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Abstract

Andreev Yu.M., Bityukov S.I., Krasnikov N.V. Sleptons at Post-WMAP Benchmark Points at LHC
(CMS): IHEP Preprint 2004-15. — Protvino, 2004. — p. 10, figs. 7, tables 5, refs.: 15.

We study a possibility to detect sleptons at post-WMAP benchmark points at LHC (CMS). We find that
at Lyo; = 30fb~! it would be possible to detect sleptons at points B, C, D, G. We also investigate the
production and decays of right and left sleptons separately. We find that at L;,; = 30fb~! it would be
possible to detect right sleptons with a mass up to 200 GeV and left ones with a mass up to 300 GeV.

Annorarus

Amngpees I0.M., Butiokos C.1, Kpacaukos H.B. Caenronsr B mocie-WMAP tecroBeix Toukax Ha BAK
(CMS): IIpenpuat UPBD 2004-15. — IIporeuso, 2004. — 10 c., 7 puc., 5 tabu., 6Gubauorp.: 15.

U3y4eHa BO3MOXKHOCTL PErMCTPUPOBATH CenToHbl B mocie-WMAP recrosbix Toukax ma BAK (CMS).
Broino maitneno, aro mpu maTerpassHoil cBeTuMocT 30 00paTHBIX heMTOOAPH BO3ZMOXKHO OOHADYZKEHUE
cienroroB B Toukax B, C, D, G coriacuo npuHsaTON KiaaccudUKAIME TECTOBBIX TO4YeK. Takke ObLim
HCCJIeIOBAHBI POXKJEHHE U PACHabl IIPABBIX U JIEBBIX CJIENTOHOB pa3jesbHO. Haiineno, 4ro npu mHTE-
rpayibHOl cBeTuMocTH 30 06paTHBIX (heMTOOapH BO3MOXKHO OOHAPYKEHHUE IIPABBIX CJIEIITOHOB JI0 MACCHI
okouio 200 I'sB, a jseBbix cientoroB 710 macchl 300 I3B.

(© State Research Center of Russia
Institute for High Energy Physics, 2004



1. Introduction

One of the supergoals of the Large Hadron Collider (LHC) [1] is the discovery of the su-
persymmetry. In particular, it is very important to investigate the possibility of discovering
nonstrongly interacting superparticles (sleptons, higgsino, gaugino). In Refs. [2]-[4] sleptons dis-
covery potential was investigated for direct sleptons production via Drell-Yan mechanism and
“generic” LHC detector. In Ref. [4] the production of sleptons from chargino and neutralino
decays had been considered. In Ref. [5] the LHC slepton discovery potential was investigated
within the minimal supersymmetric model (MSSM) in the minimal supergravity (mSUGRA)
scenario (tan 8 = 2 case) for Compact Muon Solenoid (CMS) detector. In Refs. [6] - |7] the
(LHC) CMS sleptons discovery potential and the possibility to discover lepton number violation
in sleptons decays were investigated for direct production of right and left sleptons within MSSM
model.

In this paper we investigate the possibility to discover sleptons at LHC(CMS) for post-
WMAP supersymmetric benchmark scenarios [8]. These benchmark points take into account
WMAP and other cosmological data, as well as the LEP and b — sy constraints. We also
reanalyze the LHC (CMS) discovery potential for the case of direct production of right and
left sleptons in the MSSM model with arbitrary relation between the mass of lightest stable
superparticle (LSP) and the slepton mass. One of the important “technical” differences between
this paper and the previous studies is that we use PYTHIA program [9] for both simulation of
background and signal supersymmetric events whereas in Refs. [5] -[7] the PYTHIA program
was used for the simulation of background events and ISAJET program [10] for simulation of
supersymmetric events. As in Refs. [5]-|7] we use the CMS fast detector simulation program
CMSJET [11]. We find that at total luminosity L = 30fb~! it would be possible to detect
sleptons at post-WMAP points B, C, D, G. We also find that at L;; = 30fb~! it would be
possible to detect right sleptons with a mass up to 200 GeV and left ones with a mass up to
300 GeV. The organization of the paper is the following. In Section 2 we review the main features
of the mSUGRA model [12] and describe proposed in Ref. [8] post-WMAP benchmark points for
supersymmetry. In Section 3 we describe sleptons production mechanisms and sleptons decays
relevant for this study. Section 4 is devoted to the discussion of the background and cuts used
to suppress the background. In Section 5 we present the results of our numerical calculations.
Section 6 contains concluding remarks.



2. Post-WMAP benchmarks

In the MSSM supersymmetry is broken at some high scale M by generic soft terms so in
general all soft SUSY breaking terms are arbitrary that complicates the analysis and spoils
the predictive power of the theory. In mSUGRA model [12] the universality of different soft
parameters at Grand Unified Theory (GUT) scale Mgyt =~ 2-10'6 GeV is postulated. Namely,
all the spin zero particle masses (squarks, sleptons, higgses) are postulated to be equal to the
universal value mgy at GUT scale. All gaugino particle masses are postulated to be equal to the
universal value my/, at GUT scale. Also the coefficients in front of quadratic and cubic SUSY
soft breaking terms are postulated to be equal. The renormalization group equations are used to
relate GUT and electroweak scales. The equations for the determination of nontrivial minimum
of the electroweak potential are used to decrease the number of unknown parameters by two.
So mSUGRA model depends on five unknown parameters. At present more or less standard
choice of free parameters in mSUGRA model includes mq, my /9, tan 3, A and sign(p) [12]. All
sparticle masses depend on these parameters. For instance, the slepton masses of the first two
generations are determined by the formulae [12]

mlgR = m% + 0.15m%/2 — sin? GWM% cos2(3, (1)
mi =mg +0.52mi ;5 — 1/2(1 — 2sin® Gy ) M cos 23, (2)
m?, = m(2) + 0.52m%/2 +1/2 cos? HWM% cos20. (3)

Charged left sleptons are the heaviest sleptons whereas the right sleptons are the lightest sleptons.
For gaugino masses the following approximate formulae take place:

Mgy ~ Mﬁ ~ 2Msp (5)
Mgg ~ (0.25 — 0.35)M;. (6)

In mSUGRA model the ¥? gaugino is the lightest stable superparticle (LSP).

As it has been mentioned before in mSUGRA model sparticle masses depend on five un-
known parameters that complicates numerical analysis of the LHC SUSY discovery potential. In
Ref. [13] benchmark sets of supersymmetric parameters (13 post-LEP points) within mSUGRA
model were suggested for further careful analysis. The suggested points take into account the
constraints from LEP, Tevatron, b — sv, g, — 2 and cosmology. Recently in Ref. [8] upgraded
benchmark sets (post-WMAP benchmarks) were proposed. These post-WMAP benchmarks take
into account new WMAP data on dark matter density of the Universe. The mSUGRA model
parameters and some sparticle masses for these post-WMAP benchmark points are given in
Table 1.

3. Sleptons production and decays

When sleptons are heavy relative to )Zli, %Y sleptons are produced at the LHC only through
Drell-Yan mechanism (direct slepton production), via ¢g annihilation with neutral or charged



Table 1. The mSUGRA parameters and some sparticle masses for proposed post-WMAP benchmarks

(all masses in GeV), as calculated in ISASUGRA 7.67 (see Table 2 in Ref. [8]).

Point my;s  mo  tanB  sgn(p) Ao x? XS  €r,firL  €Rr,fAirR Ve,Uu T1 T2 Ur
A 600 107 5 + 0 242 471 425 251 412 249 425 411
B 250 57 10 + 0 95 180 188 117 167 109 191 167
C 400 80 10 + 0 158 305 290 174 274 167 291 273
D 525 101 10 — 0 212 415 376 224 362 217 376 360
E 300 1532 10 + 0 112 184 1543 1534 1539 1521 1534 1532
F 1000 3440 10 + 0 421 610 3499 3454 3492 3427 3485 3478
G 375 113 20 + 0 148 286 285 185 270 157 290 266
H 935 244 20 + 0 388 750 679 426 665 391 674 657
1 350 181 35 + 0 138 266 304 227 290 150 312 278
J 750 299 35 + 0 309 598 591 410 579 312 579 558
K 1300 1001 39.6 — 0 554 1064 1324 1109 1315 896 1251 1239
L 450 303 45 + 0 181 351 434 348 423 194 420 387
M 1840 1125 45.6 + 0 794 1513 1660 1312 1648 796 1504 1492

boson exchange in the s-channel, namely, pp — lNLZNL, l~Rl~R, oo, Dl~, lNLZNR,. The left sleptons decay
to charginos and neutralinos via the following (kinematically accessible) decays:

For right sleptons only decays to neutralino are possible and they decay mainly to LSP:

lf — l:t +)Z(1)’2,

Z:Lt—>ljl+)~(i,

- -0
vV —y +X1,27

~ + ~
v 1T+ X7

IF =1 +x

0
1>

(11)

Note that an account of the mixing between left and right charged sleptons slightly complicates
the situation and allows decays (7), (8) for eigenstates of I, and lr. If decays to second neu-
tralino or first chargino are kinematically possible, the most interesting decays of )Zf, X3 are the

following:

X9 — X+ 1M,

X=X+,

X9 — X3+ 2°,

XN+ E+,

r o+ wE

(12)
(13)
(14)
(15)
(16)

If sleptons are light relative to )Zli, XY sleptons can be produced besides Drell-Yan mechanism

from chargino and neutralino decays ()Zic, X3 indirect production), namely:

N
X2 = lL,Rl:F )

(17)



X5 — v, (18)
i — vl (19)
5= . (20)

4. Signature and background

The slepton production and decays described in previous section lead to the signature with
the simplest event topology: two leptons + E¥*** 4+ no jets. This signature arises for both direct
and indirect slepton pair production. In the case of indirectly produced sleptons not only event
topology with two leptons but with single, three and four leptons are possible. Besides indirect
slepton production from decays of squarks and gluino through charginos, neutralinos can lead to
event topology two leptons + EF¥% + (n > 1) jets.

In this paper we use the event topology two leptons + ET$ + no jets to detect sleptons
at LHC (CMS). Our simulations are made at the particle level with parametrized detector re-
sponses based on a detailed detector simulation. The CMS detector simulation program CMSJET
4.704 [11] is used. It incorporates the full ECAL and HCAL granularity. The energy resolutions
for electrons (photons), hadrons and jets are parametrized. Transverse and longitudinal profiles
are also included according to parameterizations.

All the SUSY processes except particle spectrum are generated with PYTHIA 6.215 [9].
Sparticle masses for updated post-WMAP benchmark points were taken from Ref. [8|. The
Standard Model backgrounds are also generated with PYTHIA 6.215. In our calculations we
used the CTEQ 5L parton distribution set. The signature used for the search for sleptons at
LHC is: two same-flavour opposite-sign leptons + ET$ + no jets [2]-[7]. Our cuts are the
following:

a. for leptons:

e pr - cut on leptons (pl;p b > pl;p “9) ‘and lepton isolation within AR < 0.3 cone with

ISOL<0.1 (CMSJET default);

o effective mass of two opposite-sign leptons of the same flavour: outside Mz 4+ d Mz band
(6Mz = 10 GeV);

o AD(ITI7) < AdY cut.

b. for E?”ss :

o Eiss > EI0 ey,
o AD ( E&l”“ , 1) > A®° cut for relative azimuthal angle between two same-flavour opposite
sign leptons

c. for jets:

e jet veto cut: Nje = 0 for some E%Et > E%Et’o threshold in pseudorapidity interval |nje:| <
4.5.

Such type of cuts is the standard one and it was used in previous Refs.[2]-[7].
In this paper we use the set of 10 cuts, see Table 2.



Table 2. The parameters of the used cuts.

pl;pt,O E;m,ss,o A‘I)?l E%et,O 6MZ ACI)O

Cutl 20 50 130 30 10 160
Cut2 20 50 — 30 10 160
Cut3 50 140 140 60 10 150
Cut4 50 100 130 30 10 150
Cutb 100 200 130 60 10 150
Cutb 60 150 130 45 10 150
Cut7 80 120 140 70 10 145
Cut8 75 170 160 100 10 160
Cut9 30 75 130 45 10 150
Cut10 40 90 130 50 10 150

The main Standard Model (SM) backgrounds are: WW, W Z, Witb, tt, 77, bb. The distribu-

tions of the SM background on péﬁp * and E:,WSS are presented in Figs.1-4.

The contribution of WW background is (40-80)% in the dependence on the cut number.
There are also internal SUSY backgrounds which arise through ¢g, gg and ¢g productions and
subsequent cascade decays with jets outside acceptance or below threshold. SUSY backgrounds
depend on SUSY masses and as a rule they are small compared to SM backgrounds. Note
that when we are interested in new physics discovery (the first stage of any data analysis) we
have to compare the calculated number of standard background events IV, with new physics
signal events Nyew physics = Nsiept T Nsusy,bg, 50 SUSY background events increase the discovery
potential of new physics.
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Figure 1. Leptons pi' distributions for main Figure 2. Ef** distributions for main SM back-
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SM background cross sections after cuts are given (in fb) in Table 3.

Table 3. The SM background cross sections after cuts (in fb).

Cut 1 2 3 4 5 6 7 8 9 10
opg 288 775 3.6 6.7 068 19 33 3.0 101 24

5. Results

For post-WMAP points (A - M) our results are the following. We found that at L;,; = 1051
it would be possible to discover sleptons only at point B 1. For cut 3 we found that Ng = 45,
Np =38,8=5.9. For Ly,; = 30fb~! it is possible to discover sleptons at points B, C, D, G, see
Table 4 2.

At Lyo; = 100fb~! the sleptons discovery points are A,B,C,D,G,I 3. We also investigated the
slepton discovery potential for post-LEP benchmark points [13] and found that the LHC (CMS)

2Ng

\/@ +vNs+Np
priate characteristic for future experiments, see Refs.[14] and also Ref.[15].
2See also Figs.5-6 for an illustration of the dependence of the background and the signal on the cut parameters
3We did not take into account pileup effects therefore the results for high luminosity L, = 100 fb~! are
rather preliminary. We think that the use of “hard” cuts 3 - 8 allows to minimize the influence of pileup effects
on the significance.

'In our calculations we used the approximate formula for the significance S = that is appro-
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Table 4. Sleptons discovery points at Ly, = 30 fb~!

Point Cut Ng Np S

B 4 180 212 10.5
C 3 84 112 6.8
D 3 61 110 5.2
G 6 49 57 5.5

slepton discovery potential for post-LEP points coincides with the slepton discovery potential
for post-WMAP points.

In this paper we studied also the production and decays of right and left sleptons separately?
In this study we assumed that sleptons decay mainly into LSP and leptons:

Ip =1 +%, (21)
F -+ (22)

Of course, in real life we expect that the decays of other sparticles will also contribute to the
signature two leptons + E{,’?iss +no jets. But if we are interested in new physics signal discovery
additional contribution only increases new physics discovery potential of this signature.

We made simulations for LSP mass mrsp equal to 0.2 mj, 0.4 mj, 0.6 m; and 0.8 ml~5. The
dependence of the cross section for the production of right and left sleptons for the case of two
flavour degenerate right and left charged sleptons is presented in Fig.7. Our results are given in
Table 5.

As it follows from our results the sleptons discovery potential depends on the LSP mass. For
mrsp = 0.2 m; it would be possible to detect right sleptons with a mass up to 200 GeV and left
ones with a mass up to 300 GeV. For instance, for right slepton with a mass m;. = 200 GeV
and LSP with a mass mpgp = 40 GeV we found that Ng = 70, Ng = 108 , S = 5.9 ( cut 3,
Loy = 30 fb_l). For left slepton with a mass mp. = 200 GeV and LSP with a mass mpgp =
40 GeV we found that Ng = 140, Ng = 108 , S = 10.7 ( cut 3, Lyt = 30 fb1).

6. Conclusion

In this paper we studied the possibility to detect sleptons at LHC (CMS). For post-WMAP
benchmark points we found that it is possible to discover sleptons at point B, points B,C, D, G
and points A, B,C,D,G, I for total luminosities Lyt = 10 fb~1, Loy = 30 fo~! and Ly =
100 fb~! correspondingly. We also investigated the possibility to detect sleptons for the case
when they decay dominantly to leptons and LSP 6. For L;; = 30 fb~! we found that it is

“To be precise we considered the production and decays of the first and second generation sleptons
€Rr,€L,Ve; , AR, AL, Pu; . An account of the third generation sleptons with the masses equal to the masses of
the first and second generation sleptons is not essential since Br(t — leptons) =~ 0.35.

®We assume that me, = mj, and mz, = mj,

5For right sleptons they really decay mainly to leptons and LSP while for left sleptons for mp > mgo cascade

decays can dominate.



Table 5. The right and left sleptons LHC(CMS) 5 o discovery potential for different luminosities.

Left sleptons

0.8 - - - - - - - -
0.6 + - - - - - - -
L=10fb"" 0.4 + o+ - - - - - -
0.2 + o+ - - - - -
mrsp/m; | 100 150 200 250 300 350 400 450
0.8 - - - - - - - -
0.6 + +  + - . . i
L=30fb""! 0.4 + 4+ + + + - - -
0.2 + o+ o+ 4+ - - -
mrsp/m; | 100 150 200 250 300 350 400 450
0.8 - - - - - - - -
0.6 + o+ o+ 4+ o+ - - -
L =100fb"" 0.4 + + + + + + - -
0.2 + + + 4+ + + 4+ -
mrsp/m; [ 100 150 200 250 300 350 400 450
Right sleptons
0.8 - - - - - - -
0.6 - - - - - - -
L=10fb"" 0.4 - - - - - - -
0.2 + - - - - - -
mrsp/my, | 100 150 200 250 300 350 400
0.8 - - - - - - -
0.6 - - - - - - -
L=30fb"" 0.4 + - - - - - -
0.2 + o+ o+ - - - _
mrsp/m; | 100 150 200 250 300 350 400
0.8 - - - - - - -
0.6 + - - - - - -
L =100fb""1 0.4 + +  + + - - -
0.2 + o+ + - -
mrsp/m;, | 100 150 200 250 300 350 400

possible to discover right sleptons with masses up to 200 GeV and left sleptons with masses up
to 300 GeV'.

We are indebted to V.A.Matveev for valuable comments. The work of S.I.B. and N.V.K. has
been supported by RFFI grant No 03-02-16933 and RFFI grant No 04-02-16020.
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