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! Motivation

* Minimal Z’ models as low energy limits of SO(10) GUT
models.

* Comparing theoretical unification constraints on the space
of Z’ parameters with experimental constraints from the

EWPT and the LHC.

* Taking into account treshold corrections 1n a potential-
independent way.
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~ Whatis a minimal Z'’ model ?

* The gauge group 1s SM x U(1)
* Generator of additional U(1) gauge group 1s B-L.

® Only 1n this case (U(1)"2 spanned by Y and B-L) no
additional fermions (except for right-handed neutrinos) are
needed for anomaly cancelation.

* /’ boson is the gauge boson of additional U(1).



Low energy parametrization
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a,b € {1,2} - indices in U(1)? algebra

We choose hyp = 0,1 (at tree level)

| —
y 1 [9 g ][ B
B — L 0 gB-L Z)

Standard parametrization

¢’ is equivalent to ¢’ from the SM

9B—L, 9p_; and My are basic parameters additional with respect to the SM

How are they constrained?
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Different (GUT) parametrization

Parametrization, which is natural for SO(10) GUT mod-
els is different, than the standard Z’ parametrization.
After finding constraints from gauge coupling unifica-
tion in GUT parametrization, one has to make appri-
opriate transformations to obtain final constraints on

gp_r and g5_;.



Symmetry breaking

Pattern 1 SO(10) Pattern 2
M \LO
*SUB) @ U(1)yx )e ® SU2)L & SU(2) @ U(1)p_1

\,u,l > 101% GeV lm
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Transormation of U(ijﬂngémmﬁerators

There are two diagonal generators of the intermediate group, that are linear
combinations of Y and B — L:
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In Pattern 1: [X]_|:—\5/Tl_0 VIO [B—L]
R 7 [1 —3 Y

In Pattern 2: {m]—[o \{f]'[BL]

R - third (diagonal) generator of SU(2)gr

The running below the p; scale is considered in the [Y, B — L] basis.



Treshold corrections

Integrating out the Z’ gauge boson has no influence on the 1-loop running

/ / ? : .
of ¢, go and g3. Therefore the Z" boson doesn’t need to be integrated out
below its mass scale and one can run with g5 ; and gg_; down to My scale.

Treshold corrections from all fermions and scalars in a given model are

included in derived constraints. The full set of constraints contains both
equations and inequalities. It defines the allowed multidimensional polyhe-

dron in the space of parameters spanned by ¢%s_;, gp—r and treshold mass
parameters. One can project this polyhedron on the 2D plane spanned by
gy and gp_r only.



Supersymmet ric

IVI odel 1

Higgs sector: 210y + 54y + 126 + 1265 + 10y
Pattern 1: SO(10) 2% SU(B) @ U(1)x £ Z° group

Er 1
0,42

allowed by unification
Mo1g > 0.1 pg gp_ = E=L

9z 0,41 -

M54 > 01 /Jl ~/ _ ng—L
I9B-L = 4, -
Mother fields < 0.1 M1 0,40 -
Benchmark running;: -
’ Ho = U1 0,39

No treshold corrections
In the [uq, po] interval: All fields .

In the [Myz, pq] interval: MSSM + 3-vg + 2 xB_1L -
® 10 = Mp,
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Pattern 2: SO(10) 2% SU(3). @ SU(2)r ® SU2)r @ U(1)p_1. X 7’ group

Higgs sector: 458 + 458 + 1265 + 105 -
0,8 -
0,6 -
Zr_1
0,4 -
Unification is possible only with specific _ |
combinations of treshold corrections
o0 -
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! Constraints from LEP Il EWPT
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Latest constraints from ATLAS
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! Latest constraints from ATLAS
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g1

1,0

02

0.6 -

0,4 -

0,2

0,0 4,
-1.0

xperimental constraints

T T T T T T
-0,8 -0, -0,4 -0.2 0,0

gE:—.L
MZI = 1.4 TeV

Er—_1

1,0 H

0,8 —

0,6 —

0,4 -

0.2+

0,0 -4

-1.0

T T T T T
-0.3 -0.4 -0,4 -0.2

?B—L
MZf = 1.6 TeV

Bl ued out by ATLAS and allowed by EWPT
B :iowed by ATLAS and ruled out by EWPT

B :allowed by ATLAS and EWPT

0,0

on Model 1

Ep_1

1,0

0.z

0,6

0,4 -}

0,2

0,0 4,
-1.0

. T . T .
-0 -0.a -0,4 -0,2

EB—L
MZ’ = 2 TeV

0,0



Er_1 Ep—1
1,0 4 1.0
0,2 0,8 -

0,6 —

0,4 -

0.2

T T T T T T T 0.0 - T . T . T
-1,0 -0,2 -0,6 04 -0,2 00 g _0g _0

Yo .
MZI = 1.4 TeV MZf = 1.6 TeV
B .ulcd out by ATLAS and allowed by EWPT
B :iowed by ATLAS and ruled out by EWPT
B :allowed by ATLAS and EWPT

T
0.4 -0,2 0.0

£l

xperimental constraints on

=4
1,0

02

0,6

0,4 -

0.2+

00

—-1L

Model 2

5 0 ?;E_-L,
MZ’ = 2 TeV




-

! Summary and conclusions

* Grand Unification can significantly constrain the space of
parameters 1in Z’ models, but unknown treshold
corrections can give additional freedom.

o LHC still didn’t find any Z’, but there are new, stronger
limits.

* For a given symmetry breaking pattern and a field content,
one can find potential-independent, lower bound on Z’
mass.

* Presented methods can be used beyond minimal Z’ models
unless there are 3 or more U(1)’s at the same range of
scales.



References

Minimal Z-prime models: Present bounds and early LHC reach.

Ennio Salvioni, (Padua U. INFN, Padua) , Giovanni Villadoro, (CERN) , Fabio Zwirner, (Padua U. INFN,
Padua) . CERN-PH-TH-2009-160, DFPD-09-TH-17, Sep 2009. 25pp. Published in JHEP 0911:068,200.
e-Print: arXiv:0909.1320 [hep-ph]

Gauge Coupling Renormalization With Several U(1) Factors.
F. del Aguila, G.D. Coughlan, (Barcelona, Autonoma U.), M. Quiros, (Madrid, Inst. Estructura Materia).
UAB-FT-180/88, Feb 1988. 24pp. Published in Nucl.Phys.B307:633,1988, Erratum-ibid.B312:751,1989.

Fermion Masses in SO(10) Models.
Anjan S. Joshipura, Ketan M. Patel (Ahmedabad, Phys. Res. Lab). Feb 2011. 31 pp. Published in
Phys.Rev. D83 (2011) 095002 e-Print: arXiv:1102.5148 [hep-ph]

Intermediate mass scales in the non-supersymmetric SO(10) grand unification: A Reappraisal.

Stefano Bertolini, Luca Di Luzio (INFN, Trieste and SISSA, Trieste), Michal Malinsky (Royal Inst. Tech.,
Stockholm). Mar 2009. 22 pp. Published in Phys.Rev. D80 (2009) 015013

e-Print: arXiv:0903.4049 [hep-ph]

C. Amsler et al. (Particle Data Group), Physics Letters B667, 1 (2008)

I
¥



