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DY The Tevatron

* Infegrated luminosity:

Run Il Integrated Luminosity

19 April 2002 -18 September 2011

==Delivered 4

=Recorded 4
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s |nitial luminosities: 3 - 4 x 10°? cm2s™!
* At = 396Nns

» ~12fb"/experiment delivered - ~10 fb'/experiment collected

Thanks to the Accelerator Division!
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¥ The Tevatron

Main Control room: H. Edwards dumps beams

e

» Shutdown 30™ of September 2011:

y — Bill Lee and George Ginther

' (Run and technical Coordinator)

- D@ Runll data taking finally ends
after ~10 years

Thanks to the Accelerator Division, Shifters and Experts!
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DI The Experiments: CDF & D@

General purpose 4rx detectors:

® Tracker: Detection and momentum measurement for charged particles
» Calorimeter: Identification and energy measurement of jets and electrons
@ Muon system: Identification and momentum measurement of muons

in=0 n=1

Muon Scintillators

—
Muon Chambers

ooy M n=3
Shieldin R %——::_’.’_‘.'. --------------------------
. Seiecims i =~ N
Toroid
| — ) e—— ] — |

» Similar calorimeter and tracker coverages
» Detectors are of comparable strength in Tevatron Run |l !
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w.IEt COrreIa tiOnS Phys.Let.B 718 , 56 (2012)

* Triple differential measurement of
the average number of neighboring

jets per jet:

N__@is number of neighboring
jefs with minimum p_and AR

ZNjet (pr) *\*(E) (AR. p%?}ﬁin) (USing Ay and Ad)

i=1 “Ynbr ;

nbr ) o

R'QR(IUT' é“E?'L;"‘;"]i“:min - AT
1 'jet(PT)

, -1
* Reduced experiment 10 ‘/»4«7 - D@ L-07"|f = 4 22<AR<26
Z C A - r ®m18<AR<22

Uncertainties /,—u\‘ : s |F e14<ar<18
_ A [

*Well described by ;¢

Q -
pQCDfor %ﬁ 10 - Ug =Hg =Pr 3 - =
pT”br > 50 GeV - © MSTW2008 PDFs | - -
Q [ i [ i
i [ — NLOPpQCD + || I I
o

5| non-perturb. correct. Vs = 1.96 TeV
10 ¢ = 2 =
i o™ =30 GeV |} o™ =50 GeV |f o™ =70 GeV |} p™ = 90 GeV
_I 1 111 |-rmin | 1 | _I 11 11 |-rmin 1 1 1 _I | |-rmin 1 1 1 _I | 1 1 |‘rmin | |
50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400
pr (GeV)
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http://dx.doi.org/10.1016/j.physletb.2012.10.003

D& Jet Correlations

Phys.Let.B 718 , 56 (2012)

* Triple differential measurement of
the average number of neighboring

jets per jet:

Rar(pr,AR. pPny,) =

2

Njet (pT) :\*(3)

i=1 nbrt

(AR, pnbr )

Tmin

Tmin

®* Reduced experimentadl

Uncertainties

» Well described by
PpQCD for
|oT”br > 50 GeV

i Get ('PT)

S 14
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2 06
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e
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nbr

N__@is number of neighboring
jefs with minimum p_and AR
(using Ay and Ag)

nbr

nbr

12 F

0.8 [
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Tmin Tmin Tmin Tmin

= DO = = - MSTW2008 PDFs
= Vs=196TeV |E 3 = 0, (M)=0.118
- | I| | | | — — — 11 | 1 | |
- L=07f" |E = - Theory uncert
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SR TTLLIIYYAL - = -
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http://dx.doi.org/10.1016/j.physletb.2012.10.003

D& Jet Correlations

Phys.Let.B 718 , 56 (2012)

» R, allows to probe a up o high () e DO R, (this analysis)
scales of 400 GeV 014 O D@ incl. jets
» a (M) is determined using dafa [ A ALEPH evt. shp.
b n
with p."= 50, 70, 90 GeV 5 otz 144
(Integrated over p. and AR) =3 .
s Reject p"'= 30 GeV region 01 DO
= o (M) =0.1191 0007
0.08 - (D®lccl)n?b|ned fit to RAR data) |
— 0.14 ¢
S o2 Y ‘a%-mé—r% '
o f pEw
S 01b.. .. L
50 100 200 400
Q (GeV)
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http://dx.doi.org/10.1016/j.physletb.2012.10.003

D& Jet Correlations

Phys.Let.B 718 , 56 (2012)

» R, allows to probe a up o high

scales of 400 GeV
» a (M) is detfermined using dafa

with p."*'= 50, 70, 90 GeV

(Integrated over p. and AR)
» Reject p."™'= 30 GeV region

a M) =0.1191 % ;o5

» High experimental precision with
reduced uncertainties due to non-
perturbative corrections, increased

0.14

0.08
—, 0.14

= 0.12

—

® DO R,R (this analysis)
O DO incl. jets
A ALEPH evt. shp.

+0.0048

(DQ combmed fit to R AR data)

| L1

(b)

: 50 100 200 400
scale dependencies Q (GeV)
— Need NNLO for 2, 3 jets
ae(Mz) Total Statistical Experimental Non-perturbative MSTW2008NLO PDF LR F
uncertainty correlated corrections uncertainty set variation
0.1191 i +0.3 09 ki o5 To 66
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D&Y Top - Introduction

» Top is the heaviest fundamental °

parficle discovered so far:
- m =173.2+0.9 GeV

— Recent Higgs-like boson
discovery at ATLAS & CMS

- If SM is “valid” up fo the

. . Planck-scale:
» Top plays special role in EWSB ?
- Yukawa coupling ~1
T 25 150 — 107 PP 10™
o Lifetime: 1 = 5x10%°s << I i T, - -
QCD % Instabihty_ . — e Me_ta—.stablllty' o
O = B—— b
- Observe bare quark = wsf——— - _— 1
= e // ]
B e é
Eh-:::::::him Mo :;urrim Tau H_ru1rinu E«* 170 : S 2 _
; ° d ;%: Stability .
o u i b B [hep-ph/1205.6497]
aum:s s 1 s 1m0 13
:p_ Chamm Top Higgs mass M, in GeV
e |
E A. Jung Standard Model Measurements at the Tevatron 10



DEJ Top - Introduction

» Needed as Isospin partner of b-quark
» Discovered in 1995 by CDF and D

6

[
17 events 5

using ~120pb™ s
» Charge: +2/3e S
» SM top quark, ~100% decay into Wb 3
5 2
Top Pair Branching Fractions 3
46% Dmﬂ 200
Fitted Mass (GeV/c?)
5
THets 15% 19 events
- CDF
>
G 3| =
2
15% 2 af - .
15% 2 | 5 L|:‘ ]
"dileptons™ I'H- "--..I
» Samples classified according to W-decay: e o e e
dileoton (1D, , dll jets Reconsmictod Mas NGy
E A. Jung Standard Model Measurements at the Tevatron 11



DEJ Top - Introduction

» Can Tevatron compete ?

Tevatron Runll (large statistics): Top factory:
2 6001 D@, L=531b" g 8000 AT et
q>> ] Lq>|j 5000t _|.Ldt=2.05fb'1ws=7TeV O e
e 500-] : ) mzels
5 2007 4000- 7 mln,
= ] - D Unceramy”
S 400- 30001~ E
E 2000/~ <
= 300 = .
1000}~ -
200 O: L »/
Q 1.5 ' =
100 = = 7 %/ 2
P B
0.5t . . . , . :
0 2 3 >4 40 45 50 55 60 65 70

-In(likelihood)

Number of jets

E A. Jung Standard Model Measurements at the Tevatron 12



» Can Tevatron compete ? Differences between the machines helps:
* center-of-mass energy — different parfon x of the initial state

D&Y Top - Introduction

° PP Versus pp Mmachine

Tevatron: t LHC:
(1.96 TeV) 4 (778 TeV)
~85% N ¢ ~15% (~10%, 14 TeV)
< t
f
~15% S ~85% (~90%, 14 TeV)

—

» Differential and inclusive cross-sections

» Forward-backward asymmetries
» Systematically limited measurements, like top mass

E A. Jung Standard Model Measurements at the Tevatron 13




b
Pt (Vo v
“ /

Branching Ratios |V |

Anomalous couplings
Rare decays

Top mass (difference)
Top width, Lifetime
Top Charge

Production cross sections
Top kinematics
Production via resonance
New particles

t

P
t \
_ ' Spin Correlations

b N Production Asymmetries :|

e
a- \E
q W helicity :|
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¥ Tevatron Combination

CDF and D@ Electroweak working group (TevEWWG):
» CDF inputs: 4 measurements, up to 8.8 fio™
» D@ inputs: 2 measurements, up to 5.4 fio™
» use Best Linear Unbiased Estimator (BLUE)
» 10 sources of correlated systematic uncertainties
— either 0% (detector, statistics) or 100% (luminosity) assumed
» CDF has a weight of 60%, D@ comes with 40%

First preliminary Tevatron cross-section combination:

7.65 4+ 0.20 (stat) + 0.29 (syst) + 0.22 (lumi) pb
— 7.65 +0.42pb (rel. 5.5%)

» Best prediction at NNLO+NNLL (MSTW2008)

+0.186 (2.6%) [pdf]

— 1+0.143 (2.0%)
= J.067 —0.122 (1.7%)

arxiv:1204.5201

E A. Jung Standard Model Measurements at the Tevatron 15


http://arxiv.org/pdf/1204.5201v1.pdf

Evidence for tty

PRD 84 031104

* Final selection YieldS: tty, Isolated Leptons, Tight Chi2 on Photons
Standard Model Source evb Fp pyb Fop (e 4+ p)vbEr
Total SM Prediction 16.7 £ 2.2(tot) [10.3 &= 1.9(tot)||26.9 = 3.4(tot)
Observed in Data 17 13 30

CDF Run Il Preliminary 6.0 fb™

CDF Run Il Preliminary 6.0 fb™

% 20 | ;I.Zaté(em)' ; 15: | | ;Qata'(em) R

O 45 WyaHr & <l W

o i W fake b-tag — 10 Wfake b-tag

- Bj fakes y d:) I Bj fakes vy

B fake I/ ] - fake I/

210 B Er > EWK T

c T fake y W 5 T fake y

0>J ) e fakey : e fakey

m i ] L |
0 50 100 0% 5 10

Photon E; (GeV) N Jets

» Probability of background alone fo mimic observed signal is: 3 s.d.

Oty

R =" = 0.024 + 0.009(stat.) = 0.001(sys.)

_>

0.18 + 0.07(stat)£0.04(sys.) £0.01 (lum.) pb

° In cood aareement to SM

E A. Jung

Standard Model Measurements at the Tevatron
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http://arxiv.org/abs/1106.3970

D5 D/fferent/al Cross sect/on

1—

0016-_ D@ ° data i f -
> - NLO pQCD ]
(50_14:- —— Approx. NNLO pQCD
s [ PH----- MC@NLO ]
0121 - -— PYTHIA E

o4 | |--- ALPGEN h

o 0.1

top quark P, [GeV/c]

0 50 100 150 200 250 300 350 400

Q
0 1.8

—t
=2]

—h
=

Shape ratio to NLO p

o
(=)

0

. data o DO ]
[ NLO pQCD scale uncertainty ]
[ —— Approx. NNLO pQCD i
EELEEE MC@NLO -
- === PYTHIA

- ALPGEN SRR GRS

L)
N
T T 1

)
o
T 1 U I

o
o)
Ll I

50 100 150 200 250 300 350 400
top quark P, [GeV/c]

o Largest shape uncertainty: Jet energy scale (1.5-5%)
s Alluse: CTEQO6T with p =My, except approx. NNLO pQCD uses MSTWO08

® Integrated cross section: 0 = 8.3 1

+ 1.28 (stat.) pb

Phys. Lett. B 693, 515 (2010)
arXiv.org:1001.1900

_» Normalization nicely described by pQCD (N)NLO, however offset for
PYTHIA, ALPGEN. Shape is reasonable described by all predictions

E A. Jung

Standard Model Measurements at the Tevatron
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http://arxiv.org/abs/1001.1900

PRL 102 222003 (2009)

Differential cross section

» Correct for detector effects & finite resolution by regularized unfolding

(7))
GCJ Unfolded —— SM Expectation
d—
c
0 102 | i — 10 -SM Uncertainties
(V]
+ - CDFII Data,J.Lz2.7fb'1 Q o CDFII Data,J-Lz2.7fb'1
>
Q)
] Fe 1
| = B m, = 175 GeV/c?
10 |- 2 = f
- . —_
—% — s f
| S L
10

PR T R [ N N T T TN N N TN T T N Y T SN AN SO N B ] L1 |
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Unfolded M_[GeV/c?]

Unfolded M, [GeV/c?]

» Dominant systematics: JES 2-8% and at high M(1t) PDF up to 18%
° Intfegrated cross section: 0 = 6.9 + 1.0 (stat.+JES) pb

_» Invariant mass distribution of the 1t system is described by SM

E A. Jung Standard Model Measurements at the Tevatron 18


http://arxiv.org/pdf/0903.2850

408, 261603 (2012)

EJ Lorentz Invariance Violation

» Search for a time dependent tt cross section
» Standard Model Extension (SME): adds terms for Lorentz Invariance
violation (LIV) to the matrix element: | M|3yx = PFF + (§P,)FF + (§P,)FF
1 Pl§F)F4 PREF)

O'(t) ~ T gve [1 —+ fSME(t)] [D. Colladay and V.A. Kostelecky, Phys. Rev. D 58, 116002 (1998)]
_ [V.A. Kostelecky, Phys. Rev. D 69, 105009 (2004)]

1 Solar day = 0.997 sidereal days

q) Wside

Cfﬁg?rams = ﬁ ((Dsidet )(Sun — Apparatus ) Citzrll?)
» SME predicts cross section dependence on sidereal time (relative to fixed
stars) as the orientation of the detector changes with the rotatfion of
the earth

s C, .. are different components of SME matrices

| (DN

E A. Jung Standard Model Measurements at the Tevatron 19



http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T12D/T12D.pdf

408, 261603 (2012)

EJ Lorentz Invariance Violation

o Use lepton+jets tt selection with: > djets, exactly one b-tag and Zr
» Other ingredients: Timestamp' of data at production, signal fraction f,

e Data corresponds to August 2002 to June 2009
e Ratio R expected to be flat in SM (=), i.e. no time dependence

e | e | -
0.6 D@, 5.3 fb” (b) D@, 5.3 fb”
E uen 04,_ “l.l”
0.4 - 4
r 0.2
fs @ I ++ - o 1
-0.20 T T+ -0.2- <+ 1
Sidereal phase bin i aal [
P Total integrated 0'4; 041
luminosity 0.6 | I | i | | |
) ) ) 0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
Integrated Luminosity per bin Sidereal Phase / 21 Sidereal Phase / 2

E A. Jung Standard Model Measurements at the Tevatron 20
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EJ Lorentz Invariance Violation

408, 261603 (2012)

o Use lepton+jets tt selection with: > djets, exactly one b-tag and Zr
» Other ingredients: Timestamp' of data at production, signal fraction f,

e Data corresponds to August 2002 to June 2009
s Ratio R, expected fo be flatin SM (=), i.e. no fime dependence

°C, (ngh’r—honded) and CQ (left-handed)

o [

0.6
0.4f
0. }

# |i+ |

DO, 5.3 fb"

ON

-0.21

M

-0.4

-0.60

+

i

0

0

0751
Sldereal Phase / 2%

o
0.4

D@, 5.3 fb™

M .
5| f f

0 025 0751
Sldereal Phase / 2n

0.

M

t')

TABLE IV: Limits on SME coefficients at the 95%

C.L., assuming (cqQ)uw = 0.

Coefhicient

Value + Stat. £ Sys. 95% C.L. Interval

)XXBB

CU)YY33

cU)xz33
CcU )y Z33

(cu
(
(cu)xvyss3
(
(

0.10£0.09 £0.02 [—0.08, +0.27]
—0.10£0.09 £0.02 [—0.27, 40.08]
0.0440.09 £0.01 [—0.14, 40.22]
—0.14+0.07 £0.02 [—0.28, 40.01]
0.01+0.07 £<0.01  [-0.13,+0.14]

TABLE III: Limits on SME coefficients at the 95%

C.L., assuming (cy )y = 0.

Coefficient Value &+ Stat. +Sys. 95% C.L. Interval
(Cq)xxgg —0.1240.11 +0.02 [—0.34, —I—O.ll]
(C.‘ijygg 0.124+0.11 +£0.02 [—[:].11, —I—O‘34]
(C.Q)Xygg —0.044+0.11 +£0.01 [—[:].2& —|-Olt"§]
(C.'ijzgg 0.15+0.08 +£0.02 [—0.01, —I—O.Bl]
(CQ)yzgg —0.03+0.08 +0.01 [—[:].193 —I—O.lQ]

No indication for fime dependence of tt cross-section,
First constraints on LIV in top sector (and for a bare quark)

E A. Jung
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http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T12D/T12D.pdf

DD A__measurements

* Interference starts with NLO QCD

— (T —¢—
+ A T S
—— T ——

» Tevatron this is a forward-backward asymmetry because of inifial stafe:
qq vs. gg (fwd-bwd symmetric)
» Difference between rapidifies of the tfop-quarks is a measure of the
asymmetry

s Measure Ay = y; — yz and define asymmetry:

Inclusive NLO prediction (QCD+EWK):

Ay>0 Ay<0 —>
N N A =66+20%

App = NAy>0 1 NAy<0

E A. Jung Standard Model Measurements at the Tevatron 22



D A -, measurements

* Lepton+jets decay channel

» Full reconstruction of tt pair using kinematic fitter:
- consfrain m(W) and m(1), choose best solution

> NLO model: Powheg

« 600

© F + —— CDF Data, 9.4 b
= 500F <+ " Total Prediction
8 n I Background
N 400 +
" -
+ 300
o - +
> - e
w 200 N
100 +,
C —--
- —.—-o-_.__.__._ .
950 350 450 550 650 750 850
M, (GeV/c?)

» Nicely described

Events/(25GeV)

400
350

300 4 - Background
250 +
200 +
150 ++
.+.
100 ot

50

—s— CDF Data, 9.4 fb™

- Total Prediction

*ﬂ*hf*;;r

500 600

» Unfold detector effects o have result af parton level

et gt gl ]
700 800

H; (GeV)

E A. Jung
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D A -, measurements

* Lepton+jets decay channel

» Full reconstruction of tt pair using kinematic fitter:
- consfrain m(W) and m(1), choose best solution

> NLO model: Powheg

« 600

© F + —— CDF Data, 9.4 b
= 500F <+ " Total Prediction
8 n I Background
N 400 +
" -
+ 300
o - +
> - e
w 200 N
100 +,
C —--
- —.—-o-_.__.__._ .
950 350 450 550 650 750 850
M, (GeV/c?)

» Nicely described

Events/(25GeV)

400
350

300 4 - Background
250 +
200 +
150 ++
.+.
100 ot

50

—s— CDF Data, 9.4 fb™

- Total Prediction

*ﬂ*hf*;;r

500 600

» Unfold detector effects o have result af parton level

et gt gl ]
700 800

H; (GeV)

s Results: A parfon = (16.2 + 4.7)% compare with A_NLO = (6.6 + 2.0)%

E A. Jung

Standard Model Measurements at the Tevatron
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DD A__measurements

» D@ measured asymmetry in lepton+jets decay channel as well
» Unfolded detector effects - asymmetry at parton level

» Kinematic fitter provides best solution A,, of the Top Quark
[ V. Anrens et. al., July 2011
* 2 arXiv:1106.6051v1 (2011) -+ submitted to a journal)
€ 250 — - tt D@, 5.4 fb™ [] W. Hollik and D. Pagani (s ’
E E I:l W+iets arXiv:1107.2606 (2011) (* preliminary)
200/— [ Multijet
-~ e Data +
150 - CDF LJ —— 0.158 + 0.074 (+0.072+0.017)
-1
B (531
100
— CDF DIL* ———
S0 0.420 + 0.158 (+0.150+0.050)
- (5.117)
3 3
‘ﬁy CDF combined* —@— 0.201% 0.067 (0.065+0.018)
(+ stat + syst)
DO LJ** —@—  0.196+0.060 *J.0.%
(541
| | | | |
-0.4 -0.2 -0 0.2 0.4 0.6 0.8
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DD A__measurements

» D@ measured asymmetry in lepton+jets decay channel as well
» Unfolded detector effects - asymmetry at parton level

» Kinematic fitter provides best solution A,, of the Top Quark
[ V. Anrens et. al., July 2011
o — arXiv:1106.6051v1 (2011) . . .
E 250 :_ - it Dg, 5.4 fb_1 1 W. Hollik and D. Pagani, (* Sultfmlltted 10 & journal)
Iﬂ - I:l W+iets arXiv:1107.2606 (2011) (* preliminary)
200/— [ Multijet
-~ o Data +
150 — CDF LJ —— 0.158 J_r10.074 (+0.072+0.017)
B (63M")
100
3 CDF DIL* ———
30— 0.420 + 0.158 (:0.1500.050)
- (5.117)
3 3
Ay CDF combined* —@—  0.201+0.067 (:0.065:0018)
(+ stat + syst)
@ RGSUH’S' Afb pCIﬂ'On = ( ] 9.6 i 6.6)0/0 DO LJ** —@— 0196+ 0.060 553
(541"
compare with A_ NLO = (6.6 £ 2.0)%
| | | | |

-0.4 -0.2 -0 0.2 0.4 0.6 0.8
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DD A__measurements

° Klnemcmc dependenC|es (double-differential cross sections)

) ]
e - 1 L | —— CDF Data, 9.4 fb
=25F CDF Data, 9.4 fb, Ay > 0 T b a, = (15255010 (GeVicY’
o 2 | 08" — Prediction . o /
B :% 2 :_ CDF Data, 9.4 fb-1, Ay < 0 i U‘Mﬁ =(3.4+1.2)x107 (GeVic?Yy rd
T } -
1.5 0.4
L I
L I
1 B
] 0.2

ﬁ

?ISI.’I lllllﬂ 4;')0 51;0 SSLO ﬁtllﬂ 650 7:!0 750 %50 4[|)0 4|50 5(|)0 55|0 B[‘)O 6‘50 7[|)0 750
Parton-Level M, (GeV/c?) Parton-Level M, (GeV/c?)
° Slope is 2.5 s.d. away from prediction
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DS A measurements

° Klnemcmc dependenC|es (double-differential cross sections)

* Slope is 2.5 s.d. away from prediction

(pb)

d&c
d(M )d(ay)

g
L
T

CDF Data, 9.4 fb™, Ay > 0

——— CDF Data, 9.4 fb"', Ay < 0

b
550 600 650 700 750

Parton-Level M, (GeVi/c?)

m
L

<L

- —— CDF Data, 9.4 fb™

ty = (15.2+ 5. 0)x10” (GeV/c?)"

08—t Prediction /
oy = (3.4 + 1.2)x10* (GeV/c?)" 7

04

0.2

| ‘s—l'd-‘iﬁ
ﬁ

| | | | | | |

0
350 400 450 500 550 600

650 700 750

Parton-Level M_ (GeV/c?)

P, (’r’r) dependence of c:symme’rry (first noted in D@ analysis)

fe)_

=

Events / (10Ge

1000

800

600

400

200

0

[ - CDF Data, 9.4 fb” < 0.4
[ - Total Prediction 0.3;—
:— ——— [ Background 0.2;—
- 01
o pal S .
X —— % T
- — -0.3F
-, . 0. 42—
0 10 20 30 40 50

— Powheg + Pythia
---Pythia

60 70 80 P Y;] S P PP PN U PO MO I PN O

Top Pair p_(GeV/c)

0 10 20 30 40 50 60 70 80 90 100

* Remains @ puzzllng situation, still lots of work o do...

— Strong dependence
in case of Pythia
— NLO QCD smaller

E A. Jung
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D& A_, measurements

- Compllmen’rory information from Tevatron and LHC
» Remains A puzzle for now... 0.1 5 S AN

A DO 0.9fb™'
DO 43fb”"
DO 54 b~

DO (m, ;<450 GeV) 5.4 fb™'

DO (m,;>450 GeV) 5.4 fb ' 1]
D0 (l4yl<1) 5.4 o™ 0.05

DO (jAy[>1) 5.4 fb™'

A CDF 19 b

CDF5.1fb™" (dilepton)
CDF 531b™" @)
CDF (m, ;<450 GeV) 5.3 fb <

CDF (m, —;450 GeV) 5.3 fb
CDF(|Ay|<‘!] 53fb" [ O
CDF (lay[>1) 5. 3fb~"

Auap CDF 19 fb™' (]

CDF 3.2 b
CDF 5.3 1fb "
CDF (m,;< 450 GeV) 5.3 fb™'

CDF (m,> 450 GeV) 5.3 fb™'
Al CMS 1.09 fb™" [ ]
AE CMS 1.09 fb' ] -0.05
Az CMS4.7 b | B : _ : _
i ATLAS 0.7 fb~! .-[.b__.m_“.._h.k......_..“. L1 1 | | || | || R N T R T N N N R A

-1 12 3 0 0.1 0.2 0.3 0.4 0.5
Taken from G. Rodrigo (Moriond EW) A

FB
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PPt (\Vas v
“ /

Branching Ratios |V |

Anomalous couplings
Rare decays

Top mass (difference)
Top width, Lifetime
Top Charge

Production cross sections
Top kinematics
Production via resonance
New particles

t

P

t \
_ ' Spin Correlations :|

O |

b N Production Asymmetries

e
a- \E
q W helicity j
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D&Y Spin correlations

» Very short lifetime prevents spins from being affected by the
fragmentation process: Spin correlations affect decay products

» Production is different at Tevatron vs. LHC = measure both !
- . :
i ki — £(l — (' costq cosby)
ogdcosfidcosby, 4

> NLO QCD predicts: C=0./8 + 0.03 -0.04

» Use maftrix element approach:

1 .. ._
Psgn(--"-': H) e f fPDF(QI) fPDF('—TZ)dQquE

Tobs

. 20t IM(y. B
41925
- 30% improvement

Wi, y) ddbg

» Probabilities are used to form discriminant:
FoglesH =@

Fopal®il] = w73 H =6)

[PLB 700, 17 (2011)]

R =
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DY Spin correlations

» Very short lifetime prevents spins from being affected by the
fragmentation process: Spin correlations affect decay products
» Use MC@NLO samples with and w/o spin correlations

c
— -1
.gﬂ : Data DG, L=5.3 fb

s 120-| — tt SM spin corr.
= tt no spin corr.

100-| HM measured tt
1 I Other
W+jets

807 mmm Multijet

|+jets

0.4 0.45

°|-jetfs: 1.15 + 0.43 (stat + sys)

(2]
" : _ -1
%100—_ Data DO, L=5.4 fb
= {— tt SM spin corr.
80 tt no spin corr.

60-

40

20-

1 Il measured tt
1 Il Background

dilepton

03 035 04 045

Dilepton:

05 055 0.6
R

0.74 £ 0.41 (stat + sys)

* D@ combination: 0.85 + 0.29 (stat + sys) - 3.1 s.d. for spin correlation

E A. Jung

Standard Model Measurements at the Tevatron

32


mailto:MC@NLO

DEJ W mass o top quark mass@

GFitter [arxiv:1209.2716]

80.5

;l | | 1 | | | I | I I | | | | I 1 1 | I | I ! ’,I‘ | | ! |
Q - ]| 68% and 95% CL fit contours . | mgn Tevatron average + _
O, B w/o M, and m, measurements 7
E; 80.45 B 68% and 95% CL fit contours 2
- w/o M,,, m and M,, measurements -
— M, world average + 1c o

80.4
80.35 — —
80.3 — —
80.25 — &7 > ]
R . fitter|svf®
_"; 1 ] ] ] ,'1’ ] ] I ,I'" I 1 ] 1 | l ] 1 ] | 1 ] 1 ] ]
140 150 60 170 180 190 200

m, [GeV]
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DI Top mass: Methods

The measurements discussed foday are based on:
* Template method
» Matrix Element method

- Template method: Few assumptions, fast
— Pick a set of variables sensifive to m,. e.g. mTreCO

— Creafe "femplates” = distributions of m_using MC: m =

- Maftrix element method: Precise, slow
— Calculate Probobili’ry on event-by-event basis

P(x,my) = me) dqidge [(q1)f(g2) Wy, z, kigs)
LO ME PDFs Transferfunction
s Both methods use the 'in-situ’ JES Soachac ;
calibration to reduce JES uncertainty, o 7
use W boson mass constrain
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Top mass: Temp

» Final state categories: 0,1,2 b-tags x B

late

CDF Il Preliminary (8.7 fb'1)

loose tight jet criteria 150} MET+1tag jets: 4 jets |
* Reconstruct event kinematics by SOl e Data
mMinimizing: 3100/ t
; {.”g_ fit _ p””"””]g “]{;E. fit E};-.'H_rri-r'nﬁ}g g . Background
= Z : .z:r.Ejlr ® Z . ol % -
i=djets ¥ 1=x.y 1 I
(M —qi”n'}? ::"j o0}
Iy . .
(Mymissing — MFE®)?  (Myj; — MFe°)? wrong Y
r2 * I2 combination
: ' 50 100, 150
» 3D template fit of m, e, M °°°!, m % m, (GeV/c)
» Largest uncertainties: g D S S R Rt L
* Signal modeling: hadronization + e S A
UE, color reconnection N g
» Detector modeling: JES, b-jet o N
energy scale 9 N E
— | m,=172.85% 1.10 (stat+sys) GeV PO I e
Pr . . [ Q i OE ' 170 172 174 176 :.:(Gawg)
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¥D Mass of the Top Quark

> Maftrix Element method (ME) calculates event probability densities
(PD) from differential cross sections and detector resolutions:

P(x,m) = : /S:da(yamt)dﬁhd% flq1)f(q2) W(y, x, kys)

g (mt ) LO ME PDFs Transferfunction

» The Transferfunction relates the PD of o 1.06
measured set x To the partonic sety X’ 1.05

s K . is a global factor for the Jet Energy Scale 1.04f

» Selection of [+jets events, use b-taggingto T3
increase purity of the sample 102p ° 8
» Measurement is dominated by systematic 1.01¢
uncertainty l:
0.99F
09870 172 174 176 178 180 182
—» Most precise D@ mass measurement (3.6 fo™: m. GeV
m, = 174.9 + 0.8 (stat.) + 1.2 (sys.+JES) GeV ‘
Precision of 0,99 !
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XD Mass of the Top Quark

» Mass is conventfion dependent:

Depends on the renormalization scheme -’g_
* Direct mass measurement is close o T
the pole mass ©
» Derive m P°®from intersection of
measured o, and theoretical
predictions:
Theoretical prediction | mP®'® (GeV) AmP°' (GeV)
MC mass assumption |mM© = mfde mMC = mlt\ﬁ
NLO [11] 164.8757 —3.0
NLO+NLL [12] 166.575 2 —2.7
NLO+NNLL [13] 163.075 % —3.3
Approximate NNLO [14]| 167.5152 —2.7
Approximate NNLO [15]| 166.7752 —2.8

_>

m,=16/.5+5.4-4.7 GeV

14

12

10

DO, L=5.3fb "

“u
-
Y
03
a
.
~a

LT
".a.
-~ -
L]
.............
----

-----
" ma

- *
[T I.| Tg 1 I,| T | I

Yo
-
-
~
Y
.
"a
u
.
»
e
e
L
.

-
Cray

----------

LT
--------
L™

‘s
»
0
" .
- .
o L
*o
.
.

—e— \Measured c(pp— tt+X)
—— Measured dependence of ¢

—— NNLO approx Kidonakis
—— NNLO approx Moch and Uwer
NLO+NNLL Ahrens et al.

150 160 170 180 _ 190
Top quark pole mass (GeV)

'Q
- ,
®
e
(l

o,
L -
&, -
.
e
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D5 Tevatron combination @&

Lepton+jets Runll CDF 173.00 + 0.65 * 1.06 GeV
Lepton+jets Runlil D@ HoH 174.94 * 0.83 * 1.24 GeV
Lepton+jets Runl CDF — = — 1761 * 51 * 53 GeV
Lepton+jets Runl D@ ———0— 180.1 * 3.6 £ 3.9 GeV
Alljets Run il CDF H-OH 172.47 * 1.43 * 1.40 GeV
Alljets Runl CDF — © H 186.0 *10.0 * 5.7 GeV
Dileptons Run il CDF ——o—+H 170.28 * 1.95 % 3.13 GeV
Dileptons Runlil D@ H—to—H 174.00 * 236 * 1.44 GeV
Dileptons Runl CDF H © H 167.4 *103 * 4.9 GeV
Dileptons Runl D@ H © - 1684 * 123 * 3.6 GeV
E+jets Run Il CDF H—o+H 172.32 * 1.80 * 1.82 GeV
Decay length Run Il CDF H o H 166.90 + 9.00 + 2.82 GeV

Tevatron combination o 173.18 £+ 0.56 + 0.75 GeV

%’ I dof = 8.3 / 11

160 170 180 190
Mass of the Top Quark [GeV]
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D5 Tevatron combination @&

Lepton+jets Run i 173.00 + 0.65 * 1.06 GeV

Lepton+jets Runlil D@ HoH 174.94 * 0.83 * 1.24 GeV
Lepton+jets Runl CDF — = — 1761 * 51 * 53 GeV
Lepton+jets Runl D@ —H—e—+ 180.1 * 36 * 3.9 GeV
Alljets Run il CDF H-OH 172.47 * 1.43 * 1.40 GeV
Alljets Runl CDF — © H 186.0 *10.0 * 5.7 GeV
Dileptons Run il CDF ——o—H 170.28 * 1.95 % 3.13 GeV
Dileptons Runlil D@ H—to—H 174.00 * 236 * 1.44 GeV
Dileptons Runl CDF H © H 167.4 *103 * 4.9 GeV
Dileptons Runl D@ H © H 1684 * 123 * 3.6 GeV
E+jets Run Il CDF H—o+H 172.32 * 1.80 * 1.82 GeV
Decay length Run Il CDF H o H 166.90 + 9.00 + 2.82 GeV
Tevatron combination | s 173.18 £ 0.56 + 0.75 GeV

X’ I dof = 8.3/ 11

160 170 180 190
Mass of the Top Quark [GeV]

Remarkable agreement!  |HcJune2012 @@= 173.3+ 0.5+ 1.3 GeV
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DEJ Top mass: Uncertainties!

— Some overlap in systematic uncertainties
o Estimmation of higher order effects:
» Factorization and Renormalization uncertainties overlap with ISR/FSR
uncertainties, differential cross section distributions might help
» MC parton showers: PT versus Q2 ordered - O(500 MeV) difference ?!

» Jet shapes studies, differential distributions, ... Skands, Wicke:
[hep-ex:0807.3248]

Tevatron Top Quark Mass Uncertainty

Combined CDF measurement

7

° Improvements in
uncertainties; ~25%

<N

4 Combined D@ measurement

4  Tevatron combination

L2

Projected future uncertainty range

£

LW
e

l’A M/M<1%

A M <1 GeVic?
T10fb‘1
| I I | | | L1 111 |

1 10
Integrated Luminosity (fb™)

Total Top Quark Mass Uncertainty (GeV/c?)

- Fundamental limit:
» Already of the same order of A___ 0

o Ultimately threshold scan at ILC
E A. Jung Standard Model Measurements at the Tevatron 40
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D5 W mass

» CDF and D@ measurements use binned likelinood fits to extract I\/IVV

» CDF cdlibration done by:
> Momentum scale from J/y = ., Y = Py, Z = g mass fits
» E/p distribution in W = ev to calibrate calorimeter energy scale
» D@ calibration done by:
* / - ee invariant mass and angular distribution (electron energy
scale a and offset 3
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DI W mass

» CDF and D@ measurements use binned likelinood fits to extract I\/IVV

» CDF cdlibration done by:
> Momentum scale from J/y = ., Y = Py, Z = g mass fits
» E/p distribution in W = ev to calibrate calorimeter energy scale
» D@ calibration done by:
* / - ee invariant mass and angular distribution (electron energy
scale a and offset 3

CDF I J L dt=2.2 b CDF Il JL =22 16" oy 0.3 i
e v ) DO Run II, 4.3 fb™
£ : S
I ’ Lfb: ”””””””””””””” AL ”””””””” :% 20000— 3_0-225_
,,,,,,,,,,,,,,,,, |y e ] 12/dof = 18/ 22 s
JT & 0.15-
-0.0015[— 4= T
—e— J/y—uu data (stat. only) O 2
10000 | L<0.72 E
—— Y—-uud . onl
Y —uy data (stat. only) 0.075~ 0.72<L<1.4
[ 1.4<L<2.2 : 32 2 -1
| ——"" combined A p/p (stat. @ syst.) for W—uv events : L>2<2< L |n 10 Cm S
B ey i i s s aala oo lesselsgas
i, 02 04 — s s e % 101 1.02 103 1.04 105
<1/pl> (GeV™) E/p (W—ev) Scal e,

» CDF momentum scale and D@ energy scale precision ~ 0.01% !
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DS W mass

» CDF and D@ measurement cuts:

CDF analysis D@ analysis
o Analyzed 2.2 fb—1. o Analyzed 4.3 fb=" (1 fb~*
@ Uses W — ev and W — puv decay analyzed before) |
channels. @ Uses W — er decay channel. "";""‘_--'-:i-lpderlying
o Central leptons |n| < 1 with o Central electrons || < 1.05 with Bvent
30 < pr < 55 GeV pr > 25 GeV
@ Missing transverse energy @ Missing transverse energy
30 < Fp < 55GeV Fr > 25GeV
@ [ransverse mass @ [ransverse mass i
60 < mp < 100 GeV 50 < mp < 200 GeV Hadronic Recoil
@ Hadronic recoil momentum @ Hadronic recoil momentum
ur < 15GeV ) ur < 15 GeV

» Number of selected events:

W — er candidates | W — ur candidates Total
CDF 2.2 fb—* 470,126 624, 708 1,094, 834
D@ 4.3 fb— 1 1,677,394 - 1,677,394
(+176 %) 2177, 224
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DS W mass

= 40000 _ — 70000
§  [@Doa3m’ P&y | F  [(b)D0,431h"
9 30000 mBackground 5 60000
> 2 _ ) E
% x“/dof = 37.4/49 % 50000 ;_
€ 20000 540000 -
L Lﬁ =
30000-

10000

—Data
—FAST MC

mBackground
x%/dof = 26.7/31

20000
10000

CDF Il preliminary

J L dt=2.2 fb?!

15000

+

events / 0.5 GeV

10000

M,, = (80379 + 16

sta
5000

T T | T T 1 | T T 1 | T T

) MeV

2 2;‘-—_'l oL ~ | 02 A ———— »2/dof = 58 / 48
Ot ot o Bl 0 g LR LT LL TR LN UK L,
PR L b AR R R S RS
50 60 70 80 90 _ 100 25 30 35 40 45 50 55 60 ’ ” ® " ) V)
m, (GeV) pe (GeV) _ _
CDF Il preliminary j Ldt=2.21fb"
Measurement 5 M,, [MeV] E - R
CDF-0/1 —® 80432+ 79 s
D& s 80478 + 83 g1
DE-Il 1osh —— 80402 + 43 T
CDF-ll e2w) - - 80387 + 19 -
D@l @ - 80369 + 26 PR T My = (80408 £ 19,,) MeV
Tevatron Run-0/l/ll @ 80387 + 16 [ x?/dof = 52/ 48
LEP-2 —o— 80376 + 33 N T TR e
World Average -.- 80385+ 15 ' b ”, i " m.(ev) (Ge\;)o ’
| Very consistent results with different
detectors and experimental measurement
L M . | | I |
80200 80400 80600 strategies !
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DS W mass

Source CDF mr(u,v) | CDF mr(e,v) | D@ mr(e,v)
Experimental — Statistical power of the calibration sample.
Lepton Energy Scale 7 10 16
Lepton Energy Resolution i | 4 2
Lepton Energy Non-Linearity 4
Lepton Energy Loss 4
Recoil Energy Scale 5 5
Recoil Energy Resolution 7 7
Lepton Removal 2 3
Recoil Model 5
Efficiency Model 1
Background 3 4 2
W production and decay model — Not| statistically driven.
PDF 10 10 11
QED 4 4 ¥
Boson pr 3 3 2

E A. Jung

Standard Model Measurements at the Tevatron

45



DEJ W mass o top quark mass@

GFitter [arxiv:1209.2716]

80.5

;l | | 1 | | | I | I I | | | | I 1 1 | I | I ! ’,I‘ | | ! |
Q - ]| 68% and 95% CL fit contours . | mgn Tevatron average + _
O, B w/o M, and m, measurements 7
E; 80.45 B 68% and 95% CL fit contours 2
- w/o M,,, m and M,, measurements -
— M, world average + 1c o

80.4
80.35 — —
80.3 — —
80.25 — &7 > ]
R . fitter|svf®
_"; 1 ] ] ] ,'1’ ] ] I ,I'" I 1 ] 1 | l ] 1 ] | 1 ] 1 ] ]
140 150 60 170 180 190 200

m, [GeV]
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DEY Conclusions & Outlook

* Presented recent Standard Model

near
measurements at the Tevatron: measurement EI\an
s Self consistency of SM SIJ rEc)ar!ntz carthDO
> Many results not yet with final data set, _ Mglggdependeptcebcmrgg
I I r e IesO serve
updates expec’req soon carryanme%fgssectg fund%?rt?gﬁ%
» Tevatron fop physics program can Fgfg;fggs p e&‘\;eeeﬁg'rit?t?on
compete with LHC | o Pl
jets dependent S|ngle measuredhght
limited d| t uncertalntg/ysségg{aeﬁéﬂat
gggggexpectatlon B oduction
violati lifet
Outlook: ssmTopsection™
. ' atapropert
» More precise results in the near future, but: photon ymeas”(rf”l‘-ebtsssanqlet
» Concentrate on results which are sood S entiNE detecter
- . far indicati titi
competitive or complimentary to LHC Resnﬁj';mi"at‘i;’_a%??epmeén'i’ieawest
s Puzzling situation AFB staggrf;n;ﬁ,n;_"g;{,?d;O" M
http://www-d0.fnal.gov/Run2Physics/top/index.html additional
http://www-cdf.fnal.gov/physics/new/top/top.html resugg;{ggmgfgresults e
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D Summary - Overview

Property

Measurement

SM Prediction

Luminosity (fb—1)

o (for M, = 172.5 GeV)
Ttbq (for M; = 172.5 GeV)
o (for M, = 1725 GeV)
Charge asymmetry

spin correlation

M,

ol o2
| Vil

R=DB(t » WE)/B(t + Wgq)

o(gg — tt) /o (pp — i)
M, — M5

W helicity fraction
Charge

| "

CDF: 7.5 = 0.31(stat) & 0.34(syst) £ 0.15(thecry) pb

DO: 7.56%0%7 (stat + syst + lumi) pb
CDF: 0.8 £04 pb (M, = 175 GeV)
DO: 2.90 +£0.59 pb

CDF: 1.870:7 pb (M, = 175 GeV)

DO: 0.6815 3% pb

CDF: (.158 +0.074

DO: 0.196 &+ 0.065

CDF: (.72 4+ 0.64(stat) + 0.26(syst)
DO: 0.66 + 0.23(stat + sys)

Tev: 173.2 0.9 GeV

CDF: (.18 £ 0.08 pb

CDF: |Vis| = 0.91 £0.11(stat + sys) &= 0.07(theory)
DO: |Vip| = 1.0243-19

CDF: > 0.61 @ 95% CL

DO: 0.90 + 0.04

CDF: 0.071015

CDF: —3.3 £1.4(stat) £ 1.0(syst) GeV
DO: 0.8 £ 1.8(stat) = 0.5(syst) GeV
Tev: fy = 0.732 + 0.063(stat) + 0.052(syst)
CDF: -4/3 excluded @ 95% CL

DO: 4/3 excluded @ 92% CL

CDF: < 7.6 GeV @ 95% CL

DO: 1.9910 82 GeV

74670 pb
2.26 £ 0.12 pb
1.04 £+ 0.04 pb

(.06

e 0027
0.777 o042

0.17 £ 0.03 pb
1

0.18

0.7
2/3

1.26 GeV

up to 4.6
5.6

3.2

5.4

3.2

5.4

5.3

5.4

53

54

up to 5.8
6.0

v

5.4

0.2

54

1

5.6

3.6

up to 5.4
5.6

0.37

4.3

up to 2.3
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DEY Backup
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DS W mass

AMw (MeV)

Source mr P B
Electron energy calibration 16 17 16
Electron resolution model 2 2 3
Electron shower modeling 4 6 7
Electron energy loss model 4 4 4
Hadronic recoil model 5 6 14
Electron efliciencies 1 3 D
Backgrounds 2 2 2
Experimental subtotal 18 20 24
PDF 11 11 14
QED 7 7 9
Boson pr 2 5 2
Production subtotal 13 14 i
Total 22 24 29

Events/0.25 GeV

1800

“(a) DO, 4.3 fb” — E:t;T -
1500 = : x2/dof = 153.3/160
1200
900
600
300
= :_(b%' T e | o
20 it Fitpr |
9 @"ﬂ'ﬂmiju'HH‘;mhwiu”” ‘!ﬁ"{HW']“;’HWH}“LHHH||'1';L”*W||||'|III|HH«WWI”|'“”ﬂ"ﬁhHﬁMu*
70 75 80 85 90 95 100 105 110
m,, (GeV)
= 70000 3 —
& 60000 () D0, 4315 ;Eggz-gll\'no%nd
350000 x%/dof = 29.4/31
£40000
(li 30000

20000
10000

HII\]I\ ||II||I|||\||\‘II\I|I

l

x

OI\)

] 'ﬁH"Tﬂh'W

mmm i WHTM h.lﬂﬂ" ﬂhmuﬁu
f

Pt

'T'

-2

I

25 30 35 40 45 50 55 60
E, (GeV)
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D p-tagging

* b-quarks hadronize before decaying
iINfo a c-quark:
* Long-lived B hadrons decay some
millimeters away S erd
° |dentify a displaced vertex from the 4
decay fracks |
» soft e or uis produced (11% each)

Displaced
Tracks

- Jet

» CDF Secondary Vertex Tagger searches for two or more tracks with
large impact parameter (d0) pointing fo a displaced vertex

» D@ Neural Network tfagger combines the information from a
secondary vertex and two impact parameter taggers
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D> Cross section measurement

s Compare the observed number of events (N*®) with prediction
» Cross section is measured as:
o=(N"_N"9/BR-A-g-L
> or maximize Poisson likelihood based on N using NP
L(O.) — P(Ndata, Npred)
» 11 pair production tests QCD prediction, can also be used search for new
physics

A recipe:

°/+1,2 jets as control, 3 and > 4 jet bins for measurement.

» Require atf least one jet as a b-jet using a NN-based tagger.

* Require an isolated lepton and large missing transverse energy.

o Largest physics background: W/Z+jets; include di-boson, single-top.
° Include NLO/LO scale factors.

» Multi-jet background from data
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Cross section measurement

* 625 candidate events in 9.1 fb™ with 198 expected background evts:
0 =7.66 £ 0.46 (stat) £ 0.66 (syst) £ 0.47 (lumi) pb (rel: 12.2%)

» 254 candidate events with b-tagged jets in 8.8 fo™* with 17 bg evts:
0 =7.47 £ 0.50 (stat) £ 0.53 (syst) £ 0.46 (lumi) pb (rel: 11.5%)
» Best prediction atf NNLO+NNLL (MSTW2008)

CDF Run Il Preliminary (9.1 fb™) CDF Run Il Preliminary (8.8 fb™)

16001 - _._[I,ATA """"""""""" e - C e DAITA | | .
1400 %52 Bkgd £ 16 uncertainty 300 %Bkgdiwuncertamty """"""""""""""""""""""""""" B
S £ Bhad s tauncentinty E BTl :
i [ ww/wz/zz ] 250:_ ...... %mﬁzaz% ................................. _:
- [ DY+LF ]
" ool mmRie :
eading uncertainties:  § wo ] . Tl W . _:
s background modeling “ w pcped | ;
I JOO|— e —
(1st measurement) : : :
2 b _t a g g N g 50,5_ ...................................................................... | _E
(2nd measurement) of — ———
0jet 1jet >2jet  H,>200 +0OS jet 22 jet

(H_>200 GeV + OS)
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¥ Cross section measurement

I+jets final state in 5.3 fo:

» Discriminant using fopological info
» Event count, by number of b-tags

* Combine both in likelihood
(= fit uncertainties)

s D@, L=5.3 fb"

Events/ 0.1

L0+

400
300+
200+

1004

0.1 |
5 |
-0.1 - S L

1 TN LR P R O] RN T (BN N GRS NN~ A N~ (M WA~ L |
1] D‘I ﬂi 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

RF discriminant

Ratio- 1

0=7.87+0.77 - 0.64 pb (rel: 9.1%)

dilepton final state in 5.4 fo:

» Likelihood based on b-tfagging
discriminant distribution
(= fit uncerfainties)

» Merges 2-jet events and 1-jet
events (eu only)

DO, L=5.4 fb™
ee+2jet

0 2
< 40F +(E) , L=5.
8 1 |
L i
30~ [ ]Z(+jets): 13

B WWWZ/ZZ: 3
B tt: 46

o e DATA: 74
10
0

0 5 10
b-tagging NN discriminant

0 =7.90 + 0.78 — 0.69 pb (rel: 9.4%)
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D& Cross section measurement

Observation of single top quark production in 2009
» 5s.d. by CDF and D@
* Very challenging channel at the Tevatron:
> Small signal
» Overwhelmed by background with similar signature
» "Counting” does not work
— mulfivariate techniques !

Bayesian approach (flat prior):
W+Jets, NN Discriminant CDF Il Preliminary 7.5 b

= -' z
®2000] DO, 5.4 b i k
g [ * Data 8 ool Ogu = 3.04 35 pb
-5 1500 * -tb+tqb 2 s Assuming m,_ =172.5 GeV/c’
0 ! M W+hp =
5 : W+lp 3
>1000 Z+jets £ -y
— : Diboson s
= 500 a it g
~ s, W Multijets g
-, I
0750 100 150 200 . BT T T
Lepton pT [GeV] Single Top Quark Cross Sectionc,,,[pb]
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D& Cross section measurement

Projection for Run Il using full data set:
» Single experiment: 3 — 3.5 s.d. possible
» Combination af least 4 s.d.

—_ 9

() —

2 aiDg Runll DO e/pi+jets 2.3 fb" ~o— 3.947058 pb

© £ O 23fb"observed — 3o line . } +2.0

® [ @ 54fb" observed . +0.56

O = . -l @ 2.17 b

= 55 m 5.4 b expected CDF e/pitjets 3.2 fb ~0.55 P

c - —— a priori projection CDE MET +iets 2.3 fb-! 50726 5p
5 jets 2. o 0753 p

% i \lumi projection 23

o 4;_|:| t1lo | e Tevatron Combination L 2 2.7675°5° pb

c -

S 3 D@ e/p+jets 5.4 fb- o 3.7010-78 o,

- -

3 2; Kidonakis PRD 74, 1 14012 (2006) me = 170 GeV
1= P
02|,||,|,|,|,|,|,|,,,\/,,,| 0O 2 4 6 8
0 2 4 6 8 10 12 Otb+tqb [PD]

Luminosity [fb ]
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PRD 84 031104

Evidence for tty

* [+jets channel (at least 3 jets, one b-tag and £ + photon

» Fake photons by jets: no isolation cuts, use Z - ee events to extrapolate
Isolation shape to used cuts at higher isolation values

°* Fake photons by electrons: use Z —» ee events, where a high E, photon is
radiated from one of the electfrons

CDF Run Il Prellmlnary 6.0 fb™ CDF Run ! Prellmlnary 6.0 fb™
> 60 | . Data(e+u) > 60— | e Data(e+u)
D O CD : 0
o Were 1 O S
Bfake b-tag - ake b-tag -
E B fakes yg T 8 I Bj fakes vy T
D fake I/ D I fake I/
2 B T i 2 A B T i
c 20 T fake y c 20 ﬁ Tfakey ]
g e fakey g e fakey 1
0 100 0 100 150
Photon E; (GeV) Lepton E_ (GeV)
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¥5 Differential cross section

» |solafed lepton p, > 20 GeV/c s |solafed lepton p, > 20GeV/c
s (e) >20 GeV, F () > 25 GeV o f.>20GeV
o4 jets p, > 20 GeV/c, o 4jets p. > 20 GeV/c
p°9%e > 40 GeV/c °|n@et) 1 <2.0 and at least 1 b-tag
sInGet) 1<2.5and atleast 1 btag ~ °MC uses CTEQSL, m, = 175 GeV/c?
& o ] '§2oo—:—
E 5_ -ZT;:a: " _ 5122: l ° CDFIIData,ILz2,7 fo
_g"' 45_ [[] Background _ :tt140 ¥ I:l f
% 3— Best — 120—52— DSMB kground
Al solution 123:

m, [GeV/c?]

» W — g'qg to constrain Jet Energy Scale (JES)

* Reconstruct invariant mass of tt system: M(1t) -

» Associate leptons and jets with fop quarks by constrained kinematic fit:
Takes unreconstructed v into account, W boson mass is 80.4 GeV/c?

M, [GeV/c?]
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Measurement BR(t - brv J* "™

' ' ﬁ'—)‘tl T og-Likelihood Fake Rejection After b-Ta
* More details on the cross section measurement: s — T
§ 14~ CDF Run l Preliminary, 9.0 o |7
@ CDF Conf. note s %E_al‘f?r
P ' © C tt:lplusr
° ¢ or p originating from 1 or W decay =
' ' ' ' ' 8
° Selection uses kinematic + b-tag + log-likelihood cufs |
* log-L: , mp(l+Er1), Ep(3' lead. jet) e
» Removes most of the fake contribution, yields: i3
% 4 2 0 2 Lo Likemhood”
— og-Likelihoo
tt — 7o + X Events of Final Selection g s T =
© 21 l _|_'_
Process Muon Sample Electron Sample Total ) o i B e
Fakes 1.80+£0.317013 2.2040.6470T8 4.014£0.7170% I S
Z/y* —7r 11240074025 1.4140.0840.29  2.5340.11 +0.53 o Mising E, o Fial Seection
Zjy* — 00 0.10£0.03£0.03  0.03£0.01£0.01  0.1340.03 + 0.04 5127 cor munn ey a0r’ |- Data
Diboson 0.0940.02 + 0.03  0.0940.0240.03  0.17+0.03 + 0.05 g —lined
tt— 70+ X 10.56+0.08 +1.34 13.734£0.10+ 1.75  24.2940.13 % 3.09 T B f | plus <
t—77+X  1.07£0.03+£0.14 1.3740.034+0.18  2.44+0.04 +0.32 8- == 1z 11
L - @ Diboson
Total Expected  14.7+0.3718 18.8+0.6721 33.6+0.7707 of |
Observed 12 24 36 o
a2l
(I PP TP oo =
* BR measured from decays to single- and di-tau events: © * ® ™ ™ ™ Musiieen”
—» | BR(t — 7vb) = 0.120 + 0.030(stat.) s (syst.) £ 0.007(lum.). | =+ =
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Measurement BR(t - brv )"

» Resulting sample is further separated to measure
R(t — brvy) from only di-tau decays
» Log-likelinood based on:

o my({+Er), Ap(#r.l), Ep(l)

it > U T Log-Likelihood Ditau Discrimination Final Selection

n
-
(=2}

i 1 —o— Data
CDF Run Il Preliminary, 9.0 fb [ Fakes

CaZ—r1trt

Eltt - Iplust
Cit > 7

B CZ-11
— J _=Diboson

ounts/bi
=

c
N

e
o
T

° SM expectation: BR(W — (v) = (10.80 £ 0.09)

(average over e, i, 7 decay modes)

o N & o o
|

5 6 4 2 0 2 4 6 8

» R measured from decays of only di-tau events:

—» | BR(t — 7vb) = 0.098 £ 0.022(stat.) £+ 0.014(syst.)

» Single- and di-tau result in good agreement, as well as to SM expectation
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D A -, measurements

® Puzzling situation ! - Need higher order QCD predictions

» Expected uncertainties
for full data set

» Latest prediction at NLO
(QCD+EWK)

» | ofs of work still to do...

5.4 fb™ 9.7 fb™
(measurement + uncertainty) (expected uncertainty)
Lepton+jet ® —_——
19.6 + 6.5 % +4.5%
Lepton+jet —_— ——
15.2+4.0 % +2.1%
Dilepton —o— ——
PO 5 8=5.3 % +3.4%
Combined —— -o—
11.8+3.2% +1.8 %
Bernreuther & Si, Phys.Rev., D86 (2012) 034026

0 5 10 15 20 0 5 10 15 20
Asymmetry, %
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¥ Mass of the Top Quark

? Top MOSS Medsuremerﬂ- IS Source Uncertainty (GeV)
dominated by systematics Modeling of production:

. Modeling of signal:
* Total systematic error close to be Higher-arder offects 10.25
bcelow 1GeV, already only 0.7% e e e
Hadronization and UE +0.58
Color reconnection +0.28
Multiple pp interactions +0.07
Modeling of background +(.16
W +jets heavy-flavor scale factor +0.07
Modeling of b jets +0.09
Choice of PDF +0.24

Modeling of detector:
Residual jet energy scale +0.21
Data-MC jet response difference +0.28
b-tagging efficiency +0.08
Trigger efficiency +0.01
Lepton momentum scale +0.17
Jet energy resolution +0.32
Jet 1D efficiency +0.26

Method:

Multijet contamination +0.14
Signal fraction +0.10
MC calibration +0.20
Total +1.02

E A. Jung Standard Model Measurements at the Tevatron
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¥ Measurement of R

CDF Conf. note 10887

Lepton+Jets, 16 Tag

CDF Preliminary 8.7fb—!

Lepton+Jets, 2b Tag

CDF Preliminary 8.7fb~!

Process 3 Jets 4 Jets >5 Jets Process 3 Jets 4 Jets >5 Jets
tt 800 =+ 67 777 + 64 260 + 21 t 216 £ 30 271 + 36 97 + 13
STopS 30 =2 6505 15%0.1 STopS 90+ 1 2.0 +£0.3 0.47 + 0.06
STopT 48 £ 5 10= 1 2.1 £0.2 STopT 9+ 1 2.7 +£0.4 0.60 £ 0.09
WW 33 £4 8+ 1 24+03 WW 09+02 05401 0.22 +0.04
WZ 9.9 £09 1.9+02 06=£0.1 WZ 1.8+ 0.3 0.27+0.04 0.07+0.01
77 1.8 £0.2 0.46 = 0.04 0.12 £+ 0.01 77 04+ 0.1 0.14 +0.02 0.0l =+ 0.00
Z+jets 31 +3 9.1=+09 2x02 Z+jets 21+0.2 0.77 £0.08 0.29 + 0.03
W+bb 291 £ 118 74 + 30 17+ 7 W-bb 48 + 20 14 + 6 4 + 9
W—|—CC 167 + 68 47 + 20 12 + 5 W—I—CC 5 :|: 2 9 :|: 1 0.8 :|: 0_4
Witc 87 + 35 147;:11 14 12 Wt 3+1  08+04 02+0.1
%thst%gs i’gg i gg ;5 P 1; " g Mistags 541 17404 0.6+ 0.2
on- Non-W 6+ 3 0.1+15 0.1+15
gcl))tsaé]rfergdmon 192?81:4243 106110;; ” 33%;; 2 Total Prediction 306 + 40 296 + 38 104 + 13
Observed 275 273 126
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w Measurement OfR CDF Conf. note 10887

Lepton + Jets CDF Preliminary 8.7 fb—! Lepton + Jets CDF Preliminary 8.7 fb~!
Source +00p5 147 — 00 p5 st Source +0R —0R

(pb) (pb) Statistical 0.043 -0.043
Statistical 0.29 -0.29

Jet Energy Scale 0.016 -0.019

Jet Energy Scale 0.46 -0.41 ISR/FSR 0.006 -0.006
ISR/FSR 0.22 021 b-tagging 0.078 -0.073
Luminosity o 0.44 -0.39 Background Normalization 0.056 -0.052
Background Normalization 0.78 -0.66 Others 0.005 -0.005
Top Mass 0.33 -0.32 : :
Others 0.18 -0.15 Squared Sum 0.098 -0.092
Squared Sum 1.08 -0.96

CDF Preliminary 8.7 fb Lepton+Jets Final State

R > 0.78 (95% C.L.)

Posterior Probability Distribution

0.65

_B(t — Wb)
~B(t= Wq)
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DEJ Anomalous couplings

< [D@,54fb"

95% C.L.

84

A. Jung
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DIy Spin correlations

1 I I ] | I I
DO L=5410"
0.8 L

0.6

0.2 68.0% C.L. -
i 95.0% C.L. -
99.7% C.L. ]
| |
1 0 1 2
fmeas
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b
PPt (\Vas v
“ /

Branching Ratios |V |

Anomalous couplings
Rare decays

Top mass (difference)
Top width, Lifetime
Top Charge

Production cross sections
Top kinematics
Production via resonance
New particles

t

P
t \
_ ' Spin Correlations :|

O |

b N Production Asymmetries

e
a- \E
s W helicity :|
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Measurement OfR CDF Conf. note 10887

s Use lepton+jets tt selection with: > 3jets, exactly one, two b-tag and Zr
» Uses full CDF Runll data sample !

* Example control distribution shown for 2 b-tags — nicely described

N . -1
CDF Run Il Preliminary 8.7 fb" Lepton+Jets, 2b Tags e L +Jets Data CDF Run Il Preliminary 8.7 fb Lepton+Jets, 2b Tags —— L+Jets Data
i Cle
o 0] Z+jets 0 ] Z+ets
wof I 7z Wb B zz
Bl wz o B wz
B % I ww > wf I ww
g I Single top T O [ Single top T
P [ Single top S 0 o [ Single top S
= ' & W
g + I Wi 2 .| + I Wi
LI>J D W+ce U>J |:| W+ce
20 | + B W+bb 20 [ B W+bb
+ + I W+t [ w+if
or E I NonW QCD or + [ Nonw QCD
o 20 m a0 %0 o S, 074 Data Events o 20 m 0 0 o0 — - 674 Data Events
Missing Transverse Energy (GeV) W Transverse Mass (GeV/c?)
[} : % 2/NDF = 20.26/19 =+ % 2INDF = 18.56/25
< o I +|_T_| , T %_+— _+_—+—| <] 12 o I -+- 4 ey KS Prob = 0.996
o ++ T++ T4 + + 11 KSProb=0.836 . RS ESHARE IR TR T =0.
o 20 4D &0 8D 100 120 o 20 40 60 a0 100 1 E

* Measure R = gg:%g from different jet and b-tag bins
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Events

Measurement of R

CDF Conf. note 10887

CDF Run Il Preliminary 8.7 fo™

Lepton+Jets Final State

2000 T
s+ —— L+Jets Data
............. : Background

1500 _' E [ tEa R=1
. : === tt, R=0.5

: tt, R=0.1
7 :ﬁ!m‘
1000 — : : F{_B(taWb)
T e 5 B(t — Waq)
500 —
i m ...... e msemiseamegEssssy
feemesmmmman, 1_'_

1-Tag 3 jets I 1-Tag 4 jets I1-Tag =5 jets‘

2-Tag 3 jets I 2-Tag 4 jets ‘2-Tag = 5jets

@ Distribution shows example values of R
@ Simultaneous negative log-likelinood fit

to R and o(pp — tt);

L= H & (l‘l’ém'p(Rﬁ O pp—its xj)|N;bs) H G (leoa 1)
) J

2%
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2000
AR S —~L+Jets Data | @ Simultaneous negative log-likelihood fit
............. : Background ~
L : e, Rt to R and o(pp — tt):
] : -~ tt, R=0.5
" : tf, R=0.1 ‘ ‘
© 1000 - T 5 5 _Blt—>Wb) L= H 4 (ﬁ";mp(Ra Opp—its xj)lN;bs) HG(leo’l)
Lﬁ T eccesnnssasd E - B(t — Wq) i 7
500 - CDF Preliminary 8.7 fb"
] m """ e~ “pesmessgesess : 12 b Leplon+.Jets Data
Seessssmea., ;, __________ SM Prediction (arXiv:0906.5273 [2009])
1-Tag 3 jets I 1-Tag 4 jets I1-Tr:lgz Sior-ﬂsI 2-Tag 3 jets I 2-Tag 4 jets ‘2-Tagz 5 jets ::j:: :::::z: :: :::
—~ 10
@)
> Value (stat+syst) e | e
O-pﬁ_)tf (pb) 7.5+1.0 "F 3 |
R 0.94 = 0.09 oy
Vis| 0.97 4+ 0.05 ©
- e e
» Assume 3 Generations and Unitarity ¢+
0.6 0.8 o 14
R = B(t —» Wb)
" B(t > Wq)
70

Measurement of R

CDF Conf. note 10887

CDF Run Il Preliminary 8.7 fo™ Lepton+Jets Final State

@ Distribution shows example values of R

E A. Jung
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Measurement of R

CDF Conf. note 10887

@ Distribution shows example values of R

CDF Run Il Preliminary 8.7 fo™ Lepton+Jets Final State
2000
AR S —~L+Jets Data | @ Simultaneous negative log-likelihood fit
............. : Background ~
L : e, Rt to R and o(pp — tt):
. : == tt, R=0.5
" : tf, R=0.1 ‘ ‘
© 1000 - T 5 5 _Blt—>Wb) L= H 4 (ﬁ";mp(Ra Opp—its xj)lN;bs) HG(:EJ,-|O,1)
Lﬁ T A aiassasaad E B(t s Wq) i _?
500 - CDF Preliminary 8.7 fb"
i m """ g iTTtpusnssgueasny 12 X Lepton+Jets Data
.......................... ;, . ] SM Prediction (arXiv:0906.5273 [2009])
1-Tag 3 jets I 1-Tag 4 jets I1-Tr:lgz 5iets‘ 2-Tag 3 jets I 2-Tag 4 jets ‘2-Tagz 5 jets ::j:: :::::z: :: :::
~. 10
@)
> Value (stat+syst) e | e
O-pﬁ_)tf (pb) 7.5+1.0 "F 3 |
R 0.94 +0.09 oy
Vis| 0.97 4+ 0.05 ©
B (t—>Wb> o 6 ------
°» DO R = Bl=Wq) = 0.90£0.04 (stat. + syst.) L - il
PRL 107, 121802 (2011) : - _B(t—>Wb) -
" B(t > Wq)

o CMS: 0.98 + 0.04 (TOP-11-029)
@ Results agrees with other measurements and SM expectation
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w Width of the TOp QUark PRD 85, 091104 (2012)

» Fundamental property of the top quark:
I and lifefime 1. = 1/T",

 Total width:

Use t-channel single top
VV __—» _
I, — I'(t — Wb) Cross section measurement

B(t — Wb) —» BR measured using tt decays
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w Width of the TOp QUaI‘k PRD 85, 091104 (2012)

» Fundamental property of the top quark:
I and lifefime 1. = 1/T",

o Total width:
Use t-channel single top
/'
T, — F(t — Wb) Cross section measurement
t — PLB 705, 313 (2011)

B(t — Wb) \

BR measured using tt decays | dilepton
PRL 107, 121802 (2011) v
0 5 10
. _ . NN output
» Result of BR measurement in tt production: . 3000+ l
e : gnaLssfb1:EaF‘{a1
| B = BU=I0) _ .9040.04 (stat. + syst.) =" 2500, RIS
B(t q) S i |
2000‘: ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Background |
15003 2
1000-
500- g
|leptontjets- v
0 ) S S
0 1 >2
Ntag
E A. Jung Standard Model Measurements at the Tevatron 73
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w Width of the Top Quark PRD 85, 091104 (2012)

» Fundamental property of the top quark:

. g DO 5.4 fb
I and lifetime 1. = 1/T", - 68% C.L.
. 9 = 90% C.L.
» Total width: : =il
Use t-channel single top ﬁ
g
T, — F(t — Wb) cIrDoLsBs785e%ti(§n2|gEasurement §
B(t—Wb) sy -
BR measured using tt decays <
PRL 107, 121802 (2011) = A
S B 1]
\ — . ,._,9 [1] PRD 74: 114012, 2006 . a— . [2]
» Result of BR measurement in ¢t production: CElEjes mer 1 FEURgEnATEGons
B(t Wb) _ [4] PRL 99: 191802, 2007 8 T°p'ﬂ?;]'°r
—P o — . FCNC
R = gy = 0.90+0.04 (stat. + syst.) o ————————
s-channel cross section [pb]

e Result of f-channel single tfop cross section measurement:

—» |lo(pp — tgb + X) = 2.90 * 0.59(stat + syst) pb
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w Width of the Top QUaI’k PRD 85, 091104 (2012)

['(t — Wb) From t-channel single top cross section measurement
B(t — Wb) BR measured using tt decays

° Toftal width: 1, —

@ Assume same coupling in production and decay:

- = 1.87 )+ GeV
Only SM pm\ciesses: 1.33Gev  .20.4 '
't — Wb 2
['(t — Wb) = o(t—channel) ( Js 0 0.2
m(t) = 172.5 GeV a(t—channel)SM E

2.14+0.18 pb— " 05 1 15 2 25 3 35 4 45
I'(t > Wb) [GeV]

L1920 D@, 5.4 fb ™’
+ ((}] -
v N O - Expected I
t > B - +0.38
b £0.8- =1.40 ;. GeV
@ 0-5f
s Extract partial decay width from: 30.6- Observed I

E A. Jung Standard Model Measurements at the Tevatron 75


http://dx.doi.org/10.1103/PhysRevD.85.091104

w Width of the Top Quark PRD 85, 091104 (2012)

s Total width: r, — ['(t — Wb) From t-channel s_lngle top cross section measurement
B(t — Wb) BR measured using tt decays

@ Assume same coupling in production and dlglcay:

. } '-> 1.20 D@, 5.4 fb™’
w ve N g 1 Expected I,
Vo t - +0.39
b ) t :l: 0 8:_ - 1.39 -0.35 GeV
L g . ° c | Observed T,
o Extract parfial decay width from:; 0.6
P = 2.00%47 GeV
Only SM processes: 1.33 GeV .9 0.4-
I'(t — Wb 2ank
['(t — Wb) = o(t—channel) = Whlsy 2 0. 2:_
m(t) = 1725 GeV o(t—channel)sy @ AF

214 +0.18pb —

—»|Most precise (indirect) determination of I
[y = 2.00 2045 GeV - 7+ =3.29 08 1072 s

CDF (direct measurement from reconstructed mass distribution):
[t < 7.6 GeV @95% C.L. PRL 105 232003
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http://dx.doi.org/10.1103/PhysRevD.85.091104
http://prl.aps.org/abstract/PRL/v105/i23/e232003

DD W helicity

* Experimental precision not good enough — no strong constraint for left-
handed and longitudinal case, but tiny prediction for right-handed
helicity state — contributions due to new physics ?

» Direct test of the "V — A" nature of weak interaction

I_eft hancded | Longitudinal Right handed
A=-1 A=0 A=T

= LU=oW-b) L(t—=Wob) L'(t—Wyib
f- = T (t—Wb) a bl — t—,HOb) ﬁ fAs TMEQ E
SM: 30.3% SM: 69.6% SM: 0.1%

W boson
rest frame
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D3 W helicity

» Direct test of the "V — A" nature of weak interaction
» Use cos(8") to distinguish between helicity states

Phys. Rev. D 83, 032009 (2011)

» Fit templates to f distribufions Leptonic Decay of W:
E;' 0.1 2_ pg — Left-handed
Acceptance: % 01 g Lgngitudinal (a)
lepton within b-jet So08-[C =" Right-nanded =~
0 u TN, e
W boson e, U, f Q6 o
down
rest frame g- o04-| i
ST 20 SR 002’ ,,,,,, 5
1 -05 0 0.5 1
cosg*
up %1205— [ fobed DO, L=43fb"  (a)
o 100 | —*— D@ data
E C T e Signa_l + bkg.
I.ICJ 80:— + E-lglll/éggnaubkg
, , 60§} L |
—» Result consistent with SM: bl ?
fo = 0.669 £ 0.078 (stat.) 4 0.065 (syst.) 20;%
f+ = 0.023£0.041 (stat.) + 0.034 (syst.) s 0 05
cosb*
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D3 W helicity

» Use matrix element approach for W helicity measurement
» Calculates an event probability based on the best jet-parton
assignments:

Hadronlc Decay of W: Leptonlc Decay of W:
o d") CDFR nIIPreImnary(Bbe )
g CDF R n II Prel mi nary (8 7 fb ) % L « data
3 + data £ 0 :lté\f\ff =0.7,1,20)
400 — = -0y — < K |
< [ ¢,=0.7. 1,=0) & —+ o
% I EW . [ WLight
ig

2 [ Non-W r [ W+Charm
= ] WeLight 7 200 — I W+Bottom ]

] W+Charm B KS 0.42

[ W+Bottom

200 KS 0.29 -
100
T S 15F

5 150 : .% -
B ]
e S | S e S Sy S N S B 3 £
@ ] T r
£ . .C —+—_+_ + ; & osk .
£ 50 100 150 5 0 X _
(] cosf (Leptonic W)

Di-jet Mass (GeV!cz): Hadronic W

» ME likelihood is not full answer:
* Only leading order (missing diagrams)
» Events w/o correct assignment - Calibrate using ensemble tests
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DI W helicity

» Use matrix element approach for W helicity measurement

+ 02 e e — > C
- Data fit: flull CDF Run |l cliata set X 1= CDF + D@ combination
® Best Fit and 16 Uncertainty I - L=27-54fb"
: Joint 16 Coverage in 2-dimensions B A
0.1 A Standard Model Prediction B 0.9 Y ® Combined result
I ! - % SM value
= O CDF l+jets
0.8 N\ [ CDF dilepton
o A . E A DQD
0.7
" B
il | 0.6 68% and 95%
] B C.L. contours
A R B B 0.5
0.6 0.7 0.8 = | | P | |
fo 0.3 0.2 0.1 0 0.1 0.2 0.3
_» Result consistent with SM: f
f = 0.726 +0.066 (stat) * 0.067 (syst) f,= 0.683+0.042 (stat) £ 0.040 (syst)
f =-0.045 + 0.043 (stat) + 0.058 (syst) f, =-0.025 £ 0.024 (stat) + 0.040 (Sysh

other fixed to SM
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