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What pions do

n —N 1in free space:

Tomozawa-Weinberg Experiment
bp = 0 bo = (a, +ay,)/2 = —0.0069 + 0.0031m_ "
1 m, 1 . 5, —1
by = —4%1 Z—f,? = —0.079m_ by = (a, —a,)/2=—0.0864 £ 0.0012m_
Seemingly nice, here
In nuclei:

A recent pionic-atom measurement [K. Suzuki et al., Phys. Rev. Lett. 92, 072302 (2004)]

(b0)atom = —0.0233 4 0.0038m."*

More repulsive
(b1)atorn = —0.1149 £ 0.0074-111.;1 .

But

bp and b; are more repulsive by about the same amount! In free space, too!

—0.0233 ~ —0.00 —0.02 . , :
Wicked, isn’t it?

—0.1149 ~ —0.08 —0.03



Comments on
Precision Spectroscopy of Pionic 1s States of Sn Nuclei and Evidence for Partial

Restoration of Chiral Symmetry in the Nuclear Medium
K. Suzuki et al., Phys. Rev. Lett. 92, 072302 (2004) .  [cited :66 so far]

Pionic atom spectra Partial restoration
generated by of chiral symmetry breaking

pions in real nuclei in nuclear medium :
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Lorentz-Lorenz (Clausius-Mossotti) Effect

Figure 4.8 Spherical cavity in a dielectric
with a uniform field applied.

Figure 4.9 Calculation of the internal field:
contribution from nearby molecules in a
simple cubic lattice.

Pictures are taken from J. D. Jackson, Classical Electrodynamics 3 ed. (John Wiley 1998)
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7, 1s t-matrix of m-nucleon scattering IN NUCLEAR MEDIUM.

For pionic atoms,
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Local density approx.: nonlocal — local potential



g(r) (fm)

Wiringa AV14 and Fermi Gas Pair Distribution Functions

0.4 | | | |
AV14 + TNI(Lagaris Pandharipande)

Onp-1

R. B. Wiringa
|

0 0.5 1 1.5 2 2.5 3 3.5



, A7
I”;II - ;EZ[AGRQH(T) + A(Ip[)p(r)] ’

Aﬂ-n — ff-nc'nnan + ay C?ﬂpap
Qﬂp — (a,pcppa.p o aPCj;D’R (Lﬂ) —+ a‘pn(?ﬂna‘ﬂp .
V, and V,, together, finally we obtain: (SNM version)

I o ]
(bﬁ)co-rr — bO - E(Aan + AGP) — bD — € [(bg + Zb%)('rm + (bg B brf)(np}

1 _
[bl)mw — bl — E(Aan — Aa.p) — bl — El(gbgbl — b%)(fnn .

C’s using the Wiringa V14 and Fermi Gas pair distribution functions

Jnns C (fm_l) Crp: C"pn(fm_l)

Wiringa 0.555 0.093 (preliminary)

Fermi gas 0.537 0.

P = Pp = po/2 = 0.048fm ™"



bo and b; for symmetric nuclear matter

bo(m="1) by (1) || bo(m"1)| by(my1)
m™— N -0.007 | -0.086 -0.007 |-0.086/0.78]| *
Fermi gas|| -0.020 | -0.081 -0.028 -0.101
Wiringa -0.019 | -0.081 -0.027 -0.101

* Possibly mimicking f, — f*

K. Suzuki et al., Phys. Rev. Lett. 92, 072302 (2004):

(bo)atom = —0.0233 £ 0.0038m "

(b)) atom = —0.1149 £ 0.0074m_" .



Summary

A simple picture

Tomozawa-Weinberg: by = 0. (b0)eorr = 0. —261b5C,,,
_)
O — ' olati . /1 p— _* — —~ 2
No n —p correlation: C,, = C),, = 0. (D) eorr = by +€b2°Cy,
Vi Vi)
Findings:

1) bo is largely determined by Vi, and by by V7.
2) by and by, both seem to have "Missing Repulsion Problems”.
3) Both problems appear to be largely cured by enhancing the b; strength.

Issues:

1) Need more care on the C' calculation. The local density approximation is really OK
for by 7

2) More important issues:

a) The form of the optical potential. b;(p) 7 Nonlocal?

b) The treatment of 7 - nucleon ¢-matrix in nuclear medium, 7;.



