)
INFN

(P

LFV and Dipole Moments
in Models with
A4 Flavour Symmetry

Luca Merlo

Universita di Padova
& INFN Padova

DISCRETE 'O8 - Symposium on Prospects
in the Physics of Discrete Symmetries
11-16 December 2008, IFIC, Valencia



Lepton Mixing & TBM

After Neutrino 2008 (at 20)

sin® 9, 9, sin G, | S sin’® 9,

Fogli et al. +0. +2.4 \o +0. +7.8 Yo
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TB mixing: [917;3 =35.3°] [ 9y = 450] [ 9y =0° ]
[Harrison, Perkins & Scott;
Zhi-Zhong Xing 2002] 2 1
< — 0
V6 V3
> U,3 maximal not with an exact symmetry o+ 1 1
> (3 zero or not? Tl 3 2
> U, within 2°~0.035 rad (< 4 2) 2111
V6 N3 42

k > broken symmetry

> >TBM@LO

» O(J.2) corrections required
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[Ma & Rajasekaran 2001;

Ma 2002; Babu, Ma & Valle 2003;

Altarelli & Feruglio 2005; S S B o f A
Altarelli, Feruglio & Lin 2006] 4

A, is the group of even permutations of 4 objects
isomorphic to the group of the rotations which leave a
regular tetrahedron invariant.

A, has 4 irreps: 1,1, 1" and 3 5 ) 3 )
A, is generated by two elements: Tand S [S =T° =(ST) :1}
S generates a subgroup Z, of A,, G

T'generates a subgroup Z; of A,, G+

/> keeps separated the two sectors
AsXZ3xU(1)p\

/ <(p> \ ~ explains the hierarchy
m, <<m, <<m,

GT Z3 GS = ZZ
(m.'m,) diagonal 1 UggTm, Upg = mdios
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[Altarelli & Feruglio 2005]

The Model: SUSY approach

l e’ oL Tt h, | 9r @5 < 0
A4, |3 |1 1|21 |3 |3 |1 |-1
Z , @ v’ o’ o 1 1 @ 0, 1
u@),,] 0 +2 +1 0 0 0 0 0 -1
92 9 "
W, = %Pe (¢T€)hd "'%X:UC (CDTZ) h, +%T ((DTK) h, + charged leptons
A2 (Eh th ) A2 (%Hl Ch )+ h.c.+. (NLO terms) neutrinos
vacuum alignment yt? 0 0 m, = m,
/¢T ( O O)\ m, = 0 y,ut 0 Vo U —> - — - :tz0'05
0 0 A ’
Ps \ _ avZp -2 D corrections to
<A> ¢, (u, u, u) g 23 3b 2 y, <4r TBM < #2~ 0.05
£\ mel Ty 3 e \ P2
A ~Calt y b b2, 0.001<u <0.05
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Predictions and Comments
* Angles —> tan°g,=1 tan°g,=05 4,=0
independently from |al, |b| and A=arg(a)-arg(b)
with NLO corrections: 9, = %+ Ow) 4,=0(u)

. Spectrum —> m% =v °diag(a+b, a, —a+Db)
Am? 1

by the request r = N 2L~ — ——> rises a moderate fine tuning
m

atm

35
NH  m >0017eV > m, >0.09eV

. 2 190 A (1_ Amsol]

3 ‘ms‘ =
’ 0.1 An/latm
m; +My +M3
0.05
in a see-saw realization both normal and
10075 0.5 -0.25 T T E TO.35 inverted hierarchies can be accommodated
Cos A Cos A

[Feruglio, Hagedorn, Lin & M. 2007;

 Possible extension to the quark sector  Altarelli, Feruglio & Hagedorn 2008;
Luca Merlo Bazzocchi, Frigerio & Morisi 2008] 5



[Feruglio, Hagedorn, Lin & M. 2008]

A new mass scale

Low Energy > (g-2), discrepancy » GUTs
Observables: > dark matter > flavour symmetries
> v masses > gauge coupling unification > Ve
> v oscillations > hierarchy problem > superheavy gauge bosons
| | L1 | S
0 ew.scale  M~(1+10) TeV (@) Mayr A Energy
SM context: without specifying the kind of new physics
After in’regr'a’ring out all the d.o.f. related to A and M
‘Jeﬁ” —~ SM + §J (m ) + dlp K)D/;DO/Z Matrix M = M(<(0>)
7 —i—ZeCH+(a-F)9\M+[4—fermion]+ h.c+...
M U—>eee T—> uuu
in the basis with charged leptons diagonal: T —>eee
ev
d, = ~Im M,
\/EM P BR(fi—)KJ-}/) _12\/572'3056,n h ‘ +‘9\/l ‘ ]
N —\ 324 ij ji
. 2m,v Re 1. (=) BR({;, >l vV, Gem:M

LoemE T 6
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The dipole matrix M

the flavour patternin ‘4, is controlled by the same SB parameters of ‘4,

2
YO Yu O ot N Ve erre( )
Yy =——H \@L)+——u H \@l) +—=7"H (@0l
AN ((DT ) A A'u (§0T ) A ((07“ )
o le ﬂe 92 c + ﬂ H c + ’ ﬂz‘ c + "
:/dip:M2|:A AzeH G'F(¢T€)+XﬂXﬂH G-F(ngf) +XT H O-'F((DTZ) }
¥ 2y yéz) 12,2 yés) 12,2 Vi 12y :Be(Z) 12,2 :Be(3) 12,2
m, = yf)tuz y, tu yLZ)tuz V, €—> 9\/1(<(0>)= ,B/(f)tuz B, tu ,Bflz)tuz
I P A ST

in the basis in which m, is diagonal

O(t’u) O(t°u®) O(t°u’ .
S 2 ) the rotations preserve the
9\/1(<g0>)= O(tu”) Oftu) O(tu’) structure of the matrix:

| O@w®) O@*) O@) | onlythe coefficients change
7
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Constraints on M

1) EDMs and MDMs

d <1.6x107* M >80 TeV :
° § — e [ ] » Strongest constraint from d,
d,<28x10" ecm M >80 GeV (cancellations in Im[ M]: accidental

da, <3.8x107" M >350 GeV or due to CP-cgnser'va’rion)
> . . . .
da, ~30 %10 M ~27 TeV Interesting indication from da,

2) LFV transitions:

. . t decays are below the
> t.'lp fo O(1) coefficient R“e ~ RW *Re | —> expec‘zled future sensitivity
independently from 0,3

Imposing R, < 1.2 x 10-11(10-13) u ~ 0.001—> | M>10 (30) TeV
—> u/M?<12 x 10-14(1.1 x 10-12) GeV? |u=0.05 —> [M>70 (200) TeV

Probably above the region of interest for (g-2), and for LHC
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SUSY Case

Some operators contributing o M, are suppressed and as a result in the

basis of diagonal charged leptons, the rotations provide a cancellation in
the element below the diagonal

O(t’u) O(t°u®) O(t°u®) O(t’u) O(t°u®) O(t°u®)
M(p))=| 0@ u?) O(u) OFu®) | —> M(p))=|0Cu®) O@u) O u?)
ow?) OW?) O(u) ow’) O O(u)

> The constraints from EDMs and MDMs are the same

t decays
> Inmost of the allowed range for u,R,. ~ R, >R —> | ndetectable
Imposing R, < 1.2 x 10-11(10-13) lu ~ 0.001—> M>0.7(2) TeV
—> u/M?2<1.2 x 10-1(1.1 x 1012) GeV2 |u|~ 0.05 M > 14 (48) TeV

There is a range for |u| in which it is possible to explain at the same time
the deviation on (g-2), and a positive signal for BR(u—ey) at MEG




Relation between the observables

2m . v A8 ¢ 2 m’ 2
— H _ em 1),,2 e |,,(2)
oa, = 2Re[t |, R, =—5— ‘7/ u ‘ +—=|y u‘
VZeM GEM m,
1272'30( 2 2 m 2
|_> R, = — (5aﬂ) ‘7/(1)142‘ +—5 7/(2)1/1‘
Gem, m,
1073
1077 o
10-10 Considering
?10—“';— 4 v o lul=8s
10712 T oy
> i - %ﬁjﬁ % fele TR, w1 e not a sharp limit on
% 10 ; 5 iﬁ;ﬂ? I: i:i I££++ f L S : T+ T i e %9'13,. bUT Only an
10714 LT . indication : NOT
U i Exp Bound 12x 1071 ) I h f
10-158 ¢t - 13 arger than a few
18 A St 302(8.8)x 10710 percent.
0.01 0.02 0.03 0.04 0.05
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Conclusions

Additional tests of A4 models from LFV
v' generic, non-SUSY, case

o R e Rw = Rw independently from &5 (cfr MFV)

—_— T Uy Trey below expected future sensitivity

BR((, —> 1 y) Not for

M2

2
Q R = — oc(uj —> M above 10 TeV >
" BR({; > ! ,vv) (9-2),

v" in the SUSY case

a R/,e ~ Rw > Rw independently from §,;

» \2
BR((, —> 1 7) (U 5 M can be smaller, in the

A BR(KZ. _>ng1"71.) OCKMZ) range of interest for (g-2),

0 The useful cancellation has to be checked: an MSSM+A, analysis
provides a stricter control on every contributions and it confirms all

the pl"ZViOUS results. [Feruglio, Hagedorn, Lin & M. to appear]
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