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T he model

In the minimally supersymmetrized version of the
standard model (SM) the superpotential is given by

W = Wmssm + Wy,

Wmssm defines the minimal supersymmetric stan-
dard model (MSSM) in which R parity conservation
is imposed. |

1 _ e =Y < R 1 A S
wp = EA-E.'jL:LiLjEk + X LiQj Dy + EAET,‘LrUiDjDk‘l'

(;LzHu

B = 17
Aijk = —Ajiks Aijk = —Ajk;-

=9 4 27 4+ 9 + 3 = 48 new parameters.

The presence of baryon number violating terms (X;._’_jk)
together with /. violating terms |
— too fast proton decay.

Bounds of products of /. x 2 couplings can be found
in

H. Dreiner hep-ph/9707435 and G. Bhattacharyya,
P. B. Pal, Phys.Lett. B439 (1998) 81

In the following we omit the /2 terms for the men-
tioned phenomenological reasons.



Stau LSP
Rp = LSP will decay

We study the case where the 71 (mainly 7gr) is the
LSP.

In MSUGRA and GMSB models the lightest mass
eigenstate in the charged slepton sector is usually
the 71 (~ TR).

All scalar particles have a common soft SUSY break-
ing mass parameter at some high scale. RGE's lead
to some splitting between the masses of 71, i1 and
e1 at the weak scale.

But since the masses of 7y and e; are not much
heavier, we have

m;l ~ mﬁl ~ m;gl

Therefore also €1 ~ €g and i1 ~ g Will decay mainly
via R, vertices.

We consider the decays

é']_z' — € Z Vi
k
and

€1; — ﬂjdk



Collider signals if R parity is broken only bilin-
early

If R-parity is broken only bilinearly
— ¢;,v; (6 new parameters).

In order to accommodate neutrino data the models
parameter (¢;,v;) are very constrained.

Collider signals of slepton LSP decays in the frame-
work of bilinear R, were studied in M. Hirsch et al.
Phys. Rev. D 66, 095006 (2002)

Since neutrino data fixes the model parameters strin-
gently
— sharp predictions can be made

The most relevant one for our concern is

B(¢1 — e v;) > 0.99



Collider signals if R parity is broken mainly tri-
linearly

Leptonic decays:

L = &j1eg[(sin 0z \ijr+0L)PL+(cos bz Ai;+Or)PRlvi

We consider the case where O), p < A .

(';1} — E]{.j e |Sin 9;7.},| <4 |COS 9;}5‘
I‘(é'jl — ekZVi) —

‘"ﬂ z[(sm 0z Mijk)? + (COS 0z Ai;)°]

Hadronic decays:
r(f1 — ujdy) =3 ﬂ sin 9 )\’ ,
671'
B =1 for j # 3 and ,8=(1—(a§)2)2 for j = 3, re-

spectively. For 1 ~ 7 the width is highly suppressed
compared to the leptonic width if X' < A.

Remark: In the pure bilinear case the hadronic decay
widths are tiny and indeed unobservable.



Branching ratios: For 7; ~ g

1 AS Y,
B(é1 — (e, 7)Y v) ~ = |1 — (A%31, 131» 121)
2 Zz'(J

|

- 1 6.Y 7 ,)\2 )
B(fiy — (e, 1, 7)Y ) > = |1 — 22232 132 122
2 Ez<3

: 1], (A2aa,2722,02,9) |
B(RL — (e, ) Towi) & 5 |1 - 22332033720
Zz(]’\

This means:

B(é; »ej Y vg) <05, Vi,j
k

Corrections are « 67 << 1. This implies a criterion
to decide whether bilinear or trilinear R, dominates

Recall: B(é; — e> v;) > 0.99 (bilinear)
But: B(é; — e> v;) < 0.5 (trilinear)
Remark: This criterion is independent of any as-

sumptions made about how neutrino data is accom-
modated by trilinear Rp



Parameter determination

The solutions to the leptonic decay widths with re-
spect to the trilinear couplings )\%k by making an
expansion in 92- read

1 N _
Aoy = > c1 {r{(1—2BS)+

02(Mot(BS — BS) — M B + T{«B1)} + 0(62) ,

where I‘fot denotes the total leptonic decay width of

the appropriate scalar lepton. C; ~ Cy ~ Cz (= C).
B€1,2,3) =Bl — (e,pu, T) X V).

The \2's are expressed in terms of measureable quan-
tities. However, one has to know the total decay
width (by measuring the decay length)

Since the next to leading term is only of the order 9(2
ratios of A\2's could be given by ratios of branching
ratios. i.e.,

2 :

The solutions for the other \2's are quite similar.



Neutrino masses due to R parity violation

The contribution to the neutrino mass matrix at
tree-level is induced by the bilinear terms:

A2 AeNy Aer
meﬂ-' — Ae/\u, Ag /\IJ,AT y
AeNr NNy A2

N\; = pv; + vge;. mesr has rg(l) — only one neutrino

As a result mesr IS diagonalized by a orthogonal ma-
trix (V) consisting of two angles (one angle can be
rotated away).

1-loop contribution: #; decays are dominated by tri-
linear chouplmgs e.g. )\”k,)\

k"

= 1-loop contributions only by trilinear couplings are
important.

1-loop contribution:

A (Vo) ()L O)
Myt~ = T35 Mk ki

m, e
my sin 29jln m—2‘7 ‘|"J’I'L‘7 sin 29kln (mgk) y
1y 1k

my, (fermion mass), 6; (sfermion mixing angle), m%l 2)j
(sfermion masses).

. s !/
The full neutrino mass matrix: M, ~ merr + m* + m?



Two scenarios in which the neutrino data iIs ac-
commodated (Neutrino Physics «» Collider Physics,

Nijks )\;jk parameters determine the widths as well as
the entries of the neutrino mass matrix.

Neutrino Physics < Collider Physics
Defining two scenarios how A/, may be constructed.

Scenario 1:

The atmospheric mass scale is provided by mgsr,
whereas the solar mass scale is provided by m*. More-
over m” < m”. The couplings NijksV 1,7, k, are roughly
of the same order of magnitude.

= My, ~ mesf + m?, with

l

m%) A233  A133M233 O

-1
A : - 2 2
m” ~ 167r2mT sin 260z In ( 5 )\1330)\233 /\2033 8



Qutcome:

2v/2 A133A233
2 2

A533 — 2 A{33

Leading order parameter reconstruction:

P 7
~ = O or(1 - 2Bg)

tan 201, =

?

>
A133

1 - B
2 —1
)\233 [ 5 C r%-ot(l - 2872-)

Correlation between branching ratios and
solar mixing angle:

— tan201,[1 + 2B] — 4BJ]F

2v2\/(1 - 2B])(1 — 2B3) ~ 0



Correlation between B(71 — eXY vi)/B(F1 — puY vi)
and 61».
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Constraints from neutrino data:

0.3 < sin%fy3 < 0.7
1.2 x 1073 eV? < Am3,,, < 4.8 x 1073 eV?
0.29 < tan?615 < 0.86
5.1 x 107° eV? < Am2 < 1.9 x 1074 eV?

sin? 013 < 0.05



Scenario 2:

The atmospheric mass scale is provided by m” , whereas
the solar mass scale is provided by m”*. For mefr the
relation mes < m” holds. The couplings A;;. and
Y i,j, k, are roughly of the same order of magni-
tude

/
= M, ~ mA -+ m?.

m™ is the same as before while m* is approximately
given by

/
m)\%

Sin 263 In
167T2mb b ™mes

)‘133 X 33)‘ 233 A 33)\333
X 33)‘233 )‘233 )‘233;%\333
A133A333 A5330333 533

tanf-3 can be approximately expressed as

~ Ao33

)\,
333
This ratio squared can be related to the observable

- 2 2
N(fiy — ) _ (sinby )\233 ~ " tan2 6.,

where N(7; — tb) denotes the number of 7/; which
decay into the final state b.

tanfo3 ~
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Conclusion

We have studied the R-parity violating decay proper-
ties of the LSP being the 71 (mainly Tr, as suggested
in @a MSUGRA or GMSB model). In such models 1
and €; are not much heavier than 7;. Therefore, also
fi1 and €, decay mainly via Rp vertices.

We have assumed that these decays are dominated
by the trilinear couplings e.g. Az-jk,)\;jk, and the bilin-
ear contribution is suppressed (the reversed situation
was studied by M. Hirsch et al. Phys. Rev. D 66,

095006 (2002))

The results:

e B(&; —ej> ) < 0.5, Vi,j (this provides a test
whether bilinear or trilinear Rp dominates).

e The absolut values of the 9 A's may be deter-
mined through the 9 leptonic R, decays. How-
ever, the knowledge of the total decay widths is
needed. If this information is not accessible still
certain ratios of the A\'s may be given. Because
of the small mixing angles 9@-, informations about
the \'s are only obtainable if X > \.



e \We have demonstrated (in 2 scenarios) that testable
connections between neutrino physics and col-

lider physics exist, irrespective of the large num-
ber of parameters.



