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Neutrino physics from charged Higgs boson and slepton associated production in anomaly
mediated supersymmetry breaking
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In the minimal supersymmetric standard model with bilinBgrarity violation, terms that violat® 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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[. INTRODUCTION [3—11] is a model in which neutrino masses and mixing
angles are generated by the presence of bilinear terms in the
Over the last three decades experimental evidence hasiperpotential. These terms violdeparity and lepton num-
confirmed the gauge structure of the standard mésM) ber and induce sneutrino vacuum expectation values. In this
with very accurate measurements. Nevertheless, the pictufgodel, neutralinos mix with neutrinos, generating at the tree
is still incomplete since the Higgs mechanism has not beefgvel a mass for one of the neutrinos, while the other two
established yet experimentally. This mechanism lies in thécduire mass at one loop. _ o
center of the mass generation problem, giving mass to the A nice feature of supersymmetric models which violdes
gauge bosons as well as the quarks and leptons. Despite tf@'ity and lepton number via BRPV is that neutrino physics
success, it is clear that the SM should be extended. Theoref? clo§ely relateq to high energy physics in suc_h a way that
cally, the SM does not have an answer to the gauge hierarc utrino properties can be teste_d at future CO”'d?r.S’ In par-
problem, nor to the stability of the Higgs boson mass unde cular at an LC _where it is possible to make precision mea-
. . urements on different observables. It is already understood
qguantum corrections. Supersymmetry is one of the mos]

| rensi t the SM that add tisfactoril at neutrino mixing angles are related to the ratios of the
popufar extensions ot the at addresses satistactort Mranching ratios of the neutralino which, being the lightest
these problems.

supersymmetric particléLSP), has nonsuppressdgparity

Even if supersymmetry is not a symmetry chosen by Nayiolating branching ratio§4,17].

ture, there is a generalized feeling in the community that ', gBRpy there is also mixing in the scalar sector, in par-
important discoveries are going to be available soon after thg.1ar charged Higgs fields mix with charged sleptons. As a
completion of the new generation of colliders, starting withegit in electron positron collisions it is possible to produce
the Large Hadron Collidel.HC) at CERN, or maybe earlier 5 charged Higgs boson in association with a stau, for ex-
at the Tevatron run Il at Fermilab. A Linear ColliddrC) = gmpie “This kind ofR-parity violating processes are not
will be crucial in order to study the new phenomena and it esent in trilinearR-parity violating models and therefore
relation to physics at even hl_gher_energy scale_s. This IS MOIGould be a signature of BRPV. In this paper we study
than a simple complementarity with the LHC, since the idealp5geq Higgs boson production in association with a stau
is for them to run simultaneously in such a way that theynq jis relation to neutrino physics in a model with anomaly
discoveries in one machine may influence the running pam,qgiated supersymmetry breakitMSB) [13—15, where

rameters of the otheill]. an enhancement of charged scalar mixing angles can occur

In parallel to the physics we can learn form colliders goesy e to mass degeneracy between the schldfs We study
neutrino physics. Today, neutrino physics has become one ¢, harameters relevant to solar neutrino physics, likesthe

the most exciting areas in particle physics, with experimentay, ;.o meters in the superpotential, can be extracted from col-
results that indicate neutrinos have a mass and oscillate. Af-

. ¢ s > © - der observables in the charged scalar sector.
mospheric neutrino data indicaterg — v, mixing with an
angle 0.3sirf6,;<0.7 and a mass spliting of 0.03
<JAMZ,,<0.07 eV. Solar neutrino data favor a large mix-
ing angle (LMA) solution with the best fit given by
tarf 6o =0.44 and \JAmZ,,=0.008 eV [2]. There is little In the BRPV-MSSM model, explicit lepton number and
doubt now that neutrinos have mass and this is the first exR-parity violating terms are added to the MSSM superpoten-
perimental evidence indicating that the SM must be moditial [9]:
fied.

Supersymmetry with bilineaR-parity violation (BRPV) W=Wyssut &LiHy, (2.1

II. BILINEAR R-PARITY VIOLATION AND NEUTRINO
PHYSICS
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where the three; parameters have units of mass. In addition,where M o is the 4<4 neutralino mass matrix, and we de-
corresponding soft terms are included in the Lagrangian fine

Lsor=L i "+ Bi&LiH, (2.2) Ai=poi+ €vy. 2.9

with B; being the bilinear soft terms associatedefo These  These important parameters define the neutrino physics at

terms induce sneutrino vacuum expectation valewhich  tree level. The effective neutrino mass matrix in Efj7) has

contribute to the gauge boson masses. Our notation for thenly one eigenvalue different from zero. Since the predicted

fields that acquire a vacuum expectation valV&V) is neutrino spectrum is hierarchical, this eigenvalue is approxi-
mately equal to the atmospheric mass s¢édle

[

~) . (23

He
Hq

Hoy o -
Hd: , = , L=
u HS i

2 12
VAMZ, ~m, =w|&|2. (2.9
3 4detM o)

where
The effective neutrino mass matrix in E@.7) is diagonal-
0 1 o - 0 1 o - ized by the rotation
He=—=[logtvgtieyl, H= —2[o'u+vu+|<pu],

\/5 \/— 1 0 0 cosfi3 0 —sinf;
R,=| 0 cosf,; —sinf,; 0 1 0 ,
E?Eﬁ[’{/?ﬂiﬂ'{/;]. (2.4 0 sinf,; COSO,g sin;3 0 cosf,
(2.10
The tree level scalar potential contains the following linearwhere 6,5 and 6,5 are the reactor and atmospheric neutrino
terms: angles, respectively. Since the lowest two eigenvalues are
massless and degenerate, there is no meaningful solar angle
Vear=t305+ 000+ TR+ 1505 +1308, (2.5  attree level. In terms of thA parameters, the near maximal

atmospheric angle 7]
where the different® are the tadpoles at tree level. They are

given by[5] tanf,z=A /A, ~1 (2.1
tg:(mad+ﬂ2)vd+vdD_,U«(Bvu"‘vjfj), and the CHOOZ constraint $ify;<0.045[18] can be satis-
fied taking
t0=—B,uvd+(mf{ + u?)v,—v,D+v;Bie
‘ “ R |tan6y =| A |/ AZ+ AZ<1. (2.12
+v,€, (2.6
Information on the solar neutrino mass and angle can be
tiO:UiD+Ei(_ﬂvd+UuBi+vj€j)+viMEiv obtained only when one-loop corrections are added to the

neutrino mass matrix. As an example, the bottom/sbottom

where we have defined=3(g?+g’'?)(vi+v3+vi+v3 loops give a simple contribution which is approximately
—v2), €=€2+ea+€2, and there is a sum ovérbut not  given by[19]
overi. The five tree level tadpolet% are equal to zero at the )
minimu_m of the_ tree level potential, and from t_here one can . 3hg|g|2 m, MBz
determine the five tree level vacuum expectation values. VAMG~M,,~ — e gz Nz (213

As a consequence of the presence ¢érms in the super- Susy M51
potential and non-vanishing sneutrino VEMg;parity and
lepton number are violated and, for this reas@parity even  Here we have stressed that the solar mass difference is ap-
fields mix with R-parity odd fields. The most conspicuous of proximately given by the second heaviest neutrino. In super-
these is the mixing between neutralinos and neutrinos. Thigravity models, this is the most important loop, followed by
mixing is important because due to a low-energy see-sawharged Higgs loops. It is clear from this formula that the
mechanism, the neutrinos acquire mass. The7 7neutrino ~ parameters have an important effect in solar neutrino phys-
mass matrix can be block diagonalized, and the effective 3cs, as opposed to the atmospheric neutrino physics where

X 3 neutrino mass matrix turns out to g the A parameters are the important orj&
When details of the neutrino physics are not the main
AZ A, AGA, issue, it has been proven very useful to work in the approxi-
M,g%+M,g'? AA A2 AN mation where BRPV is introduced only in one generation,
Me = 4 det M o) & tm © L say the sta10]. In this case, the atmospheric scale still is
X AN AN AE given by Eq.(2.9). In the rest of this paper we will follow

(2.7 this approach.
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lll. BENCHMARK FOR BRPV-AMSB In our benchmarkH™* and~72+ masses differ only by two
In order to study the effects of BRPV in an AMSB sce- GeV, nevertheless, as shown in Sec. V, such a small differ-
nario, we have chosen a case study, or benchmark, in whicfc€ is not required to obtain an observable associated cross
we find non-negligible charged Higgs production in associaS€ction.

tion with a stau. The parameters which define our model are 1he 4x4 charged scalar mass matrix is diagonalized by a
4X 4 rotation matrix, which for our benchmark is given by

Ma32=30 Tev, —0.067 0.998 —0.0001 O
_ —0.80 —0.05 0.45 0.40
my=200 GeV, R= , (3.3
—0.014 -0.001 0.65 —0.76
tanB=15, 0.60 0.04 0.62 0.51
(3.9
u<0 where the columns correspond to the mass eigenstate fields
(H! HJ 77, 7%) and the rows to the weak eigenstate fields
;=1 GeV, (G*,H" 7], 75). From this rotation matrix we learn that
the Goldstone boson has no right-handed stau component
m =01 eV and very little left-handed stau component, as it should be.

We also see that the light stau has almost no component to
the Higgs fields, i.e., it is almost pure stau, and that the

The value ofu is fixed by imposing the correct electroweak charged Higgs boson has an important component of stau.
symmetry breaking, and we find=—466 GeV. The neu-

trino mass fixes the sneutrino vacuum expectation value to

v3=0.035 GeV. The values @& andB; are also determined

by the tadpole equations. As we mentioned before, in BRPV charged Higgs bosons
To find non-negligible associated cross sections, for giverand charged sleptons mix forming, in the more general three

values ofM 3, andmy, a certain tuning of tag is necessary. generations case, ax8 mass matrix, and in the simplified

For our choice ofMg,=30 TeV andm,=200 GeV, we case of BRPV only in one generation, x4 mass matrix. In

need either tap close to 15 or 17, as indicated in Sec. V. this paper we work in the later case. The relevant mass terms

Nevertheless, any other choice figr;, andmg is also pos-  in the scalar potential are

sible. For example, for the Snowmass benchmark point cor-

IV. CHARGED HIGGS /SLEPTON SECTOR

responding to AMSBM3,=60 TeV and my=450 GeV, H.
nonnegligible associated cross sections are found fop tan o
~11-12. e g~ oo d

In the spectrum of this model, the LSP is the lightest Vouadratic=[Hy Ha » 7, 7r M= e “.D
neutralino, with a masm;(<£=94.39 GeV, followed closely ~
R

by the lightest chargino with a masa;(l+=94.43 GeV. In

the neutral scalar sector we hav€ 8-odd Higgs boson with | the R-parity conserving limit(MSSM), the mass matrix
m,=171 GeV, and a tag-sneutrlno witl, =142 Ge\(. It MZ. is diagonal in 2<2 blocks, and the charged Higgs sec-
should be stressed that in BRPV models @-odd Higgs  tor is decoupled from the charged slepton sector. Including

boson mixes with the sneutrinos. We here call @®-odd  the R-parity violating terms, we write the mass matrix in the
Higgs boson to the eigenstate with largest component to thgllowing form:

original Higgs fieldg17].
In this paper we are interested in the charged scalar sector. M2 =M2O 4 2D (4.2)
As explained in detail in the next section, the charged Higgs s s
fields and the left and right staus mix to form a set of fourpoiation motivated by the fact that BRPV terms are small.
charged scalars, one of them being the charged Goldstorg,e pmssMm part is
boson. Among the other three eigenstates we call charged

Higgs boson to the one with largest component to the origi- (0)

- 2(0).2 2
. . . m:.’s m:,’SsC 0 0
nal charged Higgs fields. The charged scalar spectrum is H= 8 H= =BR
mPs,c, mP%2 o 0
H= °B~B H= ~B
_ 2(0)_
my+=188 GeV, M= G2 e )
s 0 0 ML, Mg
T+ =115 GeV, (3.2 |0 0 M2 MR,

4.3

M= 190 GeV. where the slepton mass entries are given by
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A 1 v
MEBZME3—5(92—9'2)(05_03)""“3(0)1 CBI' —SBr —U—Zcﬁr 0
S Cgs 0 0
M3 =M% _Eg’z(vé_vﬁ)+m3(0), (4.4) Re=| v , (49
$ s 4 — 22t Zgcr r 0
vg B ug BB
MZr=mO(A ~ utanp), 0 0 o 1
and m? is the tau lepton mass calculated in the MSSMyhere we have defined the factor
approximation. Note that since in our model the tau mixes
with the charginos, the physical tau mass has a more com- 1
plicated dependence on the parameters of the njddglWe r=—. 4.9
write the BRPV contributions to the charged scalar mass v§ 5
matrix as 1+ —cp
Ud
2
AmH“ 0 Xa Xur In what follows we present some approximated formulas
0 AmE|d XaL  Xgr for mixing angles between charged Higgs bosons and
Mg(il)— 2 (4.5 charged scalars, valid at first order in a perturbation expan-
Xoo  Xq AML, 0 sion where theR-parity violating termse; andv4 are small
X X 0 Am2 quantities. In order to do that, it is important to perform first
uR dR R

with the diagonal contributions given by

2 _ E_E 2 2 E 2
AmHu_lu“ESUd 4g U3+2hr

2 .2 2
v3 C v3 C 1
2 _“3*p 2 3~B 2.2
Ade— vg Sé “V'_Mfsvd Sz + Zg U3,

(4.6)

1
2 _ 2 2 2
Ami, = €3+ g0z03,

1 1
Am§3= Ehzvg‘FZgrzvg,

T

(0)2

2 2,142 2 224 12 _
wherem:=m.""+ €3+ 5gzv3 andgz=g-+g’“. The quan

tity rrr(vo) is the sneutrino mass in thg— 0,0 3— 0 limit [16].

The off-diagonal BRPV terms of in the charged scalar matrix

in Eq. (4.5 are

1 2 1,
XuL:Zg UqU3z— €3~ Ehrvdv31

1
- _hT(ATU3+ 6E’:Uu)u

Xur=
V2
L (4.7)
U3 Cﬁﬁ CB 2
= "mt— L4
dL vgSp #€3sﬁ 49 VU3,

1
Xgr=— —=h(uvz+ €3vq).
J2

The complete charged scalar mass matrix in @) has a

the rotation defined in Eq4.8), otherwise, approximating
over the unrotated A4 matrix in Eq.(4.3) would introduce
fictitious corrections to the zero Goldstone boson mass. In
addition we rotate the stau sector by an angjle

1 0 O 0
01 O 0
0 0 -5 ¢

after which the zeroth-order mass matrix becomes diagonal:

- 2 T
R:RcM3-RER-
m 0 0 0 0 7
0 mﬁ(f)+Aﬁ1ai Xui7, Xy,
| o X mE O Amé 0
1 T1 T
0 X 0 me O+ Am?
L 2 72 72

(4.11)

The corrections to the diagonal elements up to second order
are

~2 2 2 2 2
Amy.=spAmp +cpAmy |

2
~2 2, o 2, 2 Y3, oF 12
ArrrTl—cTAngnL s;AmR3+ vscﬁc;(c;M L, TsM LR
(4.12

2
~2 2, 2, 2, 2 Us S22
ArrrTz—s;AmL3+cTAmR3+Uscﬁ$($ML3 c;M{Rr),

zero eigenvalue corresponding to the charged Goldstone bo-
sonG™. This eigenvalue can be isolated with the rotation and the off diagonal corrections up to first order are
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0.3 T T T T T T T T T

(singt — sinbf, )/ sind*

-0.05 L I L L I L L I L
12 125 13 135 14 145 15 155 16 165 17

tan()

FIG. 1. The relative error of the approximated formula for the
angle sing", which indicates how much component of stau fields
has the charged Higgs boson, is plotted againsptan

Xii7,= Co(SpXuLt+CpXg1) +57(SpXurt CpXaR),

(4

XH;ZZ — S;(SBXUL—’_ CBXdL) + C;(SBXUR—‘,— C,Bde)

13

The last mixingsXy;, and X7, are rotated away with the
aid of two small rotations,

1 0 0 0 1 0 0 O
0O ¢, s; O 0 ¢, 0 s

R,= R,=

o -s; ¢, 0" 2|0 o 1 of
0O O 0 1 0 —-s, 0 ¢,
(4.14
with rotation angles given by
Xii7 Xy
SlleZ(m’ Szszz(ﬁj- (4.19
mH(Q_le mH(i)—m;z
1000 T T T T T

=

=

T 100

Ho

S

r

|

+: 10

Y

0.1 1 | L | L
145 15 185 16 16.5

tan(p)

17
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1000

100

olete = 7EHF) - L

01 1 1 1 1 1
20 40 60 80

T+ — Mt (GeV)

100 120

FIG. 3. Charged Higgs boson production in association with a
stau multiplied by an integrated luminosity of 500 fi plotted as
a function of the mass splitting,~ —n; , for M3,=30 TeV, mg
=200 GeV,e3=1 GeV,m,=0.1 eV, andu<0.

These are the mixing angles that are potentially large when
the Higgs boson and stau masses are nearly degenerate. The
final rotation that diagonalizes the charged Higgs boson or
stau mass matrix is given by

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

sif 6" =R3,+ R3,, (4.17

which indicates how much of stau fields has the charged
Higgs. In Fig. 1 we compare the approximated formula with
the exact numerical value of gi. The relative error is plot-

ted against tap for fixed values ofMgz,=30 TeV, mq
=200 GeV,e3=1 GeV,m,=0.1 eV, andu<0. The error

800 T T T T T T T T
FEHF

EHT

200

100

0
160 170 180 190 200 210

mo(GeV)

220 230 240 250

FIG. 2. Charged Higgs boson production in association with a FIG. 4. Charged Higgs boson production in association with a

stau multiplied by an integrated luminosity of 500 fb plotted as
a function of targ, for M3,=30 TeV, my=200 GeV, €3
=1 GeV,m,=0.1 eV, andu<0.

stau multiplied by an integrated luminosity of 500 fh plotted as
a function of the scalar mass,, for M3,=30 TeV, tan8=15,
e3=1 GeV,m,=0.1 eV, andu<O0.
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1000 T T T T T V. CHARGED HIGGS AND STAU ASSOCIATED
Q PRODUCTION
=
f 100 f E A couple of charged scalars are produced in electron-
; positron annihilation via the interchange in thehannel of a
| photon and & boson. The total production cross section is
£ 10k :
s 312 [ o4 2
A e ge‘gy N
+ A +*_______ 2\
1L | U(e € _>S S] )_ 24ms| 2 i 2CW Pzélj)\ZSS
2. €2
g9V + %), iz
01 " L i L N 8C2 PZAZSS (5-1)
26 28 30 32 34 36 38 w
Mg/Q(TEV)

with g8=1—2s3,, g5=1%, andP,=s/(s—m3). In the case
stau multiplied by an integrated luminosity of 500 f plotted as “of mixed production, only the boson contributes, with a
. + o— . |J
a function of My, for mp=200 GeV, targ=15, es=1 GeV, strength determined b)L th?S S~ coupling, A }gs. In the
m,=0.1 eV, andu<O0. unrotated basisH,,Hq,7 ,7g) these couplings are

FIG. 5. Charged Higgs boson production in association with

. . —Cp O 0 0
stays within 5% except for the points of near degeneracy.

Close to ta3=15 the charged Higgs boson and heavy stau ;o _ 9 0 “Cw 0 (5.2
masses are similar, and for t8r-17 the charged Higgs bo- 7SS 2¢cy| O 0 —cw O
son and light stau masses are similar. 0 0 0 25\2/\/
2.0 2.0
10— 1.0
aQ C o E
~ F >~ F
0.5 — 0.5 —
02— 0.2—
o.l 1 IIIIIIII 1 IIIIIIII 1 11 0.1 1 1 1 IIIIII 1 1 L1 1 111
0.01 0.10 1.00 1 10 100
€3 (GeV) V3 (MeV)
20— 20—
10— 1.0
o - 0 -
~ - ~ -
0.5 — 0.5 —
02— 02—
o.ll 1 I 1 1 1 I 1 1 1 I 1 0'1IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
145 15.0 15.5 166 168 170 172 174 176
tang ma (GeV)

FIG. 6. Normalizedy? lower bound as a function of the parametéses, (b) vs, (¢) tang, and(d) m,. The boundaries indicated by
x?=1 defines the expected error in the determination of these parameters.
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20— 20—
1.0 10—
o C o C
> - > -
05— 05—
02— 02—
OlIIIIIIIIIIIIIIIIIIIIIIIIIIIII olIIIIIIIIIIIIIIIIIIIIIIIII
160 152 154 156 158 160 162 140.0 142.5 145.0 147.5 150.0
My (GeV) Mg (GeV)
2.0 20—
1.0 1.0
oQ o E
> =
0.5 05—
0.2 02—
OIIIIIIIIIIIIIIIII 01IIIIIII|III||IIIIIII|IIII|III
-500 —480 —460 —440 88 90 92 94 96 98 100
u (GeV) M2 (GeV)

FIG. 7. Normalizedy? lower bound as a function of the parametésM Ly (b MR3, (¢) m, and(d) M,. The boundaries indicated by
x%=1 defines the expected error in the determination of these parameters.

Sincesj,~ 1/4 the couplings are approximately proportional produced in association with staus. These cross sections are
to A,s<~diag(1,1,1-1). The rotated couplings are of coursegoverned by the couplingsjss, which for our benchmark
Nz R)\ésg?T, with the rotation matrixR given in Eq.  are approximately

(4.16.
For the chosen benchmark, and with a center-of-mass en- —05 0 0 0
ergy Ys=1 TeV, the non-negligible production cross sec- g 0 -0.24 -039 0.2
tions are given by Nzss™ 2cw| 0 -039 008 -03 (5.9

slete —7i7)=22.9 b, 0 0z -03 -034

written in the base@™,H", 7, ,75). The first thing to no-

o(e"e”—=H"H™)=22.2 fb, tice is that theZ couples to a pair of light staus with a
strength three to four times smaller than to the other two
te =7 ) = scalars. The reason is that the light stau is almost pure stau
o(ete —7137,)=21.0 fb, I Th that the light st Imost t

(5.3 and has nearly equal left and right component, and the minus
' sign in \;gginduces a cancellation. The same type of can-

o(e'e —ry7;)=344 fb, cellation does not happen to the heavy stau because this
eigenstate has also a large component of Higgs fields.
o(ete " >H*7)=1.81 fb, The second thing worth noticing is that despite the fact

the light stau is almost pure stau, as indicated by B®),
L o~ its mixed production together with a charged Higgs boson is
o(e’e"—H"7;)=0.79 fb, larger than the mixed production of a heavy stau together
with a charged Higgs, as shown in E§.3). The explanation
where the last two violat® parity. Note that from now on is simple: the charged Higgs boson has a large component of
the exact numerical diagonalization is used, rather than thstau.
approximated formulas of Sec. IV. In Fig. 2 we plot as a function of tgB the expected
With a projected integrated luminosity df=500 fo 2, number of events in which a charged Higgs is produced in
we expect plenty of events where charged Higgs bosons amssociation with a stau, where we have summed over both
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10 g =
P s
[ B > L
=
1 E 10 &
=t —2k
10 & 10 Tk
2| | | | =l | | | | |
’]O 1 1 1 1 1 1 1 1 1 1 ']O 1 | - I L1 1 111 1 .
—500 480 —460  —440 146 148 15 152 154 FIG. 8. Regions of parameter
M tonﬁ space where normalizegk®<1
are shown in greerglight gray).
160 176 For comparison, also shown are
E E H 2 H
2159 E <175 E Ezzrlr(egrlg;s wheree“<2 in blue
= 158 £ 174 F '
157 E 173 £
156 £ 172 F
155 £ 171 F
154 £ 170 £
153 E 169 E
152 £ 168 £
151 £ 167 £
150:\III|V\1I|\\1I 166:III|II\‘III|II1‘\I!
135 140 145 150 90 92 94 96 98 100
Mys Fg

possible signs of the scalar electric charge. The cross sectiagreeded for large cross sections, we plot in.Aga similar
has a maximum near tg8+15 where the charged Higgs graph but this time as a function of the mass splitimg-
boson mass is very similar to the mass of the heavy stau. The n1; . A mass difference of 10 GeV gives of the order of 50
charged Higgs associated production with a light stau als@vents, and increasing exponentially with decreasing mass
has a maximum at tgB~15 because at this point the difference.
charged Higgs boson has a large stau component, as ex- The dependence of these two cross sections on the scalar
plained before. As we increase tarthe charged Higgs bo- massm, can be seen in Fig. 4, where a maximum value is
son mass decreases and eventually, neaptab6.7, be- achieved atm,=190 GeV. Nevertheless, the maximum
comes similar to the light stau mass, increasing again th@ajue for the cross section is much smaller than in the pre-
cross section. vious two figures, where the control parameter isgan
In order to have an idea of the degree of degeneracy To finish this section, in Fig. 5 we present the production
cross section times luminosity of a charged Higgs boson in
association with a stau as a function of the gravitino mass
a2- A sharp maximum is observed for both caseMaj,
=30 TeV and decreasing rapidly for smaller values. At

TABLE I. Parameter determination from charged Higgs boson
and stau associated production and decay for a given case stu
(benchmark All parameters are expressed in GeV, except for

tanp. higher values the cross sections start to rise again, but the
Parameter Input Output Error percent  CUrvVes end when too low values of scalar masses are
reached.
€3 1.0 1.24 0.96 77
Y3 0.035 0.045 0.035 8 VI. EXTRACTING SUPERSYMMETRIC PARAMETERS
tang 15.0 15.0 03 2 FROM OBSERVABLES
% —466 —469 22 5
M, 155.8 155 3 2 As it was mentioned before, ratios of branching ratios of
Mg, 144.5 144 3 2 neutralino decays are related to the parametersvhich are
My 171.5 172 3 2 in turn related to the atmospheric mass and angle. In this
M, 95.4 95 3 3 way, measurements on neutralino decays may give informa-

tion on these parameters. Nevertheless, it is not easy to ex-
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tract from neutralino physics information on tlke param-  be made. No useful information can be obtained for the pa-
eters nor on the sneutrino VEVIs . rameterA ., and only limited information foM, (which we

The situation is different in the scalar sector, and in pardo not show.
ticular, in the charged scalar sector. As we have seen in Sec. In Fig. 8 we have regions in different planes of parameter
IV, mixing angles in the Higgs stau sector depend directlyspace where normalizegf<1 (light gray or greeh which
upon the BRPV parametes; and the sneutrino vacuum ex- tells us about the error in the determination of the corre-
peCtation Value13. In addition, near degenel’acy between thesponding parameter_ For Comparison we also show the re-
charged Higgs boson and the stau found in AMSB enhance@onS with y2<2 (dark gray or blug From this figure we
the associated production cross section, makingRipsirity  oyiract the output for each parameter from jfeanalysis,

violating process observable. the error in its determination, and compare them with the

Based on this idea, we study the possibility of eXt@Ctinginput values from our benchmark. This comparison is shown
the fundamental parameters of the model, and espeaiglly in Table |. The determination of all the parameters of the

andv 3, from hypothetical measurements of production CrossR—parity conserving MSSM directly involved in the Higgs/

sections and decay rates of charged scalars. We uge a slepton sector is very good, with a few percent of error. The

method[20] with an input given by the AMSB model de- X
fined in Eqg.(3.1). We randomly generate a large number offfflCt that we can set an upper apd lower pognd orReparrity
violating parameterg; andvs is good in itself, although

models varying all the relevant parameters in the MSSM:"",
Higgs sector parameteys, tanB, m,: slepton soft mass With large errors.

parametersM2, M2: trilinear soft mass parametess. ; We note that the enhancement of the charged scalar mix-
) ) T . . . . .
gaugino massesM;, M, neutrino sector parameters N9 angles dug Fo near degeneracy will modlfy t'he prediction
€5, M, . of the solar mixing angle and mass scale. This is because the
y solar mass receives a direct one-loop contribution from

These parameters are free, in the sense that are not calc : e . L
lated with the AMSB boundary conditions. For tita model éharged scalars. This possibility will be studied in a further

we calculate a(,z (normalized by the number of observables work where BRPV in three generations is included.
given by

2 VII. CONCLUSIONS
) : ’ (6'1)

Supersymmetric models with bilined&-parity violation
predict neutrino masses and mixing angles which agrees with

where o; is the observable calculated with the random pa-experimental data on solar and atmospheric neutrinos. It has
rameters of theth model, o is the observable calculated been shown previously that the supergravity version of this
with parameters given by the input AMSB benchmark, andmodel is testable at colliders via neutralino decays, when this
do is a projected error in the measurement of the observablgarticle is the LSP, and that information on the parameters
estimated using only the statistical errgo/L. As observ-  can be obtained. In this paper we show that BRPV embedded
ables we use the charged scalar masses if&E8. (with a  into an anomaly mediated supersymmetry breaking model
projected error ol %), theproduction cross sections in Eq. can also be tested at colliders with processes not necessarily
(5.3), and branching ratios of charged scalars decaying int@elated to LSP decay. In fact, we show that in cases of near
charginos, neutralinos, and leptons. degeneracy between charged Higgs boson and staus, the

In & situation with real data, the quantityin x> would be  charged scalar mixing is enhanced, as well as the charged
the experimental measurement of the corresponding crossiggs production in association with staus. The end result is
section, and the quanti§o would be the experimental error. that it is possible to determine the values of the parameters
Faced with a lack of real data, we have replaced it by theog, andy , from measurements of charged scalar masses, pro-
retical prediCtionS of a benchmark model, which we assumeyyction cross sections, and decay rates.
to be the model followed by nature. In this Way we can Study Note added When th|s paper was being Written we re-
how well we could determined the parameters of the mode¢ejved a related work where neutrino physics is probed at
before the experiment has been done. colliders with charged slepton decays in supergravity when

_From the large sample of models we select 2000 of themhe slepton is the LSIP21]. The ideas presented in their
with normallzed/\/2<2 and plot the)(2 distributions in FlgS. paper are in agreement with ours.

6 and 7. The most interesting distributions for us are the
corresponding ta; anduvs in Fig. 6. In this figure we see
that a clear upper bound on these parameters can be set, in
addition to a less clear lower bound. This is an important
achievement considering the difficulties in extracting values
for these parameters from neutralino decay measurements.
From the rest of they? distributions we learn that a reason-  This research was supported in part by Conicyt Grant No.
able determination of tag, my, Mfa, M§3, u, andM, can 1010974 and DIPUC Grant No. 2000/08E.
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