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Outline

* Basis Light-front Quantization approach

* Application to r and K

» Leading Fock sector (based on NJL interacton)
* With one dynamical gluon

 Summary and Future Plan



Hamiltonian Formalism

* Schrodinger equation universally describes different physics :

Hly) = E[)

Nonrelativistic, few-body Nonrelativistic, many-body Relativistic, many-body

* Wave functions encode full information of the system
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Light-front Quantization

[Dirac, 1949]

(O =x+53 | ° Not just a coordinate transformation

* New theory !!!
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* No square root in Hamiltonian P~




Basis Light-front Quantization

Nonperturbative eigenvalue problem [Vary et al, 2008]

P~|B) = Pz |B)
 P7:light-front Hamiltonian
* |B): mass eigenstate
* Pj:eigenvalue for |B)

Evaluate observables for eigenstate

0 = (p[0]B)

Fock sector expansion
« Eg. Im =alqq)+blqqg) +clqqgg) + dlqqqq) +....

Discretized basis
» Transverse: 2D harmonic oscillator basis: ®5 ., (B.).
* Longitudinal: plane-wave basis, labeled by k.
* Basis truncation:
2i(2n; + |my| + 1) < Ny,
Liki =K.
N,qx, K are basis truncation parameters.
Large N,,q @and K : High UV cutoff & low IR cutoff



Application to T and K



PDF from BLFQ and QCD Evolution for Light Mesons
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PDF for the valence quark result from the light-front wave functions obtain by
diagonalizing the effective Hamiltonian.
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The moments of pion valence quark PDF
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m) = lq@)+

Jiangshan Lan

l
) = alqq) + blaqg)'+ -



Structure of Hamiltonian
[
m) = alqq) + blqgg)+ -
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Mass spectrum

normqq pc[mev]
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Pion mass, DC, Radii
9 _ .
() = =6 552 F(@)lg2-0 (O (0)y 75w (0)|P(p)) = ip* f.

Ol (0)r W (0)|V(p.2)) = ef My fy.
F(QH) = ) [ dxiH(x,0,0%)

-
BLFQ 139.57 775.26 138.2 129.0 0.516~? 0.492 r_L
.26+0. 2+1. + .672+0. —-
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Pion Form Factor

F(QH) = ) [ dxiH(x,,0,0%)
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Pion initial PDF

PDF |
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Pion PDF

Im) = alqq) + blqqg) i+ -~
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Pion PDA
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Kaon Spectrum
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Light meson in progress

Norm1l DC[MeV]

1000/

K 0.588 151
K~ 0.602 142

K, 0419 13

Aleuiwiaid

[Lan, et al, in preparation |

------- BLFQ
=== PDG18
B — K*(1410) K1 (1400)
K(1460) ... K3(1430)
K:(1270)
T Nmax = 14, Kpax = 15,M; = 0
my = 0.39 GeV, mg = 0.60 GeV,
mg = 0.586 GeV,
B - Kk = 0.65 GeV, b = 0.29 GeV,
e a = 0.293, ms = 5.69 GeV
| | | | |
0" 1- 1+ 2+ JP

21



Kaon Form Factor

F(QH) = ) [ dxiH(x,,0,0%)
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Wave function 11-11

0.998*normqq



Pion Kaon
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Kaon PDA
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Kaon initial PDF |K)=|us"):+-~ VS
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Kaon PDF K) = [us)t VS |K) = alus) + blusg) [t -
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Kaon PDF |K)=a|u§)+b|u§g):+---
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Kaon PDF
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Conclusions

e Basis Light-front Quantization:

- Nonperturbative approach to relativistic many-body bound states

* Light-front Hamiltonian === Wavefunction == Observables

- Mass spectrum === structure

e Systematically expandable by including higher Fock sectors

-|Meson) = |qq) + |qqg) + |qqqq) + -

Thank you !

Questions/suggestions: xbzhao@impcas.ac.cn



