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Next-to-leading order slepton pair production at hadron colliders
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We compute total cross sections for various slepton pair production reagtions 7,7, , 7 v/ r and v, v,
in next-to-leading order QCD. Fqup collisions at\S=2 TeV, we find leading order cross sections to be
enhanced by typically 35% to 40%. Fpp collisions at\/S=14 TeV, the enhancement ranges from 25% to
35% depending on the mass of the sleptons. We comment upon the phenomenological implications of these
results.[S0556-282(98)02311-X

PACS numbgs): 14.80.Ly, 12.38.Bx, 13.85.Qk

[. INTRODUCTION event rates are very model dependent, so that limits are best
placed as contours in parameter space of specific m@@lels
Particle physics models that incorporate weak scale super- The possibility of searching for slepton production at had-
symmetry(SUSY) are certainly among the most compelling ron colliders has been studied in Ref$0,11]. In gravity-
possibilities for physics beyond the standard ma&@ah) [1]. mediated models of supersymmetry breakiBty GRA mod-
Numerous searches for the sparticles of supersymmetriels) at Tevatron conditions, direct slepton pair production
models have been made at both lepton and hadron collidersccurs at low rates, although it may be possible to extract a
The lack of any convincing supersymmetric signal beyondsignal at one of the upgrade options such as the main injec-
standard model backgrounds has led to a variety of limits otor, which will operate at/S=2 TeV and accumulate-2
sparticle masse)]. fb~ 1 of integrated luminosity, or TeV33, which will operate
The best search limits on strongly interacting superpartat the same energy, but amasg5 fb~* of integrated lumi-
ners, the squarkg and gluinosg, have been obtained from NOSity[11]. For models where SUSY breaking is communi-
the Collider Detector at FermilaltDF) and DO experiments Cated by gauge interactiops2], slepton pair production can
at the Fermilab TevatropEcoIIider. By searching for mul- lead to final states with two |sol_ated photons plus two iso-
tijet+ E; events, limits of ms=>144—154 GeV(for mg lated leptons, a signature for which SM backgrounds are ex-

S e ~ T pected to be small13].
>mg) and mg>212-224 GeV(for mg=mg) have been For the CERN Large Hadron Collid¢eHC) operating at

found[34]. Recently, a nfaxt-to-leadmg order computation of JS=14 TeV with projected data sets of 10—100 tbof
99, gq and qq production has been completéd]. As a  jyiegrated luminosity, SUGRA models predict the possibility
result of this calculation, the theoretical uncertainty due toyf detection of directly produced slepton paifsl,14). This
choice of renormalization and factorization scales has beeg likely possible in gauge-mediated models as well. SUGRA
reduced. In addition, for a scale chq|ce of the o_rder of themodels predicting slepton masses of 100—400 GeV ought to
average mass of the produced sparticles, the pair productigfy getectable; this mass range also corresponds to the most
cross sections were found to increase by a factor of 1 0 25y6red range of slepton masses expected if the lightest neu-
depending upon the subprocesses and collider. This has Iggjing makes up the bulk of dark matter in the universs).
to 10-30 GeV improvements in the mass limits coming from  pjrect slepton pair event rates will be low at an upgraded
the CDF and DO collaborations. _ Tevatron, while at the LHC, slepton reconstruction will be
__ For weakly interacting sparticles such as the charginogjificult. Theoretical improvements of the Born level analy-
W; and sleptons’r, /| andv, | (/=e, uor 1), the best ses[10,11] of slepton pair production are essential. In this
search limits come from experiments at the CERNe™ paper, we present the leading quantum chromodynamics
collider (LEP2). Currently, mg,>85.5 GeV for a gaugino- (QCD) corrections to the direct production of slepton pairs at
like chargino [6]. For charged sleptonsyg =75 GeV, hadro'n col!idesrs. Tr|1|e [i:lalculatior is dlescribed r;smd fc:crmulr?e
- o are given in Sec. Il. Numerical results are shown for the
M= 59 GeV a.nmeR~53 G?V (where the exact pqunds Fermilab Tevatron and CERN LHC collider in Sec. lIl. The
depend on the lightest neutralino masg) [7]. In addition, 1 3in result is that the slepton pair production cross sections
sheutrinos are required to have mass=41.8 GeVfrom  are enhanced by 35-40% for the Fermilab Tevatron collider,
measurements of the invisible width [8] (three degenerate and 25-35% for the CERN LHC collider relative to the lead-
generations of invisibly decaying sneutrinos have been asng order results. The theoretical uncertainties are addressed
sumed. Search limits from the Tevatron collider on chargi- and it is found that the total cross section results should be
nos and neutralinos can be obtained by looking for cleaccurate to+15%. Finally, we comment upon the implica-
trilepton events fronW,Z,— 3/ + E; production. Expected tions of these results for slepton search experiments.
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Il. ANALYTICAL RESULTS ] 1 1

] ] ] ] ) 0'=j dQZJQz dXAsz dXg
In this section we briefly describe the calculation of QCD ( < S5
corrections to the direct production of slepton pairs at hadron

mq+ m2)2

colliders and then give the corresponding cross section for- d&qq
mulae. The results are very similar to those of the leading X ”E_fi/A(XAiﬂf)fj/B(XB,Mf)F
QCD correction$16] to the SM Drell-Yarn[17] process. The 1=a.9 Q

lowest order cross sections have been discussed in [R&]s.

and[11] + 2 [fia(xa,m0) fgp(Xe 1)
The colorless nature of the slepton pair final state allows i=a.9
one to factorize the production cross section into hadronic do
and SUSY pieces. The SUSY piece corresponds to the decay + o a(Xas o) Fis(Xa i6) ] a94 (2.4
of a virtual SM gauge boson of mag¥ into a pair of slep- GATAEITIBT T @2

ton particles with masses; andm,. The decays are
where f;;a(X, ) are the parton distribution functions for

e partoni in hadronA with momentum fractiorx evaluated at
W*—/ v, o .
the factorization scale;. S is the hadron-hadron center of
7* (or 7*)—>7L7_L mass energy squared which is reIaE_ed;,tmhe partoh-_parton
center of mass energy squared, @ia X XgS. Defining z
~ = — 02/ . . .
Z*(or y*)—7 o7 r, Q /_s the hard scattering partonic subprocess cross sections
are given by
and do (ur) 4 In(1-2)
g o -
- N ol S(1-2)+ S 2| 41+ 2)|
Z**)VLVL_ (2.1 dQ 27 3 1-z .
Using the gauge invariance of the hadronic piece and the (1+22)| 27 8l s1
slepton Feynman rules, from R¢1.9] for example, the two —2—Inz+| —5--8)d1-2)
body final state phase space integrals in the SUSY piece may
be performed analytically. The result is proportional 3® 3 Q?
where +3 qu(Z)mM—% (2.9
2(m2+m2)  (m2—m3)?|2
=1~ + 22 and
ﬁ Q2 Q4 ( ) )
. ) ) dogg ag(pmy) 1|3 3,
Having calculated the SUSY piece, the QCD corrections 2 =00 5 5 §+Z— EZ +2Py4(2)
to the hadronic piece are standard and correspond to the pro- dQ
duction of a virtual SM gauge boson. Gluon-bremsstrahlung (1-2)2 Q2
is added to the leading order processes, giving the subpro- X | In —1+In— (2.6)
cesses z Mt
T W where oy are given belowu, is the renormalization scale,
a9 —W=g, andPq andPy4 are the splitting kernelf20] given by
and N 1+22 8 12
_ )= 3|75 T2
qg—Z*(or y*)g. (2.3 3lA=2), 2
Singularities corresponding to soft gluon emission cancel qu(z)=%[22+(1—z)2]. 2.7

when the ultra-violet renormalized virtual diagram contribu-

tions are added. The remaining singularities are initial state

collinear in origin and are mass factorized into scale depenEor theW exchange process,
dent parton distribution functions. We use the modified mini- g B

mal subtraction (M$ scheme throughout. =2 = 2y|2 )
At this order, in addition to the annihilation processes 70=5767 2 2APWQ) 28

(2.3) there are also contributions from Compton scattering

diagrams that may be obtained from those of B3 by ~ With

crossing. There are no soft singularities for these processes,

only initial state collinear singularities. Dy(Q?)=
The total production cross section is given by a convolu- X Q’— M>2(+iFXMX'

tion of scale dependent parton distribution functions and

hard scattering partonic subprocess cross sections: For the y—Z exchange processes,

(2.9
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FIG. 1. The NLO total cross section for pair production of a

The constants i, are given by single generation of slepton®, 7, +¢€,v,, €,.€., €reg and

-|—f3: +1/2 (weak isospii, (2.12 ;L_;L, via the Drell-Yan mechanism versus slepton mass,(dpr
pp collisions at\/S=2 TeV and(b) pp collisions aty/S=14 TeV.
e;=2/3~1/3~1,0 (electric chargg The slepton masses are assumed to be degenerate. We convolute

with CTEQ4M parton distribution functions.

Li=2T5— 2e;sir? . : : :
f 37 28SIM b, Stirling (MRS) set R1[22]. This leads to an increase in cross
section of approximately 10% for both Tevatron and LHC.

We therefore cautiously estimate the theoretical uncertainty

and depending on whether one has a left- or right- SUSYO be;lS%. ) )
In Fig. 2, we plot the ratio of next-to-leading order cross

Rf = - ZEfSinzew ’

artner, . | ) .
P sections to leading order cross sections, again versus slepton
cy,=L; or Ry, mass for the Tevatron and LHC colliders. The leading order
results were computed using CTEQA4L parton distribution
for sleptonT . functions.

For the Tevatron collider, the various cross sections have
an enhancement of 36—39% depending upon the slepton
mass. The correction is nearly the same for all four slepton
pair production reactions, as might be expected by the form

Using the results described in the previous section a proef the correction given in Eqg$2.5 and(2.6).
gram was constructed to calculate slepton pair production The most promising detection strategy for direct produc-
cross sections according to E.4). For input, standard tion of sleptons at the Tevatron in SUGRA-type models is
values of the electroweak parameters were Ugddalong Via detection of acollinear dilepton pairs from, for instance,

loop exgression fotrg was used with fixeth;=5. The value  paye been performed in Refll]. The major SM back-

n = - . . —
of Agep Was taken. from the parton d'St”b“t_'O” set. ground to the clean dilepton signal comes frifw—//"
The next-to-leading orddNLO) cross section results are + g, . Referencd11] evaluated two case studies for slepton
presented in Fig. 1 fofa) pp collisions aty/S=2 TeV and

Ill. NUMERICAL RESULTS AND IMPLICATIONS
FOR DETECTION

(b) pp collisions at\/S=14 TeV as a function of slepton 150 prrerre ey 180 e
mass. For/| v, production, we have assumeszmyL. 1450 pFatvs=2Tev -] 1450 ppatvi—14Tev -]
Then for both the Tevatron and the LHC, we see At - ] - .
~ ~ . . . . ~1 ~ S C ~ A oA N A ] C 7
—/ | v is the dominant production mechanism, whilg/ g 5 140~ 040, &8, &xfr—] 140 ]
: ~ = ~ = . . S 4 e ] r s ]
is the smallest. The’, /| and v v, cross sections are inter- & sl O i St TRCR
mediate between these two cases, and are of comparabl C ] N &L
magnitude to each_ other. _ 130l cTEqa POFs  —] 130 A
The results of Fig. 1 were produced by setting the renor- r ] C ]
malization scaleu, equal to the factorization scaje;; the PP Y FUUTY PN PN FYYVR P ey S P PN PO O
square of the scale was taken to be the invariant mass of th 50 75 100 125 150 175 200 100 200 300 400 500
. 2 . .
slepton pairQ-. To get some idea of the size of the uncal- my (GeV) my (GeV)

culated higher order terms we varied the scale fi@f2 to

2Q. The results changed hy5% for the Tevatron and:2% FIG. 2. The ratio of NLO to LO slepton pair production cross
for the LHC. The largest uncertainty comes from the partorsections versus slepton mass, fay pp collisions atyS=2 TeV
distribution functiongPDF9. For a crude estimate we use a and (b) pp collisions at\S=14 TeV. The slepton masses are as-
set that assumes a different functional form for the gluon andumed to be degenerate. We convolute with CTEQ4M PDFs in the
sea quark at the initial evolution scale, the Martin-RobertsNLO case and CTEQ4L PDFs in the LO case.
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pair production. After cuts, case 1, W|m7 =80 GeV, had decay for different mass sleptons. In this case, the most pre-
18 fb of signal, while case 2 with> =102 GeV had 9 fb of cise estimate of the slepton production cross sections would
L 4 R

) be needed.
signal. The background froMWW at lowest order was evalu-
ated at 36 fb. Thus, with 2 fib' of integrated luminosity, IV. CONCLUSIONS
neither signal case would be visible by itself at the [&vel.
Incorporation of the NLO enhancement to both signal an
background K=1.3 for WW production at the Tevatron tion reactions/, v, /,_/,_, /R/R and v v,_v,_ were com-
[23]) pushes case 1 above the Evel, and into observabil- puted in next-to-leading order QCD. Fap collisions at
ity. In general, for the Tevatron, supersymmetric clean dilep-/S=2 TeV, leading order cross sections were enhanced by
ton pair events can also come from chargino/neutralino paitypically 35% to 40%. Fopp collisions atyS=14 TeV, the
production, and the net signal would likely come from aenhancement ranges from 25% to 35% depending on the
variety of different sparticle production reactions. The reachmass of the sleptons. The theoretical uncertainty resulting
for SUGRA type SUSY models in the clean dilepton channelfrom variations in the scale and parton distributions was
has been presented in Rg24]. found to be approximately-15%. The NLO enhancements
For the case of the CERN LHC collider, Fig(kh2 shows of the cross sections at Tevatron energies push some predic-
that the various slepton pair cross sections have an enhandions for signals at the MI above ther3evel. At the LHC,
ment of 25-36% depending upon slepton mass. In Refsawvhere a slepton mass measurement may be made indirectly

[11,14], it was found that a clean/ + B+ signal could be 0n the basis of event rates rather than by reconstruction, the
seen above SM backgrounds for 081> <400 GeV. With NLO predictions for slepton pair production rates would be

hard enough cuts, the signal was shown to come almost e)gssentlal
clusively from slepton pair production rather than from other

SUSY particle production processes. However, direct recon-
struction of parent slepton masses would be extremely diffi- We thank X. Tata for comments on the manuscript. This
cult. Possibly the best option for a slepton mass measureesearch was supported in part by the U.S. Department of
ment at the LHC might be from matching the total signal rateEnergy under contract number DE-FG05-87ER40319 and
to expected rates from simulations of slepton production andlational Science Foundation grant PHY-9507688.

g The total cross sections for various slepton pair produc-
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