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Topics

e Exotic light hadrons
e B physics

e Charm physics
 QCD

e Top and Higgs

* Heavy ions



Outline: inward bound

e Heavy ion collisions. new phase?
e Small x and evolution equations
e Light hadrons, virtual and real

e Charm: beginning of anew era

* Production and decay of beauty
 New pQCD tools, Top and Higgs



QCD and Heavy lons;
an overview

Dimitrii Kharzeev
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Status of QGP & CGC search

David d'Enterria

The quest for gluon saturation effects @ RHIC



Jets in pp and AA

 RHIC: high enough s
to observe jets

 pp: clear forward and
backward jets
(momentum)

e Benchmark of
“ordinary” hadron-
hadron collisions



Asymmetric flow
Suppression of jetsin central events

Raimond Snellings

Adams et al., Phys. Rev. Let. 91 (2003)

No backward peak in AA central collision!
No effect indA  final state phenomenon



Peripheral collisions. geometrical test

Jet out of plane

Raimond Snellings
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almond = “new state”?

STAR: preliminary

Cold nuclear matter does not quench the jet, despite longer path;

Out-of-plane |ets are suppressed

different medium?



Gluon radiation off heavy quarks

Nestor Armesto

Francois Arleo
Prompt photon production: sensitive probe of parton energy loss.



Mechanisms of J/ suppression
and energy loss

Dolores Sousa

Good description of the NA50/NA38 data on
the J/ suppression in a comovers model.

Elena Ferreiro

* Large p; suppression of ©
in pA and AA collisions

» Goal: describe pion yield in
a framework based on FSI,
with account of shadowing
and Cronin effect.



Jeppe Andersen

BFKL equation @ NLO:
New results and new possibilities

|terative solution, exact.
Phase space integral: energy
conservation.

Very important development.
More will follow!

Cure for small x pdf rise? Main part at high energy:

Description of LHC
backgrounds



Jeppe Andersen

BFKL: NLO

Gluon Green function evolution:
reduced scale dependence.

Arif Shoshi

BFKL evolution with two absorbing boundaries.
Improved behavior of cross-sections.



Light hadrons: g-2

 New Brookhaven measurement: g™

e Hadronic effects dominate theoretical
uncertainty:

— Vacuum polarization
— Light-by-light scattering
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Muon g-2: new results

Brookhaven, January 2004: u- measurement.

a’® - a =270+10040 "
® 2.7s (again...)

(based on Davier et al., 2003, e+e-)

a>® - a> =123+8940 "
® 1l.4s

Arkady Vainshtein: new analysis (tau)



Vacuum polarization:

e"e vs. decays

R
0.2 b ‘
01f

e"e data have greatly
Improved

Concerns about
Independent checks
(MC)

Disagreement with :
ISospin breaking?

New results from KLOE
confirm CMD2 (Achim
Denig’stalk): radiative
return (J. H. Kuhn).

(F,’lee] - Fqt]) / F 7[t]




Light-by-light scattering
Arkady Vainshtein
e Matching with QCD
m,~m, 4pf,
No =3» ¥
e Enhanced short-
distance contribution

L (Uep)
e |ncreased at:
120...140°1011




NuTeV puzzle

Stefan Kretzer (theory)
David Mason (experiment)

“Old physics’ options:
e strange sea asymmetry

e glectroweak corrections
(update)

From Mike Woods, Moriond EW, 2004



NuTeV puzzle: strange sea

Paschos-Wolfenstein:
sN(nN)- sN(AN)

2

=2 sin
> o

s (nN)- s (AN)

e ( CC cross-section grows with energy

 If smore energetic than anti-s, PW ratio
smaller  extracted sin , too large.



Meanwhile on the hep-ph...

Paper: hep-ph/ 0403306
Date: Wed, 31 Mar 2004 18:42:59 GVI

Title: The NuTeV Anomal y, Lepton
Uni versality, and Non-Uni ver sal
Neut r 1 no- Gauge Coupl I ngs



Photon content of the nucleon

Asmita Mukherjee



scattering and PT

J. R. Peléaez

. scattering near threshold: test of QCD vacuum
understanding

o Dispersive methods and sum rules determine pp
scattering,

* but high precision needs accurate high energy input

507& T

Robertson ¢ .
Biswas e al.

A
4 Halonda.
S

S p*p- (mb) i




Light hadrons. pentaquarks

* Inventory of states

e Thelir controversial nature
e \Waysto clarification

e Conseguences



Discovery of pentaguarks

Interpretation: talks by Marek Karliner
and Pedro Bicudo



Models for pentaguarks

e Hadronic molecule (P. Bicudo)

e Quark model

e Correlated quark model (M. Karliner)
e Chiral soliton



Uncorrelated Quark Model

e Width of *?
e Other states (many lighter than *)?
 Predicts negative parity (future test).

Directions beyond the UQM:
- correlated quark model
- chiral soliton model



Correlated quark model

Karliner & Lipkin Jaffe & Wilczek

o Diquarks/triquarks. energy gain possible

* Positive parity; small width explained

» Correlations?

« Massand decay of . (10)(8)? (Tatjana Susa’s talk)



Chiral soliton moddl

Describes baryons (almost): 8, 10
Predicts exotics, e.g. 10

Predicted the mass (Prasza owicz '87) of *...

... and itswidth (Diakonov et al., ’97).
Addresses non-trivial QCD vacuum.



Charm pentaquark from H1?

e Soliton-D bound
State?

A
e Isitsimilarto *? ({\ /}

>

G(g.® DN) ,
\

But ( .) reported as 12 + 3 MeV

Another puzzle: mass predicted 2700 MeV; measured 3099 MeV.



Maciej Nowak

Chira Doublers

Each heavy-light hadron has

e an amost degenerate, different spin, same
parity partner (heavy quark symmetry):

M (D) =M (D)+0O LI\%‘;D Isgur & Wise 1991
e anearby, same spin, opposite parity
partner (chiral symmetry):

M (L;(2285))+154MeV = M (L (2593))- 154MeV

Nowak, Rho, Zahed 1992, Bardeen & Hill 1993



Maciej Nowak

Chiral doublers: predictions (1)

“Ordinary” Chiral doublers
1-(5416) 1+*(5739)
@ e O
HQ T Bs
@ - O
0 - (5370) 0 *(5693)

Chiral symmetry

Red: known state; Green: predictions



Maciej Nowak

Chiral doublers: predictions (2)

Establishment BaBarians

______________ © 2758(10)

®
e e
Ps1 1 .X """" C2721(1



Production and decay of c-baryons

- D q¢
e Quark-gluon string / ¢
model N
* N-Pomeron exchange : E
gg-bar pairs @ C
: C C
» . baryon production ¢ ¢
e ufromdecaysof EE
(applicationsfor 7 : (f
cosmic rays) ; C

Olga Piskounova



Igor Dremin

Multiplicity distributions

e Cumulantsvs.
viria coefficients

e Test of dynamical
predictions of
models (DPM,
QGSM)

e« Comparison €' e
vs. hadron-hadron



do/dp,(J/¥) BR(H,~1/¥%) BR(J/¥-uy) (nb/GeV)

Bottom hadroproduction vs. QCD:
Matteo Cacclari

- Points: CDF, 19.9'3% nb

“° E Solid: FONLL, 18.3%% nb

[ Dashes: MC@NLO, 17.2 nb
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Until recently: factors of 3
discrepancies.

NLO: predicts well
unbiased observables.

Control “from parton to
nadron” : matching of
perturbative and non-
perturbative contributions.

Request to experiments:

please publish also

unbiased datal




QCD In b decays

Nikolai Uraltsev ° PreC|S€ predl Ctl ons
for lepton energy
and hadron mass
moments

 Dependence on the
lepton energy cut

* Vary precise V, ,
m-m., i results




Moments in B decays

Expected hadronic mass squared

4.6

Lepton energy cut

04 06 08 12 14 16 ﬁs

38 |




Application to BaBar:
Extraction of QCD parameters

Theory: N. Uraltsev’s talk
Experiment: H. Flaecher’s

Theory error dominates V,:
improved Wilson coefficients needed.



Formfactorsfor theB D decay

Nikolal Uraltsev

e “BPS’ — Interesting theoretical limit:
H 2= Hg?
* All order resultsin 1/Mgor a
convergent expansion

e Precisetheory for f, describingB D
near zero recoll: measurement Vg,

Expect “1%” confrontation with the inclusive determination



Exclusive B

C.-D. LU

Study of non-factorizable contributions

EXP

PQCD

B ® D%

5.3+0.5

5.50+04

B® D'p

3.0+0.4

28104

B® D%"°

0.29+0.05

0.26+0.05

D®)M Decays




New tools for perturbative QCD



Pavel Demine

Diffractive H production
IN hadron colliders

e Challenging for the SM
Higgs but ...

... large cross-section
for the MSSM light
Higgs

 Diffractive production
studies at Tevatron
test and tune predictions
for the LHC



Massimiliano Grazzini

Higgs at the LHC:
Transverse momentum distribution

e Large QCD corrections,

» Atsmall g;: largelogs afIn™" (M7 /q7)
* Improved resummation formalism!

o Stable prediction for the LHC



Rapidity distributions of W,Z, ~

at NNLO
 Ingenioustrick for
differential
distributions,
a’(x) 1 1 1

" 201 X-i0 x+i0
e Recurrence relations

e First differentia
distribution at NNLO

Anastasiou, Dixon, Melnikov, Petriello, PRL 91, 2003



NNLO Rapidity distributions

do/dM/dY [pb/GeV]

Sub-percent accuracy for Z, W production at the LHC  “standard candles”



Comparison with ES66 data

pp-vy +X Rapidity distribution

AAAAA

Vs = 38.76 GeV
M = 8 GeV

MRST2001 pdfs
M/2 < p < 2M

d®0/dM/dY [pb/GeV]

X E866 data, 7.2 < M < 8.7

Too large antiquark PDF

0.25

0.50 0.75
Y

1.50

Melnikov, 2004



NNLO splitting functions

o 25 years after NLO

 New mathematical tools
—Méllin moment space
—Harmonic sums and polylogarithms
— Powerful computer algebra

Parton distribution functions
Check of low-x resummations

Moch, Vermaseren, Vogt, 2004



Thanks...



Thanks...
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