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Overview

© Light-cone dynamics

© 3-D structure of hadron

© Generalized Parton Distributions (GPDs)
@ Wigner Distributions

© Conclusions
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Light-cone dynamics
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-P. A. M. Dirac, Rev. Mod. Phys. 21, 392 (1949).
- S. J. Brodsky, G. F. de Teramond, Phys. Rev. D 77, 056007 (2008).
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@ Energy-momentum dispersion relation:

In the instant form, In the front form,
2 2
pO:1/p_Q_~_m2_ p_:pL;—m.

No square-root for the Hamiltonian in light front form.
Therefore, simplifes the dynamical structure.

Light-front provides the wavefunctions (LFWFs) required to describe the structure
and dynamics of hadrons in terms of their constituents (quarks and gluons).
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|
3-D structure of hadron

@ FFs and PDFs provide information to shape the physical picture of hadron.
FFs and PDFs have deficiencies.
@ FFs — No dynamical information on the constituents.

@ PDFs — No knowledge of constituent’s spatial locations and transverse
motion.
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Generalized Parton Distributions (GPDs)

@ GPDs encode information on the distribution of partons both in the
transverse plane and in the longitudinal direction.

Y o4, QP

T
X+ \x-é
p=¥ GPDs =»=p

T | i

e GPDs(x,¢&,t) :
e x + & — Longitudinal momentum fraction carried by active quark,
o t = A? = (P’ — P)? — total momentum transferred.
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Generalized Parton Distributions (GPDs)

@ The distributions have the support interval x € [—1,1]

g~ xu by —=-¢ x+1E/\a fJE x x+£l.'l"' "'5-, x—E

O .

—-l=x=-f —E=x=§ E=x=1l

o DGLAP region for anti-quark -l <x < =€
e ERBL region (quark anti-quark pair) : —¢ < x <&,
o DGLAP region for quark < x <1

-M. Diehl, Phys. Rept. 388, 41 (2003).
@ We restrict our calculations in DGLAP regions i.e. £ < x < 1.
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Light-cone quark model

@ The mesonic light-cone Fock state wavefunctions are expanded as
IM) = [qG)1qq + |938)Ygge + ---
@ The expansion of a kaon state in terms of its constituents eigenstates :

dxd?k
MP.S)) = Y [k )

i) Vx(1—x)16m3

P (x, k).
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Generalized Parton Distributions (GPDs)

@ The light-cone wavefunctions wg‘j”\2(x, k1) can be defined for different

combinations of helicities of quark and spectator antiquark in kaon as :
1 Kk — ik (
AN
1 —x)my + xmy
e —(x k1),
VK3 + 12

1 (1—x)my+xm
i~ 1 2
x,kp) = - ——"0(x, kL),
ki + ik

Lt (X7 kl)a

AN

g)T(X’ ki) = - X, kl)7

g

g7¢(X; kL) =

S

E)L“L(Xa kL) = -

S-S

with
P =(1—x)m? + xm3 — x(1 — x)(m; — my)>.

-W. Qian and B. -Q. Ma, Phys. Rev. D 78, 074002 (2008).
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Generalized Parton Distributions (GPDs)

@ The momentum-space wavefunction ¢(x,k, ) :

k% +m? k% +m?
o B L>< t+ L1—X2 _ (m% - mg)Z
SO(X7 kJ_) A exXp 8ﬁ2 2 ) 2 ) .
8ﬂ2< J_':ml + Ji"";"z)

where we took the parameters as
mass of u-quark : m; = 0.25 GeV,
mass of 5-quark : my, = 0.5 GeV,
8 =0.393 GeV.

-B. -W. Xiao, X. Qian, and B. -Q. Ma, Eur. Phys. J. A 15, 523 (2002).
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Generalized Parton Distributions (GPDs)

Formalism

@ Definition of associated GPD for kaon :

1 dz~ ixPTz™

Hk(x,&,t) = E/ﬁe

(-

z+t=0,z; =0
(P/ _ P//)2 = A2 =1t

d’k « *
Hleoet) = [ ooy 00 R T ) 0T K )

+w;¢,¢(x//7 k//)wé’T(X/, k/) + w;,l,,i(xl/7 /(//)1Z)E)L7L()</7 k/)].

@ Nonzero skewness () — relavant to experimental extraction of GPDs.
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Generalized Parton Distributions (GPDs)

@ The unpolarized kaon GPD for u-quark :

PR E N T ST
ol
with
M, 112"‘11 TIE"D
M) 1:2m1+::§m2,
¢ - o b S
L e

Satvir Kaur (NITJ)

Structure of kaon in light-cone quark model

December 7, 2019

12 /22



Generalized Parton Distributions (GPDs)
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Quark Wigner distributions

@ To understand the hadron structure more precisely, the joint position and
momentum distributions i.e. the quantum analog to the classical phase-space
distributions such as Wigner distributions were introduced.

@ Wigner distributions were first introduced by E. Wigner in 1932.
-E. Wigner Phys. Rev. 70, 749 (1932)
@ These distributions are the quasi-probabilistic distributions.
e In QCD, Wigner distributions were first introduced by Xiangdong Ji.
-X. -d. Ji, Phys. Rev. Lett. 91, 062001 (2003).

LS d?A R
P[r](bJ_,kJ_aX):/ (27r)L _,AL bJ‘W[r](AJ_ykJ_’X),

dz=d%z; Pz

(2m)°

Here, T indicates the Dirac y-matrix, specifically v, v+~s, iod 5.

WA, R x) = / (P"| B(~2/2)T(2/2) |P').
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Wigner Distributions

@ The probabilistic densities in mixed space:

/ db, dkpux(bi ki) = pux(be k).

or

[ dbedbypuxbrike) = pux(heb,)
@ For unpolarized quark in unpolarized kaon,

puu(bi, ki, x) = P[7+](bl;kLaX)a

1 [dndA, ,
- / ooy cos(Bcby + By by)[KE — (1 x)

+((1—x)my + sz)z}

2
2AJ_

SOE(Xv k/J/_)QDu(X’ k/J_)
VK +BVRE+

@ For pyy in transverse impact-parameter plane, we choose k; = 0.2 GeV and
in transverse momentum plane, b, = 0.4 GeV 1.
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ner Distributions
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Wigner Distributions

For the longitudinally-polarized quark in the unpolarized kaon, we have

pur(bi ki, x) = P B(b ki, x),
1 [ dAdA,

= sin(Ayxbe + Ayb,)(1 — x)(k, Ay —

1673 (2m)?
Pl KD KL)
VP +BVKE T
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tributions
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Wigner Distributions

Conclusions

@ To understand the 3-D structure of kaon, the GPDs plays an important role,
while the Wigner distributions provide the phase-space distributions.

@ A shift in the distribution peak is observed along higher magnitudes of x
when there is an increase in the total momentum transfer to the kaon.

@ If the momentum transfer along longitudinal direction is less, the spread is
found to be maximum.

@ We observe the circularly symmetric behaviour of unpolarized Wigner
distribution and dipolar structure type distribution in case of
unpolarized-longitudinal Wigner distribution.

@ The probabilistic distributions are possible to extract from the Wigner
distributions upon certain limits.
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Wigner Distributions
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Wigner Distributions

. * Interaction
fﬁ_ = Q2 = —(]2 “.ﬁ/ , Fixed T =t+2z/c pictusre
1

Drell &Yan, West T e
Exact LF formula! spectators k', = ki1, —TiqL
Drell, sjb

-By S. J. Brodsky
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Wigner Distributions

Un-Polarized
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