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The Top Quark

> needed as isospin partner of
bottom quark

- * discovered in 1995 by CDF and D@:
£a)m,,, ~ gold atom

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

> short lifetime: T~ 5 -10s < A _:

.
decays before fragmenting
= observe “naked” quark
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The Tevatron at FERMILAB: pp Collisions

Chicago

Main Injectar_“'
& Recycler

P 4 > -4 = p
Vs =1.96 TeV
At = 396 ns ' :

Run | 1987 (92)-95 — top quark discovery
Run Il 2001-09: 40x larger dataset | g measure properties with high precisions:
at increased energy . . u
is it really the particle expected in the SM?
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protons -

ﬂ

Muon Scintillators
[—

Muon Chambers

Shielding

antiprotons
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The Tevatron at Fermilab: Luminosity

- Tevatron has delivered ~3.5 fb™

per experiment
=~ CDF and D@ ~3

fb! recorded each

= current data taking efficiency is
approaching ~90%
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Phase |: Discovery

Z boson

1983, UA1 experiment, CERN

top quark

67 T
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Fitted Mass (GeV/c?)

5 r T T T
_ a4l CDF |
R
%
S 3 .
=
1
- 2F —
5
-
a2 L -

1995, CDF and D@ experiments, Fermilab
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Phase Il: Precision Measurements

Z boson

Z = hadrons

top quark

2v

w| ALEPH
- DELPHI
L3
- OPAL
20
:+ average measurements, -

error bars increased
by factor 10

10

073 8 90 92 %

Best Tevatron Run Il (preliminary, March 2007)

" —
All-Jets: CDF
bt G 171.1£ 4.3
. ——
Dilepton: CDF
o 164.5 + 5.6
Dilepton: DO f 172.5 +
leplon: I 5+8.0
—i—
Lepton+Jets: CDF
A 170.9+ 2.5
——
Lepton+Jets: DO
plors o 1705+ 2.7
-8
Tevatron 1709+ 1.8

(Run I/Run II, March 2007)

| | | ;(zfdaf|= 9.2/10
I

E_, [GeV]

LEP experiments, CERN

150 160 170 180 21 90 200
Top Quark Mass (GeV/c")

Tevatron experiments, Fermilab
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Phase IllI: Searches for new physics

Z boson top quark

vector and axial vector couplings of

Z' boson to leptons \ | ? g

-~ 1 - I 0t
0.8 =
0.6 - T IR OPAL E
TE S " 95%CL 3
04 — ) v —
02 F ! ' =
0 F =
02 ! m, /GeV
04 F Je- 1000-
06 F T —— 500 -
08 & excluded e 300
_1 :I 1 1 1 I 1 I 1 1 I 1 1 1 1 I | 1 1 1 I 1 1 1 | I:
-1 -0.5 0 0.5 1 15
a'| .
OPAL experiment, CERN D@ experiment, Fermilab

04/01/2007 Top Quark Highlights at the Tevatron - Christian Schwanenberger - RPM Seminar, Berkeley 8 w



Top Quark Analyses at the Tevatron

Run I: top quark discovery (~125pb™)  Run ll: with high precision answer...
s tob pbair broduction s js it really the particle expected in the SM?

| 1;. anomalous couplings
q rare decays
\f branching ratios
CKM-Matrix-Element |V,,|

b W new particles

: : @
spin correlations P, e
charge fymmetw width, lifetime

FB o
+ » =
production cross-section o.. W W helicity
production kinematics q'
production through resonances b
new particles qr

searches for

> single top production s evidence found by CDF and D@! new particles
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Top Quark Analyses at the Tevatron

Run |: top quark discovery (~125pb™) Run ll: with high precision answer...

o 1 . lucti @ is it really the particle expected in the SM?

' anomalous couplings
\f rare decays
branching ratios —
CKM-Matrix-Element |V,,|
b \\W' new particles
— ) \

spin correlations
P mass, charge,

dnits fymmetry width, lifetime

FB

+ . =
mmmm) production cross-section o. W W helicity
production kinematics q'
production through resonances b
new particles \ qr
searches for

> single top production s evidence found by CDF and D@! new particles
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Top Pair Production Cross Section

Searches in Top Production
= New resonances

Searches in Top Decays

- branching fractions
- charged Higgs boson

Top Mass
Outlool: Top Physics at LHC
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Top Quark Pair Production

q t
>_'u_w_u,< 85% |
q T

t g t g t

tg tg t
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Top Antitop Signatures

> top decay:

~100% Vv, q @
EJ
’;'; all hadronic
wo k7
M lepton + jets
» reconstruct and identify: e
electrons, muons, jets, e et
- issi o e/n + je
b-jets and missing dilepton (e 1) w/ S an

transverse energy g

TS tt decay modes
14%

all jet
46%

6%
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Event Topology in Lepton-+]ets

signal background
- 1 lepton with high p_ W=Iv+ =4 jet
* 1v: high missing transverse energy
* 24 jets 93-5‘-'“'9' " /Q A
p -W~ 55 P
Wu/
multijet background (QCD)
+ misreconstructed met
+ fake isolated p or e
p
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Event Topology in Lepton-+]ets

signal background
- 1 lepton with high p_ W=Iv+ =4 jet
* 1v: high missing transverse energy
* =4 jets 93-5‘-'“'9' : /Q ¥
p p

Monte Carlo

multijet background (QCD)
+ misreconstructed met
+ fake isolated p or e

TR
V R extract
Monte Carlo - from data
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Typical p+jets Event

mip signal
in calorimeter

SV

s
y 4
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Lepton+]ets Topological Cross Section
no b-tag - less model dependent W+jets

- kinematic properties allow
separation between signal and
background

use as variables:

energy-dependent quantities:
- e.g. H_ (scalar sum of p_ of 4 leading jets) Hr [GeV]

angular dependenit:
* e.g. aplanarity

‘ Discriminant function:

IS (6) eb(u)+jets
= tt-distribution SE—— .
H "‘Hl B, B = Wijjjj-distribution

Aplanarity
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Lepton+]ets Topological Cross Section

100 | L=0.9fb”" * D@ Data

100 | | Wother top pair

7

umber of events
(@)
o

/N
o
o

o
o

/E’ 02 04 06 0.8

multijets Likelihood discriminant
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b-tagging

> B hadrons lifetime T~ 1 ps
> B hadrons travel ny ~1mm

before decay

Secondary vix

!

Primary vix

displaced track

Tagger
—+ NN

b-Jet Efficiency (%)

0 2 4 6 8 10
Fake Rate (%)

> explicitly reconstruct 3D vertices

> use properties from displaced tracks
to form a 7-variable neural network

* improvements of up to 50%

» ttbar event tagging efficiency 54%
(with fake rate of 1%)
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Lepton+jets cross section with b-tagging

a . «» 600 _ -1
z4jetss 27 09" - DO Data L=900 pb
s B
; 400 loths—:r
2 o Wijets
3 B Multijet
200
0 1 >2
¥ Number of tagged jets
topological tOp pair

o =8.08" (stat) +z;‘: (syst) £ 0.49 (lumi) pb

sz (2o

t
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Event Topology in Dilepton Channel

- 2 opposite charge leptons with high p_
(ee,ep,pp)

lelizL 2 V's: high missing transverse energy
« = 2 jets (1 jet for ep)
* cuts on topological variables
p p

background

aﬂ}”
Z+jets production: \‘

+ misreconstructed missing energy

small background = precise measurement in future
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— electron+muon event with b-tagging
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Dilepton Topological Cross Section

w ..2 60 DQ preliminary, 1.05 fb"

g | @ Data ‘ tOp palr
o B ;
) zny /
¥ | [ ]Diboson
340_ B Fake
=
S
<

20

T e e I N
0" 1 2 3

Number of jets

+1.2

+23% [crtt =6.8_, (stat)f(;f3 (syst) = 0.4 (lumi) pb]

m,, = 175 GeV

t
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Top: Pair Production| Cross=Sections /.

IIIIIIIIIJIIIIIIIIII

[ cacciari et al. JHEP 0404:06 {2004) Assume m=175 E:'ﬂcz
Kidonakis,Vogt PRD 68 114014 (2003) CDF Praliminary
/A
LeptonTrack / 8.3+1.3+0.7+0.5
DO Run li preliminary* March 2008 (L= pb)
I-;j:eots (_':'tagged and topological, PRL) H-oH 7.42 $0.53 $0.46 £0.45 pb ﬁ_lz‘l?{?gpbd} / 6.2+1.1+0.7+0.4
I+jets (from B(t->Whb)/B(t—-Wq), PRL) —o— +0.90 .
< 1 8.18 084 00 pb Laptan-l-.]aif:s: Kinematic 6.0+0.6+0.9+0.3
< dilepton (topological)* 6.8 *12 *09 .04 pb (L=760pb ) / o o o
1050 pb™ -1.1 -0.8 '
I+track (b-tagged)* +1.6 +0.9 Lepton+Jets: Vertex Ta / + + +
1050 pb ] 5.1 14 -08 +0.3 pb (L:TTEG pb-'.f} / 8!2_0!5_0!8_0!5
tautlepton (b-tagged): : ® — 8.3 2014 s pb &
1050 pb~! T 18 12 Lepton+Jets: Soft Muon 1.0
L + + 4+
tau+jets (b-tagged)* I " 54 4307 . pb (L= 760 pb T} 7.8+1.7 _D.B_D's
350 pb! 35 07 ;
alljets (b-tagged, PRD) 4.5 20 +14 . op 'MET‘FJG'IE' Vertex Ta / 1.4
’ . 03 p : g
et MET st / 6.1:1.2 +15:0.4
(stat) (syst) (lumi) .
[ cCacciari et aly JHEP 0404, 068 (2004) * .
My = 175 GeV _ _ All-hadronic: Vertex Tag// 8.3+1.0 +2.ﬂ+0 5
Kidonakis and Vogt, PRD 68, 114014 (2003) _ -1 anwd - 0T .
| SR B! ' I B (L_TGEG pb } / 15
0O 2 4 6 8 10 12 .
- - Comhinad_(iuld SLT.all-h / 7.3+0.5+0.6+0.4
¢ (pp _)tt) [pb] (t= ?Sij pb) | | é | (Sf?ﬂ + fslfsu? + (lumi)
| | 1 | | 1 | | 1 | | 1 | | 1 | [ 1 | | 1

0 2 4 6 8 10 12 14
o(pp — tt) (pb)
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Top Pair Production Cross Section

Searches in Top Production
= New resonances

Searches in Top Decays

- branching fractions
- charged Higgs boson

Top Mass
Outlool: Top Physics at LHC
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Search for tt Production via New Resonances

Harris, Hill, Parke, hep-ph/9911288

> no resonance production in ttbar
system is expected in SM

> some models predict ttbar bound states:
large top mass can be generated
through dynamical ttbar condensate X
formed by new strong gauge force
coupling to 3" generation

* @.g. topcolor assisted technicolor
predicts leptophobic Z' with strong 3™
generation coupling

> experimental check: search for bumps
in ttbar reconstructed mass spectrum

» sufficiently narrow so that width is
dominated by detector effects
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Results for e, p + jets combined

data and SM: ST <

SM: use ttbar cross section
6.77 = 0.60 pb (NLO+resummations)

N ~
T 70 (b) DG, L=2.1 fb' —=Data
0 — H
3 60l HPreliminary 126850 GeV)
2 60F i
® L[
§ S50 Single top d
> 401 Diboson
an- | ] W-|.-jets
- Z+jets
20t B Multijet El
10
_ ] ————_\E::L_—.::.'L": —— " |
00 200 400 600 800 1000 1200
M. [GeV]

= binned Likelihood fit to get upper limit
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Limits for e, p + jets combined

re) - E
o 4_55_ — Expected limit 95% CL =
= 4 = with uncertainty band
*’T" = -=- Observed limit 95% CL =
% 3-5¢ — Topcolor Z (CTEQSL1) =
" SF r,=0.012M, =
© 255 DO, L=2.1 fb" =
2F Preliminary
1.5 =
1E E
0.5- =

PR SN R T NN S SN T SN S T AU MAN SNV IR BAVERNY.. SN B R A T
0 400 500 600 70Q (800 900 1000 1100
M, [GeV]

CDF:M, > 725Gey | = My > 760 GeV I
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Top Pair Production Cross Section

Searches in Top Production
= New resonances

Searches in Top Decays

- branching fractions
- charged Higgs boson

Top Mass
Outlool: Top Physics at LHC
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Searches in Top Decays
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Searches in Top Decays: b disappearance

W+

500000 6 v

- t
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Measurement of Branching Fractions

Vud Vus Vub |
R= B(tﬁWb) VCKM — Vcd Vcs Vcb
Standard Model: cAUSLCY Vid Vis Vi
v P R changes fractions of
b 2 _ : .
o 0 =r,[=1 b-tagged jets:
|th| +|Vts +|th|f E‘
1 2
unitarity of CKM matrix 9
R=1 2

e.g. decay into 4™ generation quark:
R«1
sensitive to b disappearance

0 02 04 06 08 1
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Measurement of Branching Fractions

Vud Vus Vub
R= B(tﬁWb) VCKM — Vcd Vcs Vcb
Standard Model: cAUnaill Via Vis Vi
v P R changes fractions of
o 0 =r,[=1 b-tagged jets:
Vil Vs +|th|f 2 DO Run I
y = o tag un
o : 8 0.8 @[] tag
unitarity of CKM matrix g_ B> 2 tags
beyond SM: g 00 j
R + 1 -g topological
£ 04 countin
I= g

e.g. decay into 4" generation quark: *°

R«1
sensitive to b disappearance

counting
! 0.2 04 06 038 1
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Simultaneous Measurement of o and R

Maximize total Likelihood function simultaneously for
branching ratio R and top pair production cross section

DG Run Il L=0.9 fb'

-0.08

10__ +0.
: [R= 0.97 > (stat+syst)]

using unitary of CKM matrix:

o 95% C.L. IV.| > 0.89 @ 95% C.L.
" 68% C.L. th
58 e 00 oeE T T 0s T 1A e
12% R

+0.90

[crtt = 8.18_ _, (stat+syst) £ 0.50 (lumi) pb] = agrees with SM
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Top Pair Production Cross Section

Searches in Top Production
= New resonances

Searches in Top Decays

- branching fractions
- charged Higgs boson

Top Mass
Outlool: Top Physics at LHC
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Searches in Top Decays: W disappearance

ey 04/01/2007 Top Quark Highlights at the Tevatron - Christian Schwanenberger - RPM Seminar, Berkeley 36 w



Measurement of cross section ratios

(1)L
O‘(t%)DIL

° many uncertainties cancel!

=1 in SM

< 1 due to e.q.

> radiative corrections
in MSSM hep-ph/9907422

> in multi Higgs dublet

models hep-ph/9509203
hep-ph/9401311

= W disappearance
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Measurement of cross section ratios

O‘(f%)L_Hr
O‘(t%)DIL

° many uncertainties cancel!

=1 in SM

< 1 due to e.qg.

> radiative corrections
in MSSM hep-ph/9907422

> in multi Higgs dublet

models hep-ph/9509203
hep-ph/9401311

= W disappearance
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Cross section ratio and limit on B(t =@ b H")

D@ Runll Preliminary

g 0.5
[R =121" o6 (stat+syst)] mgq5F 68% C.L.
o4E 95% C.L.
0.35|
0.3}
0.25|
0.2
0.15|-
0.1f
. 0.05[
> leptophobic charged = -
Higgs with mass close %5 -04-03-02-01 -0 04 02 0.3 uB4 0.5
to W boson =
[B 0.13 1 *(stat+syst) ] [B < 0.35 @ 95% C.L.]
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Top Pair Production Cross Section

Searches in Top Production
= New resonances

Searches in Top Decays

- branching fractions
- charged Higgs boson

Top Mass
Outlool: Top Physics at LHC
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The Top Quark Mass

* free parameter in the Standard Model

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

S
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Extraction Techniques: Template Method

> use variables strongly correlated with m,.
» compare data to MC with different m_ hypotheses

0.1 CDF Run Il Preliminary

=
.

o
ik

e
o

Fraction/(5 GeWcz)
P o
o = %

100

150

top

[]145 Gev/c?
[ ]165 GeV/c?
[ ]185 Gevi/c?
] 205 Gevic?

200 250

m > (GeV/c®)

l+jets
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Dilepton—-Channel: Neutrino Weighting

no v p_information
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Dilepton—-Channel: Neutrino Weighting

@ assume top mass

no v p_information

s take (anti-) neutrino n from MC

m -
@ 2000

entr

10000~
8000
6000/
4000—

2000}

07 oy by by by by g
-4 -3 -2 -1 0 1 2 3 4

neutrino n
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Dilepton—-Channel: Neutrino Weighting

@ assume top mass

no v p, information

s take (anti-) neutrino n from MC

m |

q_) 12000

| - L

dd L

C 10000

() -

8000

6000/

4000—

2000;

° sum over i

- L s S A TN U SN T (N U U YN T N Y TN S T NN O O
all solutions G

neutrino n
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Neutrino Weighting Algorithm

> compare measured E, with expected (MC) for different
m,,, hypotheses

=> derive w(m,,,)) for every event

:I . I
100

120

| | | |
140

| | | | |
160

180 200 220

m,,, (GeV)
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Neutrino Weighting Algorithm

> compare measured E, with expected (MC) for different
m,,, hypotheses

=> derive w(m,,,)) for every event

° extract

I I I I | | | | I I I | I
100 120 140 160 180 200 220

mean t Myop (GeV)

templates
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Neutrino Weighting Method: Result

NEW: simultaneous 3 (2)-dimensional fit to signal (background) templates

rms=45 GeV > L [ <

» 57 events

-log likelihood

-—h N W Lo L)) [=2) ~J 00
rrprrrrfrirTryrrTryrnri TTTTITTTTyrerTnrnsT

250 300

200 3
00 120 mean P55

» maximum Likelihood function L(m, ,mean,rms): PRELIMINARY

0% [ mtop=172.5 + 5.8(stat.) = 3.5 (syst.) GeV] w
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Combination for matrix/neutrine weighting

@
S

o “0:33
o w BCA TR oo
= NI
= w{f‘:.'%* s
: i 3 : .w’%‘@: 'v .
O) PN fzy’. .
g - St
c:) """"""""""""""""""""""""""""""""""""""""""""""""""" 2 14 i signal m=175 GeV

£ 14 _ signalm e
—— o - t
] & +of EEbackground DO Runll Preliminary
: 150 160 170 180 : _+_ data
w 10— ——
c m__matrix weighting [GeV |t
o op : L
EB 6:_ h r
I {
2:_ E—'i I—CE il

900 120 140 160 180 200 220 240

Mook GeV

+3.7% [ mtop=173.7 + 5.4(stat.) + 3.4 (syst.) Gev]




Extraction Techiques: Matrix Element

» probability densities for every event as function of m..

ignal ignal ignal ]
P sigha P signa P Sig Pmba\ckground Pmexperlment
A AR =\
m m m m m
top top top top top

> Maximum Likelihood fit

Pm<mtop’x ACC Id -dql qu f(qZ) W( y)

Acceptance LO-Matrix element PDF' Transfer Functions
(selection, x phase space (Probability to measure x
trigger,...) when y was produced)
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Lepton+]Jets Channel

jet energy scale:

translate jet into parton energy

HAD

EM Calorimeter jet

Particle jet

gl

W mass constrains
jet energy scale
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Calibration of the method

» pseudo experiments: compare measured mass with generated

» correct for differences: calibration curve

Fitted M, -170

DO

Run IIb Preliminary, L=1.2 fb‘

15

-t
(=)
|

p0 170+ 0.13 |
p1 1oo+002

4 " : H
IIII||I|||IIII||||||||I||I|I|

135

-10 -5 0 5 10 15
True M, -170

04/01/2007
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Results for Matrix Element Method

> maximum Likelihood fit using signal and background pdfs
D@ Run lIb Preliminary, L=1.2 fb™

. n 11
jetenergy w "\ jeptonsjets, calibrated
scale -
1.08_—
1.06:—
1.04:—
sl A InL=0.5
i AInL=2.0
1L
i A InL=4.5
| I I I |

i | I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1
0987166 168 170 172 174 176 178 180 -
M, (GeV) 21fb

+1.1% [mtop = 172.2 = 1.1 (stat) + 1.6 (syst) GeV ]
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Tevatron Combination: March 2008
ORI ETI E¢

Best Independent Measurements

DO Run Il preiminary March 2008 of the Mass of the Top Quark (=preliminary)
lepton+jets (matrix elements) H®H 172.2 1.1 £1.6 GeV CDF-I dilepton ® : 167.4 £11.4
211 D@-1 dilepton O 168.4 +12.8
CDF-Il dilepton* —QE-- 1712+ 3.9
dileptons (matrix & neutrino weightings) H—e—H 173.7 #5.4 £3.4 GeV D@-II dilepton* —-I.— 173.7 + 6.4
1.0 X
CDF-l leptontjets —C 176.1 % 7.3
D@- leptontjets | [ 180.1 + 5.3
World average (march 2008) H®H 172.6 +0.8 +1.1 GeV CDF-Il lepton+jets* "_ 172.7 + 2.1
|1|1||1|||||||||1|1|| Dz_" Iepton-'-jets* -.I- 1722"‘ 19
160 170 180 CDF alljet : @ 186.0 + 11
-l alljets 1 0115
Top Quark Mass [GeV] . :
CDF-ll alljets* T 1770 4.1
CDF-ll b decay length : @ 180.7 + 16.8
: X* dof = 6.9 /11
Tevatron Run-l/I* ° 172.6 £ 1.4
150 170 190 March 2008

Mtop = 1726 + 1.4 Gev i0-8 Top Quark Mass [GeV]
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Summary: Top Mass Measurements

Heinemeyer, Hollik,

_ Stockinger, Weber, Weiglein 2008
= - ' '
m, =172.6 + 1.4 GeV |
world average 80.70 | experimental errors 68% CL.: |
(March 2008) i LEP2/Tevatron (today)
m,, = 80398 + 25 MeV B0.60
world average 2008 E 050
t IE
h =
WMM\Q/\W w 1174 //“\\\ 114 80.40
E 80.30
9 Jan '05: Ammp = 4-3 GeV 80.20 both models
v . — L o
ajan 06: Arntop = 2.9 GeV 160 1r155 170 175 180 185
> Mar '07: Am,__ = 1.8 GeV M [GeV

» Tevatron should reach Ammp ~1-1.5 GeV with full Run-Il data set
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What mass do we measure?

L os . -F My (1+ 2.

» LO QCD: free parameter top
> NLO QCD: dependent on the renormallsatlon scale M

Bm yan,a,macherCD DA
D 35'- 1x:yndf s MQ?}ynﬂ‘.ll"

16 CONICEDL O QUAIR flla JIIVET 'l'l',"l'l'l
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Differences in top mass definitions

hep-ph/0001002 L M |
. = mi\ds (m,) = : t pole mass
/ 1+ B_QS(Mt)
MS scheme

=> difference between MS and pole mass is =7 GeV...
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Extraction techniques: Matrix Element

» probability densities for every event as function of m..

ignal ignal ignal ]
P sigha P signa P Sig Pmba\ckground Pmexperlment
A AR =\
m m m m m
top top top top top

> Maximum Likelihood fit

Pm<mtop’x ACC Id -dql qu f(qZ) W( y)

Acceptance LO-Matrix element PDF' Transfer Functions
(selection, x phase space (Probability to measure x
trigger,...) when y was produced)
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Calibration of the method

» pseudo experiments: compare measured mass with generated

» correct for differences: calibration curve

Fitted M, -170

DO

Run IIb Preliminary, L=1.2 fb‘

15

-t
(=)
|

p0 170+ 0.13 |
p1 1oo+002

4 " : H
IIII||I|||IIII||||||||I||I|I|

135

-10 -5 0 5 10 15
True M, -170
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Which top mass does a LO MC contain?
> matrix element in LO QCD
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Which top mass does a LO MC contain?

> matrix element in LO QCD

b
q 0 \Y
S t
<C
v ¢
.ti... E
a ¢ q
O
W .u'
ql

> parton showers simulate higher orders,
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Which top mass does a LO MC contain?

> matrix element in LO QCD

b
q v
% t
@,
S w pe
DO 00 0OC0 E
q t q
w_ -I
q

> parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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Which top mass does a LO MC contain?

> matrix element in LO QCD

Q|

> parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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Which top mass does a LO MC contain?

> matrix element in LO QCD

> parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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Which top mass does a LO MC contain?
> matrix element in LO QCD

» parton showers simulate higher orders,
i.e. not only radiating additional gluons!

= NOBODY KNOWS...
> arguments that it should be close to pole mass

04/01/2007 Top Quark Highlights at the Tevatron - Christian Schwanenberger - RPM Seminar, Berkeley 65 w




Important to Know...

M. Seymour: as far as I know, noone understands 1in detall the
relationship between the guantity you measure and any fundamental
parameter of the theaory.”

T T T T [ T T T T [ | T T T | T T T T T T T T ]
80.70  experimental errors 68% CL.: N [mt = 1 72 i 6 -+ 1 _4 Gev ]
] LEP2/Tevatron (today) ] op
i ] m, = 80398 + 25 MeV
sl pOle Mass - w
i world average (March 2008)
%‘ 80.50-—
O, -
=
=
80.40 |
80.30
SME
MSSM!
80.20 E both models
b i) o WLl continue at the LHC!
m, [GeV] Heinemeyer, Hollik,

Stockinger, Weber, Weiglein 2008
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Important to Know...

M. Seymour: as far as I know, noone understands 1in detall the
relationship between the guantity you measure and any fundamental
parameter of the theaory.”

I I | [ T LI l T T T | T T 71 T T T T

experimental errors 68% CL.:

(m,, =172.6 + 1.4 GeV |

80.70 — —
- LEP2/Tevatron (today) il
i ] m_= 80398 £ 25 MeV
B 7 w
80'60; pOIe mass world average (March 2008)
E 80.50
> world average
80.40 interpreted as
—
o MS mass
e (too extreme...)
80.20 & both models [
: o lHn'—;ilr'lf.::r:1e3.:t.=:r, IHc:lllik, |Sto|cki|;|gelr, ‘u‘*:rebr:r, ':Neilglelin {;'IB: 3 will continue at the LHC!
160 165 170 175 180 185
m, [GeV] Heinemeyer, Hollik,

Stockinger, Weber, Weiglein 2008
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Top mass from cross section measurement

o214 - theory
_.F DO I+jets Run 11 900 pb”’
c 135 68% CL contour
9 1 2:_ KRR world average top quark mass
o . ) 53
e 11
%’ 102—
5 O
= 8
7
65
5:—..|....|....|....|....|. e e | [
150155 160165 170175 180 185
top quark mass (GeV)

[0‘ = 7.42 + 0.53 (stat) = 0.46 (syst) = 0.45 (lumi) pb]

m =175 GeV
top
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Top mass from cross section measurement

314:_ » -eeeeeeoen theory
51 3:_ ‘ DO I+jets Run 11 900 pb”’
c - 68% CL contour
9 12:_ KRXX%% world average top quark mass
et r
(&) C
()]
"
/)] —
(/)] -
o -
. - L
(&) -
L) o
b -
_II|IIII|IIII|IIII|IIII|I X2 |IIII|IllI|IT

150155 160165 170175 180 185

top quark mass (GeV)
> signal efficiency: rely on LO MC
> kinematical distributions very Frixione, Mangano, Nason, Ridolfi,
similar between LO and NLO hep-ph/9503213
— assume no influence on top
mass definition
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Top mass from cross section measurement

oyl [ S — ineory] ® NLO QCD including
&133_ “ Do+ resummations in higher orders
s °8% 1 * best theoretical knowledge
s 12 .~ |°top mass definition: pole mass
Q 11 — measure different quantity than
» 10C in kinematical analyses
(/)] -
(@ -
5 9
= 8
7
6-
BE L L S L e L

150155 160165 170175 180 185
top quark mass (GeV)

04/01/2007 Top Quark Highlights at the Tevatron - Christian Schwanenberger - RPM Seminar, Berkeley 70 w



Top mass from cross section measurement

o214 - theory
_.F DO I+jets Run 11 900 pb”’
c 135 68% CL contour
9 12:_ KRR world average top quark mass
o . ) 53
e 11
§ 102—
5 O
= 8
3
65
5:—..|....|....|....|....|. e e | [
150155 160165 170175 180 185
top quark mass (GeV)

* “simpler” analyses

2 good cross check

= complementary
information
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Top mass from cross section measurement

tt cross sect

12
11

-
.
*
(Y
.
»
[y
(Y
-
Y
o -
(Y LY
(Y

.Q~ a,
ool bvvrn bvr o b TR v b e

theory
DO I+jets Run 11 900 pb™

68% CL contour
world average top quark mass

6+ 1.4 Gev]

“LO Pythia mass”

150155 160165 170175 180 185
top quark mass (GeV)

M., =170 + 7 GeV|

pole mass
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Conclusions

precision measurements & searches in the top sector

°* Cross section measurement top pair production
» search for ttbar resonances

> branching fractions

» search for charged Higgs bosons

> top mass

= all measurements are in agreement with SM
= more interesting results will follow with more data
= will continue to explore top sector in detail
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Top Pair Production Cross Section

Searches in Top Production
= New resonances

Searches in Top Decays

- branching fractions
- charged Higgs boson

Top Mass
Outlool: Top Physics at LHC
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Top Pair Production at the LHC

Tevatron: o(1.96TeV)=6.1pb
LHC: o(14TeV)~800pb

quark/anti-quark annihilation gluon/gluon fusion
proton = ’
g
: antiproton }\"“m
. Tevatron 85%
: LHC 5%

10 top pairs per day @ Tevatron <> 1 top pair per second @ LHC
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Top Quarks as “Standard Candles”

few hours of data taking ATLAS ATL-PHYS-PUB-2005-024

top pair -

80—

60|

400

20—

n'.n
0

300 350 400

m_ (Gev) ~ W+jets

°> top mass peak one of the first signals to detect

> use for detector commissioning:
e.g. trigger, b-tagging, jet energy scale
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Single Top Production at the LHC

s-channel

associated tW

“
q

t-channel
bt _

19"'_9_

NO=66pb  0MO=153pb NLO = 6() pb > i
LHC Owo-47%0  Owo= Q0B 90— g05p top production

TeV o°=0.75pb oN0= 147pb oM°=0.15pb

O, & 0,411, NIOL €qual

= anti-top production

4 single tops per day @ Tevatron €< 30 single tops per minute @ LHC
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Outlook: Top Quark Physics at the LHC

» LHC is a top factory: 1 top pair per second at nominal luminosity
30 single top per minute at nominal luminosity

* systematically limited Tevatron analyses hard to beat:
Am  ~1 GeV (instead of 1 - 1.5 GeV at the Tevatron)

* statistically limited Tevatron analyses important:
2% statistical error expected for single top production in t-channel

> measure basic quantities as spin, charge and couplings!

> role of top quark in electroweak symmetry breaking:
measure top-Yukawa coupling

high precision SM measurements
high sensitivity for new physics
much wider range of topics

I 440

role of top quark in electroweak symmetry breaking
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Outlook: Top Quark Physics at the LHC

quantity CDF /D@ ATLAS/CMS
Acii/owi 11% with 1 fb~ ! 554]

&gsingln-tup!r Usingle-top 26% with 1 fb ™" [55'4]

B(t — Wb) 3.3% with 1 fb~! 554]

Vip from Ogingle-top 14% with 1 fo~* 554] 6.5%

Vip from B(t — Wb) >0.22 with 1/ ! 554]

single-top polarisation -

Ammiop /Miop < 2GeV/c? Sect. 7

spin correlation 6 40% (2o~ 1) 1538

spin correlation ¢ - 4% (bt + _]et.s) for 10fb~ 1
W-helicity Fy 6.5% with 1 fb—? 554] 2%—5% with 10 fb—?
W-helicity F. 2.6% with 1 fb ! 554] 1% with 10 fb~!
electric charge g distinguish  and 3 7.2 distinguish § and 3

Yukawa coupling y
FCNC B(t — gq)
FCNC B(t — Zq)
FCNC B(t — vq)
FCNC B(t - WbZ)
AgMz=1 TeV /c?
B(Z' - tf)

anom. coupling

ﬁFw.q

ﬂFlV,A

A Y

C i =
<:1.9x:m 2! MR, 555]

<1.5x10 2 with 16~ W54]

<3.0x1072 with 1fb~? 554]
100 fb with 1fb™" 554]
2zt 553]
0.25

Fr2lyas 553
- 542]

1.03...42.60 =1
STt g (BT 542]

— =471

cases with 10fb 1

4.8, 16% (12%) with 30(100) b~ @
<1 x107°-<14x1072 (107 1)
<65x107%-13x 10> with 10fb !
<86x10°-19x10"* with 10!

<10~ 7 with 100 fo~!
700 fb with 30 fb~ 1

A. Quadt
0.097
Facs oot Eur. Phys.
2R<—0.12
15%-85% (300 1) J. C48, 835
15%-50% (30 b~ 1), 4%—7% (300 fb~ 1) (2006)

250 fan 81 an0g fann f— 1%
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Cross section in/ lepton+jets/dilepton channel

D@ Preliminary, 0.9 fb™ D@ Preliminary, 1.05 b
2147 . 2141 o
& pp— tt+X — I+jets+X & i pp— tt+X — lI+X .
w0 e Total uncertainty w0 e Total uncertainty
© 1ol World average © 1o World average
= .~ NLO Cacciari et al._ <~ .~ NLO Cacciari et al.
- R Theoretical uncertainty - R Theoretical uncertainty
Jo Foe 10— '
e e 8 N T
o N R ; ;
ar- ; ar- E ; ; i
2_Ili|:IIIIIIIII|IEI:IIIIIII|IIII|II 2_II|IIII||IIIII|IIIIIIII'I|III||II

160 165 170 175 180 185 160 165 170 175 180 185
Top Mass (GeV) Top Mass (GeV)

[Mt =166.1 723 (stat+syst) 5> (theory) GeV] [Mt = 174.1 13§ (stat-+syst) 152 (theory) GeV]

kinematical analyses:
[mtop =170.5 £2.4 (stat+JES) +£1.2 (syst) GeV] [mtop =173.7 £5.4 (stat) 3.4 (syst) GeV]
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