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Chiral symmetry

e Dominant symmetry of the vacuum in low-energy QCD.

e Spontaneous breakdown due to the non-perturbative
nature of the strong interaction.

e Non-trivial structure of the QCD vacuum.
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Chiral condensate, order parameter of chiral symmetry

One of order parameters of
X-symmetry breaking:
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Lattice QCD calculated T dependence of chiral condensate
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nucleus

Pionic atoms
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Ericson-Ericson potential
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Pion-nucleus interaction

Overlap between
pion w.f. and nucleus

— 11 works as a probe
at pe~0.58ps

¥

m-nucleus interaction is changed
for wavefunction renormalization
of medium effect
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Pion-nucleus interaction and chiral condensate

Overlap between
pion w.f. and nucleus

— 11 works as a probe
at pe~0.58ps

¥

m-nucleus interaction is changed
for wavefunction renormalization
of medium effect

Ericson-Ericson potential
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In-medium Glashow-Weinberg relation
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Pion-nucleus interaction and chiral condensate

Overlap between
pion w.f. and nucleus

— 11 works as a probe
at pe~0.58ps

¥

m-nucleus interaction is changed
for wavefunction renormalization
of medium effect
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Pionic hydrogen and deuterium
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Spectroscopy of pionic atoms in (d,3He) reactions
Missing mass spectroscopy to measure excitation spectrum of pionic atoms

Direct production of
pionic atoms

Momentum transfer

Pion bound state
(coupled with n hole)
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(d,3He) Reaction Spectroscopy in RIBF
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Dispersive focal plane

Kenta Itahashi, RIKEN




Pionic 121Sn atom  “F &g i LT

TT™ emission

- 1s i
Pilot run E - 0.0-2.0° " Zf)n tlhreshold
. 30 ;
15 hours DAQ in 2010 - I J
3 A/ J E
il b: iy II I
First simultaneous 1s and 2p §20 L ™ ot 2N 1'. TR III”“|I|I'|||'I*i'_ll
observation % =ik PLLLAA AR ' . L =]
L 10 Decomposition of pionic |evels =
E’ - Fit region , =
By, = 3.828 £0.013(stat) F0(as (syst) MeV| = E E
I, —0252i0054(9t¢1t)+88;8(y )Mer'-g g:l:::I:::|:::|:::|:::|::H|:(:2C:j|:):_1:
= 2.238 £+ 0.015(stat) *00% (syst) MeV| & _F 3/2/n - =
(stat) 848 (syst) MeV] & S\ =
§15_— =
Resolution 394 keV (FWHM) 5 1OE_Decomposition of (331/2)n _E
| F nuclear excitations =
Theories 5E- 3
Bis= 3.787-3.850 MeV - 3
Ms= 0.306-0.324 MeV 4= =
Bap= 2.257-2.276 MeV : Y| @2dg,) Tz
O- e I\ —
| I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 I L1 1 I L1 1
128 130 132 134 136 138 140 142 144

T Nishi Kl et al, PRLI20, 152505 (2018) Excitation Energy [MeV]



Pionic 121Sn atom

Pilot run
15 hours DAQ in 2010

First simultaneous 1s and 2p

observation
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High Precision Spectrum of 122Sn(d,3He) in 2014 run

Pionic atom unveils hidden structure of QCD vacuum
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High Precision Spectrum of 122Sn(d,3He) in 2014 run
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Deduced b1 from pionic Sn spectrum
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Deduced b, with corrections
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Deduced b, with corrections
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Result: deduced chiral condensate
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Result: deduced chiral condensate
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Summary

« Chiral condensate at peis evaluated to be reduced by 77+2%, which is linearly
extrapolated to 60+3% at the nuclear saturation density.

- The binding energies and widths of the pionic 1s and 2p states in Sn121 were determined
with very high precision. Difference between the 1s and 2p values drastically reduces the
systematic errors.

- Recent theoretical progress was adopted to the <gbar g> deduction, which directly relates
the chiral condensate and the pion-nucleus interaction.

- We calculated various corrections for the first time and applied them. The corrections
made substantial effects. After the corrections, the chiral condensate ratio was deduced
with much higher reliability.

- For future, we are analyzing data of systematic study of pionic Sn isotopes to deduce p
dependence of chiral condensate. We also plan measurement with “inverse kinematics”
reactions for pionic xenon, which leads to future experiments for pionic unstable nuclei.



