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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|p)

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]

Equal time quantization | Light-front quantization
3 * Not just a coordinate transformation.

 New theory !!!

3 | _ 0 _ .3

3 x1 x2, x3 X Ix 12x, Advantages:

i - xt=xt

S . 1; 7_":;(;:;3 777777777 * Frame-independent wave functions

******************************** 1 * Simple vacuum structure

 « No square root in Hamiltonian P~



Basis Light-front Quantization

Nonperturbative eigenvalue problem [Vary et al, 2008]

P~|B) = Pg |B)
 P7:light-front Hamiltonian

* |B): mass eigenstate
. PB_: eigenvalue for |£3)

Evaluate observables for eigenstate

0 = ([0]B)

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

Discretized basis
* Transverse: 2D harmonic oscillator basis: ®5 .. (5.).
* Longitudinal: plane-wave basis, labeled by k.
e Basis truncation:
Zi(zni + |ml| + 1) < Nnax
Liki =K.
Nynax, K are basis truncation parameters.
Large N,,4, and K : High UV cutoff & low IR cutoff



Application to T and K



PDF from BLFQ and QCD Evolution for Light Mesons

k_f +m2 k—f + m3 ) it NJL
Heopr = 14 T+ k*x(1 — x)72 — S0, (x(1 — x)8y) + Heflf
X 1-x (mq + mg

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

1
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Drell-Yan cross section

7~ Nucleus — p* p~ X\
[S. D. Drell and T.-M. Yan, PRL (1970)]
[ T. Becher et al, JKEP07(2008)030]; [P. C. Barry et al, PRL121(2018)152001] [DCTEQ 201 5]
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m) = lq@)+ -

~\

!
) = alqq) + blqqg)'+ -




Interaction Part of Hamiltonian

[
m) = alqq) + blqqgh+ -

Hip 19G9)

19q)
(qq] % | f

(qqg | f 0

2

P
kivmg | Xiimyg k*x(1 — x)72
N

P~ =

X 1—x

KI4

T zax(x(l _x)ax) +Hint

(mq+mg) =




Pion Spectrum, DC, Radii nt—>ptv | | T > u

9, - :
(r7) = 6553 902 F(Q?)p250 (0[¥(0)y "5 (0)| W (P,s)) =iP" fp,
, /P k)
F(Q )— fdle(xl,O Q%) N
—
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[Tana shi, et al, PRD(2018)] <
BLFQ-NJL 139.57 775.23+0.04 202.10 100.12 0.68+0.05
[Jia, Vary, PRC(2018)]
Set | Set Il
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k= 0.77 GeV, b = 0.49 GeV, k = 0.84 GeV, b = 0.33 GeV,
o = 0.284 , ms = 3.38 GeV a = 0.318, mf = 4.80 GeV

[Lan, et al, in preparation | 13
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Pion Wavefunction
(M- LT component)

Momentum space

Coordinate space



| Pion Wavefunction|?
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PDA
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Pion initial PDF

PDF
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Valence close to BLFQ-NIJL result at large x, more than BLFQ-NIJL result at small x;
we have gluon in initial PDF.

[Lan, et al, in preparation |]
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Pion PDF

Adeuiwl|aid
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Pion PDF :
T} = alqq) + blqqg) + -
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Pion PDF |
T} = alqq) + blqqg) + -
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Kaon Spectrum

l
|K) = alus) + b|u§g):+

Light meson in progress

Norm1l DC[MeV]

Aleuiwi|aid
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PDA
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Kaon initial PDF |K>:|u5—>:+... Vs
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[Lan, et al, in preparation |]

large x X
K:(1-— x)1'05
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Kaon PDF

|K) = alus) + b|u§g):+

K
— u
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[Lan, et al, in preparation |]

DC[MeV] exp.

It seems that larger Nmax/Kmax need to
be considered in next step
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Kaon PDF |K) = |u§):+ VS |K) = alus) + b|u§g):+
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Kaon PDF |K) = |u§):+ VS |K) = alus) + b|u§g):+
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Conclusions

* Basis Light-front Quantization:

- Nonperturbative approach to relativistic many-body bound states

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

- Mass spectrum 4= structure

» Systematically expandable by including higher Fock sectors

-|Baryon) = |qqq) + |qqqg) + lqqqqq) + -
-|Meson) = |qq) + |lqqg) + 199q) + -
-|[Exotic hadrons) = |qqqg) + -

28



Future Plans

* Meson: heavy quarkonium == heavy-light meson ==
strange meson

* Baryon: nucleon == excited nucleon == baryons with
s, b, c quarks...

* Expansion in Fock sectors: [gggg) in meson and |ggqqq)
in baryon

e Evaluation of observables: FF, PDF, DY cross section, PDA,
GPD, TMD, GTMD...

* Tremendous amount of possibilities...

Thank you !

Questions/suggestions: xbzhao@impcas.ac.cn



