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Trilepton signature of minimal supergravity at the upgraded Fermilab Tevatron
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The prospects for detecting trilepton evenits- € or u) from chargino-neutralinox; x3) associated pro-
duction are investigated for the upgraded Fermilab Tevatron Collider in the context of the minimal supergrav-
ity model (MSUGRA). In some regions of parameter spa,\zé,andxg decay dominantly into final states with
7 leptons and the contributions fromleptonic decays enhance the trilepton signal substantially when soft cuts
on lepton transverse momenta are used. Additional sources of the MSUGRA trilepton signal and dominant
irreducible backgrounds are discussed. The dileptéh () invariant mass distribution near the end point is
considered as a test of MSUGRA mass relations. Discovery contourpffe3l+X at 2 TeV with an
integrated luminosity of 2—30 fi! are presented in the MSUGRA parameter spacemgf,n,;,) for several
choices of tarB. [S0556-282(99)07223-9

PACS numbsd(s): 12.60.Jv, 11.30.Er, 14.80.Ly

[. INTRODUCTION communicated to the observable sector through gravitational
interactions, leading naturally but not necessalil{] to a
In the near future the Main InjectdMI) of the Fermilab ~ Common scalar massrng), a common gaugino massng,),
Tevatron Collider will run at 2 TeV center of mass energy@ common trilinear couplingAo) and a bilinear coupling
with a luminosity of about 1% cm™2s™ and will accumu-  (Bo) at the grand unified scalégyr). Through minimiza-
late an integrated luminosity?) of 2 fb~* (run 1) or more  tion of the Higgs potential, th& coupling parameter of the
at each of the Collider Detector at Fermilé®DF) and the ~ SuPerpotential and the magnitude of the Higgs mixing pa-

DO detectors. It has been proposed to further upgrade thgMeteru are related to the ratio of Higgs-field vacuum ex-
Tevatron luminosity to 1% cm 2s 1 to obtain a combined Pectation value¢VEVs) (tanf=v,/v,) and to the mass of

integrated luminosityc=30 b~ (run Ill) [1,2]. Another theZ boson M ;). The SUSY particle masses and couplings
L . R at the weak scale can be predicted by the evolution of renor-

possibility is that the Ml will run at the run Il luminosity for malization group equation®GES [12] from the unification

more years to accumulate a higher integrated luminosity. Thgcale [13,14. We evaluate SUSY mass spectra and cou-

order of magnitude increase in luminosity beyond the 0.1plings in'the minimal supergravity model in terms iof,

fb~ 1 [3,4] now available will significantly improve the pos- |

. . my,, Ag and tanB, along with the sign of the Higgs mixing
sibility that new physics beyond the standard mot&\W)  narameters. The value ofA, does not significantly affect

could be discovered before the CERN Large Hadron Collideg, analysis; therefore, we takl,=0 in our calculations.
(LHC) begins operatiof2]. Non-universal boundary conditions among sfermion masses
In this article we extend our recent studs] on the pros-  [15] or gaugino massefL6] could change the production
pects of detecting the trilepton signal with missing transversross section and branching fractions of the charginos and
energy in the minimal supergravity unified model neutralinos. Form,,=200 GeV and taB<25, a non-
(MSUGRA) at the upgraded Tevatron with a detailed con-universality among sfermions significantly enhances the tri-
sideration of backgrounds and optimized acceptance cuts tepton signal when 50 Ge¥:m,<130 GeV[15].
improve the trilepton search. The primary source of trilep- The mass matrix of the charginos in the basis of the weak
tons is the associated production of the lighter chargjpio) ( eigenstates\i/i, ﬁi) has the following form:
and the second lightest neutralinpgq with both decaying to
leptons[6—9]. In MSUGRA with gauge coupling unification, M M, V2Mysing
the sleptons I(), the lighter chargino ¥;) and the lighter c \/EMWCOS,B o '

neutralinos ﬁ,xg) are considerably less massive than the . . L L o
gluinos and squarks over most of the parameter space. Bg_lnce this mass matrix is not symmetric, its diagonalization

cause of this, the trilepton signall(8 £+) is the most prom- requires two ”_‘at”ceﬁ‘”]- The sign of theu COﬂtI’IbU'FIOI’I n
ising channe[3-9] for supersymmetric particle searches atEq'.(l) establishes our sign gonventi‘omr p, which is
the Tevatron. The trilepton background from SM processegqu'valem to thesAJET convention[18].
can be greatly reduced with suitable cuts.

In supergravity unified modeld10], supersymmetry
(SUSY) is broken in a hidden sector with SUSY breaking This sign convention fop is opposite to that of Ref5].

()
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FIG. 1. Masses of®, x3, xi . €., er, 7, andb; at theM,
mass §ca|e and mass ot at the mass scal@= \/rrrterrR, versus
my, with Mgysy=1 TeV, my»,=200 GeV andu>0 for (a)
tanB=2 and(b) tanB=35. The shaded regions are excluded by

(a) u>0, tanf=2, m,,,=200 GeV

(b) p>0, tanf=35, m, ;=200 GeV

-IllI|III||II|I|IIII|III~I
- /7
L //
Vg
- J 7
Ve
7
o
~ 7
b "

|IIII|IIII|IIIII\AI

_||||||||||||X|z||||||l|1||_

IlIIIIIIIlIIIIIIIIIlIIII

o / 4
Lo 7
— P
Eo AT
F oo ~ ;o -
- a: er.,"/, 7 b
[ Vs 1
8 s ]
o~ s :
- Q bl/// 1 |
o S —
L S ]
E o VA 4
L & 7. J

L Xt xt —

R ioXxz

Lo xi
IllllllllllI:IIIIh:JllllII

0 200 400 600 800

mg (GeV)

0 200 400 600 B00 1000

mg (GeV)

theoretical requiremenisachyons and LSP

PHYSICAL REVIEW D60 115015

We find thatM, and || can be empirically expressed in
GeV units as a function of the grand unified thed@&UT)
scale masses,,, my and cos B as

M,=0.85Im,,,+0.00244n,— 2.20,
|| =amy,+bcos28+c,
a=2.34-0.153my/100 GeVj+[1.10
—0.141my/100 GeVj]cos 28,
b=1.78MMy—167.5,
c=1.909m,—178.7, (4)
for 100 GeV=mg,m,,,<1000 GeV and all tap for which

perturbative RGE solutions exist. These mass formulas hold
to an accuracy of 5% foM,, my= and mg, and to an

accuracy of 10% fofu|. These formulas provide useful ap-
proximations for quick estimates. In our analysis, we have

In Fig. 1, we present the masses of the lightest neutralingS€d the numerical results from the RGEs.

(Xg’), the second lightest neutralingg), the lighter chargino
Xi ., the scalar electrong, andeg, the lighter tau slepton

(71), and the lighter bottom squaﬁxl at the mass scale of
M, and the mass of the light&P-even Higgs scalarh?)
at the scaleQ=/m; m;_ [19,20, versusm,, with Msysy
=1 TeV, my»y=200 GeV andu>0 for (a) tan=2 and

The Yukawa couplings of the bottom quafs) and the
tau lepton ¢) are proportional to tag and are thus greatly
enhanced when ta® is large. In supersymmetric grand uni-
fied theories, the masses of the third generation sfermions are
consequently very sensitive to the value of garAs tang

increases, the lighter tau sleptor ) and the lighter bottom
squark b;) become lighter than charginos and neutralinos

(b) tanB=35. To a good approximation, the mass of thehile other sleptons and squarks remain heavy. Then,

lightest chargino,mxlt~m 0, is about twice m,e. Also

and Xg can dominantly decay into final states with tau lep-

shown in Fig. 1 are the regions that do not satisfy the folyys via real or virtual,.
lowing theoretical requirements: tachyon free and the lightest o way to detect leptons is through their one-prong

neutralino as the lightest SUSY particleSP). There are

several interesting aspects to note in Fig. 1:

(i) An increase in tap leads to a largem,, but a slight
reduction inmxg, My, and a large reduction ofr; andmy, .

(i) Increasingmg raises the masses of scalar fermions.

and three-prong hadronic decays. The CDF and the D@ col-
laborations are currently investigating the efficiencies for de-
tecting these modes and for implementing &igger[22]. It

has been suggested that thieptons in the final state may be

a promising way to search fwfxg production at the Teva-

(iii) In most of the MSUGRA parameter space, the weak+ron if excellentr identification becomes feasib|,23—24.

scale gaugino masses are related to the universal gaugino another way of exploiting ther signals[5], which we
mass parametean,,, by

mxg~0.44'n1/2,

m, =~ mxg~0.84n1,2.

X1

employ in this article, is to include the soft electrons and
muons from leptonie- decays by adopting softer but realistic
pt cuts on the leptons than conventionally u$@éf We find
that this can improve the significance of the trilepton signal
from x; x> production[5].

After suitable cuts, there are two major sources of the SM

Consequently, the trilepton channel could provide valuabldackground5,7—9,24—28 (i) qg— W* Z* ,W* y*—>|vll_or
information about the value af,,.

The masses ofy; and x5 to the leading order in

MZ/(u?—M3) can be expressed §21]

M2, (M,+ u sin 28)
m==Mp— 2 2 2
MZ,(M,+ u sin 28)
mxg= 27— > > .
mo—Mj

|’v’||_(|=e or ), with one or both gauge bosons being

virtual 2 and (i) qgq—W*Z* W*y* —lvrr or 7vll and
subsequent leptonic decays. In this article, we substantially
improve the background calculations including effects from
virtual W and Z and the contributions from virtual photons
that are missing imSAJET and not included in earlier studies.

21f it is not specified W* andZ* represent real or virtual gauge
bosons, whiley* is a virtual photon.
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FIG. 2. Feynman diagrams ofg’ — x; x3. .

Y 9 XK FIG. 3. Feynman diagrams ¢8) x; —Ivx} or 7vx?9 and(b)
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These contributions are unexpectedly important. We reoptid? ! L

mize the acceptance cuts to reduce the larger background i o
that resulted. the squarks are light, a destructive interference between the

The experimental measurements of the sy decay rate W boson and the squark exchange amplitudes can suppress
by the CLEO[29] and LEP Collaboration§30] place con- the cross sectllon .by as much as 40%, compared to the
straints on the parameter space of the minimal Su|oergra\,i@rchannel contribution alone. For larger squark masses, the
model[31]. It was found thab— sy disfavors most of the effect of negative interference is reduced.

MSUGRA parameter space when 8% 10 andu <0 [31]. Feynman diagrams of the chargino and neutralino decays
Therefore, we concentrate qu>0 in our analysis when into final states of leptons and neutrinos and the LSP are
tang= 10. shown in Fig. 3:(a) x;—lvxy or 7vx} and (b) X3

—1"17x% or 777 x3. Figure 4 presents the branching frac-
tions of Xg versus taB, with m;,,=200 GeV and several
e\éalues ofmg for both >0 and u<0. For tan3<5, the
branching fractions are sensitive to the signuof

For ©>0, and tarB~ 2, we have found that the dominant
cays are

In Sec. Il we discuss th@p—>xf;(‘2)+x cross section
and the decay branching fractions f andxg. The accep-
tance cuts for the signal and background are discuss
in Sec. Ill. We present the trilepton cross section from

additional SUSY sources in Sec. IV. When the sleptar)s ( de
and the sneutrinosy{ are light, they also contribute to the

trilepton signal via production of and | 7. These contri-
butions are at interesting levels whem<150 GeV and
tanB=20. The discovery potential of the trilepton search at
the upgraded Tevatron is presented in Sec. V, withsgy- x2—>TRI, 717 and v v;
nificance contours for observation or exclusion arnd $g-

nificance contours for discovery. Section VI discusses the

end point reconstruction at run Il for invariant mass distri- 60 GeV =mg=110 GeV:

bution of |1~ from the Xg decays. Our conclusions are
given in Sec. VII.

me<50 GeV: xi;—wl and 7,

.~
X1 TV,

Il. ASSOCIATED PRODUCTION OF CHARGINO o ~ 5
AND NEUTRALINO X2— gl and 77,

In hadron collisions the associated production of the _
lighter chargino and the second lightest neutralino occurs via ()(g—> v v suppresseqd
quark-antiquark annihilation in the channel through av

boson qE'—>vvj—>XfX2) and in thet and u channels 15 GeV =my=170 GeV:
through squarkdq) exchanges. Figure 2 shows the Feynman
diagrams ofqq’ — xi x3. The pp— xi x5+ X cross section
depends mainly on masses of the chargim;(i() and the
neutralino (nxg). For squarks much heavier than the gauge o
bosons, thes-channelW-resonance amplitude dominates. If Mo=180 GeV: xi, x5—daxj.

Xix9—3l+E; viavirtual 1;

115015-3
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(a) # > 0, my = 100 GeV (b) & > 0, my, = 200 GeV
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FIG. 4. Branching fractions of(g decays into various channels
versus tarB with my,»,=200 GeV, for (8 w>0 and m,
=100 GeV, (b) x>0 and my=200 GeV, (c) <0 and m,
=100 GeV, andd) <0 andmy=200 GeV.

For u<0 and tarB~2, we have found that the dominant
decays are

me=<100 GeV: xi;—rnl,

)(gH VLY,
=110 GeV: x;—1v,
XzHXOhO

For my~200 GeV, 3 dominantly decaysi) into 77x°
for 25<tanB=40, (i) into 77, for tang=40. For m,
=300 GeV and large tae=35, bothr; and Bl can be
lighter than other sfermions, and andxg can decay domi-
nantly into final states withr leptons orb quarks via virtual
or real 7, and 51. For my=400 GeV and 5tanB=<40,
Bx2—7 7 xD)~Bxa—e e x1)~2%.

Figure 5 shows the cross secticm(paﬂxfxgeﬁ
+X) at \s=2 TeV, which is the producir(pp— xi x2
+X)XB(xi —1vx) xB(x3—171"xY), versus tas with-
out acceptance cuts, with,,,=200 GeV and several values

of my for both u>0 andu<0. For tan3=<5, the branching
fractions are sensitive to the sign af For <0 and tarp
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(a) 4 > 0, m;;, = 200 GeV (b) p < 0, my;, = 200 GeV
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FIG. 5. Cross section opp— x; x3—3l+X at ys=2 TeV
without cuts versus ta@, with m;,=200 GeV and several values
of my for (@) >0 and(b) ©u<0. Formy=100 GeV, the curves
end at tanB= 28, because the region with t@% 28 is theoretically
forbidden.

~2, (a) with my=100 GeV, B(x3—v»)=0.71 andB(x5

—h%?%)=0.19, some trileptons are due§— 1l and7,7;
(b) with my=200 GeV, B(Xg—>h°X8)=0.99 and conse-
quently the trilepton rate drops sharply. Fop=100 GeV
and m,,,=200 GeV, the curves end at t@r 28, because
the region with tarB=28 is theoretically forbidden.

Ill. ACCEPTANCE CUTS

In this section we present results from simulations for the
trilepton signal with an event generator and a simple calo-
rimeter including our acceptance cuts. ThaJET 7.40 event
generator prografiL8] with the parton distribution functions
of CTEQ3L[32] is employed to calculate thd 3 E; signal
from all possible sources of SUSY particles. A calorimeter
with segmentationA X A ¢=0.1X (27/24) extending to
|7|=4 is used. We take an energy resolutions of {E7for
the hadronic calorimeter and 0.1 for the electromag-
netic calorimeter. Jets are defined to be hadron clusters with
E+>15 GeV in a cone withR= /A »°+A ¢$?=0.7. Lep-
tons withp;>5 GeV and within | <2.5 are considered to
be isolated if the hadronic scal&; in a cone withAR
=0.4 about the lepton is smaller than 2 GeV.

The trilepton signal has dominant physics backgrounds
from production of W*V*, V*V* (V=2Z or y), and tt.
Most backgrounds from the SM processes can be removed
with the following basic cuts:

(1) We require three isolated leptons in each eVerith
pr>5 GeV and|7|<2.0 and a hadronic scal& smaller
than 2 GeV in a cone with R=0.4 around the lepton. This

isolation cut removes background frdmt and c?decays.

3The events with 4 isolated leptons are considered as 4-lepton
signals in our analysis.

115015-4
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FIG. 7. Invariant massN ) distribution of the lepton pairs
with the same flavor and opposite SIQﬁda’/dM|_(pp—>eV,u,u
+,uvee+ X)], for the dominant background fromq =1y 1
at\s=2 TeV, with the basic cuts in E@5), but without az veto.

Also shown is the invariant mass distribution EE-F ,ugwith op-
posite signs.

and at least one lepton withr(1)>11 GeV and|#(l)|
<1.0.

The surviving total background after these cuts has con-
tributions from four major sources via quark anti-quark an-
pihilation (Fig. 6): (i) production of evutu~ and

FIG. 6. Feynman diagrams ofd—e* veu™ u ™.

(2) We requireE1+>25 GeV in each event to remove
backgrounds from SM processes such as Drell-Yan dilepto . g _ N
production, where an accompanying jet may fake a lepton..~ve"e” (I’v'Il), (i) production of e“ve’e” and

(3) To reduce the background frow™* Z* production, we ;. * v,u,*;f (Ivll), (i) production of e st
require that the invariant mass of any opposite-sign dilepton, R e ( VTT) with subsequent Ieptomc decays, and
pair with the same flavor not reconstruct tAemass:|M;

—M,|=10 GeV. (iv) production ofr*ve*e + 7= vu* u~ (7vll), with sub-

(4) To eliminate the background frodf» and Y, and to sequentr leptonic decays. In addition there are contribu-
reduce the background frolv* y* production, we require a tions from the production oferr+uurr (II 77), with one
minimal value for the invariant mass of any opposite-sign decaying leptonically and another decaying hadronically.
dilepton pair with the same flavoM ;=12 GeV. A more We employed the programsDGRAPH [35] andﬂELAS [36]
severeM,; cut is imposed later in Eq6). to evaluate the background cross sectionpgi— 3|+ E

+ X for contributions from all these five subprocesses. The

ackground fromtt was calculated withsAJET.
We present invariant mass distribution of the same-flavor

Our acceptance cuts are chosen to be consistent with tkb
experimental cuts proposed for rur[ 83,34 at the Tevatron

follows: . . L - .
as Tollows lepton pairs with opposite signs in Fig. 7 for the dominant
p1(l1)>11 GeV, background fromqq’ —1'v’Il, with the basic cuts in Eq.
(5), but without theZ veto. This background cross section
pr(l,)>7 GeV pr(l3)>5 GeV, from W* y* increases sharply as the invariant mass becomes
smaller forM =30 GeV. Therefore, a more stringent dilep-
|7(11,15,13)|<2.0, ton invariant mass cut than that in E¢) is necessary to
reduce the background frokv* y*.
E,>25 GeV, Figure 8 shows the transverse mabs;(I,E+)] distribu-
tion of the lepton associated with two same-flavor and
M =12 GeV opposite-sign leptonsdo/dM(pp—evuu+ preetX),
from the dominant backgroundq' —evuu+ uvee at the
IMi—Mz|=10 GeV, (5)  upgraded Tevatron with the basic cuts in Eg). Also shown

115015-5
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Mr(LFx) (GeV) FIG. 9. Transverse momenturpy) distribution of the trileptons
FIG. 8. Transverse masM(l,E+)] distribution of the lepton  from qE’—A’vI*I’ at the upgraded Tevatrorﬁda/de(pF
associated with two same-flavor and opposite-sign leptons from the, e, 1, + wvee+ X) ], with the basic cuts in Eq5), for the three
dominant backgroundiq’' —evuu+ uvee with the basic cuts in  leptons withp(1;)=pr(l,)=ps(l5)=1 GeV.
Eqg. (5). Also shown are the same distributions of trileptons
[p7(I1)=p1(l5)=p+(l3)] from the SUSY signal with the basic cuts
for >0, tanB=3, my,=200 GeV andn,=100 GeV. >p+(l5) of their transverse momenta. Figure 10 presents the
transverse momentum distribution of the three leptons from
the SUSY signal withu>0, tang=10, my,»,=200 GeV
are the same distributions of trilepton®+(11)=pr(l2)  and my=100 GeV. The most important lesson we learn
=pr(ls)] from the SUSY signal fo>0, tanB=3, My,  from Fig. 10 is that a large number bf's from the SUSY
=200 GeV andm,=100 GeV with the basic cuts. This particle decays have py less than 5 GeV. Therefore, it is
figure suggests that a cut on the transverse iffds¢l.E1)]  very important to have a soft; acceptance cut oh, to
around My, can efficiently reduce the backgrounds from retain the trilepton events from SUSY sour¢&
W*Z* +W* y*,
To further reduce the background froW*Z* and ©>0, tanf=10, m, ;=200 GeV, m,=100 GeV
W* y*, we require that

:i': 0.5 | I! LI ) I T T TT I rrri | LELILEL | LELILEL ]
IM—Mg|=15 GeV (Z veto), 3 i .
M, =18 GeV (y veto), ’:f 0.4 Vs = 2 TeV =]
5‘ .
M+(l",E7)<65 GeV or t ]
g 03 | ]
M1(l',E;)=85 GeV (W veto). (6) g i i
g [ ]
whereM;"is the invariant mass for any pair of leptons with ~ » 0.2 —: : -]
the same flavor and opposite signs, avig(l’,Ey) is the 2 [ i": i
transverse mass of the lepton associated With ' | -
Some 3 events could be due t@+jets and W+ jets. 'g 01 ; = -~ ]
Since these sources always originate from clv followed é.‘ :;’i ) RN ]
by c—slv, they can be removed by imposing an angular % L 2 NN T | N
. . . . _ L<] 0.0 v - bl DI U8 S T S L1 |
separation cut between the isolated leptons, giving a back 0 20 40 60 80 100
ground consistent with zero. This angular separation cut pr(GeV)
causes almost no signal loss. T
The transverse momentump+) distribution for the three IG. 10. Transverse momentum distribution opp

leptons of the dominant background is ?‘hown in Fig. 9 for_, 5ysy particles- 31+ X at ys=2 TeV with the basic cuts in Eq.
pp—evuun+puveetX. We label the trileptons as$, ; 3, (5) and p1(11)=pr(l,)=p:(l5)=1 GeV, for x>0, tan=10,
wherel=e or wu, according to the ordering+(l1) >p+(l,) my,=200 GeV andm,=100 GeV
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TABLE |. The cross section qﬁﬁﬂsusy particles- 3l + X in TABLE Il. Masses of relevant SUSY particles for four
fb versus tamB for m;,=200 GeV andn,=100 GeV along with MSUGRA cases along with the value of the Higgs mixing param-
the trilepton cross sections of the SM backgrouf®iS) and values ~ eteru>0.
of statistical significanceNSES/\/E, S= number of signal events,

andB= number of background event®r an integrated luminosity ~Parameters. cases I I v
of £=30 fb !, at the upgraded Tevatron with four sets of ci#: Mg 100 140 200 250
basic cuts: cuts in Eq5); (b) soft cuts A: cuts in Eq9’5) and(6); My/» 200 175 140 150
(c) soft cuts B: the same cuts as soft cuts A, except requiring 18, 0 0 -500 -600
GeV <M <75 GeV;(d) hard cuts: the same cuts as soft cuts A, tang 3 35 35 3
except requiringvl;; =12 GeV, andp+(l4,l,,13)>20, 15, and 10
GeV. Masses of relevant SUSY particles
tanpB\ cuts Basic Soft A Soft B Hard The u parameter 312 241 286 369
g 508 455 375 403
3 12.8 8.82 8.41 4.04 g, 457 417 375 420
10 3.49 2.57 2.43 1.13 mg, 463 424 383 426
20 1.18 0.90 0.79 0.34 MG~ M, 440 406 367 413
25 0.66 0.50 0.43 0.20 mg, 306 297 153 134
Mg, 418 329 213 346
SMBG m, = 141 126 106 109
1o 2.63 0.72 0.60 0.32 m,o 76 69 56 57
T 2.09 0.41 0.30 0.20 My 143 127 107 111
_ i, 133 162 212 260
|,,7-1 0.60 0.45 0.41 0.22 ) 132 104 88 057
7.,,[ 0.37 0.20 0.13 0.11 o 180 194 299 275
77 0.12 0.08 0.06 0.04 m;, 165 177 214 266
tt 0.14 0.11 0.06 0.009
Total BG 5.95 1.97 1.56 0.90

tanB\Ns sets of parameters are presented in Table Il with an inte-
3 28.7 34.4 36.9 23.3 grated luminosity ofC=30 fb™ 1.

10 7.8 10.0 10.7 6.5 Case I: In this caser ~n; <m,:=~mo, B(x3—Igl)

20 2.6 3.5 3.5 2.0 tao 0~ \_ 1o Lo

25 15 1.9 1.9 1.2 =58%, B(x;— 717) =41%, andB(x; —7,v)=49%, so a

for four sets of MSUGRA parametérsThe trilepton signal

cross sections and values of statistical significance for these

large rate for trilepton events is expected. 'Ij‘lfe)(g produc-
tion contributes about 81% of the total trilepton signal. The
MSUGRA parameters for this case are in the cosmologically

The effects of acceptapce cuts on the. signal and baCkravored region of parameter space with an approprﬁte
ground are demonstrated in Table I. The trileptons are due ©O.ic density for cold dark matter(Y, oh?=0.24) [20,38
X0 . ,38.

X1 Xa production and the additional SUSY particle sources T .

that are discussed in the next section. The cross sections of Case I Th'f’ p.arameter .space p0|nt+has a Iacl)rge vaglue of
the signal withm,,,=200 GeV, m,=100 GeV, and sev- @nB=35 andr, is much lighter thany; and xz; B(x>
—1,7)~100%, andB(x; — 7,7)~100%. Here, we antici-
pate that an inclusive trilepton signal can be extracted with
relatively soft leptorp+ cuts, since the detected leptons typi-

eral values of tag, along withl Il , tt andZZ backgrounds
are presented for four sets of cufs) basic cuts: accept-
ance cuts in Eq(5); (b) soft cuts A: acceptance cuts in Egs.
(5) and (6); (c) soft cuts B: the same cuts as soft cuts A, cally come.from_r decays. .

Case lll: This parameter space point also has a large

except requiring 18 GeV=M,; <75 GeV; (d) hard cuts: . . :
L tang, but theA, parameter is chosen so that relatively light
the same cuts as soft cuts A, except requiriMy, -~ A ~ oP yig

=12 GeV andpy(l.1,,15)>20, 15, and 10 GeV. We ob- t1. b1 and 7, are generatedB(x3—717)~100%, and
serve that the soft cuts can considerably enhance the signBx1 — 717)~100%. The trileptons should occur at a simi-
significance. A more strict cut to requin; ;<75 GeV asin lar rate as in case Il. The rather largg; production cross

soft cuts B can further reduce the backgrounds fiémill  section may yield an observabig signal.

as well ad vIl with a slight reduction in the trilepton signal Case IV: This parameter space choice hasf s.ma-ll value of
for most SUGRA parameters and might slightly improve thetan8=3 and theA, has been chosen such thatis light,
statistical significance. The reach with each of the soft cuts is

qualitatively similar. For brevity, we will present results with

soft cuts A in this article. “These cases were selected for the SUGRA study in the RUN I
In Table I, we present masses of relevant SUSY particlesvorkshop on Supersymmetry/Higgs at the Ferm{lam].
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TABLE Ill. The cross section(in fb) of pp— SUSY particles»3l+X at ys=2 TeV for the four
MSUGRA cases described in Table Il with contributions from various SUSY channels. For each MSUGRA
case, the statistical significane=S//B, S(B)= number of signalbackgroungievents, is presented for an
integrated luminosity.=30 fb~! and the four sets of acceptance cuts described in Table I.

Acceptance cuts cases I Il 1] \ SM background
Cross section

Basic cuts 12.8 1.58 1.94 4.13 5.95
Soft cuts A 8.82 121 1.32 3.06 1.97
Soft cuts B 8.41 0.97 1.18 2.97 1.56
Hard cuts 4.04 0.47 0.30 1.58 0.90

Statistical significanceNs=S/\/B

Basic cuts 28.7 3.5 4.4 9.3
Soft cuts A 34.4 4.7 5.2 12.0
Soft cuts B 36.9 4.3 5.2 13.0
Hard cuts 23.3 2.7 1.7 8.8

while both I and 7, are heavier thany™; B(Xgﬂxgeg can enhance the trilepton cross section and may yield observ-

0 - ; able signals at run Ill. We summarize the contributions to
+ =6.6%, andB(y; —ev+ =23%. This case . . X
Y1) 0 (1 vt u) y trileptons from various relevant channels f@r-0 in Table

could also provide an opportunity to search fgt, produc- IV and for x<0 in Table V.
tion wheret;—by; with x; —lvx5.
Most trileptons in cases | and IV have highpf than

those in cases Il and lll, because the latter contain some. TABLE_N'_The cross Se(?t'on 0pp—3l+Xin fb versus targ
with contributions from various relevant SUSY channels yat
secondary leptons from decays.

. 1 - . . =2 TeV with th t ts d ibed i d(6) f
At run Il with 2 fb~! integrated luminosity, we expect eV & acceptance cuts described in Egsand (6) for

. >0, my,=200 GeV, taB=2, 10, 20 and 35(25 for m
about 4 events per experiment from the background cross 100 Gé’\z/). B ( 0

section of 1.97 fb. Then the signal cross section must yield a
minimum of 6 signal events for discovery; the Poisson prob-Channe|\tanﬂ 2 10 20  3%25)
ability for the SM background to fluctuate to this level is less
than 0.8%. At run lll with£=30 fb™!, we would expect (i) my=100 GeV

about 59 background events; & Signal would be 38 events Total 958 257 090 0.50
corresponding to a signal cross section of 1.28 fb, and-a 3 xi x> 7.86 174 040 0.13
signal would be 23 events corresponding to a signal crosf;, 0.68 0.32 0.18 0.10
X3, xox3, x3x5, 0.30 0.12 0.05 0.05
IV. ADDITIONAL SOURCES OF TRILEPTONS XTX340 X2X34X1 X3+ X2X3 004 008 0.06 005
" : . 9x%5, x24.09, 99,77 0.35 015 006 0.04
In addition to the associated production gf x3, there =~ 9X23» 9Xx23.99, 49, »v
are other SUSY contributions to trilepton events. (il) my=200 GeV
(1) If the sleptons and sneutrinos are light,and|| can  Total 211 023 025 031
; huti - i oy X 1.92 016 017 019
make an important contribution to the trilepton signal amd =~ X1 X2
can make a small contribution. Iy 006 0.0z 0.2 0.03
(2) When the charginosy ,), and the neutralinosx(g,3’4) I 003 - 001 o001
are not too heavy, they contribute to the triIeptonsx@a(g, xox3 x0x3, x08, 0.02 - 0.01 0.02
X2X5: X3X4: X1 X3 X3 X3, andx; xq production. xSe X3XaXixXs Xix3 001 002 002 002
(3) When the gluino §), the squarksq), and the neu- gx3,, ax35.99, 9q,v» 007 0.03 002 0.04
tralinos (,\/g 34 are not too heavy, they also contribute to the
i h ducti ~"0 4oy 0 (iii) my=500 GeV
trileptons via the production ajx; ; anddy; 3. Total 027 048 046 042

(4) The production oyg andqq also make small trilep- =9 026 046 045 041
ton contributions. 00 00 020 _ 0.01 _ -
For my=500 GeV andm,, <300 GeV, the associated 2 5 ‘22 §3%4 . . '
|0 + 0 L2 ' . X1 X340 X2 X3,4X1 X2 » X2 X2 001 0.01 o001 0.01
production ofy; x>, contributes at least 95% of the trilepton ~ ~ ~

. o Ox33, Ox33.09, 99, v - - - -
signal. Formy=<150 and tar8= 20, production ofl v and! |

115015-8



TRILEPTON SIGNATURE OF MINIMAL SUPERGRAVITY . .. PHYSICAL REVIEW D60 115015

TABLE V. The cross sectiofiin fo) of pp—3l+X at ys=2 (2) >0, tan g = 10 . (b) g > 0, tan B = 35
TeV with contributions from various SUSY channels and the ac- mx(GeV) & 109 151 193 2 uz 163 106 28
ceptance cuts described in Eq&) and (6), for <0, my), §10 JRERE RARRE RERRE RRRR [RARE RARAE RARRERRRRF
=160 GeV, tarB=2 and several choices ofi,. o K ik ]

+ o mg = 100 GeV r 1

Channelkmg (GeV) 100 200 500 1000 B 10! = =1 3

0 E !.'.l‘ev 68 events qg.me~ 1Te¥ Run II: 8 events:

Total 491 324 112 0.89 8 N A 5 ]
+ © S — 20 _ | STs o Run R o0
Xi X3 374 262 107 088 F 100 ETIRY TTNT 30 B S Run m a0 3
T 012 015 - - B PN meS :
T 012 003 - - 2l S ]
7] E B —E E

XIX9: XOX3 XX3, 020 009 001 - ' 3 Yo 3 E
XiXow XaX3aXiXa, Xexz 004 002 - - g Lo AR R
gX(z)’s’ qX(Z)’sygg, qq,VV 0.69 0.32 0.04 0.01 b 10—2 v v s by il [ N R LI

100 150 200 250 100 150 200 250 300
my /»(GeV) m, /,(GeV)

V. DISCOVERY POTENTIAL AT THE TEVATRON . — . .
FIG. 12. Cross section opp— SUSY particles» 31+ X with

The cross sections for the trilepton signal after cuts areoft acceptance cut§Egs. (5) and (6)], versus my,, at Js
shown in Fig. 11 versum,, with tan3=3 and several val- =2 TeV, with u>0, my=100 GeV(solid line), 200 GeV (dot-
ues ofmy for both x>0 and x<0. Figure 12 shows the dashed ling 500 GeV(dashed lingand 1000 GeMdotted line,
cross sections of the trilepton signal and background aftefer (&) tang=10 and(b) tans=35, Also noted bly lines are the
cuts versusm,, with several values ofn, and ©>0 for crosg_sectloqs fofi) 6 S|gnal_ events withlC=2 f_b’ (dotted ling
tanB=10 and tam3=35. Also shown are lines fdi) 6 sig- a_md (i) 50 S|gnalfcliashed ling as well as_3r '_slgnal (dot-dashed _
nal events withc=2 fb~* and (i) a 5¢ signal as well as a line) for /;=30_ fb™*. The chargino mass is given on the top hori-
3¢ signal with £=30 L zontal scale withmy=500 GeV.

To assess the overall discovery potential of the upgraded . . ,
Tevatron, we present the 99% C.L. observation contour apUSY sources of trileptons are included. Figure 14 shows
run Il and the % discovery contour as well as ther3ob- the 99% C.L. observation contour at run |l and the 8is-

. . . —  covery contour as well as thes3observation contour at run
servation contour at run Il in Fig. 13 forpp —

—.SUSY particles-31+X at ys=2 TeV, with soft accep- Il for pp—SUSY particles-3I+X in the (mo,my;) pa-
tance cuts[Egs. (5) and (6)], in the parameter space of 'ameter space for tg#=10 and tarB=35. We have in-
(Mo, My/), with tanB=2, for (a) x>0 and(b) x<0. Al cluded all SUSY sources of trileptons. For 180 Ge\m,

' ' ’ <400 GeV and 1&tanB=<40, the x5 decays dominantly

(@) u>0 tan g =3 () p <0, tan g =3 into qu‘f and in these regions it will be difficult to establish
m,(GeV) 6o m 163 105 2’:[ 132 173 214 256 a supersymmetry signal.
o 102 :I LI L | TT 1T | TT 17T | TTT IE —I LLEL I UL I LU I TTT IE
- m, = 100 GeV IS ] (2) w >0, tang = 2 (b) w <0, tang = 2
K T 7 L B O L
y [ my = 100 Ge AR REAR) LALAH R REEE |- ER Lnd EEERN RALM] LEERY
10 .\_ 200 Gev 300 ?—Theoretically [S—— Theoretically

Excluded Excluded

7T T 1T

NG TR T Rem R 250

o(pp - SUSY particles » 31 +X) (fb

__/l: -
100 =570 - |y ]
E T S N | R N % 4 4
F N . (] 4 b 4
[ 500 Gev "~ e ;|
~ . 1B ]
. . H
L Sy > 200 I ]
101 LR — g 4 }
E 1TeV: y oy © \0\ 3 i e mem e i— e
E Y \‘ '\_ \;, PN ] ..\ - _._] C
! L Y N VL1 Tev ™~ 150 7777 L \\\\ 50(Run III)]
P 0 AU VRPN EPINIPR L VEEPI | EFSPI PR P N N s, [ Run (2 b)) =——————-

100 150 200 250 100 150 200 250 300

m, »(GeV) m/»(GeV) 100 7 (i :
) _ ) ) 0 200 400 600 800 O 200 400 600 800 1000
FIG. 11. Cross section gpp— SUSY particles-3l+ X with m, (GeV) m, (GeV)
soft acceptance cut§Egs. (5) and (6)], versusmy,, at \'s
=2 TeV, with tan8=2, my=100 GeV (solid ling), 200 GeV FIG. 13. Contours for 99% C.L. observation at run Il and 5

(dot-dashed ling 500 GeV (dashed ling and 1000 GeV(dotted ~ discovery as well as @ observation at run Il in thero,m;,)
line) for (a) x>0 and(b) u<0. Also noted by lines are the cross plane, forpp— SUSY particles-3l+X at \s=2 TeV with soft
sections for(i) 6 signal events witlL=2 fb~? (dotted ling and(ii) acceptance cutEgs. (5) and(6)], for tang=2, (a) >0 and(b)

50 signal (dashed lingas well as & signal (dot-dashed lingfor u<0. All SUSY sources of trileptons are included. The shaded
£=30 fb 1. The chargino mass is given on the top horizontal scaleregions denote the parts of the parameter space excludéd the
with my=500 GeV. theoretical requirements, ¢ii) the chargino search at LEP 2.
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(2) u > 0, tang = 10 (b) u > 0, tang = 35 our conclusions and discovery contours will be valid after
AR R AR RN SOt R RN R B QCD radiative corrections are included. Recent studies
found that QCD corrections enhance the signal cross section

of pp— xixo+X by about 10-30% for 70 Gevem, «

300

_:_—— Theoretically
Excluded

<—— Theoretically
: Excluded

I T

= &0 ?\ <300 GeV[40]. QCD corrections also enhance the cross
S B : section of the dominant backgrourgp— W*Z* +W* y*
§ O/ - B — +X by about 30%428,41.

F _-“"8g(Run )4} i\ -~ 8o(Run II)

150

VI. MASS RECONSTRUCTION

7 "-,,.\_A.lf;liun I (2 fb7)]
7 ,'\,.\___“_

100 Excluded by LEP 2

7 ﬁ e If the two-body decaw2—>~IRl—>I * *+X2 is kinemati-
i B A AP A e Y cally allowed and a large integrated luminosity is accumu-
200 400 600 800 O 200 400 600 800 1000 lated, it may be possible to test a predicted mass rel@igh
m, (GeV) m, (GeV) o .
amongm,, . and m,o. To demonstrate this interesting

o

FIG. 14. The same as Fig. 13, far>0, (a) tang= 10 and(b) possibility, we consider the following parametersi,,
tang=35. =200 GeV,my=100 GeV, Ay=0, tanB=3 and u>0.
We evaluate masses and couplings of SUSY particles at the
In Fig. 15, we present the contours of 99% C.L. observaveak scale with renormalization group equations and obtain
tion at run Il and % discovery as well as @ observation at MQ=143 GeV, ng =133 GeV, m,0=76.0 andu=312.

run Il for pp— SUSY particles- 3l + X in the (my,my,) The corresponding trilepton cross section after auw(pp
plane for tanB=3 with soft cuts A (M —My|>15 GeV) —SUSY particles>3I+E+X)=8.6 fb gives a promis-
and soft cuts B(18 GeV <M, <75 GeV). The lighter ing signal with 258 events fof=30 fb™ . The)(fxg pro-
CP-even Higgs scalar mass) is sensitive to the value of duction contributes about 81% of the total trilepton signal.
tanB. Takingmy,»,=200 GeV,my=100 GeV,A,=0 and We consider the subtracted dilepton invariant mass distri-
u>0, we obtainm,=89.5 GeV for tapB=2 and m, bution[42] defined as

=99.3 GeV for tarpB=3.

Also shown in Figs. 13, 14 and 15 are the regions that do do
not satisfy the following theoretical requirements: elec- gm
troweak symmetry breakingEWSB), the correct vacuum for
EWSB obtainedtachyon freg and the lightest neutralino as
the lightest SUSY particleLSP). The region excluded by the  The subtractions remove the lepton pairs with one lepton
le+S95 GeV limit from the chargino seardB9] at LEP 2 coming from x; and another coming frony3. This mass
is indicated. distribution has a sharp eddend poinj that appears near

We calculated cross sections for the signals and the backhe kinematic limit for this decay sequence, i.e.,
grounds with tree level amplitudes. However, we expect that

M2 Mo
MAX I X1
pu > 0, tang = 3 er :MXO 1——2 1——2N45 GeV. (8)
(a) My=Mg| > 15 GeV (b) 18 GeV < My < 75 GeV 2 ng My

.|||||||||||||||||||||||

do

dm
e

?— Theoretically
i Excluded

300 ::— Theoretically
N Excluded

Figure 16 shows the subtracted invariant mass distribution
for two leptons with opposite signsl(l~) from pp

.

R —SUSY particles=31+X with >0, tang=3, my,
e =200 GeV, andmy=100 GeV. This distribution may al-
g 200 low a test of the MSUGRA mass relations in this optimal
________ SR case with a high cross section, provided that a large luminos-
Za 4B P - H - — 1\ .
. - Bo(Run M) » .~ /3o(Run m) ity accumulation £=10 fb™ ") is obtained.
; < BeRan [ ..
160 b Excluded by LEP 2 i VIl. CONCLUSIONS
A A e NI AT Vi .
0 200 400 600 800 O 200 400 600 800 1000 In most of the MSUGRA parameter spagg; x5 produc-
m, (GeV) m, (GeV) tion is the dominant source of trileptons. Fog=< 150 and

FIG. 15. The same as Fig. 13, fpr>0 and tang=3, with (a) tanB= 20, production of v andl | can enhance the trilepton

soft cuts A (M;j—M,|>15 GeV) and(b) soft cuts B(18 Gev  Signal and may yield observable rates at run Il in regions of
<M;=75 GeV). The calculations in this figure are based onParameter space that are otherwise inaccessible.

ISAJET 7.44 which incorporates the decay matrix elements for the In some regions of MSUGRA parameter space, tje
charginos and the neutralinos. and the)(g decay dominantly to final states withleptons.
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Vs =2 TeV, u >0, tang = 3 region of MSUGRA parameter space withy<100 GeV
and tarnB=<10. The discovery possibilities of the upgraded
Tevatron foru>0 are summarized in the following:

IIIIIIIIIlIIlllllllllllllllll
-

(iii) For my=600 GeV and tap~ 35, the trilepton sig-
nal should be detectable at the run Il rif;,<170 GeV
(mX1:5130 GeV).

i ) 4
0.6 S — (i) For my~100 GeV and tap~2, the trilepton signal
i / | dash: ee +uu ] should be detectable at the run lini»,<240 GeV (ler
L | dot: eu tpe <177 GeV) and at the run llI ifm;,<260 GeV M, =
{ s X
L \ Solid: ee +uu—eu —ue | 1
0.4 1 <195 GeV).
- 1 (iil) Formy~150 GeV and taB~ 35, the trilepton signal
i | should be detectable at the run llini;,<170 GeV (lez
- 1 <122 GeV).
02— =
i

/
[
i
i
]

do/dMy(pp - SUSY particles -+ 31+X)(fb/GeV)

0.0 = It might be difficult to establish a trilepton signal for 180
:. L ..I....I....I....I....: GeV =my=400 GeV and 3tanB=35, beciuse for these
0 20 40 80 80 100 120 parameterg; andy> dominantly decay intaiq’ xJ, and the
M- (GeV) leptonic decays of> is suppressed. However, the important

lesson is that the experiments at the Tevatron may probe a

FIG. 16. The subtracted invariant mass distribution for the sameubstantial region not accessible at LEP 2.
flavor lepton pairs with opposite signk'( ~) as defined in Eq(7),
for pp—SUSY particles-31+X at Js=2 TeV, with x>0,
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