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PDF in 44 QCD

Light-cone parton distribution function

Ji, X.D. PRL78,610(1997), PRD55,7114(1997)
Radyushkin, A.V. PLB.380,417(1996), PLB385,333(1996)

« I—:xferimmm[ extraction. No froﬁ[em.

« Lattice calculation. Very bard.

Quasi fcm‘on distribution function
Ji, X.D. et al. PRLs(2013), PRDs(2014, 2015)

«Lattice caleulation. Direct‘!)/.

« Extract [ig/;tfcone PD vida mm‘cﬁing.



W@/ 2 dimensional QCD in [mge N [imit ?

X 4d QCD is ext‘remefy comffimt‘e.
& 2dQCD in [mge N [imit is simf[e but nontrivial.

& Ifis numerim@ solyable.



24 molef of mesn

Approach 1: 't Hooft's Lagrangian approach
~ ’t Hooft, Nucl. Phys. B75 (1974) 461-470.
§Lt’(g5t cone coordinates :

éLigﬁt—cone ganige :
. Ao p = Pt o gtaA b gha



Gamma matrices 4%851’4 :
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Large N fimit -
N b0 g°N. > Const

gAc[vantages of 24 QcD in Large N [imit :

2 No gluon self interaction.

s No g[uon fransverse Jegree _of freed'om.

2> Only planar diagrams survive.

2 No internal quark loop.

% Gluon bas no propagating mode, 1o g[uon radiation.



1rreducible self energy c{iagmm :

Dressed frofagator :

k_

- —

ikt
2ktk— —m2 — ktT(k)

k>' l)>| ﬁ>ﬁ>i
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dressed propagator :
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Another 5oot5tmf efluation :

quark:
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gDEﬁning: Y(p™,r) = / e
Infegrating over p~ on both sides of (5)
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The first im‘egm[ iS non-zero on.[)/ if :
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%Had'amard' rggu[arization :

Hadamard, Lectures on Cauchy’s problem in linear partial
differential equations, Dover Phoenix editions, 1923.

. - f(z) 2f(t)
S e (/ : P T) (8)




%Dgﬁning Hew parameters :

2 T_:g—,u
o

Efluation (10) becomes ’t Ho_oft‘ efluation:




Affroacﬁ 2: Hamiltonian method in axial Janige

Bars and Green, PRD.17.(1978)537-545

Kalashnikova, Nefediev, and Volodin, Phys. Atom. Nucl.63.(2000)1623-1628

Shifman, Advanced Topics in Quantum Field Theory, 2012
Axial qauge :
e Ailt.x) =D
Gamma matrices convention :

: 0 1 0,1
= U o s = = O

;éLagmngmn 3

La0 = 5TH(O1 Ao + B+ 91° Ao —mid’  (13)



Efluation gf motion :

g.So[ution :

Hamiltonian
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;Dressing fermion field

p(t, z)

dk
—e

2T

ik (b(k, t)u(k) -+ dT(—k, t)’U(_k))

(14)

(15)

(16)

(17)



b(k,t)|0) = d(—k,1)|0) = 0,
b(k,1)]0) = |k),
d(—k,1)[0) = | — k).

%Commutation relations :
{b(p,t),b'(q, )} = {d(—p,t),d"(—q,t)} = 275(p — q)

 0(p1),0(g, 1)} = 1d(-p,1),d(-¢, 1)} = ... = 0

éSfinors: 1 (6/2) n(8/2)
s _59(@71 = ( sin(6/2)  cos(0/2) >
= (0 ) -
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N ormal ovdered Hamiltonian

H — gt Ho: -+ 20l (19)
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Diagona[ize Hamiltonian

. Hy:= / g—kE(k)(bT(k)b(k)+d*(—k)d(—k)) (20)
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%Im‘egm[ is divergent at the TR region, all infinite terms must be

%rcgu[mzed; only finite terms are left.

)

Gaf equation for Bogobyubov-valatin angle




color sing (et bilinear operators :

B(p,p') = : bl (p)bs (p'),

= \/jlv—cdi(—p)di(—p’)
M(p,p’)Z\/jlv—Cdi(—p)bi(p’)
M (p,p') = ——b} (—p)d} ()

i;t:ommm‘m‘ion velations in Large N [imit ;

(@all— 2o g o)
B(p,p'), X(q,¢)] =0,
Dipp ) X(gq)] -0
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Ansatz :
. Leng, Thies, Levit and Yazaki, Ann.Phys.(N.Y.)208.(1991)1-89
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Dgﬁne operators :
 nl@= [ 2(M6- Q06 + Maa- Q6: (D)

2T
ma(@) = [ 52(M(a- Q065 (0.Q) + M (0.0 - Q)67 (4. Q)
N ormalization conditions :
' [ 52 (610 Q)6% €. Q) - 6.(0. Q)67 (0. Q) = S
[ 52 (646.Q92(6.Q) — 67 (0. Q4 (0.Q)) =0

Comf[etmess conditions

o
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00
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%Commutation velations

My (Q), mi,(Q")] = 218(Q — Q')dpm
M (Q), min (Q)] = [m(Q), m,(Q")] =0

§Diagona[izc Hamiltonian :

= d
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§chfGrecn efluations :

E(E(p) + E(Q —p) — QO)W(p, Q) : ][( i (C(p, k, Q)" (k,Q) — S(p, k, Q)¢ (K, Q))
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Relation :

56T (p, Q) - 1_2WOV5¢_(p,Q))TT(Q—p) (30)

1—|—’yO
2

0.Q) =T
Exf[anation :
' Moving forward : ¢ (p, Q)
Moving backward : ¢~ (p, Q)
%Barsfcrem claim
| Bars-Green equivalent to *t Hooft quation

; Q00 = ¢ —0and " — ¢




%St‘aﬁc Case :

Li, Wilets and Birse, ]J.Phys.G.13(1987)915-923

Bars-Green equations :

(QE(p) —QO)¢+( ) = %][(p

(2E0)+ Q)00 = 5 -

N umerical solution strategies -
1. So[ving 4ap equation to get O (p)
2. Using dispersion equation to get ()
| 3. Finding a basis of functions.
| 4. Obtaining meson spectrum and related wave functions.







Sy e P L ) - O

m=0.18 m=0.56 m=1.0 m=1.61 m=2.11
0.88 1.78 2.70 3.92 4,91
2.73 3.39 4,16 5.26 6.17
4.00 4.54 5.21 6.21 7.06
5.00 5.47 6.09 7.02 7.84
5.86 6.28 6.85 7.73 8.51
6.61 7.00 7.54 8.38 9.13
7.30 7.66 8.17 8.98 9,71

Meson spectra with d:i]ﬁrmt fluaré MASSES M
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X %

functions of ground state of meson with different quark masses



oo ea g g bt

Tlll]l'll

functions of excited states of meson with flum'ﬁ mass m=0.18

Numerical rvesults :

| glmlmw: m-—s00=¢ —0 |
| 5'géerexcitec{5tate: n—->200=¢ —0




ours results :

Jia, Liang, Li, and Xiong, in preparation

1. So[ving 39 eguation to get 6(p) v
2. Usinyg d'isfersion equation to get 17 (p) v

3. ffim{ing a basis gf function.f for moving MESONS, v

4, O5t‘ainin3 meson .ffectm and related wave functions. v

Results Ggond' LWSB :

1. fIim{ing a basis of functions for moving mesons.

2. Meson spectra and related wave funcﬁons gf Zer0 Tmﬁ Mass.

3. Verified Bars-Green'’s claim.




Bcgo!yu&vf valatin angle for different flum'és




Relevant Feynman Jiazgmms

X.D. Ji, J.H. Zhang, PRD92,(2015)034006




Taﬁing Feynman qauge

[igﬁt‘fcone PD in 24 QCD
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Quasi PDT in 2d QCD

Too comf[imtef to be showed bere.
m

.S5cm'ng the same TR structure as [igﬁtf cone PDF exceft‘ some teyms 1?

Matcﬁing condition
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Conclusions and outlooks :

< Eguiva[mce of different aﬁroacﬁes.

& Bars-Green’s claim is rigﬁt.

2 Goldstone boson exists in 24 QCD at large N [imit.

& Generalized Bars-Green efluation for two d:i)ﬁrem‘ f[ avor fluarés.
2> Nonperturbative QCD variables in HQET will be caleulated.
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Thanks for  your attention



