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Probing neutrino properties with charged scalar lepton decays
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Supersymmetry with bilineaR-parity violation provides a predictive framework for neutrino masses and
mixings in agreement with current neutrino oscillation data. The model leads to striking signals at future
colliders through theéR-parity violating decays of the lightest supersymmetric partit®P). Here we study
charged scalar lepton decays and demonstrate that if the scalar tau is the) itSRill decay within the
detector, despite the smallness of the neutrino maggi@sthe relative ratio of branching ratios Bi(
—eSp)/Br(r,— uSv;) is predicted from the measured solar neutrino angle,(@indscalar muon and scalar
electron decays will allow us to test the consistency of the model. Thus, bilaparity breaking SUSY will
be testable at future colliders also in the case where the LSP is not the neutralino.
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I. INTRODUCTION Supersymmetric models with explicit bilinear breaking of
R parity (BRPV) [11,12 provide a simple and calculable
Neutrino physics is one of the most rapidly developingframework for neutrino masses and mixing angles in agree-
areas of particle physidd]. The solar neutrino data, includ- ment with the experimental dafd3]. BRPV is a hybrid
ing the recent measurement of the neutral current rate foscheme in which one neutrino mass is generated at tree-level,
solar neutrinos by the SNO Collaboratifi, provide strong  through the mixing with the neutraling44], in an effective
evidence for neutrino flavor conversion. If interpreted in«|ow-scale” variant of the seesaw, while the remaining two
Ferms of neutrino oscillations, the (_jata indicate a large miXyasses are generated at 1-loop order. A complete 1-loop cal-
ing angle betweem, andv,—v,, with a strong preference  cyjation of the neutrino-neutralino mass maf3] is there-
towards the large mixing angl&MA ) Mikheyev-Smirov- {516 necessary, before one can confront the model with ex-

Wolfenstein(MSW) solution. At 3o one hag3] perimental data from atmospheric and solar neutrino

0.25<tarff,<0.83 (1)  experiments. Especially note that the “solar” angle has no
for 1 degree of freedor(d.o.f), the best-fit-parameters being Meéaning in BRPV at tree-level. o
2 e > BRPV might be considered either as a minimal three-
tarff,=0.44, Am5=6.6x10° eV2 2)

parameter extension of the minimal supersymmetric standard
This nicely confirms earlier hints found in Ref4]. The  model (MSSM), valid up to some very high energy scale
LMA solution will be testable independently by KamLAND [such as the grand unified thedqi®@UT) scalg [15] or as the

[5], and the first results are expected before the end of theffective description of a more fundamental theory in which
year. In addition, current atmospheric neutrino data are moshe breaking oR parity is spontaneoud4,16. While spon-
easily explained byv,« v, oscillations[6], with the 30  taneous breaking d® parity may be considered theoretically

ranges(1 d.o.f) more attractive since, for example, it provides a motivation
0.3<5irP0,,,<0.7, for the absencg of trilineaR-parity preal_qu parameters in
the superpotential, for the sake of simplicity in our numerical
1.2x10° % eV’<Am3,,<4.8<10°° eV?, (3)  calculation we will stick to explicit BRPV only.

These data leave little doubt that neutrinos are massive par- One.should,' however, note that the results obta'me'd here
ticles after all. are valid also in those classes of models wherparity is

Unsurprisingly the discoveries in neutrino oscillation brglzi?oizogéigioﬁi%gdl:ﬁénla;hgrg;ﬁ‘.asngznogznszgg't&gnal
physics have triggered an avalanche of theoretical and ph - llows: The Mai ’ v ¢ ) | ) ftlh ; ; "
nomenological papers on models of neutrino masses an ows. the Viajoron consists mainly of the imaginary parts

mixings|[7], the majority of which are based on one variation © the_SU(2)® U(1)singlet scalars, .SUCh as the right-h_anded
or the other of the seesaw mechani@r-10]. Here we con- sneutrinog[16]. The only terms which couple the Majoron

sider a phenomenologically viable alternative, namely, superdirectly to sleptons are given y'LH,vg in the superpoten-
symmetry with bilinearR-parity breaking termg11,17, tial and the corresponding term in the soft SUSY breaking
which, in contrast with the seesaw mechanism, generatdstgrangian. These terms can in principle induce decays like
neutrino masses at the electroweak scale. Low-scale schemes: .J. However, such a decay requires that one of the
for neutrino masses have the advantage of being potentialiyharged particles involved contain a large left-handed com-
testable in near-future accelerator experiments. In this papgronent whereas the other one contain a large Higgs compo-
we study the implications of neutrino physics for chargednent. As we will see below, in the cases we will study the
scalar lepton decays. sleptons are mainly right-sleptons. In addition, in minimal
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supergravity(MSUGRA) scenarios the mass differences be-where Wy,ssy is the ordinary superpotential of the MSSM
tween the lightest three sleptons is rather small leading to and
further suppression of Majoron-emitting charged slepton de-
cays.

If R parity is broken the lightest supersymmetric particle . . .
: . . These bilinear terms, together with the corresponding terms
(LSP) will decay. As was shown ifil7] (see alsg18]), if the in the soft SUSY breaking part of the Lagrangian,

LSP is the lightest neutralino, the measured low-energy neu-
trino properties translate into predictions for the ratios of
various branching ratios of the neutralino decay, thus provid-
ing a definite test of the model as the origin of neutrinodefine the minimal model, which we will adopt throughout
masses and mixings. this paper. The appearance of the lepton number violating
However, cosmological and astrophysical constraints oferms in Eq.(6) leads in general to nonzero vacuum expec-
its nature no longer apply if the LSP decays. Thus, withintation valueSVEVs) for the scalar neutrinoév;), calledv;
R-parity violating SUSYa priori any superparticle could be in the rest of this paper, in addition to the VEVg anduvp
the LSP. In this paper we study the case where a chargeaf the MSSM Higgs fieldsHS and Hg. Together with the
scalar lepton, most probably the scalar tau, is the L8R  bilinear parameters; thev; induce mixing between various
calculate the production and decaysmfas well as the de- particles which in the MSSM are distinguishéanly) by

cays ofe and %, and demonstrate that also for the case of€Pton number(or R parity). Mixing between the neutrinos

charged sleptons as LSPs neutrino physics leads to definifd!d the neutralinos of the MSSM, as mentioned previously,
predictions of various decay properties. generates a nonzero mass for one specific linear superposi-

This paper is organized as follows. In Sec. Il we will tion of the three neutrino flavor states of the model at tree-

define the model, discuss the charged scalar mass matrix afgY€!- For a complete discussion of 1-loop corrections, pro-
give some formulas for the two-body decays of charged slepY/ding mass for the remaining two neutrino states, S,

tons, which are the most important decay channels. In Sec. FOr the decays of the charged sleptons it is necessary to
Il we will then discuss production and decays of these par_calculgte the mixings between neutrinos and neutralinos,
ticles, with special emphasis on possible measurements &2r9inos and charged leptons, as well as the charged scalar

R-parity violating parameters. Finally, in Sec. IV we summa-MiXing. Since the various mass matrices can be found in
rize our conclusions [13], we will discuss only the charged scalar mass matrix in

the next section.

We,=eliHy. (5)

Lsoti= g/losftSM"' Bi‘EiT—'iHu (6)

Il. THE MODEL A. The charged scalar mass matrix

Since BRPV SUSY has been discussed in the literature \wjth R parity broken by the bilinear terms in E¢) the
several timeg11-13,21 we will repeat only the main fea- |eft-handed and right-handed charged sleptons mix with the
tures of the model here. We will follow the notation [dB] Charged H|ggs boson of the MSSM’ resumng in ar)((&)

The simplest bilineaR;model(we call it theR, MSSM)  mass matrix for charged scalars. As in the MSSM this matrix
is characterized by three additional terms in the superpoterntontains the Goldstone boson, providing the mass othe
tial boson after electroweak symmetry breaking. One can rotate
away the Goldstone mode from this mass matrix, using the

W=WussutWe, ) following rotation matrix:
|
. L
oo by v b2 U3 oo g
W3 W3 W3 W3 W3
2 ‘o 0 0 0 0 0
Wo Wo
w,
_ o bty Mo 0 0 0 0
WoW;  WoWy Wy
R= _UgUp  UpUy  Uplg Wy 0o o0 0 7
WiW,  WiWp WiW, W,
_bgUp Ugly VgV VU3 Wp 0 0
WoWz  WoWs WoW3 WoWz W
0 0 0 0 0 1 0
0 0 0 0 0 0 0
L O 0 0 0 0 0 il

The case of light top squark decays was considered in RE9s2Q.
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where

Wo= o5 +v{ (8)

W1=\/v§+v%+vﬁ 9)
Wo=\vitvs+tvi+o] (10
Wy=\vi+vs+tus+va+od. (11
This matrix has the property that
0 6
RMZ.RT=| _ M;ﬁ (12

PHYSICAL REVIEW &5, 095006 (2002

We divide the remainingv éi into two parts,
7

M;1=<M§;><°>+<M§;><1) (13

where (M;i)(o) [(M;i)(l)] contains onlyR-parity conserv-

ing (R-parity violating terms. Note that in the following
we assume for simplicity that there is no inter-generational
mixing among the charged sleptons. This is motivated by
existing constraints from flavor changing neutral currents
[22] and is consistent with the minimal SUGRA scenario of
the MSSM, which we will use in the numerical part of this
paper. With this assumption also the branching ratio

WhereM = Is a(7Xx7) matrix and the zeros in the firstrow , . e, js small [23] in the bilinear model in agreement
and first column correspond to thmasslessGoldstone state Wi';h experimental data. Th&-parity conserving part of
in £=0 gauge. Ms; is given by
- 2 -
m, =
-2
0 miL,
0 0 rhfz
(M )@= 0 0 0 mfs (14)
~ ~2
0 m’ O 0 my
~ -2
0 0 mls O mz,
~ ~2
| 0 0 0 mi O 0 mg,]|

where the dots indicate that the matrix is symmetric and

2

g7vR
M =M+ —— (15
m m|_ —(? 912)_02/3"‘ (h )2vd (16)
U2
rﬁz —g'? R gt = (h £)202 17
28
. 1
mERi=+T<hF>(AivD—MvU> (18)
2

with vg =v§+uvg. my is the MSSM pseudoscalar Higgs

boson mass parameheﬁ=(MB)/(sBcB), hiE andA; are the

Yukawa couplings and soft breaking trilinear parameters of

the charged lepton of generatigru is the Higgsino mixing
parameter characterizing the superpotential, aog;

=co0s(2B), where B is defined in the usual way as tgn
=vylvp. TheR-parity violating part ofvi 2. can be written

87
as
Amai Xu) T (Xur)"
(Mg) =] Xy MY (MEDT|. 19
Xur MR MER

The Higgs mass correction and the Higgs-slepton mixing
terms in Eq.(19) are
c
L

Ama:ZE [( 2
ISB

Uj . Ui Cop
o M T
Up Up s

g 1
+ 4 viCopt 5 (hFui)?sp (20)
v,_zcz 1 Ev2
(Xuo)i= Vis_ﬁ_’ue' B+ [g —(h7)Jvpvisg
(21
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1. 1 .01
(Xur)i=— Ehi vi(AiSgt ucp) — Ehi eiUDQ-
(22
M2 can be written as,
2
Ale (X2 (Xeoas
2
MZW=| (X )12 AME, (X)23 (23
2
(Xi1s (Xepas  AmL,
with the diagonal terms given by
2 _ | Ui e 2, 2. 1 5 E\27,. 2.2
Am,_iz . m; cpt € ~|—§[g +(hy)“Jvicy
D I
1
+5(07-0) 2 of (24

whereas the off-diagonals are

(XL 12= €162+

Uai|[ V2| 5 > l 2 E\2
UD>(UD)mL2Cﬁ+U1U2_4[g +(h2)7]

1 1 ]
_5(92_9'2)02ﬁ+z(h5)2025 (25

(XLL)13= €163+

Vi|[V3) o o 1 2 E\2
E)(_) mL3Cﬁ+UlUS_Z[g +(h3)"]

1 1
- 5(92_9'2)C2ﬁ+ Z(hg)zczg (26)
(%) U3 1
(XL1)23= €263+ E)(E) t.Chtuavs Z[gz+(h§)2]
1 1
—5(9°=92)cap+ 7 (h5)7Cop). (27)
Similarly for M3,
2 1 E\2. .2 1 12 2
AmE =S (hF)20f= 292> o] (28)
and
1 E E
(XRR)ijZE(hi)(hj)Uivj- (29
Finally, the matrifo(Rl) has the following peculiar struc-
ture:
(XLr)11 0 0
MZH=| (XLr)1z  (XLR)22 0 (30)
(XLR)13 (XLR)ZS (XLR)SB
where
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1 i\?
(XLR)ii:_ﬁ(hF)<5_D) cguplusg—Aicg] (3D

1 g llilfu
(XLR)ij:_E(hi) E E CﬁvD[,uSﬁ—Aicﬁ].

(32

In the above equations we have used the following abbrevia-
tion:

1
m; =m{ + 5 (g*+9'?) (vp—v}). (33

With the definitions outlined above, once can easily derive
approximate expressions for the mixing between the charged
Higgs bosons and the charged sleptons induced by the
R-parity breaking parameters. These are given by

SiN Oy, = —5 T, (34)
i (mai—mfi)
X .
sin aHRiz ZH—RLZ (35
(Mg=—mg)

Note that one expects sti~hiEsin O, i.e. the mixing be-

tween right-handed sleptons and the Higgs boson should be
typically much smaller than the left-handed Higgs-slepton
mixing.

Finally, the R-parity conserving mixing between left-
handed and right-handed sleptons is approximately given by

2m
Sin 207 = =~ (36)
m; — Mg;

B. Formulas for two-body decays

Charged scalar leptons lighter than all other supersymmet-
ric particles will decay througR-parity violating couplings.
Possible final states are eitHep, or qa’. For right-handed
charged slepton§§i) the former by far dominates over the

hadronic decay mode, since the mixing betwégnand the
charged Higgs boson is small, as explained above.
In the limit (mfj,mvk)<rn;i one has a simple formula for

the two-body decay§— f;+ v:

~ _ fi cns 2 cns 2
Ffifjvk_ E[(OijVk?i) +(ORijk?i) ] (37)

Exact expressions for these couplings can be found, for ex-
ample, in Ref[13]. Even though in the results presented in

this paper we have always calculated the couplings appear-
ing in Eq. (37) exactly using our numerical code, it is in-

structive to consider an approximate diagonalization proce-
dure for the various mass matrices. This method is based on
the fact that neutrino masses are much smaller than all other
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particle masses in the theory and therefore one expects thaith DetM, o being the determinant of the MSSM neutralino
the bilinear R-parity breaking parameters afesomewhat mass matrix and, the soft SUSY breakingU(2) mass
smaller than the corresponding MSSM parameters. For thparameter.

charged scalar mass matrix all necessary definitions have From Eq.(39) one expects that various ratios of branching
been given above; for details for the corresponding proceratios should contain rather precise information on ratios of
dure for neutralino and chargino mass matrices we refer tthe bilinear R-parity breaking parameters, for example,

[13,21,24. ~ Br(ri—eSv)/Br(r,— uSv)=(e1/€,)?. We will discuss
For the case where#| for | gj— ;2 v, one finds this important point in more detail in the next section.
cns 12 cns 2 Il. SLEPTON PRODUCTION AND DECAYS
Zk [(OLIJ-VkTi) +(OR|ijTi) ]

In this section we will discuss charged slepton production
and decay modes. In order to reduce the number of param-

E.. € E 2 eters, the numerical calculations were performed in the

- _hliCTi;_(gsriy1+h|iqiy2)Aj MSUGRA version of the MSSM. Unless noted otherwise,
_ we have scanned the parameters in the following ranges:
+(hﬁ)2(sﬁsin 9HRi—C§STivi)2 (38)  from [0,1.2] TeV, |u| from [0,2.5 TeV, m, in the range

[0,0.5] TeV, Ay/my andBy/mg [ —3,3] and tand [2.5,10.
) All randomly generated points were subsequently tested for
- ( ci hlEﬂ) . (39) consistency with the minimizatioftadpolg conditions of the
i Higgs potential as well as for phenomenological constraints
) i i from supersymmetric particle searches. In addition, we se-
Herecj =cos(fr) andsj =sin(é;) where y, is the left-right  |ected points in which at least one of the charged sleptons
mixing angle forTi, sin gHRI_ characterizes the charged- was lighter than the lightest neutralino, and thus the LSP.
This latter cut prefers strongiyny<M,.
b R-parity violating parameters were chosen in such a way
y [13] that the neutrino masses and mixing angles are approxi-
mately consistent with the experimental data. A good “fit” to
Ai=€vp+ pv;. (40 the data would requiréa) A=A, inorder to account for a
nearly maximalv,— v, angle in atmospheric oscillations,
Eq. (3); (b) A.<A,, to fulfill the constraints from

ve-oscillation searches at reactorg25]; (c) |A]
g =[0.05,2] Ge\?, for the atmospheric neutrino mass scale,

Higgs-boson4right-handedtslepton mixing and\ is given

The quantities/; andy, are defined as

yl_\/EDelMXt (42) Eq. (3); (d) e;=¢,, to have a large angle in solar oscilla-
tions, Eq.(2); and(e) |€|?/|A|=[0.1,10, for the solar mass
2 scale, Eq(2).
Vo= — 97vy (42) In order to investigate the _dep_ende_nce of our results on
2uDetM | = the assumptions about tieparity violating parameters, we

construct three different sets of points. Setl was calculated to
with DetM , = being the determinant of the MSSM chargino give an approximate “fit” to the neutrino data, as described
mass matrix. above. Set2 is similar to Setl, except tlat e, has been
While Eq. (38) above keeps aR-parity breaking param-  varied in a wider rang€{0.1,10), so as to cover both large
eters in the expansion up to second order, (B) should be  and small solar anglésThe last set, called Set3 in the fol-
valid in the parameter region in which the 1-loop neutrinojowing, is again similar to Setl1, except that/ €3, which is
masses are smaller than the tree-level contribution. hardly constrained by neutrino data, is varied in the interval
For the case =] the corresponding formulas are rather ¢,/e;~=0.1-2.
cumbersome and therefore of limited utility, except for the |n supersymmetric models in which the scalar leptons
casel =e. Here, sinceh,<1 one can simplify the couplings have a common soft SUSY breaking mass parameter at some
to high scale fny in MSUGRA) the renormalization group evo-
lution leads to some splitting between the scalar taus and the

chs s ons R ‘e and . states at the weak scale. While the lightest mass
; [(O(e, )" (Oge, ) 1=29" xq| A% (43)  eigenstate in the charged slepton sector is usually mainly the
7r, the eigenvalues foer and g are not much heavier,
The parameteﬁ has been defined above axgdis given by

9'Mou 2Although at the moment the small angle solar solution is ruled
= (44) out by a careful analysis of the solar d4&, it does not cost us
2DeM 0 much additional effort to keep this option in mind.
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FIG. 1. e*e” =TI production cross section as a functionnof

at a linear collider with 0.8 TeV c.m.s. energy. From top to bottom:

‘e (dark), & (light shadedl and 7 (dark shaded

such that als@r and g decay mainly viaR-parity violating

two-body decays. In our numerical calculation we therefore

not only consider the decays of, but also those oé; and
r. These decays can provide information on Bparity
violating parameters not accessible4p decays and allow

for additional cross checks of the consistency of the model.
This is true especially for the case of lepton flavor violating
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FIG. 3. Ratios of branching ratios for scalar tau decégp
pane) versus €;/e,)?, and scalar muon decaybottom panel
versus €, /e;)? for Set2.

Slepton decays since from E(B9) one expects them to be
directly correlated with the BRPV parametess

For the calculation of the cross section we have adapted
the formulas given if26] to the bilinear model taking into
account correctly all mixing effects in the numerical calcu-

lation. In Fig. 1 we show the cross sectiofie"e™—11) in
fb for \/s=0.8 TeV as a function of the charged scalar mass,

for e, u and7, respectively. Assuming an integrated lumi-
nosity of 1000 fb ! per year can be achieved at a future

5
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N
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- 005 0.1 05 1 5
)

(e2/€3)*

FIG. 4. Ratios of branching ratios for scalar electron decays
versus €,/e;)? for Set3.
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FIG. 5. Ratios of branching ratios for scalar téop panel  tarféo for Set2. The top panel shows all data points, the bottom
decays versusef / ,)? and scalar muon decagisottom panelver-  one refers only to data points wité, /€3 restricted to the range
sus (e;/e3)? for Set3. [0.9,1.1.

linear collider[27,2§ this implies that around 10 scalar  1odes can be used to probe the large atmospheric neutrino
mu?ns almd scalar taus can bebdlrect%parjgéjucgd p%r ye?jr. FQhgle. For the case where the lightest neutralino is Higgsino-
scalar electrons one expects between & .1 produce like it will decay into aw boson and a charged lepton, or into
pairs per year. Since the thréparity violating two-body aZ boson and a neutrino, similar to th'éino case. However

decay channels of the right-handed sleptons nearly add up }o | he d ntGee will in be i
100%, one can expect that individual branching ratios will or large tans the decay intorg will again be important,

be measured to an accuracy of 1% if they occur with simila®¥&" fgr Higgsino-like neutralinos.

strength y ° y In Fig. 2 we show the charged scalar leptons decay length
At the CERN Large Hadron CollidefLHC) the direct (€, x andr, from top to bottom as a function of the scalar

production of right-sleptons is small. As a result, they will be lepton masses for Set3. Very similar results hold for the other

roduced mainly in cascade decavs. The reladive o and  S€tS which are therefo_re not shown._ All decay lengths are
D y y WEKLR small compared to typical detector sizes, despite the small-

7r Yields will depend on the details of the cascade decayfegs of the neutrino masses. The three generations of slep-
involved. Let us consider for simplicity the case where thetons decay with quite different decay lengths and thus it
cascad.e decays of the colored pf%”ic'es eqd up ir) the lightegh o9 be possible to separate the different generations ex-
nell:.trahno as n tge MSSM6~BeS'q9 th? k'ni:at'cz the reperimentally at a future linear collider. Note that the ratio of
sulting number okg, ugr and 7y arising from these decays TN (T i ; ;

depends on the nature of the lightest neutralino. When this igllle /ﬂe)cza.ly lengthd (7)/L(w) is approximately given by
mainly B-ino-like, one expects that it decays dominantly into "~ ‘¢ “entioned in the previous section, one expects that
an equal number odg, ug and7g’s. As a result the number ratios of branching ratios of various charged slepton decays
of right-sleptons is roughly equal to the number of neutrali-contain rather precise information on ratios of the bilinear
nos. Also in case of aV-ino-like neutralino the amount of parameters; . That this is indeed the case is shown in Fig. 3
er, g and g will be equal. However, in this case the main for the data of Set2 and in Fig. 4 and Fig. 5 for the data of
lightest neutralino decay mode will be toVdl boson and a Set3.

charged lepton, leaving fewer sleptons to be studied. How- As can be seen from these figures, the ratio of charged
ever, as discussed [t7,18], in this case the neutralino decay slepton branching ratios is correlated with the ratios of the
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corresponding BRPV parametess, following very closely  parameters. Ratios @f’s should therefore be very precisely
the expectation from Ed39), nearly insensitive to variation measurable. Moreover, since only two of the three ratios of
of the other parameters. Recall, that all the points were gere;’s are independent it is possible to derive the following
erated through a rather generous scan over the MSUGRprediction:

|

Br(?lﬂeE vi)/ Br(?lﬂ,uz vi):Br(ﬁlﬂez Vi)/ Br(ﬁlﬂrz yi):Br

s

hélHTz Vi /Br

which provides an important cross check of the validity ofwhich are 0.25 tarf 6,<0.83 for the preferred LMA-MSW
our bilinearR-parity model. Any significant departure from sojution to the solar neutrino problef8] at 3o C.L., one
this equality would be a clear sign that the bilinear model iscan currently predict that this ratio in the BRPV model must
incomplete. be in the rangd 0.09,1.§. Additional input one,/e;, for

As mentioned in the Introduction, current solar neutrinoexamp|962/€3:1 to within 10% would sharpen the pre-
data prefer a large angle solutighMA). In the BRPV  dicted value to[0.15,1.]. Obviously, also a more precise
model the solar angle is mainly determined by the ratiomeasurement of the solar angle will lead to a tighter predic-
€1/€; [13]. A measured solar angle therefore leads to a pretion in the future. In this context it is worth noting that
diction for Br(r;—eZv;)/Br(7;— uZv;), as shown in Fig. KamLAND [5] should be able to fix the solar angle to within

6 for the data of Set2. With the current limits on t4pn, ~30%, if LMA is indeed the correct solution to the solar
neutrino problem.
r o Up to now we have discussed only ratiosRoparity vio-
= 23 lating parameters, but charged scalar lepton decays allow, in
=S i principle, also to gain information on absolute values of
o 10
= E = 0.18 . g
C > Y
C & o016
oL < 0.14
10°F =
i 0.12
i 041
0.08
0.06 }
_ 006 008 01 012 014 016 0.18
Z 107" z
CO o.18
- L — 0.
%
102 E o016
i < 0.14
A —
L 0.12
10 0.1
10-% 0.08
(lel/n)?mz, [GeV] 0.06
FIG. 7. Total widths in eV for scalar tau decasp) and scalar 0.06 008 01 012 014 016 018
muon decaysbottom for the data of Setl versuge{/u)?n . ¢-ms, [GeV]
Oncex andmy are measured, the widths provide information on !
the absolute value ofe|=|e|. Note that Setl fixeg,/e;=1. In FIG. 8. Charged scalar electron total decay widths in meV, the
general, this ratio must be known with some accuracy, before &op panel refers to Set2 while the bottom one is for Set3. The plots
value for|e| can be derived from the widths. are versug:- nt, , wherec=1/8m(g’)?x|A|2.
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these parameters, as relevant, e.g. to fix the scale of neutriemd mixings in agreement with current solar, atmospheric
masses determined through the analysis of current solar arahd reactor neutrino oscillation data. The model is testable at
atmospheric datf3]. However, such a measurement would future colliders if the neutralino is the LSP, as was shown

require at least some information on MSSM parametergreviously, as well as in the alternative case where one of the

which is at the moment unavailable. charged scalar leptons is the LSP, as we have demonstrated
In Fig. 7 we show the total widths in eV for scalar tau here.
decays(top panel and scalar muon decaybottom panel The measured neutrino mixing angles fix certain ratios of

for the data of Setl displayed versyg|(x)?m;. Oncex  the bilinearR-parity breaking parameters and, therefore, lead
and my have been measured with some accuracy, one cato well-defined predictions for the ratio of branching ratios of
determine the absolute value [aff from this measurement, certain slepton decay modes, which should be easily measur-
provided €,/€e5 is known [for example, from the ratio able at a future collider such as a high energy linear collider.
Br(e,— uSv)/Br(e;— = v))]. Our main result is shown in Fig. 6, where we display
In a similar way, the decay width of the scalar electronBr(7;—eXv;)/Br(r;—uZv;) versus the solar neutrino

contains information omA|, as is demonstrated in Fig. 8. angle, tafd; .

priori knowledge one, /e, leads to a tighter correlation, as _ We have also shown how charged scalar lepton decays

can be seen from the comparison of the results for Set2 ar@flow the determination of other parameters of our model,
Set3. thus providing a definite test that bilineRrparity breaking

To deduce the value dfA| from this measurement one SUSY is the origin of neutrino masses.

needs the parameter combinatiop as defined in Eq(44).

It contains the MSSM parameteM,;, M,, u and tans, ACKNOWLEDGMENTS

which could be determined, for example, if at least some of ) ]

the neutralino and chargino eigenstates are accessible at the This work was supported by Spanish grants PB98-0693

LHC or a possible linear collider. and by the European Commission RTN network HPRN-CT-
2000-00148. M.H. is supported by a Spanish MCyT Ramon
IV CONCLUSIONS y Cajal contract. W.P. is supported by the Erwin Schmger

Fellowship No. J2095 of the “Fonds zur Féerung der wis-
Supersymmetric models with biline&-parity breaking senschaftlichen Forschung” of Austria FWF and partly by
provide a simple, testable framework for neutrino masseshe Swiss “Nationalfonds.”

[1] See, for example, talks at the XXth International Conference 23 (1998; for a review see, e.g., J.W.F. Valle, in Proceedings

on Neutrino Physics & AstrophysiddNeutrino 2002, http:// of 6th International Symposium on Particles, Strings and Cos-
neutrino2002.ph.tum.de/ mology (PASCOS 98 Boston, Massachusetts, 1998, edited by

[2] SNO Collaboration, Q.R. Ahmast al,, Phys. Rev. Lett89, P. Nath, hep-ph/9808292.

011301(2002. [12] F. de Campos, M.A. Garcia-Jareno, A.S. Joshipura, J. Rosiek,

[3] See, for example, M. Maltoni, T. Schwetz, M.A. Tortola, and and J.W. Valle, Nucl. PhysB451, 3 (1999; A.G. Akeroyd,
J.W. Valle, hep-ph/0207227, and references therein. M.A. Diaz, J. Ferrandis, M.A. Garcia-Jareno, and J.W. Valle,

[4] M.C. Gonzalez-Garcia, P.C. de Holanda, C. Pena-Garay, and ibid. B529 3 (1998; T. Banks, Y. Grossman, E. Nardi, and Y.
J.W. Valle, Nucl. PhysB573 3 (2000. Nir, Phys. Rev. D52, 5319 (1999; A.S. Joshipura and M.

[5] J. Shirai in[1]; KamLAND Collaboration, S.A. Dazeley, Nowakowski,ibid. 51, 2421(1995; H.P. Nilles and N. Polon-
hep-ex/0205041; see also http://www.awa.tohoku.ac.jp/html/  sky, Nucl. PhysB484, 33(1997; B. de Carlos and P.L. White,
KamLAND/index.html Phys. Rev. b5, 4222(1997; S. Roy and B. Mukhopadhyaya,

[6] Super-Kamiokande Collaboration, Y. Fukuetaal,, Phys. Rev. ibid. 55, 7020(1997.

Lett. 81, 1562 (1998; for an update see the talk by M. [13] M. Hirsch, M.A. Diaz, W. Porod, J.C. Romao, and J.W. Valle,
Shiozawa in1]. Phys. Rev. D62, 113008(2000; 65, 119901E) (2002; J.C.

[7] There has been an uncitable avalanche of papers in the last few Romao, M.A. Diaz, M. Hirsch, W. Porod, and J.W. Valieid.
years. For recent references see talkglh For example, 61, 071703R) (2000.
http://neutrino2002.ph.tum.de/pages/transparencies /king/ and4] C.S. Aulakh and R.N. Mohapatra, Phys. L&21B, 14 (1983;
http://neutrino2002.ph.tum.de/pages/transparencies/ valle/ G.G. Ross and J.W.F. Valléid. 151B, 375(1985; J. Ellis, G.

[8] M. Gell-Mann, P. Ramond, and R. Slansky, Supergravity Gelmini, C. Jarlskog, G.G. Ross, and J.W.F. Vailtéd. 1508,
edited by P. van Niewenhuizen and D. Freedniidarth Hol- 142 (1985; A. Santamaria and J.W. Valle, Phys. Lett.1B5,
land, Amsterdam, 1979T. Yanagida, inrKEK Lectures edited 423(1987); Phys. Rev. Lett60, 397 (1988; Phys. Rev. D39,
by O. Sawada and A. SugamaotigEK, Tsukuba, 1979 1780(1989.

[9] R.N. Mohapatra and G. Senjanovic, Phys. Rev2B) 165 [15] L. Hall and M. Suzuki, Nucl. PhysB231, 419(1984; S. Di-
(19812). mopoulos and L.J. Hall, Phys. Lett. 87, 210(1988; E. Ma

[10] J. Schechter and J.W. Valle, Phys. Rev2B) 774 (1982. and D. Ng, Phys. Rev. 1, 1005 (1990; V. Barger, G.F.
[11] M.A. Diaz, J.C. Roma, and J.W.F. Valle, Nucl. Phy8524 Giudice, and T. Haripid. 40, 2987(1989; T. Banks, Y. Gross-

095006-9



HIRSCH et al. PHYSICAL REVIEW D 66, 095006 (2002

man, E. Nardi, and Y. Nirjbid. 52, 5319 (1995; F.M. Bor- 055011 (200); M.A. Diaz, D.A. Restrepo, and J.W. Valle,
zumati, Y. Grossman, E. Nardi, and Y. Nir, Phys. Lett384, Nucl. Phys.B583 182 (2000.

123 (1996; M. Nowakowski and A. Pilaftsis, Nucl. Phys. [20] B. Allanachet al., hep-ph/9906224.

B461, 19 (1996; G. Bhattacharyya, D. Choudhury, and K. [21] M. Hirsch and J.W.F. Valle, Nucl. Phy&557, 60 (1999.
Sridhar, Phys. Lett. B49 118(1995; B. de Carlos and P.L.  [22] F. Gabbiani, E. Gabrielli, A. Masiero, and L. Silvestrini, Nucl.

White, Phys. Rev. [54, 3427(1996); A.S. Joshipura and S.K. Phys.B477, 321(1996.
Vempati,ibid. 60, 111303(1999; F. de Campo=t al, Nucl. [23] D.F. Carvalho, M.E. Gomez, and J.C. Ram Phys. Rev. D
Phys.B451, 3 (1995. 65, 093013(2002.

[16] A Masiero and J.W.F. Valle, Phys. Lett. B51, 273 (1990; 4] M. Nowakowski and A. Pilaftsis, Nucl. PhyB461, 19(1996.
J.C. Roma, C.A. Santos, anq _J'W'F' Valiéhid. 288 311 [25] CHOOZ Collaboration, M. Apolloni@t al., Phys. Lett. B466,
(1992; J.C. Romao, A. loannisian, and J.W.F. Valle, Phys. 415(1999

Rev. D55, 427 (1997). . .
) ~ [26] C. Blochinger, H. Fraas, G. Moortgat-Pick, and W. Porod, Eur.
[17] W. Porod, M. Hirsch, J. Rontg and J.W.F. Valle, Phys. Rev. D Phys. J. C24, 297 (2002,

63, 115004(2001). i
[18] B. Mukhopadhyaya, S. Roy, and F. Vissani, Phys. Lett43 [27] ECFA/DESY LC Working Group, E. Accomandat al,, Phys.
Rep.299 1 (1998.

191(1998; E.J. Chun and J.S. Lee, Phys. Rev6@ 075006 ) ] ]
(1999 S.Y. Choiet al, ibid. 60, 075002(1999 [28] ECFA/DESY LC Physics Working Group Collaboration, J.A.

[19] D. Restrepo, W. Porod, and J.W. Valle, Phys. Rev.6H) Aguilar-Saavedret al, hep-ph/0106315.

095006-10



