; can be rewritten in terms of O‘i_] and, at one loop

order, the general solution is[2], &; ' (m) = ¢; [ ' (mz) + (27) ~'b;In (m/mz)]. The
Kac-Moody (cy,c¢2,¢3,cp-1) are (3/5,1,1,3/8); and the b; are, (by,by,b3,bp_1) =
(—11,—1,3,-24). It’s know that a; ! (mz) ~ 98.33, o, ' (mz) =~ 29.57 and o ! (mz) ~
8.4[3]. Supposing unification for ch_l (m), the RGE have the solution shown in the
figure below. Then oz ', (mz) ~ 191.1, so, gp_1.(mz) ~ 0.2565.

Mass Spectrum. The RGE for the masses could be solved imposing initial conditions.
As it is customized, those are fixed at the unification scale, Qg ~ 2.5 X 10'® GeV. The
already known solution for the MSSM[4] is recovered (for the B}”SSM functions) as
depicted in the plot below. When B — L contributions are included, the initial conditions
are forced to be different due to the phenomenology at low-energies, if one desires to
have the SUSY breaking at the same scale, as it can be seen in the following figures. For
the squarks and sleptons, the solid lines correspond to the third family, while the dashed
lines do to the first and second families.
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FIGURE 1. Running of gauge couplings.
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Conclusions. It had been calculated the RGE for the SU(3), x SU(2)r x U(1)y x

FIGURE 2. Mass spectrum in MSSM and its B — L extension.

U(1)p—r SUSY model. It had been shown that it is possible the unification of o',

at Qg ~ 2.5 x 10'® GeV. Slight modifications should be done to the initial conditions
if the B — L symmetry is included in the standard model, in order to preserve the

phenomenology at low energies.
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