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Introduction

* Goals: simple-function charmonium LFWFs

with few parameters!

I.  Approximation to QCD.

Il. Retain more symetries.
iii. Matching the NR limit.
iv. Emphsis on decay width.

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



Basis functions
* LF holography/Basis LF Quantization Hamiltonian.
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i.  Two parameters: m, and k.

ii. One-gluon interactions were treated perturbatively.
* The basis function representation.
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Li et al., PLB 758, 118 (2016)



Basis functions

e Small basis for charmonium states:
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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:
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* We fix m_and k using the J/y decay constant.



n.as a0 state

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

YUy, =Cn 1SWLE-15,0-+ + Cp 25 WLF-25,0-+

+ Cp, 1PYLF-1P0—+ -

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

e. N



Y’ as a 1~ state

A mix of LF-1S and LF-2S states for ¢’
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* Basis coeffecients are determined using the
dilepton decay constant.
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Y(3770) as a 1~ state

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

(mj=0) _ ~(m;=0) (m;=0)
W¢(3770) _Cw(3770),1s Y LF-15,1--

+C 377025 YLF-25.1--

M C¢(3770),1DwLF—1D,1—— ’

* Basis coeffecients are determined by requiring
orthogonality between Y’ 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., 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.

)= -6-0 5260@), -

(fm?) () () () -
this work 0.098 0.046 0.154 0.138
BLFQ [27] 0.029(1) 0.0402(2) 0.13(0) 0.13(0)

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

* Alargesizen,!

Li et al., PLB 758, 118 (2016)
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Parton Distribution Functions (PDFs)
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Dipole model of diffractive VM production

* The exclusive VM production amplitude:

7p_>Ep:z:QA —1/d2_'/ Olz/d2 (U™ U)r

h—(1—2)7- A daqq

1. Y.:LFWF of vector meson
11. ¥ :Photon LFWF

... do_ . :
ii. dT[‘ij?: dipole cross section
 LFWFs of vector meson is the KEY!

Golec-Biernat and Wusthoff , 1999
Kowalski and Teaney, 2001



J/W production at HERA

ZEUS, 2004.
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J/Y production at LHC

Pb+Pb—Pb+Pb+J/¥ /sy =2.76TeV
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y*y ->n. Transition Form Factor
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BaBar, 2010.
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Summary

* 1., /Y, Y’ and Y(3770) LFWFs in a
simple functional form.

* Physical observables calculated:

I.  Masses and charge radii.

ii.  PDFs.

iii.  J/y production at HERA and LHC.
iv. 7.diphoton transition form factor.

* Outlook: simultaneous global analysis
in determining model parameters.
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Basis Function

* Transverse:

S 4an!  (ky\™
bam(BL) =K \/(n +”|’fn : (%) exp(—#2 /2

LI™(k, % /«*) exp(im6y) ,

* Longitudinal:

I+ Drd+a+B+1)
I'l+a+DII+B+1)

xﬂ/2(1 _ x)a//2P§0’,ﬁ)(2x =1,

x1(x) = AL+ a + S + 1) \/
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Sample Basis Function
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Mirror Parity and Chargeconjugation

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

m; m mp =1 mp = —1

0 0  Ynoios Yn010-
+1 %(lﬁn,— 1101 — Yn11071)) %(tﬁn,-u(f 1+ ¥Yn1,107))
0 Un 01011, YUn010|] Yn01011, —¥n010

L,-1 21 104, FYn-_110 Yn 1,10+, EWp 110+
2 Yn210 ), Yn-21011 Yn21041s —Yn-21011

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

m+1 C=1 GC=-1

cven wn,m,lo-— Wn,m,lo-+’ lpn,m,lo-TT, wn,m,lo-ll
Odd wn,m,la-+’ wn,m,IO-TT’ !pn,m,lo-ll wn,m,lo-—
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J/1 Decay Constant
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