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Neutrinos and Cosmologg

Observational inconsistencies have motivated to look for Phgsics
begoncl the SM,

* - lEcannot explain neutrino masses, the mass hierarchg) i,
* |tdoesnt explain the origin of the cosmological ingreclients)
*  Galactic rotation curves,

* Gravitational Lensing

* “Bullet Cluster”,
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Neutrino mass in SM extensions

In the SM, there is onlg one helicitg state per generation for neutrinos

We also know that B-L current is conserved to all orders in Per‘curbation
theorg.

The inclusion of RHN preserve B-L anomalg free

The Majorana term breaks B-L, so it must be broken somehow.

In general, neutrino masses can be originated via the lagrangian,
0= hO’ﬂ%VR S5 h/EHVR
If the Higgs mechanism is resPonsiblc for the Particle mass generation,
brealdng of a symmetry could explain neutrino masses too. The Previous
lagrangian suggest the breaking of B-L.

lnclucling SUSY one can have an estimation of the value of Parameters at

low energies using the RGE formalism.



The supersgmmetric B-L model

The superpotential that contain neutrino masses is,
AW =NY~NLH, + NY N Noiy + o109,
where, under SU3)c x SUR2). x U(l)y x U(1)p_¢, theg transform as,

Al e B BN S G D 0N e S S B R

Kinetic terms are also incluclecl,
AK =NTe?V N + 61e?V 61 + 61e?V 6,
the gauge Part)

s g e 1 v o v
W(B_L)WQ(B_L)’99 — —2@ZB_L0“6MZB_L =F D2 -, 514/“/14“ e ZAM,/A“

and the soft breaking terms,

1 - 2 X s X i
ALsp =5 Mp_1Zp 1251 + NhXLH, + N°hx Noy + B'oi0,

~
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R~Parit9 IS NO Ionger imposecl. s

sgmmetrg forbids R—-Paritg vio|ating terms.
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RGE

RGE are more complicatecl in this model. Mixing between the unitarg groups

are coming even at one Ioop due to,

L C Py Y gphh = — % — #0

which, due to non zero beta-function for the mixing term, one needs to
define an effective coupling and gaugino masses.

In this sense, one have the running of the gauge Couplings in terms of,

()
Bab' = T¢—8kaSid
and for gaugino masses the beta-functions need a similar treatment.
Nevertheless) once the gauge structure IS {:ixed, l-loop RGE can be

comPutecl and solved.



Diagonalizing the unitary couplings, the effective running is determined to

be,

Unification is not achieved at

one Ioo[:). But it might be fixed

160|||:|||:|||:|||:|||:|||:|||:| consicleringthresholdemcwcects.

140 : Therefore, at the mass of the

i Z,
120F

-~

gB_L(mZ) ~ (0.2894

TOO s N

Besides, Z’ searches has a

hmﬁom
MB_L/gB_L > 6 TeV

It means,

: : : 3 : : :
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i Mp_1 > 1.7 TeV
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l:o”owing the same 5[:>irit, one finds the running of the masses to be)
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B-L broken due to

~

(V)

Sneutrino contributes to the
mass of the B-L gauge boson.

In the most general case,
Mg_p = 9123—L(4U(2;1 = 4?’(272 i ’UJQQ)

B-L breaking haPPens at high

enques



The breaking of B-L can be analgzecl bg looking at the scalar Po’cential,

4 1 ~ 3
V() = (luael + 5B ) 191" + m |
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VEV of the sneutrino remains at
the GeV scale.
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(N)[my] ~ 250 GeV
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It is sizable experimenta”g.

100

50

I 1 1 . | 1 1 | I 1 1 | I | | 1 1 . | 1 1 | I 1 1 | |
2 4 6 8 10 12 14 16

Logm(Q/GeV)




Neutrinos and Higgses

Neutrino masses can be extracted from a double see-saw mechanism.
Neutrinos and neutralinos are mixed are in the same mass matrix, therefore

the first iml:)lementation will be with the complete mass matrix,

/ 0 ylz/’U;B A \ In the bafios ‘%
MV)ZO = yD\}J;B 0 Y (VLa N7 ) §
\ AT QT MX'O / r’ w

where neutralino mass matrix in the basis,

G N 2 ~ = ~ ~
| (3) = (B Wo BY B Z3, & &)
IS,




Then, after the second SEE~-5aw, neutralino mass matrix elements are;

2 92
VRYD

MlMQ,LLC

B

=

DOe 2
My ]22 = — o e
Mp_r

A ranclom scannig CNVER the Parameter space let the mass OF RHN to be

my > 0(1) GeV.

bg rec]uiring the cosmological constraint,

Zmyi = 2.y

-~ mL(My+Mz+(M1—Mz)czgy, )

T T T
P u=u' =200 GeV :

M, = 200 GeV fvp=v'=500GeV i
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Higgs
The MSSM Higgses have to be reanalgzed. With extra Higgses in the model,

and with the vev of the sneutrino, the effective lagrangian reads as,

I
[; — E(I)TMgb(I),

where, the mass matrix is more complex)
2 2
M2 i ( ME—L A;Imix )
P T
(Mmix) MMSSM
inthe basis,
B
((I)) =3 (Vb Yy VR, huahd>

Minimization conditions reduces the number of Parameters in the model.



Light Higgs Heavy Higgs

R R R =

"—aD= 10 GeV

gty

_,_aD=50 GeV

T R B

'|"I"'I"I'"I"I'"I"I"I"

T EE i .




Mass [GeV]
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Which is the LSP in the model 77

Lightest neutralino is still 5~|i|<e, but the B-L is relativelg close

Del:)encling on the Parameter space, one can get the B-L eigenstate be

the |ightest one.
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Conclusions

» We have studied the suPersgmmetric extension of a gauge group,
where we have added a RHN suPerﬁech and two extra B-L Higgs.

o We solved the renormalization group equations for all the

Parameters omc thc—: mociel.

* Breaking of B-L is mediated ]39 the sneutrino felds. Its vev at low

energic—:s is under control due to contributions of all sl:)articles.

* DBy applginga double see-saw Proceciure) neutrinos can acquire a

mass which can solve some Problems N neutrino Phenomenologg.

o We have studied the contribution to the relic density bg
consiclering that the B-L sector contains the LSP.
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