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Hadronic Final States Working group:

theory talks
Pavel Nadolsky (Argonne National Laboratory)

❒ Perturbative QCD (Klasen, Kniehl, Sassot)

❒ Monte-Carlo generators (Frixione)

❒ Resummations (Andersen, Kidonakis, Kyrieleis, Olness)

❒ Photon structure (Levy)

❒ Unitarity at high energy & small x (Marquet, Weiss)

❒ Pentaquarks (Szczepaniak)

❒ Polarization phenomena (Dubnicka, Dubnickova)
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Future NNLO cross sections for p + p → jets + X

needed for the full NNLO PDF analysis
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Monte-Carlo event generators (S. Frixione)

❒ Adequate Monte-Carlo showering models are crucially important for
many measurements (including jet cross sections)

❒ To what extend can we combine powerful features of perturbative cal-
culations and Monte-Carlo methods in a single formalism?

❍ Matrix-element corrections (MEC)

❍ NLO with parton showering (NLOwPS)

B pros and cons of two methods
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D iff e re n t p a rto n ic su b p ro c e sse s c o o p e ra te to g iv e th e p h y sic a l re su lt

How a b o u t th e δse p d e p e n d e n c e ?



Wh a t to ex p ect fro m a n N L O w P S (h ere M C @ N L O )

• MC@NLO rate = NLO rate =⇒ K -fac tors are in c lu ded con sisten tly

• MC@NLO- an d MC-p redic ted sh ap es are iden tical w h ere MC does a g ood job

• S+0 jet an d S+1 jet treated exac tly , S+n jets (n > 1) better th an in MC’s

• No dep en den ce on δse p =⇒ tu n in g is th e sam e as in ordin ary MC’s

• S om e n eg ativ e-w eig h t ev en ts, to be su btrac ted (rath er th an added) from h istog ram s



NLOwPS versu s M E C

Why is the d efi n ition of N L O wP S ’s m u ch m ore d iffi c u lt than M E C ?

T he problem is a seriou s on e: K L N can cellation is achiev ed in stan d ard M C ’s

throu g h u n itarity, an d em bed d ed in S u d akov s. T his is n o lon g er possible: IR

sin g u larities d o appear in hard M E ’s

IR sin g u larities are avoid ed in M E C by c u ttin g them off with δse p. T his m u st be so,

sin ce on ly loop d iag ram s can c u t off the d iv erg en ces of real m atrix elem en ts

N L O wP S ’s are better than M E C sin ce:

+ T here is n o δse p d epen d en ce (i.e., n o m erg in g system atic s)

+ T he com pu tation of total rates is m ean in g fu l an d reliable

N L O wP S ’s are worse than M E C sin ce:

− T he n u m ber of hard leg s is sm aller

− T here are n eg ativ e weig hts (i.e., m ore ru n n in g tim e req u ired )
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❒ MEC programs: AcerMC, ALPGEN, AMEGIC++, CompHEP, Grace,
MadEvent

❒ NLOwPS programs: MC@NLO, Φ-veto, grcNLO

... and a lot of ongoing theoretical activity
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Underlying event at hadron colliders

❒ under active investigation

❒ requires a serious study and Monte-Carlo tuning at the Tevatron
(R. Field)

❒ Current models for LHC fall in the “plug and pray” category
(S. Frixione)

❍ unknown dependence on
√

S

❍ not well-understood at high luminosities and parton densities

❍ will require substantial tuning in the first years of LHC

❒ pp data from RHIC (
√

S = 200 GeV) can help constrain the energy
dependence ⇒ Jiangyong Jia’s talk
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Black-body limit at the LHC II

❒ may affect forward-rapidity hadronic activity in
central pp/pA collisions

❒ e.g., in production of massive particles or jet
systems at small rapidities (Higgs production
in vector boson fusion)

Signatures:

❒ lost coherence of parton radiation (“shattered”
projectiles)

❒ leading-energy hadrons have suppressed
multiplicity and large pT w.r.t. to the jet

❒ increased soft particle multiplicities at central
rapidities

Not implemented yet in Monte-Carlo generators
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O(α2
s) corrections to semi-inclusive DIS at high pT (B. Kniehl, R. Sassot)

❒ Completed recently by several groups

❍ 0-loop real emission: γq
(−) → q

(−)
gg,

γg → qq̄g, etc.

❍ 1-loop virtual corrections: γq
(−) → q

(−)
g,

γg → qq̄

❒ Agrees with most of the HERA data within uncertainties;
at the same time,

❍ K = σNLO/σLO is in the range ∼ 1 − 25

K increases at smaller Q, x, p∗T , or large η

❍ Scale uncertainty of ∼ 100%

❍ Substantial dependence on fragmentation functions
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DIS 2 0 0 5 H a d ro n ic F in a l Sta te s

(a) π
0 m eson s in th e forw ard reg ion (H 1 )

0.1

1

10

100
H1 data ’99
H1 data ’04
LO
NLO

0.1

1

10

100

dσ
π0 /d

p T
*  [

pb
/G

eV
]

0.1

1

10

100

5 10 15

p
*
T  [GeV]

5

10

K
−f

ac
to

r

2   < Q
2
 < 4.5 GeV

2

4.5 < Q
2
 < 15  GeV

2

15 < Q
2
 < 70  GeV

2

2 < Q
2
 < 4.5 GeV

2

4.5 < Q
2
 < 15 GeV

2

15 < Q
2
 < 70 GeV

2

0

100

200

300

H1 data ’99
LO
NLO

0

100

200

dσ
π0  / 

dη
 [

pb
]

0

50

100

150

1.5 2 2.5 3

η

5
10
15
20
25

K
−f

ac
to

r 2   < Q
2
 < 4.5 GeV

2

4.5 < Q
2
 < 15  GeV

2

15 < Q
2
 < 70  GeV

2

2 < Q
2
 < 4.5 GeV

2

4.5 < Q
2
 < 15 GeV

2

15 < Q
2
 < 70 GeV

2

p∗T η = − ln ta n (θ/2 )

B .A . K n iehl: DIS pro d u c tio n o f sin g le ha d ro n s w ith la rg e pT a t N L O 9
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Resummations
Methods for systematic calculation
of perturbative cross sections
depending on several momentum scales
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Computation of NNNLO-NLL logarithms
in threshold resummation (N. Kidonakis)
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Leading Log tools at NLL
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!!this would be a major catastrophe!!

The HE limit of QCD as described by the NLL BFKL equation – p.16/32
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BFKL Intercept

QCD, nf = 4, one loop running
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The HE limit of QCD as described by the NLL BFKL equation – p.23/32
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Transverse momentum resummation at small x

(F. Olness, in collaboration with S. Berge, P. N., and C.-P. Yuan)

Universality of soft-gluon resummation at small qT in the Drell-Yan process
and current region of SIDIS

⇒predictions for Drell-Yan qT distributions at x < 10−2 based on HERA
ET data
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Differential energy flow at small-x???

H1 Collaboration,
PL B356, 118 (1995)
EPJ C12,595 (2000)
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Z Production: Tevatron & LHC

Tevatron LHC

With cuts on y
e

and p
Te No y cut necessary !!!
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Merging CSS and BFKL resummations for
interjet particle production at high energies (A. Kyrieleis)
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Pentaquarks:
critical examination of the (absence) of the evidence
(A. Szczepaniak, based on hep-ex/0412077 with A. Dzierba and C. Mayer)

❒ Statistical significance of the discovery reports

❒ Conventional sources of spurious peaks

❍ Kinematical reflections

❍ Hidden particle exchanges

❍ Kinematical cuts
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DIS 2005 April 27-May 1, 2005 Madison, Wisconsin U.S.A.

New possible insight into JLab proton
polarization data puzzle by DIS

A. Z. Dubnǐcková1,

S. Dubnǐcka2,

Proton is compound of quarks ⇒ non-pointlike - in EM

interactions it manifests EM structure to be described (equally

well neutron EM structure) by tw o independent scalar func-

tions (form factors FF’s) of one v ariable t = −Q2, the

squared four-momentum transferred by the exchanged virtual

photon.

There is some freedom in the choice of proton EM FF’s.

The most suitable in extracting of experimental information

are Sachs electric GEp(t) and magnetic GM p(t) FF’s, giving in

the Breit frame the charge and magnetization distributions

within the proton, respectively.
1Dept. of Theor. Physics, Comenius Univ., Bratislava, SR
2Inst. of Physics, Slovak Acad. of Sciences, Bratislava, SR

1
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Conclusions

❒ Progress is made towards understanding of various aspects of hadropro-
duction

❒ Many questions remain, especially related to QCD physics at energies
accessible at the LHC

❒ Systematic study of perturbative corrections, resummations, and non-
perturbative models must go on in order to meet objectives of the LHC
physics program


