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Large Hadron Collider
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— Proton-Proton collider e

-3.5TeV + 3.5 TeV =7 TeV

-BEIL /YT« . e
L = 1033/cm?/s (2011 August) b s

g |

PP inelastic (soft-QCD) 70 mb 70 MHz
W production 100 nb 100 Hz
Z production 30 nb 30 Hz
tt production 165 pb 0.2 Hz
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— Lepton + hadron

— Dilepton
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— All hadron
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Muon Neutrino
v Inner tracker v All detectors

v Muon detector Missing E; = 129 GeV
P; = 54 GeV 1AW

Two Hadron jet

Electron

v Inner detector
v EM-Calorimeter
E; 66 GeV

v' H-Calorimeter
Py

1st= 173 GeV
2nd = 44 GeV
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- Events that include two lepton in their final states
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ala/eff MC
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Topevents _____lee luu len

Two lepton selection 19% 36% 26%

Uncertainties | electron | muon __

Trigger +0.5% +1.0%
Reconstruction +1.0% +0.3%
Isolation cut +3.0% +0.03%
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Jet multiplicity

 Validation with Z+jets control region
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Missing E-

 Validation with Z+jets control region
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Event Selection
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Background estimation

Backgrounds due to detector effects
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Signal region plots
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Cross-section extraction

ee fofh ep
Drell-Yan+jets (DD) 4.0 723 14.4 753 :

Drell-Yan(— 77)+jets (MC) | 4.9 + 2.6 | 11.0 + 5.0 | 42.5 + 16.1

Fake leptons (DD) 2.5 =+ 1.9 0.3 £ 0.6 | 44.0 £ 24.0

Single top (MC) 6.4 F17 16.0 119 41.1 £ 5.5

Diboson (MC) 59 + 1.0 8.7 112 32.9 + 4.9

Total (non tt) 23.6 + 44 | 50.5 + 84 | 160.5 + 34.1

tt (MC) 124.0 + 17.2 | 241.3 7179 | 7455 + 41.8

Total expected events 147.6 + 17.8 | 291.8 7155 | 906.6 + 53.9
Observed events 165 301 963

Data 2011, f Ldt=0.70 fb™

........ Theory (approx. NNLO)

m, = 172.5 GeV

ee - 188+ 17 *2 *8
H 15 8
uu A 17112 7.7 7
eu Htkt— 1777 +2 =8
Combination . 175+6 *\' =8
: (ftat):(sysﬁ):(lumi)
| | | | | | | | | | | | | | | Lal | | | | | | | | | | | | | |
0 50 100 150 200 250 300
o [pb]

tt

Consistent with SM prediction (16574

ph)
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Uncertainty estimation

1. Data statistics (3%)
— Poisson error ( Ngata — BG
2. Luminosity (4%)
— Denominator of x-sec
— Background estimation
3. Modeling in simulation (4%)

— X-sec prediction for background processes
— Acceptance dependence of choice of a set of PDF

4. Detector performances (5%)
— Uncertainty on performance measurements
5. Data-driven background estimation (2%)
— Fake rate evaluation
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Signal region plots

Lepton & jet n distributions
— PDF, top quark mass
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# jets distribution In ttbar

QCD parameters (Aqcp, cut-off for p.shower )
— Varied with range compatible to their uncertainty

045:_I A L @ data (BG subtracted)
- £ —— center
045_ T —— isr +1#signa
035;_ ----. isr-1#signa
- —— fsr +1#signa
035_ - ----- fsr-1#signa
0.25F , -
0.22— =
0.15 L =
0.05;—_¢_ —— _;
O-l--l-:--l-l-l ' I AT AT AT A A AT AT N AR Y — -

-a—-Ln-h.l_l_Ll_l._l_|_$_|_E
0 i 2 3 4 5 6 7 8 9
Number of jets

The current P-QCD & EW theory (SM) gives well-consistent description of ttbar production at 7 TeV.
More tuning will enable us interesting study in ttbar + high jet multiplicity region



Comparison with Tevatron

8 - NLO QCD (pp) -
<= | == Approx. NNLO (pp) »
.......... NLO QCD (pp)

102 ---- Approx. NNLO (pp) . i —
- ® CDF a
-+ DO 3

10 = =
B Dilepton (this work) 175 :147 pb _
i l+jets 179 = 12 pb i
Py Dilepton (w/ b-tag) 183 *2' pb )

1 a0k ooy o ooy oy b oy oy by oy oy by oy by

1 2 3 4 5 6 7/ 8

\'s [TeV]




Summary 1
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7 TeV [5F - GFEZE
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G) ﬁu_s/ J %i% ( O%)

FBI BRI ET, soft-QCD &

- 8(lumi. )

==l¢) I\v777r — O X HE R
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— PDF, strong coupling constant, top mass, BF of

top decay
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Summary 2

NwTDOAx—0Z2 70T & Ul “BEikROEEIR”
(XU CEERERZLEL
“tt+jets” ¥ “tt+Missing-E+’
with more data in 2012 (15fb-!, 8 TeV)

Higgs &A% (tt + jets, 0.1pb) SUSY 45X ( tt + Missing E;, 0.1pb)
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0.70 fb! ATLAS-CONF-2011-142

Top pair + jets

#jets distributions in top-pair productions
ISR + Higgs(?)

g g t g t < b
t J H b

g O(10 pb) O(0.1 pb)
q q g t
(1) Exactly one lepton (e/m) I A
(2) |arge mT(W)a 3_ ;‘>soeev =:;z'zkgd_ -
(3) #jets = 4 with pr > 25 GeV, YE T i R
( one of the jets b-tagged) < sk p:>60GeV
107 =

/, /,
A Lz

« Understand detector performance
- Tune ISR related parameters (Aqcp)
and reduce the uncertainties

o /,%///%%%

//////////

oo — —
'oabo_‘m-::-
Il
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1.1 bl

Phys.Rev.Lett. 108 (2012) 041805

Top pair + Missing ET

tt events (lepton + jets) + “additional Missing E
— Top-like quark decaying t + undetected particle

(1) Exactly one lepton (e/m),

(2) large m(W)

(3) #jets = 4 with ( one of the jets b-tagged )
(4)

Extraordinary Missing ET > 100 GeV

Events/30 GeV

90
80
70
60
50

L dt=1.04 fb”

N
N
N

N\
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B

BN\

N ‘\\

)
NN
NN
NN

///////

///////

250

(b)

350
ETs* [GeV]

400

o x BR(TT—tt AjA,) [pb]

MG 5,5 = Mg > MM

XO
10 - T T T T ‘ .\ T T ‘ \. T T ‘ T T T ‘ ‘ T T T I \i
.., Fermionic top-like quark ATLAS 7
T L dt=1.04 fb"
T, s=7 TeV
ark

Observed Limit ,,,,,,,,,,,,,
NNLO Spin-1/2 TT Theory =16 gt
r NLO Scalar TT Theoy =t ("™

320 340 360 380 400 420 440

T Mass [GeV]

Fermionic top-like new quark pair-production is excluded up to O(400 GeV)
Stop pair-production can be reached with 10 times more data in 2012



2012 with 8 TeV & 15 fb-!

W

luminosity ratio
\V)

WJS 2010

- ' L L} ' L ELELL |
E ratios of LHC parton luminosities:
- 8TeV/7TeVand 9 TeV /7 TeV

—— 99

2qq

(Z9)(zq)

gg2>XX (1TeV) (+160%)

/

[ gg>XX (500GeV) (+80%)

[ gg>tt (+40%)

MSTW2008NLO 1
' A A LA 1l ' A

10 100

1000
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Parton Distribution Function

Strong coupling constant
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Supersymmetry

O Heavy gauge boson
)
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> ./01 da fi(wr, pur

Charged Higgs
V-A anomalous
FCNC
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Top mass

« Measurement is robust for mass difference.

« The measurements will match the best with the
SM if the my,, = 170 GeV
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Cross-section summary

Q* (GeV?)

7 TeV LHC parton kinematics proton - (anti)proton cross sections
10° vy 10° grem————rrr—————r g 10°
F X, , = (M/7 TeV) exp(=y) ] 10° F ) ‘ | 10
108 | = - . F tot ; Lo i
Q=M M=7TeV 3 10°F Tevatron LHC ER
: 10° : P 1 10°
10" . 3 E
3 3 10° 1 10° -
- ] E O, E (\lw
i ] 10* F ° 4 10*
10° . NM=1leV Ao E E g
10° 110° 8
L . F jet 3
105 L 4 102 é— Ojet(ET >\/S/20) -é 102 1;
E E o) F 1.,
E ] c 10 F Oy 410" o
I ] R 7 i 8
10° ¢ M =100 GeV = 10° 1 oz | 410° ©
E N 3 E je : 3
2 E . F o (7 >100GeV) 1o o
- 4 E . g ~
3 E : E §2]
10 E ; 10-2 ;_ / _E 10-2 GC)
- = ) F : 3 >
o[ y= 6 6 10° | o, 4 10° S
10° = E jet ; E
F M =10 GeV E 10™* 3 0jet(ET > Vs/4) 4 10
101 3 fixed . 10° ;_OHiggs(MH=1 20 GeV) y _; 10°
target |3 1o° 3 200 GeV ; -
C ] E vsse 500 GeV
10° Lo v il il i vl e 107 Lol N | 1107

107 10° 10° 10* 10°® 10% 10" 10° 01 1 10
Vs (TeV)
X

http://projects.hepforge.org/mstwpdf/




Q [GeV]
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X, Q2 parameter space for

tt production (NLO)
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