














Impact-Parameter Dependent GPDs
Positronium with BLFQ (a=0.3, N__, =31, K=61)

Lekha Adhikari, Yang Li, Pieter Maris, Xingbo Zhao, James P. Vary and Alaa Abd El-Hady, in preparation



Light Front Holographic H + mass terms + gluon exchange + longitudinal confinement
For the qq sector, this is given by:

LF kinetic energy longitudinal confinement one-glue exchange
k2 +m? T k2 +m? “1\ '3
Ha= =5+ =" + £ — mimprla(e1-2)0:) + Ve

N

dilaton field ~ e—FGQZQ new for heavy quarkonium!

e LF holography: parton separation on LF mapped to the 5" dim. in AdSs,

R
Vel —x)rp 2(+— 22 =, [Brodsky, et al., 2015]
r

e Longitudinal confinement for massive quarks and longitudinal d.o.f.

e “correct” non-relativisitic limit and massless limit

o other ansatz: (k% ,z) — ¢(ki + (1 — x)m. + am_, x) [Branzetal, 2010]

e Non-Perturbative dynamics generated by diagonalizing the Hamiltonian,

H J . M2 J provide direct access to
et ‘me> - hme> hadronic observables

obtain the masses M;, and LFWFs ¢, (ki,x,s,5) = (k. ,z,s,5;, ).

Yang Li, Pieter Maris, Xingbo Zhao and James P. Vary, arXiv:1509.07212



Basis Light-Front Quantization [Vary et al., 2010, PRC]

e Basis expansion,

T{LJ(ICJ_,CE,S,E) = Z @Z,{LJ(n,m,l,S,E) X Gnm(kL/v/x(1—x))xi(x)

n,m,l

e adopt the soft-wall LFWFs (+longitudinal modes) as basis functions

* LF holography as our first approximation
* other possibilities in principle — flexibility

e preserving the kinematic symmetries of the full QCD Hamiltonian
e scalable in the many-body sector (factorization of c.m. motion) >

e Truncation: rotational symmetry J,
/
® 2n+|m|+1< Npax, ! <Lpax, m+s+s=my
e Diagonalization: QR, Arnoldi/Lanczos, ...
A i 2G4 PC
e State identification: n L, — J [Brodsky et al., 2006; Soper, 1972]

e mirror parity, charge conjugation, total spin ...

Yang Li, Pieter Maris, Xingbo Zhao and James P. Vary, arXiv:1509.07212
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Regulator Sensitivity

For HO basis, Qg ~ b/v/ Nmaxs Quv ~ bv/ Nmax- [Coon et al., 2012]

Recent BLFQ study on positronium shows that the continuum limit
Nmax — 00, Limax — 00, 1y — 0 can be reached through successive
[Wiecki et al., 2015, Vary et al., in preparation]

extrapolations.

Extrapolation to the continuum requires extensive numerical calculation.

There also exist ambiguities for extrapolating results from fitted parameters.

e x,m, refitted and turned out to be very close to the Npmax = Linax = 16

ones (< 2% changes).

e The r.m.s. deviations are also comparable.

cC 0.952 1.549 37 (8 states)
bb e o 1.249 4.980 28 (14 states) 16
ce 0.950 1.553 35 (8 states)
bb Yz e 1.224 4.992 30 (14 states) 24

Yang Li, Pieter Maris, Xingbo Zhao and James P. Vary, arXiv:1509.07212



Hadronic Observables |

e decay constants, radiative transitions...
<O]E7“75¢]P(p)> =ip" fp, J /1 _
(0l 9|V (p), A) =X (p)my fv

In light-front dynamics:

frv =2vV/N. 3 *1_x

e form factors

singlet (—) or triplet (+)

d?k
/ J_ mJ O(kJ_ax T i) + me O(kJ_aa%ivT)]a

\ current matrix elements,
l q,

I\ (—q?) = (P+q, N|J*(0)| P, \)/ (2P™).

P +q

not an obseér)vable, but... r.m.s. radii:
(r?) = —6@GC(Q2)’Q2_>O

e GPDs, position-space distributions, gravitional form factors...  [Brodsky, 2001]

Yang Li, Pieter Maris, Xingbo Zhao and James P. Vary, arXiv:1509.07212



Hadronic Observables ll: decay constants
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DSE: Blank et al., 2011.

Lattice: HPQCD, 2010-2015.

e PDG data are extracted from the dilepton width I'y-_, .. and diphoton decay width I'p_, - .

e Results are in rough agreement with experimental measurements as well as Lattice and DSE

calculations.

e Results for different Nmax are consistent, though there is some residual regulator dependence.

Yang Li, Pieter Maris, Xingbo Zhao and James P. Vary, arXiv:1509.07212



Hadronic Observables lll: form factors
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Yang Li, Pieter Maris, Xingbo Zhao and James P. Vary, arXiv:1509.07212



Renormalization

* Renormalization in nonpert. Hamiltonian approach:

a long-standingissue of fundamental importance

* Embedding approach (in the example of |Ps))

counterterms are applied to elementary constituents (e and )

values of counterterms are universal in different physical states(‘ephys> or

|Ps)) with matching kinematicregime for self-energy corrections

construct a series of embedded physical electron systems (|ephys> ®|é)), with
|e) as a spectatorso thatthe kinematicregime for self-energy correctionsin
‘ephys> matchesthatin |Ps) (within the same truncated basis)

obtain thevalues of counter-terms by solvingeach embedded system

counterterms are not only Fock-sector dependent but also basis-state
dependent

X. Zhao, Few Body Syst. 56 (2015) 287; and in preparation



Test Case

Mass counterterm from solving

Without renormalization the embedded electron system
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Time-dependent Basis Light-front Quantization

 BLFQ: for quantum field eigenspectrum
* tBLFQ: for quantum field evolution

* Real-time framework: BLFQ =) tBLFQ
* tBLFQ is designed for:

— time-dependence in dynamical processes

— in strong/time-dependent background field



tBLFQ: Nonlinear Compton Scattering

e Space-time structure

|

|
o

e

* Two effects: acceleration and radiation

Xingbo Zhao, Anton llderton, Pieter Maris and James P. Vary, Phys. Rev. D 88, 065014 (2013);
and Phys. Letts B 726, 856 (2013)



> W

General Procedure for tBLFQ

Derive Lightfront-Hamiltonian from Lagrangian

Switch to the interaction picture
Prepare the initial (‘in’) state

Evolve the initial state until the background field
subsides

Project the scattering final state onto ‘out’ states
(constructed out of QED eigenstates) and obtain S-

matrix element +
. Xy
S=(out|7, exp[—é!\@]ﬁn%

= {out] (1= £V, (x)8x")---(1-4V, (x)8x") (1= £V, (x))8x")|in)

18

1



Progress in tBLFQ

Classical fields generated by lon from Maxwell
equations

Electron in BLFQ (Quantum)
Hamiltonian in BLFQ up to large Nmax (>50)

S Matrix (Checked with LFPT calculation using
momentum basis)

Studied Convergence of Nmax and Kmax

Guangyao Chen, et al, in preparation



Formulas

—2y .
A~ _226 = eie—%wﬁ—im-m
~ —2 2 2
e (e=2v(kt)2 4+ k2)
i .
A,L- _ Z@ k' 1 6%6_2yk+$+—ikJ_'bJ_

+

Xy
S= {(out| T exp —%jv, lin).
0

Guangyao Chen, et al, in preparation



Non-Perturbative Effects

Longitudinal Momentum Distribution  t=0.fm Longitudinal Momentum Distribution  t=0fm
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Guangyao Chen, et al, in preparation
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Non-Perturbative Effects

Transverse Momentum Distribution
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Guangyao Chen, et al, in preparation
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Near-Term Plans

Extend to multi-quark sector (tri, tetra, penta, .. .)
Gluon dynamics included
RHIC t-dependent fields: quark & gluon propogation, radiation

Concluding Remarks

Basis Light-Front Quantization (BLFQ) and tBLFQ provide access to physical
observables through Light-Front Hamitonian formalism of quantum field theory.

The combination of fundamental theory + computational physics represents an exciting
opportunity for addressing forefront questions and making new discoveries in physics.
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