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Motivation
» Lepton Flavour Violation (LFV) occurs in Nature: v; — v; 0scill.

* LFV is very sensitive to SUSY: if m, from seesaw with Majorana vp
= Y, can be O(1). Large Y, induce, via SUSY loops, large LFV rates

* We focus here on LFV semilep 7 decays, 7 — uPP and 7 — uP,
and u — e conv. in nuclei which 1) complement previous studies of LFV
leptonic 7 and u decays and 2) have more sensitivity to Higgs sector

x Exp. bounds for the processes of interest here (Belle-BABAR,SINDRUM):

BR(t — un) < 5.1x10°° BR(r — purtn™) < 48x107"
BR(r — un') < 5.3x10°° BR(+ — pur%70) (no bound)
BR(r — ur) < 5.8x10°° BR(r — pKTK™) < 8x107"
BR(t — up) < 2x10°" BR(r — uK°K?°) (no bound)
BR(r — u¢p) < 1.3x10°°

CR(p—e,Au) < 7x10713 CR(p—e, Ti) < 4.3x10712

Present: Some LFV semilep. decays already competitive with lep. ones
Future: p—e conv. in Ti, the most challenging 10~ 18 (PRISM/PRIME)

* Few predictions of these processes in the previous literature:
Some not in the SUSY-seesaw context (i.e no connection with v physics);
Others not complete (i.e not all loops); Hadronisation treated differently



Our work presented here:

Predictions of LFV rates within SUSY-seesaw for:
* 7 —uP, P=nn «

x 7 — uPP, PP =n1 71", 7%0 KTK—, KyK,

* 7 —uV,V =p,¢ (related to + — uPP)

* u — e conversion in different nuclei: Ti, Au,...

Full one-loop computation of LFV rates

Require compatibility with v data

Compare with present LFV bounds

EXxplore sensitivity to SUSY, and seesaw parameters

Found higher sensitivity to Higgs sector in these
processes than in LFV lep. decays, 7 — 3u,..

Found a set of simple formulas that approximate well
the full result and are usefull for comparison with data



1-loop diagrams in r - 3u, 71— uP 77— uPP, T — uV, u—e

Z boson-mediated H boson-mediated



Framework for LFV
Use seesaw (Type I) for v mass generation

Within Constrained MSSM -+ 3vp (Majorana) + 3vp
Two scenarios for soft parameters at My = 2 x 1016 GeV:

* Universal soft parameters: CMSSM-seesaw
(Mo, My /2, Ao, tan 3,sign(u)); tan 8 = vp/v1

* Non-universal soft Higgs masses: NUHM-seesaw
(Mo, My /2, My, Mp,, Ao, tan 3,sign(p))

LFV generated by 1-loop running from My to My,
Full RGEs including v and v sectors (No Llog approx)

Mass eigenstates for all SUSY and Higgs particles (No MI approx)

Numerical estimates:
* SPheno 2.2.2 (W.Porod) for int. of RGEs and SUSY spectrum

* Additional subroutines for all LFV processes (by us)
Also subroutines for checks of BAU, EDM and (g — 2)u



Framework for Hadronisation

e We use Chiral Perturbation Theory (xPT)
It realizes nicely the large N expansion of SU(Ng-) QCD and is the
appropriate scheme to describe strong ints of PG Bosons P =7, K, n.

* BR(+ — uP), P =m,n,7n, from leading O(p?) xPT. Results in terms
of Fr and mp (assume ng — ng mMix. ang. 6 ~ —18° for P =n, 7).

* BR(r — pPP), PP =nTn",KTK—, KoKy from xPT plus contribu-
tions from resonances (RxT). Results in terms of Fr, mp and well
established form factors Fi¥(s),(G.Ecker et al. PLB223(1989)425).

Fy™(s) = F(s) exp [2 Re (FIW(S)) + Re (ﬁKK(s))}
M? M? s S
— p Mo
B = s TG [1 T (5 M2 ! Mp2> M2 — 5 — ierw]
Mg — s —iMyly(s)’

_ s |1 m?, kp(Mp) 1 . m2,
Hpp(s) = F_ﬁ [E (1 - T) Jp(s) — 6 + 288#2] ,op(s) =\/1— -
1 —1 1 2

In(s) = 2 [ap(s) In Zj:((j)) —+ 2] () = 55 (m % + 1)



Framework for u — e conversion in nuclei

e \We follow the general parameterisation and
approxs of Kuno & Okada Rev.Mod.Phys.73(01)151

*x Equal proton and neutron densities in the nucleus; non-relativistic u
wave function for the 1s state; neglect momentum dependence of
nucleon form factors

* u— e conv. rate compared to muon capture rate, as a function of:
Z,N number of p and n in nucleus; Z.s effective atomic charge, Fj
nuclear matrix element. We compute isoscalar and isovector cou-
plings ¢(9), ¢(1) from the full set of 1-loop diagrams. Zeft, Fp, Mcapt
for various nuclei from Kitano, Koike, Okada, PRD66(02)096002.

mZ G% a3 ngr Fp2
8m2Z
{)(Z+N)( 2+ o) + (2 - M) (o + o[ +

CR(u — e, Nucleus) =

‘(Z + N) (g(o) (O)) +(Z—-N) (g(l) + g(l))} }L

I_ca pt



Seesaw parameters versus neutrino data

my = —m%mN_lmD . 3 light v (~vy), 3 heavy N (~ vg)

Solution: /mp = Yy vo = 1 me]i\z[ag Ry mgwg U]JVNS [Casas, Ibarra ('01)]

R is a 3 x 3 complex matrix and orthogonal

C2C3 —C183 — S152C3 $183 — C182C3
R = C283 C1C3 — 818283 —S81C3 — C182S83 , C; = COS 0; , 8§ = Sin 0; , 91,2,3 complex
S2 S1C2 Ci1cC2

Parameters: 0;;,0,a,8,my;,my.,0; (18) ; my,, 6; drive the size of Y,

' ' e - 2 _— 2 —
Hierarchical v's : myl << my, = Amsol + m,/l << m; Amatm + m,/l

e Degenerate N's

le — mN2 — mN3 — MmN
e Hierarchical N's
my; << mpy, << mpyy

2 Scenarios



Our choice of input parameters
Constrained MSSM +-3vgr + 3vg + seesaw
e CMSSM:

Mo, My 5, Ag (at Mx ~ 2 x 1010 GeV)
tanB8 =< Hy > / < H1 > (at EW scale)
sign(u) (pu derived from EW breaking)

e NUHM: (M07M1/27MH17MH27A07tanﬁvsign(/'L))
Choose Mg = Mj j,, M,%l = M&(1+ 61), M22 = M&(1+ 62)

p

my, , 3 (Set by data)

NN, 53 (input)

Unns (set by data)

\ R(@l, 0>, 93) (input)

e For numerical estimates:

(Am2)1p = Am2,, =8 x 107> eV?
(Am?)o3 = Am32,,, = 2.5 x 107 3eV?
601> = 309, 923:450; 0=a=0=0; O§913§100
250 GeV < Mo, My, < 1000 GeV, —500 GeV < Ag < 500 GeV
5<tanpB <50, —2<012<?2

e Seesaw parameters <




Competing LFV 7 — u 4 ... decays:

T—uy, T—3u, T — uPP, 7T — uP, T — uV,..

I) Common/Non-common aspects

II) Comments on 7 — uy and 7 — 3u



Phenomenological parameter for LFV
in the tau-muon sector: o35

Within the Mass Insertion (MI) approx.,
BR(r - u+..) x |532|2

In SUSY-Seesaw scenarios, the contributions from neutrinos and sneutrinos
to the slepton mass matrix entry 32, in the Leading Logarithmic Approxi-
mation (Llog) are parameterized by:

AN 1 (BM24+ A2)
032 = 3% = —go 2 (YVT LY’/>32
SUSY SUSY

Ly =log(Mx/my,); Msysy is an average SUSY mass

The relation with neutrino physics comes in,
v3 (V) LY,),, = Lszmy, |(VMuscicac13c23 — /My, s1¢2¢12523)
(vMuscicsss + y/mu,sicsciacos) |
+  Loomy, [(v/mu,(—s1c3 — c15253)co3 + /M, (515283 — c1c3)c12523)
(v/Mau, (—sich — cis5s5)s23 + /M, (cich — sisbsy)ci2co3) ]
+  Lizmy, [(vVmu,(s153 — c1s2e3)croc03 + v/, (s152¢3 4 c153)c12523)
(VM (s1s3 — s1s383)c12523 — /T, (5185¢5 + c1s3)c12c23) |




Large BRs in LFV tau decays within SUSY-seesaw
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x Most relevant seesaw param.: mpy, if vg hierarchical (m if degenerate)
BR ~ [632]2 ~ |mpy, logmp,|? (larger BRs than for deg.) (same all decays)
* Next relevant seesaw parameter: 6; (same all decays)

Ex.: BR x10 — 100 if 65: 0 — 2.9¢™/%:|635| ~ O(1):Y, ~ O(1)

* Most relevant SUSY parameter: tan 8 (same all decays)

BR~ (tan 3)? if v~-dominated; ~ (tan 3)° if H-dominated (not same all dec.)

x Some BRs reach exp. lim. at large my,, large tan and large 0;



The most competitive LFV tau decay: 7 — uvy
From our previous study, JHEP11(2006)090, presented at Tau06, Pisa

(—n/4 < argby S «w/4, 0 < argbhr < «w/4),
(SPla: Mo = 100 GeV, M;,, = 250 GeV, Ag = —100 GeV, tan g = 10, u > 0)
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Present: u — ey more competitive than 7 — uv, except if very small 013

MEGA bound, BR(u — ey) < 10711, already disfavours my, > 10% GeVv

Conclusion: For a given SPS, 7 — uvy sets upper bounds on my, that, if small 8;3, are
competitive with those from u — ex.

BUT: both are insensitive to Higgs!!. Next: Some LFV semileptonic tau decays do!!



Sensitivity to Higgs if and only if:
light Higgs and heavy SUSY
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* NUHM-seesaw predicts light Higgs particles even for large My = My 5 = Msusy
* Ex.: for MSUSY = 850 GeV, tanﬁ = 50, Ao =0, 51 = —1.8, 52 = 0, we find:

light Higgs:

mpo = 127 GeV, mpo = 123 GeV, myo = 127 GeV, myg+ = 155 GeV

heavy SUSY: my = 734 GeV, mp, = 971 GeV, mg. = 687 GeV, mygo = 362 GeV



We find no sensitivity
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Results for LFV semilep. tau decays
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Releva nt
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T — uPP: CMSSM versus NUHM
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* In scenarios with light H and heavy SUSY (NUHM) we find SUSY non-decoupling
* BR(T — unT7n~) ~ exp.bound > BR(7 — pKTK~) > BR(7 — uK°K®%) > BR(7 — un%x9)
hierarchy from dominant electromag. contrib. and relative phase space suppression



T — uP (P=mn,n,7) and 7 — uv (V = p, $)
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CMSSM: SUSY decoupling NUHM: SUSY non-decoupling in 7 — uP
* Large BR(7 — up) (~ exp. bound). Next 7 — pu¢. Also 7 — un(n’) in NUHM
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Approx. formulae for LFV semilep.  decays

Valid at large tan 8 and MI. agreement with full results within a factor of 2
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Comparison approximate/full results (I)
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Comparison approximate/full results (II)
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Sensitivity to Higgs in LFV semilep.  decays

; Approx. (60, 1015) ©
Approx. (50, 3x1014) A

-6 | i
10 Approx. (60, 1014) X ]
[ Approx. (50, 1013)
- © o064 Full (tanB, my_(GeV)) = (50, 1077) -
Uk 0 o 3
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=
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10-10 g— le = 1010 GeV, mN2 = 1011 GeV Tt ..°°Oo.ooooo _§
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_ /4 — _
1| 8252975, =-24,8=0 o o

120 14 160 180 200 2I20 240
ma0 (GeV)

» Maximum sensitivity to Higgs sector found in 7 — un and 7 — un’

BR(r — un) at exp. bound for my, = 101> GeV, tan B = 60, 6 = 2.9¢im/4

% Next relevant channel in sensitivity to Higgs sector is 1 — uKTK

(but still below exp. bound)
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Results for u — e conversion In nuclei



©u — e conversion in nuclei: CMSSM versus NUHM

First estimates of CR(u — e, Nuclei) did not include H-contrib. (Hisano et al PRD53(1996)2442)

1010 tanf =30, Ay=0 ; 107 ¢ my = (10, 10™, 10™) Gev CRyptal *
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CMSSM: v dominance for all Msysy NUHM: H*Y dominance if H" light
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X Sh
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xo X Al
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T e g A
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* NUHM = heavy SUSY spectra do not decouple in u — e conversion due to H
CR(u — e, Au) above present experimental bound even for heavy SUSY



Sensitivity to Higgs sector in 4 — e conv. in nuclei
* NUHM: Noticeable sensitivity to the Higgs sector if Hg is light, due to

large couplings of Higgs to strange quarks in nucleon/nuclei (o< myg)

L v et |
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0.001 ..............................................................
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* Ratio of y —e to u — ey can be a factor 10 larger in NUHM than in CMSSM

*x Found useful approximate formula, if H-dominated, valid at large tan 3 and MI approx.

5 G2 3 Z4 F2 1
CR(u — e, Nucleus)| gapprox 5.2 Zefr (Z + N)? |g(o> r ;
capt
2
94 183 . ———0d21(tan B)

Numerical estimates of CR(u — e, Ti)|gapprox OK with Kitano et.al. PLB575(2003)300



Future prospects for u — e conversion in nuclei
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x Challenging: if sensitivity ~ 10718 reached: my down to 1012 GeV will be tested
x CR(u — e) very sensitive to 613, mainly for hierarchical vg (as u — ey and u — 3e)

A future meassurement of 613 can help in searches of LFV in u — e sector



CONCLUSIONS

Semileptonic tau decays
complement nicely the searches for
LFV In 7 — u sector, In addition to

T — uy. T he future prospects for
u— e conversion in Ti are the most
challenging for LFV. Both
processes allow to test the Higgs
sector (better than 7 — 3u),
besides the SUSY and seesaw
sectors.




Additional transparencies



Predictions for other SPS points

107
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Similar for SPS1a,1b. Slightly worse prospects for SPS2,3. SPS5 the worst.

SPS4 the most restrictive one (due to tan 3 = 50):
Present bounds from pu — ey and 7 — uvy already exclude my, > 101* GeV!!



Comparing predictions for various LFV decays

Hierarchical mn; and complex 6;
(my, my,, my,) = (108,2 x 108,10'%) GeV, arg (1) =0,7/10,7/8,7/6,n/4 (02 = 63 = 0)

SPS 4
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x BRs for 0 < |6;] <7, 0 < argh; < w/2 can increase up to 102 — 10* respect to §;, =0
* BRs above present experimental bounds: mainly y — ey, u — 3e and 7 — uvy

* Similar results for 6>. BRs nearly constant with 63 in the case of hier. N's



Constraints from ’viable’ BAU
BAU requires complex R# 1 = complex 6; = 0. Most relevantly 65,
np/ny € interval = (Re(f2),Im(62)) € area ('ring’) (WMAP in darkest ring)

SPSla
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Implications for LFV

x 'viable’ BAU « ny/n, € [10710,1077] (WMAP ~ 6.1 x 10710,706)

BAU [disfav]-[fav]-[disfav]-[fav]-[disfav] pattern in 0 < |65] < 3

The BAU [fav] windows occur at small (%= 0) |65 < 1.5
= smaller |0>| = smaller LFV rates
* The existence, location and size of the windows depend on m
mpy, ~ O(1010) GeV BAU [fav] windows at |62| ~ O(1) and |65 ~ O(1072)
mpy, ~ O(10%) GeV only one window at |6 ~ O(5 x 107 1)
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SUSY SPS points (II)
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