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Accelerators and detectors

The top quark

Top quark production
top quark pairs
electroweak single top quark

Top quark properties
Mass

spin correlations
forward-backward and charge asymmetry

Searches in top quark sector
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@J GOTTINGEN The Fermilab Tevatron

O the birthplace of the
top quark

O the highest energy
collider in the

world ...until

December 2009 | B ey T

collisions at TevatroniRing  “y*u.

o p | ) |
r— .. - ("4 miles)
\/€=I.96TeV > —

O > 2 fb!/year, peak
luminosity ~4e32

O shut down on Sept. 30
2011

0 10.5 fb"! of recorded
data per experiment

-

O current results - up to
6 fb! of data
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77 ATLAS Onllne Lumunosuty \s=7TeV
LHC Delivered
[ ] ATLAS Recorded

Ly

o)

FrrTrrri
L L]

O top quark factory

I = I I I = I I I I = N N N N N N N N N N N NN =W

Total Delivered: 5.45 fb
Total Recorded: 5.09 fb™’

O the highest energy

Total Integrated Luminosity [fb )

e E
collider in the world =F -
a pp collisions at +/s=7 TeV 2F .
o >5 fb-! delivered, >5 fb"! 13 E
recorded 0
01/03 29/04 28/06 26/08 25/10
0 peak luminosity:3.6e** D201
- :"’ 45 ATLAS ‘Onlin‘eLufninosity | \"§¥7;Tev —
O results up to 2.1 fb L e mosnss
D many more WI” be mg 3 e Peak Lumi: 3.59x 10" cm“ s ”"‘. ~
published in comin z O ¥y
months with the full s +
201 | data set g 2 cl’" : E
5 4 f?" £ .
T 05" j o ; .
0- 0 J ‘ | : | 2 TN A O LR e [ .
25/02 29/03 30/04 01106 03/07 04/08 05109 07/10 08/11
Day in 2011
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Experiments
Tevatron LHC

B ——

Multipurpose collider detectors

» high resolution inner detectors
» calorimeters

» outer muon system
» magnetic field
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i T'he top quark

O Needed in theory as isospin
partner of b-quark

O Properties well defined by the
standard model

0 Unknown - top quark mass
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i T'he top quark

O Needed in theory as isospin

partner of b-quark Discovered at Fermilab in 1995

O Properties well defined by the
standard model

-l
o
N W e

-
0O
N

0 Unknown - top quark mass

o

mass, GeV
b s s b
o O

As heavy as the atom of gold

E.Shabalina - DESY seminars - 25-26 Oct 201 |

Wednesday, October 26, 2011



C Y| GEORG-AUGUST-UNIVERSITAT
i T'he top quark

0 Needed i? tt)heor)’l as Isospin. 0 The heaviest fundamental
partner or b-quark particle with unique

O Properties well defined by the properties

standard model . .
O Large coupling to Higgs
0 Unknown - top quark mass boson (~I)

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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@ fies Tevatron contribution

anomalous couplings

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

new particles

top quark pairs

mass, mass difference, charge,

spin correlation : g
t width, lifetime

charge asymmetry An
color flow

——

production cross section W helicity

production kinematics t W~

resonant production -] S

production mechanism b q
new particles

-

qd
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@ fies Tevatron contribution

anomalous couplings

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

L new particles
spin correlation b

charge asymmetry An
color flow

—

top quark pairs

mass, mass difference, charge,
width, lifetime

—

production cross section W helicity

production kinematics t W~

resonant production -] S

production mechanism b q
new particles

-

qd

s- and t-channel production,

EVW tOp quar’k producticn properties and BSM searches
in single top events

E.Shabalina - DESY seminars - 25-26 Oct 201 |

Wednesday, October 26, 2011



C GEORG-AUGUST-UNIVERSITAT o o
@ s LHC is ramping up...

anomalous couplings

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

new particles

top quark pairs

W+.l
spin correlation b mass, mass dlffgrer.\ce, charge,
charge asymmetry Agp width, lifetime
color flow
— —

production cross section W helicity

production kinematics t W~

resonant production -l s,

production mechanism ) q
new particles

-

“

s-, t- and Wt channels

EW top quark production properties and BSM searches
in single top events
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@ s LHC is ramping up...

anomalous couplings

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

new particles

top quark pairs

W-Ir:
spin correlation b mass, mass difference, charge,
Charge asymmetry Afb Width, lifetime
color flow
—— Ce—
production cross section 'E W helicity
production kinematics W~
resonant production -l S,
production mechanism ) q
new particles
w—
q
. s-, t- and Wt channels Is it the
EW top quark productlon properties and BSM searches Standard
in single top events
Model top?
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O Fites Top quark pair production

Main mechanism: pair production via strong interaction

Tevatron
proton 8 t
P q 9/ { ’,'ﬂ". <
= J \ 7 g & {

P antiproton

, . 15%
85% CP eigenstate

E.Shabalina - DESY seminars - 25-26 Oct 201 |

Wednesday, October 26, 2011



C GEORG-AUGUST-UNIVERSITAT . o
O Fites Top quark pair production

Main mechanism: pair production via strong interaction

Tevatron L HC
P antiprolon : x { o ¥ | t g vyooo—— £
85% CP eigenstate - o ¢
g iz :t'
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O Fites Top quark pair production

Main mechanism: pair production via strong interaction

Tevatron LHC
proton Y t
° ' o 4 B < 9 Booo] ¢
— g \ . G 3 - -
P antiproton t g 00000 t

: 15%
85% CP eigenstate

g t
NNLO pprox for me = 172.5 GeV, CTEQ 6.6 PDF g % : t

Vs (TeV)

~9% uncertainty
Ott (pb) I60 8 /| 886.3 q

t
PRD 80, 054009 (2009) ~2O larger than at Tevatron >MD‘Q<
q t

LHC sample @I fb-' ~20,000 I+jets events ~20%
full Tevatron sample ~5,000 |+jets events
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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 te/p) | W 34%
6%

small rate, small background
main background: Drell-Yan

E.Shabalina - DESY seminars - 25-26 Oct 201 |

Wednesday, October 26, 2011




(Y| GEORG-AUGUST-UNIVERSITAT
@J GOTTINGEN TOP quark decay

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 '
\'A% dec.ay 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

W decay mode defines
top pair final state

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

et u T

dilepton (e/u)
6%

+ e/u + jet
34%

small rate, small background
main background: Drell-Yan

good rate, manageable
background

main background:W+jets
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Top quark decay

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

In Standard Model
~100% v, q

W decay mode defines
top pair final state

14%

TS tt decay modes

high rate, high background
main background: multijet

CcS

lepton + jets

—

dilepton |

all jet
46%

all hadronic

lepton + jets

et u T

dilepton (e/u)
6%

+ e/u + jet
34%

small rate, small background
main background: Drell-Yan

good rate, manageable
background

main background:W+jets
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Top quark production
top quark pairs
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G e Top pair cross section

4 )
0 First step in understanding selected tt sample

0 Test of theoretical QCD calculations
\_ J

0 The most precise measurements at
the Tevatron

lepton+jets channel

0 The most precise results from LHC as
well so far

0 Methods:

» kinematic information combined
into likelihood discriminant or NN

» b-jet identification

- cut on b-tagging algorithm
output

- add continuous b-tagging variable

S/B (4 jets) to multivariate discriminant
topo | 1 b-tag 0 Profiling technique: use data to
23 41 constrain systematic uncertainties
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@J GOTTINGEN Top pair cross section
p

PRL 105:012001,2010

N. >3 COF Il Preliminary 4.6 fb”

0 both methods: NN and b-tagging £ soof- T
and their combination ol -

0 Take ratio to Z cross section -2

0 Trade luminosity uncertainty for Z
theory uncertainty

01 02 03 04 05 06 07 08B 09

1
NN output

/% relative precision, 8.8%

with luminosity uncertainty o5 = 7.63 £ 0.37(stat)+ 0.35(syst) £ 0.15 (theory) pb

. ...to be compared to Tevatron goal of 0% )

E.Shabalina - DESY seminars - 25-26 Oct 201 |

Wednesday, October 26, 2011



C GEORG-AUGUST-UNIVERSITAT o .
@J GOTTINGEN Top pair cross section
p

PRL 105:012001,2010

0 both methods: NN and b-tagging £ soof
and their combination ik

N. >3 COF Il Preliminary 4.6 fb”

W data (7348 evis)
B top
- Wejets
B cco

.

0 Take ratio to Z cross section

0 Trade luminosity uncertainty for Z
theory uncertainty

01 02 03 04 05 06 07 08 09 1
NN output

/% relative precision, 8.8%

with Iuminosity uncertainty o5 = 7.63 £ 0.37(stat)+ 0.35(syst) £ 0.15 (theory) pb
...to be compared to Tevatron goal of 0%

\_

—— Data

B i —|— .
=$+jcts 27 _064 p
I Multijets

o BDT for background dominated 2000
samples: nj=2, 3 0 b-tag,nj=3 | b-tag

0 b-tag counting for nj>=4, nj=3 2 b-tags " § ! oo,Lsan
500 o ]
. g
0 nuisance .Parameters for 90701 02 03 04 05 06 07 08 09 1 & a00-
Systematlcs RF discriminant 5 -
m,

O largest uncertainty from luminosity

8

9-10% relative
precision g —

Number of jets

\_

4
m m £ 2500 '

J
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G e Top pair cross section

N
. . . o 2K @ 2400 —————— S———
0 multivariate discriminant L = + o ATLAS Preliminary -+ Data 2011, Vs =7 TeV.
. . . S hr 2000 -, fL dt=0.70 fb | tt B QCD Multijet
0 no b-tagging information 16002 | I Wiadots M Giher EW
J ' J
0 allows to avoid additional systematic 1200 B | 3dets  OFHE
Uncertalntles o : 4 Jets : 25 Jets : : 4 Jets : 25 Jets =
O systematics included via nuisance 400 I : : |
parameters = ! !
® 1.5¢ ‘
| g 10E‘°’°w~.~ ARCLLAND o~+ ++’~‘ A ‘*' eyt “+' dybty it ‘“""?#" M*ﬁ
0.7 fbr Total uncertainty ~6.6% 2 ,.F TR
T
, £ 0 20 40 60 80 100
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C GEORG-AUGUST-UNIVERSITAT o o
G e Top pair cross section

. . . o AL 2400 =1 ——
0 multivariate discriminant t < . ?TLAS Proliminary - Dai 2011. 3 D? ;e?/
s - : L dt=0.70 fo tt ultijet
0 no b-tagging information " 1600 N B Welots W Other EW
0 allows to avoid additional systematic 1200 E e ' dets OFBE
Uncertalntles o : 4 Jets : 25 Jets : : 4 Jets : 25 Jets =
O systematics included via nuisance 400 I ' : : |
parameters = ' =
S 15f ,
| g 1OE“"W~..~ ARCLLAND o~+ ++’~‘ A ‘*' o hayeet “+' bty 0t ¢“"..?+,o v,ﬁﬁ
0.7 fbr Total uncertainty ~6.6% o .t A
> NS A A AN O -
, g 0 20 40 60 80 100
( ~
0 fit to secondary vertex mass - 4 o e i
distribution e 3, F . " & . .
= S 5 5 5 5
0 use events with 1,2, 3,4, =5 jets 3 4000 3 = 2 3 3
S 3500 - o > o > >
o splitin | and =2 tags CMS-PAS-TOP-11-003 & IR - = - "
o o o o * - v N v 0
O systematics included via nuisance 25001 B 3 - 3 :
parameters 200000 T % & i =
0.8-1.1 fb"!
0,7 = 164 + 2.8(stat)x 11.9(syst) = 7.4 (lumi) pb _
I ~ > e | 50 . s
\_ TOta‘I uncertalnty 8‘7/° Secondary Vertex Mass (GeV)
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C GEORG-AUGUST-UNIVERSITAT o o
G e Top pair cross section

o Statistically limited at the Tevatron for
very long time

dilepton channel 0 Systematically limited at LHC with the
current data set

: 0 Low backgrounds motivate the

R methods
w ’f‘
4 g . v 0 Methods:
OO0 b - » mainly cut and count w/o b-tagging
W (pRar » recently with b-jet identification
q t g ’ - cut on b-tagging algorithm
: output
- add continuous b-tagging variable
to multivariate discriminant
S/B 0 Profiling technique to constrain
topo | 1 b-tag systematic uncertainties
3:1 ;1
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(a7 cormnaen Top pair cross section
4 )
o ~2,500 dilepton events after b-tagging
o MET>30 GeV in ee, hJ channels
O cut and count

O systematics dominated by b-tagging
and pileup

—
. -1 @ dat:
inary, 1.14 fo v

- CMS prelim

500

%) =
2
C —
2000
if [ ee, uu, eu channels B w ] CMS
B Z/y =T (I=e,u) ~
- B e ™ /
B B W+jets + QCD | S |
\\\\\\\\\\\\\\ + tt other N - —
— N NN - —
1500 [ g Eisignal ]
| §§§§§§§§§§§§ \\\\\\\\\\\\\\\ I
o 1 LI
1000 — —
\\\\\\\\\\ 71 CMS-PAS-TOP-11-005
\\\\\\\\\\\ _

[

Obs/Exp Ratio

© ;
O 01 a4 01 N>

b-tagged jet multiplicity

o5 = 164 = 3.9(stat)x 16.3(syst) £ 7.6 (lumi) pb
Total uncertainty ~11.2%

J
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nC- o ot °
G e Top pair cross section
4 N\ N
o ~2,500 dilepton events after b-tagging || © ~I,100 dilepton events after b-tagging
o MET>30 GeV in ee, YUY channels o MET>60 GeV in ee, UM channels
0 cut and count o HT>130 GeV in el channel
0 cut and count with and w/o tagging
O systematics dominated by b-taggin . :
ysten 4 &8Ing 0 systematics dominated JES and
and pileup i o
uminosity
%OOOf_ce:é\fliur?r:lﬂrg;ar:z;:;4fb-1 Egg;wze )_ ~ L‘%?OO;ATLAS Preliminary no.n;l:;tag eu
Eigg;;‘jQCD “— J & 600! JLdt =0.70 fb' (et
e L \ | i
| | '-% B %
1000_— ] 4005
g 1 CMS-PAS-TOP-11-005 0.7 fb"! |
N ] 300
500 § — | " 2
200
o 2y A ——
E15f .
g 1 8 =9
Eo.s f : Number of jets
o 0 -
" btaggedjet mulipliiy ATLAS-CONF-2011-100
| __ +17 -
047 = 164 % 3.9(stat) 16.3(syst) £ 7.6 (lumi) pb| | Ot = 1776 (stat) Ty y(syst) £ 8 (lumi) pb
Total uncertainty ~11.2% L Total uncertainty ~1 1% )
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@ GOTTINGEN Top pair cross section

20
(

~N

PRL 105:012001,2010
D 240 dllepton events CDF Run Il Preliminary (5.1 1b™) .
0 cut and count with and w/o ¥ = T—— 5| fb!
. 800} ’ 3 .
b-tagging o —HUTy

0.5 = 71.40 £ 0.58(stat)x 0.63(syst) = 0.45 (lumi) pb
Ot = 7.25 £ 0.66(stat)x 0.47(syst) + 0.44 (lumi) pb

| 3% relative precision, with
luminosity uncertainty
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A coTnnen Top pair cross section
4 PRL 105:012001,2010 )
D 240 dilepton events CDF Run Il Preliminary (5.1 1b™) .
0 cut and count with and w/o ¥ | +g*.:‘;,,.,(.,;,,m,,wf 5| fb!
- —H N

b-tagging i

0.5 = 71.40 £ 0.58(stat)x 0.63(syst) = 0.45 (lumi) pb
Ot = 7.25 £ 0.66(stat)x 0.47(syst) + 0.44 (lumi) pb

| 3% relative precision, with

luminosity uncertainty O et 2zt 20,08
N Y
4 )
o 350 dilepton events PLB,704, 403,2011 *21501 (c) D@, L=5.4fb"
Q = .
o fit to b-tagg NN discriminant distribution o Sptgel
* : [] Z(+jets): 30
al ::hed:f,ma.llist output value among 2 ool B W
eading jets . [_] Instrumental: 23
. f . : B ti: 192
O nuisance parameters for systematics | S btk
O largest uncertainties: statistical and '
luminosity - .
000 12% relative o . - T
OF = 7.36J_r0'79 precision b-tagging NN discriminant
N : Y
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all-hadronic channel

0 NN selection to suppress
large QCD background

0 simultaneous measurement
with the mass

0 2D JES vs mass template fit

0 single and double tagged
events

CDF Run Il Preliminary (2.9 fb™)

i ' 5§E.9 for! +

~850 top
events

—— Data
- Fitted tt

" Fitted Bkg

+ > 2 tags events m:ec

Events/(5.0 GeV)

o yx2/Ndof = 20.2 /22

W

Prob = 0.569
20f

10}

100 150 200 250 300
mc (GeV)

Ot = 7.2 £0.5(stat) = 1.1(syst) £ 0.4 (lumi) pb

Total uncertainty ~18%
% reduced at the measured m:
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G

all-hadronic channel

~850 top
events

0 NN selection to suppress
large QCD background

O simultaneous measurement

with the mass
0 2D JES vs mass template fit

0 single and double tagged
events

CDF Run Il Preliminary (2.9 fb™)

a0l J{ " Fitted Bkg

of

W

20f

10}

100

150 200 250

Total uncertainty ~18%
reduced at the measured m:

= 60

> 6 > 2 tags events m' *
L] t
%; 5 | —— Data

5 9 fb- B Fitted i

w

yx2/Ndof = 20.2 /22
Prob = 0.569

300
mc (GeV)

Ot = 7.2 £0.5(stat) = 1.1(syst) £ 0.4 (lumi) pb

-

Wednesday, October 26, 2011

tt simulation

160 +

combined tt and QCD

f,, = 0.250+ 0.036
i |

450

CMS preliminary, 1.09 fo™" at \/s = 7 TeV
n —e— CMS data: 1620 events

QCD estimate from data

m,,, (GeV/c?)

Total uncertainty ~33%

| fb-!
) ‘
§500' ATLAS Preliminary
- [Lcl =102’
400 . e
r§<
300/ i
200 t
‘ L
100
5 10 15

Total uncertainty ~48%

o Similar idea: use distributions sensitive to m«

0 systematics dominated by b-tagginf
background model (from data) and |

ISR/FSR (Atlas)

Mass y°

136 + 20(stat) £ 40(syst) £ 8 (lumi) pb
176 + 18(stat) £ 78(syst) £ 6 (lumi) pb

and
ES,

~N

O First measurements in UT channel

0 Important for new physics searches



Top quark production

electroweak single top quark
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Gz Electroweak top production

t-channel associated Wt production s-channel

b W u

e : N

b b g W d

i Cross sections at LHC, v/s=7 TeV, m=173 GeV A
62.4+2.6 pb 15.6x1.3 pb 4.6+0.2 pb
Cross sections at Tevatron, v/s=1.96 TeV, m=173 GeV
2.1£0.1 pb 0.25+0.03 pb 1.05+0.05 pb
% N. Kidonakis, arXiv 1103.2792, 1005.4451, 1001.5034 NNLOspprox )
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Gz Electroweak top production

t-channel associated Wt production s-channel

b W u

e : N

b b g W d

! Cross sections at LHC, Vs=7 TeV. m:=173 GeV A
62.4+2.6 pb 15.6x1.3 pb 4.6+0.2 pb
Cross sections at Tevatron, Vs=1.96 TeV, m=173 GeV
2.1£0.1 pb 0.25+0.03 pb 1.05+0.05 pb
% N. Kidonakis, arXiv 1103.2792, 1005.4451, 1001.5034 NNLOpprox )
( \
O~ |th|2 Vud Vus Vub

VCKM = Vcd Vcs Vcb

Vi \\/td \/tS vtb }
t —&J
Test unitarity of CKM matrix

4th generation
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Gz Electroweak top production

t-channel associated Wt production s-channel

b W u

W ! ; N
b
b b g W d
4 )
Cross sections at LHC, v/s=7 TeV. m=173 GeV
62.4+2.6 pb 15.6x1.3 pb 4.61£0.2 pb
Cross sections at Tevatron, Vs=1.96 TeV. m:=173 GeV
2.1£0.1 pb 0.25+0.03 pb 1.05+£0.05 pb
% N. Kidonakis, arXiv 1103.2792, 1005.4451, 1001.5034 NNLOpprox )
s VCK M = Vcd Vcs Vcb \/\/W
t i , \Vz s Ve Vi )
b Test unitarity of CKM matrix | b
4™ generation Sensitive to new physics
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Gz Electroweak top production

t-channel associated Wt production s-channel

b W u

e ! N

b b g W d

! Cross sections at LHC, v/s=7 TeV. m=173 GeV A
62.4+2.6 pb 15.6x1.3 pb 4.61£0.2 pb
Cross sections at Tevatron, Vs=1.96 TeV. m:=173 GeV
2.1£0.1 pb 0.25+0.03 pb 1.05+£0.05 pb
% N. Kidonakis, arXiv 1103.2792, 1005.4451, 1001.5034 NNLOpprox )
( \
o~ |th|2 Vud Vus Vub
A VCKM o Vcd Vcs Vcb
t Vi \ ji \ \/td Vts vtb ' ’.
b Test unitarity of CKM matrix
4™ generation Sensitive to new physics
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Single top at Tevatron

4 .
O Long road towards observation
at the Tevatron

O s+t channels assuming SM ratio

Single Top Quark Cross Section

x ' .

v DO : 3.94 _8 S_E pb
) . +20

< e : 34 _js pb
3 CDF S 217 1922 pb
H |

o CDF 1 50 ‘2% pb
N ]

-y Tevatron Combination ' b 2.76 1937 pb
3

2 -

X

1 S

©

0 2 4 6 8
o (pp — th+X, tgb+X) [pb]

Direct measurement of |V
|V|>0.77 @95% CL

2 2 (b) DG, 5.4 fb"
) .
e 4
8 . |V |>0.79
-S 3 | tb '
S | @95%C.L.
s 2
3 1
o
%0202 06 08 1
Vil
\_ tb _J
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Single top at Tevatron

r31

e ; r D
O Long road towards observation A O Independent s- and t-channel

at the Tevatron O 5.50 observation of t-channel
O s+t channels assuming SM ratio

S (b) DO 5.4 fb™
Single Top Quark Cross Section Q
x ‘ +0.88 3
Q. ' +20 g
3 CDF red 2.17 25 2% pb o
IF\' : +26 .9
g Tevatron Combination : | 2.76 ’3 i’? pb : ST
X
3 | 86 07 08 09 1
> v .
= | Ranked t-channel discriminant
=

o (65 —» 64X tab*) (b o(t-ch) = 2.90 + 0.59 pb

Direct measurement of |Vi| ) DO 5.4 fb
> V; = 68% C.L.
|V|>0.77 @95% CL 5 — et 8::
b4 mm 959% C.L.
> 5 5 7]
= (b) D, 5.4 fb™ -
: ¢
(& ]
'S 3 |th| > 0.79 3
O I o
- 2 @ 95% C.L. E Measurement
9 : (&) . SMI'I
(7)) i A (1) PRD 74: 114012, 2006 o B a 21
(@) 1 (2] EPJ C49: 791, 2007 ¢ our generations
a Brreaiads O Topfavor™
: =t e . 1 rFene'
%0202 06 08 1 T —
IV P s-channel cross section [pb]
\_ tb Y, \_ )
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\

Slngle top at LHC

r

0 t-channel signal established at LHC 0 evidence for t-channel production
0 methods soF CMS 36pb'\NE=7TeV = dais £
Bl channel 3
o cut and count, NN discriminant 60 Owesen = B
. . L 3 |
0 systematically dominated already g % — -
40 B we 3 e
+31 S
L h = + w [ w+iignt jets
Otch =90 £ 9 (stat) _ 54 (syst) pb : —

expected (observed) significance M otver

54 (7.6) 0

e
o

0

-1 -08 06 04 02 0 02 04 06 08 1

bdt
expected (observed) 2.9 (3.5) o

ATLAS Prelimina 0.70fb @7TOV
120 2jets 11ag v

w100
3 J
S 80 0.7 fb’!
> g . — )
g 60 0 Wt-channel production S
40 , =
20 o dilepton final state
1200 CMS !:relimihary,\s =7TeV | am
0 Muon + Electron +  Electron - Mucn - D CUt & Count [21 10, eatel -:'v
Lepton flavour and charge . 1000 ¢ B 2 vjets
~150 signal ——» L
~ J events 8%
4 ~N g
o limit on s-channel production expected (observed) &
- 18 (2.7) 0
L
os < 20.59pb A _ 9o+9
O-Wt o 22_7(t0ta1)pb 1 jet 1 tag 2 jet1tag 2 jet 2 tag
. PAN
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Single top summary and prospects

t-channel single top quark production
Pazd 2 %

CMS Prefiminary, 0.036 b

ATLAS Preiminary, 0.7 b’

D0.54 1
COF 2z2m’

c [pb]

10°

> <4m O |

1

10

-------- NLO CCD {5 Navowr scheme)
s (heory uncertainmty (scale @ POF)
Camgbed. Freder, Mabonl Tramartano, JHEFP 10 (2005 042

T 1T T Ty
L L L LAlll

NLO+NNLL
theory uncertainty (scale @ POF)

N
n]

| lll

Kdoraks, arXv 1103 2751 hep et
|

el S
\'s [TeV]

1
N __-—’—-
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Single top summary and prospects

t-channel single top quark production
Liasy o 1% "1 '

= ,
o ®  CMS Prefimnary, 0.036 o' 1
B  ATLAS Preiminary, 0.7 "'
- 102 3 ¥V 054w’ =
: A COF 3z2m ;:
- : O s-channel is very challenging at LHC
10!l _ | ) O can be one of the Tevatron legacy
S NLO QCD |5 Navowr scheme) P
3 s (heory uncestainty (scale @ POF) . measurements
- Camgball . Freder, Mabhonl Tramaondano, JHEF 10 (2005) 042 _ . . . .
_ | O observation is unlikely but evidence
AL | NLO+NNLL " is realistic
T theory uncertainty (scale @ POF) =
e Kdoraks, arXv 1103 2751 hep et M
" N | N | " " N " ' " N N s 7
S -
0 2 4 6 8 B 10 I DG Runll
\'s [TeV] o 6: ® 54" observed — 3c line
c - W 54" expected —10fb "
.g 5__— a priori projection
:‘é 4;_ """ \/lumi projection s
o) - + 1o o i
- - [:] ........ ___/
@ I :
: -
= n
P 2
?
) 1:_
o:lxlll ey e ooy l.lvlll
0 2 4 6 8 10 12

Luminosity [fb ']
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Top quark properties
Mass
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C o J GEORG-AUGUST-UNIVERSITAT
GOTTINGEN TOP quark e

- ) =
O Together with W mass constrains ‘ Miop = 17322 0.9 GeV
SM Higgs mass
. . i . 80_5 July2011I : : | :
O Provides guideline for SM Higgs — LEP2 and Tevatron

searches | - LEP1 and SLD

, , 68% CL
O Constraint on Higgs mass can

point to physics beyond the SM >
. 8044 | |-z
O Precise knowledge of top quark | £
mass is essential =
. J €
N H E—
W W 80.3
Ll Vatay vl C\ vay | . .
155 175 195
m, [GeV]
~ m 2 ~ 2
Ar,~m Ar e In(m_ %)

| GeV change of m¢p leads to
~10 GeV change of MHijggs

The most precisely known top quark property
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G o Top mass history

History of the Top Quark Mass Measurements

First measurements from the &)
top discovery papers |
200! ! Co
+ 1 9 ‘i—; ' I ¢ ' "l '
199757 (stat) + 22(syst) s MJI# T
6 | | g 150: T A from the EW fits
1 7 events Dg g A e'e colliders limit
&\ ‘E | 4 hadron colliders limit
13 g 100 ® CDF Run1
; 4 o ® D2 Runt
8 .g' | Run 1 world average
z Tevatron ; oo
|-~ Atlas best measuremen t
% 2 ’ ﬁ ¥ CMS best measurem ent
9 0 - e -
= 2000 2005 2010
Year
History of the Direct Top Quark Mass Measurements
0 200
100 200 |
Fitted Mass  (GeV/c?) S sl |
a _ - \
5 T T 1 T S 180 ]} + “,
& Firmt e M
-~ 4_19 events ;| 2 '. O
v £ B : :
~ P ® COF Run 1
% § 160 = DO Run 1
o 3 Es =] o ' ‘ 8 Run 1 world average
2 % 150 * CDF Run 2 best measurement
< e | * D@ Run 2 best measureman )
% 21 2] 140 Atlas best measuremen '
> | ¥ CMS best measurement
m :
L = 13071994 1996 1998 2000 2002 2004 2006 2008 2010 2012
' Year
0 el - : .
80 120 160 200 240 280 Breakth rough ideas:

Reconstructed Mass  (GeV/c?) .
» matrix element method

176 4 8(stat) 4= 10(syst) » in-situ JES calibration using hadronic W decay
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\ /1 —
L

GOTTINGEN Matrix element method

0O General and widely used technique at Tevatron (top mass, WV helicity,
single top search, top resonance search)

O First introduced for top quark mass measurement by DO

(" ol . . )
O Calculate per event probability density for signal and
background as a function of m¢ using 4-vectors of reconstructed
objects
l Pevent('r; my, JES) — ftPtf(aj; my, JES) - (1 o ft)Pbkg(x; JES)
O Probabilities are calculated using differential cross sections of the
processes under study: ~|M|?
O Map reconstructed objects to parton level using Transfer Functions
O Multiply probabilities to extract the most likely mass
z Z
5 5
3 3
o 2
Q. Q.
Top Mass Top Mass Top Mass Top Mass
. J

Powerful but computationally very expensive method due to multidimensional integration
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C GEORG-AUGUST-UNIVERSITAT .
@J GOTTINGEN ME results: [+jets

~N

-
0O The most precise measurement
» ME includes gg—tt and q@—tt as
well as spin correlations

» Angular TFs in addition to
momentum TFs - |19 integrations

» TFs derived for light and b-jets in
several eta regions

» no exg[igit evaluation of background
probability

CDF Run Il Preliminary 5.6 fb”

—
o E 0.8
i
o 2 -
(V] - -
- 0.6
— <] -
(@] B
o 04—
N B
Ln b
o~ 0.2}
e -
Ln —
o 0
—
= 02 —A(InL)=-0.5
o —
o4 —A(nL)=-20
F — A(lnL)=-4.5
'0-6'_1' ...... 1 Eemkemand | U W W S N S 1 AAAAAAAA
170 1 172 173 174 175

AJES =0.15+0.18 0 Am¢/me~.7 %0
m; = 173.0 £ 0.9 (stat+JES) £ 0.9 (syst) GeV

. J
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C GEORG-AUGUST-UNIVERSITAT .
@J GOTTINGEN ME results: [+jets

- . N D
0O The most precise measurement | ([0 ME in DO
» ME includes gg—tt and q@—tt as » only qg—tt
well as spin correlations ME for back J
» Angular TFs in addition to > separate of ac. groun.
momentum TFs - |9 integrations » no angular TFs - 10 integrations
» TFs derived for light and b-jets in Phys.Rev.D84:032004,2011
several eta regions & it e
. . . : -1 :
» no exg[lglt evaluation of background _f-’l 105 DD, 2.6 fb™" 3
probability DR i, S R s W
CDF Run Il Preliminary 5.6 fb” 1-03? B Gl o o FER X & “
8 E ” 1.02;_ . (.. . . . _;
S e 1.01F =~ - N 1sd
3 : Bl e 4 o\ —.25d ;
§ 0.45— 1 E_ 3sd—§
: o Gl e e e
o o HE Lol O (Ao F e o) Mot
- 02 —A(nL)=-0.5 09870 172 17a 176 178 180 182
a L —AlnL)=-20
“F —anL)=4.5 " GeV
R e 3.
Ll Kyes = 1.013 £ 0.008 o
Ajrs=0.15+20.18 ¢ Am¢/m~0.7 % Am¢/m~0.85 % 3.6 fb!
| [me=1739209 (StatrJBS) 209 (5ysH GeV | | i = 174.94 £ 0.83(stat) + 0.78(JES) = 0.96(syst) GeV,
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C GEORG-AUGUST-UNIVERSITAT
@J GOTTINGEN Template methOd
Data Bg

. tt m* templates, 1 tag events (AJES = 0.0)

- M,,, = 160.0
- My, = 172.5

M, = 185.0

o

=]

=]
T

o

[=]

~N
T

F tt m™ templates, 1tag events (M, =172.5)

AJES =-2.0
= ES = 00 reconstructed

sES= 20 top mass from
—— Py(m{* I M, AJES) X2 ﬁt

5}
o
S

T

o

(=]

[=2]
T

o c
[=]
a
T T

—— P,(m{* I M__AJES)

Fraction of Events/(2.5 GeV/c?)

o
(=}
[=2]
I

o

[=]

(4]

T I TTT

o

(<

5
IIII

4

(=]

-
T

Fraction of Events/(2.5 GeV/c?)

o

o

W
L

2
>
()
=
)
=
(@

0.02

ﬁ t 0.01—
F L T L1 LT - 0.01 -

100 150 200 250 300 C

tt I V I C \ m{* [GeV/c?] 0: 1

0.02[

(=]
(=3
-]
e
o
o
~r
a
o
N
(=]
o
N

[ ti m{* templates, 1tag events (wa =172.5)

&

Q - - -

3007k CDF Run Il Preliminary (5.8 fb™)

g ' B 2Es=-20 150

2 0.06- - AJES = 0.0 .E._‘ -Ln(L/L __ ) Contours, 1 += 2-tag events
reconstructed | ™ e g

. = ! w [

Yo.05- L
W mass fI"OI n St —— Py(m{"IM_AJES) <

s

20.04f

g L

w

X2 fit

e
(=]
(=]
T
(=]
4]
I

JES =1+ Ayps - osps ™ Likelihood

0.01F

-0.5[~ X Fitted Values
oL A T D PO O B It L) =48
20 40 60 80 100 120 140 160 180 200

4 - ec\ _1_5‘T‘-TT(T"‘TX):O:SHmumumuxum
0O choose one or more observables \ e mom em m
sensitive to true me g I il.tagevems oo CDF Run i Pre||m>1-ta _
§5oo + D-ata ) % - = aga
0 generate MC based templates at | &. T | e R
different m. (and AJES) values ez | G Ftied Bkg
0 determine most likely top mass by | = el result
comparing data to templates
0 heavily relies on MC T Y- S
\ ) ol el

1 1 1 1
100 150 200 250 3(20
mi*c [GeV/c?]
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C JGEORG-AUGUST-UNIVERSITAT
Al GOTTINGEN

Mass at LHC: leptontjets

ry 31

templates method

r : ™
2D fit to reconstructed hadronic
top mass and JES i
q oF A e
S FE ot 7o 0.7 fb-' 4
& / x'., s at least | b-tag
- \Q\ 4720
A e St ... . reconstructed
3".;..".1 150 200 - d‘“ : vH o i‘é‘.i.AM:l‘J(_‘- tOP events
m [GeV)
muon+jets: -
JES (stayy 0.7
JES (res) 0.8 s
bJES 1.7 %
SRIFSR 07 ..
CR 0.9 96017 172 176 177 1 ‘l4p
signal model |.2 u+jets:
m¢ = 175.9 £ 1.0 (stat) £ 2.7 (syst) GeV
e+jets:
m = 173.9 £ 1.2 (stat) £ 3.1 (syst) GeV
combined 2010/201 | (ATLAS-CONF-2011-120)
m¢ = 175.9 £ 0.9 (stat) £ 2.7 (syst) GeV

. J
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templates method

2D fit to reconstructed hadronic
top mass and JES

e N TERT 07
S / - at least | b-tag

o [ W 4720

- e, ~ reconstructed
3"'.".1 150 200 ' d‘.“ : .f:‘-'iil.l o :J;.i'.l. Cl‘l‘." tOP events

=~

muon+jets:

JES (stat) .
JES (res) 08 o
bJES 1.7
SRIFSR 07 ...

CR 0.9
signal model |.2 u+jets:
m¢ = 175.9 £ 1.0 (stat) £ 2.7 (syst) GeV

e+jets:

m = 173.9 £ 1.2 (stat) £ 3.1 (syst) GeV

combined 2010/201 | (ATLAS-CONF-2011-120)
m¢ = 175.9 £ 0.9 (stat) £ 2.7 (syst) GeV

~N

C GEORG-AUGUST-UNIVERSITAT o
@J GOTTINGEN Mass at LHC: lepton+jets

ideogram technique

4 —)
0 ~380 top events Cr;

O Simplified version of DO analysis -
JES is not included in the fit

» Take advantage of already small JES
uncertainties

O Scaling stat uncertainty to 0.7 fb”!
luminosity: 0.5 GeV

Ideogram analysis

Source dm, (GeV
JES (overall data/MC) +2.4-21
JER (10% effect) 0.07
MET (10% effect) 0.4
Factorization scale 1.1
ME-PS matching threshold 0.4
ISR/ FSR 0.2
Underlying event 0.2
Pile-up effect 0.1
PDF 0.1
Background 0.5
B-tagging 0.05
Fit calibration statistics 0.1
Total systematic uncertainty +2.8- 25

m¢ = 173.1 £ 2.1(stat) £ 2.5(syst) GeV

\_ J
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C GEORG-AUGUST-UNIVERSITAT o
G o Dilepton channel
.

0 Template technique
o 36 pb’! ~90 top events

0 MWT and KINb top reconstruction
methods

O 57% statistical correlation

CMS/|
KINb v ) AMWT
o r—r—1—1 T o 01—
§ cw,mw-!.q-p,.r.v .E ‘ - :m‘”wd.&, TeV -: Amam s e e e
> 5 S - 5
& eafo/up events - > | oadeqy/ |1y events 2
s W 20, = 17581 49 Gevic? 5 \
o l k
- TR S T RS
15_ Top Cuark Mass 1O0A"
10F
5 4’
100 1
Reconstructed mass [GeV/c?] Reconstructed mass [GeV/c?)

combined: m¢ = 175.5 £ 4.6 (stat) £ 4.6 (syst) GeV
\§ J
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C GEORG-AUGUST-UNIVERSITAT o
G o Dilepton channel
.

N\ )
0 Template technique O Matrix element technique
-1~
: O ME for background - Z+2jets
0 MWT and KINb top reconstruction O TEs for i srou 4 J y
methods S Tor Jet energies and muon |/pT
o : O  6+nyintegrations
O 57% statistical correlation uINLEg
Source Uncertainty (GeV )
Detector modeling:
CMS : b/light jet response +=1.6
KINb = AMWT o =
Jet resolution =u..
@ 30_&;5; Tl e Muon resolution 2.2 GeV =().2
§ E..,.‘;,’,,,‘:.,,.,'= ’ ﬁ?' Electron pr scale =(.4
= 25;-"\-“75-"“’6"”““ Yl s Muon pr scale =(.2
sk 1 \I 1/ ISR/FSR =().2
= Ba i Signal modeling:
15F i Higher order and hadronization =(.7
: Color reconnection =(.1
10- b-guark modeling =0).4
4, PDF uncertainty =(.1
S Method:
: :041 MC calibration =0.1
Reconstructed mass [GeV/c’] Reconstructed mass [GeV/c?] Signal Iraction =0.5
Total =2.4
combined: m¢ = 175.5 = 4.6 (stat) = 4.6 (syst) GeV me=174.0+ 1.3 (St?t) + 2.4 (syst) GeV
L )L The most precise measurement )
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Top mass summary and prospects

fr»i11

Mass of the Top Quark

R 7, |
August 2011 (" preliminary) < = Tevatron Top Quark Mass Uncertainty
CDF-I dilepton . 167.4 +11.4 (10.3+ 4.9) % 86— Combined CDF measurement
. o 9 A Combined D@ measurement
D@-| dilepton 168.4 +12.8(212.3+ 3.6) & U
& | A  Tevatron combination
. - = E 51
CDF-II dilepton 1706 + 3.8 (+ 22+ 3.1) ® \ Projected future uncertainty range
. —— e F
D@-II dilepton 1740+ 3.1 (£ 1.8+ 25) g
. [ =
CDF-l lepton+jets 1761+ 7.4 (:51453) @
D@-l lepton+jets 180.1+ 5.3 (£3.9+36) g
.- =
CDF-Il lepton+jets 173.0+ 1.2 (£ 06+ 1.1) S
: o= c
D@-Il leptontjets 1749+ 1.5 (+ 08+ 1.2) a
: o e ~
CDF-l alljets 186.0 £11.5 (21004 57) © 1; £3M<1Ge\7fc2
. — ) Run 1 -
CDF-ll alljets * 1725+ 2.1 (£ 1.4+ 15) B T10fb
0. I N - ] el el b bl
CDF-II track ’ 166.9+ 9.5 (: 90+ 29) 10" 1 .10
— e Int ted Lumi ity (fb’
CDF-Il MET+Jets * . ntegrated Luminosity (fb")
N . . .
Tevatron combination 1732409 (: 062 08) o Each Tevatron experiment will achieve
. ORI uncertainty of 0.9 -1.0 GeV with 10 fb”!
Atlas lepton+jets * B 175.0+ 2.8 (+08+27) . .
- = o Tevatron combination: ~0.7 - 0.8 GeV
CMS lepton+jets/dilepton 1734+ 3.3 (£ 19+ 27)
| | 0 Expect significant improvement of LHC
150 160 170 180 190 200 results
m,, (GeV/c?) .
» simultaneous mass and JES measurement
=173.2+0.9 GeV +0.54% » CMS-ATLAS combination
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Top quark properties

spin correlations
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nC- J GIEORG-AUGUST-UNIVERSIT!H\T o o
AP GOTTINGEN Spin correlations

i O top pairs: top quarks are not
O short lifetime polarized but spin of top and

anti-top are correlated

O decay before the spin can flip

O flight directions of top decay
products carry information
about top polarization at
production

tt spin correlation: is it consistent with
SM prediction for a spin |/2 particle!?
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GEORG-AUGUST-UNIVERSITAT
GOTTINGEN

G

Spin correlation strength

Nyt + Ny — Nyp = Ny
NTT+N¢¢+N¢T+NT¢

A =

Strength depends on spin quantization axis

3 0 t
q t 98 t S
a -0
1551 M 92‘:&;’; ="

. I o 9 i

Tevatron LHC
O dominated by gq annihilation 0O dominated by gg
O pair production close to O pair production far off the

threshold threshold

0O beam axis as spin quantization O helicity basis as spin quantization

axis NLO QCD:A=0.78

Bernreuthe

axis NLO QCD:A=0.32
r, Brandenburg, Si, Uwer, Nucl. Phys. B690, 81 (2004)

Tevatron and LHC are complimentary!
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r31

1 d20 _l(l_@ose COSB) anayzlng x /
O dcos 0,dcos6, 4 : . | basis

whereC=Aaq, o,
\

\
A - correlation strength at production b/ ,‘V
X1=1| (charged lepton), &x2=—0.41(b-quark)

Spin correlations: template method

. ’i‘ :
w Dilepton channel
A — \( i , ] )
[ D@ L=5.41b" —— Data i O avoid complicated event reconstruction
150|- Ez:fz";pn";‘:' O use azimuthal angle between charged
o I Backgrounds leptons in lab frame
§ 100} | o
= Mahlon, Parke, PRD D81,074024 (2010) & 500 * data  DUepion ehanne!
50 Bl Sirgie 1o '
i ‘“’: L (S G T T R ,' e 400 Dngelsp del—O.?O b
: : g | diboson ~
0 : 05;_ T -~ 300 Bl fake leptons =g 1
-1 0.5 0 0.5 1 .} ] =
‘0’ " SM 7 . I : r
eoe 01 e 92 g 04 e corrclrg,lefl__ j 200 4 J % l $
template method with dilepton ||z s ~_ 1 o9 |
event reconstruction % o[ PO = pa— e —
=L . 0 0.5 1 1.5 2 2.5 3
' g8 + qq 1 oy
A =0.10 £ 0.45 (stat+sys) s e T fonmr = 1.0670-39
. J s 0.3 )

E.Shabalina - DESY seminars - 25-26 Oct 201 | 39

Wednesday, October 26, 2011



C GEORG-AUGUST-UNIVERSITAT o .
@J GOTTINGEN Spin correlations: ME method

O spin correlation is defined only $100] — Data DO, L=5.4 fb”
for a set of particles 2| — tiSMspin cor.
80- tt no spin corr.

| B measured tt

O ME provides per event oo | W Background dilepton
probability o channel
O construct a discriminating 2
variable ,
03 035 04 045 05 055 06
R
A =0.57 £ 0.31 (stat+sys)
O build templates in R - P b, L=53 16"
. . € 120-| — ti SM spin corr.
O extract fraction of events with = | i cor. +jets
SM spin correlation | = Wjets channel
: . | -t >2 b-tags
0 >30% improvement of sensitivity =& Dg
Combination
fmeas = 0.85 + 0.29 (stat+syst) S
f(0)<0.05 @ 99.7% CL A = 0.89 + 0.33 (stat+sys)

First evidence for presence of correlations @ 3.10
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Top quark properties

forward-backward and charge asymmetry
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@J GOTTINGEN FO rwa rd-baCkWa rd asym metry

0 NLO: asymmetry for tt produced via qq
initial state

» top quarks are emitted preferably in the
direction of incoming quark, anti-tops - in the

direction of incoming anti-quark 9\, g 9
» in SM predicted asymmetry is small g
: ‘ : g g
» exchange of new particles (Z° or axigluon) : SR 7/ ESR

could modify it

NLO: Ap ~ 5%
with EW Ag
increased by 9%
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(Y| GEORG-AUGUST-UNIVERSITAT
@J GOTTINGEN FO rwa rd-baCkWa rd asym metry

0 NLO: asymmetry for tt produced via qq
initial state

» top quarks are emitted preferably in the
direction of incoming quark, anti-tops - in the

direction of incoming anti-quark 9\, g 9
» in SM predicted asymmetry is small g
: ‘ : g g
» exchange of new particles (Z° or axigluon) : SR 7/ ESR

could modify it

NLO: Asp ~ 5%
with EW Asn

top increased by 9%
anti-top

Tevatron top LHC

anti-top

proton PDF: larger
momenta of quarks
than anti-quarks

d n

forward-backward asymmetry  central-forward asymmetry
= charge asymmetry

much smaller effect at LHC due to small qq fraction

E.Shabalina - DESY seminars - 25-26 Oct 201 |

Wednesday, October 26, 2011




Charge asymmetry at Tevatron

lepton+jets channel

- N(Ay >0)— N(Ay < 0)

tt _ — e R
A = Ay = 0 T N(ay <0) AY = Y — Yz in tt rest frame

/7] I
g [T A = 0.057 = 0.028 Forward-Backward Top Asymmetry, % € 250 1T D@, 54 b’
g 450 —data A g = -0-0112 0003 n S = ] Wijets
w a00b- tt + bkg A. < 0.013 = 0.002 Reconstruction Level w - %
- bkg i — [ Multijet
r + Abkg =-0.005 + 0.008 200
350 + - : ; . : ¢ Data
g 1 CDF, 5.31b 7.5+3.7(stat.)
300 - 150
2500 E
B ; - i 100
2005— —4— —+ E DO, 5.41b" 9.2+3.7°05 !
150? { S. Frixione and B.R, Webber 50._
100; = 5 JHEP 06, 029 (2002)
0 5 10 15 3
Ay
Forward-Backward Top Asymmetry, %
©800r .
5 - —_—— I?ata reco A =0.057+0.028 Pl‘OdUCtlon Level
>700; —&—{t Signal A =0.075+0.036
= E ——d— {f Parton A =0.158+0.072
- tt Pythia A =-0.011x 0.002 it . #
o subtract background CDF, 5.31b" 15.8:7.241.7
500, ——1 and correct for
400 ———1 detector acceptance
C . H - H
300
: and reSOIUtlon DO, 5.4fb™ 19.616.0",¢
200
N S. Frixione and B.R. Webber,
100k + i JHEP 06, 029 (2002)
¥ | L ——
! 0 10 20 30
% -2 1 0 1 2 3
Ay =Y, -V,

E.Shabalina - DESY seminars - 25-26 Oct 201 |

Wednesday, October 26, 2011



\

i

Charge asymmetry: kinematic dependence

O split into low and high Ay

Att_

0.8

0.4

| —— £ parton -level
CDF data 5.3 fb™

| == #NLOQCD
0.6 +—

Ay

Forward-Backward Top Asymmetry, %

|Ayl<1

Ay|>1

Reconstruction Level

D@, 5.4fb™
——
6.1+4.1
21.3+9.7

S.Frixione and B.R. Webber,
JHEP 06, 029 (2002)

-10

Wednesday, October 26, 2011

0 10 20 30

O Explore Mgz dependence of
asymmetry

O Cutis optimized based on
sensitivity to color-octet model

Forward-Backward Top Asymmetry, %

Reconstruction Level
my < 450 GeV

D@. 5.41b" 7.8+4.8

m. > 450 GeV

10 0 10 20 30

A (M,; < 450GeV) = —0.116 + 0.153
A (M,; > 450GeV) = 0.475 +0.114

3.40 from SM prediction
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Charge asymmetry at Tevatron: summary

A;, of the Top Quark
N. Kidonakis, July 2011
PRD84:011504 (2011)
[] V. Ahrenset. al., (** submitted to a journal)
arXiv:1106.6051v1 (2011) o
] W. Hollik and D. Pagani, (* preliminary)
arXiv:1107.2606 (2011)
CDF LJ —— 0.158 + 0.074 (+0.072+ 0.017)
(5.3f7)
CDF DIL* )
0.420 + 0.158 (+0.150 = 0.050)
(5.117)
CDF combined* —@®— 0.201+ 0.067 (=0.065 = 0.018)
(= stat = syst)
DO LJ** ——  0.196+ 0.060 *§.0%0
(5.417)
-0.4 -0.2 0 0.2 0.4 0.6 0.8
Afb

E.Shabalina - DESY seminars - 25-26 Oct 201 |
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@ fies Charge asymmetry at LHC

_ n _ 2 _ _
A, = NA>0)-NA<0) A= = (vt — y&) (Yt + yp)
N(A>0)4+NA<O y | 13
E )+ N ) AY = vl — lyel Y
in tt rest frame
, .1 b
0.7 fb- unfolded - raw
214007 T B e i o £ g0 :
§ | ATLASPreliminary it +>4jets (btag) | __.:_r- CMS Prehmmary e Dl = - CMS Preliminary —— ti (MadGraph)
@ oot [ L=070 1" o dta L 035! 109fb at\s = 7 TeV 4 NLO prediction § 0.15-1.09 fo ' at\'s = 7 TeV — data
= Woets £ A.=-0.016 + 0.030 ad C I+jets
oo alienic, | ¥ 03Civet =
aon Y iy | £ 025 } lﬁ < 0% |
i ﬂL - - e
: f 0.15! , .0.05!
400 . | | :
o - E ] 0.05' . | . - 0.15;
R e ' f
2 < L 0 L 2Y _Y.?‘ % & 9 A0 4 1z g 4 O300 300 400 500 600 700 800 900 100011001;00
o ?ql | _[GeVic?]
unfolded data SM prediction
Altas: A% (0.7 fb=!) —0.024 + 0.016 (stat) + 0.023 (syst) 0.006 (MC@NLO)
CMS: A% (1.1 fb~1)  —0.016 £ 0.030 (stat) oo (syst) 0.0130

no deviation from SM prediction observed within large uncertainties
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Searches in top quark sector
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O Fiters Resonant top pair production

] O Searches are ramping fast at LHC
O Cross sections for the production of heavy

' "00000 particles are strongly enhanced with respect
b to SM due higher centre-of-mass energy
00000 - B Experimentally - study M« spectrum
" O Complication: strong boost of top quarks
from the decay of heavy particles (m>1 TeV)
Tevatron » standard reconstruction does not work
Spin | color | parity (1,45) | some examples/Ref. LHC
most results 0 () (1,0) SM/MSSM /2HDM, Ref. [51, 52, 53] Harris, Hill, Parke, arXiv:hep-ph/99 1 1288
for topcolor 0 0 (0,1) MSSM/2HDM, Ref. [52, 53] benchmark to
Ieptopho%c 0 3 (1,0) Ref. [54, 55] compare with
narrow 0 | s (01) | Ret. [54, 55] Tevatron
— | 1 0 (SM,SM) | Z' P
1 0 (1,0) vector
1 () (0.1) axial vector Randall-Sundrum KK gluon
1 () 1::1.1::} vector-left representative for all
heaw gluon G 1 0 I:"l.-l. ) vector-right colored wide resonances
ol T e, 1 Lillie, Randall, Wang, arXiv:hep-ph/0701 156
T 1 X (1,0) coloron/KK gluon, Ref. 56, 57, 58 e
1 8 (0,1) axigluon, Ref. [57] .
2 0 - graviton “continuum”, Ref. [17] NEW: quantum bladé holes
2 () - graviton resonances, Ref. [18§] . not a resonance but
— increases the number of

events at high mass

Maede, Randall, arXiv:0708.3017v] [hep-ph]
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Gl Resolved topology

I+jets channel

. —_ r—r—r—r—1 <
O standard selection as & [V 7m0 Vs e
fo r c ross Secti O n % o ' Ldr =33 pb 1 == Obs, 95% CL upper hmit
o ‘ T seeeeees Exp. 95% CL upper limit
. 10°F B Ex. 1 o uncertainty
dilepton channel ; B E:p. 2.0 uncertainty
w 10% £ —— — — —— - B ——— Quantum Black Hole
& £ ATLAS Preliminary 81‘ o 3 i ATLAS Preliminary
U>J ’r .[ 1 B 'Xult: wp ] E
10° - Ldt= 1.04 fb ) Fakos i |
E s=7TeV B Divoson 3 10°F _:‘
,: - h:a;'"!‘1 -1 R
- ! ( s UL
10‘_
10 .......... ' A l A ' A A l A ' A A l A A A ' l A
el | T Pt 1000 1500 2000 2500

QBH mass threshold [GeV/c?]

lo) .
A 210 400 600 800 1000 1200 95/’ CL eXCIUSIOn Of QBH
EQ H+ET™ (GeV) mass threshold < 2.35 TeV
S T T L ™7 12 ™

:6‘ T l Ty | S ] I T T I | I
Q [ Vi=7TeV dRmin. Syst.+stat ]
= : | ——e— Obs. 95% CL upper lir
= [ Lar =200 pb atolakm ol

T 17 e Exp. 95% CL upper imit
sy 1O°F E
Qj’ Y 3 - Exp. 1a uncetanty 3
% Exp. 2 a uncertanty 1
v B Leotophotic Z

Ay g iy

- ATLAS Preliminary

10§

Ldt=1.04f0" o8

' ATLAS Preliminary

00 600800 1000 12001400 1600 1800 2000
4

. _ Z' mass [GeV]
95% CL exclusion of KK 0.2 fb’!

gluon mass < 840 GeV no exclusion of Z
\_ with 1.2% width )
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G

GEORG-AUGUST-UNIVERSITAT

O standard selection as £ [V 7oV an o
for cross section 3 [Jra-sapp® O “”
@) Jis  vne amee— Exp. 95% CL upper limit
10 3 B Exp. 10 uncertainty
Exp. 2 0 uncertainty
dllepton channel —
b 10’%‘ T y = —_— Ol.l.'lrj?uﬂ‘ Black Hole
§ E ATLAS Prelummry 8;1. : ATLAS Preliminary
- 10.1; det: 1.04 7 SEC et 4 |
E s=7TeV @ Oivoson = 10°F
r: - Dat a..,"1-1
107}
o PR ol S PP EPEPENE BPEPEPIPE BT | ¥
. | /P 1000 1500 2000 2500
: QBH mass threshold [GeV/c?]
! o !
N 210 400 600 800 1000 1200 95/’ CL eXCIUSIOn Of QBH
Q e e mass threshold < 2.35 TeV
A
S _— —
O S i apporyasaense I (I R VRIS
- . q::: g, =4 I' B Expecte o = - } =——— Obs. 95% CL upper imit
f s : ] f_:l’ 10”:— B Exp 10 uncetanty E
2t o X Exp. 2 o uncertanty
o )
X Bl Leotophobic Z
10} o ATLAS Preliminary
10
[ Lot=1.041" \\‘\__‘__‘
1 ATLAS Preliminary
o.'a‘ 06 08 1.0 1. 2 14 1.6 3 E
m, [TeV] P I PR Y.\ PIY PP PO PP TR
- 400 600 800 1000 1200 1400 1600 1800 2000
. _ Z' mass [GeV]
95% CL exclusion of KK 0.2 fb"!
gluon mass < 840 GeV no exclusion of Z
\_ with 1.2% width )

I+jets channel

~N

Wednesday, October 26, 2011

Resolved topology

-

a d

‘ |+jets channel

o, B(Z'— th) [pb]

o »
[ o =
Y

Matrix element technique

for each event apply tt
hypothesis

construct likelihood

determine how likely it
to fluctuate to data for
each mass point

- 4.8 fb-!
CDF Il Preliminary 4.8'fb

IS

\ [ 195% CL interval
\ [ 68% CL interval
— — leptophobic Z'
expected limit

»
—

— observed limit

—a
_—

still the best limit: exclusion

95% CL of Z’ (1.2% width)
with mass < 900 GeV

~N
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@J o Boosted topology
>

Cuts in Ptjets channel: @ All top quark
O at least 2 jets with pT>50 " W . decay products
GeV, leading jet pT>250 GeV | are Conta,'”ted
In one |
0 HTiep>150 GeV Q
.1 fb!
i S —— _ L L=114sb
2 g0 HSpraimeny 8 g0y
% 12| S-i;gle:Top g ioz,=1pb B Z/y T
A P! = 305 e
0.8| £ 250
o.eg 520
i 150"
0.4 :
I 100
0.2/ sof
[ B 5 Y S LYPOR i
b 100 200 0 ‘;‘:?.".[Govj“"f 500 1000 1500 2000 nﬁio[% o
, L=114 fb! CMS preliminary, vs =7 TeV
3 10 ‘ ‘ median‘expected Iimit‘
%\ : observed limit (95% CL)
J’F —— central 2; ex:;ected limit
N 10t — - Topcolor 7', 3.0% width, Harris et al. |
j; — - Topcolor 7', 1.2% width, Harris et al.
§ 10°F
E
10"
ldOO 1500 2600 2500 3000
My [GeV/e']
Z’ (3% width) excluded in mass
L ranges 805-935 and 960-1060 GeV
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GOTTINGEN

G
. >

Cuts in P+jets channel:

O at least 2 jets with pT>50
GeV, leading jet pT>250 GeV

1.1 fb!

> - = L =1.14/fb
' 1.4 CMS simulation — QCD 11 o O —
c | = ) K3 [ CMS prelimina [ ] i
[ \s=TTeV Wk r p ry QCDtt
3 [ 2 o IT E 4005 = 7Tev W v
= 1.2/ . Sinale- ' 6..=1pb B Zy* - I'T
= | ach ?nIi’J’ 1 g 35027 'P I Single-Top
> e - r .
o | T = F [ QCD multijet
1T—x'*a Z', M=1TeV/& C 3 2
} e = = zv M:3TOV"C’ E 300? - Z 5 M=2TeV/
; 2 sy ’ 2 L —— CMS data 2011
08 - o s £ 250
] . - - m | -
| ) ' a F
0.5: . 20 F
: Y . 150F
04 A . r
| - Yo 100
0.2 :
| D . 50
(b[ L N‘-\.’I‘.'r--.--.- mteiidasd
100 200 300 400 500
) ‘ 500 1000 1500 2000 2500 3000
P, ' [GeVic) M . [GeV/c?]
ti
, L=114 fb! CMS preliminary, vs =7 TeV
Ly 10 T I T
8_ median expected limit
— — observed limit (95% C.L.)
= — central 1o expected limit
T —— central 20 expected limit
N 10t - - Topcolor 7', 3.0% width, Harris et al.
T — - Topcolor 7', 1.2% width, Harris et al.
B
b
c
o 100t
£
10" |
L L s\ L
1000 1500 2000 2500 3000
My [GeV/c?]
, o/ . °
Z’ (3% width) excluded in mass

Boosted topology

All top quark

decay products
are contained
in one jet

W

>

-

all-hadronic decays:
two tops with mass™ 175

CDF Run Nl Prediminary

- . }l Wi N1 0 2" s Gewe "o
M Ay ‘ - . !001'

« Data, L =595M"
e e 0.016

3¢ . .
2505
; B
8 20
iE - 1
156 e
" "
.
12¢
.
"
C . -1
I
= .-. -r a 0
G0 900 150 200 250 300 350 400

"' [Gavic™)

(jet1 mass vs jet2 mass)

6 fb-!
O+t < 54 fb for top quark pt>400 GeV

J
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O s Other searches: summary

LHC :
VRGN

Atlas: H™ — c¢s, TU

charged Higgs
T oMse o

Atlas:t > qZ,qg 2t ¢/ tty CDF: 30 evidence
FCNC SIMSEY = iz FCNC DO:t = qZ
Ades CMS;:;Te En o A RITIE. B DO: from single to
coupling ' 5 P
anomalous Atlas: from W helicity CDE: b W
couplin fractions b=t
PIng exotic quarks
Atlas,CMS: b’ = tW CDEDOt = qW
exotic quarks CMS:t' = bW iated
| aSSO.CIa © CDF: ttH limit
Atlas ' = qW Higgs
exotic top » CDF: -4/3 charge
partners Atlasit = tA V' top charge excluded at 99% CL

Atlas: -4/3 charge

‘/ g il excludedat5 O
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Summary of top properties measurements

Property Measurement SM Prediction | Luminosity (fb—!)
o (for My =172.5 GeV) pp — tt CDF: 7.5 + 0.31(stat) #+ 0.34(syst) 4 0.15(theory) pb | 7.4670¢7 pb up to 4.6
V DO: 7.5670:9 (stat + syst + lumi) pb 5.6
pp — tt Atlas: 179.0 £ 9.8(stat + syst) & 6.6(lumi) pb 164.67112 pb 0.7
CMS: 164.4 & 2.8(stat.) & 11.9(syst.) = 7.4(lumi) pb 0.8-1.1
Otbq (for M; =172.5 GeV) pp — tt CDEF: 0.8 £0.4 pb (M; =175 GeV) 2.26 £0.12 pb 3.2
V DO: 2.90 + 0.59 pb 5.4
pp — tt Atlas: 90733 pb 64.615% pb 0.7
CMS: 83.6 + 29.8(stat + syst) = 3.3(lumi) pb 0.035
ow (for My = 172.5 GeV) pp — tb CDF: 1.875% pb (M; = 175 GeV) 1.04 +0.04 pb 3.2
V DO: 0.6879:3% pb 5.4
pp — tb Atlas: < 26.5 pb 0.7
owt (for M; = 172.5 GeV) pp — Wt Atlas: < 39.1 pb 15.7+ 1.4 pb 0.7
| Vi CDF: |Vi| = 0.91 + 0.11(stat + sys) & 0.07(theory) | 1 3.2
“ DO: |Vip| = 1.027079 5.4
R = B(t - Wb)/B(t > Wq) CDF: > 0.61 @ 95% CL 1 0.2
DO0: 0.90 £ 0.04 5.4
o(gg — tt)/o(pp — tt) pp— tt CDF: 0.0775:45 0.18 1
M; Tev: 173.2+ 0.9 GeV - up to 5.8
V Atlas: 175.9 + 2.8 GeV - 0.7
CMS: 173.4 £ 3.3 GeV - 0.036
M — M; CDF: —3.3 £ 1.4(stat) &+ 1.0(syst) GeV 0 5.6
DO: 0.8 &+ 1.8(stat) + 0.5(syst) GeV 3.6
CMS: —1.2 + 1.2(stat) + 0.5(syst) GeV 1.1
W helicity fraction Tev: fo = 0.732 4 0.063(stat) £ 0.052(syst) 0.7 up to 5.4
Atlas: fo = 0.75 £ 0.08(stat + syst) 0.7 0.7
Charge CDF: -4/3 excluded @ 95% CL 2/3 5.6
DO: 4/3 excluded @ 92% CL 0.37
| A CDF: < 7.6 GeV @ 95% CL 1.26 GeV 4.3
DO: 1.997082 GeV up to 2.3
spin correlation pp — tt, beam CDF: 0.72 £ 0.64(stat) = 0.26(syst) 0.7779-037 5.3
V DO: 0.66 + 0.23(stat + sys) 5.4
pp — tt, helicity ~ Atlas: 0.3475-10 0.32 0.7
Charge asymmetry pp — tt CDF: 0.158 4+ 0.074 0.06 5.3
DO0: 0.196 4+ 0.065 5.4
V pp — tt Atlas: AY, = —0.024 £ 0.016(stat) = 0.023(syst) 0.006 0.7
CMS: A2 = —0.016 + 0.030(stat) "0 010 (syst) 0.013 1.1
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GOTTINGEN

C o
¥ Conclusions

0o Taking baton from the Tevatron - LHC proved
to be a top quark factory

» strong and steady flow of top properties
measurements and searches in top sector

» mMany Cross section measurements are more precise
that at Tevatron

» searches have better sensitivity

0 Legacy measurements from Tevatron with full
data set are yet to come

0 So far top quark looks very Standard Model like

» is FB asymmetry at Tevatron a hint of physics BSM ?

» 50 observation with full data set seems possible
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g% == Instead of outlook...

P. Grannis on the Top (1994, New York Times):
“This monster, compared with all the other
quarks, is like a big cowbird's egg in a nest of
little sparrow eggs. It's so peculiar it must
hold clues to some important new physics.”

g(
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G e 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 Direct measurement: build O |ndirect measurement

templates in [ O use single top t-channel cross section
0 reconstruct Mreco and Mw O combine with measured branching ratio
1-tag LoptonsJets O assumption: coupling in top production
: and decay is the same
e
F—
el F t — bW
o—t— T(t—=bW)=0(t—ch) ( )5
O‘(t — Ch)SM
.‘,."b th I, — P(t — bW)
(ke 2 B(t N bW) <« Phys. Rev. Lett.
O 100, 192003 (2008)
§ T 2-tag: 214 events L +0.69 L +1.3 —25
2 o [y = (1.997,::)GeV, 7 = (3.3755) X 107*°s
& 40— DSigral+8kgd . ' .
ol B erod only 4th generation b’ quark with my» > m, - myy,
Sy [=1.5 GeV 4x4 unitary new CKM matrix
T2 C [Veo|2+|Vew|*=1, small |Ves|, [Ved]
150 200 250 ,,J,;o(aev/c’fo

V| < 0.63 at 95% C.L.

Ii<75GeV at95% C.L.
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@] New physics in production and decay

Higgs, KK gravitons, Z’, stop pairs, ... charged Higgs, b’
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(i o W helicity

Left- R|ght-

1, q handed Longitudinal handed
- . - +
Spin=1 / () i | ( )

Spin=12 " . -
t

//‘:J"‘
O e

b
Spin=1/2

Lorentz structure of Wtb vertex predicts:

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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@ Fes Mass extraction from cross

- : N
O First performed by DO for the pole mass
O Routinely extracted from the cross section (DO, ATLAS, CMS)
O The most precise cross section measurement does not guarantee
the smallest uncertainty on m
O minimum dependence on m¢ is required - counting experiment?
G Dedicated optimization is needed to achieve good precision )
CMS Preliminary, \s=7 TeV, L=1.14 fb™ poIe . —
Top quark pole mass from cross section | mass CNS Erenminary, Yas7-teY, Lai.14 o MS
_ mass
CMS (Prel., L=1.14 fb™") approx. NNLO @ MSTWOSNNLO  value = theo © exp = a(m,) Top quark MS mass from cross section
Langenfeld et al °* 170.3 0653 .3;:
Kidonakis et ol . 1700 'gg '307 CMS (Prel, L=1.14 fb"') approx. NNLO © MSTWO0SNNLO  value * theo @ exp + « (m,)
rens el a ’ * F— 167.6 6.8+3.3 +9.7 +3.
" | . 2 Langenfeld et al ¢ e 4 163.1 -:87-3.377
ATLAS (Prel., L=35 pb ') approx. NNLO © MSTWOSNNLO
Langenfeld et al - —1 166.4 ‘_;g Ahrons et el . 159.8 j::;s.,s
Kidonakis et al ° 166.2 0?,2
Ahrens ot i » : 1622 3 ¢ DO (L=5.3 fb”") approx. NNLO @ MSTWOSNNLO
DO (L=5.3 fb”') approx. NNLO © MSTWOSNNLO o8
ot o s e '_.5".?’ Langenfeld et al ——— 1600.4‘3
Kidonakis et al ——— 166.7 *3% Ahrens et al . I ’: ;)
Ahrens et al ———— 163 ’-ilﬁ
Tevatron direct measurement (July 2011) - 173.2 ’gg
140 150 160 170 180 190 140 150 160 170 180 190
mP'® (GeV) m"® (GeV)
t t
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CKM matrix element Vy

/d/\ (d\
" |=Vexu S
\b ) \b/

VCKM =

/
Vcd

\

Vud Vus Vub : "
Vcs Vcb

Vi

b

Weak interaction eigenstates and mass eigenstates are not the
same: there 1s mixing between quarks, described by CKM matrix

General form of the Wtb vertex

V2

. g - r
7 o < i L Rp_
l Witbh — = \r { .‘l‘ _f] PL T fl PH] o

iO[”/

Mw

(Pt — p»), [f3'PL + f3' Pn]}

Measurement assumes SM production mechanisms

— Pure V—A and CP-conserving interaction (f,* = f,- = f,R=0)
« f,L: strength of the left-handed Wtb coupling, is allowed to be anomalous

— [VigP+ [V << [V

Does not assume 3 generations or unitarity of the CKM matrix

Wednesday, October 26, 2011
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C GEORG-AUGUST-UNIVERSITAT
/|
L

(a7 cormmaen ldeogram method

0 Like in ME method likelihood is constructed for each event

0o Use a constrained kinematic fit to extract the mass information:
fitted mass m;, estimated uncertainty 0% and goodness of fit X?

probability that a solution has the wrong jet-parton
correct jet-parton assighment assignment

> <€ >
G (m'|m;, ;) BW (m'|my, T)
Gaussian mass top quark PD for wrong
resolution function | | Breit-Wigner permutations
lineshape from MC

+ (1 — fep)WP(m;|my) )

Pg (Xmass|mt) =

weight of each permutation
based on b-tagging
information and fit X?

\_

dr 4

" 0 Method first applied to the W mass at LEP

O Aim: achieve similar statistical uncertainties as the ME method
but without the burden of huge computational requirements

0O Used by DO (I+jets), CDF (all hadronic) and CMS (l+jets)
.
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(Y| GEORG-AUGUST-UNIVERSITAT A .
@J GOTTINGEN Probability calculation

(2m)* | M]?
Differential cross
section based on LO ME

4\/(611 'Q2) — My -m2
dq,dq,f(q,)f(q, \W(x,y,JES)

dlog— dq)f;

Normalization
acceptance
& efficiency

olm
- ( r) ‘\
Probability to observe Initial state Tra i
TR nster function
a set of kinematic PI"ObOblllfy distribution Pl“ObablllffY 'ffO mec'lsure
variables x for a given that a parton will have x when parton-level y
mass and JES a momentum g was produced

Integrate over unknown qi, q2, ¥y

( o o ° ° ° \
O Utilizes more precise statistical model of the process than

template methods by using full event information
» achieves better statistical precision

_ O Multidimentional integration is very CPU intensive
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C GEORG-AUGUST-UNIVERSITAT 5 o o
O Fiers 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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C GEORG-AUGUST-UNIVERSITAT o o
@ fies Tevatron combination

Summer 201 |
. OMtop

method calibration 0.09
signal model 0.51
JES statistical 0.39
Residual jet energy scale 0.25
b-jet energy scale 0.15
Lepton pt 0.10
Multiple hadron interactions 0.08
Detector model 0.10
Background MC 0.14
Background data 0.12
Total 0.75
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uC- J GIEORG-AUGUST-UNIVERSITAT o . o
A GOTTINGEN Spin correlations: axis

beamline: A = 0.777 at NLO

q 4  best for production at threshold

)
Y

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)
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SM motivations

It's not about the incoming protons

It's about the incoming quarks and their QCD charges

Color flow's
angle of deﬂectlon
9( )

J

Forward:

p=q$>

it

Backward:

—

Color flow's
angle of deflection
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