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STOP pair production 
cross section

σ = 23.1 fb

Simulation is done by use of PYTHIA 6.1 + CIRCE 1Simulation is done by use of PYTHIA 6.1 + CIRCE 1

TOP pair production 
cross section

σ = 35.9 fb

ee++ ee-- CM energy = 500 CM energy = 500 GeVGeV
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The subsequent decay channels have been considered:The subsequent decay channels have been considered:

 STOP STOP STOPSTOP →→ b  b  χχ11
++ b b barbar χχ11

-- →→ b b b b barbar qqii qqjj barbar μμ-- ννμμ χχ11
ºº χχ11

ºº

 t  t t  t →→ b  Wb  W+ + b b barbar WW-- →→ b b b b barbar qqii qqjj barbar μˉμˉ νν μμ

The only difference of STOP / TOP production is the presence of The only difference of STOP / TOP production is the presence of the twothe two
nonnon--detectable detectable neutralinosneutralinos in the case of stop pair production.in the case of stop pair production.

The quarks The quarks hadronizehadronize into jets.  Jets are determined by use of PYCLUS into jets.  Jets are determined by use of PYCLUS 
jetfinderjetfinder based on based on ““DurhamDurham”” cluster distance measure algorithm.cluster distance measure algorithm.

Both the signal and background events have the same experimentalBoth the signal and background events have the same experimental signature signature 
( b & ( b & bbbarbar -- jets, 2 jets from W jets, 2 jets from W  qqii qqjj decay and decay and μˉμˉ ).).
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In order to simulate the STOP pair production, we assumed theIn order to simulate the STOP pair production, we assumed the
following scenario for the MSSM model parameters:following scenario for the MSSM model parameters:

•• M M ~Q~Q = M = M ~t L     ~t L     =  270 =  270 GeVGeV (left (left squarksquark mass)mass)
•• MM~U~U =  M =  M ~t R  ~t R  =  270 =  270 GeVGeV (right (right squarksquark mass)mass)
•• At = At = --500 500 GeVGeV (top and bottom (top and bottom trilineartrilinear coupling)coupling)
•• μμ = = -- 370 370 GeVGeV
•• tantanββ = 5= 5
•• M1 = 80 M1 = 80 GeVGeV
•• M2 = 160 M2 = 160 GeVGeV

Our aim is:Our aim is:
•• To find out physical variables (Energy, PT, angle and invariant To find out physical variables (Energy, PT, angle and invariant 

mass distributions) most suitable for signal (stop) / backgroundmass distributions) most suitable for signal (stop) / background
(top) separation(top) separation

•• To estimate the corresponding values of cuts on these variablesTo estimate the corresponding values of cuts on these variables

Corresponds toCorresponds to

MMstopstop == 167.9 167.9 GeVGeV,,

M M χχ11ºº =  80.9 =  80.9 GeVGeV

M M χχ 1+1+ = 159.2 = 159.2 GeVGeV
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Cross section dependence on Cross section dependence on EEbeambeam
(without any cuts)(without any cuts)

2348234811.6711.672832831.721.7210001000

3472347217.3517.355465462.732.73800800

7187718735.9335.936776773.393.39500500

7761776138.8038.803783781.891.89400400

2752275213.7613.7658580.290.29350350

NNtoptop/year/yearσtop  [fb]NNstopstop/year/yearσstop  [fb]EEbeambeam[GeV[GeV]]
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Used cuts for S/B separationUsed cuts for S/B separation
1. )1. ) The events with clear recognized 2 BThe events with clear recognized 2 B--jets (according to PYTHIA)jets (according to PYTHIA)

(B(B--jet is determined as a jet that includes bjet is determined as a jet that includes b--meson)meson)
Stop cut efficiency = Stop cut efficiency = 0.84  0.84  Top cut efficiency = Top cut efficiency = 0.940.94

But, in the experiment inly 50% efficiency of  the B-jets and B bar-jets 
separation and the 80% of the corresponding purity is expected

2. )2. ) Invariant mass of quarks from W decay  MwInvariant mass of quarks from W decay  Mw < 70 < 70 GeVGeV
together with the cut above together with the cut above 

Stop cut efficiency = Stop cut efficiency = 0.81 0.81 Top cut efficiency = Top cut efficiency = 0.150.15

3. )3. ) Invariant mass of bInvariant mass of b--jet   Mjet   Mb jetb jet < 10 < 10 GeVGeV
together with the cuts above together with the cuts above 

Stop cut efficiency = Stop cut efficiency = 0.400.40 Top cut efficiency = Top cut efficiency = 0.00120.0012

Achieved Achieved S/B ratio  =  30S/B ratio  =  30
The rest is only The rest is only 8 8 background eventsbackground events per yearper year,  while for the,  while for the

Signal eventsSignal events –– 273/273/yearyear
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W mass reconstruction as W mass reconstruction as MMinvinv of 2 of 2 WWjetsjets

STOP

TOP

Partonic level Level of jets
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Cross section dependence on Cross section dependence on EEbeambeam
(with the cuts above)(with the cuts above)

004.11 * 104.11 * 10--5522220.110.1110001000

228.33 * 108.33 * 10--442032031.021.02800800

889.93 * 109.93 * 10--222732731.381.38500500

14147.46 * 107.46 * 10--221481480.740.74400400

773.60 * 103.60 * 10--2221210.100.10350350

NNtoptop/year/yearσtop  [fb]NNstopstop/year/yearσstop  [fb]EEbeambeam[GeV[GeV]]
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ee++, e, e-- beam energy spectrum from CIRCE 1beam energy spectrum from CIRCE 1

Electron e- (positron e+) beam energy
with account of beamstrahlung

Correlation between e+ and e- beam spectra
Yi = E i/E i

beam (i = e+,e- )
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Main Scalar top quark distributionsMain Scalar top quark distributions
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BB--quarks distributionsquarks distributions

STOP

TOP
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BB--jets distributionsjets distributions

STOP

TOP
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Missing energy Missing energy (ννμμ ,, ~~χχ11ºº , beam pipe) and
detected energy distributionsdetected energy distributions

STOP

TOP

Missing energyMissing energy Detected energyDetected energy

Good for Signal / Background separation  with cut E cal_tot < 180 GeV !
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Total scalar Total scalar ΣΣ PT and PT and MMmissingmissing variablevariable

STOP

TOP

Good for Signal / Background separation with the cuts 

PT skalsum <  150 GeV and             Mmissing > 250 GeV !

Scalar Scalar ΣΣ PTPT MMmissingmissing

QuarksQuarks--2008.2008. A.N.SkachkovaA.N.Skachkova.. ““Stop pair production in Stop pair production in ee++ee -- collisions at ILCcollisions at ILC””



16

Invariant mass of 4 jets, 4jets + Invariant mass of 4 jets, 4jets + μμ

STOP

TOP

Good for  Signal / Background separation  cut 

M inv ( 4 jets )( 4 jets ) < 120 GeV and        M inv ( 4 jets + ( 4 jets + μμ ) < 200 ) < 200 GeVGeV !

M M invinv ( 4 jets )( 4 jets ) M M invinv ( 4 jets + ( 4 jets + μμ ))
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μμ distributions in the signal eventsdistributions in the signal events

Signal μ’s Fake μ’s
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Invariant mass of Invariant mass of BBjetjet & 2jets& 2jetsWW

STOP

TOP

Good for Signal / Background separation cut M inv (b-jet, JETSw) < 100 GeV!

Minv (b-jet, JETSw)
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The most important variable The most important variable --
invariant mass of invariant mass of BBjetjet & 2jets& 2jetsWW

In the case of TOP pair production it gives

M inv ( Bjet & 2jetsW ) = M Top

The reconstruction of  M Top (175 GeV) :
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Invariant mass of Invariant mass of BBjetjet & 2jets& 2jetsW W givesgives

Right edge  of  Minv (Bjet , 2jetW) ≈ 87 GeV

M χχ11ºº ≈ 80.9 GeV

Mstop = M χχ11ºº + M inv(Bjet , 2jetW) = 

167.9 0.1 GeV

M inv (STOP) = M χχ11ºº + M inv (Bjet , 2jetW) =

= M χχ11ºº ++ √ (PBjet + Pjet1 W+Pjet2W) 2

The reconstruction of  M STOP (167.9 GeV):

For the case of STOP pair production

The fitting function :  f (x) = p1 +  p2 * x 
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The test of the other Scalar top massThe test of the other Scalar top mass

• Mstop =  200.1 GeV
• M χχ11ºº =  80.9 GeV
• M χ 1+1+ = 159.6 GeV

Right edge  of  Minv (Bjet , 2jetW) ≈ 120 GeV

M χχ11ºº ≈ 80 GeV

Mstop = M χχ11ºº + M inv(Bjet , 2jetW) = 200 GeV
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Missing energy Missing energy (ννμμ ,, ~~χχ11ºº , beam pipe) and
detected energy distributionsdetected energy distributions

STOP

TOP

Missing energyMissing energy Detected energyDetected energy

Good for Signal / Background separation  with cut E cal_tot < 220 GeV !
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Total scalar Total scalar ΣΣ PT and PT and MMmissingmissing variablevariable

STOP

TOP

Good for Signal / Background separation with the cuts 

PT skalsum <  180 GeV and           Mmissing > 220 GeV !

Scalar Scalar ΣΣ PTPT MMmissingmissing
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Invariant mass of 4 jets, 4jets + Invariant mass of 4 jets, 4jets + μμ

STOP

TOP

Good for  Signal / Background separation  cut 

M inv ( 4 jets )( 4 jets ) < 190 GeV and      M inv ( 4 jets + ( 4 jets + μμ ) < 270 ) < 270 GeVGeV !

MinvMinv ( 4 jets )( 4 jets ) MinvMinv ( 4 jets + ( 4 jets + μμ ))
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Invariant mass of Invariant mass of BBjetjet & 2jets& 2jetsWW

STOP

TOP

Good for Signal / Background separation cut Minv (b-jet, JETSw) < 130 GeV!

Minv (b-jet, JETSw)
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ConclusionConclusion
1.1. The MC (PYTHIA 6.1 + CIRCE 1) study of stop pair production in The MC (PYTHIA 6.1 + CIRCE 1) study of stop pair production in e+ee+e--

collision was done at collision was done at √√SS eeee = 350, 400, 500, 800, 1000 = 350, 400, 500, 800, 1000 GeVGeV..

2.2. The detailed analysis done at The detailed analysis done at √√SS eeee = 500 = 500 GeVGeV has shown that proposed 3   has shown that proposed 3   
cutes allow to reach S/B =30.cutes allow to reach S/B =30.

3.3. It is shown also that the invariant mass of the final state objeIt is shown also that the invariant mass of the final state objects ( jets, cts ( jets, 
leptons ) and missing energy variable turns out to be most efficleptons ) and missing energy variable turns out to be most efficient for ient for 
signal / background separation.signal / background separation.

4.4. A possibility of a good reconstruction of the MA possibility of a good reconstruction of the MSTOP STOP with the error with the error  0.1 0.1 GeVGeV
from the rightfrom the right--hand edge point of hand edge point of MinvMinv (3 jets, i.e. (3 jets, i.e. BjetBjet + 2 + 2 jetsjetsWW ) is ) is 
demonstrated.demonstrated.

So, finally, So, finally, the channel the channel 

STOP STOP STOPSTOP →→ b  b  χχ11
++ b  b  χχ11

-- →→ b b  q qb b  q q’’ μμ-- ννμμ χχ11
ºº χχ11

ºº

is very promising for STOP quark search!is very promising for STOP quark search!
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