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For some choices of soft supersymmeiBUSY)-breaking parameters, the lightest supersymmetric particle
(LSP) is a stable neutralinTQ(l’, the NLSP is a chargin§; almost degenerate in mass with the LSHTf;(1
=mg=— m;((lwmvffew GeV), and all other sparticles are relatively heavy. In this case, detection of sparticles
in the usual, supergravityMSUGRA)-motivated signals will be difficult, since the decay productsyin
H}}(l’ will be very soft, and alternative signals must be considered. Here, we study the viability of signatures
at the Fermilab Tevatron based on highly ionizing charged tracks, disappearing charged tracks, large impact
parameters, missing transverse energy, and a jet or a photon, and determine the mass reach of such signatures
assuming that only thg; andj(f are light. We also consider the je; and y+ E; signatures assuming that
the gluino is also light withna~m;(1:. We find that the mass reach is critically dependent upaom, and
Mg — My If Am;(l is sufficiently big thatcr(¥; ) <fewcm andmy is large, there is a significant possibility
that the limits onms = based on CERN LEP2 data cannot be extended at the Fermilab Tevatoaify|f)
>few cm, relatively background-free signals exist that will give a clear signg;oproduction(for some
range ofm;(lr) even ifmg is very large.

PACS numbgs): 12.60.Jv, 11.30.Pb, 13.85t, 14.80.Ly

I. INTRODUCTION not large and renormalization group equati®®GE) elec-
troweak symmetry breaking is imposgd.
In minimal supergravity(MSUGRA) models, the soft In the 200 model, and especially the O-16gs=—4

supersymmetrySUSY) breaking parameters for the gaugi- model, bothmso andmg are typically quite close to the com-

nos satisfy a common boundary condition at the ground unimony; , %2 mass, and it is natural for the squark and slepton
fied theory(GUT) scale, leading to a relatively large mass masses to be much heavier than any of the gaugino masses.
splitting between the lightest chargino and the lightest neuTypical values ofju| required by RGE electroweak symme-
tralino [which is most often the lightest supersymmetric par-try breaking are large, implying that the higgsiﬁé, ';(g
ticle (LSP)] This Iarge mass splitting can lead to a |ar96and7{2 states are very hea\/y_
missing energy signal which facilitates the discovery of |n the O-1l §gs=0 (or conformal anomalymodel, the
SUSY. However, for different boundary conditions, ¢ gluino is typically very heavy compared to the chargino.
and}? are very degenerate in mass, and discovering SUSY (2) |u|<Mj,. In this case, thé; , the}‘f, and the}zg
may be more challenging or, at least, more difficult to fully are all closely degenerate in mass and higgsino-like, while
interpret. This arises naturally in two scenarios. the gaugino states are much heavier. Extreme degeneracy,
(1) My<M;<<|u|. As reviewed in Ref[1], this hierarchy Amy <1GeV, is only achieved forM;,=5TeV. The
occurs when the gaugino masses are dominated by or €gguark and slepton masses might also be large. Currently,
tirely generated by loop corrections. This arises in the O-llhere js Jess theoretical motivation for this scenario.
superstring modef2—-5] and the closely related models in Thus the exact value dim- is model dependent. How-
which SUSY breaking arises entirely from the conformal L X1 e
anomaly[6,7], or when SUSY is broken by anterm thatis cve" It is generally true thatms, <m, is difficult to
a member of the200 representation contained in24 achieve. This is because the one-loop electroweak radiative

X 24) g mmetric= 1® 246 75 200 8]. corrections[9] give a positive contribution tamy, , that is
As examples of particular values for the gaugino masgypically =m_, which must be added to the tree-level value
parameters at the scalé, (M), the O-1l model withdgs ~ of Amy,_ . In scenariq(1), a useful approximation to the tree-

=—4 yields M3:M,:M;=1:5:10.6 (6:10:10.6, the O-Il  |evel result wheriM, J<|u| is

model with §gs= 0 (equivalent to the simplest version of the ’

conformal anomaly approach yields Mj3;:M,:M; mﬁ\,tan2 Ow

—3:1:33/5 (3:0.3:D, and the 200 model yields 1:2:10 Amm“feézmsmzw 1y

(6:4:10. As a result:

In the 200 model gnd the O-1b5s=0 (or pure conformal  From this we see that i;—M,>0, thenAmy (tree)>0
anomaly model,M is substantially below, and the(tree-  gng Ams >m, is inevitable(see, e.g., th&sm:_ graphs in
level) value of Am; =m:=—nr0 can be very small. ! . L 1

X1 X X1~ _ [4]). Even though it does not arise in the conformal anomaly

In the O-Il 6gs=—4 case M, is only slightly less than  or O-1l model cases, there is no particular reason to exclude
M, at low energies, but stilm; < a few GeV is very the possibility that/M,|<|M,| but M;—M,<0. For such
typical. Amy, <1 GeV is possible ifu|=1 TeV orif tangis cases,Amy; values substantially belown, are possible.
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Large |u| Limiting Case computation for a nearly degenerate heavy lepton pair
S (L*,L% in Ref.[10]) and are illustrated in Fig. 1 for sce-
o (570 - nario (1). For Amy, <m,, only X7 —e” veX} is important
N ] and c7>10m. OnceAmy >m,, the ¥y —7~%] mode
turns on and is dominant foAm}lSSOO MeV, at which

0.8 \
“\\ \hadrons‘ ~
' point the multipion modes start to become important: corre-
spondingly, one finder=10-20cm forAmy just above

m_. decreasing t@r~100um by Am;(2~1 GeV.

For later reference, we present in Table | the specific
values as a function oim;(l that we have employed in our

Monte Carlo studies.

Since experimental details are particularly important for
Amg, (GeV) bmyg, (GeV) our analysis, we briefly review some of the components of a
canonical Run Il detectde.g., CDF or DQ ordered accord-
ing to increasing radial distance from the beam.

An inner silicon verteXSVX) detector extending radially
from the beam axis. The Collider Detector at Fermilab
f(CDF) run Il vertex detector has layers at-1.6, 3, 4.5, 7,
8.5, and 11 cnithe first and second layers are denolt€d
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FIG. 1. Thecr and branching ratios fg¢; decay as a function
of Amy =mg=—myo for the M,<M,<|u| scenario. From Ref.

[5].

Thus, we will explore the phenomenology as a function o

Amy, even forAm;, <m_. Nonetheless, it should be under- ) X
! ! andLO, respectivelyextending out t@= *+45cm[11]. The

stood that currently popular models predioy, values in - 5gy qv/x has four layergbut two are double sidegwith the
the range from slightly aboven, to several GeV. As We st at 2.5 em and the last at 11 cm.

shall see, this is the range for which supersymmetry signals s central trackeCT) extending from 15 to 73 crD®)
are very difficult to detect. And, as already stated, in scenariQ from roughly 20 to 130 cn(CDP).
(2), the tree-level value oﬁm;(l is normally substantially A thin preshower laye(PS.

larger thanm,., and the one-loop corrections do not have An electromagnetic calorimetéEC) and hadronic calo-
much influence on the phenomenology. Supersymmetry daimeter (HC).
tection is almost certain to be difficult in this case. The inner-most muon chambe(®C), starting just be-
The neutralino and chargino couplingswbandZ bosons  yond the HC. The DQnner central muon chambers form
(in the absence dCP violation) depend orM,, M,, u, and  (very roughly a box, the ends of whictthrough which the
tang. For the cases considered above, the production ratdseam passesare a 5.4nx5.4m square and the sides of
for the lighter¥; , X2, and X5 states have the following which are 8 in. in length. The siddparallel to the beams
pattern: cover |7|<1, while the ends are instrumented out |tg|
(1) When M,<M;<|u|, the Z—%%%%, Z—%3%5, Z  <2. The CDF inner muon chambers form roughly a barrel at
_5(3;;2, andWi—G(lij(g cross sections are all small, while a radial distance of 3.5 m with length of about 5 m. There is
Z, y—%i %1 andW*—%:%] can have large rates. no muon detection capability on the ends of the barrel, so
(2) When |u| <M ,, the Z, y—%; %1 » Z—¥3%3, W* only |7/ <0.6 is covered by the inner chambers.
—’7(5((1), and W= H3(5((2) rates will be largefbut smaller Both CDF and DOwill have a precise t|me-of-fl|ght_ mea-
than the unsuppressed channel rates in sceri#yjcand Z suremen{TOF) for any charged particle that makes it to the

~0~0 ~0~0 muon chambers.
, Z are suppressed. 7 L
—X1X1, £ X2X2 PP One fact that is important for our analysis is that the SVX,

Therefore, some of the sparticle production rates can be su T, and PS can all givéndependentmeasurements of the

stantial, but this does not guarantee detection. ionization energy lossdE/dx) of a charged track passin
The most critical ingredients in the phenomenology of the 9y 9 P 9

class of models being considered are the lifetimedecay Lhég\lji?hig;ﬁzr?ﬁ T:;]Z:micg(rﬁryﬁg?ngﬂlgi;jisvfgedrﬁ?‘?gg'fh a
distancecr) and the decay modes of thg , which in turn Y g g —

) : ionizing (2MIP) for By=<0.85] from an isolated minimally
depend almost entirely ahm}l when the latter is small. The ionizing particle(1MIP). For example, at DQhe rejection

cr and branching ratios of th§; as a function ofAny,  against isolated 1IMIP tracks will be fenl0 3, few
have been computed in R¢E] (see also the closely related X 10 3, and~10"? for tracks that pass through the SVX,

TABLE |. Summary ofcr values as a function oim;1 as employed in Monte Carlo simulations.

Am;(MeV) 125 130 135 138 140 142.5 150
cr(cm) 1155 918.4 754.1 671.5 317.2 23.97 10.89
Amy; (MeV) 160 180 185 200 250 300 500
cr(cm) 6.865 3.719 3.201 2.381 1.042 0.5561 0.1023
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TABLE Il. Summary of detector components referred to in the text.

Component Description

SVvX Silicon vertex detector from close to beam pipe to
~11 cm.

CT Central tracker starting just past SVX.

PS Preshower just outside the tracker.

EC Electromagnetic calorimeter.

HC Hadronic calorimeter.

TOF Time-of-flight measurement after HC and just before
MC.

MC Muon chamber with first layer after the HC and just

beyond the TOF.

CT, and PS respectively, with an efficiency of 90% for tracks A. Lepton colliders

with' 3y<0.85 [12]: At CDF, the discriminatioq factors As discussed above and in Reff8-5], collider phenom-
should bt_a roughly slmlla[r13]. Because of correlations, one enology depends crucially omm- . Most importantly,
cannot simply multiply these numbers together to get the ) X .

combined discrimination power of the SVX, CT, and PS forsgsy detection depends on which aspe@tsany) of the

an isolated track that passes through all three; for such %1 X1 final state are visible.

track with 8y<0.85, the net discrimination factor would  If the ki decay products are soft and g%, produc-
probably be of order few 10" °. A summary of our short- tion is otherwise untagged, the event may be indistinguish-
hand notations for detector components appears in Table Iable from the largee®e” —e'e” yy—ee” +soft back-

In the following, we consider several possible signals,ground. In this case, one will need to &g %, production,
many of which are unique to SUSY scenarios with near masfor example, from the initial- or final-state radiation of a
degeneracies: (a) LHIT and TOI, (b) DIT, (c) STUB and  photon, denoted as ISR]. Even with an ISR tag, it is pos-
KINK, (d) HIP+KINK, (e) HIP, (f) y+ ET and jets- ET, sible that they; andy; will both be effectively invisible
and(g) standard MSUGRA signals. Abbreviated definitions because of the softness of their decay products and the lack
of these signals are presented in Table Ill. They will beof a vertex detector signal. In this cagé;; ¥; production is

elalborha}ted “ﬁ’O’? later. K ical esti fthe b observable as &Vl signature, which is distinguishable from
n this analysis, we make numerical estimates of the backg, o vyvu process by the threshold in the missing mass vari-

ground and signal rates after cuts for these various signals.bI M= (Pt po—p)Z at M=2 Th ‘
For measurements at the Tevatron in Run II, we have mad@®'€¢ ™ = (Pe-+Pe+ —p,)” at M= My, 'he exact mass

several assumptions, including triggering capabilities andeach inmy- depends upon available luminosity and ma-
fake rejection rates. For example, in the time of flighOF)  chine energy. Estimates were presented in F&fwhich we
analysis, the possible cosmic-ray background is not includedsummarize for théVl ,<M ;<|u| scenario(1). At the CERN
Only once the Tevatron starts running will the experimentse*e~ collider LEP2, forL=125pb ! per experiment, no

really know what the fake rates are and which triggeringimprovement was found over thﬁ?{f<45 GeV limit com-

choices are acceptable. Some of the numbers used are based oL
on educated guesses, backed up by discussions with CdEg from LEP1Z-pole data orZ—invisible decay channels.

and DO experimentalists. The numbers used are correct t0 t the Next Linear Collider the prospects are better: with

2 —1 i it
the best of our knowledge, and our sourdesople are =50, the yM channel will be sensitive up tm}f
listed in the acknowledgements. One aim of this study is to~200 GeV. In scenarid2), both yx;%; and yxx5 will
expose the issues that experimentalists will need to considefiave significant rates and a common threshold’li,nand the
discovery reach is similar to that in scenafio.

The experimental situation is greatly improved if the
LHIT signal can be employed or if the soft pions from the
X1 decays inyy; ¥, events can be detected. This is clearly

Although our main focus will be on Tevatron in Run Il, illustrated by the analysis from DELPHI at LEP24]. This
we first review the constraints on degenerate scenarios fromnalysis employgin order of increasing radius from the
searches fof; ¥; production at LEP and LEP2. beampipg¢ central inner detectofID) and time projection

chambenTPC) tracking devices and the ring-imaging Cher-

enkov device(RICH). (For details regarding these devices,

II. COLLIDER PHENOMENOLOGY OF DEGENERATE
MODELS

11t is a combination of Landau fluctuations, electronic noise and,plel";lse refer to_ Rit'ld']') 5 h A —200MeV. th
most importantly in hadron collisions, overlapping soft tracks that is o'j scenario( ) _Or (), w ?n M, = ev, the
responsible for these discrimination factors being worse than onéharginos are sufficiently long lived to produce one of two

might naively expect. signals fory; ¥; production.
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TABLE lll. Summary of signals. MIP refers to a minimally ionizing particle such g=al muon. For
detector component notation, see Table II.

Signal Definition

LHIT Long, heavily ionizing(= 2MIP’s as measured by
SVX+CT+P9), largep track that reaches the MC.
The energy deposit in the HC in the track direction
must be consistent with expected ionization energy
deposit for the 8 measured(using TOF and/or
SVX+CT+P9), i.e., no hadronic energy deposit.

TOF A largepy track seen in the SVX and CT along with
a signal in the TOF delayed by 500 ps or m¢ve a
particle with B=1). HC energy deposifin the
direction of the trackis required to be consistent
with the ionization expected for the measuggd.e.,
no hadronic depogsit

DIT An isolated, largepy track in the SVX and CT that
fails to reach the MC and deposits energy in the HC
no larger than that consistent with ionization energy
deposits for the measurddsing SVX+CT+PS B.
Heavy ionization in  the SVXCT+PS,
corresponding tB<0.8 or 3<0.6 (DIT8 or DIT6),
may be required.

KINK A track that terminates in the CT, turning into a soft,
but visible, charged-pion daughter track at a
substantial angle to parent.

STUB An isolated, large (as measured using SVXrack
that registers in all SVX layers, but does not pass all
the way through the CT. Energy deposits in the EC
and HC in the direction of the track should be
minimal.

SNT One or more STUB tracks with no additional trigger.
Heavy ionization of the STUB in the SVX,
corresponding tg8<0.6 (SNT6), may be required.

SMET One or more STUB tracks with a#;>35GeV
trigger. Heavy ionization of the STUB in the SVX,
corresponding t@<0.6 (SMET6), may be required.

HIP A high-impact-parameter b&50},) track in the
SVX, with Iargeli’;‘T triggering, perhaps in association
with a visible KINK in the SVX.

v+ ET Isolated, larggst photon and IargéT.
Monojet+ E Largepy jet and largefy .
MSUGRA-like jet(s)+Ey, trileptons, like-sign dileptons, etc.,

except that the cross section for tﬁé}g trilepton
signal can be suppressed.

(@) For Amy =m, the charginos produce heavily ioniz- Note that no additional trigger is required for either signal.

ing tracks(LHIT s) recognizable by high specific ionization We summarize the DELPHI results for scenddia By com-
in the TPC or by the absence of Cherenkov light in thebining () and (b), DELPHI is able to excludens- out to

RICH. nearly the kinematic limit(currently 92 GeV for any
(b) For m;=Amy, =200 MeV, both the charginos and Am; <200MeV if the sneutrino is heaviimplying large
their soft pion daughters yield visible tracks in the central~ +~— . production ratéorAm~ <60 MeV if the sneutrino is
tracking devicesthe ID and the TPC, located in the reglon
10cm<r<1m). A clean signal is provided by demanding I'ght (|mply|ng suppressed productlon rate .
two primary particle tracks emitted in opposite hemispheres, WhenAms, =3 GeV, the decay products of thyg be-
each decaying to a soft, charged daughter moving at a sulgome easily VISIb|e and the standard MSUGRA search strat-
stantial angle to the primary track. This type of signal isegies apply. For a heavy sneutrino, fig is excluded out to
called a KINK. about 90 GeV forAm~l—3 GeV rising to 92 GeV for
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Am;(l> 10 GeV. For a light sneutrino, tHg, Y, cross sec-

tion is smaller and the limit only extends t665—75 GeV for
3 GeV<Amy <10GeV.

For 200 Me%Am;(lsB. GeV, the chargino tracks are not

PHYSICAL REVIEW B2 015002

M,<M;<|u| scenarios, the trilepton signal is further di-
minished by the suppression of tig X, cross section. In
|u|<M,,M, scenarios,m);gzm;(g and even though the

’)}f’)‘(g cross section is not suppressed ﬂ@edecay products,

long enough to use the ID/TPC KINK signature, and thelike those of the/“yf, are very soft, yielding further suppres-
chargino decay products are too soft to provide a clear sigsion of the trilepton signal. Provided theg; is light enough,
nature on their own. In this case, one must overcome théhe most obvious signal for SUSY in degenerate models is
very largeyy collision background rate for events containing J€t(S) plus missing energy. Even if the gluino is rather degen-
only soft tracks by tagging the chargino pair productionerate with théy; andy?, it has been showi#] (see als¢1])

event. As proposed in Ref3], DELPHI employs an initial
state radiationISR) photon tag. The photon is required to
have energy above 4 GeV and the recoil misis required
to be above 96 GeVwhich eliminates all but the virtuad

that the Fermilab Tevatron and CERN Large Hadron Col-
lider (LHC) will probe a significant(albeit reduced com-
pared to MSUGRA boundary conditionsange ofmg. This

is true since initial-state gluon radiation can be used to

tail of yZ* — yvv events and the nonresonant contributjons “tag” the missing energy. This search can also be aug-
Visible energy(excluding the photonis required to be less mented by theyGg process, where thg is the tag. Asmy
than a few percent of/s (the exact value depends upon the -y increases, the jets fro'@r—>qﬁ}?f+qﬁ}2 decays be-
Am;(1 value being probed Finally, in order to essentially
eliminate theyvv background, the event is required to con-
tain soft charged tracks consistent with the isolated pion . oo : ; Lo

. ion. However, it is entirel ible that the gluino i
expected from the chargino decays. DELPHI observed n%]elj:;? hea\(/)iere tﬁa,n tthtsa ﬁ :ﬁiyﬁostzga : ;n?jt tthst ?hLLO S
events after all cuts. For a heavy sneutrino, this excludes ducti te(at the T g t 1 ’Xlt leaswill b i 89
mMy==70GeV for almost the entire 0=2Am; <3 GeV re- production ra_e(a € 'evaton a egswill be quite sup-

M . pressed. In this case, the ability to detect events in which the
gion except f_or a small sliver nedrmy, ~0.2GeV. Fora oy directly produced SUSY particles are light neutralino
light sneutrino, DELPHI ran only excludem;=  and chargino states could prove critical. In the remainder of
<50-55MeV for 0.5Am}153 GeV, leaving a window this paper, we consider the sfermion, and heavier chargino
from 0.05-0.5 GeV where the only lower limit is that from @nd neutralino states to be extremely heavy, and investigate
LEPI, 45 GeV. The gaps arise because of the low efficiencynethods to probe degenerate models at the Tevatron. Expec-
for detecting very soft pionsIn scenaria(2), there is no gap ~ tations fpr scenarios Wher.e the glumo_has a mass comparable
where the best limit is that from LEPI. The CERN Intersect-t0 X1 Will be given less discussion. First, we study whether
ing Storage RinggISR) signature excludes;-<58 GeV photon taggingwhich we noted above is useful at a lepton

for 02=Am- =1 GeV and m--=56GeV for 1=Amm collider) or jet tagging(as employed in many studiesiight
2 G. v X17 X1 X1 provide a viable signal when thg; decay is effectively
=3 GeV.

i i i prompt and its decay products are too soft to be visible in the
Thus, in the|M2|_<|M1|<:“ scenario(1) on which we  getector. Later, we consider the modifications to this picture
shall focus, depending on the sneutrino mass there may be g,a, they; decay is not prompt.
gap region in which the chargino is effectively invisible. o ymerical estimates of signal and background rates,
DELPHI finds that theyM signature, discussed earlier, is we perform particle level studies using either the processes
indeed insufficient to improve over they-=45GeV limit  contained in thepYTHIA 6.125[15] event generator or by

from Z decays. We are uncertain whether DELPHI exploredadding external processéseveral of they+ sparticles pro-
the use of high-impact-parameter tracks in their vertex deteccesses considered hgrénto PYTHIA. Signals involving
tor (in association with the ISR triggetto improve their — chargino-neutralino pair production with jets are simulated
sensitivity (by sharply reducing theyvv background in using the tree-level chargino-neutralino pair process and par-
these gap regions. ton showering. Based on our understanding\baind Z bo-
son production at hadron colliders, this approach is more
accurate than a matrix element calculation of chargino-
) . . neutralino production plus parton whenever the transverse

_At hadron colliders, typical signatures of MSUGRA are jomentumQ; of the chargino-neutralino pair is less than
tr_llepto_n events from neutralm_o-chargm(_) production, _I_'ke'the relevant hard scal®. Here, that scale isQ= s
sign dileptons from gluino pair production, and multijets >2m;(1:, and most of the data would lie below this scale.
+ETir2£nosquark "’?”d gluino prpducpon. The trllepton SlgnalThe estimates here are conservative, because they do not
iri)m X1 X2 producnon and the like-sign dlleptqn signal from include the very highQ; contribution Q;>Q) from
gg production are both suppressed whemy is small by cnarging-neutralino pair plus one hard jet, nor the change of
the softness of the leptons coming from g decays). In rate to the tree-level level process.

To determine experimental quantities, a calorimeter is de-
fined out to =4.4 with a Gaussiait; resolution ofoET

=80%/\Es. Jets withE;>5 GeV andR=0.5 are recon-

come visible and the j&d)+ E; signature initially becomes
stronger{4] despite the decrease in th§ production cross

B. Hadron colliders

2With the ISR tag, theyy background is completely negligible.
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structed to defindt;. Non-Gaussian contributions will be improvements in Run II, we use the fac®g_,=10"° [17].
estimated as described later. Charged track momenta and im- To evaluate the viability of ay+ ET signature in degen-
pact parameterb are unsmeared, but the effects of detectorerate scenarios, we have studigg ¥; andyy; 5(‘1) produc-
resolution onb are included. tion (computed for various values oM, taking M,
=1.5M,, tanB=5 and u=1 TeV—typically, My = =M50 is

1. Pure y or jet and & signatures close toM,). Because onlf (and noté) can be measured,

One of the most challenging possibilities in degeneratave cannot perform a cut that eliminates the r&aback-
models is when th§; decay is prompt and its decay prod- ground fromyZ production as can be done at LEP. At best,
ucts are too soft to be visible. At leading order in perturba-the distributions for signal and background &Y may be
tion theory, %7 (—XJ+soft)x? and ¥;(—¥ +softyy;  sufficiently different that a cut requiring higgy will allow a
(_>")22+50ft) production provide no good signature since thereasonable signal—.to-backgroupd ratio, while retaining an ad-
missing transverse momenta of the LSP’s essentially cancefduate cross section for the signal. To demonstrate this, we
and the soft decay products are obscured by detector resol@lot in Fig. 2a) the yx;x; and yx;'x; integrated signal
tion and the combined effect of the underlying event andand y+ E backgroundand some components thergat a
fragmentation-hadronization. However, it may still be pos-function of a minimum accepted value f& . (Note that the
sible to observe the transverse momentum of the LSP’s if &ignal is multiplied by a factor of 10 in the figuyeOur

high-p; jet or photon is also produced in an event. nominal cuts are
In the absence of mismeasurements, the major physics . .
background toy+E; at the Tevatron isyZ(— v») and EY>ET", Er>ET", [77]<2.0,
y7* v, production, WhereT(HEﬁ—soft). In reality, mis-
measurements of jets can produce a félge and the loss of no jets with Er>15 GeV, |7[<3.5,

a track can cause an electron to fake a photon. We can gain

some insight into the relative importance of mismeasurement no e's or u's with pr>5GeV, |7<2.0. (2.1
backgrounds from Run | analyses. The RDn | measure-
ment of theyZ(— vv) signal[16] (which is a background to
our signaturghas a background fro/(— e™ »,) when the - . . o
e fakegs ay. For Run | tr?e fake probe(lbility V‘J;s roughly a ach|evedf ifa \_/ery|h|grET cg; |s<|mpo§ed, bu_t tZenhthere
constant with magnitud&,_,,=5X 103, The background are to‘? ew signal events. 5/B=0.1 is required, they
estimate in the DQ@unalysis is well reproduced by generating Er signal can probe onlyny==<50 GeV; my=~60 GeV
W(—e"v,) events withPYTHIA, replacing thee with a v, can be probed only if systematics are understood at the
weighting the event by an additional factgg_.,, and per- S/B~0.05 level. Either value is only a marginal improve-
forming all other cuts. The value &B is about 0.3, but the ment over the 45 GeV lower bound deriving from LEP
W contribution becomes negligible onge/=50-60GeV, Z-pole data. Even more importantly, both values are below
which is beyond the Jacobian peak for the elecpgrspec- the limits set by DELPHI(unless the sneutrino is lightin
trum. Another significant background arises frop jet, scenario(2), the signal cross section sum will be somewhat

where the jet faked. For E;>40GeV, this probability ~Smaller than in scenari), and S/B will typically be too
can be conservatively estimafeat Rj_g,=10"*[17]. This small to extract a signal from the data.

. Given the importance of achieving a very small system-
background can also be reproqluced by generaing], y atic error level in order to extend the LEP-LEP2 limits on an
+g events withpyTHIA, demanding only one reconstructed

. : k . 2 . invisibly decaying chargino, it is worth noting that system-
jet with Er>15GeV, discarding this jet, weighting the event atic errors do decrease with integrated luminosity, and many

by an additional factoR; ¢, calculatingEy from the sum  Run | analyses have systematic errors that are smaller than or
of all remaining jets, and performing all remaining cuts.the same size as the statistical error. The Run Il situation
Once E;>50GeV, this background is roughly 5% of the should be much better than in Run I. Furthermore, we have

yZ(— vp) signal, and decreases quickly with increasig not exploited any differer)ce in shape bgtvx{e_en the signal qnd
Since we can reproduce the mismeasurement backgroundsl?ﬁwkground' Wh'Ch. may increase the mgmﬂ_cance of thg SI9-
a simple manner, we feel confident that we can reasonabl al. If any other dlstlr!gwshlng characteristics of the S|gn_al
estimate the full background. Additionally, we will set our an be.observed, or if there.afe other Sources of chargino
cuts so that the mismeasurement backgrounds are smaIIBFOdUCt'On’ then the upper limit dh}f for which the y
than the physics ones, which, for the chargino signal, will+E; signature is viable could be significantly larger than
be dominated byyZ(—wvv). To reflect the detector estimated here.

Given the somewhat pessimistic results for ’mEET sig-

nal, it is worth exploring the standard SUSY jet&; signal,
*Note thatR; _¢_represents a non-Gaussian component tdthe ~ which will have a larger event rate for comparable cuts. As
resolution; the Gaussian component is already included in our calscompared to the normal MSUGRA scenario, the softness of

rimeter simulation. the ¥; decay products implies that the jet§; ¥, events

While the signal is somewhat flatte&/B>0.1 is only

min
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JE; Search above those for which points are plott&iB is below the required
S value. For the monojetE+[ y+ E;] signal we impose the cuts of
10 — Bedgrouncs | Eq. (2.2 [Eq. (2.1)], optimizing S/\B by scanning overEf™
e, E >75 GeV[>50 GeVl.
= WotoE, :
1 vl cays. Thus, we also consider a monojet signature for which

we believe that the monojﬁetET Monte Carlo signal rate
computed using parton showering will be more reliable. This
necessitates a study of the mismeasurement background. As
discussed below, we believe that this and other monojet

+ ET backgrounds can be understood and convincingly con-
trolled.

We consider the monojetET signal first. To illustrate the
0 L e e size of the signal from jetsy; %; and jetst¥; X com-

80 100 120 140 160 180 200 pared to background, we proceed much as in the case of the

(&) BF (@eV) v tag. Our specific cuts are
F_IG. 2. Comparison of the signal and backgrounds;fevrl’éT EjT> E[|'r_1in, ET> E$in, |77]|<3.5’
andj +E; searches at the Tevatron fgs=2 TeV. In(a), we plot
the sum of theyx; ¥; and ¥x1X; cross sections integrated over no other jets withE;>15GeV, |7|<3.5,
EY,E;>ET", the additional cuts imposed are given in E8.1).
Results are given fam; - =m;o~56 GeV and~71 GeV; the signal no e’s or u's with pt>5GeV, |7|<2.0. (2.2
has been multiplied by a factor of 10. (), we plot thejy; ¥; and

i~ t~0

%72 “monojet” cross sections integrated ovEk E;>E™", af-  With these cuts, the physics backgrounds frpm— jE
ter imposing the additional cuts given in EQ.2). Rgsults are pre- and jW(—7— éT) are larger than the mismeasurement
sented fomm;-=nre~61 GeV and~71 GeV; the signal has been phackground, which is predominantly jejet production,

multiplied by a factor of 100. where one jet fake€;. We will only consider values of

will have much lower jet multiplicity. After including the ET above 75 GeV, which means thét will always be
effects of initial-state gluon radiation, many events have gequired to be above the threshold employed for the Run |
monojet nature. The published Run | analyses have takefultijet analyses. To estimate the mismeasurement back-
advantage of the jet multiplicity to control the QCD back- ground, we have generated all QCD two parton processes
grounds, and are of little help in understanding potentiallyWith PYTHIA, and retained only those events containing ex-
large monojet backgrounds. Thus, we will consider applyingctly one or two jets witE+>15 GeV. If there are two jets,

the standard MSUGRA 3-jetf; cuts to a Monte Carlo pre- we then randomly discard one of 'ghe two and weight the
diction of the signal, using the published background estievent by a factor gRiHET‘ We then impose the cuts of Eq.
mates to set limits. Since the parton showering machinery2.2). For E{>ET""=75GeV, we arrive at a cross section
can generate several jets per event, some signal events wélstimate of 4 pb. The dominant physics backgrourdls,
pass the cuts. However, as discussed below, we find thét—vv)+jet andW(— rv1) +jet, contribute 4 and 1.6 pb for
there are substantial uncertainties in the Monte Carlo predidhe same cutgnote, we are far beyond the Jacobian peak, so
tions for the multijet signal rate when the multiple jets arethat W(—I»)+no jet, wherel=e,u,r, can be ignored

generated from parton showering and not by sparticle deThus, even if our estimate of the QCD background is off by
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a factor of 2, this will not substantially bias an exclusion motivated in the O-1l model, that the gluino is almost degen-

limit obtained using Gaussian statistics. After including  erate in mass with thg; . The results of Refl4] were that
single top, gauge boson pairs, aMi(—eve,uv,)+jet  mMg=150GeV could be excluded with=2 fb~! of data, and
backgrounds, the full background for the cuts of E22)  that this reach could not be extended using highéir one
andEM"=75 GeV is about 10 pb. demandedS/B>0.2. The exclusion was based on back-
Figure 2b) shows the integrated cross section for theground estimates from D@nd CDF for their Ro | 3 jet
background and signdbignals are multiplied by 100 in the +ET searches. We have repeated the analysis of [2f.

figure) as a function oE-rPi”. It is clear that the background usingPYTHIA instead ofiSAJET[18]. We find that we cannot

is so severe that the monojeE channel will be much less reproduce all of the results of R¢#], and the reasorigo be
useful than they+ E; channel. To see if there is any hope discussed belowsuggest that one may not wish to trust re-
for this discovery channel, we have varied 8" cut in  Sults obtained via Monte Carlo for a multije€y signal of
search of a value such th&B>0.1 and such that there are the type considered here, in which the jets are generated
at least 5 events fdr =30 fb L. We never satisfy these con- €ntirely by parton showering. For example, consitey

straints fom;->45 GeV, so no limit beyond that from LEP =75 GeV-t. USingPYTHIdA,t vx;e firfltd r?#grzl)}(/)hatlf t?—ﬁ'Signal
Z-pole data can be set using this channel. Nonetheless, cross sectioricompared tq4)) after the cuts. 1his dis-

; o X L @ epancy arises because of the details of parton showering
explained below, a significant signal may appear in the used inISAJET (Ref.[4]) as compared teYTHIA (our study.
+ET channel if there are other sources of Chargino prOdUCFor the first, Soft_g|uon emission in a showerTHIA re-
tion. stricts the polar angle of the branching to be smaller than the

We will now turn momentarily to the multijet ET signal.  angle of the color flow, whilesAJET does not. As a result,

At the same time, we will also consider the more optimisticthe soft gluons insAJET are more widely distributed, and the
possibility that the gluino mass is small enough ®@tpair  resultant jet multiplicity is higher. Indeed, when we turn off
production has a reasonable rate at the Tevatron. In particthe angular ordering effect iPyTHIA, we reproduce thesA-
lar, we consider the limit, previously analyzed in Rdffand  JET results. For largemy, however, the discrepancy re-
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mains, and is not entirely resolved. If we use #eTHIA  very prompt, but yet too small for the chargino decay prod-
results, the Ref[4] Tevatron limit onmyg is reduced tamg ucts to be visible. In this section, we consider the opposite
~95-100 GeV. However, the comparison of the two Monteextreme, namely my, sufficiently small that the chargino is
Carlo programs suggests that one cannot trust a parton shows |5ng jived that it passes through the TOF and enters the

ering result in degenerate scenarios for three hard, We"r'nuon chambers. For instance Aif-. <m_ . then the aver-
separated jets. ' Xy o

Thus, we return to our proposed monojet signature to es29€C7 is of the order of a meter or more. Of course, as noted
timate the potential of the Tevatron for probing the; earlier, the radiatively generated mass splitting makes

~ My =mye scenario. As already noted, tlﬁ signature is Am;(l m,. somewhat unlikely in existing models. But, even

enhanced byg,gg— g, Whefe@*Q'a}f,qﬁﬁ(g- For small for Am;(l>mw, there is a tail of events with large enough

M —m-= thea.a’ G are tvoically too soft to be counted as BycrT values for the chargino to reach the muon chambers.
9 Txp 9.9-.9 ypically Thus, from the experimental point of view it is important to

jets and they; decay products are not visible. Thus, the consider signals based on a muon-chamber LHIT or TOF
monojet still comes from parton showering. In FigaBwe  signal as a function ohms .
1

plot the luminosity required fo&/\B=1.96 or 5 andS/B
>0.1or 0.2 as a function afiy. We have employed the cuts
of Eq.(2.2), searching for th&T">75 GeV value that maxi-
mizes /B while satisfying the giverS/B criteria. (For
lower mg, ET""=75GeV is always best; for the highest;

To distinguish a chargino that reaches the muon chambers
from an actual muon without using the TOF, we employ the
procedures used by CDF in Run | for identifying a penetrat-
ing particle that is sufficiently heavily ionizing that it cannot

min - _ , be a muon. However, because thé D@er muon chambers

values the besET™ increases. With the increased produc- 56 closer to the interaction point and cover more range in
tion of cha_lrgmos anq neutralinos from glum_o dec_ays, it IS, it is advantageous to employ the/D@uon chamber
much easier to achiev&/B>0.2 and a gluino withmy  onfiguration(see earlier descriptionin analogy to the CDF
=150 GeV s.,hould t_)e dlscovered.or excluded early.m Runllggn procedure, we first demand a trigger for the event
Ho_weve(rj, discovering or excludr|]ng1§= 175 Ee\g‘g'ﬂ (;el- using one tracKTrack |) that penetrates to the muon cham-
(s]iw:]?al reC;r(]:mt?eS);rsLtgggtlcss tgctiﬁgaﬁ)(te?é@tl Ba; 0 1_ m~ bers. We then examine the triggered events for a tfackck

g - 9P Y PR II) that is heavily ionizing and penetrates to the muon cham-

=175GeV can be excluded at 95% CL with=0.3fb™* or Y ; ; ;
discovered at thelevel with L= 2 fo—1. bterj. Thg specific LHIT cuts/requirements we impose in our
study ar

The processygqy, whereg— soft, yielding ay+ ET sig- Tracks I and Il: (7|<1,8, ycr>2.7m)

nal, is complementary to the monoje+ signal. We follow or (1<|7|<2|B,lyct>4m), B> Buin,
the same procedure as discussed for the momrﬁq;tsignal,

except that we employ the cuts of E(R.1) and require Track I: pr>15GeV,

ET'"">50GeV. The luminosity required to discover or ex-

clude a givenmg using this signal is plotted in Fig.(8). Track II: |p[>35GeV, B,<0.85, 2.3

Even though they+ E+ signal requires more integrated lu- . . . . o
minosity to establish a signal for lowyg,S/B is larger, al- where B, is the minimum velocity required for thig; to

lowing exclusion out to a larger value of the common penetrate to the muon chambefs,i, varies W'thm}f’ and

chargino/gluino massny - ~mg=175GeV can be excluded is calculated using the model employed in R&0]. In Eq.

at 95% CL withL=1 fb™! of integrated luminosity even if (2.3, B, is the.velocny perpendicular to th? side of _th(_e box

S/B>0.2 is required. formed by the_lnner muon chambédsee earlier descnpt@n
For purposes of comparison, we note that in an MSUGRAa! the chargino eventually passes through, ne-0.85 is

: : : o~ : the 2MIP requirement. Tracks | and Il may be the same
he tril f I
scenario the tri epton signature frgei 3 production allows track. LHIT events are expected to be background free.
one to probe chargino masses up to about 160 Ge\Lfor For smallm-=. the 7=%° and 57— production cross
=30fb ! when the scalar soft-SUSY-breaking mass is large X1 X1X1 X1X1 P
[19]. sections are large before cuts, but Bg;, and By require-
We note that the monojetE; and y+E; signatures ments accept only a small portion of the full rate. For larger

should persistiand perhaps even improve somewhfwr — Mx: the cross section decreases, Bytis typically smaller.
mé—m;(lt~few— 10 GeV and/orAm;(l~feW— 10 GeV. These trends are illustrated in Fig. 4. This figure shows the

Before concluding this subsection, we should commeniull B distributions formy-=100, 200, 300, and 400 GeV
that there are potential contributions frcﬁﬁf andg';(‘l’ pro-  that remain after requiring that the chargino pass through the
duction that have not been included here. These are sup-
pressed when the squark masses are large, as assumed here.

For the remainder of the paper, we assume that the gluino is4\gte that since the CDF procedure was originally designed for

also very heavy. looking for massive quarks, they did not impose a requirement of
2. LHIT and TOF signatures _small hadro_nic energy depo_sit in the track direct®nwe ha\_/e no_t

imposed this requirement either. However, for the chargino signal

In the previous section, we considered the case where the interest here it could be imposed with little loss of signal event
mass splitting was large enough for the chargino decay to beate were this useful for reducing backgrounds.
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TOF device at least 500 ps later than a particle ith1 (as dror/ (Bc) — dyor/c>500 ps, (2.9

required in the TOF signal discussed beJoWwhe impact of
the Bn cut and of various requirements on the maximum
value of 8 is also shown. We see that fm;(lzz 100GeV a

relatively small slice of theB distribution is retained after direction of flight
L As mentioned previously, for smallet, + values the TOF
requiring both 8>pg,, and B<0.6(8y<0.75) or B P y X1

<0.65(8y<0.85). The slice accepted by such cuts is muchsignal accepts a significantly larger ranggsafthan does the
larger form =400 GeV. heavy-ionization3y<0.85 requirement of the LHIT signal.
1 i L .

The cross section obtained after imposing all the cuts O}I'h|s_ IS apparent from thm}f Ly 209 GeViwindows
Eqg. (2.3 is plotted as the open circles in Fig. 5 for a selec-0f Fig. 4 by comparing the totgs> By region to theBmi,
tion ofAm;(l values. Focr=co, m;(1+=350 GeV(450 GeV) <3<0.65 region. However, for Iargm;(lr near the upper
can be excluded at the 95% C.lthree events predicted, limit that can be probed by the LHIT sign&ee them;(l:

none observedwith 2 (30) fb™* of data. A five-event dis-  _ 400 GeV window of Fig. # the 8<0.65 (By<0.85)
covery would requirems-<325GeV (<430 GeV for L | .7 cyt has similar efficiency to the TOF cut. Thus, we can
=211 (30 fbY). The three event limits for variouﬁ;m;(1 anticipate that the TOF signal will be viable for lower lumi-
values are summarized in Fig. 12. As expected, the LHIThosity than the LHIT signal ifn;lt is not large, but that the

signal mass reach declines &an;, increases, and the LHIT  TOF signal will not be viable fomy= values much beyond
signal has vanished bymy =142.5MeV. those reachable by the LHIT signal.

The time-of-flight(TOF) signal is defined similarly to the  The TOF cross sections as a functiomef: are given in

LHIT signal, except that theg8y<0.85 requirement is re- . ;
placed by the requirement that Track Il arrive at the TOFFIg' 5 for the same&m;l values for which the LHIT cross

device at least 500 ps later than would a relativistic trackS€ctions were plotted. As expected, Fig. 5 shows that the
For the expected 100 ps time resolution of the TOF signal] OF signal is much more efficient than the LHIT signal at
this corresponds to as5delay in arrival compared to a par- lower masses, but the upper mass limit attained using the
ticle with 8~ 1. Thus, we replace they<0.85 requirement 1 OF and LHIT signals is the same, e.gn;:~430 GeV for

by L=30fb"* andAmy =125MeV.

wheredor is the distance to the muon chamber along the
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The underlying reason that the TOF and LHIT upper mass p%ac~ 30 GeV, 73cmcBycr<dror, Eca( AR<0.4)
limits are the same is due to tisavave nature of th&; Y1 .
and¥; X" production subprocesses, which, in turn, implies —EX (B)<2 GeV, (2.6)

large cross sections ipp collisions out to highm;(lr. This el

can be contrasted with the result for long-lived staus. Thevheredoris the distance to the TOF device, e.g., to the box
p-wave nature of th& "7~ production subprocesses implies of the inner DOmuon chamberE.,(AR<0.4) is the total
much smallepp cross sections, for which the LHIT signal energy deposited in the EC and HC calorimeters in the indi-

T:IS'I'S reach is Iimitefd tw§é545 GeV. For such mgsses, the cated cone surrounding the track, ﬁ*r;gl(ﬂ) is the average
requirement oify<0.85 Is very restrictive. Due to its ionization energy that the chargino would be expected to

acceptance oBy values substantially beyond 0.85, the TOF deposit in the EC and HC calorimeters for ftaeasureyi3

signal IMproves the mass reach to 175 Gas] in the given event, assuming it does not decay before exiting
As a final comment, we believe that the presence of an

additional TOF device between the EC and HC could be the HC. Given t_hat n some e\_/ents the ch_argm_o will decay
o . ) soon after entering the EC, this latter cut is quite conserva-
significant value in the search far<1 m. With an appro-

riate electronics design, events with a chargino that reacheticye' A more optimal approach when the calorimeters are
Fhe inner TOE devicegbl,Jt not the muon chgamber could bsufficiently segmented in the radial direction might be to

. ) ) .fook for events with chargino ionization energy deposits in a
triggered by the inner TOF signal and the presence of a sti : . :
chargino track in the tracker. The time delay of the TOF ew inner segments but no corresponding energy deposits

signal would indicate the mass of the particle. and suc along the track direction in the outer segments. If the termi-
e\?ents would be background free Howe\f)er the’mass reml;??]ation of the track could be seen despite the small size of the
would only improve over the DIT signal discussed below ifa!.onIZatIon energy deposit2—3 MIP's, typically and if

Sy ; ; . hot-spot”/K® ... backgrounds are not large, such events
heavy-ionization requirement has to be imposed in order that e .
would be clearly distinct from background events, especially
the latter be background free.

given the p>30GeV cut. We have not attempted to
implement this approach in our studies. In the absence of
using the radial segmentation, tBg, cut may be very im-

As Am;(1 increases above,, c7 becomes too small to portant for eliminating backgrounds. Fortunately, it is highly
produce a LHIT or TOF signature with large efficiency. The efficient for the signal. Althoughy;%? andX; X produc-
next signature of interest is an isolated track that passes dion will have the usual hadroni¢initial-state radiation,
the way through the CT but disappears before reaching thainijet, . . .) activity associated with a hard scattering event,
TOF and MC. The disappearing, isolated track signature i¢he probability of having more than 5 GeV & of such
denoted by DIT. For our study, we employ the @iBtector  activity in|»|<1 is only about 30%, implying that smdl.,

CT radius of 73 cm(which gives greater coverage for this near the chargino, in addition to the ionization energy depos-
signal than does the CDF detector with CT radius of 13Gts of the chargino itself, will be automatic for most signal
cm). The DO trigger logic is well adapted to this type of events.

signal in that the CT track itself can be used to trigger the As discussed earlier, the requirements of €96) may on
event provided it is sufficiently isolated. The isolation re-their own be sufficient to yield a background-free signal. In
quired by DOfor a track trigger is that no other track be in this regard, theE ,(AR<0.4) cut is probably critical for
the same azimuthal wedge as the trigger track. Each azeliminating backgrounds. For example, an event in which a
muthal wedge is of siz& ¢~0.1. The specific DIT trigger- X7 or %~ is produced and makes an isolated track in the

3. DIT signatures

ing requirements we impose are tracker would be removed by this cut. Even if thé decays
just outside the central tracker, its decay products are
Brycr>T73cm strongly interacting and will produce substantial deposits in

the calorimeters, especially the hadronic calorimeter. Still,
widaer o even after theE ,(AR<0.4) cut, one should consider the
pr9%>11GeV, | "9 <2, possibility that the DIT signal will not be entirely free of
background. If not, one can impose a heavy-ionization re-
. quirement. The ionization of the DIT will be measured in the
plracks_ pligger— > Gev, (2.5  SVX, CT, and PS. We will consider cuts requirif@< 0.6
lagl<0.1 (By<0.75) or8<0.8 (By<1.33). The former is roughly
_ equivalent to requiring three MIP’s of ionization. As illus-
whereA ¢ = ¢"3K— 4997 [17]. Once the event is triggered, trated in Fig. 4, the latter is a much weaker cut that would
we require(off-line) that it have highpy and decay before accept many more signal everig least for lower chargino
reaching the TOF device and the muon chamber. Withoutassel but we estimate that it would still reduce the num-
this latter requirement, the track would be confused with &er of background events containing 1MIP tracks by at least
muon, unless we impose a further requirement that it be factor of 10. The DIT signals with the aboycuts are
heavily ionizing. We hope to avoid such a requirement as idenoted by DIT6 and DIT8.
significantly reduces the signal event rate. Our specific DIT Cross sections for the DIT, DIT6, and DIT8 signals are
cuts are then plotted as solid triangles, upside-down triangles and squares,
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respectively, in Figs. 5, 6, and 7. From Fig. 5, one finds thathis section, we will then identify a chargino event by look-
for Am;(1> 125 MeV the DIT signal is as good or better than ing for a track that passes all the way through the SVX but

the LHIT signal. From the\m;, =140 MeV window of Fig. disappears prior to reaching the outer radius of the central
1

5, we see that even the DIT6 signal becomes superior to thtéaCker’ .., @ STUB track. Ther range of interest is thus

LHIT and TOF signals as soon dsn;_ exceedsn,,. Figure roughly 50 cre=c7(y; ) =few cm. From Fig. 1 and Table |,
L . we observe that suatr values are predicted dm;,_ranges
6 repeats some of the smaﬂlm;(1 DIT results, but now in X1

. . . from just slightly abovem_ up to about 190 MeV. In this
comparison to the STL.JB and ST ”\.IK §|gnalls dis- Am; range, the chargino decays primarily to a single soft
cussed in the next section. Also shown in Fig. 6 iAmay, X1 . 0 ] ) o )

! . charged pion plus th§;. The soft pion might be visible in

=142.5MeV window. One sees that the DIT signals survive : i i
) ~ 0 the tracker(where it would be emitted at substantial angle
crossing they; — 7~ x; decay threshold. In contrast, the

) . relative to the STUB track, resulting in a KINK type of sig-
LHIT and TOF. Cross se_ctlons are already very small at th'%ature). The neutralino takes most of the energy of the decay
Am;(1 value. Figure 7 gives results for the DIT signals for

and is invisible. There are no calorimeter deposits associated
still larger Amy, values. Assuming no background, the 95%jith the STUB. Thus, interesting events can potentially be
C.L. reaches of the DIT and DIT6 signals are given in Fig.identified by demanding that the STUB be heavily ionizing,
12 for a range ofArn;(1 values using the three evefiio  be connected to a KINK, and/or have no associated calorim-

backgroungl criterion. eter deposits. o
For this study, we assume the detector capabilities and
4. STUB and KINK signatures structure of the CDF detector, including the upgraded SVX

o ) described in Ref[11]. We define a STUB track by the re-
As the chargino lifetime becomes still shorter, the prob-quirement that the chargino pass through all layers of the
ability for triggering an interesting event using LHIT, TOF ygrtex detectofwe assume that00 is presentand that it
or DIT signals becomes small. In this case, ﬂ}&generated have largept (as determined off-line using the SVX track
by initial-state-radiation of jets can be used to trigger thewe also demand that there be very little calorimeter activity
event. Such jets are inevitably present in association witlin a cone surrounding the STUB and that the track not make
pair production of massive particles at a hadron collider. Init to the end of the CT or, equivalently, to the BB particu-
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lar, it does not enter the calorimetprO©ur specific STUB ends at 73 cm—the latter is appropriate for the CDF tracker

requirements are that extends to 1.3 mThis type of signature will be denoted
by SK (for STUB+KINK).
pt>30GeV, E(AR<0.4)<2 GeV, Finally, we have considered the additional requirement of

heavy ionization deposit in the SVX. Thus, we also present

Brycr>11lcm, |B,|ycTr<45cm, Bycr<dps. (2.7)  results requiring=1 STUB with 8<0.6. The=3 MIP ion-
ization of a 8<0.6 track, accompanied with the highy
There is some chance that a signal requiring one or morkequirement and the lack of associated calorimeter activity
STUB's might be background free, but such events cannot/ould certainly make this a background-free signal. Note
be triggered on in the present CDF and B&signs by virtue  that the STUB requirement that the chargino pass through all
of the fact that the SVX information is not analyzed until Six layers of the SVX is critical to obtaining enougtt/dx
level 3. Still, should some sign of this scenario become apsamples for a reliable determination of whether or not the
parent in Run Il data, perhaps via a very weak DIT signal, arirack is heavily ionizing. Samplings from just a couple of
upgrade of the trigger to include this possibility might be layers would not be adequate.
feasible. Results for the cross sections obtained by requignh
Additional handles are available for ensuring that a STUBSTUB, possibly with3< 0.6 imposed, and no additional trig-
signal is background free. First, one can search for the KINKger (NT), are denoted by SNT and SNT6, respectively. The
created when the gha_rgino responsible for the STUB decaysross sections for these signals as a functiom@;ﬁ are
to a charged pion inside the tracker. Faor values near 11 plotted in Figs. 6 and 7 for a series Nm}lgzoo MeV

m, this will be very pr le. We will not explicitly explor
cm, this be very probable. We ot explicitly explore values. Of course, they are always larger than the DIT, DIT8,

the efficiency for searching for KINK’s here. However, we . ; . :
have computed STUB cross sections after requiring that thgnd DIT6 cross sections, and certainly remain substantial out
much IargerAm;(l values. The 95% C.L. limits based on

chargino decay a significant distance prior to reaching thd? i
outer radius of the CT. Specifically, we will give STUB three eventsno backgroung are given for the SNT and
cross sections for decay prior to a radial distance of 50 cm opNT6 signals for a selection akmy values in Fig. 12.
1.1 m. (The former is appropriate for the D@acker that Here, we see very significant mass reach results for the
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E_"'I'"‘I””[””l'"'l""l""l"" Amy <m, will be very difficult since the electron in the

— SNT dominant}fﬂei’ VxS degay is very soft. However, once
A SNT yBct< 110cm Am;(l> m_ we will be looking for a somewhat hardéout

+ SNTyct< 50cm still soft) charged pion daughter track. In Fig. 9, we present
S gmﬁ“‘;&o"“ p<b the SKNT and SKNT6 cross sections for the’ BANK dis-
1< S0cm, f<6 tance of 50 cm for Amy =140MeV and Amy,

=142.5MeV. We observe that th]em;(l= 142.5MeV SNT

and SKNT results are essentially the same. This is because,
for Am;, >142.5MeV, thecr of they; is sufficiently short

that the decay always occurs before reaching 50 cm. Simi-
larly, results for the CDF KINK distance of 1.1 m differ very
little from the SNT results for anxt\m;(lz 140 MeV.

Unfortunately, as we have already emphasized, the above
signals are not available for the current CDF and ©i@ger
designs. Thus, we now consider STUB and SHJGNK

type signatures using ai;>35 GeV trigger for the event

S0 100 150 200 250 300 350 400 450 (E; is computed assuminigy| <4 calorimeter coverage and
M, (GeV) standard smearing and without including any SVX or tracker
information). These signals will be generically denoted by

e . .
KINK distance is either 50 cm, as appropriate fof D®110 cm, as .S'.V!ET and SKMET'.T.heET trigger selects events with
appropriate for CDF. The solid curve is the SKfo 8 cut) cross Inltlal-state 9'“0” radlatlpn. For reference, t_Ee> 35GeV
section. trigger requirement retains 8-13% of & %; andxi x>
events. While this is not a large efficiency, it has the advan-
smallest of theAmy, values, but the mass reach decrease$age of further reducing backgrounds from the very begin-
significantly asAmy, increases. In particular, we note that N'N9- A photon tag trigger was also considered, but was not

for Am;(lz 250 GeV, only the SNT signdland the SMET found to be competitive with thi trigger.

The main physics background after the trigger, but before
signal discussed belgvhave cross sections above 0.1 fb for Py g 99

; S any STUB requirements, i8(— vv) +jet, which has an ef-
+ 0,
m)?IZSO GeV. The corresponding 95% CL upper limits ACfective cross section after our triggering requirements of

shovyn in Fig. 12, but we do not give the corresponding crosg,_.~10%fo. Before STUB requirements, pure QCD back-
section plots. grounds are two orders of magnitude larger than the
In order to assess the efficiency for seeing KINK's inz(_, 7y + jet background after requiring>35 GeV, i.e.,
association with STUB’s we present Figs. 8 and 9. In Fig. 8,; .~ 10°fb. The requirement of an isolated, charged track
we give Amy, =130 MeV cross sections for the 50 and 110 redyces this background by at least a factor %(21]. A
cm maximum radi(as appropriate for D@nd CDF, respec- further requirement of=2 MIP energy deposit on all 6 SVX
tively), both before and after 8<0.6 cut, in comparison to layers contributes another factor 6f10 3. Therefore, we
the full SNT cross sectiofno 8 cut). For anyAm;(l< m,, estimate a background cross section below about 0.1 fb. A

the relative efficiencies for these different cross sections aréut of pr>30 GeV on the track may be sufficient without the

essentially the same. But, observation of a KINK decay for2MIP requirement. For a first estimate of sensitivity, we as-
sume that the backgrounds are negligible after requiring one

T or more STUB tracks.

104
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FIG. 8. Cross sections for SKNT and SKNT6 signals where th
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", . X SNT yfict< 50cm, P<.é iq ‘-,‘. X SNT yfet< S0cm, P 3 . . . - -
B Jo L% 1 function of my+ in Figs. 6 and 7 in comparison to the DIT
E i g b :  and DIT6 signals. The corresponding three event mass limits
©E @ 1% wep ° 4% are given in Fig. 12, including results fckm;(l=250 and
b ] L i 300 MeV. These latter points show that only the SNT and
. SMET signals will give a background-free cross section for
o e it 0t beipg ek Ay as large as 300 MeV.
M, (GeV) M, (Gev)

We have also compared the SMET cross section to the
FIG. 9. Cross sections for SKNT, SKNT6, SKMET, and SK- Cross section obtained by requiring two STUB’s without any
METS signals at DGin which the K refers to the requirement that Cut on missing energgnot plotted. One finds that the SMET
the chargino decay prior to a radial distance of 50 cm. Also showrefficiency is higher than that for two STUB'’s. Thus, assum-
for comparison, as the solid and dotted lines, respectively, are thing that the SMET signal is background free, it is only if the
SNT and SMET(no B8 cut) cross sections at DO one STUB, i.e., SNT, signal is also background free that one
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would gain by modifying the triggering systems at CDF andreduce this background without substantially reducing the
DO so that a STUB could be directly triggered on using thesignal, we impose a number of additional cuts:
SVX alone.

Finally, Fig. 9 shows the SKMET and SKMET6 cross 75MeV<p{'"<1GeV, Ef(AR<0.4<2GeV,
sections at Dbtained by adding to the SMET and SMET6
cuts the requirement that the chargino decay prior to 50 cm, Niracks= 1. (2.8

so that one could see in the tracker the KINK produced by The pr<1 GeV cut is not optimized. It is 100% efficient

the chargino decay to a soft pion. For bmtlm;(l=140 and for the soft charged pions emitted in chargino decays in the

142.5 Me\(, we see very little difference between these_z tWQnodels considered here, but strongly suppresses the many
cross sections. Thus, one could look for KINK’s with little backgrounds that tend to yield HIP's with large.

sacrifice in efficiency. The p+>75MeV cut is imposed becauss, is increasing

quickly below this value.

) ) The E+(AR<0.4)<2 GeV cut is designed to remove
As Ay, increases above 250 MeV, the chargino, on av|p’s directly associated with hard jets, whichy defini-

erage, passes through fewer and fewer layers of the SVXion) have substantial transverse energy in particles nearby a

Consequently, it becomes increasingly difficult to reconstrucpr<1 GeV HIP.

the SVX track and determine ifs;. In addition, the number Some background is removed by requiring that only one

of dE/dx samplings decreases and it becomes progressivelgharged track is associated with a given impact parameter

more difficult to determine whether or not it is heavily ion- (i.e., mostKg—mr+ m, A°=p*x~, etc., decays can be re-

izing. The STUB signatures become very inefficient. Theconstructed and removed when one of the tracks has a large

precise point at which the SMET and SMET6 signé@lsat D).

can be implemented using current Cx@d CDF trigger de- Since heavy flavor is always produced in pairs from the

signg become untenable must be determined by the experparton sea, it may be possible to tag both hadrons and elimi-

mental groups. One could be hopeful that the reacm;il? nate part of the background;$—>E+Kg+ X), but we have

of these signals might be increased mm;(l<3oo MeV or hot included this in our analysis. Nor have we used the fact

so by looking for tracks that penetrate some, but not all, ofn@t some of the decays with a single charged track can be

= + +.0
the SVX layers. Such signals might be relatively clean if oneSXPlicitly reconstructede.g.,~ ™ —p™ " (— yv)]. After our

could also see the KINK of th@f_)ﬂ_t')?g decay in the cuts, of all the long-lived particles noted earlier, only events

ini + - g i i-
SVX. But, it seems very unlikely that one could go much Egg:'ngggkggubnﬂgogie’ fEron’w Tjé?:}?sﬂinsﬂ[]v;v%r cféiilses
beyondAm;(l=5OO MeV (c7=0.1cm). Above some point

Z/y* )+ dw + v, but th
in the Amy,_=300-500 MeV range, the only visible sign of *” (=7 7 )+yandW(—7v)+y, but these are insig

: . o nificant after they+ E; cuts.
the chargino will be the high-impact parameter of the soft " atier the cuts listed aboveyTHIA predicts that about 14

charged pion emitted ify; decay. Aside from needing @ fy of packground remains in the single HIP signal and a
means for triggering on HIP tracks, we will see that substanfyaction of a fb in the double HIP signal, with a tail in the
tial additional requirements must be imposed to control the?mpact parameter distribution extending out to ti@radius.
backgrounds. As a baseline for this analysis, we use the ingq, anyAm;(lzzoo MeV, the impact parameter distribution

pact parameter resolutiom, of the upgraded SVX of the f . . o .
: : S or the signal is quite similar to that for the background. This
CDF detector, described earlier and detailed in REf]. As is illustrated in Fig. 10 for the case er:=56 GeV and

before, we assume that the SVX will have the proposed -
extra layer.00 at a radius of roughly 1.6 cm. If the chargino Ay, =300 MeV. As a result, no additional cuts brappear
decays before this radius, we use tH&0 parametrization of to be useful and the HIP search is reduced to a simple count-
oy, . Otherwise, if a decay occurs between 1.6 and 3.0 cm, wéng experiment. In order to check tireTHIA computation of

use theL 0 resolution. For a pion track gft=75MeV, this  the background from baryons with delayed decays that domi-
corresponds tar, of 0.28 (0.37) mm usingL00 (LO); the nate the impact parameter distribution, it will be very useful
corresponding largp+ limits are roughly 0.0120.0149 mm. to measure this same component of the impact parameter
We requireb/o,>5 to eliminate fakes, which means the distribution inZ(—e*e™,u" ™)+ y. This will allow con-
detector is not sensitive < 0.06(0.07) mm. Such charged siderable control of systematic errors in the background pre-
tracks, withb larger than five times the resolution, will be dictions. In the absence of a cross check, the results pre-
denoted as HIP’s. sented here should be considered only rough estimates.

Unlike the STUB signature, the HIP signature has irre- After requiring S/B>0.2, the integrated luminosity re-

ducible backgrounds. The best results are obtained usinguired to either exclude a chargino of a given mass at the

events that pass ouy+E; requirements. The HIP back- 1.960(95% C.1) level or discover it at the&level is plotted
grounds for the monoje}tET event sample are much larger. in Figs. 113 or 11(b), respectively. Fom;(f values above
In any hard scattering process, fragmentation and hadroniz&hose plottedS/B falls below theS/B>0.2 criterion that we
tion of hard jets and beam remnants can produce particles inpose. We note that the HIP signal for smalft; is quite
the central rapidity region withycr on the order of 0.1-10 weak. This is because most decays are such that the chargino
cm that decay to charged tracké?, D, B, A, 3, E, Q. To  passes through the SVX before decaying. In this case, one

5. HIP signatures
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FIG. 10. Impact parameter distributions for the signal and backfor “background-free” signatures at Run Il with=2 fb™* and L
ground. We plot the differential cross sectiahr/db (in units of =30fb L.
pb/0.25 mm, and the integrated cross sectigij(do/db’)db’ (in
pb unitg. The signal shown here is fon;(lr=56 GeV andAm;(1
=300 MeV. The fluctuations in the distributions are from the sta
tistics of the Monte Carlo simulation.

STUB and HIP signals is perhaps useful. First, it is the large
“background that restricts the mass reach of the HIP signal,
whereas the biggest limitation on the STUB signals is asso-
ciated with the chargino lifetime. Second, the STUB signals

cussed earlier, for which backgrounds are negligible and'® packground free, while the HIP su_:_mal IS not. _The key to
much better sensitivity is possible. Clearly, the STUB ande"fmn"jltlng backgrounds to_ STUB signatures s that the
HIP signals are complementary with viability for the latter = - - - - hadrons that can give an SVX track will decay to
rising with increasingAm; as mass reach for the former particles that pass all the way through the CT and give size-
able hadronic calorimeter energy deposits; in addition, one or

declines. AsAmy, increases, the HIPy+ Er signal in- 11006 of the decay products are normallye., except for
creases in viability until Amy =<300MeV. By Amy  distribution tails where the charged decay products all have
=600 MeV, the typical impact parameter for the decay pionsmall pr) visible as a full CT track. If there is some remain-
declines below 10@um, and cannot be resolved by the SVX; ing background, then one would have to also look to see if

should look for the STUB and STUBKINK signatures dis-

the HIP signal can only pI’Ohlﬂ;(lt values below the roughly the STUB is heavily ionizing. The2 =, ... background
70 GeV limit set by the DELPHI analysis foAnt, tracks would all be minimal ionizing, so that&<0.6 re-
=600 MeV (assuming a heavy sneutrino ' quirement would certainly eliminate the remaining back-

Some further discussion of the difference between th@round. The crossover point between the signals depends on
whether the heavy-ionization requirement is necessary to re-

B #HIP Seasch B HIP Search move the background. Farmy =180 MeV, Fig. 12 shows
§"9'5'J,;'('_-',j',§'xcu;}j,n”"""“"""""""";"3 1055"""5};']‘,;;;;,’;;,;"""'”'"""""""" ] that with L=30fb ™%, the SMET (SMET®) signals (which
r £og o, ] § ] include theE+>35 GeV trigger requirementan be used to
o . 3 ] o . \ % 40 1 exclude at 95% C.I. anyn;(lst4OGeV(sl40 GeV. In
v A b
104 y ¥, ° 3 -, ¥ a° ] contrast, forAm;(l=180 MeV the HIP signal can only probe
o f “y . : 40 ] 2ol * 2 ° m;(l:SSOGeV. ForAmy, =200MeV, the SMET signal still
it ; f s amoen| - % 2 am, 04e) ] probes up tan; = =190 GeV, but the SMETS signal falls just
A
0k, o O . e ] below the 95% C.L. Formy, =300MeV, the SMET and
° Zﬁ ] i sao | HIP signals both probe up tor: <90 GeV.
° b © 300
o e Various exotic signals can be envisioned that might probe
R TR TR sl % ,,é“*gﬂ““g{;“;}'d“g'ﬁm Am;(l values above 600 MeV, but we only comment on them
M, (GeV) , (GeV)

here. For example, ifAmy >mg+m, the decay ¥i

FIG. 11. Reach for they+ E; searches after requiring one or —DZ¥X} may occur, leading to B, meson that carries most
more HIP for different mass splittingsmy . The left curve shows ~ of the D3’s momentum. When combined with & trigger,
the 95% C.L. exclusion; the right shows the Sliscovery. We the signature would be quite distinctive since Bgwill not
requireS/B>0.2 and at least 85) expected events for exclusion be associated with a jet. However, the event rate for such an
(discovery. “exclusive” channel might be small.
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ll. SUMMARY OF RESULTS, DISCUSSION, heavy to have significant production rdges is entirely pos-
AND CONCLUSION sible).

. . ) ) Region (A) For Amy; values =200-300 MeV, one

In the previous sections, we considered several signatures)\ciders the background-free signals summarized above,

for chargino production in models with near mass degenWhiCh will have the most substantial mass reactnifr. The
eracy between the lightest chargino and neutralino. The mo- 1

_ -1 _ —1
tivation for these models is described in the Introduction. AL_2 fg i gtnd L_S?fg . 95%f C'L'ﬂ(]?’ eve_nts,lno back-
brief summary of the signatures appears in Table IIl. wed"oUNa TIMILS on = deriving Trom these sighals are sum-

have seen that there is a natural boundary near a mass spfifarized in Fig. 12. We give a brief verbal summary.
ting of Am;,_~300 MeV. Amyi<m,: For suchAmy,, the averagecr of the
1

. . chargino is of order a meter or more. The LHIT and TOF
For values ofAmy, =300 MeV (mass regiom), signals  gqna15 are prominent, but the DIT and STUB signals appear
are based on observing a long-lived chargino as a semistabig, Am:, is not extremely small. These arise as a result of the
isolated track in the detector. The most unique signals are théxponential form of the r distribution in the chargino rest
long, heavily ionizing trackLHIT) signal and the delayed frame, which implies that the chargino will decay over a
time-of-flight (TOF) signal. These are present for events inrange of radii within the detector. One must also include the
which the chargino does not decay before reaching the muogvent-by-event variation of the boosts imparted to the chargi-
chambers. For events in which the chargino decays befoneo(s) during production.
the muon chambers, but still produces a track of substantial The LHIT signature can probe masses in the range 260—
length, the relevant signals are the disappearing-isolated25 (380-425 GeV for L=2fb™! (30fb %), the lower
track (DIT) signal and the short-isolated-SVX-tra¢RTUB)  reach applying fodmy;;~m, and the highest reach apply-
signal. The LHIT and TOF signals are dominantiifn is ~ ing for any Amy,=125MeV. The reach of the TOF signa-

very small(implying a very long chargino lifetime but the ture is nearly identical to that of the LHIT signatute.

. . - . The DIT signature has a redcbf 320 (425 GeV for
latter signals quickly turn on aSm;(l is increased, becoming 120 MeV=Am-,=m,, and, in particular, is more efficient

the primary signals a&m;(l is increased to values above han the LHIT and TOF signals fakms;~m, . The DIT
m,. signature reach drops by about 20 GeV wittB& 0.6 cut
All these signals are distinct enough to be possibly back{DIT6) designed to require that the chargino track be heavily

ground free. Because of the subtle nature of these signals, innizing.

estimating the the range af;: values to which they can be The STUB signature with no additional trigge€8NT) can
reach to=340(450 GeV for 120 Me\s=Anmy;<m,, where

the mass reach drops by 10-20 Ge\j3# 0.6 is required.
Blowever, neither DGor CDF can use STUB information at

sensitive for any givem\m;(l, we have imposed cuts and/or

requirements such that the backgrounds should be negligibl
even at the expense of some signal rate. level 1 in their current design

= i ife-
For Am;(l~300 MevV, the chargino has an average life With the addition of a standaréT trigger, the resulting

time such that the background free signals have too low agTuB signaturg SMET) will be viable with the present de-
event rate(at the Tevatropnand we are forced to consider tectors, reaching to 240—26850—375 GeV for 120 MeV

signals with substantial backgrounds from physics and mis'<Am~1<m which numbers drop by about 10 GeV gf
<Amyp;<m_,

measurement sources. There are two primary signals in thi 0.6 is required SMET6)
latter category, but the most sensitive one can only be used | <An1~1<200—300MeV' The LHIT and TOF sig-
T X1 :

for 300 MeV=Am; <600 MeV (mass regiomB). It relies on : : :
. x1== g | I h
observaton of a high mpact parame(efP)pion rom e 140155 JSSHRStE e ipost l roduced charines decey

chargino decay in association with a photon tag-trigger an

large E1. For 600 Me\s 10—20 GeV(mass regiorC), the
chargino decay is essentially prompt, and we are forced to———

use the very insensitive signal of a photon tag-trigger plus
5The primary difference between the LHIT and TOF signals is

large ET to search for chargino production. ' ‘ o Sl
dhat the LHIT signal requires3y<<0.85 for heavy ionization,

The importance of particular detector components an h he effecti p 4 d by the TOF del
triggers for such signatures, as outlined in the main body of'"é'€as the effective cutoff 9y imposed by the elay re-

this paper, should be carefully reviewed by the CDF and Dd]uirement allows much largedy to also contribute. That the maxi-

Collaborat’ions The silicon trackéBVX), central tracking mum reach of the two signals is essentially the same is somewhat
tem(CT) ) h (P9, elect ’ i d hadroni accidental. It happens that the chargino production cross sections

izllsotraimeteré (%rgsag\éve}_' o ,tir?]g-co;f}rl‘ingahg[n(?l'glz? nme:sur;)erllc are large enough that charginos with rather large mass can be

\ . probed and such massive charginos are produced withBlous,
ment and muon chambe(®IC’s) all play crucial roles that a cut requiring lowpg is highly efficient. This is illustrated, for

change as a function ohmy,. (Our detector notation is  example, by comparing the TOF to the TOF6 results in Fig. 12.

The DIT signature remains as long as e 0.6 (heavily

summari_zed in Table U-_ ) This same accident is generic to all the signals discussed, so long as
We will now summarize the Tevatron mass reacmnplt Amy,<m,.
that can be achieved in thd,<M,<|u| scenario(1), as- SWe did not study lower\m, values since they are highly im-

suming that the gluino, squarks and sleptons are all torobable after including radiative correction contributionatay; .
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TABLE IV. Summary of the best signals at Run Il f§¢ %; and¥; %} production and important detector
components and measurements as a functoimf . Mass reaches quoted are 95% C.L. ffor 30 fb L.
Detector component notation is summarized in Table Il. Signal definitions are summarized in Table Ill. The
PS, EC, or HC veto requires no preshower, small EC, or small HC energy depositi&ixt8.4 cone around
the’y; track candidatepy (p7) is thepy of they; (7= from Y7 — 7~ %}). b™ is the ™ impact parameter.

Amy, cT Best Run Il Tigger Crucial measurements and Reach
(MeV) (cm) signaturés) associated detector components (GeV)

0 w  TOF MC  TOF,p; (SVX+CT) 460
LHIT MC  p;(SVX+CT), dE/dX (SVX+CT+PS) 450

125 1155 TOF MC  TOFp; (SVX+CT) 430
LHIT MC p7 (SVX+CT), dE/dX (SVX+CT+PS) 425

DIT CT  p;(SVX+CT), HC veto 425

DIT6 CT same-dE/dx (SVX+CT+PS), 420

135 754 LHIT MC  pr(SVX+CT), dE/dX (SVX+CT+PS), 425

TOF MC  TOF,p; (SVX+CT) 420

DIT CT  p;(SVX+CT), HC veto 430

DIT6 CT  same-dE/dX(SVX+CT+PS) 420

140 317 DIT CT  pr(SVX+CT), HC veto 430
DIT6 CT same- dE/dx (SVX+CT+PS) 420

142.5 24  SMET E;  Pr(SVX), PSFEC+HC veto 345

SMET6 Er sametdE/dx (SVX) 320

150 11 SMET E;  Pr(SVX), PSFEC+HC veto 310

SMET6 £,  same-dE/dx(SVX) 270

185 3.3 SMET éT pt (SVX), PS+EC+HC veto 215

SMET6 ET samer dE/dx (SVX) 120

200 2.4  SMET Er  Pr(SVX), PS+EC+HC veto 185
250 1.0 SMET éT pt (SVX), PS+EC+HC veto 125

300 0.56 HIP v,Ex b7 (SVX,LO0), p¥,E1,pT (CT), EC+HC veto 95
600 0.055 HIP v,Ex b7 (SVX,L00), pY,E,pT (CT), EC+HC veto 75

750-? ~0  y+E; v.Er  plE; <60

ionizing) requirement is not necessary to eliminate back-the smallest backgroundss very useful despite the large
grounds. If we requirgg<0.6, there is a mismatch with the background from production ok =,... hadrons. It would
requirement that the chargino pass through the CT—oncgield a 95% C.L. lower bound of 95 Ge{75 GeV\) on s, =
. . . . 1
ﬁ”:%l s gbo"te s Mev, da”‘t’. the entire S'gk’]‘.a'h'.s' ge”eraff.e%r Am,=300MeV (Am-;=600MeV) for L=30fbL
y 1arge DOOsSIS In € production process which s in con ICtl'his is to be compared to the70-75 GeV lower bound

with requiring small. . . : .
The SNT signature probas- <300 GeV (<400 GeV) obtalqed in the current DEL.PHI analy3|§ of _thelr LEP2 data
X1 for this same range ahmy,, if the sneutrino is heavy. (If

for Amg;~m, andL=2fb"* (L=30fb™%). For Amy; @ the7 is light, then there is no useful LEP2 limit if 60 MeV

large as 300 MeV, it alone among the background-free Chan'sAm;(lsSOO MeV, but LEP data requiresy->45GeV)
1

ins vi ing, =< = . - i :
nels remains viable, probmg;(l 70GeV(<95 Gev). Cer With only L=2 fo~? of data, the HIP analysis would only

tainly, it would extend the DELPHI limits at LEP2 even in exclude m-+<68GeV (<53GeV) for Am~1=300 MeV
the heavy sneutrino case. We recall that these wed@ X1 X

GeV for Am-,<200MeV and ~70 GeV for 200Mev ~ (AMh1=600MeV).

: Region (C) For Am;;=600MeV, up to some fairly
<Am;;<3 GeV. But, as stated above, the SNT signatur : X1 )
gl y y _
will not be possible without a level-1 SVX trigger. eIarge value(we estimate at least 10—20 Gg\the chargino

. decay products are effectively invisible at a hadron collider
The STUBHE;, SMET, and SMETS signatures are fully . o L
implementable at Run Il and have a reach that is only abm@nd the most useful signal s+ Ey. Howe\ﬁ-r, this signal at
20 GeV lower than their SNT and SNT6 counterparts. Un- est probessrr;(lrsGO GeV (for anyL>2fb""), whereas the
fortunately, this would not extend the DELPHI limits unless DELPHI analysis of their LEP2 data already excludes:-
the sneutrino is light. <70GeV for 500 Me\ Ay, <3 GeV (if the sneutrino is
Region (B) For 300 Me\=Amy; <600 MeV, the high-  heavy—only <50-52 GeV if the sneutrino is lightand
impact-parameteiHIP) signal(a y+ E; tag for events yields m;(li$90 GeV forAm;,>3 GeV.
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An overall summary of the signals and their mass reach dfion rates are substantial. In particular, leptonic signals from
the Tevatron for detecting, ¥, and’)“(li’)“((l’ production inthe the decays[e.g.,Tfeli”)gg or —1*%; in scenario(1)]
M,<M,<|u| scenario(1) appears in Table IV. would be present.

All the above mass limits assume that the gluino is quite  |f one or more of the signatures outlined here are ob-

heavy and rarely produced at the Tevatron. If it is not tooserved, then the precise valuesm;lr and Amy,; will be of

m.uch heawe'r.than the chargino, t.hen aﬂfhe gbove SI(g’r]a'gignifican'[ theoretical interesty = will be determined on an
will have additional event rate coming frogq pair produc- X1

i T—%9'q = nai -by-event basis if the chargino’s momentum and veloc-
tion followed by§—7%; q'q decays. The effect &g pair ~ €Vent _ )
production on the LHIlT, TOF, DIT, SNT, SMET, and HIp 'Y can both be measured. For the LHIT signalwill be

signatures depends strongly on the mass splitting betwediéasured by the curvature of the track in the SVX and in the
the gluino and the chargino as well as Am,, so we did CT. The velocity will be measured by the ionization energy

not explicitly consider possible enhancements to these sign&l-_(:JIOOSit in the SVX, CT, and PS. In the case of the TOF

tures here. Instead, we focused on the fact that gluino profs-l!gﬂal' there' W”,I be, inFaddikt]ion[,)I?n 'indelpeﬁderl;;im_lt_e-of—
duction will provide a critical increase in the mass reachflight determination of3. For the DIT signal, the SVXC

when neither the chargino track nor its decay products arEUrvatures give a measurementménd the SVX-CT+PS
visible, and the only signatures are those dependent primarilphization energy deposits provide a determinatioggoFor
upon missing transverse energy. This is the casenit, is e SNT and SMET signaly and 8 are measured by cur-
above 600 MeV but below the point at which the charginoVature and ionizatiorirespectively in the SVX. (Note that,
decay products can be seen as energetic jets or leptons. Fgyall these cases, accepting only events roughly consistent
example, we explicitly considered the extremengf~ s with a given value of‘n;(lr will provide further discrimination

(which is quite natural in some string models—see Introduc@gainst backgroundsHowever, for the HIP and+ Er sig-
tion). In this case, we found that a monojef; signal will nalsm;(lr can only be estimated from the absolute event rate.

probe(at 95% C.L) mg~m;= <150 GeV, while they+ £, Asregardsimy,, it will be strongly constrained by knowing
1

. . which signals are present and their relative rates. In addition,
signal wil probem§~m;(lx<175 GeV. (Both numbers as- if the soft charged pion can be detected, its momentum dis-

sume thatS/B>0.2 is required for a viable signal in the tribution, in particular the endpoint thereof, would provide
presence of large backgrouhd. an almost direct determination dfim;; .

In some of the models in question, it is entirely possible  Given the possibly limited reach of the Tevatron when the
that A, is quite substantia(>20 Ge\), and the signals |ightest neutralino and chargino are nearly degenerate, it will
considered in this paper are not very useful. If the gluino ishe very important to extend these studies to the LHC. A
heavy, then one should explore the potential of the trileptorparticularly important issue is the extent to which the large
signal coming fromy;X5 production. However, this is a ¢ tails of the}; decay distributions can yield a significant
suppressed cross section when both the lightest neutralin@te in the background-free channels studied here. Hopefully,
and lightest chargino are W-ino like. Standard MSUGRAas a result of the very high event rates and boosted kinemat-
studies do not apply without modification; the cross sectiorics expected at the LHC, the background-free channels will
must be rescaled and the lepton acceptance recalculated agegnain viable for significantly largek m;, and My values

function of Ay, . If the gluino is close in mass to the than those to which one has sensitivity at the Tevatron. In
chargino, then the standard multije€ signal will be viable  this regard, a particularly important issue for maximizing the
whenAm, is large enough for the jets i, —q'Gqx? decay  mass reach of these channels will be the extent to which
to be visible. The like-sign dilepton signal will also emergetracks in the silicon vertex detector and/or in the central
for large Amy;;, as the leptons iy —| X} become ener- tracker can be used for triggering in a high-luminosity envi-
getic. Since both signals will have substantial backgrounds, eonment.

detailed study is required to determine their exact mass reach While finalizing the details of this study, two other papers
as a function oAmy;, . If the gluino has a moderate mass but[22,23 appeared on the same topic. Some of the signatures
Mg — My~ is large enough, then the extra jets froh discussed here are also considered in those papers. Our stud-

—q'TG¥; become visible and nearly all events contain morel€s are performed at the particle level and contain the most

: - . . important experimental details.
than one jet. The multijetE; signal becomes viable as P P

shown in Ref[4]. (We note that the reach of the monojet
+E; signature explored here deteriorates once the multijet ACKNOWLEDGMENTS
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