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Why we care about neutrinos

properties:

- just weak interacting
- no observed right handed

theoretical unsolved: (all about mass) partner

experimentally unsolved: anomalies...

@ different mixing matrices then quarks
@ normal or inverted mass hierarchy
@ hierarchy problem: very light mass

@ origin of mass: Dirac, Majorana
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Why we care about neutrinos

. . properties:
experimentally unsolved:| anomalies... —_—

- just weak interacting

- no observed right handed
theoretical unsolved: (all about mass) partner

. . . Desperately seeking sterile
@ different mixing matrices then quarks

The three known types of neutrino might be
“balanced out” by a bashful fourth type

@ normal or inverted mass hierarchy

NESTANO  NEOTRNO  NEUTRNO NEUTRIND
@ hierarchy problem: very light mass Q Q ’
o orlgln of mass: Dlracy MaJOI’ana MASS <1electronvolt >1electronvolt
FORCES THEY Weak force Gravity
RESPOND TO Gravity
? DIRECTION OF SPIN All three “left handed” “Right handed”
-EM = -EDirac + LMajorana
~ VYrMpvy + V., My Vg + h.c.
introduce:

right handed neutrinos VR



_ Neutrinos - right handed neutrinos
Heavy right handed neutrinos vg

-TeV
te
A be T
Hierarchy problem: ce GeV
Neutrino mass is small m, < 0.1 eV (exp. limits) Se  ue
Masses are normally mg ~ 0.5MeV to m; =~ 173 GeV de ye
ce MeV
= small Yukawa masses seem to be unnatural
keV

neutrinos
I J eV

meV



_ Neutrinos - right handed neutrinos
Heavy right handed neutrinos vg

Soltion: Majorana neutrinos

with heavy righthanded partners te Tev
in Seesaw mechanism
P® co 1o GeV
N se ue
Lingj = -3 (vR)*Mgzvr +H.c., scalemgpx TeV -
ce MeV
flavour basis: scale mp ~ m, ﬂ'\
1 {0 mT VL keV
mass _ _ _ c D
-Ey > '(VL) /VH) (MD MR) ((VR)C + H.c. J
— neutrinos
M. I eV
'maj
mass basis: diagonalise Mima; — diag(m,, Mg) v
me

scale m, = -m2/mg — m, small
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The modell
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Multi Higgs doublets &

Include: (e.g. ny = 2) Higgs doublets
and lepton flavour breaking

(p+
K R

Ny

Ly=- Z Z [((Pl:’ (Pg*) Cee TR + (¢2r _(PI) Dkeer WR] (VE’,LL) +H.c.

k=1¢(0U=eut



Multi Higgs doublets &

Include: (e.g. ny = 2) Higgs doublets
and lepton flavour breaking

¢ v ,
CPk—( 'é), (Pﬁzﬁ—l—(pg

e lepton Yukawa couplings

LYZ—Z (Pk,(Pk ‘€R+ (Pk,—(pk VgR]( )+HC

k=1{=e,u1



Multi Higgs doublets &

Include: (e.g. ny = 2) Higgs doublets
and lepton flavour breaking

¢ v ,
qbk—( 'é), (szﬁ—l—(pﬁ

e lepton Yukawa couplings

£o=- 3 X [l e ok o)) ) () 4o

k=1{t= eyT

@ NC & mass:
Ly(¢°) =~ k%, {ff_ (@Y Tkee + (Me)ee )R + vor (9 Dker + (MD)M)WR}

Ly(p*) =~ k%, {VefL((P;rkm)fn — L) (@ Dy )Ver + H.c.}



Multi Higgs doublets

Multi Higgs doublets &

Include: (e.g. ny = 2) Higgs doublets
and lepton flavour breaking

Py
o-ll) -aee

.
¢ -0 - &
- e - interesting effect:

\
“  observable processes:

@ NC & mass:
Ly(e®)=-) {t”L(fpﬁ’*ka + (Mo)ee )R + VefL((PgAka" + (MD)M')WR}

ket
@ CC:
Ly(p*) =~ k%, {VefL(@;rkm)fn — L) (@ Dy )Ver + H.C.}



Multi Higgs doublets

The modell
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Soft flavour violation

Soft flavour violation I/,

Problem:
strong experimental bounds on FCNIs at tree level

= L + one-loop
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Soft flavour violation

Soft flavour violation I/,

Problem:
strong experimental bounds on FCNIs at tree level

% = M + one-loop
T u T U

Solution: SOFT flavour violation L, {a = e, u, 7}

L, conservation:

in Yukawa interactions

= diag. I'(¢), A(v)

L, explicit soft breaking:

in Majorana term = non-diag. Mg




Soft flavour violation

Soft flavour violation I/,
M
—  Flavour violation comes solely from neutrinos. —v;—xR—-—

Ve,

— FCNIs appear at one loop in charged Lepton decays.

e.g.
W=, 5%
0 g0
7.2%8 W+ s+
;/ZD S0 T + .

Solution: SOFT flavour violation L, {a = e, u, 1}

L, conservation:

in Yukawa interactions

= diag. I'(¢), A(v)

L, explicit soft breaking:

in Majorana term = non-diag. Mg




Soft flavour violation

Soft flavour violation I/,

Mg
—  Flavour violation comes solely from neutrinos. —=—¢——
1

ve,

— FCNIs appear at one loop in charged Lepton decays.

e.g.
W=, 5%
0 g0
7,258 W+ s+
;/ZD S0 T + .

Solution: SOFT flavour violation L, {a = e, u, 1}

L, conservation:
in Yukawa interactions

= diag. I'(¢), A(v) Me~ Y viYek, Mp ~ X vk Yok
K K

L, explicit soft breaking:

in Majorana term = non-diag. Mz




Soft flavour violation

Soft flavour violation I/,
M
—  Flavour violation comes solely from neutrinos. —v:—xR—-—

ve,

— FCNIs appear at one loop in charged Lepton decays.

e.g.
W=, 5%
0 g0
7,258 W+ s+
;/ZD S0 T

Solution: SOFT flavour violation L, {a = e, u, 1}

L, conservation:
in Yukawa interactions
= diag. I'(¢), A(v) = diag. M, Mp = diag(me, m,, m;)

L, explicit soft breaking:
in Majorana term = non-diag. Mg




Short analysis of FCNIs
Evtl. experimentally testable processes:

AZ > tru) o« 1/m2,

At > p7y) « 1/mg,

_ _ _ 1 /m2 Ny = 1

+ R

AT > preter) {const. ngy > 1

Processes including the sub-process ¢~ — ¢'~S%, (8% — e*e™) have
(ny > 2) non-mg-suppressed contributions from graphs with charged-
scalar exchange S* (plot) in their Amplitudes A, [Grimus, Lavoura,

02].
S+
st g JPTER SO
PR PR ,”
fo— . . L o— f—
= i W T T Xi w T Yiov X W
vs? vs? vs?

Figure: non-supressed diagrams for 7= — u~S%



Short analysis of FCNIs
Evtl. experimentally testable processes:

AZ > tru) o« 1/m2,

At > p7y) « 1/mg,

1/m&  ny=1
const. ny>1

Processes including the sub-process (8% — ete™) have

(ny = 2) non-mg-suppressed contributions from graphs with charged-
scalar exchange (plot) in their Amplitudes A, [Grimus, Lavoura,
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Figure: non-supressed diagrams for 7= — u~S%



Properties and advantages

Properties and advantages

@ explain mass hierarchy
@ observable processes: charged
{-decays
Additional advantages:
@ ampl. of FC processes are finite
at one-loop

@ ampl. are stable under radiative
corrections
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@ explain mass hierarchy
@ observable processes: charged
{-decays
Additional advantages:
@ ampl. of FC processes are finite
at one-loop

@ ampl. are stable under radiative
corrections
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Properties and advantages

Properties and advantages

rch

hier

@ explain mas
@ observable processes: charged
/-decays

Additional advantages:

@ ampl. of FC processes are finite
at one-loop
@ ampl. are stable under radiative
corrections
PMNS

V-
vy V2 3
n -

Ve

lain: " f’
Z)t(rFr)\ 8 sol. maximal mxind o M | J
(Grimus, 01] a8

Higgs-
doublets




 clGERaEe
Charged lepton decays

exp. bounds | model contributions

BR(u" — ety) < 42x107"

BR(t - e7y) < 33x10°% AT > py) o«

R

BR(t™ — u7y) < 44x10°®

BR(uy~—>eefe’) < 1.0x107' ALy = U5 65)

BR(t— > eete’) < 27x10°8 1 ny = 1

BR(t-—»eputu’) < 27x10°8 { my

BR(T > pputu”) < 21x10°8 const.  ny > 1

BR(t— > puefe’) < 18x10°%

(exp/SM=1) a8 = =26x107"3 . AL =)
aexp _ aSM _ (287 + 80) X 10_11 ,,—>\\\ si/(‘ \\

wo T (261 = 78) x 1011 ',5, +——r



exp. bounds
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Charged lepton decays

| model contributions |

come out

BR(u" — e*y)
BR(t~ — e7y)
BR(t™ = u7y)

AT - pTy) e o

Al = L0505)

’
m—% nH = 1
const. ny>1
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Charged lepton decays

exp. bounds | model contributions | come out
BR(u* —e™y)

BR(t~ — e7y) AT > py) e ng

BR(t™ —» u7y)

BR(u~ — e ete) e BR close to
BR(7~ —» e"ete) Al = Ll ) exp. bounds

’
m—'zq nH = 1
const. ny>1

ar C A - ty) ~
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Charged lepton decays

exp. bounds | model contributions | come out

BR(u* —e™y)

BR (1~ — e7) AT - py) o« mi%

BR(t™ —» u7y)

BR(u~ — e ete) _ b e BR close to

BR(7~ —» e"ete) Al = Ll ) exp. bounds

BR(t™ —» e p*u7) T —1

BR(r™ — uptu) { o

BR(r™ — y-ete) const. ny>1

ag" a C Al gy} - explain ;—MDM
X r'S‘O\ e ~

as® - g™ . .

L A) 1 \
ISI X



Charged lepton decays

exp. bounds

| model contributions |

come out

BR(u* —e™y)
BR(t™ — e7y)
BR(t™ = u7y)

AT > py)« o

constrains on
seesaw scale mg

Al = L0505)

’
m—'zq nH = 1
const. ny>1

BR close to
exp. bounds

— constrain free param.

ar C AL — ty) ~

r e
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explain ;—MDM

— constrain free param.



Charged lepton decays

exp. bounds

| model contributions |

come out

BR(u* —e™y)
BR(t™ — e7y)
BR(t™ = u7y)

AT > py)« o

constrains on
seesaw scale mg

Al = L0505)
{ # ny=1

R
const. ny>1

BR close to
exp. bounds

— constrain free param.

ar C AL — ty) ~

S

Sﬁ
-
RN ”

L A) N \
ISI X

explain ;—MDM

— constrain free param.



Things might become a bit technical here...

calculating problems:

Hi, Dr. Elzabeth !
Yech, vh... T accidentully ook
the Furier transfocm of My cat...
)




Finding free parameters
Goal: BR({; — £,(;(;) close to exp. bounds

— constrain free parameters in non-suppressed contributions to BR:
-

i St
r'%w:f % uu+r'ir j2 u+TTTu
¥s° s° ?SD ¥s?
BR calculation (one loop): (S°: Higgs ¢° in mass space)
Ly(S% = Z rb)t’t’)/L + ( L)em/ﬁ]f
bt



Finding free parameters

Goal: BR({; — £,(;(;) close to exp. bounds

— constrain free parameters in non-suppressed contributions to BR:

st
P

S St
r'%w:f % uu+rir j2 u+TTTu
50 vs°® \:ys‘) vs©
BR calculation (one loop): (S°: Higgs ¢° in mass space)

Lyen(8°) = Y S°4i [(AP)eeye + (AR)ue.vr] e (one loop)
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Finding free parameters
Goal: BR({; — £, €+€3) close to exp. bounds

— constrain free parameters in non-suppressed contributions to BR:
-

S St
t'%u':f % uu+rir % u+TTTu
50 vs°® \:ys‘) vs©
BR calculation (one loop): (S°: Higgs ¢° in mass space)

Lyen(8°) = Y S°4i [(AP)eeye + (AR)ue.vr] e (one loop)

bt 2l
_>r(g _,5 ¢ g) m5 | |2| |2|A52€w|2+|Af152|2 L—I—L
a7aar3 el e (m2 —me ) \Me* " Mt

2 1

BR(£) =T(€)/T ot



Free parameters

mZ |A€2£1|2 + |A€1(2|2 ( 1

5 o 1
BR([1 - 5253_[3) = 614473 |X€251|2 |V€3|2 2 2 M_34 + M_44) /rtOt
(mfz mﬁ)



Free parameters

m5 A 2 +|A 2 1 1
BR(G — (03 5) = iz X |m|2| 12:"2 r|n:1)f| (W + M—44)/rtot
P2
Xeto ~ L4 (UR)y,i (U,*q)fz,- In ':—22

A[1€2 ()/fil dfi/ 66,’/ mt’)



Free parameters

m? |AM|2+|AM|2 1 1
BR(¢{- [0 ) = 4 X 2 o |/ M2ty 1t2 Lo Y
(&7 = & 3 3) 6144n3| €2€1| |Ws| (m2 - )2 Vot + Vit /Ttot
t 4 .
Xeito ~ £ (Ur)e,i (Up),,,In T2
seesaw scale: mg Ave, (70, di,, 1, My)
Yukawa couplings: NI V2
(F1 = diag(me, m,, m;) = - Mt’)/

M= dlag ()/e, YVur )/T) ’
. V2
A = diag (de, d, &) = — = Mp,
A = diag (S, 8y, <)
scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:




Free parameters

m}, B e - LY B T

< X2 el =

61447 (mz _ mz) 2
m

6 % i
Xeye, ~ Yiia (UH’)N (Uﬂ)gzi In w2
seesaw scale: Ace, (e, di, O, me)

Yukawa couplings: V2 V2
1 = — diag(me, m,, m;) = —
v # v

VRNV

BR({; — 6,6563) = )/ Fot

Mf),
o = diag (ye, 7 7).,

Ay = diag (de, dy, d;) = g Mp,

A = diag (S, 8y, <)

scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:




Radiative corrections

A lower bound on the seesaw scale mg is estimated from experi-
mental limit of the branching ratio BR(t’1i - fgy):

5* ,3) S5 W* SEWE
/( % ,”\\ /z’“\
0 S Y b S
am; 1 m
+ + 4 X I
R

= mr 2 50TeV (ut — ety), mgp22TeV (- - e7y),(t” = uy)



Radiative corrections
A lower bound on the seesaw scale mg is estimated from experi-

mental limit of the branching ratio BF{(t’1i - Zgy):

g+ j SEW* SEIWE
/(’ kS /”N‘ /”N\
% A T . T
e S X X S
amy 1 m
+ + 4 . 5
F({’; — 55’}/) = 2 ! (lAL|2 + |AR|2), with A[_,F{ ~ W m—21
R

= mr 2 50TeV (ut — ety), mgp22TeV (- - e7y),(t” = uy)

we assume mg to be so large that the radiative charged-lepton decays
are invisible:

mg = 500 TeV



Radiative corrections
A lower bound on the seesaw scale mg is estimated from experi-

mental limit of the branching ratio BF{(t’1i - Zgy):

g+ j SEW* SEIWE
/(’ kS /”N‘ /”N\
% A T . T
e S X X S
amy 1 m
+ + 4 . 5
F({’; — 55’}/) = 2 ! (lAL|2 + |AR|2), with A[_,F{ ~ W m—21
R

= mr 2 50TeV (ut — ety), mgp22TeV (- - e7y),(t” = uy)

we assume mg to be so large that the radiative charged-lepton decays

are invisible:
mg = 500 Te



Free parameters

BR — (3615) = X [ el e[+ |A[‘€2|2[ T ]/r
1 - olgtls - 3 Lol yfs —2 _4 _4 tot
61447 (m2 —me) M M
2
Xee, ~ L84 (UR)y,i (U*H’)[Z,' In %'
seesaw scale: mg Ace, (Ve i, 0, M)
Yukawa couplings: > 2
(r1 == g dlag(me/ myr mT) = g M{),

r2 = dlag (Ve/ y[.l/ ‘)/T) 7
, V2
Ay = diag (de, d,, dr) = —= Mp,
A = diag (S, 5y, <)
scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:
Mz, My, (Mhiggs =125 GGV)




Free parameters

BR( > (5 63) — — Xt [ el A |2+|Af‘€2|2[ R ]/r
1 P lytailg) = 3| Vel — 2 |\7m " . tot
6144n (m2 —m2)" Mg M
2
XM’Z ~ 2?24 (UR)M (U*Fi’)[z,' In %’
seesaw scale: mg Ace, (Ve i, 0, M)
Yukawa couplings: > 2

r2 = dlag (Ve/ y[.l/ ‘)/T) 7
. V2
Ay = diag (de, dy, d) = —= Mp,
A = diag (S, 5y, <)
scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:
Mz, My, (Mhiggs =125 GeV)




Seesaw scale - Dirac masses

With the choice for neutrino mass m; = 0.05eV,
given best-fit values AmZ, = 7.50x107%eV?, Am2, = 2.457x10-3eV?

_ 2 2 _ 2 2
(mz = 1/m1 +Amg,, mp = \/m; +Am31)

and fixing A ~ d; we can calculate Mg = diag(ms, ms, mg) ~ O(mg):

Tpg-1 v
M, = MM Mo, Mo =~ A
v2
2
VN P .
== €" A1 Upwns (6% Ulypus D167

Mg = A1M;1A1




Seesaw scale - Dirac masses

With the choice for neutrino mass m; = 0.05eV,
given best-fit values AmZ, = 7.50x107%eV?, Am2, = 2.457x10-3eV?

_ 2 2 _ 2 2
(mz = 1/m1 +Amg,, mp = \/m; +Am31)

and fixing A ~ d; we can calculate Mg = diag(ms, ms, mg) ~ O(mg):

M, = —MTM='Mp, Mp = ——= A,
DR \/5

v2

2

2

_ YV 2ig A1 T ia
=-ze A UpMNs(e B )UPMNSA1e

0 MZ; 2><2_d)iag. M, diag-gPMNS) m,
Mp Mg Mg Mp

Mg = A1M;1A1




Seesaw scale - Dirac masses

With the choice for neutrino mass m; = 0.05eV,
given best-fit values AmZ, = 7.50x107%eV?, Am2, = 2.457x10-3eV?

_ 2 2 _ 2 2
(mz = 1/m1 +Amg,, mp = \/m; +Am31)

and fixing A ~ d; we can calculate Mg = diag(ms, ms, mg) ~ O(mg):

Tpg-1 v
M, = MM Mo, Mo =~ A
v2
2
vZ o o ~
=-Z e Ay Upmns (ez’ﬁm‘1) Ulyns D16

Mg = A1M;1A1

@ Dirac masses (mp, = %dg): de =06, d,=d. =01
@ Seesaw scale mp > 10'°GeV:
ms =4.3%x10'2GeV, ms = 6.0x102GeV, mg =2.2x 10" GeV



Seesaw scale - Dirac masses

With the choice for neutrino mass m; = 0.05eV,
given best-fit values AmZ, = 7.50x107%eV?, Am2, = 2.457x10-3eV?

_ 2 2 _ 2 2
(mz = 1/m1 +Amg,, mp = \/m; +Am31)

and fixing A ~ d; we can calculate Mg = diag(ms, ms, mg) ~ O(mg):

Tpg-1 v
M, = MM Mo, Mo =~ A
v2
2
vZ o o ~
=-Z e Ay Upmns (ez’ﬁm‘1) Ulyns D16

Mg = A1M;1A1

@ Dirac masses (mp; = %dg): de =06, d,=d. =01
@ Seesaw scale mg > 10'2GeV: / rad. decay (> 500 TeV)
ms =4.3%x10'2GeV, ms = 6.0x102GeV, mg =2.2x 10" GeV



Free parameters

BR( > (5 63) — — Xt [ el A |2+|Af‘€2|2[ R ]/r
1 P lytailg) = 3| Vel — 2 |\7m " . tot
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2
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scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:
Mz, My, (Mhiggs =125 GeV)




Free parameters

BR( > (5 63) — — Xt [ el A |2+|Af‘€2|2[ R ]/r
1 P lytailg) = 3| Vel — 2 |\7m " . tot
6144n (m2 —m2)" Mg M
2
XM’Z ~ 2?24 (UR)M (U*Fi’)[z,' In %’
seesaw scale: mg Ace, (Ve i, 0, M)
Yukawa couplings: > 2

r2 = dlag (Ve/ V}U ‘)/T) 7
. V2
Ay = diag (de, dy, d) = —= Mp,
A = diag (S, 5y, <)
scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:
M3, M4, (Mhiggs =125 GeV)




Magnetic dipole moments

s o S

L

a = 96n2{ el ( 4]

1 m? 1 m?
2in. 2 i r
—SRe(e ! ye)[ﬁg[3+2|n W]__Mz (3+2|H—M§]:|
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Magnetic dipole moments

- N

a 96712{)['( Mg]

1 m2 1 m2
2ia ., 2 14 4
—SRe(e ! yg)[W(3+2an]—W[3+2an]}
3 3 4 4
2
]
Hs

free parameters: Mz, Ma, y,, Ve



Magnetic dipole moments

Constrains on Ms, My, 7, ve:

29 _ M _ (287 + 80) x 10~ (at 3.60)2 al= +2.6 X 1013
t BT (261 £78) % 10_11(81 3.60)b ’

ve
50

: — My=3

R o
. =3 10-
— My=M; 5

i 0.2 05 1 2 Mellev] TS 20 25 gpMMe

For M3, My > 1TeV For M3 =1TeV, My, = 2TeV,

= yz17 = 7.<276

2[1010.4180/hep-ph], °[1105.3149/hep-ph]




Magnetic dipole moments

Constrains on Ms, My, 7, ve:

29 _ M _ (287 +80) x 107" (at 3.6 0)? ad"=+2.6x10713
K 7] (261+78)x 107" (at3.60)°

ve
50 |

: — M;=3

Lr B —im
° V=3 10-
— My=M; 5

Mo [Tev] T s 20 25 s

' 0.2 0.5 1 2

For M3 = 1TeV. My = 2TeV,

For M3, My > 1TeV
- = Qe<27®
3[1010.4180/hep-ph], °[1105.3149/hep-ph]




Free parameters

BR( > (5 63) — — Xt [ el A |2+|Af‘€2|2[ R ]/r
1 P lytailg) = 3| Vel — 2 |\7m " . tot
6144n (m2 —m2)" Mg M
2
XM’Z ~ 2?24 (UR)M (U*Fi’)[z,' In %’
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A = diag (S, 5y, <)
scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:
M3, M4, (Mhiggs =125 GeV)




Free parameters

BR( — 6505 65) — — X[ o A |2+|Af‘€2|2[ R ]/r
1 e olgtls = 3 ol yfs —2 _4 _4 tot
61447 (m2 —m2) Mg My
2

XM’Z ~ 2?24 (UR)M (U*Fi’)[z,' In %’
seesaw scale: mg Ace, (Ve i, 0, M)
Yukawa couplings: > 2

r, = diag z),

Ay = diag (de, d,, di) = # Mp,

A = diag (S, 5y, <)

scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:
M3, M4, (Mhiggs =125 GeV)




Constrain from 4¢-decays

We want BR [t~ — ¢-e*e](ye, yy, 7<) and BR[t™ — £t ] (ye, Yy )
close to their experimental upper bounds (< 2.7 x 1078):

log(BR) log(BR)
8 8 —— BR[u—eee]
-10 10 —— BR[r—eee]
” » — BR[mepuy]
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Free parameters
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Yukawa couplings: > 2

r2 = dlag (Ve/ V}U ‘)/T) 7
. V2
Ay = diag (de, dy, d) = —= Mp,
A = diag (S, 5y, <)
scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:
M3, M4, (Mhiggs =125 GeV)
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Results

seesaw scale: mg> 10'2GeV

Yukawa couplings:

(F1 = g diag(me, my, m;) = g Mg),

Mo =diag(ye, 7 7<) = diag (1.7,1.7,17),
Ay = diag (d, d,, d.) = diag (0.6,0.1,0.1),
A = diag (0, 8y, 0 ) = diag (0,0.00007,0.2)

scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:
Mz =1GeV, My =2GeV, (Mpiggs = 125GeV)




Results
exp. bounds | model contributions
BR(u* — e*y) < 42x107"
BR(1~ — e7y) < 33x10°8 ~
R
BR(t™ — u7y) < 44x1078
BR(p~ > eefe’) < 1.0x107"2 3.872x 10713
BR(t~ > eete”) < 27x107%8 1.111x 1078
BR(r e i) < 2.7x1078 1.280 x 108
BR(t - puufpu”) < 21x1078 1.307 x 1078
BR(r > uete) < 1.8x10°8 1.506 x 1078
(exp/SM=1) ag" = +26x107'3 amd =1.0x107"3
exp _ _SM  _ (287 £80) x 107" mod _ 11
T { (261 +78) x 10-11 | & —298x10



Results
exp. bounas model contributions
bound del contributi
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BR(t" - uete’) < 1.8x10°8 1.506 x 108
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Summary
Model:

@ Right handed neutrinos, in seesaw formulation: expl. light m,
@ 2 Higgs doublets: FCNI

@ Soft flavour violation: violation only through neutrinos

{-decays:

@ Found upper bounds on flavour diagonal Yukawa couplings
(T, A,) at one loop.

@ Found lower benchmarks on seesaw scale mgz >50 TeV

@ Explain the discrepancy between experimental and theo.
magnetic dipole moment of the myon

@ Pointing out exp. signatures in {-decays
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We found a different approach to make things work!

WE NEED TO CHANGE. SPACE
AND TME TO MAKE THINGS LJORK!

THATS YOUR SOLUTION
AN/ o EVERYFING
o)

Thank you!
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Advantage of right handed neutrinos

@ Explain mass hierarchy in right handed neutrino mass models
via the seesaw mechanism. [m,, = TeV]
(with additional Higgs doublets...)

@ Dark matter candidates [keV < m,, < TeV]

@ Baryon asymmetry via Leptogenesis in YMSM models
[keV s m,, < GeV]

@ Detected anomalies at: LSND, MiniBooNE, gallium detectors:
GALLEX, SAGE, reactor experiments... [m,, ~ eV]
(a.o0. also IceCube)

tightest constrains from cosmology:

@ Boundaries from BBN

@ CMB measurement from PLANCK sets limits on N, and also
the Large Scale Structure.
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