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Signatures of the light gluino in top quark production
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If a light gluino, with a mass of the order of GeV, exists in the minimal supersymmetric extension of the
standard model, then it can contribute to the production rate of the top quark pairs at hadron colliders via
§§—>tf Because the top quark is heavy, the masses of the superpartners of the left-handed and right-handed
top quarks can be very different such that a parity-violating observable can be induced in the tree level
production process. We discuss the phenomenology of this parity violating asymmetry at the CERN Large
Hadron Collider[S0556-282(98)02819-7

PACS numbdss): 12.60.Jv, 13.88:¢, 14.80.Ly

[. INTRODUCTION rithms arising in the separation of jets from soft radiation. If
these uncertainties are taken into account, the light gluino is
Despite the success of the standard ma@&W) in ex-  excluded only at the & level. This problem was further ex-
plaining and predicting experimental data, it is widely be-amined by Csikor and Fodor in R€#6], where they deter-
lieved that new physics has to set in at some high energgnined the color factors of underlying gauge theory by study-
scale. One of such new physics models is the minimal supeing the behavior of the ratioR, = o(ete” —jets)lo(e’e”
symmetric extension of the standard modsSSM) [1]. SutpT), R=D(r —v tjets)T(r —v.e vy, R,
Various supersymmetrySUSY) models, such as gravity- =T'(Z—hadrons)I'(Z— u™* ) in the region of 5 GeV to

mediated and gauge-mediated supersymmetry breaking mog- 3 .
els[2], have been extensively considered in the literature toﬁqe M2 scale. They concluded that th@(a;) analysis of

explain why the masses of the superparticles are not the san%ese quantities allows one to exclude I|ght_ gluinos with a
as those of the SM particles. In general, the masses of tH8ass between 3 and 5 GeV at the 93% confidence level, and

superparticles are predicted to be around a few hundred Ge\(yith a mass less than 1.5 GeV at the 70.8% confidence level.

or at the TeV region. There are ample studies in the literaturd their results are combined with the? distribution from
which examine the detection of these nonstandard particle8LEPH analysis, the exclusion confidence level is improved
in current and future experiments, including those at thd0 99.97 and 99.89%, respectively. This conclusion is quite
CERN Large Hadron CollidefLHC), and at the future linear insensitive to the overall error of ALEPH's results; for in-
colliders. stance, the exclusion limits of the combined analysis are still
Among the superparticles of the MSSM, some models ofibove 95% if ALEPH'’s systematic error is increased by a
SUSY breaking predict the existence of a light gluino with afactor of 3. However, in order to extract the number of active
mass around 1 GeV or le§8]. If this scenario is true, then fermions from the experimental data, both methodd 4jf
there is rich phenomenology predicted for the current experiand[6] rely on the state-of-art usage of perturbative theory.
mental data which can be used to either confirm or constraibleither of the analyses can exclude the light gluino at the
models. In Ref[4], the ALEPH Collaboration used the data confidence level=70%, and a combined and complicated
on the cross sections of dijet production and the angulaanalysis is needed to overcome the flaws of each method.
distributions in four-jet production to derive the ratios of the  Another significant limitation on the possible parameter
color factorsC,/Cg and Tg/Cr. Based on the obtained space of the models with light gluinos was recently imposed
values, ALEPH excluded the existence of gluinos with aby the negative results of the search for the production of
mass lighter than 6.3 GeV at the 95% confidence level. Theharginos with a mass less than ting, at the CERNe*e™
result was criticized by Farrgb], who argued that ALEPH’s collider LEP2[7]. This result disfavors the models with the
analysis underestimated the theoretical uncertainties in theasses of all gauginos vanishing at the tree level at the grand
knowledge of hadronization and resummation of large logaunified theory(GUT) scale[3], in which the gluino has a
mass of the order GeV at the electroweak scale, and at least
one of the charginos is necessarily lighter than\théoson.

*Electronic address: csli@pku.edu.cn However, the LEP2 data cannot rule out models with the
TElectronic address: nadolsky@pa.msu.edu other spectra of gaugino masses, for instance, the models of
*Electronic address: yuan@pa.msu.edu gauge-mediated symmetry breaking where the gluino can be
SElectronic address: hongyi@thphys.uni-heidelberg.de the only light gaugind8]. As mentioned before, the analysis
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of Refs.[4,6] already puts strong constraints on the possibil-squarks and left-top squarks, which in principle can lead to
ity of the light mass of the gluino, however, due to the afore-some noticeable asymmetries in the production of right- and
mentioned theoretical difficulties it seems that more study ideft-handed top quarks. These asymmetries arise either in the

needed. next-to-leading order of the SUSY QCD procesg,GG

There are a few other methods discussed in the Iiteraturg}G_)tt—’ or at the tree level of the SUSY QCD process

to look for light gluino. If the gluino is light and hadronizes ~~~ — h . f the i died
before reaching the detector, it should be possible to obser\&g_)tt' The asymmetries of the first type were studied ear-

its bound states, for exampl&® mesons, created by the lier in Ref.[19]. It was shown that at Tevatron the difference
binding of a gluor,1 and gluinf9]. Although ihe region oR? in the cross sections of right- and left-handeduark pro-

. . . . H _ 0 - - _
masses is significantly restricted by KTeV measurementgucuon.can be of'the order. 2-3% provided .the right-top
[10], R® can still exist in the mass region 1.4-2.2 GEM] squark is light. This conclusion holds for a wide range of

If the squark masses are of the order of several hundre%UInO masses. As will be shown _below, t_he asymmetries of
GeV, the light mass of the gluino can lead to noticeable® second type can only be _not|c_eable i glumos_ are light,
peaks in the dijet invariant mass and angular distributions a?nt()jl thg ﬁa[]ton ?err:sny of glun;os in the nucleon is compa-
the Fermilab Tevatron or LHC, arising due to the resonanfal!® With that of the sea quarks. - .
production of massive squarks in quark-gluino fusfag). The primary goal of this article is to present the leading

The already existing Tevatron data allows to exclude ”ghtorder(LO) study of the second scenario, and to evaluate the

gluino models with masses of the lighter squarks lying beiMPact of the small mass of gluino on the productiont of

tween 150 and 650 GeM 2]; it would be desirable to con- quar_ks at the CERN.Large Had_ron. qulider. In the first pa}rt
tinue the search for the resonant peaks at Tevatron, as well this study we.obtr.;un the LO d'St”bUt'onS.Of the partons in
at LHC, where the increased dijet production cross sectio € nuclgon tak_lng In to account the posmble__nonzerq con-
would allow to cover a larger region of squark masses. tents of light glumos_. For this purpose we modnﬁed_theT fitting
In perturbative QCD(PQCD) theory, the existence of a program us.ed previously to obtamr_EQ4L parton dlstn.bu—
light gluino would change the running of the strong Cou_t|ons_[20]. S|_nce we present the leading order calculation, we
pling, as well as the form of the Dokshitzer-Gribov-Lipatov- conS|d_ered It suff|c_|en't not to perform the complete NLO.
Altarelli-Parizi (DGLAP) equations. Therefore, to describe analysis of parton distributions, contrary to what was done in

the existing deep inelastic scatterifiglS) data, it is neces- Refs.[13, 14 . . : ,
sary to account not only for the quark and gluon distribution In the course of this study, it was asurprise for us to find
functions inside the initial hadrgs), but also for the gluino that the account for the new hadromc data frqm HI, ZEUS,
distribution which has different renormalization group prop-"’.md NMC groups[lS—lﬂ, .Wh'Ch was not avaylable at the
erties. An obvious question is whether the currently availabldiMme Of t2he brevious studle[_sl3,14]_, tends to increase the
hadronic data is consistent with the existence of a ”ghpverall)( of the_ﬂt after the inclusion of a light gluino. The
gluino. The last analysis of this type was done in Refs €ason for this is that these new data cover the region of

2 . - s
[13,14), which showed that the existence of the light gluino '0Wer x andQ?, thus making the analysis more sensitive to
did not contradict DIS data available at that time. However,N€ SIOWer running of the parton distributions in SUSY QCD
those analyses did not include the more recent data from Hi€Ory with a light gluino. Nonetheless, we would like to be

ZEUS, and New Muon CollaboratiofNMC) experimental extremely cautious about this observation and refrain from
groupé[lS—lﬂ covering the region of lowex and Q2. any final conclusions about the consistency of the current

These new data can be crucial for testing the scenario diXPerimental data and SUSY QCD theory with a light gluino

having a light gluino in supersymmetry models, because th efore a more thorough next-to-leading order global analysis
existence of a light gluino would imply a slower running of of hadronic data is made. Instead, we would like to concen-

the parton distribution functions from low to high?. trate on the primary goal of this paper, namely, on the cal-

The existence of new types of particle interactions can b ulations c;]f_ the top qura]lrk prolfuctifor;] a_sy_n_wrlnetries at the
proved if one observes the violation of the symmetries of th HC. For t” IS p(rjoce?s, t ehBJor enof the initial state par-
standard model, for instance, the significant violation of thefons are allowed to lie in the range
discrete symmetry with respect to space reflectiéghparity) am?
ir) strpng interactions. An experimental ;earch for .parity- ' —6.25x 10 4<x, <1, )
violating effects could be performed relatively easy in pro- ’
cesses with quarks in the final state, due to the possibility of o
tracing the polarization of the top quarks decaying throughvhere the parton distributions are less dependent on the low
the channet—W™" +b. Therefore, in this work we would X data. We therefore expect the results of this work to be
like to concentrate on the production of top quark pairs. Fostable with respect to the possible changes in the parton dis-
the top quark pairs produced at hadron colliders, the SMributions, and that these changes will not introduce an un-
allows the production processes,GG— G—tt to violate certainty more important than those coming from other
P parity in next-to-leading orders due to the presenc&/of sources(e.g., next-to-leading order corrections
andZ bosons in the loop diagrams. However, this effect is. After obtaining the parton distribution function®bFy
shown to be negligibl¢18]. On the other hand, for certain " SUSY QCP th.eory. W't_h a light .glumo, we callculate the
choices of SUSY parameters in the MSSM, it is possible tglegree of parity violation in thet pairs produced via the LO
obtain a large difference between the masses of right-togg—tt. Thus, the paper consists of three main sections: the
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a t G t than those in standard QCD. First, the one-lgdfunction,
determining the running of the strong coupling,

) 47 5
a t G t -
d @ 0 as(Q7) Bo IN(Q?/A?)’ @
G BTEOTIT —>—— t G — now has the form
A A 2
,80=11—§nf—2n5, 3)
G OO ——e— t G L« %
© @ wheren; andng are the number of active quark flavors and
_ gluinos, respectively. In our analysis, we usg(My)
RN ! =0.118 andA =7.65 MeV for five flavors. The matching of
\\ ag between 4 and 5, or 5 and 6 flavors takes plac®at
, =5.0 GeV andQ=175 GeV, respectively, which are de-
-, - fined as the bottom and top quark masses.
9 t Second, the leading order DGLAP equations should now
© account for the splittingg—qd, g—gg, andg—gg, so
that the singlet equation takes the form
g——»——r—— t as —»—— t )
N S d ds(X,Q%)
LI X A, — | G(x,Q%)
AN a 2
J—— - — a1t g’/ N e— 9(x,Q%)
2
® @ _ ag(Q?)
2
FIG. 1. Leading order diagrams contributing to the production
of top quarks in SUSY QCD theory. . Paq(Xly)  Pgaa(Xly) Pgg(xly)
description of the parton distribution functions for SUSY X X PeaX/y) Pocx/y)  Pey(X/y)
QCD theory with a light gluino, the calculation of the cross Pgq(Xly)  Pge(xly) Pgg(xly)
sections for the procespp(ﬁﬁ)atL,Rt, and a numeric (y.0?)
analysis of the asymmetries in left- and right-handed top dsty: o0 | dy
guark production. Finally, the conclusion summarizes the ob- X 9(y,Q ) 7 (4)
tained results. 9(y,Q?)

The splitting functions used in E¢4) can be found, e.g., in
[21].

We start the construction of parton distributions by as- With the help of the upgraded evolution package we per-
suming that the only superparticle actively present in thformed the fit of the experimental data, closely following the
nucleons at the energies of the supercolliders is a gluino witRrocedure of the construction of titgeQ4L PDF set, as de-

a mass much smaller than the typical scalet gfroduction scnl_)ed in[20]. However, for simplicity, the flt. did not use
(less than 1.5 GeV compared g~ 175 Ge\J. For the pur- the jet data, and the value of the strong coupling was fixed to
pose of our calculation, we incorporate the gluino sector int’® €qual to the world-average valag(M;)=0.118. As a
the PDF evolution package, used recently to build the set gieSult, we obtained the set of parton distributions SUSYL,
cTEQ4unpolarized parton distributio€0]. In order to sim-  Which was used throughout the rest of the paper.

plify the modifications in the fitting program, we used an

approach close to the one adopted by the authors afkGIu ll. CALCULATION OF THE MATRIX ELEMENTS
Reya-Vogt(GRYV) distributions[14]. The input scal&, for — . .
the parton distributions was chosen to be lower than in At the LHC, tt pairs will be gomlnantly_ prodU(_:ed from
cTEQ4L and equal to the mass of the gluit@ssumed to be the standard QCD processesaxf and GG interactions, as
m;=0.5 GeV in this study, unless stated otherwist this ~ Shown in Figs. 2)-1(d). All of these diagrams preserve
scale, the only input distributions are of gluons and lightefParity. In SUSY QCD theory, if the mass of the gluino is
(u,d,s) quarks, while the nonzero PDFs of gluinos andSmall (my~1 GeV), we will also expect a noticeable contri-
heavy quarks are radiatively generated at scales above thdlption due to the annihilation of gluinos, described by the
mass thresholds. three diagrams of Figs.(8&—1(g). Thes-channel diagram of

In the presence of a light gluino, two aspects of theFig. 1(€) is equivalent, up to a color factor, to the analogous
leading-order evolution of parton distributions are differentqq diagram of Fig. 18) and does not break parity; however,

Il. PARTON DISTRIBUTIONS
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the parity symmetry is broken in thleandu channels due to

PHYSICAL REVIEW D 58 095004

. =ndu channels d N v VT
the mechanism of squark mass mixing which is briefly de- mtl,z_ 2[ i, int \/( i, tR) mymigl,

scribed below.

10
In MSSM the left squark and right squark, superpartners (10

of the the left- and right-handed quarks, do not have a defi- m — M2
nite mass but instead are a mixture of two mass eigenstates. tan 6,= 1 tL_ (11)
These mass elgenstate§ andq, are related to the current MR
e|genstates1|_ andq ggr by Inversely,
-~ ~ ~ ~ = ~ 1
g1=0_ COSfy+Qg Sin Oy, 0,=—0, sin 3+gr COS e(qs.) %R,L: E[m%lﬂn%2+ \/(m )2— 4mZm?g].

(12

Due to this, MSSM in general allows us to have nonzero

asymmetries irqa—pair production, defined by

A _0(PP—0.0)~ 7(PP—0r0) ©
" o(pp—aLa)+o(pp—drd)’

where o denotes the cross section tafpair production, in-

The asymmetnA; depends on the angle of mixing in

the following manner. The denominator Af is dominated

by the large contributions from the quark and gluon channels
[Figs. Xa@)-1(d)] and therefore shows little dependence on
the masses of top squarks. The numerator of the asymmetry
depends both on the splitting and the mixing of the squark
masses. Since left-right-handed quarks couple only to left-
right squarks, in the case of no mass miximg, g=0) the

tegrated over the relevant part of the phase space to be digsymmetry is completely determined by the difference of

cussed below. The best chance to observe a nonkgiie

provided by thett production process, where the mixing
between the squarks is the largest due to the large mass
the top quark. In the following, we ignore the mass mixing
for the five lighter quarks.

In the MSSM, the squark-quark-gluino interaction La-
grangian is given by

L3aq= gsT?kak[(al— by 7’5)61]
"‘(az_bz?’s)azj]aa"‘H-C-: (7

where g is the strong coupling constant? are SU(3)
generators, and,,b;,a,,b, are given by

1
a;=—(cosf,—sin 8,)=—bh,,
1 ‘/2( q q) 2

1 .
blz—g(cosaqﬁtsm 0g)=a,. (8)

The mixing angled; and the massesT , M, can be
calculated by diagonalizing the following mass matrix:

2
M?L mim, g

. ©)

2
mMLgr MTR

whereM~ and m_ g are the parameters of the soft-breaking
terms in the MSSM.
From Eq.(9), we can derive the expressions fu%12 and

0,

massesMy —Mg_. In this limit 6,~— /2, provided that
M7 <Mg7, .

of For flxed mass eigenvalucxa'&;g1 2 the relationshig12) for
the mass parameteI\s;LyR puts the upper bound am, g:

m g< o (13
For largestm, g,
a
6= — 4 (14)
and
M7 =M7,. (15

In this limit, top squark mass eigenstates have the maximal
mixing between the left- and right-top squarks, so that the
asymmetryA; becomes zero. Thus, for fixed mass eigen-
states, the asymmetries are expected to decrease with the
growth of m .

In gravity-mediated supersymmetry breaking models
(MSUGRA), the masses of left- and right-top squarks satisfy
the relations

2 2
M$ =me +m?+
L L

1.2 sir? 9w) cog2B8)m3

2 3
M2 =mZ 12+ 2 sir? 6y cos 26) e
Ty M, TMeT 3 St w cog28)mz,
M g=—u COt B+, (16

where m;zL,m;zR are the soft SUSY-breaking mass terms of

left- and right-top squarkg is the coefficient of théd;—H,

095004-4



SIGNATURES OF THE LIGHT GLUINO IN TOP QUAK . .. PHYSICAL REVIEW D 58 095004

mixing term in the superpotentiak; is the parameter de-
scribing the strength of soft SUSY-breaking trilinear scalar Ci
interactiont, tgH,, and tanB=uv,/vg is the ratio of the

vacuum expectation values of the two Higgs doublets. In
minimal supergravity models, the soft SUSY-breaking pa-

bi .
a 1=12 21)

A=(1+C)(1+C(1-B)+(1-C)(1-C)(1+p),

rametersmf|L and ng are equal to each other, so that the (22)
e 2 2 .

mass Spllttlng\/laL—MaR is small, and of the same order of B=(1+Cj)(1+Cj)(1-B)—(1-C)(1-C)(1+p),

magnitude for all quark flavors. In this case, it is hard to (23

expect observable asymmetries. On the other hand, in the
general MSSM right- and left-squark masdés, _ are con-  the summationi(j) goes over the two top squark masses.
sidered to be independent parameters, in which case there aFBe squared matrix elemeht( 9| entering Eq(17) can be

no theoretical limitations on the spliting of top squark written in terms of Eqs(18)—(20) as

masses. In the following, the second point of view is ac-
cepted, so thaM~tR is assumed to be of the order 90-175
GeV, while M7, is varied between 150 and 1000 GeV.

The cross sections entering the asymmé®yare calcu-
lated in the usual way by convolution of the squared and

e 1 (16
|Mgg’|f=2—56 §(|Mt|2+|/\4u|2)

spin- and color-averaged hard scattering matrix elements + E(/\/lt/\/l T+ MM t*r) _ (24)
|Mklk2|E,R with the appropriate parton distributiofigx): 3 L
J— 1
o(pp—t gjt)= 3:; f d cos 0f dx;dx, The matrix elements for the production of right-handed top
T

quarks are obtained by the substitution
X 2 i, () fi, 0 MU ED)E g,
1.2
(17 Cij——GCi;- (25

where s,t,u are the parton Mandelstam variables, . . .
—\/72/“ dth P il for th B If Egs. (18)—(20) are combined with the explicit formulas
= v1—4mi/s, and the particle momenta for the part@ns, (g for a, ,b;, it is possible to get the following expression

in the initial state are defined aj, (p1)+ai,(P2)—t(P3s)  for the difference of the matrix elements for producing the

+1t(p4). The numerator of the asymmet§) is determined left- and right-handed top quarks in the pairs:
solely by the diagrams of Figs.(f}, 1(g) (containing top
squark$, which give the following matrix elements for the IMQEIE—IM@I%
production of a left-handed top quark:
=4 cos B { (X113~ Xo9)(B—cCOs 6)

t t
(MM y+ MM i) + (Y21— Y12)€0S 0+ (Z11—Z5,) (B+cos )},
a’a’? (26)
— i
_izj NN
b (t=mg)(u—mg) where
i i
><{4mtS(l—CiCj)[(l—CiCj)-i—(Ci—Cj)COSH] . (m,[z—f)g (27)
2_ N2t 2 2 ij = - )
_z(mt_t)(mt_u)(l_ci)(l_cj)}a (18 ! 96(t_m¥2i)(t_mfj)
2,2
ara; nn
|Mt|E:i§j: ot 2I J,\ > (mtz_t)S(l-i-CiCj) m2s
1o2(t=me)(t=m) Yy=—— 2t N— 28
192t —mg ) (u—my )
X (A+B cos6), (19 ' :
a’a: mZ—u)s
IME=2 (M7~ U)S(1+ C,C)) z= _(m ) — 29
T 2(0-mg)(u- ) 96(u—mg )(u—m;)
[ ]
X (A—B cos ). (20 . -
Equation (26) depends on the mass mixing angle only
In these formulas through the common factor cog2 This proves the argu-
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ment given before that for fixedh; , the asymmetry should metry (6). The matrix elements for the pure QCD processes
be the largest an z=0 and§,= —7l2. [in Figs. Xa)-1(d)] are well known, while thes-channelgg

The diagrams in Figs.(&)—1(e) do not violate the parity diagram[in Fig. 1(e)] differs from the analogous/q one
and need to be included only in the denominator of the asymenly by a color factor:

4 (M?—1)%+(mZ—u)2+2m?s

|Mqa|2:§ 2 ’ (30
M= = (mtz_f)(f“‘z_a)+§(mtz‘f><m?—ﬁ>j2m$<m?+f)+§<mf—f><m$—a>jzm$<m§+a>
16 1252 3 (m?—1)2 3 (m2—10)2
_ 2 m(s—4m)) _G(mf—&><m?—f>+m$<a—f>_6<m$—a><m$—f>—m?(a—f> @D
3 (mf =) (mf—1) S(m2—1) s(m2—10) ’
~— 27 _
M= 25| M2 (32

In the above, the spin and color factors in both the final and the initial states are all properly summed and averaged.
One can also obtain the total parton cross sections by the integration aflBgs20), (30)—(32) over the scattering angle
0. For thet andu channels we define

C=2(1-p%(1-CiC))(C;—C)), (33
D=p%1-C{)(1-C)), (34)
E=2(1-B%)(1-C;C))?~(1-C?)(1-C?), (35
_ 2mi 45+ ps—2m?
(s,8)= ———— . 36
vi(s.f) 2rn;2_+s—,85—2mt2 (38
Then
9 ggaizajz 2 2 2 2
[o81=2 54575, 8L+ CiC)fa(mi,mp)+ fo(mg mp ) (37)
2 2 _; _% 2 2
fl(nﬁqi,nﬁl’)_ﬂ(r’fﬁ—ﬁ%)( gﬂ(nﬁi n*tj)
+4(m? —m?)(2Bn¥ +Bs+ABS—2Bm?)/s? In vi(S, )
—4(mZ —m?)(2Bm; +Bs+ABS—2BmP)/s% In v;(s,B) |, (39)
J J
f 2 2_1 _8D 222 2 o 2 2 2 o 2
z(m;i,m;j)—l[? ?/B+{[2E,6's+(4rrrti+25 4mt)(2Dm;i+Ds+C,Bs 2Dmy)]
xIn vi(é,,e)+[2532§2+(4n€j+2§—4m§)(2on€j+Dé— CBs—2Dm?)1In vj(s,B)} (39)
X ! (40
SA(mE +mE +5—2m?) [
i i

When m;, =g, we have
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> o, 1 8B 5 - - 2\ 2 -
fl(nrt,=m;_)=g — = B+4(4Bm; +Bs+ABs—4Bny)/s” In v(s,B)
1 J S i

. . 1 1 .
+8(m? —m?)(2Bm? + BS+ ABS— 2Bm? S - S /52 . (4D
(1, —mi)(2Bmg h ) 2 +5+Bs—2m  2m: +5— Bs—2m? (

Again, [ d{9]g can be obtained by the substitution IV. NUMERIC RESULTS

To estimate the largest possible asymmetries, we varied
Ci——-GC;,C;——C;. (42)  the squark mass eigenvalum;12 with m_r set to be zero
_ (see the discussion in the previous sedtidtio assumption
The cross sections of the other subprocesses, corresponglas made about any model-specific relationships between

ing to Egs.(30)—(32), are given by the values of the mass parametéds _ and m, g [cf. Eq.
g (16)].
o49= =B(2+p), (43 If m g=0, the left-right-handed quarks couple indepen-
1087s dently to the left-right-top squarks. Correspondingly, for
4 ) n;, # 1, _, the production rates of the left- and right-handed
GG gS P 1+B 7 31 1 2 . . .
o= || 1+p+—=]In -B 1 + 6° | top quarks will be different. The asymmetdy is expected to
48ms 16)" 1-8 grow when the mass splittingw;laﬁ g, increases. In this
(44 work, the asymmetries were calculated fmr{1=90 GeV
— g2 (which is consistent with the current LEP2 ddfd), ni;
9= _"°_p(2+p) (45) '
s = 12877§B P =m=175 GeV, and various values of;,. Two values of
. factorization scaleu=m, and 2m, were used. Various sets
wherepz4mf/s. of masses will be further denoted alsrtg,rrrz,mLR), with
32 30.025 =
9 002 | g C
;.-; 3 4 o002 [
- g
° - 30015
001 |- ;
r 0.01 -
E 0.005 i
0 200 400 600
py, GeVie
218 [
F 16 |
B E
C 14 =
12 |
'F
0.8 ;—
0.6 ;—
04
02 [
oy L
-4

FIG. 2. The dependence of the cross sectiotchiair production on various kinematic parametet_spair invariant mas$/ ¢, t-quark
transverse momentumy , and rapidityy. The solid line, stars, circles, and dashed line correspond to the full differential cross section and
the contributions of gluon, quark, and gluino subprocesses, respectively. The factorization.scte,, and the squark masses are
(90,1000,0.
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e
o
&

numerical values in GeV. As before, the gluino mass is as-
sumed to be equal to 0.5 GeV.

In the SM, botht andt decay intob(b) andW=* with a
probability of almost unity, with a subsequent decay of the
W bosons into two jets or two leptons. In the MSSM, when
both the gluino and the top squark are light, the top quark
can also decay via—gt;, so that the branching ratio of
—W™" +b decreases. Assuming that all the other supersym- i
metric particles are heavier than the top quark, ahd 0
= —x/2, the branching ratio for—W™" +b is equal to 0.29 I
and 1 form; =90 and 175 GeV, respectively. The Collider

Detector at FermilaCDF) collaboration has measured the
branching ratio oft—W*+b to be 0.87333" 51 [22].
Hence, the chosen sets of the valuesrfpr andmy are still o0 |
allowed by data within 95% C.L. i
It is convenient to study the asymmety using the semi-
Iepion_icmodesofdecay,with—>bl+v| (I=e,p) and t L
—bqq (or vice versa which have a branching ratio of about 0 100 200 300 400 500 600
0.086 and 24/81 fom; =90 and 175 GeV, respectively. In pr Getle
the following we assume that it will be possible to recon- FIG. 4. Dependence of the sun, /dp;+dog/dp; (solid

struct the kinematics of &t pair from the momenta of the line) and the differencelo, /dpr—dog/dpr (dashed line, magni-

decay products by requiring the transverse momqﬁﬂi fied by 100 of the differential cross sections of the production of

=30 GeV, pllgpton> 20 GeV, e;=20 GeV, the rapidities of the left- and right-handed top quarks on the transverse momentum

. . . of thet quarkpt. The factorization scalg=2m,, and the squark
the jets and lepton$y|<2.0, and the jet cone separation masses aré90,1000,0.

AR>0.4[23]. We also assume that it will be necessary to
tag oneb quark with an efficiencyC,=50%. We estimate
the statistical error in the measurement of the asymmetry bwhere we assume the observation tiffie 1 yr and the lu-
minosity £=100 fo~Y/yr, corresponding to the second run of
1 the LHC.
(46) The imposed selection cuts and branching ratio signifi-

cantly reduce the total cross sectionta‘production, typi-

do/dpy, pb c/GeV
e
8

0.01

-0.03 —

OA= ,
CJLTCy (0P o

doldM,, pbiGeV
dofdcoss, pb

L x100

2
<0.01
H'x100 al e
-0.02 ; .
T PO O N P AN AR SN R EPTETN PR E
300 400 500 600 700 800 900 1000 a o8 06 04 02 ° oz v Py o y
Ma GV coso
FIG. 3. Dependence of the sudv| /dM;+dor/dM (solid FIG. 5. Dependence of the sumo /d cosé+dog/d cosd

line) and the differencelo, /dM;—dor/dM; (dashed line, mag- (solid line) and the differencalo, /d cosf6—dog/d cosé (dashed
nified by 100 of the differential cross sections of the production of line, magnified by 10D of the differential cross sections of the
left- and right-handed top quarks on the invariant mastt gfairs ~ Production of left- and right-handed top quarks on the cosine of the
M. The factorization scale=2m,, and the squark masses are scattering angle in thét pair rest frame. The factorization scale
(90,1000,0. pn=2m,, and the squark masses &88,1000,0.
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TABLE I. The asymmetried\,; (in %) predicted by SUSY QCD, and the estimated statistical errors of
their measuremendA, for the LHC luminosity £=100 fb Y/yr. Blank entries correspond to asymmetries
which are too small to be observed.

pm=mg n=2m
MassedGeV) |cosh|<0.8 |cosd>0.8 |cosh|<0.8 |cos4>0.8
(M, M, My R) A oA A oA A oA A OA
(90,150,0 -0.31 0.23 1.14 0.54 -0.35 0.25 1.20 0.60
(90,200,0 —-0.57 0.23 1.30 0.54 —-0.62 0.25 1.42 0.60
(90,500,0 -1.31 0.23 1.20 0.54 —-1.39 0.25 1.33 0.60
(90,1000,0 —1.50 0.23 1.05 0.54 —-1.61 0.25 1.20 0.60
(175,250,0 —0.33 0.13 —0.36 0.14
(175,500,0 —0.86 0.13 —-0.91 0.14
(175,1000,0 —-1.04 0.13 —-1.11 0.14

cally from around 340 pb down to 3.5 and 12 pb for 100 GeVkt. For the other combinations of top squark
i, =90 and 175 GeV, respectively. As an example, Fig. Zmassesda, /cos#—dor/coséd changes its sign at slightly
shows various differential cross sections including @@, lower |cos 6], approximately 0.75-0.8. We therefore present

qq, andgg subprocesses for the squark mas@g51000,0  the asymmetries of the cross sections integrated separately
and . =2m,, obtained with the kinematic cuts and branch-©Vver the regioricos¢<0.8, or the regiorjcos 6>0.8 with

ing ratios applied. It can be readily seen that the dominanPt=100 GeVk.

part of thett pairs is produced due to the gluon-gluon sub- ftTa;le ! tShOWtS_ thef\{[iluestof t_f':ﬁ tisyr?meﬁyo?_tamzd t
process, which contributes around 71% of the total rate. ThE'ter the integration of the rate wi € alorementioned cuts

quark-antiquark and gluino-gluino shares are 22 and 7%, ref[[1 |cos) all(nd Pr. As tc;]an be seentfrom the ta;ble, fcc))rsvz’alrlgulso/
spectively. The gluino contribution is comparable with the Op squark masses the asymmelry ranges from 9.5 1o L.1%.

conventional QCD uncertainties in the knowledge of the to—The behavior of the asymmetries with the growthm;fz Is

tal rate(about 5 to 10% however, the presence of the light different at large and small angles. fibs¢<0.8 the asym-
gluino will change the shape of the cross-section distrioumetry monotonously increases with the growtingf, while
tions. Thus, in principle there is a possibility to detect theat |cos#|>0.8 the asymmetry has a maximum aroumg,

light gluino by carefully fitting the event rate distributions — 200 GeVv and then starts to decrease. At small angles
and comparing them with the predictions of perturbative(|cosg|$0_8) the asymmetry quickly decreases with the

QCD' ) , . growth of the mass of the lighter squark and becomes prac-
Figure 3 shows the sum of the differential cross sectiongjcaly unnoticeable fons =m, .
1

of left- and right-handed top quarks productidar /dM

+dog/dMy, and their differencalo, /dMy—dor/dMie statistical errorssA; from Eq. (46). These errors are mostly

(scaled_byafactor of 100as functions of the invariant mass determined GG andag i that thev hard|
of thett pair M. One can see that the asymmetry is most etermined bY5G andqq cross sections, so that they hardly

. . . . ; epend on the choice of the squark masses. For most com-
noticeable in the region of small and intermediate values o inations of the top squark masses, the obtained valuas of
M. This is different than the behavior of the asymmetry P sq :

produced due to the presence of superpartners in the locan in principle be distinguished from the statistical error

. . S)At at a ar level or better. However, what can be more
corrections[19]. In that case, the asymmetry becomes sig- X : -~
. X : _ . important are the experimental systematic uncertainties re-
nificant in the region of larg#, where in the case of the

liaht aluino it can have a value of 2—3%. In this respect WeIated to the measurement of the asymmetries of the order
gntg O . ' pect, %. In particular, it can be challenging to reach the necessary
expect the minimal interference between the tree-level an i

loop-generated asymmetries, since the main contributions f8CCuracy in the reconstruction of the kinematics of the
them come from different kinematic regions. pair, and the determination of the top quark polarization.

The dependence of the cross sections on two other kindevertheless, the predictive power of this analysis can be
matic parameters, the transverse momentum oft thaark increased if it is combined with the search for the signature

and the cosine of the scattering angle in theest frame, is of the light gluinos in other kinematic regions, for instance,

shown in Figs. 4 and 5. As can be seen from Fig. 5, thé‘or loop-generated asymmetries in the production of top-

difference do /d cosf#—dog/dcosf changes its sign antitop pairs with large invariant masses.

around co¥~=*+0.8, so that one can enhance the asymmetry

by separately considering the cross sections integrated over V. CONCLUSION

either large or small angles. It can also be shown that the

asymmetries at small angles can be further enlarged by re- In this work we proposed a new method based on the
jecting the events with transverse momenta larger thasearch for possible violations of discrete symmetries of the

For the comparison, we also give in the same table the
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standard model, to test the existence of a light gluino in theasymmetry with a small statistical error, the experiment

MSSM. This is in contrast with many other methods pre-should be preferably done during the second run of LHC

sented in the literaturésee the Introduction in which one  with an integrated luminosity of 100 f/yr. The rate of the

has to assume how a light gluino hadronizes into hadrofop quark production does not seem to be the major obstacle

states to be ComparEd with the eXperimental meaSUrementfor the measurement of the parity-vio|ating asymmetry_
We study the consequences the small mass of the gluinQowever, it demands a good understanding of the systematic

would have for the production of top quarks at the LHC Viaerrors, better than 1%, to reach the precision of the measure-

the tree-level procesgg—tt. We show that with a large ment sufficient to test the existence of a light gluinottn

mass splitting in the masses of superpartiiens squarksof pair production.

the top quark, the gluino-gluino fusion process can generate

the parity-violating asymmetry in the production of left- and

right-handed quarks. Since SM QCD theory preserves the

discrete symmetry oP parity, a small violation of such a

symmetry may be observed from a largedata sample at We would like to thank L. Clavelli, L. Dixon, G. R. Far-

the LHC. rar, H. L. Lai, R. Raja, T. Rizzo, C. Schmidt, Z. Sullivan,
Formg~0 the largest values of the parity-violating asym- and W.-K. Tung for helpful discussions. This work was sup-

metry discussed in the previous sections is around 0.3—1.1%orted in part by the National Natural Science Foundation of

for various choices of SUSY parameters. Hence, it can irChina, a grant from the State Commission of Science and

principle be observed, taking into account the high rate offechnology of China, and by the U.S. NSF Grant No. PHY-

top quark production at the LHC. In order to measure the9507683.
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