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The Photon beams at ILCThe Photon beams at ILC
The option of a photon collider at ILC will be achieved The option of a photon collider at ILC will be achieved 

by using backscattered photon beams by Compton by using backscattered photon beams by Compton 
scattering of laser beams with electron ones.scattering of laser beams with electron ones.

Unlike the situation at Unlike the situation at ee++ee--
 

collider, the energy of the collider, the energy of the 
backscattered photon beams will vary from event to backscattered photon beams will vary from event to 
event.event.

Circe2 program gives the energy spectra of the colliding Circe2 program gives the energy spectra of the colliding 
backscattered photons & the values of photon beam backscattered photons & the values of photon beam 
luminosities.luminosities.
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Energy spectrum from CIRCE 2Energy spectrum from CIRCE 2  shows the degree of shows the degree of monochromaticitymonochromaticity
 

of the backscattered photonsof the backscattered photons

The left peak is caused by multiple The left peak is caused by multiple 
Compton scattering and Compton scattering and 
beamstrahlungbeamstrahlung photonsphotons

The right one at the energy fractionThe right one at the energy fraction
Y = Y = EEii
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We used as a reasonable approximation the CIRCE2 output spectra generated for 
EE tottot

 
e+ee+e--

 

= 800 = 800 GeVGeV
 

and scaled them (by 1000/800) to the higher beam energy
2E2Eee

 
beam beam = 1000 = 1000 GeVGeV

Only on a 0.3% the Only on a 0.3% the γγγγ
 

energy is high enough for energy is high enough for γγγγ stop stop stopstop bar  productionbar  production
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STOP pair productionSTOP pair production
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sections
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TOP pair productionTOP pair production
cross sections
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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 μ¯μ¯ 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.

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 μ¯μ¯ ).).

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.
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In order to simulate the STOP pair production, we In order to simulate the STOP pair production, we 
assumed theassumed 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
MM11 = 80 = 80 GeVGeV
MM22 = 160 = 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

MMstop1  stop1  ==
 

167.9 167.9 GeVGeV,   ,   M M χχ11ºº

 

=  80.9 =  80.9 GeVGeV

MMstop2stop2

 

=  409.9 =  409.9 GeVGeV,     M ,     M χχ
 

1+1+

 

= 159.2 = 159.2 GeVGeV
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STOP Energy distributionsSTOP Energy distributions
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The shapes of these spectra follow backscattered γ-energy distributions 
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The PT-spectrum for “++/--”
 

polarization is much softer then for “+-/-+”
 

polarization
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STOP angle STOP angle ΘΘ  distributionsdistributions
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The shapes of these spectra also follow backscattered γ-energy distributions 
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EE--  spectra of quarks from Wspectra of quarks from W
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PTPT--  spectra of quarks from Wspectra of quarks from W
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EE--  spectra of jets from Wspectra of jets from W
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PTPT--  spectra of jets from Wspectra of jets from W
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PTPT--  spectra of bspectra of b--quarksquarks
Mean    10.95
RMS     6.148
Underflow       0
Overflow   0.1142
Integral    3345

, GeVbPT
0 10 20 30 40 50 60 70 80 90 100

evN

0

20

40

60

80

100

120

140

160

180

200

Mean    10.95
RMS     6.148
Underflow       0
Overflow   0.1142
Integral    3345

Mean    7.404
RMS     4.406
Underflow       0
Overflow   0.2587
Integral    5181

, GeVbPT
0 10 20 30 40 50 60 70 80 90 100

evN

0

100

200

300

400

500

600

Mean    7.404
RMS     4.406
Underflow       0
Overflow   0.2587
Integral    5181

QFTHEP '2011QFTHEP '2011A.N.Skachkova.A.N.Skachkova. ““Stop pair production in polarized Stop pair production in polarized γγγγ
 

collisions at ILCcollisions at ILC””

Mean    78.72
RMS     45.38
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Integral  2.326e+04
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EE--  spectra of spectra of bb--jetsjets  (B(B--jet is determined as a jet that includes bjet is determined as a jet that includes b--meson)meson)

Mean    30.67
RMS     24.56
Underflow       0
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Integral    2965
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Mean    109.9
RMS     58.76
Underflow       0
Overflow        0
Integral  2.323e+04
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PTPT--  spectra of spectra of bb--jetsjets
Mean    26.13
RMS     24.17
Underflow       0
Overflow    199.4
Integral    3140
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Mean    74.94
RMS      44.7
Underflow       0
Overflow        0
Integral  2.323e+04
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θθ  of bof b--quarks for stop productionquarks for stop production

Mean    1.574
RMS    0.6465
Underflow       0
Overflow        0
Integral    3345
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Cos (b, Cos (b, bbbarbar
 

) spectra for Stop pairs production) spectra for Stop pairs production
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Most of b-
 

and b bar –
 

jets move approximately in the opposite directions,
but some are in the same hemisphere
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μμ  distributions in the signal eventsdistributions in the signal events

Signal μ’s Fake μ’s

Mean    58.77
RMS     40.19
Underflow       0
Overflow    5.899
Integral    1652
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Eμ

PTμ
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Missing energyMissing energy
 

((ννμμ
 

,,
 

~~χχ11
 

ºº
 

, beam pipe), beam pipe)
 distributionsdistributions
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Mean    430.1
RMS     97.14
Underflow       0
Overflow        0
Integral    1669
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Mean    117.3
RMS     65.53
Underflow       0
Overflow        0
Integral  1.162e+04
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Total scalar Total scalar ΣΣnn
 ii=1=1

 
||PTPTii

 
| variable| variable

A cut
 

PT skalsum

 

<  180 GeV
 

would lead to a good  Signal / Background separation
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Mean    328.1
RMS     98.71
Underflow       0
Overflow        0
Integral  1.162e+04
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Missing massMissing mass
 MMmissingmissing
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Mean    493.7
RMS     108.3
Underflow       0
Overflow        0
Integral  1.162e+04
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Invariant mass of 4jets + Invariant mass of 4jets + μμ
Good for Signal / Background separation with a cut < 230 GeV!
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Mean    427.5
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Invariant mass of 4 jetsInvariant mass of 4 jets
 MMinvinv
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PerfectPerfect
 

ffor Signal / Background separation with cut M inv

 

< 180 GeV!
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Mean    335.5
RMS     103.9
Underflow       0
Overflow        0
Integral  1.162e+04

 (All jets), GeVinvM
0 100 200 300 400 500 600 700 800 900 1000

evN

0

100

200

300

400

500

Mean    335.5
RMS     103.9
Underflow       0
Overflow        0
Integral  1.162e+04

Mean    401.2
RMS       135
Underflow       0
Overflow        0
Integral  1.378e+04

 (All jets), GeVinvM
0 100 200 300 400 500 600 700 800 900 1000

evN

0

50

100

150

200

250

300

350

400

Mean    401.2
RMS       135
Underflow       0
Overflow        0
Integral  1.378e+04

STOPSTOP

TOPTOP

Mean    401.2
RMS       135
Underflow       0
Overflow        0
Integral  1.378e+04

 (All jets), GeVinvM
0 100 200 300 400 500 600 700 800 900 1000

evN

0

50

100

150

200

250

300

350

400

Mean    401.2
RMS       135
Underflow       0
Overflow        0
Integral  1.378e+04



29292929

Detected (visible) energy distributionsDetected (visible) energy distributions
Perfect for Signal / Background separation with a cut E Perfect for Signal / Background separation with a cut E vis_totvis_tot

 

< 250 < 250 GeVGeV
 

!!
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Mean      468
RMS     101.7
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Overflow        0
Integral  1.162e+04
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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--jetsjets
 

(according to PYTHIA)(according to PYTHIA)
Stop cut efficiency = Stop cut efficiency = 0.880.88

 
Stop cut efficiency = Stop cut efficiency = 0.80 0.80 

Top cut efficiency = Top cut efficiency = 0.940.94
 

Top cut efficiency = Top cut efficiency = 0.940.94

But, in the experiment only But, in the experiment only 50% efficiency50% efficiency
 

of  the Bof  the B--jets and B jets and B barbar

 

--jets separation and the jets separation and the 
80%80%

 
of the corresponding of the corresponding puritypurity

 
is expectedis expected

2. )2. )
 

Invariant mass of all jets MInvariant mass of all jets M
 

invinv

 

(All(All
 

jets)jets)
 

< 180 < 180 GeVGeV
together with the cut above together with the cut above 

Stop cut efficiency = Stop cut efficiency = 0.89 0.89 Stop cut efficiency = Stop cut efficiency = 0.920.92
Top cut efficiency = Top cut efficiency = 0.0120.012

 
Top cut efficiency = Top cut efficiency = 0.0080.008

3. )3. )
 

Visible energyVisible energy
 

< 250 < 250 GeVGeV
together with the cut above together with the cut above 

Stop cut efficiency = Stop cut efficiency = 0.98 0.98 Stop cut efficiency = Stop cut efficiency = 0.980.98
Top cut efficiency = Top cut efficiency = 0.176 0.176 Top cut efficiency = Top cut efficiency = 0.1750.175
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Final results of S/B separationFinal results of S/B separation

AchievedAchieved
 

S/B ratioS/B ratio

59                           12059                           120
With a loss of signal eventsWith a loss of signal events

23 %                                                         28 23 %                                                         28 %%

The rest ofThe rest of
 

Background eventsBackground events
 

per year per year is onlyis only
24                                 1924                                 19

while the estimated rate ofwhile the estimated rate of
 

Signal eventsSignal events
 

per yearper year

1484 1484 23752375
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Invariant mass of Invariant mass of BBjetjet
 

& 2jets& 2jetsWW
Can also be used for Signal / Background separation with a cut < 120 GeV!
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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 mass reconstruction of theThe mass reconstruction of the

toptop--quark M quark M TopTop
 

(175 (175 GeVGeV) :) :
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Stop invariant massStop invariant mass

M inv
 

(STOP) =

M χχ11
 

ºº + M inv
 

(bjet
 

, 2jetsW
 

) =

= M χχ11
 

ºº
 

++
 

√
 

(Pbjet
 

+ Pjet1
 

W
 

+Pjet2W
 

)
 

2

The reconstruction of the STOPThe reconstruction of the STOP

invariant mass M invariant mass M STOPSTOP

 

(167.9 (167.9 GeVGeV):):
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ButBut
 

χχ11
 

ºº
 

--
 

is not detectable particleis not detectable particle
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Invariant mass of Invariant mass of BBjetjet
 

& 2jets& 2jetsW W 

Right edge
 

of  Minv

 

(Bjet
 

, 2jetW)
 

≈
 

87 GeV

M χχ
 

11

 

ºº
 

≈
 

80 GeV

Mstop

 

= M χχ
 

11

 

ºº
 

+ M inv

 

(Bjet
 

, 2jetW) =

=  167 GeV

For the case of STOP pair
 

production gives
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M inv

 

(Bjet

 

, 2jetsW

 

) = M
 

inv (STOP) -
 

M χχ11

 

ºº
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The test of the other Scalar top The test of the other Scalar top 
massmass

MM stopstop =  200.1 =  200.1 GeVGeV
M M χχ11ºº =  80.9 =  80.9 GeVGeV
M M χχ11++ =  159.6 =  159.6 GeVGeV

Right edge of the peak  of  Minv

 

(bjet

 

, 2jetW

 

)

≈
 

120 GeV

M χχ

 
11

 

ºº

 
≈

 
80 GeV

Mstop

 

= M χχ

 
11

 

ºº + M inv

 

(bjet

 

, 2jetW

 

) = 200 GeV
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Polarization : ++--
 

/ / --+     ++/+     ++/----
Events/year  :   347       1379



37373737

ConclusionConclusion
The main results:The main results:

1.1.
 

New code for cross section of STOP pairs production that allowNew code for cross section of STOP pairs production that allows to take into account s to take into account 
the  polarizations of colliding photons is implemented into PYTHthe  polarizations of colliding photons is implemented into PYTHIA 6.IA 6.

An account of the energy spectrum of colliding photons is dAn account of the energy spectrum of colliding photons is done by use of CIRCE 2.one by use of CIRCE 2.

2.2.
 

It is shown also that the invariant mass of the final jets and tIt is shown also that the invariant mass of the final jets and the visible energy variables he visible energy variables 
turns out to be most  efficient for signal / background separatiturns out to be most  efficient for signal / background separation.on.

3.3.
 

A possibility of a good MA possibility of a good MSTOP STOP reconstruction from rightreconstruction from right--hand edge point ofhand edge point of
3 jets ( 3 jets ( BjetBjet

 
+ 2 + 2 jetsjetsWW

 

) is demonstrated.) is demonstrated.

So, finally,           So, finally,           it is shown that  in a region of small values of stop mass ~ 16it is shown that  in a region of small values of stop mass ~ 167 7 GeVGeV
ththe channel e 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 the STOPis very promising for the STOP--quark search!quark search!
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STOP pair production 
cross section

σ
 

= 2.37 fb

Simulation is done by use of PYTHIA 6.4 + CIRCE 1Simulation is done by use of PYTHIA 6.4 + 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 case of  e+e-
 

collisions



4040

Cross section dependence on Cross section dependence on EEbeambeam
 (without any cuts)(without any cuts)

2E2Ebeambeam

 

[GeV][GeV] σstop  [fb] NNstopstop σtop  [fb] NNtoptop

350350 0.230.23 233233 13.7613.76 1375013750

400400 1.341.34 13471347 38.7938.79 3874038740

500500 2.372.37 23782378 35.9435.94 3595035950

800800 1.891.89 18091809 17.3617.36 1735917359

10001000 1.421.42 12651265 11.6611.66 1165611656
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ee++, e, e--
 

beam energy spectrum from CIRCE 1beam energy spectrum from CIRCE 1
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(positron e(positron e++) beam energy) beam energy

with account of with account of beamstrahlungbeamstrahlung
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The peak luminosity is supposed to be 2*10The peak luminosity is supposed to be 2*103434cmcm--22ss--11. . 
The total luminosity required is 1000 fbThe total luminosity required is 1000 fb--11

 

during the first phase of operation atduring the first phase of operation at
2E2Eee

 
beambeam

 

= = √√SSeeee

 

= 500 = 500 GeVGeV. . 
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Main Scalar top quark distributionsMain Scalar top quark distributions
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Missing energy Missing energy (ννμμ
 

,,
 

~~χχ11
 

ºº
 

, beam pipe) and
 detected (visible) energy distributionsdetected (visible) energy distributions

STOPSTOP

TOPTOP

Missing energyMissing energy Detected energyDetected energy

Good for Signal / Background separation  with cut E Good for Signal / Background separation  with cut E cal_totcal_tot

 

< 220 < 220 GeVGeV
 !!
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Total scalar Total scalar ΣΣ
 

PT and PT and Invariant mass of 4jets + Invariant mass of 4jets + μμ

STOPSTOP

TOPTOP

Good for Signal / Background separation with the cuts Good for Signal / Background separation with the cuts 

PT PT skalsumskalsum

 

<  150 <  150 GeVGeV
 

and     M inv ( 4 jets + and     M inv ( 4 jets + μμ
 

) < 200 ) < 200 GeVGeV
 

! ! 

Scalar Scalar ΣΣ
 

PTPT
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Invariant mass of 4 jets and Invariant mass of 4 jets and MMmissingmissing
 

variablevariable

STOPSTOP

TOPTOP

PERFECT
 

for  Signal / Background separation  cut

M inv

 

( 4 jets )( 4 jets ) < 160 GeV

 
and       M missing

 

>   250 GeV

M M invinv

 

( 4 jets )( 4 jets )
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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 only 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 4 jets (Invariant mass of 4 jets (bbjetjet

 

, , bbarbbarjetjet

 

, 2jets, 2jetsWW

 

)   )   MM invinv

 

(All jets)(All jets)
 

< 160 < 160 GeVGeV
together with the cut above together with the cut above 

Stop cut efficiency = Stop cut efficiency = 0.78 0.78 Top cut efficiency = Top cut efficiency = 0.0010.001

3. )3. )
 

Invariant Missing mass Invariant Missing mass MMmissingmissing

 

> 250 > 250 GeVGeV
together with the cuts above together with the cuts above 

Stop cut efficiency = Stop cut efficiency = 0.760.76
 

Top cut efficiency = 3.3Top cut efficiency = 3.3*10*10--44

Achieved Achieved S/B ratio  =  143S/B ratio  =  143
The rest is only The rest is only 13 13 background eventsbackground events

 
per yearper year,  while for the,  while for the

Signal eventsSignal events
 

––
 

1086/1086/year year (for the integrated Luminosity L=1000 fb(for the integrated Luminosity L=1000 fb--11/year)/year)
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Cross section dependence on Cross section dependence on EEbeambeam
 (with the cuts above)(with the cuts above)

2E2Ebeambeam

 

[GeV][GeV] σstop  [fb] NNstopstop σtop  [fb] NNtoptop

350350 0.00890.0089 88 00 00

400400 0.520.52 521521 2.32 * 102.32 * 10--44 0.20.2

500500 1.801.80 18061806 2.26 * 102.26 * 10--22 12.612.6

800800 0.990.99 995995 1.08 * 101.08 * 10--22 1010

10001000 0.410.41 410410 6.26 * 106.26 * 10--33 66
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Invariant mass of Invariant mass of bbjetjet
 

& 2jets& 2jetsWW

STOPSTOP

TOPTOP

Can also be used for Signal / Background separation cut M Can also be used for Signal / Background separation cut M invinv

 

((bb

 
jetjet

 

, 2jets, 2jets

 
ww

 

) < 100 ) < 100 GeVGeV!!

Minv
 

(b-jet, 2jetsW

 

)
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The most important variable The most important variable --
 invariant mass of invariant mass of bbjetjet

 
& 2jets& 2jetsWW
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In the case of TOP pair 
production it gives

The mass reconstruction of theThe mass reconstruction of the

toptop--quark M quark M TopTop
 

(175 (175 GeVGeV) :) :
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Stop invariant massStop invariant mass

M inv
 

(STOP) =

M χχ11
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(bjet
 

, 2jetsW
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++
 

√
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+ Pjet1
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+Pjet2W
 

) 

The reconstruction of the STOPThe reconstruction of the STOP

invariant mass M invariant mass M STOPSTOP

 

(167.9 (167.9 GeVGeV):):
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Invariant mass of Invariant mass of BBjetjet
 

& 2jets& 2jetsW W 
givesgives

The right edge of the peak
 

of 
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ºº

For the case of STOP pair
 

production gives
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The test of the other Scalar top The test of the other Scalar top 
massmass

M stop =  200.1 GeV
M χχ11ºº =  80.9 GeV
M χ11++ =  159.6 GeV

Right edge of the peak
 

of  Minv
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120 GeV
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11
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80 GeV
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) = 200 GeV

509 events
S/B = 40
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ConclusionConclusion

1.     The MC (PYTHIA 6.4 + CIRCE 1) study of stop pair producti1.     The MC (PYTHIA 6.4 + CIRCE 1) study of stop pair production in on in 
ee++ee--

 
collisions was done at collisions was done at √√SS

 
eeee

 

= 350, 400, 500, 800, 1000 = 350, 400, 500, 800, 1000 GeVGeV..

2.     The detailed analysis done at 2.     The detailed analysis done at √√SS
 

eeee

 

= 500 = 500 GeVGeV
 

has shown has shown 
that proposed 3  cutes allow to reach S/B = 143.that proposed 3  cutes allow to reach S/B = 143.

3.     A possibility of a good reconstruction of the M3.     A possibility of a good reconstruction of the MSTOP STOP from the from the 
peak position of M peak position of M invinv

 

(3 jets, i.e. (3 jets, i.e. bbjetjet

 

+ 2 + 2 jetsjetsWW

 

) distribution ) distribution 
is demonstrated.is 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 is very promissingpromissing
 

for STOP quark search!for STOP quark search!
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Photon beam characteristicsPhoton beam characteristics

The The monochromaticitymonochromaticity
 

of the backscattered photon of the backscattered photon 
beams is considerably increased if the mean beams is considerably increased if the mean helicitieshelicities

 λλe e and Pand Pc  c  of the electron beam and laser photon beam of the electron beam and laser photon beam 
are chosen such that are chosen such that 22λλee

 

PPcc
 

≈≈
 

--11..

In this case the relative In this case the relative number of hard photonsnumber of hard photons
 becomes nearly becomes nearly twice as largetwice as large

 
in the region of the in the region of the 

photon energy fraction photon energy fraction Y= Y= EEii
 

γγ
 

/ / EEee
 beambeam

 

≈≈
 

0.70.7--0.850.85
 (i=1,2) and the (i=1,2) and the luminosityluminosity

 
in collisions of these in collisions of these 

photons increases by a factor of photons increases by a factor of 33--44..
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γγ--energy correlation energy correlation YY11
 

/Y/Y22
 spectraspectra

 for J=2 enhancedfor J=2 enhanced
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CrossCross--section section σσ  dependence on dependence on MMstopstop
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BB--quarks distributionsquarks distributions
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BB--jets distributionsjets distributions

STOP

TOP
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μμ  distributions in the signal eventsdistributions in the signal events

Signal μ’s Fake μ’s
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SupersymmetricalSupersymmetrical
 particles particles 

classificationclassification
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