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Lepton Flavor Violation and SUSY

o In the Standard Model, there is essentially no violation of the flavor of
charged leptons (cLFV)

« Non-perturbative processes violate lepton number, but at low
energies /temperatures the effect is very small

. : neutrino oscillations do violate lepton flavour. But
even with small neutrino masses, cLFV is expected to be negligible
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Lepton Flavor Violation and SUSY

SUSY extensions of the SM have new sources of quark and lepton
tflavor violation:

_['soft = a%hu@ y Hu + CthdQ y Hd -+ é];?hei . Hd —I—hC

—|—@Tméé + ETm%E + fb}%m%fLR + ijzdR + é};m%éR
Miss-alignment between the soft breaking SUSY masses/trilinear

couplings and the Yukawa couplings can lead to (and
FCNC, CP violation)

(€; — £;7,...) imply that these new
sources of cLF'V must be small

Pion and kaon leptonic decays are also good new Physics probes (in

particular of m%)



The Rx observable

« Rg =T (K — ev) /T (K — upv) is a ratio of decay widths
. cancel in RK to a good approximation

« The analogous ratio Ry is known with a better experimental precision,
but it is less sensitive to new Physics (mg > my)
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The Rx observable

(NA62 Collab.)
: R;7P = (2.488 £0.010) x 107°
Equivalently, Ry-" = R%M (1 + Ar) with (A’r = (4+4) x 1073)

In 2HDM type-II the charged Higgs can also mediate the meson decay
(destructive interference with the W diagram)

m4 m ’
Today decay width: T°M(K* — ¢%p) (1 — tan? g —& > )
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(tree level) My Ms + My

Consequence: Rx does not change



The Rx observable

At loop level things change considerably: the v/ H vertex becomes
LFV, inducing K — ev.-

The change to Rx can be very large: Ar = O (1%)
Picks up the tau Yukawa coupling

\] 2

6 m_. 2 < Sensitive mainly to the
Ar o tan” 3, m2 (mN) right sleptons mass matrix

Calculation done in the MIA approximation: 1 LFV MI — Ar > 0
1 MI 9 MI (no interference with the SM process)
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The Rx observable

e There are other analyses:

« For a more accurate calculation of Rx we have computed the radiative

effects to the £ H vertex without the MIA — lepton kinetic, mass and
terms must be renormalized

cH =7, (1 +p) #r +ilr (1+n5) dr +i7L (1 +n7) dur
— [ZL (Mlo —I—nf\/f) ER—Fh.C.} -+ [ﬁL (23/467&—»/2 tanﬁMlO —I—n_H) KRH+ —I—h.C.}
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The Rx observable
Rotate/ fields:
i (28) T Rye 24— Ky (1) K
o = Kh (28) ° Rherr Zh= Ky () K
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Results

i (m%)
Our analysis SER _ EQLG
TE mR

We did not try to explain the origin of §£f- we just assumed that it is
big and computed the value of Ar for different cases using SPheno:

« Modified cMSSM (with seesaw I / II)
- NUHM
« Unconstrained MSSM

We also looked at one L-R seesaw model

Why put §2% £ (0 “by hand”?

cMSSM with seesaw is known to induce cLFV, but not through the
right sleptons mass matrix

Non-exhaustive analysis of the parameter space of the L-R model
showed that §Z&F ~ (.01 at most (assuming no fine-tunning)
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. seesaw type-I
Remainder: ReSU_]_tS tan 8 = 40
Are®P ~ 1072 Modified cMSSM Ay =0 GeV
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*outdated limit (not relevant though)



Results

_— [unm

Higgs soft SUSY breaking

Ar

masses are arbitrary
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leads to a small m7,,
Ellis, Lola, Raidal 2009
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No cuts

Comply with LEP+LHC mass
bounds

Comply with all bounds except
Br (B, — Tv)
Comply with all bounds

Compared to the cMSSM, controlling
both §2F and m3,, leads to a larger Ar



Results

Unconstrained MSSM

More freedom than in the NUHM,
which should lead to a larger Ar

large squark masses
don’t affect Ar

\

preferably large

My, mg, mu, np| other
L ma Mz Ay my mg tan S]] 03}
M2 L mp 57§Y
Min 100 | 50 | 100 1100 -1000 100 100 1200 30 110.5 0
Max 3000 {1500 2500 2500 1000 2200 2500 | 5000 60 || 0.5 0

(dimensionful parameters in GeV)
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Ar

The Higgs mass is easily accommodated

Results

Unconstrained MSSM
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Comply with LEP4+LHC mass
bounds

Comply with all bounds except
Br (B, — Tv)
Comply with all bounds



Results

Unconstrained MSSM
Comply with all bounds except

@® Comply with LEP4+-LHC mass Br(r — ev)
bounds @ Comply with LEP+LHC mass
@ Comply with all bounds except bounds
Br (B, — Tv) @ Comply with all bounds except
® Comply with all bounds Br (B, — 1v), Br (7 — e7)
@® Comply with all bounds
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Conclusions

We have computed supersymmetric contributions to
Ry =T (K —ev) /T (K — pv) by including the one-loop
corrections to the v/H™ vertex

The modified cMSSM with §2&2 £ 0 at the GUT scale leads to a
small effect on Rg

A LR model we tested also did not produce a sizable effect

In the NUHM, the charged Higgs mass can be controlled, leading
to a larger Ar

Finally, we tested the unconstrained MSSM; Arcan be as large as
~ 1073, which is still smaller than the current experimental
sensitivity ~ 1072

Br (B, — 7v) and Br (7 — evy) preclude larger SUSY contributions
to Rk

‘Thank you for your time _
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