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O the birthplace of the
top quark

O the highest energy
collider in the

world ...until
December 2009 |
O pp collisions at ' . 7 TevatronRing N a._
Vs=1.96 TeV , i — (S4miles)”
@ ) } > A
a > 2fb-!/year, peak injector 2 o

luminosity ~4e3?

O expected |2 fb'! by
the end of 201 |

O extension of the run
till 2014 is under

discussion
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The only place where top quark are produced!
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@ fies Tevatron luminosity
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Top quark analyses up to 5.6 fb’!

July 16,2010 E.Shabaina - Top physics — 22nd Recontres des Blois

Monday, August 16, 2010




C /| GEORG-AUGUST-UNIVERSITAT .
“' J GOTTINGEN EXPe |"|ments

Tevatron LHC

B ——

O Multipurpose collider detectors

» high resolution inner detectors
» calorimeters

» outer muon system

» magnetic field
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Top quark physics

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
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O Needed in theory as isospin
partner of b-quark

O Properties well defined by the
standard model

0 Unknown - top quark mass

Ve
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O Needed in theory as isospin

partner of b-quark Discovered at Fermilab in 1995

O Properties well defined by the
standard model

0 Unknown - top quark mass
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O Needed in theory as isospin
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As heavy as the atom of gold
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i T'he top quark

O Needed i? lrt)heO")’I as Isospin. o The heaviest fundamental
partner or b-quark particle with unique

O Properties well defined by SM properties

O Unknown - top quark mass O 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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anomalous couplings

top quark pairs

| I* V rare decays
m >51fb' of data \/ branching ratios
: CKM matrix element |V
a >2000 toP candidates R new particles
per experiment W

: ; mass, charge, width, lifetime
spin correlation

charge asymmetry An

——

W helicity

production cross section t
production kinematics W~
resonant production -l N,
production mechanism ) q
new particles
-
49

Observed EVV top quark production
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O - OT data branching ratios

m >2,000 top candidates ‘ St Tg&";;ﬁg:gt [Veol
per experiment W

R. Orava

. : mass, charge, width, lifetime
spin correlation

charge asymmetry An

—_— €—ee N. Goldschmidt

W helicity

F Rizatdinova  production cross section 'E

production kinematics W~

resonant production .E Sy q
'a’

production mechanism
new particles

Observed EVV top quark production R schwienhorst
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Q— | Gormmaen What do we know about top!

to uark pairs anomalous couplings
>5|::bﬁl £ dat P I V rare decays

O - OT data branching ratios

m >2,000 top candidates ‘ St Tg&";;ﬁg:gt [Veol
per experiment W

R. Orava

. : mass, charge, width, lifetime
spin correlation

charge asymmetry An

—_— €—ee N. Goldschmidt

F Rizatdinova  production cross section W helicity

production kinematics E W~
resonant production .E Sy "
'a)

production mechanism
new particles

Observed EVV top quark production R schwienhorst

Is it the Standard Model top? Deviation can be a sign of new physics
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Main mechanism: pair production vis strong interaction

Tevatron

proton 8 t
t 4
7 \ : g -

antiproton
, 15%
85%

Vs (TeV) 7 | 4
9tt (pb) 160.8 | 886.3

PRD 80, 054009 (2009)

~9% uncertainty
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Main mechanism: pair production vis strong interaction

Tevatron LHC
proton Y t
: g [ ‘o g —1
4 / A THOO)
q \ . G - -
o= ; g BOOO0 ¢
15%
85% g ;
NNLOsoorox for m: = 172.5 GeV, CTEQ 6.6 PDF W
g f
\/s_(TeV) 7 14 ~9% uncertainty ~90%
9tt (pb) 160.8 | 886.3
PRD 80, 054009 (2009) q
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O Fites Top quark pair production

Main mechanism: pair production vis strong interaction

Tevatron LHC
proton Y t
q Q { ,"*' < g P — t
v / o m
il \ 2 G p { -
== ‘ g Booon —— ¢
15%

85% t

g
NINLOuoorox for me = 172.5 GeV, CTEQ 6.6 PDF W
t

Vs (TeV) ~9% uncertainty ’ ~90%
Tt (pb) |60 8 886 3

PRD 80, 054009 (2009) q t
~2O larger than at Tevatron >MQ<
g t
~10%
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O Fites Top quark pair production

Main mechanism: pair production vis strong interaction

Tevatron LHC
proton Sl t
9/ D, “00000
J \ y G 3 - -
antiproton t g m t
1%

85% t

g
NINLOuoorox for me = 172.5 GeV, CTEQ 6.6 PDF W
t

v s_(TeV) ~9% uncertainty ’ ~90%
Jtt (pb) I6O 8 886 3

PRD 80, 054009 (2009) q

~2O larger than at Tevatron >MD,Q< t
g t

250 pb-!' LHC sample ~ 5 fb-! Tevatron sample T o

assuming similar efficiency
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In Standard Model
~100% v, q

W decay mode defines
top pair final state

Top quark decay

TS tt decay modes

CcS

lepton + jets

tau + jets

[ e

all hadronic

46%

. ~¢ileptonl lepton + jets
. — 1
e’ u* &4 ud
dilepton te/p) | W
6%

e/u + jet
34%
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In Standard Model
~100% v, q

W decay mode defines
top pair final state

Top quark decay

TS tt decay modes

CcS

tau + jets

lepton + jets

[ e

all hadronic

46%

. ~¢ileptonl lepton + jets
-
et ru* 34 ud ' / j R
+ e/u + je
dilepton (e/p) | W 34%
6%

small rate, small background
main background: Drell-Yan
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Ts it decay modes
In Standard Model 14% y

46%

~100% v, q

CcS

all hadronic

lepton + jets

—

o ~ﬂleptnn lepton + jets
e, . o
et ru* Dot ud '
WV decay mode defines - e/u + jet
top pair final state "“‘Ptg“(‘/l‘) 34%
good rate, manageable
small rate, small background background
main background: Drell-Yan main background:W+jets
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In Standard Model
~100% v, q

Top quark decay

TS tt decay modes

high rate, high background
main background: multijet

CcS

lepton + jets

—

dilepton |

all jet
46%

all hadronic

lepton + jets
N
et ru* : t" ud '
W decay mode defines o T
top pair final state "“‘P‘g“(‘"‘) 34%
good rate, manageable
small rate, small background background
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Top quark decay

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

In Standard Model
~100% v, q

14%

TS tt decay modes

high rate, high background
main background: multijet

CcS

lepton + jets

—

dilepton |

all jet
46%

all hadronic

lepton + jets
N
et ru* : t" ud '
W decay mode defines o T
top pair final state "“‘P‘g“(‘"‘) 34%
good rate, manageable
small rate, small background background
main background: Drell-Yan main background:W+iets
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O Fites Finding top quarks: b-tagging

O Powerful tool to suppress 0 CDF: Neural network heavy flavor
backgrounds to top separator applied after SVX tagger
O Utilizes » separates b from charm and light
» long live time of B-hadrons » 25 input variables
» semileptonic B decays 0O DO: Neural Network tagger

» combines track and secondary vertex
properties - /7 variables

NIM, A620,400 (2010
TLC 2Jets 1Tag CDF Il Preliminary 3.2 fb"' ( ) 7

c <0 an
E ~-single top 4 [
Jat :..Q.. i tt ~ &/80 m
Displaced tracks § 0.2_ _a:mw& g 3\ 70’
Decay fetima 2 I-:: - —wqa % : :
oy f,%“""‘m“‘“ c e — Diboson 5 O60cc-cccaaa--
Primary vertex . ~ '." g i Z+jets g .g : :
5 g o @ MliEs .
do . — m k- 1
B < ’ I
Prompt tracks - g ‘a_‘; 40 ¥ :
! € omm +— P, =30 GeV, nl<1.1
. } 1
L 30 p. »15 GeV, | < 2.5
0 Rl ettt e i i ibecenom ool r T s
-1 -0-5 0 0-5 1 2014& I B B A R PR S T W W T Y B
-1
KIT Flavor Sep. Output 10 1 10

Fake Rate (%)
Tevatron experience: b-tagging usually improves the sensitivity
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CMS Preliminary 2010
LI LI L L B

I I L =
*DATA N

ATLAS Preliminary —&— Data 2010 B : BMC (ligh ]
AT : - ght)
105 \s =7 TeV I ND min. bias MC : b jets 10°E CMS i EMC (charm) _|
— ND min. bias MC : ¢ jets g } BMC (bottom) =
[ | ND min. bias MC : light jets C b

1 |
05 0 05 1 15 2 25 3 3.5

Number of tagged muons per jet 30 20 10 0 10 20 30
3D IP significance

O Impressive agreement between data and simulation
0 Looks very promising even for the first top analyses at LHC
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Top quark production

top quark pairs
electroweak single top quark
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@J GOTTINGEN Top pair cross section

b O First step in understanding selected top
quark sample

f*f
. 0 Test of theoretical QCD calculations
: &
I+jets Cha’nnel S lelted by 46 fb-l 5 COF Il Preliminary 4.6 fb”
systematics, § s0oF T T
Methods: luminosity J o — o
. . . . . (o] 400— Qco
o kinematical information dominates at ~6%. o 5
o b-jet identification o Take ratio to Z 7
Cross section: g
§‘°°°ﬁ * D@ Preliminary, 4.3 ft' trade fo,r Z theory =
S1200 B Uncerta|nt)’ 0 o1 02 03 04 05 06 07 08 09 1
.g I other ' ' ' ' . . ' " NN ;wtput
- D Wajets PRL 105:012001,2010

I Multijet

Ot = 7.63 £ 0.37(stat)x 0.35(syst) £ 0.15 (theory) pb

’ 1 = /% relative precision, 8.8% with luminosity
Otf = 7.7OJ_F8:;8 (total)pb uncertainty

Total uncertainty ~10-12% ...to be compared to Tevatron goal of 10%
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@ Fes More on cross sections

O Simultaneous measurement of O 0 Differential tt cross sections
and background normalization PRL 102 222003 o 1
O use NN flavor separator and Nijecs I W ’
o . . c 10 R ESM Incartantes
distribution

~.§-1 CDF Il Data I ib

» 9% (15%) improvement of stat (syst)
uncertainties

do/dM [fb/GeVicT]
8 —a
T m T

O

O measures K-factors for W+jets

O ttbar = /.64 £ 0.57 (stat+syst) £ 0.45 (lumi) pb

M " | BT | - P " | M PR
0 200 400 600 800 1000 1200 1400
Unfolded M, [GeV/c‘]

The Fit ' CDF Run Il Preliminary 2.7 fb"' arXiv:1001.1900 [hep-ex]
" {
'I g t ® Data » PP PPN e LA BB o B A B A N S B NN A NN B A L
2 7 fb > 350 WYop =2} o o oD OO ' - DO ™ jata, 1 b’ 1
. w (&) r DO dala, o )
» F & |(@Ew| | & F 2 & S50 S 0108 NLO pQCD 1 B
300 S Wwee — - — N N NN (<5} [ ,
: - Bwe @ P @ @ wan (50.14 e Approx. NNLO pOCDA
| @ WWaq o © ) @ © 909 o) - ----- MC@NLO
250 - [ JEW - - - i T B R o 0.121- -
¢ ~— [lQco ) <t e} N W0 R I = em e DY THIA
i o 0.1 - ALPGEN =
[ © [ ; ]
| ~— 0.08}- -
. © 0.06
0.04— ]
s M 0.02} =
oo 20 llllllllllllllllllll :
x* I ndf = 88.37 / 94 0 50 100 150 200 250 300 350 400

top quark P, [GeV/c]

Ky, =157+025 Kw,, =1.10=£0.29

Ky =0094+0.79 Kw, =1.9040.29 No deviation from the SM
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DO Runll - preliminary July 2010
=
I+jets (topological) tr o, +0.33 +0 51 +0.4 CIE Cacciari et al., arXiv:0804.2800 (2008)
.31 ol 725 933 -039-043PP 'Kidonakis & Vogt, arXiv:0805.3844 (2008)
I+jets ’ . o I:l Langenfeld, Moch & Uwer aer 0906.5273 (2009)
(b-tagged)* ™" . +0.30 + ) +0 54 3

e s o o 93 030 -077-047PP Dilepton i WS 7.27-0.71:0.46:0.42

Sde (L=4.3 ) tat) (syst) (lumi)
I+‘jet'_s. dilepton, t+lepton (PrD) e 7.84 _.ﬁ 32 832 'éi’é pb :

: Lepton+Jets (ANN) 7.63+0.37-0.35+0.15
dAlli.?[.)tOn (topological)* (RS i 8.23 952 +0 pb (L=4.6 fb ) ’

Lepton+Jets (SVX)

) . S 7.14+0.35-0.58+0.14
I+track (b-tagged) H—o—BH 5.0 *18 ¢ 9 03 pb (4.3 1) 0.35:0.58+0
ey H—e—H  7.32°13%*12.045pb All-hadronic 7.21:0.50:1.10+0.42

221 (L=2.91fb)
tau+jets (b-tagged)* b . 1 51 +43 +0 .03 pb
Ve CDF combined 7.5040.31:0.34+:0.15
alljets (b-tagged, PRO) -+ 6.9 *13 *14 04 pb +YDOF= 0.60 m=172.5 GeV/c?

(stat) (syst) (furmw)

N 4561_891011
M. = 175 GeV I M. Cacciari L'EHEP 0809, 127 (2008) o(pp )tt) (pb)

2 N. Kidonakis @hd R| Voat, PRD 78, 074005 (2008)

o 2 X068 W0 i3 CDF combination: 6% precision!
o (pp—tt+ X) [pb] Latest dilepton result not included

O Measured in all channels except for
ThadThad channel

O Dilepton results achieving good
precision (13-14%) (~350 events)
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G o Cross sections summary

DO Runll - preliminary July 2010
| ' Y Y Y y Y Y Y

I+jets (topological) 1 -l +0.33 +0 51 +0.4 " Cacciari et al., arXiv:0804.2800 (2008)

431 ol 7-25 533-039-043PP ~~ Kidonakis & Vogt, arXiv:0805.3844 (2008)
I+jets ’ . o 1 Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009)

(b-tagged)* "7 . G y ¥O.9% p— T—

s | Hi®— 93 030 -077-047PP Dilepton SRS 7.27+0.71:0.46+0.42

g e (L=4.3fb) tat) (syst) (lumi)
I+jets, dilepton, t+lepton (PrD) e 7.84 10464066 4054

100 . ~0.45-054 ~0.46

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

dileptou (topological)® RES | 8.23" +( +Q pb (L:46 fb)
Iftrack (b-tagged)* —e—H 5.0 *18 %93 53 pb :.Le:gfg?;;)lets (SVX) 7.14+0.35-0.58+0.14
i H—e—+ 7327373 04 pb All-hadronic 7.21:0.50+1.10+0.42
Shee (L=2.91b")
tau+jets (b-tagged)* b o | 1 5.1 +4 : N2 pb

CDF combined

4 ft 7.50+0.31:0.34+0.15
alljets (b-tagged, PRD) - —— 6.9 *13*14 44 pb +2DOF= 0.60

m,=172.5 GeV/c?

(stat) (syst) (lumi)

= ATE et B M. Cacciari ef@l.. JHEP 0809, 127 (2008) O'(pﬁ )tf)?pb) 9 N 10 B 11
b bt B N. Kidonakis :dR. Vogt, PRD 78, 074005 (2008)
CTEQS.6M {
S. Moch and &er PRD 78, 034003 (2008)
° ° R o ° °
ST T CDF combination: 6% precision!
o{pp—>tt+ X} [pb] Latest dilepton result not included

0 Consistent with theory

O Measured in all channels except for prediction, challenges its
ThadThad channel precision

O Dilepton results achieving good O Work on CDF-D0 combination
precision (13-14%) (~350 events) is in progress
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O Fiters Electroweak top production

S.Willenbrock, D. Dicus, Phys. Rev. D34,

O Predicted |0 years before top discovery 1551986 Cortese and R Petronsio,

PLB 253,494 (1991)
0 Observed 14 years after top discovery
Wt channel

s-channel t-channel ;( t

0=1.04+0.04 pb 0=2.26%0.12 pb Small at Tevatron, important at LHC
NNNLOapprox, mtop= I 72.5 Gev
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S.Willenbrock, D. Dicus, Phys. Rev. D34,

O Predicted |0 years before top discovery 1551986 Cortese and R Petronsio,

PLB 253,494 (1991)
0 Observed 14 years after top discovery
Wt channel

s-channel t-channel ;( t

0=1.04+0.04 pb 0=2.26%0.12 pb Small at Tevatron, important at LHC
NNNLOapprox, mtop= I 72.5 Gev

\
g~ |th|2 (Vud Vis Vb
VCKM = Vcd Vcs Vcb

t N: Ve Vis Ve,
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O Fiters Electroweak top production

S.Willenbrock, D. Dicus, Phys. Rev. D34,

O Predicted |0 years before top discovery 1551986 Cortese and R Petronsio,

PLB 253,494 (1991)
0 Observed 14 years after top discovery
Wt channel

s-channel t-channel ;( t

0=1.04+0.04 pb 0=2.26%0.12 pb Small at Tevatron, important at LHC
NNNLOapprox, mtop= I 72.5 Gev

t
W’

\
g~ |th|2 (Vud Vis Vb
VCKM = Vcd Vcs Vcb

W + J —

Ve Vis Vi , b
r
Sensitive to new physics

in s-channel
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O Fiters Electroweak top production

S.Willenbrock, D. Dicus, Phys. Rev. D34,

O Predicted |0 years before top discovery 1551986 Cortese and R Petronsio,

PLB 253,494 (1991)
0 Observed 14 years after top discovery
Wt channel

s-channel t-channel ;( t

0=1.04+0.04 pb 0=2.26%0.12 pb Small at Tevatron, important at LHC
NNNLOapprox, mtop= I 72.5 Gev

\
O ~ [Ve|? Vus Vis Vs :
™ Vekm =|Vea Vs Vi "—

t N: Via Vis Ve,

in t-channel

July 16,2010 E.Shabaina - Top physics — 22nd Recontres des Blois

Monday, August 16, 2010




C J GEORG-AUGUST-UNIVERSITAT
AP GOTTINGEN A challenge

p—

g Total inelastic
S . 2
= 10
ST mb
O - -
2 10 bb 1-10’
2
< 10° | ub
\\
10-8 6,000
600
- ND
-10 £
10 i
tf ,
10’12_.‘& =]
10" -
Higgs (ZH + WH)
- fb
1516
100 120 140 160 180 200
Higgs mass (GeV)/c?
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A GOTTINGEN

A challenge

—~ 1 q g
g Total inelastic | < b
S 2
= 10
3 4| mb I
b -
7 10 bb 1-10’ q W
e
< 10° | ub
W
10-8 6,000
600
- ND
210 4
10 )
tf 5
10" -
Higgs (ZH + WH)
- tb
1516
100 120 140 160 180 200
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A challenge
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o Multivariate techniques to extract signal
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Decision Trees Neural Networks Matrix Elements Likelihoods

Nodes 2
F :\"\‘e .'/':' "\\ (—-? ‘ \\\ Iy e /‘ :" \\
v = T~ > \
Output ?; T,
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Decision Trees
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Single top observation

Neural Networks Matrix Elements

v
W

March 2009: CDF and DO
reported 50 observation

Combination of many
channels and analyses

2Jets 1Tag CDF Il Preliminary 3.2 fb”
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Single Top Quark Cross Section

CDF el 2.17 20X pb
CDF m—e—— 50 25 pb
DO o 3.94 1088 o
Tevatron Combination é -1 2.76 *927 pb
o :

' B N T

i
0 2 4 6 8
o (pp — th+X, tgb+X) [pb]

CDF-DO0 combination (3.2 fb™')

o = 2.767055(stat + syst)pb

|[Ver|=0.91£0.08 (stat+syst)

arXiv:0908.2171v1 [hep-ex]

| 3% improvement
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@J GOTTINGEN After the discovery

Single Top Quark Cross Section August 2009

— e 217958 o O First evidence of t-channel single
: e top production
CDF : e 1 5.0 53 pb . .
: za O drop assumption of SM s/t ratio
Do : 3.94 Zggg PD
Smsiton Entiadin: 2762958 pb O train discriminant for t-channel
i O measure s and t simultaneously
i " 1 R % ° Measzgdzge::c“
0 2 = 6 8 2 * SM
G (PP - th+X, tgb+X) [pb] : y Zurcne,
g ¥ IV, |=0.2
L 5 A moiev
CDF-D0 combination (3.2 fb™') ; o TopPlon
[ Jes%c.L
10.58 B 90 c.L.
o = 2.76" 5, (stat + syst)pb 3 Ml osxci
[
|[Ver|=0.91£0.08 (stat+syst) 0; o
1 2 3 Bl 5

s-channel cross section [pb]

Of_ch = 3.14f8:§11(sta,t + syst)pb

PLB 683 363 (2010)

4.8 O evidence

arXiv:0908.2171v1 [hep-ex]

| 3% improvement
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@J GOTTINGEN Top rediscovery at LHC

O Primary short term goal - establish top
quark signal

O Rediscovery is possible with ~10 pb-!

expect 60 tt events per lepton

0O Major milestone for detectors flavor per experiment in |+jets
» trigger, lepton identification, jet and Ey™iss channel, >4 jets
calibration background ~40 events
§ 9 ATLAS Preliminary Equiva|ent to
%W g0 ¢ Simulation
70 ( 50 Pb-l at 7TeV CMS Preliminary @ 20 pb™
60 1 : ,‘ Electon Channal ﬂ i Pzeudo data
50 ¢ | L = 200pb’ d:) 104 % %t\;najgjgrk:Top
40 ' Lﬁ -Z::Je?ss
aoF ¥ % g =ach
20 ?': ) i!! g O 102
10§ 5 b 2
0500156 200 250 = 300 350 S 10
M, [GeV]

O General strategy:
» simple analysis - cut and count
» template fit of hadronic top mass
» no b-tagging

Jet multiplicity

Reference: at Tevatron 230 pb-!' Ag/0(b-tagged, I+jets) - 20%
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O Signal in dilepton channel can be
established with ~5 pb-' of data - |
|5 events over background of 3

CMS Preliminan][ 10 pb"l

2510 TeV DY ee,up
) EDY-tT
- CIWW,WZ,ZZ
20K [ Single top

7 — notll
Ela-n

15}

C GEORG-AUGUST-UNIVERSITAT . .
@J GOTTINGEN Dilepton channel and single top

Expected 10 pb-! sensitivity (per experiment)

Channel N(background)

e - U

2

1.1

1.9

DD

ATL-PHYS-PUB-2009-086 + scaling to 10 pb! @ 7 TeV.
P. Ferrari, talk at Top 2010

; L4 1% AC0/0=15%(stat)x 10%(syst)x 10%(lumi)
0 1 2 3 24
NiG'B
Atlas
O Single top will be challenging  |©10 TeV.200pe™ Cuf based  Likel.
S 118 112
at 7/ TeV B 185 127
30 excess with ~500 pb-! — e ——
50 with ~| fb"! Talk by P Pardo
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Top quark properties

mass
width

forward-backward asymmetry
spin correlation
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O

Free parameter of the SM

Together with VW mass constrains
SM Higgs mass

0O Provides guideline for SM Higgs
searches

0 Constraint on Higgs mass can point to
physics beyond the SM

O

t H
W W <
o SRR ooo’i oiooo\
Ar,~m Ar,os ~ (M)
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August 2009
1 1

O Free Parameter Of the SM 1 —LEP2 and Tevatron (prel.)
. . 80.51 -~ LEP1 and SLD

0O Together with W mass constrains 5871 CL

SM Higgs mass _

: T : =
0O Provides guideline for SM Higgs @
(D 80 4_ ______

searches -
O Constraint on Higgs mass can pointto £

physics beyond the SM

80.3 -
t H
w w W w | oo
» VUL PO .“(:“\“‘ N 150 175 200
m, [GeV]
Ar ~m? Ar, oo~ In(m.f) | GeV change of mep leads to
~10 GeV change of mHijggs

July 16,2010 E.Shabaina - Top physics — 22nd Recontres des Blois

Monday, August 16, 2010




C o J GEORG-AUGUST-UNIVERSITAT
GOTTINGEN TOP quark e

August 2009
1 1

O Free parameter Of the SM { —LEP2 and Tevatron (prel.)
. . 80.5 - LEP1 and SLD

O Together with W mass constrains 587 CL

SM Higgs mass _

: C oy : =
0O Provides guideline for SM Higgs @
Ogoa{ |}

searches : -
O Constraint on Higgs mass can pointto £

physics beyond the SM )

80.3
t H
W W W W ! —
» VUL PO -a(:a\.-.’ N 150 175 200
m, [GeV]
Ar, ~ mt2 Ar ™ In(m_?) | GeV change of meop leads to
~10 GeV change of mHijggs

The most precisely known top quark property

July 16,2010 E.Shabaina - Top physics — 22nd Recontres des Blois

Monday, August 16, 2010




C GEORG-AUGUST-UNIVERSITAT "
@ Fes Experimental challenges

O only jets can be measured

O clean mappinﬁ between
reconstructed objects and
partons

O jet energy scale calibration to
particle level

calorimeter jet

» dominating uncertainty

O in-situ calibration using
hadronic W mass

particle jet

parton jet

Jet scale used to be severely
limiting factor for top physics
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41~ of m{™ templates, 1 tag events (AJES = 0.0)

gou

O Template method e
» Choose variable strongly correlated with 3 o1
the top mass goos

» Compare data to MC with different mass
hypothesis

O Matrix element method

C GEORG-AUGUST-UNIVERSITAT .
@ Fes Mass extraction methods

Bl M., - 160
M, = 170
M, = 180

M, = 190
Pim™ |M_AJES)
t oo

100 150 200 250 300
m™ (GeV)

» Calculate probability for event to be signal or background as a function

of top mass

» Multiply event probabilities to extract the most likely mass

£ =3 £
5 : :
L0 .g Q0
4 o o
Q. Q. Q.

Probability

Top Mass Top Mass Top Mass

Maximizes statistical power by using full event information
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O Fites lepton+jets channel

CDF Run Il Preliminary 5.6 fb"

Top mass and JES extracted = ot
simultaneously from maximum < oo
likelihood fit to data “E
0.2
N aE
3.6 fb 02f- —A(InL)=-0.5
osk. — A(InL) =-2.0
- — A(InL)=-4.5
D6 = . 1 . + 2+ s 2220 2 a1l o v a1 o o2l
Meop=173.7£0.8(stat)+ |.6(syst) GeV L
+ I 7 CDF Run Il Preliminary 5.6 fb"
T (o) 0 0.8~
) -;:; 0.16::— :l ; ?ﬁ:f":c‘c.ﬂo\':al'.
5.6 fb! g 0145 —— Oboorved nceranty n ot
o Aps=015x0.18 ¢ §o.12;‘—
Meop=173.0£0.7(stat)x | .1 (syst) GeV oo
+1.2(total) GeV -

AAAAA

" e b i e R Nl Tl v 5
8.7 0.8 09 1 11 1.2 ,}.3
Expected stat. + JES uncertainty (GeVic')

the most precise single measurement: £0.7%
~1,000 top events with > 1| b-tag
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@ fies Tevatron mass combination

Mass of the Top Quark (*Preliminary) MarCh 2009
T . . » does not include the latest CDF result
| ° T » to be updated for ICHEP

DO-1 dH 168.4 +12.3+ 3.6
CDF-II di 171.2+27+29

Pl 17472924 Mewop=173.1%1.3(total) GeV
COF-l 4] 176.1+ 5.1+ 5.3

————

DOl 4] 180.1+ 3.9+ 3.6
. —

COF-ll 14 1721+ 09+ 1.3 ]
00114 B 37:08816 O 'Ismsagcr)r\]/aetcilcgnderstandlng of
CDF all 18.6.0 +10.0+ 5.7 Y
Comll _ 1748£17£19 O Measurement in different
COF-Ii trk 1753+6.2+ 3.0 channels consistent with each
'Tevat'on March'09 B 173.1+ 06+ 1.1 Othel"

hep-ex/0903.2503 (stat.) + (syst,

x*/dof = 6.3/10.0 (79%)
0 Different methods produce
150 160 170 180 190 200 .
m,, (GeVic?) consistent results
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Mass of the Top Quark

Tevatron mass combination

e

lude the latest CDF result
» to bg’updateq for ICHEP

July 2010

meop=173.3%1.1(total) GeV

July 2010 (* preliminary)
CDF-I dilepton 167.4 +11.4 (+10.3+ 4.9)
_ @
D@-1 dilepton 168.4 +12.8 (+12.3+3.6)
. +
CDF-II dilepton * 170.6 = 3.8 (x2.2:3.1)
. +
D@-I1l dilepton * 174.7 + 3.8 (229:24)
_ @
CDF-I lepton+jets 176.1+£ 7.4 (+51:53)
. o
D@-| lepton+jets 180.1+ 5.3 (:3.9:36)
CDF-Il lepton+jets * 173.0+ 1.2 (06=1.1)
_ -
DO-II lepton+jets * 173.7 £ 1.8 (z08=16)
. @
CDF-I alljets 186.0 £11.5 (+10.0+5.7)
. ——
CDF-II alljets 174.8 + 2.5 (=1.7=1.9)
@
CDF-Il track 175.3 £+ 6.9 (+6.2:3.0)
L 2 4

Tevatron combination * 173.3 £ 1.1 0609
(+ stat = syst)

v2/dof = 6.1/10 (81%)

| | | | | |
150 160 170 180 190 200
Myp (GEV/C?)

July 16,2010

Monday, August 16, 2010

0.6% relative uncertainty

O Improved understanding of

O

systematics

Measurement in different
channels consistent with each

other

Different methods produce

consistent results
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Is top quark mass equal to anti-top quark mass!?

Drop assumption m=mgin top mass measurement

0O Extension of ME mass analysis
O mt,JES — M¢, Mt

0O Template method
O variables: Amreco and Amyeco(2)

A my., tagged

165 170 175 150
m, [GeV]

; : . .1 ‘(‘\:200 F Run Il Preliminary (5.6fb")
Q (b) Ll'i']ets : Dg’ 11b 3 180 Am=0 GeV —o=
9‘ 1 75 " T o BT . N N 2160 . sig:A M =0.0 GeV/cf
e : G o p S S140
[ : g e - it 2120
£ o / \\ ‘ o 009 1-tag positive lepton £ o
R | \* - IS E — AM_ =-10 (GeVic’ 80
(e} o T :
- \ J ] . < . ; " [ 40
165 u\ . \\“_’ ijsﬂd/ f / E (GeVic) 20
160¢ \ o0 % 7 - S e (Gevich
. o LR P s ? A mreco tagged

o DF Run Il Preliminary (5.6 fb”)
222AmM=4.0 GeV
% 180 — o e —e— Data

Il Il Il Il Il Il Il Il ‘ Il Il Il Il -
0 50 100 150 E 100
A Mo (GeV/eY)

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

PRL 103, 132001 (2009) 56 fb-

50 100 150
A My, (GeV/eY)

AMyiop = -3.3 +/- 1.4(stat.) +/- 1.0 (syst.) GeV/c?
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O Tevatron measurement dominated by systematics

O Time is needed to achieve similar precision at LHC

First measurements: template method

C JGEORG-AUGUST-UNIVERSITAT
A GOTTINGEN

Top mass prospects at LHC

0 ID for ~100 pb': stabilized top mass,
Am/m = 2 GeV (stat) £3.8 GeV (syst)

o 2D for ~I fb-': b-tagged events, m¢ and JES

Am/m = 0.6 GeV (stat) £2.0 GeV (syst)

reco

mey -y
|10 TeV W
Statistical uncertainty [GeV] as a function of %
10 pb~* 30 pb~! | 100 pb~!
Electron channel | 108 =35 | 70+2.1 | 27+ 1.3
Muon channel | 99+39 | 58+15|2.8+0.8

July 16,2010

Monday, August 16, 2010

Talk by J.Parsons

Normalized Entries / 10 GeV

Entries / 20 GeV

0.14

Simulation

T —
- ATLAS Preliminary

' hd | b |

[ m, =160 GeV
) m,, =170 GeV
B m,, = 180 GeV
-mwzfmGOV
_PW

250 300 350 __d40Q._ 450

™reTrer

. Lo = 10pb , pseudo-experimentd

m,_ = 169.9: 10.1 GeV

E.Shabaina - Top physics - 22nd Recontres des Blois
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O Direct measurement: build
templates in [

0O reconstruct Mreco and MW

1-tag Lepton+Jets

Arb units

350
M:wu (GGVC‘)

2-tag: 214 events

e Data

DSigral+ Bkgd
@ Bkgd only

rt= I 5 GeV

COF Il Preliminary (4.3 1)

o T an
150 200 250 00 150
m*° (GeVic®)

I'i<7.5GeV at95% C.L.
July 16,2010

Monday, August 16, 2010

Top quark width

SM:T~1.5 GeV at NLO for m=172.5 GeV
Additional decay modes: t—=H"b, t=>dW™, t—=>sW™ !

O |ndirect measurement

O use single top t-channel cross section
O combine with measured branching ratio
O assumption: coupling in top production
and decay is the same
E . Oj
1L W
't = oW
——— T(t - bW) =0o(t — ch) (= W) s
s Ve o(t —ch)sm
-,
. L(t — bW)
t — Phys. Rev. Lett.
Bt — bW) <= | 100,192003 (2008)

I, = (1.9970 D) GeV, 7 = (3.2755) x 1075

e

E.Shabaina - Top physics — 22nd Recontres des Blois
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Born Box

. O LO:top quark production angle is
symmetric with respect to beam

direction

O NLO:asymmetry due to interference
effects

O At Tevatron charge asymmetry =
forward-backward asymmetry

[+jets events, pp rest frame 7/ ISR 9/ FSR

o — N(=Q X Ypadg > 0) = N(=Q X Ypaa <0) NLO: Ax=0.05+0.015
1o N(—Q X Yhad > 0) + N(—Q X Yhad < O)

Reconstructed Top Rapidity (Lab)

= CDF Il Preliminary === Data .~
400 Le53m" — gk'gekg AL™ . 0019+ 0.0025

Q - lepton charge, Yhad - rapidity of hadronic top

Events
2 B8

8

AN« 00085 + 0.0021
54 4

350 An? = 0054 4 0.0082
Correct for acceptance and reconstruction effects 200} —i—+ ' ,
- 250 backward forward -
A (pP) = 0.150 £ 0.050 (stat) + 0.024 (syst)| 5 ¢ fp- . events Lt events
% A (tf) = 0.158 + 0.072 (stat) £ 0.017 (syst) T <« ,
MCFM o i

—

A (|Ay|<1.0)= 0.026 + 0.104(stat) = 0.055(syst) | 0.039 +0.006 s i
Asb (lAy|>10)= 0.611 £ 0210(stat) + O141(SySt) 0.123 +0.018 % 45 41 05 0 05 1 15 2

b B O] Kk ]

Aw (raw) = 0.073 + 0.028

July 16,2010 E.Shabaina - Top physics — 22nd Recontres des Blois
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Born Box

. O LO:top quark production angle is
symmetric with respect to beam

direction

O NLO:asymmetry due to interference
effects

O At Tevatron charge asymmetry =
forward-backward asymmetry

I+jets events, pp rest frame

o — N(=Q X Ypadg > 0) = N(=Q X Ypaa <0) NLO:An=0.05+0.015
1o N(—Q X Yhad > 0) + N(—Q X Yhad < O)

Reconstructed Top Rapidity (Lab)

Q - lepton charge, Yhad - rapidity of hadronic top B Coripmoy o | oo
. maso, -9*9+ .-; :::5 0::
Correct for acceptance and reconstruction effects . -+ '
= - backward forward -
A (pP) = 0.150 + 0.050 (stat) £ 0.024 (syst)| 5 ¢ f-! =0 Vevents - events
A (tt) = 0.158 + 0.072 (stat) + 0.017 (syst) " s
MCFM |

An (IAy|<1.0)= 0.026 + 0.104(stat) + 0.055(syst) | 0.039 % 0.006 = |
Aw (|Ay|>1.0)= 0.611 = 0.210(stat) £ 0.141(syst) | 0.123+0.018 | &5 s 1 s

Deviation from standard model ?
~30 theory papers in last 2 years! Am (raw) = 0.073 £ 0.028

new DO update with 4.3 fb"! for ICHEP!
July 16,2010 E.Shabaina - Top physics — 22nd Recontres des Blois
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Spin correlations

C J GEORG-AUGUST-UNIVERSITAT
3

¢ O Short lifetime

S, =
1>+ O Flight directions of top decay products carry
_ ,/=; information about top polarization at production
t

Strength depends on spin quantization axis: .
K — N1t + Ny — Nyp — Ny beam line, helicity, off-diagonal
— )
N44 + Ny + Ny + Ny ’\/

Lepton+jets channel

E % t ‘ VAR
" Dilepton channel P A
| ep on channe b ‘V ﬁﬁ
D Run 11 preliminary (4 M
/; 7"? B i, SM spin corr y

M.E_ — tf.mo span corr., . 4 2 fb- I
. FATN o
L .

Diboson
« Multijet

. 5 8 b K = 0.48 + 0.48c + 0.22 5ysc o
helicity basis

NLO k=0.4
5.3 fb-
[k =032 93 | %

K=0.72 £ 0.64stac £ 0.26 yst beam basis

— off-diagonal basis
kK =-0.17 %553 ] NLO: k=0.782

beam basis, NLO: k=0.777 Three measurements in last year!
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Searched in Top quark sector

Searches in top production

Searches in top decay
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b tt resonances (I+jets)

Searches in top production

(b) DO, L=36fb"' = Daa
'.; Prelim. []Z (650 GeV)

3

Eventg/25Ge
3

’ 3
( [ W+jets
. ) M,<820 GeV excluded ° Jead
\ ' Upper Limit on Resonant tt Production at COF | 60 ‘
4 : 40
35 20
9 3’, : % 300 800 1000 1200
ﬁ al 20 M, [GeV]
b 5 15 tt resonances(all hadronic)
£

. _ » M,<805 GeV excluded
‘ Sin gle tOP ‘ 05 ey b Cor mun 8 prtminar. 1= 0

-

SSeaus T | Rl _T?«T_——Too ) .y AR
Mass of it Resonance (Gevic') 1
. e
FCNC:t —gu, gc KK gluon excitation in RS theory p——
e 2 b |
518l (a DO 231" } s B
Sia)  95%ClLog/A limits: S|n |e tOP ‘
— | . !
Zq2 ) Expected: 0.016 TeV :
/ £ N Observed: 0.013 TeV' S-C annel g ]
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Searches in decay
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@J GOTTINGEN Top properties and searches at LHC

O Properties and searches are statistically limited
O Large samples at LHC will allow precise measurement
O Impact can be made with L~500 pb-!

10 TeV, 100 pb |
O I rerrrrrrrTy o 830 ] ‘

Early measurement 2 2 oS Simulation 187 CMS Simulation :

- 8 1 e E I S s

tt resonances £ SRR [~ *

Techniques to reconstruct g1 15 k

highly boosted top quarks are Y - .
6 e ¥

being developed ° | *
2 E -

1000 1200 14001600 2 (Gevid) 0500 70001200 1400 1600 1800 2000

m, (GeV/c?)
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@J GOTTINGEN Top properties and searches at LHC

O Properties and searches are statistically limited
O Large samples at LHC will allow precise measurement

O Impact can be made with L~500 pb-!

Early measurement

tt resonances

Techniques to reconstruct
highly boosted top quarks are
being developed

Can Tevatron help!?

CDF result for boosted tops is
expected for ICHEP

—

c

I\\\‘\\\‘\\\‘\\\‘\\\ \\\I\_\ —
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@J GOTTINGEN Top properties and searches at LHC

O Properties and searches are statistically limited

O Large samples at LHC will allow precise measurement
O Impact can be made with L~500 pb-!

10 TeV, 100 pb |
Early measurement 0;5 25 | CMS Slmulatlon S g O CMS Slmulatlon | 1
= S 1 R OB SR Db
tt resonances g | %) (mmoe *
Techniques to reconstruct g1 18- i
highly boosted top quarks are Y E :
being developed ° :
1 5[ E
? ; EN :
Can Tevatron help! 000 1200 100 G0 e zog0 0y O s o a0 0]
CDF result for boosted tops is e OV
expected for ICHEP
Tevatron: t LHC: t
O Measurements a =—s /,= . g wﬁﬂ;«ﬂﬂw g
complimentary /
- =
to Tevatron :
NLO: k=0.78 NLO: k=0.33
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C .
¥ Conclusions and outlook

0 Top quark physics today

» unprecedented precision on top quark mass and
Cross section

» significantly beyond Tevatron goals

» Impressive number of studied properties
» new measurements possible: spin correlations
» only now reaching sensitivity

» broad program of searches in top sector

0 No significant deviation from standard
model predictions so far
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C .
¥ Conclusions and outlook

0 Top quark physics today
» unprecedented precision on top quark mass and
Cross section
» significantly beyond Tevatron goals

» Impressive number of studied properties
» new measurements possible: spin correlations
» only now reaching sensitivity

» broad program of searches in top sector

0 No significant deviation from standard
model predictions so far

Looking forward for first top physics results from LHC this year
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Backup
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@J GOTTINGEN Single top quark at HERA

Use the same selection as for W
SM production is strongly suppressed

Can be enhanced by FCNC
» coupling of t to up-type quark U viay or Z

O

O O

0 Background: single W production

AT _

O(ep—etX)<0.25 pb | K& 474pb" _
O(ep—etX)<0.23 pb | == 277 pb- >*
"uE, 10— H1 Electron Channel
g i anomalous top
C /

s L

e CH to e — HERA I +HERAII, ZEUS, 359 pb-"

MevP [GeV] 0<0.13 Pb, I(tuy<0. | 3
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Understanding Jets

T e e

............................................. 3e..

LRy e R Rl DL LD Sk

P B

€014

] - uncorr

% 0.12 Rcom =0. 7 E’n o 50 GeV, | Duet

8 b | . .

g 0-1 :_ ..................... —_ TOtaI ..................... ............
e S — ~Response............
S r ----Showermg =

5 006, Offset |

m 0.04 __ .........................................................................................................................................

O Jet energy scales used to be severely limit top physics

0 Has become less important with the W—jj calibration
(simultaneous fit) in lepton+jets and all-hadronic, even
applied to dilepton.

o Still limits some measurements, try to find creative ways
around...
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ME method details

Differential cross

Normalization

acceptance section based on LO ME
& efficiency
1 \
Py(x;m,, JES)= f dnU(Y:mtI dq,dq,f(q,)f(q, W(x,y,JES)
__ o(m,)
. X

Probability to observe Initial state T i
a set of kinematic Probability distribution Progg{;ﬁf;":o"zfxﬁm
variables x for a given that a parton will have x when parton-level y
mass and JES a momentum q was produced

a Integrate over unknownq,, q,,y

# The jet energy calibration (JES) is a free parameter in the fit,
constrained in-situ by the mass of hadronically decaying W

Pcvcnt(m; my, JES) = ft Ptt—(m; myg, JES) ar (1 — ft)Pbkg(m9 JES)
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_ D@ Preliminary, 5.3 fb”
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—— Exp. mass dependence .. _

NLO+NLL Cacciari etal. ™
—— NNLO approx Moch and Uwer ™78
—— NNLO approx Kidonakis et al.
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Testing the Theory

Q. 4_-' o CDF Run Il Preliminary 4.6 fb™" .
Q“ 1
‘b’ 1 Moch & Uwer, arXiv:0807.2794 (2008)
3 -
1 f B Cacciari et al., arXiv:0804.2800 (2008)
2—1 --------------- Kidonakis & Vogt, arXiv:0805.3844 (2008) :—

1 =
L1l | 111 L r

11
%67 168 169 170 171 172 173 174 175 176 177
Top Quark Mass (GeV/ch)

Compare measured mass
and cross section
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@ fies Sample composition

S/B at | Dilepton | Lepton+Jets | All-hadronic (6-8 jets,
CDF | (22jets) | (24 jets) after NN Selection)

0 b-tag 1:1 ~1:4 ~1:20
1 b-tag 4:1 1:4
2 b-tags | 20:1 20:1 1:1
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@J GOTTINGEN top width and new physics

t-channel cross section branching ratio t—=Wb

—CF

oW

L//" R

b Ve

—CFE
r o(t—channel) I'(t — Wb)qy,
t o

B(t — Wb) o(t—channel)gy
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@J GOTTINGEN top width and new physics

example: charged Higgs with my, < m¢ - my

t-channel cross section branching ratio t— VWb
b
)
@1,3/ H*
l_/z/‘
»—
e
/
£ —Ck
r, — o(t—channel) I'(t — Wb)qy,

B(t — Wb) o(t—channel)gy
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@J GOTTINGEN top width and new physics

example: charged Higgs with my, < m¢ - my

branching ratio t—Whb
b

t-channel cross section

_p—@? H C
D,
o s
<y
p OE/ t
Vv
INCrease
P o(t—chafinel) I'(t — Wb)qy,
t p—

B(t — Wb) o(t—channel)gy
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N.(p) — Nx(p) Charge asymmetry: number tops and anti-tops

Aqr = in a given direction (proton beam
°= Nlp) + M) : ¢ )

. N,(p) — N,(p) Forward-backward asymmetry: number of top

= Nu(p) = N,(0) and anti-top qu.arks moving for or against a
given direction

For CP invariant system Ne(p)=Nc(p)
Ac = At

NAy>0 L NAy<O B .
Afo = NA7S0 T NAF<O Ay=y(top)-y(anti-top)
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(A GOTTINGEN Color reconnection

Proton beam remnant

Ak

Color e
Reconnection

U (example)

Cl

ntiproton beam remnant
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A GOTTINGEN Spin correlations: axis

beamline: A =0.777 at NLO
best for production at threshold

helicity: A =-0.352 at NLO
use direction of (anti)top quark in
tt rest frame to quantize the spin

Helicity angle: angle between decay product momentum in top
rest frame and top quark momentum in tt rest frame

tanw = /1 — B2 tan ¢

off-diagonal: A = 0.782 at MCNLO
good for pairs above threshold

Bernreuther, Brandenburger, Si and Uwer et al., Nucl. Phys. B 690, 81 (2004)

July 16,2010 E.Shabaina - Top physics — 22nd Recontres des Blois

Monday, August 16, 2010




GEORG-AUGUST-UNIVERSITAT
@J GOTTINGEN VVtb vertex

Lewy = 32 W by (/1 (1 —7s) +

—mgM—WavI’{/L—bO’uv( (]. — ")/5) -+

'In SM fle thzl, fZL_fZ
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CDF example

CDF Top Mass Uncertainty
(projection from 680 pb™)

10—
N 1fb" 2fb" 5fb" 10 fb"
S | ‘4
Q
O
©
° v
] o = 147//”
= 1 G vy
< - v CDF Results g
B I Run lla LJ goal (TDR 1996)
- A(stat) scales as 11\"L, A(syst) fixed
L A(total) scales as 1NL
| — "\M1IM1 =1%
l.l | ...lllll i llllllll
10? 10° 10*
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Integrated Luminosity (pb™)

Future precision

Systematic source

calibration
MC generator
Radiation
Residual jet energy scale
b-jet energy scale
Lepton pr
Multiple hadron interactions
PDFs
Background
Gluon fraction

Color reconnection

Total

0.10
0.37
0.15
0.49
0.26
0.14
0.10
0.14
0.34
0.03
0.37

0.88

Approaching | GeV uncertainty on a single measurement
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4! corminen WV helicity

Left- R|ght-
lq handed Longitudinal handed
- o +
Spin=1 / (-) (+)

spin=12 W, . -
t .- 19 Relative direction I
o) |

between the spin

-

~_Z V-A and direction of b
b
Spin=1/2" motion 1 ﬂ @
Lorentz structure of Wtb vertex predicts: 0

Left-handed

-
-

Right-handed

.
- W
1 4

Longitudinal

L
T

Arbitrary Normalization

e 9o
IS

Measure angle between the momenta of
d-type fermion and top quark in WV rest
frame

-
(%)

K-J

cosé”

Other possible variables: lepton pt and Mjp?
Lower sensitivity than cos3”
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0O Matrix Element method in I+jets

channel

fo= 0.88 £0.11 (stat)

C JGEORG-AUGUST-UNIVERSITAT
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O simultaneous fit of (fo,f+)

+ 0.06 (syst)

f+ =—-0.15 £ 0.07 (stat) £ 0.06 (syst)

Qo+ = -0.59
2.7 fb-!

CDF Run Il Preliminary (2.7 fb'1)

CDF Run Il Preliminary (2.7 fb™)
T

£
{1 4
S~
=
C
-
20}
0.6 0.8

A

20+

x
(]
6
.
2
0 /
0 0.05 0.1

02 04 06 08
f, (Corrected)

0 0.1 0.2
f, (Corrected)

fo= 0.70 £0.07 (stat) = 0.04 (syst) for £+ =0

f. =—-0.01 £0.02 (stat) £ 0.05 (syst) for fo=0.7

f+ <0.12 at 95% CL
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WV helicity results

0O Template method in dilepton

and |+jets channels

O simultaneous fit of (fo,f+)

fo= 0.490 £ 0.106 (stat) +£ 0.085 (syst)
f: =0.110 £ 0.059 (stat) +£ 0.052 (syst)

Consistent with SM at 23%

.‘_o1.2
i DO Run Il Preliminary
1_
. L=22-27fb"
0.8]
e i %, %
\ O, 4.
0.6 b V%
I : Q
i / og “ f/l,
4 K
: Z
0.2} 2
B Q0+ =-0.8
.2+ 11 AN B 5 0.5 11 1 l 11 J 11
& 02 0 02 04 06 08 1 1.2

f

+

update with 5 fb-! is coming soon
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O s W helicity results

0O Matrix Element method in I+jets
channel

O simultaneous fit of (fo,f+)

fo= 0.88 £0.11 (stat) £ 0.06 (syst)
f+ =—-0.15 £ 0.07 (stat) £ 0.06 (syst) Expected precision 1t 8 fb-!
Qo+ = -0.59

2.7 fb!

CDF Run Il Preliminary (2.7 fb'1) CDF Run Il Preliminary (2.7 fb™)

—~~
©
£ L
i | 6
S~
—l
~ .
c
_' 2
20
B 0
S 0 0.05 0.1
06 08

10}

121

Projected 68% and 95% C.L.
contours for W helicity
measurement with 8 fb-'

* SM value

—a

o
@

20} : sk A
- -\ - Current measured value
// 0F 0.4
0.2 0.4 0.6 0.8 0 0.1 0.2
fo (Corrected) f, (Corrected) 0.2

Longitudinal helicity fraction
o
(=2}

..................................................

fo= 0.70 £0.07 (stat) = 0.04 (syst) for £+ =0
f. =—-0.01 £0.02 (stat) £ 0.05 (syst) for fo=0.7

o
|

o
N v

..............................

f.<0.12 at 95% CL ~%2 0 02 04 06 08 1 1.2
Positive helicity fraction
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