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Scalar top quark as the next-to-lightest supersymmetric particle

Chih-Lung Chou* and Michael E. Peskin
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309

~Received 29 September 1999; published 8 February 2000!

We study phenomenologically the scenario in which the scalar top quark is lighter than any other standard

supersymmetric partner and also lighter than the top quark, so that it decays to the gravitino viat̃→W1bG̃. In
this case, scalar top quark events would seem to be very difficult to separate from top quark pair production.
However, we show that, even at a hadron collider, it is possible to distinguish these two reactions. We show
also that the longitudinal polarization of the finalW1 gives insight into the scalar top quark and W-ino–
Higgsino mixing parameters.

PACS number~s!: 14.80.Ly, 12.60.Jv, 14.65.Ha
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I. INTRODUCTION

Supersymmetry has been studied for a long time as
possible framework for elementary particle theories beyo
the standard model@1–3#. It provides a natural solution to
the hierarchy problem, allowing a small value, in fundame
tal terms, for the weak interaction scale. It also allows
measured values of the standard model coupling constan
be consistent with grand unification. Still, if nature is sup
symmetric, some new interaction must spontaneously br
supersymmetry and transmit this information to the sup
symmetric partners of the standard model particles. Two
ferent approaches have been followed to model supersym
try breaking. The first is the idea that supersymme
breaking is transmitted by gravity and supergravity inter
tions @4#. In these scenarios, the supersymmetry break
scaleAF is of the order of 1011 GeV. This large value im-
plies that gravitino interactions are extremely weak, and t
the gravitino has a mass of the same size as the other s
symmetric partners. In this class of models, the lightest
persymmetric particle~LSP!, which is the end point of all
superpartner decays, is most often taken to be the super
ner of the photon or, more generally, a neutralino.

The second approach uses the gauge interactions to t
mit the information of supersymmetry breaking to the sta
dard model partners@5–7#. In these gauge-mediated sc
narios, the supersymmetry-breaking scaleAF is typically
much smaller than in the gravity-mediated case, so that
gravitino G̃ is almost always the LSP. All other superpa
ners are unstable with respect to decay to the gravit
though sometimes with a lifetime long on the time sc
relevant to collider physics.

In gauge-mediated scenarios, direct decay to the gravi
is hindered by a factor 1/F in the rate. Thus, attention shift
to those particles which have no allowed decays exc
through this hindered mode. Such a particle is called a n
to-lightest supersymmetric particle~NLSP!. Any of the typi-
cally light superpartners can play the role of the NLSP, a
the collider phenomenology of a given model depends
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which is chosen. For example, if the gaugino-like lighte

neutralino x̃0 is the NLSP and decays inside the collide
supersymmetry reactions will end with the decayx̃0→gG̃,
producing a direct photon plus missing energy. Other co
mon choices for the NLSP are the lepton partners and
Higgs boson. More involved scenarios are also possible@8#.

In this paper, we consider the possibility that the the lig
est scalar top quark~top squark ort̃ 1) is the NLSP of a
gauge-mediation scenario@9#. It is typical in supersymmetric
models that the top squark receives negative radiative
rections to its mass through its coupling to the Higgs sec
In addition, the mixing between the partners of thetL andtR
is typically sizable, and this drives down the the lower ma
eigenvalue. It is not uncommon in models that the lighter
squark is lighter than the top quark, and it is possible
arrange that it is also lighter than the sleptons and charg
@10,11#. The existence of this possibility, though, poses
troubling question for experimenters. In this scenario,
dominant decay of the lighter top squark would be the thr
body decayt̃→bW1G̃. TheG̃ is not observable, and the re
of the reaction is extremely similar to the standard top de
t→W1b. The cross section for top squark pair production
smaller than that for top quark pair production at the sa
mass. Thus, it is possible that the top quark events disc
ered at the Fermilab Tevatron collider contain top squ
events as well. How could we ever know? In this paper,
address that question.

Our strategy will be to systematically analyze the thre
body top squark decay. This decay process is rather comp
since theG̃ can be radiated from the partners oft, b, or W,
and since both the top quark and theW partners can be a
mixture of weak eigenstates. For the application to the Te
tron, one must take into account that the center-of-mass
ergy of the production is unknown, and that the detectors
measure only a subset of the possible observables. Neve
less, we will show that two observables available at
Tevatron can cleanly distinguish between top squark and
squark events. The first of these is the mass distribution
the observedb jet plus lepton system which results from
leptonicW decay. The second is theW longitudinal polariza-
tion. We will show that the first of these observables give
reasonably model-independent signature of top squark
duction, while the second is wildly model dependent and c
g,
©2000 The American Physical Society04-1
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be used to gain insight into the underlying supersymme
parameters.

This paper is organized as follows: In Sec. II, we set
our basic formalism and state our assumptions. In Sec.
we analyze the top squark decay rate and thebW and bl
mass distributions. In Sec. IV, we present theW longitudinal
polarization in various models. Section V gives our conc
sions.

II. FORMALISM AND ASSUMPTIONS

In this section, we define our notation and set out
assumptions we will use in analyzing the top squark de
process. Our calculation will be done within the framewo
of the minimal supersymmetric standard model~MSSM!
with R-parity conservation. We will not consider any exot
particle other than those required in the MSSM.

Our central assumption will be that the lighter top squa
mass eigenstatet̃ 1 is lighter than the top quark and als
lighter than the charginos and theb superpartners, while the
gravitino is very light, as in gauge-mediation scenarios. U
der these assumptions, what would otherwise be the do
nant decayt̃ 1→tG̃ is forbidden kinematically, so that th
dominant top squark decay must proceed either byt̃ 1

→bW1G̃ or by t̃ 1→cG̃. In the MSSM without additional
flavor violation, quark mixing angles suppress the decayc
by a factor of 1026. That suppression makes this decay u
important except near the boundary of phase space w
m'mW . For this reason, we will ignore that decay in th
rest of the paper.

If the mass of thet̃ 1 were larger than the mass of the to
quark, thet̃ 1 would decay entirely throught̃ 1→tG̃. All ob-
servable characteristics of this decay would be exactly th
of top quark pair production, except that the two emitt
gravitinos would lead to a small additional transverse bo
For such a heavy top squark, the production cross sectio
less than 10% of that for top quark pair production. Nev
theless, this process might be recognized from the fact
the top quark and antiquark would be given a small pre
ential polarization, for example, in thetRt̄ L helicity states if
the t̃ 1 is dominantly the partner oftR . The methodology of
the top squark polarization measnurement has been discu
in detail in the literature@12#, so we will not analyze this
case further here.

To analyze the case in whicht̃ 1 is lighter than the top
quark, we begin by considering the form of the scalar
quark mass matrix. Including the effects of soft breaki
masses, Yukawa couplings, trilinear scalar couplings, anD

terms, this matrix can be written in thet̃ R , t̃ L basis as

M t̃
2
5S mt̃ R

2
mt~At1mcotb!

mt~At1mcotb! mt̃ L

2 D , ~1!

whereAt , m, mt , and tanb denote, respectively, the trilinea
coupling of Higgs scalars and sfermions, the supersymme
Higgs mass term, the top quark mass, and the ratio of the
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Higgs vacuum expectation values. The massesmt̃ R

2 andmt̃ L

2

arise from the soft breaking, theD term contribution, and the
top Yukawa coupling as follows:

mt̃ R

2
5mŨ3

2
1mt

21
2

3
sin2uwmZ

2cos 2b

mt̃ L

2
5mQ̃3

2
1mt

21S 1

2
2

2

3
sin2uwDmZ

2cos2b,

~2!

whereuw denotes the weak mixing angle andmZ is the Z0

boson mass. The soft breaking massesmŨ3

2 and mQ̃3

2 are

more model dependent. In many models, these masses
derived from flavor-blind mass contributions by adding t
effects of radiative corrections due to the top-quark–Hig
boson Yukawa couplingl t . These corrections have the form

mŨ3

2
;mŨ

2
22l t

2 Ĩ , mQ̃3

2
;mQ̃

2
2l t

2 Ĩ , ~3!

here the functionĨ denotes a one-loop integral. The ext
factor of 2 in the expression for themŨ3

2 is due to the fact

that loop diagram contains theQ and Higgs isodoublets
From this effect, we expect thatmŨ3

2
,mQ̃3

2 . One should note

that there is a flavor-universal positive mass correction
to diagrams with a gluino which combats the negative c
rection in Eq.~3!.

The lightest top squark mass eigenstatet̃ 1 and its mass
m̃2 are easily obtained by diagonalizing the stop mass ma
~1!. One finds

t̃ 15cosu t t̃ L1sinu t t̃ R

t̃ 25sinu t t̃ L2cosu t t̃ R

m̃25
1

2
$mt̃ R

2
1mt̃ L

2
2A~mt̃ L

2
2mt̃ R

2
!214mt

2~At1mcotb!2%

tanu t52
mt~At1mcotb!

~mt̃ R

2
2m1

2!
. ~4!

In these formulas,u t̃ denotes the top squark mixing ang
and is chosen to be in the range2p/2<u t̃<p/2. The rela-
tions ~4! demonstrate the two mechanims mentioned in
Introduction for obtaining a small value ofmt̃ 1

: First, the
radiative correction~3! could be large due to the large valu
of l t ; second, the left-right mixing could be large due
large value ofAt . From here on, however, we will takem̃
andu t to be phenomeonological parameters to be determi
by experiment.

Since the final state of the three-bodyt̃ 1 decay includes
the W1, our analysis must include the supersymmetric pa
ners of W1 and H1, the charginos. In the MSSM, thes
4-2
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SCALAR TOP QUARK AS THE NEXT-TO-LIGHTEST . . . PHYSICAL REVIEW D 61 055004
states are mixtures of the W-inosw̃6 and the Higgsinosh6.
In two-component fermion notation, the left-handed charg
fields are written

C̃i
15~w̃1,ih1!, C̃i

25~w̃2,ih2!. ~5!

In this basis, the chargino mass matrix is

M 15S m2 2A2mWsinb

2A2mWcosb m
D , ~6!

wherem2 is the soft breaking mass of theSU(2) gaugino,
andm is the supersymmetric Higgs boson mass. The ma
M 1 is diagonalized by writingM 15(V2)TDV1 , where
V1 ,V2 are unitary; then the mass eigenstates are given

x̃ i
15V1 i j C̃ j

1 , x̃ i
25V2 i j C̃ j

2 . ~7!

To be consistent with the assumption that thet̃ 1 is the NLSP,
we will consider only sets of parameters for which the m
of the t̃ 1 is lower than either of the eigenvalues ofM 1 .

We analyze the couplings of superparticles to the gr
itino by using the supersymmetry analogue of Goldstone
son equivalence. The gravitino obtains mass through
Higgs mechanism, by combining with the Goldstone ferm
~Goldstino! associated with spontaneous supersymme
breaking. When the gravitino is emitted with an energy h
compared to its mass, the helicityh56 3

2 states come domi
nantly from the gravity multiplet and are produced wi
gravitational strength, while theh56 1

2 states come domi
nantly from the Goldstino. In the scenario that we are stu
ing, the mass of the gravitino is on the scale of keV, wh
the energy with which the gravitino is emitted is on the sc
of GeV. Thus, it is a very good approximation to ignore t
gravitational component and consider the gravitino purely
a spin 1

2 Goldstino. From here on, we will use the symbolG̃
to denote the Goldstino.

The coupling of one Goldstino to matter is given by t
coupling to the supercurrent@13#:

dL52
1

A2F
]mG̃cJm1

1

A2F
Jm†c]mG* , ~8!

where AF is the scale of supersymmetry breaking andc
52 is2. The supercurrent takes the form

Jm5A2sns̄mDnf* c2A2i S ]W

]f D *
smcc* 2gsmcf* l* f

2 islsFlssmcl* , ~9!

summed over all chiral supermultiplets (f,c) and all gauge
supermultiplets (Am ,l). In this equation,W is the superpo-
tential andg is the gauge coupling. All of the various term
in this equation actually enter the amplitude for the thr
body stop decay.

It is a formidable task to present the complete depende
of the properties of the three-body top squark decay on
various supersymmetry parameters. We will present res
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in this paper for the following four scenarios, which illustra
the range of possibilities for the W-ino–Higgsino mixin
problem:

~1! a scenario in which the lightest chargino is light a
w-ino-like: m25200 GeV, m51000 GeV,

~2! a scenario in which the lightest chargino is light a
Higgsino-like:m251000 GeV, m5200 GeV,

~3! a scenario in which the lightest chargino is light a
mixed: m25m5260 GeV,

~4! a scenario in which the lightest chargino is heav
m25m5500 GeV. Within each scenario, we will vary othe
parameters such asm, sinut , and tanb in order to gain a more
complete picture of thet̃ 1 decay.

III. CHARACTERISTICS OF THE TOP SQUARK DECAY

Using the Goldstino interactions from Eq.~8! and the
gauge and Yukawa interactions of the MSSM, we can c
struct the Feynman diagrams fort̃ 1→bW1G̃ shown in Fig.
1. These diagrams include processes with intermed
t, x̃ i

1 , and b̃ particles, plus a contact interaction present
Eq. ~8!.

It is useful to think about building up the complete am
plitude for the top squark decay by successively conside
a number of limiting cases. In Fig. 1, we have drawn t

FIG. 1. Feynman diagrams for the processt̃ 1→bWG̃. All dia-

grams are drawn in terms of 2-component fermion notation.G̃ de-

notes the Goldstino. The label on theW̃/h̃ internal lines labels the
vertex with which the chargino couples to the top quark.
4-3
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CHIH-LUNG CHOU AND MICHAEL E. PESKIN PHYSICAL REVIEW D61 055004
diagrams using a basis of weak interaction eigenstates.
The first property to be derived from these amplitudes

the top squark decay rate. It is always an issue when a N
decays to the gravitino whether the decay is prompt on
times scales of particle physics, or whether the NLSP trav
a measureable distance from the production vertex be
decaying. Taking into account the 3-body phase space
the fact that the amplitude is proportional to 1/F, we might
roughly estimate the decay amplitude as

G~ t̃ 1!;
aw~m2mW!7

1028p2mW
2 F2 , ~10!

whereaw5g2
2/4p is the weak-interaction coupling constan

By this estimate, a value ofAF smaller than 100 TeV would
give a prompt decay, withct,1 cm.

In Fig. 2 we show the result of a complete calculation
the decay rate in the four scenarios listed at the end of S
II. In all four cases, we have chosen the parameter va
AF530 TeV, tanb51.0, mb̃L

5300 GeV, and sinut5

20.8. The complete calculation reproduces the steep de
dence on the top squark massm which is present in Eq.~10!
and shows that the normalization is roughly correct. SincG
varies as the fourth power ofAF, one can arrange for a sho
decay length by makingAF sufficiently low. For m
;160 GeV, the choiceAF530 leads to a decay lengthct
of about 1 cm. We have found that the decay length is q
insensitive to all of the other relevant parameters. The va
tion between scenarios or within a given scenario is less t
a factor of 2. From here on, we will analyze thet̃ 1 decay as
if it were prompt. But it is clear from the figure that, ifAF is
as low as 30 TeV, top squark decays will be identifiable
their displaced vertices in addition to the kinematic sign
tures discussed in this paper.

FIG. 2. Decay length for the lightest scalar top quarkt̃ 1 as a
function of its mass in four different scenarios. The parame
AF530 TeV, tanb51.0, mb̃L

5300 GeV, and sinut520.8 are as-
sumed in all four scenarios.
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The final state of the three-body stop decay is essenti
the same as ordinary top squark decay, since the top sq
produces ab jet, a W boson, and an unobservableG̃. How,
then, can we distinguish thet t̄ and t̃ 1t!1 production pro-
cesses? The most straightforward way to approach this p
lem is to analyze the observable mass distributions oft and
t̃ 1 decay products. If we could completely reconstruct theW
boson, the invariant mass of thebW system would peak
sharply atmt in the case oft decay, and would have a mor
extended distribution below the top squark massm in the
case oft̃ 1 decay. However, in the observation of top squa
events at the Tevatron, the analysis cannot be so cl
Events fromt t̄ production are typically observed in the fin
state in which oneW decays hadronically and the secon
decays toln. Then the final state contains an unobserv
neutrino. If there is only this one missing particle, the eve
can be reconstructed. But the events witht̃ 1 contain two
more missing particles, theG̃’s, which potentially confuse
the analysis.

Fortunately, it is possible to discriminatet from t̃ 1 events
by studying the invariant mass distribution of the direc
observableb and lepton decay products. For top quark d
cays, the distribution in theb-lepton invariant massm(eb)
~quoted, for simplicity, formb50) takes the form

1

G

dG

dm~eb!
5

12m~eb!

2~12mW
2 /mt

2!~21mW
2 /mt

2!
~12y!

3S 12y1
mt

2

2mW
2 yD , ~11!

where y5m2(eb)/(mt
22mW

2 ). As is shown in Fig. 3, this
distribution extends fromm(eb)5mb to a kinematic end
point atm(eb)5155 GeV, and peaks toward its high end,
aboutm(eb)5120 GeV. On the other hand, int̃ 1 decay, not
only does them(eb) distribution have a lower end poin
value, reflecting the value ofm,mt , but it also peaks to-
ward the low end of its range. Figure 3 shows two typic
distributions ofm(eb), corresponding to stop masses of 1
and 170 GeV. The corresponding distributions of theb-W
invariant massm(bW) are also shown for comparison.

A remarkable feature of Fig. 3 is that them(eb) distribu-
tions from top quark and top squark decay remain distinc
different even in the limit in which the top squark massm
approachesmt . Naively, one might imagine that the to
squark decay diagrams with top quark poles,~a! and ~b! in
Fig. 1, would dominate in this limit and cause the top squ
decay to resemble top quark decay. Instead, we find that
top squark pole diagrams have no special importance in
limit. If EG is the G̃ energy, the top quark pole gives a
energy denominator 1/EG , but this is cancelled by aG̃ emis-
sion vertex proportional to (EG)3/2.

In Fig. 4, we show the variation of the the distribution
m(eb) andm(bW) according to the choice of the supersym
metry parameters. The five curves in each group corresp
specific parameter choices in the four scenarios listed at

s

4-4
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SCALAR TOP QUARK AS THE NEXT-TO-LIGHTEST . . . PHYSICAL REVIEW D 61 055004
end of Sec. II, plus an additional choice in scenario~3! cor-
responding to the case of a puret̃ L(u t50). The distributions
for a given value ofm are remarkably similar. Presumabl
the shape of these distributions is determined more by g
eral kinematic constraints than by the details of the de
amplitudes. The only exception to this rule that we ha
found comes in the case where thet̃ 1 is dominantly t̃ L and
the w̃ exchange process is especially important.

From these results, we believe that thet̃ 1 production pro-
cess can be identified by measuring the distribution ofm(eb)
in events that pass the top quark selection criteria. The m
of the t̃ 1 can be estimated from this distribution to about
GeV without further knowledge of the other supersymme
parameters.

IV. LONGITUDINAL W POLARIZATION

One of the characteristic predictions of the stand
model for top quark decay is that the final-stateW bosons
should be highly longitudinally polarized. Define the degr
of longitudinal polarization by

r 5
G~W0!

G~all!
. ~12!

Then the leading-order prediction for this polarization in t
quark decay is

r t5
1

112mW
2 /mt

2 '0.71. ~13!

We have seen already that the configuration of the finalbW1

system in top squark decay is quite different from that in

FIG. 3. Typicaleb andWb invariant mass distributions fort̃ 1

decay. The distributions are shown at two different assumedt̃ 1

masses,mt̃ 1
5130 ~dotted lines! and 170 GeV~dashed lines!, under

the scenario ~1!. The other parameters are chosen as tab
51.0, mb̃L

5300 GeV, and sinut520.8. The solid line shows, for
comparison, themeb spectrum for the standard top quark decay.
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squark decay. Thus, it would seem likely that the longitu
nal W polarization would also deviate from the characteris
values for the top quark. We will show that the value ofr in
top squark decay typically differs significantly from Eq.~13!,
in a manner that gives information about the underlying
persymmetry model.

The measurement of the polarizationr at the Tevatron has
been studied using the technique of reconstructing theW
decay angle in single-lepton events from the lepton and n
trino four-vectors@14#. An accuracy of60.03 should be
achieved in the upcoming run II. This technique, howev
cannot be used for top squark events, since the missing
mentum includes theG̃’s as well as the neutrino. Howeve
one can also measure the longitudinalW polarization from
the W decay angle determined by using the four-vectors
the two jets assigned to the hadronicW in the event recon-
struction. It is not necessary to distinguish the quark from
antiquark to determine the degree of longitudinal polari
tion.

What value ofr should be found for light stop pair pro

FIG. 4. Invariant mass spectra under different scenarios at
two mass valuesmt̃ 1

: ~a! mt̃ 1
5170 GeV,~b! mt̃ 1

5150 GeV. For
each case, the parameters are~solid line! scenario ~1!, sinut

50.0, tanb51.0, mb̃L
5300 GeV; ~dotted line! scenario ~2!,

sinut520.8, tanb51.0, mb̃L
5300 GeV; ~dashed line! scenario

~3!, sinut50.9, tanb550.0, mb̃L
5200 GeV; ~dot-dashed line!

scenario~3!, sinut50.0, tanb51.0, mb̃L
5300 GeV;~long-dashed

line! scenario~4!, sinut50.4, tanb58.0, mb̃L
5200 GeV.
4-5
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CHIH-LUNG CHOU AND MICHAEL E. PESKIN PHYSICAL REVIEW D61 055004
duction? In Figs. 5 and 6, we plot the value ofr in the four
scenarios listed at the end of Sec. II, for representative va
of the parameters, as a function of the top squark mass.
see that the value ofr is typically lower than the top quark
value~13!, that it has a slow dependence on the value of
top squark massm, and that it can depend significantly o
the top squark mixing angleu t .

The variation ofr arises from the competition between th
diagrams in Fig. 1 in which the Goldstino is radiated fro
the t andb legs and those in which the Goldstino is radiat
from theW. To understand this, it is useful to think about t
limiting cases in which each intermediate propagator goes
shell. In the case in which the top quark goes on shel
diagrams~a!, ~b! of Fig. 1, theW polarization has the sam
value ~13! as that for top quark decay. In the case in whi
the b̃ goes on shell, we have the processt̃→b̃W1, for which

FIG. 5. LongitudinalW production ratio for the top squarkt̃ 1

decay as a function ofmt̃ 1
under different scenarios. The do

dashed, dotted, dashed, and dot-dot-dashed lines refer, respec
to the chargino scenarios~1!, ~2!, ~3!, ~4! given at the end of Sec. II

The two figures show~a! t̃ R-like cases with sinu t520.8, tanb

51.0, andmb̃L
5300 GeV and~b! pure t̃ L-like cases with sinut

50.0, tanb51.0, andmb̃L
5300 GeV.
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also r 51/(112mW
2 /mt

2). However, the third case in which

the x̃1 goes on shell can give a very different result. In t
limit in which the x̃1 is pure gaugino, we have the subpr
cessw̃1→G̃W1, which leads to purely transversely pola
ized W bosons. More generally, for the processx̃1

1→G̃W1

on shell, we have

r 5
uV112u21uV212u2

2~ uV111u21uV211u2!1uV112u21uV212u2
, ~14!

where V1 , V2 are the matrices defined in Eq.~7!. These
individual components vary in importance as the masses
the intermediate lines are varied. The role of the charg
diagrams in producing a low value ofr is shown clearly in
Fig. 7. Here we plot the value ofr as a function of the

ely,

FIG. 6. LongitudinalW production ratio for the top squarkt̃ 1

decay as a function of sinu t under different scenarios. The do
dashed, dotted, dashed, and dot-dot-dashed lines refer, respect
to the chargino scenarios~1!, ~2!, ~3!, ~4! given at the end of Sec. II
The two figures show the dependence for~a! mt̃ 1

5170 GeV,
tanb51.0, and mb̃L

5300 GeV and ~b! mt̃ 1
5170 GeV, tanb

550.0, andmb̃L
5300 GeV.
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supersymmetry-breakingSU(2) gaugino massm2 and ob-
serve thatr moves to a higher asymptotic value as t
gaugino is decoupled.

Beyond this observation, though, the dependence ofr on
the underlying parameters is not simple. As we have see

FIG. 7. LongitudinalW production ratio for the top squarkt̃ 1

decay as a function of the soft breaking mass of the SU~2! gaugino.
The four curves correspond to sinut520.98,20.8,20.6,0.0. The
other parameters are chosen to bemt̃ 1

5170 GeV, tanb51.0,
m51000 GeV, andmb̃L

5300 GeV.
id

ys
.

e
.

05500
in

the previous section, it is never true that one particular s
process comes almost onto mass shell and dominates th
squark decay. This feature of the top squark decay, wh
was an advantage in the previous section, here provid
barrier to finding quantitative relation between a measu
value of r and the underlying parameter set. On the oth
hand, it is interesting that almost every scenario predict
value of r substantially different from the standard mod
value for top quark decay.

V. CONCLUSIONS

In this paper, we have discussed the phenomenolog
light top squark decay through the processt̃→W1bG̃. We
have shown that this process can be distinguished frot
decay through the characteristic shape of thebl mass distri-
bution. We have shown also that the fraction of longitudin
polarization of theW1 in t̃ decays can vary significantly
from the prediction~13! for t. Since these two observable
are available at the Tevatron collider, it should be possi
there to exclude or confirm this unusual scenario for the
alization of supersymmetry.
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