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25th Anniversary of First pp Collisions at the Tevatron
Friday, December 17, 2010
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Top Quark Production at the Tevatron

Production Decay
In Pairs Single BR(t—Wb) ~100 %

/ I g
e

7 ~85% t ||,/ ~30% s

g W
~15 % f
b A—
9 “DOOOO {
g b
g 00000 f ~ 70 %
_ Prompt tracks
Ono = 7:479° 47 pb Onio = 3.0 £ 0.4 pb / £,= 0.9-1%
m=172.5 GeV NB:NNLO approx. available
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Top Quark Analyses at the Tevatron

up to 5.7 fb"! of data: several 1000 top candidates per experiment

top pair production

v
| q anomalous couplings
q rare decays
\f branching ratios
CKM-Matrix-Element |V,|
‘b\ W new particles
spin correlations | mass. width
charge 2symmetry \t charge, lifetime
FB

Is it the Standard Model Top ?
t N\

: : W helicity
production cross-section
production kinematics ?q )
production through resonances b
new particles aqr

production cross section, CKM-Matrix-Element |V,

single top production . anomalous couplings, searches for new particles
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Top Quark Pair Production and Decay

* Dilepton (lepton = e or p) (6%)

All-hadronic (46%)

- Small rate, small backgrounds - Large rate, large background
- Main background: Drell-Yan - Main background: QCD multijet
- Highest purity - Least purity

. Lepton+Jets (lepton = e or p) (34%) * Hadronic Taus (tau+lepton, tau+jets) (14%)

- Good rate and manageable backgrounds  ~ Sm.all rate and large ba"ckgroun.ds
~ Main background: W+jets, - Main backgroun.d: Multijets, W+jets
- Good purity “Golden Channel” - Challenging purity
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AN3S ALCUIC background model

validation

-N,

backgrouna

* Counting Experiment

N 0 bserved

- Establish event selection J Luminosityd: - &
and estimate background

L4
és

%:": flm™ templales, : 2 tags events (AJES = 0.0} “
£ s [ e et et
. Toaa, il i R = =) i
* Template Analysis L 2 L E 1&
- Fit 1D signal + background - ] = ;“ :hlﬂ =
distribution to data fac=ccNac== N 'ﬁif oy
* Matrix Element % signal - o e e T
- Use tree level matrix :§; <-Background % A 2-5 2
elements to classify - ‘Evaluate
signal and background | d'S‘;”T'”a”tSI
like events Discriminant 'h controlsamples | - -

— -1
Pretagged Cross-Check ample CDF R}m{ Prel|m|r1ary, L=3'2Tb

* Neural Networks, Decision Trees e ’

- Machine learning algorithm to . 1
classify signal and background eventsﬁ“““ . g
based on many input features L o

Boosted Decision Trees Output BDT2j1t
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« Extraction techniques: Template and
Matrix element method

* In-situ JES calibration (W constraint)
in lepton+jets topology (golden channel)

* Main uncertainties:
-Jet energy scales and resolution
- MC modeling, ISR+FSR, ...

CDF Run Il Preliminary 5.6 fb™

A s (o)

—A(nL)=-05
— A(nL)=-2.0
—A(nL)=-45
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P e b L
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m, (GeV/c?)

CDF (5.6 fb"):

m,(I+j)=173.0£0.9(stat +JES)
+0.9(syst) GeV

Entries/(3.2 GeV/c)

3858838

=
o

&3

1l Preliminary (3.2

un
—e— Data

b)

- bkgd+Pythia M, = 172 eV

B b<oc

80 60 T0 80 920 100 110 120

Mass (GeVic")

Complementary measurements in
dilepton and all-hadronic channels

D@ Runllb Preliminary, L=4.3 fb"

=170

-175[

160 170 180
m, (GeV)

DO (5.3 fb):
my(epn)=173.3+2.4(stat)
+2.1(syst) GeV
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Top Quark Mass Combination

. . Mass of the Top Quark
® Recent (July 2010) Tevatron Combination Saty 2010 e
includes 11 results CDF-I dilepton ¢ 167.4 211.4¢108-45)
o Largest Systematic uncertainty IS D@-! dilepton * 168.4 2128112339
Jet Energy SCale ( ~ 046 Gev ) CDF-Il dilepton * 1 170.6 = 3.8 (=22-31)
[ ) Good agreement aCI'OSS both D@-ll dilepton * . 174.7 + 3.8 z28=24)
. CDF-I lepton+jets 176.1+£ 7.4 (z51=53)
experiments and channels e
. . . D@-| lepton+jets 180.1+ 5.3 =38=38)
® Single Experiment uncertainty of 1 GeV |
: . CDF-Il lepton+jets * 173.0£1.2 zo7=11)
aChIevabIe In Run I I: - D@-Il lepton+jets * [ B 173.7 £ 1.8 z08=18)
CDF-I alljets 136.0 +11.5:100257)
CDF Top Mass Uncertainty CDF- alljets | 174.8 £ 2.5 17219
(all channels combined)
10 CDF-Il track YT 1753269 se-a0
N - 17 2" 5" 10 b7 evatron combination * [ | 3x11z08=09
% b Vb Tevat binat 1733+ 1.1 c0s=09
& ¥ w2dof = 6.1/10 (81%)
g I | | | |
e 150 160 170 180 190 200
= SRR .. SN Myep (GEV/C?)
< ¥  CDF Results e
- ¥  RunliaLJgoal (TDR 1996) _
- A(stat) scales as 1.':'\7{._, A(syst) fixed Mt - 1 73 " 3 i 1 . 1 G eV
[T A(total) scales as 1NL
A I up to 5.6 fb™ WNYREVISNY-X7

10° 10° 10°
Integrated Luminosity (pb")
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Impact on Higgs Mass

July 2010
1

* Higgs Mass bounds from |
1 —LEP2 and Tevatron (prel.)
Electroweak Fit: 80.51 - LEP1 and SLD
1 68%CL
Mu < 158 GeV @ 95% CL |
Mu = 89*3%.26 GeV @ ....................
. SM Higgs Mass constraint now driven |
80.3 _
by AmW 1My L:‘;‘ Ny
- Amy, ~0.006 x dm,,, ~ 7 MeV for equal AV AS00NNNNIP00
weights in Higgs limits 150 175 200

* my,, important SM parameter
- EW observables, BSM Higgs sector ..
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* Inclusive cross section powerful test of perturbative QCD
(known to ~ 6-8% NNLQO”approx” V. Anrens et. al. JHEP 09 097 (2010); U.Langenfeld et al. PRD80 (2009) )

« B-tagging powerful tool to increase signal/background
» Conceptually “simple” counting experiment

800—

Events

600—

400(—

0

1 Jet 2 Jets 3 Jets 4 Jets

CDF Run Il Preliminary L = 4.3 fo™'

 Ewenr

. Data
W Top

[l Single Top

Bw+Lr
I non-w
Wz+iets

Di-boson

=5 Jets

o, =7.22 .0.35.0.56 .0.44 pb

M=172.5 GeV
« Systematics limited:

- luminosity (~6%)

- b-tagging systematics

6 January 2011

(stat+syst+lum) (11%)

—

D@, L=5.3 fb"’
—— Data

B it

I Other
[ WHjets
B Multijets

Number of events

Number of b-tagged jets

oy = 8.13.0.25 P (stat+syst) pb (12%)

M=172.5 GeV

Complement with more sophisticated

techniques
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« Use topological and kinematic quantities (aplanarity, sphericity, H;...) to
improve signal to background separation

- ttbar more energetic, central and =
isotropic than W+jets 2 14

- Discriminants using ANN (CDF) or BDT (DO0) o

« Combine with b-tag counting experiment

- CDF:BLUE combination, DO: simultaneous
MVA and counting experiment

D@, L=5.3 fb™

N, >3  CDFIll Preliminary 46 fb”
jats =

i

3 500/ B data (7348 evts) . o
PR [ to >3jets | N L - NG T,
= R v+jets R

400 I aco —— G(pP— tT+X — I+jets+X) -0

-+

Exp. mass dependence
— = NNLO approx Kidonakis
: = NNLO approx Moch and Uwer

L NLO+NNLL Ahrens e't al.
1 1 1 | I 1 1 | 1 1 I 1 1 1 1 | 1

150 16{] 1?0 13{] 190
Top Quark Mass (GeV)

A

0 04 02 03 04 05 06 07 08 09

NN output +0.73
 Additional improvement (CDF): Normalize to =7.78 +:0.25 59 Pb

inclusive Z-cross section M=172.5 GeV (stat+syst) (9%)
— Luminosity uncertainty cancels arXiv:1101.0124v1 hep-ex

oy = 7.82.0.38 :0.37 :0.15 pb Surpassing Tevatron goal (~10%)

w=17256ev  (stat+syst+Z th.) (7%) and ~ theory precision
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Events per 1

6 January 2011

Candidates

CDF II Preliminary 5.1 fb

| K-S Test : 0.088
- y? Test :0.052 - DAT).B‘
120 * (Entries : 137)
N “z- Syst. Uncert.
1001 , [ Ifi(c=74pb)
B Z :,' [ Diboson
80 o] [ ]DY + HF
_ B DY + LF
B0~ B Fakes
B |
aof- . 7
20 . b'taggmg
N e
@ Lo L] |

o
-
[~ ]
[7]

4 5 B 7 8 9 10
Number of jets

o, = 7.40 - 0.58 .0.63 -0.45 pb

M=172.5 GeV

(stat+syst+lum) (13%)

Achieving good precision

20

7 = — .
- D relimina [] Z bekg: 42.1

B 80__ 4_? 1%-1 i @l pibosons: 11.9
> i ] [] Fake bckg: 14.0
- s Bl 17 265.0

o . :

N 60_ Data: 331

m -

n B .

£ | Topological

- 40— . .

Z Y information

400
H; (GeV)
o, =8.23.0.52.0.83.0.61 pb

(stat+syst+lum) (13%)

“300 200 300

M=172.5 GeV
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August 2010

DG Run i * = preliminary

172.5 GeVic?

updated

0.33 +0.51+0.49 pb

0.33 -0.39-0.43

7.25°

0.30 +0.89 +0.54 pb

0.30 =0.77 -0.47

7.937

+0.46 +0.66 +0.54
7.84 2545 —0.54-0.45 PP

He+H

+0.52 +0.85 +0.65
8.23 1551 J080-057 PP

o+

03 pb

+1.6 +0.9
-14 -08

5.0

H.3441.20 4 4 o

-1.24 -1.06

7.32

+0.40 pb

+1.15+0.72
-1.09-067

6.30

+1.3 +14
T13 Ly 104 pb

6.9

syst) (lumi)

(stat) (

nd R. Vogt, PRD 78, 074005 (2008)
Uwer, PRD 78, 034003 (2008)

-

H—e—H

H—®—H

Hoo

B M. Cacciari efal., JHEP 0809, 127 (2008)

[IMIMI cacciari et al., arXiv:0804.2800 (2008)
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o (pp—=tt + X) [pb]

All channels measured except for 1, 1,

CDF: 0, = 7.50 + 0.31 £0.34 + 0.15 pb

(stat+syst+lum/ Z thy) (6%)

IN a

my,, = 172.5 GeV

Good agreement

channels
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Differential Cross Section

CDF 1l Preliminary

E —SMEXpeCTation — L L L L B R L B L nz.olllll |||||||||||||||| [Fr T [ Trrr[rooT
[ i "og1el. DO @ data, i fo’ O [ e daa1fo" DG
g 10 F Bl v uncertainies | Qo6 NLO pQCD ] & 1.8 10 NLO pQGD scale uncertainty
S : o CDFliData fL-271b So.1af —— Approx. NNLO pQCD- Q [ —— Approx. NNLO pQCD ]
& f s F B----- MC@NLO 1 Q 1sf-----MC@NLO =
2 1F 20121 -——- PYTHIA 7 Z [ ---PYTHA .
= o1 ' DVTWIA | A P ] 14F-.-.- ALPGEN T B
= | PYTHIA | gos ||y -aeeen 1 ot Dt

3 I = 0.08 1 212

10" £ S 1 8 ©

8 do/dp, 1 £.q

tt t 31 o'

i ; g eq i Gl oy win ey F E % C

0 200 400 600 800 1000 1200 1400 0.04¢ ' 1 £ 08

Unfolded M, [GeV/c?] 002k £ o6

100 » ] [

£ 050900150200 "256" 300226400 050700150 200 250 300 350 20
N, VS=196TeV top quark p_[GeV/c] top quark p_[GeV/c]
N
10 :

N
N
N Need =NLO to describe normalization

do/dM [fb/GeV]

0.1
CDF data

B ~Lo+NNLL

DS 200 400 600 800 1000 1200
M [GeV]

No deviation from SM

Improved description with NLO+NNLL Ahrens, Ferrogia, Neubert, Pecjak, Yang
arXiv:1006.4682 [hep-ph]
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tt Resonances
« Some BSM models predict

tt resonances

— e.g. Leptophobic Z
coupling strongly to
3rd generation

probability density/20 Gelf

CDF Il Preliminary 4.8:1b

m, [GeVic?]

 No bumps in tt mass spectrum observed

CDF: M, > 900 GeV
(4.8 fb)

DO: M, > 820 GeV
(3.6 fb-1)
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 Treatt as a more massive top quark

-t —> Wq

 Look for excess in reconstructed mass

of ' and H+

_ CDF Run 2 (4.6 fb™)

8 1§ Preliminary 1
g t'—=Wq, = 4 jets

';": HT VS. Mreco VS. Njet
2 0.

T)’ range of

expected 95% CL
upper limits

0.01F theoretical prediction
Bonciani et al.
200 250 300 350 400 450 500

t' mass (GeV/c?)

DO Run Il preliminary 4.3 fb™!

_ = theory cross section

observed 95% CL upper limits

= expected 95% CL upper limits

expected 95% CL limits t1o

G expected 95% CL limits +2¢

P T TN W VN T NS T TN N T S N N T T T S A W WY

200 250 300 350 400 450 500
t’ mass [GeV]

CDF: M, > 335 GeV
(4.6 fb)

DO: M, > 296 GeV
(4.3 fb)

* Observed limits weaker than expected (~20)

6 January 2011

events

103l CDF Run 2 (4.6 1) { Observed

Preliminary

0 200 400 600 800
Hr (GeV)

DO Run Il preliminary 4.3 fb™

= data
(It 300 Ge
[ 4

I WiZ+jets
[ multijets
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Electroweak Single Top Productio DS

» Test V-A structure of W-t-b vertex Direct measurements
» Access |V, uz t Vid Vus Vi
; . Verm | Ded Ves Vo
* Single top signature (W + 2 jets) less Via  Vis @
distinct than top pairs Single Top

» Large and many backgrounds

—Multivariate analyses essential to establish small signal
(Matrix Element, Neural Net, Boosted Decision Trees... )

A
- - -1 2Jets 1Tag CDF Il Preliminary 3.2 fb S -
5000 CDF Run I Prellm,nary, L 3'2f.b @ . Wisinglo top| ¢ % D@ 2.3 fb
signal region g=="| § 3 O[S0 4
[ t-channel > | DWbb"’ch 2 o R k d
0,4000 [ ’ Wligh i (11} | BEWc E -‘2 anke
£ 7 /) | I I M Waqg a Combination
@ 7 V] [ Non-W o "".u' - -D“?oson = C 20 Output > 0.92
(113000 I 5/B~1/20 ||mas, Has 20 Dzvets | 9 2
% 7 EEDFD ita % g : . data -8 E
22000 | Z —— | i1 i 3T 10
c 101 E o
o i 5 &
1000 ] [ s>
‘PO- 150 260 I25UE 0 o 200 %0
Top Quark Mass [Ge
W+1jet We+2jets W+3jets W+ 4jets M (lvb) [GeV/c] PQ [GeV]
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Single Top Cross section and |V

Single Top Quark Cross Section August 2009

e Tevatron combination: DB Lovoniee 235 |

+0.88
3.94 _5ggpb

0.58 CDF Lepton+jets 3.2 fb 2 3 2.17+8'gg b
_ +0.
Og+t 2.76 -0.47 pb CDF MET+ets 2.1 ! 50 33 pb

|th|= O88i007 (>O77 @95% CL) Tevatron Comblnatlon: 276f82—?pb

Prelim
|

Il B.W. Harris et al., PRD 66, 054024 (2002)
N. Kidonakis, PRD 74, 114012 (2006)

=> compatible with Standard Model I P

0 2 4 6 8
In all channels G (PP > th+X, tqb+X) [pb]

Miop = 170 GeV

* Independent s- and t-channel |
measurements DB 2.3 fb-

CDF Run I Preliminary, L=3.2 b

g 4: ;H ) T " o ‘. “B‘eS“V‘F‘ItHH‘HH’ E D@’s measurement .

— Good overall agreement s | = st 15 ° 6% CL.
ith Standard Model S e 1B oo ct W
Wi andaar oade § 35 | E :V(ﬁfc; 19, 95% cL Ml
g 3| B SM(NNNLO) - g sm'

H o s 1= tu 2
— ~20 effect in CDF result 3 25| 153 aroog,
NOT explained by recent  § z/ 1€ ke A
theory progress in t-channel = *s| 1872 o oppon’ g
S|gnal MC (Campbell et al) T Ee 1 Vel =0.2° #

. 05 [ =

=> Seetalk by R. Frederix | 7 S e ettt o
0 05 1 15 2 25 3 35 4 45 ¢ T ‘J‘J ‘/-\h:aallle:all. E.PJ‘CTQ\TSF(‘ZG?T'.

s-Channel Cross Section o [pb] 00 o 1 2 3 4 5
s-channel cross section [pb]
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Top Quark Width

e ln SM: [(t->Wb) = 1.26 GeV (NLO), m, = 170 GeV

* DO: indirect measurement via t-channel single top cross section
- assume same coupling in decay and production

_ I'(t — Wb)
"Bt — Wh) < -

From tt production:ratio
r=2.05 *0%GeVv of different # of b-tags

JES

1— CDF Run Il Preliminary 4.3 fb” + ogll) =05

x -log(L) = 2.0

- CDF: direct measurement from well reconstructed
single + double tagged leptons + jets top pait

* -log(L) = 4.5
05— b

01—

0.3<I'<4.4 GeV (68%CL interval) e
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Top Quark Arg
. — | _ 6y,~0034 4
Test of discrete symmetries in strong interactions b . Oy, =0085
\ ‘?

==,

[ ]
Nav>0—Nav<o

Arp =
Nav>o+Nav<o

- at Tevatron (pp), Agg can be reconstructed in lab frame
' Vi

NLO QCD predicts small asymmetry Az ~ 5% in
qq — tt —top quark preferentially in proton direction
(NLO)
| I
_yh)

<
Sl

S. Dittmaier, et al. Nucl. Phys. B

(NNLO . Dittmaier,
) Proc. Suppl. 183, 196 (2008). A (
Vi =4

>wmmr@ }Gﬁfﬁmﬁ< AFB - 1%
=V =V
‘ﬂ.pr? = 2.}}:!_

Arg ~ +10-12% (NLO)
5Ay =0.100

——f0000000——
A 000001
> < NNLO still missing

——40000000.s
New physics can modify/enhance A
— Extra heavy gluon octet, W', Z' with anom. couplings
(Brand-) new CDF result based on 5.3 fb-! http:/arxiv.ofa/abs/1101.0034

FNAL Wine and Cheese
Seminar 7 January 2011!
20/29

— Ay (~cos 0% and M, .. (~ Q?) dependence

Rainer Wallny -Top physics results from the Tevatron
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http://arxiv.org/abs/1101.0034

2 - Agm=0.057:0028 | 8 0 250 pr
E 4505— —~data Aoy =-0011£0003| 8 E D@ Run Il Preliminary
W aooE El:f bhg Ag=-0013:0002 | ¥ > ' L=4.31fb"
F bk + Ay, =-0.005 + D.008 41" 200 ij |
350F- —4— e : :
250F =
200F —4— E 100
- —— ]
150 -
100F- : 0
C ——
50E
- : REIREEE
O -2 4 0 1 2 3 Ay
data-bkg TR Afrpdata-bkg = 8 + 4stat+sys %
ArB = 7.5 * 3.7 stat+sys+thy) % | 20
mc@nlo = 4+2. 0
ArgMc@nlo =2 4+ 0.5 % AFB @ =1 -1.0 Yo

Parton Level: (correcting acceptance,
reconstruction, resolution, backgrounds)

AFB - 158 + 7.4(stat+sys+thy) 0/0

Argmm  =5810.9%
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MCFM

> "k E
0.16: < [ i
0.14F B !
20120 2— !
E 0.4 L :
Eo.ns_— B . -c\;f:' - . )
0.06;— 1__.‘_,._‘.._:,'.‘_jz.'\_??;;..‘i‘_;i-:.-ﬁ:&4:".;:,:.-."._.;.‘_',.:._.'_...‘...._.._.._.._.._' ...... .. - N
0.02- - 5 .1.::!{,' i '- x c
S R S PR R SN RN R R P | _;&':;‘-_:.'.-!'.---s.:. * N
%0204 0.6 08 ﬁ; 12 1.4 1.6 1.8 2 0: v ,“'5'55‘:;“}, - '
NLO predicts ~ linear dependence of - *':,..,-:'-.}i'-f;-'! i . :
B b i Ot SO :
AFB on Ay on parton level | — SES L L T B
02p -
°“18  MCFM 2 |
.16} B i
0'14,_ Q_I 1 | | | | \E | | | | | L1 | | | | | ‘ | | | | | | | | |
50.12; 400 500 600 700 800 900
E o M (GeVic?)
Eo.oaj t
0.08- Mtt - 2 mT COSh (AY)
0.04f
0.02}

%0 d00 'sﬁgﬁ('ée\?)oo‘ —7o0 800 SCrUtlnlze asymmetry In bInS

NLO predicts ~ linear depenhuence oi of Ay and M
AFB on My, on parton level u
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—4— data
tt + bkg

0.4

+

450 500 550 600 650 700 750 800
M, (GeV/cH

0.3

0.2

0.1

T

g_
oL

-0.1

wh

I

o
o -

Reconstructed Ay (data) overshoots MC@NLO prediction
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— data (negative lepton)
! A=-0214-0.071 My >450 GeV| _
P T + bkg
£ 60 A=0.015+40.07
5 bkg
50| A=0019+-0.16 Ar=-0.21+4/-0.071
30 f— ' | ]
10
Uy 2 1 0 2 3
LY =Y,-Y,

 Lepton charge tags the top quark
flavor => sign selects preferential
rapidity range of top quark

* Apg(t) =- Agg(-) suggests CP
invariance of underlying process

=> Underlines physics origin of the
effect
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Events / 0.6

e
=
=]

— data (positive lepion)

M > 450 GeV | 4

Ar=0.21+/- 0.066

90 A =0.21+-0.066
il + bkg

80 A=-002+-0072
bkg

Th

A=-0028+-0.16

B0
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-
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|
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Unfolded Ay and M,, Dependence

if
A __
0'8__-0— if parton - level
CDF data 5.3
— FNLOQCD
0.6+
04—
02—
0.0 :
1.0
> Data
S A = -0.016+/-0.034
~ 500 tt + Bkg
8 A = -0.0087+/-0.034
2 Background
w4001 A = 0.00073+/-0.069
300 —4— ;
200(—
- — —
100[—
- \ —
3

i=d

Slgnlflcant AFB at high My, (and Ay)

A | tf parton - level
CDF data 5.3 &
044 — if NLOQCD
02
]
0.0 — - _
_0_2__
— T
450 GeVic? M
|
2 3
AY=Y,-Y,

- cross checks: possible bias from unfolding physics
model (Pythia versus Color Octet Model P. Ferrario,G. Rodrigo PRD80 051701 (2009)), reconstruction
quality, lepton species, b-tagging/anti-tag cross check, jet multiplicity ...

- Awaiting further theory input (NNLO)

f Data
2 160 A=0.21+/-0.049
p tt + Bkg
£ 140 A = -0.017+/-0.05
g Background
il A =-0.024+/-0.11
= ]
= -—{—
e
=
S —
0: —_— .
-3 -2 - 0 1 2 3
AY =Y, -Y,

T

TABLE XIII: Asymmetry A* at high and low mass compared

to prediction.

selection M;; < 450 Gia:\*'/.f:;5 Mg > 450 Ge\"/d‘3
data —0.016 £ 0.034 0.210 £ 0.049
ti+bkg +0.012 4 0.006 0.030 £ 0.007
(Mc@NLO)

data signal
tt
(Mc@NLO)

—0.022 £ 0.039 £ 0.017
+0.015 £ 0.006

0.266 £ 0.053 + 0.032
0.043 £ 0.009

data parton
MCFM

—0.116 £+ 0.146 £ 0.047
+0.040 £ 0.006

0.475 £ 0.101 4+ 0.049
0.088 £ 0.013
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Jet Color Flow Measurement w

Use color flow between jets as additional handle to separate signal and

background: “Jet Pull” Gallicchio, Schwartz,
PRL 105, 022001 (2010)

‘=
Q

q
2 bt B L.
. I background bctet
0o~ b I
_ H e S !
q singlet D — 0 ng, T q 9 b
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Jet Color Flow Measurement in tt

* Proof of principle in tt events:

W \
Test if W, .4 is singlet q .
or octet — fgnger =17 < b bjet
— (Octet)
_ - candidates
q t
= 90 ¢ g. .
2 F DO, L=5.3fb" L.ttt —~-Data @ W — ]
2 80 F D e .on o Singlet _ (Singlet)
706 1 - Octet candidates
it
60 B Other
50 B e Wjets
40 I Multijets foingler=0.56+0.38(stat+syst)
-------------- +0.19(MC stat)
30
2007 . 00 :
0 First study of color

I e ———— flow in tt events!

S S — ————

0 05 1 15 2 25 3
arXiv:1101.0648 (hep-ex) Minimum relative jet pull 6
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http://arxiv.org/abs/1101.0648

Run Il Measurement SM prediction Lumi (fb-")

Ottpar (M=172.5 GeV)
Ottpar (M=172.5 GeV)

Osingletop (@mt=1 70 GeV)
[Vip |
o(gg->ttbar)/o(qg->ttbar)

My = Mipy,

Ottbar+jets (@M=172.5 GeV)
CTtop

Top width
BR(t->Wb)/BR(t->Wq)

W-boson Helicity

Charge

Spin correlations

Charge asymmetry
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Tevatron: 173.3 = 1.1 GeV

CDF: 7.50 = 0.31 (stat) = 0.34 (syst) = 0.15 (lumi) pb

DO: 7.78 +0'77-0.64 pb

Tevatron: 2.76 *0-58 , .- (stat+syst)
Tevatron: 0.91 = 0.08 (stat+syst)
DO: 0.07+0.15-0.07(stat+sys)

DO: 3.8 &+ 3.7 GeV
CDF -3.3%+1.7 GeV

CDF: 1.6 = 0.2 (stat) &= 0.5 (syst)

CDF: 52.5pum @ 95%C.L.

DO: I=2.05+0.57 -0.52 GeV CDF: [, <7.6 GeV @ 95%C.L.

CDF: >0.61 @ 95% C.L.

DO: 0.97 *0-99 s (stat+syst)

CDF: F,=0.88 £0.11 =0.06 F,=-0.15 %= 0.07+0.06
DO: Fy=0.67+0.08(stat)*=0.07 (syst) F,=0.02+0.04(stat)*0.03 (syst)

CDF: 4e/3 excluded with 87% C.L.
DO: 4e/3 excluded at 92% C.L.

CDF: k =0.7 £0.6 £0.3

(j)

DO: k=-0.2 *0:6 . (stat + syst) (ll)

CDF: 0.16 = 0.07 %
DO: 0.08 =+ 0.04 %

4.3-5.6

7.46 +0.48 -0.67 pb / 4'5
6.41 931 ,, pb 1

2.86+0.8 pb / 3.2-2.3

1 3.2-2.3

0.18 1
0 J1
1.79+0.16 -0.31 p

10"%um /
1.26 GeV J

0.027
0.78 o 027 * J 5.0
4.2
0.05 +- 0.015 5.3

0.01 +0.02 -0.01 4.3
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* Top Physics vibrant at the Tevatron!
— Already 3 new results this year ©

Precision era in top quark physics

— Top quark mass <1% will be a Tevatron legacy measurement for years to come
— Precision of total ft pair production cross section requires (N)NLO

— Beginning to probe ft pair production differential distributions ~ (N)NLO

— Electroweak single top production established

Mapping Top Quark Properties
- Width, spin, helicity, anomalous V,, ... so far no surprises
- Still most measurements statistics limited

Standard Model prevails but a few intriguing effects
— Weak t’ limits
— Ars

Still a factor of ~2 more data to come — or possibly more
— Stay tuned
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