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Our model: the 312-vSM (i.e. the Grimus-Neufeld model)

Standard Model (SM) 4 one fermionic singlet 4+ two Higgs doublets
e is not a new idea: [G-N] W. Grimus and H. Neufeld, Nucl. Phys. B 325 (1989) 18.
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The bare Lagrangian of the 312-vSM

e Gauge sector L5 and Fermion-Gauge sector of the SM:

— gauge group U(1)y ® SU(2)L ® SU(3)color
— gauge covariant derivative D,

— and the Lagrangian Lg.p = Y ¢ i)
e Gauge-Higgs sector with the gauge covariant derivative D, ¢q
and the Lagrangian L.y = (D#¢a)T (D, pa) — V(¢a)

e Higgs sector: two Higgs doublets ¢, in the Higgs potential V(¢q)
[H-ON] H. E. Haber and D. O'Neil, Phys. Rev. D 83 (2011) 055017 [arXiv:1011.6188 [hep-ph]]

e Fermion-Higgs sector with the Yukawa couplings (ignoring quarks)

Len = —0¢aYjpen, — I daViN® + hc.
+ ) * Ox*
with the adjoint Higgs doublet ¢; = e’ = ( _01 Cl) ) : ( (((2%))* ) = ( ib;_ )

e Majorana sector with the Majorana singlet N°: D, NY = 9, NV
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The 312-vSM has parameters additionally to the "original’” SM
e the singlet Majorana mass term Mp

e the neutrino Yukawa coupling of the first Higgs doublet
(ngl))j — ?]}j = @(MD)]- ... the "Dirac mass” term

e the Yukawa couplings of the second Higgs doublet
(Yé?))jk:: YLij to lepton doublets and charged lepton singlets /p;
(Y]EIQ))]- = ffj to lepton doublets and neutral fermionic singlet Np

e additional parameters in the Higgs sector see [H-ON]

— M, My, M+ masses of the additional Higgs bosons

— 012, 013 mixing angles between the neutral Higgs fields

CP conservation forces the mixing to the pseudo-scalar A° to zero: 613 =0

— Zo, 43, 47 ... parameters of the Higgs potential,

not fixed by tree level mass relations
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312-vSM tree level for the neutral fermions
e the Yukawa coupling (Y]S[U)j mixes the neutral leptons v; with Ng

e the mixing gives a (34 1) x (3+ 1) symmetric mass matrix

Mr M. M; = 0
Mp MR Mp = (mD67mD,u>mD7') — \/—§YN

— M, has rank 2 = only two masses are non-zero
e diagonalizing M,
U,y My = diag(my, mo, m3, mg)Uyy =: mly,y with mj =mo =0

by the unitary matrix

Ute uiy,  uwir O 2 ma
U — U2e w2y, u2r 0 Whel’e T m4—|—m3
@) Cuze CU3, CU3; 1S 82 — m4TiL|-3m3

1SU3e 1SU3, 1SU3r  C

— Uy 1S the neutrino mixing matrix (with a,k =1...3, a mass, k flavour)
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312-vSM tree level for the neutral fermions
o from U, My = ml,, and (Y(l)) \F(MD);C we get
(Ve = us (V) =0
e the two tree-level massless "neutrinos” g‘i”z are degenerate

e use the second Higgs coupling (Yjsfz))k to distinguish them:

wi (V=0 and  ub (V) =1d#0

= parametrize the Yukawa couplings as

(Y(l)) \FmD U3z}, (Y](V2>)k = dupy, + d'ugy,

© |loop level these parameters

— generate a loop induced mass mo d2

+ this i1s the Grimus-Neufeld model

2

m
— and a loop correction omsg for the seesaw mass mg X 1;
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Improving by including one-loop predictions: using m; and om;
How can we do that?

e when renormalizing the Lagrangian expressed in the mass eigenstates

— one gets a counter term §tm for each non vanishing mass m

* we have ms3 > 0 already at tree level . ..

" Trick” of Grimus and Lavoura
[G-L] W. Grimus and L. Lavoura, JHEP 0011 (2000) 042 [arXiv:hep-ph/0008179].

e renormalize the Lagrangian expressed in interaction eigenstates

— the counter term for the mass matrix

St M (5CtM )T ct
SN, = L D has §tM; =0

i tree _
« since M;™®® = 0343

— the counter term 6Y(Mp) = %[(cSCtv)(YJ(Vl))I€ + v((SCthg,l))k]
x IS fixed by the vacuum and the Higgs coupling

— 6t My is " fixed” by the not measured heavy singlet ... and ignored
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The Grimus-Lavoura procedure
[G-L] W. Grimus and L. Lavoura, JHEP 0011 (2000) 042 [arXiv:hep-ph/0008179].

reducing the problem to the "light” neutrinos §]1”23:

-
e staving in the interaction eigenstates basis M, = ( 0 Mp )

Mp Mg
leads to an effective 3 x 3-neutrino mass matrix My,
— at tree level ML = M) M}gl Mp
— and at one-loop level Lrloop — agqtree 4 s, |

with  6M, =M, — M} Mzt Mp — MY Myt 6Mp + M} Mzt SMr Mzt Mp
e assuming oMp to be irrelevant ( as Mg is a free unmeasurable parameter )
e assuming corrections with 0Mp to be subdominant o Y?mg: 3 or g?my5p

= loop corrections come from o0M;, calculated from

k k
-~ -~
PN

/ \

2] 2] ! ‘
_ « B e B
V) T T e e TS T e e
P 2| p+k|1] P P |2|p+k|1] P
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The Grimus-Lavoura procedure

calculating §'°°PA/; from the selfenergy 25]2)
e at vanishing external momentum p? = m? = mghys ~ 0

— for the mass term only the neutral bosons contribute
— 79 and GY combine to a gauge invariant contribution

— we get an effective 1-loop improved 3 x 3-mass matrix
(M99 i = ugiun A + (ugjusy, + usjugy,) B + usjusg,C

* wWhich is obviously only rank 2 :

uzj(/\/li"oop)jku;gk =

O o o
& > O

o)
B
C

depending on SM parameters and on o

— the neutral Higgs masses m#, m%,, m%, and mixing 601

— the heavy singlet mass Mp ~ mgy
— and the Yukawa coupling parameters d, d’, and mp

211 (1)2 2

v4|lY m .. )

|2N | — —LD js included in C
ma ma

e the tree-level seesaw contribution
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Diagonalizing (M,%"'Oop)jk gives the masses mo and m3 = ms3 + dms
e USing u;j the mass mq1 = 0 can be factored out

— the diagonalization can be simplified to a 2 x 2 seesaw relation

A B T . c s
R*-(Bc)z(ﬂ? P)-R with R:eb( ‘;i)
m3 —5* ¢

— with ¢ = 0T cos B and 5 = e sin B

— R is needed as it describes the mixing between @4 and gf‘,f
e we can determine the masses mo and ms3 from A, B, and C alone :
f
A B A B 1
R(5 &) (5 o)r

det[R*] det [g g] det[R1] = e~2i®[AC — B2

ms+my = Tr = |A]” + 2|B|? + |C?

and mom3

atm sol

e using measured masses my = /Am2, and 3 = \/Am2 + Am?2

= solving above equations we express the two parameters d and |d’|
— by the masses and the other parameters (including m?, and ¢’ = arg[d'])
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Determining d and |d/|
o With A=d?f;, B=ddf; + idTLfo, and C = d?f1+ 2id/ L fo + TZ—;f&
the f; depending on the parameters of the Higgs sector ( and the sm)
= determining d is simple:
fping = |AC — B2 = TR\ f1fs — 3] = o2 =

« since the equation does not depend on |d|

V2 o ms

m? | f1f3 — [3]

e the other equation involves a fourth order polynomial in |d|

~ o~ ~ 1
= |d/| — |d/|[v2;mhamH7mA7812;m27m37m4;m%; qb/] and d' = |d,|ez¢
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Determining the rotation matrix R

050100 150 200 250 300 350
. . 70¢ |
e the 2 x 2 seesaw relation gives :
60!
wan?p = IAPFIBP - R\
—|A|2—|B|2 S g
~ ~ D [
622'04 — m2ma3 30%
AC — B? 200 ey
625 — (A*B —I_ B*C) tan/B — 102 aqp = -12.7 deg
|A|2—|—|B|2 ~2 45 my=10°GeV
N mp, =09
el = = ¥ _ BtanpB) = ... 3
ms3 “l’o i
.. indicate different possible analytic expressions x 2
S
e R rotates to the 1-loop mass eigenstates 1

Cl — Cl ) ( ~i ) =R ( i) 0o 50 100 150 200 250 300 350
3 3 ¢'[deg] = arg[d']
e the WT coupling of @M to ¢, is the neutrino mixing matrix Upmns

= we can express the u_, in (Y](Vi))k by R and Upmns

(Y(l)) \F V=D (Y]SIQ))]C = duoy, + d'uzy
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Summarizing the 312-vSM (i.e. the Grimus-Neufeld model)
We take as input

e the Higgs masses my, mg, may, and mixings sj> and si3;
— for the CP conserving case: s13 = 0.

e the neutrino masses: mi; = 0, mo, m3, Mg T mg ~ Mp
— and the neutrino mixing matrix: Upmns

e the first Yukawa coupling, giving the tree-level neutrino masses: m%

e the phase of the second Yukawa coupling, ¢’ = arg[d’]

— subject to the constraint, that the fourth order equation gives |d'| € (0,1)

We determine the Yukawa couplings (Y]S,i))k

e we check the selfconsistency of the one-loop corrections:
— the input masses > = \/Am2, and 3 = \/Am2,,, + Am2Z,
should produce the correct mass differencies
« inverted hierarchy could be possible, too: mo = \/W and ms3 = \/Am2 + Am?2

atm atm sol

e using scatter plots we |look at the distribution of the parameters
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The 312-vSM.: Conclusions
e Our model fixes the Yukawa couplings of the neutral singlet

e We can make predictions for processes involving the predicted (ngf))k

— up to now we managed only one simple bachelor thesis looking at an overly simple assumption

e the full renormalization of the model is still missing
— see next talk ...

Thank you

for discussion

and comments

and of course for the conference! ©
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