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Introduction
 We are working on tth study

) Mh=125 GeV. . «%’D%_Fu" ILC Program t
- Polarization : (Pe",Pe*)=(+0.8,140.3) = 250t @ 250e0
- Integrated luminosity 500 fb™ and H20 8 F oo’ @rovesev
- ILD full simulation %D_ T

e ttbar cross section is increased around § e 0
ttbar threshold by ttbar bound-state wE =S
effect T R TR T

e tth cross section is enhanced Mass (GeV)

e ttZ cross section is also increased
We can directly measure the top-Yukawa =~ ews= 2" e=swoicen
coupling via tth channel at 4/s = 500 GeV.

m, =175 [GeV]

No QCD Correction

9403453503553&]3653?03?5330
mi[Gev]




Signal and Background

Signals

o tth—>8jets (h—>bb)
tth—=2>lv+6jets (h—=> bb)
tth—=>212v+4b jets (h—>bb)

Backgrounds
o ttZ, ttg (g2 bb), tbW



Updates after ALCW

apply correction factor 0.843 to the signal cross-section.
the factor is related to o, correction of the physsim.

Maximum likelihood method for jet pairing

new large stat. 6f ttbar MIC samples are available. The
new 6f ttbar samples are generated in same condition of
the DBD official 6f ttbar samples.

use 4 b tagged category for the 6f ttbar event shape
instead of a previous 2 b tagged category.

to use new 6f ttbar samples, isolated lepton identification
method is backed to cut based event selection.

optimize event selection cuts )



Summary of Updates from ALCW?2015

+ /s =500 GeV, 500fb™?, (Pe-,Pe*)=(-0.8,+0.3), M, = 125 GeV

S/VS+ B
Changes from ALCW2015 8jets lv+6jets 212v+4jets
Correction factor 2.17->1.93 2.00—>1.72 1.02->0.88 | wrong
0.843 11%\ 14%, 13.7%\ —>correct
Maximum Likelihood 1.9321.96 1.72->2.01 0.88->0.88 | improvement
method for jet pairing 1.5% 17% T
(first trial)
4b tagged 6f ttbar shape 1.96—>2.01 2.01—>1.91 event shape
+ |so. lepton ID BDT>Cut  2.5%1T 5%,
optimize 2.0122.05 1.91-2>1.96 0.88->0.93 | improvement
likelihood templates and 2% 2.6% T 5.6% T
event selection cuts
tth(other) events are 2.052>2.11 1.96>2.00 0.93->0.94 | categorization
included in signal 3% 2% 1%

category




Production cross section, expected number of events
« /5 =500GeV, M, = 125 GeV, (Pe",Pe*)=(-0.8,+0.3)

Production cross section

Process | a(fb) Branching ratio

eet =2 tth 0.4088 h—>bb 0.577
eet > ttZ 1.974 tt>bgqbgq 0.457
ee* 2 ttg(bb) 1.058 tt=>blvbgq  0.438

eet - tbW 918.4 (new sample) tt% blvblv 0.105
(e-e+ -2 tbW 912.5 pep sampIe))

* Expected # of signals and Backgrounds(@500fb!)

S S ISR tiH(tt>all, H(nobb))  86.4
ttH(tt—=>1Iv4j,H>bb) | 51.6 fiv4 987
ttH(tt>viv2j, H bb) ttg(bb) 529

tbW 459200



Maximum Log Likelihood Method
for Jet Pairing



Jet Pairing with Maximum Likelihood method
* likelihood templates are made with signal events

e use reconstructed jets matching with MC truth within cos6>0.9
 choose a combination of jets which maximize a log likelihood value

* 8jets * |v+6jets
* 2D likelihood template * 2D likelihood template
cos(tt), cos(bb(higgs)) cos(tt), cos(bb(higgs))
cos(bW/(anti-top)), cos(bW(top)) cos(bW/(anti-top)), cos(bW(top))
topl mass, W1 mass cos(g2(anti-t)e’), cos(gl(anti-t)e’)
top2mass, W2 mass gl: uptype, q2: down type
* 1D likelihood template
° 2|2V+4j€t5 toplmass
* 2D likelihood template W1 mass
cos(bl(t)bl(tbar)), cos(bb(higgs)) top2 mass
* 1D likelihood template
b1l1 mass
b2l2 mass

 ~10% improvement on an efficiency of correct higgs bb pair
for each signal category



Likelihood templates for jet pairing (tth 8jets)

top 3 plots are cos(ttbar) vs cos(bb(higgs)) distribution with different binning

| hrec2d2_hbbCosttCos | | hrec2d2_hbbCosttCosX | | hrec2d2_hbbCosttCosY |

cos(ttbar)

4

0.8

2]
=
=

0.6 =4
! 201 0.4 —35
L —
G 02 © 03 30
L. ©
£ Wy =25
7 s
0.2
(@] (@)
S 101
04 1

=
[=1]

-0.8

-
1 08060402 0 020406 08 1

'1-1 08 060402 0 0204 06 08 1

08060402 0 02 04 06 08 1

cos(bb) (h—=>bb) cos(bb) (h—=>bb) cos(bb) (h—=>bb)

hrec2d2_htpbwCostmbwCos | [ hrec2d2_ht1masstiwmass | | hrec2d2_ht2masst2wmass |

| clos(lbW(tba r))

300
18 S

I1BI

5
18 (9 250

o

—
I
P
=
(=]
LI L I L Y B

[
=2 =2 =2

19 08 060402 0 02 04 06 0.8 1 ' 200 250 300 50 200 250

cos(bW(top)) top Mijjj 1 (GeV) top Mijjj 2 (GeV)

=




Run scenario H20

arXiv:1506.07830v1 [hep-ex] 25 Jun 2015

total integrated

luminosity

[ ZLadr [t~ 1]

Vs G-20 H-20 [-20 Snow
250 GeV 500 2000 500 1150
350 GeV 200 200 1700 200
500 GeV 5000 4000 4000 1600

first stage 500 fb1, after lumi. up 3500 fb!
fraction with sgn(P(e™ ). P(e™)) =
(-.+) (+.-) (-,-) (+.+)

Vs [%] [%] [%] [ %]
250 GeV 67.5 22.5 5 5
350 GeV 67.5 22.5 5 5
500 GeV 40 40 10 10

first stage: 200 fb! for (-,+) and (+,-)
Lumi. up : 1400 fb* for (-,+) and (+,-) 10



Event selection and Results



event selection cuts for tth—> 8jets

forced 8 jet clustering (Durham algorithm)

4 b tagged (b likeness > 0.85, 0.8, 0.6, 0.2)

Number of isolated lepton =0

Y value of Durham jet clustering: Y¢,>0.00042,
Y,¢>0.0021 && Y,,<=0.00042

detector acceptance Cos6,,;>0.99

jet pairing by maximum likelihood method : Ilh value >-15.5
highest 2 jets energy Sum <190 GeV,

lowest 3 jets energy Sum > 94 GeV

reconstructed 3 jets mass of top candidates > 140 GeV
reconstructed 2 jets mass of the higgs candidate :
(-0.8,+0.3) 85<M;;<175, (+0.8,-0.3) 75<M;;<175



Number of Events / 0.02

Number of Events / 0.02

event selection cuts for tth—> 8jets

* forced 8 jet clustering (Durham algorithm)

4 btagged (b likeness >0.85, 0.8, 0.6, 0.2)

I 1th(gjets)

6 6f_fT
10 iz
[ tibb

105 B tThiother)
-—- {Thigjets)

10*
10°
102
10
1
10"
102

10°
0

highest b likeness ‘

Number of Events / 0.02

02 03 04 05 06 07 08 09

b likeness 1

--- tih(gjets)

0 01 02 03 04 05 06 07 08 0.9
b likeness 3

108 I fin(gjets)
6f_ft
=
ttbb
1 05 I tth{other)

Number of Events / 0.02
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2nd

tth—>8jets
6f ttbar
ttZ
ttbb
tth(other)
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b likeness 2
4th
01 02 03 04 05 06 07 08 09 1 13

b likeness 4



of Events / 5e-05

Number

event selection cuts for tth—> 8jets

forced 8 jet clustering (Durham algorithm)

4 b tagged (b likeness > 0.85, 0.8, 0.6, 0.2)

Number of isolated lepton =0

Y value of Durham jet clustering: Y¢,>0.00042,

Y,>0.0021 && Y,,<=0.00042

[1tih(gjets)
s =
i
10 [Jtibb
I tth{other)
1 02 --- tth(Bjets)
10 T
17
10"
10
1073

0.001 0.002 0.003 0.004 0.005
Y87 value

er of Events / 0.0005

b

Num

tth—>8jets
6f ttbar
ttZ
ttbb
tth(other)

10 I:Irét'th%}jets}

1DSE Eig?o er)

102 : 5 --- tth(8jets)
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1o
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— o
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i.ia
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Y76 value
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event selection cuts for tth—> 8jets

g CItthigjets) .
102 L :I?szu tth%SJetS
o E o Emhomen 6f ttbar
~— 10 E P, T tth(gjets) -
) = ttZ
G tthb
w tth(other)
o
o
L
£
=
=

|
-50 -45 -40 -35 -30 -25 -20 15 10 -5 O
Log likelihood value

* jet pairing by maximum likelihood method : llh value >-15.5

15



Number of Events / 5 GeV

event selection cuts for tth—> 8jets

highest 2 jet energysum

E l:lﬁ'h(%jels)
= 6f f
4'55 itz
= 1 fibb
E Il tth(other)
3.5F ---- fEh(gjets)
3t
2.5
2 i— 11
1.5 :
1 !
0.5 —_
0 :I . =

Leading 2 jets energy sum (GeV)

P AT =" IR EFRTENE R
0 50 100 150 200 250 300 350 400 450

Number of Events / 5 GeV

lowest 3 jet energy sum

‘ tth—> 8jets
6f ttbar

[ th(Sjets)
&f £t

iz

[ tbb

Il tth(other)

---- fth(8jets)

highest 2 jet

| e

ttZ
ttbb
tth(other)

after event selection cut of

5 energy sum

50 100 150
Lowest 3 jets energy sum (GeV)

highest 2 jets energy Sum <190 GeV

lowest 3 jets energy Sum > 94 GeV

reconstructed 3 jets mass of top candidates > 140 GeV
reconstructed 2 jets mass of the higgs candidate :
(-0.8,+0.3) 85<M;;<175, (+0.8,-0.3) 75<M;;<175

P R
200 250

16



Number of Events / 5 GeV

2.2

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Results of tth—2>8jets

[_11th(gjets)
] ef T
iz

[ 1tibb
Il tth|other)
---- tth(8]ets)

500 fb!

L o A P R = I
50 100 150 200 250
Higgs candidate Mjj (GeV) bkgd total 18.31 10.87

Significance: S/vS + B

2.11
200 1.33
1400 3.53
Mjj range (GeV) 85<M;<175

Integrated 500 fb! 500 fb!
luminosity

(+0.8,-0.3)
5.63
0.17

(Pe,Pe?) (-0.8,+0.3)

tth—> 8jets 11.23

tth (other) 0.32

ttZ 6.15

ttbb 1.66
10.49

2.98
1.39
6.48

MH rang (GeV) 85<M;<175 75<M;<175

Integrated Lumi. (fb1) | (-0.8,+0.3) (+0.8,-0.3)

1.42
0.90
2.38
75<M,<175
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event selection cuts for tth—=>lv+6jets

forced 6 jet clustering (Durham algorithm)

4 b tagged (b likeness > 0.85, 0.8, 0.6, 0.2)
Number of isolated lepton =1

Y value of Durham jet clustering: Y..>0.00088,
Y:,>0.021 && Y..<=0.00088

detector acceptance CosO
missing P >20 GeV

jet pairing by maximum likelihood method : Ilh value >-20.0
highest 2 jets energy Sum <198 GeV,

lowest 2 jets energy Sum > 68 GeV

reconstructed 3 jets mass of top candidates > 140 GeV
reconstructed 2 jets mass of the higgs candidate :
(-0.8,+0.3) 90<M;<175, (+0.8,-0.3) 90<M;<170

>0.99

jet



Number of Events / 5 GeV

Results of tth—=>|v+6jets

1 8in(ivejets) Integrated 500 fb!
B ef 1T : i

iz luminosity

[ 11ibb

e aen) (Pe",Pe?) (-0.8,+0.3)  (+0.8,-0.3)
500 fb! tth->Iv+6jets  8.49 3.97

ttH (other) 0.17 0.07

ttZ 4.22 1.66

ttbb 1.02 0.61

4.83 2.60

N |
50 100 150 200 250

Higgs candidate Mjj (GeV) bkgd total 10.08
oo | 867 a0

Signiﬁcance: S/\/S + B MH rang (GeV) 90<M;<175 90<M;<170

Integrated Lumi. (fb!) | (-0.8,+0.3) (+0.8,-0.3)

500 2.00 1.35
200 1.26 0.85
1400 3.35 2.26

Mijj range (GeV) 90<M;<175 90<M;<170 +



event selection cuts for tth—=212v+4jets

* forced 4 jet clustering (Durham algorithm)

4 btagged (b likeness > 0.85, 0.8, 0.6, 0.2)

* Number of isolated lepton = 2

* Y value of Durham jet clustering: Y,3>0.0062,

* detector acceptance Cos0,,>0.99

* missing P >20 GeV

e jet pairing by maximum likelihood method : lIh value >-10.9

* maximum jet energy <101 GeV,
minimum jet energy > 36 GeV

* reconstructed 2 jets mass of the higgs candidate :
(-0.8,+0.3) 100<M;<155, (+0.8,-0.3) 95<M;<160



Results of tth—=> 2|2v+4jets

© o o o ©o ©
B o N w©

Number of Events / 5 GeV
o o
NOW

&
—

o

] h(2i2vdbjets) Integrated 500 fb! W
l:l 'ﬁz_ . .
—x luminosity

e met) (Pe",Pet) (-0.8,40.3)  (+0.8,-0.3)

500 fb1 tth>212v+djets  1.96 0.98

ttH (not Signal)  0.03 0.02
ttZ 1.05 0.51
ttbb 0.31 0.21
| 1.08 0.47

(=]

50 100 150 200 250

Higgs candidate Mjj (GeV) bkgd total m

S 199 100

Significance: S/v/S + B MH rang (GeV) 100<M,<155 95<M,<160

Integrated Lumi. (fbt) | (-0.8,+0.3) (+0.8,-0.3)

500 0.94 0.67
200 0.59 0.42
1400 1.58 1.12

Mijj range (GeV) 100<M;<155 95<M;<160 21



combined result of S/v/S + B
(w/o systematic uncertainties)

Integrated Lumi. | (-0.8,+0.3) (+0.8,-0.3) combined
(fb2) (-0.8,+0.3)&(+0.8,-0.3)

500 3.05 2.07 3.68
H20 200 1.92 1.30 2.32
1400 5.11 3.46 6.18
200&1400 5.46 3.69 6.61

all combined result of H20 scenario
S/vS + B=6.61, |Ag/g.| =7.85%

22



measurement precision at different /s

combined result of tth—>8jets, lv+6jets and 212v+4b jets channels
M, =125 GeV, (Pe",Pe*)=(-0.8,+0.3), (+0.8,-0.3)

ttH 200+1400 fb-1 Oy = 0.4088 fb @ 500 GeV

\/? :S/VS + B : |Agt/gt | % E 10§555_2555%555

490: 422 : 122 S B\

500: 6.61 : 7.85 s

510: 88 : 58 & =

520: 10.9 : 4.76 > 0

530: 12.7  : 4.06 5107

540: 14.4 . 3.60 s [

550: 158 ¢ 328 Mgl g sso bsd 606
600: 20.5 : 2.53 Js (GeV)

* MC sample are generated at 500 GeV.
* We just change production cross section of signal and backgrounds for each energy.




Summary

e tth study at 500 GeV

* main target analysis channels are tth—> 8jets, Iv+6jets and 2|2v+4bjets
(h—>bb)
e ~10% improvement by Maximum likelihood method for jet pairing

e combined result with H20 scenario is
S/VS+ B=6.61, |Ag./g.| =7.85%

e +/s =500 GeV is really near by threshold of tth production.
Then if we get more energy, sensitivity and measurement precision are

greatly improved.
Vs :S/NS+ B :|Ag/g | (%)

490: 4.22 : 12.2
500: 6.61 : 7.85
520: 10.9 . 4.76

550: 15.8 : 3.28



Backup



Signal and 6f ttbar cross-section



Production cross section
* /s =500 GeV, M,, = 125 GeV, (Pe",Pe*)=(-0.8,+0.3)

| forgot to apply correction factor to production cross section of e

e*—>tth calculated by physsim.
Correction factor = 0.843 : related to o, correction

ee*>tth 0.485 fb (ALCW2015) 4=m wrong
ee*—>tth 0.4088 fb (current) <4=m correct

* Expected # of signals (500 GeV, 500fb)

Correct Number Wrong Number

ttH(tt->6j, HObb) | 53.9 M ttH(tt->6j, HObb) | 63.9

ttH(tt-> v4j,H->bb) ttH(tt->Iv4j,H-> bb)
ttH(tt->viv2j, H> bb) ttH(tt>1viv2j, H>bb)

ttH(tt—=>all, H(nobb)) 86.4 ttH(tt—=>all, H(nobb)) 102.6

27




cross-sections of new 6f samples

* use new 6f ttbar samples which are generated same condition
of DBD samples

New Sample DBD Sample
) leon  loro [N Gb) e leo

yyveev 20.14 7.56 yyveev 20.17 7.567
yyvelv 39.57 15.03 yyvelv 39.60 15.04
yyvlev 39.61 15.04 yyvlev 39.50 15.04
yyvilv 78.70 30.08 yyvilv 78.72 30.14
yyveyx 117.08 44.51 yyveyx 117.0 44.54
yyvlyx 231.62 89.05 yyvlyx 232.1 88.91
yyxyev 116.39 44.53 yyxyev 116.9 44.38
yyxylv 231.25 88.92 yyxylv 232.0 88.90
yyuyyc 164.44 64.37 bbuyyc 164.2 63.89
yycyyu 165.47 64.06 bbcyyu 164.0 63.94
yyuyyu 166.56 64.54 bbuyyu 159.3 64.20
yycyyc 163.32 60.65 bbcyyc 159.8 63.86
total 1534.7 588.3 total 1524.6 590.45
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# of events of DBD and new 6f samples

 Number of events of new 6f ttbar samples which are used in
this analysis.

New Sample DBD Sample
BTN T
yyveev 0.31M 0.11M yyveev 19.7k
yyvelv 0.59M 0.22M yyvelv 38.9k 15k
yyviev 0.59M 0.22M yyvlev 39.2k 15k
yyvilv 1.1M 0.45M yyvilv 76.9k 29.9k
yyveyx 1.6eM 0.66M yyveyx 98.8k 38.7k
yyvlyx 3.2M 1.2M yyvlyx 196k 81.9k
yyxyev 1.6M 0.66M yyxyev 101k 38.2k
yyxylv 3.2M 1.2M yyxylv 211k 80.9k
yyuyyc 2.1M 0.91IM yyuyyc 108k 42.8k
yycyyu 2.2M 0.93M yycyyu 98.1k 42 .3k
yyuyyu 1.7M 0.95M bbuyyu 105k 43k
yycyyc 2.5M 1.3M bbcyyc 96.3k 42.2k

29



validation plots for 6f ttbar new sample
6f ttbar yycyyu

hist0
Number of PFOs S
- Mean 138.2
0_035__ RMS 23.62
i i
C i f yycyyu_eLpR
0.03— f 1 dbd 67
= 4 + new 6f large stat.
0 025 :_ $ +ir KS Prob.=0.000901225
’ C § t
C i 1
0.02— .+ : KS Prob. = 0.0009
C # i
0.015— ¢ A
C 1
0.01— ]
= ++ &
0.005— g
P N B E N B i S R
0 100 150 200 250 300
energy of each jet hista
Entries 788184
F Mean 58.44
006: -, RMS 38.91
' C : yycyyu_eLpR
C. —— dbd 6f
0.05 — = —— new &f large stat.
C * KS Prob.=0.999851
0.04[ .
- - KS Prob. = 0.99
0.03— :
0.02
0.01 -
u:I\Illl\\l‘ll\ll\—l__F'ﬂnJ_lII\lIII\|I\II|II\I‘IIII|\I\I
0 50 100 150 200 250 300 350 400 450 500

all jets energy sum hists
Entries 98523
= Mean 467.5
0.07— #* RMS 35.69
E ¢ t yycyyu_eLpR
0.06— + —— dbd 6f
C —— new B&f large stat.
0.05 . KS Prob.=0.32639
c +
0.04— : KS Prob. =0.32
C vt
0.03— N
0.02— ]
0.01—
DZII\I‘Illll\IIIIM‘I’.’\ll\II‘I“M‘_LLI\I‘IIII'\I\\llll\
0 100 200 300 400 500 600 700 800 900 1000
Missing momentum hist2
Entries 98523
— Mean 27.41
0'16:i1 RMS 22.48
0.14; yycyyu_eLpR
. —— dbd 6f
0.12 ; —— new 6f large stat.
r KS Prob.=0.443491
01— = —
- KS Prob. =0.44
0.08— =
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0.02— =
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0 50 100 150 200 250 300




Event selection

8jets (500 GeV, 500 b1, (-0.8,+0.3))

process noCut btag N iso lepton yvalue c0s<0.99 lIh(pairing) jetEsumHigh jetEsumlLow Jij mass bb cand mass
tth6g merged 53.8556_ 29.8252 28.6815  27.1991 26.7637 15.3946 13.497 129752  12.2338 11.2319
tthindg_ merged 51.7929 28.2696 847954 527816 5.11061 0.581275 0.558099 0.338943 0.265684 0.152272
tth212nbb_merged 12.3877 6.762717 0.4897 0.102858 0.0965591 0.000552556  0.000476011 3.72E-06 3.72E-06 1.86E-06
tthallnonbb_merged  86.5526 __ 1.97567 1.07397 0994145 0.975511 0.303435 0.261959 0.230144 0.210825 0.169413
ttz_merged 984.992 89.7924 51.29 428745 42.1008 13.6084 9.89287 8.9546  8.11791 6.15337
ttbb_merged 529.642 188.833 105.138  72.2114 70.2024 6.54104 3.48347 2.83758  2.47011 1.66301
ttbar all_ merged 456340 3287.95 20124  715.837 666.895 44.2829 21.1939 16.3798  14.6314 10.494

lv+6jetsjets (500 GeV, 500 b1, (-0.8,+0.3))

process noCut btag N iso lepton yvalue c0s<0.99  MissingP<20 lIh(pairing) jetEsumHigh jetEsumlLow jjj mass bb cand mass
tth6g merged 53.7952 28.7761 1.07325  1.06957  1.05095 0.406692 0.0638031  0.0307991  0.0297249 0.0185216 0.0176946
tthindg merged 91.7348 27.7163 18.8075  18.2073  17.8627 17.5923 12.1466 11.6279 10.1778 9.20404 8.49736
tth212nbb_merged 12.3877 6.70154 2.52099 1.4122  1.33722 1.31469  0.296643 0.29412  0.0819965 0.0564535 0.0347802
tthallnonbb_merged  86.5526  1.84721 0.644547 0.619075 0.603007 0.564798  0.233904 0.216417 0.16823  0.143523 0.127343
ttz merged 984.992 86.8287 31.1789  28.3547  27.7849 26.3538 11.1139 9.97797 6.73904 5.71409 4.22839
ttbb_merged 529.642 178.184 654168  51.3721  49.8332 47.0485 6.37372 478728 1.94271 1.5668 1.02898
ttbar_all merged 457075 2660.93 838.57 399.374  359.352 334.662 33.5759 22.0253 7.98989 6.41502 4.83161

212v+4jetsjets (500 GeV, 500 fb?, (-0.8,+0.3))

process noCut btag N iso lepton yvalue c0s<0.99 MissingP<20 llh(pairing) jetEsumHigh jetEsumlLow bb cand mass
tth6g_merged 53.7952 209295 0.0197837 0.0195234 0.0192499 0.00647803 0.00563128 0 0 0
tthindg_merged 51.7929 21.4685 0.545281 0.54503  0.537555 0.529569 0.373587 0.023657  0.0224023 0.0151685
tth212nbb_merged 12401 6.02427 3.35224 3.31767 3.28073 3.22743 3.14881 2.63775 2.2911 1.96124
tthallnonbb_merged  86.5526  1.3223 0.113818  0.112415  0.112351 0.106947  0.0867495  0.0395962 0.0263028 0.016962
ttz_merged 985.994 65.6301 5.39562 5.28336 5.22457 5.09757 4.44506 2.84587 1.59257 1.05162
ttbb_merged 528936 128.857 11.6389 10.189 10.0119 9.81533 7.1546 3.0684 0.448618 0.313013
ttbar all merged 456338 1756.94 91.3203 59.2095 51.3526 50.0376 34.4566 13.6121 1.73918 1.08825

* A half of signal event are used to make likelihood templates for jet pairing.



Number of Events / 0.02

Number of Events / 0.02

event selection cuts for tth—> 8jets

* forced 8 jet clustering e
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Number of Events / 5 GeV

event selection cuts for tth—> 8jets

* forced 8 jet clustering

4 btagged (b likeness > 0.85, 0.8, 0.6, 0.2)
* Number of isolated lepton =0

before
1 03 C_tih(gjets)
Bl
1 02 I tth(other)
= -- — --- tih{gjets)
10 2 _

1
107"
102
107

50 100 150

200
Higgs candidate Mjj (GeV)

Number of Events / 5 GeV

10°
107
10

10"
1072
102
10+

tth—>8jets
6f ttbar
ttZ

ttbb
tth(other)

after require O iso. lep

[ tfh(gjets)
6f_ti
otz
[ tibb
Il tth{other)
e A --- tfh(gjets)

50 100 150 200
Higgs candidate Mjj (GeV) 33



Number of Events / 5e-05

Number of Events / 0.0005

event selection cuts for tth—> 8jets

* forced 8 jet clustering

4 btagged (b likeness > 0.85, 0.8, 0.6, 0.2) _
e Number of isolated lepton = 0 gf:f;fts

* Y value of Durham jet clustering: Y4,>0.00042, ttZ

Y,:>0.0021 && Y,,<=0.00042 ttbb
tth(other)

before after Y value cut

[Tt
iz
[tibb
-
- i

3
Number of Events / 5e-05

[y
2 B,
til
10 =
i

0.002 0.003
Y87 value

0.002 0.003
Y87 value

100 150 200
Higgs candidate Mjj (GeV)

50 100 150 200 250
Higgs candidate Mjj (GeV)

Number of Events / 0.0005

34

I
0.01 0.02 0.03 0.02 0.03

Y76 value Y76 value



Number of Events / 5 GeV

102

= = = = -
S @ 8 3 g =
én FN & [ L oA o

event selection cuts for tth—> 8jets

forced 8 jet clustering

4 b tagged (b likeness > 0.85, 0.8, 0.6, 0.2)
Number of isolated lepton =0
Y value of Durham jet clustering: Y¢,>0.00042,

Y,:>0.0021 && Y,4,<=0.00042

50 100 150 200
Higgs candidate Mjj (GeV)

detector acceptance Cos6,.>0.99
before

; :l;t'fhg?jets}
E 0tz >
EE T Egﬁ?omerj 8
= % s --- tih(gjets) o
. . | 2
- [
- Q
: I
| S
3
£
-
=

10?
10

107

102

10
10
10°

tth—>8jets
6f ttbar
ttZ

ttbb
tth(other)

after Cos6. .>0.99 cut

jet

[1tth{gjets)
6f_tf

tiz
Ctibb

I tth(other)
--- tth{gjets)

50 100 150 200
Higgs candidate Mjj (GeV)



Number of Events / 0.5

102
10

Y

UL IR L L L IR L L

10
107
10°
10
10

.
o

event selection cuts for tth—> 8jets

before

tTh(8jets)
6f T
iz

1
S B tTh(other)
e --- tthiBjets)

-45 40 -35 -30 -25 -20 15 - 102
Log likelihood value

10

1

1071
1072
10°
10

Number of Events / 5 GeV

10

0

after jet pairing and cut

102
10

1

Y

10

102

umber of Events / 0.5

Jtihigjets)
6T

[ tTh(8jets)
6i_ff

iz
[tibb

B tTh(other)

--- tth(8jets)

I

=tz 40

iibb
I tEh(other)
e v S --- tthigjets)

50 100 150 200 250

Higgs candidate Mjj (GeV)

vl e bovea bavs
-35 -30 -25 -20
Log likelihood value

5 «

Number of Events / 5 GeV

10?
10

N

10
107
10°
10
10

tth—> 8jets
6f ttbar
ttZ

ttbb
tth(other)

CtTh(8jets)
6f T

iz

Jilbb

I tih(other)

7_i—A—h—._|_L‘ --- tthiBjets)

50 100 150

Higgs candidate Mjj (GeV)

* jet pairing by maximum likelihood method : llh value >-15.5
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Number of Events / 5 GeV

event selection cuts for tth—> 8jets

before

after highest 2 jet energy cut

F [ fin(gjets) F [ tEh(gjets)
a5- B e 6 3 45 S
E Ep = =t
4 E | :Th(hother) 2 4 E | :i'h(hother)
3.5 ---- tih(8jets) — 355 ---- tth(gjets)
C 7] C
3 ' 3
F (] F
2= 1 5 2F
1.5F b 8 155
1= S E 1 =
E 3 S = :
0.5 -. Z 0.5} Il
E = E =
=T o IR I =T A I A I A S
OU 50 100 150 200 250 300 350 400 450 OU 50 100 150 200 250 300 350 400 450
Leading 2 jets energy sum (GeV) 35E =% Leading 2 jets energy sum (GeV)
e of T
% F ez %
o 3 ] fibb 3
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2“7 o
| -
c £ c
e e
w |
- 150 -
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S 05 g
Z r =
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Higgs candidate Mjj (GeV)

* highest 2 jets energy Sum <190 GeV

tth—> 8jets
6f ttbar

25

1.5

=y

0.5

ttZ

ttbb

tth(other)
%E’:;:.zv

(=}

50 100 B0 200
Higgs candidate Mjj (GeV)
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Number of Events / 5 GeV

[I1th(gjets)
35 of ft
Iz
] fibb
3 Il tEnh(other)
---- tfh(gjets)
2.5
2_
1.5
1
0.5
1) I el hl":‘ﬁ P BT
0 50 100 150 200 250

event selection cuts for tth—> 8jets

before event selection

Lowest 3 jets energy sum (GeV)

Number of Events / 5 GeV

2.5 I tin(gjets)
F of_tt
F itz
C [~ fibb
2 I in(other)
r ---- fth(gjets)
151
1
0.5F
) 2. 1 .
0 50 200

Higgs candidate Mjj (GeV)

250

Number of Events / 5 GeV

E I tEh(gjets) .
35 o tth—> 8jets
3i Egz:’other)
F = tin(gjets) 6f ttbar
2.5 —
’ ttZ
15 ttbb
1;
g tth(other)
0.5
ot Ll e e R
0 50 100 150 200 250
Lowest 3 jets energy sum (GeV)
> 2.2§_ I:lgpj'%jeis)
() 2E Itz
(0] = [ fibb
w 1.8 I tih{other)
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7] 1.6
T 14
S q2F
"‘5 =
c 08
3 o6
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Z 02 .
% 150 200250

after lowest 3 jets energy cut

lowest 3 jets energy Sum > 94 GeV

Higgs candidate Mjj (GeV)
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Number of Events / 5 GeV

Number of Events / 5 GeV

event selection cuts for tth—> 8jets

before event selection

45¢ I ttn(gjets)
E of tt
4 =z
E [ tiob
3.5 I ih(other)
E ---- fin(sjets)
3
25F
1.5)
0.5F
oE M PR I B
0 50 100 150 200 250 30
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35 =H3
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3 I tin(other)
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E 5 2
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Number of Events / 5 GeV

after Mijjj cut
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* reconstructed 3 jets mass of top candidates > 140 GeV
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Number of Events / 5 GeV

event selection cuts for tth—> 8jets

before event selection

= [ fih(gjets)
20 ef 1t
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Number of Events / 5 GeV
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C Il tth(other)
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1E 6f ttbar

0.8 ttZ
0.6 ttbb
0.4F tth(other)
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Higgs candidate Mjj (GeV)

e reconstructed 2 jets mass of the higgs candidate :

(-0.8,+0.3) 85<M;<175, (+0.8,-0.3) 75<M;<175
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Isolated lepton identification 1

muon selection muoh selection
‘

electron selection

e pre-selection cuts for muon

100

Cone Energy[GeV]

60

40

PHYSICAL REVIEW D 84, 0]403;2;;]0‘;] k _ — N
) ) 6 (EPFO 15) (Econe without Seed) 2>0

Ecro : Energy of Particle Flow Object
E..., : measured energy at yoku cos9 =0.93
Eyo . measured energy at HCAL cosd =0.98

had gy cosO =0.99
E.., :measured energy at ECAL
E.., :measured energy sum of ECAL and HCAL
E : measured energy in a cone. cone size is cosB = 0.98

— v’ target PFO has track(s)
hadronic tau selection V' Epro > 9 GeV
~ V' Eyo > 1.2 GeV
ml s .“Mkmm v Ehad/Eem > 0.5

cone without Seed *

v EcaI/EPFO <0.5

_, ——E,.<y6+(EPFO-15)| * isolated muon selection
20 40 60 80 100 EPFO > 15 GeV




Isolated lepton identification 1

* muon selection muon selection
—

 electron selection

e pre-selection cuts for muon

I v’ target PFO has track(s)
o 6*(EPFO_15) —(E cone without See ) 2 v EPFO >9 GeV
- i v E., > 1.2 GeV

yoku
v Ehad/Eem >0.5

v EcaI/EPFO <0.5

100
1400

80 1200

Cone Energy[GeV]

1000
60

800
40 600

400

5Fo-15)| ©  isolated muon selection

200—

O R B e A EPFO > 15 GeV
PHYSICAL REVIEW D 84, 014033 (2011) 6% ( EPFO_l ) _ (E thout S d)/\z >0
cone without see

Ecro : Energy of Particle Flow Object

E, o : Measured energy at yoku Egzg ig.gz
E,.q : measured energy at HCAL 0o ~0.99

E.., :measured energy at ECAL
E.., :measured energy sum of ECAL and HCAL
Econe without seed : MeaAsured energy in a cone. cone size is cos® = 0.98



Isolated lepton
identification 2

e muon selection

=

e electron selection
_— L

[elec 6>l<(EPFO':I'S) - (Econe without Seed)/\2 =

0187
eamr—) 135.6
RMS 214.8

16005—
14005—
12005—
10005—
3005—
6005—
a00f}-

ZDUZ;N.—/‘/"V—‘NJ\,JFH

B | | | | |
-POUD -800 -600 -400 -200 O 200 400 600 800 1000

E., :measured energy sum of
ECAL and HCAL

EconewithoutSeed: measured
energy in a cone without the

target PFO. cone size is cos® = 0.98

electron selection

e pre-selection cuts for electron
v’ target PFO has track(s)

V' Eprp > 2 GeV

v E o < 0.2 GeV

v Ehad/Eem <01

 jsolated electron selection 1
v’ Eprp > 15 GeV
v 6*(EPFO'15) _ (Econe without Seed)l\2 >0

* jsolated electron selection 2
6>|<(EPFO_15) _ (Econe without Seed)/\2 <=0

Econe(cos@=0.99)/Econe(cose=0.98) >0.99
Distance form IP < 0.05 mm

Eem > 15 GeV Eg:g ggz
Ehad/Eem < 0.03 cosb =0.99

Econe(0.93 < cos < 0.98) < 2GeV




Isolated lepton | hadronic tau selection
identification 3 |° pre-selection cuts for hadronic tau

. muon selection v’ target PFO has track(s)
v’ Eprp > 5 GeV

e electron selection * jsolated hadronic tau selection
e B v Econe(cose=0.99)/Econe(cose=0.98) >0.8
* hadronic tau selectlon V' M one(cosp=093) < 2 GeV
e — Mo v’ no energetic track (Etrk> 2 GeV)
in 0.93 < cosB <0.99
tau ku v 1 or 3 tracks in a cone(cosB =0.99)

Et = 323173

J cosB =0.93
ECAL and HCAL cosB =0.98

Econe without Seed + N cosO =0.99
energy in a cone

target PFO. cone ¢
M, :reconstructed mass using PFOs in a cone

E.. :trackenergy
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Isolated lepton
identification 3

e muon selection

e electron selection

- =

hadronic tau selection

e pre-selection cuts for hadronic tau
v’ target PFO has track(s)

v’ Eprp > 5 GeV

* jisolated hadronic tau selection

Econe(cose=0.99)/Econe(cosezo_gg) >0.8

* hadronic tau selection | ¥ M¢ge(coss=0.03) < 2 GeV

tauhtree_max

e Maximum E of track
in cone 0.93 < cosO < 0.99

22000
20000
18000
16000
14000
12000
10000

tau

L

oku

8000

[ bjettree_maxTrkEInCone13 |

-

6000
4000
20001

Ozlwwm

| | (-
0 2 4 6 8 10 12 14

ECAL and ACAL

Econe without Seed . Me

energy in a cone w

target PFO. cone siz
M, :reconstructec

E.. :trackenergy

v no energetic track (Etrk> 2 GeV)
in 0.93 < cosB <0.99
v 1 or 3 tracks in a cone(cosB =0.99)

bjettree_maxTrkEInCone13

Entries 323173

20000F
1sooof
1smmf
14ooof
1zooof
1ummf
aooof
sooof
4mmf
zooof

Mean 6.379
RMS 4.817

b jets cos =0.93
cosB =0.98
cosO =0.99

O.H PRI

vl e P Lo i by
10 12 14 16 18 20
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Isolated lepton ID efficiency
6f ttbar(yyxyev, yyxylv, yyuyyc)

(%) __|Olepton | 1lepton |>2leptons_

yyxyev 12.37 83.17 4.45
yyxylv  6.75 88.96 4.28
vyxylv  48.66 48.73 2.59
yyuyyc 94.84 4.97 0.18

yyuyyc

nevent = 23919 n fake lepton =23919*(0.049+ 2.*0.18)
npfos = 3.32*10”6 = 1258
miss id probability = 1258/(3.32*1076)
= 0.0003789

- 0.038%/(pfo of jets)
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PFO kinematics plots (for iso. lepton ID)

electron muon tau(hadronic)

electree_pfoe electree_pfoe muontree_pfoe muontree_pfoe | || tauhtree_pfoe | tauhtree_pfc
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PFO kinematics plots (for iso. lepton ID)

electron

Ehad/Eem

electree_hadOvEM | electree_hadOVEM
= Entries 60187
E Mean  0.004972
BINOT RMS 00117
50000{-
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PFO kinematics plots (for iso. lepton ID)

electron

6*(EPFO'15) - (Econe without Seed)/\2

muon

tau(hadronic)

electree_isoCutOld | slectree fsocwiold | | ["muontree_isoCutOld | muontree isoCutOld ) | [ tauhtree_isoCutOld | Eien =
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PFO kinematics plots (for iso. lepton ID)

electron muon tau(hadronic)

RO: distance from IP
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PFO kinematics plots (for iso. lepton ID)

electron

muon

maximum track energy between conel and cone3

| electree_maxTrkEInCone13 |
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PFO kinematics plots (for iso. lepton ID)

b jets
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PFO kinematics plots (for iso. lepton ID)

maximum track energy

b jets

RO: distance from IP
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Isolated Lepton ID Efficiency

* Lepton ID efficiency with TMVA BDT (cut base) lepton selection
ttH 2 212v + 4 jets

(%) method elec muon taue taum tauhl tauh3 bjet ljet
Identified BDT 93.2 96.53 73.51 74.63 56.56 49.3 0.016 N/A
as a lepton cut 90.91 95.35 63.09 65.78 47.08 38.82 0.017
ttZ
(%) method elec muon taue taum tauhl tauh3 bjet ljet
Identified BDT 92.5 96.61 72,97 73.41 55.64 48.27 0.11 0.6
asalepton 89.8 95.71 63.38 6556 45.81 38.12 0.14 0.66

- Lepton ID efficiency and miss ID efficiency are improved by BDT method
- D efficiency is almost same to ttZ and ttH =2 2I2v + 4 jets.

new 6f ttbar samples are generated as DBD samples
— apply cut based isolated lepton selection to all signal and background
events.



Iso. lep.: training and test sample

signal : e, mu, tau(e), tau(mu), tau(1-prong), tau(3-prong)
training and test samples: tth->212nbbbb

background: mu, tau(e), tau(mu), tau(1-prong), tau(3-prong), b jet, If jet
training and test samples: ttZ for light flavor jet
: tth—>212nbbbb for the other background

* PFOs which can be traced to MC information are used to make samples.

BDTs: Backgrounds

e mu tau(e) | tau(mu) | tau tau bjet | If jet
1-prong | 3-prong

e - X X X X X X X
n
© mu - X X X X X X
oD
A tau(e) - X X X X X
tau(mu) - X X X X
tau(1-prong) - X X X

tau(3-prong) - X X



I N p ut va r| a b I @S ¥ Input variables are chosen to maximize a area

hadOVEM: Epest/Eece of ROC curve from the following parameters
calEOVE: (EpcaitEecal)/Epfo

coneE2woSeed: E > Without seed Epgo (*1) conel: cos6>0.99

isoCutOld: 6(Epro-15) — (coneE2woSeed)? cone2: cos6>0.98

pfoRO : sqrt(trkDO*+trkz0?) cone3: cos0>0.93

coneE10vConeE2: E one1/Econe? " :
coneMass1: reconstructed mass with PEOs in conel | (*2)cluster shape variables

coneMass3: reconstructed mass with PFOs in cone3 | - choose the highest energy cluster
clusterShapeO: x2 of fit - electron shower shaped is used to fit

clusterShapel: maximum deposited energy (GeV)
clusterShape2: shower Max (mm)

clusterShape3: transverse absorption length(mm)
clusterShape5: shower Max/ Expected shower Max
clusterShapel6: xI120 (mm)

(*3) transverse absorption length :
distance btw shower center

and location where cluster energy
goes down to 1/e

yokuE: deposited energy in the yoku (*4) x120:length to the positon where
pfoe: PFO energy the deposited energy reaches 80 % of
pt: Pt of PFO total energy on shower axis
conelE (*4)
maxTrkEInCone13: Maximum energy of a PFO with track 30%

between conel and cone? deposited ‘

nNeutralConel: Number of PFOs with no track in conel energy

eNeutralConel: Energy sum of PFOs with no track in conel shower axis (mm)




tth 212n

* Lepton ID efficiency with TMVA BDT (cut base) lepton selection

*in this table,

partldes 0 means less than 0.01%
(%) elec muon taue taum tauhl tauh3 bjet ljet
. 92 0 43.42 0 042 0 0/
(85.08) (0) (28.82) (0) (0.31) (0.06) (0)
o 0 95.11 0 4036  0.03 0 0 /A
S (0) (92.14) (0) (18.19) (0.01) (0) (0)
B e 0.94 0 29.32 0 0.33 0 o004
Q (2.24) (0) (18.76) (0) (0.42) (0) (0.02)
Q
2 0 134 0 3422 0.1 0 0.04
bl © (266) (0 (3507) (009) (0 (03 A
028 006 071 0.04 55.64 0 0.04
tauhl  356)  (053) (15.4) (12.46) (4621)  ©) (006) VA
0 0 0.04 0 0 4929  0.01
- (0)  (001) (0.08) (004)  (0) (3874) (0.04) /A
[nonle 6.76 347 2649 2537 4344 507 9984 ]
P (9.09) (465 (36.91) (3422) (52.92) (61.18) (99.83) /'




ttZ

* Lepton ID efficiency with TMVA BDT (cut base) lepton selection

*in this table,

partldes 0 means less than 0.01%
(%) elec muon taue taum tauhl tauh3 bjet ljet
. 90.92 0.01 443 0 0.5 0 0.01 0.01
(84.62) (0.01) (28.27) (0) (0.11) (0.11) (0.02) (0.02)
uon 0 9493 0 39.98 0 011 001 O
S (0) (92.23) (0) (18.28) (0) (0) (0) (0.01)
T taye 1.16 0 28.08 0 034 0 002 O
Q (1.96) (0.01) (20.01) (0) (0.23) (0) (0.02) (0)
B N— 0 1.59 0 3342 0.15 0 002 O
0) (2.93) (0) (36.28) (0.07) (0) (0.03) (0)
N 031 0.05 056 0 54.97 0 0.01 0.38
(3.14) (0.49) (15.08) (10.98) (45.37) (0) (0.02) (0.4)
N 0.09 0 0 0 0 48.14 0 0.18
(0.05) (0) _ (0.08) (0) (0) (37.99) (0.02) (0.2)
[nonlep 75 339 27.03 2659 4436 51.73 99.89 99.4 ]
(10.2) (4.29) (36.62) (34.44) (54.19) (61.88) (99.86) (99.34)




tth analysis using BDT

e Justtry to use TMVA BDT, BDTG, MLPBNN
Number of events of training samples and test samples are less than
5,000 for each category.

This BDT weights seems over trained due to the small statistics of
f6_ttbar samples.

el brrretirrrlrret
WIO-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

& 8 [T Signall(test sdmple] T "' T Sighal (tralning sdmple) "
M e
* We maybe can get ~20 % analysis gain. s
(low statistics of 6f samples)

BDT response

ttH—>8 jets
nominal 4 b tagged
BDT output 60
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