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Abstract

The capability of the CMS detector to reconstruct squarkkgnino is investigated. A method to

reconstruct sbottom, light squark and gluino mass peakb&as developed and applied in three dif-
ferent MSUGRA scenarios. With favourable parameters,@utisn better than 10% can be achieved
for all the reconstructed sparticles already withfA0" of integrated luminosity, under the assumption

of a knownM(%?).



1 Introduction

Several studies have been performed up to now by the CMSliolision to evaluate the detector capability to
observe an excess of Supersymmetric events over the Stblidael ones. It has been found that for an integrated
luminosity of 300fb " squarks and gluinos could be observed up to a mass of 2 Te\Ofi¢ourse, this is not

the end of the game: the “excess” over the Standard Modeéatonot the proof of Supersymmetry existence. It
is reasonable to demand stronger evidence: if new paréickesbserved, it is necessary to measure, in a second
stage, their masses and their couplings to Standard Mod#lpa and to other sparticles. Eventually, with a deep
knowledge of the spectrum of the observed particles, itddea desirable to extrapolate the model parameters
from the measured quantities. The very final goal of the igexteration detectors should be to give a complete
view of the supersymmetry model such as LEP and TeVatron thawe with the Standard Model.

Such kind ofspectroscopistudies on supersymmetry have never been performed by tHe €@Maboration. In

this paper a work done to evaluate the detector capabilitgd¢onstruct squarks and gluinos and to observe their
mass peaks is presented. This kind of analysis is based dfeeedt approach with respect to the ones used in
previous studies: the aim is not the definition of some patanregions of observability. A particular pattern of
the supersymmetric spectrum has to be considered: thetaletapability to operate the reconstructions is hence
evaluated in that scenario. To do this, three points in th&)@IBA parameter space have been chosen among the
ones suggested in the Ref. [2] and each of them has been talguaaalysed.

The decay chains under examination gre> bb — {3bb — £¢Fbb — {{¢*¢Fbb andg — 4q — ¥3aqq —
K%K:qu — XM+ 0Fqq; the aim is the reconstruction of gluinos, sbottoms (in &t of the notesquarkindicates

a supersymmetric partner of a light quark, while the thirdegation squarks are explicitly callstopsandsbot-
tomg. In both cases, the reconstruction are performed staifrtimg the Y3 — ¢+¢~ %9 decay, with¢ = e, u. The
branching ratios of these decays are strongly dependeheaart 3 parameter, leading to a largg§ — 7+7- %9
branching ratio, and to a smallgf — ¢+¢=x9 one with increasingan 3. This effect is of fundamental impor-
tance for the desired reconstruction: three points witfedéhttan 8 values out of the 13 proposed have been
chosen. All of them were selected among the points withivelgtlow values ofmg andm, /, in order to have
low mass spectrum and hence a high production cross seotieqtdiarks and gluinos and possibly allowing early
observation.

The selected points are defined as follows:

Point B: mo = 100 GeVic?, my/» = 250 GeVic?, tan 8 = 10, Ag = 0, andu > 0;

Point G: mg = 120 GeV/c?, my e = 375 GeV/ke?, tan 3 = 20, Ag = 0, andy > 0;

Point |1 mq = 180 GeVic?, my /2 = 350 GeV/c?, tan § = 35, Ag = 0, andyu > 0.

Table 1 summarizes the supersymmetric particle masseseasafi Point B, G and | with the procedure described
above. The decay branching ratios in all the scenarios heste &valuated using the reledSASUGRA 7. 51 [3].
The mMSUGRA parameters have been given as input tb 888UGRA 7. 51 code, which executes the running-
down of the RGE'’s to the electroweak scale. The low-scale M$8rameters extracted hySASUGRA have been

giventoPYTHI A 6. 152 [4] for the generation of the eventSVBJET 4. 801 [5] has been used for the detector
simulation.

2 Sbottom reconstruction at Point B
The five mMSUGRA parameters for point B given as input 8ASUGRA 7. 51 are

mo = 100 GeVk?
my;, = 250 GeVic?
tang = 10

Ay = 0

p > 0

The SUSY processes produced by WeTHI A 6. 152 generator in 14 TeV proton-proton collisions are shown in
Table 2, together with their production cross section. Toimiciant contributions are from squark-gluino, gluino-
gluino and squark-squark production. The total productimss section of supersymmetric events is 57.77 pb.



Table 1: Spectra at point B, G and | as givenyTHI A 6. 152 with input parameters taken fronSASUGRA
7.51.

Particle Mass (GeVé?)
PointB | PointG | Pointl

ir, | 536.965| 773.878] 738.361
dy, | 542.823| 778.015| 742.711
er 536.965| 773.878| 738.361
81, 542.823| 778.015| 742.711
t 392.938 | 587.234| 555.355
b1 495.996 | 701.947 | 640.321
iR | 519.129| 747.945| 714.924
dr | 520.884| 745.804| 713.165
¢r | 519.129| 747.945| 714.924
Sr 520.884 | 745.804| 713.165
ta 575.910| 778.566 | 736.020
bo 523.966 | 748.385| 713.294
&R 136.180 | 183.170| 221.330
fir | 136.180| 183.170| 221.330
7 200.316 | 285.431| 304.794
& 196.580 | 278.880| 295.690
e, | 179.774| 267.120| 284.588
gr | 196.580| 278.880| 295.690
7., | 179.774| 267.120| 284.588
71 127.569 | 154.062| 143.683
U, | 179.052| 263.402| 271.171
g 595.070 | 860.820| 809.810
bet 95.623 | 150.020| 139.793
%S 174.745| 277.121| 257.860
xi 173.835| 276.794 | 257.555
%3 | 339.890| 477.932| 446.690
el 361.051| 493.561| 462.227
% | 361.628| 494.327| 463.336

Table 2: Production cross sections for the SUSY processatopsproton collisions a{/s = 14 TeV, as given by
PYTHI A 6. 152 with input parameters taken fronBASUGRA. The symboly indicates charginos and neutrali-
nos, whileq is used only for the first two generation squarks. Sbottondsstmps are represented separately from
the other squarks.

| Process| o (pb) |

g 6.99
a 0.54
X 1.90
K8 0.48
%4 1.89
ag 28.31
aa 14.16
b 0.36
bb 0.52
bg 0.71
tt 1.83
| Total | 57.77]

Detailed tables for the branching ratios of the main decap®imt B can be found in Ref. [6]. Itis interesting to
notice that the gluino can decay into sbottoms with quitgddranching ratio and thg cannot decay intéy.: its
main leptonic decay channel{§ — /r/, with /g decaying intoy9¢ with 100% branching ratio. The three body
decayy) — 9+ ¢~ is also possible, but with 0.04% branching ratio, and soigidgt compared to the two body
decay.



The sbottom mass peak can be reconstructed exploiting trey dbain:

b = %x%b
!
CEF — X00% 0T 1)

wherel stands foe andy; decays into taus are not considered. The first step of tomstiwction procedure is the
identification of they9 from its decay products. Ongg has been reconstructed, it can be associatedttoaet
the sbottom. Of course, thg is undetectable, since it behaves like a heavy neutrinotreiinal stateg ¢+ ¢+
cannot be exactly determined. Nevertheless, due to thieplart kinematic characteristics of the decgy —
Ef,fﬁ — X0+ (F it is possible to perform the reconstruction of t# It has infact already been demonstrated in
past CMS studies [7] that, with favourable SUSY parametevs|l be possible to observe the typical edge in the
distribution of the same flavour opposite sign lepton pais The direct decayd — x9¢*¢~ has a branching
ratio of 0.04% at point B, negligible with respect to the koing ratio of the decay — Eﬁﬁ — Xt
which is 16.44%. So, the end-point of the distribution w#l given by the equation:

2 A2 2 A2
e \/ (vizy —wiz) (w2 - vy )

te- — M-
¢

)

This end-point corresponds to the kinematic situation inctwhin thex9 rest frame, the two leptons are emitted
back-to-back, as schematically illustrated in Fig. 1.

Figure 1: Schematic view of the decg§ — /% (¥ — {2¢*(F at the end-point of thal,, distribution.

The branching ratios for the entire decay chains are
BR(b; — ¥9b — (£6Fb — (96X (Fb) = 6.09%, (3a)
BR(by — ¥5b — I ¢Fb — (0¢£(Fb) = 4.12%. (3b)

Theo x BR's for the direct productions of sbottoms in proton-prototeractions can be calculated from these
relations: they result 85.5 fb fdr; and 31.5 fb foib,.

To operate the sbottom reconstruction not only the sbotttinestly produced in proton-proton interactions have
to be considered: sbottoms are abundantly produced alsoghaino decays. It can be shown that:
BR(g — bib — x5bb — f£¢Fbb — x90£¢Fbb) = 1.05% (4a)
BR(g — bob — X5bb — £ Fbb — 2£(Fbb) = 0.42% (4b)
and hence the x BR's for shottoms coming from gluinos and then decaying in® whole decay chain are
449.9 fb and 179.7 fb fds, andbs,. In this case the sbottoms are more abundantly producedimadlecays than
in direct proton-proton collisions. The decay chain to besidered to perform sbottom reconstruction is hence:
g — bb
i)
X2b
d
CE0F — X90%0F (5)

A sketch of such a decay chain is shown in Fig. 2.



Figure 2: Pictorial view of the decay— bab — $3bb — FFbe — £ (Fbb.

The probability of having two sbottoms decaying into thereot chain in an eventis very small: 2.4 fb and 0.7 fb
for b; andb, respectively, negligible compared to the single sbottoairthin the rest of this paper events with
only one gluino giving the decay chain (5) are consideredhSQvents are characterized by a final state with two
high-pr isolated leptons, two higpr b jets and missing energy resulting from the undetectahl¢ralano; the
following selection criteria have therefore been appliethe generated SUSY events, handledCMBJ ET:

e at least 2 same flavour opposite sign (SFOS) isolated lepiaviagpr > 15 GeV/c andn| < 2.4, corre-
sponding to the acceptance of the muon system. Only electmoth muons are considered in this study;

e atleast 2 jets tagged as b jets, havirg> 20 GeV/c andn| < 2.4.

Leptons are “isolated” if no charged particle tracks with > 2 GeV/c are present in a cone &fR = 0.3 in

the tracker, and if no energy deposits above the threshdd@dV are in a cone chAR = 0.3 around the lepton
impact point on the calorimeter. In Table 3 for each SUSY gatien process, the number of generated events
and the number of events surviving each selection step girtheedure, are reported for an integrated luminosity
of 10 fb~!. No events survive among the directly produced sleptorspaither chargino-neutralino pairs, since
these events have no jets. Only a small amount of events etest among the ones with direct production of
squarks: these can survive because of a mistagging of e jet

Table 3: Number of produced SUSY events. For each generptimess, the number of events surviving the
sequence of selection criteria for sbottom reconstructisriescribed in the text, is shown.

N evin 2 SFOS

10fo~! | 2leptons| 2bjets| isol. ¢
bb 5153 2046 510 177
bg 7063 2219 643 163
b 18999 2278 6 0
K& 4767 865 92 22
%a 18880 2683 20 6
g 69943 14533 | 4242 872
o 5378 1052 0 0
b 3616 890 99 27
dg || 283199| 40309| 5590 1394
Ga || 141609| 12034 111 37
tt 18311 4819 1174 204

[ Total | 576918] 83728] 12487 2902

Figure 3 shows the distribution of the same flavour oppogite dilepton pairs for all the supersymmetric events
passing the selection criteria. For events with more thanlepton pair, the two leptons closest in angle have
been chosen since studies performed at parton level shmaldangular distance between the two leptons arising
from £9 [6]. The main contribution comes from the decay under stistjiq histogram). Other non negligible
Contrlbunons come from events in which both leptons anisenftaus (dashed line), events in which at least one
of the leptons comes from @ boson (dotted line); leptons froth (dashed-dotted line), but this is a negligible
channel. The first ones are produced mainlyin— 77 — {77 decays, but others can come from charginos
through theX1 — T1v; process; the second ones have different soufdgs:.coming fromt-quarks given by the

by 2 = X7 *t decay,W's produced in sbottom decaylsl(g — t; W), or W’s coming from top produced in stop
decay chains. The lower plot of the same figure representsatime distribution after a cut on the energy of the
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Figure 3: Invariant mass distribution of same flavour opfgosign isolated lepton pairs for the SUSY events
passing the selection criteria described in the text. Tlelsth histogram refers to the whole SUSY sample. The
individual contributions are separately showgh — Eﬁﬁ — X+ (T (solid line), events with both leptons
coming from taus (dashed line), events with at least on@fepbming from &V boson (dotted line), events with
leptons coming fronZ — (*¢(F (dashed-dotted line). The lower plot shows the same digtdb for events
passing the cuk,, > 100 GeV.

dilepton pair: requirindi,, > 100 GeV, the contributions from the other decays are almosliyatappressed, and
the total distribution corresponds almost completely sodtstribution of signal events.

Table 4 shows, for each SM process, the cross section giveNbl A 6. 152, the number of produced events,
and the number of events for each stage of the selectionguoeeThe number of producetievents corresponds

to the number of events expected in 10 fof integrated luminosity at LHC; for the other processes, ¢tpss
section is too large to allow the production of an equivakarnple and smaller samples have been produced.
W+jets and QCD samples are completely suppressed by theeewgrit of isolation on the leptons. Even if these
are limited samples, it is reasonable to expect that themeneis will not significantly affect the final study also in

a real data analysis. The survividgjets andit events have instead to be included in the dilepton invariaass

plot with the correct normalization factor.

In Fig. 4 the same flavour opposite sign dilepton pair invénmaass distribution is shown for SUSY events superim-
posed over the SM background. Tiesample gives a wide distribution, while tBejets channelis distinguishable
for the Z peak which lies quite close to the end-point of the SUSY itlistion. In order to further reduce the SM
background, the highe®iss content of SUSY events can be exploited. Indeed, as can bers&ég. 5, which
shows the dilepton invariant mass distributions for défeZ=ss cuts, SM background can be efficiently rejected
imposing a cuEiss > 150 GeV.

The SM background and the tail in SUSY event distributionloarfurther eliminated by subtracting the invariant
mass of different flavour opposite sign lepton pairs.

Finally, a fit with a jacobian function can be performed ondteanM (eTe~)+M(utp~)—M(et =) —M(ute™)
distribution to evaluatey};**. The result is shown in Fig. 6. The value obtained is

V0 ) (2 )

Lte— — M
4

= (78.9 £ 2.1) GeV/c? (6)
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Figure 4: Invariant mass distribution of same flavour opjgasign isolated leptons for SUSY events, superimposed
on the SM background. Contributions framandZ+jets events are shown separately.
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100 GeV (centre) andziiss > 150 GeV (down).



Table 4: Considered SM processes. For each backgroundestlieccross section as given BYTHI A 6. 152
is shown. The number of produced events and the number ofsesgrviving the sequence of selection criteria for
sbottom reconstruction, as described in the text, are alzars.

N produced 2 SFOS
o (pb) events 2leptons| 2bjets| isol. ¢
tt 6.21 x 107 | 6.21 x 10° 886809 | 140552 | 14525
7 + jets
(pT > 60 GeV/c) || 2.87 x 10® | 3.89 x 10° 172894 1322 161
W + jets
(Pt > 60 GeV/c) || 7.51 x 10® | 2.60 x 10° 5850 37 0
QCD (pr bin)
50 = 100 GeV/c || 2.86 x 107 | 1.90 x 10° 460 30 0
100 = 200 GeV/c || 1.64 x 10° | 1.90 x 10 3366 304 0
200 =~ 300 GeV/c || 6.67 x 10* | 1.90 x 10° 11395 1217 0
300 +~ 400 GeV/c || 8.57 x 10° | 1.90 x 10° 19892 2201 0
400 + 500 GeV/c || 1.82 x 10% | 1.90 x 10° 28149 2945 0
> 500 GeV/c 8.19 x 102 | 1.90 x 10° 39902 4101 0

which is in very good agreement with the true value of 78.1¥/6&
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Figure 6: Distribution oM(ete™) + M(u*p~) — M(etu~) — M(ute™) for SUSY and SM events passing the
CUtsET™* > 150 GeV andE,, > 100 GeV. The result of a jacobian fit is shown.

To reconstruct the sbottom, opposite charge leptons in davirof about 15 Ge\t? around the edge are selected.
This requirement allows to select a kinematical conditiowhich the leptons are emitted back-to-back in f§e
rest frame, with the? at rest. In this condition th§J momentum is reconstructed through the relation:

5 14+ —H )5 7
Pgg= |1+ My o Pe+e-- (7)

The mass of the{ is taken from the Monte Carlo. The dependece of the spartielsses from th§? mass is
discussed in Sec. 5. Thg from the dilepton distribution has to be associated to onthefb jets in the event

to have the sbottom from tHe — ¥9b: the most energetic b jet has been chosen since, accordthg fwarton
level distributions, the b quarks produced in the— ¥9b decay have a harder spectrum than the others. The
b invariant mass shows a clear bump at about 500 &eWte region in which we expect to find the sbhottom,
emerging over a wide SUSY background distribution, mainlg tb combinatorics, as illustrated in Fig. 7 (solid
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line).

The main combinatorial sources can be grouped into two fasnil

e events in which the right decay chain is present, but whege$hreconstructed from the dilepton pair is
associated to & not coming from the shottom. This source can be reduced ibtaesociated to th§J
arises from a gluino, from a stop or from a top, since thesedskgushow a softer spectrum than b quarks
produced in sbottom decays;

e events in which the right decay chain is not present, bl produced by other sparticles can be associated
to other b jets. This source can be hardly reduced since ferelifce can be observed betweggs coming
from sbottom and othegs's.

As shown in Fig. 7, a lower cut on the energy of the most eni&rfgiet can therefore reduce the first source of
combinatorics.

— No Ejq, cut

——————— Epjens > 250 GeV
40

Events / 28 GeV

30

10 |

860 1000
M(x3 b) (GeV)

LT | |
0 200 400 600

Figure 7: Sbottom mass peak for events haWiagieV/c? < My, < 80 GeV/c2. No cut on the energy of the
most energetic jet (solid line), arit},; > 250 GeV effects are compared.

In order to extract the sbhottom mass (Fig. 8), a Gaussiangitiformed on the peak together with a polynomial
to take into account the combinatorial and Standard Modeitdgp@mund. The result is

M(X9b) (500 & 7) GeV /c? (8a)
o = (42+5)GeV/c? (8b)

where the error is only statistical, given by the fit, ands the width of the Gaussian. The physical widths of
the sbottoms ar€;, = 2.8 GeVkc?, I'y, = 1.4 GeVic*. The measured width is much larger, and determined

essentially by instrumental effects. The masses of thergestbparticles ard(b;) = 496.0 GeVic2, M(by) =
524.0 GeV/c2. The fit is performed on the unresolved peak, but the restiit good agreement with both the
sbottom masses. It can be further considered that a largebeuof events wittb; than withbs is expected. In
fact, theo x BR for sbottoms directly produced or arising from gluino dexand hence going into the searched
chain is larger fob;. More precisely:

o xBR(pp = & = b1 = X3 = (E0F = 020F) = 4499 fb (9a)
o x BR(pp = b1 — X5 = (50T — X0*6F) = 855 fb (9b)
o x BR(pp = § — ba = X3 = (E0F — 020F) = 179.7 b (9c)
o x BR(pp = bs — X5 — (50T — X0E(F) = 315 fb (9d)

so the totalo x BR’s are 535.1 fb forb; and 211.1 fb forb,. These two quantities are shortly indicated as
o x BR(b1) ando x BR(b2). Under the assumption that the unresolved peak is due taifferosition of the



b1 andb, peaks, each weighted by the corresponding BR, the expected mass should be:

NI(E) = M(by) - o x BR(b1) + M(bs) - o x BR(b2)

o X BR(b;) + ¢ x BR(bs)
which is in good agreement with the result of the fit within #reor. Of course this is only a rough estimate, but it
can be useful to evaluate the effectiveness of the recartistrumethod by comparing the result with the expected

value. It can be concluded that CMS will be able to start toniife a sbottom within its first year of life, if the
Supersymmetric scenario will be favourable like point B.

= 503.9 GeV/c? (10)
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Figure 8: Result of the fit for the reconstructed sbotfigure 9: Result of the fit for the reconstructed gluino:

tom: a Gaussian is used for the signal peak, whereasSaussian is used for the signal peak, whereas the

the combinatorial and Standard Model backgrourmbmbinatorial and Standard Model background are

are fitted with a polynomial. The measured mass ditted with a polynomial. The measured mass of the

the shottom idM(9b) = (500+7) GeV/c?, thereso- gluino is M(x3b) = (594 + 7) GeV/c?, the res-

lution of the peak isr = 42+ 5 GeV/c?, correspond- olution of the peak iss = 42 + 7 GeV/c?, cor-

ing to 8.4% of the mass. Events are selected requiringsponding to 5.5% of the mass. Events are se-

65 GeV/c? < My < 80 GeV/c?, ERiss > 150 GeV, lected requiringss GeV/c? < My, < 80 GeV/c?,

Ep1 > 250 GeV. Emiss > 150 GeV, Ep; > 250 GeV, 400 GeV/c? <
M(x9b) < 600 GeV/c2.

3 Reconstruction of § — bb at Point B

In order to reconstruct the gluino, the reconstructed sbothould be associated to another b jet. More than 86%
of events have only two jets. For events having more than tyatsowe choose the b jet closest in angle to the
reconstructed sbottom. Figure 9 refers to the gluino peakttamed imposingz®iss > 150 GeV andEy,; >

250 GeV. In addition, only the events in the sbottom peaks arecged, requiringl00 GeV/c? < M(x5b) <

600 GeV/c?, corresponding approximately to the central vakti5o.

A Gaussian fit superimposed on a polynomial to take into atcthe combinatorial plus Standard Model back-
ground is performed on the distribution. The correspondasglt is

M(x9bb) = (594 +7) GeV/c? (11a)
(42 £ 7) GeV/c? (11b)

ag

in good agreement with the generated mass value for theqylMig) = 595 GeV/c?. Again, the physical width
of the particle['; = 7.78 GeV/?, is much smaller than the width of the observed peak, whiduésuniquely to
resolution effects.
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4 Squark reconstruction at Point B

In this section the reconstruction procedure used for tpersymmetric partners of the light quarks @, ¢ and
§) is described. They can be reconstructed with a methodaindlthe one used for the sbottoms, looking at the
decay chain:

a — X4
!
20T — 00EeF (12)

which is identical to the chain considered in the case of Hwtem, apart from the emission of a light quark
instead of a bottom in the decay— ¥9q. Non b jets have to be identified, and the b-tagging capglifithe
CMS detector has hence to be used in order to veto the preséhgets and to perform an anti b tagging.

Squark direct production has a large cross section, corbjgata the gluino production one. The reconstruction
method developed to observe the sbottom has hence to bésatljosake care of the fact thgd andgg production
processes cannot be neglected. &he BR'’s for the squarks directly produced in proton-proton sdtins and
hence decaying into the whole chain are

o X BR(pp = dr — decaychain) = 31fb (13a)
o X BR(pp — 4r — decaychain) = 1.413 pb. (13b)

The o x BR for the right squarks is two orders of magnitude smaller ttrenone of the left squarks due to
the smaller branching ratio of the decay — ¥3q, which is only 1%, versus the 30% branching ratio of the
i — X3q. As a consequence of this, the right squarks are hardlylgisiind the following reconstruction method
refers to the left squarks. This can be considered an adyantmlike the sbottom case, the reconstructed peak
is not the superposition of two peaks, and it is thereforesibes to measure more accurately the mass of the left
squark. On the other side, it is practically impossible teebe right squarks, since 99% of their decays produce
a quark and an undetectaly®. So, if supersymmetry will reveal itself with a pattern dianito point B, it will be
very hard to get information about the right component osks which are not sbottoms or stops.

As in the case of the sbottom reconstruction, not only thesqdirectly produced in the collisions have to be
considered, but also the ones coming from gluino decay:
g — dq

d

X594

i)

EeF = Qe (14)
Theo x BR of squarks produced in gluino decays can be easily caldilate

o X BR(pp = § — dr — decaychain) = 39fb (15a)
o X BR(pp = & — 4L — decaychain) = 0.533 pb. (15b)

Again, the probability that right squarks can give the wdrleain is much smaller than for left squarks. Given the
very higho x BR for squarks going into th@J-dilepton chain, which is about four times larger than fa& shottom
chain, it is plausible to try the reconstruction with an graged luminosity lower than the 10fb considered in
the previous paragraphs. The following plots refer to aegrated luminosity of 1 fb!, corresponding to the first
two or three months of life of the Large Hadron Collider, atliing to present expectations.

The events are selected requiring:

e at least two same flavour opposite sign (SFOS) isolatediepteithpr > 15 GeV/c andp| < 2.4; asin
the previous sections, for leptons we mean only electrodsrarmons;

e at least two jets, tagged as non b jets, with> 20 GeV/c andn| < 2.4;

e no b jets.
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The jets are considered not coming fronif the b-tagging parameter defined in Ref. [9] is less thanl2e third
condition of the list is @ veta all the events having at least one jet recognized as a bgeegcted. This is useful
to suppress most of the events with shottoms or stops, whbigll ©e one of the main source of SUSY background
for the reconstruction of the squarks.

In Table 5 the number of events surviving the various stegh@&election is shown, for an initial sample corre-
sponding to ¥b~*.

Table 5: Number of produced SUSY events. For each generptimgess, the number of events surviving the
sequence of selection criteria for squark reconstructisrlescribed in the text, is shown.

N evin 2non | 2 SFOS

1fb=! | 2leptons| bveto | bjets | isol. ¢
bb 515 204 55 41 8
bg 706 245 68 57 25
X 1899 253 | 238 15 7
K& 476 92 42 16 12
% 1888 272 | 247 | 112 59
g 6994 1473 | 438 | 395 129
o 537 110 | 110 3 3
b 361 90 39 27 16
ag 28319 4078 | 2024 | 1742 743
qa 14160 1209 | 1050 | 820 444
tt 1831 489 | 120 80 15

[Total | 57686 8515] 4431] 3318 1461

The main contributions are frof, g andgg events. A sketch of the decay chains given by such processes
is shown in Fig. 10. This is a pictorial representations @& tlecays, where only some possibilities have been
considered: it is possible that th€ giving the lepton pair, ifjg comes from the squark rather than the gluino,
or that ingg not both gluinos decay into a squark, but one of them prodwtmtom or a stop. There are tens of
possible combinations, which are not graphically represknThe treatment of the combinatorial is crearly more
difficult than for the sbottom chain.

~O ~0 ~+ o~

Xi>XaoXis X

~0 ~0 ~t ~t
XI =X2=XI‘5X2
.
o

jet

~0 ~0 ~t o~
XI 7X2’XI"X2
K
.

-

jet

Figure 10: A pictorial view of the decay chains of interesttfte squark reconstruction, i, Gg andgg events.
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Table 6 shows the number of Standard Model events surviliegame selection criteria. The main contributions
are fromtt andZ+jets. All the other possible background sources are nigtgigthe most effective cut is the
requirement of isolation on the leptons.

Table 6: Considered SM processes. For each backgroundestlieccross section as given BYTHI A 6. 152
is shown. The number of produced events and the number ofsesgrviving the sequence of selection criteria for
squark reconstruction, as described in the text, are asorsh

N produced 2non | 2 SFOS
o (pb) events 2leptons| bveto| bjets| isol. ¢
6 6.21 x 10% | 6.21 x 10° 88561 | 33410] 16853 1415
7 + jets
(PT > 60 GeV/c) || 2.87 x 10° | 3.89 x 10° 172894 | 159479 | 17205| 13138
W + jets
(Pt > 60 GeVic) || 7.51 x 10® | 2.60 x 10° 4517 3869 738 2
QCD (pr bin)
50 — 100 GeV/c || 2.86 x 107 | 1.90 x 10° 460 270 78 0
100 + 200 GeV/c || 1.64 x 10°% | 1.90 x 10° 3366 1658 965 0
200 + 300 GeV/c || 6.67 x 10* | 1.90 x 10° 11395 5394 | 4088 0
300 + 400 GeV/c || 8.57 x 10% | 1.90 x 10° 19892 9545 | 7954 1
400 + 500 GeV/c || 1.82 x 10® | 1.90 x 10° 28149 | 13961 | 11832 2
> 500 GeV/c 8.19 x 102 | 1.90 x 10° 39902 | 20343 | 17581 0

The same conceptual steps of the sbottom reconstructiofoboeed: the same flavour opposite sign lepton
pair invariant mass is first built, in order to observe the-poiht and hence to get thig momentum. Selecting
events in the window 65 GeW < M, < 80 GeVE?2, the same region used for the shottom reconstruction, and
associating the most energetic jet to iz whose momentum is evaluated using the Eq. (7), an invaniass
distribution is built where a clean peak can be observedénrdigion where the squark is expected. In Fig. 11
this peak is shown superimposed over the Standard Modebbawkd for three different values diss cut.
RequiringE&iss > 100 GeV is enough to keep SM events at an acceptable level.
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Figure 11: Squark mass peak for SUSY over the Standard Maaigoound forZ2iss > 50 GeV (left), Biss >
100 GeV (centre) E®iss > 150 GeV (right), for events with65 GeV/c? < My, < 80 GeV/c?. The integrated
luminosity is 1 fo L.

In Fig. 12 a Gaussian plus a polynomial fit is performed on tiuask peak. The result of the fit is

M(x3q) =
o[M(%5q)] =

536 + 10 GeV/c?
60+ 9 GeV/c?

(16a)
(16b)

where the errors are only statistical. The measured masddshe compared to the mean weighted ondhe BR
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of thedr, anddg, as already done for the sbottom. SincedheBR of thedg is only 3% of the total, it nevertheless
results:

M(a) ~ M(ar) 17)

thus the measured mass can be compared to the true massesedif siquarks:
M(dy) = M(51) = 542.8 GeV/c? (18a)
M(fiL) = M(&L) = 537.0 GeV /c? (18b)

resulting in agreement within the error. Of course it is nosgible to observe up-type and down-type squarks
separately, for their mass being so close, as well as it iposgible to estimate experimentally the physical width
of the squarks: the width of the peak is due only to resolutiffects, and is much larger thaiy, = 5 GeV/c?.
Nonetheless the collected statistics is sufficient to mesthie mass of the squark even at $¥bThis means that

in favourable conditions, CMS will be able to perform a pméhary spectroscopy on supersymmetric particles in
an early phase of operation.
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Mean 533.3
RMS 189.9
i r—_— X°/ndf 1367 | 24
30 |- P1 0.2848E-13

3 P2 -0.1556E+16
P3 0.6650E+13
L P4 0.1820E+11
25 - P5 -0.5842E-02
[ P6 20.39
P7 536.3

35 |- B susy

Events / 30 GeV

60.38

20

15
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0 0 ] 100 200
M(X3 g) (GeV)

Figure 12: Distribution of invariant mass ¢fy and the most energetic jet for events with 65 G&V/i<
My, < 80 GeVt?, andERiss > 100 GeV. The integrated luminosity is 1 5. The peak is fitted with a Gaussian
plus a polynomial which takes into account the Standard Mawié combinatorial background.

The treatment of the combinatorial background is more carafdd than for the sbhottom: the main production
processes ai@g, g¢ anddqd. Most of the events have therefore two squarks and a highewnjiplicity. However,
similarly to the sbottom case, a lower cut on the energy ofntlest energetic jet allows a good combinatorial
reduction. Figure 13 shows the squark peakHEgr > 300 GeV, for a sample corresponding to 10-tbof
integrated luminosity. The measured values are

M(x5q)
a[M(%5q)]
The jet energy cut has not been applied also to the 1 fizcause of the insufficient statistics. The resolution of

theo x BR of the entire squark production and decay process can beedfby the number of events in the peak,
which is 630, leading to a value:

535 + 3 GeV/c? (19a)
57 + 3 GeV /c2. (19b)

% 4%, (20)

If the M(X9) = M¥}>* assumption is used, the fit results are
M(x3q) = 5024 3 GeV/c? (21a)
o[M(x3q)] = 56+3GeV/c. (21b)
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Figure 13: Invariant mass of the systeffiq for an Figure 14: Invariant mass of the systeffqq for
integrated luminosity of 10 fb'. Events are selectedevents having 65 Ge¥ < M, < 80 GeVE?,
having 65 GeW®> < M, < 80 GeVk?, EXiss > Emiss > 50 GeV, Ej;; > 300 GeV, 390 GeVé* <
100 GeV andE;; > 300 GeV. A fit is performed with M(%3q) < 690 GeV{? andE;» < 60 GeV. The inte-
a Gaussian superimposed over a polynomial to takeated luminosity is 10 fo'.

into account the combinatorial plus Standard Model

background.

The gluino peak can be observed also in the squark decay wulithira procedure similar to the one used for
the sbottom: after removing the most energetic jet form isteof available jets, the one closest in angle to the
reconstructed squark is associated to it. K§§ invariant mass presents a wide tail on the right due mainly to
wrong association with high energetic jets arising fromas@a. An upper cut on the energy of the second jet can
strongly reduce this source of combinatorial and allow areptable gluino peak shape. A detailed description
of the combinatorial treatment can be found in Ref. [6]. Fagli4 shows the final gluino peak, after a & <

60 GeV is applied on the second jet. The Gaussian fit gives:

M(xJqq) = 59247 GeV/c? (22a)
o[M(x3qq)] = 75+5GeV/c? (22Db)

which is in agreement with the mass value of the generatéd@I¥ (g) = 595.1 GeV/c2. Although the achieved
resolution is worse than the one of the gluino reconstruictiecthe sbottom chain, this results is remarkable since

it has been obtained in a totally independent way. In the d&guees, the peak is compared to the peak obtained
assumingVl(x?) = M. The result of the fit is

M(X9qq) = 567 +8GeV/c? (23a)
oM(X3aq)] = 7746 GeV/c? (23b)

the measurement of the mass is hence left-shifted by 25&eV/

5 Dependence from the M(x!)

All the results shown in the previous sections are obtaineitié hypothesis of a knowg] mass. In a realistic
scenario, however, CMS will not be able to detg€t this being a weakly interacting particle which escapes
the detector. In order to evaluate the impact of the uncegtam M(x9) on the mass resolution of sbottom and
gluino, the analysis has been repeated taking as an apmtimlue for M{?) the dilepton end-point value. In a

MSUGRA scenario, in facM(x3) ~ 2M(x7) and henc@I:>% ~ M(X3) — M(X?) ~ M(x?}).
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In Fig. 15 the shift in the sbottom and gluino mass peak dubitoeffect is shown.
The measured mass values for sbottom and gluino are

M(fégb)M(xg M = 470 + 6 GeV/c? (24a)
M(R2bb)nm(gg)mntmss = 555 %6 GeV/c?. (24b)

The peaks are shifted by about 30 GeéMih the case of the sbottom and by about 40 G&Vér the gluino. The
error on the measured mass introduced by this approximatiberefore:

S(M(¥5b))

M(xgh) 0%
(25)
S(M(x3bb))
W‘job) =6.7%.

The error due to the indeterminationXf(¥9) is hence much larger than the statistical error at 10 fb
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Figure 15: Comparison between the fit done on the sbottort) defl gluino (right) peaks built assuming the
true x§ mass value (red-light grey curve - solid histogram) or agjpnating it with the maximum of the dilepton
distribution taken from the fit (blue-dark grey curve - dashéstogram).

Indeed, it should be noticed, that in real life MSUGRA coutd be the correct model, and so in order to get
model independent information other strategies shoulddeel.u One possibility is the one already exploited in
ref. [10, 11], which make use of several different end-pmiint order to constraint the massyf. This technique

will be exploited in a future analysis. However, it shoulddteessed, that the end-point approach, can be easily
done in a favourable scenario, like the one at point B, whit®uld be critical if SUSY reveal itself in a scenario
like the one at point G where the end-points are difficult fecteor even worse in the case of point I.

It is worth noticing, that as both Nb) and ME) depend on the? mass, their difference Nj-M(b) is on the
contrary independent on M{). In Fig. 16 reconstructions are done shiftMgy?) by +£30 GeV/c?. Sbhottom and
gluino peaks are strongly affected, while the distributidiM () — M(b) remains unchanged. Figure 17 shows
theM(g) — M(b) peak together with the Gaussian plus polynomial fit.
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Figure 16: Sbottom mass peak (left), gluino mass peak (@gatrdM(g) — M(b) distribution for events recon-
structed assuming the tridg(?) (black histogram)M (%) + 30 GeVic? (red histogram) andi(x9) — 30 GeVic?
(green histogram). The peaks are built according to theguhaes described in the previous paragraphs, while for
theM(g) — M(b) distribution the additional requirement of selecting esedn the gluino peak-2.5¢ is done.
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Figure 17: Result of the fit for the reconstrucfeidg) — M(b): a Gaussian is used for the signal peak, whereas
the combinatorial and Standard Model background are fiti#fu ayolynomial. The events are selected requiring
65 GeV/c? < My, < 80 GeV/c2, ERmiss > 150 GeV, Ep; > 250 GeV,400 GeV /c?2 < M(¥9b) < 600 GeV /c?
and500 GeV/c? < M(x9bb) < 700 GeV /c2.

The measured value is

M(¥9bb) — M(%3b) 92 + 3 GeV/c? (26a)
o[M(x3bb) — M(x9b)] = 17+4 GeV/c2. (26b)
The 18% resolution achieved is rather worse than in the agpareasurements of sbottom and gluino masses, but
this quantity has the advantage of being totally indepetifilem any assumption on the spectrum of undetected

particles. Its measurement can hence offer a model indep¢irdormation, specially importantin the first months
after the possible discovery of supersymmetry.

Of course, a precise M) measurement from any other analysis or, for istance, frasimear Collider could be
used as input in the present reconstruction eliminatindgthgest source of systematic uncertainties. To evaluate
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the dependence of shottom, squark and gluino mass measureméhe accuracy of thg? mass knowledge,
the reconstruction procedure has been repeated for diff¢femass values. The dependence obMénd ME)
(sbottom decay chain) and of (§) and M(g) (squark decay chain) on M) is shown in Fig. 18 and in Fig. 19,
respectively. All the masses of the reconstructed spastishow a linear dependence. Performing a linear fit, we
can deduce:

M(¥9b) = (1.60 + 0.03)AM (x?)
( bb) = (1.62 £ 0.05)AM (X?)
AM(XQq) (1.70 £ 0.01)AM (X?)
AM(x9qq) = (1.68 £ 0.07)AM(XY)

In the case of the sbottom, for instance, in order to have aertainty less than the statistical error achieved at
300 fb~t, we should have\M(x9) < 1.25 GeV. This precision cannot be achieved by LHC alone, howesierg
the combined information from LHC/LC could help us to haveeapker knowledge of the SUSY spectrum.
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Figure 18: Dependece of sbottom and gluino masses (sho&oaydahain) vs\/ (%?).
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Figure 19: Dependece of squark and gluino masses (squaaly dbain) vsM (7).

6 Point B at high luminosity

Larger statistics can allow an optimization of cuts and aepatnderstanding of detector and systematic effects
for the reconstructions shown at Point B. Some of these tsffe@ve been studied, and a collection of optimized
results has been extracted for samples corresponding twéGhd 300 flo!.
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6.1 Effect of the dilepton window width

The equation relatingy, %9 with p,+,- is less valid far from the edge. It is therefore necessarye&pkheM,,
window as narrow as p033|ble, to avoid distortion of the pehle to the wrong estimate of t§€ momentum. On
the other hand, it is necessary to collect a statisticafipificant sample to perform the reconstruction. These two
opposite effects have to be opportunely tuned.

In Fig. 20, mass and width of shottom and gluino are represemérsus the lower bound dvi,, keeping the
higher bound fixed at 80 GeM. It can be seen that a too wide region yields an overestimafithe mass of both
the sbottom and the gluino. The effect is more visible forgheéno. ForMYt > 70 GeVi?, the masses reach
a stable value. The widths are smaller for narrower windatvaould be important to select events as close as
possible to the end-point to have a better peak resolutidis i§ only possible with a rich statistical sample: at
point B, the quality of the peaks is highly degraded if a wiwdo M, narrower than 15 Ge? is chosen for the
selection at 10 fb!, but at higher integrated luminosity tighter cuts can beluse

TR e Y T
| Wi R i |

55 60 65 70 75 55 60 65 70 75 65 70 75 65 70 75
602

ey ey fero ero
- M
i

: ‘“ﬂﬂmn :§§ “Huu zzz

[ S I I W 0B 1 P Rl E ..o
55 60 65 70 75 55 60 65 70 75 65 70 75 65 70 75

M, left (GeV) M, left (GeV) M, left (GeV) M, left (GeV)

82

[

78 B

b b) (GeV)
b b) (GeV)
9
& @
T
!=‘<=‘.

0
2

0
2
X3 q q) (GeV)

X3 q q) (GeV)

76 |

M
a(X

I

0
M3
a oo o o
2 38 2
§ 9 8 8
LA Y RARAY AARN LA LALLE R
(e——
r——
—
i —
—_—
[ e ey
—_—
—
0
a(Xy
T
—
flomnny
[l
=5
=
=
—=
[
=
—
==
]
==
—
—=
|
———
—
—
e
e
—_—

Figure 20: Sbottom and gluino masses and widthSgure 21: Squark and gluino masses and widths ver-
versus the lower cut oM., keeping the upper cut sus the lower cut oM., keeping the upper cut fixed
fixed at 80 GeW?. at 80 GeV¢2.

A similar behaviour is observed in the squark chain, astilaied in Fig. 21.

Figure 22 shows the mass peaks for sbottom, gluino and sdo800 fo~! of integrated luminosity, after the
optimization procedures applied to th&, window.

6.2 Sbottom separation

As can be seen from Fig. 22, the separation of the two sbottorributions seems to be unaccessible even at very
high luminosities due to the fact that the detector resotuis larger than the mass difference between the two
sbottoms. However, with the ultimate luminosity of 300 th reachable at the end of the LHC running period,
it is possible to perform a double Gaussian fit on the sbottamssndistribution. In Fig. 23 the two Gaussian
superimposed to the sbottom mass peak are shown. The restite fit returnM(b;) = 487 &+ 7 GeV/kc?,
M(B2) = 530 + 19 GeV/k? in agreement with the generated value. It is worth noticimgf the ratio of the
coefficient of the two Gaussiaris, /ky = 2.5, is in very good agreement with the ratio of #iex BR for the two
sbottom statesy x BR(b;)/o x BR(by) = 2.54.

In Table 7 all the results obtained at point B for the thretedént luminosities considered are summarized. The re-
ported erro:js are only statistical, as obtained by the fitparenthesis the reconstructed masses QM M732
are reported.
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Table 7: Sparticle mass resolutions in sbottom and squar&ydehains. All the results are expressed in G&V/

In parenthesis the reconstructed masses fQﬁP}%M;&a}_ (Sect. 5).
| | M) [ o) [ M@ [ 0@ [ME-MO) |a@Eb)]
10fbt | 50047 | 4245 | 59447 | 4247 92+3 17+4
(470 £6) | (39+4) | (555+6) | (42+4)
60 fo—! 502+ 4 41+4 592+ 4 46+ 3 88+ 2 20+ 2
(473 +4) | (37+3) | (559+4) | (42+4)
300fo~t | 497+£2 | 36+£3 | 591+£3 | 3943 90 £+ 2 23 +2
(469+2) | B37£2) | (557 £3) | (38+4)
| | M@ [ oc@ | M@ [ ¢@) [ME-M@ ]oEa |
10fb~! | 535+3 | 57+3 | 592+7 | 75+£5 57+3 9+3
(502+3) | (56+3) | (565£7) | (75+6)
60fb~! | 5324+2 | 36+1 595 + 2 59+ 2 4742 16+5
(501+£2) | (35+2) | (560 £3) | (66+2)
300fo~t | 536+1 31+1 590 + 2 59+ 2 44+ 2 11+£2
(506 +1) | (31 £1) | (560£2) | (57+2)
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7 Reconstructions at Point G

In order to evaluate the effect efin 8 on the reconstruction method, the analysis has been repagint G,
which is defined as:

mo = 120GeV/c?
mipy = 375 GeV/c?
tanf = 20
Ay = 0
p > 0

The supersymmetric spectrum as resulting from the combiimating ofl SASUGRA 7. 51 andPYTHI A 6. 152
has been already shown in Table 1. The gluino is still the lesaparticle, like at point B, and its decay irttpis
not kinematically allowed, while it can decay into all th&et squarks.

In Table 8, the production cross sections of SUSY pairs arasarised: the total SUSY cross section is about one
order of magnitude lower than at point & anddg are the main processes, representing the 75% of the total.

Table 8: Production cross sections for the SUSY processiop+sproton collisions at 14 TeV in the centre of mass
as given byPYTHI A 6. 152 with input parameters taken fronBASUGRA 7. 51. Here the symboy indicates
charginos and neutralinos, whilgis used only for the first two generation squarisd, & ands. Shottoms and
stops are represented separately from the other squarks.

| Process| o (pb) ]

o 0.15
b 0.40
<& 0.12
g 0.64
T 0.32
a8 3.60
aa 2.55
b 0.06
bb 0.11
bg 0.06
tt 0.24
| Total | 8.25]

With respect to the point B, the branching ratios of the giiimo squarks and sbottoms are slightly lower, while
the BR of the decag — t;t is a little larger. These effects are however not dramatibaideeply influences the
capability to reconstruct the whole chain is the differentéranching ratio of the decayy — #¢, which is the
starting point of the procedure. At point G it is 2.26%, whiileas 16.44% at point B. It is therefore not only more
difficult to separate SUSY events from Standard Model bamlugd, due to the low total cross section, but also
more difficult to observe the dilepton end point among alldtieer processes producing leptons, due to the lower
o ¢ branching ratio and to higher branching ratios of competitiecays. For instance, 21.52%xgfdecays
into tW, versus 2.19% at point B; 7.83% Qﬁt decays intoy W, while at point B this decay is not allowed;
37.32% ofir, decays inta; W, where,'s are copiously produced i and>”<1jE decays. All these processes give
W'’s which can produce highr isolated leptons; othédV'’s have to be considered as they come from top quarks,
and other leptons can arise fratis, which can be produced it or ili decays; there is also a contribution from
Z's, which can be produced ity — x{Z decays or from decays of stops and staus.

In Fig. 24 the invariant mass for same flavour opposite sighlaied lepton pairs is shown for SUSY events on

the top of the Standard Model background, selected acaptdithe sbottom chain criteria (Sect. 2), for a sample
corresponding to an integrated luminosity of 16 fb The signal statistics is very poor, and it is overwhelmed by
the Standard Model background. It is not possible to apmydtonstruction procedure developed for point B at
so low integrated luminosity. The same figure shows the thiemvariant mass distribution obtained applying the

squark-oriented selection criteria. The end point of tistrittiution is a little more visible, but the number of events

close to the edge is still too low to allow the applicationtod reconstruction procedure. It can be concluded that
the CMS detector will not be capable to operate spectros@ipiies on supersymmetric particles in the very first
period of its life at intermediatean 8 values looking at the electron and muon channel. It will beessary to
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collect higher statistics or to learn how to Userich final states.
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Figure 24: Left: same flavour opposite sign isolated leptaimspfor events selected according to the shottom
reconstruction method at point G, superimposed over thedatd Model background, fdziss > 150 GeV. The
sample correspond to an integrated luminosity of 10 fRight: same for the squark chain selection.

Figure 25 shows the total dilepton invariant mass distidloutor supersymmetric events together with the various
contribution, with selections dedicated to sbottom chagonstruction, for a sample corresponding to an integrated
luminosity of 300 f-!. A cut on the energy of the lepton pair allows to make fe— (=¢F — 0¢*(7 visible
among the other contributions, even if it is still stronglyntaminated by leptons arising froW’s. In Fig. 26

the SUSY dilepton distribution is plotted superimposed loa Standard Model one, for thrd@riss cuts. The
Standard Model sample corresponds to an integrated luityrafs50 fb—1, and it is renormalized; this explains
the large fluctuations in the Standard Model histograms. tDtiee lower number of selected SUSY events, a very
tight Exss cut is needed in order to get a good background rejectionvittedtanding the small number of finally
selected events, the edge is visible, and the reconstryatéxedure can be implemented.

Again, a richer sample is selected requiring non b jets ireotd reconstruct squarks or gluinos decaying into
squarks. Figure 27 illustrates the dilepton invariant niasSUSY events. In this case tR§ — 0¥ beadan
decay is much more visible because it is less contaminaté@ sy which in the sbottom chain are copiously
producedirb — tW decays; no decays of such kind are presentin light squadeydeand th&/’s contaminating
the sample are produced mainly in chargino decays. A ciipmakes the total distribution almost corresponding
to the signal one. As in Fig. 28, a good rejection efficiencgiast the Standard Model background is attainable
with a lower cut on the transverse missing energy with resfmethe one required in the sbottom case, and the
edge is clearly visible.

In both squark and sbottom chain selections, a big peak dde-to/*¢T appears. Th&'s are produced mainly
in neutralino or stau decays, and can be suppressed neitleeciat on theE=ss nor by the subtraction of the
different flavour opposite sign lepton pairs.

Squarks and gluinos have been reconstructed followingaheessteps used for point B; cuts have been adjusted
to take into account the jet spectra at point G. The sbottoak @built requiring events having 100 Ge¥&

M, < 120 GeVi2, Emiss > 350 GeV andEy,; > 350 GeV, whereEy, is the energy of the leading b jets, chosen
to be associated with thg). The mass of thg? is taken from the Monte Carlo. The resultis shown in Fig. 29e T
statistics is very poor and the performed fit is only indieatiThe Standard Model background is not considered.
However, less than ten Standard Model events are foresdendelected, versus the 89 for SUSY, and all of them
should lie in the low region of the sbottom invariant masgrifistion, not affecting significantly the peak.
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Figure 25: Invariant mass of the same flavour opposite siglatisd lepton pairs for SUSY events selected to
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Figure 27: Invariant mass of the same flavour opposite siglatisd lepton pairs for SUSY events selected to
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The result is
M(x9b) 720 £ 26 GeV/c? (27a)
o[M(x9b)] = 81+18GeV/c? (27b)

Il

The resolution is about 11%, quite larger than the one aeldiav point B; this is caused mainly by the necessity to
require a wide dilepton window to get a reasonable numbeverits. The statistical error is larger too. The mea-
sured mass is within the masses of the two generated sbati¢ms = 701.9 GeVic? andM (b)) = 748.3 GeVic?

as expected. Of course, any attempt to fit the distributiadh evdouble Gaussian is impossible given the low statis-
tics.

The b jet closest in angle to the reconstructed sbottom b tadsuild the gluino. Events are selected in the sbottom
peak+2.5¢0: this allows to lower the cut in missing transverse energgeimost of the Standard Model events are
outside this region. The obtained peak is shown in Fig. 30foAshe sbottom, the fit is only indicative, and the
measured quantities are affected by very large errors. Mewmtbe observed gluino mass is in agreement with the
generated one. The distribution of the difference betwhergtuino and the shottom mass is also shown, for the
same sample and with the same cuts used in the gluino peaksteaction. The results are

M(x9bb) = 852+40 GeV/c? (28a)
o[M(%5bb)] = 130+43 GeV/c? (28b)
M(¥9bb) — M(¥9b) = 127410 GeV/c? (28c)
o[M(x3bb) — M(x9b)] = 48+ 11 GeV/c? (28d)
which have to be compared with the generated values:
M(g) = 860.8GeV/c?
M(g) — M(b;) = 158.9GeV/c?
M(g) — M(by) = 112.5GeV/c?

So, the resolution on the gluino mass is larger than 15%,tda®8% for the mass difference.
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Figure 29: Invariant mass of the systég3b) for SUSY events having 100 Ged M, < 120 GeV{2, Emiss >
350 GeV andEy; > 350 GeV at point G. The integrated luminosity is 300fb

The squark mass peak (Fig. 31) has been reconstructed aggtodhe method already described for point B,
selecting events having 110 GeV¥/< M,, < 120 GeV{?, EFss > 250 GeV andE;; > 300 GeV, whereE;; is
the hardest noh jet. The results of the fit are
M(%5q)
a[M(%5q)]

774 £ 9 GeV/c? (29a)
84 +9 GeV/c? (29b)
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Figure 30: Left: invariant mass of the systéfbb) for SUSY events having 100 Ged* My, < 120 GeVi?,
Emiss > 200 GeV andEp; > 350 GeV and 560 Ge\? < M(x3b) < 880 GeV{2, at point G. Right: distribution
of M(x3bb) — M(x3b), with the same cuts. Both plots refer to an integrated lusitgof 300 fb*.

The measured mass agrees with the generated masses ofqligitk deft componentsM(dr) = M(éL) =
773.88 GeVic?, M(dy,) = M(5,) = 778.02 GeV/c2. The contribution from the right components is negligible
sinceBR(Gr — Xx3q) = 0.27%. The 11% resolution is of the same order of the shottom autethle statistical
error is much smaller.

Figure 32 shows the gluino reconstructed in the squark ¢ttin events having 110 Ge¥¥< M, < 120 GeV{?,
ERiss > 250 GeV, Ej > 300 GeV, 575 GeVd® < M(Y5q) < 975 GeVt?, andE;j, < 150 GeV, whereE; is the
energy of the second selected jet. The resultis

M(x3qq)
o[M(x3q9)]

853+ 11 GeV/c?
126 £ 11 GeV/c?

(30a)
(30b)

It can be concluded that point G is a boundary point for splartieconstruction in the electron and muon channel:
at high integrated luminosity, some information about tharscle mass spectrum can be extracted, but the mea-
surements are affected by large errors, and they can bedevadionly as rough estimate. This is mainly caused
by the small branching ratio of thg) decays into electrons and muons.

8 Point |
The five mMSUGRA parameters defining the benchmark point | are
mo = 180 GeV/c?
mip = 350 GeV/c?
tanf = 35
Ao =0
pw > 0

so it is not far from point G, with the main differencetian £.

Sincemo andm; /, are quite close to point G, the spectrum is not very differéhetan 3 parameter influences
nevertheless thg decay branching ratios: only 0.25% of them decay now intoted@s and muons, and more
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Figure 31: Invariant mass of the systenFigure 32: Invariant mass of the system

(x9q) for SUSY events having 110 Gedk (¥3qq) for SUSY events having 110 Gedk

Mg < 120 GeV4?, Emiss > 250 GeV and M, < 120 GeV{?, Emiss > 250 GeV,

Ep1 > 350 GeV at point G. The integrated luminos-E;; > 300 GeV, E;; > 150 GeV and

ity is 300 fbo 1. 575 GeVE? < M(x9q) < 975 GeVt?, at point
G

than 98% into taus. Figure 33 shows the invariant mass loiston of same flavour opposite sign lepton pairs at
point | for a sample corresponding to an integrated lumiyasfi 300 fo— !, for the sbottom and squark selection
methods illustrated in the previous sections. In both pibessolid lines, representing the contribution from
%9 — (+0F — 00=(F, which is the starting point of the procedure, are compjeteerwhelmed by the other
curves representing other lepton sources, and no cleap@ntiean be identified. In addition, the end-point of the
distribution falls very close to thg region: even if cuts can be tried to reduce fake leptons f¥éis), irreducible
background arising frord doesn't allow the observation of the dilepton edge.

This benchmark point is an example of a supersymmetric siefot which the methods presented above cannot
be applied to reconstruct squark and gluino mass peaksulid be useful to perform other studies exploiting other
decays to evaluate the CMS capability to observe spartpsegs. For example, the rising §§ — 7577 —
977 branching ratio at increasirtgn 3 can result in a channel complementary to the one just pregent

Acknowledgements

We would like to thank D. Denegri for his guidance and for iagdhe manuscript. We are also grateful to A. De
Roeck and F. Moortgat for helpful discussions.

References
[1] CM S Note 1998/006, D. Denegri at al.Discovery potential for Supersymmetry in CMS

[2] M. Battagliaet al., Proposed Post-LEP Benchmarks for Supersymmety. Phys. JC22 (2001) 535, hep-
ph/0106204, CERN-TH/2001-150.

[3] H. Baer, F. E. Paige, S. D. Protopopescu and X. TSBAJET 7.48: A Monte Carlo event generator fgr,
pp, andeT e~ reactions hep-ph/0001086.

[4] T. Sjostrandet al, Comput. Phys. Commun. 82 (1994) 74;
T. Jostrandet al, Comput. Phys. Commun. 135 (2001) 238.

27



3 200 | 2 i
(O] - [ total O 1000 [ [ total
© s B — X lloxl © - — =l xll
%] = (%] -
% 150 S -l % 800 |- | ----- T — |l
S 125 | R W = | S - ;'; .......... W = |
> g | > 600 |- 3
Z 100 B :, ----- Z-ll pd - .- ----- Z -l
75 | A 400 | =
50 | i i
200 [ i
25 B
0 i i o B, - 0 L I _-‘-!"" ';l.l:-'-.:::\i""z'\-"i----x‘us. L
0 100 200 300 0 100 200 300
M(e'e) + M(u'W) (GeV) M(e'e) + M(u'W) (GeV)

Figure 33: Invariant mass of the same flavour opposite siglatisd lepton pairs for SUSY events at point I, for
events selected according to the sbottom chain reconistnutiethod (left) and to the squark chain one (right).
The integrated luminosity is 300 8.

[5] S. Abdullin, A. Khanov, N. StepanoGMSJET CMS TN/94-180.

[6] M. Chiorboli, Supersymmetric Particle Reconstructions with the CMSatieteat LHC, Ph.D. Thesis,
http://cmsdoc.cern.ch/documents/03/doc2003.pdf.

[7] 1. lashvili, A. Kharchilava Search for the Next-to-Lightest Neutralif@MS Note 1997/065, hep-ph/9712393;
D. Denegri, W. Majerotto, L. Ruru&onstraining the minimal supergravity model parametar 3 by mea-
suring the dilepton mass distribution at LEHEhys. RevD60 (1999) 035008.

[8] H. Baer, C.H. Chen, F. Paige, X. Tata, Phys. R250 (1994) 4508.

[9] V. Drollinger, V. Karimaki, S. Lehti, N. Stepanov, A. Kimov,Upgrade of Fast Tracker Response Simulation,
the FATSIM utility CMS IN 2000/034, 2000.

[10] ATLAS CollaborationDetector and Physics Performance TIRERN/LHCC 99-14.

[11] I. Hinchliffe et al.,, Precision SUSY measurements at LHC: PointATLAS Internal Note, 1997, ATLAS-
NOTE-Phys-109; F. GianottRrecision SUSY measurements with ATLAS for SUGRA PoKTl4AS Inter-
nal Note, 1997, PHYS-No0-110; G. Polesedibal, Precision SUSY measurements with ATLAS fro SUGRA
point 5 ATLAS Internal Note, 1997, PHYS-No-111.

28



