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Introduction

* Goals: simple-function charmonium LFWFs
with few parameters!

I. Approximation to QCD.

ll. Retain more symetries. e @
iii. Matching the NR limit.

iv. Emphsis on decay width.

* We designed LFWFs for i, J/y, ¢y’ and
Y(3770).



Basis functions
* LF holography/Basis LF Quantization Hamiltonian.

k2 + m?
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. Two parameters: m, and k.
ii. One-gluon interactions were treated perturbatively.
* The basis function representation.

G x) =yx(1=x) ) wy (n.m, 1,5, 5')
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Teramond and Brodsky, ‘09
Li et al., PLB 758, 118 (2016)



Basis functions

* Small basis for charmonium states:

YLE-15 = ¥0,00 -

YrLE-1P0 = Y0,0,1 >

YLF-1P+1 = —Y0,+10 -

Y = \/E ¥ \/T Y
LF_2S - 3 1,0,0 3 0,0,2 .
YLF-1D0 = 3W 1,0,0 31110,0,2 ,

YLF-1D+1 = Y0111 >

YLE-1D+2 = Y0420 -
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J/y as a 1~ state

* We assume a 100% LF-1S state for J/4.
* Matching J/y decay constant to the PDG value:

Fruw&, mp)=f1. ppG
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* We fix m. and k using the J/iy decay constant.
Li et al., arXiv: 2002.09757



n.as a0 state

* n.predominantly LF-1S+LF-2S and LF-1P.

Y, =Cp 1sYLF-15,0-+ + Cp 25 YLF-25,0-+
+ Cy 1 PYLF-1P0—+ -

* Basis coeffecients are determined using the
diphoton decay width I'(n. -> yy).

e. y



Y’ as a 1~ state

* A mix of LF-1S and LF-2S states for y".

(mj=0) _ (mj=0) (mj=0)
wl//' _Cwl

(mj=0) (MJ=0)
18 ‘ﬁLF—ls,l—— + C.p'

28 wLF—ZS,l—— ’

(mj=1) _ ~(m;j=1) ,(m;=1) (mj=1) , (m;=1)
Yy’ =C s Yirisi— t Cuns Yk as1-— >
(mj=—1) _ ~(mj=-1)  (mj=-1) (mj=—1) ,(mj=-1)
‘”w' _C(,//’,IS wLF—lS,l—— + Cw',zs ‘/’LF—zs,l—— .

* Basis coeffecients are determined using the
dilepton decay constant.

%DNV\<

If‘Vlmj=0| = |f‘V|mj=il| = f‘V,experiment .
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Y(3770) as a 1~ state

* A mix of LF-1S, LF-2S, LF-1D states for y(3770),
LF-1D is dominating.

(mj=0) _ ~(m;=0) (m;=0)
‘”w(3770) _C¢(3770),1s wLF—lS,l——

T C¢(3770),28 wLF—ZS,l——
3 C(mj:O) (mj=0)

4(3770)1DYLF-1D,1-- »

* Basis coeffecients are determined by requiring
orthogonality between Yy’ and y)(3770).



LFWFs by design
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The mass spectrum
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ne i v w(3770)

Masses calculated from small-basis LFWFs should
be regarded as Estimated!

Li et al., arXiv: 2002.09757
Li et al., PLB 758, 118 (2016)
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The charge radii

* Defined in terms of the slope of the charge form
factor at zero momentum transfer.

0

2N oo THH 2
1) = ~6552Go(@)],_,
(fn?) () 2, () (P sr0))
this work 0.098 0.046 0.154 0.138

BLFQ [27]  0.029(1) 0.0402(2) 0.13(0) 0.13(0)

o J/, Y’ and Y(3770) radii consistent with BLFQ
calculations.
* Alargesize !

Li et al., arXiv: 2002.09757
Li et al., PLB 758, 118 (2016)
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Parton Distribution Functions (PDFs)
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Li et al., arXiv: 2002.09757
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J/W production at HERA

ZEUS, 2004.

Y'p=>I/gp H1, 2006. Yy p->Jp
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GCetal., PLB 769, 477, 2017

GC et al., PRC 100, 025208, 2019

Li et al., arXiv: 2002.09757
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J/Y production at LHC

Pb+Pb%Pb+Pb+J/‘P A/ SNN =2.76TeV

I I I I I I I I I I I I I I I
- —— small-basis LFWF (this work)
6.~---- BLFQ ALICE, 2013.
boosted Gaussian CMS, 2016.
S @ ALICE
E4.Fm cms
T
v-d -
~~
b
= 2.

| &

GCet al.,, PLB 769, 477, 2017
GC et al., PRC 100, 025208, 2019
Li et al., arXiv: 2002.09757
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Y*Y ->n_ Transition Form Factor

1 | 1 | 1 | 1 | 1 | 1
1-0X It mt ——F,,Q.0 "
so8y Fy.,(0,Q% -
S :
L§ 0.6 \\ + BaBar m
(\]O) — -
< 04 ™ .
Lg i \‘ )
0.2f T :
0_0_ 1 | 1 | 1 | 1 | 1 | 1 |
0 10 20 30 40 50 60

0*(GeV?)

I, (P, q1) =(y"(q1, )| J*(0) IP(P))
= - ieszy(Q%, Q%)dlaﬂapaqlﬂe;,{l(ql) ’

BaBar, 2010.
Li et al., arXiv: 2002.09757
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Summary

* 1., J/Y, Y and Y(3770) LFWFs in two
approaches: BLFQ (HPC), small-basis
(analytical).

* Physical observables calculated:

l. Masses and charge radii.

ii. PDFs.

iii.  J/y production at HERA and LHC.

iv. n.diphoton transition form factor.

* QOutlook: analytical LFWFs with
simultaneous global analysis.



Thank you!

* Collaborators: Meijian Li, Yang Li, Tuomas
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Basis Function

* Transverse:

4rn! k, b
- +”|’:n |)!(_) exp(=k2 /(21%))

K
Ly(k,*/k*) exp(im) ,

¢nm(l_€J_) :K_l

* Longitudinal:

T+ DI(l+a+B+1)

i) = An QL+ @+ +1) \/F(l +a+DII+B+1)

P21 - x) PP x - 1),
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Sample Basis Function
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Mirror Parity and Chargeconjugation

TABLE 1. Basis states ¢,,,,0°s; categorized by the mirror parity mp
according to Eq. (17).

m; m mp =1 mp = —1

0 0 !ﬁn,()JO'.,. wn,O,Ia-—
+1 %(wn,—l,l(fﬂ‘ — Yn1107) %(!//n,—l,IU'TT + Yn1107)
0 ¥noiorr, Ynoaoyy Un 01011, —Yn0107L

L-1 11 104, FYn_110 Un 110+, TWp 110+
2 Y2101, Yn-2101 Yn20041s —Yn-21011

TABLE II. Basis states ¢,,,;0; categorized by the charge conjuga-
tion C according to Eq. (18).

m+1 C=1 C=-1

even wn,m,lo-— Wn,m,10-+a Wn,m,lo-TT, wn,m,lo-ll
Odd wn,m,lo-+a !//n,m,lo-TTs lpn,m,lo-ll wn,m,lo-—
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J/y Decay Constant

a2k,
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Y'(Is) inyp at LHC

GC et al., in preparation

yp->Y(1S)p
. T T T ZEUS, 2009.
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Equal time vs. Light-front Quantization

Dirac (1949)

. . a + 1 — +
i—|o() = H|p()) = |oG) = 2P e()
H=P p =P -p°
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Basis Light-front Quantization

JFinding spectrum using light-front
Hamiltonian
Hpplgn) = MP|r), (Hpp = PPy, — P?)

JAdopting basis according to the symmetry
of system

JAdvantages:

= Boost Invariant Amplitude

= Parton Interpretation

= Fully relativistic

" Moore’s Law

09/08/22 QNP 2022 25




General Procedures of BLFQ

dDerive LF-Hamiltonian from Lagrangian

Construct basis states |«) , and truncation
scheme

JEvaluate Hamiltonian in the basis

IDiagonalize Hamiltonian and obtain its
eigen states and their LF-amplitudes

Evaluate observables using LF-amplitudes

Extrapolate to continuum limit
Vary et al ‘10, Honkanen et al ‘11



Heavy Quarkonium in BLFQ

JEffective Hamiltonian

kY + mg 40 K Cpimas T 7
Heg = 21— 2) + k(] — 4—771302 [2(1 — z)@z} — Tus/(k )Yuus(k)os(k)y vs (K
N—— ~ ~ s N ~ d
LF kinetic energy confinement one-gluon exchange

* |nspired by holographic AdS/QCD.

Teramond and Brodsky, ‘09

* Two parameters fitted to spectra.
Li et al., PLB 758, 118 (2016)
Li et al., PRD96, 016022, (2017)
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4.2
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3.2

Heavy Quarkonia Spectra

Li et al., PLB 758, 118 (2016)
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Visualizing LFWF

Li et al., PRD96, 016022, (2017)

A=
¢(T??H?)(I“L .x) (GCV)

m = 0(S wave)

X DOLOCERINN
LN

|

i iy ".
] M”i” ]

g

‘ ”‘m’!"’!!'l”l' DN

; " "03 \
XY

m = 1(P wave)

09/08/22 QNP 2022



BLFQ LFWF predictions

Li et al., PLB 758, 118, (2016)
JDecay constants
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JAlso predict radii and charge form factor!
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Dipole picture of diffractive processes

AThe exclusive VM production amplitude:

. d
AL PP (2,Q,A) =i /d%/ Z/d2 (V") r

i[b—(1—2)7]-A dgqq

* Y.: LFWF of vector meson

e ¥Y: Photon LFWF

do _
s dipole cross section

A Description of vector meson on the Light-front
is the KEY!

Golec-Biernat and Wusthoff , 1999
Kowalski and Teaney, 2001
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HERA: cross section

GCetal., PLB 769, 477, 2017
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J/W from Pb-Pb UPC at LHC

GCetal., PLB 769, 477, 2017
GC et al., PRC 100, 025208, 2019

ALICE, 2013, 2017.
CMS, 2016.
LHCb, 2018
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Y'(1s) from pp UPC at LHC

GC et al., PRC 100, 025208, 2019 LHCb, 2015
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Cross section ratio, Upsilons

GC et al., PRC 100, 025208, 2019
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