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QCD and hadron colliders ???

QCD precision tests ?

huge background |

Q

c { test QCD
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; (. QCD = background I bW
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1) Imtrecduction

- QCD theory ftests
and
 Hadron (anti) protons &

» Colliders kinematics  background jets

2) Tevaeltremn P+PpP
> ToV

Number of Events




QCD =SU(Q3) gauge theory

spin 3 quarks
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coupling constant (only free parameter)

mlq + 194q q(g)

J

~

free quarks

\ J

quark-gluon-int.

spin 1 gluons 1

gluons



QCD = SU(3) [nonabelian] gauge theory ™

SU(3)
L :i’Yéfﬁ (5ab a,u +1/9s tr‘ m; Ogh (Saﬁ ‘— —FT FH
spin 3 quarks spin 1 gluons
a,B,...= 1,2,3,4 Dirac index
W,v,...= 1,2,3,4 space time index
a,b,...= 1,...,Nc=3 quark color index
L 1 | }SU(3)
rS,...= 1,...,N&d =1 :]Eé] gluon color index
Tk, ... = 1,....Np  “flavor index .
o, = _g
4t

coupling constant (only free parameter)

F;V — 8— av@_ s fii%

SU(3)
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QCD - basic Feynman diagrams

L :i’Yéfﬁ (Oap Oy + /95 tZ —m; O 505[3]—\%1[% i

P a——a




QCD tests in hard scattering ?

momehntum
transfer:
many GeV
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/j > at high energies:
hadrons

qandg = jet

Hadronization: non-perturbative

—> need models! Pythia Herwig ...
(include parton showers)
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» four gluon vertex ?

* universality of QU ?

* running of 0L ?

QCD tests ?

» quark spin ? [1/2]
* gluon spin ? [1]
» quark colors ? [3]
» gluon colors ? [8]

* triple gluon vertex ?

qq9 999 9999 ?
flavor independence ?

T.Hebbeker
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Test: Quark spin ?

Lo - ~dc /d|cosO |
€ € _)Y9Z_)qq z AR R RN SRR AR RARE B e

1.8 | L ALEPH E
s> " . —— MC detector level |
. q ’ T MC parton level 4 |

1.4 | s B

1.2 | \ i

¢ 7 B (= MC: Quark Spin 1/2 .

, 08 | ]

9, \ Jhea;[drons 0.6 M@ Quark'Spin 0 - ]

0.2 | T

do 1+ cos™ 0 1/2 0 0.1 02 0.3 0.4 05 0.6 0.7 0.8 0.9 1
deosf | cosO |

dcost kl—cosr‘)@ 0

quark spin = 1/2




Test: Gluon spin ?
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Test: # quark color degrees of freedom
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Test: Triple gluon vertex ? g

e e — 4jets
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Test: Four gluon vertex ?

NO quantitative test yet |
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Test: # gluon color degrees of freedom

e'e — 4jets °r

6 L3
quantitative analysis (LEP+SPS). 5 68% allowed region

C,/C.=2N./N,
=2.21%0.19

Schmelling 1994

N,=8.1£0.7 > 8

here: assume qqg and ggg couplings equal !




Test: Universality of strong coupling constant 2~

a) quark-quark-gluon versus gluon-gluon-gluon

~a/ C; ..|P~af C,

quantitative analysis of ¢'¢ — 4 jets (see above):

a//af=1.02+£0.09

here: assume C-and C,!



Test: Universality of strong coupling constant 2~

b) quark-quark-gluon  quark flavor dependence ?

q=u,d,s
q

in particular: «—
e'e” > 7 —>3jets q
C ~ as g g + ...

b-tag:
semileptonic decay,
lifetime

a’ /o =1.004%0.013

Biebel 2001



»Running* of strong coupling constant

Q=u

P

\\E q 'screening”
=
33

NF(:S)
+ ®“+
X

—t
A

N T "antiscreening”
1
lowest order: o
(00
as(u) — S(“O) - -
1=Bya, (1) In(pn™/ py)
10
ON, —33
= =-0.610
Po 127
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e L]
confinement

(non perturb.)

asymptotic freedom
(perturbative)

1 10,/GeV 10
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Test: ,,Running* strong coupling constant ?

04

\ Bethke 2004

‘ + - o LEP

Q) € € o PETRA |
A TRISTAN - _
03 | | n=0
0.2 Ol ; runs as predicted by QCD)|
“1r - qop fit T .
1 10 Q [Gev] 100 Q = center of

mass energy



IS [pol. stret. fctn.]

|—O—|—|
DIS [Bj-SR] -—:0—-
DIS [GLS-SR] ——
t-decays [LEP] -4
xF; [v -DIS] — o
F, [e-, u-DIS] @
DIS [ep —> jets] —
_ I
QQ + lattice QCD —O-H
Y decays ._.'_.
I
I
e"' e F% —o—
et e [Ohadl I °
ete [jets & shapes 14 GeV] -—:o—n
et e [jets & shapes 22 GeV] ——
¢t e [jets & shapes 35 GeV] H—O—
ete” [Uhad] : ©®
ete [jets & shapes 44 GeV] H—O0—
et e [jets & shapes 58 GeV] -—:—o—u
pB --> bb X — o,
pp.pp ->v X —o—i
o(pp --> jets) ——
I
['(Z%--> had.) [LEP] ——
et e [scaling. viol.] .-:—o—q
ete™ [4-jet rate] +CH
jets & shapes 91.2 GeV —rO—
jets & shapes 133 GeV |J|o—|
jets & shapes 161 GeV ——
jets & shapes 172 GeV '—0—:—4
jets & shapes 183 GeV —o—
jets & shapes 189 GeV —0—
jets & shapes 195 GeV —H-O0—
jets & shapes 201 GeV ':—O—'
jets & shapes 206 GeV —C—

Bethke 2004

0.08 0.10 0.12 0.14

Olg (MZ)

strong coupling constant Q(
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S

o (m,)=0.1182+0.0027

note.:

gs(mZ)zlz
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1) Imtrecduction

hadron machines: work less on fundamental tests, rather focus
on ,,can we understand the data (structure functions, higher orders)?"

» Hadron (anti) protons &

» Colliders kinematics  background  jets
2)) T&Vatrom

) LHG
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(hard) hadron collisions

Naive picture:

CMS not at rest in laboratory !

center of mass energy of colliding partons (q, g):

Rough estimate: \/? ~ l ° \/; Calculation: structure functions!
6

EXGI’T\pIZS: qq —SW gg Sh qg —> qg




Cross Section (LHC)

Elastic cross
section

o3

Total,i TG\O
g %@

Pointlike cir¢ss
section

()
()

/

©

<
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strong,
electromagnetic

scattering angle tiny

strong

c ~10fm° =10 cm’

forward scattering

/ , electroweak
04 _
o - = 1072 cm?
S
high pr strong
OL2
o f ~10" em?




Cross
Sections
at

Hadron
Colliders

jet production
(LHC, full luminosity):

1000 events/s
pr > 250 GeV

watch out: pp # pp

¢ (proton - proton)

1mb

1nb

Fermilabh SSC
CERN l LHCL

o |et
E 'T ~0.25 TeV

Giw v

Gy1 -
to
m, =200 GeVY
top

=174 Ge
p

' | I |/ .

0001 001 0.1 10 10 100
Je TeVy

cm? sec

1034

Evenis / sec for £



Proton or Antiproton ? Physics:
_____________ _gluon
______________ P

P\ _.—F——————————————— _
quark (anti)quark P
At low energy:  valence quarks dominate hard scattering: pP#pp

At high energy: sea quarks and gluons dominate hard scattering: pPp=pp

N el
Example: :EEEF@M = @J@j Dﬂﬁ@@[f
T@i% = @D@j@@ e
inclusive W mﬁéi%p%w)
production —o(ppaw) —-% e es 9 00 -

107 11 10]  10%10°



Parton density functions f(x,Q?)

______ —
>
% 14
I_a-l
1.2
€C—<
YL )
depends on S
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0.8
. 2.
given by Q¢:
0.6
F)
9 '[Ilz:--ﬂl:{;r
T -
/ -\.‘\___ H\:’\Q\( H'x
' f . =, \

momentum X ° p

QCD x:?
Q2= yes

4

F,(x,0%) = X[9M(XQ)+ d(XQ)+ ]

v

Q*=3.5 CeV*

H1
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MM C
SLAC
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400 Irox

'-.

PDF Par"ron N
\ ensity Functiont’

—— MRST2001

ep
scattering

10 107 10 1
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Parton density functions f(x,Q?)
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ZEUS
:Q ’0.8 —
—— ZEUSNLO QCD fit Q=10 GeV*
07 M) = 0118 there are
| | tot. error = x"l" [ []
0.6 -. uncertainties!
CTEQ 6M
0.5 MRST2001 \
04 | in particular at
large x

0.3
021 —__ MRST2001, =10 GeV?
0.1

ﬂ -

10”7

Fits/parametrisations:
- CTEQ
« MRST
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Cross section calculation in pp

final s‘ra’rj A Spectator jet
Wanted: do%(Vs,0%) P
d V/—— kinematical @)
variable 1
do(x,,x,,0%) 2 F

Calculable: TASCIRTES A

4 B=p

S'=X, X, S

Known: fl ( X;, QZ‘)/ Q? = (Lmomentum transfer")?

depends on final state

do . (Vs,0°) do} (x,%,,0%)

= v dx, £(x,0") /,(x,,0")e

4 dVv

factorization
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ot Higher orders - K factors
)

2 LO = Leading Order in oL,

calculated (<2005):

2 I
i S P, >'"74 5 jets: LO

W+jets: NNLO

NLO = Next-to-Leading Order:

M%g?f K=o

L typical: K~ 1.3

NNLO = Next-to-Next-to-Leading ... ( often

event topolgy
~ unchanged )
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Scale business Photon, W, Z etc.

pal

physical

Underlying

Hard scattering event

/ renormalization
factorization scale U, * Q
scale W, =

do ;(\s)
dVv

quark

Jet
hadronization
scale u, = Q

doi(x,x., W1,
=Zjdxi dxjﬁ(xi,qu)fj(xj,HFz) GF(XC};] e
I,]




Renormalization Scale

O :é.as(!"lR)_l_B(HR).af(uR)_l_'y

indep. of L, (all orders)

k, algorithm

T.Hebbeker

3.0 _I FTR{TTTTTITTT | T | [T T | T T | 111 | T T | T T |_|
» — UR=HE= Y d — )
25\ e w_ED 1 | missing higher
— \\ HUr = H My = Er 5 oroderos
— T T g +“—>
S 10 — il
= “7r 1 | scale dependence
g—f - TSR TN O 1
TICE A et =
B Er > 100 GeV e
1.0 -
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|_I

02 04 06 08 10 12 14 16 18 20

WED
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»Dirty* environment

* beam remnants

underlying event

' @ 1 2 !
@@Tevaﬁ*o (LHC) / crossing
@@ 25 ns
o drift time >> bunch distance

* ,.detector pile up* { thermalized neutrons
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»Pile-Up*

CMS

H ->pppp
m(H)=150GeV

Electrons
Muons
Hadrons

+ 20
minimum-bias
events




Kinematics E
Pr P
Kinematical variables: .
- azimuthal angle ¢ Pt P
polar angle O P
energy F \x
momentum 2 (I) x
transverse momentum P, °‘-,4 |
longitudinal momentum P, R
1. E+p,
rapidit y=—In 6 =135 _0=90"
Py 2 E=pr o —_oss n=0
0 0=10°

. — _Intan —
pseudorapidity Tl 1 tan ) N =2.44



.boost” of c.m.s. along

beam axis = a priori unknown !

azimuthal angle ¢ '

porer eng'e §
iInvariance ?

energy [
momentum p 1 5
transverse momentump..  °*°* : :
longitudinal momentump,

o 1. E+p, ~
rapidity y=7In CEPR

0 =

pseudorapidity n=—Intan—  T|; 1],

2 —



(PSeudO-)Rapidity T.Hebbeker

distance measure:

R*=(A0)* +(An)’

Particle directions —— (I) N

 rotation:
Ad =const

An =const



hadrons
Typical: 100
particles total

(LHC)

experiment

2-5 jets per event

’ parton (quark, gluon)

K theory

jets reveal hard process (direction, energy of partons)
experiment and theory must use the same language:

jets need to be defined: ,jet algorithm"

T.Hebbeker



Event : 73268 Run : 138396 EventType : DATA | Unpresc: 0,32,33,2,34,5,7,8,9,11,13,16,17,18,19,20,21,53,22,23, 55,

XY
ANV
Q00K
ORI
o%o&f:%oo”..
R

!
o

O
:fﬂ:ﬁﬂ
R

O
f:

... o
“\\\ sq““wﬁ J’Of Ly
sssss ..e....o

ss LA
\\\ ~s~ %aw
(R
‘ (RN
%

_sé y Y
% ..s:. 0\
QNN 4+ '
NS W
N\\\ ssws.
i
ssss
QQ\ o
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cone jets

Cone defined in 1, projection, radius = ,/(An)’ +(A¢)* (typ = 0.7)
Isolated low energy particles are ignored

Sum of 4-momenta of objects inside cone = jet 4-momentum

potential problems: seed dependence, infrared sensitivity ...

several variations exist



kT jets

list of hadrons = clusters

a)

LHebbeker

b) each cluster: %}

2
di = Pr.;

each pair of clusters:
e 2 2 2
dz'j =min(py;, pr ;) R;

lj’di

—combine or remove from list)

c) minimum of d .

d) iterate: goto b)
till list empty

Example:
(a) (b)
_j___-—ﬁ'—/gzea:n ...——-—‘ﬁEea:n
TN N
(c) / (d)
—— %\EEEIII - \:eam
(e) (f)

... several variations exist
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1) Imtrecduction

2) Tevalrem p+p
2 TeV (1.8 TeV)

» experimental aspects
- jet production

+ electroweak processes

t
) LHG
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Fermilab/Tevatron

the map are clickable
| a POF af this magp (far prinling)

Town Road

menst | FNAL =
| Fermilab

—_-_____—-—'_'_—FF:
Cite 65 Mesgn . 4
m St gue Areg

._:I_E?_i-". .;

i

| Science Centar

m I|I Main

T

5 _ - & | (Enrico Fermi)

3 || —
S,/SJ'-;_\H‘.'_H# L%
E ; !\ !.?\Inlnj-n.mn;“s_. F
L3 1
T - Fa
% g —
g |#
L]
[B2E

Tevatron = TEV machine
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= 1.0

1ty

Collider Detector Facili

CDF =

=—Intan0 /2

1= L3

n

— X
Aty

Low 5 Duoad

st
LT

L

:|-:I|

Ciu

Laoiw

VMW P

Salenoid Caoil

Taraid

Y

-
"

o]
L]

2~
L]
T

3 Steel Shielding

7

| | Scintillator Cownter

. Silicon Tracker

. Electraomagnetic Calarimeter

EFiber Tracker

. Hadranic Cakrimeter

Cirift Chamber

Key



DO

mini drift

{m} o —[{

muon
tubes toroid
]‘M‘I‘Pﬂﬂl-}‘g g

tracking system: |

silicon, scint. fibres

T.Hebbeker

o0

solenoid

scintillators
I)\ SCUTH
|E E| IE 6 m
LAr
calorimeter

0

(m)

electronics, trigger, DAQ



Jet production (theory)

T T el
S N

A7)

+ higher orders

+ electroweak diagrams

0.6

0.4

0.2

T.Hebbeker

Tevatron
Leading Order QCD (MRS0’)

1”Il=112=0

GG Gluon-Gluon Scattering
QQ Quark-Quark scattering
QG Quark-Gluon scattering

_ \GG

0 50 100 150 200 250 300 350 400 450

Transverse Energy of the Jet
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Jets: resolution and precision

uncritical

10°
Particle Shower an Ie: 5 =
Calorimeter 9 \/E / GeV

'l/ hadrons
fragmentation process DO
outgoing parton ener9Y'

Hard scatter

o 80%
resolution: = D 4%
E JE/GeV
103 Alpgen partons scale: 6 E L 5%
2 In|<25 R=0.7 : .
10 Tevatron 2 TeV EO

B
o

2 jets :—

jet xsection o/ o6 (30 GeV)
|_\
o

10 4 jets N
10° multijet production 5 jets -
10-6 1 | 1 1 1 1 6 jets

50 100

jet threshold p-/ GeV
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ET T T T[T T I T[T T T[T T T T[T T [T TTT[TTTTg .
10 f_ NLO pQCD EKS CTEQ6.1, (u=P{"/2), R o =1.3 _f IHC]“Slve
g Midpoint cone R=0.7,f _ =0.75 E
- 0.1<|Y|<0.7 7 °
-_ 1 3 _[L-assph" E Jet
“:5-9‘ 10" i .
=3 CDF Run Il Preliminary = d
3 production
2r .
9":" 10 £ =
'E _35 ] I I O O O B
— 10 = = .~ 3| NLOPpQCDEKSCTEQB.1, (1=P;"/2), R =1.3 ]
- - = - i
o 10™L ] E‘ | Midpoint cone R=0.7,f _ __=0.75 i
L) = = ; i
o= = _ = g | Data corrected to parton level 4
S5 } ] L _
% 10 = . E E 2'5_ 0.1<|Y|<0.7 _[L::ass pb’ |
'-'Sc &F |:|Tota| systematic uncertainty 1 ® B _ _ 1
10 & : = A i [ ]Systematic uncertainty. ]
= = Data corrected to hadron level = I — - L -
= * 3 2 [[Systematic uncertainty including _
10 e |—NLOpQCD = = _g i hadronization and underlying event. — e
- 7 M L —NLO pQCD PDF uncerfainty. .
10-a_| | | | L1 1 | L1 1 1 | L1 11 | L1 11 | L1 1 | | L1 I_ m 1 5— .Da_taJrNLO pQCD —
0 100 200 300 400 500 600 7OI g -~ ]
P;(GeVic) § | i
& A -
> a b uia. T 4
0 - et e ee e .
E | CDF Run Il Preliminary |
O 0.5 6% luminosity uncertainty notincluded -
_||||||||||||||||||||||||||||||||_

absolute normalization 0 100 200 300 400 500 600
(luminosity, jet scale) : +15% P. (GeV/c)



(WUATA-IARURNY 1 RELEURNY

Inclusive .,
jet :
production
(old a
analyses) % |

125

100

Newer PDF
give
agreement | _ | .
within total 25 | _____ S
uncertainties




0.16 — T.Hebbeker
1 Determination
o5 | | RO.14
SR =013 | . + + } Of a‘S
E 014 "llll 3 0.12 S o« ¢ + \\
c 014 = | -
c Voot b N : :
2 S o0 200 300 405( eV) from |nCIu§|ve
So1s | #ﬁ jet production
(@) H
-
3.0.12 *
-
8 [ ]
- o + o
0.11
wege o T L\ Lold pdf
Po10 [ CDF T - — problem
0.09
> 10F v srrs, ////////////
. I’Z////ﬁﬁI%m,éiféf@fﬁgéﬂ%ﬂt'ﬁﬁ /
0 50 100 150 200 300 45

Transverse Energy (G eV)

o (M,)=0.1178+0.0120

(dominated by exp. systematics,

ren. scale uncertainty and pdf)



& Exclusive Dijet production
{
m +n
— (™ My, T
Xy X ) 1,2 (e Te LHC
M,
% | EvocamsFomddes 4
g 1050 CDF/DO Central Jets
; ZEUS 95 BPC+BPT+SVTX &
K H195 SVTX + H1 96 ISR
[ ZEUS 96-97 & H194.97 prel Tevatron
Can =[] E665
measure 1] cHORUS
parton . HERA
| INR-IHEP
momenta _ JLABEST-010
. i BCDMS _
structure AN I Target
functionsl! Ly
10 1— —

w* w07 1wt 1wt 1w 1w |



”“dipt d“dipt /dAp dilet

Inclusive dijet production

- DO 1
- & prer o 180 GeV (xB000)

=0 130 < pf™ < 180 GeV (x400)
- ® 100 < p™¥ <130 GeV (x20)
| O 75<p™ <100 GeV

—— NLO pQCD

--=- LO pQCD

/e /4 T

ﬁ‘hdipt (rad)

T.Hebbeker

contributions at
angles < © from multi
parton final states



d’s/dYdP; [nb/(GeV/c)]
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10
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7
10 Il 1 1
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2005 ==

E G. —&— Data

E % b —o— Pythia Tune A (CTEQ5L)
_g eﬁ% [:l Systematics

= oy, -

- O CDF Preliminary

z " 8ie \s = 1.96 TeV, L~300 pb’
E- O+

= Run IT O
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Bottom
quark
production

B* Meson Differential Cross Section

MidPoint jets R_,,.=0.7, fmerge:0.75 § 1o°L '_ '
[Y|<0.7 > - i
[ e =
1 I 1 1 1 1 I 1 1 1 1 | | | | 1 | 1 1 1 I 1 1 1 1 E\D-’ \\
50 100 150 200 250 €=
p;/GeV e
B2
2
'8 10 E_/

(old) discrepancy due to 10
improper use of :
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(1/N) dN/dm,, (per 50 GeV/c?)

Multi jet distributions
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Multi jet xsection
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Jet + Photon
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d®c/dMdy for |v|<1 [pb/(GeV/c?)]
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Drell-Yan ( y,Z) inclusive
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Drell-Yan: W + jets
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1) Imtrecduction

2)) Tevatrom

) LEGC

- detectors
- Tevatron = LHC

+ examples

ptp
14 TeV
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ATLAS = A Toroidal LHC ApparatuS ™

-ﬂ: Detector characteristics
Muon Detectors Electromagnetic Calorimeters ] Width: 44m
A \ o Diameter: 22m
i i\ - Weight: 7000t
N W
j,/ \ Solenoid CERN AC - ATLAS V1997

s \ \ Forward Calori meters

\ \ / End Cap Toroid

=y

i Inner Detectaor oldi
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CMS = Compact Muon Solenoid

-y — superconducting coill

muon chambers

silicon tracker

elm. calorimeter

hadron calorimeter iron yoke
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LHC machine/detector perfomance (jets)

Tevatron LHC
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Kinematic Range
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Tevatron - LHC: Similarities
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do/dM,, (mb/400 GeV)

SUSY searches with jet events
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Not covered ...

- diffractive processes
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QCD =SU(3) gauge theory

L= qgjj [ngﬁ (6615 aﬂ + 7’gS tgb g;) — M, 5ab 604,8] Qﬁ’j — ZFLVFTWI

a,B,...= 1,2,3,4 Dirac index
W,v,...= 1,2,3,4 space time index
a,b,...= 1,...,Nc=3 quark color index
r,s,...= 1,..., NG —1=28 gluon color index
Tk, ... = 1,...,Np flavor index .

Fl=0.9,—09,— 91" 9,9,



Missing transverse energy/momentum

a) energy = momentum (masses small)
b) p, canbe measured for all ,visible" particles:

i) small angle to beam pipe: escapes but ]_ﬁT small

ii) large angle: seen in detector

c)

= — Dr plane perpendicular to beam:

( Example: W — U )
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Soft hadronic processes (LHC)

__—
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Y,
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Double-Diffractive Event

explanation: exchange of a color neutral object,
for example made up of 2 gluons (..pomeron”)
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QCD at large distances

quarks and gluons confined:
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Top Discovery

Fermilab, 1995

v pp 1800GeV

SLT muon
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Top event in CDF

Run IT
(~ 100 events)

_E===="""Run 162820 Event 7050764 Sun May 11 16:53:57 2003

LTSS

CDF Il Preliminary
Secondary Vertex

< Jet1897 GeV —
L,=16mm

Jet2 63.2 GeV
Lﬂ =13 mm

[ (t) 25.9 GeV " ren

-
*a

B/, 97 GeV

.. uTCL348GeV 3

AL PRETY P PP FETT P PUETE PETT PO IY
-2-15-1-050 05 1 15 2

X (cm)




T.Hebbeker

Top Pair Production
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Top Cross Section and Top Mass

10

o (ttbar ) [ pb ]
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cross section measurement = indirect mass determination!
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Rapidity distribution
Distribution of hadrons dN /dy (form invariant!) in (soft) p p collisions ?

In center of mass system of hard collision (2—2):

E+p, 2E . s
y —=1n > > <ln—=In m = particle mass
\/pT tm " "
Rabidi : .plateau”
apidity range ™~ P e
\/? \/? Aa, s small

—In—<y <ln— '

Empirical in pp collisions: >
Nmt ~ ln\/g Ady slarge

I L
— ~const ), .

dy "
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QCD and hadron colliders ???

From spaan@physik.uni-dortmund.de Mon Jul 25 15:23:00 2005
Date: Fri, 08 Jul 2005 15:57:56 +0200

From: Bernhard Spaan <spaan@physik.uni-dortmund.de>

To: Thomas Hebbeker <hebbeker@physik.rwth-aachen.de>
Subject: Graduiertenkolleg in Dortmund -Tagung im Oktober

Lieber Thomas,

im Oktober (11.-13.) 2005 findet unsere jahrliche GK-Tagung hier in
Dortmund statt. Thema der Tagung ist ""harte Prozesse'. Dabei sollte auch
die QCD am Tevatron und der Ausblick auf LHC nicht fehlen. Wir planen
auf eine 90-miniitige lecture. ...

Beste Griille

Bernhard
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