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¢ Kaon semileptonic transition KO = 1 |V

¢ (semi)Exclusive weak processes
Weak generalized parton distributions
Vector & tensor generalized form factors at spacelike region
Generalized transverse distributions for the transition

& Tensor form factor for the kaon transitions

Relevant lattice study is done [I. Baum et al, Phys.Rev.D 84, 074503 (2011)]
Reveals quark spin structure



Weak DVCS & GPDs




GPDs: Matrix elements

© Kaon Transition GPDs for K° — 1
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© Polynomiality

Integrating over x with x"—= nth order Generalized Form Factors



GFFs for the Kaon Transition

© Generalized form factors for the kaon transition KO—r1r
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GFFs for the Kaon Transition

~ Generalized form factors for

the kaon transition KO—1r-
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GFFs for the Kaon Transition

© n=0 generalized form factors for the kaon transition KC—rr-
(™ (pf)|§'7uu|KO(pi)> — QPMA{%T (t) + QAMC{,{lﬁ(t)
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Polynomiality

~ Mellin moments of the KO—11- transition GPDs
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Nonlocal Chiral Quark Model

S.g = —N,Trlog [z'$ + i+ i/ MY U \/M(ia)]

¢ The chiral effective action U = exp [%(A : (p)}

derived from the instanton vacuum fo
“* No free parameter | )

— Average Instanton size & separation p~ 3 fm R~1fm
“* Nonlocality

- Momentum-dependent dynamical quark mass
“* Nicely reproduces pion properties: Fpi, EMFF
“* Explicit SU3) symmetry breaking
m = diag(my, mgq, ms), my, = mg =5 MeV, ms = 150 MeV

[D. Diakonov, Instantons at work, arXiv:hep-ph/0212026v4]



Nonlocal Chiral Quark Model

+ Momentum-dependent dynamical quark mass

/M (30) = /Mo f(m)F2(i0)

k k k k k 2A k k
F) = [llopKalor) - B0 Kalop) - T hGOR ()
2 N
Fy (k) = (zsz\ii k_2) A =1/5 = 600 MeV

<+ Current quark mass correction f(m)

2
f(m) = ‘/H%_E d ~ 198MeV

+ Dynamical quark mass at k=0
My ~ 350MeV
[M. Musakhanov Eur.Phys.J.C9,235(1999)]



Calculation of the Vector Form Factors

(= (p )|yl KO(po)) = 2P, AKF (1) + 20,1 (8)
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[Nam, S.-I., & Kim, H. C. (2007) Phys. Rev. D, 75(9), 094011.]



Calculation of the Tensor Form Factor

(7"_ (pf)|§UMVU|KO(p¢)> —
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Pseudoscalar meson decay fr =93 MeV, fr =113 MeV

constants and masses m, = 140 MeV, mx = 495 MeV



QCD RG Evolution for the tensor form factor

“* Next-to-leading order

o (120N 42T
BEL) = (22) T (1= B )~ )] BT ot
AGNLO( 2y Am - 64 InIn(p?/Acp)
R T YT [l s 1n<u2/AaCD>}

Agcp = 0.25 GeV, Nj =3 [Gluck et al. Zeits.Fur.Phys. C.67, 433
Barone et al. Phys.Repts., 359, 1.]



Numerical Results
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Comparison to Lattice Result

¢ Present work @ p = 2 GeV

T Mg + Mg T
1{( (t) — I K B:/Igl,o(t)

(Extrapolated to Physical meson masses)



Comparison to Lattice Result
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is this slide necessary?

p-pole Parametrization

€ p-pole parametrization

0 1.31 2.2

M [GeV] 0.85 0.78

t=0 0.95 0.71



Transverse Charge Density

© Transverse charge density for the kaon transition KO-t
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Transverse Quark Spin Density

© Quarks with definite transverse polarization s
15 75 uv uvap ;
ST =il oty = — e Pioag

© Transverse quark spin density, £&=0

1 i bl OB, (1)
Py (bs1) = 5 [ATf(b7) — = o

2 ’ mg 0b?

How the quark with polarized spin is distributed
In the transverse plane during the K-t transition process

[M. Diehl & Ph. Hagler, Eur. Phys. J. C 44, 87-101 (2005)]



Transverse Quark Spin Density
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Transverse Quark Spin Density
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Transverse Quark Spin Density
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Transverse Quark Spin Density
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Summary & Outlook

- K = 1t generalized transition form factors (n=0)

- In good agreement with the lattice result

- Distorted quark spin structure when the quark
spin is polarized

- Further studies on the wGPDs & GFFs



Thante you very muc/t!



Generalized Parton Distributions

[D. Brommel, Pion Structure Frome the Lattice, Regensburg Univ., Thesis]

A—0

Parton distribution



DVCS & GPDs

Factorization : [Collins, J., & Freund, A. (1999).Phys. Rev. D, 59(7), 074009.]

~ Light cone frame
1

1
P"‘=§(pf+pl;), qﬂzp’;—pé", t =g n:l:=_2(170507:|:1)
+_ ot
1 D; — Py
V= ﬁ(’vo +v°), v = (v),0%) <= pf +pf



Kaon |3 decay

The decay amplitude

Gr =1.116 x 107 °GeV 2

Weak leptonic element

W“(pl,py) — ﬂ(py)ruy(pl)
Hadronic matrix element

Fu(pr;px) = c(m(pr) | u| K (PK))



Hadronic Matrix Elements

¢ Vector transition

FE orspR) = (77 (p2)|57,u| K (0 )) = (0K + Pr)ufis () + (0K — Pr)ufie (t)

i+ Tensor transition
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¢ Scalar transition

FX° o, p8) = (1 (pr) |5u| KO (pi)) = — K
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Vector form factors

Fi omoR) = (77 () 5700l KO (p)) = (P + D)o i (8) + (Pr = Pr)ufi (1)
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[S.-i. Nam and H.-Ch. Kim, Phys. Rev. D 75, 094011 (2007).]



Generalized Form Factors

~ (Generalized form factors

Vector (6° @A)t (0)1(i D s D o 3(0)] 6" (i)

= 2P Puy P, 13 Ano(t)

+ Z Updps " qﬂk—lpﬂk P,Um—l}z_kAnk(t)

k=2 even

Tensor (6|t (0)0uwiD i D o, 1 (0)|é(p:))

n—1
Pl

9v — quPv
== Vm(ﬁ Z qllfl"'qliz'Pﬂ'i-l—lPN'n—l]Bni(t)

1=even



GFFS & Transverse DenSItleS for the ‘ KAO AH|O|E0] ( p_i)7F WA AT

~ @Generalised form factors for kaon transitions: n =1

(7 (p4)15(0)7,u(0)| K°) = 2P, A{y" (¢) + 4,01 (t)

_ _ PiuPfv — PivP o
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~ Transverse densities:
2D Fourier transformation into the impact parameter b, at ¢&=0

F(B) = / dg? e+ / AXH(X,q2 € = 0)

- [dgte gt

Probability distribution of the partons inside the hadrons
In the transverse impact parameter plane



Transverse Spin Density
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Singular Behaviour of Transverse Densities

Perturbative QCD prediction: Form factor

Q2

Fourier transformation

. | Logarithmically divergent
2n)? / d?q1 e™ ™+ Ano(gh) at b=0 for p=1.
Singular when p<1.5

AnO (bJ_) -

[G.A. Miller, Phys.Rev.C 79, 055204(2009)]



