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Already discussed by S. Hirenzaki

why? - chiral condensate
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Deeply bound pionic atoms

Quantitative evaluation of chiral order parameter

-(250 MeV)3
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Binding energy = {gq)

pionic atom 1s energy |

Temperature
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GS| experiment (pionic Pb, Sn)

successfully completed some 10 years ago
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“deep” states invisible to X-rays

Pionic X-rays

Strong Interaction
T absorption

Invisible
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“last orbit”
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(d,3He) reaction
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SETUP
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Pionic Sn at GSI
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Pionic atoms and chiral condensate

Isovector b1  ~ 10 % error
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why further measurements®?
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why further measurements?

01 precision limited by

(D Experimental error (ABE1s)

(2 Errors in other params. (bo, on ReBo..)

Improvements by

(D — Higher statistics, better resolution
(2 — systematic study

(disentangle the QCD effects from mundane
nuclear effects)
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Binding Energy precision

Experimental errors By,

Isotope (MeV) Stat. Total
1158n 3.906 +0.021 +0.024
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DIAF @ RIBF
- what can be improved?
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b1 with better precision - longer lever arm
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b1 with better precision - 2D coverage
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GSI| and RIBF

GSI facilities RIBE

intensity ~10" ~10"2 x50

Target 20 mg/cm? 10 mg/cm? x0.5

angular ~10mrad 40/ 60 mrad %20
acceptance

X3

Ap 0.03% 0.1% /

resolution (FWHM) 400 keV 200~300 keV factor 1.3 ~ 2
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pilot experiment @ RIBF
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The pilot experiment @ RIBF
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Experimental setup

TOF measurement -
AE measurement Blg RIPS

Scintillator
MWDC x 2

3He Tracking Scintillator

Dispersive focal plane
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122S8n(d,3He) (15 hours) - why 3 peaks?
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ongoing @ RIKEN RIBF
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About to start at RIBF

systematic study of pionic nuclei in isotope / isotone chain
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Measurement of 1t-116Sn
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future prospects & summary
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Future experiments

»Unstable Sn
- Try Inverse reaction
(unstable beam on an active Do target)
- proof of principle experiment (stable beam) in a few years
»|sotones at RIBF
»High resolution x-ray measurements of light pionic atoms
-use TES borometers
-pionic 3He & *He 1s shift & width, with <10 eV resolution,
planned at PSI this fall
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Summary

» Spectroscopy of pionic atoms - powerful tool to study
partial restoration of chiral symmetry

» Ongoing
- 1228n(d,*He) - high quality data 1s, 2s, 2p, ...
- 1178n(d,3He) - first “even-A” pionic 1s, 2s, ...
» Future
- Isotones
- unstable pionic atoms using inverse kinematics
- high precision X-ray spectroscopy of light (°*He, “He, ...)

pionic atoms using TES borometers
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