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Measurements in supergravity models with large tanb at CERN LHC
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We present an example of a scenario of particle production and decay in supersymmetry models in which the
supersymmetry breaking is transmitted to the observable world via gravitational interactions. The case is
chosen so that there is a large production of tau leptons in the final state. It is characteristic of large tanb in
that decays into muons and electrons may be suppressed. It is shown that hadronic tau decays can be used to
reconstruct final states.

PACS number~s!: 11.30.Pb, 04.65.1e, 12.60.Jv
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I. INTRODUCTION

If supersymmetry~SUSY! exists at the electroweak scal
then gluinos and squarks will be copiously produced in pa
at the CERN Large Hadron Collider~LHC! and will decay
via cascades involving other SUSY particles. The charac
istics of these decays and hence of the signals that wil
observed and the measurements that will be made de
upon the actual SUSY model and in particular on the patt
of supersymmetry breaking. Previous, detailed studies of
nals for SUSY at the LHC@1–4# have used the supergravit
~SUGRA! model@5,6#, in which the supersymmetry breakin
is transmitted to the sector of the theory containing the s
dard model particles and their superpartners via gravitatio
interactions. The minimal version of this model has just fo
parameters plus a sign. The lightest supersymmetric par
(x̃1

0) has a mass of order 100 GeV, is stable, is produce
the decay of every other supersymmetric particle and is n
tral and therefore escapes the detector. The strong produ
cross sections and the characteristic signals of events
multiple jets plus missing energyE” T or with like-sign dilep-
tons l 6l 6 plus E” T @7# enable SUSY to be extracted triviall
from standard model backgrounds. Characteristic sign
were identified that can be exploited to determine, with gr
precision, the fundamental parameters of this model over
whole of its parameter space. Variants of this model wherR

parity is broken@8# and thex̃1
0 is unstable have also bee

discussed@9#.
These models have characteristic final states depen

upon their parameters. The next to lightest neutral gaug
x̃2

0 is produced in the decays of squarks and gluinos wh
themselves may be produced copiously at the LHC. The
cay of x̃2

0 then provides a tag from which the detailed ana
sis of supersymmetric events can begin. The dominant de
is usually eitherx̃2

0→hx̃1
0 or x̃2

0→ l 1l 2x̃1
0, which can pro-

ceed directly or via the two step decayx̃2
0→ l 1 l̃ 2

→ l 1l 2x̃1
0. The latter leads to events with isolated lepto

Both of these characteristic features have been explore
some detail in previous studies@2–4#.

In the previous cases the smuon, selectron and stau
0556-2821/2000/61~9!/095011~8!/$15.00 61 0950
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essentially degenerate. At larger values of tanb, this degen-

eracy is lifted and thet̃1 becomes the lightest slepton. Ifm1/2

is small enough, then the two-body decaysx̃2
0→x̃1

0h, x̃1
0Z

will not be allowed, and ifm0 is large enough, thenx̃2
0

→ l̃ Rl will also not be allowed. Then for large enough tanb

the only allowed two-body decays arex̃2
0→t6t̃7

→t1t2x̃1
0. In such cases, tau decays are dominant, and fi

states involving tau’s must be used.
The simulation in this paper is based on the implemen

tion of the minimal SUGRA model inISAJET @10#. We use
m05m1/25200 GeV, tanb545, A050 and sgnm521.
The mass spectrum for this case is shown in Table I. T
only allowed two-body decay ofx̃2

0 is into t̃1t, so it has a
branching ratio of more than 99%.

The total production cross section for this model is 99
at the LHC. The rates are dominated by the production ofg̃g̃

andg̃q̃ final states. Interesting decays include the followin

TABLE I. Masses of the superpartners, in GeV, for the ca
being studied. Note that the first and second generation squarks
sleptons are degenerate and so are not listed separately.

Sparticle Mass Sparticle Mass

g̃ 540

x̃1
6 151 x̃2

6 305

x̃1
0 81 x̃2

0 152

x̃3
0 285 x̃4

0 303

ũL
511 ũR

498

d̃L
517 d̃R

498

t̃ 1
366 t̃ 2

518

b̃1
391 b̃2

480

ẽL
250 ẽR

219

ñe
237 t̃2

258

t̃1
132 ñt

217

h0 112 H0 157
A0 157 H6 182
©2000 The American Physical Society11-1
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I. HINCHLIFFE AND F. E. PAIGE PHYSICAL REVIEW D61 095011
~i! BR(x̃2
0→tt̃1)599.9%,BR(x̃1

1→ntt̃1)599.9%;

~ii ! BR(x̃3→x̃2
0Z)513%, BR(x̃3→tt̃1)521%;

~iii ! BR(g̃→bb̃1)555%, BR(g̃→bb̃2)510%;
~iv! BR(g̃→qLq̃L)52.9%, BR(g̃→qRq̃R)55.7%;
~v! BR(q̃L→x̃2

0q)530%, BR(q̃R→x̃1
0q)597%.

Hereq refers to a light quark.
All the analyses presented here are based onISAJET 7.37

@10# and a simple detector simulation. Six-hundred thous
signal events were generated which would correspond
fb21 of integrated luminosity. The standard model bac
ground samples contained 250K events for each oft t̄ , WZ

with W→en, mn, tn, andZ j with Z→nn̄,tt, and 5000K
QCD jets~including g, u, d, s, c, andb) divided among five
bins covering 50,PT,2400 GeV. Fluctuations on the his
tograms reflect the generated statistics. On many of the p
that we show, very few standard model background eve
survive the cuts and the corresponding fluctuations are la
but in all cases we can be confident that the signal is m
larger than the residual background. The cuts that we ch
have not been optimized, but rather have been chosen to
background free samples.

The detector response is parametrized by Gaussian r
lutions characteristic of the ATLAS@11# detector without
any tails. All energy and momenta are measured in GeV
the central region of rapidity we take separate resolutions
the electromagnetic~EMCAL! and hadronic~HCAL! calo-
rimeters, while the forward region uses a common reso
tion:

EMCAL 10%/AE% 1%, uhu,3,

HCAL 50%/AE% 3%, uhu,3,

FCAL 100%/AE% 7%, uhu.3.

A uniform segmentationDh5Df50.1 is used with no
transverse shower spreading. Both ATLAS@11# and CMS
@12# have finer segmentation over most of the rapidity ran
but the neglect of shower spreading is unrealistic, espec
for the forward calorimeter. Missing transverse energy is c
culated by taking the magnitude of the vector sum of
transverse energy deposited in the calorimeter cells. An o
simplified parametrization of the muon momentum reso
tion of the ATLAS detector—including both the inne
tracker and the muon system measurements—is used, v

dPT /PT5A0.01621~0.0011PT!2.

For electrons we use a momentum resolution obtained
combining the electromagnetic calorimeter resolution ab
with a tracking resolution of the form

dPT /PT5S 11
0.4

~32uhu!3DA~0.0004PT!210.0001.

This provides a slight improvement over the calorime
alone.
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Jets are found usingGETJET@10# with a simple fixed-cone
algorithm. The jet multiplicity in SUSY events is rathe
large, so we will use a cone size of

R5A~Dh!21~Df!250.4

unless otherwise stated. Jets are required to have at
PT.20 GeV; more stringent cuts are often used. All lepto
are required to be isolated and have some minimumPT and
uhu,2.5, consistent with the coverage of the central trac
and muon system. An isolation requirement that no m
than 10 GeV of additionalET be present in a cone of radiu
R50.2 around the lepton is used to reject leptons fromb jets
andc jets. In addition to these kinematic cuts a lepton (e or
m) efficiency of 90% and ab-tagging efficiency of 60% is
assumed@11#.

As taus are a crucial part of this analysis, they requ
special treatment. We concentrate on hadronic tau dec
since for leptonic decays the origin of the lepton is not cle
and the visible lepton in general carries only a small fract
of the true tau momentum. If we were to select multipro
tau decays and reconstruct the invariant mass of these d
products, then by requiring that the reconstructed mass
very close to the tau mass we could select those dec
where the neutrino has no energy and the total momentum
the tau is determined. There would also be no dependenc
the polarization state of the produced tau. This meth
would of course give very small acceptance and would
very sensitive to detector resolution issues as the invar
mass cannot be reconstructed perfectly. In our actual ana
we use cuts that provide a reasonable compromise betw
efficiency and selection of high invariant masses.

Using the fast simulation, we first identify the hadron
taus by searching the reconstructed jet list for jets withPT
.20 GeV anduhu,2.5. We then compare these jets wi
the generated tau momenta and assign them to a re
structed tau ifEt.0.8Ejet and the center of the jet and th
tau are separated byDR,0.4.

A full simulation of the ATLAS detector is needed t
understand the selection hadronic tau decays with large
variant mass. A full simulation of our supersymmetry case
not feasible due to the complexity of the SUSY events a
the consequent huge CPU time required by the full simu
tion. As the most important issue is the measurement of
invariant mass of tau pairs a full simulation@13# of Z1 jet
events withZ→tt which produces tau pairs of well define
invariant mass is used. Events were generated withPYTHIA

@14# and passed through the ATLASGEANT simulation
~DICE! and reconstruction~ATRECON! programs@15#. The
charged particles were reconstructed with the tracking s
tem and the photons with the calorimeter. Cuts were th
applied to the invariant mass and isolation of the rec
structed taus. In particular the reconstructed mass of the
decay products was required to be larger than 0.8 GeV. T
rejects thet→pnt decay. QCD jets in the same events we
studied with the same algorithm, so its effect on these
can be determined. These cuts produce a rejection fa
against QCD jets of a factor of 15 and accept 41% of
hadronic tau decays. We now apply these results to the h
1-2
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MEASUREMENTS IN SUPERGRAVITY MODELS WITH . . . PHYSICAL REVIEW D61 095011
ronic tau’s identified in our fast simulation on a probabilis
basis. The accepted hadronic decays are assumed to be
sured using the resolution from the full simulation, while t
ones not accepted are put back into the jet list. Faket ’s are
made by reassigning jets with the appropriate probabil
The full simulation also indicates that the tau charge is c
rectly identified 92% of the time. We include this factor
our fastt reconstruction and assign the fake tau’s to eit
sign with equal probability. For cases where thett invariant
mass is to be measured, the generatedtt invariant mass is
smeared with a resolution derived from the full simulatio
i.e., a Gaussian with a peak atM50.66M tt and s/M
50.12. In cases where the measured momentum of tht
decay products is needed, the measured jet energy is us

Results are presented for an integrated luminosity
10 fb21, corresponding to 1 yr of running at 1033 cm22 s21;
pileup has not been included. We will occasionally comm
on the cases where the full design luminosity of the LH
i.e., 1034 cm22 s21, will be needed to complete the studie
For many of the histograms shown, a single event can g
rise to more than one entry due to different possible com
nations. When this occurs, all combinations are included

The rest of this paper is organized as follows. We fi
illustrate how measurement of thett final state can be use
to infer information on the masses of the staus. We then
this final state in conjunction withb jets to reconstruct glui-
nos and bottom squarks. Methods for extracting informat
on light squarks are then shown and the dilepton mass
tribution is used to give information on the masses and
x̃4

0. Finally we show how this information can be combin
to constrain the underlying model parameters.

II. EFFECTIVE MASS DISTRIBUTION

The first step in the search for new physics is to disco
a deviation from the standard model and to estimate the m
scale associated with it. SUSY production at the LHC
dominated by gluinos and squarks, which decay into multi
jets plus missing energy. A variable which is sensitive
inclusive gluino and squark decays is the effective m
Meff , defined as the scalar sum of thePT’s of the four hard-
est jets and the missing transverse energyE” T :

Meff5pT,11pT,21pT,31pT,41E” T .

Here the jetPT’s have been ordered such thatpT,1 is the
transverse momentum of the leading jet. The standard m
backgrounds tend to have smallerE” T , fewer jets and a lower
jet multiplicity. In addition, since a major source ofE” T is
weak decays, largeE” T events in the standard model tend
have the missing energy associated with leptons. To supp
these backgrounds, the following cuts were made:

~i! E” T.100 GeV,
~ii ! >4 jets withPT.50 GeV andpT,1.100 GeV,
~iii ! transverse sphericityST.0.2,
~iv! no m or isolatede with PT.20 GeV anduhu,2.5,
~v! E” T.0.2Meff .
Note that some of these jets could result from hadro

tau decays. With these cuts and the idealized detector
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sumed here, the signal is much larger than the stand
model backgrounds for largeMeff , as is illustrated in Fig. 1.
Thus, the discovery strategy developed for low tanb @1# also
works for this case. As demonstrated in more detail el
where@1# the shape of this effective mass distribution can
used to estimate the masses of the SUSY particles tha
most copiously produced, here squarks and gluinos.

III. TAU-TAU INVARIANT MASS

As can be seen from the decays listed above we ex
significant production ofx̃2

0 and hence of tau pairs from th

decay ofq̃L . We require that the events contain at least t
jets that are identified as hadronic tau decays using the ab
algorithm. In addition, the following cuts are applied:

~i! E” T.100 GeV,
~ii ! at least four jets withPT.50 GeV and at least one je

pT,1.100 GeV,
~iii ! Meff.500 GeV,
~iv! E” T.0.2Meff .
Again, some of these jets could result from hadronic

decays.
We then search for taus that decay hadronically using

algorithm discussed above. The reconstructedtt invariant
mass distribution is shown in Fig. 2; all combinations of t
charges are shown in this figure. It can be seen from
distribution that there is a clear structure. There is consid
able background from combinations where one of the id
tified tau jets is from a tau and the other is from a miside
tified jet. The invariant mass distribution of these pairs
also shown in Fig. 2; it is rather featureless. The tau al
rithm has not been optimized so this background could w
have been overestimated. The background from eve
where both taus are misidentified jets and the standard m
background are both negligible~they are indicated by the
filled histogram!. The position of the peak in this mass di

FIG. 1. SUSY signal~open histogram! and standard mode
backgrounds~solid histogram!.
1-3
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I. HINCHLIFFE AND F. E. PAIGE PHYSICAL REVIEW D61 095011
tribution enables one to infer the position of the end po
arising from the decay chainx̃2

0→tt̃1→x̃1
0tt:

M tt
max5M x̃

2
0A12

M l̃
2

M x̃
2
0

2 A12

M x̃
1
0

2

M l̃
2 559.6 GeV.

In order to estimate the precision with which this e
point can be determined, the generated tau-tau invariant m
distribution was shifted by67.5% from its nominal value
The effect on the reconstructedtt mass distribution is
shown in Fig. 3. These cases can clearly be distinguishe

The actual precision that can be obtained on the posi
of this end point requires a more detailed study. Tau dec
are well understood; the problem is to determine the effe
of the detector resolutions and the cuts. These are affecte
the polarization of the produced tau, although the effec
reduced by our selection which removes thet→pn decay.
In principle, the polarization of the taus could be determin
by selecting those tau decays where the decay products
a fixed invariant mass and studying the resulting distri
tions as a function of that mass. Such a study would need
full luminosity of the LHC and full~GEANT! simulation of
the detector. This has not been attempted. For the purp
of extracting parameters below, we will assume an unc
tainty of 5% on the location of the end point can be achiev

There are some events beyond this edge as can be se
looking at the subtracted distributiont1t22t2t22t1t1

shown in Fig. 4. This subtraction also eliminates the ba
ground from fake taus because their charges are not co
lated. Here the excess extends to;150 GeV and is due to

FIG. 2. Reconstructedtt mass distribution. All combinations o
tau pairs are shown irrespective of the charge. The dashed h
gram shows the combination of one real tau and one fake tau.
actual experiment would observe the sum of the two histogra
The background from standard model processes and from ev
where two jets are misidentified is very small~solid histogram!.
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x̃3
0 and x̃4

0 decays. This can be confirmed by the largeZ
signal ~see below!. The fluctuations in this histogram reflec
the generated statistics, which correspond to about 6 fb21; 3
yr at low luminosity would make this high-mass signal mu
clearer.

IV. RECONSTRUCTION OF g̃\bb̃\bx̃2
0b\bbt¿tÀx̃1

0

The event sample of the previous section is used in
attempt to reconstruct squarks and gluinos. We concent
here on final states withb quarks as these have the larg

to-
he
s.
nts

FIG. 3. Reconstructedtt mass distribution showing the effec
of rescaling the generated tau-tau invariant mass distribution
67.5%.

FIG. 4. Reconstructedt1t22t6t6 mass distribution. The
dashed line shows the fake-real background. The fluctuations
slightly larger than the true statistics.
1-4
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MEASUREMENTS IN SUPERGRAVITY MODELS WITH . . . PHYSICAL REVIEW D61 095011
branching ratios and less combinatorial background. In a
tion to the previous cuts, we require a taggedb jet with PT
.25 GeV; this jet could be one of the ones in the previo
selection. Events are selected that have reconstructed
pairs with invariant mass within610 GeV of peak in Fig. 2,
and the invariant mass of the tau pair and theb jet is formed.
This mass distribution is shown in Fig. 5. The sign su
tracted distribution corresponding tot1t22t2t22t1t1 is
used to reduce combinatorial background. There should
an edge at ;mb̃1

2mx̃1
5310 GeV. The edge is no

sharp—3 particles are lost, twont’s and thex̃1
0. In addition

the distribution is contaminated by decays fromx̃3
0 and x̃4

0.
The structure is not clear, but is well distinguished from th
resulting from the case where theb jet is replaced by a light
quark jet, shown in Fig. 9, below.

Further information can be obtained by applying a par
reconstruction technique. This was developed in Ref.@1# ~so-
called ‘‘point 3’’! where the decay chaing̃→bb̃→bbx̃2

0b

→bbl1l 2x̃1
0 was fully reconstructed as follows. If the ma

of the lepton pair is near its maximum value, then in the r
frame of x̃2

0 both x̃1 and thel 1l 2 pair are forced to be a

rest. The momentum ofx̃2
0 in the laboratory frame is then

determined:

PW x̃
2
05~11M x̃

1
0 /Ml 1 l 2!PW l 1 l 2 ,

wherePl 1 l 2 is the momentum of the dilepton system. T
x̃2

0 can then be combined withb jets to reconstruct the deca

chain. A clear correlation between the masses of thebx̃2
0 and

bbx̃2
0 systems was observed allowing both the gluino a

sbottom masses to be determined if the mass ofx̃1
0 was as-

FIG. 5. Reconstructedtt1 jet mass distribution where the jet i
tagged as ab jet. The background from standard model processe
negligible.
09501
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sumed. The inferred mass differencemg̃2mb̃ was found to
be insensitive to assumedx̃1

0 mass.
In the case of interest here the situation is more com

cated. First, there is an extra step in the decay chain, i.eg̃

→bb̃→bbx̃2
0b→bbtt̃→bbt1t2x̃1

0. So that even if the
events could be selected such that thett invariant mass was
at the kinematic limit,x̃1

0 would not be at rest in thex̃2
0 rest

frame, and the inferredx̃2
0 momenta would not be correc

This was the case at ‘‘point 5’’@1# where the method was
applied to the decay chainq̃→qx̃2

0→qmm̃→qm1m2x̃1
0 and,

nevertheless, a mass peak was reconstructed in that
Second, the momentum of thett system cannot be measure
owing to the lost energy from neutrinos. Despite these pr
lems the method is still effective as is now demonstrated.
select events with reconstructedtt mass in the range

40 GeV,mtt,60 GeV

and infer the momentum ofx̃2
0 from the measured momen

tum Pt1t2 of the tt system assuming the nominal value
M x̃

1
0:

PW x̃
2
05~11M x̃

1
0 /M t1t2!PW t1t2.

This momentum is then combined with that of two measu
b jets, each required to havePT.25 GeV, and the mass o
the x̃2

0b and x̃2
0bb systems computed. Figure 6 shows t

correlationm(x̃2
0b) vs @m(x̃2

0bb)2m(x̃2
0b)# in a lego plot.

The subtracted distribution corresponding tot1t22t2t2

2t1t1 is used to reduce the background. There is a cl
peak in this plot. The projection of this plot onto th
m(x̃2

0bb)-m(x̃2
0b) axis is shown in Fig. 7 which shows

peak at 120 GeV, somewhat below the true mass differe
of 150 GeV. If a selection of events with 120 Ge

FIG. 6. Lego plot showing the reconstructed massesm(x̃2
0b)

andm(x̃2
0bb)2m(x̃2

0b).is
1-5
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I. HINCHLIFFE AND F. E. PAIGE PHYSICAL REVIEW D61 095011
,m(x̃2
0bb)2m(x̃2

0b),140 GeV is made and Fig. 6 pro

jected onto them(x̃2
0bb) axis, the result is shown in Fig. 8

A fairly sharp peak results at a value somewhat below
gluino mass of 540 GeV. This displacement to lower valu
is due to two effects; jet energy is lost out of the cluster
cone and carried off by neutrinos in semileptonic bottom a
charm decays. We have not recalibrated theb-jet energy
scale to take account of these effects. As discussed in
@1#, the mass difference is less sensitive to the assumex̃1

0

mass than either the gluino or sbottom mass. For small
ues of the difference, the measurement is independent o
assumedx̃1

0 mass. We assume an error of 20 GeV on
mass difference and 60 GeV on the gluino mass. An in

FIG. 7. Projection of Fig. 6 onto them(x̃2
0bb)-m(x̃2

0b) axis.

FIG. 8. Projection of Fig. 6 onto them(x̃2
0bb) axis with the

requirement that 100 GeV,m(x̃2
0bb)2m(x̃2

0b),140 GeV.
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pendent measurement of thex̃1
0 mass, which is only con-

strained from thett endpoint, would reduce the errors.

V. LIGHT SQUARKS

We now attempt to find evidence for the decay chainq̃L

→qx̃2
0→qt̃t→qttx̃1

0. The rates are not large due to th
small branching ratio for the first step, and we can exp
considerable combinatorial background from QCD radiat
of light quark and gluon jets. The event sample of Sec. III
used. In addition we require the presence of a non-b-jet with
PT.25 GeV. Events are selected that have reconstruc
tau pairs with invariant mass within610 GeV of peak in
Fig. 2, and the invariant mass of the tau pair and the je
formed. This mass distribution is shown in Fig. 9. The si
subtracted distribution corresponding tot1t22t2t2

2t1t1 is used as it reduces combinatorial backgrou
There should be an edge at;mq̃l

2mx̃1
;400 GeV. The

edge is not sharp—twont’s and thex̃1
0 are all lost. In addi-

tion the distribution is contaminated by decays fromx̃3
0 and

x̃4
0. While this distribution is clearly distinct from that show

above whereb jets were used, more work is needed to est
lish that this could be used to infer information on the lig
squark mass.

VI. EXTRACTION OF q̃R

This analysis is based on the fact thatq̃R→qx̃1
0 is domi-

nant, soq̃Rq̃R pair production gives a pair of hard jets an
large missing energy. There is no kinematic end point,
the PT of the jets provides a measure of the squark mass@2#.
The following cuts were made:

~i! E” T.200 GeV,
~ii ! 2 jets withPT.150 GeV,
~iii ! no other jet withpT.25 GeV,
~iv! transverse sphericityST.0.2,

FIG. 9. Reconstructedtt1 jet mass distribution for light quark
jets.
1-6
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MEASUREMENTS IN SUPERGRAVITY MODELS WITH . . . PHYSICAL REVIEW D61 095011
~v! E” T.0.2Meff
~vi! no leptons, nob jets, no tau jets.
The transverse momentum distribution of the leading

is shown in Fig. 10. The error in the mass is limited by t
systematics of understanding the production dynamics
the SUSY backgrounds. Studies of other cases@2# have
shown that this distribution should enable a precision
650 GeV to be reached; it might be possible to achie
625 GeV in a high statistics study.

VII. DILEPTON FINAL STATES

While the light gauginos decay almost entirely intot ’s,
the heavy ones can decay viax̃3,4

0 → l̃ L,R
6 l 7→x̃1,2

0 l 1l 2, giv-
ing opposite-sign, same-flavor leptons. The largest comb

FIG. 10. Transverse momentum distribution for jets passing
selection described in Sec. VI. The standard model backgroun
shown as the solid histogram.

FIG. 11. Reconstructedm1m2 mass distribution.. The solid his
togram shows the standard model background.
09501
s

d

f
e

d

branching is forx̃4
0→ l̃ l

6l 7→x̃1
0l 1l 2, which gives a dilepton

end point at

Mll
max5A~M x̃

4
0

2
2M l̃ L

2
!~M l̃ L

2
2M x̃

1
0

2
!

M l̃ L

2 5163.2 GeV.

e
is

FIG. 12. Reconstructedm1m21e1e22m1e22m2e1 mass
distribution.

TABLE II. Results of the fit for the model parameters. Th
assumed errors in GeV on the measured quantities are shown
low and high luminosity with two different assumptions about ho

well the q̃R mass can be extracted from Fig. 10. The fitted values
m0 m1/2, tanb andA0 are given for each case for both signs ofm.
The theoretical plus experimental error on the light Higgs bos
mass is assumed to be 3 GeV.

L 10 fb21 100 fb21

tt edge 3.0 3.0 1.2 1.2
mg̃2mb̃ 20 20 10 10
mg̃ 60 60 30 30
mq̃r

50 25 25 12

m.0

m0 232639 228627 230630 227629
m1/2 198614 195611 196610 19569
tanb 4267 4366 4465.5 4465
A0 06200 06180 1616150 2606140

m,0

m0 230637 232626 230626 233626
m1/2 200614 196611 19867 20166
tanb 4267.3 4267.1 4566.2 4566.1
A0 06270 06270 21006210 21506200
1-7
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There is of course a large background from leptonict de-
cays, but this can be canceled statistically by measuring
flavor-subtracted combinatione1e21m1m22e6m7 as we
now demonstrate.

Events were selected to have two leptons withPT
.10 GeV anduhu,2.5 in addition to the jet andE” T cuts
described earlier~see Sec. III: no tau requirement is applie
here!. Figure 11 shows the distribution in them1m2 final
state. A clear peak fromZ decay is visible that results from
x̃3

0 and x̃4
0 decays. The flavor-subtracted combinatione1e2

1m1m22e6m7 is shown in Fig. 12 and shows an exce
extending to;160 GeV. Unlike the distributions involving
tau final states, this one can be extrapolated to high lumin
ity operation which will surely be needed to extract a qua
titative result from it.

VIII. DETERMINING SUSY PARAMETERS AND
CONCLUSION

The presence of the dijet signal of Sec. VI implies th
mg̃.mq̃R

. Likewise the failure to observe a dilepton pe

implies thatmẽR
.mx̃

2
0. These results are used together w

the assumed errors in the measured quantities to fit the m
parameters. The values of the errors inmg̃2mb̃ , mg̃ , mq̃r

and thett edge are shown in Table II. We do not use t
information from Figs. 9 and 12 as we have not estimated
quantitative information that they could give. Two fits a
shown since the sign ofm cannot be determined. This i
expected: a change of conventions can replace sgnm with
sgn(tanb), and tanb56` are equivalent.

We assume that the Higgs boson mass is measured v
decay to two photons. The error on the Higgs boson mas
;
;

s

et

09501
he

s-
-

t

el

e

its
is

likely to be dominated by the theoretical uncertainty on t
higher order corrections; both the one-loop and the domin
two-loop effects have been calculated and are large.
present error is probably about63 GeV; this might be re-
duced to61 GeV with much more work. The ultimate limi
comes from the experimental error, about60.2 GeV. The
effect of reducing this error is only apparent in the error
the fitted value of tanb whose error is reduced by approx
mately a factor of two if61 GeV error on the Higgs boso
mass is used. The table shows various assumptions for
errors that might be achieved. The numbers in the first c
umn are conservative and will be achieved with the 10 fb21

of integrated luminosity shown on the figures. The rightm
column is an estimate of what might ultimately be achie
able. We caution the reader that the measurements invol
tau’s may not be possible at a luminosity of 1034 cm22 s 21

due to pileup effects. Detailed investigation of the sensitiv
to the assumedx̃1

0 mass is also needed at this level.
We can see from the table that, despite the fact that

tau momenta cannot be measured directly due to the p
ence of neutrinos in their decays, we can still expect to in
values of the underlying parameters with errors of better t
10%. Of course these errors are considerably poorer t
those that we expect in cases where taus do not have t
used@1#. Our encouraging result arises mainly from the ve
large statistical sample that LHC can produce for the c
considered.
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