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The 312-vSM
Standard Model (SM) 4 one fermionic singlet 4+ two Higgs doublets

e is not a new idea: W. Grimus and H. Neufeld, Nucl. Phys. B 325 (1989) 18.

The 312-vSM has parameters additionally to the "original” SM
e the singlet Majorana mass term Mp

e the parameters due to the second Higgs doublet
— the Yukawa couplings to the second Higgs doublet

(Yg))jk lepton doublets and charged lepton singlets 7,

(Y](VQ>)k lepton doublets and the neutral fermionic singlet Np

— the additional parameters in the Higgs sector
H. E. Haber and D. O’'Neil, Phys. Rev. D 83 (2011) 055017 [arXiv:1011.6188 [hep-ph]].

¥ M, M, Myt masses of the additional Higgs bosons

« 012, 813 Mixing angles between the neutral Higgs fields

x Lo, 43, Z7 parameters of the Higgs potential,
not fixed by tree level mass relations
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The 312-vSM: Tree level predictions
e three additional scalars: two neutral and one charged

— but they are not our primary concern ...

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

T _
M, = ( Mr Mp ) with Mz = O3x3
Mp Mpg Mp (MNe, MmNy, MN7T)

e diagonalized U(V)MVU(TV) = diag(m1,mo, m3,ma) by the unitary matrix

[ Ui Uy Ui, 0 )

- 4+m3
U(V) - ’iS(ME)e iS(Ml*))u iS(Ml*))T _is where §2 — m3
m ms3 m T mg+m
| i i), (M2, ) e
ma ma ma ¢

e only two of the four neutral fermions have a non-zero mass: m3 and mgy
— but mo can be generated at one-loop level
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The 312-vSM: Tree level parameters and relations
e use the second Higgs coupling (Y]SQ)),{ to distinguish
the tree-level massless " neutrinos” (1 o
with  U(V$), =0  and  Up(Y?), = dv2
= Uj; Is defined to be orthogonal to both Yukawa couplings
— then Uy, has to be orthogonal to (M7), and to Uy
® with mixing matrix R of the neutral Higgses, defined by the angles si; :=sinf1; and c1; := C0S 04},
€12€13  —S12  —C128513 g1 Re[gi2] Imlgio]
R= s12c13 c12  —s12513 | = | ¢o1 Re[gzz2] Im[g22]
513 0 c13 q31  Relgsz] Im[gs2]
we get an effective coupling for h(,(g
1< 1 1 v (2)
Yasn =75 D an15(Mp)i + 4275 (YN Dl UarUsn + UgrUan)
k=1

— with the properties

Y18n = Y22, =0 Yozp = —isdqpo Yoan = cdgpo
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One-loop predictions

e |loop contribution from the neutral Higgses to the mass correction

3
5m|oop — Z Z Re[(yn)aa] 7Re[(yfn)v*y]AO(""’Lfy)

—|—mfyBQ (p?, m%n, m3)Re[(y) ay (Yn)yal

Ioop_ .
— giving  omy O and withp?=m3=0

E Re (]2
5'00Dm — d2 2 : [ n2] [

n=1 "4 +m3

mzBo(0,m;,, m3)—m3Bo(0, m,, m3)]

e using the measured values
Am2, ~7.5x 10723 GeV? and Am2, ~ 2.5 x 1072 GeV?

— we estimate mghys ~ 10711 GeV and m4 ~ ghys 5x 10711 GeVv
— we take my, > mpy, > my, = 125 GeV and my4 > 85 GeV

— we can safely ignore ms in §'°°Pm,
+« this allows a further analytic simplification
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One-loop predictions: mghys = m8C + smy = 0 4 §'°°Pms

e expressing all masses as ratios to the Higgs mass M, = 125 GeV

M, = T2 X M, My, =713 Xmpg, and myg = Rqg X mpg,
alnfa]—bIn[b]
a—b

and using the simple form for Bg(0,a,b) =1 — we get

3 2 2 2 2
oo _ 2 > (R In[R7] — 77 In[r7]
§'°°Pmo = —mp, X d°Ry > Relg;o] R 2
n=1 4~ Th
or putting in the values for ¢2,:
§1°%Pma = s, x R | (5% — 3,533) Bl 4 (B, — sFpsty) MM 1 (0 — 3y MinlEE i)

e this function is linear in s%,

= the extremal values are given by the CP conserving limit
s12-c12-513-¢13 =0

e each selection of the parameters m%b, ml%fe,’ 01>, 013, and my

— gives an allowed (very narrow) range of d

* but certain values of the angles have to be excluded, as they produce
an exact cancellation of the contributions from the different Higgses
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One-loop predictions:  from §'°°Pm, examples I

e plotting the allowed ranges of angles sin261, and sin? 63 for
ro = 4 (i.e. my, = 500 GeV),

r3 = 5 (i.e. my, = 625 GeV), sin613 [
0.644/
Ra = 10% (i.e. ma = 1.25 x 10° GeV),
5 0.642/
and d = 10~ 7
sin? 01.3 0.640|
0-9:’ ’ 0.638/
] 0.600[ "
0.7
: 0.598}
0.6- ] )
I ] 0.5961
0.5+
i 0.594 -
0.4~
[ 0.592
0.3;‘ L L L L 0590,

00 01 02 03 04 05 06 0.7 0246 0248 0250 0252 0254
sin2012 sin2912
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One-loop predictions:  from §'°°Pm, — CP conserving cases  examples II

e plotting d(#) for given values of r», r3, and
Ra = {1.5,150,1.5 x 10%,1.5 x 10°,1.5 x 108}

0.001+

10—4,
ro = 2

10—5,
r3 =05

10—6,

107L,

0.001+

1074+
ro = 2

10—5,
r3 = 8

10—6,

1077L,

0.001}

10—4,
ro =5

10—5,
r3 =8

10—6,

107L.

sin 913 =0 COoSs 013 =0 sinfi> =0 cosbi» =0

912 Sil’]2 012 sin2 913 sin2 (913
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One-loop predictions: using 6'°°Pyn3
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 ms > 0 already at tree level . ..

" Trick” of Grimus and Lavoura
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

5CtM 5CtM T
(5CtMy = ot ro( ot D) has 5CtML = O3><3
0“*Mp 0“*Mpg

« since M} = 03,3
— the counter term 6Y(Mp). = %[(6“1;)(}/]5,2));C + v(cSCtY]SQ))k]

« IS fixed by the vacuum and the Higgs coupling

— 6t Mp is " fixed” by the not measured heavy singlet ... and ignored
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One-loop predictions: using 6'°°Pyn3

constructing §'°°P A7,

e inverting the seesaw relation M, = U(Ty)diag(o,o m3,m4)U(*V)

— we get (Mp) ik = (Uw))y,ma(Uw)) ok
+ where we have to use

m2D = MDMID m3 4 %[:I:MR+\/MR+4m%]

and
Ute Uiy Uir 0 2s¢ = 2mD/\/M]2% + 4m?,
_ UQe U2,u U27' 0
U(V) — is(Mp)e is(Mp), is(Mp)- L where 0 Ure (M) = Uai(
m3 m3 m3
C(AW{D)E C(AnfD)“ C(ZD)T c 0 = Ulk(Y]\(IQ))k

e renormalized parameters of the interaction Lagrangian are enough
— to calculate (5|OODML)]k = (U(,/))* 5|OOpma(U(,/))Zk

. . . loop T
— to get the predicted masses, diagonalize (5 My (Mp) )
Mp Mp
* as the contributions from §'°°PMp and §'°°PMp are subleading [G-L]
[G-L] W. Grimus and L. Lavoura, JHEP 0011 (2000) 042 [arXiv:hep-ph/0008179].

MD)k
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One-loop predictions: using 6'°°Pyn3
§'9°Pm,  has in principle four contributions

e distinguished by the bosons in the loop

— Z-boson, neutral Higgses HY, W-boson, charged Higgs H=
* where the Goldstone bosons are included with their respective gauge bosons

* for simplicity we pick Feynman gauge for the gauge boson propagators

e 0°°Pm, has a contribution from my x Loopfunction > ms

= we need to cancel this contribution by 5H0 my

% as 5|OOpm3 < 5|OOD m4 and 5IOOpm3 < 5IOOD my

TL

*k we get the charged contributions from the attempt to extend [G-L]

e we require for the cancellation
5Ioopm3 < Qmphys

— together with the restrictions from §'°°Pm,,

* we will again use the four CP conserving cases
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One-loop predictions: using 6'°°Pyn3
Cancellations are always possible

e but restrict the additional parameters:

— the scalar product of the two Yukawa couplings:

(Mp)k(Y(Q))k — _ _isv Y(l)Ty(Q)

1 2 —
d' = —U3k(Y]$f ))k — - 2m3

V2 m\/_

— the phase of d’ cannot not be absorbed
+ It is a physical parameter

— but both, modulus and phase are restricted to allow cancellations

o 5'Oi m4 Can have a contribution of the order of mg3

— needed for a full numerical analysis
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One-loop predictions: using §'°°Pm3 — CP conserving cases  examples I

e plotting 5'138pm3/5'200pm3 for given values of 1o =2 , r3 =5, and

R4 = {1.5,150,1.5 x 10%,1.5 x 10°,1.5 x 108}

5}3§pm3/5|§opm3 sinfi13 =0 cosfi3 =0 sinfi12 =0 cosfio =0
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0.0/ \ | | | / 1f / | ‘ ‘ \ 1f ; ‘ | | \ 1f | | |
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104 - . | /, —
DK Bl B —
0.0*‘ | | | j ‘*‘ | | | ] ,,‘ i ‘ ‘
d'| = -05
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10 10
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Reld']/|d'| Reld']/|d'| Reld']/|d'| Reld']/|d|
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One-loop predictions: using §'°°Pm3 — CP conserving cases  examples I

e plotting 5'138pm3/5'200pm3 for given values of ro =2 , r3 =8, and

R4 = {1.5,150,1.5 x 10%,1.5 x 10°,1.5 x 108}

5}3§pm3/5'z‘3°pm3 sinf13 =0 cosfi3 =0 sinf1o =0 cosfio =0
ool || | BRI | TR ] | ST |
\ / | | | |
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/ | | | | |
y | i
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'] = \)f/ « / T
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107% |k \ —
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1076 |
_lli?L.O —6.5 010 0:5 1010 —6.5 0:0 0:5 1010 —6.5 OlO 0:5 lle —6.5 0:0 O.‘5 10
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One-loop predictions:

e plotting 5'138pm3/5'200p

R4 = {1.5,150,1.5 x 10%,1.5 x 10°,1.5 x 108}

using 6'°°Pms — CP conserving cases

m4 for given values of r, =5, r3 =38, and

examples III

5}3§pm3/5'z‘3°pm3 sinfi13 =0 cosfi3 =0 sinfi12 =0 cosfio =0
oo | | A { \ 3 iy
| | | | |
| | ] o |
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‘\ | ‘ [ _
-2 w | \ J N P
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Reld']/|d'| Reld']/|d'| Reld']/|d'| Re[d']/|d|
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One-loop predictions:

e plotting 5£ipm3/mghys

R4 = {1.5,150,1.5 x 10%,1.5 x 10°,1.5 x 108}
depending on the diagonal element d = (Y]é?))ee = (YEQ))W = (YE(Q))TT

10
loop
5Hi m3

phys T

10
loop
5H:|: ms

phys |

0 ;\ 1 1
0.01 0.05 0.10

jJ sin 013 ; d

using 6'°°Pms — CP conserving cases  examples IV

for given values of my+ = 200 GeV and

°®m, | cosfiz = 0

0.01 0.05 0.10

jJ sin 912 ‘: d

500 10.00
d

07\ T T
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o
T

1 1
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1 1 1
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I 1]
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d
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The 312-vSM: Conclusions

Our model

e basically fixes the Yukawa couplings of the neutral singlet

e and restricts the other parameters somewhat

Thank you

for discussion

and commments

and of course for the conference! ©
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One-loop predictions:  from §'°°Pm, — CP conserving cases  examples Il

e plotting d(#) for given values of r», r3, and
Ra = {1.5,150,1.5 x 10%,1.5 x 10°,1.5 x 108}

d sin 913 =0 COoSs 013 =0 sinfi> =0 cosbi» =0
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