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Minimal Models
]

® Minimal Z' models are anomaly free
electroweak extensions of the standard

model associatec

with an extra gauge U(1)

symmetry, with the same fermion content as

the standard moo
neutrinos.

el plus three right handed



particle content
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General anomaly equations for a
minimal non-universal Z' model.
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[SU@)*UQ) = 0=3g+ 3L
[SUB)PU1) : 0=2%q— Lu — Xd,
[grav]*U(1) : 0=6%q — 3(Zu + Xd) + 2% — In — e
[UMW)2UQ1) : 0= %Eq — gZu - ;Ed + 31— 2%e

UD[U1)]?: 0=3Z¢? — 25u? + 2d? — 312 + Xe?,
[UQ)]?: 0=6Z¢> — 3(30u® + Xd°) + 2%° — Bn’ — Te® .

Xf=h+fo+ f3



Yukawa interaction terms.
oo

Ly Dly, 951 v, +lhingrer, + ?11[,951%R + Gy, P1dip+
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I3, 313, + I3, h3es,, + 43, P3u3, + qs, ¢3d3, + h.c.



Yukawa constraints on the fermion
and Higgs charges.

+¢i +e, —1; =0,
—¢i +n; —1; =0,
+¢; +di —¢; =0,
—¢i +u; — ¢ =0,



Anomaly cancellation between fermions in
the same family. Type | Solutions. (e.g., B-L)

e*(f)

—n; — 6¢q;
ni + 4q;
—y — 24

S ol | £

®i = n; + 3q;.



Type Il Solutions. ( e.g., B-3L )
S
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Type lll Solutions. (e.g., L-L)
.

f e (f) = Qiji(f) ‘
I, —3q;
e; —n; — 6q;
u; +n; + 4q;
d, —n; — 2q;
Li| 43l —ne —3(q + ar)]
c; —ny — 3(q; + q1)
u; | +5(n; 4+ nk + 5g; + 3qi)
d; —%(nj +nk +q; + 3qk)
le [+2[—ny + nie — 3(g5 + qr)]
ex —n; — 3(q5 + qr)
up| +35(n; +n, + 3q; + 5qx)
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Yp, = ni+3q and Yy, = Yy, = L{n;+nx+3(g; +aqx)],



Frequent phenomenological
Issues:

® Flavor changing Neutral currents.

® Generation of CKM and PMNS mixing
matrices.

® Collider and low energy constraints.



Collider constraints.
7

® In order to avoid collider constraints, it is
possible to build a model with zero couplings
to the up and down quarks and in general to
the fermions of the first family

® That is a lucky choice since it avoids
contributions of new physics to the Wilson
coefficients C_9 (e) and C_10 (e), which are
non-anomalous.



FCNC
@

® For the flavor violating Z' charges of the left-handed up
and down quarks, these constraints can be avoided by
choosing the left-handed coupling g 1 of the quark
doublet of the first generation (u_L , d L) to be identical
to the corresponding charge g_2 of the doublet in the
second generation (c L,s L)

® |t is possible to solve to avoid Flavor Changing Neutral
Currents Constraints by setting the Z-Z' mixing angle
equal to zero.



there is a contribution
to the Z-Z’ mixing angle from the
Higgs sector.

077 = CgaMz /(g1 M3)).
0.03975(v35)

2(vi +v33)
0, 5~ 4x107°.

C=+




Low energy observables
.

o Value [63, 67, 71]|SM prediction Osn  [63] AO =0 — Osm
Quw (p) 0.0719 + 0.0045 0.0708 + 0.0003 4 (ﬁfzz, )2 A (241" + AY
Qw (Cs) —72.62 + 0.43 —73.25 + 0.02 ZAQw (p) + NAQw (n)
Qw (e) —0.0403 £ 0.0053|  —0.0473 + 0.0003 4 (gl‘f{fz, ) NI
1= s [Vaal?| 1—0.9999(6) 0 ﬁ% (ln %) A (A7 - AT
CNP (1) —1.29%0-21 0 g h"fj;f’l"goﬂ
NP () 40.79+0 26 0 ~a e
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95% allowed regions
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particular solution consistent with
the LHC and Low energy
constraints.

Mz =25TeV|i=1|i=2 | i=3
gzl 0 |1.1875|-2.9875
gze 0 |0.3749 |-3.8001
gz'n 0 |2.0001 |-2.1749
9z1q 0 0 0.6000
gz'u 0 | 0.8126| 1.4126
gzd 0 [-0.8126/-0.2126
gz ¢ 0 0.8126

Chp |v-Trident |x2,;,
0.700f -1.00 |7.13




Conclusions
oo

® |n this work we presented an anomaly-free non-universal $Z'$ family of models, which
only includes SM fermions plus right-handed neutrinos and two Higgs doublets.

® Our solutions have three families with different charges for every family, \ie the model is
non-universal; however, a priori it is not possible to identify one of them with a
particular family in the SM; hence, it is necessary a study of the phenomenology of all
the possibilities.

® By means of an explicit example, we show that it is possible to build a model with zero
couplings to the up and down quarks and in general to the fermions of the first family, in
such a way that the model evades collider constraints and does not contribute to the
corresponding the Wilson coefficients $C_9(e)$ and $C_{10}(e)$. Simultaneously, our
solution is flexible enough to accommodate the flavor anomalies in the Wilson
coefficients $C_9(\mu)$ and $C_{10}(\mu)$. By requiring that the left-handed couplings
of the down and strange couplings be identical it is possible to avoid FCNC.
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