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Can there be a heavy sbottom hidden in three-jet data at CERN LEP?
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A low-energy supersymmetry scenario with a light gluino of mass 12—16 GeV and light shditgnof(
mass 2—6 GeV has been used to explain the apparent overproduchiajuafks at the fermilab Tevatron. In
this scenario the other mass eigenstate of the sbottomBi,eis favored to be lighter than 180 GeV due to
constraints from electroweak precision data. We survey its decay modes in this scenario and show that decay
into ab quark and gluino should be dominant. Associated sbottom production at CERN LEP &/ia—Z*
—>BlE’2* +B’{Ez is studied and we show that it is naturally a three-jet process with a small cross section,
increasingly obscured by a large standard model background for heﬁazvieﬂowever we find that direct
observation of @, at the 5 level is possible if it is lighter than 110-129 GeV, depending on the sbottom
mixing angle|cos#,|=0.30-0.45. We also show thht-pair production can be mistaken for production of
neutral minimal supersymmetric standard model Higgs bosons in the chaheel->h°A%—bbbb. Using
searches for the latter we place a lower mass limit of 90 Ge%.on
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[. INTRODUCTION ical and experimental errors, the LSLG scenario cannot be
ruled out. It is also interesting in its own right even if not
The standard modelSM) has been very successful in solely responsible for the Tevatron discrepancy. For example,
explaining a range of observations at hadron colliders ang, |ight b, is more natural if the gluino is also light].
the CERNe+e_ collider LEP. But it is still Wldely believed Experimenta| bounds on ||ght g|uinos do not app|y here as
to be an effective theory valid at the electroweak Scale, Wltl'bn:her the mass range or the decay channel is different: On|y
new physics lying beyond it. The minimal supersymmetricgluinos lighter than 6.3 GeV8] are absolutely ruled out.
standard mode{MSSM) [1] is widely considered to be the very recently ALEPH9] has ruled out stable sbottoms with
most promising candidate for physics beyond the SM. lifetime =1 ns and mass<92 GeV. However, using formu-
The MSSM contains supersymmet(f8USY) partners of |35 in Ref.[10] we calculate that even minima-parity-
quarks, gluons, and other SM particles that have not beeyiolating couplings, as small as 10 times experimental
observed, leading to speculation that they might be t0o heaviymits would leaveb, with a lifetime shorter than 1 ns. Light
to have observable production rates at present collider enegjino and sbottom contributions to the running strong cou-
gies. However, it has been suggested in Rfthat a light  pling constantzs(Q) have also been calculated and found to
sbottom ;) with massO(5 GeV) is not ruled out by elec- be small[3,11]. New phenomena such as SUZYdecays
troweak precision data if its coupling to ti@eboson is tuned [12-14 and gluon splitting into gluinoEL5] are predicted in
to be small in the MSSM. Recently Berget al. [3] have this scenario, but the rates are either too small or require
also proposed a light shottom and light gluithSLG) model ~ more careful study of LEP data.
to explain the long-standing puzzle of overproductionbof The sbottoms and light gluinos also affect electroweak
quarks at the fermilab Tevatrdd]. In this model gluinos of precision observables through virtual loops. In this case, se-
mass 12—16 GeV are produced in pairgim collisions and ~ ous constraints arise on the heavier eigenstate of the shot-
decay quickly into & quark and light sbottom (2—6 GeV) tom, i.e.,b,. According to Ref[16], corrections toR,, are
each. The shottom evades direct detection by quickly undeincreasingly negative s, becomes heavier and it has to be
going R-parity-violating decays into soft dijets of light |ighter than 125195 GeV at the 2r (30) level. An exten-
quarks around the cone of the accompanyorjgt. The extra  sjon of this analysis to the entire range of electroweak pre-

b quarks so produced result in a remarkably good ﬂﬁnto th&;ision data{17] yields thafb, must be lighter than 180 GeV
' ) : at 50 level. However, it has been suggested that the SUSY
at the next leading ordefNLO) level, including data en-
min
Some independent explanations within the SM have alsredgcmq some of the negative loop effects, ar.1d possibly al-
been proposed to resolve the discrepancy. These include ulVing higherb, masse$12,18. Independently, if larg€p-
functions[5], and effects from changing the renormalization =200 GeV is possibl§19]. Still, it is fair to say that in the
scale[6]. But, without an unambiguous reduction in theoret-face of electroweak constraints the LSLG model at least fa-
In this article we study production and decay of such a
*Email address: rahul@math.utexas.edu heavy sbottom at LEPII. Available channels éinepair pro-

measured transverse momentum distributieyfp+>p+

hancement in the™ "~ m: region, decayZ—b;bg+H.c. can contribute positively t&, [13],

known NNLO QCD effects, updatebkquark fragmentation Vviolating phases are present in the modebawith mass
vors ab, lighter than 200 GeV or so.
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duction, e*e”—b,b%, and (ii) associated production, A. Couplings and mass constraints
e*e”—bib,+b;b5 . With LEPII center-of-mass energies  In the MSSM, Z-boson couplings to shottom pairs are
ranging up toys=209 GeV, the second channel should havediven by
produced heavy sbottoms with masses as high as 1 1
~200 GeV. Since they have not been observed, it has been Zb,b,x = coL6,— = sirfoy, 3)
commented that the LSLG scenario is disfavoie6,17]. 2 3

However, searches for unstable sbottoms at LEPII have
not been done for the decy— bg, which should dominate
in this scenario as squarks, quarks, and gluinos have strong 7b,b,
trilinear couplings in the MSSM. In that case, the fast-
moving gluino emitted byb, would decay quickly into &
quark andb, that are nearly collinear, with; subsequently 1 1
undergoing R-parity-violating decays into light quarks Zb,b,o = sirf g, — = sirf Oy, 5
around the cone of the accompanyibget. Unless the jet 2 3
resolution is set very high, the gluino should look like a
fusedb flavored jet. Overallb, should appear as a heavy
particle decaying intd flavored dijets. On the other hand,
the highly boosted promfit; produced in the associated pro-
cess would decay into nearly collinear light quarks and ap-

pear as a single hadronic jet. Pair and associated productions (Bl) ( coshy sin&b) (BL) o
b bg

1
5 sin #,coséb,, 4

where 6, is the mixing angle between left and right-handed
states:

are therefore naturally described as 4-jet and 3-jet processes,
respectively, at leading order. Pair production in particular
should be similar to neutral MSSM Higgs production in the

channelete™—h°A%—bbbb if h® and A° have approxi- _ o .
mately equal masses. The light sbottom should have a vanishingly small coupling

The article is organized as followb; decays are studied in Eq. (3) as theZ—b,;b} decay does not occur to high
in Sec. Il andb,—bg is found to be dominant; cross sec- accuracy. This is achieved with the choice
tions and event topology are studied in Sec. Ill, and the
corresponding SM 3-jet background for associated produc-
tion is studied in Sec. IV. In Sec. V, LEP searches for Qeutral cosfy~*+ \ﬁsmawz +0.39. @)
Higgs bosons are used to derive a lower bound onbthe 3
mass. Conclusions are drawn in Sec. VI.

—sin#, cosé,

The narrow rangdc,|=0.30-0.45 ¢,=cosé§,) is allowed
[2], which we use at times to obtain upper and lower bounds.

Shottom decays in MSSM scenarios with large mass split-  Given thatmg =2-6 GeV, the decay—b,b} +H.c.

ting betweerb, andb; have been investigated before; seemight also take place ib, is lighter than~89 GeV. How-
Ref. [20] for example. However, the scenario where theever, this decay is suppressed both kinematically and by the
gluino is also light has not received much attention. factor sirf26,. Even for the higher valukc,|=0.45 we cal-

The direct decay products can be purely fermioicor culate I'(Z—b,b% + H.c.)<10 MeV for mg,=>55 GeV and
bosonic(2): mp, =2 GeV. With the fullZ width having a % error of 2.3
(1) MeV and a 0.6 pull from the theoretical SM calculation

[21], a lower limit of 55 GeV on thé, mass can be set at the
~4¢ level without a detailed analysis.

Similarly, decays into pairs of neutralinos, charginos, and
0 N ) ) stops might contribute unacceptably to tAewidth and it
where x, (k=1,..,4) andy~ are neutralinos and charginos ¢eems safe enough to apply a lower mass limiMg#2 to
respectively;t is the top quarkt are stopsh® andH® are  them for calculation purposes. With the observed top quark
neutralCP-even Higgs bosond\” is the CP-odd Higgs bo-  mass of~175 GeV, this rules out the chargino chanbel

son, andH = are charged Higgs bosons. = . .
The individual widths depend on masses of above par—_>tX asb, masses<200 GeV are being considered.

ticles, but available experimental constraif2d] are model
dependent and might not all be applicable in the LSLG sce-
nario. However, precisiorZ-width measurements can be _ _
used to apply some basic constraints on masses and the sbot-The decay width fotb,—bg is easily calculated at tree
tom mixing angle. level using Feynman rules for the MSSM given in ReR]:

Il. HEAVY SBOTTOM DECAY

BZ_)bﬁg:bXE’tX77

BZHBlz,Twi ,ElhO,BlAO,BlHO,’EHi, (2)

B. Calculations
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by decay unnaturally low value of thé; mass chosen here, this width
. rises significantly asn, approaches 200 GeV.
S E—

b Decays into Higgs bosons are more complex, as besides
Higgs masses, the widths depend on unknown soft SUSY-
breaking mass term#é,, and x. The only available mass
bY? e m constraint ism,0=130 GeV at two-loop level in the MSSM.
107! e - However, the excellent agreement between electroweak pre-
cision measurements and theoretical predictions with a single
SM Higgs boson has led to a preference for the “decoupling
limit” of the MSSM Higgs sector. In this limit, Yukawa cou-
plings of h® to quarks and leptons are nearly identical to
those of the standard model Higgs bosons. At the same time
A° H° H* have almost degenerate massed , . Therefore,

with b, lighter than 200 GeV, onlp,—b,h° is likely to be
significant while other decays would be kinematically impos-
sible or heavily suppressed. The width is then given by
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FIG. 1. Branching ratios fob, with tanB=30. Masses are set
— 0 — ; th i
asm,o,ny = M2/2V xi andmye=114.4 GeV. The Higgs width is M,COS 26,
calculated in the decoupling limit. B=-— m—(Ab—,u tanpB)
W
5 .
5 5 gsmBZKA mzsin 26}, 1 2.
+—| -+ )
I(b—bg)=—5"—, costu, 3 3sm20W cos23. (9)
We choosamo=114.4 GeV in our calculation as LEP data
A=1—x§—x3—2xbx53in 26y, (8)  has ruled out SM Higgs bosons lighter than this ve2é].
g In the decoupling limit, arbitrary variation ovéy,, w in
5 . ) 5 _ calculatingB is not required as the factéy,— x tanB can be
wherex; =m; /mp , k°=ZiX{'—Zi.X;Xj (summing over all  expressed in terms of sbottom masses @
particles involved in the decays the usual kinematic factor,
andgs is the strong coupling evaluated @t= Mp,- The ca- <in 26 _ 2my(Ap— ptanp)
nonical strong coupling vialueS'(Mz)z.O.118 is used here. b m2 _mg
Other parameters used in this section ang=4.5 GeV, 2

bl

mp, =4 Gev’_”ﬁ_lé} Ge\{, andc,=+0.39, with 6, given by Eq.(7). This is a common relation that

The remaining widths in Eqe1) and (2) are calculated  grises when the sbottom mass matisee Ref[25] for ex-
using tree-level formulas given in RE[QO].~ Figure 1 shows  amplg is diagonalized with the mixing matrix in Eg6).
the branching ratios versus mass. Theébg width is large, Though theoretically and experimentally attractive, if the
varying between 3.9 and 13.8 GeV ftr|52=55—200 GeV. decoupling limit does not hold, then other Higgs particles
It has the maximum amount of available phase space an@hight also be light. The most general lower mass limits from
proceeds via the strong coupling, while the other widths ard-EP on neutral MSSM Higgs bosons are about 90 G2§/.
ocg\fv whereg,,= €/sin 6 is the usual weak coupling. Then, theb,—b,A° width (say can become larger than 10%

The width shown foib,—by? is the summed width over of b,—bg due to the coupling
all 4 neutralinos }(E). This value scales approximately as
métarf 3 for large tanB. Here tanB=v, /v, wherev; are the A%, B, — gwMyCOS 26b(M+AbtanB)- (11
vacuum expectation values of the two Higgs doublets. Our 2
calculation is most likely an overestimate as mixing angles
are ignored and all neutralinos are prescribed the same magdlis happens if\ytan is larger than~10 TeV. Though the
This channel has been extensively searched for at[l28p  possibility is there, we consider it less likely and do not
but seems to be at most 10-15% of the full width in thepursue it further. In~any event such a decay would be more
LSLG scenario. important for higheb, masses, and we show in Sec. Il that

Bosonic decays withV, Z in the final state are also found b, production at LEPII falls rapidly as its mass nears 200

to be small. We .ShOV‘F(Bz—;le._) is correct up to an  GeV. We therefore conclude that the strong delogy- bg is
unknown factor sifg=<1 where sirj, is the stop mixing dominant and other decays are unlikely to be of more than
angle. Fort, the factor would be c@%,. Because of the marginal importance at LEPII.

(10
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52 production TABLE I. Expected number of raw LEPII events for the com-
100 bined luminosity recorded in the entire run. We showfihenasses
F I I I o1 I 3 beyond which event counts fall below rough benchmark levels.
o 3
C \\\ 099 ————- ] ] ~
i N I Number Maximum b, mass(GeV)
\
. \ of Associated Pair
107 F 3 events at LEPII production production
2 1000 59 71
\bJ - \ i 100 147 94
) \ 10 177 101
1077 F ' 3 1 192 103
: ‘., 5
i ! T mass of final productsngi+n15j. The missing photon chan-
, | ¥ | | nel and smallenn factor, \3/\3,~1.8, reduces the cross
10~ :

section further. Therefore associated production is generally

small and falls rapidly ab, gets heavier.

The LEPII operation covered a range of center-of-mass
energies from 130 to 209 GeV with maximum data collected
at \/s=189 GeV and 205-207 GeV. Table | shows the ex-
pected number of raw events. We use an approximate lumi-
nosity distribution provided in Ref27] counting the com-
bined integrated luminosity recorded by all four LEP
. ~ : , _ experiments. The number of events for associated production
Cross +s;ef:t|0115~iob2 production ar+e (ieflrleg*as follows: ¢ iis below ~100 for M, >147 GeV at|cy|=0.39. It is
op=o(e’e —byb;) and op=o(ete —bibz +H.C). yparefore possible that sufficient statistics might not be avail-
For completeness production bfby pairs is referred to as  aple to explore sbottom masses above this value.

50 80 110 140 170 200
my, (GeV)

FIG. 2. Theb, production cross section fogs=207 GeV,
|cp|=0.39 as a function of mass.

IIl. PRODUCTION AT LEP

o1;. Theoy; are readily calculated at tree level, We now discuss the event topology in order to identify
important backgrounds. As shown in Sec. Il the debay
Q@Sin‘lﬁwﬂ?j —>b~g|_i§~dominant, which results in the statB§B§+H.c.
= T 16ms i (12 andbbgg for associated and pair processes, respectively. We

decay the gluinos intho’l‘/BTJl pairs and show the opening
angles between final products for some representdiive

1 2Cy\jj (Ci+CRNF masses in Fig. 3. The quark andb; arising from gluino
fi=lg~ 32sii2on) 1 B0, (13 decay overwhelmingly prefer a small angular separation with
z w z w a sharp peak at ca@s=0.9. The other particles tend to be well
separated.
where N1;~0, \ip=(1/y2)sin 28, \,,=sirtf,—Z2sin4,, .ThI’Oljgh ~R—panty- and. baryqn-number-V|olath*g cou-
ﬁizj:[1_(m5i+mBj)Z/S][l_(mEi_mBj)zls]’ ,8§=1 plings Ajj5, by can decay into pairs of light quarke] —u

—MZs, andcy , are electron vector and axial couplings +s;c+d;c+s. Adetailed disEussion of such decays is given
that equal— 1 + 2 sirfé,, and %, respectively. Thex factors in Ref. [10]. In that case, thé, arising from gluino decay
are proportional to shottord-couplings in Eqs(3)—(5). We would further decay hadronically in and around the cone of

use the same parameters here as used earlier for width c&l€ accompanying jet. In practice it would be difficult to
culations. distinguish between the overlapping jets, unless a very fine

Both virtual photon §*) and virtualZ(Z*) channels are jet resolution is l_Jsed. The gluino shpuld .then appear for the
available foro,, while only Z* is available foro;,. The most par't asa single fusésiflavored jet with perhaps some
latter falls by a factor of 2 in going frort,|=0.45 to 0.30. extra activity a~round the cone.

Pair production rises in the same range by a smaller factor of The promptb, from the associated production is highly
1.3 at\/s=207 GeV. Variation of thd&, mass between 2 and boosted for mosb, masses within range. This should result
6 GeV has a negligible effect am,.,. in a very small a_ngular 'separation between its decay prod-

Figure 2 shows oy versus the b, mass at s ucts. If it decays into pairs of light quarks, we calculate that
—207 GeV. Both cross sections are suppressed due g%the &t V5=207 GeV,m;, =4 GeV, andm;, =170 GeV, at least
kinematic factor for scalar particle production. However,90% of these would have an opening angi@0°. At any
asymmetry between shottom masses causes additional kinexte ab, as heavy as 170 GeV is unlikely to be observable
matic suppression aF, as 81,~ B§2 for the same total rest because of low event counts and would be obscured by the
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FIG. 3. Opening angles between particle pairganpair pro-
duction and(b) associated production afs=207 GeV. Particles

marked with ‘dec’ are gluino decay products. Iifa) the (b,g)
distribution shown is fob quarks and gluinos arising from the same

B,. (b,g) arising from differentb, and (@,g) have an identical
distribution to that shown forl(,b). In (b), (b% ,g) is not shown as
it is the same ash(} ,b).

large 3-jet SM backgrounéSec. I\). Therefore in the ob-
servable rang®, should show up as a single hadronic jet.

At leading order then, associated production is best de-
scribed as a 3-jet process, with 2 jets that can be tagged a%

quarks and a hadronic jet froby. The relevant background
for this would be SM 3-jet events, which we discuss in Sec!
IV. On the other hand, pair production is naturally a 4-jet
process where each jet can be tagged ds quark. This
would have a significant background froamy otherheavy
particles produced in pairs and decaying into dijetsbof
quarks. Searches for neutral Higgs bosbhandA® that can

PHYSICAL REVIEW D69, 055004 (2004
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FIG. 4. Associated productiofdashed linescompared to SM
3-jet cross-sections versys,, at ys=207 GeV.

satisfy this criteria have been done, and we discuss them in
Sec. V.

IV. THREE-JET BACKGROUND

The SM gluon radiation procese*e”—qqg, ¢
=u,d,s,c,b, constitutes the main 3-jet background for asso-

ciated production. In particulag”e™ —bbg could be an ir-
reducible background as gluon jets and jets from light sbot-
toms might not be distinguishable on a case-by-case basis.

We compare this background with associated production
using theJADE jet-clustering algorithnj28]:

min(p;+ p;)?=YeusS, (14)

i #]

where p; are the momenta of the final state partons and O
<Y<l is the jet resolution parameter. As long BS:

>me/s~(3.4-5.9%x10°° for 5=207 GeV and mg

=12-16 GeV, the hadronic decay productsgodindb; are
clustered into single jets. We evaluate matrix elements at
leading order and do not consider contributions to the SM
3-jet cross section from final states with more than three
partons. The renormalization scale is setQat \/s/2 with
as(Mz) = 0118

Figure 4 shows that,, is a small fraction of the total SM
3-jet cross section, though it increases in proportioty g
increases and the jets are required to be well separated. It is
unlikely to be visible as a generic excess in 3-jet production
iven that measurements of hadronic cross sections at LEPII
ave errors of at least 0.2 pb[27] However, if at least one

jet is b-tagged andr(e*e —>bbg) is measured very accu-

rately, then forb, lighter than~140 GeV an excess might
be observable at higher,,; values.

If two jets out of three are required to habetags then
their total invariant mass can also be studied as in Fig. 5. The

total invariant mass of thb/b quark and gluindwhich ap-
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250

We note that the associated process also receives an irre-

ducible SUSY background as thE{ bg+H.c. final state is
possible even if the heavy sbottom is absent. This has been
studied in the context of decay[13]. However, its kinemat-

ics are very different from the same state producecbby
decay, and it should have little effect on the overall back-
ground. In Fig. 5 it would appear as an approximately uni-
form distribution of ~5 events/5 GeV, which is insignifi-
cant compared to thiebg background.

200

150

100

Events / 5 GeV

50 V. SEARCHES FOR ete™—h%A°

At leading ordere™ e~ —hCA° proceeds only through the
virtual Z channel. The relevant coupling is

50 80 110 140 170 200 ZhOA% g, cod B— a), (16)

FIG. 5. The invariant mass of twb tagged jets can be recon- wherea is the .mixing angle between neut@P-even Higgs .
structed to observe excesses. Dashed lines show associated prodBQ—s’SnS' This is comparable to the heavy sbottom coupling
tion and the solid lineobg for log;gy..= — 1.2. Tagging efficien- Zb2b2°‘~9v~v(5in29b_§5in29w) in Eqg. (5). However, produc-
cies forb quarks are not applied here. Events are shown for the totaion of b,b3 pairs is somewhat higher as it also takes place
integrated luminosity recorded by the four LEP collaborations atthrough they* channel and receives an extra factor of 3
Js=183 GeV. from summing over final-state colors.

Being scalars, both pairs of particles are produced with
pears as &-like jet) gives rise to a clear resonance aroundthe same angular distribution. Searchesh®h° production
mg,. This would allow direct observation ofts, and should  [26] have been done along the diagomajo=mao, which
be the preferred method of study. makes them kinematically identical to, pair production.

The differential cross section fdsbg events increases The final states searched for atebbb, bbr" 7, or
with the invariant massm,;, while the resonance ior;, 7 7 7 7 ash%A° decay mainly intob or 7 pairs in the
rapidly gets smaller ab, gets heavier. This is natural as Parameter space where they are approximately equimassive.
gluon radiation from quark pairs is higher for softer gluons, Therefore, the B channel can be used to place limits lop
which in turn implies a higher total invariant mass for the pair production as the latter leads td4lavored jets in the
pair. To estimate the discovery region we calculate both sigfinal state. o
nal (S and backgroundB) events in the mass window Crosso-sgzcnons for the two processes are gompared in Fig.
Mpp= T, =AM whereM,, is the invariant mass of the 6._Theh_ A cross section is calledy,,. We S|mply maxi-

.2 e . - . mize this by setting cog—«)=1 and the branching ratio
tagged Jets and\M =1,. Thel? fagging eff|C|ency.eb '° BR(h%A°—bb)=1. The parameters used in the experimen-
brobabiltis are assumed o be small and not ncluded n thi) SUCY Were Sar or lesser. W find thaf s 1.8-23
gnalysis. We also use lggou— — 1.2, which is found to fimes higher than Higgs production foc,|=0.45-0.3. If

maximize the significance&/\(S+B). The No discovery e more typical branching ratios BR{—bb)=0.94 and

region is defined as BR(AOHbE)ZOQZ are used, theazz is ef‘fectivgly 2.1 to
2.6 times higher. However, that could be offsebif has a
S N 15 branching ratio intdyg near its lower limit of around 0.9 in
=N. : .
J/stB this mass rangésee Fig. 1

Experimental searches foPA® have used approximately
. : oo . 870 pb ! of combined integrated luminosity, with center-of-
Calculating events using the entire integrated luminosity ré ass energies between 200 and 209 GeV. Only OPAL has
corded for Js=183 GeV, we find that foicy| =0.39, b, seen a significant excess in the-fét channel, which is at the
masses up to 123136 GeV can be discovered at the 5 |evel at (m,o,ma0)~(93,93) GeV. This does not appear
50 (30) level. For|cy|=0.30-0.45, the upper limits for i other experiments, though it cannot be ruled out statisti-
discovery —are mp,=110-129 GeV () and Mg,  cally. No excess in this channel seems to have been observed
=125-140 GeV (&). SinceSandB are meﬁ, the signifi- by any experiment below-90 GeV, which is approximately
cance isx e, and betterb tagging efficiencies can improve the quoted lower limit at 95% confidence for Higgs masses.
the upper limits. However, we have not included effects ofSince the pair cross section is higher than thatf°, this
Gaussian smearing of pair invariant mass measurementshould simultaneously rule out heavy sbottoms lighter than
which might reduce the significance. 90 GeV in the LSLG scenario.
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LEPIL: mpo g0 > 90 GeV

100

1071

o (pb)

1072
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m (GeV)

110

FIG. 6. Comparison betwean,, ando,, at /s=207 GeV ver-
Susm=mpo=Mmao=mg_. Upper and lower limiting curves fawr,,
are obtained fotc,|=0.30 and 0.45, respectively.

There are some qualifications to this analysis. Firshas
a much larger width in absolute terms thathor A°, and that

PHYSICAL REVIEW D69, 055004 (2004

gluino scenario. The pair and associated productiob,cdt

LEPII have been studied and found to be naturally described
as 4-jet and 3-jet processes, respectively. Their cross-sections
and raw event rates have been calculated and associated pro-
duction is found to be small and obscured by the large SM

3-jet background for large values bf mass. However, we

find that 50 discovery of ab, is possible using 3-jet data
provided n;,<110-129 GeV, for|c,|=0.30-0.45. The

corresponding & limits are Mp, =< 125-140 GeV. We rec-

ommend a search as far as possible. While invariant masses
reconstructed front-tagged jet pairs might be the most di-
rect way to do this, single-tagged events can also be useful

if the cross sections are measurable to a high accuracy.

We also find thab, pair production is similar to produc-

tion of neutral MSSM Higgs bosons decaying iittb pairs,
which have been extensively searched for by the four LEP
collaborations. Minor excesses, though inconclusive, seen in
the 4b jet channel for masses 93 GeV provide further mo-

tivation for a detailed study of 3-jet events. We show that
should be heavier than about 90 GeV as no excess has been
reported below this value.

Note addedA paper by E.L. Berger, J. Lee, and T.M.P.
Tait [30] that also covers associated production in this sce-
nario, using the jet cone algorithm, recently appeared inde-

seems to have been a significant factor in hAA® searches
at LEP. However, sincer,, is larger, it is likely that any
excess would have been observed and the 90 GeV lower
limit is approximately correct. Secondly, if very low values

pendently.

of Yeut (belowmgls) were used in the LEP searches, then the

above analysis might not hold.

VI. CONCLUSIONS
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