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¢ Internal structure of hadrons

¢ Energy-momentum tensor form factors
[Pagels, H. (1966) Physical Review, 144(4), 1250.]

& GPDs: Polynomiality / do o HI= (2, £,1) = Aso(t) + 4¢% Az o (1)
¢ Reliability of a model: pressure, mass, ...
¢ Chiral quark model: dynamical & explicit xSB

¢ Low energy theorem: Gravitational LECs
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Energy-momentum tensor: Pion matrix elements

<7T ‘@MV |7T (p )>

5ab

5 (t9ur — 4090 )O1(t) + 2P, P, O2(1))

qu = Py, — Pu & Py = (p, + ) /2

[H. Pagels, (1966), Phys. Rev, 144(4), 1250.]

Pion mass  (7*(®)|€00(0)|7"(p)) = —2m7 5%

Stability ) (v%(p)|©:(0)|x"(p)) =0

1



Chiral Quark Model

Set = —N.Trlog[id +iMX5 + im]
[A. Manohar and H. Georgi, Nucl. Phys. B 234, 189 (1984)]

Effective chiral action in Euclidean space

Leading order @ Large Nc

Dynamical xSB: SUQ)L x SU2)r = SUR)y =5 = exp (i%;.ﬁ)

Explicit xXSB with isospin symmetry m = (my +mg)/2

Regularization: Pauli-Villars, Proper-time ...



Pion EMT Matrix Elements within the Chiral Quark Model

- Quark energy-momentum tensor operator

O () = 5! (@70 0 0y ()

- Normalization conditions for the form factors

©,(0) =1 = Pion mass

O(m?2) = Explicit xSB

70

©1(0) — O2(0)



Calculation of the Matrix Element

kap = kp —Pu/2 — qu/2
ko =k +Du/2 — qu/2
kep =k +pu/2+ qu/2
kq = kp + k¢
kij = ki -k




Pressure and Stability

> (7 (0)|©:(0)|x"(p)) = 0

1

Stability of the pion < Zero pressure

D (" (0)|0:(0)|7"(p)) = gt@l(t)

1

Zero pressure < Finite form factor




Pressure and Stability
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— Trivially vanishes in the chiral limit




Pressure and Stability
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Pressure and Stability
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Pressure and Stability
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Pressure and Stability

P = Z p)©::(0)|7*(p))

_ 2 272
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3M -
= g (M (W) + M fr)

-+ @Gell-Mann - Oakes - Renner relation ensures the stability
of the pion within the framework of chiral quark model!

m2 f2 = —m(Pyp) + O(m?)



Regularization
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Low Energy Constants

2¢° 16m?
©1(¢%) = 1 ;]2 (4L11 + L12) 5 (L11 — L13) + ...
2 2
Os(q®) =1 — =L L1y +

[J.F. Donoghue and H. Leutwyler, Z.Phys.C(1991) 52, 343]

¢ Derivative expansion in a curved space leads

N
L= —">=16x10""
M 19272
L12 = —2L11 = —3.2 X 10_3
N. M M?
Li3 = - T(0,— ) =084 x 107"
13 062 B() (O, A2> 0.84 x 10



Low Energy Constants

Present Work

["Megias et al. Phys.Rev. D70 (2004) 034031]
["*J.F. Donoghue and H. Leutwyler, Z.Phys.C(1991) 52, 343]



Transverse Charge Density
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Summary & Outlook

- EMT Matrix elements within chiral guark model

- Pressure of the pion vanishes due to the GMOR
relation: pion stability is deeply rooted in the
pattern of xSB

- Model independent approach?

+ Form factors, LECs, Transverse charge density
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