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Top quark production
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Cross section using

Di-lepton events
Blessed at 5/23/2010
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Top production
differential cross section
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e Dependent on g° and & — M, and Ay
o There i1s 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~
A

Nice theoretical review by Cao et al. PRD 81,014016, arXiv:1003.3461

Model building must contend with
— total o In good agreement with SM
— do/dM,, in good agreement with SM
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up to 5.3 fb?

b

@ DIS 2011

high p;, lepton (e/p)
- EJ/p;>20 GeV (/c)

- [nl<1.0

missing E,> 20 GeV

four jets
- E,>20GeV
- [nl<20

at least one b-tagged jet
- nl<1.0

1260 events
283 x50 non-tt background

— established in precision cross section
measurement

— mostly W+jets



Top reconstruction

(pi, meas _pz ﬂr) UE meas (IJE,ﬁr)2
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Top reconstruction
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tt rest frame asymmetry
AYy

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

Ars

~ N(y; >0)=N(y; <0)
N(y; >0)+N(y; <0)
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Asymmetry from background
Is small but not zero! |

tt rest frame
1 00 - Z+LF N =8.8 A=0.00437+/-0.0109 - t(s)N=6.8 A=0.052+-0.0112
7 A=-0.0213+/-0.0577 +LF N =452 A=0.0276+/-0.00602

80

605

Events

20

3
qAy =y, -y,
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negative leptons positive leptons

2 : T 171 | LI | LI LI Ad t =-0048i0039 ﬂ : LI | LI | LI T T Adt =0067i0040
S - i = S L —=—data (positive) =
g [~ data(negative) A, =0008+0004 & [ ) A.  =-0.015+0.004
W 250 [ ff+bkg bk W 250 [0 T + bkg fi+bkg
o L Ag=0.011£0.003 - Mlibkg A =-0.015+0.003
¥ Ay = -0.004 +0.012 R Ay = -0.014 £ 0.012
2001 -+ 200- -
150 - 1501 .
100~ +4 1001 -
501 +4 50 -
93 -2 -1 0 1 2 3 93 3
M vy
I “h I “h
Arg =-0.048 £0.039 Arg = 0.06710.040

It's 1) a charge asymmetry 2)CP conserving

4/11-15/2011 @ DIS 2011 13



4/11-15/2011

“é, : ] | ] | | | | I | ‘ I | | | | | | Adata — 0057 + 0_028
G 4505_ —— data At g = -0-011 0.003
w 4000 gk‘; bkg A =-0.013 = 0.002
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data data

MCQNLO tt+bkg 0.0 04 :

We agree!

data signal C0.075 4 0.037
MCQNLO  tt 05
data parton

MCFM parton@IOFS

0.158 £ 0.074
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Dependence on Ay,

| | =@ Data reco A =0.057+0.028 A;‘f
- | —#— {f Signal A =0.075+0.036 T
[| —+— ttParton  A=0.158+0.072 0.8 "2 cpF dat? 53 fo!
| ttPythia A =-0.011:0.002 | parton-feve
600: — MCFM
500 _+__+_ 0.6
400~ t —‘|'—T 1
- 04—
300/ A4
200 I 0l
: + |
100 ’ * I T
*
—0 ! |
3 2 1 0 1 2 3 0.0 "
Ay =y, -y ' Ay
sample level  |Ay| < 1.0 |Ay| > 1.0
data data 0.021 + 0.031 0.208 = 0.062

data  parton 0.026 + 0.104 + 0.056(0.611 £ 0.210 £ 0.147
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Dependence on My

1t
4 | L CDFdatas.31b™ T
parton - level
0.4+ — MCFM J_
0.2 selection M < 450 GeV /c? M > 450 GeV/c?
1 data —0.016 + 0.034 0.210 £+ 0.049
00 T T MC@NLO tt+bkg 4+0.012 + 0.006 0.030 £ 0.007
1 data signal —0.022 4+ 0.039 £ 0.01T 0.266 £ 0.053 £ 0.032
-02+ MCQNLO tt +0.015 = 0.006 0.043 £ 0.009
— | data parton —0.116 + 0.146 4+ 0.04K_0.475 + 0.101 =+ 0.049
450 GeV/c? M,
MCFM +0.040 £ 0.006 0.088 £ 0.013

4/11-15/2011

TABLE XIII: Asymmetry A®™ at high and low mass compared to prediction.
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Using di-lepton events
up to 5.1 fb-!

 two high p;, lepton (e/p)
b - EJ/p>20 GeV (/c)
- In|<2.38
e missing E,> 25 GeV
missing E; > 50 GeV,
if AG (Zor j vs missing Et) < 20°

e two or more jets

/+

- E>15GeV
- Inl<25

e Ht> 200 GeV

e |AZ,J<4cm

e no b-tagging required

/- * 343 events
e 106=%17 non-tt background
4/11_15/2011 @ DIS 2011 = mostly FAKES and DY 17



DIL reconstruction

L(Pv, P, Bp o, B219) = P(p HP(YE)P(Mz) x

2 uess y 2
1 1 Emeas _ Eg uess 1 1 Emeas _ Eg
exp { { jetl Jetl % exp | —= jet2 jet2 v

Ojetl Ojetl Tjet2 Tjet2

1 1 (gmeas_ pguess) 2 1 pmeas_ pguess 2
e eXp | —— Y X exp | —=
oMET > { oMET } oMET 5 oMET

P(pL 1y, P(p 1), and P(M,z) are obtained from
DIL candidates in PYTHIA MC
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" " s ::::::::::zj] : : :
E E 10 .
D D = s e
107 o S
: e oesess
1 10
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which gives maximum likelihood in an event.
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Reconstructed Mg
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MNgs = M- CDF Il Preliminary
b2 i I;_dt=5.1 fb! | _ Data
5 BO L A S 4
> : G+ 10 error
L [ Fake

A5 = 0.14 4 0.05(stat.)

obs

A2 <0.21 4 0.07(stat.) + 0.02(bkg. shapel>
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Afb from background
IS not zero

Total hackgrnund CDF Il Freliminary Total background

A”“ﬂ -ﬂ'"}i:t 32

— : . [ g alibig e
15 [Aoes. = 01022 I [imesim Agee " =-0.070:£0.082

15}

IL&=&1M'

Events
Events

-"]__ ............ -:-:-: 10:
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Yiop ytbar in Lab CDF I Prellmlnary

60

— Data

i[lti

Events

|:|Z—>1:1:

| mwwiwzizz

Aops = 0.14 % 0.05(stat.)

A 0.21 £ 0.07(stat.) £ 0.02(bke. 5@

A= 0.42 £ 0.15(stat.) & 0.05(syst. )
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Yiop Y tbar in Lab (e-e)

15

Events

10

LSO DU UL U0 AU OO0 OO DO UL

CDF Il Preliminary

Ldt=51fb"

Yiop™Ytbar in Lab (e-u)
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20
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CDF Il Preliminary

[T UPPRIN J.Ldl=51fb"‘

ee .

— Data

6

| [ Fake
| mov
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Ay = 0.270 + 0.112(stat.) (Pred. : — 0.010+ 0.070)

ep:

A,ps = 0.060 £ 0.077(stat.) (Pred. : — 0.004% 0.037)

My

A = 0.170 + 0.102(stat.) (Pred. : - 0.039+ 0.078)

@ DIS 2011
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M dependence

Ay, (M; < 450 GeV) CDF Il Preliminary Ay, (M; > 450 GeV)

CDF Il Preliminary

ILdf:=5.1 fb" | —Data

40 :_ ................ S S Cld

Events
Events

30 f_ ________________ ___________________ oY 10 :
20 E_ ________________ _____________________

100 _______________ ___________________

Aobs = 0.104 +- 0.066(stat.) Aobs = 0.212 +- 0.096(stat.)

Asub&0.134 +- 0.088(stat.) > Asub& 0.368 +- 0.137(stat.) >
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Ay summary, LJ

* Inclusive A in lab and tt frames in 2 sigma excess over SM

e Consistent with CP conservation
— consistency between positive and negative lepton samples

e Alhas a strong dependence on 4y, M,
* For M > 450 GeV/c?
Al oo = 0.21020.049, A" on = 0.47520.112

reco

At o reeo = 0.04320.006 , Atl,.ry, = 0.088+0.013

4/11-15/2011 @ DIS 2011 25



Afb summary, DIL

e A, ,=0.21+0.07(stat.) + 0.02(bkg. shape)
A, . =0.42 + 0.15(stat.) = 0.05(syst.)
=0.42+0.16

true

« Consistency between ee, eu, pu

e At has dependence on M,

Will update the results with more studies and more
datal!

The result with b tagging Is coming soon!
4/11-15/2011 @ DIS 2011
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Thanks!

4/11-15/2011 @ DIS 2011 27
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Top quarks reconstructed

* Reconstructed top quarks q
are called “leptonic top”
and “hadronic top”

— t,and t,
— Lead to y, and y;,.
— Resolution
oy, ~0.085
&y, ~0.034

4/11-15/2011 @ DIS 2011 29



Rapidity of top quarks

* From charge of lepton the q f ty
flavor of t, and t, can be + top anti-top
Identified, top or anti-top. : anti-top top

: _ __ PP
 |f CP Is conserved: —q-Y, =Y,

 Diluted by production boost

- AYe =d-(Y, — Yp)
* Rapidity difference: — v —

 |east affected by boost — _yt_

e Resolution is worse, SAy ~ 0.100 Ayﬁ— = 2yttt

4/11-15/2011 @ DIS 2011 30
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o(pp — tt) (pb)

L CDF Run Il Preliminary 4.6 fb"

o

(44}
IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII

Moch & Uwer, arXiv:0807.2794 (2008)

45

-------------- Cacciari et al., arXiv:0804.2800 (2008)

(%]

--------------------------- Kidonakis & Vogt, arXiv:0805.3844 (2008)

—

0167 168 169 170 171 172 173 174 175 176 177

4/11-15/2011 Top QuaglyMass {GeV/ c’) 31




Lab frame asymmetry
~0-Yn

N (=ay, > 0) - N(=ay, <0)

AE -
N(=ay, >0)+N(-ay, <0)

_ N (ytpﬁ > O) —N (ytpﬁ < O)
N(y® >0)+N(y* <0)
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Events

Inclusive asymmetry

350

300

250

200

150

100

50

Yh
FTTTT | TTTT | TTTT | TTTT | TTTT | TTTT | =
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. Apply to not b tagged sample

Events

S:B=0.3

IIIIIIIIIllllllIlllllllll/Am—0016+0018
b = =Y

< AP = 10,023 + 0.0074 >

29 _ _0.011+0.0

AL =.0.026 +0.0094

tt frame lab frame
r LI | T T T 7 | T T T 7T | T T T 7 Data C
E CDF Il Preliminary = Data A =00332 0o~ £ 900 CCDF Il Preliminary ~ —— Data
900 L=531" " + Bkg A™89 _ 0 0096 + 0.0074 > 2 - L=53fb" 01 + Bkg
u i Bkg S _ -0.014+0 W 800 MBkg
800} oA £
- A, ?=0.016+0.0094 -
7001 - 700;
6000 4 600
500 3 s00F
4000 4 400F
3000 3 300
200} 4 200F
100} 14 1005
03 - 0%
) -2 -1 0 1 2 3 515 05 0
qAy= Y, - Vi
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100

80

60

Events

40

20

tt rest frame

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

ZZN =07 A=-0.0213+/-0.0577

WZN =21 A=0.0671+/-0.037

- WWN=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 =67.5 A=0.016+/-0.0327

— Rko AllN = 283 A= -0.00512+/-0.00821

4/11-15/2011

1 2 3
qAy =y, -y,

100

80

60

Events

40

20

Asymmetry from background
IS small but not zero!

lab frame

ZZN=0.7 A=-0.141+/-0.0569

WZN=21

- WWN=7.9 A=0.152+/-0.034

A= 0.0438+/-0.0371

- Z+LFN =88 A= -U.O159+I-0.01OJ - t(s) N=6.8 A=-0.03814/-0.0112

t(ty N=8.8 A=-0.222+/-0.0128 Bkg All N =283 A=-0.0541+/-0.00822 >
R — 1‘

W+LF N = 45.2 A= -0.0377+/-0.00603

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

—

@ DIS 2011




Ag, from di-lepton channel

* 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, 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?
4/11-15/2011 @ DIS 2011 36



Asymmetry categorized

selection N events 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  -0.02040.045 0.120+0.063
MUONS 525  0.105+0.043 -0.01240.054 0.348+0.080
data y? < 3.0 338  0.030+0.054 —0.033 +0.065  0.180 + 0.099

data no-b-fit 1260  0.062+0.028  0.006 £ 0.034 0.190 £+ 0.050
data single b-tag 979  0.0584+0.031 -0.015+0.038 0.224-0.056
data double b-tag 281  0.0534+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 - 0.0104+0.007  0.013+0.008 0.001+£0.014
pre-tag 4279  0.040£0.015 0.01740.018 0.100£0.029
pre-tag no-b-fit 4279  0.042+0.015  0.02340.018 0.092-+0.029

4/11-15/2011

@ DIS 2011

37



Separated by number of jets

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

selection N events all M M < 450 GeV/ Z M > 450 GeV f(‘
data 4-jet 939 0.065+0.033 -0.023+0.039 U.Zﬂim
data 5-jet 321 0.0344-0.056 0.0049+0.07 D,OBG:I:0.0QS/«

e the NLO QCD asymmetry has a strong N

Jetdependence

selection all M M < 450 GeV fc M > 450 GeV/

inclusive 0.024 4+0.004  0.015 4 0.005 0.043 £ 0.007
4-jet 0.048 £ 0.005  0.033 £ 0.006 0.078 & 0.009

5-jet  —0.035+0.007 —0.032 = 0.009 , ,
4/11-15/2011 @ DI1S 2011 38




In the lab frame

e Cross check using —qy, = y*

selection all M M < 450 GEV;"-:'*Q M = 450 GGV;’}"E

data reco |0.073£0.028 | 0.059+0.034 0.103+0.049

MCONLO | 0.017£0.004 | -0.008+0.005 0.02240.007
Af -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

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

4/11-15/2011
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Production asymmetry

e “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.

4/11-15/2011 @ DIS 2011

40



prior measurements

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

— tt rest frame At =0.24+0.14

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

— lab (pp) frame AP =0.17+0.08
_NLOQCD  A™ 004001

4/11-15/2011 @ DIS 2011 41



prior measurements

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

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

@0.04 4.3 fb?

ICHEP 2010

4/11-15/2011 @ DIS 2011 42



op charge asymmetry in QCD%

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

. In t t rest frame:

tt —— 000000
>mmm< + * / Arg~ +10-12 % NLO
—<—40000000 #—<—

C=-1 C=+1

q Q
00 00 A~ -7 % NLO
= T <+ G006
tfj
T Q
C=-1

q
C=+1

Ag~ 61 1% NLO
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Asymmetry In
ttand pp frame

e The asymmetry In the lab. Frame is reduced by
the uncontrolled boost along the beamline:

Alt:fB ~1.9% Alfg

4/11-15/2011 @ DIS 2011 44



MC NLO study

« MCFM NLO calculation at “parton level”
e« 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  gim + reco

MC@NLO t1+bkg(0.0013 0.003 0.017 +0.004  sim + reco +bkg

* Pythia remains good approximation of SM

4/11-15/2011 @ DIS 2011 45



Correction to parton level

e Bin by bin in the histogram
— P;  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

4/11-15/2011 @ DIS 2011 46



Asymmetry Is a function of
Ay, and M,

0.2r
0.18F 0.18F
0.16|- 0.16F
0.14F 0.14F
20.12F £0.12F
(4} = Q »
S o1 E o1
40.08:— < 0.08[
0.06[ 0.06
0.04F 0.04f
0.02:_ 0.023—

0:I 1 ] | | | | | 1 | I 1 | l | | | I 1 1 | I | | | l 1 1 I 1 1 | | | 1 | : | , | | I | | , , | , ) ) , I | , | | | , . | , |

0 02 04 06 08 1 1.2 1.4 16 1.8 2 % 200 £90 500 =00 500

Ay M (GeVic?)
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To reject the background
- tagging of b quark jets
b

Looking for
secondary vertex

4/11-15/2011 @ DIS 2011 48



B tagging via
Secondary vertex (SVX)

Efficiency Miss tagging

SecVix Tag Efficiency for Top b—Jets SecVix Mistag Rates

o 0.6 0 0.03
2 E Tight SecVix o Tight SecWtx
5 05F Loose Secix D025 F Locse Sechtx
= F =
‘s 04F @002 F
o C &
J|3 0.3 F 0.015 F
o f :
0.2 o0 E
o _ Top MU scaled to match data _
'E Only b—jets with E.>15 Gev PEOSE Only jets with £.>50 Gev
D-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII L [:I-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 2 04 CG6 G 1 12 14 16 1.8 2 o C.2 04 06 08 1 12 14 186 1.8 2
et jet 7
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lab lab

4 Ay VS.An, MG
o _ CDF 1l Preliminary
S _
-
< 2f
0
2 _
_4 I | T |
-2 0 2
A ylab

4/11-15/2011 @ DIS 2011
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AY, MC Ay, resolution MC
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