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Tau polarizations in the three-body slepton decays with stau as the next lightest
supersymmetric particle

Chih-Lung Chou* and Chung-Hsien Chou†
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In the gauge-mediated supersymmetry breaking models with a scalar tau as the next-to-lightest supersym-
metric particle, a scalar lepton may decay dominantly into its superpartner, the tau lepton, and the lightest

scalar tau particle throughl̃ → l t6t̃1
7 . We give detailed formulas for the three-body decay amplitudes and the

polarization asymmetry of the outgoing tau lepton. We find that the tau polarizations are sensitive to the model
parameters such as the stau mixing angle, the neutralino to slepton mass ratio, and the neutralino mixing effect.
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I. INTRODUCTION

Supersymmetry provides a natural solution to the hie
chy problem that associates with weak scale physics
Planck scale physics@1#. If nature is supersymmetric, it mus
spontaneously break supersymmetry and transmit the m
sage to low-energy effective models. Two approaches
widely considered to satisfy the message transmitting s
egy. One is the gravity mediation approach which has
supersymmetry breaking scaleAF about order 1011 GeV
@2,3#. The gravitino mass is typically much larger than tho
of gauginos and sfermions under this framework. Becaus
the largeness ofAF, the gravitino interaction is also to
weak to play important roles in collider phenomenology. A
other approach uses gauge interactions to mediate the s
symmetry breaking effect@4,5#. In the gauge-mediated supe
symmetry breaking~GMSB! scenarios, the supersymmet
breaking scaleAF is sufficiently small so that the gravitin
G̃ is always the lightest supersymmetric particle~LSP! with
mass

mG̃5
F

A3M Pl

52.37310243SA F

1 TeVD 2

eV, ~1!

where M Pl denotes the reduced Planck scale;2.431018

GeV. Since the soft masses of other superparticles are a
ciated with the weak scale in the GMSB models, within
typical range ofAF, the gravitino is far lighter than othe
superparticles and becomes the LSP.

It is well known that different scenarios for the next-t
lightest supersymmetric particle~NLSP! in the GMSB mod-
els could be crucial in discovering supersymmetry signals
colliders and may lead to different phenomenologies. In
neutralino NLSP scenarios, the lightest neutralinoÑ1 decays
into a photon and a gravitino which carries missing ene
and escapes the detectors@6#. If the supersymmetric~SUSY!
breaking scaleAF is less than a few thousand TeV, the ne
tralino decayÑ1→gG̃ would be prompt enough to occu
within the detector. One can therefore use inclusivegg
1E” T1X signals in detecting supersymmetry. In the slep
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NLSP scenarios, the lightest slepton can promptly decay
its partner and a gravitino with a sufficiently small scaleAF
@7#. Depending on the scaleAF, the slepton NLSP may live
long enough to leave tracks and kinks in detectors. In g
eral, other NLSP scenarios are also plausible depending u
the various constructions of supersymmetry breaking m
els.

Scalar leptons can be easily found at future lineare1e2

colliders if it is kinematically allowed@8#. By measuring
their masses and decay distributions one could determ
some of the minimal supersymmetric standard mo
~MSSM! parameters. The phenomenology of sleptons in
ture linear colliders then deserves detailed study.

In this paper we concentrate on the GMSB scenarios
which the lighter scalar tau lepton~stau! t̃1 is the NLSP. In
general, we can write down the stau mass eigenstatest̃1 and
t̃2 in terms of the stau mixing angleut̃ :

t̃15cosut̃t̃L1sinut̃t̃R , ~2!

t̃252sinut̃t̃L1cosut̃t̃R , ~3!

whereut̃ ranges from 0<ut̃,p. Since the mixing is propor-
tional to fermion Yukawa coupling, due to the small mixin
effects for scalar electrons~selectrons! and for scalar muons
~smuons!, the lightest selectronẽ1 and the lightest smuonm̃1
are nearly right-handed sleptons with almost equal mas
We will use ẽR andm̃R to represent the lighter selectron an
smuon, respectively, in this paper.

t̃1 can decay into a tau lepton and a gravitinoG̃ in the
detectors if the SUSY scaleAF is not too large. If the scale
AF is sufficiently large, the stau NLSPs may live lon
enough to leave tracks or kinks in the collider detectors.
many of the GMSB models, the lighter selectron and
lighter smuon are merely right-handed sleptons with nea
degenerate masses. Unliket̃1, they can decay not only
through the two-body processesẽR→eG̃ and m̃R→mG̃, but
also through the processes such asl̃ R→ lÑ1 , l̃ R→n l n̄tt̃1,
and l̃ R→ l tt̃1 depending upon the model parameters. F
instance, l̃ R→ l tt̃1 will be kinematically forbidden if the
©2001 The American Physical Society08-1
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mass difference (ml̃ R
2mt̃1

) is smaller than the tau massmt .
This could happen in the so-called slepton co-NLSP s
narios@9#.

However, in the stau NLSP scenarios, there exists so
parameter space where the three-body processesl̃ R→ l tt̃1

could dominate over the two-body processesl̃ R→ lG̃ and
lead to different signatures in colliders@10#.

If the decayt̃1→tG̃ takes place outside the detector, th
one can directly identify the stau tracks or decay kinks. Th
in thee1e2 colliders, the pair-produced sleptons may dec
in collider detectors throughe1e2→ l̃ R

1 l̃ R
2→ l 1l 2ttt̃1t̃1. In

the e2e2 colliders, right-handed sleptons are produc
through thet-channel processes and then decay ase2e2

→ l̃ R
2 l̃ R

2→ l 2l 2ttt̃1t̃1. It is also found thatẽR andm̃R could
have macroscopic decay lengths that are smaller than
dimensions of typical detectors if the mass differenceuml̃ R

2mt2mt̃1
u is suitably small. If this is the case, the secon

ary vertices of the three-body processes could be reso
and eacht̃1 particle can be identified as coming from one
the pair-produced selectrons or smuons. In this case
could measure the polarizations of thet leptons. Thet po-
larization provides another observable that could help to
down the stau mixing angle and/or the ratio of the neutril
and the slepton masses.

However, there might be the possibility that the two-bo
and three-body decay modes are of comparable amplitu
and can therefore decay in the detector. In this case we m
have the decay processe2e1→ l̃ R

2 l̃ R
1→ l 2l 1t6t̃1

7E”
→ l 2l 1t6t7E” E” , i.e., two tau leptons with opposite charg
in the final state. One of the tau leptons is coming from
three-body decay of the slepton, therefore its kinetic ene
is less thanuml̃ R

2mt2mt̃1
u. The other tau lepton is from th

two-body decay of the scalar tau and hence carries la
momentum and is much harder than the tau lepton origina
from the three-body decay. In this interesting case we
easily identify the softer tau lepton from the three-body d
cay from l̃ R .

Motivated by the above observation, we calculate the
larizations for the tau leptons in the three-body decaysl̃ R

→ l t7t̃1
6 in the paper. It is expected that the tau polariz

tions should depend on the stau mixing angle and the m
t
f
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ratio mÑ1
/mẽR

. In Sec. II of this paper we set the notation
and give formulas for the polarizations of the tau leptons
the three-body slepton decays. Numerical results are
sented and discussed in Sec. III. In Sec. IV we make
conclusion.

II. THREE-BODY SLEPTON DECAYS

As mentioned in the preceding section, the three-bo
decaysl̃ R→ l tt̃1 could dominate over the two-body deca
l̃ R→ lG̃ in some parameter space if the SUSY breaking sc
AF is sufficiently large. We restrict the scenario where t
two-body processesẽR→e1Ñi are forbidden, i.e., we as
sume the following mass relation:

me1mÑi
.mẽR

.me1mt1mt̃1
. ~4!

Therefore the only competing decay processes forẽR andm̃R

are l̃ R→ l t6t̃1
7 .

Because of the invariance of charge conjugation and p
ity transformation, we can write down the following ident
ties for the selectron decays:

G~ ẽR
1→e1tR

6t̃1
7!5G~ ẽR

2→e2tL
7t̃1

6!, ~5!

G~ ẽR
1→e1tL

6t̃1
7!5G~ ẽR

2→e2tR
7t̃1

6!, ~6!

whereL ~R! denotes the left~right! helicity for the tau lep-
tons in the decay processes. Therefore we will only disc
the decays ofẽR

1 .

At tree level, the selectronẽR decays through the propa
gation ofB-ino B̃ andW-ino W̃3. SinceB-ino B̃, W-ino W̃3,
and the two neutral Higgsinosh̃1

0, h̃2
0 can mix and form the

neutralino mass eigenstatesÑi , it is appropriate to do the
calculation in terms of the neutralino parameters. On the
sis of c i5(B̃,W̃3,i h̃1

0 ,i h̃2
0), the neutralino states and the a

sociated diagonal mass matrixMD are given by

Ñi5~V1! i j c j , ~7!

MD5V1MV. ~8!

Here V denotes the transforming matrix which diagonaliz
the neutralino mass matrixM:
M5S m1 0 mZsinuWcosb 2mZsinuWsinb

0 m2 2mZcosuWcosb mZcosuWsinb

mZsinuWcosb 2mZcosuWcosb 0 2m

2mZsinuWsinb mZcosuWsinb 2m 0

D , ~9!
the
old
wheremZ is the mass of theZ boson,m1 denotes the sof
breaking mass ofB-ino B̃, m2 is the soft breaking mass o
W-ino W̃3, uW denotes the weak Weinberg angle, tanb is the
ratio between the vacuum expectation values of the
 o

Higgs doublets in the model, andm is the supersymmetric
Higgs mass parameter.

In our study the tau polarizations are measured in
laboratory frame. When the collider beam energy is thresh
8-2
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to produce the slectrons in pairs, the selectrons may tr
with velocity v before decay and thus experience a bo
which is characterized by the boost factorg
5(v/c)/A12(v/c)2. Figure 1 shows the selectron boost d
rection in the laboratory frame. The moving direction of t
outgoing tau lepton is assigned theZ direction and theXZ
plane is spanned by the outgoing electron and the tau lep
By summing all tree-level contributions for the decayẽR

1

→e1t2t̃1
1 , the transition amplitudesu im(L,R)

2 u2 for different
helicities (L,R) of the tau final states are given by

u im(R)
2 u25U(j 51

4 2QeVR j* AEe

~q22mÑj

2
!

H ~C1 jEẽR
AE1K

2C2 j* mÑj
AE2K !cos

u

2

1C1 j PẽR
AE1K Ssinf sinw sin

u

2

1sinf cosw cos
u

2
2 i cosf sin

u

2D JU2

, ~10!

u im(L)
2 u25U(j 51

4 2QeVR j* AEe

~q22mÑj

2
!
H ~C1 jEẽR

AE2K

2C2 j* mÑj
AE1K !sin

u

2

1C1 j PẽR
AE2KS sinf sinw cos

u

2

2sinf cosw sin
u

2
1 i cosf cos

u

2D JU2

, ~11!

where

q2[mẽR

2
22PEẽR

22PPẽR
sinf cos~u2w!, ~12!

FIG. 1. The selectron boost direction (f,w) in the laboratory
frame where the electron moving direction and the tau moving
rection spans theXZ plane. Hereu denotes the angle between th
outgoing electron and the outgoing tau lepton.
07500
el
t
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(EẽR
,PẽR

) and (E,K) denote the~energy, momentum! pairs
of the right-handed selectron and the outgoing tau lepton
the laboratory frame, respectively,P is the outgoing electron
energy,mẽR

andmÑj
denote the masses of the right-hand

selectron and thej th neutralino respectively,Qe represents
the electric coupling of electron, and the coefficien
C1 j ,C2 j , andVR j are given by@11#

VL j5
1

2 sinuW
V2 j1

1

2 cosuW
V1 j , ~13!

VR j5
1

cosuW
V1 j , ~14!

C1 j5ltV3 jcosut̃2A2QeVR jsinut̃ , ~15!

C2 j5ltV3 jsinut̃1A2QeVL jcosut̃ . ~16!

Herelt is the coupling strength for the tau Yukawa couplin
term ltH1LtRt . Similarly, the decay processẽR

1

→e1t1t̃1
2 has the transition amplitudes

u im(R)
1 u25U(j 51

4 2QeVR j* AEe

~q22mÑj

2
!

H ~2C1 j* mÑj
AE2K

1C2 jEẽR
AE1K !cos

u

2

1C2 j PẽR
AE1K Ssinf sinw sin

u

2

1sinf cosw cos
u

2
2 i cosf sin

u

2D JU2

, ~17!

u im(L)
1 u25U(j 51

4 2QeVR j* AEe

~q22mÑj

2
!

H ~2C1 j* mÑj
AE1K

1C2 jEẽR
AE2K !sin

u

2

1C2 j PẽR
AE2K Ssinf sinw cos

u

2

2sinf cosw sin
u

2
1 i cosf cos

u

2D JU2

. ~18!

As easily seen from Eqs.~10!–~18!, the amplitudes do de
pend upon the selectron boost angles and the selectron
mentumPẽR

.
Taking into account the selectron boost effect, the de

rate GL,R of different tau lepton helicitiesL or R for ẽR is
obtained as

G (L,R)5E dfdwF~f,w!G (L,R)~f,w!, ~19!

with

i-
8-3
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G (L,R)~f,w![E dEd@cosu#

64p3EẽR

KPu im(L,R)u2

EẽR
2E1Kcosu2PẽR

sinf~sinw sinu1cosw cosu!
, ~20!

P[
mẽR

2
1mt

22mt̃1

2
22EEẽR

12PẽR
K sinf cosw

2@EẽR
2E1K cosu2PẽR

sinf~sinw sinu1cosw cosu!#
, ~21!
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whereF(f,w) is the probability density function for selec
tron boosting in the (f,w) direction,E is the energy for the
outcoming tau lepton,K5A(E22mt

2) denotes the momen
tum of the tau lepton,P is the energy of the outcomin
electron, andu is the angle between the tau and the electr

Naively, the decay rates with selectron boost effects m
differ to those without selectron boost effects to the order
O(g), i.e., O(PẽR

/EẽR
). On the other hand, the spinless n

ture of selectrons leads to the following symmetry f
F(f,w):

F~f,6w!5F~f,p6w!5F~p2f,6w!

5F~p2f,p6w!. ~22!

Thus all terms that are linear in cosw or sinw should be
canceled after integrating out thew dependence. Conse
quently, by observing that

AErest6Krest5AE6KH 17
1

2
g cosw sinf1O~g2!J ,

~23!

whereErest (Krest) denotes the energy~momentum! of the
outgoing tau lepton in the selectron rest frame, the de
rates in Eq.~19! are actually different than those withou
selectron boost effects to the order ofO(g2). Therefore, we
simply do all the calculations in the selectron rest frame
the rest of the paper.

III. TAU LEPTON POLARIZATION

The tau lepton polarization asymmetry can be defined

Pt[
^GR&2^GL&

^GR&1^GL&
. ~24!

We can easily calculate the asymmetry by using the formu
presented in Sec. II. From Eqs.~5! and~6! theCP invariance
leads to the following relations for the tau polarization:

Pt~ ẽR
1→e1t1t̃1

2!52Pt~ ẽR
2→e2t2t̃1

1!,

Pt~ ẽR
1→e1t2t̃1

1!52Pt~ ẽR
2→e2t1t̃1

2!. ~25!
07500
.
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Therefore, we calculate onlyPt(ẽR
1→e1t1t̃1

2) and Pt(ẽR
1

→e1t2t̃1
1) and give the numerical results in this section

Generally, the transistion amplitudes and the associa
decay rates presented in the preceding section are sensiti
the neutralino masses and mixing effects. For instance
assuming the dominance ofÑ1 propagating in the tree-leve
decay processes in theB-ino-like lightest neutralino scenario
the amplitude functions in the limitD[(mẽR

2mt̃1
)!mẽR

are obtained approximately as

u im(R)
2 u2}H EeUmẽR

AE1K sinut̃

1
mB̃

2
AE2K cosut̃U2

cos2
u

2J , ~26!

u im(R)
1 u2}H EeUmB̃AE2K sinut̃

1
mẽR

2
AE1K cosut̃U2

cos2
u

2J , ~27!

u im(L)
2 u2}H EeUmẽR

AE2Ksinut̃

1
mB̃

2
AE1K cosut̃U2

sin2
u

2J , ~28!

u im(L)
1 u2}H EeUmB̃AE1K sinut̃

1
mẽR

2
AE2K cosut̃U2

sin2
u

2J . ~29!

From Eqs.~26!–~29!, it is easily seen that the polarizatio
ratio Pt is determined by the mass ratiomB̃ /mẽR

. In the

purely right-handedt̃1 limit (sin u t̃51), Pt becomes
8-4
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FIG. 2. Tau polarization as the function ofD

in the three-body decays ofẽR with r B̃52 and
cosu t̃5 20.3, 20.2, 20.1, 0.1, 0.2, 0.3.~a!

Pt(eR̃
1→e1t1t̃1

2) as a function ofD. ~b! The
P(t1)/P(t2) ratio as a function ofD.
e
.,

au

as

r
en

n
-

Pt'6

E
mt

D

dE~E22mt
2!~D2E!2

E
mt

D

dEEAE22mt
2~D2E!2

~6 ! for t7 final states. ~30!

Equation~30! shows that thePt ratios always have opposit
signs fort1 andt2 production in the selectron decays, i.e
the ẽR

1→e1t2t̃1
1 process tends to have right-handed t

leptons in the final states and theẽR
1→e1t1t̃1

2 process
tends to produce left-handedt1’s in this limit.

The tau-lepton polarizations as the functions of the m
differenceD with different cosu t̃ values are illustrated in
Figs. 2~a! and 2~b! where the mass ratior B̃[mB̃ /mẽR

52 is
kept fixed. Although it was pointed out in@10# that when the
mass differences betweent̃1 andẽR andm̃R are less than 10
GeV, the range of cosu t̃ will be within 0.1<ucosu t̃ u<0.3,
we find that if we assume thatmẽR

;200 GeV the mass dif-

ferences betweent̃1 and ẽR and m̃R can be up to 20 GeV
07500
s

while keeping 0.1<ucosu t̃ u<0.3. As shown in plot~a!,

P(t1)[Pt(ẽR
1→e1t1t̃1

2) decreases asD increases. For a
given D value, P(t1) always has larger values for large
cosu t̃ values. This could be explained by the fact that wh
cosu t̃ increases, the amplitudeu im(R)

1 u2 always increases
faster thanu im(L)

1 u2 does when the mixing angle are withi
the range 0.1<ucosu t̃ u<0.3. Although not shown in the fig
ure, from Eqs.~26! and~28! one can easily see that whenD
is kept fixed, a larger cosu t̃ will give smaller polarization

P(t2)[Pt(ẽR
1→e1t2t̃1

1).
As shown in Fig. 2~b!, the ratio betweenP(t1) and

P(t2) is a slow varying function ofD with fixed r B̃52 for
most of the cosu t̃ range except for cosu t̃520.3. This is due
to the complex interplay between the factorsAE1K cosu t̃

and AE2K sinu t̃ . When the mass differenceD is small,
AE1K and AE2K are comparable, and bothu im(R)

1 u2 and
u im(L)

2 u2 are getting smaller as cosu t̃ changing from20.1 to
20.3. On the other hand, whenD goes larger, sayD520
GeV, AE1K is much larger thanAE2K and u im(L)

2 u2

(u im(R)
1 u2) is getting larger~smaller! as cosu t̃ changing from
8-5
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FIG. 3. Tau polarization as the function of th
mass ratio r B̃[mB̃ /mẽR

with seven choices
cosu t̃ 520.3, 20.2, 20.1, 0.1, 0.2, 0.3, andD

520 GeV.~a! Pt(eR̃
1→e1t1t̃1

2) as a function of
r B̃ . ~b! The P(t1)/P(t2) ratio as a function of
r B̃ .
se

e
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20.1 to 20.3. It thus leads to the intersections for tho
curves with negative cosu t̃ values.

Figures 3~a! and 3~b! show the mass ratior B̃ dependence
of the tau polarizations. As shown in Fig. 3~a!, P(t1) is a
slow varying function of r B̃ with fixed D value (D
520 GeV in the plot!. However, the ratioP(t1)/P(t2)
varies significantly for 0.1&cosu t̃&0.3 with a fixedD value
as shown in Fig. 3~b!. This plot may help in determining th
model parameters such asr B̃ and cosu t̃ in the B-ino-like
lightest neutralino scenarios. For example, a ra
P(t1)/P(t2)521.5 will lead to cosu t̃.0.3 andr B̃*2.5 in
the model withD520 GeV.

In Figs. 4~a!–4~c! we plot the tau polarization function
and their ratio as functions of cosu t̃ for r B̃52 and five
choicesD54,8,12,16, and 20 GeV. Figure 4~a! shows that
the polarizationP(t1) increases as cosu t̃ increases for the
cosu t̃ range under consideration. Similar behaviors oc
when varying theD value in the model. Usually a largerD

value will imply a lower tau polarization for (ẽR
1

→e1t1t̃1
2) and a higher tau polarization for (ẽR

1

→e1t2t̃1
1). Several curves for the tau polarization rat
07500
o

r

P(t1)/P(t2) are plotted against the stau mixing parame
cosu t̃ with different D values in Fig. 4~b!. Varying ther B̃

parameter could dramatically change the cosu t̃ dependence
of P(t1)/P(t2). We plot P(t1)/P(t2) for five choices
r B̃51.0,1.5,2.0,2.5, and 3.0 in Fig. 4~c!. As shown in the
plot, the polarization ratioP(t1)/P(t2) depends onr B̃ sen-
sitively when 0.3*ucosu t̃u*0.2.

We can also study the neutralino mixing effects on t
tau-lepton polarizations. Figure 5 shows typical plots in bo
the B-ino-like lightest neutralino scenario and in th
Higgsino-mixed neutralino region with the model paramet
mẽR

5200, umu5300, m15400, m25800 GeV, and tanb

510. By comparing Fig. 5 to Fig. 3~a!, we find that the tau
polarization behavior in the Higgsino-mixed neutralin
scenarios may look similar to that in theB-ino-like lightest
neutralino scenarios with a largerucosu t̃u value. For in-
stance, the tau polarization in the Higgsino-mixed neutral
region with cosu t̃520.1 would look like the tau polariza
tion in the B-ino-dominant lightest neutralino scenario wi
cosu t̃'20.3.
8-6
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FIG. 4. ~a! Tau polarization as a function o
cosu t̃ for r B̃52 and five choicesD54, 8, 12,
16, and 20 GeV for the selectron decayeR̃

1

→e1t1t̃1
2 . ~b! The ratio P(t1)/P(t2) as a

function of cosu t̃ for r B̃52 and five choicesD
54, 8, 12, 16, and 20 GeV.~c! The ratio
P(t1)/P(t2) for D520 GeV and five choices
r B̃51.0, 1.5, 2.0, 2.5, 3.0.
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In Fig. 6 we plot the normalized distributions for the fin
state electrons and tau leptons as functions of their transv
momentapT in the selectron rest frame. Here we choose
model parametersmẽR

5200 GeV, r B̃51.2, cosu t̃520.15.
We plot three different values ofD512,16,20 GeV, respec
tively. As seen from the figure, the peak values occur
07500
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t

aboutpT57.5,5.8,4.3 GeV~6.0, 4.9, 3.7 GeV! for the final
state tau lepton~electron! distributions as we vary theD
from 20, 16, to 12 GeV accordingly. It should be noticed th
when the mass differenceD is too small, the final state tau
may be too soft to detect and the determination of the
polarization would be a challenge. However, if the ma
8-7



on

e
e
y

CHIH-LUNG CHOU AND CHUNG-HSIEN CHOU PHYSICAL REVIEW D64 075008
FIG. 5. The dependence of tau polarization
the mass differenceD[mẽR

2mt̃1
with different

cosu t̃ values. Curves are plotted both in th
B-ino-like neutralino scenario and in th
Higgisino-like neutralino scenario for the deca

process eR̃
1→e1t1t̃1

2 . Here we choose the
model parametersmẽR

5200, umu5300, m1

5400, m25800 GeV, and tanb510.
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splitting is large enough, the polarization of the final state
lepton can be measured.

According to the numerical results the knowledge of t
tau polarization in the three-body slepton decays can pro
another observable and may help to reveal the stau mi
angle and/or theB-ino-slepton mass ratiomB̃ /mẽR

in the

small mass differenceD!mẽR
limit. Experimentally, there

may be a way for measuring the polarized tau-lepton prod
tions in the selectron decay by observing its subsequen
decayst2→p2nt and t1→p1n̄t . The tau polarizations
can be obtained by measuring the spectrum ofEp6 /Et6 in
the decays.

IV. CONCLUSION

In this paper we investigated the tau polarizations for
three-body slepton decays under the stau NLSP scenari
the small mass difference limitD!mẽR

. The exact formulas
for calculating the slepton decay rates at the tree level
provided in Sec. II.
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The measurements of tau lepton polarizations in the s
ton decays provide another window for studying the SU
model parameters. In the right-handedt̃R limit, the tau asym-
metry ratio Pt is solely determined by the mass differen
parameterD. Numerical studies show explicit dependence
the stau mixing angles and/or the mass ratiomB̃ /mẽR

.
We also studied the distributions of the final state el

trons and tau leptons as functions of their transverse
mentapT in the selectron rest frame. The energy spectrum
the final state leptons are mainly determined by the m
difference ratioD[mẽR

2mt̃1
. In our chosen parameter

mẽR
5200 GeV,r B̃51.2, cosu t̃520.15 as we varyD from

12, 16 to 20 GeV, the peaks of the distributions range fr
pT5 4.3, 5.8 to 7.5 GeV, respectively. However, if the ma
difference is too small, the final state tau lepton will be t
soft and the measurement of the polarization would be v
difficult. But if D is large enough such that we can meas
its polarization, the knowledge of tau-lepton polarizati
may help in determining the parameter space of a typ
GMSB model.
FIG. 6. Lepton pT distributions in the rest

frame of theẽR
1 decaying toe1t1t̃2. Normal-

ized pT distributions for finale ~dot-dash lines!
andt ~solid lines! for the model parameters with
mẽR

5200 GeV, cosu t̃520.15, r B̃51.2, andD

512,16,20 GeV, respectively.
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