Mesons on the light front
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lll. Two studies of meson light-front
wavefunctions

1. Basis Light-Front Quantization (BLFQ)
2. Small-basis Light-Front Wavefunction (sLFWF) by
design
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Heavy quarkonium, Y. Li, P. Maris, X. Zhao, and J. P. Vary, Phys. Lett.
B758, 118 (2016); Y. Li, P. Maris, and J. P. Vary, Phys. Rev. D96, 016022
(2017).

Heavy quarkonium in |¢g)’

The heavy quarkonium system is solved in the Basis Light-Front
Quantization (BLFQ) approach in the |gg) sector!,
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B_c mesons,S. Tang, Y. Li, P. Maris, and J. P. Vary,

Phys.Rev.D 98 (2018) 11, 114038

Heavy-light mesons, S. Tang, Y. Li, P. Maris, and J. P. Vary, Eur. Phys. J.
C80, 522 (2020)
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Light mesons, S. Jia, and J. P. Vary, Phys.Rev.C 99 (2019) 3, 035206; W.
Qian, S. Jia, Y. Li, and J. P. Vary, Phys. Rev. C102, 055207 (2020)
(on quantum computers, W. Qian, R. Basili, S. Pal, G. Luecke, J. P. Vary,
arXiv: 2112.01927)

pion, rho, ...



Light mesons, S. Jia, and J. P. Vary, Phys.Rev.C 99 (2019) 3, 035206; W.
Qian, S. Jig, Y. Li, and J. P. Vary, Phys. Rev. C102, 055207 (2020)
(on quantum computers, W. Qian, R. Basili, S. Pal, G. Luecke, J. P. Vary,
arXiv: 2112.01927)

pion, rho, ...
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Light meson with one dynamical gluon, J. Lan, K. Fu, C. Mondal, X. Zhao,
and j. P. Vary (BLFQ), Phys. Lett. B 825, 136890 (2022)

P~ =Hgp + Hygns + Hlongi + Hnteract
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i P

Hirans ~ lc%rz -- Brodsky, Teramond arXiv: 1203.4025
Hiongi ~ — Z K70y, (x;xjc’ixj) --Y Li, X Zhao , P Maris , J Vary, PLB 758(2016)
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Light Meson Mass Spectrum
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2. Small-basis Light-Front Wavefunction (sLFWF) by

design
M. Li, Y. Li, G. Chen, T. Lappi, and J. P. Vary, Eur. Phys. J. C 82, 1045 (2022),
arXiv:2111.07087 [hep-ph]

l.  Write the LFWF as a basis expansion
Consider a meson state h consisting of a quark (g) and an anti-quark
(g@) . with momentum (P*,ﬁl), and expand its wavefunction on
orthonormal basis {B4, B2, ...,BN} as

Plke x) = Zcmﬁl(kbxob )

x = pg/P*, the longitudinal momemum fraction of q
kl = Pg,L — xP, , the relative transverse momentum between g and g

Parameters to be determined:
Cp,i. basis coefficients of h
a,b, ..., parameters in the functional forms

Choose suitable basis functions:
* have a simple functional form
» retain physical interpretation of the system

Il. Write conditions and observables in terms of parameters

(1The wavefunctions satisfy the orthonormal relation as

N

*
Z Ch_iChf'i = Sh,h,
i=1

(2) Physical quantities and observables (0) such as decay widths read as
functions (fy) of those parameters,
On = fo(Chizab, ...)
ah,hf = fo(Chi» Cryi3 QD ...)

lll. Obtain LFWFs by determining unknowns according to the
constraints

UNKNOWNS CONSTRAINTS
Ch,is O (fo= fo.exp):
a,b, .. other relevant conditions

Note that the number of constraints and the number of unknowns may not be equal. The procedure is
solving a system of constraint equations or doing an optimization by parameter fitting.
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1) J/yis constructed as a LF-15, 17 ~ state
(m;=0) (m =0y
¢’J/ir =YIF 151 >

(m=1) _ (m;=1)
{'h.}'/w = !",ILFflS.l—— ’

(my==1) _  (mj==1)
¢(J'/|,£r - l’,}'LF—IS‘l—— :

The values of k,m; are determined by matching j /¢ decay constant to the
PDG derived value, rotational symmetry is also enforced,

firp ang=0) (€M)= frpp amy=40) (€ 71)= frpypoe

Srt (my=0) (6 )

S [m,:tl)('(s )
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02 k=134, m=127 g
0.1
a R TR T T T 0
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2) n.is constructed as a LF-1S dominated 0~ * state

1/ =C,k,1s YLF-15,0-+ + Crrels YLF-25.0-+
+ Gy 1 PYLE-1PO—+ -

The values of ¢, ., are determined by normalization and matching
n. diphoton decay width to the PDG value

The pseudoscalar-photon fransition form factor Fp, is defined with the
electromagnetic transition matrix element,

B (P.q1) =" (g1, 4| J(0) [P(P)) i

=~ ieFpy (0}, QD P Poqipes, (q) P

o Calculated from LFWF:

) kedk, 1 d . k dk, dx
Fanl =2Q}\/Ef (Sﬂ);j; VZ:(;—x) Fry(0, Ol =—20}\/1\ch (;Jr);ﬁ VZx(T = x)

—mi ok, )+ V2m k¢ ptk o, x) doplhy, x)
U+ mp? gy

e“n!; 5
o Measured from experiment; Loy =ar Fm 0.0
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