


Motivations

neutrino masses l

and Uppyns # 1 Li violated (i=e,u,T)

-- expected once flavour is violated within three generations
-- welcome, since CP violation from quarks is insufficient to generate the
Baryon Asymmetry of the Universe




in the SM, minimally
ended to accommodate
frac neutrinos

completely

out of reach
by many orders
of magnitude




Questions

A, >> ew scale




experimental status of CLFV searches

tau: a richer flavour structure O(10-8)
Best 90% C.L. Limit Other 90% C.L.
Channel [x 10°] Limits [x 10]
+— et 3.3 (BaBar) 12 (Belle)
Y PRL 104, 021802 (2010) PLB 666, 16 (2008)
S RTERY 4.4 (BaBar) 4.5 (Belle)
PRL 104, 021802 (2010) PLB 666, 16 (2008)
™ — et et e 2.7 (Belle) 3.4 (BaBar)
PLB 687, 139 (2010) PRD 81, 111101 (2010)

. bk 2.7 (Belle) 4.6 (BaBar) .
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> e ut ut 1.7 (Belle) 2.8 (BaBar)

ibidem ibidem
1.8 (Belle) 3.7 (BaBar)

+_) + + -
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Towerer ibidem ibidem
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muon, the major player

present upper bound

future sensitivity

CR(u Al — e Al)
CR(u Al — e Al)
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great improvements expected within this decade
4-5 orders of magnitude: a golden age for CLFV searches

EXP SM

e | (-10.5+8.1)x107"

u (29+9)x 107"

<107"

—-0.007 < Aa_ <0.005

3.2 g soon checked by Muon g-2
: at Fermilab > 2017 improving
accuracy from 0.5 ppm to 0.2
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What scales are we testing ?
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[Pruna, Signer 1408.3565
Crivellin, S. Najjari, and
J. Rosiek, 1312.0634]

Bounds
C.|(A=1TeV) | A(TeV)(|C,|=1
Cy’' 2.5%x107"° 6.4x10* u—>ey
D Ch''y  24x10° 6.5x10? T—ey
Cp? Y 2.7x107° 6.1x10° T— uy
D c,t 7 1.4x107 2.7x10° u—ey
C 70 ~107 ~30 T —> ey, T — uy
v C c,,C2" 3x107 170 u—3e
/ C‘1,3’23,Cé311’2322 ~102 ~9 T —3e,1 —3u
Cs 3x107° 6 u— ey
S Cs™” o(l) o) T —> ey, T —> uy
Im(C,)|(A =1 TeV) | A(TeV) (|JIm(C,)|=1)
Cp, 42x10™" 15x10°
Cy, 9x10° 3.4
J/BR [ (57)"

assumption:
one operator
dominance

enter at
loop

at



a closer look o the em dipole
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some mechanisms to suppress CLFV and EDM

2 the Yukawa

_ 1 -  _
L,=-L E—-——LopwLp+.1
Y que 2AL ‘;0 CD

as in the SM, CLFV vanishes in the limit of massless neutrinos
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tailored to explain the
€.g. PC] hierarchies among fermion

masses/mixing angles

L, = _§L AE-LA,D, -composite mixing
_ §L MS,-D,MD, omposite fermions
—(D,®)Y S, -S,Y (®'D,)+h.c.

here: massless neutrino limit [1<Y <4x




| LFV not suppressed
’ by neutrino masses
anarchical not diagonal in and unrelated to (B-L)
3x3 matrices the same basis breaking scale

BR(u—ey), d,

contact terms can be
generated at tree-level




way out: SYMMETRY
assume SU(3) invariance
of all matrices except Ag

we go back to MFV:
CLFV only when neutrino
masses are turned on

ATLAS Preliminary
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Conclusion

major experimental advances expected within next few years

observation of CLFV and/or EDM would be evidence for physics
beyond VSM at energy scales potentially very large

if there is NP at the electroweak scale, there are reasons to believe
that CLFV is well within the reach of next generation experiments

NP at the TeV scale with generic flavor structure induces deviations
from the SM that are ruled out by many orders of magnitudes

there are mechanisms to suppress CLFV and EDM but, on general grounds,
we can expect any size of deviation below the current bounds
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a, and tanf

re of the misalignement
epton and sleptons
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my = Mg = MSUSY-EW

[Arana-Catania, Heinen[\iyer and Herrero, 1304.2783]. M, = mgusy—_ew/5
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Lepton EDM in SUSY
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A>730 GeV
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EDM and (g-2)/2

[ d, (e cm)

e | <87x107%
<1.8x107"

<107'°

->10-%°
021 [FNAL]

{0/ ROUND IS HE ELECTRON®

Order of Magnitude Smaller Limit on the Electric Dipole Moment of
the Electron

The ACME Collaboration’, J. Baron!, W. C. CampbellZ, D. DeMille3:L, ). M. Doylel+l, G. GabrielseX:1,

Y. V. Gurevichl, P. W. Hess., N. R. Hutzlerl, E. Kirilov>5, I. Kozyryev3'l, B. R. O'LearyZ, C. D. Pandal,
M. F. Parsonsl, E.S. Petrikl, B. Spaunl, A.C. Vuthaﬁ, A. D. West2

EXP
Aa, = a,

e | (-105+8.1)x107"
u (29+9)x107"
7 | -0.007 < Aa, <0.005

SM
— al

soon checked by Muon g-2
at Fermilab > 2017 improving
accuracy from 0.5 ppm to 0.2 ppm




65 | | 5% 1072 | 5x 102 | 3x 102 | 3x10~2 | 23x 102 | 5 x 102
1058 | e | 2% 1072 | 3x 1072 | 4x 1072 |25x1072| 2x 1072 | 11 x 1072
6BR| 1 54x1071 | 5x 1071 |48 x 1071 |53 x 10~ | 7.7 x 10~1 | 7.7 x 10~
102 | max | 6% 1072 | 6x 1072 | 4x1072 | 4x1072 | 27x 1072 | 6 x 1072
1008 | pax | 2x1072 | 3x 1072 | 4x1072 | 3x107%2 | 2x 1072 | 12x 1072
6BR| | 57x 1071 |52x 1071 | 5x10~! |5.6x 10~ |83 x 10~ | 8 x 10!




S1 S2 S3 S4 S5 36
165 | max | 10X 1075 | 7.5x107° | 5x10™° | 6x 1075 | 42x 10~° | 8 x 1073
1658 e | 2% 1078 | 3% 107 | 4x10°° | 3x10°¢ | 2x10°° |1.2x107®
160 max | 1.5 1078 | 1.2 x 107® | 1.1 x 1073 | 1x107® | 2x10™® |52 x 1073
Table 2: Present upper bounds on the slepton mixing parameters |0438| for the selected

S1-S6 MSSM points defined in Tab. 1. The bounds for |§/¥| are similar to those of [5"|.




[Arana-Catania, Heinemeyer and Herrero, 1304.2783].

S1 S2 S3 S4 S5 S6
my, 500 750 1000 800 500 1500
m;, 500 750 1000 500 500 1500
M, 500 500 500 500 750 300
A, 500 750 1000 500 0 1500
p 400 400 400 400 800 300
tan 8 20 30 50 40 10 40
M, 500 1000 1000 1000 1000 1500
M1 2000 2000 2000 2000 2500 1500
mg, 2000 2000 2000 500 2500 1500
A, 2300 2300 2300 1000 2500 1500
my, —mg, | 489-515 | 738-765 | 984-1018 | 474-802 | 488-516 | 1494-1507
Mg, —mg, | 496 747 998 | 496-797 | 496 1499
mge —mg: | 375-531 | 376-530 | 377-530 | 377-530 | 710-844 | 247-363
mgo —mg | 244-531 | 245-531 | 245-530 | 245-530 | 373-844 | 145-363
M, 126.6 127.0 127.3 | 1231 | 1238 125.1
My 500 1000 999 1001 1000 1499
M 500 1000 1000 1000 1000 1500
My 507 1003 1003 1005 1003 1502
ma, —ma, | 1909-2100  1909-2100 | 1908-2100 | 336-2000 | 2423-2585 | 1423-1589
mg, —myg, | 1997-2004 | 1994-2007 | 1990-2011 | 474-2001 | 2498-2503 | 1492-1509
mg 2000 | 2000 2000 2000 3000 1200

Table 1: Selected points in the MSSM parameter space (upper part) and their corresponding
spectra (lower part). All mass parameters and trilinear couplings are given in GeV.
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anarchical
3x3 matrices

Y,

Naive Scaling violated

ng and Ye by O(l) factors

LFV not suppressed by neutrino masses and unrelated to (B-L) breaking scale
—>10TeV

BR(u—ey), d,
<Y )
n’rac’r terms can be generated at tree-level

we go back to MFV:
CLFV only when neutrino
masses are turned on

way out:
assume SU(3) invariance
of all matrices except Ag

M,Y,Y, A, xl




