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* Properties

» Standard Model
e Charge : +2/3
* Spin: 1/2
e Mass : A free parameter

e Life time: ~102° s

* Top quark pairs are produced via
proton anti-proton collisions at
Tevatron.
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Tevatron Integrated luminosity
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t t decay channels used

Lepton + Jets, LJ Di-lepton, DIL
b b
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To reject the background
- tagging of b quark jets
b

Looking for
secondary vertex
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B tagging via
Secondary vertex (SVX)

Efficiency Miss tagging
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Top di-lepton event
candidate
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MNIT Aavient calacrtiAn
Uil event seicctiion
* Two high Pt leptons

* High missing Et due to the two neutrinos
being missing in detection
* Suppressing of Z boson events

* High total transverse energy
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Cross section using

Di-lepton events
Blessed at 5/23/2010
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e Differential cross section

2 2
do Oca; 1+cos’@ +(1-B°)sin* 6 + 2q —cos 6’
dcosé (¢ -M

« Dependent on g% and & — M, and Ay
e There 1s asymmetry with respect to beamline
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Necotx

Exotic gluons
— massive chiral color
— RS gluon
— color sextets, anti-triplets

Intermediate Vector B
— Z’,

Nice theoretical review by Cao et al. PRD 81,014016, arXiv:1003.3461
Model building must contend with

— total o 1n good agreement with SM
— do/dM,, in good agreement with SM
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Using the lepton + jets events
RUN II data, with good silicon, 8.7 fb-!

high p, lepton (e/p)
—  E/p,>20 GeV (/)
- nl<1L.0

missing E,> 20 GeV

Four or more jets
~ E,>20GeV
- nl<2.0

b

O |

at least one b-tagged jet
- Inl<1.0

? e 2498 events

Q e 505%123 non-tt background

— established in precision cross section
measurement

? — mostly Wjets
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Top reconstruction

CDF Run Il Preliminary L = 8.7 fb™
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tt rest frame asymmetry
Ay

- N(Ay >0)-N(Ay <0)
~ N(Ay > 0)+ N(Ay < 0)

tt
Arg

N >0)-N(y <0)
N(y; >0)+N(y; <0)
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Asymmetry

background subtracted

CDF Run Il Preliminary L = 8.7 fb™
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Dependence on Ay,

CDF Run Il Preliminary L = 8.7 fb™
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» Using Unfolding Matrix to correct for the bias
caused by acceptance of the detector/trigger
and the reconstruction.

CDF Run Il Preliminary L = 8.7 fb™

* Ap=0.162£0.047 2 [T
1.5;— L
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Parton Level Ay
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* Both CDF and D0 have measured the top production cross
section. The results are consistent between the two experiments
and all consistent with the Standard Model.

e Both CDF and DO observe production asymmetry consistently.

* CDF observe dependence on the dY (tt) and M(tt). But the
dependence on M(tt) is not quite so observed in DO.

e More studies from both CDF and D0 will come 1n the near future.

— Differential cross section in terms of cos(0), etc.
— Result from DIL channel
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Thank you!!!
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CDF Run Il Preliminary L = 8.7 fb™
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Asymmetry from background

1s small but not zero!

tt rest frame

- Z+LF N = 8.8 A= 0.00437+/-0.0109

ZZN =07 A=-0.0213+/-0.0577

WZMN=21 A=0.0671+/-0.037

- WWN=7.9 A=0.123+/-0.0343

t()N=8.8 A=-0.0974+/-0.013

- t(s) N=6.8 A=0.052+/-0.0112

W+LF N =45.2 A= 0.0276+/-0.00602

- W+HF N = 136 A= -0.0325+/-0.00444
- QCD N =875 A=0.016+/-0.0327

kg All N = 283 A= -0.00512+/-0.00821
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Events
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lab frame

ZZN=0.7 A=-0.141+/-0.0569

WZN =21 A=0.0438+/-0.0371

- WWN=7.9 A=0.152+/-0.034

t(h N =88 A=-0.2224/-0.0128

- Z+LF N =88 A= -B.O159+I-O,U1OJ - t(s)N=6.8 A=-0.0381+-0.0112

W+LF N =452 A=-0.0377+/-0.00603

- W+HF N =136 A= -0.0872+/-0.00442
- QCD N =67.5 A=-0.00961+/-0.0327

—
Bkg All N = 283 A= -0.0541+/-0.00822
—
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Expecting Higgs at

LHC/ATLAS

Higgs in 20117

Sensitivity to o/ogy,
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improvements possible with further optimised analysis techniques
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Apply to not b tagged sample
S:B=0.3

tt frame lab frame
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» In progress of blessing

e Shows also strong asymmetry

e Combining with the result from the lepton + jets channel and
using full dataset we could reach 5 sigma, i1f this asymmetry 1s
true.

» Also some puzzles similar to lepton + jets result!
— Such as smaller asymmetry in the not b tagged sample

— s this just statistical or 1s it telling us something that we are not aware
of?
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Asymmetry categorized

selection N events all M M < 450 GeV/e? M > 450 GeV /¢?
standard 1260  0.05740.028 -0.016+0.034 0.212-+40.049
electrons 735 0.026+0.037  -0.020£0.045 0.120£0.063
LU0 525  0.1054+0.043 -0.01240.054 0.34840.080
data 2 < 3.0 338  0.030+0.054 0.033 + 0.065 0.180 + 0.099

data no-b-fit

0.06240.028

0.006 = 0.034

0.190 £ 0.050

data single b-tag

data double b-tag

0.058+0.031

0.05340.059

-0.01540.038

-0.023+£0.076

0.22440.056

0.178£0.095

data anti-tag

pred anti-tag

0.0334+0.018

0.0100.007

0.029+0.021
0.013=0.008

0.044+0.035

0.001+0.014

pre-tag

pre-tag no-b-fit

0.040+0.015
0.04240.015

0.017x0.018
0.02340.018

0.100+0.029
0.092£0.029
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Pd cd Uy HHuUulluvcel Ul Jous

t—lo

* data: the high mass asymmetry 1s significantly reduced for 5
jet events

selection N events all M M < 450 GeV/c® M = 450 GeV /c?

D,Zﬁ':tm
0.0864+0.093

o

data 4-jet 939  0.065+0.033 -0.023+0.039
data H-jet 321  0.0344+0.056  0.004940.07

* the NLO QCD asymmetry has a strong N, dependence
selection all M M < 450 GeVICQ M = 450 GeV fcz

inclusive 0.024 £+ 0.004  0.015 &+ 0.005 0.043 £ 0.007

4-jet 0.048 £ 0.005  0.033 £ 0.006 0.078 £+ 0.009

h-jet. —0.035 +0.007 —0.032 + 0.009 \=0.040 4 0.012

6/11-21/2012
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» Cross check using —qy, = y.*

selection all M M < 450 GGV:,-*’»:*Q M > 450 GeV:,-*’r-Q

data reco |0.073+0.028 | 0.05940.034 0.1030.049

MC@NLO | 0.017%0.004 | -0.008%0.005 0.022=£0.007

—1: -0.076+=0.039| -0.085+0.047 -0.053+0.072
Ay 0.070+0.040 |  0.028=+0.050 0.148+0.066
0.079+0.034 0.130=0.057

single b-tags | 0.0954+0.032
double b-tags|-0.004+0.060| -0.023+0.076 0.028=0.097 ).
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» “Evidence for a Mass Dependent Forward-
Backward Asymmetry in Top Quark Pair
Production”,

— “Wine & Cheese” at Fermilab, Jan. 7, 2011.
e Paper submitted to PRD.

e DO also see similar effect.

6/11-21/2012 @ HQL2012
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« CDF, 1.9 fb! , inclusive, corrected to “parton-level”

— tt rest frame At =024 +0.14

— NLO QCD A" =0.06+0.01
PRL 101, 202001 (2008)

— lab (pp) frame /A\pﬁ = 017i008
— NLO QCD A" =0.04+0.01
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Or measurements

pri
* DO, inclusive, background subtracted “data-level”

_ ttrest frame A" =0.12+0.08 0.9 fb-!
PRL 100, 142002 (2008)

At =0.08+0.04 473 fp!
ICHEP 2010
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e Halzen, Hoyer, Kim; Brown, Sadhev, Mikaelian; Kuhn, Rodrigo; Ellis,
Dawson, Nason; Almeida, Sterman, Vogelsang; Bowen, Ellis, Rainwater
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In tt rest frame:

Ars ~ +10-12 % NLO

Acg~ -7 % NLO

As~ 611% NLO
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Asymmetry 1n
tt and pp frame

* The asymmetry in the lab. Frame 1s reduced by
the uncontrolled boost along the beamline:

Acs =1.5x All
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N NIT e Al
MC NLO study

« MCFM NLO calculation at “parton level”
« MC@NLO + CDFSIM

model  level APP Att

MCFM parton 0.038 = 0.006 0.058 = 0.009
MC@NLO parton 0.032 £ 0.005 0.052 + 0.008 truth
MCQNLO tt 0.018 &= 0.005 0.024 £ 0.005 sim + reco

MCANLO #+bkg(0.0013% 0.003 0.017 +0.004  sim + reco +bkg

* Pythia remains good approximation of SM
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Cullioiull v pdltull 1v

* Bin by bin in the histogram
— P, : parton level distribution
— A, acceptance of the analysis
— S..: smearing of the reconstruction
— T.: top signal
T, =5, xA;x P,
— B.: background
— D.: data distribution

6/11-21/2012 @ HQL2012
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Asymmetry 1s a function of
Ay and M
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