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e R-parity conservation
— Sources flavour violation in supersymmetric models

— Lepton flavour violating decays of supersymmetric particles;
Implications for LHC observables

e R-parity violation
— v physics

— predictions for LSP decays
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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) <1.1-1077 BR(t — uy) <6.8-1078
BR(t — Ul") <O(10=") (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 E E E
(MQ _|_ 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
(92+9") (w3-v2)
D]/ p— 8

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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Variations around SPS1a
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Implications for LHC |

studies by:
- F. Paige, I. Hinchliffe, PRD 63 (2001) 115006
- J. Hisanao, R. Kitano, M. Nojiri, PRD 65 (2002) 116002
- D.F. Carvalho et al., PLB 618 (2005) 162
- A. Bartl et al., hep-ph/0510074
talk by R. RuckiI

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

- maz max max max
. [l eu er [Vien

similarly for mj:¢* and m”l’?;”
Note: BR(X9 — x0et 7F), BR(XY — Xt 7F) ~ BR(X9 — x{ et eT)
or even larger
= pairing of different lepton flavours necessary

— m m m
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Bilinearly broken R-parity |

Is defined as MSSM -+ Ezszﬁu -+ BZEZEZHU
B;e; induces sneutrinos vevs v;
()\;;jk; = (Gz‘/ﬂ)hﬁ;, Nijk (G[i/ﬂ)hﬁk + v )

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(7 — ey, uvy) < 10716,

LLeads to predictions for collider physics
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Parameters controlling v-Physics |

If My Loop << My Tree

Am2,,, | Ma/det(M,0) |A]?
tan2 Oatm |/\3//\3|2

CHOOZ | |A1]/\JA3+ A3
tan? by, le1/eo]?

mgol/mczztm |€12/|A|

where
Ni = pv; + vge;
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Approximate Couplings |

smallness of R-parity coupling = expansion of all R-parity violating
couplings:
C — f(:u7 Mk? Alv M;)AZ + g(,uv Mk? Alv M;)EZ

e.g. X}-W=-1; couplings:
ghiivg [gvaN12 + 1\42]\714e
2Det_|_ v

(262 + g?vqvu) N1z + (p + M2) gqu14/\‘
2uDet '

Ori =

7

+ g

g/li | g'Mop 1 Mip
O ;7 — — N N
" V2 [ 2Dety 1 T (Det+ * 2Dety ) V12

v [ gPMy+ gP Mo L 9 \n
2 2Deto uDety | P

2M /2M
n va(g=M1 4+ g 2)N14
4Dety

2_/\2

_/\3

2

Or2
2
~ ta n Hat'rn

Ori| < |0l ,
Onl < foul, 0
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Correlations |

BR(X} — paq')/BR(XY — 14q') BR(X{ — erv)/BR(X} — utv)
10 f 10 ¢

L / 1 L
1: R o E g ey ;

10"t &
10_1 :.".::- 'e-“) o
1072 L F s
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Summing over all neutrinos.
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ER(X? — nqq)/BR(XS — 7qq)
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5
2 (eatm)

Correlations |

BR(X? — erv)/BR(X{ — prv)
10

1071
10°2 LoE a
10-3 I T R T RN TR ST A
1004 10°® 1002 10! 1
tan2 00l
ZSBR(X? — etv)/BR(X} — ptv)  Assumptions:
' - spectrum, mixing angles
2 within 10 percent
15 - statistical error: 10° x§
L Parameters:
M, = 120 GeV, u = 500 GeV
05 tan 8 =5, mo = 500 GeV

10410%102 0.1 1 0
tanzlesol

Summing over all neutrinos.
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Charged Scalar LSP |

Decay length (€, i, 7 ) [cm]

L B S B B B B
10 - = €, /i, T can be separated
o2 L in this model.
103 - ;
- E Moreover
ol * ~ 2
1°4§ r(7) Yr\" mz
10'5% (i) Yy mpg
100 150 200 250 300 350 400
my [GeV]

Flavour@LHC Nov. 05 12 Werner Porod (IFIC-Valencia)



Br(é1 — pv;)/ Br(ér — 1) Br(ni — ev;)/ Br(jin — 7mv;5) Br(71 — ev;)/ Br(71 — pv;)
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Cross check possible: (e1/e3)2/(€1/€2)? = (e2/€3)?
= Measure 2 ratios, 3rd is fixed.
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Gravitino Dark Matter |

GMSB: light gravitino LSP, Y of [p NLSP

Standard thermal history of the universe:

mz /o 100
Q h220.11< ) ~ 90 — 140
3/2 100 eV ( g+ > (- )

Current data:Q;h% ~ 0.134 + 0.006 , Q2ph? ~ 0.023 £+ 0.001

= m3/p 100 eV if DM candidate, warm dark matter
constraints from Lyman-a forest: myypy & 550 eV
(M. Viel et al., arXiv:astro-ph/0501562)

= assume additional entropy production, e.g. non-standard decays
of messenger particles

(E. Baltz, H. Murayama, astro-ph/0108172; M. Fujii and T. Yanagida hep-
ph/0208191)
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GMSB signals |

1o°BR(G7)
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Comments |

m;l 1
m -

9 V"5

= for ng > 3 hardly points with ¥ NLSP

m

e [p NLSPs: BR(lv) > BR(IG)
e ns = 2: BR(G~) reduced by a factor 2-3
e (G decays via R-parity violating couplings, however:

3
gmu[eV]3/2
0.05eV M3,

(@) ~35-10"1

Flavour@LHC Nov. 05 16 Werner Porod (IFIC-Valencia)



