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Cloud chamber
reaction:
op = K°A
with subsequent
decay
K’=-n'n and A= pr
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Multiplett Isospin Teilchenmultipletts

Singulett I =0 n A Q-
Dublett 1 =1/2 K° K+ K- K%  [(mp) (E-E
Triplett I=1 (7=, 7, 7F) (2 2% Bt

Quartett T =23/2 | (A, A%, AT, ATH)
I,= -3/2,-1/2, +1/2, +3/2

Multipleits of Hadrons
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(Quark | Baryonzahl B | Spin J | Isospin I Ig Seltsamkeit S | el. Ladung Q |[e]
u +1/3 1/2 1/2 +1/2 0 +2/3
d +1/3 1/2 1/2 —1/2 0 —1/3
S +1/3 1/2 0 0 —1 —1/3
U —1/3 1/2 1/2 —1/2 0 —2/3
d —~1/3 1/2 /2 [ +1/2 0 +1/3
s —1/3 1/2 0 0 +1 +1/3
Isospin and Quarks
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Weight Diagram for Quark and Antiquark Tripleit
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=5 Y=5
oK° 1 o KT oK 11 o ¥t

S

or- +-—1 efo e~ ——1 ef=0

Weight Diagrarn for 0" and 1" Meson Singlet+Octet
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(Quarkinhalt 0~ Zustand 1~ Zustand  Ig P =y
us Kt(494)  K*'(892) 142 A4z 1
ds K°(498) K*0(896)  —1/2 1/ 1
ud a7t (140) o (769)° 1 1 0
uu — dd 5

135 0(769)" 0 1 0

7 w(135) p°(769)

dt 7~ (140) p~(769)° -1 1 0
sd K©°(498) K *°(896) 1/2 1/2 -1
T} K—(494)  K*(892) —1/2 1/2 -1
5. Text 7(547) w(782) 0 0 0
S. Text 7 (958) $(1019) 0 0 0

Quark Content and Quaniurm Nurbers for Mesons
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Quark Zustand

Inhalt Iy 1 S

uud  p(938) 1/2 1/2 0

udd  n(940) -1/2 1/2 0

uds ﬁ(lllﬁ)”’ 0 0 —1

uus 2.7(1189) 1 —

uds 3°(1193)" 0 =

dds  X7(1197) -1 —1 Quark Content and
........ o Quantum Numbers
uss ="(1315)  1/2 1/2 =2 45 1/2* Baryon
dss ={1321) 142 1/2 2 Octet
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Inhalt I3 S

wmu  ATF(1232)* 3/2 3/2 O

uud  AT(1232)*  1/2 3/2 0

udd  A%(1232)*  —1/2 3/2 0

ddd  A7(1232)* -3/2 3/2 0

uus  2T(1383) 1 —

uds  X°(1384) 0 —

dds X (1387) -1 —

1SS 50(1532) 1/2 1/2 _9 Quark Content and
dss  =(1535) -1/2 1/2 —2 ‘Quantum Numbers
...................................... for 3/2" Baryon
S58 Q~(1672) 0 0 -3 Decuplet
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Discovery of )/wv:
PP~ (Brookhaven) and e*e-scaitering (SLAC)
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v'(3.7) = y(3.1) n'nt = e'e n'w
in a spark chamber detecior
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o, nb —»

ras) | Y(25) T(3S) i
20 10
10} 5t
t
9.40 944 948 008 10 10.02 10.30 1034  10.38

E. .., GeV

Measurements of lowest Y resonances
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Hauptquanten- 2°T1L; JEE cc Zustand bb Zustand
zahl

et 18, 0t 1,(2980) _

A —1 53, T J/9(3007)  T(9460)

gy = 15, s — —

- 33, 1= (3686) T(10023)
i D 3P, O xwo(3415)  xs0(9860)
= 2 3P1 1++ Xel (3511) X51(9892)
n =2 3P, 2 xa3556)  xe(9913)
= 1p 17 —

cc and bb states (Masses in MeV)
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-0.5_

-1.0L.

Potential of sirong quark interaction
frorn charmoniunn and boftormiurn data
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polar angle of jets in 2 jet evenis
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R in Light-Flavour, Charm, and Beauty Threshold Regions

o
o}
L o]

TTTTT T T T TTTT T T 1 | A O T m
- @ o
g @
— B b : e |
I Oy = g I
O = = o
= @O O
L (] g i
Q3 =5
- Q‘C.'l' gy -
O q Jm
b O = L [ 1 T .
05 L E
o [} =
M =
s N
= T
L ]
B g 2
- Zg A
;. E% _
3]
B =
= e D D
L. o Eu T
g "
- Eg =3
55
- 8 =il AE -
" ;“\."% "
" o = i
- - o
T <
I I | | |IIIIIII | I T | |
w
2 = =

O

L L B L

M

Elementary Particle Physics: Quarks and Hadrons

i
ISR
= :
| % = e
o "AN
i -
- R, bl o
o
- EEE5aly I
= Eo0om
= 4 HEEE e -
2 - W
= =
—) —a ]
|= * e
b b b be g bl
LT+ ] Iy o Lo | Laf]

4.5

3.5

T (38)

CUSB
DASP

s CLEOI

b

T (28)

K |

2 Crystal Ball

# ARGUS
4« CLEO

oy

ﬁT

—

b looialg

0

Christian Schwanenberger

M

L~

10

=

™

Page 24

|

10 10.5 11

VS [GeV]

9.5

@ H}m .




Plonen
(¢)

Quark o _/Feld der Farbladungen

—~—— ¥ ‘:“ o —_ _T_"m o

[ - A L v vy L )‘\
v\
/
Normal-Hadranen Quark-Antiquark-Paare

Schematic Hadronisation
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spin 0 gluon

dN/dcos ¢
/
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L
—_
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3 jet event and angular distribution
ai e'e” acceleraior PETRA
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as F(r — v, + hadrons)
Bl Deep inelastic
scatlering
a{e*e” —hadrons),
g*e~ event shapes
03k
L
¥
e L K I(Z% —hadrons),
‘T Z° event shapes
i GLS sum rule {
W decay
01k T decay A=02GeV
strong coupling o (@7
L . , g pPing o,
1 102 109

g, GeV* Q2
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-] HISS | LI L I LI I LI I | I LI I LI | I NIt I LI | I LI | I LI | I LI |
a Q TOPAZ pp/eepp and qq average: A :
TES 130 ' Fitsto leptonic data from: g
% DORIS, & PEP, O PETRA, & TRISTAN
145 - .
140 - 4 .

135 | :
130 M ou(Q) INE
125 | g L OPAL ﬁE

120
115 | o
. OPAL 2-fermion fits: © ]
110 ; i
: average: ® :
105 L

0 20 40 60 S0 100 120 140 160 180 200
Q/GeV

o' as function of Vs in e*e  annihilation
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David Gross, David Politzer and Frank Wilczek awarded the 2004 Nobel
Prize in Physics for the discovery of asymptotic freedom

(Lg

[ Twenty vears ago, David Gross,

sk N @ H1-incl. et data David Politzer and Frank Wilczek

AT discovered asymptotic freedom
i 4 E
H‘a&ﬂ SR EU0E in the theory of the strong

interactions. Measurements
published by H1 in the year 2000
beautifully illustrate this effect: the
strong coupling a is seento

0.15

decrease as the energy at which it
is measured, ET]Et, increases,

0.10

10 20 100

Er [GeV]

Noble Prize 2005 for running of strong coupling o
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Top-Quark Mass Prediction

t H
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Discovery of the Top Quark

LEP + SLD + Colliders + vq ;
L I N S B S S & 200
-
i =3
25 A 2
I é- 180
20+ 8
160
15 &
- 140
ni ] / / indirekte top-Masse ans EW -Fit
R N I 120 / / Eaoasied (mit exp. und theoret. Unsicherheit)
100 150 200 250 7 |
M. (GeV) / -
100 / /  direkte top-Massen Messung
:‘f / '  (mit exp. Unsicherheit)
Ky ~ CDFund DO am TEVATRON
30 | /

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

... discovered the top exactly where it was expected ...
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The TEVATRON ait Fermilab

Main Injector

N & Recycler
P = > -« = p
Vs =1.96 TeV
At = 396 ns

Run 11987 (92)-95 L_~ 125 pb’
Run 11 2001-09(?)

> 40- to 90-times larger dataset
at increased energy
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Strong Top Quark Production

|'"

>sw_w/< qq~85%

oy

o 5 L !
jﬁ y }M< ag ~ 15%
y oo | ;

Runl Runll LHC
(2fb") (10fb™)

no ttbar 20 800 8 *10°

(m; sample

>1 b-tag)
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proton - (anti )proton cross sections
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0.1 1 10
Vs (TeV)
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Decay Topology in Tharl

Top quarks decay predominantly
(~100%) to a W-Boson and a b-quark

Top-Antitop Signatures:

“dilepton channel’
5% : 2]jels, 2 charged leptons, 2 v

'lepton+jets channel'
30%: 4 jefts, |1 charged lepton, 1 v

‘all-jets channel’
40%: 6 jels

always 2 jets are b-jets

w Elementary Particle Physics: Quarks and Hadrons

top decay 22 o

H1+x 4%
O u+jets
[ g+jlefs
B ete
Het+u
O+ 1.4% 1.4% 14.8 %
B hadronic 2.8 %

14.8 %

Christian Schwanenberger Page 34 B



otorn-rJzis: A Typical p+Jets Event

Muon + Jets candidate event

mip signal \
in calorimeter
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b-tagging in CDF and D@

* b-quark lifetime ¢t ~ 450 um
- b-hadrons travel I.xy ~ 3 mm before decay

CSIP = SVT/SVX
counting signed impact parameter tag

Secondary vix

displaced track

Primary vitx o d,
* count the number of track with large * explicitely reconstruct 3D vertices
positive DCA significance ¢ out of track jets
* jet is tagged if * cut on decay length significance
N (c>2)>3 or * tagging eff. ~50%

N, (c>3)>2 & can also tag muon in jet from soft-lepton decay
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Dilzoton: An Example pu-Event

3
-'H‘\\‘“-.__ ",

TN = |

r.—  —

| == WW B= || :+

I
| * ]\ CDF Il Preliminary
*ﬂ '1/ Secondary Vertex
W1 | 1
4 /4 i
\< Y < /ﬂ Jet 65.6 GeV i

+
[~

™

L, = 6.2 mnh, :: Muon 35.9 GeY
; _____________ ‘,.‘ ,':|._E'~r-"" il
Jet 336 GeV | —gammir
xy
\
1

1
1
i
|

\ &
“YMET 104 GeV
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CDF-ll - m,_ **"" from Neutrino Weighting

CDF Run Il Preliminary (197 +/- 12 pb'1] 19 events
NE 5 B v | Likelihood ws top mass : |
= | |Data(19euts) F S
o L -t 4f -
e L F J
=4 [-Isignal + Bkgd T 3
w al o Bkad only 1 3 I CIDF 11 Praliminary
= 1% s s Bvsternatic Uneertainty (GeV o)
b 5 150 165 180 195 Yt e s =
F Ml(GE‘I”C] A  EDRTIEY SOAIE i
Back ol shapea 28
2_ Signal template stabistics 0.3
i Backerowst templabe skatistics 1.3
sSiznal Monte Carlo senerabors 0.5
1__ T Parton Prsteiboation Foansehions L3
= o el [nitial State Badiation 2.0
P A : - - L Final State Radiation 13
. e o S e e SO B e e :
%6700 120 140 160 180 200 220 240 260 280 oy resoliation :*
Reconstructed Mass (GeVic) Total G

m,,=168.1"45 +8.6 GeV /¢’

... other methods based on kinematic templates or MINUIT fitter ...
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World Average LU

Mass of the Top Quark (Preliminary)

Experiment

CDF-ll di-| =——@—
D&-l di-| ——®

CDF-1l 14
DD 4]

Tevatron Run-1/I|

.I---
I

b

*

150

w Elementary Particle Physics: Quarks and Hadrons

M

fop

175 200
(GeV/c’]

My, [GeVic’
1623t 7.3
168.4 £ 12.8
1735t 4.1
180.1 £ 3.3
v* | dof = 3.6/3
1743+ 3.4
new world average
(TeV EW/TOP working group, July-1'05).
174.3 £ 3.4 GeV/c?
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