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Hadron Collisions
Heavy Quarkomia
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Directions of QCD experiments

> Fixing the one parameter
» Models for long — distance contributions
(symmetries, universal parameters, ....)

» Deviations - ,New Physics¢ ?
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The experimental progress
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detectors
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The error of o

Sometimes rather different estimates of theoretical and
model uncertainties = find a common procedure !

Procedure to estimate theory uncertainty G'R“do}ph

(LEP QCD group)

> Scale uncertainty x=p/Q: [0.5,2] j " | s [

> Resummation uncertainties x; =[2/3, 3/2], "_ " \/ e
alternative matching schemes, .... _ f(\_ _ \

» maximum deviation ﬁnu.l |
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estimate of theory uncertainty

Presentations yesterday: NLO outside O uncertainty band

R-Harlander ,_ Crucial for believable QCD tests:
S HOR Y=l Tow
Reliable (! Not minimal) estimate
— of uncertainty
10 T ——
__ NNLO ; Follow LEP-QCD group and set
—— NLO ]
LO | up procedure also for other
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Heavy Quark Production

first order: direct access to partons

» Rather firm theoretical prediction

> Deconvolution of hadronization effects

» Candidate for New Physics
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K.Klimek

b cross section at HERA
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Resolution ... at least for CDF?

Theory: Cacciari and Nason, hep-ph/0204025

=
Binnweiser et al. PR DS8, 034016 (1998) %
> Hardness of bottom hadronisation =
Ty
» Shape of fragmentation function

» Proper inclusion of resummation

109

dotted: FONLL, €=0.002

dashed: FO, €=0.002, 0.006

solid: FONLL, N=2 fit < O~

B 10 15
pr (GeV)

Disagreement: factor 2.9 2> 1.7
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Ambiguities in MC

» INCLUSIVE measurement of x(B), reference from LEP/SLC
» Convolution Parton splitting + B fragm. fct in colour neutral system

> Determine free parameter (e.g. g, for Peterson shape)

o =
— .\ % 0.82—A
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w
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10° £
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0.76/—
\ .
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072F
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A jerser

g, depends on many other parameters of model !

Affects shape and hardness at other energies

29.3.2003 Peter Mittig, University of Wuppertal



® ALEPH, (D™lep.x), 2001
o 5L, {inclusive)
A DELPHI, (inclusive), preliminary

o OPAL (inclusive)

—extracted non-perturbative
distribution
— — Kartvelishvili

----Peterson
= --Collins-Spiller
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Some general comments

» Improvement from 2.9 - 1.7 great,

but still not satisfactory? _.. |

> Remarkably little excitement .... L
typical for pure QCD deviations ? ~

> Very slow response of experiments:

Cucciani,Nason
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hardly any reanalysis in light of theoretical concerns
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Diffraction

Double i

diffraction
DIS diffraction @ HERA : G T

CDF Run Il Preliminary

P.VanMechelen

-Determination of the diffraction < ... [ s
% 107 Ef“\-l Lead: Jetc—l

pdfs EE EE ﬁi\qa SD_ {n.ﬁz < E_; < 0.1)

- Application to Tevatron data o i Wb 4

nOt Working! o 20 40D []e] 8D 100 E¥:12[;Ge‘;;t-0

15 K events — opens up
diffractive prodct. of Higgs ?

Failure of Factorisation ?

Opens up new Higgs signatures at LHC/Tevatron ?
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® OPAL 202 GeV
O OPAL 133 GeV
® OPAL 91 GeV
O TOPAZ 58 GeV
A TASS0 44 GeV
A TASS0 35 GeV

e N
A TASSO 22 GeV (30°)

g : N, (30°) *r
A TASSO 14 GeV g .t
o ﬁih(sa") = 0.593 +/- 0.001

—— Fit: a + b*(r-1)
a = 0.569 +/- 0.020
b = 0.592 +/- 0.048




New tool: colour reconnection
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ARIADNE ruled out no difference CR/no CR

RATHSMAN  ruled out not considered
HERWIG ok no difference CR/no CR

Colour reconnection depends on environment?
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ep not the only possibility ....

K’ K’ mass spectra in gluon jets

78% of the KsKs

Increasing] . pairs have x>1 B B L L L L |
Xg : I\\ [,\] n_\L
fot preliminary
q lowest—energy jets
q' in 3—jet event sample’]
° -I- data
tlme L3 I background MC
20 Three-jet events
> ® DATA
= —MC
° =15
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Zro}
b5
Hadron conf 97 = |
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No confirmation of L3, no signal at ZEUS candidate ......
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Hadron decays

Models required to include multi-gluon interactions

..... in the absence of lattice calculations

» top quark ..... easy: simple weak interactions (?),

no top hadrons
» bottom (charm) quark - Effective Heavy Quark Theorys, ..

> up, down, strange - mainly chiral pertubation theory
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Bottom

Key issue: CP violation — up to now in beautiful agreement with SM

BABAR, BELLE, CLEOQO:

CKM matrix ° 2
Long list of 10 0BR decays

PR AT S - N Comparison with other measurements
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QCD uncertainties often limitating factor!
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Jets in Heavy Ion Interactions

Are jets observed? ,
Comments from a High Energy

Note: Jets ~ 6-8 GeV! Physicist:
. J.Velkovsa
= 0'25 f‘lo . i ‘ (] [ J
3 [PHENIX Preliminary — —v—ves Near side correlations
E 0‘2'_ — FYTHIA « cos(2 Ab)
© E AuAu = C08(2A5) G
S (An,A¢) correlations
Trigger bias?

History: jet evidence in e"e- by
distinguishing from random
particle distribution!
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PHENIX Preliminary

Au+AuySy, =200 GeV

Positive
(0 - 5% central)

PHENIX Preliminary
Au+Auysy, =200 GeV

Negative
(0 - 5% central)

Y b Toevid

STAR Preliminary

4 5
(GeVic)
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No clear picture!

A.Drees, U.Wiedemann, C.Salgado, T.Pierog, W.Busza, S.Panitkin
Jets have been swallowed within nuclei!?

..... but how, what is inside dense matter @ RHIC?
» purely hadronic interactions?

»> signal of gluon/quark interations?

» mixture ????

Complementary measurements required (d Au)
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QCD processes to signal BSM?

In general:

Xsection alone difficult, at least without feel for uncertainties!

J.Hays
Prob 056569
PO 131e+16 £35026+15
10 g 02793 £0.1105
:—m=p0“—""‘|;—mﬂm p2 4815 +04319
10 p3 5659 +0,05742

Uncertainties in pdf‘s dilute
sensitivity to possible signals

CROSS SECTION (pb/GeV)
- =
1

=1

S.Ferrag

Hardly to be taken as signal
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Search for New Particles Decaying to Dijets

cone R=0.7, |, | < 0.5
- CDF Run 2 Preliminary (75 pb™")
— Run ll, L=34 pb

- NLO CTEQ6M, R, =1.3

(do/dM, ) [nb/GeV]

Celer Octet Technirhe
.. 260<M <540 GoV Encluded

300<M<410 GOV Exel. 3%

Es Diquark 45\\
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@ ©O57% CL Upper Limit

Ml <2.0, lcosd'I<2/3 .
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The other part of the SM

Constraints to SM: current main improvements from W, top

A.Straessner

W-Boson Mass [GeV]

pp-colliders —+eo— 80.454 + 0.059
Average - 80.426 + 0.034
+*IDoF: 0.3 /1
NuTeV —A— 80.136 + 0.084
LEP1/SLD —A— 80.373 +£ 0.033
LEP1/SLD/m, ~A- 80.380 + 0.023
80 80.2 80.4 80.6
m,, [GeV]
29.3.2003

Run I D0: better 1+jets mass
Mt =179.9+-3.6+-6.0 GeV

Run II: restarting top physics

S.Cabrera, R.Zitoun

CDF Il Preliminary (72 pb")
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D@ and CDF Run2 Prelimina
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- LEP2, pp Data
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BSM: SUSY

S.Braibant-Giacomelli, A.Safanov

ADLO Combined

g 1
- Hives m, <1 TeVic i
g Hige: {mml‘ =175 GeV/c”
(Y]
S
large m,)
— 0 | (farg 0
?DN 5 - Higgs
45 1
in the corridor |
Excluded at 95% C.L.
40
¥ 2 5 10 tanP

Gravity mediated SUSY

MSSM dark matter
candidate M > 46 GeV
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Gauge mediated SUSY:

CDF candidate
interpretation excluded

Peter Mittig, University of Wuppertal

No signal observed

Neither LEP nor
Tevatron



CDF Run I Preliminary
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Imminent Future

» RHIC coming into gear,

»PEPII, KEKB even more improving,

» Tevatron bound to select several fbl,

»HERAII, CESR-c starting

Possible highlights
of Moriond 2006

29.3.2003
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The near future: LHC

G.Bruno K.Mazumder

Turn —on of LHC: dwarfing all B oo

) No k—factors

existing data sets: per fb-!
W=2puv 7,000,000
Z Sup 1,100,000
tt>WbWb>uv+X 80,000 e

* ttH, WH, H — bb

#wqgH, H = WW, ¥y, 77

®H — 72,7

y L 4 leptc
AH = WW — livw

MagH, H = WW —> lujj
¢ qgH, H =

— Total significance

My

LHC to solve the origin of mass

29.3.2003 Peter Mittig, University of Wuppertal
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DESY will continue its research work on TESLA in the existing
international framework, to facilitate German participation in a

future global project



Technical help: Etienne Auge, Andreas Kootz

Physics advice:

John Butterworth, Susanna Cabrera, Peter Jacobs,
Katharina Klimek, George Lafferty, Gavin Salam, Bernd
Surrow ...... and Lynne Orr ..... and many others!

The excellent atmosphere and an exciting conference:

Jean Tran Than Van, Yuri Dokshitzer, Boaz Klima
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