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The Top quark

* Properties

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

e Lifetime; ~10% s

» Top quark pairs are produced via
proton antiproton collisions at
Tevatron.
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Tevatron Integrated luminosity
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Top quark physics
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t t decay channels used

Lepton + Jets, LJ Di-lepton, DIL

/* b

O |
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B tagging via
Secondary vertex (SVX)

Efficiency Mistagging
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B tagging at DO
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Top di-lepton event
candidate
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Top quark production

e pp—tt
> ~7.22ph atVS =1.96 TeV:

(NNLL, C. Schwinn, arXiv:1205.0988)
»>90% qq—tt, 10% gg —tt
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DIL event selection

« Two high p+ leptons
— > 20 GeV (CDF), > 15 GeV(D0)
—nf <2

 High missing E+ due to the two neutrinos
being missing in detection

« Suppressing of Z boson events
 High total transverse energy
« Two or more jets

June, 11-21, 2012 @ HQL 2012
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Cross section

Mop = 172.5 GeVic?

using dilepton events, 5.1 fb!
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Production cross section §=Xo)
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DO Run i July 2011

T

lepton+jets + dileptons (PLB) HoH 7.40 +019 +057  pp
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Top production asymmetry
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o Differential cross section
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« Dependent on g° and & — M, and Ay
» There is asymmetry with respect to beamline
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Theoretical interest

Exotic gluons

— massive chiral color

— RS gluon

— color sextets, anti-triplets

Intermediate Vector B
-7 W,...

Model building must contend with
— total o in good agreement with SM
— do/dM,, in good agreement with SM

June, 11-21, 2012 @ HQL 2012
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Using the lepton + jets events

CDF, full RUN II data,
with good silicon, 8.7 fb

/* b

 high p; lepton (e/p)
—  E/p;>20GeV (/c)
- [n[<1.0

missing E-
Four or more jets
- n[<20

at least one b-tagged jet
- n[<1.0

® o 2498 events
e 505=+123 non-tt background

— mostly W+jets

O |

June, 11-21, 2012 @ HQL 2012 20



Top reconstruction

CDF Run Il Preliminary L = 8.7 fb™
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Asymmetry In the tt rest frame
AY

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

€
Arg =

~ N(y; >0)—N(y; <0)
N(y; >0)+N(y; <0)
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Asymmetry
for reconstructed tt

CDF Run Il Preliminary L = 8.7 fb™
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Dependence on Ay,;  |=KO),

background subtracted

CDF Run Il Preliminary L = 8.7 fb™
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Dependence on My

CDF Run Il Preliminary L=8.7fb" ~ Forward-Backward Top Asymmetry, %
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Ag, In parton level

 Using Unfolding Matrix to correct for the bias
caused by acceptance of the detector/trigger
and the reconstruction.

) CDF, 8.7 fb-l g E+KJELSOD1aég+0047
JF T MosgmEwe
Ay =0.162+£0.047 38| *rm
- —t—
8 —+-
: ——
¢ DO, 54 fb_l oL L
O%"Tm‘..\..‘.|‘.H|‘..‘|.‘..\..‘.|‘,,‘
A = 0.196 £ 0.065 e Loty

PRD 84, 112005
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http://dx.doi.org/10.1103/PhysRevD.84.112005
http://dx.doi.org/10.1103/PhysRevD.84.112005
http://dx.doi.org/10.1103/PhysRevD.84.112005
http://dx.doi.org/10.1103/PhysRevD.84.112005
http://dx.doi.org/10.1103/PhysRevD.84.112005
http://dx.doi.org/10.1103/PhysRevD.84.112005

Conclusion

« Both CDF and DO have measured the total tt production cross
section. The results are consistent between the two experiments
and with the Standard Model.

« Both CDF and DO observe a large production asymmetry.

« CDF observe dependence on the Ay,; and M. But the dependence
on Mg Is not very strong at DO.

e More studies from both CDF and DO will come in the near future.
— Differential cross section in terms of cos@, etc.
— Result from DIL channel

June, 11-21, 2012 @ HQL 2012 27
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Asymmetry from background
IS small but not zero!

tt rest frame

- Z+LF N = 8.8 A=0.00437+/-0.0109
- ZZN=0.7 A=-0.0213+/-0.0577

WZN=21 A=0.0671+/-0.037

- WW N =79 A=0.123+/-0.0343

t(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 =675 A=0.016+/-0.0327

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

- Z+LF N =8.8 A=-0.0159+/-0.0109
- ZZ N =0.7 A=-0.141+/-0.0569

WZ N =21 A=0.0438+/-0.0371

- WW N =7.9 A=0.152+/-0.034

t(t)N=8.8 A=-0.222+/-0.0128

- 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 =675 A=-0.00961+/-0.0327

—
Bkg AllN =283 A=-0.0541+/-0.00822 >
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Expecting Higgs at
LHC/ATLAS

Higgs in 20117

Need 50 for discovery
E 10 | NG f s ) lll'-!TVVTYlT 1 J ITVI{IY|I‘]1”YTTJIITT
ol o] —e— 30 obs 1fb o
T -t —a— 3o 0bs., 2 b
e e - . 30 0bs., 5 b
2 B ... (I TeVatron 95% CL exc.
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L _ :
Ll Bha 4 e S S S S “— look at this line
I ﬁﬁ__.ATLA_,.S, .P_.r,e.l.',,rn.'n,a.ry_A(_.S_imu!.at_!on.).,__'_. ,,,,,,,,,,,,,,,,,,,,,,,, |
i _.Median sensitivity OO SO
| \s= 7 TeV Projecfions :
llllllllllll lllll llllll]l,\ llllllAll adlndind Achcdich
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Improvements possible with further optimised analysis techniques
Emily Nurse ATLAS 26
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Top reconstruction

( I, meas

i, fit\2 UE , meas UE, fit\2
-p,) -p, )

ey P 21T Ly (P, 21_} N

lep, jets O_[. J=x,y O i
2 2 2 2
(M‘]_’j _MW) (Mlv _MW) (Mb_jj_ rop) (Mhh*_ rop)
2 + 2 + 2 2
FW FW FT Fr
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Events

Apply to not b tagged sample
S:B=0.3

tt frame lab frame

crrro 7 T T Data [7)] LI N I O —
C CDF Il Preliminary ~ = Data Ao =003 008 't 900 cpF ||| Prelimilnary '~ Data PR =-0.016:£ 0078
900 L=53f" i+ Bkg (| AT - 0,0096 £ 0.0074 > @ [ L=53m" "N+ Bkg AT = 0,023 +0.0074
- - Bkg ':,' nal 11 - - Bkg fo
8005 001420, 800F = 0011000267
E A2 =0.016+0.0094 = AL® =-0.026+0.0094
7001 1 7% ]
600:— _f 600;_ _;
500F- 34 500F -
4001 4 400F E
300F = 300 e
200F = 200F =
1001 4 100F E
05 -~ 05 :
- -2 -1 0 1 A 2 3 2 -15 05 0 05 1 15 2
A2V =Y "% Y ea =Y =Y,
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Aq, from di-lepton channel

 In progress of blessing
« Shows also strong asymmetry

« Combining with the result from the lepton + jets channel and
using full dataset we could reach 5 sigma, if this asymmetry is
true.

 Also some puzzles similar to lepton + jets result!

— Such as smaller asymmetry in the not b tagged sample
— Is this just statistical or is it telling us something that we are not aware
of?
June, 11-21, 2012 @ HQL 2012 37



Asymmetry categorized

selection Nevents all M M <450 GeV/c? M > 450 GeV/c?
standard 1260 0.057+0.028 -0.016+0.034 0.21240.049
electrons 735  0.026+0.037  -0.020+0.045 0.12040.063
MUONS 525  0.105+0.043 -0.01240.054 0.3484-0.080
data x? < 3.0 338  0.030+0.054 —0.033 +£0.065  0.180 + 0.099

data no-b-fit

0.062+0.028

0.006 £ 0.034

0.190 = 0.050

data single b-tag

979  0.058=+0.031

-0.015+0.038

0.224-0.056

data double b-tag 281  0.053+0.059 -0.023+0.076 0.178+£0.095
data anti-tag 3019  0.033+0.018  0.029+0.021 0.044-£0.035
pred anti-tag - 0.010+£0.007  0.013£0.008 0.001+£0.014
pre-tag 4279 0.040£0.015 0.01740.018 0.1000.029
pre-tag no-b-fit 4279 0.042+0.015 0.02340.018 0.092+0.029

June, 11-21, 2012
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Separated by number of jets

 data: the high mass asymmetry is significantly reduced for 5
jet events

selection N events all M M < 450 GeV/c? M > 450 GeV /c?
data 4-jet 939  0.0654+0.033 -0.023+0.039 U.Qﬁﬂ:m
data 5-jet 321  0.0344+0.056  0.0049+0.07 0.086:&0.093/«

« the NLO QCD asymmetry has a strong N

iet dependence

selection all M M < 450 GeV/c* M > 450 GeV /c?

inclusive 0.024 +0.004  0.015 4 0.005 0.043 £ 0.007

4-jet 0.048 4+ 0.005  0.033 £ 0.006 0.078 = 0.009
5-jet —0.035 £ 0.007 —0.032 £ 0.009 \-0.040 £ 0.012

June, 11-21, . — @ HQL 2012




In the lab frame

e Cross check using —qy, = y,”

all M |M < 450 GeV/c?|M > 450 GeV /c?

selection

data reco

0.073=0.028

0.059=0.034

0.103=0.049

Mc@NLo | 0.017=0.004 | -0.008=£0.005 0.022=0.007
d—l;f -0.076£0.039| -0.085=£0.047 -0.053+£0.072
Ay 0.070+0.040 |  0.02840.050 0.148+0.066

single b-tags
g g

double b-tags

0.095=0.032
-0.004=0.060

0.079=0.034
-0.023x0.076

0.130£0.057

0.028+0.097 ) I

2

June, 11-21, 2012
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Production asymmetry

» “Evidence for a Mass Dependent Forward-
Backward Asymmetry in Top Quark Pair
Production”,

— “Wine & Cheese” at Fermilab, Jan. 7, 2011.
 Paper submitted to PRD.
« DO also see similar effect.

June, 11-21, 2012 @ HQL 2012 41



prior measurements

« CDF, 1.9 fb! , inclusive, corrected to “parton-level”

— tt rest frame A" =024 +0.14

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

— lab (pp) frame AP =0.17+0.08
_ NLOQCD A —004+001

June, 11-21, 2012 @ HQL 2012 42



prior measurements

« DO, inclusive, background subtracted “data-level”

— ttrest frame A" =0.12+0.08 0.9 fb'l
PRL 100, 142002 (2008)

@0.04 4.3 fbl

ICHEP 2010
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Top charge asymmetry in QCD

« Halzen, Hoyer, Kim; Brown, Sadhev, Mikaelian; Kuhn, Rodrigo; Ellis,
Dawson, Nason; Almeida, Sterman, VVogelsang; Bowen, Ellis, Rainwater

—

1t ——GO00000)
>'@om‘[r< + * 1
—<—40000090;

C=-1

C=+1

In tt rest frame:

Arg~ +10-12 % NLO

q Q
000 090, A~ -7 % NLO
-, (I 7+ (00060
t] )
i Q
C=-1

C=+1
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Asymmetry In
ttand pp frame

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

Alt:fB ~1.5% Alglg

June, 11-21, 2012 @ HQL 2012 45



MC NLO study

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

model level APP Att

MCFM  parton 0.038 £ 0.006 0.058 4 0.009
MC@NLO parton 0.032 £ 0.005 0.052+ 0.008  tryth
MCQ@QNLO tt 0.018 = 0.005 0.024 £ 0.005  gjm + reco

MC@NLO #+bkg(0.0013 0.003 0.017 +0.004  sim + reco +bkg

* Pythia remains good approximation of SM
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Correction to parton level

 Bin by bin in the histogram
— P; I parton level distribution
— A;: acceptance of the analysis
— Sj;: smearing of the reconstruction
— T,: top signal

Ti = 55 X Aj X P
— B,: background
— D;: data distribution
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Asymmetry Is a function of
Ay, and M,
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