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Neutrino physics from charged Higgs boson and slepton associated production in anomaly
mediated supersymmetry breaking

Marco A. Dı́az, Roberto A. Lineros, and Maximiliano A. Rivera
Facultad de Fı´sica, Universidad Cato´lica de Chile, Av. V. Mackenna 4860, Santiago, Chile

~Received 31 October 2002; published 12 June 2003!

In the minimal supersymmetric standard model with bilinearR-parity violation, terms that violateR parity
and lepton number are introduced in the superpotential inducing sneutrino vacuum expectation values. As a
result, neutrino masses and mixing angles are generated via a low-energy seesaw mechanism. We show that
this model embedded into an anomaly mediated supersymmetry breaking scenario is testable at a linear collider
using charged Higgs boson production in association with a stau. This is possible in regions of parameter space
where the charged Higgs boson and stau have similar mass, producing an enhancement of the charged scalar
mixing angles. We show that the bilinear parameter and the sneutrino VEV can be determined from charged
scalar observables, and estimate the precision of this determination.
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I. INTRODUCTION

Over the last three decades experimental evidence
confirmed the gauge structure of the standard model~SM!
with very accurate measurements. Nevertheless, the pic
is still incomplete since the Higgs mechanism has not b
established yet experimentally. This mechanism lies in
center of the mass generation problem, giving mass to
gauge bosons as well as the quarks and leptons. Despite
success, it is clear that the SM should be extended. Theo
cally, the SM does not have an answer to the gauge hiera
problem, nor to the stability of the Higgs boson mass un
quantum corrections. Supersymmetry is one of the m
popular extensions of the SM that addresses satisfact
these problems.

Even if supersymmetry is not a symmetry chosen by
ture, there is a generalized feeling in the community t
important discoveries are going to be available soon after
completion of the new generation of colliders, starting w
the Large Hadron Collider~LHC! at CERN, or maybe earlie
at the Tevatron run II at Fermilab. A Linear Collider~LC!
will be crucial in order to study the new phenomena and
relation to physics at even higher energy scales. This is m
than a simple complementarity with the LHC, since the id
is for them to run simultaneously in such a way that t
discoveries in one machine may influence the running
rameters of the other@1#.

In parallel to the physics we can learn form colliders go
neutrino physics. Today, neutrino physics has become on
the most exciting areas in particle physics, with experimen
results that indicate neutrinos have a mass and oscillate
mospheric neutrino data indicate anm2nt mixing with an
angle 0.3,sin2uatm,0.7 and a mass splitting of 0.0
,ADmatm

2 ,0.07 eV. Solar neutrino data favor a large mi
ing angle ~LMA ! solution with the best fit given by
tan2usol50.44 andADmsol

2 50.008 eV @2#. There is little
doubt now that neutrinos have mass and this is the first
perimental evidence indicating that the SM must be mo
fied.

Supersymmetry with bilinearR-parity violation ~BRPV!
0556-2821/2003/67~11!/115004~10!/$20.00 67 1150
as

re
n
e
e
his
ti-
hy
r

st
ily

-
t
e

s
re
l

-

s
of

al
t-

x-
i-

@3–11# is a model in which neutrino masses and mixi
angles are generated by the presence of bilinear terms in
superpotential. These terms violateR parity and lepton num-
ber and induce sneutrino vacuum expectation values. In
model, neutralinos mix with neutrinos, generating at the t
level a mass for one of the neutrinos, while the other t
acquire mass at one loop.

A nice feature of supersymmetric models which violatesR
parity and lepton number via BRPV is that neutrino phys
is closely related to high energy physics in such a way t
neutrino properties can be tested at future colliders, in p
ticular at an LC where it is possible to make precision m
surements on different observables. It is already underst
that neutrino mixing angles are related to the ratios of
branching ratios of the neutralino which, being the lighte
supersymmetric particle~LSP!, has nonsuppressedR-parity
violating branching ratios@4,12#.

In BRPV there is also mixing in the scalar sector, in p
ticular, charged Higgs fields mix with charged sleptons. A
result, in electron positron collisions it is possible to produ
a charged Higgs boson in association with a stau, for
ample. This kind ofR-parity violating processes are no
present in trilinearR-parity violating models and therefor
would be a signature of BRPV. In this paper we stu
charged Higgs boson production in association with a s
and its relation to neutrino physics in a model with anom
mediated supersymmetry breaking~AMSB! @13–15#, where
an enhancement of charged scalar mixing angles can o
due to mass degeneracy between the scalars@16#. We study
how parameters relevant to solar neutrino physics, like the i
parameters in the superpotential, can be extracted from
lider observables in the charged scalar sector.

II. BILINEAR R-PARITY VIOLATION AND NEUTRINO
PHYSICS

In the BRPV-MSSM model, explicit lepton number an
R-parity violating terms are added to the MSSM superpot
tial @9#:

W5WMSSM1e i L̂ i Ĥu , ~2.1!
©2003 The American Physical Society04-1
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where the threee i parameters have units of mass. In additio
corresponding soft terms are included in the Lagrangian

Lso f t5L so f t
MSSM1Bie i L̃ iHu ~2.2!

with Bi being the bilinear soft terms associated toe i . These
terms induce sneutrino vacuum expectation valuesv i which
contribute to the gauge boson masses. Our notation for
fields that acquire a vacuum expectation value~VEV! is

Hd5S Hd
0

Hd
2D , Hu5S Hu

1

Hu
0 D , L̃ i5S L̃ i

0

,̃ i
2D , ~2.3!

where

Hd
0[

1

A2
@sd

01vd1 iwd
0#, Hu

0[
1

A2
@su

01vu1 iwu
0#,

L̃ i
0[

1

A2
@ ñ i

R1v i1 i ñ i
I #. ~2.4!

The tree level scalar potential contains the following line
terms:

Vlinear
0 5td

0sd
01tu

0su
01t1

0ñ1
R1t2

0ñ2
R1t3

0ñ3
R, ~2.5!

where the differentt0 are the tadpoles at tree level. They a
given by @5#

td
05~mHd

2 1m2!vd1vdD2m~Bvu1v je j !,

tu
052Bmvd1~mHu

2 1m2!vu2vuD1v jBje j

1vue2, ~2.6!

t i
05v iD1e i~2mvd1vuBi1v je j !1v iMLi

2 ,

where we have definedD5 1
8 (g21g82)(v1

21v2
21v3

21vd
2

2vu
2), e25e1

21e2
21e3

2 , and there is a sum overj but not
over i. The five tree level tadpolesta

0 are equal to zero at th
minimum of the tree level potential, and from there one c
determine the five tree level vacuum expectation values.

As a consequence of the presence ofe terms in the super-
potential and non-vanishing sneutrino VEVs,R-parity and
lepton number are violated and, for this reason,R-parity even
fields mix withR-parity odd fields. The most conspicuous
these is the mixing between neutralinos and neutrinos. T
mixing is important because due to a low-energy see-
mechanism, the neutrinos acquire mass. The 737 neutrino
mass matrix can be block diagonalized, and the effectiv
33 neutrino mass matrix turns out to be@7#

me f f5
M1g21M2g82

4 det~M x0! F Le
2 LeLm LeLt

LeLm Lm
2 LmLt

LeLt LmLt Lt
2
G ,

~2.7!
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whereM x0 is the 434 neutralino mass matrix, and we de
fine

L i5mv i1e ivd . ~2.8!

These important parameters define the neutrino physic
tree level. The effective neutrino mass matrix in Eq.~2.7! has
only one eigenvalue different from zero. Since the predic
neutrino spectrum is hierarchical, this eigenvalue is appro
mately equal to the atmospheric mass scale@4#

ADmatm
2 'mn3

5
M1g21M2g82

4 det~M x0!
uLW u2. ~2.9!

The effective neutrino mass matrix in Eq.~2.7! is diagonal-
ized by the rotation

Rn5S 1 0 0

0 cosu23 2sinu23

0 sinu23 cosu23

D S cosu13 0 2sinu13

0 1 0

sinu13 0 cosu13

D ,

~2.10!

whereu13 andu23 are the reactor and atmospheric neutri
angles, respectively. Since the lowest two eigenvalues
massless and degenerate, there is no meaningful solar a
at tree level. In terms of theL parameters, the near maxim
atmospheric angle is@7#

tanu235Lm /Lt'1 ~2.11!

and the CHOOZ constraint sin2u13,0.045@18# can be satis-
fied taking

utanu13u5uLeu/ALt
21Lm

2 !1. ~2.12!

Information on the solar neutrino mass and angle can
obtained only when one-loop corrections are added to
neutrino mass matrix. As an example, the bottom/sbott
loops give a simple contribution which is approximate
given by @19#

ADmsol
2 'mn2

;
3hb

2ueW u2

16p2

mb

MSUSY
2 ln

Mb̃2

2

Mb̃1

2 . ~2.13!

Here we have stressed that the solar mass difference is
proximately given by the second heaviest neutrino. In sup
gravity models, this is the most important loop, followed
charged Higgs loops. It is clear from this formula that thee
parameters have an important effect in solar neutrino ph
ics, as opposed to the atmospheric neutrino physics wh
the L parameters are the important ones@5#.

When details of the neutrino physics are not the m
issue, it has been proven very useful to work in the appro
mation where BRPV is introduced only in one generatio
say the stau@10#. In this case, the atmospheric scale still
given by Eq.~2.9!. In the rest of this paper we will follow
this approach.
4-2
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III. BENCHMARK FOR BRPV-AMSB

In order to study the effects of BRPV in an AMSB sc
nario, we have chosen a case study, or benchmark, in w
we find non-negligible charged Higgs production in assoc
tion with a stau. The parameters which define our model

M3/2530 TeV,

m05200 GeV,

tanb515,
~3.1!

m,0,

e351 GeV,

mn50.1 eV.

The value ofm is fixed by imposing the correct electrowea
symmetry breaking, and we findm52466 GeV. The neu-
trino mass fixes the sneutrino vacuum expectation valu
v350.035 GeV. The values ofB andB3 are also determined
by the tadpole equations.

To find non-negligible associated cross sections, for gi
values ofM3/2 andm0, a certain tuning of tanb is necessary.
For our choice ofM3/2530 TeV and m05200 GeV, we
need either tanb close to 15 or 17, as indicated in Sec.
Nevertheless, any other choice forM3/2 andm0 is also pos-
sible. For example, for the Snowmass benchmark point
responding to AMSBM3/2560 TeV and m05450 GeV,
nonnegligible associated cross sections are found for tab
'11–12.

In the spectrum of this model, the LSP is the lighte
neutralino, with a massmx̃

1
0594.39 GeV, followed closely

by the lightest chargino with a massmx̃
1
1594.43 GeV. In

the neutral scalar sector we have aCP-odd Higgs boson with
mA5171 GeV, and a tau-sneutrino withmñt

5142 GeV. It

should be stressed that in BRPV models theCP-odd Higgs
boson mixes with the sneutrinos. We here call theCP-odd
Higgs boson to the eigenstate with largest component to
original Higgs fields@17#.

In this paper we are interested in the charged scalar se
As explained in detail in the next section, the charged Hig
fields and the left and right staus mix to form a set of fo
charged scalars, one of them being the charged Golds
boson. Among the other three eigenstates we call cha
Higgs boson to the one with largest component to the or
nal charged Higgs fields. The charged scalar spectrum is

mH15188 GeV,

mt̃
1
15115 GeV, ~3.2!

mt̃
2
15190 GeV.
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In our benchmark,H1 and t̃2
1 masses differ only by two

GeV, nevertheless, as shown in Sec. V, such a small dif
ence is not required to obtain an observable associated c
section.

The 434 charged scalar mass matrix is diagonalized b
434 rotation matrix, which for our benchmark is given b

R5F 20.067 0.998 20.0001 0

20.80 20.05 0.45 0.40

20.014 20.001 0.65 20.76

0.60 0.04 0.62 0.51

G , ~3.3!

where the columns correspond to the mass eigenstate fi
(Hu

1 ,Hd
1 ,t̃L

1 ,t̃R
1) and the rows to the weak eigenstate fiel

(G1,H1,t̃1
1 ,t̃2

1). From this rotation matrix we learn tha
the Goldstone boson has no right-handed stau compo
and very little left-handed stau component, as it should
We also see that the light stau has almost no componen
the Higgs fields, i.e., it is almost pure stau, and that
charged Higgs boson has an important component of sta

IV. CHARGED HIGGS ÕSLEPTON SECTOR

As we mentioned before, in BRPV charged Higgs boso
and charged sleptons mix forming, in the more general th
generations case, a 838 mass matrix, and in the simplifie
case of BRPV only in one generation, a 434 mass matrix. In
this paper we work in the later case. The relevant mass te
in the scalar potential are

Vquadratic5@Hu
2 ,Hd

2 ,t̃L
2 ,t̃R

2#MS6
2 F Hu

1

Hd
1

t̃L
1

t̃R
1

G . ~4.1!

In the R-parity conserving limit~MSSM!, the mass matrix
MS6

2 is diagonal in 232 blocks, and the charged Higgs se
tor is decoupled from the charged slepton sector. Includ
theR-parity violating terms, we write the mass matrix in th
following form:

MS6
2

5MS6
2(0)

1MS6
2(1) , ~4.2!

notation motivated by the fact that BRPV terms are sm
The MSSM part is

MS6
2(0)

5F mH6
2(0)sb

2 mH6
2(0)sbcb 0 0

mH6
2(0)sbcb mH6

2(0)cb
2 0 0

0 0 M̂L3

2
M̂LR

2

0 0 M̂LR
2 M̂R3

2

G ,

~4.3!

where the slepton mass entries are given by
4-3
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M̂L3

2 5ML3

2 2
1

8
~g22g82!~vd

22vu
2!1mt

2(0) ,

M̂R3

2 5MR3

2 2
1

4
g82~vd

22vu
2!1mt

2(0) , ~4.4!

M̂LR
2 5mt

(0)~At2m tanb!,

and mt
(0) is the tau lepton mass calculated in the MSS

approximation. Note that since in our model the tau mix
with the charginos, the physical tau mass has a more c
plicated dependence on the parameters of the model@17#. We
write the BRPV contributions to the charged scalar m
matrix as

MS6
2(1)

5F DmHu

2
0 XuL XuR

0 DmHd

2
XdL XdR

XuL XdL DmL3

2
0

XuR XdR 0 DmR3

2

G ~4.5!

with the diagonal contributions given by

DmHu

2 5me3

v3

vd
2

1

4
g2v3

21
1

2
ht

2v3
2 ,

DmHd

2 5
v3

2

vd
2

cb
2

sb
2 m̄ñ

2
2me3

v3

vd

cb
2

sb
2 1

1

4
g2v3

2 ,

~4.6!

DmL3

2 5e3
21

1

8
gZ

2v3
2 ,

DmR3

2 5
1

2
ht

2v3
21

1

4
g82v3

2 ,

wherem̄ñ
2
5mñ

(0)2
1e3

21 1
8 gZ

2v3
2 andgZ

2[g21g82. The quan-

tity mñ
(0) is the sneutrino mass in thee3→0,v3→0 limit @16#.

The off-diagonal BRPV terms of in the charged scalar ma
in Eq. ~4.5! are

XuL5
1

4
g2vdv32me32

1

2
ht

2vdv3 ,

XuR52
1

A2
ht~Atv31e3vu!,

~4.7!

XdL5
v3

vd

cb

sb
m̄ñ

2
2me3

cb

sb
1

1

4
g2vuv3 ,

XdR52
1

A2
ht~mv31e3vd!.

The complete charged scalar mass matrix in Eq.~4.2! has a
zero eigenvalue corresponding to the charged Goldstone
sonG6. This eigenvalue can be isolated with the rotation
11500
s
-

s

x

o-

RG53
cbr 2sbr 2

v3

vd
cbr 0

sb cb 0 0

2
v3

vd
cb

2r
v3

vd
sbcbr r 0

0 0 0 1

4 , ~4.8!

where we have defined the factor

r 5
1

A11
v3

2

vd
2 cb

2

. ~4.9!

In what follows we present some approximated formu
for mixing angles between charged Higgs bosons a
charged scalars, valid at first order in a perturbation exp
sion where theR-parity violating termse3 andv3 are small
quantities. In order to do that, it is important to perform fir
the rotation defined in Eq.~4.8!, otherwise, approximating
over the unrotated 434 matrix in Eq.~4.3! would introduce
fictitious corrections to the zero Goldstone boson mass
addition we rotate the stau sector by an angleut̃ :

Rt̃5F 1 0 0 0

0 1 0 0

0 0 ct̃ st̃

0 0 2st̃ ct̃

G , ~4.10!

after which the zeroth-order mass matrix becomes diago

Rt̃RGMS6
2 RG

T Rt̃
T

5F 0 0 0 0

0 mH6
2(0)

1Dm̂H6
2 XH t̃1

XH t̃2

0 XH t̃1
mt̃1

2(0)
1Dm̂t̃1

2
0

0 XH t̃2 0 mt̃2

2(0)
1Dm̂t̃2

2

G .

~4.11!

The corrections to the diagonal elements up to second o
are

Dm̂H6
2

5sb
2DmHu

2 1cb
2DmHd

2 ,

Dm̂t̃1

2
5ct̃

2
DmL3

2 1st̃
2
DmR3

2 1
v3

2

vd
2 cb

2ct̃~ct̃M̂L3

2 1st̃M̂LR
2 !,

~4.12!

Dm̂t̃2

2
5st̃

2
DmL3

2 1ct̃
2
DmR3

2 1
v3

2

vd
2 cb

2st̃~st̃M̂L3

2 2ct̃M̂LR
2 !,

and the off diagonal corrections up to first order are
4-4
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XH t̃1
5ct̃~sbXuL1cbXdL!1st̃~sbXuR1cbXdR!,

~4.13!
XH t̃2

52st̃~sbXuL1cbXdL!1ct̃~sbXuR1cbXdR!.

The last mixingsXH t̃1
and XH t̃2

are rotated away with the
aid of two small rotations,

R15F 1 0 0 0

0 c1 s1 0

0 2s1 c1 0

0 0 0 1

G , R25F 1 0 0 0

0 c2 0 s2

0 0 1 0

0 2s2 0 c2

G ,

~4.14!

with rotation angles given by

s15
XH t̃1

mH6
2(0)

2mt̃1

2(0) , s25
XH t̃2

mH6
2(0)

2mt̃2

2(0) . ~4.15!

FIG. 1. The relative error of the approximated formula for t
angle sinu1, which indicates how much component of stau fiel
has the charged Higgs boson, is plotted against tanb.

FIG. 2. Charged Higgs boson production in association wit
stau multiplied by an integrated luminosity of 500 fb21, plotted as
a function of tanb, for M3/2530 TeV, m05200 GeV, e3

51 GeV, mn50.1 eV, andm,0.
11500
These are the mixing angles that are potentially large w
the Higgs boson and stau masses are nearly degenerate
final rotation that diagonalizes the charged Higgs boson
stau mass matrix is given by

R5R1R2Rt̃RG . ~4.16!

It is clear that these approximations are less reliable in
case that two eigenvalues are nearly degenerate. We ca

sin2u15R23
2 1R24

2 , ~4.17!

which indicates how much of stau fields has the charg
Higgs. In Fig. 1 we compare the approximated formula w
the exact numerical value of sinu1. The relative error is plot-
ted against tanb for fixed values ofM3/2530 TeV, m0
5200 GeV,e351 GeV, mn50.1 eV, andm,0. The error

a

FIG. 3. Charged Higgs boson production in association wit
stau multiplied by an integrated luminosity of 500 fb21, plotted as
a function of the mass splittingmH12mt̃2

, for M3/2530 TeV, m0

5200 GeV,e351 GeV, mn50.1 eV, andm,0.

FIG. 4. Charged Higgs boson production in association wit
stau multiplied by an integrated luminosity of 500 fb21, plotted as
a function of the scalar massm0, for M3/2530 TeV, tanb515,
e351 GeV, mn50.1 eV, andm,0.
4-5
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stays within 5% except for the points of near degenera
Close to tanb515 the charged Higgs boson and heavy s
masses are similar, and for tanb'17 the charged Higgs bo
son and light stau masses are similar.

FIG. 5. Charged Higgs boson production in association wit
stau multiplied by an integrated luminosity of 500 fb21, plotted as
a function of M3/2, for m05200 GeV, tanb515, e351 GeV,
mn50.1 eV, andm,0.
11500
y.
u

V. CHARGED HIGGS AND STAU ASSOCIATED
PRODUCTION

A couple of charged scalars are produced in electr
positron annihilation via the interchange in thes channel of a
photon and aZ boson. The total production cross section

s~e1e2→Si
1Sj

2!5
l3/2

24ps Fe4

2
d i j 2

ge2gV
e

2cW
PZd i j lZSS

i j

1
g2~gV

e21gA
e2!

8cW
2 PZ

2lZSS
i j 2 G ~5.1!

with gV
e5 1

2 22sW
2 , gA

e5 1
2 , andPZ5s/(s2mZ

2). In the case
of mixed production, only theZ boson contributes, with a
strength determined by theZS1S2 coupling, lZSS

i j . In the

unrotated basis (Hu ,Hd ,t̃L ,t̃R) these couplings are

lZSS8 5
g

2cWF 2c2W 0 0 0

0 2c2W 0 0

0 0 2c2W 0

0 0 0 2sW
2
G . ~5.2!

a

y
FIG. 6. Normalizedx2 lower bound as a function of the parameters~a! e3, ~b! v3, ~c! tanb, and~d! mA . The boundaries indicated b
x251 defines the expected error in the determination of these parameters.
4-6
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FIG. 7. Normalizedx2 lower bound as a function of the parameters~a! ML3
, ~b! MR3

, ~c! m, and~d! M2. The boundaries indicated b
x251 defines the expected error in the determination of these parameters.
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oth
SincesW
2 '1/4 the couplings are approximately proportion

to lZSS8 ;diag(1,1,1-1). The rotated couplings are of cou
lZSS5RlZSS8 RT, with the rotation matrixR given in Eq.
~4.16!.

For the chosen benchmark, and with a center-of-mass
ergy As51 TeV, the non-negligible production cross se
tions are given by

s~e1e2→ t̃1
1t̃1

2!522.9 fb,

s~e1e2→H1H2!522.2 fb,

s~e1e2→ t̃2
1t̃2

2!521.0 fb,
~5.3!

s~e1e2→ t̃1
6t̃2

7!53.44 fb,

s~e1e2→H6t̃1
7!51.81 fb,

s~e1e2→H6t̃2
7!50.79 fb,

where the last two violateR parity. Note that from now on
the exact numerical diagonalization is used, rather than
approximated formulas of Sec. IV.

With a projected integrated luminosity ofL5500 fb21,
we expect plenty of events where charged Higgs bosons
11500
l
e

n-
-

e

re

produced in association with staus. These cross sections
governed by the couplingslZSS

i j , which for our benchmark
are approximately

lZSS'
g

2cWF 20.5 0 0 0

0 20.24 20.39 0.2

0 20.39 0.08 20.3

0 0.2 20.3 20.34

G ~5.4!

written in the base (G1,H1,t̃1
1 ,t̃2

1). The first thing to no-
tice is that theZ couples to a pair of light staus with
strength three to four times smaller than to the other t
scalars. The reason is that the light stau is almost pure
and has nearly equal left and right component, and the m
sign in lZSS8 induces a cancellation. The same type of ca
cellation does not happen to the heavy stau because
eigenstate has also a large component of Higgs fields.

The second thing worth noticing is that despite the f
the light stau is almost pure stau, as indicated by Eq.~3.3!,
its mixed production together with a charged Higgs boson
larger than the mixed production of a heavy stau toget
with a charged Higgs, as shown in Eq.~5.3!. The explanation
is simple: the charged Higgs boson has a large compone
stau.

In Fig. 2 we plot as a function of tanb the expected
number of events in which a charged Higgs is produced
association with a stau, where we have summed over b
4-7
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FIG. 8. Regions of paramete
space where normalizedx2<1
are shown in green~light gray!.
For comparison, also shown ar
the regions wherex2<2 in blue
~dark gray!.
ct
s
T
ls

e

-

th

ac

0
ass

calar
is

m
re-
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ass

At
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are

of

this
ma-
ex-

o
stu
fo
possible signs of the scalar electric charge. The cross se
has a maximum near tanb515 where the charged Higg
boson mass is very similar to the mass of the heavy stau.
charged Higgs associated production with a light stau a
has a maximum at tanb'15 because at this point th
charged Higgs boson has a large stau component, as
plained before. As we increase tanb the charged Higgs bo
son mass decreases and eventually, near tanb'16.7, be-
comes similar to the light stau mass, increasing again
cross section.

In order to have an idea of the degree of degener

TABLE I. Parameter determination from charged Higgs bos
and stau associated production and decay for a given case
~benchmark!. All parameters are expressed in GeV, except
tanb.

Parameter Input Output Error Percent

e3 1.0 1.24 0.96 77
v3 0.035 0.045 0.035 78

tanb 15.0 15.0 0.3 2
m 2466 2469 22 5

ML3
155.8 155 3 2

MR3
144.5 144 3 2

mA 171.5 172 3 2
M2 95.4 95 3 3
11500
ion

he
o

ex-

e

y

needed for large cross sections, we plot in Fig. 3 a similar
graph but this time as a function of the mass splittingmH1

2mt̃2
. A mass difference of 10 GeV gives of the order of 5

events, and increasing exponentially with decreasing m
difference.

The dependence of these two cross sections on the s
massm0 can be seen in Fig. 4, where a maximum value
achieved atm05190 GeV. Nevertheless, the maximu
value for the cross section is much smaller than in the p
vious two figures, where the control parameter is tanb.

To finish this section, in Fig. 5 we present the producti
cross section times luminosity of a charged Higgs boson
association with a stau as a function of the gravitino m
M3/2. A sharp maximum is observed for both cases atM3/2
530 TeV and decreasing rapidly for smaller values.
higher values the cross sections start to rise again, but
curves end when too low values of scalar masses
reached.

VI. EXTRACTING SUPERSYMMETRIC PARAMETERS
FROM OBSERVABLES

As it was mentioned before, ratios of branching ratios
neutralino decays are related to the parametersL i , which are
in turn related to the atmospheric mass and angle. In
way, measurements on neutralino decays may give infor
tion on these parameters. Nevertheless, it is not easy to

n
dy

r

4-8
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tract from neutralino physics information on thee i param-
eters nor on the sneutrino VEV’sv i .

The situation is different in the scalar sector, and in p
ticular, in the charged scalar sector. As we have seen in
IV, mixing angles in the Higgs stau sector depend direc
upon the BRPV parametere3 and the sneutrino vacuum ex
pectation valuev3. In addition, near degeneracy between t
charged Higgs boson and the stau found in AMSB enhan
the associated production cross section, making thisR-parity
violating process observable.

Based on this idea, we study the possibility of extract
the fundamental parameters of the model, and especialle3
andv3, from hypothetical measurements of production cro
sections and decay rates of charged scalars. We usex2

method@20# with an input given by the AMSB model de
fined in Eq.~3.1!. We randomly generate a large number
models varying all the relevant parameters in the MSS
Higgs sector parametersm, tanb, mA ; slepton soft mass
parametersML

2 , MR
2 ; trilinear soft mass parametersAt ;

gaugino massesM1 , M2; neutrino sector parameter
e3 , mn3

.
These parameters are free, in the sense that are not c

lated with the AMSB boundary conditions. For thei th model
we calculate ax i

2 ~normalized by the number of observable!
given by

x i
25S s i2s

ds D 2

1•••, ~6.1!

wheres i is the observable calculated with the random p
rameters of thei th model, s is the observable calculate
with parameters given by the input AMSB benchmark, a
ds is a projected error in the measurement of the observa
estimated using only the statistical errorAs/L. As observ-
ables we use the charged scalar masses in Eq.~3.2! ~with a
projected error of1%), theproduction cross sections in Eq
~5.3!, and branching ratios of charged scalars decaying
charginos, neutralinos, and leptons.

In a situation with real data, the quantitys in x2 would be
the experimental measurement of the corresponding c
section, and the quantityds would be the experimental erro
Faced with a lack of real data, we have replaced it by th
retical predictions of a benchmark model, which we assu
to be the model followed by nature. In this way we can stu
how well we could determined the parameters of the mo
before the experiment has been done.

From the large sample of models we select 2000 of th
with normalizedx2,2 and plot thex2 distributions in Figs.
6 and 7. The most interesting distributions for us are
corresponding toe3 and v3 in Fig. 6. In this figure we see
that a clear upper bound on these parameters can be s
addition to a less clear lower bound. This is an import
achievement considering the difficulties in extracting valu
for these parameters from neutralino decay measurem
From the rest of thex2 distributions we learn that a reaso
able determination of tanb, mA , ML3

2 , MR3

2 , m, andM2 can
11500
-
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y

es

g

s

f
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cu-
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to
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e
y
el

m

e
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be made. No useful information can be obtained for the
rameterAt , and only limited information forM1 ~which we
do not show!.

In Fig. 8 we have regions in different planes of parame
space where normalizedx2,1 ~light gray or green!, which
tells us about the error in the determination of the cor
sponding parameter. For comparison we also show the
gions with x2,2 ~dark gray or blue!. From this figure we
extract the output for each parameter from thex2 analysis,
the error in its determination, and compare them with
input values from our benchmark. This comparison is sho
in Table I. The determination of all the parameters of t
R-parity conserving MSSM directly involved in the Higgs
slepton sector is very good, with a few percent of error. T
fact that we can set an upper and lower bound on theR-parity
violating parameterse3 and v3 is good in itself, although
with large errors.

We note that the enhancement of the charged scalar m
ing angles due to near degeneracy will modify the predict
of the solar mixing angle and mass scale. This is because
solar mass receives a direct one-loop contribution fr
charged scalars. This possibility will be studied in a furth
work where BRPV in three generations is included.

VII. CONCLUSIONS

Supersymmetric models with bilinearR-parity violation
predict neutrino masses and mixing angles which agrees
experimental data on solar and atmospheric neutrinos. It
been shown previously that the supergravity version of t
model is testable at colliders via neutralino decays, when
particle is the LSP, and that information on the parameterL
can be obtained. In this paper we show that BRPV embed
into an anomaly mediated supersymmetry breaking mo
can also be tested at colliders with processes not necess
related to LSP decay. In fact, we show that in cases of n
degeneracy between charged Higgs boson and staus
charged scalar mixing is enhanced, as well as the cha
Higgs production in association with staus. The end resu
that it is possible to determine the values of the parame
e3 andv3 from measurements of charged scalar masses,
duction cross sections, and decay rates.

Note added. When this paper was being written we r
ceived a related work where neutrino physics is probed
colliders with charged slepton decays in supergravity wh
the slepton is the LSP@21#. The ideas presented in the
paper are in agreement with ours.
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