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Sources flavour violation in supersymmetric models

Lepton flavour violating decays of supersymmetric particles, MSSM

Implications for LHC observables

- R-parity violation
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Experimental Information |

Large mixing angles in neutrino sector

|tan Gatm|2 ~ 1
|tané,,|? ~ 0.4
|Ue3|250°05

Small flavour and CP violation violation in charged lepton sector

BR(p — ey) <1.2-10711 BR(p~ — e"ete™) <1012
BR(T — ey) <3.4-10~" BR(T — uy) <3.3-1077
BR(T — ') <O(107°%) (I,I' = e, )

del <1027 eem, |dy| <1.5-1078 eem, |d| <1.5-10710 ¢ em
VY] /‘1/ Y] VY]

possible SUSY contributions to magnetic moments of leptons

|Aae| < 10712, 0< Aay <43-10710, |Aa,r| £0.058
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Sources of Flavour Violation |

Sleptons:
2v F E E
( M2 _|_ d kZ*ij _|_ DL5 rUdAz]_,U'Uu(Y;j )* \
2 _ IRy 2 ) V2
l * FE 2v Ev Ex
UdAZ'j_lquij 2 d ik~ jk
\ V2 Mpij+ =2 T Droyj )
Sneutrinos:
2 2
M5 M 5 + Dvog
where
2
_ (g/ _92) (vg—vi) _ (w3 —02)
Dy = g y Dp = 4
2 12 2 2
(g +g )(v —vy;)
D]/ — d “

Without loss of generality: YZ.;E = Y6, Y,V real
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Lepton flavour violating SUSY decays |

Lepton flavour violating couplings:
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Motivation:

General MSSM |

See-saw mechanism implies additional contributions to RGEs :

T hese are matrix equations.

167T2A€
167T2Mg

o o o —I— QYI/AI/
A MEYY, 4 Y)Y, M7

In Eg models one gets also additional contributions to Mj%.

Vienna '04

5 Werner Porod (Valencia)



Strategy |

Variations around the Snowmass point SPS1a

M7 11 = M} 55 = 202.3% GeV?, Mf 33 = 201.5% GeV?

Mg 11 = Mf 55 = 138.7% GeV?, Mj 35 = 136.3% GeV?

A1 = —7.567-1073 GeV, Ay = —1.565 GeV, Azz = —26.326 GeV
My = 107.9 GeV, M, = 208.4 GeV, u = 365 GeV, tans = 10

Aae =6.8-10714, Aay, =2.9-107°7, Aar, =8.4-10"7
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Variations around SPS1a
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Implications for LHC |

Edge variables Magnitude changes only sightly: +(1-2) %

max

. max

— My,

Mer

max

max

m,L”-

similarly for mj** and mmjn
Note: BR(X9 — x0et 7F), BR(X — X ut7F) ~ BR(XS — ¥y et e™)

or even larger
= pairing of different lepton flavours necessary

Particularity of SPS1a
)’Zil_ — 7':+V7- — T‘I'V)'Z?
= extremely difficult to detect if not impossible

with LFV
)2?_ — 7”'1 Ur — e"'VT)Z(l) or )21'_ — 7~'I|_VT — ,u"'l/T)Z(l)

with BR(Y; — 1Tv%9) up to 15%.
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Bilinearly broken R-parity |

Is defined as MSSM + Gzizﬁu -+ BZGZZ,LHu

Induced mixings: (leptons, charginos), (neutrinos, neutralinos),

(Higgs bosons, sleptons)

Solves neutrino problems:
Atmospheric at tree level, solar at loop level

Negligible flavour violating decays of leptons:

BR(u — ey) < 10717, BR(r — ey, uvy) < 1018,

LLeads to predictions for collider physics
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Neutralino Mass Matrix |

basis V1 = (i), —iXF L HT ve v, ve) we get:

M — /\/lXo m?
N m 0
with
M 0 —5¢'vqg 39vu | o 1
5 27 —59'v1 59v1 0 €
Mo—| O My 39v4  —39vu _ | 3, 3
x0 = 1 1 , M= | —5gv> 5gv> 0 €
—39'vq 39V 0 —pu i f
D) d 29Y%d 1y 1 0
15 1 59 V3 59U3 €3
| 59 Vu —59Vu — U O | -

Approximate diagonalization as in usual seesaw mechanism gives
2 /\% N1No N1N\3

AN A5 NAoA3z
A3 NoA3 A3

o Mig?+ Moy
velf 4d€t(./\/lxo)

where

N = pv; + vge€;
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where
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Parameters controlling v-Physics |

If My Loop << My Tree

2
Arrnatm

tan?2 0.,
CHOOZ

2
tan< 0,

2 2
msol/ma,tm

Mo /det(M, o) |R[2

A3/ N3?

ALl/\JAZ + A3
le1/en]?

&2/|IA

Ni = po; + vge;
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Approximate Couplings |

X3-W#*-1; couplings:

On — ghijvg [gvaN12 + M2N14€.
e 2Det y Z
(2p2 4+ g?vqvu) N1z + (p 4+ M2) gvuN1a
+ g Y
2/JD€t+

N\; "M 1 M

o = 2|2 2'uNll-l-g + ) Ny,

V2 2Detg Dety 2Detg

2 2Detg pDet

v 2M-|-/2M 2
2u<9 1 g 2_|_ g Nis

2M /2M
n va(g=M1 4+ g 2)N14
4Dety
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Semi-leptonic final states |
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Correlations |

BR(X3 — paq)/BR(X] — maq)  BR(X3 — eqqd)/BR(XY — maqd)  BR(X] — erv)/BR(X] — pv)

10
| i 1 : aF
, / [ £
10 i : L
F g -1 r ':f-
T 1000
10° 1 L ..'-_ ‘ 5 — .: ’.. :._ L "‘_*‘ : A
10_2 - . ) ) L ) ) 10'3 L T | L T | L T 10‘3 MRS B Co bl M R NI B L
5102 101 05 1 10°° 102 10" , 104 10° 10* 10t 1
tan (eatm) Ue3 tan 930[

Summing over all neutrinos.

LHC can measure BR(XY — pqd)/BR(Y — 7q¢') with an accu-
racy of ~ 3 % for SPS1la like scenarions (W.P., P. Skands, hep-
ph/0401077)
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Summary |

e Large lepton flavour violating SUSY decays despite stringent
constraints from rare lepton decays

e Impact on edge variables and chargino discovery

e R-parity violation: LHC can measure correlations between neu-
trino mixing angles and branching ratios of LSP
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