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Discovery of Deeply Bound
Pionic States in Heavy Atom

••Deeply Bound Deeply Bound PionicPionic
States in States in PbPb

••Deeply Bound Deeply Bound PionicPionic
States in States in SnSn

••Study of Study of pionpion mass mass 
modification in nucleimodification in nuclei

•• Future experimentsFuture experiments



Stopp ing Po wer of  Relati vistic H eavy I ons 

B reak-down  of the rela tivistic Beth e theory,F RS experi mental resu lts were th e motivatioo f the new t heoretical d evelopme nt by J. Lina nd A.H. So erensen  
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Pionic States
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                      H. Toki

Repulsive s-wave interaction causes:
binding energy reduced in 2p and 1s states
width significantly reduced
nuclear-pionic halo states

E. Friedman and G. Soff,
J. Phys. G 11 (1985) L37

H. Toki and T. Yamazaki,
Phys. Lett. B 213 (1988) 129



Experimental setupExperimental setup
33He momentum measurement He momentum measurement →→ excitation energy spectrumexcitation energy spectrum

good energy resolution
δE/E < 10−3

high luminosity 
L~ 1030 . . . 1031/cm2s
good background  

suppression:
(2.1011d /spill, 

105p /spill,
0 3 3He /spill)



Discovery of Deeply-Bound Pionic
States in Heavy Atoms (207Pb) 

208Pb (d,3He)  → 207Pbπ
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The 206Pb experiment

Interpreted spectrum:
discrete bound states
nuclear background
free π− production
p (d,3He)π0 peak

n-holes: 3p3/2, 3p1/2, 2f5/2
B2p = 5.110±0.045 MeV
Γ2p = 0.321+0.060 MeV
B1s = 6.762±0.061 MeV
Γ1s = 0.764+0.171 MeV
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Pionic States in 205Pb
PRL82(2002)02501
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Why Sn target?
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Neutrons in Shallow s state

(1s)π peak formation large

Long stable isotope chain
Systematic study in
Wide range of (N-Z)/A

Isotope shift measurement

Umemoto et al.  Phys. Rev. C62, 024606(2000)



Measured Energy SpectraMeasured Energy Spectra
K. Suzuki et al. 2002K. Suzuki et al. 2002

• Deeply bound pionic 1s
states in 123,119,115Sn
are clearly observed
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• Absolute energy calibration 
from Mylar backing targets
p(d,3He)π0

• Background slope from
pure Sn targets

• Monotonic shift in 
binding due to isotopes 



Conclusion
)(

)(1
))((

free
1

1 pnpn r-
bb ρρ
αρ

ρρρ −=−

-0.090

-0.100

-0.110

-0.120

-0.130

-0.140

 average

NUCLEAR MEDIUM VACUUM
1.0

0.9

0.8

0.7

b1*

b1
free/b1*

free valuefree value 0.0

0.1

0.2

0.3

0.4

0.5

0.6

αρ0

EXP

123Sn119Sn115Sn

205Pb


	Physics with Exotic Nuclei and Exotic Atoms at Relativistic Energies
	Discovery of Deeply BoundPionic States in Heavy Atom
	Pionic States
	Experimental setup3He momentum measurement ? excitation energy spectrum
	Discovery of Deeply-Bound PionicStates in Heavy Atoms (207Pb)
	The 206Pb experiment
	Pionic States in 205Pb
	Why Sn target?
	Measured Energy SpectraK. Suzuki et al. 2002
	Conclusion

