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OUTLINE

1. Status of particle physics
2. U(1)z extension of SM

3. UV behavior of the model



Status of particle physics:
energy frontier

LEP, LHC: SM describes final states of particle
collisions precisely [see amazing ATLAS and
CMS contributions Wednesday before lunch]

SM is unstable
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Status of particle physics:
energy frontier

LEP, LHC: SM describes final states of particle collisions
precisely

SM is unstable

No proven sign of new physics beyond SM at colliders*
(only exclusion limits)

*There are some indications below discovery significance (such as lepton
flavor non-universality in meson decays)
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Status of particle physics:
intensity frontier

Universe at large scale described precisely by
cosmological SM: ACDM (2,,=0.3) [Planck etc]

Neutrino flavours oscillate [excellent status report by
Rondino]

Existing baryon asymmetry cannot be explained by CP
asymmetry in SM

Inflation of the early, accelerated expansion of the
present Universe [Planck, SNa1 etc],
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Nature’'s hide-and-seek

Is nature mean (hiding a lot more than showing),
or kind and honest (already showing most signs

of a hidden world)?
if mean, only experiment can make progress

if honest, we should accommodate only what
is already observed into an extended model

Nature is neutral, which is closer to honest
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Extension of SM
(theory built on observations, no predictions yet)

There are many extensions proposed, often
with the aim of predicting some observable

effect at the LHC — but there are none so far, so
may give up

SM is highly efficient — let us stick to efficiency

the only exception of economical description is the
relatively large number of arbitrary Yukawa couplings
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Extension of SM

Neutrinos must play a key role
with non-zero masses they must feel another force apart from
the weak one, such as Yukawa coupling to a scalar, which
requires the existence of right-handed neutrinos

Simplest extension of Ggy=SU(3).xSU(2). xU(1)y is
to G=GSN- — but make it a complete QFT

Fix Z-charges by requirement of

gauge and gravity anomaly cancellation and
gauge invariant Yukawa terms for neutrino mass generation



Fermions

fermion fields:
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Scalars

Scalar for @ complex SU(2). doublet and y
complex singlet:

Lo - [D(¢)¢]*D(¢)“¢ i [D(X) ]*D(X)M V (¢, x)
with scalar potential
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Scalars

Scalar for @ complex SU(2). doublet and y
complex singlet:
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[D(¢)¢]*D(¢)“¢ i [D(X) ]*D(X)M V (¢, x)

with scalar potential
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Fermion-scalar interactions

Standard Yukawa terms:
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+ h.c.

lead to fermion masses after SSB:
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Fermion-scalar interactions

Standard Yukawa terms:
o (+) s (0) * )
tv=— oo @ D), (% ) Da+eo (0. D), (LG ) Ut (e 0, (G0 )
+ h.c.
lead to fermion masses after SSB:

h . i =
£Y:—<1 | ($)> [DLMDDR+ULMUUR+€LMg€R]—I-h.C.

U

Neutrino Yukawa terms (z, = —2z,,):
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After SSB neutrino mass terms appear

where
0 mp (1+ 2)

M(h,S)z'j T (mD (1+%) Mg (1—|— i))zg

6x6 symmetric matrix (mp complex, My real)
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After SSB neutrino mass terms appear

1 e C
s = Vi Z (V_La VPC{)ng(ha S)ij <Z;> +h.c
where - J :
M(h, S)ij — 5 ( .
mp (1+2) My(1+2))/

6x6 symmetric matrix (mp complex, My real)

in diagonal: Majorana mass terms (so vp massless!)
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After SSB neutrino mass terms appear

where
M(h, 8)7;' ==
J (mD(l—I—g) MM(l_I_;))
6x6 symmetric matrix (mp complex, My real)
in diagonal: Majorana mass terms (so vp massless!)

but vL and vg have the same g-numbers,
can mix, leading to see-saw |
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Effective light neutrino masses

If mi << M;, can integrate out the heavy
neutrinos

d1m—5 2 Z M7 v ,

e ot
v, 1Vt h.C.)

m?

where my; = o are Majorana masses
1

14



Effective light neutrino masses

If mi << M;, can integrate out the heavy
neutrinos

1 iy
it 5y ZmMz (1 i E) (

m?

where my; = o are Majorana masses
1

if m; ~ O(100keV) and M, ~ O(100GeV), then

zLVL+hC)

muyi ~ O(0.1eV)
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Mixing in the neutral gauge sector

W, Ay
B;L — M(Sin Hw, sin QT) TM
vl Ay

QED current remains unchanged:
3 3
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Neutral current interactions

L0 = —eZg(cos QTJ , + sin QTJ“) = —eZOJ 0 O(60r)

Log — —eTM(Sin OrJ), + cos HTJ”) = —el, J5% + O(07)

current with Z° remains unchanged:

> Ty —sin? 8 —
s (B @705 (@) + B (@)l (2))

= ~ sin Oy cos Ow
— ]_
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Neutral current interactions

L0 = —eZg(cos QTJ , + sin QTJ“) = —eZOJ 0 O(60r)

Lo — —eTM(Sin OrJ), + cos HTJ”) = —el, J5% + O(07)

current with Z° remains unchanged:

* Ty — sin24 —
e (B @70 (@) + 91,7l (@))

= ~ sin Oy cos Ow
— ]_

but mixes with new current of new couplings:
3 3
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Possible consequences with 5 new parameters
(new scalar mass, scalar & vector mixing, new VeV, ~coupling)

The massive T vector boson is a natural candidate for WIMP dark
matter if it is sufficiently stable (mass of ~1 MeV: super weak new
force).
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Possible consequences with 5 new parameters
(new scalar mass, scalar & vector mixing, new VeV, ~coupling)

The massive T vector boson is a natural candidate for WIMP dark
matter if it is sufficiently stable (mass of ~1 MeV: super weak new
force).

Majorana neutrino mass terms are generated by the SSB of the
scalar fields, providing the origin of neutrino masses and oscillations.

Diagonalization of neutrino mass terms leads to the PMNS matrix,
which in turn can be the source of lepto-baryogenesis.

The vacuum of the y scalar is charged (z; = —1) that may be a source
of accelerated expansion of the universe as seen now.

The second scalar together with the established BEH field may be
the source of inflation.

L



Credibility requirement

Is there any region of the parameter space of
the model that is not excluded by experimental
results, both established in standard model
phenomenology and elsewhere?
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Credibility requirement

Is there any region of the parameter space of
the model that is not excluded by experimental
results, both established in standard model
phenomenology and elsewhere?

Answer is not immediate, extensive studies are
needed
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An immediate objection(?):
such neutral gauge bosons are excluded

but these are searches for short-lived bosons of

mass above 1 MeV [e.q. NA64: 1803.07748]
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An immediate objection(?):
such neutral gauge bosons are excluded

new searches W|II be sensmve to masses below 1 MeV
[e.g. SENSEI 1804 00088]
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http://arxiv.org/abs/arXiv:1804.00088

An immediate example:
contribution of the new gauge boson to a.

using the new neutral currents:

Aau — a(T-l—SM) e CZ(SM) o CL(ZO) - a(ZO)(O’ O) o CL(TO)

M H M H H
where
0 Grm ) : :
aELZ )(hf, ) — 6\@7:; [2 sin Oy (h ¢ cos Oy sin O — sin Oy cos Or)

X (2 sin Oy (h  cos Oy sin 67 — sin Oy cos 1) + cos HT) — cos” HT}
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X (2 sin Oy (h ¢ cos Oy cos O + sin by sin 67) — sin HT) — sin” HT]
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An immediate example:
contribution of the new gauge boson to a.

a

(TSN (EM) GFmZ 50, + 40, + 1 - O(67) o Yoy
p p 60 Btanh ! c

experimentally: aLeXp) - aLSM) — 268(76) - 1011
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Perturbative RG flows

New couplings are small, hence can use PT

All B-functions derived at one loop (slightly
differ for Dirac or Majorana neutrinos)
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Perturbative RG flows

New couplings are small, hence can use PT

All B-functions derived at one loop (slightly
differ for Dirac or Majorana neutrinos)

Constrain scalar couplings by assuming that the
new model remains stable up to Mp

Among new couplings the flow is most sensitive
to the largest neutrino Yukawa coupling (cy)
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Initial values set at m;

3
gy (my) = \@ x 0.4626, gp(my) = 0.6477, gs(my) = 1.166,

allowed regions at fixed values of the
largest neutrino Yukawa coupling ¢y
for both Dirac and Majorana neutrinos
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Scalar parameters allowed for stability

Dirac neutrino, ¢, = 0 Majorana neutrino, ¢, = 0

S R e R0 PSRN SO ST R
A(m) A(mny)
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Scalar parameters allowed for stability
with Majorana neutrinos
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Scalar parameters allowed for stability
with Majorana neutrinos

Dirac neutrino, ¢, = 1.5 Majorana neutrino, ¢, = 1.1
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Scalar parameters allowed for stability
with Majorana neutrinos

Dirac neutrino, ¢, = 1.6 Majorana neutrino, ¢, = 1.12
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The parameter space vanishes rapidly above ¢, = 1
The parameter space disappears completely for ¢;= 1
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Conclusions

Established observations do not suggest a rich BSM
physics
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Conclusions

Established observations do not suggest a rich BSM
physics

U(1); extension has the potential of explaining all
known results

Anomaly cancellation and neutrino mass generation
mechanism are used to fix the Z-charges up to
reasonable assumptions

Parameter space can be constrained from and should

be confronted with existing experimental results
30



