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Abstract

One of the benchmark processes for the optimisation of thectte concepts pro-
posed for the International Linear Collider is Chargino &laitralino pair production in an
mSugra scenario wherg™ andx) are mass degenerate and decay Iit6 " and Z°%?,
respectively. In this case the separation of both procasgbs fully hadronic decay mode
is very sensitive to the jet energy resolution and thus tgtrécle flow performance. The
mass resolutions and cross-section uncertainties adtéewath the ILD detector concept
are studied in full simulation at a center of mass energy & 6@V, an integrated lumi-
nosity of 500 flr ' and beam polarisations éf(et, e~) = (30%, —80%). For thex; and
X3 pair production cross-sections, statistical precisidng.84% and 2.75% are achieved,
respectively. The massesiaf, %3 andx! can be determined with a statistical precision of
2.9 GeV, 1.7 GeV and 1.0 GeV, respectively.
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1 Introduction

In anticipation of the International Linear Collider (ILG) proposed ™ e~ collider with center-
of-mass energies between 90 and 500 GeV, upgradable to Jamd\polarised beams, several
detector concepts are being discussed. In order to evdhmfgerformance of these concepts,
benchmark processes have been chosen which are challdogikey aspects of the detector
designs [1].

In order to test the jet energy resolution, a supersymmsteénario which assumes non-
universal soft SUSY-breaking contributions to the Higgse®s has been defined. In this sce-
nario, the mass differences between the lightest SUSYgba(tiSP) and the heavier gauginos
become large, while at the same time the sleptons are so liegvgaugino decays into slep-
tons are kinematically forbidden. The corresponding berarik point has been defined in [1]
as “Point 5” with the following SUSY parameters:

my = 206 GeV, my =293 GeV, tanf =10, A=0, p=375GeV (1)

With a top quark mass al/; = 178 GeV, the following gaugino masses are obtained by
Spheno [2]:

Mgy = 115.7GeV, M+ = 2165 GeV, Mgy = 216.7GeV, My =380 GeV.  (2)
1 1 2 3

The lightest sleptons are even heavier than the gaugings|ehding to branching fractions
of 99.4% for the decayi — W+x!) and 96.4% forg) — Z°x9:

M; =2308GeV M, =?237.4GeV 3)

In order to benchmark the jet energy reconstruction, thg ftddronic decay mode of the
gauge bosons is considered here. In this mode, Chargino aattalino events can only be
separated via the mass of the vector bosons they decay imom®dtivation of this study is not
to evaluate the final precision which could be achieved atliReby combining several final
states, or even by performing threshold scans, but to tedetector performance in the most
challenging decay mode.

The analysis is performed at a center of mass energy of 500@e&w integrated luminosity
of 500 fb~' with beam polarisations aP(e™,e™) = (30%, —80%). It is based on a detailed
simulation of the ILD detector based on GEANT4 [3], which esdribed briefly in the next
section. Sectiohl3 discusses the event reconstructionedection procedure, including a pure
Standard Model control selection. The results for the eceesdion and mass measurement are
presented in sectiohs$ 4 alnd 5, respectively.



2 ThelLD Detector Concept and its Simulation

The proposed ILD detector has been described in detail inlibeletter of Intent [4]. Its
main characteristics comprise a time projection chambex @sin tracking device, which is
complemented by silicon tracking and vertexing detectams, highly granular electromagnetic
and hadronic calorimeters as required for the particle flppr@ach [5]. Both, tracking system
and calorimeters, are included in a solenoidal magnetid ¥ieth a strength of 3.5 T provided
by a superconducting coil. The magnetic flux is returned im@myoke, which is instrumented
for muon detection. Special calorimeters at low polar angtemplement the hermeticity of the
detector and provide luminosity measurement.

While previous studies were based on fast simulation prograhich smear four-vectors
with expected resolutions, we have used a full GEANT4 basedlation of all ILD com-
poments. Many details are included, in particular gaps engénsitive regions and realistic
estimates of dead material due to cables, mechanical siippoting and so on.

With this detector simulation, the following performancestbeen achieved [4]: For tracks
with a transverse momentupplarger than 1 GeV, the tracking efficiency is 99.5% acros®atm
the entire polar angle range ofosf| < 0.995 covered by the tracking detectors, wittpa
resolution of better tham,/,, = 2 x 107° @& 1 x 107%/(p;sinf). The calorimetric system
has been designed to deliver a jet energy resolution of 3M% 7% over a large range of
energies from 250 GeV down to 45 GeV for polar anglds the range cosf| < 0.9. The
luminosity is expected to be known t6~3 from measurements of the Bhabha scattering cross-
sections at small angles. The beam polarisations and thra beargies will be measured to
§P/P = 0.25% and2 x 10~ %, respectively by dedicated instrumentation in the bearnvetsi
system.

The event sample used in this analysis has been generatggthsimatrix element gener-
ator Whizard [6]. It comprises all Standard Model procegsas all kinematically accessible
SUSY processes in the chosen scenario. In total, abibut 10° events have been generated
and processed through the full simulation and reconstrmahain for this analysis.

3 Event Reconstruction and Selection

The reconstruction and also the first event selection stepsrgplemented in the MarlinReco
framework [7]. The central part of the reconstruction fastanalysis is the particle flow al-
gorithm Pandora [5], which forms charged and neutral parttandidates - so-called “particle
flow objects” or PFOs - from tracks and calorimeter clust@tee resulting list of PFOs for each
event is forced into a 4—jet configuration using the Durhago@dhm. The jet energy scale is
raised by 1%, determined from dijet samples. No specialitreat of b-quark jets is considered
here.

As a final step of the reconstruction, a constrained kinenifi8], which requires the two
dijet masses of the event to be equal, is performed on eacit. éMéthree possible jet pairings
are tested. The resulting improvementin mass resolutievalkiated on Standard Model events,
as described in sectign 8.2.



3.1 SUSY Sedection

The major part of the Standard Model events is rejected biyaqgpthe following selection to
all events in the SUSY and SM samples:

¢ In order to eliminate pure leptonic events, the total nundféracks in the event should
be larger tharR0 and each jet has to contain at least two tracks.

e Since the two LSPs escape undetected, the visible enerpg elventt,;; should be less
than 300 GeV. In order to remove a substantial fraction oh@tpn events with very low
visible energyF.is > 100 GeV is required as well.

e To ensure a proper jet reconstruction, each jet should hageamstructed energy of at
least 5 GeV and a polar angldulfilling | cos(6;e:)| < 0.99.

e 2-jet events are rejected by requiring the distance paeméthe Durham jet algorithm
for which the event flips from 4-jet to 3-jet configuratia, to be larger than 0.001.

e Coplanar events (e.gV W~ with ISR/beamstrahlung photons) are removed by requir-
ing | cos(@)| of the missing momentum to be smaller than 0.99.

¢ No lepton candidate with an energy larger than 25 GeV is atbwm order to suppress
semi-leptonic events.

The upper part of tablel 1 shows the reduction for these culie sElection efficiency of
hadronic Chargino and Neutralino pair events is very highl® and 90.8%, respectively.
Therefore, we will refer to this stage in the selection pescas “high efficiency” selection.
Although the SM background is significantly reduced alrebgythese cuts, the contribution
from 4-fermion events is still large, about 6 times the Chreogignal.

Figure[1a) shows the reconstructed boson mass distribasiaitained by the constrained
kinematic fit after these selection cuts. A large fractiothefremaining Standard Model back-
ground features low invariant dijet masses, but neversisedesizable amount of background
remains also in the signal region.

For the cross-section measurement, the sample is thectéameed further by four additional
cuts:

e The number of particle flow objects (PFOs) in each jet shoeld/pro > 3 in order to
rejectr jets more effectively.

e The direction of the missing momentum should fulfibs 6,,,;ss| < 0.8: This cut is quite
powerful to reject all kinds of SM backgrounds, which tengéak in the forward region,
while the signal follows a flatos 0,miss distribution. Nevertheless, it reduces the signal
efficiency substantially, which could be avoided for exaenpy placing a more stringent
cut on the missing mass instead (see next item). Howevemigging mass distribution
of the signal directly depends on the LSP mass, thus it shaatithe too finely tuned to
specific mass values, since we want to measure the gaugirsesmakhe prediction of a
flat cos O,miss distribution depends only on the spin, and can thus be cereidmodel-
independent (within SUSY).



e The missing mass should be larger than 220 GeV to furthestr&jéermion events (semi-
leptonictt). The value of this cut is chosen such that it is in a regiorhwid SUSY
contribution, i.e. where the data should agree with the Spketation. Thus in a real
experiment an adequate cut position could be found from #ta. dFor this reason, no
upper cut is placed of,,,;ss, Since other SUSY processes contribute there, and it would
not be trivial to determine a suitable cut value from reahdat

e The kinematic fit constraining the two dijet masses to be kzhauld converge for at least
one jet pairing: This is necessary in order to use the fit tédeulfurther analysis. The
efficiency and resolution of the fit can be cross-checkedyeasireal data, for instance
with the control selection decribed in the previous section

The obtained reduction due to these cuts is shown in thedaslifies of tablé€l. The final
distribution of the reconstructed boson mass, again obddny the constrained kinematic fit, is
displayed in figur€llb. It illustrates the achieved bosonsmasolution and thud” andZ pair
separation, however at significantly reduced efficiencytirg the total spectrum by a fourth
order polynomial for the background plus the sum of two B¥¥igner functions folded with a
Gaussian for thél” and Z contributions, the mass resolutions can be determinedit®o3.

Table[2 shows the final purity and efficiency of signal and majckground processes.
According to this tables™e™ — ¢qqq is the dominant process in the remaining background.

3.2 Standard Model Control Selection

Since the Chargino and Neutralino separation relies omsgnacting the masses of thg and

7 bosons from their decay products, the dijet mass resolusi@ancrucial parameter in this
analysis and has to be determined from Standard Mddahd~ pair events. For this purpose,
the “high efficiency” selection from above is applied to athalated data, inverting only the cut
on the visible energy t&,;s > 300 GeV. This yields an event sample which is vastly dominated
by 4-fermion events, with a small contribution from 6-feomievents, but no SUSY events. The
corresponding dijet mass spectrum is shown in figlire 2.

The mass resolution has been determined for two cases:

a) The jet pairing is chosen such that the difference betweertwo dijet masses in each
event is minimized.

b) A kinematic fit, which constrains the two dijet masses ioheavent to be equal, is per-
formed for all three possible jet-boson associations. Eteairing which yields the
highest fit probability is chosen.

The resulting mass distributions are fitted with the sum af Breit-Wigner functions con-
voluted with a Gaussian, fixing tH& and Z widths as well as theZ pole mass to their PDG
values and having the samefor both Gaussians, plus a forth order polynomial for all non
resonant contributions.



Figure[3 shows the fitted spectra and the resulting fit pamnmsiein case a), without the
kinematic fit, the dijet mass resolution is determinedgs= 3.5 GeV, while it is reduced to
ot = 3.0 GeV when the kinematic fit is applied.

These mass resolutions are even better than in the SUSYstase the kinematics of the
events is more favourable here. While the SM gauge bosos pearhighly boosted and thus
finding the correct jet pairing is relatively easy, the basonour SUSY scenario are produced
nearly at rest, resulting in a higher combinatorical baokgd and a slightly worse boson mass
resolution. Nevertheless, a SM control selection will bec@l to demonstrate the level of
detector understanding, since the actual SUSY measuremiergly on template distributions
and selection efficiencies determined from simulations.

4 Cross-Section M easurement

The cross-sections ef'e- — Y x; andete” — x5x5 can be measured by determining the
amount ofi¥” and Z pair like events. For the hadronic events we are concerntétdhere, a 2-
dimensional fit in the plane of the two dijet masses per exeepérformed to obtain the amount
of W andZ pair candidates.

Figurel4 shows the dijet mass distributions without the kiagc fit. All three possible jet-
boson associations are taken into account in the histogEashows the dijet mass distribution
of all Standard Model and SUSY point5 events passing thesetecuts{ b is the SM part of
da;[4c and#d are statistically independent template saniple/; andyJ, made by 500 fb'.
Before the fitting, the SM contributiohl(4b) is subtracteshfrthe distribution of all eventgl(4a).
SUSY contributions other thag® and 9 pair are not corrected for, but the contribution is
negligibly small.

Figure[4e shows the result of a fit using a linear combinatfaheChargino and Neutralino
template distributions depictédl 4c and d in. The residubthefit are displayed in figurlg 4f.
They are sufficiently small and don’t show any specific stices, indicating a well working fit.

While it can be assumed that the SM distribution is well kna@md can be controlled for
instance with the SM selection above, the assumption tieashhpe of the Chargino and Neu-
tralino spectra is known is not evident. However, the shdp@edijet mass distribution on
generator level is quite independent of the details of th&8ldcenario, as long as the decay
into real’ andZ bosons is open. As discussed already in se€fidn 3.2, the stidpe recon-
structed dijet mass distribution is influenced by the mafieréinces betweeg; / Y3 and the
LSP, which determines the boost of the vector bosons anddsign effect on the amount of
combinatorical background and the mass resolution. As showhe next section, the masses
of the gauginos can be measured purely from edge positidhg ienergy spectra of the gauge
bosons, without any assumption on the cross-section. Thtisthe gaugino masses measured,
we are confident that enough is known about the SUSY sceniahiana to apply the template
method.

The background subtraction and the fit have been perform@@QLbmes, varying the bin
contents of the SUSY and the SM distribution according tar thiatistical errors. The fitted
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fractions of Chargino and Neutralino contribution haverbegeraged over all fit outcomes,
while the expected uncertainty is estimated from the vagaof the fit results. Expressed in
percent of the expected cross-section, this procedurésfiel97 + 0.84% for the Chargino and
97.50 + 2.75% for the Neutralino case. In terms of absolute cross-sestibis is equivalent
too(ete” — X x;) = 124.80 + 1.05fb 1 (MC: 124.84 fb'!), ando(o(efe — X5x3) =
21.90 + 0.62fb~ (MC: 22.46 fb 1).

If we use a best jet pairing rather than all combinationsHerdijet mass, the statistical error
grows by about 10%. This illustrates the fact that the triddgeson association cannot always
be found and that the jet pairings not classified as “bedt’cstintain valuable information.

5 Mass M easurement

The masses of gauginos can be obtained via the energy speatithe 1/ and Z boson can-
didates, since the distribution of gauginos is box-likedwvatiges determined by the masses and
the center-of-mass energy. Deviations from the pure bopeshae due to the finite width of
the W and Z bosons, the beam energy spectrum and the detector resolUfiar the mass
measurement, we have to separate the sample on an evewngiiitg-basis intg;; andy) pair
candidates. This is done via the dijet masses, as descrildbd next subsection. Afterwards,
the edge positions are fitted for both the Chargino and Niudraelected sample. Finally, the
actual masses are calculated from the edge positions.

5.1 Dijet Selection

For each event, the jet pairing with the highest probabitityhe kinematic fit is chosen. An
event is selected as a Chargino or Neutralino candidate tisafollowing? variables, which
are constructed from the invariant masses calculated finenfour-vectors before the kinematic
fit:

Xiv(ma,mz) = — (4)
XQZ(mlﬂ m2) = (ml — mZ) _';(m2 - mZ) ] (5)

wherem,; andm, are dijet masses of selected jet-pairs;; andm  are the nominall/
andZ pole masses ang= 5 GeV. Events withy3, < 4 are classified ag*, while events with
X3 > 4 & Y% < 4 are selected ag).

FigureBa) shows the energy spectrum of the seldétedndidates, while figuté 5b) presents
the same spectrum for t#ecandidates. The edge positions can be seen in the spetticygth
the four-fermion background is still large, especially ive 7 energy distribution. The SM
background can be fitted separately, as described below.



5.2 Fitting the Edges

In the next step, the energy spectra of ieand Z candidates are fitted according to the
following procedure.

1. First, the Standard Model contribution is fitted with tb#dwing function:

ng(x;to,ao_g,a, F) = / (a2t2+a1t+a0)V(t—x,a, F)dt (6)
to

Here,x denotes the boson energy, dnitlr, o, T') is the Voigt function, i.e. a Breit-Wigner

function of widthI" convoluted with a Gaussian of resolutionThet, parameter adjusts

the threshold position, while the parametegsa,; anda, are used to describe the shape

of the plateau with a second order polynomial. The resulhisffit is shown in figuréls.

2. Since the available statistics of the Standard Model samsdimited, the actual back-
ground used in the SUSY fit is generated from the fitted funstiancluding fluctuations
according to the statistical errors expected from 500 fif integrated luminosity.

3. Finally, the sum of the SUSY spectra and the SM spectrarggstkin the previous step
are fitted. The SUSY part of the fitting function is similar keetone used on the Standard
Model, but this time also an upper edge positipis introduced. Furthermore, the Gaus-
sian resolutiow is allowed to have two different values at the edge positinamelyo,
andoq, with intermediate values obtained by linear interpolatio

t1
f(l‘;tO—l,bO—Q,O-O—l;F) - fSM+/ (thQ +b1t+b0)V(t-l‘,O’(t>,F)dt (7)

to

o(t;o0,01) = 09+ (o = UZ)O(t — 80). (8)

All parameters offs,, are fixed to the values obtained in the first step. Forxthét, b,
is also fixed to 0.

Figurel® shows the results of the SM fit as well as the resul®J8Y mass fit for both the
Chargino and the Neutralino selection.

To obtain edge positions, the fit is performed 100 times wiiieint Standard Model spec-
tra generated from the SM fit function. As final result, theraged edge position and error are
given:

e \i lower edge:79.88 + 0.19 (MC: 79.80) GeV,

e Y upper edgei31.49 4 0.74 (MC: 132.77) GeV,
e \) lower edge92.34 + 0.44 (MC: 93.09) GeV, and
e Y5 upper edge127.67 4 0.76 (MC: 129.92) GeV.

There is a tendency that the fitted numbers are slightly emdan MC numbers. Better jet
energy correction or modification of the fitting function gaduce the shift, but principally the
shift could be corrected with a dedicated MC study.
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5.3 MassDetermination from Edge Positions

The relation between the gaugino masses and the energy iatelpb the gauge bosons is
determined by pure kinematics. Neglecting radiation Issee energy of the gauginos is equal
to the beam energ¥,, = Fheam. IN the gaugino restsystem, denoted withthe energy of the
vector boson (i.elWW or Z) is given by the usual formula for two-body decays:

M2 + M — M

EY = 9
1% 2Mx ) ()

where subscript denotes the decaying gaugino (ixg: or x3), V' the vector boson (i.61” or
Z) and the LSF!. Boosting this into the laboratory system yields:

By = vEy + B\ Ey? — M, (10)

The Lorentz boost is given byy = E, /M,, ands = /1 — 1/+2. The plus sign will give the
upper edge of the allowed energy range,, and the minus sign the lower ong, . For further
calculations it is useful to introduce the center point & #llowed energy rangéy,,, and its

width Ep: . . . .
+ 2 By = oo

2 ’ 2
In solving equatiofn 10 for the gaugino masses, it is usefabte thaty - F;, = F,,;. With this
relation, £}, can be eliminated and thus the LSP mass in obtained figm

Ep = yW/1-1/y\E? — My (12)
= \/1—1/72\/72-E§*/2—72-M‘2/ (13)
= V1-1/9%/E} — 2 M (14)

This is a quadratic equation ¥, which has two solutions:

5 1

T T e

(B B4 0 (B2 - M) (B - 003) (15)

Inserting this intoy - EY, = E),, the LSP mass can be solved for:

E} E,+E_
Miigp = My + =25 (1 -5 ) (16)

For a single energy spectrum, we thus have two solutionsigéimeral case. However with the
constraint that the LSP mass has to be the same for both thigi@hand the Neutralino decay,
a unique solution can be determined - in this case the onetlathpper sign.

For the point5 SUSY parameters, the lower edge ofithenergy spectrum is just equal to
the W rest mass, meaning that thié bosons from the decay can be produced at rest, with the
LSP carrying away all the momentum. This case has to be digghed from a configuration
where the boost is so large that tHé could actually fly into the same direction as the LSP in
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the laboratory frame. In this case, since the energy careuurbe lower than thB” rest mass,
the lower part of the spectrum would be “folded over” and te#easecond falling edge above

the W mass, precisely aby = /M7 + py, i, Wherepymin = —v8Ey + v/ Ey7 — M;.

Moreover, this case of . = My, corresponds to the case where the equationfdras only
one solution, with thet term of equatiom 15 vanishing. At this point, the partialideive
OFE_ /8M + becomes zero. So the inverse derivative which appears iertbe propagation
becomes undefined - or more realistically, with = My, not exactly fulfilled, at least very
large.

Since the discrimination between models is beyond the sobpkis paper, but will be
subject of future studies, we ignore here possible infoionafrom the lower edge of th&/
energy spectrum. Instead, the lower and upper edge oftkeaergy spectrum are used to
calculate the masses §f andy?. In a second step, the Chargino mass is calculated from the
LSP mass and the upper edge of thiespectrum.

The error propagation is done by using a toy Monte Carlongkato account the correla-
tions between the two masses determined from one energirsmpedt calculates the gaugino
masses by above equations with edge positions varying naliydaccording to their errors ob-
tained from the edge fit. For the center edge positions twepet were tried, the fitted edge
positions and the MC truth positions.

Table[3 shows the obtained mass values and errors. Withoetotion of the edge position,
the average value of obtained masses deviates by 3-4 GeVtifremd C truth. This might be
due to the fact that phase space was not considered, andamrdduced by an improved fitting
function. with better fitting functions. Without the kinetrafit, the mass resolution is worse
by typically 400 to 500 MeV, which corresponds to 15 to 40%laf errors, depending on the
gaugino considered.

6 Summary

The physics performance of the ILD detector concept has eeanated using a SUSY bench-
mark scenario referred to as “Point 5", wherg andy} are nearly mass degenerate and decay
into realWW* and Z° bosons, respectively, plus@d. The cross-sections for Chargino and Neu-
tralino pair production have been obtained by a fit to the tivoensional dijet mass spectrum
relying on Monte-Carlo templates. The resulting statédterrors are 0.84% in the Chargino
case and 2.75% in the Neutralino case.

The gaugino masses have been determined from a fit to the efitfesenergy spectra of
theW* andZ° bosons obtained by a kinematic fit. The resulting mass riéeakiare 2.9 GeV,
1.7 GeV and 1.0 GeV fog:, ¢ and x!, respectively. Without the kinematic fit, the mass
resolution is worse by 400 to 500 MeV.
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| X7 X7 — hadrons| ¥9%9 — hadrons| other SUSY] SM~yy | SM6f SM 4f SM 2f

nocut 28529 5488 74650 | 3.66e+09| 521610 | 1.48e+07| 2.14e+07
Total # of tracks> 20 27897 5449 24305 | 3.03e+06| 495605 | 6.68e+06 | 5.33e+06
100 < Eyis < 300 GeV 27895 5449 22508 | 1.06e+06| 44394 959805 | 1.56e+06
Eiet > 5 27889 5446 20721 908492 | 44096 916507 | 1.47e+06
| cos(8)jets| < 0.99 26560 5240 19200 350364 | 41098 678083 874907
y34 > 0.001 26416 5218 15255 202510 | 38638 423080 166305
# of tracks> 2/jets 25717 5146 9559 162193 | 22740 255870 145270
| cos Omiss| < 0.99 25463 5099 9487 25087 | 22311 193706 4039
<25 25123 4981 6463 23133 | 14407 154927 3534
Npro >3 25029 4975 6103 23014 | 13696 139429 3518
| coS Omiss| < 0.8 20144 4079 5180 681 9950 62668 529
Miss > 220 GeV 20139 4079 5180 630 3687 45867 389
kin. fit converged 20085 4068 4999 626 3649 44577 341

Table 1: Event numbers after each of the selection cuts,alared to 500 fb' andP(e™, e ) =
(30%, —80%).

| Processes | Nocut]allcuts| Purity | Efficiency |
XiX; — hadrons 28529| 16552| 58% 58%
Xox5 — hadrons 5488| 3607| 13% 65%

Other SUSY points| 74650 7710.27%| 1.0 x 10 °
qqaq (WW, ZZ) || 4.29e+06] 5885 21%] 1.4 x 10 °

qqlv (WW) 5.19e+06 561| 2.0%|1.1x10*
qqqqv (tt) 216996 489 1.7%| 2.3 x 1073
vy —00qq 26356 397 | 1.4% 1.5%
qqqgv (WW2Z) 9262 268 | 0.94% 2.9%
qquv (Z2) 367779 76| 0.27%] 2.1 x 10 *
qq 9.77e+06 76| 0.27%| 7.8 x 10°°

Other background || 3.68e+09| 438| 1.5%] 1.2 x 107

Table 2: Purity and efficiency of signal and major backgrosadrces after the selection cuts
and with an invariant dijet mass larger than 65 GeV. The @meegin pathentheses indicate the
dominant intermediate states.

| Observableg Obtained value Error | Error at the true mass

m(xy) 220.90 GeV] 2.90 GeV 3.34 GeV
m(x9) 220.56 GeV| 1.72 GeV 1.39 GeV
m(x?) 118.97 GeV| 1.02 GeV 0.95 GeV

Table 3: Performance on gaugino masses and associatesl eFhar last column shows errors
on masses when the true edge positions are used in the espagation. MC truth masses are
216.7,216.5 and 115.7 GeV fQt, ¥ andy?, respectively.

11



05000 02000 [~
I + Total | .
: 4000 ﬁ"* ) o g p P :;;al '
Thatet i 1 Wiseo y ]
- — XX, } il XX :
wo0f 4 b : ]
: !t — Other susy 1000 Tk, ' — Other SUSY ]
2000F M . I ]
: AN ] i
1000} .....'iw ] 500 : | ]
L ..M'.'bq *om#
S, L e X ]
0 | i | eoeey 0 " . L e
40 60 80 100 120 140 40 60 80 100 120 140
Fitted boson mass / GeV Fitted boson mass / GeV

Figure 1: a) Reconstructed mass of the vector boson caediddter all selection cuts and
kinematic fit for the jet pairing with the highest fit probatyil b) Same distribution after some
additional cuts to enhance the purity.
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Figure 2: Dijet mass spectrum for Standard Model selectidme event sample is dominated
by 4-fermion events, with a small contribution from 6-feamievents, but doesn’t contain any
SUSY events.
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Figure 3: Dijet mass distributions a) without and b) withdwmmatic fit. Fitting the distributions
with the sum of two Breit-Wigner functions folded with Gaissplus a forth order polynomial
for the non-resonant background yields dijet mass reswiatdf 3.5 GeV (case a) and 3.0 GeV
(case b).
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(c) Chargino-pair template (including all

decay mode). VYd) Neutralino2-pair template (including all

Z decay mode).
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Figure 4: Dijet mass distribution for cross-section fit. F@yand (b) the same events are used,
while (c) and (d) are statistically independent of (a).
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Figure 5: Mass determination: a) Energy spectrum ofltiié candidates reconstructed from
events selected a&~ pairs and b) Energy spectrum of t&#¢ candidates reconstructed from
events selected ag) pairs. In both cases, the Standard Model contribution has ffiged

seperately before fitting the total spectrum.
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