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Color-ordered form factors for the four-gluon
amplitudes

The string-derived Bern-Kosower formalism was originally developed for the computation of on-
shell gluon amplitudes. In previous work we have, using worldline methods, shown how to extend
and optimize this formalism as a tool for obtaining form-factor decompositions of the off-shell 1PI
gluon amplitudes. Following an earlier rederivation of the three-gluon (Ball-Chiu) form factor
decomposition, here we present the first explicit form factor decomposition of the one-loop four-
gluon amplitudes, unifying the scalar, spinor and gluon loop cases. As in the three-gluon case, this
unification is made possible by the fact that the treatment of the gluon loop in the string-derived
formalism is equivalent to the background field method in quantum Feynman gauge. Differently
from the three-point case, however, at four points for achieving this unification it is also essential
that the formalism naturally leads to a color-ordered form of the amplitudes. A particularly simple
structure emerges in the N=4 SYM case.
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Analysis of rho condensation in a
Nambu-Jona-Lasinio model

A non-local Nambu-Jona-Lasinio model can be derived from QCD in the low-energy limit. In
this way, it is possible to fix all the free parameters of the model with physical ones. We use
this approach to derive a local limit to the Nambu-Jona-Lasinio model with the parameters those
obtained from QCD in order to fix the physical parameters of ρ condensation. ρ condensation is
a consequence of the highly non-trivial behavior of the QCD vacuum in presence a very strong
magnetic field giving rising to superconductive behavior in quark matter. We extend previous
computations with an analysis of the ρ decay and considering finite temperature effects.
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Nonextensive thermodynamics for hadrons with
finite chemical potentials

QCD at finite temperature has been usually studied within the standard Boltzmann-Gibbs statis-
tics. One of the standard properties of this is that entropy is extensive, which means that for
two systems A and B which are independent (in the sense that the probabilities of the states of
A+B factorize into those of A and B), the entropy of the joint system S(A+B) is equal to the sum
of the individual entropies S(A)+S(B). Very recently it has been shown that the thermodynamics
of hadronic systems show some signals of non-extensivity, in particular recent LHC experiment
have confirmed that the fireball description based on the BG thermodynamics cannot completely
describe the experimental data for pt-distributions for several hadrons produced in p+p collisions,
while the descriptions based on Tsallis statistics has been successful in describing the same data
[1]. In the Tsallis formalism the entropy of the joint system is S(A+B) = S(A) + S(B) + (1-q) S(A)
S(B), where q is a measuring of the degree of nonextensivity. Tsallis statistics is a generalization
of the BG statistics [2].

In this work we derive the nonextensive thermodynamics of an ideal gas composed by bosons
and/or fermions from its partition function for systems with finite chemical potentials [3]. It is
shown that the thermodynamical quantities derived in the present work are in agreement with
those obtained in previous works [4]. It is studied in details the chemical freeze-out transition line
in the T-mu diagram of QCD, and the effect of non-extensivity on it.

We show that the nonextensive statistics provides a harder equation of state than that predicted by
the Boltzmann-Gibbs statistics, i.e. higher values of the pressure for a given energy density. This
fact induced us to apply this formalism to study the proto-neutron star stability by solving the
Tolman-Oppenheimer-Volkoff (TOV) equations [5]. The most recent experimental measurements
demand a larger value for the radius of neutron stars as compared to the prediction from current
models, and this implies the need of a harder equation of state [6]. Our results based on a simple
thermodynamical description of the neutron star matter within the non extensive statistics go in
the right direction to explain star stability.

[1] J. Cleymans, G.I. Lykasov, A.S. Parvan, A.S. Sorin, O.V. Teryaev, Phys. Lett. B 723 (2013) 351-
354.
[2] C. Tsallis, J. Stat. Phys. 52 (1988) 479.
[3] E. Megías, D.P. Menezes, A. Deppman, arXiv:1312.7134[hep-ph] (2013).
[4] J.M. Conroy, H.G. Miller and A.R. Plastino, Physics Letters A 374 (2010) 4581-4584.
[5] R.C. Tolman, Phys. Rev. 55, 364 (1939); J.R. Oppenheimer and G.M. Volkoff, Phys. Rev. 55, 374
(1939).
[6] J. Antoniadis et al, Science 26, 340 n. 6131 (2013).
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Exotic mesons in a holographic approach to QCD

Since quarks interact with each other through the exchange of colored self-interacting gluons,
QCD predicts the existence of hybrid configurations, composed by a quark, an antiquark and an
excited gluon. This structure gives rise to hybrid mesons, whose JPC quantum numbers can be ei-
ther ordinary or exotic. In the former case hybrid configurations are not easily observable because
they mix with standard quark-antiquark states having the same ordinary quantum numbers. Con-
versely, mesons with exotic quantum numbers cannot be represented as quark-antiquark pairs,
so their detection would point out the existence of non-standard structures comprising gluons as
constituents. Several QCD models indicate the hybrid meson with quantum numbers JPC = 1−+

as the lowest-lying exotic state.
We explore the properties of such configuration by means of holographic QCD, a phenomeno-
logical approach inspired by the gauge/gravity correspondence. This technique has been used to
evaluate relevant physical quantities, such as the mass spectrum and the decay constants of 1−+

hybrid mesons. The computed masses, compared to the experimental values of the 1−+ candi-
dates π1(1400), π1(1600) and π1(2015), favour π1(1400) as the lightest hybrid exotic state. The
behaviour of 1−+ hybrid mesons at finite temperature has been studied through the calculation
of the spectral function. This analysis has shown that dissociation occurs at a lower temperature
than for light vector and scalar mesons, and scalar glueballs. Our result can be interpreted as an
indication that hybrid quark-gluon configurations, although present in the meson spectrum, suffer
of larger instabilities with respect to other kind of states.
Moreover, the relatively low melting temperature could explain why it is difficult to detect hybrid
mesons in experiments.
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Relations between the QCD sum rules with baryon
distribution amplitudes

Recently we have proposed unitary symmetry relations between the Light-Cone QCD sum rules
with meson and photon distribution amplitudes (DA’s). But they are not suitable if one deals with
the baryon DA’s because in this case interpolating currents have different nature: one of them
is baryon current while the other one is either a meson or a photon current. As the resulting
formules with baryon DA’s are even more complicated then for the sum rules with the meson or
photon DA’s it would be of interest to search unitary symmetry relations between various sum
rules.

We have succeded in deriving the relations between the LC QCD sum rules with the baryon DA’s
for the electromagnetic form factors of the Λ and the corresponding transition Σ0Λ quantities. We
have proved their validity in the NRQM and also proved that these SR’s should be identical (up to
a factor).
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Semirelativistic Bound-State Equations: A Few
Trivial Considerations

Observing renewed interest in (semi-) relativistic descriptions of bound states, we would like to
make a few comments on the eigenvalue problem posed by the spinless Salpeter equation and,
illustrated by the example of the Woods-Saxon potential, recall various elementary tools that prac-
titioners looking for analytic albeit approximate solutions might find useful in their quest.

Primary author: LUCHA, Wolfgang (Austrian Academy of Sciences)

Presenter: LUCHA, Wolfgang (Austrian Academy of Sciences)

April 26, 2024 Page 6



QCD@Work - In … / Report of Contributions On the recent anomalies in semile …

Contribution ID: 28 Type: Poster

On the recent anomalies in semileptonic B decays

In the LHC era, the discovery of New Physics signals is the major ambition of the high energy
physics community and flavor physics can provide access to new heavy particles (Kaluza—Klein
modes, supersymmetric particles …) in complementary way with respect to direct searches. Sig-
nals of possible deviations with respect to the Standard Model (SM) have been recently claimed
both by BaBar and LHCb through the analyses of specific semileptonic B meson decays. I’ll focus
on those decays with a tau lepton in the final state for which new BaBar measurements are avail-
able, showing a deviation from the Standard Model at 3.4 sigma level. I study the effects of new
operators in the effective weak Hamiltonian on a set of observables, in semileptonic B —> D^ ()
modes as well as in semileptonic B and B_s decays to excited charmed mesons (P.Biancofiore, P. Colan-
gelo and F. De Fazio, Phys. Rev. D 87, 074010 (2013)). Moreover, I’ll discuss the phenomenology of the
semileptonic decay B—> K mu^+ mu^-, in the framework of a warped extra-dimensional scenario.
Since a complete set of form-factor independent observables have been recently measured by the
LHCb collaboration, with few sizable deviations with respect to the Standard Models in some of
them, it’d be interesting to put constraints on New Physics models from the transition b —> s l^+
l^- (P.Biancofiore, P. Colangelo and F. De Fazio, arXiv:1403.2944).
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Charmed Pseudoscalar and Vector Mesons: a
Comprehensive QCD Sum-Rule View of Their Decay

Constants

In spite of undeniable similarities of the applied techniques, rather different challenges are encoun-
tered when extracting, from QCD sum rules for two-point correlators of appropriate heavy-light
interpolating currents, the decay constants of charmed mesons of, on the one hand, pseudoscalar
nature and, on the other hand, vector nature. This observation justifies a careful reassessment of
the corresponding findings.
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Dense hadronic matter in compact stars

The existence of stars with masses up to 2 M_S and the hints of the existence of stars with radii
smaller than about 11 km seem to require, at the same time, a stiff and a soft hadronic equation
of state at large densities. We argue that these two apparently contradicting constraints could
be actually an indication of the existence of two families of compact stars: hadronic stars, whose
equation of state is soft, can be very compact, while quark stars, whose equation of state is stiff,
can be very massive. In this respect, a crucial role is played, in the hadronic equation of state, by
the delta isobars whose early appearance shifts to large densities the formation of hyperons.
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B and D mesons in nuclear matter via QCD Sum
Rules

We calculate the shifts in the masses and decay constants of B and D mesons in nuclear medium
in the frame work of QCD sum rules. We write the shifts in the masses and decay constants
in terms of B-N and D-N scattering lengths and an extra phenomenological parameter entered
to calculations. Computing an approciate forward scattering correlation function, we derive the
QCD sum rules for the B-N and D-N scattering lengths and the extra phenomenological parameter
in terms of various operators in nuclear medium. We numerically find the shifts in the masses
and decay constants of the mesons under consideration and compare the obtained results with the
existing predictions in the literature.
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Padé approximants in eta and eta’ transition form
factors

The η transition form factor is analyzed for the first time in both space-like and time-like regions
at low and intermediate energies in a model-independent approach through the use of rational
approximants. With the release of the η → e+e−γ data on the very low energy region by the A2
Collaboration we extract the most precise slope and curvature parameters of the form factors as
well as their values at zero and infinity. The impact of these results on several observables are also
discussed.
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Accurate determinations of the rho and sigma poles
through Padé Approximants

Based on the mathematically well defined Pade Theory, a theoretically safe new procedure for the
extraction of the pole mass and width of a resonance is proposed. In particular, thanks to the
Montessus de Ballore theorem we are able to unfold the Second Riemann Sheet of an amplitude
to search for the position of the resonant pole in the complex plane (arXiv:1306.6308 [hep-ph]).
The method is systematic and provides a model-independent treatment of the prediction and the
corresponding errors of the approximation. When the Pade approximants are applied in combi-
nation with the Roy-like GKPY equations (arXiv:1102.2183 [hep-ph]) we are able to extract not
only precise but actually accurate determinations of the rho and sigma poles, compatible and with
errors of a similar size as in previous determinations.
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Production of light flavour hadrons in pp, p–Pb and
Pb–Pb collisions at the LHC energies measured with

ALICE

In the first three years of the LHC operation, ALICE has measured identified light flavour hadrons
in a wide transverse momentum range. The measurements have been performed in the three colli-
sion systems: pp at

√
(s) = 0.9, 2.76 and 7 TeV, p-Pb at

√
(sNN ) = 5.02 TeV and Pb–Pb at

√
(sNN )

= 2.76 TeV.
In this poster, the latest results on transverse momentum distributions, particle ratios and inte-
grated production yields for pi, K, p, Λ, Ξ and Ω will be reported. The system-size dependence
of particle ratios will be discussed and a detailed comparison of the yields with thermal model
predictions will be made.
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Delta I=1/2 rule: 2014
Monday, 16 June 2014 09:00 (30 minutes)

Presenter: BURAS, Andrzej (TUM)

Session Classification: Session 1

April 26, 2024 Page 14



QCD@Work - In … / Report of Contributions The NA62 experiment at CERN SPS

Contribution ID: 45 Type: not specified

The NA62 experiment at CERN SPS
Monday, 16 June 2014 10:30 (30 minutes)
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Low energy constraints and scalar leptoquarks
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Latest LHCb results
Monday, 16 June 2014 09:30 (30 minutes)
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Conventional and exotic quarkonium at BABAR
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Quarkonium production in pp collisions with the
CMS detector
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News in quarkonium physics
Monday, 16 June 2014 11:30 (30 minutes)
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X(3872) and Its Degenerate Partners in HeavyQuark
QCD
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Analysis of B_c–>D_s l l in the QCD sum Rules

Presenter: BASHIRI, Vali

April 26, 2024 Page 22



QCD@Work - In … / Report of Contributions Anomalous Transport: Holograph …

Contribution ID: 53 Type: not specified

Anomalous Transport: Holography, QCD and
(Semi-)Metals

Monday, 16 June 2014 15:00 (30 minutes)
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An asymptotic solution of large-N QCD and of n=1
SUSY QCD
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Thermodynamical and transport properties of sQGP
from holographic QCD
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Anomalous Transport in Field Theory and
Holography
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Gluon Condensate at finite temperature and density
in holographic QCD
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Fuzzy bags, Polyakov loop and gauge/string duality
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Callan-Symanzik approach to infrared Yang-Mills
theory
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Effective actions for dilaton interactions
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Selected Issues in Non-Perturbative QCD
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ATLAS QCD measurements for Higgs studies and
New Physics searches
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Bottom fragmentation in top decays and impact on
the top mass measurement
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Results of the CMS experiment at the LHC
Tuesday, 17 June 2014 09:00 (30 minutes)
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Developments in the parton distribution functions of
the proton
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Presenter: GUZZI, Marco (INFN)

Session Classification: Session 6

April 26, 2024 Page 35



QCD@Work - In … / Report of Contributions Precision QCD measurements at H …

Contribution ID: 66 Type: not specified

Precision QCD measurements at HERA
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Rapidity evolution of Wilson lines at the
next-to-leading order: Balitsky-JIMWLK equation at

NLO
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Latest results on nucleon spin and QCD fits from
COMPASS
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Review of recent ALICE results
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Bottomonium in the plasma - lattice results.
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Heavy Flavour Production at HERA
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Isotropization and Thermalization ofQuark-Gluon
Plasma
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Recent results from the COMPASS hadron program
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Hadronic contributions to (g-2)_\mu: a new
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Evidence for the Higgs boson in the tautau decay
channel using the CMS detector

A search for the Standard Model Higgs boson decaying to tau pair has been performed in pp colli-
sion data recorded by CMS detector at LHC at centre-of-mass energy 8 TeV (7 TeV) corresponding
to an integrated luminosity 20/fb (5/fb). The production modes considered are gluon-gluon fusion,
VBF and associated production with a vector boson. The analysis strategy will be reported, focus-
ing on the estimation of background process (QCD multijet, W+jets) by data-driven methods and
the resulting evidence for the Higgs boson in tau pair channel.
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Measurement of azimuthal correlations between D
mesons and charged hadrons with ALICE at the LHC

Heavy quarks (charm and beauty) are excellent probes to investigate the properties of the strongly
interacting matter formed in heavy-ion collisions, where a Quark-Gluon Plasma (QGP) is pro-
duced. Due to their large mass, charm and beauty quarks are produced in hard partonic scattering
processes in the initial stages of the collision, before the formation of the QGP. While traversing
the medium they experience the full evolution of the QGP and interact with it.
ALICE measured a significant suppression of D-meson production in a wide momentum range in
central Pb-Pb collisions with respect to the expectation based on the cross section measured in pp
collisions, scaled by the number of binary collisions. This effect can be, at least partially, attributed
to the energy loss of charm quarks while traversing the medium. The comparison of angular corre-
lations between charmed mesons and charged hadrons produced in pp, p-Pb and Pb-Pb collisions
can give insight into the mechanisms through which charm quarks lose energy and help to spot
possible modifications of their hadronization induced by the presence of the medium. The analysis
of pp and p-Pb data and the comparison with predictions from pQCD calculations, besides consti-
tuting the necessary baseline for the interpretation of Pb-Pb data, can provide relevant information
on charm production and fragmentation processes. In addition, possible differences between the
results from pp and p-Pb collisions can provide information on the presence of cold nuclear matter
effects, affecting the charm production and hadronization in the latter collision system.
We will present a study of azimuthal correlations between D0, D+, and D*+ mesons and charged
hadrons in pp collisions at √s = 7 TeV and p-Pb collisions at √sNN = 5.02 TeV. D mesons were
reconstructed from their hadronic decays at central rapidity in the transverse momentum range
3 ≤ pT ≤ 16 GeV/c and were correlated to charged particles reconstructed in the pseudorapidity
range |η|<0.8. Perspectives for the measurement in Pb-Pb collisions at √sNN = 2.76 TeV will also
be presented.
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Perspectives of heavy-flavour measurements in
ALICE with the upgraded Inner Tracking System

The ALICE detector at the LHC is specifically designed to investigate the properties of the hot and
dense medium, consisting of deconfined quarks and gluons (QGP), created in highenergy
heavy-ion collisions. Heavy‒flavour particles are very special probes to investigate the properties
of such a medium, since they are mainly produced in the initial phase and could experience the
full evolution of the collision. Thanks to the excellent performance of the ALICE
detector, in particular of the Inner Tracking System (ITS) which play a crucial role for heavyflavour
particle studies, interesting results have been obtained by analyzing pp, p‒Pb and Pb‒Pb data
collected so far.
The upgrade of the inner tracker, which has been recently approved, combined with the upgrade of
LHC luminosity in Pb‒Pb collisions, will allow to improve significantly the current performances
of heavy-flavour measurements, in particular in the low momentum region, and in some cases
they will be available for the first time (e. g. Λ_{c} barion in Pb‒Pb collisions).
The perspectives for heavy-flavour measurements expected after the second long shut-down (LS2)
of LHC will be discussed.
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