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Choice of the gauge group

Consider the one generation IVB model plus QED

L= 2\F (LW +he.) + edemare

_ _ o 2_ 1-
Juy=2 (e +Uya) , It =-—-ey.e+ guwu — §d%d

Define the week and electric charges as
1
=5 / Pxd(x), =T, Q= / A3 xJg™ (x)
One can showthat [T, T_]=2T3, [Tz, T+]=+T+ with
1
-7 / ox (vju — eler + uju, — d]d)
in terms of ladder operators!
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however T3 cannot be the charge Q. Define Y = 2(Q — T3) with

_ _ 1 ,_ _
J,f = — (Dyuve + €yuer) + 3 (Upypur + diyudy)
2

3 aFi"Yu dr

_ 4 _
—2€RrY,€R + §U,q’yuu,q —
and Y = [ d®XJ, which satisfies
[Y,T:]=0, [Y,T3]=0

The gauge group will then be the direct product of SU(2) and a
U(1) group with generator Y

w, w2, wi-SU2) @ U1)y— B,

w

4 gauge bosons: prediction of neutral currents!
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Choice of the fermion representations

From the composition of the currents the
SU(3); ® SU(2), ® U(1)y multiplets are

= () ~ozen,

€R ~(1,1,-2), vg~(1,1,0)?
u
QLE ( dt ) N(372a%)7
2 4
dH ~ (3717_5)7 up ~ (37175)
=

The SM should contain complete families.
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The Lagrangian before SSB
Each family contains 5 multiplets (6 if vg exist)

£F — Z ilﬁi’Y“DM/Jia wi - (QL7de UR, LL’ eR)
i

o Y
D, = (éh —igTW, — /g’2’B#> WV

with T = 7/2 acting on doublets and T=0 acting on singlets
A, and Z, linear combinations of W2 and B,

Loy = ~7 W, WH — ZB"”BW
W,, =a,W, —o,W,+gW, xW,, B, =0a,B,—0,B,
contains non-Abelian with the coefficient

needed to solve eTe~ — W' W~ problems in the IVB.
At this point, W, Z and all fermions are still massless
Need for SSB. Physical spectrum better seen after SSB.
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Spontaneous symmetry breaking

Massive W*, Z require SSB with the following patern

SSB

SU2)L® U(1)y — U(1)q
should not get VEV

Fermion masses are a doublet with Y = —1
Ts(eLer) = 1/2 while Y(e eg) = —1 = ¢ doublet Y =1

¢;<‘2§>, Y(®) = 1

Lo = (D) DFo — V(®), V(®) =2 dfd 4\ (dFd)2
For 12 < 0 there is SSB. To preserve the , Q(®) =0

() = (0] 6[0) = < v/?@) v=y-E
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Exponential parametrization to find the physical spectrum

o = (Vf@H)exp (i:g/v> < (1) )

, ho unphysical fields

Lo = ‘(8 192W_92,BH> (V\%H)<?>

o (v+HE (vt H)S
g Ay

Expanding, one finds the mass terms

2

2
4
Lu = —APH + =g (WW™ + wEw)
2
+ o (PWEwsr — 299 WEB" + 9°B,B")
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the W and WZ can be combined in fields of definite charge
1
+ o
W — 7 (WM —iW )

the W2 and B, mass terms can be rewritten in matrix form as

2 2 / 3

Y (w3 g —99 U

5 (Wh8) < -99' ¢”° >< B, )
diagonalization leads to two eigenstates:

, Which we will identify with the
one massive, which will be identified with the Z-gauge boson

Z, = cosfywW3—sinfyB,
A, = sindwW?+cosfwB,, tanfy =g /g
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Mass terms are written as

Ly = _%mZHHZ +myWW 4+ %m%ZHZ“

2 2 2 2
v v ve g
my =202, my=-r9°, mz=-(9°+0%) =

Precise (tree-level) relation between masses and cos 6y

°
my

p =S 00— = 1
m2 cos? Oy
of the Higgs potential for doublets
This symmetry does not exist is for other multiplets of scalars
Also broken by B, -interactions and Yukawa couplings
(will appear in radiative corrections)
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Charged and Neutral Current Interactions

Rewriten the interacctions in terms of W, and Z, one finds
(for one family)

Lcc = \% {W [ty"d. + 717"el] +he}
Lne = Loep + L, e=gsinfy = g cosfy
while
e —
Lic = CERENE Z,) " (9w — 9ars) f
f

where a; = T} and vy = T} (1 — 4]Qf]sin29W>
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Fermion masses and mixings
For Ny families of fermions (and no vg's) we can write
Ly = —ZL Yeber — OL Y ®dr — OL YU&JUH + h.c.

where, L;, Q, er, dr, ug are all vectors in family space and
® = irp®* and , are

After SSB (Mo = Yov/v2, My= Yov/V2, My=Yov/\2)

Ly=-(1+ g) (éLMeer + diMydg + U Myug + h.c.)
Diagonalization
Me=ViDeVE,  Li— Vili, er— Veer
All V’s in the leptonic sector can be removed (Not true if vg)

Similarly for My
My = VaDy Vi, Q. — VoQr, urp— Vuup
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But
My= DyVi, — d— 'di, dg— Vydg

« All V’s removed in the NC quark sector
(GIM mechanism)

only in d; not in u;; does not leave CC invariant
_ 9 + 17 =
Lce = ﬁ {Wu [ay" dL+oyte] +h‘c'}
For Ny generations,  general Ny x Ng unitary matrix
(Ng(Ng — 1)/2 moduli and Ng(Ng + 1)/2 phases)
Rest of Lagrangian invariant under
Uap — €Uz g, dap— €%dyp

2Ny — 1 phases removed (baryon number is conserved)
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Physical Parameters

Ng(Ng — 1)/2 angles and (Ng — 1)(Ng — 2)/2 phases
For : 1 angle and 0 phases =
For : 3 angles and
CKM matrix
Vud Vis Vub
- Vcd Ves Vcb
Vie Vis Vi

usually parametrized as

C12C13 ‘ $12C13 ~ sze”
= | —S12C23 — C12523513€"  C12C23 — S12523513€"°  S23Cy3
S12523 — C12C23513€"°  —Ci2Sp3 — S12C23513€"°  C23Ci3
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Gauge and Higgs Bosons Interactions

Gauge boson self-interactions

Substitution of VT/W, B, in the Kinetic terms, and rewriting in
terms of W,, Z,, A, one obtains a series of trilinear and quartic
selfinteractions arising from the non-Abelian part of W,,,, :

* All couplings are dimensionless (trilinear contain one
derivative, and quartic do not contain derivatives)

« They contain always (at least) and

Higgs couplings: Obtained by the following substitution

1 H . 2 2
m — ”7( aF V) ,m 75 my ; l”H - l”H (1 aF v A 4V2>

association with
into the accessible
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Fixing the SM parameters and radiative corrections

Gauge and scalar sector 9,0 ,u~ and A
Best known observables o, Gr, mz (and my), rest derived

1 dro
2
sin“fy=—-<¢1—,/1——— 3 =0.21215
" 2{ \@Gpmg}

mo, = m2cos? Oy = (80.94 GeV)?

Precision sometimes better than 1%. Rad. Corr. compulsory

+ Photonic corrections (ISR important because IR and
collinear effects)

« QCD corrections: Very important. Often
Ne = Ng {1 +“57(~°')+-..} ~ 3.115

« Pure electro-weak corrections (Oblique, Vertex, Boxes)
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Oblique (gauge boson selfenergies):
Dominated by the and some
large and mass
contributions

Vertex corrections: usually at large
energies except for loops containing the
Important in

Boxes: usually at large energies
but very important in some low energy
and in
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Relations modified by radiative corrections. In MS scheme

2 g?(mz) L 4ré(myz)
2 _ 1y i 2raimz) U g oy
27 gR(mz) + g3(mz) 2 V2GrmZp

ma, = pcemz = (80.34GeV)?, jp~1.009, @&(mz)=1/127.918

to be compared with the global fit

and my, = 80.385 + 0.015GeV
Sometimes one can reach precisions by using
tree level
The dominant top-quark/Higgs mass corrections are
(Information on m; and my from precission measurements!)
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2 Testlng the Standard Model
The Z line-shape and the global fit
* Vector and axial Z-couplings and universality
* LEP2 and the non-Abelian couplings
* (*) Fermion masses and mixings
* The Higgs boson: Perturbativity, Triviality and Stability
* my from Radiative Corrections
* The Higgs Boson Discovery



The line-shape of the Z

Close to the the cross section for ete~ — ffis
completely dominated by the resonance,

= 127l I S
O(ateo— S
c'(eTe” — ff) =
( ) ms  (s—m2)2+s212/m%

LEP gives:

© measurements, error bars /
increased by factor 10

— ofromfit
QED unfolded
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The line-shape of the Z

Close to the the cross section for ete~ — ffis
completely dominated by the resonance,

m2  (s—m2)2+s21%/ms

dete™ — ff) =

inthe SMT;,, = N, T,
(Tv/Te)sm = 1.9912(8)
while mearument
Cinv/T¢e =5.941 £0.016
4 averege mecsuremer comparing

error barsincreased
by factor 10

N, =2.984 +0.009

# of active light neutrinos
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The Global Fit

Expressed in terms of Gr, &(mz), mz, my, my, as(mz)
p)

Z O} (parameters) — (’)éxp

2
t = T
X“ (parameters) AO

i

meas_figmeas

Measurement Fit |O"

by

m, [GeV] XZ
100109 o0 Global fit
e mz | 91.1874 = 0.0021 GeV
833;5;&3322 oores my 994r28 GeV
) Uolgioig 7 0668 my 1733 :|: 1 GeV
.{:,‘?GQV] o ag(mz) 0.1196 £ 0.0017
o 1s%0e0 1/4(mz) 127.944 + 0.014

Mareh 2012

Pull; = (O} (fit) — OL,) /A0
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The couplings of fermions and universality

The in the different lepton flavors together
with the allows for a determination of all lepton
neutral-current couplings, The values of gy, and ga, can be
obtained for and quarks c, b.

__Img=172.7£2.9 GeV

m,= 114...1000 GeV

68% CL
-0.503 -0.502 -0.501 -0.5

9al
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The couplings of fermions and universality

The in the different lepton flavors together
with the allows for a determination of all lepton
neutral-current couplings, The values of gy, and ga, can be
obtained for and quarks c, b.

T
__Img=172.7£2.9 GeV
m,= 114...1000 GeV

68% CL 0.16 68.3 95.5 99.5 % CL
-0.503 -0.502 -0.501 -0.5 " 0.47 0.5

9al 9ac
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The couplings of fermions and universality

The in the different lepton flavors together
with the allows for a determination of all lepton
neutral-current couplings, The values of gy, and ga, can be
obtained for and quarks c, b.

T
__Img=172.7£2.9 GeV
m,= 114...1000 GeV

68% CL } 68.3 95.5 99.5 % CL
-0.503 -0.502 -0.501 -0.5 ' -0.54 -0.52

9al 9ab
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LEP2 and the non-Abelian couplings

The and the need for
non-Abelian couplings were one of the main points that
triggered the development of the SM. Tested at LEP2

LEP

PRELIMINARY

YFSWW/RacoonWwW
_...no ZWW vertex (Gentle)
_...only v, exchange (Gentle)

200
Vs (GeV)
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Quark masses

Quarks are not free: different definitions

u,d,s quark masses determined indirectly from

and . The s quark mass also determined from its effects in
hadronic tau decays. Presented in terms of m(u = 2 GeV).

my ~2154+0.15MeV, my~4.7+02MeV, ms=~ 94+ 3MeV

¢,b, quark masses determined from
using , and , We give

m(m)
me ~ 1.27 = 0.03GeV, mp~4.18 +0.03GeV

t quark mass determined from at Fermilab
and from radiative corrections in electroweak observables m.:
m;~ 174 £1GeV, (pole), (mi(m;)~ 164+ 1GeV)
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Quark mixings

obtained from of hadrons
H — H'ly; (associated with d; — u;/~ 7)) together with data from
hadronic decays of the W and from top decays

0.97427 +0.00015 0.22534-+0.00065  0.00351 +39%01
|Vj| = | 0.22520+0.00065 0.97344 +0.00016  0.0412+0.00T!

) %6°883
0.00867 +0,50029 0.0404 *5-0011 0.999146 190602t

= Wolfenstein parametrization

=52 AV (p—i)
V~ — 1-)2/2 A
A(1—p—i) -—A 1

A= |Vys| ~0.22, A~0.38, V2 +1?~04
Useful to estimate the size of amplitudes and CP violation
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CP Violation

To disentangle CP violation and
determine , the

in the SM, it is im-
portant to use the unitarity of the
CKM matrix Ek:um Vk,-V,;. =
oj with i,j = d,s,b. For in-
stance, for i = d and j = b, we
have

This is the
An area # 0 means CP violation

p+ i =—VugVip/Vea Vep
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To constrain the sides and angles from the triangle one uses:

Flavour changing processes which do not violate CP
(basically the value of |V,,| and data on B-B mixing)

Data on CP violating processes
(ex and asymmetries in By decays which provide sin 2(3)

Generated by Box diagrams
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The unitarity triangle

excluded area has CL > 0.95

A = 0.22535+0.00065
A = 081113092
p o= 0.13173%
7 = 0345%30%8

&

sol. wi'cos 28< 0
(excl. atCL >0.95)

11 \o
a+fB+y = (178115
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Charged lepton masses
are all

me = 0.51099892 + 0.00000004 MeV ,
m, = 105.658369 £ 0.000009 MeV ,
m. = 1777.0£0.3GeV

In the SM we studied there are no and
there is just . Then, we can choose M,
diagonal. As a consequence the theory is diagonal in lepton
flavour (no CKM in the lepton sector): Individual

pA ey, Thpy, p/eee T4 eeu

Its non-observation suggested that neutrinos are massless,
however...
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Intrinsic properties of neutrinos

Before oscillation experiments
Three types of neutrinos ve,v,,v-
Lepton numbers Le, L., L. conserved separately

ve produces e’s and no u’s
NOM_>e’777—_>e/7:T_>e’Ys:u’_)36

Total lepton number L = Le + L,, + L. conserved (no Ov3()
v masses much smaller than charged lepton masses

My, <2eV, m,, <170KeV, m, <18MeV > m,< 14eV
a

v’s helicity —1/2 and #’s helicity +1/2
Magnetic moments very small: 1, < 107 "%ug, p, < 107 "2up)

After oscillation experiments
Neutrinos must be massive (m, ~ 1eV)
They mix (with large mixings)
LFV processes must exist (still not observed)
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Solar and atmospheric neutrino problems

The Solar neutrino problem

« The Sun produces v¢’s, whose flux can be
calculated using solar models

+ The flux of v measured in the earth in all
experiments reduced by a factor 0.3-0.5

Nk:ﬂsmw‘—711.11.11‘711:11 ut - EXpIaIned by OSC|IIat|OnS Ve — VﬂvT

54

The atmospheric neutrino problem

« 7’s produced in the atmosphere should
give a flux of v,’s twice that of v¢'s

+ The observed flux of v,’s is largely
reduced

* Explained in terms of oscillations v, — v~
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Masses of neutrinos in the SM

Simpler solution: add vy like in the quark sector

Ly = —ZL Yeber — ZL YV&)I/R + h.c.
But
« Why m, are so small?
« Why omit terms of the form 7,%1/,:; in the Lagrangian?
to the two questions:

_ . 1
Lyt — Ly =—L YePer — L, Y, Ovg — EVIC?MVF" + h.c.

1, N[ 0 M)\ [f
_ c L
Lo == (71.78) (Mg M > (wq > he.

if M > Mp (“see-saw” mechanism):
- 3 Majorana neutrinos ~ vg with masses ~ M
- 3 Majorana neutrinos ~ v; with masses ~ ME,/ M
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Dirac and Majorana neutrinos
it M =0, (M, = Mp)
Lpirac = V(v + VrIvr — (TRM, v + h.c.)

+ 4 degrees of freedom
+ Conserve total lepton number (NO Ov 33 decay)
+ Less natural (why m,, are so small)
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Dirac and Majorana neutrinos

it M =0, (M, = M)
Lpirac = V(v + VrIvr — (TRM, v + h.c.)

+ 4 degrees of freedom
+ Conserve total lepton number (NO Ov 33 decay)
+ Less natural (why m,, are so small)

it M > Mp, (M, = —MpM~"MJ)

. 1 /—
ﬁMajorana = /VLaVL — é (VfMVVL - hC)

+ 2 degrees of freedom
+ Do not conserve total lepton number (0v35 decay)
* More natural and more CP violating phases
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Neutrinos at low energies: Dirac

Lpirac = iTLaVL + ﬁayﬁ - (WMVVL + h~C‘) +

Gr Gr
J“JT J2dz, + Lvm + Lnst + -
V2 V2 e
JH :2DL7M6L+"' , Jg — DL”)/MVL‘F"'

diagonalization

VoL = Vaivit, var = Usivin, UM,V = Myg, vi=vi+vin

J' =2y Pe+---, ngljwu,/L+...

1 (0] 0] Ci3 0] 3136"5 Ci2 . S12 0
V=10 Co3  So3 0] . 1 (0] —-5126“s cio O

0 —So3 Co3 —S13 e’ 0 Ci3 0] o 1
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Neutrinos at low energies: Majorana

: 1 /—
Lpirac = ITLaVL S (VfMl,VL aF h.C.) +

2
Gr Gr
—E JMJ; — E JgJZ“ aF EMM + ENSI + EOVBB S ooo
J' = 2ivte -, J; = oy + -

diagonalization

T
VoL = Voivie, V' M,V = Mdiaga Vi = Vi, + VicL

JM = 2v PLeL+"" ng —%]77“#}/51/_{_
1 O 0]
VMajorana — VDirac 0 e° 0
0 0 ¢€*

Arcadi Santamaria  The Standard Model of Electroweak Interactions ~ School of Flavour Physics, Valencia, May 2, 2013  32/48



Neutrino oscillations in vacuum

If v’s are massive, mass eigenstates are no flavour eigenstates
(Wt = lve, a=e,u,T)

o) =2 Vai )

where V parametrized as the CKM matrix.
After traveling some distance, L, time evolution gives (p > m;)

_ 2
va(L Z @ MLRE 1Ly | P(va — vg) = (v [va(L))?

for only 2 flavours
9o D (Am?/eV)(L/km)
P(vo — vg) = sin“ 26 sin (1.27 (E/GeV)

Can be large even if Am?/E? is small (magic of oscillations!)
Enhanced in the presence of matter (MSW), as in the Sun
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Global results for solar Am?

Solar data + reactor neutrinos (KamLAND)

y
)]

[10°eV?]
3
T T T T ‘ T T T T ‘ T T T T ‘ T T

2
21

KamLAND

Am
)

PRI SO S SRR

0.4 0.6 0.8
.2
sin 612

S
N

[ All limits are at 90%CL
unless otherwise noted

LMA MSW solution

Oscillations ve — v, -
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Global results for Atmospheric Am?

Atmospheric + accelerator neutrinos (MINOS, K2K, - - -)
Two solutions:

Amg, >0
Normal hierarchy (NH)

o
>
(0]
?
o
—

AmE, <0
Inverted hierarchy (IH)

2
31

Am

Oscillation channel

Oscillations v, — v-
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Results on 643

Solar + KamLAND
i —e— original: flux

Solar+KamLAND i o= reeval, flux

— KINOS
e e |
Ijouble Chooz,

MINOS

If)aya Bay

Double Chooz e

‘ T2K Update
.—_H

: Double Chooz Update
; : ———————] —8— rate-only
RENO ! FEc— —k —o- rate+shape

(o gl

Ijaya Bay Update

H H H H H ! H ! H
R AR 0. i)5 0‘1 0 ‘.LS UI2 0 é5 0‘3 0.35
Number of ¢ N e,

Exclusion of non-zero 645 By S. Jetter
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The two mass orderings

B
g
&
é
=
2
3
z

Sinflas
3 I
s nlzt? -t
= INVERTED

Fractional Flavor Content varying cos §

AmE, = 75x107%eV’  (24%  sin®0i, = 0.3 (4%)
245 x 102 eV?2 sin? 03 = 0.42 (11%
AmE, — S, (2.8%) , (%)
—243x10%eV sin® 613 = 0.023 (10%)

¢ still not well determinded from the fits
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Absolute mass scale

Cosmo: Y, m,, < 0.2—2eV (m?, = 3| Veil?m?)

3[ Bound from MAINZ and TROITSK

Sensitivity of KATRIN

(m,) = ’Z Vgimi|
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Summary of parameters

Am3, ~ +2.4 x 1073 eV? 023 ~ 45° Atmos,K2K,MINOS
Amé ~ 7.6 x107%eV? 12 ~ 35° Solar, KamLAND
013 ~ 9° T2K,MINOS,Double Chooz
Daya Bay,RENO
N, (active and light) 3 LEP
mgg = >, | Vamy,| <04eV HM,IGEX EXO,...
My = 3, | Veil2m?, <22eV Mainz, Troitsk
>oimy, <1eV Cosmology
sign(Amz,) ? Nova,NF,BB,SB....
CP, ¢ ? Nova,NF,BB,SB....
Dirac or Majorana? («,(3) ? HM?,0v60
Ns (light sterile) 1,27 LSND,MiniBooNE,Cosmology
o /1B <1071° 101 o, red giants
NSI € <0.01-10 Sun,Atm,LSND,NF,. ..
LFV (u — ey, ) <57x10°1® MEG,COMET/MuZe,. ..
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Perturbativity and Triviality

Widths of the Higgs into gauge bosons grow like m,34

G,:m3 G/:I“I’l3
MH— Wtw-) = H TH-Zz2)= )
(H= )= amva (P2 =100

Requiring INot(H) < my (perturbativity) gives
my < 1.6TeV

The X coupling in the scalar potential grows with energy
A 3
ding2  4x2

If large,\ diverges at some scale A. Taking A(A) = oo
(the theory only makes sense up to g ~ A?) one finds

_ A e 8r
3log(A2/q?) H=3/2G: log(m2,/v?)

(B af -yt

Ma?) ~ (850 GeV)?
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Stability of the Higgs Potential

Because the top quark dependence if my is very light A can be
driven to negative values making the potential unstable

Stability of the potential
V(¢)
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Stability of the Higgs Potential

Because the top quark dependence if my is very light A can be
driven to negative values making the potential unstable

Stability/Triviality bounds

m= 175 GeV
a,= 0.118

logio A(GeV)
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Stability of the Higgs Potential

Because the top quark dependence if my is very light A can be
driven to negative values making the potential unstable
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my from Radiative Corrections

— High Q® except m, — High Q® except m,, /T,
68% CL 68% CL

Excluded Excluded
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my from Radiative Corrections

Varch 2012 My, = 152 GeV

(6) —
Adjgg =
—0.02750+0.00033
- 0.02749+0.00010
- incl. low Q7 data

LEP 3 LHC
excluded oo A excluded

40 200

From precision data ONLY

68 GeV < My < 155GeV  90% CL
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Production of the Higgs Boson

et—e~ colliders
- Bjorken: ete~ — Z — ZH (Dominant at LEP2)
WW fusion: ete~ — v WW — v H

« ZZ fusion: ete~ — ete (ZZ) — ete H

Hadron colliders [proton—(anti)proton collisions]

Gluon fusion: pp — gg — H (Dominant at the LHC)
VV fusion: pp — VV — H

Association with V: pp — qq@’ — VH (Dominant at
Tevatron)
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Higgs Boson Decays
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Higgs Boson Discovery
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Higgs Boson Discovery

CMS (s=7TeV,L=51f"Vs=8TeV,L=5.31b"

Events /_1\ 5 GeV
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Best-—fit Higgs mass my,:

¢ M=125.8 £0.4(stat) = 0.4 t) GeV
126.0 % 0.4 (stat) £ 0.4 (syst) GeV (stat) (syst) Ge

T T T . . - Vs=7TeV,L= 51f' (s=8TeV,L=12.215"
ATLAS Preliminary m,, = 126 GeV CMS Preliminary m, = 125.8 GeV

Wz H—s bb (VH tag)
Vo= 7Tov: [Lat=47 16" H — bb (ttH tag)

s=8Tov: [Ldt= 1307
Homw H—tt( 1jet)
Vo= 7Tev: [Lat=sg
Vs=8Tev. JLdI(i]ﬂlh‘ H — ©t (VBF tag)
H—WW ' — iv
Ye=gTev: JLat= 131" H— 7z (VH tag)

H vy H — yy (untagged)

Vo= 7TV [Lat= a8 "

\e=8Tov. JL(d]fsgvb" H - yy (VBF tag)
HoZz —d4l H - WW (0/1 jet)

Vo= 7Tev: [Lat=an s’
Vo= oTou [Lat= 55157 H —> WW (VBF tag)
Combined 30 H— WW (VH tag)
(s=7Tev: JLat=d6-aBm’

oae e e Ho 7z ‘
! L 1

2 4
Best fit /o,
* 6/ogy=0.88+0.21

Signal strength (1)
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Is the SM complete?

+ |s there a SM of neutrino masses?
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