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m 1ihe Photon beams at [1EC

Iihe option ofia phoeton colliderat 11=C will"be achieved
Py USING Packscattered photen veams, by Compton
scattering of:laser heams with electron ones.

Unlike the situation at e*e: collider, the energy of the
backscattered pnoton beams will' vary from event to
event.

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

snows the degree ofimonochromaticity. of the backscattered photons

We used as a reasonable approximation the CIRCEZ2 output spectra generated for
Ett .. =800 GeV and scaled them (by 1000/800) to the higher beam energy

2E¢, .= 1000 GeV
e = The left peak is caused by multiple
Uiy 0 Compton scattering and
Overflow 0
Integral 1.522e+07 beamstrahlung photons
N = [he right one at the energy: fraction

Y = EY/ES,..n~ 0.83 (1=1,2)
IS due to the hard phoeton production

150 200 250 300 350 400 450 500
P,y , GeV

Only on a 0.3% the yy energy is high enough for yy = stop stop bar production
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y-energy. correlation Y., /Y, Spectra for:
J=0" enhanced
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e” eo CM energy = 1000

: . GeV
SIOP. pair: production Cross

/ sections

6 — 'fb oy & _
42

4-6 factor difference G = b S

TOPR pair. production

Cross sections
Py fb 66_|_ _99 & CC_ _|_79
R fb 66_|_ _|_99 & CC_ _99

G O
TRl

PYTHIA 6.4 + cross section distribution formula taken from S.Berge et al. hep-ph/0008081
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ﬂ [ihe subsequent decay channels have been considered:

»
>

STOP STOP — b " by, - —bb o O Gipar WV, %1 X1

tt—>b W* bbarW_ _)bbbarqiquaru_vp

Tihe only difference of STOP / TIOP production is the presence of the two
non-detectable neutralinos in the case of stop pair production.

Both the signal and background events have the same experimental signature
(b & by~ jets; 2 jets from W = g; g; decay and ™ ).

Tihe quarks hadronize into jets. Jets are determined by use of PYCILUS
jetfinder based on “Durham” cluster distance measure algorithm.
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assumed: the
following scenario for the MSSIM model parameters:

ﬂ In order: to simulate the STIOP pair: production, We

s M =M, = 270 GeV (left squark mass)

s M, = M = 2/0 GeV (right squark mass)

s At =-500 GeV (top and bottom trilinear coupling)

s w=-37/0GeVv Corresponds to

m fanP=>5

= M, =80 GeV My = 187.9 G2V,

n M, =160 GeV M o = 80.9 GeV
Qur: aim Iis: M 15 =159.2 GeV

= [0 find out physical variables (Energy, P 1, angle and invariant
mass distributions) most suitable for signal (stop)./deackground
(top) separation

= [0 estimate the corresponding values of:cuts on these variables

7

IWLC “2010 A.N.Skachkova. “Stop pair production in polarized yy collisions at ILC”



SOR Energy: distrpUtions

The shapes of these spectra follow backscattered y-energy distributions

Mean 311 Mean 273.7
RMS 53.88 : = : 0 : : : RMS 73.42
Underflow 0}].:.. - poceozacoseolfos =1 Underflow 0
Overflow ol: .....| Overflow (]
Integral 3339 |- | Integral 5173

80—
60
40
20

150 200 250 300 350 400 450 500 % 50" 100 150 200 250 300 350 400 450 500
Et,, GeV Et,,GeV

Polarization : +- / -+ Polarization : ++/ --
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SINOR P~ distrbutions

Mean 2145 Mean 111.3
-1 RMS 66.32 i i ; ; ; RMS 72.58
‘| Underflow 0 Fo Underflow 0
Overflow 0 L Overflow 0
: | Integral 3339 : P " Integral 5173

%50 100 150 200 250 300 350 400 450 500 % “50 100 150 200 250 300 350 400450 500
PT t, GeV PT 1, GeV

Polarization ; +- / -+ Polarization ; ++/ --

The PT-spectrum for “++/--" polarization is much softer then for “+-/-+” polarization
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SOR angle O distrioutions

Mean 1.574 Mean 1.574
RMS 0.6465 2 : RMS 0.9694
Underflow 0 o ok & Underflow 0
Overflow 0 : ....| Overflow 0
Integra 3345 Integral 5173

. . 2.5 3
2 2.5 3 . -
©,, radians © t,, radians

Polarization ; +- / -+ Polarization : ++/ --
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IVlinv (Stop+3topbar) = I\/Iinv (V’Y) ~ \/ (Pyl * PVZ)Z
distributions

The shapes of these spectra also follow backscattered y-energy distributions

Mean 597 Mean 505.8
RMS 108 f—7—— —— . = |RMs 144.6
Underflow ofprh i R b Underflow 0
Overflow of . . | overflow 0
Integral 1669 TR Integral 2587

% ~"100 200 300 400 500 600 700 800 900 1000 O5~"100 200 300 400 500 600 700 800 900 1000
M, (t, + t), GeV M, t+ t, GeV

Polarization ; +- / -+ Polarization : ++/ --
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m 5= Spectra of-quarks from\A/

Mean 65.44 Mean 57.57
RMS 40.36 — 1 |Rwms 36.44
{ Underflow 0 ] ¢ : i |Underflow 0
| Overflow 0 SRR SRR SRS Overflow 0
Integral 3319 OO OUUOE UUURE SOt SO Integral 5098

RS L AL U 50 100 150 200 250 300 350 400 450 500
"W-quark?

Ew-quarks GeV

Mean 85.8 Mean 97.98
RMS 55.12 ;¢ ¢ i | RMS 65.09
Underflow 0 g G erflow 0
Overflow 0 :

| Overflow 0
:Interal:2.2:93e+04 Integral 2.72¢+04

50 100 150 200 250 300 350 400 450 500

50 100 150 200 250 300 350 400 450 500 GeV

E t]
Ew-quarks GeV 'W-quark

Polarization ; +-/ -+ Polarization :; ++/ --
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ﬂ PA=Spectra of quarks from\\/

Mean 52.89 Mean 38.37
RMS 36.04 I RVs 24.8
| Underflow 0 R Underflow 0
| Overflow 0 . Overflow 0
| Integral 3319 N |“t§9r§| . 5098

e, H H H H q q -_ . . . . H 8
o0 50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
W-quark? e PTW-quuark! GeV

Mean 60.22 Mean 68.52
RMS 41.21 3 T T RMS 50.02
Underflow 0 S Underflow ]
Overflow (1] ) | overflow 0
Integral 2.293e+04 | Integral 2.72e+04

% 50 100 150 200 250 300 350 400 450 500 %50 100 150 200 250 300 350 400 450 500
Tw-quarkl GeV W-quark? e

Polarization : +- / -+ Polarization : ++/ --
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5= Spectra ofijets firom W

Mean 46.24 Mean 40.12
RMS 36.85 3 Fr T RMS 35.12
Underflow (1] : Underflow 0
Overflow 0 i | Overflow 0
Integral 3339 ...|Integral 5173

STOP

50 100 150 200 250 300 350 400 450 500
E GeV

jstw,'

Mean
RMS 55.56 g ] : . . RMS
Underflow ] oo Underflow 0
Overflow 0 Overflow 0

:Inte:ral:2.3:23e+04 | Integral 2.757e+04

TOP

200

50 100 150 200 250 300 350 400 450 500 % 50 100 150 200 250 300 350 400 450 500
Eee » GeV E,, , GeV

Jot,}

Polarization : +- / -+ Polarization ; ++/ --
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m PA= spectra of jets firom \\/

Mean 35.74 Mean
7| RMS 31.42 o —— TV 1
t Underflow 0 S S : Underflow
Overflow 0 ' T Overflow 0
i i i i Integral 5173

:| Integral 3339

STOP

50 100 150 200 250 300 350 400 450 500 - OO TR PN P FUTRE SR S
PT. . GeV 50 100 150 200 250 300 350 400 450 500

Jet .’ GeV

jetw_’

Mean §9.04 Mean

RMS 41.53 3 z : : : RMS

Underflow 0 : .| Underflow 0
Overflow (1} e Overflow 0
Integral2.323e+04 E= srrpeeeeed Integral 2.757e+04

50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
PT,, , GeV PT,, . GeV

Jet w

jet,

Polarization : +-/ -+ Polarization : ++/ --
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m \Wemass reconstruction as M- 0l 2 Wit

Mean 62.38 Mean 46.68

R O N Eo— — RMS 18.2 F : RMS 26.6
: : : Underflow 0 e I e oo = Underflow 0
Overflow 0.609 | 9 :  i|overflow 3.73

........................

Integral 1669 : : : | Integral 1666

...................

...................................................

d- B B B B B : :
20 40 60 80 100 120 140 160 180 200 - <
M,. =M, (q+q ), GeV z2v 7 60 80 100 120 140 1oC 180 200
1 M. =M, (Jets ), SaV

Mean 80.52 Mean

RMS 9.297 — 1 RMS

Underflow 0 I i1 Underflow
Overflow 325 il i1 Overflow 214
Integral 1.158e+04 S SIRIRCIRS S | EE ;- Integral 1.14e+04

...............

0 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
M, =M, (d,+q,), GeV M, =M, (Jets ), GeV

Clear seen visible virtual nature of W boson

Partonic level Level of jets
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5- Spectra of h-guarks

Mean 14.53 Mean 12.89
-| RMS 6.15 P L RMS 5.853
.| Underflow 0 A Underflow 0
| overflow 0.3045 a1 | overflow 0.388
1L " | Integral 5180

| Integral 3345

STOP

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
E,, GeV E,, GeV

Mean 113.2 Mean
RMS 59.23 3 e RMS
| Underflow 0 i . : : : Underflow 0

Overflow ] A B Overflow (]
| Integral 2.326e+04 - Lo o] Integral 2.762e+04

TOP

50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
E,, GeV EN GeV

Polarization : +-/ -+ Polarization : ++/ --
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P spectra of D-gquarks

Mean 10.95 Mean 7.404
-i| RMS 6.148 = = g { i ---{ RMS 4.406

Underflow 0 Underflow 0
:| Overflow 0.1142 S5

5 Integral 3345

{ Overflow 0.2587
.| Integral 5181

STOP

60 70 80 90 100
PT,, GeV

Mean 78.72 Mean

RMS 45.38 3 & .. . |rms

Underflow 0 i i i i | Underflow 0
:--| Overflow 0 - T Overflow ]

Integral 2.326e+04 . . |Integral 2.762e+04

% 50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
PT,, GeV PT,. GeV

Polarization : +- / -+ Polarization : ++/ --
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5- spectra ofib-Jets

(B-jetis determined as a jet that includes b-meson)

Mean 30.67 Mean 28.57
RMS 24.56 : : : : : RMS 23.51

Underflow 0 Underflow 0
Overflow 374.2 Y Overflow 369.2

ST P I Integral 2965 : { Integral 4804

10 20 30 40 50 60 70 80 90 100 ~ 10 20 30 40 50 60 70 80 90 100
Epjets GEV Epjet » G6V

Mean 109.9 Mean 127.5
—| RMS 58.76 3 7 1 1 1 |RMS 69.98
~{ Underflow (] g | Underflow (]
-.{ Overflow 0 | Overflow 0
| Integral 2.323e+04 - : -1 Integral 2.757e+04

TOPR

00 50 100 150 200 250 300 350 400 450 500
Epjerr GeV

50 100 150 200 250 300 350

Polarization : +-/ -+ Polarization ; ++/ --
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PA= Spectra ofi -] ets

Mean 26.13 Mean 19.95
| RMS 24.17 . . . i | [|Rms e
-4 Underflow 0 i Underflow 0
| Overflow  199.4 i i i it iloverflow 83.87
“{ Integral 3140 f i i i i iliIntegral 5089

STOP

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
byet: GEV b4ets GV

Mean Mean
. | RMS . : ¢ |IRMS
* | Underflow 0 - S Underflow 0
...| Overflow 0 . i | Overflow 0
Integral 2.323e+04 : : : Integral 2.757e+04

TOP LT

% 50 100 150 200 250 300 350 400 450 500 % 50 100 150 200 250 300 350 400 450 500
Tpjotr GOV PTp o, GOV

Polarization : +- / -+ Polarization :; ++/ --
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of D-quarks for stop production

Mean 1.574
RMS 0.6465
Underflow 0
Overflow 0
Integra 3345

Mean 1.57
RMS 0.8338
Underflow 0
Overflow 0
Integral 5181

1

0.5 1 1.5 2 25 3 25
®  , degrees

0,, radians

Polarization ; +-/ -+ Polarization : ++/ --
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0S (195 0,,,) SPECLIra for Stop paiIrs production

Mean -0.54
;| RMS 0.4239
:| Underflow 0
:| Overflow 0
| Integral 1669

Mean -0.3348
- | RMS 0.5465
"] Underflow 0
:-{ Overflow 0
: | Integral 2587

I

01 038-0604-02 0 02 04 06 08 1
cos(b, b) -1 -0.8-0.6 -04-02 0 0.2 04 06 0.8_1

cos(b,

Polarization : +- / -+ Polarization : ++ / --

Most of b- and b bar — jets move approximately in the opposite directions,
but some are in the same hemisphere

IWLC ‘2010 A.N.Skachkova. “Stop pair production in polarized yy collisions at ILC”



ﬂ L distrputions in the'signal'events:

Mean 58.77
| RMS 40.19
Underflow 0
.| Overflow  5.899
: | Integral 1652

Mean 0.8486
: | RMS 1.239
"1 Underflow ]
. | Overflow 46.82
Integral 6794

-'h. —
160 180 200

'sig_mu? eV

Mean 34.89
RMS 25.05
Underflow 0
Overflow 0.776
{ Integral 2546

Mean 0.5866
: RMS 0.9665
i | Underflow 0
.| Overflow 18.69
Integral 6822

% 20 40 60 80 100 120 140 160 18((); %})0
e

Signal w’s
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Missing.energy (v, ; =x; % beam pIpe)
distributions

Mean 4301 Mean 394.6

RMS 97.14 — : = : = . |RMS 116
{ Underflow 0 R Underfon 0

Overflow 0 P SR

Integral 1669 Pt 371

STOP

100 200 300 400 500 600 700 900 1000 100 200 300 400 500 600 700 800 900 1000
Emiss_totl GeV Emiss_tot' GeV

Mean 117.3 Mean 133.3
RMS 65.53 3 7 i : : : RMS 76.87
Underflow 0 Underflow 0
Overflow 0 : 5 5 Overflow 0
Integral 1.162e+04 § | Integral 1.378e+04

TOP

100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Emlss_totl GeV Emlss_tot! GeV

Polarization : +- / -+ Polarization : ++ / -- o
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m Total scalar 22 |Piklvariable

A cut PT y,1um < 180 GeV would lead to a good Signal / Background separation

Mean 140.2
{ RMS 48.41

Mean 100.8

RMS 44 .47

Underflow 0
-1 Overflow (1)
.| Integral

{ Underflow (1]
_.] Overflow (1]

STOP __é_lnt:egral E 1669

% 100 P00 300 400 500 600 700 800 900 1300

Mean 328.1

RMS 98.71 3 : g 7 7 i RMS 129.7
Underflow 0 N A o T R Underflow 0
Overflow 0 Overflow 0
Integral 1.162e+04 P Integral 1.378e+04

TOP

°0 100 200 300 400 500 600 700 800 900 1000 o0 100 200 300 400 500 600 700 800 900 1000
PTscaIsum' GeV PT ’ GeV

scalsum

Polarization : +- / -+ Polarization : ++/ - -
25

IWLC 2010 A.N.Skachkova. “Stop pair production in polarized yp collisions at ILC”



Ivlmissing = \/(\/S'(ZNjet n=1E

MIISSINg mass

jet

_|_E#))2_(Z:Z\f]'eiL n=1pn _|_P[J))2 I

STOP

TOP

Mean 756.2
RMS 71.25
Underflow 0
Overflow 0
Integral 1669

100 200 300 400 500 600700 800 9001000

05--100 200 300 400 500 600 700 800 900 1000

GeV

Polarization : +-/ -+

Mean 7871
—~| RMS 79.51 -
Underflow o
| overflow (1]
----.Interal 2587 |-

700 800 900 1000
GeV

tegral 1.378e+04

200 300 400 500 600 700 800 900 1000
missing’ GeV

Polarization : ++/ --

Good for Signal / Background separation !
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Invariant mass ofidjets + w

Good for Signal / Background separation with a cut < 230 GeV!

Mean 206.7 Mean 174.6
RMS 73.9 ; 7] RMS 77.87
Underflow 0 : T Underflow (]
| Overflow 0 : | Overflow 0
Integral 1669 i Integral 2587

STOP

100 200[ 300 400 500 600 700 800 900 1000 ' 20) 300 400 500 600 700 800 900 1000
M, , (All jets, n), GeV M, (All jets, p), GeV

Mean 427.5 Mean 514.9
RMS 115.5 ; ; : : g ] RMS 147.3
Underflow 0 ' i : Underflow 0
Overflow 0 : S s Overflow 0
.Inte. g rall 1.1 §2e+04 Integral 1.378e+04

TOP

300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
M, (All jets, n), GeV M, (All jets, p), GeV

Polarization : +- / -+ Polarization : ++ / -- o
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Invariant mass ofi4 jets
Min (Al jetS):\/(Eizl,Z,BAiPijet)z
Perfect for Signal / Background separation with cut M ., < 180 GeV!

Mean 127.2 Mean 1121

i | RMS 47.38 . ¢ ¢ i " |RmS 50.7
...] Underflow 0 g £ Underflow 0
--{ Overflow 0 i . i i |Overflow 0
Integra 1669 {7 Integral 2587

stop [E3 SRS e

800 900 1000 0 0
M;,,, (Al jets), GeV M, (All jets), GeV

Mean 335.5 Mean

RMS 103.9 i : : : : RMS

Underflow 0 ) : : Underflow 0
Overflow 0 . | Overflow ()}
Integral 1.162e+04 ;| Integral 1.378e+04

TOP

05-“700 200 300 400 500 600 700 80O 900 1000 200 300 400 500 600 700 800 900 1000
M, (Al jets), GeV M, (Al jets), GeV

Polarization : +- / -+ Polarization : ++ / -- -8
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ﬂ Detected (Visible) energy distriputions

RERTECHIONSSIgNal VABaCKarounaiseparationIVI tielCUES i issi2 0 UNGEV/A

Mean 176.3 Mean 152.6
RMS 53.54 i i i i i ] RMS 61.46
Underflow 0 : { Underflow 0
Overflow 0 4 i i {Overflow 0
Integral 1669 ; { Integral 2587

STOP

[y .l--__ A A A A A A
400 500 600 700 800 900 1000 05-""100 200 300 400 500 600 700 800 900 1000
Evis_tot! GeV Evis_tot’ GeV

Mean 468 Mean 542.6
RMS 101.7 ; ; ; ; ; . RMS 130.1

: | Underflow 0 Y B Underflow 0
--| Overflow 0 i Overflow 0
Integral 1.162e+04 e Integral 1.378e+04

0 100 2007300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
Eis_tot» G€V Evis_tot» G€V

Polarization : +- / -+ Polarization : ++ / -- 29

IWLC ‘2010 A.N.Skachkova. “Stop pair production in polarized yy collisions at ILC”



ﬂ Wsed cuts for S/B separation

Polarization : +- / -+ Polarization : ++ / --

1.)  Theeventswith clear recognized 2 B-jets (according to PY.THIA)
StopIcUteEriciency =068 sStopieuterficiency=10:80
MoprcuGeErficiency = 0:94 MopICUtErficiency = 0:94

BUtnthe expermentiniy. ofi_the BrjetsandiBia=jetsiseparation anditie
ofithe corresponding ISIEXPECLET

2. ) Invariant mass of all jets M. (Alljets) < 180 GeV/

together with the cut above
Stop:cut efficiency = 0.69 Stopicutefficiency = 0:92
Jliop cutefficiency.= 0:01.2 {iop cutetficiency,.=+0:008

3. ) Visible energy < 250 GeV

together with the cut above
Stop cutefficiency = 0.98 Stop,cutielficiencys=10:98
[iopcutetficiency. = 0:1.76 JoprCUtElfICIENCY = 0HY5
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ﬂ Final results of: S/Brseparation

Polarization : +- / -+ Polarization : ++ / L\

Achieved S/B ratio
o9 120

With a loss of signal’events
23 % AL

T'he rest of Background events 1S only

while the estimated rate of Signal events; per year

1484 2315
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InVariant mass ol By, & 2Jetsyy

aration with a cut < 120 GeV!

Mean 86.68 Mean 70.16
RMS 37.9 3350 -2 - ... RMS 23.18
Underflow 0 Bl i | underflow ()

Overflow
Integral

Overflow 0
Integral 1669

; j : i i i anflnannils i i
50 100]150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500
(b-jet, Jets ), GeV o (b-jet, Jets ), GeV

Inv

Mean 176.5 Mean 187.5
RMS 41.31 3 il . | |RMS 56.66
Underflow 0 8 il i | Underflow 0
Overflow 5.91 il b i Overflow  52.09
Integral1.161e+04 . i il  [Integral 1.373e+04

% 50 100 150 200 250 300 350 400 450 500 0s"“50 100 150 200 260 300 380 400 450 500
(b-jet, Jets ), GeV (b-jet, Jets ), GeV

Inv Inv

Polarization : +- / -+ Polarization : ++ / -- -
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Tihe most important variable -
INVariant mass: of: Bjet & 2Jets,y

I Entries 1000000
In the case of TOP pair O ; """" e tons

i | Underflow (1)

production it gives o6

--------------------- | Integral 3.579e+04

.....................................................................

e mass reconstruction ofthe

150 200 250 300 350 400 450 500

top-guark M- (175 GeV): o [Mean e

Underflow o
: : : : : Overflow 5.91
kil ]| Integral1.161e+04

Mo (B & 2ts) =M1, [ I

50 100 15 ‘00 250 300 350 400 450 500
M, (bet, Jets ), GeV
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ﬂ Stop Ivariant mass

I Entries 38049

dihe reconstruction ofithe STOP i e

----- :-| RMS 5.496
-----i--1 Underflow

Invariant mass M 1o (167.9'GeV);

.........

.............................

M in, (STOP) = fen mamane

...................................................................

167.7

M Xlo - M inv (bjet1 2JetSW) — inv ;-e . 1 i 38049 |

17.65

Underflow 0

_ 2 Overflow 0
- I\/I Xlo + V (ijet + Pjetl W +PJet2W) :nteral é 1806

But Xlo - IS not detectable particle
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m INVarant mass of B;.; & 2Jets,

For the case of STOP pair production gives

Mean 86.68
RMS 37.9
Underflow 0

\ inv (Bjet’ 2jetSW) =M inv (STOP) - M Xlo .ﬁ“t’::'w 1089

RMS 23.18

Right edge..of M (Bjet , 2jetW) = 87 GeV | — LT

: : Underflow

M y,° = 80 GeV

M., = My + M. (Bjet, 2jetW) =

stop inv

= 167 GeV
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Iihe test ofithe other Scalar: top
mass

M,. (bj Entries 19377
= 200:1"GeV DR e o

Underflow (1}

— 809 Gev 40 Overflow 0

Integral 509.4

— 159.6 GeV/. ¥

10F-}

o0 50 100 150 200 250 300 350 400 450 500

GeV

Right edge of the peak of M, (b, 2jety)

~ 120 GeV -
Polarization ; +-/ -+ ++4/--

M y,° = 80 GeV
4 y Events/year : 347 1379

2jety) = 200 GeV

inv et

I\/Istop =My +M (bj
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Conclusion

ihhe main results:

15 New: CoUETorCrossisection ofiSTOP pairs productionithat allows 1o take 1mnto,account
therpolanzations of:colliding photons IS Tmplementediunto PYAHIA 6.

An_accountofithne energy. spectrum of:colliding phoetensisidene by use 6HCIRCE 2.

2, Itis shownralso thattne imyariant mass ofitne finaljets anaitne Visiole energy vaniables
turns out'te e most: efficient for signal /-background separation.

3. A possibility ofia good Ms s Feconstruction from right-hand edge.point of
3 Jets (Bjet+ 2 jets,, ) IS demonstrated:

So, finally; It Is shown that in a region of small values of stop mass ~ 167 GeV
the channel

STOPSTOP — b " b i —>bb gq’ v, 11 %'

IS Very promising for-the STTOP-quark search!
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ﬂ Publications

s “Pair production of:scalar top quarks in
polarized photon-photon collisions at

ILLC. “

Authors: A.Bartl, W.Majerotto, K.Monig,
A.N.Skachkova, N.B.Skachkov

arXiv: 0804.1700v2, [LC-NOTE-200y£036
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e” e CM energy = 500 GeV

STOP pair production
Cross section

TOP pair production

Cross section \
o=359fb

IWLC 2010 A.N.Skachkova. “Stop pair production in e*e" collisions at ILC”



ie

(CreSS SEction dependence oniE,

(Without any. cuts)

500
500

1000

TWI.C 2010 A N SkachEkova “Stop pair production in et e ™ collisions at IT.C”?
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1.34
2.37
1.89
1.42

Nsiop

233
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1809
1265




e, e beam energy spectrum from CIRCE 1

Entries 250000
| Mean 2471
RMS 7.25

rus 7 Electron e (positron e”) beam energy
: | Overflow (] .
with account of beamstrahlung

: LiIntegral 2.5¢+05

Y2/ Y1

50 100 150 200 250 300 350 400 450 500

___| Entrles 250000
- Mean x 0.9756
| Meany 0.9758

RMS x 0.03826
RMS y 0.03811 | :
) szee | Toiis] |
Correlation between e” and e” beam spectra 25 o emora ot f

. . T m
Yi N EI/E 1beam (1 = e+,e') i i

01 02 03 04 05 06 0.7 08 0.9

The peak luminosity is supposed to be 2*102*cm=s:t.
The total luminosity required is 1000 fb:t during thefirst phase of:operation at
2B . = Sy = 500 GeV.




Main Scalar topr quark distrbutions

50000 50000

245.6
10.09
Underflow 0

Mean 490.8
RMS 21.04
Underflow (1]

SRR e Overflow 0

Integral 2374 Integral 2374

Entries 50000 THETA | |Entries 50000
: . . . | Mean 1.569
i| Mean 158.2 g g RMS 0.5006

- . -4 ---i---| Underflow o
RMS 28.71 . | overflow o

Underflow 0 5 5 L | integral 2373

Overflow

1 Integral

3
radians




STOP

TOP

Missing energy. (v,
cetected (Visible) energy distrottions

, ~,° , beam pipe) and

Good for:Signal//Background separatlon WIth CULE o tor < 220/ GeV

50000 |
342.5
54.88

: 0
| overflow 0
'f Integral

00 100 200 300 400 500 €00 700 800

1000000 |

105.5

; 48.28
Underflow o
-1 Overflow o
Integral 3.592e+04

Missing energy

----------------------------------------- Mean 134.5
CRPPPRS RMS 27.12
------ Underflow

.........

...................................

..................................

Entries 1000000
* | Mean 3945
i | RS 48.28
. | Underflow o
Overflow 0
: | Integral  3.592¢+04

Detected energy
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Total scalar X P and Invariant mass ofi4jets + w

(5o0d/ for: Signal/‘Background separaton withthe cuts

RPN aam = 150GeVe  and Manv ((4ets+ i) < 200 GeV !
'I Entries 5ooo-o m. Entries 50000

Mean 169.5
------------------------------------------------ RMS 46.6
---1 Underflow 0
---1 Overflow 0
---{ Integral 2373

STOP

..............................................................

Entries 1000000
| Mean 306.5
| RMS 59.46

1 I ()P N | Underflow o
: 0

1000000
387.8

: 61.78
: | Underflow 0

: | overflow 0
;-1 Integral  3.592e+04

| Overflow
ntegral 3.593e+04

o0 100 200 300 400 500 600 700 800 900 1000

an

(4]ets+p)
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Invariant mass ofi4: jets and M i, Variable

PERFECT for Signal / Background separation cut

M iy (4jets )< 160 GeV  and M g > 250 GeV
| | Entries 50000 Entrles 50000

Mean 107.9 ;| Mean 304.4
RMS 29.02 | rms 45.89
Underflow o | Underflow °
Overflow Overflow ]

Integral Integral 2373

STOP

56100 150 200 250 300 350 400 456 500

Entries 1000000
| Mean 60.48
| RMS 49.1
Underflow [+]
J| overflow 0
Integral 3.593e+04

1000000

307.4

64.92

| underfiow o
| overflow 0

TOP Integral 3.59_:_3_e+o4

50 100 150 200 250 300 350 400 450 500

100 200 300 400 500 600 700 800 900 1000 GeV

M. (4jets) Y eing




m WUsed cuts for S/B separation

1.) The events with clear recognized 2 B-jets (according to PYTHIA)
(B-jet is determined as a jet that includes b-meson)
Stop cut efficiency = 0.84 Top cut efficiency = 0.94

But, in the experiment only 50% efficiency of the B-jets and B ,,-1€ts
separation and the 80% of the corresponding purity Is expected

2.) Invariant mass of 4 jets (b;,, bbar;., 2Jets,,) M, (All jets) < 160 GeV
together with the cut above

Stop cut efficiency = 0.78 Top cut efficiency = 0.001

3.) Invariant Missing mass M, i, > 250 GeV
together with the cuts above
Stop cut efficiency = 0.76 Top cut efficiency = 3.3*10*

Achieved S/B ratio = 143
The restis only | = background events , While for the
Signal events — (for the integrated Luminosity L=1000 fb-Y/year)




-'h‘ (CreSS SECtioN dependence on &y

(With the cuts aboyve)

2B e,mlGEV] Gstop [fb] NSt@D

0.0089 8
0.52
180 1806

0.99 995
1000 0.41 410
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ﬂ INVarant mass o1y, & 2Jetsy,

(b;

(Can also be used'for Signal /' Background separation cut M

|nv (b JETS I Entries

Mean
.......... --1 RMS
: Underfilow

1nv. jetd Zjetsw) < 100 GeV!

Overflow

STOP - I|.1teg|.'al .

0 _ 200 250 300 350 400 450 500

TOP : Integral 3.595e+04

50 100 150 200 250 300 350 400 450 500
GeV

Minv (b-jet, 2jetsy))
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Tihe most Important variable -
Invariant mass of: bjet & 2Jets,y

( b,2 quark ) I Entri 1000000

25000----:-----cee el Mean 171.4

In the case of TOP pair |

..........

i | Underflow (1]

production it gives ..... oo o

i | Integral 3.579e+04

oooodoooonodoooocodnal [oodhososocbooonocbonsooofbocooocfoonsoafisoconn

Tihe mass reconstruction ofithe

top-guark M- (175 GeV): m (B RIS, ) | fowes ™ omon)

Underflow o
:-| Overflow 0
. | Integral 3.595e+04

M inv( Bjet & 2jeJ[SW) =M Top

250 300 350 400 450 500
GeV
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ﬂ STOp InVariant mass

dihe reconstruction ofithe STOP

M, (b 2 quark , chi® ) I Entries 38049

1800 Mean 167.5

----- ; -1 RMS 5.496

-----i--1 Underflow

InvariantmassiM ¢ (L6729 GeV))E =

o
o

- gr 1806

.............................

M iny (STOP) = fen maEane

...................................................................

M2+ M, (b, 28ts,) = |Comecma e

167.7
17.65

: e Underflow

— M X]_ + V (Pb + Pjetl +Pjet2W) =R ----- g 1806

Integ ral

.........................................

BUt Xlo . iS nOt deteCtabIe partiCIe 50 1;0 1;0 2 2;0 3(§)0 3;0 4(;0 4;0 500
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Invarant mass ofiB;.; & 2Jetsy,
QIVES

For the case of STOP pair production gives
Entries 38049

: Mean 71.59

M iy (Bier» 2j€tSy) = M, (STOP) - M 1,° B2 .g. e
of

Miny (bje, 5 2jetsy) Mo, (B, JETE,, ) | Fenwes  so0s

M y,° = 80.9 GeV w"'

= My, °+M, (bjet  ietsy) = 5 T O I [N
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1ihe test ofithe other Scalar: top
Mass

M,. (bj Entries 19377
o ; ; : : ; - | Mean 92.91

| M stop — 2001 GeV =5 ‘ EM:,-ﬂ 20.12
« M,. =809GeV Tl

30f---: e e
| M X]_+ — 1596 GeV 20

10E-

05~ 5 70615505355 3b0"155-485 45loG =
Right edge of the peak of M, (b 5 2jetyy) 509 events

~ 120 GeV S/B — 40

M y,° = 80 GeV
2jety) = 200 GeV

inv et

I\/Istop =My +M (bj
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Conclusion

1. e MIC (PYANHITA 6:4'+ CIRCE 1) study ofistop pair: productioniin
ete: collisions was done at \'S = — 090; 400;500; 600; 1000 GeV-:

2. The detailed analysis done at \'S|,, = 500 Ge\/ has shown
that proposed s cutes allow toreach S/B' = 14s.

3. A possibility ofia good reconstruction ofithe Msrop from the
peak position oftME, (S JEts; 1:e: Dy + 21 Jets;,, ) dIStribution
IS demonstrateal

So, finally, the channel
STOP'STOP —b " by —>bb qq” wv, 1 %

IS Very. promissing for: SHOP. guark search!
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ﬂ Photon heam characteriStics

The monochromaticity of the backscattered photon
peams IS considerably increased ifithe mean helicities
A, and P, of the electron beam and laser photon beam
are chosen such that 24,P. =-1.

In this case the relative number of hard photons
becomes.nearly twice as large in the region of the
photon energy fraction Y= E¥ /[ ES ...~ 0.7-0.85
(1I=1,2) and the luminosity in collisions of these
photons Increases by a factor of 3-4.




Whole y spectrum
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Integral
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mCross-se(:tion 6 dependence on IV

stop

Sigma (M stop1) at fixed Tan beta=5
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B-quarks distrioutions
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m B=Jets diStripUtions
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w cistrioutions i the signal events
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