Physics at Hadron Colliders

Part 2

Standard Model Physics
Jet calibration

Test of Quantum Chromodynamics
- Jet production
- W/Z production
- Production of Top quarks

Electroweak measurements
- W mass
- Top-quark mass and other properties
- Single top production




Back to the Tevatron

The CDF experiment

12 countries, 59 institutions
706 physicists

19 countries, 83 institutions
664 physicists



The CDF detector in Run Il

Core detector operates since 1985:
— Central Calorimeters
— Central muon chambers

Major upgrades for Run II:
— Drift chamber (central tracker)
— Silicon tracking detector
SVX, ISL, Layer 00

» 8layers

e 700k readout channels

e 6m?

« material:15% X,

— Forward calorimeters
— Forward muon system
— Time-of-flight system

— Trigger and DAQ
— Front-end electronics




The D@ Run |l Detector

Retained from Run |

Forward Mini-drift Forward Scintillator

Central Scintillator

chambers - I : _ / | LAr Calorimeter

AW G — : Central muon detector
= Muon toroid
S};ieldi.ﬁg

New for Run [l

Inner detector

(tracking)
Magnetic field added

-5

Preshower detectors
Forward muon detector

Zz f
New Soleneidid racking System | _r

$i, SciFi,Preshowers [ o
\

Front-end electronics
Trigger and DAQ

Fiber Tracker

50 cm

Luminosity In addition: Inner B-layer

Monitor

== e (similar to CDF)




D@ Detector

Fiber Tracker

Solenoid

Silicon Detector
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Challenges with high luminosity

Min. bias pileup at the Tevatron, at 0.6 - 1032 cm?s? ...and at 2.4 -10%2 cm?s™

0.22
0.2
Average number of interactions: 0.18
0.16
0.14

LHC: initial “low” luminosity run 012
(L=2 -10%3 cm?s1): <N>=3.5

TeV: (L=3 -10% cmsd):  <N>=10 SPON: SR RO WO O WS SRR USRI SO S S

0.04
0.02

LHC : L=2 x 10" cm?s™' <Nint.>= 3.5
TEV : L=3 x 10* cm?s' <Ninl.>= 10.3
LHC : L=1x 10* cm?s™ <Nint.>= 17.3
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Jet reconstruction and energy measurement

* A jetis NOT a well defined object
(fragmentation, gluon radiation, detector response)

9]
ju s
e

» The detector response is different for particles
interacting electromagnetically (e,y) and for
hadrons I e rerererrorerers.s (erreorrererrerrrrredi ,f ............
— for comparisons with theory, one needs to
correct back the calorimeter energies to the
Jparticle level“ (particle jet)

Common ground between theory and experiment

calorimeter jet

. particle jet

* One needs an algorithm to define a jet and to
measure its energy

conflicting requirements between experiment and
theory (exp. simple, e.g. cone algorithm, vs.
theoretically sound (no infrared divergencies)) —

parton jet

* Energy corrections for losses of fragmentation products
outside jet definition and underlying event or pileup
energy inside
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Main corrections;

* |In general, calorimeters show different response to electrons/photons and
hadrons

» Subtraction of offset energy not originating from the hard scattering
(inside the same collision or pile-up contributions, use minimum bias data
to extract this)

« Caorrection for jet energy out of cone
(corrected with jet data + Monte Carlo simulations)
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Main performance parameters of the different hadronic calorimeter components
of the ATLAS and CMS detectors, as measured in test beams using charged pions in both
stand-alone and combined mode with the ECAL

ATLAS
Barrel LAr/Tile End-cap LAr CMS

Tile Combined HEC Combined Had. barrel Combined

Electron/hadron  1.36 1.37 1.49

ratio
Stochastic term  45%/vE 55%INE — 15%INE 85%/NE — 100%/WE — 70%/VE
Constant term |.3% 2.3% 3.8% < 1% 8.0%
Noise Small 3.2 GeV 1.2 GeV Small | GeV

The measured electron/hadron ratios are given separately for the hadronic stand-alone and combined calorimeters when
available, and for the contributions (added quadratically except for the stand-alone ATLAS tile calorimeter) to the pion
energy resolution from the stochastic term, the local constant term, and the noise are also shown, when available from

published data.
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Main corrections;

* |In general, calorimeters show different response to electrons/photons and
hadrons

» Subtraction of offset energy not originating from the hard scattering
(inside the same collision or pile-up contributions, use minimum bias data
to extract this)

« Caorrection for jet energy out of cone
(corrected with jet data + Monte Carlo simulations)
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Jet Enerqy Scale

g6 Jet response correction in DG:
9 Jet Response vs Jet Energy (R = 0.7 Cone)
o - . -
o L
§1-4j ®* Measure response of particles
i making up the jet
1.2_* ....................................................................................................................................
I » Use photon + jet data - calibrate
I W T — jets against the better calibrated
- photon energy
: | d R YA AY
{4 ¥
: ; : L
- 9 o g
0,6 R S S 9 19000
| DO Run Il Preliminary
0.4 50 100 150 200 250 Achieved jet energy scale uncertainty:
E (GeV)

D@. AE/E ~1-2%
(excellent result, a huge effort)
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Jet enerqy scale at the LHC

Example: Z + jet balance

» A good jet-energy scale determination is

essential for many QCD measurements mai—z:::;::::d'.", ggg;e”*‘g
(arguments similar to Tevatron, but kinematic Tl e
. . r . - W ey
range (jet Is larger, ~20 GeV — ~3 TeV e,
* Propagate knowledge of the EM scale to ‘°WWW
the hadronic scale, but several processes LA, Aws |
are needed to cover the large p; range S TO R T e Gew)
T 0.04F arxiv/0901.0512
Measurement | Jet p;range N 0.02- 1
process S 0% i
_ 3-0.025- § - " ’5‘.} %
Z + jet balance | 20 < p; <100 — 200 GeV a-0.04-7 T
: -0.060 +
y + jet balance | 50 < p; <500 GeV 008 gop b1 o reco.PTD)
(trigger, QCD background) o-t:-;;: Cone07 jets A wnPTE)
MUItIJet 500 Gev < pT "D:14§_ A truth, (PT{jet)+PT(Z)K2
balance -DJSE‘ATLAS
=018 Lo L b b b b L b
50 100 150 200 250 300 350 400
P; Z (GeV)
Reasonable goal: 5-10% in first runs (1 fb?) Stat. precision (500 pb): 0.8%

1- 2% long term Systematics: 5-10% at low p;, 1% at high p;




Study of minimum bias events

“Hard” Scattering

outgoing parton

proton proton

underlying event

underlying event

outgoing parton

.. and of the underlying event

Understanding and modelling of the underlying event and min. bias events is important for:

Simulation of pileup effects at the LHC

Understanding of lepton and jet isolation

Event selections with jet vetos (often low p; (~ 20 GeV) jet vetos used in searches,
e.g. H > WW — {v {v)

Calibration of the jet energy scale
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Measurement of properties of

minimum bias events

First measurement at the LHC

 Measure charged particle distributions:
rapidity distribution and p-spectrum

* Multiplicity distributions and <p;>

« Large uncertainties on model predictions
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C. Buttar, DIS09

Soft pp collisions
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“Minimum bias events”

* Minimum bias is an experimental definition,
defined by experimental trigger selection and analysis

» Relation to Physics:

C)-measured = 1:sd C)-sd + 1:dd O-dd + 1:nd-inelesticO-nd-inelastic

where f. are the efficiencies for different physics processes determined by the trigger

NB: need to understand what is measured
to allow comparison to previous results,
often presented for non-single diffractive events
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Present experimental preparations / studies

Measurements of minimum bias physics require

. . - g 14 Intljndgrrralu\:e(PYTl-lllAl R R
special triggers and reconstruction S, "l 5 e nawn
_ - b0 o Gwaas erosen ATLAS -
Trigger : ; -
For early running up to ~1030cm=2s1, o —_
number of events/crossing «1 i
- Inner detector space points and tracks |n|<2.5 . §:c?amgmmﬂﬁm"mmmg;,;m:
- Trigger scintillators (MBTS) 2.1<|n|<3.8 RSP 0 e A T

- LUCID detector 5.6<|n|<5.9 = = = = = =
- Zero degree calorimeter (ZDC) |n|>8.3

5 b= _||'I||ll|||III|II|II|||||-|-|
Later, for L = 1033-10%4 cm2s1; use random trigger g non-difractive (PYTHIA)
% - a non-difiractive (PHOJET)
y single diffractive (PYTHIA)
§ sinzle djrrr:c;:wz (PHOJET)
= double diffractive (PYTHIA)
T ol FELT A ERSIRT e = o double diffractive (PHOJET) 8
. g D.QE— “M“‘“&“%ﬂn‘%ﬁql&g ¢+¢ 103_:: aclive | :
Reconstruction Bogf | aeforoo I A > Low pt tracking
Track reconstruction downto .- |-~ : P i, S king
. : s ] foptrraling ole,
very low p+is required ot |4 + newTracking Al R
F L > iPatRec : "0F e E
- E_ _; - ‘:'F HE%IEE = %!B‘B‘i
4L 3 - Ty o
0.4 f : = -r. nn%mﬁaﬁ m'%'s
0.3:_ i _: ‘T léﬁﬂeé‘ﬁéa
i bt sl pnsTus o Tond] e fioned 10" T Ga— v L P
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p. [Gevrg b, (GeV)



An ATLAS / CMS comparison

ATLAS CMS g
 — —II!IIIIIIIIrIlIIII]'IillIII]IIllltIIl]IIiIIIII.—E _g I Il : Illllll‘ Illlll _E
PE AL 12 =< 51 " " 1 2
=z . s I U > oo S
5 f ATLAS 2 b . L N
g2 _ +—i— ©T | "'!‘491??9 ﬁ E
S - H1.15 4 1 8
6 | [ @
- i —— Sim. dN./dn o
5.8 11 3| k=
B MC charged primaries : E L Re(:. dNC-Y’dT], 1 Iayer ®
56 - Corrected newTracking :”! - o » O Rec. dNC"F!dT'l 2 Iayer ] 'E
L. = 0
- Ratio: CorrectedMC ] i 0 Rec. dN./dn, 3. layer o
T et Wy [ s
,.i,:rTqL—.;'—,.,.m—i—ﬁ'*ﬁ—.x..—u. 1 =
- L 4 L 1 3
52 : s=14TeV | S O
B Ns=14 TeV I:‘T > 150MeV ] | global syst. around 7% CMS Preliminary | £ 8
el bvoa b b bornabenii biva bewaa bygn o 14010 570.95 0 . S S W W W S S W 2‘8
25 2 45 4 05 0 05 1 15 2 25 3 -2 -1 0 1 2 3 w o
n n
Uses a tracking-based method Uses a hit-counting method
Dominant uncertainties from the Dominant uncertainties from reconstruction
Inner Detector misalignment and diffractive (hit numbers to charged particle conversion
Cross sections functions)
Goal: total systematic uncertainty ~8%




The underlying event

Average charged particle density in ———

Direction

transverse region

10
. PYTHIA6.214 - tuned BEiC
) PHOJET1.12 o High P, scatter
\"
Al
o
>
g4
o
= ; Beam remnants

2 it x1.5 LS

' ISR
0 750
P,-leading jet

Extrapolation of the underlying event to
LHC energies is unknown;
underlying event depends on: - A lot of Monte Carlo tuning is needed;
» Multiple interactions
* Radiation - Early measurements at the LHC (low p jets,
* PD_FS _ but also in W/Z production) will considerably
* String formation extend our knowledge




QCD processes at hadron colliders

HEXY
OO X

...some NLO contributions

D G
e Dl

» Hard scattering processes are dominated
by QCD jet production

 Originating from qq, gg and gg scattering

* Cross sections can be calculated in
QCD (perturbation theory)

Comparison between experimental data and
theoretical predictions constitutes an important
test of the theory.

Deviations?
— Problem in the experiment ?
Problem in the theory (QCD) ?
New Physics, e.g. quark substructure ?



Jets from QCD production:

Tevatron vs LHC

» Rapidly probe perturbative QCD
In a new energy regime
(at a scale above the Tevatron,
large cross sections)

» Experimental challenge:
understanding of the detector
- main focus on jet energy scale
- resolution

e Theory challenge:
- iImproved calculations...

(renormalization and factorization
scale uncertainties)

- pdf uncertainties

2
d cifdndETI11 o (b/TeV)

10° g

'\ QCD Jet cross-sections w5

10% k

10

10* E
10!
10°
10!
102
10~
10=
107
10°®
107’

lod v b

T

pn=E 2

—  CTEQ4M
-~ CTEQ4HJ
- MRST =

~10 events |
with 100 pb™ |




In addition to OCD test: Sensitivity to New Physics

Contact interactions:

Despite the relatively large jet energy scale
uncertainties (5-10%) expected with early
data, the LHC has large sensitivity to contact
interactions parametrized by a scale
parameter A

Search for deviations from QCD in the
high p region

Heavy resonances decaying into jets

e.g. Z —qq

Search for resonant structures in dijet
invariant mass spectrum

— estimates tomorrow

> 106 E ‘ T | T T | T T T | T T T | T T T | T IE
@ e E
O C [ ] QCD & 10% energy error band I
S 10° * + E
ld E Ll A =5TeV contact interaction E
B E * -
T 104 _E Fs [ A =3 TeV contact interaction é
=T E . E
i ‘e J 1, 10pb'
100 ., |Jdetn|<1, P -
= é ]
83
10° e =
= ¥, %04, E
F ® 0004, 3
] % e g
10g LR E E
£ CMS Preliminary 'oifﬁ'm}{g
1 Gen-Level Simulation e, o
E 1 ‘ 1 1 1 | L 1 1 | 1 L 1 | 1 1 L | 1 1 1 | 1 1 1 |
200 400 600 800 1000 1200 1400
Jet P; (GeV)
—~10° gy
- 1 o .
8 | CMS Preliminary lietn| < 1.0
8
a1 CMSSW 1.2 0

£ 10

© 10

do/d

1
101
10?
10
10
10°%
10°¢

107

Iterative Cone R=0.5

2000 GeV | ']

5000 GeV

Z Ilke spin-1 resonances

10°®
0

1000 2000 3000 4000 5000 6000 7000
Dijet Mass (GeV)



A two |et event at the Tevatron (CDF)

Event : 1222315 R

Dijet Mass = 1364 GeV/c?

E; =666 GeV
n= 043

Tl /)‘/ // / / j

CDF (@-r view)

E; =633 GeV
n=-0.19
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Jet measurements

d?c/dp;dn = N/ (e-L-Ap;-An) 1ot

D@ Run

preliminary

* In principle a simple counting experiment 10
« However, steeply falling p; spectra are '
sensitive to jet energy scale uncertainties

and resolution effects (migration between bins)
— corrections (unfolding) to be applied

10

2 04 0.6

o8 -06 -04 -02 -0.0 . 0
e . - (p'r pT plcl) P |
» Sensitivity to jet energy scale uncertainty: dot L
D@: 1% energy scale error .
— 10% cross section uncert. at |n|<0.4 NJ: 7\
5 °“f D@ Runll
E 0.3 — Total uncertainty /.\ m
0 0_2; - Jet Energy Scale . 1 o
o O e e e -
'E‘ -0 4 -
g o1 P
£ | --Luminosity e !
2 _0'22 — Efficiency
3 0% Iyul<o04 Major exp. errors:
R oo T o R T R o R oo R energy scale, luminosity (6%), ...

P, (GeV/c)




Test of QCD Jet production

Inclusive Jet Cross Section

=10
S «D@ Runll Data, L, =34 pb’ An “early” result from the
S 10°L _— D@ experiment (34 pb1)
= F —NLO CTEQ6M, R =13, iy = [ = —
a f . 2
-
—10 =

- - . g
L Inclusive Jet spectrum as a function
=10 | : _
& E Cone Algorithm of Jet-P
e E
L R, =0.7 |

: very good agreement with NLO
10" . PQCD calculations over many
- 7 [=0> e orders of magnitude !
10°L
of Dlﬁ Rlun ||| Prﬁ'“milnar}' e — within the large theoretical and
10 ==1 1 L | | | | L | | | L1l LIl L1l o 0 0
100 150 200 250 300 350 400 450 500 550 experimental uncertainties

Jet Transverse Momentum [GeV / c]

K. Jakobs Lectures, GK ,Masse, Spektrum, Symmetrie®, Berlin, Sep. 2009



PRD 78 052006 ('08)]

Double differential distributions inp ;. and n
10 CDF Run II Preliminary — :
=107 K, D=07 > 10" D@ Run i * |y|<0.4 (x32)
g - , —— Data O 10f o 0.4<|y|<0.8 (x16)
! 10° " J. L=0.98fb Systematic uncertainties -8_ 5 L] 08<|y|<1 2 (X8)
(O] — - —=— NLO: JETRAD CTEQ6.1M =< 10
= 4 m“‘*g,,. corrected to hadron level .c>5’ 4 = 1 2<|y|<1 6 (X4)
.g 10 il " "‘"‘H__(% Hr =W =maxpy /2=p, Q_'_10 A 16<|Y|<20 (X2)
= :_ Hﬁ H_‘L:t—f - PDF uncertainties Q 1 03 A 2-O<|Y|<2-4
W 10| e R o
-JE :_ .‘.H"m W'SHT_-._'__ “-&““;H:::Mh‘ © 102
l_'ﬁ 102 :: m’ﬂwﬁd Mﬂ%% T 1<01 ( 10%) 10
3 L T e
I ! — 15 s =1.96 TeV
o :: H\k pﬁ%\x H_H 0.1<]y”""1<0.7 (x 10°) 10'E L = 0.70 fo™
- T Py
h-lg 10 8 :— }ﬁw\ '_i:d,ﬁg_d D.T<|yJEr|<1.1 10-2 Rcone = 0-7
— ™ e 3
b &LH 1.4<ly""|<1.6 (x 107 10 — NLO pQCD A
10 il 10 & +non-perturbative corrections
10 1.6<ly"[<2.1 (x 109) 10°g CTEQE.5M p_=p_=p_
_I 111 | L 11 1 | L 11 1 | L1 11 | L1 11 | L1 11 | L 111 | L1 1 —6 | | | | | | | | | | |
0 100 200 300 400 500 600 700 10 50 60 100 200 300 400 600
piE" [GeVic] P, (GeV)

PRL 101 062001 ('08)

» Measurement in 5-6 different rapidity bins, over 9 orders of magnitude, up to p; ~650 GeV
 Data corresponding to ~ 1 fb-1 (CDF) and 0.7 fb1 (D@)



Comparison between data and theory

data / theory

- DG Run |l Reone = 0.7 + NLO pQCD },LR = uF = pT + ® Data . . 1
1.5F = +non-perturbative corrections _ + Systematic uncertai nty’ -
1.0F T . T =

n T g n n

C I 4 I 3
0.5 T +~+ T E

X 104<]|y|<038 T08<«|y|<1.2 ]

[ 5 N . "_I\\I\\I\I\I\I\\\\\\\I\\\§\\I\\}\};L;Wﬁﬁm =

232 NLO scale uncertainty —— CTEQ®6.5M with uncertainties / ]
1.5F o T--- MRST2004 _ .7 T ’,' ]

e e ipEae .=
1 0E - 8.g - "'-.” , I e g ’-50..,’+ I L'-‘__.,-' nr.-.,.’.}. + ;
086 ' T i L -

F 1.2<Jy[<1.6 I16<]|y[<2.0 F20<]|y|<2.4 PRL 101 062001 ('08)
O_O_i L1 1 1 1 1 L1 __I\ L1 11 | 1 1 1 L1 __I\ L1 11 | 1 1 1 L1 1

o0 100 200 300 50 100 200 300 50 100 200 300 p. (GeV)

3

- CDF and D@ agree within uncertainties

Gluon distribution at QF = 10* GeV?

o 1.5 Y

EI o f— MSTW 2008 NLO (90% C.L.)

. . i co E_ MRST 2004 NLO B2

- Experimental uncertainties are smaller than S IE sssomoemo

the pdf uncertainties B b 7 i

. . . . . Q@ et 3
(in particular large for large x, gluon distribution) E 1E N
o "F A
. . . = 0.8F =
- Wait for updated (2009) parametrizations ® oE ——— i
(plans to include Tevatron data, to better osE S w3
constrain the high x-region) o 0.2 03 04 05 06 0708

=



Di-jet anqular distributions

 reduced sensitivity to Jet energy scale
* sensitivity to higher order QCD corrections preserved

& 10 ; & -
s DO A § L DO
;.1 J# b =180 Gev (xa000) ; = : i|

Aq) --i 10 o 130 < pf™ < 180 GeV (x400) 9 1

dijet ki B 100 < p™ < 130 GeV [x20) = P 180 Gl

2 g0 75<pf <100 Gev = e -
- ' - ] i, iy dependance
_EIE f o 2 ._ — PLOF unaariainty
— 10 | §

130 < pr™ < 180 Gal
| I P I —

100 = g = 130 Gal
Pa—— PR S T—

MLOJET ++ (CTEDS M)

i === | 2
10 ,'f MLOJET e+ (CTEGH 144) 1 : — — il
. He = ity = 0.5 pi 75« pi™ < 100 GaV
10 L& m— . E—
2 ami4 n P 3nfd m
A gy (1) Maper (r2)

Good agreement with
Next-to-leading order QCD-predictions
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QCD aspects in W /Z (+ jet)
production

QCD at work
‘ & Sl
: Qe @

» Important test of NNLO Drell-Yan QCD prediction for the total cross section

antiproton

» Test of perturbative QCD in high p;region
(jet multiplicities, p; spectra,....)

* Tuning and ,calibration” of Monte Carlos for background predictions in searches
at the LHC
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How do W and Z events look like ?

As explained, leptons, photons and missing transverse energy are key
signatures at hadron colliders

— Search for leptonic decays: W — €v  (large P, (£), large P Mss)
Z — 228

A bit of history: one of the first W events seen;
UAZ2 experiment

W/Z discovery by the UA1 and UA2 experiments at CERN
(1983/84)

N\

Transverse momentum of
the electrons

b BEa s
[ Coalrat catasimeher -l b

El\iﬂkfﬂlhﬂm}
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1 I - | i i
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Events

CDF Run Il Preliminary, 72pb A

o N
e o
e o
- S S

50001
4000]

30001

2000

1000]

Entries 93870

« DATA

O Sum
W—ev MC
Z—see MC

O wW—tv MC

0O acb

10 20 30 40 50 60 70 80 90 100
missing transverse momentum P,™ss (GeV/c)

Today's W/Z — ev/ee signals

Trigger:
o Electron candidate > 20 GeV/c

Electrons

* Isolated el.magn. cluster in the calorimeter

* P> 25 GeVic

» Shower shape consistent with expectation for electr

* Matched with tracks

Z — ee
« 70 GeV/c?2 <m_,< 110 GeV/c?
W — ev

» Missing transverse momentum > 25 GeV/c

ons

K. Jakobs
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Entries / 3 GeV

/— @8 cross sections

D2 Run Il Preliminary

n Tevatron Z — |' I cross section measurements
- 6126 events
C 1 3
- J L=117 pb candioate events CDF'04 () —- 2558+ 3.9+, +15.4 pb
:_ J CDF'04 (u) —— 248.0+£ 59297+ 14.9pb
C Ml<1.8 monte carlo CDF'04 (e+1) ——  2539+33+46+152pb
- CDF'04 (1) ——e—— 242+480+26+15pb
- — background {prefminary)
300
200 — D0'04 (e) —e—  2649+39+99+17.2pb
- {prefiminary)
100 |- DO0'04 (u) —s— 291.3+3.0+6.9+18.8pb
: {preliminary)
0_ ! sl peal D0'04 (1) —. 252+ 16+19+ 17 pb
0 50 100 150 200
M.su- (GeV)
0 500
o x B, pb

Good agreement with
NNLO QCD calculations,

QCD corrections are large: factor 1.3-1.4
C.R.Hamberg et al, Nucl. Phys. B359 (1991) 343.

Precision is limited by systematic effects
(uncertainties on luminosity, parton densities,...)




Events | 2 GeV/c?

W - @v Cross Section

CDF Run Il Preliminary, 72pb'1

3000~
] ) [ Tevatron W — | v cross section measurements
1 a 37584 W — e v Candidates[
2500 ] Sum i
1 D W-oevMC r
] [ acp .
20004 D W—-s1tvMC L
] Ziy >eeMC [ CDF'04 (1) . 2768+ 16+ &7 + 166 pb
] i CDF'04 (e) —— 2780+ 14 + 55+ 167 pb
1 500: r CDF'04 (e+u) —. 2780+ 14 + 5+ 167 pb
1 CDF'04 (e, plug) —e— 2784+ 34 + 167+ 172 pb
i (preliminary)
1000 i CDF'03(r) —— 2620+ 70+ 210 + 160 pb
1 o (preliminary)
500/ I
0w e : — eetsrees - D004 (o . 2865+ 8+ 75+ 186 pb
20 40 60 80 100 120 140 m'e"mmgv)) P
2
MT (GeV.’ c) POIO3 (1) — s 3226+128+100+322 pb

1000 3560 . GgOO
cxB,p
M, = /2P (P! [L-cosAg”) /

Good agreement with

Note: the longitudinal component of the NNLO QCD calculations

. C.R.Hamberg et al, Nucl. Phys. B359 (1991) 343.
neutrino cannot be measured
— only transverse mass can be reconstructed Precision is limited by systematic effects

(uncertainties on luminosity, parton densities,...)
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Comparison between measured W/Z
cross sections and theoretical prediction (QCD)

Oz X Br(pb)

.= CDF and D@ Run Il Preliminary
CDF and DG Run 2 Preliminary o
- PP WX - Iy #X @
i —~ 3k *1-1L
" pp—oW+X—>1lv+X . Ak
i E 2.5:____—4_;—-—’”‘_#_#_____’_’?;
; ir B ‘
1 0 - r._g al |
: L WOSe) & Doy
: 1.5-— '-'l!-'r ;
B N Runl  EOBiE) @00
i n B | - 1 I | 4 L4 | | S 1 I I._I‘::I:I.F‘IlE= | - (;:DIFI ;: |
s PP — Z+X — Il +X 175 1.8 1.85 1.9 1.95 2
Center of Mass Energy (TeV)
107 CDF and D@ Runll Preliminary
— D@{e) Run2 & D@{u) Run2 -
[ A CDF(e)Run2 ® CDF(u)Run2
B * D@(e) C DE(u)
i A CDF(e) O CDF(p)
o UA1 ¢ UA2
1 1 1 I B | 1 1 1 L
1 | D0} = ® DOju)
Center of Mass Energy (TeV) 150 [ ™ e
= “«DMe} 2 DO
C L &CD[th :‘|CDF(J_|}
£ ]3] o NI EPSTEEPE SRR PRI PSSR 0 T S M 0 A O |
17 175 18 185 19 195 2 205
Center of Mass Energy (TeV)

C. R. Hamberg, W.L. van Neerven and T. Matsuura, Nucl. Phys. B359 (1991) 343
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OCD Test in W/Z + |et production

{% W ) g W : - LO predictions fail to describe the data;
b , b , - Jet multiplicities and p; spectra in agreement
. ; eread with NLO predictions within errors;
O\ s O\ ey NLO central value ~10% low
N N

o . : spectrum of leading jet
Jet multiplicities in Z+jet production PSP J]

= > _DORun I, L=1.04 fo| —#— Data at particle level
10° CDF Run Il Preliminary e 10°E | == MCFM NLO
- F —e CDFData L=25f" = -
e Systematic uncertainties — 10°F (a)
= -5~ NLO MCFM CTEQS.1M ) u
¢ 4 corrected to hadron level 10+
(/] = N fa 10
I e — oM 5 R 13 Sl E -
. E : p =l F Zly (—see)+1jet+X]|
S NLO scale = 24, ;1 = /2 S s 65 < M. < 115 GeV |
N L - == NLO PDF uncertainties % L E | |< ee:/ - 2H)
oyl —+ LO MCFM hadron level Al
X o =?= © 10° E‘ Roone =05,y | < 2-5|| i
zi : ) L 1 | L
b 2‘ == Data
10 = = MCFM NLO == MCFM LO
E —:— 20 = — Scale unc. —=— Scale unc.
- o F ()
= 215 —
_ N i
o 18E 6 F b & o 8 £ 15
4 165 SR ,—— ——— - 3= !"
0 O g 5 F o ———— e —
- D i RPN R - L I"-—_
9 14 ===  ALLELIS—— d— } e | TUTTTTTTT T ——e
g2k T £ B
1f 0.5 1 1 1 ' I B A 1 1
,‘I 2‘ :‘; 20 30 40 50 100 200 300

2N, p, (1% jet) [GeV]



comparison to different Monte Carlo predictions

* Comparison of p; spectra of leading, second and third jet in Z+jet events to
- PYTHIA and HERWIG  (parton shower based Monte Carlos)

- ALPGEN and SHERPA (explicit matrix elements (tree level) matched to parton showers)

Leading Jet Second Jet Third Jet
~+ Dala == PYTHIA 50 =+~ Daia == PYTHIA S0 [ = Dala = =PYTHIA 50
== HERWIG+JIMMY =~ Scale unc. ==HERWIG+JIMMY -~ Scale unc. == HERWIG+JIMMY ="~ Scale unc.
20 b = PYTHIA QW sl == PYTHIA QW ==PYTHIA QW
g EDORunI|, L=1.04 fiy' — Scale urc. 9 55 EDO Run I, L=1.04 fiy — Scale unc. 9 3.0g DO Run II, L=1.04 fiy'— Scale unc.
Z1s5fF Z0E = 20
E C g 1.5
O =
S10fF g 10
e [ 2
o [v]
g & 05
c: -
=+ Dala == SHERPA =+~ Data == SHERPA — Data — SHERPA
== ALPGEN+PYTHIA — Scale unc. == ALPGEN+PYTHIA  — Scale unc. == ALPGEN+PYTHIA  — Scale unc.
20 = —-Scale unc. T o025k — Scaeunc. 0 30k Scale unc.
o F — E _—— i e
= o =20 a
ore | gt - |
6 F - L—=’|‘——;‘i: ———— s
S0k —-j;';b;!"_i'_*:}:"‘“‘ﬁ i‘c" f\- o 1.0
43 B :: --------------- - é :—_--_-_- ------- _{ % "
i — - £
| IV SR NN N S N | | L 1 1 1 1 | I | ] 1 1 1
100 200 300 20 30 40 5060 100 200 20 30
p, (1% jet) [GeV] p, (2™ jet) [GeV]

....they might have to try harder




comparison to different Monte Carlo predictions

* Comparison of p; spectra of leading, second and third jet in Z+jet events to
- PYTHIA and HERWIG  (parton shower based Monte Carlos)

- ALPGEN and SHERPA (explicit matrix elements (tree level) matched to parton showers)

Leading Jet Second Jet Third Jet
4 Dala =+= PYTHIA S0 = Data == PYTHIA S0 =+ Dala == PYTHIA 80
== HERWIG+JIMMY = Scale unc. ==HERWIG+JIMMY =+~ Scale unc. == HERWIG+IMMY ="~ Scale unc.
20 b = PYTHIA QW il = PYTHIA QW = PYTHIA QW
g EDORunI, L=1.04 fo' — Scaleunc. 9 2‘0 E DO Run I, L=1.04 fly |~ Scals unc. S 3.0k DO Run Il, L=1.04 fo'"— Scale unc.
Z1s5fF Z0E = 20
= b
5 r g1
S0l g 10
e [ 2
2 ¢ 05
o
ﬁ -
=+ Data = SHERPA =+~ Data == SHERPA —~ Data — SHERPA
== ALPGEN+PYTHIA — Scale unc. == ALPGEN+PYTHIA  — Scale unc. == ALPGEN+PYTHIA Scale unc.
20 = —-Scale unc. o~ o225k Scale unc. &30 —~ Scale unc.
2isE ) Z20F G = 20E (@) .
N S 515 e — ¢ 20 i—ﬁw
= e =k - Y —
§of gt | S bbb I e
=10 ;‘-—-_‘"_{ r = e — e 1.0 - - a
£ | mrmmmmem—————i i ; [ ._.{ % —————————————
% —————— T TO5 S - it R
T W o i ——
0.5 L L ' i | ! 1 1 1 R | 1 1 1 1 L |
20 30 40 50 100 200 300 20 30 40 5060 100 200 20 30 40 50 60
o, (1 jet) [GeV] p, (2" jet) [GeV] p. (37 jet) [GeV]

» Conclusions: (important for LHC)
- Parton shower Monte Carlos fail to describe the higher jet p; spectra;
- Better agreement for ALPGEN and SHERPA, parameters can be tuned to describe them,
but uncertainties -linked to the underlying tree level calculations- remain large;
- It would be desirable to have NLO matched calculations




W and Z Cross sections at the LHC

Even with early data (10-50 pb),
high statistics of W and Z samples

— data-driven cross-section measurements

W — uv

Events/ GeV

P an oo, CQ};
i Ty el
s = | ﬂ!.l'l. o -ﬁ}ul;u:h;‘l )

80

|
100 120 140
My, [GeV]

Limited by luminosity error: ~ 5-10% in first year,

Longer term goal

~ 2-3%

(process might be used later for luminosity measurement)

W —-ev
—IIII Illl!\lillllll!illlIlll!illlyllll!\l{l‘lllﬁ
% 10000 1 CMS - Sy ' -
9 Preliminary &
| di-jets ]
4\@ 8000 N
% v¥Z>ec HEEE |
> L WO
o 6000_
4000} Py Signal+B Ckgérou 1d |
‘ ) g
2000 \ 10pb
0 10 20 30 40 50 60 70 80 90 100
£, (GeV)
Z— ee
> 10°F rrm ' ICMSPI 1 =
] E =
3 dicjet reliminary E
0 Wiets Y*/Z—>ee i
@ 102E , Signal+Background —
o oo oo |
i
10
1

120 140
Mee (GeV)



Top Quark Physics

znd 3rd
jons

st

1
Geﬂerat

 Discovered by CDF and D@ collaborations
at the Tevatron in 1995

* Run | top physics results are consistent with
the Standard Model

(Errors dominated by statistics)

* Run Il top physics program will take full
advantage of higher statistics
- Better precision

- Search for deviations from Standard Model
expectations

K. Jakobs
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Why is Top-Quark so important ?

i
EPTON The top quark may serve as a window

sicteniioung | ueniausino | Tounauno to New Physics related to the
electroweak symmetry breaking;

o | @

-
Eleciron MALIC Tou
a1 105.7 1777

QUARK Why is its Yukawa coupling ~ 1 ??

. (@’
e N THE 1
M . = ﬁ/%ﬂ/
g T _ M,
" 173.9GeV/

« We still know little about the properties of the top quark:
mass, spin, charge, lifetime, decay properties (rare decays), gauge couplings,
Yukawa coupling,...

A unique quark: decays before it hadronizes, lifetime ~10%*s
no “toponium states”
remember: bb, bd, bs..... cc, CS..... Bound states (Mesons)



Top Quark Production

Pair production : qqg and gg-fusion Electroweak production of  single top-quarks
g : (Drell-Yan and Wg-fusion)

q>w<t
g t 9 t g t
o e
g t 9 t 9 t

q t q, ql
q q;»(
PN = e
b — )
q b g g

recently discovered by CDF and D@ at Fermilab

Tevatron | LHC Tevatron | LHC

1.96 TeV |14 TeV 1.96 TeV | 14 TeV
qq 85% o% o (qq) (pb) 0.9 10
g9 15% 95% o (W) (pb) 2.4 250
o (pb) 7 pb 830 pb o (gb) (pb) 0.1 60
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Top Quark Decays

BR (t—>Wb) ~ 100%

Dilepton channel:

Both W’s decay via W - tv ({=e or u; 4%)

Lepton + jet channel:

One W decays viaW - v (f=e or u; 30%)

Full hadronic channel:
Both W’s decay via W - qq (46%)

Important experimental signatures: :

o
LLEv
-

Top Pair Branching Fractions

"alljets" 46%

T+jets 15%

1%
it 25
1]
L 1 +ets 15%
v*\l‘}“ﬁ *
. e+jets 15% :
'dileptons” "lepton+jets™

Lepton(s)

Missing transverse momentum
b-jet(s)

K. Jakobs
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tt_cross section (dilepton) |\ /v

« Two high p; leptons (opposite charge)
€€, el, Ul

e Significant missing transverse momentum

e 21 jet (en), =2 jets (ee, UY)

ee,epd and pp combined

..g 60l w» preliminary, 1.05 fb" -
o | i ]
2 ; Data ‘ ait | CDF Il Preliminary 2.8 fb™
i tt ° . 5
S | zy sof | data ;
E a0l ™ Diboson i Entries 162 ]
=] B Fake = Dﬂj’g el
I % =57 Pold
é: M aco
i | Frd
vz 3
20 v ]
i M oy— v ]
Moy s |]
0 2 3
3 P 5 6

Number of jets

secVix tag multipiicity

Top quark is needed to describe the
b-jet multiplicity distribution in dilepton events



tt cross section (lepton + jets) (including b-tagqgin q)

Kinematic selection:
 One high P+ lepton (e, W)
« Significant E,™miss

e 24 jets

* Likelihood discriminant (tt vs. W+jets)

b-tag selection:

 One high P+ lepton (e, W)
« Significant E,™miss

21 b-tagged jet

] E
§ R D@ Runll Preliminary 913 pb™  KS = 0.990 = DATA 352
W 400 Mos £ 70 [ ii 124
_ :::;::} i 60 3 | WiJets 168
200 | %‘ I Vultijet 62
50F
a0

1m AR

Clear excess above the W+ jet background
in events with high jet multiplicity

t;

04 05

0.7 08 0.9 1
Likelihood Discriminant



Tevatron b-tagqing performance

D0 NN Tagger |
+ Run lla Preliminary

g I Run Iib Preliminary
> 80
Displaced tracks e | I
% »
i 70!
o . =
Decay llfetﬂTye //%econdary vertex A : ¢
. = Loose ---go----%" Similar
Primary vertex / |
9\ / for CDF
dg\‘,j Tlght ---30E
Prompt tracks | ¢
40§ ' 1 T
| P> T5and 0<<25 )
AR . B A R
fake-rate (%)
Neural networks are used for optimal
combination of tagging information
K. Jakobs Lectures, GK ,Masse, Spektrum, Symmetrie“, Berlin, Sep. 2009



tt cross section summary (preliminary)

CDF Run Il preliminary’ July 2008

August 2008

" [ Cacciari et al., arXiv:0804.2800 (2008)  Assume m.=176 GeVic®: Dg Run " = preliminary
Kidonakis & Vagt, arXiv:0805.3844 (2008) E ]
[ Moch & Uwer, arXiv:0807.2794 (2008)
- L I+jets & dilepton & tau+lepton* +0.46 +0.64
prEtils 8.3+1.3:0.7+0.5 L0t HoH 783708 1hoapb
“Lepton+Track: Vertex tag 10 11.841.140 6 I#jets (o-agged & topological, PRL) - - 7.42 1053 4046 1045 pb
(L=1.1fb) R 09
. i g ‘ +0.52 +0.77
D"(liztozha ' 6.7+0.8+0.4+0.4 I:J?;-Enml e hHoH 820 5 T gg1050pb
. - . . -
Lepti)nﬂels_% Kinematic ANN 6.8+0.4+0.6+0.4 d"ept_{m (topological) —o—H 7.03 jgi i‘:’ég 1043 pb
(L=281b) .
. ‘ e .
LoptonsJets; Vertex Tag 7.2+0.4+0.5:0.4 '1*‘;?;1" (gged) FoA 50 1% 2 w03 pb
) »
LoploneJets Sof Eecion’ 7822441 5:05 tauslopon e fe—  7mUu2.0  Summary of syst.
‘ 22 s LT
'Lepton+Jetsi Soft Muon Tag, . 8.7+1.140.9+0.5 lau+jets (b-tagged)* 3 07 Uncel’tal nt|eS
(L=20f) gm0 OIS EEEEE 24 I ® 1 54 757 0«03 pb . ;
MET+Jets: Vertex Tag Y 08 alljets {b-tagged, PRD) 120 +14 b-tag analysis (2.7 fb™):
) &
AII—(rll-zid‘Irck}g%%ferlex Tag 8.3+1.0 i?:gio. 5 N . (stat) {syst) (tumi) JET ENERGY SCALE 0.16 2.2
it T B M. Cacciari efal., arXiv:0804.2800
'CDFicombir]Fd 7.0+0.3+0.4+0.4 [W(;TEQE' :M N. Kidonakis and R, Vogt, arkiv.0805.3844 BOLTOMIERBQING 0.38 5.2
(=281 I — S Moch and P. Uwer, arkiv:0804. 1476 AR TAGGING 0.08 14
1 I B - wees s .
o ) 4 5 8 10 12 14 0 2 4 6 8 10 12 msTacs ; .
— = - HEAVY FLAVOR
o(pp — tt) (pb) o (pp = tt) [pb] CSieE O 0.23 3.2
LUMINOSITY 0.42 5.8
Good agreement: iy it RE
H c PARTON SHOWER 0.13 18
- ts (two experiments MODEHING : :
among various exp. measurements ( P | mapene
0.04 0.6
. . . RADIATION
- and with NLO + LL QCD prediction
TRIGGER EFFICIENCY 0.05 0.6
- Systematic uncertainties at the 10% level — —
(luminosity, b-tagging) TomL 0.67 9.3

CDF Run Il Preliminary L=2.7 fb:|



Large cross section:

Top cross section in early LHC data

~ 830 pb at Vs = 14 TeV

Reconstructed mass distribution after a simple selection of tt - Wb Wb — €vb qgb decays:

Missing E; > 20 GeV

3 jets pT> 40 GeV +
1 jets p,> 30 GeV

250
200

Number of events / 10.0 GeV
g
LB | L L L l I | I | 1L l L]

150

300}

{504 GeV

250
200

150]

1043}

MNumber of events |

III|IIIJIIIII|IIII|IIIIII-

Clear W peak!

No b-tagging

S 8 8
>

Events/10GeV

B 885 8 8
2.

I

UL I LA L L L

(L IR L L

Cthar
Bother
[Csingle t
B W+iets

after b-tag and
W-mass selections

i

ATLAS
100 pb™

50 100 150 200 250 300 350 400
My (GiEV]

450 500

A
100

“3m0 10 b0 &0 100 120 140
M,(GeV)

» Cross section measurement (test of perturbative QCD)
with data corresponding to 100 pb possible with an
accuracy of +10-15%

» Errors are dominated by systematics
(jet energy scale, Monte Carlo modelling (ISR, FSR),...)

e Ultimate reach (100 fb'1): +3-5%
(limited by uncertainty on the luminosity)




Electroweak parameters

- W mass
- Top Quark Mass & Properties

- Single top, V,,

/
é
é

&
i
¥
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Precision measurements of m__,, and m,,,

Motivation:

W mass and top quark mass are fundamental parameters of the Standard Model;

The standard theory provides well defined relations between m,,,, m

Electromagnetic constant
measured in atomic transitions,
ete- machines, etc.

|

Tag, 1
2 | 1-A
/,(3F SITI’] B r

weak mixing angle radiative corrections

measured at Ar ~ f (mopz’ log m,)
LEP/SLC Ar = 3%

m,, =

Fermi constant
measured in muon
decay

1op @Nd My,

G, ag,,, Sin 8,

are known with high precision

Precise measurements of the
W mass and the top-quark
mass constrain the Higgs-
boson mass

(and/or the theory,

radiative corrections)




Relation between m ,,, m,, and m,,

80.70

80.60

80.50

=4

M, [GeV]

80.40

80.30
SMI

MSSM
both models |

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '07 7]
R R N N N N N R R IR B RN

|
160 165 170 175 180 185
m, [GeV]
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The W-mass measurement

1/2
m =| T%eu 1
w .
v2G. ) sing, v1-Ar 3-10*
V

myy (from LEP2 + Tevatron) = 80.399 + 0.025 GeV
CDF Run 0/1 —e——  80.436+0.081
DO Run | ——e—— 80.478 + 0.083 mtop (from Tevatl’on) =173.1+1.3 GeV

©,
CDF Run I — 80.413 + 0.048 o 0.8%
I T

Tevatron Run-0/V/Il —o— 80.432 + 0.039 | —LEPE ame Uevelen (prel)

80.5- -~ LEP1 and SLD
LEP2 average —g— 80.376 + 0.033 68% CL

>
World average (prel.) +@- 80.399 + 0.025 8
28041 |}z
DORunll m, (prel)  +—@— 80.401+ 0.044 E§
| | ! | < A light Hi ni
80 80.2 80.4 80.6 | S 52 oI 12
80.3 favoured by present
m,, (GeV) |
. measurements
150 175 200

m, [GeV]

Ultimate test of the Standard Model: comparison between the direct Higgs boson
mass and predictions from radiative corrections....



Technigue used for W mass measurement at hadron col liders:

E, Event topology:

S 10000 ——— -
; ! DO Preliminary, 1 tb - DATA
g 7500— = FASTMC
P - B W-stv
5 5000 W Zsee
o L Fit Region acD
I 2 -
2500 y2ldof = 48/49
% 60 & 0 10
m,, GeV
Observables: P.(e), Py(had)
= P(v) =-(Pi(e) + Pg(had)) long. component cannot be

= |\/|VTV = \/2 DPTl DPTV [ﬁl— COSA(d’V) measured
In general the transverse mass M- is used for the determination of the W-mass

(smallest systematic uncertainty).
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Shape of the transverse mass distribution is sensitive to m,, the measured
distribution is fitted with Monte Carlo predictions, where m,, is a parameter

-- MC template: Mw=80 GeV |
-- MC template: Mw=81 GeV |

50 70 80 a0 100
M. (GeV)

Main uncertainties:

Ability of the Monte Carlo to reproduce
real life:

» Detector performance
(energy resolution, energy scale, )

* Physics: production model
Pr(W), Ty ...,

» Backgrounds

K. Jakobs
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Systematic Uncertainties (Tevatron measurements)

CDF Il : 200 pb

m; Uncertainty [MeV] Electrons Muons Common
[Cegfon Scale 30 7 1
Lepton Resolution 9 3 0
Recoil Scale 9 9 9
Recoil Resolution 7 7 7

u, Efficiency 3 1 0
Lepton Removal 3 S 9
Backgrounds 8 9 0
pr(W) 3 3 3
PDF 11 11 11
QED 11 12 11
Total Systematic 39 27 26
Total 60

Total

48

fl

DO Preliminary : 1

|leimw ) MeV mr|

o m e e e e

=

Electron Energy Scale

fLhloctoon nergy Beselution Mool
| Eleciron Energy Nonlinearity

| W and £ Electron energy

| loss differences

| Recoil Maodel

| Electron Efficiencios

| Backgrounds

| Experiinental Total

W production and
tdecay model

'BFOF
::QI‘:-D
E_Bi:l&-un i

e

W model Total

?ITut.al

Statistical

23

Total

44

Dominant error: knowledge of the lepton energy scale of the detector !



What precision can be reached in Run Il and at the LHC ?

Int. Luminosity CDF DY LHC
Numbers for a 0.2fb? 1fb? 10 fb-?
single decay Stat. error 48 MeV | 23MeV | 2 MeV
channel Energy scale, leptonres. | 30 MeV | 34 MeV 4 MeV
W — ev Monte Carlo model 16 MeV | 12 MeV 7 MeV

(P, structure functions,
photon-radiation....)

Background 8 MeV 2 MeV 2 MeV
Tot. Syst. error 39 MeV | 37 MeV 8 MeV
Total error 62 MeV | 44 MeV | ~10 MeV

» Tevatron numbers are based on real data analyses
 LHC numbers should be considered as ,,ambitious goal”

- Many systematic uncertainties can be controlled in situ, using the large Z — ¢/ sample
(pr(W), recoil model, resolution)
- Lepton energy scale of £ 0.02% has to be achieved to reach the quoted numbers

Combining both experiments (ATLAS + CMS, 10 fb-1), both lepton species and
assuming a scale uncertainty of + 0.02% a total error in the order of
= Amy ~ £10-15MeV might be reached.



Signhature of Z and W decays

Underlying event
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What precision can be reached in Run Il and at the LHC ?

Int. Luminosity CDF DY LHC
Numbers for a 0.2fb? 1fb? 10 fb-?
single decay Stat. error 48 MeV | 23MeV | 2 MeV
channel Energy scale, leptonres. | 30 MeV | 34 MeV 4 MeV
W — ev Monte Carlo model 16 MeV | 12 MeV 7 MeV

(P, structure functions,
photon-radiation....)

Background 8 MeV 2 MeV 2 MeV
Tot. Syst. error 39 MeV | 37 MeV 8 MeV
Total error 62 MeV | 44 MeV | ~10 MeV

» Tevatron numbers are based on real data analyses
 LHC numbers should be considered as ,,ambitious goal”

- Many systematic uncertainties can be controlled in situ, using the large Z — ¢/ sample
(PT(W), recoil model, resolution)
- Lepton energy scale of £ 0.02% has to be achieved to reach the quoted numbers

Combining both experiments (ATLAS + CMS, 10 fb-1), both lepton species and
assuming a scale uncertainty of + 0.02% a total error in the order of
= Amy ~ £10-15MeV might be reached.



Top mass measurements

e Top mass determination: o 1
] ) ) D@ Run lIb Preliminary, L=2.6 fb’

No simple mass reconstruction possible, £, osE. lepton-jets with prior
Monte Carlo models needed 105E-

— template methods,... 102t
matrix element method...

Most precise single measurements 0.9/

My, =172.1 = 0.9 (stat) +1.3 (syst) GeVic? (CDF)

CDF Run Il Preliminary (2.8 b

My, = 173.7 + 0.8 (stat) +1.6 (syst) GeVic? (DD) 3l 2 g eventsmi™
E sk —— Data
% i }[ M Fittea i
i al [0 Fitted Bkg
 Reduce jet energy scale systematic by i JNdof = 202 /22

using in-situ hadronic W mass in tt

Prob = D.568

events :
(simultaneous determination of m, and ot
energy scale) T

m (GeV)

full hadronic channel



Example: template method

 Calculate a per-event observable that is

sensitive 1o mt B-tagged signal templates

20.024
« Make templates from signal and § 0022
background events Z 0.02 |
2 0.018 . Dmﬂpzwn Gevic*

E=]
» Use pseudo-experiments (Monte Carlo) £ 0016
to check that method works

. M,,=175 GeVic’
. M, =200 GeV/c®

* Fit data to templates using maximum
likelihood method

200 250 300
reconstructed M,,, (GeV/c?)
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Future Prospects for the top quark mass measurement

Mass of the Top Quark (*Preliminary)
&
CDF-1di-l 167.4 +10.3+ 4.9
.2
DO-I cii-| 168.41+12.3+ 3.6
; _ ———
CDF-Il di-l 171.2+27+29
A . ——
f D0-11 di-) 1747+29+24
——
CDF-1 1+ 176.1+ 5.1+ 5.3
. S
DO-| 14§ 180.1+ 3.9+ 3.6
: ey
o SRy 172.1£09+1.3
" [
B D0-1114] 173.7£08x 1.6
*
CDF-l all 186.0 +10.0+ 5.7
——
S FCOF-Il all

174.8+1.7£19

173.1£ 0.6 + 1.1

(stat) = (syst
lidof = 6.310.0 (79%)

" 160 170 180 190 200
My, (GeV/c?)

Expected LHC precision for 10 fb1:

M, [GeV]

80.70

80.60

80.50

80.40 |

80.30 ¢

L L L L L
experimental errors 68% CL:
LEP2/Tevatron (today)
Tevatron/LHC
= |LC/GigaZ

both models

MSSMIEE ]

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '07 7|

160 165 170 175 180
m, [GeV]
<~ 1 GeV/c?

(Combination of several methods, maybe somewhat conservative)
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Production Cross-Section
Production Kinematics

Spin Polarization

Production via interm. Resonances
t' Production

Top Mass

Top Charge

, Top Lifetime

A Top Spin Anomalous Couplings
! CP Violation

Rare / non-SM Decays

Branching Fractions
CKM matrix element IthI

W Helicity

Other top properties

Tevatron Result luminosity
(fbo)
Mass 173.1+£1.3 GeV ~3.0
W helicity CDF: f,=0.66 £0.16, f, =-0.03+£0.07 1.9
D@: f,=0.49+0.14 f,=0.11+0.08 22_27
Charge rule out Q = +4/3 (90.% C.L.) 1.5
Lifetime [ <13.1 GeV (95% C.L.)
Vi V,, > 0.89 (95% C.L.) ~1.0
BR(t—Wb) /
BR(W—Waq) R = 0.97 (+0.09) (-0.08) 0.9
BR (t — Zq) <3.7% (95% C.L.)

dN

dcos 0"

0.8
0.6
0.4

0.2

Lepton angular decay

=== |eft-handed
= longitudinal
++= right-handed
= 5um (SM)

DES 2227

K

05 f
cos b

fovs f:

DO Run Il Preliminary

, L=22-27%"




Event Yield

First observation of Single Top Production
at the Tevatron

d
i q W t
1%
i q VI!) E
b Vzb
500 7] ,
¢ Daa = Combined Results
M th+tgh g
400 - = i w L Significance s
B Wi+ Wej —
. Zejets [(b~] Exp. Obs. [pb]
300 - — i
B it DO 23 45, 500 3.9%9
200/ @® 32 595 500 23708
100 |-
5 0 0.2 0.4 06 0.8 1
02 04 06 0.8 1 Super Discriminant
Combination Output
" - g‘ —1
;‘ DG 23 fl:i' CODF Run il Pmi:rrinar)-.L=3.2lh'!E§iLEil g 1.5 Dﬁ 23 fb
3 : e § F Al chanmels =f..“'b';f"&"m"' =] I
0 e+l 2-4 jets g = 5 |
= 1-2 b-tags @ 2o ! |Vinfi!| = 1.07 £ 0.12
E 18- % 100
g 20 ::; E flal prior = 0
w, 12 z 0_5'
% II; E—-
< 10 |
%‘; % o5 1 15 3 75 3
W T i1 Ithfﬂz
% 50 100 %0 200 6™ 20 0 160190 200 T4 3k N
issin =) =1. 12,
QET[ V] | MI’EC‘{GEV |Ves L1|

Top

| Vip| > 0.78 at 95% CL



Summary of the 2. Lecture

* Hadron Colliders Tevatron and LHC play an important role in
future tests of the Standard Model

® Predictions of Quantum Chromodynamics can be tested in
- High p; jet production
- WI/Z production
- Top quark production

 |n addition, precise measurements of Standard Model parameters can be
carried out.

Examples: W mass can be measured to ~10 - 15 MeV
Top-quark mass to better than ~ 1GeV
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