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chiral symmetry in QCD.

- ¥ = yy* is the simplest exclusive process in testing QCD and
understanding the structure of the pion.
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* The purpose of this work is to explore

“the correlation between the nontrivial QCD vacuum effect

and the constituent quark mass’, through the analysis of

(1)the nonzero axial vector coupling for the consistency with the
chiral anomaly

(2) the difference between the constituent quark picture (M_ < 2m) and
the current quark picture (M, > 2m)

(3) the quark mass variation effects on FM(QZ),F,[(QZ)

in the LFQM using ', = (A_+B,P)ys for the pion spin-orbit structure.
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|7) = Woq 98 + Woze19G8) + - =¥7;100) : mock-hadron approx.

QCD Quark Model

Higher Fock states _ )
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(Non-trivial QCD vacuum)

Pion in LFQM:

P =(P*, P ,P))

. Y x=1Yk; =0
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2. Model Description

K, 4
P = (P*.P-P) » (x, k1, 4)

P (X, Ky, 45)

Qi

‘P’é o =¥, (x, K, 4) = pplx, K Dy (x, K, 1, 4)

Normalization: (¥55!1¥5s = Poo

an¥ ok, _x2 ! d’k
’k == P A - 2ﬁ27 [ dx[
drx,K)) \/ oo 312 ox € 0 1673

{k,k} = {k,x}

| pr(x. k)| =Ppp.




2. Model Description

0

Ko, A
P = (P*,P,P)) > Gk Ay

= » (x,, Ky, A
O (X2, Ky, 45)

‘P’é o =¥, (x, K, 4) = pplx, K Dy (x, K, 1, 4)

X, k) = Nidy (k)T 0, (ky) satistying (x; 4,104, =1

I'=(A,+ BP)ys

where we set A_ = M_, B, being a free parameter.
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X0,0,06 Ky ) = Ny (k)M + B, P)ysv; (ky)

Chiral limit
(M_,m — 0)
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X, ﬂz(x, k)=Ju ﬂl(kl)(Mﬂ + Bﬂb”)ySUﬂz(kz)

Chiral limit Zero-binding limit :>
FJT X Vs
(M_,m — 0) (M, — M, or eg = 0)

it 0 1 1 —kE m
Zfﬁzal = ﬁ <_1 O> sgn(—B,) X;gg) - \/ » ; ( - kR)
2(kg +m=) N -
sgn(=B,) = - sgn(B,) Chiral limit
(1 for B, > 0 (m = 0)
sgn(B,) = </—1 for B, <0 v
kO for B, =0 (1) _ ) _
Y T
fo}i;al _ L (11=11) Axial vector coupling (i.e. B, < 0) is absolutely required
\/5 to have non-zero chiral limit!




‘ 3. Application

(1) Pion decay constant 7t ( ﬁ rvs  w

(0]gr*( —ys)q | =(P)) = if, P* T, = (A +BP)ys
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1 2
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ﬁl’ — 2 2Nc J dxj 16 = Wﬂ'(x? kJ_)a l//ﬂ;(-xa kJ_) — _()(Tl — )(J,T)¢R(-x7 kj_)
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3. Application

(1) Pion decay constant

(0]gy"(1 = ys)q|=(P)) = if, P*

lUsingu =+

1 2
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Twist- 2 pion Distribution amplitude (DA) :
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In the chiral imit, we obtain
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3. Application

(2) 7° = yy* transition form factor (TFF)

(y(P = @) | I8, | 2°(P)) = ie’F, (Q*)e"*°P € ,4,,,

> =q%q —q
AN
h

y P2 =

N VAVAVAR
(a)

(x<x<1)




3. Application
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3. Application
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e.g.) Direct vs. DR Calculations
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3. Application

(2) 7° = yy* transition form factor (TFF)
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3. Application
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3. Application

(2) 7° = yy* transition form factor (TFF)

e2—e2 /2N, (1 ¢ x, Kk
F m/(q 2) = — 4 J - J'dsz_ Vlr, k)
V2 4z’ ), (1 —x) M3g—q?
« TFF at 0* =
_ T 23 2 ABJ - .
Lo, = 1 M | F,,(0) | F,>(0) = 5 \/‘,,z — 0.276 GeV
exp -1
FP(0) = 0.272(3) GeV To fit both

P,5 < 0.1 is required!
(FE®R(), fEx0y |~ °

Significant higher Fock-states R
32 4 Q0

24/ 2 m2fchiral

contribute in the chiral limit !

chiral —
F][}/ (O) -

Py increases as m increases!



4. Numerical Results

» Possible solution sets for (=B, vs P,p) and (B vs P,p) satisfying both /P and FP(0).
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4. Numerical Results

« Our main findings for the model parameters:
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4. Numerical Results

« Our main findings for the model parameters:

higher Fock contribution
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4. Numerical Results

TABLE I: Model parameters (Bz,3) depending on the variation of
(Mz,m) and Py5. We denote (Mz,m, 3, fz) in unit of MeV.
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4. Numerical Results

TABLE I: Model parameters (Bz,3) depending on the variation of
(Mz,m) and Py5. We denote (Mz,m, 3, fz) in unit of MeV.

(Mz,m) Foo Br p %“h Fg}}/l(o) [GeV ]
(135,255) 1 —0.25 198.0 1304 0.271
(135,150) 0.3 —0.60 346.9 130.6 0.272
(135,50) 0.15 —0.7 493.0 130.7 0.271
(0,0) 0.078 <0 668.5 130.9 0.276
Exp. [44] — — — 130.2(1.7) 0.272(3)
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« Estimation of the quark mass variation effect on Q* evolution of F, (Q?) and F,(Q%)

As a first attempt to estimate the quark mass variation effect, we use the mixing

between m, . and m( < m,) via

ref

M et

e.g.) Prescription of the mixing between m_.; and m = 150 MeV

\/1—13 Fme) (02 \/137 Fm=150)( )2
ef-Mm=150)r 72\ _ m- zy (Q )+ mt wy (Q)
(0% = =
1-P,+4/P,

Fm="B(Q%) = (1 = P)F"=(0%) + P, F"=50(Q%), with F"="(0) = 1.

F , with F{="(0) = FE(0).

3 P, 03

m

P, = = ~ 0.23 : renormalized probability
(P, +P,) 13
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* In constraining the model parameters, the analysis in timelike region is important.
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Fry(Q%)/ Fr (0)

The standard LFQM prediction with the invariant mass scheme.
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5. Conclusion

* We explored the link between the chiral sym. of QCD and the numerical results of
the LFQM analyzing f,,F,,(Q%), F,(Q?).

- Axial-vector coupling with B, < 0 is essential to describe the

correct chiral limit expression in the LFQM.

Uy =M +B.P)ys Our chiral limit results for f, and ¢_(x) are exactly the same

as AdS/CFT predictions.

- In constraining the model parameters, we found that the chiral anomaly plays a

critical role and the analysis of Fﬂy(qz) in timelike region is important.

- Our results indicate that the constituent quark picture is very effective in describing

both FM(Qz), F_(Q?% in the low energy regime, but the quark mass evolution seems

inevitable as Q? grows.



4. Numerical Results

«  Check sign problem of B_inT", = (M_+B _P)ys

» Possible solution sets for (m, ) satisfying £ = 2 = 130.2(2) MeV
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