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Beyond SM

Beyond SM

Observational inconsistencies are motivating to look for physics beyond the SM,
@ It can not explain neutrino masses,

o It does not explain the origin of the cosmological ingredients,
@ Galactic Rotation Curves
o Gravitational Lensing
o "Bullet Cluster”. ..
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| F l _-:f
£ £
§ § i E 7 3% DARK ENERGY.
| ——— |
S—) _S—

N - . PR, M
Phenomenology Symposium 2011 Madison, Wisconsin, USA



Neutrino mass
°

Neutrino mass in SM extensions

In the SM, the B — L current is conserved to all orders in perturbation theory.

In the SM, there is only one helicity state per generation for neutrinos.

o Without the right handed component, it is not possible to construct a Dirac mass
for neutrinos.

@ The inclusion of right handed neutrinos preserve B — L anomaly free.

o The Majorana term breaks B — L = it must be broken somehow.
It has been studied the lagrangian,
oL = hUDEl/R + h/[/:II/R
and it has a direct connection with the DM problem and the barionic asymmetry of
the universe.
o The Majorana term breaks explicitly the B — L global symmetry.

o It suggest as a natural symmetry to SU(2); x U(1)y x U(1)g_;.

o It is needed to include 3 families of right handed neutrinos to preserve anomaly
cancelation.
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B — L model
o

The supersymmetric B — L model

With the extra gauge group U(1)g_ , the most general superpotential has the
following extra terms,

AW =NYEBLH, + NYM Noy + ' o102,

where under SU(3)c x SU(2); x U(1)y x U(1)g—_, the extra superfields transform as
N=(1,1,0,41) o;=(1,1,0,—-2) o02=(1,1,0,+2).

The extra Kahler potential is,
AK = NN+ 67?61 +6]e?V sy,
And for gauge part,
. = 1 i~
W 1) Wa(e—1)los = —2irc" 0% + D? — SAur A = A A
The soft breaking term, which involves the new scalars is,
1 - - PR - .
ALsp :EMB,LZB,LZB,L + NnRLH, + N°h¥ Noy + B'o102

+ m%,lcrial + mgzajw =+ KITmeN
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B — L model
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Renormalization group equations

Gauge couplings Soft parameters
— 1 —
o (m)=¢ {a,- (mz)+(2m) b '"(%)} ABay= ar{y%—gé,L/6}+Yt{ZEDVD+g§7LMBfL/3}'
(c1,5¢3,¢5_1)=(3/5,1,1,3/8), ABay= —apgh_ | /6+Ybeh_ MB_1 /3
(by,bo,b3,bg_ )=(—11,—1,3,—24). ABa,= ar{yB—36%_, /2}+vr {2apyp+3e}_ Mg_1},
. _ 2 2 2 2 2 2 2
Gaugino masses Bap= ap {123 +3rf+2vy 7 —3¢f /533 —3ef_, /2}

+yp {Gam +2apyptaryr +6g12 My /5+6522 M;

B, =2cig2M;, where  i=1,2,3,5-1 +3g%_ Mg},
_ B 0B o 2
Yukawa and p terms Bap = am {1597 +8vp —%3_, /2}+{Bapyp+oe}_ Mp__}.

Higgs masses

AByt:yz{yf,fgé,L/fi}, AByb:7ybg,23,L/61
Styrovr{b-ag_u/2)  Asuwd. A8 = 2y { oy, e iy, Y 2ady, 20,5, =
B2 = 2y,2v,{m§1 +me3 }+2a%/, 1263 ME_,—38}_,5'/2,
ByD:yD{4y%+3yt2+y,%,,—3g12/5—3g22—3g,23_L/2}7 “a
Byp=ym {3y,2v,+4y5 79g,23, L /2} o Bm¢272 :712g§7"M§7 L+3g§’ LS/ /2
26, = {vir—%E_}: §"—2m?,) —2m2 4 Tr2md —2m? -4l — ).
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B — L model
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Unification

Low energy value for the B — L
gauge coupling is

1
=
S

gB,L(mZ) =~ 0.2565

60/

This value put a constraint on the
associated B — L gauge boson
given by LEP
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Mg_1/gg—L > 6TeV
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M. Carena et al.
Phys. Rev. D 70, 093009 (2004)
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Therefore Mg_; > 1.5 TeV
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B — L model
o

Sparticle spectrum

RGE sparticle masses

tan =30

r A =900
, ;
A3m33:—g§_LM2B_L/3+g§_LS /4,

—_ 2 2 2 ’
Aﬁm%,a* g1 Mg /3+teg_ S /4

2 2 2 ’ 00
Aﬁmf!g* 8 1M /3+teg_ S /4

AB o =—3g5_ Mj_, —385_,S' /4,
&3

_ 02 2 2 .2 2 2 2
A/im% = 2yD{mHu+mL3+mN3}+23D—3gBiLMBiL
3
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U(1)p_, is broken by (1) and (N)

Moreover, right-handed neutrino vev will contribute to the mass of the associated
2 _ 2 2 2 2
B — L gauge boson, MB—L = gB—L(4V<71 +4v02 AL VN)
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B — L model
L]

B — L breaking

N becomes negative so fast, so it is worth asking the vev scale at low energies; the
potential includes a mixing with the o1, therefore,

- 1 & ~ 1
V(N,o1) = (lyl\/l|2 + gg,_%,L) [N* + m%|N|? + ggé,le\“ + {u + m%,l} lo1)?

+ 4lym 2N |o1)? + amar| N2

300
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Even if both fields acquire a vev
almost at the GUT scale, their
vevs are at the GeV scale.
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The phase appearing for (o1) has
been considered for Inflation and
Baryogenesis models.
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D. Delepine et al.
Phys. Rev. Lett. 98, 161302 (2007)
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B — L model
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Neutrino mass matrix can be obtained by a double see saw mechanism. And this
feature rise by the fact that the neutrinos and neutralinos are mixed in the same mass
matrix.

P. Fileviez-Perez and S. Spinner, Phys. Lett. B 673, 251 (2009).

The mass mixing between neutrinos and neutralinos has the following form,

YDVsp
0 22 A
M .o — YpVvVsg YMVoy Q
VRO 2 V2
AT QT My

where we have taken the basis (v, N, )"(0). The neutralino mass matrix has been also
modified and now read, in the basis

() =@ Wie g w0 25, w8, b, as

M_,o 0
Moo = XMssm
X 0 Mo
XB—L
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B — L model
oeo

where all matrices are,

M1 0 —Ccgswmz sgswmz
M _ 0 M2 cgcwmz —Sgcwmz
Khssm —cgswmz  cgcwmyz 0 — 2
sgswmz —Sgcwmz —u 0
and
Mg_, —2gg_1V'sg,_, 28p—1V'cgy_,
Moo =|[ —gs_1V's 0 —u
%3, &s L‘,/ Be—1 , H
8B—LV'CBg_, —H 0
— YRYD
A = ( 0 00 ® 0 0 0 )
Q = < 01><4 _\/EgB—LVR % 0 >7
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B — L model
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Therefore, the neutrino mass matrix is given by,

2.2
M) = -
v a ¢ I\/Ile,Lu:ﬂ_2 ’
Br\ts — mZZ(M1+M2+(M1*M2)CZGW)
VyDS[g
Myli2 = 5
Moz = =72
(Mo ]as = YoM _ 2¢3_vR(W — v'ymea)?
v]22 = \/5 2 (m _ 452 V72 :
© B—L 8B 1520 7

A random scan over the parameter space let the mass of the right handed neutrino to
be,

my > O(1) GeV,

by requiring the cosmological constraint >, m,, < 2 eV to be satisfied.
J. Lesgourgues and S. Pastor, Phys. Rept. 429, 307 (2006).
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Conclusions

Conclusions

o We have studied the supersymmetric extension of the gauge group
SU(3)c x SU(2)L x U(1)y x U(1)g—L, where we have added a right handed
neutrino superfield, and two extra B — L Higgses.

o We calculated the renormalization group equations for all the parameters of the
model.

o By requesting a unification at the GUT scale, we have calculated the associated
gauge coupling gg_;(mz) ~ 0.2565, implying immediately Mg_; > 1.5TeV

@ The breaking of U(1)g_, is mediated by the sneutrino and the B — L Higgs
fields. Their vevs at low energies are under control due to the contributions of all
the sparticles.

@ By applying a double see-saw procedure, neutrinos can acquire a mass which can
give solve some problems in the neutrino phenomenology.

@ In this model the LSP is the associated B — L gaugino ... DM implications ?!7!
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Higgs masses

For computing the scalar masses, we need to consider all the scalar fields, therefore, in

L T
thebasis ® = (7 #f N AT o1 of oo o3 HY HY" HY HYT) , we
can write the lagrangian,

1
L=0T Mo,
2

such that Mi is,

2 2
M2 _ MB —L Mmix
o — ( M2 T M2
mix MSSM — Higgs

but Ml2nix elements are proportional to the Yukawa parameters, therefore, we can
neglect them, as first approximation, and the MSSM Higges and the B — L ones are
orthogonal.

Phenomenology Symposium 2011 Madison, Wisconsin, USA



	Beyond SM
	Neutrino mass
	Neutrino mass in SM extensions

	B-L model
	The supersymmetric B-L model
	Renormalization group equations
	Unification
	Sparticle spectrum
	B-L breaking
	Neutrino mass

	Conclusions
	Apéndice

