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THEMSSM W ITH DECOUPLED SCALARSAT THE LHC

E.TURLAY®
Laboratoire de 1A ccelerateur Lineaire
U niversite Paris-Sud 11, 91898 O rsay cedex, France

T he discovery potential for theM SSM w ith heavy scalars at the LHC in the case of light inos
is exam ined. W e discuss the phenom enology of the m odel and the observables to determm ne
the param eters. W e show that for Iight gauginos, the m odel param eters can be constrained
w ith a precision of the order of 15% .
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1 Introduction

A ssum Ing a large soft{breaking scale for the M SSM sca]ar:sIIIEMIE pushes squarks, sferm ions
and heavy H iggses out of the kinem atic reach of the LHC w ithouta ecting the gaugino sector.
T he hierarchy problem w ill not be solved w ithout an additional logarithm ic ne tuning of the
H iggs sector. Nevertheless, a m odel can be constructed to provide a good candidate for dark
m atter and realize grand uni cation whilem inin izing proton decay and FCNC s. W e investigate
the LHC phenom enology of the m odel, where all scalars are decoupled from the low energy
soectrum . W e focus on gaugiho{related signatures to estin ate the accuracy with which its
underlying param eters can be determ ined.
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2 Phenom enology

The goectrum at the LHC is reduced to the gauginos, H iggsinos and the Iight H iggs. At the
interm ediate scale M 5 the e ective theory ism atched to the full theory and the usualM SSM
renom alization group equations apply. The H iggsino m ass param eter and the ratio tan in
the H iggs sector correspond to their M SSM counter parts. T he gaugihosm assesM 13 and the
H iggs—sferm ion-sferm ion couplings unify, and M 5 replaces the sferm ion and the heavy H iggs’
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g9 68pb | ~ g | 311 H
~ 01 12pb| ~g | 223 B
~ o~ 6pb | ~9~0| 98 b

Total 87 pb

Table 1: NLO cross sections for SU SY pair production at the LHC .

m ass param eters. T his set resem bles them SUGRA param eter set except for tan  now playing
the role of a m atching param eter (w ith the heavy H iggses being decoupled) rather than that of
an actualvev ratio©.

W e select our param eter point according to three constraints: rst,wem inin ize the am ount
of netuning necessary to bring the light H iggsm ass into the 100 to 200 G €V range and reduce
Mg to 10 TeV, still well outside the LHC m ass range. The m ain reason for this low breaking
scale is that we want the gluino to decay inside the detector (preferably at the interaction point)
nstead of being long{lived &4 .

Secondly, we obtain the correct relic dark {m atter density h? = 0:111° 82882 10 by setting

=290GeV andM ;M gyt )= 1324 GeV orM ;M yeax ) = 129 G eV . This corresponds to the
light{H iggs funnelm 1 sp M ,=2 M =2, where the schannel H iggs exchange enhances the
LSP annihilation rate. And nally, my neads to be well above the LEP 1l it, which we achieve
by choosing tan = 30. We cbtain my, = 129 G&V,m4 = 438 G &V, chargino m asses of 117
and 313 G &V, and neutralino m asses of 60, 117, 296, and 310 G&V with a modi ed version of
SuSpect5"11,decouijng the heavy scalars from theM SSM RGEs. ~8 and ~; aswellas ~2 and
~, are degenerate in m ass. A Il supersym etric particles and m ost notably the gluino are much
lighter than In the SP Sla param eter point It is in portant to note that this feature is speci cto
our choice of param eters and not generic in heavy{scalar m odels. A s a consequence, allLHC
production cross sections are greatly enhanced w ith respect to SPSla.

Tablk [ shows themain (NLO ) cross sections at the LHC from P rospino? 12’13"14. The
SUSY production is dom inated by gluino pairs whose rate is eight tim es that of the SPSla
point: the lower gluino m ass enlarges the available phase space, w hile in addition the destructive
Interference betw een s and t{channeldiagram s is absent. T he second largest process is the ~; ~g
production, which gives rise to a 145 fo of hard—gt free, e and  trilepton signal, m ore than a
hundred tin es that of the SP Sla point.

3 OBSERVABLES

The rstobvious observable is the light H ggsm assmy, . A though slightly higher than in m ost
M SSM points,m y can stillbem easured in the H iggs to two photons decay 15 my < 150G ev).
T he system atic error on thism easurem ent ism ainly due to the incertainty on the know ledge of
the electrom agnetic energy scale.

A m easurem ent of the gluino pair production cross section appears feasble and could be
very helpfulto determ ineM ;. T he branching ratio of gliinos decaying through a virtual squark
Into a chargino or a neutralino along with two Fts is 85% . The chargino will in tum decay
m ostly Into the LSP plus two leptons or Fts. Such events would feature at least 4 highpr
ets, a large am ount of m issing energy due to the two ~8 In the nalstate and possibly Ieptons.
The m ain backgrounds for such signatures are tt pairs, W + Fts and Z + fts w ith respective
production rates of 830 pb, 4640 pb and 220 pb 16 p espite these lJarge cross sections, m ost
of the background can be elin hated by applying standard cuts onEe , the num ber of high-or
Ftsaswellas the e ective m asswhich we checked using a fast LH C -likke sin ulation. Them ain
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source of system atic errors for this observable is the 5% error on the know ledge of the lum inosity.
W e take the theoretical error on the calculation of the cross section to be roughly 20% .

T he next observable is the trilepton signal. A fter gluino pairs, the next dom inant channel is
the direct production of ~; ~g . 22% of ~; sdecay through a virtualW into an electron orm uon
and a neutrino and the LSP. Sin ilarly, 7% of ~gs decay through a virtualZ into an O pposite-
Sign-Sam eF lavour lepton pair (O SSF ) and the LSP. T he resulting signal features three leptons
am ong which two are O SSF, a large am ount of m issing transverse energy due to the two LSP s
plus the neutrino and no gt in the hard process. T he background for this signature ism ainly
W Z and ZZ in which one of the leptons was non-identi ed or outside acceptance. A ccording
to PYTHIA the lepton production (e and ) rates are 386 fo forW Z and 73 fo for Z2Z . The
trilepton signalhas a rate of 145 fo, using SDECAY L7 r the calculation of the branching ratios.
Incluiding denti cation e ciencies of 65% for electrons and of 80% form uonske gives rates of
110 to 211 fo for the background and 40 to 74 fo for the signal before any cut. A study w ith
full detector sin ulation and reconstruction would provide a better understanding of signal and
background. A s in the previous case, the m ain source of system atic errors is the uncertainty on
the um inosity. W e also take the theoretical error on the value of the trilepton cross section to
be roughly 20% .

W ithin this trilepton signal lies another observable. 10% of ~gs decay into an O SSF Ilepton
pair and the LSP. T he distribution of the invariant m ass of the pair features a kinem atic upper
edge whose value ism S Mmoo Such an observable gives precious inform ation on the neutralino
sector and hence on M 1. The systam atic error is dom inated by the lepton energy scale. The
statistical error was extracted from a ROOT t of the M., distribbution and we estim ate the
theoretical accuracy to be of the order of 1% .

T he Jast observable we use In this study is the ratio of gluino decays including a b quark to
those not including a b. A system atic ervor of 5% due to the tagging of b-pts and a theoretical
uncertainties of 20% are assum ed.

O bservables Exp. system atic errors | Statistical errors | T heoretical
Value E rror Source 100 b *
my 1288 GevV | 01% energy scale 0.1% 4%
m.o Mmoo 57Gev 0.1% energy scale 03% 1%
(3%) 1452 fo % um inosity 3% 20%
R! b=h) 011 5% btagging 03% 20%
(gg) 68.2 pb 5% Jum nosity 0.1% 20%

Table 2: Summ ary of the observables and the corresponding errors.

Table[d sum m arises the value and error of the cbservables assum ed in this study. T he third
and fourth colum ns give the experin ental system atic errors and there source. The fth colum n
gives the statistical errors for an integrated lum inosity of 100 fo ! corresponding to one year
of data-taking at the LHC nom inal lum inosity. The last colum n gives an estin ation of the
theoretical uncertainties.

4 PARAMETER DETERM INATION

W eusedi erent setsof ervors for the ts. First we determ ine the param eters in the low statistic
scenario ignoring theoretical uncertainties. Second we assum e an In nite statistic and there-
fore assum e negligeable statistical errors to estim ate the ultin ate precision barrier in posed by
experin ental systam atic errors. Finally the e ect of theoretical uncertainties is estim ated by
including them into the previous set. W e expect these to dom nate.



W ith no inform ation on the squark and sferm ion sector at all, except for non-observation, we are
foroed to xMg and A and setM , tobeequaltoM 1. W e tthe param eters to the observables
using the Minuit tter. Them ninum ofthe ? is found by MIGRAD.W e start from a point far
from thenom inalvalues (fM ;M 3;tan ; g= £100;200;10;320g) and reach the values reported
in table[3. E rrors are determ ined w ith MINOS. T heoretical errors are treated as G aussian.

Param eter | Nom . values ‘ F it values Low stat. ‘ 1 stat. 1 stat#+ th
Mg 10 Tev xed
A 0 xed
M 1 1324 Ge&v 1328 G&v =M,
M, 1324 Ge&v 1328 G&v 6 5% 024 02% | 212 16%
M 3 1324 Ge&v 132.7Gev | 08| 06% 016 | 0.1% 51 4%
tan 30 283 60 | undet.| 124 % 177 | undet.
290 Gev 288 G&v 38| 13% 11 | 04% 48 17%

Table 3: Result of the ts. Errors on the determ ination of the param eter are given for the three error sets. Both
absolute and relative values are given.

Tabl[d show s the result of the ts in both absolute and relative values. It is interesting to
note thattan In undeterm ined except in the case of In  nite statistical and theoretical accuracy.
T he quality of the trilepton and gluino signals gives very good precision on the determ ination of
M, and M 3 even with low statisic. T he inclusion of theoretical uncertainties indeed decreases
the accuracy but still allow s for a determ ination. M 3 only depends on the large gluino signal
and its decays, explaining its relative stability. M ; and M , see the lJargest In pact of theoretical
errors. T his is because they depend on  rst order on the trilepton cross-section and on second
order on the b to non b gluino decays ratio both of which bear a large theoretical error.

5 CONCLUSION

TheM SSM w ith heavy scalars can very well satisfy current experin ental and theoretical lin its
on physics beyond the standard m odel and also solve a good num ber of issues present in the
traditionnalM SSM . W e described its phenom enology at the LHC in the case of Iight inos and
showed that such a sin ple and light spectrum could lead to very high production rates m aking
them odeldiscoverable. Them ain observable channels are gluino pairs and the trilepton channel
whose hard—fgt free channel m akes it well distinct from SM and SUSY backgrounds. O ther
observables such as the light H ggs m ass, the m Lm0 jkinem atic edge and the b to non b
producing ghuino decays could lead to a determm ination ofm ost param eters to the level of a few
percent w ith 100 fo ! ignoring theoretical errors. In a m ore realistic picture w here we assum ed
non-zero theoretical errors, we saw thatm ost param eters can be determ ined w ith a precision of
15% . W e also saw that the scalar section including tan could only be poorly determ ined if at
all.

New com plam entary observables could help determ ine better the scalar sector. Equally, a look
at other param eter points w ill provide a m ore com plete view of the discovery potential of a
M SSM w ith decoupled scalars at the LHC .
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