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JLab12 Scientific Questions 

excited gluon field 

•  What&is&the&role&of&gluonic&excitaJons&in&the&
spectroscopy&of&light&mesons?&Can&these&
excitaJons&elucidate&the&origin&of&quark&
confinement?&

•  Where&is&the&missing&spin&in&the&nucleon?&
&Is&there&a&significant&contribuJon&from&
valence&quark&orbital&angular&momentum?&

&
•  Can&we&reveal&a&novel&landscape&of&nucleon&
substructure&through&3D&imaging&at&the&
femtometer&scale?&

•  What&is&the&relaJon&between&short9range&N9N&
correlaJons,&the&partonic&structure&of&nuclei,&
and&the&nature&of&the&nuclear&force?&

&
•  Can&we&discover&evidence&for&physics&
&beyond&the&standard&model&
&of&parJcle&physics?&



JLab12 Scientific Capabilities 

Hall D – exploring origin of 
confinement by studying  

exotic mesons 

Hall B – understanding nucleon  
structure via generalized parton 
distributions (GPDs) and transverse 
momentum dependent distributions 
(TMDs) 

Hall C – precision determination of 
valence quark properties  

in nucleons and nuclei  

Hall A – short range correlations,  
form factors (SBS), hyper-nuclear physics,  
future new experiments (e.g., SoLID and MOLLER) 

LQCD – beyond the mass spectrum 

$  GlueX&looking&for&exoJc&hybrid&mesons&in&photoproducJon&
$ Might&appear&as&enhancement&in&πππ&~&πρ,&πσ,&πf0(980)…&

Light quark meson + “exotics” & “hybrids” spectrum 

Hadron Spectrum:  
     PRD83 (2011);  
     PRD88 (2013) 

Predicted&

Exotics Decay&&
rate&

Editor’s"
sugges;on"
PRD97,&2018&

Mo;va;on"in"GlueX"PID""
upgrade"proposal"

GlueX"ac;vely"calibra;ng"in"this"channel"



LQCD/PQCD – hadron/nuclear structure  

"  &No&“sJll&picture”&for&hadron’s&partonic&structure:&
Quarks"and"gluons"are"moving"rela;vis;cally,"color"is"fully"entangled!"
Partonic"structure""=""“Quantum"Probabili;es”:""""hP, S|O( , , Aµ)|P, Si

"  &High&energy&probes&see&partons&on&the&light9cone:&
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LQCD/PQCD – hadron/nuclear structure  

"  &New&idea&–&quasi9PDFs:&
Ji,!arXiv:1305.1539 
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Gauge&link&vs&propagator&

π9Valence&PDFs&

PRD99,&2019&

1st"LQCD"calcula;on"of"pion"valence"PDFs!"

"  Tremendous&potenJals:&

Access"to"large)x"region,"…"
Neutron"PDFs,"…"(no"free"neutron"target!)"
Meson"PDFs,"such"as"pion,"kaon,"…""
More"direct"access"to"parton"flavor,"…"



LQCD/PQCD/EXP – hadron/nuclear structure 

"  &PredicJve&power&of&QCD&–&Universality&&&Global&analyses::&
No"modern"detector"can"see"quarks"and"gluons"in"isola;on!"

LQCD&

" Role&of&precise&latce&data:&

Simultaneous&fit&

Strange&quark&suppression!&

arXiv:1905.03788!
SubmiNed!to!PRL!



Center for Nuclear Femtography: 

DVCS SIDIS 

Imaging the Quarks 

Understand the glue that binds us all:  
The Next QCD Frontier in Nuclear Physics  

Imaging the Gluons 

Electron-Ion Collider 



What EIC can do, but, HERA & other colliders cannot do?  

"  What&is&so&special&about&the&Lepton9Hadron&Collider?&&&

Hit"the"proton"with"a"well)controlled"hard"probe"without"breaking"it!"
"  Quantum&imaging:&

$  HERA&discovered:&15%&of&e9p&events&is&diffracJve&–&Proton&not&broken!&
$  US9EIC:&&10091000&Jmes&luminosity&–&Cri;cal"for"3D"tomography!""

"  Quantum&interference&&&entanglement&–&dual&role&of&hadron&spin:&

$  US9EIC:&&Highly&polarized&beams&–&Origin"of"hadron"property:"Spin,"…"""""""""""
""""""""""""""""""""""Direct""access"to"chromo)quantum"interference!"

�(Q,~s) / + + + · · ·

2

p,~s k

 t ⇠ 1/Q

Quantum&interference& T

(3)(x, x) /�(s)� �(�s)

"  Nonlinear&quantum&dynamics&–&dual&role&of&nuclei:&
$  US9EIC:&&Light9to9heavy&nuclear&beams&–&Origin"of"nuclear"force,"…""
""""""""""""""""""""""Catch"the"transi;on"from"chromo)quantum"fluctua;on""
""""""""""""""""""""""""""""""""""to"chromo)condensate"of"gluons,"…"
""""""""""""""""""""""Emergence"of"hadrons"(femtometer"size"detector!),""
""""""""""""""""""""""–"“a"new"controllable"knob”"–"Atomic"weight"of"nuclei"
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17/09/19made by Chun Shen 

One of the fundamental 
questions in QCD 
phenomenology:

what are properties 
of strongly-
interacting matter at 
extreme conditions 
of temperature and 
energy density

Relativistic Heavy-ion 
collisions: 

unique tool to create 
and study hot QCD 
matter and its phase 
transition under 
controlled conditions

5 TeV

RHIC: 130-200 GeV
LHC:  Pb-Pb: 2.76-5.02, 

  Xe-Xe: 5.44 TeV

Nearly perfect 4uid 
discovery at RHIC
Nucl. Phys. A 757 (2005)



Chemical 

freeze-out
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17/09/19

Evolution of heavy-ion collisions

Schlichting, Mazeliauskas, IS 2019

● Description of the heavy-ion collision dynamics from the underlying QCD still challenging

● Bulk dominated by the hydrodynamic expansion
● Knowledge of the initial state required

Small systems → increased 
sensitivity to initial state

6

 

17/09/19

Early times, Pre-equilibrium

Schlichting, Mazeliauskas, IS 2019

● Early times → classical &eld evolution
● Energy deposition models, based on: Non-equilibrium models:

CGC: gluon yield at 
early times 

small-x gluons

matching initial 
conditions to hydro 
evolution

CGC,
phenomenology, 
AdS/CFT (Shockwave collisions)

QCD kinetic theory,
Boltzmann RTA,
Boost invariant holography AdS/CFT
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17/09/19

Chemical composition
➔ Production at chemical freeze-out

● Inelastic collisions cease
● Abundances of di=erent hadron species &xed
● Integrated particle yields → 

conditions at chemical freeze-out

14

 

17/09/19

Final state interactions
➔ Described by statistical/thermal models with 

grand canonical ensemble.

EPOS, Phys. Rev. C 93 (2016) 014911

➔ Particle yields measured at kinetic 
freeze-out. Depend on:
● Initial yields after chemical freeze-out
● Lifetime of hadronic phase
● Resonance decays
● Scattering cross-section of decay 

products
● Baryon &nal state annihilation ?



15

 

17/09/19

Thermodynamic properties
➔ Described by statistical/thermal models with 

grand canonical ensemble.
● Three parameters: T

ch
, μ

B
, V

Nature, 561(2018) 321

➔ With increasing √s
NN

:

● μ
B 
decreases, vanishes at LHC

● T
ch

 increases up to SPS energies

then saturated at ~160 MeV,
close to the QGP phase boundary 
temperature from lattice QCD
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17/09/19

p
T
 distributions

➔ Hardening of the spectra with 
centrality

➔ Low p
T 

(< 2,3 GeV):
● Bulk-matter (collective phenomena)

LHC > 95% of the produced particles, 
non-perturbative QCD regime

➔ Intermediate p
T
: 

● Fragmentation vs recombination

➔ High p
T 

(> 8-10 GeV):
● Hard processes, energy loss
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17/09/19

QGP: Collectivity in the system

v
1 
: directed Mow v

2 
: elliptic Mow v3 : triangular Mow

➔ initial spacial anisotropy → 
azimuthal anisotropies in particle 
momentum distributions

➔ Fourier expansion:

non-central HI collision
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17/09/19

Azimuthal anisotropy – elliptic Mow

JHEP09 (2018) 006

● Low p
T
 (<2 GeV/c): mass ordering  

collective radial Mow velocity, 
isotropic expansion

● p
T
 ~2.5 GeV/c: crossing between v

2 
of mesons 

and baryons

● p
T
 > 2.5~8 GeV/c: baryon-meson grouping

baryon v
2 
> meson v

2
, 

Mow driven by quark content

● Φ meson follows mass ordering at low p
T 

and quark contents at intermediate p
T
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17/09/19

Hard probes

● Collisional and radiative parton 
energy loss, Mavour and mass 
dependence

● Dependence on medium 
properties and traversed path 
lengths

➔ Quarkonia: suppression of di=erent 
states due to colour screening
● “QGP thermometer”

● Medium properties studied via parton 
modi&cation in the medium

➔ High-p
T
 partons and heavy quarks
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Ridge observed in high 
multiplicity events for small

colliding systems

PRL (2016)116, 172302

PLB (2016) 12, 009

Discovery of the “Ridge”

6LC2019 – Maxime Guilbaud17/09/19

Ø Discovery of the ridge
o Long range correlation
o Signature of collective flow!
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Nature of the “Ridge”

7LC2019 – Maxime Guilbaud17/09/19

Ø Collective nature
o Multi-particle correlation
o Similar patterns

Ø Initial State (IS) matters
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LC2019Y. Mehtar-Tani �5

‣ Two decades after Bjorken prediction, jet 
quenching phenomenon was observed at 
RHIC in the suppression of high-pT 
hadrons and confirmed at LHC where a 
strong suppression of 1 TeV jets  was 
observed 

‣ Use jets as test particles  to learn about 
the properties of of the Quark-Gluon-
Plasma (QGP)

RAA ≡ 1
Ncoll

dNAA/dpT

dNpp/dpT

Inclusive hadrons

Inclusive jets

Jet quenching in heavy ion collisions





Small collision systems
and

the Electron Ion Collider

Michael Winn

Nuclear physics division, IRFU-CEA

Light-Cone Conference, Palaiseau, 17th of September 2019

Conclusions

I heavy-ion like observations in pp/pPb and UPC collisions:
Hydrodynamics down to smallest length-scale, few-touch chaos or
correlations at "impact"?

I community ¥ consensus: final state interactions main e�ect in
pp/p-nucleus, correlations geometry-driven

I open: which degrees of freedom & scales, "transitions" & thermalisation,
role of geometry in coordinate & momentum space, implications for
High-Energy-Physics-modelling?

I precision input from the electron ion collider for "initial state" with
"point-like" probe:
important for hadronic collisions as constraint

I ’direct’ connection based on assumptions & in the realm of modelling today

I Can we develop a solid universal picture by theory & experiment together
at hh & eh for thermal system emergence and the initial state?
æ A lot of fun and head scratching ahead!

19 / 19



Anatomy of a high-energy collision

Colliders study fundamental interactions at high energy

?

1 GeV

10 GeV 100 GeV
1 TeV scale

hard

processquark/gluon branchings

hadrons

(⇡,K , p, n, ...)

Hard + branchings

perturbative QCD

controlled, solid

predictive with
genuine theory
uncertainties

Hadronisation

NON-perturbative

needs modelling

model-dependent

topic #1 for this talk

Gregory Soyez Jets and their substructure LightCone 2019 3 / 26



Monte Carlo generators

Generic picture:

“all-purpose” (Monte Carlo) Event generators to simulate collisions

Most used tools in particle physics (Pythia, Herwig, Sherpa, ...)

Central piece: parton shower (connecting hard to soft perturbative scales)

Main physics idea: gluon radiation from a qq̄ dipole has 2 (IR) divergences

a

b
k

soft: Ek ! 0 )
Z Eab

Emin

dEk

Ek
↵s = ↵s log(Eab/Emin)

collinear: ✓ak ! 0 )
Z ✓ab

✓min

d✓ak
✓ak

↵s = ↵s log(✓ab/✓min)

Widely disparate scales ) logs resummed to all orders

Gregory Soyez Jets and their substructure LightCone 2019 5 / 26

Towards dipole showers

Convenient representation: the Lund plane
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⌘
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Anatomy of a high-energy collision

Colliders study fundamental interactions at high energy

jet

?

1 GeV

10 GeV 100 GeV
1 TeV scale

hard

processquark/gluon branchings

hadrons

(⇡,K , p, n, ...)

branchings mostly
collinear

+
“high-energy parton”

! collimated shower of
particles ⌘ JET

Jet ⌘ proxy to
hard parton

our topic #2

Gregory Soyez Jets and their substructure LightCone 2019 3 / 26



Frequent tool: Cambridge/Aachen (de-)clustering

Cambridge/Aachen: iteratively recombine the closest pair

Usage: iteratively undo the clustering to study internal jet dynamics
Typically: follow the hardest branch (largest pt or z)

Gregory Soyez Jets and their substructure LightCone 2019 11 / 26



Other examples

What jet do we have here?

a quark?

a gluon?

a W /Z (or a Higgs)?

a top quark?

Source: ATLAS boosted top candidate

t

Many applications, e.g. relevant to new physics searches

Gregory Soyez Jets and their substructure LightCone 2019 14 / 26

Analytic approach to jet substructure

Main idea:

Boosted jet ) pt � m

) ⇢ ⌘ m2

p2tR
2
⌧ 1

) expect log ⇢ coming with ↵s

) need for all-order resummation

Example: jet mass with one (soft-and-collinear) gluon emission

Prob1(> ⇢) '
Z 1

0

d✓2

✓2
dz

z

↵sCR

⇡
⇥(z✓2 > ⇢) ' ↵sCR

2⇡
log2(1/⇢)

✓
1�

zz

Use the same Sudakov parametrisation as for “Monte-Carlo
generators” seen earlier, but now treat things analytically

Gregory Soyez Jets and their substructure LightCone 2019 18 / 26



  

Jamal Jalilian-Marian 

Baruch College and CUNY Graduate Center

New York, NY

High energy scattering in QCD: 
from low to high Bjorken x

  

Jamal Jalilian-Marian 

Baruch College and CUNY Graduate Center

New York, NY

High energy scattering in QCD: 
from low to high Bjorken x

  

OUTLINEOUTLINE

QCD at high transverse momentum:

collinear factorization (twist expansion)

 

QCD at high energy (CGC):  

high gluon density e�ects

Toward a uni"ed formalism:

beyond eikonal approximation  



  

QCD kinematic phase space

???

unifying saturation with high pt (large x) physics?
kinematics of saturation: where is saturation applicable?
jet physics, high pt (polar and azimuthal) angular correlations 

cold matter energy loss, spin physics, …….
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Low-x world

Light Cone 2019 Palaiseau  |   18 September 2019  |  Radek Žlebčík

● The beyond DGLAP dynamics
(BFKL, saturation, k

T
 distribution)

● The gluon density can be 
enhanced by colliding nucleons

DIS pp-collisions (forward production)

The Q2 or M2 must be within pQCD regime and experimentally accessible

low x → high energies

page 1

Review of the low-x measurements

Light Cone 2019 Palaiseau  |   18 September 2019  |  Radek Žlebčík

Wednesday, 
September 18
Light Cone 2019

Radek Žlebčík
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Review of the low-x measurements

Light Cone 2019 Palaiseau  |   18 September 2019  |  Radek Žlebčík

Wednesday, 
September 18
Light Cone 2019

Radek Žlebčík
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Inclusive DIS at HERA

Light Cone 2019 Palaiseau  |   18 September 2019  |  Radek Žlebčík

H1 & ZEUS legacy

● ep: 27.6 + 920 GeV

● ~0.5 fb
-1
 per experiment

● Inclusive = any X

X
Bj
 = 5*10

-5
 

Eur.Phys.J. C75 (2015) no.12, 580
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Inclusive DIS at HERA

Light Cone 2019 Palaiseau  |   18 September 2019  |  Radek Žlebčík

Low-x region

● At small x huge rise of gluon and F
2

● Higher-Q2 leads even to steeper rise

Eur.Phys.J. C75 (2015) no.12, 580
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Discussed measurements

Light Cone 2019 Palaiseau  |   18 September 2019  |  Radek Žlebčík

1) Inclusive (D)DIS – HERA

2) Exclusive production of di-jets & di-photons – LHC, Tevatron

3) Exclusive J/psi photoproduction – HERA, LHC

4) Forward jets – LHC

5) Forward-backward jets – LHC
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Discussed measurements

Light Cone 2019 Palaiseau  |   18 September 2019  |  Radek Žlebčík

1) Inclusive (D)DIS – HERA

2) Exclusive production of di-jets & di-photons – LHC, Tevatron

3) Exclusive J/psi photoproduction – HERA, LHC

4) Forward jets – LHC

5) Forward-backward jets – LHC

page 38

Conclusions

Low-x 2019 Nicosia  |   26 August 2019  |  Radek Žlebčík

● With current experiment we access up to x ~ 10-5

● Indications for BFKL dynamics for several observables
● Saturation?

Outlook
● High-luminosity data with protons tagged

→ AFP, CT-PPS
● Future ep experiments

→ LHeC – energy frontier
→ EIC    – luminosity frontier

● Precision era in low-x? 

page 38

Conclusions

Low-x 2019 Nicosia  |   26 August 2019  |  Radek Žlebčík

● With current experiment we access up to x ~ 10-5

● Indications for BFKL dynamics for several observables
● Saturation?

Outlook
● High-luminosity data with protons tagged

→ AFP, CT-PPS
● Future ep experiments

→ LHeC – energy frontier
→ EIC    – luminosity frontier

● Precision era in low-x? 



QCD AT FINITE TEMPERATURE AND DENSITY
FROM THE CURCI-FERRARI MODEL

Urko Reinosaú

(based on various collaborations with J. A. Gracey, J. Maelger,
M. Peláez, M. Tissier, J. Serreau and N. Wschebor)

*Centre de Physique Théorique, Ecole Polytechnique,
CNRS & Institut Polytechnique de Paris

Light Cone 2019, 16-20 September 2019, Ecole Polytechnique.
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RUNNING COUPLING FROM THE LATTICE
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� = 5.7 64

4

80

4
Landau gauge
& Taylor scheme

[I. L. Bogolubsky, E. M. Ilgenfritz, M. Müller-Preussker,

A. Sternbeck, Phys. Lett. B676, 69 (2009).]
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IMAGINARY CHEMICAL POTENTIAL

———————————————————————————————

· · · +
N
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( /̂ ≠ igA

a/ t

a + M

f

≠ iµ
i

“0)Â
f

Ô
, with M

f

∫ T , µ

———————————————————————————————

Not really physical, but much praised by the lattice community since
the sign problem is absent. For us, immense source of data to which
we can compare to.

For µ
i

= (fi/3)T , the action admits a new symmetry (Roberge-Weiss),
combining center transformations, abelian gauge transformations and
charge conjugation.

The Roberge-Weiss (RW) symmetry is known to be broken for large
enough temperatures.
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NUCLEON STRUCTURE

•In theory, all information contained in: 

•In practice, color confinement prevents us from calculating them. So? 

•Lattice or FACTORIZATION THEOREMS

<latexit sha1_base64="UqDUkXj5fo1Ac/65PwT19qcB7YQ="></latexit><latexit sha1_base64="UqDUkXj5fo1Ac/65PwT19qcB7YQ="></latexit><latexit sha1_base64="UqDUkXj5fo1Ac/65PwT19qcB7YQ="></latexit><latexit sha1_base64="q9RfMM9Xtk4fiObvoDNXvCrVsFI="></latexit>

Goal: understand 3D (momentum space) and spin structure of  nucleons
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Factorization regimes for hard meson production II

Two complementary regimes in generalized Bjorken limit :

t ⇠ 0 (near-forward kinematics): GPDs and meson DAs;

u ⇠ 0 (near-backward kinematics): baryon-to-meson TDAs and nucleon DAs B. Pire,

L. Szymanowski’05;

K. Semenov-Tian-Shansky (PNPI) An overview of baryon-to-meson TDAs Light Cone 2019 4 / 37
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2Nucleons & Nuclei
• What is the nature of the spin of the proton?

• How do gluons contribute to the proton spin?

• What is the landscape of the polarized sea in the nucleon?

• What do transverse spin phenomena teach us about the proton structure?

• How can we describe the multi-dimensional landscape of nucleons and nuclei?

• How do quarks and gluons hadronize into final state particles?

• What is the nature of the initial state in nuclear collisions?



5Gluon Polarization

-0.5

0

0.5

1

1.5

10
-5

10
-4

10
-3

10
-2

10
-1

1

DIS + SIDIS
90% C.L. constraint

DSSV 2014
with 90% C.L. band

RHIC projection
data £ 2015

EIC projection
Ös = 78 GeVØ

proton spin

ò d
x 
Dg

x m
in

1

Q2 = 10 GeV2

xmin

න
0.05

1
Δ𝑔 𝑥 𝑑𝑥 = 0.2−0.07+0.06

• Inclusive jet asymmetries at 𝑠 = 200 GeV
(midrapidity)

• First evidence of non-zero gluon polarization

න
0.05

0.5
Δ𝑔 𝑥 𝑑𝑥 = 0.23 ± 0.07

DSSV
PRL 113 (2014) 012001

NNPDF
NPB 887 (2015) 276

PRL 115 (2014) 092002

4The Proton Spin
1
2
= ΔΣ + Δ𝐺 + 𝐿𝑞 + 𝐿𝐺

𝐴𝐿𝐿 =
𝜎++ − 𝜎+−
𝜎++ + 𝜎+−

∝
Δ𝑓𝑎Δ𝑓𝑏
𝑓𝑎𝑓𝑏

ො𝑎𝐿𝐿

Double helicity asymmetries:

𝐴𝐿𝐿 =
1

𝑃1𝑃2
𝑁++ − 𝑅𝑁+−

𝑁++ + 𝑅𝑁+−

Double helicity asymmetries:

𝑅 = 𝐿++/𝐿+−

4The Proton Spin
1
2
= ΔΣ + Δ𝐺 + 𝐿𝑞 + 𝐿𝐺

𝐴𝐿𝐿 =
𝜎++ − 𝜎+−
𝜎++ + 𝜎+−

∝
Δ𝑓𝑎Δ𝑓𝑏
𝑓𝑎𝑓𝑏

ො𝑎𝐿𝐿

Double helicity asymmetries:

𝐴𝐿𝐿 =
1

𝑃1𝑃2
𝑁++ − 𝑅𝑁+−

𝑁++ + 𝑅𝑁+−

Double helicity asymmetries:

𝑅 = 𝐿++/𝐿+−



  Beam Spin Asymmetry in the 
Electroproduction of 0-+ or 0++ Meson  

off the Scalar Target  
         Chueng-Ryong Ji 
North Carolina State University 

September 18, 2019 
In collaboration with H.-M.Choi,A.Lundeen,B.Bakker & Y.Choi 



Salient Features 
•  No interference from Bethe-Heitler process 
•  BSA of exclusive coherent electroproduction 

of the π0 off 4He has been measured. 
•  Data appear consistent with our benchmark 

BSA prediction for 0-+ meson production off 
the scalar target.  

•  General formulation of hadronic amplitudes  
   in Meson Production off the Scalar Target (0++  
   vs. 0-+)  
•  Comparison/Contrast with the leading twist GPD 

formulation. 
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Color Confinement and Supersymmetric Features of Hadron 
Physics from Light-Front Holography and Superconformal Algebra 

with Guy de Tèramond, Hans Günter Dosch, Marina Nielsen,
F. Navarra, Tianbo LIu, Liping Zou, S. Groote, S. Koshkarev, C. Lorcè, R. S. Sufian, A. Deur

September 19, 2019

Stan Brodsky  

9/9/2019 LC2019 - QCD on the light cone: from hadrons to heavy ions (16-20 September 2019): Overview · Indico

https://indico.cern.ch/event/734913/ 1/2

Starts 16 Sep 2019, 08:30
Ends 20 Sep 2019, 18:30

Ecole Polytechnique, Palaiseau, France
Amphithéâtre Sophie Germain

Note: On Saturday 21 and Sunday 22, no RER B trains will be available between "Paris Gare du Nord"
and "Charles de Gaulle Airport". We advise you to take the RER D up to the station "Stade de France"
and then take a substitution bus from there. We are sorry for the inconvenience.

 

Light Cone 2019 is the latest in the series of conferences that, beginning in 1991, have played an
important role in promoting research towards a rigorous description of hadrons and nuclei based on
quantisation methods in the front form.

As with earlier conferences in the series, the aim of this meeting will be to create a scientific program
that will stimulate developments at the forefront of nuclear, hadron and particle physics research. In
particular, Light Cone 2019 will focus on the following physics topics and approaches:

Physics Topics

Hadronic structure
Small-x physics and heavy ions
QCD at finite temperature
Few- and many-body physics
Chiral symmetry
Quarkonia

Approaches

Field theories in the front form
Lattice field theory
Effective field theories
Phenomenological models
Present and future facilities

We look forward to welcoming you at Ecole Polytechnique in September 2019 !

Organizers

m lc2019@ipno.in2p3.fr
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Hadronic Properties
From Basis Light Front Quantization

James P. Vary

Department of Physics and Astronomy
Iowa State University

Ames, USA

LC2019
Ecole Polytechnique, Paliseau, France
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Applications of BLFQ to QED and QCD at LC2019

Chandan Mondal, “Exploring pion and nucleon structure through basis light front quantization,” 
[Talk on Wednesday afternoon] 

Xingbo Zhao, “Positronium structure: an illustration of nonperturbative renormalization 
in a basis light-front approach,” [Talk on Wednesday afternoon]

Pieter Maris, “On the light-front wavefunctions and related observables of quarkonium states”, 
[Talk on Thursday morning]

Meijian Li, “Frame dependence of transition form factors in light-front dynamics”,  
[Talk on Friday morning]
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Additional BLFQ papers in process

Wenyang Qian, et al., Light mesons and s-sbar mesons

Chandan Mondal, et al., Baryons in single-parton coordinates

Anji Yu, et al., Baryons in Jacobi coordinates

Xingbo Zhao, et al., Positronium with dynamical photons 

Meijian Li, et al., Quark jets in a time-dependent color glass condensate;

Meijian Li, et al., Charmonium production/propagation in medium

Lekha Adhikari, et al., GPDs and TMDs of pion and kaon in NJL model
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Light-front quantum mechanics and quantum field theory

W. N. Polyzou

The University of Iowa

Much Ado About Nothing
an introduction to the LF vacuum

Matthias Burkardt

New Mexico State University

September 20, 2019

Tobias Frederico
Instituto Tecnológico de Aeronáutica

São José dos Campos – Brazil
tobias@ita.br

Minkowski space approach to self-energies 
and scale invariance
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