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Overview

• 49 talks, 13 different experiments and 13 theory talks.

• Several themed sessions:

• Tuesday - jets cross sections, tests of QCD and 
extraction of αs.

• Wednesday - simi inclusive particle production with 
protons and neutrons and strangeness production.

• Thursday morning - physics with photons and bosons.

• Thursday afternoon - low x and parton dynamics.

• Several interesting talks beyond the standard topics.
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Dijets in DIS and PHP at ZEUS

Oleg Kuprash
DESY / Taras Shevchenko National University of Kyiv

DIS 2011, Newport News

DIS: Eur.Phys.J.C70:965-982,2010
PHP: ZEUS-prel-10-014

On behalf of the ZEUS collaboration
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Measurement of jet cross sections in ATLAS

J. Poveda (University of Wisconsin-Madison)
on behalf of the ATLAS Collaboration

DIS 2011
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!"#$%&'()*+&,-

.)%+&+"/"'01,-'2/+31#&+45

676'7/41#/"4+)/"8'()#$&-)9')/':119;7/18"&4+,'<,"441#+/='
"/>'?18"41>'<%*@1,4&'A:7<'BCDDE

F9#+8'DBG'BCDD
H1I9)#4'H1I&G'JF

!"#$%&'()*+%),-./#0%&.1)21/)
3+%+-4&12%&.1).5)%6+)

7%-.18)9.#:$&18)9.1;%21%

Roman Kogler

on behalf of the H1 collaboration

1

Multijet Production In Neutral 
Current DIS 

And The Determination Of !s

DIS2011 Newport News,  April 12, 2011

Roman Kogler Jets At High Q2 and Determination of !s

STAR PRL91, 072304 (2003)

DateJ.A. Hanks - Title 24-12-2011J.A. Hanks – DIS 2011

Jet quenching in the QGP

• Single hadrons: strong suppression for wide range of pT

– indirect measure of energy loss of initial parton

• Two particle correlations: disappearing away-side
– modified away-side indication of  modified fragmentation or is it all flow?

• Both difficult to model theoretically and indirect measure of parton
– provide weak constraints: indirect link to initial parton energy and fragmentation
– full jet reconstruction provides clarification for both questions!
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PHENIX PRC78, 014901 (2008)
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Jet studies in STAR via 2+1 
correlations

Hua Pei
For the STAR Collaboration
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Introduction & Motivation

• Inclusive jet and dijet cross section measurements are one of the pillars of the
Standard Model jet physics program in ATLAS:
◦ Test of QCD predictions in a new kinematic regime

◦ Tuning of PDFs, Monte Carlo generators, etc.

• ATLAS results with 17 nb−1 published: Eur. Phys. J. C71, 1512 (2011)

• This presentation: analysis of the whole 2010 dataset (37 pb−1)

 [GeV]
T
p

100 200 300 400 500 600

 [p
b/

G
eV

]
Tp

/d
d

1

10

210

310

410

510

610

| < 2.8y|

Systematic Uncertainties

 Non-pert. corr.!NLO pQCD (CTEQ 6.6) 

ATLAS

=0.6R jets,  tanti-k

=7 TeV)s     (-1 dt=17 nbL 

 [GeV]
T
p

100 200 300 400 500 600Da
ta

/T
he

or
y

0
0.5

1
1.5

2

• Updated kinematic range:
Extension to high y , low pT

• Improved detector understanding
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Summary
• Measurement of the inclusive jet and dijet production cross section performed

with the full 2010 ATLAS data set

• Important extension from the previous published results:

◦ Inclusive jet pT measurement extended to 1.5 TeV

◦ Dijet mass extended to 4.1 TeV

◦ Extended coverage to low-pT and high-rapidity regions

• Improved understanding of the ATLAS detector reduced some of the systematic

uncertainties affecting this analysis

• Measurement from data compared to NLO perturbative QCD:

◦ Agreement between data and theory over several orders of magnitude

◦ Trend that measured cross sections are smaller than theory at large pT and dijet

mass

◦ Comparison with several PDFs performed

• Comparisons with Powheg NLO MC also performed

• Validation of the theory in a new kinematic regime

• ATLAS started providing sensitivity to PDFs in regions currently poorly

constrained
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Measurement of jet cross sections in ATLAS

J. Poveda (University of Wisconsin-Madison)
on behalf of the ATLAS Collaboration

DIS 2011
Newport News
April 12, 2011

Measurement of jet cross sections in ATLAS

J. Poveda (University of Wisconsin-Madison)
on behalf of the ATLAS Collaboration

DIS 2011
Newport News
April 12, 2011

Inclusive Jet Cross Section
Anti-kT R = 0.4 Anti-kT R = 0.6
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• Measurement expanding over 2 orders of magnitude in pT and 7 orders of magnitude

in cross section

• Theory: NLO pQCD using NLOJet++ with non-perturbative corrections applied

• Data and theory in good agreement
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Inclusive Jet Cross Section: Comparison with pQCD

• Ratio data over theory predictions (several PDF choices shown)
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• Large rapidity region is sensitive to the choice of PDF

• CTEQ6.6 is disfavored; MSTW, NNPDF2.1 and HERAPDF 1.5 agree better

with data
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J.Weng 

Joanna Weng
(ETH Zurich)

on behalf of the CMS Collaboration

‘

      

   Multi jet measurements with 
   the CMS detector at !s  =7 TeV

XIX International Workshop on Deep-Inelastic Scattering and Related Subjects 
Newport News, VA USA

Tuesday, April 12, 2011

J.Weng 

Joanna Weng
(ETH Zurich)

on behalf of the CMS Collaboration
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   Multi jet measurements with 
   the CMS detector at !s  =7 TeV

XIX International Workshop on Deep-Inelastic Scattering and Related Subjects 
Newport News, VA USA

Tuesday, April 12, 2011
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Inclusive Jet Cross Section: Comparison with NLO MC

• Powheg NLO MC prediction with parton shower MC (Pythia or Herwig) and
NLO pQCD prediction (MSTW 2008 PDF). Results for Anti-kT R=0.6
◦ Low pT: Powheg predicts larger cross sections than both data and NLOJet++

◦ High pT: Powheg closer to data but smaller cross sections than NLOJet++
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Inclusive Jet Cross Section: Comparison with NLO MC

• Powheg NLO MC prediction with parton shower MC (Pythia or Herwig) and
NLO pQCD prediction (MSTW 2008 PDF). Results for Anti-kT R=0.6
◦ Low pT: Powheg predicts larger cross sections than both data and NLOJet++

◦ High pT: Powheg closer to data but smaller cross sections than NLOJet++
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Inclusive Jet Cross Section: Comparison with NLO MC

• Powheg NLO MC prediction with parton shower MC (Pythia or Herwig) and
NLO pQCD prediction (MSTW 2008 PDF). Results for Anti-kT R=0.6
◦ Low pT: Powheg predicts larger cross sections than both data and NLOJet++

◦ High pT: Powheg closer to data but smaller cross sections than NLOJet++
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CMS vs ATLAS

Different cross section definition - pt, eta, R. 

Different theory - PDFs, αs, (scale)
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Motivation

Motivation :

•    BFKL-like dynamics for large jet 
rapidity separation. 

•    Effect of wide-angle soft-gluon 
radiation in the limit that the average dijet 
transverse momentum is much larger than 
the scale used to veto on additional jet.

•    Background for Higgs production via 
vector boson fusion.

Boundary jets:

Use the two leading jets 

boundary 

jet 1
boundary 

jet 2

jet veto

Dijet production with a veto 
on additional radiation (with a 
scale) in the rapidity interval

wide-angle gluon radiation

BFKL-like dynamics  

Selection A

Selection B
Use the two jets with 
largest absolute rapidity 

physics:

15Tuesday, April 12, 2011

The dijet cross-section 
with a jet veto 

Simone Marzani
University of Manchester

XIX International Workshop on  
Deep-Inelastic Scattering and Related Subjects (DIS 2011) 

April 11th - 15th , 2011 
Newport News, VA USA 

in collaboration with R. Duran, J. Forshaw and M. Seymour
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The dijet cross-section 
with a jet veto 

Simone Marzani
University of Manchester

XIX International Workshop on  
Deep-Inelastic Scattering and Related Subjects (DIS 2011) 

April 11th - 15th , 2011 
Newport News, VA USA 

in collaboration with R. Duran, J. Forshaw and M. Seymour
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Dijet and Multi-jet Cross 

Sections Measurements 

in ATLAS

Long Zhao (NYU) 
on behalf of the ATLAS Collaboration

14 April 2011
DIS 2011, Newport News, USA
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Dijet and Multi-jet Cross 

Sections Measurements 

in ATLAS

Long Zhao (NYU) 
on behalf of the ATLAS Collaboration

14 April 2011
DIS 2011, Newport News, USA

1Tuesday, April 12, 2011

Plenty of  QCD effects!

Y!

Fixed order 

Wide-angle soft 
radiation 

 Forward BFKL  
(Mueller-Navelet jets) 

Non- forward BFKL  
(Mueller-Tang jets) S

u
p
er-lead

in
g
 

lo
g
s 

“emptier” gaps!

“wider” gaps!

L = ln
Q

Q0 5 
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Comparison of Event Generators

PYTHIA is best, 
slightly 

overestimate jet 
activity at low 

delta y

ALPGEN shows the 
largest deviation: predict 
too much jets activity at 

large value of delta y

Gap-fraction 

Mean number

Selection A Selection B

Selection A Selection B

17Tuesday, April 12, 2011

1 

2 4 

3 •  The colour partner of  gluon 3 is chosen in each 
event between 1 and 4 with equal probability !
•  If  the partner is on the same side of  the gap there 
is very little radiation !

4× 1
2
× 1

2
×Nc = Nc

•  Inclusive interjet radiation!

•  Suppression factor for radiation in the gap!

•  This vanishes slower than the soft gluon exponential!

•  This led to a modification of  the Herwig++ parton shower!

jets!

dipole!

partner across the gap!

1

3 

4

2

Colour radiation in Herwig++

Schofield and Seymour 
arXiv:1103.4811 
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i

e−Nc(ρ+AiY )ξ, Ai > 0
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Fixed order prediction has singularity at MJ->0

NLO

√
S = 1.96TeV

pT = 600GeV
R = 0.4

quark jet

anti-kT algorithm

Dij = min(P−2
Ti , P−2

Tj )
∆R2

ij

R2

Di = P−2
Ti

d = min({Dij , Di})

NLO singularity

• Event Generators: leading log radiations, 
hadronization, underlying events, etc.

• Fixed order QCD calculation: finite 
number of soft/collinear radiations

• Resummation: all order soft/collinear 
radiations 

Various Theoretical Predictions
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To discriminate QCD jets 
from boosted top jet or 

New Physics signal, we need 
to study jet substructure

Zhao Li 
Michigan State University
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Resummation for Jet function
(jet mass distribution)

In fixed order calculations, there are large logarithmic 
terms of the ratio of jet pT to jet mass,

which can be resummed by applying 
renormalization group (RG) technique.

The key idea of resummation technique is to 
vary Wilson line direction to arbitrary gauge 
vector n, since collinear dynamics is 
independent of n.

ln
�

MJ

RPT

�

Zhao Li 
Michigan State University

Friday, 15 April 2011
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FIG. 7: N-contour in upper half plane used in our inverse Mellin transform.

In the inverse Mellin transform, we have employed the factor (1 − x)N−1 with x = (mJ/(RPT ))2. As x → 0,
all moments in N are equally important, and those containing lnN will be the dominant ones. Therefore, our
resummation formalism, in which these large logarithms are summed up, is reliable in the small x region. We stress
that the soft scale RPT /N becomes so low at extremely large N , where the running coupling constant is huge, and
the expansion parameter αs ln N becomes much larger than order unity. That is, our resummation formalism should
fail at extremely large N (no matter how small x is), and demands the inclusion of nonperturbative physics. As x
grows gradually, the large-N moments become less crucial. and those of intermediate N are relevant. If extrapolating
our large-N resummation formalism to finite x, it is not reliable. The question is then as follows: at which x the
gluon jet function becomes unreliable. Perhaps, it becomes unreliable starting from a smaller x than in the case of
the light quark jet. That is the reason we do not see a fast decrease at large mJ for the gluon jet function. The above
discussion has nothing to do with the numerical convergence in the large-N region, when performing the inverse Mellin
transformation. Actually, a fixed-order calculation is more reliable at finite x. Hence, it is an appropriate procedure
to match the resummation and NLO results for the distribution of QCD jets in the jet invariant mass.

In order to handle small jet mass region, where a nonperturbative (NP) effect is expected to be important and our
pQCD resummation expression does not work well, we introduce a NP correction term into the Sudakov exponent in
N space,

SNP (N) =
N2Q2

0

R2P 2
T

(Ccα0 ln N + α1) + Ccα2
NQ0

RPT
(62)

with Q0 = 1 GeV and Cc = CF (CA) for quark (gluon). Without the above NP term, the jet function can not describe
data very well in small jet mass region, which involves NP effect. We then fit the NP parameters with the PYTHIA
predictions. The resummation formula including non-perturbative is

J̄RES
q (N) =

1
R2P 2

T

{
1 +

CF

π
αs

(
µ2 = C2

3R2P 2
T

) [
1
2

ln
C1

C2
− 1

2
ln2 C1

C2
+

1
2
γE − π2

4
− 9

8

]}

× exp

{
−

∫ C2

C1/N̄

dy

y

[
A(αs(y2R2P 2

T )) ln
(

C2

y

)
+ B(αs(y2R2P 2

T ))
]}

× exp
{

N2Q2
0

R2P 2
T

(CF α0 ln N + α1) + CF α2
NQ0

RPT

}
(63)

J̄RES
g (N) =

1
R2P 2

T

{
1 +

CA

π
αs

(
µ2 = C2

3R2P 2
T

) [
1
2

ln
C1

C2
− 1

2
ln2 C1

C2
− 5

12
γE − π2

4
+

1
2
(ln 2 − 3) +

1
36

]}

Non-perturbative contribution is needed for small MJ.

J̄q(N,PT , ν2
fi, R, µ2) = J̄q(N, PT , ν2

in, R, µ2) exp[S(N) + SNP (N)]

Non-perturbative parameters were fit at pT=600GeV with 
R=0.7.

Quark

Gluon

PYTHIA8+SpartyJet

pT=600GeV

Friday, 15 April 2011
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Jet energy profile @ CMS

Radius
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Predicted by perturbative resummation calculation 
(no non-perturbative contribution is needed.

80GeV < P jet
T < 100GeV

20GeV < P jet
T < 30GeV

Summary
Studying jet substructure is useful for testing Standard Model 
and identifying New Physics. 
 Fixed-order calculations in jet mass distribution and jet 

energy profile contain large logs, making predictions unreliable in 
small jet mass or small r region.

 QCD resummation provides reliable prediction and making 
independent check to full event generators.

 Resummed jet mass distribution including non-perturbative 
contribution agrees with PYTHIA8 for different jet pT and R, 
and Tevatron CDF data.

 Resummation predictions for jet energy profile agree with 
CDF and CMS data. 

 Our formalism can be extended for heavy quark jet, e.g., a 
boosted top quark jet.  (in progress)

 Same formalism can be used in jet study at HERA and RHIC.
Friday, 15 April 2011
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Comparison With Different PDFs
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Jets and heavy ion collisions Jet clustering technology Jet Reconstruction in HIC Summary

Jets in HIC → A messy environment!

Distribution of jets in pp → gg events with pjet
T ∼ 100 GeV and R = 0.4

No PbPb
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Jets and heavy ion collisions Jet clustering technology Jet Reconstruction in HIC Summary

Jet areas for Background subtraction
Data-driven method to estimate the background density per unit area ρ (y,φ)
(from the Underlying Event) on an event-by-event basis

Jets, G. Salam (p. 20)

Jets in HIC Elements in jet extraction [1]

1. Estimate the transverse momentum density from the collective flow
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Example Cacciari & GPS ’07

Cacciari, GPS & Soyez’08

+ talk by J. Rojo tomorrow

! For each jet look at pt/A

! Extract resulting ρ(y) (or ρ(y ,φ))
locally, globally

removing “hard” jets

! pt → pt − ρA
-ve pt jets ↔ resolution

hard jets “stick out” clearly

1.- Measure the pT of all jets in event

2.- Normalize by the jet area Aj

Key observation → For UE jets, pjet
T ∼

ρ(y ,φ)Ajet

3.- Determine ρ(y ,φ)
(No unique strategy, HIC background

very complex structure)

Conceptuallly simple but powerful technique

Juan Rojo Universita di Milano
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Jet areas for Background subtraction
Data-driven method to estimate the background density per unit area ρ (y,φ)
(from the Underlying Event) on an event-by-event basis

Jets, G. Salam (p. 20)

Jets in HIC Elements in jet extraction [2]

2. Subtract the collective flow from jets (either before or after clustering)
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4.- Subtract ρ(y ,φ) from the all jets us-

ing its area Aj

p(sub)
µj = pµj − Aµj ρ(y ,φ) (1)
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Jets and heavy ion collisions Jet clustering technology Jet Reconstruction in HIC Summary

Robustness against quenching effects
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� Jet quenching affects jet reconstruction
e.g. more low pt particles, radiation at wider angles ...

� Anti-kt is robust in the presence of quenching effects

� C/A(filt) ok at RHIC, but bias in presence of quenching at LHC

Juan Rojo Universita di Milano

Jet Reconstruction in Heavy Ion Collisions
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Full Jet Reconstruction in p+p and 
Heavy-ion Collisions with 
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Deep-Inelastic Scattering and 
Related Subjects
- Ali Hanks
     April 12th, 2011
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44-12-2011J.A. Hanks – DIS 2011

Gaussian filter algorithm
• Construct the pT density for the event

• Determine weighted density at each point convolving the pT 
density with a Gaussian filter function 

• Local maxima correspond to reconstructed jets

• Similar to seedless cone algorithm BUT

• No hard angular cut-off
– naturally infrared and collinear safe

• Gaussian shape:
– focuses on core of jet: optimizes signal to background and stabilizes jet 

axis in large background environment
– reduces impact of limited acceptance

• Details found in arxiv:0806.1499 (Y.S. Lai, B.A. Cole)

3

Friday, 15 April 2011
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114-12-2011J.A. Hanks – DIS 2011

p+p inclusive jet cross-section

• pT reach out to large x (~ 0.6)
• No direct comparisons BUT:

– Consistent with STAR using mid-point cone algorithm with R=0.4
– Compares reasonably well with both PYTHIA leading order K and NLO SCA
– for direct comparison need NLO calculations to higher pT and using filter algorithm

10
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19XIX International Workshop on Deep-Inelastic Scattering
and Related Subjects  (DIS 2011) 15

Summary

• The 2+1 correlation are used as proxy of dijets to study 
parton-medium interaction.

• When two back-to-back high-pT particles are triggered, 
the whole associated particles sustain jet-like structures, 
at a close shape and magnitude, on both correlation 
functions and spectra, at Au+Au to d+Au.

• Theory models are tested primarily:
– Surface emission model (core/corona) agrees with data.
– Path-length dependent energy loss mode are expected to:

Show a relative difference between near- and away-side 
Au+Au/d+Au (double ratio),
It is not observed in either symmetric or asymmetric trigger case.

• Detailed study is going on. 

XIX International Workshop on Deep-Inelastic Scattering
and Related Subjects  (DIS 2011) 1

Jet studies in STAR via 2+1 
correlations

Hua Pei
For the STAR Collaboration

XIX International Workshop on Deep-Inelastic Scattering
and Related Subjects  (DIS 2011) 1

Jet studies in STAR via 2+1 
correlations

Hua Pei
For the STAR Collaboration
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NNLO theory progress reported by Radja Boughezal
Antennae subtraction method used to remove IR singularities in hadron-hadron processes - next 

step physical predictions.

Michal Deák present a study of MPI pythia vs unordered pt emissions CASCADE in forward - 
central jet correlation's at the LHC. Difference in predictions which may be observable in 

experiments. 

A review of work about the transverse nucleon structure and its implications for finals states at the 
LHC was presented by Christian Weiss. Implications for underlying event, muliparton processes, and 

rapidity gap survival.

Aharon Levy* showed how ZEUS have been able to determine the W dependence of σtot(γP)  
from a single experiment. Possible implications for the total hadron hadron cross section.

*on behalf of Vladimir Drugakov

Christophe Royon presented results on gaps between Jets at the Tevatron and LHC. Use a 
BFKL approach which is able to predict forward jets at H1 and gaps between jets at Tevatron 

and have made predictions for the LHC which are actively being analysed.

Friday, 15 April 2011
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particle production
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Hadron spectra: proton, deuterium

Charged separated π±, K± @ HERMES:  [S. J. Joosten]
–Unique set of 3D high-precision SIDIS multiplicities
– p-d asymmetries: even higher precision
–Great input for Fragmentation Functions fits
• negative correlated errors – to be accounted for
• problems with negative charges?

Friday, 15 April 2011



Hadron spectra: proton

Strangeness production @ CDF [S. Oh]
Λ, Ξ, Ω, Ks

0, K*,K+/-, φ0

min bias, in jet (1st time at h coll)
@ ZEUS [R. Hori]
–Ks

0, Λ     10 < Q2 < 40,000 

More food for FF fitters
Friday, 15 April 2011



Hadron spectra: proton
Strangeness production 

@ LHCb [M.Adinolfi / J.Merkel]
– soft Ks @ 0.9 TeV
– soft and hard φ @ 7 TeV

Friday, 15 April 2011



Hadron spectra: nuclear targets

Nucleus as femtometer detector of hadronization 
–Dynamics of color confinement: hadronization timescales

Partons as probes of nuclear medium
– pT–broadening sensitive to soft nuclear gluons, saturation scale 

Qsat

–Calibrated tomography of Quark-Gluon Plasma  

Friday, 15 April 2011



Hadron spectra: nuclear targets

 Preliminary CLAS data [T. Mineeva] 
– Hadron attenuation, pT-broadening: 
– multi-D π±, π0; first data on K0; will do η 

and more...; 12 GeV upgrade

π0 π+ Κ0

Cos φ  asymmetry [J. Zhou] 
small x<0.01: test gluon saturation  
large x and pT-broadening:
new handle on energy loss, Qsat
sin φ also possible (easier on exp.)

Observables(1)

Page 4

that measures the ratio of the energy transfered to the hadronic system to the total leptonic

energy available in the target rest frame. Invariant mass of the recoiled hadronic system is

related to ν and Q2
as:

W = (p + q)
2

= M 2
+ 2M ν −Q2

(5)

If in addition to the scattered lepton one of the produced hadrons is identified such process

is called semi-inclusive (SIDIS). The hadron which carriesfour-momentum P �
= (Eh, p�

)

is described by the fraction of the initial struck quark energy it carried away z =
ν
Eh

, its

momentum transfer relative to the virtual photon direction pT , and well as the angle φ

between lepton scattering plane and the virtual photon-hadron plane.

1.3 Experimental observables

In lepton-nucleus DIS the experimental observables are presented in terms of the hadronic

multiplicity ratio Rh
A and transverse momentum broadening ∆p2

T . When considering hadroniza-

tion in the nuclear medium, the rate of gluon emission due to multiple parton scattering is

expected to be greater than that which occurs in vacuum. This causes an increase of the

width of the transverse momentum distribution of the final state hadron. The transverse

momentum broadening for the observed final state hadron with respect to the direction of

the virtual photon direction is defined as [5]:

∆p2
T =< p2

T >A − < p2
T >D (6)

where < p2
T >A is an average hadron momentum squared produced on a nuclear target A:

< p2
T >A=

�

pT ,z ,ν,Q2

p2
T · Nh

�
pT , z , ν,Q2

�

�

pT ,z ,ν,Q2

Nh

�
pT , z , ν,Q2

�

���������
A

(7)

and < p2
T >D is the same quantity for Deuterium target. Since the hadron < p2

T > is mainly

accumulated by elastic scattering due to quark propagation and gluon emission, it is supposed

to be a sensitive probe to the quark lifetime, i.e. production time, as well as medium-

stimulated energy losses. Hadron multiplicity ratio or attenuation ratio represents the ratio

Transverse momentum broadening

 

! in-medium partonic multiple scattering
! medium stimulated gluon emission
! quark energy loss
! average transport coefficient

 Taisiya Mineeva              Overview of JLab hadronization data. DIS11 

            Connects to  partonic phase

4

Observables(2)

Hadronic multiplicity ratio

     

Page 5

of the number of hadrons of type h produced per DIS event on a nuclear target of mass A

to that from a deuterium target:

Rh
A

�
ν,Q2 , z , pT , φ

�
=

Nh (ν,Q2 ,z ,pT ,φ)
Ne(ν,Q2 )|DIS

���
A

Nh (ν,Q2 ,z ,pT ,φ)
Ne(ν,Q2 )|DIS

���
D

(8)

where Nh is the yield of semi-inclusive hadrons in (ν,Q2 , z , pT , φ) bin and Ne is the number

of inclusive DIS events in the (ν,Q2 ) bin. The ν and z dependence of the multiplicity ratio

Rh
A can be used to estimate hadron formation time scale.

1.4 Previous experimental measurements

Electroproduction of the hadron from various nuclei was studied first in the earlier 70’s in

SLAC [6]. The ratio of single inclusive hadrons per g per cm2 per incident electron as a

function of z , pT , and A was measured. The attenuation Rh
A of forward hadrons (at high

z ) was observed for the first time in semi-inclusive cross section ratio. The experimental

results have shown evidence of hadron attenuation increasing with the atomic number A.

It was observed that the nuclear absorption of the detected hadrons decreases at higher z ,

that they are carrying. One of the first measurements with muon beam was conducted in

FNAL and further studied by EMC Collaboration with ultra-high energy muons [7]. Nuclear

targets (12C, 63Cu, 119Sn) and D were measured for the first time simultaneously which

cancelled most of the systematic uncertainties in the multiplicity ratio. Rh
A was measured

for the range of 20 < ν < 220 GeV in two Q2 bins, and as a function of pT in two ν

bins. The ratio rises above unity at high pT , which is consistent with earlier reported

Cronin effect [8] in hadron-nucleus collisions. In conclusion to the earlier measurements,

the results from SLAC (electron beams) and CERN (muons) experiments have shown that

multiplicity ratio mainly depends on the variables ν and z . This has been confirmed by the

Fermilab E665 experiment. The performed measurements have also shown that the optimal

transfer energy ν for studying nuclear effects on the multiplicity ratio ranges from a few

GeV to few tens of GeV [5]. The latest generation of experiments conducted in HERMES

at DESY and CLAS in Jefferson Lab rose a new wave of interest to the extensive studies of

! hadron formation times and mechanisms

! in-medium cross sections

 Taisiya Mineeva              Overview of JLab hadronization data. DIS11 

Connects to hadronic phase

5
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Minimum bias production & underlying event

Too much activity at large nch, large pT
[H. Schulz] 
– even when data included in tuning
– See multiple parton interaction talks  

2 particle correlation in min bias
[C. Oropeza Barrera] 
complex structure  @ 0.9 and 7 TeV
No models reproduce strength

Friday, 15 April 2011



Other hadronic final states

 On k⊥-dependent PDFs in studies of hadronic data [E. Avsar]

– Better treatment of kinematics, high-energy evolution, needed at LHC
– Lack of operator definition a limitation in many approaches  (CCFM, CCH, ...) 
– “Before trying to interpret implications of small-x evolution on observables, establish 

factorization and associated PDFs!”
 

 Baryon number transport @ LHCb [M. Adinolfi]
– Λbar/Λ , Λbar/KS , pbar/p ratios
– Tuning of Monte Carlos

 
 Hyperon production and polarization with CLAS at Jlab 

[S. Anefalos Pereira]
– photoproduction: study baryon resonances 
– hyperons: complete recoil polarization measurements
– New results on deuterium 

• quasi-free neutrons
• bound proton vs. free proton

Introduction An overview of the LHCb experiment Λ̄/Λ and Λ̄/KS ratios p̄/p ratio Conclusions

Baryon number transport p̄/p

∆y = ybeam − yp

Results are consistent with previous experiments.

CERN-LHCb-CONF-2010-009

Marco Adinolfi DIS 2011 - 13 April 2011 - Newport News 24/29
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Prompt photons at the LHC

• Prompt photon production clearly observed 
in ATLAS and CMS

• High efficiency, purity samples using isolation 
discriminant

• Creative use of Z➞ee control samples

Photons distinguished
from pions by 
shower shape 

Modified isolation 
inner cone: 
Identifies electrons 
with Bremsstrahlung

Giovanni Marchiori         Andre David

Friday, 15 April 2011



W/Z+jets production at Tevatron
• Cross sections comapared with 

NLO and MC theory as a 
function of many variables • Precise measurement of W+njet 

inclusive cross sections and 
differentially as function of jet pT

• Small data uncertainties allow 
detailed studies of NLO theory

Brand new results for DIS2011

Stefan Ask
Darren Price

Friday, 15 April 2011



Diphotons
• Motivation:  test pQCD and distinguish prompt diphoton kinematics from H➞γγ

Dmitry Bandurin

Friday, 15 April 2011



Prompt Photon + jets in DIS

• Motivation:  final state that is sensitive to underlying partonic process

Nataliia Zhmak

Outlook: 
compare with theory

Friday, 15 April 2011



Photon-hadron correlations with PHENIX

• Measurement of modified FF in 
Au+Au compared to p+p

Megan Connors
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Megan Connors 
For the Phenix Collaboration 

April 14, 2011 
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Multiparton interactions in photon+jets

• Fractions increase toward 
smaller pT and smaller angles

Alexander Verkheev

Friday, 15 April 2011



Renormalization group evolution of 
collinear and infrared divergencies

• Recent results of NNLL predictions for ttbar, single top, H-, W-, γ
• two-loop calculations completed

• Approximate NNLO cross section from expansion of resummed cross section

• NNLO corrections move in direction of data

• flat dependence on scale 

• Essential ingredient: two-loop soft anomalous dimension

Nikolaos Kidonakis

Tevatron and LHC results
consistent with theory

Friday, 15 April 2011



Multiparton Evolution: recombination
Jochen Bartels

Friday, 15 April 2011



Drell-Yan at forward rapidity

• Large differences between collinear 
approaches

• Dipole predictions systematically lower 
than collinear calculations

• Twist expansions calculated for Drell-Yan

• twist expansion divergent for M<4

• for higher masses M>6 twist 2 
sufficient

• sum of longitudinal and transverse 
parts better approximated by twist 
expansion

Anna Stasto

Friday, 15 April 2011



Angular coefficients of Drell-Yan pairs

• First measurement of angular coefficients in production of γ*/Z bosons at large 
transverse momentum

Arie Bodek

Results are in 
agreement with fixed
order perturbation 
theory predictions

Friday, 15 April 2011



QCD resummation for new dilepton variables
• New initiative:  phenomenology of D0 ϕ* variable, introduced to study pT of Z boson

Simone Marzani

Comparison to D0 data

Outlook:

Friday, 15 April 2011



• First analysis of 2003 and 2004 data for these decays:

• Measurements allow for precise determination of form factors

• First approach to FF shows consistency between (+-) and (00) modes

• Extremely precise measurements of branching ratios

Ke4 decays at NA48 Sergio Giudici

measurements show
nice stability over time

Friday, 15 April 2011
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Introduction Dijet mass Three-jet Mass Conclusions

PDF TESTS
� Cross section depends on the choice of PDF, αS, scales
� Calculate χ2 for all data points including all correlated

uncertainties except PDF uncert. (test of central PDF)
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� for αS close to the world average, observed lowest χ2 for
the default scales

� lowest χ2 for MSTW2008 and NNPDFv2.1
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4/12/11 DIS 2011, Newport News, Virginia, USA 17

Azimuthal dependence

•  flattening dependent on !!
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Jets and heavy ion collisions Jet clustering technology Jet Reconstruction in HIC Summary

General Strategy
Systematic comparison of jet algs performance in HIC

Embed pp events (with and wo quenching) into minbias PbPb events

� pt offset: ∆pt ≡ pAA,sub
t − ppp,sub

t

� pt dispersion: σ∆pt ≡
�

�∆p2
t � − �∆pt�2

Jet algorithms

� kt

� Cambridge/Aachen

� Anti-kt

� Cam/Aa with filtering

with R = 0.4, Rρ = 0.3− 0.5

Range where ρ(y ,φ) estimated

!jet!jet !jet!

Global
"

#
!max !max

#

"

"

#

#

"
Strip( )

)Circular(

Doughnut( $ )

jet

Juan Rojo Universita di Milano

Jet Reconstruction in Heavy Ion Collisions
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