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e Partial restoration of chiral symmetry from
pionic atoms. Last update: NPA 928 (2014) 128.

e Extracting o,y from pionic atom data
Recent: PLB 792 (2019) 340.

e Comparison with other methods:
(i) bo(7N) at m; = 0: o,y ~ 60 MeV
Hoferichter...Meifiner, PRL 115 (2015) 092301
(ii) LQCD calculations: o,y ~ 40+10 MeV



The pion-nucleon o term

__ My 5 5 — 1
OnN = 2m N ZU7d<N|qq|N>7 Mg = Q(mu T md)
records the contribution of explicit chiral symmetry breaking
to the nucleon mass my arising from the non-zero value

of the u and d quark masses in QCD.
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Partial restoration of chiral symmetry

in/from pionic atoms

PANIC 02, Osaka: NPA 721 (2003)

Suzuki et al. 831c
Kolomeitsev-Kaiser-Weise 835c
Friedman-Gal 842c

Update: Friedman-Gal, NPA 928 (2014) 128



Optical model analyses of hadronic atom data

e Handle large data sets across periodic table.

e Identify characteristic entities, thereby linking

microscopic approaches to experiments.
Tools of the trade: optical potential variants
e Make V,,; functional of the nuclear density p.
e Respect the low-density limit Vi, (p) = Lty * p.

e I'or pions, consider p, — p, dependence of b,
using 1, — r, ~ 7% + 0 with v~ 1.0+ 0.1 fm.

e Introduce self consistently medium effects,

particularly subthreshold hIN kinematics.
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Self-consistency in mesic-atom & nuclear calculations
Cieply-Friedman-Gal-Gazda-Mares, PLB 702 (2011) 402
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In-medium AN amplitudes
Friedman-Gal-Mares, PLB 725 (2013) 334

Cieply-Friedman-Gal-Mares, NPA 925 (2014) 126

e KG equation and self-energies:

[ V2 + @ — my — y(wp, p) ]9 =0

wop =wp — i, /2, wp =my — By,

[ (wn, p) = 2w Vi = =472 frv(v/5, p)p
e Pauli blocking (Waas-Rho-Weise NPA 617 (1997) 449):

WY (V5. 0) = T v (0 = 1L (@)

o VB A(U05) = i (B, N-(1535) 2 Fpe()

In medium = go subthreshold: d/s = /s — \/5tn

0v/s~—BnE — EnBrts — EnTn (5 )2/3 + &Re Vi, (V/s, p)

e A self-consistency cycle in 9./s for given p.
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Pion-nucleus optical potential
Ericson-Ericson form (1966)

® 21V (r) = q(r) + \V/ a(r) \V/

e s-wave q(r) ~ by|p,(7) + pp(r)] + b1|pn(r) — pp(r)]
+4Bopn(r)pp(r), by = by — 5=(b§ + 207 )pr

e On-shell values from 7~H & 7~ D atoms (PSI)
Baru...Phillips (2011): PLB 694, 473; NPA 872, 69
(biree plree)=(0.0076(31), —0.0861(9)) m_* .
Hoferichter...(2015): (—0.0009, —0.0854) m_".

o LO y limit: of™ =0, bW = — L= = —0.079 m; !
2 o o _
GMOR:L}—%M:%Zl—Wiﬁijll(p).

® p-wave Oé(T)t b() — Cp, by — C1, &LL, By — C()

altogether 8 parameters.
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do/dQ (mb/sr)
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E. Friedman et al., PRL 93 (2004) 122302, PRC 72 (2005) 034609
PSI results reproduced with b(p) ansatz (Weise, 2000)

iy Lalp) <000 applied for c=50 MeV

Consistency between 7~ atoms & 7~ scattering deductions.

bi(p) = S 8nfip) fET <dg>o T #ﬁ?ﬂ
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Constraining the pion-nucleon o term

from pionic atoms

Friedman-Gal, PLB 792 (2019) 340
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Multi-parameter fits to 7~ atom data (I)
~100 data point, shifts and widths, across the periodic table,

p-independent b; misses b by 5-6 error bars near v ~1.
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pisigmall3
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Multi-parameter fits to 7~ atom data (II)

~100 data point, shifts and widths, across the periodic table,
p-independent b; = bi(p) with =50 MeV.
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Fitting o,y to 7~ atom data
~100 data point, shifts and widths, across the periodic table,

about 10 are from deeply bound pionic atoms.
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Stability to 71N p-wave parameters

pionic atoms (FR)
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Horizontal lines mark the SAID free-space values
of the 7NV scattering volumes.

Resulting o,y is robust to fit details
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Discussion & Summary

e Corrections for m, — m,(p) & o,y — TN (p)

at p. ~ 0.1 fm° are only a few percent.

® Our o,y =57 +£7 MeV agrees with Hoferichter et al.

PRL 115 (2015) 092301 & PLB 760 (2016) 74 value
o.n = 99.1 £3.5 MeV which depends primarily on
extrapolating by to the m,=0 Cheng-Dashen point.

e Note that the model dependence of b, is fairly large
compared to that of b; upon which our pionic-atom

determination relies.

e Need to improve LQCD derivations...

Thanks for your attention!
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