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- Semileptonic decays (Kis)
: CKM matrix elements [Vus|

- Tensor transition provides non-standard type

Interaction
[l. Baum et al, Phys. Rev. D 84, 074503 (201 1)]

+ Transverse charge & spin densities of the

transition

[C. Carlson and M. Vanderhaeghen,
Phys. Rev. Lett. 100, 032004 (2008)]



Kaon |3 decay

#Al Dirac structure, flavor I HststAH| &
O{A improve & Z.

suZt £|21HM KO \pi- 0{0F &,

o€ =0 OpX[2F Aoj| F -> \Gamma

The decay amplitude

Hadronic matrix element

Fu(pr,pr) = c{m(pr) U K (PK))



Hadronic Matrix Elements

¢ \ector transition

FX 0r,pR) = (77 (0r)|57uul K° (P )) = (PR + Pr)pfir (8) + (P& — Do) fi— (1)

t+ Tensor transition

¢ Scalar transition

FX (pr, p) = (7 (pr)|5u| K (pK)) =




Nonlocal Chiral Quark Model

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

** The chiral effective action U = exp [i&()\ . ¢)]

derived from the instanton vacuum fo
< No free parameter 1 B

- Average Instanton size & separation p~ 3 fm R~1im
* Nonlocality

- Momentum-dependent dynamical quark mass
“* Nicely reproduces pion properties: Fpi, EMFF
* Explicit SU(3) symmetry breaking
m = diag(me, mq, ms), My = mg =5 MeV, ms = 150 MeV
[D. Diakonov, Instantons at work, arXiv:hep-ph/0212026v4]



Nonlocal Chiral Quark Model

modbess ff A XAt 5t F& &
7t AUK|?

+ Momentum-dependent dynamical quark mass

VM(i0) = /Mo f(m)F?(i0)

FR) = § [l Kip) — Kl - S hGoK G

INAZ
(k) = <2NA2 +k2>

“+ Current quark mass correction f(m)

2
f(m) = Vl+ﬁ — E d~198MeV

+ Zero-momentum dynamical quark mass MO
Mo ~ 350MeV

A =1/p =600 MeV

[M. Musakhanov Eur.Phys.]).C9,235(1999)]




Calculation

(m™ (pf)|§‘7uvu|K0(Pi)> =

8N, d*l M2d\/M1u\/M3s v v — -
/ ( [ GGG (klp (koy M3 — k3, Mag) + ko (ksy My — k1, Mss)

f‘n'fK 27")4
v v \/M u\/M s
+ksy (k1y Mag — kzuMlu)) — 2G11 G333 (ksukin — ksukiy)
" ") Gy = ki + M}
any O pv —
ko k3 ko ks
pi g Di
ky =] — 2t _ 4 R <]
1 9 9 ko =1+ 5
K" ,"I g \*\ Y G A N k3=l+&+g
' \ - s 2 2
Experimental Values fr =93 MeV, fk =113 MeV

my = 140 MeV, mg = 495 MeV



QCD RG Evolution

“* At the leading order

- 177/ (2B0)
a(p) 17
Br(t,p) = Br(t, u
T( ) T( 0) O‘(MO)_
N, N
7—§, 50=113 ?f (NC=3,Nf—3)

Agcp = 0.25 GeV [Glick et al. Zeits.Fur.Phys. C.67(3),
Barone et al. Phys.Repts., 359(1-2), 1-168.]



[ Display the form factor only in the
space like region.
u I u Discuss the slope parametrisation and
the values.
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Lattice Results

¢ Present work ¢ |.Baumetal, p =2 GeV
7T m +m7r ™ E 2 Kmy(, 2

MK+M7T

FET(0) = 0.417 (14stat) (Beyst) = 0.417 (15)8

Extrapolated to Physical meson masses

¢ 1. V. Ajinenko et al. Physics Letters B574, 14 (2003).

The limits on the possible tensor and scalar cou-
plings are derived:




Generalised Parton Distributions

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

A—0

Parton distribution




DVCS & GPDs

How about the corresponding
processes to the weak transitions?
are they measurable from an
experiment?

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

~ Light cone frame

1 _ 1 n
Pﬂzi(pf-l-p‘;), ¢ =pf—pf, t=¢° ni—ﬁ(lvmoa--)

P by
p; +p§

,U:I:

(v° £ %), v = (v!,v?)

_
V2



lightcone gauge: n \cdot A =0

Generalised Parton Distributic

- Generalised parton distributions (GPDs)

2PPHYX 68 = [ G Gl Tt < |0 Cle)

2t=2,=0
BT B 60) = [ e T oo i [ i [ Cpletm)|
- Kaon Transition GPDs for KO =7

2P X6 = [ G ol | ||

P B e = [ e )i~ o™ - e L

Expanding the nonlocal operators — Generalised Form Factors



GGeneralised Form Factors

~ (Generalised form factors

<=2

Vector (6° (1) %" (0)7(i D s - D ,,_3(0)|6° (2))

= 2P Py, ...Py, 3 Ano()

n

+ Z AQ{pu9p, " q#k—lpﬂkpun—l}z_kAnk(t)

k=2 even

Tensor  (é@s)[ (0)0yuwi Dy i D, 1%(0)|(ps))

n—1

Piu9v — quP
= DU AP N Parss P B2
¢ 1=even




Polynomiality & Transverse charge density

© Polynomiality: Mellin moments of the GPDs

/dXX"_lH(X,f, t) = Finite polynomial of §

/ AXH(X,E,t) = Aro(t > Vector FF

/dXXH(Xaﬁa t) = Ayo(t) + €% A2(t) = EMT FFs

~ Transverse densities:
2D Fourier transformation into the impact parameter b, at €&=0

F(B) = / dg? &=+ / AXH(X,q2 € = 0)

- [ gt )

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



GFFs & Transverse Densities for the Ke

KAQ AE[O|EO| (p_i)Zt B RUCEH trrrrr
-

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

(7~ (p£)15(0)7,u(0)|K°) = 2P, ATy" (t) + ¢,.C1o" (¢)

PiuPfv — PivD T
(7~ (1)I5(0)7,u(0)| K°) = === BT (1)

© Quarks with definite transverse polarisation s

1 -

§¢ v = slio T ys] o o s = — =t Pig g

~ Transverse transition density, =0

1_

bJ Km/1.2
P (bs,51) = [ AXp(X,bu51) = L OB (b )

962

Ao (67) —




Transverse charge & spin density

How the quark spin is distributed
in the transverse plane during the K-t transition process

L9, OBl ()
s )= [ dXp(X,b,,8,) == Ay (b]) —
PR7(br,00) = [ dXp(Xby,s1) = 5 | Al - SELEG
K K ™
AL (07) — f+(02), 0" (b1) — Br™(b?)
1.50 T 1.20 —
1-25_' g\:}' (0) - 0947] T - e CPLEAR experiment y £
i | --- Linear fit (PDG) e
1.00 A e Quadratic fit (PDG) G +
0.75F = - — Our result ++ +
o I ___fe+ (t) \E
'C; 0.50_‘ ________ fou (1) i\: 1.10 P +
= 025k === feo(?) = s +
: i | Hi’ ////‘¢‘++
ooop : 1.05F ﬁ;g&*
- 0.25} s
—-0.50 ) 1 ) 1 ) 1 ) 1 ) 1 ) 1.00 '-". 1 ) 1 : 1 : 1 : 1 :
0.00 0.02 004 006 008 010 0.12 0.00 0.02 004 006 008 010 0.12
t [GeV?] t [GeV?]

m? <t < (mg —my)?~0.12 GeV?

[S.-i. Nam and H.-Ch. Kim, Phys. Rev. D 75, 094011 (2007).]



Vector form factor f.(t)

The local & nonlocal things might be
misleading. It’s better to show only the
total result.

— 0.9 | | | |
O—:_.O —0.8 —0.6 —0.4 —0.2 0.0

t|GeV?]




P-pole parametrisation

¢ p-pole parametrisation

0 1.31 2.2

M [GeV] 0.85 0.78

t=0 0.95 0.70



Transverse Charge Density
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by |fm]
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Transverse Spin Density

08 —06 —04 —02 0.0 02 04 06 0%
b, fm)|



Summary & Outlook

- K to pi tensor transition form factor
* In good agreement with the lattice result

+ Distorted spin structure during the transition
process when the quark spin is polarized

- Transition GPDs of the pseudo scalar mesons



Thank you very much!



