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The Top Quark

> needed as isospin partner of
bottom quark

o > discovered in 1995 by CDF and D@:

> large coupling to Higgs boson ~ 1:
important role in electroweak
symmetry breaking?

» short lifetime: T~ 5 110 %s « A_la

CD:
decays before fragmenting
— observe “naked” quark
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Top History
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Top History

PRL 74, 2632 (1995)

discovery [l zru 74, 2626 (1995) precision
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Top History
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Top History

PRL 74, 2632 (1995)

discovery [l zru 74, 2626 (1995) precision
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top physics at the Tevatron
top production cross sections
top properties
searches in production and decay

prospects at the LHC
conclusions
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Top Quark Analyses at the Tevatron

analyses with up to 4 fb™! of data:

several thousand top candidate events per experiment
top pair production
I- U

q

' anomalous couplings

rare decays
\f branching ratios
CKM-Matrix-Element |V, |

‘b\\W' new particles
)

spin correlations
charge asymmetry
A

FB

mass, charge,
width, lifetime

production cross-section

.“*--.
production kinematics q'
production through resonances b

new particles qr searches
single top production - for new
g PP observation by CDF and D@! particles
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Top Quark Analyses at the Tevatron

analyses with up to 4 fb™! of data:

several thousand top candidate events per experiment
top pair productlon )

Y. Peters anomalous couplings
\f rare decays

branching ratios
CKM-Matrix-Element |V, |

‘S Greder I ‘\\ | R. Erbacherl new particles
spin correlations mass, charge ‘T. Ferbel I

charge asymmetry width, lifetime
J. Linacre

A

FB

production cross-section W helicity

production kinematics \T-»q .
production throu
hew Pa”l R. Schwienhorst I ‘ B. Casal LaraﬁaI;

single top production observation by CDF and D@! particles
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Top Quark Pair Production

q t
>-w-w-w< 85% |
qQ T

Jd tg tg t
+ b< + }.mmn.< 15%
g tg tg t
PRD 78, 034003 (2008)
+0.48 .
0. = 7.46 067 pb in NNLOappmx

(m_ = 172.5 GeV)
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Top Pair Signatures

tt decay modes

all jet
46%

lepton + jets

| ua |
+ e/n + jet
dilepton (e/p) W 34%

6%
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Lepton+jets Signatures

3000 times higher rate

Vv q' g <q

background

q
W + jets +
Wy
3 / Lf"‘
g b
10'° times higher rate wp
q g Q -~
~ /o N
qQ T o Nq
M - |
g \\\ b “
multijets b g
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Top Pair Production Cross Section

measure if production rate is as predicted by NLO QCD

lepton+jets channel; Il hadronic channel;
topological information (NN) . b-tagging

. . _1
CDF Il Preliminary 2.8 fb” Niggs 2 3 CDF Run Il Preliminary (2.9 1b™)

% B dala (5388 evis) i % - > 2 tags events m:“
% + — mp. 5 i |> —+— Data
g B v+ets 3 -
z [ oco 5 | B Fitted 1
-+ + W oaof 1 Fitted Bkg

y2/Ndof = 20.2 / 22
Prob = D568

a 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
NN output

100 150 200 230 300

tilz+jets Cross section ratio i (V)

tt = th =
[6.9 + 0.4 (stat) = 0.4 (syst) = 0.1 (Z theo) pb] [7.2 + 0.5 (stat) = 1.4 (syst) = 0.4 (lumi) pb

m_ =175 GeV +89Y M. = 172:5Gev +21%
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Top Pair Production Cross Sections

CDF Run Il Preliminary July 2008

" [ Cacciari et al., arXiv:0804.2800 (2008) ' Acsume m.=175 GeV/c®
Kidonakis & Viogt, arXiv:0805.3844 (2008) t
[ Moch & Uwer, arXiv:0807.2734 (2008)
. &
Lepton+Track 8.3+1.3+0.7+0.5
o (L=1.11b )
DO Runll -- preliminary May 2009 °
Lepton+Track: Vertex tag 10.1+1.8+1.140.6
(L=1.11b) SO
I+jets, dilepton, t+lepton (PRrD) P +0.46 +0.66 +0.54 . o i
10" H 7.84 —0.45 -0.54 —0.46 pb Dilepton 4 6.7+0.8+0.4+0.4
(L=2.81b")
I+jets (b-tagged & topological, PRL) H-®-H 7.42 +0.53 046 £0.45 pb X ' ' st
0.9 fo! Lepton+Jets; Kinematic ANN 6.8+0.4+0.6+0.4
. (L=28f)  agmmmy 0 T T T TS
+ g +0.52 +0.77 +0.53
I+jets fneural network b-tagged, PRL) @i 8.20 *022 0170 %% pb ) |
1.0 fb~ Lepton+Jets, Vertex Tag 7.240.4+0.5+0.4
dilepton (topological, PLB) - 6.08 +112+0.78 4064 (L=2.71b ) e
1.0 fo~ 90 _1.04 -0.59 —0.51 e
' “Lepton+Jets; Soft Electron T
+track (biagged)” P TR plonsdets, o 7.8+2.4+1.5+0.5
1.0 fo™" s ) PA
tau+lepton (b-tagged) 7.32134+120 0 o o Lepton+Jets; Soft Muon Tag 8.7+1.1+0.940.5
22 i 9% _124-1.06 0 (L=2.0fb")
tautjets (b-tagged)* L ' 514 *43 *07 2 pp MET+Jets: Vertex Tag q 0.8
0.4 fo-" 55 g7 03 P (L=0.3 fb_‘f; 6.1+1.2 i&sio.4
alljets (b-tagged, PRD) +2.0 +1.4 O
014 o 45 g 7y =03 pb All-hadronic; Vertex Tag 83+1.0 +2%05
B = . - — - _1,5_ -
(stat) (syst) (lumi) (L=1.01b) ’
g, = 175 GeV B wm Qaccian_e I, JHEP 0809, 127 (2008) CDF combingd 7.040.3+0.4+0.4
[l N. Kidonakis and R. Vogt, PRD 78, 074005 (2008) (L=2.81fb ) _
CTEQ6.6M (stat)+(syst)(lumi)
S. Mach and P. Uwer, PRD 78, 034003 (2008)
L1l ‘ L1l | L1l | | | | | | ‘ | | | | | | | |
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14
o (pp —> tt + X) [pb] o(pp — tt) (pb)

= good agreement with SM in all channels
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Single Top Quark Production

direct measurement of |V _|

PRD 74, 114012 (2006)

s_ghanngl: o, = 1.04 = 0.04 pb

NNNLO , m
approx

o = 172.5 GeV

mz (Vud Vus Vub

7 v Vokm =[Vea Ves Vs

W+
‘/;t)

q b
-channel: o, = 2-26 + 0.12 pb
NNNLO_ ,m = 172.5GeV Muon
' ° jets
q q J b Jet
¢ ° lepton

VvV @ missing E;

b

5 °> b-jets
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It has been challenging for years...

- 1 q' g
6 Total inelastic \ b
S . 2
<10
<
E . - mb _
g 10 bb 1-10’
5.
~10° |k ub
\\Y%
163 6,000
600
ﬁm-nb 7
1
tt 9
12l =)
10 Lp[j\ sineole ton S’
104 L ,
Higgs (ZH + WH) \
- fb
=16
10, 20 140 160 180 200 .
Higgs mass (GeV)/c HO s b

q' T_
= multivariate analysis techniques b
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Multivariate Analyses

Boosted Decision Boosted Matrix Elements
Trees Neural Networks
I‘|_L LLL o W

Nodes

4

combine up to 12 different analysis channels:

D@ Single Top 2.3 fb"
© B
© I Data ¢ W+jets Il
> N th+tqgb I tt
‘§' 600 tlouncerainty N Multijets Il single
L

SF'gnaI Region / top

40

400

200 : %8 o085 09 095

0 0.2 0.4 0.6 0.8 1
Discriminant Output
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Multivariate Analyses

Boosted Decision Neural Networks Matrix Elements Likelihood
Trees
LL ) . f-"fl;f\‘
LL iU H Pik. = .,—
- Zlmzl ff.,r'r'm
ENP d
PP BN d ¢ , Lol = Lzt Pk
AN NN | |
mbin ifferent analysis channels:
single top » E_+jets selection :
recover badly reconstructed e, y; include T
o & 200 - - -
[ [
2 10" 10 2 CDF Run |l Preliminary,L = 3.2 b
- " 150 - Single Top
B W-HF
100 ¢ -
tt
sol QCD +Mistag
- Other
0 02 04 08 08 1 % 05 0 05 1 *— Data

Super Discriminant MJ Discriminant
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Single Top Observation

" 2Jets 1Tag CDF Il Preliminary 3.2 fb”
-1 et [ M single top| <
Dg 2.31b § 30'__ E:ft\le+WcE é
wl i B Wwc o
Ranked ® I EWaqq S
Combination b - [ Diboson | =
Output > 0.92 é 20 Rzes |9
e | %= 1% single
@ [ A
! 2
[ S
0300 200 300 fo 200 2,]50
Top Quark Mass [GeV] M (lvb) [GeVic
W+
Single Top Signal Significance Vi
Cross Section Expected Observed t
DG 23t arXiv.0903.0850 my,=170 GeV b
3.94 £ 0.88 pb 450
D> ['th| = 1.0710.12]

2.3 fgg pb

. . V|
= observation with 5.00c! . [ th
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First Evidence for t-Channel Production

> remove s/t channel constraint which could be changed by
- additional quark generation
- new heavy bosons
- FCNC
- anomalous top quark couplings

° train multivariate analysis for

D@ Run Il preliminary 2.3 fb! t-channel

~ 400 ° -
3 i signal region measure t c_hannel and
3 - * s-channel simultaneously
£ 300 4 { |
i D&
S 200
[
> +0.94

100 [o(t—channel) =3.14__, pb]

% 02 04 06 08 1 evidence with 4.8c
Ranked t-channel Output
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Single Top Production at HERA

> not possible in SM, but via flavour changing neutral currents
> results complementary to LEP and Tevatron

*> full data set analysed L. Bellagamba

Limits on Single Top Quark Production via FCNC

ZEUS prel. 379 pb™!
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top physics at the Tevatron
top production cross sections
top properties
searches in production and decay

prospects at the LHC
conclusions




The Top Quark Mass

: free parameter in the Standard Model

» check the self-consistency of the Standard Model
in combination with W mass measurement

> prediction on Higgs mass

E W)Z /// \\\ W)Z
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Extraction Techniques
template method: .

all hadronic

SO18 -
8 ~  ttm templates, > 2 tags events {AJES = 0.0)
00.16—
9 B ., = 160
e I'ECOI'IStI’I.ICt m 014 M, = 170
top M, = 180

> compare data to MC with different
m, hypotheses

M, = 190
— Pm™|M_AJES)
t top

(=]
Y
|

Fraction of Event
o = i
8 2 R
LI | LI LI | LI LI

0.06[
0.04-

0.02[-

I [ I [ $ oy |
100 150 200 250 300
m;™ {GeV)

matrix element method:

» probability densities for every event as function of m_
P

sig(x;mtop)JES) Ace(x fd -dqz dq, f )f(‘h) W(x,y;JES)

—_——

Acceptance LQ—J\/JSLErJ,{ PDF’ Transfer Functions
(selection, element x phase (Probability to
trigger,...) space measure x when y

was produced)
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Extraction Techniques
template method: .

CDF Run |l Preliminary (2.8 ib™)

g uu: 22 tags eventsm ™
. 2 sl —+ Data
* use variables strongly correlated I B oo
with m i s I Fitted Bkg
top :
> compare data to MC with different o Y¥Ndof = 202/ 22

Prob = D569

m, hypotheses

100 150 200 250 300
i {GeV)

matrix element method:

» probability densities for every event as function of m_

Psig<x;mtop)JES) Acc(x fd -dqz dq, f(q,) f(q,) W(x,y;JES)
ﬁ_/ —  S— —~ o
Acceptance LO- Mﬂm/{ PDF’ Transfer Functions
(selection, alement x phase (Probability to
trigger,...) space measure x when y

was produced)
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Results in I+jets Channel

maximum Likelihood fit to data:
CDF Run Il Preliminary 3.2 fb”

1.2

translate jet into o

parton energy 0

0.6

jet energy scale: ©T ™
7y
L

0.4

0.2

O — A(InL)=-05

02 — A®In L) = -2.0

04 — A(InL)=-4.5
&R 'ﬂ.ﬁ IIIIIII||||||I|IIIIIIII|IIII|IIII|IIII|IIIII
16 168 169 170 171 172 173 174 175 155
top = top =
173.7 = 0.8 (stat) + 1.6 (syst) GeV 172.1 + 0.9 (stat) = 1.3 (syst) GeV

> lesid < +1.0% >[320f< +0.9%
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Tevatron Combination: March 2009

Mass of the Top Quark (*Preliminary)

°
CDF-ldi-l 167.4+10.3+4.9
_ ®
Do-Idi-l 168.4 +12.3+ 3.6
. _ - =
CDF-ll di 171.2+2.7+£29
. _ -
DO-Il di-| 1747+29+24
.
CDF-ll+j 176.1+ 5.1+ 5.3
. —
DO-11+j 180.1+ 3.9+ 3.6
. _ -
CDF-1l+ 1721+ 09+1.3
. i il
DO-I1 1+ 173.7+0.8+1.6
. &
CDF-l all-j 186.0 £10.0+ 5.7
. _ ——
CDF-Il all-j 1748+1.7+1.9
* ——
CDF-Il trk 175.3+6.2+ 3.0
. -
Tevatron March'09 173.1+ 06+ 1.1
(stat.) + (syst.
| | | | ¥&/dof = 6.3/10.0 (79%)
|
150 160 170 180 190 200

My (GeV/c?)

arXiv:0903.2503

(m_ =173.1% 1.3 GeV |
op
+0.75%

L . . \{
experimental errors 68% CL.: fight 5\.}5

R LEP2/Tevatron (today) ]

Heinemeyer et al.

80.50 — MSSM =

80.40

M,, [GeV] (aver. from GFitter)

80.30

both models

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '09
1 | 1 | 1 1 1 1 I | 1 1 1 1 L 1 1 | 1 1 1 1

165 170 175 180
m, [GeV]

E30'2960 185

theory & experiment: uniform treatment of systematics
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t-t Mass Difference

arXiv:0906.1172

mass difference would imply CPT-violation %

(a) e+jets DO, 11b |~ 1+iets channel

... ... . |°*use matrix element method

- modified MC to allow for
different top and anti-top

masses

e, u+jets

[mt —my= 3.8+ 3.7 GeVJ

“165 170 175 180 — _
m, [Gev] statistics dominated

= agreement with SM
= measured for the first time for 'bare' quarks
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Spin Correlation in Dilepton Channel

spins correlated only if top lifetime is short enough

anti-lepton Vv

3 t 4 -
Sl = o v quantization axis
— _.': Boostf;o Top ‘."
q . . q rest frame ; _:,o
— — L
- }/=
t

tt, partons

anti-lepton

b jet

DY Run II preliminary

dN
S
[
2

d(coselcosez)

1

N
o
o

0.15

L—no spin

0.1

.....

0.05

.....

l IO!ZI l IO.I4I ' I0!6l r()-IS 1
cosb cosO

oB= | R R EN A A R R A
-1 -08 -06 -04 -02 0
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Spin Correlation in Dilepton Channel

> spins correlated only if top lives short enough

anti-lepton Vv

3 t 4 |
Sl = o v quantization axis
— _.': Boostf;o Top ‘."
. . rest frame ; _:,o
— = q N\
- =
t

DJ Run II preliminary (4 fb™) reconstru CtEd

anti-lepton

b jet

B (f, SM spin corr.
— tt, no spin corr.
7y —n

— Diboson

—— Multijets

SM spin

+

no spin

+

—

-08 -06 -04 -0.2 0 0.2 0.4 0.6 0.8 1

cosb cosO
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Spin Correlation in Dilepton Channel

> spins correlated only if top lives short enough

anti-lepton Vv

DJ Run II preliminary (4 fb™) reconstru CtEd

B (f, SM spin corr.
— tt, no spin corr.
7y —n

— Diboson

—— Multijets

SM spin

+

no spin

+

0.4

—

-08 -06 -04 -0.2 0 0.2 0.6 0.8 1

cosb cosO

_‘ b jet . . .
H Y quantization axis

Boost to Top
rest frame

anti-lepton
b jet

= NUD+NUD -N({) —NUT)
NOD+NUD+HNAD+NUT)

NLO QCD: k = 0.78

Nucl.Phys.B690, 81 (2004)

0.64 | ° beam axis
= -0.17 *3% |.33%?

» off diag. axis

— +0.55 | 2 2.8 fb!
= 0.32 2933 |

acoseb

=> first results in Run-Il, agreement with SM within 1o (CDF), 20 (DQ)
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top physics at the Tevatron
top production cross sections
top properties
searches in production and decay

prospects at the LHC
conclusions




Search for New Physics in Top Production
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Search for tt Resonances

> no resonance production in tt
system is expected in SM

» some models predict tt bound
states: e.g. leptophobic Z' with
strong 3" generation coupling

—— CDF data, Nev=2086

events/20GeV/c®

300 400 500 60D 700 80D 900 1000
M, [GeV/c’]

* search for bumps in
tt reconstructed
mass spectrum

% M, > 820 GeV I . M, > 805 GeV I
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Forward Backward Charge Asymmetry

- test coupling to top pairs
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Forward Backward Charge Asymmetry

- test coupling to top pairs
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Forward Backward Asymmetry

- test coupling to top pairs

detector level: .

Reconstructed Top Rapidity
F T | T 17T I 1T 1T | L ‘ L I L I T 1T
2001 -*- Data .
776 events |

—+— [ Signal + Bkg | —

776 events |

CDF 1I Preliminary [ Bkg -
L=3.2f! —+— 167 events |

Events

1803
1605
1402
1205
BACKWARD FORWARD ' 100§

RN RN RN RN RN RN R R R
Lol b b b b b b e |

-2 -1.5 -1 -0.5 0 0.5 1 2

“QY}a
A, = 0.193 = 0.065 (stat) * 0.024 (sys) |

template fit,
corrected:

NLO QCD in O(et ’): A, = 0.05 + 0.015 =5 agrees within 20

w [A::t= 0.12 + 0.08 (stat) = 0.01 (syst)] with 1 fb?
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Search for New Physics in Top Decays
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Search for Charged Higgs Bosons
* supersymmetry can remedy shortcomings of the SM w

M, =80 GeV

DO, L=1.0 fb'
B(H" — t v)=1
* Data
- tt Br(t — H'b)=0.0

background

L]

$

==

l+jets 1 tag I+jets 2tag dilepton  t+lepton
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Search for Charged Higgs Bosons
* supersymmetry can remedy shortcomings of the SM w

M_ =80 GeV
DO, L=1.0 fb’
B(H" — t v)=1

— tt Br(t — H'b)=0.3
— i Br(t — H'b)=0.6

Data
tt Br(t — H'b)=0.0

background

]

1

==

I+jets 1 tag I+jets 2tag dilepton ~t+lepton

/

vy

decrease decrease increase

21/07/2009
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MSSM Interpretations

CPX benchmark scenario: strangephilic Higgs

Br(H*->T*Vv) + Br( H'=cs) =1 w

D@ Run Il preliminary 1.0 fb™

" Theoretically inaccessible
BBr(H — cs)+Br(H - tv)<0.95
— Expected limit @ 95% CL

| 1 | A Elxcludedl region (? 95% CIL
%0 90 100 110 120 130 140 150 160
M. [GeV]
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MSSM Interpretations

CPX benchmark scenario: strangephilic Higgs

Br(H*->T*Vv) + Br( H'=cs) =1 w

D@ Run Il preliminary 1.0 fb™

F=1%V

! Theoretically inaccessible

T
20 TV BBr(H — cs)+Br(H - tv)<§.95
— Expected limit @ 95% CL
| 1 | EElxcludedI region (? 95% CIL MH+ > 1 54 Gev
180 90 100 110 120 130 140 150 160;I

M. [GeV]

=» first limit on a CP-violating MSSM scenario in H" searches
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Top Pair Production at the LHC

10 top pairs per day @ Tevatron <~ 1 top pair per second @ LHC

> rediscovery possible already with 10 pb™' at 10 TeV

- cross section uncertainty ~20% for dilepton channels
- test lepton identification, jet identification, b-tagging, etc.

CMS Preliminaq( 10 Qb“l —[macp

_ B W +jets
251 DY — ee, uu
i DY 1t
CwWwW, Wz, ZZ
[Single top
[CJ#F— not il

Cli—u

20}

15}

10

jets

‘ L. Fiorini I

‘ P. Ferreira da Silva I

top

( N

Ao . = 15% (stat) + 10% (syst)
+ 10% (lumiy

\_ /)
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Single Top Production

4 single tops per day @ Tevatron < 30 single tops per minute @ LHC

. w Boosted Decision
t-channel: most sensitive T
rees
% :I | ] | I I | |'IIII|I T1 l] T T III1]'I'I I[II : Slngle top
= 180~ ATLAS M’ ol =2,
L - —*—[-Channe -
160 1 fb_l | Il Wi-channel - X N
140;_ -E-channel g AN AN A
1205 —
1001 5 AlV |= 12% (stat+syst+theo)
E + | th
3 BDT > 0.6
P - dominated by systematic
405_ 1 uncertainties due to b-tagging,
- 1 JES, luminosity
20 & — |
T IT*-tllJllllllll ' e o] = o
0O 5|0 160 1%0 2E|)O 250 300 3g0 400 AIVtbI 1 1A

Leptonic Top M (GeV) €5 AV, |= 14%

21/07/2009 Top Quark Highlights

- Christian Schwanenberger - EPS 2009, Krakow 48




Top Properties

> systematically limited Tevatron analyses hard to beat:

Am

top

~1 GeV (instead of 1 - 1.3 GeV at the Tevatron)

* measure basic quantities as spin, charge and couplings with high

precision

> measure some quantities for first time, as e.g. spin correlation

Tevatron:

t
p
Q7<?q

- K =
t

* NLO QCD: k = 0.78

> measurements (dilepton)
cannot separate yet between
SMand 0

LHC:

gwf{;iwg

» NLO QCD: k = 0.33

° |+jets with 220 pb™ gives
already ~50% uncertainty
with ATLAS
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Searches for New Physics

°* in many cases LHC has a better sensitivity by orders of
magnitude as e.g. flavour changing neutral currents with 10 fb™

> new development: tagging of boosted top jets ‘ S. Rappoccio'

HCAL Deposits == £ o ATLAS Proiminary—
: = - T Z(2TeV)> | T L‘:_
ECAL Deposits—T = i
Subjets su P
1DU§— Jﬂ“L.In- .1
SO:E amu—f-x{ Ha : o ..uaﬂ’lﬁwu_. e
:.2 ATLAS Preliminary
Ew QCD multijet
nstraints: CMS/|
> top mass | E
> W mass i HMH
= 46% efficiency, 2% fake rate TN P T
for pT=600 Gev tOp quarks ] 50 100 150 200 250 303'““2:;2‘6'3]00
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Conclusions

Highlights of top quark physics:

- single top observation + direct measurement of V

* precision measurements
top mass with 0.75% uncertainty

> top properties
new analyses possible such as spin correlation

> searches for new physics in top sector
general agreement with SM

> excellent prospects for top physics at the LHC
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The Tevatron at FERMILAB: pp Collisions

Main Injectar_“'
& Recycler

N\
.
>

T
J

Js =1.96 TeV
At =396 ns

Run | 1987 (92)-95: 125 pb"! <= top quark discovery
Run Il 2001-11: ~100x larger dataset . . . -
at increased energy | = measure properties with high precisions:

is it really the particle expected in the SM?

g i THE ROYAL
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Top mass from cross section measurement

5 F
2 145
N
12—
S~
10—
8
61— —@— Measuredo,
= Nadolsky et al., PRD 78, 013004
4t— -—— Cacciari et al., JHEP 09, 127 (20p8)
[ == Moch and Uwer, PRD 78, 0340G#& (2008)
B 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
< 150 160 170 180 190
Top Mass (GeV)
pole M = 169.1'>° GeV with NNLO +3.3%
mass top -5.2 approx — ) b
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true

0.5

Spin Correlation Result

D@ Run Il preliminary (4 fi5")

. NLO QCD

Feldman-Cousins interval CDF Il Preliminary

I 68% C.L. (Stat only)

I 68% C.L.

v -
S 05 mmeon
= H—
0] Lat=2s
68% C.L. -
95% C.L. 0.5 rved-c=0309 ______________
455 <k < 0.865 (68%C.L.)
| | I 1 = u.;azuj,ff;: |
3 2 4 0 1 2 3 2 4 0 1 2
Measured «
measured
— +0.64 — +0.55
[K - -0.17 _0_53] [K 0.32 _0_78]

= first results in Run-Il, agreement with SM

21/07/2009
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Limits on Leptophobic Z'

CDF Run Il preliminary, L=2.8fb"

= 4
2 7 = Expected limit at 95% C.L. " h
& L
= T
I= 3.5 __ ....................................................... Exmtﬁ Iimit at 95% C.L.i'lﬂ
= N Expected limit at 95% C.L. +2q]
‘_H___ B R o e S
5 - —e— Observed limit at 95% C.L.
£2.5 ............................................ Leptnphnbin z” r‘z|:1 .% Mz
o : : : :

N

-y
3]

“450500556500550700 50 800 850 900
M, [GeV/c?]

S il THE ROYAL
®I$ SOCIETY
CELEBRATING 350 YEARS
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Limits on Leptophobic Z'

CDF Run Il preliminary, L=2.8fb"

= 4
2 7 = Expected limit at 95% C.L. " h
& L
= T
I= 3.5 __ .................................................. Exmtﬁ |i|'|'lit Ht 95% C.L.i'lﬂ
= N Expected limit at 95% C.L. +2q]
‘_H___ B R o e S
5 - —e— Observed limit at 95% C.L.
£2.5 ....................................... Leptnphnbin z” r‘z|:1 .% Mz
o : : : :

1.5 ................................................................................................................
05:_ ...................... e R e A w
0|:||||||||||i ||||||||

450 500 55 850 900

! [GeV/c?] l+jets, 3.6 fb!

* M, > 820 GeV I
. Mz, > 805 GeV I
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Search for new particles
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Search for t' Quarks

e.g. 4" generation of top quarks
q

-~ S T T

200 360' 200 500
t' mass (GeV/c?)

——— 9 .analysen_,n _ _,H
CDF Run2 (2.8 fb)] | ] J

g .l Preliminary | DO Run Il Preliminary (1fb™)
=~ t'—=Wq, = 4 jets 3 ' RN REIES I I UL LR
= | Hrvs M ] ’ ’ - N -
l:f' i T reco : MH > 146 Gev Expected limit @ 95% CL :
-& . Excluded region @ 95% CL —]
=1 ]
01 range of observed \50 -
s expected 95% CL .
upper limits R i
theoretical prediction .
Bonciani efal. =

m, > 311 GeV
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Forward backward asymmetry

W+
‘.4... b
t

q
Ao
/ W- - / yhad

Ay =y — Yz |
NAy>O . NAy<O
— NAy>O un NAy<O

Q|

Aty
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Charge asymmetry in SM

> no asymmetry in O(«x ?)

. asymmetry in O(x_°)

interference
between: q_, crrrn——t t
Y A 6660060
q—49009900)—<¢ Q t
interference
between:

q t q -t
100 (LN
>€6‘0‘0‘6‘0‘1< 66CEE0
q t q t
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Lepton+]Jets Channel

translate jet into parton energy

HAD

EM Calorimeter jet

o <o

Particle jet

=]

gl

W mass
constrains jet
energy scale
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Extraction techniques: matrix element

- probability densities for every event as function of m

signal signal signal background experiment
P. P P P P
sig /\\ sig A sig /\ bkg evt /\
= T x ",.r x“'ﬁ-—h x - '. x \x‘__\q
m m m m m
top top top top top
P (x;m,,, JES )= Acc(x fd -dql g f(4)) f () WL, JES)
-
Acceptance LO- Jslm,{ PDF’ Transfer F_u_nctlons
(selection, eJement x phase (Probability to
trigger,...) space measure x when y

was produced)

> maximum Likelihood fit:

L(ml, cey Ly Mtop, JES) ftop) — H Pevt(x?l; Mtop, JES? ft()p)
1=1
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Search for the SM Higgs boson

> contains Yukawa coupling

q
q

-~ O S SR T

good separation against W

background:

° 4, 25 jets with 1, 2, >3 b-tags
(lepton+jets channel)
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Search for the SM Higgs boson

DO Runll 2.1 fb™' Preliminary ® data
w F ] = 100xttH->ttbb Z
= >5 jets, >3 tag -{}Vﬂ.ets
g Z+jets V
3105— =dibo|son b
o E singgtop
g b
£'F
= —
2 b
10" E
0— 150 200 250 300 350 400 450 500 ;
H; (GeV) .]
. jetd  jet4 J
etd
SO WY
‘ .\‘ j
jet2 jet1
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Limits for the SM Higgs boson

103 T RN R RN LR RN RN AR R =

- DQ Preliminary i

~ ttH - ttbb i

= | ]
n

210% E

R T ]

0 ]

© i

10 Expected limit E

. — Observed limit :

! V45 ]

L swhwainfen dwwin e i W R Fw AT e AT

10511011512012§130135140145150155

Higgs Mass (GeV)

> only the beginning...
°> optimize selection
> analyse more variables as e.g. invariant bb mass

= included in the Tevatron Higgs combination
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b-tagg ing at D@

> B hadr ons lifetime T~ 1 ps
> B hadr ons trav el L, ~ 3 m m bef ore decay

SVTA VX

Secondary vitx

!

Frimary vix

displaced track

> forma 7-variable n eural netwo rk
> event tagging efficiency 54%
(with fake rate of 1%)
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Search for Z' production

l+jets
selection

ttbar resonances FB asymmetry

5 IR B B S I I I I - 1
& 1.2 i -= Observed limit 95% CL ] e
= F : S 0.9
% 1E ;- Topcolor ' (CTEQ6L1) -'g 0.8
X " Expected limit 95% CL = 0.7
m 0.8 - =
&k D@ Runll, L=3.6 fb" ] g 0.6
0.6 Preliminary ] %0-5§
- ) i 0.4F
0.4¢ ] 0.3F
02:_ —: 0.25_
- T : 0.1F
00 200 500 600 700 800 900 1000 1100 000 500 600 700 800 900 1000
M, [GeV] Z’ mass [GeV]

S THE ROYAL
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