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Motivation

* Higgs boson mass is ~125 GeV.

* We can directory measure the top quark Yukawa coupling via tth

channel.

* Previous tth analysis was performed assuming Mh = 120GeV.

(R. Yonamine et al., PHYSICAL REVIEW D 84, 014033(2011))

* We are working on tth study @ +/s = 500 GeV
assuming Mh=125 GeV.
e Polarization : (Pe,Pe*)=(-0.8,+0.3)
Mh=120GeV->Mh=125GeV
production cross section (fb) 0.641 > 0.485
Branching ratio of h->bb 0.68 - 0.577
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Signal and Background

. .. 1S Peak s = 500 [GeV]
ttbar cross section is increased »~ \po.,,=n
around ttbar threshold m, =175 [GeV]

by ttbar bound-state effect

e tth cross section is enhanced

e ttZ cross section is also increased

Signals

* tth—>8jets (h—=>bb)
tth—>In+6jets (h—>bb)

Main Backgrounds e

e ttZ, ttg(bb), tbw

Y/Z



expected # of events @ 1000fb!
« /s =500 GeV, Mh =125 GeV, (Pe",Pe*)=(-0.8,+0.3)

* production cross section * Branching ratio
Process | o(fh)
e'e* > tth 0.485 h=>bb 0.577
tt=>baqgbqg 0.457
eet > ttZ 1.974
tt>blvbqq 0.438
ee* -2 ttg(bb) 1.058 S 0105

eet 2 tbW 979.8

 expected # of signals and Backgrounds(@1000fb-1)

tth(tt6j, hbb) tth(ttinaj,hbb)

tth(ttall, hnobb) 205.2 ttZ 1974
tth(ttlviv2j, hbb) 29.3 ttg(bb) 1058
tbw 979807



tth—> 8jets(In+6jets) analysis

* tth cross section is proportional to the g,
e cut based event selection and counting

In this analysis, higgs decays into two b jets
4D jets out of 8(6) jets

 No (one) isolated lepton

* large angle between higgs candidate b jets

Event Selection

* signal topology * kinematics cut

v Y cut (6, 8 jet event) v’ Leading 2 Jet Energy Sum

v" No(one Isolated Lepton ¥ Lowest 3 Jet Energy Sum (only 8jet mode)
v' B jet candidate > 4

* reconstructed mass cut
* detector acceptance v’ top candidate Mjjj = 140 GeV
|Jet cosB| < 0.99 v" higgs candidate Mjj = 80 GeV

. . v/ 100 (90)GeV < h candidate Mjj < 160(150)GeV
* Jet pairing

v x2 < 9.5 (19)



tth—> 8 jets channel



Event Selection (tth—> 8jets)

min{E?, E}(1 — cos )

* Jetclustering : Durhamalgorithm Y, = IoE
forced 8 jet clustering |
Select events with large Y8—>7 as 8jets category

if Y827 is small, check Y726 value

v “Y8—>7 >0.0009” + “Y8>7<=0.0009 && Y7—>6>0.0025"
* |solated Lepton

cosB .. = 0.98
Econe < \/6(Elep o 15)

v’ require no Isolated lepton

Definition

v’ B jet candidate >4 (btag>=0.85,0.8, 0.6, 0.2)

* reject events with forward jets
v |JetcosB| < 0.99 7



Jet pairing, x2 Cut

5 Aangle(j1, j2) — Aangle(higgs j7j) ’
e +/s=500GeVisnearby ' ~ O Aangle(higgs i)
threshold of the tth production . (mjsjij; - mep>2 . (a-njm - MI,V)Q
- Phiggs Should be small O Myop TMw
- Dijet angle becomes large . (mjsjm - Mtop)g . (;--HMS - J[W)Q
- Angle information between higgs O Miop O My

candidate jets is effective to choose

correct jet pair * requirebtag=0.2toj,, j,, 3 Je

e Mean value and RMS of

e try all combination and choose angle and reconstructed Mass
Y with jets matched MC infomation

a pair with minimum x? value - Mtop = 171.9GeV

. ’) - sigma Mtop = 15.5 GeV
reject Iarge X~ events _ MW = 80.385 GeV

v x2<9.5 - sigma MW = 9.8 GeV
- angle(jj) = 2.468
- sigma angle(jj) =0.2858



Mjj shape of tbW event

* tbw event shape is difficult to estimate with 4 b tag category due to
the small statistics of MC samples. (I will use Junping’s large stat. sample.)
 compare ttz shape of 2 b tag category and 4 b tag category
* check Mjj shape of ttz events

-2 btag+Y8>7<0.0008 && Y726 < 0.0025

-4 b tag + Y8—>7 >0.0009 || Y726 > 0.0025
* In Mjj = 80 GeV, the Mjj shape of 2 b tag category is similar to 4 b tag
category. (KS probability = 0.03)
v' We estimate Mjj shape of tbW events with 2 b tag category
v higgs candidate Mjj = 80 GeV
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Jet Energy and M, range

* ttg(bb)and tbw event is assumed to have high energy jets
related to top decay.

e ttg(bb) events also have low energy jets related to g

v’ lowest 3 jets energy sum > 86 GeV

v highest 2 jets energy sum < 207 GeV

v top candidate Mijjj = 140 GeV

Lowest 3 Jet Energy Sum Leading 2 Jet Energy Sum top candidate Mjjj

Enpies- | _h_fecTopmass1 |

- F pean = Mean 158.1

= o0 [RMS - RMS 12.32
- - tthéghbb red ™F >
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Result of event selection
(tth—=> 8jets)

select a range of higgs candidate Mjj to maximize S/vS + B

v/ 100 GeV < higgs candidate Mjj < 160GeV

Preliminary
Selection tth(ttbj hbb) | tth(ttall hnobb) | tth(ttindj hbb) | tth(tt212n2j hbb) ttZ | ttg*(bb) thW
No Cut 127.9 205.2 122.6 204 ( 19746 | 1058.6 | 979807.7
Ya .7 (8 jets) 118.7 06.4 17.6 0.412 [ 1030.4 613.3 | 5826608
No Isolated Lepton a7.3 20.8 6.5 0.060 | 602.2 264.7 | 83102.9
b jet candidate > 4 57.0 2.1 3.5 0.003 71.3 111.3 1657.2
| Jet cosfl | < 0.99 54.1 20 3.1 0 67.3 104.8 6982
- < 0.5 35.1 0.9 0.9 0 42.3 38.3 17T8.8
h Candidate M;; = 80 (GeV) 349 0.7 0.4 0 34.2 20.2 80.0
Leading 2 JetEnergySum < 207.5 GeV 34.0 0.7 0.4 (0 32.6 14.6 H2.6
Lowest 3 JetEnergySum > 86.65 GeV A3.8 0.7 0.4 (0 31.6 13.0 H2.6
Miop = 140 (GeV) 328 0.7 0.3 0 30.5 11.8 34.7
100 < h Candidate M;; < 160 (GeV) 26.0 0.5 0.06 0 16.9 5.6 18.7

* tth—>8jet: Nsig =26.0

Nbkgd= 41.74
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Significance (tth—=> 8jets)
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Vs = 500 GeV, 1000 fb
e Cut base + counting analysis

* Nsig/y/Nsig + Nbkgd = 3.16, |Ag/g, |~ 15.8%
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tth—> In+6jets channel



Event Selection (tth—>In+6jets)

, min{E?, EZ}(1 — cosf)
* select 6 jets event Yij = Ej‘g \

cm

forced 6 jet clustering

Select events with large Y625 as 6jets category

if Y625 is small, check Y524 value

v “Y6>5>0.002” + “Y6>5<=0.002 && Y5>4>0.036"
* |solated Lepton cosB,. . =0.98

Econe < \/6(Elep o 15)

v’ require exact one Isolated lepton

v B jet candidate >4 (btag>=0.85,0.8, 0.6, 0.2)

* reject events with forward jets
v' |Jet cosB| < 0.99
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higgs and top pairing, x2 Cut

'\: —
Angle information between higgs N2 N 2
: : . . Minii- — Mo mi,i. — Mw
candidate jets is effective to choose + ( J3J43s ””') + ( 1] n )

a th op OM w

0 Aangle(jy. jo) — Aangle(higgs jj) ) i

TAangle(higgs jj)

correct jet pair. | 2
(?i ] — jl_.'_rtop)
+ | — mjglv +
. N (Tﬂ'ftop
a W mass is reconstructed with
Isolated lepton and Missing P + require b tag = 0.2t0 jy, ) Ja, e
o * Mean value and RMS of
* try all combination and choose angle and reconstructed Mass
a pair with minimum x? value with jets matched MC infomation

- Mtop =171.9GeV
. ’) - sigma Mtop = 15.5 GeV
reject Iarge X~ events _ MW = 80.385 GeV
v X2 <19 - sigma MW = 9.8 GeV
- angle(jj) = 2.468
- sigma angle(jj) = 0.2858
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h_rechmass

Mjj shape of tbW event

* tbw event shape is difficult to estimate with 4 b tag category due to

the small statistics of MC samples. (I will use Junping’s large stat. sample.)

 compare ttz shape of 2 b tag category and 4 b tag category

* check Mjj shape of ttz events
-2 btag+Y6>5<0.002 && Y524 < 0.036
-4 b tag + Y625 >0.002 || Y5>4>0.036

* In Mjj = 80 GeV, the Mjj shape of 2 b tag category is similar to 4 b tag

category. (KS probability = 0.02)

v" We estimate Mjj shape of tbW events with 2 b tag category

v higgs candidate Mjj = 80 GeV
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Jet Energy and M, range

* ttg(bb)and tbw event is assumed to have high energy jets
related to top decay.
e ttg(bb) events also have low energy jets related to g

=L losnoct 2 iote onoroucuna > 0 Coll

v highest 2 jets energy sum < 210 GeV
v’ top candidate Mjjj = 140 GeV

Leading 2 Jet Energy Sum top candidate Mijjj

h_recE01Sum h_recTopmass1 h_recTopmass1
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Result of event selection
(tth—>In+6jets)

At last, We select a range of higgs candidate Mjj to maximize S/vVS + B
v/ 90 GeV < higgs candidate Mjj < 150GeV

Preliminary
Selection tth(ttindj hbb) | tth(ttall hnobb) | tth(tt6j hbb) | tth(tt212n2j hbb) ftZ | ttg*(bh) thW
No Cut 122.6 205.2 127.9 20.3 | 1974.6 1058.6 | 979807.7
Yeut (6 jets) 09.6 76.9 8.9 6.3 | 605.4 3785 | 342027.9
One Isolated Lepton 823 67.5 B.T 1.8 419.9 176.7 | 49812.8
b jet candidate > 4 45.4 1.2 1.6 1.0 41.4 76.6 806.3
| Jet cos@ | < 0.99 44.4 1.2 4.2 1.0 40.2 734 339.8
Missing P = 20 44.1 1.2 1.1 1.0 36.8 (6.2 3116
v: < 19 30.1 1.0 0.6 0.7 30.5 46.5 185.5
h Candidate M;; = 80 (GeV) 34.0 0.6 0.4 0.3 21.2 19.7 72.1
Leading 2 JetEnergySum < 210 GeV 335 0.6 0.3 0.3 20.0 15.5 40.3
Miop = 140 (GeV) 20.6 0.6 0.06 0.17 17.1 9.2 26.8
90 < h Candidate M;; < 150 (GeV) 274 0.5 0.06 0.17 12.4 6.0 16.4

* tth—>In+6jet: Nsig =27.4

* Nbkgd=35.64
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Significance (tth—=2>In+6jets)
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* Nsig/y/Nsig + Nbkgd = 3.45, |Ag/g, |~ 14.5%



Summary and Plan

\/s =500 GeV, L=1000 fb!, Mh = 125 GeV
tth-—>8jets S/vVS + B =3.16

tth->In+6jets S/VS + B = 3.45
e combine -2 significance = 4.67

|Agt/gt | =10.6%

to do
* increase MC samples
* tbw shape
* systematics
- b tagging efficiency
- jet energy scale
- ttbar bound-state effect ......
« MVA
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E R

* Jetclustering : Durhamalgorithm Y, =

A28 Ty ML T8
Y8DTMARENWEBRZZERL TjetBERET S
(ALY RAZ—EO BN REYIDHNKELS)

v “Y8>7 > 0.0009”

* |solated Lepton

min{E?, E}(1 — cos )

2
Ecm

- cosB .. = 0.98
Deftinition E < \/6(El —15)

v Isolated lepton MZELN EFE K

Cone Energy[GeV]

! ‘-.-‘,-,~-a. A R R o NS R S AT T A
0 20 40 60 80 100
Lepton Energy[GeV]

v’ Bjet candidate >4 (3% FJL4qg4b)
« HiAjetZz8LEREHAVE

v' |JetcosO| < 0.99 23
2014/3 &




tbWE R DMjj shapeD BiE+H Y

EMIZMjDO S HmZERANTU I FIL. B8
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FTttzDOMjjD R EHER

FROHz=RELLHN

-2 btag + Y8>7 < 0.0008 (shape RFIELY )

-4 btag+Y8>7>0.0009 (fZ#TH)

LEED2&HD B EM|j > 80 GeVD EFE Tl . ttzDMijj shape

[T TLYS, (KS probability = 0.69)

v thWERDM|jDFIE 2 b tag + Y87 < 0.008 categoryZ{& A

v higgs candidate Mjj = 80 GeV
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RZRIZEYT RIEFHDMjjDEEE

EE 3

C

v/ 100 GeV < higgs candidate Mjj < 155 GeV

2RIl DFER

ZS/NS + BBNEKICIEDKIIZED

Selection tth(ttbj hbb) | tth(ttall hnobb) | tth(ttindj hbb) | tth(tt212n2; hbb) tts | ttg*(bh) thW
No Cut 127.9 205.2 122.6 20.3 | 2400.6 1159.1 | 979807.7
Ys .7 87.0 105.2 18.4 0.4 | 698.4 231.7 | 60394.6
No Isolated Lepton 21.6 71.3 3.6 0 |« 582.0 20016 | 53871.2
b jet candidate > 4 17.3 1.9 1.7 0 71.3 BT.6 1106.3
| Jet cosH 15.1 1.8 1.6 0 67.3 §2.8 191.5
y© < 0.5 33.2 1.1 0.6 0 16.5 33.7 148.8
Leading 2 JetEnergySum < 207.5 GeV 32.1 1.1 (0.6 ] 12.7 222 75.8
Lowest 3 JetEnergySum > 86.65 GeV 31.6 1.0 0.4 0 11.0 19.0 67.4
Miop = 140 (GeV) 30.7 1.0 0.3 0 39.6 17.9 10.5
h Candidate M;; = 80 (GeV) 27.0 0.7 0.05 0 20.2 8.5 19.3
100 < h Candidate M;; < 155 (GeV) 20.2 0.3 0 0 13.2 1.1 10.0

2014/3 &

« tth->8jetJ FILEL Nsig =20.2
Nbkgd= 27.7
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Significance (tth—=> 8jets)
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