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Thanks to Working Group
Organizers

Thanks to Working GroupThanks to Working Group
OrganizersOrganizers

Structure Functions & Low x
• Jianwei Qiu
• Un-Ki Yang
• Jo Cole

 Diffraction & Vector Mesons:
• Valery Khoze
• Xavier Janssen
• Marta Ruspa

Electroweak & Beyond the
Standard Model:

• C.-P. Yuan
• Beate Heinemann
• Alex Tapper

Hadronic Final States:
• Pavel Nadolsky
• Steve Maxfield
• Claudia Glasman
Heavy Flavors:
• Gennaro Corcella
• Andy Mehta
• Massimo Corradi
Spin Physics:
• Krishna Kumar
• Pasquale Di Nezza
• Marco Stratmann
Future of DIS:
• Uta Stoesslein
• Dave Soper

and especially to conference summary from Allen Caldwell
and the 271 participants who gave 240 talks
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F2 & FL measurements at Low Q2FF22 & F & FLL measurements at measurements at  Low QLow Q22

(H1)
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Recent Progress on PDFs – MRSTRecent Progress on PDFs – MRSTRecent Progress on PDFs – MRST
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PDFs from ZEUS dataPDFs from ZEUS dataPDFs from ZEUS data
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Polarized NC/CC Cross Sections at
HERA

Polarized NC/CC Cross Sections atPolarized NC/CC Cross Sections at
HERAHERA

Well described by the SM
Test with more data
      at very high Q2

     precise PDFs at high x

ZEUS P=+32%
ZEUS P=-40%
with ZEUS SM

CC

NC

 ZEUS(NC/CC) by A. Tapper, H1(CC) by A. Nikiforov
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High Q2 CC & NC DIS w/polarized leptonsHigh QHigh Q22 CC CC  & NC DIS & NC DIS w/polarized w/polarized leptonsleptons
Consistent with standard model

ZEUS
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Mixing angle from parity violating
Moller scattering (SLAC 158)

Mixing angle from parity violatingMixing angle from parity violating
Moller Moller scattering (SLAC 158)scattering (SLAC 158)

* Limit on ΛLL  ~ 7 or 16 TeV
* Limit on SO(10)  Z’ ~ 1.0 TeV
* Limit on lepton flavor violating coupling  ~  0.01GF 

(95% confidence level)

6σ

sin2θeff = 0.2397 ± 0.0010 ± 0.0008 sin2θWMS(MZ)

hep-ex/0504049
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NuTeV  SFsNuTeV  SFsNuTeV  SFs

M. Tzanov

 Final NuTeV diff. cross sections (Eν = 20-360 GeV, x = 0.01 - 0.7)

 F2, xF3 are finalized too.
NuTeV F2, xF3 at x = 0.65 are 20%
higher than CCFR, 10–15% higher
than charged lepton data
Improved calibration of B-field,
calorimeter, MC model: explain
11%
Higher  F2: < 5% nuclear effect at x
= 0.65? need to be understood
before NuTeV high-x data can be
used in the global PDFs analysis
CHORUS(lead) data can resolve,
and future MINOS/Minerva

-0.2

nucl. corr at x=0.65:0.85
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W charge asymmetry at TevatronW charge asymmetry at TevatronW charge asymmetry at Tevatron
Y.S. Chung

Run II CDF measurements with
higher Et cut to prove d/u at higher x
Would be interesting how the PDF
with nucl. Corr (d/u->0.2) compare
with the CDF data
Big improvement with direct W
asymmetry measurement is
expected.
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Dedicated efforts to measure d/u
 at high x from JLab

Dedicated efforts to measure Dedicated efforts to measure d/ud/u
  at high x from at high x from JLabJLab

Measure SF of nearly on-shell
neutron by detecting slow
spectator proton in semi-inclusive
ed -> ep X reaction : JLab CLAS++,

     BONUS exp. (almost scattering off
free nucleon) —S. Kuhn

Parity violation in DIS on 1H: very sensitive to d/u — P.A. Souder

  

APV =
GFQ

2

2!"
a(x) + f (y)b(x)[ ]

  

a(x) =
u(x) + 0.91d(x)

u(x) + 0.25d(x)
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New treatment of smearing. Correlation matrix:

•removes systematical correlations

•introduces statistical correlations

D.Reggiani

Polarized Structure Functions: g1Polarized Structure Functions: gPolarized Structure Functions: g11
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Extended x-range with higher accuracy.

COMPASS systematically > SMC at low-x.

J.Hannappel

Polarized Structure Functions: g1Polarized Structure Functions: gPolarized Structure Functions: g11
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J.P.Chen

Spin Structure at high xSpin Structure at high xSpin Structure at high x

> 0

Precision measurements at high x for:
A1

n, Δu/u, Δd/d, A2
n, g1

n, g2
n, A1

p, A1
d, g2

n, …
Sometimes statistical errors improved by
1 order of magnitude
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C.Bernet
Direct measurement of ΔG/G
via open charm production has
still too few events.

Measurement of ΔG/G via high
Pt hadrons more powerful but
model dependent

Gluon PolarizationGluon PolarizationGluon Polarization
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A.Desphande

•Uncertainty still large            .
•Dramatic improvement by lumi and 
beam polarization (~70%)

New silicon VTX will increase the x range coverage for ΔG

Gluon PolarizationGluon PolarizationGluon Polarization
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ZEUS ➼

H1 ➻

…but is there really a
contradiction?

Strange Pentaquark H1 and ZEUSStrange Strange Pentaquark Pentaquark H1 and ZEUSH1 and ZEUS
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ZEUS      Zhenhai Ren

Both ZEUS & H1 have taken a
closer look…

Both ZEUS & H1 have taken aBoth ZEUS & H1 have taken a
closer lookcloser look……
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Christiane RislerComparison with ZEUS:

H1: extraction of upper limit for θ+

cross section
H1: extraction of upper limit for H1: extraction of upper limit for θθ++

cross sectioncross section
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Karin Daum /Yehuda Eisenburg

Seen by H1…

…but negative results (in different processes) from ALEPH, FOCUS,
CDF, BELLE

…and ZEUS       same process

H1 Preliminary:

Charm Pentaquark at HERACharm Charm Pentaquark Pentaquark at HERAat HERA
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•Review of αS determinations from H1 and ZEUS experiments.

•Evaluation of HERA averages of αS(MZ) and scale dependence of αS.

Most precise determinations used in averages

Claudia Glasman

Precision Measurements of αSPrecision Measurements of Precision Measurements of ααSS
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•Averaging must take proper account of correlations in e.g

•Energy-scale uncertainties, PDFs, hadronisation corrections, terms beyond NLO

Combined running of αs using correlation
method for data at similar ET

…Next steps will need NNLO

More on αSMore on More on ααSS
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Brian Davies

•Run II has ~0.7 fb-1  (~half being analysed here)

•Increased beam energy   ⇒  extended pT

reach promising sensitivity to gluon at high x

•New cone algorithm IR safe

•Dominant experimental systematic from jet
energy scale (~5%)  – still understanding new
detector components

•Also looking at flavour tagging of jets with µs
(vertex tagging to come) and φ decorrelations

 

Inclusive jet and dijets from D0Inclusive jet and Inclusive jet and dijets dijets from D0from D0
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Rick Field

•Now using kT
algorithm

Jet measurements at CDF Jet measurements at CDF Jet measurements at CDF 
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Thomas Kluge

• Measure 2- and 3-jet cross sections at high Q2  -  150 < Q2 < 15000 GeV2

• Use to make αS determination

Highest bin needs electroweak corrections
from Z exchange. Not used

Jet Production at High Q2 (H1)Jet Production at High QJet Production at High Q22 (H1) (H1)
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•Measure cross section ratio R3/2

•Reduced experimental and theory
uncertainties (e.g. µR dependence
reduced to ~5%)

Extract αS from 3 jet/ 2 jet (H1)Extract Extract ααS S fromfrom  3 jet/ 2 jet (H1)3 jet/ 2 jet (H1)
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Jeff Standage

•Data points consistent with NLO
  prediction within the uncertainties.

•This measurement is directly
  sensitive to value of αs(Mz) and
  the scale dependence of αs.

•Consistent with NLO predicted ~10%
increase in cross-section

New measurement with
1999/2000 ZEUS data

Inclusive Jet Cross-Sections in Neutral
Current DIS Events Using the Breit Frame

Inclusive Jet Cross-Sections in NeutralInclusive Jet Cross-Sections in Neutral
Current DIS Events Using the Current DIS Events Using the Breit Breit FrameFrame
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1/n dn/dF
Adam Everett

•Choose IR- and collinear-safe event shape variables.

•Compare with NLO + power corrections (Dokshitzer, Webber)
(+ resummation for differential distributions)

Higher order process

Calculations LO for this

Event shapes from ZEUSEvent shapes from ZEUSEvent shapes from ZEUS
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Albert Knutsson

Measurement of Forward Jet
Production at low x in DIS (H1)
Measurement of Forward JetMeasurement of Forward Jet

Production at low x in DIS (H1)Production at low x in DIS (H1)
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Nicolai Vlasov

Different way of estimating scale
uncertainty?

Inclusive Forward Jet production
in DIS (ZEUS)

Inclusive Forward Jet productionInclusive Forward Jet production
in DIS (ZEUS)in DIS (ZEUS)
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Michele RosinBreit Frame analysis of multiplicities

Careful look at:       current region in B.F. ≡ one e+e- hemisphere

Photon region in HCM
mostly target region in BF

Charged multiplicity distributions
(ZEUS)

Charged multiplicity distributionsCharged multiplicity distributions
(ZEUS)(ZEUS)
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ZEUS D* Jet photoproductionZEUS D* Jet photoproductionZEUS D* Jet photoproduction
T. Kohno
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ZEUS D* dijetsZEUS D* ZEUS D* dijetsdijets
T. Kohno
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H1 Charm + jet photoproductionH1 CharmH1 Charm  + jet photoproduction+ jet photoproduction

G. Fluke
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CDF b-jetsCDF CDF b-jetsb-jets
R. Lefevre
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from H1, ZEUS vs. NLOfrom H1, ZEUS from H1, ZEUS vsvs. NLO. NLO 
F

2

qq

T. Klimkovich
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H1, ZEUS           vs. NNLO (MRST)H1, ZEUS           H1, ZEUS           vsvs. NNLO (MRST). NNLO (MRST) 
F

2

qq

T. Klimkovich
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NuTeV          seaNuTeV          NuTeV          seasea
 
s s

D. Mason
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Z + (b-jet) from DØZZ  + (+ (b-jetb-jet))  from DØfrom DØ
N. Parua
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H1 vs ZEUS b: µ + dijet photoprod.H1 H1 vs vs ZEUS b: ZEUS b: µµ  + dijet + dijet photoprodphotoprod..
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H1 vs ZEUS b: µ + jet in DISH1 H1 vs vs ZEUS b: ZEUS b: µµ  + jet in DIS+ jet in DIS
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Summary of HERA b-physicsSummary of HERA Summary of HERA b-physicsb-physics
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Probe structure of proton → F2

M.Kapishin, Inclusive diffraction at HERA

HERA: 10% of low-x DIS events are diffractive

´

St andar d DI S

´

Diffractive DIS
Q2  = virtuality of photon =
     = (4-momentum exchanged at e vertex)2

t    = (4-momentum exchanged at p vertex)2
             typically: |t|<1 GeV2

W  = invariant mass of γ-p system

MX  = invariant mass of γ-IP system

xIP  = fraction of proton’s momentum
       taken by IP

ß   = Bjorken’s variable for the IP
    = fraction of IP momentum
        carried by struck quark
    = x/xIP

Probe structure of color singlet
exchange → F2

D

t

Diffractive DIS at HERADiffractive DIS at HERADiffractive DIS at HERA
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• Mx: higher β region

• LPS: higher xIP region

Precise data

Wide kinematic coverage

Diffractive structure functionDiffractive structure functionDiffractive structure function
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x=0.18

β=0.67

Inclusive data

Scaling violation of F2
D(3)Scaling violation of FScaling violation of F22
D(3)D(3)
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Regge factorization assumed by P. Newmann, F.-P. Schilling, P Laycock

NLO DGLAP fitsNLO DGLAP fitsNLO DGLAP fits
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Now both CDF and D0 
have roman pots and
are actively pursuing 
broad diffractive
physics program

Diffraction at the TEVATRONDiffraction atDiffraction at  the TEVATRONthe TEVATRON
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0.23GeV)(1800S gapgap/01

gapgap/12 !
""

""

0.29GeV)(630S gapgap/01

gapgap/12 !
""

""

S =

Results similar to predictions by:
Gotsman-Levin-Maor
Kaidalov-Khoze-Martin-Ryskin
Soft color interactions

K. Goulianos

Gap survival probabilityGap survival probabilityGap survival probability
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Attractive Higgs
studies at LHC

Much larger cross section

Exclusive DPE dijet production Exclusive low-mass states

 Rjj=Mjj/Mx

Vacuum quantum numbers !

TEVATRON  to LHCTEVATRON  to LHCTEVATRON  to LHC
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Vector Meson ProductionVector Meson ProductionVector Meson Production
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New Photoproduction data at high W

- Steep rise with W
- δ constant with Q2

Photoproduction:

Electroproduction:

Similar trajectories

135 ....     305 GeV

C. Kiesling

Elastic J/Ψ ProductionElastic J/Elastic J/ΨΨ Production Production
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C. Gwilliam     D. Szuba

Higher
Order

exchange

Q2 < 0.01 GeV2

1.5 < |t| < 10 Gev2

75 < W < 95 GeV

My < 5 GeV

Q2 ~ 0 GeV2

1 < |t| < 20 Gev2

50 < W < 150 GeV

My < 30 GeV

BFKL based model describes t dependence

ρ0 and J/ψ at high |t|ρρ00 and J/ and J/ψψ  at high |t|at high |t|
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S. Glazov

 x-ξ  x+ξ

Generalised PDF:

Hq,g (x,ξ,t)               q(x),g(x)

Hq,g (x,ξ,t)               Δq(x),Δg(x)

 ξ=0
 t=0~

+ E and E: no PDF equivalent~

First t measurement Fix model normalisation

Sensitivity to GPD parametrisation ?

DVCS cross section at HERADVCS cross section at HERADVCS cross section at HERA
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Future of DISFuture of DISFuture of DIS
Key measurements:

• Hadron structure – JLAB, MINERνA, COMPASS+ fixed
target at CERN.  Require large statistics – need subtle
correlations, differences of cross sections, multiply
differential cross sections → wavefunctions !

• Small-x physics – LHC, eRHIC (eLIC), ILC, eLHC.
Luminosity requirement modest.  However, need
optimized (forward) detectors, high energies.

• Spin – eRHIC (eLIC).  Requires large luminosity, high
energy to reach small-x glue.
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12 GeV CEBAF

CHL-2CHL-2

Upgrade magnetsUpgrade magnets
and powerand power
suppliessupplies

Enhance equipmentEnhance equipment
in existing hallsin existing halls

add Hall D 
(and beam line)

Future DIS at JLabFuture DIS at Future DIS at JLabJLab
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CEBAF operation @ 6 GeV has provided results with
unprecedented precision on structure functions and form factors
(including strangeness)

Upcoming years will highlight precision hypernuclear studies,
standard model tests and . . .

The Upgrade to 12 GeV is essential to provide access
to new kinematic regions and will:
• determine with extreme precision the spin and flavour structure
   of the nucleon in the valence region
•  provide a totally new and complete view of the nucleon structure
                                     access to quark angular momentum
• finally (after > 30 years) determine the origin of the EMC effect
•  test our understanding of quark confinement
•  and much much more . . .

CEBAF Status & PlansCEBAFCEBAF  Status & PlansStatus & Plans
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eRHIC vs. Other DIS FacilitieseRHIC vseRHIC vs. Other DIS Facilities. Other DIS Facilities
New kinematic region for polarized DIS
Ee = 10 GeV (~5–12 GeV variable)
Ep = 250 GeV (~50–250 GeV variable)
EA= 100 GeV/nucleon
Sqrt[Sep] = 30–100 GeV
Kinematic reach of eRHIC:

• X = 10-4 —> 0.7 (Q2 > 1 GeV2)
• Q2 = 0 —> 104 GeV2

Polarization of e,p and He beams at least
~ 70% or better

Heavy ions of ALL species at RHIC

Luminosity Goal:
• L(ep) ~1033–34 cm-2 sec-1

eRHIC

DIS

Key step: NSAC review 2005/2006.
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• Variable beam energy
• P-U ion beams
• Light ion polarization
• Huge luminosity

TESLA-N

ELIC-Jlab

Optimized detector design will make a
big difference in the physics which can
be accessed.  Towards Bjorken’s FAD.

eRHICeRHICeRHIC
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ILC: high energy, so in principle e+e- gives access to small-x.
However, low rates, need forward detectors.  Better is e γ, but
likely staged.

eLHC:
extends HERA
physics by 1 order
of magnitude in x.
Time scale and
cost acceptable ?

ILC & eLHCILC &ILC & eLHC eLHC
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ConclusionsConclusionsConclusions
Structure Functions:

• HERA-I program  new precision PDFs, HERA-II data & NNLO will improve
• Additional data from NuTeV, SLAC 158, TeVatron

Spin Physics
• Polarized SF now from JLab, RHIC, COMPASS (Gluon Polarization)
• Many fascinating other results not covered here

Hadronic Final States:
• Pentaquarks seen by some and not by others…
• Jet measurements precisely determine αS & check NLO

Heavy Flavors
• Improved understanding of jets and heavy quarks
• NLO (NNLO) explains F2 for c (b) quarks

Diffraction:
• Moving towards consistent picture of inclusive diffractive DIS
• VM & DVCS constrain the generalized parton distributions

Future of DIS:
• Many opportunities: 12 GeV CEBAF, eRHIC, LHC, ILC, eLHC….


