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O

O

backgrounds for Higgs and new
physics searches

have to be well understood

for each Ifb' @ 14 TeV

» 10,000,000 W—lv
» 1,000,000 Z—1I
» 300,000 tt — fvjj

useful to calibrate the detector
and tune event generators

~2,000,000 reconstructed
Z— 1l at Tevatron

top events at LHC will be used
for detector calibration

» compliment direct searches
for new physics

» explore higher mass scales
through virtual effects
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W and Z production
Dibosons

W mass and width
The top quark

Top quark production
top quark pairs
electroweak single top quark

Top quark properties

mass

width

forward-backward asymmetry
spin correlations

Searches in top quark sector

Electroweak fit

Many more exciting results were presented. This is just a short summary...
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WV and Z observation at LHC

O W inclusive cross section

» CMS:L=196 nb"!, Atlas: 17 nb"!
O Z inclusive cross section

» CMS:L=196 nb"!, Atlas: ~225 nb"!
0 WI/Z ratios (CMS)

Cy
W to Z ratios é
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Measurements agree between electron
and muon channels and with the NNLO

calculation
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WV distributions at LHC

WHjets
Splitting by charge

CMS preliminary 2010 \s=7TeV
- | | |
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Z/y* differential distributions

O excellent ground for testing QCD N D [ Primnscaeue. - P Twe0s |
“F 3
O colorless and low background state ot : \
O background for many processes:important — “f «ooiome { TP
to model correctly o e j Z pt
p! e’ cwowee | [osemen -amevieod
pfrleptom) T ar pﬁeptonm g “C’ el il scale unc
; SN D
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L O -— '
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1 S o T = ResBos 1 —
P ped /7 Wl el 31 T RN . ResBos (tuned gz) : 10 ppe
) }; ; ResBos (sma"-x) Measured :)’,' (GeV)
os- A { 4 b PDF uncertainty .
07 10" I T L 10" — O new variable: depends only on
\ Pn Pn directions of two leptons

O sensitive to same physics
effects as Z pt

Data does NOT support “small-x broadening”
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Forward-backward charge asymmetry

_ rest frame
O Presence of both vector and axial-vector forward € of e’e” pair
couplings of W and Z bosons to quarks B
O  Ars - relative strengths of couplings q—— g
O Sensitive to
e+ backward
» Z-quark couplings: ay, vy, ad, Vd Or — 0p
» Z-electron couplings: ae, Ve App =
» weak mixing angle sin?Ow OF T 0B
do
= A(1 + cos*
. dcos0 ( ) .1 fb!

4.] fb-!

Forward-Backward Asymmetry, A

sin?6%t = 0.2326 4 0.0018(stat) £ 0.0006(syst)

) P . . : _ ‘ .
<EO 8 CDF Run Il Preliminary with a.1fp"
’ Average 0.23153 © 0.00016
0.6 DT S s SEES %0
04 ?: 4 S %_ AL —— 0.23099 + 0.00053
0.2 » B.g A[P) . 0.23159 + 0.00041
/ Q
0 s e : - - Y A (SLD) e 0.23098 + 0.00026
/ Pythia prediction
-0.2_ p\ ’ Unfolded (stat +syst)
0.4 e 7 - Unfolded (stat. only) o A" .- 0.23221+ 0.00029
i & % c % .
-0.6 «© go AL — . 0.23220 + 0.00081
c =
08 8 TL; _g_ O ~ o 0.2324 + 0.0012
-‘| é) 7b L1w 2w 3@ L §- g_ 8 A, (DO) a 0.2326 = 0.0019
M (Gevie) : 1 1 :
) . . . 0.23 0.232 0.234 0.236
Invariant mass Of e e palr in? o'o9t
S et
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O Events with isolated lepton and high P

WV production at HERA

miss

O dominated by SM single W production
O excess in earlier HI data at high P

Combined HI+ZEUS, 0.98 fb"!
ow=1.06%0.16(stat)+0.07(syst) pb

SM theory: ow=1.27%0.19 pb

Single W Production at HERA

H1+ZEUS (0.98 fb")

do,,/dPJ [fb/GeV]
2

—y
o
TTT

0 10 20 30 40 50 60 70 80 90 100
PX [GeV]

P > 25GeV

29 observed
24.0+3.2 SM

no excess in combined HI+ZEUS data
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WV production

O Events with isolated lepton and high Pr""*®
- - - - x hadronic
dominated by SM single W production 7 system
O excess in earlier HI data at high P; pmiss
T
Combined HI+ZEUS, 0.98 fb"! lepton
ow=1.06%0.16(stat)£0.07(syst) pb - S e :
E = ¥ H1e'pNC (prel) ]
5 D BN bl -
SM theory: ow=1.27%0.19 pb = > moaephois. o
Y P 5
_ Single W Production at HERA E \\: :::'::g:::::x:g g
> - .
(] 2| ° H1+ZEUS (0.98 fb™) X o . . Neu*r‘a| :
o 10%F sa By N
8 s Pr > 25GeV *: %y, Current :
a _f__{_ 29 observed WE L mepcorm Y E
< B + * ZEUSe'p CC 0607 , =
g 10E 240132 SM * ZEUS ep CC 04-06 Chdl"‘ d LN :
© - . ge N
. 0% " snepcomenwrorio CUPTENt NN\
f y<0.9 f%
15 ; P,=0 l l :
; i T
I T TR RS P N TS N S Q? [GeV?]

0 10 20 30 40 50 60 70 80 90 100
P} [GeV] Electroweak unification:

ONc~Occ for Q?>M?2z, M?w
final ZEUS CC measurement and HERAPDF 1.0

no excess in combined HI+ZEUS data
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Dibosons
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Diboson physics

O Probe of electroweak sector of O Charged Triple Gauge Couplings

the standard model » brobed by WW,WZ, Wy
» Cross sections » general Lagrangian: 14 parameters
» gauge boson couplings » EM gauge invariance and CP conservation

0O Background for Higgs searches
» high mass Higgs (Mn>135 GeV) H=>WW
» low mass Higgs (Mn<135 GeV) WH— Ivbb

) b\“ N SU(2)L®U(l)y, 3 parameters:
- N\ AKZ=Ag|Z-A Kytanzew, }\= >\y=>\z
O Neutral Triple Gauge Couplings
O Exercise multivariate analysis » probed by ZZ, Zy
techniques used for Higgs » general Lagrangian: 8 parameters
searches » CP conservation

4 TGC parameters: h3Y, h3%, hsY, hs?

all zero in SM
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Observation of diboson signals

Observation of Bosons at Hadron Colliders

") v~ Observed
o i & § Theory
»4
1983 ; g
mrivinm
1995 : WW :
Fermilab @ _/ : wz
5 120057 e 27
Fermilab§ 20073 il
’ Fermilab: 2008 :
5 Fermilab:

H

Cross Section (picobarn)
-
%
| lllll“] | lIllIll] | Illllll] | llllll|'| | Hlllﬂ] | llllll’[ UL LI

102

All diboson signals observed at Fermilab by
both CDF and DO in many different final states
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LY production

O SM production through ISR and FSR s
Z—eeY, MUY, VWY (5 fb)

O Cross sections in good agreement with

O

standard model

O Photon Er spectra used to set limits on TGC

CDF Run Il Preliminary (5.1 fb™) B Data
e hy ZZy = 0 (SM) template

f.'\-I-l_____ & — h, ZZy = -0.08 template

- | h, ZZy = +0.08 template

3 [ /take distn
. [ ] wpton take distn

# of Entries

-
o

The most

10° : . bedebdrebbdeed | % Stringent I|m|tS
L Photon E, (GeV) '©

A=1.2TeV -0022002I -0.018,0.020 -00009 0.0010 <0.0009
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WLZ production

O Triple lepton final state (lllV)
O Two different techniques

6.0 fb-!

0O Extract limit on WWLZ couplings

. OWwW_Zz = 4.1 -
5.9 fb-!

= 0.7

OWzZ — 3.7+ 0.8 pb

+1.1

A

reduced
pb  uncertainty
pb 4.1 fb!

from Z pt distribution

-0.075,0.093 0
0 -0.053,0.156
0 0
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3
2
g
0 @
0
-0.376,0.686

Most stringent limits from direct
study of WZ production

Events/10.0

NLO: owz=3.46+0.21 pb

12 CDF Run Il Preliminary [ Ldt=6fb"
| ®- data
10 | Wz
! [Z-> pp + jets
' T [ Z- ee + jots
8 . |Z->pp+y
L |Zoee+y
. B ZZ
6 .
4
! - .
2% o= 1" | -o L .
= 1 o et [
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W m,
25- L) L L] I L] L L) l L) L L) I L L) L I L L) L I L] L) L] I L L] L I L] |
P Data H
. | Background £]
20~ __ SM WZ + Background -
[ ---- A=-0.1,Ax=02 e 2
15 —— A=-0.1,Ax=-02 I J
B | i
B SR (g [ x|
10_ ——t—t——— | ~
rrm < (gt | S T S ]
e ' I 3 i £
: | :
E m:

120
Zp_ (GeV)
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Z/Z production

4.8 fb! {asas
CDF Run II Preliminary Ldt=481b
o ZZ- PP
) , X 20V 4jels
» clean but very small signal (G- Br ~1%) Nz o1
O NLO theory: 0zz =1.410.1pb Yook o7 T i
Events in £ = 4.8 fb ! := 30| S R ::
Signal 4.68 + 0.02(stat.) £ 0.76(syst.) | SRR
Z(~)+jets 0.041 + 0.016(stat.) = 0.029(syst.) ki ik
Total expected 4.72 + 0.03(stat.) =+ 0.76(syst.) - e
Observed 5 |
_ 1 +0.80 :|: 25 b . . = _ _ s
Oyy = '56—0.63 (Stat) 0. (SySt) » 570 s|gn|ﬁcance 0740 6 8 100 10 (}3."_..1
O Combination of ZZ— lII'l' and ZZ— 8, sl DPOBNNATIY & didis
5 : | |signal
I IVV % 2 1 bz«?ckground
-~ » first measurement in llVV final state at @
hadron colliders 1.5/
» large Z+jets background 2.7 fb-! | B

or7 = 2.01 + O.97(total)pb 2.60 significance o.sg _ ’

o7z = 1.00 & O.65(t0tal)pb 5.70 significance 0 s el 360. T

Four lepton invariant mass (GeV)
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W mass and width
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Top, W and Higgs masses

t
T 1 W W
MW — . ru ""‘Ob""\
\/§GF Slﬂ(gw o
Oy = oW
COS — _
YT My, Ar,~m,
H
W oW
. ™ \ ) ‘\ Ya'a\
O W mass has quadratic dependence on top mass R TR PR
and logarithmic on Higgs mass through radiative
corrections ArHiggs - |n(mHz)

O Precise measurements of VW mass and top

quark mass are essential for

» testing consistency of the standard model
» predicting Higgs mass
» further testing standard model if Higgs is found

July 26,2010
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WV mass and width

10000

| fb-!

O ~499,830 W —eV candidates 3 [(@)D0,11b" ~238r e
. . e 0 h m Background
0O Many systematic uncertainties are DO S 7300 ¥'ldof = 4849
due to limited statistics of § 5000
calibration data samples | W ; )
Mw=80.401+0.043 GeV e et 2500, k
W . TV. (S precise i

vord [Mw=80.399£0.023 GeV|  Ramemi s

average w—0V. V. S Y T AT WO I IR IT

[V RS R A APT AR I & g AR g

_2‘, | ‘,:'f y el :.‘: sle AL E AR

O Measure W width from the 50 80 TN 10 B0 00
shape of transverse mass
distribution SM: Tw=2.093+0.002 GeV  W-Boson Width [GeV]
[w=2.028+0.072 GeV TEVATRON
WOI"ICI . LEP2 —a— 2.196 + 0.083
average [w=2.085+0.042 GeV Average 2.085 = 0.042
pp indirect A— 2.141 = 0.057
8| study of W—>‘|'|'Y ‘ 4.3 fb! LEP1/SLD 2.091 = 0.003
SM: BR(W—TTy)/BR(W = ev) =10%-10° LEP1/SLD/mt2 __ 2.091:40.002
BR(W—TTY)/BR(W—eV) < 6.4 x 105 at 95% CL T, [GeV]
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The top quark
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The top quark

O Needed in theory as isospin O The heaviest fundamental
partner of b-quark particle with unique

O Properties well defined by SM properties

0 Unknown - top quark mass 0 Large coupling to Higgs

boson (~1I)

O important role in
electroweak symmetry
breaking?

O short lifetime: decays before
fragmenting

T~ 5 x107%°s << AééD

The most probable place for new
physics to show up!

——
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What do we know about top!?

top quark pairs

anomalous couplings

I* V rare decays
branching ratios
CKM matrix element |Vi|

W : new particles
‘T X

spin correlation
charge asymmetry An

mass, charge, width, lifetime

—————————— G —

W helicity

production cross section
production kinematics W~
resonant production ]l

production mechanism b ) \"‘ “

new particles

EWV top quark production observed
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What do we know about top!?

top quark pairs

anomalous couplings

I* V rare decays
branching ratios
CKM matrix element |Vi|

W : new particles
‘T X

spin correlation
charge asymmetry An

mass, charge, width, lifetime

————— e—
production cross section W helicity
production kinematics W~
resonant production -l S
production mechanism b G
new particles \
-

EWV top quark production observed

s it the standard model top? Deviation can be a sign of new physics
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Top quark production
top quark pairs
electroweak single top quark
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Top quark production and decay

0 Main mechanism: pair
production via strong
Interaction

» Tevatron: qq (85%), 0=7.46 pb

» LHC@7 TeV:gg (~90%),
0=160.8 pb
» theoretical uncertainty ~9%

NNLOaPprox fOI" mt = |72.5 Gev
PRD 80, 054009 (2009)

~100% v, q

In Standard
Model

b

W decay mode defines
top pair final state
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TS tt decay modes
14%
CcS ”
2
+
2l = all hadronic

§
w ud =

T TE/T ) tau + jets

all jet
46%

-{dilepton lepton + jets
e | o
e*ru* ' t" ud ' , ] R
- e/u + je
dilepton (e/p) | W 34%
6%

>5 fb-! of data, ~3,000 b-tagged top candidates
per Tevatron experiment




Top quark production and decay

0 Main mechanism: pair

small rate, high background
backgrounds: multijet, W+jets

high rate, high background
main background: multijet

production via strong
Interaction

» Tevatron: qq (85%), 0=7.46 pb

» LHC@7 TeV:gg (~90%),
0=160.8 pb
» theoretical uncertainty ~9%

NNLOaPprox fOI" mt = |72.5 Gev
PRD 80, 054009 (2009)

~100% v, q

In Standard
Model

b

W decay mode defines
top pair final state

July 26,2010

Tuesday, July 27, 2010

TS tt decay modes
14% all jet
46%
CS ”
2
-+
3l & all hadronic
g
w ud =
W [ e
v -{dilepton 3 lepton + jets
e
1 1 |
et M ud [ ] R
+ e/u + je
dilepton (e/p) | W 34%
6%

small rate, small background
main background: Drell-Yan

good rate, manageable background
main background:W+jets

>5 fb-! of data, ~3,000 b-tagged top candidates
per Tevatron experiment
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Top pair cross section

a

|+jets channel

Methods:
o kinematical information

0 b-jet identification

s

§1400 * D@ Preliminary, 4.3 ft'

z

51200 i

g I other
- I Wijets

I Multijet

O = 7.70f8:;8 (total)pb

Total uncertainty ~10-12%

July 26,2010
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0 First step in understanding selected
top quark sample

Test of theoretical QCD calculations

4.6 fb-l PRL 105:012001,2010
Limited by . N, 23 COFNPrelninary 450"
. 3 500 W data (7348 evts)
systematics, o -
: - Wejets

luminosity dominates =
at ~6%. 3

Take ratio to Z cross :
section: trade for Z

theory uncertainty

@ aco
-+

.

100

1
NN output

0 01 02 03 04 05 06 07 08 09

Combined topological and b-tagged
o = 1.70 £0.52(total) pb

7% relative precision, 9% with luminosity

uncertainty
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Boosted top quarks

0 First measurement of this kind at 0
Tevatron W
0 Important for LHC ’ .
0 High pT top quarks can originate a
from decay of heavy objects All top quark decay products
are contained in one jet
Events with leading jet Mier ~ M
pT>400 GeV jet — TTTtop

Lepton+jets decays:
one jet with mass™ 175, large MET

all-hadronic decays: .

two tops with mass™ 175 6 fb!

CDF Run Il Prediminary

-, }‘i. IR0 2" samGewe " 1e0r
» l-“. § ) 0oa

ssof * W0 ” " o Data,L =5.95|b'!
- - a Ul 0016
— - 1004

CDF Run il Pnlimmﬂ'y
n n

I ot Bt B ™ » 000 Gewn M 140

-
(=3

—o0n
g Data, L =595m"

/e 0" 1Gev™)

. [ - - o o -~ - -
Y .

— =
)2.250 " -0.012;
=00l »
3 200 2 . 5 ;
™~ ! - ub
‘Euo '-_l‘n_r -F. l. ‘0.00.§
- . <
s ® 0.00¢
L

§

N
100 130

" 0 200
L) . l.‘ 0.002 m" 1GeVic)
’ - - -
% 50 100 150 200 350 J?o.;so a0 Y (le” mass vs ?T/ZET)
W (Gevic')

(jet] mass vs jet2 mass) O ¢t < 54 fb for top quark pt>400 GeV
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Cross sections summary

DO Runll - preliminary July 2010
Il
I+jets (topological) He: 7.25 ‘ V0 4 pb
I+jets (biagged) - 793 * ' 05 b
I+jets, dilepton, t+lepton (PrD) e+ +0.46 +0
,j , 7.84 0 4‘ 54 c ao pb
dl|(_‘p!0l'l {topological) }"‘.H 823 + : " ‘ ; pb
I+track (u-tagged) | o1 H 50 ; ¢ .0 ° pb
tau+lepton (b-tagged) | — 7.32 1344120 . pb
tau‘f!ets (b-tagged)* b B! 1 51 3 fo s 7 pb
a"jots (b-tagged, PRD) - N ——-— 69 ° 1 *14 o4 pb
(stat) (syst) (umi)
.. B M Cacciari ef@l., JHEP 0809, 127 (2008)
m,, = 175 GeV . "N e >
RN N -<-c.:nak.sER.*.-c-;: PRD 78, 074005 {2008)
CTEQG.6M . . . .
S. Moch and B Uwer, PRD 78, 034003 (2008)

0 2 4

o (pp— tt + X) [pb]

O Measured in all channels but ThagThad

6 8 10

12

O Agree between channels and

methods
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"""" Caccnarl et al., arXiv: 0804 2800 (2008)
1 Kidonakis & Vogt arXiv:0805.3844 (2008)
| lLangenfeld Moch & Uwer aer 0906.5273 (2009)

Dilepton 7.27+0.71:0.46:0.42
(L=4.3 ) (syst) (lurmi)

Lepton+Jets (ANN) 7.63+0.37-0.35+0.15

(L=4.6 b)

Lepton+Jets (SVX) » 7.14+0.35+0.58+0.14

(L=4.3 )

All-hadronic
(L=2.91fb")

7.21:0.50:1.10+0.42

7.50+0.31:0.34+0.15
m=172.5 GeV/c?

CDF combined
7*/DOF= 0.60

4 5 6 7 8 9 10 11
o(pp > tt) (pb)

CDF combination: 6% precision!

...exceeds Tevatron goal of 10%

Consistent with theory prediction
Challenges its precision
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Cross sections summary

DO Runll - preliminary July 2010
Il
I+jets (topological) He: 7.25 ‘ V0 4 pb
l*jcts (btagged)* 0 | 793" ¢ ' : 4 pb
I+jets, dilepton, t+lepton (PrD) : u 46 +0.66 +0 54
R FeH 7.84 1) 0c 554045 PP
dl|(_‘p!0l'l {topological) }"‘.H 823 + : " ‘ ; pb
'+traCk (b-tagged)* | . B 5-0 S ¢ .0 - pb
tau+lepton (b-tagged) | — 7.32 1344120 . pb
tau‘f!ets (b-tagged)* b B! 1 5.1 3 + Pz , pb
alljets (b-tagged, PRD) S - 6.9 *13 *14 ., pb
(stat) (syst) (umi)
.. B M Cacciari ef@l., JHEP 0809, 127 (2008)
m,, = 175 GeV . "N e >
RN N -<-c.:nak.sER.*.-c-;: PRD 78, 074005 {2008)
CTEQG.6M . . . .
S. Moch and B Uwer, PRD 78, 034003 (2008)

0

O Measured in all channels but ThagThad

2 4 6 8 10

o (pp— tt + X) [pb]

12

O Agree between channels and

methods
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"""" Caccnarl et al., arXiv: 0804 2800 (2008)
1 Kidonakis & Vogt arXiv:0805.3844 (2008)
| lLangenfeld Moch & Uwer aer 0906.5273 (2009)

Dilepton
(L=4.31b7)

Lepton+Jets (ANN)

(L=4.6 b)

Lepton+Jets (SVX)

(L=4.3 )

All-hadronic
(L=2.91fb")

CDF combined
7*/DOF= 0.60

4 5 6

p — tt) (pb)

7.27+0.71:0.46:0.42
(syst) (lurmi)

7.63-0.37-0.35+0.15
7.14+0.35-0.58+0.14

7.21:0.50:1.10+0.42

7.50+0.31:0.34+0.15
m=172.5 GeV/c?

9 10 11

CDF combination: 6% precision!

..exceeds Tevatron goal of 10%

Consistent with theory prediction
Challenges its precision

Theoretical contributions:

PUwer, N.Kidonakis, M.Neubert, PRuiz-Femenia
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Top pair candidates at LHC

O Top physics requires excellent CATLAS

performance of all

components

» demonstrated by Atlas and

CMS

O |mpressive agreement between
data and simulation

A EXPERIMENT

— ek
o
oo

0’E e Data2010

i ND min. bias MC : ¢ jets
E M ND min. bias MC : b jets

umber of tracks
S
(0)]

10“; A
1072

ND min. bias MC : light jets 445

-40 -30 -20 -10 ©
impact parameter significance S,

10*

10°

O Several top pair candidate events

O  example: ed event

» 3 jets with pt>20 GeV, Hr=196 GeV,
10 20 30 40 Etmis = 77 GeV

» one identified as b-jet

critical for b-jet identification!
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Top pair candidates at LHC

- |
| I
78 n b CMS } CMS Experiment at LHC, CERN
o I l I | § Data recorded: Sun Jul 18 11: 10 CEST
:| Run/Event: 140379 / 136
E CMS Preliminary ® Data . | Lumi section: 160
4 78 nb” at\'s=7 TeV v .
w 10° Events with ee/up/e 1 E Fr =57 GeV/c Q=2 2
L) * +. - : I—]\\
b-tagged ]et
10 887 other 3 pr=45GeV/c,n=-1.2, p = 0.9
Bl 7 signal = x x
1
-1 _‘
10 b- tagged jet
pr= 56 GeV/c, r| = 0.7, = 0.0
10° 4w
u* pr=27 GeV/c, n=-2.0,p =-1.9

. ) \ 2l /
Dimuon mass 26 GeV/c
0 1 2 3 =4 | -
Number of jets \ /
\ | /

° ° m =B I LI} l LI I LI} I LI rrra I LILLEL I lllll
D SI I Ial I I u I I I I n OS Ity ;:.; i CMS Preliminary ;27;?%” 1
@ 12 254nb” atVs=7 Tev @@singletop 1 ! | '

» not enough signal | "t (B0 L

yet e i O Dimuon event
O But..ready to do ' » two identified b-jets
the measurement . » dimuon mass 26 GeV

02 ; » preliminary reconstructed
; mass consistent with mop

0.5 1 15 2 25 3 35 4
Number of b-tagged jets

July 26,2010 E.Shabalina - The physics of top,W and Z - ICHEP 2010 - Paris

Tuesday, July 27, 2010




CMS preliminary 2010

Top pairs at LHC

\s=7TeV

- I I I
" ]
.401 10° & b det=198 nb'1__
& U E E
_/|\_| - W — ev,uv .
= i ® jet i
= 102k E; >30 GeV _|
pzd - =
10 MadGraph
= PYTHIA (D6T)
i normalization: MCFM NLO
U3 =
| statistical errors only i
-1 ] ] | |
10— 1 2 3 4
—~ :‘LT 1
@ | o
oz |
|7 0.2 7
n|E X i | T :
+| A - T
L |
== | Y
N O 1
< 1 2 3 4
inclusive jet multiplicity, n
July 26,2010

Tuesday, July 27, 2010

Events

10

top!

CMS Prelimin]ary
| 0.25 pb'at\s =7 Tey 1B

e+jets and IJ"'JetE Z/y*—I"T(+light jets)

I I 7

. Data

|

] W—»l\ /(+light jets)
[ ] Vve(e)+X

Vbb+X

| llllllll

ombined [ Jacp
QCD uncertainty ~ —]
' E
] l ]
1 2 3 =4

Jet multiplicity
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Electroweak top production

0 Predicted 10 years before top discovery

» s- and t-channels

0 Observed by CDF and DO in 2009, 14 years

after top discovery

» small cross section
» large background with large uncertainties

2Jets 1Tag CDF Il Preliminary 3.2 fb”

3 Misingle top| =

§ 30 £ B

4 [ EabGOWcE §
i c

l': ! B waq &

- ! B Diboson -

g 20} ) Z+jets i

S ' maco 2

= « data g

© s =

O 10+ g

=)

- c

- Q

- :

‘PO 150 200 250

M (lvb) [GeV/c?

Yield [Events/0.8]

» multivariate techniques necessary

High Signal Region - Q xn

30 :
D@ 2.3fb”
Ranked

20 Combination
OQutput > 0.92

10

~
04 -2 0 2 4

Q(lepton) x n(light-quark jet)

Events with high discriminant output

0 Allows to measure |Vp|?
0 Sensitive to new physics

July 26,2010

Tuesday, July 27, 2010

v!b

T~ [Ve|2?

S.Willenbrock, D. Dicus, Phys. Rev. D34,
155 (1986); S Cortese and R Petronzio,
PLB 253,494 (1991)

Single Top Quark Cross Section

D@ 3.94 9% pb
CDF o 217 120 pb
CDF 50 23 pb
Tevatron Combination 2.76 : f pb
o

0 2 4 6 8
o (pp = th+X, tgb+X) [pb]

o = 2.7670 5 (stat + syst)pb

|[Ver|=0.91£0.08 (stat+syst)

arXiv:0908.2171v1 [hep-ex]

0 4.8 O evidence for t-

channel production

PLB 683 363 (2010)
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http://arxiv.org/abs/0908.2171v1
http://arxiv.org/abs/0908.2171v1

Top quark properties

mass

width

forward-backward asymmetry
spin correlations
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Top quark mass measurement

O The most powerful method: matrix element method

» Calculate probability for event to be signal or background as a function of top mass
» Multiply event probabilities to extract the most likely mass

Maximizes statistical
power by using full
event information

Probability
Probability

Top Mass Top Mass

CDF Run " Prelim|nary 5.6 fb"l CDF Run i Prellminary 56 'b‘
- w 0‘-!:

08— £ o6l J B

Top mass and jet energy scale ..
extracted simultaneously from Q a7
maximum likelihood fit to data ... —smu=-0s

— A(lnL)=-20 ! 3
= 4 0.02!
— A(nL)=-45 : L
A _0 15+0 18 5 6 fb-l 06:1‘1?0‘F?“1;1’"’1?2""1'?3‘”'15’4““1?5"‘ .T_J"ola““:zo“‘:-r'— o 13
JES = ’ - : 0 * uncertainty (Gewc")

2
m, (GeV/c") Expected stat. + JES

|+jets channel

Aes (0)

4

Meop=173.02£0.7(stat)x I. 1 (syst) GeV

. the most precise single
+1.2(total) GeV

measurement: +0.7%
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Tevatron mass combination

Mass of the Top Quark %
July 2010 (* preliminary) .
| o Systematic source
CDF-I dilepton 167.4 +11.4 (+10.34.9)
D@-1 dilepton ¢ 168.4 +12.8 (-12.3:3.6) statistical
CDF-Il dilepton * : 170.6 + 3.8 (22-31) component of JES J ES 0.46
D@-Il dilepton 174.7 + 3.8 (x29:24) b_]et response a‘ ES 0.2 I
_ ®
CDF-I lepton+jets 1761+ 7.4 (+51:53) b-jet energy scale b‘ ES 0.20
D@-| lepton+jets 180.1+ 5.3 (:39:38) modeling
CDF-ll lepton+jets * o 173.0+ 1.2 (:06=1.1) uncertainties C_‘ ES O. I 3
D@-1I lepton+jets * B 173.7 + 1.8 (z08=1.6) reSiduaI JES d ES O I 9
CDF-1 alljets 136.0 +11.5(100+57) ]
CDF-II alljets B 1748 + 2.5 (+17+1.9) deteCtor response ra ES O' I 5
CDF-II track ' 1753+ 6.9 (+62:30) Lepton PT 0.10
v e
Tevat bination * 173.3+1.1 (x06:09 .
evatron combination s = o ISR/FSR, PDF, NLO Signal model 0.19
22/dof = 6.1/10 (81%)
| | | | | |
150 160 170 180 190 200 BaCkground 0.23
my,, (GeV/c?) Fit 0.11
0.6% relative uncertainty :
73341 | Y showering model MC generator 0.40
Mtop— X1, 1 (tota e ,
P ( ) Color reconnection 0.39
O Measurement in different channels : : :
: . Multiple interactions 0.08
consistent with each other P
0 Different methods produce consistent Total | .06
results
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DI’OP assumptlon M=mg in top mass measurement

0O Extension of ME mass analysis

O mt,JES — M¢, Mt

(b) uﬂets DQ 1fb1

AAAAAAAAAAAAAAAAAAAAAA

165 170 175 180
m, [GeV]

Probing CPT
Is top quark mass equal to anti-top quark mass!? i Ei i

antitop |
'y
==

Template method
O variables: Amreco and Amyeco(2)

CDF |l Preliminary

160— o coFpata(s6m™

_—
o 140 .Background

First measurements of > 120 [ (M, =0 Gavic)
O 400 []tiiam, =4 Gevic?)

mass difference of bare

80—
quarks

Events/(15
ES
|

S50 100

| AMuop = 3.8 +/- 3.7 GeV/c?|

PRL 103, 132001 (2009)

July 26,2010
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A m,.., tagged

-50 0 S0 100 150

A Myye, (GeVIC)

‘ AMyop = -3.3 +/- 1.4(stat.) +/- 1.0 (syst.) GeV/c2| 5.6 fb!
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Top quark width

Standard Model: T'+~1.5 GeV at NLO for m=172.5 GeV
Additional decay modes: t—=H"b, t=>dW™*, t—=>sW*?

O Direct measurement

O Indirect measurement
0 use de|:ende|(11ce of the - O use single top t-channel cross section
reconstructed Mewp ON ¢ O combine with measured branching ratio
1-tag Lepton+Jets . . . .
- O assumption: coupling in top production
§ =15 Gov and decay is the same
op = 10.0 GeV p Q W+
op = 20.0 GeV o d PR 1 1
t Vio
| ' f
| e b Vb
‘ M (Gevicd) £k PLB 682, 363 (2010) b
I <7.5GeV at 95% CL r, = olt=ch)  T{t=bW)su
Bt — W) o(t — ch)sm
g “I I PRL 100, 192003 (2008)
-l e Data
f’,w»— DSigrah»Bkgd Ft — (2.051_82;)(;6\/
"""" Bkgd only
) - +1.1 —25
o r=1.5 GeV 7 = (3.2755) x 107%°s
ol ) COF If Preliminary (4.3 1b”')
AT - Consistent with the standard model
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Forward-backward asymmetry

O LO:top quark production angle is symmetric g Fooripmnne o
with respect to beam direction &% i

0 NLO:asymmetry due to interference effects 300 +

ALT™ = .0.0085 + 0.0021

Reconstructed Top Rapidity (Lab)

A = 007320028
dieng -
.

e,

An® = .0.054 + 0.0082

= ot L e
o 200 1
I+jets events, _ N(=Q X Yhaa > 0) = N(=Q X Ypaq < 0) i —= i —
pp rest frame /" N(—Q X Viaa > 0) + N(—Q X Yiaq < 0) . s "

| —— :
Q - lepton charge,Yhaq - rapidity of hadronic top - EA:
0 o & ; L

<2 1 5 2
%y, =Y, =Y
5.6 fb’! A, (A e
’ Ay )
g | COF Il Proiminary R ‘ unfolded: Am (pp) = 15.0 £ 5.0 (stat) + 2.4 (syst) %
. L=53M° ¢ Jata-Bkgnd Afl
2.70 deviation from 0
J
0.021 £ 0.031 0.208 £ 0.062
¥ ) o )
% 3 0,008 1284 0018 % £ ' CTWvop pairs D@ Run Il Preliminary 4.3 fb'!
0.6 2 [{Eweets L=43fb"
O Mmoot predicted
0.4 | ® Data
ot MC@NLO:
0.2 N
: A= tzl %

0+ 240 e
" o . deviation

0o 05 1 15 2 q\";i y‘_y? from 0 50
At (JAy|<1.0)= 2.6 + 10.4(stat) + 5.5(syst) % L C B B B -

Awn (|Ay[>1.0)= 61.1 £ 21.0(stat) + 14.1(syst) % Anraw(Ay)=8+4(stat)+1(syst) %

~30 theory papers in last 2 years!
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Spin correlations

°S ¢ O Short lifetime

, =
a =—»<4—=—a O Flight directions of top decay products carry
) )/a information about top polarization at production
t
Strength depends on spin quantization axis:
K — N4+ + Ny — Njy — Nyy | beam line, off-diagonal
— ) |
Npp + Ny + Nyp + Ny e Lepton+jets channel .
. 01 Beam Basis Bilinear Cos(6)*Cos(6 d)]
Dilepton Channel g .’ e o z::: C'DFRunIlpreliminaryIL-S.:Hb" | Opposite Spin
DZ Run 11 preliminary (4 b ' L_—] f“”’“ Spmn \ ;
|k b-quark top quark of ?] E;qmj &
60 rest frame T k2 0.72 o/~ 0.64 o/~ 0.26
, @ 0
_ +0.55 TS =0 TN
i [K - 0-32 “0-78] - 08 06 04 02 0 02 04 %:’(q)o'cbo‘(gé)l
[ — ] off-diagonal basis 5.3 fb
K =0.17 %05 NLO: k=0.782 K =0.72 % 0.64sac + 0.26 e | beam basis
beam basis, NLO: k=0.777 Three measurements in last year!
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Searches in top quark sector
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Selected searches

?

CDF Il Preliminary 4.6/'fb

tt resonances

In top sector

o, B(Z' 1) [pb)

[ ] 95% CL interval
[ 68% CL interval
—— |eptophobic Z'
expected limit

— observed limit

Slnﬁle top | g%, ——
45p(a DO 23’
annel 2 a4 ~&— Observed limit
tas - @ - Expected limit
g —*— W’ (a'=1, a"=0) .
. _,
e
- W
pPVAVAVA'Y
y 381
b %00 650 700 750 800 850 900 950 1000

‘Single top t-channel ‘ 0 Complimentary to

air production:
u,c\ , 0 pair p

FCNC search in top

M(W’) [GeV]

4th generatlon t’ quark

%% ; o
i
3 s
g o
(]
N2
-
] ST TN TN TN ST TR TR TR T T
"
/
p

.

DO Run Il preliminary 4.3 fb'

CDFRun2(46fb ')
Preliminary 1
t'—Wq, = 4 jets

oross secton [pb]

HT VS. M",(o VS. N’n(

p
/

olpp-t1) (pb)
e

t—Zc, t—Yc

| ke TTINS
g éb g Br(t _’gU)<2.0° |0-4 200 250 300 350 400 450

t' mass (GeV/c?)
Br(t —gc)<3.9:10°3

500
250

%0

£1.6 (a)

D@23
&0.08 .
1.4 95% C.L. x,5,/A limits: > (b) DO 2.3 fb" i
\ 77 = 0.07 95% C.L. K,J/A limits: ]
 Expected: 0.016 TeV"' "c_ 1oc/ ‘ I ) W’
Observed: 0.013 TeV" =.0.06 - Expected: 0.066 TeV new results on t ; ,

Observed: 0.057 TeV'

tt resonances and
singly produced heavy
quarks in the talk by
P. Murat

—

sterior density [10° Te
o -d
0 a N

(o}
o ©

o
D,

%05 1 15 2 25 3 35 & 30 a0 50 60
(xig/ A 107 TeV?)

(Kige/ A [107 TeV?)
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singly produced new heavy quarks
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Electroweak fit
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EVV fit constraints

August 2009
T T

|
1 — LEP2 and Tevatron (prel.)

80.54 - LEP1 and SLD
68% CL

-
--------

150 175 200
m, [GeV]
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EVV fit constraints

July 2010
I

. | ) .
{ —LEP2 and Tevatron (prel.) Updated m.PUtS'
80.5- -~ LEP1 and SLD Meop, VV width
68% CL
_ Mu<lI58 GeV
>
8 ignoring direct limit
— 8044 |4
E; Mu<I85 GeV
including | 14 GeV
SR 1 LEP limit
80.3 -
1My +35
150 175 200

EWV fits alone without
m, [GeV] theory uncertainties

Small change compared to August 2009
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EVV fit: future

July 2010
I

—
| — Future (15 MeV, 1GeV) Note: new direct Higgs
80.5 -~ LEP1 and SLD exclusion limit was not
68% CL propagated to this plot!
>’
)
S804 [}z
=
&
8031
Imy,
1 T T T T
150 175 200

m, [GeV]

Improved W mass measurement is critical
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Conclusions and outlook

0 Precision measurements in top quark sector at Tevatron

» top pair production cross section uncertainty smaller than
theoretical one

» top mass uncertainty is approaching | GeV

» precision of Mw measurement of |5 MeV is desirable

0 Measurements of new top quark properties (forward-backward
asymmetry, spin correlations) are now available and become to
be sensitive

0 Diboson signatures are well established at Tevatron

0 First EW gauge boson measurements from LHC

» CMS and Atlas demonstrated their readiness for exciting W, Z
and top quark physics

Tevatron and LHC are collecting data:
more exciting physics is ahead of us
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to fit also the u- and d-quark couplings to Z

0.5

Couplings at HERA

0 Extend NLO QCD fits of NC/CC HERA data

- HA1 ©  H1 prel (94-07)
68% CL [ ] ZEUS prel (94-06)

U

* Standard Model
— -=-=-=- LEP EWWG

Y,
2
’
’
’
s '
' r«’
. ’ %
0 PN
- ’, -
ot ’ \
4 -
2 )
. .0
'\ ¢’
‘et
L1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1

- --=:- CDF

-1 -0.5 0 0.5 1

a,

o CDF:Z/y—ee (AFB)
0 LEP/SLD:ee—qqat Z

0.5

{

lllllllllllllllllllllllpl

H1 O  H1 prel (94-07)
68% CL [ ] ZEUS prel (94-06)

* Standard Model
----- LEP EWWG

LI S B B B N L B B S B N B B B N B B B
P N NN TN TN TN T NN TN TN TN TN NN TN TN TN TN NN TN NN MO M N M

T B & ST

-1 -0.5 0 05 1
aq

0 much improved precision due to polarized HERA data
0 will further improve with HIl & ZEUS combination
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(Y| GEORG-AUGUST-UNIVERSITAT . . . . .
@J GOTTINGEN Z/y* differential distributions

| fb!
" D& 2l ® D2, L=097 ' =+ HERWIG+JIMMY -

O colorless and low background
state

O excellent ground for testing ?""""""’*""‘i}ii'{i :
QCD ok TPviik peugat " i

65 <M, < 115GeV F @

. Z PT
O important background for many  "Foercipeseser, TR o l

A 1 L A A o |
2} ® DI, L.097 1" =:+RESBOS 1 2} ® D2, L«097M'  =:+ALP+HERWIG

-

o o d I w NLO pQCD - = LOpQCD w— SHERPA v ALPSPY Tune D6 1
P rOC eS Ses o I m PO rtant to m O e Scale & PDF unc. = ~Scale & PDF unc PYTHIA scale unc. = = ALP+PY Perugia 6

PYTHIA scale unc

Z/y* rapidity distribution sensitive to PDF

. . {b) 1 [ (d)
momentum fraction carried by partons ¥ S i omal  omk v e
| 10 1w 1 10 w
= 1
£ 09! -
2 08\ i . 14 2.1 fb
E o7p\X2= M,e¥s ™" x, = Me's’ . NNLO MRST2006E (32 = 35/27, CL=0.168)
: 0-55 13l NNLO MSTW2008E (5 = 3327, CL=0.238)
g gi MSTW2008E 68% C. L PDFs Uncertainties > Theory prediction
e o.sé _ g 1.2} T withJL T scaled to O from data
§ ‘;-215 P o » Yellow error band:
e G E 11 ot MSTW?2008 PDFs
2 ;b . di = ' * uncertainty at 68 % CL
y (Z boson rapidity) a 1‘§§¢””“*¢”¢4§§??** + . Y o
0 = 256.6 + 0.7(stat) + 2.0(syst) pb ok |
O(y>0) = 256.4 + |.0(stat) pb
0.8 a2 a1 . g B-c).ia P P

= 256.9 + . .
O(y<0) = 256.9 + 0.9(stat.) pb L . Rsapiditz; 25
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C GEORG-AUGUST-UNIVERSITAT
Q‘Jo Charge asymmetry

O W+ produced through measure the asymmetry of W decay products
valence quarks (ud or ud) Nye(n) = N (1)

. _ H
O u-quark tends to carry higher Alyw) > ANw): Al) =

f . N,Lb+ (77) —I_ N,u_ (T})
roton momentum fraction
tphan d O high n and low muon pt1: dominated by V-A

_ asymmetry of W decay
o W+W ; produced O high muon pr: dominated by W production

preferably in the direction of Symmetr
proton(antiproton) beam / Y
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